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We performed comparative analysis of regulatory documents,
which relate to ventilation of school premises and operate in Eu-
ropean countries at present. We showed the essential difference of
the recommended air exchange values. We assessed sanitary and
hygienic conditions formed in classrooms at different efficiency of
a ventilation system both by analytical calculations and by sub-
jective monitoring of microclimate of experimental measurements
conducted in school classrooms, when every pupil-participant
performed an assessment of the internal environment in the form
of a questionnaire. We measured carbonic acid gas contents emit-
ted in a room and determined the required ventilation intensity
in the evaluated school premises. We compared the multiplica-
tion factor of air exchange of the ventilation system determined
in this way with the values obtained by analytical calculations
carried out in accordance with current legislation and standards,
which are active in Europe. We made calculations based on known
analytical dependencies. We determined performance of the ven-
tilation system of the classroom based on CO, concentrations in
internal and inflow air at various values of the multiplication fac-
tor of air exchange. It made possible to state that we can achieve
the optimal microclimate parameters at air exchange of 30 m®/h
per person.

We presented the results of field studies and analytical calcula-
tions in the form of tables and visual graphic dependencies. The
proposed research method makes it possible to increase accuracy and
reliability of air quality control in classrooms by direct measurement
of CO, concentration in a serviced area of a room. The study results
provide an opportunity to improve ventilation systems of school
buildings. This creates prerequisites for obtaining a social effect due
to an increase in labor and learning efficiency.

Keywords: multiplication factor of ventilation, energy saving,
carbon dioxide concentration, ventilation efficiency, monitoring of
microclimate.
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We proposed a method for sewage water purification of nitrogen
and phosphorus compounds on a disk bioreactor of full displace-
ment. The developed method of sewage water purification on a
bioreactor of full displacement is very promising and we can use it
for purification of sewage water, which contains a large amount of
organic substances. The efficiency of purification of mineral nitrogen
reaches 98.9 %, phosphates up to 40-50 %. The total nitrogen con-
tent decreases by 4-6 times and the total phosphorus content — by
2-2.5 times. We proposed combined purification of surface runoff
from agricultural land and household or industrial sewage water
on troughs with filtering nozzles and on a bioreactor of full dis-
placement.

The conducted microbiological studies showed that the process
of purification removes nitrogen compounds complexly: as a result
of nitrite-denitrification and of the process of anoxide oxidation.
We observed transformation of nitrogen mineral compounds un-
der nitrification on the surface of biodisks in presence of oxygen
and inside structural elements of biodisks, which is characteristic
of anoxide oxidation during ANAMMOX process. Efficiency of
purification of sewage water from the territories for agricultural
purposes makes up: for suspended substances — 98 %; for mineral
nitrogen — 99 %; for CCO — 99 %,; for phosphates — 50 %. We can
use the scheme of purification on troughs and a bioreactor of full
displacement for sewage water of dairy industry, livestock farms,
communal services, and surface runoff. Application of the proposed
methods of sewage water purification will contribute to improve-
ment of aquatic ecosystems.

Keywords: surface runoff, agricultural lands, purification,
troughs, disk bioreactor of full displacement.

References

1. Directive 91/676/EEC concerning the protection of waters against
pollution caused by nitrates from agricultural sources.

2. Loboichenko, V. M., Tishakova, T. S., Vasyukov, A. E. (2016). Ap-
plication of direct coulometry for rapid assessment of water quality
in Krasno-Oskol Reservoir (Kharkiv Region, Ukraine). Der Pharma
Chemica, 8 (19), 27-34.

3. Rybalova, O., Artemiev, S., Sarapina, M., Tsymbal, B., Bakhareva, A.,
Shestopalov, O., Filenko, O. (2018). Development of methods for esti-

mating the environmental risk of degradation of the surface water state.



Eastern-European Journal of Enterprise Technologies, 2 (10 (92)),
4-17. doi: https://doi.org/10.15587 /1729-4061.2018.127829

4. Vasenko, A., Rybalova, O., Kozlovskaya, O. (2016). A study of signifi-
cant factors affecting the quality of water in the Oskil river (Ukraine).

Eastern-European Journal of Enterprise Technologies, 3 (10 (81)),
48-55. doi: https://doi.org/10.15587/1729-4061.2016.72415

5. Zhang, H., Zhang, L., Li, J., An, R, Deng, Y. (2018). Climate and
Hydrological Change Characteristics and Applicability of GLDAS
Data in the Yarlung Zangbo River Basin, China. Water, 10 (3), 254.
doi: https://doi.org/10.3390,/w10030254

6. Lavrnié, S., Braschi, I., Anconelli, S., Blasioli, S., Solimando, D., Man-
nini, P, Toscano, A. (2018). Long-Term Monitoring of a Surface Flow
Constructed Wetland Treating Agricultural Drainage Water in North-
ern Italy. Water, 10 (5), 644. doi: https://doi.org/10.3390/w 10050644

7. Rozemeijer, J. C., Visser, A., Borren, W., Winegram, M., van der Velde, Y.,
Klein, J., Broers, H. P. (2016). High-frequency monitoring of water
fluxes and nutrient loads to assess the effects of controlled drainage on
water storage and nutrient transport. Hydrology and Earth System Sci-
ences, 20 (1), 347-358. doi: https://doi.org/10.5194 /hess-20-347-2016

8. Grewal, P. S, McCoy, E. L., Dick, W. A, Yang, H. (2009). Pat.
No. US7967979B2. Bi-phasic bioretention system. No. 12/426,664;
declareted: 20.04.2009; published: 28.06.2011.

9. Matsak, A., Tsytlishvili, K. (2018). Using different filter media of
stormwater treatment performance. Norwegian Journal of develop-
ment of the International Science, 1 (20), 19-22.

10. Stélnacke, P, Pengerud, A., Vassiljev, A., Smedberg, E., Mérth, C.-M.,
Higg, H. E. et. al. (2015). Nitrogen surface water retention in the
Baltic Sea drainage basin. Hydrology and Earth System Sciences,
19 (2), 981-996. doi: https://doi.org/10.5194 /hess-19-981-2015

11. Dabrowski, W., Horysz, M. (2016). Application of trickling filter for sew-
age treatment with high ammonia nitro gen concentration. Inzynieria
Ekologiczna, 47,89-94. doi: https://doi.org/10.12912,/23920629 /62852

12. Ktodowska, 1., Rodziewicz, J., Janczukowicz, W. (2018). The Influ-
ence of Electrical Current Density and Type of the External Source
of Carbon on Nitrogen and Phosphorus Efficiency Removal in the Se-
quencing Batch Biofilm Reactor. Journal of Ecological Engineering,
19 (5), 172-179. doi: https://doi.org/10.12911,/22998993,/89811

DOI: 10.15587,/1729-4061.2018.142995

ANALYSIS OF CORRELATION DIMENSIONALITY OF
THE STATE OF A GAS MEDIUM AT EARLY IGNITION
OF MATERIALS (p. 25-30)

Boris Pospelov
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-0957-3839

Vladimir Andronov
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-7486-482X

Evgeniy Rybka
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-5396-5151

Ruslan Meleshchenko
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-5411-2030

Stella Gornostal
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-0789-7669

We have considered the application of the method of nonlinear
dynamic systems in order to analyze and detect the structural pat-
terns in the dynamics of increments in the state of a gas medium
generated by early ignitions of materials in a non-sealed chamber.
The research method is based on analysis of the correlation dimen-
sionality of increments in the state of a gas medium during ignition
of materials. We have theoretically justified the method for evalu-
ating the dynamics of correlation dimensionality of increments in
the state of a gas medium at ignition. The considered method for
CD evaluation is based on the computation of the Grassberger-
Procaccia correlation integral, applied to the gas medium state
increments using a sliding window with a fixed width. That allowed
us to derive a current estimate of CD increments in the state of the
gas medium during ignition of flammable materials in a chamber
synchronized with the observation data acquisition rate. We have
analyzed the dynamics of correlation dimensionality of increments
in the state of a gas medium at early ignition of alcohol, paper,
wood, and textiles in a simulation chamber. It was established that
for the investigated state of the gas medium during ignition of vari-
ous examined materials, the dynamics of correlation dimensionality
is within 0.1 to 0.6. It is noted that this fact testifies to the fractal
structure of the considered increments in the state of a gas medium
in a chamber and its chaotic dynamics at the emergence of igni-
tion sites of tested materials. In this case, the fractal structure is
not the same, suggesting a “transitional chaos” in the examined
state of the gas medium. It was established that current estimates
of the correlation dimensionality of increments in the state at the
time of materials ignition tend to a sharp increase. A given fact can
be used to reliably detect early fires indoors. The results obtained
are important for the in-depth studying and understanding of pat-
terns in the structure of dynamics of increments in the state of a
gas medium at early ignition. It has been shown the increments in
the states of a gas medium at premises characterize it as a chaotic
dynamic system with a small fractal dimensionality as opposed to
the traditional approach assuming a gas medium being either deter-
ministic or random system.

Keywords: correlation dimensionality, increments in the state,
gas medium, early ignition.
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This paper reports research into the influence of heavy metals,

specifically cadmium and plumbum, on the body of young pigs, and the

effectiveness of the preparation to prevent intoxication with heavy met-

als. Heavy metals were fed separately and jointly, in doses that exceed

the maximum permissible concentrations in fodder by 10 and 20 times.

Thus, we have simulated the process of intoxication of a biological ob-

ject (pigs) with heavy metals, which could happen as a result of environ-

mental pollution. The study was carried out to determine the direction



and degree of influence of heavy metals on the live weight, the weight of

internal organs of animals, the degree of accumulation in pig production,
as well as determining the effectiveness of an anti-toxic additive that
acts as a heavy metals detoxicant. Statistical processing of the acquired
data made it possible to construct mathematical model and to establish
the correlation relationship between the studied factors.

It was established that heavy metals exert a significant negative
impact on the intensity of growth of animals with an elevated effect
in proportion to the dose. This is confirmed by the high correlation
connection between these attributes, the correlation coefficient (r)
is equal to 0.854. Thus, the live weight of pigs at the end of the ex-
periment both in series I and IT under the action of chemotoxicants
reduced by 5.5-14.8 % in comparison control. The strength of the
impact depended on the toxin itself. Thus, the greatest negative
effect was observed under the action of cadmium alone, as well as
cadmium and plumbum together. The animals that received, against
the background of intoxication with plumbum and cadmium, the
antitoxic fodder additive, maintained the intensity of growth at the
level of control, while, based on the results of series I, outperformed
its indicators. Heavy metals mostly accumulated in the liver and
kidneys, with the lowest level in the lungs, heart, and muscles. The
constructed regression equations demonstrated that the main influ-
ence on the increase in the content of cadmium and plumbum in
organs and meat is exerted by a rising dose of the respective element
in the fodder. The content of plumbum in fodder affected the content
of cadmium in meat, an increase in its concentration led to a decrease
in the content of cadmium in meat.

The research data obtained allow better understanding of the di-
rection and the extent of effect of heavy metals on biological objects.
Mathematical models could be employed to predict the content of
toxins in pig products.

Keywords: ecocidal impact, migration of xenobiotics, antitoxic
additive, safe pig production.
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In connection with bad state of existing sewer headers, there is
a great need for quick and high-quality cleaning for their further op-
eration. To extend service life of distribution systems, new technolo-
gies for their repair and recovery are being developed which makes it
possible to ensure their stable functioning and as a result, provision
of continuous drinking water supply and sewer disposal to improve
quality of life for population. From an economic point of view, exten-
sion of service life of distribution systems through development of
alternative repair technologies is promising as it will ensure their
sustainable operation in conditions of limited financing.

The proposed bucket design for cleaning the sewer headers has
made it possible to identify the best option when using one design in
different conditions.

A new design of the bucket was proposed which enables clean-
ing of the sewage headers either separately in a purely mechanical
way or with additional use of the hydraulic method. Thanks to such
combined method, it is possible to eliminate dirt which cannot be
qualitatively done separately with each of the existing methods in
various technical and economic conditions.

Purposefulness of application of the proposed method for cleaning
sewage headers using the bucket of new design providing a combined
method of operation was presented and justified. Examples of applica-
tion of the new method for cleaning the headers using the bucket of new
design were given. The obtained indicators confirm quality of the sew-
age header cleaning when working in various conditions, both technical
(diameter, length and type of the header material, degree, and nature of
foulness) and economic (work duration, energy, and water costs).

Thanks to the use of this method, 75...85 % dirt elimination in
the sewage headers and pipelines have been achieved which confirms
its effectiveness and possibility of reducing work duration as well as
resource and energy saving in carrying out these works.

Keywords: sewage header, sewage pipeline, sewage network,
cleaning method, sediment.
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We developed a combined method for forecasting of the pro-
cess of occurrence of emergency situations of a natural character.
In contrast with other methods, it makes it possible to perform a
complex forecasting of emergency situations, both in general and
by types, taking into consideration trends of periodic changes in
the process. We considered a number of emergencies for a certain
period of time as a generalized parameter of the process. Taking
into consideration an influence impact of all destabilizing factors,
we should present the process in the form of an additive mixture
of systematic, periodic, and random components. The systematic
component is a polynomial of some degree. We performed detection
and assessment of the periodic component based on the statistical
criterion, which subordinates to the chi-square distribution. We
used the method of group consideration of arguments to forecast
the random component. We should carry out forecasting of emer-
gency situations by type by the probabilistic-statistical method of
forecasting.

The need to develop a combined forecasting method appears
is due to that the existing methods for forecasting of emergency
situations focus mainly on forecasting of certain types of emergency
situations. Existing methods do not solve the problem of complex
forecasting of emergency situations. We should also note that the
presence of periodic components of an arbitrary form is characteristic
for the process of occurrence of natural emergencies. Consideration
of such components in the forecasting of emergency situations makes
analysis of the processes of occurrence and development of emer-
gency situations deeper.

In the process of experimental studies, we found that the use
of the combined method makes it possible to perform forecasting of
emergency situations at least a year ahead with a relative forecast
error of no more than three percent.



The combined method combines the regression analysis method,

the method of verification of statistical hypotheses and the method

of group consideration of argument. This proves usefulness and

expedience of the method. That makes it possible to compensate

disadvantages of some methods using other methods, which would

lead to the improvement of forecast accuracy.

Keywords: emergency, generalized parameter, method of group

consideration of arguments, method of verification of statistical hy-

potheses, regression analysis.
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The new procedure for evaluation of the degree of environmental
safety of water sites based on the comparison of the influence of sepa-
rate point sources of sewage discharge was developed. The use of this
procedure will make it possible to solve the problem of identifying
ecologically dangerous sites and to determine priority directions of
aquatic sites protection in the region. The essence of this procedure
is to assess the environmental hazard of specific facilities of the
national economy taking into account the safety level, the degree
of influence on the water quality of an aquatic site, effectiveness of
monitoring and the magnitude of anthropogenic load.

The logical-mathematical model of evaluating the impact of
sources of water environment pollution, based on determining the
coefficients of conditions of sewage discharge, sewage pollution and
the load on an aquatic site, was proposed. The degree of environmen-
tal hazard of the sources of pollution of aquatic sites was determined
by the value of coefficient of harmful influence of a pollution source on
aquatic sites by the five-level scale from “safe” to “extremely hazard-
ous”. The designed scale corresponds to the environmental classifica-
tion of the Water Framework Directive of the EU 2000/60/EU.

Testing of the developed procedure was performed on an ex-
ample of the section of a river basin that is typical for territorial
production complexes, where the facilities of nuclear power industry,
industrial manufacturing and public utilities are located. Based on
determining block and total coefficient of harmful influence of the
sources of pollution of aquatic sites, we developed the map of ecologi-
cal hazard of the sources of the river basin pollution. The sources of
pollution of aquatic sites were classified by the designed scale. It was
established that large enterprises of housing and communal services
and the facilities of machine-building industry have the greatest de-
gree of environmental hazard. These facilities belong to class IT and
are described as “hazardous’. Enterprises of atomic power and hydro-
power plants belong to class IIT of hazard — “moderately hazardous”.

Results of the analysis can be used to develop water resources
management strategies and measures to reduce the impact of pollu-
tion sources on aquatic sites.

Keywords: environmental safety, pollution source, harmful in-
fluence, load on aquatic site.
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We have examined the current distribution of '¥’Cs in the turf-
podzolic forest soils for different types of forest conditions. The analy-
sis of the redistribution of '*’Cs in soil in 30 years after the Chernobyl
nuclear plant accident is necessary in order to assess the intake of the
radionuclide by the various components of forest ecosystems and to
substantiate the rehabilitation of forest areas. We have discovered a
significant displacement of significant amount of '37Cs to mineral part

of the soil in all types of forest conditions under consideration. The
maximum magnitudes of the '¥7Cs specific activity in the forest litter
were established, as well as a reduction in this indicator from its upper
part (current litter) to the bottom (decomposed). In fresh forests, it
reduced by 3.1 times; in fresh subors, by 1.2 times; in wet subors, by
1.5 times. Based on the magnitude of specific activity of '*’Cs, the lay-
ers of the forest litter for the examined types of forest conditions can
be placed in a descending order: decomposed layer > semi-decomposed
layer > current litter. The humus-eluvial horizon of the soil with a
capacity of 12 cm has concentrated: in fresh forests, 54.0 %; in fresh
subors, 40.0 %; in wet subors, 52.8 %, of the total radionuclide activity
in the soil, and, together with the content of '*’Cs in the forest litter,
75.0 %; 65.8 %, and 71.5 % (according to the type of forest condi-
tions). We have noted a gradual decrease in the'3”Cs specific activity
along the profile to the parent rock. Thus, 26.4 %, 35.7 %, and 28.5 %,
respectively, of the total stock of the radionuclide in the soil, have mi-
grated to the lower layers of the soil profile (12—88 ¢cm). The obtained
materials have been confirmed by a one-factor dispersion analysis at a
95-% confidence level. Based on the results obtained, one can predict
the future levels of radioactive contamination in forestry products.

Keywords: '*7Cs, radioactive contamination, specific activity,
forest plantations, sod-podzolic soils.
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