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The quality and total volume of fresh water, as a strategic resource of the state, is the basis
of its existence, public health, human safety and the key to development. In Ukraine, fresh water
reserves are 8.5 times lower than the global average (1040 m? per person). Therefore, careful and
rational use of freshwater resources is an indisputable guarantee of the country's sustainable
development. The state's need for rational integrated use of water bodies - water management,
fisheries, industrial, agricultural, municipal, recreational and environmental - is based on complete
and accurate arrays of thematic information on various markers, geographical locations and in
dynamics.

The relevance of the research gives rise to the need to Geographic Information Systems
(GIS) usage, as functional control and information systems of the state in the field of water
resources monitoring and conservation of the Nature Reserve Fund (NRF) of the Western Bug
River basin, its upper part. GIS is a promising method of monitoring and managing environmental
objects, which is reflected in numerous research in Ukrainian worldwide. GIS is used to solve
many scientific and practical tasks related to spatially distributed data used to ensure
environmental safety and sustainable development of regions.

The object of the study is the river basin of the upper reaches of the Western Bug River as
the basis for the formation of a hydrological ecological network.

The results of the research are the development of algorithms, methods and technologies for
information support of the database of the hydrological network of the upper reaches of the
Western Bug River. An ecological network is a complex, multi-level, spatial system of natural
biotic and abiotic elements of an ecosystem, as well as altered and degraded landscapes that require
conservation or restoration, including through sustainable use (Rozbudova, 1999). The ecological
network should include not only preserved natural areas, but also altered, even degraded,
landscapes that need to be restored.

The basis for the formation of an ecological network is the river basin as a single natural-
territorial unit with clearly defined boundaries, a set of geomorphological, soil and climatic
conditions, and established landscape systems, which allows to substantiate the structure and
correlation of ecological network elements and their rational spatial location (Sheliag-Sosonko,
Grodzinsky, Romanenko, 2004). Among biotic objects, the components of an ecological network
may include forests, peatland communities, water bodies, relict, endemic and rare coenoses.
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Rivers, along with coastal protection strips and water protection zones near water bodies, should serve
as connecting areas (hydroecological corridors). Lakes, peat bogs, oxbows, and river floodplains can
be part of local natural cores and higher-level eco-corridors. The areas of restoration among wetlands
should include drained marshes, eutrophic floodplains and reclamation channels. The technical
difficulty of reclaiming waterlogged land for agriculture is a major obstacle to the conservation of
wetlands in the region. Within river floodplains, the limiting factor is the complication of runoff with
low profitability of reclamation systems. It is more rational to use them as hayfields or ponds.

Almost all sections of the upper reaches of the Western Bug River have suffered deviations from
their natural state. The basins of small rivers and their ecological status have changed especially. Small
watercourses have completely or partially disappeared due to the impact of natural and natural-
anthropogenic factors. To prevent further deterioration of the ecological state and depletion of small
rivers, hydromorphological, hydrophysical, hydrochemical and hydrobiological monitoring of surface
waters is advisable. Based on the results obtained, it is necessary to determine the ecological status of
each river and select optimal and effective measures to restore their natural state.

The testing of methodological approaches for information modelling of the basin system allowed
to substantiate an appropriate algorithm for creating a digital model of the hydrological network. The
information support of the proposed GIS project is designed to generate and display thematic data
containing physical and attribute information. In addition, it is possible to create environmental
thematic maps of the territory - key objects of the ecological network.

According to the plan of Ukraine's perspective eco-network, the upper reaches of the Western
Bug River basin are connected by two national-level eco-corridors: the latitudinal (Galician-
Slobozhansky) and the meridional (Bug). The Western Bug Valley is an international ecological
corridor that connects the national ecological network with the Western Bug River ecological corridor
in Poland, and also connects the lowland landscapes of the Polissia zone with the upland landscapes
of Podillia. Compared to other basins in the region, it has the smallest number of protected areas (70
in total, with a total area of over 18,000 hectares). The percentage of protected areas is low and varies
by district, ranging from 0.07 to 2%. Despite the large area of wetlands compared to other basins, they
are the least protected here.

The communication elements of the regional ecological network of the Western Bug River basin
include latitudinal and meridional natural corridors. The former are represented by the Bug-Volyn
(international) and Malopolissia eco-corridors, which provide links to the Dniester River basin
ecological network and the Galician-Slobozhanskyi National Ecological Corridor. Meridional nature
corridors are spatially limited to the valleys of medium and small rivers: Rata, Poltva, Solokiya,
Svynia, etc. Based on the publishes data and information on the protected areas, it is proposed to
identify four key territories of the national level in the ecological network of the Western Bug River
basin - Gologorska, Verkhnobuzka, Central Malopolska, Zakhidnomalopolska, and four key territories
of the regional level - Volytska, Pukachivska, Prybuzka, and Sosnivska (Danylyk, Borsukevych,
Kuzyarin, and Honcharenko, 2014).

Conclusions and prospects for further research include the implementation of the proposed GIS
project to maximise the coverage of all ecosystems in the upper reaches of the Western Bug River
basin by biodiversity protection. The prospective GIS will create objective prerequisites for
simplifying the procedure of state supervision (control) over the use of water resources and aquatic
bioresources - control of reclamation works on water bodies, irrigation of fields, use of water for
industrial needs, safety care-about cycles as discharge of waste water from industrial and municipal
enterprises, pollution of catchment areas and water bodies with garbage, industrial waste, oil products,
persistent organic pollutants, stocking of water bodies, capturing, control and commercial fishing,
protection of aquatic bioresources, improving the efficiency of management decisions, development
of legislative and regulatory acts, methodological and educational materials, and ongoing regulatory
administrative measures.
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Natural water is a complex disperse system containing many various elements, organic and
inorganic compounds, the composition and ratio of which are determined by the conditions of its
formation. The quality of water is defined by the chemical, physical-chemical, biological
properties that determine water suitability for certain uses [1].

Providing clean drinking water to the population has become a priority task around the
world. However, this issue is complicated by the growing population, higher water quality
standards and, at the same time, increasing of water pollutions, which poses a serious threat to
human health and environment according to the World Health Organization [2].

This problem is most acute today during the hostilities in Ukraine. Missile strikes are not
only accompanied by consequences for people and infrastructure, but also the environment suffers
from this (air, water, soil). Firstly, the pollutions level of metallic ions, different organic and
inorganic contaminants in natural resources increases significantly. Unfortunately, the ecology of
Ukraine will continue to feel these serious consequences of enemy shelling and fighting for several
more decades. Therefore, during martial law and post-war recovery in Ukraine, the systematic and
comprehensive monitoring of natural waters quality is a critical part of environmental management
and protection.

For water quality evaluation, the general focus is on the detection of the levels of heavy
metals and other metallic ions, total phosphorus, total nitrogen, chemical oxygen demand, total
organic carbon, and permanganate salt presented in a water samples.

The alkali metallic ions, such as sodium and potassium are the main components of water.
Sodium is not harmful to a human being if it does not exceed the normal levels, which is sourced
from drinking water and foods. But sodium intake turns into a cause of concern for those who are
sufering from heart and kidney problem or insomnia. They are advised to take low sodium content
food. Potassium is the sodium’s partner. Potassium stays inside the cells with cell barrier at the
other side. Potassium is considered as an electrolyte which does not enjoy free circulation inside
the human body. Concentration of potassium is responsible for withstanding gate pressure of
sodium and the pressure generated due to water movement [3].

Military operations, rocket attacks and explosions affect the state of natural waters in
Ukraine. Due to high temperatures, the water level decreases and the concentration of sodium and
potassium in water from natural sources increases.

It is known that most of the current detection techniques for water analysis are based on
the traditional optical and mass spectroscopy measurements and require a long detection cycle.
Also, some of them need to use specific chemicals which may cause secondary pollution.

Laser-induced breakdown spectroscopy (LIBS) is an innovative atomic emission
spectroscopic technique used to determine the elemental composition of a sample by analyzing the
spectrum of light emitted by a laser-induced plasma. LIBS has applications in ecology, medicine,
pharmacology, agriculture, food chemistry etc. This method has several advantages, including no
need or a little sample pre-treatment, fast and easy operation, chemicals free during the process,
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micro-local analysis ability, portability and can identify multi-state and multi-element substances
simultaneously, rapidly, and remotely [4].

LIBS detection for water and liquid samples is more difficult than for solid samples. LIBS
has been developed for more convenient and rapid analysis of heavy metals and alkali metals in
natural waters and wastewaters over the past decades because of the potentials of this method for
in situ or field analysis.

LIBS allows detect metallic elements in natural water samples with high sensitivity and
accuracy. By analyzing the spectra of light emitted by a laser plasma in the water samples, LIBS
can identify the concentration of various elements as indicators of water contaminations.

Experimental LIBS system includes five main components. These are the laser source, the
optical path, the spectrometer, and the data analysis unit. For the first series of experiments we
built setup for the Single-pulse LIBS consists Nd:YAG high-power laser Continuum Minilite with
a pulse duration of 10-15 ns, a repetition rate of 10 Hz, maximum pulse energy of 850 mJ, and
output at the wavelength of 1064 nm with the USB 4000 Ocean Optics Spectrometer.

In this work we focused on the application of LIBS for the detection of alkali metals in
natural water samples. Direct LIBS analysis in water faces the problems of droplet splashing and
laser energy decay. Therefore, we used the application of chemical replacement combined with
surface-enhanced LIBS (CR-SENLIBS). A series of experiments was prepared using LIBS for the
determination of Na* and K* ions in model solutions.

The main aqueous solutions 500 pg/mL of NaCl and KCI1 were dropped into Al alloy plates
and dried on aluminium foils. LIBS experiments of Al plates also were conducted. LIBS spectra
containing information about these elements were collected immediately after microplasma
generation in visible optical spectrum region [5].

LIBS spectra were compared with theoretical LIBS database NIST of American National
Institute of Standard and Technology. From the main solutions of 500 ug/mL for NaCl and KCl,
working solutions with concentrations 30-210 pg/mL for NaCl and KCI| were prepared by dilution
with distilled water. After microplasma generation, we found 14 LIBS spectra and built the
calibration curves for the biggest wavelengths of Na A1=589.14 nm and K 11=766.5 nm. The Limits
of detection for Na and K were found.

After conducting LIBS experiments with the natural waters of France and based on
calibration curves, the sodium and potassium contents of the Loire and Maine rivers, as well as
the Saint Nicolas lake were calculated.

Therefore, by investing in water quality monitoring and using advanced technologies, such
as Laser-induced breakdown spectroscopy, it is possible better manage and protect the water
resources, which are essential for public health, agriculture, and economic development. Our main
goal is to help in creation of environmental sensors to assess and improve the availability and
quality of water, which are essential and crucial for health and wellbeing in general around the
world and for Ukraine in this particularly difficult period of war.
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Rainwater becomes polluted when it comes into contact with pollutants in the air. Further
pollution of rainwater is caused by runoff from the surface on which it falls. Polluted water is
frequently discharged directly into soils and surface water. The rainwater runoff generated at
parking lots and motorway service areas is polluted primarily with suspended solids, heavy metals
and petroleum hydrocarbons. Direct sources of heavy metal pollution in surface runoff from roads
include [1-2]:

exhaust gases,

abrasive products of tires and brake discs,

residues of wearing vehicle components,

products of road surface and construction material wear,

contamination resulting from collisions and uncontrolled spills of transported substances.

With the increasing reuse of rainwater, it is necessary to determine the amount of heavy
metals present in rainwater. Studies have shown [3,4] that heavy metals are among the primary
environmental pollutants; they pose a particular threat to human health, and many of them have
carcinogenic properties.

A catchment area located at a MRA was selected for the study. The catchment area is about
5.85 hectares, 50% of which is paved (paving stones, asphalt). The considered MRS has 65 parking
spaces for cars, 43 spaces for trucks, 6 spaces for coaches, a recreation area and a toilet building.
The rainwater from the paved surfaces is discharged through stormwater drains into the stormwater
sewer system, and then into the road drainage system (road ditch) through a pre-treatment system,
equipped with an external bypass to allow water from rains greater than 15 1/s-ha. A sludge trap
and a coalescing separator for petroleum substances are present at the MRA.. For the discharge of
municipal sewage from the toilet building, an impervious sanitary sewer system is provided,
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discharging wastewater to a local biological treatment plant. The treated wastewater is then
discharged into the road drainage system, which, together with rainwater, flows into the filter pond.

Samples of rainwater and sanitary wastewater were taken at the point of discharge into the
road ditch. The tests were designed to quantitatively assess the presence of heavy metals in the
water coming from the stormwater sewer system and in the pretreated wastewater from the sanitary
facilities located at the MRA. The collected samples were secured and transported to the
laboratory. They were stored under refrigerated conditions until analysis. Heavy metal
determinations were performed using an Agilent 8900 ICP-MS Triple Quad spectrometer.

The measured concentrations of selected heavy metals in surface runoff and treated sanitary
wastewater — chromium, copper, zinc, cadmium and lead — are shown in Table 1.

Table 1. Concentrations of selected heavy metals in the tested samples

samol Chromium Copper Zinc Cadmium Lead
e PHer [ug/1] Cu [pg/l Zn [ug/l] Cd [ug/l] Pb [ug/l]
Name |“°" |RsD |Conc. |RSD |Conc. |RSD |Conc. |RSD |Conc. |RSD

KS1 158 |2.71 (4266 |1.37 |0.14 158 (014 |60.39 |2.66 |2.29
KD2 |1.78 |1538 |17.33 |1.02 |0.08 |1.56 |0.02 [283.36 |1.3 3.52

According to the Regulation of the Minister of Maritime Affairs and Inland Navigation of
July 12th, 2019 on substances particularly harmful to the aquatic environment and conditions to
be met when discharging wastewater into waters or into the ground, as well as when discharging
rainwater or snowmelt into waters or into water facilities (Journal of Laws 2019, item 1311),
rainwater or snowmelt, contained in open or closed sewer systems, coming from a contaminated
impervious surface should not contain pollutants in amounts exceeding 100 mg/l of total
suspended solids and 15 mg/l of petroleum hydrocarbons. The regulation does not set requirements
for other pollutant indicators, including heavy metals. Permissible concentrations of heavy metals
are specified only for industrial wastewater, which, depending on the type of industry, are:
cadmium concentrations of 0.05 to 0.4 mg/l, zinc of 2 mg/I, total chromium of 0.5 to 1 mg/l, and
copper and lead of 0.1 to 0.5 mg/I. These values were not exceeded in any sample tested.

The concentration of chromium in both treated sanitary wastewater and the rainwater
runoff from the MOP is at similar levels. However, the chromium content in rainwater shows
greater variability (RDS = 15.38%). Copper concentration is significantly higher in sanitary
wastewater. As for the concentration of zinc, its value in both samples is at a similar level, while
the concentration of lead is higher in the sample taken from the sanitary sewer. The cadmium
content in the rainwater runoff from the MRA shows much higher variability (RSD = 283.36%)
than in sanitary wastewater treated biologically (RSD = 60.39%).

Studies on the occurrence of heavy metals in rainwater have been conducted for many
years. On the basis of on literature data, Table 2 shows the values of minimum, maximum and
weighted average concentrations of individual heavy metals [6-15].
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Table. 2. Range of pollutants concentrations in runoff from traffic areas based on literature data
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min. |3,9 (231 |na. |17 14 1 na. (na |2 6
Cr[pg/l]|mean |17 |2.8 30 12.1 |50 179 |na. |na. [9.7 |na
max. (84 [3.52 |77 |32.3 |250 (105 |n.a. |na. |40.1 |50
min. |15 |1.82 na |54 67 13 4 na. 1[159 (21
Cu[pug/l]|mean [111 |2.49 |188 |19.8 |143 |63.5 |71 na. (929 |na

max. [570 [3.14 |500 (48.1 |389 |274 |560 |n.a. [920.8|140
min. |36 [585 |na (88 [323 |21 18 73 83.3 |15
Zn[pg/l]|mean |236 |7.74 |574 |335 |698 |338 [290 |355 |506.3|n.a.
max. {932 [10.3 |1500 [132.8 |2826 |2234 |4490 [864 |8881 |2000
min. (0.1 |<0.086|n.a. [0.05 |0 0.06 |na. |02 (04 |0.2
Cd[pg/l]|mean |0.1 |<0.086/0.61 [0.1 |0 41 |na |19 1.8 |na.
max. |1 <0.086|1.5 |0.27 |0 35 na |79 20.2 |13
min. |53 [<0.132|n.a. (4 32 14 102 |1 46 |11
Pb[ pg/l]|mean (21 |<0.132|53 17.7 180 33.1 |98 |258 |25.8 |na.
max. (98 [<0.132|140 |435 |316 |220 (72 880 |151.6 |525

Concentrations of heavy metals in the runoff samples, especially Cd, Cr, Cu and Pb, were
similar to those reported in the literature [6-15]. Among heavy metals, Zn exhibited the lowest
concentrations, to than expected for typical pollutants associated with vehicular traffic.

The present study constitutes the initial stage of the measurement campaign; however, due
to the occurrence of the dry season, it was impossible to take more samples. The rainfall during
the summer was too low to allow the collection of an adequate amount of rainwater.

In view of the increasing secondary use of rainwater, the lack of regulations defining the
permissible concentrations of heavy metals in rainwater seems concerning.

The research leading to these results has received funding from the commissioned task
entitled ,,VIA CARPATIA Universities of Technology Network named after the President of the
Republic of Poland Lech Kaczynski” contract no. MEiN/2022/DP1/2575 dated 20.10.2022 action
entitled ,,ISKRA — building inter-university research teams”.
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OLD METHOD - NEW APPLICATION: WWTPs WITH IRMS
Jaromin-Glen K.}, Polakowski C.1, Grygorczuk-Planeta K., Bieganowski A.?

YInstitute of Agrophysics, Polish Academy of Sciences, Lublin, Poland, k.jaromin-
glen@ipan.lublin.pl; c.polakowski@ipan.lublin.pl,, a.bieganowski@ipan.lublin.pl

Wastewater treatment plants (WWTPs) are a special type of artificial ecosystem that is
characterized by sharp gradients in physicochemical properties. Although wastewater technology
is very well developed and implemented in a large number of WWTPs around the world, there are
still large gaps in knowledge of the biological processes underlying the transformations that occur
during treatment. The reason is their high complexity. Measurement technigues include physical
and chemical components of wastewater, analysis of fugitive and gaseous emissions from
WWTPs, quantitative and qualitative assessment of microbial communities associated with
WWTPs, or high-throughput analyses in the fields of metataxonomics, metagenomics or
metatranscriptomics.

An increasingly important tool in the study of complex processes such as those occurring
in WWT is Isotope Ratio Mass Spectrometry (IRMS), which determines the fraction of individual
isotopes in the sample under study. IRMS is one of the tools used to study both process flow and
to track specific substances in the process. IRMS is a branch of mass spectrometry (MS) that allows
the precise measurement of stable isotope abundances in a given sample. IRMS can accurately
determine small differences in the abundances of isotopes such as 2H/*H, 3C/*2C, N/**N, and
180/1%0 of gaseous, liquid, and solid samples. This relatively old method, however, powerful tool
with new application potential, allowing for an increasingly deeper understanding of a wide range
of environmental processes.

The methods of analysis and determination of stable isotope ratios and their fractionation
used in WWTPs have developed considerably in the last decades. In addition to the standard
approach to the subject, a new (and very promising for the future) approach has emerged: the site
preference approach. One of the first reports on the application of site-preference analysis to
wastewater treatment systems dates back to 2011. The standard approach consists of measuring
the differences between the standard and the sample abundance. Site-preference is a branch of
isotope analysis that aims to determine the isotopic composition of a particular atomic position in
a molecule. The authors presents current knowledge on the application of IRMS in wastewater
treatment, focusing on the possibility of using *C/*>C and ®N/“N stable carbon and nitrogen
isotope ratio measurements in the monitoring of wastewater treatment plant technology. The
literature data serve as a basis for the following presentation of stable isotope ratio measurements
from the Hajdéw Municipal WWTP in Lublin.

Stable isotope ratios of carbon and nitrogen were measured in sludge from the Hajdow
Municipal Wastewater Treatment Plant in Lublin (Poland), with a flow capacity - average per day
Qd = 120000 m3/d. Sampling points were located on the sludge processing line of the WWTP. The
material for the study was collected in different seasons of the year. Six points of the sludge
treatment line were selected, representing successive stages of sludge processing. The results of
313C and 8N allow to conclude that the sediments collected from different points of the sludge
processing line are characterized by different stable C and N isotope ratios.

The potential of the IRMS technique lies in its ability to be used to track and analyze
wastewater treatment processes. Materials taken from different points in the sludge process line
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are characterized by different values of stable C and N isotope ratios. To avoid misinterpretation,
it is therefore important to compare data from similar stages of the WWT process. Ongoing studies
using the IRMS method are required to determine not only the current status but, more importantly,
the biological processes causing changes in stable isotope ratios in WWTPs sludge.

COMPUTER MODELING OF BIOLOGICAL WASTEWATER TREATMENT
TECHNOLOGY OPTIMAL PARAMETERS

Kyrychenko K.S., Sablii L.A.
Istudent, National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic
Institute™, Ukraine, kyrychenko.kyryll@Ill.kpi.ua

It is advisable to turn to mathematical models that can extrapolate the physical model to
conditions beyond those studied in the pilot plant, while designing water treatment plants under
time and financial constraints. This trend is supported by a significant number of modern
commercial software for modeling the processes occurring in water treatment plants: EFOR,
Simulink, BioWin, SIMBA, STOAT, WEST, and GPS-X [1]. These programs are based on the
mathematical model of the ASM family or its modifications, such as the Mantis family [2, 3].

In this paper, based on the literature, we determine the indicators of urban wastewater (UW)
and consider technologies for its treatment from nitrogen compounds, and find the recommended
values of the recycling coefficients of nitrate flow (NF) and activated sludge (AS).

The aim of the work is to optimize the technological parameters of the system for biological
treatment of urban sewage from nitrogen compounds using A/O (Anoxic/Oxic) technology -
recycling coefficients of NF and AS, using computer programming to obtain high efficiency of
sewage treatment from nitrogen compounds and minimize economic costs.

Table 1 - Nitrate concentration in treated water at the outlet depending on the NF coefficient

. Nitrate
NF recycling .
o concentration,
coefficient, % 3
mg/dm
100 10,65
150 9
200 7,86
300 6,43
500 5,24
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Table 2 - Concentration of SS in treated water depending on the AS recycling coefficient

AS recycling | SS concentration,
coefficient, % mg/dm?®

30 32,89

40 28,09

60 21,07

80 15,18

100 11,9

37

32
27
22

12
7

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
AS recirculation coefficient, %

Fig. 1 - Graph of the dependence of nitrate concentration at the outlet of the treatment plant on
the nitrate flow recirculation factor: the blue curve indicates the obtained values; orange line
indicates standard concentration of nitrates at the outlet (assumed 9,1 mg/dm?)

concentration of SS
after secondary settling
tanks, mg/dm?3
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Fig. 2 - Graph of the dependence of the concentration of the SS after secondary settling
tanks on the AM recycling coefficient: the blue curve indicates the obtained values; orange line
indicates standard concentration of SS at the outlet (assumed 20 mg/dm?®)

Scale points for these graphs were taken for interpolation to clarify the results. As a result of
the calculations, the following values were obtained: the optimal NF recycling coefficient is
150+2%; whereas the optimal AS recycling coefficient is 65+2%.

It was also decided to recalculate the AS recycling coefficient for the optimal value of the
NF recycling rate (150+2%). Based on the obtained data (Table 3), calibration graphs of the
dependence of the concentration of the SS at the outlet of the treatment plant on the above recycling
coefficients were constructed (Figure 3).
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Table 3 - Concentration of SS in treated water depending on the AS recycling at the
optimal NP recycling coefficient
AS recycling coefficient, % SS concentration, mg/dm?®

30 22,97

40 18,45

60 11,25

25
23
21
19
17
15
13
11

9

7

20 25 30 35 40 45 50 55 60 65 70

AS recirculation coefficient, %
Fig. 3 - Graph of the dependence of the concentration of SS after secondary settling tanks on the
recycling coefficient of AS at the optimal recycling coefficient of NF: the blue curve indicates the
obtained values; orange line indicates standard concentration of SS at the outlet (assumed 20
mg/dm?3).

concentration of SS after
secondary settling tanks,
mg/dm?3

Similarly to the previous two studies, scale points were taken and the optimal AS recycling
coefficient was obtained with the optimal NF recycling coefficient of 35+2%.
Conclusions

As a result of the calculation of the A/O technology on the example of biological treatment
of urban sewage, the dependence between the increase in the recycling coefficient of NF and AS
and the decrease in the concentration of nitrates and SS at the outlet of the treatment plant was
confirmed. The optimal recirculation coefficients were also calculated (for NF - 150+2%; for AS
- 35+2%), which allows to design a water treatment plant at lower economic costs, where polluted
wastewater will be treated to meet the standards of discharge into the natural water body.
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BIOINDICATION PROCEDURES SUPPORTED WITH ELECTRONIC SENSES FOR
ANALYSIS AND CONTROL OF WASTEWATER TREATMENT PROCESSES
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Control of technological processes carried out in individual devices of wastewater treatment
plants (WWTPs), and in particular within bioreactors with a living process factor, can be carried
out using various research methods. It may be based on the results of tests of physical and chemical
parameters (e.g. TSS, TOC, BOD, COD, bhiogenic compounds, etc.), as well as the results of
biological tests, which are the basis of the bioindication method. Biological tests in WWTPs are
most often carried out to assess the parameters of activated sludge or biofilm, predict the quality
of treated sewage, and detect the causes of disruptions to processes conducted in bioreactors.
Hence, most of the studies described in the literature concern bioindication studies carried out in
the biological part of the WWTP. However, it should be remembered that treatment plants consist
not only of bioreactors with activated sludge or biological bed, but also include other devices that
change the properties of treated wastewater. Taking into account the fact that the surfaces of all
treatment plant devices in contact with sewage are covered with a specific biofim (pecton), the
properties of which are related to local conditions, this formation also can be used for bioindication
purposes. Mentioned biological formation comprises assemblages of organisms spontaneously
inhabiting the available surfaces, without intentional actions of the object operator, and sometimes
even against such actions. The term pecton was taken from the work by R. Margalef, 1947
(Collectanea Botanica, 15(1): 247-259), used for distinguishing the biofilm which develops on a
solid inanimate substrate coming into contact with the wastewater in WWTP objects, without
being a biofilm understood as a process factor of biochemical processes of treatment. In such
meaning, pecton developing in consecutive devices of a 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. Therefore, taking the advantage of the presence of organism assemblages
in the form of pecton in devices, they can be used for bioindication in all points in main treatment
line in WWTP, similarly as in the case of the studies on the water quality in inland surface water
bodies, where individual populations of organisms or entire communities are used as indicators of
the level of pollution or the stage of self-purification of water. Measures characterizing
communities (e.g. a measure of diversity based on entropy adopted from the description of the
operation of tele-informatics systems) calculated on the basis of the number of individuals within
morphological groups or particular species can be treated as indicators of wastewater quality, as
well as the stage and stability of the treatment process. However, bioindication procedures require
qualified specialists who can quickly and effectively identify individuals taken into account during
analyzes and assign them to appropriate sets that together create multidimensional data structures.
The procedures for localization and identification of organisms can also be carried out using
computer vision techniques, for example those based on deep neural networks. The mentioned
supervised machine learning method combined with an image acquisition device (digital camera)
and the optical system of a microscope is an example of the application electronic eye in
procedures of WWTP processes supervise. For validation of results could be used classical
pollution indicators (e.g. TSS, TOC, BOD, COD, etc.), but also electronic tongue and electronic
nose pre-calibrated for this indicators.
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DISCOVERING THE NEW PATHWAYS OF NITROGEN REMOVAL IN
WASTEWATER TREATMENT PLANTS

Jacek Makinia
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Nitrogen, a vital element, plays a significant role in both environmental and human health
concerns. Elevated levels of nitrogen in wastewater can lead to a range of environmental issues,
including toxicity, dissolved oxygen depletion, and eutrophication, with potential consequences
for human health. Stringent regulatory standards have been established to limit nitrogen discharge
into receiving waters, driven by the need for long-term sustainability, protection of water
resources, and mitigation of climate change through the reduction of nitrous oxide emissions. This
paper explores the evolution of nitrogen removal techniques in wastewater treatment plants,
emphasizing the discovery of novel pathways and processes, as well as the central role of nitrite
(NO2-N) in these processes.

The nitrogen composition in municipal wastewater varies significantly, comprising organic
nitrogen, ammonium-nitrogen (NHz-N), and nitrate/nitrite-nitrogen (NOx-N). Traditional
approaches to nitrogen removal in wastewater treatment plants primarily focused on nitrification
and denitrification processes. However, recent research has unveiled new insights into these
processes, highlighting a shift in our understanding of nitrogen conversion. This shift includes the
discovery of novel nitrogen conversions, such as anaerobic ammonium oxidation (anammox),
complete ammonia oxidation (comammox), and dissimilatory nitrate/nitrite reduction to
ammonium (DNRA). Anammox-based systems have shown remarkable potential for nitrogen
removal by reducing oxygen demand, eliminating the need for external carbon, and producing less
excess sludge. However, anammox bacteria are sensitive to nitrite, dissolved oxygen, and free
ammonia, and their slow growth requires long biomass retention.

Comammox, discovered in 2015, has been identified in natural systems and wastewater
treatment plants. It involves a single microorganism, comammox Nitrospira, which possesses the
necessary genes for ammonia oxidation. Studies have shown the coexistence and cooperation of
anammox bacteria and comammox Nitrospira, suggesting exciting possibilities for improved
nitrogen removal. DNRA, while not directly contributing to nitrogen removal, recycles fixed
nitrogen in the environment and is a crucial component of the terrestrial and oceanic nitrogen
cycle. It has been largely overlooked in wastewater treatment processes, emphasizing the need for
a more holistic understanding of nitrogen conversions.

The integration of nitrogen removal with sulfur (S) or sulfur-carbon (S-C) cycles presents a
promising approach for efficient wastewater treatment. By combining these cycles, it becomes
possible to recover ammonia from wastewater, aligning with the concept of a circular economy
and sustainable resource management.
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As a result of the milk and whey processing in concentration processes, using evaporative
and membrane methods, contaminated wastewater is produced. They exhibit features that limit
and often exclude their reuse in technology and/or technical infrastructure. Our own research and
literature review show that the process water recovery technology, which allows to obtain water
of significantly better quality, compared to treated water, can only be obtained as a result of the
well-known and widely used, since the 80’s of the last century, filtration of process water by
activated carbon. In evaporation and membrane installations, process waters contaminated with
both organic and mineral compounds are generated. The level of contamination with organic
compounds is low from the point of view of wastewater treatment technology. On the other hand,
it is too high for direct use in a dairy plant as a full-fledged and microbiologically safe water.
Contaminated waters do not meet the requirements of the COD parameter, which for process water
should be in the range of 10 — 15 mg O2/dm?, what results from the internal procedures adopted in
the dairy industry for the analysis of critical points in ensuring food safety based on HACCP
procedures, and does not result from national or the EU regulations.

The quality of water used for food production on the basis of the current Regulations of the
Minister of Health on the quality of water for human consumption of 7 December 2017 (Journal
of Laws, item 2294) must correspond to the quality of drinking water for the public. The
regulations implement the recommendations from Directive 2008/105/EC of the European
Parliament and of the Council of 16 December 2008 on environmental quality standards in the
field of water policy. The above requirements are obligatory for waters in contact with the raw
material and dairy product. However, the above-mentioned regulation in the dairy industry is
limited by the so-called hygiene package contained in Regulation (EU) No 852/2004/EU of the
European Parliament and of the Council of 29 April 2004 on the hygiene of foodstuffs and No
853/2004/EU on specific hygiene rules for food of animal origin of 29 April 2004 prohibiting
secondary water (recovered from various production processes) from coming into contact with the
raw material and/or dairy product. Regardless of the quality, even if the water meets the current
requirements of the regulation of the Minister of Health, it cannot be used in processes in which
the raw material or product comes into contact with water recovered from the process.

According to Danish BAT [Korsstrom et al., 2001] as well as their own research; water
recycling is practically possible if the recovered water comes from two sources: from the recovery
of condensates from milk and whey evaporators during thermal concentration of these raw
materials, and from the RO processes of rennet whey concentration (so-called “sweet whey”)
[Marjanowski et al. 1991, 1997, 2009, 2013, 2016a and 2016b] and [Ostrowski et al. 1992, 2005,
2006]. In addition, the recovered water must be safe in terms of avoid sedimentation process,
corrosion and microbiology in order to be reused it in the water management of facility. Therefore,
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the water must meet the requirements of sanitary standards and technical requirements related to
the equipment and microbiological safety. These are special conditions for water used in the food
industry, in particular in the dairy industry. Water as a medium is used at least in a several
applications in the dairy industry, the most important of which are:

a) use for technological purposes of dairy production, mainly for the processes of washing
production equipment, including washing of complex membrane systems in integrated CIP
(cleaning in place) systems, washing the inside and outside of the tank cars. The dominant
amount of water, i.e. approx. 33% of the total water, is used for all cleaning related to production
hygiene [Lindgaard-Jorgensen, 2018] and [Best Available Techniques (BAT) guidelines for the
dairy industry, 2005 Ministry of the Environment, 22-23],

b) use by people for social and living purposes,

(c) water entering the product, infrequently and in small quantities,

(d) heat/cold transfer medium in heat exchange systems,

e) production of steam up to 20 bar and hot water (115 — 117 °C),

(f) chilled water production,

(9) replenishment of evaporation systems of cooling towers and spray-forming condensers

evaporators,

h) supplying the water ring of vacuum pumps,

i) cleaning floors in production halls or yards,

(j) fire protection targets.

On the basis of literature studies and own research, the paper presents selected methods and
operational problems related to the use of process water from the dairy industry without prior treatment.
In the experimental part of the thesis, advanced technologies for the recycling of water after industrial
processes based on our own innovative solutions, registered with a utility model and patents of the
Polish Patent Office, were proposed.

Hence, the classic technologies of process water recycling in the dairy industry have been
intensified, expanded and improved in order to the introduction of a number of new technological
solutions, that are the subject of this work. In addition, the equipment and devices used in selected
reference water recycling installations in existing dairy facilities in Poland are discussed. On the other
hand, the proposed technology also includes a sequence of process water treatment procedures
consisting of flowing through an activated carbon filter, a strongly alkaline anionite exchanger
regenerated with a chloride ion with the use of alkaline brine, and then through a cation exchanger
operating in the sodium cycle, what results in obtaining almost pure water and assuring almost
complete removal of organic compounds. The use of anionite regenerated with alkaline brine at
elevated temperature allows to obtain longer iono-exchange cycles of the anionite. Increasing the pH
of the feed at the beginning of the water treatment process results in a reduction of conductivity and
COD in the permeate, improving the required characteristics for the feed of boiler water. A significant
reduction in the content of organic compounds in permeate is influenced by perhydrol oxidation after
RO installation and irradiation with UV lamp in a titanium housing with a passive TiO2 layer. The use
of a high-pressure pump inverter with a permeate flow meter allows to regulate the stable RPM of the
RO pump, adapted to the variable viscosity of the feed. However, there is a need to refine the recycling
technology of process waters in order to be able to use them more widely in legally permitted
applications, especially from low-pollution process waters. New technologies have been implemented
in selected milk-whey processing for water and heat recovery in full-scale technical systems in Poland.
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SBR wastewater treatment plants (Sequenced Batch Reactor systems) are a globally established
process variant of biological wastewater treatment. Particularly suitable for highly fluctuating
wastewater inflows, SBR follow a modular concept of an expandable wastewater treatment system [1].
SBR wastewater treatment plants are variants of the activated sludge process that works according to
the "fill and remove" principle. It combines the aerobic and anaerobic phases in one unit (tank) and
saves up to 25 % of aeration costs while producing less sludge. Consequently, simultaneous nitrogen
and phosphorus removal from wastewater can be achieved by adjusting the required operating cycle
[2]. The SBR process is known to save more than 60 % of the operating costs (especially energy) of a
conventional activated sludge process and still achieve high effluent quality in a very short aeration
time. In combination with a modern intelligent control system, these advantages can be maintained
even under fluctuating influent conditions and other conditions that are difficult for a conventional
activated sludge system.

SBR - Flexible in operation and easy to modularise

When planning and constructing new wastewater treatment plants, special local requirements
have to be regarded for modern, innovative and sustainable wastewater treatment, and thus for its
control and monitoring. According to [3], among others the following requirements must always be
taken into account:

- strong differences in the number of inhabitants, especially in the case of tourism or before/after a
crisis situation, thus a flexible and simple (modular) expansion/adaptation is required,

- aspecial wastewater composition;

- highly variable ratio of carbon and nitrogen in the wastewater

- aim of environmental and economical sewage sludge utilisation/disposal

- special need for protection when discharging treated wastewater e.g. into a lake, a river or into
groundwater aquifers

- increasing demands on the sewage treatment plant and the associated sewer system with regard to
increasing heavy rainfall events

- reuse of treated wastewater to protect natural water resources.

Another aspect to be considered in the selection and development of a sustainable control,
monitoring and operation management concept is the already existing and worsening shortage of
skilled workers.

Many, especially small, municipalities do not
have their own specialist department for water
supply and wastewater disposal, and the same
applies to the planning of new wastewater
treatment systems (Fig.1).
Compared to a conventional continuous flow
o system, SBR processes are extremely flexible,
e even for mixed water inflow [4]. Depending

o et ol S = on the boundary conditions and
Fig.1. Heringhausen wastewater treatment plant ~ data/measurement technology, it may be
-1 =SB reactor no. 1, 2 =SB reactor no. 2, 3= possible to utilise existing reserves within a

surplus sludge storage (Photo source: J. Wiese)  process step for other steps.
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However, this compensation is not feasible in conventional activated sludge systems. E.g. under
appropriate boundary conditions, the required duration for biological treatment can be shortened
in order to extend the sedimentation time in case of deteriorating sludge properties, or vice versa.
Such a flexible division between biological treatment and sedimentation is not possible with the
conventional activated sludge process in the secondary sedimentation. The process engineering
advantage of the SBR process only comes to full fruition with the targeted use of so-called shock
feeding (feeding of large quantities of wastewater within a short time from a storage reservoir),
especially with regard to nitrogen and phosphorus elimination, but also with regard to improved
sludge settling properties and thus optimum volume utilisation.

This advantage can be extended if real time knowledge of current process status is available.
By using the advantageous shock feeding consequently, SBR plant reserves can be activated in a
best manner [5]. These reserves can be excellently utilised with intelligent control and regulation
of the SBR cycles, the composition and duration of the cycle phases, the use of dynamic control,
a freely adjustable clear water discharge and with variation of the exchange volume depending on
the current process conditions. Until now, the limits of optimal reserve utilisation are determined
by limited data and measurement technology. By using modern control systems, calculation
reserves for an SBR wastewater treatment plant can be forced to the maximum, which can also be
specifically used to optimize plant design regarding construction volume, plant footprint and
process technology. SBR process systems with a modular concept represents the most cost-
effective solution from a structural engineering point of view and shows the smallest food print,
as [1] showed in numerous international projects.

Cased Based Reasoning (CBR) as an intelligent control core

According to [3] and [6], a modern SBR control system that takes into account the so-called
CBR concept has to consider the following aspects:

- targeted control of biological activity and aeration based on real-time data of the biological
process (NH4, NO3, 02, TS, etc.), sewer network data and data from other facilities like e.g.
pumping stations or storm water basins

- predictive process adaptation to upcoming rainfall events by integrating archive, daily and
forecast data from digital precipitation platforms to improve aeration control using knowledge
of real oxygen demand as a result of better analysis technology and data evaluation based on
a case-based (CBR) control algorithm

- automatic collection, recognition and data-cleaning process and utility efficiency settings (for
example through deep learning as part of the software extension); the results are used as input
data in the case-based control algorithm

- specially adapted plant simulations for SBR (e.g. with SIMBA#); here, the various expected
load cases are determined and generated as a starting basis for the case-based control
algorithm

- reduction of unnecessary excess sludge production by avoiding disturbance factors and stress
for the bacteria through anticipatory operation management and process control, especially in
the case of mixed water inflow, for example by integrating digital precipitation data (history
and 72-h forecast)

- control of inflow quantities through upstream mixing and equalisation basin and use of the
storage tank for intermittent feeding

- use of an innovative clear water decanter with finely adjustable flow rate and quality control
of the clear water through turbidity measurement.

The core is a case-based control as a result of the Case Based Reasoning (CBR) principle.
This approach is based on a predictive - i.e. a forward-looking - approach for optimised and

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

30



energy-efficient operation management. At wastewater treatment plants and in connected sewer
networks, which comply with modern principles of digitalisation, a large number of measured
values are recorded in real time in addition to numerous laboratory analyses. But even where only
a few measurement and laboratory data are available, SBR experts can develop suitable load cases
from extensive empirical values together with local staff, whose experience can then be
incorporated into an effective CBR system. This form of artificial intelligence has hardly been
used in urban water management so far.

CBR is a database-based form of artificial intelligence used to identify similarities between new
and historical cases (measured by sensors or created from experience). The advantages of CBR include
high speed and transparency, reduced knowledge acquisition effort, ease of knowledge maintenance
and more effective use of existing databases. The CBR system is integrated into the database level of
a SCADA system in order to generate, for example, an inflow forecast regarding inflow quantity and
inflow load during dry weather based on historical operating data of the sewage treatment plant and
sewer network [4]. A suitable CBR controller is designed in such a way that it does not replace the
conventional SBR control system; local control and regulation concepts that are required to ensure
proper operation of an SBR plant are not overridden. This can ensure that, for example, energy
optimisation does not jeopardise aerobic sludge stabilisation or even the required cleaning
performance. Ultimately, the CBR controller can be used in a variety of ways and react flexibly to the
most diverse load situations, so that different optimisation criteria can also be taken into account. This
represents an enormous operational advantage. Increasingly, SBR treatment plants can be built smaller,
since an SBR controller with a CBR module enables the same or even better cleaning performance in
smaller biological reactor basins than conventional systems.

A CBR control system can also be used for classical continuous flow systems, especially if
the associated sewer network is integrated [7]. Although, due to the system, no comparable process
flexibility as with SBR processes can be achieved within the process of a continuous flow system,
individual process adaptations can be made by predicting expected inflow conditions. In this way,
old, existing conventional systems can be significantly improved when supplemented with a CBR
control system.
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A major challenge of the present and near future for rural municipalities to major cities is
climate change and, in particular, how to deal with weather extremes. Climate projections and
projects of different institutions, including Hof University of Applied Sciences, show that the
mentioned challenges have an impact on different levels and tasks of a municipality, of which the
aspect of water management is central..

On the one hand, the increasing risk of flooding due to increased evapotranspiration and the
resulting intensified heavy rainfall events. On the other hand, due to the increasing decline of
natural water resources by human use, increased evapotranspiration that safe drinking water supply
and supply of urban green areas is becoming increasingly difficult. While urban planning, urban
and regional infrastructure planning and issues of urban water management have been treated
independently of each other so far, sustainable climate adaptation requires the networking of the
different disciplines. But even within urban water management, wastewater treatment and
drinking water supply are still considered separately. However, in view of increasing water
consumption in times of prolonged drought and the simultaneous decline of groundwater
reservoirs and river water levels, this separation must be eliminated and the substitution of drinking
water by treated wastewater for suitable purposes, e.g. irrigation within the city or for groundwater
recharge, must be integrated into the system. Increasingly, the topic of wastewater reuse is also
being discussed in formerly water-rich countries such as Germany and the implementation of the
new EU Regulation 2020/741 in technical solutions is being driven forward [1]. The combination
of near-natural and new innovative wastewater systems opens up new possibilities, especially in
financially weak small and medium-sized municipalities, to build up a sustainable water resource
security and to operate it safely with the available financial and human resources.

Transformation of conventional wastewater planning into an important building block
in dealing with weather extremes

Until now, wastewater planning has mostly been carried out by experts from a conventional
point of view. The lack of resilience of this rigid approach is highlighted by the shift in weather
extremes. In January 2023, the KOSTRA atlas, the basis for calculating the amount of rain to be
handled by the stormwater infrastructure, was adjusted with current rainfall series. This
adjustment, in most cases an increase of the design rainfall, means on the one hand that future
stormwater management systems will be larger, but on the other hand also that the infrastructure
built so far is not sufficiently dimensioned for future rain events.

Although Germany has formulated important goals for holistic water and wastewater
planning with its National Water Strategy [2], these plans do not yet contain any further
considerations in the sense of a holistic concept for dealing with weather extremes. Key aspects of
the German National Water Strategy that should also be considered in wastewater planning are:

- Conflict of objectives between wastewater disposal and drinking water supply, when discharges
from wastewater treatment plants can lead to changes in water quality in surface waters, especially
during low-water periods, and thus contribute to the eutrophication of surface waters.
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- Alternative water resources - e.g. industrial and rainwater use, treated municipal wastewater must
be included in regional water use concepts to conserve scarce freshwater resources, taking health
and environmental protection aspects into account.
- During the climate crisis, prolonged periods of drought are expected. Therefore, the development
of additional, alternative water sources must be promoted, taking strict account of legal, hygienic
and ecological concerns. Irrigation of urban green with treated wastewater, usage of service water,
rainwater or treated greywater in households, public facilities and industry, as well as recirculation
of process water are alternative routes to substitute drinking water.
- Especially at low water levels in water bodies, discharges of treated wastewater cause significant
pollution, e.g. by pharmaceuticals or biocides. Likewise, there is pollution during heavier
precipitation due to untreated combined sewer overflow.
- One measure to reduce the discharge of hazardous substances is to adapt the retention capacities
of wastewater treatment plants to the expected more frequent occurrence of heavy rain events.
- The various challenges can sometimes be in tension with each other, e.g. because higher demands
on the purification performance of wastewater treatment plants can be associated with increased
energy consumption. To meet these challenges, it is necessary, on the one hand, to counteract the
obsolescence and loss of value of existing infrastructures through continuous and sufficient
investment in water infrastructure. On the other hand, the potentials of available intelligent, new
infrastructure concepts must be used for the further development and gradual reconstruction of
water infrastructures in order to strengthen resilience and thus also take into account increasing
risks such as water scarcity and flood hazards.
- Forward-looking and long-term infrastructure planning must be flexible and take into account
the different temporal, spatial and systemic limits of infrastructures and incorporate them into
planning, e.g. by increasingly combining green infrastructure with technical / water management
infrastructure. In this context, improvements in ecological protection are an important goal.
- The technical and near-natural infrastructures in rural and urban areas play an essential role in
enabling water uses and services such as (drinking) water supply and wastewater disposal and
treatment in a safe and sustainable manner. With their multifunctionality, the natural systems and
near-natural infrastructures are decisively more important for the functioning of water
management than the technical infrastructures are at present, if the goals of sustainability are taken
into account.
Linking holistic municipal water management with the challenges of multi-crises using
multi-level analysis

Cities and municipalities are increasingly confronted with different crises that occur at ever
shorter intervals and have ongoing effects over longer periods of time. Whether it is the financial
crisis (which is still having an effect), the Corona pandemic, the shortage of skilled workers, the
noticeable consequences of local wars (energy and refugee crisis) or municipal over-indebtedness,
all crises require attention and generate pressure to act. Although dealing locally with climate
change has been part of the tasks of German municipalities for decades (e.g. flood protection due
to heavy rainfall), climate change has only been perceived as an acute crisis in real terms since
2022. On the one hand, this was triggered by the extreme damage as a result of the heavy rainfall
events in July 2021 (Ahr valley flodding), on the other hand, the dry years in recent past show how
much groundwater levels have dropped (and continue to drop), affecting different fields from the
water supply to the forestry in Germany.

Regardless of which local, national or global measures are aimed at reducing global warming
and are also implemented in a timely manner, the current climate change consequences can only
be mitigated in years or decades. Ultimately, it is the municipalities and cities that have to deal
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with the local consequences and protect their populations. The researchers of the inwa (Institute
for Sustainable Water Systems) were repeatedly confronted with these excessive demands,
coupled with diffuse fears, in the course of the SPORE project [3] as well as the development of
the certificate course "The Way to the Sponge City - Urban Development in Times of Climate
Change" [4]. On the part of those responsible for the municipalities, it was often said that the
complexity was too high and that they did not know how and where to tackle it. Due to the
complexity of the issues and their strong interconnectedness, there is a great fear of making
mistakes and wrong decisions. Many of the SPORE project participants or course participants first
wished for a way to make this complexity more transparent. In view of these implementation
obstacles, the method of multi-level analysis was developed as part of a SPORE sub-project [5] in
order to make the different levels and types of complexity visible and, based on this, to identify
the different areas of action, define the problem areas and derive necessary measures.

As a result of the multilevel analysis, a "blue-green™ upgrading of two pond treatment plants
(300 PE and 1000 PE) to a combination of constructed wetlands and downstream trace substance
reduction by solar photocatalysis, while maintaining water storage capacities, was recommended
for a small German municipality as part of an overall water resource protection strategy. Studies
[6] prove the high purification efficiency of this energy-efficient wastewater solution. The
retrofitting of, for example, an old fining pond with the so-called free-floating solar photocatalysis
also represents a technical innovation, which, without the use of external energy, also succeeds in
reducing trace substances in decentralised wastewater systems in rural regions in a cost-saving and
effective manner with regard to a desired wastewater reuse.

Due to the efficiency of constructed wetlands, only one wastewater pond is reduced in its
storage capacity by changing the system towards a more advanced treatment, the nature-based
wastewater infrastructure with a significant water storage capacity is largely preserved. This
combination fulfils almost all requirements for a "blue-green” wastewater infrastructure according
to the National Water Strategy of the German Parliament. If conventional wastewater technologies
were used, the water storage function would be almost completely reduced. Without a
supplementary 4th treatment stage, wastewater reuse is also ruled out.

Constructed wetlands achieve efficient elimination of various contaminants through
physical, chemical and biological processes using natural and artificial substrates and marsh plants.
They increase water quality through a variety of different processes that correspond to those of
natural biological systems, with a high buffer capacity and efficient nutrient and heavy metal
retention through specially selected filter substrates. Construction, operation and maintenance
costs are significantly lower due to the simple system with no essential technical equipment, no
external energy input or highly trained operators. Reduction rates of > 90 % for BOD5/COD have
been documented [7]. In addition, numerous heavy metals can be safely removed from wastewater
(for Pb up to 50 %, for Cd > 90 %, for Fe > 74 %, for Ni > 40 %, for Cr > 89 % and for Cu > 48
%, [8]).

Constructed wetlands are particularly suitable for the selective separation of contaminants
and waste in the case of varying inflow volumes. The main advantages are:

- They can be operated with a minimum energy input (only pumping).

- Naturally occurring biocoenoses are responsible in planted soil filters for wastewater treatment,
which are more resilient compared to activated sludge and show self-cleaning power.

- They produce much less sludge than activated sludge plants, as only primary sludge is produced
in the coarse separation; thus, they do not shift the emission to another medium.

- They are an additional small habitat for various animal species and thus represent an economic
and ecological "added value" - fit inconspicuously into the natural environment - provide good
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disinfection of the wastewater due to the biological degradation, filter processes and the relatively
long residence time in the filter body.
- They are inexpensive to build and operate due to the low level of technical equipment.
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Fig.1. System diagram of constructed wetlands [9]

Research continues to investigate various advanced oxidation processes (AOP) as possible
systems for micro pollutant elimination. One possibility is photocatalysis on titanium dioxide, as
is being researched and practically tested at Hof University of Applied Sciences [10]. In this
process, hydroxyl radicals are generated by charge separation of the photosemiconductor material
titanium dioxide. Due to their high oxidation potential, these radicals enable the degradation of
most pollutants, theoretically up to CO2 and H20 and mineral salts. The formation of
transformation and death-end products, which are a major problem in ozone treatment, is thus
reduced. Furthermore, there are no residuals that need further treatment, as is the case with
adsorption on activated carbon.

Based on this research on solar photocatalysis, it is recommended for the redevelopment of
wastewater ponds to apply this technology in the second pond after a constructed wetland with the
aim of wastewater reuse. For this purpose, expanded glass granules with immobilized titanium
dioxide layers are placed on the water surface of the selected wastewater ponds. Expanded glass
granules are made from regenerated broken glass and can be recycled themselves. Thus, it not only
represents a very resource-saving carrier material for photocatalytic coatings, but also expands the
range of applications for such coatings due to the property of floatability. Figure 2 shows the
general structure of solar photocatalysis.
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Fig. 2. Principal structure of solar photocatalysis test setup [6]

The previous application-related investigations for the integration of solar photocatalysis
show a recommended use for small, decentralized treatment ponds or post-treatment ponds in
large wastewater treatment plants. For all reaction kinetics investigated, almost complete micro-
pollutant degradation could be achieved with clarification ponds, given moderate solar radiation.
Integration with a fining pond could result in 60% total degradation for the micropollutants
studied. The use of solar radiation implies a seasonal pattern of achievable removal efficiencies,
with performance maxima correlating with periods of low water levels, thus compensating for
lower dilution rates. In combination with an upstream constructed wetland, further purification
effects can be expected.

Conclusion

The upgrading of old wastewater treatment plants to the presented extended near-natural
wastewater solution can be an essential building block in securing water resources for the future.
Treated wastewater with a high purification performance in terms of organic and trace substances
is a suitable substitute for precious drinking water from endangered groundwater reserves. At the
same time, storage capacities integrated into the near-natural wastewater solution can
simultaneously serve to mitigate flash flood effects and as water resource storage. With the help
of the multi-level analysis, it can be possible to make the importance of a sustainable water
resource protection visible in the abundance of crisis-related municipal challenges and to clarify
existing synergies with non-water-related infrastructure planning.
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POLLUTANTS CONCENTRATIONS AND LOADS IN SELECTED URBANIZED
INDUSTRIAL CATCHMENT

A. Musz-Pomorska*, M.K. Widomski, G. Lagod
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The development of urban areas related to the development of their infrastructure leads to
an increase in the share of sealed surfaces in relation to permeable surfaces, which directly
translates into an increase in the surface runoff stream, in the accumulation of solid pollutants on
hardened surfaces, and thus in the concentrations and loads of pollutants transported via storm
water sewage to receivers. Pollutants, most often such as: Total Sewage Sludge (TSS), Chemical
Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Total Nitrogen (TN), Total
Phosphorus (TP), heavy metals and oil derivatives, transported by storm water and entering the
natural surface reservoirs affect their chemical and ecological conditions. Sustainable management
of rainwater in the context of climate change and growing anthropogenic pressure on the natural
environment is a difficult engineering task.

According with the Water Framework Directive, in many European countries, the alternative
methods of managing rain sewage are being developed, allowing retention and purification of
storm water at the place of its generation. These assumptions include the use of Low Impact
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Development techniques such as green roofs and permeable surfaces, aimed at collecting,
evaporating and infiltrating rainwater directly in the urban catchment area, which allows reduction
of peak flows and runoff volume, as well as the load of discharged pollutants to the rivers.

This paper contains the numerical assessment of LID application (in the form of green roofs
and water-permeable surfaces) influence on pollutants concentrations and loads discharged from
the selected small urbanized catchment area. The studies were performed for an industrial basin
located in Lublin, Poland. Four variants of rainwater management were studied, including zero
variant assuming the actual conditions without LIDs application. The other variants assumed
variable installation of extensive green roofs and permeable pavements. The numerical
calculations were conducted in SWMM 5.2, EPA, USA modeling software for three real rainfall
events of different intensity. The performed qualitative calculations covered TSS, TP and TN
buildup and washoff from the catchment. The obtained results allowed assessment of LID
installation influence on concentrations and loads of pollutants discharged from the selected basin.

ON APPLIED OPTIMIZATION OF IRON REMOVAL FROM DEEP GROUNDWATER
USING RAPID FILTERS
Poliakov V.L.%, Martynov S.Y.?
L nstitute of Hydromechanics of National Academy of Sciences of Ukraine, Ukraine, Kyiv,
vpoliakov.ihm@gmail.com
2 National University of Water and Environmental Engineering, Ukraine, Rivne,
s.y.martynov@nuwm.edu.ua

In Ukraine, the reagent-free aeration method is most often used for iron removal from deep
groundwater, as it is simpler and cheaper than other physicochemical and biological methods [1].
Based on the results of our own experimental data and the conceptual model [1], we have
developed a mathematical model of iron removal consisting of interconnected joint clarification
and hydraulic compartments [2]. The mathematical model assumes the presence of two forms of
iron retained in the pore space of the packed bed. The clarification compartment is represented by
equations describing, first, the transport, adsorption and oxidation of ferrous iron, secondly, the
transport and sorption of ferric iron, and also boundary and initial conditions [3].

In general, the applied optimization of the operation of any water treatment filter should
consist of choosing the least expensive process control algorithm from a variety of possible ones,
ultimately reducing the water treatment cost. It is customary to operate with the concept of a
representative filter run (is identified with the standard operation period) for rapid filter-clarifiers
[4]. The filter control algorithm, during their prolonged operation, can be interpreted as a sequence
of unified filter runs in the first approximation. Therefore, they have the same and the greatest
duration considering the technological limitations. Abrasion of the packed bed elements (grains)
is not taken into account. Thus, it is often possible to significantly reduce the cost of the filter-
clarifier operation by implementing such an algorithm in practice and sometimes prevent excessive
deterioration of the filtrate quality.

The objectives of our work at the first step were elaboration of the procedure of numerous
consecutive technical and economic calculations of the operation of rapid filters under conditions
of deposit consolidation, formation and accumulation of its non-washable component as a
consequence; comparative analysis of technological process control algorithms used in the practice
of physicochemical iron removal from deep groundwater and on its basis the development of
recommendations on selection of the most economical algorithm.
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In particular the optimal interval t, (the fixed duration of the filter run) was established, at

which the reduced costs will be minimal when the filter is operated in accordance with the regular
algorithm (I). Fig. 1 shows three graphs of this dependence, which correspond to the basic values
Y, (the initial ratio of the concentrations of two iron forms), moderate contamination of the water

supplied to the filter (Co = 1 mg/dm?®).Therefore, it is obvious that the optimal relative value {, is

related to ¥, respectively. Thus, it is enough to specify the function RC(t_f) in order to reduce

the cost of the treated water to the minimum, using the algorithm | for a given initial ratio between
the forms of iron. Approximate values of the desired optimums for t, and RC correspond to the

lowest point on this curve. Three values of t,, corresponding to the condition RC = min, namely
t, =800, are obtained in this case at ¥, =1, t, =700, at ¥,=0.5, t, =630 andat ¥, =0. Itis
logical that the range of the practical values t; decreases when C, increases and ‘¥, decreases.

Finally, this procedure of applied optimization of the technological process becomes impractical
if Co>2.5 mg/dm3 and ¥, =0, since the filter cannot process such high levels of contamination.

As a result of a detailed analysis of the dependence of the reduced costs on the content and
composition of contamination, the method of controlling the technological process, we concluded
that the reduced costs with a decrease in the percentage of ferrous iron increase significantly in the
case of the regular algorithm and a moderate iron content at the filter inlet. In general, the initial
concentration of iron has a significant impact on the value of the reduced costs. The sensitivity of
the reduced costs to the contamination composition increases multiple times with its increase. The
reduced costs rise non-linearly as a level of contamination and the proportion of the ferric iron
form in it increase. In this case, the efficiency of the filter is sharply reduced down to a critical
level (the filter is initially unable to function; the regular duration of the filter run is less than the
minimum allowable). In such situations, it is necessary to improve the design of the filter, apply

multi-stage filtration, etc.
0.2
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Fig. 1. Dependence RC(T, ) at Co = 1 mg/dm®.

One of the effective ways to increase the efficiency of the filters under consideration is a
scientifically based choice of their design parameters. The height of the filter bed L and the
(equivalent) diameter of the grains of the filtering material dg are of decisive importance for the
duration of filter runs, for the service life of the media, and ultimately for the cost-effectiveness of
iron removal. In general, the design parameters of the bed have a serious and varied effect on its
ability to remove iron. In principle, it is not difficult to identify this effect and quantify it if the
specified parameters are purposefully changed when performing serial technological and
economic calculations. Such procedure usually has both positive and negative consequences for
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the functionality of the filter plants. Thus, due to an increase in height L, the adsorption capacity
of the bed and, accordingly, its protective ability rise. In this case, the hydraulic resistance of the
filter medium increases, but only slightly due to, as a rule, weak contamination of the conditionally
added part.

More economically significant are the complications with backwashing the bed, since
fluidizing it now requires more energy (in proportion to the increase in L). More importantly, the
increased consolidation of deposit over time does not allow the adsorption capacity (also increases
in proportion to the increase in L) to be fully used.

In turn, the hypothetical enlargement of grains, on the one hand, causes a significant
improvement in the permeability of the filtering material during modeling (the filtration coefficient

is proportional to dg for a clean homogeneous granular medium). On the other hand, the active

surface area of the granular adsorbent is reduced, as well as the number of vacant places for
contamination particles. Finally, the Kinetics of interphase mass transfer significantly depends on
the grain size.

The resulting effect is largely determined by the conditions in which the filter operates and
is generally expressed in a corresponding increase or decrease in the intensity of the technological
process. It is possible to objectively assess the possibilities for optimizing the cleaning effect of a
filter by improving its design by continuously varying the above-mentioned parameters and
performing a large body of technological and economic calculations

The subject of economic analysis in applied research is often the reduced total costs, a key
indicator of the feasibility of engineering measures in value terms. At the second step, we
established such (rational) values of the height of the bed and (equivalent) grain diameter at which
the total costs of equipment and operation of the filter were the lowest on the basis of technological
and economic calculations. Here, the purpose of the technological and economic analysis of deep
groundwater deferrization was to substantiate rational values of the indicated design parameters
for both regular and irregular control algorithms. Attention was focused on numerical and
analytical calculations of the relationship between the reduced costs RC and the dimensions of the
bed (height L) and its elements (equivalent grain diameterd, ).

Their ultimate goal was to systematically search for the relative values of L u, and d, g at

which the value RC reaches a minimum. In general, applied optimization of key design
parameters can be an important reserve for increasing the efficiency of iron removal at rapid filters.
Formally, the dependence of RC on two independent variables was considered, which varied in

the above-mentioned ranges. In fact, the impact of L, ch on economic indicators was assessed
separately, so that in fact the subject of the final numerous calculations was continuous functions
RC(L) for fixed values of d, as well as RC(d) for fixed L .

First of all, the influence of design parameters on the long-term deferrization of groundwater
was considered in the case of deep aeration using the technical and economic analysis. Thus, pre-
ferrous iron is almost completely oxidized to the oxide form. The change in the relative

concentrations of the suspended (at the outlet (The) and deposited (Sy) particles of ferric iron and

head losses in the bed Ah is strictly described by the following dependencies on the relative
coordinate 7 , time t and height of the bed L
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(2T 0)=1-1-5°(z.0))

1+ e_§hm|2h~z(elzh6h0f _1)’
where L = L/Ly; L, Ly arethe variable and reference values of the bed height; f, is the symbol

of the permeability function; Izh is the reduced coefficient of the hydroxide particles deposition
rate; Spm = Spm/(NoCo)s  Shm is the adsorption capacity of the filter medium relative to the
hydroxide particles, N is the porosity of the pure medium, Cg is the initial iron concentration;

S,? describes the initial distribution of the non-washable deposited particles (usually this

distribution is almost even and then Sr? Is constant). The value Sr? was calculated every time

after the end of the previous filter run using the empirical hydrodynamic resistance factor as
function of its duration [5]. The subject of the calculations was the reduced costs, including capital

and operating costs, as a function of L . The initial concentration of trivalent iron in water and
constant duration of the filter run changed discretely during the calculations.

Therefore, a technique has been developed and tested in real conditions that allows to
rationally select the height of the packed bed and the grain diameter of the filtering material and
thereby minimizing the reduced costs for physical and chemical deferrization of deep groundwater.
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WATERS WITH HEAVY METALS
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The impact of environmental pollution on living organisms has been known for a long time,
but it was only in the second half of the 20th century that methodical research began to be
conducted on the impact of anthropopressure on changes occurring in ecosystems. Living
organisms began to be used as biological indicators of environmental pollution. Cyclic and
quantitative testing of pollutant concentrations in bioacumulators has become the basis for modern
biomonitoring of environmental pollution.

Algae are most often used in biomonitoring studies of surface waters, as they are
characterized by very good sorption properties and high adaptability to various environmental
conditions.

Biomonitoring research using algae is carried out using passive methods (passive
biomonitoring), in which algae occurring in their natural environment are analyzed, and active
methods (active biomonitoring), in which algae living in low-polluted waters are transferred and
exposed to ecosystems with greater pollution, e.g. with heavy metals.

Biomonitoring studies were carried out on selected streams and water reservoirs in south-
western Poland. In the freshwater algae Spirogyra sp. naturally occurring in the studied reservoirs
and in the marine algae Palmaria palmata (Linnaeus) Weber & Mohr, exposed in the studied
waters, the concentration increases of: Mn, Fe, Cu, Zn, Cd and Pb were determined using atomic
absorption spectrometry (AAS). Differences in the concentrations of heavy metals in samples of
algae inhabiting and exposed along the coastline were indicated, which results from different
distances from sources of pollution, which may include, among others: bottom sediments, leachate
from areas adjacent to reservoirs, traffic and industrial plants.
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The use of fossil fuels (methane, oil, etc.) is undergoing an unprecedented crisis now. There
is the urgent need to search for alternative energy sources. A wide range of degraded organic
materials can be effectively used to provide energy together with environmental protection.
Soapstock is a hazardous waste containing a high concentration of toxic organic compounds of
man-made origin (fatty acids, surfactants, dyes, etc.). To prevent environmental contamination
such substances require an effective treatment approach. The goal of the study was to isolate the
adapted-to-fatty-acids methanogenic microbiome and investigate the patterns of sodium acetate
and soapstock degradation with simultaneous biomethane synthesis.

Liquid household soap and sodium acetate were used as the fermentation substrates (the only
source of carbon and energy) to create the model stocks, and to study and compare the efficiency
of their degradation by methanogenic microbiome. Sodium acetate and household soap were the
model substrates and the sources of short-chain and long-chain fatty acids respectively. The
efficiency of the fermentation process was evaluated by the level of the decrease in the
concentration of dissolved organic compounds (DOC), also counting the total carbon and
biomethane yield. Two types of inoculums were used for the degradation. The first one was the
methanogenic microbiome of fermented methane tank sludge, which was not adapted to fatty acids
in high concentration. The second one was methanogenic microbiome of fermented sludge of
methane tank adapted to fatty acids in high concentration.

Table 1. Design of the experiment.

Treatment Inoculum of Methanogens Substrate Initial DOC, mg/L
Control 1 - Soap 1000
Control 2 - Sodium acetate 1000

1 Non-adapted Soap 1000
2 Adapted Soap 1000
3 Non-adapted Sodium acetate 1000
< Adapted Sodium acetate 1000
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The metabolic parameters were determined as following: pH, redox potential (Eh, mV),
total concentration of dissolved organic compounds (DOC, mg/L), total concentration of NH**
ions (mg/L), the volume and content of the gas phase, CH4 and CO: yield.

The effectiveness of the degradation of sodium acetate and soapstock by non-adapted and
adapted microbiomes was evaluated by decreasing the concentration of dissolved organic
compounds. The effectiveness of the fermentation process was determined by the biogas (mixture
of CH4 and COy) yield. The most effective degradation occurred in the variant with sodium acetate
and adapted methanogens and amounted to 77.9%. In other variants, the patterns and the efficiency
of purification were similar ranging from 60.6 to 68.0%. The biomethane was mostly synthesized
by adapted methanogens on the soapstock and sodium acetate as substrates. Thus, the CH4 yield
was 368.4 L/kg of dissolved organic compounds or 127.5 L/kg of soapstock. The results of this
study demonstrated the potential of methanogenic microorganisms in the biodegradation of
soapstock with simultaneous biogas synthesis. The results can serve as a basis to reduce the
reliance on fossil fuels by generating biomethane via the fermentation of toxic organics.
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The basic metabolic parameters of the sodium acetate and model soapstock fermentation
process: pH, DOC. The figure shows the dynamics of changes in metabolic parameters in different
cases with sodium acetate and non-adapted methanogens (gray lines, treatment 1), sodium acetate
with adapted methanogens (green lines, treatment 2), model soapstock as a substrate and non-
adapted methanogens (blue lines, treatment 3), model soapstock as a substrate and adapted
methanogens (red lines, treatment 4).

Thus, the initial pH in all variants of the experiment ranged from 6.72 £ 0.2 to 6.92 + 0.3
(Figure 2a). In both cases with sodium acetate (treatment 1, treatment 2), the pH increased slowly
for the first 20 days. Subsequently (from 28 to 72 days), the pH was stabilized close to the neutral
zone from 7.0 + 0.1 to 7.4 + 0.1 using both types of inoculums for fermentation.

The initial concentrations of dissolved organic carbon (DOC) ranged from 950 mg/l to 1200
mg/l. Gradually the amount of dissolved organic carbon decreased to 200-410 mg/I.

Summing up, the lowest metabolic activity of microorganisms was observed in the variant
of sodium acetate fermentation with non-adapted methanogens. Methanogens adapted to high
concentrations of organic compounds increased the pH more intensively to the optimal values for
their growth.
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The effectiveness of the fermentation process was determined by the biogas (mixture of
CHas and COy) yield. The most effective degradation occurred in the variant with sodium acetate
and adapted methanogens and amounted to 77.9%. In other variants, the patterns and the efficiency
of purification were similar ranging from 60.6 to 68.0%. The biomethane was mostly synthesized
by adapted methanogens on the soapstock and sodium acetate as substrates. Thus, the CH4 yield
was 368.4 L/kg of dissolved organic compounds or 127.5 L/kg of soapstock. The results of this
study demonstrated the potential of methanogenic microorganisms in the biodegradation of
soapstock with simultaneous biogas synthesis. The results can serve as a basis to reduce the
reliance on fossil fuels by generating biomethane via the fermentation of toxic organics.
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THE CHALLENGES OF CITRUS WASTE APPLICATION IN ANAEROBIC
DIGESTION PROCESS

A. Szaja*, M. Lebiocka, A. Montusiewicz

Faculty of Environmental Engineering, Lublin University of Technology, Lublin, Poland
Nadbystrzycka 40B, Lublin, 20-618, Poland
*corresponding author: a.szaja@pollub.pl

The food industry generates a significant amount of various wastes that have a significant
potential for energy production as well as nutrients recovery. A major part of this sector constitutes by
citrus wastes. Importantly, citrus fruits are included in the group of the most widespread crops in the
world. They are represented by oranges, lemons, mandarins, grapefruits and limes. It should be pointed
that their global production have increased by about 12% in last 10 years, reaching the level of 144
million tons in 2020. During the processing of citruses over 50% of fruit constitutes a waste represented
by peels, seeds, fibers and pulp. Those by-products are highly problematic for citrus processing
companies mainly due to significant moisture and sugar contents. Traditionally, citrus wastes are
applied as animal feed or fertilizer. On the other hand those wastes include many valuable compounds
such natural antioxidants, vitamins, pectin, enzymes, and essential oils. Therefore, citrus wastes can
be applied as a raw material for cosmetics and medicines, packaging materials, and bio-fuels
generation. However, their further use entails significant financial and energy expenditures. For this
reason, new solutions are constantly being sought to enable their effective use. Their energetic
application in anaerobic digestion process seems to be particularly beneficial. Moreover, this strategy
is in line with the circular bio-economy and also might be a source of profit for the company.
Nevertheless, the mono-digestion of citrus wastes indicates a low biogas production as well as process
instability. The main reasons are significant biodegradability that may result in a volatile fatty acids
accumulation as well as limonene presence known as major inhibitor of biological processes. One of
the solution is implementation of anaerobic co-digestion strategy. It is defined as a simultaneous
digestion of at least two appropriately selected substrates. This strategy might overcome the drawbacks
of mono-digestion by improvement the nutrients balance and C/N ratio in feedstock. It also allows for
counteracting Anaerobic co-digestion might lead to increased biogas production, higher digestion rate
and improved process stability. Though, a decisive factor in effective application is the selection of an
appropriate co- substrate and establishing the suitable operational conditions.

The present study presents our experience in the field of application of citrus wastes in
anaerobic co-digestion process. The experiments were performed in lab-scale batch reactors with the
active volume of 1.8 dm?® operating under mesophilic (37°C) and thermophilic (55°C) conditions. As
citrus wastes the orange peels and pulp have been applied. As components to those substrates the
municipal sewage sludge as well as brewery spent grain have been chosen. In all experiments the
control series have been provided, therein the mono-digestion of SS was conducted. The obtained
results indicated that in citrus waste presence the enhanced biogas production was observed. However,
only in three-component series in brewery spent presence the improved methane production was found.
While under thermophilic conditions the decreased methane and biogas productions were noticed in
orange peel presence. Additionally, the declining tendency on the biogas and methane rates was
observed. The negative effect of OP application was related with the presence of inhibitors mainly
limonene and phenol. Concluding, the use of citrus waste in anaerobic digestion process is still a
technological challenge and should be the subject of further research.
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NEW APPROACHES TO WASTEWATER TREATMENT
OF PERIODIC OPERATIONS
Zhukova V.

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Ukraine,
zhukova.veronika@Ill.kpi.ua

In situations of military aggression and crisis, new approaches to the operation of wastewater
treatment plants in both cities and industrial enterprises may be required. One of the key challenges
may be ensuring the continuity of operation and effective restoration of biological wastewater
treatment facilities

Shutdowns of treatment plants may also be caused by seasonality of operation, due to the
availability of raw materials only during certain periods of the year (e.g., skins in the spring-
summer-autumn period at tanneries, or vegetables in the summer-autumn period at canneries, or
periodic operation of resorts, etc.) The problem is exacerbated by military operations (destruction
of energy facilities, interruption of electricity supply, and thus suspension of biological treatment
facilities, death of activated sludge microorganisms, loss of part of the activated sludge due to
wastewater discharge, etc.) If the inflow of contaminated wastewater has stopped, but the treatment
plant continues to operate, this leads to the death of microorganisms in the aerotanks (biofilters),
and the re-launch and recovery of the facilities will require a significant amount of time and cost
to reproduce activated sludge (biofilm). In addition, the minimal amount of biomass is usually not
able to oxidise pollution after restarting, which leads to a decrease in the quality of treated
wastewater discharged into water bodies. Therefore, to restore biomass performance, activated
sludge from other efficiently operating treatment plants is often used, which leads to significant
technical and economic costs (to ensure a dose of activated sludge of 3 g/dm® for a 1000 m3
aeration tank, at least 3 tonnes of activated sludge is required).

The aim of the study is to establish the possibility of recovering the performance of
biological wastewater treatment facilities after a long shutdown without additional activated
sludge input.

The goal of a control strategy is to maintain optimal operating conditions to ensure that the
desired microbial communities are maintained and have the necessary metabolic characteristics to
ensure optimal biological oxidation. Even during transient periods of operation, such as system
shutdowns and start-ups, strategies that maintain biomass are considered crucial to restore
effective biological wastewater treatment during system start-up. To solve the problem of
maintaining the adapted composition of activated sludge during plant shutdown, the use of
artificial media for biomass immobilisation was investigated. During the two years of operation of
the semi-production plant for biological wastewater treatment using immobilised microorganisms
at the malt plant, two shutdowns were carried out in October-November and start-ups were carried
out after the winter period. The air temperature drop during the winter period reached -10 to -32°C.
During the shutdown period, the plant was freed from wastewater and circulation pumps, but the
immobilised biomass carriers were left open in the bioreactors (for air drying). The plant was
restarted for 35 and 48 days, respectively, until the treated wastewater was produced in accordance
with the requirements for discharge into the river.

The hydrobiological analysis of microorganisms confirmed their ability to periodically work
with the restoration of vital activity under conditions of being in a dry state during the shutdown
of the treatment plant and even after testing at low temperatures (-30 - -32°C). Among the
hydrobionts, there were sarcoderma, variously shaped and abdominal ciliates, circular ciliates, and
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rotifers, which indicates the presence of organisms of different trophic levels. The treatment plants
with immobilised microorganisms are capable of intermittent operation, and the formed and
preserved biocenosis is resistant to recovery and quick start-up even at rather low winter
temperatures. The objectives of further research will be to establish the technological modes of
operation of facilities with immobilised microorganisms during the period of shutdown, shutdown
and restart and to optimise processes during this period to minimise its duration and save material
and financial costs.

OIIHKA CTYIEHS MIHEPAJII3ALII T'YMIHOBOI KUCJIOTH Y BO/II IPH
OOTOXIMIYHOMY OKUCHEHHI HEPOKCHUAOM BOJIHIO

Bakynenko B.®., Cmonapoea I.B., llleaouuna I0.0., I'onuapyk B.B.
Incmumym konoionoi ximii ma ximii 6oou im. A.B. [{ymancvkoeo HAH Ykpainu, m. Kuig

vakulvera@ukr.net

Beryn. I'yminoBi (I'K) 1 dynbBokucnotu (®K) ckinagaroTh OCHOBHY YacTKy OpraHiYHHX
JOMILIOK HPUPOJAHUX IOBEPXHEBUX 1 IPYHTOBUX BOJ, fAKI € JOKEpEJIOM IUTHOI BOJIHU.
KonmenTpaniss i BmacTHBOCTI IMX npupoaHux opraniuaux pedoBuH (IIOP) BuzHawaroTh
3a0apBJIeHICTh BOJM 1 3HAYHO BIUIMBAIOTh Ha €()EKTUBHICTH OUIBIIOCTI MPOIECIB, SIKi IIMPOKO
BUKOPHUCTOBYIOTBCS ITPH MiAroToBLI NUTHOI Boau. 3okpeMa ['K 1 @K pearyroTs 3 ne3inpikyrounmu
3aco0aMM, YTBOPIOIOYM IIMPOKMHM crekTp mnoOiuyHux mnpoayktiB aesiHgekuii (IMI11) Ta
30UIBIIYIOYM (DpaKilito 6100CTYITHOTO 1 JIETKO 3aCBOIOBAHOTO (2CHUMIIIBOBAHOTO) OPTaHIYHOTO
Byraeno (AOB), 1110 NpoBOKye MOBTOPHUM PICT MIKpPOOPraHi3MiB B ouMIlieHiH BoAl [1]. ¥V 3B’ 3Ky
3 1M TIOCHJIMBCS IHTEpEC OO0 BIOCKOHAIEHUX TIPOIECIB OKHCHEHHS 3 BHKOPHCTAaHHIM
yIbTPadiosieTOBOTO OINPOMIHEHHS Ta CHUJIBHUX OKHCHHMKIB 3 METOI 3a0e3MeyeHHs MOBHOL
nectpykiii opranigaux gomimok 10 CO2, H20 i1 Heopraniuynux ioHiB (X MiHepamizarii) [2, 3].
Hocarnenns rnu6okoi minepamzamii 'K 1 @K y Boai AecTpyKTMBHUMHU METOJaMHU TapaHTYe
3HKeHHd BMicTy AOB 1 BigcyTtHicts HeOaxanux IIIIJ] mpu 3akimrouHOMY 3HE3apaXkKeHHI
ouuineHoi Boau [3, 4]. 3HauHy YacTKy JOCIIKEHb 110 BUAAJICHHIO OPraHiYHUX JOMIIIOK 3 BOJIU
CKJIIa0Th POOOTH O BUBUEHHIO €()EeKTUBHOCTI Ta BAOCKOHANEHHIO poToximigHOi (H202/Y D) ix
JECTPYKIIT HepoKcHI0M BOAHIO [2, 5, 6]. OxHak rauboka aectpykiis [IOP moxe motpedyBatu
3aCTOCYBaHHS BUCOKHX /103 IEPOKCUTY BOJIHIO Ta Y D-0npoMiHEHHS.

Merta po0oTH — BHM3HAYCHHS paliOHAJIBHOI KOHIEHTpalii MEepPOKCHAY BOIHIO IS
JIOCATHEHHS MaKCHMAJIBbHOTO CTYINEHs MiHepasisalii T'yMiHOBOI KHCIOTH Yy HEUTpaJIbHOMY
BOJHOMY cepenouili B mpoueci QoroximiuHoro (H202/Y®) oxucHenns npu YD-C-
OTPOMIHEHHI.
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Metoauka ekcnepuMeHTy. SIK 00'€KT JOCHITKEHHS BUKOPHUCTAIM BOJHI PO3YHHH
KOMEpLIHHOTo 3pa3ka rymiHoBo1 kuciotd pipmu “Fluka” (enementnuii cknan (%): C — 46,63, H
—4,3, N— 0,72, 305bHicTh ~ 20) (Tabm. 1).

Tabmuus 1. Xapaktepuctuka poOOYHX pO34HHIB TYMIHOBOI KHCIOTH

1

Co, mr/mm® 30Bo, Mr/am® | Ases, CM ™ Azss, oM pH

27,5 9,0-10,0 0,28+0,01 0,71+0,03 6,9+0,1

0,25+0,01 0,66+0,01 3,5+0,1

55 19,5-20,5 0,59+0,1 1,46+0,2 6,9+0,1

0,54+0,1 1,38+0,2 3,5+0,2

Kinetuky ¢oroximiunoro okmcaenns posuunisa 'K (V = 0,4 mm®) mepokcuaom BomHIo
BUBYAJIM IIPY TEMIEPATy Pl HABKOJIHUIIHBOTO CEPEIOBHILA y CKISTHOMY PEaKTOpi MpH OMPOMiHEHHI
3aHYpPEHOI0 PTYTHO-KBapioBoio jammoio /IPb-8 (A = 254 HM) 1 mepeminryBaHHI MarHiTHOIO
mimmankoro npotsrom 0,5-3 rox. B mporieci 00poOku KOHTPOIIFOBAIK 3MiHY psity napameTpis (P):
ONTUYHOI TYCTUHH PO3YMHIB B YIbTPadioneToBill 1 BUIUMII 00JACTIX CIIEKTpa MPH TOBKHHAX
XBUJIb, 1[0 XapaKTepU3YIOTh CTyMiHb nepBuHHOI aectpykiii ['K (3a Azss (3HeOapBIeHHS) 1 A254
(po3KJia apoMaTUYHOI CTPYKTYpPH)); KOHIIEHTpAIlill 3arajqpHOro opraniyHoro Byruiemio (30B)
(ctyminp MiHepai3allii) Ta mepoKCHIy BOJIHIO.

Pe3yabTaT i ix o0roBopenHsi. B mporieci 1ocnimpkeHb 0yno OI[IHEHO BIUIMB IMOYAaTKOBOI
konnenrpanii 'K (tabm. 1), konunenrpamii HoOz (~6 — 11 MM), MacoBHX CHiBBiZHOIIEHB
[H202]/[30B] (19 — 42 mr/mr) i pHo (3,5 1 6,9) Ha kiHeTHKY i cTymiHb MiHepamizamii ['K.

ITpu poroximiunomy (H202/Y D) okucHenni po3unHiB I'K HeBucokoi konnentpanii (30Bo
< 10 mr/am®) (tabn. 1) mouarkose 3HaueHHs pH He Majo CyTTEBOrO BIUIUBY HA KiHETHKY
JeCTpyKLii 3a CIEeKTpOo()OTOMETPUUYHUMH TMOKa3HUKaMH Oyjia JEII0 BUIIOK B HEUTPaIbHOMY
cepenoBuii (puc. 1, a). H2O2/Y®-06pobka mporsrom 3 roa o6ox posumuiB ['K mnpu
cruiBigaomenHi [H202]/[30B] = 19-24 mr/mr 3a0e3medyBaia MpakTHIHO MTOBHE 1X 3HeOapBIICHHS
(97 — 99 %) i 3umxkenHs Azss (98 %), Ta Bucokuii cryninb Minepainizaii 'K (86 — 89 %) npu
NPaKTHYHO TIOBHOMY BHKOPUCTaHHI OKUCHUKA (96 — 98 %) (puc. 1, Tadm. 2).
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Pucynok 1. IopiBusiaus kinetnku aectpykiii ['K 3a 3minoro Azss (1, 1') 1 Azes (2, 2) (a),
konmentpaiii 30B (3, 3') (6) Ta H202 (4, 4") (s) B mporieci poroximiuroro (H202/Y D) okucHeHHS
ii po3unnis mpu pHo 3,5 (1 — 4) T2 6,9 (1' — 4). [30B]o = 10,0£0,1 mr/am®, [H202]o = 6,3£0,5 MM,
T=15+1 °C.

[lomanpme migBuiieHHs KoHmeHTpaii H20; Oyno HemouiapHUM, 00 HE CIOPUSIO
npuckopeHHto Minepaiizauii 'K, Oinbi Toro, HaBITh €10 rajJibMyBalo ii B TOYaTKOBUH NEP10f
(£ 1 rog), iiMOBIpHO, BHACIIIOK HELUIbOBUX peakuiii OH-paaukaiiB 3 HaJJUIIKOM OKHUCHHKA
(tabm. 2). Cryneni nepBuHHOi nectpykitii ['K 3a cnekTrpodoTOMETpUYHUMEU TTOKa3HUKAMH Ta i
minepamizamii pu H202/Y®-06pobui mpotsirom 3 tox HeiTpambHoro posunHy ['K npum
cruiBBigHomeHHI [H202]/[30B] ~ 42 mr/mr cranoBwim BiamoBiaHO 92 — 93 Ta 84 % mipu cTymeHi
po3kiany okucHuka 86 %.

[Mpu Bumiii y ~ 2 pasu xounentpaiii ['K i cmiBigHomenni [H202]/[30Bo] = 24-25 mr/mr
ctyninb Minepaiizarii ['K cyTreBo 3HMKYBaBcs, 5K i cTyninb poskiany H202 (Tadm. 2). [pudomy
BUlIa epekTUBHICTh GoToximiuHoi nectpykuii 'K gocsaranace nmpu oKMCHEHH1 HEUTpanbHOrO i1
po3unHy naaHoi koHueHtpamnii (pHo 6,8) mopiBusHO 3 kucium (pHo 3,7). H202/Y®D-06pobka
npoTsrom 3 roa HelTpanbHOro po3unHy 'K 3abe3nedyBaiia BUCOKHI CTYMIHB HOTO 3HEOAPBICHHS
(93 %) 1 3umwxkeHHsT Azss (88 %). Omnak mpu Bkasanux koHmeHTparii ['K i cmiBBigHOIIEHHI
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[H202]/[30Bo] crymins ii minepanizaiii 0yB HeBucokuM (67 i 36% 3a 3 roa npu pHo BiamoBimaHO
6,813,7), sk 1 ctymiab po3knany H20; (Bignosigao 54 131% 3a 3 rox). OTxe, HEOOXITHO CYTTEBO
301IBIIUTH TPUBATICTH OKHCHEHHS.

Tabmuus 2. Ctyninb poroximiuaoi (H202/Y D) minepaizaltii ryMiHOBOT KUCIOTH 3a 3 TOJT

30Boy, pHo | IIutoma no3a H202, CrymiHb CrymiHb
Mr/ve mr/mr 30Bo minepanizamii I'K, % | poskmaaxy H20z, %
10,1 3,4 19,1 89 98
9,9 6,9 23,4 86 96
9,0 6,5 41,9 84 86
19,5 6,8 25,0 67 54
20,3 3,7 24,0 36 31

Buma egextuBHicTs poTtoximiunoi aectpykiii 'K B HeliTpansHOMY cepeoBHILI HMOBIPHO
Oyrna oOyMOBIieHa Ha MOPSAJOK BUILIMM MOJSPHUM KoedilieHToM eKCTHHKIIIT aHiony HO2 ™ mpu A
= 254 HM NOpiBHSAHO 3 HeauconiioBaHoo Moisekyinow H20 [7]. O4yeBuaHO, BUCOKI ONTHYHI
ryctunu po3unHiB ['K B ynbTpadionerosiii o0nacTti ciekTpa mpH BUILiH 11 koHLeHTpauii (Tab. 1)
MEPELIKOKAI0Th TOTJIMHAHHIO (DOTOHIB CBiTIIa OKMCHUKOM 1 yTBOopeHHI0 OH-panukaniB B
JTAHOMY PEeaKTopi mpu TOBIIKHI ocBiTiaeHoro mapy (1) ~ 1,5 cm.

OTtpumaHi pe3yabTaTH B IIUIOMY Y3rOJUKYIOThCS 3 OIyOIiKOBaHUMU padime [5, 6]. 3rigHo
[5] cryminb dotoximiunoi (H202/Y®D, L = 200 — 400 um) minepanizawii TK (30Bg = 5 mr/mm?)
nocsiraB ~ 90 % npu ontuManbHii koHIeHTpaii H2O2 3,2 MM, To6T0 tuToMmiit 103i ~ 21,8 mr/mr
30Bo. Kpim toro, npu cryneni minepam3zaiii 'K 81 % 3a 30B norenmian yrBopenus I[I1]]
3HWXKYBaBcs Ha 94 %. OpHak Ui MOBEPXHEBUX BOJ 3 MiABUIIeHUMH BMicToM 30B Ta jyxHicTIO
JOCSITHEHHSI MAKCUMaJIbHOTO cTyneHto MiHepanizanii [IOP moxe nmorpebyBaTu 3Ha4HO BUIIUX /103
OKHCHHKA [6].

BucnoBku. Busnaueno makcuManbHui CTyMiHb QoToximMiunoi (H202/Y®D, A = 254 Hwm)
MiHepai3ailii ryMiHOBO1 KUCJIOTH B HEUTpaIsHOMY BOJHOMY cepenoBuiili (86 % 3a 30B 3a 3 roxn)
TIpH MoYaTKoBil kKonnenTpamnii 30Bo < 10 mMr/nm® Ta pamionanshi mutomi 103 H202 (21£2 mr/mr
30Bo), npu AKX OKUCHUK BUKOPUCTOBYETHCS MTPAKTUYHO MOBHICTIO.
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Po3BUTOK CyAHOIUIaBCTBA BUMAara€ CTBOPEHHS Cy4YacHOro (UIOTYy 3 THOTY>XKHUM
YCTaTKyBaHHSM,  BEJIHMKOIO  BAHTAXKOIIIAOMHICTIO,  BHCOKOK  IIBUAKICTIO,  TOYHHUX
aBTOMATH30BAHUX CHCTEM YNPaBIIiHHS CYAHOIIABHUM O0JIaJHAHHAM. 3 1HIIOTO OOKY, Cy4acHICTh
BHUMarae 3MEHILIEHHS! €Hepro- Ta MaTepiaJloBUTPAT, a TaK0XK MIHIMI3allil MKIJTMBUX CKUIB 1]
yac ekcruryaraiii cynaeH [1]. 3a cTaTUCTHUKOIO CYJHOIJIABCTBO € MPUYMHOK TpudmmsHo 45 %
HadTOBOTrO 3a0py/IHEHHSI CBITOBOTO OKeaHy. [2] AHasi3 MOHITOPUHTOBUX CIIOCTEPEKEHb BKa3ye
Ha Te, 1110 Hail01IbIa yacThHA 3a0pyAHEeHb riapocdepu HagTO Ta HAQTONMPOYKTaMU MOB’sI3aHA
31 CKUI0M IIPOMUBHUX, OaTaCTHUX Ta JUTSUIBHUX BOJI.

Yepes mupokuil Aiana3oH Ta MJIMHHICT KOHIIEHTpaliil HahTH B CTIUHUX BOJAX CYJIEH, a
TaKoX 3aBIsKU OaraTboM MopdonoriunuM GopmaM HapTH Yy CTIYHMX BOJAX IMPOMOHYETHCA
BEJIMKA KUJIBKICTh METOIB Ui iX ouuIieHHsI. OCHOBHUMH METOAAMHU OYMIIECHHS HAaQTOBMICHHX
BOJ € (i3W4Hi, XIMiuHI, O10JIOT1YHI METOJIM B Pi3HUX cmocobax ix peamisanii [3]. Pi3Hi meTomu
MaroTh psiJi MepeBar Ta HeJOJIKIB.

B naniit po6oTi Oy0 TpoOBENEHO MOCHIKEHHS 3aCTOCYBAaHHS €JIEKTPOXIMIYHUX METO/IIB
OYUILEHHS BOAM BiJ HAPTH Ta HAPTONPOAYKTIB 110 € €(heKTUBHUMH, JIETKO PEaNi3ylOThCsl, TOMY €
MepCIeKTUBHUMU. BinmoBigHo, ais 3a0e3nedeHHs] BUCOKOI €(heKTUBHOCTI OUMINEHHS BOJIU Ta
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3amo0iraHHs NEPEBUTPATI €ICKTPOTHUX METATIB 1 MOTPATUITHHS 1X B I0HHOMY BUTJISIIL Y IOBKUJLIS
JOLIIBHO MPOAOBXKYBATH JTOCIIPKEHHS 111010 BUBYECHHS BIUIMBY €KCIUTyaTalliiHUX MMapaMeTpiB HA
npouec. Takox ciif 3BepTaTH yBary Ha XapaKTepUCTHKHU BUXIAHOI 3a0pyIHEHOI BOJIU, 30KpeMa,
ii MiHepani3airo, TaK sIK IaHUI MapaMeTp CYyTTEBO BIUIMBAE HA CTYIiHb OUMIIICHHS BOJIH.

Metoro 1anoi po6oTH OyJia oliHKa €pEeKTUBHOCTI €IEKTPOKOATYJISIIIIHHOTO OYUIIICHHS BOIN
BiJl HAPTH 3 JTONIOMOTOIO ATFOMIHIEBUX Ta 3aJII3HUX €IIEKTPO/IiB.

B po6oTi 3acTOCOBYBaIM OJHOKAMEpHHil enekTpodizep 06 emom 300 cmS. TTnoma xatoxy
nopiBHIOBana monti aHoxy Sa=Sk=0,26 mm. Bincrans Mixk miacTunamu craHosmia 0,06 M. B
SKOCT1 KaToly OyJia BUKOpUCTaHA MeTalieBa IiacTuHa 3 Jeropadoi ctani 12X18HI0T. B skocTi
aHOJy BUKOPUCTOBYBAJIHM aMt0iMiHi€B1 a00 3ami3Hi miuacTuHu. J{Js e’1eKTposizy BUKOPUCTOBYBAIN
JOKEPEIIO TOCTIHHOTO cTpyMy. B po60Ti BUKOpHUCTOBYBAIN BOJHO-HAPTOBI MOJCIIbHI PO3YHHH, SKi
imiTyBanu mnpicHy Ta Mopchky Bomy: 1 — 100 mr/mm® madru, 200 mr/mm® xsmopup Hatpiro;
2 — 100 mr/nm® Hadtm, 30 /M3 XJIOPHUJ HATPIIO.

Enextpoini3z mpoBOAMIM MpW aHOMHINA HIUTBHOCTI ctpymy Bim 0,34 A/mm? (0,09 A) mo
2,11 A/nm? (0,55 A), BU3HAYAIOUH 3 IOCTiHHNM iHTepBaIoM uacy (15 XBUInH) y BindinsTpoBaHii
BOJIi:

® CHEeKTPO(POTOMETPUYHHM METOAOM 3JIMIIKOBY KOHIIEHTpAIiI0 HaTH;
® APreHTOMETPUYHHUM TUTPYBAHHSAM KOHIEHTPALIIO XJIOPU/IIB;
e MOTEHIIOMeTpUYHUM MeTooM pH cepenoBumia.

PesynbTaTit JOCHIKEHb TIOKA3YIOTh, IO €IIEKTPOKOAryJisiiiiiHa 00poOka BOJHOHAPTOBUX
po3umHiB 3a0e3neuye 98—99 % BumaneHHs HAPTH 13 3aCTOCYBAHHSM AFOMIHIEBHX Ta 3aTI3HUX
eJIEKTPO/IB MPHU aHOAHIN HIinbHOCTI cTpymy 0,57-2,11 A/nm? uis BHCOKOMIHEpaIi30BaHUX BOJI
ta 0,34 A/nM? nyis ipicHEX BoJ. 3HMKEHHS KOHIEHTpanii HadTu 3i 100 Mr/am® 1o 3HaueHs Ha
piBHi 1,55-2,93 mr/mm3 mocsraeTbes mpoTsroM mepmmx 15 XB.

[TopiBHIOIOYH e()EeKTUBHICTh BHIYYCHHS HAa(pTH 3 BOAHHUX PO3UMHIB i3 3aCTOCYBaHHSIM
ATIOMIHIEBUX Ta 3aTI3HUX aHOIB (pHUC. 1), MOKINBO 3pOOWTH HACTYITHI BUCHOBKH.

3 -

2,5 A

15 30 45 60 T, XxB
—-0-1-0-2—43—4A4—46-5—0-6—8-7—.-8
Puc.1 3meHmenHs KoHIEHTpalii HadTH Y BOJI1 3 YaCOM €JIEKTPOKOAaryJIroBaHHs
BogHOHa(hTOBUX po3unHiB (100 mr/am° HagTH, 30 r/nm® NaCl (1-6);100 Mr/me HadTH, 200
mr/mme NaCl (7, 8)) B onHOKamepHOMYy enektpomizepi (V=300 cm3, 1=0,15 A (1, 2); 0,25 A (3,
4); 0,55 A (5, 6); 0,09 A (7, 8); j=0,57 A/mm? (1, 2); 0,96 A/nm? (3, 4); 2,11 A/am? (5, 6); 0,34
A/mv? (7, 8)) pu BUKOpHcTaHHi amoMinieBoro (1, 3, 5, 7) Ta 3amizHoro (2, 4, 6, 8) aHoxiB
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3aranom, 1 aTlOMIHI€EBI, 1 3aJi3H1 aHOAM 3a0e3MeUyI0Th BUCOKY €(DEKTHBHICTh BHIIAJICHHS
HapTu 3 Boau. Ha mepmux eramax enekTpoXiMidHOT OOpOOKM BOAM CIIOCTEPIraeTbesi OLTBII
e(peKTUBHE 3aCTOCYBaHHS 3ali3HOro aHoxy. IIpore 3 uacoM, B KIHLEBOMY pe3yjbTari,
MaKCHMaJibHe 3HI)KEHHS KOHIIEHTpalii HapTH 3abe3nedye amoMiHieBuil anoa. Ha 45 xBunuHi
€JIEKTPOKOAryJIIOBaHHS AJIIOMIHIEBUI eNeKTpoA 3a0e3ledye 3HMKEHHsI KOHLEHTpalii HapTu 1o
0,05-0,15 wmr/mv® mpu amommiit wiineHOCTI cTpymy 0,57 A/am? ta 0,96 A/nm?. Tlonmambiie
30iIbIICHHS aHOAHOI IIUIBHOCTI cTpyMmy 10 2,11 A/nM? He 3abesmedye Takoro edekTy, Mo,
MOYKJIMBO, MOSICHIOETHCS YaCTKOBOIO ITACHBAIIIEI0 METAITY.

B Tol1 e yac npu BUKOPHCTaHHI 3a1i3HOTO aHOAY KOHLEHTpalis HaQpTH 3HU3MIach 3a 45
xBunuH 10 1,07-0,81 npu anoaniit minsHoCTI cTpymMy 0,96 A/nm? ta 2,11 A/nm?. YHoBinbHeHiCTh
MIpoIIeCy OB’ s3aHa, CKOpIIIe 3a Bce, 3 OLIBIIOK KUIBKICTIO CTaii Mporecy Bpa3i 3acCTOCYBaHHS
3aJi3HUX aHO/IIB.

[I{o10 3aMMIIKOBOI KOHIEHTpPALIi XJIOPUIIB JOCIKEHHS 110Ka3a10 HACTYIIHI Pe3yJIbTaTH.
ITix yac mpoBeeHHS eNEKTPOKOAryIIOBaHHS BUCOKOMIHEPAIi30BaHOT BOJHOHAPTOBOI eMyJIbCil y
nepuri 15 XBWJIMH KOHIIGHTpAIsl XJIOPUAIB PI3KO 3MEHIIyBalach SK TPHU 3aCTOCYBaHHI
AMIOMIHI€BUX TaK i 3aMi3HKUX enekTpoxis: i3 30 r/am® 1o 16,6—18.,4 r/nm° npu aHOAHIH iTBHOCTI
cTpyMy B Mexax 0,57 — 2,11 A/nm?3 3aCTOCYBaHHSM aJTIOMiHIEBOTO aHOAY, Ta J0 15,9—-15,4 r/am®
Opyd aHOMHIM mmbHOCTI cTpymy B Mexax 0,57-0,96 A/mM2 3 3acTOCyBaHHSIM 3ali3HOTO
enekTpoay. [ami BinOyBanocs MoBijbHE 3MEHIIIEHHS KOHIICHTpAIlil XJIOPHUAIB MPU 3aCTOCYBaHHI1
QIIOMIHIEBOTO EJIEKTPOIY, 1 B3arajli He CHOCTEepirajJoch 3MEHIIEHHS KOHICHTpalii mpu
3aCTOCYBaHHI 3aJi3HOTO eNeKTpoay. Y crnabomiHepanizoBaHid BoJi Oinblly e(eKTHBICTh
3MEHIICHHSI KOHIIEHTPAIlil XJOPHIIB MPOTIroM | TOIWHY MPH aHOAHIN ImIbHOCTI cTpymy 0,34
A/1IM? IOKA3aB AFOMiHIE€BHI enekTpon (3 200 mr/am® 1o 177-35 Mr/zLM3) B ITOPIBHSHI 3 3aJTI3HUM
(3 200 mr/mm® 1o 177106 mr/mm®).

[Iomo pH cepenoBuia criocTepiraiach cXoxa MoBeAIHKA HOTO 3MiHH SIK JIIS aJTFOMIHIEBOTO
TakK 1 JUIs 3aJ1I3HOTO €JIEKTPOJIY: 3 YacOM 0OpOOKH BOJIM BiOyBaiocs HE3HAYHE HOTO 3pOCTaHHS
110 3Ha4YeHb 7,8—8,2 /i alOMIHIEBOTO €NeKTpoay Ta 10 7,6—8,15 amns 3aii3HOTO eneKTpomdy, 13
NOBUIBHUM 30UIbIIEHHSAM Y TpICHIM BoAl uig 000X eyeKTponiB. Jluie mpu 3acTocyBaHHI
3ali3HOTO €JIeKTpOody NpH IIimbHOCTI cTpymy 2,11 A/aM? B OCTaHHIO 4YBEpTh TOJMHH
cnocrepiranocs pizke nigsuuienss pH no 11,5.

SIK BUCHOBOK, JAOCIII/DKEHHS MiATBEPIMIN €(EeKTUBHICTD 3aCTOCYBaHHSI €IEKTPOKOATY AT
JUIsL BUJAJeHHS Ha(TH 3 BOJHOHA(PTOBUX €MYJbClil pi3HOI MiHepali3zalii 13 3aCTOCYBaHHSIM
IIOMIHIEBUX Ta 3aJi3HMX aHOoAiB. OOpoOKka BOJHOHA(TOBMX PO3YMHIB 3 BMICTOM HadTh
100 mr/mm®  eleKTpoKoarynAIielo B OJHOKAMEPHOMY eNeKTpomisepi 3abesmeuye 98-99 %
BUJAJICHHS HAa(TH 13 3aCTOCYBAaHHSAM JIaHUX €JIEKTPOIIB MpU aHOAHINA MIUIBHOCTI cTpyMy 0,57—
2,11 A/nm? st BHCOKOMiHepasizoBaHux Boj Ta 0,34 A/nm? s npicaux Box. OO6poOka BoAM
MPOTATOM TIepIuX 15 XBUIMH 3a0e3nedye 3HUAKEHHS KoHLeHTpauii Hadgtu 3i 100 mr/am® 10
3Ha4eHb Ha piBHi 1,55-2,93 mr/ave. [Ipu nponoBkeHHi Yacy 06poOKH BoaM 10 45 XBUIMH OiNbITy
e(eKTUBHICTh Y BUCOKOMIHEPATi30BaHUX BOJAX 3a0e3Ieuye aJroMiHIEBUNA aHOJ.
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OUYUILIEHHSA BOAU 3A TOMOMOT OIO IBOCTYJKOBUX MOJIKOCKIB
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VY 3B’53Ky 3 NiJABHUILEHHSIM aHTPOIOI€HHOro 3a0pyAHEHHS BOJHHMX €KOCHCTEM B HaIl yac
HaOyBae aKTyaJlbHOCTI BHWBYCHHS MOXJIMBOCTEH TigpoOiOHTIB-(PUIETPATOpiB y TMpoIrecax
CaMOOYMILEHHS MPUPOJIHUX BOJIOWM [1]. B 11bOMy acmekTi ABOCTYJIKOBI MOJIFOCKH BiJIrparoTh
POJIb IPUPOTHHUX O10(ITBTPIB, SKI OYUIAIOTH BOAY BiJl pEYOBUH-3a0pPYIHHKIB, 110 3HAXOAATHCS
y 3aBUCIOMY cTaHi. B mpupogHux BojoiMax e(eKTUBHICTb BHJAIEHHS CYCIEH31H cAraroTh
MaKCHUMaJIbHUX 3Ha4eHb. OJHOYaCHO MOJIFOCKAMHU CTBOPIOETHCS O10T€HHA IIUPKYJIIALIS BOJIH, sIKa
3MIIACHIOE TIEPEMIIITyBaHHS BOJHUX Mac [2].

JIBOCTYJIKOBI MOJIFOCKH 3aBISIKM OCOOMNMBii OymoBi OynoBu Tina (iIbTPyIOTh BOIY B
JOCTaTHbO BeNUKUX 00’emax [3]. YV BOAHMX € KOCHUCTeMax Li TiApOOIOHTH BUKOHYIOTbH
BaXUIUBY (DYHKIIIFO — BCMOKTYIOTH MaJll 3aBUCIII OpraHiuHI YaCTKHU 1 MiKpoopraHi3Mu (OakTepii,
1H(dy30pii, BOJOPOCTI, MIKPOMILIETH) Ta BUKUJAIOTh OYHUIIEHY BOLY 3HOBY Yy BooWMy. Takum
YMHOM BOJIa CTa€ MPO30pOI0, 1 B HI HE BiOYBAETHCS «UBITIHHA», sIKE MOTJIO O OyTH sK
HACJ1J0K [IBUJIKOTO PO3MHOXKEHHSIM OJHOKIITUHHUX BOJOPOCTEH.

JI1st KUTbKICHOT OILIIHKK POJIl TBOCTYJIKOBUX MOJIOCKIB B OYHMIIICHHI BOJHOTO CEPEIOBHIIA
BiJl 3aBUCJIUX PEYOBUH MOXYTh OYTHM BUKOPHUCTAHI YCTAHOBJIEHI 3aJI€KHOCTI HIBHJKOCTI
¢biapTpalii BOAM MMM TBapvHaMU B 3aJ€KHOCTI BiA iX po3mipiB [4]. HaBeneni nani Ta
pPO3paxyHKH, BpPaxOBYIOUM iX MOXHOKH, JEMOHCTPYIOTh BaXKJIMBE 3HAYEHHS MOJIIOCKIB Y
nporecax OYMINEHHS BOJAW, YTBOPEHHS OHHUX BIJKJIQJACHb OPraHIYHOTO TOXOKEHHS, IO
3a0e3neyye TUM CaMHMM XapyoBi MOTpeOM OEHTOCHMX TBapUH Yy HPUPOIAHHUX BOJOMMAaX.
Jocnikyoun  KIJIbKICHI  3aKOHOMIPHOCTI  (DUIBTpALifHOrO  Xap4yyBaHHS IPICHOBOJHUX
JIBOCTYJIKOBHX MOJIFOCKIB, MO>KHA 3’ICYBATH JIesIKi iXH1 010JI0T14HI 0COOIMBOCTI Ta OIL[IHUTHU POJIb
y MpoIecax CaMOOYHIIEHHS TOBEPXHEBUX BOJI.

Jist  61070TIYHOTO OYMINEHHS MTPHUPOIHUX BOJONM, 3a0pyAHEHHUX CTIYHHUMH BOJaMH,
JOTITPHO BUKOPUCTOBYBATH CIICIIAJIbHI 010pEaKTOPH 3 TBOCTYJIKOBUMHU MOJIIOCKaMu [5,6]. Takuit
610 1IBTP € pe3epByapoM 3 MiKpOOPIraHi3MaMH 1 MOJIIOCKaMH, 1110 37aTHI (QiIbTPYBaTH, COPOYBaTH
Ta OKMCHIOBATH OpraHiyHi peuoBuHHU (puc. 1).

Puc. 1. Cxema 6iopeakTopa it OUUILEHHS 3a0pyTHEHUX BOJ 32 JOIIOMOT'0I0 MOJIIOCKIB: 1 —
nmojada HeoOpoOieHo1 BoaM; 2 — KOpPIyC; 3 — CITKOBHWE OapabaH; 4 — MOJIIOCKH; 5 — BUXIJI
00po0IIeHOT BOIH.
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[TpuHIMT OYMIIIEHHS y IIUX CIIOPYAaX TOM CaMui, 110 JISKUTh B OCHOBI MPUPOJIHUX METOIIB
ounieHHs. OJHAK €KOJOTiYHI CHUCTeMH O0i10(UIBTPIB CYTTEBO BIJIPI3HSIOTHCSA BiJl MPUPOIHHUX
aHAJIOTIB €KCTPEMAJIbHUMHU YMOBaMHM iCHYBaHHs O10II€HO3iB, MOXJIMBICTIO MIATPUMAHHS B HHUX
ONTUMAIBHUX YMOB JKUTTEIISUIBHOCTI OpraHi3MiB 0101€HO3y (HABaHTa)KECHHS OpPraHIYHUMHU
pedoBMHAMU, TemrepaTypa, pH, KUTbKICTh PO3YMHEHOTO KHCHIO TOIIO). YC€ 1€ pa3oM y3sTe
3a0e3mevyy€e BHCOKY I1HTEHCHBHICTh OIOXIMIYHMX TPOIECIB y IMX CHopyAax. 37aTHICTh
MIKPOOPIaHi3MiB Ta MOJIOCKIB CIIOKHMBATH CIIOJIYKH PI3HOMAHITHOTO XIMIYHOTO CKJIaay Ta iX
BHCOKa ajanTalliiHa CIIPOMOKHICTh JI0 3MIHHMX YMOB HaBKOJIMIIHBOTO CEPEIIOBHINA JO3BOJISIE
e(eKTUBHO OYMIIYBATH CTiYHI BOJH BiJl OPraHIYHUX CIIOJIYK, L]0 MICTATHCS y MOOYTOBUX CTIYHHX
BOJIaX, & TaKOX BiJl 010JIOTIYHO OKMCHIOBAHMX PEYOBHH, 11O MICTATHCS Y BUPOOHUUYUX CTIYHHMX
BOJIaX.

Buxonasuu 3 iHpopmalliiiHux maTepiaiiB Ta BJIAaCHHX CIIOCTEPEKEHb MOXKHA IMiJCyMyBaTH,
IO JBOCTYJIKOBI MOJIOCKH € €()EeKTHBHUMH OpraHizMamu-(igbTpaTOpaMu, IO JJ030J5€ iX
BUKOPHUCTAHHS B OiopeakTopax JJisi OYMIICHHS 3a0pyIHEHUX MPUPOJHUX BOJ B ONTHUMAIBHUX
YMOBax MPOTIYHOCTI, TEMIIEPATypH i KUCHEBOTO PEKUMY BOJHOTO cepeoBHIa. B npomy miani
3aCJIyrOBy€ yBard 3acTOCYyBaHHsS OiopeakTopa 3 JIBOCTYJKOBUMH MOJIOCKAMH B CHCTEMax
OYMINEHHS MUTHOI BOJIM HA MEPIIOMY €Tarli MiJrOTOBKU BOJIH.
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OTPUMAHHS BIOT'A3Y 3 BOAHUX POCJIMH
Tonyo H., 3axapuyk A., /leemyn I.
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biomanuBo, oTprMaHe 3 MIKPOBOZAOPOCTEH Ta BOJAHUX POCIHUH, PO3MIIAAAETHCS SK OJHE 3
HaOLIbII EPCHEKTUBHHUX PIICHb JJIS 3aMiHU BUKOITHOTO MAJIMBa, 110 ACTh 3MOTY IMOKPALTUTH
eKOJIOTTYHHMHI CTaH MOBKULIA. Takoxk, BUXOIM4HM 31 IMIBUAKOTO 3a00JI0YSHHS IPUPOIHUX BOJIONM,
BOJIHI POCIIMHH Ta MiKPOBOJIOPOCTI MOXKYTh CTaTH NEPCHEKTHBHOIO BiTHOBIIOBAHOIO CHPOBHHOIO
JUIsl OTpUMaHHs Oiorasy. BomHi pocnmHM MaroTh psl IepeBar BiIHOCHO HA3eMHHUX PECypCiB
Oiomacu:

e BIJICYTHICTh KOHKYPEHIIii 3 TPOJOBOJIbYNMH KYJIbTYpaMHU 32 OPHI 3eMJIi;

e BUCOKI TEMITH POCTY;

e HU3BKI YACTKH JIITHIHY, III0 3MEHIITY€E MOTPeOy B EHEPrOEMHIN MonepeaHii 00pooiti.

Jnst otpumanHs Metany BaxiuBuM € criBBigHomenns C/N. /s 6iomacu Bogopoctei et
NOKa3HUK CTAaHOBHUTH puoOau3Ho 10/1, 110 HEOCTaTHRO [UIs ITporiecy 30pomKyBaHHs. [Ipu npomy
Oyzae 30UTbIIyBaTHCh KUTBKICTh HOHIB aMOHIIO B CEpEOBUINI, IO MPHU3BOIUTH 0 iHTiOyBaHHS
nporecy 30po/uKyBaHHSA. J[s YHMKHEHHsS HAJAMIPHOTO HAKOIMMYEHHS aMOHII0 HeoOXigHe
JI0JJTaBaHHA MaTepialiiB, 6araTux Ha KapOoH.

Mertoto pobOTH € JOCTIKEHHS MOKJIMBOCTI BUKOPHCTaHHS BOJHHUX POCIMH B IIPOIECi
KopepMeHTalii At OTpuMaHHs Oiorasy.

SIk cyOcTpaT BHKOPUCTOBYBalIM omaje JUcTs 10 sikoro noxasamu — Ceratophyllum
demersum a6o Chlorella vulgaris, ski o0pani 3aBasku CBiii NOIUPEHOCTI B YKpaiHi.
CriBBiIHOWICHHS JHCTS 0 0iOMacy BOJHHX POCIMH Ta BOJOPOCTEH 3a CYXOI PEUYOBHHOIO
ckmamaB 20:1, 10:1, 6:1. 30pomkyBaHHsS NpoBoaWIM B Oiopeakropax ob0’emom 1,5 1 3a
temmnepatypu 37°C.

[TokazaHo, 10 KOMITOHEHTHHH CKJIaJ MIKPOBOJOPOCTEW CHpPHSE TMPUPOCTY Ta PO3BUTKY
6iomacu acomianii MiKpoopraHi3MiB — €CTPyKTOpiB Ta IpOAYLeHTiB MeTaHy. Hamu nokazano, 1110
3a CyMICHOTO BHUKOpHCTaHHs Oiomacu mikpoBomopocteit Chlorella vulgaris ta comomu sumento
BiIOYBa€ThCS TMIABHUINEHHS BUXOAY MeTaHy Ha 5-7% B 3aJeXHOCTI BiJ CHiBBIJIHOIIECHHS
KOMITOHEHTIB. UMM BUIIIH BMICT, TUM OUIBIIHI BMICT METaHy B Oiorasi.

Ceratophyllum demersum nomupeHuii y BCbOMY CBiTi i BBaKaeThCs Oyp’sIHOM BOIHHX
IUISIX1B 3aBISIKK CBOIN 3[aATHOCTI IIBU/IKO TIOMIMPIOBATHCS Y BOJHUX CEPEOBHII iCHYBaHHs. Tomy
JIOCITIJIKEHHSI MOXJIMBOCTI HOTO BUKOPUCTAHHS JJIs1 OTpUMaHHs 6iorasy € akTyaJlbHOIO 3aJIauelo.

VY BomHOMY cepenoBumii mist 3pocratounx C. Demersum xapakTepHo SBUINE ajeomnaTii.
[Toka3zano, 1o XimiuHi crionyku, BuauieHi 3 C. Demersum, npurHiuyroTh picT QiTOIUIAHKTOHY 1
a30T(diKCy0UnX 1iaHOOAKTEPIid.

Hamu nokasano, 1o cyxa 6iomaca C. Demersum npu 30po/ykyBaHHI HETaTUBHO BILIMBA€E HA
BUX1J Oiorasy Ta BMICT ME€TaHy B HbOMY. BMmicT MeTany y 6iorasi 3Hmxkyerbes Ha 12% , 15% Ta
46% BIAMOBITHO A0 BMICTY CyXOi pe4OBHHU B cepenoBuili y 1, 2r ta 3 r. ToOTO peuoBHHH, SKi
€ B Oiomaci C. Demersum HeraTMBHO BIUITMBAIOTh Ha acoIiallil0 MIKpOOpPTaHi3MiB, a came
MeTaHoreHiB. Takuii BUCHOBOK MiATBEp/UKYEThCs nanumu podotu (Ibrahim Syed, 2018), B sikiii
MOKa3aHO BIUIMB €KCTPAaKTy 3 POCIMHU Ha pi3HI BUAM Oaktepidt. [Ipuuomy BOJHI eKcTpakTu
MPOSIBIISITN HAOTBITY aHTUMIKPOOHY JIiTO.
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Taxkum urHOM, KoMnoHneHTHHH ckiman Chlorella vulgaris migsuinye Buxia 6iorasy ta BMICT
METaHy B HhOMY, B Toii yac sik Ceratophyllum demersum e inridropom mpoiiecy METaHOT€HE3Y .

Jliteparypa

Ibrahim Syed, Humaira Fatima, Abrar Mohammed, Mohsin Ali Siddiqui Ceratophyllum
demersum a free-floating aquatic plant //Indian Journal of Pharmaceutical and Biological
Research, 2018, 6(02):10-17

KOHIHEHTPYBAHHA PO3YHUHIB XJIOPUY HATPIIO IIPU HEPEPOBII
KOHINEHTPATIB, SAK IIPUHIUII BE3BI/IXOJHUX TEXHOJIOI'TK
3BOPOTHBOCOMOTHYHOI'O OITPICHEHHA BOJ

T'omena M./I., Kpusicanoecovka A.IL, Ilnauyyxk A.M.

Hayionanonuii mexniunuii ynisepcumem Yxkpainu « Kuiecokuu nonimexniynuii incmumym
imeni leopst Cikopcokoeoy, Ykpaina, m. Kuis, yanamart93@ukr.net

Ha crorognimHiii AeHb B YKpaiHi TOCTPO CTOITh MpoOjeMa MiABUIIEHOT MiHepai3allii
MOBEPXHEBUX BOJ y BCIX oOnacTax kpainu. Haxanmp, yTwimizamisi CONbOBHX BiIXOJiB, KOTpi
YTBOPIOIOTBCS HICJS OYMILIEHHS BOAM, € JIOCUTh CKJIaJHOIO mpobiemoro. ConboBi BiIXOAU
MOTIPOCTY CKHJAIOTHCS y BOAONMH, a00 y NIIAaMOBCXOBHINA, IIO B CBOIO 4epry aOCOIIOTHO
HIBEJIIOE TIONEPEJHE OUMIICHHS, a, HABIAK{, CTBOPIOE IOTEHIIIMHY €KOJOriuHy 3arposy.
CkiaiHime BUpINOIyBaTH MpoOjIeMy 3 HOBOYTBOPEHHMHM €II0ATaMH IICIs OYHMILNEHHS BOIM, IIO
MICTSITh B CBOEMY CKJIaJll KUCIIOTH, JIyTH, XJIOPU HATPIIO.

MaoBiIX0JH1 TEXHOJIOTI SBJISIFOTH COOOI0 TaKi METOIM BUPOOHUITB MPOAYKIIii, IPU AKUX
BCSl CUPOBMHA 1 €HEpris BUKOPUCTOBYIOThCS HalipallioHaibHIlIEe 1 HAaHKOMIUJIEKCHINE B LUK
«CUPOBHHHI PECYpCH — BUPOOHHUIITBO — CIIOKMBAHHS — BTOPUHHI pecypcu» 1 BIUIMBATh Ha
HaBKOJIMIIIHE CEpe/IOBUILE, HE MOPYIIYIOTh HOro HOpMajabHUM cTaH. Peamnizalis Takoro mijaxomay-
JOCUTH CKJIaJTHE TUTaHHS B aCMIEKTI BOJIOOYMCTKH Ta BOAOMIATOTOBKH, aJIe MU MyCHUMO HTH IO TIi€i
MeTH. ToMy, OIHUM 13 IEPCIIEKTUBHUX HANPSIMKIB OOPOTHOH 13 HAKOMYEHHSAM KOHIIEHTPOBAaHHUX
PO34MHIB COJIEH, 110 € BIAXOAAMHU IPH MpoIlecax MIArOTOBKH Ta OUUILIEHHS BOJH, € iX nepepolka
13 OTpPUMaHHSIM KOPUCHHUX NpoaykTiB. Ciil 3a3HaYUTH, LIO MMOBHE 3HEBOJHEHHS COJBOBHX
PO3YMHIB HE BUPIIIYE MPOOIIEMY, TOMY L0 3aXOPOHEHHS TBEPAUX BIAXOJIIB XJIOPHUY HATpitO abo
Cyabdary HaTpil0 BUMara€e CTBOPEHHS T'€PMETUYHHUX HAIIHHMX CXOBHIL, IO € E€KOHOMIYHO
HEJIOIIFHUM, OCOOJIMBO, SIKIIIO BPaXOBYBATH €HEPTO3aTPaTH 110 3HEBOAHEHHIO JIaHUX €ITI0ATIB.

B po6oTi gocmipkeHo mpoliecH KOHLEHTPYBAHHS PO3YMHIB XJIOPHUIY HATPII0 METOJOM
enekTpoaianizy. BpaxoByoun AediuT peareHTiB, iX BUCOKI LIHHU, JaHUH METOJ €JIEKTPOaiaizy
MOJYKHa peayli3yBaTH AJs OTPUMAaHHS KUCJIOTH 1 JIyTy 3 PO3YHMHIB Cyib(ary HaTpito, JIyry,
AIIOMIHIEBUX Ta 3a13HUX KOaryysiHTiB. Ha choronHimiHii 1eHb TEXHOJIOTII, KOTpPl B pe3yJIbTaTi
IPOBE/IEHHS iX OCHOBHHX ITPOIIECIB, 103BOJISAIOTH B IKOCTI BTOPUHHOTO MPOYKTY OTPUMATH LiHH1
Marepiaii, pEYOBWHH, TPOAYKTH, KOAryJIsiTHH, € JyXe BHUIPAaBIAaHHUMH, EKOHOMIYHO
JOUITBHUMHU Ta, TOJOBHE, JO3BOJSIOTH YCHIIIHO BIPOBAJUTH MPUHIUIHN MaJTOBIIXOIHUX
BUPOOHUIITB.
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MeTtoto poO0TH € BU3HaUEHHS YMOB €JIEKTPOXIMIYHOI IEPEPOOKH PO3UMHIB XJIOPUTY HATPIIO
[UISXOM iX KOHIICHTPYBAaHHS 0€3 BUKOPUCTAHHS JIYTY.

CyTb mpoliecy MoJisira€ y BUKOPUCTaHHI PO3YMHIB XJIOPUAY HATPIIO, IO YTBOPIOETHCS TIPU
3HECOJICHHI BOJAM 3BOPOTHIM OCMOCOM Y BHIJIAJII KOHIEHTpariB. Yacrime 3a Bce s
KOHIICHTPYBaHHSI PO34HHIB COJICH BUKOPUCTOBYIOTh BUIIAPHI YCTAHOBKH, SIKI XapaKTePU3YIOThCS
3HAYHUM CHEProCIOXXMBaHHAM. Jlemo MeHIIe EeHEproCHOKMBaHHS INPU BHMOPOKYBaHHI
po3uuHiB. [IpoTe maHi MeTOaM BUMArarTh CKIQJHOTO OOJaJHAHHS Ta BEIUKUX CHEPro3arpart.
binpm nemeBuM € Mmeton memOpanHoi auctwisnii. Ciix 3ayBaXuTH, IO OCTaHHIM METOX
XapaKTePU3YEThCSI HU3bKOKO MPOYKTUBHICTIO.

Haii6inbm kpanym Ta BUT1THAM € BUKOPUCTAHHS eNIeKTPoIizy. OcoOIHMBO, KO BpaxXyBaTH
BHCOKI TTOKa3HUKH, OTPHMaHi1 NPU KOHLEHTPYBaHHI XJIOPHUIAY HATpirO enekTposianizom [Iporec
KOHIICHTPYBaHHS PEaTi30BYBald Y TPUKAMEPHOMY €IIEKTpOJi3epi, B KATOJHINA, aHOAHIN Ta
po6ouiii 06macTsIx 6yI0 po3MiIIEHO PO3UYNH XJIOPHLY HATPII0, KOHIEHTparieo 360 Mmons/qm°. B
aHONHii o6nacTi 6yn0 BHKOPHMCTAHO PO3YMH IIyry KoHieHTpamielo 480 wmr-exs/nm°. Ilpu
MIPOBE/ICHHI €JIEKTPOJII3Y B KaTOAHIN 00JacTi yTBOPIOBABCS JIYT, 3a paxyHOK aAudy3ii HATpiO y
poOouiii obnmacti Ta KaromHOro BigHOBIEHHS Boau (puc.l). Xmopumm i3 poOovoi oOsacTi
NEPEXOIUIIN B aHOJTHY 00JIACTb.
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MK - kamionna membpana; MA — anionna memobpana; I - [looaua pozuuny NaCl
(Cnacy=20 2/0m%); 1l - nodaua posuuny NaCl i NaOH (CnaoHy~500 mz-exe/om); III -
8i0sedenHs 3neconenoi 6oou, 1V — eiosedenns konyenmposanoco posuuny NaCl (anonim); V -
gioseoenns Konyenmposanozo posduny NaCl (kamonim)

Puc. 1 — Cxema esiekTpoJiizepa 1Jist KOHIeHTpyBaHHs1 po3unny NaCl

[Napokcua-aHiOHU Ha aHOJI OKUCITIOBAJIMCH JI0 KUCHIO, XJIOPUIM 3 HATPIEM YTBOPIOBAIU
XIOPHUCTHIA HATPiH, KOHIIEHTpALLis AKOTO 3pocTana 10 660 mr-exs/ame. JIyXKHiCTb 3HIKYBAIACh J0
68-70 mr-exB/mam°. [Tpu 3miH1 KaTOAIB 1 aHO/IIB MICISIMH TIPOLIEC TTOBTOPIOBAIH JI0 TiIBUILICHHS
JYHOCTI B KaTOJAHIN 30HI Ta KOHLEHTpAIl XJOpUIIB B aHOAHIN 30HI. . B pobGouy 30Hy, 1€
B1I0yBajOCh 3HECOJEHHS BOJM, J0JIaBaJId PO3UYMH XJIOPHAY HATpi0, KOHIEHTpalicro 360
mMonp/ave. Tlicns 1eB’ATM UHUKIB €JeKTPOizy OTPUMYBANM PO3YMH XJIOPHAY HATPIIO 3
koHIenTpariero 100-150 /mv3. 3amumkoBuii BMiCT XJTOpHIy HATpifo y 3HeCONeHiit Boi caras 50-
100 mr/ave. JIns KOHIEHTPYBaHHS MOXHA BUKOPHMCTOBYBATH DO3YMHH XIOPHAY HATpilO 3
KOHIIeHTpartti€ero Bia 4 1o 30 r/mmS.

B pesynbraTi npoBeeHHs psly eKCIepUMEHTAIBHUX J0CIIIKEHb, MOKEMO CTBEP)KYBAaTH,
IO TICIIST IPOBEICHHS JICB'ATH IIMKIIIB €JIEKTPOIIi3y, MPOIeC KOHIIEHTPYBAHHS JaHUM METOJOM
€JIEKTPOializy He IPU3BOAUTS JI0 IMiIBUIIEHHS ONOPY CHCTEMH Ta eHepro3arpar.
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[TepeBaroro 1aHOrO METOIY € 3HAUYHA €KOHOMIsI CHeprii Ta KoHeHTpyBaHHs po3unny NaCl,
KpiM TOro HeoOXi/iHa KUIBKICTB JIYTY JUI HelTpasizalii aHOJITy CHHTE3y€eThCs B KATOJIITI.

B nepcriekTrBi O1IIBHO MTPOBECTH MPOLIECH KOHIIEHTPYBAHHS XJIOPU/IIB B aHOJIITI 32 YMOBH
YTBOPEHHSI aKTHBHOTO XJIOPY Ta OKHCJICHHS CHOJYK XJIOPY B T€PMETUYHOMY EJIEKTpOoIi3epi 3
ypaxyBauasM MokiuBux BTpat Clo ta ClO2 npu BumapoByBaHHi.
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HIABUINEHHA EOEKTUBHOCTI BUJAJIEHHSA I0HIB MATHITO 3 BO/IU B
IMPOLECAX Il HOMSIKIIEHHS
TI'opoienko K.IO.
Haykoeuii kepienux — Padosenuux B.M.
Hayionanvnuii mexuiunuii ynisepcumem Yrkpainu « Kuiscokuil nonimexniynuti incmumym imeHi
leops Cikopcvrocoy, Yrpaina, Kuis, dey85@ukr.net

[ToripuieHHs sSKOCTI IPUPOAHUX BOJ BUMArae ix oOpoOKH nepej BXKMBAHHAM HACEIICHHSM.
OcHoBHa mpobnema - 30iNIbIIEHA KOPCTKICTh BOJM, BUKIMKAaHA BMICTOM CIOJYK KalbIlilO Ta
MarHito. YKpaiHa Ma€ TEHJEHIII0 10 30UIbIIEHHS >KOPCTKOCTI BOJM, OCOOJIMBO Yy TiBJICHHO-
CXigHMX perioHax. HopmaTuBHI MOKa3HUKM B YKpaiHW OOMEXKYIOTh MKOPCTKICTh BOIH IS
CIIOKMBAHHS 10 7 MT-eKB/IM° [1, c. 13]. IIpomucioBicTh moTpeOye Ie OLIBIT M'SKOi BOJIH.
Tpamuniiiauii METo ] TOM'SKIIICHHS BOJU — II€ COJ0BO-BaTHSAHA TEXHOJIOTIs, ajie BOHA HE 3aBXK1
nocTaTHbo epexTuBHA. CydyacHl CUCTEMHU MOM'SIKIIEHHS BOAM JJIsl JOMOTOCHOIApCTB 0a3yroThes
HAa 10HHOMY OOMIHI Ta TOB’sA3aHi 3 HETaTUBHUM BIUIMBOM Ha JOBKUUIS Yepe3 BUKHIU
KOHIIEHTPOBAaHUX PO3YMHIB XJIOPHYy HATPit0. 3BaKalOUM Ha CTaH BOJHUX PECYPCIB HAa TEPUTOPIT
VYxpaiau, npobieMa HarajibHa i moTpedye TepMiHOBOTO BHPIIICHHS.

[Tonepeani Hami JOCTIAKEHHS Ta AOCTIIKEHHS 1HIIMX aBTOPIB BKa3yIOTh Ha CKIAIHICTb
BUJAJICHHS 10HIB MAarif0 4yepe3 BEIHKI BHUTPATH PEArcHTIB Ta TEXHOJIOTIYHI OOMEeXeHHs. Mu
JOCTIANIIA MOXKITUBICTh BUKOPUCTaHHS (ocdary HATpito 1Js NOM'SKIICHHS BOJIU B MOOYTOBHX
cHCcTeMax MaJiol Ta CepeaHbO1 MPOIYKTHBHOCTI, SKUW MiHIMI3y€ 3MiHU B XapaKTEPUCTUKAX BOJIH.
OcHOBHHMI BUKIIMK - PO3JIJICHHS piAKoi Ta TBepAoi (a3 micis aoAaBaHHs peareHTIB. L{g pobota
30cepe/rKeHa Ha BUBYEHHI €(DeKTUBHOCTI BHIAJICHHS! MAaTHIEBUX CIIOJIYK 3 BUKOPUCTAHHSM Pi3HUX
pEarcHTiB.

Metoauka AOCHIDKEHHS mependadaia MPUTOTYBaHHS MOAEIBHUX  PO3UMHIB 13
KOHIIGHTpAIIi€10 i0HiB MarHito 15 — 17 mr-exs/am°. Lli pozunan 06pobisitu hocdaTtoM HATpito a6o
iioro kombiHamiero 3 ¢paokynsaTom. Jlo3yBanHs (IOKyIsHTa BapitoBanocs Bix 0 10 50 mr/mve.
BukopucToByBanch Taki peareHTH: noiiakpuiamin, Magnofloc — 336 ta Zetag — 7692 Bix Ciba.
[Ticnst 06poOKM PO3UMHU BIACTOIOBAJIMCH B MIPHUX IWJIIHApPAx, a MOTIM (UIBTpyBalIuCs 3a
JIOTIOMOT'0K0 KOMITJIEKTY, 110 BKJIIOYAB MIpHUH LMIIIHAP Ta JiKKy. [ BiIOKpeMJIEHHs TBEpIOi
YaCTMHM BHUKOPHCTOBYBaIM mamnepoBi ¢uibTpu. [lpouec ¢inbTpyBaHHS MOJNSIraB y 3ajJuBaHHI
PO3UUHY B JIHKY 3 (IABTPOM 1 BiICTEKEHHI 00'eMy (iIbTpaTy 3 yacoM, HMiATPUMYIOYU PiBEHb
PIIMHU Ha MaKCUMYMI.

Y HayKOBHX JKEpenax 4acTo PeKOMEH]IyI0Th BUKOPUCTOBYBATH (ocdaTu JUIsl 0CaIKEeHHS
10H1B MarHito [2, c. 185]. Lleit nporiec Moxke OyTH TpeICTaBICHUN PEaKIII€l0:

3Mg?* + 2(PO4*) — Mgs(POa)2].

TyT 10HH MarHito 3B’A3yI0TbCS Y MAJIOPO3YMHHUM Y BOJII pocdat MarHito, IKUi MOTIM MOXKe
OyTH BUIasieHui 3 Boau. Ll peakiiis Moke BKIIOUATH Psii HPOMIKHUX HMPOIYKTIB, K1 HE BKa3aHi
y piBHsiHHI. JloJjaTKOBa iH(pOpMAIIis IO 111 CIIOIYKU JOCTyNHA B [3, . 64].

Jnst epexTUBHOTO MOM’SIKIIEHHS BOAM HEOOXITHO PO3AUTUTH TBepAay 1 piaky dasu. Lle
MOXHa 3poOuTH (GIIBTPYBaHHIM a00 BiFACTOMOBaHHSIM. DUIBTpyBaHHS OUIbINE MiIXOMWUTH IS
CHCTEM MaJoi Ta CepelHbOi MPOAYKTHUBHOCTI, TaKMX sSIK MOOYTOBi, TOMI AK BiJCTOIOBAaHHS €
ONITUMAITEHUM JUTSI TPOMHCIIOBHX CHCTEM.

[Toniepenni nocmijkeHHs OyiaM NPUCBAYEHI BHUBYEHHIO (DAaKTOpiB, SKI BIUIMBAIOTH Ha
HIBUJKICTh (PUTBTPYBaHHS cycneH3iid. BusiBiaeHo, mo ontuManbHi pe3yJbTaTH JOCATAIOTHCS MPU
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CTEXIOMETPUYHUX CHIBBIIHOIICHHSX pearcHTiB. BojgHouac, qo/1aBaHHS JOJATKOBUX pEarcHTIB
MOYK€E MOKPALTUTH e(EKTUBHICTH MIPOIIECY.

3okpema, BUkopuctanHs Guiokyisata [IAA migBuinye mBUaKICTh (GUIBTpYyBaHHS, 0COOIUBO
IpU HEBEIHMKHX J103ax. DuokynsHT anionHoro tuimy Magnofloc — 336 takox mokazaB xopoiri
pe3yibTaTH, ajie HalKpallli pe3yJbTaTu Oy OTpUMaHi 3 QJIOKYJISTHTOM KaTioHHOTO THIy Zetag —
7692 Bin Ciba. Leit peareHT 103BOJISIE MBUAKO 1 €)EKTUBHO BUIAISATH TBEP/i YACTHHKHU 3 PiJKOT
¢dazu, mo poOUThH HOro BiAMIHHUM BHOOPOM JIJIsl TAKKUX TIPOLIECIB.

B xoxi nocnimkens 0yJio BUSBICHO, IO JUISI ONITUMATBHOTO BiJOKpEeMIICHHS ocany docdary
MarHito, SIKUH YTBOPIOETbCA IIiJ] Yac TOM'AKIICHHS BOAM, HEOOXIIHO JI0/I€PKyBaTUCS
CTEXIOMETPUYHUX CIIBBIIHOIICHh MK KOMIOHEHTamMH. Takuil miaxin 3ade3nedye HalBUILY
MBUIKICTh (UIbTpYBaHHSA. BogHodac Oyiio BUSABIEHO, 110 HAWCKIIAIHINIE BIIOKPEMUTH TBEPIY
¢da3zy B HEHTpaJbHUX YMOBaX, TOJAI K B KHCIOMY Ta Jy>)KHOMY CEpEJOBHIIAX IPOLEC
MPUCKOPIOETHCS. 3 ypaxyBaHHSAM TOTO, 10 peryioBaHHs PH y nomariHix Ta ohicHUX yMOBax He
3aBXKIM TPUHHATHO TPOBOAMWTH, OYJIO PO3IIIIHYTO BUKOPHCTAHHS JOAATKOBHX PEarcHTIB -
GbaokynsaHTIB. 3 yCiX BHBYCHHMX (IOKYJSHTIB HaWKpalll pe3yibTaTH TOKa3aB KaTiOHHUHN
duokymsuT Zetag — 7692 ix Ciba 3 Monexymsiproro Macoro 10 20 MiH. B.0. Moro 3actocyBaHHs
no3BoJige oTpuMatu 10 98 % odinbTpaty 3a 10-15 xBuiMH, NpUYoOMy HalKpaia KOHIIEHTpAIlis
peareHTy cTaHOBHUTH 30 Mr/mv>,

Cnucok JiTepaTypu:
1. I'irieHiyH1 BUMOTH JI0 BOJIM IMUTHOI, IpU3HAYEHOT 711 crioskuBaHHs roauHoro. J{CanlliH 2.2.4
—171-10.
2. a6miii T. O., Pagosenuuk B. M., 'omens M. [I. 3acTtocyBaHHsI HOBUX PEareHTIB 1 TEXHOJIOTiH
B IIpoMUCIIoBOMY BogocmnoxkuBanHi. K.: [Hponpyk, 2014. 302 c.
3. Bacunenko K. B. OneprxanHsi BUCOKOYUCTHX OpTO- 1 mipodocdartiB HATPitO, Kajilo, aMOHIO Ta
KaJIBIIF0 1T BUKOPUCTAaHHS B SKOCTI XapyoBHX JOOABOK: TUC. HA 3J00YTTS HAYK. CTYICHS
nokropa dimocodii. duinpo. 2021., 199 c.

AHAJII3 TOKA3HUKIB BIOJIOTTYHOI'O OYUINEHHA CTIYHUX BOJ
HKIPAHOI'O 3ABOAY 3 INIMBOKUM BUJAJEHHAM CIIOJIYK A30TY
TI'punesuu A.0.Y, Cabnii JI.A., Bynuax O.M.

Yemyo., Hayionanvnuti mexuiunuil ynieepcumem Yxpainu «Kuiecoxutl nonimexuiunuii incmumym
imeni leops Cikopcvkoeor, m. Kuis, Ykpaina
abarabaha@gmail.com

3 KO)XKHUM POKOM TpoOjeMa OYMILIEHHs CTIYHUX BOJ HaOyBae Bce OUIBIIOI aKTyaabHOCTI.
Tax, 3a maaumu Ha 2020 pik MOPIUHO B CBiTi yTBOPIOEThCA 380 MinbAp/iB M3 CTIYHMX BOJ, TO
K 3a IporHo3oM 110 2030 poky TeMnH iX yTBOpPEHHS 3pocTyTh Ha 24% [1]. 3HauHy 4acTUHY BiX
3arajabHOi KUIBKOCTI CKJIaJal0Th CTIYHI BOJM IMPOMHUCIOBHUX MIJIPUEMCTB, AKi B OUIBLIOCTI
BUIMA/IKIB XapaKTEPU3YIOThCSI BUCOKUMH KOHIIEHTPALIIMU 3a0pYHIOIOUHMX PEYOBHH, HASBHICTIO
TOKCUYHMX XIMIYHUX CIIOJIYK Ta 1H. 30KpeMa, CTI4H1 BOJU HIKIPSHOI TPOMHUCIIOBOCT1 BIAHOCSATHCS
70 HaWOUIBII CKIQJAHUX JUISI OYMIIEHHS Yepe3 CBOI YHIKaJlbHI XapakTepuUCTUKH. Jlo HuX
BIJTHOCSITHCSI: BUCOKUN BMICT 3aBUCIIMX PEYOBHMH, 3HaYHA KUIBKICTh OpPTraHIYHUX 1 HEOPraHIYHUX
3a0py/HEeHb, HasBHICTH IIepcTi, xkupiB, CITAP, 6apBHUKIB, cynbdiaiB, crionyk a3oTy i pochopy,
10HIB BaXKHUX MeTajiB (XpoMmy Ta 1H.) Tomo. J[Jig CTIYHMX BOJ XapakTepHa HEPIBHOMIPHICTh
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HAJXO/DKEHHSI Ha OYHMCHI CIIOPYAM 3a BMICTOM 3a0pYyIHIOIOYMX PEUOBHMH Ta 3a BHUTpPATaMHU.
[Tpobnema oumILeHHS CTIYHUX BOJ TAaKUX MIAMPUEMCTB 3IUIIAE€THCS AKTYalIbHOIO.

Ha mpuknani 3aBoay 1mo BUpOOHMITBY IIKipu B XeOei, Kurtaii, mokasHuKu 3a0pyIHEHb
criunoi Bou ckianaiors: XCK - 3587 mr/am®, BCKuosn - 400 Mr/am®, 3aBucii pedoBuHU - 824
mr/mmS, 3araneHmi Gocdop - 2,2 Mr/am°, aMoHiitHUIT a30T - 45,6 Mr/amS, HiTpath - 0,25 Mr/am°,
HiTputy - 0,016 Mr/am?, cynsdimu - 0,58 mr/am® Ta pH 6,43 [2].

MeToro poOOTH € BCTAaHOBJICHHS TTOKA3HHKIB 3a0py/IHEHb CTIYHUX BOJ IIKIPSHOTO 3aBOY,
SKi OYMINAIOTHCS 32 TEXHOJOTIEI 3 PEarcHTHOK HAMIpHOK (QIIOTAIEI0 1 aHaepoOHUM Ta
aepoOHUM O10JIOTTYHMMH TPOIECAMHU 3 TIIMOOKUM BUIAICHHSIM CIIOJIYK a30Ty.

Ha Teputopii YkpaiHu, ogHuM 3 HAHOLIBIIMX Ta HAMPO3BUHYTIIIUX MiAMPUEMCTB IO
BupoOHUITBY 1IKipu € T30B «Cit IlIkipu». II{opiuHo Ha 3aBOA1I BUTOTOBIAIOTH OJM3bK0 600
THUC. KB. METPiB MPOAYKLIi Pi3HOTO aCOPTUMEHTY, TOXK MiJIPUEMCTBO aKI[EHTY€E YBary He TUIbKU
Ha BCIX eTamax BUPOOHMIITBA IIKIPH HAHBHUIIOI SIKOCTI, ajie i Ha mepepoOIll BIAXOAIB, 30KpeMa,
OYMILEHH] CTIYHUX BOJI JI0 MOKAa3HHKIB 3a0pyAHEHbB, AKI HE MEPEBUIIYIOTh HOPMATUBHUX BUMOT
OpU CKUJAHHI y piuky. oS OYMINEHHA CTIYHMX BOJ Ha OYHMCHHUX CIOpYJax MIKIp3aBOaY
peaizoBaHO  TEXHOJOTII0 IMOMEePEAHBOr0 (Pi3MKO-XIMIYHOTO OUYMIICHHS 3 YCEPEIHECHHSM,
B1JICTOIOBaHHSIM 1 peareHTHOIO HaIlipHOI (JIOTaIi€r0, 010JI0TIYHOTrO OYUIICHHS B aHOKCHIHUX 1
aepoOHUX yMOBaX 3 TIMOOKUM BHJIAJICHHSIM CIIOJIYK a30Ty Ta TOOYHUIICHHS (LIbTPYBAHHSIM.

BpaxoBytoun HEpiBHOMIPHICTh HAAXOKEHHS CTIYHUX BOJI 32 KOHIIEHTPALISIMU Ta BMICTOM
3a0pyIHEHb 1 32 BUTpaTamu, OyJiO BIAIITOBAHO JBa JOOOBHUX YCEpEIHIOBAYi, METOI SKHX €
BUPIBHIOBaHHSI BUTPAT Ta 3MEHIICHHS aMIUTITYyM KOJMBAaHb KOHIIEHTpalii 3a0pyAHEHb 3ajsl
crabimizamii HaBaHTa)KEHHS Ha OYMCHI cropyau. Jlami cTidyHa BOAa MOJAETHCA B 2 TMEPBHHHI
BiJICTIHHMKN BEPTUKAJIHHOTO TUILY, B HUX BiJI0YBA€THCS OCAKEHHS 3aBUCIUX 4acTUHOK. [Ipore,
BMICT 3aBMCJIMX PEYOBMH B ycepeaHioBaui Bucokmii — 10 1100 mr/am®, i edexTuBHOCTI
BiJICTOIOBaHHS HEJIOCTATHBO JJISl MPOBEACHHA €()EeKTUBHOIO OI0JOTIYHOrO OYHUIICHHS, TOMY, 3
METOIO MiJBUINEHHS CTYINEHS BHJIAJICHHS 3aBUCIAX PEYOBHH, KPIM TOTO, BHIAJICHHS MIEPCTI,
xupiB, CITAP ToI110, HACTYITHUM €TarnoM € HaripHa (proTailist 3 BAKOPUCTAHHAM (IIOKYIISIHTY.

bionoriune O4YMIIEHHS CTIYHUX BOJ BHUKOHYETHCS 3a BHUKOPHUCTAHHS aepoTEHKa 3
AQHOKCHJIHOIO Ta aepOOHMMHU 30HaMH, 3 METOIO MOTIHOJIEHOr0 BUJAIEHHS CIOIYK a30Ty. Ilepmioro
30HOI0 CIIOPYJIM € aHOKCHIHA, /€ MPAKTUYHO BIJCYTHIM PO3YMHEHUN KHUCEHb, T4 MICTUTHCA
HaO1IbIIa KUTBKICTh OPraHigYHOI PEYOBHHH Ta HITPATIB, IO CTUMYJIIOE MMPOXOKEHHS MPOIIECy
neHiTpudikanii. KoHueHnrtpaiiiss HITpaTiB B CTIUHIA BOJI, L0 MOJAETbCd B AHOKCHUJHY 30HY
3a0e3MeuyeThesl 3a PaXyHOK HITPATHOTO PELMKITY 3 KiHIIS CIIOPYIH (3 4eTBEPTOi 30HH aepOTEHKA),
e J03BOoJisie 3a0e3MeYUTH  MIKPOOpPraHi3MU-ACHITPU(DIKATOPH  JTOCTATHBOK  KUIBKICTIO
HeoOximHoro cyocrpaty. Ctyminp HiTpatHOro perukiy — 300%. AHokcuaHa 30Ha oOaaHaHa
MIIIAIKaMHU JIJIs1 IHTEHCUBHOTO MEPEMIIITyBaHHS CTIYHOT BOJM Ta aKTUBHOTO MYITY.

[Ticnst aHOKCHHOT 30HH CTIYHA BOJIa HAJAXOIUTh B IBOXKOPUIOPHUIA aepoTeHk (1 kopuaop
— Meplia 30Ha, 2 KOpPHIOp — JApyra-ueTBepra 30HHU), 1€ BiOyBaeTbCcs NPOLEC BHJIATICHHS
OpPraHiYHMX PEYOBHUH 32 PaXyHOK 010JIOTIYHOTO OKMCHEHHS MIKpOOPTraHi3MaMu aKTUBHOT'O MYJTY.
VY pe3ynbTaTi po3KiIaieHHs a30TBMICHUX OPTaHIYHUX CIOJIYK YTBOPIOETHCSI aMOHIMHUHN 30T, IKUI
nepexoaAnuTs y (opMy HITPUTIB Ta HITPATIB 3a paXyHOK Ipoliecy HiTpudikarii.

CriyHa BoJia Miclig aepoOTEHKa MOCTyNae y BTOPUHHUI BIACTIMHUK Ta MICNS BIJUIIICHHS
AKTUBHOTO MYJIy TIOJIA€THCSI Ha CTAJIiI0 TOOUYHUIICHHS (Ha HAMIpHI MiIaHO-TpaBiitHi GiabTpu) AJis
JIOBEJICHHS SIKOCTi BOJIM JI0 HOPM CKHUY.

VY po6oTi Oys10 BU3HAYEHO OCHOBHI OKa3HUKH 3a0pYy/JHEHb Y CTIUHIN BO/I HA PI3HUX eTarax
OUHMIIeHHS (Ha BUXO/I 13 CIIOPY[), Ta pO3pax0oBaHO 3arajibHi €PeKTH OUUIICHHS (TaOIuIs).
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CepenHi MOKa3HUKH 3a0pyAHEHHS CTIYHUX BOJI IIKIP3aBOIy HA BUXO/I1 13 OYMCHUX CIIOPY/T
Ha eTanax OYMIICHHS

v AepoTeHk B i 13 "
C | Ycepen- - TOPHUHHMH | SaraJibHAU
o HOpy A ropan ®roraTop | AHOKCHIHA : A26p06Hl 30;11/1 - mincTiimK | edexr, %
30Ha
pH 9,7 - 8,84 797 8,08 8,22 8,23 8,32 -
XCK, mr/nm> 3200 - 2400 2400 - - - 120 96,3
3aBwcii pedo-
3 1100 570 - - - - - 170 845

BUHH, MT/IM
Komnrerrparys,

3
ME/ZM - - 0,09 231 | 445 | 479 | 395 3,05 -
— PO3YHHEHOTO
KHCHIO
— NH," 2655 - 256,25 147 21 0,6 04 0,87 99,7
—NO, 0,79 - 0,54 0,56 01 0,04 0,1 01 87,3
~ NO;y 42 - 5,16 30,7 26,69 22,7 22,7 26,69 -

Sk BugHO 3 Ta0nwili, 3aralbHUN e(eKT OYMIIEHHS CTIYHOI BOJAW BiJ] yCepeaHIOBaya J10
BTOPUHHOTO BijcTiiiHUKa ckiagae 3a XCK - 96,3%, 3a 3aBuciumu pedoBuHamu - 84,5%, 3a
aMoOHiHUM azoToM - 99,7%, 3a Hitputamu - 87,3%, 1m0 € IyXe BUCOKMMHU IOKa3HUKAMHU,
BPaxXOBYIOYH [TOYATKOBI KOHIICHTPAIIii 320y IHIOIOUNX PEYOBHH.

[Ipote, mis minBUIEHHS €(PEKTUBHOCTI POOOTH TEXHOJOTII, MPOMOHYETHCS MPOBECTU
MaTeMaTHYHE MOJICTIOBAHHS 3aJJis BH3HAUCHHS pallioHAIBHUX mapamerpiB. Hampuxian,
peryJroBaHHS BUTPATH MOBITPS JO3BOJIUTH 3MEHIIIUTH 3aTPAaTU HA OOCIyrOBYBaHHS CTaHIII].

3 iHII01 CTOPOHU, Ha €(PEKTUBHICTH MPOIIECY OYHUIICHHS CTIYHOT BOJIM BIUIMBAIOTH HITPATHUN
Ta MYJOBUH peLMKIW, BIAMOBIAHO MpPH 3MiHI KOE(IIIEHTY HITPAaTHOIO peUuKiIy Oyxae
ITiJIBUTITYBATUCH CTYITIHb BUIAJICHHS CIIOJYK a30Ty. TO/Ii SIK 32 BIPOBAKEHHS PEIIHKITY aKTHBHOTO
MYy MOXHA JTOCSTTH 3arajibHOTO MiABUILEHHS €PEeKTy OUUIIEHHS CTIYHOI BOJU HA BUXO/II.

AHani3 npo0ieMH OYMILEHHS CTIYHMX BOJ 3aBOJIIB 110 BUPOOHHUITBY LIKIPY Ha MPUKIIAIL
nignpuemctBa «Cpit Illkipu» mokazaB, MO0 ICHYIOUYlI KOMIIJIEKCHI TEXHOJOTIT OYMIIEHHS
JIO3BOJIAIOTH JIOCATHYTH HEOOXITHOTO PIBHS OYHUIICHHS IS TaKUX BHCOKOKOHIICHTPOBAHHX
cTokiB. EQexT ounineHHs CTI9HOT BOJIM iICHYIOUOIO TEXHOJIOTI€IO LIJTKOM 33/I0BOJIbHSIE BUMOTH 0
ckuny. [Ipote, 3a15151 3a6€3MeUeHHsI EKOHOMIYHOT €(PEKTUBHOCT1 POOOTH CTaHIIi, PEKOMEHIYETHCS
MIPOBECTH MaTeMaTUYHE MOJICIIIOBAHHS 3 METOIO0 BU3HAUEHHS PalliOHAIBHUX MapaMeTpiB.

CIITMCOK BUKOPUCTAHOI JIITEPATYPU:
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HHEPCIIEKTUBH BUKOPUCTAHHSA BUIIUX BOJAHUX POCJINH IJIsA
OYUCTKHU CTIYHUX BO/J BI/J CIIOJTYK ®OCDPOPY

I'puwenko 1O.C., cm., Cabniti JI.A., 0.m.H., npogp.

Hayionanonuu mexniunuu ynieepcumem Yxpainu « Kuigcokuti
nonimexHiyHut incmumym imeni leopsa Cikopcbkozo», Yrpaina
uragrisenko90@gmail.com

B ocTaHHE neCATUIITTS OYUIIICHHS CTIYHHUX BOJ BiJ ocdaTiB HaOYI0 BaKJIMBOTO 3HAYEHHS
3 eKOJIOT14YHO1 Touku 30py. CTiuHI BOAM, SIKI MOTPAIUISIOTh HA MICBKI OYMCHI CIOPY/IH,MAaIOTh
BUCOKMI BMicT (ocdariB (Oumbme 20 mr/am?), i Ipu BHKOPHCTaHHI Cy4yacHOI O10JI0TiYHOI
BOJIaX y KOHIEHTpAIisiX OJu3bK0 15 Mr/mm?, 1110 mepeBUIIyIOTh JOMYCTUMY HOpMY B YKpaiHi (He
Oinprme 3,5 mr/am®) Oinbmn HiX y 4 pa3u. Y MOPIBHSHHI 3 €BPONEHCHKUMU CTaHIAAPTAMH, /1€
JomycTUMa  KoHIeHTpamist  ¢ocdariB  craHoButh MeHme 0,2 Mr/am®, Hamii TOKa3HUKA
NepeBUILYIOTh HOpMH Y 75 pa3iB [1]. OuncTka Boau Bix ¢ochaTiB 3A1ICHIOETHCS 3 METOIO:

e 3anobiranas eBtpodikarii. Pochatu € OTHUM i3 OCHOBHUX YHMHHUKIB, IO CIPHUSIIOTH
eBTpodikarlii BogHUX 00’€KTiB (piuoK, o3ep, CTaBKiB 1 MopiB). EBTpodikamis Beme 10
HAJIMIPHOTO POCTY BOJOPOCTEH 1 BOJHHX POCIHH, IO B CBOIO YEpry, MPHU3BOIUTH [0
«UBITIHHS BOJM» Ta OTPYEHHS BOJHHUX OpraHi3miB. Lle Moke CipHuMHUTH MacoBY 3aru0einn
puoH 1 IHIIUX BOAHUX ICTOT.

e 30cpexeHHS BOAHMX ekocucTeM. DocdaTh HEraTMBHO BIUIMBAIOTH Ha O10Pi3HOMAHITTS
BOJIHUX €KOCHCTEM, 3HIKYIOUH KUIBKICTh 1 pI3HOMaHITHICTh BUIB, SIKI MOXKYTh ICHYBaTH B
TaKUX CEPeOBUIIAX.

e 30epexeHHs BOJHUX PECYpCiB Ul BUKOpPHCTaHHs JoAuHON0. CTiUHI BOAM, 3a0pyJHEHI
dochaTtamm, MOXYTh YCKIQJHIOBATH MPOLECH OYMIIEHHA BOJM S MOJAJIBLIOrO
BUKOPUCTAHHS B MUTHOMY BOJIOTIOCTa4aHHI a00 B MPOMHUCIOBOCTI. Lle Takok HEeraTuBHO
BIUIMBA€ HA CMaK 1 AKICTb BOJIH.

Crnonyku (ocdopy moTpamisitoT y BOJAHI pecypcu 3 pizHux mxkepen. Cepen HUX BapTo
BIJI3HAUUTH aTMOC(epHi onaau, CTOKU 3a0y/TOBaHUX TEPUTOPIH, PIUYKOBI CTOKHM, BUBITPIOBAHHS
KOHTHHEHTaJIbHUX nopif. Kpim Toro, ;xepenamu pocdartiB MOKyTh OyTH BIAXOIU TPOMHUCIOBUX
HiANPUEMCTB 1 aBTOMUIOK. 3HaYHY pOJjib Y 3a0pyIHEHHI BOJONM I'paroTh TAKOX MELIKAHII MICT,
SKI BHUKOPHCTOBYIOTb MHUIHI 3aco0M Ta iHIIY MOOyTOBY XiMilO, IIO MICTUTh (ocdartu, sKi
BIUIMBAIOTh Ha BOJIHY POCIMHHICTD [2].

Mertoro poboTH € aHami3 e(EeKTUBHOCTI 3aCTOCYBaHHS BHMIIUX BOJAHMX POCIUH IS
OYMILEHHS CTIYHUX BOJ Bij crioyiyk hocdopy 1, TAKUM YMHOM, TOBEJICHHs KOHLIEHTpalii ¢pocdariB
JI0 HOPM CKHJTy y BiIKPHTI BOJOWMH TSl 3MEHIIICHHSI eKOHOMIYHHUX BHUTPAT Ha MPOIEC OUUCTKH.

Opniero 3 1HHOBaLIMHMUX O10TEXHOJIOTIH € BHUKOPUCTaHHS (ITOPEAKTOPIB 3 BUIIUMHU
BOJIHUMH POCIIMHAMH JIJISl TIOKPAIICHHS CTYTIEHSI OYMIICHHS CTiYHMX BOA. CKJal CTIYHHX BOJ
CIpuUsi€ pO3BUTKY PI3HUX OPraHi3MiB, BKJIIOUAIOUU HUTYACTI OakTepii, APIKAXKI, HU3bKI rpulu Ta
BUIII BOJHI pOCHUHH. POCITWMHM BIUIMBAIOTH Ha SKICTh BOJW HE JIMIIE 3aBISKH CBOIM
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GiTpTpaIliiHUM BIIACTUBOCTSIM, ajie¢ ¥ 3aBISIKW 3/IaTHOCTI HarpoOMaJKyBaTH, NIEPETBOPIOBATH Ta
BUJAJIATH OaraTto peyoBUH.

Buxopucranns Bunmx BogHux pociuH (BBP) € edekruBHuM crnocoboMm mokpamieHHS
OYMINEHHS CTIYHUX BOA. Lli poCIMHM MBUIKO POCTYTh 1 aKTUBHO 3a0MPAOTh 3 BOJIU MPAKTUIHO
BCi 010TeHHI eJIeMEHTH Ta iX CHOIYKH, 10 POOUTH X HEOOX1THUMH Y MPOLEC OUUIIIEHHS BOAOHM.
BiotexHonoris, ska 0a3yeTbCs HAa IbOMY TNPHHIMII, JO3BOJISIE IHTEHCH(IKYyBaTH MPOIEC
CaMOOYHILICHHS BO/IM Ta 3a0e31euye e)eKTHBHE BUKOPUCTAHHS BOJHUX pecypciB. Lle npupoanuit
1 CTiHKMIA 10 3a0pyAHEHHS METO/I, /1€ POCIIMHHA BUKOHYIOTBH POJIb 010JIOT14HOTO BiabTpa, 30uparodn
3a0pyIHEHHS BiJl BOJIM Ta CIPHUSIOUH i1 OUMIICHHIO. Ha (hiTonorimHa bty 3aTHICTh POCIHH 3HAYHOKO
MIpOIO BIUTMBA€E CTPYKTypa POCIWH, 3MATHICTH MO 30epiraHHs MOKWBHHUX PEYOBHH, MicIle 30epiraHHs
(TkaHWHA 200 KOPIHHSA) 1 CTPYKTypa KOPEHSI.

Pizni Buau BBP MoxyTh OyTH BHKOPHCTaHI 3TiJHO 3 YMOBaMH, THIIOM 3a0pyIHEHHS Ta
iHmmMu - akropamu. Ilposeneni excrepumeHTd 3 BickMoma Boauumu pocnunamu ( Ludwigia
peploides i Hydrocharis dubia Lythrum salicaria , Sagittaria sagittifolia , Canna
indica , Sparganium stoloniferum , Rotala rotundifolia i Ludwigia ovalis ), mo Oynu o6po6ieHi
m’saTeMa posunHamMu docdopy (3,0, 3,5 , 4,0, 4,5 i 5,5 Mr/am®) HpoTATOM 5 TWIKHIB y TEIIIHII
BJIITKY IIpH TeMIepaTtypi moBitps Big 25 mo 35 °C, moka3anu BUCOKY €()EeKTUBHICTh BUIAAICHHS
cnonyk docdopy (nepesumrysana 95%) [2].

CucremMa CHUTBHOI OYMCTKH TOCIOAAPCHKO-MOOYTOBOTO Ta TOBEPXHEBOIO CTOKY, SIKa
dyukionye y wmicti Binbsmcroyn B Ipnannii Bpaxkatouya 3a cBoero edektuBHicTio [3]. Bona
BKJIIOUA€ MIJIKOBOJIHI JIATyHH 3 PI3HUMU BUJAMH BOJHUX POCIHH, TaKi K O4epeT, pori3, Jijis Ta
psCKa, JUIs OYHUIIEHHS CTOKY Mepeja Horo CKUIOM B MPHUPOAHI BOAONMHU. 3a Ba POKH pOOOTH
CUCTEMH B CEPEIHbOMY CIIOCTEPIraeThCsl ICTOTHE 3HMIKEHHS KOHIEHTpaliid 3a0pyIHIOIYUX
pedoBHH, BKItouaroun 3HmkeHHs bCK Ha 48%, 3aBuciaux pedoBuH Ha 83%, 3araapHOro a30Ty Ha
51% 1 3aranbHorO hocdopy Ha 13%. KpiMm Toro, BaxkIuBO BiA3HAUUTH, IO CUCTEMA TAKOXK JIyKe
e(heKTUBHO BUJAIISIE TATOTCHHI OPraHi3MH, JOCITalouu BUajaeHHs Ha piBHI 99,77%. 1le BaxuBo
JUIs 6€3MeKH BOAONOCTauaHHs Ta JOTPUMaHHA CTaHAapTiB sikocTi Boau. Y CIIIA Oyno nokasaHo,
1110 BOAHUM T1allUHT MOYKe 3a0€3MeUYNTH BUCOKUI PIBEHb OUHMIIEHHS CTIYHOT BOJM 32 OKa3HUKOM
BCKs - 10 97-98 %. Lle cBimuuTh Mpo HOro BETMKUHN MOTEHINAN A OYHUILEHHS TOCTIOJapChKO-
noOyTOBUX CTIUHUX BOJ| Bil OpraHIYHUX 3a0pyaAHEHb [4].

Y Kurai BoHUH T1alIMHT TaKOX BUSBHUBCS JyKe €PEKTUBHUM JUISI OYHMINCHHS CTIYHUX BOJT
BiJl cioiyK gocdopy Ta a3ory. PesynbTaTi 10CIIKEHHS CB11YaTh, 10 €()EKTUBHICTh OUMUILIEHHS
BIJI IIUX 3a0pyJHEHb cKiajae BianoBigHo 53,9 % ta 92,9 % [5].

Hocnimkenns 3 pocnuHoo E. Crassipes moka3zanu, 110 Mpu HABAHTAXKCHHI 32 CHOIyKaMU
dochopy 0,45-0,90 kr/m° Ta mBHAKicTIO TpoTouHOi Boau 0,004—-0,008 M /ron-M? eheKTHBHICTH
BUJAJIEHHS croyyK (ocopy craHoBuia 62 %. A AOCHIIKEHHS 3a PI3HUX HITYYHUX YMOB 3
psickoro Lemna minor moka3zaiu, 1o 3a MITYYHOTO JFOMIHECIIEHTHOTO OCBITJICHHS Ta MiAIrpiBy,
BMicT ocdatis y Boi 3 25 mr/mam® 3mir sHm3mTHCS 10 9 MI/AM° Beboro 3a 48 roxuH [6, 7].

B Hopsgerii 3actocoByeThCsl TexHOOTrIS "6iomiaro"”, mo 6a3yerbes Ha BUKoprcranHi BBP
JUIsE OYUCTKU cTiyHuX BOJ [3]. BoHa Bkitowae B cebe AEKiIbKa KIFOYOBHX (PaKTOpPIB, SIKI
BIUIMBAIOTh Ha i1 €()eKTUBHICTD:

o Temmeparypa Boau Ta noBiTps. Temreparypa BoU Ta MOBITPS MOKE BIUIMBATH Ha PICT Ta
akTuBHicTh BBP. Bumii temneparypu MOXyTh CHPHUSTH MIBUIIIOMY POCTY POCIHH Ta

OYUIIEHHIO BOJIH.
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e pH ta Eh cepenosuma. Kucnorricts (pH) ta morentiian okucuenus-signosnenns (Eh) Boau
MOKYTh BIUIMBATU Ha picT BBP 1a ix 3gaTHicTh BUganaTu 3a0pyJHEHHS.

e [lepiox poky. Y pi3Hi mopu poky Moxe OyTH pi3Ha aktuBHIcT BBP. Hanpukmnan, y BecHsny
Ta JIITHIO TTOPY MOXe OyTH OLIbIIe POCTY Ta OUUIIICHHS.

e TligpaBnmiune HaBaHTaxeHHS. [igpaBiiuHe HaBaHTa)KEHHS HA CIOPYIU BAXINBE JUIS
e(eKTUBHOI OYUCTKH BOJAU. Benuke TifpaBiidyHe HABAaHTAXKECHHS MOXE OOMEXHTH
MosxuBocTi BBP.

e [loyarkoBa KOHIIEHTpaIlisl 3a0pyJAHIOIOYMX pEYOBMH. BuIia mouyaTKkoBa KOHIICHTpALlis
3a0pyJHIOIOYMX PEUOBUH MOXKE BIUIMBATH HA IIBUIKICTH T €PEKTUBHICTH OUUIIICHHS.

e Bunosuii ckinag BBP. Pizni Bumu BBP moxyTe 3a0e3nedyBatu pi3HYy €(QEKTUBHICTH
BUJIAJICHHS 3a0pYIHCHbD.

e Uac konrakty. TpuBanicTh KOHTAaKTy Boau 3 OioneHo3oM BBP BaxknmBa nist eekTUBHOT
OYUCTKH.

e Pexum excruryaranii. Crioci6 Ta pexum ekcrutyaTamnii 6ioriaro, Taki K 4acToTa 30MpaHHs
POCIIMH, MOKE BIUTMBATH Ha 11 €()eKTUBHICTb.

JocnimkenHs oKa3aiu, 1o 1 cucTeMa eeKTUBHA y BUAAIIEHH] PI3HUX TUIIIB 3a0pyTHEHb
1 Mae 3HAUYHUW TOTEHMIaN JJid MOKPAIICHHS SKOCTI CTOKy. BoHa nocsrae BHCOKOTO piBHS
sunaneHus pochopy (21-44%), azory (10 15%) i 3aBucaux peuosun (45-75%) [5].

Cucremu Ha OocHOBI 3akputux Oiornardopm rigpononnoro tumy (3bI'T) mpeacraBnsoTh
co0oro iHTEepec, K IHKEHEPHO-010JIOTTYHUN MiAXiq A0 O4uCTKU cTiuHMX Boa. 3BI'T moemnye
€JIEMEHTH OYHCTKH BOJIU 3 BUKOPUCTAHHAM IMMOO1JTI30BaHUX MIKpPOOPTaHi3MiB Ta BUIIUX BOJTHUX
pociauH. OCHOBHA OCOOJIMBICTD 1i€1 TEXHOJOTII MOJISTAaE B TOMY, IO SKICTh BOJIU PETYIIIOETHCS 3a
JIOTIOMOTOI0 IITYYHO CTBOPEHOTO TiIpo0ioneHo3y, sSKuii (GopMyeThCsl B CHENiaJbHO CTBOPEHIH
criopyii 6e3 BiTKpUTOro A3epKaia Boau [3].

BucHoBku

PocnuHHICT Bifirpae 3Ha4Hy poIIb B 3aCBOEHHI Ta 30epiranHi Gpochopy. TakuM 4MHOM, TOTIITHHAHHS
tdbochopy pocnuHamm ~ 3MeHIIye  BHaaieHHS  (pochopy B EKOTEXHOJOTIYHHX  CHUCTEMax
BiHOBIIeHH:. BuOpaBiy BiAMOBIAHI BHIU POCIHH, MOXKHA 30iMbIINTH BHIAIEHHS (Qochopy, OCKIIBKU
HeopraHiyHui Gocdop BaxKITUBHIA U POCTY POCTUH. BUKOPUCTaHHS POCIIHH Uil OYUCTKH BiJl dochaTis
MAIOTh TaKi MepeBart, sk MPOCTOTa eKCIlIyarTallii Ta 00cIyroByBaHHs, HU3bKa BapTICTh 1 MOTpeda B eHeprii,
a TaKOX BUKOPHUCTAHHS MPUPOJHHX IporieciB. [IpoTe BUKOpUCTAHHS IIUX POCIIHH CTa€ Hee(DEKTUBHUM JIJIst
OUMIIICHHS BHCOKOKOHIIEHTPOBAHMX CTIYHUX BOJA, TOMY IX JOIIJIbHO 3aCTOCOBYBAaTH IS JIOOYUCTKH
CTIYHHX BOJI.
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BUJIYYEHHSA PAAIOHYKJIIAIB HE3I10-137 I3 CIABOAKTUBHUX
PAJIOAKTUBHUX BOAHUX PO3YUHIB.

I'yziu C.I., /Iyk’anoea B.B., Ilyzau O.B., Tyuyovxuit /1.1

Hepacasna ycmanosa «lncmumym 2eoximii Haskonuwnbo20 cepedosuwia Hayionanvroi
axademii nayk Ykpainuy, Yxpaina, Kuis, squziy2@gmail.com

CydacHuii pO3BHTOK aTOMHOI €HEPTeTUKH CIIPSIMOBAaHUH Ha JOCSATHEHHS CTAJIOTO PO3BUTKY
HIIIXOM BUPOOJIEHHS 4McToi eHeprii. B Toil ke 4yac, oTpuMaHHS €Heprii CyHnpOBOUKYETbCA
HAKOMWYCHHSIM TEXHOTEHHHUX PaJi0aKTUBHHUX BiJXO/IB, SIKi YTBOPIOIOTHCS I/ yac BUIOOYTKY Ta
nepepoOKH ypaHOBUX pyJA, MHpH 30aradeHHi ypaHy, BUTOTOBJIGHHI AaTOMHHUX pPEaKTOPiB,
eKCIUTyaTallii aTOMHHUX EJIeKTPOCTaHIlii, mepepolii Ta pereneparii BiAmpanboBaHOTO SACPHOTO
MajnBa, BUTOKIB ITiJ1 Yac NIEPEBE3CHHS Ta 30epiraHHs palioaKTHBHUX Biaxo/iB Ta iH. [1, 2]. Ilpu
[bOMY, HEMHUHYY€ YTBOPEHHS PIAKHX PaliOaKTHBHUX BIJXOJIB, CTIYHUX BOJI, SIKI MICTATh LIE3iid,
CTPOHIIiH Ta iHmi pupoaHi pagionykmian. OcobmuBoi yBaru notpebye 3'Cs, axuit € npomykTom
JUIEHHS IIyTOHIIO Ta ypaHy, BIAHOCUTHCS 10 OCHOBHHUX JJ030yTBOPIOIOUMX PAJIOHYKIIAIB, Ma€e
TPUBAJIMM Tepio HamiBposnagy (Oulble TPUALATH POKIB), XapaKTEPU3YETbCS BUCOKOIO
JIETIOYICTIO, PO3YMHHICTIO Ta aKTUBHICTIO [3].

AKTyabHUM 3aBJIaHHSM €KOJIOTIYHOT Oe3NeKku € BHpIMIEHHS MpoOJieM BHIYyYSHHS
3JIMIIKOBUX KOHIICHTPALIM paaioakTUBHOTO 11a31t0-137 13 c1aboakTUBHUX BOAHUX po3unHiB. Ha
CHOT'OJIHIIIHIH JIeHb BiIOMO 0araTto MeTo/iB BUIIy4YEHHS 10HIB 1€3i10, aje SK MOKa3ye MpaKTHKa,
HaWOTBII IIEBUM € KOMOIHAIlIS KUTBKOX METO/IIB Ta JOCSITHEHHS CEJIEKTUBHOTO BUITYUEHHS 187Cs,
CaMuMH PO3MOBCIOUKEHUMH METOJaMH €: afcopOIlis, 10HHMI OOMiH, XiMiYHE OCaJKEHHS,
XIMiYHE BiJJHOBJICHHS, MEMOpaHHI TEXHOJIOTIi, KOAryJsIlisi, eKCTpakilisi, ioHHa ¢uiotaris [2, 4].
AncopOuiitHi MeToan HaOyiau HaANOLIBIIOr0 PO3MOBCIOJUKEHHS B TEXHOJIOTISAX 3HE3apa)KeHHs
PLOKUX pa/loaKTUBHUX BIAXOMAIB 3aBASKU IIUPOKOMY CHEKTPY aJCOpPOEHTIB, €KOHOMIYHOCTI
npoliecy, MpocTiif TEXHOJOTIT Ta NIMPOKOMY Jliana3oHy 3acTocyBaHHA. Haitbinbi eekTUBHUMEU
copOeHTaMu /Il BUJITYyUYEHHS 13110 € (peportiaHigHl COPOCHTH (CHHTETHYHI MaTepiajn Ha OCHOBI
deportianiais 3amiza (I1), mikenro (1), miai (1) Ta inmmx meranis abo ix cymimeit). Li matepianmy,
3aBIIKM CBOiM CTIHKOCTi, BapTOCTI Ta COPOLINHUMHU TNapaMeTpaMy MEepeBaKalTh BIAOMI
CHUHTETHYHI COPOCHTH Ha OCHOBI CHJIIKaresto Ta KpeMHeseMy. ToMy, akTyalbHUM ITOCTA€ MUTaHHS
OTpuMaHHS e)eKTUBHUX COPOIiHNX MaTepianis 3ans BuTydeHHs ioHiB 13'Cs i3 cnaboakTuBHIX
PLAKUX paJiioaKTUBHUX BIIXOIB.
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B po6ori Oyno mocmimkeHo koMmiuiekcHui Heopraniyauii copoent (KHC) Ha ocHOBI TphOX
CKJIIQJIOBUX: Topotkonoaionoro depomianigxy wMigi (PL-Cu), 3amizomigHOoro amop@HoOro
KOMITOHCHTY (OTPMMAaHOTO B yMOBaX ILUIa3MH Ta eJIeKTpoJi3y) Ta mopraanauementy (IT111-500).
3a nannmu POA Tta [YC 3anizomigauii aMoppHUI KOMIIOHEHT CKJIQAAETHCS 3 3-X KPUCTATIYHUX
da3: Fe-fcc - 3,85 mass% (scf: 0,3339); Fe-bce - 6,71 mass%; (scf: 0,5828); FeO - 89,44 mass%
(scf: 7,7663) Ta micTuTh perTrenoamopduy ckianoBy y Burisiai FeCUOHCI (puc.1).

Crab0akTUBHY paJli0aKTUBHY BOAY TOTYBAIM KHUCJIOTHUM METOJIOM 13 TPYHTY BifiOpaHOro
B niepeamicti M. @okycima B paiioni AEC. HaBaxkky rpyHTy Macoro | r mpoTsrom 1001 po3uuHsIu
B 10 M1 40% HF, npu nepemimyBanus qoaaBaim 700 M1 BOAOIIPOBOAHOI BOAH, HoBoAMM pH 10
3HaueHb He Ounbmie 8,5 pozunHom NaOH. KonnenTparis ioniB Harpito ckianana 0,09 momnb/m.
Taka KOHIIGHTpAIlisl iOHiB HATPilO He BILTHBAE Ha copbuito ioHiB >'Cs KHC. AktuHicts 1o *'Cs
JOCITIJIKYBaHOI BOIM BU3HAYAIH 32 JONOMOTo10 ycTanoBKU ATOJI-3M.

14782

T
-Fefoc 3.5%
-FEO1 8O A%

-Febcc 6 7%
-1 M1-EosX_y

I/rel.

T T T T T T T T T T T T T T T
15 2 2% 0 36 40 45 50 55 an 85 0 75
Ztheta/ deg

Puc. 1. Pentrenorpama 3anizomigaoro amopguoro kommnonenty KHC.

CnaboakTUBHY paJiloaKTHBHY BOJY FOTYBaJd KMCIOTHUM METOJOM 13 TPYHTY BiAiOpaHOTrO
B niepeamicti M. Pokycima B paitoni AEC. HaBaxxky rpyHTy Macoro | r mpoTsrom 1001 po3uuHsIIN
B 10 M1 40% HF, npu nepemimyBanHus gogasanu 700 My BogonpoBoaHOI Boau, AoBoauau pH 1o
3HayeHb He OunbiIe 8,5 pozunHoM NaOH. Konuentparis ioHiB Hatpito ckiaagaia 0,09 mounb/m.
Taka KOHIIEHTpaIlisl i0HIB HATPiIO He BILIMBAE Ha copOito ioHis *3'Cs KHC. AktunicTts mo 2*'Cs
JOCTiIKyBaHOT BOJM BU3HAYalu 3a gornomoror yctaHoBku ATOJI-3M.

Bcranosieno, 1o Buimy4yeHHs 11€31t0-137 13 c1ab0akTUBHUX BOJAHUX PO3YMHIB CKIIAAA€ J10
93-100% B 3anexxHocTi Bia cniBBigHomeHHS KoMToHeHTiB KHC. Ontumizanito KOMIOHEHTHOTO
ckiany KHC npoBoauiu 3a 10moMOToro TpboX(pakTOPHOTO, TPUPIBHEBOTO METO/1Y €KCIIEPUMEHTI
B MateMaTnuHoMy cepenoBuili STATISTICA12. V skocti BapiiioBaHuX (akTopiB Oysio 0OpaHo:
KUIBKICTh 3aJ1130MiTHOTO amop@Horo koMmnoHeHTy (10-30 miu) — dakrop X1; kunbkicts OI[-Cu
(0,5-2,0 1) — ¢akrop X2; kimbkicte moptaananementy (0,5-2,0 r) — ¢axrop X3. B sxocri
HOPMaTHUBHUX NapaMeTpiB Oyso oOpaHO: OYHMIIEHHS paaioakTHUBHOI Boau 1o 0 bx/a 1 cryminb
Bunydenas 3'Cs (%). I'padiusa iHTepmpuramis OTPHMAHMX pPe3yIbTaTiB JOCHTiIKEHHS
300pakeHa Ha PUCYHKY 2.
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Pucynox 2. [3omapameTpuyHi JiarpamMu BIUIMBY BapioBaHHUX (aKTOPIB HA aKTUBHICTb I10
137Cs (a) Ta crynemnio #oro Bumydenss (0).

OTtpumaHi JaHi mokazanu (puc. 2), mo y GakTOpHOMY MPOCTOPI CIIOCTEPIraeThCs HASIBHICTh
ONTHMAJFHUX 30H IO OYHINEHHIO CITA00aKTHBHOI BOIM Bij 10HIB 1e3if0-137 i cTymeHro Horo
BUWIYYEHHS, SIKI OOMEXYIOThCS y TIepiioMy BUNaaKy (puc. 2, a) mo X1 BMICTOM 3aJ1i30MiTHOTO
amop(HOTO KOMITOHEHTY Bix 22 10 25 mi1, o X2 Bmictom ®II-Cu Bix 0,9 no 1,3 r, mo X3 BmicToM
nopmianauemenTy Bia 0,6 1o 0,85 r; y npyromy Bumnajixy (puc. 2, 6) mo X2 BMicTOM 3a1130MiAHOTO
amop¢Horo koMroHeHTy Bia 23 10 24 mi, o X2 smictom ®I[-Cu Bix 0,8 1o 1,0 r, mo X3 BmicToM
nopmianauementy Big 0,8 mo 0,95 r. Hakiaganus oTpuMaHHX JAiarpaM OJiHa Ha OJIHY JTO3BOJISE
BU3HAUUTH ONTHUMAJbHY 00JIacTh icHyBaHHS KommnoHeHTHoro ckiaay KHC, ska Biamosinae
HOPMAaTUBHUM piBHSIM: (hakTop X1 - BMICTOM 3aJ1i30MiTHOTO aMOP(HOTO KOMIIOHEHTY Bifg 22,5 10
24,5 mn, o X2 - smictrom ®II-Cu Bix 0,85 g0 1,15 1, mo X3 - BMicToM nopTianainemMenty Bifg 0,7
10 0,9 .

B pesynbTari BUKOHaHOI poOoTH Oylia MpoBeeHa ONTHUMI3allisl KOMIIOHEHTHOTO CKJIaTy
KHC, sikuii 1ae MOKIIMBICTh MOBHICTIO BUITYYHTH 137Cs i3 cimaboakTHBHUX pasioaKTUBHUX BOJAHUX
PO3UMHIB.
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HOBI MIIAXO0AU 10 3HUXKEHHSA EKOJIOT'TYHUX PU3UKIB
Y LIKIPAHOMY BUPOBHUIITBI
Haesuowk /1. A.
Hayxoeuii kepienux Anopecesa O. A.
Kuiscokutl nayionanvHutl yHieepcumem mexHoa02it ma Ou3atiny
Ykpaina, m. Kuis
o.a.andreyeva.ukr@gmail.com

VY Ham 9ac eKOJIOT1YHI pU3UKH BBOKAIOTHCS OJTHUM 13 HAMBAKJIMBIIINX aCHEKTIB y JISIIBHOCTI
OyI1b-SIKOTO IPOMHCIIOBOTO MignpueMcTBa. OCHOBHOIO METOIO YIPABIIHHS €KOJIIOTTYHUM PU3HKOM €
CBO€YACHE 3ar100iraHHs] HEraTUBHUM €KOJIOTIYHMM HACIIiJIKaM 3a JI0IIOMOTOI0 3aCTOCYBAHHSI 1I€EBUX
METOJIiB X 3HIKEeHHs. [l0 TakMX METO/IB HaJeKaTh IMOIIYK HOBHX PECypCiB, OUTbII eEeKTUBHUX
cnoco0iB 00poOJICHHS, 3MEHIIIEHHS BUTpaTH a00 3aMiHa HeOe3MeUHUX MaTepiaiiB Ha Oe3rneuHi abo
MEHII HeOe3MeUHi y II090MY TEXHOJIOTTYHOMY TPOLIECi.

VY nmaHiii poOOTiI PO3TISHYTO JAEAKI HOBI MIAXOIM 10 3HM)KEHHS €KOJOTIYHUX PU3HKIB Y
BUPOOHHUIITBI HATYPAIBHOI IIKiPH.

Yepe3 3HAYHUII aCOPTUMEHT 3aCTOCOBYBAaHUX MarepiajiB IMPUPOJHOrO Ta IITYYHOI'O
MOXO/DKEHHS 1 BEJIMKY KiJIbKICTh YTBOPIOBAHMX BIJIXOJIIB HIKIPSHI 32aBOJIU € TPOMHUCIIOBUM CEKTOPOM
3 BUCOKMM BIUIMBOM Ha JOBKULIA [1]. Cepell OCHOBHUX EKOJIOTIUHMX YIIKO/PKEHb BHUJIUIAIOTH
HAaCUYEHHSI BOJIOMM O10M€HHUMH eJIeMEHTaMu, 0COOJIMBO (hOCPOPOM 1 a30TOM, 110 CYTIPOBOIKYETHCS
3pOCTaHHAM O10JIOTIYHOT MPOMYKTHBHOCTI BOJHHMX OaceiHiB. Ilim wac mporecy myOneHHs MIKipH
BUKOPUCTOBYETHCSI BEJIMKA KUIBKICTh CHOIYK XpOMY, SIKi MOXKYTh BUKJIMKATH 3a0pyTHEHHS BOIM Y
JIOKaJTbHUX MaciTabax. [IpucyTHICTh y CTIUHHX BOJax OOpY Y BHCOKHMX KOHIICHTPAIlSIX MOXKE
CIIPUYUHUTH (PITOTOKCUYHICTB JUTS CUTBCHKOTOCIIOIAPCHKHIX KYJIBTYD Y pa3i BAKOPUCTAHHS X BOJ
Jutst 3porieHHs [2, 3]. ToMy cTiuHi BOJM MIKIPSTHOTO BUPOOHUIITBA TOBHHHI OYHMIIIATHCS BiIOBITHUM
YMHOM 4Yepe3 BEIWKY KUIBKICTh 3a0pyIHIOIOUMX XiMIiKaTiB Ta OIOJOTIYHUX 3aJUIIKIB, IO
YTBOPIOIOTHCS B TpOILIeCi BUPOOHUIITBA. BUXOIM49M 3 1LOTO, TPYIIOK iCMAHCHKHUX JIOCIIIHUKIB 31
CTaJIOr0 BUKOPHUCTaHHS, YNpaBIiHHA Ta MeJiopauii IpyHTY Ta BoAM [4] mpoTecTOBaHO MIIOTHY
CHCTEMY 3 TOKpAIEHHS TPAIULIMHOIO OYMINEHHS MPOMHCIOBUX CTOKIB HIKIPSHOTO BUPOOHUIITBA.
Cucrema npaiftoe y mepioJMaHOMY PEKMMI K €KOJIOTIYHO YHCTa CUCTEMA, MeTa pOOOTH SIKOT MoJIsATae
y BUJAJIEHH] a30Ty, pocdopy, 60py Ta XpoMy 31 CTOKIB LIKIPSHOTO 3aBO/Ly 3 BUKOPUCTAHHSAM IITYYHO
CTBOPEHOI'0 BOJIHO-00JIOTHOTO YT1J1s1 3 TOPU3OHTAIILHUM MII3EMHUM MOTOKOM 13 TPbOX OCEPEJIKIB,
3aca/pKeHHX oveperoM 3BuuaitnuM Phragmites australis. Lro pocrmuHy oOpamu depes 1 34aTHICTD
a/IanTyBaTUCS J10 KJIIMAaTUYHUX YMOB, OCOOJIMBOCTEN BOJHO-00JIOTHUX YT1/lb, @ TAKOXK YEPE3 Uy10BY
37IaTHICTh MOTJIMHATH 3a0pyIHIOI0UY1 PEYOBHHHU.

PesynbraTy mociipKeHHS MMOKa3ay, 0 ONTHMAaIBHUAN Yac JJIsl OYMIIEHHS CTIYHUX BOJI Ha
BOJIHO-00JIOTHOMY yTijl Uil BuAajdeHHd (ocopy 1 XpoMy CTaHOBUTH 3 JIHI BUTPUMKHU
(epexTuBHICTH BUnaieHHs 78 Ta 48 % BIANOBIAHO), IPOTE, Yepe3 7 IHIB 11 eIEMEHTH TaK0X OyIH
BuaneHi. HaBnaku, KoHIEHTpallii a30Ty 1 00py He 3HIKYBAJIUCS Y JKOJHIN KOHTPOJIBbHINA TOYII],
TOMY ISl TIJBUIIEHHST €()eKTUBHOCTI BUJAJICHHS IIMX €JIEMEHTIB HEOOX1IHO BUIIPOOYyBaTH HOBI
BUAM MakpoQiTiB Ta pi3HY TPUBANICTh BUTPUMKH. 3a3HayeHa CHCTEMa OYMIICHHS 3
BUKOPHUCTAHHAM BOJIHUX Makpo(iTiB € HEJOpOroro 1 JyKe a/JeKBaTHOI allbTEPHATHUBOIO JJIS
OYUILEHHS MPOMHUCIOBHUX CTIYHUX BOJ. BOHa MiAXOAUTH A 3HMKEHHS KOHLEHTpAIii AESKHX
€JIEMEHTIB y TPOMHCIOBUX CTIYHMX BOJIaX INKIPSIHUX 3aBOJIB, a TaKOX JJIS 3HUKEHHS
KOHIIEHTpaLlii 3a0pyAHIOIOUNX PEYOBUH J0 3HAYEHb HWXKYE TPAHUYHUX IS AEIKHX MapaMeTpiB,
BCTAaHOBJICHUX HOPMATHBHOIO JIOKyMEHTAIII€0 MO0 IMOTEHIIHHOTO TOBTOPHOTO BUKOPUCTAHHS
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OYMIIIEHO1 BOJIM IS 3poIryBaHHs. [{o TOTo X, MOCcaaKu odepeTa MiHIMI3YIOTh PU3UK eBTpodiKallii
3a paxyHOK 3HM)KEHHSI KOHLIEHTpaliil ¢ochopy Ta XpoMy y CTIYHHMX BOJax, L0, Y CBOIO YEpry,
3HU)KY€E PU3UK 3a0pyHEHHS IPYHTOBUX Ta MPICHUX BOJI, OCKLIBKU MOKPAIILYE AKICTh Boau [4].

Y Kurai po3po0iieHo epekTuBHY cTparerito BuaaneHas amiagaoro a3oTy NHs-N 31 crigamx
BOJI TICJIS TIPOIIECY 3HE30JIFOBAHHS, Y SIKUX HOT0 KOHIICHTpAIlisl HABUIIA CEPe] YCIX CTIYHUX BOJ
HIKIpSHOTO BUPOOHMITBA. [ IIbOTO 3alPONOHOBAHO METOJ OCapKEeHHS (ochaTtoM MarHiro-
amonito (MA®). ExcrniepuMeHTalbHO BCTaHOBIEHO, 10 mpubau3Ho 80 % amiayHOro a3ory
BUAATSAETHCS MPOTAroM 20 XBHIIMH MPU MoJIbHOMY crtiBBiHOmeHHi P : Mg :N=1,2:1,2:1,0 ta
pH = 9,5. KonnenTpaiiii aMiauHOTO Ta 3arajbHOTO a30Ty Yy CTIYHMX BOJAX IMIKiPSHUX 3aBOJIB
(CKIIaIOBUX CTIYHMX BOJ YCIX CTIYHMX BOJ IIKIPSHOTO BUPOOHUIITBA) PI3KO 3HIKYIOTHCA 3a
paxyHOK OOpOOJICHHS CTIYHMX BOJ micisl 30iiHHS ocagamMu MA®D, 1o 3HA4YHO IiJBHIIYE
e(eKTUBHICTh 010JIOT1YHOTO OYHUIICHHS MPOMHCIIOBUX CTOKIB. 3anuiikoBa koHueHTpais NHs-N
B OYMINCHHMX CTIYHUX BOJAX MeHIIe 2 Mr/ji. 3arajabHa KoHIEHTpalis (ochopy 30UIbIIyETHCS
MeHII, Hik Ha 0,4 Mr/I1, 0 BKa3ye Ha BiJICYTHICTh BTOPUHHOTO 3a0pyaHEeHHS (HochOopoMm micis
oca/pKkeHHs GocdaToM MarHiro-aMoHito [5].

XpomoBe 1y0OsIeHHs 3aiiMae dibHE Miclle Y BUPOOHHIITBI IIKIPH IS MTOCTiIHHOT cTadimi3amii
MaTpHlll «IIKypa-IIKipa». AJe, He3Baarouu Ha 0e37id nmepeBar (BUCOKa TepMiuHa CTabUIbHICTb,
IPOCTOTA Ta HU3bKA BapTICTh OOPOOICHHS 1 T.1.), HUHIIIHS MPAKTUKAa XPOMOBOTO JyOJICHHS HE €
€KOJIOTIYHO CTilikoro. [lorane morimuHaHHs CrIONIyK XpoMmy (01u3bko 55-65 % 3a Baroro, pemira
CKUIAEThCS B TOTIK CTIYHUX BOJ Yy KOHIeHTpamii Omm3pko 3000 wmr/m) Ta yTBOpeHHS
naBantaxxenns TDS (Total Dissolved Solids — 3aranpHa KiIbKiCTh BCIX pO3YHMHEHHX Y BOJII COJICH)
€ OCHOBHMMH €KOJIOTTYHHMH 3arpo3aMH TPAJUIIHHOI CHCTEMH XpOMOBOTO nyOneHHs. Pazom 3
TUM, OJTHUM 13 e(DeKTHUBHHUX aJbTEPHATUBHUX MIAXO/IIB A0 cTabiIi3alil MaTPUIll «IIKypa-IIKipa»
BBa)KA€THCS 0€3COIHLOBE XPOMOBE AyOJICHHS, SIKE J1OCI HE OTPUMAIIO KOMEPLIHHOTO 3aCTOCYBAaHHSA
4yepe3 HU3KY MPAKTUYHUX TPYTHOLIIB. Y 3B’SI3KY 3 IIUM aBTOpaMu [6] 3p00iieHO cripo0y CTBOPUTH
JIBl TIPAKTUYHO XKUTTE3IATHI BUCOKOIPOIYKTHBHI OE€3COIBOBI CHCTEMH XPOMOBOTO TyOJICHHS: 3
BUKOPUCTaHHAM 3He30ioBaibHOrO0 po3unHy (CTDL) Ta 31 3MiHOIO MOPSAKY J10/IaBaHHS
MmackyBaibHOI coii (COAMC).

a o 8

Pucynoxk 1. BignpaupoBaHi AyOMIbHI pO3UMHU, OJIEpXKaHi: @ - 3a
TpamutiitHoro cuctemoro ayoseHHs (CON); 6, 6 - 32 HOBUMHU CHCTEMaMH
6e3conpoBoro ayonensst (CTDL ta COAMC)

TpaguuiiiHo Ans mpoliecy 3HE30I0BAHHS BUKOPUCTOBYIOTHCS MEPEBAXKHO COJII aMOHIIO 1
BIJINPAIlbOBAaHUI PO3YMH MICTUTH CiJIb aMOHIIO, SIKa HE IpopearyBalia, a TaKoX JIeAKY KUIbKICTh
COJII KaJbIlit0, SIKa YyTBOPWJIACh B Tporieci HeuTpamizalii. [lizpaxoBaHo, 10 KOHIICHTpAIIisl COJi
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(TDS) y Biampaib0BaHOMY 3HE30JIIOBATBHOMY PO3YWHI CTaHOBUTH 2,5-3,0 %. 3 ypaxyBaHHIM
I[LOTO PO3POOJIEHO MPOIIEC BUKOPUCTAHHS COJMi, SIKa IPUCYTHS Y 3HE30JII0BATLHOMY PO3UYHHI, IS
MIJIKUCHEHHS, 0€3 BUKOPUCTAaHHSI JOIaTKOBOI couii mij yac ayonenHs. [lpu npomy Benmnuuna PK
IpHU 3HE30JIFOBaHHI 3HIKYETbes 0 50 %, mo 3abe3nedye 30UMbIICHHS KOHIIGHTpAIl COJi B
cucreMi. OTHUM 13 (haKTOPIB PU3UKY Y PO3POOICHOMY MPOIIEC] € MEPETBOPEHHS CYIb(DiTy HATPIIO,
1110 BUHOCHUTHCS 3 MPOIIECy 30J1iHHS, HA TOKCUYHUHN CIPKOBOJICHb. Y TBOPEHHS! OCTAHHBOT'O MOXKHA
YHUKHYTH, OKMCHIOIOUH CYJIb(]i]l HATPIIO 10 Cyab(aTy 3a J0MOMOI0I0 MEPOKCHILY BOAHIO.

[Hmmi migxix 1m0 Oe3miKeIbHOr0 XPOMOBOTO JYOJIGHHS PO3POOJICHO IIISXOM 3MIiHH
HOPSIKY AOAABAHHS COJIEH, 110 MAaCKyIOTh. TpaauliiiHO MacKyBalbHI COJIi 10/1al0ThCS B IPOLIEC]
HiTy>KyBaHHS 1 IXHS POJIb MOJIATAE JIMIIE Y 3MiH1 3apsiIOBOI/T1APOIITUYHOI TOBEIHKH XPOMY Ta
MIJBUINECHHI TEMIIEpaTypu OcCa/pKeHHs Xxpomy. [Ipu TakoMy Migxo.i Il peareHTH T0Jar0ThCs
nepes MpoLecoM IMiJKUCHEHHS Ui 3armo0iraHHs KUCI0THOI OyOHSBU Ta 3MIHIOBAaHHS MPUPOIU
NyOMIIBHUX CHOJIYK XpOMY, IO IPU3BOAUT /10 MOCUIICHHS iX TUdy3ii B JepMy.

OO0wuBa 3anpONOHOBAaHUX MeToa 3a0e3neuytoTh 3HmKeHH PK m0 50 % (ams 30unbeHAs
10HHOT CHJIM 1 TpajieHTa KOHIICHTpAIlii), MiABUIICHHS MOKA3HUKIB TEMIIepaTypy 3BaprOBaHHS
mKipsiHoro HaniBpadpukary Bet 6y (104 °C) Ta crynens BUCHaXKEHHs croiykK xpomy (90 %).

®ororpadis CTIYHUX BOJ, 310paHUX 13 PI3HUX CUCTEM IyOJeHHs, MpuBeAeHa Ha puc. 1, 3
SIKOTO 3pO3yMLJIO, IO 3BUYAHHUI PO3YMH TEMHIIIE, HIX Y IBOX IHIIUX CHCTEMaXx TyOJIeHHS.

Sk 3a3Ha4€HO BUIIlE, METOJI XPOMOBOTI'0 TyOJI€HHS € HAMOIMNPEHILIO GOPMOIO AyOIEHHS
HIKipY y CBITi, aJie BiH HECEe PU3UK YTBOPEHHS MIECTUBAJICHTHOTO XPOMY, BMICT SIKOTO Y IIKIPSTHUX
BHUpoOax oOMexeHwuii: He Buile 3 Mr/kr. KpiMm iHIIOro, MeBHi MpOoIecu MOXYTh MPU3BECTH 0
OKHCHEHHSl HATypaJIbHUX KHpIB a00 >KUPyBaJbHUX MarepialiiB 3 HEHACHUYEHUMH BYTJICIb-
BYIJICLIEBUMH 3B'SI3KaMH, B PE3YJIbTaTi YOIO YTBOPIOIOTHCS MOJIEKYJIM BUIBHUX PaJHUKaliB, SKi
MoxyTh cripusiti okucHeHHIo Cr(III) mo Cr(VI). ABTOOKMCHEHHIO HEHACHYCHUX JIMIJIiB CIIPHSIE
BIUIMB BMCOKOI Temmeparypu Ta cBiTia, ocobiauBo Y®d-unpomiHioBaHHs. Cepen 1HIIUX
BiJITOBITHUX BUPOOHUYHX MTPAKTHUK JI0IaBAHHS CHHTETUYHHUX (DEHOIBHUX aHTHOKCHIAHTIB (CDA)
MiJ] Yac CUHTE3y YXKUPYBaJIbHUX MaTepiaiiB ad0 mpu BUPOOHUIITBI HIKIPH MOXE OyTH LILIKOM
OPUMHATHUM 1HCTPYMEHTOM JUIsl 3amo0iraHHs aBTOOKHMCHEHHS JinifiB. Ha migcrasi mporo y
poboti [7] ouiHIOBanack e(heKTUBHICTh JOBTOJIAHIIOTOBOTO CHHTETHYHOTO aHTUOKCcUAaHTy 1135
(AO1135, CAS RN® 125643-61-0) nmst 3anobiranns yreopertio Cr(VI). Epexrusnicts AO1135
Oyia mpoTecTOoBaHA Ha JIBOX PI3HUX THUIAX IMIKipU (OBUYMHA, OBUMHA XYTPOBA) 3 ABOMA Pi3HUMHU
KUPYBaJIbHUMU 3aco0aMU (HE3aXUIIEHUM Ta 3aXUILEHUM BiJl OKUCHEHHs). 3axUIlleHui 3aci0 OyB
ctBopeHuit 3 BukopuctanuaM AO1135. Kpim toro, 11t 00po6eHHs mKipu OyiIu 3aCTOCOBAHI /1Ba
KOMEpIIiiiHI MpoayKTH, y ckiafi sskux Mictucst AO1135. Tlicns 3aBepiineHHs mporecy nyOiaeHHs
HIKipy MiJ1aBajId JBOM PI3HUM IpoIiecaM TEPMIUHOTO CTapiHHS.

AO1135 6yB BusHanuii edexkruBHuM CDA s 3amobiranus yrBopenuto Cr(VI), ioro
3aCTOCYBaHHA y MICISAAYOUTPHUX MpoIlecaXx HE 3MiHIO€ 30BHIIIHIA BUIISA WIKipU. B iHmomy
BUIAJKYy, SKIIO TNpU NPOBEIACHHI MICAAAYOIIbHUX MpPOLECIB HE BUKOPUCTOBYIOTHCS SIKICHA
cupoBHHa ab0 3acobu 3anobiranus yrBoperHto Cr(VI), HeHacHueHi )KUpyBajbHI MaTepian abo
NPUCYTHI y HMIKYPi IPUPOIHI KUPH MOXKYTh cTatu npuurHoro yreopents Cr(V1).
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BIIJIUB CTPYKTYPU BOJAU HA BJIACTUBOCTI BOAHUX EKOCUCTEM
Jonenxo C.0., Pomanwkina LIO., I'onosxoe A.M., Kpasuenxo I'.M.
Incmumym konoionoi ximii ma ximii 6oou im. A.B. [{ymancokoco HAHY, Ykpaina, m. Kuis,

molekyla-@ukr.net

Boga — ocHOBa KHUTTEAISUIBHOCTI JIIOJMHU Ta 3amopyka 3A0poB'a Hamli. 3a JaHUMH
BcecBiTHBOI Oopranizaiiii oxoponu 310poB'st moHaa 80% BCix 3aXBOPIOBAHb JIIOIEH O€3M0CePeTHHO
MOB'SI3aHI 3 BXKUBAHHSAM HEAKICHOI BoAM. Y 3B'SI3Ky 3 IIUM BcecBiTHS opranizailis OXOpPOHH
30pOB'sl BU3HAE 3aBIaHHs 3a0e€3MEUeHHS HACENCHHS SKICHOK IMTHOKI BOJOI0 TOJIOBHHM
PO3JLIOM TpOorpaM OXOpOHHU 3M0poB's moauHH. lle mae migcTaBu BBaKaTH HEOOXIAHICTH
3a0e3MeueHHs] HaCeJIeHHsI KICHOIO MUTHOIO BOJIOI0 HalHaKTyaJbHIIIOK MPOOJIEMOIO CYyYacHOCTI,
sKa NOoTpe0y€e KOMIJIEKCHOT'O BUPILIEHHS.

BianoBigHO 10 ycTaneHoi CBITOBOI MPAaKTUKK MPHUAATHICTh BOJMW JJISI MMUTTS OLIHIOIOTH 3a
YOTUPMA KPUTEPISIMH: €IM1IeMIOJIOTIYHUM, OPTaHOJIENTUYHUM, CaHITAPHO-TOKCUKOJOTIYHUM Ta
pamiauiiiaumM. [Ipote B ocTaHHI POKM HaKOMHMYYEThCA BCE OLIbIIE JTaHUX, 110 BKa3YyIOTh Ha ILE
OJIMH HE BpPaxOBaHUM KpUTEpii — CTPYKTypOBaHICTb IUTHOI Ta MiHEpaJbHOI BOJU.
ExcniepuMenTanbHi Ta KIHIYHI JOCTIHKEHHS MOKa3ald, M0 CTYIIHb CTPYKTYPOBAHOCTI BOJHU
6araTo B YoMy BHU3Ha4ae ii 610JI0T1YHY aKTUBHICTb, @ CTPYKTypOBaHa (a3a BOJIU BiJII'PaE BAXKIUBY
POJIb Y KUTTEASUIBHOCTI Oprani3mis [1].

[TuTanHs 3MiHK BIACTUBOCTEN BOAM BHACIIOK ii CTPYKTYpHOI nepe0y10BH MOYaIH IHUPOKO
BUBYaTHCS Onm3bko 30 pokiB TOMY 3 JOCHIPKEHb MO oOpoOIi BoAM MarHiTHUM mojem. Ha
ChOTOJIHI B HAylll Ta CYCHUIbCTBI CHOCTEpIraeThCs MiABUILEHUM iHTEpeC JO BUBYEHHS 3MiH
010JIOT1YHMX, JIIKYBAIBHMX Ta IHIIUX BJIACTUBOCTEHW BOJM Ta BOJOBMICHUX CHCTEM IIICTS
iecnpsaMoBaHoi Mojudikalii il CTpyKTypH 13 3aCTOCYBaHHSM, 30KpEMa, HU3bKO €HEPreTHYHUX
BIUIHBIB.
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Sk BiIOMO, CTPYKTYypa BOJM 3MIHIOETHCS i TI€I0 OYIb-IKUX 30BHIIIHIX (AaKTOPiB, B TOMY
YUCl 1 M 9ac PO3YMHEHHS Yy BOJI pi3HUX cnoiyk. llpum mpomy 3MiHa CTpYKTYpH BOAM IpHU
B3a€MO/I1 3 3a0pyIHUKAaMH MOYXE CYTTEBO BIUIMBATH Ha €HEPrilo 3B’S3KY MOJIEKYJ KOMIIOHEHTIB
pO3UMHY 1, SIK HACIIJOK, BigoOpakaTWicsi Ha iX BIUIMBI Ha BOIHI ekocuctemu. lle moxe
BiIOyBaTUCSA HE TUIBKA TMPU KOHIICHTPAIISAX, OJU3BKHUX 10 PO3YMHHOCTI, aje 1 MpU MaJIUX
KOHIIEHTpAIliAX (B Ty>X€ PO3BEICHUX PO3UMHAX), 32 SIKHX YaCTO MPUCYTHI eKOTOKCUKaHTH. Cirijt
3a3HAYUTH, IO MiJ CTPYKTYPOIO BOJHU (TOYHIIIE BOJHOTO PO3YMHY) TpeOa po3yMiTH CTATUCTHYHY
BIIOPSAKOBAHICTH CKJIATHOI CHCTEMH PO3YMHHUK — PO3UMHEHA PEYOBHUHA — MPOAYKTH 1X B3a€MOIIi
B €JIEMEHTapHOMY 00’€Mi 32 33JJaHUX YMOB, 1110 XapaKTEPU3y€ETHCS MEBHUMU OJMKHIM 1 TaeKUM
OTOYEHHSM III0JI0 BHUOpPAaHMX KOMIOHEHTIB PO3YMHY pIi3HOI MPUPOAM, THIIOM BHYTPIIIHIX 1
MDKMOJIEKYJIIPHUX B3a€EMO/I1H, CTylIeHeM iXHbO1 3B'13aHOCTI.

B naniif po6oTi Oy110 MpoBeIeHO AOCIiIKEHHS B IIUPOKOMY KOHIIEHTPAIIHHOMY Jiana3oHi
00paHNX €KOTOKCHKAHTIB [0 BCTAHOBJICHHIO KOPEJIALIl MK KOHLIEHTPAILIMHUMHU 3aJIeKHOCTSIMU
CTPYKTYpHUX TMepeOyaoB, (i3HKO-XIMIYHHX BJIACTUBOCTEH Ta OI0aKTUBHOCTI KOHTPOJIBHHX
OiosoriuanXx 00’ekTiB. {7 BuUBYeHHsS Oyno OOpaHO BOJHI PO3YMHHM aHIOHHOI IOBEPXHEBO-
aKTUBHOI pEYOBHHHU — nojaenmiden3oicyinbponary Harpito (JJIBCH), denony, rinpoxapbonary
HATpil0 Ta KapOoOHATy Kaliio, a TaKOX HITPATiB LMHKY Ta Mifi. Bubip moBepxHEBO-aKTHUBHHUX
pedoBuH (ITAP) 00yMoBII€HO, B EepIIy 4epry, cipoOoIo JOBEACHHS TOTO (akTy, M0 CTPYKTYPHI
nepe0yI0BU CIOCTEPIraloThCs B IMPOKOMY KOHIICHTpAIIHHOMY 1HTepBaJi 1 He OB’ sI3aH1 JIUIIE 3
0co0IMBOCTSIME OyTOBH MOJIEKYJI 3a0py THUKIB (a came 3 1u(iTbHIM XapakTepom Moiekys [1AP),
MO-Jpyre, 3 TOYKU 30py iX IIMPOKOTO BUKOPHCTAHHSA, PI3HOMAHITHOTO aCOPTHUMEHTY, a TaKOXK
MacoOBOT'O CKHJaHHS y HaBKOJIUIITHE TIPUPOIHE CEPEIOBHILIE.

Bubip ¢enony (MonekynsapHOro) oOyMOBJIEHO HOro crneuudiuHo B3aEMOIIEI0 3
PO3UMHHHUKOM. SIK 3a3HaYae psiji aBTOPIB, MPH KOHTAKTI ()EHOITY 3 BOJIOIO BiIOYBAETHCS YyTBOPEHHS
TiIpaTHUX CTPYKTYp — (EHOJ-BOAHMX KIIACTEPiB, SKI EKCIEPUMEHTAIBHO Ta TEOPETHYHO
JOCTIIKEHO B ra3oBiil azi [2]. YV nux JocaiKeHHIX MTOKa3aHo, 0 T1APOKCUIbHA rpyna GpeHomy
3aBIISIKA BOAHEBHUM 3B’s3KaM Oepe y4acTh B YTBOPEHHI IUKIIYHUX CTPYKTYP 3 BOJOIO, JIFOUH 5K
noHop 1 akuentop H-38’s3ky. Ha nonatok 10 nux rigpodiibHUX B3a€MOJIiN, apOMaTHUHE Kijblie
(deHomy TakoX MoXe AiITH gk cinabkuii akuentop H-3B'a3ky. I'igpaTHi cTpykTypu ¢eHomy y
piakoMy cTaHi OyiM AOCTIKEH! NUIITXOM KOMOIHOBAaHOTO MOJENIOBAHHS AU(PPAaKIIl HEUTPOHIB
Ta MOJICKYJISIPHO-AMHAMIYHOTO MojentoBaHHs [3]. BoHu Bka3yloTh Ha Te, IO BOJAa CHJIBHO
CKOOPJIMHOBAHA 3 TJAPOKCUIBHOIO TPYIOI0 (peHoy HUITXoM yTBOpeHHs H-3B'si3aHuX CTPYyKTYD,
TOA1 SIK TiApaTallis HEMOJSIPHUX TPyn OCH30JHHOTO KUIbISI Maja CyTo riapodoOHuid xapakrtep.
OTxe, (heHON y BOJI IEMOHCTPYE B3a€MOJIiT SIK T1JIpodIbHOT0, TaK 1 IiipooOHOTrO TUITY, 1, TAKUM
YUHOM, 1€ OCOOJIMBO IIIKaBHM KaHIUJAT Ha JOCTIPKEHHS SBUII TiApaTalii Ha MOJEKYISIPHOMY
piBHI, a TakOXX BIUIMBY TiJparalii TOKCHYHMX CIIOJIyK Ha iX JeTokcukaiio. Kpim Toro,
IPUCYTHICTh y Oyl0BI MOJeKylu (eHoy AoHOpiB Ta akuenTopiB H-3B’s13ky 00ymoBIIO€ iHoro
3/1aTHICTH JI0 CamMoacoIliarii.

AHIOH T1IpoKapOOHATY IKaBUI HE TUIBKU TUM, 110 BIH € OJTHUM 13 OCHOBHUX MaTPUYHHUX
10HIB BCIX THITIB MTUTHUX BOJI, aJI€ i CBOEI0 XIMIUYHOIO B3AEMOJIIEIO 3 BOAOIO — PEAKIIIEI0 T1APOITI3Y.
Byno 3po6ieHo npumyIeHHs, 1Mo TiapaTallis MAICHITIoE 3MIHN (PI3UKO-XIMIYHUX TTOKA3HHUKIB MPU
CTPYKTYPHHUX Iepe0y10Bax y po3unHax.

['inpokap6oHat HaTpitO Ta KapOOHAT KaJlilo, a TAKOK HITPATH LMHKY 1 Mifl Oysi0 oOpaHo AJs
JMOCTIPKeHHsI BIUIMBY Ha CTPYKTYpPY BOJM 10HIB, fKi XapaKTePU3YIOThCS IMO3UTHUBHOIO Ta
HEraTUBHOIO rifparaiiero. Jleski 10HU, 10 MIIHO 3B’S3yI0Th BOAY, YIOBUIBHIOIOTH OOMIH MIX
HaHOIMKYMMHU MOJIEKYJIaMH BOJM (y TIOPIBHSHHI 3 YMCTOIO BO00), Hanpukiad, Li*, Na¥, Ca%,
Mg?*, F-, HCOs. Take sBuINe Ha3WBacThCS MO3HTUBHOIO TigpaTamicro. OnHaK iHON ioHH
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IPUCKOPIOIOTHL Takuii 00Mmin — K*, Rb*, Cs*, Br', I — BianoBiaHo migBUILYy0YM HEBIIOPSAKOBAHICTE
MOJIEKYJI BOJIM HaBKoJIO ceOe. Taki i0HM XapakTepu3ylOThCs HETATUBHOIO Tiparanieto. B manuii
yac ysBJIEHHs PO MO3UTHUBHY Ta HEraTUBHY TiJpaTaliio 3HAWUUIM MIHOOKe OOIPyHTYBaHHS 1
HiATBEPIKYIOTHCS BEIMKOIO KUIBKICTIO €KCIIEPUMEHTAIBLHUX POOIT.

B sikocTi KOHTpoOIbHHMX OiosmoriyHux 00’€kTiB BHOpaHi pauku maduii — Daphnia magna
Straus (D. magna). Pauku nadnii, ocob6arBo 0OpaHuil BUj, BA3HAHO HAMOUIBII yHIBEpCATbHUM
TecT-00'€KTOM 3a YyTJIMBICTIO Ta aJICKBAaTHOCTIO pearyBaHHs Ha pi3HI 3a0pyIHIOIOUl PEUOBHUHH.
Ile 06ymoBiI€HO, 3 OJHOTO OOKY, 3pyYHHMH 1 BIIHOCHO IPOCTUMH YMOBAMHU KYJIbTUBYBAHHS —
JIETKO yTPUMYIOTHCSI B JTAOOPAaTOPHHUX aKBapiyMax, IIBUIAKO PO3MHOXKYIOThCS. 3 1HIIOTO OOKY,
JIOCUTh BHUCOKHWHA PIBEHb OpraHi3aiii (HasBHICTh KPOBOHOCHOI 1 HEPBOBOI CHCTEM) JI03BOJISE
EKCTPAIOJIIOBAaTH TOKCHKOJOTIYHI pe3ylbTaTd Ha IHIMMX OaraTOKIITUHHHUX IPEICTaBHHUKIB
€KOCHCTEM 1 HaBITh JIIOJUHU. J[0 TOro K BOHM MatOTh BEJIHMKI PO3MIPH, 332 paXyHOK 4OTO MOKJIMBO
BECTH Bi3yaJIbHI CIIOCTEPE)KEHHsI 3a OaraTbMa peakiisiMid 0e3 BHKOPHCTAHHS CIEIiali3oBaHUX
3ac001B BUMIPIOBaHb.

[Tpu mocnimkeHHi Gi3uKO-XIMIYHUX TapaMeTpiB Oyino oOpaHo eNneKTpoIpoBiaHicTh, pH Ta
OKHUCHO-BITHOBHUM ToTeHIian. Takuii BHOIp 0OyMOBJICHO THM, IO 3MiHA IMX IMOKA3HUKIB 3
pocrom konneHrtpaii AITAP, denomny, HiTpaTiB HMHKY 1 MiAi (AKi HE TiAPOII3YIOTh) MOXE OyTH
00yMOBJIEHA caMe CTPYKTYPHUMHU 1epe0y10BaMU Y PO3UYMHI.

[Tpu mocniypkeHHI CTPYKTYpHUX HepedysoB B pOOOTI TaKOK 0OpaHO E€KCIIEPHMEHTAILHO
JOCTYIHI XapaKTePUCTUKH YTBOPEHUX CTPYKTYP — iX PO3MIp Ta KIIBKICTh, K1 OyJI0 OTPUMAaHO 3
BUKOpUCTaHHSAM ycTaHOBKH «Kiactep-1». B OCHOBI pOOOTH YCTaHOBKHM JICKHTHb METOM, SKUA
HIMPOKO BHUKOPHCTOBYIOTBCS JUII MAacoBOIO aHai3y IUCIEPCHUX CHUCTEM, a CaMe METOJ
MaJIOKyTOBOTO PO3CIIOBaHHS CBITJIa, IIO IPYHTYIOTbCS Ha BHMIpPi KYTOBOTO pPO3IMOILITY
IHTEHCUBHOCTI PO3CISHOTO CBITJIAa IIPU IPOXOJKEHHI J1a3epHOr0 IPOMEHIO Yepe3 AUCIIeproBaHuit
3pa3ok. YcraHoBka «Kiacrep-1» 103Bosise aHami3yBaTH ONTHYHI HEOAHOPITHOCTI B PO3ZMIPHOMY
iHTepBaii aucnepcHoi ¢aszu Bix 0,5 10 2000 MxM.

Jlaboparopra kymerypa D. magna Oyna orpumana y Jlaboparopii OiorecTyBaHHS Ta
6ioinaukanii (Inctutyr komoimnoi ximii Ta ximii Boau im. A.B. Jlymancekoro, YxkpaiHa).
Kynbrypy yTpumyBaJii B CHUHTETMYHIH J1abOpaTOpHIM BOAI B yMOBaxX IOCTIHHOTO
ocBiTieHHs/TempsaBH (16:8 ronun), 3a Temnepatypu 20 — 22 °C 1 3rofoBYBajM JIPiXKIKOBOIO
CYCIIEH3I€10 3 TIOHOBJICHHSM BOJIM KOKHI JiBa JHi. Y TpUMaHHS, KyJbTHBYBAaHHS Ta MPOLEIAYPY
OioTecTyBaHHsS B J1JaOOpAaTOPHUX yMOBaxX 3/1MCHIOBAIM BiJMOBIHO CTAHAAPTHUM METOAMKAM.
Kputepiem ouinku BrummBy 3a0pynHioBadiB Ha D. magna OyB i1HIEKC BH)KHMBAaHHS FOBEHIIbHHUX
dopm nadHill y BOAHUX PO3UYMHAX HA OCHOBI JI€I0HE30BAHOI BOJM 3 PI3HOI0 KOHIIEHTPALEO
JIOCIIIJDKEHUX KOMMOHEHTIB. KoHTpojem ciyxuia JeioHi30BaHa Boja 0e€3 JojaBaHHA
3a0pyaHuKa. TpUBaliCTh eKCIIEPUMEHTY cTaHOBUIA 73+96 ronunu. TemnepaTypa BOJIU IPOTITOM
YChOTO EKCIIEPUMEHTY MiATpuMyBaiacss Ha piBHI 22 °C 3a JOMOMOTro0 KJIIMAaTHYHUX Kamep
(MIP - 3) 3 TepMmoperyasTopaMu, CBITJIOBMHA PEXHUM BIJIOBiAaB 3MiHI JHA Ta HOYl. YMOBHU
HaBKOJIMIIIHBOTO CEPENOBHINA MiATPUMYBAIHCS OJHAKOBUMH HPOTATOM YChOTO E€KCIIEPUMEHTY.
VYci ekcriepuMeHTH IPOBOJMIIN BIJMOBIIHO A0 €TUYHHUX CTaHJAPTIB Ta MPUHIMUIIIB, IPUHHATHX Y
HupextuBax €C 2010/63/EU mono BunpoOyBaHb Ha TBApHHAX.

BucHoBkH. BcTaHOBIIEHO, 110 BC1 AOCIIPKEH1 KOHLIEHTPALiiHI 3aJIeKHOCTI € HeTUTIHHIMHU
1 MaloTh 200 CTYIMIHYaTHH XapakTep, a0 YITKO BUPaKEHI €KCTPEMYMH, SIKI CIIOCTEPIraloThCsl B
OJITHAKOBHMX KOHIIEHTpaliHHUX Jiala3oHax, He3aJIe)KHO BiJl MpHpou 3a0pyaHtoBaya. Kpim Toro,
1uist po3unHiB [TAP Ta heHoOmNIB XapakTepHUMHU € JOJATKOBI KPUTUYHI TOUKH, IO BIJOBIIAl0Th 32
camoacolrianito nux pedyoBuH (yrsopenHs minen ITAP i acoriaris ¢peHoniB). Takoxx BCTaHOBIIEHO,
110 JUIsl PO3YMHIB COJIEH, sIKI MiJAr0ThCs T1IPOJIi3y, aMIUIITy1a 3MiH OUIbII BUpakeHa. Takum
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YUHOM, 3a Pe3yJIbTaTaMH AOCITIHKEHb MOXHA 3pOOMTH BHCHOBOK, IO HAsIBHICTH JOMIIIOK Y
MEBHUX KOHIICHTPAIISIX, HE3AIEKHO B 1X MPUPOIHU, MPU3BOIUTH 10 3MIHU CTPYKTYpPH BOJIHUX
PO3YMHIB 1, BIAMOBIIHO, /10 3MiHH 1X (DI3UKO-XIMIYHUX BIACTHBOCTEH.

BcraHoBieHOo, M0 TMOBEMIHKA BOJHUX OIOJOTIYHMX O0’€KTIB TaKOX 4YYTIUBA [0
CTPYKTYpHHUX IepeOyJoB B pO3UMHAX, aje [PH MEHII TPUBAJIOMY KOHTAaKTI 3 3a0pyIHUKOM
(2 - 30 roguH), 1m0 HE MepeadavyeHoO METOAMKOI OloTecTyBaHHs (4ac MPOBEACHHS OioTecTy
48 - 96 roaun). Takox HA MPUKIAl COJIEH IIMHKY Ta MiJl BCTAHOBJIECHO, 1[0 BI)KMBAHHS PAyKiB
D. Magna 3anexxuTh Bij Tumy rigpaTanii nux karionis. JJo6asku Zn(Il) Ha BcboMy nociimxeHOMY
KOHIIeHTpalniiHoMy niama3oni (0,002+2,5 MM) npu A0CTaTHBO TPUBAJIOMY Yaci KOHTaKTy (10
27 roauH) MPaKTHYHO HE BIUTMBAIOTH HA BIDKMBAHHS paykiB (3arubmicte 0%), B TOM 4ac, K A
no6aBok Cu(Il) Bxxe 3 apyroi roauHu NpH KOHIEHTparli 2,5 MM padku MOYMHAIOTh THMHYTH
(3arubmicts cxianae 10%), a Ha 6-i roauHi 3aru6icTh paukiB B pozunHax 3 1,0 MM Cu(Il) Bxe
nocsirae 90%. Kpim toro, mus Zn(I1) BigcyTHs 3ainexHICTh 3aru6a0cTi gadHId Bl KOHIIEHTpAIii
MeTaJly Y pPO34uHi, B TOi 4ac, sk ais go6aBok Cu(ll) - 3anexHicTh Bl KOHIIEHTpAIlii TOKCUKAHTA
Ma€e HEeTIHIMHUNA CTpUOKONOMIOHMI XapakTep, IO SBHO BKa3ye€ Ha CTPYKTYpHI MepeOyloBU y
po3umHi. Pi3HUIIO y peakmisx-BignoBiasx nadHili Ha BIUIMB OJHAKOBHX KOHIIGHTpAIA Mifil 1
[IUHKY MO>KHA MOSICHUTH €JIEKTPOHHOIO CTPYKTYPOIO TBOX MEPEXITHUX METANIB, IKa 00YMOBIIOE
iX pi3Hy MOBEIIHKY MIOJ0 MOJIKYJ BOAM. BimmoBigHo mo [4], BeJIMYMHU BUTBHOI €HEprii
3B’s13yBaHHs MoJiekyJ Boau npu rigparaiii ans Zn(Il) i Cu(Il) cranosnarte, Bignosiaxo, -0,75 1
+2,39 xJIx-Momb™. Bin’eMHe 3HAaueHHsS eHeprii 3B’s3yBaHHA B3a€MOJil IIMHK-BOJA BKA3ye Ha
CWIbHY cHopigHeHicTh atoMiB KucHIO Boau 1o uuHKy(Il). ¥V Bumaaky Cu(Il) O6yno BusBieHO
JOMIHYBaHHSI BiJIIITOBXYBAaHHS. TakuM 4YMHOM, OUTbIIA TigpaTHa OOOJIOHKA HABKOJIO aTOMIB
Zn(II) 1 00yMOBITIO€ MEHIIINI TOKCUYHUI BILJTUB 10HIB Ha O10TY.

OTxe BCTAHOBJICHO, 10 PEAKIIii-BiMOBINI O10TH HAa MPUCYTHICTh TOKCHYHUX KOMITOHEHTIB
JAIOTh LIHHY 1HGOpMAIIiI0 HE TUTBKH MPO X TOKCUYHICTb, aJie i I[0JI0 CTPYKTYPHUX ¥ TUHAMIYHUX
BJIACTHBOCTEH COJIHBATOBAHMX CHCTEM B3arali.
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JOCIIIKEHHSA XIMIYHOI'O CKUIALY I CTABIVIBHOCTI APTE3IAHCBKHUX
BO/J B CUCTEMI BIOBETHOI'O BOJJOITIOCTAYAHHA
HA TEPUTOPII M. KHEBA

Honenko C.0., Ilonosa B.B., Onexcieuko O.1O.

Inemumym konoionoi ximii ma ximii 6oou im. A.B./[ymancokoco HAH Ykpainu, m. Kuis,
sdolenko@ukr.net

BcecBiTHA opraHizailisi OXOpOHHU 3/J0pOB’Sl BHU3HA€ 3aBIaHHs 3a0e3MCUEHHS HaCEICHHS
SIKICHOIO TIUTHOIO BOJIOK0 TOJIOBHMM PO3[IJIOM IMPOrpaM OXOPOHH 3A0poB’s moguHu. lle mae
MiJICTaBH BBa)KaTH MpoOieMy Tiri€HH BOJONOCTayaHHs, TOOTO 3a0e3neueHHs] HaCeIeHHS SIKICHOIO
MUTHOIO BOJIOI0, HAHAKTyallbHINIOK MPOOIEMOI0 CydYacHOCTI, Sika MOTpPeOye KOMILIEKCHOTO
BUpIIIEHHs. 3pOCTaHHS HaceJeHHS Ta ypOaHi3alis BCe OLIbIIE YWHUTh THUCK HAa MIChKE
BoJIoTIOCTavaHHA. 3rigHo 3 ouninkaMu OOH no 2025 p. monoBuHA HACENEHHS CBITY )KUTUME B
paifoHax 3 HecTauer0 BOAHW. B 3B’A3Ky 3 LIMM B OKPEMHUX pPErioHax TOCTPO CTOITh MUTAHHS
3a0e3nedeHHs HaceJICHHS MM THOIO BOZOIO HE TUTBKH B IKICHOMY, aJI€ i B KIJIbKICHOMY BiIHOIIICHHI.
Kpim Toro, HemonaBHs riobaidbHa Kpusza oxopoHu 3a0poB’s uepe3 COVID-19 mimkpecitoe
BXJIUBICTH JOCTYITY /IO YMCTOI BOAM JJIsl 3a0€3MEeUYCHHS 3/J0POB’Sl HACEICHHSI.

Ha cporoiHi 6isbIie 1mojoBrHA MICT YKpaiHU 3 YHCENbHICTIO HaceleHHs nmoHan 100 Tucsy
YOJIOBIK Yepe3 1e(iluT MoTyKHOCTEeH 3a0e3nedyeTbest Bo0t0 3a rpadikom. Kpim Toro BoeHHi aii
Ha TepuTopli YKpaiHU 3aroCTprOOTh Ipodiemy nediuuty skicHoi nutHOi Boau. [IpoTe momaua
BOJM 3a rpadikamu Ta ii TpruBaia BiCYTHICTh y BOJOIPOBIIHUX MEPEkKax CIPHUSE, K XIMIYHOMY,
Tak 1, B OUIbLIiN Mipi, OakTepianbHOMYy 3a0pyAHEHHIO. Yepe3 BiACYTHICTh MICHEBUX JKEpel
3HAaYHA KUIbKICTh HACEJICHUX MYHKTIB YKpaiHH, YACTKOBO YH MOBHICTIO CIIOKHBAIOTh MPUBE3CHY
MUTHY BOJY.

B ocTanHni yacu Bce O11bII MPUBAOIIOIOUMMHU peCypcaMy MUTHOI BOAM € MiA3E€MHI BOJIH, SIK1
€ CTIHKMM BHCOKOSIKICHUM J[)KEpPEIOM, OCKITbKA MEHII CIPHUSATINBI 10 KOPOTKOYACHUX 3MiH
peXUMIB OIaJiB HIXXK MOBEPXHEBI BOJAU. TIIbKM IMiA3€MHI apTE31aHChKI BOJAW JOCHTH HAIIHO
3axUILEH] BiJ] aHTPOIIOT€HHOT' 0 3a0pyIHEHHSI 1 MOXKYTh CIIO’KUBATHCA 0€3 10JJaTKOBOTO OYHILIEHHS
1 3He3apakeHHsI XIMIYHUMHU peareHTaMu. KuiB mae Oaraty icTOpisi BUKOPUCTAHHS MIJ3EMHUX BOJ
JUTS 11iiel BomonoctavyanHs. [lepina apresiancbka cBepioBUHA Oyna moOyaoBana e B 1895 p.
3apa3 KiJlbka COTeHb CBEPJIOBHH TOAAI0Th apTe3iaHCHKY BOY B MEPEXKY MiCHKOTO BOJOIIPOBOLY,
Jie BOHA 3MIIIYEThCS 3 OUMIIIEHOIO Ta XJIOPOBAHOI Bo1010 3 JIHinpa Ta JlecHu 1 mocTynae B Hai
BOJIONIPOBIJIHI KpaHU. B 3araibHOMy 00’eMi BojompoBinHOI Boau M. KueBa apresiaHchbka
ctaHoBuTh 15-20%. IIpore BkazaHi J00aBKM apTe3iaHCHKOI BOAM HE MOKPAIIYIOTh SKICTh
BOJZIONIPOBIIHOT Boau. lle moB’s3aH0 3 THM, IO 3acTapuiM TEXHOJOTIl Ta oOJIagHaHHS, SAKI
peaizoBaHi y BOJOOYHMCHHUX CIIOpYJlaX, Bxke He 3a0e3nedyloTh 0ap’e€pHOI poii 1 HeoOXiIHUX
SIKICHUX ITOKA3HUKIB BOIMU ITICJISI OUMILIEHHS.

J1o TOrO X BUKOPHUCTAHHS MMiI36MHUX TTMOMHHUX BOJI, SIKi € IIIHHUM CTPaTEriYHUM 3aracom,
Ha 100% pna misieid BoIomoOCTadaHHS HE paiioHanbHO. ToMmy, IO Ta YacTUHA BOJHU, SKa
BUKOPHUCTOBYIOTHCS JTFOAMHOIO JUISI TUTTS Ta IPUTOTYBAHHS %Ki, ckinagae 6mu3bko 1%. B 3B’s13ky
3 UM 1€ B KIHLI MHHYJOro CTOpiuusi OyJIO 3alpONOHOBAaHO PO3AUIMTH BOJY Ha NMUTHY Ta
roCIo/iap4uy, i BAKOPUCTOBYBATH apTe31aHChKI MiA3€MH1 BOAM TUIBKY JUIS MUTHUX MOTPEO MIITXOM
po3aadi uepes cuctemy OroBeTiB. 3 1997 p. KUSHU OTpUMAaIIA MOXKJTMBICTh BUKOPUCTOBYBATH JIJISI
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MIATTS <OKUBY» apTe31aHChKY BOJY, SIKa MOAAETHCS 10 Or0BETIB 13 rmOuan 90-337 M 6e3 00poOKHu
Oyab-IKMMHU XIMIYHUMH pPEeareHTaMH.

3 1998 p. mo 2005 pp. [acTuTyTOM KOJIOiHOT XiMii Ta Ximii Bogu HAH Ykpainu npoBoauBcs
3 MEPIOINYHICTIO OJIUH PIK PO3MIMPEHUI MOHITOPUHT BOJ OFOBETHHX KOMIUICKCIB, SIKHI BKIIIOUAB
JIOCJTIJDKEHHS XIMIYHOTO CKjaay moHaa 60 XiMIYHMX TOKa3HHMKIB, B TOMY YHCJ TOKa3HHKH
MikpoOiosoriunoi 6e3nexku Ta 6ioTecTyBaHHA. B momanbiomMy po3mMpeHdid KOHTPOJIb OIOBETIB
OyB 3aiicnenuid B 2017 p. B mpomikkax MK BKa3aHUMHU TEPMiHAMH 1 1O CHOTOJHINIHIN Yac
IPOBOIMIINCS] BUOIPKOBI CIIOCTEPEIKEHHS 32 CIIPOLICHOIO IPOTPAMOIO.

B mpexacraBneniii  momoBiAli Ha MiACTaBl TPUBAJIOTO MOHITOPUHTY HAJAaHO aHaTI3
apTe3iaHChKUX BOJ 3 OroBeTiB M. KHMeBa He CTIBKM M0N0 IX SIKOCTI, SIK JO iX CKJIaay Ta Horo
crabinpHOCTI. Came CTaOUIBHICTH XIMIYHOTO CKJIaQy TOKa3y€e CTYIiHb 3aXHUIIEHOCTI
apTe3iaHChKOTO JHKepea Bij 3a0py/THEHHS Ta BIUIMBY 30HU JKUBIICHHS HA SIKICTh BOJIU, & TAKOXK
JI03BOJIsIE POOOTH MPOTHO3M OO CTaHy JKepesa B MaitOyTHhoMy. KpiMm TOro, CiBBiTHOIIEHHS
OCHOBHHMX HEOPraHiYHUX 10HIB Ta iX KUIbKICHMH BMICT y BOJI BIUIMBAa€ Ha ii HalBaKIHMBIIIi
BJIACTUBOCTI, TaKi, SIK piBeHb pH, Ty>XKHICTbh, )KOPCTKICTh Ta 3arajibHa MiHepasizallis. BusnaueHHs
[IUX TIOKa3HUKIB JJIs 3a1I00ITaHHs yTBOPCHHSI HAKUITY Ha MOOYTOBHX MPIIIAAX YU IPOMHUCIOBOMY
obnannanHi. [IpoTe e OLIBII CTOCYETHCS TEXHIYHUX BOJ. JJif MUTHUX BOJ OLIBII BaYKIMBHUM €
BUSIBJICHHSI OaJbHEOJIOTIYHUX BIIACTUBOCTEH BOJM, SIKI HANpPSMY 3aJIekKaTh BiJl BMICTY HEBHHX
0lOreHHUX KOMIOHEHTIB. OTKe, MId NMUTHHUX BOJ KIJBbKICHUM XIMIYHHH CKJIaJ HE IIOBHHEH
NEPEBUIILYBAaTH TPAHUYHO JOIYCTHMI KOHIIEHTpaIlii, BCTAHOBJICHI BiIIIOBITHUMH HOPMaTHBHUMHI
JOKYMEHTaMU ISl OKPEMHX MOKAa3HHUKIB, a TAKOK He OyTH HIDKYE 3a MiHIMaNIbHIN ()i310J0T14HO
HEOOX1THUI BMICT MiHEPATBLHUX COJICH Ta MIKPOCIEMEHTIB.

broBeTH CTONMIN CMOXKHUBAIOTH apTe31aHChKY BOJAY 3 BOJAOHOCHOTO Komiuiekcy CeHoMaH-
Kenoseiicbkux Binknaais (3 raubuan 90-193 M) 1 BomonocHoro ropu3onty Cepentbo-lOpcehrnx
BiKIAAIB (3 muOuHU 256-337 M) 3axigHOi yacTHHH J{HITPOBCHKOTO apTe3iaHChKOro OaceiiHy.
JIist mig3eMHUX BOJ XapaKTepHA BEpTUKAIbHA 30HAIBHICTb, SIKA MOJSITal0 B 3aKOHOMIpPHIN 3MiHI
30H MIJ36MHHUX BOJI, IO BIAPI3HAIOTHCS 3a MiHEpaTi3alli€lo, XiMiYHUM CKJIAJIOM, TiApOXiMIYHUM
peXUMOM 13 30UIBIICHHAM TJIMOWHHU 3ajsTaHHS BOJOHOCHOTO Iapy. BcraHomieHo, 1o 3a
MiHEepali3ali€lo JOCHiKeHI BOJIU 3 PI3HUX BOJOHOCHUX TOPU30HTIB Majo BiAPi3HSIOThCA. Tak
nsi CeHOMAaHCHKOTO BOJIOHOCHOTO TOPHM30HTY TPOXH MeHIa 3a 450 mr/mm3, a ma FOpcekoro
rOpU30HTY BOHa ckiagae 450-550 MF/,Z[M3. Bigpl MOMITHO 3MIHIOETBCA CKIAaJ BOIW, SKHH
BHU3HAYAETHCS 32 BMICTOM MaTPUYHHUX 10HIB.

BcranoBneHo, mo ckiaj Boj pi3HuX OroBeTiB M. KueBa, ki KuBnsaThCS 3 CEHOMaHCHKOTO
BOJIOHOCHOTO TOPU30HTY, CTAOUIBHHUI B Yaci Ta HE 3aJIEKUThH BIJ MICIS 3HAXOHKCHHS OIOBETY.
Jl1st BOA 1IbOTO BOJIOHOCHOTO TOPU30HTY XapaKTEPHHUM € JOMIHYIOUH BIIMB 10HIB KalbLil0 Ta
riazpokapOoHariB. broBeru, 1m0 kuBisAThC 3 KOpChKOro BOJOHOCHOTO TOPU30HTY MAIOTh OLIbIII
pi3HOMaHITHUH ckial. [IpoTe, OCHOBHUM € 301JIbIIEHHS 10HIB MarHito, HaTPilo Ta KaJilo, a TAKOX
XJIopuiiB Ta cynbdariB. OcoOnMBO Ciai BUAUIUTU BOAM OIOBETIB, 110 KUBIATHCS 3 KOpchkoro
BOJIOHOCHOT'O TOPU30HTY Ha MacuBi BuroposuinHa-Tpoeniiaa. BoHr MatoTh aHOMaJIbHO BUCOKUI
uist FOpebkoro BoJIOHOCY BMICT 10HIB HaTpito Ta xjopuiiB. Cepen WMOBIPHUX MPUYMH JaHOTO
SIBUIIA HA3UBAINCS: 3aJSITAHHS COJISTHOTO KYTIONY IiJT 1i€:0 TePUTOPIEI0; BOJOOOMIH 3 MiBHIYHO-
CX1THOIO 4YacTHHOIO [[HIMpOBChKO-JlOHEIBKOI 3aMmagnHu, sSiKa Ma€ MEePEBAKHO XJOPUIHUN THII
BOJ; TEXHOTEHHE TOCHUJICHHS BOJOOOMIHY MiX pI3HUMU BOJOHOCHUMU TOPU30HTAMH 1
MOBEPXHEI0; BIUIMB JISUIBHOCTI TEOJIOTIYHUX PO3JIOMIB, IO MPOCTATAIOTHCS TepuTopieio Kuena.
[Ile ogHe MOsSCHEHHS TiAPOXIMIYHOI aHOMAJNIT MOB’SI3aHO 3 HAJAXO/KEHHSM Y BOJHI TOPH3OHTU
MOPOBUX PO3YMHIB, 110 YTBOPIOIOTHCA MpHU JITHU(IKALli MMHUCTUX ocafiB. [MuHUCTI mopu
YTBOPIOIOTH BEJMKY KUIBKICTh MOPOBOi BoAM. Ilpu 3MiHI THCKY BHACHiZOK BOJOBiA0OpY, TIMHA
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BHUJILJISIE€ Y BOJIOHOCHUHM TOPU30HT MTOPOB1 PO3YMHH Pa30M 3 MiHEPATLHUMH KOMITOHEHTaMH. B 30H1
aKTHUBAIIil PO3JIOMiB ITPH 301JIBIIEHH] TEMIIEPATypH BiJjaua MOPOBUX BOJT Y BOJIOHOCHH TOPU3OHT
30utbmyerbes. Ockinbkun HOpCBbKI TIMHKM YTBOpPEHI B MOPCHKHX YMOBAaX, iX IOPOBI PO3YMHHU
30aradyeHi XJ0puaaMH, TO TPU 3HWKEHHI apTepialIbHOTO TUCKY 30UIBLIYEThCS TIEPEKU] TOPOBUX
PO3YMHIB Y BOJOHOCHI TOPU30HTU. T0OOTO, 30araueHHs XJIOPUAAMH apTe31aHChKUX BOJ 1O ITIH
cxeMi MoOXke OyTH BHKJIMKAHO MIrpaii€l0 MOPOBHX BOJ, IO BUAUISIOTHCS NpH JITHU(IKAIIT
TJIMHUCTUX OCaJliB MOPCHKOT'O TIOXOJDKEHHS B 30HAX aKTHBAIll TEKTOHIYHHUX MTOPYIIEHb.
Takok BCTAaHOBJICHO, IO CKJIAJ ISIKHX OFOBETIB 3 4aCOM CHIIBHO 3MiHUBCS (puc. ).

Yo6opesuua, 24

2004 p. 2017 p.
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u Mg Na
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Pucynok 1 — [liarpama po3noaity MaTpHuHUX 10HIB B O10BeTI Ha ByJ. Y 0opeBuya, 24

Sk BHJHO, CIOCTEPIra€ThCcsi CYTTEBA 3MiHA BOJU: BiA TiAPOKapOOHATHO-KAJBI[IE€BO-
MarHi€Boi J0 riApoKapOOHATHO-XJIOPUIHO-HATPIEBOI, @ B ACIKHUX BHITAJKaX JIO T'iIpOoKapOOHATHO-
HATPi€BOI, 110 0€3yMOBHO MOBUHHO BiJOOpa3uTHCS Ha OallbHEOJIOTTYHUX BIACTHBOCTSAX BOJIU.
OTxe BoJa CTae Takolo, 1110 32 MIHIMaJIbHUM (P1310JIOTTUHO HEOOX1THUM BMICTOM MiHEpPAJIbHHUX
coJjieil He Bi/MOBI/1a€ HOPMAaTUBHUM JOKYMEHTaM.

3MmiHa CKJIaay BOJAM IOB’s3aHa 3 3aCTOCYBaHHSIM CTAHIIN JOOYMCTKH BOJM HA 3a3HAYCHHX
OIOBETHHUX KOMILJIEKCAaX XO04Ya Ul 11IbOro He OyJIo 3HAuYHUX MepeayMoB. Y OLIbIIOCTI BUMAAKIB
JIOCJTIJDKEH1 BOJIM XapaKTEPU3YIOTHCSI BUCOKOIO SIKICTIO, HE MICTATh BaXXKMX METaJiB, TOKCUIHHUX
Ta KaHIIEPOT€HHUX PEYOBMH, HITPaTiB, BUAbHI BiJ] MIKpOOHOro 3a0pyAHEHHs Ta Oe3neuHi s
310poB’s. OAHAK CIiJl 3a3HAYMUTH, 110 B PI3HUX pailloHax MicTa € OIOBETH, B SKUX MEPIOJUYHO
301IBIIY€ETHCS KaJJaMyTHICTh 1 3’SBISETbCA 3amax, L0 3a3BH4ail 30iraeTbcs 13 30UIbIICHHAM
KOHIICHTpaIlii 3aj1i3a, MaHTaHy Ta CyJibQiiB, ajie 1ie He 03HaYae, 0 HEOOX1JHO BUKOPHUCTOBYBATH
TEXHOJIOT1, IK1 KapAMHAIBHO 3MIHIOIOTh CKJI1a]l BOAU. MeTa BUKOpHUCTaHHs OF0OBETHUX KOMIUIEKCIB
noJsiraia B TOMy, 00 HA/JaTH JTOCTYI CIOXKMBAdyaM caMme JI0 MPHPOTHOI «OKHUBOI» BOIH, CKIIA[
SKOI HE € BHIAJAKOBHUM, a (OpMyBaBci MPOTATOM OaraTbOM THUCSYOJITH 1 OOYMOBICHHMH
(GYHKIIOHAIBHOIO HEOOXIHICTIO KOXHOI'O KOMIIOHEHTY CHCTeMHU JJsi 3a0e3MeueHHs BOJO0I0
Oiocheprux mporeciB. ToOTO s MIATPUMKU TpUBANOi JWHAMIYHOI CTaOIIBHOCTI BOIH, SIK
BIJIKpUTOI HEPIBHOBAXXHOI CUCTEMH, TakK 1 JUIsl GYyHKIIOHYBaHHS O010JIOTTYHUX 00’ €KTIB, B TOMY
quci 1 moauHu. ToMy KapAMHaIbHA 3MiHA CKIIay PUPOIHOI BOJIHM, IO MMPU3HAUEHA JJISt TUTHUX
ije € moHanMenIIe 0e3B1AM0BITATLHIM BUMHKOM.
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MOJUPIKYBAHHA ITPUPOJHOI'O KJIMHOIITUJIOJITY 3AKAPITIATCBKOI'O
POJOBHUIIA JJIAA OAEP KAHHSA ®IJIbTPYBAJIBHUX MATEPIAJIIB 3
JOJATKOBUMMU @ YHKIHIOHAJBHUMHU BJIACTUBOCTAMHU

3nak 3.0., Mameiie T.1., Mauyvkie M.A., ITupic M.A.
Hayionanvnuu ynisepcumem «JIvgiscoka nonimexuika», Yxpaina, m. Jlveie
zenovii.o.znak@lpnu.ua

CyTTeBe 30UIbIIEHHS NOJIOTAHTIB Yy MPUPOAHUX BOJAX, CIPUUYMHEHE HEJOCTaTHIM
OUMIICHHS TPOMUCIIOBUX CTIYHUX BOJ, 2 I BOEHHUMHU JdisIMH BHACIIJOK arpecii pocii, a Takox
BEJIMYE3HUMH 00cAraMu BOJ, SKI HEOOXITHO OYMCTUTH HJsi MOTped CHOXKUBAYiB, 3yMOBIIOE
HEOOXIJHICTh TOUIYKY BIJIHOCHO [EIIEBUX METOJIB OYMILEHHS, 30KpeMa, CyMIIIEHHS HHU3KH
TEXHOJIOTTYHHMX mporieciB. Lle gacTe 3Mory CyTTEBO 3MEHIIMTH COOIBapTICTh OYMILNECHHS BOJ,
CIPOCTUTH TEXHOJIOTIYHUHN TPOILIEC.

Jlo MOKa3HWKIB SKOCTI MPUPOJHUX BOJ, SKI CYTTEBO MOTIPIIMIMNCH B OCTaHHI POKH,
HaJIe)KaTh BMICT 3aBHCIIMX Ta OPTaHIYHUX PEUYOBHH, HOHIB KOJILOPOBHX METANIB, OAKTEPiOIOTIUHI
MOKA3HUKH. 3a3BUYail OYMINEHHS TaKUX BOJ MOTpedye peamizaiii JEKIIbKOX MOCIITOBHUX
nporieci. ToMy 3 METOO 3MEHILICHHSI YMCIIA CTa/Iil MTPOIECY OUMIIEHHS BOJIU JOLUIBHO CyMIIIATH
Taki, K (IIbTPYBaHHS, OKUCHEHHS OPraHIYHHUX CIIONYK, COpOIis HOHIB KOJTFOPOBUX Ta BAKKHX
MeTaJiB, 3He3apakyBaHHsI BOJ TOLIO.

BukoHaHi momnepeaHiMu JOCHIKEHHSIM poOOTH, 30KpeMa, MOAU]IKYBaHHS HTPUPOIHOTO
KJIMHONTHJIONITY HOHAaMH Ha BHCOKO JHUCHEPCHUMH YaCTHMHKAMHU Cpidna MmiaTBEpIriIn
MPaBWIbHICTh BUOPAHOTO HANPSIMKY JociimkeHb. OTpumaHi cOpOEHTH, SKI OKpiM BHCOKOT
IPSA3EEMKOCTI BOJIOJIIOTh aHTUMIKPOOHMMH BIIACTHBOCTSIMH, YCHIIIHO BUKOPHUCTOBYIOTBCS IS
HiATOTOBKYU MPUPOJHUX BOJ Ha HU3LI TBAPUHHULIBKUX KOMIUIEKCIB JIbBIBIIMHY.

Hactymui  mocmipkeHi CHOpsIMOBaHI Ha  JIOCTIDKEHHS MOIU(IKYBaHHS MPHPOITHOTO
KJIMHONTUJIONITY CIOJyKaMH MaHraHy, 3aiiza Ta wmial. OcobnuBy yBary 30Cepe/KeHO Ha
BUKOPHUCTaHHI (P13MYHUX BIJIMBIB Ha TOCIIPKYBaH1 CUCTEMHU 3 METOIO CYTTEBOTO MPUIIBUALLIEHHS
npoiecy MOAU(IKYBaHHS, 3MEHILIEHHS] €HEPreTUUYHUX BUTPAT Ta KOHTPOJIbOBAHOT'O OCAKEHHS
CHONYK 3, MepeAyciM, KaTaJlITUYHUMH BIJIACTUBOCTSMH. Biarak, mpouecu MoaudikyBaHHS
IPOBOJWINCH HE TIJIBKU Yy TPATULIHHOMY peXHUMI MEepEeMILlyBaHHS Ta TEPMIYHOTO 0OpOOIeHHS,
Ak 0a30Bl MpolecH Juis NOPIBHSHHS, aje U MiJ Ji€l0 aKyCTHYHUX BHUIIPOMIHIOBAHb
yIbTpa3BykoBoro (Y3) niana3zoHy, €JIeKTPOMArHITHUX BHUIIPOMIHIOBaHb Ha/IBUCOKOYACTOTHOTO
(HBY) nianazony.

[MonepeaHiMu TOCIIKEHHSIMH TI0Ka3aHo, 1o MoaudikyBanHs wneomity Mmanrany(lV)
OKCHIOM Bi7I0yBaeThes epexTuBHO y noni HBU-BunpomiHioBaHb BHACHIIOK PO3KIJIay MaHTaHY
HITpaTy, SKUM IMONEPEeIHbO IMIIPETHYBAIM KJIMHONTHIONIT. Iloka3aHo, mo 31 30UIbIICHHAM
CepeHIX PO3MIpiB YACTUHOK IIEOJITY BIUIMB Y 3-BUIIPOMIHIOBaHb MOCHUIIOETHCS. Tak, SKIIO 3a
mucniepcHocrti 0,1...0,15 MM npupicTt copOiifHOT eMHOCTI mifJ Ai€ro Y3 30u1bnryBaBcs Ha S...7 %,
TO nansi 9actTuHoK 2,5...3,0 mm BiH 3poctae a0 30...35 %. OOpoOneHHs BOJIOTOTO IIEOJITY,
HAaCHYEHOI'0 PO3YMHOM MaHraHy HitpatoM, B HBU-mosi nae 3Mory oTpuMaru BUCOKO JUCTIEPCHI
gactTuHKH MnO2 Ha 1eomiTi 3a dYac, MIOHAWMEHNIEe BJBIYI MEHIIMHK, HIK 3a TEPMIYHOTO
00poO0IeHHS.

CyTTeBe NpUIIBHALICHHS TMpoliecy copOuii CroyyK 3ajii3a Ta Mili K MPeKypcopiB s,
HaNpUKiIa, OKCUIIB 3alli3a Ta MiJli, SKI IUIECHPSIMOBAHO OCA/KYIOTh Ha ILIE€OJIT, MiJ Ai€lo Y3-
BUITPOMIHIOBAHHS 32 KIJIbKICHUMU MapaMeTpaMu CX0XKe, K 1 Il CIIOIyK cpiba.
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3actocyBannss HBU-BunpomiHIOBaHHS Ja€ 3MOTy OTPHUMAaTH BHCOKOJMUCIIEPCHI YaCTHHKHU
FexOy 3MiHHOTO CKJIay, SIKHH MO>KHA KOHTPOJIIOBATH SIK HA CTaJil HACUYEHHS KJIWHONTHIIOJNITY
pO3YMHAMHU CIIOJYK 3ami3a, Tak 1 mig 4dac oro HBU-oOpobnenns. PentrenodazoBum Tta
€HEeProAUCIIEPCIHHIMH METO/IaMH aHAIII31B MiATBEPKEHO OTPUMAHHSI, 30KpeMa, TAKUX OKCHIIB
3aimiza, sk FeO Ta Fe;Os. HasgBHICTh MarHiTHHX BJIACTUBOCTEH YACTHHOK IICOJITY 3 pO3MipaMu
0,1...0,15 MM 3yMOBIIeHE HAsBHICTIO Ha 1X MOBEPXHI MarHiTOCIPUAHATINBUAX OKCHIIB 3ami3a. Lle,
y TOAAJBIIOMY JAacTh 3MOTY BHKOPHCTOBYBATH iX y TpOIECaX OYMIICHHS BOJAU y PEKHUMI
nepeMilllyBaHHS 3 MOJAJIBIIMM iX BIJJAIJICHHAM 3 BOJHHX CEpPEJOBHUIN CEAMMEHTAIIE€I0 Ta
€JIEKTPOMArHITHUM METOIOM.

Oxkcunam Mini, sk 1 maarany (MnQO2) Ta 3amiza, TakoX MPUTAMaHHI KaTaliTUYHO-OKUCHI
BJIACTUBOCTI, SIKIi MOYKHA BUKOPHCTATH Yy Mpolecax ouuIieHHs Boau. [Ipekypcopamu oTpuMaHHs
OKCHUJIIB MiJli CIYTyIOTh a00 PO3YMHH PEAreHTIB — coJield Miji, a0 CTIYHI BOJM TajJbBaHIYHHX
BUPOOHMIITB, 110 MICTSTh HOHU MiJi Y 3HaYHUX KOHIIEHTpamisx. [Iporec po3kinaay croayk mifi
BiIOyBa€ThCs CKIIAJHINIE, HIXK, HANpUKIald, HITpaTy MaHrany. Ha mpomy erami JociipkeHb
BCTAHOBJICHO, IO Mmicius neperBopeHHs Mimi(Il) xmopumy, copOOBaHOTO KIMHONTHUIIONITOM, Ha
TIAPOKCUA, Ui Woro KoHBepcii mo mimi okcuay y HBU-moni HEoOXiHO BUKOPHUCTOBYBATH
BYIJICLb SIK BIJIHOBHUK Y BUIJIsIII caxi. ToMy alilbTepHATMBHUM Ha TETIEp 3aJIUIIAE€THCS TEPMIYHUAN
po3KIIa.

Boanouac, BUKOHaH1 TMomepenHi AOCTIIKEHHS 13 3aCTOCYBaHHS 3pa3KiB MOAM(IKOBAHUX
copOeHTIB MIATBEPXKYIOTh iX e(QEKTHUBHICTh HE TUIBKH SIK BIACHE COpPOEHTIB, aie U fK
KaTaJiTUYHO aKTUBHUX KoMmrosuulid. ToMy mojanbiii JOCHiAKeHHS OyayTh NMPOBOJUTHCH B
OKpPECIICHUX BHIIE HAMPSIMKAX.

3HAYEHHS 3HE3APAKEHHS BOAU U1 IUTHUX ITIOTPEB
cmyoenmka Kapnoea I’
Hayxosuii kepienuk: k.m.H., Teepooxnio M. M.
Hayionanvnuii mexuiunuii ynigepcumem Yxpainu
"Kuiscokuil nonimexniunuil incmumym imeni leops Cikopcwvkozo", Ykpaina, m. Kuis,

e-mail: madamtverdohleb@gmail.com

anutkakarlova373@agmail.com

B ocranHe pecATHNITTS 3a0pyJHEHHS BOAM CTalO TJ00AJbHOIO MPOOIEMOI0, MOMUT Ha
YUCTY Ta 6€e3MevHy JUIsl 310pOB’ s BOMY 3pi3 Y ACKLIbKa pa3iB. BpaxoByoun 3MeHIIIEHHS KUTBKOCTI
JOKepes MPUIATHUX JUIsl BOJOIIOCTAYaHHS Ta MOTIPIIEHHS SKOCTI BOJHM, MOKHA 3 YHEBHEHICTIO
CKazaru, 10 115 IpobiiemMa MoripuryBaTUMETHCS 3 KOKHUM POKOM.

J1o ocHOBHUX 3a0pyIHIOBa4iB IPUPOIHHUX BOJ, 110 € HEOE3MEUHUMHU IS 3A0POB’ s JTIOIUHH,
MO’KHA BIJJHECTH — XIMIYHI CHOJYKH, Taki SK HITpaTH, (QTOpUIM, BaKKl METajal, PEUOBHUHU
OpPraHiYHOTO MOXOJPKEHHs, Ta OloJIoriuHI Taki sK, OakTepii, BipycH, rpubu. OKpiM XiMIYHHX
TOKCUKAaHTIB, 010JI0T14HEe 3a0pyIHEHHS MUTHOT BOAM XBOPOOOTBOPHUMHU MIKpPOOpraHi3MaMHu Mae
OinpII HeOe3MeyHMi BIUTUB Ha 3710pOB’ sl HacesneHHs. HaBiTh y BKe OuuMIIeHii BOJI MOXKYTh OyTH
NpUCYTHI HeOe3MeuHl NaToreH!, MOTPAIISOYN TyAM BHACIIAOK MOBTOPHOTO 3a0pyAHEHHS MPHU
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TpaHCIIOPTYBaHHI TpyOompoBogamu. Crnamaxu 1HQEKIIHHUX 3aXBOPIOBAaHHb, CIIPUYHUHEHI
NaTOreHHUMH OaKTepisiMU, BipycaMH Ta Mapa3uTaMU YacTo IOB’s3aHi 3 BKMBAHHIM HEAKICHOT
MUTHOI BOAM, OCOOJIMBO 1€ MPUTAMaHHO KpaiHaM 3 HU3bKUM piBHEM PO3BUTKY [1].

Bcecsitast opranizamis oxoponu 310poB’ss (BOO3) Hamae pekoMeHmarii MO0 SKOCTI
MATHOT BOJAWU IS PO3POOJICHHS HAIIOHAILHUX TMPAaBWJI 1 CTaHAAPTIB IS 3a0e3medeHHSIM
rpomMajicbkoro 310poB's [2]. Joctyn 1o 6e3neyHoi MUTHOT BOAY € BAXKIIMBUM TUTAHHSIM 310POB’ ST
HaceJICHHS Ha HaIllOHAJTBLHOMY, PET1I0HAILHOMY Ta MICIICBOMY PIBHSX.

Ha 3akononmaBuomy piBHI B YKpaiHi 3akpiruieni canitapui Hopmu (JICanlliH 2.2.4-171-10
«'irieHivyH1 BUMOTH JI0 BOJY MMUTHOI, MPU3HAYCHOI JIJIS CIIOKMBAHHS JIFOJMHO0») BIATOBIIHO 10
SKMX, NMUTHA BOJA MpH3HAU€Ha Ui CIIO)KMBAHHS JIIOJMHOIO, MOBHHHA BIAMOBIAATH TaKUM
TITIEHIYHUM BUMOTaM: OyTH OE€3MEYHOI0 B EMiJeMIYHOMY Ta pajiallifHOMYy BiJHOIICHHI, MaTH
CHPUATIIMBI OPraHOJENTUYHI BIACTUBOCTI Ta HELIKIITMBHHA XiMiuHUH ckian [3].

V cucreMi 3axoiB 3a0e3IIeYeHHs] HAIEKHOI IKOCTI IIMTHOI BOAX BaXKIMBE MicClLie 3aiiMac 11
3HE3apakeHHsI, 110 Nepeadavae 3HUIIEHHS a00 BUAAICHHS MIKpOOpPraHi3MiB, 30KpemMa 30y THUKIB
1H(EeKIIHHNX 3aXBOPIOBAHb.

[TepeBakarouuM 1 MIMPOKO 3aCTOCOBYBAHHMM 3aCO0OM JIe3iH(EKIlii BCce MIC 3AIHUIIAETHCS
XJIOp, KU MEepPeBa)KHO BUKOPUCTOBYETHCSA Y (hOpMI TMOXJIOPUTY HATPito abo JIOKCHAY XJIOPY,
X04a Je3iH(EKIis BOJM 030HOM TaKOXX YacTO MPHUCYTHA HAa CTaHISNX BOAOOYMIICHHS. OKpiMm
XIMIYHHX METO/IiB 3HE3apaKeHHsI BOJU BUKOPUCTOBYEThH Y D-BUNPOMIHIOBAHHS.

O30H Ma€ BIUCOKY OKHCIIOBAJIbHY 3/IaTHICTh Ta psij IepeBar B MexXaHi3Max il Ha KIITHHU
MIKpoOprani3miB. BiH XapakTepusyeThCs BUILOK e()EeKTHBHICTIO Ae3iH(eKIIil, Hik ae3iHdeKIis
xyopoM. [IpoTe BCTAaHOBJIEHO Ta AOCHIIHKEHO YTBOPEHHS OpPTaHIYHMX (HAIIPHUKIIAM, ajlbAETiliB,
KapOOHOBUX KHCIIOT 1 KE€TOHIB) 1 HEOpraHIYHMX (HAmpuKIad, OpoMaTiB) MOOIYHUX MPOIYKTIB
ne3iHgexii, aKi MoKy Th BUKIHKATH pak [4]. Kpim Toro, mpu 030HyBaHHI MUTHOT BOAX BIACYTHIN
edeKT michsii, 3aJUIIKOBAa KOHIIEHTpAIliSl 030HY PO3MAJaeThCsl MEHIE, YUM uepe3 | roauHy.
Tomy, 3a3BHUail 030HyBaHHS BOAM NOEIHYIOTH 3 IHITMM METOIOM 3HE3apaKCHHSI.

Xoua XJIOpyBaHHS BOJU 3a0e3Medye TpuBaInuil e(eKT micasail Ta Mae MUPOKUMA CTIEKTp il
Ha MIKpOOpraHi3MH, a TAKO MPOCTOTY Ta EKOHOMIUHI IIepeBark 3aCTOCYBaHHsI, 1I€il METOJT TAKOXK
Mae 1 psiji He10JIKIB. B mpUCyTHOCTI MPUPOIHUX OPraHIYHUX PEUOBUH Y BUIIA/IKy BUKOPUCTAHHS
XJIOPY Y BOJIl YTBOPIOIOTHCS MOO1UHI IPOAYKTH JAe31H(EKIII, IKI MalOTh KaHIIEpPOT€HH1, MyTareHH1
i TeparoreHHi BnacTuBOCTi [5]. ToMy oOCTaHHIM YacoM Ha CTaHIISX MIATOTOBKU BOJIU
BUKOPHUCTOBYIOTh TIOXJIOPUT HATPIiIO Ta JIOKCHH XJIOPY, OCHOBHHMH NMOOIYHUMHU MPOTyKTaMHU
akux € yTBopenns xmoputy (ClO? - ) i xnopary (CIO® - ). BpaxkaeThes, mo po3KIagaHHS
3aJIMIIKOBOTO A1I0KCHUTY XJIOPY Ta IHIIMX KIHIEBUX MPOAYKTIB peaKilii B11I0YBa€ThCS MIBUILIE, HIK
y BUINAJKY XJIOPY, 1 TOMY IIi CIIOJIyKH HE CTaHOBJISATh HEOE3MEKH JUIsl BOJAHOTO CEPEAOBUIIIA.

AJbTEepHATHBOIO BUKOPHCTAHHS XJIOpY € 3actocyBanHs cyminni okcumantis (HCIO, OCI,
Clz), 1o omepXyrOTh METOIOM EIEKTPOJi3y pPO3YHMHY KyXOHHOI cosi [6]. OCHOBHUMH iX
nepeBaraMu € Habarato MeHIIA KUIbKICTh YTBOPEHHSI a00 BIJCYTHICTb TOKCHYHHX 1
KaHIIEPOTEHHUX MOOIYHUX MPOAYKTiB. EnexTpoximiuHa ne3iH(EKIlis B TEXHOJIOTISIX OYHIIEHHS
BOJIM TIepen0avyaeThCs MICHsl €TamiB KoaryJsisiii/haoKysiii, cequMeHTarii Ta giapTpaiii, 1e 1ue
HEOO0X1JJHO, aHAIOT1YHO TPAAULIHHUM IpoliecaM XiMIYHOI Ae31H(EeKIIii.

[Ile onHKUM ajbTEpPHATUBHUM peareHTOM JUIsl Ae3iH¢eKii Boau Moke OyTH MepMaHraHaT
Hatpito (NaMnOy), sikuil BoJoie TakoIO X MPUPOAOIO [ii, sIK 1 MEepMaHraHaT Kalilo, aje He €
MPEKypcopoM. 3TiAHO JOCHIKEHb [7], BHUKOPHCTaHHS TIEpMaHTaHATy HaTpito 3abe3medye
e(peKTUBHE BUPILICHHS TAaKUX MPOOJieM, SIK OKUCIEHHS Ta BUIAJCHHS 3 BOAM HEOPraHIYHUX
pedoBHH (3aji3a Ta MapraHillo), OKHCJICHHS IPHPOTHUX OpPTaHiYHUX PEUOBHH, 3HIKCHHS
IHTEHCUBHOCTI MTPUCMAKIB Ta 3amaxiB BOJM, MOKPAIIEHHS KOJIbOPOBOCTI BOIH.
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VYaeTpadioneroBe BunpoMinioBaHHS (YD) BkiIOUYae e€IEKTPOMAarHiTHE BHIIPOMIHIOBAHHS
MK PEHTI'CHIBCBKUMH MPOMEHSIMU Ta BHIMMHUM CBITIOM y niamasoHi A Bix 100 mo 400 HM.
bakrepunuana mis Y®-npoMeHiB 3HaxoauThcs B miama3oni 220-320 aM. BunpomiHroBaHHS
NPOHHKAE Yepe3 KIITUHHY CTIHKY MIKPOOPTaHi3MiB 1 MOTJMHAETHCS HYKICTHOBUMH KHUCIOTaMH,
BUKJIMKAIOYM TPUTHIYEHHs perutikamii Tta 3arubenb kiituH [8]. Ilpum o0pobmi Bogu Y-
BUIIPOMIHIOBAaHHSM HE YTBOPIOIOTHCS LIKIJIMBI pEUOBUHH, IPOTE BOHO 1 HE Ma€e e(PeKTy micisuii.
Hesindekmis Boau Y D-BUIPOMIHIOBAHHAM € HAWOUIBII NPUWHATHOI JJIsS TNMPUBATHOTO YH
JIOKaJIbHOT'O BOJOIIOCTAYaHHSI.

[TocTiliHa >KOPCTKICTh BUMOT JO SIKOCTI MUTHOI BOAM Ha TJ1 IHTEHCHUBHOTO 3a0pyIHEHHS
JOKepeNn TUTHOTO BOJONOCTAYaHHS, IPUBOAWTH JIO TMONIYKY ajlbTEPHATUBHUX METOIIB
3He3apakyBaHHS BOJM, 3aCHOBaHUX, NMPUMIPOM, HA CITUIbHIN Mii IBOX 1 OUIBII peareHTIB s
NOTIePEHKEHHS TIOBTOPHOTO 3a0pyTHEHHS BOJI TIiJT Yac i TpaHCIIOPTYBaHHS.
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®ITOPEMEIIALIA IJIS1 OYUCTKU CTIYHUX BO/I BII AHTUBIOTUKIB
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liubov.kika@gmail.com

[IpoGiieMu ouMIlEeHHS CTIYHHUX BOJ, 3a0pyJHEHHS HABKOJMIIHBOTO CEpEeAOBUIIA Ta
30epexeHHs Oi1Opi3HOMAHITTS CTalOTh OCTAHHIM YacoM BCE€ OUIbII aKTyaJbHHMH, IMOMIYK 1
po3po0Ka HOBUX METOJIB JJIsi BHJIAJEHHS PI3SHOMAHITHUX 3a0pyaHEHb 31 CTIYHUX BOJ Ta
BiJTHOBJICHHSI TIPUPOJHUX EKOCHCTEM CTa€ HAJI3BUYANHO BAXUIMBHUM 3aBHaHHsIM. OIUH i3 TaKHX
METO/IB, KU 37100yBa€ MOIMYJISPHICTh 1 TPUBEPTAE yBAry AOCTIAHUKIB, € piTopememiaris. [{ei
miaxia 0a3yeTbesi Ha BAKOPUCTAHHI POCIIUH SK MPUPOJHHUX areHTIiB AJISl OUUILEHHS 3a0pyTHEHUX
CTIYHUX BOJI Ta HABKOJIMIITHIX CEPEIOBUII BiJl PI3HOMAaHITHUX TOJIOTAHTIB 1 TOKCHHIB.

diTopemeniallisi MPEACTaBIsi€ COOOK EKOJIOTIYHO CTIMKHA Ta e()EeKTHMBHHA METOJ, SKHA
MOke OyTH BUKOPUCTAHUH ISl BUPIIICHHS Mpo0OsieM 3a0pyAHEHHS CTIYHUX BOJI, @ TAKOXK IPYHTY,
BOJIOMM Ta iHIIMX TPUPOAHHX OO'€KTiB. Ii aKTyalbHICTH 3yMOBIEHA HE JHIIE BAXKIHMBICTIO
30epekeHHsl HABKOJMIIHBOTO CEPeOBHINA, alleé 1 TUM, IO BOHA MOXe OyTH OCHOBOIO IS
PO3pOOKH G10TEXHOJIOTIT OYMINECHHS CTIYHUX BO/I.

AKTyanbHICTh (piTOpeMeialii moJsrae y Tomy, 1o el METO]] CTae Bce OUIbII BaXKJIMBUM B
KOHTEKCTI Cy4acHHX pPO3pOOOK TEXHOJIOTiH OYHMIIEHHS CTIYHUX BOJ, €KOJOTIYHUX MpolieM Ta
BUMOT CTOCOBHO 30€pexeHHS MpUPOAHOro cepenoBuina. OcCh Kilbka MPUYMH, YOMY
diTopeMeiamis 3aTUIIAETHCS aKTYaTBHOIO:

1. 3abpynHeHHs HaBKOJUIIHBOTO CEpeNOBHINA. 3a0pyAHEHHS IPYHTY 1 BOJOWM
TOKCHYHMMH PEYOBHHAMH, TAaKUMH SK BaXKi MeTanw, HadTa, MECTUIUAM 1 1HON XiMidHI
3a0pyHIOBaYi, 3alMIIAE€THCA CEpHO3HOI TMpoOieMor0 y 0araTbOX perioHax CBiTy.
ditopemeniatis Moxe OyTH €PEeKTHBHUM CIIOCOOOM BUPILICHHS ITUX POOIeM.

2. Exonoriuna Oe3neka. diTopemesialis € TPUPOJHUM 1 EKOJIOTIYHO OC3MEYHUM
METOJIOM, B SIKOMY BHKOPHUCTOBYIOTH POCIWHH JIIs TOKPAIIEHHS CTaHy HABKOJIHUIIIHEOTO
cepenoBuina. Lle BaIJIMBO B KOHTEKCTI 3pOCTAar0u0i CBIJOMOCTI PO HEOOXIAHICTh 30epeKeHHs
HNPUPOJIHUX PECypcCiB 1 OOPOTHOM 31 3MIHAMU KJIIMaTY.

3. EdexrtusHicts. [JocmimkeHHs 1 MpaKTUYHUN TOCBiA MOKA3yIOTh, 10 (iTopemMeaiaiis
Mo3ke OyTH JII€BOIO JUIs OYMILEHHS 3a0py/IHEHUX CTIYHUX BOJ, TEPUTOPIH 1 BoJoiM. BoHa Moxke
OyTH BUKOpHCTaHa OKpeMO a0 B MOEIHAHHI 3 IHITUMHU METOJaMU peMeTiallii.

4. ExoHoMIYHa oOIpyHTOBaHICTh. DiTOpemeniaiisi MOXe OyTH MEHII BUTPATHOIO, HIK
JesIKi 1HII METOAM peMeialtii.

5. MoxnuBicTs gociipkeHHsa. ditopememiaiisa € TpeAMETOM aKTUBHUX JOCTIIHKECHB 1
PO3BUTKY HOBHUX TEXHOIOTIH 1 MeTofiB. lle cTuMmyntoe HaykoBUi MpOrpec i pO3BUTOK HOBHX
pileHb A 60poTbOu 13 3a0py/IHEHUMHU CTIYHUMH BOJIaMHU Ta PI3HOMAHITHUMHU €KOJOTTYHUMU
npobiaemMamu.

3aranom, (itopemenialis NpoJIoBXKY€ 3aIMIIATUCA aKTyaJIbHOIO Ta BaYKIMBOIO CTPATETI€l0
Uit 30epeKeHHs] MPUPOJAHOTO CEPEeNOBHUINA 1 3MEHILIEHHS HETaTHBHOTO BIUIMBY IOJCHKOT
JISITBHOCTI HA TIPUPOY.

Metoo poboTH € po3risA MOHATTS Ta NPUHIUMIB (iTopemeniarii, BHBUEHHS ii
3aCTOCYBaHHS Ul OUUILIEHHS 3a0pyIHEHUX CTIYHUX BOJ BiJl JIKapChKUX 3ac001B.

Exonoriuna 6ioTexHonoris, Bizoma sik (itocanamis abo ¢iTopemeniailis, BUKOPUCTOBYE
POCIIMHH JIJIs1 BUJAJICHHS 200 peayKIlii 3a0py/THeHb 3 BOAHUX cepefoBuIll. OCHOBHA 1J1es MOJIsITae
B TOMY, 1[0 POCITUHU MOXYTb MOTJIMHYTH aHTHOIOTHKY Yepe3 CBOi KOpPEHi.
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[Ipomec diTopemeniariii Moke BKJIFOYATH Taki eramnu [1, 2]:

1. ®itoekcrpakiis. PociauHu BUpOITYIOTh Y 3a0pyJHEHUX BOJIOMMAX, /1€ BOHU MOTJIMHAIOTh
aHTUO10THKY Yepe3 KopeHi. [Ticist mboro pociuHu BUAAISIOTH 1 3HUIIYIOTh.

2. ®iropuzodinauis. PocimHu nomomararoTh akTUBYBAaTH MIKPOOPTaHi3MHU B IPYHTI, SIKi
PO3KJIa/1al0Th aHTUOI0TUKY HA MEHIII HeOe3MeuH1 PeYOBUHH.

3. @itonerpanaris. Pocnuan po3kiiagaroTs a00 MepeTpaBiIO0Th aHTUOIOTHKY Y BOJII 200
IPYHTI Uepe3 XiMiuHi a00 010JIOT1YHI TIPOIIECH.

[Tpouec ditopemeniartii 3anekuTh Big 6araThox (HakTOpiB, TAKUX SK THUI aHTUOIOTHKIB, X
KOHIIEHTpAllisd, CEpeJOBHINE Ta BUIUM BUKOPHUCTOBYBaHMX pociauH. Jledaki pociauHu, w10
BUKOPUCTOBYIOTBCS ISl (hiTOpeMeianii aHTHOI0THKH, - JTaTyK, BOAOPOCTI, pillakK, OCOKa i BOASHA
mimis [3].

BaxnuBo 3ayBakuTH, 10 €()eKTUBHICTH (iTOpeMeaianii MoKe 3aleXaTH BiJ] YACICHHUX
YUHHUKIB, 1 IOCITIDKEHHS Ha 1[I0 TEMY TPUBAIOTh, MOXKJIMBI HOBI ITIIXO/H Ta POCIMHHI BUIH JIJIS
BUKOPUCTAHHS Yy il TEXHOJIOTII.

OuunieHHsT CTIYHUX BOJ BiJl aHTUOIOTHKIB 3a JOIOMOTOI BOJOPOCTEH - II€ METOH
¢iTocanaii, B SKOMy BUKOPHCTOBYIOThH MTOTEHIIIaJl BOJAOPOCTEH ISl BUAAJICHHS aHTUO10THKIB Ta
1HIIMX 3a0py/AHEHDb 3 BOJHUX CepeoBHIL. BoaopocTi MalOTh BEIHMKY MOBEPXHIO MOTTUHAHHS Ta
3IaTHICTH 10 010JIOTIYHOTO PO3KIAJaHHS PI3HUX CIIOIYK, BKITIOYAIOYH aHTHOI0THKH.

OcHOBHI MeXaHi13MHU, SIKUMU BOJOPOCTI BUKOHYIOTh OUYHILIEHHS, BKIIOYAIOTh [4, 5]:

1. ®itoekcrpakiis. BomopocTi akTHBHO aKyMyJTIOIOTh aHTHOIOTHKH Y CBOIX KIIITHHAX abo
Ha MOBEPXHI CBOTO TiJIa, MOTJIMHAIOYH iX 3 HABKOJIUIIHHOTO CEPEIOBHIIIA.

2. bionoriuamii poskman. Jleski BUAM BOJOPOCTEH MOXYTh PO3KIAIATH AHTUOIOTHKH
HUIIXOM 010XIMIYHUX MPOIECIB, TEPETBOPIOIOYH iX HA MEHII TOKCUYHI CIIOTYKH.

3. Ancopb6uis. Bomopocti ¢izndnHo 31aTHI agcopOyBaTH aHTUOIOTHKHM Ha CBOIM MOBEPXHI,
BUJAJISIOYH iX 3 BOJIU.

4. TlornuHaHHS Yepe3 KOPEHEBY CHCTEMY. Y JIESKHX BHIAJKaX BOJOPOCTI 3 KOPEHEBOIO
CHUCTEMOIO MOXKYTh IMOTJIMHATH aHTUOIOTUKU 4Yepe3 KOPIHHA, K1 MOTIM MOXYTh OyTH BUAAJCHI
pa3oM 3 POCIMHAMH.

Jns yeninHoi GiTopemenialiii BaxKJIMBO BUOMPATH TaKi BUIU BOJOPOCTEH, K1 BIAMOBIIal0Th
KOHKPETHUM XapaKTepUCTUKaM 3a0pyJHEHb, 30KpeMa aHTHOIOTHKIB y CTIYHHMX Bojax. Takox
BaXJIMBO BPAaxOBYBaTH IMapaMeTpu cepeloBHUINa, Taki sk PH, Temmeparypa Ta KOHIEHTpaIlis
aHTUO10THKIB, 1100 3a0e3meunT eeKTUBHUMN TIpoliec piTopeMeiartii.

diTopemeniallis, SK METOJ BUKOPUCTAHHS POCIHH ISl pO3POOKU O10TEXHOJIOT1T OUUIIICHHS
CTIYHUX BOJI Ta OYHUIICHHS 3a0py/THEHUX HABKOJHUIITHIX CEPEJIOBUII, € aKTyaTbHUM 1 BaXIHMBUM
MiX0J0M Y Cy4acHiii Haylll. 3aBJSKU CBOii O€3MeuHOCTi Ta e(h)eKTUBHOCTI BOHA CTa€ HEOOXITHUM
IHCTPYMEHTOM JUIsl BUPILIECHHS Mpo0JieM 3a0pyAHEHHS IPYHTY, BOJOWM, X OUMILIEHHS BiJ] pI3HUX
BUJIIB TOKCUYHUX 3a0pyIHEHbD.

[Tix gac anamnizy ¢itopemeniarii Oyia0 BUSBICHO, IO IIE€H METOJ Mae OaraTo mepenar, Takux
K Oe3MeuYHICTh, EKOHOMIYHA OOIPYHTOBAHICTh T4 MOKJUBICTH BUKOPHUCTAHHS ISl OYHILIEHHS
cTiyHuX BoJ. JlaHuit MmeTon1 € 00'€KTOM aKTUBHUX JOCIIHKEHB 1 PO3BUTKY HOBUX TEXHOJOTIH, 10
HiICUIIIOE MOTO aKTyalbHICTh 1 MOTEHIAN Ui BUPIMIEHHS MpOOJIeMU OUYHUINEHHS CTIYHUX BOJ,
30KpeMa BijJ aHTHO10THKIB.

OpHak BaXJIMBO BpPaxoBYBaTH, L0 €(EKTUBHICTH (iTopemeniaiii MOxke 3ajekaTH BiJ
OaraTbox (hakTOpiB (BHJ POCIHH, TUIl Ta KOHIEHTpAIisl 3a0pyAHEHb, TPUBAIICTh MpOLECy), 1 11
3aCTOCYBAHHSI BUMArae OOTpyHTYBaHHS Ta HAJIEKHOTO KOHTPOJIO.

Buxopucranas ditopememiaiii a1 MOAATBIIUX JOCTIIKEHbh OYHUCTKH CTIYHHUX BOJ BiJ
aHTUO10TUKIB MOXe OyTH e(heKTUBHUM MiAXO0I0M A7l O0POTHOM 3 IEI0 CEPHO3HOI0 TTPOOIEMOTO.
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OckiTbKA aHTHOIOTUKH MOXYTh OyTH AYy)K€ CTIMKMMHU JI0 PI3HUX METOIB OYHIICHHS BOIH 1
3a0pyIHIOBATH BOJIHI pecypcH, diTopeMemialisi MOKe TOMOMOITH 3HU3UTH IXHIO KOHIICHTPAIIIO
B CTiuHUX BoJaX. OCh SIK BOHA MOK€ OyTH BUKOPUCTAaHA IS TIOAAIBIINAX JTOCIIIKCHb:

1. Bubip cnemianbHUX BHIIB pOCIUH. BaxknuBo BHOpaTh pOCIMHH, $IKi BOJIOJIIOTH
3MATHICTIO HAKOMUYyBaTH a00 po3KiagaTH aHTHOIOTHKH. [lesiki pOCIMHH MalTh MPHUPOIHY
3ATHICTB 10 QiTOEKCTpakiii aHTUOIOTHKIB 1 MOXKYTh BiA(IIbTPYBaTH 1X 3 BOJIH.

2. JocmimkeHHss mporecy (itoekctpakiii. MokHa BHUBYAaTH, HACKUIbKH €(EKTHBHO
POCIIMHY BiJIUISIOTh QaHTUOIO0TUKY BiJl CTIYHUX BOJ 1 HAKOMTMYYIOTh iX Y CBOIX TKaHUHaX. Lle Moxe
BKJIFOYATH B ceO€ aHajIi3 KOHIIEHTpAIlii aHTUOI0THKIB Y pOCIMHAX Ta BOJI Micias 0OpoOKH.

3. Omntumizaliiss yMOB pocty pociuH. s MakcuManbHOI epekTruBHOCTI (hiTopememiarii
MOXXYTb OyTH ONTHMIi30BaHI YMOBH POCTY POCJIHH.

4.  MOHITOPUHT Ta BUMIPIOBaHHS pe3yibTatiB. s ominku edekTuBHOCTI iTopememianii
BaKJIMBO BUKOHYBATH MTOCTIMHUI MOHITOPUHT KOHIICHTpAIlii aHTHO10THKIB y CTIYHUX BOJaX Mepe/T
1 TTiCJIST B3aEMOJIIT 3 POCITMHAMM.

5. PO3BHTOK mpakTHYHUX 3aCTOCYBaHb. Pe3ynbTaT HOCHIIKEHb MOXYTh OyTH
BUKOPHUCTaHI I pO3pOOKH O10TEXHOJIOTIT Ta paioHAIbHUX MapaMeTPiB OUUIICHHS CTIYHUX BOJ
(dapMaleBTUYHUX IMANPUEMCTB BiJl aHTHOIOTHKIB, a TaKOX TIJIMOOKOTO OYMIICHHS MIiCHKHUX
CTIYHHX BO/I.

3aramoMm, BUKOpPUCTaHHS QiTopeMeniamii uisi AOCTIIPKEHb OYMCTKH CTIYHUX BOJ BIJ
AHTHOIOTUKIB MOKE JOIOMOTTH BPETYJIOBATH II0 CEpPil03HY mpolieMy 3a0pyAHEHHS BOIHUX
PECYpCiB Ta COIPUSTH PO3BUTKY OUIBII CTANIHX Ta EKOJIOTTYHO OE3MEYHUX METO[IB OUUIIIEHHS BO/IU.
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IIAPYBATI OJABIIHI F'JIPOKCUAU TA iX KOMIIO3UTHU 3 MATHETUTOM
JUISI BAWJTYYEHHSI HEOPTAHIYHMX EKOTOKCUKAHTIB 3 BOJHUX
CEPEJOBMIII

Kooéeuw C.0., [Ilemyyvxa JI.M., ITmuunxo I'.M.

Incmumym konoionoi ximii ma ximii 6oou im. A.B. [[ymancvkoeo HAH Ykpainu, Ykpaina, Kuis,
kobez@ukr.net

JIsi TOKCMYHMX BaKKMX METaliB XapakTEepHI BHUCOKI TeMIH Ol10aKyMyJisIIii Ta
GiomarHidikarii y JOBKIJUT y 3B A3KY 3 X 0107I0T14HOO JTOCTYIHICTIO Ta CTilKicTIO. Lle BuKIMKae
HETaTHBHI HACTIJKU sl €KOCHCTEM HAaBiTh IPH BiJTHOCHO HEBUCOKMX KOHIIEHTPAILIfX IaHHUX
CKOTOKCHKAHTIB 4epe3 IX KaHIEPOTeHHWH, MyTareHHUH Ta TEPaTOreHHHH BIUIUB. 3a CTYIECHEM
HeOEe3MeYHOCTI BOHH PO3IOIUIAIOTECS Ha Tpu KitacH (mus npukiany: Cd, Hg, Pb, Zn manexats 10
1 kmacy, Co, Ni, Cu — mo 2 kmacy, Mn, Sr — 10 3 kiacy), TOMy BOHH € MPIOPUTCTHUMHU
3a0pyIHIOBaJILHUMH PEYOBUHAMHU Tiipochepu TOBKIILIS.

Y mnpexacraBneHid poOOTI MOKa3aHO 3aCTOCYBaHHS COPOILIMHOrO, SIK €(QEeKTUBHOTO Ta
JIETKOKEPOBAHOT0, METO/Ty Ha OCHOBI €KOJIOT1YHO O€3MeYHNX NOTi(PYHKIIOHATHHUX MaTepiajiB —
nrapyBatux NoABIHHUX rigpokcuaiB (ILII) Tta iX KOMITO3UTIB 3 MarHETUTOM, JUISI OYUIICHHS
BOJIHUX CEPEIOBUII BiJl TOKCHYHUX BaXKuX MeTaliB (BM). BpaxoByroun 0co0iMBOCTI XiMiYHUX
sinactuBocteit Cu(ll), Co(ll), Cd(ll), Ni(ll), Pb(ll), Zn(ll) i Mn(ll), HamMmu 3ampPONOHOBAHO
copOeHTH, SIKi MICTATh Y MIKIIAPOBOMY IIPOCTOPi HeopraHiuHi (kapOOHAT-aHIOHM) Ta OpTaHivHi
(xemaTHI KOMIUIEKCOHH) JIraHaAu, Ta (GepUHOIbHI TPy HAa MOBEPXHI OpyCHTONMOAIOHMX MIapiB
LI, skuM BrIacTHBA CTiHKa B3a€MOJis crienu(iuHUX (YHKIIOHATHHUX aTOMHHUX yTPYHOBaHHb
3 3a3HAYEHUMH EKOTOKCHMKAHTAMH Ha OCHOBI IOJIOKEHb TIMMOTE3HW AaHAJOTiH, 3alpOIOHOBAHOI
Ky3nenosum B.I. Kpim Toro, Ha miacrtaBl ysiBI€HHS Npo (QOpPMHU ICHYBaHHS Ta TiIpoji3
HEOPraHIYHUX EKOTOKCHKAHTIB, a TaKo)X 3Ha4eHHs pH BOJHOTrO pO3UMHY TiCNsi BBEACHHS
copOeHTY MO>KHA Mepe0aYNTH MOKIIUBICTD X BHITyYSHHS IIUISIXOM YTBOPEHHS KOMIUIEKCHUX 200
BaXKOPO3UYMHHUX CHONyK [1,2].

[Ipy ouMIeHHI NPUPOJHUX BOJHMX CEPEAOBHUIN JaHI MOJi(QYHKIIOHAIBHI MaTepianud 3
JIOKAJII30BaHUMHU IIUUTSIXOM 1HTepKaJSALii y MIKIIApOBUH MPOCTIp JiraHAaMu 3a0e3neuyoTh O1IbII
Ha/liiHY 1MMOO1TI3allil0 HEOpraHIYHMX EKOTOKCHKAHTIB Yy CBOiM OaraToIIapoBiii CTPYKTYpI.
Hananns I MarHiTHUX BIACTUBOCTEH HE TIIBKU MiJBUILYE IX TEXHOJOTIYHICTh 32 PaXyHOK
NOBHOT aBTOMAaTH3allll BKa3aHUX TEXHOJOTIYHHUX IMEpeNiliB, a W J03BOJIE€ BBOJUTHU JOAATKOBI
aKTUBHI COpOLiiHI EeHTpH ((HepUHOIBHI TPYIH).

Bcranosneno, mo makcuManbHi Benmuuuau copoiii Cu(ll), Co(ll) ta Ni(ll) ma Zn,Al-ITITA
(TMeTuIeHTpUaMiHIIEHTaalleTaT-aHIOHM) JocsAraoThes y nianasoni pHo =4,0 + 8,5 (pH, =6,3 +
6,8), mis Pb(Il) — pHo = 4,0+ 5,0 (pHpy =6,3 + 6,8), mo BigmoBinae 3HaueHH0 pH yTBOpEHHS
komiuiekciB 3a3nadenux mertanmis (1) 3 JTITIA — CuL (Igf = 20,5), CuHL (IgB = 24,5), CusL
(IgB = 26,0), CoHL (Igp = 23,8), Co2L (Igp = 22,5), NiHL (IgB = 25,6), Ni-L (IgB = 25,4), PbHL
(IgB = 23,4), PhoL (IgB = 22,3), To6TO xapaktep moriuHaHHs ioHiB MetaniB (II) BusHagaeThcst
nepeayciM pi3HOO CTiHKicTIO X KomrutiekciB 3 JITITA Ta rigpokcumiB MeTamiB.

Bapro 3a3HaunTH, M0 KOHCTAHTH CTilikocTi KomiiekcHux cronyk Pb(I1)-ATIIA y po3unni
maiio Binpizasrothes Bif takux st Ni(ll1)-ATITA ta Co(I1)-ATIIA. Onnak mis Pb(1l) xapaktepHi
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OiIBII BHCOKI 3HAYEHHS BEIMYMH copOmii dvepe3 Te, mo copOuiiine Buayueras Pb(Il) na
3a3HaYCHOMY COpOEHTI BiOyBAa€ThCS HE TUIBKM 32 MEXaHI3MOM KOMIUIEKCOYTBOPEHHS, ajie,
OYCBHUJIHO, 1 32 MEXaHI3MOM I1OHHOTO OOMIiHY, a TakoX 3a paxyHoK ocamkeHHs Pb(OH).,
BUKJIMKAHOTO 3MinieHHssM pHo BogHoro po3umny o 3HaueHHs pHp > 6,0. [ToBHOTO BHIy4YeHHS
JIOCITIZPKYBaHMX €KOTOKCHKAHTIB 3 BOAHUX po3unHiB Ha 3pazky Zn,Al-JITIIA B nanux ymoBax He
criocrepiranock. Lle, iMOBipHO, OB’ s13aH0 3 THM, 110 1pH iHTepkassii Zn,Al-LUIT opranivaum
peareHTOM YMOBHM YTBOPEHHS XEJaTHHUX KOMIUICKCIB METaliB Jemo OOMEXeHI 3a paxyHOK
cTrepuyHoro (pakTopa, Ha BiIMiIHY Bifl IX BHCOKOI CTIMKOCTi y BOJHOMY PO34HHI, i «IIOBHOTO
PO3TOpHEHHS» JIraHjay Ha TOBEpPXHI OpyCHTONMOAIOHMX IIApiB Yy MDKIIAPOBOMY HPOCTOpI
copbenTy He BiOyBaeThcs, TOOTO He BCl pyHKIionanbHi Tpynu A TITIA (amiHO- Ta KapOOKCHIIBHI)
MOXYTh BUCTYIATH B SIKOCTI aKkTHBHUX COpOIiiHUX 1IeHTpiB. [Ipu 3acTocyBanni Zn,Al-FeCN, Ha
Bigminy Bix ZNn,Al-JITIIA, qocsraeTscst IpaKTHYHO [TOBHE OYMIIICHHS BOAHOTO po3unHy Big Pb(I1)
sxe ripu pHo > 3,5 (pH = 6,9), a Cu(ll) Haits npu pHo > 2,8 (pHp = 6,2). Inmni gocmimkyBaHi ioHH
JIBOXBAJICHTHUX METalIB HaWOUIbII e(peKTHBHO BMIy4aroTbcs B iHTepBami pHo=4,0 +6,0
(pHp =7,2+7,3). TIpore mms Ni(ll), Zn(ll) ta Mn(ll) copOuis 3 BOAHMX pPO3YMHIB MEHII
xapaktepHa B mopisusaai 3 Cu(ll), Co(ll), Cd(I1) ta Pb(Il). ITpu ourmieHHi BOAHOTO cepeaOBHUIIa
Big Cu(ll) y»e npu KOHTaKTI pinKoi Ta TBepaoi (a3 5 XB 1OCATAIOTHCS MaKCUMAIIbHI BETUMYUHH
copOIlii BKa3aHOT0 €KOTOKCHKAHTY Y 3B 53Ky 3 BUCOKOIO CEJEKTUBHICTIO 10 Hhoro Zn,Al-FeCN.
[Tpu ounrnenni Boguoro cepenosuiia Bix Pb(I), Cd(ll), Co(ll) ta Ni(ll) cop6uiiina 3maTHICTH
Zn,Al-FeECN pi3ko 306ibIIyeThCsl BIPOJOBK 15 XB Ta 31 3pOCTaHHSAM TPHUBAIOCTI COPOILIT
nocTynoBo miaBuinyerscs. CopOrifina piBHoBara Ha 3pasky Zn,Al-FECN BcTaHOBIIOETHCS
BITPOIOBXK 3 TOJI JIJISl BCIX JTOCIIDKEHUX HEOPTaHIYHMX €KOTOKCHKAHTIB.

[Mpu Buyuenni Cu(ll), Co(ll), Cd(Il), Ni(ll) Ta Pb(Il) 3 Bomuux po3uunis (pHo = 4,0) 3
iornoto cuioro 0,01 3paskom Zn,Al-FECN Ta Ni(ll) 3 Bogaux posunnis (pHo = 4,5) 3 BkazaHo0
ionHoto cwior 3paskom ZNn,Al-JITITA xoedinientn posmnoxainy apanux ioHiB MetamiB (II)
NPaKTUYHO He 3MIHIOIOThCS. Lle € M0MaTKOBMM MiATBEPDKEHHSIM, IO MEPEeBaXar0OuuM
MEXaHI3MOM BMJIyYEHHSIM KaTIOHHMX ()OpM 3a3HAUE€HUX HEOPraHIYHMX EKOTOKCHKAHTIB € iX
KOMILIEKCOYTBOpeHHs 3 rekcarianodepar (I1)- Ta nueTuneHTpraMiHIIeHTaalleTaT-aHIOHAMH, SKi
3HaXOJAThCS B MIXKILIAPOBOMY IPOCTOP1 AAHUX MOJ1()YHKIIOHAILHUX MaTepiaiiB. 3ayBaKUMO, 110
s Pb(Il) Bunydenns 3paskom Zn,Al-FECN BigOyBaeThesi TakoK 3a MEXaHI3MOM OCAKEHHS,
CIPUYMHEHOTO CHJIBHHUM 3MilleHHSIM pH, MOAETHHOrO BOJAHOTO PO3YHMHY ICHS JOJaBaHHS 0
HBOTO COpOEHTY.
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R. % 1—Cu(l), 2—Pb(I1), 3— Cd(11), 4— Co(ll),

100 47 < 5 — Ni(l1), 6 — Zn(ll), 7 — Mn(I1)
;%3 ’% Puc. 1 — BrmuB no3u copbenty Zn,Al-
75 ﬁ% N FeCN  ma  cryminb OYMILIEHHS
‘§§ _ ﬁ 3 0araTOKOMIIOHEHTHUX BOJHHUX DO3YHHIB
50 ﬁ:: ’s BiJi HCOPraHiYHUX EKOTOKCHKAHTIB IPU
N AN pHo = 4,0, Co(M(ID))=1-10* M,

A A Inec = 0,01

25 ﬁ\ g ’% NaCI}I ; | .
A - ﬁ X BUMHO 3 pHe. 1, Bxe mpu nosi
0 /N £ /A Zn,Al-FeCN 2 r/am° cTymniHb OYUILEHHS
0araTOKOMIIOHEHTHOTO BOJHOIO PO3YUHY
2 6 10 14 (pHo=4,0, pH,=7,4+7,6), mo MicTus
Ho3a copbeHry, r/am cymim 3a3HAYEHUX  HEOPraHiuHMX

eKOTOKCHKAHTIB y KoHueHTpaii 1-104 M,
Big Cu(ll) nocsira 99,7 %, a Big Pb(Il) — 91,8 %. Buawo, 1o npu 103yBaHHI JaHOTO COPOCHTY
6+14 r/mm® xapakTepHnM € mpaxTHuHO moBHe BumydernHs Pb(Il). Kpim Toro, cyTTeBo 3pocrae
edexrunHicts ZN,Al-FeCN Bignocuo Cd(Il) (78+93 %) ta Co(ll) (53+79 %). Takox mpu 103i
Zn,Al-FeCN 14 r/mm® nocsaraerses Bumyuenns 62 % Ni(1l) ta 52 % Zn(ll), a Takox 46 % Mn(ll).

[TpoBenena omiHka e(QEeKTHBHOCTI 3aCTOCYBaHHS MONI(YHKIIOHAIBHUX KalbIIHHOBAHUX
Zn,Al-, Mg,Fe- ta Mg,Al-1IIII" (Zn,Al-KILIIT", Mg,Fe-KILIIT", Mg,Al-KIIIII"), cuaTe30BaHuX
y pe3ynbTaTi TepMiuHoi 00poOku Brpoaosx 2 rox mpu 400 °C BuxigHux kapOoHaTHUX (HOpM
BIJIIOBIIHMX MatrepialliB, JJIs COPOI[IHHOTO OYMINEHHS BOJ BiJi BaXXKHUX METATIB 3 BOIHHX
CepeIOBUIIl PI3HOTO XIMIYHOTO CKIay. BcTanoBieHo, 1o B 3aleXHOCTI Big pH BOJHOTO po3unHy
Ta KOHIeHTpauii enexTpornity moBepxus LI, ska mMae cymapHU HeraTUBHHUI/TIO3UTHBHHUNA
3apsii, BIATIOBIAHO MOJKE BilirpaBaTH POJIb KaTiOHITA/aHIOHITA, @ TAKOK HEUTPATIBHOI YaCTKH, KA
He Mae 3apsny. s ZnoAl-ILIT 3nauenns pHrus cranoButs 6,8, ZnAl-KILIIT — 9,2, Mg2Fe-
KIIIT — 10,7, MgsFe-KILTIT — 10,8, MgaFe-KILTIT — 11,0, Mg2Fe-1LTIIT — 9,0, MgsFe-1IIIT" —
8,7, MgaFe-1LIII" - 9,3.

[Mokasano, mo Bxke npu pHo > 2,8 cnoctepiraerbest mpaktuuHo moBHe BuiydeHHs Cu(ll),
Co(ll) ta Cd(ll) Ha xanpumHOBaHMX 3paszkax MgqFe-KIIIIT, MgzFe-KIIIIT, MgsFe-KIIIIT, a
Takox Ha kapOonatHii popmi LITIT — mis Cu(ll) 3 Boguux cepenosui. [Ipu 1bOMy HasBHUM €
CHJIbHE 3MillleHHd 3HaueHb pH, y cmabkokucimy Ta nyxHy ob6nacti pH. OueBugHo, 1o
MaKCHMaJbHI BEJIMYMHHU cOpPOLli BKa3aHUX HEOPraHIUHHUX E€KOTOKCHMKAHTIB Ha KaJbLMHOBAHMX
LI o6ymoBaneni ocamxeHHssM M(OH)2 sk y BUrisiai okpemoi (a3u Ha moBepxHi copOLiiHOrO
MaTepiaiy, Tak 1 YaCTUHMU CTPYKTYPHU JaHUX COpOEHTIB y pe3yJbTaTli MeXaHi3My 130MOp(dHOTo
samimenns. [louatok ocamkenHs Hepo3unHHux Trigpokcuais  Cu(ll), Co(ll) rta Cd(ll)
criocrepiraerses mpu pH = 7,5 + 8,0 (Cu(OH)2 — IgKs = 18,2, Co(OH)2 — IgKs = 14,8 ta Cd(OH):
— 1gKs = 14,61). 36inbiienns kinbkocti copboBanux ioHiB Cu(ll) Ha kapObonatHiit popmi MgaFe-
HITIT nmpu pHo > 2,8 (pHp> 8,3) BimOyBaeThcsi B pe3ynbTaTi CHIiBOCA/DKEHHS 11 y BHUIISII
rigpokcokap6oHaty (106yTok posumHHOCTI s CuCO3(OH); ckmanae 7,8-10°34). Kpim Toro,
BUJIYYEHHS JOCHIPKYBaHMX HEOPraHIYHUX EKOTOKCHKAHTIB Ha BKa3aHOMY COpOEHTI B
nociikyBaHiil obmacti pH o0ymoBieHO, HMOBIPHO, 3B’S3yBaHHAM iX 3 TiIPOKCHIBHUMH
rpylamMy Ha MOBEPXHI OPYCHTOMOAIOHMX IapiB, a Takox i3omopdHoro 3amimenas Mg(Il) na
JIBOXBAJIECHTHI 10HM BaXKUX METaliB, 30KpEMa, PO3MIPH 10HHHMX paJiyciB SKMX OJHM3bKI 0
PO3MIpIB MarHito.
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Jns nocnimxyBaHoro copoenTy 3paskiB MgsFe-KIIIIT na [Y-criekTpax y obmacti 3460—-3466
cMm! crocTepiraloThes iHTEHCHMBHI Ta IIMPOKiI CMYTH TIOTJIMHAHHS BAleHTHHX KonuBadb V(OH)
OpyCHUTOBHX IIapiB MaTepialy Ta MOJEKYJ BOAHM, SIKi 3HAXOAATHCS Y MIKIIApOBOMY IIPOCTOpi 260
3B’s13aHi BOJIHEBIMH 3B’ sI3KaMH 3 MOJICKYJIAMH BOJIM CYCIIHIX mIapiB (puc. 2).

Puc. 2 — IY-cmektpu 3paskiB
MgsFe-KIIITT mo (1) Ta micns
copomuiitHoro BurydeHHs: Cu(Il) (2)

Cmyrun mornuHaHHsS B oOmjacti
1458mmeuc 1640-1650 cm? 3pa3KiB JI0 Ta IMiCJIs
14424 1374 copouii Cu(ll) BimHOCATBCA 110
1 1 1 1 1 1 1 nedopMaliiHUX KOJUBaHb MOJIEKYJTI
3500 3000 2500 2000 1500 1000 500 Boau O0(HOH). V IY-cmektpi 3paszka
V, cmt micas cop6rii Cu(ll) BimOyBaeThcst
YaCTKOBE  PO3LICIUICHHS  CMYTH
BaJiIeHTHUX KonrBaHb V(CO) npu
1374 cmt ta 1458 em! (mneue).Jlane posmienieHHs BKasye Ha 3HMKeHHs cuMetpii CO32 -aHioHiB,
o0 MOXe OyTH HACIiJIKOM MOsSBU HE3Ha4YyHOI KiIbKOCTI TigpokcokapOonary wini (I1). Ilpo
yrBopeHHs cnoiayku Cuz(OH)2CO3 cBiTYUTH TaKOX HASBHICTh CMYTH J1e(hOpMAIIfTHUX KOJIMBAHb
S(CuOH) mpu 1110 cm™. Lle miaTsepmxye iimoBipaicTs copbuii Cu(ll) mepesaxno 3a paxyHOK
3B’s3yBaHHA 3 Mikimapoumu OH- Ta CO3?-aHiOHaMH 3 yTBOPEHHSM OCHOBHOTO KapOOHATY
migi (IT).

Bcranosneno, mo LI, iHTepkanboBaHI OpraHIYHUMH Ta HEOPraHIYHUMH JIiraHIaMH
(kapOokcuiIar- i0HaMH), € €PEeKTUBHUMU COpPOEHTaMHU JJIsi METaliB-KOMIUIEKCOYTBOPIOBAYIB —
Cu(ll), Co(ll), Cd(lI1), Ni(l1), Pb(Il), Zn(ll) Ta Mn(ll), 3a paxyHOK 4OTr0 IOCATAETHCS BHCOKA
CEJIEKTUBHICTh MPU OYMILEHHI BOAHUX cepenoBuil. Ilpum npomy BuIyueHHs 3a3HAYEHHMX 10HIB
MeTajiB 00yMOBJIEHO B3a€EMOJIE€I0 CYKYMHOCTI MEXaHi3MiB iX BHIJIy4EHHS 3ajJeXHO Bil (opm
ICHYBaHHS 10HIB HEOPTaHIYHUX €KOTOKCUKAHTIB Y BOJHUX CEpPEIOBHUIIAX.
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BU3HAYEHHSA HIAXOAIB 1O MOHITOPUHI'Y 3ABPYJHEHHSA BOIU
B YMOBAX BOE€HHOI AT'PECII
Koounancoxuit B.A.Y, Kpasuenxo 0.B.%, Copokina K.B. *
! Xapxiscoruii nayionanvhuil ynieepcumem micokozo 2ocnooapemea imeni O.M. Bexemosa,
Vkpaina, m. Xapxis, vodocentr@gmail.com
2TOB «Incmumym komyHnanoHoi inghpacmpykmypuy,
Kuiscokuii nayionanvruu ynisepcumem 6yoisnuymea i apximekmypu, Ykpaina, m. Kuis

[[InpoxomaciTabHi BO€HHI [1i Ha TepUTOpPii YKpaiHU YMHATH KaTacTpo(PiYHUI BIIUB HA
HaBKOJIMIIIHE CEPEIOBHIIE, 30KpeMa Ha BOJIHI pecypcH. B moennanHi 3 pyiiHyBaHHSAM 1HXEHEPHOI
1H(PaCTPYKTypu II€ CTBOPIOE BEJIMKI PU3HKU [AJIS HACENIEHHS, MPOMHCIIOBOCTI, CLIHCHKOTO
rOCIIOIapCTBA, METIOPATHBHUX CHCTEM, IPOJIOBOJILYOI O€3MeKd. YKpaiHChKI Ta 3aKOpAOHHI
eKCIIePTH BXKE 3apa3 aKTHBHO 1 3MICTOBHO IMPOBOJAATH POOOTY 3 OIIHKK HasBHUX HACTIIKIB Ta
NOTEHIIHUX 3arpo3 s PYHKLIOHYBAaHHS CUCTEM BOJIHOTO FOCIOJapCTBA.

V 3Biti Mmikaapoanoi opranizanii OXFAM [1] «Hydrogeological Remote Desk Study —
Kakhovka Reservoir Area — Ukrainey», migrorosienoro micis pyinyBanHs Kaxoscekoi I'EC,
CTOCOBHO 3a0pyJHEHHsS BOAM B 30HI OOHOBUX [ii BHU3HAueHI (DaKTOpPH MOTIPIIEHHS SKOCTI
Mi3eMHUX BOJ] Yepe3 BOEHHI JIii:

- 3a0pyIHEHHS TOBEPXHEBUX BOJ] 3aTOHYJIUMH BiiICHKOBUMH 00’ €KTaMu (1110, y CBOIO Uepry,
MOJKe 3a0pyHUTH Oy Ib-5Ki B3aEMOITOB’ s13aH1 BOJIOHOCHI CHCTEMH );

- BUKU/J] XIMIYHUX PEUOBUH BHACIIJIOK OOCTpiIy;

- 3aTOIUICHHSI MIAXT 1 TPOHMKHEHHS IIaXTHUX BOJA 4Yepe3 TMOIIKOIKEHHS KOpITyCy
JpCHAXKHUX HACOCIB — MIiJABUIIEHUH BMICT COJICH, MiHEpajli3allilo Ta KOHIIEHTPAII0 BAXKKUX
METAIB;

- OakTtepionoriyHe 3a0pyAHEHHS BHACIIIOK MAacOBOi 3aru0eri NTaxis;

- TIOBEHI, MTOB’sI3aHi 3 00MOapyBaHHSM BOJOCXOBHIII 1 JaMO, HAIIPHUKIIA, K 1 Y BUMIAIKY 3
Kaxoscbkoro I'EC.

[HmIi moTeHmiMHI 3arpo3u SKOCTI BOJAHM, SIKI TakoX OyJu BUSBIEHI B paMKax TOTO X
JOCITIJIKEHHS, BKITFOUAIOTh:

- aTakl aTOMHHUX €JIEKTPOCTaHLIA pakeTaMu, SKI JIETATh Ha HEBEJIUKIM BHUCOTI Ta
MOTEHIIHHO MOXYTh MOLIKOJAUTH BOJONMH-OXOJOKYBayi, MOMIMPUTH PAAIOaKTUBHHUMA MU Ta
MaTepiajii B HABKOJIMIITHE CEPEIOBUIIE TOIIIO;

- BUOYXH KOHTEIHepiB 3 XiMikataMH Ha 00’ekTax ximiuHoi nmpomucnoBocti, BOC, iHmmx
BUPOOHUITBAX, IO BUBUIbHAE BEIMKI OOCATM TOKCHUYHUX 3a0pyJHUKIB Yy HABKOJMILIHE
CepeloBUIIE, SIKI MOXKYTh IMPOHUKHYTH B TPYHTOBI BOJM (HAIlpUKIIAMA, XJIOp, J0OpUBa (aMOHIi,
HITpAaTH), BYTJIEBOHI, KaJlii);

- po3KIafaHHs OO€MPUIIACIB MiJ i€ BOJIW, IO MPU3BOAUTH JI0 BUBUIBHEHHS BaKKUX
METaJliB Ta IHIIMX TOKCHUYHUX CHOJYK, B TOMY 4YMCIl W BHUOYXOBHX, IO Oy/ae HaJ3BHYANHO
KPUTHYHUM Y JOCTiI)KyBaHOMY pailoHI uepe3 iCHyBaHHS BEIMYE3HOI MEpeXi 3pOIIyBallbHUX
KaHaJIIB.

Cepen OCHOBHUX JiKepesl HeOe3MeKH BUHUKHEHHS! HaJ3BUYaliHUX CUTYallill TEXHOT€HHOTO
XapakTepy, 37JaTHUX BIUIMHYTH Ha SIKICTh MUTHOIT BOAH, cTaTTero S0 Komekcy MBLIBHOTO 3aXHCTY
VYkpainu [2] BU3HAYECHI:

- HACJI KU TEPOPUCTUYHOI A1SIIBHOCTI,;

- TIAPOTEXHIYHI CIIOpPYIH;

- HEKOHTPOJIbOBaHE BBE3€HHA, 30epiraHHs 1 BHUKOPUCTaHHS Ha TepUTOpPil YKpaiHu
TEXHOTCHHO HeOe3MeuHNX TeXHOJIOTiH, peYOBHUH, MaTepiaiB;
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- HAAMIPHE Ta HEBPETYJHOBAHE HAKONMUYCHHS MOOYTOBHUX 1 MPOMHUCIOBUX BIAXOIB,
HENPUJIATHUX I BUKOPUCTAHHS 3aC001B 3aXHCTY POCIIUH;

- HACJIJIKM BIMCHKOBOI Ta 1HIIOI €KOJIOTTYHO HEOe3eYHOol AisiJIbHOCTI.

[Tin yac OIiHKK Ta BU3HAYCHHS HAMPSMIB MPOTUIIT HACIIIKAM BUHUKHCHHS Ha[3BHUalHUX
CUTYyaIlil, TIOB’SI3aHUX 3 XIMIYHUM, OI10JIOT1YHMM, pamianiiHuMm Ta suepHuM (mami — XBPS)
3a0pyIHEHHSM BOJM, HEOOXITHO BPaxOBYBaTH, M0 HAECTHCS MPO MOTEHIIIHO CMEPTENIbHE IS
JToNIel XiMIYHE OTpyEHHS, OakTepiaJibHEe 3apakKCHHsI UM PaJiOaKTHUBHE / sAepHE 3a0pyaHEHHS
BO/JIH.

Kpim Toro, HeoOXiTHO BpaxOByBaTH Ha/I3BUYANHY BaKJIUBICTH JJISI MOHITOPUHTY IPOIIECY
BiIOOpY MpoO BOAM, IO TMOBHHEH OXOIUTIOBATH SIK BUMAJKOBI, TaK 1 CUCTEMAaTWYHI 3MiHHU Ta
KOJIMBaHHS KUIbKICHOTO 1 SIKICHOTO CKJIQAy BOJHU JDKEPEN BOAOMOCTaYaHHS, a TAKOXK rapaHTyBaTH
penpe3eHTaTUBHICTh BiiOpanux mpo0 [3]. Harmnsa 3a sIKiCTIO MUTHOI BOJM € KUTTEBO BAXKIUBOIO
GbyHKII€IO0 TOCTavaIbHUKA BOAM Ta MA€ BUPIIIAIbHE 3HAYSHHS JJIsI OXOPOHH 37J0POB’ S HACEJICHHSI.
CripusiTu TAKOMY HarjsiLy € 00OB’SI3KOM ypsiy KpaiHu.

[Tepenik norenmiitaux XbP S 3abpyanens Boau hopmyBaBcs Ha OCHOBI 6a3oBoi HactanoBu
AWWA M3 «YnpaiiHHS 0€3MEKOI0 IMiIMPUEMCTB BOJIOTIOCTAYaHHS» Ta 3BITIB MIKHAPOHUX
oprasizamiii crocoBHO pyiiHyBaHHsS KaxoBcbkoi mamOu — 3ramanuii Bume 3BiT OXFAM
«Hydrogeological Remote Desk Study — Kakhovka Reservoir Area — Ukrainey, 3eitr UK Centre
for Ecology & Hydrology (UKCEH) and HR Wallingford (HRW) «A rapid assessment of the
immediate environmental impacts of the destruction of the Nova Kakhovka Dam, Ukraine», 3Bit
United Nations Environment Programme (2023) «Rapid Environmental Assessment of Kakhovka
Dam Breach Ukrainey [4].

Cepen ocHOBHUX MOTeHIIHHUX XBPS MoxHa BU3HAUMTH:

- XiMI4HI 3aCO0M BOEHHOTO XapaKTepy: HEPBOBO-TAPATITHYHI PEYOBHUHH, MIKIPHO-HAPHUBHI
Ta 1HII XIMIYHI PEYOBUHHU, O10JIOT1YHI TOKCHHH;

- GiosoriuHi 3aco0u BoeHHOTO XapakTepy: Bacillus anthracis (cubipcrka Bupaska), Brucella
melintensis i B. suis (6pyuenso3), Burkholderia mallei (camr), Chlamydia psittaci (ncutrakos),
Cryptosporidium parvum (kpuntocropuaio3), Escherichia coli O157:H7, Francisella tularensis
(tymsipemist), Salmonella typhimurium and S. typhi (xap4oBe oTpyenHs) Ta iHIi;

- JDKepenaMH pajialiiiHoro Ta siAepHOro 3a0pyAHEeHHS MOXyTb OyTu peaktopu AEC, a
TaKO CXOBHIIA CBI’KOTO Ta BIAMPallbOBAHOTO MAIMBA, AKi HMOBIPHO MICTATh 130TONHU 134Cs, 197Cs,
%0Co, %8Co, °Mn, 1%Sp, 1228p, M0Ag cymim ampda-, Gera- Ta raMMa-BHIIPOMIHIOIOUHX
PalioOHYKITi/IIB.

Jna opranizamii 1 3a1icHeHHss MoHiTopuHry XbBPS 3a0pynHeHHs BoAau HEOOX1JIHO
3a0e3MeunTH:

1. [TocTiitHuii 3axucT 1 6e3nepepBHE CIOCTEPEIKEHHS 32 BIPOT1THUMHU MICISIMU MOKJIMBOTO
BHECEHHS OTpYyHHOI XimiuHOi peuoBuHU (X), OlomoriyHo mnaroreHHoro areHTy (B) um
paaioakTUBHOTrO / sigepHoro marepiany (P).

2. OmnepatuBHe Bu3HaueHHs XDBPSl 3a0pyaHeHHs BoIuM B MICIEX BIpOTiAHOTO Horo
MOTPAIUISTHHS B CHCTEMY ITUTHOTO BOJIOTIOCTAYaHHS.

CKJIagHICTh BHPIIICHHS I[LOTO 3aBJaHHS TOJNSTa€ B TOMY, II0O B YMOBaX BOEHHUX i
YKpaiHChKI BOJOKaHAM HE 3[aTHI CaMOCTIHHO €(pEeKTUBHO NPOTHAISTH HaMipaM IpPOTHBHUKA
3aCTOCYBaTU NMPOTH 00’€KTIB BOJOIPOBIJHO-KAaHATI3AIHHOTO TOCHOJapCTBa 30pOI0 MacoBOTO
3HUIIEHHS Ha ocHOB1 XBPJI.

TakuM 4YHMHOM, OCHOBHa yBara mae OyTH NpHJIJICHA CTBOPEHHIO 3aralbHOJCPXKaBHOI
ornepaTuBHOI cucteMu MoHiTopuHry XbBPS 3abpyanenHs Boau, B SIKid poyib 1 3aBJIaHHS
BOJIOKAHAJIIB MYCATh BIIMOBIIATH iX pealbHIUM TEXHIYHUM MOKITUBOCTSIM.
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BUKOPUCTAHHSA AHAEPOBHOI'O ITPOLECY
JJIA IHTEHCH®IKAIII BIOJIOTTYHOI'O OUYHINEHHS CTIYHUX BO/JL
KAPTOHHO-TAIIEPOBOI ®ABPUKHA
Koganenxo I'.€.Y, Cabnii JI.A.
Yemyo., Hayionanonuii mexniunuii ynieepcumem Yxpainu "Kuiscoxuti nonimexmiunuil
incmumym imeni leops Cikopevkoeo”, Vrpaina, Kuis, 03056, kovalenko.hanna@Ill.kpi.ua

3acrapiii TeXHOIOTii 0i0JOTIYHOTO OYMIICHHS NMPEACTABISIIOTh MPpodiieMy y 3a0pyIHEeHHI
HaBKOJIMIIHBOTO CEpEeJOBHIIA. 3a BUKOPUCTAHHS IX IOKa3HUKU CTIYHMX BOJ Ha BUXOAlI HE
BiJIIIOBIIAFOTh HOPMATHBAM CKHUJIY y MPUPOHI BOJONMH, IO MPU3BOIUTH IO TOTIPIICHHS SKOCTI
BOJM B HUX. 3 OIJISAy Ha 1€ HEoOXiHa HOBa TEXHOJIOTs, 10 BKJIIOYAaE eeKTUBHY aHaepOOHY
CTaJIit0 610JIOTIYHOTO OYHIIICHHS.

Meta — po3rIIsIHyTH 1 TPOBECTH aHaJi3 aHAEPOOHOI CTalii G10JOTIYHOTO OYUIIEHHS CTIYHUX
BOJI KapTOHHO-TIANIEpOBOi (haOpUKH 3 BUKOPUCTAHHSIM aHaepoOHoro peakropa UASB.

3a ocTaHHI KiJIbKa JAECATHIIITh IPOMMCIIOBICTh NEPEPOOKH Marepy 3HA4HO pO3ILUpUIIAcS.
[Ticnst XiMIYHOI Ta MeTalnypriiHOl MPOMMCIOBOCTI, BOHA IOCIJA€ TPETE MICHE 3a KUIBKICTIO
YTBOPEHHs CTiuHHX BOA. [l 06poOKM ofHiel TOHHY MPOAYKTY BUTpadacThes Big 75 mo 227 m3
BOJU. Y CKJIaJl CTIYHUX BOJ 3 KOHLIEHTPALIsIMHU NIepeBa)Kal0Th OpraHiyHi 3a0pyIHIOBayl, a came
BOJIOKHA IIEJIFOJIO3U, CMOJIM, JKUPHI KHUCJIOTH, OapBHUKH, TEPIEHOBI BYIJIEBOJHI, apOMaTHuHI
BYIJIEBO/IHI (DEHOJIBHOTO PsIY, HU3bKOMOJIEKYJISIPHI CHOUPTH Tomo. HeouwieHi cTiuHi BoIu
HETaTHBHO BIUTMBAIOTh HA HABKOJMIIHE CEPEIOBHUIINE 1 CTBOPIOIOTH HEOE3NEKy Ui JIFOIUHH,
dsopu 1 paynu [1].

AHaepoOHEe OYMIIEHHd € OJHMM 13 Hale(dEeKTHBHIIIMX BapilaHTiB  0OpoOKU
BUCOKOKOHIIEHTPOBAaHUX OpraHiYHUX CTIYHUX BOJ, Moka3HUK XCK skux moxe pocsrata o 20
r/mv® [2]. Mokasauk XCK cTiuHuX BOJ KapTOHHO-TIAMEpoBoi (habpHKy KOTHBAETHCA B Meskax 800-
2000 mr/am® [3]. Jlo Toro * meif METOJ CTaB IMMPOKO 3aCTOCOBYBATHCS Hepe3 MOXKIMBICTH
OTPUMaHHS Ta3y MeTaHy 1 Maji 00’€MH YTBOPEHUX OCaIiB (MM MPUPICT aHAEPOOHOTO MYITY)
[2].

Haif0inpm 9acTo Uil OYMIIEHHS MPOMHCIOBUX CTIYHHUX BOJ BHKOPHCTOBYIOTH PEAKTOP
UASB, sixuii € crabiibHUM 1 eHeproegekTUBHUM. B TakoMy OiopeakTopi BUCXiTHUH MOTIK CTIYHOT
BOJIM PYXA€THCS Uepe3 MIap aHaepOOHOTO MYJTY, B SIKOMY T'paHyJIFOBaHHS MYJIy Ta HOTO yTpUMAaHHS
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00yMOBJIEHE 3aCTOCYBAHHSIM CIEIIaIbHOTO Ta30PO3MOAUTEHOTO MPUCTPOIO, IO PO3TAIOBAHUHN Y
BEPXHiil YacTUHI peakTopa. XapaKTepPHOIO OCOOIUBICTIO € HASBHICTh LIUIHOTO APy MYy BHU3Y
peakropa (sludge bed) ta 30ouu 3 pospimkennmu koueHTpamismu 6iomacu (sludge blanket) [4].
['panynboBaHMil My I TOOBHa ocoOnmBicTh peakrtopiB UASB, Bim sKOT CHIIBHO 3aJI€KUTh
MIPOIYKTUBHICTH CUCTeMH. | paHyiboBaHa Oiomaca sIBJIsie COOOIO IIUIbHI arperaTHi YTBOPEHHS, SIK1
€ TIPOIyKTOM iMMOOiTi3amii 6ioMacu aHaepoOHOTO MyJTy, B pe3yJIbTaTi MPOLECIB, 10 MPOXOIATh
Ha MEXI1 PO3MOALTY TBEpIOi 1 piakoi ¢a3 [5].

Hocnigauku 3 TypedunHH TPOBOIAMIN EKCHEPUMEHT 31 CTIYHMMH BOJAMH KapTOHHO-
narepoBoi ¢adpuku B mabopatopHux ymoBax. OpraHiyHe HaBaHTAKECHHS Ta TPUBAIICTh I'palid
BO)XJIUBY POJIb Yy Tpolieci ounmieHHss. O4YeBHIHO, 10 32 HWKYOTO OPTaHIYHOTO HABAHTAXKCHHSA 1
OTBIIOI TPUBAJIOCTI MOMKHA JIOCATHYTH BHUIIOI €(PEKTHUBHOCTI OYHIICHHS: €()EeKTUBHOCTI
Bunanenns XCK cranosnsate 90%, 81%, 61%, 60% 3a TpuBanocti 24, 9, 6 i 4 TOJUHU BiAIOBITHO
[6]. He3Baxkaroun Ha 3HaYHE 3HHKEHHS MIOKAa3HHKIB, cama o cobi aHaepoOHa CTaisl He rapaHTye
MOJKJIUBICTh CKUJY OYHIICHHWX BOJ Y PiUKy, TOMY IOJAJBII €Tanu € OCOOJMBO BAKIMBUMU.
AepoOHa cucTemMa 3aCTOCOBYETHCS JIJISl OYHMINCHHS CTIYHHX BOJ i3 HIDKYOK KOHICHTPAII€I0
XIMIYHOTO CIIOXKMBAHHS KHCHIO, a aepoOHa Oiomaca 3a3BU4ail 1oOpe ocifae, 1mo MPU3BOAUTH JI0
BUIIIOT SKOCTI CTIYHUX BOJ. ToMy aHaepoOHO-aepoOHI CUCTEMH IIMPOKO BUKOPUCTOBYIOTHCS IS
TIIMO0KOT 00pOOKH POMHUCIOBUX CTIYHUX BOA [7].

Otxe, aHaepoOHAa cTajis SK IOYATKOBA € HAJA3BUYAWHO BAXIMBA [UIS OYHIICHHS
BHCOKOKOHIICHTPOBAHUX TPOMUCIIOBUX CTIYHUX BOA. 3 aHaepoOHuX peaktopiB UASB Bce
YacTille 3aCTOCOBYIOTh B Tajly3i OYMIICHHS BOJH, OCKUIBKH BiH JISTKMH B €KCIUTyaTtallii, Mae
MPOCTY KOHCTPYKIIiI0, BUTPUMY€E BEITUKI OPTraHidHi 3aBaHTAKCHHSI Ta MOYKE BUITy4aTH 3a0pYIHUKU
3a MaJjIoi TpUBaJIOCTi mporecy. Kpim Toro, nepeBarorw € BUPOOHHUIITBO BiJIHOBIIFOBAHOI €HEPTii 3
Oiora3zy. [IpoBeneHi JOCTIKEHHS 1010 BUKOPHUCTAaHHS BKa3yroTh, 0 UASB MOXyTh 3HU3UTH
piBenb XCK 1o 90% [6].
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3ABE3IIEYEHHSA EPEKTUBHUX YMOB POBOTH 3BIPHUX IPEHAXHUX
TPYBOIIPOBO/JAIB MEJIIOPATUBHUX CUCTEM

Kpasuyx A.M.%, Kpaguyk 0.A.?
Kuiscokuii nayionanvuu yrisepcumem 6yoisnuymea i apximekmypu, Ykpaina, Kuis,
kravchuk.am@knuba.edu.ua!, kravchuk.oa2@knuba.edu.ua?

[Tpu poeKTYBaHHI METIOPATUBHUX CUCTEM, SIK IPABUJIO, PEXKUMHU, IHTEHCUBHICTD 1 00’ eMu
BOJIM, III0 BIJIBOJUTHCS BiJi KOKHOI'O KOHKPETHOI'O MaiJlaHYWKa, MOBHHHI OyTH Bimomi. Bonu
3aJIeKaTh Bij TiAPOTe0I0riYHIX, METEOPOJIOTIYHNX Ta MENIIOPATUBHUX XapaKTEPUCTUK TUISHKH 1
MOBHHHI 3a0€31euyBaTH CIPHUITIMBI YMOBH €KCIUTyaTallii ClIbChKOTOCIIOAAPChKUX yriab [1].

3a3BHuail IHTEHCUBHICTD BiJJBOJly IPYHTOBUX BOJ] BUPAKAETHCS YePE3 MOIYJIIb IPCHAKHOTO
CTOKY (m (J1/(c'Ta)), abo npu iHPLIBTpalLIHHOMY >KHUBIICHH], Yepe3 HOTro iHTEHCUBHICTH € (M/100Y),
i SIKUM PO3yMIiIOTh BUTPATY BOJH, L0 HAAXOIUTH 3 OJMHHIII IJIOUI BUIBHOT TOBEPXHI OTOKY.
Mix Om1 € crpaBe[IMBE CHiBBIAHOMIEHHS [2]:

g = dm_ )
116

MiHimManpHO JIOMyCTHMA BUTpaTa BOJM, sIKa TIOBUHHA HAIXOAWTH HA OJMHHUIIO TOBKUHH
IpeHaxHoi TpyOu, mpu skid OynyTh 3abe3meueHi pO3PaxXyHKOBI YMOBHM 3HHKEHHS PIiBHS
IPYHTOBUX BOJI i HEOOXiAHUH BOJIOTICHUI PEKUM B IPYHTI, MOXKe OyTH BU3HAUEHA 32 3AJICKHICTIO:

Umin = (d_Qj =0 B =116¢8, (2)
dx min

e B — BijicTaHb MK IpeHaKHUMU TpyOaMu.

ToOTo 36ipHI TPyOOIPOBOAM MOBUHHI OyTH 3aIIPOEKTOBAHI TAKUM YHHOM, IIO0 MO BCil 1X
JIOBXKUHI 320€311e4yBaJIOCh HAJIXO/DKCHHSI BUTPATH BOJIM HA OJIMHUIIIO IOBKUHH TPYOH HE MEHIIIC
HIK Qmin. JloBXMHA, TiamMeTp 1 iHII XapaKTepUCTUKU 301pHOTO JPEHAKHOTO TPyOONIpoBoay, IpH
SKUX 3a0e3Me4yeThCs JIaHa YMOBAa MOXYTh Ha3HBATHCh C(QEKTHBHUMHU KOHCTPYKTHBHHMHU
XapaKTePUCTHKAMHU.

Cxema po6oTH 301pHOTO IPEHAKHOTO TPyOOIPOBOAY MpUBEIeHA HA pUC. 1.
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Puc. 1. Cxema po6oTu 306ipHOTO APEHAKHOTO TPYOONPOBOY 3 €PEKTUBHUMU
KOHCTPYKTUBHUMH XapaKTePUCTHKAMHA

Sk cmingye 3 puc. 1, mpw AOCHUTh BENMKIA TOBXKHHI 30ipHHMKA, a00 BEJIMYMHI HOTO
¢inbTpaniiHoi CIIPOMOXKHOCTI, BUTpAaTa, SIKa BTIKA€ B HHOIO HA IMOYATKOBUX IUISHKAX, CTa€
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MEHIIIE MIHIMAJILHO JIOMyCTUMOI BEJIMUYUHH, TOOTO J, < (min (Ha puc. 1 mUIIHKA TpyOH, HA KA
nepenajg HaropiB Z MEHIIE BEJIWYHMHHU, IO BIACIKAETHCS IMyHKTUPHOIO JiHi€r0). Ilomambie
301IbIICHHS JOBKUHH TpyOompoBoay | mpu3BoauTh 10 3MeHIeHHs J,. [Tpu 3HaueHHsAX | — 00, (),
— 0.

J1J1st MOYKITUBOCTI aHAITUYHOTO BU3HAYCHHS €)EKTHBHUX KOHCTPYKTUBHUX XapaKTEPUCTUK
JaHUX TPyO ImpoaHaIizyeMo MaTeMaTUYHy MOJIEINb, 33 JJOIIOMOT'OI0 SIKOT OMUCYIOTh PYX PIAMHU B
30ipHUX KaHajlaX, a caM€ CUCTEMH 3 JABOX MU(EepeHIINHUX PiBHIHB [3]: pIBHAHHS PpyXY PiaUHU 31
3MiHHOIO BHTPaTOIO (3) 1 MoaM(iKOBaHOTO PiBHSAHHS (QUIbTparlii uepe3 6iuHy CTiHKY (4):

an 2y dV Ay ey, 3)
dx g dx 2gD
k,(H-h
d(VQ): d)(_ )=k¢é, (4)
dx D D

ne H — rnmubuHa 3aHypeHHsT Oci TpyOOIIPOBOLY BiJ PiBHSA IPYHTOBHX BOJ; h — II’€30METpHUHUIA
Harip B Tpy0i; zZ=H-h — 3MiHHUI 3a TOBKUHOIO TIEpETIa/l HAOPIB, i TI€I0 KOO BiI0OYBAETHCS
BTIKaHHS PIIUHU 3 HABKOJMIIHBOTO cepenoBuina B Tpybomposix; Q, V, D, Q — BiamosigHo,
BUTpaTa, CEpeqHs IIBUIKICTh, JiaMeTp 1 IUIONIa >KUBOTO IEpepidy MOTOKY Ha BiicTaHi X BiA
MOYaTKy Tpyou; & — 6e3po3mipHuil PinbTpamiiiHuii omip ApeHu (MOro BU3HAYEHHS € OKPEMOIO
¢inprpamiino0 3amaycio); Ky — koedimieHT GinbTpamii IPYHTY HABKOJIO TPYOH; A —
ripaBmiuHuil KOeilieHT TepTs 30ipHOrO JAPEHAXKHOTO TPYyOOIPOBOAY; § — MNPUCKOPEHHS
BUTBLHOTO A IIHHS.
[Ticina BBeneHHS HOBUX 3MIHHUX:

A . 7 S S A (5)

9z, QD \ g z
a TaKkoXK HEXTyBaHHS APYTMM YICHOM B piBHSAHHI (3), BUXiJHE pIBHAHHA 3BOAMUTHCA [0
0e3p0O3MIPHOTO BUTIISLY:

dz —>
e G, AV, ©)
ne g, =k36LD —  KoedimieHT  omopy  30IpHOTO  JPEHAXKHOTO  TPYyOOIPOBOMY;
P
1 _0o |g 3 _ N
=—=—_|— — Yy3arajbHeHWX mapameTp  30ipHOI JApEHHU, SKUH BpPaxoOBye i
2%, 2kl \z,

KOHCTPYKTHUBHI 1 pUIBTpaLiiiHI XapaKTePUCTHKH.
VY BIANOBIAHOCTI 3 pO3B’SA3KOM piBHSAHHA (6), mpuBeAeHUM B poOoTi [4], moyaTKOBUI
nepenaj HarmopiB B3/10BXK 301pHHKA BUZHAYUTHCS 32 3aJI€KHICTIO!

R S %

n 1 3
1+ —
( 4AVJ

B HOBUX 3MiHHUX (5) MiHIMaJIBHO JIOMTYCTUMA B1IHOCHA IIBUJIKICTh YACTUHU MTOTOKY P1IUHU
(2), aAxa MOxe HaaiUTH B 30ipHUK HAa OJMHUIII HOTO BITHOCHOI TOBKUHU, CKJIAJIE:

o (do)  (av) .
qmin _( dx Jmin _( dx Jmin - Zn.eqb’ (8)

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

97



Ae Z,,,— MIHIMaIbHO jomyctuMe (eeKTMBHE) 3HAYCHHS BIJHOCHOTO Ieperaay Harnopy B

MOYAaTKOBOMY Iepepi3i TpyOm, ske 3abe3mnedye HEOOXiAHY IHTCHCHBHICTh 3HIDKCHHS PIBHS
IPYHTOBHUX BOJI.
[TpupiBusBiu (7) 1 (8) oTpuMaemMo epeKTUBHE 3HAUECHHS y3arajlbHEHOTO MapameTpa Aegp:

1 1
= -11. 9
Ae(ﬁ 4VK.OO (3 zn.edy } ( )
3 (9) 3HaxouMo e(peKTUBHY JOBKUHY 301pHOTO JIPECHAXKHOTO TPyOOTIpOoBOIY, (M)
25215 K.7
I, =929 @ D ?i/ 0 _q], (10)
2N K32, 9,28

TakuM duHOM, TpUBEAEHI pe3ylbTaTH JOCHI/KEHb JO3BOJSIOTH PO3PaXxOBYBaTH
XapaKTePUCTHKHU 30IpHUX JPEHAXHUX TPyOOmpoBOAiB, siKi OyqyTh 3abe3nedyBaTtu e(eKTHBHI
YMOBH POOOTH METIOPaTHBHUX CHCTEM.
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KOMIUIEKCHA YTHJIIBAIIA CYITYTHBO-IIVMTACTOBUX BO/I: CYHYACHI BUKJIMKH 1
NEPCHEKTHUBHU YKPATHU

Jlozeun M.C., Cknap K.C.
Hayxkosuii kepienuk: Enamonuyes /1.0.
Jninposcoxuil Oeporcasuuii mexuiunull ynisepcumem, Ykpaina, m. Kam sincoxe, sauronl 1652@gmail.com

3riIHO 3 KOHCEPBATUBHUMH OLlIHKaMH, BACOKOKOHLIEHTPOBAaHI JKepeia JiTio, Taki K Boja,
SIKa BUI00YBAETHCS CYMTyTHBHO 710 HATH Ta rasy, a TAaK0X PO3COJIA 03P Ta MOPIB, € TOTEHIIHHUMHU
JDKepeJlaMM 1IbOTo MeTaly. PeHTabenbHe BHIIyUSHHS JITIIO 13 LUX JUKEpesl MOXIMBE 33 YMOBU
BMICTY JIiTii0 He MeHmIe 25 Mr/am,

Cynytabo-miactoBi Boau (CI1B) HagToBuX 1 ra30BUX KosiekTOpiB CXiAHOTO Ha(QTOra30Boro
periony YKpaiHd BMIMIYIOTh B CO01 BEMKY KUIBKICTh I[IHHUX XIMIYHHUX €JIEMEHTIB 1 METaJiB.
Konuentparii 6pomy, ilogy, 60py, CTpOHIIIIO, MarHito, Kamio 1 JiTii0 BiANOBIAAIOTh TEXHIYHUM
KPUTEPISIM 11100 iX MpoMucioBoro BuinydeHHs. Bukopucrannus CIIB sk miTiiiBMiCHOT CUpOBUHU

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

98


https://doi.org/10.1038/s41893-019-0393-0
https://doi.org/10.32347/2524-0021.2021.37.42-46
https://doi.org/10.32347/2524-0021.2021.37.42-46
https://doi.org/10.31650/2415-377X-2021-83-130-138

npuHece BUA0OYBHUM KOMITaHIsIM JOJIATKOBE JIKEPEIIO JIOXO/IIB Ta 3HAYHO MPOJAOBXKHUTHh TEPMIH
eKCIUTyaTalii JIF0YMX POAOBHIIL.

Haii6iap1m mepe1oBUM IMiIX0A0M ISl TIPSIMOTO BHJIYYEHHS JIITIIO 3 T€OTepMaIbHUX BOJ €
azcopOIlis 32 JOMOMOTOK HEOPTaHIYHUX COPOEHTIB. [HIN mporecu po3AUICHHS BKIIOYAIOTh
EKCTPAKIIIO 3 BAKOPUCTAHHSIM PO3UYMHHHKIB, COPOILIiF0 Ha OPraHiYHUX CMOJIax i MOJiIMEPHHUX MaTepiaiax,
XimMiuHe ocamkeHHs Ta MeMOpaHHI mporecu. EKcTpakiis JiTii0 3a JOMOMOTrOI0 HEOpraHiuHUX
MOJIEKYJISPHO-CUTOBHUX 10HOOOMIHHHMX COPOCHTIB IMPONMOHYE HANOUIBII KOPOTKMM MUISX ISt
PO3BHUTKY E€KOHOMIYHOTO BWJIYYEHHS JIITiIO 3 po3coiiB. BumoOyTok miTii0 3 reoTepMalibHUX
PO3COJIIB € TEXHIYHO 3AIMCHEHHUM, ajle CTAHOM Ha ChOTOJHI BCE III€ HE BHpIIIEHI MpoOIeMu
pPO3pOOKM EKOHOMIYHO BHTIHOI Ta EKOJOTIYHO MPHHHATHOI TEXHOJOTII B MPOMHUCIOBUX
Macirabax.

VY CIIB YkpaiHu TakoX MICTUTHCS 3Ha4HA KUIBKICTh Homy. CbOrojHi y CBiTI HaWOUIbII
IIUPOKO 3aCTOCOBYETHCS TOBITPSHO-IECOPOLIMHNI cmoci0 BUpPOOHHMITBA HOIy, SIKHA HE
npuiinsTauid Uit CIIB uepe3 HU3bKY edekTuBHICTh npHu Temmeparypi Boau Hkue 30 °C. Kpim
TOTO, BUKOPHUCTAHHS TOBITPS TATHE 32 COOOIO IMOAAIBINIE WOTO OYHMIICHHS BiJl BYIJICBOJHIB 1
CTBOPIOE TIEBHI OOMEXEHHsI, TOB's3aHI 3 EKCIUTyaTalli€lo CYMyTHIX BoJ. ToMy HaiOimbII
ONTUMAJIFHUM € 10HOOOMIHHUI CIIOCIO BUITYYEeHHSI HOly Y 3BaKEHOMY ab0 LIUPKYIIOIYOMY IIapi.
Y mpOMHCIIOBOCTI JiJIsl IIOTO BUKOPHUCTOBYIOTHCSI TaKi 1I0HOOOMiHHI CMOJIH, SIK aHioHITH AMII,
AB-17-8, Lewatit ta in. Takox HEOOXimHI TEXHIUHI pIMICHHS I CTBOPEHHS COPOCHTIB,
CEJICKTUBHUX JIO 10HIB JITiI0, 3 MOAABIIOK HOTO AeCOPOILI€I0 Ta OTPUMAHHSIM PO3UUHIB, BMICT
JTII0O B SIKUX ICTOTHO BHIIE, HDK Yy BHUXIIHOMY po3coiii. B momampmiomy 1e 103BOJHTH
KOHIICHTPYBATH iX 3a Oy/Ib-SIKUM BiJIOMHM METO/IOM, BKIIOYAIOUHU MPUPOIHE BUITAPOBYBAHHS.

Marsiii 3 po3cotiB BUAUIAETHCS y BUTIISAII T1IPOKCHTY TIpU 0OpOoOILIi BAITHSIHUM MOJIOKOM 3
MOJAIIBIIAM OJIEPKAHHAM TOBAPHOI MPOAYKIIi — OKCHAy MarHio. OmHak OyAiBHHLITBO XIMIYHOTO
KOMOIHATy TMOB's3aHE 31 3HAYHUMHU KaIiTAIbHUMU Ta eKCIUTyaTalliiHUMU BUTpaTaMu, SKi
00yMOBIIeHI OYJiBHUIITBOM CTaBKiB-BiJICTIHHHKIB BEIHMKOi IJIOMI, IEYel BHUIIATYy BalHIKY Ta
TIPOKCUYy MarHito, HasiBHICTIO BAITHAHOIO Kap'epy Ta MOCTIHHOIO BUTPATOIO MIYHOI'O MajuBa Ta
iH. ToMmy peHTalenbHICTH BUPOOHMIITBA OyAe 3abe3nedeHa JIHIIEe 3a YMOBHU KOMILJIEKCHOTO
BUKOPUCTAHHS T'1JIpOMiHEpaIbHOT CUPOBUHM 1 BUIIyUEHHS YCiX I[IIbOBUX KOMIIOHEHTIB.

Takum 9MHOM, 3 YpaxyBaHHSIM CydacHO! KOH'TOHKTYPH BITUM3HSHOTO PUHKY HEOPraHIdHOL
NPOAYKIiT, 32 HAIBHOCTI €(DEKTUBHUX 1 HEIOPOTMX TEXHOJIOT1H COPOLIHHOIO BUITyUEHHs JITiI0 Ta
rony 3 CIIB mepcrnexkTuBa BHXOJy Ha CBITOBUH PHUHOK YKpAiHCHKOI NMPOIYKIIi MOXE CTaTH
COPUATIMBOIO BXK€ HAHOMMKYMM dYacoM. ToMmy JAOCHIDKEHHS 31 CTBOPEHHS CENEeKTHUBHUX
COpOEHTIB Ta PO3pOOJEHHS TEXHIUYHUX PILLIEHb HIOJ0 iX BUKOPUCTAHHS y Ipolecax yTHIi3armil
CIIB MaroTh BaXJIUBe MpakTHUHE 3HaueHHs. KpiM Toro, sik CBiAYUTH NMpaKTHKa, el HallpsIMOK €
ONTUMAJILHUM 3 TOUKHU 30py €Hepro30epekeHHs Ta MiHIMi3allli B1IXO/IIB.
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OLIHKA BOJOIOCHOJAPCBHKOI JISIJTIbHOCTI B BACEVMHI HIBAEHHOT O
BYI'Y HA TEPUTOPII MUKOJIAIBCBKOI OBJIACTI

ASSESSMENT OF WATER MANAGEMENT ACTIVITIES IN THE SOUTHERN
BUG BASIN IN THE TERRITORY OF MYKOLAIV REGION

Maczace H.1., Kapnenuko I.B.
Hayionanvnuii ynisepcumem xkopabaedyoyeanns im. aom. Maxaposa, Ykpaina, m. Muxonais

e-mail: nataly.magas@gmail.com

BonHi pecypcu € BaxJIMBUM CTpPAaTEriyHUM PECypCcoM sl COLiaJIbHOTO Ta €KOHOMIYHOIO
po3BUTKY MukomaiBcbkoi obOnacti. baceiin IliBmennoro bByry ©a Ttepurtopii obmacTi
XapaKTepU3yeTbCs BUCOKUM PIBHEM TOCHOAAPCHKOI OCBOeHOCTI Tepuropii. TyT posmimeno 4
aJMIHICTpAaTUBHUX paioHiB, 9 wmict, 17 cemumni, 885 CIIBCHKUX HACEICHHX ITYHKTIB, B SKHX
npoxuBatoTe 1091,821 tuc. vonosik (y Ttomy umcni 750,698 tuc. micbkux 1 341,123 tuc.
cinbepkux xuteniB). LinpHicTh Hacenenus 44 ocobu Ha 1 kM2.

baceiin IliBnennoro byry € ogHHUM 13 MOTYKHUX arpapHUX perioHiB YKpaiHU 3 BUCOKUM
piBHEM mpomucioBoro BupoOHHITBA. llepeBakHa iioro wactuHa mepeOyBae IIiJ] BIUIMBOM
CUIbCHKOTOCTIONAPChKOro BUPOOHUINTBA. CiTbCHKOrOCMONAPCHhKI YT B 3araibHiil IO
Oaceiiny cTaHOBIATH 81%, 3MIHIOIOYKCH HA BOI0300pax OKpeMux pidok B mexax 74—90% [1].

Haii6inbm ocBoeHMME € OaceiiHu pidok crenoBoi 30HM obnacti. B Oaceitni p.Inuryn Ha
cibchKOTOCTIONApChKi yrians npumagae 90%, p.Cuntoxu — 80—90%.

Po3zopanicte Teputopii konuBaeTbes Big 60 10 85 %, a B okpemux OaceifHax MaJUX PIYOK
nocsrae 80%, 10 3HAYHO TMEPEBUIIYE EKOIOTTYHY MeXy. Pi3kux 3MmiH 3a3Hanmu JicoBi yripus. Ha
3HAYHIH TUI0II BOHM 3HUILEH]. HUuHI TiCOBKpUTI Mol HEe nepeBUIy0Th 3—7% mutoni 6aceiiHis,
10 B 2-3 pa3u MEHIIe ONTUMAIBHOTO 3HAYCHHS. Y pOaHi30BaHi 3eMill B 0aceiiHi 3MIHIOIOThCS B
mexax 2-5%, a B cepeqHbOMY CTaHOBIATH 3-—4%. Y Tabmuui 1.5 HaBeneHO NOPIBHSUIBHY
XapaKTEPUCTUKY TOCTOIAPChKOi 0cBOeHOCTI Oaceitny IliBnennoro byry y po3pisi obnacrelr Ha
TEpUTOPIT AKUX MOLIUPIOETHCS MiomIa 6acelHy. 3riIHO 1aHUX TaOJMIll BUIHO, 110 FOCHOJapChKa
JUSUTBHICTh 3yMOBHWJIA CYTT€BE 3MEHILEHHS IUIONI He3aliMaHUX MPHUPOAHUX JaHAmadTiB (J1icH,
60I10Ta, JTyKH, TACOBHILA, IEPEJIOTOB1 Ta 3aMOBIIHI 3emJi). B pe3ynbTati Ha BCiX piukax OaceiHy
[TiBnennoro byry aktuBizyBaiuch epo3iifHi mporecu. [1noma epoioBaHuX 3eMellb Ha OKPEMHX
ningHkax Oaceiina nepesuiye 50-70% (p. bakmana, Yeprana, MeptBoBiz, [Hrym).

[opiunuit 3MuB IpyHTy 3 | ra gocsarae 1-30 TOHH, 110 BeAe A0 BTPAT IyMycCy, 3HUKEHHS
POJIOYOCTI TPYHTIB MOTIPIIEHHS SKOCTI BOAM 1 BOAHOTO pexumy pidok. IIpomgyktu eposii
MOTPAIUIAIOTH 10 PIYOK, BOJJOCXOBHII[ Ta CTaBKIB, 3aMYJIIOIOThH 1X, MIBUIYIOTH PiBHI Boau [1].

3HayHa 3aperyjbOBaHICTh CTOKY pidok OaceifHy IliBnenHoro Byry BojmocxoBuiamu i
CTaBKaMU Ha TepuTopii oOnacTi mpu3Bena A0 3HMKEHHS IIBHJIKOCTI Tedil Ta CIPUYMHUIIA
aKyMYyJIALII0 Y BOAHUX 00 €KTaxX BiAXOJIiB IPOMHUCIIOBHUX MiIPUEMCTB, 3a0pyIHEHUX CTIYHUX BOJL
3 CIIILCHKOTOCIOJIAPCHKUX YTib Ta ypOaHI30BaHUX TEPUTOPIH.

VY minomy, 3a OCTaHHI Maibke miBTOpa aecsatupiuus, y Oaceitni p. IliBnennmii byr
CIIOCTEPITaeThCs YiTKa TEHIEHIS 10 3MEHIIEHHs 3a00py Ta BUKOPUCTAHHS BOJM, a TaKOXK JI0
3MEHIICHHs1 OOCSTiB CKUAIB CTIYHMX BOJ 1 3a0pyAHIo0uMX pedoBMH. Ha mizcraBi naHux
JEP>KaBHOTO 00JIIKY BOJIOKOPUCTYBAHHS MPOTSITOM OCTaHHIX JABAJLATH POKIB 00CATH BO103a00py
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B 00OJyacTi 3Ha4YHO 3MeHmuaucs. Haitoinpire 3a0pano Boau 1982 poxy — 1 minbsipa 347,5 miaa.M3.
Haiimenmmii 3a BennunHO0 06csAT Bo03abopy B 00acti 3adikcoBanuit 2022 poky — 95,693 min
M3. Tak, 3a ocepeTHEeHUMH JTaHUMH PIYHHKA 3a0ip moBepXxHeBoi Boau [2] y Oaceiini p.IliBnennuit
Byr cxiaB — 87,674 mua M3 Boau, mo Ha 105,485 mue M3 (54,6 %) menmie nopiBHsHO 3 2021
poxom. IIpu nbomy, 3a0ip mig3eMHUX BOj 3MeHIIUBCS 10 8,019 mutH M3 Boawm, 1m0 Ha 3,629 MiH
M3 (31,2 %) menme mnopiBHsHO 3 2021 pokom, HOro yactka B CymMapHOMy 3a00pi BOIU
3MMeHIIMIach Maiixke Ha 3 % 1 ctanoBuTh 5,7 %. 3aranpHuil 00’em 3a00py Boau B 00JacTi 3a
3BITHUH nepiof y nopiBHsHHI 3 nanuMu 2021 poky, 3menmuBcs Ha 109,114 mun M3 (53,3%) (puc.
1).

Q, MnH. M3

300 1 2334 2335

250

247.1 2411 2332 26381

204,81

200 1

150
95,69

100 17

50 111
o =
2015 2016 2017 2018 2019 2020 202

13.4 13,26

1 11.6p6 8.0
1

2022  Poxm

O ofcar 3a00py MAZeMERE BOT
O oOcsEr Bogo3a00py NOEEPNHEEHY B0

O zaransHHEE 00CAT BOO03a00pV

Pucynok 1 — JIlunamika Bogo3zabopy B Oaceiini p. [liBnennuit byr no MukonaiBcbkiit o6macti

I3 3aranpHOI KinbKOCTI 3a0paHoi npotsroM 2022 poky Boau BUKopHucTaHO 94,978 miH M3,
a60 99,3 % Big 3a0panoi. B cuctemi 000pOTHOTO Ta MOBTOPHO — MOCIIIIOBHOTO BOJOTIOCTaYaHHs
Oyno Bukopuctano 3458,383 muH M3. BogocnokuBaHHs A1 337J0BOJIEHHS] BUPOOHUYMX NOTPed
TpaauliifHO € HalOubmuM (puc. 2). 3rafgaHuil oOCAT BUKOPUCTaHHS BOJAM Ha Ii MOTpedu
cTaHoBUTH 69,962 muH M3 (73,6 % Bix 3araiabHOi KUTBKOCTI BUKOPUCTAHOI BOAM MO 007aCTi), IO
Ha 17,177 mnn M3 (19,7%) MeHIIe MOPIBHSAHO 3 BiAMOBITHUMHU MOKa3HUKAMU MUHYJIOTO POKY.
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Pucynok 3 — Jlunamika BukopuctaHsas Boau y Oaceiini [liBnennoro byry, mix m3

Bracminok mpoBexeHHst OOHOBHX [ilf Ha TepuTopii 0OJMacTi Ta THUMYAcOBOi OKymHarii
Bilickkamu pociiicekoi (eneparnii CHIrypiBcbKOi MICBKOi TEpUTOpiadbHOI TpOMaad, [
po3TamioBaHa rOJOBHA HACOCHA CTaHIA [HTYyJIenbKOi 3poIIyBaibHOI CHCTEMH (HAWIOTY>KHIIIa
3polryBajbHa cuctemMa B 001acti), 2022 poKy 3pOIIeHHS CIIbCHKOTOCIOAPChKUX YTiIb Malike He
3MIHCHIOBAIOCHh. 3a 00CSATaMu BOJIOCIIOKMBAaHHS 00’€M BHKOPHCTAHHS BOJM JUISL TOTPEO
3pomienHs 2022 poky 3MeHmuBces Ha 91,2% ta cknaB 4,713 mutH M3.

2022 poxy B 005acTi HalOUIBIINI 00CAT BUKOPUCTAHHS BOJI CIIOCTEpIraBcs y Takii ramysi
€KOHOMIKH, gk eHepreTuka. Ha i motpebu Bukopucrano 60,396 miuH M3, 110 € mMaiixe Ha piBHI
o0csriB BogocnoxuBaHHs raimysi 2021 poky. Ha npyromy micui micist enepretuxu 2022 poky, 3a
o0csiraMu BUKOPHCTaHHS BOJIM, € )KUTJIOBO — KOMyHaJIbHe rocriofapcTBo. Ha motpebu wiei ramysi
B oOnacti BUKopucTaHo 23,545 muiH M3 , mo y 1,5 pasiB MeHIe y nopiBHsAHHI 3 1aHumu 2021
poky. Take 3MeHILIEHHS BOAOCHOXHMBAHHSA y CEKTOpl >KUTJIIOBO —KOMYHAJIBHOT'O TOCHOJApCTBa
00yMOBJIEHO MacOBUM BHi3/I0M HaceJeHHA 3 Tepuropii MuKosaiBcbkoi 00JacTi BHACHIIOK
BiliCBKOBOI arpecii pociiicekoi eaepartii.

['ocmomapcbko — moOyTOBE BOJOINOCTAYaHHS B 00JacTi 3AIHCHIOETbCA 3a paxyHOK
B0J103200py 3 MOBEPXHEBUX BOJHHUX 00’ €KTIB Ta MiA3€MHUX BOJOHOCHUX FOPU30HTIB.

[lenTpanizoBaHMM BOJONOCTaYaHHSM 3 MOBepXHeBUX kepen (p. Huimpo, p. I1. byr, p.
Cunroxa, p. [Hrym) 3a6e3nedeHi 1’ aTh MICT 00JIaCTi, CEpPeI AKUX 00JIACHHM IEHTP — M. MUKoOJIaiB.
2022 poky BoaornoctadaHHs M. MukoiaeBa, BHACIII0OK MOMIKOKEHHS BOAOBOY 3 p. JHimpo (Ha
TepuTOpii XepCOHChKOI 00JIacTi), B aBapifHOMY MOPSJKY MEpPEeBEICHO Ha 3MIIIEHY CHCTEMY
BOJIOTIO/AYi, SIKa CKIIAIAETHCS 3 BOI03a00py Mi3EMHHUX BOJ] Ta MOPCHKHX BOJ By3bpKOTr0 TMMaHy.

3amydeHHsT 10 IEHTPali30BaHOI CHCTEMH BOJOIOCTAYaHHS MOPCBKHX BOJ —
Oe3mpere/IeHTHUI BUTIAIOK y CBITOBIN MTPAKTHUIIl KOMYHAJILHOTO TOCIIOAaPCTBA.
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Bracnminok crnenudiqHOro MiHEpaIbHOTO CKJIaay, MOPCHKI BOJIM IIBHUIKO PYHHYIOTH
TpyOOIPOBOIM Ta HETATUBHO BILTUBAIOTH HA SIKICTh OUYMCTKHU KaHAI3aI[IIHUX CTOKIB.

Tomy, micns neokynanii CHIrypiBCbKOi MiCbKOI TEPHTOpiabHOT IpoMau, Ha moyaTtky 2023
POKY BOJIOTIOCTa4aHHsI M. MHKOJIa€Ba epeBeICeHO HA BO103a0ip 3 p. [Hrynens, iK1 BiAMoBiIHO
JI0 IPOEKTY MICBHKOi CHCTEMH BOAONOCTauYaHHS € Pe3ePBHUM JPKEPETIOM T0Jaui BOJIH JI0 MICTa.

BinpuiicTe CUTBCHKUX HACENEHUX NYHKTIB Ta PalleHTpiB 00JacTi Al MUTHUX MOTpPed
KOPUCTYIOTHCSI BUKITIOYHO TiA3eMHUMHU Bogamu. Ilix3emui Bonu, siki 100yBarOThCs HAa TEPUTOPIi
MukonaiBChKOi 00J1aCTi, TOJIOBHUM YMHOM HAYTh HA 33J0BOJICHHS TOCIOJIAPCHKO-TIOOYTOBUX Ta
OUTHUX NTOTPeO HACETICHHSI.

3aranpauii 00csT BogoBinBeacHHs 2022 poky ckiaB 51,487 muta M3, mo Ha 25,134 muH M3
(32,8 %) menme nopiBasHO 3 ganuMu 2021 poky. besmocepenHbo 1O MOBEPXHEBUX BOIHUX
00’ekTiB 2022 poky ckuHyTO 48,078 MiIH M3 3BOPOTHHX BOJ — PEKOPIHO HHU3bKA BETUYMHA CKUTY
3BOPOTHUX BOJ 1o objacti 3a octanHi 20 pokiB. JloJs k 3a0pyAHEHHX CTOKIB y 3araJlbHOMY
00’eMi CKUAY 3BOPOTHUX BOJ 3JIMILIMIACH Mai’Ke Ha PiIBHI MUHYJIOTO POKY 1 AOpiBHIOE 27,6%.

3a gKicTio ckup 3a0pyaHeHux ctokiB 2022 poky ckmanaBcsa Ha 89,9% (11,944 mun M3) 3
HEJOCTaTHHO OYUIIEHUX CTOKIB (Ha 7,44 MiH M3 MeHIIIe OPIBHAHO 3 MUHYJIUM pokoMm); 10,1%
(1,343 muiH M3) 31 CTOKIB CKUHYTUX 0€3 OYHILEeHHS. 3TiIHO JaHHUX PO PO3MOALT 00CSTIB CKUIIB
3a0pyJHEHUX 3BOPOTHHUX BOJ 3a cepaMu IisIbHOCTI, BCTAHOBJICHO, III0 OCHOBHHUM JKEPEIIOM
CKUJy CTOKIB JJaHOI KaTeropii € minprueMcTBa KOMyHaIbHOI cepu.

OTtpumMaHi pe3yibTaTd JOCHIIKEeHb Ta OL[IHKA BOJOTOCIIOAAPCHKOI AisNILHOCTI B OaceiiHi p.
[TiBnennuit byr Ha Tepurtopii MukonaiBcbkoi 00nacTi CBigYaTh MPO HAMPYKEHY EKOJOTIYHY
CUTYyallil0 Ta 3HAUYHUN piBEHb BIUIMBY B OaceiiHi piyOK 3a CTyNEHEM BUKOPUCTAHHS ii BOJAHUX
pecypcis.

Jlireparypa:

1. XinpueBcokuii B.K., Uynapros O.B., Pomacs M.I. Ta in. BoxHi pecypcu Ta AKicTb
piukoBux Boa Oaceitny IliBnennorobyry.—K.:Hika-Llentp,2009.—184c.

2. PerioHanbHa [OMOBib MPO CTaH HABKOJHUIIHHOTO TMPUPOJHOTO CEpPEAOBUIA B
MuxkomnaiBebkiit oomacrti. Pexxum noctymy: https://ecolog.mk.gov.ua/ua/ecoreports/regonalreport/

KOHTPO.JIb TEPXJIOPAT-HOHIB Y BOJIAX TA BOJJHUX BUTSIAKKAX
I'PYHTIB CIIEKTPOCKONI€IO IUPY3HOI'O BIIBUTTA

Masna 10.1., 3yii O.B.

Incmumym konoionoi ximii ma ximii 6oou im. A.B. [{ymancvkoeo HAH Vkpainu, Ykpaiua,
Kuis, olegzuy@gmail.com

IlepxyopaT € 3a0pynHIOBaYeM HABKOJIMIIHBOIO  CEPENOBHUILA  AHTPOIIONEHHOI'O
noxo/ukeHHs. Coni mepxjiopary, 30KpeMa IepxJopaT aMoOHII0, € CKJIAJOBOK YacTHHOIO
PaKeTHOro MajuBa, MepXJIopaT HATPiK0 BUKOPUCTOBYETHCS y (apMalleBTUYHIN TPOMHUCIOBOCTI.
3anuUIIKOBI KUIBKOCTI IEPXJI0paTy 3HAXOAATh TAKOX B MICIISIX, 1€ BiAOyBaics BIChKOBI Aii a00
MPOBOAMIIKCS BUOYXOBI poO0OTH. Pa3oM 13 CTIYHMMHU BOJIaMU a€pOKOCMIYHOI Ta (hapMalieBTUYHOT
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MIPOMUCIIOBOCTI EPXJIOPAT MOTPAILISE Y MiI3€MHI BOJU Ta B JPKEpeEsa MUTHOTO BOJONOCTaYaHHS.
[lepxyopaT XapakTepH3y€eThCsl BHCOKOIO CTIMKICTIO B HAaBKOJMIIHHOMY cepenoBuili. BiH He
PO3KJIAIa€ThCSL BIPOJIOBXK JECATUPIU 1 sIBisie coO0r0 HeOe3meKky [Uisl 3J0pOB’S JIIOJIMHH,
BUSIBJISIFOYY IIKIIJIUBY 10 Ha IIUTOBUIHY 3a103y. L{eli i0H mepeniko kae NOTTMHAHHIO HOTUITY
TUPOIAHOIO 3aJ7103010. Y 3B’S3KY 31 CXOXICTIO B po3Mipax Ta Tiaparallii BiIH MOXKE 3aMillyBaTH
Homua y TUPOIMHIN 3a7031 1 TAKUM YMHOM 3aBaKaTH BUPOOJICHHIO TUPOiTHUX TOPMOHIB. Y
3B’SI3KY 3 PU3UKOM JUIs 3I0POB’ Sl JIOAMHH MEpXjiopar Oyio BHECEHO 10 MEPEiKy peuOBUH, Ha
SK1 HEOOX1HO BCTAHOBUTH IpaHUYHO nomyctuMy KonueHtpanito (I'IK) y nurtHiit Boai. 3rigHo
JNCTY 7525:2014 B Ykpaini Bcranosieno I['JIK Ha mepxiopaTr y nuTHid Boai Ha piBHi 0,01
mr/mm®. TOMy BaXIIMBUM € KOHTPOIb Ta MOHITOPUHT MepXJIOpaT-iOHIB y JyKepesaax MUTHOTO
BOJIOIIOCTaYaHHS Ta Y BOJHUX BUTSKKAX IPYHTIB, OTPUMAaHI1 J1aH1 HEOOX1THO 3aCTOCOBYBATH IIPH
po3po01Ii crmocoliB iX pememiaiii.

OCKUIBKM TIepXJIOpaT € XIMIYHO 1HEPTHHUM KOMIIOHEHTOM, MOTr0 Ba)KKO BH3HAUYaTH 13
3aydeHHsIM TPAAUIIHHNX XIMIYHUX METOJIB aHami3y. s BU3HAYCHHS MaIMX KiTbKOCTEH
MepXJIOpPaTy BUKOPHUCTOBYIOTH CIEKTPO(OTOMETPUYHI, €ICKTPOXIMIUYHI METOAH, KamlIsIpHHUMA
enekTpodopes, 10HHy Xpomarorpadito, Mac-creKTpomeTpiro. CreKTpodoTOMETPUYHI METOAH
MalTh 4yTuBicTh Ha piBHI 10-200 MKr/mMS, OfHAK HEOOXimHOW € MOTIEPEIH PiAMHHA
eKCTpakKIis aHATITHYHOI (HOPMU 3 BUKOPUCTAHHSAM TOKCHYHHUX OPTaHIYHUX PO3YMHHHUKIB.
3acToCyBaHHS 10HCEJIEKTUBHHUX EJIEKTPOMAIB Jae 3MOTy HpoBoAWUTH aHami3 Ha piBHi 50-2000
MKr/mM3, TipoTe Bu3HayeHHIO 3aBaxaroTh |-, NO3™ Ta IyMiHOBI pEUOBMHH TPHPOIHMX BOJI.
Kaninspauii enextpodope3 XapakTepu3yeTbcs YYyTIHMBICTIO BU3HadeHHs mepxjopaty 100
MKI/AM®, 4OrO HeJOCTaTHKO i aHamizy Box Ha piBHi [JIK. Tomy B namHuii yac HaiGimbm
IIMPOKO BHUKOPUCTOBYETHhCS 10HHA Xpomarorpadis; UYyTIMBICTH JO Mepxyiopary 3
BUKOPHUCTAHHAM KOHIIEHTPYIOUOi KOIOHKH BimmoBizae 5 mxr/mm®. OnHak uyac yTpuMyBaHHS
MepXJIopaTy 3MIHIOETHCS 31 3MIHOIO OT0 KOHIIEHTpAIlil, 1 K MepXJI0paTy MOXKe MepeKpuBaTucs
3 KoM Hoauay. ToMy A iATBEPIKEHHS MPaBIIILHOCT] aHAITi3y HE0O0XiTHO BHKOPHCTOBYBATH
IHIII METOJH, IMOPIBHIOIOYH, HAINPUKIAI, 3 Mac-CIEeKTPaJbHUM, 110 POOHWTH aHaji3 OuIBII
CKJIaJIHUM 1 TPUBAJIIUM.

TakuM 4YMHOM, BHCOKOYYTJIHMBI, HIBHJKI Ta BOJHOYAC HEIOpPOri METOAM BH3HAUCHHS
MepXJIopary y BojJax Ta OCOOJIUBO y TPYHTAX, SIK1 MOKHA OyJI0 O BUKOPHUCTOBYBATH B MOJTBOBUX
yMOBax, Ha JaHUd MOMEHT BIJICYyTHI. MeToW IBOr0 JOCHiPKeHHs Oyna po3poOka
0€3eKCTPAKIIHOT eKOJIOTr1uHO Oe3MeYHOi METOJUKN BU3HAYEHHSI MIepXJopaT-HoHIB y BOJax Ta
BOJHUX BUTSDKKAX TPYHTIB METOIOM CIEKTpOCKomii Audy3HOro BiAOWUTTS, B sKili OM He
3aCTOCOBYBAJIMCSI TOKCUYHI PEareHTH.

Binomo, mo nepxiaopar-iioHHM yTBOPIOIOTh MOHHI acoliaTH 3 MEPeXiAHUMHU MeTajJaMu y
MO€THaHH1 3 (PEHAaHTPOIIHOM, OaTOPEHAHTPOIIIHOM, KYIIPOTHOM. poaaMiHoM b, pogaminom 6K.
Hamu BukopurcTaHe yTBOPEHHsI MaJIOpO3YMHHOIO HOHHOIO acoliaTy MepXxJopary 3 KaTiOHHOO
MTOBEPXHEBO-aKTUBHOIO PEUYOBUHOIO — LETHITPUMETHIIAMOHIN OpomigoM. [locaiau nmokasaniw,
o OUTBII YyTJIMBUM CHOCOOOM BH3HAUEHHS KOHIEHTpalli MepXxjaopary Hpu BUKOPHUCTaHHI
peakuii yrBopenHs HonHoro acotiaty ClO4s—KITAP € He BUMiIpIOBaHHS CTYIIEHIO PO3CIFOBAHHS
cBiTNIa (KaJIaMyTHICTb, HasBHICTh JpiOHOIMCHEpcHOI Oinoi cycneHsii) y po3uuHi, a
KOHIICHTPYBaHHS 01710T0 MaJOPO3YHHHOTO 10HHOTO acoIliaTy Ha OCHOBI KOHTPACTHOTO KOJIHOPY,
30KpeMa Ha (iIbTpyBaJIbHOMY Harnepi, 3adapeieHomy poaaminoM 6K y uepBonuii komip. Yepes
3abapBieHi GIIbTPH PUIBTPYBATN POZYMHU, IO MICTATH aHATITUYHY (HOPMY — IOHHUN acorriaT
[ClIO4-LIT"] pi3HOI KOHIEHTpaIlii y BUIJSAI OLI0T CycrmeHsii y BOJHOMY CEpeIOBHINI, Ta
BHUMIpIOBaNU Koe(ilieHT Audy3HOTo BIAOUTTA QUIBTPIB pu A= 550 HM Ha criekTpodoTOMeTpi
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Shimadzu 2450. Jocmiau mokasanud, II0 3aJeKHICTh Koe(illieHTa TU(PY3HOTO BIIOWUTTS Bif
kontenrpaiii oniB ClO4” mae nminiiiHu# Xapakrep.

[Ipy BHBYEHHI 3aBa)KalOYOro BILIMBY Ha BHU3HAYCHHS MEpXJIopary OyJo 3HAMIEHO, IO
BusHadeHHi0 ClO4  3aBakaroTh TymiHOBI pedoBuHH, aHioHHI [TAP, anionm MnOy, CrO4%,

Cr,07%, I' ta inmi anioHm Bemmukoro posmipy. s ycyHenns BBy AITAP Buxopucrane
MOTIEPEHE TMPOIYCKAaHHS MPOO dYepe3 MaTpOH 3 TOPYBATUM IMOJIMEPHUM COPOSHTOM; JUIS
YCYHCHHsSI TYMIHOBHX pedoBMH — depe3 marpoH Alumina-N; |° BumanstoTh KU SITIHHAM Y

npucytHocti NaNOz; NO2  ycysatore kum’sitinHsam pozumny 3 HCIl. [Jlns  ycyHeHHs
3aBaYKArOUOro BIUIMBY IHIIMX KOMIIOHEHTIB, a TAKOX JUIs MIJBUILEHHS YyTIMBOCTI 3aCTOCOBaHA
nonepenans cop6buis ClO4” Ha mopyBaTux noxiMepHUX COpOCHTaX, MOIU(IKOBAHMX BHOIPKOBUM
Ul IepxJopaTy  IOH-TIAPHUM  peareHToM —  JAenwiITpuMerwiamoHieM. [lepxmopar
KOHIICHTPYBAJIA 3 BOAHMUX PO3YHMHIB, MPOIYCKAIOYM OCTaHHI Yepe3 MOJIMPOIiJICHOBI TPYOKH,
3all0BHEHI cOpOeHTOM. EloroBany KOHLEHTpAT MepxjopaTy y BHUIVISII HOHHOIO acoliatry 3
JICUUITPUMETUIIAMOHIEM €TaHOJIOM a00 ameToHoM. Jlisi YCyHEHHS 3aBa)Karouoro BIUTUBY
KOMIIOHEHTIB MAaTpHUlll BUKOPHUCTAJIM IIOCIIJOBHE EJIOIOBAaHHS AaHIOHIB, IO 3aBa)KaloTh,
PO3BEIEHIM PO3YMHOM JEIIITPUMETHIAMOHI0 B 15% po3unHi anetony y Boai. [Ipu npomy
JOMIIIIKA XJIOpary, HiTpaTy, TrigpokapOoHary, XJjopuay, Opomimy, cyiabhaTy 3MUBAIHCS
MIOTOKOM PO3YMHY, a TIEPXJIOpaT 3aJIMIIaBcs Ha copOeHTi. Jlami KoHIeHTpaT HOHHOTO acoriaty
nepxJjiopaTy 3 ACLMITPUMETHIIAMOHIEM EJIIOIOBAJIM AlleTOHOM Ta NEPEeTBOPIOBAIM HA OLIbII
CTIMKMI acolliaT mepxJopaTy 3 HEeTHITPUMETHIAMOHIEM, OTPUMAaHy CYCIICH31I0 (iUIBTpYyBaN
yepe3 namnepoBUil (UIbTp KOHTPAacTHOro Kojbopy. llpm BHKOpHUCTaHHI JETEKTyBaHHS I10
nudy3HOMy BIIOMTTIO iHTEpBan JIHIKHOCTI rpanyoBaibHOoro rpadika Ha ClOs 3
KOHIIEHTPYBaHHSM Ha MIOPYBATOMY MOJIIMEpHOMY COpOeHTI (00’ €M mpomyiieHoi uepe3 COpOeHT
npo6u — 500 cm®) cranoBuB 20800 MKT/IMC.

IIpoBeneH1 TakoXX 1OCIIAM MO BU3HAYCHHIO NIEpXJIOpaTy y BOJHUX BUTSKKAX IpyHTIB. s
BOTO JI0 HABWKKH CYXOro TOJPIOHEHOTO TIPYHTY JOAaBajdl JUCTHIHLOBAHY BOJY,
nepeMillyBajii, 300BTyBall YIPOAOBXK JIBOX T'OAMH, 3JIMIIATN HAa | Tofl., 3 BEpXHBOIO LIapy
BiZIOMpATH MMeTKOI0 5 cM° BOAHOI BUTSKKH Ta (BilbTPyBaNH il Bijl 3aBHCIHX YACTOYOK Uepe3
HITPOLIENION03HUI MeMOpaHHUH ¢inbTp 3 po3MipoM nop 0,45 MkM B mpoOipky, ¢iibTpar
migkucmosanu 10 pH 0,7. Bin6upamu 1 cm® migkucnenoro ¢GinsTpary B MipHy Konby Ha 50 cm®
1 PO3BOJMIIM IO MITKH JAUCTHIIBOBAHOIO BOAOIO. Jlami Jisuid, SK e ONMHUCAHO BHILE Ui aHATI3Y
BOJI. 3’sICOBAHO, 110 JIiHIMHA 3aJEXKHICTh aHAIITHYHOTO BIJITYKY BiJl KOHIICHTpAIll TIepXJopar-
HOHIB y rpyHTax crocrepiraerbes B iHTepBaii 10 — 90 Mr/kr rpyHTy.

[IpoBeneHo aHami3 BOJAONPOBIAHOI, pIYKOBOI, MMiI36MHOI BOAM Ta BOJHOI BUTSKKU TPYHTY
(M. KuiB) Ha BMICT mepxJiopaTy i3 3aCTOCYBaHHSIM METOJy CTaHAAapTHUX J100aBOK. BBeneHi y
BOAM Ta TPYHTOBY BUTSIKKY A00aBKM mepxjoparTy Oynu BusieieHi Ha 93-105%, BimHOCHE
CTaHJapTHE BIAXWIECHHs He mepeBuiyBano 11%. Takum yuHOM, JOBEJEHO, L0 PO3pOOICHA
METOAMKA € IPUIATHOIO JUUIsI KOHTPOJIIO BMICTY MEPXJIOpaT-HOHIB Y BOJIaX Ta BOJHUX BUTSIKKAX
IPYHTIB.
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MIHIMI3AIISA BMICTY BAJKKUX METAJIIB TA PAAIOHYKJILAIB Y CTITYHUX
BOJIAX 3A TOITOMOI'OI0 CYYACHHUX TEXHOJIOT' T TIPOEKTYBAHHA 3
BUKOPUCTAHHSAM BITUYN3HSAHUX COPBEHTIB
Mapucuk C.B., naykoeuit kepienuk: Yapnuii /1. B.

Tnemumym 600nux npobaem i meniopayii HAAH, 03022, m. Kuis, 8yn. Bacunvkigecoka, 37,
Vkpaina, iwpim.naan@gmail.com

B ymoBax cy4yacHOro mporpecyrouoro 3a0pyJHEHHS MPHPOJHOTO CEPEOBHUINA CTIYHUMHU
BOJAMHM 3 [MIJBHUIIEHUM BMICTOM BaXKHMX METalliB 1 MPOrpecyrouoro HAKOIMUYEHHS
HU3bKOAKTHBHUX PIAKUX pagioakTuBHUX Bigxoais (PPB), mpu BincyTHOCTI ycTaneHoi TeXHOIOTiT
iX OUMIIEHHS 1 TOBEPHEHHS B MPUPOJIHHUIA KOJIOOOIr BOAM HAa 3eMIli aKTyaJIbHHM CTa€ PO3poOKa
TEXHIYHUX 1 TEXHOJIOTIYHHMX CHOPYJ, TEXHOJOTiH Ta 3aco0iB Ui 3aTpUMaHHS 10HIB Ba)XKKHX
MeTaJiB Ta pamioHykmiaiB. HaiOumbll mepcreKTUBHUM B IIbOMY HampsiMi Ha Hally IyMKY €
nepeBeIeHHsT uX 3a0pyIHIOBadiB 3 PO3YMHHUX 10HHUX CTaHIB y 3B’si3aHi TBepAi ¢opmu 3a
pPaxyHOK COpOIiHHUX TexHoiorid. BiamoBigHo cropyna e Oyne NPOXOAWTH aacopOIiiHi
npolecy MOBHHHA OYTH YHIBEpCAIBbHOIO 1 MOEAHYBaTH (PyHKIIOHAN ajncopOepa Ta BiACTiHUKA
OJIHOYACHO 1 MpH IIbOMY 3a0e3mneuyBaTi epeKTUBHY POOOTY HMIMPOKOTO CIEKTPY PIZHOMAHITHUX
copOLIHHNX MaTepialliB K B TBEPAMX TaK i piIKUX popmax.

PesynbTatu gocnimkeHb eeKTUBHOCTI Pi3HUX COPOEHTIB 1 FOJOBHUM YHHOM BCTAHOBJICHHS
iX TiQpOAWHAMIYHUX XapaKTEPUCTHK HEOOXiAHI IS po3pOoOKH KOHCTPYKTHBHHUX pIIIEHb IO
noniOHi KoMOiHOBaHIA cropyai. B cydacHMX yMoOBax cTajno [OCTYIHUM BCTaHOBIICHHS
nmapaMeTpiB  TEXHOJIOTIYHOI CIIOPYAH 3a JIOOMOTOK  KOMIT IOTEPHOTO MOJICJTFOBaHHS
Computational Fluid Dynamics modeling uuisxom Volume of Fluid — mozaentoBanHs BiTbHOTO
nepediry piIuHu METOJOM BiIbHOI moBepxHi. [ 3BepenHs moxaeni go pomyctumux 300-500
THUCSIY €JIEMEHTIB HEOOX1/1HO IPOBEIEHHS TOYHOTI'O BU3HAYCHHS T1JPOAMHAMIYHUX XapaKTEPUCTUK
yacToK copOeHTiB. Ha nanuii yac y 10BiAHUKOBIH JIiTepaTypi BiACYTHI JaHHI PO T1IpOAMHAMIYHI
XapaKTePUCTHKU TMepeBaxKHOi OuIbIIocTi copOeHTiB. OCoOIMBO 1€ CTOCYETHCS KOJIOTIHHX
KOHTJIOMEpATiB, IO YTBOPIOIOTHCS B MPOIECI BBEACHHS PIAKUX pPEareHTIB, MOETHAHHS SKUX
CIPUYMHSE YTBOPEHHS TBEpAMX (ha3 HEBU3HAYEHUX T1IpOANHAMIYHUX BiacTUBocTeH. [Ipukiagom
CIyry€e OIWH 3 HailOunbln edekTuBHUX copOeHTiB - Qeporianing Mmimi ((Cuz[Fe(CNe)]), skwuit
YTBOPIOETHCS 13 CyMillli 1BOX po34rHiB: x0BTOI kpoB’siHoi coi ((Ka(Fe(CN)e)) Ta cyibdaty misi
(CuSOs) OesmocepeHbO Yy BOI, IO OYHINYETHCA. Tak caMO HEBIIOMi TiAPOJHHAMIYHI
XapaKTePUCTUKN NEPCHEKTUBHOIO MOEJHAHHS (epoliaHiay MiJi 3 HUIONOAIOHMM MOPOILIKOM
OeHtoHiTOBOI TriMHM. Came T1IpOJUHAMIYHI XapaKTEepPUCTUKH HAMOLIbII MEepCHEeKTUBHUX
copOeHTIB 1 BH3HAUaJIM JJIs MOJAbIIO] pOo3pOOKH MapaMeTpiB yHIBEPCATbHOI'O OCBITIIOBAyYa-
ajcopOepa, 3MaTHOTO €(EeKTUBHO TPAIIOBATH SK 3 PIAKAMH pEearceHTaMH, TakK i 3 TBEPAUMH
¢bpakuisMu coOpOeHTIB, MOJIOHUX 10 MOPOLIKONOAIOHMX OEHTOHITIB 1 LIEOJITIB.

[Ipomiec ceammenTarli  COpOEHTY y BOJI XapaKTEPU3YEThCSl  KIHETUKOKO OCAJKEHHS
KOHIJIOMepaTiB MiacTiBLiB copOeHTy. [laHi mpouecu BinoOpakyroTbcs Yy BHUIVISLII rpadikiB
KIHETUKA OCaQ/DKEeHHs. B nmociigl BUKOPUCTOBYBABCS, TIMHOMOPOIIOK OEHTOHITY 3 pO3MIpoM
¢pakuiii 0,1-0,072 MM Ta po3uuH (eporiaHiay Mifi, 0 CKIATAEThCS 3 )KOBTOI KPOB’STHOI COJIi Ta
cynbdaTy Mial y TMNPONOPUIMHOMY CITIBBIJHOIICHHI: Ha | T KOBTOI KpOB’SIHOI COJIi
BUKOpUCTOBYeThCS 1.356 T cynbdary Mmiai, 3MillyBaHHS BiOYBa€ThCsl Y MIpHOMY CTaKaHi 3
JOJJaBaHHAM JMCTUIbOBAHOI BoAM He Oinmbiie, HiX 50 mi Ha 10 r cyxoi cymimi. Po3umn
deporniaHiy MiJl TOTYEThCS BUKIIOYHO NEpe] BUKOPUCTAHHSAM, B MPOTHMBHOMY BHUIAJAKY IpH
3aTPHUMIII 3MEHIIYEThCS €PEKTUBHICTh PO3UHHY.

OtpumaHi JaHl 3BOAATHCS B TaONWIl, HAa iX OCHOBI OyayeThcs Tpadik 3alleKHOCTEH
JociJKeHHs (puc. 1) Ta MPOBOAATHCS PO3PaXyHKH TiAPaBIIYHOI KPYITHOCTI.
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3a pe3yJbTaTaMu TOCTIKeHb OOy A0BaHa MOJIeTh OCA/PKEHHsI COPOSHTIB Ta BCTaHOBJICHA 1X
MIBUJKICTH ocapkeHHs (puc.1, Tab.1).
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Pucynok 1 — a) rpadik 3anexHoCTel rigpaBiivyHOT KPYTHOCTI OEHTOHITY 3 TPUBAJIICTIO
EKCIIEpUMEHTY 56 rOJMHHU Ta CyMillli OEHTOHITY 1 LEOMITy 3 TPUBANICTIO 54 TOAWHU MIPH
TeMIepaTypHOMY KonmuBaHHI cycniensiit 14-16 °C; 0) ['padik 3amexHOCTEH TigpaBmigHO KPYITHOCTI
cymimii OeHTOHITY 1 (hepoLmaHiay Miai 3 TPUBAIICTIO eKciepuMeHTy 2 roawan 20 XBUIMH Ta CYMIITi
OCHTOHITY, IEOMITY 1 pepolmaHiay Miji 3 TPUBATICTIO eKCIIepUMeHTY 3 Tofuau 30 XBHIUH NPH
Temrneparypi cycrnensiii 8 °C.

Tabmuns 1. igpaBniuyHa KPYIHICTE COPOCHTY.

. lnopasniuaa Koedinient
Yac BiACTOIOBAHHS, . .., . KonuenTpauii 3aBuciux
Ne Hassa KpYIHICTb, Uy, IPOTIOPLIHHOCTI, 0
t, roz. pedoBuH, P, %.
MM/C. n.
1 BenTonit 56 0.11 1.39 98.26
iT +
p | bewromit 37 0.44 1.23 96.5
Leomit
Benronir +
3 | Heomr+ 35 4.99 0.43 98.7
(heporrianis
Mimi
Benronir +
4 | depomianin 2.20 6.185 0.29 99.8
Mimi

Haiixpammumii pe3ynbTaT OTpUMaHO CyMIIIII0 OEHTOHITOBOT Iy APOIO1i0HOI TJIMHU Ta PO3YUHY
deporianiny Mizxi B mpomopii 2/0.5 r/ame cyxoi pedoBrHH - 99.8% BHIAIaHHS 3aBUCIHX YAaCTOK
B 0Ca/1 Ta MIOBHE 3HEOAPBICHHS OUMIIIEHOT BOAM BiJl 3aJIUILIKIB (epoliaHiay MiJl.

VY pesynbTari mpoOBENEHHS IMITAllIMHUX MOCTIAIB, 3M1IMCHEHUX 3a JOMOMOTO BipTyaabHOI
MmamuH B cepenoBuii Computational Fluid Dynamics Autodesk Simulation (CFD), Bukonano
JOCTIAN 3 BU3HAUEHHS T1IpOJUHAMIYHUX XapaKTEPUCTUK CIOPYIU - OCBITIIOBaYa-aicopoepa Ha
OCHOBI MOJIEIIOBaHHS y BIpTyalbHOMY cepefoBulli (puc.2.)

Ha npencraBneniii cxemi 3arajgbHa BHCOTa OCBITIIOBaya-ajacopOepa (OA) 3 BepTUKAIbHUM
MOTOKOM CTAHOBUTH 6,22 M, JiaMeTp OCBIT/IIOBaya — 3,5 M, LIEeHTpallbHa TpyOa moaayi cycreHsii
(mami: kamepa yTBOpEHHs IJIACTIBINB) Mae maiameTp 0,5 M, BUCOTY 3,8 M, KOHIICHTpaIIisl 3aBUCIIUX
YacTOK CTaHOBUTH 7-12 kr/m®, onTuManbHi mBHAKOCTI Moxadi cycrensii 0,014 m/c (14 mm/c). V
TPUBUMIPHIM MOJIENI BUKOPUCTAHO CTPYKTYpPOBaHY CITKY, sika MicTUTh 3868373 po3paxyHKOBHUX
KOMIpoK. Pe3ynbTaT MOJENIOBaHHA y BHUIVIAAI €MIOpP IIBHAKOCTEH C(HOPMOBAHUX MOTOKIB
HaBEJEHO Ha pucC. 2.

AHami3 pe3ynbTaTiB MOJETIOBaHHS MOKa3aB (puc.2a), M0 B KJIACUYHIA MO OCBITIIOBaya
Oe3nepepBHOI Al IpU MBUIAKOCTI NOTOKY piauHu 0,014 M/c Ha BX0/lI B KaMepy YTBOPEHHS (PIJIOKYII
3 00nasHaHUM U (y30pOM-BiTOMBAaYEM Ha BUXO/Il, HAsBHI 30HU TypOYJIEHTHOTO MOTOKY MOPSA 3

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

107




3acTiiHUMU 30HaMHu. lle mepenkopkaroTh HOPMATHLHOMY YTBOPEHHIO KOHTJIOMEpATiB (JIOKYJI
copOeHTy, iX ceqUMEeHTAIli]l y IeHTpaIbHil ceKklii ocBiTaoBaya. [loTik BUXigqHOT BOAM Ta COPOCHTY
4yepe3 HaAMIpHY TypOyJii3aiilo He PIBHOMIPHO PO3MOAUIIETHCS MO 00’€My BIJICTIHHHMKA 1 1€
NEePEIIKOPKAE ePEKTHBHOMY BHMKOPHCTAHHIO BChOrO 00’€My CHOpyAM B Tpoleci copoOuii,
NPU3BOIUTH IO 3aCMOKTYBAaHHS BiANPalbOBaHOTO COPOEHTY Yy BHXITHHH KaHaj, TaKOX HE
BiZIOyBa€eThCsl €(PEeKTUBHE YIIUTBHEHHS BiANPAIbOBAaHOTO COPOSHTY B HMKHIA YaCTHHI CIOPYIH,
NpU3HAYCHIN 1711 BUBEICHHS BiNIPAalbOBAHOTO COPOCHTY.

U
Y. !

B)

Pucynok 2 - TpacyBaHHsI BEKTOPIB Ta PO3IOLJ MOJIiB IOTOKY PO3YHHY COPOSHTY Ta
Hu3bkoakTHBHUX PPB 31 mBuakictio momaui piguau 0,014 m/c y OA 6e3nepepBHOi aii: a)
MO/IeJTb KJIACHYHOTO OCBITIIIOBava 3 BigonBaueM nudysopom; 6) moaens OA 3 BimOuBayem Ta
TOHKOIIAPOBUM MoJyJeM; ) Mojienb OA 3 BigOuBaueM Ta MOJEPHI30BaHUM TOHKOIIAPOBUM
MOJTYJIEM.

B Mopeni ociTnoBaya-agcopOepa 31 3BMYAHMM Ta MOJEPHI30BAHUM TOHKOIIAPOBUM
MonyseM (puc.20,68) po3uyuMH COPOEHTY PIBHOMIPHO PO3MOAUISETHCS MO 00’€My OCBITIIIOBaua-
abcopOepa yepe3 BimOMBa4 AMQPY30p Ta TOHKOIIAPOBUI MOAYJb, 3 YITKUM PO3MOJAIICHHSIM Ha
30HH: YTBOPEHHsI TypOyJIEHTHOCTI MOTOKY, JaMiHAPHOTO BUPIBHIOBAHHS MOTOKY Ta BUBEIACHHS
OUYHIIECHOI BOJIH.

TypOy:izalis HOTOKY B 30HI TypOyJIEHTHOCTI JIOCSTa€eThCS 3a paXyHOK BiJiOMBava Audysopa:
YTBOPIOIOTBCS CTIMKI Ta PIBHOMIPHI 3aBUXPEHHS, 110 MIATPUMYIOTH 3aBHCIHH CTaH (IIOKYI,
30UIBIIYIOYH Yac KOHTAKTy COpOEHTY 3 3a0pyAHEHOI0 BOJIOI0, Ta 3a0e3Ieuye X yKpyImHEHHS, 110
1 00yMOBiIIOE eeKTHBHE BHUIAIIHHS B Ocajl BIANpPAIlbOBaHOro copOeHTy. B 30H1 j1amiHapHOTO
BUPIBHIOBaHHS TOTOKY TOHKOIIAPOBHH MOJYJIb BUKOHYE POJIb JIOOYHCTKH BOJHU BiJ 3aBUCIUX
YacTOK COpPOEHTY IIISAXOM TaciHHS TypOYJEHTHHX IIOTOKIB Ta 30UIBIIEHHSAM IUIOMI iX
0CaJ)KyBaHHS, 110 3amo0irae 3aCMOKTYBaHHIO BIJIPallbOBAHOTO COPOEHTY y BHUXIJHHUI KaHall.
Pi3Hu1g MK 3BHYaiiHUM Ta MOJIEPHI30BaHUM TOHKOIIAPOBUMHU MOJYJISIMH IOJISITA€ B TOMY, 1110 B
MOJIEpHI30BAaHOMY TOHKOLIAPOBOMY MOAYJl 30UIbIIEHO IUIOILY OCAKEHHsS B MIBTOpa pasH,
MOPIBHSAHO 31 3BUYafHUM TOHKOILIAPOBUM MOJYJIEM, HIJISIXOM BHECEHHS J0JaTKOBUX IIACTHH 0
TIOJIOBUHU BHCOTH 3BHYAHOTO TOHKOIIAPOBOT'O MOYJIS.

BuxopuctanHs BipTyalbHUX MoOJeNel ceAuMeHTalii OEHTOHITOBOI Ta  IICOJITOBOI
MOPOIIKOMOAIOHUX TJIMH Ta IMaHodepaTy Mial JO3BOJWIO OOIPYHTYBAaTH ONTHMAJIbHY
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KOHCTPYKITIIO OCBITJIIOBada-azcopOepa s CTiHKOi Ta e()eKTUBHOI CeIUMEHTallli COpOeHTY B
OCBITIIIOBayi-aicopOepi 3 MOJEPHI30BaHMM TOHKOIIAPOBHM MOAYyJIeM (pUC.28) Ta BXiIHOIO
MIBUIKICTIO JUIS TaHOT KOHCTPYKIIii BijcTiiauka 0,014 m/c.

3anponoHoBaHa HAMU KOHCTPYKIIiS 3aBASKH CTIEHU(IYHOMY PO3IIOALTY TiIpaBIiYHUX BEKTOPIB
MOTOKIB BOJIO-COPOIIAHOT CycneH31i JO3BOMISIE y OJIHIM CHOpyAl 3a0e3MeUnTH BIAMOBITHUN Yac
KOHTaKTy COpPOCHTY Yy BWIJISII MIapy 3aBHCIOTO OCaay 3 TOCTYHOBHM YKPYITHEHHSIM
KOHIJIOMEpATIB IUIACTIBIIIB COpOEHTY, AKi (OPMYIOTh OCaja, IO TMOCTYIIOBO 3TYIIYETHCS Ta
VIIUTBHIOETBCS 1 TaKMM YHHOM HaM BAAJOCh B OAHIN crmopyai moegHatu ‘“‘amcopoep” i1
“pimcTiiHUK”. 1le m03BOJISIE PO3MIISIAATH L0 KOHCTPYKINIO CHOPYAH SK yHIBEpCalbHY, BOHA
MOEHYE B cOO1 MPOXOKEHHS MPOIIECIB acopOIIii 1 CeAMMEHTAIlIT , III0 Y CBOKO YePTy JA03BOJISIE
MPOBOJIUTA TIOBHUW ITMKJI OYHWIIEHHS 3a0pyIHEHMX BOJ 31 3MEHIIEHHSM KUIBKOCTI 3aJisTHHX
TEXHOJIOTIYHHUX CTIOPY/I.

OYMIIEHHS BOJIU MIKPO®LJIbTPAIIMHUMU JEPEBHUMH MEMBPAHAMM
I3 BIOTECTYBAHHSAM SIKOCTI OAEP KAHOI'O ®LJIbTPATY
Menvnuk JI1.A., /Iynvunesa T.10., /lepemewixo JI.A., Hanieea A.B.
Inemumym konoionoi ximii ma ximii 6oou im. A.B. /[ymancoxoeo HAH Ykpainu,
Vkpaina, m. Kuis, e-mail: t_dulneva@ukr.net

3 MeTOr0 3aMiHU TPaAULIHHUX MOJIMEPHUX Ta KepaMiuHUX MeMOpaH, BUPOOHHUITBO SKUX €
JOCTaTHBO 3aTPaTHUM 1 MOXe OyTH IOB’S3aHE 3 JIOJATKOBUMH EKOJIOTIYHUMHU PHU3UKAMH, B
OCTaHHI POKHU 31HCHIOIOTHCA JOCIIIKEHHS 3 BU3HAUEHHS NIEPCIIEKTUB BUKOPUCTAHHS B IpOIlecax
OUYUCTKH Ta 3HE3apakeHHS BOAM MeMOpaH Ha OCHOBI NMPHPOIHOI BiJHOBIIOBAHOI CHPOBUHU —
nepesunn [1-3]. Bmepme B VYkpaini Taki MeMOpanu 3amporoHoBaHi B IKXXB im. A.B.
Hymancekoro HAH VYkpainu [4]. KpiM BHCOKOT €KOOTIYHOCTI AEPEBUHH, CYTTEBOIO ii IepeBaroro
€ TaKOX JIOCTYIHICTh, HU3bKa BapTICTh Ta MPOCTOTa 0OPOOKH. 3a HAsIBHUMHU OIL[IHKaMM, BapTiCTh
noOyTOBOro (UIBTPY OYUCTKM BOJM 13 JepeBUHU Moxe Oytu B 10 pa3iB HMXKYOIO BapTOCTI
CyYaCHUX KOMEpPIIIHHUX (UIBTPYIOUUX HPUCTPOiB. BCTaHOBIEHA MOMXIMBICTH BUKOPHUCTAHHS
MeMOpaH i3 IepeBUHU JIJIsl 3Ha3apaKCHHs BOJIM, & TAKOXK ii OUMIIEHHS Bijl 3aBUCIIHX YaCTOYOK Ta
OapBHUKIB. Pa3om i3 MM aKTyalbHUMH 3aJHMIIAIOTBCA JOCTIIKEHHS B3a€MO3B’SI3KY MIXK
CTPYKTYpOIO JEPEBUHU Ta €(PEKTUBHICTIO OYMCTKH, TMOIIYK HAWOLIBIN TMEPCHEKTHBHUX IS
BUKOPHUCTAHHSA B SIKOCTI MeMOpaH TOpij JAEpEeBUHU, M0 3a0e3MeUYyl0Th BUCOKY €()EeKTHBHICTbH
3aTPUMKH JOMIIIOK MPU BUCOKIM MUTOMIN MPOIYKTUBHOCTI MO (PUIbTpaTy, po3poOdKa METOIB
Mo r(iKyBaHHS MEMOpaH 3 METOI BJOCKOHAJICHHS 1X PO3MOAUIFYMX XapaKTePUCTUK. 3HAUHUN
MPAKTUYHUN IHTEPEC CTAHOBJIATD AOCIIKEHHS €(PEKTUBHOCTI OUUCTKU MPUPOJHUX MTOBEPXHEBUX
BOJI Ta KOH/UIIOHYBaHHS BOJIOIPOBIIHOT BOJIU 3 BUKOPHUCTAHHSAM JEPEBHUX MEMOpPaH, a TaKOK
BCTAHOBJICHHS PECYPCY €KCIUTyaTallii OCTaHHIX MpU 00poOIIl BKa3aHUX THUITIB BOJI.

Hamu pocnmimxeHo mporec ouuineHHs Boaw p. JHIMpo, a Takok KOHIUIIIOHYBaHHS
(moouniieHHs) BOMOMPOBIAHOT BoaM M. KueBa TpyO4YacTHMHU JepeBHUMH MeMOpaHamH,
BUTOTOBJICHUMH 3 TIOBITPSHO-CYXOi 3a00710HeBO1 AepeBuHU (Bosorictb 17-18 %). 3aranpHa Ta
poOoua J0BKHMHA MeMOpaH CTaHOBWJA, BIAMOBiAHO, 125 1 95 MM; 30BHINIHIN Ta BHYTpIlIHIN
niameTpu, BiAMOBiaHO, 11 1 5 MM. MakcumaneHuil po3Mip rmop MemMOpaH, BU3HAU€HUH METOA0M
Touku OynbOamiku, ckinagaB 11,7-13,4 mxm. s eKCHEpUMEHTY BHUKOPHCTOBYBAIM JOCITIIHY
MPOTOYHY MIKPO(DIIBTPALIIHHY YCTAaHOBKY.
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Pesynbratn MikpodinbTpamifHOTO OYHIICHHS BOAM p. JIHIIPO nepeBHOIO MeMOpaHOIO
HaBeJieHi y Tabu. 1.

Tabmuns 1. PedynpraTté ouunmneHHs Boau p. JHIIPO MiKpoQiIbTpalliiHO TPyOUaCTOO
MeMOpaHoIo 13 1epeBuHH ((PiTbTpyBaHHS 3cepeauHu MeMOpann) nipu Tucky 0,3 MIla

¢ rox [TuToMa MPOLyKTHBHICTh KanaMyTHi?f:Tb, hll/lr;hi;’?» $§3a;3
1, M3m2ron MI/oM A A
0 0,170 4,5 0,21 <0,1
0,25 0,117 15 - <0,1
0,50 0,088 1,3 - <0,1
1,00 0,070 11 0,21 <0,1
2,00 0,064 1,1 0,18 <0,1
4,00 0,044 1,0 0,13 <0,1
7,00 0,039 1,0 0.13 —
8,50 0,037 1,0 0,13 <0,1

Sx BuaHo 13 Tabn. 1, B mporueci QinbTpyBanHa Boau p. Himpo MikpodinsTpaiiiHO
MeMOpaHOI0 13 AePEeBUHU MTUTOMA MPOAYKTHUBHICTh OCTAaHHBOI Pi3Ko najaae (B 2,4 pa3u) NpoTsIromMm
nepuoi roAuHU 00POOKH, MOTIM 3MEHITY€ThHCS OUTbII MOBLILHO 1 HAOyBae MOPIBHSIHO CTA0LIBHOTO
3HaueHHs micias 4-X roAWH poOOTH, IO CBITYMUTH, PO (OpMyBaHHSA JTUHAMIYHOT MEMOpaHU Ha
MOBEPXHI JIEPEBUHHU.

[TapanenbHO 13 3HMXKEHHSM MUTOMOI MPOAYKTHMBHOCTI MEMOpaHU 3HAYHO MOKPAILY€EThCS
e(heKTUBHICTh OUMIIICHHS BOM B1Jl 3aBUCIIUX YACTHHOK, CIIONYK Mn Ta 3a0apBiIeHUX PEUOBHH, 1110
HIATBEPKYE CYTTEBY POJIb JOJATKOBOTO 3aTPUMYIOUOTO IIapy y BUIJISAAL TMHAMIYHOI MeMOpaHu
y 3a3Ha4eHOMY Ipolieci. B cranionapHomy pexxnMi (iabTpyBaHHS KalaMyTHICTb piibTpary B 4,5
pa3iB HWXK4YA, HIK JaHUM TOKa3HWK BHUXiMHOT Boau. Konmentparis cronyk Mn 3a nux ymoB
3HUKY€ETbes Ha 40%, KOTbOPOBICTh — Y 4 pa3u (Bia 24 1o 6 rpamycis).

Ax BugHO 13 TabM. 1, KOHIIEHTpAIlis CTIONYK Fe y mociimkenoMy 3pa3ky Boau p. JHinpo Oyna
nyxxe Husbkowo (<0,1 mr/am3). MoxHa NpunycTuTH, 110 OUIBII BHCOKAa KOHIIEHTpAlis IbOTO
KOMITOHEHTa y BOJ (110 MOE CIOCTEPIraTUCS MPOTITOM POKY) CHPUSITHME OUIBII TITHOOKOMY
BUJAJICHHIO CIIOJYK MaHTaHy B Ipolieci Mikpo(dibTpaliiiHoi 00poOku AepeBHOI0 MEMOPAHOIO.

Sk BUAHO 3 pHc. |, MHTOMa IPOAYKTUBHICTD IEpeBHOT MEMOpaHH B Ipolieci MiKpodiibTparii
BOJIONIPOBITHOT BO/IM TAKOX Pi3KO 3MEHIIYETHCS MPOTATOM IMEPIIOi TOAMHU 00pOOKHU, MOBIIBHO
3HWKYIOUYHUCH B MOJAIBLIOMY, 1110 CBITYUTH PO (GopMyBaHHS AUHAMIYHOT MEMOpaHH.
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J, M3/M? TOL

03 |
Puc. 1. 3miHa muTOMOi NMPOIYKTUBHOCTI
JepEeBHOT MeMOpaHu B mporieci
0.2 (biTbTpyBaHHS BOJOIPOBIAHOI BOIU MpH
I tiucky 0,3 MIlla (dineTpyBaHHS 330BHI
01 ¢ TpyOUyacToi MmeMOpaHu)
0 ! ! ! ! \ M

0 3 6 9 12 15 18 21
t, ron

SIx BUAHO 3 pHc. 2, B mpoueci MikpodinpTpamii mporaroM 21 roj BOJAONPOBITHOI BOIU
CHOCTepIirajgocss BUAAICHHS croiiyk Mn, KoHIeHTpalis skoro Bxe Ha 7 — 9 roa Bif MOYaTKy
eKCIIepHMEHTY 3HIKyBanacs 10 0,08 mr/mm>.

Mn, mr/am3
0,12

01 . Puc. 2. 3mina koHnentpauii Mn y BomonpoBinHii

, "—\_’_\———‘ BOJI B Tporieci ii (GuIbTpyBaHHS dYepe3 JepeBHY
008 | MemOpany mpu tHckKy 0,3 Mlla (dineTpyBaHHS
330BHI TpyO4YacToi MeMOpaHH)

0,06 r

0,04 r

0,02

4 6 8 10
t, rog
Ipu xoHNEHTparii Fes,r. y BUXiHii Bogonposiawiii Boai Ha pisHi 0,2 mr/mam® fioro BMicT B
¢inbTpati ctanoBus < 0,1 Mr/mM3, 110 € HIKYHM I'’IK 115010 KOMIOHEHTY B MUTHIN BOJ1.SKiCTh
BOJAM, OYMIIEHOI JEpEeBHOIO MEMOpaHOIO, KOHTPOJIOBAIM METOJOM OI10TEeCTYBaHHS 3

BUKOPUCTAHHSAM PI3HHUX TECT-OpraHi3MiB. Pe3ynpTatu 6i0TecTyBaHHS BUXIJHOI BOJONPOBITHOI
BOJIM Ta OJiep>KaHoro PuIbTpaTy HaBeeH1 y TabI. 2.
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Tabmuus 2. PesynbTaTn 6ioTecTyBaHHS BoIONpoBiaHOI Boau M. Kuesa (3pazok Ne 1) ta
¢inpTpary (3pazox Ne 2), oTpuMaHOro B MpoIeci MiKpo(iIbTpallii BOJONPOBITHOI BOAU Yepe3
JIEpEeBHY MeMOpaHy

HalimenyBanHs Pesynbratu BumiptoBanb | Hopmarus
IOKa3HUKIB Nel Neo2 151 IIUTHO1
BOJIU
['octpa Ta XpoHiyHa TOKCHYHICTH Ha puobi aHio 0 0 0
pepio, %
XpoHiuyHa TOKCUYHICTh Ha JadHiAX, % 40 10 10

['eHOTOKCHYHICTh Ha KJIITHHAX KpoBi pubu /lanio

1 (V)
pepio, %o 1.32 0,33 0,33

Inpmexc 3aranbHOl TOKCUYHOCTI Ha rigpax, % 15 0 <5
2

3a pesynbTaTaMy JOCHIKEHHsI 3pa3KiB BOJM METOJOM O10TECTYBaHHS MOXHa 3pOOUTH
HACTYIIHI BUCHOBKU:

— Ha piBHI opraHizMy pul y 3pa3kax BOJU HE BUSBIECHO XPOHIYHOI Ta TOCTPOI TOKCHYHOCTI,
110 BianoBigae HopmaTuBHUM 3HaueHHsIM JICTY 4075-2001,

— Ha piBHI opraHi3my nadHiid y 3pa3ky Boau No 2 He BUSABIEHO XPOHIYHOI Ta roOCTpOi
TOKCHYHOCTI, IO BixnoBizae HopMatuBHUM 3HadeHHAM 1SO 12890:1999, JICTY 4174: 2003. Y
3pa3ky Boau No | BHSBIEHO XpOHIUHY TOKCHYHICTH (cMepTHicTh 40 %), 1m0 HE BiaNOBiTae
HopMaTuBHUM 3HadeHHsM 1SO 12890:1999, JICTY 4174: 2003;

— Ha KJIITUHAX KpoBi pub y 3pasky Boau Ne 1 BignosinHo no JCTY 7387:2013 BusiBneHo
reHoTOKCHYHHHN edekT (1,32%o), 1110 He BIAMOBIA€ HOPMATUBHUM 3HAYCHHSIM JIJIsi TUTHOT BOJIU
(ACTYVY 7525:2014). YV 3pa3ky Boau Ne 2 TeHOTOKCUYHOTO €()EeKTy HE BUSIBJICHO;

— Ha pIBHI OpraHi3My riip y 3pa3ky BoAu Ne 1 BHUSBIEHO XpOHIYHY TOKCHYHICTb, IO HE
BIJIIIOB11a€ HOPMATUBHUM 3HAUYEHHSM . Y 3pa3Ky Boju Ne 2 XpOHIYHOI Ta rOCTPOi TOKCUYHOCTI HE
BUSIBIICHO.

TakuM YMHOM, HAMH TTOKa3aHa MOXJIMBICTh €PEKTUBHOI OYMCTKH PIYKOBOI BOJH, & TAKOX
JIOOYMCTKH BOJOIPOBIIHOI BOAM (IIBTPYBAaHHSAM uepe3 JepeBHY MeMOpaHy, 0 O0yMOBJIEHO
CTEpUYHUM MEXaHI3MOM 3aTPUMKH JOMIIIOK MEMOpaHOI 3 OJHOYacHUM (POpPMYBaHHAM Ha
MOBEPXHI OCTaHHBOI JOJATKOBOTO 3aTPUMYBAJIBHOTO APy Y BUIJISAL AWUHAMIYHOI MeMOpaHH 13
T1APOKCOCTIONYK 3alli3a Ta MAIOPO3YMHHHUX CIIONYK MaHTaHy.

3a pe3ynbTaToM KOMILIEKCHOTO O10TeCTyBaHHS BOJOMPOBIAHA BOJA, 110 MPOHIILIa 00pOOKY
METOI0M MiKpo(]iIbTpallii yepe3 AepeBHy MeMOpaHy, BIIHOCUTHCS 10 KaTeropii «be3meyHa» Ta
BianoBigae HopmatuBHUM BuMoram JICTY 7525:2014. B To if ke yac, BOJOMPOBiIHA BOAA, 1110 HE
MPOXO/IUIIA BiJIMOBIAHOT 0OPOOKH, 32 ITUM MOKa3HUKOM BITHOCUTHCS JI0 KaTeropii «HeOe3meuHay.
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BUJIAJIEHHSI ®PAPMALIEBTUYHHUX ITPEMAPATIB PI3HOI XIMIYHOI
MPUPOJIU B NPOIIECAX HAHO®LIBTPAIIII TA 3BOPOTHOI'O OCMOCY
Menvnux JI.0., Xmenvnuuvka O.B., Cemincoxa 0.0., banaxina M.M.
Inemumym konoionoi ximii ma ximii 6oou im. A.B. [{ymancoxoeo HAH Ykpainu,
Vkpaina, m. Kuis, e-mail: lumel2903@gmail.com

[TpoGiema BumaneHHs (apMaleBTHYHUX MpENapariB i3 BOIHHUX CEPEIOBHIN HaOyia OCOOJIUBOI
TOCTPOTH B OCTaHHI JIECSATUIITTS, MICJIS TOTO SIK B pe3yJIbTaTi IPOBEJEHUX I €0I0r4HOI0 CITyK0010
CILIA nocnmikeHb y NPUPOJHUX BOAax OyJio BHUSBIEHO HMIMPOKHMHA CHEKTp LUX 3a0pyAHIOBayiB
pa3oM 13 IHIIMMHU CUHTETUYHUMU OPraHIYHUMU CIIOJyKaMu (TIeCTULIMIaMH, 3ac00aMu 0coOMCTOL
Tirl€EHU Ta 1H.) y Jiana3oHl KOHIeHTpaliil Biax Hr/mM3 no Mkr/am3 [1, 2]. Uepe3 HempocTaTHIO
e(eKTUBHICTh TPAJUIIIHMUX TMpOILECiB, 110 BHUKOPUCTOBYIOTBCS B Tally3l MHUTHOTO
BOJIONIOCTaYaHHsI, (papMaleBTUUHI ITpenapaTH A€TEKTYIOThCS TAKOXK 1 B 3pa3kax MUTHOI BoaH [3].

BpaxoByroun cepiio3Hy HeOe3IEeKy XpOHIUHOTO BIUIMBY (hapMalieBTUUHO-aKTUBHUX CIIOIYK
(®AC) Ha 310pOB’s IOIMHU, €BponeiicbKka KOMICis BKJIIOUMIIA HECTEPOITHUI MPOTU3ANaIbHUN
npenapat (HII3II) nuknodenax no 1-ro KontponsHoro cnucky Bonnoi PamkoBoi Jlupextusu 3
METO0 OTPUMaHHS BUCOKOSIKICHUX JAHUX MOHITOPHUHTY 1100 MOTEHIIMHUX 3a0py/IHIOBAaYiB BOJIU
[4]. Ak 3a3HavaeThes y [S], nukiiodeHak (a Takoxk cynb(pamMeToKca30i1) HalvyacTile BUSBISIOTh Y
HEOOpOOJIEHUX CTIYHMX BOJIaX, @ TaKOX BTOPMHHO-OYHIIEHUX CTIYHMX BOJIaX y BCbOMY CBITI.
CxpuHIHT 3a0pyJHIOIOYMX PEYOBHWH, IO MPOBOAMBCS Brepiie B OaceitHi JlHimpa B pamkax
npoekty €C "Bojna ininiatusa €sporneiicbkoro Coro3y mitoc 1yt kpain CxigHoro [TapTHepcTBa
(EUWI+)", BusiBuB y BoAIl Ha okpemux auissHkax Jninpa qo 1000 Hr/am3 nukinodeHaky.

Ockinbku OaceiH p. [IHINPO € OCHOBHUM JDKEpENOM MUTHOI BOAU B YKpaiHi, BUPILICHHS
npo6aemu HassBHOCTI DAC y BOJII € aKTyalIbHUM 1 IPIOPUTETHUM 3aB/IaHHAM Ha Cy4aCHOMY €Talll.
OueBUIHO, IO BAXIIMBUMHU HANpPSAMKaMU JUIS JOCSITHEHHS Ili€e] MeTH € po3poOka epeKTHBHUX
QIbTEPHATUBHUX TEXHOJOTTUYHUX CXEM MiArOTOBKU MUTHOT BOJIU, a TAKOK CTBOPEHHS 3aMKHYTHX
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IIUKJTIB BUKOPUCTAHHS BOJH 3 METOI YHHUKHEHHS TMOTPAIUISTHHS (papMaleBTUYHUX MPETapariB y
MOBEPXHEBI BOJIU 31 CTIYHUMH BOJAMHU.

Oco061MBO TEPCIEKTUBHUMHU TEXHOJIOTISIMH, 110 3a0€3MeUyI0Th PO3BUTOK BKa3aHUX JIBOX
HaANPSIMKiB, € MEMOpaHH1 TEXHOJIOTii BUCOKOTO TUCKY (HaHO(DIIBTpallis Ta 3BOPOTHUN OcMOC) [2,
3, 5, 6], ebexruBHicTh skux B TutaHi 3atpuMku DAC Bu3HAuYaeThCs (Hi3UKO-XIMIYHUMU
BJIACTUBOCTSAMU MeMOpaH, XiMIYHOIO TMPHPOJIOI TOKCHUKAHTIB Ta BIUIMBOM (Pi3UKO-XIMIUHUX
dakTopiB cepenoBUIIIA.

Merta nanoi po6oTH mosjsraia B MOPiBHSUIbHIN OLHI €(EeKTUBHOCTI HAHO(DIBTPALIIHOTO
Ta 3BOPOTHOOCMOTHYHOTO BUAAJICHHA TUKIO(PEHAKY, apaleTaMoily, CTPENTOLUIY, CAIIIUIOBO]
KHACJIOTH Tpu 00poOmi iX IHAMBIIyadbHUX PO3YMHIB 3 BUKOPUCTAHHSAM HaHODIIBTpaiiiHOi
memOpanu OIIMH-II Ta 3BopoTHOOCMOTHYHOT MeMOpanu ESPA-1 noniamignoro tumy. OCHOBHI
XIMIYHI XapaKTEPUCTUKU 3a3HAYCHUX (papMarleBTUIHUX MperapaTiB HaBeIeHo y Tao. 1.

JlocmikeHHs 31IHCHIOBAIM 3 BUKOPUCTAHHSAM HEMPOTOYHOI («TYMHUKOBOI») MITIHAPUIHOL
koMipku eMHICcTIO 440 cM3. KoHnenTparis ¢papMareBTHYHUX MpenapariB y MOACIbHUX PO3UMHAX
cxmanana 1, 5 ta 10 mr/mm3, kourentpartist porosoro enekrpoiity (NaHCO3) — 3,5 mmoins/am3
(moznens Bonu p. duinpo). Iponec 3nificatoBatu npu tTucky 1 MIla (HanodinsTpanis) ta 2,5 Mlla
(3BopotHHMit ocmoc). Ctyminb Binbopy nepmeary (CBII) nocsras 75%.

BwMicT apmanieBTHYHHX MpenapariB y NOYaTKOBUX PO3YMHAX, IEpMeaTax Ta KOHIIEHTpaTax
BU3HAYaIM CIEKTPO(YOTOMETPUYHO 32 MAaKCHMyMOM ToryiMHaHHsS B Y® oOrnacti croekrpa.
CrekTpy TOTJIMHAHHS PEECTPYyBaIM 3a JOMOMOrow cmekrpodoromerpa Schimadzu 2450.
JIoBXXMHA XBUJI1, TIPH SKii 31HCHIOBAIM PO3PaxXyHKH JIJIsl KOXKHOTO pearcHTa, HaBeJieHa y TaOJuIli
1. B okpemux pgociigax BMICT (apMalleBTUYHHUX IMPENapariB BU3HAYAIM IIJISIXOM BU3HAYCHHS
3arasibHOr0 opraniyHoro Byriemo (30B) na anamizaropi Schimadzu TOC-VCSN. Bwicr
(OHOBOTO €JIEKTPOJITY y MOYaTKOBUX PO3YHMHAX, IMEPMeaTax Ta KOHIICHTPATaX KOHTPOIIOBAIN
noptatuBHUM KoHIyKToMeTpoM HI98304 DIST-4. Koediuient 3arpumku (R, %) BianoBigHOTO
KOMITOHEHTY MEMOPAHOI0 PO3pPaxoBYyBaJIK 3a (POPMYIIOIO:

C
R=[1-—21100%
Co
ne: Co — KOHLEHTpalis KOMIOHEHTY B BHXIAHOMY po3uuHi; Cp — KOHLIEHTpauis
KOMIIOHEHTY B IIepMearTi.
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Tabnuus 1. OcHOBHI XapaKTEPUCTHKH AOCIiIKEHUX (papMalleBTHYHHX MIPenapaTiB

Hazga CrpykTypHa Gopmyna Monexkynapua | Monekynsap | pKa A,
dbopmyiia Ha Maca, .
I/MOJIb
Juknodenak NaO C14H11CIoNO> 296,15 4,15 275
HaTpito 0
Cl H
N
Cl
ITapaneramon H CsHgNO> 151,17 9,7 244
N\[rCHg
JOR.
HO
Cynbdaninamis @) CsHsN202S 172,20 10,5 258
(CrpenTommn) 1O
HoN x
NH»>
Camnuiosa OH C7Hs03 138,12 2,97; 296
KHCJIOTa
OH 13,8

SAx BumHO 13 Tabmuui 2, 3aTpUMKa JOCHKEHUX (apMaleBTUYHUX IpernapaTiB
HaHo¢IbTpaniinoo Memopanoro OIIMH-II cyTTeBo Binpi3HseThes, cknangaoun npu CBIT 25%
JUTsE TUKIIo(eHaKy Ta CallillMIOBOI KHUCIOTH, BIIMOBIAHO, 89,8 Ta 92,9%, a Ans mapareraMmoiny Ta
cTpenronuay, BiamosigHo, 7,6 Ta 10,1%. Husbka edexkTHBHICTh BHIAIEHHS OBOX OCTAHHIX
npenapatiB  HaHO(UIbTPAILIfHOIO MeMOpaHOIO0 TMOSICHIOEThCS, OYEBHIHO, THUM, IO BOHHU
3HAXOJAThCA Y PO3UUHI Y MOJIEKYJIIPHOMY CTaHi (HE MalOTh 3apsy).
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Tabmums 2. KoedimienT 3aTpuMku ¢GapmareBTHYHUX TpenapariB HaHOMUIBTPAIIHHOIO
memOpanoro OIIMH-IT Ta 3BopoTHOOCMOTHYHOIO MemOpanoro ESPA-1 B 3amexxHOCTI BiX
CTyHeHIO Bif0opy nepmeary (TmodaTKoBa KOHIIEHTpauis (apmmpenapary y MOAETBbHIN Bomi
cknanana 5 mr/mv, pH — 8,0-8,7).

CBI]I, R, %
% .
Juxnodenax [Tapaneramon Crpenrouua Caninunosa
KHCJIOTa
H® 380 H® 380 H® 380 H® 380
25 89,8 100 7,6 83,9 10,1 86,9 92,9 100
50 82,8 100 0,7 77,1 2,0 82,2 83,2 100
75 70,7 100 0,7 65,1 0 70,7 80,5 100

EdextuBHiCTs  BHmaJeHHA  BCIX  JIOCHiPKEHWX  (apMaleBTUYHHX  TIpenapaTiB
3BOPOTHOOCMOTHYHOIO MeMOpaHoto ESPA-1, gk i ouikyBanocs, € CyTTEBO BHIIOIO, Y TIOPiBHSHHI
3 Ha”Ho(impTpamiftHuM mporecoM (tabm. 2). I[lpu 1mpoMy, BumaneHHsS AUKIOPEHAKY Ta
caninunoBoi kucaotH gocsirae 100%, He 3MEHIIYI0YUCh HAaBITh TP 3pOCTAHHI CTYIIEHIO BinOOpy
nepmeary 1m0 75%. lle m03BoJIsiE CKOHIIGHTPYBATH BKa3aHI Mpemapatd y PeTeHTaTi, Mpo II0
CBi4aTh HaBeneHI Ha puc.l] Y®-crnekTpu MOTIWHAHHS JOCHIHKCHUX PO3YHUHIB, SIKI MICTAThH
CANIIUIIOBY KUCIOTY.

Crymine BUIaneHHS (OHOBOTO €JIEKTPONITy B Mpolecax HaHO(iIbTpalii Ta 3BOPOTHOTO
OCMOCY JIOCsTaB, BiAMOBIAHO, 45-75% 1a 97% npu CBII 25-75% , 3MEHIIYIOUUCH CYTTEBO B
HaHO(DUTBTpaLifHOMY TIPOIIECi 31 3pOCTaHHSIM OCTAHHBOTO MTOKA3HUKA, 1[0 00YMOBIIEHO BILTHBOM
KOHIIEHTPAIIIHOT OIApH3aIlii.

......... CBH 50%
— .. CBII 75% PI/IC: 1. Y®-cnektpu HOF:]II/IHaHHS'{.
BUXITHOTO  PO3YMHY  CATIIHIOBOI
Bux. kucinotd  (Ceux = 5 MF/I[Ms),
= — ~Kon. OJIepIKAHUX ¢inpTpartis Ta
SN KOoHIIeHTpaTy (MemOpana ESPA-1,
R4 \ P=2,5 MIla)
- T~ o
300 350 HM

OpneprxaHi pe3ynbTaTd MOXYTh CIYTyBaTH OCHOBOIO Uil pPO3POOKH TiOpHIHUX MPOIECiB
OUMIICHHS BOJ, IO MICTATh (hapMalleBTHUYHI CIOIYKH (30Kpema, MO€JHAHHIM MeMOpaHHOI Ta
doTokaramiTHUHOT 0OPOOKH), 3 METOI0 YHUKHEHHSI HETaTHBHOTO BIUIMBY BKa3aHHMX TOKCHUKAHTIB
HAa 37I0pOB’S HACEJIICHHS Ta JOBKIJLIS.
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OBI'PYHTYBAHHSA BE3IIEYHOCTI
XJIOPUTIB TA XUIOPATIB K HOXIJTHUX JIOKCHUAY XJIOPY
P OYUIIEHHI TA 3HE3APAKEHHI IUTHOI BOAX
Mokienko A.B., *bonoapuyk O.10., 'Cnacvonosa JI.M.,
Hayionanvnuii ynisepcumem «Ocmpo3vka axaoemisiy
'Hayionanvnuii mexuivnuii ynisepcumem Yxpainu
«Kuiscokuti nonimexniunuii incmumym imeni l2ops Cikopcbko2oy»

Y moTo4yHOMY POIIi B HAYKOBIM MEpioaulll YKpaiHU ToYaau 3’ IBISITUCS MyOJTiKaIlii, B IKUX
CTBEPKYEThCA HEOE3IMEUYHICTh XJOPUTIB Ta XJIOPATIB SAK MOXIAHMX MIOKCHAY XJIOpY IpH
OUMILEHH] Ta 3HEe3apa)K€HHI MUTHOI BOJW. ABTOp NPHUCBSTUB JIEBOBY YAaCTKy CBOIO HAyKOBOI'O
KHUTTA OOIPYHTYBAaHHIO JlaMeTpalbHO MPOTUJIEKHOIO, a CaMe€ HEKOPEKTHOCTI HayKOBHX,
METOJOJIOTIYHUX, (i310J0TIYHNX, OI0XIMIYHUX, MEIUKO-0i0JOTIYHUX TOIIO MIAXOMIB JIO
BUpIIIEHHS Iboro muTaHHs. Lle noBepeHO y OararouuciaeHHHMX TMOMEpeaHiX MyOIiKamisx,
IPUCBAYCHUX PI3HUM acleKTaM A10KCUIY XJIOpY sIK OKUCHIOBaYa Ta Je3iHpeKTaHTy. [ 0J0BHUMU
€ moHorpadii 2005, 2012 Ta 2020 pokis. HeBimomo, konu y miil mpoGiemi Oyze MmocTaBieHO
kpanky. [IpuHaiiMHiI HECKOPO, SKIIO 3Ba)KaTH HA Ti KOJOCAIbHI BUKIMKH, IEpe IKUMH TOCTalla
rairy3b BOJIOTIOCTaYaHHs BHACIIIOK BiifHH. PaMKku Te3 mepe0adaioTh KOHCTIEKTUBHO-TIOKPOKOBHIA
BUKJIAJ] MaTepiaiy.

Sk BiZOMO, IpY OYMIIEHHI BOAM MIOKCHUIOM XJIOPY YTBOPIOIOTHCS TMOOIYHI MPOIYKTH —
XJIOPUTH Ta XJIopaTh. 3rigHo JlepkaBHUX CaHITapHUX HOPM Ta mpaBui «[irieHiyHi BUMOTH 10
BOJM TUTHOI, TpHU3HAYeHOI JuUIsi criokuBaHHs moauHOoo» ([ACanlliH 2.2.4-171-10) (Haka3
MinicrepcTBa oxopoHu 310poB'ss Ykpainu Big 12 tpaBas 2010 poky N 400. 3apeectpoBano B
Minicrepcti toctunii Ykpaian 1 mumas 2010 p. 3a N 452/17747) 2.2.4-171-10) xmoputu
HOPMYIOThCS Ha piBHi 0,2 MI/mM°, XJI0paTi He BU3HAYAIOTHCA Ta HE HOPMYIOThCS. Mi>KHAPOIHO
BU3HAHUMH HOPMATHBHUMH JIOKYMEHTaMHM 10710 sikocTi muTHOi Boxu (Guidelines for drinking-
water quality: fourth edition incorporating the first addendum. Geneva: World Health
Organization; 2017; Directive (EU) 2020/2184 of the EUROPEAN PARLIAMENT and of the
COUNCILon the quality of water intended for human consumption. 16 December 2020) xigoputh
Ta XJIOPaTH HOPMYIOTCS Ha OfHAKOBOMY piBHi 0,7 mr/am®. Lleit HOpMaTUB BifoGPakeHO Y HOBOMY
JIOKYMEHTI, SKMH y CTUCII TepMiHU OYyJI0 po3po0sIeHO Ta 3aTBEPKEHO Micis movyaTky BilHU. Lle
JlepxaBHi caHiTapHi HOpMH 1 npaBuiia «[loka3HUKM O€3MEYHOCTI Ta OKpPEeMi MOKa3HUKH SIKOCTI
IUTHOT BOJY B YMOBaxX BOEHHOT'O CTaHy Ta Ha3BUYalHUX CUTYyalisX iHIIOro xapakrepy» (Haka3
MinictepcTBa OXOpoHU 3710poB’s Ykpainum 22 kBitHA 2022 poky Ne 683. 3apeectpoBaHO B
Minictepctsi roctuuii Ykpainu 25 tpaBas 2022 p. 3a Ne 564/37900). IlinctaBoro aist uporo 6yio
pimeHHst Kowicii 3 ririeHiY4HOro HOpMyBaHHS XIMIYHHUX PEYOBMH Y BOJI BOAOHMMIL (IIPOTOKOJI
Nel Bix 02 mrotoro 2021 poky).

VYV 3ragaHux myOJiKalisiX CTOCOBHO HEOE3MEYHOCTI XJIOPUTIB aBTOPH O€3MiJCTaBHO
CTBEpKYIOTh HacTymHe: «Hammmu gocmimkenHsmu Ha JJHinpoBchbkoMy BosonpoBoai M. Kuesa
MOKa3aHo, 1110 B pe3yJIbTaTi 00pOOKH MPUPOIHOT BOIH TIOKCHIOM XJIOPY, B TUTHY BOLy HAJIXOIATh
HeOe3MeuHi XJIOPHTH, SIKi MPOHOPMOBAHI B HaIIIii KpaiHi sk TokcuuHi pedosuau 3 ['JIK 0,2 mr/mve.
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B ocTtanH1 poku A1 KOHTPOJIIO XJIOPHUTIB B MUTHIK Boai BOO3 nponoHyeThest 3aCTOCOBYBATH B
3,5 pasu MeHII )KopcTKuit HopMaTtus — 0,7 Mr/am>». KoMeHTap 10 bOro XUOHOTO TBEPIKEHHS
3HAXOJUTHCSA Y MoTNepeIHhoMY ad3arii. He3po3yminicT HeOe3MeuHOCTI 3pOCTAE MiCIIsi HACTYITHOTO
BUCHOBKY aBTOpIB: «BXKHBAHHS MPOTATOM XUTTS MUTHOI BOJM 13 BMICTOM XJIOPHUTIB Ha piBHI 0,2
mr/am® Ta HaBiTh 0,7 Mr/aM® He CTBOPIOE 3arpo3u I 3[40POB’S JIIOJMHHU, OCKUIBKH PU3HK
3HaxXomuThCsa B Mexkax 1,0 mr/mm®, mo e gomyctumuM (IpHHHATHHM) PH3HKOM 3a CTyIEHEM
HeOesnekny. Lle un HaBps MOKHA HA3BATH 3aCIyTrOI0 aBTOPIB, OCKIJIBKU JaHW HOPMATHB BKE
NPEICTaBICHO y BHUIIE3a3HAUYCHUX MDKHAPOJHUX HOPMAaTHBHHX JokyMeHTax (y KepiBHuUTBI
BOO3 ue ocranni Tpu penaxuii 2004, 2011 ta 2017 pp.).

[Tepm 3a Bce ciij 3a3HAYUTH, IO y HAyKOBIM JIiTepaTypi B3arajii icCHyBaja i, Ha Kalb,
MPOJIOBXKY€E ICHYBaTH HEOOIPYHTOBAaHA arpasailisi TOKCHKOJOTIYHOI 3HAYYIIOCTI XJIOPUT- Ta
XJIOpaT-aHIOHIB K MOOIYHUX MPOAYKTIB 3HE3aPAKCHHS BOJIH JIIOKCHIOM XJIOPY.

Hacamnepen cinifg akieHTyBaTH yBary Ha HAacTymHOMY. 3TiIHO 3 JAaHUMHU JITepaTypH,
npoOjeMa XJIOPHUTIB Ta XJIOpaTiB K 3a0pyJIHIOBAYiB MUTHOI BOJM € 3araJbHOIO I BCIX
OKHCHIOBaYiB. SIK MpuUKIaa MOKHA HABECTU pe3yibTaTd 1AeHTU(IKAIl XJIOpaTy B XJIOpOBaHiil
BOJI micis ii 0OpoOKH 030HOM, a TAaKOX BiJOMOCTI MPO BENUKI KUIBKOCTI XJIOpaTry B FOTOBOMY
(MakcumanbHO 260 000 mr/nv®) Ta eTeKTpONTITHYIHO OTPEMaHOMY Ha Miclli crioskuBasHs (1700 mr/
am®) rimoxmoputi Hatpiro. 3rigHo 3 nanumMu BOO3, X10par € 3BMYaifHUM TO6IYHAM TIPOTYKTOM
ne3indexii mpu o0poOiIi BoaAM OKUCHIOBaYaMH (TIMOXJIOPUT HATPIIO, XJIOPaMiHH, JIOKCH]I XJIOPY,
030H).

OOroBopIOIOYY TOKCUKOJIOTTUHY 3HAYUMICTh T10KCUAY XJIOPY Ta Il MOXIJHUX, CIiJ 3rafaTu
XpecToMariiiHy BiT4M3HAHY poboty 3. A. @pimianaa 1 P. 3. Karana (1971), axy moxxHa Oyno
BBKATH 3acTapiior0 i HE Baproi CyrreBoi yBaru. SkOum He omnme ane. Lli aBTropu B
eKCIIepUMEHTAIBHUX YMOBAX Ha JJAOOPAaTOPHUX Iypax BCTaHOBHIIM, IO B CEPEIHHOMY B POTOBIi
MIOPOXKHHHI TBAPHH 3B's13y€Thes He Oisbine 30% moyaTkoBoi KOHIIEHTpALii JIOKCHUY XJIOPY Y BOJI,
a y HUTyHKy (0e3 ypaxyBaHHS TIMOTETHYHOTO BMICTY, OCKIJTBKH €KCIIEPUMEHTH TTPOBOIUIHCS 31
[UTYHKOBUM COKOM) IMPaKTUYHO 32 Mepuli 5 XBUIUH 3B'a3yBaiiocst 10 93% BBeneHo1 103U, a MICs
30 XBHJIMH HpH BCiX BUMPOOYBaHUX KoHIeHTpaisx (10 Ta 100 mr/am®) samummanucs iy miei
CIIOJTYKH, 1110 3HaXOAAThCS Ha MEX1 aHATITUYHOTO HYJISL.

[Tapagokc y TomMy, 10 BCI YMCIEHHI AOCTIHKEHHS, K1 JTOKJIATHO MTPOAHATII30BAaHO y KHH31
no naiokcuay xjaopy 2012 poky, el aOCOMIOTHO MPOCTHM Ta OYEBUAHUN (PAKT HE BpPaxoBaHO.
3BIJICH HAIPOIIYETHCS LUJIKOM OYEBUIHUNA BUCHOBOK, IO OLIBII MOTJIMOJICH] TOKCHUKOJIOTIYHI
JOCIIJKEHHS CJiJl MPOBOJUTH MICIs TOTO, KOJM CTaHE 3pO3yMIJO, MO-TMepiie, sKi MPOayKTH
OKHCJICHHSI BUHUKJIM B pe3yJbTaTi peakliil JIOKCHIy XJIOpY B MEpIli XBUJIMHHU NEPOPATHLHOIO
HA/IXO/DKEHHS B OpPTaHi3M, TOOTO B IIUTYHKY, IKMH y JJaOOpPaTOPHUX IIypiB, IK HAUIOIIMPEHIIINX
TECTOBUX TOKCHKOJIOTIUHUX MOJENEH, 3aBXAM MICTUTh 3aJMIIKU iXi; MO-Apyre, 3'sCyBaHHSI
MUTAHHS, 110 BIaCHE BUSBUJIOCS Y KPOBI Ta OpraHi — MillIeH] Hiciis nepeOyBaHHs JIOKCUY XJIOPY
y TPaBHOMY TPaKTi BiJl pOTOBOI NOPOKHUHU J10 KMILIEYHUKA.

3a quBHMM 36iroM 06CTaBHH y Iiii po6oTi BuGpaHi koHueHTpamisx (10 Ta 100 mr/amd)
MOBHICTIO CIIBMNAJald 3 1JIEHTUYHUMH J03aMH TIOKCHIY XJIOpY, SKi 3acTOCOBYBAJIU Yy
3aKOPJIOHHUX TOKCHKOJIOTTYHUX EKCHEepUMEHTaNbHUuX poboTtax. [Ipuuomy, 3a HE3po3ymiIux
IOPUYHH LI 03U HE MalOTh a0COIIOTHO JKOIHOTO BiTHOLIEHHS 0 pPealbHUX YMOB 3HE3apakeHHS
Oyab-1KOi BOAM (BKIIIOYAlOUH CTiuHY). TOOTO, TOKCHKOJIOTIYHA 3HAYMMICTh XJIOPUTY Ta XJIOpaTy
BIJICYTHS, a BCl BUSIBJICHI TOKCUYH1 €(PeKTH HE OUIbII HI)K CyMHIBHI.
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Crin 3a3Ha4uTH, II0 B OCHOBY PAJSHCHKUX Ta YKPaiHCbKUX HOPMATUBIB MOKJIAJAEHO POOOTY
(1980 p.) 3 0OrpyHTYBaHHS T'PAaHUYHO JOITYCTUMOI KOHIIEHTPAIIii XJIOPUTY HATPilO Yy BOAI BOJOWM.
Bun#KaroTh OYeBHIHI Ta 3aKOHOMIPHI MUTAHHS: SKE BIAHOIICHHS e PUOOTOCIONApCHKUIN
HOpPMAaTUB Ma€ JJ0 HOPMYBaHHS ITUTHOI BOJIH, IO CIIOKUBAETHCS JIIOAMHOIO; IKUN 3B'I30K XJIIOPUTY
HATPIIO SIK COJIi 3 XJIOPUTOM SIK aHIOHOM; JIe BpaxyBaHHs Oy(QepHHX CHCTEeM aHTHOKCHIaHTHOTO
3aXHUCTy TEIUIOKPOBHUX 1 JIFOJUHH, OCKUTBKHU 1Ie HOPMATUB IS T1APOOIOHTIB.

SIKII0 IOBEPHYTHCS 10 HOPMYBaHHS XJIOPUTIB Ta xsopartiB, To B JICaunlliH «I[lokaznuku
0e3MeyHOoCTI Ta OKpeMi MOKa3HUKH SKOCTI MUTHOI BOJM B yMOBaX BOEHHOTO CTaHy Ta
HA/I3BHYAIHUX CHUTYAIlisIX IHIIOTO XapakTepy» 3po0iieHo 3actepexeHHs €Bpoaupextusu 2020,
3TiHO 3 KOO TapameTpuyuHe 3HadeHHs 0,70 Mr/maM® 3aCTOCOBYEThCS B THX BHIAIKAX, KOJIH IS
3HE3apakeHHS BOJM, NPU3HAYEHOI /JS CIOXHMBAHHS JIFOJAMHOIO, BHKOPHCTOBYETHCS METOJ
3HE3apPAKEHHsI, Y SIKOMY YTBOPIOETBCSI XJIOPHUT (XJIOpaT), 30KpemMa AloKcua xjiopy. Tam, e ue
MOXJIUBO, 0€3 MIKOAM JUIsl Ne31H(EeKIll, AepKaBU-WICHH MMOBHHHI MPAarHyTH OUIBIN HU3BKHX
piBHiB. Lleit mapameTp BUMIPIOETHCS JIMIIIE TOI1, KOJIM BUKOPUCTOBYETHCS Ae31H(EKITisT BOIH.

Il# mpumiTKa TakoXX 3'BUIAacs HEBUIAJKOBO, OCKUJIbKM HE3aJ0BrO [0 NPUHHATTA
€ppoaupextuu 2020 Kowmicig €C yxBanuia napagokcaibHe pillieHHS PO HOPMYBAHHS XJIOPHUTY
Ta XJIOpaTy B THUTHiil Boai Ha piBHi 0,25 Mr/aM° npu pexomenzoBaHoMy e 3 2004 poky piBHi
BOO3 0,7 mr/nm°.

Peaxkuist Oyna HeraifHOIO.

European Federation of National Associations of Water Services (EurEau) 3Bepraerscs 10
uneHiB €BponapIaMeHTy 3 IPOXaHHAM MiATBepAUTH 3Ha4eHHs BOO3 0,7 mr/am® ams xaopary Ta
xyoputy. Jlep>kaBU-4ieHHU, HE CTaBJISIUM MiJ] 3arpo3y Ae3iH(eKIlit0, TOBUHHI OOPOTHCS 32 HIKHE
3HaueHHs i1 TI'M Ta Opomary. Y Oaratbox JepikaBax-wieHaX OIEepaTOpyd BOJM HE B 3MO31
BukoHaTH HopmatuBu 0,25 wmr/mv®, s3ampomonoBani Kowiciero, He 3MiHIOIOUM TIOBHICTIO
ounineHHs Boau. B Icmanii, Hanmpukiazx, BOAHI pecypcd (IIEPEeBaXHO TOBEPXHEBI BOIM)
BHUMararoTb 00poOKu J1oKcuaoM xJopy. KpiM Toro, y 6aratbox BuUnaakax Ae3iH(EKIis XJI0poM
CYNPOBOJIKYETHCSI O30HYBaHHAM (4epe3 Tl K MpoOIeMH SKOCTI BUX1IHOT BoJu). O30H OKHCIIOE
Bech XJIOPMT y XJIOpaT, TOMy s XjopaTy HopMaTus 0,25 Mr/mm® Takox HepeadbHHH. SIKIIO
uneHn €BpOMApIAMEHTy IiATBEPIKYIOTh HopMatuB 0,25 Mr/mm°, ciyOM BOJOIOCTAYAHHS
MaloTh 3MIHUTH OOpOOKY BOAM: 1€ MpHU3BEJIE A0 BEIUYE3HUX IHBECTHIIM, Ha SKI MOTpPiOHI
JECSATHIIITTS, 1 116 HEMUHYY€e MIABUILUTE Taprudu Ha BOLY.

[TapagokcanbHICTh Ta HayMaHICTh TPOOIEMHU MOOIYHUX MPOAYKTIB Je31H(DEKINT 3pocTae 3a
YMOBH, 1110 B YKpaiHi 111 A0 BifHM HE BUPIIMIEHO OUIbII 3HAUYILy MPOOJIeMy SKOCTI MUTHOI BOJH
—eniieMiyHy 6e3neuHicTb. L{ro mpobiemy JoKIaaHO pO3IIISHYTO Y MOHOTpadisix, BUAAHUX Y Pi3HI
poku (2008, 2021, 2023). Tyt A0LIBHO NPUBECTU TyMKY OJHOTO i3 MpoBinHUX ekcrepTiB N. J.
Ashbolt, sikuit y coi poboti Risk analysis of drinking water microbial contamination versus
disinfection by-products (DBPs) (Toxicology. 2004. V.198. P. 255-262) HaBOaUTh HACTYIHH
(dparmeHr.

VY 2000 p. Boepiie NpeAcCTaBICHO PETENbHUN MiJIXiJ 10 OLIHKH TATaps Ui 370pOB’S MPH
MOPIBHSAHHI TIMMOTETUYHOrO MIKIUMBOTO BIUBY Bif Cryptosporidium y mwutHiii Boxi 3 #oro
BUJAJICHHAM O30HYBAaHHSM, NpHU SIKOMY YTBOpIO€TbCs  KaHieporeHHuid DBP  Gpowmar.
Buxopucrano 3araneHuil mokasauk DALY s 00Ky 3axXBOPIOBAHOCTI Ta CMEPTHOCTI Ta
PO3pO0IJIEHO TEOPETUYHY OLIIHKY Ha OCHOBI CTATMCTHKHU OXOPOHHM 3/10poB’s B Hinepnanpaax.
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Oomuctu C. parvum MaroTh BHCOKY CTIWKICTh 10 OOpOOKH BOAM 1 BBaXKAIOTHCS BOJTHOIO
IHIYCTPIEIO OTHUM 13 HABAXKIIMBIIIUX ATOT€HIB, 10 TIEPEIAI0THCS Yepe3 BOAY, MiCIs YHCICHHIX
cnanaxiB. [IpokOBTyBaHHS OOIMCT MOXKE CHPUYUHUTH CAaMOOOMEXKCHHS TaCTPOCHTEPHUTY B
IMYHOKOMIIETEHTHHX 0Ci0, OJTHAK MOXE BUKJIMKATH HEOE3NMEeUHY UIs JKUTTS Jiapero y JIoACH 3
ocnabieHuM IMyHITeTOM, 0c00muBO y mamieHTiB 3 BIJI-CHI/Jom abo y TUX, XTO CTpa)<aa€ Bix
HEIOiJaHHS B PErioHax, M0 PO3BUBAIOTHCS.

Ha BigmiHy BiJ XJI0py, 030H aye epeKTHBHUN /Ui iHaKTUBAIlil oormet Cryptosporidium.
[Ipobnema 3 030HYBaHHSM, OJIHAK, IOJIATAE B TOMY, 1[0 YTBOPIOIOTHCA Pi3HI MOOIYHI MPOAYKTH
ne3indekmii, 3 skux OpoMar BBakaeThCs HalBaxumwmBimmM. [lokazaHo, Mo OpomMaT BUKIMKAE
MyXJIMHHA B HUPKaX, IIUTOBHUIHIN 321031 Ta ME30TeTi1 IIypiB, a TAKOXK € KAaHIIEPOTCHOM JIJISi HUPOK
y MMILEN.

[noTeTn4yHU# miApaxyHOK MOKa3aB, 110 CEPEIHIN pu3KK 3apaxkeHHs C. parvum cTaHOBUTH
107 Ha momuHy Ha pik 6e3 030HYBaHHS. 3aBISKH 030HYBaHHIO CEPeIHill PU3MK BiJ OOLHUCT OyB
3MEHIICHUH TpUOIU3HO B CiM pasiB. [Ipu nbomy Opomat Oyie yTBOPIOBATHCS Ha PiBHSIX, BUIIUX
3a motoyHi piBHi BOO3. TuM He MeHII1, KOPUCTH AJIs1 30POB’ S BiJl MPO(PLIAKTHKU FACTPOCHTEPUTY
B 3arajibHi{ MOMyJIALIi Ta NAI[IEHTIB 13 CHHAPOMOM HaOyTOro iMyHOAEPIIIUTY MepeBaxkaia BTpaTH
3JI0POB’s Yepe3 MeperdacHy CMEepPTh BiJl paKy HUPKOBHX KIIITHH Y >10 pa3ziB. ToOTo, uncTa BUroaa
BiJl 030HYBaHHS cTaHoBWia npubauzno 1 DALY Ha MinsioH Ha moauHo-pik. Ciij 3a3Ha4YHUTH,
1o 3acrocyBanHi0 DALY mepemikopkae 3Ha4YHUM CTyHiHb HEBU3HAYEHOCTI, SIK 1€ XapaKTEPHO
JUTs OLTBIIOCTI OLIIHOK pU3HKiB. TOOTO, 3yCHILIs, CIIPSIMOBaHI Ha 3HIKEHHS MMOTEHIIMHUX PU3HKIB
1uist 310poB’st Big DBP, He mOBHHHI CTaBUTH MiJ1 3arp0O3y KOHTPOJIb NATOTEHIB.

Taxkum 9yrMHOM, € BCi MIJCTaBU BBa)KAaTH OE3IIICTaBHUM TBEP/KCHHS 110J10 HEOE3EYHOCTI
XJIOPHUTIB TIPU CIIO’)KMBAHHI MMUTHOT BOAM Ta TEPMIHOBO HEOOXITHHM JOKOPIHHY 3MiHY BEKTOPY
JOCITIJIKEHB 3 Tiri€HU BOJIU 3 aKIIEHTOM Ha BUBYEHHS Ta KOHTPOJIB 11 emiieMiunoi 6e3nevHocTi. Sk
MOKa3aJli TOMEPEAH] JOCTIDKeHHS, 116 MOXXJIMBE JIUIIE y pa3i BOPOBAKEHHS KOMOIHOBaHHX
TEXHOJIOT1H OYHIIICHHS Ta 3HE3aPaKCHHS ITUTHOI BOIH.
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JUCKPETHO-IMIYJIbCHE BBEJIEHHSI EHEPTIi - EODEKTUBHUII METO/]
BUJIAJIEHHS TTAPOKAPBOHATY KAJBIIIO TA 3SMEHINEHHSI )KOPCTKOCTI
BOJIU

060006uy O.M.%, Caoniii J1.A?>, Cuoopenxo B.B.%, Ilenens B.A."

nemumym mexniunoi mennogizuxu HAH YVipainu, Yrpaina, m. Kuis, e-mail: tdsittf@ukr.net
2 Hayionanonuti mexuiunuii ynicepcumem Yxpainu «Kuiscokuti nonimexuiunuii incmumym
imeni l2ops Cikopcokoeoy, Yrpaina, m. Kuis, e-mail: larisasabliy@ukr.net

3HMKEHHS JKOPCTKOCTI BOJU € aKTyaJbHOK IPOOJIEMOIO K s MYHIIUIAIbHUX CUCTEM
BOJIOTIOCTAYaHHA, TaK 1 JUISI MPOMHCIOBHUX MIANPUEMCTB Ta TEIJIOBUX cTaHUid. OcolnmBo
BIJUYTHOK JaHa MpoOsiiemMa € TaM, J€ Uil TOCIOAApPChbKO-IIMTHOTO BOJONOCTaYaHHS
BUKOPUCTOBYIOTH Mi/I3€MHI Ta IPYHTOBI BOJH 3 BUCOKHUM MOKa3HHUKOM >KOPCTKOCTI, 3yMOBJICHUM
HAasBHICTIO B HUX MiHEpaJbHUX JIOMIIIOK, 30KpeMa TiApokapOoHaTiB Kaibllito 1 MarHito. [Ipu
HarpiBaHHI TaKOi BOJY 10HHM KaJIBIIIO 1 Marxiro, 10 3yMOBIIOIOTh KOPCTKICTh BOJH, YTBOPIOIOTh
MaJOpO3uMHHI cronyku. LI cronyku BiAKIIagaroThCS Ha MOBEPXHSAX TEIIOOOMIHHUX amaparis,
TETUIOCHEPTETHYHUX YCTAaHOBOK, TPYOOIIPOBO/IIB, 110 MTPU3BOJUTH 10 3HIKEHHS €(PEeKTHBHOCTI iX
po0OTH, MEPEBUTPATH MaTUBa, YACTUX 3YMUHOK Ul OYMIIEHHS Towlo. JlOCHiPKeHHs B JTaHOMY
HaNpsSMKY TPOBOIWINCH OaraTbMa HayKOBIISIMHU 1 JTO3BOJIMJIM BUPIIIMTH MPOOJIEMY BHIYYSHHS 3
BOJIU COJIEH )KOPCTKOCTI, MPOTE J0CI aKTyaJIbHOIO € MpobieMa MOIIYyKY ONTUMAIbHUX CIIOCOOIB ii
pearmizanii, CpsIMOBaHMX Ha 3HIKCHHS €HEPreTUYHHUX BHUTpAT Ta iHTeHcH(ikamio mepediry
npoliecy oM’ IKIIEHHs BOAU. 30KpeMa, OUHMILEHHs KOTJIOBOI BOJIU 3/11HCHIOETbCS AJIs MiHIMI3aLii
KOpo3ii, BiJKJIaJeHb, HAKUIy Ta TEPEHOCY B KOHTypax BoasHOi mapu [1]. BpaxoByroum
BUIIIEBUKIIA/IEHE, MOXXKHAa 3pOOUTH BHMCHOBOK, IO BUAAJICHHS TiAPOKapOOHATy KaJbIlilo Ta
3MEHIICHHSI JKOPCTKOCTI BOJM 3QJIMIIAETHCS HArajlbHOIO TOTPEOOI0 He JHIIe B raimysi
TEIUIOCHEPIreTUKH, a TAKOX Ul MiJTOTOBKM MiJ3€MHHUX BOJ JUISl CIIO)KMBAaHHS HACEJICHHAM 1
TEXHOJIOTTYHHUX TOTPEO.

Mertoro 10CHiXKEHHS € MiABUIEHHS e()eKTUBHOCTI BUJAJIEHHS T1JIpOKapOOHATy KalbLio 1
3MEHIICHHSI JKOPCTKOCTI BOJM 3a PaXxyHOK 3aCTOCYBaHHS NPUHIUITY IHCKPETHO-IMITYJIBCHOTO
BBeZIeHHs1 eHeprii. Lle nacTb MOXXIIMBICTh BJIOCKOHAIUTH TEXHOJIOTIK OYMILEHHS BOIU IS
MYHIIUTATEHUX CHCTEM BOJIOTIOCTAYaHHS, IS IPOMHUCIIOBUX IIAPHEMCTB Ta TETUIOBUX CTAHITIN.

OOG'exkToM nocnigkeHb Oyna BoJa 3 apTe3laHChbKOi CBEPIJIOBHHM, IO IijAaBajiach
00pOOJIEHHIO Ha POTOPHO-MYJbCALIMHOMY amapari 3 MPUHIUMIIOM JUCKPETHO-IMITYJIBCHOTO
BBEJICHHS €HEpTii B aepaliiiHO-OKUCIIOBAJIbHIN YCTaHOBIII POTOPHOTO THITY.

JlocmikeHo BIUTMB TPUHIMITY JUCKPETHO-IMITYJIbCHOTO BBEACHHS €HEprii Ha IMporec
BIJTYYEHHS 3 BOJU TiApOKapOOHATy KaJIbIIIO AJIsl 3HMXKEHHS 11 dKOPCTKOCTI.

Busnaueno, mo npu o0poOIll BOAM B POTOPHO-TyJIbCAIIHHOMY amapati 0e3 J0/1aBaHHs
PO3YMHY TIAPOKCUAY aMOHII0 MOXXHA 3HHU3MTHU BMICT i10HIB Kanbuitoo 3 77,1 go 57,1 mr/mm3, a
3arajibHy KOpCTKICcTh — 3 6,7 10 3,8 °)K. [loBeaeHo, 1mo 1ogaBaHHs 10 BOJH, 110 0OpOOIISIETHCH,
ripokcuy aMmoHito B kibkocTi 0,1 Mac% 1 i 00poOkH B poTOpHO-ITyJIbCAllIHHOMY amnaparti IMpH
IBHAKOCTI 3¢yBy moToKy 40-10° ¢! mpoTarom 10 mukiiB 06poOKY T03BOJISAE 3HU3UTH BMICT i0HIB
Kasbliro Ha 99,3 %, a 3aranbHy >kopcTKicTh 3MeHINTH A0 0,08 XK. Lle mosicHIoeTbCsl yTBOPEHHSIM
BOJIOMOBITPSHOI CyMIllIi, sIKa, MPOXOJSYU KPi3b POTOPHO-IYJIbCALIMHUIN amapaT, 3a3Ha€ BIUIUBY
yIapHUX XBWJIb, MDK(}a3HOT TypOyJIeHTHOCTI, MIKpPOKaBiTallii Ta BUXOpIB, IO MPHU3BOJIUTH 10
3017bIIEHHS IIBHJIKOCTI MAacOIEepeHeceHHs KHUCHI0 3 ra3oBoi (asu B piauHy 1 HOro
TPAHCHOPTYBaHHS PiguHOI0. OHOYACHO BiOYBA€ThCA 1 3MiHA CTPYKTYpH BOJU 3 YTBOPEHHSM
BUIbHHX BOJTHEBHX 3B'SI3KiB, 110 3yMOBIIIOE ii ITIIBUIIIEHY aKTUBHICTh Ta peareéHTHY CIIPOMOKHICTb.
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OO6poOKy BOIM 3a TPHUHIIUIIOM JUCKPETHO-IMITYJIbCHOTO BBEIICHHS €HEprii B POTOPHO-
NyJbCalliiHOMY amapari peKOMEHJ0BAaHO BHUKOPHUCTOBYBATH IPH peaiizailii HU3KHA XiMIYHHX
METO/[1B MOM'SIKIICHHS JIJIsl SMEHIIIEHHS BUTPATH PEareHTIB Ta MiJIBUIIECHHS CTYNEHS OYHUILEHHS.

BucHoBku

JoBeaeHo eheKTUBHICTh BUIAICHHS TiIpoKapOOHATy KaJbIO 1 3MEHIICHHS dOPCTKOCTI
BOJIM 32 PAXyHOK 3aCTOCYBaHHS JUCKPETHO-IMITYJILCHOTO BBEACHHS eHeprii. ExcriepuMenTaibHO
BCTAHOBJICHO TEXHOJIOTIYHI TapaMeTpu 0OpOOKH BOJIM B POTOPHO-ITYJIbCAIlIHHOMY arapari.

JloBeleHO MOXKJIHMBICTH BUKOPHUCTAHHS 3alPONOHOBAHOTO OOJAaJHAHHS B TEXHOJOTISX
BOJIOMITOTOBKH MIANPUEMCTB TEIUIOEHEPTETHKHY Ta 1HIIUX rany3eid IPOMUCIOBOCTI.
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BUKOPUCTAHHS JUCKPETHO-IMIIYJIbCHOI'O BBEJIEHHSI EHEPTII 1151
HIArOTOBKH MUTHOI I TEXHOJIOI'TYHOI BOJIU
0Ob0006uu O.M., I]enensv b.A., Cuoopenxo B.B., Cmenanosa O.€.
Incmumym mexniunoi mennogisuku HAH Ykpainu, Ykpaina, m. Kuis, tdsittf@ukr.net

[TuTHa Boga — OAMH 13 HAMIIHHIIIMX CTPATETIYHUX PECYpCiB KOXKHOI Kpainu. Bix 11 sikocTi
0e3MocepeIHhO 3AICKUTh 3I0pOB’s Ta >KUTTA Jojxer [1]. KpiMm 306amaHcoBaHOCTI XIMIYHOTO
CKJIaJly, TMTHA BOJA, 00 OyTH KOPUCHOIO IS JTFOAWHH, Mae OyTH He3a0py HEHOI — TOOTO, HE
MICTUTH JKOJHMX MATOTEHHUX MIKPOOPraHi3MiB, a TaKOX CTOPOHHIX MPOAYKTIB IOJICHKOT
JISUTBHOCTI, 30KpeMa pai0aKTUBHUX 1 TOKCHYHHUX XIMIYHUX PEYOBUH. 3a0e3MeUeHHs] HaCeJICHHs
1 BUPOOHHMIITBA SIKICHOIO BOJIOI0 € OCHOBOIO FapMOHIHHOTO COIIaIbHO-€KOHOMIYHOTO PO3BUTKY
CyCHUTbCTBA. AKTYaJIBbHICTh JIaHOiI TPOOJEeMH 3pOCTa€e IijJ dYac BIHCBKOBOi arpecii, KOiau B
pesyabTarti aBapii Ha Kaxoscekiit 'EC, pyliHyBaHb eHeproo0’ekTiB, BOJJ03a01pHUX 1 BOJOOYHCHUX
CHIOPYZ TOPYIIYEThCS pOOOTa IIEHTPATI30BAHUX CHUCTEM BOJOIIOCTAYaHHS, BiJBEIEHHS Ta
OUMILEHHS CTIYHUX BOJ, TAKOXX BHACIIJOK JAerpafalii NMpUPOJHUX BOAOHM uepe3 3HAUYHUH
AQHTPOIIOIE€HHUH THUCK.

bauseko 80 % BoAM yKpaiHII CHOXHUBAaIOTh 3 TOBEPXHEBHX JpKepen (piuok, o3ep Ta
BOJIOCXOBHII; Hacammepen — 3 piuok JHinpo 1 Juictep), a 20 % — 13 mig3eMHux. Sk BBaXaroTh
€KCIEepTH, SIKICTh JHIMPOBCHKOI Ta JHICTPOBOI BOAM € JIOBOJII HU3bKOK. Y I PIUKH, K 1 B
OUIBIIOCTI 1HIIUX YKPaiHCBKMX BOJOWM, CKUJIAIOTh BEJUKY KUIbKICTh HEOUMILEHUX CTIYHUX BOJ,
no0yTOBUX 1 MPOMUCIOBUX BIAXOJIB, CIOAM  3MHUBAIOTHCS JOLIAMU TECTHLIMIN, HITpaTH,
HITPUTH, COJII BaXXKMX MeTaliB Touo [2]. Maiixke BCl MOBEPXHEBI JpKepesna BOJOINOCTAa4YaHHS B
VYkpaini 3a piBHEM 3a0pyJHEHHS HAOIMKAIOTHCS 70 3 KiIacy SKOcTi (po30aBieHi CTiUHI BOAM), a
3a MIDKHApOAHOIO Kiacudikaiiero — 10 4 kiacy (ctiuai Boan) [3].

3a cioBamMu aupeKkTopa IHCTUTYTY KosloinHOi XiMiil Ta XiMii Boau iMeH1 A.B. JlymaHchkoro
HAH Vxkpainu B.B. T'onuapyka (akanmemik HAH Vkpainu), apre3iaHcbki MHi3eMHI BOAM €
HaOLIbII HA/IIHO 3aXHIEHUM BiJl aHTPOIIOTEHHOTO BIUIUBY JKEpPENIoM MUTHOI Boau [3]. MeHmn
CXWJIBHAMHU JI0 CE30HHMX KOJIMBaHb, Kpallle 3axXWIICHUMH BiJl HeOE3MeKH 3a0pyJHEHHS Ta
iH¢exuii, OUTbII PIBHOMIPHO MOIIMPEHI MO TEPUTOpii, Ha BiAMIHY BiJ] NMOBEPXHEBUX BOJ,
SBJISIFOTHCS TA3€MHI BOJW. BOHU MIpeACTaBIsItOTh CO00I0 CKIIaHI 0araTOKOMIIOHEHTHI CUCTEMH,
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0 MICTATh IUIMA KOMIUIEKC HEOPTraHIYHHUX 1 OPTaHIYHMX PEUYOBHH, Ta3iB, MiKpohIopH.
KonuenTpartiss MiHepaJlbHUX COJIeH y IMX BOJAX 3aJICKUTh Bl yMOB 1X yTBOPEHHS.

Bosni mkepena apre3iaHCchKoro TUIy 3HaxoasaThesl Ha rauouHi 100-1000 M. Apre3iaHchka
BOJIa MOKE€ 3HAXOIUTHUCH MiJ KIIbKOMa BOJOHOCHUMHU Iapamu [4]. ApTe3iaHchKa BOJa MICTUTHCS
B INIMOOKHUX IIapax 3eMJIi 1 3a3BHYail BUXOIUTh HA MMOBEPXHIO ITiJ] TACKOM. 3amacH apTe3iaHChKOi
BOJIM 30CEpPE/KEHI B 3amanHax, pruexcypax ado iHIIMX Te0JIOTIYHUX CTPYKTYPaXx, 10 YTBOPIOIOTh
apTe3iaHchKi Oaceitnu (puc. 1).

Bepxosogxa PiBeHb PYHTOBWX BOA,

BoaonpoHukHi nopoau

Boponockmi wap

Boporpuekui wap

MixnnacTosi # apresiaHcbki BOAN

Boporpuekui wap

Puc. 1. Cxema nommpeHHs Mia3eMHUX BOJ

Ckuaf mapiB 3eMHOI KOpH 1 4ac iepe0yBaHHS Mi>K HUMH apTe31aHChbKOT BOAM AyXK€E BILIUBAE
Ha i1 skicte. Cepex HENOJNIKIB BOTO THUIY BOIU CJiJ BiJ3HAYUTH TE€, IO NPU KOHTAKTI 3
MiJ3eMHUMU MiHEpaJlaMy, BOHA 30arauyeTbcsl Pi3HUMHU COJIIMH, MIKPO- 1 MakpoeJIeMeHTaMH B
KOHIICHTpALISAX, AKiI 3a3BUYail IepeBUINYIOTh rpaHudHo pomyctumi Hopmu (I'JIK). Haituactimre
apTe3iaHChbKa BOJA MICTUTh BEIUKY KUIBKICTH 3alli3a, MApraHillo, CipKOBOJIHIO, BYTJIEKHCIIOTO
razdy, ¢ropy. [na ii ouMmieHHA Bix LUX CIONYK 3a3BHYail BUKOPUCTOBYIOTH aepariiHo-
OKHCJTIOBAJIBHI METOJIU 3 MOJAIBIIOI0 (PUIBTpAIli€rO.

Jlo OCHOBHMX METO[IB aeparii 3He3ali3HEHHsI BOAM BiTHOCSATHCS: aeparlis 3 HACTYITHOIO
binpTpaliero 4epe3 TIpaHyJIbOBaHWN HANOBHIOBAY;, “TiMOOKa aepaiis’ 3 MOJAJIBIION
¢inprpamniero; metoxn “Bipemokc” (pimpTpyBaHHS B MiJ3eMHUX YMOBAX 3 MOMEPEIHBOO ITOAAYCIO
y IJIacT OKMCIIFOBAHOI BOJIN).

Crpomienunii croci6 aeparrii 3aCHOBaHUM Ha 3JaTHOCTI BOAM, 1m0 mictuTh 3amizo (II) 1
PO3UMHEHUN KHCEHb, NMpHU (DUIBTPYBaHHI yepe3 3epHUCTUI map (ITiCOK, KepaMiuyHy KpHUXTY,
AQHTPALMT) BUAUIATH 32130 Ha MOBEPXHIO 3€PEH, B PE3YJIbTATI YOI'0 YTBOPIOETHCS KaTaJIiTHYHA
IUTIBKA T1IPOKCHU/IIB JABOBAJIEHTHOI'O 1 TPUBAJIEHTHOTO 3aii3a. KartamiTuuHa miiiBka iHTEHCH]iKye
MPOIIECH OKHCIJICHHSI Ta BUAUICHHS 3a1i3a 3 Boau [5].

Meta apociigxeHb — BJIOCKOHAJECHHS MPOLECIB OYMIIEHHS BOAM Bij 3aii3a, Maprasito,
CIPKOBOJIHIO, BYTJIEKHCIIOTO Ta3y Ta IHIIMX PEYOBHH 32 PAaXyHOK BHKOPHCTAaHHS METOMY
JMCKPETHO-IMITYJIbCHOT'O BBE/IEHHS €HEprii, 110 IHTeHCU(IKY€e MPOLIECH Maco- 1 TEMJIONEPEHOCy.
B Incrutyti texHiunoi terodizuku HAH Vkpainu po3pobiieHo aepaliiiiHO-OKHCIIOBAJIbHY
yctaHoBKY poTopHoro tuny (AOPT), BUKopucTaHHS SKOi 103BOJISIE TOCATTH TOCTABIEHOT METH.

Jnst mociikeHb BUKOPUCTOBYBAIHM BOJY 31 CBEPUIOBHHH TIHOMHOIO0 250 M. OuuineHHs
BOJIM 3/1MCHIOBAIM B aepaliifHO-OKUCIIOBaNIbHIN ycTaHOBLI poTopHOoro tumy (AOPT), B sxiit
peanizyeTbcs METO TUCKPETHO-IMITYJILCHOTO BBEJICHHSI €HEpTii.

3He3ai3HEHHs BOJAM — IMIpPOLEC MacoOoOMiHY, YCKIaJHEHMH XIMIYHHMHU pEaKIisiMH.
[IBUIIKICTh MEPEHOCY PEUOBUHM 1 TEIUIOTH JI0 30HU peakilii Ta MIBHUJKICTh PeaKIlii BU3HAYAIOTh
napamMeTp IIBUAKOCTI XIMIYHOTO TepeTBopeHHs. llpomecm wmaco- 1 TemooOMiHy, IO
CYNPOBOJIKYIOTHCSI XIMIYHOIO PEaKIi€l0, MOXKYTh IMPOXOAUTH B AU(DY3iiiHINA, KiHETHYHIN abo
npoMiKHIN obnacTsax. B obmacti qudysii nporec oOMexeHni MBUIKICTIO TEPEHOCY TEIIOTH 1
PEUYOBUHU B 30H1 PEAKIIii Ta peani3yeTbes Py BUCOKUX MIBUAKOCTAX XIMIYHOT peakii. | HaBmaku,
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MpoIleCH B KIHETHYHIA 00J1acTi, 0OMEXKEH1 MBHUAKICTIO XIMIYHOI peakiiii 1 BimOyBalOThCS MpHU
BHUCOKHUX IIBUJKOCTSIX IEPEHOCY TETUIOTH Ta PSUOBUHU B 30HY PEaKIIii.

BianoBigHO 10 3a3HAYEHOTO BHIIE, MPOIEC 3HE3ATI3HEHHS BOIM 3aJICKUTH B1J] MIBUIKOCTI
okucneHns 3aniza (1) kucHem MOBITPS y BOJAHOMY PO3YMHI, IO, Y CBOIO YEPry, 3aJIe)KUTh BiJ
IIBUIKOCTI MacONEPEHOCY (PO3UYMHEHHS 1 TPAHCIIOPT KUCHIO) B 00JacTi Audy3ii.

Amnaii3 JiTepaTypu IIOKa3aB, [0 METOJ| JAWCKPETHO-IMITYJIbCHOTO BBEJCHHS EHEprii
iHTeHcudiKye mpolecu Maco- 1 TeruonepeHocy [6]. ToMy, Ha OCHOBI LBOTO METOAY MAJIst
BJIOCKOHAJICHHSI IMPOIIECIB OYHMIICHHS BOJM BiJ] 3alli3a, MApraHIio, CIPKOBOJIHIO, BYTJIEKUCIIOTO
ra3y Ta iHIMX pedoBuH B [HcTUTYTI TexHIuHOI Temodizuku HAH Ykpainu po3po0ieHo poTopHy
aepaniiHO-OKUCIIIOBAIBbHY YCTaHOBKY poTtopHoro tuny (AOPT) (puc. 2) [7].

Puc. 2. AepariiiHo-OKHCITIOBaNIbHA yCTaHOBKA poTopHOro tuity (AOPT):
1 — 36ipHUK-HaKONNYyBay; 2 — aepaTop-OKUCHIOBAY; 3 — (IbTPaLiHO-OKUCIIOBATIbHA
KOJIOHA; 4 — pO3MIITIOBAIbHA TOJIOBKA; 5 — JTYMIBHUK BOJU; 6 — MAaHOMETp; 7 — BaKYyMMETP;
8 — KpaH nojayi noBiTps; 9 — ABOXOJOBUI KpaH.

OunineHHsT BOAM 32 PO3pPOOJICHOI0 CXEMOIO 3IMCHIOEThCS HACTYITHUM YWHOM (puc. 2). B
30ipHUK-HaKONMM4YyBay | MoJaeThCsl apTe3iaHChbKa BOJA, KA HAIXOAUTh Ha OYUCTKY. Boxa
HA/IXOJUTh B aepaTop-OKHCIIOBAY 2 MICNs BIAKPUTTS TBOXOI0BOTO KpaHa. Ilomaua moBiTps B
npuiiManibHy TpyOy Hpuiany 3I1HCHIOEThCS HIIIXOM BIAKpUTTS KpaHa 8. Tomy, B aeparop-
OKHCITIOBa4Y POTOPHOTO THITY HAaJIXOAWUTH BOJHO-TIOBITPSHA CYMII, B SIKi KHCEHb PO3YHHSIETHCS,
a TaKoXk 4acTKOBO pearye 3 okucHeHHaM Fe?" mo Fe®' i rimponizom mo Fe(OH)s. Ilicns mporo
BOJIHO-TIOBITPSTHA CYMIIll HAAXOIUTh Y (DibTpaIiifHO-OKUCITIOBAIbHY KOJOHY 3, IO 3allOBHEHA
nickoM a0o0 BYTuIIsAM pi3HUX (Qpakiiil (3HU3y KpyIHa, 3BepXy /piOHa). Y KOJIOHI Bi1OYBalOTHCS
MIPOIIECU OCTATOYHOTO OKUCIICHHS, T1APOITi3y Ta ouniiieHHs Boau Bijg Fe(OH)s, o Bumagae B oca.
[Ticng xonoHM Boja, IO OYMILEHA Bij 3alli3a, MPOXOAUTH Yepe3 PONUIIOBAIBHY TOJIOBKY JUIs
BUJAJICHHS BYTJIEKMCIIOTO Ta3zy. 3He3ali30BaHa BOJa 3 HIDKHBOI YaCTWHU €MHOCTI 1 depe3
JIBOXOJIOBUH KpaH 9 HaAXOIUTh y 30ipHUK OUMIIEHOI BOAM, a MOTIM e Ha peasizallilo.

3BepTaEMo yBary, 1o 3He3a113HEHHS BOIU B11I0YBAETHCS MPSIMOTOKOM 32 OJIMH IMPOX1JT uepe3
POTOpHUI aepaTop-OKUCIIIOBAY, (QUIBTPAILIiHO-OKUCIIIOBATIBHY KOJIOHY 1 pO3IIMPIOBAIbHUM OaK.
Jlnst OUThIII BUCOKOTO PIBHS OYMINCHHS BOJU BiJ 3ajli3a YCTAaHOBKA MOXKE MPAIFOBATH B PEXKUMI
PELMPKYJIALII.

VcranoBka AOPT BumpoOyBaHa B TPOMHCIOBHX yMOBax Ha YepBOHOCIO01ICHKOMY
CIMPT3aBOJII KOHLEpHY “Ykpenupt”. i TEXHONOTIYHUX MOTPeO MiAMPUEMCTBO BUKOPHCTOBYE
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BOAY 3 apTe3iaHChKUX CcBepyIoBMH riauouHOo 200...250 M, ska 3a (i3UKO-XIMIYHUMHU
nokazHukamu He Biamosigae Bumoram JICTY mo Boam nuTHOI. BMicT 3aimiza y mocnmimKyBaHii
Bomi csraB 3,5 mr/n, a I'ZIK — 0,3 mr/im. Jlns 3HMKEHHS BMICTY 3alli3a y BOJI Ha 3aBOJII
BUKOPHUCTOBYBAIACS aepalliifHO-OKUCITIOBAIbHA YCTAHOBKA POTOPHOTO THITY.

BucnoBku. OTpumaHi JaHI TEPEKOHJIMBO JOBOIATH, 10 BUKopuctaHHs AOPT s
OUMIICHHS BOJM MOPIBHIHO 3 BUIIE3raIaHUMU MPUCTPOSIMHU J1a€ 3MOTY 3MEHIIUTH CIIOKHBAHHS
eHeprii B 15-20 paziB. Takuii TEXHONOTIYHUI Ta €HEPreTUUHUNA €(DEKT BiJ OYMIINCHHS BOJIU B
aepaniiHO-OKHUCIIOBAIbHINA YCTAHOBIII POTOPHOTO THUITY MOSICHIOETHCS THUM, 1[0 BOHA MPAIIOE 32
METOJIOM JTUCKPETHO-IMITYyJIbCHOTO BBeAeHHs eHeprii. Pobora AOPT monsarae B Tomy, IO
BOJIOTIOBITPSIHA CYyMIilll, MPOXOsUM uepe3 miuau 1 3a30pu PIIY aeparopa-okuciroBaua, 3a3Hae
Iii yaapHUX XBWJIb, MDK(a3HOI TypOyJIEHTHOCTI, MIKpOKaBiTaIlli, KyMyJSITUBHUX CTPYMEHIB,
BUXOPIB, SKI BHKJIMKalOTh HecTiiikocTi Penes-Teitnmopa abo KenpBina-I'enbMronbua Ha
MDK(}a3HUX MOBEPXHSX, IO MPU3BOAUTH JI0 IHTEHCUBHOTO APOOJICHHS MOBITPSHUX OyJIbOAIIoK,
3HAYHOTO 301JbIIEHHS 3arajbHOi MOBEPXHI KOHTAKTy (a3, iHTeHcudikarii mporeciB Maco- i
teronieperocy. [lomiOHuX edekTiB 3a3BUYaili HEMOMJIMBO JOCSITTH TP BUKOPUCTAHHI
TPATUIIIHHAX METOAIB OOPOOKH JMCIIEPCHUX CEPEIOBUIL, HABITh y pa3i 3HAYHO OLIBIIOTO PiBHS
MUTOMUX CHEPrOBUTPAT.

Cnmcok Jireparypu

1. 3HayeHHsa BOAM B MPHUPOJI Ta KUTTI JIOAWHU. Jlep)KaBHE areHTCTBO BOJHHX PECypCiB
Vkpainu. — 2021 [Enexkrponnuii pecypc]. — Pexxum moctymy: https://rovrkhm.gov.ua/znachenie-
vody-v-prirode-i-zhizni-cheloveka-ee-poleznye-svoystva.

2. SIkicHa muTHA BojJa — OCHOBA 370poB’s moaunu. Preventive medicine. Ne 2 (108). 2014.
C. 40-42.

3. 'onuapyk B.B. Hayka o Boge. K.: Hayk. nymka, 2010.

4. Apre3iaHcbKa BoJla — HaluucCTima BoAa Ha miaHeri? — 2021 [EmexrpoHHHid pecypc].
— Pexxum noctymy: https://waterguide.com.ua/uk/artezianska-voda-najchystisha-voda-na-planeti/.

5. Hparunckuii B.JI. OuncTka moa3eMHBIX BOJ OT COCIMHEHHH »eje3a, Mapradia u
OpPraHUYeCKUX 3arpsi3sHeHuil. Booocuabowcenue u canmexuuxa. 1997. Ne 12. C. 16.

6. Homincekuih A.A. ITlpuHIMI JUCKPETHO-IMIYJILCHOTO BBEICHHS €Heprii Ta ioro
BUKOPUCTaHHS B TEXHOJOTIYHUX npouecax. Bicn. AH VPCP. 1984. Ne 1. C. 39-46.

7. Tlat. Ykpainu Ne 114143. [omincekuii A.A., O6omoBuu O.M., PesakoBa T.A.,
®imenko A.M. YcraHoBKa A7s aepaiifHOro 3He3ami3HeHHs mia3eMHuX Boa. Omy6m. 27.02.2017,
Oron. Ne 4.

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

126


https://rovrkhm.gov.ua/

BCTAHOBJIEHHS 3TIATHOCTI BUIIIMX BOJHUX POCJIMH 1O OYUIIEHHA
CTIYHHUX BO/l BII AHTUBIOTUKIB

ITagniuenxo M.O.%, Caoniiu JI.A.
Lemyo., Hayionanonuii mexuivnuii ynieepcumem Yxpainu «Kuigcokuii nonimexniunuti
incmumym imeni leops Cikopcvrkozo», Kuig

[ToBHe BujanieHHsI aHTUO10THKIB 31 CTIYHUX BOJI HA OYMCHUX CIIOPYAAX € BAKKUM 3aBJIaHHIM
yepe3 IXHI0 MOXIIMBY CTIMKICTh 10 0OpOOICHHS XIMIYHUMHU, (i3UKO-XIMIYHUMHU Ta MEXaHIYHUMH
METOaMH 1 MOKJIUBICTh YTBOPEHHS MOX1AHUX NPOAYKTIB. Jleski aHTHO10THKH, TaKi K B-TaKTamMu
(17-43%), wmakpomigu (40-46%), cymsbaninamign (20-24%) ta Terpamukiing (66—90%),
MOXYTb OyTH OCOOJMBO CTIMKMMHM JI0 3a3HAYEHUX METOAIB BHIAIeHHS [1].

[Tpu BUOOpP1 pOCIMH AJIT OYUIIIEHHS CTIYHUX BOJI BiJ] aHTUOIOTHKIB BXKJIMBO BPaXOBYBaTH
ix 610JI0T1YH1 XapaKTEPUCTUKH, TIOUIMPEHICTh Yy MPUPO/II T iXHIO 3AATHICTB 10 YTHIII3aLlii pEUOBHH
3 Boau. Lemna minor mBuako pocte Ha 3a00JOYCHUX YTiIAAX Ta 3a0pyaHEHUX Bojoiimax. B
JiTepaTypHuX JpKepenax [2, 3] onucaHo ycminiHe BUAAJICHHS CEMH OpPTaHIYHUX 3a0pyTHIOBAYiB,
BUKOPHCTOBYIOUM Lemna minor. Pesynbratu 10CiiHKeHb MOKA3aJIH, M0 TUKJIO(EHaK, TPUKIO3aH
1 ko(ein Oynu MOBHICTIO BUIAJIEH], a i0ynipodeH 1 HarpokceH Oynu BuaneHi Ha piBHi moHax 80%
1 60% BignoBigHo. Opraniuni 3a0py/JHIOBaYl MOXKYTh MiJAaBaTHCS TiApoizy, hoToaerpaaaiii ta
1H., T 9ac SKAX cOpOIis Ta MOTIMHAHHS € BAXIMBUMH MEXaHi3MaMH YCYHEHHS TOKCHYHHX
CIIOJIYK 32 YYacTIO PSACKH [4].

Bci BuMiproBaHHs OyJu poBe/ieHi 3 BUKoprctanusam cucremu BEPX Big Shimadzu,. Mac-
CHEKTPOMETPUYHUN aHami3 OyB MpOBEIEHUN 3a JIOMOMOTOl0 TiOPUIHOTO TPIOMHOTO
KBaJIPYIIOJIBHO-JIIHIHHOTO 10HHOTO JIoBY Mac-nerekropa 4000 QTRAP. Ilicis goro miomnty miky
PEYOBHHHM Ta BHYTPILIIHBOTO CTaHAapTy OyJI0 mopaxoBaHo y mporpami Analyst.

ExcniepuMeHTaNnbHUN eTan BKIIOYAB 3aCTOCYBaHHS O10JIOTTYHOTO METOIY JUISl OYHILIEHHS
MOJIEJIbHUX PO3YMHIB BiA cylbdamerokcazony. g 1poro Oyiau BHKOPHCTAaHI BHI BOJHI
pocimHu Buay Lemna minor. Byno npurotoBaHo MOJCTbHUN PO3YMH i3 aHTHOIOTHKOM y PI3HHX
KoHUeHTparisax: 0,25 mr/mme, 0,5 mr/nme® ta 3 mr/ame. Takox Oynu MpOBEACHI TOCHTIKSHHS s
BU3HAYCHHS CTAOUIHHOCTI aHTUOIO0THKA Y MOJIETTLHOMY PO3YMHU O€3 POCIIHH.

VY 11poMy JOCTiJKEHH] OyJI0 BUKOHAHO J[Ba MapajielIbHUX eKCIIEPUMEHTH, SIK1 IIPOBOAMIIUCS
npotsirom 80 TOIWH MpH OJHAKOBHX yMoBax. [lepmmii excriepuMeHT OyB CHIpSMOBAaHWN Ha
BUBYCHHS MOKJIMBOCTI MOTJIMHAHHS psickoro (Lemna minor) antubiotuka (cynbhamMeTokcaszony).
Jpyruii ekcnepuMeHT CIIpsIMOBYBABCSI Ha aHai3 CTaOUIBHOCTI aHTUO10THKA Y BOJHOMY PO3UHHI
IpY TAaKUX CAMUX YMOBaX 1 KOHIEHTpalisx. [y 000X eKkcrepuMeHTIB 3pa3Ku OyiM 310paHi B pi3Hi
MOMEHTH 4acy, BKIIFOYar04M Taki yacosi Touku: 0 rox, 5 rox, 24 rox, 30 rox, 45 rox, 49 rox, 52
rox, 55 rox ta 80 rog.

Pesynbratn nmokasanu, mo 3a 80 roAMH MOYaTKOBA KOHLEHTpaIlisl aHTHOI0THKA B PO3UMHI
(mouaTkoBa KoHIeHTpalis cranoBuia 0,5 mr/nm?) 3uusunacsa 1o 0,37 mr/am?, mo ckinagae 26%
3arajibHOi BTpaTW aHTHOIOTHKA, sika Oyja MOTJIMHYTa PSCKOI (IMB. pUCYHOK). Ilpm meHmmx
KOHIEeHTpauiax antuoiotuka (0,25 mr/am?) edpekTuBHICTh NOTIMHAHHS cTaHoBUIa 20%, TO1 SIK
P BUCOKUX KOHIIEHTpaisx (3 mr/am?®) - 18% (nuB. Tabmuirio).

AHTHO10THK ITPOSBUB CTAOUIBHICTh Y BOJIHOMY PO34YMHI 0€3 y4acTl psCKH, 1110 CBIIYUTH PO
MOYJIMBICTh MOAAJIBIIOT0 BUKOPUCTAHHS CyJIb(aMeTOKCa30iy IS OCIIKEHb.

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

127



EdexTHBHICTS MOITHHAHHS aHTHOIOTHKA PACKOIO
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3anexxHICTh e(heKTUBHOCTI BUAAJICHHSA CYIb(aMeTOKCa30Iy BiJ KOHIICHTpaIii

3a TpuBaIOCTi 5-80 roj

K-1Tb roaun 0.25 mr/mm3 | 0.5 mr/mm3 3 mr/nmm3
0 0,26 0,53 3,00
5 0,26 0,51 3,03
24 0,24 0,47 2,87
30 0,23 0,45 2,81
45 0,21 0,42 2,51
49 0,22 0,43 2,58
52 0,22 0,42 2,64
55 0,22 0,40 2,58
80 0,21 0,38 2,46

Psacka (Lemna minor) BusBMIA  3JaTHICTH OO0  IOMIMHAHHS  aHTHOIOTHKA
(cynphamerokca3onny) 3 BOAHUX po3urHIB. E(EKTHBHICTH OUHMINEHHS BOAM BiJ aHTHOIOTHUKA
3ajIekana BiJl MOYaTKOBOI KOHIEHTpalii aHTuO10THKa Y po3uuHi. [Ipu moyaTkoBiif KOHIIEHTpaii
0,5 Mr/nM°, psicka mormMHyIa npubamu3HO 26% aHTH6GioTHKA MpoTAroM 80 roamH. Ilpy iHmmx
MOYaTKOBUX KOHIEHTpalisx antubiotuka (0,25 mr/ome Ta 3 MF/I[M3), BUJAJIEHHS CTaHOBHIIO
BinoBiHO 20% 1 18%.

PesynbTaTi AEMOHCTPYIOTh MOTEHIHHY eeKTHBHICTh psicku Lemna minor y 3MeHmieHHi
KOHIIEHTpaIlli aHTUOI0TUKA Y BOJHHUX CEPEAOBHINAX, IO MOKE OyTH BaXIUBUM JIJISI OUUIIEHHS
CTIYHHUX BOJI BiJl IbOTO BUY 3a0pyIHEHHS.

JetanpHimmit aHami3 1 10AaTKOB1 JOCIIHKEHHS MOXKYTh IOTIOMOTTH BU3HAYUTH ONITUMAJTbH1
YMOBH JUIsi MAaKCUMAaJTbHOTO BHJIAJICHHSI aHTHOIOTHKIB 32 JOMOMOTOIO PSCKH Ta ONTHMI3yBaTh
MIPOIIEC OUYMIIECHHS CTIYHUX BOJI BiJ] ITUX CIIOTYK.

Cnucok eukopucmanux oycepei:
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KOMIIVIEKCHA OYUCTKA NTIPOMUBHUX CTIYHUX BO/,
BI IOHIB IUHKY MAT'HITHUMU COPBEHTAMHA

Acnipanmu Anopii Ilyzanoe, Anacmacia Coceoxo
Hayxkoeuit kepienuk I'ennaoin Kouemoes

Kuiscokuil nayionanvHuil yHigepcumem OyOigHUYMSEA ma apximexmypu
Ykpaina, Kuis, andrepuzano@gmail.com

OpHUM 3 TIEPCTIEKTUBHUX IIISAXIB MiABUICHHS PIBHA €KOJOTIYHOT O€3MEKH MPOMHUCIOBUX
HiANPUEMCTB € BHUKOPHUCTaHHS €QEKTUBHUX (epOMarHiTHUX COpOEHTIB JJs OYMIIEHHS
IPOMUBHUX CTIYHUX BOJ, 30KpeMa, BIJl CHOJIYK BaXXKUX MeTaniB. CTBOpeHO 1abopaTopHy
YCTaHOBKY JJsl JTOCIIKEHHsSI COpOIl 10HIB BaXKHMX MeTaliB i3 cTiuHoi Boau. [IpoBemeHo
MOPIBHSIHHSL COPOLIITHOI CHPOMOKHOCTI MaTepialiB, sIKIi OyJauM OTpHUMaHl CIIBOCAJKEHHIM
HOJIBAJIEHTHUX CHONYK (epyMy, €IeKTPOepO3iHUM IUCIEPTryBaHHSAM CTaJeBOi CTPYXKKH, a
TaKOX 3pa3KiB QUIOTAIIMHOTO KOHIIEHTPATY 3a13HOI PY/IH.

CtpykTypa  TOpOIIKOBUX  (pepoMarHiTHUX  COpPOEHTIB  JOCHI[KEeHa  METOAaMH
TPaHyJIOMETPUYHOTO Ta peHTreHodazoBoro anamizy. da3oBuil aHami3 3pa3kiB COPOEHTIB, fAKI
OTpPHMaHI CIIIBOCA/KEHHSIM, BKa3aB Ha BMICT B HUX MarHeTUTy Fe3043 mapaMeTpom KpHcTatiyHoi
pemitku 8,396 A. KpiM Toro, Ha amdpakTorpamMax IUX 3pasKiB BHABIEHO MAKCUMYMH, SKi
BiZIHOCATBCS JI0 MPOMiXkHOT (ha3u MoHoripaTa 3amiza 5-FeOOH 3 nmapamerpoM pemitku 2,950 A.
[TinTBepaKeHa XIMIYHA CTIHKICTh ()a3u Mar"HeTuty, SKUM MpH 3BUYAMHIA Temmeparypl He
PO3UUHSETHCS y BOJI Ta B POo30aBIEHUX pPO3UYMHAX CHIIBHUX KHUCIOT 1 JIYTiB Ha BiIMIHY BiX
OKcirigpokcuaiB 3amiza. Lle o0yMoBIeHO OCOONMUBICTIO OymOBM KpucTamiyHOi pemriTku Fez0Os
mimiHenbHoro tumy. Kpim toro, Oyna pociiykeHa cTpyKTypa 3pas3KiB COPOEHTIB, sIKi OTpUMaHi
METO/IOM €JIEKTPOEPO3IHHOTO JUCIIePTyBaHHS CTAJIEBOI CTPYKKH, Ta KOHIICHTPATY 3aJIi3HOI PYAH.
3a pe3ynpTaTaMu peHTreH0(a30BOro aHaMI3Y 111 3pa3Ku COPOYIOUMX MarHiTHUX MOPOIIKIB, MAIOTh
OUIBII BUCOKY KPHUCTAJIIUHICTh B MOPIBHSIHHHI 3 ocafamMu (epuTH3aliiiHoro criBocaxeHHs. Ha
IIe BKa3y€ BHCOKa IHTEHCHUBHICTh BY3bKHX peQUIeKCIB Ha peHTreHorpamax. B mux 3paskax
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imeHTu(dikoBaHa TITBKH (pa3a MarHeTUTy. [ 'paHyJIOMETpUYHHI aHaTI3 TOKa3aB, IO PO3MIpH
YaCTHHOK MOPOIIKIB yCiX COpOILIHNX MaTepianiB 3HAXOAAThCS B Mexax Bix 1,9 1o 67,5 Mxwm.

B nporieci gociimkeHb COpOCHTH BUKOPUCTOBYBAIUCH SIK Y BUTJISI MOPOIIKIB TakK 1 BOJHOL
cycnensii. JlocmiykeHO BIUIMB YJIBTPa3ByKOBOI OOpOOKM peakiiifHOi cymimi B mporeci
dbepuTH3allii, a TAKOXK MBHIKOCTI IEPEMIITyBaHHS CyCIieH31i COpOCHTY Ha SIKICTh OYUCTKH CTIYHOT
BOIM Bix ioHIB IHKY. OOpoOka peakuiiHOi cyMilil yJIbTpa3BYKOM B mporeci ¢eputusamii
MPU3BOJIUTE 70 30UIbIIeHHS (pa3u MarHeTUTy B ocagax Ha 25,4%. AHaji3 OTpUMaHUX JTaHHUX
NoKa3aB, L0 HaMKpamy pe3yiabTaTd copOulii i0HIB LMHKY JOCATHYTI TpPU BUKOPUCTAHHI
CBDKEOTPUMAHOI cycneH3ii copOeHTy, SKUH OJAepKaHO METOJIOM EJEKTPOEepO31HHOTO
JCTIEPTYBaHHS CTAJIEBOi CTPYXKKHM Ta MPH LIBUAKOCTI mepeminryBaHHs cycrensii 1200 o6/xs.
CrymniHp BHIYYEHHS 10HIB IMHKY 13 TPOMHUBHOI CTIYHOI BOJY JIiHIT IIMHKYBAHHS TaJbBaHIYHOTO
BUPOOHHUIITBA cTaHOBUB 98,1%.

OuwunieHa cTivHa BOJAA BIAMOBIAAE AIF0YMM HOPMATHBaM IIOAO BMICTY 10HIB IIUHKY MpH ii
NOBTOPHOMY BHUKOPHCTaHHI JUIsl TIPOMMBKH JI€TaJIel Ha TrajbBaHIYHOMY BUpOOHMUTBI. Pazom 3
UM OyJIM HaMideHl HANpsSMK{ TMOJAJIBIIOTO BUKOPHUCTAHHS BiAMpPalbOBaHMX COPOCHTIB, SKi
MaroTh ()EpPOMArHiTHI BJIACTUBOCTI. 3acCTOCYBaHHS pE3yJibTaTiB [bOTO JOCHIDKEHHS Ha
MPOMUCIIOBUX MIAMPUEMCTBAX MOXKE 3aro0IrTH 3a0pyJHEHHIO JOBKLUISA BKKHUMH MeETallaMH,
3armpoBaUTH e(PEKTHBHI BUPOOHUYI TEXHOJIOTIT Ta 32a0€3IeUnTH pallioHAIbEHE BHKOPUCTAHHS BOJIU
Ta CHPOBUHU Ha raJIbBaHIYHOMY BUPOOHUIITBI.

I'A3OXPOMATOI'PA®IYHE BUBHAYEHHA EKOTOKCUKAHTIB (JIETKHUX
T'AJIOTEHOPT AHIYHUMX CIIOJIYK) Y IIATHIN BOI

Ilynkoea O.b.

Incmumym konoionoi ximii ma ximii 6oou im. A.B. [{ymancekoeo HAH Ykpainu,
oligapupkova@gmail.com

VY mnpakTuii BOAOMIATOTOBKH CIIOCOOM 3HE3apaKCHHS BOJAM YMOBHO MOAUIAIOTH HA
peareHTH1 (XiMiuH1), Oe3peareHTH1 (pi3uyHi) Ta KOMOIHOBaHI. XJIOPYBaHHS BOJM Ha BEIUKUX
BOJIONPOBITHUX CTAHIISAX 3A1MCHIOETHCS EPEBAXKHO Ia301101I0HUM XJI0pOM ab0 peuOBHUHAMHU, 110
MICTSITh aKTUBHUN XJIOp (XJIOPHUM BamHOM, TIIOXJOPUTAMHM, XJIOPAMIHAMM, TIOKCUIOM XJIOpY,
CYMIIIIIIO OKCHAAHTIB Ta iH.). B VYkpaiHi B TeXHOJOTrii MiATOTOBKM BOAOIMPOBIAHOI BOAU
HallyacTille BUKOPHUCTOBYeTbCs xyop-ra3z (36%), xmopamiauda Boja (29%) Ta TinmoxJIOpUTu
(20%), a B ocTaHHI pOKHM Ha OKPEMHX BOJOMPOBOJAX HAIIO! KpaiHU MOYaId BUKOPHUCTOBYBATH
niokcua xyopy (8%) [1]. Bukopucranus xiopy s 3a0e31neyeHHs enieMIuHo1 0e3MeKH MUTHOL
BOJIM CYNPOBOKYETHCS MOTIPIIEHHAM ii SKOCTI yepe3 YTBOPEHHs 3 OpPraHiuHUMH JOMIIIKaMHU
MPUPOIHOT BOJAM TOKCUYHUX XJyIopopraHiyHux cnouyk (XOC), skuM npuTamMaHH1 KaHIIEpOTeHH,
MyTareHHi Ta iHII HeOe3Ne4Hi BJACTUBOCTI, T'OJOBHUMH MONEPEAHUKAMU SKHUX € MPHUPOJIHI
TYMIHOBI Ta (yJIbBOKHCIIOTH, a IHOA1 1 OpraHi4Hi CIIOJIyKH aHTPOHOTEHHOT'O MOXOIKEHHS.

Ha rtenepimmniii yac omy6iikoBaHO 0Oarato JaHMX MO 3a0pyIHEHHIO XJIOPOPraHiYHUMH
criosrykamu (XOC) BOgonpOBITHOT BOAM MMATHOTO MPU3HAYCHHS, BCTAHOBJICHO 3aKOHOMIPHOCTI Ta
(baxTopH, 110 3yMOBIIOIOTH iX yTBOpeHHs. [loka3aHo, 110 Mpu XJIOpPYBaHHI MPUPOIHUX BOJ Ha
MpOIIEC YTBOPEHHS BEIMYE3HOI KUIHBKOCTI TaJOT€HBMICHHX CIIOJIYK BIUIMBAIOTh HE TUIBKH
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KUIBKICTHUHM BMICT MPUPOJHUX OPTaHIYHUX PEUOBHH — T'yMIHOBUX Ta ()yJIBBOKHCIIOT, TaHIHIB,
X1HOHIB, (peHoIiB, aje 1 J03a 1 IpUpoAa XJopyrodyoro areHTa, pH i remmneparypa npupoaHoi BOAH
[2,3]. Cepen Takux XOC HaNO1IBIIT BiIOM1 XJIOPITOX1IHI BYTJICBOJIHIB: JIJIS aJIKaHIB — XJI0podopM,
YOTHPUXJIOPUCTUH BYyTJELb Ta iH., HCHACHYCHUX BYTJIEBOJHIB — XJIOPETHIICH, TPUXIIOPETUJICH;
UKJIOAJIKAH! 1 HUKJIOAJIKEHH Ta 1H..

Hocnimkenns, BukoHani y Hinepnanmax ta CIIIA B 70-x pokax 20-0T0 CTONITTS, TOKa3aJIH,
1o npu 9 + 20% MOMIMHEHOTO XJIOPY YTBOPIOIOTHCS XJIOPOPraHiyHi CIOIYKH, B TOMY uncii 2+5%
tpuraiomeranu (TT'M), 2,5+5% ranoourosi kucnotu, 0,1+0,2% tpuxmnopaneron; 0,01+0,13%
JTUXJIOpaeTOHITPUI. [3 1 Mr 3araapHUX OpraHiYHUX PEedyoBHUH yTBOPrOeThCs Big 50 mo 300 MKr
XOC, B Tomy umcni 40-136 mxr TI'M 1 cTinbku x ramoornroux kuciot [4]. XOC 3He3apaxkeHol
BoaU ieHTU(dikoBaHO juiie ~50% BiJ 3araabHOro BMICTY MOOIYHUX MPOIYKTIB XJIOPYBAaHHS,
HIII TaJOreHOpPraHiyHi CHOJYKH, SIKI TaKOX € HeOe3MeUYHUMH Ui 3I0pOB'Ss HACEJIEHHS,
HeineHTH(iKOBaHI.

YTBopeni npu xjopyBanHi TI'M (xmopdopm, OpomanxiiopmeTan, THOPOMXIOPMETAH Ta
O6poMoopM), TPUXJIIOPETHIICH, TETPAXJIOPBYTJCIL — MPOMYKTH 3aMIIIEHHS aTOMIB BOJHIO B
BYIJICBOJHAX HA aTOMH TAJIOTEHIB 1 € TOKCHYHUMH OPTaHIYHUMU CIIONyKamHu 1 BigHeceHi 1o |l
kJacy HeOe3neku. ToMy olliHKa BMICTY IIMX PEYOBUH HEOOX1aHa A7l BUOOPY SIKICHOT MUTHOI BOJIH,
OOrpYHTOBAHOTO YIPABIIHHS TEXHOJIOTI€I0 TOOYUCTKU 3 METOK) 3HMKCHHS 1X KUIBKOCTI y BOJII
JUTsL OTPUMAHHSI BOJIM MUTHOI SIKOCT1, OCKUTBKH YacTO 3HE3apakeHa BOJA CTAa€ HEMPHUAATHOO IS
MUTHUX ITCH.

BinnoBigHo 1o unHHUX HOpMaTtuBHUX AokyMeHTiB (dCanlliH 2.2.4-171-10) [5], ACTY
7525:2014 [6]) 3 2015 poky BmicT XOC HE00XiqHO 000B'SI3KOBO KOHTPOJIFOBATH y BOIOTIPOBIIHIH
BOJIi, OTPUMAaHI{ 3 MOBEPXHEBUX JXKEPEN BOJIOMOCTAYaHH, a TAKOXK Y MUTHIN (hacoBaHiil BOIi, 3
MYHKTIB PO3JIMBY Ta OIOBETIB — y pasi, AKIIO BOJA XJIOPYETHCS B MPOLECi BOAOMIATOTOBKH, a00
BHUKOPHCTOBYETHCS XJIOPOBaHA BUXiJIHA BOJIA. Ix TJIK y BOJOTIPOBIIHIH BOIi IOPIBHIOE, MKT/IM3:
60 (CHCI3), 10 (CHBr2Cl), 100 (TI'M), 10 (tpuxiop-i terpoxyopermieH), 2 (CCl4). dns
dacosanoi Boau 3HaueHHs ['JIK Ha nmopsiiok Huk4l a00 HOPMYIOTHCS Ha PiBHI "BIACYTHICTB".

Jns BusHaueHHs jeTkux XOC po3pobieHo Oarato METOIUK, SIKI BUKOPHCTOBYIOTHCSI B
CaHITapHO-TIT€HIYHIA NpPaKTUI Ta B JOCIHIAHUX poOoTax. AHali3 TakUX CIOJIYK Oa3yeTbecs
BUKJIIOUHO Ha 3aTOCyBaHHI XpoMaTorpadiuHux MeToiB. s ojepkaHHS BHCOKOI YyTJIMBOCTI
Bu3HaueHHs Ha piBHI [JIK 1 HWK4Ye B pyTMHHOMY aHalli3l 3aCTOCOBYETHCS €JIEKTPOHHO-
3aXOIUTIOIYHMA JIETEKTOP, a MPHU MPOBEIEHHI JI/OCHITHHUIIBKAX POOIT 3 METOI0 iAeHTH(IKAIi
noOIYHUX MPOAYKTIB MPOIIECiB OOPOOKU BOJHM — Mac-CIIEKTPOMETPUYHUN JieTekTop. s Budopy
ONTUMAJIBHUX YMOB PO3JUICHHS AOCIIKEHO 3aKOHOMipHOCTI yTpuMmaHHs JeTkux XOC Ha
HepyxoMuXx (hazax pizHoi npupoau. OCHOBHI CITIOCOOU MiATOTOBKHU MPOOH MOJATAIOTH B €KCTPAKIIIT
OpraHiuHUMHU PO3YMHHUKAMHU, TBEPAUMH COPOCHTAMHU, PI3HUX BHIaX CTATUYHOI'O Ta JUHAMIYHOTO
aHaizy piBHOBaXHOI mnapoBoi (a3u. CratmuHuil napodasHuil aHami3 HaOUIII MIMPOKO
BUKOPHUCTOBYEThCSI B CEpIMHUX AHAIITUYHUX BUMIPIOBAHHSAX 3aBJASKH IMPOCTOTI BHUKOHAHHS,
JIOCUTh BUCOKIH MPOJyKTUBHOCTI, BIZICYTHOCTI 3aBa)Kal040ro BIUIMBY HEOPraHIYHUX Ta HEJIETKUX
OpraHIYHUX CIIOJIYK, MOJJIMBOCTI HOro apromaTuzamii. Meroauku mapoda3Horo aHaiizy
MOEAHYIOTh OJTHOCTaAIMHY MiATOTOBKY NMPOO 3 HACTYITHUM I'a30XpoMaTorpadiYHUM BU3HAUCHHSIM.
MoxIMBe JTOCHTh MPOCTE MPOBENEHHS aHaNi3y 3 BHKOPHCTaHHSIM TEPMOCTaTyBaHHS MPOOH B
repMeTHYHO 3aKPUTOMY COCYJ, pydHOro Binbopy mpobu (1-2 cm®) maporaszoBoi dasu mmpuiem
Ta BBEICHHSM ii B XpomarorpadiuyHy KoJOHKY. [[ns 3a0e3neueHHss HEOOXiTHOI TOYHOCTI Ta
BIJITBOPIOBAHOCTI pe3yJIbTaTiB HEOOXiHO BpPaxOBYBATU Taku (haKTOPH: CTANICTh TeMIIEpaTypu
TEPMOCTaTYBaHHS, TPUBAJICTh BCTAHOBJEHHS MDXK(}a30BOi pIBHOBArM [UIsl PI3HHUX CIOJYK,
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MO>KJIUBICTh COpOIIii MaTepiaioM 00JiaHAHHS, BIUIMB MaTpPHIl, BTpaTH HpH Bigdopi mpold Ta
JI03yBaHHI.

B Vkpaini 11s BU3HauU€HHSI BUCOKOJIETKUX T'aJIOTEHOBAHUX BYTJIEBOJHIB BUKOPUCTOBYIOTh
HarionanbHuit cranaapt JCTY ISO 10301:2004 [3] tTa Metoauuni BkasiBku Ne0052-98 [7].

B namomy gociiakeHH1 BUKOpUCTaHO Napoda3He BUALUICHHS HOPMOBAHUX BHUCOKOJETKUX
raJIoreHOBAaHMX BYTJIEBOJHIB Ta Tra30BOi XpomaTtorpadii 3 eJIeKTPOHHO-3aXOIUTIOI0YNM
JIETEKTOPOM ISl BU3HAYCHHS iX PIBHS B BOAOIPOBIAHIN Boai M. KreBa Ta o1iHKM e(heKTUBHOCTI
OUMINEHHS BOJM BiJ MPOAYKTIB 3HE3apakeHHS MmoOyToBUMHU ¢inbTpamu. Hamu 3acTtocoBano
razoxpomMarorpadiuHuii MeTO]] Ha HAOMBHHMX KOJIOHKax BiamoBimHO 10 MB Ne 0052-98 [7]. Lei
MeToa po3pobiieHnit B ocHoBHOMY uist Bu3HaueHHss CHCI3 y xmopoBaniii BOzi 3 BUKOPUCTaHHAM
razoBoro xpomarorpady LIlBer-5S00M. JlomaTkoBi MOCHTIPKEHHs TMOKa3aH, IO METOJ] MOXKHA
BUKOPHUCTOBYBATH JIJIsl PO3MIJICHHS 1 KiIJIbKICHOTO BU3HAYCHHS HE TUIbKH XJIOopodopmy, ane i
TUOPOMXJIOPMETaHY, TPUXJIOPETUIICHY, TETPAaXJIOPETUIICHY, YOTUPUXIIOPUCTOrO BYIJICLIO 3
mexxero  BusiBieHHs  (1-5 wMkr/mm3). Cepexn  yTBOPEHMX B MpPOILECI  BOJOIMIATOTOBKH
tpuraioreameraniB Bmict CHCI3 cknamae 70-90%, came Tomy BiH MoO)ke OyTH 1HAMKATOpPOM
3a0pynaenHss Bogu TI'M. Cmix 3a3HAuuTH, MO JUIsl BU3HAYCHHS JIETKUX JOMIIIOK Y BOJII
3aCTOCOBYBAJIM METO]] ra3oBoi xpomarorpadii B MOeAHAHHI 3 KOHIIEHTPYBaHHAM Mpob. [Ipody
Bogu o0'emom 20 cM3 momimani B TepMETHYHO 3auumHeHHd cocyn ob'emom 40 cm3 i
tepmoctaTyBanu npu Temnepatypi 60 0C 30 xB. IIpu npomy BigOyBanocs KOHILIEHTPYBaHHS
KOMITOHEHTIB, OCKUIbKH ITPH HarpiBaHHI MpoOU BOIU piBHOBaXKHA Mapa 30aradyBanacs JETKHUMU
nomimkamu. [Ticns TepmocTtaryBanns Harpitum 110 60 0C mmpunem BBoguiu 1,0 cM3 rasomnapoBoi
¢da3u B BUNIapHUK XpoMaTorpady s mogaibIioro aHamily. Po3aiieHHs IpoBOIUIN Ha HAOUBHIM
xpomatorpadiunii kononmi (xpomocopd W-HP 0,200-0,250 mm +15% SE-30) noBxuHO0O 2 M.
Sk ra3-HOCii BUKOPUCTOBYBAIM a30T «0.C.4.», MBUAKICTh HOTO MPOXOKEHHS 4Yepe3 KOJOHKY
cknanana 30 cm3/xB, Temmneparypu kononku — 50 0C, Bumnapuuka — 110 0C, nerexropa — 150
0C, yac yrpumanus (UY) xmnopodopmy — 43 cek; YOTUPUXIOPUCTOrO Byrieuo — 56,5 cek;
TpUXJIOpETHIIeHY — 68 cek; nudpomxiiopmerany — 143 cek. Mexa BusiBinenns (MB) xiaopodopmy
y BOJl — 5 MKI/AM3 , HOTUPHUXJIOPUCTOIO BYTJEe0 — 1 MKI/am3 , TpUXJIOpETHIIEHY — 5 MKI/amM3,
muopomxiopmerany — 1 Mxr/am3. [licis po3iiieHHs: KOMIIOHEHTIB poOu Ha XpoMaTtorpadiyHii
KOJIOHIIl JIETKI TaJOT€HBMICHI CHOJIYKH (IKCyBalM JETEKTOPOM EJIEKTPOHHOTO 3axBaTy Ta
ineHTudikyBanu ix 3a UY, BpaxoByroun MB. 3pa3zku BomonpoBinHoi Boau Oyno BiniOpaHO B
KUIbKOX paiioHax KueBa, BMICT TOKCHKAHTIB, 110 BU3HAYAIHUCS, CKIaaaB, MKr/am3: (20-58) nmus
CHCI3 , <1 ana CHBr2Cl, CCl4 ta (20-59) mis TPUXJIOPETUIIEHY. B OKpeMux 3pa3zkax BOAM
Bmict CHCI3 nabmmxkascst o I'/IK, a BMicT TpuxyiopeTuiieHy y Bcix npobax nepepuiryBas ['JIK
B 4-5 pasiB. XimiuHu# aHasi3 "pO3MTMBHOI MUTHOI BOAM", 1110 IPOMOHY€EThCS croxuBayam B Kuesi,
MOKa3aB, IO I BOJA TMiATOTOBJIIEHA 3 BOJOIMPOBITHOI, JOOYHUIIEHOI METOJOM 3BOPOTHHOTO
OCMOCY B1Jl MPAaKTUYHO BCIX MiHEpaIbHUX coJiell — cyxuil 3anumok ckiagas <30 mr/am3. bymno
IpoaHalli3oBaHo 5 3pa3kiB Takoi Boau: B 4-x Oy BusiBnenuid CHCI3 Ha piBHi (19-34) mkr/mm3,
o 3HayHo Buie ['JIK ans noounmmenoi mutHoi Boau BiamosigHo no CanlliH 2.2.4-171-10 ta
JACTY 7525:2014.

JocmipkeHa Takok e(EeKTUBHICTh BHMJAJIEHHS JIETKMX TaJlOr€HOBMICHUX CHOJYK 3
BOJIONPOBIIHOT Bou ToOyToBUMU (inbTpamu «bpuray, « AkBadopy, «Hama Boga», « Byrinbauit
¢binbTp 3 YD», «9k0 2000» Ta ycraHoBkH «Bera». OctanHi Tpu (iabTpy HaWOUIBII €PEKTUBHO
BujgansaioTh TIT'M 3 mutHOi Bogu: < (80-96)% xmopodopmy 1 (86-93)% TpuxioperusneHy.
[Tokazano, mo edextuBHICTh QiAbTPiB «bputa», «AxBadop» Ta «Hama Bojga» memo Hix4a,
OCKIIbKM BOHM  BHJQISIM 3 BOJOMPBIAHOT Boau 10 67% xmopodopmy 1 (65-85)%
TpuxsopeTuiieHy. HailimeHma e(eKkTUBHICTb JTOOYHMCTKU JOCSATAETHCS METOJOM 3BOPOTHOTO
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OCMOCY: y JOCHIDKEHHUX 3pa3Kax «PO3JMBHOI MUTHOI BOJIW» 3 KIOCKIB, PO3TAIIOBAHUX B PI3HHUX
paiionax M. KueBa, epeKTHBHICTh BUJAIIEHHS XJI0phOPMY 1 TPUXIIOPETUIICHY Aocsirana guiie 37%
1 60% BiAMOBIIHO.
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IMPOBJIEMHU OYNIIEHHA CTIYHUX BO/| OJIIENEPEPOBHUX 3ABO/IIB
Paoyza O.C., cm., Caoniit JI1.A. 0.m.n., npogp.

Hayionanonuu mexniunuu ynigepcumem Yxpainu « Kuigcokutl noaimexnidnuil iHcmumym
imeni leopsi Cikopcvroeoy, Ykpaina, m. Kuis, raduga.olexandr@lll.kpi.ua

CriuHi BOAHM, SIKI YTBOPIOIOTHCSI Ha ONIMHUX 3aBOJIaxX, MPEACTaBISAIOTH COOOI0 CephHo3Hy
€KOJIOTIYHY Tpo0seMy uepe3 OOCSATH I[1€i MPOMHUCIOBOCTI Ta HEIOCTATHBO BUCOKY SKICTh
ountieHHs. L{g mpoGiema cTBoproe 3HauHe 3a0pyTHEHHS BOIONM.

['0OBHUM JKEpeIoM YTBOPEHHS CTIYHHX BOJ € TPOIECH NMPOMHBAHHS CHPOi OJii Ha
oniHuX 3aBojaax. Lleil mporec MpU3BOIUTE IO YTBOPEHHS KUCITUX 1 JIY)KHUX CTIYHHUX BOJ, K1
MICTSITh BEJIMKI KIJIbKOCT1 JKUPHUX KUCIIOT.

OueBHIHO, 1110 HEOOX1AHO BAOCKOHAIUTH TEXHOJIOTT OYHIIEHHS [IUX CTIYHHUX BOJ, OCKIJIBKH
BOHU MICTSTh KOMIIOHEHTH, SIKI MOXYTh OYTH IIKIJIMBUMH JJIsI HABKOJHUIIHBOTO CEPEIOBHIIIA.
MonuBi HUIAXM BUpPIMIEHHS Li€l NMpoOJeMu BKIIOYAIOTh B cebe BIPOBAHKEHHS OiIbII
e(EeKTUBHHUX METO/IIB OUHMIIEHHS Ta CTPOTIIINX HOPMATUBIB JJIsl SIKOCTI OYHUIIICHHS CTIYHUX BOJI.
Taxi 3aX0Au AOMOMOXYTh 3MEHIIUTH HETaTUBHUHN BILTUB OJIMHOI MPOMUCIOBOCTI Ha TOBKULIA 1
MIBUIIUTHU SKICTh BOAM Y TPUPOTHUX BOJIOMMAX B HAIIM KpaiHi.

Mera miei po6oTH momsirae B aHali3l METOJIB Ta MPOOJIEM OYMINEHHS CTIYHUX BOJ, SIKi
YTBOPIOIOTHCSI Ha OJIIWHUX 3aBOJAX, JUIA 3MCHIICHHS HETaTHBHOI'O BIUIMBY 3a0pyIHUKIB ITUX
CTIYHMX BOJI Ha JIOBKIJIJIS Ta MiJBUIICHHS SKOCTI BOJU B MIPUPOJIHUX BOJOMMAX B HAIIIK KpaiHi.
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[Ipu MacnmoekcTpakiiii, Temrneparypa CTIYHHUX BOJ 3a3BHUYail KoiuBaeThes Big 60 mo 85
rpaayciB Llenbcis, BogHE cepelOBHILE BiPI3HIETHCS CIa0KO KUCIUM abo HeWTpaiabHuM pH B
niaraszoHi Big 7 mo 9. Ilokasauk BCK moxe BapitoBatu Bix 200 g0 1200 mr/mm3, a XCK - Bix 500
710 2000 Mr/am°®. Takosk BaXKITHBO Bi3HAYUTH BMICT 3aBHCITHX pEYOBHUH y cTiuHUX Bojax Bix 200
10 2000 Mr/mm3, sxupu npucyTHI y KimbkocTi 200 Mr/maM°, KOHIIEHTpALlis TOBEPXHEBO-aKTHBHUX
PEUOBUH CTaHOBHTH HmpubausHO 0,5 Mr/am>, a deHonu mpucyTHi B Kimbkocti Big 0,005 10 0,1
mr/mme. Takok B CTIYHMX BOJAX MACIOEKCTPAKIii MOXyTh MicTuTHCA GochaTu y KilTbKOCTi 5
Mr/mM°, aMOHIHHH a30T - 8 Mr/am°, HiTparu - 9,9 mr/ame Ta HiTputu - 0,49 mr/am° [1].

[Ipu padinarii Temmneparypa CTIYHUX BOJ 3a3BHYai HMKYA 1 KONMMBAEeThes Big 50 mo 65
rpanyciB Llenbcis. Pinnna mae Bucokuit piBeHb ayxHOCTi 3 pH B mianazoni Big 9 1o 10. BCK i
XCK B CTIYHHMX BOJIaX MOXYTh cAraTy 3Ha4eHsb Big 300 qo 1500 mr/am® Ta Bix 700 1o 2500 mr/am®
BinnoBigHO. [TAP B IboMy BUPOOHUIITBI MOKE JIOCATATH 3HAYCHB BiJ S 710 15 mr/ame. AMOHIHHWIA
a3oT mMoxe gocsraté 1 mr/mm3, a HITpaTH Ta HITPUTH MAIOTh 3Ha4YeHHs Onn3bko 0,72 mr/am® i
0,0147 mr/mm° BiamoBiaHO [1].

HaBeneHi xapakTepUCTUKH CTIYHHX BOJ| CBITYaTh PO BAKIUBICTh PETEIHLHOTO KOHTPOJIIO 1
00pOOKM CTIUHMX BOJ Yy BHPOOHHIITBI MaciOeKCTpakiii Ta padiHaiii, 3 orsiLy Ha pi3HHLIO Y
CKJIa/ll Ta BIACTUBOCTAX IUX CTIYHUX BOJ. Takuii KOHTPOJb € BKJIMBUM I 3a0e3lmeueHHs
JTOTPUMAHHS CKOJIOTIYHUX CTAHIAPTIB Ta 3HM)KCHHS BIUTUBY [IUX CTIYHUX BOJ HA JOBKIJUIA.

3aranom, CTi4H1 BOAM BiJl ray3i BUPOOHUIITBA OJIii CIOYATKY MiJIal0Thesi 00poOIli Pi3uKo-
XIMIYHMMH METOAAMH, a MOTIM Oi0JIoriuHiil ouncTii. biogoriuyni METOAM BasKJIUBI IS BUIAJICHHS
eMyJIbIOBAaHUX JKUPIB, Kl 3aCMIUyIOTh KaHali3amiiHi TpyOu 1 Hacocu. bionoriuni meTtoau
MOJIIJISIOTHCS Ha aepoOHi Ta aHAepOOHi, sIKI BUKOPHCTOBYIOTHCSI OKpeMO ab0 pa3oMm.

AepoOHi METOM MOXYTh BUKOPHUCTOBYBATHUCH JIJIsl BUAAJICHHS OpPraHIYHUX 3a0pyJHEHb B
CTIYHHX BOJIaX OJIIMHHX 3aBoJiB. OOpoOKa MOXe MPOBOTUTHUCS TpU TemrmepaTypi 25-35°C Ta
Omm3pkux 10 HeWTpanpbHuX pH. Xou aepoOHa o00poOka [103BOJISIE BUAAIUTH OpPraHivHi
3a0pyIHEHHS, TIPOTE ICHYIOTh HEIOJIKH, MOB'SI3aHI 3 BUCOKUMHU CHEPTOBHTPATAMHM JIJIS acepallii.
KpiM TOr0, MOKYyTh BUHHKATH MPOOJIEMH, TaKi K HaJTUIAHHs Ta HAAMIPHUN picT Giomacu.

AHnaepoOHMIT Tiporiec Tiepeadayae BIACYTHICTh KHCHIO 1 XapaKTEPH3YEThCS IMOBUIBHUM
pocToM 6ioMacu Ta MaJIOkO IIBUKICTIO mpotiecy. [ OUMCTKU CTIYHUX BOJ 3 BUCOKUM BMICTOM
OpraHiYHUX PEYOBUH, aHA€POOHE OUMILIEHHS 3 BUPOOHUIITBOM 0i0ra3y BUSBIISETHCS €(EKTUBHOIO
anbTepHaTHBO0. KpiMm TOro, mopiBHSAHO 3 aepoOHUM, aHaepOOH1 METOAM OLTbII e(hEKTHUBHI 3 TOUKU
30py €KOHOMIYHHMX BUTPAT 1 EHEPrOHE3aJIeKHOCTI [2].

Ji1s 0OpOOKH CTIUHMX BOJ B1JT 0111, TAKOXK BUKOPUCTOBYETHCS CUCTEMA aHA€POOHUX CTABKIB.
Cucrema Britouae B cebe KUIbKAa CTaBKIB 3 PI3HUMH (YHKIIISIMU, BKJIIOYAIOUYM XOJIOAWJIBLHUIN
CTaBOK, KMCIIOTHUH CTAaBOK, 3MIITyBaJIbHUN CTABOK, aHAEPOOHUN CTaBOK Ta aepOOHHI CTaBOK.
Bonu ckinanarThes 3 3eMIITHUX CIIOPY, Ta TOTPeOyIOTh BEMUKY Tomry 3emii. CucrteMa CTaBKiB
aHaepoOHOi 00poOku moTpedye HaiOIbIMi yac yrpumanHs Bia 20 1o 200 1i6. MakcumanbHa
edextuBHicTh BuaaieHHs XCK ta BCK nocsaranacs na pisHi 54,5% Tta 78% BiamosiaHo [3].

Peaktopu UASB edekTuBHI 1 €KOHOMIUYHO JOLIIbHI JAJIi OYUCTKU CTIYHUX BOJ B raiysi
XapyoBOi NMPOMMCIOBOCTI B TOMY 4MCIl NpH BUpOOHMUTBI oiii. Ilpu minBuiieHOMY BMICTI
opraniyHux pedoBuH peakrop UASB 3naTteH ounmaTi Hepo3BeACH CTiUHI BOJU. Y MOPIBHSHHI 3
aHaepoOHUMH MeTo1aMu, ocobmuBicTe UASB - yTBopeHHS TpaHyIbOBaHOTO MYy [3].

Jns migBuineHHss e()eKTUBHOCTI OYMINEHHS CTIYHHUX BOJ € 0araTo METO[iB, OJHAK Ha
CHOTOJHINTHIA JI€Hh OJHUM 3 HAaWOUIHII MEPCIEKTUBHUX MIIXOJIB € BUKOPUCTAHHS aepOOHOTO
MeToay 3 iMMOoOiTizaliero MikpoopraHi3Mis. Llei MeTos cripsiMoBaHMi Ha 301IbIIEHHS 6i0MacH B
OJIMHHUII 00'€EMY OUYHMCHHUX CTIOPY/I, IO BiA3HAYAETHCS BUCOKOIO €(EKTUBHICTIO.
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Byno BusBieHO, 110 cucTeMu 3 iIMMOO1TI30BaHUMH KJIITHHAMHU MAlOTh O0araTo mepeBar nepes
CHCTEMOIO OUMIIEHHS 3 aKTUBHUM MysoM. Hampukman, iMmoOuTi3amiss KITHH TMiABHILYE
CTaOULIBHICTh MIKpOOHHX KJIITHH, 3a0€31euye 6e3nepepBHY poOOTY, CIIPOIILYE PO3AUICHHS TBEPAOL
Ta piAKoi ¢a3u Ta MiABUILYE CTIHKICTh 0 HECTIPUATIMBUX YMOB HAaBKOJIMIIHBOTO CEPEIOBUIIIA.
[Ipotsirom 6araTb0X pOKiB OYyJIO MPOBEJACHO P MOCHTIKEHb, 00 BCTAHOBUTH €(PEKTHBHICTH
iIMMOOLTI30BaHUX KIITUH JUIsi Olojerpagamii pi3HUX TUMIB 3a0pyJAHEHb CTIYHHX BOJ. Pi3HI
MIKpOOPTraHi3MH MOKa3ajIH 3J1aTHICTh 010JIOTTYHO pO3KiIaaaTy 11 3a0pyaHeHHs. s immoOimizamii
MIKpOOpraHi3MiB BHKOPHCTOBYIOTh 1HEPTHI HOCIi, SKMMH 3alOBHIOIOTH 00'eM OiopeakTopa,
YTBOPIOIOYM TAKHMM YHHOM BHCOKOPO3BHUHEHY IOBEPXHIO JUIS TPUKPIMUICHHS 1 YTPUMYBaHHS
Olomacu MikpoopraHi3miB. [ligx 4ac OYMINEHHS CTIYHUX BOJ, SIKI YTBOPIOIOTHCS B TPOIECI
BUPOOHHUIITBA OJIii, BHUSBJICHO, II0 BUKOPHUCTAHHS AaKTHBHOTO MYJY JIO3BOJIWJIO 3HU3UTH
koureHTpanito XCK na 61% mnpotsarom 2 roamH aepamii ta 14 roguH pereHepariii mymy. Y
MOPIBHSHHI 13 IUM, BAKOPUCTAHHS IMMOO1TI30BaHUX MIKPOOPTaHi3MiB IPUBEJIO 10 MalKe TaKOTO
x camoro edekry 3umkeHHs XCK - 63%, 1 ueit pe3ynbraT OyJio TOCATHYTO 3a 4 TOAWHY aeparii,
0e3 motpebu B pereHeparii O6iomacu (ska HEOOXimHA IS aKTHBHOTO Myiy). [lomoBkeHHs
TPUBAIOCTI aepallii 10 8 TOAMH a0 MOXIIHBICTh MABUIINTH eekTuBHICTh 3HMKeHHS XCK 10
79%. TakuM YMHOM, BUKOPUCTAHHS IMMOOUII30BaHMX KIITUH CYTT€BO 3MEHIIY€ CII0)KMBAaHHS
EJICKTPOCHEPTil B MPOIIECi OUMIIEHHS CTIYHUX BOJ [4, 5, 6].

BpaxoBytoun Bullecka3zaHe, TEXHOJIOTiSl 3 BHUKOPUCTAHHSM IMMOO1TI30BaHUX KIITUH €
0araToo0IIII0Y0I0 TEMOIO ISl TOJATBIINAX JTOCTI/KEHD 3 METOI0 pO3POOKH HOBUX €(PEKTUBHHX 1
HEJOPOrUX HOCIiB, 30UIBIICHHS KOHIEHTpallli 610Macu Ta MOJOBXKEHHs TEPMIHY CIIyKOU HOCIiB
iMMoOimi3arii.

1. Emmanuel O.A. Biodegradation of vegetable olis: a review / O.A. Emmanuel, O.O.
Kessington, Mudiakeoghene Ori —Jesu /Scientific Research and Essay. -2009./ — Vol. 4. Ne6 — p
543-548

2. Ahmad, T., Belwal, T., Li, L., Ramola, S., Aadil, R. M., Abdullah, ... Zisheng, L. (2020).
Utilization of wastewater from edible oil industry, turning waste into valuable products: A review.
Trends in Food Science & Technology.

3. I3106iii O.A., Cabmiit JI.A. TlopiBHAHHS Oi0JOTiYHUX METOJIIB OYHUCTKH CTIYHUX BOJI
3aBoAy IO mepepoOri coancTokiB. «YUucra Boja. PyHAaMeHTaNbHI, NIPUKIAJHI Ta MPOMHUCIOBI
acnekTu» : MixkHap. HayKoBO-TIpakT. KoH®., M.KuiB, 25 mun 2021p.

4. Cabmiit JI.A. ®i3uko-ximMiuHe Ta 610J0TIYHE OYHIIEHHS! BUCOKOKOHIICHTPOBAHUX CTIYHHUX
Boj: MoHorpadis. — PiBue:HYBI'TI.-291c.

5. Ahmed, Y., Yaakob, Z., Akhtar, P., & Sopian, K. (2015). Production of biogas and
performance evaluation of existing treatment processes in palm oil mill effluent (POME).
Renewable and Sustainable Energy Reviews, 42, 1260-1278.

6. Bouabidi, Z. B., El-Naas, M. H., & Zhang, Z. (2018). Immobilization of microbial cells for
the biotreatment of wastewater: A review. Environmental Chemistry Letters.

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

135



MEPCIIEKTUBH BITPOBAI)KEHHSI TEXHOJIOT'TI
OUYMIIEHHSA MIPOMUCJIOBUX CTIYHUX BOJ 3 BUCOKHUM BMICTOM
OPI'AHIYHUX 3ABPYJHIOIOYUX PEYOBHUH
Caonin JI.A.
Hayionanonuu mexniunuu ynieepcumem Yxpainu « Kuiscoxkuii nonimexniunutl incmumym iMeHi
leops Cikopcokoeoy, Yrpaina, larisasabliy@ukr.net

B Vkpaini OU1bIIiCTh TPOMHUCIOBUX MIiANMPUEMCTB CTAHOM HA CHOTOIHI HE MAIOTh BIACHUX
OYMCHHX CHOPYH AJISl JIOKAJTbHOTO a00 MOBHOTO OYMILEHHS CHJIBHO 3a0pyIHEHUX BUPOOHUYMX
CTIYHUX BOJ, IO CIPUYMHSE BKpail HETaTUBHI HACIIIKK y pa3i BiABECHHSA TaKUX CTIYHUX BOJ] HA
MICBKI OYHMCHI CTaHIii a0 y mpuUpoHi BOIOMMHU. B HOpMAaTUBHUX JOKYMEHTAX, IO CTOCYHOThCS
OYMILCHHS CTIYHHMX BOJ BiJ 3a0pyIHEHb, HA BIAMIHY BiJl HOPMATUBHHUX JOKYMEHTIB kpaiH €C,
CIIA ta Kanaau, He BpaxoBaHO KUIbKa Ba)KIIMBUX MOKA3HUKIB CKJIAJy CTIYHHX BOJI, LII0 HAIIPSIMY
BIUIMBAIOTh HA €(DEKTH OYMIICHHS CTIYHHMX BOJI, BJIACTHBOCTI aKTHMBHOTO MYy Ta 3aJIHMIIKOBI
KOHIIEHTpAIIil €KOJIOTIYHO HeOe3eUHNX 3a0pyIHEHb B OUMIIIEHUX CTIYHUX BOJAX, IKi CKHJIAl0Th Y
npupoaHi BogorMu. Cepel TakWX MOKA3HUKIB - BMICT CHEHU(IYHUX PEYOBHH: aHTHOIOTHKIB,
CITIAP (CHHTETHMYHUX MOBEPXHEBO-AaKTMBHUX PEYOBHH), HAPTH Ta HA(PTOMPOMYKTIB, KUPIB Ta
JKUPHHUX KHUCJIOT TOINO, & TAaKOX BMICT 3arajbHOTO a30Ty 1 3arainbHOTO Qocdopy. OcKinbku
JOKEepesioM 3a0pyIHEHHs CTIYHHUX BOJ TaKUMHU PEYOBHHAMH € JISIBHICTh TMPOMHUCIOBHX
i IPUEMCTB, TO HEOOX1THO MTPOBOIUTH X 3aJTy9EHHS 10 BUPIIMICHHS MPOOIeM OUYUIIICHHS CTITHHX
BOJl LUISXOM BIIPOBAKCHHSI TEXHOJOTIH JIOKAJbHOTO OYMILIEHHS HalOiIbIl 3a0pyaHEHHX
BUPOOHWYMX CTIYHHX BOJ, 30KpeMa, (apManeBTUYHHUX, MAIIWHOOYAIBHUX ITiIPUEMCTB,
HiAIPUEMCTB IepeBO0OPOOHOT, eTKoi (IIKip3aBOIH, 3aBOAU M0 BUPOOHUIITBY IEPCTIHUX KOBIP),
XapuoBoi (0uiliHi, M sIcCOTIEpepOOHi Ta MOJIOKOTIEPEPOOHi 3aBO/IN) TaTy3eH.

EdextuBHicTh poOOTH MiCHKUX OYMCHUX CHOPYA (IIBUAKICTh, €(hEeKTH OUMIICHHS i IOuHa
BIIYYEHHS OKpEMHX 3a0py/IHEHb, CKJIAJ MMPOAYKTIB IX OKUCHEHHS Ta iH.) 3aJIKHTh BiJl 6ararbox
YUHHUKIB, Cepell SKUX OJHMM 3 OCHOBHHMX € XIMIYHUUM CKJaja cTiyHUX BoA. HaluyTnusimoro
JIQHKOIO JI0 HETAaTUBHOTO BIUIUBY BUPOOHHYUX CTIYHUX BOJI € aKTUBHUH MYJ aepOTEHKIB, a caMe
HOro0 OCHOBHI TEXHOJIOT1YH1 BIACTHUBOCTI — 3/1aTHICTh JO OKUCHEHHS 3a0pyIHIOI0YNX PEUOBUH Ta
JI0 CeNMMEHTAIll ¥ BIIIUICHHS BiJl OYUIIEHOI BOAM B Tpolieci BifcToroBaHHA. Llel BB He
3aBKJM BPaXOBYIOTh NMPU KOHTPOJII CKJIaly MPOMUCIOBHUX CTIYHUX BOJI, SIKI BITBOJISATHCS B MICBKY
KaHaJli3a1lito, a TAKO’K HE BPaXOBYIOTh HAIBHICTh B CTIYHUX BOJaX 010JIOTYHO aKTUBHHUX CITOJIYK -
aHTUO10TUKIB, OlonuaiB, I1HriOITOpiB Ta 1H. HexTyBaHHS BKa3aHUMM XapaKTEPUCTHKAMU
CIIpUYMHSE IUTy HU3KY BKpall HEraTMBHUX HACTIJKIB came ISl BOJOKAHATIB - 3HIKEHHS
e(heKTUBHOCTI OYMILEHHS MICHKUX CTIYHMX BOJ 1 30UIbIIEHHS €KCIUTyaTallifHUX BUTpAT s
JOCSITHEHHSI HeOoOX1/THUX MOKa3HUKIB, nepeBuilieHHs [/IC (rpaHM4HO 1ONYyCTUMMX CKU[IB) IpU
CKHUJAQHHI OUMIICHHX CTIYHUX BOJA Yy TMPHUPOAHI BOAOWMH (TMIOKA3HHMKH, SKI KOPCTKO
KOHTPOJIIOIOTHCS €KOJIOTTYHUMH CITY>KOaMHM), “‘CITyXaHHS” aKTHUBHOT'O MYIy 3 MEPCIEKTUBOIO HOro
MOJANbIIIOT BTPATH.

B Vkpaini € nianpuemcTBa, Kl 3a0€3M€UyIOTh JIOKAJIbHE OUMIIEHHS CTIYHUX BOJ MICIs
BUPOOHHMIITBA PIOKUX Meanpenaparis, Hampukian, [TAT “HBIl “BopmariBcbkuii Ximiko-
dapmaneTuunuil 3aBox” (M. KuiB), a TakoX HIANPUEMCTBA, [KI PO3MOYAIN POOOTH, IO
CIpSIMOBaHI Ha BHPIIICHHS MPOOJIeMH JIOKATHHOTO OYHUIIEHHS CTIYHUX BOJA BiJ aHTHOIOTHKIB
(uedanocnopunoBoi rpynu), 30kpema [IAT Ximbapmzasoz «HepBona 3ipka» (M. XapkiB). Oxpim
dbapMaleBTHYHHUX 3aBOJIB JIOKAIbHE OYMINECHHS MOYald BIPOBAIKYBATH MiAMPUEMCTBA 3 TAKHM
BUJIOM JISUIBHOCTI, SIK MAIIMHOOYAYBaHHS, BUPOOHMIITBO IIEPCTSIHUX KOBApP, XapuoBl
BUPOOHUIITBA: M’SICOMPOAYKTIB, OJii, Ta iH. Hu3ka miAmpueMcTB milmia aaiai Ta 3ampoBaauiia
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KOMIUIEKCHY TEXHOJIOTII0, IO BKIJIIOUa€e mormepenHe (i3uKo-XiMiuHE Ta HACTymHE OloJIoTiuHe
OYMINCHHS 3 BUKOPHCTAHHSM 3allPOIIOHOBAHUX HAMHU CyYaCHUX TEXHOJOTIYHUX pillleHb 3
ITMOOKMM BHUAQJICHHSIM OpPraHIYHUX 3a0pYyJIHIOIOYMX PEYOBHH, CHOJNYK a3ory 1 Qocdopy Ta
JIOBEZICHHSM KOHIEHTpAIliil 3a0pyIHIOBaYiB y OUYMINEHIH BOAlI 10 HOPMATHBHUX BHMOT Ui ii
BIJIBEJICHHSI Y IPUPOJIHI BOIOMMHU. SIK MPHUKIIaI, MOXKHA HABECTH MIKIPSHUN 3aBoj] «CBIT MIKipH» B
M. bonexiB IBaHo-®DpaHKIBCbKOT 00NacTi, /1€ 3a HAIIMMU PEKOMEHIAIISIMH BIIPOBAKCHO
TEXHOJIOTII0 MOCIIIJOBHOTO aHOKCHAHO-aepOOHOro O10J0TTYHOrO OYHUIIEHHS 3 BUKOPHUCTAaHHSIM
HITPAaTHOTO PEIMKIy B JIIOYOMY aepOTeHKy. Takok, Ha KapTOHHO-TanepoBiii ¢abpuii B M.
[Toninka XMenbHUIBKOT 001aCTI 32 pe3yJbTaTaMH HAIIMX JOCIIIKEHb BIIPOBAHKEHO B IMMPOEKT Ta
BUKOHAHO PEKOHCTPYKLIIO IEPBUHHUX BIJACTIMHUKIB B 010KOTYJISTOPH 3 MOMEPETHBOIO aepallito B
SKOCTI | CTyNeHsl O4MIIEeHHS 1 3aIpOIOHOBAHO HACTYIHY O10JIOTIYHY CTaJlil0 3 IPOIOBKEHOIO
aepalliero CTIYHUX BOJ Ta aKTUBHOTO MYITY B a8pPOTEHKY Ta pereHeparopi JIs OYHIIEHHS CTIYHHX
BOJI IIAIPHEMCTBA (32 TPOAYKTHUBHOCTI ouricHOI cTaHIii 7000 M3/z[o6y). Sk nomatkoBe JKEpeso
a3oty 1 ¢ocdopy (3a BIICYTHOCTI TaKMX E€JIEMEHTIB y CTIYHHX Bojax) OyJO 3amporoHOBaHO
BBEJICHHSI PEarcHTIB, SIKI MICTATH 11l €JIeMEHTH. B pe3ynbrari BIPOBaKEHHS PO3POOJICHOT HaMU
TEXHOJIOTI] OyJ0 OCSATHYTO 3HW)KEHHS MOKAa3HMKIB CTiuHMX Box ¢adpuku 3a XCK (ximiune
CIIO)KMBAHHS KHUCHIO), MT O2/nm°, Bin mouarkoBux 3Hauenb 840-1760 mo 70-80; 3a BCKs
(Gionoriune CrOXKMBAHHS KUCHIO MPOTAroM 5 f1i6), mr Oz/am’, Bix 510-700 1o 10-15. OueBusHo,
10 MOKAa3HUKHU OYUIIEHOT BOJU HE NMEPEBUIYIOTh BCTAHOBJICHI HOPMATUBH Il CKUJAHHS B PIUKY.

B KIII im. Irops Cikopcekoro Ha kadeapi OioeHepreTuku, OioiHpopMaTHKu Ta
€K0010TEeXHOJIOT11 HaAyKOBOIO TPYTIOIO M1l KEPIBHUIITBOM A.T.H., Ipodecopa Cabmiit JI.A. y cknani:
XKyxkosa B..C., k.1.H., goi1.; Kozap M.1O., k.1.H., go1.; Kopernuyk M.C., PhD, Gynu npoeneHi
JOCTIIKEeHHS (3 MPAKTUYHUM BIIPOBAKEHHSAM) y JBOX HampsMKax: 1 — MOCHiPKeHHS MPOLECiB
(h13UKO-XIMIYHOTO OYHINEHHS BUPOOHWYHMX CTIYHHUX BOJ HHU3KH MPOMHCIOBUX MiANPHEMCTB
(pe3ynbTaT BOpOBaKEHI Ha (apMaleBTUYHOMY, MAIIMHOOYAIBHOMY 3aBojAax, ¢abpuiil Mo
BUPOOHHUIITBY MIEPCTIHUX KOBIP, OJIHHOMY Ta M sICOTIEpepoOHOMY 3aBoaxX y M. XapkoBi B 2020—
2022 pp.) Big aHTHOIOTHKIB, 10HIB BaKKUX METAJIIB Ta iH. 3a0pyAHIOBaUiB, K1 MEPEUIKOIKAIOThH
010JIOTTYHOMY TIpOLIECY, Ta PO3pOOKa TEXHOJOTIA JIOKAJIHHOTO OYHWIIEHHS Tepe] CKUIAHHSIM
MOTEPEeIHBO OYMIIIEHUX CTIYHHUX BOJ B MEPEKY BOIOBiaBeneHHs Micta [1-3]; 2 — mocmimkeHHs
IpoLeciB 010J0TYHOTO OYMILIEHHS CTIYHUX BOJ| HU3KU NMPOMMCIOBUX MIJIPUEMCTB 3 TITMOOKUM
BUJAJICHHSAM CIIONYK a30Ty 1 (hocopy 3a BUKOPUCTaHHS IMMOO1TTI30BaHUX MIKPOOPIaHi3MiB s
BHCOKOE(DEKTUBHOTO OYMINEHHS CTIYHUX BOJ 1 O€3MEYHOT0 BIABEACHHS iX Yy MPUPOIHI BOJIOHMU
[4] (pe3ynbpTaT BHOPOBAKEHO Ha HIKIPIHOMY 3aBoJi B IBaHO-PpaHKIBCHKiM 001., KapTOHHO-
nanepoBii Gadpuii B XMeIbHULBKIA 00J1., MOJIOKOTIEpepOOHOMY 3aBOJ1 B PiBHEHCHKIH 001, Ha
ra3oBu00yBHii craniii B [lonTaBcrkiit 061acTi).

Sk nokazanu pe3yapTaTd JOCIHIIKEHb, MPOBEIEHUX, 3CIHO MEPIIOro HAmpsSMKY, Ha
MPUKIIAJl OYUIEHHS BUPOOHUYHMX CTIUHUX BOI (apmarieBTruuHoro mianpuemctsa (AT «biomiky,
M. XapkiB) [1], HaifOinpiie 3HM>KkeHHS nokasHuKa XCK crnocrepiranm B mporecax Koaryssiil
3a0pYIHIOIOYUX PEYOBHH, III0 MICTATHCS B CTIYHUX BOJaX, 1 BiAcToroBaHHS. [[mst koarymsimii
BUKOPHUCTOBYBAJIM MiHEpaJIbH1 KOATyIsSHTH Ha OCHOBI cynbdaty 3aimiza Il 1 cynsdaty amoMinio 3
KOpPEKTYBaHHSAM MOKa3HUKa pH 11 TOCSITHEHHS 130€JIeKTPpUYHOI 00NacTi sl HalO1IbIIT TOBHOTO
yTBOpeHHS TimpokcuaiB 3amiza Il # amrominito, iX koarymsiii Ta OYMINEHHS CTIYHHUX BOJ BiJ
OpraHiuHUX 3a0pyaHIOYNX pedoBUH. Edextn ounmenHs 3a nokazHukoM XCK B pesymnbrari
KOAryysifii Ta BiJICTOIOBAaHHS CTIYHHUX BOJA Y BHUIAAKY BHUKOpUCTaHHS cynbdary 3amiza Il
cranoBuian 76,0% 1 72,2% 3a moyaTKoBUX 3HaYeHb noka3Huka XCK HEOUYHIEHUX CTIYHHMX BOJ,
BimmoBigHO, 90 1 120 Mr/mv?.
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Pesynbratu mociimkeHb 32 BUKOPUCTAHHS CyJb(aTy aTIOMIHIIO IMOKa3ajdd MEHI e(eKTH
ountnieHHs 3a mokazHukoM XCK — 71,9 1 65,5%, xonu nouatkoBi XCK Oyinu, BianosigHo, 90 1 120
mr/mme. OTe, TIEBHY TIepeBary Mae KOaryJIsSHT Ha OCHOBi cynmbgarty 3amiza III mpotu cynbdary
AIOMIHIIO. 301IbIIEHHS TOYaTKOBOI BennuuHu nokasHuka XCK B HeouwuieHill cTiuHIi BOII
3MeHInye eekT BuAaneHHs opraHiuHux pedoBuH 3a XCK mpu BHKOpUCTaHHI KOAryJtOBaHHS 1
BijcroroBanHs Ha 4-6,5%.

BukopucTanHs iHIIUX TPOLECIB OUUILEHHS 32 TEXHOJIOTIYHOIO CXEMOIO, SIKY JTOCIIIKYBalH,
no3soimio 3au3uTH XCK Ha 25-33,3% micns aepauii, Ha 58-61% micis OKUCHEHHS IEPOKCHIOM
Bo/HIO, 10 100% B pe3ynbTaTi GiIbTpyBaHHS.

Ha ocHOBiI oTpuMaHUX pe3yibTaTiB poO3pOOJIEHO TEXHOJIOTI0, YCTAaHOBICHO MapaMeTpH
MIPOIIECiB (TPUBAIICTh, BUTpATa MOBITPS HA aeparlito, 103a peareHTiB, MBUAKICTH (iIbTPYyBaHHS,
BUCOTA (PUIBTPYBAJIBHOTO 3aBaHTAXKEHHS, PEKUM IMPOMHUBKHU (PUIBTPIB, KUIBKICTh YTBOPEHOTO
ocafay Ta iH.). TeXHOJoris BKIIOYA€E MOCTII0OBHI Mporecu (Hi3UKO-XIMIYHOTO OYHUIICHHS CTIYHHX
BOJ] — YCEPEAHEHHS, KOAryJIsIiio, BIJICTOIOBAHHS, OKUCHEHHS IIEPOKCUIOM BOJIHIO, (DITBTPYBaHHS.

Buxopucranus po3poOreHoi TEXHOJNOril JIOKAJIbHOTO OUYMIICHHS CTIYHUX BOJ BiJ
aHTHOIOTUKIB Ta CYHYTHIX iM pPEYOBHH (apMaleBTHUHUMH IiJIPUEMCTBAMH TPHU3BEAE 10
CYTT€BOTO 3HIKEHHS HeOesneku nepepuieHHs [JIC B Micii cKuay CTIUHUX BOJ, OYMILIEHUX HA
MICBKMX OYHMCHUX CTaHIIAX, 3HWKEHHS eKCIuryarariiiaux Butpar Ha npocsrHeHHs [JIC,
3MEHIICHHsI 3arpo3u “‘CllyXaHHs aKTUBHOTO MyNy Ta MOB'SI3aHUX 3 HUM EKCIUTyaTallliiHHX Ta
€KOHOMIYHUX BHTpAT.

3rifHO JpPYroro HampsMKy, Hamu OyJo TMPOBENEHO MOCTIKEHHS 3 1MMOoOumi3armii
MIKpOOpraHi3MiB aKTHBHOTO MyJIy Ha HOCISIX Ta BCTAQHOBJICHHS TEXHOJIOTIYHHMX IapameTpiB
010JIOTIYHOTO OYMILEHHS CTIYHHUX BOJ TMPOMHUCIOBHX MIANPUEMCTB 3 BHUKOPUCTAHHSIM
IMMOO1ITI30BaHUX MIKPOOPTaHi3MiB B PI3HUX KHUCHEBHX YMOBaxX (aHaepoOOHMX, aHOKCHIHUX,
aepoOHUX).

OpHAMM 13 NUISXIB MiABHINEHHS €()EKTUBHOCTI 010JOTIYHOTO OYHUIICHHS CTIYHUX BOJ (BiJ
OpraHiYHUX PEUOBHUH, CHOIYK a30Ty, pocdopy Ta iH.) € 30UIbIICHHS KOHLEHTpAllii aKTHBHOTO
Myny B 00’emi aepoOHOro OiopeakrTopa (aepoTeHKa), M0 JO03BOJISIE TMIIBUIMUTH OKHCHY
HOTYXHICTh CIIOPYAH, 3MEHIIUTH TPUBAIICTb MpOIeCcy Ta 3a0e3nedye 3HUKEHHS €KOHOMIYHMX
BUTPAT HA OYUILEHHS CTIYHHX BOJ. JJIS IIbOTO 3alIPOTIOHOBAHO BUKOPUCTAHHS IMMOO1130BaHHUX,
NPUKPIIUIEHUX JI0 HOCIIB MIKpOOpraHi3MiB. SIK HOCIi CIyTyIOTh 1HEPTHI, HE PO3YMHHI y BOJl
CTPYKTYPH, SIKUMH 3aIIOBHIOIOTH 00’ €M OYMCHOI criopyau abo Horo yactuny. Hocii moBunHHI Matu
BHCOKOPO3BUHEHY IIOBEPXHIO, SIKA € 171€aJIbHOO JUIS IPUKPIMIICHHS H yTPUMaHHS aKTUBHOTO MYITY.

Sk Hocii IMMOO1TI30BaHUX MIKPOOPTaHi3MiB OyJI0 BUKOPHCTAHO KallpOHOBI BOJIOKHA (B
JUKTyTax) 3 muToMoro momieto noBepxHi — 4000-5000 M2/, IiamMeTpoMm JKryTy — 1,5-2.5 mwm,
CEpEe/IHIM JIiaMeTPOM MIKpOBOJOKHA — 100 MKM.

JUis OuMIEeHHST MPOMUCIOBHUX CTIYHMX BOJ 3 BHCOKMM BMICTOM OpPraHIYHHUX PEYOBHMH
(mKip3aBojiB, M’ACOMEPEPOOHMX Ta MOJIOKO3aBOAIB) OyJIO 3amporOHOBAHO  JABOXCTaiHHY
TEXHOJIOT1I0 010JI0r1YHOIO OYUINEHHS 3 BUKOPUCTAHHSAM 1MMOOITI30BaHUX MIKPOOPraHi3MiB B
MOCJIIJIOBHUX aHAEPOOHUX 1 aepoOHMX yMoBax. JlocipKeHHS TapaMeTpiB MPOBOJIWIN HA CTIYHHX
BOJIaX MOJIOKO3aBO/ly Ha €KCIIEPUMEHTAIBLHUX MOJIENIAX aHAepOOHOI0 Ta aepoOHOT0 Oi0peaKTopiB
3 IMMOOLII30BaHUMHU MiKpoopraHizMamMu. B pe3ynbraTi Oyslo BCTaHOBJIEHO TakKl pallioOHaJIbHI
napameTpu poboTu aHaepoOHoro Oiopeaktopa 3a modatkoBoro XCK criunoi Bogu 4000-4500
Mr/mM3: TinpaBiiuHe HaBaHTaxkeHHA — 2-3 MS/(MP-100y); okmcHa moTyxkHicTh — 7200-8000 T
XCK/(m3 106y); mHTOMA IBHAKICTS AecTpykiii — 40-45 mr XCK/(r-ron); Tpusamicts — 10-12 rox
(B MeTaHTeHKax moTpi6HO 10-20 71i6); KOHIEeHTpamis iMMobinizoBanoi Giomacy — 15-20 r/mqm®, mo
3a0e3neuytoTh cTyninb ounineHHs 3a XCK 1o 70%. Jlns OKMCHEHHsSI OpraHiuHUX PEYOBMH, SIKi
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3QIMIITAINCE B CTIYHINA BOJII MICISI TMPOXO/PKEHHSI aHAepPOOHOTO MpOIecy, OyJ0 BUKOPHUCTAHO
aepoOHUIl MeTOJ] OuMIIEeHHS 3 IMMOOUTI30BAaHUMH MiKpoopranisMamu. EkcnepuMeHTaIbHY
MepeBIpKy aepoOHOI cTajii BUKOHYBAJIU B MOJIENi aepoOHoro 6iopeakropa. B aepobHMX ymoBax
BiZIOYBa€THCS HE TUIHKM OKHMCHEHHS 3aJIMIIIKOBUX OPTaHIYHUX PEUOBHH, a i MpoLecH HiTpUdiKarii
ta aedocdoTarlii. AMOHIHHUN a30T OKHUCHIOETHCS JI0 HITPHUTIB 1 HiTpaTiB. B pesynbraTi Oyio
BCTAHOBJICHO TaKi palioOHAIbHI apaMeTpu aepoOHoro mporecy 3a moyarkoBoro XCK criunoi
Boau 1200-1350 mr/am®: ripaBiiyHe HaBaHTaKEeHHS — 1,5-2 M3/(M3',Z[06y); OKHCHA MTOTY)KHICTh —
500-1300 XCK/(M3~IL06y); MUTOMA MBHIKICTH AecTpyKIii — 18-23 mr XCK/(r'rox); TpuBaiicTh
— 12-14 ron; koHIEeHTpaIls iMMoO1Ti30BaHoi 6iomacu - 10 10 /M3 (B aepoTeHkax 2-3 r/z[M3), 110
3a0e3neuyroTh cTyminb ountieHHs 3a XCK 1o 94-96%. B pe3ynbrari OUMIEHHS CTIYHUX BOJ HA
BUXOJIi 3 aepoOHOro Giopeakropa 6y1o orpuMano nokasHukn: XCK - 50-80 mr/am®; BCKrosx —
15-20 mr/mm®; 3aBuci peuoBunn — 10 15 mr/am®; criosyku a3oty i ocdopy - B Mexax HOpMH JJis
BIJIBEJICHHS Y MPUPOJIHI BOJOMMU. B pe3ynbrati mepediry nporeciB OYMINEeHHsS B MOCIHIIOBHUX
aHaepoOHMX 1 aepoOHMX YMOBAaX CIOCTEPIralid 3pOCTaHHS MiHEPATbHOI CKJIAOBOi aKTUBHOTO
MyJTy, PO L0 CBIAYMIIO 30UIbIIEHHS 30JbHOCTI OiomMacH, %, B aHaepoOHUX ymoBax — Bix 30 g0
40%, B aepooHUX — 10 60%.

B anaepoOHOMY Ta aepoOHOMY OiOopeakTopax CIOCTEepirald yTBOpEHHs 01000pocTaHb Ha
HOCISIX, B aHaepoOHOMY 3a TpUBaiOi poOOTH (IPOTSAroM 2 POKiB) BinOyBaiock (HhOpMyBaHHS
IPaHyJIbOBAaHOTO MYJY, B aepoOHOMY OyB NMPUCYTHIN TaKOX BUIbHOIIABAIOUNN aKTUBHUN MYII.

B 0GiooOpocTaHHsIX HOCIIB criocTepiraii 300TJICHHI CKyIMYeHHs OakTepiii Ha IMOBEpXHI
BosiokHa 3aBTOBHIKK 0,1-0,6 MMm. Cepen OakTepiid OyJaM YHCIEHHI NPEICTABHUKUA POJIIB:
Pseudomonas, Bacterium, Micrococcus, Bacillus, Corinebacterium, Thiobacillus. V¥
BUTBPHOIIABAIOYOMY aKTUBHOMY MyJi B aepoOHUX yMoBaxX OyJaM MpUCYTHI Oaktepili poxiB
Nitrosomonas, Nitrobacter, takoxx crocrepiragu TiApoOIOHTIB BHIIMX TPO(GIYHUX PIBHIB:
PaKOBUHHI KOPEHEHDXKKH, KpyIrioBid4yacTi iH(Y30pii, KOIOBEpTKHM Ta 1H., — THUIIOBUX
MPEICTAaBHUKIB ~ aKTUBHOTO MyJy. 3a CTabLIpHOrO pexuMy poOoTH  BiAOyBaIoOCh
CaMOPETYJIIOBAHHS YMCENbHOCTI MOMYJIALIN T1ApOOIOHTIB B pe3ybTaTi BUITaHHS 1X Y Xap4OBUX
JAHITIOTAX IO TUITY «XWXKaK-)KepTBa». BHacHiOK BUinaHHS OakTepiadbHOI YaCTMHU OioMacu
riIpoO6iOHTaMM BHUIIMX TPO(IUHUX JTAHOK XapUOBMX JIAHIIOTIB 0i0LIEHO3Y OYHCHOI CHOpYAU
B1J10yBa€THCS 3MEHIIIEHHs1 010MacH Ta 301IbIIEHHS MiHEPAJTbHOT YaCTHHH, 110 OYJI0 T1ATBEPIKEHO
pe3yJabTaTaMy JIOCIIIKEHb.

['igpoauHamMiuHUN peXuM, YTBOPEHUN B aHaepoOHOMY OlopeakTopi, CIpusiB (POPMYBAHHIO
I'PaHyJIbOBAHOTO aKTUBHOT'O MYJTy 3 pO3MIpOM rpanyi 2-2,5 MM, BUCOKOIO KOHIIEHTPALI€0 CYXOi
peyoBuHU — 10 50 1/1M3 1 MaJIUM MYJIOBHM 1HAEKCOM — 10 57 cM3/r. YTBOpPEHHS IPaHyIb0BAHOTO
aKTUBHOT'O MYJIy JA03BOJI€ 30UIBIIMTH KOHLEHTPAIIII0 aKTUBHOTO MYJIy B CIIOpY/li, €PEKTUBHICTh
OUMIICHHS B1Jl OPraHiYHUX PEYOBUH 1 MOJETUIYE BIAOKPEMIICHHS TIpaHylsl MyJy BiJl OYHUIIEHOT
BOJIN.

Ha miacraBi oTpumaHuX pe3yJbTaTiB PO3POOJICHO METOAUKH 1MMOOUTIZAIi Ha HOCISX
MIKpPOOPIaHi3MiB 3 aKTUBHOT'O MYJy, BiIIOpaHOTo Ha Jil0YMX OYMCHUX CIIOpYJaX, IPUTOTYBaHHS
CyXuX TMpemnapariB 1IMMOOLII30BaHUX MIKPOOPraHi3MiB 1 JOCHIIPKEHO MHpolec O10J0riYHOTO
OYUILEHHS CTIYHUX BOJ| 3 BUKOPHCTAHHIM CyXuX IpernapartiB. Pesynabratu Oyiu BUKOPUCTaHI Mij
4ac MycKy B poOOTY a€pOTEHKIB, JJISI BIIHOBJIEHHS POOOTH CIIOPY.I MICHsS MepepBU (HAPHUKIA,
Ha OYHCHMX CHOpYJax MiJIPUEMCTB 13 CE30HHOIO po0O0TOI0, 6a3 BIAMOYMHKY, CAHATOPIiB Ta iH.)
Ta JUIsl PEKOHCTPYKIIl OYMCHUX CHOPYJl HAceleHMX MyHKTIB 1 6a3 BianmounHky Ilarnpkoro
HaIl[lOHAJIBHOTO MIPUPOHOTO MapKy (3 mpoekTHOO opranizaiiero TOB «OCTBA», m. Piue).

Ha mizcraBi mpoBeneHUX T0CTIHKEHB Oy10 po3po0IeHO Ta BIPOBAKEHO HA MPOMHUCIOBHX
HiANPUEMCTBAX €(QEKTUBHI TEXHOJIOTIi MOMEPEAHbOrO JIOKAIBHOTO OYMIICHHS MPOMHUCIOBHX
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CTIYHUX BOJ 3 BUKOPHCTAHHSIM (Di3UKO-XIMIYHUX METOIB (BUIAJICHHS AHTHOIOTHKIB, 10HIB
BRXKHUX METaliB TOH[O) 1 OIONOTIYHOTO OYUIIEHHS 3 BUKOPUCTAHHIM 1MMOOLTI30BaHHX
MIKpPOOPraHi3MiB 3 BUCOKHMH e()eKTaMH BHJIAJICHHS OPTaHIYHUX PEYOBUH 3a mokazHukamu XCK
1 BCK, 3aBucimx pe4oBuH, CIONIYK a30Ty, pochopy Ta iH., EKOHOMI€IO EHEPIreTUYHUX BUTPAT 10
40-45%, 3abe3meueHHsIM BHCOKO1 SIKOCT1 OYMIIICHOI BOAM Y BIAMOBITHOCTI 3 YAHHUMHU HOpMaMH
CKHJTy B MICbKY CUCTEMY BOJIOBIABEICHHS Ta Y IPUPOIHI BOAOHMHU.
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MIABUILIEHHS] EOEKTUBHOCTI POBOTH ®LILTPIB CTAHIII NIITOTOBKU NUTHOI
BOJIU

Cuposamcovkuit O.A., Kapazayp A.C., I'aiioyuok O.I'., Timoe A.A.

Xapkiscbkuil HayioHanbHUll yHisepcumem micbkozo 2ocnooapcmesa imeni O.M. Bexemosa, Ykpaina,
Xapris, oleksandr.syrovatskyi@kname.edu.ua

Beryn. Ha ceorouinHiii g1eHb B 3B’ 513Ky 13 3pOCTAal0YMM aHTPOIOT'€HHUM BIUIMBOM Ha BOJLY
MPUPOJHUX BOJOWMMUII, 3araJbHAM TIOTIPIIEHHSM SIKOCTI BOJHM JDKEpEN BOJOMOCTavYaHHS,
aKTyaJbHUM CTa€ MUTAHHS IHTEHCU(IKaLil MpoLeciB GiNbTPyBaHHS OCBITICHOT BOJU HA CTAHLISAX
OYHCTKH.

QinbTpyBaHHA BOJAM Kpi3b 3€PHUCTHH IAp 3aBaHTAXEHHS — OJUH 3 HalBa)KJIMBILIMX
TEXHOJIOTTYHUX HPOIECIB, SKI BUKOPUCTOBYIOThCSA B FOCHOAAPCHKO-MUTHOMY Ta IPOMHUCIIOBOMY
BojoniocTayaHHi. DinbTpyrounii  3epHUCTHH  MaTepiad sSK TEXHOJOTIYHA  CTPYKTypa
XapaKTepU3y€EThCSI HU3KOIO MapaMeTpiB, IO BIUIUBAIOTH SIK Ha €()EKTUBHICTH MPOIECY OYUCTKH
MPUPOTHOI BOJM, TaK 1 Ha eKCIUIyaTallliHI TOKa3HUKH poOOTH GIIbTpYy (TpHUBATICTH
(GUIBTPOIMKITY, IHTEHCUBHICTh IIPOMHUBAHHS 1 T. 1H.). 3MIHIOIOUHM IIi TapaMETPH MOKHA JIOCSTTH
HanOUTBI eexkTuBHOI podoTH QimbTpy [1].

OnHUM 3 TaKKX NUIAXIB € TOUTYK e()EeKTUBHOTO 1 CydacHOTO (iIbTPYIOYOro 3aBaHTAKECHHS,
sIKE BIAIIOBIa€ BUMOTraM OYHMCHUX CTaHIIIHA.

OcHoBHA yacTHHA. B TeXHOJIOTYHUX Hpolecax IITHMOOKOi OYMCTKU NMPUPOJHUX BOJ Bif

JTpIOHOIUCTIEPCHUX 3aBUCIMX 1 KOJIOITHUX YaCTOK BaXKJIMBE MICIIE BIIBOJIUTHCA (UIbTpaMm 13
3€pHUCTUM 3aBaHTaXXEHHsSIM. ['eomMeTpuuHa CTpyKTypa 1 (i3MKO-XIMI4HI BIACTUBOCTI 0OpaHOTO

3aBaHTaKEHHS BU3HAYAIOTh €(PEKTUBHICTH TEXHOJOTIYHOTO MPOIECY KOHAMIIOHYBaHHS BOJIU.
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3rifHO0 CY4YacHHM TEOPETHUYHUM YSIBICHHSM, HAWOUIBIIy 3aTPUMYIOYY 3/aTHICTH Mae
3EPHUCTE 3aBAHTAKEHHS 3 MAKCUMAJIbHO PO3BHHEHOI IIOBEPXHEI 4YaCTOK, SIKi KOHTAaKTYIOTHb 3
BOJIOIO, 1 HAMMEHIIOK TiJPOJAMHAMIYHOIO CUJIOK BIJIpUBY, a TaKOX HAHOLIBIIOW MIiXK3EPHOBOIO
nopucricTio [1]. C iHmoro 60Ky, QipTpyroue 3aBaHTa)KEHHS MOBHHHE MaTH MiJBHUILIEHY CTiHKIiCTh 0
MEXaHIYHOTO 3HOCY y BOJTHUX cepeIoBHIIAX.

TpaguuiiHO Ha MICBKMX CTaHLISIX OYHMCTKM IHUTHOTO BOAONOCTaYaHHS BUKOPHCTOBYETHCS
KBapIIOBHH ITICOK SIK CAMOCTIHHO (OHOIIIAPOBE 3aBaHTAXKEHH ), TAK 1 CYMICHO 3 aHTPAI[UTOM, KEPaM3UTOM,
AaKTUBOBAaHMM BYTULISIM (JBOIIAPOBE 3aBaHTaKeHHs). [lilaHe 3aBaHTaKEHHS pa3oM 3 Oe3lepeyHUMH
nepeBaramu (J€NIeBiCTh, JOCTYIHICTh) Ma€ 1 IEBHI HEMOJNIKK (HEBUCOKA ¢(EKTUBHICTh TPU 3aTPUMAaHHI
OpraHiYHUX 1 TOKCHYHHMX PEYOBHH, BIJIHOCHO HEBEIMKA INBUIKICTH (QUIBTPYBaHHS 1 €(PEKTHBHICTbH
BUKOPUCTAaHHS BCHOT'O O0’€MY 3aBaHTaKCHHSA). BUKOpHCTAaHHA TPaguLiMHUX METOAIB OYHMCTKH, NPHU
HasIBHOCTI y BOJIi TaKUX creln(iuHuX 3a0pyJHEHb, HE 3a0e3euye rapaHTOBaHO1 SKOCT1 BOJIH, BiJIIOBiAHO
IiI0YMM HOpMaTHBaM.

Haii0inpm po3noBCcioaKeHUM COPOSHTOM Y BITUM3HSHIM Ta 3aKOPAOHHIA MPaKTHLi Ui TTUOOKOT
OYHUCTKH TOCMOJIAPYO-IIMTHUX BOJ € aKTHBOBAHI BYTU/UIS: IPaHyJIbOBaHI Ta MOPOXonoAioHi. PazoM 3 Tum,
copOLiiiHI BIACTUBOCTI AKTHMBOBAHOTO BYTUUIS BHSBISIIOTHCS JIMIIE y BIIHONICHHI JO OpraHivyHUX
3a0py/IHEHD, a iX MTUPOKE BUKOPHUCTAHHS HA TIPAKTHUIl CTPUMYETHCS BUCOKOIO BAPTICTIO Ta MEe(IIUTHICTIO,
110 YHEMOJKJIMBIIFOE BUKOPUCTAHHS TAKUX 3aBAaHTAXXECHb HA CTAHLISIX BEJIMKOI IPOAYKTHUBHOCTI.

JocnipkeHHsT OCTaHHIX POKIB JO3BONMJIM BCTAHOBMUTH, LIO KpiM aKTUBOBAHOI'O BYIUUIA
cOpOLiHIMU BIIACTHBOCTSIMH BOJIOAIIOTH MPUPOIHI LIeoiTh. Lli BIaCTHBOCTI y LEOMITIB BUSBISIOTHCS HE
TiNBKH Y BiAHOILICHHI 10 OpraHiYHUX 3a0pyAHEHb, AKi HaJar0Th BOI IPUCMAKH 1 3a11ax, aje i y BiAHOLIECHHI
JI0 Ay 10HIB BaXKKUX METAJIB 1 paIiOHYKIi/iB.

IIpupomHi 11€0MITH — BIZHOCHO HOBHWM KJIAaC MiHEPaIbHOI CHPOBWHH, IO BHUKOPHUCTOBYETHCS B
TEXHOJIOTIYHUX IIpoLecax OYMIIEHHS 1 JOOYHILEHHA BOJl, BIJHOCATBCA MO KiIacy KapKacHUX
AJTIOMOCHITIKATIB, TM HAJICKUTB JIIIEPCTBO 32 CYKYITHICTIO TAKUX BIACTUBOCTEH, SIK COPOIIiitHI, CEJICKTHBHO-
10HOOOMIHHI, MOJICKYJISIPHO-CUTOBI Ta KaTamiTH4HI. PO3BMHEHAa NMHWTOMAa TOBEPXHS, BHCOKI aATe3iiiHi,
azcopOuiiiHi i 10HOOOMIHHI BJIACTHUBOCTI LEOJITIB JAalOThb MOXIIMUBICTD €(QEKTUBHO BHIy4YaTH 3a ix
JIOTIOMOTO10 3 BOJIM 3aBHCII1, KOJIOIAHI 1 PO3YMHEH] 3a0py THIOIOYI PEYOBUHH OPTaHIYHOTO 1 HEOPTAHIYHOTO
MOXO/PKEHHS, Y TOMY YHCJl 10HM aMOHi0, BayKKi MeTanu Ta pagionykmigu. [llinsaicts MaTepiamy 1900 —
2800 kr/m®, 06’ emua Bara 1,02 — 1,2 r/cm®, mopucricts 55-62% [2].

Bucoka mexaHiuHa MIIHICTh I[HOTO TMPHUPOJHOTO MiHEpaxy ITO3BOJSE BUKIIOYHATH OTEPAIliio
TPaHyIIOBaHHA COpOEHTY. B pe3ynbraTi BapTicTh LEOMITY, IKa BU3HAYAETHCS BUTPATaMU Ha 3/100yBaHHS,
ITOMEJT Ta PO3CiB B JACKIJTbKa pa3iB MEHIIC BAPTOCTI CHHTETUYHUX THIIIB 3aBAaHTAKCHHS Ta aKTHUBOBAHOTO
BYTULIISL.

[TepeBaroro 1eoTITOBOrO 3aBaHTAKEHHS, y MOPIBHSIHHI 3 MIIIAHOIO, € i Te, 0 MIJIbHICTh HEONITY Y
BOJIi HIDKYE KBapiy B 1,5 — 2 pasu, o CyTTEBO NOKPALIy€e MPOMUBKY (PiIbTPY MPY MEHIIMX IIBUAKOCTAX
MPOMHBHOTO PO34YHMHY. B TOH >ke yac, miIBHOCTI LEOMiTy JOCTaTHBO NpH (PIIbTPYBaHHI TOHKHX YaCTOK
3a0pyiHeHb. 30BHIIHS MTOBEPXHI LEONMITy cKianae 18 M%/T, 3 HUX Ha JIOJIK0 MaKpoOIop MPUXOAUTECS 1 — 2
M?/T, IO TAKOX € BAXKIMBMM NPH (PiIBTPYBAaHHI BOIH, KA MiCTHTB APiOHOMMCIIEPCHI YACTKH 3a0pyJHEHD
[3].

Merolo HamMX IOCHIIDKEHhL € SKICHE 1 KUIbKICHE TOPIBHAHHS 3aBaHTAKCHHS IIBUIKUAX
GiNbTpiB  BOZOOYMCHUX CTaHIi 3 KBapHOBOro MicKy 1 wneodity COKHPHHLIBKOTO pOAOBHUINA
(Ykpaina, 3akapnarts). Takok HaMH IPOBENEHO OLHKY MOXKJIMBOCTI BHUKOPHCTaHHS IL€OJIITOBUX
3aBaHTAXXCHb MPH BOJOIIATOTOBII B yMOBax IMiJBHUINEHHS BHMOT JO SIKOCTI NHTHOI BOJH
(xamamytaicte — 1 HOK, 3abapBnenicte — 20 rpaayci). IlpoBeaeHi HaMu JOCHTIIKEHHS
JTO3BOJIMIIA OTPUMATH TaKe MOPiBHAHHS [4].

Ilpy UpOMYy HaMH BHKOPHCTaHa TEOPETHYHA 3AJICKHICTH MAJs BH3HAYCHHS TOBLIMHU
(GiTBbTPYI0UOro 3epHUCTOTO 3aBaHTaKeHHS, OTpuMaHna Minuem J.M.:
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ne (H — h) — BigHOCHMI IPHUPICT BTpAT HAmopy y (GiIbTPyOYOMY 3aBaHTaKeHHI, M; e —

€KBIBAJICHTHUN JlIaMETp YacTOK 3aBaHTa)XCHHsS, MM; V — MIBUIKICTh (IIbTpyBaHHS, M/Tox;, ¥ -
KOeQIlli€HT, KW ypaxoBye MOpUCTICTH (M) Ta dopMy (&) YaCTOK 3aBAHTAXKEHHS, a TAKOK
B’SI3KICTh BOAH (77); ¥ - apameTp, IKUi ypaxoBye€ BIaCTHBOCTI 3a0pyIHEHB Y BOJII; ¢ - KOe(]illi€HT,
0 ypaxoBy€ HEOIHOPIAHICTh 3aBAaHTAXKCHHs; In — TEPMIH poOOOTH GIIBTPY 10 MOMEHTY
JOCSATHEHHS TPAaHUYHOI BTPATH HAMOPY, TO/.

Koedimient ¥ Bu3zHaummm 3 Gopmyiu:
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1,9m3 (2)
Jlist mimaHoro 3aBaHTakeHHs o = 1,2; m = 46% [4]. 1y1g 11e0J1iTOBOrO 3aBaHTaXKCHHS 3a
naHuMu aBTopiB [2] o = 2,4, a m =62%. 3a IHMKX PIBHUX YMOBaMM €KCILTyaTalii IIBHUIKOTO
¢binpTpy (BHCOTa MmIapy 3aBaHTAXCHHS, TPUBAIICTh (DUIBTPOIMKIY, TeMmIlepaTypa BOAHM Ta
TPaHyJIOMETPUYHUH CKIIa/] 3aBaHTAXKEHHS € OJJHAKOBHMH ), ITiICTABUMO 10 piBHIHHSA (1) 3HAUCHHS
koedilieHTa ¥, BU3HAYEHOTO 32 (OpMYJIOIO (2) A MicKy 1 HeoiTy (BiAHoBiIHO Ficox = 2,3 x10°
3 Ta y/uemim = 1,8 ><10'3).
Busnaunmo U1t KOKHOTO MaTepially 3 piBHSHHS BHCOTY MIapy 3aBaHTakeHHs L i
npupiBHIEMO. B pe3ynbTari OTpuMaeMo 3aleKHICTh:
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Pucynok 1 — 3anexHicTh KanaMyTHOCTI (QIIBTPATy B TPUBAIOCTI PUIBTPOLIUKITY PU
BUKOPUCTAaHHI MIIIAHOTO 1 IIE0JIITOBOTO 3aBAHTAXKEHHS

3anexHicTh (3) mokasye, IO 3a IHIIMX PIBHUX YMOB IPOEKTYBaHHS 1 €KCILTyartarii
(GinbTPIB TIIBKY 3aMiHA 3aBaHTaKEHHs Ja€ 28% MiABUIICHHS IPOILYKTUBHOCTI (PUIBTPY.

Po3rnsiHyTYy TyT METOAMKY TMOpIBHSHHS 3aBaHTa)K€Hb MOKHA BHUKOPHUCTOBYBATH 1 IS
IHIIMX TapaMeTpiB poOOTH (iNbTPIB, HANPHUKIAJ, 3a IHIIMX pIBHUX YMOB eKCIUTyaTtarii
BUKOPUCTAHHSI IIEOJITOBUX 3aBAHTAKEHD JTO3BOJUTH 301IBIIUTH QiabTponuki B 1,9 — 2,8 pazu.
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OTpuMaHy HaMU €KCIIEPUMEHTAJIbHY 3aJIeKHICTh MYTHOCTI (iIbTpaTy BiJ TPUBAIOCTI
(GINBTPOIMKITY MPH MOPIBHAHI MILIAHOTO 1 IEOJTITOBOTO 3aBaHTAKEHHS HABEJIEMO Ha PUCYHKY |

[4].

3 pHCYHKY BUIHO, IO Y pa3i BUKOPHUCTAHHS IICONITOBOTO 3aBaHTAKEHHS 3a0€3MedyeThCs SKICTh
¢inpTpary Ha piBHi BUMOr JCTY «Boxa mutHa. Bumoru ta MeToan KOHTpOIIOBaHHS sSKOCT» (2014) - 1
HOK (0,5 mr/m) mpu ¢inbTponnkIti y 8 roArH, a MilIaHe 3aBaHTAXEHHSI TAKO1 SIKOCTi 3a0€3IIeYUTH HE MOXKeE.
Kpim Toro, xkamamytHicts B 2,6 HOK mpu neomitoBoMy 3aBaHTakeHHI 3a0e31e9y€eThbes IPpH (iTbTPOIHMKITL
Oinble 24 roauH, a miiade TIAbKU 01n36K0 20 roguH.

TakuM YMHOM, 1ICONIITOBE 3aBaHTKEHHS MOXKE OyTH BUKOpPHCTaHE Ha Oynb-sKill CTaHUil OYHUCTKH,
AKa Ma€ B CBOEMY CKIafi GinbTpyBasibHi criopyau. poOaeHuii 1eoTiT MOKe BUKOPHCTOBYBATHCH 3aMiCTh
KBapIIOBOI'O MiCKY Ta IHIINX 3€PHUCTHX MaTepialiB SK MPH NPOCKTYBaHHI HOBUX, TaK 1 IPH PEKOHCTPYKIl
ICHYIOUHX CTaHIIN BOAOMATOTOBKH. [lepeBaru JaHOTO THITY 3aBaHTAXKEHHS Y MIOPIBHSIHHI 3 TPAIUIITHIMA
MOJISATAIOTh B HACTYMHOMY: KoedilieHT (popmu 3epeH BABIUI Oimblne, HDXK AN TICKY; (PLIBTPOIMKI
MiABUIIYETHCA OibIle, HiK B 2 pa3u, OpymoemHicTs Ha 20-50%; mimomia 30BHINIHBOI MOBEPXHI YaCTOK
reodtiTy Maike B 10 pasiB OipIa 3a TOBEPXHIO YaCTOK TTICKY.

BucHoBku. BuxopucraHHs QUIBTPYBUIBPHHX CHOpYX 3 ICOJNITOBHM 3aBaHTAKCHHSM B
TEXHOJIOTIYHUX TMpolecaXx KOHIWIIOHYBaHHS MPHUPOAHOI BoIu Ao3Boisie: llo-mepime, mMOKpamuTu
TEXHOJIOTIUHI MapaMeTpu mpolecy QiIbTpyBaHHS Ha MIBHAKUX (UIBTpax: 30UIBIINTH IIBUAKICTH
¢inerpyBanns 10 11-12 m/rog, gineTpounki 30insmuTH 10 16 rogun. [lo-apyre, CKOpOTUTH BUTpATy BOIH
Ha mpomuBaHHS QinbTpiB Ha 10-13% 3a paxyHOK 30i7bIIEHHS OPYAHOEMKOCTI (iNBTPYIOUOro IIapy i
30impmeHHsT (impTpormkiry. [lo-TpeTe, MOKpamuTH SKICTh BOAM 32 TOJIOBHUMH OPTaHOJEITHYHHMH,
(13UKO-XiMIYHUMH Ta O10JOTIYHUMH ITOKA3HUKAMHU.
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MOPIBHSAJIBHA XAPAKTEPUCTUKA COPBEHTIB I3 IPUPOHOI
CUPOBUHU AJI1 BUWJIYUYEHHSA BAKKKUX METAJIIB I3 BOOJHUX CEPEJIOBHUII
Copoka O.B., leanuenko A.B.

JlHinpoecvkuii Oeparcagnuil mexHiuHuL yHi6epcumen,
eyn. [[ninpobyoiscovka, 2, 51918, m. Kam aucovke, Yrpaina
sorokaola828@gmail.com, ivanchenkodgtu@gmail.com
Haykoeuii kepienuk: leanuenxko A.B.

Po3po0ka HOBHX TEXHOJIOTi BUJIYYEHHS Ba)XKKHUX METAJIB 31 CTIYHHMX BOJ € Ba)JIMBUM
3aBJaHHIM XIMIYHOI iH)KeHepii. B octanHi nqecatTniniTTs 3a0pyJHEHHS TPUPOIHUX BOJI B OUIBIIIN
Mipi BIZOYBA€ThCS B pe3YyJbTaTi TOCHOAAPCHKOI MisNIBHOCTI JIOAMHU. OCHOBHHMM BHECOK
CKJIAaJAl0Th CKHIM KaJMil0, CBUHIIO, Migl 1 MMHKY BiJA MiANPUEMCTB METaIypriiHOi,
METaja000pO0HO01, XIMIYHOI MPOMHUCIOBOCTI, TaIbBaHIYHUX BUPOOHMIITB, & TAKOX BUPOOHHUIITB
MiHepanbHUX (ap0, J0OpUB, IITYYHHX BOJOKOH [1]. OZHAK OCHOBHUM JKEPEIIOM Ba)KKHX
METaJliB Y MPUPOJHUX BOJAX € aHTPOIIOT€HH1 3a0pyIHIOBau1, 0COOIMBO MPOMHUCIIOBI CTI4HI BOJIH.
Tomy moctae motpeba y po3pobiieHHI HOBUX €(EKTUBHUX Ta JOCTYITHHX METOMIB OYUIICHHS
CTiuHUX BOJ. IlepCIeKTHBHUMHU METOAaMU OUYHILEHHS € MPUPOIHI COPOCHTH Ha OCHOBI IIUPOKO
PO3IOBCIO/DKCHUX KapOOHATOBMICHUX OCHTOHITOBHMX IIMH. E(EKTHBHICTH MOTIMHAHHS 10HIB
3aJISKUTH Bil 0araThox (pakTopiB, 30KpeMa BHACIIAOK 30BHIIIHBO Ta BHYTPIIIHBO-THU(Y31HHOTO
nepeHeceHHs. [0HOOOMIHHMI mpoliec BigOyBaeThCS TOMi, KOJMU KOHIIEHTpallisi copOOBaHOTO
KaTiOHy € pIiBHOIO a00 MEHIIOK 3a KOHIEHTpamiro OOMIHHMX KaTioHIB. I3 3pocTaHHAM
KOHIICHTpaIlii MOCHIIOEThCS aacopOmiiiHe mormmHands [2,3]. TlepeBaroro takux copOEHTIB i3
IPUPOIHOT CHPOBUHH € Te€, 10 BOHU JIO3BOJISIOTH €(PEKTHBHO JIIKBiAyBaTH 10HU BaYKKHX METAJIIB,
Oe3nevHi y BUKOPUCTAHHI, X CKJIQJ0BI € JOCTYIHUMH MaTepiajaMH, a BUTOTOBJICHHS HE
notpelye 3HaYHUX MaTepiaIbHUX Ta EHEPreTUYHUX BUTPAT.

[IpupogHuMu JUCHIEPCHUMHU COPOCHTaAMHU € TIPChKI MOPOAM Ta MIHEpaIH, SKi MaroTh
BHCOKI aJICOpOIiiiHI Ta 10HOOOMiHHI BJIACTUBOCTI. J[0 HHUX BIIHOCATHCS MPHUPOJIHI ICOJITH,
OEHTOHITOBI Ta MAJUTOPCHKITOBI TJIMHM, TIATOMITH Ta €K1 1HIII TipChKi MOPOIU Ta MiHEpaIH.
[XHi BIaCTUBOCTI BU3HAYAIOTHCS B OCHOBHOMY CIIELM(I4HOI0 OYI0BOIO B KAPKACi KPUCTAIIUHOT
peunTKu abo PO3BHHYTOI MiX(a30BOIO MOBEPXHEI0. 3a XapaKTepOM BHSIBIIEHHS COpOLIHHUX
BJIaCTUBOCTEH 1 Oy/10BOIO IPUPO/IHI COPOSHTU MOXKHA PO3ALIUTH Ha JB1 TPYIHU: 3 KPUCTATIUHOIO
CTPYKTYpPOIO MiHEepaJliB Ta 3 aMOP(HOIO I'eJIeBO-MIOPUCTOI0 CTPYKTYPOIO.

CydacHi TexHOJOril He 3a0e3NeyyloTh JOCTaTHBOK MIpOI0 €(EeKTHBHOIO OYUIIECHHS
CTIYHMX BOJ BiJ 10HIB BaXKKHX MeTaliB. BMiCT i10HIB BaKKHX MeTaliB y cTiuHUX Bojax y 10-20
pa3iB MEpeBUINy€e TPaHUYHO JOMYCTUMY KoHUeHTpauito. [licns peareHTHOi 0OpoOKH, siKa
HaifuacTillle 3aCTOCOBYETHCSI Ha MIJNPUEMCTBAX, 3AIMIIKOBE BMICT METAJiB CTaHOBUTH 1-5
MT/IM®, IpU TPAHUYHO JOMYCTHMii KOHIEHTpalii ay1s 6inpmocti MeTamis 0,1-0,001 mr/mm3. [l
JIOOUMIIEHHS TaKMX HU3bKO KOHIIEHTPOBAHUX BOJI TAKOX 3aCTOCOBYIOThCS COpOLiiHI METOMH.
['munaMCTI MiHEpayn, 3aBISKH 3HAYHIM JUCTIEPCHOCTI YaCTOYOK Ta HASIBHOCTI BEJIMKOI KUTBKOCTI
COpOLIHHUX LIEHTPIB Ha IX MOBEPXHIi, NPOSBIAIOTE 100pi ajcopOLiiiHiI BIACTHUBOCTI, @ TAKOX
3JIaTHICTH 710 KaTiOHHOTO 00MiHY. [Ipu iboMy HaiiBuIII COpOLIiiHI BIACTUBOCTI MalOTh MiHEPAIN
MOHTMOPHJIOHITOBOI Ta MAaJUTOPCHKITOBOI TIpyIl, BENUKI TMOKJIaJd SKUX pO3BilaHI Ta
PO3pOOIIOTHCS B YKpaiHi.

JUis BUIIy4YEeHHS BaXXKUX METalliB HAMH BUIPOOYBAHO JITHOLETIOJIO3HHH COpOEHT 13
HIKapaJyNy BOJOCHKOIO ropixa. XiMIYHHI CKJIaJ] MKapalyly BOJIOCHKOIO TOpiXa CKIaJaloThes 3
nirniny (35,0%), uentonosu (30,4%), nomicaxapuais (12%) Ta reminentonosu (12,6%). Hait6inpin
XapakTepHUMHU (DYHKI[IOHATBHUMH TPyHaMu JITHOLETIONO3HNX MaTrepiajaiB € METOKCHJIbHI —
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OCHS3 (o 22 %), xapookcunbai — COOH (10 16 %), kap6oninbHi — CO (10 7 %), TiApOKCHIIbHI
(cuptoBi Ta ¢enonpHi) — OH (mo 11 %). JlirHiH € KIyOKOMOAIOHUM, TEPMOILIACTUYHUM
MOJIIMEPOM CITYACTOI CTPYKTYPH. BHsABICHO ONTHMAaabHI TEXHOJIOTIUHI MapaMeTpu copOLii MeTasiB
Fe(Ill) Ta Zn Ha COPOEHTI JIIrHOLIETFOJIO3HOMY, & CaMe 4ac KOHTAKTYBaHHS 3 T0J1. JJOCATHYTO 3aJIMIITIKOBOT
xonnenrpanii Fe(IIl) 3 200 mr/am® 1o 11,16 mr/nqm® (edexTuBHICTH OunIeHHs ckaagana 82,5 %) ta Zn 3
200 mr/am?® mo 30,7 mr/am?® (edeKTHBHICTB OuMIIEHHS cKnanana 84,65 %), npu BUTpaTi copbenty — 1 r/mm®
[4,5].

Jns BuitydeHHsI 10HIB (epyMy Ta IMHKY 3 BOJHHX CEPEIOBHI HAaMHU BHIIPOOYBAaHO
a7ICOpOEHTH 13 IPUPOHOT CHPOBUHHU: LIEOJIT, TJIAYKOHIT, OCHTOHIT Ha COPOSHT JIITHOLICITIOJIO3HUM.
Jocnimpkeno mporec BuiydeHHs: Zn i Fe npu 3acTocyBaHHI MPUPOAHUX COPOEHTIB BUTpaToio 4
r/nmm° Ta TpUBaJIiCcTIO 00poOKK BoaHKMX cepenoBuiy 10—120 xB. BecranoBieHo, 1m0 eheKTHBHICT
BIWIYYEHHS IIMHKY NpoTsaroM 120 XB ckjaiae: npu BUKOPHCTaHHI neoity — 35,37 %, rayKoHITy
— 41,5 %, 6enrtonity — 23,58 %, nirHonemntono3Horo copoenty — 33,96 %. BusBneno, mio
epexTuBHICTh BHnaneHHs ioHiB ¢epymy(Ill) mpu 3actocyBanHi 1eodiTy dYepe3 2 TOAWHU
KOHTaKkTyBaHHs crtaHoBUTh 12,8 %, Oenronity — 56,4 %, rmaykonity — 73,9 %,
JITHOLEI0NI03HOTO copOeHTy — 99,79 %. JlocArHyTO NpPaKTUYHO TOBHE BUIIYYEHHS 1OHIB
dbepymy(I) mpu 06pobIIi TIrHOLETIOIO3HIM COPOEHTOM Y KinbKocTi 4 r/mm[6].

[TepcriekTHBHIM BOAYa€ThCS OTPUMAHHS COPOCHTY 3 POCIMHHOI CHPOBHMHH Ha OCHOBI
MIIEHUYHUX BUCIBOK, AKI € BIIXOJIaMHU CUILCHKOTOCIOJIAPCHKOTO BUPOOHUIITBA Ta MPOBEICHHS
foro BumpoOyBaHHS JUIsi BHJIYyYEHHS BaXKKMX METANliB 3 BOJHUX cepenoBuml. llikaBumm €
JIOCJTIJDKEHHS, TTOB’s13aH1 13 OTpUMaHHS COPOEHTY 3 POCIIMHHOI BYIJIEIIEBMICHOT CHPOBHHH IIIAXOM il
00pOOKY HEOPraHIYHUMU JIyTaMU 13 TIOJIAJIBIIO0 CYIIKOIO Ta KapOoHizalliero. JlaHi HanpsMKyY 3aKiiaieHi B
OCHOBY TOAAJIBIINAX JTOCIIIPKEHb

3aBIsSKM BHUCOKIM JOCTYHMHOCTI Ta JICMIEBU3HI CHPOBHHU Taki Oi0OCOPOCHTH JIETKO
YTUII3YIOTbCA 0e3 pereHepariii. BMicT 1enrono3u, reMiletono3u, JIrHiHy, €KCTPAaKTUBHUX 1
MiHEpaJIbHUX KOMIIOHEHTIB y 0iocopOeHTaxX BIUIMBAa€E HA 3JaTHICTh 10 HaOyxaHHS y Bomi. Ll
0COOJIMBICTD Jy’Ke BaXKIIMBA, TOMY 11 HEOOXiTHO BPaXOBYBaTH MPHU pO3poOIll METOIB yTHIII3allii.
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B3AEMO3B’A30K MI’K IPUHLIUITIAMM, IO JEXATb B OCHOBI
®OPMYBAHHSA 3AKOHOJJABUYUX AKTIB, I AKICTIO OYUCTKHU BOAU
Cmenosa H.I'.Y, Kyuika O.M.?

YVuisepcumem Bpumancoroi Konym6ii, Kanaoa, m. Banxyeep, nataliia.stepova@ubc.ca
2 Kuiscokuil nayionanvnuil ynisepcumem 6yoienuymea i apximekmypu, Yxpaina, m. Kuis

[Tpu cTBOpEHHI 3aKOHOJABUMX AKTIB y raily3i BOJOIOCTaYaHHS 1 BOJIOBI/IBEJICHHS MOXKHA
BUAUIUTH YOTUPU IMPUHIMIIOBUX M1AXOH:

1) mepcneKTUBHUMA (COPSAMOBAaHMN Ha JOCATHEHHS ¥ MIATPUMKY TapHOTO EKOJIOTIYHOTO
CTaHy BOJOIM 1 Ha 3a0e3leueHHs] HaCeJIeHHs BOJIO0, IKa HE MICTUTh ILIKIJUIMBUX Ul 37J0POB’S
PEUOBUH);

2) CTBEepIKYBAIbHHH (SKHH JIHIE KOHCTAaTy€ MOTOYHUHN CTaH raixysi, HaBiTh SKIIO PIBEHb
OYUILEHHS BOJM HE 33/I0BOJIbHSE CyYaCHUM MDKHApPOJAHUM CTaHIapTaMm);

3) KOpymiiitHO-OpiEHTOBaHWHN (KOJM HEOOTPYHTOBAHO 3aBHUIIEHI a00 HEOJIHAKOBI IS
AHAJIOTIYHUX Cy0’€KTIB 3aKOHO/IAaBCTBA CTAH/IAPTH CTBOPIOIOTh MOKJIMBICTD JJIS 37I0BXKHBAHb);

4) xopyMIIOBaHUH (KOJIM CTaHJIAPTH BCTAHOBJIIOIOTh A00 HaMararoThCsl BCTAHOBJIIOBAaTH Ha
BUMOTY TICBHHX «3aMOBHHUKIBY, a HE 3 OTJISAY HA IXHIl BIUIUB HA JIOBKIJUIS YU 3/I0POB’S JIFOIUHH).

SAxuro nns kpain €C xapakTepHUM € JIMIIE NepIui miaxia, B YKpaiHi, Ha Kajb, MIPUCYTHI
O3HaKM ¥ TpbOX OCTaHHIX. Taka cHTyaliss HE TUIBKH HE CHpHs€ TOJIMIICHHIO CTaHy
BOJIOINPOBITHUX 1 KaHAI3alIHHUX MEpEeX Ta OYUCHHUX CHOpYH (SKUM, HA Kalb, € B MEPEBaXKHII
OUTBIIOCTI HAceNeHMX MYHKTIB HE3aJOBUIBHMM), ajlé ¥ CTBOPIOE CHUTYalil0, KOIH JesKi
HOpPMATUBHI aKTH CylepeyaTbh He JIMIIEe MDKHApOAHHUM CTaHAapTaM, ajle ¥ OJMH OJHOMY abo
HaBiTh cami coOi.

VY motomy 2023 poky €Bponeliceka exkoHomiuHa koMicis OOH y cniBnpani 31 CBiTOBUM
0aHKOM 1 IHIIUMH MIKHapOJHHMMH OPraHi3alisiMH CTBOPWJIA MDKBIIOMYY TpYyIy JUIS OLIHKA
BIUIMBY BiMICHKOBHX Jiif B YKpaiHi Ha JOBKULISA 1 CTBOPEHHSI peKOMEHAAIlli 100 BiTHOBJICHHS
exosioriunoi iHdpacTpykrypu. [IpoTe TpoekTyBaHHS W EKCIUTyaTamisi KOHKPETHHX OYHCHHX
CHOPYJ 3aBXJIU I'PYHTYETbCS HA iICHYIOUOMY 3aKOHOJABCTBI, SIKe Ul YKpaiHU Mae€ CIUPATUCh
TaK0X Ha YMHHI €BPONENWChKI HOPMATHUBH, OCKUIbKM HE3BAXKal0UM Ha MOTOYHY CHUTYyalil0, Hallla
JiepKaBa MPOJOBXKYE BIEBHEHO pyxaTuch y HampsMKy €C. Tomy aHalli3 KOXHOTO OKpEMOIo
CTaHJApTy B rajy3l eKOJIOT1i 010 MPUHIIUIIIB HOro (OpMyBaHHS Ta BHECEHHS HEOOX1THUX 3MIH
y BUIaJIKaX, KOJH BiH He 0a3yeThCs Ha 3a0e3MeUYeHH1 3/JOPOBOT0 JOBKULIISA, — € Hapa3i HarajlbHOO
noTpedoro.

3yNMHUMOCH O1JTBIII TOKJIaJHO Ha OCTaHHIX TPhOX MiX0ax 10 (OpMYBaHHS 3aKOHOJIaBUUX
aKTIB Ta IPOUTIOCTPYEMO X KOHKPETHUMH MPUKIIAJIAMHU.

CTBEPI[}KYBAHBHI/II?'I IMIAXI € mocuTh THHIOBUM IJIS HAIIOTO 3aKOHOJABCTBA. BiH
BHUHUK SIK HaCJ1JIOK «OKO3aMUJIIOBAIbHOI» MOMITUKH, YCIIaJKOBaHOI BiJl paasHChKUX yaciB. [Ipu
3aCTOCYBaHHI TaKOro IMiJXOJy HOPMaTHBHI BUMOTH 0a3ylOThCsl HE HAa MPUHIMMAX MiHIMi3awii
MOTEHIIIHHOT IIKOJW, SKa MOKe OyTH 3amojisiHa 3J0pPOB’I0 JIIOJUHU YW JOBKULIIO, a Ha
KOHCTaTallii THX KOHLEHTpaliil 3a0pyHIOI0UMX PEUOBHH, SKi 3a3BUYall MPUCYTHI y NMUTHIN 4u
CTI4HIM BoAl micias ouuiieHHs. CTBEp/KYBaJbHUMN MiAXiA J03BoOJIsi€ POPMYBATHU 3aCHOKIAIMBI
3BITH PO T€, IO AKICTh BOJM 33JJOBOJIbHSE ICHYIOUMM HOpMaTHBaM. [Ipu 1bOMy 3aMOBUY€ETHCS
¢axT, 1110 OKpeMi MOKa3HUKU MOXKYTh CYTTEBO MEPEBUILLYBATH MI>KHAPOIHI CTaHAAPTH. TUIIOBUM
NPUKJIAJ0M TaKOTO MiAXOJY y Taly3i OUYMCTKH CTIYHMX BOJ € 3adikcoBaHa y aoaatky S5 [1]
OpleHTOBHA €(DEeKTUBHICTH BHUJAJCHHs 010r€HHUX PEUOBUH — HETOKCUYHHUX croiyk Hitporeny i
®docdopy, 0 BUKIUKAIOTh «LBITIHHS» BOJAOHM: Ais (ocdariB BOHA HE HOPMYETHCS, a IS
aMOHIMHTO a30Ty cTaHOBUTH Jiutie 20%-60%.
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3aragbHOBIIOMO, 110 TPOTSITOM OCTAHHBOTO IECATUPIYYS «IIBITIHHS BOJIUA CIIOCTEPITAETHCS
HE JuiIe B Kackaji Bogocxosui JlHinpa, a HaBiTh y HopHOoMy Mopi. Tomy B €C icHYIOTh €1uH1
PaMKOBI HOPMATHBH, sKi 3a00B’S3yIOTh MYHIIMNAIbHI OYKMCHI CIOPYIU BHAAIATA O10TeHHI
peuyoBHHU 31 cTiyHUX BoA. Crionmyku HiTporeny, Hanpukiiaa, BUAATIOTHCS ABOCTaAiiiHO. CriouaTKy
BiI0OyBaeThCs HiTpU(iKaIlisg, TOOTO MepeBeACHHST aMOHIMHOTO a30Ty B HITpPaTH 4Yepe3 HITPUTH
(mpomixkny ¢opmy). Ha nppyromy erami, skuii HOCHTh Ha3By JeHiTpudikaiis, HITpaTH
NEePEeBOATHCS B ra3 a30T, 0 BUAIsIe€Tbes B aTMocepy. Ha TUX BITYUM3HAHUX OYUCHUX CIIOPYAaAX,
K1 eKCIUTyaTyroTbest Oibie 30 pokiB (a 1e Maiike BCi HacesleHi MyHKH), AeHiTpudikamii Hemae,
a € JIMIIe YacTKoBa HITpUQIKAIlis, IMICIA SIKOT CTOKH, IO MICTATh CyMIIll aMOHIHHOTO a30Ty,
HITPUTIB 1 HITPATIB CKUIAIOTHCA 10 BogoMu. Docdartu 31 CTOKIB TeXK OKPEMO HE BHIAISIOTHCS.
Lle 1 3adikcoBano B momatky S[1].

Ha ctBeppkyBanpHUX 3acafax IPYHTYETHCS 1 HU3Ka BHUMOT 0 MUTHOI Boau [2]. 3rigHO
Konnemnmii 3aranpHoiep>kaBHOT MUIBOBOI cortianbHOi mporpamu “IlutHa Boga Ykpainn” Ha 2022-
2026 poku, mOCIyraMy LEHTPAIi30BaHOTO BOJIOTIOCTAYaHHs OXOIUIeHO juiie 69% nacenenns. Le
o3Hauae, 110 31% yKkpaiHIliB CI0KUBAIOThH BOJY 3 IHAUBITYyaIbHUX JKEPEll, IepeBakHy OUIbILICTh
SIKMX CTAHOBJIATH KOJIOIs131. Yepe3 OaM3bKiCTh 10 BUTPIOHUX SIM y KOJIOJS3HIN BOJII MaiiKe BCIOAN
CIIOCTEPITraeThCs MiABUILEHUN BMICT OakTepiaibHUX 3a0pyIHEHb, aMOHIITHOTO a30Ty, HITPUTIB 1
HiTpaTiB (mopsBHsIHO 3 HOpMamu €C). KpiM Toro, npuramanse JUIs CUTbChKOT MiCIIEBOCTI OJTU3bKE
pO3TallyBaHHS 10 CUIbCHKOTOCTIOAAPCHKUX YT1/Ib € JOAATKOBUM JDKEpesoM croiyk Hitporeny i
necTUIyiB. AOM HE KOHCTaTyBaTH HENMPHUIATHICTh KOJIOAS3HOI BOAHM JO IUICH IHTHOTO
BOJIONIOCTAaYaHHs, B YKpaiHi BCTAHOBJICHI Pi3HI BUMOTH J0 SIKOCTI BOJOMPOBIIHOI Ta KOJIOAS3HOI
Bonu. Tak, SIKIIO y BOJOMPOBITHIM BOJI MECTHUUAM (AKI € KaHIEPOTCeHaMH) HE MOXYTh
nepeBuIyBaTH cymapHo 0,5 MKI/J, y KOJOJsA3HIM BOAl X He MOTpiOHO BU3HAUYATH B3araii, sK 1
EHTEPOKOKH, SIKi 3 BEIHMKOI0 WMOBIPHICIO MOXYyTb OyTH TaM mnpucyTHiMu [2]. Lleit minxin
CTOCYETHCS TAKOXK 117101 HU3KH 1HIITUX apaMeTpiB, Xoua BiH 1 cynepeunts ctarti 21 Koncturymii
VYkpainu, sika BU3HAYae, 10 BCi JIIOIU € piBHI y mpaBax. Oco0imBe 3aHENOKOEHHS BUKIIMKAE
JI03B1J1 BUKOPUCTOBYBATH B SIKOCT1 MUTHOT BOMY, 1110 MICTUTH 3,3 Mr/i HiTpuUTIB. Lleit HopmaTuB €
YUHHUM JJT KOJIO/ISI3HOI BOJIM B MUPHHM Yac, a TAKOXK JUIsl OY/Ib-SKOi BOJM B YMOBaX BOEHHOTO
CTaHy Ta IHIIUX HAJ3BHUAWHUX CHUTyallisX. Bigomo, mo HITpUTH y KiTBKOCTI Oinbmriit Hik 0,4
MI/KT Bar' MO>KYTh BUKJIMKATH METreMorio0iHeMito y HeMoBJAT [3]. ToOTo, KO OJHOMICSYHA
JTUTHHA Mae Bary 4 Kr, BOHa HE MO)Ke O€3MEeYHO CIIOXKUTH Oiibine 1,6 Mr HITpUTIB Ha 100y. SAkio
Taka JIMTHHA 3HAXOJMTHCS HA MITYyYHOMY BHUTOJOBYBaHHI 1 3a 100y criokuBae 0,8 71 Boau, TO
Oe3nevHa A Hel KOHIIEHTpallis HiTputTiB craHoBuTh 1,6/0,8 = 2 mr/m. BOO3 pexkomenaye
3a0e3rmevuyBaTH BpasMBi IPyNH HACEJICHHS OyTUIILOBAHOIO BOJIOIO, KOJIM KOHIICHTPAIIisl HITPUTIB
HepeBuIly€e 3 MI/J BXKe MPOTAroM Kinbkox aHIB [3]. KpiMm Toro, B meBHUX ymMoBax (nepeOyBaHHS
BOJM B 3aKpUTIH €MHOCTI MPOTITOM IEBHOTO Yacy TOWIO), Y HITPUTH MOXKYTb HNEPEXOIUTH
npucyTHi y Boi HiTpatu. Ctanaaptu €C nependayaroTh TaKy MOKIUBICTh BBEIACHHSIM BHMOTH
[aiTpaTu]/50+[niTputn]/3<=1. Hamn Hopmu [2], 3acHOBaH1 Ha CTBEPKYBAIIBHOMY M1AXO/I1, TAKOT
BHMOTHY HE MICTATh 1 IO3BOJISIIOTH OAHOYACHY MPUCYTHICTh Y KOJOISA3HIHM BoAl 10 50 MTI/n HIiTpaTiB
1 10 3,3 MI/1 HITPUTIB MPOTATOM HEBU3HAUEHOTO yacy, Momnpu oQiniiHO 3adikcoBaH1 JieTalbHI
BUIIAJIKU CEpe]] HEMOBIIST, CIIPUYUHEH1 METTeMOTTI00IHEMIETO.

KOPYHHIfIHO OPIEHTOBAHUI IMIAXIJI BuHMKae TOAl, KOJU BHUMOTH €
HEOOIPYHTOBAHO 3aBUIIICHUMH, 1 Cy0’€KTH 3aKOHOJABCTBA HE B 3MO31 iX JOTPUMYBATUCK; ab0 kK
BUMOTH MOXYTh OyTH MOCIAa0JIeHUMMH (3MIHEHUMH) JJIsi KOHKPETHUX MHIANPUEMCTB PILICHHIM
BY3bKOTO KOJ1a 0ci0.

[Tpuxnan 1. B Ykpaini BiACyTHI €AMHI BUMOTH /10 KOHLIEHTpaliid O10reHHUX PEYOBHH Y
CTIYHHX BOJIaX, K1 CKHAAIOTHCS 0 TPUPOIHUX BOAOKWM ITiCIIsl KaHATI3AIHHUX OYUCHUX CTAHIIiI

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

147



(KOC). Taki ckuam peryirolOThCS JIMINE 03BOJAMHU Ha CIeliaibHe BOJAOKOPHUCTYBAaHHS, SKi
BunaroThcs KoxkHI KOC okpemMo 1 SIKHX HE MOXHa MOOAYUTH y 3arajlbHOMY MyOIid4HOMY
IPOCTOPi.

[Mpuknax 2. IlpaBuna [1] 3a00pOHAIOTH CKUAATH 0 MICbKOI KaHami3amii Oiibme 5 mr/i
3araiabHOTO (hochopy (3D) 1 50 mr/in 3aranpHoro azoty 3a Kenpaanem (3AK), sxuii sBisie co60r0
CyMy OpraHi4HOro i amoHiiiHOro aszorty (0e3 a3ory HITpuTiB i HiTpariB). IIpore nume 3
(1310JIOTTYHMMH BIIXOJaMHM JI0 KaHaJI3aIliiHOT Mepexi 3a 100y BiJ KOXKHOI JIOJIMHUA HAJAXOAUTH
1,7-1,8 r 3® i 11 r 3aranmpHoro azory (3A) [4, 5]. 3rizno 31 Cxemor0 onTuMi3amii cucTem
BOJIONIOCTAYaHHs Ta BOAOBIABeAeHHs MicTa KueBa, «pakTuuHe nmutome BOJOCHOKUBAHHA HA 1
JTIOJUHY JUIS KaTeropii «HaceneHHs... y 2017-2020 pp. 30utbmumnocs 31 104 go 114 1/mody». Le
o3Hayae 16-17 mr/n 3® 1 96 -106 mr/n 3A y moOyToBiii kaHamizamii M. KueBa BUKITIOUHO 3a
paxyHOK JIFOJCBHKMX  (Di310JIOTIYHMX  BiAXoiB. BiamoBigHo, yci WiANpUEMCTBa,  SKi
BUKOPHUCTOBYIOTH OOOPOTHI CXEMH BOAOIIOCTaYaHHS a00 MalOTh HE3HAYHE CIOYKMBAHHS BOJIU Ha
BUPOOHMYI TOTPeOH, aBTOMATHYHO CTAIOTh MOPYIIHUKAMH 3aKOHOAaBCTBA. [Ipn uomy, y JIbBOBI,
HaIpukiaz, BcranosieHa HopMma 10 mr/n pocdaris (3,3 mr/n 3dD), sika € 000B’ I3KOBOKO TaKOXK JJIS
HaceneHHs. [y mopiBHAHHS, TpaBuiia npuitManHs ctivaux Box [lapmwka, Hinwm, Tymysu, bepriina,
["anoBepa, lpe3nena, Hrocenbaopda 103BosA0Ts ckuaatu o kanamizamii 50 mr/n 3@ (y 10 pasis
Oynbire, HixX B Ykpaini). [l{omo azoty: Iapmx i Tymysa — 150 mr/in 3A, Hima — 150 mr/n 3A (B
tomy uuct 100 mr/n 3AK), bepnin — 250 mr/a 3A, 'anoep — 100 mr/n amoniitHoro azory i 10
Mmr/it azoty HiTpuTi, dpesnen — 200 mr/n 3AK, Hdrocensaopd — 80 Mr/n amoHIHOTO a30Ty 1
amiaky, 10 mr/m a3ory HiTpuTiB 1 80 Mr/n opraniunoro a3oty. Bankysep (Kanana) Hapasi B3araii
HE HOpPMY€ CKUJI OI0T€HHUX PEYOBHH JI0 KaHaJi3allii.

[Mpuxnan 3. JCaulliH nosBonse go 0,1 mr/m HITpUTIB y 00poOneHilt nmuTHINA (KpiMm
00po0IICHOT XJTIOpYBaHHSM 3 IIPEaMOHI3aIli€l0), Hera3oBaHil (hacoBaHil 1 BOJII 3 MyHKTIB PO3JIUBY
Ta 6roBeTiB. Lle B 5 pa3ziB menmie HopMm €C 1 B 33 pa3u mentue, Hix J[CanlliH [2] no3Bonsie maTu
y KOJOZS3HIHN BOJI.

[Tpuxnan 4. ®ochatu HE € MKIATUBUMU AJS JIIOJWHU (IIKIIJIMBUMH BOHU € JIHMILE JJIs
BOJIOMM, OCKIJIbKU CIIPUSIIOTH HAJIMIDHOMY pOCTy OloMacH, sika i 00yMOBIIIOE IBITIHHI» BOJHM).
binpim Toro, koxHa IroaArHA I 3a0e3nedeHHs (Pi310JI0TTYHUX MPOIIECiB Ma€ IIOAHS CIIOKUBATH
o6mm3pko 1500 mr pocdatis. Tomy B €C pocdaTtu B nmuTHIN Bo1 He HOpMytoThes. JCanlliH [2]
HOpMye iX Ha piBHI 3,5 Mr/nm i BuMarae, mo0 y QacoBaHiii HerazoBaHii BOJI IX BMICT He
nepesuiryBas 0,6 Mr/i.

KOPYMITOBAHMI TTIJIXIJ] noGiroe umich NMpWBaTHI iHTepecH BCymeped iHTepecam
cycnuibcTBa. HaBemeMo Kijibka MpUKIIa/IiB 3 TOTEHIIIHO MOYKJIMBUM KOPYMIIOBAaHUM TT1IXOJIOM.

[Tpuxnan 1. Jlomatox 5 [1] mo3Bomsie MaTH y CTIYHUX BOJaX, 110 HATXOASATh Ha Oi010TIvHe
ounmenns 10 100 mr/n (100 r/m°) dopmambaeriny i 40 mr/n tpuxpesondocpary (TKD) 3
edextuBHicTIO ouucTKU BignosimHo 0,8 1 0,4 (80% 1 40%), xo4ya TUMOBI iX KOHIEHTpalii y
MICBKUX CTIYHUX Boaax cTaHoBIsATh 0,1-10 mr/a mist popmansaeriay 10,0005 mr/n qist TKO.
3ayBaxkumo, 1mo 100 mr/n ¢opmanpaeriay ranbMmytoTh, a 300 Mr/a — MOBHICTIO NMPUIHHSAIOTH
npouecu OiosoriyHoro ountieHHs. [{ogo TK®, To 3rigHo 3 nanumu Jlenapramenty nparii CHIA,
40 mr/n € piBaeM IDLH (Immediate Danger To Life Or Health), To6T0 cTaHOBIATE MpsAMY 3arpo3y
KUTTIO 200 3710poB’10 monuuu. [likaBo, mo goxatox 5 [1] mo3Bosse mpucyTHICTD Jutie 10 mr/n
HeTokcu4HuX (ocdaris (3,3 mr/n y nepepaxynky Ha 3d) i 40 mr/n Tokcuunoro TK®D (3,4 mr/ny
nepepaxyHky Ha 3D).

[Tpuknan 2. He3Baxatoun Ha HasBHiCTH IloctanoBu KMY Ne717 «IlIpo 3aTBepikeHHs
TEXHIYHOTO perjaMeHTy MHilHHX 3aco0iB», 1o BP perymsipHo mnomaBamuch 3aKOHOIPOEKTU
aHasoriunoro 3micty (Ne 5182 Bix 26.09.2016, Ne 8138 Bix 15.03.2018 i Ne 1170 Bix 29.08.2019),
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JIe 3aMICTh TEpPMIHY «3arayibHuil (ochop», SAKUH OXOIUTIOE BCi HETOKCHYHI (hochopoBMicHI
CIIOJTYKH, B)KUBABCS TepMiH «dochaTi» (CiiJ 3ayBaKUTH, 110 OUIBIIICT, BUPOOHUKIB B YKpaiHi
JIOJTAI0Th Y CBOIO MpOAyKIito ¢ochoHaTH, siKi BpaxoBYIOThCs sk 3D, ane He € pocharamu). Ha
IacTs, BCi Ii 3aKOHOMPOEKTH OYIM BIAXWJICHI 3 TOCHUJIAHHSIM Ha ICHYBaHHS BHIIE3ralaHol
noctanoBu KMYVY. [Ipote 02.06.2021 no Hei 6ynu BHeceH1 3MiHU. OKpiM 1HIIIOTO, PY HOPMYBaHHI
MUIHHX 32C001B y MOOYTOBUX MPAIbHUX 1 TOCYJOMUITHUX MaIlIMHAaX TEPMiH «3arainbHuii hocop»
OyB 3aMIHCHHMI Ha «3araJibHUi BMICT Gochopy». OCKUIBKU KOJIHUX PO3’ICHEHb HEMaA€, I1JIKOM
YCHINIHO TP CYJOBOMY PO3TJISAI MOXKHA JJOBECTH, IO «3aralbHUM BMICT hochopy» HE HOPMYE
BMICT (hochoHaTiB un HaBITh GocdaTiB, OCKUIHPKMA Ha BIIMIHY Bia 301pHOTO MOHATTS «3arajbHUN
docthop», sxuil He € XiMiYHUM TepMmiHOoM, (ocdop, dochatn i pochoHaTH € KOHKPETHUMU
XIMIYHUMH €JICMEHTaMH YH CIIOJTYKaMHU.

JITEPATYPA
1. IlpaBuna npuiiMaHHS CTIYHHMX BOJ JIO CHUCTEM IICHTPAJi30BAaHOTO BOJOBiABEICHHs (HaKa3
MiuPPBEXKI Ne 316 Bin 01.12.2017).
2. JICanlIliH 2.2.4-171-10 «I'irieHi4yHi BUMOTH J0 BOJY MUTHOI, MPU3HAYCHOT JIJIs1 CIIOKHUBAHHS
JFOTUHOIOY.
3. WHO. Guidelines for Drinking-water Quality, fourth edition, 2011.
4. IBH B.2.5-75:2013 «Kanamnizamis. 3oBHIIIHI Mepexi Ta cnopyam», Kuis, 2013.
5. Kroiss H. Betrieb von Klédranlagen. Technische Universitit Wien, Band 202, Wien, 2007.

KIVIBKICHE BUBHAYEHHSA MOP®OJIOTTYHUX XAPAKTEPUCTHUK
IJIACTIBIIB AKTUBHOI'O MYJY B BIOJIOTTYHUX OYUCHUX CITIOPYJAX
Tkauenxo C.0O., IOpuenxo B.O.

Xapxkiscokuil HayioHanbHull YHigepcumem micbko2o 2ocnodapcmea im. O. M. bexemoaa,
Vkpaina, m. Xapxkis, e-mail: tkachenkosvetlana98@gmail.com

OnHI€I0 3 KIIOYOBHMX BIIACTUBOCTEH aKTMBHOIO MyJy, SiKa BIUIMBa€ Ha €QEKTHBHICTb
010JIOTTYHOI OYUCTKH, € HOTO 3/IaTHICTh YTBOPIOBATH MIIIHI, IIBUJIKO Ocifaroyi ruractiBii [1]. st
celMMEeHTalli MyJy 3Ha4ylmMMHU (akTopaMu € MOpQOJOriuHi BIACTUBOCTI HOro IUIACTIBLIB
(cTpyKTypa, MilHICTh, (hOpMa) Ta CTaH MOMYJISIii HUTYACTHX MIKpOOPraHi3miB [2-4].

Kpyrii Ta KOMIaKkTHI MIAcTiBII OCAPKYIOTbCS Kpalle, HiXK Ti, [0 MalOTh HENpaBUIbHY
(dbopMy, MIIHI MJIACTIBI OCAKYIOTHCS MIBUAIIE, HIK BIAKPUTI CKymueHHs. Mool akTUBHUI
MyJ, B SIKOMY IIe He c(hopMyBajKCs MillHI Ta BEIMKI IUIACTIBII, MAa€ HU3bKY CEJUMEHTALliIHY
3IaTHICTh. 3 4acoOM, KOJIM MYJI 103piBa€, MIACTIBI CTAIOTh OLIBII KOMIAKTHUMHU, 301IbITYIOTHCS
B pO3Mipi, 1 B HUX HAKOIIUYYEThCS 010MOTIMEPHUIA TelIb, SKUH 3aXUIIA€E KIITUHU B IIACTIBISIX BiJ
TOKCUYHHMX PEUOBUH 1 yTPUMYE KIITUHU MIKpPOOpraHi3MiB. Taki MiacTiBLi JeTile BUAUISIIOTHCS 3
OUMIIICHOT BOJM Y BTOPUHHUX BiACTiiHHKAX [1, 5, 6].

BusiBneHHs 3MiH y CeIMMEHTAIlIHHNX BIACTUBOCTAX aKTUBHOTO MYJy Ha paHHIX eTarmax,
BU3HAYEHHS BIUIMBIB, SIKI KEPYIOTh IIMMM BJIACTMBOCTSIMM, Ta IX BUKOPHCTaHHS € Ba)KIMBOIO
HAyKOBOIO Ta MPAKTHYHOIO 3ajjauyero, IO JO03BOJUTH IHTEHCHU(]IKYBaTH O10JIOTIYHY OYMCTKY,
HiABUIIUTH 11 €PEKTHBHICTh Ta HANIHHICTH [S5-7].

Jns XapakTepUCTUKU SKOCTI aKTHBHOTO Myiy (moOpa, CepemHs Ta HEAOCTaTHs) Oyia
3aMmporoHOBaHa CXeMa J[1arHOCTyBaHHS SKOCTi aktuBHOro myny /[l. EitkennOyma (tabmn. 1) [1].

Martepianu VII MixkHapojHOT HAyKOBO-TTPaKTUYHOT KoH(epeHiii «YncTa Bojga. OyHmaMeHTaNbHI,
npuKiIagHi Ta npoMuciosi aciektn» (9-10 mucronana 2023 p., M. Kuis, Ykpaina)

149



[Ipore B miarHOCTHINI aKTUBHOTO Mydiy, 3ampomnoHoBaHiii JI. EiikenrOymMoM, Taki BaXJIHMBi
MOKa3HUKH MOro $KOCTi, $K CTPYKTypa, MIIHICTb, (OpMa Ta HASABHICTh HHUTYACTUX
MIKPOOPTraHi3MiB XapaKTepU3YIOThCS HE KUTBKICHO, a JIUIIIE SKICHO, [0 HAJ3BUYAHO YCKIIAIHIOE
X MpakTHYHE 3aCTOCYBAaHHS HA JII0YUX OYHUCHUX CIOPY/IaX.

Taomuist 1. Kpurepii Juist BCTaHOBJICHHS SIKOCTI akTiBHOTO MyJy (3a Eikelboom D. [1])

IToka3HUKH Hobpa Cepenns HepnocraTtHs
Ianexc HUTUYaCTHX <3 34 4-5
CTpyKTypa IJIACTIBIIIB KOMITaKTHA BiJIKpUTA -
MIirHICTh JIaCTIBLIB MiIHa cia0ka -
dopma mIacTiBIiB Kpyria HEelpaBUJIbHA -

JUis MOHITOPMHTY CTaHy AaKTHBHOTO MyJIy Ta KOHTPOJIO TEXHOJOTIYHUX IMPOIECIB
OYMIIICHHS CTIYHUX BOJI HA IIFOYMX OYMCHUX CIIOpyJaxX B YKpaiHi BUKOPUCTOBYIOTh MOP(OJIOTIuHI
XapaKTepUCTHKHN IUIACTIBLIB (CTPYKTypa, MilHicTh, ¢opma). Ilpore 1mi XapaKTepUCTUKA
OILIIHIOIOTHCS TUIBKH SIKICHO, Bi3yaJbHO, 1 MalOTh CYO'€KTUBHUH XapakTep, HE MiAJal0ThCs
CTATHCTUYHOMY aHAIII3Yy.

Metoro poGotu Oyno KilbKiCHE BHU3HAU€HHS MOPQOJIOTIYHUX MapaMeTpiB IIIACTIBLIB
AaKTUBHOTO MYyJy, TakuX SIK CTPyKTypa, (popma i MIIHICTh, a TaKOX I1HIEKCY HHUTYACTHX
MIKpPOOpraHi3miB, 3a JOIOMOTrO0 MporpamMHoro 3adesneucHus Imadgel.

B mporpami kinbkicHO BuzHauaiu opmy depes koedimient okpyriocti Circ, crpykTypy -
SK B1IHOIICHHS TOBXHHHU YaCTUHKH JO 11 IPOEKTOBAHOTO JiaMeTpy, MII[HICTh - Uepe3 BU3HAUCHHS
KOHTPACTHOCTI MIXK IJIACTIBLIEM Ta OTOYYIOYHUM BOAHHUM CEPEIOBHIIEM, 1HIEKC HUTIYACTHX - Yepe3
BH3HAUEHHS BIJICOTKA IO, 10 3aiMalOTh B MOJ1 30py HUTYACTI CTPYKTYPH.

B sxocTi eTtanoHiB Al BUSHAYEHHS CTPYKTYPH, MIITHOCTI, POpPMHU TUTACTIBIIB Ta 1HACKCY
HUTYACTUX MIKPOOPraHi3MiB BUKOPHUCTATU MiKpO(pOTO3HIMKH Myiy 3 podotu /. EifikensOyma, aiis
SKHX aBTOP Bi3yaJbHO OIIIHMB Ii MOpQOoIOTiyHi MoKa3HWKH. Ha mifgcraBi oTpuMaHMX JaHUX
PO3pOOJIEHO IIKAIM JUIsl KUIBKICHOTO BU3HAUEHHS CTPYKTYPH, MIIHOCTI, ()OPMM ILIACTIBIIIB
aKTUBHOI'O MYJy Ta 1HJEKCY HUTYAaCTHX MikpoopraHi3miB. [1o0ynoBy mikan 3xilicHiOBaiu B 3
eTanyd 3a po3poOJEHUM aNropuTMOM Pe3ynbTaTM MNpOBEAEHHUX PO3PAXYHKIB JI03BOJIHIN
MEPETBOPUTH BI3yallbHI TIOKAa3HWKKA B YHCJIOBI 3HA4YeHHS. B Jykkax HaBeleH1 Bi3yasbHi
XapaKTePUCTUKH 1HJIEKCY HUTYACTHX, CTPYKTYpH, MIIHOCTI Ta (GOpMHM IUIacTiBLiB, HaxaHi [l.
ElikensOymowm (Tadm. 2).

Tabmuis 2 - ['eoMeTpr4H1 XapaKTEPUCTUKH TJIACTIBI[IB aKTUBHOTO MYJTy, pO3paxoBaHi 3a
¢dorosnimkamu /J[. EiikensOyma 3 Bi3yaJlbHO BHM3HAU€HOIO SIKICTIO IUIACTIBIIB Ta 1HJAEKCY
HUTYACTUX

IToxa3zHukH [o0Opa Cepenns Henocraras
[HIeKC HUTYACTUX <71%(<3) 7,1-14,4 % (3-4) >14,5 % (4-5)
CTpyKTypa IIacTiBIiB < 1,41 (koMmaKkTHa) 1,42-1,85 (BijkpuTa) > 1,86 -
MinHIiCTh TIACTIBILIB >28,1 % ( mirHa) 8,1-28,0 % (cabka) <8,0%
dopma MIacTiBIliB >0,456 (kpyrua) 0,06-0,455 <0,05
(HempaBuIIbHA)

Po3poOnennii MeTon KIIbKICHOI OIIHKM TEXHOJIOTTYHUX XapaKTepUCTHK IUIACTiBIIIB
aKTUBHOT'O MYJY JI03BOJII€ KUIBKICHO OXapaKTepU3yBaTHW MOKAa3HUKH CTPYKTYPH, MIIHOCTI,
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dbopMH Ta 1HACKCY HUTYACTHX MIKPOOpTaHi3MiB. PaHimie 1i mapaMeTpu BHU3HAYAIKCS JIHIIC
SKICHO, IIJISIXOM Bi3yaJIbHOTO cCIIOCTEepexeHHA. KpiM Toro, 1s KoM 10Tepu3oBaHa METOIUKA
JI03BOJISIE 3HAYHO JETali3yBaTH Ta YTOYHUTU pe3yJbTaTH Bi3yallbHOI OLIHKM 1 HE IPOCTO
KOHCTaTyBaTH MOTIPUICHHS CEAMMEHTALIWHUX BIACTUBOCTEH MyJy, aje W BHABIATH IOTO
IPUYHHY.
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AHnomauyia — y HAYKOBUX me3ax pO32JAHYMO Cepuosny npobdremy cmany 006’ckmis
8000NOCMAYaHHsl MA 80008i068edeHHs 8 YKpaini, 00ymosneny emopenenuam Pociticokoi @edepayii ma
botiosumu Oisimu. Pytinysanus i nopywieHHs pobomu yux o6 ’€kmie cmeoprooms 3a2po3y 07 00CMyny 00
nUmMHOI 600U mMa NPU3BO0AMb 00 CEPUO3HOI eKON02iuHOI Kpusu, 0CoOIUBO 6 NIBOCHHUX pe2iOHaXx.
Macwmabni  Hacnioku — exkOuUQiOMb  3A0pPYOHEHHSs  6000UM  HApmMonpodykmamu ma  iHWUMU
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3a0pYOHIOIYUMU PEHOBUHAMU, 6mpamy docmyny 00 pecypcié 600U OJisi eHePeeMmuyHUx CMmAaHyil ma
3aepo3y  padioyilinoeo  PO3NOBCIOONCEHHS  BHACTIOOK NPUNUHEHHS No0ayi 800U HA  AMOMHY
enexkmpocmanyiro. Pobumbcs axkyenm na HeoOXIOHOCMI epekmusHux Memoodié OuUWeHHs 800U ma
WBUOK020 GIOHOBIeHHS IHppacmpykmypu 0isi 3a0e3NeUeHHs HACEACHHS NUIMHOIO 8000I0.

Knrouoei cnosa — 6ooonocmavarnis, eKoaociuHa Kpusd, 3a0pYOHEHHS 800U, 80008I08COeHHS,
echexmusHicmb owuweHHs 800U, eHepeemUyHi CIaHyii.
1. Beryn

CraH 00’eKTiB BOJOIIOCTaYaHHS Ta BOJOBINBEICHHS B YKpaiHi cTae Bce OUIBII CEpHO3HOIO
mpo0OiIeMor0 y cydacHOMY cBiTi. Uepe3 moBHOMacITaOHe BTOprHeHHs Pocilickkoi Dexnepariii B Ykpainy,
00’€KTH BOJOIIOCTaYaHHA Ta BOJOBINBENEHHS 3a3HAM PyHHYBaHb Ta MOPYIIEHh B poOOTI B OaraThox
perionax. Bci mi mii, mo cmpsMoBaHi Ha OOCTpUTM OO0’€KTIiB BOIOIIOCTAYaHHS Ta BOJOBIIBEICHHS
CIIPUYUHIIOTh YMHCHE CTBOPEHHS TyMaHITapHOI Ta €KOJIOTiYHOi KaracTpodwu, M0 Beme 3a COOO0
3HECTPYMJICHHSI KPUTHYHOI iHQPaCTPyKTypH BOJOINOCTauYaHHA W BOJOBIIBEACHHS Ta 3arPOXKYE JOCTYILY
Jro/ieH 10 MUTHOL BOJIH, @ TAKOXK CTaHy JOBKIJUISL.

Bopna Brirouae B ceOe BaXIJIMBY CKIIaJOBY KHUTTEBOI MIATPUMKH HAIIO] MJIAHETAPHOT €EKOCUCTEMH Ta
CYTTEBHM PECYPCOM JJisl 30a71aHCOBaHOTO (PYHKIIIOHYBaHHS CYCIJILCTBA.

2. IlocTtanoBka npo6JieMmu, MeTa po6oTH

3a indopmMariiero TeputopiaabHUX opratis B repion 3 10 mortoro 2022 poky o 30 uepsust 2022 poky
i Haras oM J{epKIpo/ICTIOKUBCITYKOH CIIOCTEPIraeThes 3MEHIICHHS 00’ €KTiB BOJOMIOCTaYaHHs Ha 528
01., a 00’€KTIB BOIOBIABEAEHHS Ha 34 ox1.

Haii0inpmmx momko/KeHb Ta pyHHYBaHb 00 €KTIiB BOAOIIOCTAYaHHS Ta BOJOBIABEICHHS 3a3HAIN
TEPUTOPIi, Ha SIKUX PaHillle TPOBOIMINCH, 1 B TETIEPIMIHIN Yac POBOATHCS akTHBHI Oo#oBi Ail (KuiBchka
obnactp, MukonaiBchka odmacts, Onecpka 0bmacth, CyMchKka 007acTh, XapKiBchbka 001acTh, JloHerbKa
obmactb, YepHiriBcbka 06macTh, 3amnopizbka 00J1acTh, XepCcoHChKa 001acTh, JHIiMponeTpoBchka 00JI1aCTb).

MacitaOHi HaCTiJIKK Ta SKOJIOTiYHa KatacTpoda ais miBaHs Ykpainu (Oxecbka, MuKkoaiBecbKa,
JuinponerpoBcbka, 3anopizbka Ta XepCOHChKa 00JIaCTi) Ta 1i10i yacTHHH YOPHOMOPCHKOTO periony 0yio
migpuBanHs Kaxoscekoi ['EC, sk Hachimok: 3a0pynHeHHs HadTonpoxykraMu YopHOro Mops,
MOTPAIUISTHHS 3 Macor MPICHOI BOAM JIO MOPS BEIMYE3HOI KiJIBKOCTI OIOTEHHUX EJIEMEHTIB Ta BaXKKUX
MeTalniB, oOMiNiHHA KaxXxoBChKOrO BOJOCXOBHINA, BTpara 3pOIICHHsS Ha XEpCOHIIWHI, 3a0py/HeHa
eKocHucTeMa, 3HUIIeHe 010pi3HOMAHITTS TUPJIOBOTO perioHy moHmu33s J{Himpa.

Bona 3 KaxoBchKOro BOoJJOCXOBHINA HEOOXiTHA JUIsl TOTO, 100 CTAHIIsI OTPUMYBAJIA ITiPKUBICHHS
JUTst KOHIeHcaTopiB TypOiH i cucteM Oe3neku Ha SAEC. MAT'ATE Ta Biana Y kpainu KOXXHOTO JAHS CIIIKY€E
3a cutyanieto Ha 3AEC, ame skmo Boay npunuHaTh noxaBath Ha 3AEC € pusuk BuUOyXy Ta
PO3IMOBCIOJKEHHS pajliallil He TiJIbKU B KpaiHi, a HaBiTh 1 B yCbOMY CBITI.

[Mpobnema 3 BogonoctauanHsM B Kpuomy Posi micns pyiinyBanust Kaxosebkoi EC cnpuunamna
BENIUKY IpoOiieMy 1 JitozieH, apke 3apa3 Kpusuii Pir mae aBa mpkepena BogonocTadyaHHs, sKi HaJaloTh
nuTHY Boay Micty: KapauyHiBchke Bomocxosuie (piuka IHrysnens) ta IliBgeHHe BogocxoBuie (piuka
Huinpo). BaximBo ycBigoMmimroBaTi HeOe3MeKy s 370POB’S JIFOJIMHU BKMBaHHS HEOUHIEHHOI abo Oe3
crierianbHOi 00poOKkH Bon 3 KapadyHiBChKOTO BOJOCXOBHIIIA.

VY mepiui AHI Ticis 3aTOIUICHHS BHACKiIOK pyiiHyBaHHs KaxoBcbkoi 'EC Mopchka Ta piukoBa Boja
3 BOJIOWM 32 OaKTepioNoTiYyHUMH OKa3HWKaMH He BIJIMOBIjalia CAaHITApPHUM HOpMaM y Bcix 35% Bumnaakax.
3 4vacoMm 1€l piBeHb 3HMXKYEThCS 10 15%, ane Bce Ie 3aaMIIAEThCS HEOES3NEUHO JUIS KyIaHHS,
BUKOPHUCTAHHS Y TOCMOJAPCHKUX IIJISIX Ta BUIOBY PUOU B ITOAAIBIIOMY JIJIsl BYKUBAHHS.

3. Pe3yabTaTH 10CTiIKEHHS

st Toro 1mo0 MOKpamuTH OaKTEpiONOriyHUN MOKAa3HMK SKUW Oyze BIAMOBIAATH CaHITAPHUM
HOpMaMm, MOTPIOHO 3aCTOCOBYBATH CydYaCHI TEXHOJIOIIl OYMIICHHS BOZM, SKi IMOBHHHI BIJIIOBIiIaTH
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Cy4YacHHUM CTaHJapTaM Oe3MeKH Ta SKocTi Boau. OTHUM i3 BapiaHTIB MOXKe OyTH OUHIIICHHSI BOIOTIPOBITHOT
BOJIY 32 JJOITIOMOT'OI0 METO/Y 3BOPOTHOTO OCMOCY.

BukopuctanHs Takux QiIbTpiB € EKOHOMIYHO BUTIAHUM Ta €(EKTHBHUM Ha CHOTOAHILIHINA JIEHb Y
cBiti. lleit meron € mocuTh ePEKTHMBHMM y BHJIAJICHHI JIOMIIIOK 3 BOJAU TaKWX, K TBEPAl PECUOBHHH,
KaJIJaMyTHICTh, a30€CT, CBHHEIb, PaJliii, Ta 1HII BayKKi MeTaiu. [lepeBaraMu MeToly 3BOPOTHOTO OCMOCY €:
e(deKTHBHE BUAAJICHHS BCIX THITIB 3a0pyJHEHD Ta MiHIMaJbHE 00CITyTOBYBaHHSI.

[IpaBuiibHE BIPOBaKEHHS IIHOTO METOAY JOMOMOXKE MIBHIKO Ta SKICHO OYHIIYBATH 3a0pyAHEHY
BOJIy Ta MTOJIaBaTH ii yepe3 00’ €KTH BOJOIIOCTAYaHHS TS 3aralbHAX MTOTPEO HACEIEeHHS.

Ha Tenepimmniii yac 3a miarpumkn USAID dursunii pornq OOH (FOHICE®) nanmae momomory y
PEMOHTI TOIIKOMKEHOI CHCTEMH BOJOINOCTaYaHHS Ta MPOKIajgae NOJATKOBI CHOCOOM 3a0e3medyeHHs
BOJIOTOHY, B banmakunii, B mMicTi n1e npoxoaunu 0oiosi mii. ¥ 2022 poui Ha MoYaTKy MOBHOMAcCIITaOHOTO
Bropruenns Pocilicekoi @enepanii B Ykpainy y FOHICE® Buiinmo 3abe3nedutd 10CTyN A0 OYHILIEHOT
Boau uist 4 649 974 moneit. Ix MiJTPUMKA MOJIsIraia B 3a0€3MCUeHH] pearcHTaMu JIsl OYHUIICHHS BOJH, a
TaKO0X BHACIIIOK PyHHYBaHb, BIIHOBJICHHS MOIITKOKEHOI 1H(OPACTPYKTYPH.

Y MukonaeBi A BHPINICHHS HAraJbHOI MPOONeMH HecTadl BOJH, SKa Oyla CIpHYWHEHA
BilicbkkoBuMHU misimu Tak camo sk 1 USAID ursumit porny OOH (FOHICE®) namae €Bpomneichkuit
inBecTumiitanit Gamk (€15). Ix mera monsrae B TOoMy, MO0 BiZHOBUTH MiCHKYy iH(PACTPYKTYpy
BOJIONIOCTAa4YaHHsA Ta 3a0e3nmeynT MUKOJAIB HaJIMHAM YHUCTHUM JDKEPEIOM IHMTHOI BOIM, a TaKOX
BITHOBHMTHU KaHaJi3aliiHi cnopyau. B X miaHax €: 3aMmiHa cTapuxX BOJSHUX HACOCIB HA HACOCHIW CTaHIIIT
Ha OUTBII eHeproe()eKTHUBHI Ta 3aMiHa HACOCHHUX arperariB Ha CHEProolaiHi CyJyacHI HACOCH.

4. BucHoBku

BiHOBJIEHHSI HACOCHUX CTaHI[iH, BOMIOOYMCHUX CIIOPY, BOJONPOBOIIB, KaHAII3AMIMHAX MEPEXK Ta
CTaHIl OYMILNEHHS CTIYHUX BOJ MOTPeOye Oarato yacy, a JOCTYIl O MHTHOI BOAU JUIS JIIOJCH, IO
MPOKUBAIOTh HAa IMX TEPUTOPISAX HEOOXiIHO 3a0e3MeYnTH BXKe 3apa3. PimieHHs M mpobiemu Moxe OyTH
po3po0Ka MOAYIBHUX CHCTEM OUYMIICHHS BOJM, IO 3a0e3eyaTh HaJIe)KHY SKICTh BOAM, B TIEPIIY Yepry B
ermiieMigHOMY Ta XiMIYHOMY BifHOIIEHHI. B momanpmomMy npu BinOyaoBi 00’ €KTiB BOAOMOCTAYaHHS Ta
BOJIOBIZIBEZICHHS CJiJI BpaxyBaTH CYyYacHiI TEXHIUHI DIlIEHHS Ta BOPOBA/KYyBaTH e()EKTHBHI METOIU
OYMIIIEHHS BOJIH, & TAKOXK BPAXOBYBATH PE3E€PBHE BOJONOCTAYaHHs Ha BUITAJI0K HA/3BUYAIHUX CHTYAITIH.

I'PAHYJIBOBAHI COPBEHTHU U151 OYUIIEHHSA BO/ BI/JI 3ABPYITHEHHS
IOHAMM BA’KKUX METAJIIB
@Domenko O.B., bonoapesa A.l., Tobinko B.IO.
HarionanbHuit TeXHIYHUM yHIBEpCUTET YKpaiHu

«KuiBchkuii monitexHiuHui 1HCTUTYT iMeHi Irops Cikopcebkoro» Ykpaina, M. Kuis
olya_fomenko_2013@ukr.net

Butyuenns ioniB Bakkux metainis (Pb, Cd, Ni, Zn, Cu) i3 moBepxHeBHX Ta MiA36MHUX BOJ
€ BQKIMBHM EKOJIOTIYHHM 3aBJAHHSIM ChOTONEHHs. [loTpamsisHHS Takux HEOpraHiYHHX
TOKCHKAHTIB J10 TOTEHIIMHUX JKEepesl MUTHOTO BOJOMOCTAaYaHHS MOXIJIMBE SIK 33 paxyHOK
IMPUPOJHOTO BUJIYTOBYBAHHS 13 PYyJIOYTBOPIOIOYMX MIHEpaiB, TaK 1 31 CTIYHMMU BOJAMHU
rajbBaHIYHUX, METATyprifHUX, XIMIYHUX BHPOOHHITB, MIANPHUEMCTB JETKOI MPOMHUCIOBOCTI
tomio. [Ipu ounieHHi BEMUKUX 00’ €MIB BOJI, SIKI MICTSATh 10HW BOXKKHUX METAIIIB, BAXJIMBUMU €
€KOHOMIYHI aCHEeKTH MPOIOHOBAHMX TEXHOJOTIYHUX pimeHb. CyTTeBI mepeBaru MOBUHHI MaTH
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TEXHOJIOT1] BOJOOYMIICHHS 3 BHKOPHUCTAHHSIM MaTepiaJiiB Ha OCHOBI JEIIEBOi Ta OCTYITHOL
CHUPOBHHHU. 3aCTOCYBaHHS INIMHUCTUX MIHEPaJIiB, K1 IOETHYIOTh JOCTATHBO BUCOKY €(PEKTHBHICTh
3 HHU3BKOIO BapTICTIO, JIOCTYIHICTIO, MEXaHIYHOI MIIHICTIO Ta XIMIYHOIO CTIHKICTIO, €
MEPCIIEKTHBHUM HAMPSIMKOM y TIpOIiecax cOpOILiHHOTO OYUIIEHHS BOJ BijJ 3a0pyIHEHHS i0HAMU
Ba)XKMX MeTaliB [1]. 3Ha4HOIO MepeBaror BUKOpPHCTaHHs Takux «lOw COSty MaTepialiB € Takox
MOYJIMBICTB yTHIII3alli] BiANIpanboBaHUX COPOEHTIB 3a KepaMiuyHO TexHouoriero. [lopsin 3 M,
JUISL CTBOPEHHS O€3MepepBHUX TEXHOJIOTIYHHUX IPOIECIB JOIMUIBHO MPOBOJUTH TPaHYJIHOBAHHS
npupoaHuX TauH. OHUM 13 POCTHX METOIB OJIep>KaHHs TPaHyJIbOBAaHUX COPOEHTIB HAa OCHOBI
JTUCIIEPCHUX MaTepialliB € 3aCTOCYBAaHHSI ajbI1HATY HATPIIO B SIKOCTI 3B’S3yIOUOTO KOMIIOHEHTY.
[Ipu oMy MOKHA OTpUMATH MilHI chepryHi rpanyiu, ki e(heKTUBHO BUAAISIOTh 10HH BAXKKUX
MeTaJliB 13 3a0pyAHEeHUX BoJ [2, 3].

Mertor poboTu Oyio oaep>KaHHS TPaHyJIbOBOHOTO COPOCHTY Ha OCHOBI MOHTMOPHJIOHITY
Ta BUBYEHHS OCOOJMBOCTEH BUIAJICHHS 10HIB Miai 13 MOJEIBbHUX PO34yuHIB. [ oxeprkaHHS
rpany’ ao cycnensii Na-GpopMu MOHTMOPUIIOHITY JOJaBajld PO3YMH allbriHATy HATpi0. Macose
CHIBBIIHOIIEHHS INIMHUCTOrO MiHepaty 1o Olomoiimepy ctanoBuio 14,6. Otpumany cyminn 3a
JIOTIOMOT 010 TIEPUCTATBTUYHOTO Hacoca nmogasanu y 0,2M po3uuH xinopuy Kanbito. [Ipu npomy
YTBOPIOBAJIUCh C(HEpUYHI TIpaHyidM, sKI Micasd BUTPUMKHM BOPOJOBX J00M, BiIMHUBAIU
JUCTHIILOBAHOKO BOJIOKO BiJl HAJIUIIIKY COJIel Ta BUCYITyBasu mipu Temiieparypi 80°C. Ha puc. 1
IpeJICTaBiIeHI BOJIOT (a) Ta BUCYyIIEHi (0) rpaHyIiu.

Pucynox 1 — Bosnori (a) Ta BucymieHi (6) rpaHyJin Ha OCHOBI MOHTMOPHJIOHITY

AncopOriiiHy 31aTHICTh OTPUMAHOTO COPOEHTY BMBUQJIM Ha MOJIENBbHUX PO3YMHAX, SKI
MiCTHIIH 10HU Mifi. [IpoBeleHNMHU TOCTiKEHHSIMH BCTAHOBJICHO, 1[0 HA BEIMIMHY COPOIIiT cu?
CYyTT€BO BIUIMBAaE Yac B3aEMOJIi TpaHyN 13 BOJHUM cepeloBUINEM. Bu3HaueHo, IO s
JIOCSATHEHHST PIBHOBOKHOTO CTaHy HeoOXimHO He MeHme 4 roauH. [Ipu mpomy, pH po3uuny He
BILJIMBAE Ha MpOIeC BUIAICHHS Miai B aiama3zoHi 3,0 — 5,5 Ta BUXiAHIN KOHIEHTpaii 5 mr/ame.
MakcumansHa BenmurHa cop6iii Cu?* onepskannmu rparymamu cknafae 10 Mr/r npu pH = 5,5,

Takum 4uMHOM, OJepKaHl I'paHy/IbOBaHI COpOEHTH €(PEKTHBHO BUAAISAIOTH 10HHM Mifl 13
3a0pyIHEHUX BO/I, aj1€ HEOOX1/THO AETAaTbHO JAOCHTIIUTH YMOBH CHHTE3Y, 32 IKUX BiJI0YBaTUMEThHCS
3HaYHE MOKpAIIeHHs (i3UKO-XIMIYHUX BIACTUBOCTEH rpaHyIl.

Cnucok BUKOPUCTAHOT JIITepaTypHu:

1. Aboudi Mana, S. C., Hanafiah, M. M., Chowdhury, A. J. K. (2017). Environmental
characteristics of clay and clay-based minerals. Geology, Ecology, and Landscapes, 1(3), 155-161.
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2. Zetty Azalea Sutirman, MohdMarsin Sanagi, Wan lIbrahim at al. (2021). Alginate-based
adsorbents for removal of metal ions and radionuclides from aqueous solutions: A review.
International Journal of Biological Macromolecules, 174, 216-228.

3. Christine Hood, Erica Pensini (2022). Alginate-Bentonite Clay Composite Porous
Sorbents for Cu(ll) and Zn(11) Removal from Water. Water Air Soil Pollut., 233:137.

AKTUBALIS NEPHOJATIB CIIOJITYKAMMU 3AJII3A JUISI SMEHIIEHHS
CEJEKTUBHOCTI OKUCHEHHS OPI'AHIYHUX 3ABPYJIHIOBAUIB
BOJHUX CEPEJOBHIIL
Huméanwk B.B., /Imumpenxo T.C., Cyxauvkuii 10.B.
Hayionanvnuu ynieepcumem “Jlogiecoka nonimexuixka”, Yxpaina, m. Jlvsis,
yurii.v.sukhatskyi@Ipnu.ua

[epitogaTu — 1€ MOTY>KHI OKUCHUKH 3 OKACHIOBAJILHUM MOTEHIIaIoM 1,6 €B, K1 BOJIOAIIOTh
BHCOKOIO XIMIYHOIO CTaOlIbHICTIO. BoHU mepeOyBaroTh y TBEPAOMY CTaHi, a TOMY 3py4Hi AT
JOBTOTPHUBAJIOTO 30epiraHHs, iX JIeTKO TPAHCIOPTYBaTH Ha BeNUKi BifcraHi. Hemomikom
OKHMCHEHHS mepiiojjaTaMu € MOro CeJeKTHBHICTh: BUKOPUCTOBYIOTh JJISI OKMCHEHHS CIIOJYK 3
BimHAILHUMH Tpynamu (30kpema, —~OH, —CHO, =CO, a6o —COOH), 3anexHo Bij iX CTPYKTYpH,
JIO0 alIbJIETiAIB a00 KETOHIB. /{11 yCYHEHHsI IIbOTO HEMOIIKY NEePHoIaTH aKTUBYIOTb.

Po3pi3HAI0TH METOM TOMOTEHHOT 1 TeTepOreHHOl aKTUBaIlil nepitoaatis. s roMmorenHoi
aKTHBAIlli IEPHO/IaTIB 3aCTOCOBYIOTh BOJAHIO NIEPOKCHI, yibTpadioneToBe/ynprpasBykoe/HBY-
BUIIPOMIHIOBAHHS, [0 BUCOKHX a00 HM3BKUX TeMmepaTyp. Jlo METo/iB reTeporeHHoi akTuBarii
HaJexXaTh: (HOTOKATATITHYHA aKTUBALlis, aKTUBALliS TPaHyJIbOBAaHUM aKTHBOBAaHMM BYriusiM, d-
eleMeHTaMu Ta ix croidykamud. OCHOBHMMH HEIOJIKAaMH METOJIB TOMOT€HHOI aKTHBarlii
nepioaTiB, a TaKoXk (POTOKATANITUYHOT aKTHUBALll € BEJTMKI €HEPrOBUTPATH Ta 3HAYHI BUTpATU
pearenTiB. ToMy Ha cborogHi 6arato JOCTIAHMKIB aKIEHTYIOTh YBary Ha BHMKOPHUCTaHHI 1
PO3BUTKY MaJOTOKCHUYHHX, BUCOKOE(EKTUBHUX Ta JICIIEBUX aKTUBATOPIB MEPHOAATIB, TAKUX 5K
Martepiaiy Ha OCHOBI 3amiza. KpiM Toro, koMmOiHaiii METOMiB TOMOT€HHOI Ta TE€TepOTreHHOI
aKTHUBAIlii epio1aTiB MOXKYTh BUSBIATH CHHEPTETUYHHUNA e(eKT.

Mo>xnuBI IUISIXM OKMCHIOBAJIBHOI JIerpajaliii OpraHiyHuX CIOIYK, 1HIyKOBaH1 aKTUBALIEI0
nepiosaTiB, BKJIIOYAIOTh OKHCHEHHS  paJuKaJaMHd, CHHIJIETHUM KHCHEM, TpaHchep
(mepeHeceHHsI) €NEKTPOHIB Ta OKHCHEHHS, 3yMOBJIEHE KOMIUIEKCAMU METalliB 3 BUCOKOIO
BAJICHTHICTIO.

lomo musixy Aerpazanii, 3yMOBIEHOTO OKHCHEHHSIM PaJMKallaMH, TO BBEJICHHS €HEPTii y
peakuiiine CEpEIOBHILE 330BHI (Hanpuknan, y ¢bopmi
ynbTpadioneroBoro/ynbrpazsykoBoro/HBU-punpomiHioBaHHs, TEIUIOBOI €HEprii) 3yMOBIIIOE
aKTHBAIIl0 TepioAaTiB 3 yTBOpeHHsAM HomwiabHuX pamukaniB (10;) Tta pagukan-aHioHa

atromapHoro Kucuro (O) (piBusHHs 1). ['eHepyBanHs TimpokcwnbHuX paaukaniB ("OH) ta
CyHepoKCHIHOTO panukai-aniona (O} ) omrcaHo 3a 10moMororo piBHSHG (2) i (3) BiAMOBigHO.
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- ®/Y3/HBY- i 2 i -
|04 YO/Y3 BUIPOMIHIOBAHHS, TEIUIOBA €HEPTis N |O; +O. ’ (1)

O"+H" — °"OH, )

310, +20H" — 310, + H,0 + 20;. (3)

O — me mpekypcop cunreTHoro kuchro (‘O,), SKuii YTBODHOETbCS B JyXKHHX yMOBax
BIJIMOBIAHO 70 piBHSHB (4) 1 (5):

205 +2H,0 — 0, +H,0, +20H", (4)

205 +10, +H,0 — 2'0, +10; + 20H". (5)

Bhacnifiok Tpancgepy eleKTpOoHIB Bill OpraHidyHuX 3a0pyaHIoBaviB 10 nepitogat-ioHis (10})

dopmyrorsest 105, 17 1 2 (piBHsHES 6-9):

10, +2H" +2¢" —10; +H,0, E° =1,623 ¢B, (6)
H,10,(HIO, - 2H,0) + H" +2¢” — 10; +3H,0, E° =1,601 B, @)
10, +6H" +6e" — 1" +3H,0, E° =1,085 B, 8)

10; +6H" +5¢" —1/21, +3H,0, E° =1,195 ¢B. 9)

3anizo(Il) okucHioeThCs nepitoaT-iioHOM a00 PO3ZYMHEHNUM Y BOAHOMY CEPEIOBHILI KHCHEM JI0
samiza(Ill) (piBusuus 10-11) [1]:

Fe(ll) + 10, + H,0 — Fe(lll) + 10; + O; +2H", (10)
Fe(ll) + O, — Fe(lll) + O3 (11)

Kpim toro, moxxnuse yrBopenns Fe(IV) 3a piBasansm (12)
Fe(ll) + 10, — Fe(1V)0* +10;. (12)

3HaueHHs CTAHJAPTHUX OKHCHO-BinHOBHEX noTtenuianis (E®) ans cucrem, mo mictats Fe(IV),
nopiBHoBamy Binosigao [2]: E°(FeO?*/Fe0")=1,30 eB; E°(FeO?'/FeOH?")=1,95 eB; E°(FeO?!/
Fe(H,0):")=2,00 eB. ®opmu Fe(IV), Ha BiiMiHy Bif MiIpOKCHIBLHUX PaTHKAIiB, XapaKTEPU3YIOThCS
BEJIMKOI0 “TPHBAJIICTIO JKUTT — MMepioj HamiBpo3manay craHoButh 7 ¢. Camoposkian Fe(lV) [3]
NPU3BOJUTH A0 YTBOpeHHsI DeHTOH-oAi0HNX cucTeM (piBHSIHHA 13).

2Fe(IV) — 1/3H,0, + 2Fe(lll) + 1/30,,. (13)

Bimnocno Benmuka kinmbkicte Fe(Il) moxke mpusBect g0 “edexty mnornuHanus” Fe(lV)
(piBHsHHS 14).

Fe(1V) + Fe(ll) — 2Fe(111). (14)

OTxe, BHACIiJOK akTUBalil mepiogariB cnoiykamu 3aniza(ll) yTBOproeTbcs KOMITIEKC
OKHCHHKIB, SAKHH MICTUTh WOAWIBHI, NEPHOAMIIBHI paauKamu (pe3ynbTaT ‘“3axXxOIJICHHS
TIIPOKCUIIBHUX — pajKalliB  Iepiopar-iloHamu), pagukan-aHioH aTtomapHoro KucHro,
TIIPOKCHIIBHI paJMKaid, CUHIVICTHUH Kucenb, cnoiyku Fe(lll) i Fe(lV). Lle mintBepmkye
MOJJIMBICTh HIBEIIOBAaHHS CEJIEKTUBHOCTI MEPHOJATHOIO OKMCHEHHS 1, BIANOBIAHO, CYTTEBOTO
HIJBUIIEHHS HOro e(eKTHMBHOCTI Ta PO3IIMPEHHS CHEKTpa OpraHidYHUX 3a0pyJIHIOBAYiB, SK1
MiIa0ThCs JeTpaaaiii.

Ha ocHoBi aHani3y BIJIMBY OCHOBHHUX (DaKTOpIB — mo4yarkoBoro PH BOAHOrO po34yHHY
nua3zobapBHuka koHro uyepBoHoro (K4Y), monsnoro criBBigHomeHHss KU:KI104:FeSOs, muromoi
MOTYKHOCTI YJIBTPa3BYKOBOI'O KaBiTallifHOro o0OpoOsieHHs — Ha edekTuBHICTh Aerpaganii KY 3
BUKOPHCTaHHSIM TI€PEJOBOTO MPOIIECY OKHCHEHHS “‘ynbTpa3BykoBa kaBiTawis/Kl04/FeSO4” Oyno
BHU3HAUEHO HaWKpallll YMOBU OKUCHIOBaJIbHOI Aerpaaanii [4]: pH=3,00; MoyibHE CIiBBI1IHOIIEHHS
KY:KI104:FeSO4=1:10:5; nmuromMa MOTY>KHICTh YJIbTPa3BYKOBOTO KaBiTallitHOTO OOpOOJIEHHS —
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68,0 B1/am°. 3a Takux yMoOB cTyminb nerpanamnii KU mopisatoBaB 97,2 %, KOHCTaHTa MIBUAKOCTI
nerpanamii — 9,071-107 ¢}, a cuneprernunuii KoedimieHT yIbTPa3BYKOBOI KaBiTallil Ta mpoiecy
“K104/FeS0O4” — 2,57.

CnucoK BUKOPUCTAHUX JKepeJ iHnpopmanii

1. He L., Yang S., Yang L. et al. Ball milling-assisted preparation of sludge biochar
as a novel periodate activator for nonradical degradation of sulfamethoxazole: Insight into the
mechanism of enhanced electron transfer // Environmental Pollution. — 2023. — Vol. 316. — Article
ID 120620.

2. Yang B., Ma Q., Hao J. et al. Periodate-based advanced oxidation processes: A
review focusing on the overlooked role of high-valent iron and manganese species // Chemosphere.
—2023. —Vol. 337. — Atrticle ID 139442.

3. Xiang L., Almatrafi E., Yang H. et al. Coupled carbon structure and iron species
for multiple periodate-based oxidation reaction // Chemical Engineering Journal. — 2023. — Vol.
455. — Article ID 140560.

4. Cyxanpkuii 10.B., lllenmina M.B., Imutpenko T.C. ta iH. 3aii3HUN KYMOpOC SK
aKTUBATOp PO3KJIaLy mepiioaariB y mepenoBux mpouecax okucHeHHs // XIII Bceykpaincpka
HaYKOBO-TIpakTHU4YHa KoH(]epenuis “Bona B xapuosiii mpomucinosocti”, (Oneca, 17-18 nmucronana
2022 p.): 36ipuuk te3 gonosineid. — Omeca: OHTY, 2022. — ¢. 109-110.

BCTAHOBJIEHHA I'IJTIPOTEXHOJIOT TYHHUX I I'TIPOI3OJIAIIHHUX
XAPAKTEPUCTHK JAIIOYOT O BIOILIATA BE3 MOT'O 3YIIMHKHA

Yapnuu /I.B.
Y «ITHC HAH Ykpainuy», Ykpaina m. Kuis, dmitriychl0@gmail.com

Hocnian nposenero Ha Constructed Wetlands — 6ioinxkeHepra cropyzaa — 6iomiato gani
(BIC) sixa po3paxoBaHa Ha 10OYUIIEHHS ApeHakHUX Boj Kap’epy Ilontascekoro ['3K. BIC Gyna
30ymoBana y 2000-2001 pp. Lla ciopyaa siBnsie co6010 (GiIbTpyrOdy TOBIY 3 TpaBito (Qpaxiiii
rojoBHUM unHOM 40/70 Ta B cyTTeBO MeHIIUX oOcsrax 20/40, moTyxHicTio 1 M Ta po3Mipamu y
miaHi, mpudnusno, 200 X180 m. ['pasiitHa BiACHIIKa PO3MIIIEHA Y BUEMIIL JOXKA, T1IPOI30JISIIIS
Joa 3po0sieHa 3 TiaykoHITOBOI riauHU. [lo Bciii moBepxH1 QUIBTPYHOYOi TOBILI BHCAKEHO
ouepet miBaennuit (Phragmites australis (Cav.) Trin ex Steud.). Ouuiiena Bojia BiIBOAUTHCS 10
piuku Cyxuit KoOensiuok sika Bnajgae y Kam'ssuebke Bogocxosuiie. [IpoekTHa mpogyKTUBHICTD 110
70 M%/106y, mpoexToM mepeibadena edekTuHa podota BIC mpotsarom 10-15 pokis Ge3nepepBHOi
poboTH.

Kackan BIC cknanmaerbest 3 HactynmHEX KapT ¢inbrpamnii: BIC-1a, BIC-16, BIC-2, BIC-3,
BIC-4 ta BIC-5. Boza 3 ApeHa)XHOTO KaHAJTy OKPEMO MOJAETHCS HACOCHOKO CTAHITIEIO HA KapTH:
BIC-laTa BIC-16 nanmi iHdiabTpy€eThecsl Kpi3b BOJONPOHUKHY namOy 1o kapt BIC-2, BIC-3, a
Tl yepes MepemnyckHi TpyOompoBoIv B BOAOHENPOoHUKHIN gam6bi 10 kapTt BIC-4 ta BIC-5 3
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SIKUX CaMOIUTMBOM HaaxoauTh 10 piuku Cyxuit Kooensdyok. Cxema 1 po3mipu KapT Ta MiCIs
BiZI0Opy Npo0 HaBeseHi Ha puc. 1.
Hedinbmpyio4a damda N°7

damda N6 3
KOM'AHOI HaBpoCKU
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30zansbHa nnowa
wedenebol nobepxHi
BIC 167156442 M 2

0 - TouK BinGopy Npob Heginbmpyioya damda N°L

Heinsmpyi4a
damda N°S

Puc. 1. Cxema BIC, ix mutomi Ta Touku Bigoopy npo6 Ha teputopii BIC

Jlns BU3HAYEHHS pealbHUX TEXHOJOTIYHMX XapakTepucTuk airodoi cucreMu BIC Oyio
3aCTOCOBAHO METOAM HATYpPHOIO €KCHEPUMEHTY [0 BCTAHOBJICHHIO T1APOJMHAMIYHHUX
xapaktepuctuk bBIC, a Takox HamiiiHOCTI (YHKIIIOHYBaHHI TiJpOI30JISIIIMHOIO 3aXHUCTy JIOXkKa
CIOpYIH.

Hnst uporo 6yB oOopaHuii METO] BHECEHHS (PIIyOPECIIEHTHOI MITKH 3 BUXIJIHOI BOJIOIO.
Januii MeTOT 103BOJIsiE BCTAHOBUTH UM 1ICHYE T1paBiiuHuii 3B's130K Aitounx bBIC 3 HaBkomumHIMU
IPYHTOBUMH BOJIaMH, TOOTO JJO3BOJISIE BCTAHOBUTH €(PEKTHBHICTh T1JIPOI30JIALIHHOIO 3aXHCTY.
Takox BiH J103BOJISiE BCTAHOBUTH pealbHUIN yac mepeOyBaHHsS BOJIU y CHOPYZAl Ta BiJMOBIJHO
BCTAHOBUTH LIBUJIKICTh MPOXO/KEHHS BUXITHOI BOJU Y KapTaxX CHOPYIH.

Jlis poBeIeHHsT HATYPHOTO €KCHEPUMEHTY (UIyOpeCLEeHTHUH peareHT BHOCHBCA B CyXi
kaptu BIC 1a1BIC 16 6ins Tpy6 HaaxopKeHHS BUX1IHOT BOJM Ha criopyad. [lani HacocHa CTaHLis
MOYMHAJA MOAAaBaTH BUXiAHY Boay. Jocmiam mpoBaaunucs 3 10 mol2 sxoBtas 2021 p., 3a uei
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nepion Ha BIC 6ymo momano 56000 m° Bomu: 10 xoBTHA — 17 600 M3, 11 xoBTHs 22 400 M, 12
K0BTHA — 16000 M. B mporieci HaaXoIKeHHs BOJAM Yepe3 PiBHi IPOMIXKKH dacy BiaOUpamucs
npo6u. Touku BiOopy mpob HaBeaeHO Ha puc. 1. Cepen BCiX TOYOK BiiOOPY MPoO BUIUISIFOTHCS
JBI KOHTPOJIbHI TOUKHU. Touka Ne§45 11e orysiqoBuil KOJIOASI3b BUSHAYCHHS PIBHIB IPYHTOBHUX BOJI
3a mexxamu BIC ipobu 3 sikoro 0yJ10 BUKOPUCTAHO [Tl KOHTPOJIIO MOIIUPEHHS (PIIyOpecieHTHOTO
peareHTy B IpyHTOBHUX Boaax 3a Mexkamu BIC. 1lle oHi€0 KOHTPOIBHOK TOYKO0 € Touka NeK35
1€ OTJISIIOBHIA KOJIO/SI3b Ha KOJIEKTOPi 300py ounteHoi Boau 3 BIC. [Tpo6wu 3 sikoi Oyiin HeoOXiaH1
JUI BCTAQHOBJICHHS YaCOBUX XapaKTEPUCTHK mepeOyBaHHSA BHXIAHOT BOIM Y iH(UIBTpamiiHUX
cnopyzaax BIC. BiniOpani mpoOu KOHCEpBYBAJIUCh 1 HAKOMUYYBAJIUCH B MPOLIECI EKCIIEPUMEHTY.
[Ticnst mpoBeleHHsT aHAJI3Yy KOHIICHTpAIii (DIyopecleHTHOro peareHTy y mpodax MpOBaIMBCS
CTaTUCTHYHUH aHai3 OTPUMAHUX PE3YJIbTATIB.

Takox Ha 0a3zl OTpUMaHUX pE3yJbTATIiB 1 CTATUCTUYHOIO aHai3y OYIyHOThCS KapTh
PO3MOBCIODKEHHS  uryopeciieHTHOro peareHty mno twionii BIC B waci ski BiATBOPIOIOTH
PO3IMOBCIOKEHHSI 3a0pyAHEHb T10 TUIOMII CIIOPY/I.

3MiHM KOHIIEHTpalii (PIyopeclieHTHOTO peareHTy B 4aci B TOUKax BigOOpy MpoO HaBeAECHO
Ha puc. 2.

40 : : : : : : : 3rigHo 3 rpadikom Ha puc. 3
(bIyopeclieHTHUN peareHT B
KOHIIGHTPALIAX  JIOCTYITHHUX
JUTSL BUSIBIICHHS B OTJISIZIOBOMY
Konozs3i mo3a mexamu BIC
MOYMHAE TPOSABIATHCS  Ha
STy  TOAMHY  mmicma i
BHECEHHS 1 BOHH Oynu
npucyTtHi  Bci 69  roauH
CIOCTEpE)KEHHS 3a 3MIHAMH

gs2  MOr0 KOHILIEHTpalii B KapTax

BIC i1 B konoassi. Xapakrep

854 (KyT TMIJHECEHHS  MPSIMOi)
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L=l

brliibettad

5 . CyTTeBuid TiIpaBITiYHAN
K41 3B'SI30K MK BCIMa KapTaMH
KE2 . .
0 : s . . . wemz  DIC 1 HaBKOJIUIIHIMHA
0 10 20 30 4 0 80 70 80 _o K51

- IPYHTOBUMH BoAamu. T100TO

MU CTaTUCTHYHO JOCTOBIPHO
MOXEMO  CTBEp/KYBaTH  TIPO
HE33/IOBUIbHY  SIKICTh  pOOOTH

t. roa
Puc. 2. 3miHu KoHUEHTpalli (PIyopeclieHTHOrO peareHTy
B 4yaci B TOYKaX BiAOOPY mMpood

[JIMHSHOTO 3aMKY (aHTU(d1bTpamniiiHoro expany) joxa BIC.

3rimHo 3 rpadikom Ha puc. 4 GIyOpeCHeHTHUN peareHT B KOHIIEHTPAIISX JOCTYITHUX TSI
BUSIBJICHHSI B OTUISZIOBOMY KOJIOZA31 30ipHOTO KOsNekTopy ouuineHoi Boau BIC 3'ssuBcsa Ha 24
TOJIMHY TICJS BBEJIEHHS peareHTy. ToOTO MM MOXEMO CTBEP/KYBATH, IO Yac MepedyBaHHS
ctiyaux Boj y kaptax BIC cranoBuTh 6:1136K0 100, TOOTO MBUAKICTE MPOoXoKeHHs Boau B BIC
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AmiHa koHUEHTPAaL dhnyopecleHTHOrO peareHTy B kono Aa3i3Gipraro

rannekTopy od mweHol Boan BIC - KBS,

AmiHa roHugHTp ALl chnyopecUeHTHOND PEAMEHTY B OFNAJOBOM Y

WO BHAX O WHKL th Nop ec U aHLLl
o

n

ronogAziza mexamu bBIC - B445 Touka eigbopy npof,

a1 Kownuentp. dpniop.= 2,8763 + 0,1252°T;
r=10,954; p=0,0032;F = 0,909

0 10 20 20 40 50 (i) ™ 20
1, rog
Puc. 3. 3miHuM KoOHIEHTpalis ¢IyopecueHTHOrO

peareHTy B OTJIS,I0BOMY KOJIOs131 mo3a mexkamu bIC,
Touka BimOopy mpobd Ne@45 Ta miHiliHa emmipuyHa
MOJIeTb, IO OMNHCY€E 3MIHY KOHIIEHTpamiro 1 ii
XapaKTePUCTHKHU

11

10

WM 0B HWX O 0WHI LU chnope cueHuil
in

Puc. 4. 3miHum KoHIEHTpalis ¢IyOpecieHTHOTO
peareHTy B OIISIJIOBOMY KOJIOJIs31 301pHOTO KOJIEKTOPY
ountenoi Boau bIC, Touka Bimbopy mpo6 K35.

CTaHOBUTEL Onu3bKko 20 M/Tond, IO €
3aHAJITO BUCOKHM ITOKAa3HUKOM JIJIS
¢iTopemeniaiftHUX CHOPYA.

BpaxoByroun MOPIBHSHY
MPOCTOTY 3aCTOCOBAHOTO METOJY
JOro MOXIJIMBO PEKOMEHJIYBaTH SK
SKICHY METOJUKY BCTaHOBIICHHS

TAPOTEXHOIOTIYHUX

xapaktepuctuk airounx BIC 6e3 ix
3YIUHKA 1 CKJIQJHUX Ta BUTPATHUX
pobiT TOB’s3aHUX 3 (DIZUYHUM
OrOJIEHHAM T1ApOI30JIAIHHOTO
eKkpady. TakoX 3amporoHOBaHUMN
METOJ] JI03BOJIsIE peasibHO
BCTaHOBHUTH HIBUJKICTh
npoxomxkeHHs Bogu B bIC, a ne y
CBOIO  uepry  CBiAYUTH  TIPO
e(heKTUBHICTh 1HOUIBTpaAIIHHUX
MOTOKIB B pizocdepi BIC.
BiamoBigHO B HANIOMYy BHIAJKY
3rigHo mux BUKIanok B BIC motik
BOJIM MPOXOJIUB T'OJIOBHUM YHHOM IO
noBepxHi BIC. Tobto kopeHeBa
cucrtema Phragmites australis (Cav.)
Trin ex Steud crama cioyryBatu
CBOEPITHUM T1APOI30JIALIHHUM
€KpaHOM 1 JIUIIIE He3HAYHA KIIBKICTh
BOJM MOTpAIuUisuUia B TIMOWHHI IIapu
¢GIBTPYIOYOro 3aBaHTaKEeHHA. Taki
AHATITUYHI BUKJIAJIKU TIATBEP/KEHI
Bi3yaJIbHUMH CIIOCTCPEKCHHIMH.

BiamoBigHoO Bce 1€ CBIAYHUTH
Opo  HEOOXIJHICTh  IHOKpAIlEeHHS
pobotu manux BIC
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BIOJIOTTYHI ACIIEKTHU O30HYBAHHSA TA APTOHYBAHHSA BOAU
H]epoamrwk T.I'., Hosukxosa A.C., Auopecsa O.A.
Kuiscokutl nayionanvrutl ynisepcumem mexnonozit ma ouzauny, Yrpaina, Kuis,

shcherbatiuk.th@knutd.edu.ua

SIkicTh NMTHOI BOAM Ta 11 30ajlaHCOBAaHE BXKMBAHHA € HAWBAXKIMBIIIAM YWHHUKOM
HiATPUMKH BOJHOT'O TOMEOCTa3y, 10 BHU3HAUYAE 370POB'S JIOAMHU. Y 3B'A3KYy 3 UM Ipobdiema
MATHOT BOJIM BUMArae CIJIbHUX 3yCHJIb (haxiBIliB 0araTb0X HAyKOBUX obJsiacTel 1 cep AisIbHOCTI.

Ha nam nornsn, nocnikeHHsT 010JI0TTYHUX €EeKTiB 030HYBAaHHS 1 aprOHUPOBAHUS BOJH
MOKE CYTTEBO MPOJIUTH CBITIO Ha MOMJIMBICT IIUX METO/IIB B MOJIIIIEHH] SKOCTI MUTHOI BOJIH.

O30n (O3) ysBisge co000 TPUATOMHUN ra3 y BUIIIAAL alOTPOMHOI (HOPMHU KHCHIO 3
XapakTepHUM pi3kuM 3amaxoM. [Ipu Temneparypi —112 °C BigOyBaeTbcsi KOHACHCAIlIS 030HY 3
YTBOPEHHSM TEMHO-CHHBOI DIIUHH 3 BHOYXOBMMH BIAcTUBOCTAMHU. Di3uuHi Ta XiMidHI
BJIACTUBOCTI 030HY I'PYHTOBHO onucaHi y kHu3i PazymoBcekoro C. [[. Ta 3aikoBa I'. E. «O30H Ta
fioro peakuii 3 opraniunumu cromykamm» (1974 p.), a geski mijcyMoBaHi B OTJISiAI KOJIEKTHBY
aBTopiB 3 Benukoi bpuranii Ta CILIA [1]. O30H MeH1I cTabibHUHN, HIX aTMOC(EepHUI KHCEeHb; BiH
MIBHJIKO PO3KJIAJAE€THCS HA KUCEHb K y TMOBITPI, TaK 1 y BOJI, 3 OKHCHIOBAIBHUM ITOTEHIIAJIOM
2,07 B, mpuuoMy IMIBHIKICTh PO3KJIaJaHHS O30HY B PO34MHI y 5-8 pasiB Ounbla, HIXK y ra3oBiid
¢aszi. Lst HecTaOUIBHICTh CBITYHUTH PO T€, IO 030H HE HAKONIMYIYETHCS i IOBUHEH T€HEPYBATUCS
Ha BUMOTY uepe3 chucTeMy TreHepaiii o3ony [1]. Bizomo, 110 BUcoka oKuCHIOBaJIbHA 3aTHICTh Ta
MIBUJIKE PO3KJIAJaHHSI POOUTH WOTO e€(EeKTUBHUM MPOTH IIUPOKOTO CIEKTPY MIKpPOOPraHi3MiB,
3BiZIC HOTO MOIIMPEHE 3aCTOCYBAHHA IJI 3HE3apaKeHHs MPHUMIIlEeHb, MaTepianiB/IOBEPXOHb,
NPOAYKTIB XapuyBaHHs Ta BoAH. O30HYBAaHHS 3aCTOCOBYETHCS JIJIsl OUHMILEHHS BOJIM BXKe OibIle
CTOJIITTSI, CIOYATKY I Jae3iH(]eKIii, a moTiM I OKHCIICHHS HEOpPraHIYHUX Ta OPTraHiuHUX
3a0pyaHIOBauiB. B oCTaHHI pOKM 030H BCE YACTIIIE 3aCTOCOBYETHCS JUISl TIOKPAIICHHS OYHIIICHHS
MICBKHMX CTIYHHX BOJ| 3 METOIO 3aXHCTYy €KOCHCTEM Ta MMOBTOPHOTO BUKOPUCTAHHS MUTHOI BOJU
[2].

O3oHOTEepaneBTH YKpaiHu, Kepylouuch METOJUUYHUMM peKoMeHpaalismMu «MeTtonuku
o3oHOTepamnii», 3arBepmkeHi MO3Y 11.01.2001p., 3acTOCOBYIOTH O30HYBaHHS BOAM 3
TeparneBTUYHO MeTOrO [3].

PesynbraT BIacHUX AOCIHIPKEHb, BUKOHAHI Ha PI3HUX €KCIIEPUMEHTAIBHIX MailaHINKaX,
MoKa3ajid, 110 O30HYBaHHS Ta aproHyBaHHS BOJIM TMPHU3BOJIUTH JI0 CTATHUCTUYHO 3HAYYIIOTO
30uTbIeHHss PH TOpIBHSHO 3 BOJHEBMM ITOKAa3HUKOM BOJOIMPOBIAHOI BOAM Ta 3HUKEHHS
OKHCITIOBAIbHO-BIIHOBHOTO TMOTEHIIaly BOAU. Y TOW yac fK BiZIOMO, 110 HaBiTh HE3HAYHE
MiJUTy’)KyBaHHS BOJHOTO CEpEJOBHINA CYNPOBOJKYEThCS AaKTHBI3ALlIE€0 OOMIHY pEYOBHH.
3okpema, 3mina pH Ha 0,5 oguuuUIl momiTHO cTumystoe Kiaituaaui moxin (S.1. Aksyonov et al.,
1990).

Hamu BcTaHOBIIEHO, IO aKTHBalis BOJIM LUIAXOM OapOoTalii O30HOM Ta aproHoM
CYNPOBOJIKYETHCSl 1HTEHCH]IKalllero il aucouialii, y pe3ynbTari SKOi I'eHEpYIOThCSl aKTHUBHI
dopmu kucHio (ADK). ADK Hagani GepyTh yuacTh y peanizallii CUTHAIbHUX Ta METa0OJIYHUX
nuisixiB.  [lepeBakHa OUTBIIICTh  BIHOBHHWKIB BH3HAYa€ HETATHMBHUW PEIOKC-TIOTCHITIAT
AKTUBOBAHUX BOJ 1 POOUTH 1X OUIBIN (i310JIOTTYHUMH 1 JIETKO 3aCBOIOBAaHUMU.

[Ipu BXMBaHHI O30HOBAaHOi Ta AprOHOBAHOI BOAM MPOTATOM 2 THXKHIB B1IOYBaeThCs
HiABUILEHHS aHTUOKCUJAHTHOT'O CTAaTyCy OPTraHi3My, 1110 IPU3BOAUTH 10 3HIKEHHS KOHIIEHTpALi|
MNPOAYKTIB MEPEKHUCHOIO OKUCJIEHHS JIMIJAIB B €SIKyJATI Ta IOCWIEHHs mpoideparii
CIEPMAaTO301/iB.
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[Tpu TpuBasOMy BXKMBaHHI aprOHOBAHOI BOAM 3JOPOBHUMH TBapUHAMU MPOTATOM 2 MICSALIIB
CTaTUCTHYHO 3HAYUMHX BIIMIHHOCTEH (DYHKI[IOHAIBHUX MapaMeTpiB sKYJATY BiJl MOKa3HUKIB
CaMIIiB, 1110 MUK BOJONPOBIIHY BOAY, HE OyJI0O BCTAHOBJICHO.

B yMoBax oOHKOTeHE3y BXXMBAaHHS aKTUBOBAaHUX BOJ TIPU3BOJUTH JIO 3HUIKCHHS
OKCHJATUBHOI'O HaBaHTa)KEHHs Ha opraHi3Mm. [Ipu npomMy BKHBaHHS aproHOBAHOI BOJU MPOTATOM
2 micAwiB € O11bII €PEeKTUBHUM BIUTMBOM JJISl KOPEKIii MOPYIIEHb CIEpPMAaTOreHe3y, CHPUYMHEHUX
3pOCTaHHSAM 3JIOSIKICHOT MMy XJIMHU.

TpuBane BXMBaHHS aprOHOBAHO! BOAM MPOTATOM 1,5 MICSIIB 3MiHIOBAJIO 1HTEHCHUBHICTh
BUIbHO-PAIUKATBHUX MPOIIECIB B OPTaHi3Mi IHTAKTHUX TBAPWH 1 MOJYJIFOBAJIO iX MPH 3pOCTaHHI
37I0SIKICHOT MTyXJIMHU, BUKJIMKAIOYM Pi3HI BIIMOBII, @ came: Y IHTaKTHUX TBAPHH MOCHIIIOBAJIO
BUIbHO-PAaIUKAIbHY aKTUBHICTh 1 MPHUTHIYYBAJIO CIEPMATOIeHE3, a y TBAPUH 31 3JIOAKICHUMHU
MyXJIMHAMH 301TBITYBaI0 aHTHOKCHIAHTHI PECypCH Ta CTUMYIIIOBAIIO CIIEPMATOTCHE3.

TakuM 4nHOM, BaXKJIMBO MPOJIOBKUTH JOCIIKEHHS JUIsl BCTAHOBIICHHS ONITUMAIBHUX YMOB
aKTHUBAIl BOAM ra3aMH O30HOM Ta aprOHOM, a TaKOK BH3HAUEHHS TPHUBAJIOCTI BXXUBAHHS TaKOl
BOJIU.

Tako)k MU BBaKAEMO BAKIMBUM KPOKOM IPUBEPHYTH YBary iH)KEHEpPIB, 3JaTHUX
3aMpoNOHYBAaTU TEXHIYHE PIllIEHHS BUKOPUCTAHHS O30HY HE TUIBKM JJS LIEHTPali30BaHOTO
OYMILICHHS BOJIM B MacIlTabax HACEJICHUX ITYHKTIB, a i JIJIs1 aKTUBALlli TUTHOT BOAM O€3110CEPETHBO
nepes BKUBaHHAM /17151 TPOQ1ITaKTUKY 3aXBOPIOBAHb Ta MOKPAIICHHS 3J0POB'S JTIOCH.
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TECTYBAHHA ®EHOJIIECTPYKTUBHOI 3JATHOCTI AKTUBHOI'O MYJY ITIPU
BIOJIOTTYHIN OYUCTII CTIYHUX BOJ KOKCOXIMIYHUX BUPOBHUIITB

'fOpuenxo B.O. *bannixoe JLIIL., *Hecmepenxo C. B., *Menvnixosa O.T.

Xapriscoruii nayionanvnuii ynisepcumem micokozo 2ocnodapemea imeni O.M. Bexemosa,
Vkpaina, m. Xapxis, e-mail: yurchenko.valentina@gmail.com

2 Jleparcagre nionpuemcmeo « Yxpaincokutl 0epicasHutl HayKo8o-00CIiOHUIL 8yeeXiMiunuil
incmumym (YXIH)», Ykpaina, m. Xapxkis

CriuHi BOJIM KOKCOXIMIYHOTO BHPOOHMIITBA € IIKIJJUBUMH 1 HEOE3MeUHUMH
3a0pynHioBayaM. Ha KOKCOXIMIYHMX TMIJMPUEMCTBAX, IO € OJHUMH 13 HAHOUTHIINX
3a0pyHIOBAaYiB OTOUYYIOUOTO CEPEIOBHINA, YTBOPIOIOTHCS MIIbHOHM KyOIYHHX METpPIB Ha PIK
BUPOOHMYMX (TaK 3BaHUX «(DEHOTBLHUX») CTIYHUX BOj. PDEHON Ta WOro MOXiJHI CTaHOBIATH
3HAYHY YaCTHHY TMIOJIOTAHTIB, IO HAAXOAATh 31 CTOKAMH Ta BIIXOJaMU KOKCOXIMIYHHMX
MIAMPUEMCTB Y HABKOJUIITHE CEPEAOBUINE - BOJOMMH, a TaKoX B aTMocdepy 3a paxyHOK
BUIIApOBYBaHHs Ta Mudy3ii 3a0pyAHIOI0YMX PEYOBHH 3 3a0pYTHEHHUX PIIMH B MOBITPS poOOUHX
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30H Ta B atMoc(epHe MOBITPs MPUIIETIUX TepuTopi. Ha mux mianpueMcTBax, 1Mo € OJHUMH 3
HaO1IbII €KOJIOTIYHO HeOe3MeyHNX 3a0pyJHIOBAUiB OTOYYIOUOT0 CEPEIOBHILA, YTBOPIOIOTHCS HA
piK MUIbHOHM KyOIYHUX METpPiB BUPOOHHUYUX (TaK 3BaHUX «(EHOIBHUX)) CTIYHUX BOJ.

BwMicT opraniyHUX pe4OBMH B BUPOOHWYMX CTIYHHX BOJAX KOKCOXIMIUHUX HiANPHEMCTB
cranoBuTh 0,8-3 1/11 (henonpHi Boau XiMiyHMX 11eXiB). KoHIIEHTpallisi KOHKPETHUX 3a0pyIHEHD B
CTIYHUX BOJaX KOKCOXIMIYHMX BHUPOOHUITB CTAaHOBUTH: (eHOH (0,4—1,8 T/71), 3aBHCI peuOBHHU
(0,3-0,5 r/), cmonu i mactuia (0,3-0,5 /i), amiak (0,2—3 r/71 1 Oibie), mianiau i poganigu (0,1—
0,4 1/m). 3aranoM mpu BUPOOHHIITBI KOKCY YTBOPIOIOThCS CTiuHi Bogu 06’emom 0.4 - 0,6 M3/T
kokcy. Lli cTiuHi BOAM MigHarOThCS (i3MKO-XIMIYHMM, MEXaHIYHUM Ta OIOJIOTIYHUM METOJIaM
ounineHHs [1, 2]. Buninserscs Boaa, mo 3a0pyJHEHA XIMIYHUMH MPOAYKTAMH KOKCYBaHHS:
PO3YMHHHUMU 1 HEPO3YMHHUMH apOMATUYHUMU BYTJIICBOAHAMU (NMOXIAHUMU OeH30Iy, HadTaliHy,
aHTpaIleHy); OJHO- 1 6araToaTOMHUMH (PeHOJIaMH, aMiaKOM Ta COJISIMU aMOHIIO; IT1aHi -, pOAaHi-
1 cynbdin-ionamu [ 1-3]. Ha 611b110CTI TIFOYMX KOKCOXIMIYHUX MIAMPUEMCTB OUHIIEH] CTIYHI BOJIN
BUKOPUCTOBYIOTBCS JIs FACIHHSA KOKCY. AJle nepe]l MOKPUM raCiHHSIM KOKCY CTi4HI BOJY IOBUHHI
OyTH OYMILEHI BiJ JIETIOUMX ILIKIJJIMBUX PEUOBHH 1 HE MICTUTHU CIONYKH, SIKI TIPU KOHTAKTI 3
PO3MEYEHUM KOKCOM MOKYTh PO3KJIQAATUCS 3 BUAUICHHSIM LIKIUIMBUX JIETIOUUX KOMIIOHEHTIB.
Bucoki BUMOru mo 3axucTy MOBITPSHOro OaceliHy BiJ 3a0pyAHEHb MiJABHUILYIOTh 1 BUMOTU JO
SIKOCT1 OYHIIIEHHS CTIYHUX BOJI,

JIsl OYKMCTKM CTIYHMX BOJ KOKCOXIMIYHOTO BHUPOOHHIITBA Bia (DEHONIIB, pOJAHIAIB Ta
JeSIKUX 1HIIUX BUCOKO TOKCUYHMX Ta €KOJIOTTYHO HEOE3MEeUHHUX CIIOJYK, 1110 MAlOTh 3HAYHO HUXKY1
KOHIIEHTpAllli, IIMPOKO 3aCTOCOBYIOTHh 010XIMIYHUN METOJ — 0OpOOKY akTHMBHUM MyJjoM [2, 3].
AKTHBHHI MiKp0O101IeHO3 — crieH(p1YHNI aKTUBHUYN MYJIL, SIKUH 3/11iCHIOE OKMCHEHHS ()eHOJIIB Ta
poIaHizniB, Mae OCOOJMMBHIA BHIOBHH CKiIa] Mikpoduiopu Ta Mikpodaynu, Mopdoioriuni ta
TexXHOJOTiYHI  ocobmmBocTi  ¢mokiB.  Cepen  OakrepianbHOi  (Qrmopum  JOMIHYIOTBH
XEMOOpraHOTeTepOTPOPHi (EHOJIOKUCHIOIOY1 OakTepii Ta XEMOJIITOABTOTPOHI
ponaHiokucHIo0Ul Oaktepii. KoHTponbs craHy Takoro mMyiy notpelye crnemiaJbHUX METOJIB,
OCKLUJTBKH TUIIOBUM T11p0O10JOTIYHUN aHa3, 1110 3aCTOCOBYETHCS I TEXHOJIOTTYHOTO KOHTPOJIIO
pOOOTH MICBKHX OYHCHHUX CIIOPY/, B TAHOMY BHUNAJIKy HE XapaKTePH3y€ OKMCHIOIYY 3/1aTHICTh
[OTO MIKPOOIO1IEHO3Yy MO BIJHOIIEHHIO 0 OCHOBHHUX 3a0py/HIOBauiB — (DEHONy Ta pOJaHIJiB.
KonnenTtparito ¢eHOIOKUCHIOIOUNX O0aKTepiii MOKHA OLIIHUTH MIKPOO1OJOTIYHUM METOJOM IpU
MOCIBI Ha €JIEKTUBHI IIUIbHI XUBUIIbHI cepenoBuia. [Ipote et MeToa ayke TpyJIOMICHKHI, HE
eKCIIPECHUH, MoTpedye crherialibHOro oOJaJHaHHA, YCTaTKyBaHHS, PEareHTHUX MaTepiajiiB Ta
KBaJTi(iKOBaHMUX (PaxiBIiB MIKPOO10OJIOTIB.

bioxiMiuyHMii aHami3 mpolecy OKUCHEHHS (EeHONIB (PEHOIOKUCHIOIOUUCH OaKTepisiMu
CBIAUMTH, L0 I mporec KartamizyeTbcst (epmenToM mnoiipeHonokcuaazow (I1PO). Lei
(epMeHT HIMPOKO PO3MOBCIOJUKEHUN Cepell POCIMHHMX OpraHi3MiB 1 MPUTaMaHHUI IMEBHUM
OakTepialbHUM KyJbTypam [4].

Mertoto poGotu Oyia OIiHKa IPUIATHOCTI 010XIMIYHOTO METOY TE€CTYBaHHS MOJIi(hEeHOI
okcunaznoi akuBHOCTI (IIPOA) nist Bu3HaUSHHS (PEHOJIOKMCHIOIOYOT 3JaTHOCTI aKTUBHOT'O MYITY
pI3HUX O10JIOTIYHUX OYUCHUX CIIOPY.

OOG’eKkT AOCHIKEHb — aKTUBHI MYJIM YCTaHOBOK Oi0XiMidHOi ouncTku (BXO) pizHux
kokcoximiunux mianpueMctB Ykpainu: [IPAT «}OXKKOKCy», ITPAT «IHIITPOKOKCy», ITPAT
«3AIIOPDKKOKCy, ITPAT «KAMET-CTAJIb», Micbkux O10JOTIYHUX OYHCHHUX CIIOPYJ M.
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XapkoBa, 1a00paTOPHUX OYHMCHUX YCTaHOBOK. B sikocTi meTonuku BuzHaueHHs [IOOA obpanu
METOAMKY, po3pobineny st BusHayeHHs [IOOA pocnuuHOi 6iomacu [5].

PesynbraTi mpoBeACHUX AOCIHIHKEHb IPEACTaBICH] B Ta0I.

Tabmuus — bioxiMidyHi Ta TEXHOJIOTTYHI ITOKAa3HUKMA OYMCTKHA CTIYHUX BOJI

OumucHi ciopynu Konnenrpartis Edexr [TOOA, Ho3a

dbenomna, Mr/n OYHCTKH, / MYy,
% YM-OfUTeyx VAl
XB

BXY IIPAT

HOHKKOKE: 450 97-99 1,23-155 2,48

aeporeHk Ne 2 600 96-99 20

aeporeHk Ne 3

BXY IIPAT 0-10 0,012 41,63

«3ATIOPDKKOKC»

BXY IIPAT «KAMET- 50 1,26 1,37

CTAJIb»

BXVY IIPAT 570 90 0,53 H/B

«JJHITTPOKOKC»

JlaGoparopHa ycTaHOBKa 200 95-98 0,11 H/B

MichKi O4HCHI CIIOpYyan <2,0 98-100 0,016 1,8

Ha mincraBi JqochipkeHHS 3pa3KiB aKTUBHUX MYJIB MOXHAa 3POOUTH BHCHOBOK, IIIO
010XIMIYHHMI MOKa3HUK aKTUBHOTO MYJly - nosideHonokcuiazHa aktuBHicTh (IIOOA), BinOuBae
KOHIIEHTpaIlil0 (PEHOJIB y CTIYHUX BOJAX, CTAOUIBHO KOPEOe 3 e(h)eKTUBHICTIO BUAAJICHHS ITUM
MYJIOM MOHOMEpPHUX (PEHOJBHHUX CHOJYK 3 PEaJbHUX Ta MOJEIbHUX CTIYHUX BOJ. Bu3HaueHHs
[I®OA € npoctum, onepaTUBHUM Ta He MOTpeOye BUCOKOKBai(hiKOBaAaHMX BUKOHABIIB. OTxke
nokazHuk [IPOA wmoxxe ciayryBaTu 3pyYHUM KUIBKICHUM KpHUTEpieEM (DEHOIOKHUCHIOIUYOT
3/1aTHOCT1 aKTUBHOI'O MIKpOOI0IIEHO3Y B OUHCHUX CIIOPYAaX.
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Cucrema aBTOHOMHOT'O IIMTHOTO BOAOIIOCTAYaHHs MicTa Ha 0a3i IIA3eMHUX BOJ HA BUIAIOK
TE€XHOT€HHMX KaTacTpod, TEPOPUCTUYHMX AKTIB 1 BOEHHUX /il Oyia 3anpornoHoBaHa y 1999 p. na
npukiaai M. Xapkosa y aucepraiii Skosiesa B.B. B ymoBax, ko cucteMu eHTpai3oBaHOTO
BOJIONIOCTAYaHHSA 3HAXOJAThCS MiJI PHU3MKOM IOIIKO/KEHHs, a JpPKepeja IOCTayaHHS 3
MIOBEPXHEBUX BOJ 3HAXOJATHCS IiJ 3arPO30I0 OTPYEHHS, HEOOXiHO MaTW 3axXHINEeHI IiJI3eMHi
JpKepesa MUTHOT BoAM. TakUMHM JpKepelaMH € apTe31aHChKi CBEPUIOBUHH, SIK1 pO30CepeKeH]1 10
TEpUTOPii MiCTa Ta MOXKYTh JISITH aBTOHOMHO, HE3aJISKHO BiJl IEHTPATI30BAHOTO BOJOTIPOBOY 1
1o/1avi eJIeKTPOCHEPTii.

Y wmupHuii uyac XapkiB, B OCHOBHOMY, BHUKOpUCTOBYe Boay 3 IleueHizpkoro i
KpacHomapniBcbkoro BogocxoBuil, ane Ha rimubuHi 600-700 M Mae 3amacu BUCOKOSKICHOT TUTHOT
BOJIH, IOCTATHI1 ISl IOKPUTTS CYTO MUTHHUX MOTPeO HACEICHHS MiCTa Ha JCKUJIbKA CTOMITh.

Cucrema mnepenbadae 3a0e3NeUeHHs JELUEHTPai30BaHOIO MHMTHOTO BOAONOCTaYaHHS
[UIIXOM OOJIAIITYBAaHHS aBTOHOMHO IPALOI0YMX OIOBETIB Ha 0a3l apTe31aHChKUX CBEPIJIOBUH 3
OIIIMM JIOCTYIIOM JI0 HUX HaceneHHs 70 1 kM. IIpuHummoBo nependavanocs oOiamTyBaHHS
Ha3eMHUX OIOBETIB y MUPHHI yac 3 BIJIITYCKOM BOJM 3a IUIAaTy, 1 Ha Tid )K€ IJIOLI CIeliadbHO
00JTalITyBaTH MiJI3€MH1 MYHKTH O€3KOIITOBHOTO po300py BOJM — HAa BUIA0K HAJA3BUYalfHUX YMOB
3 pyHHYBaHHSIM OyJiBeNb 1 BIIKIIOUEHHSIM EJEKTPUYHOI Mepexi. Bci poboui mpumiiieHHs 3
CHCTEMOIO BH00YBaHHS, BOJOMIATOTOBKH, pe3epByapaMHM YMCTOI MUTHOI BOAM M CHUCTEMOIO
po300py BOAM HACENEHHSM 3HAXOAATbCA Yy 3aXUUICHOMY MiJI3€MHOMY TPHUMIIIEHHI.
ABTOHOMHICTh pOOOTH HACOCIB 3a0e3NeuyeTbcss TE€HEpaTopoM BiJl JU3EIBHOTO MPUBOLY.
[TpuHIIMIOBa KOHCTPYKIIiSI OIOBETY JIOBOJI MPOCTa. B MOTOYHMX yMOBax HaJa3BUYAHOI CUTYaIlil
JIOLIJBHO CIIOYATKy MOOYAyBaTH MiJ3eMHY YacTUHY OIOBETIB, 1[0 CKOPOTUThH Yac i BUTPATH Ha
MPOEKTYBaHHS 1 Oy/IBHULITBO BKpail HEOOXIJHOI CHCTEMU KUTTe€3a0e3MeueHHs] y TOPIBHSAHHI 3
BapiaHTOM MOBEPXHEBUX MaBUIbHOHIB OIOBETIB.

3riflHO 3 [AIIOYUMH HOpPMaMH IUIOIIA, HEOOXiJAHA JJIs 30HU CaHITApHOI OXOPOHH
CBEpJJIOBHHH 3 OI0BETOM, CTaHOBUTH 30x40 M.

OcoONMBICTIO MPOEKTY € E€KOHOMIYHA CIPOMOXKHICTh, fika Oylia JOBeleHa MPaKTUKOIO
KOMEpIiiiHOT JisuibHOCTI y M. XapkiB, Jie CHCTeMa JIELEHTPali30BaHOrO BOJONOCTauYaHHS
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mpairoBajia Ha 0a3i 2-X apTe3laHChKUX CBEPJIOBUH NpuBaTHUX MianpueMcTB «['AJIC» 1
«Kyniniui», 3 SKMX BOJa pO3BO3MJIACS y CIIEialbHI KIOCKH Ta aBToMaTH. Bapricts 1 1 muTHOT
BOJM Ha MOTOYHUU 4Yac ckiagae 1,76 rpH. Llieto cCUCTEMOIO KOPHCTYIOTHCS MIMPOKI BEPCTBHU
HACEJICHHSA, BKIIOYHO ¢ TEHCIOHEepH, IO MIATBEPIKYE EKOHOMIYHY CIPOMOXKHICTb
IIPOMIOHOBAHOTO aBTOpaMU MPoeKTy. HeoO0X11HO 3a3HAYUTH, 1110 B yMOBaX BOEHHUX JI1i HEJJOTIKOM
ICHYIOUO1 CHCTeMH PO3BE3CHHS BOJY € MOTEHITIIHI POOJIEeMH 3 TOCTABISTHHSIM BOJH JIO KIOCKIB 1
3aJIeKHICTh BiJl enekTpoeHeprii. Takoxx Ha modarky 2022 p. BigOymnacs pyHHaIlis rapaxis i
MOLIKOJKECHHS 3HAYHOI YaCTHHM aBTOLHUCTEPH, 110 € HACHIJKOM HE3aXMIICHOCTI TaKOi CUCTEMH
JEEHTPATI30BaHOr0 MUTHOTO BOAOIIOCTAYaHHS Y BOEHHUI MEPio/l.

3HaYHMI TTOMHUT HA apTe3iaHChbKY SIKICHY BOAY Y MUPHHUH 4ac, HaBiTh MPH 3HAYHO MEHIIIH
BIIMMYCKHIN IIiHI, HIX BHIIEBKa3aHa, 3a0e3MeuynTh NPUOYTOK BiA JISUIBHOCTI IMEPIIMX
CTalioOHapHUX OIOBETIB, IO MOKPHE SIK TOTOYHI BUTPATH, TAK 1 BUTPATH Ha OYyAIBHUIITBO HOBHX
OIOBETIB.

3a oOrpyHTYBaHHSM, ske Oyyo 3poOjeHe ogHWM 3 aBTOpiB me y 1999 p., KiIbKICTH
CBEPIIOBHH, SIKI HEOOX1IHO OOJAIITYBAaTH Y MICIISIX IIIJIbHOTO ITPOYKMBAHHS HACEJICHHsI XapKoBa
(y mikpopaiionax) — 28. Takoxx 10 M€l CHCTEMH MOXIIHUBO 3aly4uTH OMM3bKo 20 BiZOMYHX
MIUOOKUX apTe3laHChbKUX CBEPAJIOBHH, SKI B)K€ ICHYIOTh y MICTi, ajlé OCTaHHI1 37eOiIbIIoro
3HAXOJATHCA Y TPOMHUCIOBHX 30HaX 1 MiCIISIX HEIUIBHOTO POKUBAHHS HACEICHHS, TOMY TOJIOBHE
HaBaHTa)XEHHA OyJle Ha BHILIE 3rajiaHi 28 CBEp/IJIOBHH.

Po3rnsiHyTO MONUIBHICTH CTBOPEHHS ITSITH IMOHEPHUX OIOBETIB, MISUTBHICTD SIKHX
3a0e3MeYnTh MOJANBIINI PO3BUTOK CUCTEMH 3alacHOTO JEIEHTPATi30BaHOTO BOJOIMOCTAYaHHS.
Po3pobiieni opieHTOBHI eTamu poOiT, iX TepMiHH Ta BapTiCTh poOiT. [Ipomo3uiist o0 CTBOPEHHS
BKa3aHOi CHUCTEMH IUTHOTO BOJOINOCTayaHHS XapkoBa Ha mouaTky 2022 p. HampaBieHa
KepiBHUIITBY MicTa. [Ipm 1bOMy HEOOXiHO HArojoCUTH, o 3yctpidra mpomno3uiis KII
«XapkiBBOJIOKaHA» MpO OOJAIITyBaHHS CEMH apTe31aHChKUX CBEPIJIOBUH Ha TaK 3BaHHUX
«HACOCHUX CTaHISAX», SIKI pPO3TAlIOBaHI HA BIANAJICHI BiJl MICIb IIUILHOTO TPOXHBAHHS
HACENIEHHsI, HE BUTPUMYE KpPUTHUKU, OO0 TmependadaeThCcsi JOCTABISHHS BOJIU HACEJICHHIO
ABTOILMCTEPHAMH, 1[0 MAa€ BKAa3aHUI BUIIE HETOJIK — HE3aXUIIICHICTh CHCTEMHU B YMOBaX BOEHHUX
hisiz8
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