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WATER SUPPLY AND WASTEWATER DISPOSAL

A COMPARATIVE ANALYSIS BETWEEN THE USE OF CONSTANT
MANNING-STRICKLER AND CHEZY’S COEFFICIENTS AND ANEW METHOD
TO DETERMINE Ks AND C USING THE ROUGH MODEL METHOD

Bedjaoui Ali, Kherroubi Ahlem
Research Laboratory in Subterranean and Surface Hydraulics (LARHY'SS), University of
Biskra PO Box 145, 07000 Biskra, Algeria
a.bedjaoui@univ-biskra.dz

a.kharoubi@univ-biskra.dz

1. INTRODUCTION

The precision of the calculated head loss in water distribution networks is a focus to assure
the optimum performance of the network. In this matter, many equations help to achieve that goal.
Generally, these equations gives the energy slope J. Although each formula has her own
disadvantage, for example the equations of Manning-Strickler (M-S) and Chezy (C) depends,
mainly, on the nature of the pipe to determine the values of their own coefficient Ks and C,
respectively, the latter one needs also the hydraulic radius to be determined. (MS) and (C) present
the same problem of the inaccuracy when it comes to the use of constant values of Ks to calculate
the head loss. The energy slope J is a variable calculated by the diameter of the pipe and the value
of the flow; in this case having a constant value, such as Ks, in equations that have variables on
each side, like M-S or Chezy, is unreasonable.

In this paper, we developed a new equation, which is aimed to give a new perspective on how
should be Ks computed rather than chosen from a table. This formula was evaluated from Rough
Model Method.

2. MATERIALS AND METHODS
2.1. Presenting the equation

Our new equation that calculates the Manning-Strickler coefficient Ks was developed based
on the Rough Model Method (RMM). This method is a new theoretical approach that aims to solve
common straight pipe flow problems, namely, computation of the discharge Q, computation of the
internal diameter D and computation of the energy slope J. the RMM was developed at LARHYSS
laboratory in the University of Biskra, Algeria.

The third category of RMM takes place when the energy slope J is unknown and Q, ¢, D and
v are given. The energy slope can be computed by equation (2), once the parameter R is determined

using equation (1).
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R =2R [— log (g/D + %)]_1 (1)
= 2 [ og (L2 + )] @

The Bedjaoui-Kherroubi equation (B-K) was obtained, mainly, by equalling two energy slope
equations: the RMM formula, Eg. (2), and the known formula of Manning-Strickler
(M-S), Eq. (3).

10.29+ Q2

] = KEI* D533 (3)

= | es (5 5] = @

gm?D5 KSZ* D533
After multiple simplifications of this equity, and after shifting Ks to one side and all the

other parameters to the other side, we obtained the equation of Bedjaoui-Kherroubi (B-K), Eg. (5),
that presents Manning-Strickle’s coefficient Ks.

Ks = 22.307*D 70165 « (—log [£2 4+ 22]) (5)

Chezy’s formula, Eq. (6), also calculates the energy slope J using Ks to determine his

coefficient C. therefore, C can be computed when replacing Ks with (B-K), Eq. (5), in equation (7).

_vE 649xQ?
] = G = s (6)
C= K, Ry/® (7)

2.2. Comparative analysis
The comparative analysis was between theoretical values of energy slopes J calculated in two
ways: i) using constant Ks values; ii) using (B-K). The assessment of all the theoretical data was
made in reference to experimental data obtained in research laboratory. In this experiment, we used
four types of pipes, with different diameters, to assure a diversity of Ks values and consequently a
diversity of C values, then we injected numerous of water flows in each pipe; afterwards we

measured the head losses and finally we determined the energy slope J.
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3. RESULTS AND DISCUSSION
To demonstrate the accuracy of B-K’s formula in different conditions such as applied in the
experiment, we evaluated the theoretical results by calculating the percentage error between the
experimental and the theoretical data of energy slopes.
Table 1

Percentage error (% err) values for M-S and Chezy’s formulas calculated in two different cases

. Uncoate d .
type PVC Galvanized steel Plexiglas
pipes steel
D(mm) | (60/63) | (77/80) (107/110) | (124/130) | (130/140) |(49/50) |(56/60) | (87/90) (69/90)

Max 128.0 126.2 125.9 124.7 125.7 48.1 47.8 64.1 126.1
Case | %eerr

. 01 Min 126.1 124.3 123.5 123.6 123.6 46.6 45.1 63.7 124.9
Manning- Yeerr

Strickler Max | 0167 | 0.178 0.225 0.144 0211 0159 | 0.320 0.215 0.124

0,

Case hoer

02 Min 0.031 0.047 0.058 0.066 0.068 0.022 0.134 0.065 0.038
Y%err

Max 125.6 124.058 123.9 122.8 123.9 46.4 46.2 64.4 123.8
Case Y%err

o1 Min 123.7 | 122.169 1215 121.7 121.8 44.4 435 64.1 122.6
Y%err

Chezy Max 1.034 0.936 0.817 0.760 0.743 1.111 1.052 0.879 0.982
Case | Yo"

02 Min 0.900 0.806 0.652 0.683 0.626 0.975 0.771 0.730 0.897
%err

*case 01: calculating energy slope using constant Ks values.
*case 02: calculating energy slope using variable Ks values obtained by the formula of B-K.

Table 01 indicates a large difference between the theoretical results of the two cases in
reference to the experimental data. In the first case where Ks values are constant, we can notice that
the maximum percentage err (Max%err), for both of the formulas (M-S) and (C), are two high
especially when it comes to the pipes with a big Ks value (PVC, Plexiglas).

On the other hand, when Ks values are calculated by (B-K), we can notice that the maximum
percentage error (Max%err) for almost all the pipes and for both of the formulas, (M-S) and (C), is
less than 1%.

4. CONCLUSION

This paper presented a comparative analysis between the B-K’s formula that was developed to
calculate M-S’s Ks and Chezy’s C and the constant known values of Ks in order to determine the
head loss in pressurized flows; this formula was tested, multiple times, on four type of pipes.
Analysing the results shows that Ks and C could be determined by Q, D, € and v and not just by the
nature of the pipe, and the hydraulic radius in case of computing C. Furthermore, the B-K formula

has achieve accurate results in both cases in spite of the pipe material.
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STUDY OF COMPOSITION AND PHYSICAL AND CHEMICAL PROPERTIES
OF SOME NATURAL WATERS OF GEORGIA

I.Bejanidze!, V. Pohrebennyk?, T. Kharebava?, N. Davitadze®
!Batumi Shota Rustaveli State University, Georgia,
2L viv Polytechnic National University, Ukraine,
3LTD Batumi Water, of chemical-bacteriological laboratory, Georgia

The studies were carried out on the water Gortubani and Naminauri (Adigeni region),
Danisparauli, Dandalo, Makhinjauri (Adjara). In the original water and ultrafiltration-filtered water,
the titrated acidity, the content of dry substances, sulfur, chlorides, hydrocarbons, nitrates,
ammonium ions, heavy metals were determined pH and conductivity. It has been established: the
water conductivity increases in the series Makhindzhauri (0.52), — > Naminauri (0.78) — > Dandalo
(0.79) — > Gortubani (0.98) — > Danisparauli (3.45).

Increasing the amount of dry matter (%): Makhinjauri (0.1) — > Naminauri (0.2) — > Dandalo
(0.4) = Gurbubani (0.4) — > Danisparauli (0.5); increasing pH Makhinjauri (5,5) — > Naminauri
(6,0) — > Dandalo (7,16) — > Gortubani (7,18) — > Danisparauli (7,5).

The content of S~ ions in the Naminauri water is 20% higher than that in the Makhinjauri
water. NOz and NH.4" ions are found in the water of Dandalo and Gortubani, and NH4* ions in the
water of Dandalo are 2.5 times as high as the norm, and in the water of Gortubani 5 times as low as
the norm.

The number of NOs™ ions in Dandalo water is 25 times higher than normal, and in Naminauri
water is 75 times lower than normal. C1™ ions are found in all waters, the content of SO472 and
HCOs™ ions in Dandalo and Gortubani water is within the normal range. Dandalo water is medium
hard water (7.39 mg-eq / 1), its hardness is 50% higher than normal. In the process of ultrafiltration,
the productivity of the process for the Dandalo water decreases and remains unchanged for the
water of Naminauri and Makhinjauri. When concentrated, the content of S-2 ions increases by 12%
in Naminauri water and by 35% in Makhinjauri water. The content of Cl-ions does not change.

The content of heavy metals in water mg/l is established: Makhinjauri contains: Zn (9.06,
a norm of 0.01), Ti (6.13, a norm of 0.1), Ni (0.0105, a norm of 0.1), Fe (3.92, rate 0.3).
Danisparauli: Ca (121, a norm of 140), Mn (9.94, a norm of 0.1), As (0.0491 a norm of 0.05), Sb
(8.38, a norm of 0.05), B (3.78, norm of 0.5), Pb (1.34, a norm of 0.03), Al (8.16, a norm of 0.5).
Gortubani: Si (13, a norm of 10), Co (0.0045, a norm of 0.1), Cu (7.55, a norm of 1); Naminauri:
Mo (6.23, a norm of 0.25), Cr (1.23, a norm of 0.05). Dandalo Cd (2.19, a norm of 0.01), V (14.8,
a norm of 0.1), K (71.4, a norm of 50), Ba (4.24, a norm of 0.1), Na (4.45, a norm of 200). It has
been established: all the investigated waters are contaminated with heavy metals and the population
should not use them for treatment.

10
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APPLICATION OF ZEOLITE IN REMOVAL OF HAZARDOUS METAL IONS
FROM DRILLING MUD WASTEWATER

Gabriel Borowski'®, Justyna Kujawska!, Henryk Wasag?!
! Faculty of Environmental Engineering, Lublin University of Technology,
Nadbystrzycka 40B, Lublin, Poland
* Corresponding author: g.borowski@pollub.pl

In this study, the adsorption behavior of natural zeolites with respect to Cd2+, Cr3+, Pb2+,
Zn2+, was studied in order to consider its application to remove heavy metals from drilling mud.
The batch method was employed, using metal concentrations in solution ranging from 0.1 to
2.5 mg/dm?. It was determined that in every concentration range, the adsorption ratios of zeolite
metal cations match the Langmuir and Freundlich adsorption isotherms. The results of the research
on the reduction of heavy metal ions concentrations from drilling mud wastewater by means of
natural and activated zeolite were presented in the further part of this work. Natural and activated
zeolites were introduced in portions (from 0.2 g to 10 g) to 100 cm3 of wastewater; then, the
content of metals was determined using an inductively coupled plasma spectrometer. The
experimental data showed that the application of activated zeolite enabled to achieve the removal of
Cr3+, Pb2+, Zn2+, Cd2+ close to 93%, 45%, 56% and 84%, respectively. In the case of the natural
zeolite, the degree of heavy metals removal was lower by only a few percent, but still high enough
to be interesting from the practical point of view. Respectable effects of reduction of heavy metal
ions from drilling muds were obtained used doses from 2 g to 5 g of zeolite. The obtained results
proved that the natural zeolite constitutes an important material for efficient removal of heavy

metals from drilling mud wastewater.

Keywords: drilling mud, zeolite, heavy metals, wastewater, adsorption
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ASSESSMENT OF THE AUTOMOBILE POLLUTION INFLUENCE
ON URBAN ROADSIDE TERRITORIES AND SURFACE WATERS

0. Borysov, O. Kofanova
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

Urban waters located near the highways are affected not only by emissions of harmful
substances from vehicles but also from oil pollution caused, for example, by spills of gasoline or
diesel fuel, contamination of coastal soils and groundwater. In particular, oil products, easily
seeping deep into the soil, even in small concentrations can cause negative changes in color, taste,
smell, as well as physical and chemical properties of water. They form a thin film on the surface of
the water, thereby significantly worsening gas and heat transfer and creating conditions for the
absorption of the biologically active component of the solar spectrum. This, in turn, leads to
increasing of the water temperature, decreasing of the dissolved oxygen concentration and also to
the toxic effect of pollutants on aquatic and coastal organisms.

Pollution of soils and surface waters with emissions of harmful substances from the vehicles
exhaust gases is widespread in highly urbanized territories. For example, exhaust gases components
such as polycyclic hydrocarbons are not only dangerous ecotoxicants, but also have carcinogenic
and mutagenic effects on organisms. They are highly soluble in organic solvents and, therefore, in
contaminated with oil products water, their toxic effect will increase several times. Polycyclic
hydrocarbons are adsorbed and accumulated in bottom sediments, on the surface and in the cells of
organisms, forming zones of local technogenic pollution. At the same time, the bioaccumulation of
polycyclic hydrocarbons in food chains also poses a potential threat to human health.

Compounds of heavy metals (lead, mercury, cadmium, etc.) and synthetic surface-active
substances (surfactants) penetrate into the organisms in aquatic ecosystems with exhaust gases
emissions and waste products from motor transport infrastructure objects. Surfactants, in particular,
greatly change not only the chemical composition of water and bottom sediments, but also their
physical and chemical properties, such as the surface tension of water. According to Zilov E. A.,
detergents also disrupt the function of biological membranes, which leads to asphyxiation and death
of fish and invertebrates; significantly enhance the toxic and carcinogenic effects of other pollutants
for humans and animals.

In accordance with the researches of Azeez J. O. etal., the high risk of heavy metal
compounds for aquatic organisms is determined by the formation of the strong organometallic

complexes in tissues. These complexes do not decompose for a long time and can’t be easily
12



WATER SUPPLY AND WASTEWATER DISPOSAL

excreted from the organisms. After their death, such complexes are deposited in the bottom
sediments. In table 1 the degree of toxicity of salts of some heavy metals for aquatic organisms is
shown according to Zilov E. A.

Table 1
The degree of toxicity of salts of some heavy metals for aquatic organisms
Chemical
Plankton Crustaceans Mollusks Fish
element
Copper +++ +++ +++ +++
Lead - + + +++
Zinc + ++ ++ ++
Mercury ++++ +++ +++ +++
Cadmium - ++ ++ ++++

In cities and urban areas, the problem of increasing the acidity of water bodies remains
significant. Such waters undergo chemical, physico-chemical and biological transformations that, in
turn, lead to the change in their hydrological and chemical regimes, the species structure of
biocenoses and to the decrease in biodiversity.

In addition, an increase in acidity of water bodies facilitates the extraction of metal compounds
from soils, the dissolution of bottom sediments, and, as a result, increases the concentration of
harmful substances in the water. And, as it has been shown in the previous authors’ studies, emissions
(including from vehicles) of sulfur, carbon and nitrogen oxides, as well as acid precipitation and the
use of protective anti-icing agents in winter are among the main sources of changes in the acidity.

Therefore, we proposed to assess the degree of vehicles harmful effects on roadside territories
and urban water bodies using a systematic approach. Its essence is explained by the compilation and
calculation for each specific area (for example, areas for relaxation) of a set of integral indicators
taking into account pollution of the atmospheric air, soils and soil solutions and city water bodies.

This, in turn, will provide an opportunity for the more correct and dynamic assessment of the
degree of safety of the urban recreational areas usage, as well as an opportunity to determine
territories that pose an environmental hazard to the relaxation of the city population. After
identifying such territories, the appropriate measures can be applied in order to increase their ecological
safety and to inform the public about the potential threats and environmental protection measures that will

be implemented.
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ZMIANY SKELADU SCIEKOW BYTOWYCH SPOWODOWANE
OSZCZEDZANIEM WODY W GOSPODARSTWACH DOMOWYCH

Jarostaw Chudzicki, Katarzyna Umiejewska
Zaktad Zaopatrzenia w Wode i Odprowadzania Sciekow
Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii Srodowiska
Politechnika Warszawska, 00-653 Warszawa, ul. Nowowiejska 20

e-mail: jaroslaw.chudzicki@pw.edu.pl

Stowa kluczowe: zuzycie wody w budynkach, sktad $ciekow bytowych, koszty eksploatacji sieci

kanalizacyjnych

Od lat 90-tych obserwuje sie w krajach Europy Srodkowej i Wschodniej tendencje zwigzane
ze zmniejszeniem zuzycia wody. Zjawisko to jest $cisle zwigzane ze zmianami gospodarczymi w
tych krajach i wprowadzeniem instrumentow ekonomicznych (np. optata za wode wedlug
faktycznego jej zuzycia).

Nie kwestionujac potrzeby oszczgdzania wody 1 zmniejszenia jej marnotrawstwa zjawisko to
ma coraz bardziej znaczacy wplyw na warunki eksploatacji zarowno zewnetrznych sieci
kanalizacyjnych jak 1 oczyszczalni sciekow. Przyktadem moga tu by¢ nastepujace tendencje:

— wzrost stezenia zanieczyszczen w  $ciekach (ten sam tadunek zanieczyszczen jest

odprowadzany w mniejszej objetosci sciekdw),

— tendencja do wytragcania si¢ czeSci stalych ze $ciekow (brak utrzymania predkosci

samooczyszczania przy niezmienionych spadkach kanalow),

— problemy technologiczne w oczyszczalniach $ciekow,

— wzrost kosztéw eksploatacji systemu kanalizacyjnego (wigksza czestotliwos$¢ czyszczenia

przewodow, ptukanie, itp.).

W artykule przedstawiono wyniki zwigzane z okre$leniem zmian wskaznikow jakos$ci
sciekodw bytowych odprowadzanych do komunalnych oczyszczalni §ciekOw na przestrzeni ostatnich
30 lat. Zmiany te sg S$cisle powigzane ze zmniejszeniem zuzycia wody w gospodarstwach
domowych, spowodowane rdéznymi formami oszczedzania wody. Prowadzone badania w
przysztosci moga postluzy¢ jako podstawa do zweryfikowania dotychczasowych zasad

projektowania wewnetrznych instalacji 1 zewnetrznych sieci kanalizacyjnych.
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WPLYW BAKTERII BACILLUS MEGATERIUM NA SOLUBILIZACJE FOSFORU
Z OSADOW SCIEKOWYCH

Joanna Ciopinska, Elzbieta Bezak—Mazur
Wydziat Inzynierii Srodowiska, Geomatyki i Energetyki, Politechnika Swietokrzyska,
al. Tysiaclecia Panstwa Polskiego 7, 25-314 Kielce
Corresponding author: j.k.ciopinska@gmail.com

Przedmiotem niniejszych badan bylo dobranie odpowiednich warunkéw prowadzenia
solubilizacji fosforu w osadach $cickowych, co pozwolitoby na skuteczny odzysk z nich tego
pierwiastka. Do tego celu wykorzystano bakterie z rodzaju Bacillus megaterium naturalnie
wystepujace w glebie.

Badania prowadzono przez okres 14 dni w dwoch réznych warunkach temperaturowych, tj.
21 1 36°C. Do eksperymentu uzyto osadu stabilizowanego, ktory zostat poddany obrobce
termicznej. W trakcie 14 dni analizowano zmiany odczynu pH, 0golng liczbe bakterii mezofilnych.
Ponadto, oznaczano w osadach metoda Goltermana udzialy poszczegdlnych form fosforu, zmiany
stezenia form biodostepnych w osadzie $ciekowym oraz ilo$ci tego pierwiastka zasymilowanego
przez mikroorganizmy.

Uzyskane wyniki pozwalajg stwierdzi¢, ze liczebnos$¢ populacji bakterii Bacillus megaterium
zmienia si¢, przy czym intensywno$¢ tych zmian jest zalezna od temperatury. Bakterie Bacillus
megaterium wykorzystane do eksperymentu sa zaliczane do mikroorganizméw z grupy PSB (ang.
Phosphorus Solubilizing Bacteria). Majg one zdolno$¢ wytwarzania w procesach metabolicznych
kwasow organicznych tj. kwasu cytrynowego, mlekowego czy propionowego, zmieniajacych
odczyn $rodowiska. Kwasy te moga rozpuszcza¢ fosforany w wyniku wymiany jonowej, badz tez
chelatowa¢ jony Ca, Fe lub Al zwigzane z fosforanami. Wptywa to na solubilizacj¢ fosforu 1 jego
specjacje. Zwigkszaniu si¢ liczebnos$ci populacji bakterii towarzyszy wzrost form biodostepnych
fosforu, a tym samym przys$piesza si¢ uwalnianie fosforu zawartego w postaci form trudno
rozpuszczalnych w glebach. Fakt powyzszy jest niezmiernie istotny przy rozwazaniu
wykorzystywania osadéw $ciekowych na cele przyrodnicze. Bioragc pod uwage wtasciwosci bakterii
Bacillus megaterium do solubilizacji fosforu mineralnego, wykorzystanie ich jako inokulantow

moze przyczyni¢ si¢ do zwigkszenia poboru fosforu przez rosliny.

Stowa kluczowe: Bacillus megaterium, solubilizacja, osad $ciekowy, fosfor, specjacja fosforu

w osadach $ciekowych
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IMPACT OF THE RETENTION RESERVOIR ON GROUNDWATER - ON THE
EXAMPLE OF THE NEWLY BUILT SWINNA POREBA RESERVOIR

K. d’Obryn*, E. Szalinska
AGH University of Science and Technology, Faculty of Geology,
Geophysics and Environmental Protection, Cracow, Poland;
* corresponding author: dobyrn@agh.edu.pl

The Swinna Porgba water reservoir was filled in 2017 after many years of construction.
Under initial assumptions, the reservoir was to serve as a drinking water reservoir for the Silesian
agglomeration, and additionally protect the Skawa River valley against flooding. Moreover, the
object was supposed to be used for other purposes, like energy production, reproduction of fry in
the restocking center, recreation and give an impact to the development of the local infrastructure
(roads, railway and power lines, expansion of water and sewage treatment facilities).

Currently, the Swinna Reservoir primarily meets the flood protection function for the Skawa
and Vistula Rivers valleys, and the city of Krakow. Its presence prevents also occurrence of
droughts and protects the Skawa River biosphere through stabilization of river flows downstream
from the reservoir.

Around the reservoir, several dozen piezometer wells were drilled to monitor the
groundwater table during construction, filling, and reservoir operational stages. The results obtained
from piezometer measurements serve also as a basis for assessment of the reservoir impact on
groundwater intakes supplying the surrounding farms.

The change of the surface water level associated with filling of the reservoir should result in
an increase groundwater level elevation. However, under the light of the research conducted in 2017
and 2018, these changes of the groundwater table in piezometers around the reservoir were virtually
unnoticeable. This may be due to the geological structure of the substrate and the surroundings of
the reservoir, and related to hydrogeological parameters of water-bearing floors. Probably, a longer
period of observation is needed as well as considering the specific conditions of groundwater
circulation in the flysch deposits.

In mid-2019, the Swinna Poreba reservoir was emptied due to the need of banks and
landslides stabilization. This fact will allow to repeat observation of water table changes in
piezometers and re-assess impact of these changes on groundwater water supply capacity for the
neighboring farms.
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APPLICATION OF THE C&RT CLASSIFICATION TREE FOR ASSESSING STORAGE
TANK PARAMETERS IN RURAL WATER SUPPLY SYSTEMS

J. Dawidowicz?, A. Czapczuk?, J. Piekarski®, A. Malesinska*
!Bialystok University of Technology, Poland;
2F.B.I. TASBUD International Group, Science and Research Division, Poland’
3Koszalin University of Technology, Poland;
4 Warsaw University of Technology, Poland

corresponding author: j.dawidowicz@pb.edu.pl

The water supply system is a group of cooperating engineering facilities. In rural conditions,
small tower tanks are increasingly used to ensure water supply in the event of a breakdown or
increased water demand. An important task in the case of a tower tank is to locate it at the
appropriate height and ensure capacity that allows proper interaction with the water supply system.
The method of calculating water supply networks with a network tanks consists in the analysis of
many variants using computer programs, including Epanet. Correct calculations require thorough
analysis of the results obtained for many variants. There are no and probably never will be
computer programs that would help the designer in implementing the decision-making process.
Currently, however, there is a tendency to create computational programs that will characterize a
certain degree of creativity, which should help users make decisions at various stages of the task.
The decision-making process is difficult to present in the form of a function and mathematical
model, hence the use of expert systems. The main problem in building expert systems is the process
of knowledge acquisition. Machine learning techniques are used to improve knowledge acquisition.
The most popular strategy for acquiring knowledge in machine learning is inductive inference,
including an algorithm using decision tree induction. This article discusses the construction of a
C&RT decision tree that allows you to evaluate the parameters of a water tank with an indication of
the necessary data corrections in the event of an incorrect solution. The rules saved in the decision
tree allow the assessment of tank parameters in new design solutions.

The application of the decision tree induction method necessitates the preparation of a set of
learning examples. In order to induce a decision tree, a problem domain was defined, described by
the following attributes, e.g. pressure height in the tank location node, tank diameter, maximum
difference of water levels in the tank, difference in height between the bottom of the tank and the
pressure, time of full filling of the tank, time of emptying of the tank. In order to assess the
parameters, decision classes have been defined, assigned to individual learning examples: ZB1 -

tank works properly, ZB2 - tank set too high, ZB3 - tank set too low, ZB4 - tank diameter too large
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from the point of view of water exchange in the tank, ZB5 - tank diameter too small for the water
exchange in the tank. Calculations were made using the EPANET program for water distribution
systems with a reservoir to create a set of learning examples. A decision tree was built using the
C&RT algorithm, which allows the selection of the appropriate class ZB1 + ZB5 based on the input
parameters. The C&RT tree can be used as an additional expert module in programs for the

calculation of hydraulic water distribution systems.

Key words Expert systems, machine learning, induction of decision trees, water supply networks,

hydraulic calculations, water tanks
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INCREASE OF MONITORING EFFICIENCY AND ECOLOGICAL SAFETY
OF WASTEWATER TREATMENT

A. Dychko?, N. Remez!, V. Kiselev?, S. Kraychuk3, N. Ostapchuk?®
!National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”

2Taurida National V.I. Vernadsky University, Kyiv, Ukraine
3 Rivne State University of Humanities, Rivne, Ukraine

The problems of the lack of a systematic approach to the analysis of functioning of natural
and engineering sewage system and deficiency of accurate and operational measurements of
qualitative and quantitative indicators characterizing the state of the system of drainage and water
treatment are typical for modern technologies of pollutants biotransformation during wastewater
treatment. Ensuring the data authenticity of the evaluation of treatment process is an urgent
problem, because a decision regarding the prediction of the treatment facilities operation and
necessary measures for protection of surface water bodies and the environment as a whole in the
presence of the risk of natural or man-made accidents should be made on the basis of these data.

Therewith existing facilities for biochemical wastewater treatment are characterized by
insufficient purification efficiency due to increasing quantity, concentration and variety of
environmentally hazardous pollutants; formation of significant volumes of sediments; consumption
of large amount of energy and money during exploitation; considerable time spent on cleaning;
building of large territories under construction, etc.

The aim of the work is to establish the regularities of biotransformation of wastewater
pollutants with disintegrated biomass, aimed at increasing the level of environmental safety with
application of monitoring of natural and engineering wastewater systems.

To increase the reliability of data for environmental monitoring of natural and engineering
wastewater systems involves the determination of the dichotomous fractal structure of the
measuring network, the boundaries of the range and the density of pollution on the Peano and Koch
curves, based on the data of the measuring network and the corresponding interpolation and
smoothing algorithms, as well as determination of dynamics of the range pollution using the
Bayesian theorem. Based on the theory of fractals and the theory of sets, the algorithms for
monitoring natural and engineering wastewater systems allow determining the structure of the
measuring network taking into account the features of the controlled range and the sets of fractal
isolines of any configuration with a given accuracy of reflection, which allows predicting the
change in the composition of the effluent that come to the reservoirs from the landscapes, as well as

in the event of floods and other disasters, and accordingly adjust the work of all (or separate)
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sections of the drainage system from the methods improve the functioning of the equipment and
environmental safety of water in general.

The criteria for assessing the level of environmental safety of natural and engineering
drainage systems allow predicting:

— the range of pollution and its dynamics, the number, nomenclature and absolute values of
the pollutants that were not previously observed in this area, the boundaries of critical pollution;

— the dynamics of systems’ state between the observations;

— correlation between concomitant and middling factors and actual data of systems
monitoring, as well as pathways of migration and metabolism of pollutants;

— results of monitoring, general assessment of data reliability and formulation of decision on
correctness of estimates and forecasts;

— ability of active sludge to be treated within the system's potential, internal control and
adaptability within the dynamics of resource change and system connectivity;

— necessity to intensify the biochemical purification process by influencing the active sludge;

— degree of pollutants biotransformation of waste water into biogas.

In a result of research it is established that the most significant factors of the biochemical
treatment are oxidizing capacity of treatment facilities, temperature of process and presence of
nutrients in reactor. The range of dissolved oxygen content, in which there is the most intense
aerobic treatment of wastewater with disintegrated biomass, is 4.25-4.75 g O./m°. Under anaerobic
conditions the amount of consumed COD has the greatest influence on volume of generated biogas.

At the destruction of part of active sludge by hydrogen peroxide in the ratio of oxidizer:sludge
as 1:100 in the amount of homogenizate - 15% of the total volume of sludge in reactor there is the
most effective biotransformation of pollutants with the achievement of the degree of sewage
treatment up to 99% by COD (up to 5-10 mgOz2/l), the removal of nitrogen-containing and
phosphorus-containing organic compounds up to 90% (up to 7 and 3 mg/l respectively), reducing
the amount of excess biomass production up to 8 times, and also obtaining biogas, the amount of
which is in 4-5 times bigger than at operating with nontreated biomass.

The established dependence of productivity of biogas at different methods of destruction of
active sludge microorganisms allowed determining that the maximum output of biogas - up to
10 m*/m® of wastewater - occurs when applying the chemical destruction of part of the sludge.

Based on experimental research, a biogas generation model for anaerobic purification of
wastewater using treated sludge can predict biogas output depending on changes in the content of
pollutants in wastewater and fermentation parameters, as well as to determine the optimal

characteristics of the treatment process.

20



WATER SUPPLY AND WASTEWATER DISPOSAL

REMOVAL OF CHROME BY BIOCHAR PREPARED FROM PLANT WASTE

L. Froloval, M. Kharytonov?, A. Koverya3, I. Klimkina*
'Ukrainian State University of Chemical Technology, Dnipro, Ukraine
2Dnipro State Agrarian and Economic University, Dnipro, Ukraine
3National Metallurgical Academy of Ukraine, Dnipro, Ukraine
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Chromium is widely used in various industries. The widespread use of chromium compounds
leads to the formation of large amounts of chromium-containing wastewater (WW). Chromium
compounds are classified as highly toxic substances. In wastewater, chromium is contained in
oxidized Cr (V1) and in reduced Cr (I1l) forms. Usually, Cr (V1) is reduced to Cr (lll), the latter,
together with other heavy metal cations, is precipitated with lime, soda, and other alkaline reagents.

Perspective use of adsorption technology. Adsorbents of various chemical structures and
different mechanisms of action can be used to clean chromiferous WW. Advantages of technologies
using adsorbents are good absorption, easy ways of regeneration and the possibility of multiple use.
However, most of them have a high cost, therefore, the use of cheap adsorbents or chemisorbents,
which are not inferior in performance to their expensive counterparts, is relevant.

Biochar is an adsorbent, similar to activated carbon, derived from biomass during pyrolysis
using it as biofuel. In this work, various types of biomass were pyrolyzed to biochar. Then biochars
were used to adsorb chromium ions from wastewater. The study included the implementation of
several series of experiments with various adsorbents: biochar based on coniferous wood, corn
stalks, acacia wood, walnut shells, biomass of miscanthus.

With the help of X-ray analysis, the phase composition of biochars is established. These are
amorphous substances consisting of silicates of magnesium, calcium carbonate and silicon oxide. It
is the amorphous structure that provides high adsorption capacity. According to IR spectra, it can be
stated that the carboxyl and hydroxyl groups are involved in the sorption of chromium cations.
Established a significant difference between extraction efficiency. Biochars based on corn stalks

leaves and coniferous wood are most effective.
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PURIFICATION OF CHROMIUM CONTAINING WASTE WATER
BY MAGNETIC SORBENTS

L. Frolova?l, Pivovarov?, O. Prokopenko?, I. Ivanov?, R. Shpatakova®
lUkrainian State University of Chemical Technology, Dnipro
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Chromium (I11) compounds, especially chromium (VI), are toxic to humans and animals,
therefore the development of new methods and technologies for wastewater treatment (SV) is very
relevant.

There are many effective technologies for purification of chrome-containing wastewater
(HSV) from chromium cations: reagent, electrochemical, membrane. The application of sorption
technologies is promising. In recent years, adsorption has shown promising and effective results in
both drinking water and wastewater treatment technologies in the industry. A number of adsorbents
have been synthesized and applied to the treatment of pollutants, such as metal cations, dyes, and
pharmaceutical products in solutions.

However, these types of adsorbents have one common drawback - they require a long release
from the solution, which increases operating costs. To prevent this problem, some researchers offer
magnetic materials that can be promising adsorbents that can be easily separated from the solution
using a magnetic field. Magnetic adsorbents (MA) can provide fast and efficient suspension
separation.

This paper proposes a technology for the isolation of chromium cations by magnetic
separation to solve the problem of environmental protection.

The studies included several series of experiments with various adsorbents: magnetite
adsorbent (FF), nickel ferrite adsorbent (FN), cobalt ferrite (FC) adsorbent, manganese ferrite (FM)
adsorbent.

The dependences of the degree of sorption on the mass of adsorbents are different. For
magnetite, manganese ferrite, they are almost linear, and differ significantly in the maximum degree
of extraction. When using magnetite, the maximum sorption capture was 70%, and nickel ferrite,
almost 100%. For cobalt ferrite and nickel, the course of the curve is logarithmic. In both
experiments, the increase in the initial concentration of the solution increased degree of purification.

When using cobalt ferrite, the maximum sorption capture was 72%. The use of FN leads to
a purity of 99.8%.

When Cr (111) was removed, the efficiency of the adsorbents followed in order of decreasing

as follows: NiFe;O4> MnFe;04> Fes0s> CoFe20s. For CoFez04, the adsorption efficiency is

changed.
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WASTEWATER TREATMENT PROCESS USING MODEL PREDICTIVE
CONTROL (MPC)
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The purpose of biological wastewater treatment process is necessity to supply a bioreactor by
oxygen. It produces an optimal bacteria growing rate which are responsible for destruction of
organic substances inside sewage. Researches usually consider oxygen concentration inside an
aeration control system solution as the reference value. The model which considers highly nonlinear
characteristics of the bioreactor as a control object is described in this article. Object nonlinear
characteristics, treatment plant exploitation conditions changing, nonuniform supply of bioreactor
by sewage, change in the pollution load, temperature and compactness of mineral substances
initiates the oxygen concentration change during time. The reference oxygen value is defined by
regulation. It depends on ammonia and nitrate nitrogen concentration and leads to wastewater
discharge increasing. In such approach the oxygen control trajectory trends to the reference value.

The research object is embedded system of communal wastewater treatment plant with a
capacity of 180,000 RLM and with an average daily flow of 25,000 m? per day. The process of
biological wastewater treatment is carried out in a UCT-type bioreactor using activated sludge
technology for aeration of a thin bladder with compressed air. The optimal process of aeration of an
aerobic chamber requires the supply of a large amount of electrical energy (for the operation of
blowers) and accounts for more than 45% of annual electricity consumption throughout the process
of wastewater treatment.

The second element of the installation, which requires optimization of electricity
consumption, is the process of internal and external recirculation, which accounts for more than
10% of annual energy consumption. The use of advanced tools for forecasting events, fault

detection systems for measuring lines, monitoring and visualization of the process is aimed at
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polyoptimization of electricity consumption and control of biological treatment of municipal
wastewater.

The nonlinear model of the active sludge ASM2d took part in the work taking into account 21
biochemical processes calibrated on the basis of the process parameters measurements results and
laboratory tests. The following topics were the scientific and technological tasks:

e automatic control of the nitrification and denitrification process by controlling the value

of total nitrogen in treated wastewater;

e elimination of situations related to the "overload" of active shutter chambers at the
moment of the influx of ammonia nitrogen lower load in the raw sewage, associated with
denitrification process violation;

e optimization of internal and external bioreactor recirculation processes;

e reduction of electricity consumption during aeration and recirculation.
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COMPARATIVE ECONOMIC ANALYSIS OF DOMESTIC HOT WATER
PREPARATION IN A HOTEL AND CATERING BUILDING INCLUDING SOLAR
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Thermal conversion of solar energy is often used for the preparation of domestic hot water
due to possible reduction of fossil fuels consumption. According to Eurostat data, the total surface
of installed solar collectors in the European Union in 2017 exceeded the amount of 52 million.
However, application of solar collectors in multifamily buildings or service facilities raises many
concerns mainly related to economic aspects including investment, maintenance and operation
costs.

This paper presents the economic analysis of several variants of system designed to domestic
hot water preparation in hotel and catering building, located in the Eastern Poland. The analysis
includes a domestic water installation (consisting of cold water, hot water and circulation) and three
different sources of energy applied for hot water preparation: solid fuel boiler, gas boiler and gas
boiler supported by solar collectors.

The performed economic analysis was based on popular indicators of investment cost
efficiency: Dynamic Generation Cost (DGC), Net Present Value (NPV) and Benefit-Cost Rate
(BCR). The required input data for determination of costs efficiency indicators were based on
preliminary investment costs estimation as well as assumed operation and maintenance costs.
Additionally, energy and economic benefits of solar installation were estimated by GetSolar

software.
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WPLYW RODZAJU MATERIALU RUR DOPROWADZAJACYCH WODE
PRZEZNACZONA DO SPOZYCIA NA SKEAD I LICZEBNOSC MIKROFLORY

W. Goraj?!, A. Pytlak?, Z. Stepniewska?, B. Kowalska?, A. Szafranek-Nakonieczna?,
D. Kowalski?, W. Stepniewski?
Katolicki Uniwersytet Lubelski Jana Pawla II, Instytut Biotechnologii

?Politechnika Lubelska, Katedra Zaopatrzenia w Wode i Usuwania Sciekow

Wszystkie zabiegi, zwigzane z oczyszczaniem 1 uzdatnianiem wody z ktorej korzysta ludnos$¢,
zmierzaja do zapewnienia okres$lonych standardéow jakosci. Analizy dotyczace jakosci wody
przeprowadza si¢ bezposrednio w stacjach uzdatniania, nast¢gpnie woda transportowana jest do
odbiorcéw poprzez sie¢ wodociggowa. Rodzaj materiatow, z ktorych wykonane sa przewody
doprowadzajace wodg zalezy od okresow 1 tradycji stosowanych w poszczegodlnych dzielnicach
miast. Poczatkowo byly to przewody stalowe i z zeliwna szarego, potem zastgpiono je duzo
1zejszymi z poli(chlorku winylu) (PVC) a ostatnio najbardziej popularne sa przewody wykonane
polietylenu duzej gestosci (PE-HD). Wnetrze przewodow doprowadzajacych wode w czasie
uzytkowania, pokrywa si¢ biofilmem, tworzac $rodowisko sprzyjajace do rozwoju mikroflory.
Nikta, na ogdt w wodzie zasobnos¢ w sktadniki pokarmowe, ze wzgledu na zabiegi uzdatniania
wody, sprawia, ze moga rozwija¢ si¢ tam wylacznie organizmy o bardzo matych wymaganiach
pokarmowych 1 nie podatne na czynniki odkazajace jak ozonowanie czy chlorowanie, ktore petnia
funkcje inhibitoréw ich wzrostu (M. Lehtola et al. 2004, Gillespie et al. 2014, Prest et al. 2016). W
systemach doprowadzajacych wode tworza si¢ swoiste sztuczne ekosystemy, w ktorych rozwijaja
si¢ aktywne wspolnoty mikroorganizméow. Mikroflora pokrywajaca przewody, stanowi jej wtorne
zanieczyszczenie 1 wywiera istotny wplyw na jako$¢ wody (Rozej et al. 2015). Wyraza si¢ to
zmiang barwy, zapachu i smaku (Scott and Pepper, 2010, Wang et al. 2014, Zhang et al. 2012).

Przedmiotem podjetych badan bylo ustalenie wplywu materiatu rur (zeliwo sferoidalne,
PVC-U, PE-HD) na liczebno$¢ mikroflory i jej sktad jakoSciowy. Badania przeprowadzono
w Miejskim Przedsigbiorstwie Wodociggow i Kanalizacji w miescie liczacym okoto 50 tys.
mieszkancow, gdzie system doprowadzenia wody zawieral przewody wykonane z polietylenu
gestosci (PE-HD), poli(chlorku winylu) (PVC) oraz zeliwa sferoidalnego. Woda, stosowana w tej
sieci nie wymagata dodatkowej dezynfekcji, gdyz speiniata wszystkie europejskie i krajowe
standardy jako$ci. Podstawowa charakterystyka wody to: pH 6.5, alkalicznoéé¢ 5.9 mval dm?,
twardo$¢ 7.4 mval dm=, zawarto$¢ wegla organicznego 1.8 ppm. Pobrany, z kazdego rodzaju
materiatu, biofilm (250mg) przy uzyciu sterylnej szpatutki przenoszony byt i zawieszony w

sterylnej wodzie. Og6lng liczebnos$¢ mikroorganizmow wystepujacych w wodzie oznaczono wg
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normy PN-EN ISO 6222 metoda posiewu ,zgodnie z Rozporzadzeniem Ministra Zdrowia z dnia

7 grudnia 2017 r. odnos$nie jako$ci wody przeznaczonej do spozycia przez ludzi. Oznaczenia

wykonano na podtozu agarowym z ekstraktem drozdzowym w temperaturze 36+2° C w czasie

48 godzin inkubacji 1 w temperaturze 22+2° C po inkubacji trwajacej 72 godziny. Nastepnie

zliczono kolonie bakteryjne a wyniki podano w CFU na 1 ml wody. Kolonie drobnoustrojow

réznigce si¢ pod wzgledem morfologicznym (kolor, ksztalt) przeniesiono na nowe podtoze.

Oczyszczony material zawieszony zostat w plynnej pozywce i poddany ekstrakcji calkowitego

bakteryjnego DNA wg. metody Sambrook i Russell (2001) z wilasng modyfikacja. W

wyizolowanym genomowym DNA przeprowadzono amplifikacje fragmentu genu 16S rRNA ze

starterami 27F, 1492R. Uzyskane produkty poddano rozdzialowi stosujac elektroforeze a nastgpnie
sekwencjonowaniu przez firm¢ Genomed (Warszawa). Uzyskane wyniki porownano z sekwencjami
dostegpnymi w bazie NCBI. Analiza hodowalnych mikroorganizméw, wystepujacych w wodzie,
pochodzacej z rur wykonanych z réznych badanych materialow, wskazala iz najwieksza liczebno$¢
bakterii uzyskano podczas hodowli w temperaturze 22° C (5772 CFU ml?t) w probie wody
pochodzacej z rury zeliwnej. Liczebno$¢ bakterii na PVC byla znacznie nizsza (802 CFU ml™),
natomiast w probach pobranych z rur wykonanych z PE-HD nie zaobserwowano wzrostu bakterii.

Analizy wykonane w prébach kontrolnych wykazaty liczebnos¢ bakterii okoto 200 CFU ml™. Na

uwage zastuguje fakt, ze w zadnej z analizowanych kombinacji nie wystapil wzrost bakterii w

temperaturze 36° C.

Identyfikacja wyizolowanych z wody bakterii, wykonana przez Genomed na podstawie
wyizolowanego DNA wskazata na ich niewielkg bior6znorodno$¢ w obrebie typow Firmicutes,
Proteobacteria i Actinobacteria. Analiza sekwencji fragmentu genu 16S rRNA wykazala,
podobienstwo do sekwencji mikroorganizmoéw zdeponowanych w bazie NCBI nalezacych do
rodzajow: Bacillus (PVC, kontrola), Pseudomonas (kontrola), Acidovorax (kontrola) i Rhodococcus
(PVC, zeliwo).
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SULFUR TRANSFORMATIONS RELATED TO THE DEAMMONIFICATION PROCESS
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Characteristics of sulfur transformation in the process of deammonification

The deammonification process consists in oxidation of ammonium nitrogen (NH4-N) to nitrite
nitrogen (NO2-N) in the process of partial nitrification and subsequent reduction of the remaining
NHs-N to nitrogen gas (N2) with the participation of NO2-N in the anammox process. It can be
extended to the heterotrophic or autotrophic denitrification process.

Partial nitrification is carried out under aerobic conditions, and anammox process under
anoxic conditions. It is important from the point of view of the transformation of sulfur compounds,
because the oxygen concentration has a huge impact on their reduction and oxidation processes.
Sulfates are reduced in anaerobic conditions to sulphides or hydrogen sulphide via anaerobic
desulfurization bacteria such as Desulfovibrio, Desulfomaculatum, Desulfomonas. On the other
hand, reduced sulfur compounds are oxidized to native sulfur (oxidation level 0) and sulphates
(oxidation state V1)

Sulfur transformations accompanying the removal of nitrogen from sewage are important in
the deammonification process both due to the anammox inhibition of hydrogen sulphide, which
Wisdniewski et al. (2019) studied, and also due to the mentioned autotrophic denitrification carried
out by sulfur bacteria (Hao et al., 2014). It turns out that on the one hand sulfur compounds can
inhibit the process and reduce its efficiency. On the other hand, it may increase the reduction of
NOz-N remaining after the anammox process in the denitrification process.

Sulphates (V1) are considered to have a negative impact on the environment compared to
sulphides (2-), therefore their reduction is significant. In addition, conventional methods of
wastewater treatment are currently being replaced by modern methods, which include
deammonification.

Purpose and methodology of research

The aim of the research is to determine the type and extent of sulfur transformation in
processes that accompany the process of deammonification, such as nitrification, anammox,
denitrification, in a single-stage system on a laboratory scale.

Before starting the tests, it is necessary to breed a granular sludge containing anammox
bacteria. The sludge comes from the Hattingen wastewater treatment plant (Germany) and has been

used for the deammonification process for the last two years. In microbiological research, it has
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shown a high proportion of sulfur bacteria. The tests will be carried out in an SBR reactor with
a working volume of 10 dm3. The pH will be controlled in the range 7.3-7.9 using 1.0 M NaOH. To
eliminate errors resulting from the variability of the incoming composition, the reactor will be
regularly fed with synthetic sewage supplemented with medium according to Dapena-Mora et al.
(2004). It is planned to carry out the NH4-N, NOs-N, NO2-N, SO4> and S? determinations and to
take several samples for microbiological tests during the process.
Expected effect

Microbiological tests will allow to observe the change in the composition of sulfur bacteria at
particular stages of deammonification. In addition, their impact on heterotrophic and autotrophic
denitrification is expected to be studied. The levels of oxidation and reduction of sulfur compounds
will also be widely analyzed. The production of SO4> and the utilization of S* in the aerobic phase
and the production of S?* and reduction of SO+ in the anoxic phase are predicted, as illustrated in
Fig.1. The use of shorter oxygen phases against anoxic will result in an advantage of SO4*

reduction over its production.
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Fig. 1. Transformations of SO4% and S in the aerobic
and anoxic phase in the deammonification process
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FRACTAL GEOMETRY IN DESIGNING AND OPERATING WATER NETWORKS
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Fractals are geometrical sets that are not easily described by classical geometry because of their
irregularity. They are characterized by self-similarity, fine structure at arbitrarily small scales, intricate
detailed structure, recursive procedure of construction and size not quantified by the usual measures. An
important parameter describing a fractal set is its dimension. In fractal geometry dimension is a measure
of the space-filling capacity of a set and can be a non-integer. Fractals sets have been implemented in
almost all areas of human activity since they were introduced to science by Mandelbrot in 1982. For the
last 10 years, an interest in fractal geometry has increased by issues connected with water distribution
networks (WDN). This paper reviews applying fractal geometry in designing and operating WDN.

It was improved that tree-shaped WDN can be treated as fractal sets and described by the
recursive formula:

initiator: Ly,
Liy, = Z'Z:;” @
c-L,a"
where: Li — length of i-th line segment (i=0, 1, ...), &, b, ¢ — length of line segments generated in i +1
step, , , — angles characterizing location of generated line segments in relation to the previous segment,
wherein one endpoint of each new generated segment connects to the endpoint of previous line segment.

Treating a WDN as a fractal pattern enables its description and classification, simplifies
assessment of a network reliability, helps to solve problems of routing and dimensioning WDN, as
well as enables to select places to locate measurement points in a network to control water quality,
pressure in pipes and water flow rate. Moreover, applying tree-shaped fractal patterns to reflect
WDNSs helps to solve problems of their optimization.

Fractal geometry can be also applied to investigate results of WDNSs failures connected with
leakage of water to the ground. Using fractal dimension of a pattern created by points reflecting
places of water outflow on soil surface after a prospective pipe breakage enables to determine the
zone near a pipe, where outflow of water on the soil surface is possible. It is important approach for
the security of humans and existing infrastructure.

Using fractal geometry in description, optimisation and operation analysis of WDNs is still
continued, which confirms efficiency of fractal geometry as a research tool. On the other hand it can
be supposed that fractal geometry possibilities have still not been fully used.
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Modern environmental problems cannot be solved without raising the level of the ecological
culture of society, which can be viewed as an indicator of its civilization. Especially important is the
formation of the environmental consciousness of students, on which the future of the country
depends, its sustainable development.

The specialist must possess not only a high level of professional knowledge, but also an
ecological world outlook. It will allow him to make informed decisions in his activities, to avoid
mistakes that are detrimental to nature, or to minimize this damage. Increasing the level of students
‘environmental awareness during the period of study can also serve as the most objective indicator
of the effectiveness of the educational process in this direction, the quality of teachers' work.
Therefore, research into the state of environmental awareness and the search for ways to improve
the effectiveness of the system of environmental education are very relevant.

The aim of the work is to assess the level of environmental consciousness and culture of
students, the impact on them of environmental education during the period of study at the
university. Tasks to be solved are the choice of methods for diagnosing the system of value
orientations, the dominance of attitudes towards nature, the level of formation of ecological
consciousness; experimental studies using these techniques and analysis of their results.

Studies of the structure of value orientations of students of the National Metallurgical
Academy of Ukraine were carried out according to the method of M. Rokich. 160 students took part
in the survey, including 99 environmental students and 61 technical students. By processing, the
averaged ranks of the terminal and instrumental values were obtained on an 18-point scale, which
were conventionally divided into primary, which took the first 6 places; secondary - 7 ... 12 places
and irrelevant.

In general, the assessment of the significance of values by different groups of students
coincides or is close to each other. Among instrumental values, the main thing for them is
upbringing and accuracy, responsibility and honesty, and insignificant ones are irreconcilability
towards shortcomings and firm will, high demands and rationalism. Among the terminal values, the
main ones are health, happiness in the family, interesting work.
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Students attribute nature to secondary values: among environmentalists, it is in 8th place, in
future engineers - in 12th place. Among the irrelevant values with the average rank of 11,67 and
13 among these groups is “public recognition”, and this indicates a low level of ambition of the
respondents regarding their social status. “The happiness of others” is in the last place with the
highest average rank (13,86 and 15,57), which reflects today's realities of the dehumanization of our
society.

67 environmentalists, 57 students of other specialties took part in testing on the express-
method "Dominant”. First, a simple ranking of 9 categories of objects in order of their importance,
followed by division into 3 groups according to the dominance of the relationship. Then, according
to the modified methodology, the priority of objects in the emotional, informational, practical plan
was evaluated and the average rank was calculated. The results indicate the place of nature in the
group with medium dominance: 6th place with a rank of 5,16 in a simplified method and 5th place
with a rank of 4,99 in a modified one.

The assessment of the level of students' environmental consciousness and its changes over the
period of study was performed using the NaturalFil method. The study involved 180 students, 108
of them environmentalists. Diagnostics was carried out on 4 main scales: perceptual - affective,
cognitive, practical, scale of actions, as well as an additional scale of naturalistic erudition.

The survey data were compared with the control answers, the points for each scale were
determined, and then the attitude to nature indicator was calculated as the sum of points on 4 main
scales. The results were translated into a standard T-scale and stanains with the interpretation of
indicators - from extremely low to very high - using an evaluation table.

As a result, it was found that about 58% of environmentalists and 54% of other students have
an average level of attitude to nature. At the same time, environmentalists are about 2 times higher
than % of the levels of very high, high and above average and, accordingly, less than % of levels
with a reduced attitude to nature.

The change in the components of environmental consciousness during the period of study
shows that environmentalists have a positive trend across all scales; there is a close relationship
between the learning time and the level of these components: the correlation coefficient on the
scales from 0.84 to 0.98, only on the perceptual - affective scale it has a relatively low value of
0.62. Other students didn’t show positive dynamics in the formation of ecological consciousness,
and even a slight decrease in the average level of attitudes towards nature is observed in senior
courses. This indicates the urgent need to adjust the content of technical disciplines, to strengthen

the environmental component in them.
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STUDIES ON INCREASE OF ENERGY EFFICIENCY AND SAFETY OF WASTEWATER
TREATMENT AND SEWAGE SLUDGE UTILIZATION
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2Ukrainian State University of Chemical Technology, Dnipro, Ukraine

The aim of the work is to develop the complex solutions for energy- and cost-effective sludge
processing and utilization comprising intensive energy-free de-watering, mixing with wood ash for
stabilization and low temperature (70° C) pneumatic impulse drying followed by biochar
application that allows to obtain high quality biosolids — amendments for marginal lands.

Hygienic properties and high content of heavy metals in wastewater sludge are the main
problems that hinder the application of wastewater sludge in agriculture e.g. for technical crops or
biofuels production. The issues associated with utilization of wastewater sludge have not been
resolved for decades. At the present time large deposits of sludge are accumulated in Ukraine. For
prevailing amount of existing wastewater treatment plants in Ukraine stages of sludge stabilization,
conditioning, mechanical dewatering, thermal drying and sanitation are eliminated. As the rule, all
sludge management is limited by putting on drying beds without any pre-treatment, where sludge
rest for 2—7 years, and disposing cake out of plant territory in a way, which do not meet existing
environmental protection and waste management regulatory. In fact, gathering, storage, processing,
utilization, transportation and harmless burial, as well as prevention of negative influence of sludge
deposits on the environment and human health that meets existing regulations are still issue for
99 % of water enterprises which are mostly state owned and work under the regional principle.
Existing issues mainly refer to absence of cost effective de-watering and drying technologies. In
accordance with existing regulations, for further biosolids production (after dewatering and drying)
or other recycling, the wet content of the cake supposes not to exceed 65-75 %. Among other most
reported challenges there is lack of local biosolids management options for land application, landfill
closures, issues with future dewatering equipment purchases and development of renewable energy
projects, contracting restrictions, higher transportation cost. At the same time land application of
municipal sludge (biosolids) still claimed to be preferable option as it allows a complete reuse of
nutrients and organic carbon at a relatively low cost. One of the most effective ways of cake
stabilization is composting and mixing of cake with ash or lime and further drying. Deposits
gradually lose organics which transforms into greenhouse gases (GHG) emitting into the
atmosphere and minerals which are leaching into ground waters. But, in the meantime, carbon and

mineral nutrients in wastewater sludge produced in Ukraine annually are sufficient to grow energy
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crops and trees with considerable output of biomass. Thus re-using of sludge, wood ash and biochar
in agriculture allows to compensate GHG emission and increase energy biomass potential. Overall,
according to estimates, one field of switchgrass can provide generation of approximately 6.2 GJ
zero-net-carbon renewable energy. Developing of cost and energy effective solutions for sludge
gathering, processing and transportation which mainly refer to sludge volume reduction along with
nutrients recapture and recycle will contribute significantly to urban and agricultural areas
sustainable development.

Intensive dewatering technology recently implemented in Ukraine, based on use of original
polymer conditioning agent (DAMET) that has unique ability to create porous structure and
improve significantly filterability and de-waterability of sludge, allows fast horizontal evacuation of
water and complete vertical dewatering followed by full drying of the residual cake on the sludge
bed. Due to high intensive de-watering process residual cake contains more organics, nitrogen,
potassium and phosphorous (bulk amount of mineral nutrients was found to be 13-13.5 kg per ton).
Fast water evacuation prevents heavy metals ions form adsorption on colloidal organic matter of
sludge thus metals content can be reduced 12-25 times compared to conventions drying on the
sludge bed.

During the wastewater treatment process mainly nitrogen and phosphorus are concentrated in
the sludge, but potassium content in sludge is relatively low as it tends to migrate with water. In
order to balance nutrients ratio in wastewater sludge for land applications, especially for perennial
trees, cake should be enriched with mineral potassium. Wood ashes contain all nutrients except
nitrogen and balanced in trace elements. In fresh wood ashes after mechanical or electrostatic
treatment most of the metals are present in form of oxides; thus, mixing of ash with wastewater
sludge is very promising alternative to lime (CaO) stabilization.

Mixing of dry, fresh ash or lime with dewatered wastewater sludge causes exothermic
reaction, which results in hydroxides creation. Under optimal conditions the temperature can rise up
to 70°C which enhances drying of sludge, provides fast stabilization and sanitation of cake. Drying
at low temperatures is an alternative solution that allows cost effective processing of wastewater
sludge, as well as improvement of hygienic and physical properties.

Described process creates new opportunities for sludge management, since it allows to obtain
nutrient-rich sludge with wet content not exceeding 65-75 % within two-three month and prepare
high-quality biosolids through stabilization with wood ash. In addition, drained water can be
effectively cleaned with biochar obtained from the carbonization of energy crops biomass.

Thus, combination of fast de-watering with other stabilization and drying stages bring a
simple and energy effective solution which allows almost complete nutrients re-capture and re-use

in accordance with the core principles of sustainability.
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BACKGROUND CONCENTRATION OF HEAVY METALS IN DREISSENA
AND WATER OF THE MAIN KAKHOVKA MAGISTRALE CANAL

L. Khokhlova, D. Lukashov

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

The largest part (more than 2/5) of agricultural land is located in the South of Ukraine, in the
zone of unstable and insufficient moisture (Danylyshyn, 1999). In arid conditions agricultural
production is largely dependent on solving the problem of artificial irrigation of farmland.
Therefore, many ameliorative objects were built here: the North Crimean canal, the Main Kakhovka
magistrale canal, irrigation systems: Krasnoznamensk and Kakhovka. The source of their filling is
water from the Kakhovka reservoir on the Dnipro River (Boyko, 2001). The Main Kakhovka
magistrale canal stretches from the Kakhovka Reservoir to Molochna estuary (liman) and has
a length of 132 km. The canal was constructed in 1980 for irrigation of agricultural lands and water
supply to populated places of Kherson and Zaporizhzhya regions.

Control of water pollution has reached primary importance in developed and a number of
developing countries. Water in irrigation systems can accumulate a variety of pollutants including
heavy metals. The water of the Kakhovka reservoir is polluted with heavy metals (Andrusishina,
2005; Gnatyuk, 2013; Lianzberg, 2007). Studies have shown that 40% of irrigation water is limited
and unsuitable for use (Boyko, 2001; Egorova, 2014; Obukhov, 2017). It was found that, first,
heavy metals can accumulate in plants to levels that cause phytotoxicity. Second, elements in plants
can adversely affect humans and animals that consume those plants. Hence, irrigation of land with
such water is dangerous for plants and humans. Heavy metals are resistant to degradation under
natural conditions and may accumulate in microorganisms and aquatic flora and fauna which, in
turn, may enter terrestrial food chains (including human) and result in further contamination of the
environment (Arnason, 2003; Jarup, 2003; Miloskovic et al. 2013). The bivalves now serve as a
classical marker group of the structural and functional organization of hydrobiocenosis sensitive to
environmental factors (Dombrovsky, 2009; Lukashov, 2012). Historically, bivalves: Dreissena are
considered as valuable organisms for environmental monitoring and used as biomonitors of
chemical pollution of heavy metals (Krishnakumar et al., 2017). In the Kakhovka reservoir, two
species are most common — D. polymorpha and D. bugensis (Mal'tsev, 2010). Migration to the
Main Kakhovka magistrale canal and colonization of solid substrates by these species of mollusks
began from the moment of its functioning and continues at the moment.

The aim of the current study is to evaluate the reserves of heavy metals (Cd, Co, Cr, Cu,

Ni, Zn) accumulated in water and the tissues of bivalves of the Main Kakhovka magistrale canal. To
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achieve the goal, the following tasks are set: 1. To determine the seasonal dynamics of the
accumulation of metals by Dreissena at different sites of hydrotechnical object. 2. To determine the
concentration of heavy metals in canal water. 3. To assess the degree of water pollution in the canal.

The samples of water and bivalves were collected in parallel from six sites in the summer
season (July — August, 2018). The concentrations of Cd, Co, Cr, Cu, Zn and Ni in the investigated
samples were determined by the flame atomic absorption spectrometer SELMI C-115-M1 equipped
with hollow-cathode lamps.

Table 1
Concentration of heavy metals in water of the Main Kakhovka magistrale canal
sampling Results of the analysis (mg/dm?®)
points Cu Ni Co Cd Zn Cr

1 (2th km) 0,001 0,015 0,002 0,001 0,069 0,003

2 (15th km) 0,001 0,042 0,005 0,001 0,002 0,006

3 (45th km) 0,007 0,046 0,005 0,001 0,021 0,009

4 (85th km) 0,008 0,056 0,007 0,001 0,061 0,008

5 (110th km) | 0,007 0,056 0,005 0,001 0,012 0,006

6 (132th km) | 0,003 0,038 0,004 0,001 0,005 0,005

Table 2
Concentration of heavy metals in soft tissues of the Dreissena
sampling points Results of the analysis (mg/kg)
Cu Ni Co Cd Zn Cr

1 (2th km) 9,26 16,01 1,12 0,86 61,00 15,79

2 (15th km) 16,05 12,92 0,67 0,67 70,50 20,60

3 (45th km) 11,36 20,82 0,13 0,87 87,83 28,09

4 (85th km) 8,80 21,32 1,42 0,74 76,83 29,77

5 (110th km) 6,95 13,05 0,63 0,63 59,87 23,72

6 (132th km) 15,71 21,79 1,79 0,71 89,93 29,11

As shown by the data, at all sampling sites, concentrations of Cd, Cu, Co, Cr and Zn were
below the detection limit. On the whole, the accumulation of metals in the soft tissues of the
investigated bivalve mollusk species were higher than in the samples of water, because metal
content in water can be subject to seasonal variations and may not accurately reflect the actual
problem of contamination. In the all sections of the irrigation canal revealed the highest
concentration of Ni in water. The quality of surface water at sampling points complied with

environmental safety standards for irrigation in the summer period.
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EVALUATION OF TURKEY'S WASTEWATER MANAGEMENT PERFORMANCE IN
TERMS OF SEVERAL VARIABLES

I. H. Korkmaz!, C. Cetinkaya?, M. Yazgan?
1Gaziantep University, Gaziantep, Turkey

2Adana Alparslan Tiirkes Science and Technology University, Adana, Turkey

Water is one of the most important sources of life. Especially in recent years, where the
effects of globalization on human life have intensified, it is estimated that the water reserve will not
be able to meet the future demand. In this context, water use and wastewater management are
gaining great importance. Even its utilization as a “potential energy source”, has come to the agenda
and wastewater is no longer regarded as a waste that needs to be disposed of.

Turkey, especially in the confusion experienced in recent years in neighboring regions
together, is one of the very fast growing countries in terms of population. Taking into account the
share of young population in the total population, the population of Turkey is expected to continue
to rise. Although Turkey is a country, where is not considered poor in terms of water resources, its
population and economic growth makes it necessary to take water use and wastewater management
in the agenda.

In this study, a situation assessment is made for Turkey according to the total number of
municipalities, the number and total populations of municipalities providing sewer service and the
amount of waste water discharge. The assessment is done according to the real data obtained from
Turkish Statistical Institute. As a summary, Turkey's wastewater management performance and
progress are evaluated within the results of this study.

Some related tables are presented below.

Table 1
Wastewater treatment plants by municipalities
2004 2006 2008 2010 2012 2014 2016
Number of municipalities 319 362 442 438 536 513 581

served by  wastewater
treatment plants
Municipal population served | 2436911 | 29643258 | 32518318 | 38050717 | 43543737 | 49358266 | 560167

by wastewater treatment 9 38
plants
Rate of population served by 36 42 46 52 58 64 70

wastewater treatment plants in
total population (%)

Rate of population served by 45 51 56 62 68 68 75
wastewater treatment plants in
total municipal population (%)
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Table 2
Discharged wastewater from municipal sewerage by receiving bodies
2004 2006 2008 2010 2012 2014 2016

Amount | Amount | Amount | Amount | Amount | Amount Amount
Amount of | 2922783 | 3366 894 | 3261455 | 3582131 | 4072563 | 4 296 851 4 484 075
wastewater
discharged
Treated 1901040 | 2140494 | 2251581 | 2719 151 | 3260 396 | 3 483 846 3842 350
Untreated 1021743 | 1226400 | 1009874 | 862979 | 812167 | 813005 641724
Sea 1178001 | 1522695 | 1458461 | 1498 728 | 1843115 | 1915294 1812650
Treated 1003736 | 1215440 | 1231880 | 1347977 | 1718588 | 1759 461 1724792
Untreated 174265 | 307255 | 226581 150 751 124 528 155 833 87 858
Lake/Artificial | 43 006 46 415 67 193 76 024 75116 93 596 78 551
lake
Treated 25 283 28 166 48 295 37 881 36 748 47 893 53 262
Untreated 17723 18 249 18 899 38 143 38 368 45703 25289
River 1380516 | 1410614 | 1404164 | 1741078 | 1817 352 | 1 898 895 2153123
Treated 713 395 705 561 778293 | 1180630 | 1276456 | 1409 633 1728 000
Untreated 667 121 705 054 625 871 560 448 540 896 489 262 425 122
Dam 99 551 121532 115 405 130 224 114 199 120 781 126 325
Treated 52 563 84 015 84 375 83409 63 296 61 843 76 660
Untreated 46 988 37517 31030 46 816 50903 58 938 49 665
Land 40 007 120 525 50 374 35091 35770 17 954 20 063
Treated 6 420 12011 14108 9166 8 999 8 367 14 036
Untreated 33 586 108 514 36 266 25925 26771 9587 6 027
Other 181 702 145113 165 857 100 985 187011 | 250332 293 363
Treated 99 642 95 301 94 631 60 088 156 309 196 649 245 601
Untreated 82 059 49 813 71 226 40 897 30 701 53 683 47 762

In this study, applications regarding Turkey’s wastewater management were presented with
the review at the municipal level. Based on the statistics between 2004 and 2016, it is possible to
say that Turkey's wastewater management watches a good way.

Findings of the study results that Turkey's wastewater management has improved. In future

studies, Turkey's performance in wastewater management examined in this study should be

compared with the performance of different countries. This study examined only the distance

covered over the years in the scope of the management of wastewater in Turkey. Comparison with

some different countries can enable more accurate evaluations regarding wastewater management.
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SPATIAL TIME-RELATED CHARACTERISTICS OF WATER QUALITY IN SELECTED
POINTS OF MUNICIPAL WATER SUPPLY SYSTEM

B. Kowalska, D. Kowalski, M. K. Widomski, A. Dobrowolska, E. Kuziola
Politechnika Lubelska, Wydziat Inzynierii Srodowiska,
ul. Nadbystrzycka 40 B, 20-618 Lublin,
e-mail: b.kowalska@pollub.pl

This paper presents analysis of spatial time-related changes in values of several characteristics
of drinking water quality monitored in selected points of the municipal water supply system in
Lublin, Poland. The studied part of water supply system, constructed during period between 1959
and 1989, consists mainly of cast iron pipelines, diameters from range 125-630 mm, in selected
parts renovated by polymer pipelines, PE and PVC. Due to relatively low velocity of water flow,
the studied part of water supply system is being regularly flushed each 30 days.

The monitoring covered period of 7 months, from September 2017 to March 2018, with
4-6 sampling days per month. Samples of drinking water were obtained according to PN-EN 1SO 5667 —
1:2008 standard. The sampling points were placed in five locations, including water supply station
Dziesigta, pipelines Hajdow and Andersa, hydrophore unit location and private apartment. The
following indicators of water quality were selected to our analyses: free chlorine, iron, turbidity,
chloride and oxygen contents. The obtained results of laboratory measurements of water quality
indicators were subjected to the statistical analysis covering correlation matrices for the all indicators in
tested sampling points as well as for the same indicator in different locations. Additionally, to assess the
statistical significance of the observed differences, after testing the normality by Shapiro-Wilk test, the
one-way ANOVA with post-hoc multiple comparisons was performed.

The laboratory measurements of selected indicators concentrations were performed by the
following methods: free chlorine and iron content by PC Multi Direct photometer by AstralPool,
turbidity by CyberScan TN 100 by Eutech Instruments, chloride content by Mohr method according
to PN-1SO 9297:1994, oxygen content by Winkler method according to PN-EN 25831:1997. The
measured values of indicators in selected points of the system showed high time-related variability,
however some strong statistically significant correlations for selected quality indicators were
observed, see Table 1. On the other hand, only the few strong correlations between values of
different indicators in selected points of network were observed, mainly between turbidity and iron
content. The performed Shapiro-Wilk test of normality showed than in significant number of cases
distributions of studied variables were different than normal. The performed the one-way ANOVA

with post-hoc multiple comparisons showed that only in case of one indicator, i.e. chloride, the observed
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differences between studied concentrations in selected points of network do not differ significantly. In
the other tested cases the observed differences between concentrations of quality indicators in different
points of the network and in the studied apartment were statistically significant.

Table 1
Coefficients of correlation for observed concentrations
of water quality indicators in selected points of water supply network

Free chlorine

WSS Dz pipe H pipe A Hydrophore Apartment
WSS Dz 0.85 0.68 0.53 0.48
pipe H 0.85 0.69 0.53 0.38
pipe A 0.68 0.69 0.52 0.41
Hydrophore 0.53 0.53 0.52 0.63
Apartment 0.48 0.38 0.41 0.63
Iron

WSS Dz pipe H pipe A Hydrophore Apartment
WSS Dz 0.76 0.53 0.06 0.43
pipe H 0.76 0.24 0.02 0.42
pipe A 0.53 0.24 0.14 0.30
Hydrophore 0.06 0.02 0.14 -0.06
Apartment 0.43 0.42 0.30 -0.06
Turbidity

WSS Dz pipe H pipe A Hydrophore Apartment
WSS Dz 0.67 0.17 0.44 -0.14
pipe H 0.67 0.09 0.45 -0.05
pipe A 0.17 0.09 -0.05 0.02
Hydrophore 0.44 0.45 -0.05 -0.28
Apartment -0.14 -0.05 0.02 -0.28
Chloride WSS Dz pipe H pipe A Hydrophore Apartment
WSS Dz 0.82 0.59 0.66 0.57
pipe H 0.82 0.78 0.57 0.58
pipe A 0.59 0.78 0.71 0.66
Hydrophore 0.66 0.57 0.71 0.86
Apartment 0.57 0.58 0.66 0.86
Oxygen WSS Dz pipe H pipe A Hydrophore Apartment
WSS Dz 0.97 0.89 0.90 0.83
pipe H 0.97 0.94 0.94 0.90
pipe A 0.89 0.94 0.95 0.90
Hydrophore 0.90 0.94 0.95 0.88
Apartment 0.83 0.90 0.90 0.88

*WSS Dz — water supply station Dziesiata, pipe H — pipeline Hajdoéw, pipe A — pipeline Andersa St.
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STUDZIENKA KANALIZACYJNA DO ZASTOSOWANIA W SIECIACH
PIERSCIENIOWYCH

D. Kowalski', M. lwanek?!, B. Kowalska?, P. Suchorab?, A. Mierzwa?, K. Kepinski?
Lublin University of Technology, Lublin, Poland
2Water Company ,,Wodociagi Pulawskie” Sp. z 0.0., Skowieszynska 51, 24-100 Pulawy, Poland
e-mail: d.kowalski@pollub.pl

Sprawne dziatanie sieci kanalizacyjnych na obszarach zurbanizowanych stanowi jeden z
warunkéw istnienia i rozwoju tych obszarow. Podnoszenie niezawodno$ci dzialania sieci
kanalizacyjnych odbywa si¢ na wiele sposoboéw. Jednym z nich jest takie ksztaltowanie struktur
sieciowych, aby mozliwe bylo przesylanie przez nie $ciekéw z wykorzystaniem rdéznych,
alternatywnych drog. Drogi te mozna uzyska¢ poprzez zamykanie struktur rozgat¢zieniowych,
przeksztalcajac je w struktury pierscieniowe.

Struktury pier$cieniowe sg powszechnie stosowane w sieciach wodociggowych. W przypadku
grawitacyjnych sieci kanalizacyjnych ich wykorzystanie jest jednak znaczaco utrudnione zaréwno
przez uklad wysoko$ciowy poszczegolnych rurociggdw, jak rdéwniez problemy z wihasciwym
uksztaltowaniem kierunku strumieni przeptywajacych Sciekow. Kluczowym elementem
warunkujagcym uzyskanie struktur pierscieniowych w sieciach kanalizacyjnych sa studzienki
umozliwiajace potaczenia krzyzujacych sie rurociagéw. W dotychczasowej praktyce potaczenia te
wykonywane byty w sposob bezposredni —strumienie $ciekow z obu taczonych rur krzyzowaty sie
ze sobg. Zarowno z punktu widzenia hydraulicznego, jak 1 mozliwo$ci sterowania pracg sieci,
rozwigzanie powyzsze jest nieefektywne. Ze wzglgdu na zmienne w czasie nat¢zenie strumieni
przeplywajacych $ciekow w studzienkach tych pojawia si¢ okresowo zjawisko spigtrzenia
zwierciadla $ciekow. Ponadto praktycznie nie ma w nich mozliwosci sterowania wielko$cig
odptywu $ciekdw przez rury odptywowe.

Celem artykulu jest przedstawienie nowego rozwigzania studzienki kanalizacyjnej, mogacej
pracowac jako element pierscieniowe] grawitacyjnej sieci kanalizacji sanitarnej lub deszczowe;.
W trakcie normalnej pracy sieci umozliwia ona bezkolizyjne potaczenie krzyzujacych si¢ rur.
W sytuacji awaryjnej, np. w przypadku zablokowania jednego z odptywow ze studzienki, zapewnia
samoistne polaczenie strumieni przesytanych $ciekéw 1 tym samym zmiang kierunku ich
przeptywu. Rozwigzanie umozliwia wieksza kontrole nad kierunkami i natezeniami strumieni
przesytanych $ciekéw, automatyzacje zmian tych parametrow w Sytuacjach awaryjnych, jak
rowniez brak zaburzen przesytanych strumieni, w tym spietrzenia zwierciadta $ciekéw w trakcie

normalnej, bezawaryjnej pracy sieci.
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Prezentowana studzienka rézni si¢ od klasycznej studzienki potgczeniowej budowg dennicy.
Przekroje dennicy studzienki przeznaczonej do bezkolizyjnego krzyzowania rur (1) i (2) utozonych
na réznych glebokosciach przedstawiono na Rys. 1. Dennica sktada si¢ z ptyty fundamentowej (3)
na ktérej posadowiono obudowe studzienki (4) oraz dwupoziomowego dna. Kazdy poziom ma
wyodrebniony spocznik — dolny (5) i gorny (6), oraz wyprofilowang kinet¢ — dolng (7) 1 gérnag (8).
Podobnie jak w klasycznej studzience kanalizacyjnej, spocznik ma spadek w kierunku Kinety.
Kineta dolna (7) faczy si¢ z poprowadzong nizej rurg (1), natomiast kineta gorna (8) z
poprowadzong wyzej rurg (2). Na catej dhlugosci kinety gornej (8) wyodrgbniono krawedz

przelewowa (9).

1 — przewod polozony nizej
2 — przewod potozony wyzej
3 — plyta fundamentowa

4 — obudowa studzienki

5 — spocznik dolny

6 — spocznik gorny

7 — kineta dolna

8 — kineta gérna

9 — przelew

Rys. 1. Budowa studzienki kanalizacyjnej do bezkolizyjnego krzyzowania przewodow

W trakcie normalnej, bezawaryjnej pracy sieci kanalizacyjnej §cieki przeptywaja przez
studzienke rurami (1) i (2) oraz odpowiednio kinetami (7) i (8) na dwoch poziomach, niezaleznie od
siebie, nie faczac si¢ ze soba. W przypadku niedroznosci jednego z przewodow, Scieki spigtrzaja
si¢, nastepnie przez przelew (9) dostaja si¢ do drugiej kinety i swobodnie wyplywaja ze studzienki
droznym przewodem.

Prezentowana studzienka przeznaczona jest gltownie dla przedsigbiorstw zarzadzajacych
sieclami kanalizacyjnymi. Moga nig by¢ rowniez zainteresowane firmy budujace sieci
kanalizacyjne oraz biura projektowe. Zastosowanie studzienki wplywa na poprawe funkcjonowania
1 niezawodnos$ci systemoéw kanalizacyjnych, a takze poprawia bezpieczenstwo 1 komfort
uzytkownikow systeméw kanalizacyjnych.

Proponowana konstrukcja jest rozwigzaniem innowacyjnym, co zostalo potwierdzone
patentem nr 229311 — Wiadomosci Urzedu Patentowego Nr 7/2018, str. 2316.
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NEW UNIVERSAL PIPE SADDLE FOR DRILLING WATER SUPPLY PIPELINES

Kowalski Dariusz!, Kowalska Beata® , Iwanek Malgorzata®, Pawel Suchorab?,
Kepinski Kamil?, Mierzwa Aneta?
!Lublin University of Technology, Faculty of Environmental Engineering,
Nadbystrzycka 40B Str., 20-618 Lublin, Poland
2Water Company ,,Wodociagi Putawskie” Sp. z 0.0.,
3Skowieszynska 51 Str., 24-100 Putawy, Poland

In the operational practice of water companies, drilling of pipelines belongs to relatively
frequent activities. Most often such drillings are carried out in order to make house connections or
installing monitoring sensors. Recognizing this problem, valve manufacturers have developed a
number of complete solutions, including pipe saddles, valves and drilling machines. Drilling is also
often used at the stage of building a monitoring system. Each time installing appropriate sensors
requires direct access to the conveyed water. The easiest and fastest way to do this is by drilling.
However, there is the problem of a significant differentiation of materials and diameters of drilled
pipes. This requires the purchase of many types of pipe saddles by water supply companies, hence
the search for universal solutions that will reduce the purchase and storage costs of these fittings.

The aim of the article is to present the universal pipe saddle as an element of drilling machine,
which can be used in a wide (from 80 to 500 mm) diameter range of cast iron, steel, plastic and
asbestos-cement pipes. The proposed pipe saddle is integrated with simple slice valve. The

presented solution was developed by the authors and has obtained patent protection as utility model
no 69030.
The scheme of proposed pipe saddle is presented in fig. 1.
3 4 5 6

Fig. 1. The scheme of the proposed pipe saddle
1 — pipe, 2 — quadrangular gasket with rounded face, 3 — sealing ring with Teflon liner,
4 — trapezoidal seal, 5 — fixing screw, 6 — hemispherical cap, 7 — saddle body,
8 — adjustment screw, 9 — fixing the tape, 10 — band tape, 11 — valve cassette cover,
12 — cover gasket, 13 — cassette of slice valve, 14 — cut-off element, 15 — hole for adjustment screw.
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ACTUAL CHALLENGES IN WASTEWATER TREATMENT IN CENTRAL EUROPE -
EXAMPLES FROM WWTP HRADEC KRALOVE, CZECH REPUBLIC

Pavel Kral
Kralovéhradecka provozni a.s., Hradec Kralové, Czech Republic

pavel.kral@khp.cz

By joining the European Union, the entire territory of the Czech Republic was included in the
so-called sensitive areas. The relatively strict limits for waste water treatment resulting from the EU
Council Directive of 21 May 1991 on urban waste water treatment (91/271 / EEC), which was
transformed in the Czech Republic legislation, entered into force for all waste water treatment
plants in the Czech Republic, in particular to the Decree on the discharge of waste water into
surface waters No. 61/2003 Coll. This meant that, for a size category of treatment plants above
100,000 PE, it was necessary to achieve relatively strict limits on the discharge of total nitrogen
NroTaL at an annual average of 10.0 mg / | and total phosphorus ProtaL at an annual average of
1.0 mg / I. Many large and small sewage treatment plants had to be reconstructed and their
technology improved.

The percentage of wastewater discharged into the sewerage system in the Czech Republic is
relatively high - in the size category over 2,000 PE, wastewater from more than 95 percent of the
population is already sewage-treated. Currently, smaller or even local wastewater treatment plants
are being built in smaller municipalities.

Hradec Kréalové is a regional town with 100,000 inhabitants in East Bohemia, about 100 km
east of Prague and 50 km from the border with Poland. The wastewater treatment plant Hradec
Kralové for a total of 142,000 PE was built in 1995 and has been reconstructed twice since then in
order to meet the stricter limits in terms of total nitrogen and phosphorus. The first reconstruction
took place in 2003 and the second one then in 2008 - 2010 in order to meet the limits set by the
above mentioned Directive.

This paper summarizes the main challenges in wastewater treatment in Central Europe and
Hradec Kralové. Recent challenges include in particular the removal of total nitrogen and total
phosphorus, as well as the optimization of electricity consumption for wastewater treatment. At the
same time, however, we already see the challenges that are currently coming up - in particular, the
issue of final disposal of the produced dewatered sewage sludge (approaching the end of disposal
on agricultural land) and the issue of lightening untreated or pre-treated sewage during rainfall. And

then there is the challenge of the future, which may not be as far away as we now think. It is a
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monitoring and purification of wastewater in terms of micropolutants and substances such as
medicines, special pesticides, microplastics and others.

In the lecture itself, all six of the aforementioned calls will be discussed in more detail, using
the example of the Hradec Kralové wastewater treatment plant. For example, in order to reduce
pollution in the area of total nitrogen, in 2008-2010, we managed to install high-tech post-
denitrification filter technology, which is able to reduce the concentration of this substance in

waters well below the required limits.
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DOBRE PRAKTYKI W PROCESIE ROZWOJU ZIELONEJ INFRASTRUKTURY
W OBSZARACH ZURBANIZOWANYCH

Jadwiga Krolikowska, Joanna Bak, Agnieszka Kalfas-Fima
Politechnika Krakowska, Wydzial Inzynierii Srodowiska
jadwiga.krolikowska@wis.pk.edu.pl

Tereny zieleni wchodzace w sktad systemu przyrodniczego miasta, ktory rozumiany jest jako
celowo wyodrebniona cze$¢ miasta skladajaca si¢ z odpowiednio dobranych geokompleksow,
pelnia w miescie roznorodne funkcje przyrodnicze oraz poza przyrodnicze np. spoteczne,
rekreacyjne, estetyczne.

Do terenéw zieleni publicznej zalicza si¢: parki o r6znym charakterze, w tym takze np.
planty, parki rzeczne, parki uzdrowiskowe; kopce; blonia; bulwary; skwery; zielence 1 zielen
przyuliczng w pasach drogowych; tereny zieleni osiedlowej, ktére mozna zidentyfikowaé i
wyodrebni¢ z przestrzeni osiedli jako ogoélnodostgpne parki lub skwery; lasy i parki lesne
komunalne i panstwowe.

Do terendow wspomagajacych zalicza si¢ : tereny zieleni towarzyszace obiektom uzytecznos$ci
publicznej, o funkcjach zwigzanych z tymi obiektami i przez to dostepnosci ograniczonej do
okreslonych grup uzytkownikéw, takie jak np. towarzyszace placowkom oswiatowym, uczelniom
wyzszym, obiektom kultu religijnego, szpitalom, klubom sportowym; ogrody muzealne, ogrody
edukacyjne i parki tematyczne, cmentarze komunalne i wyznaniowe; ogrody klasztorne; ogrody
dzialkowe; zielen osiedlowa stanowigca bezposrednie otoczenie budynkow, nie dajacy sie
wyodrebni¢ z przestrzeni osiedli jako og6lnodostepne parki 1 skwery.

Ilo$¢ duzych terenow zielonych w polskich aglomeracjach wcigz maleje. Parki czy skwery
Z powodow ekonomicznych zaczynaja stopniowo ustepowaé miejsca nowym osiedlom, biurowcom
czy galeriom handlowym. Grunty stajg si¢ zbyt drogie, by po$wiecac je na zielone inwestycje.
Wobec wspotczesnych uwarunkowan zagospodarowania przestrzennego w ostatnim okresie
szczegolnie duzy nacisk ktadziony jest na projektowanie zielonej infrastruktury.

Koncepcja zielonej infrastruktury pojawila si¢ w latach 90. XX w. i w szerokim ujeciu
oznacza strategicznie zaplanowang sie¢ terenéw zieleni miejskiej o réznym charakterze — parkow,
greenwayow, obszaré6w chronionych, otwartych, naturalnych, nieurzadzonych, utrzymujacych
naturalne procesy ekologiczne. Nowym stalo si¢ traktowanie zieleni jako infrastruktury, ktora
réwnolegle z innymi pomaga lepiej formowaé pozostale elementy struktury miasta i zabezpiecza

harmonijny rozw¢j srodowiska miejskiego.
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Zielona infrastruktura szybko znalazla si¢ w obszarze zainteresowan architektow krajobrazu.
Nie tylko kosztuje mniej niz tradycyjne rozwiagzania, ale dziatania z nig zwigzane mogg obnizy¢
koszt oczyszczania duzych ilosci wod opadowych oraz moga pomédc gminom w redukcji wydatkoéw
na energi¢; moga tez zmniejsza¢ ryzyko zagrozenia powodziowego; poprawiaja jakos¢ zdrowia
publicznego, redukuja poziom zanieczyszczenia rzek i strumieni.

Czgsto wprowadzanie okres$lonej polityki inspirowane jest lub wzorowane na tzw. dobrych,
sprawdzonych  przyktadach, praktykach zwigzanych ze zréwnowazonym rozwojem,
utrzymywaniem przyrody w miescie, ustug ekosystemow, wody.

W artykule przedstawiono takie przyktady, praktyki, ktore moga inspirowaé przy tworzeniu

strategii terenow zieleni, pokazujg rozpigtos¢ skali zagadnienia i konkretne rozwigzania.
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OCENA SKUTECZNOSCI USUWANIA ZWIAZKOW POWIERZCHNIOWO —
CZYNNYCH W LABORATORYJINYM SYSTEMIE HYDROFITOWYM

Izabela Kruszelnicka , Dobrochna Ginter Kramarczyk, Joanna Zembrzuska

Politechnika Poznanska

Problem zanieczyszczenia $rodowiska wodnego nie dotyczy tylko miast i centréw
przemystowych. Zazwyczaj posiadaja juz one oczyszczalnie Scieckow wykorzystujace najnowsze
technologie a niejednokrotnie sg to rozwiagzania dedykowane konkretnym, zdefiniowanym
zanieczyszczeniom. Natomiast mate miejscowosci 1 wsie, czesto nieskanalizowane,
charakteryzujace si¢ rozproszong zabudowa, nie posiadaja zadnych rozwigzan zapobiegajacych
przedostawaniu si¢ zanieczyszczen do Srodowiska, w tym do wod powierzchniowych, ktore
niejednokrotnie stanowig w tych miejscach bezposrednie zrédlo wody pitnej. Takie sytuacje
stwarzaja ogromne zagrozenie zdrowotne zaréwno pod wzgledem mikrobiologicznym jak i
chemicznym.

Szansag na poprawe jakosci wod na szczeblu lokalnym jest zastosowanie matych,
przydomowych oczyszczalni w tym hydrofitowych, ktore charakteryzuja si¢ wysoka wydajnoscia,
skutecznos$cig oczyszczania 1 mozliwoscig szerokiego zastosowania.

Funkcjonowanie oczyszczalni hydrofitowych opiera si¢ na wykorzystaniu takich samych
proceséw fizycznych, chemicznych i biologicznych, jakie zachodza w naturalnych ekosystemach
bagiennych (ang. wetland) przy udziale réznych zespotéw mikroorganizméw oraz odpowiednio
dobranych roslin. Rosliny te egzystuja w zaprojektowanych zlozach (filtrach gruntowych lub
stawach) 1 sg okresowo lub stale zalewane $ciekami. Sg one wykorzystywane do oczyszczania
sciekow nie tylko bytowych i komunalnych, ale takze do przemystowych i rolniczych, $ciekow ze
stacji paliw, wod deszczowych, odciekow ze sktadowisk odpadéow, splywoéw obszarowych z pol
uprawnych [1-3].

Celem badania byla analiza usuwania zwigzkéw powierzchniowo — czynnych w
laboratoryjnych systemach hydrofitowych, a takze okreslenie wptywu gatunku roslin na usuwanie
tych zwigzkéw. Uktad eksperymentalny sktadat si¢ z 7 pojemnikow wypetnionych keramzytem i
obsadzonych ros$linnoscig, wykorzystywang w oczyszczalniach hydrofitowych. Zastosowano trzy
uktady z roznymi gatunkami roslin (Phragmites australis, Glyceria maxima i Scirpus lacustris),
ktére obcigzono syntetycznymi $ciekami z zawartoscig polidyspersyjnego niejonowego zwigzku
powierzchniowo czynnego Ci2Ei0 o stezeniu 5 mg/L. Zwigzek ten jest powszechnie
wykorzystywany w §rodkach czyszczacych, pioracych i emulgujacych. Eksperyment trwat 27 dni.

Analizy biodegradacji zwigzku dokonywano za pomoca chromatografii cieczowej potgczonej z
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tandemowsg spektrometrig mas. Obserwowane usuni¢cie Ci2Ei10 1 pozostatych skladnikow
mieszaniny polidyspersyjnej byto znaczne (okoto 90%). Wykazano podstawowe zaleznos$ci stopnia
biodegradacji wybranego zwigzku w funkcji czasu, w warunkach charakterystycznych dla
hydrofitowych oczyszczalni $ciekow. Praca obejmowata rowniez obserwacje roslin i ich reakcje na
scieki zawierajgce detergent C12E10.

Wyniki badan dowiodly, ze w kazdym ze zl6z badany surfaktant ulegt calkowitej
biodegradacji. W pierwszym dniu eksperymentu w kazdym z uktadéw stezenie badanego zwiazku
zmniejszyto si¢ o ponad 65%. Rowniez w zlozu z samym keramzytem nastgpita 60% biodegradacja
C12E10. Po kolejnych 7 dniach surfaktant ulegt biodegradacji w 89%. Natomiast 10 dnia st¢zenie
C12E10 W uktadach wynosito zaledwie 5%.

Wyniki badan przeanalizowano réwniez pod katem kazdego gatunku roslin. Ciekawy jest
fakt, iz dla tego samego gatunku i tej samej ilosci sadzonek roslin degradacja przebiegata w r6znym
stopniu. Analizujac wyniki badan nie mozna jednoznacznie stwierdzi¢, ktory gatunek roslin

hydrofitowych sprzyjal degradacji wybranego niejonowego surfaktantu.
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WIELOPIERSCIENIOWE WEGLOWODORY AROMATYCZNE (WWA) | ICH
POCHODNE (NITRO- I OXY- WWA) W PYLE DROGOWYM WODACH
DESZCZOWYCH. (PRZEGLAD)

Malgorzata Krylow
Wydziat Inzynierii Srodowiska i Energetyki, Politechnika Krakowska, Krakow, Polska
gosiak@wis.pk.edu.pl

Wielopierscieniowe weglowodory aromatyczne (WWA) sa wszechobecnymi 1 trwatymi
zanieczyszczeniami $Srodowiska miejskiego. Zwiazki te w S$rodowisku naturalnym ulegaja
transformacji, a otrzymane w jej wyniku substancje sa potencjalnie bardziej niebezpieczne niz
zwigzki macierzyste. Zawarto$¢ pochodnych WWA (nitro- i 0Xy-) w srodowisku jest nizsza niz
WWA, ale ich toksyczno$¢ jest 10-100 000 razy wigksza. Zanieczyszczenia te wywieraja
szkodliwy wptyw na wszelkie organizmy zywe, wykazujac wlasciwosci mutagenne i kancerogenne.

WWA i ich pochodne wystepujace w srodowisku naturalnym najczesciej sa pochodzenia
pirogenicznego, zwigzanego $cisle z dziatalnoscig cztowieka. Substancje te powstaja w wyniku
niepetnego spalania paliw kopalnych, drewna, wegla lub biomasy. Gtownych Zrédlami tych
zwigzkow w Srodowisku miejskim sg ruch uliczny 1 przemyst zwigzany z produkcja energii cieplnej
i elektrycznej. WWA i ich -pochodne wystepuja w postaci zaadsorbowanej na powierzchni czgstek
statych w wodzie 1 w powietrzu. Najwigkszy procentowy udzial tych zwigzkow jest w pyle
zawieszonym jest na czasteczkach o $rednicy mniejszej niz 10 [Jm. Zanieczyszczenia te sa
deponowane w pyle drogowym, a nastepnie z wyniku opadéw atmosferycznych lub mycia ulic
przedostaja si¢ do kanalizacji burzowej. Zrddlem zanieczyszczenia wod deszczowych tymi
substancjami sg réwniez materiaty uzywane do pokrycia dachow takie jak smota weglowa.

Praca stanowi przeglad literaturowy, w ktorym omoéwiono problem obecnosci WWA, nitro-
WWA i oxy-WWA pyle ulicznym oraz wodach deszczowych na terenach miejskich. Znajomo$é
stezenia tych zanieczyszczen i1 przemianom jakim one ulegaja na powierzchni ulic pozwoli na

opracowanie optymalnych wytycznych do ich ograniczenia emisji do srodowiska wodnego.
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UV-BASED TRANSFORMATIONS OF CONTAMINANTS
OF EMERGING CONCERN IN THE WATER ENVIRONMENT

E. Kudlek
Silesian University of Technology, Institute of Water and Wastewater Engineering,
44-100 Gliwice, ul. Konarskiego 18, tel. (32) 237 24 78,
e-mail: edyta.kudlek@polsl.pl

Organic micropollutants are considered to be one of the most harmful contaminants in the
water environment. Special attention should be paid to the group of contaminants of emerging
concern (CECs), which includes pharmaceuticals and personal care products, hormones, pesticides,
polycyclic aromatic hydrocarbons, food additives and different types of industrial additives
(Richardson and Kimura 2016). According to literature data (Jiang et al. 2016; Salimi et al. 2017)
wastewater treatment plant effluents are the main source of CECs, and their discharge into the
environment results in surface and ground water contamination. CECs can undergo different
transformations as a result of reaction between them and other water contaminants or reactions
initiated by sun lightening. The paper presents the identification of selected hormone decomposition
products formed in natural surface waters exposed to sun lightening.

The research subject constituted surface water solutions spiked with [-estradiol,
17a-ethinylestradiol, mestranol and progesterone purchased from Sigma-Aldrich (Poznan, Poland).
The CECs concentration was set on 500 pg/L. The pH of the prepared water matrixes was adjusted
to 7 using 0.1 mol/L NaOH. All water matrixes were placed in open glass beakers and subjected to
direct sun lightening. The experiments were conducted during summer time (average intensity of
solar radiation was equal to 850 W/m?). The time of irradiation was set on 10, 30, 60, 120 and 180
min. The analytical procedure of investigated compounds was performed according to guidelines
presented in (Kudlek, 2018). The compound intermediates were identified based on their mass
spectra compared to the NIST v17 data base.

It has been shown that the concentration of all tested hormones decreased with the increase of
the sun light exposition time. For example the removal degree of B-estradiol, 17a-ethinylestradiol,
mestranol and progesterone after 10 min of sun irradiation was equal to 45, 63, 65 and 53%
respectively, while after 180 min of sun lightening the concentration of hormones decreased by 82,
99, 99 and 97%. On the other hand, the increase of the sun light exposure resulted in the increase of
the number of detected decomposition by-products. Table 1 summarized the intermediates detected
in water solutions subjected to sun lightening. The by-products due to their biological activity can

be potentially harmful to water bodies.
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Table 1
Identified hormone by-products

Time of sun light exposure,
Parent compound Identified compound CAS-RN min

10 | 30 | 60 | 120 | 180

2-hydroxyestradiol 362-05-0 + + + + +

[-estradiol estradiol-3,4-quinone 144082-88-2 + + + + +

4-(1-hydroxyethyl)phenol 2380-91-8 - - - - +

17a- 2-hydroxy ethinylestradiol 50394-89-3 - - + + +

ethinylestradiol | 4-(1-hydroxyethyl)phenol 2380-91-8 - - + + +

2,6-di-tert-

mestranol butylhydroquinone 2444-28-2 ) * * * *

2-hydroxy-3-methoxyestrone - + + + + +

corticosterone 50-22-6 + + + + +

progesterone aldosterone 52-39-1 - - + + +

cortisone 53-06-5 - - + + +

+ - detected; - - not detected

It can be concluded that sun light, as a source of UV light, allow for the decomposition of
CEC occurring in the water environment. Hormones exposed to sun lightening underwent
oxidation, which lead to the formation of several intermediates.
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ECOTOXICOLOGICAL ASSESSMENT OF THE SOIL FERTILIZED
WITH SEWAGE SLUDGE
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ul. Nadbystrzycka 40B Lublin, Poland
Corresponding author: j.kujawska@pollub.pl

Sewage sludge and its management constitute one of the most important environmental
problems. The introduced EU directives advocate utilization of sewage sludge in agriculture.
However, this method is limited mainly by the availability of heavy metals and pathogens. An
ecotoxicological assessment of sewage sludge doses applied to soil, recommended in the Regulation
of the Minister of Environment of 6" February 2015 on municipial sewage sludge, was carried out.
The sewage sludge was added to soil in the amounts of 3, 6, 9, and 15 t/ha. The produced mixtures
were subjected to physicochemical and ecotoxicological tests, involving the biomass and mortality
tests of Eisenia fetida earthworms. The sewage sludge had a statistically significant impact on the
increase in: electrical conductivity, total exchangeable cations, organic matter content, organic
carbon, nitrogen and heavy metals of the considered soil. The toxicological assessment of sewage
sludge doses indicated that the 3, 6, and 9 t/ha sewage sludges addition had no effect on the
mortality of earthworms, while 15 t/ha resulted in 38% mortality. The impact on the biomass of
earthworms was different; after 7 days in the mixtures with 3 t/ha and 6 t/ha sewage sludge
addition, the biomass increased approximately by 1.3-fold, in comparison to non-modified soil. At 9
t/ha, it reduced by 1.3-fold, whereas at 15 t/ha — by 16-fold, in relation to the initial value. The
studies indicated that the ecotoxicological assessment of wastes may be employed as environmental

safety control measure of the sewage sludge application in agriculture.
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DETERMINATION OF THE PROCEDURE FOR ELIMINATION OF POLLUTING
COMPONENTS FROM INDUSTRIAL AND DRAINAGE SEWAGE

M. Kulyk?, 1.Bihun?
!lvano-Frankivsk National Technical University of Oil and Gas Ivano-Frankivsk, Ukraine

2Lviv Polytechnic National University, Lviv, Ukraine

Estimation of the pollution level of waste water (surface, industrial and drainage) plays an
important role in selection of the most dangerous components, which contribute most of all to the
integrated pollution index. This allows at minimum cost to achieve the required treatment quality of
liquid mixtures, which will enable to discharge them without significant environmental damage into
natural water objects.

The known methods of complex assessment of sewage pollution level are based on the use of
various indicators, the core of which are the maximum permissible concentration (MPC) in water,
multiplicity of its excess and the mass fraction of a harmful ingredient. According to the computed
complex indicator, classification of specific sewage (mixtures) is carried out. But when trying to use
them to develop a treatment strategy, taking into account material costs, there are some
disadvantages, which do not allow unambiguously identify the ingredients that need to be removed
from the mixture at first place.

Contaminated waste water (surface, industrial or drainage) can be considered as complex
industrial and domestic effluents, the hazard class of which is regulated by the regulatory document
State sanitary rules and norms 2.27.029-99 "Hygienic requirements for management of industrial
waste and definition of its hazard class for the health of population™. Since the technique relates to
solid industrial and household waste, it is very interesting to try and apply its approaches to liquid
waste, since the change in aggregate state should not significantly narrow the scope of its
application.

For approbation of the proposed method, a model of polluted water is chosen, namely filtrate
or drainage water, which after treatment can be discharged into natural water objects on the territory
of a typical waste dump of one of the regional centers of Western Ukraine. The goal of the
technique is to determine K; - toxicity index for the i- ingredient by expression

« = 19(LDg)i
" (SFO,1F+C,)i

where S - coefficient characterizing chemical solubility in water, F - volatility rate of a chemical
ingredient, and C; - amount of an ingredient in the total mass of waste. After calculating the toxicity

indices of all components by summing them up, the total toxicity index of complex waste is found.
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Table 1
Maximum permissible concentrations and their excess (averaged values)
of typical pollutants of dump drainage water

No Ingredient name MPC (m/l, g/m®) Multiplicity of excess(times)
1 Dry residue 1000 18

2 Magnesium ions 40 5

3 Chlorides 350 11

4 Phosphates 3.5 120

5 Ammonium nitrogen 2 360

6 Nitrates 45 2.5

7 Petroleum products 0.3 140

8 Iron compounds 0.3 4

9 Lead compounds 0.03 3

10 Nickel compounds 0.1 1.5

11 Chromium compounds 0.05 10

12 Cadmium compounds 0.001 27

13 BOD 20 320

14 COD 80 290

When calculating a toxicity index for a single pollutant by this method, some characteristics,
including sometimes fatal dose LDsg, are absent in references. The solution, in our opinion, can be
in transition to the LDso equivalent. A flexible approach allows to determine the toxicity index, in
exceptional cases, as a ratio of the MPC in the soil to the fraction of an ingredient's weight in the
total waste volume, taking into account their dimensionality. Here, however, it should be also
remembered that the smaller a toxicity index of an ingredient is, the more dangerous it is to the
environment, so it must be removed from the contaminated liquid mixture at first place.

In the particular case, if recycling schemes for recycling, detoxification or treatment are not
developed or implemented for some contaminated wastewater components, especially for drainage
sewage, or filtrate of solid household waste landfills, then they are disposed by dumping into
natural water objects. But for such a case it is necessary to determine a toxicity index with the help
of all known methods, a total toxicity index value when to stop a purification process, to define a

procedure of removal of a specific component from the liquid mixture.
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PECTON COMMUNITY STRUCTURE OF WWTP FOLLOWING DEVICES
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The biological film (periphyton) having an impact on the biodegradtion processes in the surface
waters which receive the treated wastewater has been known for a long time and widely described.
The biological film also develops in gravitational sewerage systems causing the transformation and
biodegradation processes of pollutants as well as contributes to the biological corrosion of pipes.
Similarly to the above-mentioned cases, it is possible that a specific biological film will also develop
on the surface of the process line devices of a wastewater treatment plant (WWTP). This kind of
biofilm, called pecton, is constituted by the organisms that spontaneously colonize the available
surfaces irrespective of, or sometimes even against, the intended actions of the facility user. The term
pecton was taken from the work by R. Margalef (1947), used for distinguishing the biofilm which
develops on a solid inanimate substrate coming into contact with the wastewater in WWTP objects,
without being the biofilm understood as a process factor of biochemical reactions. In such meaning,
the pecton of WWTP can be understood as tantamount to the periphyton in polluted surface
watercourse in the consecutive stages of a natural process of water self-purification. In most cases,
pecton, is an integral element of the ecosystem in each device of the technological process in WWTP;
therefore, the activity of the activated sludge or technological biofilm beds in bioreactors is supported
by the activity of pecton. A WWTP is a good object for bioindication research, as pecton organisms
develop under the diversified environmental conditions located in a short distance from one to another
particular device. Additionally, this environment of treatment devices is characterized by a varied
level of organic matter, which is a source of nutrients. The chain of the examined plants begins with
the elements of the heavily pollutant-loaded mechanical pre-treatment part, where pecton is formed
under the conditions created by raw sewage. At the next step of treatment, there is the bioreactor
where biofilm coexists with the activated sludge. The final part of the technological system comprises
a channel discharging the treated wastewater, which is virtually pure water with a low content of
biodegradable organic compounds as well as low levels of biogenic elements. Therefore, each device
offers highly specific conditions ensuring potential variability of the structure of the pecton
communities, which provides a suitable ground for bioindication research. Wastewater treatment plant
devices are also more easily available than the drain pipes and drainage catch pits. Therefore, it is
possible to collect samples of biological material and wastewater by means of less complicated and
time-consuming methods.
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ENVIRONMENTALLY HAZARDOUS COMPOUNDS IN EMISSIONS
FROM SEWAGE WELLS

O. S. Lebedeva, V. O. lurchenko,
Kharkiv National University of Civil Engineering and Architecture, Kharkiv, Ukraine

Waste networks form environmental hazard, resulting from forming and discharging of
sewage gases, that contain toxic gaseous compounds (H2S, SO, formaldehyde, volatile organic
compounds, CO2, CHj4 etc.). By degree of impact on the human body formaldehyde and hydrogen
sulfide refer to the hazard category (2" class of hazard).

The subject of research is the sewage well of the pumped reinforced concrete sewer of the
sewage network in Kharkiv. The researches were carried out in field uses in 2019, in collaboration
with the staff members of the maintenance team of Kharkiv Water Service Company, by means of
the electronic detector of gaseous pollutants level. Concentration measuring of H.S, SO CO, CO»
and CH4 were carried out in the under vault space of the sewage collector. Content of the given
matters is regularly measured by the analytical laboratory of the water service company.
Formaldehyde and volatile organic compounds concentrations were measured as they leave the
sewage well. Level of these matters was measured for the first time in the well. The measurement
results and standards of MPC are listed in the table.

Table 1
Measurement results of polluting matters concentration
in the researched well and standards of MPC
Polluting matters concentration Volatile organic
H2S SO, | CO | CO2 CH, Formaldehyde
and MPC compounds

Measurements results in the well 15 35 0 |083 0,57 1,99 4,88
MPC 2., mg/m® 10 10 20 - 1500-7000 0,5
MPC 44, mg/m? 0,008 | 0,05 3 - 50 0,003
MPC s, mg/m? 0,008 | 05 5 - 50 (SRLI) 0,035

As it can be seen from the table, the rate of excess of MPC regarding H.S, SO and
formaldehyde ranges from 5 to 100 units and more. According to dependencies, that were achieved by
the authors in the previous scientific researches, it is found out that expectable concentration of
hydrogen sulfide as it leaves the well, will compound 10% of concentration in under vault space of
the sewage collector. In the researched well the expectable concentration of hydrogen sulfide, as it
leaves the well, will compound 1,5 mg/m3 Formaldehyde, according to its physicochemical
characteristics, is similar to hydrogen sulfide, and the discovered dependency can be applied for
calculation of expected concentration in the under vault space of the sewage collector. It will
compound 19,9 mg/md. The achieved dependencies shall be considered under calculation of polluting
matters dispersion in the atmosphere and under forecasting of degree of reliability of waste networks
structures.
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THERMOPHILIC CO-DIGESTION OF SEWAGE SLUDGE
AND BREWERY SPENT GRAIN
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Lublin University of Technology, Faculty of Environmental Engineering
(e-mail m.lebiocka@wis.pol.lublin.pl), 20-618 Lublin, ul. Nadbystrzycka 40 B, Poland

The brewing industry generates relatively large amounts of by-products and wastes, such as
brewery spent grain (BSG), spent hops and yeast. Utilization of these by-products in a form of
animal fodder or compost is well known. However, with increasing energy costs, the brewing
industry, which consumes approximately 4 m*® of natural gas per hectolitre of beer, strives to
convert most of its wastes to alternative energy sources. In such perspective, anaerobic digestion has
become an alternative for the production of renewable energy through biogas from these waste
substrates. Brewery spent grain contains about 16.8-25.4% cellulose, 21.8-28.4% hemicellulose
(mostly arabinoxylans) and 11.9-27.8% of lignin. The major part of BSG constitute the kernel husk,
pericarp and seed coat, which are rich in cellulose, non-cellulosic polysaccharides, lignin and also
some proteins and lipids. In general, BSG is considered as a lignocellulosic material rich in fibres
and proteins, which account for about 70% and 20% of its composition, respectively. However, the
structural complexity of lignin, its high molecular weight, chemical stability and insolubility make
the biodegradation of this lignocellulosic substrate quite difficult. The effective utilisation of BSG
for valorization requires the techniques to disrupt the naturally ordered structure and remove lignin.
Pretreatment methods are essential in increasing the efficiency of the processes that involve the
valorization of lignocellulosic materials. With respect to the mechanism behind the process, they
can broadly be classified into physical, chemical, biological, thermal and combinational. An
efficient pretreatment strategy essentially should be simple, cost effective, devoid of corrosive
materials and should not give rise to indigestible or inhibitory compounds. Mechanical size
reduction during milling is a crucial step for the transformation of feedstock into energy.

This study examined the effectiveness of thermophilic co-digestion of sewage sludge and
milled/non-milled brewery spent grain. The experiments were performed in batch-mode to evaluate
both the biogas potential and the biogas production rate. Five runs were carried out, one of them
concerned the anaerobic digestion of sewage sludge (as control), whereas the others referred to the
co-digestion of sewage sludge with addition of milled and non-milled brewery spent grain at doses
of 5 and 10 g. The runs were conducted under thermophilic conditions (temperature 55+1°C) and
lasted for 21 days. The effectiveness of the process was assessed on the basis of the volatile solids

removal, biogas potential and the rate of biogas production. The physiochemical composition of the
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inoculum, reactor feed and digestate were characterized. The addition of the brewery spent grain
resulted in the increase of the biogas potential, but a decrease in the volatile solids removal. In the
case of the control sample, the volatile solids removal was 61% and for the runs with the addition of
milled brewery spent grain the rates were 45% and 55% (for 5 and 10 g of milled BSG,
respectively). The volatile solids removal for the runs with the addition of non-milled brewery spent
grain the rates were 53% (5g of BSG) and 57% (10 g of BSG). The highest value of biogas
potential, amounting to 0.28 Ndm3gVS was found for run with the addition of 10 g of milled as
well as non-milled brewery spent grain and the lowest — in the control run (0.18 Ndm3gVS). In the
case of biogas production rate, the highest value was recorded in the run with the addition of 10 g of
milled and non-milled brewery spent grain (1.21 Ndm3dm=3d?), in the case of the dose of 5 g, the
value of the biogas production rate was 20% lower for addition of milled BSG and 25% lower for
non-milled co-substrate. The lowest value of biogas production rate was observed for the control
run. A comparison of the own research results and the findings of other authors investigating the co-
digestion process under thermophilic conditions indicates that the use of milled and non-milled
brewery spent grain as a co-substrate in the thermophilic co-digestion is not recommended.
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CONTAMINANTS OF EMERGING CONCERN IN HOTELS POOLS

A. Lempart, E. Kudlek, M. Dudziak
Silesian University of Technology, Institute of Water and Wastewater Engineering, 44-100 Gliwice,
ul. Konarskiego 18, tel. (32) 237 24 78,
e-mail: edyta.kudlek@polsl.pl

Highly aesthetic hotel swimming pools are usually a great attraction and, together with
wellness and SPA zones, are a way to attract more customers. If the resort has its own swimming
pool, hot tubs or waterslides, it can count on greater interest of holidaymakers and luxury lovers.
For some people, the pool is so important that they choose a hotel for it, while for others, it's just a
nice addition that they can use if they have enough time. Although not everyone loves swimming,
for many a visit to the pool is a great opportunity to relax or spend time in good company. After a
long day, full of impressions, the ones most liked are those with intimate lighting, water massage
zones and air bubbles. The most popular are pools located among the greenery with a beautiful view
- it is best that the pool has a swim-up bar to which customers can swim to enjoy a drink without
leaving the water.

Unfortunately, all this means that many anthropogenic pollutants are introduced into the pool
water. It is contaminated with e.g. pharmaceuticals, detergents, food ingredients, personal care
products, industrial additives, natural and synthetic hormones, and other chemicals, commonly
referred to collectively as Contaminants of Emerging Concern (CECs).

The objective of the presented research was to investigate the occurrence of CECs in hotels
swimming pools. Analyzes of swimming pool water samples were carried out based on the
extraction of SPE analytes and their chromatographic determination using gas chromatograph with
mass detection (GC-MS) with electron ionization (EI). Identification of micropollutants was carried
out by interpreting the obtained mass spectra using the NIST 17 Mass Spectral Library.

The examined hotel pools showed the presence of, among others, ingredients of very popular
stimulants or cosmetics such as caffeine and nicotine, anti-inflammatory drugs (e.g. ibuprofen),
antioxidants (e.g. butylated hydroxytoluene) and UV-filters used in popular personal care products
Or sunscreens.

The classic hotel pool water treatment methods are not effective in removing most of the
identified substances. For this reason, additional processes of pool water treatment should be
considered. The closed-circuit technology used in swimming pool installations may promote the
accumulation of the described compounds and their derivatives in the pool water environment.
Acknowledgment
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ENVIRONMENTAL SAFETY OF MOTOR TRANSPORT
ENTERPRISES WITHIN URBAN AREAS

V. V. Lukyanova !, O. M. Trofymchuk 2, Ye. S. Anpilova?®
!National Transport University, Kyiv, Ukraine

?Institute of Telecommunication and Global Information Space, NAS of Ukraine, Kyiv, Ukraine

It is known that in 2017 the Government of Ukraine presented National Report "Sustainable
Development Goals: Ukraine". It covers the baseline for achieving seventeen Targets, taking into
account the specifics of national development. In order to achieve Goal 11 "Sustainable
development of cities and communities™ and Goal 6 "Ensuring the availability and rational use of
water resources and sanitation for all”, it is intended to reduce the adverse impact of pollutants,
including on the environment of cities, through the use of innovative technologies; increase the
efficiency of water use; to reduce the volume of discharges of untreated sewage, first of all with the
use of innovative technologies of water treatment at the state and local levels. In view of the above,
research aimed at preserving water resources and introducing environmentally sound technologies
and production should be considered as relevant.

Today technological advancement stage of urban areas development is accompanied by an
increase in pollution of the environment and, first of all, pollution of the hydrosphere. Water
resources are the main component of technological processes occurring in industry, therefore the
issue aimed at increasing the level of environmental safety, in particular, wastewater treatment
without adverse impact to the environment and human health is relevant.

The preliminary environmental analysis of the motor transport enterprise (MTE) activity has
been carried out. It has been established that about twenty environmental aspects identified in the
departments of technical inspection and repair and service have an adverse impact on the state of
the environment. Substantial impact on the environment occurs when sewage containing petroleum
products, washing liquids, waste lubricants and contaminated by products of tissue origin enters the
soil and water objects and their resources. On the basis of the preliminary analysis, the authors have
identified the environmental aspects of the company's activity and proposed an environmental
policy as an essential element for the implementation of the environmental management system.

Researchers conducted with the aim of determination of MTE sewage composition have
revealed excessive content of polluting chemical substances and namely: suspended substances,
phosphates, iron, fats, oil products and synthetic detergents. Studies on the determination of

qualitative indicators of waste water were carried out twice a week during 2 months in the
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environmental laboratory of the National Transport University. Investigations of sewage sorption
treatment of the MTE were conducted in static conditions.

As sorbents for purification of MTE oil containing sewage the carbonaceous sorbents of plant
origin were used. They were obtained from waste wood industry: sawdust of pine, birch, walnut in
the mode of low temperature single stage carbonization in the range of temperatures 250-4500°C
with a step of 500°C and at duration from 3 to 15 minutes in 3 minutes increments. The expediency
of the use of carbonaceous sorbents of vegetable origin, which were obtained from the waste wood
industry for wastewater treatment of the enterprise, was investigated.

The main qualitative indicators of MTE sewage before and after sorption treatment were

presented in Table 1.

Table 1
Main qualitative indicators of MTE sewage before and after sorption treatment
Sewage Measurements results
characteristic value
Ne Criteria prior to discharge Output sewage Sewage after sorption
into municipal treatment
sewerage
1 | Smell — oil Whisper oil
2 | Colour - Light grey | Light grey
yellow
3 | pH (pH unit) 6,5-9,5 8,5 7,2
4 | Muddiness — muddy Slightly muddy
5 | Dry residues (mg/dm?®) 10000 520,0 325,0
6 | Suspended substances (mg/dm®) | 300,0 308,9 95,0
7 | Phosphates (mg/dm?) 8,0 8,9 3,2
8 | Nitrogen ammonium (mg/dm?3) 20,0 11,9 54
9 | Acid capacity (COD) (mg/dm?®) 500,0 253,7 80,3
10 | Chloride (mg/dmd) 240,0 50,8 33,2
11 | Sulphate (mg/dm?®) 380,0 75,8 20,4
12 | Iron (total) (mg/dm?3) 2,0 2,5 1,3
13 | Qil products (mg/dm?®) 4,5 6,8 1,05
14 | Anionic-Surfactants (mg/dmd) 20,0 31,5 9,4
15 | Fats (mg/dm?) 50,0 39,4 12,5

It was revealed that the process of sorption purification improved the quality of waste of
water by the motor transport enterprise to the standard values.

The proposed recommendations for the implementation of the environmental management
system will gradually reduce the impact of the company on the main components of the biosphere.
Effective implementation of the environmental management system will help to increase the
competitiveness of the enterprise and lead to an economic effect by saving raw materials, materials,

energy resources, reducing environmental payments and penalties.
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CHARACTERISTICS OF THE DEAMMONIFICATION PROCESS
AND THE INFLUENCE OF MAIN FACTORS ON THIS PROCESS
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Gdansk University of Technology, Gabriela Narutowicza Street 11/12, 80-233 Gdansk,

Poland, e-mail: joamajta@pg.edu.pl

Characteristics of the deammonification process

The deammonification process has been recognized as an energy-saving alternative to
nitrification and denitrification. It combines partial nitrification and anammox (PN/A). Compared
with traditional technology, deammonification reduces aeration costs by about 60-65% (Gude
2015), does not require additional carbon source and reduces excess sludge (Feng et al. 2017).
There are many different limitations to the deammonification process and many factors affect its
efficiency. During the research conducted at the Gdansk University of Technology, the influence of
various factors on the deammonification process has been studied over the last two years:
temperature, oxygen concentration, length of oxygenation and mixing phases, influence of C/N and
also N2O was checked This study aims to present the most important of them.
Temperature

Research carried out during the experiments showed that the higher temperature positively
affects the ammonium utilization rate (AUR) and gradual lowering of temperature causes the
decrease of this value, what is shown at Fig. 1.
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Fig. 1. NHs-N, NOs-N and NO2-N concentrations and AUR at 30°C

High temperature effectively inhibits NOB, due to the faster rate of AOB growth compared
with NOB. It is recommended that the temperature should be above 30-35°C to maintain optimal
growth conditions for AOB (Kanders et al. 2014). Considering energy consumption, it is
recommended that the temperature in the deammonification process be 20 - 30°C.
pH

The pH range in the deammonification process for AOB growth is usually 7.0 - 8.6, with the
optimal value being 8.0 (Jaroszynski et al. 2011). In turn, the pH range for NOB is 6.0 - 7.5, with
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the most optimal at 7.0 (Yin et al. 2016). Lu et al. (2017) showed that the optimal pH value for
AAOB is 7.6. Based on the above examples the optimal pH range for the deammonification process
iIs7.5-8.

Aeration strategy

Our studies investigated the effect of oxygen and anoxic phase elongation in the
deammonification process. We noticed an increase in the efficiency of removing total nitrogen from
71% to 76% after extending the aerobic phase from 2 min to 4 min. In turn, the extension of the
anoxic phase had the opposite effect - extending it from 3 minutes to 10 minutes caused a decrease
in the efficiency of removing total nitrogen from 69% to 59%. The intermittent aeration is
considered an effective NOB-inhibition strategy.

In our research, we investigated the effect of various DO concentrations on the
deammonification process expressed by the AUR and NPR values. It turns out that increasing the
DO value from 0.5 g O2/m3to 1.0 g O2/m? increases the AUR value from 8.2 mg N/ (g VSS-h) to
10.8 mg N/ (g VSS-h), while the NPR increases from 2.5 mg N/ (g VSS-h) to 3.6 mg N/ (g VSS-h).
This results in an increase in NPR/AUR ratio from 0.3 to 0.33, which confirms that too high
concentration of DO causes inhibition of the process, inhibits anammox bacteria and promotes
NOB.

Summary

Deammonification is a very promising process due to the reduction of costs related to aeration
of reactors and dosing of an external carbon source, as well as due to lower sludge production.
However, ensuring optimal conditions is a huge challenge for this process.
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ZAGROZENIA SKAZENIA WODY PITNEJ WODA Z INSTALACJI
PRZECIWPOZAROWYCH
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Wstep

Jednym z dopuszczalnych zrédet wody dla instalacji przeciwpozarowych jest siec
wodociggowa. Z uwagi na specyfike dziatania instalacji przeciwpozarowych oraz obowigzujace
procedury jej eksploatacji i konserwacji, bezposrednie przylaczenie tego typu instalacji do sieci
wodociggowej moze stanowi¢ zagrozenie dla jakos$ci wody pitne;j.
Mozliwe zagrozenia skazenia wody pitnej ze strony instalacji przeciwpozarowych

Jednym z typow instalacji przeciwpozarowych sa instalacje nawodnione. Oznacza to, ze woda
jest przetrzymywana w tych instalacjach przez lata (w zalezno$ci od wymagan przepiséw, wedtug
ktorych wykonana zostala instalacja przeciwpozarowa). Z uwagi na zmieniajace si¢ warunku w
otoczeniu takich instalacji, rowniez parametry wody typu temperatura, zawartos¢ tlenu, sklad
chemiczny i biologiczny ulegaja zmianom. Dodatkowo okresowo dopompowywana jest porcja
swiezej wody w celu utrzymania wymaganej wysokos$ci ci$nienia w niepracujgcej instalacji. Z tych
powodéw woda wypelniajagca instalacje przeciwpozarowe moze mie¢ duzo gorsze parametry
jakosciowe od parametrow wody pitnej. Zgodnie w przeprowadzonymi badania [1],
zaobserwowano:
1. przekroczenie dopuszczalnego stezenia otowiu 1 kadmu oraz zelaza 1 manganu,
2. obecnos$¢ w wodzie oleju wykorzystywanego przy cieciu rur stalowych,
3. zmiang zapachu i barwy wody,
4. po stronie wysokiego ci$nienia w poblizu zaworu zwrotnego instalacji tryskaczowej zwigkszone
stezenie catkowitego wegla organicznego,
5. zmiang stgzenia rozpuszczonego tlenu na dtugosci poziomego przewodu w funkeji odlegtosci od
zaworu odcinajgcego danej sekcji tryskaczowej,
6. bakterie chorobotworcze, w tym bakterie coli, ktore najprawdopodobniej zostalty wprowadzone
do sytemu podczas budowy.

Ponadto w instalacjach przeciwpozarowych mozemy spotkac si¢ z substancjami:
1. przeciw zamarzaniu wody,
2. pianotworczymi,

3. dezynfekujacymi (zapobieganie korozji biologicznej).
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Podsumowanie

Odnotowane przypadki skazenia wody pitnej przez wod¢ z instalacji przeciwpozarowej,
zwigzane byly miedzy innymi z uszkodzeniem zaworu zwrotnego lub ze znacznym obnizeniem
cisnienia wody w sieci wodociggowej. Obecnie instalacja wody pitnej chroniona jest przed
zanieczyszczeniem przez zawory antyskazeniowe. Nowoprojektowane instalacje przeciwpozarowe
nie powinny stanowi¢ zagrozenia dla jakosci wody pitnej, a dodatkowa wysoko$¢ cisnienia,
niezbedna na pokrycie straty na zaworze antyskazeniowym, jest uwzgledniona w wymaganej
wysokosci cisnienia dla prawidlowego dziatania instalacji przeciwpozarowe] przy danym
zagrozeniu pozarowym na etapie obliczen hydraulicznych. Problem pojawia si¢ w przypadku
istniejgcych instalacji przeciwpozarowych, w uktadzie w ktéorym nie zastosowano zabezpieczenia
antyskazeniowego odpowiedniej klasy (wymagania projektowe sprzed 10/15 lat). Modernizacja
takich uktadow wymaga uwzglednienia obowigzujacych obecnie poziomoéw zabezpieczen
antyskazeniowych. Wiaze si¢ to jednak z wprowadzeniem do uktadu dodatkowej starty miejscowe;j
siggajacej nawet 10 m stupa wody. W przypadku istniejacej instalacji przeciwpozarowej stara
ci$nienia o takiej wysoko$ci moze doprowadzi¢ do utraty przez instalacj¢ zdolno$ci ugaszenia lub
kontrolowania ptomienia przy danym zagrozeniu pozarowym. W celu zachowania projektowane;j
sprawnosci instalacji przeciwpozarowej czegsto niezbedna bedzie przebudowa tejze instalacji, co
moze wigzac si¢ ze znacznymi kosztami.
Literatura
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OCZYSZCZANIE SCIEKOW O ROZNEJ LEPKOSCI
W ZMODYFIKOWANYCH OSADNIKACH WIROWYCH
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Zanieczyszczenia wystepujace w sptywach wod opadowych maja swoje pochodzenie gtoéwnie
ze zrodet antropogenicznych [1]. Najwigkszy udziat w zanieczyszczaniach majg zawiesiny ogolne.
Stanowig one réwniez nosnik dla niektorych metali cigzkich, bakterii czy substancji olejowych.
Zawiesiny moga pochodzi¢ z erozji gruntu, ale rowniez ze zmiotek ulicznych czy nawierzchni
asfaltowych [1, 2]. Scieki sa charakteryzowane szerokim zréznicowaniem pod wzgledem wartosci
wskaznikow jako$ciowych oraz sktadu podczas splywoéw deszczowych lub roztopowych. Bardzo
istotna jest tzw. pierwsza fala zanieczyszczef, poniewaz wyrdznia si¢ wowczas najwigksze
obcigzenie hydrauliczne dla odbiornikdow wodnych z jednoczesnym maksymalnym stezeniem
sktadnikéw zanieczyszczajacych [1, 3]. Ograniczenie zrzutu Sciekow do $rodowiska polega na
zastosowaniu odpowiednich urzadzen separujacych w punktach ujmowania $ciekow i/lub przed
wprowadzaniem do obiegu naturalnego [3, 4]. W przypadku ich braku obserwuje si¢ wiele
niekorzystnych zjawisk, takich jak: zmetnienie wody 1 zmniejszenie intensywnosci procesu
fotosyntezy, eutrofizacj¢, obecnos¢ trudno rozkladalnych substancji pochodzenia organicznego i
ropopochodnych czy skazenie wody bakteriami o negatywnym oddziatywaniu [4]. Urzadzeniami
wstepnie oczyszczajacymi $cieki sg osadniki, opierajgce si¢ na zasadzie zjawiska sedymentacji.
Klasycznym przyktadem jest osadnik poziomy charakteryzujacy si¢ duzg powierzchnig zabudowy o
stosunkowo niewielkiej glgbokosci, ktorej stosunek do dugosci urzadzenia wynosi od 1:20 do 1:30
[4]. Wymaga on jednak wykorzystania znacznej powierzchni uzytkowej. Prowadzone wspolczesnie
badania nad konstrukcjami osadnikow skutkujg powstawaniem nowych rozwigzan, majacych na
celu zwigkszenie skutecznosci oczyszczania strumieni cieczy. Autorzy [4] zaproponowali
modyfikacje osadnika poziomego, ktorej charakterystycznymi elementami bylo zastosowanie
przegrody na wejsciu do urzadzenia oraz przelewu ptywajacego bedacym regulatorem przeptywu.
Modyfikacja ta nadal cechowata si¢ duzym gabarytem.

W niniejsze] pracy zaprezentowano opracowang modyfikacje osadnikéw o przekroju
kotlowym 1 niewielkiej powierzchni zabudowy w planie, ktéore wykorzystuja ruch wirowy
wydtuzajacy droge opadania czastek. Przedstawiono wyniki badan do$wiadczalnych separacji
zawiesin w zalezno$ci od lepkosci fazy ciagtej. Zmodyfikowany osadnik wirowy charakteryzowat

si¢ zanurzonym kréécem wlotowym zakonczonym kolankiem 135° ukierunkowanym na $ciang
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zbiornika. Rozwigzanie to pozwala na wytworzenie ruchu wirowego wewnatrz zbiornika.
Dodatkowo osadnik wyposazono w przegrod¢ zawieszong w osi zbiornika w potowie miedzy
wlotem a wylotem z osadnika. Ujscie z urzadzenia uproszczono wzgledem standardowych
rozwigzan separatorow. Oczyszczano ciecze o réznej lepkosci, ze wzgledu na okreslenie zaleznosci
opadania czastek ciata stalego 1 oporow przeptywu od charakterystyki ptynu. Zastosowanym
materiatem badawczym byly ziarna kwarcu i skaleni o gestosci 2,6 g/cm®, natomiast faza ciagla
byta woda wodociggowa o lepkosci 1 [mPas] oraz roztwory gliceryny o lepkosciach 2, 4, 6, 81 10
[mPass]. Sprawnos¢ oczyszczania osadnika wirowego uzalezniono od obcigzenia hydraulicznego,

ktore opisuje roOwnanie:
Qh == (1)

gdzie: Qn jest obcigzeniem hydraulicznym [m3m2-h?], Q — objetosciowym natezeniem przeptywu,

F — powierzchnig zabudowy w planie.

Analiza uzyskanych wynikéw wykazata, ze najwyzsze warto§ci sprawnosci oczyszczania
osiggano przy najnizszej lepkosci ptynu, czyli dla wody wodociagowej, gdzie dla Qn = 63,5
sprawno$¢ osiggata wartos¢ 71% dla czastek o $redniej $rednicy 0,125 mm. Wraz ze zwigkszeniem
lepkosci cieczy analizowana konstrukcja osadnika wirowego charakteryzowala si¢ malejacym
stopniem separacji czastek statych. Przy tym samym obcigzeniu hydraulicznym stopien separacji
dla roztworow gliceryny o rosngcej lepkosci wynosit kolejno 68%, 65%, 61%, 55% 1 51%.
Uzyskane wyniki maja znaczenie dla projektowania systemoéw oczyszczajacych $cieki o rdznej
lepkos$ci, poniewaz przebadana konstrukcja uzyskuje zadowalajace rezultaty przy zachowaniu
prostej budowy aparatu.
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SANITARY AND HYGIENIC COMPONENT FOR MONITORING
OF THE RIVER NETWORK OF POKUTSKO-BUKOVYNIAN CARPATHIANS

A. Masikevich

Bukovina State Medical University, Chernivtsi, Ukraine

The increase of anthropogenic pressure on the natural and semi-natural mountain ecosystems
of the Carpathians, which has taken place in the last decade, is accompanied by a violation of the
hydrobiological, hydrochemical and microbiological balance of the river network of this region.
However, in spite of this, the using of sanitary and microbiological indicators for monitoring the
ecological status of mountain ecosystems is insufficient, rather episodic (Mudrak, 2012; Patyka,
Symochko, 2013; Emoke Pall, 2018) and does not concern studying of separate functional zones of
protected areas.

During the last decade, we conducted research of the sanitary and microbiological conditions
of the river network of the Pokutsko-Bukovynian territories of different anthropogenic loads. As a
benchmark, quality indicators of watercourses of the protected zone of the National Nature Park
"Vyzhnytskiy" were studied. In order to identify the representatives of microbiocenosis and
invertebrates hydrobionts, a synthetic fibrous carrier of the type "Vija" (TU 6-06-C116-87, tex 350)
was used. The obtained results indicate an increase in the level of pollution of the river network
with organic remains of economic and communal origin. In particular, in the watercourses of the
traditional management zone, the indexes of the amount of suspended substances increased by 4-5
times, the content of dissolved oxygen decreased significantly with the increase of the values of the
parameters of BOCs, COC, total oxidation. Investigation of the microbiological state of surface
water of the river network (coli-index, coli-titre, total microbial number) has been shown to exceed
2-4 times the normative indicators adopted in the EEC countries (Surface Water Directive: 75/440).
A significant difference was established between the quantitative and qualitative microbiocenose
composition of protected territories and territories that have long been (more than 25 years old) in
the zone of traditional management and active forestry activities. It was also shown that the
artificial perifion of the artificial carrier "Vija" in the surface waters of the protected areas contains
12 species and subspecies of hydrobionts, and as far as the transition to traditional economic
landscapes is concerned, there is a significant reduction of their biodiversity.

Based on the conducted research it can be argued that the sanitary-microbiological parameters
of the river network can serve as sensitive indicators of the balance of the development of the

territory and the level of ecological safety of the mountain ecosystem.
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TECHNICAL CONTROL OF INDUSTRIAL WASTE WATER

M. Mikhalieval, M. Ruda?, T. Boyko?
'Hetman Petro Sahaidachnyi National Army Academy, Lviv, Ukraine

2Lviv Polytechnic National University, Lviv, Ukrain

Industrial, agricultural, and domestic wastewater, as a type of treated liquid water waste, is the
main source of man-induced load and the deterioration of surface water characteristics that do not
have time to recover. Therefore, their control methods include heightened requirements, the
fulfillment of which is impossible during the production process and at wastewater treatment plants
without the introduction of operational methods for monitoring concentrations of standardized
substances. Usually, a list of standardized substances - their names and concentrations are indicated
in the enterprise certificates.

As is known, even all analytical methods are not able to cover the whole variety of modern
pollutants. And the operational and automated monitoring the composition of multicomponent liquids,
which are real liquid wastes, is complicated by the long duration of the analysis in the conditions of
industrial chemical laboratories. In addition, the methodological errors of existing laboratory studies of the
concentrations of controlled substances in enterprises can reach up to 50%, and in some cases up to 100%.

Therefore, scientific research in order to improve operational methods for controlling the
composition of dissolved substances in liquids during production processes, and environmental
monitoring are timely and relevant. Electrical methods can provide automation of in-house analysis
by enterprises themselves and external control, in particular by supervisory state institutions.

The immitance spectroscopy method is widely used today to study the mechanism of charge
transfer at the solid-electrolyte, solid-gaseous media phase boundaries, in particular when establishing
the relationship of the properties of various materials with their electrical parameters. Also, with its
help, the study of anti-corrosion heterostructures, electrode materials and non-conductive solid
solutions is carried out. However, the immitance method, according to the available scientific
literature, has certain limitations, for example, it is not used to study the content of multicomponent
liquids.

The novelty of the research performed is the study of the components of the complex electrical
parameters of industrial wastewater, differing in the content and concentration of pollutants, by using
a test electromagnetic signal in a different frequency range in order to develop a theory of the
dielectric properties of liquids depending on their composition.

To obtain the dependences of the electrical parameters of aqueous solutions on the chemical

nature and concentration of components, RLC-meters of various brands were used in the scientific
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research, in particular BR2827 in the frequency range 50 Hz ... 100 kHz and signal levels 0.01 V ...
2.00 V with a resolution of 0.01 V. BR2827 is a highly sensitive RLC-meter with a wide measuring
range which is controlled by a 16-bit microprocessor. The built-in IEE488, RS232C, BR2827
interfaces can be used for an automated system and computer remote control.

Based on the results of the immitance study, the values of the electrical parameters
corresponding to the concentrations of the components of the liquids, the so-called calibration curves,
are determined, as well as the method was proposed for operational control of the concentration of the
substance-electrolyte in the liquid by the sign and the measured value (positive, zero, negative) of the
reactive conductivity component in accordance with experimentally established test signal parameters
and the volume of liquid in the converter.

It is found that by using copper-modified carbon electrodes, an amplification of the electric
signal is achieved in the presence of a copper salt in the liquid. This makes it possible, by the
measured value of the reactive conductivity component at a specified frequency, to control rapidly
and selectively low concentrations of copper sulfate (starting from thousands of grams per liter) in a
multicomponent liquid of unknown composition.

The developed methodology of operational control of the concentration of controlled substances
in technical liquids and treated wastewater consists of two main stages: (1) study of the control model
- liquids with the maximum permissible concentration of the controlled substance, performed in the
laboratory (2) and the actual automated control process for a real object.

The method for studying the composition of liquids proposed on the basis of experimental studies
can be used to quickly identify substances — non-electrolytes and determine their concentration in complex
mixtures by using the measured values of the active and reactive components of conductivity at a certain
frequency of the test signal and observing the volume of liquid in the converter. The method has a number
of advantages over the existing ones, namely, the concentration of the substance, which can be determined
in compliance with the requirements of the developed method — 0,01-0,001 mg/I; measurements are
performed in real time without the need for sampling and concentrating; the accuracy of the analysis is
1-10% and is sufficient to solve the problems of analysis.

Another important advantage of the method is the short measurement time, not exceeding
several seconds. The simplicity of the design of the primary converter enables rapid mass analysis of a
wide range of controlled substances. It is possible to automate the process of express-control of the
composition of liquids, which can be applied in real production conditions. In combination with the
observance of the existing production and environmental standards of a particular enterprise, the
development will contribute to the saving of material resources and ensure the minimum

environmental impact of liquid waste.
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WYKORZYSTANIE POMIARU POTENCJALU ZETA
W OPTYMALIZACJI PROCESU KOAGULACJI WOD POWIERZCHNIOWYCH

Dominik Mroczko!?, Izabela Zimoch?
'Politechnika Slaska, Wydziat Inzynierii Srodowiska i Energetyki,
Instytut Inzynierii Wody i Sciekéw, ul. Konarskiego 18, 44-100 Gliwice
2Przedsiebiorstwo Ustug Technicznych DEMPOL-ECO, ul. Sktadowa 9, 45-125 Opole

Celem przeprowadzonych badan jest analiza uzyteczno$ci pomiaru potencjatu zeta, a Scislej
biorgc, punktu izoelektrycznego zanieczyszczen koloidalnych, do predykcji rodzaju i dawki
koagulantu, w procesie koagulacji wod powierzchniowych. Dodatkowo zbadana zostala
efektywnos¢ koagulacji z wykorzystaniem czterech rodzajow koagulantow glinowych.

Koagulantami wykorzystanymi w badaniach byty: siarczan glinu (AlS), nisko-zasadowy
chlorek poliglinu (PAC) oraz wysoko-zasadowe chloro-wodorotlenek poliglinu (PACI) i chloro-
wodorotlenek siarczan poliglinu (PACS). Objektem badan byta woda powierzchniowa z rzeki Mata
Panew, charakteryzujaca si¢ wysoka zawarto$cig naturalnej materii organicznej, oraz sezonowag
zmienno$cig parametréw jako$ciowych (TOC w zakresie 6 — 13 mgC-L?).

Pierwszym, kluczowym etapem badan bylo wyznaczenie wykresu zalezno$ci potencjatu zeta
(©) w funkcji dawki koagulantu (=(mg'L?'). Nastepnie wyznaczone dawki koagulantow
wykorzytsano do przeprowadzenia koagulacji standardowa metoda jar-test. Efektywnos$¢ procesu
oceniona zostala na bazie otrzymanych parametrow jakosciowych. Oprocz oceny redukcji
naturalnej materii organicznej (TOC, DOC) analizie poddane zostaly: pH, mg¢tnos$¢, barwa,
zasadowos¢, UVas4 oraz stezenie Al.

W przeprowadzonych badaniach punkt izoelektryczny osiagniety zostal najszybciej w
przypadku PACI a najwolniej w przypadku AlS. Rowniez wyniki analizy potencjatu zeta w funkcji
zaaplikowanej dawki glinu (=(mgAl'L'), przeprowadzone ze wzgledu na rézng procentows
zawarto$é AI®* w koagulantach, potwierdzily najwyzsza efektywnos¢ PACI. Szynko$é osiagnigcia
punktu izoelektrycznego przedstawiata sie w kolejnosci (malejaco): PACI (4.39 mgAl'L?t), PACS
(5.64 mgAl'LY), PAC (7.36 mgAl'L™?), AIS (8.92 mgAl'L™?).

Analiza parametrow jako$ciowych wykazata, ze we wszystkich czterech przypadkach
wykorzystanie dawek koagulantow wyznaczonych na bazie analizy punktu izoelektrycznego
pozwolilo na osiggnigcie bardzo podobnych poziomoéw redukcji dla takich parametrow jak: TOC,
DOC, megtnosci, barwy 1 UVass. Fakt ten wykazuje uniwersalno$¢ zastosowanej metody
wyznaczania dawek koagulantow. Osiagnigcie zadowalajacych: 40% redukcji TOC, 90% w

przypadku barwy 1 metnosci dowodzi réwniez, ze metoda jest precyzyjna i dobrze ilustruje zmiany
73



WATER SUPPLY AND WASTEWATER DISPOSAL

zachodzace w procesie kaogulacji. Dotychczas szeroko stosowana metoda jar-test, czesto
wykonywana jest na zasadzie ,.chybil-trafil”’, nie dajac pewnosci uzyskania odpowiednich
rezultatéw, bedac jednoczes$nie bardzo czasochtonng. W przypadku AIS i PAC odnotowano
negatywne zjawisko znacznego zakwaszenia uzdatnionych wod (spadek wartosci pH z 7.95 do 6.48
dla AIS oraz do 6.91 dla PAC, zasadowosci z 1.95 mval'L™? kolejno do: 1.01 i 1.40 mval-L™Y).
Dodatkowo zastosowanie technologii opartej na AIS skutkowato drastycznym wtérnym
zanieczyszczeniem uzdatnianej wody glinem, w przypadku ktérego stezenie w wodzie po

koagulacji wzrosto z 92.7 pg'L™* do 712.3 pug'L* (0 670%).

Stowa klucze: koagulacja, koagulanty wstepnie zhydrolizowane, potencjat dzeta.
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CALIBRATION OF HYDRAULIC MODEL
OF THE SELECTED MUNICIPAL WATER SUPPLY NETWORK

A. Musz-Pomorskal, M. K. Widomski?, L. Ponikowski?
Politechnika Lubelska, Wydziat Inzynierii Srodowiska, ul. Nadbystrzycka 40 B,
20-618 Lublin, email: a.musz-pomorska@pollub.pl

2absolwent Wydziatu Inzynierii Srodowiska

Availability of numerous computer models allowing numerical simulation of water supply
systems and possible integration among databases GIS (Geographic Information System), SCADA
(Supervisory Control And Data Acqusition) and CIS (Customer Information System) results in
increased application of modeling by water supply companies in systems operation and
management.

The available pieces of simulation software based on mathematical models allow reflecting
operation of water supply network and simulation of variable random events, possible on the
network, without interference in real, existing systems. One of the most important aspects of
practical application of numerical simulations is calibration of models, usually based on
minimization of differences between results of calculations and values measured empirically,
possible due to determination of physical and operational characteristics of the water supply system.

This paper contains calibration results of hydraulic model of the selected municipal water
supply network. The tested hydraulic model was developed in EPANET 2.0, basing on data
provided by the local water supply company and water demand determined due to domestic
watermeters readings. The calibration was performed by trial-and-error method using results of
pressure measurements in selected points of network. The characteristics of pipelines selected to
calibration covered pipe material roughness, pipe diameter and hydraulic characteristics of applied
pumps.

The performed calibration of model representing the real water supply network revealed
several problems including availability of in-situ measurements results and validation of fitting
degree of tested variables in calibration module of EPANET 2.0. The performed statistical analysis

allowed assessment of model data fitting in several nodes of the developed model.

Key words: water distribution, hydraulic model, calibration, EPANET
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CZAS POBORU CIEPLEJ WODY UZYTKOWEJ
W BUDYNKACH MIESZKALNYCH WIELORODZINNYCH

Jerzy Nejranowski, Wiladystaw Szaflik
Zachodniopomorski Uniwersytet Technologiczny w Szczecinie,
Katedra Ogrzewnictwa, Wentylacji i Cieplownictwa; al. Piastow 50, 70-311 Szczecin,
e-mail: jerzynej@zut.edu.pl

e-mail: szaflik@zut.edu.pl

Z instalacji wody cieptej i zimnej, woda nie wyplywa przez caty czas, pomigdzy chwilami w
ktérych jest ona pobierana, wystepuja przerwy. Wielko$¢ instalacji oraz zasiedlenie budynku
wplywa istotnie na te przerwy. W budynkach mieszkalnych wielorodzinnych obserwuje sie¢
zmniejszanie zuzycia zimnej i cieplej wody na przestrzeni lat [1, 2, 5, 6]. Jest to zwigzane glownie z
redukcja wyptywow z punktow czerpalnych (montazem oszczednych baterii czerpalnych i1
natryskOw) oraz wyposazanie mieszkan w pralki i zmywarki. Mozna przypuszczaé, ze w zwigzku
Z powszechnym montazem urzadzen automatycznych do prania i zmywania ulegl zmianie czas
uzytkowania instalacji cieptej wody.

Na podstawie wielodobowych pomiarow zuzycia cieptej wody w o$miu budynkach
mieszkalnych wielorodzinnych, o liczbie punktow czerpalnych od 36 do 291, okreslono efektywny
czas trwania poboru w poszczeg6lnych dobach pomiarowych. Nastgpnie warto$ci te usredniono dla
dni pomiarowych i przedstawiono w zaleznoséci od liczby punktow czerpalnych. Na podstawie
otrzymanych wartosci z pomiardw 1 przyjetego modelu poboru cieptej wody [3], z wykorzystaniem
metody najmniejszych kwadratow, okreslono liczbe godzin uzytkowania instalacji w ciggu doby.

W pracy [3], wykorzystujac zlozony rozklad Bernoulliego okreslono zalezno$¢ na
prawdopodobienstwo braku poboru wody H(0) z instalacji w budynku (pobdr =0), co wigze si¢ z
zerowy liczba otwartych zaworow (K=0); ma on postac:

H(0)=@1-P)N 1)
gdzie: P—-  prawdopodobienstwo otwarcia pojedynczego zaworu czerpalnego w czasie doby,
N —  liczba punktéw czerpalnych

Prawdopodobienstwo otwarcia zaworu czerpalnego okreslono z zaleznosci:

p="=4 ()

Td
gdzie: .4 — $redni czas otwarcia zaworu cieplej wody w czasie doby,

d — $redni czas korzystania z instalacji cieptej wody w ciggu doby,
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Na rysunku 1, dla optymalnej warto$ci czasu trwania cyklu dziennego, pokazano czas poboru
cieptej wody z centralnej instalacji w zaleznosci od liczby punktéw poboru N, okreslony na
podstawie przedstawionego modelu poboru cieptej wody 1 wynikoéw pomiaréw zuzycia cieplej

wody [3] wraz z przedziatami ufnosci dla poziomu istotnosci 0,95.
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Rys. 1. Czas poboru cieptej wody z centralnej instalacji w zalezno$ci od liczby punktow poboru N,
wraz z przedzialami ufnosci dla poziomu istotnosci 0,95, okreslony na podstawie modelu poboru

cieptej wody 1 wynikoOw pomiaréw zuzycia cieptej wody

Podsumowanie

W artykule przedstawiono wyniki obliczen $redniego czasu trwania poboru cieptej] wody
uzytkowej w budynkach mieszkalnych wielorodzinnych o r6znej liczbie mieszkancow.
Wykorzystano w tym celu ztozony rozktad Bernoulliego [3]. Parametry rozktadu okres$lono na
podstawie wynikow dtugotrwatych pomiaréw poboréw chwilowych cieptej wody w o$miu
budynkach mieszkalnych wielorodzinnych o r6znym zaludnieniu 1 tacznej liczbie 1060 punktow
czerpalnych. Na podstawie analizy otrzymanych wynikéw okreslono $redni czas uzytkowania
instalacji cieptej wody. Srednia warto$é tego czasu dla przyjetego poziomu istotnosci [101= 0,95
wynosi 19,2 + 1,4 godziny, czyli miesci si¢ w przedziale 17,8 do 20,6 godziny. Podany w normie
PN-92/B-01706 [4] czas uzytkowania instalacji cieplej wody wynoszacy 18 godzin zawiera si¢

w tym przedziale.
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KONCEPCJA | BADANIA WIROWYCH REGULATOROW
PRZEPLYWU WOD OPADOWYCH
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Regulator przeptywu jest urzadzeniem zaprojektowanym tak, aby zapewnic¢ staty wyptyw bez
wzgledu na poziom cieczy na wylocie. Urzadzenia te wykorzystywane sa w sieciach, regulujac
przeplyw wod opadowych. Przewaznie s uzywane w konstrukcjach takich jak: komory burzowe,
przelewy burzowe, zbiorniki retencyjne wod opadowych, sieci kanalizacyjne $cieckow opadowych,
urzadzenia oczyszczajace wode [1]. W tradycyjnych urzadzeniach regulujacych przeptyw, takich
jak kryzy, przepustnice czy zasuwy, stosunkowo prosta regulacje nat¢zenia przeptywu mozna
osiggna¢ przez zmiang przekroju rury, na ktorej sg zamontowane [2, 3]. W hydrodynamicznych
regulatorach przeptywu do wywotania wirowego przeplywu cieczy w komorze aparatu
wykorzystuje si¢ energi¢ naptywajacej do aparatu cieczy. Wytworzony wir powoduje miejscowe
zachtystywanie, co skutkuje zmniejszeniem nat¢zenia wyplywu cieczy z komory oraz znacznie
zwigksza opory przeptywu przez regulator [3]. Zjawisko to jest wykorzystywane rowniez w
rozpylaczach wirowych, z ktérych to zaczerpnigto ide¢ wprowadzenia tzw. otworu Slepego (ang.
core-hole) [4]. Autorzy pracy [4] zaproponowali modyfikacje konstrukcji rozpylacza celem
ustabilizowania grubosci filmu. Polegata ona na wykonaniu tzw. cylindrycznego otworu Slepego w
osi rozpylacza. Badania potwierdzity, ze taka modyfikacja pozwala uzyska¢ praktycznie statg
grubo$¢ filmu cieczy, co wiecej, mniejszg niz w rozwigzaniu standardowym. Modyfikacja taka
skutkowala rowniez bardziej regularnym zarysem rozpylanej strugi. Przenoszac to rozwigzanie
konstrukcyjne na regulatory przeptywu, w okreslonych warunkach mozna by uzyska¢ inne wartosci
wspotczynnika przeptywu cieczy.

W niniejszej pracy przedstawiono wyniki badah doswiadczalnych wspotczynnika przeptywu
dla zmodyfikowanych regulatoréow przeptywu. Zaprojektowano i wykonano szereg wirowych
regulatorow przeplywu: cylindryczny, stozkowy, profilowany oraz regulatory z otworem $lepym o
wspomnianych ksztaltach. Przebadano regulatory przeplywu o ré6znym ksztatcie komory wirowe;j
oraz regulatory z ,,otworem Slepym”. Sporzadzone projekty zrealizowano w oparciu o system
szybkiego wytwarzania modeli tzw. wydruk 3D. Wykorzystana w tym procesie technologia FDM
polega na stopniowym naktadaniu kolejnych warstw stopionego polimeru w taki sposob, aby
powstal pozadany obiekt. Otrzymane wydruki odzwierciedlajg przestrzenny model komputerowy.

Materiatem, z ktoérego wykonano regulatory jest wzmacniany kopolimer akrylonitrylo-butadieno-
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styrenowy, odporny na uszkodzenia mechaniczne. Wspotczynnik przeptywu wyznaczany jest
doswiadczalnie, indywidualnie dla kazdego regulatora. Brak -charakterystyk hydraulicznych
okreslajacy zwigzek iloSciowy i jakoSciowy parametréw geometrycznych z dlawigcym dziataniem
urzadzenia, wyrazonym wspotczynnikiem przeptywu uniemozliwia ocen¢ wiarygodnosci dziatania
takich urzadzen, zwlaszcza o duzych gabarytach. Warto$¢ wspotczynnika przeptywu shuzy gtownie
do poréwnania skuteczno$ci dtawienia przepltywu z klasycznymi urzadzeniami dlawigcymi [3].
Ilo$¢ dostepnych w literaturze wynikow badan dotyczacych wirowych regulatoréw przeptywu
wykorzystanych do dlawienia przeptywu cieczy jest wciaz nieznaczna, a ich opis dziatania

sprowadza si¢ praktycznie do wzoru Toricellego:

___Q
H A P2oa @

gdzie: Q jest objetosciowym natgzeniem przeptywu cieczy, A1 — polem przekroju poprzecznego

kroéca wlotowego, g — przyspieszeniem ziemskim, AH — spigtrzeniem cieczy.

Analiza uzyskanych wynikow wykazata, ze najnizsze wartosci charakteryzowaty regulatory
cylindryczne (u =0,53), wyzsze — stozkowe (u =0,54), a najwyzsze profilowane (u =0,62).
Wykazano, ze regulator cylindryczny oraz stozkowy bez otworu $lepego cechuja si¢ najwyzszymi
efektywnosciami dtawienia strumienia cieczy. Nalezy podkresli¢, ze wptyw otworu $lepego nie jest
do konca potwierdzony, gdyz wptyw na jego dzialanie ma nie tylko konstrukcja regulatora, ale
réwniez jego inwariant geometryczny oraz same wymiary. Uzyskane wyniki maja znaczenie nie
tylko poznawcze, ale i1 praktyczne, gdyz przebadane konstrukcje regulatorow przeptywu cechujg si¢
stosunkowo prosta konstrukcjg niewymagajacg elementoéw ruchomych, zatem celowa wydaje si¢
kontynuacja ich modelowania 1 badan.
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PREPARATION WATER SOLUTIONS OF POLYACRYLAMIDE
IN TAYLOR-COUETTE STREAM

V. Orel, B. Pitsyshyn, I. Popadyuk

Lviv Polytechnic National University, Lviv, Ukraine

The ecological security of sewage water transporting system is extremely urgent. Since the
flow rate (throughput) of a network of rain sewers is limited, there emerges a problem of its
operation in the case of extreme over-loadings during intensive rainfall. The use of
hydrodynamically active polymers (HDAPs) leads to restoration of proper operation of pipelines
because their flow rate (throughput) increases due to the decrease in hydraulic friction. Periodicity
and short-lasting of the application of HDAPs in such cases make their application expedient.

In is only in the cases when the rate of their solving does not mater that the application of
HDAPs in the form of solutions is expedient. In the course of preparation of water solutions
polyacrylamide (PAA), impeller mixers with small number of revolutions are applied; these mixers
are located in the tank for preparation of these solutions. With this, there takes place destruction of
the HDAP solutions due to mechanical destruction of molecules. This leads to decrease or to full
cease of the influence of HDAP in the hydraulic resistance.

The aim of this work is the investigation of preparation of water solutions of polyacrylamid in
Taylor-Couette stream.

In this work, a set-up with cylinders was used; the internal cylinder rotated at an angular
speed of 61...272 revolutions per minute. The height of the external cylinder was 15.3 cm, its
diameter was 14.1 cm; the diameter of the internal cylinder was 11.5 cm.

The PAA water solution whose mass concentration was 100 ppm was investigated. The
concentration was determined by the amount of the water-free substance of PAA in the solution
(TY 6-01-1049-92).

The measured parameters were the number of revolution of the internal cylinder, the voltage
and current of the d. c. electric motor, as well as the temperature, density and viscosity of water and
of the PAA water solution. The values of the coefficient of friction in the gap between cylinders and
those of Reynolds numbers for water and the PAA solution whose mass concentration was of
100 ppm were calculated.

Under the values of Reynolds number greater than 100 000, long-lasting mixing of the PAA
water solution whose concentration is of 100 ppm do not change the initial effectiveness of such

solutions.
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BADANIA TECHNOLOGICZNE MIESZANYCH WOD PODZIEMNEJ
| POWIERZCHNIOWEJ PODSTAWA MODERNIZACJI STACJI UZDATNIANIA WODY

Pawel Pruss
AQUA S.A. ul. Kanclerska 28, 60-327 Poznan, Polska, p.pruss@aqua.poznan.pl

W badaniach technologicznych oczyszczano wod¢ surowa doptywajaca do istniejacej stacji
uzdatniania wody, ktdra zasilana byla z dwoch zrodet wody. Podstawowym Zrodtem wody byto
ujecie wody powierzchniowej. Drugim zrodiem wody surowej jest woda podziemna.

Woda powierzchniowa zasilajaca SUW zakwalifikowana byta do kategorii A3. Parametrami
istotnymi z punktu widzenia technologii uzdatniania byty: temperatura, pH, zasadowos$¢, indeks
KMnO4, Absorbancja UV254, OWO, NH4, Zawiesina ogdlna, Feog, Mn.

Woda podziemna (studzienna) zasilajaca SUW zakwalifikowana byla do 3 klasy jakosci.
Parametrami istotnymi z punktu widzenia technologii uzdatniania byty: temperatura, pH,
zasadowos¢, indeks KMnO4, Absorbancja UV254, OWO, NH4, Zawiesina og6lna, Feog, Mn.

Celem badan bylo zaproponowanie technologii uzdatniania dajacej mozliwo$¢ osiggniecia
parametrow 1 wskaznikow jakos$ci wody, lepszych niz wymagane przepisami (RMZ).

Do badan technologicznych wykorzystano instalacje badawcza sktadajaca si¢ z urzadzen
modelowych pozwalajacych na przeniesienie uzyskanych wynikow na skalg techniczng. Z uwagi na
dwa zrodta wody surowej (woda powierzchniowa i podziemna) do budowy instalacji przewidziano
urzadzenia 1 uktady technologiczne odpowiednie do uzdatniania obu tych wod. Fotografia 1

przedstawia fragment instalacji badawczej
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Fotografia 1. Instalacja badawcza.
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Na podstawie przeprowadzonych badan technologicznych na uktadzie modelowym, badan na
pracujacym w skali technicznej ciggu technologicznym oraz wcze$niejszego monitoringu pracy
istniejacej SUW, okre§lono schemat procesow technologicznych oraz wytyczne do modernizacji
istniejgcego uktadu technologicznego. Schemat docelowych procesow technologicznych pokazano

na Rysunku nr 1

SCHEMAT PROCESOW TECHNOLOGICZNYCH
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Rysunek 1. Schemat docelowych procesow technologicznych.

Stowa kluczowe:

Badania technologiczne, urzadzenia modelowe, wytyczne do projektu, modernizacja SUW
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THE USE OF ALGAE IN THE ACTIVE BIOMONITORING
OF SELECTED WATER RESERVOIS

Malgorzata Rajfur*, Agnieszka Dothaniczuk-Srédka i Daniel Janecki
Institute of Environmental Engineering and Biotechnology, Opole University,
ul. kard. B. Kominka 6, 45-032 Opole, Poland,
*Corresponding author: mrajfur@o2.pl

Abstract:

In the years 2016-2018 was conducted the biomonitoring research on three water reservoirs
located in the Swietokrzyskie Province (central Poland): Kielecki reservoir, Lake Chancza and Lake
Sielpia. In the marine algae Palmaria palmata (Linnaeus), Weber & Mohr and freshwater algae
Spirogyra sp., exposed in the tested waters, were determined increases in concentrations of Mn, Fe,
Cu, Zn, Cd and Pb using atomic absorption spectrometry (AAS). In the water were also determined
the pH, conductivity and concentrations of heavy metals.

The differences were pointed out in increases in concentrations of heavy metals in algae
samples exposed along the shoreline, which results from varying distances from the sources of
contaminations, which can be eg. recreation centers and aggregate mine. Designating the BCF
(Bioconcetration factor) also indicated better sorption properties of marine algae Palmaria palmata

compared with Spirogyra sp. algae in saline and eutrophised reservaoirs.

Keywords: marine and freshwater algae, heavy metals, biomonitoring, water reservoirs, atomic

absorption spectrometry
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INVESTIGATION OF THE DRINKING WATER
TREATMENT QUALITY IN ZHYTOMYR CITY

0. V. Sapura, A. V. Dumansky
Institute of Colloid Chemistry and Water Chemistry
National Academy of Sciences of Ukraine, Kiev, Ukraine

The Zhytomyr water supply system receives all its raw water from the Teteriv River (water
intake “Vidsichne”). The existing Water Treatment Plant is composed of two facilities with a total
design capacity of 170,000 m3/d. The actual capacity of the existing water treatment plant in years
2015-2016 was 80000-85000 m®/day. The quality of the water at the current location of the intake
has been deteriorating, while the water flow exceeds the current and anticipated water demand.

Zhytomyr Water Treatment Plant (WTP) is performed by two treatment stations. The Station
1 was constructed in 1965, it has a capacity of 70,000 m®d and the Station 2 was constructed in
1982, it has a capacity of 100,000 m3/d.. The treatment consists of a coagulation, flocculation,
dehydration, and filtration. The degree of automation is very low, in addition, equipment has
exceeded their service life in general. The quality of raw water has gradually deteriorated, so that
the existing system lacks the necessary processes to ensure high quality treatment in accordance
with the current legislation of Ukraine.

The aim of the work is to assess the ecological state of drinking water of Zhytomyr using the
results of the experimental research.

To achieve the goal, the following tasks are set:

- studying the ecological state of e water in Teteriv River (water intake “Vidsichne”).

- conducting analysis and assessment of the ecological state of Teteriv River.

The water quality parameters that need conditioning in the cleaning process include
coloration, turbidity, the content of iron and manganese compounds, permanganate oxidation, and
phytoplankton.

The results of the analysis are presented in the following tables.

Table 1
Source water quality for the three years (data from analysis)

Quality Parameters 2013 2014 2015

min. avg. max. | min. max. | avg. max. | min. max. | avg. max.
Coloration, degrees 22 76 48 28 92 50 22 64 34
Turbidity, mg/dm?3 2,3 12,2 6,15 15 9,2 4,55 1,4 15,6 6,13
Odor, points slight/1 | weak/2 |slight/1 |slight/1 slight/1 | slight/1 | slight/1 slight/1 | slight/1
Permanganate 8,0 17,68 10,48 8,0 19,0 11,9 6,72 13,7 9,8
oxygen  demand,
mg/dm?3
Aluminium, <0,04 <0,04 <0,04 <0,04 <0,04 |04 <0,04 0,04 0,04
mg/ dm?®
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Turbidity and suspended matter. Turbidity is a common parameter in raw water (more often in
surface, but also in groundwater). Turbidity can be reduced to required values with clarification and
filtration. The largest part of turbidity constitutes suspended matters. The inlet total suspended solids
concentration will be up to 50 mg/I.

Iron and manganese. The problems associated with the presence of Fe2+ and Mn2+ are diverse.
Hydraulic systems appreciably affected by the gradual insolubility occurring in the pipes, as a result of the
corresponding metal solids. Sometimes these incrustations even cause jamming. Hereby the transport
capacity of pipes is reduced and may even lead to galvanic corrosion even catalyzing the facilities
especially at elevated temperatures. In certain concentrations, the presence of these ions increases the
development of bacteria (Loptothrix, Crenothrix, Gallionella, Ferribacillus, etc.). Iron and manganese
present in raw water (as surface and underground), are removed by precipitation, wherein it is necessary to
first perform the oxidation of iron and manganese ions and transform them into a form of metallic oxide.

Permanganate oxygen demand. In the raw water intended for human consumption, one of the
most important parameters that influence decisively in the treatment process is the content of organic
matter (OM). Organic matter can interact with certain reagents of use. Reactions with chlorine gas giving
chloramines. It also generates odors and flavors inside the water. Organics are removed by using oxidation
and adsorption.

Scent and flavors. Chemicals in the water such as phenols, various hydrocarbons, chlorine, organic
matter decomposition or essences released by different algae or fungi can give very strong odors and
flavors to water, even if they are in very small concentrations. Salts or minerals give salty or metallic taste,
sometimes without any odor. The strong “muddy” odor is produced by algae and can not be removed with
the oxidant such as chlorine and permanganate, which is confirmed by the operation of existing plant and
laboratory test. The odor was successfully removed in laboratory tests by using activated carbon.

Color. Increased color is an indirect phenomena in relation to other pollutants in water (present
organic pollution, turbidity, algae, etc.), which means that it will be reduced by removal of other
pollutants.

Alumina. Elevated values of alumina are only present in the treated water from existing plant. The
concentration of alumina in raw water is bellow required level. Alumina is present in treated water as
residual from the treatment of raw water probably as result of the use alumina sulphate.

In order to provide the above parameters of water quality is necessary to reconstruct the water
treatment facilities of the city of Zhytomyr, including replacement of pumping equipment,

electromechanical equipment and pipelines.
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PILOT STUDY ON SLUDGE DEWATERING OF
ANAEROBICALLY DIGESTED SLUDGE WITH MULTI DISC DEHYDRATOR

A. Shevchenko, O. Miasoiedov
PRODEKO-ELK Sp. z 0.0., Elk, Poland

Constantly growing energy consumption leads to a search for alternative renewable energy
sources. One of the promising solution in this regard is the production of energy from biogas
combustion. There are different raw organic materials and methods applicable for biogas
production, but the technology of anaerobic digestion of a biodegradable feedstock is of the greatest
interest due to different aspects.

One of the main difficulties encountered in operation of biogas plants is the disposal of
digested sludge. The choice of the method for disposal depends on several factors, among which the
type of initial sludge, its quantity and local circumstances. Still, the most common method for
digestate utilization is the land reclamation. This methods requires preliminary sludge dewatering
process to be done for proper storage and land disposal.

The existing methods for the digestate dewatering process have their advantages and
disadvantages. The multi disc presses can be one of the most efficient solution for dewatering of
this type of sludge regarding to its properties.

The aim of the work is to obtain the best operating parameters of such equipment and
evaluate its applicability for digestate dewatering process for biogas plants.

Hence, the pilot study was carried out on the biogas plant located in Warmian-Masurian
Voivodeships of Poland. Existed technology includes corn silage and pig manure digestion with
fresh water and part of digested sludge additions. Generated digested sludge contains 5 % of dry
solid (DS) in it. The sludge is hard to dewater due to poor flocculation ability and inadvisable
coagulant addition which could spoil digestion process and possibility for land reclamation.
Dewatering process is also complicated with sludge composition which contains silage. Due to this,
pump, pipes and other technological parts of equipment may clog during operation. Thus, multi disc
dehydrator seems to be a good solution for dewatering of this type of sludge.

The pilot study consisted of two main parts: preliminary reagent treatment selection in
EKOTON IG laboratory and dewatering tests itself on multi disc dewatering unit. In order to define
appropriate reagent treatment for sludge dewatering process, laboratory tests of coagulants and
flocculants of different types, relative charge and molecular mass were carried out. The sludge
turned out hard to coagulate or flocculate. High dosage of cationic polyacrylamides (PAA) with low

charge were of slight efficiency, but with extremely contaminant filtrate (over a dozen of g/l).
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To obtain clear filtrate, complicated reagent treatment technology was also tested which
consisted of coagulation with further consequent anionic and cationic polymer addition. However,
the necessary coagulant dosage was impossible to reach in pilot studies due to rapid reaction with
high foaming.

After laboratory reagent treatment studies, it was decided to try three types of dewatering tests

depending on reagent treatment:

1. Raw sludge dewatering,
2. Flocculated (SNF EM 640 HIB) sludge dewatering,
3. Dewatering after set of coagulant (FeCI3 40 %) and flocculant (SNF EM 640 HIB) treatment.

Pilot tests were conducted on multi disc dewatering unit JD-500 manufactured jointly by
EKOTON and Tsurumi companies. During the tests, different operation parameters, such as
rotation frequency of thickening and dewatering zones’ rolls, mixing stirrer rotation speed in
flocculation chamber, sludge flow rate and flocculant dosage were adjusted to find the optimal ones.

The following results were obtained:

— Despite of hard to dewater sludge, multi disc dehydrator is considered as high effective
dewatering equipment and can be recommended for treatment of this type of sludge.

- Obtained cake structure makes it possible for further transportation or drying.

- Dewatering technology based on multi disc press has a low electricity and water consumption
as well as a small footprint.

- Regarding to obtained data, optimal capacity of JD-500 dehydrator was varying
between 23 to 48 kg DS/h for this type of sludge for all types of reagent treatment.

- Increasing roll rotation speed can rise equipment productivity with insignificant cake dryness
influence.

- It was managed to obtain dewatered sludge with DS content of:

-- 014 % without reagent treatment (2,9 times volume reduction),

-- 017 % with cationic flocculant treatment (3,7 times volume reduction),

-- 022 % with coagulant and flocculants (4,6 times volume reduction).

—  Total suspended solids content in filtrate was varying from =12 to =18 g/I. The filtrate
clarity depends on roll rotation speed and productivity.

—  The optimal flocculant was found to be of low charge, but this topic still requires further
studies. The choice of polyelectrolyte can influence on the filtrate clarity, cake dryness and

equipment capacity.
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PRESENCE OF CYSTOSTSIC DRUGS IN HOSPITAL WASTEWATER

S. Skupinski, J. Czerwinski
Faculty of Environmental Engineering, Lublin University of Technology, Lublin, Poland,

e-mail: j.czerwinski@pollub.pl

Micropollutants, such as pharmaceuticals, constitute a new challenge for wastewater
treatment plants and the industry. Medicines are designed to ensure their maximum biological
activity. Cytotoxic agents, used in the treatment of cancer are one of the compounds characterized
by strongest effect [1].

In recent years, a significant increase in the application of chemotherapeutic drugs is
observed, along with their appearance in the environment [2,3].

For many years, there were no standards regulating the limitations on the introduction of
medicines to the environment. Significant amounts of these pollutants were discharged with
municipal wastewater to treatment plants, which were not adapted for their removal. It was shown
that the standard technologies are characterized by low efficiency in terms of removing active
substances of drugs and their metabolites. Therefore, it is necessary to implement additional steps in
the technological system of treatment plants, based on advanced oxidation processes such as
ozonation and UV irradiation [4]. Moreover, numerous substances negatively impact the
biotechnological processes, inhibiting biochemical reactions and multiplication of utilized
microorganisms. Many studies on micropollutants focus only on the efficiency of their removal, not
accounting for the hindrance of the entire process [1].

Determinations of cisplatin, oxaliplatin, and carboplatin as well as their derivatives was
carried out with ICP-MS method, using Agilent 8900 apparatus. The standard curve method and an
external standard will be used. Mineralization in aqua regia will be performed in Mars microwave
digestion system. In the case of the samples with high organic substances content, additional
oxidizing media will be used if necessary (H202, HCIO4).

Concentration levels ranging from 0.7 to 145 ug-L™ were obtained as a sum of analysed
compounds.

Determinations of iphosphamide and cyclophosphamide was carried out with HPLC-MS/MS
method, using Agilent 1200 series HPLC and Q-trap 4000 MS/MS system. Results showed that

cyclophosphamide was present in hospital wastewater in the range 375 — 5141 ng-L?, while
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iphosphamide was present in some months in effluents from only one wastewater treatment plant

and hospital effluents in the range 56 -1413 ng-L™.

Results of our investigations (24 samples) are similar to the results presented

1. A. C. Avella, L. F. Delgado, T. Gorner, C. Albasi, M. Galmiche, i P. de Donato, ,,Effect of
cytostatic drug presence on extracellular polymeric substances formation in municipal
wastewater treated by membrane bioreactor”, Bioresour. Technol., t. 101, nr 2, s. 518-526, sty.
2010.

2. A simultaneous determination of anti-cancer drugs in hospital effluent by DLLME HPLC-FLD,
together with a risk assessment”, Chemosphere, t. 201, s. 178-188, cze. 2018.

3. Development of an analytical methodology for the analysis of priority cytostatics in water”,
Sci. Total Environ., t. 645, s. 1264-1272, grudz. 2018.

4. A. Olalla, N. Negreira, M. Lopez de Alda, D. Barceld, Y. Valcarcel, ,,A case study to identify
priority cytostatic contaminants in hospital effluents”, Chemosphere, t. 190, s. 417-430, sty.
2018.

5. L. Kovalova, C. S. McArdell, J. Hollender, ,,Challenge of high polarity and low concentrations
in analysis of cytostatics and metabolites in wastewater by hydrophilic interaction
chromatography/tandem mass spectrometry”, J. Chromatogr. A, t. 1216, nr 7, s. 1100-1108,
luty 2009.
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ECONOMIC, RELIABILITY AND TECHNOLOGICAL ANALYSIS OF SELECTED
VARIANTS OF FIRE PROTECTION OF UNDERGROUND PARKING LOT

B. Strawa?!, M. K. Widomski?, A. Musz-Pomorska?
Labsolwentka Wydziatu Inzynierii Srodowiska, Politechnika Lubelska
2Politechnika Lubelska, Wydziat Inzynierii Srodowiska,
ul. Nadbystrzycka 40 B, 20-618 Lublin, email: m.widomski@pollub.pl

This paper presents the multivariate analysis of four designed systems of fire protection for
multiposition underground car parking lot. The designed systems for 3563 m? of parking covered:
the standard fire hydrants, sprinklers (wet and dry) and nozzles. The proposed fire protection was
assessed due to its cost-efficiency, reliability and technology. The financial assessment was based
on dynamic generation costs (DGC), net present value (NPV) and benefic-cost ratio (BCR)
determined after assessment of the investment as well as operation and maintenance costs. The
reliability analysis was based on calculated readiness indicator while technological aspects were
assessed according to i.e. speed of action, required volume of water, sensitivity to low temperatures,
degree of automation and facilitation of fire-fighting action. Finally, all the developed indicators
were applied to weight sum model method, assuming wages for each criterion, i.e. 10%, 50% and
40% for economics, reliability and technological aspects, respectively.

Table 1
Point assessment of all tested variants of fire protection
Installation Financial criterion Reliability criterion Technological criterion
Standard hydrants 4 4 1
Wet sprinklers 3 3 3
Dry sprinklers 2 3 3
Nozzles 1 2 1
3,5
3
2,5
2
1,5
1
0,5
O T T T
Standard Wet sprinklers  Dry sprinklers Nozzles
hydrants

Figure 1. Results of weighed sum model analysis
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The assessed investment costs of all tested variants, standard fire hydrants, sprinklers (wet and
dry) and nozzles, were equal 48460.69, 320551.12, 313421.12 and 1138892.72 PLN, respectively.
In all the tested cases the NPV presented negative values (the lowest for nozzles), while BCR was
equal to zero, thus the investment in all cases would generate only financial costs, not benefits. The
lowest DGC indicator was determined for the standard fire hydrants installation, the highest for
nozzles. The performed reliability analysis showed relatively high coefficients of readiness, from
0.9728 (nozzles) to 0.9984 (hydrants). The best results during technological assessment were noted
for both types of sparkling installation. The determined results (see Tab. 1 and Fig 1.) of weighed
sum model showed that the highest efficiency, according to assumed criteria of assessment, was

presented by wet sprinklers installation.
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A METHOD OF UNDERPRESSURE REDUCTION IN A DOMESTIC SEWAGE
DISPOSAL SYSTEM DEDICATED TO ENERGY EFFICIENT BUILDINGS

Zbigniew Suchorab, Danuta Barnat-Hunek, Monika Garbacz
Lublin University of Technology, Lublin, Poland
e-mail: z.suchorab@pollub.pl

The policy of the sustainable development in housing sector has created a demand to raise
highly effective buildings in the terms of energy consumption. Among them the passive houses play
a significant role. The idea of their performance is significantly different from the functioning of the
traditional houses. One of the most visible differences is the airtightness of the buildings envelopes,
that prevents from the excessive heat loses. This forces both architects and sanitary engineers to
avoid assembling the sewage exhaust vents at the top of the sewage risers, over the roofs. This
approach may disturb the proper performance of the whole domestic sewage system and run to the
underpressure phenomenon, that may run to drain water from the siphons while using the sanitary
accessories. This in turn may negatively influence the indoor air parameters by the emission of the
odorous gases from the sewage system to the rooms.

There are some engineering solutions to minimize this problem of the domestic sewage
system performance — the most popular is to assemble the aeration valves instead of the exhaust
vents, that can be mounted at tops of the risers or even below the sanitary fittings. Such an approach
is a temporary solution, and should not be applied as a main ventilation of the sewage system in any
building. The main reason is the reliability of this type of appliances — which are made of plastic
and rubber elements and after some period of time may lose their airtightness and start to emit the
odorous gases. Another important negative consequence of the aeration valves application is the
improper influence on urban sewage system aeration. Aeration valves provide only the minimal
amount of air and do not remove odorous gases from the system. Replacing the standard exhaust
vents with aeration valves runs to the insufficient air delivery and odour removal, which in turn
negatively influences oxygen processes that occur in the urban or municipal sewage systems.

In this work we propose a solution for the energy efficient buildings or the passive houses,
that enables to apply the exhaust vents instead of the aeration valves. Aeration of the domestic
sewage system consists of the traditional exhaust vent that is installed on sewage drain outside the
building. On the other hand at the top of the riser we propose to mount a hermetic air vessel which
conserves the air that could be utilized while the use of the sanitary device, helping to reduce the

underpressure and preventing from the siphons draining.
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Laboratory tests conducted on the model riser of such a system with the hermetic vessels
fixed at the top have confirmed the usefulness of such solution. Measured value of the
underpressure has been reduced between 15 and 68% depending on the volume of the air vessels
applied and the amount of water used by the sanitary devices. This percentage values confirm the
efficiency of the proposed solution in reducing the risk of the water drain from the siphons and thus

the risk of odorous gases emissions to the indoor rooms from the domestic sewage system.
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CALIBRATING WATER DISTRIBUTION SYSTEM MODEL WITH HYDRANT TESTS

Pawel Suchorab, Dariusz Kowalski
Lublin University of Technology, Lublin, Poland
e-mail: p.suchorab@pollub.pl

The calibration process is an inherent but also the most challenging part of a proper
assembling of water distribution system (WDS) hydraulic model. During its endless continuance, if
necessary, the data describing the WDS model is adjusted until model-predicted results reasonably
agree with the measured system performance. To ensure its compatibility over a wide range of
operating conditions, the calibration process should include not only typical residual flows but also
peak demand periods. To obtain data necessary for simulation of high flow conditions, fire hydrant
flow tests are commonly used. The additional application of fire-hydrant tests is the possibility of
pipe roughness calculation. Among many parameters possible for adjustment (water demands,
pump characteristics, etc.), the pipes’ roughness fine-tuning may lead to the satisfactory level of
model and system convergence.

The aim of this paper is to present the case study of calibrating distribution pipes’ roughness
in a highly complex WDS in Poland. The WDS located in mountainous area, consists of 260 km
pipe lines in 24 pressure zones and delivers water to approx. 30 000 inhabitants, including both
household and industrial customers. The material structure of a water supply network includes
asbestos cement, ductile iron and steel pipes in the oldest city district, and PE and PVC pipes
prevailing in newer districts. The pipe’s roughness calibration was based on two-gage head loss
tests, conducted for 5 different pipe segments. The roughness coefficients were calculated in
accordance to Prandtl-Karman and Colebrook-White formulas. Due to the fact that fire hydrant
head loss tests have very local character, their results may be misleading during extrapolating
roughness coefficients to remaining parts of the network. Therefore, the second part of pipe’s
roughness calibration was based on simulations in Bentley WaterGEMS using Darwin Calibrator
with implemented genetic algorithm (GA). The main idea of Darwin Calibrator, a comprehensive
tool supporting the process of calibration, is to compare model and system performances and search
for the most corresponding solution by adjusting demands or pipe’s roughness. In the following
case, the individual adjustment of roughness coefficients was performed for each pressure zone of
the WDS, within each the pipes were divided into 5 material groups. The additional hydrant tests
were performed in each pressure zone to cause a significant high flow in a zone. As a result, the
adjusted roughness coefficients lead to a better convergence between model and WDS, decreasing

fitness parameter from 16.75 to 4.23.
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WYZNACZANIE HYDROGRAFOW RTK NA PODSTAWIE
DANYCH POMIAROWYCH

Mirostaw Sudot
Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii Srodowiska,
Politechnika Warszawska, 00-653 Warszawa, ul. Nowowiejska 20,

email: miroslaw.sudol@pw.edu.pl

Stowa Kkluczowe: monitoring sieci kanalizacyjnych, bazy danych, modelowanie sieci
kanalizacyjnych, hydrografy RTK
Streszczenie

W prezentacji przedstawione zostang mozliwosci wykorzystania aplikacji SSOAPToolbox do
wyznaczania hydrografow RTK. Za pomocg tego narzedzia mozliwe jest przetwarzanie i analiza
duzych zbioréw danych pomiarowych gromadzonych dla sieci kanalizacyjnej. Aplikacja umozliwia
analize zaréwno danych deszczowych jak i danych o natgzeniu przeptywu Sciekow w punktach
monitoringu. Powigzanie danych opadowych, splywu powierzchniowego z odpowiedziami sieci
kanalizacyjnej umozliwia ustalenie wartosci hydrograféw RTK. Zastosowanie aplikacji przyspiesza
analizg 1 oceng jakos$ci duzych ilosci danych 1 moze by¢ uzytecznym sktadnikiem procesu budowy 1

kalibracji modeli sieci kanalizacyjnych.
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ANAEROBIC CO-DIGESTION OF BREWERY SPENT GRAIN AND MUNICIPAL
SEWAGE SLUDGE UNDER MESOPHILIC AND THERMOPHILIC CONDITIONS

A. Szaja*, A. Montusiewicz, M. Lebiocka, E. Nowakowska
Lublin University of Technology, Faculty of Environmental Engineering
Nadbystrzycka 40B Str., 20-618 Lublin, Poland, +48 81 5384406,

*Corresponding author: a.szaja@pollub.pl

Brewery spent grain (BSG) is a main by-product of brewery industry produced globally
in large quantities. It finds several applications as food supplement and cattle feed. Due to its
chemical composition and significant biogas potential, it may be considered as a source of
renewable energy. However, mono-digestion of BSG is not efficient enough mainly due to the
demand of long hydraulic retention times and low biodegradability of lignin, one of the BSG
component. The application of different thermal, mechanical and chemical pretreatments has
recently been proposed to omit this limitation. Unfortunately, the implementation of these
techniques could involve additional investment and operational costs. Additionally, it might result
in the formation of inhibitory intermediates such as phenolic compounds that could adversely affect
the anaerobic digestion process. On the other hand, the BSG energetic potential may be profitable
co-digesting this substrate with sewage sludge (SS). The presence of vitamins, mineral salts and
amino acids as well as the beneficial C/N ratio and high buffering capacity of BSG could
supplement the composition of SS, significantly improving the biogas production and providing
good process stability in exploiting digesters.

The anaerobic digestion may be carried out under different conditions, both mesophilic
(30-40°C) and thermophilic (55-65°C). The former, provides stable biogas production and requires
less energy input as compared to thermophilic temperature. On the other hand, the thermophilic
conditions lead to higher substrate degradation and ensure a significant reduction of pathogens. In
addition, it may result in enhanced biogas production. However, it can also lead to some process
instability and generate additional costs, and thus for many substrates the mesophilic temperatures,
are still recommended. The recent studies on anaerobic digestion of lignocellulosic wastes have
indicated that the thermophilic conditions might result in the higher biogas production, but in many
cases the process instability could be observed due to VFA accumulation and inhibitory effect of
phenolic compounds.

This study examined the effect of temperature on the anaerobic co-digestion of dried BSG and
SS. Two experiments were performed in a batch mode, each of these in a different temperature.

In the first one, the mesophilic conditions (37+1°C) were maintained. The reactor R 1.1 (the control)
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was fed with 0.4 L of SS, the reactor R 1.2 was supplied by mixture of the SS (0.4 L) and 5 g of
dried BSG as an additional substrate. The second experiment was conducted assuming the
analogous schedule; however, the temperature was increased to thermophilic conditions (55+1°C).
The substrates doses were kept unchanged.

The influence of temperature on anaerobic co-digestion of SS and BSG was evaluated on the
basis of both biogas potential and the biogas production rate. The obtained results indicated that co-
digestion of BSG and SS under both mesophilic and thermophilic conditions resulted in an
improvement in the biogas potential (BP21) and biogas production rate (GPR), as compared to SS
mono-digestion. Considering the first parameter, the enhancements of 19 and 26.3% under meso-
and thermophilic temperatures were found, respectively. The higher potential was observed at an
increased temperature (55+1°C). The related average values were 0.453 and 0.572 Ndm3g™? VS in
R 2.1 and R 2.2, respectively. Under mesophilic conditions, it reached 0.405 (R 1.1) and 0.482
(R 1.2) NdmiglVS. The observed differences were statistically significant. Meanwhile, as
compared to the SS mono-digestion, the biogas production rate increased by 28.2 and 29.3% under
meso- and thermophilic conditions, respectively. Similarly, the improved rate was achieved at
higher temperature, however the differences were no of statistical significance. In this case, the
average values were 0.75 and 0.97 Ndm3dm=d' in R 2.1 and R 2.2, respectively. Under mesophilic
conditions, it amounted to 0.71 and 0.91 Ndm3dm=3d?! in control and co-digestion reactors,
respectively. Interestingly, the higher methane content was observed under thermophilic conditions,
however compared to SS mono-digestion the drop tendency was found. Conversely, in BSG
presence the sight increase was achieved under mesophilic conditions. Concluding, more beneficial
results for both biogas potential and biogas production rate were achieved under thermophilic
conditions (55+1°C). Though, considering the implementation of this strategy to exploiting

digesters, the energy balance should be evaluated.

Keywords: anaerobic co-digestion, mesophilic and thermophilic conditions, sewage sludge, brewery

spend grain, biogas production, batch experiments
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IMPACT OF WASTEWATER MANAGEMENT ON METAL POLLUTION OF BOTTOM
SEDIMENTS IN THE SWINNA POREBA RESERVOIR CATCHMENT

E. Szalinska*, K. d’Obryn
AGH University of Science and Technology, Faculty of Geology, Geophysics and Environmental
Protection, Cracow, Poland;
* corresponding author: eszalinska@agh.edu.pl

Bottom sediments of the newly created Swinna Poreba Reservoir (Southern Poland)
tributaries were investigated to assess heavy metal contamination and track it sources. Sediment
samples were collected during three field campaigns in 2017, from 7 water courses discharging
directly to the reservoir and from the Skawa River downstream from the dam. Samples were
collected by hand from the sediment surface layer, wet sieved (0.063 mm), dried, and subjected to
the laboratory analyses. Total Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn concentrations were determined with
use of the AAS technique following extraction with 65% H>NOz. To assess metal potential mobility
and mobility samples were subjected to the BCR four-step sequential extraction procedure, and
subsequently analyzed with ICP-MS and ICP-OES techniques. Also, the stability index and the
environmental risk assessment (RAC) were used to estimate metals mobility.

The obtained results enabled spatial and temporal description of the metal contamination in
the reservoir direct catchment during the tested period. The Sleszowka stream sediments were the
most contaminated, with elevated concentrations (exceeding geological background) detected
during the fall and winter periods. Lower metal concentration detected downstream from the dam
downstream confirm that contaminants will accumulate in the reservoir during its future use. As for
the investigated metals Cd, and Mn exhibited the highest values. Since Cd and Mn were bound
mostly to the exchangeable fraction there are potentially very mobile and there is a risk for the
aquatic environment.

Since the right reservoir tributaries (Paleczka, Stryszéwka, Dabrowka) were characterized by
higher concentrations of Cd than the other streams, this contamination can be attributed to the lower
percentage of population connected to the sewage system in this part of the catchment. Other metals
are being discharged from the local sources localized along watercourses, e.g. roads and arable

fields, but also industrial and service facilities also not connected to the sewage system.
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OPTYMALIZACJA DOBORU METODY MINING DO SYMULACJI PUCHNIECIA
OSADU CZYNNEGO: MODELE KLASYFIKACYJNE

B. Szelag!, J. Drewnowski?
'Wydziat Inzynierii Srodowiska, Geomatyki i Energetyki, Politechnika Swietokrzyska,
Al Tysiaclecia Panstwa Polskiego 7 Kielce, Polska.
?Wydziat Inzynierii Ladowej i Srodowiska, Politechnika Gdanska,
ul. Gabriela Narutowicza 11/12, 80-233 Gdansk, Polska.

email: jdrewnow@pg.edu.pl

Jednym z kluczowych parametrow majacych wpltyw na efektywnos¢ pracy reaktora
biologicznego jest sedymentacja osadu czynnego. Do jej oceny na oczyszczalniach Sciekow stosuje
si¢ objetosciowy indeks osadu (Io). W przypadku oczyszczalni ze zintegrowanym usuwaniem
zwigzkéw wegla, azotu i fosforu zaleca si¢, aby warto$¢ objetosciowego indeksu osadu nie
przekraczata 150 cm®/g. W przypadku jej przekroczenia moga wystapi¢ problemy z odwadnianiem
osadow 1 pogorszenie jako$ci §ciekow na wylocie. Tym samym, aby utrzymaé¢ w optymalnym
zakresie warto$¢ objetosciowego indeksu osadu zachodzi potrzeba budowy modelu
matematycznego, ktory umozliwi jego dynamiczng kontrole poprzez odpowiedni dobdr nastaw.
Model matematyczny z jednej strony powinien z wysoka doktadnoscia odwzorowywac przebieg
zjawiska, a z drugiej strony wskazane, aby byt nieskomplikowany w implementacji, a po trzecie
ujeta w nim ilo§¢ zmiennych objasniajacych powinna by¢ jak najmniejsza. Powyzsze czynniki
decyduja o mozliwosci wykorzystania modelu w warunkach eksploatacji. Wigkszo$¢ z
wymienionych wyzej wymagan spetniajg modele klasyfikacyjne przy czym obecnie brak jest
wynikow obliczen, ktére by pozwalaty dobra¢ odpowiednia metod¢e w zaleznosci od danych
wejsciowych do modelu.

W ramach prowadzonych analiz zaprezentowano koncepcje systemu eksperckiego
umozliwiajacego dobor metody data mining (regresja logistyczna — RL, sieci neuronowe perceptron
wielowarstwowy — MLP, lasy losowe — RF, drzewa wzmacniane — BT, wektory nosne — SVM) do
symulacji puchnigcia osadu czynnego uwzgledniajac pomiary ilosci, jakosci $ciekdw, parametrow
operacyjnych bioreaktora, koszty wykonania oznaczen i mozliwo$¢ zastosowania opracowanego
modelu do sterowania, kontroli procesu oczyszczania $Sciekow. Do analizy kosztow pomiardéw
jakosci $ciekow i1 parametrow bioreaktora zaproponowano autorski system wag. W prowadzonych
analizach do symulacji puchnigcia przyjeto z uwagi na zréznicowanie struktury budowanego
modelu, jego ztozono$¢ jak 1 mozliwos$¢ interpretacji otrzymanych zalezno$ci miedzy zmienng
zalezng (obj¢tosciowy indeks osadu) a zmiennymi niezaleznymi. Z uwagi na znaczng ilos¢
zmiennych objasniajacych badane zjawisko w niniejszej pracy do identyfikacji zmiennych
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niezaleznych zastosowano metod¢ Fischera — Snedecora. Na bazie danych wejsSciowych
uzyskanych tym sposobem budowano modele do prognozy sedymentacji osadu czynnego na
podstawie roznych kombinacji zmiennych niezaleznych. W analizach przyjeto dwie klasy opisujace
wyjscie z modelu tj. ma miejsce puchnigcie osadu i nie wystepuje. Do oceny dopasowania modeli
wykorzystano warto$ci SENS (okresla poprawno$¢ klasyfikacji danych w zbiorze obejmujacych
zdarzenia gdy wystapito puchnigcie osadu), SPEC (okresla poprawnos¢ klasyfikacji danych w
zbiorze stanowiacych przypadki gdy nie wystapito puchniecie osadu) i R;? (okre§la poprawnosé
identyfikacji symulacji). Do tworzenia modeli wykorzystano 3 letnie dane pochodzace z
oczyszczalni Sitkdwka — Nowiny, ktorej nominalna przepustowo$é wynosi 42000 m®/d a obciazenie
tadunkiem jest rownowazne 290 000 réwnowaznych mieszkancéw. Na przedmiotowej oczyszczalni
oczyszczanie $ciekow odbywa si¢ w uktadzie 3 — stopniowym, a reaktor biologiczny funkcjonuje w
zmodyfikowanym systemie BARDENPHO.

Wykonane symulacje wykazaty, ze na rozpatrywanym obiekcie zjawisko sedymentacji
determinuje temperatura w komorach osadu czynnego (T), ilo§¢ dawkowanego PIX (mpix), ste¢zenie
tlenu (DO), stezenie osadu czynnego (MLSS), biochemiczne zapotrzebowanie na tlen (BOD), azot
og6lny (TN), fosfor ogolny (TP). Na podstawie analiz mozna stwierdzi¢, ze puchniecie osadu
czynnego na analizowanym obiekcie mozna identyfikowac na bazie jakos$ci §ciekow doptywajacych
do oczyszczalni $ciekéw (BOD, TN, TP) stosujac do obliczen model zbudowany na bazie metody
drzew wzmacnianych (BT). Stosujac pozostate metody uzyskane wyniki nie s3 zadowalajace 1 tym
samym nie pozwalaja na identyfikacj¢ puchnigcia osadu. Biorac pod uwage parametry operacyjne
bioreaktora, stwierdzono, ze symulacja sedymentacji osadu czynnego jest mozliwa juz na bazie
temperatury w bioreaktorze stosujagc model ustalony na podstawie metody drzew wzmacnianych i
lasow losowych. Istotny wplyw na poprawe dokladnosci wynikéw obliczen uzyskano
uwzgledniajac w modelu odpowiednio stezenie osadu czynnego jak 1 stezenie tlenu. W tym
przypadku identyfikacja puchnigcia osadu czynnego jest mozliwa modelem zbudowanym na bazie
metody regresji logistycznej stanowigcej prosta jawng empiryczng zalezno$¢, w ktorej na bazie
ustalonych wspotczynnikow mozna okre§lic wplyw badanej zmiennej niezaleznej na badane
zjawisko. Gdy w modelu (RL, MLP, SVM, BT, RF) ujmowane sg zaré6wno warto$ci wskaznikow
jakosci $ciekow, parametry operacyjne bioreaktora wartosci miar dopasowania (SENS, SPEC, R/?)
przyjmuja najwigksze wartosci sposrod rozwazanych kombinacji zmiennych niezaleznych. Majac
na uwadze otrzymane wyniki symulacji dla kazdej kombinacji zmiennych przypisano warto$ci wag,
co pozwolito na wyznaczenie macierzy przypadkéw pozwalajgcej na dobér metody obliczeniowe;
w taki sposob, aby zredukowac ilos¢, koszty wykonywania oznaczen (wskazniki jakos$ci, parametry
operacyjne bioreaktora) i z jednej strony wykorzysta¢ opracowany model do kontroli procesu
sedymentacji osadu czynnego.
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MOZLIWOSC ZASTOSOWANIA TECHNOLOGII ROTACYJNEGO ZL.OZA
BIOLOGICZNEGO O DWUKIERUNKOWYM WZDLUZNYM PRZEPLWIE
W PRZYDOMOWEJ OCZYSZCZALNI SCIEKOW

J. Szulzyk-Cieplak?, G. Lagéd?, J. Zaburko!
Wydzial Podstaw Techniki, Politechnika Lubelska,
ul. Nadbystrzycka 38, 20-618 Lublin, Polska,

e-mail: j.szulzyk-cieplak@pollub.pl
2Wydziat Inzynierii Srodowiska, Politechnika Lubelska,
ul. Nadbystrzycka 40B, 20-618 Lublin, Polska

Podstawowym problemem inwestycji w zakresie gospodarki wodno-$ciekowej na obszarach o
zabudowie rozproszonej jest konieczno$¢ budowania i1 eksploatacji wielu malych oczyszczalni
scickow badz tez dlugich kolektoréw tranzytowych do oczyszczalni zbiorczej. Z uwagi na
wzglednie matg liczbe obstugiwanych przez nie mieszkancOw wymienione rozwigzania sa
nieefektywne ekonomicznie. Racjonalnym jest wigc stosowanie indywidualnych systemow
oczyszczania SciekOw w postaci oczyszczalni przydomowych.

Na rynku dostgpnych jest wiele rozwigzan przydomowych oczyszczalni $ciekoOw rdznigcych
si¢ zastosowana technologia. Majac na uwadze nierOwnomierno$¢ strumieni 1 tadunkow
zanieczyszczenh w doplywie dobra odpornoscia odznaczaja si¢ oczyszczalnie z drenazem
rozsaczajagcym, z filtrem piaskowym, gruntowo-ro§linne i ztoza biologiczne. Sposrod
wymienionych najtansze rozwigzanie stanowi system z drenazem rozsgczajacym. Jednak z uwagi
na mozliwo$¢ zatkania drenazu czy wysycenia pojemnosci sorpcyjnej gruntu, zastosowanie tej
technologii niesie ryzyko skazenia dla lokalnego srodowiska glebowego i wodnego. Dodatkowo
oczyszczalnie przydomowe z drenazem wymagaja znacznej powierzchni pod zabudoweg na tle
innych wymienionych rozwigzan. Duzej powierzchni wymagaja rowniez oczyszczalnie z filtrem
piaskowym oraz gruntowo-roslinne. W przypadku niewielkich dzialek najlepszym wyborem jest
oczyszczalnia ze ztozem biologicznym badZ osadem czynnym. Jednak ztoza cechuja si¢ zwykle
nizsza skuteczno$cia oczyszczania za§ oczyszczalnie z osadem wymagaja skomplikowanych
systemoOw sterowania oraz czestej kontroli. Z uwagi na wrazliwos$¢ na zmiany wilasciwosci sciekow
osad czynny nie znajduje szerszego zastosowania dla oczyszczalni o sezonowym lub
nierownomiernym doplywie.

Wazrastajace zapotrzebowanie na technologie POS oraz duza konkurencja na rynku mobilizuje
firmy do wdrazania nowych rozwigzan. Wychodzac naprzeciw oczekiwaniom zaproponowano

zastosowanie na potrzeby bioreaktora w przydomowej oczyszczalni $ciekdw rotacyjnego ztoza
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biologicznego o dwukierunkowym wzdtuznym przeptywie. Rotor — element obrotowy ztoza —
zapewnia napowietrzenie $ciekow niezbedne do procesu biochemicznego rozktadu zanieczyszczen,
jak roéwniez stuzy jako ruchome, zanurzone ztoze biologiczne. Konstrukcje¢ rotora stanowi uktad
kanaléw odpowiednio utozonych wokét osi jego obrotu i pozwalajagcych na dwukierunkowy
przeplyw Sciekéw. Wspomniane kanaty pelnig wielorakie zadanie — stanowig powierzchni¢ dla
rozwoju btony biologicznej, umozliwiaja przeptyw S$ciekow, jak rdwniez zapewniaja im
odpowiednie napowietrzanie.
Zaproponowane rozwigzanie kondtrukcyjne cechuje si¢ migdzy innymi tym, ze:

— zapewnienia recyrkulacje ScieckOw w obrgbie bioreaktora,

— posiada nieskomplikowang konstrukcje elementow reaktora,

— wymaga niskiego zapotrzebowania na moc uktadu napgdowego z uwagi, iz zanurzone ztoze
ptywa w $ciekach,

— daje mozliwos$ci swobodnego umieszczania na dzialce dzigki malym gabarytom,

— wykazuje wysoka skuteczno$¢ usuwania zanieczyszczen ze $ciekdw, poréwnywalng
z efektywnoscig reaktorow z osadem czynnym i recyrkulacja,

— ma malg wrazliwos¢ na zmiany wielko$ci strumienia Sciekow 1 fadunku zanieczyszczen, co
pozwala na zainstalowanie przy obiektach o nierOwnomiernym lub sezonowym odbiorze
sciekow, takich jak hotele, pensjonaty, czy gospodarstwa agroturystyczne,

— pozwala na skalowalno$ci urzadzenia — w zaleznosci od potrzeby mozna reaktory tgczyc
szeregowo badz roéwnolegle,

— posiada zabezpieczenia przed zablokowaniem uktadu recyrkulujacego,

Przeprowadzona analiza rynku producentéw przydomowych oczyszczalni sciekow wskazuje,
ze zaproponowane rozwigzanie technologiczne bioreaktora pracujagcego z wykorzystaniem
zanurzonego zloza obrotowego z recyrkulacjg SciekoOw stanowi nowatorskie rozwigzanie w tej

dziedzinie.
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MODELING OF THE OXYGEN REGIME IN BIOREACTORS AT THE TREATMENT
OF THE WASTEWATERS FROM ORGANIC CONTAMINANTS

S. Telyma
Institute of Hydromechanics of the NAS of Ukraine, Kyiv, Ukraine

In biological wastewater treatment reactors in particular in aerotanks the removal of organic
contaminants (OC) occurs in aerobic conditions that is when oxygen is consumed for biooxidation
of OC and self-oxidation of cell biomass and also used in other processes that may occur at this
time . Therefore the modeling and development of the aeration system consist in providing such an
oxygen regime in the reactor in which the rate of the biological treatment process should not be
limited by the amount of oxygen contained in the reactor.

In this paper the peculiarities that occur in the modeling of the oxygen regime at the aerobic
biological treatment of the wastewaters in aerotanks with suspended and fixed biocenoses are
considered.

The aim of the work is to develop the mathematical model for evaluation and analyze of the
oxygen regime in aerotanks-mixers and aerotank-displasers under given conditions on the base of
corresponding equations of the material balance recorded relative to the concentration of oxygen C.

To achive the goal the following prerequisites were taken into account:

- the limiting cases of aerotanks work in the system of biological wastewaters treatment were
considered;

- at evaluation of the removal of the OC the linear kinetics of reactions of the first and the
zero orders were used

The proposed model is:

for aerotank — mixer

oc,
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and for the aerotank — displacer
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In practical calculations it is enough to consider equations (1) — (2) in stationary conditions
and to evaluate their members taking into account the known diffusion criterion of Peckle.
In the above equations in the general case the value of the flow of oxygen entering into the

biofilm through its surface is determined by the equation:
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dC
N. =-D. dz - (1_77)KC (Ca _C|z:0)+77aKCn ('BCP _C|Z:0)’ (3)

where 7 — the ratio of the surface area of the biofilm when in contact with air bubbles to the total

surface area of the biofilm.

In other words the equation (3) takes into account the possible additional flow of oxygen into
a biofilm both from the volume of liquid in the form of dissolved oxygen and as a result of the so-
called inter-surface transfer (IST) directly from the bubbles adhered to the biofilm. In this case

when implementing models it is necessary to put on 7 =0 and take into account only the flow of

dissolved oxygen from the volume of liquid to the biofilm due to diffusion:
dC
Nc :_DCE:KC(Ca_CL:O)' (4)

In the above equations C, Nc, C5, Cy — respectively the concentration of oxygen in the
biofilm, on the surface of the biofilm, in the aerotank and in the wastewaters at the entrance to the

aerotank; Cp — concentration of saturation (soluble) oxygen in the liquid; Rac — the rate of

reactions of using oxygen in a biofilm and aerotanks taking into account the oxidation velocity of

the isolated substances during the death of microorganisms; W, — the volume of the liquid in the

aerotank; F;, — the surface area of the oxygen in the biofilm; K.a, K_,, K. — respectively the

cn’

volumetric mass transfer coefficient, the coefficient between the surface transfer of oxygen in
biofilm and mass transfer coefficient of oxygen in liquid film; Qa — the volume of the wastewaters
entering to aerotank; Dc — dispersion coefficient; o, f. ¢ — experimental parameters; X, y, Z — space
coordinates; t — time.

The application of the proposed models allows with known geometric and other
characteristics of treatment system to evaluate the influence of oxygen regime on the processes of
treatment in aerotanks in different conditions of their operation and to substantiate an economical
and efficient technological system of oxygen supply taking into account the features of extraction of
OC in aerotanks with suspended and fixed biocenose. In this case it is possible to substantiate the
criterias in which the biochemical oxidation process will be adequately supplied with oxygen that is

will not limit the biooxidation kinetics both suspended and fixed biocenose.
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ZASTOSOWANIE ZELAZIANU(VI) POTASU (K2FEOs) DO USUWANIA ZWIAZKOW
ORGANICZNYCH ORAZ DEZYNFEKCJI SCIEKOW POCHODZACYCH Z MYJNI
SAMOCHODOW CIEZAROWYCH

M. Thomas!, K. Barbusinski?, B. Bialecka?,
!Chemiqua, Krakéw, Polska, e-mail: biuro@chemiqua.pl,
2Krzysztof Barbusinski, Politechnika Slqska w Gliwicach, Gliwice, Polska,

3Barbara Biatecka, Gtéwny Instytut Gornictwa w Katowicach, Katowice, Polska

W artykule przedstawiono mozliwo$¢ zastosowania zelazianu(VI) potasu (K2FeOs) do
oczyszczania  $ciek6w  pochodzacych z myjni  samochodéw  cigzarowych (pH=7.1,
COD=0,89 g Oz/dm?, TOC=0,28 g/dm?®) i charakteryzujacych si¢ intensywnym gnilnym zapachem,
zwigzanym z obecnoécig bakterii proteolitycznych (2,4x10° j.t.k./cm®). Zastosowanie KFeOs w
najkorzytsniejszych warunkach (pH=5,8, KzFe04=0,97 g/dm3 czas=23 min.), umozliwito
zmniejszenie wartosci COD (79,8%), liczby bakterii gnilnych (92.1%) oraz istotne zmniejszenie
intensywnosci zapachu $ciekow.

Stowa kluczowe: zelazian(VI) potasu, oczyszczanie Sciekow, dezynfekcja Sciekow.

Wprowadzenie. Wskutek wykorzystania wody w myjniach samochodowych, powstaja $cieki
1 w zwigzku z tym, powinny one by¢ oczyszczona przed wprowadzeniem ich do urzadzen
kanalizacyjnych lub $rodowiska naturalnego. Scieki te, moga zawieraé nie tylko $rodki
powierzchniowo-czynne stosowane w procesie mycia, ale rowniez substancje ropopochodne,
smary, oleje, pozostatosci metali, cze$ci organicznych, sole 1 in. Substancje te, szczegdlnie obecne
w wigkszych stezeniach sg trudno biodegradowalne lub toksyczne i1 dlatego Scieki wymagaja
podczyszczenia przed ich wprowadzeniem do kanalizacji, srodowiska naturalnego lub ponownym
wykorzystaniem odzyskanej z nich wody [1]. Aby to osiagnaé, stosuje si¢ reagenty chemiczne i
zlozone procesy technologiczne; w niektérych przypadkach mozliwe jest odzyskanie ok. 70% wody
zuzytej do mycia przy zapewnieniu odpowiednich wartosci parametréw takich jak zawiesina i
zapach oraz ryzyka zdrowotnego (patogeny) i chemicznego (korozja, osadzanie si¢ osadow) [2].

Material i metody. Scieki pochodzace z myjni automatycznej pobierano w ciagu 7 dni, jako
proby sredniodobowe, proporcjonalne do czasu. Wykonano oznaczenia podstawowych parametrow
fizykochemicznych badanych $ciekow (m.in.: pH, COD, TOC, zapach w temp. 20°C (z — na zimno,
intensywno$¢ 0-5, rodzaj R, G lub S — roslinny, gnilny, specyficzny) oraz mikrobiologicznych
(m.in. liczba bakterii proteolitycznych). Do oczyszczania $ciekow zastosowano KoFeOa,
Planowanie 1 analiz¢ eksperymentow przeprowadzono przy uzyciu planu centralnego

kompozycyjny (CCD) i1 metody powierzchni odpowiedzi (RSM) dla trzech parametréw
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niezaleznych tj.: pH, dawki KoFeOs i czasu. Badania prowadzono w koagulatorach wielostano-
wiskowych; proby poddawano flokulacji i sedymentacji (15 min.). W najkorzystniejszych
warunkach (pH, dawka K3FeOs, czas) oznaczono wybrane parametry fizykochemiczne i
mikrobiologiczne dla $§ciekoéw oczyszczonych.

Wyniki. Badane $cieki charakteryzowaly sie pH=7,1, COD=0,89 mg O/dm® i
TOC=0,28 g/dm?®. Ponadto, $cieki wykazywaly intensywny zapach gnilny, ktérego intensywnosé
okreslono na 5 (bardzo silny). Licza bakterii proteolitycznych wynosita 24x10% j.tk./cmd,
Przeprowadzone badania z zastosowaniem planowania i optymalizacji eksperymentow umozliwity
zidentyfikowanie najbardziej korzystnych warto$ci parametrow, przy ktorych zmniejszenie wartosci COD
byto najwigksze. Badania statystyczne wykazaty bardzo dobre dopasowanie wartosci doswiadczalnych do
wartosci aproksymowanych z modelu (R?=0,9496, R%0pr=0,9160). Na Rys. 1 przedstawiono zmiang
wartosci COD $ciekow, w zaleznosci od pH, dawki K2FeOq oraz czasu reakcji. Obliczono, Ze najmniejsze
wartosci COD (0,18 g O2/dm®) mozna uzyskaé przy pH=5,8, dawce KoFe04=0,97 g/dm? w czasie 23 min.
Wykonano eksperyment potwierdzajacy i uzyskano zgodno$¢ wartosci estymowanej z wartoscig

do$wiadczalng, a zmiejszenie wartosci COD wynosito 79,8%.

Rys. 1. Zmiana warto$ci COD w zaleznosci od pH, stezenia KoFeO4 i czasu reakcji

W tych warunkach uzyskano takze zmniejszenie liczby bakterii proteolitycznych (92.1%), a
intensywnos$¢ zapachu okreslono jako bardzo staby, gnilny.
Whioski. Zastosowanie KoFeOs do oczyszczania sciekoOw pochodzacych z myjni samochodoéw
cigzarowych, umozliwilo m.in.: obnizenie wartosci COD (79,8%) 1 istotne zmniejszenie
intensywnos$ci zapachu (bardzo staby, gnilny), co zwigzane bylo ze zmniejszenie liczby bakterii
proteolitycznych (92,1%).
Literatura
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ASSESSMENT OF SOLOTVYNO AGGLOMERATION MINES
FLOODING IMPACT ON WATER RESOURCES WITH GIS

0. M. Trofymchuk?, Ye. S. Anpiloval, Ye. O. Yakovlev!, D. L. Kreta! S. B. Shekhunova?
Institute of Telecommunications and Global Information Space NAS of Ukraine, Kyiv, Ukraine

’Institute of Geological Science NAS of Ukraine, Kyiv, Ukraine

Solotvyno mine of rock salt is located in Tyachivsky district of the Transcarpathian region, which
is a section of the right-bank water catchments of the transboundary Tisza River. During the active
exploitation of the Solotvyno deposit within the salt stock, up to 9 mines were built and decommissioned
due to flooding mainly as result of imperfect mining technology. The mine fields of the deposit are
located within the first floodplain terraces, which contribute to the development of aquifers and the
manifestation of flood processes that makes the structural-geological, mining and environmental —
geological conditions of excavation, development and decommissioning of mines more complicated.

The River Tisza and its hydrologically connected local watercourses (lzvor, Glod, Mlyn
flows) create a leading drainage system for surface and underground water flows which has
considerably slowed down in the last decades within the zones of the influence of karst-failing
reservoirs and areas of deposition of the surface over mine workings of flooded mines.

In general, a sharp increase in the inflow of fresh groundwater and the associated intensive
development of man-made karst caused the formation of destructive subsidence deformations of
the surface and the rocks of the foundations of residential and industrial buildings, roads, water
supply and sewerage networks of the Solotvyno settlement.

The authors have investigated the subsidence deformation field, and its influence on changing the
environmental status of the Tisza River basin through which the transit flow passes, respectively, and the
consequences of changing the chemical composition of the basin will have a transboundary nature.

Using the technology of space monitoring (interferometry), field magnetic-electric survey and
GIS modelling, the authors have investigated and analysed the spatial-temporal structure and the
balance of surface subsidence (Fig.1). The obtained calculations show the dynamics of the increase
of the karst surface deformations, which occurs in the mode of plane-radial development of elastic-
plastic and plastic-fluid deformations of the central part of the salt stock, which is connected with
the greatest karst collapses in the area of hydro-geodeformation of the mine No. 7.

According to the simulation results, a logical dependence is obtained. It has a linear character
and shows the logical relationship between the vertical (subsidence) and the horizontal (area of the
subsidence interval) deformations of the surface of the mine field (Fig. 2), which allows improving

the spatial and temporal forecast of its development.
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Ground deformation mapping Solotvino
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Fig.1. Map of the development deformation

of the Solotvyno agglomeration mine fields surface.
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Fig. 2. Plane-radial development of karst deformation

of surface of the of mine Ne7 influence zone

The AH is vertical subsidence of surface, mm/year; the S is square of element with equal
elementary subsidence, m?.

Established function (regularity) AH=f (Lg S) gives the ability to essentially increase the
reliability of the former forecast of surface subsidence distance. As can be seen from the
established function (Fig. 2) the additional increasing of the subsidence distance consists of about
350-500 m. This principally new deformation is the serious signal about long term spatial
dangerous for Solotvyno agglomeration and Tisza River basin.

Besides, it has been established that the development of plasticization and deformation of the
field of mine Ne 9, can lead to the formation of a mega landslide body on the slope complex of
Magura Mountain. In addition, the practical absence of systematic monitoring of the proliferation
of karst failure processes, subsidence of surface fragments and the movement of mineralized
groundwater in the Tisza River Valley poses a serious threat to the potential negative consequences
for the population, critical infrastructure and the environment on the transboundary level.
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ROZPYLANIE CIECZY W PROCESIE ODZELAZIANIA WODY

S. Wlodarczak, M. Ochowiak, M. Markowska, A. Krupinska
Instytut Technologii 1 Inzynierii Chemicznej, Politechnika Poznanska, Poznan, Polska

e-mail: sylwia.wlodarczak@put.poznan.pl

Rozpylanie cieczy polega na zastosowaniu energii zewnetrznej pozwalajacej pokonaé sity
napigcia powierzchniowego, tak by struga cieczy przeksztalcona zostata w male krople. Stanowi
ona wazny 1 interesujacy proces wykorzystywany na szeroka skale w wielu galeziach przemystu,
m.in. w takich dziedzinach gospodarki jak: agrotechnika, energetyka, przemysl maszynowy,
inzynieria chemiczna czy ochrona $rodowiska [1]. Znajduje zastosowanie takze w oczyszczaniu
wody, podczas etapu zwanego odzelazianiem [2]. Problem odzelaziania wody wystepuje od bardzo
dawna i1 zwykle dotyczy wod podziemnych oraz infiltracyjnych. Zgodnie z obowigzujacymi
normami zawartos¢ zelaza w wodzie pitnej nie powinna przekracza¢ 0,2 mg/L. Gdy nie sa
spetnione te kryteria obserwuje si¢ szereg problemoéw: woda zmienia swoja barwe, metnieje,
charakteryzuje si¢ nieprzyjemnym zapachem, a po spozyciu moze powodowac problemy
zdrowotne. Zwigkszona zawarto$¢ zelaza sprzyja rowniez przyspieszonemu rozwojowi bakterii, a
tym samym zarastaniu rur wodociggowych. Podczas procesu odzelaziania wykorzystywane sa
zjawiska koagulacji, sedymentacji i filtracji. W przypadku, gdy konieczne jest utlenianie jondw
zelaza dwuwartosciowego zaleca si¢ wstgpne napowietrzenie wody lub zastosowanie chemicznego
utleniacza [2,3]. Najprostszy sposob odzelaziania mozna zilustrowa¢ schematem przedstawionym

na rysunku 1.

» » » [

Rysunek 1. Schemat procesu odzelaziania

Celem pracy bylo opracowanie konstrukcji rozpylacza, ktory moglby zostaé zastosowany do
napowietrzania wody podczas procesu odzelaziania. Zaproponowano rozpylacz dwufazowy o komorze
wirowe] w ksztalcie stozka, do ktérej doprowadzone sg stycznie kro¢ce wlotowe dla powietrza i wody.
Badane rozpylacze roznity si¢ Srednica oraz wysokoscia komory wirowej. Odpowiedni stosunek
charakterystycznych wymiarow rozpylacza (wysokosci komory wirowej do jej srednicy (Hs/Ds)) rzutuje
na jako$¢ otrzymywanego aerozolu. W analizowanych rozwigzaniach konstrukcyjnych stosunek Hs/Ds
wynosit od 0,5 do 4. Waznym parametrem wydajno$ciowym wyrazajagcym opory przeplywu cieczy jest
wspotczynnik wyptywu. Wspotczynnik wyptywu opisany jest wzorem:

¢,V
Aw
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gdzie: V jest objeto$ciowym natezeniem przeplywu cieczy, Ao — polem przekroju otworu
wylotowego, w — $rednig predkoscig cieczy w otworze wylotowym. Jest on czesto korelowany jest z
bezwymiarowg liczbg Reynoldsa:
Re=M (1)
n
gdzie: p jest gestosciag plynu, a 5 — jego lepkosciag. Badania prowadzono w zakresie
ReL € (1400;35500) oraz Reg € (2800;23500).
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Rysunek 2. Przyktadowa zalezno$¢ oporow przeptywu wyrazonych jako wartos$é
wspoélczynnika wyptywu w funkcji liczby Re dla gazu i cieczy: a) Hs/Ds = 1, b) Hs/Ds = 0,5

Wykazano, ze warto§¢ wspolczynnika wyptywu maleje wraz ze wzrostem liczby Reynoldsa
gazu 1 wzrasta wraz ze zwigkszeniem liczby Reynoldsa cieczy. Analizujac wplyw geometrii
rozpylacza na opory przeptywu zauwazono, ze dla rozpylaczy o wyzszym stosunku Hs/Ds
otrzymywano nizsze wartosci wspotczynnika wypltywu, co obrazuje rysunek 2. W przeptywie
turbulentnym, przy tych samych Rec i Rer dla rozpylacza o stosunku Hs/Ds = 0,5 wartos¢ Cp
wynosita 0,38, natomiast dla rozpylacza o stosunku Hs/Ds = 1, Cp = 0,48. Zaproponowane
konstrukcje moga by¢ skutecznie stosowane do napowietrzania wody w procesie odzelaziania
wody. Nizszy stosunek Hs/Ds pozwala uzyska¢ mniejsze opory przeptywu, co jest korzystne z
punktu widzenia procesu rozpylania.

Podziekowanie
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BACTERIOLOGICAL HEALTH THREATS TO WATER IN HOME WELLS
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Technological and settlement development generates environmental hazards in addition to
economic benefits, which translates into an increase in environmental health risk. Bacterial
infections resulting from the consumption of water of poor quality are still an important threat to
human health and even life. This situation applies not only to third world countries but also to
communities living in rural areas of EU countries. Despite the successive equalization of access to
the water supply network, still a significant percentage of the population uses individual water
intakes, the state of which is characterized by high variability of physical, chemical and
microbiological parameters. The water captured by individual wells (household) in most cases is not
covered by any form of legal control, starting from the monitoring of the quality of acquired waters,
on the processes of their regular cleaning up ending. The article presents the results of research on
water obtained from household wells (n = 400) carried out in 2015-2018 for selected poorly
urbanized areas in the assessment of bacteriological parameters. The performed tests have shown
significant sanitary pollution of waters used for human consumption. On their basis, it was stated: (1) a
significant health risk of coli group bacteria and Escherichia coli, and (2) the need to undertake
broad actions aimed at raising the ecological and health awareness of rural residents regarding the
quality of water used for consumption.

Key words: dug wells, water quality, bacteriological pollution, health protection
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INFLUENCE OF DEEP TREATED EFFLUENT ON THE ACTIVITY
OF NITRIFICATION IN NATURAL WATER

V. Yurchenko, M. Radionov, P. Ivanin, O. Melnikova
Kharkiv national university of civil engineering and architecture

Ukraine scientific research institute of ecological problems

Nitrification it is two unique reactions of nitrogen cycle in the biosphere which are executed
by ammonia oxidation bacteria (1st stage nitrificators), they oxidize ammonia to nitrite, and nitrite
oxidizing bacteria (2nd stage nitrificators) which oxidize nitrites to nitrates. Activity of nitrification
leads to process of self-purification of natural water basins from ammonia and organic nitrogen.
Biological nitrification as a large-scale biotechnology is used in a water treatment on the final
stages. Deep treated waste water discharge is a potential source of nutrients including nitrate
containing and also microorganisms (including nitrificators) for the river waters. Moreover, as
processes of waste water treatment during the last decades were greatly improved, so in reverse
waters among the nitrogen-containing compounds prevail nitrates while concentrations of
ammonium and nitrite nitrogen are minimal. Species and activity of microorganisms (nitrificators)
which are in waste waters from the biological waste water treatment plants can be differ from those
which are found in the river upstream from the place of waste water discharge and can change the
ecological functioning of the river. As follows, waste waters which are discharged from the
biological treatment plants can change nitrification kinetics and nitrites dynamics within water
system.

The aim of this work is to estimate the impact level of deep treated waste water (Kharkov
city) on the nitrification activity in riv. Udy.

The object of experimental research: the water and bottom sediments from riv. Udy in the
discharging area of treated waste waters (500 meters before and 500 meters after the discharge);
waste water and active sludge from the aeration tanks of municipal waste water treatment plant
which discharging treated waste waters into the riv. Udy. Determination of chemical and biological
constants of nitrification in the natural water basin was done on the basis of experimental data.
Kinetic constants of ammonification and the 1st and 2nd stages of nitrification were determined via
the developed in C++ language mathematical computer program using framework Qt. Biokinetic
constants (Michaelis constant — Ks, and maximum biochemical reaction rate — Vmax) were
determined via the linearization of experimental data according to Walker-Schmidt method.
Nitrification capability of active sludge and bottom sediments was analyzed by the biochemical

method via the activity of hydroxylamineoxidoreductase. Hydrochemical determination of water
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(pH, N-NHa4, N-NO2, N-NOs, Norg concentrations)was conducted via the standard methodology
according to regulations of Ukraine. Statistical data processing was conducted via the Microsoft
Excel computer program.

On the basis of analyzing the multi-year data of regular control was determined the evidence
of nitrate containing substances in riv. Udy in the area of treated waste waters discharge. It was
shown that after the discharge of effluent concentration of N-NHs and pH in the water decreasing
while concentrations of nitrites and nitrates are getting higher what means that the activity of
nitrification in riv. Udy rises. This conclusion has confirmed by determination of chemical and
biochemical constants. As can be seen from the table, nitrification 1% and 2" stages constants in riv.
Udy within downstream area are higher than these indicators upstream. The 1% stage of nitrification
rate almost three times higher than this indicator in the water upstream. Comparison of Km in these
areas shows higher level of microflora affinity to nitrification of N-NHs in the riv. Udy
downstream. The probable cause of such changes of nitrification in riv. Udy after the discharge of
treated waste waters is an emission of nitrification microflora from the waste water treatment plant.

Such a phenomenon had been noticed by other researches.

Table 1
Experimental bio kinetic indicators in riv. Udy
Water basin Nitrification chemical constants Biokinetic constants
1% Stage 2" Stage Km, mg/dm?® V,mg/(dm?3-day)
Riv. Udy 500 m. upstream 0,95 1,3 1,7 0,48
Riv. Udy 500 m. downstream 1 1,4 0,17 1,25

Nitrification bacteria concentration in the active sludge from waste water treatment plant has
reached the value of 10°-108 cells per gram. Taking in account concentration of suspended matter in
waste waters during discharging (<15 mg/dm®) and volume of discharge (180 thousand m®/day).
Daily emission of nitrification bacteria from the waste water treatment plant into the riv. Udy could
reach 2,7 (10%-10% cells per day).

As follows, deep biologically treated waste waters (by nitrification) from the waste water
treatment plant discharge make an essential influence on the nitrification processes in the natural
water basins by the way of increasing their activity, thus an activity of self-purification of water

basins from the organic and ammonia nitrogen with autochthonous and allochthonous origin.
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KOMPUTEROWE WSPOMAGANIE PROJEKTOWANIA ORAZ MODELOWANIE
DZIALANIA SEKWENCYJNEGO REAKTORA PORCJOWEGO Z OSADEM CZYNNYM

Jacek Zaburko?, Robert Pudlo?, Joanna Szulzyk-Cieplak?, Grzegorz L.agéd?
! Wydzial Podstaw Techniki, Politechnika Lubelska,
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W  projektowaniu bioreaktorow szerokie zastosowanie znajduja metody komputerowe
wykorzystywane na wielu etapach tego procesu — poczynajac od przygotowania zalozen
technologicznych poprzez tworzenie dokumentacji technicznej, az po modelowanie zjawisk i
symulacji procesoOw technologicznych. Programy komputerowego wspomagania projektowania
pozwalaja rowniez na wygenerowanie doktadnego modelu geometrycznego bioreaktora, co stanowi
punkt wyjSciowy i umozliwia przeprowadzenie dla okre§lonych danych wejsciowych oraz
warunkéw brzegowych 1 poczatkowych symulacji komputerowej. Rozwoj narzedzi z grupy
komputerowego wspomagania projektowania znaczaco przyczynit si¢ rowniez do ulatwienia prac
konstruktorskich zwigzanych z doborem podzespotow 1 pdzniejsza budowa urzadzen. Dzigki takim
narzedziom konstruktorzy majg utatwione zadania zwigzane z wykonaniem urzadzenia gdyz jeszcze
na etapie wirtualnego modelu moga sprawdzi¢ dopasowanie i wspotdziatanie mechaniczne
elementéw oraz przygotowa¢ odpowiednie instrukcje montazowe. Prace takie sg czgsto
zautomatyzowane poprzez zaimplementowanie w oprogramowaniu bibliotek pozwalajacych na
szybki wybor komponentéw do budowy urzadzen. Jednym z tego typu programéw jest Inventor
firmy Autodesk, w ktorym wykona¢ mozna trojwymiarowe modele czgsci lub cale zespoty
urzadzen, z mozliwoscig pozniejszego wygenerowania rysunkéw wykonawczych, ztozeniowych lub
pogladowych na podstawie utworzonego modelu 3D. Dzigki segmentowej architekturze
oprogramowania, mozliwe jest tworzenie projektow skladajacych si¢ z kilkudziesigciu
komponentow. Konstruktor uzywajac tego typu oprogramowanie w szczegolnosci koncentruje si¢
na tworzeniu kompletnego modelu 3D urzadzenia, a po jego wykonaniu program wspomaga
tworzenie plaskiej dokumentacji technicznej projektu. Dzigki tym utatwieniom wigkszo$¢ czasu
przeznaczonego na wykonanie projektu konstruktor poswigca na dzialanie tworcze, koncepcyjne i
sprawdzajace a wszelkie zmiany dokonywane w modelu 3D zostaja automatycznie przenoszone na
techniczng dokumentacje 2D. Oprogramowanie umozliwia takze tworzenie prezentacji i

uruchomienie symulacji dynamicznych, wizualnie objasniajacych strukture oraz zasade dziatania
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modelowanej maszyny. Program stanowi w takim ujaciu przydatne narzedzie do analizy kolizji i
kontaktu komponentow, dzigki ktéremu mozna szybko wyeliminowaé btedy konstrukcyjne w
postaci niezgodno$ci wymiarow. Zaleta oprogramowania jest rowniez wbudowane narzgdzie do
optymalizacji projektow sprawdzajgce wytrzymato$¢ zaprojektowanego elementu za pomocg
symulacji numerycznych. Umozliwia to modut analizy wytrzymato$ciowej za pomoca metody
elementow skonczonych MES. Wspomniane narzedzie ma mozliwo$¢ wykonywania obliczen z
zakresu statyki liniowej, analizy napr¢zen i drgan pojedynczych czesci brytowych jak rowniez
zjawisk dynamicznych i symulacji mechaniki ptynow.

Oprogramowanie do komputerowego wspomagania projektowania, umozliwia miedzy innymi
przeprowadzenie wielokrotnych i wielowatkowych symulacji oraz tworzenie wizualizacji procesow
zachodzacych w sekwencyjnych reaktorach porcjowych SBR (ang. Sequencing Batch Reactor) z
osadem czynnym, gdzie wszystkie procesy (napeinianie, mieszanie, napowietrzanie, sedymentacja i
dekantacja) odbywajg si¢ kolejno w jednym zbiorniku, a ich zasadniczym zadaniem jest usunigcie
zanieczyszczen. Glownym zalozeniem we wspomnianym przypadku jest wykorzystanie
modelowania numerycznego do mozliwie najdokladniejszego odzwierciedlenia rzeczywistych
warunkéw hydraulicznych panujacych w bioreaktorach. Cel ten mozna osiaggna¢ bazujac na
utworzonym modelu geometrycznym reaktora, przy zadaniu okre§lonych danych wejSciowych i
warunkach brzegowych za pomocg odpowiednio dobranej metody obliczeniowej. W efekcie prac
symulacyjnych moze zostaé przygotowany 1 wstgpnie zweryfikowany zestaw rozwigzan
konstrukcyjnych, skracajacy czas prowadzenia wigkszej liczby doswiadczen w warunkach
rzeczywistych, za§ otrzymane w ten sposob wyniki mozna zaprezentowa¢ w réznych formatach w

zalezno$ci od potrzeb uzytkownika.
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TECHNOLOGIA ZY.0ZA RUCHOMEGO
A EFEKTYWNOSC PROCESU NITRYFIKACJI

Olga Zajac, Monika Zubrowska-Sudol
Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii Srodowiska, Politechnika Warszawska,
ul. Nowowiejska 20, 00-653 Warszawa,
e-mail: olazajac1994@gmail.com

Tematyka posteru bedzie dotyczyla technologii zloza ruchomego w kontekscie przebiegu i
efektywnosci procesu nitryfikacji. Omawiana technologia wykorzystuje naturalng immobilizacje¢
biomasy na nos$nikach, ktére utrzymywane sa w ciggtym ruchu w catej objetosci bioreaktora. Jako
no$niki stosuje si¢ tzw. , ksztalttki”, charakteryzujace si¢ roznymi ksztattami, gestoscig zblizong do
gesto$ci wody — dzieki czemu mozliwe jest utrzymania ztoza ruchomego w zawieszeniu w calej

objetosci reaktora, oraz rozbudowang powierzchnig wlasciwa (Rys.1).

EvU®-Perl 800 m?/m®,osnika AnoxKaldnes K3 500 m?/m®,osnika BioChip Carrirer 3000 m?/m®,osnika

Rys.1 Przyktadowe no$niki wykorzystywane w technologii ztoza ruchomego

Poniewaz biomasa rozwija si¢ w postaci btony biologicznej, stwarza to dogodne warunki do
rozwoju mikroorganizméw charakteryzujacych si¢ dtugim czasem generacji, do ktorych zalicza si¢
bakterie prowadzace proces nitryfikacji. Z tego powodu technologia ztoza ruchomego uznawana
jest za rozwigzanie sprzyjajace utrzymaniu stabilnego 1 zarazem wysoko efektywnego utleniania
azotu amonowego. W przypadku oczyszczalni $ciekow wykorzystujacych metode osadu czynnego i
majacych trudnosci z procesem nitryfikacji, technologia ztoza ruchomego wskazywana jest jako
prosta metoda ich modernizacji. Nie wymaga ona bowiem zwigkszenia objetosci bioreaktora, a
jedynie wprowadzenia do juz istniejacego takiej ilosci zloza ruchomego, ktéra zapewni rozwoj
odpowiedniej ilosci bakterii nitryfikacyjnych. Uzyskuje si¢ wowczas uktad hybrydowy taczacy w
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jednym reaktorze dwie formy biomasy tj. biomase¢ zawieszong w postaci ktaczkéw osadu czynnego
i biomas¢ immobilizowang w postaci btony biologicznej. Warto przy tym dodaé, ze dodatkowsa
korzyscig jest mozliwo$¢ uzyskania przebiegajacego symultanicznie z nitryfikacja procesu
denitryfikacji. W btonie biologicznej dochodzi bowiem do stratyfikacji tlenowej 1 w jej zewnetrznej
tlenowej warstwie przebiega utlenianie azotu amonowego, a w wewnetrznej anoksycznej
dysymilacyjna redukcja azotanéw lub/i azotynéw. Wynikiem tych procesow jest eliminacja

zwigzkow azotu ze $ciekow.
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THE INFLUENCE OF ANAEROBIC DIGESTION ON SELECTED HEAVY METALS
FRACTIONATION IN SEWAGE SLUDGE

M. Zdeb?, J. Pacan?
Lublin University of Technology, Faculty of Environmental Engineering, 20-618 Lublin,
ul. Nadbystrzycka 40 B, Poland (e-mail: m.zdeb@pollub.pl)
2 Graduate of Lublin University of Technology

Improvement in the efficiency of wastewater purification systems causes an increase in
produced amounts of sewage sludge. Land application of sewage sludge (as a fertilizer or soil
amendment) is economically attractive because of low cost and high effect. Using sewage sludge in
agriculture is one of the most preferred way of its disposal, however only stabilized sludge and
containing admissible concentrations of heavy metals can be used for this purpose. Heavy metals
introduction to environment may cause a potential problem for public health, especially when they
move from soil to plants or groundwater. Therefore, concentrations of heavy metals in sludge
intended for agricultural use are regulated. Total content of heavy metals in digested sludge is not
sufficient for evaluation of a potential risk to the environment. Mobility and toxicity of heavy metals
depend strongly on their specific chemical forms. The concentrations of particular fractions of heavy
metals are the most important parameters, which should be examined in order to estimate the
influence of sludge on the environment.

The aim of the article is to evaluate the influence of anaerobic digestion on the concentration
and variability of chemical forms of selected heavy metals (Cr, Cu, Ni, Pb, Zn) in the sewage sludge
coming from municipal wastewater treatment plant in Pulawy (Poland). Content of the particular
forms of heavy metals in raw and digested sewage sludge was determined by means of BCR
(Community Bureau of Reference) method. The BCR method of a sequential chemical extraction
enables separating four fractions of heavy metals: exchangeable (containing elements, which are
accessible and bound to carbonates), reducible (containing elements bound to amorphous iron and
manganese oxides), oxidizable (containing metal-organic and sulphide fractions) and residual
(containing elements bound to silicates).

The results obtained after analyzing raw sludge showed that majority of analyzed heavy metals
were predominantly associated with the oxidizable and residual fractions. Only in case of Zn,
reducible form constituted the greater part. In case of digested sludge, all studied heavy metals
exhibited the most dominant oxidizable and residual fractions, however the percentages of particular
fractions were different than in raw sludge. It was noticed, that all heavy metals concentrations were
higher in digested sludge in comparison to sludge before anaerobic digestion. Content of heavy metals
in analyzed material did not exceed admissible Polish levels for sludge intended for the agricultural
use.
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EXPERIMENTAL STUDY OF THE OUTFLOW FROM A PERVIOUS CONCRETE
SYSTEM FOR SHORT-TERM RAINFALL EVENTS OF DIFFERENT DURATION

V. Zhuk, I. Kachmar

Lviv Polytechnic National University, Lviv, Ukraine

Using of the pervious concrete systems is an effective method of the stormwater management at
the urbanized catchments. The main hydraulic parameter in the drainage systems modeling is the
stormwater hydrograph for the rainfall event of a certain intensity and duration.

Hydraulic modelling of the stormwater outflow from a pervious concrete system (PCS) is
sufficiently investigated at this time, but still there are some unsolved problems concerning the
rainfall — runoff relationships, especially for the short-term rainfall events of the high intensity.

A series of experimental studies of the stormwater outflow from the real PCS was performed for
the purpose to find the retention potential of the PCS for short-term rainfall events of different
duration. Investigated sample of the PCS was installed in the experimental channel of the Complex
Laboratory of Hydraulics of LPNU. The total dimensions of PCS are 3.0%0.3x0.32 m. A typical
construction of PCS was used: bottom layer of the rubble stone with height of 0.22 m and top layer
from the impervious concrete with height of 0.10 m. Longitudinal slope in the flowwise direction was
equal to 0.01.

Retention potential of the PCS is obtained as in terms of integral runoff parameters so in
comparing the runoff hydrographs for the model rainfalls of constant intensity but different duration.
The intensity of experimental rainfalls was equal to 10 300 1/(sxha) and its duration was changed in
the range from 15 s to 60 s.

Special rainfall event with duration tcono=38.4s corresponds to the time of the runoff
concentration from the analogical subcatchment without the PCS. Using of the PCS causes the
decreasing of the maximum flow rate for this case in 3.0 times — from 0.927 1/s to 0.309 I/s.

Maximum flow rate and respective time of maximum outflow from the PCS were defined as the
functions of rainfall duration. Experimental time of the runoff concentration from the PCS
tcon1 = 112.0 s is obtained that is 2.92 times more comparing the same impervious concrete surface.

If the rainfall duration is less than 60.0 s, the maximum discharge of the outflow is observed
after the rainfall event. Experimental dependence between the rainfall duration t; and peak discharge
time tmax can be satisfactory described by the exponential approximation:

. =27.5exp(0.013,).

If tr > 60.0 s the time of maximum outflow from PCS is simply equal to the rainfall duration, so

as for usual impervious surfaces.
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DEPENDENCY BETWEEN THE TOTAL AND EFFECTIVE IMPERVIOUSNESS FOR
RESIDENTIAL QUARTERS OF THE LVIV CITY

V. Zhuk, L. Vovk, I. Matlay, I. Popadiuk, I. Mysak, V. Fasuliak

Lviv Polytechnic National University, Lviv, Ukraine

Increasing of impervious surface areas as result of urbanization process has significant effect
on the hydrologic cycle. Urban imperviousness is one of the most principal indicators for
stormwater modeling. A number of previous investigations proved that the effective or directly
connected impervious area is more adequate parameter of catchment's stormwater infiltration
potential comparing to the total impervious area. The problem is that simple field investigation of
effective imperviousness for big scale urbanized catchments is a high expensive procedure. The
simplest way to solve this problem is deriving of the general dependencies between the total and
effective imperviousness. At the same time, there are some unsolved problems concerning the
allowable ranges of such dependences in terms of the functional purpose of the territory and in the
context of the different geographical location of the city, affecting both the climatic parameters and
the local codes and regulations of stormwater drainage systems' planning and installation.

A detailed hydrologic analysis was performed using geographic information systems and field
investigations of thirty residential quarters in Franko district of the Lviv city, Ukraine. All
investigated quarters are located at the territory of the Baltic Sea catchment of the Lviv city, and the
surface runoff from this area flows into the combined sewerage system of Lviv and further to the
Lviv wastewater treatment plant.

The total area of the investigated subcatchment is 348.5 ha, including 58.5% of impervious
covers, 41.2% of green spaces and 0.3% of water bodies. The share of total impervious surfaces for
30 analyzed quarters varied from 0.329 to 0.929, and the effective imperviousness — from 0.222 to
0.917, respectively.

Correlations between the total and effective imperviousness are described by the power low
dependency per=(ptot)". Two approaches were used to describe the relationship between the total and
effective imperviousness: 1) using all 30 empirical results for each quarter; 2) the average values of
the imperviousness of the total subcatchment.

Obtained values of the power law exponent for these two empirical approaches are
respectively ni=1.31 and np=1.27 that is significantly less comparing corresponding value n=1.41
in the Livingston's & Veenhuis' approximation, obtained for 14 different highly urbanized quarters
of Denver city.
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OCENA RYZYKA ZDROWOTNEGO UZYTKOWNIKOW PLYWALNI WSKUTEK
ZANIECZYSZCZENIA WODY BAKTERIAMI LEGIONELLA SP.

Izabela Zimoch, Jarostaw Paciej
Politechnika Slaska, Instytut Inzynierii Wody i Sciekow,
44-100 Gliwice, ul. Konarskiego 18a

Streszczenie:

Jednym z glownych probleméw w zakresie zdrowia publicznego jest staba identyfikacja
choréb wodopochodnych oraz identyfikacji ich etiologii. Jednym z celéw dazen nowe dyrektywy w
dotyczacej jakosci wody przeznaczonej do spozycia jest wdrozenie w krajach cztonkowskich zasad
szacowania zagrozen w systemach zaopatrzenia w wode (SZW) w oparciu o kontrole jakosci wody
1 ocen¢ warunkow funkcjonowania systemu. Wdrozenie procedur zarzadzania ryzykiem w SZW ma
zapewni¢ wzrost bezpieczenstwa dostaw wody, a co za tym idzie ochron¢ zdrowia konsumenta
przed szkodliwymi skutkami wszelkiego zanieczyszczenia wody przeznaczonej do spozycia.
Obecnie aktem wykonawczym do polskich ustaw implementujacych Dyrektywe Rady Europy jest
rozporzadzenie Ministra Zdrowia w sprawie jakosci wody przeznaczonej do spozycia przez ludzi,
ktore rowniez wyznacza zakres kontroli jako$ci wody cieptej w kierunku Legionella sp. mogacej
by¢ czynnikiem etiologicznym legionelozy. Drugim aktem regulujagcym jako$¢ wody w zakresie
Legionella sp. jest Rozporzadzenie Ministra Zdrowia w sprawie jakos$ci wody na ptywalniach. Akty
te w odnoszac si¢ do parametru Legionella sp s3 ze sobg styczne.

W niniejszym opracowaniu przedstawiono wyniki oceny zmian stanu sanitarnego jakosci
cieplej wody w odniesieniu do zanieczyszczenia bakteriami Legionella sp. bedacych efektem
realizacji obowigzkéw wilascicieli, administratorow ptywalnie oraz organdéw kontrolnych,
okreslonych w obowigzujacej legislacji.

W oparciu o dostepne wyniki badan jako$ci wody, pochodzacych z panstwowej kontroli
jakos$ci, przeprowadzono analiz¢ zmian jakoSci sanitarnej cieplej wody na ptywalniach. W
analizach uwzgledniono przestrzenny rozktad tych obiektéw wynikajacy z rejonizacji podleglej
wlasciwemu terenowo organowi zdrowia publicznego prowadzacego nadzor nad jako$ciag wody na
terenie wojewodztwa S$laskiego. Zaprezentowano metodyke wyznaczania ryzyka zagrozenia
zdrowotnego uzytkownikéw plywalni w efekcie zanieczyszczenia wody basenowej bakteriami
Legionella sp w odniesieniu do dostgpnosci tego typu obiektow. Rezultatem koncowym
przeprowadzonych badan jest wykorzystanie narzedzi GIS do przestrzennej interpretacja ryzyka.

Stowa klucze: Legionella sp., baseny, ryzyko zdrowotne, GIS, kontrola jako$ci wody
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MOZLIWOSC ZWIEKSZENIA POTENCJALU METANOWEGO WYBRANYCH
SUBSTRATOW W WYNIKU ICH HYDRODYNAMICZNEJ DEZINTEGRACJI

M. Zubrowska-Sudol, A. Garlicka, K. Sytek-Szmeichel, J. Walczak, K. Umiejewska
Wydziat Instalacji Budowlanych, Hydrotechniki i Inzynierii Srodowiska, Politechnika Warszawska,
ul. Nowowiejska 20, 00-653 Warszawa

e-mail: monika.sudol@pw.edu.pl

Slowa Kkluczowe: dezintegracja hydrodynamiczna, gospodarka o obiegu zamknigtym, potencjal
metanowy, stabilizacja beztlenowa
Wprowadzenie

W komunalnej oczyszczalni §ciekow wdrazajacej podejscie gospodarki o obiegu zamknigtym
istotnym dzialaniem jest odzysk energii z osadéw $ciekowych — odpadu powstajacego w procesach
oczyszczania $ciekow. Przyktadem takiego dzialania jest beztlenowa stabilizacja osadow w wyniku
ktérej powstaje biogaz wykorzystywany do kogeneracji energii elektrycznej i ciepta. Aby
zwigkszy¢ 1los¢ produkowanego biogazu osady S$ciekowe wspotfermentuje si¢ z odpadami
charakteryzujacymi si¢ wysokim potencjalem metanowym. Inng metoda wykorzystywang w
komunalnych oczyszczalniach $cieckow w celu zwigkszenia iloSci produkowanego biogazu jest
dezintegracja osaddéw S$ciekowych (gtownie osadu nadmiernego) przed ich wprowadzeniem do
komor fermentacyjnych.

Innowacyjnym podej$ciem, ktore zostanie zaprezentowane w niniejszym referacie jest
polaczenie obu wymienionych powyzszej metod. Nalezy przy tym zaznaczy¢, ze o ile do§¢ dobrze
poznany jest wplyw r6znych metod dezintegracji na potencjat metanowy osadow nadmiernych, o
tle brak jest analogicznych doniesien w odniesieniu do odpadow, ktére moga stanowi¢ kosubstrat w
procesie fermentacji metanowej. W referacie przedstawione zostang wyniki eksperymentow,
ktorych celem byta analiza wptywu hydrodynamicznej dezintegracji na potencjal metanowy osadu
nadmiernego oraz wybranych kosubstratow tj. gnojowicy bydlecej, wywaru pogorzelnianego oraz
pozostatosci z owocow.

Metodyka badawcza

Proces dezintegracji hydrodynamicznej prowadzono w nowo zaprojektowanym urzadzeniu
[zgloszenie patentowe WP-84/JW 13766118, 27.12.2018]. Jego glownym elementem jest
profilowany, walcowy wirnik umieszczony w przestrzeni cylindrycznej ozebrowanej zewngtrznie
znajdujacej sie w cylindrycznym zbiorniku roboczym. Powyzsze rozwigzanie zapewnia cyrkulacje
dezintegrowanego medium, a co za tym idzie wielokrotne przejscie przez wirnik, w ktorym

zachodzi kawitacja. Zjawisko kawitacji pojawia si¢ zarowno w elemencie wirujacym, jak i na
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ozebrowaniu w poblizu miejsca opuszczania przestrzeni wirujgcej przez substrat. Urzadzenie
napedzane jest silnikiem elektrycznym o mocy 5,5 kW i predkosci obrotowej n=3000/min.

W celu okreslenia wplywu hydrodynamicznej dezintegracji na potencjal metanowy
analizowanych substratow przeprowadzono testy potencjalu wytworczego metanu (BMP), przy
zalozeniu, ze obcigzenie inoculum bedzie wynosito 5 g s.m.o/L. Testy wykonano w urzadzeniu
AMPTS Il (Automatic Methane Potential Test System).

Omowienie wynikow

Wyniki uzyskane w przeprowadzonych eksperymentach wskazujg, ze hydrodynamiczna
dezintegracja mieszaniny osadu nadmiernego i gnojowicy bydlgcej prowadzona przy gestosci
energii wynoszacej 70 kJ/L pozwolita na wzrost jej potencjalu metanowego (YcHsa) ze 143 to
159 NmICH4/g smo. Wzrost potencjalu metanowego odnotowano réwniez w przypadku
zastosowania wstepnej obrobki pozostalosci owocow. Hydrodynamiczna dezintegracja tego typu
odpadéw prowadzona przy gestosci energii wynoszacej 35 1 70 kJ/L przyczynita si¢ do zwigkszenia Y cHa
z 249 NmICH4/g s m.o. do 273 1 261 NmICH4/g s m.o. Odmienne wyniki uzyskano dla mieszaniny osadu
nadmiernego i wywaru pogorzelnianego. W tym przypadku hydrodynamiczna dezintegracja skutkowata
zmniejszeniem potencjatu metanowego z 267 NmICH4/g s m.o. do 249, 238, 229 NmICH4/g s m.o,
odpowiednio w przypadku dezintegracji prowadzonej przy 35, 70 i 140 kJ/I.

PODSUMOWANIE

Uzyskane wyniki pozwalaja sformutowa¢ wniosek, 1z hydrodynamiczna dezintegracja jako
wstepna obrobka substratow poddawanych procesowi fermentacji metanowej daje mozliwosé
zwigkszenia ilo$ci produkowanego metanu. Aczkolwiek, aby uzyska¢ zamierzony efekt nalezy
przeprowadzi¢ testy majgce na celu wybor substratu poddawanego procesowi dezintegracji oraz
gestosci energii przy jakiej prowadzona bedzie dezintegracja. Niewtasciwie dobrane parametry
wstepnej obrobki moga bowiem skutkowaé pogorszeniem efektywnosci procesu fermentacji
metanowej, wyrazonej zmniejszeniem ilosci produkowanego metanu.

Zagadnienie realizowano w ramach projektu badawczego nt. ,,Opracowanie technologii
przygotowania substratéw wykorzystywanych w kofermentacji metanowej metodami dezintegracji”
(DEZMETAN)  (Nr: POIR.04.01.02-00-0022/17), finansowanego w ramach Dziatania 4.1
Programu Operacyjnego Inteligentny Rozwoj 2014-2020 wspoHinansowanego ze $rodkéw

Europejskiego Funduszu Rozwoju Regionalnego.
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OPRACOWYWANIE HIETOGRAMOW WZORCOWYCH
DO MODELOWANIA KANALIZACJI

K. Wartalska, B. Kazmierczak, A. Kotowski
Wroctaw Unoversity of Science and Technology, Wroctaw, Poland

Corresponding author: katarzyna.wartalska@pwr.edu.pl

Wystepujace coraz czesciej powodzie miejskie, wywotane przez intensywne opady
1 towarzyszace nim gwaltowne sptywy powierzchniowe wod opadowych, wyrzadzaja szkody
zwlaszcza na terenach zurbanizowanych. Potencjalne zagrozenia s$rodowiskowe powodowane
wylewami z kanalizacji mozna wykazac jedynie przy pomocy modelowania hydrodynamicznego.
Modele do symulacji dzialania systemoéw kanalizacyjnych umozliwiaja bowiem uwzglednienie
zmiennych w czasie 1 przestrzeni scenariuszy obcigzen zlewni opadami. Scenariuszami tymi moga
by¢ zaro6wno rzeczywiste, zmierzone w wieloleciu intensywne lokalne opady, jak 1 opady
modelowe, tworzone na podstawie lokalnych krzywych intensywnosci (IDF) lub wysokosci (DDF)
opadow deszczowych. Zadawany w modelowaniu hietogram opadu, ma zwykle decydujacy wplyw
na symulowang wielko$¢ odptywu ze zlewni. Konieczne jest wigc stosowanie opadow
modelowych, ktore powinny we witasciwy sposob odzwierciedla¢ podstawowe parametry opaddéw
wystepujacych w rzeczywistosci. Obecny stan wiedzy wskazuje na pilng potrzebe podjgcia badan
nad okresleniem cech typowych rozkladoéw intensywnosci w czasie zjawisk opadowych.

Wybor miarodajnego scenariusza opadowego jest jednym z najwazniejszych zadan stojacych
przed projektantem systemow odwodnien terenu. Jak dotad w Polsce niewiele jest
udokumentowanych badan nad zmienno$cig czasowa opaddéw, a opisane w literaturze zagranicznej
badania nad rozktadem czasowym opaddw sa czesto przedstawiane w zbyt skrétowej formie. Brak
jest np. opisdOw zalozen wyjsciowych, metodyki analizy danych czy procedur do wyznaczania
charakterystyk rozktadu opadéw w czasie, co utrudnia ich potencjalne wykorzystanie. Z uwagi na
brak wiarygodnego hietogramu wzorcowego dla polskich warunkéw hydrologicznych, do
modelowania hydrodynamicznego kanalizacji zaadaptowany zostal model Eulera typu II,
a powszechnie stosowany w Niemczech.

W pracy oméwiono zasady tworzenia hietogramdéw wzorcowych, bedace rezultatem badan
przeprowadzonych w roznych rejonach §wiata, dla r6znych warunkéw klimatycznych. Potencjat
naukowy i praktyczny (w zastosowaniu do modelowania kanalizacji) majg hietogramy wzorcowe
deszczo6w opracowywane wedtug: metod bazujacych na catych krzywych IDF (modele Eulera typu
Il lub Chicago — tworzone w uktadach wymiarowych) oraz metod bazujacych na rzeczywistych

zbiorach danych opadowych (krzywe masowe Huffa, DVWK lub SCS — tworzone w uktadach
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bezwymiarowych). Trzecia grupa metod, do ktérych naleza metody stochastyczne generowania
hietogramow wzorcowych, sa trudne do zastosowania w praktyce inzynierskiej, z uwagi na
rozbudowang parametryzacj¢ opisu fizykalnego zjawisk i zastosowany wysoce zaawansowany
aparat matematyczny.

Przy tworzeniu/weryfikacji lokalnych wzorcow deszczy w ukladach wymiarowych,
w dostosowaniu do zasad modelowania kanalizacji deszczowej czy ogélnosptawnej — dla matych
zlewni, gdzie wykorzystuje si¢ dotychczas wzorzec Eulera, nalezy ograniczy¢ badania (zakres
danych) do intensywnych, krotkotrwalych opadéw o czasie trwania od 10 minut (jako najkrotszy,
obliczeniowy w kanalizacji) do 2 godzin (jako najdtuzszy czas przeptywu w kanatach matych sieci).
Parametry te stanowig wiec kryteria ograniczajace czasowy zasigg modeli wzorcow opadow,

tworzonych w uktadach wymiarowych.
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REMOVAL OF MICROPLASTICS IN WASTEWATER TREATMENT PLANTS;
CROSS-BORDER COOPERATION OF THE EMPLA (CZ) AND THE UNIVERSITIES
OF HRADEC KRALOVE (CZ) AND OPOLE (PL)

P. Kral'4, M. Halamek?, R. Hy3pler!, L. HyS$pleroval, S. Eminger?, V. Stépanek!, M. Vojtal,
S. Hubalovsky?, J. K¥iZ!, S. Wierzba3, A. Dolhanczuk-Szrédka®, M. Rajfur 3, T. Ly¢ka!

! Faculty of Science, University of Hradec Kralové (CZ),
2 EMPLA Hradec Kralové (CZ),
SWPT of University Opole (PL)

4 Kralovéhradecka provozni, a.s. Hradec Kralové (CZ)

The occurrence of microplastic particles in waters of all kinds (waste, surface and drinking)
has become a very popular topic in many studies. However, this issue is often unprofessionally
interpreted, which leads to the creation of media alarm messages. We believe that knowledge in this
area is still very small. Methodologies for measuring and monitoring microplastics in waters are not
clearly defined and developed, the interpretation is unclear, the assessment of health risks is mostly
not carried out and information on real contamination in the regions and streams is not available. In
the first part of the our cross-border research we focus on the development and description of MRS
and SEM / EDS methods, which are considered to be the most suitable for tracking microplastic
particles in water. Students from both universities use the Microraman spectroscopy screening
method to determine the water flow — raw water for the production of drinking water and the
effluent and to determine the outflows from the equipment (produced drinking water and waste
water treatment). They continuously evaluate the efficiency of microplastic separation on these
devices. Students focus on new progressive industrial wastewater treatment plants developed by
EMPLA Hradec Kralové.

Keywords: microplastic in surface water, waste water treatment plants
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MODERNIZATION OF THE WATER TREATMENT PROCESS
FROM HEAVY METALS

Olena Mitryasoval, Volodymyr Pohrebennyk?, Anna Yushchishina?
Petro Mohyla Black Sea National University, Mykolaiv, Ukraine
2Lviv Polytechnic National University, Lviv, Ukraine
$Mykolaiv V.0., Sukhomlynskyi National University, Mykolaiv, Ukraine

One of the most important pollutants of wastewater is heavy metals. Sources of heavy metals
are enterprises of the chemical, metallurgical industry and other Removal of heavy metals ions from
discharges, in particular galvanic plants, is one of the most difficult tasks of wastewater treatment.
There are many methods of treatment, but their disadvantages include insignificant performance,
significant energy costs, generation of secondary chemical pollutants, etc. Today there are many
methods of purification: physical, physicochemical, combined, but to their general disadvantages
are insufficient productivity, significant energy costs, and most importantly, the generation of
secondary chemical pollutants of water. Therefore, the modernization of existing methods of
purification of heavy metal wastewater remains an urgent task for researchers.

Subject of research is: process of wastewater treatment of galvanic manufactures with the help
of an electro spark method.

Object of research: wastewater of galvanic production.

The aim of the research is to improve the method of treatment of the galvanic sewage with the
help of the electro spark method.

The method of investigation is an electro spark method, the essence of which is the short-term
electrical pulses through the waste water through the electrodes submerged in the solution. The
pulsed electric discharge in the liquid is accompanied by a sharp increase in pressure (up to 100-
200 MPa), the influence of strong electromagnetic and acoustic fields, cavitations, which creates a
powerful flow of fluid that converges and diverges, a sharp increase in temperature, and so on. The
electrical discharge, in fact, the explosion in the aqueous phase causes complex physical and
chemical processes in it, which leads to the decomposition of organic impurities present in sewage,
the improvement of the coagulation of colloidal and suspended matter, the deposition of
suspensions and chemical compounds.

Determination of the concentration of general Chromium, Zinc and Cuprum in sewage was

carried out using a photocolorimetric method (table 1).
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Some results of the analysis are presented in the tables 2, 3.

Table 1
Contents of heavy metal ions in the wastewater
Cré*+Cr, Zn*, Cu®,
pH Color
mg/I mg/l mg/I
6,0 light yellow 4,687 0,06 5,280
Table 2
The results of the treatment with the specific energy processing 130 kJ/I
Cro*+Cr¥*, | ZnZ, Cu®,
pH Color
mg/l mg/I mg/l
Before the treatment 6,0 light yellow 4,687 0,06 5,280
After the treatment 7,1 without color 0,048 0 1,455
Table 3
The efficiency of the galvanic wastewater treatment by changing the specific energy of processing
The concentration of the ions of heavy
Wspec,
Neo Wl metals, mg/I pH Color
Zn?* Cro*+Cr3* Cu®*
Before the )
0 0,26 1,27 0,06 7,448 light yellow
treatment
1 130 0 0,0002 0,003 7,336 without color
2 65 0,028 0,0023 0,01 8,189 without color

It is practical to achieve the degree of purification of the galvanic wastewater is characterized
by such excessive concentrations of heavy metals:

Zn?* — completely removed (less than 0,001 mg/l), do not need further purification;

Cr®* + Cr¥* — up to 0,0002 mg/l, do not need further purification;

Cu?* — up to 0,003 mg/l, conditions that the concentration can be reduced to 0,001 mg/l with
increasing specific energy processing

The results of the experimental data show that purification of galvanic wastewater from heavy
metals to the norms of the MPC by electro spark method is quite possible. This method has a high

degree of effectiveness purification and prospects for technological implementation.

129



WATER SUPPLY AND WASTEWATER DISPOSAL

WASHING WATER AND SEDIMENT
OF WATER PURIFICATION PLANTS PROCESSING

K. Sorokina

O. M. Beketov National University of Urban Economy in Kharkiv, Kharkiv, Ukraine

At water purification plants intended for surface water sources cleaning, pollutants are
concentrated in the following types of drains: sediment and washing water in the clarifying system
and washing water in the filtration system. Disposal these sediment and washing water in the
reservoir leads to their re-pollution which results is the rivers silting, environmental pollution,
irrational water consumption, and the complication of the water purification. Sediment disposal in
the storage unit is also not a solution of recycling disposal of water supply stations.

One of the ways to solve this problem is the development of technical methods to reduce the
volume of sediment and washing water that are formed and prevent their disposal in the reservoir
utilizing. It is necessary to take into account the quality of water sources and, as a consequence, the
properties of sediment.

The aim of the work is to offer a drainless technological scheme of water purification
plants. The drainless scheme is a water purification one in which the volume of wastewater
discharged after the main technological scheme of water treatment is reduced to zero, or to such
values, which are not taken into account, due to their insignificant amount.

To achieve this goal, the following tasks are set:

— analysis of the composition and properties of sediments that are formed during the
purification of low-turbidity colored waters;

— the choice of techniques and equipment for the treatment of sediment and washing water
of clarifying and discoloration water of water purification plants;

— assessment of the practical results of the implementation of technical solutions.

The main components of the sediment are products of hydrolysis of coagulants and mineral
and organic contamination contained in the source water. The sediment formed during the
purification of low-turbidity colored waters characterize sufficiently high humidity (up to 99 %), the
content of organic matter (58-63 % by weight of dry matter) and colloidal hydroxides (20-45 %),
low water-purifying properties (specific resistance of filtration (800-1600) - 10° c¢m/g) compared
with sediments of high turbidity waters.

For processing of washing water and sediment at water purification plants, a technological

scheme can be offered, which includes the following steps:
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— the washing water is collected in the tanks. To prevent the separation of wastewater from
the fraction, in order to average them continuously in the tanks, electromechanical mixers must be
provided;

— washing water is fed on thickening to centrifugal decanter. Universal condensing decanter
has an intermediate structure between decanters and centrifuges and therefore can operate in two
modes: thickening or dewatering. Decanters are equipped with loading and unloading devices,
automated control and control systems, breathing outlets for the removal of smells outside the
premises, as well as a separate input for the introduction of flocculants in their mode of operation.
The efficiency of the solid phase separation when sealing the suspensions and the mechanical
dewatering of sediment after treatment with the flocculants increases;

— to prepare the flocculation solution it is necessary to provide installation with dosing
pumps with systems of technological binding and controlling. The loading of the granular
flocculation into the liquid polymerization station is carried out by vacuum devices;

— after the decanter the clarified water is fed in the reservoir of clarified water but the
thickened sediment (concentrate) into the reservoir of the thickened sediment. The thickened
sediment tank is equipped with a device for mixing the sediment;

— the clarified water is fed to the settling;

— the compacted sludge is fed to centrifuge for unwatering with a preliminary treatment with
a solution of flocculant.

Given that in this case there are two fluids with completely different physical and chemical
properties of substances (washing water and thickened sediment) and with different dosages of
flocculant, it is necessary to use two independent units of preparation and dosage of flocculants;

— unwatered sediment can be used as a component of the raw material mixture for the
production of bricks instead of clay or as fertilizers in forest nurseries and forest plantations in order
to increase the soil fertility.

The implementation of the drainless scheme will achieve the following practical results:

—to exclude the dumping of technological contaminants in water objects;

— to prevent environmental pollution and pollution of water supply sources;

— to use as much as possible the water of the source by processing and returning the clarified
technological water to the plumbing station;

— to prevent silting of mixers and structures of settling as a result of the return of washing
water;

—to improve the efficiency of treatment facilities, reduce the cost of reagents;

—to ensure the disposal of waste.
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INFORMATION SUPPORT FOR RECONSTRUCTION OF WATER TREATMENT
PLANTS OF THE UKRAINIAN-POLISH HYDROLOGICAL NETWORK
IN LVIV REGION

V. Mokryy?, I. Kazymyral, I. Petrushka?!, R. Grechanyk?, T. Grechuh?, A. Piatova*
!Lviv Polytechnic National University, Lviv, Ukraine
2Department of Ecology and Natural Resources of Lviv Regional State Administration, Ukraine
3lvan Franko Lviv National University, Lviv, Ukraine
“*National Technical University of Ukraine “I. Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine
e-mail: mokriy@ukr.net

The intergovernmental relations of Ukraine and Poland in the field of regional nature
management determine the priorities of joint environmental quality management, the degree of
anthropogenic impact on the border territories, ensuring the environmental safety of the areas
located on the border with the European Union.

The relevance of the research is obvious. It is substantiated by the environmental and
operational problems existing in the network of sewage treatment plants in the border areas. The
ecological safety of surface waters of the Ukrainian-Polish hydrological network is determined by
the quality of surface waters of the boundary rivers. Transboundary pollution of surface waters is
determined by several interrelated factors: inefficient operation of sewage treatment plants,
pollution of soil and atmosphere, change of landscape structure and man-made congestion of the
territory, lack of water protection zones and coast-protective zones. This type of pollution is one
more manifestation of the ecological interdependence of the countries and needs the development of
global cooperation on many environmental issues.

The research methodology allows identifying the environmental, economic and technological
causes and effects of transboundary water pollution, and that improves the effectiveness of the
selection of proposals to remedy environmental problems and makes research constructive. The
synthesis of ecological-cartographic models of hydrological ecosystems was realized using modern
GIS technologies, namely MapInfo Professional geographical information system.

The results of the studies concern the analysis of the current state of water resources
management of the Ukrainian-Polish hydrological network within Lviv region and substantiation of
the need for reconstruction of water treatment facilities in order to reduce the negative trends in the
ecological situation in the transboundary basin.

Transboundary environmental safety is at risk due to the environmental pollution that occurs

outside the jurisdiction or control of a country that engages in activities that cause transboundary
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damage. The process of transboundary contamination includes three phases: the release of the
pollutant into the environment; the transfer of the pollutant across the state border; the interaction of
the pollutant with the environmental objects of the another state or the natural environment outside
the national jurisdiction.

Results of the executed research work, algorithms, methods and technologies of the ecological
monitoring, are presented as thematic GIS-models. Hydrological network is characterized by
relatively dense net of plain rivers and meliorative chains, by insignificant number of lakes and
significant number of artificial reservoirs with various functionality, by small areas of wetlands.
The ecological and cartographic models of ukrainian-polish hydrological network, roadnet, man-
made change of soil of biosphere reserve “Roztochya” are synthesized by GIS tools.

The discharge of insufficiently treated wastewater from treatment facilities is carried out in
the basins of transboundary rivers (Sian, Western Bug). Surface waters currently belong to one of
the most polluted natural resources. The preliminary ecological and economic analysis of the
reconstruction costs of water treatment facilities has been carried out. Such reconstruction need to
be implemented in order the quality of the sewage that has been treated and discharged into the
rivers to match to the current requirements of the European Union.

The ecological and economic losses from the activity of enterprises or industries, which takes
place in the border area, can be also attributed to the environmental problems of nature management
in the border territories. In addition, the waste from industries not located in the border area but
which may cause damage to that areas also are transboundary pollution. Any contamination in the
area under the jurisdiction of a state caused by an activity which physical source is located wholly
or partly within the area under the jurisdiction of the other state is considered as transboundary.

The system of ecological and economic relations between management bodies and water
users that arise in the process of formation, distribution and use of water resources of the Ukrainian-
Polish hydrological network of Lviv region is investigated. The indicators of surface water quality,
the level of anthropogenic load on the river basins of the Western Bug and Xiang, measures of
stabilization and improvement of ecological status of transboundary rivers are analyzed.

Conclusions and prospects for further studies include the creation of an information-analytical
system for monitoring the surface waters of the Ukrainian-Polish hydrological network in Lviv
region. Sewage treatment plants located in the transboundary territories of the Western Bug and
Sian River basins and their equipment need reconstruction which foresees: execution of a working
project, construction works; supply, installation, start-up and adjustment work; commissioning of

new equipment, instruments and measuring tools; operator training.
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E®EKTUBHICTH OUHUIIIEHHS TA CAMOPEI'EHEPAIIIT
IHOLIbTPAIIMHUX BACEVHIB

O. A. Tkauyk, S1. B. SIpyra

HarmionansHuii yHIBEpCUTET BOJHOTO FOCIOAAPCTBA Ta MPUPOJAOKOPHUCTYBaHHS, M. PiBHe, YkpaiHa

ATMocdepHi onaay y BUIIIAI IOILY 1 CHITY, @ TAKOXK MOJIMBO-MHUIOY1 BOH, Ha ypOaHi30BaHUX
TEPUTOPISIX YTBOPIOIOTH MOBEPXHEBUH CTIK, SKUW € OJHUM 3 HAHOUIBIINX 3a0pyIHIOBAYIB BOJHHUX
€KOCHCTEeM 3aBUCIMMH PEUOBHHAMH, OpPraHIYHUMHU CIIOTYKaMu, Ha(QTONPOIYKTaMHU, BaKKUMHU
MeTaJlaMH Ta 1HITUMH CIIOJTYKaMHU.

JIOIIOBI CTOKM TaKOX HAHOCATH IIKOAY MICBKUM TEPUTOPISM, OCOOJIMBO MPH 3aCTOCYBaHHI
3araJbHOCIUIABHOI CHCTEMHU BOJIOBiABEeAeHHA. [Ipu momax BenuKoi IHTEHCUBHOCTI YaCTHMHA MEpPexi
Mpalio€ y HAMIPHOMY PEXHUMIi, IO YacTO MPHU3BOAUTH JI0 3aTOIJICHHS TEPUTOPIid, 30KkpeMa, yepes
JIOUIONpUHAMANIbHI Ta OTJISIIOBI Konoassi. Tomy, BaXKIMBUM € 3MEHIIEHHS HE TUIBKH PIBHS
3a0pyJHEHHS MTOBEPXHEBOTO CTOKY, alle i «IIKOBHUX» HAaBaHTA)XCHb HA BOJIOBIIBITHI MEPEXKI.

Bupimenssm mux mpo6ieM Mo)ke OyTH BIIAIITYBaHHS 1H(IIbTpAIiiHIX OaceiiHiB Ha MiCHKHX
TEPUTOPISAX, AKI CTaHYTh BAXJIMBUMH €JIEMEHTaMH HE TUIBKM CHCTEM BOJOBIJBEICHHS, aie M
OylaroycTporo ypOaHI30BaHUX TEPHUTOPIA Ta iXHIX eKocucTeM. BOHHM 103BOJISIIOTH MPOBOJUTH
peryoBaHHS JOHNIOBOTO CTOKY NUISXOM KHOTO THMYacOBOTO 3aTPUMaHHS, 3MEHIIYIOUM UM
HaBaHTaXEHHS Ha BOJOBIJIBIJIHI KOJEKTOPH, @ TAKOK OUMIIYBAaTH ITOBEPXHEB1 BOAM BiJl 3aBUCIIUX Ta
MiHEepalbHUX PEUOBHH, HAYTOMPOIYKTIB TOLIO.

[TpoBeneni mociiKEHHs MOKa3ai, 10 MOTJIWHAIbHA 3/aTHICTh 1HOUIBTpAIIHHUX OaceiHiB
3alIeXXHUTh, B OCHOBHOMY, BiJl (PUIbTpalliifHUX BIACTUBOCTEN BEPXHBOTO LIapy WOTO 3aBaHTAKEHHS.
Jns  Bu3HaueHHs (iAbTpaliifHOI, BOJONPOHUKHOI Ta PEreHEepyUoi 3JaTHOCTI BEPXHBOTO
POCITUHHOTO IIapy 3 PO3BUHEHOI KOPEHEBOIO CHCTEMOIO OYs0 BimiOpaHo m’sATh oro 3paskiB. Ha
KOXeH 13 HUX npoTsaroM 20-30 XBWIMH (cepelHsl TPUBAIICTh JIOILY) MOAaBalld BOAY, 3a0pyIdHEHY
MOBEPXHEBUM 0Ca/loM 3 KoHIeHTparieto 1,5 r/n. el ocan HamepenonHi 30upanu Ha y3014usix
BYJUIb M. PIBHOTO y MiclIIX THMYacOBOI0 HaKOMUYEHHS No1OBUX Boj. Ili3Hille, 3 iHTEpBajIOM y
Kilbka 110, Ui KOXXHOTO 3pa3ka 3 [MOJa4yel0 YHUCTOI BOJIW BH3HAYAIM BOJOMPOHHUKHICTH 1
koedimienTu dumpTparii. OniHKY e(pEeKTHBHOCTI 3aTpUMaHHS 3a0pyAHEHb JOMIOBOTO CTOKY B
iH}UTBTpaIiiHUX OaceiHaxX MPOBOJMUIIN HA OCHOBI aHaJi31B HOT0 SIKOCTI. AHANI3U SKOCTI JOIIOBOI
BOAM /O 1 micag il OYMCTKH Yy BEPXHIX POCIMHHHMX IIapax 3aBaHTaKEHHS IPOBOAWIH 32
CTaHJApTHUMU METOAMKaMU y crerianizoBanux sadoparopisx (HYBITI ta JIYV «PiBHEHCHKHIA

obnacHuii mabopatopuuii neHTp MO3 Ykpainny).
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Pesynbratn mochimkeHs 3MiHM Koe(imieHTIB (QinbTpalii BEpXHIX MIapiB 3aBaHTAKCHHS
HaBeJleH1 y Tabm. 1, a MOKa3HHUKU SIKOCTI JIOMIOBOTO CTOKY — y TabII. 2.
Taoauna 1
3BeaeHa TabauI 3MiHN KoediieHTiB (GiTbTpallii BEpXHiX MIapiB 3aBaHTAXKEHHS

MIpH MOTJIMHAHHI 3a0pyIHEHOTO JI0IIIOBOTO CTOKY

Koedimientn dinprpamii Ky, cM/XB
Ne 3paska Jlo kona- icns ITicnst mpUPOJHBOTO BiJJHOBIEHHS
Tani KoMbMa-TalLii qe;’jgy ! “e;’:gy 2| uepes 61106y uepes 7 16
1 7,18 1,72 2,35 3,00 3,45 3,79
2 0,77 0,63 1,32 1,62 1,93 2,28
3 4,45 2,22 - 3,12 4,06 4,54
4 5,22 2,05 - 2,79 3,15 3,55
5 - 1,50 1,56 2,19 3,4 3,26
Cp.3H. 4,41 1,62 1,74 2,54 3,20 3,48

Tabnauus 2
PesynbraT BU3HaYeHHS TIOKa3HUKIB SIKOCTI JIOIIOBOI BOJH JI0 Ta micis (GiipTparii

Yyepe3 BepXHi Iapy 3aBaHTaXEHHS 1HQIbTpaliiiHoro 6aceiiny

|, | BCKs | XCK e O ol
3paska me/om® Mz O/on™ | e Ozfom me/om® MZ/()Ms’ me 02/(),M3
Jo ¢inprpanii
1 356 3,6 170 <0,3 3,6 36 6,7
2 231 3,5 100 <0,3 3,5 76 7,1
3 324 3,2 130 <0,3 3,2 66 7,3
[icns ¢inprpamii
1 110 2,3 370* <0,3 2,4 36 6,95
2 26,8 2,2 375* <0,3 2,3 40 7,0
3 49 2,4 375* <0,3 2,5 32 6,85
TToka3uuky sikocTi ounmeHoi ctigHoi Boau 3a JICTY 8691:2016
- | 50100 | 2025 | 6090 | 12 | - | - | -

* BHeCEHHS XIMIYHHX ﬂ06aBOK qn HGCTI/IHI/IﬂiB JUIA TIOKpAalI€HHS POCTY POCIMHHOIO HIapy HETaTUBHO BILJIMBA€

Ha SIKICTB JOIIOBOTO CTOKY.

[IpoBeneHi po3paxyHKH 1 JOCHIPKEHHS MOKa3ylOTh, L0 3aCTOCYBAHHS 1H(MUIBTpaLIHHUX
OaceiiHiB Ha ypOaHiI30BaHUX TEPUTOPISAX, JO3BOJIUTH HE TUIBKHM PETYIIOBATH JOIIOBHHA CTIK, ane i
3aTpUMyBaTH 3a0pyIHEHHs NMpH HOro QuIbTpyBaHHI yepe3 BepXHi pocnuHHI mapu. Llei mporec e
[UKITIYHAM CaMOPETYJTIOBATBHUM: KOJbMATallisi — pereHeparis. [lpu mpomy 3aBIsKu TpUPOIHUM
BJIACTUBOCTSM IOIVIMHAJbHA 3/1aTHICTh TUIIOBOI'O POCIMHHOIO ILIapy 3 PO3BHHEHOI KOPEHEBOIO
CHCTEMOIO BIJHOBIIIOETHCS MPAKTUYHO IMOBHICTIO 3a 6-7 mi0 MiKAomoBoro mnepiony (edekr
BiJIHOBJICHHS JJIsi OLIBIIOCTI 3pa3kiB craHoBUB 50-120%, a mmst 3paska Ne 2, mo mMaB HalimMeHIe

3HaYeHHS MOYaTKOBOro KoediuienTta ginbrpanii, monaa 200%).
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HABJIMKEHHS PEI'YJIIOBAHHSA CKUJAHHA 3ABPY ITHIOIOYHNX PEYOBHUH
I3 CTIYMHUMHU BOJAMMU 1O BUMOI €C

B. I. Yoepman?, JI. A. BacbkoBenn’
! NlepxaBHa HaykoBa ycTaHOBa «YKpaiHCHKMIA HAYKOBO-IOCITi THUI iHCTHTYT €KOJIOTiUHHIX

npo6rnem», 2 HTY «XapkiBchkuil moniTeXHiunmii incTuTyT», Xapkis, Ykpaina

[{i11bOBI MOKAa3HMKM Ul PO3POOJIEHHS Ta €KCIUIyaTallii CHCTEM MICBKOIO Ta IPOMHCIOBOTO
BOJIOBIJIBE/ICHHS BU3HAYAIOTHCS HA MIJCTaBl 3aKOHOJABYMX BHMMOT JIO CKUJAHHS 3a0pYAHIOIOUMX
peuoBuH (3P) i3 cTiuHMMEH BomaMH y BOAHI 00’€KTH. Y POOOTI JTOCTIKYIOTHCS 3aKOHOJABYI,
HOPMAaTHBHO-TEXHIYHI Ta HOPMAaTHBHO-METOAWYHI 3aCOOM PETYIIOBAHHS CKHUIAHHS 3a0pyTHIOIOUMX
peuoBuH (PC3P) 3 ToukoBUX kepen y MOBepXHEBI BoAM B YKpaiHi Ta B €Bponeiickkomy Corosi
(€C). KiHmeporw METOW JOCTIDKEHHS € PO3pOOJICHHS MPOMO3MINN MO0 1HXXEHEPHO-TEXHIYHOT
KOHKpETH3allil 3MiCTy, 00CATY, TOCIIITOBHOCTI 3aBAaHb Ta BUMOT 3 MPUBEACHHS €KOJIOTO-TIPABOBOTO
iHctutyTy PC3P BOHOTO 3aKOHOIaBCTBA YKpAiHU Y BIAMOBITHICTH A0 €KOJOTTYHOTO 3aKOHOJABCTBA
€C.

1. 3a Boanum koxmexkcom VYkpainm (BKY) y cyuacHomy cknani iHctpymentiB PC3P

HalBaXITMBIIIUM € HOpMaTHBU rpaHudHo Jornyctumoro ckuianus (I'JIC) 3P i3 3BopoTHOIO BOMIOMO.
HopmatuBamu I'JIC Bu3HauaeTbesi Oe3nocepenHill BIUIMB HAa CTaH BOJHUX OO’€KTIB BHACIIIOK
CIELiaJIbHOTO BOJIOKOPUCTYBAHHS, 30KpEMa, 13 CTIYHOIO BOAOK 3 O4MCHHUX cropynd. LlumboBi Ta
KpUTeplaJibHI BUMOTH [0 BUKOPUCTAHHS 3a3HAUEHOIO IHCTPYMEHTY HaBOJATBHCS Yy MiA3aKOHHUX
aKTax, a TaKOX Yy 3arajbHOJICP)KAaBHUX Ta Taly3eBUX HOPMATHUBHO-TEXHIYHUX JOKyMeHTax. Lli
JOKYMEHTH MAaroTh YMCJICHHI HEJONIKM Ta HEBIAMOBIIHOCTI 3aKOHOJABYMM BHMOTaM Ta HAayKOBO-
TEXHIYHUM TpUHIHNAM. 30KpeMa, 3HAUHUM, a 1HOA1 ¥ BU3HAYAIBHUM, HE3aKOHHUN 1 HEOMYyCTUMUN
BIUIUB HAa PETYIIOBAHHS SKOCTI BOJA UYMHHUTHCS 3 OOKy «IIpaBMi OXOpOHHM MOBEPXHEBUX BOJ BiJ
3a0pynHeHHs 3BOpOTHMMHU Boaamu» 1999 p. (IlpaBuna) Ta cyro METOJUYHOTO JIOKYMEHTa 3
HOpMyBaHHsI ckugaHHs 3P: «lHCTpyKuii Mpo MOpAIOK PpO3POOKH Ta 3aTBEPIKEHHS TPaAHUYHO
nomyctumux ckugiiB (I'JIC) peuoBuH y BojHI 00'€KTH 13 3BOPOTHUMH BogaMu» 1994 p. (IHcTpykitis).
Heszpaxaroun Ha Te, mo [HcTpykuis, sika 3a yacom cTBopeHHs nepeayBaia BKY, rpyHTyerscs Ha
KOHIIEMISIX COLIANICTUYHOT €KOHOMIKM Ta OXOpOHM BOJA 1 € BKpail 3actapiyoro. Bona ¥ Hapasi
3aIMIIAeThCsl YMHHOIO. KopuctyBaHHS I[HCTpyKIi€0 NMpPU3BOAWTH JIO BCTAHOBJICHHS Jep)KaBHUX
nopmatusiB ['JIC 3P 3a He3akOHHUMH Ta 1H)XEHEPHO XHOHUMHU BUMOTaMu. I 01061010 pe2ynioouoro
eumoczor I'JIC cnio esaricamu neo0Xionicmo 3meHueHHA Konyenmpauyii 3P y cmiuniit 600i npomu
icHytouozo ¢hakmuunozo piensa. Ilpu upomy IlpaBuna ta IHCTpPyKIiST HE BpPaxoOBYIOTh peasIbHI
BJIACTHBOCTI ICHYIOUMX CHCTEM BOJIOBIJIBEICHHS, OCOOIMBOCTI iX MPOEKTYBAHHS Ta BUKOPUCTAHHS, a
came: ITHOPYIOTh Hepe2ynboeaHicmo (b0 00OMedHceHy PecynboaHiCmb) OYUCHUX CROPYO ICHYIOUUX
YKPainCcbKux 6000Kopucmyeayie. 3a HEBEIUKUM BUKIIOUEHHAM OUIBILIICTh TAKUX CHOPYX 30yJ0BaHa
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3a 3aCTapUIMMHU MTPOEKTaMH, OaraTo poKiB eKCIUTyaTyBasiacs 3 (PIKCOBAaHMMHM Ta 3 TIOTIPIICHUMHU TTPOTH
MIPOEKTHUX XapakTepucTukamu. 3a JokymeHrtauiero [JIC 3a3HaueHy peryio4yy BHUMOTY
BUMAraeThcs 3MA1MCHIOBATH (B MEXaxX CTPOKY il J03BOJly Ha CIEIlialibHE BOJIOKOPHCTYBAHHS,
3a3BHYail, 3 pPOKM) LUISIXOM CTBOPEHHS JOJATKOBHX JAHOK OYHINEHHS B CHCTEMI KaHai3amii
BOJIOKOpUCTYBaua ab0 PEKOHCTPYKIli OocTaHHBOI. JIOCBiA Ta aHali3 CBiqYaTh, IO Taka BUMOTA HE
BUKOHY€ETHCS JKOJHUM CIELBOJOKOPUCTYBaueM YKpaiHH, IO 3HUIIYE e(eKT peryJioBaHHS.
['onoBHMMM TIpUYMHAMHU €: BIJICYTHICTh BUIBHOI TEPUTOPIi Ta HEOOXIAHHMX pPeCcypciB, HETOCTATHS
BUMOTJIMBICTh KOHTPOJIIOIOUMX OPraHiB, a TaKOX JIOCI ICHYIOUYHA Yy CYCHUIBCTBI TPIOPUTET
rocrojapchKkoi aisuibHOCTI. [lof0ManHs 3a3Ha4eHOro NPOTUPIYYsS MOKIMBE BHACIHIOK MEPEXOY 10
eBponeicbkoi cucremu PC3P.

2. Immuiemenranist inctuTyTy PC3P dupextusu 2000/60/EC (BPJ] €C) mae 3niiicHIO€ThCS 32
JIBOMa TOJIOBHUMH HAmpsSMKaMd CTOCOBHO HAMOLIbII MOMIMPEHUX BUIIB TOYKOBUX kepen 3P:
HEHTPATI30BaHUX MICBKHX Ta IPOMHUCIOBHX KaHaji3amid. BuMmorm momao mepmoro HampsMKy
BuknageHo y JwupektuBi Ne 91/271/€EC, a mo apyroro — y JwupektuBi 2010/75/€C Ta B
Immnemenraniitnomy Pimenni Kowicii (€C) 2018/1147. 3a BPJ] €C romoBHuM MexaHI3MOM
peamizarii PC3P € KOMOIHOBaHWIA MiaXiJ, SIKUH TPYHTYETbCS HA HAUKPAWUX OOCHYRHUX
mexnonoziax (H/AT) ouuwenna (ronoBHuil iHCTpyMeHT) abo Ha BignoBinHux HopmartuBax [J[C.
VYKpaiHChKi TEXHIYHI 3aCO0M OYMCTKH JJIS1 EPIIOro HANpsAMY € JOCTaTHbO OJU3bKUMHU J10 BUMoOT €C
sk 3a HAT, tak 1 3a I'ZIC. Hapasi HaiiOinbIe 3HaUY€HHS MalOTh €KOJIOTO-TPaBOBI Ta 1HKEHEPHO-
texHiuHl Bumoru a0 HJT i1 mpomuciaoBuX BOJOKOpUCTYBauiB. J[md peanizauii TakMx BUMOI B
VYkpaiHi NpONOHYIOThCS HACTYIHI 3axoiu: 1) HeBiakiagHe ekaouenna y BKY nowammsa ma
exonozo-npasosux kpumepiie H/IT ouuwenna cmiunux 00 sk epextuBHoro iHcrpymenty PC3P;
2) CTBOPEHHS MiJ[3aKOHHUX aKTiB IIOJ0 HOPAOKY usHauenHs, peecmpauii i euxopucmannsn H/IT
OYMIICHHS CTIYHMX BOJX Y MICBKOMY Ta TIPOMHCIOBOMY BOJOKOPUCTYBaHHI; PO3POOJICHHS
HOPMAaTHBHO-TEXHIYHUX JIOKYMEHTIB 1iof0 TexHiuHux Bumor no H/T; 3) 3ampoBamxeHHs,
eKCIUTyaTalliiHe MATPUMAHHS Ta PO3BUTOK  cucmemu  iHgopmauiiinozo 3abde3neueHHs
nayionanvnoi cucmemu HJ]T, 0B’ s13aHOT 3 €BPONEHCHKUMH KEPIBHUMHU TEXHIYHUMU JDKEpETaMU Ta
BKJIIouarouoi neprkaBHuil peectp HAT y chepi ouniieHHs CTIYHUX BOJL.

BucHoBku. 3anpomnoHOBaHO KOMIUIEKC €KOJIOTO-TIPABOBUX 3aXOJiB Ui  HAOIMKEHHS
ykpaincekoro migiHcTuTyTy PC3P 1o exonoriynoro 3akoHomaBctBa €C, a TakoX CTPYKTYpY
HOPMAaTHBHO-TEXHIYHOI Ta HOPMAaTHBHO-METOAWYHOI Oa3u. Bu3HadeHO HampsMU I1H)XXEHEPHO-
TEXHIYHOI KOHKpeTH3allii 3MICTy, OOCATYy, TIOCTIOBHOCTI BIAMOBITHUX 3aBJAaHb Ta BUMOT.
HaiiBaxxmuBilIuM eTarnoM € CTBOpeHHS HamioHaidbHOi cuctemMu HJIT oumieHHs CTIYHMX BOJ,

IHTETPOBAHOI y BIAMOBIAHI €BPONEUCHK] CTPYKTYPH.
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JECYJb®YPU3ALISA MIPOMUCJIOBUX BOJHO-JT1YKHUX PO3YHUHIB TA
OTPUMAHHA HOBUX IIJTACTHYHHUX MACTHWJI
0. C. Xynosiposal, O. A. l'opaicako?, A. B. Baaxko!, T. I. [Tanuenko?, A. I1. Pancbkuii?
IBinHMIBKMi Jep’KaBHUHM TIeAaroriyHui yHiBepcuTeT iMeHi Muxaiina KoiroOuHChKOTO,
M. Binnuns, Ykpaina

’BiHHUIBKHUI HAIIOHATBHIH TEXHiTHIIH VHIBEpcUTET, M. Binawuis, Ykpaina

3a0pyaHEeHHs] HaBKOJMIIHBOTO CEpPEJOBHINA TBEPAMMH IPOMHUCIOBUMHU BiIXOJaMHU Ta
CTIYHMMH BOJAMH XIMIYHOI, KOKCOXiIMi4HOI, HadTorepepoOHOi, TipHUIOJO0YBHOI Ta MeETamyp-
TifHOT MPOMUCIIOBOCTI CKJIaZia€ 3HAYHE HABAHTA)KEHHS Ha JOBKULIA. Lle moB’s3aHO 3 HAsSBHICTIO B
iX CKJali TOKCHMYHHUX Ta BUCOKOTOKCHUYHHX XIMIYHUX CHONYK — CyibQiIiB, Tiapocynb]imis,
MEpKaNTaHiB Ta TaJOr€HBMICHUX OPraHIYHMX CIONYK, a TaKOX BAXXKUX METaJiB 13 HU3bKUMU
3HaueHHsamu [ /K.

CynbshypBMICHI CTiYHI BOJU LiJOi HU3KU XIMIYHUX MPOMHCIOBUX BUPOOHMIITB, SIK MPABHIIO,
MiJUISraloTh HEeHUTpamizauii JTy:>KHUMHU po3unHamu. Tak, yTuii3aliio BiANpanbOBaHUX CYIb(hiTHO-
TY)KHUX PO3YHMHIB OYHINEHHS CUPOi HADTH BiF CyIb(QYpBMICHUX CIONYK MPOBOJISATH MIISXOM iX
peareHTHOI B3aeMO/Ii1 3a 3arajJbHOI0 CXEMOIO:

NaHS + NaOH — NayS + H20

NazS + (x-1)S — NaxSy

NaxSx+ CuSOs — CuSx + NaxSOg4, x = 2-5

[Monicynedin xkynpymy CuSyx, 110 MpU IBOMY YTBOPIOETHCS, MOKE BUKOPHUCTOBYBATHUCH SIK
CKJIaJIOBa KOMIIOHEHTa BUCOKOTEMIIEPATYPHUX KOHCHCTEHTHHUX MACTHJI Y BHCOKOHABAaHTKEHUX
napax TepTs.

AHani3 OCTaHHIX MOCHI/DKeHb 1 MyOmiKaIii mokasas, II0 CyMiCHA mepepoOKa Ta yTHIIi3allis
BIIXOAIB TPOMHCIOBUX TPOMHBHUX BOJ| TalbBAHIYHOTO BHUPOOHUIITBA 1 BUCOKOTOKCHYHUX
BIJIIPAllbOBAHUX CYIb(IAHO-TYKHUX PO3YMHIB HadTOnmepepoOHUX 3aBOJIIB, AKI HAKOMHYEHI B
3HaYHUX KUIBKOCTSX B YKpaiHi, JacTb 3MOTY BHJIYYUTH LIHHI XiMi4HI CHOJYKH, TOBTOPHO iX
BUKOPUCTOBYBAaTH Ta CYTTEBO MOKPAIIUTH E€KOJIOTIYHUI CTaH JOBKIIA B MICHAX iX 30epiraHHs.
Bunineni nonicynsdinu kynpymy (II) MoxxyTs Oyt e(eKTHUBHO BUKOPUCTAHI K JOJATKU Y CKJIaIl
HOBUX KapOOH-CYJIb(QYyPBMICHUX TUIACTUYHUX MACTHIL.

Tak, A7 BUCOKOHABAaHTa)KEHUX BY3JIIB TEPTs CydyaCHHMX MAIIMH Ta MEXaHI3MIB XapaKTepHi
pO3MIUPEHI BUCOKOTEMIIEPATYPHI [lalma30HM eKCIuTyaTallli, 301IbIIeHHS iX KOHTAaKTHHX Ta
BiOpaliifHNX HaBaHTaXeHb. KpiM TOro, miacTu4Hi MacTujia BUKOPUCTOBYIOTH B By3Jax TEPTs, IO

MPAIIOI0Th B TIMOOKOMY BaKyyMi, B OKHCHO-BIJHOBHHX Ta30BHX CEPEIOBUINAX, B KOHTAKTI 3
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BOJIOI0, TIPHM JKOPCTKOMY pajialliiHOMy ONPOMIHEHHI 1 B 0araTh0X 1HIIMX CHenu(IIHUX yMOBax
excruryaTarii. UucenbHi yMOBHM eKCIUTyaTalli BHMararoTh pPO3pOOKHM 1 BHUKOPHCTAHHSA BEIHKOI
KUTBKOCTI CIIeliadbHUX IUIACTHYHUX MACTHII, IO PI3HATHCS K 33 CKJIAJIOM, TaK 1 3a MPU3HAYCHHSIM
Ta eKCIUTyaTallliHUMH XapaKTepUCTHKAMHU.

Ha cporogni Benmukuii 00’€M MNPHUKIAJHUX JOCHIPKEHb IMOSICHIOE 3B'I30K OTPUMaHUX
eKCIIepUMEHTAIBHAX MarepiaiiB 3 OyJOBOIO CTPYKTYPHOTO Kapkaca IUIaCTUYHMX MAacTWi, iX
PEOJIOTIYHMMH Ta eKCIUTyaTallliHUMH XapaKTEePUCTHKAaMHU, (PI3UKO-XIMIYHUMH BJIACTHBOCTSIMU
JTUCTIEPCIHHOTO CcepelioBUIlla Ta aucnepcHuX ¢a3. ExcruryaraiiliHi XapaKTepUCTHUKH TUTACTUYHHIX
MacCTHJI MO’KHA CYTTEBO MOKPAIIUTH 32 PAXYHOK BBEACHHS JI0 iX CKJIaAy (DYHKI[IOHAIBHUX JI0AATKIB
(mpoTH3HOILITYBAILHUX, IPOTU3aIUPHUX ), HATIOBHIOBAYIB.

Hamu onepsxani HOBI kKapOOH-Cy/IbQYpBMICHI TUTACTUYHI MacTHJIA, a TAKOX TOCIIDKEHI iX
TpUOOJIOTIYHI BJIACTUBOCTI B Mapax TEPTsS BaJKOBUX YOTHUPHUPSIHHUX IMIIMUIHMKIB. SIK KapOOH-
BMIiCHA CKJIaJIOBa JIOCIII/KCHA pEereHepoBaHa CyMilll COPOCHTIB (aKTUBOBAHE BYT/UIS 1 Ki3eJIbryp), a
K cynbdypBmicHa ckiagoBa — modicynbdin kynpymy (1) CuSx (x = 2-5), mo e mpomaykTom
peareHTHOI Jecynb(ypusaiii BiIIpalbOBAaHUX JIY)KHHX PpO3YMHIB OUMIICHHS HadTH Ta
Ha(TOMPOAYKTIB 32 3aTaTBHOI0 CXEMOIO:

NazS + nS + CuAnz — CuSp+1 +2NaAn, n=2-5.

KpiMm 1nporo, sk CkigaJoBi po3poOJeHUX IUIACTUYHUX MAaCTUI BHKOPHCTOBYBAIHCH
OopopraniuHa crionyka («bopany), ingycrpianpHa onuBa [-20A Ta MacTuio yHiBepcanpHe 1-13.

Bumnpo6yBanus npoBogwinck Ha TOB «buonor» (M. XepcoH, YkpaiHa) B 11exy nepepoOKu
BTOPUHHOI TONIMEpPHOI CcHpoBHHH, a came Ha Bambisx CM-IT/1 1500 660/660 JI.M1. Ilpu
BUNPOOYBAHHIX MOPIBHIOBAIM HAaBaHTAXyBallbHI Ta TEMIIEPaTypHI XapakTEPUCTUKHU BY3Ja TEPTS
npu BukopuctanHi coniony (OCT 1033-79) ta po3pobnenux kapOoH-Cynb(ypBMICHUX MIacTUY-
HUX MacTwiI. EKcrutyaTamiifHi TOCTi/DKEHHS 1map TePTs MOKa3ajH, [0 BUKOPHCTAaHHS, HAPUKIIA,
COJIIIONly MOXJIMBE JIUINE 3a TemIeparyp, Aki He mnepeBuuytots 50-60 °C, Tomi sik peanbHa
temrieparypa nmocsraiga 85-90 °C. B Takux yMoBax MacTHJIO COJIJION BUTIKAJIO, a B Mapi TepTs
BHUHHUKaJIa 3arpo3a 3aiaHHs Ta BUBEACHHS YOTHPUPSAHUX BAJKOBUX MIAIIUIHUKIB 13 €KCILTyaTalli.
[Ipu BUKOpUCTaHHI PO3pPOOJIEHMX HAMM IUIACTHUHUX MAacTWJ TeMIepaTypa y By3jlax TepTs He
nepeBuInyBaia cragaaptHux BenudwH 3rigHo 3 ['OCT 1033-79, a cama mOBepXHS BaJIKOBUX
MiAMUITHAKIB 3aJIMIIaTIach YUCTOI0, IIJKO0, 63 HakaTiB Ta TpiuH. OTXe, MOXKHA KOHCTAaTyBaTH,
0 po3poOseHi HOBI KapOOH-CYIb(QYpPBMICHI IUIACTHMYHI MacTHJIa MalOTh BHCOKI TEpPMIuHI Ta
MIPOTU3HONIYBaJIbHI BIIACTUBOCTI.

Takum yMHOM, peareHTHa JAecyab(ypH3allisi MPOMUCIOBUX CYIb(iIHO-TYKHUX CTIUHUX BOJ
JI03BOJISIE HE JIUIIE OYUCTUTH BOJY, @ 1 OTPUMATH HOBI IUIACTUYHI MacTHJIa 3 BUCOKHMH EKCILTya-
TaliHHUMHU XapaKTEePUCTUKAMU, 110 PO3IIMPIOIOTH ICHYIOYUN aCOPTUMEHT CHEUiabHUX IUIacTU4-

HHUX MaCTHUJI.
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EKOJIOI'I3ALISI TEXHOJIOI'TIA HA MIAIPUEMCTBAX
XAPYOBOI IPOMUCJIOBOCTI

B. JI. Ilorpedennuk, H. JI. bepnaubka, 1. B. Tumnino

HamionansHuii yHiBepcuteT «JIbBiBChbKa mojiTexHika», M. JIbBIB, YKpaiHna

Beryn. Po3BHUTOK MigNpHEMCTB Xap4yoBOi NMPOMHCIOBOCTI B YKpaiHi B Cy4yacHHX YMOBax
CYIIPOBOJIKYETHCS 3pOCTAaHHAM iX ekojoriuHoi Hebesneku. [lianpuemMcTBa XapuoBoi MPOMHUCIOBOCTI
CTBOPIOIOTH CKJIQJIHY €KOJIOTIYHY CHUTYAI[I0 ajpKe, K MPaBUJIO, HE BIPOBAKYIOTh OE€3BIIXOMHI Ta
MAJIOBIIXO/THI TEXHOJIOTI], MalOTh HW3bKI CTYIICHI OYMIICHHS CTIYHUX BOJ, BHKHJIB 3a0pYIHIO-
BAIPHUX PEYOBMH B arMmocepy Ta 3HAYHY KIJIBKICTh BIAXOMiB BUpOOHHMITBA. BomHouac Bin
MIAMPUEMCTB XapUuoBOi TaTy31 OUIKYIOTh SIKICHHX, €KOJIOT1YHO OE€3MEeYHUX MPOAYKTIB XapuyBaHHs, 1110
notpedye BUPOIIYBAaHHS €KOJIOTTYHO-YMCTOI  CUIBCBKOTOCIOAAPCHKOI  CUpOBUHH. ToMy Ha
MiAMPUEMCTBAX XapUOBOI Taly3i B MepIIy Yepry HEOOXiJHO CTBOPIOBATH CyYacHi HaHilHI CHCTEMH
€KOJIOTIYHOTO  YIPABIIHHSA, $KI JO3BOJIATH 3aXWUCTUTH JIOBKUUIL B IIKI[UIMBOTO BIUIMBY
BUPOOHUIITBA.

Metor podoTH € po3poOJCHHS MiIXOMIB AJIS €KOJOTi3allii TeXHOJOTi Ha MiAMPUEMCTBAX
Xap4oBOi IPOMHCIIOBOCTI.

Bukaan ocHoBHoro marepiaiy. Exonorizaimisi TeXHOJOTIM Ha MIANPUEMCTBAX XapyoBOi
IIPOMHUCIIOBOCTI Nepeadadae CUCTEMY 3aX0/IiB 11010 3a00IraHHs HETaTUBHOMY BILJIMBY BUPOOHHUUX
NPOLIECiB Ha NMpUpOHE cepepoBuile. Exomorizaiii TeXHOIOT 0CATaloTh 3aBISKH BIPOBAIKEHHIO
MaJIOBIIXOJTHUX TEXHOJIOTIH YM TEXHOJIOTIYHUX 3B'SI3KIB, M0 3a0€3MEUyI0Th MIHIMYM IIKIJIJTUBUX
BUKH/IIB, PO3CIIOBAHUX Ta HEYTUJII30BYBAaHHUX BIJIXO/IIB, IO HE 3a0PYIHIOIOTh HABKOJIUIITHE TIPUPOTHE
cepenosuiie. Exoorizariii BUpOOHHIITBA TOCATAIOTH TAKOXK 3aBJISKU PALIOHAIEHOMY MEepepoOIeHHI0
CHPOBUHH 1 BIIPOBA/KCHHIO HOBUX 1HOBAllIHHMX TEXHOJOT1H.

30epexeHHs CTablIbHOTO MO3MTHUBHOTO MPHPOCTY MPOAYKIII Yy XapyoBif MPOMHUCIOBOCTI
noTpedye MOCTIHHOIO TEXHIKO-TEXHOJIOTTYHOIO OHOBJIEHHS MiJMPUEMCTB, TOMY IO HEIOCTaTHIN
piBeHb PO3BUTKY TEXHOJOIYHOI 0a3u, MpUTaMaHHUN 0araTbOM CTPYKTYPHHUM MiIPO3JiJIaM LIbOTO
BUJY JISUTBHOCTI, CTAHOBUTH MpOOJIeMy, sika BUMArae akTHBI3allil iHHOBAIIHOI MISUTbHOCTI, 3aisTHHS
Ba)KeJIiB, SIK1 CIIPUSIIOTH M1JBUILEHHIO €(EKTUBHOCTI BUPOOHULITBA.

VY pe3ynbTari aHamizy poOOTH OYHMCHUX CIOPYHA TMIIMPUEMCTB XapuoBOI MPOMHUCIOBOCTI ITif-
TBEP/PKEHO HU3bKY €(EKTHBHICTh KJIACUYHOI OlO0TEXHOJIOTi, IO MOSICHIOETHCS HENPHCTOCOBAHICTIO
KOHCTPYKIIii Ta 6i011eH031B O10I0TYHIX OYMCHHUX CHOPY/I IO CKJIaAy CTIYHUX BOJI.

[3 moMiX pI3HOMaHITHUX METOMIB (I3MYHUX BIUIMBIB Ha TIPOIECH BOJOMIATOTOBKH Ta

BOJIOOYHMIIIEHHS, Y TOMY YHCII 1 BiJl 010J0T1YHOTO 3a0pyIHEHHS, IMHUPOKOTO 3aCTOCYBAHHS HaOYIH
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METOJIM KaBITallIiHOT OOPOOKH BOJM, B OCHOBY SIKMX TMOKJIQJICHO YJIBTPa3BYKOBE Ta T1APOJAWHAMIYHE
30ypenHs Kapitamii B pinmmHax. [loeaHyrouw [10BOJII BHCOKI CTyNEHI XIMIYHOTO OYHILIECHHS Ta
010JIOTIYHOTO 3HE3apaKEHHS 3aBISKH IHII[IIOBAHHIO Ta aKTHBAIlll OKUCHUX peakliil y 30ypeHoMy B
piavHaX KaBITAI[IHHOMY ITOJI Ii METOJIU, TIOPSJ] 3 THUM, HE MiA1al0Th 0OpOOIIIOBaHI PiIMHU MOJACKOIN
LIKIJUIMBUM TOTY>KHUM BHCOKOEHEPreTHYHUM BIUIMBAM, HE IependayaroTh MOTpedU y creliaibHuX
MIATOTOBYMX Ta 3aKIFOYHUX OIEpAIlisiX, KPIM OYHICHHS PIAMH BiJl MEXaHIYHUX JOMIIIOK, MOXYTh
OpraHiyHO TMOEJHYBAaTHCh 13 TOAAYEI0 B 30HY KaBiTallil IOJATKOBHUX TIa30BHX AaKTHBAaTOPIB Ta
KaTaji3aTopiB TOIIIO.

OpHak 1 MM MeTOo/1aM ITPUTaMaHHI MTeBHI HEJOJIKH, 30KpeMa JTUCKPETHICTh 00pOOKH, He3HaYHA
MIPOIYKTUBHICTH Ta BUCOKA EHEPTrOEMHICTD JUIS YABTPa3BYKOBOTO METOY, a JUIS TIAPOJHHAMIYHOTO —
HEJIOCTAaTHI CTYIIHb OYMIIEHHS Ta PIBHOMIPHICTH 00p0oOKH TOm0. TOMY aKTyalbHUMH 3aJTUIIAIOTHCS
JOCHIJDKCHHS, CIPSMOBaHI Ha CTBOPEHHS CyYaCHMX HOBITHIX TEXHOJIOTIH BOJOMIATOTOBKU Ta
BOJIOOUMILEHHS, CIIPOMOXHHUX IO€AHYBATH BHMCOKY CTYNiHb OYMIIEHHS BOAM 13 3HAYHOIO
MPOIYKTUBHICTIO, Ta 0OJIaTHAHHS JUIA 1X peastizaliii.

BilOpartiiiHuii e1ekTpoMarHiTHIA KaBiTaTop pe30HAHCHOI /il Jy1s 30ypeHHs KaBiTallii HaJleKUTh
N0 Tamy3l oOnaJHaHHS KaBITAllMHUX XIMIKO-TEXHOJIOTIYHMX TporeciB. BiH Moxke OyTu
3aCTOCOBaHMM, HANpHKIad, A BOJOOUMILNEHHS, 3HE3apaKeHHS NHUTHOI BOJAM, CTOKIB XIMIYHHX,
Xap4yoBUX Ta NepepoOHUX MIANPUEMCTB BiJ] pI3HOMAaHITHUX 3a0py/IHEHb, Y TOMY YHCII 1 O10JI0TTYHUX.
JlaHuii KaBITaTOp HAJEXKUTh JO TPYNU OOJaJHAaHHS, SKI peani3yloTh (I3UKO-XIMIYHI METOAM
KaBITAI[ITHOTO 1HIIIFOBaHHS Ta AaKTHBAllli OKHCHIOBAJIHHO-BIHOBIIOBAILHUX PpEAKIid y pianHax
€HEePri€l0 CIIECKYBAaHHS BEJTMKOI KUTBKOCTI CaMO3apO/PKyBaHUX KaBITallItHUX Oy/IbOalIoK.

MexaHi3MuU BIUIMBY Ta aHaepoOHa /i KaBiTalIHHOIO TMOJII HAa MIKPOOPraHi3MH, SsIKi
3a0pyIHIOIOTh BOJy, TMiJ4ac 3acTOCYBaHHS EJIEKTPOMArHiTHOTO BIOpOKaBiTaTOpa aHaJIOTIvHI
NPUCTPOSM TifpoauHamiuHoi aii. TyT BUBUIbHEHa NpU CIUIECKYBaHHI KaBiTalllHHUX OyJbOaIIoK
€Heprisi IPU3BOIUTD JI0 PI3KOT0 PO3LIMPEHHS KIITUH MIKPOOPraHi3MiB 1 pO3pHUBY iX MeMOpaH, TOOTO
70 pyHHYBaHHS OOOJIOHOK MIKPOOPTaHi3MiB, BHACIIJOK 4YOTO 3a0pyJHEHa BOJA OYMWIIYETHCS Bif
610JI0T1YHOT0 3a0pyTHEHHS.

[opsin 3 ThM, SIK BiIOMO, CIJIECKYBaHHS KaBiTalliiHUX OYy/IbOalIOK aKTUBI3ye OKHCHI peaklii B
piAMHI, IO OJATKOBO CIPHSE OYHIIEHHIO 3a0pyAHEHOI BOIM, MIABHILYIOUYM 11 (Hi3MKO-XiMiYH1
MOKa3HUKH.

BucnoBku. OTxe, 3aBIIKH TOMY, IO €(PEKTH, SKI CYMpPOBOKYIOTh KaBITAIlilO, TaKOX
BIUIMBAIOTh 1 Ha OOpOOJIIOBaHE CEpeNOBUINE, 3MIHIOIOUM HOro (Pi3MKO-XiMIUHI BIACTHBOCTI, KPiM
010JIOTIYHOTO 3HE3aPAKEHHS BOAM TOSBIISETHCS 1 MOXIHMBICTH ii JOJAaTKOBOTO OYMILECHHS, IO €
BOXJIMBUM IS TIPOIECIB  BOAOMIATOTOBKU. [IpakTHYHO BHHHMKAE MOMJIHMBICTh TEXHOJIOTTYHO

HIJIECTIPSMOBAHO 1 €()eKTHBHO BUKOPUCTOBYBATH KaBITAIIHHY JIF0 Y BAPOOHUUYHUX MPOIIECaXx.
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EKOJIOTTYHO BE3IEYHUI CITOCIB OUAIIEHHA CTIYHUX BO/I
BUPOBHUIITBA XAPYOBHUX OJITI

A. O. Mapaxoscbka, B. B. [Is4ok, C. b. MapaxoBcbka

HamionansHuii yHiBepcuteT «JIbBiBChbKa mosiTexHika», JIbBiB, Ykpaina

Oxopona rizpocdepu Ta 30epexeHHs piBHOBaru B Iyiomy B Oiocdepi — BakiuBa 3aaaya.
Uepe3 moOpymIeHHS EKOJOTIYHOI PIBHOBAarM CIOCTEPIraeThCsi 3arpo3a 3HAYHOTO MOTIPIICHHS
CTaHOBMILA Bojpoimuil. 3apa3 B YKpaiHi € 3HauHI TPYAHOILI 3 3a0€3NEUeHHSIM MPUPOIHUMHU
pecypcamu, 30KpemMa CBIXKOI0 BOJIOI0. BUCHa)KeHHS BOJHHUX PECYpCiB B pe3yNIbTaTi BTPATH iX SKOCTI
€ OUIBLIOI0 3arpo300 HIXK X KUIbKICHE BHCH@)XXEHHS. 3HAuHY EKOJIOTIYHY HeOe3NeKy CTBOPIOE
3a0pyJHEHHS] MOBEPXHEBUX BOJ OPraHIYHMMH PEYOBMHAMH, IO MICTSATh PO3UMHEHI OpraHivHi
pedoBHHM a00 CyCIeH3ii OpraHiYHOTO MOXOKEHHS, 30KpeMa 1 CTIYHI BOAM BHPOOHUIITB Xap4OBOL
onii. 3a0pynHEHHs] BUKJIMKA€E 3MiHY XapakTepy CepelOoBHUINA i BIACTUBOCTEHl HOro KOMIIOHEHTIB,
CTpUsi€ 3HIKEHHIO KHUCHIO Yy BOJ, OCIJAal04Md HA JHO BOJONM IIKI[UTMBO BIUIMBA€ HA PO3BHTOK
KUBHX Opra”i3MmiB. Jlis GaraThOX MiINPUEMCTB i€l Tamy3i MOCTAIOTh MPOOJIEMH HE TUIBKU
MPABWJIBHOTO OYHINEHHS CTIYHUX BOJA, a 1 MOMIYKY e(eKTHMBHUX 1 HagiHHUX B eKCIUTyaTallii
OUYHCHUX CIOPY/I, SIKI FApPaHTYIOTh CTA0UIbHY BUCOKY SKICTh OUMILIEHHS.

JlocnipkyBaHa CTiYHA BOJA BUPOOHHUIITBA XapyOBUX OJIIK- 116 MIKpOTETepOreHHa CHCTeMa,
Ky MOXKHA KBali(ikyBaTu, sik eMyinbcito (Puc. 1, A). ExcnepyuMeHTaIbHUMH TOCHIKEHHSIMH 0YIJ10
BCTAHOBJIEHO, L0 1€ € CTiKa eMYJbCisl epUIOro BULY — eMYJbCis odil y Boal. XpomaTorpadiuHi
JOCIIJKEHHS 11eHTU(DIKYBAIK B CKJIAJl JOCITIJKYBAHOTO BOJHO-€MYJIbCIHHOTO PO3YMHY HasIBHICTh
dbocdomimiais, AKi € CyMmyTHIMUA peYOBHHA XapuoBUX oJii. KiIbKICTh 1X B OJ111 3MIHIOETHCS 3aJIEKHO
BiJl TEXHOJIOT1i OTpUMaHHs Xap4yoBUX odii. L{e nae mizcTaBu npumyckaTy, o posib eMyJIbraTopiB B
il cucteMi BUKOHYIOTH (hocdomimiu, crnogyku IudinbHOi OyJOBH, B SIKHX B OCHOBI MOJIAPHOI
YacTUHU € aMOHIN — KaTioH. [lpouec pyliHyBaHHS eMyJbCii 3 Takoro OyJOBOIO JHCIEPCHHUX (a3
Habarato CKJIQJHILINK 3a Mpolec X yTBOPEHHS 1 CTa€ CKJIAJOBOK YAaCTHMHOIO MPOILECY OYMIIECHHS
CTIYHHX BOJI BUPOOHHUIITBA XapYOBHX OJIiH, MOIIYKY €(pEKTUBHUX METOJIB pyHHYBaHHS OCTaHHIX. B
HAIIOMY BHIIQ/IKY 3aCTOCOBYBAHHS XIMIYHOTO METOy Ta MEPOKCUIY BOJHIO, SIK peareHTy, 3MIHUIIO
NPUPOJYy €MYJIbCli Ta CIPUYMHUIO OKHUCIEHHS MOJSPHOI YacTUHU MOJIeKynu (ocdomimiaiB i
pyHHYBaHHS iX TTOBEPXHEBOI aKTHBHOCTI, 110 B KIHIIEBOMY pe3yJbTaTi MPHU3BEIO 0 PyWHYBaHHS
emyinbcii Bitomy. Ilicns 3aBepiieHHs XiMIYHOT peakiiii OTpUMany MpocTi Ta 6e3neyHi crnoayku. B
KIHLIEBOMY pe3yJIbTaTi CIOCTepirajiocs YTBOPEHHs ABOX MapiB «soga — oiis» (Puc. 1, b) ta
nogasnbie ix po3auienus (Puc. 1, B).

[Ticnst pyiiHyBaHHS eMynbCil IS MOJATIBIION0 BUIYYEHHS 3a0pyIHIOBAYiB 13 CTIYHOI BOIH, HA
OCHOBI PETEIBHOTO aHaM3y (I3UKO-XIMIUHUX METOMIB OUMIIECHHS, [IHIDIM BHUCHOBKY, IO
HAWIOIUTBHIIIM € PIJMHHA eKCTPaKIlis, SKa CYTTEBO 3MEHIIYE PIBEHb 3a0pyIHEHHSI CTIYHHX BOJI

BUPOOHUIITBA POCIMHHMX OJid. s 1poro Oylo MOCHIKEHO CTaTHUKy Ta KIHETHKY piIMHHO-
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EKCTPaKIIHHOTO OYHMIICHHS CTIYHHUX BOJ| BUPOOHHWIITBA XapyOBHX OJIiii: BCTAHOBJICHO CYMIIII
OpPraHIYHHUX PO3YMHHUKIB (ETHJIAIETaT Ta CHUPTH) JUISI CEJISKTUBHOIO BHJIYYCHHS OCHOBHHX
3a0pynHUKIB CcTigyHOI Boau. OTpuMaHo JiHIi piBHOBarM Ta poOodi JiHIi Tporecy piAWHHO-
EKCTPaKIIHHOTO OYMIIECHHS JaHOi CTIYHOI BOAHW. BCTAaHOBIEHO KUIBKICTH CTYNEHEH IMEPEHOCY IS
JOCATHEHHSI 33/1aHOTO CTYTIEHSI OYMIIEHHS NMPU BUKOPUCTAHHI JOCIIHKYBAaHUX BHIIB E€KCTPArcHTIB.
OxapakTepu30BaHO 3aKOHOMIPHOCTI MacOINEpEHOCY OCHOBHMX 3a0pyIHHKIB i3 oaHiei piakoi ¢dasu B
1HIITY.

[IpoTe 3aBXOW 3aNMIIAIOTBCA  CIIJIOBI  KUIBKOCTI EKCTPAareHTy Ta CTaloTh HOBUM
3a0py/HIOBaYeM, TOMY HEOOXITHO BHUIAIATH €KCTPAreHT 13 YMOBHO OYHIIEHOI Boau. Tomy uist
KIHIIEBOT'O BHPIIICHHS MPOoOJIeMu AOLIIHLHO 3aCTOCOBYBATH aJ[COPOIIiifHE TOOYHUIIEHHS OJEPKAHOTO
padiHary BiJ 3QIMIIKOBOTO BMICTYy OpraHiYHMX 3a0pyIHIOBAYiB Ta €KCTpareHTy. AcopOumiiHui
METOJ — II€ BHCOKa €(EeKTHBHICTh, MOXKJIMUBICTh OYMIICHHS CTIYHHUX BOJ, IO MICTATH KiJIbKa
PEYOBHH, a TAKOXK peKymeparii uxX pedoBHH. J[OCTIKEHO CTAaTHUKY COpOIlii aKTHBOBAHUM BYT1LISIM
OCHOBHHX 3a0pyIHIOBAYiB CTIYHUX BOJ| HiANPHEMCTB BUPOOHUIITBA POCIMHHUX OJIil, BCTAHOBJICHO
130TepMu aAcopOIlii Ta OMKMCaHO iX piBHAHHAM JIeHrMiopa Ta @pelinixa.

[ToemnanHsT pimMHHOI €KCTPaKIlii 3 aJCOpOIEr0 IS OYUIICHHS CTIYHHX BOJ BUPOOHUIITBA
XapYOBHX OJIIH TaKOK HEOOX1HO MPOBOJUTH 3 METOI0 CKOPOUEHHS BUTPAT EKCTPAreHTY, HE 3aBXKIU
€ JIOUUIBHUM JIOCSTaTH BHUCOKOi €(QEeKTHUBHOCTI OUMIIEHHS CTIYHOI BOJM EKCTPAKLIHHUM
OUHMINEHHAM. 3a TakKuX OOCTAaBUH CTYIMiHb OYHINEHHS CTIYHHUX BOJI BIAMOBIZAE CaHITApHO-

riri€eHIYHUM HOpMaM.

A) b) B) ) ) E)

Puc. 1. OuniieHHs CTIYHOT BOJIM BUPOOHUIITBA XapUOBUX OJIIM:
A) — emynbcis (XTTK monan 25 rO/nm°); B) — micis XiMiuHOTO pyifHYBaHHS;
B) — micns ginerpyBanns (XIIK cknamae 12 I‘O/,ILMS); I') — micost piqMHHOT €KCTPAKITii;
) — ouniieHHs1 akTHBOBaHUM BYT1UIsIM; E) cTiuHA BO/A MICII OYHMIIICHHS
(XTIK cknamae 250 mrO/mm®).
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3ACTOCYBAHHS BOJJOKHUCTOI'O HOCIA JJIA IHTEHCU®IKALIT IMTPOLIECY
OUYUIIEHHSA MPOMHUCJIOBUX CTIYHHUX BO/I 3ABOAY AT «3BAIIOPIZKCTAJIb»

O. ®. Puascekniil, K. O. JTomoposcenkuiil, I1. 1. I'Bo3asak?
13anopizpkuii HalliOHATBHUI yHIBEpCHTET, 3amopixoks, YKpaiHa

2[HCTUTYT KOJIOiHOT Ximii Ta ximii Boau im. A.B. [lymancekoro HAHY, Kuis, Ykpaina

EdexTHBHICTD KOMIIJIEKCHOIO BMKOPHCTaHHS BOJIOKHHCTOrO Hocid Tumy «BISI» B nooum-
IICHH] MPOMHUCIIOBUX CTIYHUX BOJ MEPEBIPSIN B yMOBaxX TiApOCHOPYAH (BiACTIHHUKA-ILIaMOHAKO-
MUYyBada MPOMHCIOBHX CTiYHUX BOJ Oanku KamycTsHka), 10 BIZHOCHUTBCS /10 KOMILIEKCY
no3aMaiJaHIMKOBOTO ITaMoBuaaneHHs 3aBony [TAT «3anopixcranby.

Jlocnikenuit  HakomuuyBau, emmuicTo 10,5 MIH. M®, 3ampOEKTOBAaHMH XapKiBCHKMM
«Bonokananmnpoexkrom» (Ykpaina). CKkujl 10 HbOro MPOMUCIOBUX CTIYHUX BOJ 1 LIUIaMiB CKJIaJae
1,1 miH. T/piK, TEpMiH CITy>KOH — 25 pOKiB, IJIOMNIA IUIAMOHAKONMYyBaya — 135 ra, eKCIyaryeTsest
nutamMoHakonnyysad 3 1958 p. Jlo HakonmuvyBaua mependadyeHo CKUI MIPOMUCIOBUX CTIYHUX BOJ i
nuamiB  [IAT «3anopikcransy (IU1aMiB  MOKpPUX Ta3004MCTOK ariaodaOpuku, JIOMEHHUX,
MapTEHIBCHKUX Ie4el, MalluH po3iMBY 4aByHY, CTOKiB TELl, 00BOAHEHOI OKaJMHM MPOKATHUX
LexiB, IleXa BWJIMBHUIb, BIANpPalbOBaHUX eMylbcidi Ta 1H.). Kpim criunux Box IIAT
«3anopikcTaliby y NUIaMOHAKOMUYyBayd HAIXOIATh CTIYHI BOJH BiJl PSAY MIIITPUEMCTB MICTa.

Jns 3a0e3nedeHHss iHTeHCH]iKalii Ol0JOriYHOrO OYMIIEHHS CTIYHUX BOJ| LUIAMOHAKO-
NUYyBaya Ha MOBEPXHI MITYYHOI BOJOMMHU OYyJI0 BCTAHOBJIEHO TPH IUIOTHKA 13 BOJOKHUCTHM HOCIEM
turty «BISI». [TOTHKM 3 BOJOKHUCTUM HOCIEM PO3MIILIYBAIUCH Y T1APOCTIOPYAl TAKUM YHMHOM, 1100
BOJIOKHUCTUH HOCIH Oe3NepepBHO 3HAXOJUBCSA y IOBEPXHEBOMY WIapi BOJM, HAKONUYYIOUU
iMMOO1Ti30BaHy (MPUKpIMJIEHY) MiKpodayHy TipoOioHTIB yIpo1oB:K JuIHA-ceprHs 2018 poky.

[lepBuHHY 1MMOO1Ti3allil0 MIKPOOPTaHi3MiB Ta iHIIUX TiJPOOIOHTIB Ha BOJIOKHUCTUN HOCIH
MpOBOAMIIM Ha 3MuBOBUX ouyucHUX criopynax 30C Ne 54 3aBogy AT «Motop Ciuy», ne IpoTsIroMm
2-X pOKIB BiOyBajacsi MPUPOHS CENIEKIisl iIMMOOLTI30BaHUX OaKTepii-IeCTPyKTOPIB HaPTOIMpPO-
AykTiB. IIOTIM BOJOKHUCTHM HOCIH 3 IMMOOUII30BAaHMMM OpraHi3MaMu BWJIYYaIHd 13 OUYHCHOI
CIOPYAX MOTOPOOYIIBHOIO 3aBOJly Ta TPAHCIOPTYBAJIU JI0 T1IPOCHOPYAH, /1€ 1 PO3MIIIYBAIN HOro
01151 BCTAHOBJICHUX IIOTHKIB 13 HacaaKoro Ty «BIS».

XimMiuHMH ckian Ta (i3UYHI BIACTUBOCTI BOJIW MPOMHCIOBUX CTIYHHUX BOJ IIJAMOHAKO-
NUYyBaya KONMBAIMCh Y TIEBHHX MeXaX, MI/am°: 3amizo 3aranbhe 0,61-0,91; madrompoayktu —
0,193-0,214; opraniuni 3a0pyaHEeHHs 3a OioxiMiuHMM criokuBaHHsAM KucHIO (BCKs) — 4,20-4,30 ta
3a XiMiyHUM crioxuBaHHIM kucHiO (XCK) — 32,40-33,20; BomgueBuit nmokasnuk (pH) — 7,54-8,10;

3arajbHa KUIBKICTh 3BaKeHHMX pedoBUH — 8,7-11,0. [TokasHUKM PO3YMHEHOTO KHUCHIO Ta OKHUCHO-
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BiHOBIMOBaIbHOTO ToTeHmiany (OBII) cTtiunol Boau KOIUBaIuCh y Mmexax 3,7-5,7 mrO2/nm® Ta Bix
+ 170 MB o +286 MB, Binnosinno. Temneparypa Boau IPOMHUCIOBUX CTIYHUX BOJ KOJIMBAJIACh BiJ
25,0 °C no 27,5 °C.

3a pe3ynbTaTaMM OAKTEpIOJOriYHUX MOKA3HMKIB BCTAHOBJIEHO, 10 3arajlbHa YHUCEJIbHICTb
MIKpPOOpPTaHi3MiB Ha BOJIOKHHCTOMY HOCI€BI OyJia BHCOKOK. bakTepionoridyHi MOKa3HHKH CTIYHOL
BOJM TiAPOCIIOPYIH BapiloBalid y OUTBII HMIMPOKMX MeXax. Tak, Ha MOYaTKy CEpIHsA, 3arajbHa
YKCeNbHICTh MIKPOOPraHi3MiB CTiuHOi Boau cranoBmma 513,333:10° ki/mn, a y nepmiii mexasi
CepIHs BOHA 3MeHIIMIacs B 9 pa3iB Ta CTaHOBUJIA 56,500-10° xi/mu1. Takosk cItij 3a3HAYNTH, IO 32
CepeHIMU MOKa3HWKAMU 3arajbHa YHUCEIbHICTh MIKPOOPraHi3MiB Ha BOJOKHUCTOMY HOCI€BI B
2,3 pa3u Oyna BUIIOI, HIXK Yy CTiYHIA BOJI IITAMOHAKOIIMYyBada 3a BECh IEPIOJ JOCIIKCHb.
[epeBaxkna OinmbIIiCTh OaKTEPIiii BigHeceHa 10 poaiB Arthrobacter i Bacillus.

Hocnimkenuss nepuditoHy BoloKHUCTOro Hocis «BIS» mokaszamu, mo na 19, 23 noly
€KCIO3UIIli BUI0BE PI3HOMAHITTS Ta YUCENbHICTh YIPYMOBaHHs Oylid BUCOKMMHU, OTIM Ha 40 neHb
€KCIO3UIIIT BUIOBUH CKJIaa Mepru(DiTOHY 3HIKYETHCS 3 15 10 5 BuIiB. Takok CYyTTEBO 3MEHIIMIACH
i YnCenpHICTh nepu(diTOHY BOJOKHUCTOTO HOCIS, Maiike B 3 pa3u. Tak, YNCEeIbHICTh KOJIOBEPTOK Ta
OJIITOXET 3001LI€HO3Y 3MEHIIMJIACh Y MOPIBHAHHI 13 MOYAaTKOBUMHU MOKAa3HUKAaMH Maiike B 25 Ta B
3 pa3u, BiAMOBIIHO, @ YMCEIbHICTh HEMATO 1 HAaBMAKK 30UTbIIHIIACE Y 3,3 pa3u.

3MEHIIIEHHSI SKICHUX Ta KIUIbKICHUX XapakTepucTuk nepuditony Hocis «BIS» moxnHa
MOSICHUTH TUM, 1110 MPU PO3MIILIEHH] «IIJIOTUKIBY» 13 BOJJOKHUCTUM HOCIEM B YMOBaX MiJBUIIEHOIO
MOTOKY CTiYHOi BOAM (3HAYHOI Teuii), MIKPOCKOIMIYHI BOJIOKHA KampOHOBOTO HOCIA (IiaMeTpoM
3 MKM) IIBUAKO 3a0MBAIOTHCS APIOHOAMCHEPCHOIO MYJBIIOK IIJJAMOHAKONHWYYyBaya, BHACIHIJOK
MOCTIMHOT pOOOTH 3eMCHapS/I1B.

B minmomy mpu pociimkeHl nepudiToHy BOJOKHUCTOIO HOCIS <IUJIOTHUKIB» IIIAMOHAKO-
NU4yBaya YIpOAOBXK JITHHOIO Mepioly HamMHu Oyjao BUAUIEHO JAOMIHYIOUMHM KOMIUIEKC (MacoBi
BuaM) nepuditony. Jlo MacoBux BUIIB nepu(iTOHY HAISKUTh 4 BUIU Ta GOPMH, SKi MpeACTaBIEH]
konoBepTkamu (2 takconu) — Macrotrachela qudricornifera Milne ta Rotaria rotatoria rotatoria
(Pallas), indy3opissmu — Aspidisca cicada (Muller) Ta oniroxeramu — Chaetogaster setosus Svetlov.

PesynpTaT AOCHIKEHb MPOTATOM JABOX MICSIB MMOKa3ajiH, 110 HAa BOJOKHUCTOMY HOCI€BI
«TUTOTHKIBY» IIUTAMOHAKOMUYyBaua KOMOIHATy «3anopiKcTanby» BiA0OyBaeThCs mpoliec iMMoOiTi3arii
OakTepiaabHOi O10THM Ta OpraHi3MiB NepU(ITOHY, IO JA€ MOMIJIMUBICTb MPOBEICHHS MOAAIBIINX
JOCITIJDKEHB MO0 3’ SICYyBaHHS MUTaHHS 010J0TIYHOTO JOOYHUIIICHHS MPOMHUCIIOBHX CTIYHUX BOJ Bifl
HadTonpoaykTiB. Lle miaTBepmKy€eTeCS MPOBEIECHUMH OAaKTEPiOJIOTiYHUMHU Ta TiApoOiOTOTIYHUMHU

JOCIIIKEHHAMHU.
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A XTO IO 3HA€ ITPO BIOXIMIIO BOJM, ITPO BIOTEXHOJIOI'TIO BOJAU?

II. 1. I'Bo3nak

IHcTuTyT KONMOIAHOT XiMii Ta xiMmii Boau iM. A.B. Jlymancekoro HAH Ykpainu, Kuis

VYci 3Ha0Th, 110 0ioXiMist — 11e HayKa npo XiMiYHUIl cKJIax opraHi3Mis.

VYciMm BiioMo mpo Te, mo OpradizMm 3a macoro Ha 60 i Oijblne BiJCOTKIB, a 332 YHCIOM
MOJIEKYJ — Ha ToHaJ 99 % ckyagaoTbesi 3 BOAM.

¥Yci 3Ha10Th, 110 6ioXiMisi BUBYa€ XiMiuHi peakuii, siki Bi1OyBatOThCS B OpTraHi3Mi.

YciM BiIOMO Mpo Te, M0 B NMEPEeBaXKHINA OUTBIIOCTI XiMIYHHUX peakuiii B opraHizmi Gepe
ydacThb (MOTJIMHAETHCSA a00 YTBOPIOETHCS) BOJA.

VYci 3HaI0Th, 10 ioXiMisl AOCTIIKY€E POJIb OKPEMUX OPraHIYHUX 1 HEOPraHiYHUX PeYOBHH
y JKUTT1 OpraHi3mis.

VYciM BIIOMO Mpo Te, 1110 OJHA 3 HEOPraHiYHMX Pe4YOBHH — BOJA — Billirpa€ 4 HE YUJIbHY
POJIb Y XKHUTTI OpraHi3MiB.

A mipote, XTO 110 3Ha€ Mpo dioximiro Bogu?

VYci 3HaTh, 1O 0i0TeXHOJO0Tis 3aiiMaeTbest OiocMHTE30M KopucHMX s JlronuHu
PEeYOBHH.

VYciM B1JIOMO 1po Te, 1110 OAHI€I0 3 HaliBasKAMBIIINX U1 JIFOIMHY pe4YOBHH € BOJA.

A mporte, XTO 110 4yB PO GIOTEXHOJIOTiI0 BOAN?

[Ipo «OioTexHosOTII0 BOAM» OYJ0 aHOHCOBAHO B 3HAMEHUTIH akToOBiM 3ami JIbBIBCHKOT
MOJIITEXHIKK piBHO 15 mit ToMy y x0BTHI 2004 poxy Ha BceykpaiHChbKili HayKOBO-IIpaKTHUYHIM
koHpepeH1ii «biotexHonoris. Ocpita. Hayka.», a mpo «0ioximito Bogu» — 2006 poky B KypHaJi
«Bicuuk HamionaneHoi akaznemii Hayk Ykpainu». Lporopiu y BumgaBaumuomy pomi Kuepo-
MorunsHebKkoi akazemii BUHILIA APYKOM HeBeNWYKa (KUIIEHbKOBA) aBTOMOHOrpadis, ska Tak 1
HasuBaeThes «bioximis Boau. BioTexHOIIOTIA BOTINY.

Bioximist Boau — 11e Hayka npo XiMiuHi nepeTBopeHHs (PO3KJIal-CUHTE3) MOJIEKYJ BOAU B
KHUBHX OpraHi3Max; Ipo poJib BOAH B eHePreTHYHUX (CeKpelii, TpPaHCIOPTi, pyXJIMBOCTI, UIEHH]
TOILI0), MeTA0OMITHYHMX (ACUMUIALIT, TUCUMUIALIT) Ta iHpopManiliHux (oJep>KaHHI, 3aCBOEHHI,
CTBOPCHHI, HAKOTIMYCHHI, BIATBOPEHHI, TIepeIadi 3HaHb) MPOSIBAX KUTTEAISIIILHOCTI; PO y4acTh
BOAM y (popMyBaHHI MPOCTOPOBOI CTPYKTYypU (KOH(pOpManii) KUTTEBO BAXIMBUX MOJEKYJI; IIPO
3a0e3MeYeHHs] BOJAOI0 HENIHIHUX eJeKTPOKIHETHYHHMX SIBHIN, II0 KEpYIOTh IepediroMm ycix
Ol0XIMIYHMX pEakKIlii B opraHismi; mpo OioximiuHe BilHOBJeHHsI SIKOCTI Boau B Oiocdepi Ta
Hoocdepi.
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bioximist BoaM MOKJIMKaHA TOCHTIKYBAaTH HACTYITHI TPOOJIEMHU:

— 010CHHTE3 MOJIEKYI BOJIU;

— 0107ECTPYKIIiI0 MOJICKYJT BOJIH;

— 3a0e3nedeHHs KoHpopMmalii 6101moIiMepiB BOAOK0;

— CTPYKTYpYBaHHS BOJY 010JIOTYHUMU MOBEPXHIMU Ta MAKPOMOJIEKYJIAMU;

— OB’ s13aHi 3 BOJOIO €JIEKTPOCTATUYHI Ta HENiHIMHI eJIEKTPOKIHETHYH] SIBUILA;

— 010XIMIYHI €HepreTHyHi, MeTabOoNITUYHI Ta iHPOPMAaIiiiHi POLIECH 3a Y4acTi BOJH;

— iMoBipHUH 1H(OpMaIliiHMIA BIUIUB 010TH Ha BOAY;

— 3a0py/IHEHHS BOAM O10JIOTITYHUMU 00’ €KTaMH;

— 0l0XIMIYHE OYMILIEHHS BOIU.

BioTexHoJioris BOAM — CYKYNHICTh NPOMHUCIIOBHX OIOJIOTIYHHX MeTOAIB OiocuHTe3y i
CTPYKTYPYBAHHSI BOJAU; OYHIIIEHHS] BOJAU, BUKOPUCTAHOI y MOOYTi, IPOMHUCIIOBOCTI, CUILCHKOMY
TOCIIOJIAPCTBI, Ta BiAHOBJIEHHS i MOCTii{HOI MIATPUMKH OJBIYHOT YHCTOTH BOJAH B MPUPOJIHUX
BOJHUX OaceliHaX, 3 MeTOI0 YHMKHEHHS 3arajbHOI eKorigpokaracTtpodgu Ta MEpMaHEHTHOTO i
HaJIiHOTO 3a0e3nmevYeHHsl JIIoei (i31010TYHO KOPUCHOI0, MATHOIO BOI0IO.

[Tepmm 1 abcomrOTHO HEOOXiAHUM, OOOB’SI3KOBHUM €TAallOM IMATOTOBKHM IUTHOI BOJH €
iHaycTpianbHe — (i3uuHe 1/abo ximiuHe, 1/a00 (i3uKo-XiMiuHE Ta HEOAMIHHO OioXiMiuHe —
ounieHHs (1 aX HIIK HE «BOJOBIJIBEJCHHS»!) CTIYHMX, 3JIMBOBUX BOJ. TUIbKHM Micisl peTeiabHOI
PEKOHBAJIECHIEHITIT TaKOl TEXHOJIOTIYHO OYMIICHOI BOAM Yy NMPHUPOJHUX BIAKPUTHUX TMOBEPXHEBUX
BOJIOMMax 3 BOJIOIO MEPIIOi KaTeropii IKOCTI BOHA MOXKE CIYT'YBaTH JKEPEIOM BOJIOIOCTauYaHHs, 1 B
pe3yiabTaTi MOBUIBHOIO MPOLIPKYBaHHA ii Kpi3b 3€pHUCTI 3aBaHTaKeHHs (OaxkaHO 3 IMMOO1II30-
BaHMMH Ha HUX MpOOIOTMUYHUMHU MIKpOOpraHi3MaMM) I BOJA CTAa€ YHUCTOIO, (i310J0TTYHO
MTOBHOI[IHHOIO, KOPHCHOKO JIFOSIM, TOOTO TIUTHOIO BOJIOIO.

Tinbku TOH Hapoa Ma€e Mai0yTHE, IKMH HABYHUTHCH BIIHOBJIIOBATH SAKICTH 3Y/KHTOI
BO/IM i He JIIHYyBATHMETbCS 1€ MOCTIiHO pOOUTH.

Ha sxanp, B Ykpaini (Ta i y BcboMy cBiTi) noku 1mo Hemae BY3’y 3 Kadenporo 6ioximii Ta
010TE€XHOJIOT1T BOJH, SIK 1 aKaJIeMIYHOTO YU 1HIIOTO HAYKOBO-AOCHIIHOTO 1HCTUTYTY 3 aHAJIOTTYHUM
BiIJIOM 4M Jlaboparopieto. I BumTHCA mil apXxiBaxJuBIA cropaBi Hige. ToMy HpONOHYIO, HE
ralouuch, CTBOPUTH BIANOBIAHY Kadeapy Ha OJHOMY 3 XiMiuHUX (akynbreTiB «JIbBIBCHKOT
MOTITEXHIKWY», BIAPOJAMBIIN 1 OOHOBHUBIIIM TaKUM YHHOM JaBHIO (II[e MICISIBOEHHY) CIEIAbHICTD,
0 IMEHyBaJlaci TOMdl «IHXKEHEP-TEXHOJOT OpOAMIBbHUX BHPOOHHIITB», 3 CYYacCHOK Ha3BOIO

«iHdHCcenep-0iomexnonoz 600u».
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YTUIIBALIA OCAAIB MICBKUX CTIYHUX BO/J{

I. B. 3aciako!, M. C. IToayrpenko?, O. M. Manapux?
! lepsxaBHe areHTCTBO BOZHHUX pecypciB Ykpainwu,
Byn. Akaaemika Caxaposa, 23 a, M. IBano-®pankiBcek, 76014, Ykpaina
’Ipano-DpaHKiBCHKMiT HAlliOHATBHUI TeXHIYHMIA yHiBepCcHTET HadTH i Tazy,

Byan. Kapnarceka, 15 a, m. IBano-®pankiscrk, 76019, Ykpaina

Ha ouncHux cnopynax KOMyHaJIbHUX MiIIPUEMCTB YTBOPIOIOThCS ocaau cTiyHuX Box (OCB),
KUTBKICTh 1 HAKOTIMYCHHS IKUX Ha MYJIOBUX MalJIaHYMKaX 3 POKY B PiK 3pOCTaE.

Jirodi MyJoBi MaWTaHYWKH JJIs 3HCBOJHEHHS OCAIB YacTO HE MAIOTh TiAPOI30JAIMii 1 €
JDKEpeNoM 3a0pyIHEHHs TPYHTOBHX BOJ Ta MOBITpsHOro OaceiiHy. Oco0inBO HEOE3NEUHUM €
3a0pyJHEHHS IPYHTOBUX BOJ Ba)KKUMH METaJlaMH, 5K, B pe3yJbTaTi Hee()eKTUBHOI OUUCTKH CTIYHUX
BoJ, npucyTHi B ckiani OCB i € TokcmuyHMMH 3a0pyaHIOBayamMu 3 KyMyiIsTuBHOIO niero. OCB
CTBOPIOIOTh HEOE3MEKY TOPH30HTAIBHOI 1 BEPTHUKAIBHOI MIrpallii BAXKKUX METANIIB Y HABKOJIHITHHOMY
cepenoBuini. KoHIeHTpalis MKiATMBUX Ta3iB, sKi BUIUIAIOTECA OcCalaMH, Ta 3a0pyTHIOI0YMX
PEUYOBUH, IO MOMNAJAl0Th Y BOJlY, IEPEBUIILYE IPAHUYHO JIOMYCTUMI 3HaYeHHs. 3 OISy Ha 11, 0Caau
MICBKUX CTIYHUX BOJ € HEOE3MEUHUMH Y CaHITAPHO-TITIEHIYHOMY 1 €KOJIOTIYHOMY BiJHOIIEHHSX.

OTxe, akTyanbHO npobiemoro € yrumizaiigs OCB 3 MeToro BMIIydeHHS iX 3 CUCTEM «Ocaj —
IPYHT — POCIIMHUY Ta «OCaJ — HOBITPS».

Kinskicte OCB B YkpaiHi Ha jaHMi Yac mepeBUIMIa 5 MIpPI. T., A0 SKHX KOXHOTO POKY
JoJla€Thes 1€ 3 MIIH. T. HOBUX ocaiiB. [ist 36epiranns OCB 13 rocnogapchbKkoro o00poTy BHIIy4EHO
6m3bpko 10 Tuc. ra, BiACyTHICTH nporecy yruiizamii OCB npu3BoauTh 10 BiAUYKEHHS BCE HOBHX
JUISHOK 3eMJIl MiJl TUIOMIAJKK CKJIAAYBaHHS 1 3 KOXHHUM POKOM NOTpeda y HOBHUX TEPHUTOpISX BCe
3pOCTaE.

OcnoBHuMmH HanpsiMamu ytuiizanii OCB e nopoxHe OyaiBHUIITBO, CUTBChKE MOCMOJAPCTBO Ta
METOJIU MPSIMOTO CITAJTFOBAHHSI.

HaOyB 3Ha4uHOro MOIMIMPEHHS METOJ YTHII3allii OCajiB CTIYHUX BOJ — 3aCTOCYBAaHHS iX sK
HaloBHIOBaYa B acaabTOOETOH Ta B MiJICTUIIAIOYUI 1Iap TOPOKHBOTO MOKPUTTS. [Ipy mpuroTyBaHHi
ac(anbTOOETOHHOI CyMillli MiHEpAJIIbHUIN MOPOLIOK 3aMIHIOIOTh HAIIOBHIOBAYEM 3 BUCYLIEHOTO OCay
cTiuHux Box. [IpoTe, TIIBKM HE3HAYHA YacTUHA OCAIB yTUII3YeThcs, OCKUIbkH OCB €
0araTOKOMIIOHEHTHUMH BIJIXOJIaMH 1 JUIS iX MEPETBOPEHHS Yy SIKICHY BTOPMHHY CUPOBHHY HEOOXiIHI
JIOAATKOBI TEXHOJOTIYHI OIeparii, 0 MOXYTb YCKJIaJHIOBaTWU Tpouec yTtuiizauii. HasBHICTH B
ckinaai OCB BakkuX MeTalliB, BMICT SIKHX TIEpEBHINYE (POHOBI 3HAUCHHS Yy MPHUPOJHUX 00’ €KTaX

MEPEIIKOPKAE TX BUKOPUCTAHHIO B CLTbCBKOMY TOCTIOJIAPCTBI SIK MiHEpAIbHHUX JOOPHUB.
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[Tpu psiMmoMy criaTFOBaHHI BUKUIM B aTMOC(EPY MICTATh MIKIIJIUBI TOMIIIIKH, K1 TIPU3BOJISATH
70 3a0pyIHEHHSI HABKOJIMIIIHBOTO CEPEAOBHILA.

[MporpecuBnimmm meroxom yrmiizanii OCB € Tepmiunmii mipoini3, B TpoIeci PoO3KIamy
OpraHiyHOro Mmarepiany 0€3 JOCTYIy KHCHIO YTBOPIOETbCS TOPIOUMI Ta3, a OKCHUAM MeETaliB
3QTMIIAIOTECS B Kamepi rasudikariii 1 iX MOXHa BHKOPHUCTOBYBATH SIK MIHEPAJIbHHUI HAIlIOBHIOBAY.
OkpiM TOrO, BUKUAM B aTMOc(hepy HE MICTATH IIKIUIMBUX JTOMIIIOK, OCKUIBKH MIPOTi3y MiATaI0ThCS
TUIBKK OpranivHi ckianosi OCB.

st BcTaHoBneHHsT MOxJMBOCTI yrwiizanii OCB y BUpOOHHMNTBI NErau ocaau, Iepen
BBEJICHHAM B KEpaMidHy Macy, HPOXOIMIM IONEPEeAHI0O OOpOoOKYy IIISIXOM 3HEBOAHEHHS,
MOJPIOHEHHS, a TMOTIM X MiJIaBajk MpOJi3y — MPOKATIOBAIN B OE3KHCHEBOMY CEPEIOBHILI MPH
temmeparypi 600-700°C.

Oxcuau MmetaniB, oTpuMai micis niponizy OCB, Oynu BukopucTaHi HaMH K MoAU(DiKyro4Ya
100aBKa MPY BUTOTOBJIEHHI LIETJIM TTOBHOTLION PSAIOBON.

Jnst popMyBaHHS HETIH 1 TOCTIPKEHHS ii BITaCTHBOCTEH BUKOPHUCTOBYBAIM HIMXTY 3 TIOMIPHO
TUIACTUYHOI KOBTOI TJIMHH, CEPEAHbO IUIACTUYHOI Cipoi mmmHM Ta aprimitry. CHpoBHHY
MOJpiOHIOBAIM, 3MIIIYBaJM 1 3BOJOXKYBAIM 10 (OpMyBaibHOI Bojorocti. B Macy BBoawin
Mo (pikyrody 100aBKy, OTpUMaHy IUIIXOM TepMiuyHoro miponizy OCB. KinbkicTe Monudikyrodoi
nob6asku cranoBmwia 1 % — 6 %, 10 %, 15 %, 20 % i1 30 % Big macu 3paska. JlaboparopHi 3pa3ku
dbopmyBanucs B MeTamiyaux Gopmax pozmipoM 50x50x15 MM 3a 10MOMOTOIO IepEB’ STHOTO MOJIOTKA.
CcopmoBaHi 3pa3ky 3aIMIIAIN U1 BUCYIIYBaHHS Ha MOBITP1 MPOTATOM S 1110, a MOTIM BUINAITIOBAIIH.
ipu Temmepatypi 950°C.

[Tpu Bu3HaueHHI (I3UKO-MEXaHIYHUX ITOKA3HUKIB LI HacaMmIiepe] BHU3HA4YaId BOJO-
MOTJIMHAHHS 3pa3KiB, OCKUIbKM 30UIBIIEHHS BOJONOITIMHAHHS TPHUBENE 1O 3MEHILIEHHS MOpPO30-
criiikocTi. s moJaybIIuX JOCHIKeHb BHOpaiu 3pa3ku 3 BojonorauHaHHsMm 11 % — 13 % 1 ix
JOCITIIKEHO Ha MOPHUCTICTh Ta IIIIBHICTb.

[TpoBeneHo MOPIBHSIBHI JOCTIKEHHS (DI3MKO-MEXaHIYHUX BJIACTUBOCTEN J1abOpaTOpHUX
3pa3KiB 3 MOAM(IKYIOUOO JO00ABKOK 13 BJIACTUBOCTSAMH IIETJIM, BHTOTOBJICHOI 32 TEXHOJOTIYHHM
persiiamenToM mianpueMcTsa IBano-@pankisebke [TAT «byniBenbHI MaTepiammy.

BcTaHoBneHo, 1110 ONTHMaTbHUNA BMICT 100aBKH CTAHOBUTH 5 % BiJl MacH 1IeTJIN.

[Ipn mpomy mopwucricts nermm 30utbmmnacs Ha 4,0 %, miapHICTH 3HM3WIAcs Ha 5,0 %,
TEIUIONPOBIIHICTh 3MeHIIMIacsa Ha 3,2 %, MIIHICTh MPHU CTUCKY Bianosinae mapui M 125. Excnepu-
MEHTaJIbHI JOCHiKeHHs1 mpoBeneHi Ha IBaHO-®DpankiBcbkomy IIAT «byniBenbHI Marepianm.
PesynbpraTt OCHIKEHb MiATBEPIKEHO akKTOM BUNpoOyBaHb. Bukopucranus OCB npu orpumanHi
LIETJIA BUPIIIYE €KOJOTIYHI MpoOIeMHu, MOB's13aHi 13 3a0pyIHEHHSIM HAaBKOJHUIITHHOTO CEPEIOBHINA Ta

PO3IIMPIOE CUPOBUHHY 0a3y JIJIsl KEpaMiuHUX MaTepialliB.
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JOCIIIKEHHSA MOKJIMBOCTI BUKOPUCTAHHA CUHTETUYHOTI'O CTPYBITY
B AKOCTI KOHHEHTPOBAHOI'O TOBPUBA

A. C. byaar, H. M. Ilacixosa, K. II. JIsuok, T. M. labixyk, I'. B. CakasoBa

Binnunpkuit 1ep)kaBHUM MegaroriyHuil yHiBepcuTeT iMmeH1 Muxaiina Komroouncskoro (Ykpaina)

B ocranHi pokuM A1 OYMINEHHS CTIYHMX BOJ BiJl MPUCYTHOCTI B HUX ¢ochopy Ta azory
HAMOIIBII IIHPOKOTO 3aCTOCYBaHHS HAOyB METOA XiMiuHOro ocamkeHHs. B psmi pobir [1, 2]
MOKAa3aHo, IO CIIOJIYKH aMOHi0 Ta opTodocdaTiB 31 CTIYHHX BOJ MOXKHA OCQ/KyBaTH y BUTIISIL
MarHiii amoriiipochary (MAD), sKuii BHKPUCTANI30BYETHCS, Y BHIVISAI KPUCTAIOTIAPATY, IO
BIJIIOBIJa€ 3a BIACTHBOCTAMU 1 XIMIYHHUM CKJIQJ0M OIiOr€éHHOMY MiHEpaldy CTpYyBITY —
MgNH4PO46H20. I3 po3unniB MA® BUKpPUCTANI30BYETHCS Y BUIIIAAI TMipaMmiJaibHUX Ta
CIIIOIONOIIOHMX KPUCTAIIIB 1 YTBOPIOETHCS BIAMOBITHO 10 PEAKITii:

NH* + Mg?* + POs*> + 6H20= MgNH4PO4'6H,0 |,

a TOMY JlaHy CIOJYKY MO’KHA Ha3UBaTH CHHTETUYHUM (@HTPOIIOT€HHUM) CTPYBITOM.

CTpyBiT MOX€ BUKOPHUCTOBYBAaTHUChH SK KOHIIGHTPOBaHE TOOPUBO, SIKE OJHOYACHO MICTHUTh
TpH MOXHBHI €IEMEHTH. 32 paXyHOK IPUCYTHOCTI B HbOMY a30Ty Y BOJAOHEPO34MHHIH (hopMi BOHO
B1/I3HAYAETHCS TPUBATICTIO Mii.

3 MeTOI0 BU3HAUEHHS €(PEKTUBHOCTI BUKOPUCTAHHS OTPUMAHOTO J10OpUBa, Ta PO3pOOJIEHHS
peKoMeHAaLlii 1110710 3aCTOCYBAaHHS CTPYBITY IPOBEAEHI JOCHIKEHHS Ha BIIMOBIIHUX 01070TTUHUX
o0'exTax. EhpeKTUBHICTD 111 CHHTETUYHOTO CTPYBITY BU3HAYAIM 32 TAKMUMHU NOKa3HUKAMU SIK: BILJIMB
Ha CXOXICTh HaciHHs peaucku Raphanussativusvar. sativus copty Cakca, BUpoOHHK: YKpaiHa, Ta
€Heprito MPOPOCTaHHS.

CepenHi NMOKAa3HUKHM CXOXOCTI Ta €HEeprii MpPOPOCTaHHS HACIHHS paxyBaJld JOCTOBIPHUMH,
SKILO BIIXMJICHHS Y BCIX TPHOX Mpo0Oax BUABISIIMCS B Mexkax +2 % MpH cepeIHbOoi CX0KOCTI B 98
1o 100 %; £3 %— 95-97,9 %; +4 %— 90-94 %; Ta =5 npu 85-89,9 %.

VY 3B’3Ky 3 TUM IO Y CHHTETUYHOMY CTPYBITI pochop MICTUTHCS B JIUMOHHO-PO3UMHHIN
¢dopmi, a TOMy NMPOPOLIYBaHHS HACIHHS 3JIHCHIOBAIM y Boai Ta y 1%-my Ta 2%-My po3uuHax
JTUMOHHOI KHCJIOTH 3 BIAMOBiTHOI KoHIeHTpamicro MA® 0,25 1 0,7 r/n. Konuentparis
CUHTETUYHOTO CTPYBITY Opaja 3 ypaxyBaHHSM CKJIaqy MOXHMBHMX po3uuHiB Emica Ta ['epika.
Kontponem cinyryBana auctuiboBana Boja. Ll{oanst Benuch migpaXyHKH KUIBKOCTI HPOPOCIOTrO
HACiHHA B KO)KHOMY BapiaHTi JOCTiNY.

B pe3ynbraTi m’ATHAEHHOTO MPOPOIIYBaHHS HACIHHS PEAMCKU BCTAHOBWIIM, IO HA BOJHOMY
po3unHi CTpyBITY Bce HaciHHA 100% mpopocio yxe Ha Apyruil I1eHb eKCIEpUMEHTY. Y BapiaHTi 3

2%-M pO3YMHOM JIMMOHHOI KHCIIOTH €HEprisi MPOPOCTaHHS 1 CXOXKICTh CKJaaaia Bckoro 30% Bifg
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HalKpamux BapiaHTiB. CXO0XKICTh HACIHHS Y BapiaHTaX 3 PO3YMHOM JTMMOHHOI KHCIIOTH KOHIICHT-
pamieto 1% cknanana maibke 80%. Bapiant 3 0,25 r/n posunHoMm MA® mno eHeprii mpopocTanHs
BIJICTaBaB BiJl 3pa3KiB Ha BOJI, MPOTE 33 CXOXKICTIO 3PIBHABCS 3 HUMHU B OCTaHHIN J€Hb BUMIPIOBAHb.
[Toka3HuKM eHeprii MpOpOoCTaHHs HACIHHS PEeIUCKH y BapiaHTti 3 pozunHoM MA® 0,7 r/n Oynu
BUIIMMU Yy TOPIBHSHHI 3 1% pPO3YMHOM JIMMOHHOI KUCIOTH 0€3 CTPYBITY, NPOTE HUKUYUMH Y

nopiBHsAHHI 3 Bapiantom 0,25 /1 MA® i 1%-uii po34rH JUMOHHOI KHCIIOTH.

—— e

0) 2% po3uuH TUMOHHOI KUCIOMU

Pucynok 1. [IpopocTaHHs HaCiHHSI pEAMCKH HA 3-i IEHB MICIIS TOYATKY JTOCITIKCHHS

Enepris nmpopocTaHHs 1 CXOXICTh HACIHHS PEIUCKHU, 3aMOUYEHOT0 Ha KUCIUX pO3uMHAX Oynu
3HaYHO MEHIII y IMOPIBHSAHHI 3 KOHTPOJIEM 1 BOJAHMX PO3UMHAX CTPYBITY, IO BKa3y€e Ha HU3BKY
€(EeKTUBHICTh BUKOPUCTAHHS CTPYBITY Ha KUCITUX IPYHTAX.

Takum 9MHOM, 3aCTOCYBAaHHS a30TOBMICHOTO JOOpHWBA, OTPUMAHOTO 3 KOHIICHTPATy 10HHOTO
Oo0MiHy, € e(peKTUBHHUM Ha CIJIbCHKOTOCHOJAPCHKUX KyNbTypax. CXOXICTb HAaciHHS PEIUCKU
Raphanussativusvar. sativus copty Cakca € KpamiM Opu 3aCTOCYBaHHI CTPYBITY 1 IIBHIIINM, IO
JIO3BOJIIE PEKOMEHIYyBATH BHECEHHS IOTO J0OpHBAa Ha IOYATKOBHUX CTalisfX BHPOIIYBAHHS.
JlocmipkeHHs TIOKa3aJid BIJICYTHICTh HEOOX1THOCTI JOJATKOBOTO MiAKUCIECHHS CEPEIOBHUINA, IO
TaKOX CTaBUTH MiJ CyMHIB €()EKTUBHICTh BUKOPUCTAHHS CTPYBITY HA KUCIIUX IPYHTAX.

Busnauena HeoOXiTHICTh MOAANBIINX JOCITIKEHb MO0 BCTAHOBIICHHIO €(DEKTUBHOCTI CTPYBITY
3a BIUINBOM HAa YPOXKaWHICTH CLIBCBKOTOCHOAAPCHKHUX KYIBTYp, @ TaKOX EKOTOKCHKOJIOTIYHOI

XapaKTepUCTUKU OTPUMAHOT0 A00pHBa.
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AJICOPBIIMHE BUWJIYUYEHHS IOHIB XPOMY (111) BEHTOHITOBUMH I''TAHAMUA

€. J. Tkauyk, H. M. llanypa, B. B. I'puropenko, I'. B. CakanoBa, T. M. Bacuiinnu

BinHunpkuii 1ep)kaBHUM MegaroriyHuil yHiBepcuTeT iMeH1 Muxaitna Komroouncskoro (Ykpaina)

Mera po6GoTH mossrae y TOCIKEHH] TPOLIeCY OYMIICHHS CTIYHUX BOJ Bij 10HIB XpomMy
(IIT) ancopOuiiero Ha TPUPOTHUX COpOEHTaX. JloCimiKeHHS Porecy aacopOiii 3aificHIoBaIM B
aJIcopOIIiHIA KOJIOHI 3 HEPYXOMUM IIapoM ancopOenty. st qociikeHb BUKOPUCTAHO OCHTOHIT
(tum 2:1) 3 UepkachbKoro poJoBHIa OEHTOHITOBUX Ta MaJUTOPChKITOBHUX THH. [Iporec miarotroBku
OCHTOHITY CKJIaZaBcs 3 KUIbKOX eTamiB. CHpOBHHY MOAPIOHIOBAIM 1 MPOCYIIYBaIU B CYIIMIbHII
kamepi npu Temnepatypi 120°C nporsarom 45xsunuH. [licist yoro riuHy nepeTupani Ta po3alisiu
Ha BiAnmoBiaHI (ppakmii. OunieHHs BOIU MPOBOAMIIOCS Ha JTAOOpaTOpHiit ancopOriiiHiil KoJoHi, sKa
Mmae giametp 35 mm Ta Bucory 300 MM, mpu BHKOpHCTaHHI OeHTOHITOBOI rmuHH. [ligrororneny
IJIMHY 3aCHUIIajM y KOJOHY. 3arajbHa Maca COpOEHTy B ajcopOuiiHId KojoHI ckiana 15 +25 1.
O6’em copOeHTy B KOJIOHIII cTaHOBUB 21,6 mMi Ta 29 mu BiAnoBinHO mpu Maci copoenty 15 1 20 r.
Iponyckanu po3unnu 3 BMicToM ioHiB Cr®* 3amaHoi koHUEHTpanii yepes xomony. ITix yac copobmii
BimOupanucsa mpobu depes KkoxkHi 10 M, KoHmeHTpamito iomiB Cr** B posumHi BU3HAYAIH
TUTPUMETPUIHUM METOJIOM.

Jls BCTaHOBIIEHHSI Jiana3oHy PEKHMHHUX MapaMmeTpiB, 3a SKUMH HEOOXiJHO NMPOBOAUTH
JeTanbHe JOCIIJKEHHs MpoleciB acopOuii, Oysia BUKOHaHA cepisl MONepe/IHIX eKCIePUMEHTIB, 1110
J1aJI0 MOXJIMBICTh 3pOOUTH TaKi MONEPEH1 BUCHOBKH:

1. xonuBanHs Temneparypu Bix +10 1o +30°C He BUSBISE MOMITHOIO BIUIMBY Ha CTYIIHb
azscopOrrii 10HIB Cr®* GenToHiTOM;

2. ONTUMAJbHUM € MacoBe CIHIBBiAHOIIEHHS TBepaoi Ta piako i ¢dasu 1:14+20; npu
GiBIIOMY PO3BEJICHHI 3HIKYEThCS KibKICT afcopboBanoro Cr¥, a MeHIIe CIIiBBiTHOMEHHS
T : P, He3Baxaroun Ha MOKpAILIeHHs pe3yJbTaTiB afcopOilii, € HepallOHAIbHUM, OCKUIbKU BXKE MPU
T : P=1:9 cnoctepiraerbcs cuiibHE 3aryCTiHHS MYJIbIH, BHACTIIOK YOT'O YCKIIQJAHIOIOTHCS MPOLECH
MOIAJbIIOT (IIBTPAILii;

3. inTepBan mocmimkeHnx koHneHtpamii (0,5-2,0 1/mM°) ioHIB Xpomy Oyino o6paHo,
BUXO/AYM i3 MPAKTHYHUX MipKyBaHb BiATIOBIZHO 70 MOXKIMBOTO BMicTy KaTiomy Cr’* peambHmx
CTOKaX;

4. momepeHhO0 BCTAHOBIIEHO, IO TIOBHE HACHYEHHs OCHTOHITOBOI TIMHH 10HAMH Cr3*
JIOCATAETHCA TPH mapi agcopdenty 15+20r, Ta mBuaKocTi mpokauyBanHs Critmi/c 3a 12+18 rox.

Sk cBimuaTh pe3yNbTaTH EKCIEPUMEHTY, MaKCHUMayibHEe moriuHaHHsS ioHiB  xpomy (III)

BinOyBaeThcss mpu mapi copbenTy 20r MouyaTKoBiii KoHueHTpamii ioHiB xpomy 1,0 r/am® Ta
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CTaHOBUTh B cepeanboMy 77,45%. EdextuBHicTh ancopOuii 3poctae mnpu 30UIbIICHHI IIApy
aJcopOeHTy, M0 MOKHA MOSICHUTH PO3BUTKOM AaKTHUBHOI copOuiiiHOT moBepxHi. HaiOimbmuit
epexTUBHHIA 00’ €M MU MPOKaYyBaHi MOJAEIHHOIO PO3YHMHY 4Yepe3 map copOeHTy B 15 r CTAaHOBUTH
8,32, a mpu npomyckanni 300 mur yepe3 20 r copoenty — 10,34. L1i 3HaueHHs B 000X BHITaJIKax
CIIOCTEPIratoThCs JII MOJCJIBHUX PO3YMHIB 3 KOHIEHTpPAIEI 10HY BaXXKOro Merany 1r/m, a 1ie
JI03BOJISIE CTBEP/DKYBATH, 110 3aCTOCYBaHHS OCHTOHITY SIK aZICOPOSHTY ISl BUIAJICHHS 10HIB XpOMY
3 BOJHHMX PO3YHMHIB JOIUIBHE 1 epEeKTUBHE Yy Mpolecax A0ouuIneHHs. Takox i3 301IbIIeHHAM
MOYaTKOBOT KOHIIEHTpAIIi] 10HIB XpOMY B MeXax 3HaueHb €KCIIEPUMEHTY 30UIBIIYETHCS Yac MOSBU
MepIIuX CHiAiB 3a0pyAHHKAa Ha BHXOJI 13 KOJIOHH, a 4ac 0 MPOCKOKY y BCIX BHUIIJKaxX IIBHUIKO

HAcTa€ IpyU KOHIEHTpallii 3a0pyaHuKa Ha BUXOJ1 3 KostoHu 0,7r/11.

\*

. 08
S 0/
=

~

g 06

5 s o=
S

(8]

-0,6 0,4 1,4 2,4 3,4 4,4 5,4 6,4 7,4 8,4 9,4 10,4
veff' OK

Pucynok 1. Kpusi HacuueHHs 6eHTOHITY Macoro 20 T MOJIeIbHUM PO3YMHOM 3 BUX1/IHOIO

KOHIIEHTPAIII€I0 Cr¥, r/nv®: —0,5:¢ —1.

Sk mokaszanu KpuBl HACUYEHHSI OEHTOHITY 10HaMU XpOMY IpH HAMOLIbII BAATUX BapiaHTax,
nmojaHi y (Gopmi 3a7eKHOCTI KOHIICHTpAIlil 10Hy BaKKOro metany Ha BuUXoAl 3 kKoloHH (Ceff) Bia
00’eMy npoKayaHuX po34HHiIB (Veff), KOHLEHTPAL[iSl MOJIEIBHOTO PO3YMHY Ma€ CYTTE€BUH BILIMB Ha
nepeOir npoiecy HaCHueHHSI.

Burpam y Ounbiiii AMHaMIYHIA OOMIHHIM €MHOCTI € HEBEIMKUHN y MOPIBHSIHHI 3 PI3HUIIECIO
MK BUTpaTamu ajacopOenTy. Ilepii ciigy 10HIB XpoMy Ha BUXOA1 3 KOJOHHU OY/M JI€TEKTOBaHI
micng mpokadyBaHHs 0,68-1,03 OK wmopenbHOro posuuHy uepe3 15r OeHTOHITY, a mpHu
BuKOpucTaHHs 20 © mepun ciaigu BU3HAYWIM B 00’emax 1,5-1,8 OK, mio BigmoBimae pi3HHUIN Yy
JWHAMIYHIH 0OMiHHIN eMHOCTI 9,59+12,19.

[TpoBeneHi MOCHiKEHHST MIATBEPAMIM MEPCHIEKTUBHICTh 3aCTOCYBAaHHS OCHTOHITOBHX TJIMH
JUIS OYMIEHHS cTivHuX Boja Binx ioHiB Xpomy (III) meTomom ancopOmii 3 HEpyXOMHM MIapOM
cOpOeHTYy.
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BOJIOCXOBMIIIA SIK YAHHUK JETPAJIAIIT CTAHY PIUKH MIBJAEHHAI BYT

€. M. Besconos, O. I1. MitpsicoBa, B. M. CmupHoB

YopHoMopchbKuii HalllOHAIBHUE yHiBepcuTeT iMeHi [letpa Morwmm, MukonaiB, Ykpaina

[TpupoaHuii pexxuM CTOKY PidOK B NEpeBakKHIN OLIBIIOCTI BUMAJIKIB BiIPI3HAETHCS 3HAUHOIO
HEPIBHOMIPHICTIO 1 3HaXOAUTHCS Y PI3KOMY IPOTHPIUYi 3 PEKUMOM HOTO CHOXHBAHHS OUIBIIICTIO
rajy3eid HapoOJHOrO rocHoJapcTBa. 3 YCiX MOMKIJIMBHX CIIOCOOIB 3a/I0BOJIEHHS 3pOCTAlOuUX MOTPeO
JIOAMHU y BOAl, HAaHOUIbII MOLIMPEHUM CTAlI0 3aperyilloBaHHsS CTOKY NPHUPOJIHUX MOBEPXHEBUX
BOJIOTOKIB BOJIOCXOBHIIIAMH, Y SIKHX 3aTPUMYETHCS CTiK y 0araToBOAHI Nepion, aKyMYITIOEThCS Ta
BUKOPHUCTOBYETHCS Y (ha3i MAIIOBOIS PIUKH.

Humni, Takuii BU BOZOKOPUCTYBAaHHSI BU3HAHO MPIOPUTETHUM B YKpaiHi, 3 OISy HA MPUMHATTS
Kabinerom MinictpiB Ykpainu «[IporpamMu po3BUTKY riipoeHepreTuku Ha mepion 1o 2026 poky» y
2016 pomi Ta IUIAHIB HAPOIIYBAaHHS TiPOCHEPTETUYHMX TIOTYKHOCTEH EKCTCHCHBHUM MUIIXOM —
30UTBIITYFOYM 00’ eMu BostocxoBul, OHAK HE3pO3yMLIIO, YOMY HE 3’SBITIOTHCS aHAJIOTTYHI IOKYMEHTH,
HaIpaBJieHl Ha HAYKOBE OOTPYHTYBAHHS Ta OIIHKY ITPOIMIOHOBAHUX TEXHIYHUX PIllIeHb, OCKUILKU YKpaiHa
BU3HAJA 1 paTrQiKyBaia MPUHIMITN CTAJION0 PO3BUTKY.

HesBaxaroun Ha Te, 110 Tpedii MOXKYTh MPUHECTH KOPUCTH CYCITUTHCTBY, BOHU 3aBXK/IU 3aBIAIOThH
3HAYHOI IIKOAM PIYKaM, BUCHAXYIOTh pUOHHI TIPOMUCEI, BUKIUKAIOTH JErpajaliito piluKOBUX €KOCUCTEM
1 3MIHIOIOTh peKpealtiiiHi MoxkIMBOCTI. ToMy, MeTa MPOBEIEHUX JOCIIKEHb MOJIAraia y BU3HAUeH] 3MIH
TAPOXIMIYHUX, T1IPOJIOTIYHMX Ta Tipo010JoriyHUX MoKa3HUKIB piuku [liBneHHuit byr y HwkHil Teuii
BHACITIIOK 3apery/IIOBaHHS 0ACEHOBOTO CTOKY yBepx 3a Teuiero. DakTudHI JaHl g aHalzy Oyiu
HanaHi LlenTtpansHOto reodizuuHo0 0OcepBaropieto Ykpainu, MHUKOIAiBCbKUM OOJACHUM ILIEHTPOM 3
TIIPOMETEoPOIOrii, PerioHaTbHUM YIIPaBIIiHHIM BOAHHUX pecypciB y MHKoMaiBChbKiil 00acTi, 10MOBHEH1
iH(opMalli€l0 3 HAYKOBOI JIITEpaTypH, CTaTUCTUYHUX 3BITIB JlepskkoMcTary YKpaiHu Ta perioHaIbHUX
JIOTIOBIICH TIPO CTaH HABKOJIMIITHBOTO CEPEIOBHUIIIA.

Tax, mocnikeHHs] B3a€MO3B’ 13Ky BUTPAT BOAM Ta JESKUX TIPOXIMIYHUX MOKA3HUKIB PIUKU
Mipnennuit Byr nano wactymui pesynstat (puc. 1-2). Ix amamis nossonse 3po6utu jekinabka
BaXXJIUBUX BUCHOBKIB!

— BoaHicTh piuku [liBneHHuii byr no-pizHOMY BIUIMBa€E Ha KOHLEHTPALI0 PO3UMHEHUX Y Hil
docdopy 3aransHoro (r = -0,74), nitpatis (r = 0,83), moBepxHeBo akTuBHUX pedoBuH (I = 0,56).
3MeHIIeHHST BUTPAT BOJM, OYEBUIHO, IHTeHCU(]IKY€E TporiecH eBTpodiKariii;

— (QopmyBanns HiTpatHOro 3abpyaHeHHss Ta ITAP BinOyBaeTbcsi 3a paxyHOK JOLIOBOTO
JKUBJICHHS PIYOK, BIJICYTHOCTI BOJIOOXOPOHHHX 30H Ta IIEHTPAII30BAaHOTO 300py Ta HAJIEKHOTO

OYUIIIEHHSI TOCTIOAAPCHKO-TIOOYTOBUX CTIYHUX BOJ 3 MPUJIETIINX HACENEHUX MYyHKTIB.
154



WATER SUPPLY AND WASTEWATER DISPOSAL

—
>
[=1
(=1
[a>]
S

45 0)

40 o

35

30 o’

25 . K

20 o ]

15

10
5
0

1 0,00 50,00 100,00

100 oo esteTy

H
[==]
1)
[ ]
° [ ]
[ ]
[ ]
KonnenTpariis, MKr/ia

KonueHnrparnis, MKr/a

0 >0 100 150 200 CepenHbOMICAYHI BUTPATH BOIH,
Butpatu Boau, ky6. m/c ky6. m/c

Puc. 1. 3anexunicts koHueHTpaiii gpochopy 3aransHoro (a) Ta [TIAP (6) Big BuTpar Boau

. 1000 a) 100 0
m
) )
§.< L) . P ® E L]
E 100 T = TR e,
= = o 5 ° .‘.‘g' S g *

g E [ ] & 10 Y ¢ [ ] *

¢ ¢ 5

£ = . °

T 10 g . . .

= :
S =

1
0 50 100 150 L 0 100 200
Butparu Boau, ky0. m/c Butparu Boau, Ky0. M/c

Puc. 2. 3anexxHicTh KOHIIEHTpAIi HITpaTiB (a) Ta HITPUTIB (0) Bil BUTPAT BOAH

AHani3yrouy, BIacHE, 3aKOHOMIPHOCTI T1APOJIOriyHOro cToky piuku IliBaennuii byr, To 3a
JIONIOMOTOI0 OJTHOTIAPAMETPUYHOTO aHaji3y 3a KpurepieM CTbIOJIEHTa 3MEHIIECHHS CepeHIX BUTPAT
BOJM y HWKHIN Tedii piuku [liBnennuit byr, micns cnopymxenns Tamunbkoro ta OnexcanIpiBCh-
KOTO BOJIOCXOBHIN, € CTAaTUCTUYHO JOCTOBIpHUM. 3MEHIICHHS BOJIHOCTI PIYKH JOBEICHO W
BUKOPHUCTAHHSM METO/IIB P13HUIIEBOI IHTETpaJIbHOT KPUBOI Ta pErpeciiHOTo aHamizy.

[IpoTte, HaWOLIBII MOKA30BMMH, Y KOHTEKCTI XapaKTEPUCTUKH 3arajbHOro €KOJOTiYyHOIro
CTaHy pIYKH, € MOKa3HUKU MPOJAYKTHBHOCTI BOJHOI €KOCHCTEMHU. AKTHBHE 3aperysllOBaHHS CTOKY
[TiBnennoro byry Ta Jlninpa Bin cepenunu XX cTOpiuysi MPU3BEIO JI0 MOCTYIOBOIO 3MEHILIEHHS
BHUJIOBOTO PI3HOMAHITTS T'1IpO0IOHTIB, YNCEIBHOCTI a0OpUTreHHuX BUAIB. O1HaK HaOLIbII BUPA3HO
BOHM IPOCIIIKOBYIOThCS Y Tupii — JIHinpo-bBy3bkomy numani, ne 3a octanHi 70 poKiB BHUJIOBU
BOJIHUX OlopecypciB 3MEHIININCH YYETBEPO.

CraTuCTUYHUHN aHaNi3 JaHUX TUHAMIKUA PIYKOBOIO CTOKY Ta KIJIbKOCTI BUJIOBIEHOI puOH (J1s
piuku [liBnennuit byr) 103BOJMB BCTAHOBUTH CHIIBHUIN KOPENAIIMHII 3B’ 130K MK MTOKa3HUKAMHU: I
= 0,78, 1oCTOBIpHICTH AKOTO cKianae 99%. Po3paxyHOK cUiIM BIUTUBY (DaKTOPY PiYKOBOTO CTOKY Ha
MOKa3HHUK BHJIOBY puOH 3a MeTooM [ImoxuHcbkoro ckias 69%, a 3a Cuenekopom — 79%.

Binrak, 3aperymoBaHHS CTOKY HUISIXOM CTBOPEHHS BOJOCXOBHII Yy MacmTaldi eKOCHCTEMH €
BKpail HeraTuBHUM (PaKTOpOM A ii PyHKIIOHYBaHHS Ta (POPMYBaHHS BTOPUHHOI TPOAYKILi.
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MPOLECU IHTEHCU®IKAIIIl MEMBPAHHOI PETEHEPAILIT
I'AJIbBBAHIYHUX XPOMOBMICHUX PO3YHUHIB

B. O. Cepamwok, C. b. boabmanina, B. I. Ckaadincbkuii, K. O. 3aiineBa

CymMchkuii aepxaBHuil yHiBepceuteT, Cymu, YKpaiHa

3 METOI0 3HWKEHHS HAJXO/DKEHHS B CTIYHI BOAM HOHIB BAaXXKHX METANIB Ta CIOJYK
IIECTUBAJICHTHOTO XPOMY JOCHi[UKEHO 3aKOHOMIPHOCTi eJIeKTpoBimHOBIeHHs Honie Cd?* ta Zn?
pH ix mirpanii yepes karionooOMiHHy MeMOpany RALEX®CM-PES 11-66 B mpotieci el1eKTpoizy
XPOMOBMICHHX PO3YMHIB, 1[0 3aCTOCOBYIOTHCS B IPOIECAaX IMMACHBAIlil KaJMi€BOTO Ta IIUHKOBOTO
rajJbBaHIYHUX MOKPHUTTIB.

Metoro nociigxeHHsi Oylo BHBYECHHS 3aKOHOMIPHOCTEH Ta MiABUIIEHHS €()EeKTHUBHOCTI
poOOTH MEeMOpPaHHOTO EJIEKTPOXIMIYHOIO MPHUCTPOIO, IO 3AaTHUM pereHepyBaTH CKJIaj Ta
OaratopazoBo 30UIBIIMTH Yac €KCIUTyaTalii TajbBaHIYHUX BaHH, MOBTOPHO BHKOPHCTOBYBATH
MPOAYKTH €JIEKTPOJIi3y Ta CIPUATHME 3aXHCTy HABKOJIHUIIHBOTO CEPEIOBUIIIA.

Jnst npoBeneHHs1 pereHepailii OyB BUIOTOBJIEHUI JBOKaMEPHHUH €JIEKTpOIi3ep, IO BKIIFOUYAB
aHOJIHY 1 KaTO/IHY KaMepH, PO3/IUIeHI KaTIOHOOOMIHHOIO MEMOPAHOI0 13 PO3TAlLIOBAHMMH B HUX aHOIOM
(Pb) 3 posmipamu 50x50x2MM Ta poGouoro aHoAHOKO TTometo 0,375aM2, i karomomom (Ti) 3 posmipom
60x20x 1MM, Ta pobodoro KatomHo momero 0,18am?. Katomny kamepy 3amoBHIOBamd 1% po3dHHOM
Cynb(aTHOI KUCIOTH, @ aHOJHY — MOJIETIbHUM PO3YMHOM, 1110 IMITYBaB CKJIaJ] BaHH MAcUBALli, 1 MICTHB:
HaTpilt uxpomar 50 /11, cynbharHy kuciory 10 1/ Ta gomimkosi tiorn Cd?* ta Zn?* 3 koHueHTpanisMu
(momw/mm) 0,013; 0,018; 0,022; 0,027; 0,0892. Cuity TOCTIHHOTO €IEKTPHYHOTO CTPYMY IMATPUMYBAIH
cranoro 1,5A. TTpu 11s0My KaTojHA I'yCTHHA CTpyMy ckianana 8,32 A/IM2 a aHO/HA T'YyCTHHA CTPYMY
cranoBuna 4 A/mm?. YactuHa MemOpanu, 0 Opana ydacTh B €I€KTpOIi3i Mana posMipu 50x50mm,
po6oua Toma MeMOpaHHOTo 06MiHy ckagana 0,25,

OCHOBHHMM KpHUTEpiEM, 110 BHU3HAYAE €(PEKTUBHICTH MPOXOJDKEHHS MPOLECY, € BUIUICHHS
KaJIMII0 Ta IUHKY Yy BUTJISIII METaNIiB Ha KaTOMAl 3aJ€XHO BiJ KOHIICHTpAI HOHIB Cd?** ta Zn** B
MOJIEJIbHUX PO3UMHAX aHOJMITIB MPH BiICYTHOCTI, YW HAsIBHOCTI MPUMYCOBOTO niepemimyBanus. J{is
3aro0iraHHs YTBOPEHHS HEPO3YMHHUX TiAPOKCHJIIB KaaMil0 Ta IUHKY B NMPUKATOJHOMY MPOCTOPI
pH karouiTy mocTiifHO miATpUMYyBaBCs B Mexax 1-2.

B pesynbTaTi mpoBeAeHMX TOCIHIIKEHb BCTAHOBIICHO, IO 13 30UIBIICHHSIM KOHIIEHTpAIlii
HOHIB MeTaJliB B XpOMaTHHX PO3YMHAX 3pPOCTA€E, SK MIBHIKICTH IX Mirpaii yepe3 KaTioHOOOMIHHY
MeOpaHy, Tak 1 €JEeKTPOBITHOBICHHS Ha Karofi. Tako, JOCTIKYBAlIM BIUIMB HPUMYCOBOI'O
MepeMilTyBaHHsI PO3YMHY Ha JOCHIDKYBAaHWM TIpolec. 3 1Ii€i MeTor Oyino 3acTOCOBaHO

BEPTUKAIbHY MEXAaHIYHY MIIIAJIKY TIOCKO-JIONATEBOTO THIY MHpUHO 20 MM, BucoToro 60 MM Ta
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TOBIIMHOIO 1 MM 3 9acToTor oOepTaHHs n=2,700/C Ta MBUAKICTIO CTBOPEHOTO MOTOKY 54 MMm/C.
BuBueHHs 3aKOHOMipHOCTEH poOOTH MEMOPAHHOTO €IEKTPOXIMIYHOTO MPUCTPOIO Ui pereHeparii
raJIbBaHIYHUX PO3YMHIB IOKA3aj0, [0 IIBHIKICTh EJIEKTPOXIMIYHHMX MPOIECIB 3aJCKUTh BiJl
KOHIICHTpallii JOMIIIKOBUX 10HIB B PO3YMHI Ta MPHUMYCOBOTO IEPEMIlIyBaHHS MPUMEMOpPaHHOL
30HM enekTpoiity. OnepikaHi JaHi CBiYaTh PO HEPIBHOMIPHICTH BHAUICHHS METaJliB Ha KaToOJax
BHACIIIJIOK 1X HEPIBHOMIPHOTO NPOHHMKHEHHS dYepe3 MeMOpaHy. lle mMOsCHIOETBCS TPUPOAOIO
MeTajiB, OyJAOBOIO TiIpaTHUX OOOJOHOK iX MOHIB Ta SBUIIEM KOHIEHTPALiWHOI MOJspU3alii, o0
BHHHKAE HA TTIOBEPXHI MEMOpaHHU.

[IpuMycoBe MepeMillyBaHHS He BIUIMBA€ HA MpOIEC MepeHeceHHs  HoHiB  Zn%*
(xonuenTparist 0,027 Moib/11) yepe3 KaTioHOOOMIHHY MEMOpaHy Ta OCa/KEHHSI METAJIIYHOTO [IMHKY
Ha karomi. Ilpormec meperocy iomiB CO?" 3 xonmentpamiero 0,027MONB/T Ta OCAIKEHHS

METAJIYHOr0 KajaMmito 30ublIyeTbes Ha 52,6% IiJ yac IPUMYCOBOTO MEPEMIllyBaHHsS aHOJITY

(Pucynox 1).
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Pucynox 1. IIBuakicTh BUAUICHHS] METAIIB Ha KaTOAl MPHU Pi3HUX KOHIIEHTPALIAX
iX MOHIB B aHOJIITaX MPHU HAIBHOCTI, UM BIJCYTHOCTI IPUMYCOBOTO ME€PEMilITyBaHHS
1 — Cd?" 6e3 nepemimysanns; 2 — Cd?* 3 nepemimyBanssaM;

3 — Zn?" 6e3 mepemimyBaHHs; 4- ZN?* 3 mepeMiTyBaHHSM.

3acToCyBaHHSI MEXAHIYHOIO MEPEMILIyBaHHS AHOJITY CIpPUSE MiJABUILEHHIO €(EeKTUBHOCTI
MpolLecy, OCOONMBO, AJII PO3YMHIB, IO MICTATH 10HH Kaamito. J[OBeJAeHO, MO MpH MiJBUIIECHUX
KOHIIGHTpALIAX 10HIB KaJMIiIO 1 IIMHKY B XpOMAaTHOMY PpO34YMHI 3aCTOCYBaHHsS MPUMYCOBOIO
nepeMilTyBaHHsl TPUBOAWTH O 3HayHOI iHTeHcu@ikamii mpomecy. Ilpu mpomy, eheKTHBHICTH
B1JIHOBJICHHS METaJIB 3pOCTAE, B cepeIHbOMY, Ha 68%.

BuBueHHs yMOB, IO BIUIMBAIOTh Ha €()EKTUBHICTh BUJIYYEHHS HOHIB KaaMil0 Ta IIUHKY 13
XPOMOBMICHHX PO3YMHIB JO03BOJISIIOTh MIATPUMYBATH CTaOUTbHMM CKJIaJ BaHH Ta IIOBHICTIO

BUKIIIOYAIOTh CKUJAaHHA TOKCHUYHUX PECYOBUH, CIIOJIYK BAXXKHUX METaJjiB B CTiUHI BOJH.
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PO3POBKA HOBITHIX TEXHOJIOT'TA MEPEPOBKH TA YTUJII3AIIIT
BIAITPAIIBOBAHUX MACTHUJIBHO-OXOJIO/KYIOUYUX PI/IUH
TA KOMIIPECOPHHUX OJIUB IMIIPUEMCTB 3AJIBHUYHOI IHOGPACTPYKTYPH

10O. B. 3eaennko, A. JI. Jlemmmucbka, M. C. be3oBcbka, O. B. Po3ron
JIHINPOBCHKHIA HAIlIOHAILHUN YHIBEPCUTET 3alII3HUYHOTO TPAHCIIOPTY iMEH1 akajaemika B.

Jlazapsiaa, Hinpo, Ykpaina

HeoOxiaHoo0 yMOBOIO PO3BUTKY BUPOOHHUIITBA Ha CYy4aCHOMY €Tarl € CTBOPEHHS 1 OCBOEHHS
BHUCOKOE(EKTUBHUX TEXHOJIOTIH, 0 SKMX BHUCYBAIOTbCS BMMOTHU LIOJIO pECypco- Ta eHeprosodepe-
’KE€HHSI, @ TAKOXK €KOJIOTYHOT OE3IEKH.

3amizHUYHA 1HPPACTPYKTYpa € OJHUM 3 HAWOUIBIIMX CIIOKMBA4YIiB TaKWX IIHHUX
MaTepiaTbHUX PECYPCIB, SIK HAPTOMPOTYKTH.

3 npoOneMor0 palioHaJbHOIO BHKOPHCTAaHHS HAQTONPOAYKTIB HEPO3PUBHO IIOB’sA3aHE
IIMPOKE KOJIO MHUTaHb. 30KpeMa OJHHUM i3 TAaKHX IMHUTaHb € IOPIYHE YTBOPEHHS 3HAYHOI KUTBKOCTI
HaTO- Ta OJIMBOBMINIYIOYHMX BiIXOJiB (BiANpaIbOBaHI OJIMBU, MAaCTHIHHO-OXOJOKYIOUl PiIUHH,
3aMalleHi IPyHTH, MacTuia, TEXHOJOriyHi nuiamu (Hadromwiamu) Ta iH.) Ta mpobdiemMu 3 iX
MOJIAVIBLIOK0 YTUIII3alli€r0. 3HAUHUM BIICOTOK cepell HUX CKJIaJaloTh BiANpalboBaHI KOMIIPECOPHI
OJIUBU Ta MACTUIILHO-0XOJIO/IKYIOUl PIAMHH.

Exonoriuno Oe3neyHe BUKOPHUCTAaHHS BIANPAllbOBaHUX HA(PTONPOAYKTIB Iepeadavae ix
nepepoOKy 3 OJIepKaHHSIM TOBapHUX IMPOJYKTIB CAMOTO PIi3HOTO IMpHU3HAYEHHs (IAlMB, OJIUB,
IUTACTUYHUX MAcTWJI, KOHCEepBallifHMX MaTepiamiB Ta iH.). AHaJli3 Cy4acHOTO CTaHy HHUTaHHS
TOBOPUTH MPO HOro (pakTUUHY HEBUPILIEHICTH K B TEOPIi, TaK 1 HA MPaKTHUIl. BUHATOK CTaHOBIATH
JUIIE JesIK1 MPOoLecH MepepoOKr Ta BUKOPHUCTaHHS.

VYTumizamis BiIpanboBaHUX HA(PTO- Ta OJUBOBMILIYIOUMX BIIXOJIB € BaXJIMBOIO HAyKOBO-
TEXHIYHOIO MPOOIEMOI0, OCKUIBKU BOHU HalleXkKaTh O KaTeropii HeOe3meyHuX BiaXOiB, 10 BKpai
HETaTUBHO BIUIMBAIOTh Ha YCi 00’€KTH HaBKOJHUIIHBOTO CEPEIOBHUINA — aTMOC(epy, IPYHT i BOJH.
Tak, 3a0pymaHEHHS BOJ BIAMPAIbOBAHMMH MACTUJILHUMH MaTepiasiamu cTaHoBUTH 20% Bix
3arajlbHOT0 TEXHOTEHHOTO 3a0pyAHEHHS.

Y poboTi po3rasHYTI TpaAMLidHI METOAM YTHJI3alii Ta BiAHOBJIEHHS BiANpaIbOBAHHX
MacCTUJIbHO-OXOJIOAKYIOUUX PIAUH 1 BIIIPAlbOBAHUX KOMIIPECOPHUX OJMB OKpeMHux Mmapok. Ilpm
po3po0Ili CXeMH BITHOBJICHHS EKCIUTyaTalliifHOI SKOCTI Ha(pTOBMICHUX BIIXOMIB 3 METOIO
(dbopMyBaHHSI Ta PO3pPaxXyHKy 3allPOIIOHOBAHOI TEXHOJOTIYHOI CXEMH, IMPOBEICHO ONTHUMI3AIliI0
mpolecy, a camMe TeMIepaTypH, KUIBKOCTI peareHTy Ta 4acy MOro KOHTAaKTy 3 Ha(TOBMiICHUMHU
BiIX0AaMH. 3alpOTIOHOBaHI HOB1 TEXHOJIOT11 3 BUKOPUCTAHHIM MTOBEPXHEBO-aKTHBHUX PEUOBHH.
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®JIOTAIINHA OYUCTKA CTIYHUX BOJI

B. A. KoBanbuyk

HanionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta IPUPOAOKOPHUCTYBaHHS, PiBHe, Ykpaina

VY TOpiBHSHHI 13 3BUYAaHUM BiJICTOIOBaHHSM (uIOTalliifHAa OYMCTKA CTIYHUX BOJ 3a0e3meuye
BUILY €PEKTUBHICTD BHIYYCHHS 3aBHCI, )KHUPIB, TOBEPXHEBO-aKTUBHUX PEUOBHH, HAPTOIMPOAYKTIB 1
Macell, CKOPOYEeHHsI TPUBAJIOCTI MPOIleCy, OTPUMAHHS KOHLIEHTPOBaHOTO ¢uioTonuiamy. OHaK, HE
JTUBJISIYMCH HA BUAUMY MPOCTOTY Ipoliecy (uoTarlii, TOHUHI BiICYTHI MO MPOLECY Ta METOIUKHU
po3paxyHKy (ioTaiitHux Kamep, siKi OM J03BOJISUIN aJeKBaTHO BU3HAYUTH MOKA3HUKH 3a0pyIHEHD
CTIYHHUX BOJ TicJIs IIOTALIHHOT OUMCTKH.

dnoranis € CKIAAHUM  (PI3MKO-XIMIYHHM IPOIIECOM, OJHAK CaMOCTIHHE TEOPETHUYHE
JOCTIKEeHHS Tpolecy (IoTauiiHOT OYUCTKU CTIYHUX BOJ Maiike HE MPOBOJIUIIOCS, a 3aMIHSIIOCS
3aCTOCYBaHHSM OCHOBHHX TEOPETHYHHMX IIJIXOMAIB, 3allO3WYeHUX 13 Teopii roramiiiHoro
30araueHHs, IO MOXKE 3IIHCHIOBATUCS 13 3HAYHUMH 3aCTEPSKEHHSMHU. Sk ciiaye 13 aHalizy
BIJIOMHUX TEOPETHUYHUX JOCITIKEHb (PIOTALIIHOrO Mpoiiecy, BUKOHAHUX 0araThbMa BITUM3HSIHUMH 1
3aKOPJIOHHUMH JIOCIIIHUKaMH, PO3MIpH YAaCTHHOK 1 OynabOallok MaroTh BHUpIIIAJbHUNA BIUIMB Ha
nporiec ¢oTarii B3araii 1 Ha #oro cybmporiecu. OqHak BpaxyBaHHS JIUIIE JiaMETPiB OJAHMHOYHOT
chepuyHOi YaCTUHKHU 1 OyJIHOAIIKY HE MOXKE aJ€KBAaTHO OIMMCATH PI3HOMAHITTS B3a€EMO/IIM BEITUKOI
KUTBKOCTI YaCTUHOK 13 OynbOalikaMmu, siKi FeHepYyIThCs Npu (aoTariiiHiii o4MCTIi CTIYHUX BOJI.
BcraHoBieHo, 1m0 IUCHEpPCHI CKJIAagM YacTMHOK 1 OynpOaliok, a Takok (QyHKIisA modpakiiiHoi
edekTuBHOCTI (uioTamii € JgorapuMiuHO HOPMAIBHO PO3MOJAUICHUMU. TakuM UYHMHOM, NpU
nmoOynoBi Mojenei ¢uioTtarii, OKpiM IHIIMX YWHHHMKIB, MalOTh OYTH BpaxoBaH1 BIJIACTUBOCTI
aHcaMOJIIB YaCTMHOK 1 OynpOamiok, ki OpuiMaroTh ydyacTb y mpoueci. O4eBHIHO, 10 MpU
BpaxyBaHHI IIUX I'PYMOBHUX BIACTUBOCTEH, 32 OCHOBY MalOTh OYyTH B3STi CTATUCTUYHI METOAM, 1110, Y
MOEHAHHI 13 IMOBIPHICHUM XapakTepoM (HIOTAIIfHOTO MPOIEeCy, Ja€ MiACTaBH PO3IIISIIATH
(bmoTarlito K CTOXaCTUYHHUX MPOIIEC 1 HA M1 OCHOBI JOCIIIUTHA HOTO €(PEKTUBHICTD.

s ¢noramiitnoi ounctku ctiuaux Boj B HYBITI 3ampomonoBana HoBa koMOiHOBaHa
Criopysa — BIJACTIHHUK-(IOTaTOp, MPU pO3poOIli KOHCTPYKIII sIKOro OyJM BpaxoBaHi mepeBard i
HEJOJIIKH 3aCTOCOBYBAHMX >KHPO-MacCJIOYyJIOBIIIOBAaYIB, BICTIMHUKIB Ta (1oTaTOpiB. Y BUPOOHUUUX
yMOBax JOCIiIKeHa e(PEeKTUBHICTH POOOTH BIJICTIMHHUKIB-(QIIOTATOPIB BEPTHUKAIBHOTO THITY 13
KOPOTKOTPHUBAJIMM BiJICTOIOBAHHSM CTIYHHMX BOJ] 1 CYMICHUM BUCXIJTHUM PYXOM Oynb0aIiok moBiTps
1 yacTUHOK 3a0pyaHeHb y 30HI ¢uoTanii. Lle namo 3mory: — 30UIBIINTH 3arajibHy €(QEeKTHUBHICTH
BWJIYYCHHS 3aBUCI 32 pPaxXyHOK IIONEPEAHBOTO OCA/DKCHHsSI OUIBIIMX YACTHHOK, $KI IOTaHO

(baoTyroThCs; — 3a0€3MeYNTH MaKCUMaIbHO €(DEeKTUBHHUI KOHTAKT 3aBUCI 13 OyJIbOanikamu MoBiTps
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npu (roTarii; — CHPOCTUTH TMpoIeC BUIAJICHHS MUIaMy 1 Ocaay 3a paxyHOK BIAIITyBaHHS
KOHIYHOTO JIHA 1 BIAHOCHO MaJoi IUIOIII KPYIJHMX Yy IUIaHi BiACTIHHUKIB-(oTaTopiB. BecTanosneHi
XapaKTepUCTHKU TodpakimiifHoi e(eKTHUBHOCTI (IOTAIIHHUX Kamep, a TaKOX BHU3HAYAIBHI
3aJISKHOCTI, a CaMe MK IOYaTKOBOI KOHIICHTPAIIEI0 3aBHCIMX PEYOBHH 1 MUTOMOIO BHTPATOIO
MoBITPsl TIpH yIoTallii, HABAHTAXKECHHSIM Ha TOBEPXHIO 30HM (UIOTaIllli 3a CyXOK PEYOBHHOIO 1
3QJUIIIKOBUME KOHIICHTPAI[IIMUA 3aBUCIMX PEYOBHUH 1 KHUPIB, IO JO3BOJIMJIO BHECTH 3MIHH B
METOJIMKY PO3PaxyHKY (IOTAI[IHHUX Kamep 1 po3poouTn e(EeKTUBHIIII CXeMH X BUKOPUCTAHHS B

cucteMax (IOTaIiiHOT OYMCTKU CTIYHUX.

BincriiiHuk-¢noTtarop Bunanenus ¢uaoronuiamy 3 moBepxHi

niameTpom 7,2 M BiJICTIHMKA-(I0TaTOpa

VY xoai BUpOOHUYOI eKCIuTyaTallii BicTiHHUKIB-QroTaTopiB aiamerpamu 2.4, 4,0, 6,01 7,2 m
OylM BCTAHOBJICHI TEXHOJOTIYHI MapaMeTpH, a TaKoX JOCHIKeHa e(QEeKTUBHICTh iX POOOTH.
3okpema, TIpU TIOMEpeaHii Oe3peareHTHIH OYHCTII Yy BIACTIHHUKAaX-(QIOTaTOpax CTIYHUX
M’sICOKOMOIHATIB €(EeKTUBHICTb BUJIYYEHHS 3aBUCIMX DPEYOBHH 1 XKUPIB CTAHOBWJIA BIJNOBIIHO
35,5-85,8 1 65,6-87,8%, a mpu oumcTii CTIYHUX BOJ 3abiifHMX 1exiB nraxodabpuk — 76,8-95,7 i
76,8-93,0%. Cepenni 3alMIIKOBI KOHLIEHTPAILl 3aBUCIMX PEYOBMH 1 JKUPIB HPU LBOMY CKJIAIH
BiAmoBimHO 246 1 74 mr/n. OmHOYACHO 13 BHJAJEHHSM >KUPIB 1 3aBHCIHUX PEYOBHH (IIOTalliifHa
ouncTka 3abesmeuyBasia 3HWKeHHS XIIK criguamx Box (300BTani mpodwm) Ha 39,5-76,0%
(B cepennbomy Ha 57,8%), BIIKs — na 43,7-63,8% (B cepennbomy Ha 52,8%), BIIK; o — Ha
41,8-74,2% (B cepennbomy Ha 53,3%), 1o 30i1bIIyBasI0 €(PEKTUBHICTD X HACTYMHOI OYMCTKH B
aepoTeHKaxX. EKcriepuMeHTaIbHO BCTAHOBJIICHI AHANITHYHI 3aJI€KHOCTI, SKI JAlOTh MOJKJIUBICTH
BU3HAUWTU 3HAUYECHHS KOHIEHTpALl B OYHMINEHHUX CTIYHMX BOJAX 3aBUCIHMX PEYOBHH, KHPIB,

BITKoss, BIIKSs 1 XTIK 3a iX mO9aTKOBUME KOHIIEHTPAIIISIMH.
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AKICTh BOJIYU B MYHIIUITAJILHIA CUCTEMI BOJIOITIOCTAYAHHSI

O. MarBeeBa, A. [looniineu

Hanionansuuii aBianiitnuii yaiepcutet, KuiB, Ykpaina

3 KOXHHUM POKOM MpoOJieMa MUTHOI BOIM MOCTa€ BCE rocTpimie. 3a JaHUMHU CIUIBHOT Bif
2017 poky momosini BO3 i FOHICE® tpoe 3 nmecstu oci6 B cBiti (2,1 Minbspaa ocib) He
3a0e3neyeHi Oe3MeYHUM 1 JIETKO JOCTYIMHUM BOJOINOCTayaHHSIM 3a MicueMm mpoxkuBanHs. e y
2000 poui €BponapiiaMeHT BUITYCTUB AUPEKTUBY PO BOJY , B IEPIIOMY ITYHKTI SIKOi 3a3HaYa€ThCA,
0 BOoAa — II¢ HE KOMEPIIWHUN TPOAYKT, a CHUIbHA CHAJIIMHA, Ky MOTpiOHO obepiratu. 80%
3aXBOPIOBaHb y KpaiHax, IO pPO3BHBAIOTHCS, IMOB's3aHI 3 1H(IKOBAHOI BOIOK, IO CYTTEBO
MiJBUIIYE piBeHb cMepTHOCTI HaceneHHs. [lopiyHo iH(}iIKOBaHA NHUTHA BOJA CHPUYUHIOE
3axBoproBaHHA 10 500 MJIH. JTr0/1EH.

B mexax €pomeiicbkoro coro3y 3 2018 poky MOYMHAIOTH MiTH HOBI CTAaHAAPTH MUTHOI
BOJIU, SIKi CTaBJISTh HA METi 3pOOMTH BOJIU BOJOIIPOBIIHOT MEPEXI MPUJATHUMH TSI TATTSL.

Ha croronHimHiii AeHb, HalJeTaNbHINTY 1H(OOPMALIIIO TPO SKICTH MPOTOYHOI BOJIU B PI3HUX
KpaiHax 3i0pasa Pana 3 xoHTponto 1 mpodurakruui 3axsoproBanb (CDC). Pekomennanii CDC
BIJIHOCHO TUTHOI BOJM B TiM YW 1HINIM KpaiHi 0a3ylOThCS HA 3arajibHiN CTATHUCTHUIIl 3aXBOPIOBAHb
IUTYHKOBO-KHMILIKOBOTO TPAKTY CEepeJ] TYPHUCTIB, sKi, SIK PaBUJIO, CIIPUYMHEH] HESKICHOIO MUTHOIO
Bosoro. PaxiBui CDC ckiany crucoK €eBponeichbKUX KpaiH, Jie 6e3MeYHO MUTH BOJONPOBIIHY BOAY
1 16 pobuTu 1bOro He BapTo. Y mepwmuil pedtuHr ypiMuum 30 aepkaB LEHTPaTbHOI, CXIAHOT i
niBHIYHOI €BpornH, 30kpema: Himeuunna, @pannis, Benukobpuranis, [lIBerinapis, benbris, [anis,
Hopgeris, ®innsauais, [IBenis 1 JlaTtBis. A och MUTH BOLy 3 KpaHa B YKpaiHi HE peKOMEHIYEThCS.

Byno npoananizoBaHo criocoOM OYHMIIEHHS Ta MPUAATHICTH O MUTTS BOAU 3 MYHIIUNATBHUX
BOJIONPOBIIHUX Mepexx 32 KpaiH cBiTy, siki MaioTh Big3Haky CDC: HailOuibll BXUBaHUMHU
TEXHOJIOTISIMA OYMWINEHHS BOAM B pErioHax, J€ Boja 3-TiJ KpaHy NpHJaTHA 0 BXXKHUBaHHSA Oe€3
JOJJaTKOBOTO OYMILEHHS YU KHUII SITIHHS, € BUKOPUCTAaHHS (UIBTPIB HAa OCHOBI aKTHMBOBAHOI'O
BYIriJUIs, TpaBil0 Ta IICKY, O30HYBaHHs, (JIOKYNALisA, OKcHIalis Ta o0e33apaKyBaHHs
yabTpadioNeTOBUMH JIaMnaMu. BapTo 3a3HauuTH, 110 AKICTh BOAOMPOBIAHOI BOJIM BHUIIE Yy THX
KpaiH, K1 9aCTKOBO a00 TMOBHICTIO BiIMOBUJIMCH BiJ] XJIOPYBaHHS.

CrnemiamicTa pi3HHX KpaiH B cdepi BOJIOMOCTaYaHHS 3a3HAYArOTh, 110 BOJA 3 TTOBEPXHEBHUX
JDKEpeT, TAaKUX sIK 03epa, BOJOCXOBHIIA, PIUKU Ta 1HIII, MOTpeOye BUKOPUCTAHHS OLIbIIOI KITBKOCTI
METO/IB OYMIIEHHS Ta 3HAYHO OLIBIIMX pPECcypciB, HUX BoJa i3 MiA3eMHHX Kepel. B meskux
kpainax, 3okpema B CIIIA ta y Hogiit 3emanmii, BOmonpoBiHA BOIa 3a3HAE MITYYHOTO (PTOPYBaHHS,

3T1JIHO PEKOMEHAIIil CTOMATOJIOTIB.
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Ha mynkTtax Bogo3abopy YkpaiHH BHKOPHCTOBYIOTH TaKli METOJIW OYMIIEHHS: XJIOPYBaHHS
(pizkum  abo Ta3onmomiOHUM  XJIOpoM), (IIOKYJSIis, KOAryJjsis, O30HYBaHHS, MeXaHI4Ha
¢binpTpamis, Tomo. AHami3 BigKpuToi iH(pOpMAIl CTOCOBHO pe3yJdbTaTiB OYMIICHHS BOJM Ha
JIHITpOBCHKIiN Ta JleCHAHCBKIN CTaHIIAX BOA03a00py B M. KueBi BUSBUB JiesKi 3aKOHOMIPHOCTI X
pobotu. 30KkpemMa, SKICTh OYHUIIECHHS MaJa€ Ha BECHI, 110 MOXK€ OyTH BHUKJIMKAHO SIK BUX1IHOIO
SIKICTIO BOJIM B BOJOMMI TaK i THIM, IO CTaHII1 BO103a00PY HE ONTUMI3YIOTh TEXHOJIOTII0 OUUIIICHHS
BOAM 3TiHO TPUPOJHUX YMOB; HasSBHI TICPEBUIICHHS HOPMATHBHHUX 3HA4Y€Hb MYTHOCTI B
JlapHunbkoMy paifoni M. KueBa, 10 CTaHOBIATH B cepenHboMy 0,67Mr/aM°; iHINI TTOKa3HUKH 3a
nanumu [IpAT «AK KuiBBookaHaily» 3HaxXOAThCsl B MEXaxX HOPMATUBHUX 3HaueHb . OgHak, 1ei
aHaJi3 CKJIagHO Ha3BaTH TOYHUM duepe3 Opak odimiitHoi iHdopmamii. Tak y Bigkpuriid 06a3i
iH(popMalii, MO0 SKOCTI MUTHOI BOJAM HA KOHTPOJBHUX TOYKAX PO3MOALIBYOI BOJIOMPOBIIHOI
Mepeski M. Kuea BicyTHs iH(poOpMallig 10 TaKUM MOKa3HUKAM, SIK 3arajbHa )KOPCTKICTh Boau, pH,
BMICT 3arajibHOTO 3ajli3a, aTIOMiHIIO TOILO, MPOTE, 115 iH(hOpMallisd HassBHA B pPE3yJIbTaTaX MEePEBIPKU
MMOKA3HUKIB SIKOCTI BoaM piuok JlHimpa Ta JlecHW Ta muTHOI BOoau Ha BUXOAl 3 JIHIIPOBCHKOI Ta
JlecHsIHCBKOT BOJONPOBiHUX cTaHMmii Kuesa. LlimkoM odeBHIHO, IO SKICTh BOJIW HA MUIIXY JO
CIOKMBaya 3a3Ha€ MOTIPIICHHS MOKA3HUKIB 11 SKOCTI 32 paXxyHOK 3arajJlbHOrO CTaHy 3a0pyIHEHHS
BOJIONPOBIIHUX MEPEX, y TOMY YHCIHI 1 MIKpOOIOJIOTIYHOT0, eKCIUTyaTalliiHUM TepMiH SKUX cArae
ounbmre 30 pokiB. L{i moka3HUKH, K MPABUIIO, TTOBHOIO MIPOIO BU3HAYAIOTH SIKICTh Ta HEOOXITHICTD
O0MaTKOBOI  (inmbTpamii BoAW 11 3a0€3MEUYeHHS TOCMOJAPChKUX Ta OCOOUCTICHUX TOTped
HACEJICHHSI.

Bapto Bim3HauuTH, mo Hapasi [IHIOpOBCBKY CTaHIil0 BoAoouuilneHHS M. KueBa Bixke
MEepPEeBOAATh HAa METOJ OYMILIEHHS TIMOXJOPUIOM HATpPito, IO BIAMOBITAE CYYaCHUM BHUMOTaM
3a0e3neyeHHs SIKOCT1 MUTHOI BOJM, OJIHAK 1€ JIMILE TPETHHA TEPUTOPIAJILHOTO BO/103a0€3MEYEHHS
MicTa. BrpoBaKeHHS K€ Cy4acHHUX TEXHOJOTiH BOJOOYMINEHHS B MacliTabax KpaiHU — TeXHIKO-
TEXHOJIOTIYHA 33a/]a4ya He Ha OJHH PIK.

BucnoBku. Peanii po3BUTKY CydacHOTO BOJI03a0e3MeueHHs B YKpaiHi poOsTh HEOOX1THUM
YIOCKOHAJICHHSI ICHYIOUMX TEXHOJIOT1H, OCOOIMBO B aCMEKTl JOOYHUIICHHS MUTHOI BOAW B MICIIAX
BOJIOCIIO’KMBAHHSA. 3 OTJIAY Ha IIe, TOIUIBHOIO € po3po0Ka Ta BUKOPUCTAHHS HOBUX (iIBTPYIOUUX
MaTepialiB, a TaKOX «aJbTEPHATUBHUX» METOJIB Ta CMOCOOIB MIArOTOBKH MHTHOI BOMH, SIK
€KOHOMIYHO BUTIJIHUX Ta €KOJIOTIYHO JOLLILHHUX.

[0 mpobieMy TakoX MOKE BHUPIINIMTH BUKOPUCTaHHS (UIBTPIB HA OCHOBI TPHUPOIHUX
MiHEpaIbHUX COPOCHTIB 10 SKUX BITHOCATH: IIYHTITH, LIEOJITH, KpeMHil, Tomo. Lli miHepanu, Ha
BIIMIHY BiJ aKTHBOBAHOTO BYTULIS, IPaBil0 Ta MICKYy, 110 BHUKOPHUCTOBYIOTHCS 3apa3, MaloTh
JOBIIMI TEPMiH eKCIUTyaTallli Ta MOMJIMBICTh JO pereHeparii 1 MOBTOPHOTO BHUKOPUCTAHHS Yy

CHCTEMaXxX OYMIICHHS BOJM.
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JIACTIEPCHUM CKJIAJI MICBKHUX CTIYHUX BO/I

B. C. Onncimuyk, B. A. KoBaiabuyk

HanionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta MPUPOJIOKOpUCTYBaHHs, PiBHe, Ykpaina

VY mporecax OYMIICHHS CTIYHUX BOJ BJIACTHBOCTI Ta XapaKTEPUCTHKH OKPEMHX YaCTHHOK
BIJITparOTh BXJIMBY POJIb Y BUAAJICHHI 3aBUCIMX pedoBHH. [TuTOoMa moBepxHs, ryctuHa, Gopma,
pO3Mip 1 CTYIiHB arjoMepallii 4aCTHHOK BHU3HAYAIOTh CEIMMEHTAIliHI BJIACTHUBOCTI 3aBuci. Ha
ChOTOJIHI ICHY€ YMMAJO METOJIB ISl BU3HAYEHHS PO3MIpPIB YACTMHOK. YCi BOHHM JalOTh 3MOTY
OIIIHUTH iX PO3MIp IPYHTYIOUHMCh Ha OJHIN 13 BIACTMBOCTEH YAaCTHUHOK, HAINPHUKIAJ, 3JaTHOCTI
po3cioBaTy 4u OJIOKYBAaTH Ja3epHUN MPOMiHb, YAHUTH 3MiHY €JIEKTPUYHOTO OTMOPY OTBOPY, IPH
MMPOXOKEHHI Yepe3 HbOTO, OCIIATH INiJl JI€F0 CHJIM TSOKIHHS UM BIIIIGHTPOBUX CHJI, PO3CIIOBATH
aKyCTUYHUHM CUTHAJ Towlo. Buxonsuu 3 niana3oHiB BUMIPIOBAHHS LIUX METO/IB, JIMIIE AEAKI 3 HUX
MOKYTh BUKOPHCTOBYBATHCS JIJIsl BU3HAYEHHS PO3MIPiB YACTHHOK CTIYHHUX BOA. [l0 HUX BiHOCSTB:
METOAM PO3CIFOBAaHHS MaJIOKYTOBOTO JIa3€PHOTO CBITJIA, CHEKTPOCKOIii 3BOPOTHOTO PO3CIIOBAHHH,
€JIEKTPO30OHHUN Ta CBITJIIOBUI JIIUMIBHUKH, ONTUYHUHN Ta €IEKTPOHHUM MIKPOCKONHM, TpaBiTaliiHa
CelMMEHTallis. YCl BOHUM MalOTh MEBHI YMOBHM BUKOHAHHS JJIs 3a0€3ME€YeHHs BUCOKOI JIOCTOBIp-
HOCTl IX BHUMIpPIOBaHb, J€AKl 3 HMX BHMMAaralOTh 3HAYHUX BUTpPAT Ha MNpHUAOaHHS HEOOXiIHOTO
oOyasHaHHs a00 BUMararoTh 3HaYHMX 3aTpaT 4yacy Ul BU3HAYEHHS PO3MIPIB YaCTUHOK, Ta MOBUHHI
BUOMpaTHCS Ha OCHOBI XapaKTEPUCTUK CTIYHOI BOJIU Ta (iHAHCOBOI CHPOMOXKHOCTI. JlocTymHUM
METOZOM BH3HAYEHHS PO3MIpIB YACTMHOK CTIYHOI BOJM € IMOEJHAHHSA ONTUYHOTO MIKPOCKOIY 3
MO/1aJIbIIOK 00POOKOIO0 ONTUYHUX 300paXKeHb Ha KOMIT FOTEPI.

JlocmiKeHHsT TUCTIEPCHOTO CKJIaly CTIYHUX BOJ 3a

JOMIOMOTOI0  ONTUYHOTO  MIKPOCKOIy — TIOJISITa€ B
JIOCHIJKeHH1 3pa3Ka CTIYHOi BOAM MiJ MIKPOCKOIOM i3
MOJTANTBIITAM 3aCTOCYBaHHSIM CHUCTEMH aHAJi3y ONTHYHUX
300paxeHb. JlaHa cucrema BKiIO4ae B cebe HUGPOBY
kamepy Digital Compact Camera OLYMPUS C-60
ZOOM i komm’roTep 13 MakeToM IporpaM Ha HHBOMY

(dotokonBeptep, AutoCAD 2018 Tta Excel 2016).

[TimeTkoro BiIOMPAETHCS Ta HAHOCUTHLCS Ha MpeAMeTHE CKiIo O6au3bko 0,1Mi mpolu cTivHOT BOAM,
sgKa PIBHOMIPHO PpO3MOAUIAETHCS Ta BHCYIIyeThCs Ha moBiTpi. Ilicms doro 3a momomororo
MiKpockony Ta I(poBoi kamepu ¢ororpadyroThCs ONTHYHI 300pakeHHs mpodu. Jns
3a0e3meYeHHs] JIOCTOBIPHOCTI OTPUMAHHMX pe3yJdbTaTiB HEOOXimHO 3pobuth He wMeHme 10

dotorpadiii pi3HUX ONTUYHUX TOJIB OJHOTO 3pa3ka CTiuHOi Boau. OTpumani 300pakeHHS Y
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dbopmarti “.jpg” 3a momomororo mporpamu “DorokonBepTep CTaHAapT’ MEPEBOIATHCS Y BEKTOPHI,
dopmary “autocad.dwg”. Ilicis woro 3a momomororo AutoCAD 2018 Ta mporpamu HammcaHoi
moBoto DELPHI, minpaxoByeTbcs KUIBKICTh, TUIOIIA Ta TMEPUMETP KOKHOI YACTUHKHU, SIKY OIUCYE
3aMKHEHa noiumiHiA. [licias BU3HAYCHHsI €KBIBAJICHTHHX JiaMETPiB YaCTMHOK BHM3HAYAETHCS Maca
KOXHOI YaCTUHKH Ta OyIYIOThCS IHTETPaJbHI KPUB1 TUCHEPCHOTO CKIJIaTy 32 IOBHUMH MPOXOJaMHU
Ta TIOBHUMH 3JIMIIKAMH B IMOBIpHICHO-JIOTapU(MIUHINA CUCTEMI KOOPAMHAT, 13 METOIO0 BU3HAYCHHS
MEIaHHOTO JiaMeTpa 1 cCepeAHhOKBAAPATUIHOTO BiAXUIICHHS.

JlociakeHHsl TUCIIEPCHOTO CKIIay MICBKHUX CTIYHHX BOJI, 32 JAHUM METOJOM, MPOBOAUIIUCS
Ha OYMCHUX cropynaax y M. PiBHe, A CTIYHHUX BOJ, SIKI HaIXOASATh HA OYMCHI CIIOPYIH, & TaKOXK
JUISL CTIYHUX BOJ Ha BXOJI Ta BUXOJI 3 MEPBUHHOTO BIACTIHHHWKA. Y pe3ynabTaTi 0yJI0 OTpHUMAaHO
TaKi XapaKTePUCTUKU AUCIIEPCHOTO CKIIAAY CTIYHHUX BOI:

1. CriuHa Boja, siIka HAAXOAWTb HA OYHCHI CHOPYAHM: — KOHIEHTpAIlis 3aBUCIHUX PEUOBUH
180-250 mr/um®; — exBiBaseHTHI JiaMeTpu YaCTHMHOK 3HaxonaaThcs B mianmazoHi 0,01-74 mxm; —
MEIaHHHUH JiaMeTp YaCTUHOK B CEPEIHROMY CTAHOBHUTH 33 MKM; — CEpeIHE 3HAUCHHS Jorapudmy
CepeIHBOKBAAPATUIHOTO BigxmieHHs — 0,55.

2. CriuHa BOJa Ha BXOJll y MEPBUHHI BIJCTIMHUKU: — KOHIICHTpAIlisSl 3aBUCIUX PEYOBUH
150-250 mr/am®; — exBiBaseHTHI JTiaMeTpy YacTUHOK 3HaxosAThcs B Aiamazoni 0,01-58 mxm; —
MeZlaHHUM JlaMeTp YaCTUHOK B CEPEITHbOMY CTAHOBUTH 22 MKM; — CEpeIHE 3HAYEHHS JIorapupmy
CepeIHBOKBAAPATHIHOTO BigxmieHHs — 0,51.

3. CriyHa Boja, Ha BUXOJI 3 NEPBUHHOIO BiJCTiHUKA: — KOHIEHTpallis 3aBUCINX PEYOBUH
87-173 mr/mm% — exBiBaneHTHI JIiaMeTpu YaCTHMHOK 3HaxoJsaThcs B miamazoni 0,01-47 mxwm; —
MeZlaHHUM JlaMeTp YaCTMHOK B CEpelHbOMY CTaHOBUTH 17 MkM; — CepeniHe 3Hau€HHs Jorapupmy
CepeIHBOKBaAPATUIHOTO BigxmieHHs — 0,51.

OTmxe, y mpolieci OYMCTKM MICHKMX CTIYHMX BOJI Ha CHIOpYAaX MeEXaHIYHOI OYHCTKHU
BiJI0yBa€ThCS 3MEHILIEHHS! MEIaHHOTO Ta €KBIBAJCHTHUX JiaMETPiB YACTHMHOK Ta MOBHE OCiIaHHS
YaCTHUHOK, €KBIBAJCHTHUM JiaMeTpoMm Ouitbiie 47 MkMm. OmHAK, Y JAOCTIIHKCHHSIX CIIOCTEPITaTncs
TaKOX 1 BUIAJIKM HE3HAYHOT'O 30UIBIIEHHS] ME/IIaHHOTO Ta €KBIBAJIEHTHUX J1aMETPiB YaCTHHOK IpU
3MEHIIIEHH] KOHIIHTpAIlil 3aBUCIMX PEYOBHMH Yy CTIYHMX BOJAX HA BHUXOJI 3 TEPBUHHHUX
BIJICTIMHUKIB, OPIBHSAHO 31 CTIYHUMH BOJaMHU Ha BXOJ B MEPBHHHI BiJACTIHHUKH. Lle moB’s3ane 3
THM, 1110 B MPOIECI OCAJKEHHS YaCTUHKU MOXYThb 00’€IHYBaTHCS 1 TAKUM YHMHOM 301JIbLIYBaTH
CBI €KBIBAaJCHTHUM, a BIAMOBITHO, 1 MEIIaHHWHA JlaMETPH, TaKOXK 1€ MOXKE OyTH TOB’S3aHO 3
BUHOCOM YaCTMHOK OUTBIIOTO JAiaMeTpa, SKi HE BCTHUIIHM OCICTH Yy BIICTIMHUKY YM HEJOCTaTHIM

4acoM nepe0yBaHHS CTIYHHX BOJ HA CIIOPYAAaX MEXaHIYHOI OUYUCTKH.
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BILIMB CTIYHOI BOJM 3 BIIBAJIIB BYTUIBHUX IIAXT
JbBIBCbKO-BOJJMHCBHKOI'O BYTLIBHOI'O BACEHHY HA JOBKLLJIS

I1. B. Bocak, B. B. [lonoBuu

JIbBIBCHKHIA IepKaBHUM YHIBEPCUTET O€3IEKH KUTTEISIIBHOCTI, M. JIbBIB, YKpaiHa

JIpBiBChbKO-BonmHchkuil ByrinmbHHHA OaceiiH — y JIbBiBChKid 1 BonmHCBKIM o00macTax
VYkpaiau, y 3axiiHOMY HampsiMi TPOJOBXKYeTbcs Ha Teputopii Pecryosiku Ilonpma Ta oxorutoe
wionry nmoHaa 10 tuc. km?. ByrinbHuii 6aceliH po3TalioBaHUIl HA MIBHIYHOMY 3aX0Ji YKpaiHu y
BepxHii Teuii piuku 3aximHuil byr 1 € miBIeHHO-CXiAHOI 4YacTHHO JIF0OIIHCHKOTO BYT1JIHHOTO
Oaceliny, mo 3HaxoauThcs Ha Teputopii Pecrmyomikum Ilonpma. [Tnoma JIeBiBChKO-BonmMHCEKOTO
ByrinmpHOro Gaceiiny — 1400 km?, mpoTsskHicTs 190 KM, cepeiHs MmmpHHA MpUOIHM3HO 60 KM.
Po3BuTOK 1i€1 BYripbHOI 0a3M CHPUSAB MOMINUICHHIO NaJUBHOrO OajaHCy 3axiHOIO perioHy
Vkpainu, (OpMyBaHHIO HOBHUX IPOMHUCIOBUX KOMIUIEKCIB, BUHUKHEHHIO MICBKHMX IIOCEJIEHb
M. HoBoBonuHChK (BonmHchKka 061acTh) Ta M. UepBoHorpas (JIbBiBCchbka 00J1acTh). 3amacu BYTULIsA
HEBEJIMKI, TOMY Iependavanocs, mo y OaceliHi MparoBaTUMyTh TUIBKH 2 MAXTH 3 15 miroumx
(cranoM Ha 2019 pik air0YMMU € 7 1IAXT).

Buno6GyTok Byrijuis CyHmpOBOJDKYETbCA SIK BUKOPUCTAHHSAM IHUTHOI M TEXHIYHOI BOAM 3
LEHTPAJI30BaHUX 1 MICIIEBUX MEpEX BOJONOCTAYaHHS, TaK 1 CKMJIAMU BlIKQUyBaHUX IIAXTHUX BOJ
y rigporpadgiuny Mepexy. ByriibHi mignpueMcTBa He OepyTh ydyacTh Y MIATOTOBLI BOJU MUTHOL
SKOCT1 /ISl IIEHTPAJi30BaHOTO BOJONOCTAYaHHS Ta 33J0BOJICHHSI TEXHOJIOTIYHHUX 1 TOCIOAAPCHKUX
noTped, OCKUIBKH 1€ MUTaHHS HE BXOIUTH 70 cepH iX AisuibHOCTI. Pa3om 3 ByruuisiM 1 BMICHUMHU
MOPO/IaMU Ha MOBEPXHIO M1J] Yac BUAOOYTKY MIAHIMAEThCSA TaKOXK BEIMKA KIJIbKICTh BOJHU, Oaratoi
Ha CYCIIEH30BaHy pEYOBUHY, MIHEpaIbHI COJi, HAPTOMPOAYKTH, COJI BAXKKHX METAJIB,
OakTepiajibH1 TOMIIIKH, TOILO.

OnHUM 3 OCHOBHUX YHMHHUKIB € (DAKTHUYHO HeperjaMeHTOBAaHE MOIaJaHHsS BHCOKO3a0pys-
HEHUX JIPEHAKHUX BOJ| 3 TEPUKOHIB IIAXT Ta MOPOJHUX BIABaJIB BYTUIBHHX IIAXT B IPYHTH,
MOBEPXHEBI, IPYHTOBI Ta Tig3eMHl Boad. lle 3yMOBIE€HO BHCOKMM pIBHEM TEKTOHIYHOL
MOPYUIEHOCTI 1 TPIMIMHYBATOCTI KOPIHHMX TOPiJ; PIBHUHHUM XapakTepoOM MiCLEBOCTI, IO
MPU3BOJUTH IO CHOBUIBHEHOTO MOBEPXHEBOT'O CTOKY APEHAKHUX BOJ TEPUKOHIB 1 iX MOCHIIEHY
1H(}UIBTpAIlifO B MI3€MHI BOJJOHOCHI TOPU3OHTH Ta IPYHTH; BUCOKOIO BOJOIPOHUKHICTIO MOPiJ, Ha
SIKUX 0€3MmocepeITHhO PO3TANIOBAHI MMAXTHI BiJIBAJIH TEPUKOHIB.

Tinbkn Ha momsix oxniel maxtu NeS «BemukoMOCTiBChbKa» BHACTIIOK MPOCAIOK JEHHOI
MOBEPXHi, MMOB’S3aHUX 13 BHUAOOYTKOM BYTriULIs 0€3 3aKiIaJKd BHPOOJIECHOTO MPOCTOPY 3aTOIUICHO
nmoHag 500 ra, y micti UepBonorpani — nmonax 170 ra. IlutHa Boma 13 CBEpIJIOBHMH 0Oaratbox
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BOJ103a00pIB Ta KPUHHMITH — y’KE€ HU3bKOI SIKOCT1, 4aCTO BOHA HEMPUIaTHA JUTsl BxKUBaHHS. CUTyalist
HaOupae HOBOTO 3BYYaHHS, SKIIO 3rajlaTH, MO Teputopis JIbBIBCbKO-BOIMHCHKOTO BYTUTBHOTO
Oaceliny posramoBana y 6e3nocepenHiid 01u3pkocTi 10 ['omoBHOrO €Bpomneiickkoro Boxoaury. TyT
OepyTh MOYATOK KPYITHI PIYKOBI cuctemu OaceitHiB YopHoro i banTilickkoro MopiB, € MpsMHA
BHX1]l PI4OK, 30KpeMa 3axigHoro byry.

3a pe3ynpTaTaMu MONEPEIHHOTO OIIHIOBAHHS BIUIMBY CKUJIB MIAXTHUX BOJ Y PIYKH TipHHYO-
MIPOMUCIIOBHUX paiioHiB JIbBIBChKO-BOIMHCHKOrO BYTiIbHOTO OaceiiHy HayKOBUMH JTOCIIIKEHHIMU
BCTAHOBJICHO, [0 BOJAHI PEeCypcH MalluX piyok ckiagaroTbes nmoHan 40-60% 3a paxyHOK CKHIIIB
IIAXTHUX BOJI TPYMOIO MIAXT; MPU CKUJAX 3 OJAWHUYHHMX IIAXT YacTKa IIaXTHHUX BOJ y PIYKOBOMY
CTOIII MOXe 3HIKyBatucs a0 15-25%; BOmHI pecypcu cepeiHix Ta Benukux pidok Ha 30-50%
CKJIAJJAIOThCS 32 PaXyHOK CKHUIB IIAXTHHUX BOJ; Y HIDKHIN YacCTHHI Tedii 4acTKa BKJIATy HIAXTHHX
BOJ, fAK mpaBuio, He mnepeBuirye 5-10%; mpu ckugax MAXTHUX BOJ y PIYKH, BOJOTOKH
BiI0OyBaeThCA IX NPUPOJHE CAMOOYMINEHHS BHACHIJOK TMOCTIHHOrO TepeMillyBaHHS BOJH,
HAaCHYEHHS i1 KHCHEM, YaCTKOBOTO MEPEXO0.y OJTHOYACHO (Y pE3yJbTaTi peaKiliii OKUCICHHS ) JEeSIKIX
PO3UMHHHUX KOMIIOHEHTIB y HEpPO3UMHHI Ta BHUIAJaHHA iX B OCaJ OKCHIU 3aii3a, KapOOHaTH,
cynb(haTH, M0 HAKOMUYYETHCS B JOHHUX BIJKIAZaX, 3MEHIIYETHCS TAKOXK KUIBKICTh 3aBUCIHX
OpraHiYHUX Ta HEOPraHIYHUX PEYOBUH, HAPTONPOIYKTIB, TOBEPXHEBO AKTUBHUX Ta JIESKUX 1HIIMX,
YaCTHHA 3 SIKUX PO3KIIAAEThCS HA O€3MEeUHI KOMIOHEHTH (CIOJYKH), a YaCTUHA aKyMYJIIOEThCS B
JIOHHUX BIJKJIaJaX BOJAOTOKIB Ta BOJOWMHUII. Y BCIX piuKaxX BYTUJIbHUX PETiOHIB IiJl YaC BOJOMIIIIS
MiHepanizamis Boau 3HMKyeTbess 10 0,2-0,8 T / am?, a B mepiof MexeHi — MiABUIILYETHCS 0
255 v/ v

Bupimysatu npoGiemu exosorii JIbBiBChbKkO-BonmHCbKOro ByrieBuaoOyBHOro OaceiiHy B
MIOBHOMY 00cCs31 MO)KHA JIMIIE Ha JEp)KaBHOMY pIBHI Ta IpPU 3aIy4€HHI HOBHMX TEXHOJIOTTYHHUX
HiAXOMIB 70 BYIJIEBUIOOYBHOI ramysi B muiomy. lle MOXIMBO HpH BHIUIEHHI /10AaTKOBOIO
¢diHaHCcyBaHHA 3a paxyHOK (DOHIY OXOpPOHH MPUPOIM, 3AIyYEHHI NPUBATHUX Ta IHO3EMHHX
KamiTanxiB, BUKOHAHHI 3aXOJiB, IO BHUIUIMBAIOTh 3 JlepKaBHUX TporpaM pO3BUTKY MaJTHUBHO-
€HEPTeTUYHOTO KOMIUTIEKCY Y KpaiHH.

BuchoBok. OTxe, OJHI€I0 3 HaWBaXKJIMBIIIKX MpoOJieM, IO MOCTa€ TMepell BYTUIbHOIO
MIPOMHCIIOBICTIO YKpaiHM € CTBOpPeHHA e(eKTMBHUX 3aco0iB 1 TEXHOJIOTIH JemiHepaiizarii
IIAXTHUX BOA. Y 3B’SI3KYy 3 IIUM, HEOOXiJHO MPOBECTH KOMITJICKCHE BHUBYCHHS TOPIJ 3 MAXTHHX
TEPUKOHIB, CTIYHUX BOJI 3 BIIBAJIIB IIAXTHUX IMOPIJ 1 CTOKIB MOOYTOBO-KOMYHAJIBHUX MIIPHEMCTB,
3MIACHUTH MPAKTUYHY OLIHKY BCIX PI3HOBUIB BiIXOJiB BYIJI€BHI00YBHUX 1 Byrie30arauyBaabHUX
HiANPUEMCTB K KOMIUIEKCHOI MiHEpaibHOI pedoBMHHU. OCKUIBKM YaCTHHY IIAXT y MeXax
JIpBiBChKO-BOMHCHEKOTO BYTriUIBHOTO OaceiiHy OyJio JIIKBIIOBAaHO, 3QIHMINMIACS HE BHUPIIICHOIO

mpoOJieMa X eKOJIOr0-TeXHOTEHHOT HeOE3MEeKH, a CaMe BiABAIM IMIAXTHUX TOPIJ.
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OH-JJAMH MOHITOPUHT SIKOCTI BOJIA Y CUCTEMI BOJIOITIOCTAYAHHSI

O. MauieBcbKa

Hamionansuuii yaiBepcuteT "JIbBiBchbka nositexHika", JIbBiB, Ykpaina

JIaGopaTopHi METOIM aHaNi3y SIKOCTI BOAM 3aHA/ATO MOBUIBHI /Ui ONEPAaTHBHOTO pearyBaHHS
Ha TOJii, 10 BUHUKAIOTh. BUSBIECHHS BUIAIKIB 3a0pYyAHCHHS MUTHOI BOIM y PEXUMI PealbHOTO
4yacy JacThb 3MOTy KOMYHaJIbHUM MIJIPUEMCTBAM MaKCHUMAallbHO OINEPaTUBHO 3pearyBaTd Ha
HeOe3MeUHy CUTYAIIiI0 Ta BXXUTU HEO0OX1/IHI 3aX0/IH.

IIpoekT cucreMu OH-JAHH MOHITOPMHIY SIKOCTi BOJAM y CHCTeMi BOJOIOCTAYAHHS HAace-
JIEHOT0 MYHKTY Nepeadayac BAKOHAHHS TAKHUX POOIT:

1. Bubip micysa po3mauiy8anus nyHKmie cnoCmepeiCeHHs

3araJlbHUMH MICISIMHM IYHKTIB CIIOCTEPEKEHHS € TOYKHU HAIXOPKEHHS BOJIU y PO3MOMALIBHY
MEpeKy Ta MyHKTH omnepatuBHOro koHtpoisto (PUB, HacocHi cranmii Tomo). J{omaTkoBi MyHKTH
CTIIOCTEPESIKEHHS MOXXYTh OyTH pO3TamioBaHi TOONHM3Y CIIOKHUBA4YiB 3HAYHUX OOCSTIB BOJIU
(KpUTHYHI CITOKMBAYi), y TOYKAxX 3'€JHAHHS MEPEXi, Ha TYIMHKOBHUX JUISHKAX MEPEKi, HA JUITHKAX
3MILITYBaHHS BOJM 3 Pi3HUX B0/103a00PiB TOLIO.

2. Bubip noxasznuxis sskocmi 600u

3aJiexHO BiJl MOXKIIMBOCTI IHCTPYMEHTAJILHOTO 3a0€3M€YEeHHSI CUCTEMHU OH-JIAiH MOHITOPUHTY
SIKOCTI BOJM CEpeJl CAaHITApPHO-XIMIYHUX IIOKAa3HUKIB OE3MEYHOCTI Ta SKOCTI IMHUTHOI BOIU
BUOUPAIOTH TaKi: amlOMiHIN, aMOHIN, BOJHEBUH Moka3HUK (pH), giokcua Byriemto, JIOKCUA XJIOpY
(y Bumanky oOpoOKM BOAM MIOKCHIOM XJIOPY IIiJi 4ac BOJOMIATOTOBKH), 3arajbHa IY>KHICTb,
3arajJbHa TBEPJICTh, 3arajJbHUNA OpraHIYHUNA BYTJICIb, 3a]i30 3arajibHe, HOJ, KaJaMyTHICTb,
KOJIPHICTh, HITPUTH (y BHUMNAAKY XJOPYBAaHHS 3 aMOHI3AIll€l0), OKMCHO-BIJHOBHHM MOTEHIIIaM,
CYXMH 3aJUILIOK, PTOPUIH, XJIOP 3AJHIIKOBUM BUIBHUM, XJIOp 3aJMIIKOBHUH 3B'13aHUM (y BHIAIKY
XJIOPYBaHHSI 3 aMOHI3aIli€l0), XJIOpUTH (y BUMAAKY 3aCTOCYBaHHS IOKCHAY XJIOpY IMiJ Yac
BOJIOTIATOTOBKH).

3. Ilpoexmysanns cmanyiti MOHIMOPUHEY AKOCMI NUMHOT 800U

CraH1ii MOHITOPUHTY MPU3HAYEH] AJII aBTOMAaTHYHOTO BUMIPIOBAHHS 3HAYCHb MOKA3HUKIB
AKOCTI BOJM Yy pO3NOAUIBHIM Mepexi Ta mepedayl IUX [TaHUX Yy JUCIETYEPCHKUM ILIEHTp
KOMYHAJILHOTO MiANPHEMCTBA.

CraHIlii MOHITOPUHTY OCHAIIYIOTh:

—  KOMIUIEKCOM TPWIATIB Ul BUMIPIOBAHHS TMOKA3HUKIB SIKOCTI BOAM (JaBadi, aHaII3aTOpH

TOIIIO) Ta JOTIOMIKHOTO OOJIaIHAHHS /151 3a0€3MeUeHHS KOHTAKTY TPUJIAJIIB 3 IPOOOIO BOIH;

—  CHCTEMOI0 300py JaHUX 1 YIIPaBIIIHHS CTAHIII€IO;
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—  CHCTEMOIO KOMYHIKamii (JpoToBor0 abo Oe3apoTOBOO) Ui Tepedadi AaHWX 31 CTaHIii
MOHITOPUHTY JIO JHUCIIETYEPCHKOTO WEHTPY Ta IHCTPYKLIH (HampuKiIajg, 3 YCYHEHHS
HECMPaBHOCTEN) BiJ] IEHTPY A0 CTaHIIi;

—  CHCTEMOIO EJIeKTp03a0e3MeUeHHs BiJl TPAIUIIIMHUX a00 albTepHATUBHHX JPKEpPET CHEprii.
JlonaTkoBUM 00JIafHAHHAM (aBTOMATHYHUN TTPOOOBIIOIPHHK, 3acO0HM OE3MEKH TOIIIO).

4. [Ipoexmyeanus agmomamu3z08anoi inghopmayitinoi cucmemu

[apopmartiitna cucremMa — 11 KOMOiHAIls OOJIaHAHHS, NPOrpaMHOro 3abe3nedyeHHS,
IHCTPYMEHTIB 1 TporeciB sl 300py, 0OOpoOKH Ta BiIOOpa)K€HHS JaHWX MOHITOPHUHTY B yMOBax
peaTbHOro Yacy B AUCIETYEPCHKOMY IIEHTP1 KOMYHAJIbHOTO TOCIIOIapCTBA.

OOpoOka HaHHWX TONSTAE y nepesipui 00CmogipHOCHMI 3HAYEeHb TIOKA3HUKIB SKOCTI BOJH.
HeniiicHi naHi BUHUKAaTUMYTh BHACHIJIOK HECHPABHOCTI MPUIAIB IJi BUMIPIOBAHHS MOKA3HUKIB
SKOCTI BOJM, HEPIBHOMIPHOCTI BHUTpAaTH a00 KOJUBAaHHS THUCKY B MEPEXi, HENPaBUIHHOIO
oOciyroByBaHHsl 00JaqHaHHS TOIIO. [IpUKiIamym HeMIMCHUX MaHWX: 3HAYCHHS, SIKI 3HAXOMATHCS 3a
ME)XaMH JIiana3oHy BUMIPIOBaHHS IPHJIAAiB, HE3MIHHI MPOTITOM TPHBAJIOTO IMEPioAy 3HAYCHHS;
KOJIMBaHHS 3HA4YEHb 3 (PI3UYHO HEMOXKIIUBOIO YACTOTOIO 1 BETMYMHOIO TOIIIO.

[HmMit MeTon mepeBipKM JOCTOBIPHOCTI JaHUX — 6UAGNEHHA AHOMANIN — MOXe OyTH
peaii3oBaHUi TaKMMHM METOJAMHU: aHAJII3 TPAaHUYHUX 3HAUYEHb (HAIPUKIIAJ, 332 JOTIOMOTOI0 CUCTEMHU
SCADA, BnpoBaJ)keHI Ha KOMYHQJIbHOMY HIAIPUEMCTBI); KOMIUIEKCHUN aHalli3 (B3a€MO3B'A30K
JEeKUIbKOX TMapaMeTpiB y MeXaX TIpaHMYHUX 3HAa4eHb MOXE CBIIUMTH NP0 aHOMaJilo); 3a
JIOTIOMOTOI0  TiporpamHoro 3abe3meueHHss ADS (moxxe OyTu iHTerpoBaHo B JAaBaui abo
BCTAHOBJIIOBATHUCS B TUCIIETYEPCHKOMY LIEHTP1 MIAIMPUEMCTBA).

5. Hocnioocenns nonepeodicents npo Hebe3nexy

[Ticns BUSBIEHHS aHOMANbHUX 3HAYEHb MOKA3HHUKIB SKOCTI BOAW iHQOpMaliiiHa cuctema
TeHepye 1 NOCIHiKye MoNepeKeHHsT Tpo HeOe3MneKy (Bi3yalbHi, 3BYKOBi, Ha €JIEKTPOHHY IOIITY,
MOOUTbHUI TenedoH) JOTH, MOKH He OyAe BH3HAUYEHO MPUYMHM IOMNEepPePKeHHS ab0 MOXKIIMBE
3abpynnenHs Boau. Lle mepenbdaqac:

—  pO3po0JIeHHS METOIUKM JOCHIKEHHS: BU3HAUYEHHS MOTEHUIMHMX TNPUYMH TONEepeHKEHHS
(HemificHI Ta MIMCHI TOMEPEPKEHHS); TTOKPOKOBA THCTPYKIIS JTOCTIKEHHS TIONEPEKCHHS;
NpU3HAYECHHsI 00O0B'SI3KIB /TS MTPAIliBHUKIB KOMYHAJIBHOT'O MiIIPUEMCTBA;

—  po3poOJeHHsI 1HCTPYMEHTIB JOCTIHKCHHS: KOHTPOJIbHI CIMCKH, 3alMCH TIOTEPETHIX
JOCTIIKEHb; OBIIHUK; 1HIII JKepena iHdopMallii Toio;

—  MATOTOBKY J0 JOCHTIIPKEHHS IMOMEPEHKEHb Y PEXKAMI PEATbHOTO Yacy: HaBYaHHS MIEPCOHAITY,
po0oTa cucTeMu OH-JaiiH MOHITOPUHTY Ta IEPCOHATY B TECTOBOMY PEXKHUMI.

VY monmanblioMy NpPOMOHOBAHA CHUCTEMa MOXE CTaTH OCHOBOIO JUI CTBOPEHHS CHUCTEMHU

PaHHBOTO MOMNEPEHPKEHHS 3MIHH SKOCTI BOAM Y CUCTEMI BOJOMOCTaYaHHs HACEJICHOTO MYHKTY.
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AHAJII3 AICOPBIIITHOT O OUMIIEHHS CTTYHAX BOJ|
Y IPOLIECAX iX BOJIOBIJIBEIEHHS

S1. M. 'ymauubkuii, B. B. Cadagam

Hamionanbnuit yHiBepcutet «JIbBiBChKa NONiTEXHIKaY, JIbBIB, YKpaiHa

[ToTpeba y BOIHHX pecypcax 3 KOKHHUM POKOM Y CBiTi 3pocTae. Lle moB’s3aH0 31 301IbIIICHHIM
HApOJIOHACEJICHHS, PO3BUTKOM IPOMHCIOBOCTI Ta CUIBCBKOTO TOCIOAApPCTBA. BHHMKae Benmuka
KUIBKICTh KOMYHQJIBHUX Ta MPOMHUCIOBUX CTIYHMX BOJ, SIKI MOTPeOyIOTh OYMILEHHS YU Iepen ix
CKUJIOM y IIPUPOHI BOJOWMH, YM Iiepes IX MOBTOPHUM BUKOPUCTAHHAM y mpomuciaoBocTi. KoxxHa
CTIYHA BOJA XapaKTCPU3YETHCS CBOIM JTUCIEPCHUM, MIHEPAJIOTIYHUM, OlOJIOTIYHUM CKJIQJOM 1 11
OYMILEHHS] BUMAara€e 4acTto AEKUIBKOX TEXHOJIOTTYHMX omepauiid. OnHuM 3 e(eKTUBHUX METO/IIB
OYMILEHHS € 3aCTOCYBaHHA (PI3UKO-XIMIYHOTO aaCOpPOLIHOTO OYMILIEHHS, SKE IMOJsArae Ha
BUKOPHCTaHHI TBEPAUX COPOEHTIB, IO MAIOTh 3/IaTHICTh IMOTJIMHATH KOMIIOHEHTIB CTIYHHX BOJ 3
MOJJAJIBLIOKO iX pereHepali€to Ta MOBTOPHUM BUKOPUCTAHHSM.

[Tponiecn agcopOIIii MPOBOASATHCS OKPEMOIO CTAIEO 1 IS X MMPOBEJACHHS BUKOPUCTOBYIOTHCS
armapaTty 3 MEXaHIYHMM YW ITHEBMAaTHYHUM IEpPEMILIyBaHHAM aJICOPOEHTa y BOJHOMY CEpeAOBHUIII
a00 KOJIOHHI amapard, sIKi J03BOJISIIOTh BHUCOKOE(EKTHUBHE OYMIICHHS 3 MPAKTUYHO HYJIHOBOIO
KOHIEHTpALI€I0 3a0pyAHIOI0YOr0 KOMIIOHEHTA Y BUX1/IHIN BOJI.

Meton aacopOrii HalOLIBIIT AOLITHFHO 3aCTOCOBYBATH JII HU3BKUX KOHIIEHTpAIIM, TO/Al Yac
po0oTH aacopOLINHOI KOJIOHU € JOCTaTHBO BEIMKUM 1 pereHeparis aJcopOeHTa MPOBOAUTHCSA HE
yacto. Posrnan agcopOuii y HepyxoMoMy miapi aJcOpOEHTY BKIIIOYAE psAJl 3aKOHOMIpPHOCTEH, SKi
MOBMHHI OyTH BpaxoBaHi IIiJ] yac aHaJli3y MpoLECy, a caMe: TePMOJMHAMIKH, CTATUKU, KIHETUKH 1
nuHamiku. TepMoaMHaMiKa BU3HAUA€E 3aJI€KHOCTI TEPMOAMHAMIYHUX MapaMeTpiB y 3aJ€KHOCTI BiJ
3MiHM Temmneparypu. Ilpomecun azncopOmii 3 piAKOro cepeJoBHINA BHACHIAOK MIBUAKOTO
PO3CIIOBaHHS HE3HAYHOI KUIBKOCTI TEIUIa BBA)KAIOTHCS 130TEPMIYHUMH, TOMY BIUIMB TEIIOBHX
MOTOKIB HE MpHiiMaeThcs A0 yBard. CTaTW4YHI 3aKOHOMIPHOCTI BCTAHOBIIOIOTH MaKCHUMAalIbHO
MO>KJIMBY aJCOpOLINHY 3aTHICTh, Y TOM Yac KiHETHKA BHU3HAYa€ MIBUJKICTh MpoOLeCy aacopOuii y
HampsiMi JIOCATHEHHSI PIBHOBarW 1 CTOCYETHCS KOXKHOTO OKPEMO B3SITOTO 3€pHA aJCOPOEHTY.
HaiiBa)x1MBIIIUM €JI€MEHTOM HMPOMMCIOBUX KOJIOHHHMX aacopOepiB € BU3HAUEHHsI KOHIIGHTpaLil y
TBepAiil ¢a3i Ta piauHi (aacopOTUBY Ta aacopOaTy) He JUIIE y yaci, aje 1 M0 BHCOTI KOJOHHOTO
amapary.

TeopeTuuHuil OoNMuC AWHAMIKU a/icopOLii BKIIIOYae€ PIBHOBAXHI 3alIeKHOCTI, AU(epeHIiaabHi
PIBHSHHSI TIEpEHECEHHSI KOMITOHEHTa 3 TIOYaTKOBUMH Ta TPAHWYHUMH YMOBaMH. PimeHHs Takoi
CUCTEMH € TPOMIZIKUM 3 TINepOOTIYHUMU (YHKIIISIMH, SKHM KOPUCTYBAaTHUCh MPAKTUYHO
3aTpyAHeHO. ICHyIOTh HaAONMKEHI METOIM PpO3paxyHKy AWHAMIKK ajacopOuii, siKi J03BOJISIOTh
pO3paxoByBaTH BUXIAHY KPHUBY IWHAMIKH 3 METOI0 BHU3HAYCHHS 4Yacy ajacopOIii 10 MPOCKOKY
KOMIIOHEHTY, L0 MOTJIMHAEThCA. J[aHi MeToM BUMAraioTh BiJl YACTUHOK aJICOPOEHTY OJHAKOBOTO

niaMeTpy Ta opmu, 0 HE 3aBXKAM CIPABIHKYETHCA y IPOMHUCTOBIN mpakTuili. Kpim 116010, KoxHa
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YaCTHMHKA MOBUHHA OYTH 130TpornHOI0. Ha mpakTuili BUKOPUCTOBYIOTHCS IIApU aJcopOeHTa Pi3HOI
BHUCOTH 1 3aBJaHH MOJIATAE y TOMY, 100 3HAWTH METOJ MEPEXO0.y BiJl BUCOTU «KOPOTKOIO» IIapy,
SIKMI1 MOYKJIMBO OIKcaTH anredpaiunoro Gyukiiero f'(7), 10 Oyab-sKoi BUCOTH mIapy, 10 € KPaTHOO
70 JAaHol BUCOTH 1 omucyeTbes ¢yukmiero (7). Ilepexin BUKIIOUae onepariiHe IepeTBOPEHHS
no Jlamacy, a mepexiJ 10 OpUTiHANYy 3TIHCHIOETHCS 3a JomoMorow dopmynu lroamens. 3rigHo
MaTeMaTHYHOI MOJIeJi MPOBOAATH MPHOIM3HUNA PO3PaXyHOK BHXIJHOI KPUBOI BUKOPUCTABIIM IS
1[bOTO MONEPETHHO MOCTABICHHUM AOCTIA Ha 1Iapi MaJIol BUCOTH 1 OJIEP:KaBILIU BUXIJIHY KPUBY, SIKY
MOJKHA alPOKCUMYBATH €KCIIOHEHIIaTbHOIO 3AJICXKHICTIO.

Jlanuii MeToJ BHUKOPHCTAHO HaMH IIiJl Yac aHai3y BHXIJIHUX KPUBHX aACcOpOIii 10HIB Mil
MPUPOAHUM IIeoniToM 3a Temnepatypu (20+0,5)°C y kononui miamerpoM 0,01M 3a pi3HUX BUCOT
mapy. Lli mani HaBemeHo Ha pucyHky. s ommcy mrapy BucoToro 0,02M BHKOPHCTaHO

€KCIIOHEHIIIAIbHY 3aJIeKHICTh
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[lepexin Big mapy AaHO1 BUCOTH J0 IHIIMX BUCOT 3/11HCHIOBABCS 3T1IHO GOpMYIU
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ne A =24868; Fo— uucino Oyp'e.

Jlns kpaTHHX BHCOT mIapy copOeHTa y amapari pilleHHs MaTeMaTU4yHOi MOJelli MaTuMe

BUIJISALT;
lem ClC,=1-ae™
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HOPMYBAHHS PO3PAXYHKOBUX MOJAYJIIB IPYHTOBOI'O CTOKY
B BACEMHI P. IIBJEHHWM BYT IIPY BOJOIOCTAYAHHI MICT

O. Tonpoposa, B. OBuapyk, M. I'onuiii

Onecpkuii nepKaBHUN €KOJIOTIYHUN yHIBepcuTeT, Oneca, Ykpaina

OnmnuMm 13 pKepen 3a00py BOAM SIK JUIA IEHTPATi30BaHOTO T'OCHOJAPCHKO-TIUTHOTO
BOJIOTIOCTaYaHHs MICT, TaK 1 JJIs JCHEHTPaTi30BaHOTO 3IIMCHIOETHCS 3 MiJ3EMHHX BOJIOHOCHHUX
TOPU30HTIB Y MEXax MIChKOT 30HH.

ABTOpaMH pPO3pOOJICHI HAyKOBO-METOJWYHI PEKOMEHMAIIl JUIsi PO3paxyHKY TIPYHTOBOTO
MPUIUTMBY 1O PIYOK, BUKOPHCTOBYIOUH crpomieHy cxemy A.M. bedani, 3a sSiKor0 IpyHTOBHUI CTIK
PO3PAaXOBYETHCS SIK HAMIBCyMMa TPUIIATH 10OOBUX MiHIMaIbHUX BUTPAT BOAU (MOIYJIB CTOKY) B
MepioJ1 JITHBOI 1 3MMOBOI MEXKeH1

_ Y30 min, 5+ Y30min, »
2

Uzp , 1)

ne  Uzomin, ;- TpuAuATHAOOOBMH MiHIMYM 3a mnepion niTHbOi MexeHi;  U3gmin, s -

TPUIAIATHI000BUM MIHIMYM 3a TIEP10]T 3MMOBOI MEXXEHI.

Crik piyok (opMyeThCs MiJ BIUIMBOM CKJaJHOI B3aeMoii (i3uko-reorpadiunux ¢akTopis,
10 MOJAUISAIOTbCA Ha JIBI TPYNM: KJIIMAaTH4HI Ta (pakTopu MiJACTUIBHOI MoBepXHi. JI0 OCHOBHUX
KJIIMaTUYHUX (DakTopiB (30HANBHI (DAKTOPH) BIAHOCATHCSA aTMOC(EpHl Omaau, BHUIIAPOBYBAHHS,
TeMieparypa nositps. Jlo ¢pakropiB miACTUIBHOI MOBEPXHI BIIHOCATH 1IHTPA30HAIbHI (PaKTOpH, SKI
NOB'sI3aHi 13 30HATbHUMHU YMOBAMH, aJle 3MIHIOIOTHCS B 3AJIEKHOCTI B/l 30HH (POCIUHHICTb, IPYHTH,
03€pHICTh, 3a00JI0UEHICTh, T'YCTOTa PIYKOBOI Mepexi) Ta a30HalbHI ()aKTOpU HE TMOB'A3aHI 3
reorpaiyHUMU TOJIOKEHHSAM OaceliHy (mjiomia BOJ0300py, cepeqHsi BHcOTa OaceiiHy, JOBXKHMHA
PIYKH, 3BUBUCTICTH Ta 1HIIT MOPGOMETPUYHI XapaKTEPUCTUKN Oacelny).

BennuuHa MOAyIiB CTOKY Pi4OK 3aJI€KUTh BiJ reorpadiqyHoro MoJ0kKeHHs, T1pOoreoJoriYHuX
YMOB Ta MICII€BHX YHHHHKIB (BUCOTH BO/10300DY, 3aJ1ICEHOCTI, 3a00JI04EHOCTI PIUKOBUX OaceiHiB).

[Tpuctynatroum 10 y3arajabHEHHsS XapaKTEpUCTHK IPYHTOBOTO CTOKY IO TEPUTOPii, HEOOX1AHO
MIpOaHaNi3yBaTH BILUIUB KOXKHOIO 3 CTOKO(GOPMYIOUUX (aKTOPIB.

Ha puc. 1 moka3aHa 3aJIe)KHICTb I'PYHTOBOTO CTOKY () BiA reorpagiqHoi MIMPOTH IEHTPIB
BOM0300piB, Ha SKOMY CIOCTEPIraeThCs JOBOJI UITKA 3QJIEKHICTH 31 3HAUYIIUM KOEQIIi€HTOM
kopernii (r=0,77). HasBHICTB Takoi 3aJIeXKHOCTI € MiJICTaBOIO JIJISl y3araJIbHEHHS IPYHTOBOTO CTOKY

3a momomoror kapTu. [Ipu mociimkeHHI IPYHTOBOTO CTOKY Bijl 3aiCEHOCTI Ta 3a00JI0YEHOCTI
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B010300piB piuok IliBgerHoro byry koedimieHTH KOpemsiii € He3HAYYIITUMHU, TOMY Y TMOJIaIbIINX

pO3paxyHKax iX BIUIMB MOYKHA HE BpPaXOBYBAaTH.

2,50 :
g 5, 2lcHM”) L
L
2,00
v=086x- 4115
R=059
1,50
L
L
L
1,00 &
L
* ®
0,50 & L
/ o

0" .

U,m T T T T T T T T T 1

478 43 48,1 454 456 45,8 49 49,2 494 49,6 49.8

Pucynok 1. 3anexHicTh IpyHTOBOI'O CTOKY BiJl reorpadiuHoi HIMPOTH T€OMETPUYHHUX

LEHTPiB B0J10300piB piuok [linenHoro byry

Monyni ITpyHTOBOTO CTOKY BIJHOCATHCS /0 T€OMETPUYHUX LEHTPIB BOA0300pIB, 130M1HII
nposeneno uepes 0,2 n/c-km?. B minomy crocTepiraeThcs 30iNbIIEHHS IPYHTOBOTO CTOKY ((.p) Y
HANPsAMKY 3 TIBJEHHOTO CXOy Ha MiBHiuHMi 3axin Big 0,40 1o 2,00 1/(c km? ) (puc. 2). TounicTs

PO3paxyHKy oOy/10BU KapTH IPYHTOBOTO CTOKY A =+ 12,7%.

Pucynok 2. Kapra-cxema po3Ioziay IpyHTOBOTO CTOKY (Q.p, 11/C KM?)
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KOMIIO3UIIAHI TPAHYJIbOBAHI AJICOPEEHTH
HA OCHOBI I'VTAYKOHITY JIUIA OYMINEHHA CTIYHUX BOJ

B. M. llImangiii, JI. A. be3nenexnux, O. B. XapaiamoBa

Hamionansnuii yaiBepcuteT iMeHi Muxaiina Octporpanacekoro, Kpemenuyk, Ykpaina

IaTencudikaris Bogorocnogapyoi MisUTbHOCTI i aHTPOMIOTEHHOTO BILTUBY HA BOJIHUHN OaceiiH
CKpi3b MOpYHIMJIA NPUPOAHI YMOBU (POPMYBAHHS BOJHOTO CEPENOBHUINA — IMIJ3€MHUX BOJHUX
TOPU30HTIB 1 MOBEPXHEBUX BOJIHUX OaceliHiB. 3poctae QocdarHe 3a0pynHEHHS TPYHTOBUX BOJ
YHACJIIOK HEHOPMOBAHOT'O 3aCTOCYBaHHS B CLIBCHKOTOCIIOAAPCHKOMY BHPOOHHUIITBI MiHEpaIbHUX
I0OpWB Ta BHUKOPHCTAHHSIM JOMOTOCHOJAPCTBAMHM 3HA4YHOI KUIBKOCTI MOOYyTOBUX (hocdarHo-
MICTKHX XIMIYHUX 32C00iB, sIKi 3 KaHaTi3allIHHUMHU CTOKAMHU MOTPAIUISIIOTH Y TIOBEPXHEB1 BOJIONMH.

Y 3B'3Ky 13 3acCTOCYBaHHSIM 3acCTapiIMX TEXHOJIOTIH BOJIOOYHINIEHHS, 3HOIIEHICTIO
TEXHOJIOTIYHOTO O0JIaHAHHS, HECBOEYACHUM KOPUTYBAHHSM TEXHOJIOTIYHOTO PEXHUMY JTOUUTEHIM
€ BIIPOBAPKEHHS KOMIUIEKCHUX 3aXOIB JUIA TMOJIMIIECHHS SKOCTI BOAU, PO3pOOKa ePEeKTHBHHX
MeTO/liB BuAasieHHs: (ochOpPOBMICHUX PEUOBHUH 13 CTIYHHX BOJI, BEICHHS MMOCTIIHOIO MOHITOPUHTY
SIKOCT1 TIOBEPXHEBUX BOJI 31 CBOEUACHUM MPUUHATTAM YIPaBIIHCHKUX PillIEHb.

Meto0o pobOTH € OTpUMaHHS KOMIIO3UIIMHUX aJCOpPOEHTIB Ha OCHOBI TJIayKOHITY Ta
JTOCITIJDKEHHS X aJCOPOIIHUX BIACTUBOCTEH MPU OYMCTII CTIYHHUX BOJ Bl pocdaT-10HiB.

IcHye 3HauHa KUIBKICTh PI3HUX METOJIB OOpoOKM Boau (010JIOTIYHI, KOAryisiiiHi), sKi
MaloTh PsiJi HEJOMIKIB 1 HE 3a0e3MeuyroTh HeoOXiHY €()EeKTUBHICTh OUMINEHHS BOAM BijJ CIOJIYK
dhochopy, NEPCIEKTUBHUMHU BBAKAEMO aJICOPOIIIHI METOAN OYUCTKH.

OpHuM 13 NPUPOJHMM MaTepiajioM s ancopOLii MOJIOTAHTIB € TiaykoHiT. lle mmpoxo
MOLIMPEHU y TPUPOAl MiHepan Kjacy CHIIKATiB IPYNU TiAPOCIIOJ, CKIAJA€ThCs 3 KpUCTaJo-
rizparis, amomocuiikatie ®@epymy, Cuminiit (IV) okcuay ta Kamiii okcuay 3MIHHOTO CKiany,
BKJTIOYAE 710 20 MIKpOEIEMEHTIB 3 YMOBHOIO XIMIYHOIO (hOPMYJIIOI0

(K, Ca, Na) <1 (Al, Fe**, Fe?*, Mn)2[(OH)].

Jist TIIayKOHITY XapaKTepHe IHUPOKE PO3MOBCIOKEHHS, JOCTYIHICTD, JeIIeBU3HA, TepMiyHa
Ta pajiamiitHa cTiikicte. KpiM TOTO0, BiH BOJIO/I€ MONEKYISIPHO-aICOPOIIITHUME Ta 10HOOOMIHHIUMH
BJIACTMBOCTAMU. BMiCT ny)kHMX OOMIHHUX KaTIOHIB IJIAyKOHITY 3a3BU4Yail CTaHOBUTH BiA 1,5 10
13 mr-exs/100 r. [IposiB 10HOOOMIHHOT €MHOCTI TJIAYKOHITY (TI0 aHAJIOTIi 3 IHIIUMHU AJTFOMOCHITIKAT-
HUMH MiHEpaiaMn) 0OyMOBICHHIH HACTYITHUMU YNHHUKAMHU:

— HasBHICTIO HETaTUBHOI'O HEKOMIICHCOBAHOI'O 3apsiAy B CTPYKTYPHOMY OCEpeaKy
IVIAYKOHITY, IO 3'BIAETBCS B PE3ynbTaTli 3aMilleHHS YOTUPbOXBaJeHTHOro CHITIINIO

TPUBAJICHTHUM AJTIIOMiHIEM 200 ABOBaJICHTHUM Martiem y KpUCTaIidHIN PEIIiTIi MiHEpay;
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— HasBHICTIO Ha OIYHMX TpaHAX KpHCTaliB riaykoHity OH-Tpyn, mpuKpIIJIeHuX 10 aTOMIB
KPEMHII0, KaTiOH T1IPOreHy SKHX 3a IIEBHUX YMOB MOX€ BCTYINAaTH B OOMIHHY PEaKIIo.

MornexyssipHa aacopOIlisi TTIayKOHITY MOJSATrae y MPOHUKHEHHI PO3YMHIB EJIEKTPOIITIB Y
BUIbHI MOPOKHUHHM KPHUCTAIIYHOT CTPYKTYPH, SKI HasBHI y JAHOTO MiHEpaly, MpH OJHOYACHIH 1
€KBIBaJICHTHIN afcopOI1ii KaTIOHIB Ta aHIOHIB 3 PO3YMHIB €JIEKTPOJIITIB.

Mopdonoriuny TOBEpXHIO 3pa3KiB TJIAYKOHITY BHM3HAYEHO 3a JONOMOTOI METOAY
€JIEKTPOHHOI MiKpockortii. JlocmipKyBaHUH 3pa30K IIayKOHITY Ma€ pO3BUHEHHUHN pelibed) MOBEPXHI.
[Tpu 36impmenHi y 20000-50000 pa3iB MOKHA PO3PI3HUTH HASIBHICTh 3HAYHOI KIIBKOCTI TJIACTHH-
4acTUX MIKPOCTPYKTYp y (OpMi HEMOCTOK, 3 po3mipamu < 0,5-1,0 MKM, 1110 CBIIYUTH PO BUCOKY
MOPHUCTICTh TMOBEpXHI 3pa3kiB. [lofiOHI MIKPOCTPYKTYpH € aKTUBHHUMH IICHTPAMH, Ha SIKUX
BiJI0YBAIOTHCSI MMPOIIECH MOJICKYJISIPHOT Ta 10HHOT afcopoiii.

Jlis BuBYEHHS afCOpPOLIMHMX BIIACTUBOCTEW HaMu OyiaM poO3poOJeHI HACTyNHI BUIU
rpaHylbOBAaHUX MaTepiaiiB, fAK: 30aradeHdidl TJAyKOHIT; cyMiml 30aradeHoro TrjayKoHITY 3
aKTMBOBAHUM BYTULISAM Yy CHiBBigHOMICHHI 1:1; cymim 30araueHOro TIIayKOHITY 3 aJICOPOCHTOM 3
COHSIIIIHUKOBOTO JIyIIMHUHHA y cmiBBigHomeHHi 1:1. TIpum mpoBeneHHI mpoiecy rpaHyTOBaHHS
3MIIHCHIOBANIUCS CTa/lii TOMOTeHi3allil Ta (OPMOYTBOPEHHSI.

MiKpOCTPYKTYpHI JOCHIKEHHS TpaHyJIbOBAaHUX aJCOPOEHTIB IMOKa3ajdd HAasBHICTh OLIbII
pUXJIOl CTPYKTYpU KOMIO3ZUIIMHMX TpaHyl TJIAyKOHITY 3 aJCOpOEHTOM 3 COHSIIHMKOBOIO
TymnuHHA. MaroTe Micle nopu 1 AePeKTH CTPYKTYpH, siKi OOyMOBIIOIOTH (I3UYHY aJICOpPOIiI0
IMOJIFOTAHTIB 13 CTIYHHUX BOJI.

Hamu BHBUEHO MOXIIMBICTD XIMIYHOI MOAM(IKaLlll TPaHYJIbOBAaHUX aACOPOLIMHUX MaTepiaiiB Ha
OCHOBI IIayKoHITY 8% po3unHoM Kanbliil Xxymopuay npH 3MilIaHiil KHUCIOTHO-COJIBbOBHI OOpOOIi.
Mexanizmom BupaiieHHs (ocariB € XIMIiYHE OCAPKEHHSI BaKKOPO3UMHHHUX CIIOJYK, B OCHOBHOMY
Kanpmiii oprodocdary, 1m0 yrBOproroThCS pH B3aeMoil pochaTHuX aHiOHIB 3 KaTioHamu Kabliiro.
OtpumaHi TpaHyId JOCTDKYBaIM B CTaTMYHHMX YMOBaX Ha 3JaTHICTH 3B’s3yBatu (ocdar-ioHu 3
MoenbHIX cToKiB. JIo 100 cM® MOsIeNbHIX PO3UHHIB, OJABANM TI0 2 T IPaHy/IbOBAHUX MaTepiallis, a
came: CyMIIIeH TIIayKOHITY 3 aICOPOEHTOM 13 COHSIITHUKOBOTO JIYIIIITAHHS, TJIAYKOHITY 3 aKTHBOBAaHUM
BYT'JUISIM Ta 3 FpaHyJIbOBaHUM 30aradyeHuM riaykoHiToM. Boanesuit mokasnuk (pH) 1u1st Beix po3uuHiB
NIPH [IPOBEICHHI €KCIICPUMEHTIB 3HaXOIUBCS B MeXKax 6-7.

VYcTaHOBNIEHO, 1O KPalIUMH MOKa3HUKaMHU a1copOLii BOJOJIIOTE KOMIO3MIIIHI TpaHyIbo-
BaHI MaTepiaiy TJIAYKOHITY 3 aJCOPOCHTOM 13 COHSIIIIHMKOBOTO JYIITUHHS, €¢()eKTHUBHICTh OYHUIIICH-
HS CcTOKIB cknamae 78%. Crij 3a3HaYMTH, 0 OCKUIBKM HIMPOKE BUKOPUCTAHHS AKTHBOBAHOTO
BYriii OOMEXEHO MOro BHCOKOIO BapTICTIO, MEPCHEKTHBHUM € BHMKOPHCTAaHHS BIiAXOJIB

arponpPOMHCIIOBOTO KOMITJIEKCY JJIS OfIep>KaHHS €(PEKTUBHUX 1 HEIOPOTHX aJICOPOEHTIB.
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JIO MATAHHS MIABUILEHHS] E@EKTUBHOCTI YIIPABJIIHHS BE3NEKOIO
BOJOIOCTOYAHHSI HACEJIEHHS 3A PAXYHOK BUKOPUCTAHHS
TEXHOJIOT'1i QR-KOJIYBAHHSI

H. B. [eiinexo, B. M. Ctpisnens, O. C. llleBueHko

HarmionansHuii yHIBEpCUTET IUBUILHOTO 3aXHCTy YKpainu, M. XapkiB, YKpaiHa

Ha cproroani B YkpaiHi TOCHUTh 3aroCcTpeHl MUTAHHS YIPABIIHHS MPOIECOM 3a0e3NeUCHHS
HACEJICHHS SIKICHOKO NMUTHOI OyTHIIBOBAHOK BOJIOI0. BUpoOHMKM mpu MapKyBaHHI OyTHJIbOBaHOT
BOJM BUKOPUCTOBYIOTH IITPUX KOAM, SIKI MICTATh BUKIIOYHO iH(GOpPMAIlil0, CTOCOBHO BUPOOHUKA
Boau. B Toli e wac iHdopmalis mpo sAKiCTh BOAM, 11 (i3ndHi Ta OG10JIOTIYHI BIACTHBOCTI, KOPHC-
HICTh Ta HacaMIiepes] piBeHb ii 0e3NMeKH BUKOPHCTAHHS YaCTKOBO PO3MIIIYETHCS HA OOKIJIAJAMHIN Ta
HE 3aBXKIU BIAMOBIIA€ MIHCHOCTI, a00 B HACTIAOK TEXHIYHUX OCOOIUBOCTEH HE JOCTYITHA JIFOJISM 3
00MEKEHUMH MOKIMBOCTSIMU Ta JIFOSM ITOXUJIOTO BIKY.

B Toli ke yac TUIbKU 3a OQIMIHHUMHU JaHUMH Ha TepuTOopii YKpaiHW Ha TemepiliHii vac
3apeecTpoBaHo MoHaa 320 cTaOUIBHUX OCepelKiB 3a0pyIHEHHs IMiJ3€MHHMX BOJ| Y 30HaX BIUIMBY
B0/103a00piB, Ta eKkciryaTyeThcst moHaa 300 BenmuKUX B0J103a00piB MiJI3EMHUX BOJ, 110 MPALIOIOTh
Ha 3aTBEP/DKEHHX 3aracax, Je SAKiCTh MOTipImiacs BHACIIIOK TEXHOTEHHOTO BILUIUBY.

Haii6inbue criiike 3a0pyJHEHHSI BOJJOHOCHUX TOPU3OHTIB CIIOCTEPITa€ThCs y MICHSAX BHUJIO-
OyTKy, TpaHCHOPTYBaHHsS 1 mepepoOku ByriaeBonHiB. Lli mpouecu cynpoBOIKY€EThCS MOSIBOIO
crienn(iYHUX eJIEMEHTIB 1 CHOJYK, SK-TO: PTYTh, MUUI K, ypaH, HITPUTH, aMOHIH, CBUHEIb, (oc-
dop, dbrop, 60p, NiTiiH,0poM, O, Millb, XPOM, HITpATH, OEH30I, TeKCaHOM, (PeHOI, poJaHif, XJI0po-
¢dopM, i30mponuIanuTaT, 6apiid, CTpOHIIH, XJI0p, cipka, KCUIIOJ, 1300yTHIEHOOKCIA. BMICT ocTaH-
Hix nmoHaz I'JIK B ckiai Boau cTaHOBUTH HEOE3MEKY JJIsl HACETIEHHS.

[lononanHg 3a3HauEHUX HEAONIKIB MOXJIMBO Yy pa3l BHUKOPUCTAHHS MOXKIJIMBOCTEH
QR-—xonyBanns. Ha crorogni QR-koau HaOymm Takoro MIMPOKOTO BUKOPUCTAHHS, IO Maibke BCS
npykoBaHa iH(opmamist (pekjiaMHi Ta 1HGOpPMAaIiifHI MJIaKaTH, €TUKETKU PI3HOMaHITHUX BUPOOIB,
OTOJIOIIEHHS TOIIO) AyONIoeThes 3a 1onoMororo QR-KoiB 4M CynpoBOMKY€eETbCS HUMU. Matpuis
QR-koxgy moxe momictutu a0 7089 CUMBOJIB B MOPIBHSHHI 3 TPAIUIIHHUMHU MITPUXAMH, SKi
MOXYTh MicTUTH He Oinbmie 20 mudp. Takum ynmHOM, Habararo Oinblie iHpopMmalii Moxke OyTH
30epexxeno B QR-koi.

OcTaHHe 103BOJISIE CYTTEBO 30UTBIINTH BMICT 1H(QOpPMAIIil II0JI0 BIACTUBOCTEN BOJU, MiCIb
il BUIOOYTKY, HassBHICTh CePTH(IKATIB SIKOCTI, YCTAHOBYI JOKYMEHTH BUPOOHHUKA Ta BIAMOBIIHO €
TapaHTIEr0 TBUIIEHHS SKOCTI, K BOAM, TaK 1 B3araii mocayr 3 ii BUPOOHUIITBA Ta MIPOJIAXKY.

3 iHmoro 6oky HasBHICTF QR MapkyBaHHS AO3BOJIMTH MIJBUIIUTH ONEPATHBHICTH Mepemadl
HeoOXiaHOI iHpopMaLii y pa3i BUHUKHEHHS HaJI3BUYaiHOT MOii MEITUKO-010JIOTIHHOTO XapaKTepy,
sKa BUKJIMKaHA MacOBUM OTPYEHHSM JIO/IeH, HaJacTh JOJATKOBHUH Yac JUls OpraHizamii 3axofiB 3

JIOKaJIi3arii HacJIiIKiB HaJ3BUYAaHOI CUTYAITil.
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OIIIHKA BILUIMBY OB’EKTIB AHTPOIIOT'EHHOI AISIJIBHOCTI
HA BOJHI EKOCUCTEMUA

O. M. Tpopumuyk, B. I. Knumenko, C. A. 3aropoans, H. A. llleBsikina, I. B. Paguyk

[HCTHTYT TenekoMyHiKkarii 1 rmodansHoro iHpopMaiiHoro npoctopy HAH Ykpainu, m. Kuis

JlocnmipKeHHST CTaHy BOJHHMX EKOCHCTEM € HEOOXiJHWUM JJisi BUBYCHHS 3aKOHOMIPHOCTEH
(YHKIIIOHYBaHHS BOJHHUX PECYpCiB IpPH CTIMKOMY aHTPOIIOTEHHOMY HABaHTAKCHHI. 3axXxoau 3
MOKPAIIEHHS €KOJIOTIYHOTO CTaHy BOJHHMX OO0 €KTIB, NMOBUHHI IPYHTYBAaTUCh Ha pe3yJbTaTax
HAYKOBUX JIOCITIJDKCHb B Taly3i MOJICIIOBAHHS IPOIECIB aHTPOIOTCHHOTO HaBaHTaKeHHS. Jlyxe
PO3MOBCIOPKEHUMH CTalld Taki HeOe3NeuHi SBUINA, SK IJBUIICHHS PIBHA TPYHTOBUX BOJ 1
BUKJIMKAaHE HUM MIJATOIUIEHHs TepuTopiil. IliaTommoroTecss HaceneHi IyHKTH, CLIbCbKOIOCHO-
JapChKi YTiAfs, MOTIPIIYIOThCS YMOBHU (PYHKIIIOHYBAaHHSI TOCHOJAPCHKUX O0’€KTIB, 3HHKYETHCA
POIIOYICTh 3€Mellb, TOIMKOKYIOTECA apXITEeKTYPHO-ICTOpUYHI mNam’aTku Ta iHme. JlocuTsb
ICTOTHUM (PaKTOPOM BIUIMBY Ha PiBEHBb €KOJOTIYHOI O€3MEeKH BOJHUX 00’ €KTIB € MOBEPXHEBUMN CTIK
CLIbCHKOTOCTIONAPCHKHUX YTi/lb, YpOaHI30BaHUX TEPUTOPI Ta OKPEMO MO>KHA BUAUINTH BILTUB
MICI[b HAKOITMYEHHS TBEPAUX MOOYTOBUX BIIXOAIB. Y MEpiogu CXOIy CHIXKHOTO IMOKPHBY, PSCHHX
JIOLIB 1 3]IMB YTBOPIOBAHUH MOTIK TPAHCIIOPTYE B T1IporpadiuHy Mepexy NpoaAyKTH epo3ii IPyHTIB
Ta MPOAYKTH PO3Maay BiIXO/IB, @ TAKOX COPOOBaH1 HAa HUX PAJIOAKTUBHI 1 TOKCUYHI PEUOBUHHU, K1
OCLIM Ha BO/I030ipHI TepUTOpii HE TIIBKM B PE3yJIbTaTi aBapiiHUX BUKUAIB, ajle 1 IPU IITaTHUX
pexxumax (yHKIIOHYBaHHS. Binxoau € 3arpo3oi0 370pOB’I0 HACENEHHS, SK€ MeEIIKae MoOIu3y
3BaJIMIIA, BUKJIMKAIOYM €MiJeMIONoriyHy HeOe3neky Ta OlosoriyHe 3abpynHeHHs. OcoOiuBuii
HEraTHBHMI BIUIMB MPOILIECIB 3a0pyIHEHHS B110yBa€eThbcs Ha 010TY, IPYHTOBUM IMMOKPUB, TOBEPXHEB1
Ta MiJ3e€MHI BO/HI JuKepena. OpraHiyHa pedoBUHA, 110 MICTUTHCS B TBEPAUX MOOYTOBMX BiAXoJax
YTBOPIOE (QUIBTPAT, CKIAJHUI 3a XIMIYHUM CKiagoM. [IpoHukHeHHs (iabTpaTy B IPYHTOBI BOAU
MIPU3BOJIUTH JI0 3a0pYAHEHHSI, SIKE IMMOITUPIOETHCS HA 3HAYHI B1ICTaHI1 Bl CMITTE3BAJHUIIIA.

B po6oTi 3ampomnoHOBaHO 3aCTOCYBaHHsS METOJIB JIUCTAHIIMHOTO 30HIyBaHHSA 3eMill Ta
reoiHpopMaliiHUX TEXHOJIOTIH AJIsi MPOBEACHHS OLIHKM Ta aHalli3 pU3UKIB 3a0pyJIHEHHS BOJHHUX
00’€KTiB TBEPAUMH MOOYTOBUMH BIAXOJIaMH I1iJ] 4ac MOBEHi Ta migToruieHHs. [Ipu nboMy BUSBIEHO
MpsiMi Ta 3BOPOTHI 3B'SI3KHU, IPOAHAII30BAHO SBUILA CAMOPETYJISALil, OLIIHEHO LUTICHICTh, BHOPSIKO-
BaHICTh Ta IEHTpami3amio 1HGOpPMAIiHHUX TOKa3HUKIB (OPMYBaHHS MOTEHINIHHOI €KOJIOTIYHOT
HeOe3MeKH 30H MiATOIICHHS.

J1si KOMIUIEKCHOTO aHai3y 3alpollOHOBAHO MPOBECTH JOCIIIKEHHS JIOKAIBHOI TEPUTOPIi HA
il Mojeni, BUKOHABIIM 1ACHTH(IKAIIIO TOMOTEOAC3NYHUX MapaMeTPiB CMITTE3BAIUINA 3 METOIO

BHU3HAUEHHS 1X JUHAMIKU Ha BU3HAUYEHY IMNIMOMHY PETPOCIEKTHBH, a TAKOK BU3HAYUBIIN HAMPSMU
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Mirparii TpOJIYKTIB JIECTPYKIli HAKOMMYEHHX BIIXOMIB 13 BOJAaMH IEPIIOTO0 BOJOHOCHOTO
TOPU30HTY 1 IIOBEPXHEBOTO CTOKY. B fKOCTI HaykoBOi OCHOBH MPHPOJOKOPHCTYBAHHS
BUKOPHUCTOBYETHCSI MOJIENb TeocucTeMu. Lsi Moenb 3aCTOCOBY€ETHCS Il IPOTHO3YBAaHHS, a TAKOXK
3 METOI0 YIPaBIiHHS MPUPOJOKOpUCTYBaHHIM. OCHOBHOIO METOIO MPOTHO3Y € OI[iHKAa MOXJIUBOI
peakuii HaBKOJMIIHBOTO MPHUPOJHOTO CEPEelOBUINA HA MPSIMHI YW  OMOCEpeIKOBaHUN
AHTPOTIOTEHHUI BIUIMB. [IpOTHO3yBaHHS MEPCIICKTUB PO3BUTKY IIEBHOTO SIBUINA € OJHIEIO 3
(GyHKLIA CUCTEMU MOHITOPHHTY. YCi MPOTHO3M MAalOTh IMOBIPHICHHUH XapakTep i IPYHTYIOThCS Ha
JAaHUX MPO CTaH HABKOJUIIHHOTO MPUPOJIHOTO CEPEOBUILA HA IIEBHUI MOMEHT 4acy i B MUHYJIOMY.
OTpuMyroTh 1l JaHi 3aBISKHA AOCTIKEHHSM, CIPSMOBAaHMM Ha BUSBICHHS 3aKOHOMIpHOCTEH
MPUPOJHHUX TMPOLECIB, MOUIMPEHHS, MIrpamii i NMepeTBOpEeHHS y HaBKOJIMIIHBOMY CEpEIOBHIII
3a0pYIHIOIOYUX PEUYOBUH Ta iX BIUTMBY Ha JTOBKLUJIISL.

ABTOpU MPONOHYIOTh HACTYIHUN aJITOPUTM JOCTIIPKEHHS! aHTPOIIOT'€HHOTO BILTUBY Ha BOIHI
€KOCHCTeMU MeToAaMH AucTaHuiinoro 3ouayBanss (33): 1) mindip manux /133, kaprorpadiunux
MaTepiaiiB Ta omucoBOi iH(popMarii; 2) CTBOpeHHS AeTanbHOI IHM(POBOI KapTu TepUTopii
JOCIIKCHHS; 3) BU3HAUEHHS CE30HHOI MIHJIMBOCTI €KOCHCTEMH 3 BHKOPHCTAHHSIM Pi3HOYACOBHX
3HIMKIB; 4) mpoBeleHHs KiIacudikaiii MpUIeriioi TepUTOopii; 5) BHU3HAYCHHS JDKEpPENT aHTPOIO-
TeHHOTO HaBaHTAXKEHHS, a caMe 1eHTU(IKAIlI0 TOMOTeoIe3MUYHUX MapaMeTpiB CMITTE3BAIMILA;
6) mpoBeneHHS Kiacudikalili BOAHOI POCIMHHOCTI; 7) BU3HAYEHHS TEMIIEPATYpPHOI'O PEXUMY
BOJHOIO 00’€KTY 3 BUKOPUCTaHHSIM pi3HOuUacoBUX AaHuX J[33 (TeruioBuil kaHam); 8) mpoBeneHHS
Ha3eMHUX (HaJBOJHHX) BUMIpiB, BUOIp TECTOBUX AUISHOK; 9) MpOBeIEHHS MOPIBHSIHHS Ta Kamiopy-
BaHHS OTPUMAaHHUX PE3yJIbTATIB 3a JOMOMOrorw o0poOku nanux J[33 3 HazeMHuMHu Bumipamu; 10)
CTBOPEHHS 0a3u Te0JJaHuX TEPUTOPIT JOCITIIHKSHHS.

Taxuit miaxig 103BosIsi€ 3a0€3MeYUTH ONIEPATUBHUNA PEKUM OTPUMAHHS TOCTOBIPHUX 1 TOUHUX
JaHUX TPO MPOCTOPOBO-YACOBI PO3MOMALIN MapaMETPiB €KOJOTIYHOTO CTaHy BH3HAYEHUX AIISHOK
MiATOIJICHHS, 3 BUCOKUMU PIBHSAMH PH3UKIB aHTPOMOTEHHOTO 3a0pYyAHEHHS, B TOMY YHCIi TBEp-
TUMH TTOOYTOBMMH Biaxomamu. OTke, BUKOPUCTaHHS KOCMIYHHUX 3HIMKIB JIO3BOJISE MPOAHATI3y-
BaTH IHJMBIAYaldbHI OCOOJHMBOCTI PO3MIMICHHS CMITTE3BAIMII BIIHOCHO BOJHHUX OO €KTIB,
HACEJICHUX MYHKTIB 1 MPUPOJTHO-TEXHOTEHHUX cucTeM. L{i 0coOMMBOCTI BU3HAYAIOTh YMOBH, Y SIKHX
BiJI0YBA€THCS CKIIAAyBaHHS BIAXOMIB 1 iX B3a€MOJIII0 3 HABKOJUIIHIM CEPEOBHILEM., & CAME YMOBHU
Mirparii 3a0py/IHIOIOUHX PEUOBHH, SIKI YTBOPIOIOTHCS B MPOIIeCi eKCIuTyaTallii 3Banuul. Pe3ynpraTt
JOCTIPKEHb HAJlal0Th MOXKIIMBICTh MICIIEBUM OpraHaM CaMOBpSIyBaHHsS CBOEYACHO pearyBaTd Ta
npuiiMatu eQEeKTUBHI PIllIEHHS IIOJ0 CaHITAPHOI OYHCTKU Ta JIKBIAAMil HECAHKIIOHOBAHHMX

CMITTE€3BAJIHIL 13 MiHIMAJIbHUMHU (hiHAHCOBUMH, JIFOJICBKUMH TA YaCOBUMH 3aTPaTaMHU.
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JOCIIIKEHHS ITPOIECIB METAHOBOI'O 35PO/I’KYBAHHSA
CTIYHUX BOJl BUHOPOBCTBA

I'. B. Kpycip, O. O. JliBenuona, O. A. CargeeBa, M. C. MaavoBauuii, E. }O. 3aiineBa
Onecpka HalllOHAJIbHA aKaIeMisl XapuoBUX TeXHooriH, M. Oxneca, Ykpaina

Hamionanenuii yaiBepcutet «JIbBiBChbKa nomiTexHika», M. JIbBiB, Ykpaina

B yMoBax chOrojieHHs B CTPYKTYpi MPOMHCIOBOCTI YKpaiHW BifOyBalOThCS 3HAYHI 3MiHHU.
BrpauaroTh akTyanbHICTh MOTY)KHI BUPOOHHMIITBA OJHUX cep IiSIBHOCTI 1, HABMaKH, HA0yBAIOTh
PO3BUTKY 00’€KkTH iHmHUX ramy3eil. Came y Takux yYMOBax BiJOyBa€ThCS PO3BHTOK BHHOPOOHOI
MIPOMHCIIOBOCTI YKpaiHH, IO CYHNPOBODKYETHCS 3POCTAaHHSIM pIBHS ii €KOJOTIYHOI HeOe3NeKu.
Pe3ynpTaToM AisSIBHOCTI HIANPUEMCTB MEPBUHHOIO BUPOOHUITBA € LIOPIYHE YTBOPEHHS 3HAUHUX
o0csriB TBepauX BinxomaiB (moHaa 80 THC. TOH), CKU/IB KOHIIEHTPOBAHUX CTIYHUX BOJ (IIPHOJIU3HO
280 Tuc. M), 3pocTaHHs 00CATIB BUKUIB B arMocdepy (61m3bKo 2 THc. ToH). BapTo 3a3HaunTH, M0
ocHoBHa Jioist (moHax 90%) BkasaHWX OOCATIB IMIKIAJIMBUAX BIUIMBIB BUPOOHHIITBA HA KOMIIOHCHTH
JOBKUJUISL TPUIIAJa€ caMe Ha MiJIpPUEMCTBA IIEPBUHHOIO BUHOPOOCTBA.

Bigxoan BHHOpPOOCTBa MarOTh IIMPOKY HOMEHKJIATYpy Ta CHelM(piuHUA CKIag 1 3a yYMOB
PO3MIIIEHHS 1X Yy KOMIIOHEHTAaX JIOBKUUIA CHPUSIOTH (POpMyBaHHIO €KojoriyHoi HeOesneku. CTiyHi
BOJIM MIANPUEMCTB NEPBUHHOIO BUHOPOOCTBA MAalOTh y CBOEMY CKJIaJl 3HAYHY KUIBKICTb O10T€HHHUX
€JIEMEHTIB Ta OPraHIYHMX PEYOBHH 1 MOTPeOYIOTh CKIAJHHUX MPOLECIB iX OYMIIEHHA. MiK THM, 3a
CBOIM CKJIaJIOM BIIXOJM BUPOOHMIITBA Ta CTIUHI BOJM MOXYTh OYyTH 3aTy4eHi y MPOLIECH MepepoOKH 3
OJZICP’KaHHSM BTOPHHHHX CHPOBHHHHMX Ta EHEPreTUYHHX pecypciB. TakuM 4YHHOM, BHHHUKAE
HEOOXI/IHICTh YIOCKOHAJICHHS ICHYIOUHMX Ta PO3POOKH HOBHX TEXHOJIOTIYHUX pIIlIEHb 13 IiIBUIIECHHS
PIBHSL €KOJIOTTYHOI Oe3MeKH 3a3HaueHuX mianpueMcTB. OTHUM 3 HaWOLIBII €PEeKTUBHUX CIOCOOIB
yTHJTi3aLii piIKUX MPOMUCIIOBUX BiIXO/IB BUHOPOOHOI MPOMHUCIIOBOCTI (CTIYHUX BOM) € iX aHaepoOHe

30pomKyBaHHs. 3 METOI0 OOIPYHTYBAHHS MOKJIMBOCTI YTHJII3aIll CTIYHUX BOJ METOJOM aHAepOOHOTO

30poKyBaHHS BU3HAYEHO OCHOBHI MMOKa3HUKH 3a0pyHeHb. Pe3ynbpraT HaBeeH1 B Ta0. 1.

Tabmuus 1
[Toxa3Huky 3a0pyAHEHHS CTIYHUX BOJ BUHOPOOHUX MIANPHEMCTB
3aBucini AzotHcTi
XCK BCKs Cynbdaru, | Xiaopuam,

pH pE4YOBUHY, CIIOYKHU,

rOz/am® rOz/am® mr/ame mr/mm3

/oM mr/am°
6,0-7,5 6,4-9,1 4,3-5,6 1,0 3,5-26 40-250 10-250
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Ha ocHOBI g0ociipKeHb XIMIYHOTO CKJIaAy CTIYHHMX BOJ MOXKHA 3pOOWMTH BHCHOBOK, IIIO PiBEHBb
3a0pynHenHs 3a nokasHukoM XCK ckmamae Bix 6,4 10 9,1 rO2/aM®, mo BKa3ye Ha JOLITBHICTH
3aCTOCYBaHHS METAHOBOTO OpOMIHHSA, SK HAWOUIbII  e(QEKTHBHOTO METOAY  OUYHILEHHS
KOHIICHTPOBAHUX CTIYHUX BOHA. KOHTpoib mpolecy aHaepoOHOTro 30pOKYBaHHS CTIYHUX BOJ
3I1MICHIOBABCS LUIAXOM JIOCIHIKEHHS AMHaMiku 3MiHU nokasHuka XCK BOpomoBx ychoro mporecy
MeTaHoBoro Opominus, mpu 40°C , pe3ynbTaru SKOTo HaBEACHO Ha puc. 1.

Pesynbratu mocnmiJkeHb Mpoliecy BUXOAy Oiorazy 3a oOpaHMMM pEXUMaMH HaBeIEHO Ha

puc. 2.
o
B2 T IR % 7
3 ’ e o € [TD\ 70
Q16 / 8055 X5 - S
o 14 70 % % AR -t - 60
4 ! a2 =4 3 = =
210 14 / 502 F, \/ \ /N 10 5
Z 8 40 2 £ ] / v 2
= 6 302 B2 . S 305
= = L =
5 4 ." 20 = ER 1 20 5
= 21 10 A - 10
‘l‘ﬁ 0 b v v o | e | o] wes] b e 0 e — e [— 0 0 | 0
135 7 911315171921 23 135 7 9 1113151719 21 23
Tpueanicts, 106a TpHBamicTh, 100
Pucynoxk 1. 3mina eeKTHBHOCTI Pucynoxk 2. Jlunamika yrBOpeHHs1 Olorazy
3HmkeHHs X CK. Ta BMICTY METaHy
1 — XCK in¢.(iH}mroeHT — BXiaHI 3a0pyIHEH] 1 — Buxig Giorasy, 2 — BMICT METaHy

CTIYHI BOJIH), rOo/am®, 2 — XCK ed.
(epmro€eHT — BUX1HI OYMILIEH] CTI4YHI BOHM),
rOy/nm, 3 — epextuBHicTh XCK, %

AHamni3 JnaHMX, HAaBEACHUX Ha pHUC. |, J03BOJISIE KOHCTAaTyBaTH, IO METAaHOBE OpOJIHHSI
3a0e3mneuye 3HIKEHHS KOHIIEHTpalii 3a0pyaHens 3a nokasHukoM XCK na 90+1,2 %, mo cBiquuTh
npo epeKTUBHICTh NECTPYKIii 3a0pyAHIOBAYIB B TOCTIIKYBaHUX YMOBaX.

IIporiec yrBopeHHs Giorasy MOYMHAETHCS Yepe3 22 TOIWHM MICI 3aBaHTaXXEHHs CyOCTpary, mpu
IIbOMY B Ta30Biil (a3i, 10 YTBOPIOETHCS TPpH 30pOoKyBaHH1, MeTaH BifcyTHiH. [porec iHmykii 6iorazy
CYIPOBOIKY€EThCA 30UIBIIEHHSM BMICTY MeTaHy B ras3oBiii cymimii. MakcuManbHU BuXin Olorasy
crioctepiraeThest uepes 21 mo0y 1 cknamae 5,65 nm3/n00y, Ipy IIbOMY BMICT MeTaHy aocsirae 67%.

Pesynbratu nociiikeHHs MapaMmeTpiB aHaepoOHOTo 30pOKYBaHHS CTIYHMX BOJ BUHOPOOHMX
MIIPUEMCTB  JTIO3BOJISIIOTh PO3POOMTH ONTHUMAIIbHI poO0Ul PEKUMH TEXHOJIOT1l OYMINEHHS PIIKUX
BiZXoniB BUHOpoOcTBa. OneprkaHi JaHi € 6a3ucoM ISl pO3pOOKH TEXHIKO-TEXHOJOTTYHHMX 3aXOJiB 3

YIIPABIiHHS €KOJOTTYHOIO OE3MEKOI0 MiAMPUEMCTB IIEPBUHHOTO BUHOPOOCTBA.
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EKOJIOTTYHI PU3UKH MMOTEHIIITHO-HEBE3NEYHOI TPAHC®OPMAIII]
®EHOJIIB Y XJIOPBMICHI BYTJIEBOJHI ¥V PA3I 3HE3APAKEHHSI BOIN
METOJIOM XJIOPYBAHHSI TA BAKOPUCTAHHS JIUISI TIATHOTO
BOJIONIOCTAYAHHSI (HA IPUKJIAJI CTPUIICBKOTO
POJIOBHUIIA NIJIBEMHUX BOJ)

10. 3. Bopyubka

Exonoriununii konemx JIbBIBCbKOro HalllOHAIBHOTO arpapHOTo YHIBEPCUTETY, YKpaiHa

baceiin p. Crpuit y mexax Ilepenkaprarcekoro nporuHy, Hacammepen y bopucnaso-
[Moxytcekiit Ta CaMOipchKild 30HaX, a TaKOX B Mexax CknOoBoi Ta KpoCHEHCHKOT 30H HAICKHUTD 10
3axigHo-YKpalHChKOro HadTorazoHocHoro periony. Tyt mnpoBoasaTecs mnomyku (BiTisHCbKA,
bopuHchka, S10ayHCbKa # 1HIII TUIONI), @ TAKOK PO3BiJaHi Ta TPUBAIHUM Yac po3poOsIucs HU3KA
HadTorazoBux 1 HadroBux pogosun] (CrunaBchke, IliBaeHHOCTMHaBCbKe, IBaHMKIBCBKE,
MenpanunHchke, TansBchke, Cximaumbke, HoBocximHuipke, YpHIlbke, 3aBOJIBCHKE), Ha SKHX
MPOMICHO TIOHA]T THCSIY PO3BIIKOBUX Ta €KCILTyaTaIliiHUX CBEepIOBHH (pHcC. 1).

VY cTiuHuX Bojax HadTOBHJIO0YBHOT MPOMHCIOBOCTI Moxe Mmictutuch Ao 1,5-10,0 r/n
HadTOnpoAyKTiB. OKpIiM TOTO, y IIUX BOJAX 3aBXKIHU CIIOCTEPIraloThCs, TAKOXK, 3HAUH1 KOHLIEHTpALi]
HU3KM IHIIUX CHeUUM(pIYHUX OPraHiyHUX CIIOJNYK: OpPraHiYHMX KHUCIOT, (PEHOJIB, ajbJAEriliB,
cKiagHuX egipiB TOmo. 30KpeMa, BMICT (EHOIIIB Yy TUTACTOBUX BOJAX, sIKi BUI0OYBAlOTh 3 HA(PTOIO,
MOJKE JIOCATAaTH JNECATKIB MijirpamiB Ha jitp. Came TOMY OIliHKa BIUIMBY Ha(TOIPOMHCIOBUX

00’€KTiB Ha CTaH MPUPOJIHUX BOJI € HA3BUUYANHO BaXKJIMBOIO.

Puc. 1. Kaprocxema HadrorazoBux pojaoBuil y 6aceiiri p. Ctpwuii:
Crunascbke, ITiBageHHOCTHHABCHKE, IBaHMKIBChKE, MeIbHUUMHCEKE,

TansBcbke, Cximuuiibke, HoBocximuuiibke, Y puiibke, 3aBOIIBChKE
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3 ornsamy Ha BUCOKI (hOHOBI KOHIIEHTpalii (GeHomiB 1 HahTONmpoayKTIB y Bojax OacelHy Ta
HasiBHI TEXHOTEHHI JKepesia IXHbOTO HAIXODKEHHS, eKCIUTyaTallisl ajdioBiaJbHOTO BOJOHOCHOIO
ropu3oHTy B foiuHi p. CTpuii /i 3a0e3neyeHHs HaCceIeHHs MUTHOO BOAOIO CTaBUTh HA MOPSIIOK
JEHHUW MHUTaHHS TMPO JOLUIBHICTh CaHITapHOI OOpOOKM IIi€l BOJAM METOAOM XJyopyBaHHsS. o
npuKiany, 3a nanumu S M. Kopenmana i iH., 3He3apaKeHHs MUTHAX BOJ METOIOM XJIOPYBAHHS
3YMOBJIIOE YTBOPEHHSI BUCOKOTOKCHYHHMX MOHO-, M- 1 TpU3aMilleHHX XJopdeHomis (puc.2). €
Takox HeOe3meka TpaHchopmallli JuOeH30-I-II0KCHHIB (pUc. 3) 13 TOJMIXJOpOBaHUX (HEHOIB

6e3mocepeIHbO Y BOAONPOBIAHINA MEpEexi.

oH OH
o -HCl cl
2 + 201, = N
cl

Puc. 2. Ximiuna peaxiiis yTBOpeHHs XJI0pOBaHUX (eHOIB (XI0pheHoIiB)

CIIIO:CECI
Cl (@) Cl
Puc. 3. CtpykrypHa popmyina 2,3,7,8-rerpaxiiopaubden3o-napa-aiokcuta — C12H4ClsO2 —

OJTHOTO 3 HAMTOKCUYHIIMIKX XJIOPHOXiAHUX AuOeH30[b, e]-1,4-niokcuny

BuBuUeHHs1 MpUYMH MOSIBU XJIOPOBAHUX BYIJIEBOJAHIB y NMUTHIA BOAl 3aJ€KHO BiJ JKepesa
BOJIONIOCTaYaHHs, BU3HAUEHHS iXHIX KOHLEHTpAliil 1 po3poOka peKoMeHJAIid Ui 3HUKEHHS
PU3HMKY BUHUKHEHHS KaHLEPOI€HHMX €(EKTIB y CIIOKMBauiB HA MPHUKIAAl IPUPOJHOrO JIKepena
BojomnocrayaHHs M. [BaHOBO posrisiHyTi y npansix T. B. I3BectkoBa Ta iH. 3’c0OBaHO, 1110 TPYIOIO
CMONYK, 3/JaTHUX IHILIIOBAaTH YTBOPEHHS XJOPHOXigHMX opra”iuHux cnouyk (XOC), €
Ha(TONPOAYKTH i (peHomu. MmoBipHicTs yrBOpeHHs i3 HUX XOC y pasi XJIOpyBaHHS BOAM TOCHTH
BHCOKA, OCKUIbKM OloXiMiuHE 1 (OTOXIMIUHE OKMCHEHHS LMX CHOJIYK y HPUPOIHMX BOJOHMAax
BiOYBa€TbCA 3 YTBOPEHHSIM albJETiAIB 1 OpPraHiYHUX KHUCJIOT, SK MPOMDKHUX IPOIYKTIB.
Busnaueno xopendniro MK BMmicToM ¢enoiniB, XOC, 3BaXeHHMX 1 PO3YMHEHHX OPraHIvYHUX
peuoBHH. 31 30UIBIIEHHSIM iXHBOTO BMICTY 3a(hikKCOBaHO 30UIBIIEHHS Y BOJI BMICTY ()eHOINIB Ta
iXHIX xjopnoxigHux: 2,4-muxinopdenony i 2,4,6-tpuxiopdenony. Pesynprata 10CTIHKEHD TAaKOXK
3acBiMUMIH, 10 30iUbmeHHs KimbkocTi XOC y MUTHIN BOJI B MPOIIEC XJIOpYyBaHHS Oe3MocepeHbO
MIOB’s13aHE 3 BMICTOM OpraHiuHUX CHOJYK y IPUPOHIHN BOI.

OTxe, BUCOKMH NpPUPOJHUI pIBEHb KOHIEHTpauli (eHosmiB 1 HadTONMPOAYKTIB y BOJaX
Oaceiiny p. Ctpuil poOUTh HENIPUMHATHUM XJIOPYBaHHS BOJIU 3 BOJ03a00piB OaceilHy, OCKIIBKH
MOXKE€ CIPUYMHUTH YTBOPEHHSA JyXKe IWIKIUIMBUX XjJopdeHompHUX crnoinyk. Ocb uomy
BCTAHOBJIIOBATH JIIMIT MOTPIOHO HA KOHIIEHTPAIIIl BIIACHE XJIOPHOXiTHUX (PeHOiB, 00 caMe BOHU €
OMHUMH 3 HAHIIKI[UIMBIIIMX CIONYK (KaHIIEPOTeHIB) y paloHAax HAPTOBUAOOYTKY 3 BHUCOKHM

npupoHuM (poHOM (HEeHOMTIB.
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CARUSOL — AJIbTEPHATUBA JIE3IH®EKIIII BOAU XJIOPOM

1. JI. Bammmuchbka

JKutoMupchkuii HalllOHAILHUNA arpoeKoJIOTIYHUN yHIBEpCUTET, JKutomup, YKpaina

B Vkpaini 3a octaHHI AECATKH POKIB HAHOLIBIII IIMPOKO BiJOMUM IIISIXOM JAe31H(EKIi Boau Ha
BOJIOIIPOBIIHUX CHOPY/AaX BOAOKAHATIB € BUKOPUCTAHHS B SIKOCTI JIe31H(DEKTAaHTy — peareHTy XJopy,
OCKUIBKM BIH Ma€ HAHOUIbII CHPUUAHATIMBY LiHY, Ha BIAMIHY Bil IHIIMX METOMIB Ta TEXHOJIOTIH,
3py4He 1 HaJlaro/pkeHe BUKOPUCTAHHSI Ta eKCIUTyaTallito 00naqHaHHs, 1 TOM (akT, 110 XJI0p 3ade3neuye
HAIifHy KOHLIEHTPAII0 3aJMIIKOBOTO XJIOPY ISl MIATPUMAHHS SIKOCTI TMTHOI BOAM B
MIKpOOIOJIOTIYHOMY ACMEKTi y BOAOMPOBIIHUX PO3MOIUILYUX MEpekax, pOOUTh AaHUM Je31H(EeKTaHT
BaroMHUM cepejl 1HIIMX METOMIB. AJle, 3 PO3BUTKOM HAayKH TaKOXK CTAIO BIAOMO MPO HEOE3MEYHICTh
BUKOPUCTAHHS [[bOTO pEeareHTy Juisl Ae3iH(eKiii BOAH, OCKUTBKH B PE3YJIbTaTi MOTO 3aCTOCYBAaHHS, y
BOJIl YTBOPIOIOTbCA Taki IIKIUIMBI 7SI 3[0POB'SA JIOJMHHU TPOAYKTH XJIOPYBaHHS, SK TpUTajo-
reaMeTand. ToMy HEOOXiJTHO BUKOPUCTOBYBATH AJITEPHATHBHI IIIIXH 3HE3aPKEHHS BOM.

CARUSOL - nepmanranar Hatpito (NaMnOs) — cuibhmii okucauk (Mn'’) — ne anprepna-
TUBHUI OKHUCITIOBAY XJIOPY, SKMH BOJIOJII€ TAKOIO JK MPUPOJIOIO JIii, SIK 1 MEPMaHTaHaT Kalilo, aje He
€ ipexypcopoM. 3aBsku BrpoBamkeHHI0 CARUSOL B TeXHOMIOTIYHUI MIPOIIEC OUUIIIEHHS BOJIM Ha
MOYaTKOBOMY €Talli, BHUKJIIOYAETHCS (ha3a MOMEPETHBOTO XJIOPYBAHHS 1, SK Pe3yibTaT, BHKIIIO-
Ya€ThCSl MOXKJIMBICTh YTBOPEHHS y NUTHIM BOJAI MOOIYHMX TMPOJYKTIB XJIOPYBAHHS — TPHUTrayo-
reHMeTaHiB. BukopucTaHHS nepMaHraHary HaTpiio 3abe3nedye e(peKTUBHE BHUPIMIEHHS TaKHX
npobseM, sIK OKUCIEHHS Ta BHMJAJIEHHS 3 BOJM HEOPraHiYHMX PEUOBMH — 3alli3a, Maprasio,
MHUII’SIKY, Pajil0, OKUCICHHS NPUPOAHUX OPraHiYHUX PEYOBHH, IO MICTATbCA y JDKEpesl BOJO-
MOCTaYaHHs, 3HMKEHHS 1HTEHCHBHOCTI MPHCMAaKIB Ta 3amaxiB BOJH, MOKPALIEHHS KOJIbOPOBOCTI
BOJH Ta IHIINX.

JlaboparopHi JocnipkeHHs Oyiau mpoBeAeHI Ha 0a3i yabopaTopii KOMYHaJIbHOTO MiJIpPH-
emctBa «JKutomupBomokanan». BrpoBamkernass CARUSOL BimOyBasocss sk 0e3 3aCTOCYBaHHS
XJIOpY Ha MONEepeHbOMY €Talll, TaK 1 pa3oM i3 BBEJCHHSIM HEBEJIUKUX /103 XJopy. IlocnmigoBHICTh
BBEJICHHS pPEarcHTIB B JIAaHOMY EKCIEPUMEHTI BiAMOBIA€ TMOCHIIOBHOCTI BBEJCHHS PEAarcHTIB B
ICHYIOYiif TeXHOJOrii BOJOIMIArOTOBKM Ha BOJONPOBIAHMX CHOpyAax Ha MiAnpueMmcTsi: 1 cepis:
CARUSOL A (1 minitom) + yepe3 2 xBumuau xjop (103a — 3,0 mr/am®), uepes 2 TOAMHM HA BXOJi
Ha OYWCHI CIOpYIH BOJOBOAY — TilOXJOPHT Hatpio (mo3a — 1,5 mr/mm°), depe3 2 XBWIMHH
KoaryasHT (no3a -30 mr/am®), gepes 30 cexyHa (uokyisHT (mo3a — 0,3Mr/am®), nepeMinryBaHHs
5 XxBuWiIMH Ta 4ac oca/pkeHHS 30 XBUIWH, (QUIBTPYIOUHMN MaTepiay — IEOJiT, dac ¢iapTparii —
10 xBumH; 2 cepis — MOCTIOBHICTh TakKa K, TUIBKU TIMOXJIOPUT HATPIIO BXKE MOJAETHCS caMe B
pe3epByap YMCTOI BOJH 2 MiHOMY.
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Taoanna 1

PesynbraT 1a00paTOpPHUX €KCIIEPUMEHTIB 110 BUKOPUCTAHHIO PEareHTy — NepMaHraHaTy HaTpiro

(CARUSOL A) B TexHoJIOTiI BOJOMIATOTOBKH Ha BOJOOYUCHUX criopynax KIT

«KuTOMHpBOJOKAHAT»
Hoza 3aIUIIKOBUN
CARUSO K@aMyT KOJ.ILO OKI/I.CH}O Mapra Xiopo 35" g3 X710,
Pearenr HICTh POBICTB, BaHICTb, HEllb, dbopwm, 3
LA, 3 3 3 3 MTI/aM
3 MTI/IM rpam. MTI/IM MT/IM MI/IM — —
MI/ oM 1 migiiom 2 migioM
01.06.2017 (1 cepis)
Bonocxosuie «Bigciuae) 2,1 33 8,96 0,158 BIZICYT. - -
AR LA
CARUSO 0,16 0,6 11 7,20 0,038 0,000 0,35 0,35
+ NaClO
AR LA
CARUSO 0,2 0,6 11 7,04 0,043 0,000 0,35 0,35
+ NaClO
CARUSOL A
0,26 0,5 11 5,6 0,053 0,000 0,35 0,35
+ NaClO
CARUSOL A
0,3 0,5 12 6,24 0,078 0,000 0,35 0,35
+ NaClO
01.06.2017 (2 cepis)
CARUSOL A 0,16 0,6 7 6,08 0,056 0,000 0,35 0,7
+ NaClO
AR LA
CARUSO 0,2 0,6 12 6,56 0,046 0,000 0,35 0,7
+ NaClO
CARUSOL A
0,26 0,5 12 5,28 0,036 0,000 0,35 0,7
+ NaClO
CARUSOL A
0,3 0,6 14 5,79 0,031 0,000 0,35 0,7
+ NaClO

[TpoBeneH1 nabopaTopHi TOCIIKEHHSI JOBEIU €(PEKTUBHICTh OKHCIIEHHS BOJU PEAreHTOM
CARUSOL.:

OKHCJICHHS MapraHilio BiI0yBaeThcs B 2-5 paziB (To6To Ha 50-80%), B 3amekKHOCTI Bif
00paHoi 103 MepMaHTraHaTy HAaTPilo Ta TOYKU BBOJY XJIOPY;

JOCSITAETHCSI TIOCTYMOBE 3MEHILEHHS BMICTY OpraHiuHOi pe4oBHMHM (3HIKYeThCs Ha 2,0-
3,0 Mr/mm° 3HAYEHHS OKMCHIOBAHOCTI MEPMAHTaHATHOI B 000X CepisfiX eKCIIepUMEHTIB);

y BCIX MpobOax AAHOTO EKCIEPUMEHTY BIACYTHIA xjopodopm (He BiOyBaeTbcs HOro
YTBOPEHHS), IPU LIbOMY HasiBHUHM, X0Y 1 HE BUCOKUI, BMICT 3aJIMILIKOBOTO BUILHOTO XJIOPY
y BOAl Ha BUXOAl (OUIBIIHMI BMICT CIIOCTEPITra€ThCs MICHsI BBECHHS TIMOXJIOPUT HATPIIO
6e3mnocepeIHbO Y pe3epByap 4McToi BoAM). B iHIINX, MpoBeleHNX HaMH, eKCIIEpUMEHTaxX
YTBOpPEHHS XJI0poopMy y MUTHIN BOJI BiIOYBA€ETHCS, alle IOro 3HAYEHHS 3HAXOMISTHCS B
Mexax BcranosieHoro JICanlTiHowm 2.2.4-171-10 mopmatusy 0,06 Mr/am°;

3HWKCHHSI OPTaHOJIENTHYHHUX TTOKa3HUKIB KAJIAMYTHOCTI Ta KOJILOPOBOCTI, CKOpIIIIE 3a BCe,
MOB’SI3aHO 13 BHUKOPUCTAHHSM KOAryJlsiHTY Ta (JIOKYJISHTY, aje iX 3MEHIICHHS
CIIOCTEPITraeThCsl MOCTIMHO MPU BBEJEHHI peareHTy epMaHraHatry, TOMy MOKHA TOB’3aTH
113 niero CARUSOL.

OTtxe, edexkTuBHICTh Aii MEepMaHTraHaTy HATpilO JOBEJEHAa Ha PIYKOBIM BOZI BOJOCXOBHINA

«Bigciuney, 3 aKoro BinOyBaeThCs 3a0e3meueHHs BOI0I0 MicTa JKuromupa.
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OIIIHKA CKJIAJJOBUX BOJHOI'O FAJIAHCY MYJIOBUX ITOJIIB BOPTHUIIbKOI
CTAHIII AEPAIII JIJISA TPOJOBKEHHSA IX EKCILTYATAITI

C. Beanuko, O. Aynask

KuiBcbkuii HaIlloHATBHUHN YHIBEpCUTET OyMIBHUIITBA Ta apXiTekTypHu, KuiB, Ykpaina

Cnopynu 3HEBOJHEHHsI ocanay Ha boptHuIbkiii cranmii aeparii (bCA) Oymu moOymoBaHi B
nepiox 1965-1985p.p. Ta moTpedyroTh peKOHCTPYKIii. ITicis peKOHCTPYKIIii IIaHYETHCS TTOBHICTIO
B1/IMOBUTHCH BiJI MYJOBUX TOJIB JAJIsi 3HEBOJHEHHS Ocafy, siKi 3aiiMaroTh 1uiomry 219 ra. 3 1986 p
micias 3a00pOHM BUBO3UTH MiACYIICHUN OCaJ 3 MYJIOBUX TOJIB, BOHH (PAaKTUYHO MPAIIOIOTH SIK
Hakonmu4yBadi Myiy. Tak sk pe3epBHOTO 00’€My B KapTax MYJIOBUX IOJIB MPAKTHYHO HE Ma€, TO
HeoOxiaHO a0 moOyaAyBaTH AOJATKOBI MOJIA, II0 BUMArae J0JaTKOBUX IUIOINI a00 30UIBIINTH 00’ €M
ICHYIOUHMX TIOJIIB 32 paXxyHOK HapoiryBaHHs AaM0. [103uTHBHY 4acTUHY BOAHOTO OajaHCy MYJIOBUX
MOJIIB CKJIAJIAlOTh 00’€M Ocaly, M0 TOJAEThCS HA MYJIOBI TOJS, Ta OMagd Ha IX IOBEPXHIO.
3MeHIIeHHs 00’eMy ocaly BiTOYBaeThCS 332 PaxXyHOK BHUJIAJICHHS MYJIOBOi BOJH, BUMIAPOBYBAHHS 3
BIJIKPUTOI BOAHOI IIOBEPXHI Ta MYJIOBUX BiJKJIa/IeHb, €BAIIOTPAHCIIpAIlil B BETeTalliiHUI Mepio.

MeTor0 poOOTH € BHU3HAYEHHS CKJIQJ0BUX BOJHOTO OallaHCy MYJOBUX IOJIB JUISL OLIHKH
MOXKITUBOCTI TPOJOBKEHHsSI X eKCITyaTallii A0 BBEIEHHS B EKCIUIyaTallil0 HOBOI TEXHOJOTIi
3HEBOJHECHHS Ta YTHIIi3allii ocajy.

J11s nocATHEHHS! BCTAHOBIIEHOI METH HEOOX1THO:

- BHU3HAYUTHU KUIBKICTh OCay, IO MOAAE€THCA HAa MYJIOBI MOJS Ta KUTBKICTH MYJIOBOT BOJIH,

110 BiJIBOJMTHCS HA TIOBTOPHE OUHIIICHHS;

- po3paxyBaTH BTpaTH Ha BUIIAPOBYBAHHS 3 BIIKPUTOI BOJHOI MOBEPXHI MPOTATOM POKY;

- OIIIHUTH JIOJATKOBE BUITAPOBYBAHHS 332 PAXYHOK €BaIOTPAHCITIparlii.

Ha croronuimHiii nens Ha BCA mpaiiforoTh TpU MYJIOBUX TOJS, B SKMX HAKOMMYEHO Maiike

11 mom. M°

ocaay. AHaniz poOoTH MynoBHX MoJiB 3a nepion 2006-2016p.p. moka3zas, M0 KiJIbKICTh
ocany, 10 HaIXOJUTh HA MYJIOBI TOJIsI CTAaHOBUTH 4,14 MJ'IH.M3/piK, a KIJTbKICTh MYJIOBOi BOJH, IO
BI/IBOJIUTHCS HA TIOBTOPHE OYHIIICHHS B a€pOOHI CTa01113aTOPH Ta B TOJIOBY CIOpyA ckianae 64%.
MyroBi nosst pakTUYHO — 1€ €MHOCTI, B fIKi ITOCTyIae ocan 3 BojoricTio 98,9%. B nporeci
BI/ICTOIOBaHHSI TBEpJla YaCTHHA OCIJa€, OCBITJIEHA MYJIOBa BOJia BIABOJWTHCS Ha OYHUIICHHS.
[lonanpiie 3HEBOJHEHHS Ocady BiIOYBAaeThCS 3a paxyHOK BUIApoBYBaHHS. JlOCHIKEHHS
¢inpTpanii 3 MyJIOBUX MOJIB TOKa3ajo, M0 NPOTU(IIbTpAIiiiHi eKpaHH TOJIB HE MOpPYILIEeHi i
BTpaTH Ha (QUIBTpAIlit0 MPAKTHYHO BiJICYTHI, TOMY BOHH HE BPaxOBYBAJIUCh IIPH PO3paxyHKaX.
MysroBi nosnst npakTHyHO Ha 90% BKpUTI OOJOTSHOIO POCIMHHICTIO (OYEpeT, pori3, 0CoKa),
OTK€ BUIIAPOBYBAHHS 3 MYJIOBUX IOJIIB CKJIAA€ETHCS 3 BUIAPOBYBAHHS 3 BOJIHOI MOBEPXHI Ta MyIy
Ta eBamoTpaHcHmipallii y Beretaiiiauii nepioa. Icayrodi popmynu a1 BU3HAYCHHS] BUMIAPOBYBAHHS
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3 BOJIHOI MOBEpXHI po3poOJIeHi sl MPUPOJHHMX BOAONM, SIKI 3aMep3aloTh B 3MMOBHH 4Yac. Sk
MOKa3aJii CIIOCTEPEKEHHS, MYJIOBI TOJISl B3UMKY MPAKTUYHO HE 3aMEP3atoTh 1 PI3HUILIS TEMIEpaTyp
ocajy Ta oBiTps nepeBuiye 5S°C B mepiof] 3 TPyIHS MO JIOTHH.

BumnapoByBaHHa 3 BOJHOI HOBEpXHI B mepioa 3 Oepe3Hs IO JUCTOMNaJ BHU3HAYAIOCH 3a
dhopmynoro IllepemeBcbkoro A., po3po0bieHoi s Teputopii Ykpainu. B nepioa rpyneHp — TOTHIA
BUITAPOBYBaHHS BU3HAYAIOCH 32 METOJUKOIO0 PO3PAXyHKY I He3aMep3atouoi Bojgoiimu. B miepion 3
KBITHS JI0 BEpECHs 3HAUHA YaCTHHA MYJIOBHUX IMOJIIB BKPHUTA POCIUHHICTIO Ta BUIAPOBYBaHHS
30IMBIIYETHCSI 32 paxyHOK TpaHcmipamii. EBamorpancmipariis oudepera Oyma po3paxoBaHa 3a
dopmyioro [leamana-MoHTelica 3a KIIMaTHYHAMH JaHUMH MeTeocTaHliid bopucmins Ta Kuis. Ha
€BaloTpaHCHipallil0 3HAYHO BIUIMBAE TEMIIEPAaTYpHUIl PEXHMM B BereTallliiHUI mepiod, ToMy
PO3paxyHKH BHIIAPOBYBAaHHS MPOBOJWINCH JJISI  CEPEIHBOTO 33 TEMIIEPaTypo  POKY
(cepenHbopiuHa TemmepaTypa/cepeaas 3a Bereraniinuii ce3oH §8,2/16°C) Ta A XOIOJHOTO POKY
(6,8/15°C). Pospaxynku npoBezneni Ha nporpamHomy komiiekci CROPWAT 8.0. Po3paxyHkoBi
3HA4YCHHST BUIIAPOBYBAaHHS 3 MYJIOBOTO MoJisi (Tabmuis 1) MOpiBHIOBAJINCH 3 BHIIAPOBYBAHHSM,
OTPUMAaHUM 3 PIBHSHHS BOJTHOTO OallaHCy Ha OCHOBI CIIOCTEPEXEHb 32 pOOOTOI0 MYIOBHUX MOJIIB Ta
HAaKOMMUYEHOTO ocany B mepion 3 2008-2016p.p., ska ckiamae Uisl cepeaHboro poky 1125+£56
MM/pik. PO30DKHICTP MK pO3paxOBaHMMHU 3a eMHIpUYHUMH (OpMyJTaMU 3HAUYEHHSMU Ta
OTPUMaHUMM 3a pe3y/bTaTaMH CIOCTEPEKEHb He nepeBuirye 5%.

Taoauns 1

Po3paxyHKkoBI BTpaTu Ha BUIAPOBYBAaHHS 3 MYJIOBHX IOJIIB B IEHTPaJIbHIN YacTHHI YKpaiHu

Micsi Pix
01 {02 |03 |04 |05 |06 |O7 |08 |09 |10 |11 |12

BunapoByBaHHs

CepenHiii 3a Temneparyporo pik
3 BojiHO1 moBepxHi, MM | 93 | 80 |67 |50 |98 |111 [109 |91 |57 |32 |34 |77 | 898
eBaroTpaHCHiparis,MM 71 |124 |150 |152 |129 | 67 693
MYJIOBOTO TOJISI, MM 93 |80 |67 |71 |124 |150 (152 (129 |67 |32 |34 |77 |1076

XonoaHuii pik
3 BojiHO1 moBepxHi, MM (103 | 98 |70 42 |59 |79 |92 |86 |50 |20 |46 |89 | 834
eBaroTpaHCHiparis,MM 55 | 78 |100 |112 |102 |47 494
MYJIOBOTO ITOJISI, MM 103 |98 |70 |55 |78 |100 |112 {102 |47 |20 |46 |89 | 920

Cepenni OaratopiuHi omajau 3a JaHMMU MeTeocTaHlii bopucmine ckiagaiots 560MM/pik,
OTKe 3MEHIIEHHS 00’ €My 0Caly 3a PaXyHOK IIPUPOJHMX YMHHHUKIB Oyzie cknaaati 516 mm/M%/pik, a
I1ap HAKOMUYEHHS 0Ccaly B MYJIOBHX MOJISIX JJIs1 CEPEIHBOTO 33 TEMIIEPATYpPOIO POKY OyJie CKiagaTu
164MM/piK, 110 TO3BOJIUTH BUKOPUCTAHHS MYJIOBHX IOJIIB 0€3 PEeKOHCTPYKIIi mpoTaroM 1-2 pokis,

JUTSI TIPOZIOBKCHHS €KCIUTyaTaIlii Ha 7 poKiB HEOOXiTHE 301UIBIIICHHS pE3EPBHOTO 00’ €MY.
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OIIHIOBAHHS BIIVIMBY I''PHUYO-XIMIYHOI'O IIIAITPUEMCTBA
HA SAKICTb BOJH

B. Ilorpedennuk, E. [Ixxymenst

HamionansHuii yaiBepcuteT “JIbBiBChbKa mosmiTexHika”, JIbBiB, Ykpaina

Beryn. Bopa — mxepeno xutTs. SIKicTh BOAM — MOEIHAHHS XIMIYHOTO 1 610JI0TTYHOTO CKIIaLy
Ta (DI3MYHUX BJIACTUBOCTEN BOJAH, SKE 3yMOBIIIOE 1i MPUAATHICTD JJIsl HEBHUX BUJIB BUKOPUCTAHHS.
BoxuBaHHS HESKICHOI MUTHOI BOAM 3arpoXkye BaXKMMM HACHIAKAMU Ui 370pOB’S JIIOAMHH. 3a
OCTaHHI POKH 30UTBIIUBCS 00CAT 3a0pYIHIOBAIBHUX PEYOBHH, IO MOTPAIUISIOTH 0 BOIHHX
00’€KTIB BiJl CUIBCHKOTO T'OCIOJAPCTBA, MPOMHUCIOBOCTI, OyJIBHUITBA. Y 3B’S3KY 3 MM MOXKHA
BUJUINTH BaKJIMBY Cy4acHy INpoOsieMy 3a0pyAHEHHS BOJU TEXHOICHHUMH O00’€KTaMH, 30€pema,
TIPHUYO-XIMIYHUMH TiAIPUEMCTBAMHU.

[licns 3aBepmieHHS BUAOOYBaHHS CaMOPOAHOI Cipku B YKpaini moyanu QopmyBaTucs
MMOCTMAWHIHTOBI T€OCUCTEMH, SIKI BiJI3HAYAIOTHCS BUCOKOKO CKJIQJIHICTIO CTPYKTYPHHUX CKJIQJIOBHX.
SckpaBum npukianom € Po3ainbebke nep:kaBHe ripaudo-xiMivne mignpuemctBo (JAIXII) “Cipka”,
sKe 3HaXOAMThCs Ha crafil JikBizamii — 3 2003 poKy OCHOBHOIO AISUIBHICTIO MiANPUEMCTBA €
BUKOHAHHS MPHUPOJOOXOPOHHUX pOOIT 3rimHo mnpoekty ‘“‘JlikBimauis cipyaHMX Kap'epiB Ta
BIJIHOBJIGHHSI €KOJIOT14HOI piBHOBaru 1 janamadty B 30H1 AisutbHOCTI Posainscekoro JII'XITI
“Cipka””, pospobienoro BAT “TipximMmpoM”, sKMi NpONUIIOB KOMIUJIEKCHY €KCIIEPTU3Y
VYKpiHBECTEKCIEPTU3H.

Metoro poOOTH € OIIHIOBaHHS BIUIMBY TIPHUYO-XIMIYHOTO MIANPUEMCTBA (HA HPUKIIAIL
Pozninscbkoro JAI'XII “Cipka”) Ha sSIKICTh BOJIH.

Bukiaag ocHoBHoro martepiany. Tepuropito nismbHOCTI Posaimbeskoro JAI'XIT “Cipka”
3aiiMae TTonty 6ins 22 KM?, po3TalIOBAHO MiX CENHIIEM Michkoro Ty Po3min Ta microm Hopwit
Po3znain, B 3amu1aBi Ta HaJ3alIaBHUX Tepacax AOJIMHM piuku JIHicTep 1 0OMeXeHO MaluMHu piuKaMu
bapginok 1 Konoauuus.

VY pe3ynabTaTi NPOMMCIOBOI JiSUIBHOCTI C(OPMOBAHO TEXHOTEHHMH JaHAIIA(PT, OCHOBHUM
€JIEMEHTOM sIKOoro OyB Kap’ep 3 BHIOOYTKYy cipyaHoi pynau. Po3ninbebkuii cipuaHuii Kap’ep
pO3BUBaBCA 3 MIBJIHS Ha MIBHIY 1 YMOBHO po3auisiBes Ha [liBnennuit, Llentpansauii 1 [TiBHIUHMIA.
[TiBnennuit kap’ep nobau3y piuku JHicTep Ta cena bepe3nHa 3amoBHEHO BHYTPINIHIMY BiJIBaJIaMH.
LenTtpansHuil kap’ep Tak camo Ha 90% 3aknaneHo BiABATHPHHUMH MOPOJAMU, TUIBKU 3aJUIIHIACH
HEBEJIMKAa BUIMKA, SKYy 3allOBHEHO KHCIJIOIO BOJOI0 BHACHIZAOK CTOKY 1H(IIBTpaTiB 3 BixBamy
docdorincy. [liBHIYHUN Kap’ep MiX celoM Mickkoro Tumy Po3gin ta cenmom ManexiB, po3aiieHo

naMOaMu Ha TPHU YaCTHUHU. 3axiHY YACTUHY MICTUThH 03epo Umcte — BOJO30IPHHUK MiI3EMHUX BOJ
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YETBEPTUHHOIO Ta HEOI€HOBOI'O BOJOHOCHMX TOPH3OHTIB IIHOuHOW0 A0 14 merpiB. LlenTpanbHy
YaCTUHY YaCTKOBO 3alIOBHEHO XBOCTaMH (pIIoTaiiid, TyT yTBOPHWIOCH 03epo CepeaHe TIMOUHOIO 10
12 metpiB. Cxigny yactuny IliBHIYHOTO Kap’epy 3aTOIUIEHO, TYT chopMyBasioch o3epo [ nmboke i3
MaKcUMabHOIO TnnOuHOI 45 MmerpiB. Ha miBaenHomy Oepesi o3epa [nmbokoro po3sramioBaHO
3Banuine ryapoxis. llle nBa 3Banuia ryapoHiB po3TanioBaHo B 1exy «KpiomiT» 3aBoJy CKIaJHUX
MiHEepalIbHUX TOOPUB Ta y MiBHIYHIM yacTHI XBocTocxoBuma Nel.

[TinmpueMcTBO € 00’€KTOM €KOJIOTIYHOT HeOe3neku 1 moTpedye TOCTIHHOrO MOHITOPHHTY.
Mowitopunr migzemMaux Boj Po3ainbebkoro JI'XIT “Cipka” octaHHIM YacoM HE TPOBOJIMIIN, TIOTIPH Te,
mo, 3a ganumu 2004 p. B I’STOX CBEpPIOBUHAX BCTAHOBJIEHO MEPEBHILIEHHS HOPMU 33 PI3HUMHU
TIOKa3HUKaMK. 30KpeMa, piBeHb MiHepaiizamii ctanoBus 3120 mr/mv® i 3588 mr/mv® 3a mopmu 1000
mr/mv>. Buict cynbdaris cranosus 1850 mr/mve i 1550 mr/ave 3a Hopmu 500 mr/mve. Bmict docdaris —
216 mr/om (Hopma — 3,5 Mr/mv®), xiopuiB — 813,6 mMr/mv® (Hopma — 350 Mr/mvd).

OTpumaHo pe3ynbTaTH TIAPOXIMIYHUX JOCIIIKEHb MOBEpXHEBUX BoA 3a 2017 p. Ha o3epax
I'muboke, Cepenne, Uncre Ta Kucne, a Takox kaHaiy, sikuid 3’ €IHye 03epo [mboke 3 p. [dnicTep.
SIk cBiguaTh OTpPHIMaHI JaHi, y MOBEPXHEBOMY miapi Boja Bcix Pozminbcpkux o3ep 3adikcoBaHO
TIepeBHIEHHsS HOPMATUBHUX MOKA3HUKIB 3a MiHepanizamieto Ta cymbdatamu (IJIK — 100 mr/vd), B
03. Kucnomy pH cranoButs 5,25 3a Hopmu 6,5 — 8,5.

VYV xanami ozepa ['muGoxe—[lnictep € mepeBumenns ['JIK 3a takumu mnoxazamkamu: pH
ctaHoBuTh 6,05, cynpdpatu — 1665,3 Mr/mM°, a30T amoHiiHuH — 4,6 Mr/mM° (aK - 0,5 MF/M3),
Minepanizaris — 2498,6 mr/mm®. Ckuj 3a6pyIHEHHX CTiYHHX BOA y p. JHicTep € MOpyUIeHHAM
crarei 44, 70, 95 Bognoro Kogekcy Ykpainu.

BucnoBku. OTmxe, MacoBe, 4yacTO HEOOAYMaHEe 3aKpUTTS TIPHUYO-XIMIYHUX MIJIPUEMCTB
MPU3BEJIO 0 CYTTEBOTO 3arOCTPEHHS IIUIOrO CIEKTPY eKoJoriyHuX mpobiem. HeoOrpyHToBaHa
JIKBIJAIisl TipHUYO-T00YBHUX MiJNPUEMCTB O€3 MPOBEACHHS CKJIAIHOIO KOMIUIEKCY PEeKYJIbTH-
BaIlifHUX, MENIOpaTUBHUX Ta IHIIMX ONTHUMI3allifHUX pOOIT, SIKy PO3paxOBAaHO BHMHATKOBO Ha
CaMOBI1/IHOBJIEHHSI TIOPYILIEHUX JIaHa(dTiB, € HEOE3MeuHO0, 1 BXKE€ B HEAANEKOMY MailOyTHHOMY
MOXX€ TPHU3BECTH JO JecTalliizaimii eKOJOTIYHOI CHUTyarlii Yu HaBiTh €KOJOTIYHOI KaTacTpodu
perioHaJIbHOro MacuTady.

MOHITOPUHT MiA3EMHUX Ta MOBEPXHEBHX BOJ TIPHUYO-XIMIYHOTO MiANPHEMCTBA, a TAKOX
BUACHE pearyBaHHs Ha HETaTUBHI €KOJIOTIYHI 3MIHA BOJIHOTO CEPEIOBHUIIA € BAKIUBOIO CKJIaJ0BOIO
B CHCTEMI EKOJIOTIYHOTO MOHITOPHMHIY, 110, B CBOK YE€pry, € HaJ3BUYalHO BAXKIMBUM IS
MOKpAIIEHHS AKOCTI BoaU. ToMy, MOTPIOHO TEPMIHOBO PO3MOYATH BIIPOBAKEHHS 3aXOMIB, SIKi O
Jamyd  3MOTY BIJTHOBUTH CIIOCTEPEKEHHS Ha BLUIUIMX CBEpIJIOBUHAX, peali3yBaTH HU3KY
OpraHizamifHuX 3axodiB I KOOpAWHAINI i CyO’€KTIB MOHITOPUHTY ¥ 3a0e3medeHHs
€(EeKTUBHIIIOTO BUKOPUCTAaHHS 1H(POpPMAIIii, 0 CTOCYETHCS CTaHy MOBEPXHEBUX Ta MiA3EMHUX BOJI.
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OYHUIIEHHA CTIMHUX BOJ ®PI3UKO-EJIEKTPOXIMIYHOIO TEXHOJIOI'IEIO

M. borocaagens, JI. Heasaun, B. Bosocsinko

IBano-®paHKiBCHKUI HAIlIOHATBHUN TEXHIYHUMA YHIBEpCcUTET HadTH 1 razy, YKpaiHa

OcHOBHUM (DaKTOpOM BIUIMBY Ha 3a0pyIHEHHS JOBKULIS € CKHJ CTIYHHX BOJ Y NPHUPOIHI
BOJHI PECypCH, OCKUIbBKM BOHM BMIlIaloTh HeOe3neyHi KommoHeHTH. CTiyHi BOAM, IO
YTBOPIOIOTHCS HA PI3HUX 00’ €KTaX, OUMIIAIOTHCA BiA 3a0pyJHEHb HEOCTATHBO, L0 MPUBOIUTH 10
3a0pyIHEHHs BOAHUX PECYPCIB, @ TOMY € Cy4acHOIO MpoOIeMoro.

TexHomorii OUUIEHHS CTIYHUX BOJ CKJIAZAIOThCS 3 TAKUX OCHOBHMX CTaJii BOJOOYMIICHHS:
MEXaHIYHO1, XIMIYHOi Ta OIOJIOTIYHOI, KA € CHePrOEMHOIO Ta 3aiiMae 3HAYHI TEPHUTOPIi, a TAKOK
HETaTUBHO BIUTMBAE Ha 3a0pyaHeHHs atmochepu. /s minBuineHHs e()EeKTUBHOCTI OYMIICHHS
CTIYUHMX BOJ|  BHMKOPHCTOBYIOTh 4YacTillleé HACTYMHI HPOLECH BOJOOUYHUINEHHS: MEXaHIYHMH,
bnoramiitnuit  Ta O10JIOTIYHHUI METOJ] OYMCTKU HA BEJIMKHX MPOMUCIOBHX 1 KOMYHAIbHHX
o0’ektax. Y mporecax OYHINEHHS CTiYHUX BOJ BHUKOPHUCTOBYIOTHCS OYHCHI CIIOpYIH, SIKi
CKJIAJAIOThCS 3 Pi3HOTO ycTaTKyBaHHS. OCHOBHUM YCTAaTKYBAaHHSM JUIsl BiAJIIJICHHS 3a0pyIHEHb €
BIJICTIHHUKHU BIIKPUTOTO TUIY, Kl 3aiiMarOTh BEJIMKI TEPUTOPIi Ta CTYMiHb OYMILEHHS CKJIafae 55-
60%, a Tako>X METAaHTEHKHU y MpoLeci 610JI0T1YHOI OUUCTKH, SIKa € EHEPrOEMHOIO, OCKUIBKU 3aTPaTH
€JIEKTPOEHEPrii Ha eKCIUIyaTallil0 MOBITPOAYBOK € BEJIMKI Ta BHMAara€ NEBHUX TEMIEPATypHUX
MapaMeTpiB 1 HOKUBHUX KOMITIOHEHTIB JJIsl pOOOTO3AaTHOCTI AKTUBHOTO 11Ty.

CyuacHi TeHJeHLIl 3 BOJOOYMIIEHHS CTIYHHMX BOJ HAlpaBlIeHI HAa CTBOPEHHS JIOKAJIbHOTO
OYMILEHHS CTIYHUX BOJ NMEBHUX BUPOOHMITB, SKi BMILIAIOTh JEKUIbKAa €KOJOIIYHO HeOe3NMeYHUX
KOMITOHEHTIB. [[J11 CTBOpEHHS JIOKaJIbHUX YCTAHOBOK HEOOXIJHO 3aCTOCOBYBAaTH TEXHOJIOTIIO
BOJIOOUHMIIEHHSI, sIKA MOEHYE MPOLECH eIeKTPOOOPOOKH, BIICTOIOBAHHS y TOHKOLIApPOBOMY (T/1iI)
BIICTIHHUKY Ta copOIii — GibTparii 1isi JOOYUIICHHS CTOKIB Bij] 3a0pyAHEHB /10 MOKA3HUKIB, SKi
JI03BOJISIFOTH CKUJIATH 1X y BOJIHI PECYpCH YU BUKOPHCTOBYBATH IMOBTOPHO.

MeTo10 10cCHiIzKeHb € BCTAHOBJIEHHS IapaMeTpiB HOBOI TEXHOJIOTIi JIOKaJbHOTrO (i3HKO-
€JIEKTPOXIMIYHOTO OYMIIEHHS CTIYHMX BOJ HadTOmepepoOHOro 00’ eKTa METOJIOM €JIEKTPOOOPOOKHU
y HOBOMY E€JEKTPONPHUCTPOi 1 BIIAIIEHHI 3a0py/IHEHb Yy BJOCKOHAJICHOMY TOHKOIIIAPOBOMY
BIJICTIMHUKY Ta QUIBTPi, SIKI BCTAHOBJIEH] HA JIOKAJIbHIM yCTAaHOBIII.

CepenHi MOKa3HUKHU CTIYHUX BOJA Ha BXoJi B ouncHi cnopyau ITAT «Hadromepepobkay
3 TOBApHO-TEXHOJOTIYHOTO MiApo3airy HactymHi: pH 7,4, 3aBucmi— 53,1 wmr/mv°,
XCK, - 48,0mrOz/mme, Hadronponykr-100,5 mr/mme, a KOMyHaJlbHI CcTOKM 3 M Hansipaa
XapaKTepU3yIOThCs TAKUMHU TokasHukamu: pH — 6,9 — 7.5, 3aBucini— 25,1-36,5 mr/mm® , XCK —
56,0-70,8 mrO2/mm° i amoniii-iorn — 3,7-132mr/mqm°
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JlocmiKeHHsT 3 OYMINEHHS CTIYHMX BOJI MPOBOJWIM Ha JIAOOPATOPHIA YCTaHOBII TaKUM
YHUHOM. 3 CHPOBHHHOI €MHOCTI CTiYHA BOJA MOCTyMaja B [-i eNeKTpOnpucTpiii Ta y BiJICTINHUK, /1€
Bi/I0YBA€THCS OYMILEHHS CTIYHUX BOJI BiJI 3aBUCIIHMX IMPH 3MiHI KyTa HaXWIy MOXHWIUX TUIOIIMH Y
TOHKOIIIAPOBOMY BiACTIHHUKY. YaCTKOBO OYHMINEHI CTOKW HamxoisATh B II-i emexrpoamapar, ae
M 1€ €JIEKTPUIHOTO CTPYMY y CTOKax BifOYBAaIOTHCS EJIICKTPOXIMIYHI MPOIECH, a MOTIM
CTOKHM TMpOTIKaIOTh 4epe3 (inbTp, A€ i3 CTIYHOI BOAM BIAMIIAIOTHCS 1HIII 3a0pyAHEHHS Y
npoueci ¢inprpanii i axcopOuii. JocaipkeHHss TPOBOIMIN B JTWHAMIYHUX YMOBAaX 3 BHUPATOIO

10am® B TOAMHY, a PE3yIbTaTH 3 OUUILIEHHS CTIYHUX TPUBEJACHO B TAOIHII.

Taoauus 1
[TapameTpu nipoliecy i MOKa3HUKUA OYHINEHHS CTIYHHX BOJI
Tloka3umku 1o Cryninb
[Tapamerpu TexHOMOTIT
OUMILIEHHS / TTICIIS OuHIIIeHH, %0
Ne ipo6w, Kyr
s [ipHICTH| HAXHII 3aBuci,
00’ ekt Hampyra, Y Opakuis | XCK,
aHOJHA, | HOXUIIHX mr/am° XCK |3aBucm
B ueostita, MM MrO/am>
A/ IJTOIIMH,
rpajg

3, HII3 10 0,25 30 5-8 480/33 | 53,1/2,15 93,1 95,9
5,HIT3 12 0,37 45 3-5 480/28 | 53,1/1,85 94,2 96,5
7,HIT3 8 0,21 60 1-3 480/4,3 | 53,1/1,45 91,0 97,2
8, micrto 10 0, 22 30 5-8 56,0/31| 25,1/1,51 94,5 93,9
9, MiCcTO 12 0,28 45 3-5 56,0/2,2| 25,1/0,65 96,1 97,4
10, micTo 8 0,33 60 1-3 56,0/3,8| 25,1/0,72 93,2 97,1
111, mictg 10 0,25 45 3-5 70,8/4,2| 36,5/0,64 94,1 98,2
112, micto 12 0,31 45 3-5 70,8/3,3| 36,5/0,53 95,3 98,5

Ha ocHOBI mpoBeieHNX JAOCTIHKEHh BCTAHOBIICHO, IO CTYIMHL OYHIIEeHHS cTivHUX Bog [TAT
«Hadronepepobka» Ha I erami enexkTpooOpOOKHM Ta BIAAUICHHSM 3aBUCIHX y T/II BIACTIHHUKY
ckiagae y cepeanbomy 93,3-96,2%, sika MOSCHIOETHCS PI3HOIO TiAPOJMHAMIKOIO MOTOKY BOJHU Y
BIJICTIHHUKY, a QpinbTpyBaHHs yepe3 1eonit niasuirye XCK croki 1o 97,5-98,2%.

VY pe3ynbTaTi eKCHepUMEHTAIBHUX JOCTIHPKEHh BCTAHOBJIEHO, IO MPU OYHUIICHHI CTIYHUX
BOJI 32 HOBOIO TEXHOJIOTIEIO 3 JBOXETAMHOW enekTpoodpodkoro [TAT «Hadromepepobka» cTyIiHb
OUUIICHHS BiJ] 3aBUCIUX — 30UIbIIyeThCS 10 96,1-97,5 % 1 93,7-98,1 % 3a XCK, a M. Hagsipna 10
97,1-98,5 % 3a moka3uukoM 3aBucii 1 93,7-98,6 % 3a XCK.
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OCOBJIMBOCTI PO35OPY BOIH ¥ CIVIBCBKUX MICHEBOCTAX
(HA ITPUKJIAJII CMT KJIECIB CAPHEHCBKOI'O PAHOHY
PIBHEHCBKOI OBJIACTI)

O. C. HoBunbka, O. A. Tkauyk

HamionanbHuit yHIBEpCUTET BOJHOTO TOCHIOAPCTBA Ta MPUPOIOKOpUCTYBaHHA, PiBHE, YKpaina

@®akTUYHI MUTOMI BUTPATH BOJAW B Pi3HI MOPH POKY 3ajJeXaThb Bil CTyNeHS OJaroycTporo
KHUTIA, PO3TALIYBAaHHS TOMEIIKAHHS Ta CIOCOOY JKUTTS MEIIKAHIIB, HASBHOCTI TBAPHH 1 NTHUII B
rOCMOJApCTBl Ta IUIONII TOJUBY MNPHUCATUOHOI AUISHKU. Y IKUTIOBUX OYIMHKAX HACEJICHHS
BUTpayae BOJY Ha Pi3HI TOCIOAAPCHKO-TIMTHI Ta KOMYHAJIbHO-NTOOYTOBI MOTpedH, a came: s
MUTTA, IPUTOTYBAHHA DKi, MUTTS TIOCYZy, JJIsl OCOOMCTOI Tiri€HH, MpaHHs OUTM3HM, MPUOUpPaHHS
npumiiieHb Tomo. KpiM Toro, 3 BHYTPIIIHIX BOJONPOBOMAIB BOJAa BHUTPAYAETHCS JJISl TOJHBY
NpHUCATUOHUX AUITHOK, TPUOUPAHHS IPWIETIINX TEPUTOPii Ta iH.

Ha mincraBi pe3ynabTaTiB 300py, BUBYCHHSI Ta aHAI3y ()aKTUYHOTO CIIOKHBAHHS MTUTHOI BOJU
HaceneHHAM cMT. KieciB CapHeHcbKoro paiioHy PiBHEHCBbKOi 00iacTi HEO0OXiIHO BCTaHOBHMTH
HOPMATHBH MUTHOTO BOAOIIOCTAYaHHS [Tl HACEJICHHS.

72,4 % wnacenenHsa cmt. KieciB 3a0e3neueni mociayraMu HEeHTPali30BaHOTO BOAOIIOCTaYaHHS.
94,6% aOoHeHTIB 00JaAHaHI KBapTUPHUMHU MNpuiagaMu oO0siky Boau. IlutanHs excruryaTamii
KBapTUPHUX MpuiaaiB o0iiky Boau abonentamu KII «KneciBBookaHam» € BKkpail He3aJ0BUIbHUM.
CxiagHicTh 00Ky (DaKTUYHOTO BOJOCIIOKMBAHHS OOYMOBIJIEHA BIJICYTHICTIO OYyIUHKOBUX
npuiaiiB 00Ky BOJM Ta HEMOKIIMBICTIO 3aMipiB KBAPTUPHUMHU NMpUIIaAaMu 00Ky BOJIU, TOMY IO
83% 3 HUX He MPONIIUIN MOBIPKY Yy BCTAHOBJICHOMY IOPSJIKY.

3a pe3ynpTaTaMu JOCHIDKEHb, THTOME BOJOCHOXHBAHHA Y OJKHTIOBUX OyTMHKAX
KOJIUBAETHCS B IIMPOKUX MEXax JJIS BCIX CTYNEHIB OJIaroycTpolo, B ACIKHX BUMAJKaX BEJIUYHHU
MUTOMOTO BOJOCIOXHMBAHHS BIIPI3HIOThCA Yy 7,5-15 pasiB. Ha puc. 1 HaBeneHo npukiaa aiarpamu
3 BEJIMYMHAMHU MMUTOMOTO BOJOCTIOKMBAHHS IS KUTJIOBUX OyawHKiB cMT. KiteciB, oOnagHaHUX
BOJOTMPOBOZIOM Oe3 kaHamizamii. [Ipu cepenHboMy 3HAU€HHI TMUTOMHUX BHUTpaT 83 1/mioa 100y
CepeIHbOKBAipaTUYHE BIIXMIICHHS CKjianae 54 5/moa-no0y, 1O CBIAYUTH NMPO JOCUTHh HU3BKY
CTaTUCTUYHY 3HAUYUMICTh OTPUMAHUX PE3yJIbTATIB.

Jnst >kATIOBUX OyAWHKIB 3 I1HIIMMH CTYNEHSIMH OJIarOyCTPOIO BEIMYHHH CEPEIHBO-
KBaJIpAaTHYHUX BIIXWICHb TAKOXK MAIOTh JOCTATHHLO BHCOKI 3HAa4eHHs. Taki KOIWBAaHHS THIIOBI JJIs

HaceneHuX MyHKTIB 10 10 000 MemkaHIiB y CUTBCHKIM MICIIEBOCTI.
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Pucynok 1. [Iurome BogocnoxuBaHHA y )KUTIOBUX OynuHKax cMmT. Kiecis,

00J1aTHAaHUX BOJIOIIPOBOJIOM O€3 KaHasi3arlii

s crynienro 6maroyctporo «BojonpoBia, kaHaiizaiisi, BAHHA 3 Ta30BHM BOJIOHArpiBaueM»»
MeX1 MUTOMOTO BOJOCTIOXKHMBaHHs ckianu Big 17 go 200 n/mroa-mody, a cepeqHbo-KBagpaTUUIHE
BimxuieHHs 44 n/mroa-no0y; Ans CTyNeHto 01aroyctporo «BomompoBin, cenTHK, BaHHA 3 Ta30BUM
BOJZIOHArpiBayeM» MeXi MUTOMOTO BOJOCIOXKHMBAaHHS CKjianu Big 22 mo 167 n/moa-moly, a
CepeHbO-KBaApaTuyHe BiaxwieHHs 50 n/mon-ao0y; s cTyneHro Omaroyctpor «Bomomposin,
KaHami3allisg, BaHHA, BOJOHAarpiBad 3 0araTOTOYKOBUM BOJ03a00pOM» MEXI MHUTOMOTO
BOJIOCTIOKMBaHHS cKkjiamu Big 17 mo 133 n/mioa-no0y, a cepenHbO-KBaJpaTUYHE BiIXUICHHS 27
n/nroA: 100y .

BpaxoByroun mmpoKi iHTepBAIH KOJIMBAHb 3HAYCHD ITUTOMOTO BOJOCIIOKUBAHHS, BU3HAYHIIN
Koe(ilieHTH Bapialii Ui KUTIOBUX OyJIUHKIB 3 PI3HUMHU CTyneHsMu Onaroycrporo. Koedimientu
Bapialii 3HaXOJAThCs B Mexkax 63-88 %, ToMy ycepenHeHI BeTMUYNHU MTUTOMOTO BOAOCIOKUBAHHS
HE MOXYTh OyTH BHUKOPHUCTaHI SIK y3arajdbHIOIOUUH MOKAa3HUK I PO3PaXxyHKy HOPM MHUTHOTO
BOJIOIIOCTaYaHHS HaceleHHsM cMT. Kirecis.

Orxe, (akTnyHUi po30ip BOAM HACEICHHSIM Yy CUIBCHKHX MICIIEBOCTAX BapilOETHCS B
IIUPOKUX MeXkax, (akTHUHE TUTOME BOJOCHOKMBAaHHS MEHINE, HDK ICHYIOUl HOpPMHU
BOJOCMOXKMBaHHA. ToMy Uit OOTpYHTYBaHHS HOPM MUTHOTO BOJOCIOKHMBAaHHS HACENECHHSIM CMT.
KrneciB, HEoOXigHO BiAmaTH TepeBary 3HAYCHHSIM HOPM IHUTHOTO BOJOCIIOKHWBAHHS IFOYMX
HOPMAaTHBIB HACEJICHHX ITYHKTIB BIJIMOBIHOI KJIIMAaTHYHOI 30HM YKpaiHU, 30KpeMa, MICT Ta CilI

PiBHeHCBKOT 00naCTI.
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MOJIEJTIOBAHHS ®LJIbTPYBAHHSA CYCHEH3II ITPU 3MIHHINI
MMOYATKOBIA KOHIEHTPAIII JJIOMINIKIB

B. JI. lloaisikoB, O. B. XapiamoBa

IactutyT rigpomexaniku HAH Ykpainu, Kuis, Ykpaina

Hepinko BogoouncHUM (inbTpaM JOBOAWUTHCS (YHKIIOHYBATH 32 3MIHHOI 3 YacoM

KOHI[CHTPALiT IMCIIEPCHUX JOMILIOK Ha BXOJ y 3aBaHTakeHHs: C, 10 3yMOBICHO 0COOIMBOCTSIMU

IIPUPOIHOTO i TEXHOICHHOro 3a0pyaHeHHs BomH. 3o0kpema, 3Minu Bemmunan C, MoxyTs GyTn

OB’ sI3aH1 31 3MIHOIO JpKeperia 3a0pyIHEHHST BOIHM, €KCTPAOPAUHAPHUMH TOIISIMUA B OTOYYIOUOMY
CEpelOBUII (3JIMBH, I1aBOJKH), ITUKIIYHICTIO BOJOIOCIIOAAPYOl JISUIBHOCTI TPOMHCIOBUX,
CLIbCHKOTOCTIONAPCHKHUX, KOMYHQJIBHUX MIANPUEMCTB 1 T. iH. Toal HEOOXimHO mpHU MPOBEACHHI
MaTeMaTUYHOIO MOJIENIOBAHHS 3MiHM 00'eMHOi KOHIeHTpawii 3aBucioi peyosuan C Ha Bxoni B

3aBaHTAXKEHHS 3 4YaCOM OMNHUCATH BiIOMOIO (YHKIEIO Co(t), sKa B MPUHLUII MOXe OyTu 1

HETIePEPBHOIO, 1 PO3PHBHOIO.

JlaHa po3poOka BUKOHYBAJIACh 13 3aJTy4YEHHSM CTPOTUX aHAJIITUYHUX METOJIB 1 mepeciiayBana
nB1 ocHOBHI MeTu. [lo-mepie, aHani3yBaBCcsl BIUIMB Pi3HUX BapiaHTIB HECTaOLIbHOCTI BHUX1IHOTO
BMICTY 3aBICl y BOJAl Ha fIKICTh il OCBITJICHHS 1 TipaBJIIYHUHN OMIp LIApy 3aBaHTaXEHHs. Takum
4HHOM CTano MokiuBuM Buaimutu Toit Bua C, (t), 3a siKkoro pobora ¢inbTpa Oyna HalOLIbII
edpextuBHOIO. [lo-apyre, 3’sicoByBanacs MpaBOMIpHICTh TPAJULINHOTO MPUIIOMY CIIPOILIEHHS YMOB
dbineTpyBaHHs y BXinHOMY mepepisi ¢inbTpamniitHoro moToky, a came, ocepeanents C, (t) B MEXax

pO3paxyHKOBOrOo mepiogy. Mix IHIIMM, 3aCTOCYBaHHS TaKOro TMpUHAOMYy B  JIHCHOCTI
YCKJIQIHIOETHCS Uepe3 3a3BHUail HEBIJIOMY TPUBAJIICTh TAKOTO MEPIOAY.

CrnupaeTbcss J1aHa po3poOka HAa MaTeMaTU4YHy MOJeNb BIAPUBHOTO (UIBTPYBaHHS 3
MOCTIMHOI0 MIBUAKICTIO MaJIOKOHIEHTPOBAHOI CYyCIEeH31i 4epe3 OJHOpPIIHE 3aBaHTAXEHHS MpU
JMIHIMHUX KIHETUIl MacooOMiHy 1 ¢impTparii. Lls Moaenp ckiagaeThesi 3 TBOX B3a€MOTIOB’SI3aHUX

OJIOKIB — OCBITIIIOBAIBHOTO 1 (pibTpamiiiHoro i ii TOYHUN PO3B’S30K BUPAKAETHCS HACTYITHUMHU

3anexxHocTamu st Bignocaux C i 06’emuOT KOHIICHTpAIlli OCaJKeHHX YacTOK CYyCIEH3il S &

6e3po3MipHii hopMi:

ct)-e e B
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S(2.0)=e " [e 70 o @ I ke

Tyr a, B — BIJIHOCHI eMIipiyHi KOe(IlieHTH MIBUAKOCTSH MPUIHUIIAHHS 1 BiIPUBY YaCTOK
cycnensii, |, (i =1, 2) — cumBon MoaubikoBanoi gynkuii Beccens mepiuoro poay | -ro mopsxy.
[Ipu mpoBeaeHHI KIJIBKICHOTO aHai3y pO3PaXxOBYBAJIHCS YOTUPHU MPHUKIAAH, SKI
PO3PI3HAIOTECS CIIOCOOOM 3aBIaHHS CTO('[_) Tak, y mepmomy mnpukiami Juisi Hei npuiiManacs

JiHiiHA 3pocTatoda QYHKIIS: y APYroMy BUKOPUCTOBYBAJIaCh KyCOYHO-MIOCTiIHHA (YHKISA, 1 TOMY B

MOMeHT uyacy U, KOHIEHTpallid 3aBiCi Ha BXOJi y 3aBaHTa)KEHHs 3pOCTaja CTPUOKOM; y TPETHOMY

BKa3zaHa (yHKIiS BBa)kaJlaCh IIOCTIHOIO, 1 HapemTi y dYeTBepTOMy BOHa Oyna IiHIHHOIO
yOyBaouo10. BakauBo, 1110 NPOTATrOM po3paxyHKOBOTO nepioay BignocHowo Ttpusatictio 1T =200
3arajbHa KiJbKICTh 3aBUCIIOT PCUOBUHHU, KA HAJIIWIUIA B 3aBaHTaXXCHHs, Oyna ogHakoBoro (400).
ETanonoMm ans moOpiBHAHB MOCTYXHUB TPETiH NMPHUKIaA, KA OJHOYACHO BiAMOBiAae 1 cTabinbHIN
nofadi Ha (ineTp 3a6pymHeHoi Boxw, i bopManbHii ii crabinizamii murixoM saminu 3minHoi C (t)
il cepeHIM 3HAYCHHSIM.

[IpesMeToM po3paxyHKIB CTallM BiJHOCHI BeIMYMHH: KOHICHTpawis 3aici B ¢imprpari C,,

KOHLIEHTpAIlisl OCa/KEHUX YaCTOK CYCIEH3ii Ha BXOJi y 3aBaHTXEHHA S, i BTpaTH Harmopy B

0

oMy AN . Ocranni BU3Hauammcs 3a GopMyIIor0

1 -
AR(E)=]- 22
3 £.(S(z2,))
7€ B OOUMCICHHAX JUIsl eMIIPUYHOI QYHKIIT S (Z,f) puiiManucs 3aJeXHOCT1 y CTerneHeBiil ado
ekcroHeHmianbHii popmi. Tlpu 11bOMy BpaxoBYBaJIMCh 3MIHM 3 YacOM CKJIaAy OCalay, B SKOMY
CYTTEBO MepeBakae 3B’ s13aHa Bojia. Bpemiti Oyino BCTaHOBIIEHO HACTYIIHE:
— sAKicTh (iIBTpATy CYTTEBO Kpallla MpU IJIaBHOMY ab0 Pi3KOMY 3pOCTaHHI MOYAaTKOBOTO
3a0pyaHEHHS CyCHeH3ii,
— BUOIp €IMHOI KOHCTAHTH OCEpPEIHEHHs JJs TPUBAIOr0 PO3PaxXyHKOBOT'O IMEPIOy MOXe
MPU3BOJIMTH JI0 3HAYHUX TIOMIJIOK TIPH PO3paxyHKaX XapakTepUCTHK (PUTbTpyBaHHS,
— xapakrep 3MiHu KoHIeHTparii C, CHIBHO BIIMBaE Ha KONbMATAXK 3aBaHTAKCHHSL,
— TpU NOYaTKOBOMY 3a0pyAHEHHI1 BOJIM, SIKE TMOCHIIIOETHCS 3 YAacOM, MOXKJIMBE aHOMAJbHE

SBUIIE TMEpepo3NOJily Ocady, B pe3yiabTaTi SIKOTO 3arajbHi BTpaTH HANoOpy HaBITh

CKOpPOUYIOTHCS, HE3BAXKAIOUM Ha MPOTPECYI0Ye 3aMyJICHHS 3aBaHTaKCHHS,
— 30impmennss C, crpuOkoM 3 OmHOTO OOKy [O3BOJSIE IIPOTSATOM TPUBAIOTO dacy

3a0e3mevyBaT MiHIMQJIbHY KUIBKICTh 3aBicl Ha BUXoml 13 (inbTpa, a 3 apyroro OOKy
OPU3BOJUTH [0 TOCHJICHOTO POCTY BTpaT Hamopy 1, SK HAcHiI0OK, HEepeayacHOMY

BHUKJTIOUEHHIO (PLIBTpA.
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TEOPETUYHE OGT'PYHTYBAHHS IHTEHCU®IKALIT ®1LJILTPYBAHHS
MIJISIXOM 3MIHU CIIPAMOBAHHOCTI IOTOKY CYCHEH3II

B. JI. Ilox1sikoB

[actutyt rigpomexaniku HAH Ykpainu, Kuis, Ykpaina

OCHOBHOIO TPHUYMHOIO HEMOBHOIO BHUKOPHCTaHHS OCBITIIOBAIGHOTO PECypCy HIBHIKUX
(biTBTPIB 3BUYAMHO € CYTTEBA HEPIBHOMIPHICTD PO3IOJILITY OCaIy MO BUCOTI IIapy 3aBaHTAXKEHHS 1, 5K
HACJIJI0K, IOCWJIEHE 3pOCTaHHs BTpAaT Hamopy B HboMy. PoOunucs OararouucieHHl crpoou
iHTeHCcH(iKyBaTH X poOOTY, 3aCTOCOBYIOUH Pi3HI KOHCTPYKIIi (UIBTPIB, pEKUMH POOOTH, CIIOCOOU
MIArOTOBKU cycrieHsii. B maniif po3poOiii mpeamMeToM BCeOIYHOTO TEOPETUYHOTO aHajli3y CTPOrMMU
AQHATITUYHUMH METOJAMH CTaJlM HACIIJIKH 3MiHH HANpSIMKY TOTOKY B 3aBaHTa)XCHHI, HAIIPUKIIAJ, 31
CIIAJHOTO HAa BHUCXiTHHMNA a00 HaBMakW NpOTAroM (imbrpormkia. [IpakTHUHMIA 3MICT OmepaTHBHE
NEPEKIIIOYEHHS (PUIbTPa Ma€ CEHC MEpII 3a BCE B THX BUIAJKaX, KOJIM OCaJl BUSABIIAETHCS CTIMKUM IO
BiJTHOIIICHHIO JIO TiJPOJAWHAMIYHOTO BIUTMBY. TOJIi BUIpPaBIaHO 3aCTOCOBYBATH CYYacHI MaTeMaTHYHI
Mojieni Oe3BipuBHOrO (inbTpyBaHHA. [Ipu 1bOMY ONUC KIHETHUKU OCBITIIOBAILHOTO MPOIECY
CYTTEBO Y3araJIbHIOETHCSI 3aBJSKHM BPAaXyBaHHIO BIUIMBY Ha HHOT'O MOIJIMHAIBHOTO PECypcCy, SKHH
MIOCTYIIOBO CKOpPOYYEThCS, @ TaKOXX AaBTOKATAJITUYHOrO eQexkTy. TakuM 4YHHOM, KOeQIilieHT
¢ubTpyBaHHS B 0a30Bili MareMaTW4Hi MOJENi Temnep € He MOCTIMHUM, a (QYHKII€I0 CKIIaJIHOrO
BUTJISAY BiJ KOHIIEHTpalii ocany. B 3aranbHoMy BUIIISAI MoJenb O€3BIIPUBHOTO (iIbTpyBaHHS
MOXK€ PO3IIIAATUCH K KOMIUIEKC 13 JIBOX TOB’S3aHMX MK COOOI0 OJIOKIB — OCBITJIFOBAJIBHOIO 1
¢utbTpariifHoro.

['ooBHOIO METOIO AaHO1 POOOTH CTaio, CIMPAIOYHCh HA CTPOTUH PO3B’SI30K MAaTEMaTHYHOI
Mojieni 6e3B1IpUBHOTO (PiIbTPYBaHHSA Yepe3 MOYaTKOBO 3a0pyJHEHE 3aBaHTAKEHHs, MpOaHaTi3y-
BaTH Bl Horo crafii 3 MOTOKaMH cycreH3ii pi3HOi crpsiMoBaHoOCTi. [loTiM cHiBCTaBisOuM 3
pe3yiabTaTaMu TPAAUIIIHOTO OMHOOIYHOTO (DUIBTPYBaHHS, BUSHAYUTH MOXKJIUBICTH IT1IBUIICHHS
e(peKTUBHOCTI (PiIbTpa BHACTIIOK HOTO MEepEeKITIOUEHHS.

B nepmry uepry Oyno onep’kaHO TOYHUN pO3B’SI30K BKa3aHO! 3a/adi, SIKHH BHUPaXKAETbCS
PO3paxXyHKOBUMH 3QJICKHOCTSIMHU 1 PIBHSHHAMH BIJHOCHO KOHIICHTPAINM 3aBHCIHUX 1 OCaHKEHUX
YacTOK CycIleH3ii, BTpaT Hamopy, a8 mnepmoi ctanii ¢ineTpyBaHHs. Ilicnms nporo BiH
BUKOPUCTOBYBABCS IPU IOCTAHOBIIl AHAJIOTIYHOI 3aJadyl CTOCOBHO 1O JpYyroi crajii, KOJH
bimpTpariiiHa Teuis CrpsMOBaHa B 3BOPOTHIN Oik. st mpyroi crajii TakoK OACp)KaHO TOYHUN
PO3B’SA30K, ajie JOBECTH HOro M0 3pyYHOTO JJIsl IHKEHEPHUX PO3PaxXyHKIB BUTIISAY BIAOCS TUTBKU
B JISSKUX YaCTUHHUX BHUIIAJKAX, K1 MK 1HIIMM JOCHUTh YacTO 3yCTPIYalOThCS HA MPAKTHII.

EdexTHBHICTD 3ampONOHOBAHOTO MPHIOMY I1HTEHCHiKalii mepi 3a Bce Oe3BIAPUBHOTO
GiTbTpYBaHHS OIIIHIOBAIOCH Ha 0a3l MPOTHO3HMX 1 TEXHOJIOTIYHMX PO3PaXyHKIB IMUIIXOM
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CMIBCTABJICHHS OCHOBHUX XapaKTEPUCTHK (IbTPYBaHHS Y TPAAUIIMHKUX 1 HOBUX yMOBax. B mepry

4epry po3paxoBYBaIKHCh BiHOCHI KOHIICHTpALi 3aBuci Ha BUXOAi 3 mapy 3aBanTaxkeHus C, i gac

foro 3axucHoi nii '[p. Yac '[p 00YHCITIOBABCS, BPaXOBYIOUM HEMPUITYCTHUMICTh IEPEBHILECHHS

3pOCTAar04900 BCINYHUHOIO Ce HOPMAaTUBHOI'O 3HAYCHHSA C* . Takum ynHOM

C.(f)<C.,  C,[g)<C.

e

BcranosiieHo, mo npu 6e3BiagpuBHOMY (DUIBTPYBaHHI Y BiICYTHOCTI 3HAYYIIIOTO aBTOKATaJI3y
SKICTh (PIIBTPATy NPH TEPEKITIOYeHHI (UIbTpa MPAKTUYHO HE TOTIpPHIyeThcs. Tomy yBara B
PO3PaxyHKOBIH YaCTHHI JaHOT PO3POOKH aKIEHTYBaJaCh HA HAKOTIMYEHHI 0Cay B PI3HUX YaCTHHAX
IIapy 3aBaHTaKEHHs, 3pocTanHi BTpaT Harmopy AN 3 wacom, yyTmuBocti oHOrO 3 IBOX OCHOBHMX

TEXHOJIOTIYHUX YaciB, a caMe, 4acy JIOCSITHCHHS BKa3aHUMH BTpaTaMH TPAHUYHO JOMYCTUMOIO
3HaueHHs 1, 10 Kmo4yoBMX MojenpHHX mapamerpiB. UiTKo BiACHiZKOBYBalocs CyTTEBE

YIOBUIBHEHHS TEMIy 3pPOCTAaHHS TiJPaBIiuHOrO ONOPY IIapy 3aBaHTAXEHHS 3aBISKU AKTHBHOMY
3ally4yeHHIO B OCBITJIIOBAJIBHUI Mpoliec HOro BigAaneHoi Big BxoAy AUIIHKH. [IpuyrHoro moaibHoro
VIIOBIJIBHEHHSI CTaB MPHUHIUIIOBO IHIIMH XapakTep PO3MOALTY Ocaxy MO BHCOTI Iichs Mojadi
CyCIIeH31i B 3aBaHTa)XEHHS 3 IPOTUJIEKHOT0 OOKY. BiamoBinHI mpodisi KoHIEHTpalii ocaxy HaO0yIu
IPU I[bOMY 3BOPOTHIO JI3BOHOMOJIOHY (pOopMy 3 MIHIMyMOM B CE€peIuHI MOpUCTOro mapy. byno

NpoBeJeHO 6araro OOYMCIIEHb BUIE3raJaHOTO BiJHOCHOTO TeXHOIOriuHoro yacy t, cmouarky B

3aI€KHOCTI Bijl cOpONiiiHMX BracTHBOCTEN (inbTpyrouoro Marepiany. Yac 1, Buxozsum 3

oOMeKeHHS Ha 301IBbIIICHHS BIAHOCHUX Ah , a came,
Ah(f)<Ah,  AR(f)<Ah,

ne Ah, — BigHoci TPaHUYHO JIOMYCTUMI BTpaTH Hamopy. BcTaHOBIEHO, MO0 3aCTOCOBYBAaTH
npuiioM iHTeHcH}iKkalii GUIbTpyBaHHS, SKUN pO3IIAIaeThCs, Kpalle, KOJIU el marepian 31aTHUi
aKkTUBHO (hikCcyBaTH 3aBHCIy pedoBuHy. Ha 3aBepmienns orinioBanzack 3MiHa uacy [, mpm
BapilOBaHHI 4Yacy MEpeKIroUYeHHsT (PUIbTpa 1 MOKa3aHO, MO 3aB/ISIKA CBOE€YACHIN 3MiHI HANPSMKY
¢inpTpanii peansHo nocaraty 30inbmenss , Ha 25 %, a y Bumaaky n106pe copOyrouoro marepiany
1 OinbIIIe.

[Ipu BigpuBHOMY (iINBTPYBaHHI TMEpeOpi€HTAllis MOTOKY B NPHUHIIUII MOBUHHA CIPHUSATH
eKOHOMIi MpoMHUBHOI Boju. [Ipu 1ipomy 0€3yMOBHO MPOTATOM JESKOTO Yacy MiCis MepeKIIOYeHHS
GbiTbTpa CiTi OYiKyBaTH PI3KOTO MOTIPHIEHHS SKOCTI BOJOOYMUCTKH, ajie uyepe3 ASsSKuil 4ac GuibTp
3MO’KE€ III€ JOBTO 1 MPOIYKTHUBHO MpamroBatd. [IuTaHHS TpO TPUBAIICTH MOAIOHOTO MEPEXiTHOTO

nepiofy MOBMHHO BHPINIYBATUCS TEOPETUYHUM IIISIXOM HAa OCHOBI BXKE MOJEICH BIAPHUBHOTO

GbiTbTpYBaHHS.
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OYHIIEHHS CIYHUX BOJI ABIAIIIMHOI MPOMHUCJIOBOCTI

O.T. Yaiika

HamionansHuii yHiBepcuteT «JIbBiBChKa moJiTexHikay, JIbBIB, YKkpaiHna

Ha cporogni mpoBefeHHS €KOJOTIYHUX JAOCHiIKEHb PIBHS 3a0pyIHEHHsS IOBKULIS B 30HI
aeporopTy, 30KpeMa BOJHHUX O0’€KTIB, € HAI3BUYAWHO aKTyaJIbHUM, OCKUIBKM METOJIUKH OI[IHKU
BIUIMBY Ha iX CTaH B HEJOCTaTHbO PO3KPHUTI. BUpilIEeHHS IbOro NHUTAHHSA AACTh MOMJIMBICTh
MiTIATH 10 pO3B’sI3aHHA MPOOJIEM 3aXUCTY Ta BIAHOBJICHHS BOJOMM.

ByniBni i cmopyad TexXHIYHOro OOCITYyrOBYBaHHS JITaKiB, a TakoXX OYIiBII Ta CHOpyAd
MiACOOHMX TPUMIIIEHb — JDKepera BUPOOHWYMX CTIYHHUX BOJ B aepomnoprax. OCHOBHUMH
JDKepellaMy TOCIOAapChKO-TOOYTOBUX CTIYHUX BOJ € OyaAiBII Ta CIOPYAHM s OOCIYrOBYBaHHS
IIEpEeBE3EHb: AaepOBOK3al, T[OTeNb, 1lalbHI, CIY)KOM OOPT)KUBIEHHS, a TaKOX TEpUTOpil
aBlamMiCTE€YOK, MI0 NPWIATalOTh JO aeporopTiB. JlIs TOBEPXHEBOrO CTOKY 3 TepuTopii
aBlamiAMpPUEMCTB XapaKTepHa HAsBHICTh MiHEPaJbHHUX CyMilIed, HadTOmpoayKTiB, (EHOIIB,
BXKHUX METaliB, XIMIYHMX CyMIlIed MAfsi MHTTSA JITaKkiB, MIHEPAJIbHUX Macel, PO3YMHEHHX
OpraHiYHUX JOMIIIOK Ta a30TOBMICHUX pPE€YOBHH. BcTaHOBIIEHO, 110 B cepeIHbOMY MPHU CKUAAaHHI 1
M3 BUPOOHMYMX CTIYHHX BOJ ABialliIIPHEMCTB 320y AHIOEThCS 6H36K0 60 M3 IPUPOIHKX BO.

st parioHadbHOTO BUKOPUCTaHHS BOJHHMX pECypciB s moTped y pi3HHX cdepax
nisutbHOCTI Oyno npuitasato IBH Ykpainu «Kananizaris. 30BHIIIHI Mepexi Ta CIOPYIu». 3TiTHO 3
LIUMH HOPMaMH, a€pONOPTH BITHOCATHCS A0 MIATNPUEMCTB, TEPUTOPIs IKUX MOKe OyTH 3a0pyaHEeHa
crenu(piYHUMH PEYOBUHAMH 3 TOKCHUYHUMH BJIACTHBOCTSIMHU a00 3HAYHOIO KUIBKICTIO OpraHIYHUX
pedoBuH. Came TOMY TIOBEpPXHEBI CTIUHI BOAHM aepOMOPTIB TMeped CKUAAHHSM Yy JOIIOBY
KaHaNi3allil0 HAaCceJIeHOro IyHKTY ab0 LEHTpali30BaHy CHUCTEMY 3arajbHOCIUIABHOI KaHamizamii
HEOOXITHO OYMCTUTH Ha JIOKAJBHUX OUYMCHHMX cropynaax. Jlo Toro » 3ampoBaJKEHHS 3aXO[iB
OYMINEHHS TOBEPXHEBUX CTIYHMX BOJ Ma€ TIPYHTYBATUCS Ha JaHWX aHAII3IB 3 BU3HAUYCHHSIM
HallMeHyBaHHs 3a0pyIHIOBAJIbHUX PEYOBMH Ta iX KOHIEHTpauii. Bapro 3ayBakuTu, mo BuOIp
TEXHOJIOTIYHOT CXEMH, JUIS OYMILEHHS CTIYHHUX BOJ HEOOXIAHO 3AIHCHIOBATH 3 ypaxyBaHHSIM
€KOHOMIYHOI JTOLIJIBHOCTI, HEOOX1THOCTI MEepeBipKH BCIX MPUJIETIIMX TEPUTOPIH, HA SKI MOXKYTh
MOTPAIUIATH 3a0pyIHIO0U1 peuoBHUHH. Takok MOTpiOHO 3BEPTATH yBary Ha MOXJIMBICTh MiHIMI3allii
3a0pyIHEHHX CTIYHUX BOJ| 3a paxyHOK BIPOBA/KEHHs O€3BIAXOAHMX a00 MaJoOBIAXOIHUX
TEXHOJOTIH, MOMJIMBOCTI OYHUIICHHS [ESKUX BHUIIB CTIYHHX BOJ Ta YMOB CKHUJAHHS.
PexomeHy€eThCsl BUKOPHCTOBYBATH BOAY 3 IIOBEPXHEBUX CTOKIB, SIKi OyJIM OYHILEHHI.

Opni€ero 3 HAOUTBIIUX TPOOJIEM B aBialliiHIN MPOMMCIOBOCTI € 3a0pyAHEHHS BOJONMMUII

cTiyHUMHU BojgaMu. OCKIUIBKH, CKJIaJl CTOKIB € PI3HOMaHITHHWHA, a BOJOBIJBECHHS 1 OYMIICHHS Ha
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OYHMCHHUX CIIOPYIaX € He 3aBXKIU ePEKTUBHHUM, IICJII YOT0 HEOUYHIIIEHA BOJA MTOTPAIISE B BOJOWMH,
THUM CaMUM YTBOPIOIOYH iHINI €KOJIOTIYHI mpobsiemu. Tomy 3anmpoBayKeHHS €KOJIOTIYHO Oe3MeuHNX
TEXHOJIOT1H JIJIs1 BOJIOBIABEICHHS 1 OUMIIICHHSI CTOKIB € aKTyaJTbHUM 3aBJaHHSIM B CHOT'OJICHHI.

CriuHi BOAM 3 aBlamiANpPHUEMCTB TPAHCIOPTYETHCS KaHAMI3aI[iiHUMU TpyOamu, IICISI Y4OTO
OYMIIYIOTBCS Ha JIOKATBHHX OYHCHUX CIOpyJaxX a00 CKHUIAIOThCS 1 OYMIIYIOTHCS Ha MiChKHX
OUYHCHUX CHOpyJax. Bix sIKOCTI OYMIIECHHS CTIYHUX BOJ 3aJICKHUTh SKUW BIUIMB Ha HABKOJIHIIHE
cepenoBwile Oye MaTh TiIPUEMCTBO.

JInsi TOKpalleHHs] OYMIICHHS CTIYHHX BOJlI PEKOMEHIYETHhCS 3alpOBaPKYBaTH PO3iIBbHI
CUCTEMHU BOJOBifBeneHHs. 1[I cucTeMH BKIIIOYAIOTh Pi3HI BOJOBIJBIIHI MEPEXKi, VISl Pi3HUX BHUIIB
CTIYHHMX BOJ, @ caMe JIJI BiJIBEICHHS IMOBEPXHEBHX, I'OCIIOJAPCHKO-TIOOYTOBUX Ta BHPOOHUYMX
CTIYHUX BOJI.

Cxema po3aiIbHOTO BOJIOBIABEACHHS 300paykeHa Ha PUCYHKY 1.

_____ ABianmiinpueMcTBO

N4 4 3 \ 2 3 1
BOC R KOC J0C
| |
— Pi
¥Ka
—

Pucynoxk 1. Cxema po3aiibHOTO BO/IOBIIBEICHHS

CxeMa po3aiUTBPHOI CHCTEMH BOJIOBIJIBE/ICHHSI aBIaIliIMPUEMCTBA 3 OKPEMHM BiJBEICHHSM 1
OYMILEHHSIM YyCIX BHJIB CTIYHMX BOJ: | — MOBEpXHEBI CTiUHI BOJM; 2 — rOCHOJAPCHKO-IOOYTOBI
CTiuHi BOAM; 3 — BUPOOHHMYI CTIYHI BOJAHM, 1[0 MOXKYTh OYMIIYBATUCS HA TOCIOAAPCHKO-MOOYTOBUX
OYHCHHUX CcIOpyAax; 4 — BUPOOHMYI CTIYHI BOJM,INO MICTSATh 3a0pYAHEHHS, HENPUHHSTHI s
OYHIIIEHHS Ha TOCMOAApChKO—T00yTOBUX ouucHUX crnopynax; KOC — kaHamizaimiiiHi O4YMCHI
CIOPYAM JJsl OUHMIIEHHS TOCHOJApChKO-moOyToBUX cTiuHUX BoJ; JIOC — ouwncHi cropyau s
ouMILeHHs noBepxHeBux Boa; BOC — ouncHI ciopyau Ais OYUILIEHHS BUPOOHUYUX CTIYHUX BOJI.

OuncHe oOnagHAHHS JOTIOMAarae 3MEHIIYBaTH KUTbKICTh 3a0pY/IHIOIOUNX PEUOBHH Y CTOKaX, a
JUTsl 3MEHILICHHS PIBHsSI BUTPAT HAa BUAOOYTOK MPUPOJHHMX PECYPCIB 1 3MEHIICHHS BUKOPHCTAHHS
pecypciB BapTO BIPOBAKYBATH 3a JOMOMOTOI0 B3aEMOJIIT 3 IHIIUMU MIAMPUEMCTBAMH 1 epeaadi
iM BiIXO/IiB.
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EKCHHEPUMEHTAJIBHI JOCJI)KEHHS XAPAKTEPUCTHUK
IMUTHOI TA EJJEKTPOAKTUBOBAHOI BOIU

B. J1. llorpedtennuk

HamionansHuii yHiBepcuTeT «JIbBiBChbKa moJiTexHiKay, M. JIbBIB, YkpaiHna

Beryn. Bona — HaliBaximBiIIa CKJIaoBa CepefOBHUINA HAIIOTO icHyBaHHA. Ham opranizm
CKJIQZIA€EThCSl OLIBII SK HAMOJOBUHY 3 Boau. 3HeBogHeHHS Ha 10-20 % e HeOesmeuyHuM s
3J10pOB’s, OCOOIHMBO B CIEKOTHY MOPY. 3a )KUTTS OJIHA JIIOJMHA B CEPEIHbOMY CIIOKHUBa€ OIU3BKO
75 M wi€i xuTTERANHOT piguHM. 3apa3 OCHOBHHMH IPOGIEMAMHU € YMOBH 3a0€3MeueHHs HACEIEHH S
0E3MEeYHOI0 MUTHOK BOJIOK0 1 MOKJIMBOCTI HOJIIMIIEHHS 11 SIKOCTI.

B VkpaiHi Bxke JaBHO Ha3piBae mpobdaemMa MUTHOI BOAM, OCKIJIBKY 3a 3alacaMu TOCTYIMHHUX 10
BUKOPHUCTAHHS BOJIHUX PECYpPCIB KpaiHa HaJIeKUTh 0 Malo3abe3nedeHrux. Y MalloBOJIHI POKU Ha
Teputopii Ykpainu popmyerbcs mume 52,4 KMP/pik CTOKY, TOOTO HA OAHY TIOAMHY MPUIIAJIAE
omm3pko 1 tie. M°. TUM 9acom, 3a BH3HAYCHHSM €Bporeiicbkoi exorHoMigHOi komicii OOH,

JiepKaBa, BOJHI PeCypcH SIKOi He TepeBHIIyloTh 1,7 Thc. M°

CTOKY Ha piK Ha OJHY JIIOJIMHY,
BBaXKa€ThCs He3abe3neueHow Boaoto. Y Kanani, Hanpuknaz, g BeaTudnHa gopiBHioe 94,3, B Pocii —
31,0, HIBemii — 19,7, CIIA — 7,4, binopyci — 5,7, @panmii — 3,4, Aarmii — 2,5, Himequnni — 1,9,
Hombmi — 1,6 Tc. M%/pik.

Meto10 po00TH € JOCTIIHKEHHS XapaKTEPUCTUK MUTHOI Ta IEKTPOAKTUBOBAHOI BOJIH.

Bukuiag ocHoBHMX pe3yJbTatiB. Y JIbBOBI J3KepeioM BOJOMOCTauYaHHS € MiA3eMHI BOIH, SIK1
XapaKTepU3yIOThCSl BUCOKOIO SIKICTIO, TPOTE 3acTapiill TEXHIUHI CIOPYJM BIUIMBAIOTh Ha il cTaH. Y
pi3HUX paiioHax JIbBOBa BOJa BIAPIZHSAETHCSA 3a XIMIYHUM CKJIAJIOM 1 BJIACTUBOCTSIMH, OCKLIBKH
MO/IA€THCS 3 PI3HUX CBEPJIOBHUH.

BukoHaHO eKclepUMEHTANbHI TOCIIKEHHS XapaKTEPUCTUK MUTHOI BOJU 3 PI3HUX palOHIB
M. JIbBOBa Ta €J1eKTPOaKTUBOBAHOI BOJIM, OTPUMAHOI IiJ] 4ac 3MilllyBaHHS aHOJITY Ta KaToJiTy: pH,
OKHCHO-BITHOBHOTO TIOTEHITIATY Ta €JIEKTPOIPOBIAHOCTI.

Jlns BuMiproBaHHs 3Ha4eHb pH 1 OKHMCHO-BIIHOBHOTO MOTEHIIany BUKOpucTaHo pH-merp
“pH-301”, nns BuMiproBaHHS enekTpornpoBigHocTi — npuinan DIST-3 BupoOnunTBa “HANNA”
(Himeuunna).

Bussneno, mo B ycix mpo6ax BHMIPIOBaHI MOKa3HUKH 3HAXOMSTHCS y MEKax BCTAHOBJIEHUX
BuMor BianoBigHo no JCaulliH 2.2.4-171-10 “TirieHiudi BUMOTH 10 BOJU MUTHOI, MPU3HAYEHOI
JUISL CTIOKMBAHHS JIFOIWHOK”, 3aTBepkeri HakazoM MO3 Ne400 Bix 12.05.2010 p. Iloka3uuku
OBII maitke ycix mpo0 BoaH, B3SITHX y PI3HHX paiioHax JIbBOBa, MalOTh HEraTMBHE 3HAYEHHS B

Mexax Bix -8,1 mo -27,1 MB 1 nmume B JInyakiBcbkomy p-Hi 3HaueHHs: OBII cranoButs +11,0 MB.
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BcranoBiieHo, 110 €NeKTPOIPOBIAHICTE HE mepeBuinye HopMmy < 2500 mxCwm/cM: HaitmeHIIIe
cepenHe 3HadeHHs y Boli DpankiBcbkoro p-Hy — 363,2 mMxCwm/cMm, a HaWOUIbII 3HAYCHHS
3adikcoBaHo y Boji JIngakiBebkoro p-Hy — 702,6 MKkCM/cM 1 JIe1io MeHIe y 3ali3HUIHOMY p-Hi —
623,3 MxCwm/cMm, mpoTe Haikpamow € Boaa CHXIBCBKOTO p-HY, a HaMEHII SKICHOK — BOJa
JIn4akiBCHKOTO p-HY.

Pieens pH y Boxmi cranoButs 6,8-7,5. HaliMeHImuii moka3HHK y mIpoOi BOIU, B3ATOI Yy
JInuakiBcrKkOMY p-HY — 6,8, a HaliOUIbmMii — y CuxiBcbkoMy p-Hi — 7,5.

JlocHipkeHO XapaKTepUCTHKU eJIEKTPOAKTHUBOBAHOI BOJW IOAO 3MIHU CIIBBIJHOLICHHS
KUTBKOCT1 ‘““KMBOI” Ta “MepTBOiI” BOJM HA MOKAa3HUKH BOJH, a CaM€ OKHCHO-BIJIHOBHHMI IOTEHITIaJ,
pH Ta enexTponpoBiaHICTS.

MerToro ekcriepuMeHTy OyJI0o OTpUMaHHS BOJIW 3 HAWMEHIITUM HETaTMBHUM MoTeHIiamoM. s
BUKOHAHHSI JOCTI/P)KEHb B35TO MUTHY BOAY 3 KpaHy 3 TakuMH mokazHukamu: pH — 7,1,
OBII ——8,9 MB, nuroma enexkrponpoBiaHicTh — 464 MkCwm/cM.

3a monomororo enekrpoiizepa “ExoBon” orpumano “meptBY’’ (aHOIMIT), Ta “KUBY” (KaTOJNIT)
Boay 3 nokazHukamu: OBII “sxuBoi” Bogu cranoButs —114,3 MB, pH — 8,7, enexTponpoBiHiCTh —
170 mxCwm/cMm, “meptBoi” Bogu OBII — +229,5 MB, pH — 3,4, enektpornpoBigHictb — 615 MmxkCwm/cM.

[Tepmnii po3unn anomiT—kaTomiT (A:K) miarorosieno y cmiBBigHomeHHi 1:2 (40mm:80mi) i
orpumaHo Taki pesyaptatu: OBII — 56,8 MB, pH — 6,0, enextponpoBigHicts — 205 MxCwm/cMm.
OCKiNBbKM KOPHCHOIO JUIS 3/I0pOB’st € Bojxa € HeratuBHUM 3HaueHHsM OBII ta pH 7,5-8,5
MIPOMOPIIII0 PO3UYUHY aHOMIT—KATOMT 3011bIIeHo 10 1:3 (40mm:120Mi1), MOCTYNOBO JOaBaBIIHU 11O
SMJ pO3UMHYy KaTOMITy. Y pe3ynbTaTi BUMIpIOBaHb BCTAHOBIIEHO, 110 moka3Huk OBII moctymoBo
3MeHIyBaBcs, a pH 1 enekTponpoBiHICTI HaBMaKK 301IbIIYBaBCsA: IPU AOCATHEHH] npomopuii 1:3
OBII Bonu cranoBuB 2,2, a pH — 6,9, enexrponposinHicTh — 233 MKkCM/cM.

HeratuBne 3nauennss OBII — —0,8 mMB Bpamoch DOCATHYTH, KOJHM KUIBKICTH KaTOJNITY
cTaHoBui0 125 M (mpu BmicTi aHomiTy 40mi), B Toit e dac pH — 7,0 Ta enekTponpoBiAHICT —
240 mxCwm/cm. TIpu noganeiiomMy 30UTbIIEHH] KUTBKOCTI PO3YMHY KaTOMITY A0 CHiBBiAHOIIEHHS 1:4
OBII Bonu cranoBus -22,8 MB, pH — 7,3, a enextponposinnicth 240 MxCwm/cMm.

BucnoBku. BukoHnaHno excriepuMeHTa bH1 JOCTIHKEHHS MIECTH MPO0 BOAU PI3HUX PAlOHIB M.
JIbBOBa Ta BCTAHOBJIEHO, LI0 B YCiX Npo0Oax BUMIPIOBaHI TMOKAa3HUKHM 3HAXOAATHCS Yy MeEXax
BcTaHOBJeHHX BUMOT BigmoBigHo a0 JCaunlliH 2.2.4-171-10 “T'irieHiuHi BUMOTH 10 BOJH ITHTHOI,
MPU3HAYEHOT ISl CIIO’KUBAHHS JIFOAUHO0 .

BusiBieHno, mo 3a 3MiHH CIIBBIIHOIIEHh 00’€MiB aHOMNITy 1 Kartomity Bim 1:2 mo 1:4 pu
3MiHtoeThes Big 6,0 mo 7,36, mutoma enekrpornpoBigHicTh Big 205 mo 240 mMkcm/cMm, a 3HaYEHHS
OKHMCHO-BITHOBHOTO TIOTeHIIany — BiJ +57 MB 10 —23 MB. /[ OTpuMaHHs HETaTUBHOI'O 3HAYECHHS

OBII y PO34YMHI aHOJIIT—KATOJIT JOLUUIBHO 3017BIITYBAaTH CITIBBIIHOMIECHHS KaTOIIT—aHOJIT 10 4:1.
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COPBIINHA 3IATHICTb TOP®Y 10 BIOTEHHUX EJTEMEHTIB
13 BOJHOI'O CEPEJJOBUILIA

O. B. Manycska, O. II. Cyxopcbka
JIbBIBCHKMI HAIlIOHATBHUHN YHIBEPCUTET BETEpUHAPHOI MEAULINHU

ta 6ioTexHoorii imeni C.3. I'kunpkoro, JIbBiB, YKpaiHa

JloCUTb CepiO3HOI0 EKOJIOTTYHOKW IMpo0sieMol0 YKpaiHM W Hajail 3aJIMIIA€ThCS OYMIICHHS
MIPOMHUCIIOBHUX CTOKiB, 30KpeMa MiInpueMcTB arpornpomucioBoro kommiekey (AIIK). Jlani criuni
BOJIU SIBISIFOTHCSI CKJIQAHUMHU OAaraTOKOMIIOHEHTHUMM CHUCTEMaMH, I10 MICTATh y CBOEMY CKJajl
3a0pyHUKU SIK OPraHiyHOI'O TaK MIHEPaJIbHOTO IMOXOJUKEHHSA. 30Kpema, TYT CHOCTepIraeThecs
3Ha4YHE NEePEeBUIIIEHHS JOIYCTUMUX HOPM 3a BMICTOM O10I€HHHUX €JIEMEHTIB.

ITpupoaHi copOeHTH, NOKIAAN SIKUX 30CEPEPKEHO y 0aratboX palioHax YKpaiHH, sSBISIOTHCS
JICIIICBOI0 CHPOBUHOIO B TEXHOJIOTISX OYHWIICHHS CTiYHUX BOA. Y Mexkax JIbBIBChbKOI o0JacTi
HaTiyyoTh 168 pomoBuIl TOpdy, MIoma MpOMHUCIOBOI TTTHOWHY SIKMX cTaHOBHUTH 48 123 ra.

MeTtoro naHoi poOOTHM € BCTaHOBIEHHS aacopOuiiHOI 37aTHOCTI TOopdy Bepemuis-
STHIBCHKOTO POIOBHINA 32 PE3YIbTaTaMU €KCIIEPIMEHTAIBHUX MOJICIBHUX JOCIIIKEHb.

Jlist TOCSITHEHHSI METH OYJI0 TIOCTAaBIICHO HACTYITHI 3aBIaHHS:

— 3A1MCHUTH aHaii3 eKoJjoriyHoi omiHku cTiyHuxX Boj AIIK, 30kpema, BMiCTy Ol0r€HHHX

€JICMEHTIB;

— JOCHITUTH aAcopOLiiiHy 31aTHICTh TOpdy (BepxoBoro Ta HU3MHHOrO) Bepemuis-
SIHIBCBKOTO POJOBUIIA II0A0 3a0pyIHHUKIB CTOKIB XapyoBOI MPOMHUCIIOBOCTI, a caMe a30Ty
amMoHiitHoro Ta ocdaris;

3a pe3yabTaTaMH aHali3y €KOJIOTIYHOT OLIHKU CTIYHUX BOJ M’SICONEPEpOOHUX MiJNPUEMCTB
BCTaHOBJICHO MEPEBUIIEHHS JOMYyCTUMHX HOPM 3a BMICTOM a3oTy amodiiHoro — 1,3-3 T/JIK,
docaris — 2,4-3 TIK. V crokax nraxodaOpuk KOHILIEHTpalis a30Ty aMOHiiHOro i ¢ocdatiB
craHoBuTh BianosigHo: 3,8 ['/IK ta ~10 I'IK. V cTiyHMX BOojax MOJIOKONEpepOOHUX MiIPHEMCTB —
BMICT a30Ty aMoHiitHoro csrae 2,5 T'IK, docdaris — 4,3-10 I'IK.

HocnimxenHss ancopOuitHoi 3aaTHOCTI TOopdy 3IIMCHIOBAIM y CTaTUYHUX YMOBax IpHU
MEepIOUYHOMY TepeMIllyBaHHI MOJAeIbHUX po34yuHiB (Mo 100 mur) i3 momneperHbO BUCYIIEHUMHU
npobamMu COpOEHTY (BEpXOBOTO Ta HU3MHHOTO ~ 3 Tp) MPOTITOM JBOX AI0 mpw Temmeparypi
+(20+0,5)°C. [iama3oH KOHIEHTpaIlid 3a0pyIHIOIOYUX KOMIIOHEHTIB Y €KCIEPUMEHTATbHUX
pO3UMHAxX BIJAIMOBI/AB BMICTY THX XK€ 3a0pyIHUKIB, 0 y peanbHux crivHux Bojaax AIIK: Cmou.

a30Ty amoHiitHoro — 20-70 mr/mm3®; Criou. docdaris 20-100 mr/mve.
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[3oTepmu copOriii HOHIB aMOHIIO Ta GocdaTiB Ha BEpXOBOMY Ha HU3MHHOMY 3pa3kax TOpdy

IIpesicTaBlIeHo Ha puc. 1,2.
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Puc. 1. [3otepma copOriii ioHiB aMOHi0 Ha Topdi pomoBuia Bepemnuia-SHiBcbKe:

1 — Hu3mHHA TIPO0Oa; 2 — BepxoBa mpoda
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Puc. 2. [3otepma copbuii pocdaris Ha Topdi pogoBuiia Bepenmus-SAHiBcbke:

1 — au3uHHA 1poOa; 2 — BepxoBa mpoda

Orxe, Topd Bepemmuns-SAHIBCbKOro poJoBHINlA Ma€ 3[aTHICTh BUIY4YaTH i3 BOAU OlOoreHHI
€JIIEMEHTH, TpOTe COpOLiifHI BJIACTUBOCTI HU3UHHOTO TOpdy € BUIIMMH BiJ BepxoBoro (pH
Hu3nHHOTO TOpdy — 5,08, BepxoBoro — 5,29).

MakpoMoJIeKyJId TYMIHOBUX PEYOBHH, IO € OCHOBOIO TOP(Y, 32 paXyHOK BOJHEBUX 3B S3KIB
Ta TOJIIBAJICHTHUX HOHIB, MOXKYTb «3IIMBATUCS» 3 YTBOPCHHSIM MPOCTOPOBUX CTPYKTYP, SKi 3/1aTHI
MOTJIMHATH Ta YTPUMYBAaTH BEIHMKY KUIBKICTh BOAM 3 PO3YMHEHMMH B Hil pedoBuHamu. lle
MIITBEP/UKYETHCS BCTAHOBJICHOI TaKOX Y TIPOLECI JOCHIKEHb PI3HOIO BTPATOIO BOJIOTH

HU3WHHOTO Ta BepX0BOro npod topdy — 45-53% ta 35-41% BinmnosiaHo.
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BUBYEHHSA EPEKTUBHOCTI POBOTH ABOXAPYCHOI'O
®POHTAJIBHOI'O BOJO3ABOPY HA IEPEJITTPCHKIN JLJISTHIII PTUKA

B. B. Beuep, JI. O. Toxkap, JI. A. lIunkapyk

HanionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta IPUPOJAOKOPHUCTYBaHHS, PiBHe, YKpaina

3abip BOAM 3 TIPCHKHUX Ta MEPEAripChbKUX TUITHOK PIYOK CYMPOBOKYETHCS MOMAJAaHHAM SIK
3BAXEHUX, TaK 1 MPUJIOHHUX HAHOCIB Y BOJONpPHIIMAYi , AKi BIAKIAAAIOTHCS B TOJIOBHIA YacTHHI
KaHaly. BHBUEHHsS 3aKOHOMIPHOCTEM NPOHMKHEHHS HAHOCIB B KaHadM B 3aJIEKHOCTI Bl
KoedilienTa Bo03a00py, CXeM MaHEBPYBaHHS 3aTBOPAMH MPH PI3HUX PEKUMAX pOOOTH JO3BOIHUTH
Kpale OLIHWUTH MOXKIIHUBICTh 3aCTOCYBaHHS JaHOTO BOZ03a00py 1 PEKOMEHAYBaTH HAHOLIBII
IPUAHATHI CXeMU MaHEBPYBaHHS 3aTBOPAMHU.

B po6oTi npuBeneHo pe3yabTaTd AOCIIIKEHb PPOHTAIBHOIO JIBOXAPYCHOI'O BOJ103a00py Ha
MepenripchbKiil AUIAHIN piuku. B mabopaTopHuUX yMOBaxX IOCIIHKEHO MPOIEC NEPEHOCY HAHOCIB B
pycii Ha MiaXoAi A0 BOAONpHiiMaua Ta iX 3aXBaT y KaHAJIM MPU PI3HUX TiAPABIIYHHX PEKAMAx
po0OTH Ta cxeMaxX MaHEBPYBaHHS 3aTBOPAMHU.

JlocnipkeHHsT BUKOHAHO JJIi YMOB T'OJIOBHOI criopyau Ha p. Uepek, sika 3a0e3nedye BOAOIO
UYepekcbko-YpBaHChKi 3polryBalibHI cucteMu. Piuka Yepek BigHOcHUThCs A0 Oaceiiny p. Tepek. Y
BEpXiB’{ BOHA € TUIOBOK BUCOKOTIPHOIO PIUKOI0, 110 IPOTIKAE Y BY3bKill JOIMHI MIXK YIIEINHAMHU.
Jlemo Buie BUOpaHOTro CTBOpY Uepek BUXOAWUTH Ha MEpeAripCchbKy AOIMHY. B cTBOpI rigpoBysna
BOHA MPOTIKA€ B MUPOKIH (10 2-X KUJIOMETPIiB) alroBiaJIbHIN BaTyHHO-TalIbKOBIH 3amuiaBi. ['onoBHY
CIIOpYAY 3allpOCKTOBAHO JUIsl 3a0e3medyeHHs mojavi BOAM Ha oOujBa Oeperu — KaHaiau AKcUpa
(npaBuii Oeper) 1 Ypanp (iiBui). Ha uyac mpoexkTyBaHHS IIi KaHajdu 104l 1 MpaloBajid K
0e3rpebneBuii Bo103a0ip.

Mogens Oysi0 BUKOHAHO 3a NPOEKTHMMHU MartepiajlaMM 1 BIATBOpIOBaJIa JAUISHKY pPIUKU
nosxkuHoto 315 merpiB y macmrtadi 1:35. Pycno moneni BUKOHaHO 3 KpYHMHO3EPHUCTOTO MICKY,
SKUU pyxaBcsi 3TIHO 3 yMOBaMU B HaTypi. YKOCH CTpyMEHEHAnpsIMHUX JamO 3aKpiIjieHo
LIEMEHTHUM pO3YMHOM. Bci cropynum BHKOHAHO 3 JiepeBa Ta MeTany .3a BOJONPONYCKHUMHU
CIIOpY/AaMH Ha MO/JIeJIi BUKOHAHO BIICTIHHMKH JUI IepeXBaTy HAaHOCIB.

[Tix wac gocniKeHs BUBYAIM POOOTY BO103a00PY MPH MPOITYCKY TPHOX XapaKTePHUX BUTPAT
BOJM piuKku: MOBeHeBa BHTpara 3abesmedenicTio 10% — 293 m%/c (6nm3bka 10 pycrodopMyr0odoi
BUTpaTH), TOBiHb cepenHs mo BoxHocti ( 181 M%/c) ta mimimanmsHa BuTpara Q=125 Mm%/, mo
BIJINIOBIJJa€ TIOYAaTKy MAacoOBOTO PyXy HaHOCIB y pycii. byno migiOpaHo rpaHynomMeTpuuHi CKiIaau
HAHOCIB, L0 PyXaJUCh y BUINIAAL IPSAA AN KOXKHOI BUTPAaTH 3 ypaxyBaHHSM JaHUX CHTOBOIO

aHai3y npo0 pyciIoBUX BikiIazaeHb. Ha Moaen BUBYAIKMCH XapaKTep 1 HAMPSM ITAXO0AY MOTOKY 10
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cropyau, GopMyBaHHS TpSAM HAHOCIB Ha IMIIXOJll, BIUIMB BTOPUHHUX TEYiil Ha 3aXBaT HAHOCIB B
3aJIeKHOCTI BiJl BUTPATHU B Piulli, pO3MOAUTY BUTPAT MK BOJOMPONYCKHUMH Ta BOJ03a0ipHUMHU
otBopamu. JlocniKeHHs MPOBOJMINCH B YMOBaX YCTaJICHOTO pyXy HAHOCIB Ha MOJIEINi, MPO IO
CBiJTUMIIa PIBHICTH 00’ €My IMOJAHUX HA MOJIEIb 1 310paHuX y BIACTIHHUKAX B KiHIII MOJIEJ HAHOCIB.

[IpoTrHAHOCHI BJIACTHBOCTI BO/103a00PY OIIIHIOBAIM BiJICOTKOM 3aXBaTy HAHOCIB Y KHIIICHIO
Ta y KaHQJIW, a TaKoXX BIAMOBIIHUM HOMY HAaHOCHHMM I1IapaMeTpOM, KUK PIBHUM BiJHOIICHHIO
BiJICOTKA 3aXBaTy HAHOCIB y BIJIBil O BIiJCOTKA BOJ03a00py. HaHOCHMII apaMeTp XapakTepusye
BIIHOIIICHHSI HATIOBHEHHS BOJM HAHOCAMH Y BIABOJI 1 y MIJABIIHOMY PYyCIi 1 XapaKTepU3ye CTYIIHb
OUUIICHHS BOJM BiJ JOHHUX HAHOCIB 1, BIAMOBIAHO, BUSIBJISE POJIb BOJ03a0ipHOI cHOpydu Yy
00poTHOI 3 HAHOCAMH.

OCHOBHi BUCHOBKH 3BOJISITHCS 10 HACTYITHOTO:

[Ipu Bcix IocnigKeHuX pekuMax poOOTH BO103a00PyY 3aXBaT HAHOCIB B KaHAIIM 3aJIUIIAE€THCS
3HayHUM. [Ipu OAHOCTOPOHHBOMY BO703a00pi MOTIPUIYIOTHCS YMOBHU (DPOHTATBHOTO MiIXOIY
MOTOKY 1, SIK HACNIJIOK, B KaHAJl IIPOHMKAE I1e Oinpie HaHociB. KpynmHICTh HAHOCIB, IO MOMAIN B
KaHaJIM BIIMOBIZa€ He JMIIE IMICKY, ane i KpymHii ransii. [Ipu 301bmeHHi BUTpaTH BOAHM Y pidlli
(cepenni TOBEHI, IO YacTO IMOBTOPIOIOTHCS) TPOTHHAHOCHI BJIACTUBOCTI  BOA03a00py
MOTiPLIYIOTHCS.

OCHOBHOIO TPUYUHOIO TONAJaHHS HAHOCIB y KaHaJIM € BUHUKHEHHsI 0e3MocepenHbo Ouist
BXOJly Y aBaHKaMEpH 1HTEHCUBHUX BTOPUHHHUX TeUil, K1 3BaXKYIOTh HAHOCHU y BEPXHI ILIapH MOTOKY
1 OCTaHHI JIETKO MOMNaAaTh y kaHaimu. L{i Tedii BHMHMKAIOTh 32 YKOCOM HaHOCHOI I'psiiv 1 0151 30HU
CTHCKAHHS MOTOKY NMPHU O00TIKaHHI PO3JUIBHUX CTIHOK.

JlunaMiuyHa BiCh MOTOKY Ha MiJXOJ1 JO BOJI03a00py € CTaOLIBHOIO JIHMIE TPH MPOIMYCKY
Butpatu 10% 3abe3nedeHocTi, sika BiAmnosinae pyciodopmyrodiit Burpati. [Ipn MeHmMx BUTpaTax,
mo Mae micue B 9 Bunazakax 3 10, e pycio HecTiiike, Ipu I[bOMY JWHAMIYHa BICh MOTOKY Oyne
3MIHIOBAaTUCh B 4Yaci, a 3HAYUTh CTBOPIOIOTHCA YMOBHM i OOKOBOTO MiJXOAY BOAM JO
BOJIOTIpUIIMAYIB 13 BCiMa HACIHiJKaMH, IIOAO HAHOCIB, fKi OyAyTh momajgaTd y KaHamu. s
3MEHIICHHSI TOCTYIJICHHS HAaHOCIB PEKOMEHIYEThCS 3a0e3MEeUnTH, 10 MOKIHMBOCTI, poOOTY
MPOMHUBHHX rajiepeil 3 MakCUMaJbHUMH BUTpaTaMHU IMpH BCiX pexxuMax poboTH Bojxozabopy. 3a
MPOMHUBHUMH TallepessMU BIJIKIAA€ThCs 3HAYHA KIJIBKICTh HAHOCIB, SIKI 3HAXOATHCS 11032 30HOIO
MIPOMUBY TpebJIi 1 MOKYTh CTBOPUTH IEBHI €KCIUTyaTalliiiH1 TPYAHOLIl Y Ipoleci ekcruryaTariii. J{is
JTAHOTO THUITY BO/03a00py XapaKTEpHUM € CKJIAJIHICTh KOHCTPYKIIl, 3Ha4HA KUTBKICTh 3aTBOPIB Ha
pi3HuX Oeperax, IO BUMAara€ BIANMOBIAHUX EKCIUTyaTalliiHUX 3aTpaT. TakuM YHHOM
MiATBEPKYEThCS TOM (pakT, 1m0 JIBOXSAPYCHI BOM03a00OpW Kpallle MpamioloTh Ha PIBHUHHUX
TUISTHKaX Pi9oK 1 I PO3TITHYTOTO CTBOPY HEOOXITHO PEKOMEHIYBATH BO/03a0ip MPHUHITUIIOBO

THIIIOTO THITY.
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PO3POBKA METO/IIB IHTEHCU®IKAIII TPOIECIB BIOJIOTTYHOI'O
JTOOUYHIIEHHS KOMYHAJBHO-IOBYTOBUX CTOKIB
3A JOIIOMOTI' OO EM-TEXHOJIOI'T!

H. I. Maracsp, I'. I'. TpoxumeHnko

HamionanbHuit yHiBepcuTeT KopabieOyayBaHHs iM. anM. MakapoBa, Mukounais, Ykpaina

OnHuM 13 BOKIIMBHX IMMHUTaHb y cdepl MiIBHUINCHHS PIBHSA €KOJIOT1YHOI OE3MEKHU PErioHy €
HOpMaJi3allis eKOJOTiYHOTro cTaHy OaceiHiB piyoK. BupimieHHs Takoro 3aBJIaHHs MOXIIMBE JTUIIIE 3
BIIPOBA/DKEHHSIM HH3KM SK OpraHi3alliiHUX, TaK 1 TEXHIYHUX 3aXOJiB 3HW)KECHHS TEXHOTEHHOTO
BIUTUBY Ha BOJHI 00’€kTH. ToMy, po3poOka HOBHX 1 BMOCKOHAJICHHS ICHYIOUUX METOJIB OUHMIICHHS
IIPOMHCIIOBUX Ta KOMYHAJIBHUX CTIYHUX BOJI € IyXK€E aKTyaJbHHUM.

[Ipu mpoBeIeHHI OLIIHKW PiBHS HaBaHTAXKEHHS Ha BOJIHI 00’ €KTH Ha TepHUTOpii MUKOJIaiBChKOT
obmacTi Oyo BCTAaHOBJIECHO, IO Ha SKICTh BOJAW HANOUIbIIE BIUIMBAIOTH HIANPHEMCTBA >KUTIOBO-
KOMYHQJIBHUX TocnojgapcTB. BoHu 3a0e3nedyioTe HalOUIbIIy 4YacTKy 3a0pyAHEHHS aMOHIMHUM
a30ToM, HiTpuTamH, HiTpatamu, Qocharamu, BCKs, XCK, nadTonpoayktamu, a TaK0X BaKKUMU
MeTajlaMM — 3aJi30M, MiJUII0, IIUHKOM Ta CIOJIyKaMHu Xpomy. s migBuIieHHs e()eKTUBHOCTI iX
po0OOTH HEOOXIHUM € BUPIIIEHHS HACTYITHUX HayKOBO-TEXHIYHUX 3aBJaHb:

1. migBuieHHS €()EeKTUBHOCTI OYMILIEHHS BOJAM BiJl OIOT€HHUX €JIEMEHTIB Ta HEPO3UMHHUX
pPEUYOBHMH 3a paxyHOK iHTeHcH(IKalii MTpoIeciB Oi0JOTIYHOTO OYHUIIEHHS BOIH, IX
MEXaHIYHOTO IOOUYMIICHHS;

2. oprasi3amis JOKaJIbHUX O€3BiAXOMHUX OYHCHUX CIIOPYH JJISi OYMIICHHS BOJMU BiJ 10HIB
BAXKHUX MeTalliB Ta 3a0e3MeueHHs Mepexoay /A0 3aMKHYTHUX O€3CTIUHHUX CHCTEM
BOJIOKOPUCTYBAHHS HA MIPOMUCIIOBUX HiANPHEMCTBAX 00JIACTI.

3riiHO pe3yNbTaTiB OLIIHKHU CTYIEHS €KOJIOT1uyHOI HeOe3MeKH TOYKOBUX JKepen 3a0pyHeHHS
BOJTHOTO CEpeloBUIa y Mexax MukomaiBchkoi 00sacTi Oyyino BCTAHOBIIEHO, IO J0 HaWOLIBII
HeOe3neYHuX MiANPUEMCTB, HajlexaTh ouucH1 ciopyau kananizaiii MKII «MukonaiBBogokaHam.

3 ypaxyBaHHSM TE€XHOTC€HHOTO PU3UKY JIaHOTO IiIMTPUEMCTBA, IKIAJTUBOTO BIUIUBY CKUIIB Ha
€KOCHCTeMHU, HaBaHTAXXEHHS Ha BOJHUI 00’€KT HaMM OYJ0 3alPOMOHOBAHO CXEMY PEKOHCTPYKIIIT
OYHCHUX CHOpYJ MiJNPUEMCTBA Ta BCTAaHOBJIEHO 3aKOHOMIPHOCTI BIUIMBY €(QEKTUBHUX
MikpoopranizmiB (EM-nipemapatiB) Ha CTyIiHb 010JOTIYHOTO OYHIIECHHS KOMYHAJIBHO-TTOOYTOBUX
CTIYHHUX BOJI.

BpaxoBytoun edektuBHicTh EM-mipenapariB sl OUYMINEHHS CTIYHMX BOJ, IO HAIXOISITh Ha

ouricHi cniopymu MKII «MukomnaiBBogokaHam» (puc. 1), BCTAaHOBJICHO, IO JAHHWHA Tpermapar MOXKHA
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PEKOMEH TyBaTH Il JOOYMIIICHHS BOJAW HAa TAHOMY KOMYHAJIBHOMY IiIPHEMCTBI K OE3MIOCEPETHBO Y

BIJICTIIIHUKAX, TaK 1 IPH KOMIJIEKCHOMY BUKOPHUCTAHHI B a6pOTEHKAX.

C, mr/mv?

700 Pipusanas mginil Tperay R
Crcxs = -2.0102¢ +318.96 0.92
600 ¢ \ Csps® =-0.0018¢° +0.2395: -9.6806¢ + 182,06 | 0.96
500 | Cicx = -0,0038¢° +0,5332¢% - 24,194+ 68479 | 0.96
Csp=-0,0032¢" + 0414327 - 16,655 +300.03 | 098

400

RN __
300 X 1 —]
200 M F

0 T T T 1 .
0 20 40 60 go b TOA
BECK # Cynbdara tXCK # 3aBHCII peI0BHHH
a
_ 3
C_} ;IODJ'H M Pieanuann miHEi Tpenay R
4 Cacxs = -0.0023¢° +0,3396¢ - 16,437 +319.48 | 0.94
600 \ Csps® =-0.0022¢7 +0.2964s7 - 12,0167 + 1674 | 094
500 Cyee = 5B-05¢ % - 0.0133¢° + 1.1718¢% - 43.154¢ +| 0,99
400 L\ Csp=9E-05¢" - 0.0168¢° +1.1204¢° - 30,922 +3{ 0,98
o %\\I\
200 +
————
0 I I I 1 )
0 20 40 60 go L TOm

BBCK X Cyrsdaru tXCK  #3apHCIi pedOBHHH

o
Pucynok 1. /lunamika 3miHu KoHIeHTpauii 3aBuciux pedoBuH, bCKs, cynbdartis Ta XCK
npu 3actocyBanHi EM-nipenapatiB i1t noountienHs criyHoi Boau MKII «MukonaiBBookaHam:

a — 6e3 aepariii; 6 — 3 aepalriero

OTtpumMaHi pe3yabTaTH JOCHTIKEHHS CBiAYaTh, 10 BIPOBAHKEHHS 3aPOTIOHOBAHUX 3aXOJIiB
JI03BOJISIE 3HAYHO 3HM3UTU piBeHb TexHoreHHoro BBy MKII «MukonaiBBogokaHam» Ta
AQHAJIOTIYHUX KOMYHAJIBHHUX IMIANPHEMCTB HA T1IPOSKOCUCTEMY Ta MIABUIIUTH PIBEHb CKOJOTTYHOL

Oe3mexu BOIHUX 00’ eKkTiB MUKOJIaiBChKOI 00/IaCTI.
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PEATEHTHHUM CIIOCIB YIOCKOHAJIEHHS TEXHOJIOT'TI OGPOBKH
HAUVIMIIKOBOI'O AKTUBHOI'O MYJY CIIOPY /] BIOOYUIIIEHHSA CTITYHHUX BO/

B. B. Hukudopos, A. 1. Csatenko, A. B. [1acenko, T. M. Poraii
KpeMenuyiipkuii HarlioHaIbHUN yHIBepcUTET iMeH1 Muxaiina OcTporpaicbKoro,

M. KpeMeHuyk, Ykpaina

Ha croroani y 3B’s3Ky 13 MOTIpIIEHHSAM SKOCTI BOAM Y BIIKPUTHX BOJIOMMAax B KpaiHi TOCTPO
CTOITh IIpOo0JIEMa 111010 3MEHIIIEHHS aHTPOIIOI'€HHOIO0 HAaBaHTAXKEHHs Ha OaceiiHM BOJHUX 00’ €KTIB
MOBEPXHEBUX BOJA. Y 3HAYHIA Mipi If0 MpoOieMy MOYKHA BHPIIIMUTH 32 PAaXyHOK ITiBUIICHHS
e(eKTUBHOCTI POOOTH CIIOPY/1 O10JOTIYHOTO OYUIICHHS KOMYHAIBHUX MIAMPUEMCTB, IO CKAIAIOThH
HEJOCTaTHHO OYMINEHI CTIYHI BOJU Y BOJONMU. VY mpolieci 010JI0T1YHOTO OUMINEHHS CTIYHUX BOJ B
aepOTEHKY YTBOPIOETHCS 3HAUHA KUIBKICTh 0CaJy — HAUIMIIKOBOIO aKTUBHOT'O MYJTy, 3HEBOAHEHHS
SIKOTO JIJISl TIOAAJIBIIOT YTHIII3aMii TEXHOJIOTIYHO yckiaaHeHo. Ocanu CTIYHUX BOJ BITHOCSTHCS 10
Kareropii marepiaiiB, IO CTHCKAIOTHCA Ta JAePOPMYIOTHCS MpU 30UIBIIEHHI THCKY, IPU LBOMY
MUTOMI OMOPH OCajiB 31 30UIBLICHHSAM TUCKY MiABUIIYIOTbCA. [IMTOMUI Omip aKTUBHOTO MYILY
PI3KO 301IbIIYETHCS 3 MiABUILEHHSIM KOHILEHTpauii Myny. TakuM 4WHOM, HaMaraHHs YIIIJIbHUTH
aKTUBHHUIA MYJ 3 METOI0 MaKCHMAaJIBHOTO ITiBUINEHHS HOT0 KOHIIEHTpAIii pU3Beae 10 3pOCTaHHS
MUTOMOTO OTOpPY, 1 TAKUM YHHOM, JI0 3HIDKEHHS e€(EeKTHBHOCTI HOTrO 3HEBOJIHEHHs. BpaxoByroun
BUIIIECKA3aHE, METOI pPOOOTH OyJa0 YIOCKOHAJIEHHS TEXHOJOTIYHUX MPHHOMIB MiJABUICHHS
e(eKTUBHOCTI MPOLECY 3HEBOAHEHHS HA/UIMIIKOBOTO aKTUBHOT'O MYJy pEareHTHUM CII0COOOM UIs
Horo nojanploi yruiizaiii. B ekcnepuMeHTi Ha OUMCHUX KaHalI3alllHUX CHopyJaax JiBOOEepeKHOI
gacTUHU M. KpeMmeHuyka IOCHi/PKEHO AMHAMIKy OCAJKCHHS aKTHBHOTO MYIY i3 3aCTOCYBaHHSM
koaryissHTy Al2(SO4)s.

3a OTpUMaHUMU pe3yJabTaTaMu 3p00JIeHI BUCHOBKH:

1) Halikpamuii pe3yapTaT 11010 OCAKEHHSI aKTUBHOT'O MYIY JIOCSTA€ThCSA MPHU ONTHUMAJIbHIA 031
KoaryJsHTy amoMiHii cynbdary Al2(SO4)s , mo nopisaroe 0,49 %; dac BificTOIOBaHHS CTiYHOI BOAN
IpU IIbOMY 3MEHIIYETHCS, IO CIPHs€ MiJABUIICHHIO €(QEKTUBHOCTI MPOIECIB YIIUIBHEHHS Ta
3HEBOJIHEHHSI MYJTY;
2) mpu ONTUMAaNbHIN 71031 KOAryJIsHTY IMiJIBUIYETHCA BOJIOTOBIaya OCaay, 3MEHIIYEThCS BMICT
3B’S13aHOI BOJM y HHOMY, IO TPU3BOIUTH /10 3pOCTAaHHS TPAHWYHOI KOHIIEHTpAIlli CyX0i pEYOBHUHH,
a 11e, y CBOIO 4epry, MiABHILY€ 3AaTHICTh OCaly 1O 3HEBOIHEHHS;
3) peKOMEHAYEThCS BBECTH JI0 TEXHOJOTIYHOT CXeMHU 0OpPOOKM HAJIUIIKOBOTO aKTHBHOTO MYJy Ha
KOC niBoGepexxnoi yacTuau M. KpeMeHuyka cTajito KoaryJsilii i3 3aCTOCYBaHHIM MiHEPaJIbHOTO
KoaryJsiHTy amoMiHii cynbdary Al2(SO4)s.
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AHAJII3 MOZKJIMBOCTI OYHUIIEHHSA BOAH BIJI IOHIB MIJI
3 BAKOPUCTAHHSM HAHOTEXHOJIOT'TA

I'. T'. Tpoxumenko, B. M. Henopona

HamionansHuii yHiBEpcUTET KOpabaeOyayBaHHs iMeHI aamipana MakapoBa, Mukoai, Ykpaina

OpnHi€ro 3 HAWBAXJIMBIIIMX MO B iCTOPil PO3BUTKY HAHOOIOTEXHOJOTII CTANI0 BIIKPHUTTS Y
1991 p. HOBOI (QopMH HAHOBYIJICHI® — HAHOTPYOOK. Byriemei nanotpyokum (BHT) -
MyIbTU(YHKIIOHAIbHI MaTepiand, $Ki ChOTOJAHI AKTUBHO JOCHIIXKYIOTHCS y 3B’S3Ky 3 iX
yHiKaTpHUMH BiacTuBocTsMU. BHT cranmu ronoBHuM Hanomarepianom (HM) mist ouniieHHS BOAH.
Bonu MOXyTh BUJANATH OpraHiyHi, HEOpraHiyHi Ta OionoriuHi 3a0pyaHioBaui. Lle mosicHIO€THCS
BEJIMKOI0 TIUIONICI0 TOBEPXHi, BHCOKHM CITIBBIJHOIIEHHSM CTOPIH Ta 3HAYHOK XIMIYHOIO
aKTHBHiCTIO. Bucoka muroma moBepxHs (10 2600 cM?/T), BIacTHBA UM CTPYKTypaM, CIIpHS€ ix
YHIKQIbHUM COpOLIMHUM XapakTepucTtukaMm. KpiM Toro, moBepxHsS HAaHOTPYOKH Ma€ 3HAYHY
KUIBKICTIO TMOJABIMHHMX BYTJICIEBUX 3B'SM3KiB, MO0 BIJKPUBAE MOXKIUBICTh IMPHUETHAHHS PI3HUX
MOJICKYJISIPHUX KOMIUIEKCIB, SIKI TaKOXX MOXYTh XapaKTepU3yBaTHCS MiJBUIIEHUMH COPOIITHUMU
BractuBocTsMu. Jlana skicte BHT BigkpuBae mnepcrnekTUBH iXHHOIO BHMKOPHCTAHHS B SIKOCTI
COpOEHTY y CyJacHUX TEXHOJIOTISIX BOJAOOUYHIIECHHS.

JeranbHe nocnipkeHHs copOuiitHoi 3qatHocti BHT 3a BiiHOLIEHHAM O CBUHIIIO 1 KaaMilo, a
TaKOX A0 AIXJOpOEH30y, MPUCYTHICTh SKHUX B CTIYHMX BOJAaX CTAaHOBHUTh 3HAYHY EKOJIOTIYHY
3arpo3y, BUKOHAHO IPYMO0 JOCHiIHUKIB 3 HoTTiHreMchkoro yHiBepcutery (AHIIIIA) 1 AkageMii HayK
Kuraro. B ekcrepuMeHTi BHKOPHUCTOBYBaIM 4YOTUPU 3pazku OararomapoBux BHT, orpumanux
tepmokaraniTiunuM CVD MeronoM 13 3acTOCYBaHHSM pI3HMX BYIJIEBOAHIB B SIKOCTI JiKepera
BYTJICIIIO.

Hamu nmpoBezieHi AOCHIKEHHS 3 BUKOPUCTAHHIM OUYMIIEHUX Ta HEOUMILEHUX BYTJICLEBUX
OararomapoBux HAHOTPYOOK, mo BurotoBieHi OO0 VYxkpnpommocray 3rimHo TY V 24.1-
03291669-009:2009, y BUTIISAL JIETKOTO YOPHOTO MOPOIIKY 3 TOYKOBHMH BKJIFOUEHHSIMH HE3HAYHOT
KITBKOCTI O1MMX a0 JKOBTHX YAaCTHHOK (3QIMIIKIB KaTaiizaropa, IO HE MpopearyBajH).
Xapaktepuctuku CHT: macumua minsricTs — 20-40 r/nm3, Macosuii BMicT 301u — 8-22 %, muTOMa
TIOBEpPXHs HEOUMIIEHMX HAaHOTpYOok — 200-400 M?/r, muTOMa TOBEpPXHS HAHOTPYOOK MicIs
KHCIIOTHOTO OYHIIICHHS BiJ MiHepanbHHUX AoMimiok — 200-400 M?/T, 30BHIIIHIi niametp — 10-40 HM.
B  exkcrepuMeHTI BUKOPHCTOBYBAJM  MOJCIBHI  PO3YMHM  Mifi  PI3HUX  KOHIIEHTpaIlii.
BukopucToByBasin SIK 4MCTI HaHOTPYOKH, Tak 1 B KomOiHamii i3 manepoBuM ¢iabTpoM. Haxans,
e(eKTUBHICTh OUMIIIEHHS BOJM 3 BUKOPHUCTAHHSIM TpencTaBieHux 3pa3kiB BHT Bix ioHiB mizai Oymna
HEBHCOKOIO: KonuBanucss Ha piBHl 20-30%, 1m0 CBiAYMTH TPO HEOOXIAHICTH ITiABUIICHHS

COpOLIHUX BIACTUBOCTEH 3a paxyHOK JI0JIaATKOBOi 0OpPOOKH Ta aKTHUBALLi.
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EKOJIOI'TYHA BE3IIEKA ITIOBO/JOKEHHSA
3 TOKCUYHUM BOJHUM CEPEJOBUIIEM

I. M. Ilerpymka, M. B. Pyna, A. M. I'uBmiog, K. 1. Ilerpymka

HamionansHuii yHiBepcuTeT «JIbBiBChbKa moJliTexHikay, JIbBIB, YKpaina

[IpakTHYHO BCi MOBEpXHEBi 1 3HAUYHA YacTWHA MiJA3€MHUX BOJHHUX PECypciB, 0COOIMBO B
palioHaxX po3TallyBaHHS HOTY)KHUX HPOMHUCIIOBHX KOMIIJICKCIB, BiIYyBalOTh aHTPOIIOT'€HHHUI BILIHB,
II0 MiATBEPIUKYETHCS HIOPIYHO 3POCTAIOUYMMH 00’€MaMy CKUIYy YMOBHO i HOPMaTHBHO OYHMIICHUX
CTIYHHUX BO/I.

8 criunmx Box. YacTka

VY 2017-2018 p. B moBepxHEBi BOAHI 00'€eKTH CKHHYTO 9897 MIIH. M
3a0pyJHEHUX CTIYHUX BOJ Yy 3araibHOMY BojoBiaBeaeHHi y 2018 p. — 43,7 % B nopiBusHHI 3 2017
p. — 3pocna maiixke Ha 10 %.

HakonnyeHHS TOKCHYHUX CKJIAJOBHX CTIYHUX BOJ| CTBOPIOE CYTTEBY TEXHOTEHHY HEOE3MEKY
BOJIHOPECYPCHOMY TOTEHIIIaTy AEeP>KaBU.

[ToBHOIO MIpOIO 1I€ CTOCYETHCS 1 CTOKIB, 3a0pYAHEHHMX PEUYOBHHAMH, KI BIIHOCSTHCS IO
2—4-ro Kinacy HeOe3MeKH Taki K opraHiuyHi OapBHUKH, OpraHiyHI PO3YMHHUKYU Ta PallOHYKIIIH, SKi
€ OJHUMH 13 HAHEOE3MEeUHIMUX [ T1pochepH.

3MEHIINTH KOHIEHTPALI}0 OPraHIYHUX PEUYOBUH y CTIYHUX BOJIaX /10 IPaHUYHO-IOMYCTUMHUX,
MOJKJIMBO aJCOpOIIi€l0, 3BOPOTHIM OCMOCOM, YIbTpaiabTpalli€lo, eIeKTpoaiali3oM, 10HHUM
OOMiHOM. 3 CTIYHMX BOJ| JIETKO aJCOPOYIOTbCS aKTUBOBAaHMM BYTULISAM aKpWJIOHITPUH, aHUIIH,
OCH3UH, XJIOPOECH30JI, IMKIIOTeKCaH, Kpe30J1, PeHO Ta 1HII OpTraHiYHi pEYOBUHH .

[Ipore, po3poOineHi BITYM3HAHUMHU Ta 3apyODKHUMHU BUEHUMHU BHCOKOE(PEKTHUBHI METOAU
OYMILIEHHSI HAa OCHOBI Mpollecy afcopOIii B OCHOBHOMY CIIPSIMOBaHI Ha HEHTpali3aliio OJHOIO 3
3a0pyIHUKIB 3 CTIYHMX BoA. KpiM Toro ix mmpoxomaciitabHe BIPOBAKEHHS BUMAarae 4acTKOBOI,
a00 MOBHOI 3aMIHHM OYHMCHOTO O0JIaJTHAHHS.

[Topsan 13 CUHTETUYHUMH aJICOPOEHTaMHU, K1 TPATULINHHO 3aCTOCOBYIOTHCS Y LIUX Ipolecax
(akTHBOBaHE BYTULIS, CHIIIKAreni, IITYYHI EOJITH) B OCTaHHIN yac MPOBOJIUTHCS PSII TOCIIIKEHb
Ta MPaKTUYHUX BIPOBAKEHb K aZCOPOCHTIB MPUPOTHUX AUCHIEPCHUX MIHEpaiB .

Pa3zoMm 3 TuM moOCTIHHUN 1HTEpeC HAYKOBLIB J0 TEOPETUYHHUX Ta EKCIIEPUMEHTAJIbHUX
JOCITI/DKEHb TIpoliecy aacopOiii 3 po3unHIB Ha MDK(a3HIA MeXi «TBEpJe TUIO — piadHa»
OOyMOBJIEHUI B@XJIUBICTIO IIbOI'O SBHINA JJISI HIMPOKOTO psAy XIMIYHHMX, OIOJOTIYHHX Ta
TeOXIMIYHHX TPOIIECIB.

Ha ocHOBi HaBeneHOTO MOKHA CTBEP/KYBATH, IO JOCTIPKEHHS CKEPOBaHI Ha PO3IMIUPEHHS

CIEKTPY BUKOPHUCTAHHS MPUPOAHUX Ta MOAU(PIKOBAHUX COPOCHTIB MPH aIcOpOLIHOMY OUYHIIICHH]
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CTIYHUX BOJ BiJ 3a0pyaHUKIB 2-4 Kjacy HEOE3NEeKH, € aKTyaIbHHUMU 1 JIO3BOJIIOTH MIHIMI3YBaTH
€KOJIOT1uHYy HeOe3IeKy Bij] 3a0pyaHeHHs Tiipochepu.

MiHepanbHO-CUpOBUHHA 0a3a YKpaiHu € JIOCTaTHHO BaroMol Y CBITOBOMY BHUMIpI, IIO
miarBep/ukye  3akoH Ykpainu Ne 4731-17 «lIpo 3aTBepmKeHHS 3arajbHOACP)KABHOI IPOrpamMu
PO3BHUTKY MiHEPAJIbHO-CUPOBUHHOI 0a3u Ykpainu Ha nepiof 10 2030 poky».

3rifHO 3 TEXHIKO-€KOHOMIYHUMH  pO3paxyHKaMH IPUBEJACHHMH B Iporpami moTtpeda B
MiHEpaIbHO-CHPOBUHHHX pecypcax 0a3yeThCsi HA OCBOEHHI HOBITHIX TE€XHOJIOTIH.

J1o Takoi MiHEpaJIbHOI CHPOBUHU BiTHOCSATHCS 1 MPUPOIHI COPOCHTH.

[IpoTe iX BUKOpPHCTAaHHS B NPHUPOJOOXOPOHHMX TEXHOJIOTISX (HA MPHKIAAl OEHTOHITOBHX
MiHEepaliB) € Mi3epHO MaJie i ckiagae — 4% B MOPIBHSAHHI 3 IHIIMMHU Tally3sIMH HAIIPUKJIA]] JINBAPHE
BUPOOHUIITBO — 52%, XapuoBa MPOMHCIIOBICTh — 6%, ciTbechbke rocmoaapcTBo — 18% (puc. 1).

JIOLIUIBHICTh Ta MEPCIEKTUBHICTh BUKOPUCTAHHS NMPUPOJHUX COPOEHTIB JOBEAEHA MpaIsIMU
Takux BueHHMX mmkonu akagemika Opuapenka /[.P. (Tapacesuu 1O. 1., Mank B.B., Menbuuk JI.B.,
MansoBanuiit M.C.).

3aBIsSKH TIOPHUCTIN CTPYKTYpi Ta BUCOKOPO3BUHEHIM MOBEPXHI TaKi MiHEpaJIbHI COPOCHTH SIK
OCHTOHIT, TAIUTOPCHKIT, TNIAYKOHIT MPOSBISAIOTH BUCOKI afcOpOLIiifHi, KaTaliTUYHI Ta 10HOOOMiHHI
BJIACTUBOCTI 1 31aTHI CEIEKTUBHO BUJIY4YaTH 3 BOJHUX PO3YUHIB Pi3HI KJIACH PEYOBHUH B TOMY YMCII
1 paJll0aKTUBHI 130TOIH.

IXHA He TOKCHMYHICTh POOUTH MOMIIMBMM BMKOPHMCTAHHS IIMX PEareHTiB i MOTped pi3HUX
rajgy3ed mpomMHuciaoBOCTi. EKOHOMIYHa JOLUIBHICTE BUKOPUCTAHHS IMX pEAreHTiB B PI3HUX
TEXHOJIOTIYHUX Tpoliecax 3yMOBIIOEThCA: ICHYBaHHAM €(EKTUBHUX METOMAIB PEryJlOBaHHS iXHBOI
T€OMETPUYHOT CTPYKTYPH Ta XIMIYHOI MPUPOIU MOBEPXHI, @ TAKOXK HASBHICTIO B YKpaiHi BEJIUKHUX
MIPOMHUCIIOBUX POAOBHUII 1 HEBUCOKOIO BapTICTIO MIHEpAIIB.

OnHuM 3 epeKTUBHUX METOJIB BUJIYYEHHs 3a0pyIHEHHsS HaJ3BUYalHO HIMPOKOI MPUPOAU
NPAaKTUYHO 10 OyAb-SKOi OCTaTOYHOi KOHIIEHTpallli, He3aJeXHO BiJ iX XiMiuHOi CTiMKoOCTI €
copOLiitHUI METO — MaCOOOMIHHUM IPOLIECOM SKOTO MOXHA PeryJroBaTu Ta nNporuozyBatu. Came
TOMY BiH 1 BUOpaHUN HAMU SIK IEPCIIEKTUBHUN I OUUIIEHHS CTOKIB BiJl 3a0pYJHUKIB.

Ha ocHOBI HaBeJEHOro MO>KHa CTBEPIKYBATH, IO JIOCTIKEHHs, CKEPOBaHI Ha I'PYHTOBHE
BUBYEHHS NMHTaHb, MOB’S3aHUX 3 €()EKTUBHUM METOJIOM aJCOpPOILIMHOI0 OUYMINEHHS 3a0pyIHEHHX
PIAMHHUX CEPEeNOBUIl MPUPOJHUMH COpPOEHTaMH, € aKTyaJlbHUMHU 1 Jal0Thb MOXJIMBICTb
MIHIMI3YBaTH €KOJIOTIYHYy HeOe3IeKy Bia 3a0pyaHeHHs Tiapochepu opraHiYHUMH OapBHUKAMH,

PO3UMHHHUKAMHU Ta paJiOHYKJIi1aMu.
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3ACTOCYBAHHA 3AXUCHOI'O MIKPOIIOKPHUTTA
HA JUISHKAX TPYBOIITPOBO/IIB

JI. C. JlepeB'sinkina, A. A. Tonopos

JloHelbKMi HalllOHAIBHUN TEXHIYHUH yHiBepcuTeT, [lokpoBchk, YKpaiHna

OaHuM 3 aKkTyaldbHUX MUTaHb Y cdepi BOAOMOCTAYaHHS € HE3aJ0BUILHUI TEXHIYHUN CTaH
BOAOIPOBiNHUX Mepexk. [IpoBeneHuii aHami3 AESIKUX AUISHOK TPYOONpoBOIiB (29 omuHUIB 3 2-X
HaceJeHUX TIYHKTIB), a caMme: marepialiB, 3 SIKMX BOHU BUTOTOBJICHI, IPOKJIAJICHa JOBXKHHA,
3HOIICHICTh, TOKa3aB, MO 24 AUISHKH BHUTOTOBJICHO 3 YaByHY Ta CTaji, Ta 5 IUISTHOK — 3
nomietuneny. Ilpoxmanena nomxkuHa ckianae: cemo Ne 1 — 56,13 km Tta cemo Ne 2 — 5.3 km.
3HouIeHICTh TpyOOonpoBoAiB Mae mokasHUK Biag 80 % g0 90 %, 3a BUKIIOUEHHSM, Yy pa3i 3aMiHU
JesIKUX TpyO Ha 5 MUISHKAX, ckiagae 10 5 %. 3 HuX aBapiiHi — 12 AiIsSHOK.

3aams MOJNIMIIEHHS] TEXHIYHOTO CTaHy iICHYIOUHX TPyOONMpPOBOAIB Ta BJOCKOHAJICHHS HOBHX,
JOCTI/PKEHO HAHECeHHA 3aXHMCHUX  MIKPOMOKPUTh HA TMOBEPXHI METOJOM  XOJIOAHOTO
ra30JMHAMIYHOTO HAMIIOBAHHS YaCTHHOK. XOJIOJHE ra30iMHAMIUHEe HAMIIIOBAHHS — 1€ PI3HOBHU]
HAJ3BYKOBOT'0 ra30M0JyMEHEBOr0 HanmmoBaHHs. KiHeTHuHa eHeprisi 4aCTUHOK, 1110 HAMUITIOI0ThCS,
pU I[bOMY 30UTBIIYETHCS, a TEIUIOBA EHEPris 3MEHIIYEThCSA. TMM caMUM MOXKHa CTBOPIOBATH
MOBHICTIO O€30KCHIHI TOKPUTTS. JlOCHIMKEHHSM XOJOIHOTO Ta30JMHAMIYHOTO HAIMMIIOBAHHS
3aliMalOThCsl BITYM3HSAHI Ta 3apyOKHI BY€HI, HaWOUIbII JeTajbHI JOCHIKEHHS 3pOO0JIeHO
A. AnxumoBum, A. [NanmupinuMm ta iH. OOpoOka MpoOIEMHUX AUISTHOK TPYOONMPOBOAIB METOIOM
XOJOAHOTO T'a30JMHAMIYHOTO HAINMJIIOBAaHHS YaCTHHOK CTBOPIOE HA TMOBEPXHI 3aXUCHE MOKPHTTH,
IO MiJBUINYE iX HaAifHICTh Ta 3a0e3nedye MiABMIIEHHS SKOCTI BOJM, IO TPAaHCHOPTYETHCS
TpyOONpoBOJaMH, OCKUIbKM 3HM)KYE BTOPHMHHE 3a0pyAHEHHsS BOJAM JAOMIMIKaMu. B 1mociimpkeHHi
BCTaHOBJIEHO OCHOBHI 3aKOHOMIPHOCTI B3a€MOJii MIKPOYaCTHHOK 3 pPOOOYMMH MOBEPXHAMHU

TpyOompoBoy, 1m0 Mae Mikpoaedektu (puc. 1 a, 6):

Pucynok 1. Cxema HamwItOBaHHS YaCTUHKH HA JIE()EKT METOIOM XOJIOTHOTO
ra30JIMHaMIYHOTO HAMMTFOBAHHS: (2) YacTUHKA Ta Ae(eKT 30UIbIIeH] A7l HaTJISITHOTO

npeacTaBieHHs; (0) po3noai MexaHigyHoOi HanpyTu 1Mo Mizecy

JlocimkeHo mpoiec B3aEMO/I1 Misk YaCTHHKAMH, [0 HAITMITIOIOTHCS, Ta TTIOBEPXHEIO CTAIEBUX

TpYOOIPOBO/IIB, sIKa Ma€ 1e(EKTH.
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BU3HAYEHHSA PAHIOHAJIBHUX ITAPAMETPIB POBOTH
HNITHOMOJIICTUPOJBLHOI' O ®LILTPA ITPU NI OTOBII IOBEPXHEBOI BOJIH

C. MaptuHoB, A. OpJsioBa, B. 3omyk

HarionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta MPUPOJIOKOpUCTYBaHHs, M. PiBHe, YkpaiHa

JInsi ouMIIeHHsS MOBEPXHEBHX BOJ, SIKI BUKOPHCTOBYE OLUIBIIICTh HACENCHHS YKpaiHu s
MATHUX TOTped, BiA TpyOOAMCIIEPCHHMX, KOJOIMHUX Ta IHIMUX 3a0pyJAHEHb HaiyJacTimie
3aCTOCOBYIOTHCSI PEareHTHI METO/AM NPOSCHEHHs Ta 3HeOapBJIECHHS BOAU. B Takux TEXHOIOTIYHUX
CXEMaxX BHKOPHUCTOBYIOTHCS (UIBTPH 13 3EpHHUCTOI0 3aCHUIKOI0 HPUPOIHOrO abo MITY4HOTO
MOXO/KEHHS, SIK CAMOCTIiHI COpyIu abo MICIIs TMEPIIOro CTYNEHs MPOSICHEHHS TIOBEPXHEBOI BOM.
OnHi€r0 3 €KOHOMIYHO JIOLIBHUX 3aCUIOK € miHonomicTupod. [Ipore, oTpumaru pekoMeH0BaHUH
HOPMAaTHBHOIO JIITEPATypOI0 TI'PaHyJIOMETPUYHUM CKJIaJ MIHOMOJICTUPOIBHOI 3aCUIKH JIOCTaTHBO
CKJIQJIHO, IO TIOB’S3aHO 13 CKJIAQAHICTIO TPOIECiB 1i MPUTOTYBaHHA O€3MOCEepPEeaHbO Oins
GUIBTpYBaTBHUX CIIOPYJ Ta HEBIAMOBIAHICTIO TPAHYJIOMETPHYHOTO CKJIAAy IMPH TPOMHCIOBOMY
BUTOTOBJICHHI. JJI1 3MEHIEHHS BHUTpaT Ha OYAIBHULTBO Ta EKCIUIyaTallll0 CTaHLIN OYMILIEHHS
MIOBEPXHEBOI BOJM 3 MIHOMOJICTUPOIBHUMHU (UIBTpAaMHU Ba)KJIMBO IPABUIBHO BCTAHOBIIIOBATU
parioHanbH1 mapaMmeTpu GUIBTPYBaIbHUX CHOPY/T (BUCOTA 3aBaHTAXEHHS, IIBUAKICTh Ta TPUBAIICTh
(GUIBTPYBaHHS TOIIO) BiJl FPaHYJIOMETPUYHOTO CKJIaay 3acUNKH. J{1s1 BUPILIEHHS JaHOTO 3aBAAHHSA
HaMH po3polsieHa MaTeMaTHYHa MOJENb OYMILEHHS MOBEPXHEBOI BOAM Ha IMIHOMOJICTUPOIEHOMY
¢GuIBTpi, KA CKIAJa€ThCcs 3 JBOX OJIOKIB: MPOSICHIOBAIBHOrO Ta (inbrpauiiiHoro. Ilepmmii Oiok
MIPECTaBICHUN PIBHSIHHSIMU MaTepiajibHOrO OajaHCy Ta KIHETUKH MTPOTIKAHHS MPOLECY, T0YATKOBOIO
Ta TPAHUYHUMHU YMOBaMH. B 1MX pIBHSHHSX BpaxOBaHO 3MIHY IPOIIECIB MPUJIUIAHHS Ta BIAPUBY
3a0pyJHEHb 3a BHUCOTOIO 3acUNKH. Jpyruii OJOK OMUCYETHCS PIBHSAHHAMH 3MIHU T1APaBIi4HOTO
YKJIOHY, TIOpYBaTOCTI 3aCHIIKM Ta 3arajJbHUX BTpaT Hamopy. Mojens po3B’si3yeThes 13
BuKkopuctanasiM metony Einmepa B MathCAD. Inentudikarisi koediiieHTIiB MOAEN MpoBeneHa 13
3aJy4eHHSM €KCIIEPUMEHTAIbHUX JaHWX, SKI OTpUMaHl MpH OuuIleHHI Boau p.lopuHb 3a
OJTHOCTYTIEHEBOIO PEareHTHOK CXEMOIO 3 MIHOMOIICTUPOILHUM (iTBTPOM.

[IpoBeneHe KOMIT'IOTEPHE MOJIENIOBAaHHA POOOTH MiHOMOJICTUPOIBHOTO (UIbTpa 3 PI3HUMHU
BHXIJIHIMH TaHUMH JIO3BOJIUJIO BCTAHOBUTH PaIliOHAIbHI KOHCTPYKTHBHO-TEXHOJIOTIUHI MTapaMeTpr
TakuxX (UIBTPIB a1 OuMIIeHHS Boau p. [opuHb. KoMmm’roTEepHHMI E€KCHEPUMEHT IOKa3aB, IO
e(EeKTUBHICTh OYMIIECHHS BOJAW BHIIA JJsI OJHOPIIHOI 3aCHUIIKM, B TOPIBHSHHI 3 HEOIHOPITHOIO
3aCUIKOI0, TPH OJHAKOBUX IHIIMX MOYATKOBUX JaHUX. EQEKTHBHICTh OYMINEHHS BOIU TNPU
HU3XITHOMY (UIBTPYBaHHI BUINA, HIXK TMPU BHCXITHOMY, IO TOSCHIOETHCS PI3HUMH EIMIOPAMH

po3MoaiTy 3a0py/THEHb 3a BUCOTOKO 3aCHIIKH.
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BUKOPUCTAHHS LEMNA MINOR JJIS1 JOOYMINEHHS CTIYHUX BOJ
COJIOIOBOT'O 3ABOJIY BIJI CIIOJIVK ®EPYMY

M. C. Kopenuyk, JI. A. Ca6uiii
HamioHnaneHuii TEXHIYHUN YHIBEpCUTET Y KpaiHU

«KuiBcbkuii monitexHiuHui iHCTUTYT iMeHi [ropst CikopchKoroy»

JlisTbHICTh TPOMUCIIOBHUX MiJIPUEMCTB Xap4yoBOi IMPOMHCIOBOCTI, 30KpeMa COJIOJOBHUX BHUPOO-
HUIITB, BKJTFOYAE TEXHOJIOTIYHI MPOIIECH TPOMHBKH 1 OOPOOKH CHPOBHHH, B PE3YJbTaTi SKUX YTBOPIO-
I0ThCSL CTIYHI BOJIM, IO MICTSATh 3aBUCII JOMIIIKHU, PO3UMHEHI OpraHiuHI pPEeYOBHUHHM, CIIONYKU a30Ty M
docdopy, 10HM BaKKUX METaliB, 30KkpeMa (pepyMmy, colli Ta iH. y KOHLEHTPAISX, SKI MEPEBUIIYIOTh
HOPMH, 1 TOMY OTPEOYIOTh HAJIGKHOTO OUYMIIICHHS TIEPE/T BiJBEACHHSIM Y IIPUPOAHY BOJIOHMY.

Meroro naHoi poOOTH € BHU3HAYEHHSA pAIIOHATBHUX IApaMETPIB OUMILIECHHS CTIYHUX BOJ
COJIOJIOBOTO 3aBOJAY BII CHONYK (epyMy Y TPOTOYHOMY EKCICPHMEHTATLHOMY OiopeakTopi i3
3aCTOCYBAHHSM PSICKOBHX 1 BCTAHOBJICHHSI BIUIMBY BHXIJHOI KOHIIEHTpALli GepyMy, KUTbKOCTI BHECEHOT
6ioMacu Ta TPUBAJIOCTI MPOIIECY OUMIIICHHS HA 3HUKEHHS BMICTY CIIONYK (epyMy y CTiUHil BOII.

Jlist nocsirHeHHsT MeTH OyJTi TTOCTaBJICH1 HACTYIIHI 3aja4i:

1. IIpoBecTH cepito JOCHIIKEHb Y HAMIBBUPOOHHYOMY €KCIIEPUMEHTAJIbHOMY OiopeakTopi
MIPOTATOM TPHUBAJIOTO YacCy 3 Pi3HMMH TE€XHOJOTTYHUMHU MOKa3HUKAMU (BEIUYMHHU 0iOMacH PSCKHU 1
O10ILTIBKM, BUTpATa CTIYHOI BOJIM) MPU HAsIBHOCTI KOJIMBAaHb CKJIaay CTIYHOI BOJM HA BXO/II.

2. IlpoananizyBaTi OTpPUMaHI €KCIIEPUMEHTANIbHI JIaH1 1 BCTAHOBUTHU palliOHAJIbHI apaMeTpu
poIiecy.

JIst BUKOHAHHS JTOCJIIJKEHb 3aCTOCOBYBAJIM HAIiBBUPOOHUYY YCTAaHOBKY, sika OyJjia BKIIIO-
YeHa B TEXHOJIOTIIO Micisl 010JIOT1YHOTO OYMINEHHS B aepOTeHKax. Y cTaHoBKa 00’emoM 225,6 e
CKJIQIAEThCS 3 4 MPSIMOKYTHUX €eMHOCTel po3Mmipamu 1410x250x250 mMm 3 piBHeM Boau h=160 mm,
Ha IMOBEPXHI AKOi 3HAXOAUTHCS PsACKa. B X011 JOCIKEeHb 3MIHIOBAJIM BUTPATH CTIYHUX BOJ — 19,
28 i 75 am®/rox Ta BemmumEn Giomach — 121 25 v Ha 1 am® Bomu B GiopeakTopi. [TOKa3HUKH CKIaLy
CTIYHMX BOJ HaBEIEHI B TAOJIHIII.

XapaKTepI/ICTI/IKa CKIIagy CTIYHHX BOJ COJIOAOBOI'O 3aBOAY

IMokaseuk | pH | XCK, | 3P, mr/mm® | NH4*, mr/om® | NO2, NOs, P,Os%, SO4# | Fesar,
mr/om® mr/om® mr/om® mr/om® mr/mm® | mr/om®

Bxigna 6,8 | 2850 290 32,0 0,08 - 61 121 2,2

Ouniena 7,0 | 115 24 15 0,02 30 10 34 0,9

[Tpumirtka: 3P — 3aBucCHi peuoBUHMU.

SIK BUSIBJICHO 3 OJIEp’KaHUX Pe3yJIbTaTiB BIJICYTHS CYTTEBA 3MiHA CTYINEHS OYMIIECHHS CTIYHUX

BOJI COJIOJIOBOTO 3aBOJY Bij 10HIB (hepyMy IpH 3MiHI BUTPATH CTIYHOT BOJM Ta BEIMYMHH OiomacH,
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10 BiIoOpakeHo Ha pucyHKy. OYeBUAHO, 10 3HWIKEHHS KOHIEHTparlii ¢epymy BimOyBaeTbcs 3a
Jorapu(MIYHOIO 3aJEKHICTIO, SKAa BKa3ye Ha 3pOCTaHHSA €(eKTy OUHMIIEeHHS i3 3POCTaHHAM
KOHIIeHTpawii ¢epyMy y CTiuHiii Boai Ha Bxodi y Oiopeakrop. Lle MOXHA MOSICHUTH TUM, IO
yacTMHA 3a0pyJHEHb TNIPEJCTaBlICHa, BIPOTinIHO, ¢opMamu (epymMy, MIIHO 3B’SI3aHUMH 3
OpPraHIYHMMH MOJICKYJIaMH, SIKi HE BHIIQJAl0Th B OCaJ 1 HE BHUAAISIOTHCS POCIMHAMHU. Pizke
30IBIICHHS CTYIEHS OYMIIEHHS 32 BUCOKMX KOHIEHTpaliil (epyMy MOKHA MOSICHUTH HAasBHICTIO
xenatoBaHux KoMmiuiekciB depymy (III), siki BiTHOBIIOIOTHCS Ha TMOBEPXHI KOPEHIB POCIWHU 1

copOyroTbcs Heto [18], a mpu 3HAYHOMY 3pOCTaHHI KOHIIEHTpAIii yTBOPEHHSIM TiIPOKCHIY

depymy.

—
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Cexig Fe?™, mr/om?

3anexHicTb KoHIeHTpauii ¢epymy (III) B cTiuniit Boai Ha BUXo/i 3 OiopeakTopa
BiJ KoHeHTpauii pepymy (III) Ha BXO/i B YyCTaHOBKY IPpH JOCITIKYBAaHUX BUTpaTax

CTIYHMX BOJ 1 BEIUUnHax 0ioMacu

B pesymprari mpoBeneHMX Ha MIIOYMX OYHUCHHUX CHOPYAAX Ui OYHIICHHS CTIYHUX BOJ
COJIOZIOBOTO 3aBOAY JOCIHIKEHb, AKi OyJ0 BUKOHAHO Ha HAaMiBBUPOOHWYINA YCTAHOBII JUIS
610JIOT1YHOTO JIOOYHMINIEHHS CTIYHUX BOJ BiJl CHONYK (hepymy, BIEpIIe BCTAaHOBIJIEHO, IO €(EeKT
OYMIIICHHS CTIYHMX BOJ Bix i0HIB (hepymy B Oiopeaktopi 3 Lemna minor gocsirae 40% i 3ainexuthb
BIJl BUXIJIHOI KOHIIEHTpauii croiyk ¢epymy y Boai. B niamazoni konmentpauiii Big 0,2 1o
1,3 mr/am® Gysno BusBIEHO norapuMidHHiI XapakTep GiooriuHOro mpouecy. BuspieHo, 1o 3a
JaHUX YMOB palliOHAJbHI 3HAYEHHS TPHUBAJIOCTI MPOIECY OUMUINEHHS CTaHOBUTH 3-8 roj mpu

BeMumHI 6iomacu Lemna minor He 6iibmre 12 v/ame.
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IPABOBE IIJAIPYHTS NPOBEAEHHSA I'JPOEKOJIOTTYHOI'O MOHITOPUHIY

3. C. OxHopir, P. B. Manbko

Hamionansuuii yaisepcuteT "JIbBiBChbKa mosiTexHika", JIbiB, Ykpaina

Opranizaiis CHCTEMH JIOCHTIHKEHb SIKICHOTO Ta KUIbKICHOTO CTaHy HMOBEPXHEBUX 1 MiJA3EMHHUX
BOJI (BOAHUH 1 TIAPOEKOJIOTIYHIIA MOHITOPHHT) 3 METOIO MPOTHO3YBaHHS PH3HKIB (YHKI[IOHYBAaHHS
PIUKOBOI €KOCUCTEMHU B MailOyTHbOMY € aKTyasibHOK. OCHOBH JIepyKaBHOI CUCTEMU MOHITOPUHTY BOJ
6a3ytotecs Ha 3Y «[Ipo 0XOpoHY HaBKOIMIIHBKOTO MpUpoHoro cepenopuiia» (1991), [IKMY Ne391
«[Ipo 3aTBepIKEHHS TOJIOKEHHSI TMPO JEpKaBHY CHCTEMY MOHITOPHHTY HOBKULLD» (1998p., 3i
3MiHamu 3rigHo moctaHoBd KMY Bixg 16.05.2001 p. Ne 528), [IKMY Ne 758 «IIpo 3aTBepmKeHHs
[opsiaky 3n1HCHEHHS JEepaBHOTO MOHITOPHHTY BOA», Haka3iB MiHekonorii «EauHe MixBigomMue
KEpIBHUIITBO IO OpraHizallii Ta 31iCHEHHIO JIepKaBHOTO MOHITOpUHTY Boay» (2001), «Pexomenaamii
1010 CIIBCTaBJICHHS AaHuX MOHiTOpuHTY Boa» (P/] 211.1.8.103-2002) Ta inmii.

VY3araipHeHa cXeMa OIIHKH SKOCTI JTOBKULIA 3IHCHIOIOTHCS 3T1THO TAKUX ETaIliB:

— OIIHKA [UIIXOM HOCTIITHOrO MOHITOPUHTY;

— pO3TalllyBaHHs MOCTIB CIIOCTEPEXEHb Y YITKO BCTAHOBJICHUX MICIISIX 13 Harepe] BU3HAYEHOO
4acTOTOIO B1100pY Mpoo;

— TIPOBEACHHS JIAOOPATOPHOTO aHaI3y aKpeAUTOBAHOI JIA0OpaTOpIEI0 3a BU3HAYEHUMU
METOJIMKaMH Ta MPOTOKOJIFOBAaHHS OTPUMAHUX JJaHUX (3BIT);

— 3aCTOCYBAaHHSI HAKOMMYEHOi 0a3W NaHMX sl OOIPYHTYBAaHHS BOJOOXOPOHHMX 3aXOJiB YU
HIIKX YIPaBIIHCHKUX PIIIEHb HA JIOKATbHOMY, PErioHAIbHOMY 200 IJ100aJIbHOMY PIBHSX.

3aBnsku «Crparerii HaiioHanbHOI Oe3neku Ykpainu» (2015) mnnanyeTbcs NpUBEAECHHS
HAaIllOHAJIBHOTO 3aKOHOJIABCTBA /IO BIAMOBIAHOCTI ekosoriynoi moiituku €C, 30kpeMa JupeKTHBH
2000/60/€C «IIpo BcTaHOBIEHHsS paMOK HisuTbHOCTI CHiBTOBapHCTBA B Taly3l BOJHOI MOJITHKK
(Bonna pamkoBa nupektuBa). Ha Bukonanus nonoxenb BP /] npuitasto 3Y «lIpo BHECeHHSs 3MiH 110
JeSIKMX 3aKOHOJABUMX aKTIB YKpaiHM 100 BIPOBAKEHHS IHTETPOBAaHMX MIAXOJIB B YIPaBIiHHI
BOJHUMHU pecypcaMu 3a OaceiiHoBUM mpuHUUIOM» (2016), 3rimHO siKOro chopMoBaHi JeB’ATh
paiioHIB PIYKOBUX OACEHHIB.

Crik piukoBOro 6aceiiHy TpaHCKOpJOHHOI piku 3axinHuil byr ¢oopMyeThcst Ha TEPUTOPIi TPHOX
nepxas — [Tonbi (49,2% mnomi) Ykpainu (27,4%) 1 binopyci (23,4%). «IIporpamoro npoBeneHHs
JIep’)KaBHOTO MOHITOPUHTY JOBKULISA pidok 3axigHoro byry ta Csny B yactusi 3ailicHenHs BYBP
KOHTPOJITIO SIKOCTI moBepxHeBUX BoJ JIbBiBChKOI 0oOmacti» (Haka3 [lepxBomarentcrBa Ne 6 Big 11
ciuns 2018 p.) 3a0e3nedyeThcsi BU3HAUEHHS T1APOXIMIYHUX IMapaMETPiB SKOCTI piuky 3axigHuii byry,

aHaJTi3 ICHYI0Y01 MOHITOPUHTOBOT CHCTEMH Ta MPUBEACHHS 1i 10 BUMOT Bo1HOT paMKOBOT TUPEKTUBH.
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AHAJII3 PO3BUTKY TEOPII KIHEMATHYHOI
CTPYKTYPU ITIOTOKY B TPYBOITPOBOJAX

M. M. Xaanyk, O. B. be3ycsk, JI. P. Boak

HarmionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta MPUPOJAOKOPUCTYBaHHS, M. PiBHe, YKpaiHa

B cyuacHMX yMOBax CHOCTEpIraeThCsi PO3BUTOK raily3i TipOCHEPreTHKH, TEIIOCHEPTeTHKH,
riApOTeXHIYHOro OyMiBHHMITBA B YKpaiHi. [ migBuiieHHS €()EKTUBHOCTI 1 HAAIWHOCTI TaKOTO
pony 00’€KTiB, BUHHKA€E HEOOXIAHICTb YJOCKOHAJEHHS MiAXOAIB 10 TiAPAaBIIYHOTO PO3PAXYHKY
TpyOOIPOBO/IIB, a CaMe€ PO3BUTOK TEOpPil KIHEMATUYHOT CTPYKTYPH MOTOKY B HUX.

3arajbHOBIIOMO, IO TypOYJIEHTHI Tedii € HAUMOMMPEHIIo (GOPMOI0O PyXy PiAWHU i rasis,
SKI TIOBCAKIIEHHO 3YCTpIYalOThCs B MPUPOAL Ta B ycix oOmactsax TexHiku. llpm mpomy BOHH
BIJIPI3HAIOTHCS HECKIHYEHHUM Pi3HOMAHITTSIM. HalOi1bI npocTi 3 HUX — 1€ pyX B TpyOax, JTOTKax,
KaHajax Ta iH.

OnnuMm 3 nepmux BugaTHuX BueHuX 19 cromitrs € C. Hab'e, sxuii 3aiiMaBcsi po3poOKOIO
TEOPETUYHHUX OCHOB PYXY pEalbHUX DiauH, BBIBIIM y piBHsAHHS JI. Eitnepa monmaTkoBi WieHH uis
BpaxyBaHHs JOTHYHUX HANPYXKEHb, IKI BUHUKAIOTh [TPU HASBHOCTI IpaJll€HTa IIBUKOCTI.

VY 1845 poui [x. CTokC OTpUMaB pillIeHHs IbOTO PIBHAHHS IPU MalMX JAiaMeTpax TpyO Ta
HIBUAKOCTAX MOTOKY. AJle 3a3HAuYuB, IO MPH BEJIMKHUX JlaMeTpax TpyO 1 3HAUHUX BUTpAT PIIUHU
BUSBHWJIACS pi3Ka PO30DLKHICTH TEOPETUYHOI'O PO3PAXYHKY 3 BUMIPDIOBAaHHSMH, 1€ SIBUIIE BIH
MOSICHUB MPUCYTHICTIO BUXPOBUX PYXIiB, 1110 3MIHIOIOTh XapakTep MOTOKY.

VY cBoro uepry, posrisgaroun 1e ssuuie, JK. byccineck y 1877 poui BUCIOBUB NPUITYIIEHHS
PO T€, II0 Y BCTAHOBJIEHOMY IPH BEJIMKUX BUTpaTaxX piIUHU HOBOMY pEXHUMI Tedli BUPILIAIbHY
pOJIb Biflirpae He 3BUYaiiHa MOJICKYJISIpHA B'SI3KICTh, @ 3HAYHO OLTbINA, €PEKTUBHA.

O. PeitHonpac Bmepmie y 1895 pomi po3poOWB miaxiA ISl CTaTUCTUYHOTO OIHUCY
TypOyJleHTHUX Teuidf, PpO3AUIUBIIM TiAPOJUHAMIYHI XapaKTEPUCTUKM Ha OCEpeIHEHI Ta
MyJbCaliiiH1, i CKJIaB PIBHSHHS TYpOYJIEHTHOTO PYXy PIAMHHU, 110 B MOJAIBIIOMY OTPUMAIH Ha3BY
piBHsHHS PeitHONbACA. AJle OJTHUM 3 OCHOBHHX HEJOJIKIB BHINE3TaIaHUX PIBHSHB € T€, 110 BOHU
HE3aMKHYTI 1 He JO3BOJISIIOTh BUPIIIYBATH KOHKPETHI 3aBJIaHHs 0€3 10/1aTKOBUX YMOB.

He3Baxaroun Ha BENMKY KIUJIbKICTh POOIT B 3a3HaYCHOMY HampsiMi pillleHHA 1€l mpoOieMu
3JIMIIATIOCh HEBUPIIICHE.

Tomy B apyriit moioBuH1 20 CTOMITTSA 3HAYHUN BKJIAJ TIPU BUBYCHHI MUTAaHb TYPOYJICHTHOTO
peKUMY pPyXy PpiAMHH BHecOM Taki BYeHi sk: M.A. BenukanoB (nociimkyBaB mpoOiemMu
TypOynenTHocti), Jx. Teiop (po3pobuB Tteopito mnepeHocy 3aBuxpeHocTi); B.M. MakaBees
(po3pobuB Teopiro TypOyienTHoro nepemimryBanns), A.H. Koamoropos, A.M. O6yxoB (po3po0uin
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TEOpil0 JIOKaIbHOI CTPYKTYpu TypOyneHTHHX mynbcariiii), T. Kapmau (Teopito mpo mOBHY
MOJIOHICTh JIOKAJIbHUX XapaKTePUCTUK TypOyJIEHTHOTO IOTOKY, BKJIIOYAaOUM BCi KOMIOHEHTH
nynbcaiit), JI.I'. Jloitusucpkuii, A.A. JIpinman (po3poOuiid CTaTUCTHYHY TEOPit0 TypOYJICHTHOCTI)
Ta iH.

Takox BHBUEHHSM NHUTaHHS KIHEMAaTUYHOI CTPYKTYpH MOTOKY 3aiiMaliuCsi Takl BYEHI SK
I". Peiixapat (po3poOuB iHaykTHBHY Teopito), [. Porra, P. [laiiciep Ta iH.

Brniepure Teopito npucrinHoro mapy Oyno onucano B. Toaminum y 1931 pomi. Takox numu
JOCITIDKEHHAMHM 3aiimanucs Taki BugatHi BueHi sk JI. [Ipanarns, B.®. dopenaa, X.J1. [Apaiinena,
I'. lImixTiHr Ta iH.

B momamemomy 1. Hikypanze, @.0. lesenroB, LK. HikiTin 3aliManucs NUTaHHIMHA
JOCIIKEHHST PeXKHUMIB PYXY MOTOKY, TiAPaBIIYHOTO OMOPY B TPyOax Ta KiHEMAaTUYHOI CTPYKTYPH.

[pYHTOBHI €KCIEPUMEHTANbHI JIOCHI/UKEHHS Yy BUBYEHHI PEKHMMIB pyXy IIOTOKY B
TpyOONpOBOIaX 3 OJHOPIAHOO 36PHUCTOO MIOPCTKICTIO 1 MAPaBIIYHOTIIAKUX TpyOax Ta po3moiii
ocepeqHeHUX mBHIKOCTeH Oyno BukoHaHo I. Hikypanze. Takox @.A. llleBeneB B nmabopaTopHUX
yMOBaxX Ha TiAPaBIIYHUX Ta ACPOJMHAMIYHMX YCTAHOBKAX JOCIITUB PEKUMH PyXy IMOTOKY Ta
PO3MOALT IBUAKOCTEH B CTAIBHUX Ta YaBYHHUX TPyOOIIPOBOIAX.

3anpononoBaHi I'.B. XKene3usaxosum, C. Kymnynaiino ta A./[. AnbpTiryiaem cTeneHeBi 3aKOHU
PO3TOAITY OCepeTHEHUX HIBUAKOCTEH aJeKBATHO ANpPOKCHUMYIOTh EKCHEPUMEHTaJIbHI TOYKH Ta
BIJIOBIAAIOTh TPAaHUYHMM YMOBaM Ha OCl TpyOOIIpOBOJyY, aje HE BPaxOBYIOTh OCOOJIMBOCTEH
100JIU3Y CTIHKH.

Ha panuit yac mMpoKo 3aCTOCOBYETHCS JIorapu(MIYHMIA 3aKOH PO3MOALTY OCEpeIHEHHX
mBuakocteid JI. [Ipantns, ane npu 1poMy BIH HE BIANOBIJAE TPaHUYHUM YMOBaM Ha oOcCl
TpyOONpoBOIYy Ta OISl CTIHKU.

LK. HikiTiH 3ampornoHyBaB yHiBepcajbHY ABOLIAPOBY MOJENIb TYpOYJIEHTHOIO pyXy, sKa
BKJIIOYA€ MPUCTIHHMNA IMap 3 JIHIMHUM pPO3MOJUIOM MIBUAKOCTEH Ta jorapugmiuHui mpodiib
TypOyneHTHoro sapa. BukopucroByroun MeTon (OTO-Bile0 3MOMKHM, BIH NPUBIB EMITIpUYHI
3aJISKHOCTI /i1l BU3HAYCHHS Ty IbCALlIHUX MIBHIKOCTEH, SIKI pO3KPHUBAIOTH CTPYKTYPY MOTOKY.

OnHUM 3  HENONIKOM YHIBepcalbHOi JABOIIAPOBOI Mojeni TypOyJIE€HTHOTO pyxy €
HEBpaxyBaHHS TPaHMYHMX YMOB Ha oci TpyOompoBoay. Takox mnpuiiMaté NiHIHHUN pO3MOILT
OCEpEeIHEeHUX IIBUJIKOCTEH y MPUCTIHHOMY LIapi (JJaMiHAPHUN PEKUM) € HEKOPEKTHO.

Ha ocHOBI y3araipHIOIOUHX PE3yIbTaTIB JOCHIHKEHHS KIHEMaTHUYHOI CTPYKTYPH TOTOKY B
TpyOONpOBOJaxX BUILE3raJaHUX BUYEHUX HEOOXITHO PO3BUHYTH TEOPil0 TypOYIEHTHOCTI, IUIIXOM
YCYHEHHSI OCHOBHHUX HEJOJNIKiB PO3pOOJICHUX HAIIBEMIIPUYHHUX TEOPii, PO3KPUTTS 3B'A3KY MIiXK
peKUMaMM PyXy pPIAMHU Ta iX KIHEMAaTUYHOK CTPYKTyporo. lle macTe 3MOry yAOCKOHAIUTH
MIJIXOIHA JI0 T1APABIIYHOTO PO3paxyHKy TPyOOIIPOBO/IIB.
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OBI'PYHTYBAHHA ECEKTUBHOCTI KOMBIHOBAHOI'O METOY
OYUCTKU CTIYHUX BOJA BIJ APIBHOAUCIIEPTOBAHUX HA®TOBHUX
3ABPYJHEHD TA 3ABUCJINX PEYHOBHUH

H. I'. Oaunmenko, A. I. CamoxBaJioBa

XapKiBChbKUI HAIllOHATBHUHN YHIBEpCUTET OYAIBHHUIITBA Ta apXITEKTYpH, M. XapKiB, YKpaiHa

B Ham uac icHye mnpoOiema po3poOKHM Ta BIPOBAKEHHS €(PEKTHMBHUX KOMIIAKTHUX
YCTAaHOBOK HEBENMKOi MpoayKTHBHOCTI (1-25 M°/rom) y 3B’SI3Ky 3 BEIMKOI KillbKiCTIO JKepen
YTBOPEHHS MOJIOHMX CTIYHUX BOJ Ta MPAKTUYHO BiJICYTHIMU €()EKTUBHUMHU THITIOBUMH ITPOEKTAMH.

KoM0iHoBaHMiA MeTOJ OYUCTKM Ha()TOBMICHUX CTIYHHUX BOJ MOXKE BUPIIIUTH 331a9y
MiJBUIICHHS €()EeKTUBHOCTI OYHCTKM BOJU B OCHOBHOMY BiJ HapTOBHX 3a0pynHeHb. Bin
nependaydae MOCIiJOBHY OOpOOKYy CTIYHMX BOJI B MOJEPHI30BAHHMX EJIEKTPUYHOMY amapari Ta B
MonyapHOMY mpHucTpoi. Came 3amobiraHHs YTBOPEHHIO Ta PpO3BUTKY 0i000pocTaHb B
KOQIICHEHTHOMY (IIbTPi  YIOCKOHAJIEHOTO MOMIYJIBHOTO TIPUCTPOIO, B SKOMY 3IIHCHIOETHCS
OCHOBHUH eTanm TIMOOKOTr0 OYHMIICHHS CTIYHUX BOJ, a TaKOoX MOPYIIEHHS CTaOUIbHOCTI
eMYJIbCOBaHOI YacTUHU HAa(PTOBUX 3a0pyAHEHb € OCHOBHMMH NPHU3HAYEHHSAMHU MONEPEIHbOT
€JIEKTPUYHOI 0OPOOKH.

B MoaynbHOMY mpuCTpOi CyMIMIAIOTHCS MPOIECH TOHKOIIAPOBOTO BIJCTOIOBAHHS OLIBII
BEIMKMX HA(pTOBUX YAaCTMHOK B TOHKOMY IIapi Ta cemapauii 3 e(peKTOM KOoasliCUeHIii Oiabl
IpiOHMUX, B TOMY YHCIi €MYJIbrOBaHUX, HAQTOBUX YMOBHHUX KpaIlJIMH MpU (PiIbTpanii Boau depes
TUTaBaloye 3aBaHTKEHHs. BinOyBaeThcs OIHOYACHO MPOIEC BHUAAICHHS OCHOBHOI YacCTHHU
KOHIEHTpallli TBEPJUX 3aBUCIUX YAaCTOK B TOHKOLIAPOBUX KaHajaX J0 KOATICIIEHTHOTO (QUIBTPY
3aBJIIKU YOMY peali3yeThCs MiABUILEHHS 3arajibHOi e()eKTUBHOCTI poOOTH YCTAaHOBKH.

[To3uTHBHI pe3ynbTaTH OTPUMAHO BUKIIOYHO MPH 3aCTOCYBaHHI KOMOIHAIll yJOCKOHATIEHUX
NpUCTpPoiB. Sk TMOKazanu pe3ynbTaTh JOCHIAKEHb HaWOUIblIa eQEeKTUBHICTh OYUCTKU BiJl
HadronpoaykTiB (75-95%) Ta 3aBuciIMX TBepAMX YacToK (83-98%) Oynmm oTpuMaHi MPU TaKUX
TIOKA3HMKAX: IIILHOCTI CTPYMY Ha eleKTpoaax — 4-25 A/M? Ta TUTOMil TpHBATOCTi MepepUBaHHS
1oJ1avi HAIPYTU Ha MJIACTUHU eNeKTpodiB 250-350 mcek/c; MBUAKOCTI GUIBTPYBAHHS B MOJYJISAX —
10-15 m/49. B sSKOCTI TJIaBar09Yoro 3aBaHTAXKCHHS KOAIECIIEHTHOTO (ITbTPY MOIYJIBHOTO armapaTy
3epHHUCTOT0 MaTepiaay BUKOPUCTOBYBABCS MIATOTOBICHUHN aHTpanuT-QinbTpant ([TAD).

B pesynbrari pochimkeHp Oyno MiATBEPKEHO B IPOMHUCIOBUX YMOBaX €(EeKTHBHICTh
KOMOIHOBAaHOTO METOJa OYUCTKM CTIYHOI BOJM BAaroHHOTO JEMO MHWKH IUCTEPH Biag Tpydo-,
npiOHOMUCTIEPTOBaHNX HAPTOBUX 3a0pyIHEHb 1 3aBHCIMX YAaCTUHOK IOCIIIOBHOIO OOpOOKOIO B

MOJIEpHI30BaHOMY €JIEKTPUYHOMY arapari Ta B MOJIyJIbHOMY MPHUCTPOI.
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3AJIIBHAYHUA TPAHCIIOPT TA HABKOJIMIIIHE CEPEIOBUIIE

B. C. JIixyc!, I1. M. I'punuumun?, O. B. JIkyc?
! JIpBiBChKa (imist JHITPOBCHKOTO HAIIOHATBFHOTO YHiBEPCHUTETY 3aTi3HUYHOTO TPAHCIIOPTY
iMeHi akagemika B.JIazapsHa, m. JIbBiB, Ykpaina

2JIbBiBCHKMIA HAYKOBO-JOCIIIHUI iIHCTUTYT CYIOBHX eKkcriepTus, M. JIbBiB, Ykpaina

Ha croroneHHst ekooridyHi mpo0ieMu BUXOATh JaJIEKO 32 PaMKH HaIllOHAJTLHUX KOPJIOHIB 1
MarTh TPAHCTPAaHUYHHH, PEriOHAIILHUKA 1 HABITh TJI00aNbHMI xapakTep. Haitbinpm edeKTHBHUM
3aco00M BHPINICHHS TakKUX NOpoOjJeM Ta 3a0e3MeYeHHs CTIHKOTO PO3BUTKY CYCHUIBCTBA €
MDKHApOJHE CHiBPOOITHUITBO, SKE MPOSBISETHCA Yy MHPHUHATTI Ta peawizamii MiDKHApOTIHUX
MPABOBHUX AaKTIB B CIIJIBbHUX Ta TEXHIYHO Y3TO/KEHUX AisIX y cepi OXOpPOHH HABKOJIHUIIHBOTO
cepeoBHIla Ta 3a0e3MeueHHs EKOJIOT1uHOT Oe3MeKH CyCHiIbCTBA.

[IpoTsiroM TpWBaioOro yacy BBaXKajocs, IO JJIsl BHPIMIEHHS E€KOJOTIYHHX MPOOJIEeM JOCHTH
npuayMaTH e(QeKTHBHUN CHoci0 OYMIIeHHS, nepepoOku abo Oe3nedyHo XOoBaTW Bimxoam — i
npobieMa BupimieHa. Taka i1e0JIorisl MPUPOTOOXOPOHHOI ISIIBHOCTI € IMacUBHOK, 1 HAMAraeThCs
BUpIIIYBAaTH NMpoOJieMy Micis TOro, Sk 3a0pyaHioBad yTBOpHBCA. JloCBia Mokasye, 10 B LOMY
BUIAJKY B1I0OYBaeThCs MEpPEMILLIEHHS 3a0py/IHIOBaYa 3 OJIHOTO CEpEeAOBHUIIA B 1HIIE (HAPHUKIAL, 3
MOBITPsi 200 BOJIM — B TPYHT) 200 MepeKIIaacThes MpobeMa Ha TuIedl HACTYITHUX TOKOJIIHb.

Crpareris NpUPOJOOXOPOHHOI MiSIBHOCTI IMOBMHHAa OYTH aKTUBHOIO — 11100 30epertu
HABKOJIMIIIHE CEPENOBUIIE, BIAXOAH HE TpeOa BHPOOISATH a00 3HUBUTH iX KUIBKICTH B JKEpeni
yrBopeHHs. KoHuenuiss axkTHUBHOI cTparerii, BigMoBa ab0 3MEHIIEHHSA BiJ] BUKOPUCTAHHS
HeOe3neuHnx abo TOKCHMYHMX MaTepialliB, 3MEHIIEHHS a00 BiMOBa BiJ BHPOOHUIITBA BIIXO/IIB
(3MiHa TexHoJOrii (ycTaTKyBaHHA) a00 TEXHOJIOTIYHOTO TMPOLECY), MOBTOPHE BUKOPUCTAHHS
BIIXO/IB (PELMKIIIHT), 00poOKa BIAXOJIB HA MiCIli, B MeXaX MiJMPUEMCTBA, TOOTO X 130TFOBaHHS
B1/I HABKOJIMIITHBOT'O CEPEIOBHIIIA.

OpHi€ro 3 yMOB ICHYBaHHS CTIMKOrO CYCHIJIbCTBA € HE TEPEBUIIECHHS HUM MOKJIMBOCTEN
HaBKOJIMIIHBOTO CEPEIOBUIIA MTOTIMHATH 3a0pY/AHIOI0U1 PEYOBUHH.

3ani3HUYHUN TPAHCIOPT 3aJMINAETHCS TIEKO Taly33l0 €KOHOMIKM YKpaiHu, BIUIUB SIKOi 3
MO3MIIA OXOPOHH HABKOJHUIIHBOTO CEpPEJOBHUINA BHMarae IWIBHOI yBarm sSK 3 TOYKH 30py
3a0e3medeHHsT KOM(OPTHOCTI MACAKUPCHKUX TIOCIYT, TaK 1 3 TOYKH 30py 3a0e3leueHHs
JOTPUMaHHS MDKHapOJHUX Ta HALIOHAJIBHUX IHTEpeciB B 30€peeHHI BOJHHMX pPECYpCiB,
010pi13HOMAHITTS, JIOKAJILHUX 1 II100aTbHIX €KOCUCTEM.

Ha mpots3i 6aratbox nmecsatupid mpoOjeMa HETaTUBHOTO BIUTUBY 3aJII3HUYHOTO TPAHCIOPTY

Ha CTaH HaBKOJIMITHBOTO CEPEIOBUINA OTpUMaJIa TII0O0abHUN MaciiTadu. L{s mpobiaema ocobnmuBoO
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aKTyalbHa Il YKpaiHM, TOMY IO BOHA 3a IIUIBHICTIO 3aJi3HWYHOI MeEpeki 1 BaHTaXo-
HaNpy>KEeHOCTI nepeBuiye Oararo iHmuX Kpain LlentpansHoi €Bporu.

CrymniHp BIUIMBY 3QJII3HUYHOTO TPAHCIOPTY HAa HABKOJUINHE CEPEAOBHUINE OLIHIOIOTH 3a
piBHEM BUTpAT IPUPOJHUX PECYPCIB 1 PIBHIO 3a0PYAHIOIOYMX PEYOBUH, 10 HAIXOIATh y IPUPOIHE
CEPENIOBHUIIIE PETIOHIB, J€ PO3TAIIOBaHI MiAMPUEMCTBA 3aJI3HUYHOTO TpaHCHopTy. Bcei mkepena
3a0py/HEHb HABKOJHUIIHBOTO CEPENOBHILNA 33 XapakTepoM (YHKIIOHYBAaHHS NOIUIAIOTHCS Ha
CTalllOHAPHI Ta MEPECYBHi.

Jlo crarioHapHHX JKEpesl MOXKHA BiJHECTH: TUCTAHIIII KOJii, JOKOMOTHBHI 1 BaroHHI JIEIO,
3aBOJM 3 PEMOHTY pPYXOMOTO CKIaAy, MYHKTH MIATOTOBKHM PYXOMOTO CKJIaay, KOTEJNbHI,
IPONapIOBAIBHO-TIPOCOYYBAIBHI 3aBOIU TOIIO. J{0 MepecyBHUX JKepelT BiTHOCATHCS: MariCTpabHi
1 MaHEBPOBI TEIUIOBO3H, CIEUIATbHUN CAMOXITHHA PYXOMHH CKJIaJ, MPOMHCIOBUN TPaHCIIOPT,
MacakUpChKi Ta BaHTaXKHI BarOHU, TOIIO.

Crenn@ikor 3aTi3HUYHOI ranxy3i € pi3HOMAHITHICTh BUKOHYBAHUX POOIT Ta TEXHOJIOTTYHUX
MPOILIECIB, MOB’SI3aHUX 3 MEPEBE3CHHSIM BaHTAXIB 1 MMAcCaXHUPiB, PEMOHTOM PYXOMOTO CKIady Ta
MaricTpajieid, eHeprornocTadyaHHsM, OyJIBHUITBOM HOBHX 3aJII3HMYHHMX HUIAXIB 1 00’ekTiB. Llew
(bakT BU3HAYa€ MEPETIK BUJIIB BAPOOHUYUX BIIXO/IIB, SIKI YTBOPIOIOTHCS MTPU BUKOHAHHI OCHOBHHX 1
JONMOMDKHMX TEXHOJIOTIYHMX TmporeciB. Ilepenmik BiAXONMIB 3HAYHMM, M0 TIOB’S3aHO 3
HENpPaBWIBHUM IPOBEJACHHAM Kiacu(ikalii BIIXOAIB OKPEMUMH MIANPUEMCTBAMHM, CIYXKOaMH Ta
3ayi3HUIero0 3araoM. CaMOOYHIIEHHS PUPOTHOTO CEPEOBUIIA 3HIKYETHCS Yepe3 3HUIIEHHS Ta
BHUCHa)KEHHS MPUPOIHOTO cepepoBuIna. JIiHii 3ami3HuLb, TPOKIAAA0ThCs Ha CPOPMOBAHUX LUIAXAX
Mirparii )KUBUX OpraHi3MiB, IOPYIIYIOTh iX PO3BUTOK 1 HaBiTh MPU3BOIATH 10 3HUKHEHHS JESIKHX
BUJIB (hiopu 1 GpayHu.

PiBHOBary B mpupoi MoxHa 3a0€3MeYUTH, YITKO Ta SKICHO BUKOHYIOUM HACTYIIHI Jii:

— perlaMeHTyBaTH HOPMH 1 MOPSAAOK MPUPOAOKOPUCTYBAHHS,

— BBECTH BIANOBIIAJBHICTE BCIX BEPCTB CYCHUJIBCTBA 32 CTAH OXOPOHU HABKOJHUIIHBOTO

CepeIOBUIIIA;

— 00OB’SI3KOBO Mepe0aYnTH MEBH1 BUIU BUTPAT;

— 3aJy4MTH HayKy B Oprasizauii IpupoJOKOPHCTYBAHHS;

— BUKOPHUCTOBYBAaTH HOBI TEXHOJIOTIi 1 BApOOHUYE O0JIaJHAHHS;

— 37iHiCHIOBAaTH 00O0B'A3KOBHI KOHTPOJIH 32 CTAHOM HABKOJIHUIITHHOTO CEPEIOBUIIIA.

Otxe, peamizallis 3ax0/iB JJIs 3HUKEHHSI HETAaTUBHOTO BIUIMBY 3aJII3HUYHOTO TPAHCIIOPTY Ha
HABKOJIMIITHE CEPEIOBHIIE MOXKE 3HAYHO TTOKPAITUTH €KOJIOTIYHY CHTYAIlil0 B YKpaiHi.

Tinekn po3yMiHHS KOXXHUM CKJIQJHOCTI EKOJOTIYHMX NpobjaeM i Ha OCHOBI LBOTO —
HalCyBOpIllIe JOTPUMAHHS TEXHOJOTIYHOI 1 TPYIOBOI AMCIUIUIIHU, a TaKOXX T'POMAIIHCHKOTO

000B'A3KY, JT03BOJIATH 3a0€3MEUNTH TAPMOHIMHUI PO3BUTOK TPAHCIIOPTHOI raimy3i YKpaiHu.
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BJACTHUBOCTI CTIMKHUX JIO BILIUBY BAXKKNX METAJIIB IIITAMIB
MIKPOOPI'AHI3MIB, BUJAIVIEHUX 3 O3EPA ITHOIJIBTPATIB
JIbBIBCHKOI'O ITIOJII'OHY TBEPJAUX INIOBYTOBHUX BIAXO/IB

C. I'narymrt, O. Macaosenkal, JI. Kamy6al, O. llonosuy?, M. MajinoBanuii’
! JIbBiBCHKMIT HaiOHANBHKI yHIBEpCHTET iMeHi IBana dpanka

2 HanionanbHuii yHiBepcHTeT “JIbBiBChKA MOTITEXHiKa”

3 o3ep iH(pLIbTpaTIB JIBBIBCHKOTO MOJITOHY TBEPAMX MOOYTOBUX BiIXoiB Oyino BuaigeHo 150
nefoTpoHUX ITamiB, SKi pOCIM Ha arapu3oBaHoMy iHGQUIBTpari. OCKUIBKM Il IITaMU
MIKpPOOpPTaHi3MiB 3JaTHI POCTH, METabOJI3yIOUu CIONYKH 1H(UIBTpATy, MPUITYCKAEMO, IO BOHU €
MIPeACTaBHUKAMHU aBTOXTOHHOI MIKpoOioTu 1HQUIbTpary. 20 nepoTpodHUX IITamiB MIKPOOPraHi3MiB
BUSIBUIIUCS CTilikuMu 10 BIUMBY 3 MM depym cynbdary, 0,067 MM kaamiii cynbdary 1 1,6 MM
Oixpomaty kaiito. OOpani KoHIEHTparii coyeii MetaniB repesunnyoth ['JIK y 3,5; 16 Ta 32 pasw,
BIMOBIZIHO, 1 BIANOBIZAlOTh BMICTY LHUX CHONYK y iHQUIbTpari JIBBIBCHKOTO IOJITOHY TBEPAMX
MOOYTOBUX BIIXOJIB.

Bupgineni mTamMu € TEpCEKTHMBHUMH JJIs CTBOPEHHsI Ol0TEXHONOTH A Oiopememiarii
3a0pyJHEHUX BOJI PI3HOTO MOXOKEHHS, OCKUIBKU € CTIMKMMH /10 BIUIMBY HOHIB (epyMy, KaJMIIO Ta
XpOMY 1 3/1aTHI METabOoJI3yBaTH LIMPOKHUNA CIIEKTP OpPraHiyHUX pedoBHH. LI mTaMum TakoX MOXYyTb
OyTH BUKOPHCTaHUMH JUIsI BUBUEHHS MEXaHI3MIB perysisiuii MeTabosizMy Ta crocoOiB ajanTariii 3a
pocTy Ha cTiuHMX Bojax. OIHaK, BIZJOMO, IIO 1H(UIBTPATH CMITTE3BAIMIL MOXYTb OyTH JKEpeIoM
MATOr€HHUX MIKPOOpPraHi3MiB, TOMY ycl BHJUIEHI IITamMu 3 1H(QUIbTpaTiB JIbBIBCHKOTO MOMITOHY
TBEpAMX TMOOYTOBMX BIIXOAIB BHUCIBaIM Ha JAu(epeHliaTbHO-AIarHOCTUYHI CEepeoBUIA IS
BU3HAUCHHs CHTepoOaKTepid, KompopMHUX OakTepidd, Oakrepiii poxy Pseudomonas, Gakrepiii pomy
Legionella, 6axrepiit poxy Bacillus, crpenrokokiB rpymu D, 6axrepiit poxy Salmonella, Tomo. [Ins
noJasbInoi podoTu Oyno BigiOpaHo 7 meAoTpoHUX IITaMiB MIKPOOPraHi3MiB, KOTPI HE YTBOPIOBAIH
XapaKTEePHUX KOJIOHIHM Ha KOAHOMY 3 BUKOPUCTAHUX U(EepEHIIIabHO-11aTHOCTUYHUX CEPEAOBHILL.

BiniOpani memoTrpodHi ITaMH 37aTHI POCTHM Ha CTiYHIA BoAl crupToBoro 3asoxy. Ilicis 4
J0O0BOTO POCTY IIMX MIKPOOPTaHi3MiB XiMiUHE MOTJIMHAHHS KHCHIO CTIYHOI BOJIM 3HMKyBasocs Bif 12
10 69 %. Haii6ueimn edekTHBHO MeTaboITi3yBaB CIIOMYKH CTIYHOI Boau mtam M3-4. BeranoBmneHo, 1110
mramu K1-1, K4-1 Ta M2-4 3nathi popmyBaTH €1EKTPUIHUN CTPYM 32 POCTY Ha CEPEAOBHII TPUTITOH-
COeBOMY OYIbHOHI B OJTHOKaMEpPHOMY NaJIMBHOMY eneMeHTi. HaiiBuiie 3Ha4eHHs TYCTUHHU MOTY>KHOCTI
MIIE (0,75-0,8+0,02 Br/M?) Gyo OTpuMaHO 3a BUKOpHCTaHHs mTamiB M2-4 i K4-1 ma 2 m06y
KynbTuBYBaHHs. [lpumyckaemo, 1mo mnenotpodri MikpoopraHi3Mu  chOpMyBaIM  MeXaHI3MHU

PE3UCTEHTHOCTI MOJI0 OaraThbOX TOKCUYHHMX YMHHHKIB, SIKI MIPUCYTHI B 1H(UIETpaATI, 1 TOMY MOXYTh
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OyTH TIEPCIIEKTUBHUMHM JJIsi CTBOPEHHS Ol0TEXHOJIOTIH OYMINEHHS CTIYHUX BOJI, SIKI MICSTh BHUCOKHA
BMICT OpraHiYHHX PEUOBHUH 1 3a0py/AHEHI I0HAMU BaKKUX METAJIB, CIIONYK (HDEHOITy, HITPOT€HOBMICHUX
CIOJTyK. BacTHBOCTI TAKUX MIKPOOPTaHi3MiB JOCIIKEHI HEJJOCTATHBO.

HItam M2-2 € rpamMHEraTMBHMMHM KOKaMH, SIKI Ha arapu30BaHOMY CEpEIOBHILI YTBOPIOIOTH
IJIOCKI, O1I0T0 KOJIBOPY KOJIOHII 3 HEeUITKUMU KpassMu. Criop He yTBoprotoTh. Hepyximsi. [lItam M2-4 €
rpaMHETaTUBHUMM KOKaMH, SIKi Ha arapM3oBaHOMY CEpEIOBHII YTBOPIOIOTh BHITYKJ, B'SI3KO1
KOHCHCTEHIIi1 KOBTI KOJIOHIT 3 BUITYKJIMM LIEHTPOM Ta HEUITKUMH KpasiMu. Ha Tpunton-coeBoMy arapi
i OakTepii BHIULIFOTH >KOBTHM IIITMEHT, sSKHi 3a0apBitoe cepenosuiie. Criop HE YTBOPIOIOTH.
Hepyxmusi. Kononii mramy M3-4 npiOui, Oumi Omuckydi, BUOYKI, 3 HEPIBHUMH KpasMH.
I'pamueraruBHi KOkH, HecronoyrBoproBaibHi. Hepyxmmsi. Illtam Kl1-1 yTBOproe kpyrii BHITYKI
KOJIOHIT KpEMOBOTO KOJbOPY, SKi MalOTh INaAKy OnmcKkydy mnoBepxHio. lle rpamHeratuBHi
HECTIOPOYTBOpIOBaNIbHI cTpenTokokd. Hepyxmusi. Komownii mramy K2-1 ta K3-1 maoote cxoxy
Mopdoiorito  — KpyrJii  KpeMoBl  KOJOHIT 3 BUIYKIUM IieHTpoMm. Lle rpamHeratuBHi
HecropoyTBoproBanbHI Koku. Hepyxmusi. Illtam K 4-1 yrBoproe KpeMoBi KOJIOHIT 3 BJIaBICHUM
LIEHTPOM, SIKI MalOTh KpaTepornoaiOHuii npodine Ta HepiBHI Kpai. Lle rpamrmo3uTHBHI MaIMYKH, SIKi
YTBOPIOIOTH criopu. Hepyximsi.

VYci mraMu € aepoOHUMM MIKPOOpraHi3MaMu, OKCHJIQ30MO3UTHBHUMH, KaTala3olNo3UTHBHUMU,
3[1aTHI 3aCBOIOBaTU MiHEpaibHI Ta opraHiyHi ¢opmu HitporeHy. llltam K4-1 e omironirpodiiom.
Mtamu K3-1 ta K4-1 31aTHI okMcHIOBaTH eneMeHTapHy cipky. llItamu M2-2 ta K4-1 gk mxepeno
dochopy MOXKYTb BUKOPUCTOBYBAaTM HEOpraHiuHi  (OCHOpPOBMICHI  CIOMYKH.  3JATHICTIO
MeTaloJIi3yBaTH JKeNIaTuHY XapakTepu3yrotees mramu K1-1 ta K4-1. V pasi merabonizMy opraiyHux
HITPOT€HOBMICHHX CIIOJIYK YCl IOCHIJDKEH] IITaMu OakTepiil yTBOPIOIOTH BITHOBJIEH] (POPMU HITPOTEHY,
30KpeMa, amiak. Y pa3i kaTaloji3My OpraHIYHUX HITPOT€HOBMICHUX CHOJYK wmTamu M2-4, M3-4 Ta
K3-1 Buminsitote cipkoBosieHb. JKozeH 3 JOCHIKYBAaHUX MIKPOOPraHi3MiB iHIONIY 3 TpunTodaHy Ta
MepKanTaHiB He yTBoproe. [lItamu M2-2, M2-4, K2-1 Ta K3-1 sik [pkepeno HITpOreHy MOXKYTh TaKOX
BUKOPHCTOBYBaTH HEOPraHIUHI CIIONYKH HITPOTEHY, 3[aTHI A0 HITpaTopenykiii. Yci JOCiKyBaHi
IITaMy 3/1aTHI MeTa0oi3yBaTH KapOOHOBMICHI OpTraHIYHI CIIONYKH, 30KpeMa, TIeHTO3u (apabiHo3y),
rekcosu (rajmakrosy, (pykTo3y, MaHO3y), aucaxapuad (Jakrody), Tpucaxapuau (padiHosy),
nosicaxapuay (KpoxXmalib), TipIie po3IeIUIIo0Th IECTUATOMHI CIUPTH, 30KpeMa copOiT Ta MaHiT.

3a monomororo cucremu RapID™ ANA 1l mocrimkeHo eH3UMATHUHY aKTHBHICTB MEAOTPO(HIX
mramiB. HaifOinmbiry KUTBKICTh €H3MMIB, 30KpeMa, o- 1 B-Tioko3uaasy, TyxHy (ocdarazy Ta amiHO-
nenTuAasyd  (JCUIITTIMHAMIHOTIENTH a3y, TIIIMHAMIHONENTHIA3y, (eHlIataHIHaMiHOTIETTH-Ta3y,
apriHiHaMIHOTIENTHA3y, CEPUHAMIHOMICTITH 1a3Yy, PO JOHAMIHOIIENITHIa3y) BUsIBIICHO y mtamy K4-1.

IlepemniueHi ¢i3ionoro-6i0XiMiuHi BIACTUBOCTI JOCIIHKEHUX LITaMiB MOXYTh OYTH KOPUCHUMH

JUTS TIOAUTHITIOT iIeHTU(IKAITI].
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COPBIIS IOHIB Cd?* KATIOHITOM KVY-2-8 B H-®OPMI

A. C. Koaerosa, I'. T'. TpoxumeHko

HamionansHuii yHiBEpCUTET KOpabiaeOyayBaHHs iM. angmipana MakapoBa, MukosaiB, Ykpaina

BHCOKOTOKCHYHUM KOMIIOHEHTOM JJIsl )KUBHX OPTaHi3MiB, OCOOJIMBO BOJHOTO CEPEIOBHUIIA €
CTOYKH KaaMiro. IoHM KaaMmilo HaKOMWYYIOTHCS pPOCIMHAMHU, TBAPMHAMU B BOJHOMY CEpPEIOBHIII
3MIMCHIOIOYM KaHIIEPOTCHHY 110, TOPYIIYIOUYM METa0oJi3M OlIKy, 3HM)KYE 3aCBOEHHS 3aii3a Ta
BUJIAJICHHS KaJIBLIIIO 3 OpPraHi3My.

HanxomkeHHsT CHIONyK KaJIMiiO 0 HABKOJHUIITHHOT'O CEPEIOBUIIA BiJOYBAETHCS B OCHOBHOMY
BiJl HEJJOOYMINEHUX CTIYHUX BOJ MAIIMHOOYMIBHOI Taiy3i, KOJBOPOBOI METalyprii, rabBaHIYHHX
BUPOOHUITB Ta iH. TOMy rOIOBHOIO METOIO 3aXHCTYy BOJHOTO CEpeOBHINA Oyn0 po3poOsieHHs Ta
yIOCKOHAJIEHHSI OE3BIAXOJHMX TEXHOJIOTIM OYMINEHHS CTIYHUX BOJ, II0 MICTATh BHCOKI
KOHIIEHTPAIlIi CITOJIYK BKKMX MeETaliB. [OHHHMII OOMIH € OJHHM 3 TEPCIEKTHBHUX METOJIB JIJIS
BHUPIIICHHSI [IbOTO TTUTAHHS.

Hamu Gyno 06paHO CHIBHOKHCIOTHUI KaTioHiT Mapku KY-2-8 B H -popmi (20 cm), sxuii e
CTIIKMM [0 KHCIMX 1 JIY’)KHHX CEpeloOBHII 1 HOTro MOKHa BHKOPHUCTOBYBATH 0araropasoso.
Buuaroun mnpouecu copOuii B AMHAMIYHUX YMOBaX, BHKOPUCTOBYBAJIM MOJENbHI PO3YMHU
cymbhary kKaamiro y korrenTpaii 10, 20 Ta 50 mr-exs/nv°. Binibpani mpobu aHanizyBaam Ha BMicT
KaJIMit0, KUCIIOTHICTh Ta JTYXHICTh TUTPUMETPUUYHUMHU MeToJaMu, pH KOHTpOJIOBaIN iHCTPYMEH-
TaJbHUMH METO/IaMHU.

Pesynbratu copOuiii mpencrapieHi Ha puc. 1, 2 ta 3. AHanmizyro4n rpadiku, MO>KHa TOOAYUTH,
110 13 BUYEpHaHHAM OOMIHHOI €MHOCTI 10HITY, KOHILIEHTpAllisl 10HIB KaJMII0 Y BiiOpaHux mpobdax
3pocTalia, a KUCIOTHICTh 3MEHIIyBaiacs, npu oMy pH 30inbmryBanacs. CyMapHa €MHICTh 10HITY

6yna 1985 mr-exs/nv°.

N\

=

& 8 3
I e o o SESCRE ——1
;jﬁ \ F2
QE 4 = ! —— D
) :fE I
0 0 2

05 1 15 2 2,2 3 32535375 4 42545
3Hauenns: 0,1 : :lhla

Puc. 1. 3anexHicTh KOHIIEHTpaIlli copOoBanux 10HIB kKaaMmiro (1), kuciaorrocTi (2) Ta pH (3)
MozenbHoro pozunny ([Cd?*] = 10 mr-exs/nm, [SO4%] = 10 mr-exs/am>) Bij mpomymieHoro 06’ emy

uepes kaTioHiT KY-2-8 B H*-opmi (Vi =20 cm®) (ITOJIE (1) = 1808,75 mr-exs/nms).
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[ToBHAa OOMiHHA €MHICTP iOHITY HIpH copOILii i0HIB KaaMilo TIpu KoHIEHTpamii 10 Mr-exs/am°
3 .
csrana 1808,75 mr-exs/nmm” (puc.l), 0 MOKHA MOSCHUTH TUM, IO MPU MEHIIUX KOHIEHTPAIisIX

copOuiiiHa EMHICTb 3HUKYETHCH.
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Puc. 2. 3anexxHicTh KOHIEHTpaMii copboBaHMX i0HIB Kaamiro (1), kucmotHocTi (2)
ta pH (3) MozensHOrO po3unny ([Cd?*] = 20 mr-exs/am?, [SO4? = 20 mr-exs/mm°)
BiJl IPOMYIIEHOT0 00’ €My Yepe3 KaTioHIT

KV-2-8 B H*-hopmi (Vi =20 em®) (TTOJIE (1) = 2063,75 mr-exs/mmd).
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Puc. 3. 3anexHicTh KOHIEHTpallii copboBanux 10oHiB kaamito (1), kucmorHocTi (2) Ta pH (3)
MozenpHOro posunny ([Cd?*] = 50 mr-exs/avS, [SO42] = 50 mr-exs/mm®) Biz MPOMyIIEHOTO 06’ €My

gepes Kkarionit KY-2-8 8 H*-dopmi (Vi = 20 em®) (TIOJIE (1) = 2082 mr-exs/mvd).

IIpu cop6buii 0,01 H MonenbHOr0 pO34YMHY IOHIB KaJMiIO TPOCKOK BigOyBaBCs NpHU
nporyckansi 2,5 am° posunny. IIpu copbmii 0,02 H MOAENFHOTO PO3UMHY HPOCKOK iOHIB KagMilo
BinOyBCA TpM MpoOMycKaHHi 2 aM°, a TIpH KoHIeHTpamii poszumny 0,05 u — 0,6 am®. B mimomy
copOrist 10HIB KaJMiro Ha KaTioHiTi Mapku KVY-2-8 B kucniit ¢popmi npoxoauia 10cuTh €(peKTUBHO.

TakuMm 9MHOM, I OUYHILEHHS BOJ, 10 MICTSITh BUCOKY KOHIIGHTPAIIIIO 10HIB KaIMit0, MOXKHA
3acrocoByBat KaTioHitr KY-2-8 B H™-¢gopmi. Ile macts 3Mory opradizoByBaTH 3aMKHYTi LIUKJIA

OYHMIIEHHS CTIYHUX BOJI 13 OTPUMAHHSM YHCTHUX METAIB Ta KUCJIOT.
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IMPUHIOMUIIN CTAJIOI'O PO3BUTKY SK ObOB’A3KOBA CKJIAJJOBA MEXAHI3MIB
YIIPABJIIHHA BOAHUMHU PECYPCAMHU

. O. Kpucincbka

YopHomopchkuii HallioHATBHUE yHIBepcHuTeT iM. [lerpa Morunu, Mukomais

BinbiicTe iCHYIOUMX MEXaHi3MiB YIpaBIiHHS BOJHHUMH pECypcaMd MalOTh OpraHi3auiiHo-
€KOHOMIUHHUI XapakTep, L0 3yMOBJEHO cHelu(}iKo BOAHOIO rocmnojaapcrtsa, sik ramysi. Cepen
OCHOBHUX 3aBJIaHb, K1 XapaKTepHi JJi1 OpTraHi3aliifHO-eKOHOMIYHOTO MEXaHI13My MOXHA BUIUIUTH
TakKi, sIK: 0XOPOHA BOJHUX 00’ €KTIB, IO € JHKEPEJIaMH BOIOIOCTAYaHHS; 3a0€3MeUCHHS HACCIICHHS
MIUTHOIO BOJIOIO, (hOPMYBaHHSI PUHKY B rairy3i (LiHOBE pPeryJIrOBaHH:I), Ta MOJEPHI3alis OCHOBHUX
MarepiaabHUX (QOH/IIB Ta iH.

Jl1s BOHOTO TOCIoapcTBa TPUBAIMM yac OyB XapakTepHUM Traly3eBUil, aqMiHICTpaTUBHO-
TEPUTOPIAIbHUI TPUHIUI YIPABIiHHS, KU 32 CBOE CYTTIO HE BiJIIOBIJIaB CY4aCHUM BHMOTaM
€KOJIOTIYHOTO 3aKOHOJABCTBA Ta €()EKTUBHUM MIKHAPOAHHMM IMPAKTHKAM, OCKIJIBKH OpPIEHTYBABCS
HE Ha eKOJIOT1YHY, a Ha €KOHOMIUHY JOLLIBHICTb.

Boani mxepena € ctparerivyHuMH 00’ €KTaMH O€3MeKH JepKaBH, IXHIO BaKIMBICTh HE MOXKHA
HEJOOI[IHIOBAaTH, TOMY IIMTAaHHSA MEPEOCMHUCIIEHHS MPHUHLMUIIB YOpPaBIiHHA Ta (OpMyBaHHS
CydyaCHHX MEXaHi3MIB (YHKI[IOHYBaHHS Tajy3l BOJHOIO TOCIOJApCTBA MalOTh OyTH
NPIOPUTETHUMH JIJIs1 IEPHKABHOI MO THKH.

OCHOBHUM HIATPYHTSM (HDOPMYBAHHS JI€P>KaBHOI €KOJOTIYHOi MOJITHKM Mae OyTH cTanui
PO3BHTOK, SIK 17€0JIOTIs, 110 MparHe J0 MpOoIecy TrapMOHI3aIlli MPOAYKTUBHUX CHJI, 3a0€3MeUeHHS
3aJI0BOJIEHHS] HEOOXIAHMX MOTped BCIX WIEHIB CYCHUIbCTBA 32 YMOB 30€peKEHHS 1 MOETarHOoro
BiJTHOBJICHHS LIUJIICHOCTI IPUPOJHOTO CEPEAOBHUIIA Ta CTBOPEHHS PIBHOIMPABHUX MOMIIMBOCTEH IS
mofed BCiX MOKOJiHb. /[0 TOJOBHHMX TMPHHILMUIIB CTaJOr0 PO3BUTKY BITHOCATH MPUHIIMIT
00epe’KHOCTI, MPUHIMN «IIependadaTd 1 3amodiraTuy», NPUHIUN «OalaHCy MDK pecypcamul 1
3a0pyJHEHHSIM», TPUHLUI 30€pekKeHHS NPUPOTHOTO PI3HOMAHITTS, NPUHIUN «3a0pyIdHIOBAY
TUTaTUTHY, IPUHIIUI B3a€MO3AJIEKHOCTI.

[Tounnaroun 3 2017 poky micis BBeJleHHs B Ait0 3akoHy Ykpainu «[Ipo BHeceHHS 3MiH 10
NeSIKUX 3aKOHOJIAaBYMX aKTIB YKpaiHM 110/10 BIPOBAPKEHHS 1IHTETPOBAHUX MIJIXOJIB B YHPaBIiHHI
BOJHUMH pecypcaMu 3a OaceHOBUM NPHHIIMIIOM» YKpaiHa Todaja mepexis Ha OacelHOBU
OpUHIUN ynpasiiHes. Lle cydacHui miaxid yHpaBiiHHS, SKHA PO3IIISIAE piUKOBUH OaceifH, sk
CHCTEMY, B SIKil ICHYIOTH pi3Hi 3B’S3KH, MOYMHAIOYH BiJl €KOHOMIUHHUX, COLIAIbHUX, 3aBEPLIYIOUYH

eKOJ'IOFiLIHI/IMI/I, C€KOCHUCTCMHUMM.
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Sk CBIAUMTH NTOCBIJ €BPOMEUCHKUX KpaiH, 1€ TaKWW MPUHITUIT BUKOPHUCTOBYIOTH TPUBATUN
Yyac, TaKWi MiAXiJ YIOPaBIiHHSA JONOMarae 3MEHINYBAaTH HETaTWBHUMN BIUIMB Ta 3amodiratu
Aerpajamii BOJHUX JDKEped, TOMY Iepexili YKpaiHM Ha OacelHOBHH NPUHIMUN YIPaBIiHHS
0€3CyMHIBHO MaTUMe IMO3UTUBHI 3pyLLIEHHs B I'aly31 BOAHOI'O rOCIIOIapCTBa.

B 2015 pomi nHa camiti OOH 3 muTtanb cTtaysioro po3BUTKY Oyiio 3aTBepikeHo HOBI Llim
cranoro po3Butky (LICP) mronctBa, siki HanmigytoTh 17 HanpsmkiB i 169 3aBnaHb, sIKHX MOBUHHI
JOTpUMYBATHUCS BCl Kpainu cBiTy. 15 Bepecus 2017 poky Ypsa Ykpainu npesentryBas HamionansHy
nonoBiab «llim cramoro po3BUTKY: YKpaiHa», B JOKYMEHTI NMPEACTaBICHO CYTh IIJICH Ta pi3HI
aJlalTUBHI MEXaHI3MH, IKMX HEOOX1HO JOTPUMYBATHUCS JUIsl TOCATHEHHS CcTajloro po3BUTKy. Cepen
nepenideranx [{CP ocobnmBe Micie 3aiiMarOTh Ti, III0 CTOCYIOTHCS TaTy3i BOJHOTO TOCIIOAAPCTBA, a
caMme MUTaHHS PalliOHaTHHOTO BOJOKOPUCTYBAaHHS Ta OE3MEKH IS CIIOKHBAYIB!

-uime Ne 6 «Clean water and sanitation», 3a0e3meucHHs HasSBHOCTI Ta pamioHAIbLHOTO
BUKOPHUCTAHHS PECYPCIB 1 caHiTapii AJs BCIX;

- uinb Ne 14 «Life bellow water» 36epexenHs Ta panioHanbHe BUKOPUCTAHHS OKEaHIB, MOPIB
1 MOPCBKHX PECypciB B IHTEpEcax CTaJoro PO3BUTKY.

Cepen 3aBmanb, 110 mepeniueHux B It Ne 6, Buainumo HactymHi: 6.1. «/Jo 2030 poky
3a0€e3MeUnTH 3arajlbHui 1 pIBHOIIPABHUHN J0OCTYI 10 O0€3MeYHO1 1 Heloporoi MUTHOI BOAM JUI BCIXY,
6.3. «o 2030 poky MIABUIIUTH SKICTh BOJU 3a JOIMOMOTOK ... 3HAYHOTO 301UIbIIEHHS
PELUPKYIIALIT Ta O€3MEeYHOro MOBTOPHOTO BUKOPUCTAHHS CTIUHUX BOJ Y BCbOMY CBITI», 6.a. «Jlo
2030 poxy pO3LIMPUTH MIXXKHAPOJHE CHIBPOOITHUITBO 1 MIATPUMKY B CIIPaBi 3MIIIHEHHS MOTEHLIATY
KpaiH, 110 pO3BUBAIOTHCS, MIOA0 3/1MCHEHHS JIISUIBHOCTI Ta MPOrpaM y raiy3i BOJONOCTayaHHs Ta
caHiTapii, BKIIOYAIOYH... 3aCTOCYBaHHS TEXHOJIOTIM PEUUPKYISIi Ta MOBTOPHOTO BOJOKO-
PUCTYBaHHS.

Sk Oaunmo B 3aBmaHHAX [[CP HeogHOpa30BO MOPYLIYEThCS MUTaHHA MOBTOPHOTO
BUKOPUCTaHHS BOJM, IO B IIMPOKUX MacHITabax peajizalii HOro HampsIMKy JacTb MOXJIHUBICTh
€KOHOMUTH 3HAYHY KIJTBKICTh MPICHOI BOJIH, BIIPOBA/DKYIOUH PEIIUPKYJIIAIIIFO.

BpaxoBytoun akTyanbHICTh MpoOJeMH 3MEHIIEHHS CBITOBHMX 3amaciB MpiCHOI BOAM Ta
MUTAHHS 3MIHU CTPYKTYPH ii BUKOPUCTAaHHS, OyJIO MPOBECHO aHATITHYHE JTOCITIIKEHHS CTPYKTYPH
BOJIOCIIOKMBaHHS B YKpaiHi, kpainax €Bpomnu, A3ii, AMepuku Ta ABcTpanii. BeraHoBieHo, 1o
9YacTKa CIIO’KMBAHHS BOJU 3 BOJOIPOBITHOT MEPEXi IS 33I0BOJICHHS MMTHUX MOTPeO CTAaHOBUTH B
cepenHboMy Jnie 15%.

BpaxoByroun BuIle 3a3HadeHy iH(opMalliio, cTBEpKYEMO, IO MUTAHHS 3MIHM CTPYKTYpHU
BUKOPUCTaHHS TPICHOI BOAM Mae OyTH cepell MPIOPHUTETIB AEpXKAaBHOI E€KOJIOTIYHOI IOJIITUKU B
raigy3i BoAHOro rocnojapcrBa. CaMe royIoBHI NPUHLMIM CTAJOr0 PO3BUTKY MOBHHHI CTAaHOBHUTHU

TEOPETHUYHY OCHOBY IpH ()OPMYBaHHI Cy4aCHUX MEXaHI3MIB YIIPaBJIiHHS BOJHUMH PECYPCAMH.
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IHTEI'POBAHA TEXHOJIOT'ISA OYUINEHHA ®IVIBTPATIB
I'PUBOBUIIBKOT'O CMITTE3BAJIMIIIA

M. Maasosanuiil, B. JKyk?, JI. Boitunmmun?, I. Tumuayk!, A. Cepena’
'Hanionanshuit yriBepcuteT «JIbBiBChKa MOMTITEXHiKa», JIbBiB, YKpaiHa

2JIbBiBCHKMIA HAITiOHANBHUH YHiBepcuTeT iMeHi IBana dpanka, JIbBis, Ykpaina

Heounieni abo HeIOCTaTHRO OUMINEH] (DITBTPATH CMITTEBAIMIL € HEOE3IEYHUM 3a0pyTHUKOM
TIOBEPXHEBUX, IPYHTOBHUX Ta IMi3EMHUX BOJI, IPYHTIB, a BIATAaK, Yepe3 JAHIIOTH KUBJIEHHS, — POCIUHHOTO
Ta TBAPUHHOTO CBiTy. OKpiM TOTO, iICHYBaHHS 30ipHUKIB HAKOMMMYEHNX (DUIBTPATIB, SIKi 4acTO 3aiiMarOTh
3HaYHI IO, HEPIIKO CTa€ MEPENIKOIO0 TS YCIIIIHOI PEeKYIbTHUBAL] Ta 3aKPUTTS CMITTE3BANHIL. Y
CBITOBIH MPAKTHIIl TOBOKEHHSI 13 HAKOMWYEHUMH Y 301pHUKax (PUIbTpaTaMu Ha4acTile BUAUISIOTH JBi
CTaJii: TIONePETIHBOr0 OUMIIICHHS (TIEPEIOYMILICHHS ) 1 KIHIIEBOTO ((piHATBHOTO) OUHUIIICHHS. STk TeXHOIIOTIT
TIEPEIOYNIIICHHST HAYACTIIe 3aCTOCOBYIOTh aHAepOOHI MPOIIECH i3 JIOJATKOBUM OTPHIMAaHHSM 0iorasy,
aepoOHE OIOJNOTiYHEe OYMINEHHS Y aepoBaHMX JIaryHaX, PEarcHTHE OYHMILNCHHS, KOaryJsiiiHO-
GnokynsiiHe ouniieHHs abo ix xombOiHamii. Ha cramii ¢iHanbHOrO OYMINEHHS BHKOPHUCTOBYIOTHCS
MeMOpaHHI TEXHOJIOTi{, MIChbKI KaHali3aliifHi OYMCHI crmopyau, Oiomiarto. IHTerpoBaHa TEXHOJOTIS
OYHIIEHHS (DUIBTPATIB MOXKE OyTH CHHTE30BaHa 13 AEKUIbKOX CTaJlli, Y KOXXHOMY KOHKPETHOMY BUMAIKY
BUOIp Ta KOMOIHYBaHHS LIMX CTa[li BU3HAYAEThCS PO3PAXYHKOM (PIHAHCOBHMX 3aTpaT, BUMOTaMH JI0
CTYIEHS OUMILICHHS 1 KIHIIEBUX MOKAa3HHUKIB KOHIIEHTPALIN 3a0py/IHEHb ITiCIsI KOXKHOI CTaJlii, TEXHIYHOIO
MOXKJIMBICTIO peajtizallii eBHUX CTaliif OUMILEHHS.

Hamu posrisinanock po3po0ieHHs IHTErpoBaHOT TEXHOJIOTIT OYUIIICHHS! HAKOMTUYEHHUX y 301pHUKaX
¢utbTpariB ['puboBHLIbKOrO cMiTTe3BaMINA. K (iHaTbHA CTajls OUYMILEHHS ICHYIOUMM IPOEKTOM
PO3IIIAIAETHCS 3aCTOCYBaHHS TEXHOJIOT I 3BOPOTHOTO OCMOCY 13 KIHIIEBUM JI0OOUHIIEHHSM Ha JIbBIBCHKHX
kaHamizamiianx ounicHux crnopyaax (KOC). Byap-sike momepenHe ouuineHHs (uIbTpary mepen
YCTaHOBKOIO 3BOPOTHOTO OCMOCY HE TIepe0avdacThes. 3a YMOBU JOCSTHEHHS JICKITapOBAHNX TTOKA3HHUKIB
OYMINICHHSI Ha YCTAHOBIIl 3BOPOTHOTO OCMOCY, Ha HaIlly IYMKY, OCHOBHAM 3a0pyIHEHHSM, i3 SIKMM
ountiennii ¢uteTpar notpamiatumve Ha KOC, e mimBumieHuit coneBmicT. Takum umnom, Ha KOC
BiI0YBaTUMEThCS TUTKH PO3BEJICHHS PO3YMHEHHMX COJIEH B MOTOLl MICHKUX KaHATi3allifHUX CTOKIB 0e3
peanizaiiii OyJIb-KOTO OUMILEHHS, 110 BUKJIMKAE CYMHIBH y JOMUIbHOCTI Takoi crparerii. llle ognum
CYTTEBUM HEJIOIKOM, Ha HAIlly TyMKY, € BIJICYTHICTb CTaJIii MMOMEPEHHOr0 OYUITICHHS (QUTLTPATIB Mepe
CTaJIi€l0 3BOPOTHOrO ocMocy. Y 90% BHIaakiB MPaKTHYHOTO 3aCTOCYBAHHS IS OUMIIEHHS (DUIBTPaTIB
3BOPOTHO-OCMOTUYHOI TEXHOJNOTI TMepe]] CTaliel0 3BOPOTHBOIO OCMOCY IepeadayaroTh IMONEPEIHE
ouniieHHs ¢utbTpary. Co0iBapTICTh MONEPEIHBOTO OYMIICHHS (DUIBTPATIB y psAAl BUMAIKIB B pasu
MIEPEBUIILY€E BIAMOBIAHUM TMOKA3HUK JUIS 3BOPOTHOTO OCMOCY; pasoM 3 THUM, MOIEpPETHE OYUIICHHS
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(bUTBTpaTy CYTTEBO MiJIBUIILYE HAIIHHICTH POOOTH 3BOPOTHO-OCMOTHYHHX (PUIHTPIB T4 OYMCHOT CUCTEMH B
I[IIJIOMY: 3pOCTa€ TPUBAIICTh MUKITY MK MPOMHUBKaMH MeMOpaH, 3MEHIIYEThCS BHTpaTa PEarcHTIB Ta
€JICKTPOCHEPTii Ha MPOMUBKY, 30UIBIIYEThCS TEPMIH EKCIUTyaTallii MeMOpaH. Y BUNAAKY BUKOPHCTAHHS
pEareHTHOro YW KOAryJSIiHHO-(DIOKYIALIHOIO MpoLeCy MONEePEHHOr0 OYMILIECHHS JI0JIaTKOBO
30UTBIIYETHCSI €KOJIOTTYHA YUCTOTA MPOIIECy: Ha TBEPIii a3l ancopOyrOThCs CIIOMYKHA BAKKUX METAIIB,
IIBUIIYIOYH YHCTOTY TIEpMeaTy.

Jns inbTpariB ['prOOBHIILKOTO CMITTE3BAIMINA TIOKA3aHO ©(EKTUBHICTh 3aCTOCYBaHHS IBOXE-
TaIHOI TEXHOJIOTI1 X MOMepeIHbOTO OUYMILICHHS: 1) 610JI0TIYHE OUHMIIIEHHS B YMOBaX aepOBaHOI JIaryHu; 2)
peareHTHE OYMIIEHHS 13 BUKOpUCTaHHAM MomudikoBaHoro Merony denrona. Ha meprmomy erarmi
BiIOyBaeThCsl 010JIOTIYHE OUYMIIEHHS (PUIBTPATIB BiJ aMOHIMHOrO a30Ty Ta OpraHiYHHMX 3a0py/JHEHb,
KOHIIGHTpAIlisl X 3a0pyJHEHb 3MEHIIYETHCS MPpUOMM3HO B 2 pasu. Ha apyromy erami mpoxoauThb
YaCTKOBE OKMCHEHHS BayKKOi OPraHiKu, 10 CYIPOBODKYETHCS KOATYJISILIEIO Ta (DIIOKYISLIEI0 BUIUICHUX
y TBepAy ¢asy opraHiuHUX 3a0pyIHEHb, YACTKOBOIO aJCOpOII€I0 HA YAaCTUHKAX TBEpAOi (azu CIOIyK
BOKKUX METANB, OCBITJICHHSIM YacTKOBO ouMIneHoro ¢umprpary. IlomepenHe aepoOHe OiomoriuHe
OYMILICHHS JIO3BOJISIE 3MEHIIUTH PEarcHTHE HABAHTAKEHHS HA JPYroMy eTari, IMiJABUIIUTH CTYIiHb
OYMIIICHHS (PIIBTPATy Ta TOKpPAIIMTH E€KOHOMIYHI TMOKA3HWKU peaiizallii mporecy. 3amporoHOBaHE
JIBOXETAITHE TIOTEpEe/IHE OUMILIEHHA (UIbTpaTy IMeped CTaaiel0 3BOPOTHOIO OCMOCY 3MEHIIUTh
HaBaHTAKEHHs HA MeMOpPaHH, IMiABUIIUTH CTaOUIBLHICTh peasti3aLlii IpoLecy, 3HU3UTh €KOJIOTTYHI PU3HKH.

JInst mepiioro eramy TONEpelHbOTO OYMIIEHHS HaMU TPOBEICHO MOJIETIOBAHHS MPOIECY B
nmabopaTtopHUX yMmoBax. st BCIX JOCHIIKYBAaHMX 3HA4YeHb MEPIOAY 3aTPUMKM (UIbTpaTy B MOJeNi
aepoBaHOi JIaryHH B JIOCHIKYBAaHOMY CEpEOBMIL MiATPUMYBAIN KOHLEHTPALIIO PO3UMHEHOIO KHUCHIO
Ha piBHI OMH36K0 4 MI/IM>. Y cepenHROMY BUXi/ HA CTali TIOKA3HUKH POOOTH YCTAHOBKH B IPOTOUHOMY
pexumi BinOyBaBcst yepe3 9—11 mi6 Bix mouatky mpoiecy. OnTuManbsHUN yac aepoOHOTO OYMIIEHHS
¢inbTpary B JaryHi Ui BUOpaHUX YMOB JOCHIKEHHs cTaHOBHUB 11 1i6. Y 11bOMy BHIIAIKy OTPUMAaHO
cepeiHIO epeKTUBHICTh OUMIIEHHS (PLTbTpaTiB BiJ i0HIB aMoHi0 35% i1 3MeHenHs XCK Ha 50%.

Jpyruii eram TakoXX JOCTaTHbO TIOBHO JOCHIPKEHHWH y JabopatopHux ymoBax. Crovarky y
JOCITIJDKEHHSAX CTa/lii peareHTHOrO OUMILEHHS (PLIbTpaTy MPOBOAMBCS MiI0Ip peareHTy, IKuii 3a0e3neuns
Ou MakcUMallbHy €(eKTUBHICTh BUUIUIGHHS Bi (uibTpaTy ¢a3u 3rymeHux 3abpyaHeHb. s
JOCII/PKYBAaHUX PEAreHTIiB BCTAaHOBIIOBATACh KIHETHMKA 3MIHM ONTHYHOI T'yCTWHM cucTeMu. Haiikpari
pe3yJbTaTH BIAJIOCh OTPUMATH Yy BHIAJIKYy BUKOPUCTaHHs peakTnBy DeHToHa. JleTambHO OCIIHKEHO
BapiaHTH MOJM(IKYBaHHS CKJIaay peakThBy DEHTOHA 3 MULTIO JAOCITHEHHS MAaKCHUMAILHOTO CTYIICHS
OYMILIEHHSI Ta MAaKCHMaJbHO MOXJIMBOTO 3HMDKEHHS BapTOCTI peareHTiB. Y pe3ysbTaTi OTPUMAaHO
ONTUMAIBHUI peareHTHUH CKIIaJl, SIKWH J03BOJISIE TOCATTH HEOOXITHOTO CTYIEHs IMOINEePEAHBOTO OYH-
mieHHs1 GubTpaTiB [ pUOOBHIIEKOTO CMITTE3BAIMINA TIEpea X TOBHUM OYHMIIEHHSIM Ha 3BOPOTHO-

OCMOTHYHIH YCTAaHOBITI.
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JIO MIUTAHHS MOKPAIIEHHSA YMOB EKCILTYATAIII
BOJAOI'OHIB 3 INIEPIOJUYHOIO ITOJAYEIO BOAHU
I HIIBUIIEHHA TOYHOCTI OBJIIKY Ii BUTPAT

C. baana6an, B. Kacnpyk

TepHomninbCHKMI HAIlIOHATBHUM TeXHIYHUNA yHiBepcuTeT iM. IBana [Tymros

OnHUM 3 CYTTE€BUX HEIOJIKIB Y BOJOIOCTaYaHHI rapsa4yoi Ta XOJI0JHOI BOAM JUIS HACEICHHS €
HecTabinpHa mogada. [loTpamisHHS MOBITPS Y BOAOIPOBIIHY CHUCTEMY 3MEHIIYE HAJiHHICTh iX
po0OTH, MOXXE HPU3BOJUTU 10 HOJOMOK, aBapiil. OcoOnMBO HEraTMBHO IMONAJaHHS MOBITPS
BIUIMBA€E Ha BOJOIPOBOIH, SIKi MPAIIOIOTH Y TIEPIOIMIHOMY PEKHUMI 024l BOJIH.

MexaHi3MH, sKi BUKOPUCTOBYIOTH [UIsl BiJIBEIEHHS TOBITPS 3 TIAPaBIIYHUX CHCTEM,
PO3IUISIOTh Ha TakKi, sIKi MPALIOIOTh y PYYHOMY PEXHMI, 1 Taki, SKi BUKOHYIOTh CBOI (pyHKIT y
HaMiBaBTOMAaTHYHOMY 1 aBTOMaTHYHOMY pexkumax. [lepmn mpocti 1 HaliliHI B eKCIUTyaTallii, ane
BUKOPHUCTOBYBAaTH iX /Il TMOKpAIICHHS YMOB EKCIUTyaTallii BOJOMPOBOJIIB, SKi MPaLIOIOTh Y
NEePIOANYHOMY PEXHMMI [10]1a4l BOAU, IPAKTUYHO HEMOXKIIUBO.

AHani3 KOHCTPYKI[IH 3alpONIOHOBAHOTO MEXaHI3MY 1 pe3ynbTaTiB JOCIIPKEHHS HaIliHOCTI
fioro po6oTH Ha BUMNPOOYBAJIBHOMY CTEHJII MOKa3ylOTh, L0 PO3MIIIEHHS MOIUIaBKA y BEpXHIN
YaCTUHI KOPIYyCYy MeXaHi3My mependadae MornajaHHs BOJIM y 30HY MK KOHIYHUMHU TOBEPXHIMH
KOpIycy 1 KjamaHa. B fmaHy 30HY 3aKpUTTS CHCTEMH BOJOIOHY MOXYThb HOTPANUTH TBEPIi
YaCTUHKH, K1 3a0pYyAHIOIOTh KOHIYHI OBEpXHi. B pe3ynbTari 3MEHIIY€eThCS IIIBHICTh 3aKPUTTS 1
Ha/A1iHICTh pOOOTH MEXaHi3My BiJBE/IEHH MOBITPS 3 BOJONPOBO/IB.

B po3po0ieHoMy HaMu MeXaH13Ml B XO/11 3alIOBHEHHS TPYOOIIPOBOY BOJIOIO MOBITPS BIIBHO
BUXOJMTh 3 HBOTO 4Y€pe3 OTBOPH B OMOpHiN mepdopoaHiii nmeperopoaui i kpumui. Komu Bona
HA/IXOJUTh y HIKHIO YaCTHHY KOpITyca 1 3alOBHIOE MYCTOTUTY 30HY IOIUIaBKa — KJlalaHa BiH
nigHiMaeTbesd. IIpu BiCYTHOCTI BOJAM Yy BOJONPOBOJI IMOMJIABOK — KIJIAMaH MYCTOTIJIOK 30HOIO
OITYCKa€eThCSl Ha ONMOPHY nephopoBaHy MEPErOpoKY, sSKa Po3MillleHa Y HIKHIM YacTHHI KopIyca.
Jlo BEepXHbOi YaCTHHM KOpITyca TNpHUEIHAHA BTYJIKA 3 KOHIYHOIO MOBEPXHEIO 1 3aKpUTa KPUIIKOIO.
Mix KOHIYHOIO MOBEPXHEI0 MOIJIaBKa — KJIalaHa 1 KOHIYHOIO MOBEPXHEI0 BTYJIKHU NependadyeHuit
KUTBIIEBHH 330D, uepe3 KUl TpyOOmnpoBi criorydeHuit 3 atmocheporo.

JUig migBUINEHHS HAAIMHOCTI 1 JOBrOBIYHOCTI pOOOTHM MEXaHI3My BiJIBE/IEHHS MOBITPS 3
BOJIOIIPOBO/IIB pO3pPOOJIEHO HOBY KOHCTPYKIIIIO, SIKa BiIPI3HAETHCS BiJ] MOMEPEAHBOI PO3MIMIEHHSIM
MOIUTABKOBOTO MeEXaHi3My B gaHoMy mpuctpoi. Ilim vac 3amoBHEHHST 00’€My BOJOKO TOBITPS
BUXOJMTh 3 HHOTO Yepe3 OTBOPH B ONOpPHiM mnepdopoBaniii meperopoaui i kpumii. Komu Bona
NOTpAIUIs€ y HUKHIO YaCTUHY KOPITYCY 1 3alIOBHIOE IyCTOTUTY 30HY IOIJIaBKa — KJIanaH 3a0e3neuye

OBy HAAIMHICTG 1 TOBrOBIYHICTH pOOOTH MEXaHi3My BiJIBEIEHHS MOBITPS 3 BOJOIPOBO/IIB.
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AHAJII3 CYYACHOTI'O CTAHY CTIYHUX BO/I
HA IMPUKJIAJII KIJIBKOX OBJIACTEN YKPATHH

H. M. Ilapansk, O. C. laubko, H. M. Butpukym, A. C. PomaniB, C. M. MoxHsIK

HamionansHuii yHiBepcuTeT «JIbBIBChKA MOJIITEXHIKAY

B VYxkpaini mopiuyHo 3poctae 3a0pynHEHHS BOJ, BHACIIJOK 30UIBIICHHS CKHUIIB y BOJOHMU
CTIYHUX BOJ 3 PI3HHUMH IIKIJJIMBUMU JIOMINIKAaMH HEOpraHiyHoi 1 opraHigyHOi mpupomu. Lls
npobiemMa ocTae HaJITO TOCTPO HE TUIBKM Ha TepUTopii YKpaiHu, ane i y BcboMy cBiTi. [Ipupona
y’K€ MPaKTUYHO HEMa€ 3JaTHOCTI JO CaMOBIJHOBJECHHS Ta CaMOOYMILIEHHsS. B emnoxy mBHIKOro
PO3BHUTKY CHOTOJICHHSI, KOJIHM TaK MIBHJIKO CYCHUIBCTBO Mi3HAE HEOCSHKHE Ta PO3BUBAETHCA Y PI3HUX
cdepax cBO€T NiSITBHOCTI, 3 KO)KHUM POKOM IMPHUPOJa MoTepnae me Oiipine. SKicTh MUTHOI BOAX Ha
ChOTO/IHI TOTpeOye nokpaieHHs. Came TOMy 3MEHIIEHHS CKUIB Y BOJONHMHU, MEepexia NiANIPHEMCTB
Ha poOOTy 3a cXeMaMM 3aMKHYTOI'O IUKJIY Ta BJIOCKOHAJIEHHS OYHMCHUX CIIOPYJ € OCHOBHUM
HANPSMKOM JI0 3aXHCTY BOAHOTO CEPEIOBHIIIA.

KoxkHOTO0 pOKY 10 yCiX perioHax YKpaiHu BHIUISIOTHCS KOIITH HA 3aX0/H 010 MTOKPAICHHS
CTaHy BOJHHUX OO’€KTIB, a caMe€ Ha PEKOHCTPYKLIIO KaHaJi3alldHUX CTaHIM, Ha OyAIBHULITBO
KOJIGKTOpPIB Ta KaHali3allid, a TakoX Ha KaliTalbHI PEMOHTH OYMCHHUX cropya. ns aHamizy
cutyarii B YKpaini Oyyio B35TO J0 yBaru CTaH CTIYHHMX BOJ| KUTbKOX OOJacTed pPI3HUX DPETI1OHIB
Vkpaian, a came Cymcokoi, J[HimponeTpoBchkoi Ta IBaHO-DpaHKIBCHKOi, BIPOJIOBXK OCTAaHHIX
I’ SITU POKIB.

Ha tepuropii Cymcbkoi o0macTi HajmiuyeTbcsi 66 KOMIUIEKCIB OUYHMCHHMX CIIOPY]l 3arajbHOIO
noTyxHicTIo 296 THc. M2/ 100y, 48 KOMIIEKCIB TPAIOIOTh B PEXHMi IITY4HOI OioTOTriuHOI
OYHNCTKH 3 TOAAJBIIUM CKHJIOM OYWIICHWX YU HEJOCTAaTHbO OYHIIEHHX CTIYHHX BOJ B BOJIHI
00‘extu. CriocTepiraeTbcs TeHASHIIISI 10 301IbIIEHHS 00CATIB CKUIY 3a0pyJHEHUX 3BOPOTHHUX BOJ
3

y moBepxHeBi BojiHI 00’ ekt CymMchKoi 006macTi, Tak y 2016 pori Takuii ckua ckia 23,73 MiH. M” i

36inpmMBCs B OpiBHAHHI 3 2015 pokom Ha 1,75 mmH. M. Y 2018 poui ckux cknas 24,93 mmH. M° i

36inpmmBCs B TopiBHAHHI 3 2017 pokom Ha 1,15 MmmH. M°.

Ckupn 3a0pyqHeHHMX 3BOpOoTHUX Boja JlHimpomerpoBchkoi ob6macti B 2018 pormi ckia
233,85 M. M® (HeIOCTaTHBO-OUHMIIEHNX 3BOPOTHUX Bojx — 140,16 man. M3, 3a0pymHeHNX Oe3
ounctkn — 93,69 mua. M%). 1le Ha 3,56 MitH. M° GinbIue HiX y MEHYIOMY pomi. 3a 2017 pik cku
3a0py/IHEHHX 3BOPOTHHX BOJ B Gaceiin p. JIHinmpo 3MeHmmBes Ha 12,8 MirH. M° y mopiBHAHHI 3 2016
poxom. [Ipu 11poMy, iCHYIOUI CHCTEMHU BOJOIOCTAYaHHS Ta BOJOBIABEACHHS O0JIACTI 3HAXOASTHCS
NEPEeBAXHO B HE33J0BIILHOMY CTaHi, OYMCHI CHOPYIH TNPAIOIOTh HEee(EeKTUBHO, MOTPEOYIOTh
PEMOHTY Ta PEKOHCTPYKIIii. B 3B’s3Ky 13 3MEHIIICHHSM OOCSTIB CKU/Iy B TIOBEPXHEB1 BOJHI 00’ €KTH
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JnaHo1 00J1acTi 3a0pyIHEHUX Ta HOPMATHBHO OUYHUIIIEHUX 3BOPOTHUX BO, B 2016 poIll B MOPIBHSHHI
3 2015 poxoM, BiAMIYamoCh 3HM)KEHHS KUIBKOCTI 3a0pYAHIOIOUMX PEYOBMH, IO OYNHM CKUHYTI
(82015 p. — 553,7 Tuc. T, B 2016 p.— 463,4 Tuc. 1), 3a OLIBIIICTIO MOKA3HUKIB 3a0pyAHCHHS.

VY IBano-®pankiBcekiit oOmacti y 2016 pori 301UIbIIMBCSA OOCAT CKUAY 3BOPOTHHX BOJ B

TIOBEpXHEBi BOJHI 06’ €kTH 06acTi (Ha 0,22 MiIH. M° GiNbIle B ITOPIBHSAHHI 3 TOTIEPEIHIM POKOM) i

3 3

cranoBuB 58,48 M. M°. Y 2017 poui B moBepxHeBi BogHi 00’exktH ckunyrto 60,11 muH. M

3

3BOPOTHHUX BOJ, 13 skux 50,95 MiH. M° OYMIEHI O HOPMATUBHUX IOKAa3HMKIB 1 3a0pyIHEHHX

3BOPOTHHX BOJ CKMHYTO Timbku 1,103 MH. M3, 3a6pyHeHi 3BOpPOTHI BoaM OyilM CKMHYTI Y PiuKu
buctpuns, Tnymaunk, buctpuust ConorBuncbka, ['nuna Jluna, Jlimauns, CiBka, Ciua, Camxana,

Yepemom, Yopussa, Pubnuy, [pyrens Aomyrunpkuii. B 2018 pori 30UTbIIMBCS 00CAT CKUIY

3BOPOTHHX BOJ| B IIOBEPXHEBi BOJHI 00’ekTH obmacti (Ha 2,35 muH. M3

pOKOM) i cTaHOBHB 62,46 MITH. M°.

B TMOPIBHSAHHI 3 MHHYJIUM

[IpyunHaMu Takoro craHy € BIJCYTHICTb OYHMCHHUX CHOPYZA, HHM3bKa CTYIiHb OYHMCTKU
3BOPOTHHX BOJ BHACHTIJIOK MEPEBAaHTAKEHHS 1 HENOTPUMAHHA TEXHOJIOTIYHOTO pPEXKUMY Ha
ICHYIOUMX OYMCHHX CIIOpYyJaxX Ta BiJCYTHICTb CyYaCHHMX TEXHOJOTiH. He3amexHo BiJ mpoBeAeHHS
PEKOHCTPYKI[iIl Ta OHOBJEHHS OYMCHHUX CIIOPYH CHOCTEpPIraeThCsl TEHICHIs] HE3HaYHOI'O 3pOCTY
CKUY 3a0pyAHIOIOUUX PEYOBHH.

3a0pyIHEHHS BOJU HETAaTHMBHO BIUIMBAE Ha (PI3MYHMI MOTEHIIA] HE TUIbKHU CYCIJIbCTBA, aje
i Ha Bcio XHUBY mnpupony. He3anoBiabHMII €KOJIOTIYHUN CTaH MPU3BOAMTH JI0 3POCTAHHSA
MOKa3HUKIB CMEPTHOCTI HACENCHHs, a TaKOX 3HIKEHHS PIiBHA HapoKyBaHOCTi. OCTaHHIMHU
JEeCATUPIYYSAMU BiJIOYBAIOTBCS TAaKOX 3HAYHI 3MIHM Yy CTPYKTYypi XBOpiO, LIO CBITYUTH IPO
3pOCTaHHsS BHWIIQJIKIB 3aXBOPIOBaHb, CIPHYMHEHHWX BKMBAaHHSAM HESKICHOI TNHTHOI BOIU Ta
MIPOJYKTIB XapuyBaHHS.

AHami3 sIKOCTI MUTHOI BOJIM TOKa3aB, [0 CHUTYyaIlisl MO BCiX perioHax YKpaiHU € JOCUTh
TPUBOXKHOIO. ['0JIOBHOIO €KOJIOTIYHOIO MPOOJIEMOIO0 BOJHUX PECYPCIB 3aIMIIAETHCS 3a0pyIHEHHS
MPUPOTHUX BOJHHUX OO’ €KTIB HEOUMIEHWMH 1 HEJOCTaTHHO OYHUIICHUMHU CTIYHUMH BOJAMH
MPOMHUCIIOBHX MiAMPHEMCTB, TiIMPHEMCTB >KATIOBO-KOMYHAIBHOTO KOMIUIEKCY. Y BOJOWMH
CKUJAIOTHCS TOHHU HA(TONPOAYKTIB, HITpaTiB, IIMHKY a30Ty Ta 0araTo IHIIMX 3a0pyIHIOBAdiB,
TOMY Taka BOJa HE BIJIMOBiJNa€ iCHYOUMM cTaHjpapraMm. CuTyallis CKJIaJHa HE TUIbKH B CX1JHHUX
perioHax YkpaiHu, /i€ 30cepe/KeHa BeJIMKa YacTMHA Ba)KKOi IIPOMUCIIOBOCTI, aje W Ha 3axo/l, Je
OYHCHI CTIOPYIU MOTPEOYIOTh 3aMiHU Ta KaIliTaJlbHOTO PEMOHTY.

OCHOBHOIO 1 HaAMBAXJIMBILNIOK YMOBOIO CTaJOT0 E€KOHOMIYHOTO 1 COI[aJbHOTO PO3BHUTKY
KO>KHOT 001acTi Ta YKpaiHU B IIJIOMY € OXOPOHA HAaBKOJIMIIHBOTO MPUPOIAHOTO CEPEeIOBUINA, TOMY
palioHabHE BUKOPUCTAHHS MPUPOJTHUX PECYPCiB Ta 30€peKEHHS €KOJIOTIYHOI OE3MEeKH € KUTTEBO

HEOOXI1IHOK [UIS KUTTEMISJIBHOCTI HACEIIEHHS.
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JOCAIJKEHHA E@EKTUBHOCTI ®JIOKYJIALII CTIYHUX BOJI
METAJIYPTTHHOI' O BUPOBHUIITBA

O. B. lllecronajsos, O. C. bpsinkin

HarmionanpHUM TEXHIYHUN YHIBEPCUTET «XapKIBChKHM MOJITEXHIYHUHN 1HCTUTYT», XapKiB, YKpaiHa

OOcAr CTIYHMX BOJ, SIKI CKUAAIOTHCS MIANPHEMCTBAMH YOPHOI 1 KOJBOPOBOI METaNmyprii,
csirae monan 1,27 mipa. M3/pi1<, 3 HUX Oimm3pko 500 murH. M3/piK — HEIOCTaTHBO ouuiieHux 1 150
MJIH. M3/pi1< — HEOYHIIEHHUX. YMOBHU YTBOPEHHS CTIYHHMX BOJ| BM3HAYAIOTh iX XIMIYHUH CKIaf 1
¢bizuko-ximivni BracTuBOCTi. L{i BmacTuBOCTI (hOPMYIOTECS 3aJI€KHO BiZl OCOOIMBOCTEH TEXHOOTIT
METaypriiHOr0 BHPOOHHIITBA, BUKOPHUCTOBYBAHOI CHPOBUHH 1 TEMIIEPAaTypH JJs IUIABKH, THUILY
IIUXTA 1 IHIIUX YUHHUKIB. 3MiHA BIACTHBOCTEH 3a0pyaHEHOI y BUPOOHHUOMY LMK BOJU
MIPU3BOAUTH J0 3HIKEHHS €)EKTUBHOCTI pOOOTH ICHYIOUHMX B OOOPOTHIM cXeMi OYHCHUX CHOPY/I.

KnacnyHO0 cXeMOI0 OYMIIEHHS IIJIaMiB € iX OCBITJICHHS B paJiaIbHUX 3ryIIyBadax i iHIINX
BIJICTIHHUX criopynax. J{Js migBUIICHHS] IIBUAKOCTI OCAPKEHHS 3BAKCHUX PEYOBHH 3aCTOCOBYIOTH
pi3HI MeTOAM XiMIYHOI IHTeHCU(DIKaIlil TPOLIeCy arjaoMepallii 4aCTUHOK, HAMPUKIIA, 32 JOMOMOTOI0
(bIIOKYISHTIB 1 KOATyJISHTIB, a 3TYIICHUH 11IJ1aM BiJIPABIISIOTh HA 3HEBOJHEHHS (DUIBTPYBAHHSIM.

[Ipouiec oumnmieHHs BUCOKOAUCIIEPCHUX LUIaMIB, OCOOJIMBO 13 3aCTOCYBAHHSIM PEAreHTIB JUIs
IHTeHCH(IKallli IPOIeCciB OcaIKeHHs TBepaoi (a3u, € 6araropakTOpHUM 1 HE 10 KIHI[SI BUBUEHUM.
CknasHiCTh BpaxyBaHHS 3MiHM Oe3idi MapaMeTpiB, BiJ SKUX 3aJ€XKUTh €()EKTUBHICTh
(GIOKYyIOYTBOPEHHSA, a OTK€ 1 IIBUAKICTh OCiIaHHSA (JIOKYJ, HPU3BOJUTH JIO 3HMKEHHS
€(EeKTUBHOCTI POOOTH OYUCHUX CHOPYA 1 HEOOXITHOCTI MPOBOAUTH JOJATKOBI JTOCIHIIKEHHS.
Haxainb, cborofHi €IMHUM J1I€BUM CIIOCOOOM HPOTHO3YBaTH poOOTY (DJIOKYJISHTIB B KOHKPETHHX
BUPOOHMYMX YMOBAX € EKCIIEPUMEHT 3 peabHUMU CTIYHUMH BOJIaMHU.

Mertoto nocnixeHHst 0yi0 nepeBipuTH eheKTUBHICT (DIOKYIOYTBOPEHHS B 3aJI€KHOCTI Bij
KOHIEeHTpauii TBepaoi ga3u y criuHiid Boal. JlocmikeHHsI MPOBOIMINCH POO1 HAa CTIYHOI BOJU
TICIISE MOKPOTO TAa300YMINEHHS OJTHOTO 3 JIF0UrX BHPOOHHUITB. [Ipu mabopatopHOMY TOCHTIIKEHHI
nporecy (QIIOKYJALIl IMIJIaMOBUX BOJ BUKOpHUCTOBYBanucs KaTioHHUH ¢GuokynasHT TOK-7. Pozunn
¢bnokynsHTIB rotyBaBcs KoHIeHTpauieo 0,05 % 1 mo3yBaBcst B MIpHHUH IMIIHAP LIIPHUIIOM.
BumiproBanHs KIHETHKH OCAPKEHHS MTPOBOJMIIACS B JIAOOPAaTOPHOMY MIPHOMY ITMITIHAPI 00’ €eMOM
500 mur ta miamerpom 50 mMM. IIBuAKICTh OcaKeHHsT po3paxoByBajiacs sSK BITHOIICHHS BiJCTaHi,
Ha SIKY 3MICTHJIacsl MeXa po3Ainy (a3 70 iHTepBally yacy, BATpaueHoro Ha 1ei 3cys. KonuenTpartis
MOYaTKOBO1 MPOoOU BUMIipIOBajach BarOBUM METOJIOM 1 KOpPEryBajach B IHTEpBajll KOHLEHTPAIH Bix

10 10 20 r/mm® (msixoM po30aBiIeHHS BOJIOI0 200 JT01aBaHHS CyXOTO THITY).
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Pesynbraty mocmipkeHHS HaBe[eH! Ha puc. 1. AHami3 pe3ynbTaTiB MOKa3ye, M0 MIBUAKICTH
ocimanHa (UIOKYJ 3aJeKUTh BiJ KOHIEHTpauii TBepaoi (asu muiamy, sika HE € JiHIHHOIO.
30UTBIIICHHS] KOHIIEHTPAIlil 3aBUCINX YACTOK MPU3BOAMWTH O 3MEHIIEHHS IIBHIKOCTI OCAKCHHS
TBEep101 (a3u K MPU OJHAKOBIM BUTpATI (HIOKYISHTY Ha 00’iM pinuHu (KpuBa 1) Tak 1 0JJHAKOBIH
BHUTpaTi (PIIOKYJISIHTY Ha OJUHUINIO MacH 3a0pyaHeHb (kpua 2). KpiM Toro, 1eil nmpukiaa Ha0uHO
imocTpye, mo n03yBaHHS (IOKYISHTY B MI/IM® BifMiuaeThcs OUTBIIOI BTPATOIO IIBUIKOCTI
oca/pKeHHs TBepnoi (a3 y pasi mepenany KOHIEHTpalii y criynii Boai. Lle roBoputs mpo Te,
KOHIICHTpallis TBepA0i (Ga3u B CTIYHIN BOI MOBUHHA IMOCTIHHO KOHTPOJIIOBATHUCS 1 BIAMOBIIHO 110 ii

KOJIMBaHb 3MIHIOBATHCS J03a peareHTiB.
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KoHuentpamia eepaoi dasu B cTHHI BOJL r/mr’
Puc. 1. PesynpraT 1oCIiHKeHHS MIBUIKOCTI OCIIaHHS TBEPIOi (ha3u
B U TOCTIMHINA BUTpaTi PIOKYISAHTY: | — IMBUIKICTH OCIIaHHS (QIIOKYI
npu go3yBanHs (rokynsaTa (0,05% po3urHy) B KimbkocTi 4 Ma/am°,

2 — MBHUIKICTh OCiaHHs (IIOKYJ PH 103yBaHH1 QIIOKysHTA B KijbKocTi 200 1/T.

Takum 4YMHOM, NPU PO3PAXYHKY KUIBKOCTI (UIOKYJSHTY JAJISl IOCSTHEHHS MEBHOI IIBUAKOCTI
OCiJJaHHA NUIaMy Il Yac OYHINEHHS CTIYHOi BOJM MOTPIOHO BUKOPUCTOBYBATU OUIBII TOYHI
MareMaTuyHi Mojieni (a00 CTaTHCTHYHI 3aJeKHOCTI, OTPUMaHI B X0/l JJAOOPAaTOPHHUX JTOCIIKEHb
pEaIbHOTO CTOKY) Ta IOCTIMHO KOPEKTYBAaTH BUTpATy pEareHTIB B 3aJIe)KHOCTI BiJl 3MIHH
napaMeTpiB CTiUHOi BOAM, TaKUX SK, HANpHUKIAJ, KOHIEHTpauis TBepaoi (asu. BcraHoBneHHs
3aJIe)KHOCTI BUTpAaTU (PIOKYISIHTY BiJi KOHIIEHTpAlli 3aBHCIMX YaCTOK Ta IHIIMX (AKTOPIB, SKi
BIUIMBAIOTh HA TIPOLIEC AarperaToyrBOPEHHs, a TaKoX po3poOka BIAMOBITHOT METOIUKH

Ja00paTOPHHUX TECTIB € MPEIMETOM HAITUX MOJATIBIINX JOCIIIKEHb.
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TEXHOJIOI'TA HIEPETBOPEHHS HA®TOLIJIAMY I IIVIAMIB BOJOOYHUIIEHHA

M. Borocaasenn, JI. Yeasiaun, 1. 3aciako

IBano-®paHKiBCHKUI HAIlIOHATBHUN TEXHIYHUM YHIBEpCUTET HaTH 1 razy, YkpaiHna

[Tponiecu (Pi3UKO-XIMIYHOTO OYMIICHHS CTIYHMX BOJ CIPUYHHSIOTH YTBOPEHHS 3HAYHOI
KUTPKOCTI IIIJJaMiB  BOJOOYMILIEHHS 33 PaxyHOK 3aBHCIMX Ta KOArylsHTiB. Y cHcTeMi
BojioniocTayanHs B [BaHo-®pankiBchKik oOmacti y 2017p yrBopuiocs 71,8 Tuc.TOH nuiaMy i3 HUX
Ha OYHMCHHUX criopyaax M. IBano-®dpankiBcbka 36,0 TuC.TOH, a Takok B M. HazasipHa 18,5 Tuc.ToH,
AKi 30epiraloTbCss Ha UIOBMX MONAX, Ta HapTouuiam 2,7 THC. y Ha(TOIIIAMOHAKOMUYyBadi
HadTonepepoOHOro 00’€KkTa, SKi 3a0pyIHIOOTH JMOBKULIL. IS TIEPETBOPCHHS IUIAMIB
BOJIOOUHMIICHHS MPOMOHYIOTHCS Pi3HI METOAM, HANpHUKiIald, CHAIIOBaHHsS, M00aBIeHHS B pi3HI
OyaiBeNbHI CcyMmilli, a HaTOIJIaMI BUKOPUCTOBYIOThCS IIEMETHOMY BUPOOHUIITBI SIK €HEpreTUYHa
Ta MiHEepaJibHa J00aBKa.

MeTo10 a0CTiTKeHb € CTBOPCHHS HOBOI CHPOBHHHOI CyMillli Ha OCHOBI HadrTommiamy ado
[IJIaMy BOJOOYHILIEHHS 3 IHITUMH TEXHOTEHHUMH 1 IPUPOJHUMU KOMIIOHEHTaMU Ta po3poOKa HOBOI
TEXHOJIOT1i TEepeTBOPEHHs OJepXkKaHOI CyMilli B MaTepiaid 3 NEBHUMM MOKa3sHMKaMM A iX
BUKOPHUCTAHHS Y EHEPTrOEMHUX BUPOOHUIITBaX ab0 B arpapHOMY CEKTOPI.

Jl1st mociiiKeHb BUKOPUCTOBYBAIM HA(TOIUIAMH 1 IIJITaM BOJIOOYHUINEHHS, SIKI CKIAAYIOThCS
Ha [TAT «HadronepepoOka», OCKIJIbKH BOHU YTBOPIOIOTHCSI HA OUHCHUX CIIOpPYJaX MpU OYMIIEHHI
Ha(TOBMICHUX CTIYHHMX BOJ I[LOTO 00’€KTa Ta KOMYHAIbHHX CTIYHHUX BoJ M. Hansipua. Cepenniit

KOMITOHEHTHHI CKJIaJl BUIIIEBKA3aHUX TEXHOTEHHUX Biaxo/iB Ta 301u TEL] HaBegeHo y Tabmmmi 1.

Taoanusal
KoMmoHeHTHHIA XIMIYHUI CKJIa[ TEXHONEHHUX BIIXO/IB Ta JO0OABOK
} H-0,
Kowmmonent, % SiO2 | Al2O3 | Fe203 | CaO | K20 | P2Os | Nzaran |[CxHy | =
1HII
3oima
55,4 | 215 11,8 2,3 2,2 _ _ _ 6,8
TEL]
Hadrouuiam
6,6 15 2,2 1,2 0,9 _ _ 57,5 30,1
amb6apHuit
Inam
1,9 15 0,3 0,09 | 0,02 | 0,12 0,17 _ 95,9
BOJOOYHILIEHHS

J71s1 3MEHIIIeHHs] €HEPTOEMHOCTI TIPOIIEC YTUITI3aIlil TUTaMiB BOJOOUYHUIIICHHS Ta HAQTOIIIaMiB

MIPOBOJIMIIN 32 HU3BKUX TEMIIEpaTyp 3 BUKOPUCTAHHAM TEXHOTEHHHX JJ00aBOK: 30JI0LLIAKY, CIIOIYK
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KaJIBIIi10, TICOJITY-KIMHOMNTUIONITY 1 1HIIMX TEXHOTEHHUX BiIXOMiB, 100aBOK. [lapameTpu mporecy
MEPEeTBOPEHHS HA(TOILIaMy YW [UIAMy BOJOOYMINEHHS BCTAHOBWJIM HA OCHOBI IUIaHYBaHHS
TBO(QAKTOPHOTO EKCIEPUMEHTY, KWW JO3BOJUB BCTAHOBUTU ONTHUMAJbHI CITIBBITHONIECHHS MiX
KOMITOHCHTaMH B CUPOBUHHIN CyMillll TEXHOT€HHUX BIIXOJIB JJIsI OJICpKaHHS TpaHyJl Marepiany 3
MEBHUMH TOKa3HUKaMH. J[OCIIDKEHHS 3 TIEPETBOPEHHS BUIIE BKAa3aHUX BiIXOJIB MPOBOIMIH 32
TaKow TexHosorieto. [lepira craais TeXHONOTII — e AUCHEepryBaHHs 1 3MIIIyBaHHS TEXHOTEHHHUX
BimxoiB(A), nutamy BomoountieHHs (b), kapbonaraux cnonyk (B), meomit (I') Ta 3B’s3yrouoro
komroHeHta (), a npyra — TrpaHyJdIOBaHHS 1 CyImIKa TpaHyd MpH IapaMmerpax Mporecy

MePETBOPEHHS, 1110 BKa3aHi B Ta01.2.

Taoaung 2
CriBBiTHOIIEHHS KOMITOHEHTIB, TapaMETPH MPOIECY Ta NOKa3HUKH MaTepiaiB
Ckuman cyminii, T [Tapamerpu [Toxa3Hukm 3pa3kiB
P | F|= [T d
1 348 | 164 | 208 | 9,0 | 19,0 60 1,0 1,38 597 38
3 1 399 | 139 199 | 116 | 14,7 63 1,0 1,76 585 33
5 | 376 | 150 | 224 | 12,0 13,0 68 1,0 1,22 612 31
6 | 346 | 189 | 245 | 106 | 114 70 1,5 2,22 574 34
9 | 339 | 158 | 20,8 | 144 | 151 73 1,5 2,89 568 35
11 | 254 | 14,7 | 20,2 | 159 | 23,8 76 1,5 2,22 521 39
14 | 28,2 | 16,0 | 25,0 | 14,5 16,3 88 1,5 1,83 619 33
17 | 30,4 | 145 | 234 | 153 | 164 85 2,0 2,02 534 37
19 | 25,7 | 151 | 22,3 | 16,8 | 20,1 81 2,0 2,31 608 36
21 | 26,4 | 158 | 245 | 17,4 | 159 81 2,0 2,11 615 32

[Tpumitka:npodbu 1-9 kommnonent b — nadTouutam, mpobu 11-21 xommoneHT b — nutam

BOJIOOYHIIICHHS.

3a pe3ynbTaTaMM JOCIHIKEHb OTPUMAIM TPaHYJIbOBaHI MaTepiajii 3 BKa3aHUMH B TaOJHUI
MOKa3HUKaMM TpaHys, [0 3ajJeKaTh BiJl BMICTY 1 CHIBiIHOIIEHHS KOMIIOHEHTIB Ta IMapaMeTpiB
00pOOKH CHPOBHHHOI CyMiIlli, $SKi MOXXYTh BHKOPHCTOBYBATHCh Yy arpOKOMIUIEKCI B SIKOCTI
MIHIOOpHMBa, BHPOOHHIITBI IIEMEHTY SK MiHEpaJlbHa Ta CEHEpProBMicHa J00aBKa 10 IIUXTH

LIEMEHTHOI CyMIllli, OCKUIBKH € SIKICHUMH 1 €KOJIOT14HO0E3IeYHUMH MaTepiaaMu.
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HIAT'OTOBKA HNIJI3EMHMUX 3AJII3OBMICHUX BO/JI
JUISA NIANTPUEMCTB TA HACEJIEHHA

C. O. Kynunpbkuii, O. P. Miuyra

HarmionansHuii yHIBEpCUTET BOJHOTO FOCIIOAAPCTBA Ta MPUPOJAOKOPUCTYBaHHS, M. PiBHe, YKpaiHa

Jlnst 3a0e3nedeHHs] HAceJeHHsA Ta MiJIPUEMCTB YKpaiHH BOJOKO 37e0UTBHIIOT0 BHKOPHC-
TOBYIOTh TTOBEPXHEBI Ta Mia3eMHi Jpkepena. Ilig3emMHi Boau MICTATh 3HAYHO MEHINE 3a0pyTHEHb
HDK IOBEPXHEBI, TOMY iX BHUKOpPHCTaHHS Mae ImpiopureT. ['ocnomapcbka IISUIBHICTH JIHOAMHU
MOTIipIIy€e SIKICTh BOJM OCHOBHHX JDKEpEN LEHTPATi30BAHOTO BOJOMOCTAYaHHSA. TOMy, 3aXHCT
JDKEpeT BOZOIMOCTAa4YaHHS Ta MOKPAIICHHS SIKOCTI BOAW — HAMBAXIJIMBINIL 3aBJaHHS HAPOJHOTO
rOCIHOJapcTBa.

Oco0nMBOCTI CKIIy MiJ3€MHUX BOJ MOSCHIOIOTHCS YMOBaMHU ix ¢opmyBaHHs. [Ipu koHTaKTi
MiA3€MHUX BOJI 3 OTOYYIOUMMH iX TipCBKUMHU HMOPOAAMH, y BOAY HAAXOIATh XIMIiYHI €JIEMEHTH, 3
SAKHUX CKJIaJIeH] i mopoan. 3aji30 pO3UMHAETHCA Mi3EMHIMHU BOIaMHU B MICIISIX, Ky/Id HE TIPOHHUKAE
KHCeHb. B MiclsixX, Kyan Mae JOCTYIl KHCEHb, 3al1i30 3HAXOAUTHCS B OKUCIEHOMY, HEPO3YMHHOMY
CTaHi. 32 BMICTOM KHCHIO y BOJIl PO3Pi3HATH /1Bl 30HH: 30Ha aepallii i 30Ha pO3YMHEHHS 3ali3a.

[Ipu 3He3ai3HEHH] MiI3eMHUX BOJI Ta iX Jierasaiii Mo>XyTb OyTH BUKOpPHCTaH1 Oe3peareHTHi,
peareHTHi, KaTIoHOOOMIHHI Ta O10XiMiuHI MeToAu. [|ysi BOJ 13 HEBHCOKHMMH 3HAYEHHSMH BMICTY
samiza 10 5 mr/am® ta pH 6iteme 6,5-7,0 JOLIIBHO 3aCTOCOBYBATH OE€3PEATCHTHUH METOJ B
MOEJHAHHI 31 CIIPOIICHOIO aepalielo Ta (IITPYBaHHAM, TOOTO KOHTAaKTHE 3HE3aJII3HEHHS.
TexHomOrisl FOTO METOAY 3aKIIOYAEThCS B HACHYCHHI BOJAW KUCHEM TIOBITPS, SKUH OKHCIIOE
JIBOBAJICHTHY ()OpPMY PO3UMHEHOIO 3aii3a 10 TPUBAJIEHTHOI 3 MOJAJBIINM (QUIBTPYBaHHSIM Kpi3b
¢inbTpyrode nopucre cepenopuie. OKUCIEHE 3a1i30 KOAryJIIO€ThCs Y IIIACTIBLI Ta aJcopOyeThes
Ha TIOBEPXHI I'paHy/l 3aCHUIIKH, YTBOPIOIOYM TaK 3BaHy «3ali3UCTy IUTiBKY». [Ipu 3He3anmizHeHHI
BOAM BaXJIMBE 3HAUYEHHA Ma€ BHUJA (QUIBTPYIOUOi 3aCHNKM Ta ii XapakTepucTuku. B skocTi
G1IBTPYIOYOi 3aCHIIKM MOKHAa BHUKOPHUCTOBYBATH KBaplLEBUN MICOK, IIEOIHb, KEPaM3HUT, LEOJIT,
arJonopuT, aHTPALUT, MIHOMOIICTUPOIL.

B mpaxTuii BOJOOYMCTKH, 3aCUIKHU MPHHHATO MOAUISTH HAa BaXKKi Ta JIeTKi, a0 Tak 3BaHi
«UTaBalOvi», TYCTHHA SKUX MEHIIAa TYCTHUHH BOAM. PI3HOBHIOM TakuMX 3acHUIOK € came
nmiHonoicTupost. s inbTpiB, 3aBaHTAKEHUX BAXKKUMH 3aCHUIIKaMH, HEOOXITHO mepeadavyaTu
HOiATPUMYIOYI TpaBiifHI IIapu, IPEHAaXHI CHCTEMM, NPOMHBHI Hacocu. DuIbTpu, 3aBaHTaXeHi
«IUIaBAIOY0I0» 3aCUIKOI0 TPOCTIMI Ta JemeBlli B ekcruryaramii. [liHOmomiCTHpOIbHY 3acHIIKY
OTPUMYIOTH IIUIIXOM CHIHIOBaHHS MIHOIOMICTUPOILHOTO Oicepy Tapsvoi0 BOJOKO, MAapOM, TapsuuM

MOBITPSIM, HAMPYrol0 BHUCOKOI dYacTOTH. HalOumbIml MUPOKO MNPAKTUKYIOTh CIIHIOBAaHHSA TIPH
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temrieparypi 98-100° C 1 kurustuoro Boor0. JliaMeTp rpaHyil 3aJIeKUTh Bl TPUBAJIOCTI CITIHIOBAHHS.
J11s1 MHOMOIICTUPOTY XapaKTepHa JOCUTh JOOpe pO3BUHYTA ITUTOMA TTOBEPXHS TPaHYIL

[TiHOTIOMICTHPOIT B SIKOCTI 3aCHIIKH MOK€ BUKOPHCTOBYBATHCS SIK Yy CTalllOHAPHHUX (DiTbTpax
CTaHIIIA 3HE3aTI3HCHHS Tak 1 B O6amTax POXKHOBCHKOTO B SIKOCTI (piIbTpyrouoro eneMmeHry. Jlocsin
BUKOPUCTAHHS MIHOMOJICTUPOJIBLHOI 3aCHUIIKM Ul 3HE3aJI3HEHHS BOJAM € Ha BOJOMPOBIIHHUX
cTaHIigx PiBHeHCBbKOI, XMenbHUIIBKOI, Binauipkoi, JloHenpkoi Ta KwuiBchkoi obOmacteit. Ha
JOCTIPKEHUX CIIOPYAax SKICTh BOAM IiCTIsl OYUCTKH BiJIOBiIala HOPMAaTUBHUM BUMOTaM.

Ha moBepxHi 3epeH 3acunku «wiiBka» wmae Bifg 8...30% nBoBanenTHoro 3amiza ta 70...90%
TPUBAICHTHOTO 3aii3a. [Ipu HasBHOCTI y BOJI CIPKOBOJHIO Ta KPEMHI€BOI KUCIOTH B CKJIAJ IJTIBKU
Moxe Bxoautu 10 10% cynwediny 3amiza, BUIbHOI cipku, cwmikariB. [Ipu mpomuBanHI ¢inbTpa,
TUTIBKA HE 3MHUBAETHCS 1 B MOJANBIINX (UIBTPOIMKIAX CIYXHTh SK Karaji3aTop, aje 3aTpuMaHi B
nporeci GiIbTpyBaHHS HOBI MOPIIi MAPOKCUAY 3aj1i3a BUMUBAIOTHCS] IPOMUBHHUM MTOTOKOM.

[IpoBeneni pocmimkeHHs Ha [omaHckkOMy BOJOOYMCHOMY KoMiuiekci (cmt [omia,
PiBHeHCBKA 00J1aCTh) 3HE3ANI3HCHHS BOJM HA MIHOMOJIICTHPOJILHOMY (PUIBTPI B PI3HUX PEKUMAX
GbinbTpYBaHHS MOKa3and NOTPeOy B PEKOHCTPYKIIi JIF0YOTO BOAOOYMCHOTO KOMIUIEKCy. Boma y
CBEpP/UIOBHHAX BO/103a00py 32 MOKa3HUKAMU SKOCTI HE BIAMOBiIa€ AIFOYMM HOPMAaTHBHUM BHUMOTaM
JI0 TINTHOI BOAM ¥l CTAaHOBHUJIA MO 5 mr/ame. B 2011 poui Oyno yknageHo aorosip Ne3-107
«BrnockonasneHHss poOOTH cTaHIl 3He3adi3HeHHs ['omaHcbkoro paiioHy B cMmMT [oma» Ha
3amoBieHHs POBKII BKI' «PiBHeoOnBogOKaHam», 3TiAHO MPOEKTY PEKOHCTPYHOBAHO CTaHIIIIO
3He3aNi3HeHHs Ha 1000BYy NpoAYKTUBHICTh 1700 M3/106, mpuaomy 900 M3/106y — woTupu BinsTpu
niamerpom 1400 mm (I uepra), Ta oaue GineTp giamerpom 2500 MM Ha 800 M/106 (11 gepra).

3He3ali3HeHHsI BOJIH 32 3aIPOITOHOBAHOK TEXHOJIOTIYHOIO CXEMOIO 3/IIHCHIOETHCS HACTYITHUM
guHoM. [lig3emMHa Boga TpyOONpOBOJOM MOTpAILIsE B aepaTop, /i BiAOYyBa€ThCS HACUYECHHS BOJIU
KHCHEM TIOBITPSI JUIsl OKHCJIEHHS JBOBAJIEHTHOIO 3ajli3a B TPHUBAJCHTHE, BUIAJICHHS BUIbHOL
BYTJIEKUCIIOTU Ta CipkoBOAHIO. [IpoMuBaHHS GiIbTPIB 3A1HCHIOETHCS 3BOPOTHIM IOTOKOM BOJU
OJIMH pa3 Ha 100y. SIKICTh BOAM BIAMOBIAaIa IFOYMM HOPMATUBHUM BHMOTaM.

VY 2018 poui, micng 6 pokiB eKcIulyartamii sSKicTh ¢inbTpaTy crama mnoripuryBatucs. Lle
3YMOBJICHO 3POCTAaHHSM BOJOCHOXKHBaHHS, OCOOJIMBO BIITKY, B O€370IIOBI MEpioJu — Ha IOJIUB
MpUCAIUOHNX IUISIHOK Ta MPUOYIWHKOBHUX TepuUTOpid. PimeHHsSM B AaHiil cutyamii, micis psgy
MPOBEJICHUX EMITIPUYHHUX JOCITIIKEHb, OYJI0 3alpONOHOBAHO MPOMHUBATH BOJOOYHMCHI (QUILTPU HE
yepe3 KOKHUX 24 ronuHH, a uepe3 16 rogus. Kpim Toro, 6yiio BCTaHOBIEHO AOAATKOBUM pe3epByap
yucToi BOAM, IO J03BONMJIO Oe3nepebiiiHO 3abe3rnedyBaTH CIIOKMBAYiB SKICHOIO BOJAOIO B
MOTPiOHIM KIJTBKOCTI.

OTxe, 3amporoHOBaHAa TEXHOJIOTIS JO03BOJISIE JOCUTh €(PEKTUBHO 3aTPUMYBATH CIIOIYKH

3aji3a i OUMIIYBaTH MiA3€MHY 3aJ1i30BMICHY BOJly 1O HOPMATHBHUX MOKa3HHKIB.
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3AXO/JIM HITOA0 SMEHINEHHSA BIVIMBY JICOBUX ITOXKEX HA CTAH
MNOBEPXHEBHUX BOJ
O. Pubasosal, O. Bpuragal, M. Capaninal, A. Manak?, K. IluTaimsini’
'HanionanbHuii yHiBepcHTET MUBiIBHOTO 3axucTy YKpainu, 2HaykoBo-I0CIiHA yCTaHOBA

«YKpalHCbKHI HAyKOBO-TOCTITHUHN IHCTUTYT €KOJIOTTUHUX TPOOIEM»

B cydacHux ymMoBax 3MiH KJIiMaTy HIOPIYHO 3HAYHO 301IBIIYETHCS KIBKICTh JIICOBUX MOMXKEXK
B YCbOMY CBITI, 1110 BUMAara€ HeraifHOro MPUMHATTSA 3aXO[iB IIOAO0 MiHiMi3alii iX HACHIJIKIB IS
NpUPOJHHUX eKocucTeM. B YkpaiHi B cepenHboMy Ha pik BimOyBaeTbes OMM3BKO 3,5 THC. JTICOBUX
MOYKEXK, SIKI 3HUIIYIOTh OUTBINE 5 THUC. TEKTaPIB JIiCY.

JlicoBi mokeski HEraTUBHO BIUIMBAIOTH HAa BC1 KOMIIOHEHTH MPUPOAHOI EKOCUCTEMHU, 0COOIMBO
Ha 3a0pynHeHHs aTrMoc(hepHOro MOBITPSA, MIA3EMHUX 1 TOBEPXHEBHX BOJ, IPYHTIB, BTpaT
010pi3HOMAHITTS 1 3MiHH MIKPOKIIIMATY.

Jlic Bimirpae ayxe BaXIHMBY POJib Y GOPMYBaHHI PIYKOBOTO CTOKY. JIiCOBI MOXEXKi HE TLTBKU
3HMILYIOTh 3HAYHI1 TUIOIII JIiCIB, TAKOX MOBEPXHEBI BOJAM BUKOPUCTOBYIOTH ITiJl YaC TaCIHHA MOXKEK,
0 0COOJIMBO HEOE3NMEeYHO BIITKY. 3 OAHOro OOKy, came B Iel MepioJl poKy 30LIbIIYeThCS
IMOBIPHICTh BUHUKHEHHS IMOXKEX, 3 1HIIOro OOKy, caMme B JITHIO MEXEHb 3a0ip BOAM 1 CKHUJIAHHS
3a0pyJHEHOI BHACTIZAOK IOXKEKOTAaCIHHA HEraTHMBHO BILJIMBAa€ HAa EKOJOTIYHMM CTaH pPIYoK, IO
0c00IMBO HEOE3NMEeYHO AN MaluX pidoK, 00 MOXe CTaTH NPUYMHOI0 3MEHIIEHHsA iX CTOKY 1
IIPU3BECTU HABITH 710 3arubelti BOJIOTOKIB.

3 MOBEPXHEBHUM CTOKOM 3 JIICOBHX MAacHBIB HICI/I MOKEX1 MOTpAIUIsie€ B MOBEPXHEB1 BOJHI
00’€KTH BeNMKa KUIbKICTh 3a0pyIHIOIOYUX PEYOBHH, TOMY BIIPOBAKEHHS 3aXOJIB IIOJO
3MEHIIIEHHS 1IbOTO0 HETaTUBHOTO BIUTUBY Ha (OpPMYBaHHS BOJAHHX EKOCHCTEM € HaJ3BUYANHO
aKTYyaJlbHOIO 33/1a4€I0.

Meroro 11i€i poOOTH € po3poOKa MPOMO3HUIIA MO0 3MEHIICHHS HETaTUBHOTO BILUIUBY
MOTPAIUISIHHS IOBEPXHEBOTO CTOKY Y BO/IHI 00’ €KTH BHACIIIOK JTICOBUX MOXKEXK.

JUis TYUIiHHS MOXEX YacTO BHKOPUCTOBYIOTH PO3UYUH, SKHHU € MyK€ TOKCUYHUM 1 MICTUTh
BEIIMKY KUTBKICTh 3a0pyIHIOIOYMX pedoBMH. HailOinmbIn mommpeHi BOTHETacHi 3aco0M MICTATh
BOJHI po3unMHU OikapOOHATy HATPiIO, XJOPUIIIB KaJbIIO 1 aMOHito, TiaydepoBoi com Ta iH. B
OCTaHHI POKH B SIKOCTI 3ac00IB TaciHHS TIOKEX 3aCTOCOBYIOTH TMOPOIIKOBI CyMiIll Ha OCHOBI
HEOpraHiYHUX coJiell yXHuX MetaniB. Lli comi, Bumamaroum B ocaj 3 BOAHOTO PO3YUHY,
YTBOPIOIOTH 130001 TUTIBKM HA TIOBEPXHi, MOTPAILISIOTH B TPYHT, MiA3€MHI BOJIYU 1 3 JIOIIOBUM

CTOKOM 3a0pyIHIOIOTh BOAHI 00’ €KTH.
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Jlns BU3HAUEHHS BIUIMBY JIICOBHX MOXEX Ha 3a0pyIHEHHS IPYHTIB BaXXKUMH MeTajlaMu
BimiOpaHi mMpoOu IPYHTIB JO Ta MICIS MOXKEXi. SIK MOKa3ylOTh PO3PaxyHKH, JO JIICOBOI MOXKEKI
piBeHb 3a0pyJHEHHS IPYHTIB 3a OI[IHKOIO IHTETPaJbHOTO TIOKa3HWKAa 3a0pyIHEHHS IpPYHTIB
BaxkuMu Metanamu (IS) Biamosimae 3 kiacy (3a0BUIBHHMI CTaH), MICS MOXKEXKI 1EH MOKa3HUK
BIAMOBIIa€ 5 Kiacy (AyKe MOTaHMI CTaH).

OnHUM 3 HOBUX MiAXOJiB, L0 BUPILNIYIOTH NPOOJIEMY OUYHWIIECHHS IOBEPXHEBHX BOJ, €
BHKOPHUCTAHHS «JIOIIOBUX cadiB» abo Oiorpanmeid (MynpaiB). L{i ciopyau mpeacTaBisiitoTb o000
HEBEJIMKI, KOMIAKTHI INTy4YHI NOrNIMONeHHS pi3HOI (opMU 1 po3MipiB. 3amporoHOBAaHO
YIOCKOHAJICHHS IMX CHOPYA MUIAXOM 3aCTOCYBaHHS PIZHOTO THITY (QUIBTPYIOUMX HACaIOK:
MHOMOJIYPETaHOBI TPaHYNM, BalHAKOBI TpaHynu, 0a3albToBa KpUXTa 1 JaepeBHa THpca. Bci
3aIpOMOHOBAHI THITM HACAJIOK € MIPOMUCIOBUMH BiJIXOAaMH, IO JAaCTh 3MOTY BUPIIIUTH IpoOiIeMy
yTumi3anii BiAX0A1B 1 3MEHIICHHS X TUCKY Ha HABKOJIUIIHE MPUPOJHE CepeAOBUIIE. TakKuM YHHOM,
OJIHOYACHO BUPIIIYIOTHCA JB1 BaXKJIMBI MPOOIEMU: YTHIII3aIlisl MPOMHUCIOBUX BiJIXOJIB 1 OUMILEHHS
MTOBEPXHEBOTO CTOKY.

[IpoBeneHi excriepuMeHTaIbHI JOCHIKEHHS MOKa3alld, 1110 HaOIIbIINNA BIICOTOK BHIIYUEHHS
pO34YMHEHO1 opraniku MaroTh AepeBHa tupca (XCK — 86% 1 nadbronponyktu — 98%), nani iayrsb
rpanymu [ITY (XCK - 83,5% i nHadTompoxykti — 96%), motim 6a3anproBa kpuxta (XCK — 68,6%,
Hadronponyktn — 93%) i Banmsk BignoBimHo (XCK - 59%, nadrompomyktn — 89%).
EdexTuBHICTh yTpUMaHHS 3BaKEHUX PEUOBUH jaocsirae 98%.

Mynbau, sSiKi 3aCTOCOBYIOTBCS JUIS JIOKaJTi3allii Ta 3MEHIIEHHS HaIXOKEHHS TTOBEPXHEBOTO
CTOKY JI0 BOJAHHUX O0’€KTiB, 3HAMIUIM CBOE MPAaKTUYHE 3aCTOCYBAHHSA B 0ararboX €BPONEHCHKHUX
KpaiHax 3aBJsIKU €KOJIOTTYHIN e(eKTUBHOCTI, IPOCTOTI Y BUKOHAHHI Ta €KOHOMIYHIN J1OCTYITHOCTI.
Ane cimii BpaxoBYBaTH, IO JOIIOBI CTIYHI BOJM MICIS JIICOBUX MOXKEX MICTATH OUTBITY KUTBKICTh
OpPraHiYHMUX 1 TOKCHYHHMX 3a0pyJHIOIOYMX DPEYOBMH B TMOPIBHSAHHI 3 IMOBEPXHEBUM CTOKOM 3
ypOaHi30BaHUX TepuUTopiil. ToMy MPOMOHYEMO 3aCTOCOBYBATH JIOJATKOBO METOH (iTopememiarlii,
0 JacTh 3MOry OOMEXHTH HAJXO/DKEHHS 3a0pyJHIOIOYMX pEYOBUH B TPYHT, MiJ3eMHI 1
MOBEPXHEBI BOAM. AJie Taki METOIM NOTPeOyIOTh TOJATKOBHUX MAOCHIDKEHb MIOAO BUOODPY
pocIuH-(pITOpEMEIIaHTIB Ha OCHOBI aHaJII3y IPYHTY Ta MiA00PY POCIMH, K1 34aTHI aKyMYJIIOBaTH
MaKCUMaJIbHY KUJIBKICTh 3a0pyIHIOIOUYMX pedoBUH. Po3poOka ontumanbHoi cxemu (itopemesiarii
nepeabdaydae miagoop BUIOBOTO CKIAAY POCIWH, K1 HAHOUIBII MiIXOAATh ISl YCYHEHHS JJAHOTO TUITY
3a0pyJHEHHS i BIAMOBIIAI0Th IPYHTOBO-KJIIMAaTHYHUM YMOBaM, BU3HAUEHHS CXEMH MOCAAKHU, BUOIp
HEOOXITHUX arpoTeXHIYHUX 3axo0/iB. HeoO0XiIHO TakoX BpaxOBYBAaTH MOPOAM AEPEB, MPUPOIHI Ta
nauamadTHI 0COOIUBOCTI JIicy, 1HGUIBTpAIIiHI XapaKTePUCTUKHN TPYHTIB, TIPOTHO3 3MiH KIIIMATY,
YMOBU HAJXO/DKEHHS TOBEPXHEBOTO CTOKY B PIUKH. 3aCTOCYBaHHS TaKOi CXEMH OYHMIICHHS
MTOBEPXHEBOT'0 CTOKY IICIISL JIICOBOT MOXKEX1 JAaCTh 3MOTY 3aXMCTUTH BOJHI 00’€KTH 1 IPYHTHU BiX

3a0py/THCHHS.
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ITOKA3HHUKH BIIVIMBY EKOJIOTTYHOCTI BUPOBHUILITBA HA
®IHAHCOBO EKOHOMIYHM CTAH IIAIMTPUEMCTBA
KII « 2 KOBKIBCBKE BUPOBHHUYE YIIPABJITHHA BOAOIIPOBIJHO-
KAHAJIBAIIMHOTO T'OCIIOJIAPCTBA» M. ’KOBKBA

K. P. KoxaneBuu, X. I. 'osioi0BCcHKA

Hamionanbnuit yHiBepcutet «JIbBiBChKa NoMiTEXHIKaY, JIbBIB, YKpaiHa

Po3paxyHok mokasnukiB ¢inancoBoro crany mignpuemctBa KII «OKoBkiBchbke BuUpoOHHUE
yIpaBIiHHSA BOJAOMPOBIIHO-KaHAI3aliiMHOrO rocrnoaapctBa»» M. JKoBkBa, JIbBiBChbKOi 00iacTi
MIPOBOJIMBCS HA OCHOBI OyXTanTepchbkoi (hiHaHCOBOI 3BITHOCTI.

AmnHaini3z MaifHOBOTO CTaHy MiJNPUEMCTBA TOKa3aB, HIO CTYIIHb 3HOCY OCHOBHHUX 3ac00iB
301mbIIMBCS 32 TpH POoKU. [Ipo Taky HeraTMBHY TEHIEHIIIO CBIIYMTH MOKa3HUK KOe(]illieHTy 3HOCY,
o 36inpmuBcs 3 0,649 y 2016 poui no 0,665 y 2018 pomi. KoedimieHT nmpugaTHOCTI OCHOBHHX
3aco0iB BinnmoBigHO HaBmaku 3MeHmmuBces 3 0,351 y 2016 poni go 0,344 y 2017 poui, a 'y 2018 pori
1o 0,335. [llo cBiAYMTH PO 3MEHIIICHHS YaCTUHU HOBHX OCHOBHHUX 3aCO0IB BiJI HAABHUX Ha KiHEIb
3BITHOTO mepioy. BpaxoByrouu, o JOCHiKyBaHe MiANPHEMCTBO, € KOMYHAJIBHUM IiITPUEMCT-
BOM, II0 HAJa€ MOCIYTd BOJOMOCTaYaHHS Ta BOJOBIABEACHHS, 30UIbIICHHS KOe(illi€EHTY 3HOCY
OCHOBHHMX 3aC001B CBITYUTH PO rOCTPY HEOOX1IHICTH OHOBJIEHHS BOJIOIPOBIIHUX MEPEK.

3HaueHHs Koe]ilieHTa 3araibHOil (MoToyHOi) mikBigHOCTI B 2016-2018 pp. 3HaX0AUTHCS B
MeXax JOMmycTUMUX HOpM (Oinbie 1, Ta menme 2). Jlaauit koedimienT y 2018 pori 3pic 10 1,364 B
nopiBHAHHI 3 3HaueHHsM 1,145 y 2016 poui. KoeoimieHT TepMiHOBOI JIIKBIAHOCTI MOKa3ye, AKY
YaCTUHY NOTOYHMX 3000B’A3aHb MIANPHUEMCTBO CIHPOMOXHE MOTaCUTH 32 PaXyHOK HaMOLIbII
JKBIIHUX OOOPOTHMX KOIITIB, (PIHAHCOBUX 1HBECTHIIIM Ta KpeaIUTOPChKOI 3a00proBanocti. Bin mae
Oytu Oinpmnii 3a 1. B 2018 porii meit moka3HUK 3HAYHO 3MEHIITUBCS B MOPIBHSIHHI 3 3HAYCHHSIMU B
nornepeaHi poku 1o 0,751, mo 36inbuImio (GpiHaHCOBI PU3HMKH, MPOTE HE J0 KPUTUYHOTO CTaHY.
KoedirienT abcomoTHOI (TpOIIOBOi) JIKBIAHOCTI € HAMOUIBII KOPCTKUM KPUTEPIEM JIIKBIIHOCTI
MIIMPUEMCTBA 1 TIOKa3ye, Ky YaCTHHY KOPOTKOCTPOKOBHX 3000B’s3aHb MOXKHA 3a HEOOXI1THOCTI
noracut HeraiiHo. KoedimieHt nokasye, mo B 2016 pori maumme 2%, B 2017 porti — 9,4%, B 2018
potti nuiie 6;1u3bko 7% MOTOYHUX 3000B’s3aHb MIJMPUEMCTBO MOTJIO MOTACUTH CBOIMHU KOIITaMHU
HeraiHo, 110 HE BiJIMOBI/Ia€ HOPMATUBHOMY 3HAUYEHHIO JIAaHOTO MOKA3HUKA, K€ MA€ 3HAXOJAUTUCH B
Mesxkax Big 0,2 mo 0,25.

Takox crocTepiratloThCsi MO3UTUBHI TeHeHIli. Ciia BI3HAYNTH, 110 TOKa3HHUK (hiHAHCOBOI
He3aIeXKHOCTI € O6umbmuM 3a 0,5 1 mpoJeMOHCTpyBaB He3HauHUH picT. Taka TeHAEHIis TOBOPUTH
Ipo Te, II0 MUTOMAa Bara BJIACHOTO KalliTaly B 3arajbHiii cyMi 3aco0iB, aBaHCOBAaHMX Y HOTO
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TismeHICTB 3pocTae. KoedimieHT ¢iHaHCOBOT 3aJIEKHOCTI € MEHIIIMM 3a 2 1 TEHJEHITIS 10 3HIKCHHSI,
10 TAKOX € TIO3UTUBHOIO XaPaKTEPUCTUKOIO.

Pesynpratn  aHamizy [OiOBOi  AKTUBHOCTI  MIJNPUEMCTBA B IIJIOMY TO3UTHUBHO
XapaKTEepU3yIOTh mianpueMcTBo. KoedirieHTn 000pOoTHOCTI aKTUBIB O€3M1OCEPEIHbO BIUIUBAIOTh HA
(hiHaHCOBI pPE3yNbTaTH MJiSTIBHOCTI MIANPHUEMCTBA, WOTO TUIATOCIIPOMOXHICTh. SIK pe3ynbTar
MPUCKOPEHHSI 00O0POTY BUBUIBHIOIOTBCS MarepiajibHi €JIeMEHTH OOOPOTHHMX AaKTHBIiB (MEHIIEe
noTpiOHO 3amaciB CUPOBHHM, MaTepialiB, MajvBa Ta iH.) 1 TAKUM YMHOM 3MEHIIYIOTHCS 3aTpaTH,
1oB’s13aHi 3 iX 30epiranHsaM. [Ipu 11bOMy BUBUIHHIOIOTHCS TPOIIOBI KOIITH, K1 OYyJIM BKJIaJCHI B 11l
3aracu, 110 BPELTI—pelIT CIPUITUME MOKPAIeHHIO ()iIHAHCOBOTO CTaHy MiIPHEMCTBA.

KoeimieHT 060poTHOCTI 1e0ITOPCHKOT 3a00proBaHOCTI 3pic 1 ko y 2016 pori BiH cKiIagaB
1,66, To B 2017 pomi ¥oro 3HadeHHs 30imbImIoCh 10 1,95, a mepiog 060poTHOCTI 1e6ITOPCHKOT
3a00proBaHocTi HaBmaku 3MeHIuUBCs 1 B 2018 poui ckimanae 167,2 auiB. KoedirienT 000poTHOCTI
KpeAUTOPCHhKOi 3a00proBaHOCTI MOKa3aB, MIO0 IIBUAKICTE OOEpTaHHS KPEAUTOPCHKOi 3abopro,a-
HOCTI Ha MiAMPUEMCTBI ITiIBUIINAIACS.

[To3utuBHUM € 30UTBIIEHHS KoedimieHTy 000poTHOCTI 3anaciB 3 35,42 y 2017 pomi o 42,38
y 2018 pori. 3MeHIIEHHs TPUBAIOCTI OOOPOTHOCTI 3amaciB € XOpOIIo0 TeHaeHli€e, B 2017 poi
TpHUBaJICTh 000pOTHOCTI 3amaciB Oyma 8,52 nHiB, a B 2018 — 7,32 nHiB. Takox 3MeHIIMIAaCh
TPUBANICTh 000POTHOCTI 000pOTHUX 3aco0iB 3 169,03 nHiB y 2017 poui o 145, 97 nuis y 2018
poui. KoediieHT peHTabenpHOCTI MPOAYKLII MOKa3ye CKUIBKU MPUOYTKY MpUIlaa€ Ha OJMHUIIO
cobiBaprocti mpoxykuii. B 2016 — 2017 pp. KII «KoBkiBcbke BUPOOHMYE yIpaBIIiHHSA
BOJIONPOBIIHO-KAaHAMI3allIHHOTO0 TOCHoJapcTBay Oylio peHTa0eNbHUM MiANpUEMCTBOM, Ta B 2018
poIli peHTA0ENbHICTh 3HAYHO 3MEHIIMIACh. 30KpeMa, B 2018 porii Bij’éMHOT0O 3HAYEHHS JAOCATIN
TaKi MMOKa3HUKH K peHTalenbHICTh BiIacHoro kamitaty (—0,005), yncta peHTabenbHICTh MPOJaKiB
(-0,012) Ta wuywmcra peHTabenbHICTH BUpOOHHUIITBA ckiagae —1,703%. Ile cBiguuth ™pPO
HECTAaOUIBbHICTh FOCIIOIAPCHKOT NiSTILHOCTI MIIMPUEMCTBA 1 MPUOYTKY BiJl OCHOBHOI AiSTBHOCTI.

Takum 9MHOM, TPOBEJICHUHN aHaJI3 T03BOJIUB AIMTH BUCHOBKY, 110 BIPOJIOBK OCTAHHIX POKIB
3HIJKEHHSI PEHTAa0eNbHOCTI AISUIBHOCTI MIANPUEMCTBA TIOB’A3aHE 13 3POCTaHHSM COOIBapTOCTI
MPOAYKIIT 32 OJTHOYACHOTO 3MEHILIEHHS KUIBKOCTI MOCJIYT BOJONOCTaYaHHs Ta BOJIOBIIBEICHHS, 110
HagaroThcs. Takox oriHeHud ¢inancoBuii craH mianpuemctBa KII «KoBkiBcbke BUpOOHHUE
YIOPaBIiHHSA BOJONPOBITHO-KAHAI3AIMHOIO TOCIOAApCTBa», SK pe3yiabTaT [ii 3a3HaueHux
(dakTopiB. Pe3ynbratu aHamizy cBiuaTh Mpo Te€, 0 MAWHOBHUH CTaH, a caMe CTYIIHb 3HOIICHOCTI
OCHOBHUX 3ac00iB 30utbmuinack. OCHOBHUMH TPHYMHAMHU TaKOl CHTyallli € HeIOCTaTHBO
e(peKTHUBHE MPUPOJOKOPUCTYBAHHS Ha MIANPHEMCTBI. 3a TakuX OOCTaBUH MOTpeOye HEraiHoi
pO3pOOKH Ta BIPOBADKEHHS CHCTEMa 3aXOJiB MO0 MiABUIIECHHS €()EKTUBHOCTI MPHUPOIOKOPHC-

TyBaHHS Ta OXOPOHH HABKOJIMIITHLEOT'O CEPEIOBHUIIIA.
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MOHITOPHHI CKHUJIIB CTIYHHAX BOJ ’KOBKIBCHbKOI'O PAHOHY VY 2018 POIII

0. 1. T'oaonosebka, O. H. Ky3b

Hamionansnuii yaiBepcutet «JIbBiBChbKa nomitexnika», JIbBiB, Ykpaina

ChOrofHINIHS €KOJIOTIYHA CHUTYyaIlisi B paloHI XapaKTepHU3yeTbCs MpobdieMaMu, sKi
MOPOJIKEHI JIeCATKaMU POKiB ToMy Ha3aa. OCHOBHUMHU 00’ €KTaMu, SIKi MOTPEOYIOTh MOHITOPHUHTY €
MICIsl CKHUJAHHS CTIYHUX BOJ MICT, CEJHII, CUIbCHKOTOCIIOAAPCHKUX KOMILUIEKCIB, CTIYHHX BOJI
OKpeMUX HiANPHEMCTB.

MoniTopuHr cKkuiB cTiyHUX Boj JKOBKiBChKOrO paiiony y 2018 p. mpoBoAMIUCS TIPOTATOM
poky Ha 11 mimmpuemcrBax. bBymo mpoBeneHo 23 KOHTpOJIBHHX 3aMipu Ha 12 Bumyckax. Bceworo
BUKOHAHO 322 KOMIIOHEHTOBM3HAY€Hb, 32 SKMMU BCTAaHOBJICHO &1 MEpPEBUILEHHS AOMYCTUMHUX
HopMatuBiB (25,1%). I3 mocmimxkyBanux 11 miampueMcTB Ha 5 mignpuemcTBax Oynu 3adikcoBaHi
MIEPEBUIICHHS J103BOJICHUX I'PAaHUYHO — JJOITYCTUMHX CKHUJIB.

3okpema, Ha KII «Bons- Buconpke KoMyHanbHE rocnofapcTBo «BHTSA3b» BUSBICHO
nepesunieHHss ['JIC mo a3oTy aMoOHIHHOMY, CyXOMY 3aJIMIIKYy, XJIOpUIax, HITPUTAX, 3aBHCIUX
peuoBuHax, BCKS, XCK, 3ani3y. CnocrepiraeTbcsi HU3bKHI piBeHb po3unMHEeHOro kucHioo. Ha (11
«PaBa-Pycpkuii cnupr3aBon» M. PaBa-Pycbka BHSBIEHO NEpeBHUILEHHS MO a30Ty aMOHIHHOMY,
3aBUCIMX peyoBHHaX, (ocdarax, BCKs, XCK, 3amizy ta anionnux CIIAP. Ha CII «Etpyc»
M. Jyonsuu BusiBneHo nepesuiieHHs ['JIC mo azory amoniiiHomy, HiTputax, bCKS, 3amizy, Ha
T30B «'ynpaman-Ykpaina» cmT. KynukiB 3adikcoBano mnepesuiieHHs ['JIC mo 3aBuciux
peUoBHMHAX, a30Ty aMOHiiHOMY, HiTpuTax, 3anizy. Ha KII «KoBkiBcbke BUpOOHHMYE YHpaBIiHHA
BOJIONPOBIIHO-KaHaMi3aliiHoro rocrnojapcrsa» M. JKoBkBa 3adikcoBano nepeBuiienHs ['/IC no
xynopugax, ¢ocdarax, XCK, BCKS, azory amoniliHoMy, HiTpuTax Ta 3amizy . HaiiGinbie
MIEPEeBUIICHb J03BOJICHUX Ul CKUIAHHS KOHIICHTpAIil 3a0pyaHIOIOYHX PEYOBHH BCTAHOBIICHO
s BCKS — 12 (3 23 KOHTpOJBHUX 3aMipiB), 3aBUCIMX PEYOBUH — 7, a30Ty aMoOHiiHOro — 12,
3amiza — 11.

3a pluHMi mepioJ HaKOLIbIIEe MEepeBUINEHb 3a(iKCOBAHO U TaKUX 3a0pyAHIOIOYHMX
PEUOBHH:

e A30T aMmoHilHUN — 52,17 %);

BCK5 —52,17 %j;

3asucini peuoBunu — 30,4 %);

3amizo 3aransue — 47,82 %.
Ha 6 nianpuemcTBax i3 11 He 3a(ikcoBaHO MEPEBUIICHb BMICTY TOT'O YH iHIIOTO XiMIYHOTO

eneMeHTy. SIKICTh CTIYHUX BOJI BH3HAYaJacs 32 TAKUMHU TMOKa3HUKAMH: BOJHEBHM MOKa3HUK pH,
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3aBUCIII PEYOBHMHH, 3amax, Cyxui 3amumiok, npo3opictb, BCKS5, XCK, CIIAP, nadTompoaykTw,
denonu, cynbhaTH, XJIOPUAM, a30T aMOHINHWIA, HiTpaTH, HITpUTH, (ocdaTu, 3ami30 3araibHe,
KalbIlid, MarHii, Miab, HiKelb, XpoM (3ar.), OMHK. KiTbKICTh BCTAHOBJICHUX TEPEBHIIECHB
HOPMATHUBIB CKH]y 32 OKPEMUMU MOKa3HUKAMHM  TIONUISETHCA  3aJIEKHO B  KpaTHOCTI
nepeBuiieHb Hopmarusy ['JIC.

Ha puc. 1. npeacraBieHO KpaTHICTh BCTAaHOBJICHUX IEPEBUIIEHb HOPMATHBIB CKUAY 3a

OKpCMHUMMU ITOKa3HUKaAMU

3aniso 3ar.
®ocatm
HitpuTi
Hitpatu

A30T aMOHIAHKMA msia1,1002

Xnopuau mein 2005

Cynbdatn / W noHag 5
CNAP

XCK
bCKS5

Cyxui 3aNUIWLIOK

3aBUCNi pe4OBUHKU

T T Y T T

0% 20% 40% 60% 80% 100%

Puc. 1. KpatHicTs nepeBHILIEHh BCTAHOBJICHIX HOPMATHBIB XIMIYHHUX €JIEMEHTIB Yy

JIOCIJKYBaHUX Ipo0ax cTiuHuX Boa 3a 2018 pik

Taki maHi MOHITOPMHTY TOKa3ajid, M0 HEe()EKTUBHO MPAIIOIOTH OYHCHI CIIOPYId B
JXoBkiBcbkoMy paiioHi. CKuA HEOYMIIEHMX Ta HEJOCTaTHHO OYMIIEHHMX KOMYHAJIBHHX Ta
MIPOMHCIIOBUX CTOKIB BiJJOyBaeThcs uepe3 (I3WYHUN Ta MOpPAIbHUN 3HOC OYHMCHUX CHOpYH Ta
BIJICYTHICTh KOIITIB Ha iX OYJIBHUIITBO, PEMOHT Ta PEKOHCTPYKIito. BHacmimok TpuBanoi
ekcruTyatarfii 6e3 HeoOXiJHOTO TOTOYHOTO PEMOHTY CHCTEM BOJOMOCTAYaHHsS Ta KaHasi3arli
OUTHIIIICTh  BOJIOMPOBITHO-KAHAMI3AIIMHAX TOCHOJApPCTB TiepeOyBalOTh B HE3aTOBLILHOMY
TEXHIYHOMY CTaHi, KM MOCTIHHO MOTIPIIYETHCS, YaCTWHA 3 HUX € B aBapiiHOMY craHi. Tomy
HEOOXITHO PO3POOHMTH CTpATETiI0 MOJEpHi3allii OYMCHUX CIIOPY[ MPOMUCIOBUX CTOKIB. CTpaTeris
BKJIIOYA€ 3alPOBA/DKEHHS aHAEpPOOHOTO PpO3KJIAAy MYy, BIPOBAUKEHHS CTalii BHIAICHHS
MiKpoenieMeHTIB (a30Ty Ta (ocdopy), parioHaTbHE BUKOPUCTAHHS TUIONI CTAHIIA MPOMHUCIOBOTO

OYHIIICHHSA CTOKIB.
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MOHITOPHUHI' EKOJIOITTYHHOI'O CTAHY ITIOBEPXHEBHUX BOJ JHICTPOBCBKOI'O
PEI'TOHAJIBHOI'O JIAHAIIA®THOI'O ITAPKY

M. 1. Mocwk, K. O. Papioscebka, /1. O. 3opin
IBanO-DpaHKIBCHKUH HAIlIOHATBHUN TEXHIYHUN YHIBEpCUTET HA(TH 1 Ta3y

IBano-®pankiBcbk, Ykpaina, katolrad22@gmail.com

AHTpOMOTeHH] 3MiHU JTOBKULIS 32 OCTaHHI ACCATWIITTS CTAIH TJIO0ATBHUMU JUTSL BCI€T 3€MHOI
KyJi. BoHu rnmOoko NpOHMKAIOTh y BCl KOMIIOHEHTH HAaBKOJIMIIHBOIO CEepeloBUIIa — JiTochepy,
reomopdocdepy, Tigpo — Ta arMochepy, IPYHTOBUH Ta POCIMHHHUI MOKPUBH, 3MIHIOIOTH (Hi3W4HI
monst 3emii Ta Kocmocy, mneperBoproroud MEpBICHI MPUPOAHI JaHAWAPTH HA MPUPOIHO-
AQHTPOITOTEHHI TEOCHCTEMH Ta 3arpoXKYIOTh 3JI0POB’0 1 KHUTTIO JMroAWHUA. OCOOJIIMBO UYTIMBUMU IO
3MiH HalMEHII 3axWIeH] MPUPOAHI JNaHAma(TH HA TEPUTOPISIX MPUPOTHO-3aMOBITHOTO (PoHAY —
nam’sITOK TIPUPOAM, 3aKa3HUKIB, PETIOHATBHHUX JaHAMA(GTHUX IMapKiB, HAIOHATBHUX IMPUPOIHUX
MapKiB, IPUPOIHUX Ta O10c(HEepHUX 3aITOBITHUKIB.

ABTOpam¥ OIIHCHWH TEXHOTCHHUI BIUIMB Ha IMOBEPXHEBI BoAM [IHICTPOBCHKOTO PETiOHAILHOTO
JaHma@THOTO MapKy, 110 OXOIUTIoE TpaBuii Oeper [[HicTpa, a Takox — buctpunpko-Tiaymanbky Ta
[Ipunnicrepcbko-Ilokyrchky BucounHu Ilpyr-JlHicTepcbkoro Mexupiuys Ha IBaHO-DpaHKIBIIMHI.
BuBuaBcst €ekosIOriuHUI CTaH KOMIOHEHTIB JOBKIJUIS BKa3aHOI TEPUTOPIi — reoJIOTiYHE CepeoBHILE,
penbed, riipo- Ta arMocdepa, IpyHTOBUI Ta POCIMHHUM TOKPUBH.

Oco0MBa yBara npuaiIsuIach TOBEPXHEBUM BOJaM, IKi MOB KPOBEHOCHI CY/IMHU IMPOHU3YIOTh
yci enemenTH janamadTie. Ha oOrpyHTOBaHIi Mepeki MOHITOPUHTY 13 23 TOYOK BiOOpy mpod y
2001-2005-2010-2015 pokax mnpoaHai30BaHMI BMICT OCHOBHHMX 3a0pyxaHioBauiB — SOX, NOX,
HaTOMPOAYKTIB, 11e3110-137, cTponIito-90, Ta iH. BussieHo, mo ix BMmict He nepeBuiye ['JIK, ane y
JesaKux TpuTokax JlHicTpa mnepeBHIIeHO perioHanbHuil (oH (piuku Tiymau, YopusBa), w110
MOSICHIOETBCSI OJIM3BKICTIO HACEJIeHMX IMYHKTIB. Y LUIOMY XK HoBepxXHeBl Boau JlHicTpa Ta ioro
MIPUTOK BITHOCATHCA 10 2 1 3 KaTeropii.

3anpornoHoBaHi1 peKOMEH/IAIlii 110 3HM)KEHHIO aHTPOIIOT€HHOTO BIUIMBY IIISIXOM BIIPOBAKEHHS
reoiH(opMalifHOi TEXHOJIOTI] 3aXUCTy HABKOJMIIHBOTO CEPEAOBHINA, HOrO MOJETIOBAHHS Ta
nporHo3yBaHHs. [IOpiBHSAHHS OTpPHMaHHX €KOJIOTO-OI[IHOYHUX pe3yibTaTiB 1Mo bucrpuikko-
Tnymanpkiii Ta [IpuaHicrepcbko-IIoKyTChKil BUCOUMHAX 3 CYCITHBOIO TEPUTOPIEIO PO3TAIIOBAHOTO
Ha niBoOepexxi JHicTpa — HauloHanbHUM npupoaHuM napkoMm (HIIIT) «/lHicTpoBChbKUiT KaHBHOHY
M0Ka3aJ10, 10 MPAKTHYHO YCi T€O0EKOJIOTIUHI CTPYKTYPU MPaBOOEPEKIKS MAIOTh CBOE MPOJIOBKECHHS
Ha JIIBOOEpEeXOKi. 3BiICH BUCHOBOK: JIHICTPOBCHKUN periOHANbHUM JaHamadTHUN MapK HEOOXiTHO
MIEPEBECTH y KAaTeropiro MPUPOTHO-3aMOBIIHOTO (OHIY «HAIIOHAJBHUN NPUPOIHUHA Mapk» Ta

00’emnatu ¥oro 3 HITIT «/IHiCTpOBChKMI KaHBHOHY.
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OYNIIEHHA MYHINUITAJIBHUX CTIYHUX BOJI BIOTEXHOJIOI'IEXO MBBR

O. I'pununal, O. Mouimyk?
'Hauionansuuit yHiBepcHTET BOIHOTO TOCTIONAPCTBA Ta IPUPOIOKOPUCTYBaHHs, PiBHe, YkpaiHa,

2TOB «I106i Botep Imxunipunry, Kuis, Ykpaina

3rimHo HamioHansHOI jomoBimi «L{uTi cramoro po3BUTKY: YKpaiHa» 3aBmaHHs 6.2 «3abe3mne-
YUTH JOCTYITHICTh CYyYacCHUX CHCTEM BOJIOBIABEACHHS, OYIIBHHIITBO Ta PEKOHCTPYKIIO BOJO-
3a0ipHUX Ta KaHAMI3allfHUX OYMCHUX CIOPY[l 13 3aCTOCYBaHHSM HOBITHIX TEXHOJOTri Ta obnan-
HaHHs» nepenbavae, mo y 2030 pomi yacTka CUIBCBKOTO HACEIEHHS, SKE€ Ma€ JOCTYI J0
MOKpalleHux ymoB caHitapii Oyne cranoButu 80 % (2015 pik — 1,9 %), dacTka MICBKOTO
HACEJICHHS, SKE Ma€ JOCTYI JIO LEHTpali3oBaHUX cucteMm BomoBimaBeaenus 100 % (2015 pik —
87,1 %). TakuM uyMHOM Ha3piia HarajabHa moTpeda B peasizalii MPUHIIMIIOBO HOBUX TEXHOJOTIH,
aki O B yMOBax IE€pPMaHEHTHHX 3MiH BHUTpaTH Ta KOHLEHTpAlil 3a0pyAHEHb 1O3BOJMIN
3aJJOBUIBHUTH BUMOTH IIOJ0 SKOCTI OYMILEHHS MyHIIMNAIbHUX CTiuHUX BoA. Peakropu tunmy BBR
(Bed Biofilm Reactor) — 1ie TexHosoriuHa cxema poOOTH PEaKTOpa 3 BUKOPUCTAHHIM iMMOOLTi-
30BaHMX MiKpoopraHizmiB Ha Hocigx. Hocii MoxyTre Oyru nuHamiunumu MBBR (moving) —
BUIBHOIIJIABAOY1 B TOBIII CTIYHUX BOJI 1 CTallioHAapHO 3akpirieHuMu B peaktopi FBBR (fixed).

B mpomeci nmocnmimxens OiorexHomorii MBBR (moving bed biological reactor) Ha
NpOMHUCIIOBIH ycTaHoBI «BIiOENergy» ocHoBHOW0 3amadero Oyio MepeBipuTH Tpale3JaTHICTh
6iotexHosorii MBBR Ha peanbHMX CTiuHMX Bojax Micta PiBHe Ta mpane3fgaTHICTh KOHCTPYKIIT
po3pobieHoT TPOMHKCIOBOT ycTaHOBKH «BIOENergy», Bu3HauuTH ePEKTHBHICTH 1 ONTHMAaJbHI
TEXHOJIOTIYHI MapaMeTpu mpolecy Ol0JOTIYHOTO OYMILIEHHS MYHIIMIAIbHUX CTIYHMX BOJ MicTa
PiBne. OgHoyacHO HEOOX1IHO OysI0 OTPUMATH JlaHl PO JAWHAMIKY MPUPOCTY OIOMIIIBKM Ha HOCISIX
BIIPOJIOBXK IEPIOJy OYMIIEHHS MPHU 3MiHI TEXHOJOTIUHUX MapaMeTpiB poOOTH YCTAHOBKH 3TiJTHO
IUIaHY €KCIEPUMEHTY Ta OLIHUTU e€(eKTUBHICTh BUKOPUCTAHUX HOCIiB Ta BUKOHATH MOPIBHSIHHS 3
CHCTEMaMH 3 BUTbHOIUIABAIOUMM aKTUBHUM MYJIOM.

Ha nepmomy etani gocmikeHb BUKOHYBAJIUCH ITyCKO-HAIAroIKyBajlbHI pOOOTH Ta BBEJICHHS
npoMuciioBoi ycraHoBku «BiOEnergy» B poGory. B mpomeci mycko-HamagKud KOHTPOIFOBAIH
TEXHOJIOTIYHI TapaMeTpy YCTAaHOBKM TaKMM UWHOM, 1100 KOHIEHTpallil aKTUBHOIO MYy B
ycTaHoBIi cTaHoBwaa 2,5-3,0 r/am°. Ilepmmii eTanm mnepen0ayaB OYMINEHHS CTiYHUX BOJ
BUIbHOIJIABAIOYUM aKTUBHUM MyJsioM. Etan nepenbauaB mepeBipKy Mpaile3aTHOCTI YCTAaHOBKH SIK
3a TEXHOJIOTTYHUMH TakK 1 3a riipaBiiyHUMHU mapaMmerpamMu. [1ycko-HamaromxeHHs yCTaHOBKU OyJio0
3aBeplleHe BIPOAOBXK 3-4 THUXKHIB, OTPMMAaBUIM HAa BUXOJl 3 YCTAaHOBKM 3aIUIAHOBAHI pe3yJbTaTU
OYMILEHHS Ta CTaOlIbHI TEXHOJOriuHI mapameTpu. Ha npyromy erami B 2 peakTop YCTaHOBKH
«BioEnergy» Oyau 3aBaHTa)KeHI HOCIT a1 iMMOOimi3ariii MIKpoOpraHi3miB y JBa eramu. Takum
YMHOM 2 peakTop MpamioBaB 3a OioTexHosorie;o MBBR. 3 MeToro OIiHKM AMHaMiKd MPHUPOCTY
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O10TLTIBKM Ha HOCIT MepiouvHO 3/iiiCHIOBaIH Bi0ip HOCIiB B KinbkocTi 110-150 mtyk 3 2 peakropa
ycTaHOBKH. [IpupicT OiOTIIIBKH OIIHIOBAJIM 34 KUIBKICTIO CyX0i PEUOBHHH O10TUIIBKH, 0 TPUITAIA€
Ha 100 mWTyK 3aBaHTaXEHHS BiJl MOYATKy JOCTIKeHb. KpiM TOro, BiANOBIAHO [0 TIJIaHy
€KCIIEpUMEHTY BHKOHYBAJIM TIEPIOUYHE BUMIiprOBaHHs KoHIeHTpamii 3adpyaHeHs BCK, XCK,
a30Ty aMOHIWHOT0, HITPUTIB, HITPATIB, PO3YNHEHOT0 KUCHIO, TemIieparypu Ta pH.

ITpomuciioBa ycranoBka «BIOENergy» sieisie co0010 MpSIMOKYTHY B IUIaHI CIIOPYIY BHCOTOIO
2000 mm Ta mumpunHoro 1150 mm i1 moBxuuOIO 1850 Mm. Jlns peamizamii miaHy eKCIIEPUMEHTY
yCTaHOBKa Oyia TOJIeHa Ha JBa peakTopa Ta BIACTIHHUK 3a JOIMOMOTOI IEPEropoioK 3
noninpomineny. [igpaBniune croinydyeHHs peakTtopiB 1 Ta 2 Ta peakTopa 2 1 BiACTIHHUKA
3MIIHCHIOBANIOCS 32 JOMOMOIOI0 MPUCTPOIO 3 mepdopoBaHoi TpyOu. B sSKOCTI 3aBaHTaKeHHS AJs
iMMOOimi3anii MIKpOOpPraHi3MiB BHKOPHCTOBYBAJIHM 3aBaHTAXEHHS YKPAiHCHKOTO BHUPOOHHUIITBA
Mapku F1 3 mutomoro momiero Hocis 2000 M2/M3, Baroto 0,225 r Ta niamerpom 10 Mm.

Jocnimkenns 6iorexnonorii MBBR Ha nmpomuciosiii ycranoBii «BioEnergy» npoBoamiucs 3
06 cepnus mo 23 nuctonana 2018 poky. Ha ycraHOBKY mo/1aBaiaucs CTI4HI BOJU MICHsI IEPBUHHOTO
BIJICTIHMKA OYMCHUX cropyad. BuTpara criyaux Box, Oylia OJHHM i3 mapameTpiB MpH MPOBEACHHI
eKCIIEpUMEHTY i perymoBanacs B Mexax 4-6 M%/m106y. KoHIeHTpalis po3urMHEHOro KUCHIO TaKOXK
Oyna obpaHa 3a OJMH i3 MapaMeTpiB eKCIIEPUMEHTY i 3MiHIOBANAca B MeXax 3-6 Mr/aM°, KOHTPOIb
3/IIACHIOBAJIM 3a JOINOMOIOI0 OKCHMETpPY Ta J1abOpaTOpHUMHU METOJaMH BHUMIpIOBaHHS. 3HA4ECHHs
bCKs 3a mepion IOCHKEHb y BXITHIA BOJAI KOJUBAJIOCS B Mexax 156-257 mr O2/mv°, azoTy
aMoHiitHOTrO 46,5-77,6 Mr/mm3, 3aBuciux pedoun 119-188 mr/am3. Edekr ounmenns no 5CKs 3a
6iorexnozorietro MBBR Ha nmpomuciosiil yctaHoBLi ckiaB y MiACYMKY 93-97 %, a 3a aMOHIHHUM
azoroM Ounbiie 98 %. TakuMm ymHOM mpomucioBa anpobamis OiotexHoznorii MBBR no3ommia
3a0e3MeUnTH BUCOKUH e(heKT OUHMIIICHHS.

BucnoBku: 1. IlinTBep/pkeHO BHUCOKHMN e(eKT OYMIIEHHS CTIYHMX BOJ 32 OCHOBHMMHU
3a0py/lHIOBaYaMHd B YCTAaHOBKAaX 13 BHUKOpUCTaHHsAM OlotexHonorii MBBR; 2. Po3pobneno
METOJIMKY MPOBENIEHHS ocIipkeHb O6ioTexHonorii MBBR 3 anmpo6ariii Ta BcTaHOBJIEHHSI OCHOBHHUX
TEXHOJIOTIYHMX [apaMeTpiB OUYMILIEHHS MYHIIUIAIBHUX CTIYHUX BOJ, 10 MOXKe OyTH BUKOpHCTaHa
B IHIIMX HAceleHUX MyHKTax YKpainu; 3. Po3pobieHa KOHCTPYKIIisl MPOMHUCIOBOI YCTaHOBKU
npoayKTuBHicTIO 6-10 M3/106y MOXke GyTH BHKOPHCTaHA MPHU OUYMIIEHHI CTIYHHX BOJ 3 OIH3BKUM
CKIazoM 3abpynHeHb Ta 3a0e3neunTu edekT oumimieHHs nmo HCKs > 97 %, mo amoHiHOMY
azoty > 98 %; 4 IlpoBemeHi moCHiKEHHS 3 TPOMHUCIOBOI ampobariii Giotexnosorii MBBR
JI03BOJIMJIM BCTAHOBUTH OCHOBHI TEXHOJOTIYHI MapamMeTpud poOOTH yCcTaHOBOK; 5. JlocmimkeHo
npupicT 6101ITiBKM Ha Hocisx Tumy F1 3a cyXoi pe4oBHHOIO Ha OCHOBI peajbHUX MYHIIUIATHHUX

CTIYHUX BOJ.
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3HE3APAKEHHS TA OUUIIEHHS BAJIACTHOI BOJAM MOPCBKHUX CY/JIEH:
HIJIBUIIEHHA PIBHS EKOJIOTTYHOI BE3IIEKH

A.T. Janinsan, H. b. Tipou-Bopo6iioBa, H. I1. bukoseup,
O. P. PomanoBcoka, M. M. UymaueHko

Hynaiicbkuii inctutyt Hamionansnoro yniBepcurery «OMAy, M. [3main, Ykpaina

Bech nuBinizoBaHuil CBIT OOYpEHHI CKJIaJHOI0 €KOJIOTTYHOIO CHTYAIlI€l0, B3arali, KaTracTpo-
¢doro, sIka HEOAMIHHO BIUIMBAE€ HAa BECh HABKOJIMIIHIA CBIT (JIFOAM, TBAapWHHU, pOCIUHU, CBITOBUMA
OxkeaH), MEpIIOYEPrOBO TOPKAKOYMCH HAWTOJOBHIMOro — mpupoau. Came Bia Ji€BUX KPOKIB
JIIOZICTBA 3aJIeKAaTUME 30€pPEe)KEHHSI CBITOBHX IMPUPOJIHUX PECYPCIB.

B nepury uepry, q10AcTBY He 001HTHCH 0€3 HEeBUUEPIIaHUX BOJHUX JpKkepen CBiTy.

Boga — mpupomHe mkepeno, sika Ja€ 3MOTY KOXEH JCHb ICHYBAaTH JIIOJUHI, POCIHHAM,
TBapuHaM. Boja € TakoXX HEBiI'€MHOIO CKJIAZOBOIO TepeOyBaHHA B Hi caMe MOPCHKOTO
TPAHCHOPTY 1, K BiJOMO, MUILHOHU CyJIeH MEPETUHAIOTh MOPCHKI KOpJIOHU OaraThox Kpain CBiTy.
MopchKHM TPaHCIIOPTOM TMEPEBO3UTHCS BETMMKA KIIBKICTh BaHTaxy. Jlyis OGanmacTyBaHHA CyJeH, a
came, JOTpUMaHHs He0O0X1/THOT OCTIHHOCTI, KpeHY, TPAaHCIOPTHUX XapaKTEePUCTHK HEOOX1IHa, SK Iie
BIJIOMO, caM€ BOJa, fKa BHUCTyMae 3a00pTHOIO, OamacTtHO0. IleproueproBo 1€ CTOCYEThCA
BEJIMKOTOHHAXXHUX CYJIEH, sIKI MaHEBPYIOTh CBITOBUM OKEaHOM YCIOIH.

Binomo, 1mo Boja — 1€ TakoX JIETKHH NMEpEeHOCHUK 0araTboX pEeYOBUH, XHBHX OpraHi3MiB
3aBJKM CBOIM WIBUJAKIM NPOHUKHOCTI, MepecyBaHHIO, TeKydocTi. Came TOMY, MOpPEM MOXYTb
IepecyBaTUCS COTHI THUCAY MOPCHKHMX OpraHi3MiB, 5iKi, B O0araTbOx BMIIaJKax, HE NepeOyBaloTh B
pOJIi «OUUCHHXY», TOOTO THX, Kl IPUIMAIOTh Ha ce0e BECh «HEraTHB» BOJM, a, HABIAKH, CBIIOMO
3acemsAI0YM MEeBHI TepUTOpii (TepeceneHii-inBasii), nepeHocsaThesi CBiToBUM OKEaHOM, HAaHOCSYU
CBIJOMUI HETAaTMBHUM BIUIMB iHIIUM XHBUM OpraHizMam, siKi € MPHPOJHHUMHU KaTalli3aTopamH ,
30KpeMa, BCbOMY CYCHiIbCTBY. OCTaHHE YITKO MiJIKPECIEHO B HOBUX, OLIBII KOPCTKMX BUMOTaX
Mopcekoi opranizamii IMO. 3aBasku TakuMm BHMOraMm, 30Kpema IMpaBwio D-2, Ha mNeBHUX
KOHKpPETHUX CyJHaX BHHUKae HEOOXimHiCTh BcraHoBieHHS CYBB — cuctem ympaBniHHs Oanact-
HUMHU BOJIaMH, OYMCHOTO OOJaJHAaHHA, K€ O KOHTPOIIOBAIO KUIBKICTh Ta PO3MIp MEpeceeHIliB
(1HBa31if).

Tomy, nuBIsiYMCh HA PI3HOOIUHICTH I1l€1 CKJIQJAHOI €KOJOTIYHOI KaTacTpodu, B SIKIH
nepedyBae BCE CYCIUIBCTBO (3 KOXHOKO «HOTOKO» KHUTTS CHUTYyaIlisl MOTIPIIYETHCS), HAMH —
HayKoBIsIMH JlyHalicbkoro iHcTuTyTy HarionansHoro yHiBepcutery «Omecbka MOPChKa aKaJaeMis»
(M. Ismain, Opnecbka o0macTh) OynO JETANBHO TMEPEIVIIHYTO IUIMH CHEKTp MiAMPUEMCTB-

BUPOOHUKIB OYHMCHHUX CIOPYHA, OYUCHOTO OOJaJHaHHA Ta, AOTPUMYIOYHCH BUMOr D-2, 3 mpyroro
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OOKY, 3alpOIOHOBAaHO CHCTEMY OUMIIEHHS Ta 3HE3apa)KeHHsI BOJAHOro Oanacry, sika MepIl 3a Bce
CTOCYETBCS CYJICH, 5Kl «TIePEBAIOIOTH) BEJIMUE3HY KUIbKICTh BAHTAXY.

3anpornoHoBaHe HAMH YCTAaTKyBaHHS IOBHICTIO BiJOBiJa€ CTaHJAPTHUM HOBOBBEICHHSM
IMO. [IpunHiun poboTH 1i€BOi YCTAHOBKH 3aCHOBAHO Ha BUCOKHX HAHOTEXHOJIOTIYHUX MPUHIIUIIAX.
3aBasiku 6araToyHKI1OHATBHOCTI BCHOTO 3aIIPOMIOHOBAHOTO MPOIECY OUUIIIEHHS BOJHOTO Oanacty
BIAJIOCA JOCSATTH HEAOUSIKOTO TEXHIYHOTO pe3yabTaTy. 3alpollOHOBAaHE YCTATKyBaHHSA IS
BUKopucTanHsa ii y CBiToBOMYy MOpchKoMy (hI0TI Mae Oe3nepedHi MmepeBard: eneKTporiapoyaap
edekty FOTKiHA TTO 3HMINEHHIO 1HBa3ii Ta XBOPOOOTBOPHUX IITAMIB, «CaMOPO3BaHTAKYBAJIbHHI
GbiIbTp 3 HAHOBYIJICHIEBUMHU BCTaBKaMH, SIKUW TO3BOJIAE POOUTH BiJCIBaHHS TBEPAMX €JIEMEHTIB 1
MIKpOOprasi3miB B i30Jp0BaHUX OanmacTHuX Bogax 1o 0,0024 MM 3 HH3BKHUM ONOPOM BOJH, IIO
MIPOXOJIUTh; 3aCTOCYBAaHHS PEarcHTy XeJary 3aii3a Uid 3He3apaKeHHsS 1 3HHINCHHS (OYMIICHHS)
KUBUX OpPraHi3MiB y OanacTHii BoJ1 (IPOUIIOB YCHIIIHI BUMPOOYBaHHS MO 3HUIICHHIO HIKIJIMBUX
MOJIIOCKIB B POCIMHHHIITBI, 110 J1a€ TIOBHY BIIEBHEHICTh HOTr0 BUKOPUCTAHHS B 130JIbOBAHOMY
cynHOBOMY 6anacti). Eneprosutpat ycraHoBkM cknanaioTe 0,3 — 0,4 kBt Ha 1 M3, mo mimkom
NPUAHATHO JJIsi BUKOPUCTAHHS HABITh HA HAWOUIPIIMX OKEAHCHKUX CyqHAX, /1€ MPOMYKTHBHICTH
BiJIKauyBaHHs Oanacty 10XOoauTh 10 Q = 6 Tuc. M3/roz[I/IHy.

besnepeuHo Branocs JOCATTH BUXIAHHUX PE3YNIbTATiB OUMIIEHHS Ta 3HE3apaKEHHsI BOJIHOTO
0anacTy CTOBIJICOTKOBO, 3 BIIEBHEHICTIO OYIKYyBaH1 pe3yJIbTaTH Yy BIACOTKOBOMY 3HaudeHHI Ha 30 %
HIDKY1 32 BUMOTaMu cTanaapty D-2, 3 ypaxyBaHHsIM enekTporiapoyaapa edpexry FOTkina.

[lepcnexkTBaMM MOAANBIIUX JAOCHIIKEHb € JAIMCHO BaroMMi KpOK: 1€ MPONO3HLis
BCTaHOBJIEHHSI PO3pO0JIEHOI HAaMHM OYMCHOI CHOPYAM (CTaHILii) Ha NEBHOMY KOHKPETHOMY CY/HI.
SIKIIO KOHKPETHO CYIHOBJIACHWUK PO3TJISIHE HAIly IPOIO3UII0, TO MH OyIeMO MaTh 3MOTY
MEPEBIPKHU BCIX «POOOYMX MOMEHTIB» HALIOTO YCTaTKyBaHHs; OTPUMAaTH HEOOXIJHI mapaMeTpu Ta
pe3yabTaTh 100 3HE3apaKEHHS Ta OUMIIEHHS OaJacTHOI BOAM Ha BCIX eTamax IUIaBaHHs, y Oynb-
SAKOMY perioHi. MaTUMeMO MOXKJIMBICTh «IIIKJIIOYEHHS» (PaxiBIiB-€KOJIOTIB Ul MEPEBIPKU PIBHSA
3a0pyaHeHb y BoaHoOMY Oanacti Ha piBHI AMIIY (agmiHicTpanii MOPCBKHUX MOPTIB YKpaiHH) ,
30KpeMa, KePIBHUX MOCAIOBIIIB Yy TaTy31 3aXHUCTy HABKOJHUITHLOTO CEPEOBHINA, ITiIBUIIICHHS PIBHS

€KOJIOT1YHOI Oe3IIEeKH.
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3ACTOCYBAHHSI MIKPOBOJOPOCTEI TUITY CHLORELLA
JUISI OUMINEHHSI CTTYHHAX BOJ

B. B. [siuok, C. T. Manapuk, C. L. I'yranu

HamionansHuii yHiBepcuteT «JIbBiBChKa mosiTexHika», JIbBiB, Ykpaina

I'moGanbHe TEXHOTCHHE HABAHTAXXCHHS BUKJIHMKAE 3HayHEe 3a0pyAHEHHS HaBKOJIHUIIHBOTO
Cepe/loBUILA, sKE IOB'3aHE 3 PO3IIMPEHHSAM MaclITa0iB BUPOOHUITBA Ta HEJOCKOHAJICTIO
TEXHOJIOT1H, sIKi BUKOPUCTOBYIOTHCS. OCOOIUBO 1€ CTOCYETHCS BUKUIIB B Tiipocdepy. B nanuii uac
OYMILEHHS CTIYHUX BOJ| IPYHTYEThCS Ha OakTepianbHii AisutbHOCTI. [lpm mpomy HeoOXiIHOO
YMOBOIO € 0apOOoTyBaHHs (IIPOyBaHHS MOBITPSIM Ta MEPEMIIIyBaHHS JUIsl 30aradueHHs CTIYHUX BOJI
KHCHEM) aKTHBHOTO MYJy B a€pOTEHKaX IMOBITPSAM, 3 SKOro OakTepii sl CBOET KHUTTEIISIIBHOCTI
[OTJIMHAIOTh KHCEHb, a B HABKOJIMIIHE CEPEOBMINE BUKUAAOTh Byriekuciauid raz (CO2).
[TpobnemMor0 JaHOi CUCTEMH OYMIIEHHS € KOJOCAIbHI BHUTPATH KHCHIO Ha OaKTepiaibHI mpolecu
JECTPYKLIi OpraHiYHUX Ta MiHEPAJTbHUX PEYOBUH B CTIYHHMX BOJax, a Byriekuciuii raz (CO2), sk
MPOJYKT KUTTEAISUTBHOCTI OakTepiil, BUIUISIETbCA B MOBITPs,, TOOTO CHOTOJCHHI ICHYIOYl OYHMCHI
CIOPY/AU € CIOXHMBayaMM KHCHIO Ta 3a0pyAHIOBayamMM NOBITps ByriekuciauM rasom (CO2). Crin
TAaKOX 3a3HA4YMTH, 10 Ol0JIOTIYHA OCOONMBICTH OakTepil mosiArae B TOMY, IIO BOHHM BY3bKO
Creliaii3oBaHi, TOOTO HEMae OJHOTO BUAY OakTepid, SKUW MIr OM OUHMCTUTH BECh CIEKTP
3a0pyIHIOIOUYMX PEYOBUH, 10 3HAXOAATHCS B CTIYHUX BOJAX.

HoBiTHI TeXHOJIOTIi NMPOMOHYIOTh CMOCIO OYMIEHHS CTIYHMX BOJ 3 PI3HOIO KOHIEHTpAII€l0
3a0pyIHIOIOYNX PEYOBHH 3a JOMOMOTOI MEBHOTO INTaMy MiKpoBoaopocTei. Exonoriuno me
BUIPABIAHO THUM, IO JIJISI CBOET KUTTEMISUTBHOCTI MIKPOBOJIOPOCTI CIIOXKUBAIOTh BYTJICKUCIIMMA Ta3
(CO2) ta BUAUIAIOTH KUCEHb. EBOIIOLINHO MIKPOBOAOPOCTI 3HAXOIATHCS HA BUIIOMY CTYIEHI
PO3BHUTKY B MOPIBHIHHI 3 OakTepisiMu, 1 TOMy 0arato iX BHUIIB € YHIBEpCAJbHUMHM CIIOXHBadaMU
0araThb0X OpPraHiuYHUX Ta MiHEpaJIbHUX PEUOBHUH.

3a momomororo mTamy MikpoBogopocreir tumy Chlorella mocsraerscst Bucokwii CTymiHb
XIMIYHOI Ta TOBHa OAaKTEepiONOTiYHA OYMCTKA, HE3AIEKHO BiA BHUAY Ta NATOTCHHOCTI
MiKpooprasi3miB. [IJis BUKOPUCTAaHHS 1IOTO IITaMy HE NOTpiOHO peopraHizaiii abo KariTalbHOTO
OyIBHHUIITBA HOBUX OYMCHUX criopya. OUuIIeHi Ta 3He3apakeHl CTIUHI BOJH, SIK «3€JIeH» J0OpHuBa,
MO’KHa BUKOPHCTOBYBATH JUIsl MENIOPATUBHOTO 3eMJIEPOOCTBA

KynbTuByBaHHS MIKPOBOJIOpPOCTEH € HAWOUIbII €KOHOMIYHMM BapiaHTOM OOPOOKH CTIYHUX
BOJ, SIKI B CBOIO 4YEpry MpPEACTaBIAIOTHCS MEPCHEKTUBHUM CyOCTpaTOM Ui BHPOOHMIITBA
OlomanuBa. OOpoOKa CTIYHHMX BOJI 3 OTPUMAHHSAM 010MacH MIKpPOBOJAOPOCTEH CTBOPIOE MOMKIIMBICTh

OJIHOYaCHOTO BUPOOHHUIITBA CHEPTil Ta OUUIIICHHS CTIYHUX BOJI.
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[cHYIOTh TIOTIEpEeAH] OINIHKH, SKi CBIAYaTh MPO BHUCOKY €HEProeeKTHBHICTH OJIHOYACHOTO
BUJAJICHHS OIlOTeHIB i3 CTIYHHUX BOJ Ta KYJIbTUBYBaHHA MIKpPOBOJOpOCTEH. Y TOH ke uac, He
JVMBIITYMCh HA ICTOTHI MOTEHLINHI MepeBarw, BUPOOHUITBO OiomaiuBa 3 MIKPOBOAOPOCTEH 3
BUKOPUCTaHHAM B SIKOCTI CyOCTpaTy CTIYHHUX BOJ| HE IPAKTUKYEThCS IE€ B IPOMHUCIOBOMY
MacTadl yepe3 HasiBHICTD Py HEBUPIIICHUX MTPOOIeM.

Ha BigmiHy BiJ IpOTHO30BaHUX PE3YJbTATIB KyJIbTHBYBAHHS MIKPOBOJOPOCTEH B MpiCHIN
BOJI, B pa3i CTIYHHUX BOJI MIBUJKICTh POCTY Ta CKJIAJ MiIKPOBOJOPOCTEH 3MIHIOIOTHCS B 3QJICKHOCTI
BiJI BUXIAHUX mapaMmeTpiB cyoctpaty. JlimiaHuil ckiag Ta iHII XapaKTepUCTUKU BH3HAYAIOTh BUOIP
BU/IIB BOJIOPOCTEH JIJIsl KyJIbTUBYBaHHS B IpicHiN Boail. Komu B SKOCTI cyOCTpaTy BUKOPUCTOBYIOTh
CTiuHi BOJH, BUOIp THITY BOAOPOCTEH MOB'A3YIOTh 3 XapaKTEPUCTUKAMU CTIYHOI BOJIH.

VY mporeci KyJIbTUBYBaHHS MIKPOBOJOPOCTEH iI€albHUM € OTPUMAaHHS BHUCOKOTO BHXOIY
OiomMacH 3 BUCOKUM JIIITHAM 3MicToM. O HAK OTPUMaHHS JIaHUX MMOKAa3HUKIB MOXKJIMBO TUIBKH B
pe3ynbrati kommpomicy. KpiM 1boro, KoMmpomic Mixx JiMiIHUM 3HAYEHHSIM Ta MPOJTYKTUBHICTIO IO
Oiomaci Moxe OyTH JNOCATHYTHH IIISIXOM KYJbTUBYBAaHHS IOJIKYJIBTYPH MIKPOBOJOPOCTEH THITY
Chlorella.

Yepe3 pi3HOMAaHITHUH CKJIaJI CTIYHHX BOJ TOJIKYJIbTypa MikpoBogopocteir Tumy Chlorella
Mae TepeBard B MOPIBHSAHHI 3 MOHOKYJbTYporo. OJHak BHXia OiomMacu He 3aBXKIU KOPEIIoE 3
PI3HOMAHITTSM BHJIIB MIKPOBOJOPOCTEH, B JAESIKUX BUIIAJKaX CHOCTEPIraeThCsl 3HMXKEHHS BUXOAY
MOJIIKYJIBTYPH B TMOPIBHSHHI 3 MOHOKYJBTYPOIO, IO BKa3zy€e Ha HEOOXIJHICTh OOIPYHTOBAHOTO
BUOOPY CKJIaAY MOMIKYIBTYPH.

[HmMM  oOMEXEHHSIM, CTPUMYIOYMM TOBHOMACIITaOHE 3aCTOCYBAaHHS KyJIbTUBYBAaHHS
mikpoBogopocreit Tumy Chlorella mis BupmanenHs OioreHiB Ta BHPOOHMIITBA CHEpril, €
EHEeProeMHUMN Tpoiiec 300py MIKPOBOJOPOCTEH, OJHAK 3aCTOCYBaHHS MEMOpaHHUX TEXHOJIOTIH,
HMOBIpHO, 1aCTh MOXKJIMBICTb3HIBEIIIOBATH JIaHY MPOOIEMaTHKY.

Kucenb, skuili BUIUIAETHCS MIKPOBOJOPOCTSMH 3MEHIIYE BUTpAaTH Ha aeparliio, a emicis
MAapHUKOBHUX Ta3iB 3MEHIIYEThCS CHOKMBAaHHAM Byriiekucioro rasy (CO:), mo BHUIUISETbCS B
mpoueci  KyJlIbTHBYBAaHHS MIKPOBOJOpOCTEl B pe3ynbTaTi ¢orocuHTe3y. Kpim mporo, Giomaca
MIKpPOBOJIOPOCTEN XapaKTepU3Y€EThCS XOPOIIUM BiJICTOIOBaHHAM, ehekTuBHUM 3HIKeHHsIM XCK Ta
BujanieHHs M OioreHiB. OCKUIBKM JUIS  KyJIbTUBYBaHHS MikpoBojgopocteir Tumy Chlorella
HeoOxiguuii Byraekuciauit ra3z (CO:), BUHMKa€E MOXIIMBICTb BUKOPHUCTOBYBaTH MOTo €MICil0 Ha
MIMPUEMCTBAX 1HIIUX Taly3edl MPOMHUCIOBOCTI (HAMPUKIAL EJIEKTPOCTAHINI) TaKUM YHHOM,
3HIDKYIOYH BUKUIH B aTMOc]epy.

Bukopucranust mikpoBomopocreii tuny Chlorella ans ouninenHs criyaux Boj — 1ie HOBI
MOXJIMBOCTi, 1O JIO3BOJISATh 3MIHUTH €KOJIOTIYHY CHUTYAIlll0 Ta CTBOPUTH HAIIHHY CHUCTEMY

OYHIIICHHS HaBKOJMIIHLOI'O CEPEAOBHIIA.
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OCAJI CTIYHUX BOJI - KOMIIOHEHT CYBCTPATY JJISI IPOBEJEHHSI
BIOJIOI'TYHOI PEKYJbTUBAIII 3EMEJIb

O. M. lIxsBipko, I. C. Tumuyk, M. C. ManboBanuii

Hamionansnuii yHiBepcuTeT «JIpBiBChbKa moJiTexHikay, JIbBIB, YKkpaiHa

BripogoBxk OCTaHHIX NECATHUIIITh BEJIMKY yBary NpUBEPTAIOTh BiIXO/H, SKI YTBOPIOIOTHCS B
mporieci BUPOOHUIITBA Ta CIIOKUBAaHHS, a caMe€ TEXHOTEHHI Biaxoaw. Jlo Takux BIIXOJiB, MOKHA
BITHECTH: BIJIXOJM BiJ BUJOOYTKY BYTLJUIS, KAJBIIEBMICHUN IUIaM TEIUIOCIEKTPOCTAHIH, Ocaan
CTIYHUX BOJ (aKTMBHHI MyIl), BIIXOAU BiJ BUpOOHMIITBA Oiora3y (BiampamboBaHa GioMaca) TOIIO.
Ha croromuimHiil eHb 3HAaYHA KUIBKICTH YTBOPEHHUX BIAXOJIB JIHINIE 3a0pYAHIOE HABKOJUIIHE
Cepe/IOBUINE, TOMY aKTYaJIbHUM IHTAaHHIM € MOXKJIMBICTh BUKOPHUCTAHHS iX y PI3HHUX Tally3six
MTPOMHMCIIOBOCTI.

VY Garatbox KpaiHaxX CBiTy BEJMKOTO 3HA4YEHHS HAOyJU BiJXOMH, SIKi YTBOPIOIOTHCS B IPOIIEC
010JIOTIYHOTO OYMIIEHHS CTIYHHX BOJ, a came ocanu. Lli Bigxoam € GaraTuMu Ha pi3HI OpraHiyHi
KOMIIOHEHTH, TOMY iX MOYKHa BUKOPUCTOBYBATH SIK BTOPUHHY CUPOBUHY. Ha naHuii MOMEHT BiJJOMi
JEKUJIbKa Croco0iB yTwum3alii ocaliB CTIYHUX BOJ: 3aXOPOHEHHs, CHATIOBAHHs, aepoOHE Ta
aHaepoOHe NMePEeTBOPEHHS TOLIIO.

VY CBITOBI{ MPaKTUIlI OCHOBHUM CHOCOOOM yTHIIi3allii CTIYHUX BOJ BCE IIE€ € 3aXOPOHEHHS,
npore y OIbII pO3BUHEHUX KpaiHaX CBITY MOro BHUKOPUCTOBYIOTH Yy pI3HHX Taily3six
npomucioBocTi. Tak, HanpUKIIaa, BiIOMO, 1110 B MIPOIECci aepOOHOT0 NMEPETBOPEHHS 0CAAIB CTIUHUX
BOJI YTBOPIOIOTHCSI TYMIHOBI KHCIIOTH, @ IPU aHaepoOHOMY — OLIKM Ta apoMaTU4Hi KUCJIOTH, L0
CBIJUUTH MPO MOMKJIMBICTh BUKOPUCTAHHS OCaIB CTIUHUX BOJ SIK OpraHO-MiHEpaJbHUX J0OpUB Y
cuibecbkoMy rocmnoaapctBi. Came Takuil croci® yTumizamii ocaliB € HaWOUIbII MONYJISIPHUM B
OaraTtbox KpaiHax €Bpomeiicbkoro Coro3y, /1€ YacTKa BHUKOPHCTAHHS OCajiB CTIYHUX BOX Yy
CLIbCHKOMY TOocroapcTBi ctaHOBUTH Oibiie 50%. B CILIA ocaj cTiuHHX BOJI BUKOPUCTOBYIOTH SIK
6ionanuBo Juig oTpuMaHHs eHeprii. B Kurai Ta SInonii #oro BUKOPUCTOBYIOTh JUIsl BUTOTOBIICHHS
OyaiBeNbHUX MaTepiamiB (IErNId, IEMEHTY) Ta BHJAUICHHS I[IHHUX KOMIIOHEHTIB TaKUX SK a30T,
Byriienp, Gocdop. OnHak yci nepepaxoBaHi METOIM YTHUII3allii OCaJiB MalOTh 3HAYHUM HEIOJIK,
SIKUH OB’ I3aHUM 3 BapTICTIO KCIUTyaTalliHHUX BUAATKIB Ha yTHIIi3aIliio | M.

Tomy, akTyaJlbHUM NMHTaHHIM € TONIYK HOBUX Ta JOCTYIMHUX NUIAXIB YTHII3aIlil YTBOPEHHUX
Ta BiAMPAllbOBAHUX OCAJIIB.

MeTor aaHoi po0OTH € BU3HAYCHHS MOMKJIMBOCTI BHKOPHUCTAHHS OCAIIB CTIYHUX BOJ SK
KOMITOHEHTY CyOCTpaTy Jisi 610J0T19HOT PeKyJIbTUBAITIT 3eMElTb.

JlocImipKeHHsT IPOBOAMIIMCS HIIIXOM 3aCTOCYBAaHHS METONy Ol0iHIMKAIlii, 3 BUKOPUCTAHHAM
CBDKMX Ta BIACTOSHHX (30epirajaucsi B T€PMETHUYHOMY CEPEIOBHUIII BIPOJOBXK 6 MICAIIB, IJIS
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iMiTarii yMOB HaKOMHMYEHHS OCaJiB HAa MYJIOBUX MalJaHYMKaX) OCajiB, sSKi Oymu BimiOpaHi Ha
JIsBiBchkHX KOC. JlochimKkeHHs TPOBOIUIN B YOTHPH €TaIlH.

Ha mepmomy erami BifACTOSHI ocaiy 3MIlIyBajJu 3 TEMHO-CIPHM OMiA30JICHUM IPYHTOM Yy
cruiBBigHomeHH1 (%): 100:0; 80:20; 60:40; 40:60; 20:80; 0:100. B yamku Iletpi Ha cTBOpeHOMY
cyoctpaTti BucamkyBaid mo 10 HaciHMH SUMEHIO 3BHYAWHOTO, Tipumii Oijoi Ta Kpec-caiary.
[TapanenbHO MPOBOJMIN JIOCTiA, B IKOMY BUKOPHCTOBYBAIHM CYMIIl TPYHT+TEPMIYHO 0OpoOIeHU
ocaJ] Ta IPYHT+BIJICTOSIHUM ocan y crhiBBinHoIIeHH1 (%): 60:40; 20:80; 0:100, Bucamkyrouu no 10
HACIHUH SYMCHIO 3BHYAWHOTO Ta SIUMEHIO MPOTpaBlieHOro mpoTpyiiHuKOM BitaBakc 2000d. B
pe3yabTaTi MPOBENCHHS NIOCIiay, OyJl0 BCTaHOBJIEHO, IO KPiM KOHTPOJBHHUX 3pa3KiB (TPYHT)
MPOPOCTaHHS HACIHUH HE CITOCTEPIrajaocs B )KOIHIN MPoOi.

Ha npyromy erami BHKOpHCTOBYBaJIM CBiXKI ocaau y cmiBBimHomeHHI (%): 100:0; 80:20;
60:40; 40:60; 20:80; 0:100. Ha crtBOpeHuii cyOCTpaT BHCAPKyBalH SYMiHb 3BUYANHHA, STIMIHB

nporpaBinenuil (BitaBakc 200P®) Tta kpec-canmar. B pesymbrari Oyno BCTaHOBIEHO, IO
MIPOPOCTaHHSI POCIIMH HE BiOyBallocss Ha CyOcCTpaTtax, Je¢ 4acTka ocaiiB mepesurryBaita 40%. Y
mpobax 3 BMicToM ocany 20%, mpopocTaHHs POCIIMH B CepeTHROMY CTaHOBUIIO 80%.

Ha tpetboMy eTami JoCTiIKEHHSI BUKOPUCTOBYBAIU CBIXKI OCaJM Ta IPYHT Yy CIIBBIJHOLICHH]
(%):100:0; 80:20; 75:25; 70:30; 65:35; 60:40, 3 nomaBanusm ueomty (%): 0; 5; 7,5; 10. Hus
IpoBe/ieHHs OloiHaMKalii BUKOpUCTOBYBaIM 10 HACIHMH SUMEHIO 3BHUaiiHOro. B xo/i npoBeneHHs
JOCHIJKEHHsT OyJI0 BCTAHOBJIEHO WO NpU JOAABaHHI J0 CyMillli Oocagy Ta IPYHTY LEOJITY,
MPOPOCTaHHSI CcrHocTepiraiocs B ycix mnpobax. Ilpu npoMy Halkpammii MOKa3HUK CXOJKEHHS
SYMEHIO MToKa3aIu npolu 3 BMicToM neoity 10%, cepenniit mokasznuk npopocranss — 90%.

Ha yerBepromy erami BHKOPUCTOBYBaIM IPYHT + OcaJ CTIYHMX BOJA + IYyCTI MOPOAH 3
TEPUKOHIB + copOeHT y criBBigHOMmEHH] (%): 30:30:30:10, a Takox ocaa+mycTi nopoanu+copOeHT y
criBBinHomeHH1 (%): 45:45:10, Bucamxyroun 10 HaCIHUH suMeHIO 3BMYaiiHOro. BecTtaHoBNEHO, 1110
MIPOPOCTAHHS POCIMH HE CITOCTEPIraiocs B KOIHIN Mpo0Oi, 11e MOke OyTH MMOB’SI3aHO 3 HEMTPABUIBLHO
mii0paHuM CKIIaZIOM CyOCTpary.

Takum dYHWHOM, OTpUMaHi pe3yJabTaTH JOCHIIKeHb CBig4aTh, WO OCaAd MOXHA
BUKOPUCTOBYBAaTH SIK KOMIIOHEHT IpPH CTBOPEHHI CyOCTpaTy [Uisi TMPOBEAEHHSA O10J0TIYHOI
PEKyIbTUBALIIT MMOPYIICHUX 3eMeJb, alie X KUIBKICTh He JMOIUIbHO TepeBuiyBatu 3a 20 %, mpoTte
MpHU J0JaBaHHI B KOMIIO3HIIIO COpPOCHTIB, MOKHA OCSITHYTH Habarato Kpamiux MOKa3HUKIB, IS
npuKiIany, 5 % MeoiTy J03BOJIUTh 30UTBIIMTH BMiCT ocafiB 10 30-35 %.

B monanpimomMy MIaHYIOTBCS TOCHIKCHHS, B SIKUX Ui TPOBEACHHsS OloHauKallii OymayTh

3aCTOCOBYBATHUCS €HEPreTHUHI KyJIbTYPU POCIHMH TaKi SIK MaXKUTHUIS Ta pairpac.
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PO3BUTOK BOJHO-3EJIEHOI'O KAPKACY BIHHHUIII

I'. I1. llerpuun, H. f. Janunaxo, B. 1O. IloasHcbka

HamionansHuii yHiBepcuTeT «JIbBIBChKA MOJIITEXHIKA

Piuka IliBnennuii Byr i3 cuCTeMOIO0 NPHUTOK CHpUSIIA 3aKJIAJACHHIO Ta PO3BUTKY MicTa
Binnuni. Enoxa inaycrpianmizanii Ta mpaBuia (yHKIIOHAIHHOTO 30HYBAHHS CTBOPUIIM TPYIHOIII
JOCTYITY JI0 PiYKHU Ta 31e(OopMyBaIu IPUPOIHINA KapKac MicTa, MOAPIOHIOIYH Ta 130JIF0I0YH 3€JICH1
npoctopu Micta. [IpoTe OCHOBHOI0O MEPEIIKOAOK  JAJisi ypPIBHOBAXXEHOTO PO3BUTKY MicTa Ta
cydacHOro BUKOpucTaHHs piuku [liBnenHoro byry 3 mputokamu, sKi i KHUBIATH, € iX
3a0pyaHeHHs (Opak MOHITOPUHTY Ta MOCTIB CIIOCTEPEKECHHS). TakoX € psiJ| HEBUPIMICHUX TPoOIeM
y BOJONIOCTauaHH1 MICTa 1 BOJIOBIABEICHHI.

Y 2019 p. 6yna npuiinara KoHuenifisi iHTErpoBaHOTO pPO3BUTKY MicTa Ha HaillOmmxue
necatumitrs “Binanms-2030”. OnpanpoBano Bizito “Exonoriyae i 3eleHe MiICTO Haj PIYKOIO
[liBnennuit byr, micto cTamoi Mo6iTEHOCTI”. Y NMPIOPHUTETI € MUTAHHS OYHMIIEHHS TOJIOBHOT MICHKOT
piuku Ta i MPUTOK, a TAKOX MIATPUMKA B HalleKHOMY cTaHi byry i y mopaneiiomy, mopyd i3
MOBHUM pe(OpMYBaHHAM TEXHIYHMX MEPEX MICHKOI'O BOJOIMOCTAa4YaHHS. € TakoX Hamip CTBOPUTHU
KOHUEMIII0 COJAapHOi BIANOBLAAIBHOCTI 3a byr Mk yciMa MicTamMH Ta rpoMajamH, MOB3 SKi
MIPOTIKA€E piuKa.

SIKICHUM apXITeKTYPHO-IJIaHYBAJIbHUM BUPILIEHHAM Hepeaye psa TEeXHIYHUX 3aBJaHb SK
OUMILIEHHS BOJIOMM MicTa, 30kpema [liBnenHoro byry Ta BnopsikyBaHHs IXHIX NPUOEPEXKHUX 30H;
MOJIIMIIEHHS SIKOCTI MUTHOI BOJM 3 HAsBHUX JJKEpEN 1 CUCTEM BOJOINOCTadyaHHs, JUBEpcU]iKalis
JDKEepesl BOJONOCTAYaHHS; OHOBJIEHHS  3acTapUIMX KaHaMI3aliiHUX Mepex, OyIIBHUILTBO Ta
PEKOHCTPYKI[iSl OYUCHHUX CIIOPYJ; CTBOPEHHS OKPEMOi CHUCTeMM 300py Ta OUYHMIIECHHS Tajoi Ta
JIOILI0BO1 BOJU.

Binauns norpelye 30a7aHCOBAHOTO MPOCTOPOBOTO PO3BUTKY, SIKUW BKIIIOYAaB OM CTBOPEHHS
HOBHUX pEKpealiifHuX 30H, MOAEpHI3allil0 ICHYIOUUX Ta iX MOB’A3aHHS IX y CUCTEMY, IIPUB’sI3aHy 110
BOAHMX pecypciB. Take 3aBlaHHS OMUPAETHCS JOCTIKEHHS IJIaHIB PO3BUTKY MicTa (Tabm. 1.) ta
MIPOBEJICHHS ayUTy BCiX BOTHUX (IIIIMOKIIUX) Ta 3€JIEHUX 1 3aHe0aHUX AUISHOK B MICTI 1 HAHECTH
ix Ha "BoaHo-3eneny kapTy BiHHUII" 3 METOIO 3aKpiIJIEHHS iX 3T0JIOM B 3€J€HOMY KapKacl MicTa,
HallMEHYBaHHIO Ta TOCTAHOBIII Ha KamacTpoBuil oOmik. Ciia cmiBOpamioBaTH i3 pajauKaibHO
HQJIAMITOBAHUMU TOPOASIHM, HABUMUTH IX 1 3aly4UTH JO0 HPOIECYy CTBOPEHHS TI'POMAICHKHX
YIIOPAIKOBAaHUX MPOCTOPIB, SIK YACTUHH BOJHO 3€JIEHOT0 Kapkacy Micta. BapTo Takox 3amydaru
TOPOJSIH 1 €KCIEPTIB B PO3POOKY MaiCTep-IUIaHIB TEPUTOPIM 1 peamizaiiii MPOEKTIB Ta 3HANTH
e(eKTUBHI CTpaTerii 1 TAKTUKH JUIsl CTBOPEHHS BOJHO-3€JICHOTO Kapkacy. Po3poOuTh KOHIEMIiI0
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3eJIeHOro Kapkacy micra (puc. 1.). MOHITOPUTH Ta MO3HAYWUTH MPOOJIEMHU MO TOTIPUICHHS CTaHy
MICBKOT'O CEepE/IOBUIIA, 3HWKEHHS TTOKa3HUKIB HOro SKOCTI Ta CTBOPUTH MICBKY MOJHY TEUil0 HA
ydacTh B 03€JICHEHHI Ta OJaroycrpoi Micra.

Taoauns 1

OyHKIIIOHAJIbHA Ta IPUPOJIHAYA OL[IHKA CTPYKTYpU MicTa BiHHUII.

CxeMa po3TAaIIyBAaHHS KHTJIOBHX palioHIiB CxeMa 03e/IeHeHHS

SIRiCTE NPHPIYKOBOIO MPOCTOPY

00°€KTIB

CxeMa po3TAIIyBAHHS NIPOMHCI0BOCTI Tiaporpagiynuii kKapkac

Puc. 1. Konneniiis BogHO-3€1€HOT0 Kapkacy BiHHMII
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OYHIIIEHHS ITPOMHUCJIOBUX BO/I I3 BUKOPUCTAHHAM BIOTEXHOJIOT' T

O. P. Ilonosuya?, H. 10. Bponcekkal, B. 1. Bacekis?, O. JI. MacaoBcbKa®

'Hanionanbhuii yHiBepcuTeT «JIbBiBCHKA IOTITEXHIKA»

2JIpBiBCHKHIl HaLliOHANBHMI YHiBepcuTeT im. 1. dpanka

MOHITOPUHI 3a0pyJHEHHsS NPUPOJHUX BOJ JIa€ MOXJIUBICTH 3pOOMTH BHMCHOBOK, IO
HEOOXITHO BIPOBAXKYBATH HOBI TEXHOJOTII, SIKI JO3BOJATH OJIEP>KaTH BOAY U TOCHOJApCHKO-
moOyToBUX MOTPeOD, 1110 BIAMOBIIaTUME CAHITAPHO-TIT1€HIYHUM HOPMATHBAM.

BaxuBy posib MaroTh 010JIOTIYHI IPOIECH Ta TEXHOJIOTII 7Sl OUMIICHHS TPOMHUCIOBHX BOJ.
OuuieHHs 3 BUKOPUCTAHHSAM MIKpOOPTaHi3MiB, 3a0e31euye BUCOKY CTYIIHb OUUIIECHHS CTOKIB.

Bimomo, mo CTidHi BOJW CHOUPTOBUX 3aBOAIB MICTATh BHCOKI KOHIICHTpAIlil OpraHIYHUX
PEUOBHH, 30KpeMa OpraHiuHi KMCIOTH. ToMy METOI HaIIoro AOCHIKEHHs OYyJo 3alpOonOHYyBaTH
MeTo]1 3HWKeHHs 3HaueHHs XCK.

EdexTuBHICTh O10JOTIYHHUX TEXHOJIOTIM OYMINEHHS 3aJICKUTh BiJl TakuxX (aKTOPIB SK
TEMIIEpaTypa, PIBeHb >KUBJICHHS, BMICT OIOT€HHUX €JIIEMEHTIB, KOHIICHTpAIli KHCHIO, HasSBHOCTI
TOKCHUYHUX PEYOBHUH.

Bnaciniziok aepoOHOT0 Mporiecy CTivHOT BOJAM CIIUPT3aBOAY yrpoaoBk 26 ni6 XCK 3Hu3umocs
Ha 30% , a mpotsirom 37 ni6 Ha 65 %. Ilpunmyckaemo, 10 BHACHIIJOK TPHUBAJIOrO aepyBaHHS
yIpoAOBXK 26 110 OKUCIIOIOTHCS OPraHiuHl PEYOBUHH.

JlocipKeHHsT TPOBOMIIMCH B YMOBax Oe3nepepBHOi aeparii. s oYMIEHHS TPOMHUCIOBUX
BOJI CIUPT3aBOJIIB OI10JIOTIYHI METOAM € OJHUMH 3 TIEPCIEKTUBHMX. Hamu BHBYaIMCH IITaMHU
MIKpPOOPraHi3MiB SIKI MOXKYTb B IE€PCIEKTHBI BUKOPHCTOBYBATHCS JUIsl OUYMIIEHHS MPOMHUCIOBUX
BOJI XapuOBOi MPOMHUCIIOBOCTI.

[Tpobu BinOupanu 3 BijcTiHUKA iHQLIBTpaTy JIbBIBCbKOro moiirony. OOMIK YHCENIBHOCTI
MIKPOOPIaHi3MiB PI3HUX €KOJOro-Tpo(iuHUX TPyl MPOBOAMIN METOJOM IOBEPXHEBOIO IOCIBY
cycrneHsiil i3 iH(IIbTpaTIiB 3 BIAMOBIIHUX PO3BEACHb HAa arapu3oBaHI *XKMBHWJIbHI CEepellOBHIIA 3a
METOJIOM TNPSAMOTO MiJIpaXyHKy KOJIOHI€EyTBOpIOBaJibHUX oauHULb (KYO).

3 o3epa iH(piIbTpaTiB JIBBIBCHKOTO MOJIrOHY TBEPAUX BIAXOMAIB OyJI0 BUIUIEHO IITaMH
MIKpOOpPIaHi3MiB, sIKi HMOBIPHO cOpMyBalll MeXaH13MH pe3ucTeHTHOCTI — M 2-2, M 2-4, M 3-4,
K1-1,K2-1,K 3-1, K 4-1.

byno neranpHo BuBUYEeHO MOpdosioriuHi Ta (i310J0T0-010XIMIUHI BIACTHBOCTI ITUX IIITaMiB
MiKkpooprasi3miB. JlocmiUKeHHSIMH OCOOIMBOCTEH pPO3BUTKY OIOIIEHO3y aepoBaHOi JIaryHU
BCTAHOBJICHO, II0 MIKpOOpTraHi3MH, BHJAUICHI 13 1HOUIbTpaTy ['pHOOBUIILKOTO CMITTE3BAIHING, €
MEPCIEKTUBHUMHU JUIsI CTBOPEHHSI OlOTEXHOJIOTIM U OYMIIEHHS 3a0pYyIHEHUX BOJ, OCKUIBKU €

CTIHKMMHU JI0 BIUTUBY MOIIMPEHUX MOJTIOTAHTIB, 30KpEMa 10HIB BAXKKUX METAJIIB.
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ITPOBJIEMA HEKOHTPOJIbOBAHOI'O PO3BUTKY
HIAHOBAKTEPIN B YKPAIHI TA KAHAI

M. Maasoanuiil, X. Cososiii', Tri Nguyen-Quang?
'Hauionanabuuii ynisepeuter «JIbBiBchbKa nmosirexnika», JbBiB, YKpaina

2laanxaysi ynisepcurer, Hopa Llloraanais, Kanaga

HekoHTpobOBaHUIT PO3BUTOK CHHBO-3EJICHUX BOJOpOCTEH (miaHOOaKTepii) 31e01IbI10T0
BiIOYBa€TbCA y pe3yabTaTi aHTPONOTEHHOI [iSUIBHOCTI JIOAMHU (CKUJAHHS HEOUYHIIEHUX
KaHai3aiifHuX CTOKiB, BUKOPUCTAaHHS (hochaTHUX MUIOYHX 3aCO0IB TOIIO), MPOTE ICHYIOTH H 1HIII
(dbakTOpH, SKi CHPUYMHIOIOTH IOSABI «IBITIHHA» BomoWM. lLle ¢i3wuHi (MPUILIUBH, ONPICHEHHS,
BHCOKA COHSIYHA pajiallisg, BEpTUKalbHA CTpartudikaiis), XiMiuHI (BHCOKHMX BMICT OIlOTCHIB,
oprasiku, crmoiyk (ochopy Ta a3ory 30kpema), 610THYHI (BiICYTHICTh a00 CKOPOUYCHHS TIOiTaHHS
BOZIOPOCTEH 300IIJIAHKTOHOM 4M pubamu) akropu. Hacmiku Takoi eKoJIoriqHOI mpodiieMa mepim
3a BCE CTOCYIOThCSI MICIIEBOi akBallOTH, SIKa TMHE y pe3yJibTaTi OpaKy KUCHIO, SIKHH CIOKUBA€ETHCS
1iaHoOaKTepisIMU B MpoIleci HEKOHTPOJILOBAHOTO po3BUTKY. OKpiM 3arubeni micieBoi akBadioTH,
UBITIHHSI» BOJIOMM € TakoK HEOE3MeYyHUM 1 JUIS JIFOACH, OCKUIBKH CIPHYUHSE HHU3KY
pecripaTOpHUX 3aXBOPIOBaHb, XapuOBUX OTPYEHBb Ta IHIUX Heayr. Koyim BiJ «IBITIHHS» BOJIONM
MOTEPNAIOTh PIKU BEIMKOTO peKpeanifHoro 3Ha4eHHs, TO 11€ I11e i BUHUKae eKOHOMIYHa rpodiema.

B Vkpaini «aBiTiHHsS» JlHiINpa 3a OCTaHHI POKH iile HE Ha claj, a HaBIAKu Bce OLIbIIe
3poctae. OAHi€I0 3 MPUYMH TaKoi MPoOJIEMH AJs L€l PIKM HAa TyMKY OKPEMHUX €KCIEpTIB, € Y
pe3yabTaTi MOPYIICHHS BOJOOOMIHY, a TAaKOK MEPETBOPEHHSI PIKK B KaCKaJl BOJOCXOBHUIII, Yepe3 1110
CTMOBUJIBHMBCA MOTIK 1 BOjAa, KaracTpodiuHe OOMUIIHHSA cToiauuHOi akBaropii JlHimpa, 3MiHa
T1IPOJIOTIYHOTO PEKUMY PIUKH, Majla MPOTOUYHICTh BoAM. DaxiBIi TaKoX HAroJjoOMIyIOTh, L0 B
Vkpaiai mnpobrema «uBiTIHHS» J[HiMpa MOXe€ CHPUYMHUTH BUHUKHEHHS OHKOJOTIYHHUX
3axBOproBaHb 1 renatuty C.

B Kanani ogaum 3 rpynu Benmnkux O3sep € Epi, sike norepnae Bij mpobiemu «BiTiHHI». Ha
2019 pik HamionanpHe ympaBliHHSA OKeaHIYHUX 1 arMochepHux pociikens B Kanani
CIPOTHO3YBAJIO «IBITIHHS» 03€pa 3a Mmo3Hauykowo 7,5 3a 10 — 6anpHO0 MKl BaxKocTi. OHIEO 3
MPUYMH TAaKOTO TPOTHO3Y 1 BXKE€ HASBHOI MPOOJIEMH € TAaKOXX BAaXKKi OMaIy IMOTOYHOTO POKY Ta
OinHuil Bpokail. KaHajcbke areHTCTBO 3 1HCHEKINT MPOAOBOJILCTBA HAroJIOUIye, IO ICHYIOTH 3
OCHOBHI CUMIITOMH y PE3YyJIbTaTi OTPYEHHS TOKCMHAMHM, IO BUAUISIOTHCS Y TPOLECI «IIBITIHHS»
BOJIONM, SIKI HAKOTIMYYIOTBCS y P01 UM MOJTIOCKaX: 1€ aMHE31iMHE OTPYEHHS MOJIOCKaMHU, JlapeiHe
OTPYEHHS MOJIIOCKAMU Ta HapaliTUYHE OTPYEHHS MOJIOCKaMH. PyTHHHE TecTyBaHHS BOJIM
denepanbHUMH CITY)O0aMH JTO3BOJIE€ 3aMOOIrTH MOTPAIISHHIO TOKCHHIB B JIOJCHKHI OpraHi3M
Yyepe3 MOPENPOAYKTH Ta iH(HOPMYBATH PIIICHHS JJIsl IPUITMHEHHS 300py MOJIIOCKIB.

255



WATER SUPPLY AND WASTEWATER DISPOSAL

COEFFICIENTS OF FLOW RATE OF NOZZLES WITH LATERAL INLETS
INSTALLED IN PRESSURE DISTRIBUTIVE PIPELINES

I. V. Bihunl, V. V. Ivaniv! V. V. Cherniuk'?,
! - Lviv Polytechnic National University, department of hydraulics and sanitary engineering,
v.cherniuk@ukr.net, 79013, 12, Bandera street, Lviv,Ukaine,
2 _ Catholic University of Lublin named after John Paul I, Poland.

Pressure pipelines (PP) are important elements in purifying structures of treatment of natural
and sewage waters (in filters) in cooling systems of circulating waters of thermal and nuclear power
plants (in spray ponds and in saltpans).

A method of regulating the non-uniformity of fluid dispensation along pressure distributive
pipelines (DPs) has been invented [1]. For the cylindrical nozzles with lateral orthogonal inlet of

stream in the wall of a DP (Fig. 1), the value of the coefficient x of flow rate changes in the course

of regulation of the value of the angle 4 between the direction of flow movement V' of fluid inside

the DP and the direction of movement v of the stream running out of the fluid flow (Fig. 2). The

aim of this work is to experimentally determine the values of the coefficient x of flow rate of these

nozzles depending on the angle 5.

o o An experimental set-up with gravitational water supply
! was applied. The operating heads on the nozzles were varied
T | from 0.01 to 16.70 m. The butts of the cylindrical nozzles near
N L 5d L

their lateral inlets were blinded (see Fig. 1). The nozzle was

Fig. 1. Schematic diagram of installed in the wall of a segment of DP with the possibility of its

cylindrical nozzle with rotation about its longitudinal axis (see Fig. 2). The angles p

orthogonal lateral inflow
were assigned the values 0°, 45, 90°, 135°, and 180°. The
inner diameters d of the investigated nozzles were equal to 4.83, 6.01, 8.02, and 8.99 mm. The

nozzles were installed in DPs whose diameters D were equal to 11.28; 16.13; 20.18, and 26.01 mm
. The ratios (d/D)’ of the areas of cross-sections of nozzles to those of DPs were equal to 0.0887;

0.119; 0.158; 0.183, and 0.251.

In this work, results of experimental determination of values of the coefficient x of flow rate
of nozzles for the values of (d/D)* = 0.119 and 0.158 for g = 0°, 45°, 90°, 135°, and 180°.The

values of the coefficient x essentially depend on the angle 3, on Reynolds™ criterion Re, =vd/v

(Fig. 3), and on the ratio of areas (d/D)2 (Fig. 4). The greatest range of variation of x (up to 23 %)

256



WATER SUPPLY AND WASTEWATER DISPOSAL

was obtained for the nozzle of d = 8.08 mm, witch was installed in a DP of D = 16.13 mm, for

(d/D)* =0.251 (see Fig. 4).

a) —-»|

‘ =90°

1% ﬂ —x
1 e s | N
Q f |
o
' 3 v \4 iy
RN
4
/ 50 / D ,/ |
N
A
—

Fig. 2. Schematic diagram of outlet cylindrical nozzle with orthogonal lateral inflow for g =90°

positioned at the end of DP: a — longitudinal section; b - section A-A; 1 —wall of DP;

2 butt blind of DP; 3 —nozzle; 4 —inlet hole of nozzle; 5 — blind near inlet butt of nozzle

0.8

(d/D)>=0.158 [ ____ ps
1
07
Fig. 3. Dependence = f(re p) for
nozzles whose (d/p)? = 0.158 for 08
different values of g; Rey =vd/v is .
the Reynolds" criterion for water ©
stream in nozzle -
1000 10000 Re, 100000

a8 :
|t () DFRT e 118
H | =O=0.158 —0=0.183
| —O0.251
0.8

Re=20000 |

Fig. 4. Dependences of coefficient . of flow o

rate of nozzles on the value of angle g. The curves 06

are plotted for (¢/0f? =0.0887; 0.119; 0.158; 0.183, 5%
and 0.251 for Re, = 20000 \o_/‘?”o

0° 45°  g0®  13° f§ rE0°

Because of the change in operating head along the pressure distributive pipelines, the fluid
dispensation from them is non-uniform. However, for many technological processes it is uniform

dispensation that is desirable. By means of regulation of value of the angle £, we have obtained the
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variation of the coefficient x by 23 % only of one nozzle; it was installed in a short pipe whose
diameter was D and the length 6D (see Fig. 2). For a longer DP which contains ten or more
nozzles we can achieve essential reduction of non- uniformity of fluid dispensation along the path.
The investigations of the authors of this article are aimed at detection of geometric and

hydrodynamic parameters of DP under which this aim can be achieved.

1. Cherniuk, V. V., and lvaniv,V. V. (2017). Parent for invention, Ne 115840 (Ukraine), IPC
GO5D 7/00, F17D 1/02, F17D 1/08. Method of regulation of fluid flow rate along the pipelines
with nozzles // Bulletin Ne 149017, Ukrainian Institute of Intellectual Property, 5 pages.
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