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MATHEMATICAL MODELING OF SOIL ACIDITY BY 
THE ADMITTANCE PARAMETERS (p. 4-9)

Tetiana Bubela, Petro Malachivskyy,  
Yevhen Pokhodylo, Mykola Mykyychuk, Olga Vorobets

We proposed a technique for the operational control over 
the acidity of soils under field conditions using the admit-
tance method.

The paper highlights results of research into experi-
mental frequency dependences of the admittance parameters 
on the level of acidity of different types of soils, in particular: 
black soil, loamy and sandy soils. The experimental data 
covered soils with acidity from 4.8 to 8.5 pH, frequency of 
the test signals varied from 0.05 kHz to 100 kHz. Based on 
the analysis of these experimental data, it was found that it is 
expedient to use the value of the active component of admit-
tance as the informative parameter for the assessment of soil 
acidity using the admittance method. To confirm this, we ob-
tained mathematical model, which with sufficient accuracy 
describe dependence of the active component of admittance 
on the soil acidity and frequency of the test signal. These 
analytical dependences take the form of polynomials of the 
corresponding order. Based on this, mathematical models 
were constructed that reflect the assessment of acidity for 
different types of soil depending on the value of the active 
component of admittance and frequency of the test signal. An 
application of the obtained models provides for the possibil-
ity of organizing operational control over the acidity of soils 
under field conditions with the use of admittance mapping. 
The arrangement of such a control over the acidity of soils 
will contribute to an increase in performance efficiency of the 
information systems for monitoring conditions of soils.

Keywords: acidity of soils, admittance mapping, uniform 
approximation of functions, the method of least squares.
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THE EFFECT OF ORGANOCLAYS ON  
THE FIRE-PROOF EFFICIENCY OF INTUMESCENT 
COATINGS (p. 10-16)

Lubov Vakhitova, Varvara Drizhd, Nadezhda Taran, 
Konstantin Kalafat, Volodymyr Bessarabov

We explored thermal transformations of the intumescent 
system (ammonium polyphosphate, pentaerythrite, melamine, 
copolymer of styrene acrylate) in the temperature range of 
200–600 °C in the presence of organomodified montmorillon-
ites and titanium nano-oxide. Coefficients of swelling, masses 
of coke residues are determined and morphology of the formed 
coke layer is investigated. These data were used for the develop-
ment of formulations for effective fire-retardant coatings of the 
intumescent type, which do not contain halogen fire retardants.

As a result of the research, it was established that mont-
morillonite and organic clays on its base (cetyltrimethyl-
ammonium-montmorillonite and tallow bis-hydroxyethyl 
methyl ammonium-montmorillonite), in contrast to titanium 
nano-oxide, significantly inhibit the processes of swelling at 
the initial stages of fire action. At temperatures above 500 °C, 
the intumescent compositions, which contain organic clays, 
form a durable and dense coke layer. IR-spectrometric stud-
ies of the samples of coke with the participation of organo-
clays demonstrate deceleration of oxidation processes and 
decomposition of polymeric protective layer in contrast to 
the composition with titanium oxide and nano-oxide.

Based on these observations, we give practical recom-
mendations regarding the preparation of formulations for 
fire-retardant coatings for the building structures depending 
on the required limit of fire resistance. It is recommended to 
use additives of nano-oxides for the class of fire resistance 
R 30–R 45; and for the class of fire resistance R 60 and above, 
organoclay should be added to the intumescent system. This 
assumption was confirmed by firing tests of steel columns.

The results we obtained may be used for the design of 
new fire-retardant coatings of the intumescent type with 
improved efficiency and ecological safety.

Keywords: organoclay, fire protection, montmorillonite, 
intumescent compositions, coefficient of swelling, fire resis-
tance limit.
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DEVELOPMENT OF SYSTEMATICS RANKED 
STRUCTURE OF ENVIRONMENTAL PROTECTING 
EQUIPMENT FOR CLEANING OF GAS EMISSIONS, 
WASTEWATER AND SOLID WASTE (p. 17-23)

Iryna Soloshych, Iryna Shvedchykova

The information about existing methods and techni-
cal means of purification of gas emissions, wastewater and 
solid waste processing is summarized. Selection of an object 
of study – the functional class of magnetic separators – is 
conditioned by the fact that in practice it is the most widely 
used environmental equipment for magnetic purification. 
Devices for magnetic purification are the most technically 
implemented and described in the information sources.

To build a systematics of selected functional class the 
concept is proposed, whose objective is to develop a ranked 
taxonomy structure of environment protecting equipment 
for magnetic purification.

At the beginning of systematics building the full species 
composition of the investigated class of devices for magnetic 
purification was defined. System information on the number 
and genetic structure of Species enabled to determine the 
ranked structure of the main taxonomic units of the class. 
The proposed ranked structure of systematics consists of 
two parts: taxa that are defined by the periodic structure of 
the genetic classification of the field primary sources, and 
taxa that take into account the artificial characteristic – an 
environment where the magnetic purification is carried out.

The results of the research can be used to create system-
atic catalogs, information and design databases and knowl-
edge bases in the field of environment protecting equipment 
and in the learning process for students of natural and engi-
neering specialties.

Keywords: ranked structure of systematics, environment 
protecting equipment, magnetic separator, genetic code.
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ASSESSMENT OF SAFETY INDEX FOR WATER 
ECOLOGICAL SYSTEM (p. 24-34)

Yevhen Bezsonov, Viacheslav Andreev, Viktor Smyrnov

The harmful effect of wastewater factor on stenobiont 
organisms of the Gammaridae family is experimentally deter-
mined. Based on the defined environmental characteristics 
of aquatic organisms in the estuarine complex of the South-
ern Bug river (Mykolaiv region, Ukraine), the calculated 
ecological system safety index, which can vary in the range 
0˂ESI˂1, takes the value of 0.18. This suggests a crisis eco-
logical situation in the ecological system of the river and is 
confirmed by the graphic and analytical material, presented 
in the paper.

Double integration (using living organisms as an in-
tegrated status indicator of the river, the lower reaches of 
which fully reflects the level of balance of the “man-nature” 
system in its basin) allows speaking about considering the 
principle of comprehensiveness in the evaluation results. The 
causal relationships between the economic complex of human 
and the natural systems, which primarily determine the low 
current value of the proposed index are analyzed. The experi-
mental work with further ESI calculations proves the failure 
of regulatory evaluation of the concept of human impact on 
the environment to ensure the objectivity of evaluation. The 
result of the research is the practical implementation of new 
theoretical developments in the field of safety assessment 
of ecological systems. The resulting index value correlates 
well with both qualitative and quantitative characteristics 
of the studied water ecosystem. The theoretical work on the 
algorithm of ensuring (management) the ecological safety 
of natural and socio-natural systems is also extended. The 
developed technique can also be used to assess the social, 
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economic development components and for a generalized 
indicator of sustainable development.

Keywords: ecological safety index, water ecosystem, 
stonobionts, mortality rate, ecosafety management algo-
rithm.
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EXPLORING THE WAYS TO INTENSIFY  
THE DEWATERING PROCESS OF POLYDISPERSE 
SUSPENSIONS (p. 35-40)

Andrii Shkop, Musii Tseitlin, Oleksіi Shestopalov

The influence of concentration and disperse composi-
tion on the process of flocculation of polydisperse coal slime 
is examined. It is established that the rate of deposition of 

the formed aggregates of floccules at constant consumption 
of flocculant is reduced with an increase in the concentra-
tion of solid phase in slime exceeding 30 g/dm3. This is 
explained by the fact that with an increase in the concen-
tration of finely dispersed solid particles, the interphase 
surface increases, which leads to the non-uniform distribu-
tion of polymer at the surface of the particles and decreases 
the effectiveness of its adsorption. With an increase in the 
content of solid phase with coarseness exceeding 40 µm, the 
effectiveness of flocculation (settling velocity and strength 
of floccules) grows. We proposed a criterion of effectiveness 
of the process of formation of durable aggregates, which is 
the residual speed after mechanical action. This indicator 
characterizes the size of floccules and their strength. De-
pendences obtained in the course of experimental studies 
make it possible to intensify the process of forming durable 
floccules at the minimum consumption of flocculant, as 
well as to control the process of flocculation by regulating 
the concentration and disperse composition of polydisperse 
suspensions.

Keywords: flocculation, polydisperse slimes, develop-
ment of aggregation, strength of floccules, rate of deposition, 
intensification.

References

1.	 Khmelenko, Y. P. (2009). Analyz obуemov, sostava y sposo-
bov pererabotky shlamov uhleobohatytelnykh fabryk. Heo-
tekhnycheskaia mekhanyka, 82, 176–181. 

2.	 Polulyah, A. D., Pilov, P. I., Egurnov, A. I. et. al. (2012). 
Tehnologo-ekologicheskiy inzhiniring pri obogaschenii 
poleznyih iskopaemyih. Dnepropetrovsk: National Mining 
University, 712.

3.	 Murphy, C., Bennett, C., Olinger, G., Cousins, B. (2012). Op-
eration of belt filter presses at the rockspring development 
preparation plant. Corrxan. Availale at: http://www.corrxan.
com/Coalprep_2012_Paper.pdf

4.	 Deberdeev, I. Kh., Linev, B. I. et. al. (2006). Study of Inter-
action of Flotation Reagents with Fine Particles of Highly 
Mineralized Coal Slimes. Proceedings of XV International 
Congress of Coal Preparation. China, 1, 378–384.

5.	 Eremeev, I. V. (2012). Analiz rezultatov obezvozhivaniya 
ugolnyih shlamov neflotatsionnoy krupnosti. Zbagachennja 
korysnyh kopalyn, 51 (92), 178–184.

6.	 Shkop, А. (2015). Dewatering coal polydisperse suspen-
sions. Eastern-European Journal of Enterprise Technologies, 
2 (6 (74)), 44–49. doi: 10.15587/1729-4061.2015.40557 

7.	 Lee, K. E., Morad, N., Teng, T. T., Poh, B. T. (2012). Devel-
opment, characterization and the application of hybrid ma-
terials in coagulation/flocculation of wastewater: A review. 
Chemical Engineering Journal, 203, 370–386. doi: 10.1016/ 
j.cej.2012.06.109 

8.	 Yu, J., Wang, D., Ge, X., Yan, M., Yang, M. (2006). Floccula-
tion of kaolin particles by two typical polyelectrolytes: A com-
parative study on the kinetics and floc structures. Colloids 
and Surfaces A: Physicochemical and Engineering Aspects, 
290 (1-3), 288–294. doi: 10.1016/j.colsurfa.2006.05.040 

9.	 Guibal, E., Roussy, J. (2007). Coagulation and flocculation 
of dye-containing solutions using a biopolymer (Chito-
san). Reactive and Functional Polymers, 67 (1), 33–42. 
doi: 10.1016/j.reactfunctpolym.2006.08.008 

10.	 Konovalova, T. A., Veksler, G. B., Lavrinenko, A. A., 
Gol’berg, G. Ju. (2014). Primenenie flokuljantov dlja povysh-
enija jekologicheskoj bezopasnosti vodno-shlamovyh shem 
ugleobogatitel’nyh fabric. Izvestija MGTU, 3 (1 (19)), 5–10.



69

Abstract and References. Ecology

11.	 Sabah, E., Erkan, Z. E. (2006). Interaction mechanism of 
flocculants with coal waste slurry. Fuel, 85 (3), 350–359. 
doi: 10.1016/j.fuel.2005.06.005 

12.	 Ofori, P., Nguyen, A. V., Firth, B., McNally, C., Ozdemir, O. 
(2011). Shear-induced floc structure changes for enhanced de-
watering of coal preparation plant tailings. Chemical Engineer-
ing Journal, 172 (2-3), 914–923. doi: 10.1016/j.cej.2011.06.082 

13.	Ji, Y., Lu, Q., Liu, Q., Zeng, H. (2013). Effect of solution sa-
linity on settling of mineral tailings by polymer flocculants. 
Colloids and Surfaces A: Physicochemical and Engineering 
Aspects, 430, 29–38. doi: 10.1016/j.colsurfa.2013.04.006 

14.	 Kumar, S., Bhattacharya, S., Mandre, N. R. (2014). Char-
acterization and flocculation studies of fine coal tailings. 
Journal of the Southern African Institute of Mining and 
Metallurgy, 114 (11), 945–949.

15.	Sun, W., Long, J., Xu, Z., Masliyah, J. H. (2008). Study of 
Al(OH)3-Polyacrylamide-Induced Pelleting Flocculation 
by Single Molecule Force Spectroscopy. Langmuir, 24 (24), 
14015–14021. doi: 10.1021/la802537z 

16.	Golberg, G. Yu., Lavrinenko, A. A. (2015). Obrazovanie, 
suschestvo-vanie i razrushenie flokulyatsionnyih struktur. 
Mining Informational and Analytical Bulletin, 11, 47–54.

ANALYSIS OF ROLE OF TIME IN THE 
PRODUCTION PROCESS IN A 4D SPACE (p. 41-48)

Vitaly S. Borovik, Vitaly V. Borovik

It was established that theory and practice of calculations 
of “costs-time” and attempts to examine them in a 4D space are 
not systemic in nature. Production process is not examined in 
the system, in which the result of using resources over time is 
not the object of an interconnected and interdependent pro-
cess. Time is considered as an independent variable implicitly, 
which significantly narrows the possibilities of prognostic cal-
culations when introducing advanced technologies

Entering the metric space, geometric interpretation of 
space-and-time, makes it possible to establish the essence 
of time in a specific production process. It is manifested in 
the fact that the system of vectors of increment in time is 
collinear and co-directed to the corresponding vectors of 
an increment in volume of works. In this case, the vector of 
increment in time corresponds to each vector of increment 
in volume of works. The infinite number of vectors of incre-
ment in time corresponds to the infinite number of vectors 
of increment in volume of works, which is characteristic for 
a specific production process, causing “compressibility” and 
“stretching” of the time parameter along with the changes in 
increments in volume of work and productivity.

The example of calculating prospective volumes of work 
in a 4D space, including basic production resources and time, 
was performed. The calculation demonstrated the possibility 
of a considerable (up to 40 %) increase in accuracy of deter-
mining the required parameter.

Keywords: production process, time in a 4D space, pro-
duction factors, collinearity of vectors, time increment.
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DEVELOPMENT OF ENVIRONMENTALLY SAFE 
TECHNOLOGICAL WATER DISPOSAL SCHEME OF 
AVIATION ENTERPRISE (p. 49-57)

Sergii Shamanskyi, Sergii Boichenko 

Various methods of organizing water disposal at the 
aviation enterprises were considered, and their main common 
shortcomings were characterized. It was shown that modern 
technologies of water disposal system do not allow reaching a 
proper level of ecological safety mainly due to the insufficient 
degree of wastewater treatment and existing environmental 
risks associated with the recycling of their sediments. We 
made a conclusion about the need for improvement of the 
environmental safety of water disposal systems functioning 
due to the development of a new technology. For this, when 
applying traditional mechanical and biological treatment 
methods, it was proposed to carry out additional wastewa-
ter purification and to improve the ways of treatment and 
recycling of their sediments. For additional treatment, it was 
proposed to use wastewater as a medium for the cultivation 
of energy microalgae in photobioreactors of the closed type 
with subsequent production of liquid biofuel of the third 
generation. For sediment treatment and recycling, it was 
proposed to use anaerobic digestion with the scheme organi-
zation in compliance with the kinetics of digestion processes 
and subsequent use of digested masses organic fertilizer.

Based on this, we proposed a new technological water 
disposal scheme, which would make it possible to obtain 
renewable energy sources for partial or full provision of the 
needs of enterprises for thermal and electrical energy, and 
in case of its excess to obtain commercal renewable energy 
sources, to receive environmentally safe organic fertilizer, 
commercial carbon dioxide, as well as to reduce emissions of 
carbon dioxide from cogeneration plants of local thermal and 
electric power plants into the atmosphere.

Keywords: aviation enterprise, wastewater treatment, 
renewable energy sources, recycling of wastewater sediment, 
water disposal technology.
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EXAMINING THE PROPERTIES OF DRY 
MAGNETICALLY CONTROLLED BIOSORBENT, 
OBTAINED BY THE METHOD OF MECHANICAL 
AND MAGNETOHYDRODYNAMIC AGITATION 
(p. 57-63)

Svitlana Gorobets, Oksana Gorobets, Oleksii Kovalyov, 
Kseniia Hetmanenko, Svitlana Kovalyova

We determined the efficiency of extraction of the Cu2+ 

ions by a dry magnetically-controlled biosorbent based on 
Sacharomyces CEREVISIAE yeast, obtained by magneto-
hydrodynamic stirring in the crossed electric and magnetic 

fields. The influence of different concentrations of magnetic 
nanoparticles and yeast cells on the magnetic favorabil-
ity was also revealed. The optimum content of magnetite is 
0.2–0.6 %, biosorbent possesses maximum magnetic favor-
ability and better stability. Sorption capacity of dry MCBS, 
manufactured by the MHDS method in the crossed electric 
and magnetic fields, in relation to the ions of copper, is 82 %, 
and for the MCBS manufactured at mechanical agitation is 
60 %. Larger sorption capacity is observed for dry magneti-
cally-controlled biosorbent, obtained using magnetohydro-
dynamic stirring in the crossed electric and magnetic fields 
at magnetite concentration 0.2–0.6 %.

Magnetic favorability of dry MCBS, manufactured by 
the MHDS method in the crossed electric and magnetic 
fields, is 60 % higher. Magnetically-controlled biosorbent, 
manufactured by the MHDS method in the crossed electric 
and magnetic fields, retains its magnetic favorability in the 
process of stirring within 2–4 %, while that manufactured at 
mechanical agitation – within 28–34 %.

The process of active and passive biosorption demon-
strates that a part of the magnetite nanoparticles was at-
tached to the surface of biosorbent. This indicates that the 
passive and active sorption proceeds during the process of 
interaction between yeast cells and magnetite nanoparticles.

Studies of structure and properties of dry MCBS obtained 
by different methods of stirring will help select biosorbent 
with the best properties. And it is certainly the MCBS manu-
factured by the MHDS method in the crossed electric and 
magnetic fields. It has a number of advantages, which are de-
scribed above, in comparison with the MCBS, manufactured 
with mechanical agitation. In future it is recommended to 
use dry MCBS manufactured by the MHDS method in the 
crossed electric and magnetic fields in experimental studies 
for the treatment of wastewater from electroplating enter-
prises, as well as from household sewage. In turn, the results 
of experimental research into purification of wastewater from 
polluting substances might be in future applied for carrying 
out experimental-industrial experiment under real conditions.

Keywords: dry MCBS, biosorption, magnetite nanopar-
ticles, mechanical agitation, MHDS in the crossed electric 
and magnetic fields.
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