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Анотація. Стаття присвячена фізичному методу очищення стічних вод побутових 

відходів. Для очищення потоку рідини використовується соленоїдний блок управління. 

Зниження агресивності фільтрату забезпечено видаленням домішок з основного потоку. З 

урахуванням властивостей матриці планування експерименту обчислені коефіцієнти 

регресійного рівняння. Вони адекватно відображають процеси управління траєкторією 

очищення рідини при її виведенні з основного потоку. 
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Annotation. The article is devoted to the physical method of wastewater treatment from 

household waste. A solenoid control unit is used to clean the fluid flow. Reducing the 

aggressiveness of the filtrate is provided by the removal of impurities from the mainstream. Taking 

into account the properties of the experiment planning matrix, the coefficients of the regression 

equation are calculated. They adequately reflect the processes of controlling the trajectory of 

cleaning the liquid when it is removed from the mainstream. 
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Introduction. The concept of “cleaner production” according to the UNIDO methodology 

(United Nations Industrial Development Organization) is to improve industrial processes with lower 

levels of waste and pollution to preserve natural resources [1]. 

In the human environment, the need for water is growing. To prevent pollution of water 

bodies and rational use of water resources, mining enterprises use recycled water systems. 

However, today it is impossible to choose a system of post-treatment of water, which provided the 

necessary degree of purification for various conditions [2]. An urgent problem is the development 

of innovative methods for treating recycled water in mining enterprises. Therefore, it is important to 

develop effective, resource-saving, environmentally sound ways of post-treatment of water with the 

ability to adjust the parameters of post-treatment for changing conditions. 

Today, the main methods of water purification are physical, chemical and biological [3]. 

Disposal of municipal solid waste becomes an urgent task as megacities develop. An 

important problem associated with the accumulation of household waste is the disinfection of 

wastewater. The discharge of wastewater into natural surface sources is possible when developing 

integrated disinfection methods, a combination of biological, chemical, physical and membrane 

methods. 

Analysis of literary sources. In [4], the disinfection of wastewater accumulated during 

storage or landfill had reviewed. Known methods for disinfecting wastewater, such as chemical 

processing, biological treatment (aerobic and anaerobic) have both advantages and disadvantages. 

Chemical and physical disinfection (coagulation / lumping, chemical precipitation, adsorption, 

ammonia removal, chemical oxidation, ion exchange, and electrochemical treatment), membrane 

filtration (microfiltration, ultrafiltration, Nano filtration and reverse osmosis) also have drawbacks. 
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Today, the use of membrane technology, especially Reverse Osmosis (RO), is central to the sewage 

disinfection chain from accumulated household waste. 

Various methods have used for water purification such as ultraviolet irradiation, heat 

treatment, the addition of disinfectants, for example, chlorine, etc. The use of these methods of 

water purifications. A study [5] evaluates water treatment using Phyllanthus Embolic wood. As a 

result, color, aroma, turbidity, conductivity, solids, alkalinity, calcium, iron, chloride and nitrate 

levels had increased in the test container. Total hardness, sulfate, magnesium, and pH levels have 

reduced. The level of Escherichia coli, complete coliforms, and fecal coliforms have reduced. It is 

established that the wooden pieces of the forest Phyllanthus Embolic improve the purity of the 

water on reduces, turbidity, increasing taste and removing germs. 

The study [6] provides information on wastewater treatment by the magnetization method. It 

examined and disclosed the positive aspects of magnetism and magnetic materials for water 

purification. Water is the main source of survival on this planet. Its preservation takes precedence. 

An increase in the supply of water in demand must comply with current standards. Several cleaning 

methods can ensure that water meets standards. Magnetic separation is one of these cleaning 

methods. It has used in the mining industry. It provides not only water purification but also pipe 

cleaning from adhering to impurities on the inner wall of the pipes. 

The purpose of the work, tasks, and essence of the work. This work had carried out by 

following the Law of Ukraine on state programs. (Sheets of the Supreme Council Ukraine, No 

2354-VIII from the 03/20/2018 and the General program "Drinking water Ukraine" for 2011-2020, 

the Law of Ukraine from the 20.10.2011 №3933-VІ 2011-2020. 

Purpose - Purification of water from contaminants by focusing them with an 

electromagnetic field at the drainpipe. 

Tasks - scientific planning of the experiment to determine the factors under study; the 

compilation of planning matrices for a complete factorial experiment; calculation of regression 

coefficients, the use of statistical criteria to assess the homogeneity, normality of experimental data, 

the significance of the coefficients and the adequacy of the obtained mathematical model. 

Statement of the problem in general. As the field strength increases, the circular radius of 

the contaminated particles (Larimore’s radius) decreases and concentrates the pollution in the zone 

of removal from the total flow. Larimore’s radius means the radius of the circular motion of a 

charged particle in a uniform magnetic field, named after the Irish physicist Joseph Larmor. 

The main research material. An electromagnetic control unit (ECU) has proposed for 

cleaning liquids. The winding of the ECU has arranged so that the induction increases in the range 

from 10 mTl to 50 mTl in the direction of flow exit from the ECU. Moreover, the vertex of the 

paraboloid of rotation has sharpened, that is, its cross-section decreases. 

The motion of charged impurity particles has modeled by the equation of the canonical 

circular paraboloid of revolution. The volume of the body, which is cut off with an area z = c from 

the paraboloid of revolution [7]. 

Discussion of research results. The calculation of the volume of contaminants focused on 

the paraboloid of rotation and prepared for removal from the mainstream has carried out using the 

LabVIEW shell. A linearly increasing dependence of the number of contaminants focused on the 

rotation paraboloid on the inner diameter of the pipe along which the flow is moving has obtained  

Parameter а is determining the inner diameter of the pipe. Therefore, a pipe of 273x16 mm, 

a wall thickness of 16.0 mm, unmeasured length, and increased accuracy of manufacturing from 

structural cryogenic steel grade 12X18H10T GOST 9941-81, Hardness HB 10 -1 = 179 MPa was 

selected. 

Contaminants focused on the rotation paraboloid on the pipe section, which has covered by 

the coil of the electromagnetic control unit, will occupy 21 % of the pipe section volume under the 

focusing coil. 

The results of chemical studies of the filtrate recorded: 



Проблеми вдосконалення машин та обладнання електромеханічних та мехатронних систем 
Перша міжнародна науково-методична конференція 

15 

  

- the maximum content of aggressive components of the filtrate before processing it with 

ultrasonic and electromagnetic flows; 

- the maximum permissible concentrations of the same impurities according to the 

recommendations of SanPIN № 4630-88. 

To determine the content of impurities in the filtrate after processing it with ultrasonic and 

electromagnetic flows, scientific planning of the experiment is necessary. Using a full factorial 

experiment allows us to refine the mathematical model of the process with a reduction in time and 

material costs for its implementation [8]. 

To construct the experimental design matrix, the following impurities had identified as the 

main factors: ammonium nitrogen NH4 - φ1; nitrates NO3 - φ2; phosphates PO4 - φ3. 

In the corresponding columns, table 1, the values of the maximum and defined by the 

sanitary norms allowable content of the corresponding chemicals have listed. The initial parameter 

"φ" is the total content of chemicals after loading it with ultrasonic and electromagnetic flows, mg / 

dm3: 

According to the results of the experiment, the values of unknown model coefficients have 

found. The mathematical model should be adequate to real processes. The accuracy and reliability 

of the model depend on the correct determination of its coefficients. 

Taking into account the properties of the experiment-planning matrix, the coefficients of the 

regression equation are calculated. The calculation had carried out based on average values ��, 

which ensures high accuracy of their assessment. 

 

Table 1 - Experiment planning matrix for three factors with a dummy variable x0 = 1 

 

 

Further statistical analysis of the resulting mathematical model verified the hypothesis of 

homogeneity of variances by the Cochran’s criterion. The normal law of the distribution of errors of 

individual experiments has confirmed. Then, using the Fisher criterion, the hypothesis of the 

adequacy of the model has tested, and finally, for each calculated coefficient of the equation, its 
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significance has checked by the Student criterion. This set of criteria allowed us to evaluate the 

reliability of the obtained experimental results. Uniformity checks with the same number parallel 

experiments had carried out using the Cochran. The ratio of the maximum variance to the sum of all 

variances (Cochran’s criterion): (G- criterion). For this, the variance of parallel experiments is 

determined. 

The homogeneity of the average variances allows us to find the value of the random error 

common to all values of the influencing or measured quantity. [9]. It confirms the adequacy of the 

equation for the experiment. 

Conclusion. 1. An electromagnetic control unit (ECU) of impurities in the filtrate has been 

developing for their subsequent removal from the mainstream. 

2. The proposed ECU differs from the known ones in that it takes into account the functional 

dependence of the Larimore’s radius on the mass of a charged particle and can use for variable 

conditions. 

3. Taking into account the properties of the experimental planning matrix, the coefficients of 

the regression equation had calculated that adequately reflect the processes of liquid purification 

during its magnetization. 

 

References 

1. RECP conception. [Online] Recpc.kpi.ua. Available at: http://recpc.kpi.ua/ua/pro-

nas-2/kontseptsiya-rechv/ [Accessed 1 Jan. 2018]. 

2. Vygovska, D., Vyhovsky, D. and Pikulova, T. (2012). Mine water purification in 

case of mine «BILOZERSKA». Herald of Donetsk mining University, 1(30), pp.117-125. 

3. Ukraine Scientific Portal. (2016). Influence of Magnetic Field on Water Characteristics. 

[Online] Available at: 

http://www.labprice.ua/naukovo_pro_chudesni_vlastivosti_vodi/vpliv_magnitnogo_polya_na_vlast

ivosti_vodi [Accessed 1 Jan. 2018]. 

4. Abdulhussain A. Abbas, Guo Jingsong, Liu Z. Ping, Pan Y. Ya, Wisaam S. Al-Rekabi. 

Reviev on Land&#64257 || Leachate Treatments [Text]/ Abdulhussain A. Abbas, Guo Jingsong, Liu 

Z. Ping, Pan Y. Ya, Wisaam S. Al-Rekabi. //American Journal of Applied Sciences. 2009, 6(4): page 

672-684]. 

5. Sathish, Selvaganesa Pandian, Arul Amuthan. Effect of soaking of Phyllanthus emblica 

wood in drinking-water for purification [Text] / Sathish, Selvaganesa Pandian, Arul 

Amuthan//International Journal of Pharmacology and Clinical Sciences. 2012, 1(1): page 19-27. 

6. AmbashtaRitu D Waterpurificationusing magnetic assistance[Text]/ Ritu D. Ambashta, 

Mika Sillanpää//Journal of Hazardous Materials, Volume 180, Issues 1–3, 15 August 2010, Pages 

38-49. 

7.Єжов С. М. В. Класична механіка.[Текст]/ С. М. Єжов С. М., М. В. Макарець, О. В. 

Романенко //К.: ВПЦ "Київський університет", 2008.— 480 с. 

8. Применение полного факторного эксперимента при проведении исследований: 

метод. указания / сост. А.Н.Гайдадин, С.А.Ефремова; ВолгГТУ. – Волгоград, 2008. – 16 с. 

http://lit.vstu.ru/ucheba/Metodiki/pfe.pdf 

9. Пригоровский Н.И. Методы и средства определения полей деформаций и 

напряжений: Справочник. — М.: Машиностроение, 1983. — 248 с. 

 

 

 

 

 

 

 

 


