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RETENTION OF FINE PARTICLES IN COMBINED SEWER OVERFLOWS USING
INTELLISCREEN TECHNOLOGY: EXPERIMENTAL RESULTS AND PRACTICAL
IMPLICATIONS
Acosta-Carrascal, J. P., Schmidt, M, Mueller-Czygan, G.

Institute for sustainable water systems, University Hof, Hof, Germany
E-Mail: paola.acosta.carrascal@hof-university.de, michael.schmidt.4@hof-university.de,
guenter.mueller-czygan@hof-university.de

Introduction

Efficient wastewater treatment remains a central challenge in environmental engineering and
sustainable water management. In many urban areas, combined sewer systems collect domestic,
industrial, and stormwater in a single network. During heavy rainfall, hydraulic overloading often
leads to combined sewer overflows (CSOs), releasing directly into receiving waters untreated or
partially treated wastewater, when the wastewater treatment plant (WWTP) has systems for that
such as screens or sedimentation pods. These discharges introduce suspended solids, organic
compounds, nutrients, and micropollutants, which significantly impair water quality [1-3].
Filtrable solids (AFS63 0.45 um — 63um) pose a particular challenge here, as heavy metals and
organic pollutants mainly accumulate on them.

Developing reliable and adaptable treatment methods for the dynamic conditions of the
combined sewer system is essential, due to the rapid fluctuations in flow rate, pollutant
concentration and particle composition during rainfall events. Although conventional mechanical
treatment technologies, including coarse screens, sedimentation tanks, and sand filters, are
effective for large and settleable particles, they are frequently inadequate for fine particles and
micropollutants [4, 5]. Thus, there is a growing need for advanced pre-treatment systems at
discharge points in sewer systems that maintain high separation efficiency (=70-90% for particles
<1 mm) under variable hydraulic (e.g., sudden increases in flow velocity and water level) and load
conditions (e.g., variations in solid concentration, organic content, and particle size distribution).

Mechanical pre-treatment is a key stage in WWTPs, as it protects downstream biological
and chemical processes from excessive solids and hydraulic overloads. The screening process is
crucial for the prevention of clogging and operational disturbances by removing coarse and fine
particles. In WWTPs, screens are usually vertically arranged at the plant inlet, whereas in
combined sewer systems, horizontal step screens (HSR) are installed at overflow structures to
retain solids before discharge into receiving waters. Conventional HSRs typically operate at a fixed
cleaning speed, meaning that the raking mechanism moves at a constant rate and interval,
regardless of the actual hydraulic and solids load. As aresult, these systems cannot adapt to rapidly
changing hydraulic or pollution conditions during storm events.

The IntelliScreen technology, developed by HST Systemtechnik GmbH, represents an
innovative, smart variant of the HSR. Since it addresses the above limitations through adaptive
control: instead of operating at a constant speed, IntelliScreen continuously adjusts its cleaning
frequency and screen movement based on real-time measurements of water level, flow, and head
loss. This works as follows: instead of fixed-speed operation, IntelliScreen continuously adjusts
cleaning frequency and screen motion based on real-time measurements of water level, flow, and
head loss. This enables the controlled formation of a filter cake, a thin layer of retained solids that
enhances fine particle retention. This layer acts as a secondary fine filter, significantly improving
the retention of small particles that would otherwise pass through. By controlling the filter cake’s
thickness and cleaning intervals, the system maintains hydraulic stability while achieving
enhanced fine particle separation under dynamic inflow conditions.
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Recent advances in automation and digital monitoring have enabled the implementation of
such intelligent systems. Yet, little experimental evidence exists on their particle retention
efficiency and impact on wastewater quality under real operational conditions.

This study aimed to fill that gap by comparing the performance of an IntelliScreen and a
conventional HSR screen at the Hof WWTP (Germany). The evaluation focuses on particle
retention, changes in COD and turbidity, and the hydraulic behavior associated with the filter cake
formation. In particular, the flow rate reduction caused by the developing filter cake was
monitored, as this effect is directly linked to the reduction of flow going through, which means
also an improved pollutant retention. Overall, the results contribute to a better understanding and
optimization of adaptive screening technologies for municipal wastewater treatment.

Materials and Methods
Experimental Setup

The experiments were conducted at the Hof wastewater treatment plant (WWTP) in
Bavaria, Germany, a facility with a capacity of approx. 230.000 PE, using a specially designed
container-based test facility installed upstream of the inlet channel. For comparative testing under
the same hydraulic and wastewater conditions, the system includes both operation mode:
conventional with constant cleaning speed and the innovative IntelliScreen unit, that varies the
cleaning speed and formed a filter cake layer. A regulating valve system was integrated
downstream to allow partial throttling of the outflow. By slightly restricting the discharge, the
water level upstream of the screen increases, leading to a higher hydraulic head difference across
the screen surface. This promotes the deposition and accumulation of suspended particles on the
screen bars, thereby facilitating the controlled formation of the filter cake required for evaluating
the IntelliScreen’s adaptive performance.

Influent water was taken out of the channel and pumped through an inlet pipe with flow
measurement, allowing adjustment of flow rate and water level. Sensors continuously measured
flow (m?/h), water level (m), turbidity (NTU), conductivity (uS/cm), pH, and nitrate concentration
(mg/L).

Results

The gradual formation of a filter cake increased the head loss across the screen, which was
automatically compensated by adaptive cleaning control. Once established, the filter cake
enhanced fine particle retention but slightly reduced hydraulic capacity. As excessive build-up,
turbulence at the screen surface increased, occasionally disturbing stable cake formation. These
observations indicate that maintaining an optimal hydraulic balance is essential for efficient and
continuous IntelliScreen operation.

The experiments confirmed that IntelliScreen can reliably generate a stable filter matrix on
the screen bars, which acts as a dynamic filtration layer. Two main retention mechanisms were
identified:

1. Hydraulic retention effect — The longer the filter matrix remains on the screen surface, the
denser it becomes. This increased density leads to a significant reduction in flow capacity,
directing a higher proportion of polluted combined wastewater toward the WWTP rather
than discharging it untreated through stormwater overflows.

2. Particle retention effect — Depending on the structure and porosity of the filter matrix, several
grab samples showed a significant increase in retention efficiency for particles smaller than
4 mm. These fine particles, which typically bypass conventional screening systems, were
effectively captured within the matrix.

The results demonstrate that IntelliScreen contributes significantly to reducing particle
discharge, including fine solids and potential microplastic fractions, into surface waters. By
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maintaining adaptive control over the filter matrix and optimizing screen cleaning intervals, the
technology supports current water management objectives for mitigating pollution from combined
sewer overflows.

Further investigations are planned to validate these findings under extended operational
conditions and to develop specific control strategies for balancing hydraulic performance and
particle retention.

Discussion

The potential of adaptive screening technologies, such as IntelliScreen, to improve
mechanical pre-treatment in municipal wastewater systems is demonstrated by the results of the
initial experimental series. In particular, the reliable formation and control of a filter matrix
represent a decisive improvement over conventional fixed-speed screen.

The experiments indicated that adaptive control of screen cleaning intervals allows the
formation of a stable filter layer without compromising hydraulic safety. Even though increased
matrix density enhances fine particle retention, it also increases head loss, which is a critical
equilibrium. The IntelliScreen system effectively balanced this trade-off by adjusting the cleaning
frequency in real-time, thereby preserving hydraulic functionality and operational stability.

Such adaptive operation directly addresses one of the main limitations of conventional
screens, which operate at a constant speed independent of flow and load conditions [5]. The ability
to modulate cleaning based on head loss and level measurements minimizes both energy
consumption and overflow risk.

The observed retention of particles <4 mm confirms previous observations by Miiller-
Czygan and Stolz [6, 7],who reported that filter cake formation can significantly increase particle
separation efficiency. The filter matrix acts as a secondary filtration barrier, enhancing the removal
of suspended solids and particulate COD beyond the geometric limit of the screen openings.

Conclusion

The IntelliScreen technology at the Hof WWTP was shown to facilitate the formation of a
filter matrix, thereby significantly improving the mechanical pretreatment of wastewater overflow
before entering WWTP, as evidenced by the aforementioned experiments. By decreasing flow,
IntelliScreen was able to retain more particles and particulate COD in the receiving water body
when compared to traditional fixed-speed screens.

The results confirm that filter matrix development plays a dual role (1) Hydraulic retention,
by reducing overflow discharge during high inflow events, and (2) Particle filtration, by improving
solid and organic matter separation efficiency during normal operation.

Overall, the research substantiates the assertion that IntelliScreen represents a substantial
advancement in the field of digitalized wastewater treatment by integrating process automation
and adaptive mechanics. This technology directly impacts the sustainable management of urban
water systems by enhancing particle retention and minimizing pollutant discharge during
combined sewer overflows.
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PHOTOCATALYTIC CELL
Axel Wolfram', Dr.-Ing. Simon Mehling’
Prof. Dr.-Ing. Tobias Schnabel’, Prof. Dr. Peter Kurzweil?
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1. Introduction

Reliable monitoring of organic load is essential for the efficient operation and design of
wastewater treatment processes. In particular, the Chemical Oxygen Demand (COD) and the Total
Organic Carbon (TOC) are key parameters that determine the sizing of waste water treatment
plants and the required oxygen supply. Since aeration units account for a major portion of the total
energy consumption, a rapid and reliable determination of organic carbon is crucial for optimizing
process control and energy efficiency.

In Germany, COD analysis is standardized according to DIN 38409-41 and DIN ISO 15705,
both relying on wet-chemical oxidation of organic pollutants with potassium dichromate. Although
these methods are robust and well established, they require toxic reagents, extensive sample
preparation, and provide results only after several hours. Consequently, they are poorly suited for
continuous monitoring or process automation.

To overcome these limitations, alternative electrochemical and photocatalytic approaches
have been investigated in recent years, aiming at reagent-free, real-time determination of organic
carbon. The present study explores a novel concept based on the electron-Doppler effect in
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electrochemical reactions at photoactive semiconductors such as titanium dioxide (Ti02). When
TiO> is irradiated with ultraviolet light, electron—hole pairs are generated, which initiate the
formation of reactive oxygen species (primarily hydroxyl radicals). These species oxidize organic
compounds within the aqueous matrix, releasing additional electrons that are collected as a
measurable photocurrent.
(+) HO —»-OH+H" '+ ¢
The magnitude of this photocurrent is proportional to the concentration of oxidizable organic
matter and can therefore serve as a direct indicator of COD or TOC. This work presents the design
and validation of a prototype photocatalytic fuel cell sensor capable of quantifying organic carbon
in aqueous samples with high sensitivity and without the need for chemical reagents.
2. Materials and methods
a. Experimental setup

A Dbatch reactor (Figure 1) was designed and fabricated using 3D printing. The reactor
contains a rectangular cuvette with borosilicate glass windows. Inside the cuvette, a three-electrode
configuration is implemented, consisting of a working electrode (a titanium dioxide photo-
semiconductor), a platinum counter electrode, and an Ag|AgCl reference electrode, all connected
to a PalmSens 4S potentiostat.

The photo-semiconducting TiO. layer was prepared via a sol-gel route of
titanjumisopropoxid with additional P25 TiO: nanoparticles (Evonik®). The suspension was
applied onto an FTO glass substrate by dip-coating and subsequently calcined at 300°C. The
titanium dioxide catalyst is irradiated through the glass window by a UVA LED (1 W, Seoul
CUNG66ALF).

Working electrode Counter electrode

Titanium dioxide \

UVA LED

Figure 1: Scheme of the experimental Set-Up

b. Experimental procedure

The cuvette was filled with 60 mL of an electrolyte solution containing 100 mmol/L Na2SOa.
The UVA LED was then switched on, and chronoamperometric measurements were started at an
applied potential of 1.5 V. Every 200 seconds, organic stock solutions were incrementally added
to the system, and the corresponding change in photocurrent was recorded.
3. Results and discussion

The obtained data clearly show a linear correlation between photocurrent and COD
concentration within the investigated range of 0 to 35 mg/L (Figure 2). Depending on the organic
compound, the slope of the photocurrent increase varies: Potassium hydrogen phthalate (KHP)
exhibited the highest sensitivity (AI/ACOD = 8.104 uA mg' L), while tryptophan showed the

Martepianu IX MiskHapoaHOT HayKOBO-TIpakTHUHOT KoHpepeHLii «Uucra Bona. DyHmaMeHTalbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

17



lowest slope (4.665). These differences can be attributed to variations in adsorption behavior and
the possible formation of intermediate reaction products on the catalyst surface.

Small Range
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Mean pA triptophan: y = 4.665-x + 249; R? = 0.9869
mean pA Urea: y = 5.19:x + 216; R? = 0.9914

Figure 2. Photo current vs. the chemical oxygen demand (COD) for a small range (0 —
35 mg/L)

As the organic concentration increases, all photocurrent curves tend to reach a plateau
(Figure 3). This saturation behavior appears to converge toward a similar photocurrent value of
approximately 850 pA for all investigated compounds, indicating a catalyst-specific limitation of
charge carrier generation or surface reaction capacity.
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Figure 3: Photo currents of different organic compounds in the complete range of 0 to
140 mg/L

4. Summary and outlook

The measurement system demonstrates high precision, with a detection capability in the
nanoampere range, allowing detailed determination of COD, particularly at low concentrations. In
upcoming experiments, the system will be tested with real wastewater matrices of varying
concentrations. Further studies will address influencing factors such as conductivity,
photocatalysis inhibitors, and long-term stability.

The reactor setup will be adapted into a continuous-flow configuration and miniaturized for
improved applicability. In addition, different coating techniques and photo-semiconducting
materials will be evaluated with the goal of referencing specific fractions of natural organic carbon
within complex matrices.
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The water supply and wastewater management system of Ukraine is experiencing enormous
strain and destruction as a result of the neighboring country’s ongoing full-scale military
aggression. Damage to critical water infrastructure, uncontrolled discharges, and the increasing
risks of chemical and biological contamination of surface and groundwater pose an unprecedented
threat to the sanitary and epidemiological safety of the population. Under these circumstances, the
issue of effective and safe water treatment acquires strategic importance.

Traditional methods, including chlorination, although widely applied, exhibit significant
limitations associated with the formation of disinfection by-products (DBPs). Moreover, the
presence of substantial amounts of organic pollutants in source water, under conditions of
technogenic and wartime stress, considerably reduces the sanitary and environmental efficiency
of conventional technologies. Therefore, the implementation of alternative disinfection methods
in the practice of Ukrainian water utilities (particularly the use of chlorine dioxide and sodium
hypochlorite as substitutes for gaseous chlorine [1]) is of high relevance.

Chlorine dioxide is a powerful oxidizing and disinfecting agent that exhibits a number of
critical advantages over molecular chlorine. This reagent effectively inactivates a wide spectrum
of pathogenic microorganisms, shows lower dependence on the pH of the medium compared to
chlorine, and does not participate in substitution reactions with organic precursors, which results
in significantly lower formation of chlorinated organic DBPs. It efficiently oxidizes phenols, iron,
manganese, and certain toxic anthropogenic organic compounds, while also helping to eliminate
unpleasant odors and tastes caused by algae or phenolic substances.

The above-mentioned properties make chlorine dioxide a valuable reagent; however, the
implementation of natural water disinfection systems based on this compound requires addressing
several challenges. The main drawback of chlorine dioxide is the formation of undesirable by-
products during water treatment. As a result of ClO; reactions with organic and inorganic
impurities during disinfection, as well as its partial decomposition, chlorites and chlorates are
formed. These compounds are toxic to humans, and their concentrations are strictly regulated by
both Ukrainian and European legislation [2, 3].

The present study reports the results of a systematic investigation aimed at finding a balance
between achieving effective disinfection of natural water with varying levels of contamination and
minimizing the formation of the aforementioned by-products.

In this context, water treatment facilities must not only assess the disinfection efficiency of
new reagents but also minimize the generation of secondary by-products, addressing a complex
set of engineering, environmental, and sanitary challenges.

The efficiency of disinfection and the intensity of chlorite and chlorate formation strongly
depend on technological factors such as reagent dosage, contact time, water pH and temperature,
as well as the degree of contamination (in particular, organic matter content). The control and
minimization of chlorite formation are key tasks in the implementation of chlorine dioxide (C102)-
based technologies.

For effective management of water disinfection processes, a computer modeling approach
can be applied, enabling the prediction of water quality and optimization of technological regimes.
One possible implementation of this approach involves the use of empirical polynomial models.
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Such models are developed based on experimental data and rely on mathematical statistics for
parameter identification (that is, establishing quantitative relationships between independent
process factors and target response variables).

The transition from processing data obtained through water purification monitoring [4], i.e.,
passive experimental data, to the use of empirical models and the RSM — Response Surface
Methodology (which is based on active experimental design), — represents a logical next step in
the research program, of which the present publication reports a part of the results. The authors’
experience demonstrates the effectiveness of combining these two strategies [4]. Monitoring
ensures continuous control of water quality, capturing trends, and allows the identification of the
presence or absence of problems. The application of the response surface methodology makes it
possible to assess the actual operating conditions of the technology, and identify problematic areas.
The construction of experimental-statistical models involves systematic variation of technological
factor values to study their influence on the final water quality.

The key factors of the mathematical model of chlorine dioxide—based water disinfection
processes that determine the extent of by-product formation were selected as follows [5]: x; as pH
of the medium, x; as water temperature, x3 as total chlorine dioxide dose, x4 as reaction time, and
x5 as degree of water contamination (in this study assessed by the content of organic matter).

According to the objectives of the study, the following response variables for the treated
water were selected: residual concentration of CIO> (y1), and concentration of chlorites (y2).

In accordance with the Response Surface Methodology and employing a central composite
nonlinear experimental design, an experimental matrix was developed to minimize the number of
trials while maximizing the informativeness of the results. Laboratory/industrial studies were
carried out for various combinations of the selected factors, each set at two levels (“low” and
“high”). The response values (y1, y2) obtained from the experiments were subjected to regression
analysis in order to determine the coefficients of empirical polynomial equations describing the
dependence of the response variables y; and y2 on the influencing factors:

Yu = bO + Z bixl- +z bl-l-xl-z +Z bijxl-xj + &,

where y, are responses (u = 1,2), x; are technological factors of the water treatment process
(i=1,..,5), b;, b;; are coefficients of the empirical model (i,j = 1,..,5), ¢ is the approximation
error.

These empirical equations make it possible to quantitatively describe (and predict) the
formation of disinfection by-products and the residual concentration of the disinfectant under any
specified technological conditions.

A key instrument of the RSM is the construction and analysis of response surfaces (Fig. 1),
which enabled the identification of critical factors (specifically, determining which parameters: x3,
the ClO2 dose, and xs, the content of organic impurities, — exert the greatest influence on chlorite
formation (y2). This approach also allows for both visual and computational determination of the
combination of factors that ensures the minimum chlorite concentration (y2) while simultaneously
achieving the required residual ClO; concentration (yi) necessary to guarantee effective
disinfection. Moreover, it allows prediction of the treated water quality under varying input
parameters (for instance, with seasonal increases in temperature x> or in the level of contamination
X5).

The modeling-based systemic approach described above aligns with Ukraine’s integration
into the European scientific and technological framework and complies with EU standards for
drinking water quality. It ensures the reliability and environmental safety of domestic water
treatment facilities and supports compliance with stringent sanitary norms (particularly those
concerning chlorite levels), which is especially critical under wartime risk conditions.
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Fig. 1. Visualization of the technological response: chlorite formation (y2) depending on
the factors x» (reaction temperatures) and x3 (total dose of chlorine dioxide). The values of the
factors x1, X4, X5 were fixed “in the center of the factor space”.

The developed experimental-statistical models provide a scientific basis for optimizing the
modes of ClO; dosing, enabling the transition to adaptive dosing, which reduces reagent
consumption and minimizes the formation of chlorites. The obtained models, serving as “digital
twins” of the water disinfection process, can form the foundation for the development of automated
control systems for water treatment technological processes.

The presented study was carried out within the framework of the research projects
“Technological Principles for Minimizing the Content of Chlorites in Drinking Water after
Disinfection with Chlorine Dioxide” (State Registration No. 0125U001784) and “Computer
Modeling and Optimization of Sustainable Technological Schemes of Water Management
Systems” (State Registration No. 0124U002127).
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USE OF ACTIVATED CARBON FROM SUGAR SORGHUM AS A SORBENT
FOR WATER PURIFICATION FROM HEAVY METALS
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I State Institution "Kundiev Institute of Occupational Health of National Academy of Medical
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Introduction. Water resource pollution is a global environmental problem that requires the
development of effective purification methods and technologies. Under the current conditions of
active military operations in Ukraine, the issue of water contamination has become particularly
urgent. Among pollutants, heavy metals deserve special attention, as their entry into the human
body has a highly negative impact on health.

One of the most widely used approaches to water purification is sorption using various
sorbents. Filters containing quartz, kaolin, zeolite, ion-exchange resins, and other materials are
employed for this purpose [1]. The most popular sorbent is activated carbon, which remains an
indispensable tool for purifying drinking water. It is also widely used for treating industrial
wastewater and process water in various enterprises [2].

Many companies are actively developing new technologies for producing carbon sorbents
with improved physicochemical properties. Particular attention is paid to natural, environmentally
friendly, and economically feasible sorbents obtained from secondary agricultural raw materials.
Their use addresses two problems simultaneously: wastewater purification and waste utilization
[3].

The aim of this study was to determine the adsorption capacity of natural carbon sorbent
produced from sugar sorghum press cake for removing heavy metal ions from water.

Materials and methods. Model experiments were carried out to assess the effectiveness of
activated carbon from sugar sorghum press cake in removing Pb, Cd, Zn, and Mn ions from
aqueous solutions. The raw material consisted of sugar sorghum stalk press cake left after juice
extraction. The main structural components of the sorbent are cellulose and lignin, bound in
biopolymer complexes.

Carbonization of the press cake was conducted at 800 °C in an inert argon atmosphere. To
enhance adsorption capacity, the carbon was activated by oxidation in 25% nitric acid solution.
This treatment increased the specific surface area to 2200 m?/g, the pore volume to 1.12 cm?/g,
and resulted in an average pore size of 10.0 A. These properties indicate a well-developed
mesoporous structure with surface carboxyl and phenolic ionogenic groups (~COOH, —OH).
Owing to its surface characteristics and ion-exchange functional groups, this sorbent is expected
to be effective for binding high-molecular compounds and heavy metal ions [4].

The sorption properties were studied under static conditions. A portion of 0.1 g of sorbent
was added to 100 ml of aqueous metal solutions with concentrations of 0.05, 0.5, and 1.0 mg/l.
The suspensions were shaken for 2 h and left to stand for 24 h at 25 °C. The sorbent was then
removed by filtration, and metal concentrations in the filtrate were determined at the start and after
24 h using inductively coupled plasma atomic emission spectroscopy (ICP-AES) with an Optima
2100 DV spectrometer (PerkinElmer, USA) [5].

Adsorption capacity was calculated using the formula (1) and sorption efficiency by the
formula (2) :
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Qe = W (1) and E = (Co—CeC)xmo% (2)
0

where:

ge — adsorption capacity (mg/g);

E- sorption efficiency

CoandC. — initial and equilibrium metal concentrations(mg/1);
V' — solution volume(l);

M — sorbent mass(g).

Results. Analysis of metal concentrations before and after sorption showed that the
adsorption capacity of sugar sorghum carbon varied for different metals. For Pb ions, the
adsorption capacity was 0.03, 0.46, and 0.89 mg/g at initial concentrations of 0.05, 0.5, and 1.0
mg/l, respectively. For Zn, the corresponding values were 0.008, 0.32, and 0.63 mg/g; for Cd —
0.035, 0.20, and 0.39 mg/g; and for Mn — 0.015, 0.28, and 0.37 mg/g (Fig. 1).

1 0,89
0,8
0,63
0,6 0,46 039
! 032 0,37
7 0,28
0,2
0,00 0,01
Cd Zn Mn

H 0,05 mg/l mO0,5mg/l 1,0 mg/I

Fig. 1. Adsorption capacity (mg/g) of activated carbon from sugar sorghum press cake
after 24 h incubation with metal solutions.

The calculated sorption efficiency of Pb ions was 72.0%, 79.3%, and 78.0% at the respective
concentrations. For Cd ions, the efficiency was 53.8%, 36.4%, and 35.8%, while for Zn ions it
reached 18.6%, 74.2%, and 54.3%. The lowest sorption efficiency was observed for Mn ions,
amounting to 30.0%, 43.8%, and 30.0% (Fig. 2).
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Fig.2. Adsorption efficiency of activated carbon from sugar sorghum press cake for metal
ions after 24 h incubation
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Conclusions. The results show that activated carbon produced from sugar sorghum press
cake demonstrates the highest sorption activity toward Pb ions. This is explained by their stronger
affinity for active surface groups (—-OH, -COOH) compared to other metals. Considering that this
sorbent is natural, environmentally safe, and simple to produce from agricultural waste, it
represents a promising material for water purification from hazardous heavy metals, especially
lead.
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CHANGES IN NITROGEN AND PHOSPHORUS CONTENTS IN THE WATERS OF
LAKE PIASECZNO AS INDICATORS OF ANTHROPOPRESSURE ON THE
AQUATIC ENVIRONMENT

B. Futa, J. Gmitrowicz-Iwan, M. Myszura-Dymek

Institute of Soil Science, Environmental Engineering and Management, University of Life
Sciences in Lublin, Poland, barbara.futa@up.edu.pl

Nutrient pollution, primarily involving nitrate (V) and phosphate (V) ions and resulting from
agricultural intensification, has become one of the main drivers of eutrophication in aquatic
ecosystems. An imbalance often occurs between the influx of nutrients into aquatic systems and
the resulting increase in biomass. This phenomenon is particularly evident in lakes, where limited
water exchange and low flow rates promote eutrophic conditions. This leads to anaerobic
decomposition processes, which disrupts biological activity in the aquatic environment. The aim
of this study was to evaluate the degree of eutrophication in Lake Piaseczno (Leczynsko-
Wiodawskie Lake District, Eastern Poland) based on nitrate and phosphate concentrations in the
littoral zone.

Lake Piaseczno, located in the southern part of the L.gczna-Wlodawa Lake District in eastern
Poland, covers approximately 84 hectares and has a maximum depth of about 39 meters. Its
catchment area is relatively small and flat, encompassing around 240 hectares. The majority of the
catchment is covered by podzolic soils composed of sand, which are characterized by low fertility
and sorption capacity; peat soils have formed in the northern section, originating from fen habitats
adjacent to the lake. Based on land use, the lake's basin is conventionally subdivided into three
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sectors (sub-catchments): agricultural, forest-recreational, and marsh-peatland. This research
focused on the agricultural sector, which was previously primarily used for agriculture but now
serves predominantly for tourism and recreation due to the increasing number of holiday plots.
The natural tourism carrying capacity of this part of the lake basin has been exceeded more than
fourfold. Water samples were collected three times annually (in May, July, and September) across
a five-year observation period.

During the observations, the content of nitrates and phosphates in the water of Lake
Piaseczno increased significantly over time. This was due to the pressure of recreation and tourism,
which increased over time. This is evidenced by seasonal changes in the content of nitrogen and
phosphorus compounds in the studied water. The content of these components in the lake water
was noticeably higher in summer and autumn than in spring. The change in land use in the Lake
Piaseczno catchment area from agricultural to recreational use inhibited the flow of nutrients from
agricultural sources and simultaneously increased the flow of nutrients related to tourism and
recreation.

FROM FACTORY TO RIVER: TRACKING POLLUTION PATHWAYS IN THE
VISTULA VALLEY

J. Gmitrowicz-Iwan, B. Futa, M. Myszura-Dymek

Institute of Soil Science, Environmental Engineering and Management, University of Life
Sciences in Lublin, Poland, joanna.gmitrowicz-iwan@up.edu.pl

Despite the growing interest in organic farming, the demand for mineral fertilizers remains
high. Fertilizer production is a water-intensive process, and factories are often located near major
rivers, increasing the risk of water contamination. This study investigates the influence of a
nitrogen fertilizer plant’s Chemical Wastewater Treatment Plant (CWTP) on the water quality of
nearby river-lake systems in the Vistula River valley, Poland. Six floodplain lakes situated close
to the CWTP were selected for analysis — three within the embanked area and three outside. Two
additional lakes, located 30 km upstream, served as controls. Monthly water samples were
collected from March to November 2022 and analysed for pH, electrical conductivity (EC), Cl-,
total nitrogen (TN), NH4*, NOs™, total phosphorus (TP), PO4+*", dissolved organic carbon (DOC),
and major cations (Ca?", K*, Mg?*, Na*). Statistical analyses revealed that a canal discharging
cooling tower wastewater may significantly affect nearby lakes, increasing their ClI- and Na*
concentrations. Elevated NHa" levels were also detected in lakes located downstream of the
CWTP, even though they have no direct surface connection with the facility’s reservoir and canals.
This pattern, together with evidence of NHa4*-rich water seeping under the dike, suggests possible
leakage from the CWTP reservoir. Further investigation of groundwater is required to confirm the
integrity of the reservoir, which is of particular importance given its location in the Vistula River
valley — a primary source of drinking water for nearly two million people. Any structural failure,
especially during flooding, could trigger an ecological disaster affecting not only the Vistula River
but also the Baltic Sea.
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Providing the population with clean drinking water has become a priority task around the
world according to the World Health Organization. However, this issue is complicated by the
growing population, higher water quality standards and, at the same time, increasing of water and
wastewater pollutions, which poses a serious threat to human health and environment.

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. The level of heavy metals in natural resources is increasing significantly. Therefore,
during martial law and post-war recovering in Ukraine, water quality control and purification are
critical parts of environmental protection.

It is known that most of the current detection techniques for water analysis are based on
optical and mass spectroscopy measurements and require long detection cycles, as well as specific
chemicals which may cause secondary pollution.

Water purification methods that allow the removal of heavy metal ions from water without
changing the degree of oxidation are based on sorption, ion exchange, and membrane technologies.
The use of sorption methods is associated with the cost of sorbents.

In this work, for water quality control and purification, our research group used advanced
technologies, such as laser-induced breakdown spectroscopy and biosorption treatment.

Laser-induced breakdown spectroscopy (LIBS) is a novel atomic emission spectroscopic
nanotechnology used to determine the elemental composition of a sample. LIBS has several
advantages, including easy sample pre-treatment, fast operation, chemicals free during the process,
and identification of multi-state substances simultaneously, rapidly, and remotely [1].

Biosorbents are biological materials used to remove pollutants from water, such as heavy
metals, dyes, and pharmaceuticals. They are derived from natural sources like bacteria, fungi,
algae, and agricultural waste such as fruit shells, and are valued as being a cost-effective and
environmentally friendly method for water purification [2].

Experimental LIBS system includes five main components. These are the sample holder,
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 of Nd:YAG laser Continuum
Minilite with a pulse duration of 10-15 ns, a repetition rate of 10 Hz, a maximum pulse energy of
850 mJ, and wavelength of 1064 nm with the USB 4000 Ocean Optics Spectrometer.

Firstly, our research team focused on the application of chemical replacement combined
with surface-enhanced LIBS (CR-SENLIBS) for the detection of heavy metal ions, such as Fe**
and Cu?" in aqueous solutions and natural waters [3].

The main aqueous solutions 500 mg/L of FeCl; and CuCl> were dropped into Al alloy
plates and dried on aluminium foils. LIBS experiments of Al plates also were conducted. LIBS
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spectra containing information about these metals were collected immediately after microplasma
generation in visible optical spectrum region.

LIBS spectra were compared with theoretical database NIST LIBS of American National
Institute of Standard and Technology. From the main solutions of 500 mg/L of FeClz and CuCly,
working solutions with concentrations 2.5-50 mg/L of FeCl; and CuCl,, were prepared by dilution
with distilled water. After microplasma generation, our research team found 14 LIBS spectra for
2.5-50 mg/L FeCls and CuCl. In agreement to the NIST LIBS database, in the LIBS spectra
obtained from 50 mg/L FeCls and CuCl,, we received three standard peaks for Fe (As=358.23 nm,
A=374.90 nm, and A10=384.12 nm), one standard peak for Cu (A;=521.87 nm), and built the
calibration curves. The Limits of detection for Fe and Cu were found.

After conducting LIBS experiments with the natural waters of Ukraine and based on
calibration curves, the Fe** and Cu** content of the Dnipro River, Blue Lake (Kyiv) and natural
source of Obukhiv, were calculated and compared with MPC from World Health Organization. It
was found that for Dnipro River: Fe** 0.23 mg/L, Cu** 0.15 mg/L, for Blue Lake: Fe** 0.2 mg/L,
Cu?* 0.12 mg/L, as well as for natural source of Obukhiv: Fe** 0.17 mg/L, Cu®*" 0.1 mg/L.
According to the WHO for Ukrainian natural sources, MPC for Fe**and Cu®*equal of 0.2 mg/L
and 0.1 mg/L, respectively [4].

The purification of industrial and municipal wastewater is a non-negotiable requirement
for both environmental protection and public health. Proper wastewater purification is the key to
preserving natural waters from pollution. Among the most hazardous contaminants, heavy metals
pose a unique and severe threat because of their fundamental nature. Unlike organic pollutants,
heavy metals are non-degradable; they cannot be broken down chemically or biologically and
persist indefinitely in environment. The global transition toward a circular economy requires
converting industrial waste streams into valuable resources. Biosorbents derived from agro-
industrial waste provide a compelling, sustainable solution to heavy metal contamination [5].

The purpose of this part of investigation was to create novel sorption materials from walnut
shells using two distinct modification processes and subsequently assess their capacity for
removing inorganic ecotoxicants. The raw material consisted of walnut shells crushed to a particle
size of 1-2 mm. The sorbents were prepared by treating the shells with either pure acetic acid (AA)
or a mixture of acetic acid and 9 % hydrogen peroxide (AAHP). Both reactions were performed at
90 °C with a solid-to-liquid ratio of 5:1.

Sorption of inorganic heavy metal ions was studied using iron Fe*" and copper Cu?>" model
solutions, with concentrations ranging from 10-50 mg/L and 50-250 mg/L, respectively, over a
120-minute period using 0.50 g of sorbent and 50 mL of solution. Concentrations were monitored
spectrophotometrically.

The chemical modifications induced significant and beneficial structural changes in the
walnut shell matrix (Table). During treatment in the hot AA medium, the primary mechanism was
acid hydrolysis. This promoted the selective removal of both low- and high-molecular-weight
polysaccharide components and facilitated the dissolution of mineral components. This structural
cleaning had a profound positive impact on the pore volume of the sorbent 1, making the binding
sites more accessible. The addition of the strong oxidizing agent (AAHP) resulted in a much more
significant decrease in the yield of the lignocellulosic material. This yield loss was directly
attributed to the efficient removal of a substantial portion of aromatic substances, primarily lignin.
Consequently, the content of remaining polysaccharides (cellulose and hemicellulose)
significantly increased in the modified sorbent 2, simultaneously reducing the mineral content by
more than half compared to the initial raw material.
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Table. Characteristics of walnut shells and obtained biosorbents

Sorbent Component content, %
Material / sorbent yl(;ld’ cellulose lignin minerals others
0
Walnut shells - 41.2 37.5 23 19.0
Sorbent 1 86.0 27.3 48.3 0.3 24.1
Sorbent 2 40.2 76.8 0.8 1.2 21.2

It 1s known that due to the presence of various functional groups (methoxyl, hydroxyl,
carbonyl), plant materials are characterized by certain sorption properties for metal cations. In
addition, heavy metal ions can bind tannins contained in unmodified walnut shells to form
insoluble compounds. An important role in ion-exchange properties is also played by the mineral
component that can participate in ion exchange reactions.

Since the initial sample is characterized by the maximum content of mineral substances
and a high content of lignin, organic substances with various functional groups, it has the
maximum sorption capacity for Fe** and Cu?". Modification of the walnut shell in an AA
environment leads to a significant decrease in the content of mineral components, but the relative
content of lignin increases slightly. Perhaps this is why the sorption capacity of sorbent 1 for heavy
metal cations is slightly reduced. The lowest sorption capacity for the studied ions corresponds to
the sample with the maximum content of the polysaccharide component. Overall, the obtained
plant sorbents demonstrated a high sorption capacity toward heavy metal ions: Fe*>* were removed
with a capacity ranging from 18-29 mg/g, and Cu®" removal capacity ranged from 33-44 mg/g.
These figures position the modified walnut shells as competitive alternatives to commercial heavy
metal adsorbents.

Therefore, by investing in water quality monitoring and purification, using advanced
technologies, such as laser-induced breakdown spectroscopy and biosorption treatment, 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 for health
and wellbeing in general around the world and for Ukraine in difficult period of war.
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UTILIZING LEATHER PRODUCTION RESIDUES TO DEVELOP FUNCTIONAL
COLLAGEN GELS FOR BIOMEDICAL APPLICATIONS
ITungin 0.8, Maistrenko L.A., Pokholenko Ia. O., Okhmat O.A., Mokrousova O.R.
Kyiv National University of Technologies and Design, Ukraine, Kyiv, olgaungin@gmail.com

The leather industry generates huge volumes of waste, which constitute a significant
environmental burden. It is estimated that up to 60—70% of raw hide is converted into waste, a
significant portion of which consists of trimmings from mechanical processing and semi-finished
products. Most of these residues, such as fleshings, limed pelt, and delimed pelt, are rich in protein
— collagen, a valuable natural polymer. Collagen, as the main component of the extracellular
matrix, is widely used in biomedicine for creating implants, tissue engineering scaffolds, drug
delivery systems, and wound healing materials. Therefore, the development of effective and
environmentally friendly methods for extracting high-quality collagen from leather production
waste is an extremely relevant task, aligning with the principles of the circular economy and
contributing to reduced environmental pollution. The aim of this work was to investigate the
feasibility of obtaining biomedically suitable collagen from various types of leather industry waste
and to evaluate the characteristics of the resulting gels.

Materials and Methods. Three main types of waste were used for the experimental studies:
limed pelt, delimed pelt, and fleshings. Each type of waste underwent pre-treatment to remove
undesirable impurities (e.g., fat and mineral salts). Specifically, limed pelt samples were subjected
to a delining stage using 3% ammonium sulfate at a temperature of 38-40°C for 1 hour. After
grinding to a size of 3X3 cm, protein components were extracted using a sequential extraction
method. A combination of alkaline and acidic treatment methods was applied to optimize the yield
and purity of the collagen. A total of three sequential extractions were performed for each waste
type to maximize protein yield. The isolated collagen solution was subjected to dialysis and
lyophilization. The quantitative protein content in the extracts was determined by two independent
methods: Biuret and Bradford. Furthermore, the mass fraction of moisture, minerals, and total
nitrogen in the starting materials was determined. To assess the suitability of the obtained collagen
for biomedical application, its physicochemical properties were investigated, including thermal
stability, rheological characteristics, and the ability to form gels under physiological conditions. A
crucial step involved evaluating the purity and molecular structure of the collagen using SDS-
PAGE electrophoresis to confirm the presence of characteristic a- and B-chains.

Results. Analysis of the initial raw materials showed that delimed pelt has the highest mass
fraction of total nitrogen (an indicator of protein content), approximately 15.0%, while limed pelt
contains a high percentage of mineral substances (up to 10.7%), mainly due to lime residues.
Fleshings, although containing the most minerals (up to 31.7%), have a relatively low total
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nitrogen content (5.4%), indicating greater heterogeneity and the presence of non-collagenous
components.

The results of sequential extraction indicate that the highest protein yield was achieved from
the delimed pelt samples, especially during the first and second stages. For instance, for delimed
pelt, the total protein amount determined by the Biuret method was 25.3 mg and 11.4 mg for the
first and second extractions, respectively. These values were slightly lower for limed pelt. The use
of the Biuret and Bradford methods allowed for precise estimation of the protein concentration,
which in the most effective extracts from delimed pelt reached 52.71 pm 0.53 mg/100 mL (Biuret)
and 63.51 pm 0.64 mg/100 mL (Bradford). The high concentration and purity of protein in these
samples confirm that delimed pelt is the most promising raw material for obtaining biomedical
collagen.

A key finding is the successful gel formation from the obtained collagen solutions. The
collagen isolated from delimed pelt demonstrated the necessary ability for self-assembly
(fibrillogenesis) and the formation of a stable three-dimensional network upon increasing the
temperature to physiological (37°C) and neutralizing the pH. This indicates that the extraction
process successfully preserved the native triple-helical structure of the collagen molecule, which
is critically important for its biological activity and cell interaction. Moreover, rheological analysis
confirmed that the resulting gels possess sufficient mechanical strength and elasticity, a
prerequisite for use as scaffolds for cell culture in tissue engineering.

It was also established that collagen gels derived from waste exhibit a high biocompatibility
profile, as evidenced by successful cell viability tests. This paves the way for their application in
the development of medical devices, particularly wound dressings, which can accelerate the
regeneration process by providing a favorable microenvironment for fibroblast proliferation and
angiogenesis. The low immunogenicity inherent in purified collagen makes it an ideal candidate
for use in the human body.

Conclusions. The conducted studies successfully demonstrated that leather production
waste, particularly delimed pelt, can be effectively valorized as a source of high-quality collagen.
The developed extraction methodology allows for obtaining a purified collagen product with a
preserved native structure, which exhibits excellent gelling characteristics. The resulting collagen
gels are functionally suitable for a wide range of biomedical applications, including tissue
engineering and regenerative medicine. Thus, this research offers an environmentally and
economically sound solution for industrial waste management, transforming it into valuable
biomaterials.

INTEGRATED ASSESSMENT OF MICROBIOLOGICAL WATER SAFETY USING
FISH TECHNIQUE AND AUTOMATED IMAGE ANALYSIS BASED ON DEEP
LEARNING
L2 Jamka K. *, ' Kozlowska A., *Raszewski G., 'Eagéd G.

!Department of Water Supply and Wastewater Disposal, Faculty of Environmental Engineering
and Energy, Lublin University of Technology, Nadbystrzycka 40B, 20-618 Lublin, Poland,
’Department of Toxicology and Food Safety, Institute of Rural Health, Jaczewskiego 2, 20-090
Lublin, Poland
*corresponding author: d634@pollub.edu.pl

The demand for potable water is continuously increasing with the growing population,
especially in urban areas, as well as due to industrial and commercial development. An additional
challenge is posed by the adverse effects of climate change, which affect the availability of
traditional water sources. In response to these issues, authorities worldwide are actively seeking
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alternative water sources to meet the constantly rising demand. Among the most widely studied
alternatives, roof-harvested rainwater is considered one of the most cost-effective options. It can
be used for both potable and non-potable purposes, including irrigation, toilet flushing, car
washing, showering, and laundry. However, there is still insufficient information regarding the
microbiological quality of roof-collected rainwater and the associated health risks. Pathogenic
microorganisms such as Aeromonas spp., Campylobacter spp., Legionella spp., Salmonella spp.,
Giardia spp., and Cryptosporidium spp. may be present in fecal material from birds, mammals,
and reptiles with access to roofs. During rainfall, this material can be washed into storage tanks,
posing a potential health hazard.

Ensuring microbiological water safety remains a major public health challenge. Traditional
monitoring methods based on time-consuming cultivation of fecal indicator bacteria (FIB) are
considered insufficient. These approaches show poor correlation with the actual presence of many
pathogens (e.g., viruses and protozoa) and fail to detect viable but non-culturable (VBNC) cells.
Although VBNC cells do not grow on standard media, they retain metabolic activity and virulence,
representing a hidden risk to consumers. Particular difficulties arise in monitoring pathogens such
as Campylobacter spp., which are among the leading causes of bacterial gastroenteritis worldwide.
These bacteria, often detected in rainwater contaminated by animal feces, are difficult to culture
and can enter the VBNC state in response to environmental stress. This highlights the urgent need
to develop rapid, culture-independent detection methods that provide reliable quantitative data for
modern Quantitative Microbial Risk Assessment (QMRA).

A promising approach to address these challenges is the use of Fluorescence In Situ
Hybridization (FISH), which employs fluorescently labeled oligonucleotide probes targeting
ribosomal RNA (rRNA). This method allows direct identification and quantification of specific
bacterial cells in complex environmental samples. Furthermore, to overcome the limited sensitivity
of conventional FISH toward cells with low metabolic activity (low rRNA content), a signal
amplification variant known as CARD-FISH (Catalyzed Reporter Deposition FISH) can be
applied. The enzymatic signal amplification in CARD-FISH enables clear visualization and
detection of slow-growing or dormant cells, including those in the VBNC state.

However, manual microscopic analysis remains a major bottleneck—it is time-consuming,
labor-intensive, and prone to operator subjectivity. To overcome these limitations, an essential
component of the study is the implementation of automated microscopic image analysis based on
computer vision techniques. This approach can rely on both classical image segmentation
algorithms (thresholding, morphological operations) and advanced deep learning (DL) models
based on convolutional neural networks (CNNs), such as U-Net, Cellpose, or StarDist. The
procedure, integrating deep learning algorithms with image acquisition systems, represents an
example of a computer vision—based framework enabling objective and automated microbiological
assessment. Neural networks trained on annotated reference datasets substantially improve the
accuracy, reproducibility, and robustness of analyses across variable environmental samples
compared to traditional manual methods. The research strategy assumes quantitative validation of
the developed DL models through comparison of automated cell counts with expert manual
evaluation of microscopic fields.

The proposed concept aims to develop an integrated microbiological monitoring platform
combining the molecular specificity of (CARD-)FISH with the objectivity and scalability of image
analysis based on ML/DL algorithms. The application of deep learning methods enables automatic
identification and enumeration of fluorescently labeled target cells, eliminating subjective
interpretation and enhancing result reliability. This integrated solution represents a significant step
toward rapid, standardized, and reproducible microbiological water safety assessment, supporting
risk management, operational monitoring, and early warning processes in water and wastewater
management.
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MUNICIPAL WWTP SEEN THROUGH THE PRISM OF THE IRMS METHOD
Jaromin-Glen K., Polakowski C.!, Pilat-Rozek M. 2, Bieganowski A.!
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Wastewater treatment plants (WWTPs) represent complex engineered bioreactors
characterized by steep physicochemical gradients that establish heterogeneous
microenvironments, influencing microbial activity and biochemical transformations. Despite
significant advancements and widespread implementation of treatment technologies worldwide,
major knowledge gaps persist in elucidating the microbiological and biochemical mechanisms
governing pollutant fate and transformation. The multifaceted complexity of these processes stems
from the diverse interactions within microbial consortia and the dynamic nature of operational and
environmental parameters, which complicates a holistic understanding of treatment efficacy.

Isotope Ratio Mass Spectrometry (IRMS) is a paramount analytical technique facilitating
high-precision quantification of stable isotope ratios, typically expressed in delta notation (3, %o)
relative to international standards. IRMS commonly targets isotopes of hydrogen (*H/'H), carbon
(BC/2C), nitrogen ('*N/N), oxygen ('*0/'®0), and sulphur (**S/*2S). These isotope ratios are
established based on invariant natural baselines forged during Earth's formation but are
subsequently influenced by physical, chemical, and biological processes active within WWTPs,
such as nitrification, denitrification, ammonification, and organic matter degradation. During these
transformations, preferential utilization of lighter isotopes (**C, *N) results in isotopic enrichment
of residual substrates with heavier isotopes (**C, '*N), providing detailed insights into the
metabolic pathways and environmental influences affecting organic matter processing.

Acknowledging that stable isotope ratios serve as sensitive quantitative biomarkers
susceptible to fractionation from various biochemical and physicochemical factors, this study also
investigates the potential isotopic effects induced by pretreatment procedures applied to sewage
sludge prior to further processing. A comprehensive literature review of common sludge
pretreatment methods was conducted, focusing on their operational principles and impacts on
sludge composition.

Empirical investigations were performed on sludge samples collected from six distinct points
within the Hajdow Municipal Wastewater Treatment Plant in Lublin, Poland, which operates at an
average daily flow rate of 120,000 m3/d. Stable isotope ratios of carbon (3'*C) and nitrogen (3'°N)
in these samples were measured using IRMS to assess the influence of selected pretreatment
techniques on isotopic signatures. The results demonstrate that while pretreatment effects on
isotopic composition are subtle, they exhibit a complex pattern and can surpass isotopic shifts
related to the primary sample treatment processes themselves.

These findings contribute to refining the interpretation of stable isotope data in wastewater
research and emphasize the necessity for standardized protocols accounting for pretreatment
impacts to improve the understanding of microbial-mediated treatment pathways and pollutant
transformations within engineered wastewater systems.
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BIOPOLYMERS SYNTHESIZED BY ANTARCTIC PLANT-ASSOCIATED BACTERIA
FOR CHEMICAL TECHNOLOGY
Kalinichenko 0.0., Morin V.V, Okhmat O.A., Iungin O.S.
Kyiv National University of Technologies and Design, Ukraine, Kyiv,
kalinichenko742135@gmail.com

The burgeoning demand for sustainable, biocompatible, and biodegradable polymers in
modern chemical technology necessitates exploring novel microbial sources. Extremophile
microorganisms, particularly those associated with plants in harsh environments like Antarctica,
are often adapted to synthesize unique biopolymers - such as exopolysaccharides (EPS) and
polyhydroxyalkanoates (PHA) - to cope with extreme conditions like low temperature and nutrient
stress. EPS are extracellular polymers renowned for their diverse physicochemical properties,
including high viscosity, excellent gelling capacity, and emulsion stabilization, making them
promising alternatives to conventional, petroleum-based polymers. Conversely, PHA are
intracellular storage compounds structurally analogous to synthetic plastics, widely recognized for
their potential as biodegradable replacements for polyethylene and polypropylene. While PHA
serves as an energy store critical for survival within microbial biofilms, EPS often constitutes the
main structural component of the biofilm matrix. The intricate interplay between these two
biopolymers and their high-value potential in the context of psychrotolerant endophytic bacteria
from Antarctica remains largely underexplored. The overarching goal of this integrated research
was to evaluate the functional properties of EPS and the production efficiency of PHA from
Antarctic plant-associated bacterial communities and pure strains, thereby defining their potential
utility in chemical technology and sustainable bioproduction.

Materials and methods. For EPS production two Antarctic plant-associated bacterial
strains, Hafnia psychrotolerants 25.2 and Pseudomonas sp. 39.4, were cultivated under stationary
conditions in Nutrient Broth (NB) and Minimal Salt Media (MSM) at 25°C and 37°C for six days.
Two fractions were collected: the biofilm fraction (adhered cells/matrix) and the planktonic cell
fraction (suspended cells). Three different extraction protocols were applied to the samples: acidic
extraction, formamide extraction, and EDTA extraction. Standardized laboratory protocols were
used to determine critical physicochemical parameters of the resulting EPS solutions, including
pH, density, relative viscosity, and surface tension.

For PHA accumulation and extraction two types of microbial communities associated with
Antarctic vascular plants were studied: air-liquid-solid (ALS) and liquid-solid (LS). These
communities were cultivated stationary in Minimal Salt Medium (MSM) at 25°C for six days. The
ability to accumulate intracellular PHA was initially confirmed using histochemical methods with
Sudan Black staining and the fluorescent dye Nile Red analyzed via Confocal Laser Scanning
Microscopy (Leica TCS SPE Confocal system). After harvesting the biofilms via centrifugation
(160000 rpm, 20 min), the dried biomass was disintegrated using an ultrasound bath. PHA was
subsequently extracted using chloroform for 24 hours, followed by precipitation with cold ethanol
at 4°C overnight. The precipitated PHA was then washed with cold ethanol and dried at 40°C. The
concentration of PHA was quantified per gram of dried microbial biomass (ADM).

Results. The EPS derived from the biofilm fraction of both Hafnia psychrotolerants 25.2
and Pseudomonas sp. 39.4, when cultivated in NB medium at 25°C (without prior acidic
hydrolysis), consistently demonstrated the most promising indices for both viscosity and density.
This suggests that moderate-temperature cultivation and complex media favour the synthesis of
EPS with desirable rheological characteristics. Conversely, the highest value for surface tension -
crucial factor for emulsifiers and surfactants - was observed for EPS extracted with formamide
from the planktonic fraction of the Hafnia psychrotolerans 25.2 strain cultivated in MSM. This
highlights that the choice of medium (NB vs. MSM) and extraction method significantly influences
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the functional characteristics of the final biopolymer, which is essential for tailoring them to
specific chemical applications

PHA accumulation was successfully confirmed histochemically in both the ALS and LS
microbial communities via Sudan Black staining. However, only the ALS community showed
clear visualization of lipid complexes using Nile Red fluorescence. Despite this difference in
microscopic visualization, the standard extraction protocol yielded a consistent final concentration
of 4 mg of PHA per gram of ADM for both community types. Crucially, the biomass productivity
of the ALS community was determined to be fivefold greater than that observed in the LS
community. This significant difference in overall biomass yield, while maintaining the same PHA
accumulation rate, positions the ALS community as a far more efficient and economically viable
source for large-scale PHA production.

Conclusions. Endophytic bacteria isolated from harsh Antarctic environments possess
exceptional potential for synthesizing diverse, functional biopolymers critical for chemical
technology. The EPS produced by Hafnia psychrotolerants 25.2 and Pseudomonas sp. 39.4
demonstrate variable functional properties (viscosity, density, surface activity) highly dependent
on the cultivation medium and extraction technique, offering tunable characteristics for
applications like gelling agents or stabilizers. Furthermore, both ALS and LS microbial
communities accumulate PHA, but the ALS community exhibits a fivefold advantage in biomass
productivity, making it the superior candidate for industrial-scale PHA bioplastic production. This
research successfully links the unique adaptive mechanisms of psychrotolerant Antarctic
microorganisms to the sustainable production of high-value biopolymers, providing a crucial step
toward replacing synthetic petrochemicals with bio-based materials in advanced chemical and
industrial processes.

THE IMPLEMENTATION OF INNOVATIVE VIROLOGY SOLUTIONS IS KEY TO
THE CONSERVATION OF WATER ANIMAL BIODIVERSITY

Klestova Z.S., Prof. Dr.
BioTestLab, Ukraine, Kyiv
E-mail: zinaklestova@gmail.com

The world's water resources have enormous potential. However, the current state of water
resources is a global concern due to pollution from industrial effluents and agricultural runoff,
as well as the excessive and unsustainable use of water. These negative factors often lead to
pathogens spreading through water, causing infectious diseases in humans and animals,
including fatalities. Maintaining the balance of marine biodiversity, including marine
mammals, remains an important environmental and economic challenge. The modern threats to
the health and biodiversity of marine mammals depend on many factors, including climatic and
biological changes. One such biological factor is viruses, which are occupying new ecological
niches in wild mammals and can spread through water. These viral infections are dangerous for
livestock and humans.

Approximately 90% of human deaths from diarrhoeal diseases worldwide are caused by
poor water quality, poor sanitation and poor hygiene. Diarrhoea is the second leading cause of
death in children under five worldwide, with 1.2 million deaths recorded in 2012 (UNICEF).
The World Health Organization (WHO) classifies the following waterborne viruses:
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adenoviruses, astroviruses, hepatitis A and E viruses, rotaviruses, noroviruses, caliciviruses and
enteroviruses (including coxsackie viruses and polioviruses). Additionally, viruses excreted in
urine, such as polyomaviruses and cytomegaloviruses, can potentially spread through water.
Other viruses, such as influenza and coronaviruses, can also be transmitted through drinking
water.

In addition to causing diarrhoea, gastroenteritis, fever and vomiting, water-borne viruses
can lead to more serious diseases, including encephalitis, meningitis and myocarditis
(enteroviruses), cancer (polyomavirus) and hepatitis (hepatitis A and E viruses). Some of these
viruses have an extremely low infectious dose: the probability of becoming infected by one
rotavirus particle is 31%. Viruses are excreted in very high quantities in the faeces, even in
asymptomatic carriers. For example, one gram of faeces can contain up to 10'' norovirus
particles (Hall, 2012). Shell-less viruses can persist in water for a long time (up to 21 days),
and, once they enter sediment, they can remain stable there at higher concentrations than in
water (Anisha Dayaram et al., 2017).

Viruses known to occur in marine mammals include morbilliviruses, influenza A subtype
HINT, highly pathogenic influenza virus H5N1, herpesviruses (types 1 and 2), parapoxviruses,
rhabdoviruses (including the rabies virus) and adenoviruses (which cause hepatitis in seals).
Some sewage contaminants may play a role in the prevalence of viruses in coastal waters.

The biggest concern for humanity right now is the spread of the SARS-CoV-2 virus and the
resulting pandemic. Concerns have been raised about the spread of SARS-CoV-2 due to its rapid
mutation and adaptation to new species, as evidenced by its presence in wildlife. Some marine
mammals, which have a homologue of the ACE-2 receptor (the receptor for SARS-CoV-2), may
be susceptible to infection. For instance, eight out of fifteen Mediterranean marine mammal
species possess an ACE-2 amino acid sequence susceptible to SARS-CoV-2 infection. This could
pose a threat not only to marine animals, but also to humans, potentially triggering a new wave of
disease. There is an urgent need to increase surveillance of infections in free-swimming mammals
and examine stranded or unusually behaving animals.

Therefore, rapid pathogen detection in water is key to a rapid response to biological risks,
strengthening the biosecurity of regions and countries and preventing viral infections. We are
therefore developing new express methods and devices for the rapid detection of viruses in water
and biological fluids.

These developments are intended for the specific control of utilities, industry, agriculture,
aquaculture, water in natural reservoirs, and the state of marine animals, as well as in areas affected
by military conflict and ecological disasters.

We propose using our experience and expertise in studying viral infections. To this end, we
can offer methodologies for monitoring and isolating human and marine mammal viruses,
analysing viral genomes, studying phylogenetic relationships and epidemiology, identifying new
reservoirs and viral ecological niches, and collecting viral isolates for characterising relevant
viruses and identifying vulnerabilities in their replication cycle for use in prophylactic and
therapeutic approaches.
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ANAEROBIC CO-DIGESTION OF SEWAGE SLUDGE AND HERBAL WASTE IN THE
PRESENCE OF A ZEOLITE
M. Lebiocka*, A. Szaja, A. Montusiewicz V. Kolodiazhnyi
Faculty of Environmental Engineering and Energy, Lublin University of Technology,
Lublin, Poland
Nadbystrzycka 40B, Lublin, 20-618, Poland
*corresponding author: m.lebiocka@pollub.pl

In the age of climate and energy crises, the development of the global economy in various
industries faces an unprecedented challenge related to reducing the dependence on fossil fuels.
The problem of alternative energy sources and energy security is becoming a global issue. In
response to these challenges, the European Union is focusing on the transition to advanced biofuels
produced from sustainable raw materials. An innovative approach based on lignocellulosic waste
biomass as a renewable energy source may be a promising solution with high energy potential
(Abraham et al., 2020). The sources of lignocellulosic biomass are agricultural waste, including
herbal waste, forestry waste, as well as the organic fraction of municipal and industrial waste
(wood, paper) (Roy et al., 2021).

Currently, the preparations used in natural medicine, cosmetics, and healthy foods are
attracting increasing attention and interest from consumers. As a result, there is a growing demand
for herbal raw materials, which leads to a gradual increase in the amount of herbal waste generated.
Herbal waste can be used and processed in briquetting or pelletizing processes, and the products
of these processes can be used as fuel (combustion) or animal feed (Obidzinski et al., 2017).
However, there are no reports in the literature on the possibility of using herbal waste in biological
processing. Due to its physicochemical composition, significant content of organic matter, micro-
and macroelements, as well as nutrients, lignocellulosic biomass waste of herbal origin can be a
beneficial substrate or co-substrate for the methane fermentation process. According to the studies
conducted by many researchers, lignocellulosic biomass has high methane potential, but its phenol
content and complex structure may negatively affect the biogas production efficiency (Paudel et
al., 2017; Kumari and Singh, 2018). This paper evaluates the possibility of using natural zeolites
as substances that absorb phenolic compounds from herbal waste in the process of mesophilic
anaerobic co-digestion (AcD) of herbal waste (HW) with sewage sludge (SS).

The main substrate, SS (mixture of thickened primary and excess sludge) was obtained from
mechanical-biological WWTP located in Lublin (Poland). Under laboratory conditions, both types
of sludge were mixed at the volumetric ratio of 60:40 (primary:excess). The inoculum for AcD
was obtained from the same facility; it was taken from the outlet of mesophilic anaerobic digester.
HW were chosen as co-substrates for SS and was taken from a local herbal industry. The applied
zeolite, was a natural resource-obtained zeolitic tuff from a quarry near Nizny Hrabovec located
in Slovakia. The impact of zeolite application on the AcD of SS and HW was investigated in a
batch system experiment. The BioReactor Simulator, supplied by BPC Instruments AB (BPC
Instruments AB, Lund, Sweden), was used as a laboratory installation. This installation comprised
two units, with the first unit containing six anaerobic reactors, each fitted with a mixing system,
and submerged in a water bath to maintain a consistent temperature of 35°C; the second one was
applied to constantly monitor the volume of the generated biogas.

The working volume of each batch reactor was 2000 mL; they contained 1400 mL of
inoculum and 400 mL of SS. In this study, three experimental series were planned, according to
the following assumptions: R1—control series, mono-digestion of SS; R2—AcD of SS and HW;
R3—AcD of SS and HW in the presence of a zeolite. In series R2 and R3 the doses of HW were
3.0 g. The amount of the applied zeolites in R3 was 2.0 g. The fermentation time was 21 days.
From the technological point of view of the lignocellulosic biomass fermentation process, the
possible inhibition by phenols is an important factor. Phenols have a toxic effect on
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microorganisms responsible for individual stages of fermentation, especially methanogens. Even
at low concentrations, they can inhibit enzymatic activity and reduce biogas production, and they
also affect the structure of the microbiome (He et al., 2022). Furthermore, they can lead to the
accumulation of intermediate products (e.g. volatile fatty acids) as they inhibit the processes of
hydrolysis, acidogenesis and acetogenesis (Prem et al., 2023). The phenol content in the feedstock
was 64.3 mg dm?, 69.2 mg dm™ and 71.1 mg dm™ for R1, R2 and R3, respectively. The addition
of herbal waste increased their concentration in the mixtures feeding the reactor. In the case of
digest, an increase in their concentration compared to supply was observed; the largest increase
(49%) was recorded in series R2, where SS and HW were fermented without the zeolite addition.
When the zeolite was used (R3), the increase in phenol concentration was 31%. The lowest phenol
concentration in the digest as well as the lowest increase during the process were observed in the
sewage sludge mono-fermentation series (R1). This was also reflected in biogas production. The
highest biogas production of 190 ml gVS™! was reported in the R3 series, while the lowest in R1
(167 ml gvS™.

In summary, the addition of a natural zeolite to the co-fermentation process of sewage sludge
and herbal waste may have a beneficial effect on the possible process inhibition by phenols
introduced into the system together with lignocellulosic waste biomass. The studies also suggest
that the use of a zeolite has a beneficial effect on the amount of biogas produced.
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THE MECHANISM AND PREVENTION IN CORROSION PROTECTION FOR
SELECTED SYSTEMS AND DEVICES MADE OF AUSTENITIC STAINLESS STEEL
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MARCOR Company Ltd, Kolobrzeska 30, 80-394 Gdansk, Poland

’Faculty of Civil and Environmental Engineering, Gdansk University of Technology,
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Corrosion problems arising from various factors continue to pose major environmental and
technological challenges in many industrial sectors. The article presents a detailed analysis of
various corrosion phenomena observed in piping systems and devices made of austenitic
chromium-nickel stainless steels operating in aqueous environments within the food industry and
district heating processing. The study explores the mechanisms underlying pitting, crevice, and
sub-sedimentary corrosion occurring in chloride-rich water conditions, affecting the integrity of
stainless steel components. Numerous case studies are provided, illustrating corrosion damage
under defined environmental parameters, supported by photographic documentation, with
particular emphasis on heat exchangers. The article highlights the importance of corrosion
mitigation strategies, specifically through chemical pickling and passivation treatments. These
procedures are conducted in baths designed to simultaneously remove existing deposit layers and
regenerate protective passive films on the surfaces of chromium-nickel stainless steels.

The obtained results based on the discussed selected examples of the fundamental
mechanisms and causes of systems and devices corrosion made of austenitic steels, indicated that
the corrosion resistance of these steels in water installations is limited and depends on various
factors. These include e.g. material-related (chemical composition), environmental conditions
(chemical composition of the surrounding environment), ambient temperature, hydraulic flow,
welding method and shielding gas, lack of etching and passivation of the surface after assembly.
Other difficult to define factors, such as microbiological corrosion, may also play a significant
role. Moreover austenitic steels used in water installations are particularly susceptible to corrosion.
The occurrence of a specific type of corrosion, such as pitting, crevice and under deposit corrosion,
is determined by many factors, as mentioned above. However, a damaged passive layer surface
and environmental conditions, mainly the presence of chlorides, elevated temperature and lack of
steel surface preparation after installation, mainly promote these forms of corrosion.

Among all the cases considered, the most favourable effect of austenitic steels protection
against corrosion was recorded for both 304 and 316L AISI steel grades. In aqueous environments,
effective protection involves initial or periodically repeated surface regeneration in baths where
etching and passivation occur in acidic solutions of oxidizing acids, with the addition of a strong
oxidizer, preferably hydrogen peroxide.
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BALANCING INFLOW VOLUMES AND LOADS TO THE SEWAGE TREATMENT
PLANT THROUGH DYNAMIC SEWER NETWORK MANAGEMENT
Mueller-Czygan G., Tarasyuk V.

Institute for Sustainable Water Systems, University of Hof, Germany
e-mail:quenter.mueller-czygan@hof-university.de , viktoriya.tarasyuk@hof-university.de

Sewer networks and sewage treatment plants must be adapted to challenges such as stricter
legal requirements and increasing environmental demands. Climate-related extreme events such
as heavy rainfall and periods of drought place particular demands on structural adaptations and the
management of these infrastructure facilities. While heavy rainfall events lead to hydraulic
overloads, backwater including flooding and mixed water discharges, periods of drought cause
deposits, odour problems and corrosive processes in the sewer network. In many cities, this stress
situation leads to an unstable inflow situation in sewage treatment plants, increased energy
requirements, fluctuations in cleaning performance and difficulties in complying with limit values
[1]. Against this background, the InSchuKa4.0 research project investigated how intelligent and
dynamic control of the sewer network can contribute to adaptation to extreme weather events,
reduce mixed water discharges and increase the operational reliability of existing systems. It was
found that this innovative sewer network management can also be used to specifically relieve
sewage treatment plants and, depending on the design, avoid the need for capacity expansion, e.g.
through the construction of new treatment facilities. The combination of modern sensor
technology, hydrodynamic simulation and innovative control based on the principle of case-based
reasoning (CBR) enables adaptive network management. This involved specifically combining the
empirical knowledge of operating personnel with real-time data and weather forecasts, a method
that is particularly suitable for locations with little data documentation. In practice, this means that
unused storage volume in the sewer is used in a targeted manner, the flow behaviour of the
wastewater in the sewer is controlled situationally by intelligently networked flushing gates, and
additional inflow volumes to the sewage treatment plant can thus be smoothed out — with positive
effects on the hydraulic utilisation, operational safety and energy consumption of the entire sewer
network and sewage treatment plant system. Using the city of Jena as an example, the InSchuKa4.0
project demonstrated that additional storage volume of around 8,000 m? can be made available in
the existing sewer system and that mixed water discharges can be reduced by up to 50% if control
and technology are optimally coordinated. It is particularly noteworthy that all this was made
possible by minimally invasive technical retrofits consisting of sensor technology, machine
technology and Al-based digitalisation in existing structures.

Load situation at municipal sewage treatment plants. In urban combined sewer systems,
climate-related frequent heavy rainfall events lead to sudden overloads, where the existing
retention volume in the sewer network is insufficient or underutilised. As a result, large quantities
of untreated combined sewage must be discharged directly into water bodies because sewage
treatment plants cannot accommodate these additional wastewater volumes due to existing volume
limitations. At the same time, prolonged dry periods promote the formation of deposits on the
sewer floor, leading to odour problems, sulphide formation and an increased risk of corrosion.
These two extremes — overflow during heavy rainfall and sediment growth during dry periods —
are occurring more frequently and in closer succession during the summer months, placing a
considerable strain not only on the sewer network but also, depending on the inflow situation, on
the operation of sewage treatment plants. The resulting fluctuations in inflow volumes impair
continuous biological treatment, increase energy consumption due to the need for adjustments and,
in the worst case, lead to inadequate treatment performance, which jeopardises compliance with
legal requirements [2]. Most existing control concepts for sewers and sewage treatment plants are
based on rigid operating strategies that are not suitable for the changes in load described above.
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One possible solution would be to expand the sewer infrastructure with increased storage capacity,
but this is not financially feasible in many municipalities [3]. The solutions developed in the
InSchuKa4.0 research project! offer a cost-effective and efficient alternative with data-based,
dynamic sewer network control.

Intelligent sewer network control to relieve sewage treatment plants. The InSchuKa4.0
project pursues an integrated approach that expands classic control concepts with intelligent data
processing and case-based decision logic. At its heart is a control system that works according to
the principle of case-based reasoning (CBR) — an artificial intelligence method in which past
operating situations are stored as cases, compared with new, comparable situations and thus made
available for current decisions. This systematically links the operational staff's experience and
knowledge with current measurement data. Each management case is stored as a so-called "case"
in a knowledge database and compared with real-time data from sensors, operational management
and weather forecasts. Through this comparison, the system automatically identifies the control
strategies that have been successful in comparable situations in the past, and the operating
personnel can draw on these suggestions. It is particularly important that the decision-making
processes remain transparent and traceable — an essential aspect for operations in a municipal
environment [4].

This method was put into practice in the sewer network of the city of Jena. In a detailed
simulation study, weak points such as hydraulic bottlenecks and areas with potential hydraulic
storage volume were first identified, taking into account necessary flushing processes and unused
potential in the network. It was found that, particularly during moderate rainfall events, additional
storage volumes can be utilised by specifically activating this retention potential, which results in
a more even inflow to the sewage treatment plant and prevents adverse effects on the treatment
process. On this basis, two existing structures in the main collector were equipped with
controllable dam and flushing gates and these were connected to the new CBR control system.
This allowed both optimal use of existing storage volume and targeted flushing of the sewer beds
during dry weather phases. This concept of innovative retrofitting in existing structures did not
require any major structural work, but was implemented using modular technical components and
individually adapted installation technology (see Fig. 1).

1 The control system was linked to

Q) the existing SCADA system of the
Sl sewer and sewage treatment plant as

well as to the weather data service
NiRA.web, whose 48-hour forecasts
were integrated into the decision-
making process of the CBR system.
This enabled the system not only to
react to current measurement data,
but also to act proactively by
analysing precipitation forecasts.

Fig. 1. Concept of the retroﬁttable:sorage flap in the
Jena pilot area for activating storage space volume
and flushing. Source: HST Systemtechnik

A central element of the control approach is the continuous expansion of the CBR case database.
In the course of the project, 13 typical application scenarios were defined, representing different

! The project was supported by funds from the Federal Ministry of Education and Research (BMBF) under grant
number 02WEE1623B as part of the "Extreme Water Events (WaX)" funding programme.
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weather conditions, inflow situations and sewer conditions. These scenarios were linked to real
operating data and serve as a reference for real-time control. The results showed that the
application of this intelligent sewer network management system led to significant improvements:
the number of mixed water discharges was reduced by up to 50%, while at the same time the effort
required for manual interventions such as opening and closing throttling devices or manually
triggering flushing processes by operating personnel was significantly reduced [5]. Table 1
provides an overview of the effects in different scenarios and shows that measurable benefits were
achieved in both rainy and dry weather phases.

Table 1: Simulated combined sewer overflows (throttle opening 100%), total combined sewer
overflows from the simulated sewer network, with throttle function fully open

Combined Sewer Discharges [1000 m?]
Scenario Duration [days] Rai?ng:nt/edlisity Without Flush With Flush Reduction [%]
Protection Protection
0 7 0.00 54 4.8 11%
1 7 0.72 5.8 52 10 %
2 7 1.47 28.3 259 8 %
3 7 2.14 22.1 16.4 26 %
4 7 2.90 350.0 272.3 22%
5 7 3.79 165.5 159.0 4%
6 7 4.29 146.8 137.5 6 %
7 7 5.21 240.1 284.4 -18 %
8 3 0.00 3.0 24 20 %
9 3 1.68 20.1 8.0 60 %
10 3 3.34 3.6 3.0 17 %
11 3 5.00 79.0 393 50 %
12 3 6.97 274.1 253.2 8 %
13 3 8.35 255.2 2323 9 %
14 3 10.78 506.2 494.5 2%
15 3 15.00 504.6 581.3 -15%

In addition, it was found that a more uniform inflow situation to the sewage treatment plant could
be achieved, which led to more stable process control of the sewage treatment plant, especially in
the biological stages. This reduced the specific energy consumption per cubic metre of wastewater.
There are also advantages from an ecological point of view: reduced discharge volumes from the
sewer mean less pollution in water bodies, which in turn contributes to improving the condition of
water bodies and complying with water law requirements. The approach shows that the intelligent
use of modern process technology with predictive control and artificial intelligence in existing
sewer infrastructures improves flow behaviour in the sewer and results in effective relief for
sewage treatment plants — a pragmatic approach that can already be implemented today with less
investment than a classic structural expansion and can be transferred to other municipalities [4].
Conclusion. The results of the project show that sewer operation adapted to extreme weather
conditions and the additional relief of sewage treatment plants do not necessarily require the
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construction of further expensive storage facilities or costly conversions in the sewer network, but
can already be achieved with modern machinery and intelligent, dynamic control. The use of the
CBR principle opens up new possibilities for systematically utilising empirical knowledge, linking
it to real-time data and weather forecasts, and responding proactively to complex operating
situations. The pilot application in Jena has shown that innovative technology can significantly
reduce mixed water discharges, which not only offers ecological advantages but also contributes
to more stable, energy-efficient and safer operation of the sewage treatment plant. It is particularly
noteworthy that the approach developed remains adaptable in both technical and organisational
terms, thus representing a transferable solution for many municipalities facing similar challenges.
At a time of growing demands, dwindling resources and worsening climatic conditions, this form
of intelligent sewer network management makes a practical, economical and sustainable
contribution to sustainable water management.
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STRATEGY FOR APPLYING BESS AND CAES ENERGY STORAGE SYSTEMS IN
SBR WASTEWATER TREATMENT PROCESSES
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Sequencing Batch Reactor (SBR) technology is widely used in wastewater treatment plants
(WWTPs) and is characterised by a cyclic aeration mode. These cycles cause fluctuations in
electricity demand: during aeration, the power load rises sharply and then drops during the non-
aeration phases like denitrifcation, sedimentation and clear water outlet. Aerobic biological
treatment processes, based on activated sludge principles like Continuous Flow and SBR systems,
are responsible for up to 70% of energy consumption. Of the total electricity demand at wastewater
treatment plants [1]. Consequently, improving energy efficiency and flexibility of such facilities
has a direct impact on efficiency and thus for sustainability of their operation. Against the backdrop
of better utilization of renewable energies during periods of reduced sun activity (solar modules)

Martepianu IX MiskHapoaHOT HayKOBO-TIpakTHUHOT KoHpepeHLii «Uucra Bona. DyHmaMeHTalbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

42


https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX:52022PC0541
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX:52022PC0541
mailto:guenter.mueller-czygan@hof-university.de

or calm winds (wind turbines), energy storage systems are considered a promising solution for
compensating for lacks of available renewable energy or to take advantage of better tariffs when
purchasing energy. With differentiated tariffs (day/night) or dynamic electricity prices, shifting
part of the load from peak hours to night-time hours can significantly reduce costs [2]. Due to their
inherent high operational flexibility, SBR wastewater treatment plants are very well suited for the
optimal use of storage systems for effective energy management, as the cleaning process can be
better adapted to the availability of renewable energies than continuous flow systems. The use of
energy storage systems in SBR allows electricity to be accumulated during low tariff periods or
when there is excess generation from renewable energy sources (RES), and during peak load hours,
it can be used for aeration, thereby smoothing consumption from the grid and optimising costs
during tariff periods.

BESS and CAES for WWTPs. Among energy storage technologies, the most common are
battery energy storage systems (BESS) and compressed air energy storage (CAES) systems.
Modern lithium-ion BESS have high efficiency (=90%) and fast response times, which allows
them to be used for peak shaving by using pre-stored energy. Studies show that up to 50% of the
daily load of SBR systems can be shifted in time using storage devices without compromising the
technological process [3]. The disadvantages of BESS remain high cost and limited lifetime under
deep cycling conditions, i.e., when batteries are frequently charged and discharged with a large
depth of discharge (DoD), which accelerates aging and reduces the number of usable cycles [4].

CAES, on the other hand, is characterised by a long service life and relatively low specific
energy storage costs and do not suffer from self-discharge [2] and are therefore suitable for storing
large amounts of energy. In the context of treatment facilities, where CAES is currently no standard
solution, modified schemes have been proposed: local compressed air tanks integrated into the
aeration system. The idea is to use compressors to produce pressed air and to storage it in tanks
when there is a surplus of PV energy and use the compressed air for aeration later during peak
hours, reducing the electricity consumption of blowers [2]. In the study [2] by Cottes et al. (2020),
storage pressure was found to have only a minor impact on the overall system efficiency and
economic performance (NPV), while storage volume showed a dominant influence.

Recent studies indicate that combining different types of storage can have a synergistic effect
on the treatment plant's energy system [2, 5]. The synergistic effect refers to the complementary
interaction between different storage types: chemical or electrochemical systems providing fast
response and short-term balancing, while mechanical storage (CAES) offers higher capacity and
long-duration stability. In [2], Cottes et al. (2020) demonstrated that integrating CAES with
biogas-based CHP units reduces grid dependency through smoother load profiles, whereas [5]
describes a real wastewater treatment plant in Germany where a hybrid network of PV panels,
biogas-fueled CHP units, BESS, and heat storage ensures continuous and flexible energy supply
by combining electrical and thermal storage systems. In the context of SBR technology, such a
hybrid strategy operates by using BESS to shift the electrical demand of aeration cycles away from
high-tariff periods, while CAES compensates for short-term peaks in air consumption at the
beginning of aeration phases. Thus, the coordinated use of both storage types enables maximum
utilization of renewable energy and ensures stable operation of aeration under fluctuating inflow
and tariff conditions. This approach aligns with the broader trend of digitalisation and smart-grid
integration in wastewater treatment plants. As noted by Miiller-Czygan et al. (2023) [6], advanced
energy monitoring and adaptive control systems enable flexible and energy-efficient operation of
WWTPs, supporting the transition towards intelligent, tariff-responsive plant management.

Methodology and initial data (example of treatment plant Scheid). To study the
effectiveness of different energy storage strategies, the small Scheid treatment plant (Hesse,
Germany) was selected, which is characterised by sharp seasonal load irregularities: ~500 people
live there permanently, while in summer the population, including tourists, reaches 3,500.
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According to the operator's archive data, the months with the heaviest hydraulic and organic loads
are May and August, when the average daily inflow ranges from ~75 to 314 m?®/day. In the
modelling, the data for these "peak" months were taken as representative of the maximum loads.

The Scheid treatment plant operates on an SBR scheme with two parallel reactors, SBR1
and SBR2. The cycle of each reactor includes the phases of filling, aerobic reaction, settling and
discharge of treated water (Fig. 1).
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Fig. 1. Simulation of aeration for SBR 1 and SBR 2 at the Shayde wastewater treatment plant
(Germany), tariff periods and seasonal distribution of solar generation. Results of a numerical
experiment performed by the author in Simba 7 (Academic License license _simba?7)

When analysing the smoothing of the energy consumption profile and the reduction of
energy costs, renewable PV energy sources and storage devices with the following parameters are
used:

- a 58 kW, photovoltaic (PV) installation located on the roof of the treatment plant. For the
latitude of Scheid, a specific output of ~950-1000 kWh per 1 kW, per year is assumed [7,8]. The
seasonal distribution of solar generation is uneven: in the winter months, the panel produces only
~10-20% of its summer output. Peak daily power generation values at midday in summer can
exceed the total power consumption of the plant, which opens the potential for charging storage
devices from excess PV energy.

- BESS: a lithium-ion storage device with an effective capacity of 20 to 50 kWh is
considered. The maximum charging/discharging power is 10 kW (limited by the inverter), with an
average round-trip efficiency of = 90%. The battery is controlled by a tariff peak smoothing
strategy: charging occurs when there is excess PV energy or during cheap LOW hours, discharging
occurs during HIGH tariff hours to cover part of the load. The 20-kWh capacity is commensurate
with ~60% of the average daily energy consumption for aeration in winter, while 50 kWh is
sufficient to store almost two days' worth of demand (which is relevant in summer when there is
excess generation from PV).

- CAES: a 5.5 kW compressor charges a 6 m? steel tank (V_air = 55 Nm? 2— 12 bar abs) in
approximately 2 hours, consuming about 6 kWh of electrical energy for a full charging cycle. The
stored compressed air can subsequently be supplied to the aeration tanks through the existing
system, thereby reducing blower energy demand. The equivalent electricity savings when using
the full volume of compressed air are estimated at only ~2.6 kWh. The low coefficient (=27%) is
due to irreversible losses due to compression heat dissipation, but the energy of compressed air
allows sharp peaks in air consumption to be cut. Compressed air is supplied at times when the
required performance of the blowers briefly exceeds their nominal capacity. Table 1 below
provides a comparative summary of the strategies.
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Table 1. Energy balance of the Scheid SBR station by season

Indicator Unit Winter (Jan) Spring (May) Summer (Aug)
PV production kWh/day 17 40 145
Energy demand KWh/day 30 30 30
(aeration)
Self-
consumption kWh/day 6 13 11

(PV — aeration)
Energy import
(Grid — kWh/day 24 17 19
aeration)

Energy storage —
BESS (charging)
Energy storage —

20-50 (possible

kWh/day 5 (partial charge) | 20 (full charge) expansion)

12 (2 charging

CAES kWh/day 6 (full charge) 6 (full charge) 1
(charging) cycles)
f;\‘;rg_f ?}"rﬁ’g)“ kWh/day 0 1 72-102
CAES at peak BESS + CAES, BESS + CAES
Use of storage B air consumption covering double charginé
devices rates (=1.2 expensive d dischare;
hours) windows anc discharging
Coverage of PV
share of aeration % ~20 ~43 ~37
requirements
PV covers
. PV covers daytime
. PVp art1a11y expensive Vent}illation;
Key findings for B covers expensive | . o surplus surplus goes
the season windows, CAES ’ i
reduces peaks charges entirely to
BESS+CAES storage and the
grid

Thus, analysis of management strategies has shown that BESS and CAES perform
fundamentally different but complementary functions in the energy management of SBR stations.
The main role of CAES is to ensure the quality of transition processes and compensate for short-
term consumption peaks that occur at the beginning of aeration phase. Due to the instantaneous
release of compressed air, CAES allows compressors to be unloaded during periods of sharp
increases in consumption, smoothing out peak loads and stabilising the consumption profile.
BESS, on the other hand, is effective for covering long load cycles throughout the day — it
accumulates energy during periods of low tariffs or excess generation and provides power for
aeration during hours of high electricity costs. It should be noted that, in the pilot setup for the
Scheid WWTP, the CAES unit is dimensioned only for a partial airflow stream (6 m? at 2—12 bar
abs), serving as a short-term pneumatic buffer rather than a plant-wide storage system. Thus, the
hybrid BESS + CAES strategy combines the advantages of both technologies: CAES performs
local dynamic airflow equalisation and reduces instantaneous power peaks, while BESS provides
energy-intensive daily balancing and fine-tuning according to tariff and technological conditions.
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MODERN METHODS OF SEWAGE SLUDGE DISPOSAL IN THE CONTEXT OF
WATER RESOURCE PROTECTION

M. Myszura-Dymek', J. Gmitrowicz-Iwan', B. Futa', I. Kaminska’

!Institute of Soil Science, Environmental Engineering and Management, University of Life
Sciences in Lublin, Poland, magdalena.myszura-dymek@up.edu.pl, *Faculty of Environmental
Engineering and Energy, Lublin University of Technology, Lublin

Sustainable water resource management is a key element in ensuring access to safe drinking
water and protecting the environment in an era of growing population and climate change.
Improper wastewater treatment leads to the degradation of aquatic ecosystems and poses a threat
to public health. Therefore, it is essential to implement modern and effective sewage sludge
disposal methods that reduce pollution and recover water and raw materials. The aim of this paper
is to review the latest research and technologies in the field of sewage sludge disposal, with
particular emphasis on its role in protecting water resources. The analysis indicates that the
development and dissemination of advanced treatment technologies, such as reverse osmosis,
ultrafiltration, and ozonation, are crucial for increasing process efficiency and wastewater reuse.
Combining biological methods with membrane technologies has yielded particularly promising
results, enabling the near-complete removal of pathogens, heavy metals, and organic compounds.
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The implementation of innovative technological solutions must be coupled with the strengthening
of national and international water quality standards, including the effectiveness of treatment
processes and the safety of wastewater reuse. Water recycling and creating sustainable sources of
water are an important element of the strategy to reduce pressure on natural water resources and
respond to the growing demand for water in the municipal, agricultural and industrial sectors.

DRINKING WATER DISINFECTION: A REVIEW OF MODERN METHODS
Pokovba Yana, Tverdokhlib Mariia
Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, 03056, Ukraine
e-mail: m.tverdokhlib@kpi.ua

This study critically reviews various methods of drinking water disinfection, analyzing their
advantages and limitations to ensure the epidemiological safety of the population. The article
discusses modern disinfection methods such as ozonation, ultraviolet irradiation, and the use of
nanoparticles, as well as their effectiveness and associated challenges. The promising nature of
combined disinfection methods, such as chlorination and UV irradiation, is emphasized for
increasing effectiveness and reducing the formation of harmful byproducts. Although novel
technologies have great potential for destroying pathogenic microflora, their high operational cost
and maintenance remain a significant barrier to large-scale implementation. Modern disinfection
strategies must be adapted to specific conditions, and ongoing scientific research is aimed at
developing safer and more effective approaches.

Ensuring access to safe drinking water is one of the goals of sustainable development and a
critical component of public health protection. Pollution of rivers and other water sources by
industrial and domestic wastewater significantly increases the risk of infectious diseases. Effective
and reliable disinfection of water is essential to minimize these epidemiological risks. However,
the increasing resistance of microorganisms to traditional disinfectants necessitates the search for
innovative and more effective water treatment solutions. Therefore, the aim of this study is to
provide a critical review of various disinfection methods and to highlight some of their advantages
and limitations associated with their use.

Providing access to safe drinking water is crucial for public health, regardless of whether
water is used for drinking, domestic use, food production, or recreational purposes. Pollution of
water bodies with wastewater leads to decreased water quality and increased health risks due to
the spread of pathogens [2].

Bacteriological indicators of drinking water quality are among the most important criteria
for assessing its safety for human health. Contamination of water with pathogenic microorganisms
can lead to the occurrence of infectious diseases, including cholera, dysentery, hepatitis A,
leptospirosis, and other waterborne illnesses. That is why regulatory documents, such as the State
Sanitary Norms and Rules in Ukraine, as well as international recommendations, including EU
Directive 98/83/EC and the standards of the World Health Organization (WHO), establish strict
requirements for the microbiological composition of drinking water [1].

According to WHO guidelines and national standards of Ukraine, drinking water must be
free of pathogenic microorganisms and harmful chemical or radiological substances in
concentrations that pose risks to human health [3]. Among all potential contaminants,
microbiological threats are considered the most dangerous [4].

Disinfection is a critical stage of water treatment aimed at eliminating pathogenic organisms
responsible for diseases such as hepatitis, cholera, and other intestinal infections. The choice of
disinfection method depends on raw water quality, pathogen types, regulatory standards, and
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economic factors. Key requirements for disinfection systems include high efficacy, reliability,
safety, and minimal environmental impact [5].

One of the key challenges is the growing resistance of microorganisms to conventional
disinfectants. In Ukraine, chlorine-based disinfectants are most commonly used, but they have
limitations, including the formation of harmful disinfection by-products (DBPs) and lower
effectiveness against certain resistant microorganisms [6].

Modern disinfection methods being explored include:

Ozonation: Highly effective against a broad spectrum of pathogens but requires complex
infrastructure.

Ultraviolet (UV) irradiation: Efficient for bacteria and viruses, though less effective
against spores.

Combined methods: Integration of different disinfection techniques to enhance
effectiveness and reduce risks.

Nanotechnology: Use of silver and copper nanoparticles showing high bactericidal activity,
though concerns remain about potential health and environmental impacts.

Promising is the combination of different water disinfection methods, such as ozonation and
UV irradiation, chlorination and ozonation of water, and a combination of membrane methods and
UV irradiation.

In recent years, there has been a significant increase in the use of gaseous chlorine dioxide
as a disinfectant for drinking water. The advantage of chlorine dioxide is that it reduces the
formation of harmful halogenated disinfection byproducts; however, at concentrations of
0.5 mg/L, it also forms chlorites and chlorates, and can affect taste and odor. As a disinfectant,
chlorine dioxide is advisable to use for pre-oxidation or in combination with sodium hypochlorite
to reduce the formation of chlorite and chlorate, as a high dose of chlorine dioxide can lead to
water toxicity [7].

Novel disinfection technologies have great potential for destroying pathogenic microflora
and viruses in water. By using the synergistic effect of different disinfection methods, their
disadvantages can be leveled out, and the formation of hazardous byproducts can be reduced. For
example, to reduce the formation of toxic disinfection byproducts but increase virus inactivation,
UV irradiation can precede chlorination, and this will reduce the amount of chlorine consumed.
However, the main disadvantage is the high cost of operating various equipment and its
maintenance. Furthermore, the feasibility of applying these combined technologies in large-scale
water treatment plants still hinders the industrial-scale implementation of these methods, despite
their advantages.The problem of drinking water disinfection is complex and interdisciplinary.
Ongoing scientific research aims to improve current technologies and develop safer, more
effective approaches. There is no universal solution; therefore, disinfection strategies must be
adapted to specific conditions. Continuous improvement of water treatment technologies and
public awareness are vital for ensuring access to safe drinking water.
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LIGNIN-DERIVED SORBENTS FOR THE REMOVAL OF CONTAMINANTS FROM
WATER

Nataliia Smyk’, Olena Sevastyanova
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’KTH Royal Institute of Technology, Stockholm, Sweden

Background: Lignin, a highly abundant by-product of pulp- and biorefinery operations,
often constitutes up to 40 % of the dry mass of lignocellulosic feedstocks. Its under-utilisation
represents both a waste challenge and an opportunity for valorisation. Heavy metal ions (e.g., Fe**,
Cu?", Zn*", Cr(VI)) are persistent water-borne contaminants arising from industrial processes, and
their removal remains a major challenge in water treatment. The aromatic, three-dimensional
polymeric nature of lignin, enriched with hydroxyl and carboxyl functional groups, suggests
potential as a low-cost sorbent for heavy metal remediation.

Methods: Different technical lignins were investigated: Kraft lignins derived from spruce
and eucalyptus (both in native and methacrylated form), Organosolv spruce lignin, and a
commercial alkali lignin. Comprehensive structural characterisation included elemental analysis,
~A31P NMR quantification of OH and COOH groups, and gel permeation chromatography for
molecular weight distribution. Batch adsorption experiments were conducted for Fe(III), Cu(Il),
Zn(Il), and Cr(VI) ions under varying pH, contact time and initial concentration. Adsorption
1sotherms were analysed via the Langmuir model to assess sorption capacity and binding affinities.

Results: Under optimal conditions, removal efficiencies of up to ~93 % were achieved for
chromate, copper, zinc and ferric ions. The sorption capacity correlated not only with the content
of polar functional groups but also with the supramolecular structure of lignin—its mesh-like
three-dimensional network and polydispersity. Methacrylated Kraft lignins exhibited enhanced
sorption compared to unmodified samples, likely due to improved accessibility of active sites and
modified hydrophilicity. Organosolv lignin also showed strong performance, attributable to its
lower molecular weight and higher phenolic hydroxyl concentration. Kinetic studies indicated
rapid initial uptake, with adsorption reaching equilibrium in a relatively short time. The optimal
pH range was slightly acidic to neutral, correlating with favourable ion-speciation and lignin
functional group ionisation.

Conclusions: Lignin-derived materials present a sustainable and cost-effective alternative
to conventional synthetic sorbents for heavy metal removal from aqueous streams. Their structural
tunability and abundance render them promising candidates for integration into water-treatment
processes. Future work will focus on regeneration performance, composite sorbent design and the
extension of this approach to other contaminant classes.
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STUDY ON THE SEPARATION OF SURFACE-ACTIVE AGENTS IN THE AQUATIC
ENVIRONMENT

Petru Spataru
Institute of Chemistry, Moldova State University, Chisinau, Republic of Moldova
Abstract

Laboratory simulations with surfactant-polluted water from the Dniester and Prut rivers initiated with NH4" ions
demonstrated an acceleration of the conversion to nitrates, approximately four to seven times faster than in reference
samples, when granulated granite or expanded clay was applied. In contrast, CaCOs particles caused a visible
inhibition for the same samples, while in the water of the Isnovat River, characterized by a higher organic matter
content, the same procedure enhanced ammonium oxidation. UV spectral investigations were conducted using
aqueous solutions of anionic, nonionic, and cationic surfactants individually and in mixtures at various ratios (~107°
mol/L, near the critical micelle concentration), recorded with PerkinElmer Lambda 25 and UV 2005 SELECTA
spectrophotometers. The UV spectra confirmed formation of SAA anionic—SAA cationic complexes. Cationic
surfactant activity in natural waters depends on the organic matter index, reflecting the anionic character of the sample.
Separation of cationic surfactants using CaCOs can be achieved by applying an excess of anionic surfactant (SAA
An/SAA Ct > 1), while expanded clay completely adsorbs cationic surfactants. The expanded clay substrate adsorbs
on its surface completely cationic AAS. The accelerated ammonium-to-nitrate conversion in the presence of expanded
clay and granite suggests catalytic effects of mineral surfaces enhancing adsorption and oxygen transfer. These results
provide insights into surfactant behavior and ammonium oxidation in natural waters.

Keywords Surfactants; laboratory simulations; ammonium oxidation; separation process; organic
matter; calcium carbonate; expanded clay adsorbent

1. Introduction

Laboratory simulations using river or lake water have shown that specific substrates can
accelerate ammonium oxidation (nitrification), while CaCOs particles inhibit it, raising interest in
understanding these processes. Investigations on the Nistru and Prut rivers revealed a four- to
sevenfold acceleration when small granite granules or expanded clay were added to water samples.
Model experiments with river water contaminated by surfactants demonstrated varying inhibition
of ammonium oxidation. Nitrite oxidation proved highly sensitive to environmental conditions;
for example, the maximum nitrite concentration ratio in samples with and without CaCOs (Nistru
River, Varancau) differed by nearly two orders of magnitude, indicating surfactant pollution. In
contrast, ammonium oxidation in the Cunicea stream, free of synthetic surfactants, was unaffected
by CaCOs, confirming the system’s sensitivity to surfactant presence, type, and concentration
[1,2]. Heterotrophic bacteria showed distinct growth patterns: a single growth peak on days 30-35
with cationic surfactants alone, and two peaks (days 12 and 30) with both cationic and anionic
surfactants, suggesting environmental toxicity or nutrient limitation influenced development [3].
Further studies in urban-polluted rivers demonstrated that CaCOs improved water quality,
especially in samples with high organic matter, such as the Isnovat River (Ialoveni).

Anionic and nonionic surfactants were relatively non-toxic, whereas quaternary ammonium
salts were more harmful. These findings highlight the need to consider anionic-to-cationic
surfactant ratios and interactions with mineral substrates when evaluating environmental impacts.
Mineral substrates and surfactant composition significantly influence ammonium oxidation
dynamics. Clay and granite fractions accelerate oxidation via surface-mediated catalytic effects,
while CaCOs inhibits the process. Surfactant contamination, particularly by cationic species,
affects chemical equilibria and microbial activity, altering nitrification rates. Understanding these
heterogeneous interactions is essential for designing water treatment strategies to minimize
surfactant toxicity and enhance water quality.
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2. Materials and Methods

Aqueous solutions containing anionic, nonionic, and cationic surfactants were prepared
individually and in binary mixtures at various molar ratios. The total surfactant concentration was
maintained near 10~° mol L', below the critical micelle concentration. The systems were analyzed
spectrophotometrically to evaluate surfactant interactions and complex formation. UV spectra
were recorded using Perkin Elmer Lambda 25 and UV-2005 SELECTA spectrophotometers under
identical optical and temperature conditions.

3. Results and Discussion

UV spectra of N-CPy (N-cetylpyridinium) with LS (lauryl sulfate) showed consistent
absorbance changes depending on the anionic-to-cationic surfactant ratio (SAA An/Ct) rather than
total N-CPy concentration (Fig. 1). Adding LS increased absorbance to a maximum, then
decreased with further anionic surfactant addition, identifying the optimal ratio for stable complex
formation. For CTMA and TBA, the ratio effect persisted only when cationic surfactant exceeded
the anionic amount; inverse ratios yielded similar spectral curves, indicating compact surfactant
aggregation. After CaCOs sedimentation, most surfactant complexes were removed, except in the
LS + 2N-CPy system, where some N-CPy remained in solution. This indicates that part of the
anionic surfactant neutralizes CaCOs surface charges, forming stable SAA An-SAA Ct complexes,
while leaving excess cationic surfactant in solution. Spectral data allow estimation of carbonate
particle surface charge, and lower pH enhances LS dissociation and partial complex
decomposition. Treatment with expanded clay demonstrated complete adsorption of cationic
surfactants, confirming its potential for selective removal of charged organic compounds. These
results highlight that surfactant—substrate interactions are governed primarily by electrostatics and
adsorption. Preferential adsorption of cationic surfactants onto negatively charged substrates such
as clay underscores the competitive nature of surface binding in heterogeneous aqueous systems.
4. Conclusions

UV spectra confirmed SAA An-SAA Ct complex formation, showing strong interactions
between anionic and cationic surfactants in water. Cationic surfactant activity depends on the
organic matter index, reflecting anionic content. Separation using CaCOs requires an anionic
excess (SAA An/SAA Ct > 1), while expanded clay completely adsorbs cationic surfactants,
highlighting its efficiency as a low-cost adsorbent.

These findings emphasize the importance of substrate type, surfactant ratios, and solution
chemistry in controlling surfactant behavior in natural and engineered systems. Understanding
these mechanisms supports the design of targeted remediation strategies for rivers, lakes, and
wastewater systems, mitigating surfactant effects on ammonium oxidation and nitrification, and
improving water quality.
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Fig. 1. UV spectra of solutions containing LS with CTMA, NCPy, or TBA at a concentration of
3-107° mol/L, and of solutions containing LS with CTMA, NCPy, or TBA at a concentration of
6-107° mol/L in the presence of CaCOs.
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Abstract

The sustainable management of municipal wastewater sludge remains a critical
environmental and operational challenge, especially in rapidly urbanizing areas. Conventional
sludge treatment methods such as open air drying and chemical dewatering are increasingly
unsustainable because of high energy use, odor emissions, and limited opportunities for resource
recovery. This study introduces a meso-thermophilic aerobic anaerobic treatment (AAMT) process
designed to improve sludge stabilization and dehydration with minimal energy input and without
chemical additives. A pilot scale thermally insulated reactor was constructed to process mixtures
of raw sediment and excess activated sludge in different ratios. Laboratory results showed that
optimal mixtures containing 25 to 35 percent raw sediment and 65 to 75 percent activated sludge
achieved more than 70 percent water separation efficiency. The process operated at 38-41 °C,
sustained by its exothermic microbial activity, which significantly reduced external energy
demand. The activity of nitrites and nitrates actually helps reduce odor by oxidizing hydrogen
sulfide (H2S) and organic thiols, while aeration mainly serves for mixing rather than oxidation.
Chemical analyses confirmed that the solid fraction retained valuable nutrients such as nitrogen,
phosphorus, and potassium while meeting the heavy metal limits specified in EU Directive
86/278/EEC, making it suitable for agricultural use as a soil conditioner or fertilizer. The AAMT
process reduces the need for flocculants, decreases the volume of sludge for transport and disposal,
and extends the service life of dewatering infrastructure. Overall, the proposed method provides a
sustainable and environmentally sound solution for wastewater treatment facilities aiming to lower
operational costs, recover useful resources, and minimize ecological impacts. It combines energy
efficiency, nutrient recycling, and odor control into a single approach that supports circular
economy and green technology goals.

Keywords Municipal sludge; Meso-thermophilic aerobic anaerobic treatment; Low energy
process; Wastewater management; Resource recovery; Circular economy; Sustainable sludge
stabilization

1. Introduction

The treatment and disposal of sewage sludge generated in municipal wastewater treatment
plants represent a growing environmental and economic concern worldwide. The large volume
and high moisture content of sludge make it difficult and costly to handle, transport, and dispose
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of. Conventional methods such as open air drying, mechanical dewatering, and chemical
conditioning are energy intensive and may produce secondary pollution. In recent years,
sustainable sludge management approaches have gained attention, aiming to minimize energy use
while recovering nutrients and organic matter for agricultural or industrial reuse (Andreoli et al.,
2007; Wu et al., 2020).

2. Materials and Methods

A pilot scale installation (Fig. 1) was designed for meso-thermophilic aerobic anaerobic
sludge treatment. The reactor consisted of a thermally insulated cylindrical chamber equipped with
an aeration unit and temperature monitoring system. Raw sediment and excess activated sludge
from a municipal wastewater treatment plant were mixed at different ratios and introduced into the
reactor. The temperature was maintained near 38-41 °C, sustained by biological heat generation.
Samples were taken periodically to analyze physicochemical parameters including moisture
content, nutrient composition, and heavy metal concentrations according to ISO and SM SR
standards (ISO 5664:2007; SM SR EN ISO 6878:2011).

3. Results and Discussion

The AAMT process effectively enhanced sludge dewatering and stabilization. The optimal
mixture of 25 to 35 percent raw sediment and 65 to 75 percent activated sludge achieved the
highest water removal efficiency of over 70 percent. The meso-thermophilic conditions supported
microbial activity while maintaining stable fermentation, resulting in a self-sustaining process with
low energy input (Kim et al., 2002). The aeration phase reduced odors and promoted oxidation of
organic matter, improving the quality of the final biosolid. The treated sludge exhibited nutrient-
rich composition suitable for use as fertilizer, and heavy metal contents were below EU limits

(Bozym and Siemiatkowski, 2018; Cao et al., 2020).
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Fig. 1. A pilot scale installation designed for meso-thermophilic aerobic anaerobic sludge
treatment.
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4. Conclusions

The meso-thermophilic aerobic anaerobic treatment of organic wastewater sludge provides
a sustainable, low energy, and cost-effective solution for municipal wastewater management. The
method ensures efficient dehydration, odor control, and nutrient recovery while eliminating the
need for chemical additives. The resulting stabilized sludge meets safety standards for agricultural
reuse, offering an environmentally responsible option consistent with circular economy principles.
Further research will focus on scaling up the technology and optimizing operational parameters
under real-world conditions.
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Among the various organic wastes generated by food industry, the residues from orange
juice production constitute a significant technological and environmental problem. During the
juice processing, more than half of fruit becomes a waste, which consists of seeds, fibres and peels.
Due to significant organic content and high humanity, their properties deteriorate quickly;
moreover, they contain essential oils that might hinder biological processes. Another problematic
factor is the presence of lignocellulose that constitutes a complex structure which makes their
further use difficult. On the other hand, orange wastes indicate a potential for energy production
in the anaerobic digestion process. Therefore, this type of waste should be pre-treated to improve
biomass structure, making it more susceptible to bioconversion. The pre-treatment strategy should
reduce biomass crystallinity, eliminate lignin, prevent sugar degradation, and should not contribute
to the formation of inhibitors. Additionally, the energy aspect should be considered.
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Currently, among various physical methods microwave irradiation gains more attention.
Numerous studies has confirmed the effectiveness in breaking the complex lignocellulose
structure, thus improving biomass availability for microbial action in biological processes. This
technique presents several advantages, such as high specificity for selective heating and rapid
processing. As compared to other pre-treatment methods, microwave irradiation generates fewer
inhibitors of biological processes and indicates significant flexibility due to the ease of combining
with other methods. However, there are still few installations operating on a technical scale. This
is mainly due to the large investment costs.

The work presents optimisation studies pertaining to the microwave pre-treatment of
orange wastes for improving biodegradability. Microwave pre-treatment was conducted using an
Advanced Microwave Digestion System provided by ETHOS EASY equipped with two 950 W
magnetrons for a total of 1900 W. The adopted operational parameters were as follows:
temperature of T = 50°C, input power of P = 900 W. The following time intervals were evaluated:
0, 3, 5, 10, 20 and 30 min, which corresponded to the following energy use of 37.7, 62.8, 125.6,
251.2, and 376.7 MJ/kg, respectively.

The obtained results indicated that use of microwave pre-treatment led to destruction of
organic matter expressed as COD (chemical oxygen demand), TS (total solids) and TOC (total
organic carbon). With regard to COD, this parameter was reduced by 10-15%, TS by 8-12%. In
the case of TOC, a minor effect was observed. Simultaneously, solubilisation was noted, the
increases of sCOD (soluble chemical oxygen demand) and DOC were observed. The sCOD
parameter was enhanced by 14-33%, whereas DOC by 8-18%. Additionally, the biodegradability
index expressed as the DOC/TOC ratio was also improved by 8 — 17%, as a result of microwave
pre-treatment. Among all the cases considered, the most favourable effect was recorded for a time
of 5 minutes. Therein, the highest improvement in biodegradability was achieved with the lowest
energy consumption.

POLLUTION OF STORMWATER FROM URBAN AREAS: RESEARCH,
MONITORING, AND NEW MEASUREMENT METHODS
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Lublin University of Technology, Faculty of Environmental Engineering and Energy, Poland
e-mail: e.wojtas@pollub.pl

Water is a key element of life on Earth. As a good solvent, it provides organisms with
essential nutrients and minerals. Although 2.5% of the Earth’s water resources consist of
freshwater, only about 1% is suitable for consumption. Therefore, the rational management of
water resources is of great importance—particularly in urban environments, where limited
resources or uneven temporal distribution make a well-organized water and wastewater
management system essential. The water and sewage system is one of the pillars of environmental
management in cities. It includes, among others, water supply and sewage networks, wastewater
treatment plants, water treatment stations, retention tanks, and installations for the drainage and
retention of stormwater.

These components directly affect the condition of aquatic environments, and their improper
functioning-such as failures or leaks-can lead to contamination of available water resources.
Stormwater drainage systems form an important part of urban infrastructure, responsible for
removing rainwater and meltwater. Their main task is to ensure the safe and rapid removal of water
from the surfaces of urban catchments, thus preventing local flooding and urban inundation. These
waters flow from roofs, roads, squares, sidewalks, parking lots, and industrial areas, carrying
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pollutants usually present as suspended solids, as well as heavy metals, petroleum compounds, and
nutrients. Although stormwater drainage systems are not intended for the discharge of domestic
wastewater, they are an important source of pollutants entering rivers, lakes, and retention
reservoirs. Rainwater washes various organic substances and pathogens from urban surfaces.

Therefore, monitoring the quality of stormwater is becoming increasingly important-both
from an environmental protection perspective and in terms of compliance with water legislation.
Regular testing of stormwater quality makes it possible to identify pollution sources, assess the
efficiency of treatment devices (e.g., sedimentation tanks, separators), and adjust stormwater
management strategies. Monitoring is also essential for the protection of surface and groundwater
and for preventing eutrophication. Currently, a variety of analytical techniques are used in
research-ranging from classical gravimetric and spectrophotometric methods to advanced
instrumental analyses. The most commonly used include measurements of total suspended solids,
determination of heavy metals (AAS, ICP), and photometric and conductometric analyses for
nutrients, pH, and conductivity.

Although these methods are highly accurate, stormwater monitoring is challenging due to
the irregularity of precipitation and the dynamic nature of the “first flush,” in which pollutant
concentrations are the highest. For this reason, new automated solutions for remote monitoring of
stormwater quality are being sought. A promising direction involves so-called electronic senses-
such as the “electronic tongue” and “electronic eye.” Their advantages include the absence of
chemical reagents and the ability to perform real-time measurements at low operational costs
compared to traditional laboratory methods. Preliminary research was conducted on the campus
of Lublin University of Technology, where the stormwater drainage system has a total length of
2,501.70 meters. Rainwater is discharged into the Bystrzyca River through pipes with diameters
ranging from 0.16 m to 0.5 m. The network includes 144 inspection manholes and 73 storm inlets.
Samples for analysis were collected from six points: three inlets (W14, W43, W51) and three
manholes (D41, D79, D82), located near campus roads and parking areas. The obtained results
will serve as reference data for the development of laboratory prototypes of an electronic tongue,
enabling the detection of water pollution indicators based on signal analysis from multisensor
arrays.

APPLICATION OF IMMOBILIZED MICROORGANISMS
FOR RESTORATION OF BIOLOGICAL WASTEWATER TREATMENT
Zhukova V.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Ukraine, zhukova.veronika@l!ll.kpi.ua

Modern technologies for biological wastewater treatment are based on the use of
microorganisms capable of biochemical decomposition of organic substances and nitrogen
compounds. Activated sludge systems remain the most common, but they have several significant
limitations, including the sensitivity of microbial communities to hydraulic and temperature
fluctuations, instability to toxic impurities and the need for continuous energy supply. These
disadvantages are especially critical for small treatment plants operating in seasonal or intermittent
mode, when long shutdowns lead to loss of biological activity and the need to re-form the
biocenosis after start-up, which can take from 2 to 4 weeks, requiring significant costs to provide
the biological process with “fresh” activated sludge or restore the efficiency of activated sludge
by long-term feeding [1].
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Significant progress in water treatment biotechnology is associated with the development of
systems in which microorganisms are immobilized on artificial carriers, forming a stable biofilm.
Unlike free-floating activated sludge, immobilized consortia have increased resistance to stress
conditions, and their biochemical activity can be maintained even during interruptions in
wastewater supply [2].

Anhydrobiosis is the ability of some organisms to survive almost completely loss of water.
Important biological agents of activated sludge are the nitrifying bacteria Nitrosomonas and
Nitrobacter. Nitrifying bacteria are autotrophs and sensitive to environmental changes, including
temperature, pH, oxygen, and water availability, unlike the spore-forming bacteria Bacillus.
Bacillus spores are among the most resistant to desiccation, high temperatures, radiation, and
chemicals of biological objects. They can remain viable for decades in a completely dried state,
which is a classic example of anhydrobiosis. Nitrifying bacteria do not have natural mechanisms
for surviving complete natural desiccation. However, they can tolerate moderate dehydration as
part of a biofilm, where they are partially protected by a polysaccharide matrix that can hold small
amounts of water, providing a buffer against complete dehydration. This allows them to survive
at moderate humidity levels for a certain period [3].

The aim was to experimentally study the rate of biofilm recovery on a polymer carrier after
a period of downtime. The main idea was to create a stable biofilm system that can maintain
viability and functional activity during periods without load, which allows to reduce the
reactivation time after restarting the treatment plants. Achieving this goal involves studying the
processes of biofilm formation, preservation and recovery in laboratory conditions using consortia
of microorganisms obtained from activated sludge of operating treatment plants.

The research was conducted at the Department of Bioenergy, Bioinformatics and
Ecobiotechnology of Igor Sikorsky Kyiv Polytechnic Institute. Immobilization of microorganisms
on a polymer carrier was carried out using activated sludge collected at the Bortnytsky aeration
station in Kyiv. The formed biofilm provided effective treatment of wastewater from organic
matter and ammonium nitrogen. Then, the carrier with a surface area of 5255 cm? was moved to
an empty bioreactor, where it dried naturally. After 3 months, a nutrient solution was added to the
bioreactor with the dried carrier with the biofilm, the composition of which was calculated from
the ratio BOD:N:P=100:5:1 to maintain the vital activity of biofilm microorganisms. The
composition included glucose as a source of sugar, organic matter, sources of biogenic elements -
nitrogen and phosphorus.

At the beginning of the recovery process, before adding the nutrient solution, the number of
live cells was 8,84:10% in 1 cm® of biofilm, which was determined using a cell counter Countess.
Within a week, the value increased to 3,01-10° live cells in the biofilm recovered on the carrier.
During the studies, the sizes of live cells were within 3,78 — 8,54 um, for comparison - in the
working activated sludge the cell size is 9-12 um. This indicates the absence of higher trophic
levels, such as ciliates, rotifers, that the energy of the biomass is directed exclusively to the division
and formation of the primary biocenosis. The percentage of live cells in the total number increases
from 4 to 26% during the first week of recovery, which indicates the possibility of recovering
naturally dried biofilm in a short period of time.

The number of cells increased 3,4 times in just the first week of recovery. The increase in
the percentage of live cells to 26% indicates not only an increase in their number, but also the
successful reactivation of a significant part of the population.

The tasks of further research will be to verify the efficiency of the restored biofilm, establish
technological modes of operation of structures with immobilized microorganisms during the
shutdown, stoppage and restart period, and optimize processes during this period to minimize its
duration and save material and financial costs.
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INOPIBHAHHA ®I3UKO-XIMIYHUX METOJAIB OYUCTKHU CTIYHUX BOJ
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baéin /. B., cm., Cabniu JI. A., 0.m.n., npogh.
Hayionanonuii mexuiunuii ynisepcumem Yrkpainu "Kuiscokuu nonimexniunui incmumym
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OcTanHiMH pokaMu B YKpaiHi CYyTTEBO 3POCIIO BUPOOHUIITBO MOJIOYHHUX 1 KUCIIOMOJIOUHUX
OPOAYKTIB, a pa3oM 13 UM — KUIbKICTh MOJIOKONEpepOoOHUX MIiANPUEMCTB. Y THpoleci
BUPOOHUIITBA YTBOPIOIOTHCS 3HAUYHI 00’€MHU CTIYHUX BOJ, II0 MICTATH OpraHiuHi (>kupu, OLIKH,
IyKpH) Ta HEOPTaHiuHi (COJi, KUCIOTH, COJIa) JOMIIIKH, 3aJUIIKH MOJIOYHUX MPOAyKTiB 1 [TAP.
CxkunanHs TakuxX BoJ 0€3 OUMINEHHS MPU3BOAMUTH A0 Ne(IIUTY KUCHIO Y BoJOMMAax 1 3arubei
pubu. di3uko-XiMiYHI METOJIM OYMILEHHS 3a0e3nedyloTh e(QEeKTHBHE BHUJAJICHHS 3aBUCIUX
PEYOBHH, EMyJIbrOBAHHX KHUPIB 1 KOJIOTTHUX YACTHHOK. IXHs OCHOBHA MepeBara fmoJsrac y BUCOKiil
HIBUJIKOCTI IIPOIIeCy Ta BUCOKIN e(peKTUBHOCTI ounIIeHHs [1].

MeTtoto poOOTH € TOPIBHAHHS €PEKTUBHOCTI PI3HUX METO/IB (P13UKO-XIMIUHOTO OYMILEHHS
CTIYHUX BOJI MOJIOKONIEPEPOOHUX MiANPHEMCTB.

Koarynsamiss € oaHuM 13 HaWBaXJIMBIMMX (DI3UKO-XIMIYHUX METOMIB  OYMIICHHS
IPOMMCIIOBUX CTIYHHMX BOJI, 1110 3a0e3Meuye 3MEHIIEHHS BMICTY KOJIOIIHUX, 3aBUCIIUX PEYOBHUH 1
KaJIaMyTHOCT1 BOJIM. 3@ ONITUMAJIbHOI JJ03U KOATYJISTHTIB Cyb(haTy alfoMiHII0 Ta cyibdaTy 3ami3a
1000 mr/nm®* npu pH 5 edexruBnicts BumaneHHs XCK 31 cTiyHMX BOJA MOJOKONEpepoOHOT
MPOMHUCIIOBOCTI cTaHOBWIa 68% mis cynbdary amoMmidito 1 62% s cynbdary 3amisa.
Buxopucranus cyibdary anoMiHilO B O€AHaHHI 3 noidepocyabhaToM 1 MosiakpuiIaMizIoM K
JIOTIOMDKHHUX peareHTiB J03BoMII0 qocsartu 82% 3HmkenHs XCK 3a Habarato HIKYOT 1031 —
100 mr/am® [2]. Ipu pH 6 nns FeCls ta pH 7 nna Alx(SOs)s ontumanbhia go3a Al** cranosuiia
188,4 mr/nm®, a edextuBHicTh BumaneHHs XCK csrama 33%. ns Fe** onmtumansHa mo3a
nopiBHioBana 172,5 mr/nm?, a 3HmwkeHHs XCK — 45%. Takum 4yMHOM, Kpaili pe3yibTaTH
ounnieHHs Oynu oTpumani 3a Bukopuctanis FeCls mopiBasHO 3 Al2(SO4)s [3].

Metox koarynsnii OyJo BUKOPUCTAHO Ui OYMIIEHHS MOJENBHUX CTIYHMX BOJ
MOJIOKOTIEPEPOOHUX MIANMPUEMCTB 32 JIOTIOMOTOI0 HEOPTaHIYHUX KOATYJISHTIB, TaKHX SIK
nomiamominiixmopun (PAC), cynedar 3amiza (FeSOs) Ta ramyH Kali€BO-amtOMiHI€BUN
(KAI(SO4)2:12H20) [4]. ExcriepumeHTH IPOBOIWIN JUIS OL[IHKY BIUIMBY nodatkoBoro pH (5-10)
1 mo3u koarynsHTy (100-5000 mr/am?) Ha eexTuBHICTh Bunanenns XCK. OnTumansHe 3HaUeHHS
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pH cranoBwmiio 8,0 mist BCiX TphOX peareHTiB, a onTuMaibHi 703U — 300 mr/am® mst PAC, 800
mr/am® st FeSOa 1 500 mr/mv® mns KAI(SOs)2-12H20. 3a takux ymoB edextuBHicTh 3a XCK
yepe3 30 XBUIIMH KOHTAKTy ckiaia, %: 69,2, 66,5 1 63,8, BianosigHo [4].

OcHoBHUMH TIpoOJIEMaMy BUKOPUCTAaHHS METO/y KOaryJisiiii € BUCOKI BUTPATH PEareHTiB,
YTBOPEHHS BEIMKHUX 00’ €MIB OCaiB Ta CKIAIHICTD iX moaaabinol yrumizamii [1].

Enexkrpokoarysilisi € MepCreKTUBHOKO abTEPHATUBOIO TPATUIIHHIM METOJIaM XiMidHOT
KoaryJsmii. ¥ 1mbOMy TPOLECi KOAryJISIHT YTBOPIOETHCSA in Siftu BHACHIIOK EJIEKTPOXIMIYHHX
peakiiiii, mo BigOyBarThCs Oe3mocepeiHbo y BogHoMy cepenosuii [S]. Cepen pi3HOMaHITHHX
METO/IB OYMIIEHHS CTIYHHUX BOJ| EJICKTPOXIMIYHI METOAM, 30KpeMa EJICKTPOKOATyJIAIis Ta
eJIEKTPOKOAryJIsiisi-Qroraiisi, 3aiiMarOTh BOKJIMBE MICIIC 3aB/ISIKM HU3I[1 TIEpeBar:

e 3HAYHE 3MEHILICHHS a00 MOBHE BUKIIOYCHHS] BUKOPUCTAHHS XIMIYHUX PEareHTIB;

e 3MEHIIECHHS 00’€MiB YTBOPEHHX OCA/IiB;

e 3HE3apaxXyBalbHA, KOATyJI0l04a Ta (JIOKYIIOI0UA /i eJIeKTPUYHOTO CTPYMY;

e BIJICYTHICTH IiJBUIICHHS MiHEpasi3amii BOAM, IO T03BOJISIE BUKOPUCTOBYBATH OUUIICHY
BOJIy TIOBTOPHO;

e yHi]iKOBaHA ¥ KOMIAKTHA amaparypa, MpUAaTHa I IHTEerpamii 3 IHIIUMH OYUCHUMH
CIOpYIaMU;

e 3HIDKCHHS TPYIOMICTKOCTI 0OCIyrOBYyBaHHS Ta MOKJIMBICTh aBTOMaTH3aii mporecy [1].

BukopucTtanHs eneKkTpoKoarymsiii 103BOJIIE OTPUMATH BUILY €()EeKTHBHICTh BUIANICHHS
XCK, BCKs i 3aBUCTUX pEe4OBHUH 31 30UIBIICHHSM HAIPyTy Ta TPUBAJIOCTI MpoIecy. 3a HApyTH
10 B nokaszauk XCK 3menmuBes 3 6114,25 no 2405,96 mr/am?, mo Bianoigae npudimusHo 60,6%
BunanieHHs; bCKs 3um3uBcs 3 2919,3 no 892,2 wmr/mm® (6mm3eko 57,9%), a epeKTUBHICTH
BUJJAJICHHS 3aBHCIUX PEUOBUH cTaHOBWiIAa mpubmu3Ho 49,3% [6]. Ilonpu uucnenHi nepesarw,
€JIEKTPOKOAryJIsilliss Ma€ ¥ meBHI Henodiku. OCHOBHHMH TpoOiieMamMu € HecTalOinpbHa poboTa
YCTAHOBOK TPU KOJMBAHHAX CKJIaQy Ta BUTpAT CTiUHOI BOJM, BUAUICHHS BHOYXOHEOE3MEUHUX
ra3iB (BOAHIO Ta KHCHIO), MOXJIMBE YTBOPEHHS XJIODY Ta BUIBHUX paJUKalliB, L0 MOXYThb
NPUTHIYYBATH TOJaiblle Oi0JoTiyHe OuuIIeHHS. Takok MeTOJ XapaKTepU3YeTbCS BiJHOCHO
BHCOKHMMH BUTPaTaMU €JIEKTPOCHEPTIi Ta macuBalli€ro elekTpouiB [1].

IHomi ans migBUIIEHHS e(EeKTUBHOCTI BiJOKpeMJeHHA (a3 Mmicias KoaryJssulii 3amicTb
B1JICTOIOBaHHS 3aCTOCOBYIOTH (piioTarrito. doTallis 103BOJISE IMBUAKO BUAAISATA TOHKOIUCIIEPCHI
YAaCTUHKH, €MYJbIOBaHI >KUPH Ta Jerki (QUIOKYJIH, $Ki HE OCIJaloThb HpHU 3BUYAHHOMY
B1JICTOIOBaHHI, 110 MiABUINY€E €EKTHUBHICTh OUYUIIECHHS 1 3MEHIIY€ BMICT 3aBUCIUX PEUYOBUH B
ouuineHii Boai. Takuii miaxiJ TaKoXX CIpUsie 3MEHIIEHHIO 00'eMy OCa/liB 1 MOKpAIIly€e MiATOTOBKY
BOJM 10 Tojaambiioi OionoriyHoi oO0poOku. [lopiBHsbHUN aHami3 edeKTUBHOCTI ¢JoTamii 3
BUKOpPUCTaHHAM po3unHeHoro nositps (OPII) ta ¢droranii 3 pozunHeHuM o3oHoM (DPPO) nns
OUMINEHHS CTIYHUX BOJ| MOJIOYHOI IMPOMHCIIOBOCTI TOKa3aB, 0 OOMIBa METOIU 3a0€3MeUyI0Th
BUCOKE 3HIKEHHS MOKa3HUKIB 3a0pynHeHHs, npote OPII nemoncTpye kpamt pesynbrati. s
HanO1IeIn 3a0pyaHeHoi mpobu criuanx Boa (XCK 8876 wmr/am?®) meron OPII 3a6esneuuns
Bunanenns XCK Ha piBai 74,8%, BCK — 85,9%, 3aBucnux pedoBun — 92,6%, xupiB — 94,9%,
3arajgpHOTO a3oty - 77,7%, 3aransHoro pochopy — 39,2%. 3a tux camux ymoB merog ®PO
mmoka3aB Acnio Huxk4i moka3Huku: BuganeHus XCK cranosmiio 74,5%, BCK — 85,6%, 3aBuciux
pedoBuH — 92,4%, xupiB — 85,9%, azoty — 77,4%, docdopy - 32,6% [7].

JUiss MOCSTHEHHsI TOBHOTO PYHHYBaHHS OpraHIYHMX 3a0pyIHIOIOUYMX PEUOBHH Jenali
HIMpIIe 3aCTOCOBYIOTh METOAM OKHCHEHHS [8], IO J03BOJIAIOTH OKHUCHIOBAaTH OlIbINICTh
OpPraHiYHMX CIHOJYK, 3MEHIIYBAaTH iXHIO TOKCHYHICTh a00 MiJABHILYBATH OiOpPO3KIATHICTB.
30KkpeMa, 030HYBaHHsI IMIMPOKO BHKOPHCTOBYIOTH JUIS OYMINCHHS CTIYHHX BOA. BUKOpHCcTaHHS
metoaiB koarymsanii-¢piokynanii 3 FeSOs Ta 030HYyBaHHS CTIYHHX BOJA MOJIOKOIIEPEPOOHOT
npomuciioBocTi (XCK = 6300 mr/am?) mokazano, mo npu pH 12 micins 240 xB o30HyBaHHS OyIi10
nocsarayto 71% Bupanenns XCK, Tomi sk koarymsmis-Quiokysiis 3a0e3neunna aume 60%.
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[Ipote, He3BakarouM Ha OUTBITY €(PEKTUBHICTh, 030HYBAHHS € €KOHOMIYHO 3HAYHO JIOPOKYUM
metogoMm [3]. TlopiBHIOBaiiM eQEKTUBHICTh OYHWINCHHS 3 BHUKOpUCTaHHSM 030HY (Os),
yinbTpadionery (YOP), Os/H20z, Os/YD, YO/H20: ta Os/YD/H20.. BunpoOyBaHHS TPOBOAUIU B
WIIHAPUIHOMY peakTopi 3 YD Ta BBEJCHHSIM 030HY. 3a pe3yIbTaTaMH BU3HAYAIH €(EKTHBHICTh
ounimeHHs 3a XCK Tta 3HmwkeHHsAM nakto3u. HaiiBumia edexkTuBHICTH Oyna oTpuMaHa s
komoOiHamii Y®/H202/0s: 88% 3umxenns XCK ta 93,4% 3HMKEHHS JIAKTO3HM 32 ONTUMAJIBHUX
ymoB (pH 5, tpuBanicts 06po6ku 180 xB, nupkysuis - 50 miu/ron, noza H20: - 0,5 mn) [8].

3acTocyBaHHA HAHOTEXHOJIOTi Mae BEIMKUN TOTEHIIaJ, OCKUIbKM HaHOMaTepiain
BOJIOAIIOTh YHIKQJIbHUMHU (I3MYHUMHU Ta XIMIYHUMH BIIACTUBOCTSAMH 3aBJSKH BUCOKOMY
CHIBBIAHOIICHHIO TUIOIII MOBEpXHI 0 00’eMy. JlocmimkeHHst e(peKTUBHOCTI HAaHOKOMIIO3UTHUX
aZIcOpOCHTIB, CTBOPEHHMX Ha OCHOBI AaKTHBOBAaHOTO BYTUUISA, KajJbI[ll0 airiHaTy Ta
HaHOKPEMHE3EeMy, MOKa3aJio, 10 TaKi Marepiajd BOJOAIIOTH HAJA3BUYAHHO BUCOKOIO 3[IaTHICTIO
JI0 BUJIAJICHHS OPTraHIYHUX 3a0pyAHEHB 31 CTIYHUX BOJ MOJIOYHOI TPOMHUCIOBOCTI. MakcUMasbHY
e(pEeKTHUBHICTb OUYMIICHHS JOCSATAIM 3a ONTHMaJbHMX YMOB — pH 2, KoHIeHTpamii
HaHOKpeMmHe3eMy 10% 3a mMacor Ta TpUBANIOCTI KOHTAaKTy OJM3bKO 4 roguH. 3a TakKUX yMOB
crynins Buaanenas XCK cranoBuB 99,7%, 1o cBiqUuTh Ipo 3HAYHUI OTEHIIIa]l HAHOKOMITO3UTY
AK aJicopOIiiiHOro MaTepiany it ITMOOKOT0 OYHILEHHS CTIYHUX BOJ [9].

MemOpanHy ¢inbTpamnito 3a3BU4aii BUKOPUCTOBYIOTh JUIS TOOYMIICHHS CTIYHUX BOJI, IO
JIO3BOJISIE€ JOCATTH BHCOKOI SIKOCTI OYMIIEHOI BOAM, HEOOXIAHOI /i O€3MeYHOro CKUIaHHS abo
MOBTOPHOTO  BHKOPHCTaHHS. 3aJeXHO BiJ THIY MeMOpaHH 3aCTOCOBYIOTH IIOPHCTI
[MikpodinbTparis (M®), ynsrpadinerparis (YD), nanodinsrpanis (HD)] abo mineHi MemOpaHu
[nesiki mporiecw HaHOPUIBTparii Ta 38B0poTHOrO ocMocy (30)]. OctaHHI AOCTIHKEHHS TTOKa3aJIN
e(eKTUBHICTh PI3HUX KoMOiHaIii MemOpanHux mpoueciB (M, YO, MO+YD, MO+HO,
M®+30) mast OYMIEHHS CTIYHHUX BOJ| MOJOKONEPEpOOHUX MiJIMPUEMCTB Micis O0i0JOTIYHOTO
ounnieHHs. 3okpema, noeaHanHs MF+UF 3a6esneunno g0 99% s3umwkenns XCK, moBHe
BUJIAJICHHSI 3aBUCIIMX PEUOBUH Ta moHan 99% 3HmkeHHs kanmamyTHOcTi. Kombinamis M®+30
nmaBana a0 84% BumanmeHHs 3araapHOro opra”iuHoro Byriento, 100% xompopoBocTi, 94%
3aranpHOro azory (3a K'enpmanem) 1 100% xamamytrocti [10].

Orxe, ©Oi3uKo-XiMiyHI MeToau eQEeKTUBHI MM 3HUKEHHS KOHIIEHTpAalid HHU3KH
3a0pyIHIOIOUMX PEYOBMH, IO MICTATHCS B CTIYHHUX BOJAX MOJIOKONEPEPOOHHUX MiJIPUEMCTB.
Merton koarysuii 3a0e3nedye BuaaieHHs 10 70—-80% opraHiyHUX peYOBUH 1 3aBUCIUX YACTHHOK,
OJIHAaK CYIPOBOKYETHhCSI YTBOPEHHSM 3HAuHHUX O0’€MIB ocaqy Ta moTpelye onTumizalii 7103
peareHTiB yepe3 iX BUCOKY BapTicTb. EnekTpokoarysisiiis 3MeHIIye BUTPATU PEareHTiB 1 J03BOJISE
nocsrat 10 60% 3amxenHss XCK 1 BCKs, ane xapakTepu3yeThcsi BACOKMMHU €Hepro3arpaTamMu Ta
nacuBaiiero enekTponiB. drnoTamiiiHi npouecH, ocoOaMBO (oTamis 3 BHUKOPUCTAHHIM
PO3YMHEHOTO MOBITPSI, IEMOHCTPYIOTh BUCOKI TTOKa3HUKHU OYMIIECHHS (10 95% BUIaneHHS KUPIB
1 3aBUCIIMX PEUOBHH), MIABUILYIOUN €()EeKTUBHICTh NOJANBIIOT 61000p00OKH. MeToaN OKUCHEHHS
3a0e3MeuyloTh Mailke MoBHE pyHHYBaHHS OpraHiyHuX cnoiyk (1o 88% 3umkenns XCK), mpore
3aJMINAIOTHCS €KOHOMIYHO 3aTpaTHUMHU. OcoOJMBY NEpCHEKTHBY MalOTh HAHOKOMIIO3UTHI
a7copOEHTH Ha OCHOBI aKTHBOBAHOTO BYTUUIS, KaJbliI0 alriHaTy Ta HAaHOKPEMHE3eMy, IO
NeMOHCTPYI0Th 10 99,7% Bunanenns XCK. Bukopuctanus MeMOpaHHUX TEXHOJOTIH J103BOJISE
BHUJIAJIUTH 31 CTIYHOI BOJIU 110 99% 3aBHCINX YACTMHOK Ta OPTaHIYHUX PEUYOBUH PI3HOTO CTETICHS
JMCTIEPCHOCTI, 1110 pOOUTH iX e()eKTUBHUMH METOJaMU JOOUYHUIIIEHHS.
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BUKOPUCTAHHSA CHLORELLA VULGARIS V151 OYMIIEHHS CTIYHUX BOJ]
BIAXOAIB XAPYOBOI NTIPOMUCJIOBOCTI IIVIAXOM AKYMYJIALII
BIOMOVJIEKYJI

boputox B.B., I'onyo H.b.
Haykoeuii kepienuk: 0. m. n., oouenm I'onyo Hamanisn bopuciena

CriuHi BOoJM M’sCONEPEPOOHOi Ta TBAPUHHUIIBKOT MPOMHCIOBOCTI XapaKTepPU3YIOThCS
BUCOKHMM HaBaHTA)XEHHSM OPraHiuHUX PEYOBUH, CIIOIYK a30Ty i (hocdopy, a TakoxK 3aTUIIKOBUX
BITaMIHIB, 30KpemMa KoOalaMiHy, SIKUH TPUPOAHO MPUCYTHI y MPOAYyKTaX TBAPUHHOIO
MOXO/DKEHHS, a OTXKe, 1 Y IPOMUBHHUX BOJAX, [0 KOHTAKTYBAJIM 3 TAKOIO CUPOBHHOIO [1].

Mera po6oTm — mnpoaHali3yBaTH CydacHl JITepaTypHI JdaHi IOJ0 BHUKOPUCTAHHS
Chlorella vulgaris y mpolecax OYMIIEHHS OPraHidYHO 3a0pyAHEHUX CTIYHHUX BOJI Xap4yoBOi
MIPOMHUCIIOBOCTI Ta OIIHUTH ii MOTEHIIAN SIK OI0TEXHOJIOTIYHOTO areHTa, 3JaTHOTO OJHOYACHO
3MEHIIYBaTH BMICT 3a0pyIHHKIB 1 (gopmyBatu Oiomacy, 30araueHy Oi0JOTIYHO aKTUBHUMHU
CIOJTyKaMH.

3a 1aHUMHM JOCHIKEeHb, XiMiuHe crokuBaHHs kucHIO (XCK) y M siconepepoOHUX cTOKax
Moxke csaratu 800-2000 wmr/m, Gioximiune cmokuBaHHs KucHIO (BCK) — momam 1200 mr/m,
3aranbHuil BMicT azoty — 70-200 mr/a, a docdopy — 1640 mr/n [1-3]. Taki moka3HUKH
CIPUYUHSIOTH CEpHO3H1 €KOJOTIYHI PU3UKH: HAJMIPHE HAaJIXO/PKEHHSI CTIYHUX BOJ] Y HABKOJIUIIIHE
CepeoBUINE NMPHU3BOAUTH 10 €BTpOdiKalii BOJOHM, 3HMKEHHS BMICTY PO3UMHEHOIO KHCHIO,
MacOBOTO PO3BUTKY I[iaHOOAKTEPIH Ta IHITUX BOJOPOCTEH, 110 MOTIPIIYE SIKICTh BOJU i BUKJIMKAE
3aru0enp BOAHUX opranizMiB. KpiMm Toro, opraniyHo 30aradeHi CTOKH € JDKEpPEJIOM MaTOreHHUX
MIKpOOPTraHi3MiB, aHTHOIOTHUKIB Ta 3QJIMITKOBUX TOPMOHAJIBHUX CIOJYK, SIKi MOXXYTh HETaTUBHO
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BIUTMBATH Ha 3JI0POB’S JIFOAWMHU 1 TBapuH. TpaauIliiiHi METOINU OYHUIICHHS TaKMX BOJ (XIMIuHE
OCajKeHHs, aepoOHe UM aHaepoOHe 010JIOTIYHE OYHIIICHHS) YaCTO € JOPOTMMHU, eHEPTOEMHUMH Ta
HE Jal0Th MOXJIMBOCTI BITHOBJIFOBATH IIHHI 010MOJICKYJIH.

MikpoBonopocti, 30kpema Chlorella vulgaris, NeMOHCTPYIOTh YHIKaIbHY 3MaTHICTh
MOEHYBATH BHJAJCHHS 3a0pyJHUKIB 13 HAKOMWYEHHSM Oiomacu, 30aradeHoi MOKUBHUMH
peuoBuHamMu. Psia gocnimkens miarBepauay, mo Chlorella moxe edexruBHo Bumansata 10 90%
OlOreHHUX €JEeMEHTIB 13 MPOMHUCIOBUX CTIYHUX BOJ, OJHOYACHO aKyMYyJIIOIOUM BiTaMmiH Bi: 3
OpTraHiYHUX 3aMUIIKiB [4—6]. BuUKOpHCTaHHS TaKOro MIAXOMYy € MPHUKIAIOM PalliOHAIBHOTO
BUKOPUCTAHHS PECypPCiB, KOJIM MOOIYHI MPOAYKTH Xap4OBOI'0 BUPOOHHUIITBA TPAHC(HOPMYIOTHCS Y
BHUCOKOBAPTICHI OlOMpOMyKTH (Ii€TU4HI 100aBKH, OlOMaTuBO) Ta OJHOYACHO 3MEHIIYIOTh
HEraTUBHUU €KOJIOTTYHUHN BIUIMB.

VY naniii poOOTi MPOBENCHO AaHAIITHYHUI OIJIAJ] CyYacHHX JiTeparypHux xepen (2010-
2024 pp.), sKi BUCBITIIOIOTH 3AaTHICT Chlorella vulgaris no pocty Ha opraniuHux cybcTparax ta
aKymyJnii BitTaminy Bi2 y mpHCyTHOCTI XapuoBHX Ta M’SICHUX BigxoniB [5,6]. OcobmuBy yBary
OPUILIEHO TOCIIHKEHHSIM, Y KX MIKPOBOJOPOCTI BUKOPUCTOBYBAIH JIsi OUYMILIEHHS CTIYHHX
BOJI, BKJItoWaroun Oiora3oBi cyOcTpaTH, aHaepoOHI AMrecTaTH Ta MPOMHCIOBI CTOKu [4,7].
[TpoananizoBaHo €peKTUBHICTh BUJAICHHS a30Ty, (hochopy Ta OpraHIiYHUX PEUOBUH, a TAKOXK
HAKONWYCHHs BiTaMiHy Bi2 y Giomaci.

JliTepaTypHi AaHi TOKa3yIOTh, 0 IPU KyJIbTUBYBAaHHI Ha CTIYHUX BOJIAX M’ SICONIEPEPOOHUX
nignpueMctB Chlorella vulgaris nocsrae BHUCOKOi €(EKTUBHOCTI OYMINCHHS: BUIAICHHS
ximiy"oro cnoxkuBanHsi kucHio (XCK) nepesuirye 75-85%, amoniitHoro azoty — mnonaz 80%,
docdarie — 85-90% [4,7]. OmHouacHO GioMaca HAKOMMYYE 3HAYHY KUTBbKICTh OlIKa (10 45—50%
cyxoi MacH) Ta 010JIOTi1YHO aKTUBHOTO KoOalaMiHy. BuKOpHCTaHHS MOJOYHOI CHUPOBATKH Ta il
nepMeariB K CepeJOBUIIA ITiBUIYBaJIO BUXia 6iomacu y 1,52 pa3u B IOPiBHSHHI 3 KOHTPOJIEM
Ha MiHEpaJbHUX cepeloBHIIax [6].

AHaepoOH1 AurecTaTy, OTpUMaHi Micist 30poKYBaHHSI BIIXO/11B XapyOBOi MPOMHUCIIOBOCTI,
3a0e3meuyroTh e Kpallli pe3yJbTaTH: KOHIEHTpalis BiTamiHy Bi2 y Oiomaci mocsrama 10-12
MKr/T cyxoi Macu [10]. Kpim Toro, noBeneno, mo cumM6103 BOJIOpOCTEN 13 OaKTEepisIMU y TaKHX
CepeIoBUINAX CIIPHsE€ LIBUALIOMY BMJIYYEHHIO IOKMBHUX PEUOBHH 1 MIJBUINYE CTIHKICTh
KynbTyp [8,9]. BogHouac 3acTocyBaHHS €KCTPAKTIB SIIOBUYOI IIEUIHKH SIK JI01aTKOBOT'0 CyOcTpary
€ TIePCHEKTUBHUM 3aBJSKH BUCOKOMY BMICTY HIPUPOAHOTO Bz, 1110 MOXe CIPUATH MOAATIBIIOMY
30araueHHI0 010Macu MIKpOBOJOpOCTEH [5].

Amnaui3z JiTepaTypu MIATBEPAXKYe, 0 BUKopHucTaHHs Chlorella vulgaris niis ouuIeHHsS
OpraHiuYHUX CTIYHUX BOJI € IEPCIEKTUBHUM HAINIPSMOM, SIKUH NO€JHY€E€ €KOHOMIYHI, €KOJIOT14YHI Ta
OioTexHoJyoriuHi mnepeBaru. Takuil MiAXiA [O03BOJSE€ 3MEHIIMTH 3a0pyJHEHHS JOBKULIA,
OJIHOYACHO OTpUMYIOYM OioMacy 3 TIJBHINCHUM BMICTOM I[IHHUX crnonyk. [logampmii
JOCTII)KeHHS TOBUHHI OyTH CIIPSMOBAaH1 Ha ONTHMI3allit0 YMOB JIJIsl OTPUMaHHS OLIBIIIOTO BUXOTY
Olomacw 31 30araueHuM XIMIYHUM CKJIaJ0M, TOOTO 301JIbIIICHHS €()EKTUBHOCTI OUHUIIICHHS CTIYHHX
Boj. Takum umHOM, Bukopuctauusi Chlorella vulgaris y cucremax OYMILEHHsS CTIYHUX BOJ
Xap4yoBOi MPOMUCIIOBOCTI Ma€ MOABINHY LIHHICTh: OJHOYACHE BHUPILIEHHS MPOOIeMH yTHIII3alii
OpraHiyHux 3a0pyJHMKiB 1 QopMmyBaHHS 30arayeHoi Ha IMOXKMBHI pPEYOBMHH Oiomacu
MIKpOBOJIOPOCTEH - BUCOKOIIIHHOTO O10MPOAYKTY JUIsl Xap4yOBHX 1 (hapMalleBTHUHUX 3aCTOCYBaHb.
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OIIIHKA TOKCUYHOCTI JJIsI DAPHNIA MAGNA PEAKIIHHUX CYMIIIEX
HICJIA @OTOXIMIYHOI'O TA ®OTOKATAJITUNYHOI'O OKUCHEHHA BOAHUX
PO3YHMHIB CTPEIITOIUAY PI3BHUMHU OKUCHUKAMU

TI'onoexoe A. M., Cmonsapoea 1.B., Bakynenko B.®.
Inemumym konoionoi ximii ma ximiisoou im. A.B. [[ymancoxoeo HAH Yxpainu, m. Kuis
vakulvera@ukr.net

Beryn. VY nockonaneni mportiecu okucienHs (AOPs) cranu 3araibHOBU3HAHOIO TEXHOJIOTIE0
OYMIIICHHS BOJH B OCTaHH1 necatuwiiTTs. [Ipore, He3BaXkaroun Ha BUCOKY eekTuBHICTh AOPSs mist
BUJAJICHHS I[IJTbOBUX OPTaHIYHUX JTOMIIIOK, MMOBHOI MiHepami3allii OUIBIIOCTI 3 HUX 3a3BHYail
JIETKO JOCATTH HE BAA€THCs. BomgHOUac KIHIIEBOIO METOI0 BCIX JACCTPYKTHBHUX TEXHOJIOTIH €
NETOKCUKAIliSl yCiX JOMIMIOK y BOJI, a HE JHIIe BUAAJICHHA LIJbOBUX CIONYK. Tomy
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BUrnpoOyBaHHs Ha Daphnia magna € Haa3BUYaliHO BaXKJIMBUMH SIK OJHA 3 MOXJIMBOCTEH
HecrenupiqHoT OIiHKK 010JI0T14HOT 1Iii CyMilIel yciX BiJOMHX, a TaK0X HEBIZJOMUX NPOIYKTIB
PO3KJIaJlaHHs LUILOBUX 3a0pyaHIorounX pedoBuH [1]. Lledt miaxim ocoOIMBO KOPHCHHM TpU
BHUBUEHHI 010JIOTIYHO AKTHBHUX OPTraHIYHUX JOMIIIOK, TAKUX SK AHTHOIOTHKU. AHTUOIOTHUKU
HaJIeXXaTh J0 HAMOUIBII MOITMPEHUX MIKPOJIOMIIIOK (hapMalieBTUYHKX MperapaTiB, MIPUCYTHICTh
SKMX OCTaHHIM 9acoM (PiKCYIOTh B IPUPOJHUX 1 CTIYHUX BOJAX YChOMY CBITI B KOHIIEHTpALil Bif
Hr/am® 1o Mxr/am’. Cepen HUX BenuKy rpymy (6insiue 150 crnonyk) ckiaaaroTh cyab(haHinamigsi
aHTHOI0TUKY, SIKi € TOXITHUMH 4-aMiHOOEH30JICYIb(hamMiay, BITOMOTO SK cTpenTouuy [2].

MeTta po60TH — €KOTOKCHKOJIOTIYHA OIIHKA PEaKIIMHUX CyMIIIeH micisi GOTOTITHYHOTO,
(OTOXIMIYHOTO Ta TOMOTEHHOTO (POTOKATATITUYHOTO OKHCHEHHS JBOMAa OKHCHUKAMH —
MEPOKCHUIOM BOJHIO Ta MepcyibhaToM HATPiI0 PO3YUHIB CTPENTOLMY B TUCTUIHOBAHIN BOJI.

Metonuka excnepuMenTy. OO’ekToM AoCHiDKEHHS OyB KOMEpUIMHHUN Mpenapar
ctpenronuay (CeHsN202S, M.m. = 172,2 r/mons) (99 %, Kurait).

@otomitnune  (YP), ¢oroximiune (H202/YD) 1 romorenHe ¢oTOKaTaTiTHIHE
(Fe3+/HzOz/YCD, F e3+/82082'/Yd)) OKUCHEHHSI PO3YMHIB CTPENTOLUIY B JIUCTHIBOBaHIA BOII
IIPOBOMIIH B cKIstHOMY peakTopi (V=400 cm?, ToBumHa mapy (/) ~ 1,5 cM) 3 3aHYPEHO0 PTYTHO-
kBap1oBoo Jammoro J[Pb-15 (A =254 uM) y kBap1ioBOMY KOKYC1 ITPH NEPEMIILITyBaHHI MarHiTHOIO
MiIlTaNIKOI0 TIpOTsiroM 2 roj. OKMCHEHHs TIPOBEICHO NPK HU3bKil konnenTpauii Fe** (0,02-0,04
MM) Ta MOJISIPHUX KOHIIEHTPAIISX 000X OKUCHUKIB, OJIM3bKUX IO CTEXIOMETPUYHOT KOHIIEHTpaIlii
H>0; (22 monb/Moinb), HeoOXimHOI AiIsg MOBHOI AecTpykmii crpentomunay ao CO, HoO ta
HEOpraHiuHuX 10HiB (#oro MiHepamnizaiii). B mporieci nociixeHb KOHTPOIIOBAIN 3MiHY ONITHYHOT
TYCTHHH MaKCHMYMY IOTJIMHAHHS pO3UMHY cTpentouuay B Y @-o6macti (42s8), sIKa XapaKTepU3ye
pO3KJaa HOro apoMaTHU4HOI CTPYKTYpH (IIEpBUHHA JECTPYKIlis); KOHIIEHTpAIl 3araibHOro
opraniyaoro Byrieio (30B) (cryminp MiHepaiizaii), HepoKCHIy BOJIHIO i mepcynbdary HaTpito
Ta pH po3uuny. [TapameTpu OKMCHEHHS 1 XapaKTEPUCTUKA MTOYATKOBUX Ta 0OPOOICHUX PO3UUHIB
CTpenToLUHy HaBeJeH1 B TaoI. 1.

Tabmung 1. [TapameTpyu OKMCHEHHS 1 XapaKTePUCTUKA TOCIIIKEHUX PO3UHUHIB CTPENTOLUAY
1 po3unHiB Na>2SO4 B KoHTposnbHOMY cepenoBuiii (KH)

IIpouec Ne | Ilouarkosi [Tapamerpu ITicnst 06poOku
00poOKHu PO3UMHU 00poOKku (medrpamizanii
n/m pH 3OB0, Fe3+, [HzOz]o qn 3OBK, [HZOQ]K qn pHH
mr/am® | mr/mm® | [Na2S20s]o, | mr/am® | [Na2S20s]x,
mr/am> mr/am>
be3 06pobku 1 6,1 | 16,6 0 0 - - 7,1
YO 2 65| 169 0 0 12,9 0 6,8
HyOo/Y O 3 163 115 0 143 2,02 33 7,5
Fe*'/H,0./Y D 4 62| 114 1,12 144 1,5 3,9 7,5
Fe*'/NayS:05/ VP 5 162 11,1 1,12 986 1,56 1,4 7,0
Fe’"/NaS:0s/YD | 6 | 6,5] 16,2 2,24 883 2,17 0 7,5
npooa/KH = 1:1* 1,12%* 442* 1,08%*
Po3unnn 7 |73 0 0 250 - - -
NaxSO4 B KH 8 |73 0 0 500 — — —

[Mpumitka. [H202]c um [NaxS»0g]«c — 3amumkoBa koHmentpamis HoOr um NaxS>0Og B
OKHMCHEHHMX pO34YMHaX cTpenTouuay Ao ne3zaktuBauii; pHx — pH HeliTpanizoBaHoro po3dyuny
CTPENTOLUAY Micis OKUCHEHHs. *OKUCHEeHuH nepcynb(aToM po3uuH CTPENTOUUIY, PO3BEICHHNA
y 2 pa3u KOHTPOJBHUM CEPEAOBHILEM.
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ExoTOKCHYHICTD OIIHIOBAJIM NIIISIXOM TE€CTYBaHHS JeTaIbHOCTI Daphnia magna mpoTAromMm
72 ron BIAMOBIAHO IO CTaHAAPTHOTO MPOTOKONY, omucaHoro B [3]. Meron 6ioTecTyBaHHS Ha
nadHisIX 3aCHOBaHMW HAa BU3HAYCHH] CTYIIECHS BUKMBAHHS PAKOTIOIIOHUX ITPU TOKCUYHOMY BILIMBI
XIMIYHUX PEUOBHH, IO MICTATHCA Y BOJ, 1 HOPIBHAHHS iX 3 KOHTpOJIbHUMH nokazHukamu (KH).
KpuTtepiem roctpoi TokcuuHocTi € 3aru6ens 50 % 1 Ouple 0cobuH, a XpOHIYHOT TOKCUYHOCTI —
3arubens Big 20 % no 40 % paduiit 3a mepiox 1o 96 Tox y TecToBaHIN BOMAI MOPIBHSHO 3
KOHTPOJBHUM  CEpeloBUILEM. TOKCHYHICTh PpO3YMHIB CTPENTOLMIY OLIHIOBAIM  IICIHA
ne3aKTUBalii He3HauHuX 3aniiKiB (< 3 %) okucuukis(0,2 M Na;SO3) ta HeliTpanizamii po34rHiB
(0,1 M NaOH) (ta6a. 1). Kpim TOro, BpaxoByr4H CYTTEBY BiIMIHHICTH MoJispHUX Mac HoO» 1
NazS20s8 (M.M. BignosigHo 34 1 238 r/M0:1b) 1 3HAYHUH BIUIMB OCTAHHBOTO HA 3MiHY MiHEPaIbHOTO
CKJIaJy OKHMCHEHOI'O pO3YMHY CTPENTOLMIY, OLIHWIM TaKOX TOKCHYHICTh JBOX PO3YMHIB
cynb(dary HaTpito pi3HOi KOHIeHTpaii (Tabm. 1).

Pe3yabTaTH i iXx 00roBOpeHH.

Bcranoeneno, mo came Y®-onpomineHHs (A = 254 HM) 0e3 OKHCHHUKIB PO3YHHY
ctpenrouuay (Co=0,2 MM, pHo 6,3) mpoTsroM 2 roj CHpUYHHSIIO CYyTTERY HOTO TpaHCcOpMaIlito
— 3HIKCHHS IHTEHCUBHOCT1 MAKCUMYMY TTOTJIMHAHHS PO3uuHY (A4258) Ha ~70 % Ta AEIKHIA CTYIIHb
Mminepanizauii (~ 24 % B po06i Ne 2), oqHaK CYNPOBOKYBaIOCh 3HAYHUM IMOTEMHIHHIM PO3UHHY
BHACIIIZIOK TIONiMepH3alii 4YacTWHU YTBOPEHUX IIEPBHHHUX iHTepMexdiaTiB. B Toi wac, sk
pociimkeni Qortoximiuni Ta Qorokaramituuni (H202/Y®, Fe*/H,0./YD, Fe*t/S:05% /YD)
IpoIlecd OKMCHEHHS TPH KOHLEHTpAIlil OKUCHUKIB, OJM3BKIH JO CTEXIOMETPUYHOI, i HU3BKIN
konuentpanii Fe** 3a 2 ros 3a6e3neuyBanu noBHy HepBUHHY JecTpyKIio npenapaty (98—100 %)
Ta BUCOKHMH CTYMiHb Horo miHepaizamii (> 83 %).

B ninomy, 3a pe3yiabTataMH TeCTyBaHHS, FOCTPY TOKCHUYHICTh BHSIBJIEHO JUISl IOYaTKOBOTO
po3umHy crpenTouuay (Ne 1) Ta OUIBIIOCTI peakIiHHUX CyMilIed Ticis HOro IecTpyKIii
nociipkeHuMu Metofamu (Ne 2-5), ockiUIbKM MpOTAroM 72 roJ JeTajbHICTh JadHii B HUX
nocsirana 100 %, Ha BigMiHy Bix KoHTpoJibHOTO cepeaosuina (KH) (tabsn. 2).

CrioctepekeHHs NPOTIAroOM TEeCTyBaHHS IOKa3ajld 3HAyHE MPHUCKOPEHHS BIAMUPAHHS
nagHii B YaCTUHI OKUCHEHUX po34yMHax cTpentouuay (Ne 2 1 5) mopiBHSHO 3 MOYaTKOBUM (TalJI.
2). Ix meranbmicTs 3pocrana HaiimBuaue y npo6i Ne 5 micis (GOTOKATaNTiTHYHOIO OKHCHEHHS
ctpenrouuny nepcyiabpatom (40 % 3a 2 rox) 1 B mpobi Ne 2 micnsa Y®-onpomiHeHHs Oe3
OKHMCHUKIB 3 HAHHM)KYUMHM CTYIIEHSIMU IIEPBUHHOIT JlecTpyKLii 1 MiHepamizauii npenapaty (10 % 3a
6 ron) Ta nocsrana 100 % 3a 24 rox B 000x. B mouaTkoBoMy po3urHI CTPENTOLUAY JETAIBHICTh
nadHii npoTsrom nepuioi 100u Oyna BiACYyTHS, MPoTe (PiKCyBanack yxke Ha MOYaTKy Ipyroi 1o0u
(10 % 3a 28 rox 1 mocsirana 100 % 3a 44-48 roa. B pozunnax crpentoruay micist GOTOXIMIYHOTO
(H,02/Y®) Ta (oTOKaTaliTHYHOrO OKMCHeHHs mnepokcuaom BoaHio (Fe*'/H,O/Y®) 3nauna
netanpHICTH gadHik (60—70 %) dikcyBanack Jmiie HaIPUKIHIT TPEThoi 100m (68—72 roxm).

Haiimenm TokcuyHuMm OyB (DOTOKATaJiTUYHO OKHCHEHHH mepcyiabpaToM po3YHH
CTpPENTOLH Y, PO3BEeIeHUH Y 2 pa3u KOHTPOJIbHUM cepeaoBuieM (Ne 6), Ha BIIMIHY BiJl HAHOUIbII
TOKCHYHOTO aHAJIOT1YHO 00poOIEeHOTO Hepo3BeAeHOTo po3unHy (Ne 5) (Tabi. 2), He3Baxaro4n Ha
OJIHaKOBUH CTYMIHb NEPBUHHOI AecTpyKii npenapaty (99 %) 1 6nu3bkuit 3anuimkosuii BMicT 30B
(tabn. 1). Lle minTBepamio HEOOXiHICTh TECTYBaHHsS pPO3UMHIB cyinbdary Hatpito. lins 06ox
po3unHiB NaxSO4 B xoHTponbHOMY cepemoBuiii (Ne 7 1 8), mificHo, Oyna XapakTepHa Jaesika
netanbHIcTh (10-20 % npoTsarom 2—-3 no6u), ananoriuna npooi Ne 6. [Ipote, B mpodax Ne 71 Ne 8
3a(ikcoBaHO SABUIIE pe3UCTeHTHOCTI. OpraHi3Mu MPUCTOCOBYBAIMCH 10 1 XIMIYHOI CIIOIYKH 1
BiJTHOBJIIOBAJIM HOPMAJIBHUNA PEXKHUM JiSUTBHOCTI.
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Tabmumst 2. TokcwuHicte st Daphnia magna TOYaTKOBOTO Ta OKUCHEHHX PI3HUMH
crocob6aMu PO3YHHIB CTpeNTOIUAY Ta po3urHiB NaxSO4 B KOHTPOJIBHOMY CEpeIOBUIII

Jletanwpuicte Daphnia magna, %
Yac, Ne poou
rof KH 1 2 3 4 5 6 7 8
1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 40 0 0 0
6 0 0 10 0 0 100 0 0 0
24 0 0 100 0 0 100 0 0 0
28 0 10 100 0 0 100 0 0 0
44 0 100 | 100 0 0 100 0 0 10
48 0 100 | 100 0 20 100 0 0 10
52 0 100 | 100 0 60 | 100 0 20 10
72 0 100 | 100 | 60 70 100 | 20 20 10

VIMOBipHi NpHYMHY 3aIMIIKOBOT TOKCHYHOCTI B IOCIIUKEHUX IPo0ax: HeIOCTATHiil CTYIIiHb
NEepBUHHOI JIeCTpyKIii 1 miHepamizamii crpenrtouugy (mpoba Ne 2) 4ym HEJOCTATHHO TOYHO
3HEUIKO/KEH1 3aJMIIKOBI KOHIIEHTpAIlli 3aCTOCOBAHUX OKHUCHHUKIB a00 HMOBIpHUX YTBOPEHHUX
OpPTraHIYHUX MEPOKCOKHCIOT, HE BPAaXOBAHHWX 3aCTOCOBAHMMH METOJAaMH KOHTPOJIO, B PEIITi
OKMCHEHUX PO3UHMHIB cTpentoununy. HenocTtaTHbo BHCOKMH CTyHiHb pO3KJIaxy apoMaTHYHOI
CTPYKTYpH aHTHOIOTHKIB MiCJIsl OKHCHEHHS MOXE CBIIYMTH MPO TPUCYTHICTH apOMaTHYHHX
MPOMDKHUX MPOIYKTIB, €AKi 3 HUX € Ay)K€ TOKCUYHUMU A AadHiil, 30KkpeMa, TiIpOoXiHOH Ta
6en3oxinoH (EKso.4g Biamosinuo 0,15 mr/nm> ta 0,059 mr/am? [4]). Ak Bimomo, H2O; € TOkCHMYHOIO
s Daphnia magna. Hanpuknan, konuentpauis H>Oz, sika cnpuunnsie 3arudens 50 % nadniii 3a
24 rog (JIKs0-24), cTaHOBUTH 6,51+0,19 mr/am® [5].

BucHoBku. Takum 4HOM, 3acTocyBaHHsl AOPs, MoB’A3aHNX 3 BUKOPUCTaHHSAM IEPOKCUTY
BOJIHIO UM Iepcyib(ary HATpio JUIsl IeCTPYKLIi CTpenTouay, NoTpedye, OKpiM OOIpyHTYBaHHS
palioHaJbHUX HapaMeTpiB MPOLECiB I JAOCITHEHHS MaKCHMAJIbHOTO CTYIEHs MiHepasizamii
aHTHOI0TUKA, PETEIBbHOIO0 KOHTPOJIO 3aJMIIKOBUX KOHIIEHTpAIlil OKHCHMKIB, BKIIIOYHO 3
BUHUKIMMU B TIpOIIeci 00pOoOKH, 7151 OTPUMAHHS €KOJIOTTYHO 0e3MeuHO0i OUHIIeHOT BOIH.
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TEXHOJIOT'TI OUMIIEHHA MIHEPAJII30OBAHUX BOJl 3 OTPUMAHHSM
KOHKYPEHTHOCHPOMOXHUX PEAT'EHTIB
Tomena M./I., Kpuscanoscoka A.IL., Ilhauyx .M.
Hayionanvnui mexuiunuu ynisepcumem Ykpainu « Kuiscokuii nonimexniynuii incmumym
imeni leops Cikopcbko2oy,
Yrpaina, m.Kuis, e-mail: yanamart93@ukr.net

VYkpaina HaJIe)KUTh 0 KPaiH 13 BITHOCHO 0OMEKEHIUMH 3aracamu mpicHoi Boau. OCHOBHE
JDKEpeJIo BOJHUX pecypciB — Lie piuka J{Himpo Ta ii npuTOKH, OJHAK Yepe3 3HaYHEe aHTPOIIOTeHHE
HABaHTAXXCHHS 1 KJIIMaTHYHI 3MIHM SKICTh LUX BOJI MIOCTYIOBO 3HIXKY€EThCs. [ 3a0e3medeHHs
CTaOLIBHOTO BOAONOCTauYaHHsS 4YacTO 3JIMCHIOETHCS MepeKauyBaHHsS BOAM MDK PErioHamH, 10
JUIIIEe YaCTKOBO BHpilnye mnpobiemy nedinuty. Y 3axigHux obnactsx, 30kpeMa y JIbBIBCBKIiid,
HAaceJeHHs 3/1eOUIbIIOr0 KOPHUCTYEThCS BOJOK 3  apTe3laHChKUX cBepuloBUH. [Ipore
e(eKTUBHICTh BUKOPUCTAHHS BOJAHUX PECYPCIiB B YKpaiHi 3aJMIIAETHCS HU3BKOIO, a EKCILTyaTaIlis
BOJIOCXOBMI] Ha JIHINPI CYyHNpOBODKYETHCS 3HAYHUMHU BTpaTaMy 4Yepe3 BHUIIAPOBYBAaHHS Ta
MOTIPIICHHS SKOCTI BOJIA, OCOOJIMBO BIIITKY, Yepe3 IporecH eBTpodikaii [1].

OnHuM 13 10IaTKOBUX JUKEPEN BOJOIOCTAYaHHS MOXYTh CTaTH LIaxTHI Boau. ChOrojHi
3HAYHI iX 00CSATH CKUAAIOTHCS y MPUPOHI BOJOMMH MPAKTHYHO O€3 OUMIIEHHS, IO CIIPHYUHSE
MiBUINCHHS MiHEepaIi3allii Ta MOTipIICHHS SKOCTI MOBepXHEBUX BOJI. OTHAK JTOCBIJ CBIAYHTH, 10
OYMINEHHS TAaKUX BOJI 32 JOTIOMOT0I0 CYYaCHUX MEMOpaHHHUX TEXHOJIOTIH, SIK-OT HAaHO(IbTpaLlis
YY1 3BOPOTHUH OCMOC, € LIJIKOM MOXJIUBHUM. [IprKkianom € BojoouncHa cTaHIis B ATYEBCBKY, J1€
nie y 2008 porii BIpoBaPKEHO YCTAHOBKY MPOIYKTHBHICTIO 12 THC. M*/m00y, sika 3a0e3rnedyBaia
OTPUMAaHHS TUTHOI BOJIM, 110 Bi/AMOBIajia HAI[IOHAIBHUM 1 MIKHAPOIHUM cTaHaapTam [2-3].

Hes3Baxxarouu Ha TeXHIYHY €()EKTUBHICTh MEMOPAaHHUX MPOIECIB, TOJIOBHOO IEPEIIKOIO0
JUId 1X IIHPOKOTO BIIPOBA/PKEHHS € MpolieMa yTHIIi3alii KOHLEHTPATiB — pPO3COJIB, IO
YTBOPIOIOTHCS M1J1 Yac 3HECONIEHHSI BOJU. Taki KOHIIEHTPaTH MICTATh BUCOKY KIIBKICTh XJIOPUIIB
1 cynbdaris, a ixHe 30epiraHHsa abo CKMJAHHS y NMPHUPOJHE CEPEOBUIIEC CTAHOBUTH HEOE3MEKY.
IcHyrOTSh pi3H1 cIOCOOU MepepOOKH IUX BIXO/I1B — XIMIYHE OCaPKCHHS, I0HHUI 00MiH, cOpOIIis,
JUCTWJISALIS, BUNAPOBYBAHHS YW BUMOpPOXYBaHHsS. [IpoTe BCi BOHM MarOTh 1CTOTHI HEIOJIKH:
BHUCOKY €HEpPrOEMHICTb, HEBHCOKY IpPOAYKTHUBHICTH ab0 YTBOPEHHS HOBHMX BIIXOIB, IO
notpelyroTh moAanbinoi yTwiizamii. Hampukian, i0HHUM OOMiIH CYNpPOBOJIKYETHCS MOSBOIO
BEJIMKOI KIJIbKOCTI pereHepanifHiuX po3unHiB, sIKI MalOTh 11Ie OUIbIITY MiHEpati3allio, Hi’K BUX1/IHA
Bozal4-5].

OmauM 13 Ccy4yacHUX 1 TEpPCIEeKTUBHUX TIAXOMIB € eJeKTPOXIMiuHa TMepepooka
KOHIIEHTPATIB, 30KpeMa METOJOM eJeKTpoAiaidy, sKuil Jae 3MOry He JIMIIEe BUIy4yaTH 10HU
cojieil 13 po34MHy, aje W OTpUMyBaTHU IHHI NpoaykTH. [Ipu mepepoOri XJIOpUAOBMICHHUX
KOHIIGHTPATiB 3a JOMOMOIOI0 €JEeKTpOoJiani3y MOKJIMBE YTBOPEHHS aKTUBHOIO XJOpy abo
TIMOXJIOPUTY HATPil0 — CIIONYK, IO ITUPOKO BUKOPUCTOBYIOTHCS Y TEXHOJIOTISAX 3HE3apaKEHHS
Boau. Takuil minxix M03BOJSIE OJHOYACHO 3MEHIIYBATH HEraTUBHUM BIUIMB Ha JOBKULIA 1
3a0e3mevyBaTH MiANMPUEMCTBA BIACHUMH peareHTaMu IS 1e31H(eKITi.

Y npoMHCIOBOCTI /Ui OTPUMAHHS aKTUBHOTO XJIOPY 3a3BUYAl 3aCTOCOBYIOTh €JIEKTPOIII3
KOHIEHTpoBaHUX po3uuHiB xynopuny Harpito (NaCl) i3 konuentpauiero monan 100 r/mm?’.
BoaHouac KOHIIEHTpaTH, IO YTBOPIOIOTHCS MICIHIS 3HECOJEHHS BOJAM 3BOPOTHHM OCMOCOM YU
HaHogueTparieo, MicTaTh aume 4-30 r/mvm® NaCl, To6To y Kinpka pasiB meHme. Yepes 1ie
TPaaUIliifHI TEXHOJOril He MaloTh 3MOTM €()EeKTUBHO CHUHTE3YBaTH AaKTUBHHUI XJIOp 13 TakUX
po3unHiB. ToMy J[OCHITHUKHA CTaBIATh 3a METy pPO3poOUTH crmocoOu  mepepoOKu
MaJIOKOHLIEHTPOBAHUX PO3YUHIB XJIOPUIY HATPIIO B yMOBaX 3HMKEHUX €HEPreTUYHHUX BHUTpAT 1
BHCOKOI'O BUXOJly KIHIIEBOTO MPOJYKTY.
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MeTo10 OMMCaHOTO B CTATTI JOCIIKEHHS 0yJI0 BUBUEHHS MPOLECiB eJIeKTPOXiMiYHOTO
CHHTe3y aKTHBHOI'O XJIOpPY Ta rimox;ioputy Hatpiio 3 pozunniB NaCl pi3Hoi KoOHIeHTparii y
JIBOKaMEPHHX eJIEKTPOJIi3epax — K BIAKPUTHX, TaK i repMeTHYHIX. OCHOBHE 3aB/IaHHS MTOJIATANIO
y BU3HAYEHHI ONTHMAJbHUX YMOB HPOBEAEHHS EJIEKTPONi3y: IIIIBHOCTI CTPYMY, TPHUBAJIOCTI
HpoLecy, KOHIIEHTPAIil BUXiTHUX PO3YMHIB Ta BIUIMBY IMX IapaMeTpiB HA BUXiJ MPOAYKTY 3a
CTPYMOM 1 CTYIIiHb IEPETBOPEHHS XJIOPHIIB.

JlociiKeHHS IPOBOIMIIH 13 BUKOPUCTAHHIM ABOKAMEPHOTO EJIEKTPOIIi3epa, PO3IiIIeHOT0
aHioHoOOMiHHOIO MeMmOpanoro Ty MA-41. SIk aHOJ 3acTOCOBYB&JIM TUTAHOBY IUIACTHHY,
HOKPHUTY OKCHIIOM PYTEHII0, a SIK KaToJ — JIeroBaHy cTaib. [Iporec Benmu mpu miIbHOCTI CTPyMy
Big 1,67 no 12,5 A/mm? i temneparypi Oimsbpko 25 °C. YV kaToAHy KaMepy HOJaBai JIy>KHUH
pO34MH, a B aHOAHY — pobounii po3unH NaCl. J{1s KoHTpOIr0 XIMIYHOTO CKJIaay Ta X0y PeaKIlii
BU3HAYaJIM BMICT XJIOPUAIB, aKTHBHOTO xjopy, pH Ta iHImII mapamerpu 3a CTaHAAPTHUMH
METOIUKAMH.

PesynbraTi eKCHEpHMEHTIB IMOKAa3ald, HI0 MPH HEBEIMKUX KOHIEHTPAILISX XJIOPUAY
HaTpio (O6mu3bko 3,5 1/aM?) y pO3UMHI BAAETHCS OTPUMATH IMOMITHY KUIBKICTH TIHOXJIOPHUTY
HaTpito — 10 80 Mr-exB/aM® Mo akTUBHOMY XJopy. IIpore 30iibIIeHHS MIUIBHOCTI CTPyMy
NPU3BOUTH J0 IHTEHCUBHOTO YTBOPEHHS Ta30MOAIOHOTO XJIOPY, SKUH YacTKOBO BTPAyYa€ThCS
BHACIIZOK Aera3arii. Yepes e peaqbHUi BUXi aKTHBHOTO XJIOPY 328 CTPYMOM 3MEHIIYETHCS, &
KOHLIEHTPALlisl KIHIIEBOT'O MPOAYKTY 3aJIUIIAETHCSI HEBUCOKO0. Halikpali pe3yabTaTi mpu TaKux
YMOBaX CIIOCTEpIiraivcs Py aHOIHIH miabHOCTI cTpymy 1,67—4,17 A/nm? (puc.1).
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Pucynoxk 1 - 3mina xonyenmpayii akmusrnozo xaopy (1; 2) 6 anonimi 06okamepHo2o
enekmponizepa (memopana MA-41), iioeo euxody 3a cmpymom (3, 4) 6i0 uacy enekmponizy
posuuny NaCl konyenmpayieio 61 me-exé/om® npu anoowuiti winerocmi cmpymy, A/om?: 4,17 (1;
3) ma 8,33 (2; 4) (xamonim — po3zuun NaOH xonyenmpayicto 200 me-exe/om’)

[Tpu nigsumenHi koHnentpanii NaCl y BuxigHomy po3uuHi (10 26 r/am*) KoHIeHTpais
aKTUBHOT'O XJIOpY 3pocTana Maibke BTpuui. Lle cBiIUMTH, 10 HACHYEHILIl PO3YMHU XJIOPUAY
HATPIIO CIPUSAIOTh YTBOPEHHIO OLIBIIOT KUIBKOCTI MIOXJIOPUTY ITPU IOMIPHUX 3HAYEHHSIX CTPYMY.
BoaHouac 3aHaATO IHTEHCHBHE €JEKTPOJITHUYHE OKHUCHEHHs (BUIle 8 A/IM?) MPU3BOAWIO 0
3HAYHHUX BTPAT aKTUBHOTO XJIOPY BHACIIIOK HOTO MEPEXoy B Ta30By (a3y.

JonatkoBi gocmiau 3 OUIbII KOHIEHTpOBaHUMHU pos3unHamu (10 1700 wmr-exs/mM?®)
HIATBEPIWIN, 10 HaBiTh Mpu migBuiieHHi BMicTy NaCl y po3unHi BUXiJl aKTUBHOTO XJIOPY HE
3pocTae MponopIiiHo. 3HayHa HOro YacTKa Bce OJHO BTPAva€ThCs MpH Jeras3allii, 0coOIuBo 3a
BHCOKOI aHOAHOI HIIJIFHOCTI CTpyMy. Pa3oM 3 TUM, crioctepiranocs MOCTyMnoBe MmiaBuineHHs pH
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AHOJTITIB y TIPOIIECI €NIEKTPOITi3Y, 10 MOSCHIOETHCS HAKOMUYCHHSIM T1APOKCH I-10HIB 1 YACTKOBUM

NePEeX0/10M aKTUBHOTO XJIOPY Y (OpMy TinoxXJIOpUT-i0HiB.

Takum 4MHOM, TOCTIIKEHHS TTOKa3aJIo, 10 €(EeKTHUBHICTh MEPEepOOKH PO3UHHIB XJIOPHUITY
HATPII0 METOJOM eJIEKTPOJialli3y BH3HAUAE€ThCs HHU3KOI (hakropiB. Halkpamumx pe3ynbraTiB
MOYKHA JTOCSATTH MPH CEPEIHIX 3HAYCHHSIX CTPYyMy Ta MOMIPHUX KOHIICHTPAIiSX COJi. 3a TaKux
YMOB YTBOPIOETHCS AOCTATHS KUTBKICTh aKTUBHOTO XJIOPY 200 TIMOXJIOPUTY HATPIiIO, SIKi MOXKYTh
OyTH BUKOpHUCTaHi sK ae3iHdexTanTu. HagmipHe miaBUIIEHHS T'yCTHHU CTPYMY Y KOHIIEHTpAIlil
NaCl, naBnakwu, 3HNXKy€ e(hEeKTUBHICTb Yepe3 JAera3allito Ta 30UIbIICHHs] eHEPTeTHYHUX BUTPAT.

VY migcyMKy MOKHA 3a3HAYUTH, IO EJIEKTPOIIalli3 € IEPCICKTUBHIM METOIOM MEPEPOOKH
IIAXTHAX T4 COJNIOHYBATHX BOJ i3 BHCOKMM BMIiCTOM XJOpHiB. MlOro 3acTocyBaHHs 103BOIISE
BHUPIIIUTH OApa3y ABI MpoOJieMH — 3MEHIIEHHS MiHepati3allii BOJAX Ta OTPUMaHHS KOPUCHHUX
XIMIYHHX pearcHTiB, HEOOXITHUX TSl 3HE3apaKECHHS MUTHOI BOAM. POo3po0Ka TakuX TEXHOJIOTiH
0COOJIMBO aKTyallbHA JIUIsl YKpaiHu, Jie MUTaHHS ¢EKTHBHOTO BUKOPUCTAHHS BOJAHUX PECYPCIB i
€KOJIOTIYHO Oe31evHO1 yTHITi3allii BiIXO/IiB € HAJA3BHUAHO TOCTPHM.
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Ha cporogni BHMKOpPHCTaHHS AaKTHBHOTO MyJy 3aJIMIIA€THCS OCHOBHUM METOJIOM
010JI0T1YHOT0 OYHUIIIEHHS MICBKUX CTIYHHUX BOJ Y BCbOMY CBITI. 3@ pI3HUMU OL[IHKaMH, TEXHOJIOT1,
3aCHOBaHI Ha MPOIECI aKTUBHOT'O MYJIY, 3aCTOCOBYIOTh OUThII HIXK Yy 90 % OYMCHUX CTIOPY Y CBITI.
[Tompu 11€, T100ATBEHO OJIU3BKO 44 % CTIYHUX BOJ yCe 1€ HE MPOXOIATh HAIEKHOTO OUUIIICHHS
abo CKHJIAIOThCS Yy BOJOWMH O3 BiAMOBIAHOI MiArOTOBKH. OKpiM TOro, 3a HECTIPHUATIMBHX
30BHIIIHIX (DaKTOPIB 1 3MiH YMOB HaBKOJIMIIHBOTO CepeloBHUIIA (Takux sIK TemrmepaTypa, pH,
KOHIIEHTpALlisl PO3YMHEHOTO KHCHIO, COJIOHICTh 200 HasBHICTh TOKCHUYHHUX PEUYOBHH) CHUCTEMHU
aKTUBHOTO MYJY MOXYTh 3a3HaBaTH 3HAYHOTO 3HIDKEHHsS e(EKTUBHOCTI, 30Kpema dYepe3
CIUIMBAHHS MYy, PO3MHOXKEHHSI HUTYAcTUX Oakrepiid. Taka cuTyallis 3yMOBIIO€ HEOOXiAHICTh
MOJaJbIIOT ONTUMI3alli ICHYIOUMX TEXHOJIOTIH Ta MOUIYKY HOBHX MIiAXOMAIB 70 1HTeHcHikaril
Oilonoriyaux nporecis [1-2].
Ha BigmiHy Bia TpaauIiitHOI TEXHOJOTii aKTMBHOTO MYy, METOJH, IO IPYHTYIOTHCS Ha
IMMOO1I1I30BaHUX MIKpOOpraHizmMax, 3a0e3neuyioTh BUILY IIUIbHICTh Ta CTAOUIBHICTH OioMacu
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MIKpOOpraHi3mMiB. BukoprcTtanHs iMMOOLTI30BaHUX KJIITHH CHpPHSIE MOKPAIICHHIO MacOOOMIHY,
MiJBUIICHHIO CTIHKOCTI /O TOKCHYHHMX BIUIMBIB 1 30UIBIICHHIO TPHUBAJIOCTI AKTUBHOTO
GyHKIIOHYBaHHs O0101IeHO31B. Y 3B’SA3Ky 3 IIUM JOCIHIDKEHHS TpoleciB ¢GOpMyBaHHS Ta
¢dyHKLIiOHYBaHHS Oi10TUTIBKM HaOyBa€ OCOOJMBOI aKTyal bHOCTI JUIS MiJABHUIICHHS €()EeKTUBHOCTI
CYyYaCHHMX TE€XHOJIOT1H 1 OYMCHUX CIIOPY/T O10JIOTTYHOTO OYMIIECHHS CTiYHKMX Bof [ 1, 3].

[Torip oueBuAHI TepeBarn OIOIUIIBKOBUX CHUCTEM, IX TPAKTUYHE BIPOBAKCHHS
CYNPOBOJIKY€ETHCS HU3KOIO HEBHPILICHUX MUTaHb, MMOB’S3aHUX 13 MpolecamMu (opMyBaHHS Ta
cTaOUIBHOCTI O10TUTIBKH. 30KpeMa, 3JIMIIAI0ThCS aKTyallbHUMH TpobieMu edekTuBHOI aaresii
MIDXK MIKpOOpraHi3MaMu 1 HOCieM, 3a0€3TeYeHHS pIBHOMIPHOT'O MacOOOMiHY B TOBIIII O1OTUIIBKH, a
TaKOXX ONTHMi3alii (i3UKO-XIMIYHUX BIACTUBOCTEH 1 (OpMHU 30BHIIIHBOT MOBEPXHI HOCIIB.
JlomaTKoBi TEXHOJIOTIYHI CKJIQJHOII BHHHMKAIOTHh TiJ] 4ac eKcruryaramii cuctem tuimy MBBR,
oiodineTpiB Ta FBBR-peakropis. BupimeHHs 3a3Ha4CHUX MUTaHb € KIIFOUYOBHUM JIJIS ITiIBUILICHHS
e(hEeKTUBHOCTI, CTa01JIbHOCTI Ta JOBIOBIYHOCTI O10TITIBKOBUX TEXHOJIOT1M OUHIIEHHS CTIYHHX BO/I.

Mertoro naHoi poOOTH € BU3HAUYEHHS OCHOBHHMX YHMHHHKIB, II0 OOMEXKYIOTh €(EKTHBHE
MPAKTUYHE 3aCTOCYBAaHHS IMMOO1Ti30BaHUX MIKPOOPIraHi3MiB B OUUIICHHI CTIYHUX BOJ.

IMmoOimizariss MiKpoopraHi3MiB nependadae ix 3aKpilUICHHS] Ha TIOBEPXHI TBEPJIOTO HOCIsA
a60 B 00’eMi IOJIMEPHOT MaTPHIIi, IO JO3BOJISE MiABUIIUTH KOHIIEHTPAIII0 aKTUBHOI OioMacu y
peakTopi Ta 3a0€3MEYNUTH TiABHUINCHHS S€PEKTUBHOCTI OYMINEHHS CTiYHOI BOJHM 1 CTAOUIBHICTH
OioxiMiyHMX mporieciB. OCHOBHOIO MEPEBArol TaKMX CHCTEM € MOXKJIUBICTh TPUBAIOi pOOOTH
OioreHo3y 0e3 BUMHBAHHS MIKpOOPTaHi3MiB 13 30HU peakilii. BogHowac, Hu3Ka Qi3UKO-XiMITHIX
1 TEXHOJIOTTYHUX OOMEXEHb YCKIIAJHIOE MPAKTUYHY peali3alliio X MPOLECiB Y MTPOMHUCIOBUX
Mmaciradax.

[TepuroueproBum eranoMm QopmyBaHHsS OIOIUTIBKM € ajresiss MiX MIKpoOpraHizamMamu i
NOBEpXHEI0 Hocid. Bin epeKkTHBHOCTI IOr0 MpOIECy 3aJeKUTh CTaOuLIbHICTH OiorutiBku. Ha
IHTEHCUBHICTh HIPUKPIIUIEHHS BIUIMBAIOTh TiApo(OOHICTh, 3apsil IOBEpXHi, LIOPCTKICT,
MOPUCTICTh MaTepianxy HOCIis, a TaK0XK MOP(OIOriyHI 0COOIMBOCTI KIIITUH, HAasABHICTh (IMOpIH,
JOKTYTHKIB 1 OLMKiB-aAre3uHiB. 3Bakalouu Ha Te, 110 MIKpOOPTaHi3MH HaBiTh CHOPIIHEHHX
TaKCOHOMIUYHUX TpyN JAEMOHCTPYIOTh PI3HY aAre3iiHy aKTHUBHICTb, 10 CHJIBHO YCKIJIAJIO€
JOCTiKEeHHS 1IboTo mpotiecy [1 — 3].

[Ticnst mpuKpiIUIEHHS KITUH (QOPMY€EThCS MO3aKIITUHHUNA MOJIMEPHMM MAaTpPUKC, SKHH
3a0e3nedye MeXaHIYHy CTaOUIbHICTh MIKPOOHOrO IIapy, CiIyrye Oap’epoM aisi TOKCHYHUX
PEUOBHH 1 CTBOPIOE MIKPOTE€TEPOTEHHE CEPENOBHINE 3 PI3HOI KOHIICHTPAIIEI KUCHIO Ta
cybcrparis. [IpoTe ckiiaj 1 CTpyKTypa MaTpHKCy CYTTEBO 3ajekaTh BiJI YMOB CEpeIOBHIIA -
TEMIIepaTypH, MIBHIKOCTI IMOTOKY, HASSBHOCTI IMOKWBHUX PEYOBUH Ta IHTEHCHBHOCTI aeparlii, a
TaKOX 1HIIUX (aKkTOpiB — GOpMH, po3MipiB Ta MaTepiay Hocisd, Tomo. PopMyBaHHS LIUIBHOTO
MaTpUKCy O€3MOCePEeHhO BIUIMBAE HA MACOOOMIH y TOBIII OlOTUTIBKH. 30UIBIICHHS] TOBIIWHU
NOPU3BOJUTE A0 AU(Dy3iHHIX 0OOMEKeHb JUIsl KUCHIO i CyOCTpariB, CTBOPEHHS aHAepOOHHX 30H Ta
3HIDKCHHS METa0OJIIYHOI aKTUBHOCTI. 3 1HIMIOro OOKy, HaJATO TOHKWW Imap OIOTIIBKH HE
3a0e3medye JOCTaTHBOI KIJIBKOCTI OioMacu s e€(eKTUBHOrO OYMINEHHS. TakuM 4YHHOM,
ONTHUMAaJIbHA TOBILKMHA O10MJIIBKM Ma€ MIATPUMYBATH OajaHC MK aKTUBHOIO MOBEPXHEI0 peaKiii
Ta e(pEeKTUBHICTIO MacOOOMiHYy [2, 4].

OpHuM 13 BU3HAYaIbHUX (DAKTOPIB y IbOMY KOHTEKCTI BUCTYIIa€ MaTepial 1 ¢popma HOCIs.
Bin Hux 3anexaTb HE JMIIe YMOBH HPUKPIIUIEHHS KITHH, aje ¥ TiAPOAMHAMIYHUN pPEXUM
peaktopa. Hocii 3 HagmipHO TIaaKO0 abo0 3aHAATO MIOPCTKOK TIOBEPXHEI OJHAKOBO
YCKJIaIHIOIOTH (DOpMYBaHHs CTa0UTbHOI IUTIBKH. BakKTMBUMHU TaKOX € MATOMA TIOIIA TTOBEPXHI,
dbopma, po3Mip Ta CTYIiHb 3aTIOBHEHHS PEaKTOpa HOCISIMH, OCKUTEKH BOHM BU3HAYAIOTh XapaKkTep
nepeMilryBaHHs, TYpOyJIeHTHICTh MOTOKY 1 mporecu mMacooOMiHy. HemocTaTHsI 3aloBHEHICTh
3MeHIITye 6iomacy, Toli K HaJMipHa — ITiJIBUIIYE T1IPaBIIYHHI OITip 1 OTIPIITY€E YMOBH aepaiiii.
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i 3akoHOMIpPHOCTI OCOOJIMBO YITKO MPOSIBIAIOThC Y cucteMax Tuimy MBBR (Moving Bed
Biofilm Reactor) i FBBR (Fixed Bed Biofilm Reactor). [Iis MBBR xapaktepHa HEoOXiIHICTh
IHTEHCHBHOTO TIepeMilllyBaHHS, 10 3a0e31edye piIBHOMIPHUN PO3IOILT HOCIIB, MPOTE 3YMOBIIIOE
BUCOKI €HEproBUTPAaTH Ta MEXaHiuHe 3HouryBaHHs MatepiamiB. Haromicts y FBBR-cucremax
OCHOBHOIO MPOOJIEMOIO € KOJIbMATaIlisl MOBEPXHI HOCIIB, HAKOMMYCHHS HAJIJTUIIIKOBOI Oi0MacH 1,
SIK HACJIJIOK, 30UIbIIEHHs TiApaBimiyHOro omopy. OOHIBa THIH CUCTEM MOTPEOYIOTH IMOIIYKY
KOMIIPOMICHUX TEXHIYHMX PIlIeHb IS MIATPUMAHHS CTaOUIbHOI TOBIIMHU OIlOTUTIBKM TpH
MiHIMaJTbHUX BUTPATaX CHEPrii [5].

[TouaTkoBuii eram (QopmMyBaHHS OIOIUTIBKM TaKOX XapaKTEPU3YEThCSI  HU3BKOIO
crabunpHicTIO. TpUBaNicCTh mMepioay amanTaiii MOXe CTaHOBUTH BiJ KUIBKOX JHIB JIO KUTBKOX
TDKHIB 3aJIS)KHO BiJ BUAY CTIYHHUX BOJ 1 BiIacTUBOCTeH Hocis. Ha mpomy erami OioruiiBka €
MEXaHIYHO HECTIHKOI0, a CKJIaJ MIKPOOHOIO KOHCOpIiyMy Ie He chopMOBaHUN OCTATOYHO.
BHacniok 1poro O4MINEHHS MOXe BiJOyBaTHUCh HEPIBHOMIPHO, IIO CTBOPIOE TPYIHOII MPHU
BBEJICHHI CICTEMH B €KCILTyaTallito.

3 iHIIOI CTOPOHH, Yy Mpoleci TpuBanoi poOOTH OioruIiBKa 3a3Ha€ MOP(MOJIOTIUHUX 3MiH.
BinOyBaeTbcs HEpiBHOMIPHHMIA PICT IIapy, YTBOPEHHS 30H 3 HU3BKOIO META00IIYHOIO aKTHBHICTIO,
a TaKOX YacTKOBE BiJAIlIapyBaHHS MOBepxHeBUX (parmeHtiB. lle mpu3BOAUTH A0 KOIHMBaHb Y
MOKa3HWKAaX €(PEKTUBHOCTI Ta 3MEHIICHHS CTaOUILHOCTI mporiecy. ToMy TUTaHHS KOHTPOJIO
TOBIIMHU Ta CTPYKTYPH OI1OIUTIBKU Y pPEAIbHOMY Yaci € OJHUM 13 KIIFOUOBUX HAMPSAMIB PO3BUTKY
CYy4YacHUX CHCTEM MOHITOpPHUHTY [4, 5, 6].

BaxnuBo TakoX BpaxOBYBaTH €KCILTyaTalliiiHi acleKTH: MOCTYIOBE 3HOIIYBaHHS HOCIIB,
notpely B IXHii pereHepartii 4u 3aMiHi, a TAKOK OYHIIEHHS PEaKTopa Bijl HAJUIMIIIKOBOI Oi0MacH.
Ili dakTopu mpsMO BIUIMBAIOTh HA TPUBAIICTH JKUTTEBOTO LMKIY CHOPYIU Ta BU3HAYAIOTh
€KOHOMIYHY JIOIJIbHICTh BUKOPUCTAHHS IMMOO1II30BaHUX MIKPOOPTaHi3MiB Y KOMyHAJIbHOMY Ta
POMHCIIOBOMY OUYHILIEHHI CTIYHUX BOJ.

Otxe, TexHONOrii OIOJIOTIYHOTO OYMILEHHS CTIYHUX BOJ 13 BHUKOPUCTAHHSAM
IMMOO1TI30BaHUX  MIKPOOPTaHi3MiB  JE€MOHCTPYIOTh 3HAaUYHUNA TOTEHIIaNd  ITiABUILECHHS
e(eKTUBHOCTI, CTaOLIBHOCTI Ta €KOJOTIYHOI HaAIMHOCTI OYMCHHUX cropyna. BoaHouac Hu3ka
npobieM, NOB’S3aHUX 13 (OPMYBAaHHSAM, CTPYKTYpPHOIO CTAaOUIBHICTIO Ta MacOOOMIHHMMHU
BJIACTUBOCTSIMU O10IUTIBKH, OOMEXKY€ IX MIHMpOKe 3acTocyBaHHA. [lofanbiii JOCHIKEHHS MalOTh
OyTH crnpsMoOBaHI Ha TJMOIIEe pO3yMIHHS MEXaHI3MIB ajare3ii MIKpOOpPraHi3MiB, ONTHUMI3allil0
MaTepiajgiB Ta KOHCTPYKIIi HOCIiB, a TakoXX Ha pO3pOOJIEHHS MoOJeJeH, 10 ONHUCYIOTh
B32€MO3B’ 30K MIX T'APOIMHAMIKOIO TOTOKY BOJIM B PEaKTOPi Ta pO3BUTKOM O1OTLTIBKH.
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ITPUKJAJHI METOAU MOHITOPUHI'Y TA ABTOMATHYHOI'O KEPYBAHHAA
BIOITPOIECAMM /UIAA 3ABE3IIEYEHHS CTABIVIBHOCTI U AKOCTI

I'puyuna 0.0.
Hauionanvnuil ynicepcumem ¢00H020 20cn00apcmea ma npupooOKOpUCmy6aHHs,
M. Pigne, o.0.hrytsyna@nuwm.edu.ua

B ocraHH1 IecATUNITTA BaXIUBICTh HAIIWHUX CTpaTErii MOHITOPUHTY Ta KOHTPOJIO B
Oiomporiecax crae Bce OUTBII OYEBHIHOIO, OCOOIMBO B cepax BOJOOUYHILIEHHS Ta €KOJIOTIYHOI
OiorexHomyorii. Y wMmipy iHTeHcudikauii ypOaHizamii Ta moripuieHHs AediuuTy BOIU
010TE€XHOJIOTI4YHI MIAXOAW 10 BIJHOBJIEHHS Ta MOBTOPHOIO BUKOPHUCTAaHHS BOJU OOYMOBIIEHI
KPUTUYHUMU NTPAKTUYHUMHU Ta HAyKOBUMH 1oTpedamu. EQekTuBHMIT MOHITOPUHT O10MpOLIECiB HE
TIIbKU 3a0e3Meuye cTaOUIbHICTD 1 SIKICTh OINepalliil 3 OUMIIeHHS BOJH, ajle U JICKUTh B OCHOBI
CTaJIOro, pecypcoe(eKTUBHOTO Ta CTIMKOro YIpaBIiHH HABKOJUIIIHIM CEPEJOBUIIIEM - 3aBJJaHHS,
AK€ YCKJIAIHIOETbCA 3POCTaHHSIM 0O0CAriB 3a0pyAHEHHs, OUIbII CYBOPUMH HOPMAaTHBHHUMU
BUMOTaMM Ta HEOOXIIHICTIO BITHOBJICHHS IIIHHUX PECypciB i3 MOTOKIB BigxoniB [1]. ¥V upomy
KOHTEKCTI Mepei0B1 TEXHOJIOr1T MOHITOPUHTY Ta aBTOMaTH3allli, BKJIIOYal04y 1HHOBALIT B 00J1aCT1
CEHCOpIB, MalllMHHE HABYaHHS Ta MOJIEJIbHE YNPAaBIIHHSA, CTaTd HEOOXITHUMHU 1HCTPyMEHTaMHU
Juist 3a0e3nedeHHs HaJIlHHOCTI O10mpoIeciB, SKOCTI HPOAYKII Ta 3MEHIIEHHsS BIJIMBY Ha
HaBKOJIMIIIHE CEPEIOBUIIE Y BCbOMY CIIEKTP1 Cy4acHOI'0 YIIPaBIiHHS BOAOIO Ta CTIYHUMH BOJIaMHU
30kpema [2].

[TpoTsirom ocTaHHIX KUTBKOX POKIB 3HAUHI IOCATHEHHS B 00J1aCTi MOHITOPUHTY 010IpOIIeCiB
Ta aBTOMAaTUYHOIO YIPaBIIHHS 3MIHWIM JaHAmadT exosoriyHoi GiorexHonorii. Ilepexin mo
OPUNAHATTA pIllleHb Y PeXHUMI pealbHOro 4acy Ha OCHOBI JaHWX 3HAYHO MOJIMIIUB HE TUIBKU
e(eKTUBHICTh TIPOIIECIB, aje W 3JaTHICTh JWHAMIYHO aJanTyBaTHCS 1O HECTaIlloHApHUX abo
HerepenoaueHnX 30ypeHp y CKIaHUX OionmpolecHux cucremax [3].

He3Baxatoun Ha 3HAYHUW MPOTPEC, 3AIHMINAIOTHCS HEBUPIMICHI KPUTHYHI MPOOIEMH.
lomoBHMMH 3 HHUX € BJIacTUBa OIOJOTIYHMM CHCTEMaM HEIIHIMHICTE 1 MIHJIUBICTD, SKI
YCKIIAIHIOIOTh TOYHE MOJICIIOBAHHS, MOHITOPHHI Ta aBTOMAaTHYHHHA KOHTPOJIb, OOMEXeHa
HAJIMHICTh 1 CENEKTUBHICTh JATYMKIB U1 0ararboX HUTFOBUX MOKA3HHKIB; a TAaKOX MoTpeda B
Y3roJUKeHHI KOHQUIIKTHUX IIJeH, TakuX SK eHeproe(eKTHUBHICTb, SKICTh CTIYHUX BOJ 1
BiZTHOBJIEHHs pecypciB [4]. KpiMm Toro, icHye po3puB y BIpPOBAKEHHI IEPEIOBHX CHUCTEM
nudposizaii Ta aBTOMATH3aIil B MPOMHCIOBUX MaciiTabax depe3 MpoOJieMH 1HTerpartii
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arapaTHOTo W mpOorpaMHOro 3abe3nedeHHs, CTaHIapTH3aIlll JaHuX 1 Baifallii Moesnei 3a yMOB
HEBU3HAUYEHOCTI a00 3MIHHUX PEKUMIB €KCIUTyaTaIii .

Ormsim OCTaHHIX AOCTIPKCHBb IMMIJIKPECIIOE IIBUAKY C€BOJIOLIID SK amapaTHUX, TakK 1
IporpaMHUX MIaTGopM JUIsi MOHITOPUHTY Ta KOHTPOIO OIOMPOIECiB y BOJOOYHUIICHHI Ta
eKoJIOTiuHIi OloTexHonorii. [ 7oGanpHe BHNPOBAIKEHHS TMEPEIOBUX CEHCOPHUX MEPEXK,
TEXHOJIOTiM aHamiTH4HOro KOoHTpouto npoueciB (PAT) ta minardgopm aBromarusaunii mporecis,
takuXx sk Biobrain® Supervise (Sartorius), Lucullus® (Securecell) Ta TruBio (Thermo Fisher),
NPUCKOPIOE TEPEXiJ BiJl PYYHOTO KOHTPOJIO SKOCTI O MOHITOPHHTY IPOLECIB y pPeXUMIi
peabHOr0 4Yacy Ha OCHOBI MoOJeiei Ta iX mocTiiHoi onrtumizamii. I{i iHTerpoBaHi cucreMu
COpUSIOTh HAJIHOMY 30MpaHHIO JaHMX 3 PI3HUX JDKepen, 3a0e3NedyloTh KOMIUICKCHY
Bi3yauTi3allito TMHAMIKH MIPOIIECIB Ta MIATPUMYIOTh IEPEIOB1 CTpaTerii KOHTpoJIto [5].

BaxnuBoro cgeporo iHHOBalI € MOMIMPEHHS TEXHOJOri BOyJOBaHMX, OHJAWH- Ta
OpUIAZOBUX JAaTYUKIB JUII MOHITOPUHTY OlOpeakTopiB Ta BOJOOYMIIEHHS. OnTHuHI,
€JIEKTPOXIMIYHI Ta CHEKTPOCKOIIYHI JATYUKU TETEp PEryJspHO 3a0e3NeuyioTh BUMIPIOBaHHS B
PEXHUMI peabHOr0 4acy MapaMmerTpiB, KPUTUYHUX g e€()EeKTHUBHOCTI O10MpoOIeciB Ta SKOCTI
cTiuHMX BOJ: pH, po3umHEHMU KHCeHb, OKMCHO-BiMHOBHUE moteHIian (ORP), Ttemmeparypa,
3arajibHa KUJIbKICTh 3aBUCIIMX PEUYOBUH, KOHIEHTpalig 6ioreHHuX pedoBuH (NHa4*, NOs~, POs*),
ximiune crnoxkuBaHHs kucHIO (COD) Ta HOBI 3a0pynHIOBavi, Taki SIK MIKPOIUIACTHK Ta
MiKkpoeneMeHTH. [HHOBaIlli BKIIOYatOTh MiHIATIOPHI ONTHYHI JaTYMKH HA OCHOBI (IyopecieHIIil
s DO/pH, emHicHI Ta akycTW4HI 30HAM A OiomMacH, BIOCKOHAJIEHI (DepMEHTaTHBHI Ta
OloceHcopu Ui METa0OMITIB 1 TOKCUHIB, a TaKOXX aHATITHYHI CHUCTEMH, 110 3a0e3MeuyloTh
moniTopuHr BOD/COD B pexxumi pealibHOTO 9acy 3 MiHIMaTbHUM O0OCITyTOBYBaHHSIM.

Texuounorii mry4yHoro iHrenekty (Al) ta mammuHoro HapuanHs (ML) 3apa3 BimirparoTh
[EHTPAJIbHY POJIb SIK Y MOHITOPHHTY, TaK i B KOHTPOJ, OCOOJMBO B TaKWX 3aBJaHHSIX, SIK
IHTEpIpeTaliss CIEeKTPAIbHUX JIaHUX, PO3MI3HABAHHS aHATITHUYHUX I[1a0JOHIB, BHUSBICHHS
aHOMAJIH, «M'SIKe» 30HIyBaHHS 3MIHHMX, L0 HE MIJJAIOThCS MPSAMOMY BHUMIPIOBaHHIO,
NPEBEHTHBHE TEXHIYHE OOCIYroBYBaHHS Ta aJalTHBHA ONTHMi3alisd cucreM. Taki MeToau, sk
mty4Hi HeiipoHHi mepexi (ANN), riopuani nigxoau, Taki sk ANFIS 1 LSTM, nocsriu 3HauHnx
YCHIXiB Yy IPOTHO3YBaHH1 TOYHOCTI, €PEKTUBHOCTI 0OPOOKHU Ta KOHTPOJIIO MOKA3HUKIB.

MeTto10510T1s1 1OCIIKEHD /1711 MOHITOPUHTY Ta OL[IHKUA CHCTEM KOHTPOJIIO BKJIKOYA€E: BUOIP
LIIbOBOTO Tpolecy abo peakTopy; BCTAHOBIIEHHS JATYMKIB Ta IUIATGOPMH JaHMX; MOOYy0Ba
Mojienel; po3poOka Ta BIPOBAKEHHS aJITOPUTMIB YIPABIIHHS; OILIIHKA YMPaBIiHHSA B
3aMKHYTOMY IIMKJIi; OL[IHKA 3a KJIIOUOBHMM TMOKa3HUKaMHU e()EeKTUBHOCTI; MepeBipka Mojeel Ta
AITOPUTMIB.

OCHOBHUM 3aBJaHHAM JOCIIDKEHb Yy c(epl MOHITOPHHTY Ta KOHTPOJIO OlOMpOIECiB €
po3poOka, anpobarrisi Ta BIPOBAIIKEHHS CUCTEM, K1 MOXKYTh:

- 3a0esneuyBaTd BHUCOKOYACTOTHI, TOYHI Ta HaMIiiiHI BUMIpPIOBaHHS BCIX BiJIIMOBITHUX
napaMeTpiB Ipolecy Ta 3MIHHHUX CTaHy B PEXHMI peaJbHOro 4acy abo Maiike B pexXHMI
pealbHOTO Yacy, 3 MiHIMAJIbHUM TEXHIYHUM OOCITYrOBYBaHHSM Ta PU3HKOM BiAMOBHU abo
3a0pyTHEHHS.

- ABTOMAaTHYHO MIATPUMYBaTH ab0 ONTHMI3yBaTH Oiompolec y Mekax BH3HAUYCHHX
IPOEKTHUX TMapaMmeTpiB, JOCATAlOYM  CTAaOUIBHOCTI, SKOCTI NPOAYKIii, e(eKTUBHOCTI
BUKOPUCTaHHS PECypciB Ta BIIMOBIIHOCTI HOPMAaTHMBHMM BHMMOTaM, HaBiThb 3a JMHAMIYHO
MIHJIMBHUX YMOB Ta Hemnepea0auyeHnXx 30ypeHb.

- AnanTtyBatucs A0 MIHJIMBUX ONEpAIlifHUX CTpaTerii, Takux sK iHTerpaiisi HOBTOPHOTO
BUKOPHUCTAHHS peCypciB (HampUKIaJ, eHeprii, 010reHHUX PEYOBHH, MOBTOPHOTO BUKOPHCTAHHS
BO/JIN).

- 3HIKEHHS eKCIUTyaTalllifHUX BUTpAT, CIIOXKMBAHHS €HEprii Ta BIUIUBY HAa HABKOJIUIIHE
cepenoBHINe (HAMPUKIIAI, IUITXOM MiHiIMi3allil BUKOPUCTAaHHS HaJAMIpHOI aeparlii abo XiMiKaTiB).
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Ile BuMarae y3ro/pkeHOi 1HTerparlii amapaTHOro 3a0e3nedyeHHs JAaTYUKIB, MPOTPAMHOTO
3a0e3meueHHsT Ui aBTOMaTHU3allii, MojeNel MpoleciB (MEXaHIYHUX, 3aCHOBAHMX Ha JaHUX,
riopuaHKUX) Ta MIaTGOPM IITYIHOTO 1HTEIEKTY/aHaTITHKH, 1110 3a0e3medye B3aeMoIito (4acTo 3a
noromoroto OPC UA ta XMapHUX CXOBHII JIaHUX), KiOepOe3rneKy Ta MOXIJIMBICTh MOCTIHHOTO
BJIOCKOHAJICHHS 3a oroMororo 1udpoBoi Tpanchopmartii (Bioprocessing 4.0).

PesynbraTi OCHIKEHb, JEMOHCTPYIOTh €(QEKTHBHICTh Ta TpaHCHOPMALIWHUI BILUIMB
CY4YaCHUX CUCTEM MOHITOPUHIY Ta aBTOMAaTUYHOI'O KOHTPOJIIO B Oiompolecax:

1. MOHITOpPHHT Ta KOHTPOJIb B CUCTEMax 3 aKTUBHUM MyJioM Ta MBR:

- 3acTocyBaHHsI KOHTPOJIEpiB MporHo3yBanHsa BuxigHux gaHux (Output MPC) y peanbHux
Ta MOJICIPOBAHUX CHCTEMaX OYHMIICHHS CTIYHUX BOJ akTHBHUM MysoMm (ASP) 3abe3neunso
3HAYHE MOJINIICHHS SAKOCTI CTIYHHUX BOJ, CTAOLTBHOCTI pOOOTH Ta BITHOBJICHHS €HEPTii/pecypciB
y TOPIBHSHHI 3 TpaAUIIiHUM a00 BIAKPUTHM KOHTYPOM YHpaBiiHHA [6]. ¥V cleHapisx MiKOBUX
HaBaHTaxeHb LI MPC 3a0e3neunin 10TpUMaHHs HOPMAaTUBHUX BUMOT LIOJI0 30Ty, 30epiratoun
Opyd [HOMY ONTHMAaJbHHUU OanaHC BHUTpAaT Ta €HEeprii, MPOAEMOHCTPYBAaBIIM THYYKICTH Y
30aaHCyBaHHI CyNepewINBUX LIICH.

- Memb6panni Giopeaktopu (MBR): Cucremu MOHITOPHHTY Ta KOHTPOJIO Ha OCHOBI
HITYYHOTO 1HTEJIEKTY, MPOJAEMOHCTPYBaIN €EeKTUBHICTh y MiHiMi3allii 3a0pyIHeHHST MeMOpaH,
MiATPUMII BHCOKOTO PiBHS BHJIAJICHHS OloreHHMX pedoBuH (>98% mns asory Ta docdopy) Ta
HiATPUMII SKOCTI CTIUHUX BOJ Y MEXaX TPaHUYHUX 3HAYECHb HABITh 32 MIHJIMBUX XapaKTEPUCTHK
BXiIHUX CTiYHUX BOJA [3]. BUkopucTaHHS MOHITOPUHTY TPAaHCMEMOPAHHOTO TUCKY Ta PO3YMHHHUX
MIKpOOHHUX TPOAYKTIB y pealbHOMY 4aci, peali30BaHOr0 3a JOMOMOIOI0 TMEepPeOBHX
CHEKTPOCKOMIYHAX Ta 0araro CEHCOPHUX AaHATITHYHUX METOMIB, CIpPHUSE TPEBEHTHBHOMY
TEXHIYHOMY OOCIIyrOBYBaHHIO Ta ONTUMAJIbHUM IUKJIAM OYMIIEHHS, CKOPOUYIOUH 4ac MPOCTOIO
Ta CIIO’KWBAHHS €Heprii.

2. Hudposizauis, Inaycrpis 4.0 ta inTerpauis Bioprocessing 4.0: mBuaka eBOJIIOLIS
nporpamuoro 3adesneuenns miathpopm (SCADA, DCS, xmapHa aHamiTHKA) Ta HE3AJICKHUX BiJl
MocTavyalbHUKIB iHTepdeiciB no3Bonmma 3a0e3neunT Oe3nepediiiHe 3'eTHaHHS MK JaTYHKaMHU
PAT, PLC, nporpamHoi0 aHaJiTUKOIO Ta XMapHUMHU iHQopMariitHumu nanensmu. L{i cucremu
HiATPUMYIOTh MOHITOPUHT JAEKUIBKOX peakTopiB (32+ onuHUII), €NEKTPOHHUN 3amKc nmapTii Ta
MOJKJIMBICTh ayAuTy BianoBigHo Ao crangaptie GMP, 21 CFR Part 11 ta EU Annex 11, mo
JIO3BOJISIE IIBUIKO Ta MAclITaOHO pO3ropTaTH iX BiA JIAOOPAaTOPHOIO/MIIOTHOIO O TOBHOTO
KOMEPIIIHHOTO BUPOOHHIITBA.

TuM He MeHII, 3aJMIIAOThCA HEBUpilIeHI mnpoOieMu: 3a0e3nedeHHs HaAiMHOCTI Ta
npunatHocti mozeneit AI/ML i pisHux macmtadiB 1 00'€KTiB, CTaHIapTU3ALIS IHPPACTPYKTYpH
JaHUX [ 3a0e3leueHHs CYMICHOCTI, MepeBipka TiOpHIHUX Mojened Ha BIAMOBIIHICTH
HOPMaTHUBHUM BHUMOTaM, a TaKoX 30alaHCYBaHHS TaKUX CYNEepEewWINBHX LJIEH, K CTaOUIbHICTD,
BapTICTh, €HEProe(PeKTUBHICTh Ta TMOBTOPHE BHKOPHCTaHHS pecypciB. Kputuuni obnacti s
MalOyTHIX TOCHIPKEHb BKIIOYAIOTh:

- Po3poOka naTumkiB, 1m0 He NOTPEeOYIOTh KJIOMITKOrO OOCIYroBYBaHHS Ta MPAliOlOTh Y
PEXHMI peasibHOTO Yacy, 0COOJIMBO AJIi HOBUX MIKpO- 3a0pyIHIOBAaYiB Ta MIKPOOHUX/BIPYCHHUX
NaTOTeHiB, IHTErPOBAHUX 3 aJalITUBHOIO, CAMO1arHOCTUYHOIO aHATITUKOIO.

- IloBHOMacmITaOHE BNPOBAKEHHS Ta MOPIBHSJIBHUM aHami3 uudpoBHX ABIWHUKIB Ta
XMapHHUX CUCTEM YIPABIIHHA 31 IUTYYHUM 1HTEJIEKTOM, 3 OCOOIMBOIO YBArow 1o Kibepoes3mneku,
KOH(1IEHIIITHOCTI JAHUX Ta PO3YMIHHS JIOTIKU MIPUMHSTTSA PIllICHb.

- InTerpamis KOMIUIEKCHOI ONTHUMI3allii B pPEXUMI pPEANTbHOTO Yacy, LI0 OXOIUIIE
CTaOUIBHICTh TPOIECIB, SIKICTh CTIYHHUX BOJl, BUKOPUCTAHHS €HEPrii Ta JOCATHEHHS Iijeit
UPKYJISIPHOI EKOHOMIKH.
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- MixauciuIuTiHapHe HaBYaHHS Ta HAPOIIYBAaHHS IMOTEHIIATY, 3a0e3MeueHHs MaliOyTHIX
¢axiBLiB, iIHKeHEepiB, HEOOX1THUMH BMIHHAMH IS IPOCKTYBaHHS, BIPOBAKCHHS Ta ayAUTY X
CHCTEM y PI3HUX peaJbHUX CIICHAPIfIX.

TakuM YMHOM, TPAEKTOPIsS MOHITOPUHTY Ta KOHTPOJIIO O10MPOIIECiB MOJIATaE y MiABUILIICHHI
piBHs 1HTEJIEKTY, aBTOMAaTH3allii Ta HAIIMHOCTi, IO JO3BOJIAE HE TUIBKA JOTPUMYBATHUCS
€KOJIOTIYHUX BUMOT Ta 3MEHIIUTH EKCIUTyaTalliiHi BUTpATH, ajie W TEepelTH A0 CTalioro,
pecypcoeeKTUBHOTO 3A1HCHEHHsS OIOJOTiYHUX TMPOIECIB Ta YIPaBIiHHI pecypcamu y
[IBUIKO3MIHHOMY CBITI.
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OHIHKA EOEKTUBHOCTI OYUIIEHHS BO/JIU BI/I IOHIB 3AJII3A TA
MAPI'AHIIO 3 BUKOPUCTAHHSAM MATHETUTY
Bixmopia JEPMEHKHU, Muxona F'OMEJIA
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e-mail: whiskaso7otoo@gmail.com

HasiBHicTb 3a1i3a Ta Maprasiio y Bo/ii CIPUYHHSIE NEPEBAKHO €CTETUYHI Ta eKCIUTyaTalliiiHi
npobnemu. 3anizo 3a0apBirO€e BOAY B JKOBTYBAaTHUH abo Oypuil KoOJip 1 JI0JIa€ METajeBOro
npucMmaky. [Ipu H#oro OKHCIIEHHI YTBOPIOETBCS OCaj TiAPOKCHIYy 3aiiza. MapraHenb, y CBOIO
4yepry, IpU3BOJAMUTH 0 YTBOPEHHS TEMHOro ocaJy Ta IuiaM Ha caHtexHiui [1, 2]. Kpim Toro,
MIJBUINECHI  KOHIIGHTpaIlli 3aii3a 1 MapraHmi  COPHUSIIOTH  PO3BUTKY  3alli30-  Ta
MapraHleOKHCIIOBATBHUX OaKTepiil, sIKi yTBOPIOIOTH CIM30BI OIOMIIBKM B TpyOax 1 ¢impTpax,
3HIDKYIOUH TPOITYCKHY 3/aTHICTh cUCTeM BojomnocTadanHs [3]. B Vkpaini rpaHudHO J0MTyCTUMI
koHuentpauii (I'IK) 3aniza ta maprasiio y nuTHii Boai perinamentytotses JJCanlliH 2.2.4-171-
10. lyist meHTpamizoBaHuX JHKEpeIT MOCTa4aHHs IOMyCTUMUN PiBEeHb 3ami3a ckiangae 0,2 mr/am®, a
mapraniro — 0,05 mr/am® [4]. Ins Boau 3 KONMOA31B 1 KanTaxiB A0myckaeTbes Oinbiie: 1o 1,0
mr/om3 Fe 1 1o 0,5 mr/om® Mn.

Mertoto Hamoi po6otu Oyio BU3HaYeHHs e(peKTUBHOCTI OUMIIICHHS BOAM BiJl 10HIB 3aJli3a Ta
Maprafil0 3a YMOB IHTEHCHBHOCTI iX aeparfii mpu KIMHATHIM TeMmmeparypi 3 MOJAJIbIIUM
(GinbTpyBaHHAM Ha HACUITHOMY (PIIIBTPI.
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Ha nepmriit ctanii Bogni posunnu 3amiza (Cre = 5 Mr/am°) ta Maprasimo (Cwvn = 5 mMr/am’)
iHTeHCHBHO nepeMimnyBayid 30 XBUIMH Ui €(peKTUBHOIO OKMCHEHHS 3aii3a Ta Mapranmo. s
iHTeHcHudiKaIli OKUCHEHHsI METaJIB 10JaBajli KaTalli3aTop — MarHeTuT y go3ax 200 mr/am> ta 600
mr/nv°. Y KOHTPONBHHX JIOCHiJaX MAarHeTuT He jojaBamd. Ilicas mepemillyBaHHS BOMIY
GinpTpyBaIM Yepe3 HacUITHUM MexaHiyHui (inbTp. [IIBuakicTs GiapTpyBanHs Oyna 1,9 m/rox Ta
4,5 m/ron. Y ¢dinpTparax BU3HAYaIM KOHIICHTPAIlIIO 10HIB 3aiiza ab0 Maprasimo. Ik BHIHO i3
puc.1.1-1.2 y BomonpoBiaHi# BoAl IpH nepeMinryBaHHi IpoTsAroM 30 XBUIMH JOCUTh €(PEKTUBHO
OKHCHIOIOThCS 10HU 3ami3a. [Ipu mBuakocti GineTpyBannsa 1,9 M/roa 3anukoBa KOHIEHTpALis
3aimiza 3HmWKyeThes 3 0,19 mr/mv° o 0,12 mr/am?. [Ipu mBuakocti ¢inerpyBanus 4,5 m/ron
3JIMIIIKOBA KOHIICHTpAITis 3aji3a 3HWKyeThes 3 0,23 mr/mv’ 1o 0,14 mr/av’. OueBHAHO, 1O y
npyromy Bumanky rigpokcuna 3amiza (III) 3arpumyeTncs ripie, HiX y HEpIIOMY 3a PaxyHOK
M1 BUIICHHS IIBUAKOCTI (DITBTPYBaHHS.

3anemHicTb KOHLUEeHTpauji ioHie 3ani3a Big yacy
binbTpyBaHHA (WeMaricts 4,5 m/fron)
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Pucynok 1.1 — 3anexHicTh KOHIIEHTpAIIli 10HIB 3aJ1i3a BiJl 4acy (DiIbTpyBaHHS.

3anemHicT KoHUeHTpaUi ioHie 3aniza eig Yyacy QincTpyBaHHA
(wewmgricte 1,9 m/rog)
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Pucynok 1.2 — 3anexHicTh KOHIIEHTpAITli 10HIB 3a1i3a BiJl 9acy (MiIbTpyBaHHS.
JIOCUTh BHCOKHMX 3Hau€Hb CTYINEHIO OYMILIEHHS BOJM Bij 10HIB 3aji3a OyJio JOCATHYTO B
naHux gociigax (puc.1.3-1.4). Sk BunHo 3 puc.1.3 cTyniHb OUYMIIEHHS BOJM BiJl 10HIB 3ai3a Ipu
mBUIKOCTI (pimbTpyBanHs 4,5 M/ron 6e3 kaTanizatopa caraB 95,0-97%, npu 1031 maruetury 200
mr/am> — caraB 96,5-98,7%, pu 1031 margeTuty 600 Mr/am’ 1ieit mokasHuk O6yB Ha piBHI 98-99%.
[Ipu mBuakocti ¢inbTpyBanHs 1,9 c/ron moka3sHWkM OynM BUIIMMH 1 csTaldM piBHIB — 6e3

karanizaropa 96,0-97,5%, npu 1031 margeruty 200 mr/am> — 98,0-99,5%, a npu 1031 600 Mr/mm’
—99,5-100%.
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3anemHicTb CTYNEHA BUAYYEHHA iOHIB 3ani3a eig Yacy GinbTpyBaHHA
(weKnakicts 4,5 m/roa)
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Pucynox 1.3 — 3anexHicTh CTyneHsI BUJIYyYCHHS 10HIB 3aj1i3a B yacy (GiabTpyBaHHs.

3aneMHicTb CTYNEeHA BUAYYEHHA iOHIB 3ani3a Big yacy GineTpyBaHHA
(weuakicts 1,9 m/rog)
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Pucynok 1.4 — 3anexHicTh CTyNeHs BUIy4YEHHS 10HIB 3ai3a BiJl 4acy (iIbTpyBaHHS.

3aNMIIKOBMI BMICT MapraHiio sHukyBases 3 0,9 mr/am® 1o 0,7 mr/am? (puc.1.5). Tpu 103i
maraetuty 200 Mr/nm° KOHIIEHTpaIlis MapraHilo 3HmKyBanack 3 0,6 mr/am> 10 0,4 mr/aM?, a npu
103i 600 mr/am> KOHIICHTpaIlis MapraHIfio 3HmKyBanachk 10 0,4-0,25 Mr/am>.

3anewHicTb KOHLUEHTpaUji ioHiB MapraHLo Big yacy binsTpysaHHA
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Pucynok 1.5 — 3anexxHicTh KOHIEHTpallii 10HIB MapraHio mijJ yac GpiIbTpyBaHHS.
Pe3ynpTati mo CTyIeHIO BWIy4YEHHsI 10HIB Maprasiio 3 BOAM IpuBeneHl Ha pwuc.l.6.
CryniHp BUIY4YeHHS 10HIB Maprasiio 0e3 karainizaropa csiras 82-86%. [Ipu no3i maruetury 200
MI/IM® CTYIiHB BUIyYEHHs MapraHIio csaras 88-92%, a mpu 1031 600 mr/am> 1ei mokasHuK OyB
Ha piBHI 92-95%.
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3anemHicTb CTYNeHA BUAYYEHHA iOHIB MapraHUKo Bif Yacy
bineTpyBaHHA
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Pucynok 1.6 — 3aiexHicTh CTyNEHIO BUJIyYeHHS 10HIB MapraHilio BiJ 4acy (GiibTpyBaHHS.
TakuM yuHOM, y pe3ynbTaTi AOCHIIKEHHS Oylio: OOIPYHTOBAHO aKTyalbHICTh MPOOIEMU
3a0py/IHEHHS BOJ 3aJi30M 1 MapraHieM, eKCIIEPUMEHTAJIbHO MiATBEPKEHO e(EeKTUBHICTD
BUKOPHUCTAHHS MarHeTUTy sik QyHKIIOHAIBHOI 100aBKH 110 mporiecy ¢iiabTpalii, J0BeIeHO, 10
MarHeTHT MOXKE BHCTYIIaTH B POJIi afcopOeHTa, KaTaji3aTopa ab0 CTPYKTypHOTO aKTUBATOpa pu
dbinpTpallii Ta BA3HAYEHO ONTUMAIbHI YMOBHU HOT'0 BUKOPHCTAHHS.
Jliteparypa
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CYYACHI TEXHOJIOT'Ti BIOJIOTTYHOI'O OUUIIEHHS CTIYHUX BOJ]
HIIIMPUEMCTB M’SICOITIEPEPOBHOI I'AJTY 31

/lybosenxo B.FO. cm., Caoniii J1.A. 0.m.n., npogh.
HarionanbHuit TexHiuHUM yHiBepcuTeT YKpainu « KHiBChbKU MOMITEXHIYHUM IHCTUTYT iIMEH1
Irops Cikopcbkoroy», Ykpaina, m. Kuis, dubovenko.vladislav@lll.kpi.ua

3a0pyIHEHHS BOJHHUX pECypciB MPOMUCIOBUMH cTiYHMMH Bojamu (CB) € omniero 3
BaYXJIMBHX €KOJIOTTYHUX MIPo0OIieM cydacHocTi. [TinnpuemcTBa m'sicorepepoOHOi ranmy3i reHepyoTh
3HAYHI OOCSATH BHCOKOKOHIICHTPOBAHUX CTIYHMX BOJ, SIKI 0€3 HAJIEKHOTO OYHIINCHHS MOXYTh
COPUYMHUTH JETPajalil0 BOAHUX ekocucTeM. CKHUJaHHS HEOUYMIIeHHX abo HeI0CTaTHbO
OYMINIEHUX CTOKIB TPHU3BOAUTH 10 eBTpodikamii BOjoiM, MacoBoi 3arubemni TiapoOiOHTIB,
HOTIPIIEHHS SKOCTI MUTHOT BOJH, III0 CTBOPIOE 3arPO3H IS 3J0POB'S. HACETICHHS.

Criuni Bogu M'sconepepoOnux nianpuemMcts (CBMII) yTBoproioThCs BHACIIIOK MPOLIECIB
320010 TBapHH, epepoOKU M'sica, a TAKOK MUTTS 00JIaHAHHS Ta BUPOOHUYMX NMPpUMIileHb. BoHH
XapaKTepU3yIOThCS BUCOKMM BMICTOM OPTaHIYHUX PEYOBHH, OIOr€HHUX €JIEMEHTIB (a30Ty Ta
docdopy), KupiB, 3aBUCTUX PEUOBUH, a TAKOXX MOXKYTh MICTHTH MATOTEHHI MIKPOOpPTaHi3MH,
neTepreHTu Ta Je3iH@exTaHTH. OCHOBHMMHM JDKEpellaMu 3a0pyAHEHb € KpOB, KHUp, JpiOHI
YaCTHUHKHU M'sica, MIePCTi, Mip's, MKipa Ta MHIOYi 3ac00H, 110 BUKOPHCTOBYIOThH Ul CaHITapHOI
00poOKHM 00J1aTHAHHS Ta TPUMIIICHB.
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[Toxa3Hukn 3a0pyIHEHHS CTIYHMX BOJA  3a0IWHMX 1EXiB 1 M'SICOKOMOIHATIB
xapakTepu3yoThes 3HauHuMU KomuBaHHsIME: XCK — 1100-15000 mMr/am3 (B okpeMux BUMaaKax
10 40000 mr/mm3); BCKS — 600-4600 mr/nm3; 3aBucii peuoBunu — 220-6400 mr/am3; 3araibHuiA
a3zoT — 50-840 mr/am3; amowiiamiA a30T — 20-300 mr/am3; 3aranbauii hocdop — 8-200 mr/mm3;
xupu — 40-1400 mr/am3; pH 5-7,8 [1, 2].

CmiigHomenass BCKS5/XCK 3a3Buvaii mepeBumiye 0,6, 1m0 CBITYHTH PO BHCOKY
6ioxerpamadensHicTh CB. Ontumanshe criBpigHommeHHss XCK:N:P cTBoproe cripusiTinBi yMOBU
JUTSE MiKpOO10JIOTIYHOT AECTPYKITiT 3a0pyAHEHb B X011 O10JIOTIYHOTO OYUIIICHHS.

Hns ounmenns CBMII 3acToCOBYIOTh KOMIUIEKCHHM MiAXiJ, IO BKJIOYAE MEXaHIYHI,
¢i3uKo-ximMivHi Ta 6i00TI4HI MeTO . MexaHIuHe OYUIICHHS (PEUIiTKY, CHTa, IIICKOBJIOBIIIOBAYI,
JKUPOBJIOBJIIOBAY1) BUKOPUCTOBYIOTh Ha IEPIIOMY €Tami Ui BUAAJICHHSA TI'PpyOOIMCIIEPCHUX
JOMIIIOK Ta 3HAYHOI YaCTHHH KHPIB.

@i3UKOo-XIMIUYHI METOAM, Taki SK Koaryismis, GIoKymsamis, HamipHa duoTarlis,
€JIEKTPOKOAryJisiisi, MeMOpaHHi TexHoJoril (yabTpadinbTpaiis, 3BOPOTHHI OCMOC), YacTo
JIO3BOJISIFOTH JIOCSITTH BUCOKOTO CTyHEHsI ouMIleHHs. [IpoTe, BOHM MarOTh CYTTEB1 HEIOJIKU:
BHCOKA BapTiCTh, 3HAUYHE CIIOKUBAHHS €HEPrii, HEOOXiTHICTh BUKOPUCTAHHS XiMIYHUX pEarcHTiB
Ta mpoOiema yTuiizamii BeIMKOI KUIBKOCTI YTBOpeHHUX ocaiaiB 1 muiamiB. Lle 3ymoBiioe
IPIOPUTETHICTH O10JOTTYHMX METO/IIB OUMIIICHHS BUCOKOKOHIICHTPOBAHUX OPTaHIYHUX CTOKIB [3].

OpnHak, METOIM KOAryJIsllii Ta HamipHO1 ¢uioTallii MokHa e(h)eKTUBHO 3aCTOCYBATH HA CTaail
nornepeaHporo ounieHHs takux CB mepen ckumom iX B MICBKY CHCTEMY BOJOBIIABEICHHS 3
nocsrHeHHsIM edexkTuBHOCTI 32 XCK — 58-62%; 3P — 90-95%; CIIAP — 88%; docdaramu — 62-
65%; azoroMm amoHiiiHNM — 40-42%, 3 mokasHuKaMu ouHIeHol Boau, BigmosigHo: XCK — 460-
670 mr/mm3; 3P — 10-23 mr/nmm3; CITAP — 0,43-0,08 mr/am3; docdatu — 3,6-5,4 mr/mm3; azor
aMoHiiHui — 15,3-17,0 mr/am3 [4].

AnHaepoOHi mpolecH € HaJ3BUYaliHO NMPUBAOIMBUMU IS MIEPLIOTO CTYHEeHsI 010J0T1YHOTO
ouMIeHHs BUCOKOKoHIeHTpoBanux CBMIL Ix mepeBaramm € HU3bKEe €HEpProcrOKXMBAHHS
(BiICYTHICTB MOTPEOU B aepallii), MEHIIAa KUTbKICTh YTBOPEHOI 6i0MacH, a TOJIOBHE — MOMJIUBICTh
OTpuUMaHHS Oiora3y sIK I[IHHOTO €HepreTuyHoro pecypcy. Hemomikamu € 4yTiMBICTH 10 3MiH
Temneparypu, TokcuuHux 3a0pyaHeHb (CIIAP, ioHum BakkMx MeTaniB Ta 1H.), CKJIAJIHICTb
3a0e31meueHHs BIICYTHOCTI KUCHIO, TOBILIKHM MEP10J] 3allyCKy Ta HUYK4Ya €PEeKTUBHICTh BUJIATICHHS
CHOJIYK a30Ty Ta docdopy.

Cepen anaepooHux OiopeaktopiB Haumnommupenimi — UASB-peaktopu (Upflow Anaerobic
Sludge Blanket). CtiyHa Boja B HUX IOJAEThCS 3HMU3Y BroOpy 4Yepe3 IIap IpaHyJIbOBAHOTO
aHaepoOHoro Myiy. Bucoka koHueHTpariss OilomMacu B TpaHyjax 3a0e3reuye 1HTCHCHUBHE
OUMILEHHS NPU BUCOKMX OPraHIiYHUX HaBaHTaXeHHAX. OJHAK PeakTOpW YyTJIMBI /10 BUCOKOIO
BMICTY >kupiB Ta 3P, M0 MOXXe MPU3BOAWTH JO CIUIMBAaHHS Ta BUHOCY MyJly. EQexkTuBHICTH
BuganeHHs XCK nocsrae 70% mnpu opraniuHoMy HaBaHTaxkeHHi 1,27-17 kr XCK/(M3:100y).
OcHOBHMMM TiepeBaraMu € BUCOKUH cTymiHb 3HIKeHHss XCK, Mania TpuBaiicTs mporecy, Hu3bKe
YTBOPEHHS HATUILIKOBOTO MYJTy, BUXij 6iorazy —0,3-0,67 am3 CH4/r XCK, BincyTHICTh HOTpEeOH
B aepartii [2].

EGSB-peaktopu (Expanded Granular Sludge Bed) — ynockonanena mogudikariss UASB 3
PEIUPKYIISAIIEI0 TIOTOKY Il TOKpAaIleHHS MacooOMiHy. BucximHa MBHAKICTE TOTOKY
niaTpuMyeThes Ha piBHI 4-10 m/ron nmopisasiHo 3 0,5-1,5 m/rog B UASB. Lle 3a0e3neuye kparmuit
KOHTaKT 0loMacH 31 CTIYHOIO BOJIOIO Ta CTaOUIbHY POOOTY MPH 3MIHHUX HaBaHTaKEeHHAX. EQekT
Bunanenns 3a XCK nocsirae 83% mpu HaBanTaxeHHsx 10 35 kr XCK/(M3-1o6y) [2, 5].

AHaepoOH1 (GiIbTpU MICTATH HEpPYXOMi HOCIi (IUIACTUKOBI €NEeMEHTH, KEepaM3HT), Ha
NOBEPXHI AKUX iMMoO1Ti30BaHa Oiomaca. 3umxkenHss XCK cranosuts 60-85% (naBanTaxxenHs 0,5-
11 xr/(M3-100y)) [1]. Boru mpocTi B ekcruTyarairii Ta CTiHKiI 10 KOJWBaHb HaBaHTAKCHHS, aje
MalOTh PU3UK KOJbMATallii HOCis 32 BUCOKMX KOHIeHTpalliii 3P Ta xkupis.
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Anaepooni SBR (Sequencing Batch Reactor) mpaiioroTe y mnepiogudHOMY peXuMI 3
NOCHIIOBHUMHU (a3aMu 3allOBHEHHS, aHAEpOOHOI AECTPYKIli, BIIOKPEMJICHHS TpaHysl Bif
ounnieHoi Boau. 3umkeHHss XCK cranoButh 68-95% npu HaBantaxkeHHsx 0,6-12 kr/(mM3-100y).
[lepeBaramu € THYYKiCTh yIPaBIiHHS IPOIECOM Ta BIJACYTHICTh BTOPUHHHX BiACTIHHUKIB [1,2].

AnaepoOni MeMOpanHi Oiopeaktopu (AnMBR) — cydacHa TeXHOJOTIsA, IO TOEIHYE
aHaepoOHMii mporec 3 MeMOpaHHOIO (imbTpamiero. MemOpana 3 OUTBIIO e()EKTHBHICTIO
3aTPUMY€ IpaHyJIM MyJly B PEaKkTOpi, 110 J103BOJISE MIATPUMYBATH BUCOKI 103U MYy 1 OTpUMATH
OuMIleHy BoAy HaiBumoi skocti He TiibKku 3a 3P, XCK, a i 3a cnonykamu N i P. EexTuBHiCTh
3a XCK —nmonan 95%. OcHOBHI HeJIOiKU — 3a0pyAHEHHS MeMOpaH 1 He0OX1IHICTh IX pereneparii
Ta BUCOKI KariTanbHi BuTparu [1].

AepoOHe OUMIIEHHS MOXHA BUKOPUCTOBYBATH SIK CAMOCTIMHHMM METOJl B JBOCTYIEHEBUX
TEXHOJIOTISX 1 SIK APYTHH CTYIiHB Micis aHaepoOHOTo Iporecy. BUKOpUCTOBYIOTh aKTUBHUHN MyJI
(AM) B ymoBax iHTeHCUBHOI aepauii. Leit MeToa Takok MOXHa BUKOPUCTOBYBATH U1 BUJIAJICHHS
cnonyk azory ta docdopy. [lepeBarn — Bucoka eheKTHBHICTh BHJIAJICHHS OPTaHIYHUX PECUOBUH
(XCK Ta BCK Ha 85-89%), a Takox crioliyk a30Ty (HITpu- Ta AeHiTpudikais) i pochopy, MeHina
YYTJIMBICTh IO KOJUBAHb TeMITepaTypu. Hemomiku — MOKIIMBE «CITyXaHHsD MYJTy 4epe3 HasBHICTb
JKUPIB Ta PO3BUTOK HUTYACTUX MIKPOOPraHi3MiB, L0 MOTIpIIye HOTro OCAIKEHHS, BUCOKI
SHEProBUTpATH (aepailis, perupKyysais AM) Ta yTBOpEHHS 3HAYHUX O0’€MIB HAJUIHIITKOBOTO
AM.

Aepobni SBR — yci mporecn (3amoBHEHHsI, aeparlisi, MepeMillyBaHHs, BiJICTOIOBAHHS)
BiIOYBaIOThCSI LUKIIYHO B OAHOMY pe3epByapi. lLle 3abesnedye THYUYKICTh yHpaBIiHHS,
KOMITaKTHICTh criopy/. Taki peakTopu 3a0e3MeuyroTh BUCOKUH CTymiHb ounineHHs CB Big comyk
a3oTy Ta (ocdopy 3aBASIKH YepryBaHHIO aepOOHUX, AaHOKCHIHUX Ta aHaepoOHUX 30H. EdekT 3a
XCK nocsrae 95-97%, 3aranmbauM azotoM — 90-98%, 3araneanmM (ochopom — 72-98% [2].

IFAS-cucremu (Integrated Fixed Film Activated Sludge) — komOiHOBaHa TeXHOJOTs, KA
BJIAIIITOBaHA MPU PO3MIIIEHHI HEPYXOMUX HOCIiB OioMacu (TUTACTHKOBI €JIEMEHTH 3 MUTOMOIO
nosepxHero 200-800 m2/m3) B aepoTeHky 3 AM. e n03Bonse€ 01HOUACHO (PYHKIIIOHYBATH JBOM
TUTaM O0101I€HO31B — 3aBUCIIOMY Ta MPUKPITUICHOMY, 10 3HaYHO 1HTEHCH(DIKy€E TTPOLIeCH, 0COOIUBO
HiTpudikauito. Edexr 3a XCK cranoButh 90-93%, 3aransnum azotom — 67-90% [2].

MBBR (Moving Bed Biofilm Reactor) BukopuctoBytoTh pyxomi (B 00’eMi peakTopa) HOCIT
6iorutiBku (3amoBHeHHs1 25-70%). Hocii 3abe3neuytoTs cTaliabHy poOOTY HpU KOJMBAHHIX
HaBaHTaxeHb, 3HIKEHHS XCK 1o 97% mnpu HaBanTaxkeHHsax 5-15 kr/(m3-m00y). [lepeBaramu €
BIJICYTHICTb pelpKyJisii AM, HU3bKi 00’ €MU 0caJliB, a BiITaK, MaTepiajlo- Ta eHeproBUTPaTH Ha
ix 00poOKy [2, 6].

AepoOHa rpaHyJALis — OJHAa 3 HANHOBINIMX TEXHOJIOTIH, 10 pealli3y€eThCsl MEPEBAXKHO B
SBR-peakTopax. 3a NeBHUX T1IPOJUHAMIYHUX YMOB MIKPOOPraHi3MH YTBOPIOIOTH UILUIbHI
IpaHyji, a He IulacTiBIi. BHacmimok nudy3iiHuX oOMeXeHb KHCHIO BCEpEIuHI TpaHylIu
CTBOPIOIOTHCSI aHOKCH/THI Ta aHAEPOOH1 30HH, IO J03BOJISIE OJJHOYACHO 3/TIMCHIOBATH OKHUCHEHHS
Oprasiku Ta HiTpudikalio B aepoOHUX YMOBax, a JeHiTpudikaito i BuganeHus gocpopy — B
TOBIIlI TPaHyJ B aHaepoOHUX yMmoBax. lle 3HaYHO CKOpoOUYy€e TPUBAIICTh NMUKIY Ta ITABHUIILYE
CTYIiHb OYUIIEHHS Bou — moHa 95% 3a XCK i1 amoniem, 83-98% 3a 3aransHuM azoToM [1].

Komb6iHoBani (mocniioBH1) aHaepoOHO-aepoOHI cucteMu. [l JOCATHEHHS BHCOKOTO
crynenst ounmieHHss CBMII HaileeKTUBHIIIMM € MOCHiIOBHE 3aCTOCYBaHHS aHAEPOOHMX Ta
aepoOHUX MeToliB. Taka cxema J03BOJISIE ONTUMAILHO BUKOPHUCTATH IepeBaru 000x metoiB. Ha
nepmomy (aHaepoOHOMY) cCTymeHi BuAanseTbcsi ocHoBHa Maca (o 80-90%) opraHiuHHX
3a0pyIHEHB 3 OJJHOYACHOIO TeHepailieto 6iorazy. Ha npyromy (aepoOHOMY) CTyIIE€HI BiIOyBaETHCS
OUMILEHHS BIiJ] 3aJIMIIKOBOI OpPraHiKH, OKHCHEHHS aMOHIMHOro a3oTy (HiTpudikamis) Ta
BUJaJeHHsT cronyk ¢ocdopy. Lle mo3Bossie CyTTEBO 3HM3UTH EHEPrOBUTpPATH HaA aeparlito
MOPIBHSHO 3 aepOOHOI0 TEXHOJIOTIEI0 Ta OTPUMATH OUYHUIIEHY BOIY BUCOKOI SIKOCTI BiJIIIOBITHO 0
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HOPM CKHJy Yy MPHUPOIHI BOAOWMH a00 10 HOPM MOBTOPHOTO BHKOPHUCTAHHS Ha BHUPOOHHIITBI.
Hanpuknan, UASB + SBR, anaepoOnuit ¢inetp + MBBR, EGSB + aHokcuaHo-aepoOHi
peaktopu [1, 2].

OTtxe, 010J70TiYHI TEXHOJOTIT BHKOPHCTOBYIOTh Ui oumiieHHa CB w'scomepepoOHux
MIJMPUEMCTB 3aBISKH EKOHOMIYHIM edeKTHBHOCTI Ta ekosoridHocti. CydacHi aHaepoOHi
peakropu (UASB, EGSB) 3a0e3neuytorh e(peKTUBHE BHJAICHHS OpraHiYHUX 3a0pyAHEHBb 3
OJIHOYAaCHUM BHUPOOHUIITBOM Oiora3y. AepoOHi TexHosorii HoBoro mokojiinHa (SBR, IFAS,
CUCTEeMH 3 rpaHyiamMu AM) T03BOJISIFOTE JOCSATTH TJIMOOKOTO BUIATICHHS OPTaHIYHUX PEYOBHH.

OnTuMabHUM PIIICHHSIM € 3aCTOCYBaHHS KOMOTHOBAaHUX aHAEPOOHO-aepPOOHUX CUCTEM, IO
HOEIHYIOTH IEepeBaru 000X METOMIB: eHeproe()eKTUBHICTh aHaepoOHOI cTalii Ta BUCOKY SIKICTh
OYHMIIICHHS aepoOHOi. Bubip TeXHOJIOT1i 3a71eKHUTh BiJ CKJIaay Ta BUTPATH CTIYHUX BOJI, BUMOT JI0
SIKOCTI OYMINEHOI BOJY, HASBHOCTI BUIBHMX IUIONI Ta KAIITAJIbHUX I1HBECTHIH. MalOyTHII
PO3BUTOK TexHOoJjoriil ounmienHss CB moB's3anuii 3 iHTeHCU(IKAIIEI0 TPOIECIB Y KOMITAKTHUX
peaktopax (AnMBR, MBBR) Ta BmpoBa/KeHHSIM KOHLENIIi IHUPKYJISPHOI E€KOHOMIKH, IO
nepeadayvae He JIMIIE OYUILIEHHS BOU, a i MaKCHUMalbHE BIITyUYEHHS pecypciB (eHepris 3 6iorasy,
MO’KMBHI PEYOBUHU JIJIsl IOOPUB, TOBTOPHE BUKOPUCTAHHS OYHIIEHOT BOJIH).
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BU3HAYEHHS MEXAHI3MY OCAJIOYTBOPEHHSI HA KEPAMIUHIN
MIKPO®LIbLTPALIIAHIA MEMBPAHI
/ynvneea T.1O., /lepemewixo JI.A.
Inemumym konoionoi ximii ma ximii 6oou im. A.B. /[ymancoxoeo HAH Ykpainu,
Yrpaina, m. Kuis, e-mail: t dulneva@ukr.net

Ha cporoani 6apoMeMOpaHHi METOI 3alHSIIN BAXKJIMBE MICII€ B TEXHOJIOT1T BOJIOOYHIIICHHS
Ta MalOTh IIUPOKE MpaKTHYHE 3acTocyBaHHA. OcCOOIMBO NEPCHEKTHMBHUM € BUKOPUCTAHHS
KepaMiuHUX MeMOpaH Uil OYHWIICHHS BOJAM, IO IOB'A3aHE 3 IX YHMCICHHUMH IepeBaraMmu B
NOpPIBHSAHHI 3 cucTeMamu GinbTpanii Ha mojiMepHid ocHOBi. OHAK, MPOOIEMOIO MPH peaizamii
npoiiecy MikpouUIbTpallii € HEOTHOPIIHUN PO3MOILI MOP KEpaMiYHUX MeMOpaH 3a po3MipoM, 110
00yMOBJICHO TEXHOJIOTI€I0 iX BHUIOBJICHHA. 3 METOI 3MEHIICHHA IOp Ta IOKPALICHHS
cesieKTUBHUX BiactuBocTedl po3pobienux B IKXXB im. A.B. lymancekoro HAH VYkpainu
TpyOuacTux MIKpo(UIbTpallifiHUX KepaMiyHMX MeMOpaHH 3 TIMHHCTHUX MatepianiB [1]
3aMpoNOHOBAHO 1X MOAU(IKYBaHHS 3 MOJAIBIIUM YTBOPEHHSIM TuUHAMIYHUX MemOpaH ([IM) 3
T1IPOKCOCTIONYK METaJiB Ha X MOBEPXHI B MPOIIEC OYMIIEHHS BOIM BiJl 3a3HAUYEHUX CIIOIYK.

Ax Bigomo, M QopmyeThcs MpH NPOXOKEHHI uYepe3 MOPUCTY OCHOBY (IMiIKIAAKY)
HasIBHUX Yy PO3YMHI, MO Mijuiarae oOpoOrli, TUCTIEProBaHUX PEYOBHH, SKi 3/1aTHI yTBOPIOBATH
MeMOpaHy Ta 3HAXOIAThCS Yy JAMHAMIYHINA piBHOBa3i 3 po3unHOM [2]. B ocHOBY mnosicHeHHs
MexaHi3My yTBopeHHs J|M mnokiaseHa Teopisi KOHBEKTUBHOTO (pinmbTpyBanHs [3].

BinnmoBigHo 10 Teopii GinbTpyBaHHS, SIKy MOXHa 3aCTOCYBaTH 1 Juisi OapoMeMOpaHHUX
IPOIIECiB, BUIUISIFOTh YOTHPH OCHOBHI PiBHSHHS, SIKI XapaKTepU3yIOTh Iporec yrBopeHHs M 3
ypaxyBaHHSIM Pi3HUX MeXaHi3MiB QinbTpyBanHs [4] (Tabmd. 1).

TakuM YUHOM, BUKOPUCTOBYIOUM PiBHSHHS (Tabi. 1), MOKHA KiIBKICHO OIUCATH IPOIEC
yrBOpeHHs [IM 3 rigpokcocnonyk Al(IIl). 3a pe3ynbratamu A0CHiIKeHb TPOBOIMIN OOPOOKY
KIHETUYHUX JaHMX, 1110 rpadiyHO MPEeCTaBlIEH] B KOOpJAUHATAX 3riAHO 3 Tab. 1.

Tabmuis 1. Mexani3mMu piIbTpyBaHHS, SIK1 OMUCYIOTh MIPOLEC YTBOPEHHS JUHAMIUHUX

MeMOpaH
PiBHsHHS, 1ITO Koopannaru, B skux
MexaHi3mMu QuIbTpyBaHHA XapaKTepHsyIoTh npesCTaBeH .
3aKOHOMIPHOCTI eKCTIepUMEHTaIbHI
Mpo1Lecy JaHi

@OinbTpyBaHHS 13 3aKYNOPIOBAaHHIM KOXKHOT
MOPH OJTHIEI0 YACTUHKOIO (3 TOBHUM
3aKyIMoproBaHHAM nop MmeMmOpann). Takuit I, = Il—ki-q q-—Jv
MeXaHI3M Ha MPaKTHIIl 3yCTPiYa€eThCcs BKpai
pLAKO
QinbTpyBaHHS 3 MOCTYTIOBUM
3aKyIMOPIOBaHHAIM KOXHOI OpH OaraTbma g = Vlythro2 r—1/g
YaCTUHKaMH (3 TOCTYTIOBUM
3aKyIIOPIOBAHHSIM ITOp MEMOpaHH)
QinbTpyBaHHS 32 MPOMIKHUM MEXaHI3MOM
(MIX MOCTYIOBHUM 3aKyTNOPIOBaHHAM TOP 1 /I, = 1/10 + k3-q/2 T—14q
YTBOPEHHSIM 0cajly Ha IOBEpXHI MEeMOpaHHU)
(I)IJ'ILpr]'SaHHSI 3 YTBOPEHHSM 0Cajly Ha /g = 110 + kd-q/2 q—1/q
MOBEPXHI MEMOpaHU

*[Ipumitka: ¢ — 06’eM (inbTpaty, skuii mpoitmos kpiss 1 M? moepxHi MeMOpaHu, M>/M%; T —
TPUBAIICTh (PIIBTPYBaHHS, C; J, — MUTOMA MPOAYKTHBHICTh MEMOpaHU B OYyIb-IKUH MPOMIKOK

Marepiamu [X MixnapoaHoi HayKOBO-TIpakTHIHOI KoHbepeHItii «Uucra Boga. yHnamMeHTaIbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

82



gacy, M>/(mM?-c); Iy — MTOMa MPOYKTHUBHICTF MEMOPaHH Ha TOYATKy mporecy, M>/(mM*-c); ki — ka —
KOHCTaHTH (PUTbTPyBaHHSI.

Koncrantu ¢insrpyBanns (k) xapakTepusyBajii IHTEHCHBHICTh 3MEHIIEHHS LIBHAKOCTI
MpoIiecy 31 30UIBIICHHSIM KUTBKOCTI BiA(1IBTPOBAHOTO PO3UMHY 1 BUZHAYAIUCS K TAHTCHC KyTa
HAXWJTy BIAMOBITHOT IPsIMOi 710 oci adcruc [3].

3 METOI0 BCTaHOBJICHHsI MeXaH13MiB yTBopeHHs [IM 3 rigpokcocnonyk Al(IIT) mocmimkeHHs
TIPOBOAMIN Ha MojensHoMy po3unHi AICls 3 kornenTpariero Al(IIT) 65 mr/am® i pH 7 mr/av®. V
JTOCJTIJDKEHHSX BUKOPHUCTOBYBAIM PO3pO0JICHI HaMH MIKpOQIbTpaIiiiHi kepaMiuyHi MeMOpaHu 3
TJIMHUCTUX MaTepianiB [1], BUTOTOBJEHI METOAOM LUIIKEPHOTO JUTTSA, SIKI Majid HaCTYIHI
napameTpH: 3arajbHa Ta poOoya JOBXKHHA, BIAMOBIIHO, 125 1 95 MM; 30BHIIIHINA 1 BHYTPIITHIN
niamerpu — 11 i 5 MM; po60ya 30BHIIIHS i BHYTpILIHS OBEPXHi, BimoBinHo, 3,28°107° 122,36 10
3 M%; MakcUManpHUH fiametp mop Mem6pan — 11,7-13,4 Mxm; mopucTicts — 40,0-42,2%. Jlns
EKCIEPUMEHTY BUKOPHCTOBYBAIH JIOCITIIHY MTPOTOYHY MIKPOQIIBTpaLiiHy yCTaHOBKY.

Sk mokaszanmu ekcriepuMeHTH 3 ouumieHHs Boau Big Al(IIl) 3a3HaueHoO0 KepaMiuyHOIO
MeMOPaHOO 3HIKEHHS i1 TUTOMOI IPOXYKTHBHOCTI BIIPOJOBXK MPOIECY BKA3y€e Ha OCAHKEHHS Ha
il MOBepXHi HEPO3UMHHUX T1Ipoi3HuX GopM (rinpokcocnonyk) Al(II]) 3 moganbM yTBOpEHHAM
JIM. MexaHi3M ii yTBOpeHHS Ha IOBEPXHI MEMOpaHH BU3HAYAIIH 3 MIPSIMOTIHIHHOT 3aJIe)KHOCT] Ha
BignoBigHOMYy rpadiky (puc. 1 (a)—(T)).

q, M*/m? T,¢
0.3 4

(a) 5000 (b) o

4000

3000 -

C

y=-29152x +0.3247
R2 = 0.8886

y=0.4695x —3752.5

0.1 2000
o 1000 -
04— ® o 0 o0 : : : : ‘
0.00003 0.00008 s 0.00013 7000 11000 15000 N 19000
e I, M¥(m?c) g, Mo (T/q), (c-M?)/\?
0.30
5000 - © =] @
0.24 .
4000 y=0.2082x-1930.2 y=3E-05x-0.169
R>=0.9678 o R =0.9968

3000

q, M/M?

2000

1000 -

0 A T T T 0 : )
7000 12000 17000 22000 27000 7000 11000 15000 19000
(1), c/m (t/q), (c-mM*)/m*

Puc. 1. Ilponec yrBopeHHs nuHamiuHoi MemOpanu 3 riapokcocnonyk Al(IIl) na kepamiuniit
MeMOpaHi 3 BUKOPUCTAaHHSIM TEOpii KOHBEKTUBHOTO (DIIbTPYBaHHS (3TiHO 3 TAOIUIIEI0): 3 TOBHUM
3aKyNOpIOBaHHAM MOp MeMOpaHu (a); 3 TOCTYNOBUM 3aKyNoOprOBaHHSAM mop memOpanu (0);
IPOMIKHUIA MEXaHi3M (B); 3 yTBOPEHHAM ocajly Ha oBepxHi Mem6panu (1). CoAl(III) — 65,0 mr/mm>;
pH—7,0; P— 1,0 MIla

Jlis mocniapKeHol cucTeMH — KepaMiuHa MeMOpaHa/po34MH, 10 MICTUB T1IPOKCOCIIOIYKH
Al(IIT), mepeBakaB MeXaHi3M YTBOPEHHS OcCaly Ha MOBEPXHI KePaMidHOT MiKpOQuIbTpaLiiHOi
MeMOpaHH, PO IO CBiUMIIA MpsMa JiHisg Ha puc. 1 (T) 1 BUcCOokui koedimieHT kopensii (R=0,99)
(mns igeanmpHux BumaakiB R = 1). [lpunyckaroum, mo rigpokcocnonyku Al(I) cxumpHi
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YTBOPIOBATH MiIHI TOpucTi (amopdHi) ocamu, SKI HE3MaTHI MPOXOJUTH Kpidh MeMOpaHy,
BinOyBasocs (GopMyBaHHS [IWHAMIYHOTO IHapy, WIO 30UTBIIYBAJO TiApaBIiYHUNA omip i
HPU3BOJUIIO J0 3HM)KEHHS IPOJYKTUBHOCTI MEMOpPaHHU.

Onnak, 3 puc. 1 (6) (MexaHi3M IOCTYNOBOTO 3aKyHOPIOBAaHHS MOP) BHIHO, IO KOE(DIilieHT
KOpeJSIlii 1 B IbOMY BHUIIQJKy MaB OJIM3bKE 10 OJMHHMII 3HAYCHHS, a €KCIIEPUMEHTAJIbHI JaHi
YTBOPIOBAJIM TPU MPSIMOJIIHIAHI AUISHKY 3 PI3HUM HaXHJIOM. MOXHA MPUITYCTHTH, 11O TPOTATOM
nepux 10 XB BiJf MOYaTKy NpoLEeCy BiOyBaJoOCs YacTKOBE 3aKyIOPIOBaHHS IOp MeMOpaHu
gactuakamu Tiapokcocrnonyk Al(II). SIkmo posrisiiaTé MOBEPXHIO KepaMidHUX MeMOpaH, TO
BOHA HE Ma€ SICKPAaBO BUPAXEHUX IOp Kpyriioi popmu. [ToBepxHs Haraye 3uIuti ApiOHI TpaHyin
TBEPIUX MiHEpaiB, Kl yepe3 CBOIO (popMy HE MPUIIATAIOTH ILIHHO OJHA 0 OJTHOI 1 yTBOPIOIOTH
IIUTMHM, KP13b K1 IPOXOIUTh PO3UHH, 1110 QUIBTPYEThCA (OUHILY€eThCs ). Takuii polec OUnIIEHHS
JyXe CXOKHUI Ha mporiec (iabTpalii y HACUITHUX CaMOITPOMUBHUX MilIaHUX (iIbTpax, ajie B pasi
MeMOpaHu pedTHHT ¢inbTpallii HabaraTo BUIIMA. BuUXoasuu 3 omucy MeXaHi3My OYMILIEHHS 1
CTPYKTYpH KepamiuHOi MeMOpaHH, MOKHA 3pOOUTH TPUITYIICHHS, [0 YaCTKOBE 3aKyITOPIOBAHHS
nop BiAOyBanocs y BEpXHIX IIapax MeMOpaHH, aJpKe TaKMi MeXaHi3M Iependadae HEMOBHE
NEPEKPUTTS IOPH YaCTUHKOIO.

BpaxoByroun, mo rigpokcocnonyku Al(II) mpencraBnsiors coboro amopdHuii ocan,
OUYEBHJIHO, BIH MITI' 3aTpUMyBaTHCS Ha TIOBEPXHI KepaMi4yHOI MeMOpaHu i, THM CaMHM,
nepekpuBatu mnepepi3z mimH (mop). OgHak, yepe3 po3Mipu yacTHHOK Tigpokcocnonyk Al(IID),
TaKW{ Tpolec BigOyBaBCs Ha IMOBEpXHI KEpaMidyHOI MeMOpaHH, IO 30LIbIIyBalio iX
KOHIIEHTpALIIO0 Y il BEpXHBOMY IlIapi Ta IPU3BOIMIIO 10 YTBOPEHHS aMOP(HOIo 0cay Ha OBEPXHI
mMeMOpaHu. TakuM YMHOM, MOXKHA MPHUITYCTUTH, II0 MEXaHi3M YacTKOBOTO TEPEKPHUBAHHS IOP
KepaMiuHOi MeMOpaHu oJlHOYaCHO 3abe3neuyBaB (opMyBaHHs ocaly Ha ii moBepxHi. AMophHuU
0caji MaB CBOIO IOPHUCTICTb, KA TAKOXK IOCTYIOBO 3MEHIIYBajacs MUISXOM 3aKyIOPIOBAHHS
yactuHkamu rigpokcocnonyk Al(IIl). Takuii eran XxapakTepu3yBaBcs 3MIHOIO KyTa HaXWiIy
npsimoi JiHiT (puc. 1 (0)) B iHTepBami Big 10 no 58 xB mpouecy MikpodiabTpauii, a aani
IOPOAYKTUBHICTh MeMOpaHM MpakTHUYHO cTaliimi3yBajiacs, L0 CBIJYWIO PO BCTAHOBJIEHHS
JUHAMIYHOI pIBHOBaru B cHUCTeMl MemOpaHa/po3uuH. Crif 3a3HAYuTH, 110 4Yepe3 HU3BKY
HMIBUJKICTh (UIBTpallii, piBeHb KOHIEHTpALiiHOI Moyspu3alii 3HHUXKYBaBCS, L0 3MIHIOBAJIO
HIBUAKICTH (POPMYBaHHS OCaay.

OTxe, 3 BUKOPUCTaHHSIM MaTeMaTHYHOTO amapaTy Teopii KOHBEKTHMBHOTO (iIbTpyBaHHS
[IPOAHAII30BaHO E€KCIEPUMEHTaIbHI pPe3ylbTaTh 3MIHM HMUTOMOI MPOAYKTUBHOCTI TpyOdacTol
MiKpo(diIbTpaliifHoOT KepaMidyHOT MEMOPaHU 3 TIIMHUCTHX MaTepiaiiB y MpoILeci OUUIIEHHS BOAN
BiJ criostyk Al(IID). Anami3 kpuBux (puc. 1 (a)—~(r)) 103BoiMB 3pOOUTH BUCHOBOK, 1110 3a3Hau€Ha
MeMOpaHa 3MiHIOBajla MeXaHi3M (IIbTPYBaHHS BiJl TOCTYIOBOTO 3aKyIOPIOBAHHS MOP KUJIbKOMa
yactTuHkamu (puc. 1 (6)) mo BigkiazeHHs ocany 3 rigpokcocrnonyk Al(III) na ii moBepxHi 3
yTBOpeHHsM JIM, mipo mio cBigumna npsama miHis (puc. 1 (T)).

Ilepeaik mocujaanb

1. TY V 29.2-05417348-014:2014. MemOpanu kepamiuni "Kepama". Kuis. 2015. 17 c.

2. bpux M.T. Eanmknonesnis memOpan. Tom 1. Kui: Bua. aim "KueBo-MorunsHcbka akaaemis'”.
2005. 658 c.

3. KyxukoB B.A. ®unerpoBanue: Teopus u npaktuka pasaeneHus cycnenznii. M: Xumus. 1980.
400 c.

4. Hamox E.A., bagexa B.II., Kyuepyk [[./I. CoBpeMeHHBIE NpPEACTaBICHHUS O KHUHETUKE
o0pa3oBaHMs AUHAMHUYECKUX MeMOpaH. XuMmus U TexHosorus Boasl. 1980. T. 2, Ne 2. C. 224—
229.

Marepiamu [X MixnapoaHoi HayKOBO-TIpakTHIHOI KoHbepeHItii «Uucra Boga. yHnamMeHTaIbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

84



HEPCIIEKTUBH BUKOPUCTAHHA CYITYTHBO-IIJIACTOBHUX BOJ AJIAA
3AJIOBOJIBHSAHHSA MOTPEB YKPATHN Y KPUTUYHIA CUPOBHUHI

€Enamonues /1.0.
Inemumym eceomexniunoi mexanixu im. M.C. Ilonskosa HAH, Ykpaina, m. /[ninpo,
sauronl 1652@gmail.com

VY TexXHOJIOTIYHUX Mpolecax BUA0OYTKY, MIATOTOBKU Ta TPAHCIOPTYBaHHS HadTU Ta raszy
YTBOPIOETHCS 3HAYHA KUIBbKICTh HA(TOBUJOOYBHUX 1 Ta30MPOMHCIOBUX BiAXOJIB, SIKi SIBISIOTH
co0010 eKOoJIOTTYHO HeOe3neuHi yTBOpeHHS. [IpoGnema 3HENMIKODKEHHS TaKUX BIIXOMIB JI0O
TENEpIlIHbOTO Yacy HE Ma€ KOMIUIEKCHOTO BHUPILICHHA. YTWIITApHUN MiIXix (HampUKIas,
criajTroBaHHs, Olopo3KiIaiaHHsg abo 3aXOPOHEHHS) mepeadavae OJHOYACHE (i3MYHE 3HUIIECHHS
KOPUCHUX KOMIIOHEHTIB, 110 MICTATHCS B HAPTOBUAOOYBHUX BIAXOJaX Yy BUTJISAI OPTaHIYHUX Ta
HEOPraHIuYHUX CIONYK. YHACHIJIOK LOT0 BHUHUKAIOTH OE3MOBOPOTHI BTPATH BKE BUAOOYTOT
MiHEepaIbHOI CHPOBUHH, a CaMi MPOLIECH EKOJIOTIYHOTO 3HEIIKOKEHHS BiTX0/IiB 3/1€0UIBIIOTO HE
€ 3aBepIICHUMHU — BOHHM JIMIIE€ YAaCTKOBO 3HUXKYIOTh €KOJOriYHE HaBaHTaxkeHHdA. [Iporte y
OUTBIIOCT] BUTIA/IKIB MMO/I0OHA MPAKTUKA TOSCHIOETHCS BiJICYTHICTIO €eKOHOMIYHMX TEXHOJOTIH 13
0€3BIIXOHUM IIMKJIOM MEPETBOPEHHS HEOE3MEeYHUX JUIsl JOBKULIS YTBOPEHb Y TEXHOJIOTTUHO
KOPUCHHI 1 €KOJIOTiYHO Oe3meuHuit mpoaykT. Lle cBimunuth mpo te, mo npodiemy 3ade3nedeHHs
KOMIUIEKCHOCTI Ta eKoJoriyHoi Oe3meku mnpu yTuiaizamii HadTOBHAOOYBHHUX BIIXOIIB i3
JOJJATKOBUM BHITyYEHHSIM MiHEpAIbHOI CHPOBUHH CIiJl PO3TJISAATH SK OJWH 13 MPIOPUTETHUX
HanpsiMiB po3BUTKY TexHounorii XXI cromitrsa [1].

Y Mexax IbOoro MiIX0y BUPINIYIOTCS HACTYITHI 3aBIaHHs, 1110 3a0€3MeUyIOTh:

— KOMIUIEKCHICTh YTHIII3AlIfHOTO Tpolecy, fKa mependadae CTBOPEHHS OE3BIIXOIHHUX
BUPOOHUYUX CHCTEM 13 3aMKHEHUM a00 0OOPOTHUM TEXHOJIOTTYHUM IUKIIOM;

— €KOJIOT1uHy Oe3meKy, IO MOoJirae y NnepeBeeHH] BCIX CKJIAAOBUX HAa(TOBUIOOYBHUX
BIJIXO/[IB Y €KOJIOT1YHO Oe3meyHi abo 1HepTHI CIIOTYKH;

— JIOJJaTKOBE BHJIYYEHHSI KPUTUYHOI MiHEpaJIbHOI CUPOBMHH, sIKe 3a0e3reuye po3LIIMpEHHS
MIHEpaJbHO-CUPOBMHHOI ~ 0a3u  3a  paxyHOK TpaHcopmarii  HapTOBHIOOYBHHUX 1
ra30MpOMHUCIIOBHUX BiAXO/IB Y KOPUCHHUI TOBAPHUNA MPOIYKT.

[TnactoBi Bogm CximHoro HadTOrazoBOro OaceilHy YKpaiHU SIBISIOTH COOOI0 PO3COJH
XJIOPHAHO-KANbII€BOr0 TUIY 3 MiHepamizamielo Bix 250 mo 400 r/mm®, sxi MicTaTh 3HauHi
KinbkocTi 6pomy (0 1000 mr/nm?), omy (20-600 mr/mm?), a Takox crTponiio (100-300 mr/am?),
6opy (5-100 mr/mm?), mitito (2-20 mr/mam?), Maraiio (150-5500 mr/nm?) Ta iHmux enemeHTis [2].
Bapro 3a3HaunTH, 1110 MIacTOB1 BOAM 3axiAHOIO perioHy (30kpema, JIbBIBCbKOT 00J1acTi) MalOTh
noNi0OHUH XIMIYHUHN CKJIa/, a BMICT JIITIF0O B HUX HABITh BUIIMNA. Y 3B’S3KY 3 IIM ILIACTOBI BOJH,
110 MiJAHIMAIOTHCS Ha MOBEPXHIO MiJ Yac BUAOOYTKY HapTH W rasy, AOLUIBHO PO3MIIANATH SIK
JI0JJATKOBE JKEPENIO KPUTUYHOT MiHEPaJIbHOI CUPOBHHHU.

HasBni meTonu yrumizaiiii HaQTOBHIOOYBHUX 1 Ta30MPOMHUCIIOBUX BIJIXOJIIB 37€01JIBIIIOTO
OpIEHTOBaHI Ha BHPIMICHHS OKPEMHUX TEXHOJIOTIYHMX 3aBJaHb: IIJTOTOBKY Ta 3aKayyBaHHS
MOMTYTHUX BOJI y TUIACT, CIIAIIOBAHHS arpeCUBHUX ra3iB abo ix Jerasallito, CKJIaJyBaHHS YU
3aXOpOHEHHs Ha(TOBMICHUX BiIXOAiB Tomio. Lli 3axoau 4YacTKOBO 3HUXKYIOTh EKOJOTIUHY
HeOe3neky s NPUPOAHMX OO0’€KTiB, OAHAK MpolieMa B LIJIOMYy HE PpO3IJSIAETHCS Y
KOMIUIEKCHOMY €KOJIOTTYHO-TEXHOJIOTYHOMY acrekTi. BogHouac Ha ChOrojHI ICHYIOTH YCl
HEOOX1/JHI TEXHOJIOT1UH1 MEPeAyMOBH /sl peai3allii KOMIIEKCHOI epepoOKu HadhTOBUO00YBHUX
1 Ta30ImPOMHCIOBUX BITXOIB 13 OJHOYACHUM BWJIYYEHHSM MIHEPAIBbHOI CHPOBUHHU IS
OTPUMAaHHS J10/1aTKOBOI TOBapHOi mpoaykuii. Lle 103Bojsie 3MEHIIMTH TEXHOTCHHUN HETaTHB,
PO3IIUPUTH MIHEPATbHO-CUPOBUHHY 0a3y Ta 4acTKOBO KOMIIEHCYBaTH BUTpPATH Ha BUA0OYTOK
HEKOHIMIIIHUX 3amaciB 13 HAP.
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[lepcnekTuBHUN  MWIAXiA  TPYHTYETHCSA HAa  TPUHIUINT  KOMIUIEKCHOI  yTHITi3aIlii
HapTOBUAOOYBHUX BIIXOIB, CTPYKTYpHA CXeMa fKOi Oyjia 3alpOlOHOBaHA HAa OCHOBI aHAII3Y
Cy4yaCHOTO0 IPOMHUCIOBOIO M HAYKOBOTO JOCBILy B Tally3i €KOJOTIYHHUX TEXHOJOTIH
3HEMIKO/PKeHHsI. KOMITIEKCHA TEXHOJIOTis BUIYYCHHS HOXy, OpoMy, JIiTil0, CTPOHIIIO Ta O60py
nepea0davae monepeaHe OYMIICHHS BOJI BiJl OPraHIYHUX JOMIIIOK 1 HA(QTONMPOIYKTIB, MOAAIIBIIE
OKHCHEHHS Ta eKCTPAKI[iIO raJIOTeHIB, KOHIEHTPAIIIF0 3aIUIIKOBOTO PO3COITY, @ TAKOXK CEIIEKTHBHE
BUJIJICHHS JY)KHHX 1 JIY)KHO3eMEJIbHMX MeTaiiB. Takuil miaxing 3a0esnedye paiioHaJbHE
BUKOPUCTAHHS PECYPCIB MJIACTOBUX BOJI Ta IMiJBUILYE EKOHOMIUHY €()eKTUBHICTD 1X yTHIII3aLlii.

Ha nepuromy erari 341iiCHIOETHCSI TOTIEPEIHS MIATOTOBKA PO3COITY, 1110 BKIIFOYAE JIETa3alliio,
BIJICTOIOBAaHHS, KOAryjslil0o Ta (iIbTpyBaHHS Ui BUJAJCHHS Ha(TH, 3aBUCIUX PEYOBUH 1
OpraHiyHUX IOMIIIOK. ITic/st MbOro MpOBOAMTHCS CTaisi OKMCHEHHS, MijJ Yac sIKOi OpoMiI-10HU
MEPEBOIATHCS Y BUIBHHIA OPOM 13 IMOAAIBIIO HOro KOHACHCAIIE€I0 00 eKCTpaKIier. BumyueHHs
Moy 311HCHIOETHCS 3 TIOTIOMOT00 aHIOHOOOMIHHUX CMOJ, IO COPOYIOTH 101/1-10HH, MICIS YOTO
MIPOBOAMTHCS JECOPOIIisi Ta OKUCHEHHS JI0 MOJICKYJIIPHOTO HOJTY.

3amunIKOBUI PO3CUT KOHIEHTPYIOTh METOJIaMU HaHO(IIbTpallii, 3BOPOTHOTO OCMOCY a0o0
BUIIAPIOBaHHS, 10 JO3BOJISE 3MEHITUTH 00’ €M 1 9aCTKOBO BUJAIMTH 10HU KAJIBIIFO T MAarHIIO, SIK1
3aBaXKAIOTh MOJAJIBIIOMY BHUJIIJICHHIO JiTit0. JIJi1 BUITYUYEHHS JIITiIO 3aCTOCOBYIOTHCS 10H-CHTOBI
cOpOeHTH, OKCHIHO-MapraHIeBi Ta THUTAHOBI ajacopOeHTH abo eJIEeKTPOXiMiuHI MeToIu
cesieKTHBHOI ekcTpakuii. CTpOHIIM BHAANSETHCS HUISIXOM OCAKEHHSA y BUTISAII KapOoHaTy
SrCO; abo cymbdary SrSOs, a Takox 3a JOIMOMOTOK KaTIOHOOOMIHHUX MarepianmiB. bop
BUJTYYAEThCS TIEPEBAYKHO 32 JIOTIOMOTOIO CIIEliali30BaHUX COPOEHTIB, I0HOOOMIHHUX MaTepiaiiB
a00 nuIsIXoM MeMOpaHHOi 00poOKH MpH TiABUIIeHOMY pH, 1o cripusie nmepexoxy 6opy y hopmy
OopartiB 1 miaBUILYy€E e()EeKTUBHICTh HOTO BUAATICHHS.

Cxema mporiecy BKITIOYa€ MOCTIIOBHI CTafil: OYHMINEHHS 1 JIerasalilo, OKHCHEHHS Opomy,
copO11ito Hoay, KOHIIEHTPAIIII0 PO3COIY, CEIEKTUBHE BIIIYYEHHS JIITII0, OCAKEHHS CTPOHIIIIO Ta
¢biHanbHY CcTaailo BHIydyeHHs Oopy. s peamizamii mpoiecy BHUKOPHUCTOBYIOTHCS THIIOBI
MPOMUCIIOBI amapaTH: cemapaTopH, (GIOTallifiHI yCTaHOBKHM, PEAaKTOPU OKHUCHEHHS, KOJOHU
10HHOT'O 0OMIHY, YCTaHOBKM MeMOpaHHOI (ibTpallli Ta BUNAPIOBAJIbHI CUCTEMH.

JlitepatypHi AaHi CBiAYaTh, 1110 €(PEeKTUBHICTh BIIIyueHHs Opomy nepesuiye 90 %, ifony —
40-80 %, mitiro — 50-90 % (3anexHo Bix criBBiAHOmEHHs Mg/Li1), ctponiito — monasn 80 %, 6opy
— 10 95 % mpu 3acTocyBaHHI KOMOIHOBaHUX METOiB. OCHOBHHUMH T€XHOJIOTIYHUMH PU3UKAMHU €
BHCOKa €HEPrO€MHICTh BHUIIAPHUX IPOIIECIB, YyTIUBICTh COPOEHTIB 1O OPraHIYHUX JOMIIIOK,
HEeoOXiJHICcTh Oe3neyHoro noeoakeHHs 3 peareHtamu (Cl, HCl, NaOH) i notpe6a B yTumizanii
KOHIIEHTPATIB 1 pereHepaliiHuX pO3YHHIB.

Po3po6mroBana B II'TM HAH VYkpainu TexHonoriyHa cxema [3] A03BOJIsi€ KOMILIEKCHO
BUKOPHCTOBYBATH PECYPCH CYIyTHBO-TJIACTOBUX BOJI, 3HIKYIOUH 1X €KOJIOTiYHY HeOe3IeKy Ta
3a0e3Mmeuyroun OTPUMaHHS XIMIYHHUX MPOAYKTIB, K MAlOTh KPUTHUHE 3HAYCHHS JIJISI PO3BUTKY
BITYM3HAHOI IIPOMHUCIIOBOCTI — oLy, 6poMy, 6opy, CIIONYK JITii0 Ta CTPOHILIO. Ii BIpOBaIKeHH s
MOJK€ CTaTH IMEPCIEKTUBHUM HAIPSMOM PalliOHAIBHOTO MPUPOAOKOPUCTYBAHHS Ta PO3BUTKY
TEXHOJIOT1H «3eJIeHO1 XiMii» y HapTOBUA00YBHIN ramy3i YKpaiHu.
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PO3POBKA TEXHOJIOI'Il YTUJII3AILII COPBEHTIB HA OCHOBI
MOJUPIKOBAHOI'O ITAJIUT'OPCBKITY, IO MICTATbDb IOHHU Cr(VI) TA Co (IT)
Knanoxk H.B.

Hayionanonui mexuiunuu ynisepcumem Yrkpainu « Kuiscokuui nonimexniynuii incmumym
imeni leopsa Cikopcokoeo, Ykpaina, Kuis, zhdanyukn.,kpi@gmail.com

VY nmocnigkeHHI BUKOPHCTOBYBAIM BIANPAllbOBAaHUN COpPOEHT HA OCHOBI TJIMHHUCTOTO
MiHepally — MNaIMropchbkiTy Yepkacbkoro popoBuma, c. JlamykiBka. Ilaauropcekit €
MarHe3iaJlbHUM alIOMOCHIIIKATOM 3 XiMmiuHOK (Gopmynoro — Mgs sAly [SisO20](OH).-8H2O.
Kpucraniyna crpykTypa MiHepaldy € NPOMDKHHUM TUIIOM MDK JIAHLIOTOBUMH 1 IIapyBaTUMHU
CUJTIKaTaMH.

KarionHo-oOMiHHA €MHICTh NanUropchkiTy ckiamae 50-300 mmoib-ekB/Kr. MiHepant
XapaKTepU3yIOThCS BUCOKMM 3HAYEeHHAMH IUTOMOI MOBEPXHi, sika Moxke carati 800-900 m*/r.
TakuM 4YMHOM, PO3BUHEHA MUTOMA IMOBEPXHS 1 3/ATHICTH JI0 KaTIOHHOro OOMiHY, pOOUTH
JOLIIBHUM HOr0 BUKOPUCTAHHS Y COPOLIMHUX TEXHOJOTISAX OYMILIEHHS BOJHUX CEPEIOBUII BiJl
KAaTiOHIB B&XKWX METaJIB. 3 METOI MIiJABUIICHHS COPOIIMHUX BIJIACTUBOCTEH MIHEpay,
CHUHTE3yBaJIM KOMIIO3UT Y SIKOTO MOBEPXHIO MAMTOPChKITY Moau(dikyBanu kaTionHumu [TAP Ta
HAaHOCWJIM IIIap HAHOPO3MIPHOTO HyJb-BaJIeHTHOTO 3amiza (nZVI). Taki copOenTu
BUKOPHCTOBYBAIH I BUITYYCHHS SIK KaTiOHIB TaK 1 aHIOHIB BaXKKUX MeTaliB. OUUIIEHHS BOJHUX
cepenoBuil mpoBoauu Bif ioHiB XxpoM(VI) Ta kobansTy(II).

Jns ytumizainii BignpaiboBaHUX COPOCHTIB BUKOPUCTAHO BUCOKOTEMIIEpaTypHY 00pOOKYy 13
BUKOPUCTAHHAM KepaMmiuHOi TexHousorii. BigmpainpoBaHi copOeHTH OynM MiAgaHi TepMIuHIN
00po06iri 3a remneparyp 300, 500, 700, 800, 900, 950, 1000, 1050 Ta 1100°C (puc. 1) Ta BUB4YEeHO
iX CTPYKTYpY, MILHICTHI XapaKTEPUCTUKH Ta XIMIUHY CTIHKICTb.

1 2 3 4

Puc. 1. TepmooOpoOieHi 3pa3ku BiANPaAIbOBAHOTO COPOEHTY:
1- 950 °C; 2 - 1000 °C; 3- 1050 °C; 4 - 1100°C

TepmorpaBimMeTpuyHi TOCIIPKEHHS COPOSHTIB MPOBOAMIN Ha mpuial Derivatograph Q-
1500 (Yropumna) cucremu «llaymik-ITaynik-Epneit» (puc. 1). Byno minrBepmkeno, mo 3a
temneparypu Buie 700 °C crocrepiraerbcs pyHHyBaHHS KpUCTANIUHOI PELIITKA MiHEpany 1
3aJIMIIAETHCS TUTBKH JIesiKa BIOPSIKOBAHICTh B PO3MIIICHHI 10HIB. B TeMnepaTypHoMy iHTepBai
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790-850 °C cmoctepiraeMo He3HauHHM eHmoTepMmiuauil edekt Ha kpuBid [TA, BinOyBaeThcs
BUJIQJIEHHS 3AJIUIIKIB BOJIU.

VY iaTepBaini Temneparyp 870—1000 °C npucyTHil ek30TepMiYHUI e(DEKT, pO3MIpH SIKOTO
3ajexaTh BiJ BMicTy Mg y minepani. Lleit eext BiamoBigae mouaTky Kpucraiizauii HOBUX (a3.
[Ipu HarpiBaHHI YHCTOrO MATUTOPCHKITY M0 Temneparypu ao 1100-1200 °C yTtBoproeTbes o-
TPUAUMIT 1 EHCTATHUT.

VY nocnipKyBaHUX KOMITO3UTAX, KPIM MAJTMTOPCHKITY, MICTUTHCS OKCHUIU 3ajli3a Ta XpOMY
(Bumyuenns Cr(VI)) Ta 3amiza ta ko6ansty (BuryueHHs Co(Il)). IIpucythicts karionaux ITAP B
copOeHTax He BIUIMBA€E Ha YTBOPEHHS KPUCTATIYHUX (a3, TaK SK BUTOPSE MPU 3HAYHO HUKUUX
TeMIIepaTypax.

CTpyKTypy OTPUMaHUX KEPAMIYHMX MaTepiamiB Ta ineHTUuiKaIio a3 TepMooOpoOIeHuX
BIJIIPAIIbOBAHUX  COPOCHTIB BUBYAIM 32  JIONOMOTOI  PEHTreHo-()a30BOr0  aHAIi3y
(pentreniBcbkuil nudpakromerp Rigaku Ultima-1V).

e 1

600

-5 4

JTA, °C, ATT, MI/XB.

Puc. 2. Pe3yabTaTi TEPpMiUYHOT0 aHAJi3y KOMIIJIEKCHOTO COPOCHTY:
1 — xpuBa TT'; 2 — kpuBa ATT'; 3 — kpuBa ITA

Ha nmudpakropami (puc. 3, xpuBa 1) 3pa3ok NHepeBaKHO CKJIANAETbcs 3 amMOpQHOT
cuiikatHoi (a3u B aianazoHi 15 — 25 (20) 3 BKIIIOUEHHSAMH HAHOKPUCTATIIYHOTO MOTaHITy (S102),
0 4iTKO ifeHTHdikoBaHO Tikamu mpu 26.64 ta 20.88 (20, rpamycu) Ta HmiarHOCTyeTbCsS 3a
BinoOpasenHsaMu 3,36 Ta 4,25 A. MoraHiT — Lie BUCOKOAUCIIEpCHUI BToprHHMI Si02, yTBOpeHHii
3 amop¢Hoi MaTpulli. BiH € HallIHTEHCUBHIIINM cepell KpUCTaIuHUX (a3 i JaHOTO 3pa3Ka.

ITlixku mpu 31.24, 36.16, 44.28, 58.52, 64.40 (20, rpamycu) mlarHOCTYIOThCS 3a
BinoOpaxenuamu 2.87, 2.48, 2.05, 1,57 ta 1,45 A, mo Bkasye Ha GopMyBaHHS TepMidHO CTiiKoi
mimideni 3aranbHoOi  popmynu  (Mg,Al)xOs4). @a3u, igeHTHdIKOBaHI Ha AudpakTorpami:
(Mgo.714A10.286)(Al1.714Mg0.286)O4, Mgo.88Al1.14F€0.4604, MgosAl1 204 Ta 1HII, 10 MATBEPIKYIOTH
HEOJITHOPITHUH CKJIaJl 1 HasIBHICTh HECTEXIOMETPUYHUX TBEPIUX PO3UMHIB B CTPYKTYPI1 LIIIHEMI.
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1 —3a Temnepatypu 1000°C; 2 — 3a remneparypu 1100°C

Ha mudpakrorpami (puc. 3, kpuBa 2) IpUCyTHI 1Bi OCHOBHI KpHUCTaNIIYHi (ha3u: KpUCTOOAIIIT
(Si02) Ta 3mimani mmineni. [liku npu 21.19, 28.44, 42.40, 56.75 (20, rpamycu), 1o
JiarHocTyeThes 3a Bimobpaxkennsmu 4.05, 3.13, 2.12 ta 1,62 A, Bkasyrots Ha (opMyBaHHS
kpuctobamity. Ha nudpakrorpamax takox ineHtudikonani mmineni ckiaany: (Mgo.7o4 Alo.2ss)Oa,
(Ali 714 Mgo286)O4 Ta inmi. Yactuna MgO BOynoByeThes y wmineni. Hassuicts Fe?* ta Cr’'
CYTTEBO 3MIHIOE IIIAX KpucTam3anii. BigOyBaeTbcss KoHKypyroda peakiis: MgO Mae BHCOKY
cxuibHicTh pearyBatu 3 AlOz 3 mamuropcwkity Ta okcumamu (FexOs, Cr203), yTBOproroun
smimrani mimineni. Kinetuuni gakropu (9ac Bianamy) Ta KOHKypyrodi peakxiii 3 goMimkamu Fe/Cr
Ta Al MOXYTh NMPHU3BECTU 10 TOTO, IO TepeBakHA OLTHIIICTF Mg BOYIOBY€ETHCS y KPUCTATIUHY
miniHenbHy (azy. Ane (a3oBuil aHadi3 APYroro 3paska MiJTBEpIUB YTBOPEHHS UIMIHENI, sSKa
xapakTepusyerhes aedinurom Mg?*, mo HMOBipHO CBiTUUTH Mpo movatok B3aemozii MgO 3 SiO;
Ta IOYaTOK MpoLecy YyTBOpeHHs eHcTatuty (MgSiOs).

HasiBHiCTH XpoMy y HIMiHEN! MIATBEPKYEThCS 30UIBLICHHSIM IMapamerpa rpatku: 36.56,
44.42, 64.44 y 6ik MeHIIMX KyTiB, Tak Ak ion Cr’* mae Ginblmil ionnumii paniyc, Hix A" (Al:
0.535 A, Cr: 0.615 A). KobansT, six nsosanentHuii ion (Co?"), 6yne xonkypysatu 3 Mg’ 3a
TeTpaeqpuuHi mo3uiii (A-caliTu) y mmiHeni, yTBoprooroun kobanbToBi geputu (CoFe Os) Ta
swmimrani mmiresni (Mg,Co)(AlFe)204.

[TopiBHIOEMO KpHcTamiyHi a3y 3pa3kiB Kepamik, oTpumani 3a 1000 ta 1100°C.
BuxkopucroByroun ¢opmyiy Llleppepa, mpoBeaemMo po3paxyHKH pO3MipiB KPUCTATITIB:

= m,
ne: L — cepenniii po3mip kpuctaiitiB (um), K = 0.9$ (koncranra Illeppepa), A = 1.5406 (noBxHHa
xBuii CuKa), B — ¢izuune poszmmpenns nika (FWHM) y panianax, © — kyt bperra (nmonosuna
20) y paniaHax.

Po3paxyHku nokasanu, o miABHIEeHHS Temneparypu Bunany 3 1000 °C go 1100 °C
MIPUBEJIO JIO 3POCTAHHS HAHOYACTUHOK mmiHeni B 1,7 pa3u (Tadm. 1).

®azoBuit mepexig SiOz Bix Moranity no kpucrodamity npu 1100 °C € TunoBum uis
CHJTIKATHUX CHUCTEM 1 MIATBEPIKYE, 1110 MaTepiall JOCAT OUIbII CTa01IbHOIO CTaHy.

Tabmuis 1. Po3paxyHok po3MipiB KpHCTaIiTiB Mo gudpakrorpamam mo Gopmyi Lleppepa.

o FWHM (muupuna Po3mip kpucTamiTiB
Temmneparypa, °C 20 (rpanycn) iKYy Hani(BBI/IIC)OTi)) ’ (II)J)
1000 36.22 1.46 6.0 HM
1100 36.56 0.6-0.8 10,4 am
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PesynbraTi € THIOBUMH Ui BHCOKOTEMIIEPATypHOI OOpOOKM TIMHHCTHUX MiHEpaliB 3
JIOMIIIIKaMHA OKCHJIIB METAJIIB, JIe KiHIIEBHH (a30BHUM CKJIaJl KEPYEThCSA KIHETUKOKO Ta XIMIYHHM
CKJIaJIOM, a HE JIMILE TePMOJUHAMIKOIO YUCTOI cucTeMu. [1opiBHAHHS BIaCTUBOCTEH OTPHMAaHUX
KepaMiYHUX MaTepiasliB IpeICTaBiIeHi y Tabauii 2.

Ta6mums 2. [TopiBHSHHS BIIaCTUBOCTEH KPUCTATIIYHUX (a3.

1000°C (Moramir +

11002C (Kpictobamit

3MiHa TeMIieparypu

Bmactusicthb ) )
Hninens ~6.0 HMm) + ninens ~10.4 am) | (10002C—11009C)
XimiuHa criiikicte | JIoOpa, ane BpaznuBa Jlyxe Bucoka [Toxpaumnacs
Bopocriikicts Jlo6pa/3anoBiibpHa Bigmiaxa [Tokpanunacs
MinHicTh Hobpa Buwa (Kepamiunnii [Tokpammnacs
(Hanoxommo3ur) KOMIIO3HMT)

Jlist 3pa3kiB, BunaneHux 3a remmeparypu Buiie 1000 °C miHiManbHEe BOJOMOTIMHAHHS HE
nepepuiryBaiio 1 %, a BigkpuTa mOpUCTICTh ckiaaana Menme 0,5 %. 3a miei TemmepaTtypu
oJiep’kaHi HAHOCTPYKTYPOBaHI MaTepialii MarOTh Hail OibIny CTikKicTh — 42 MIla.

Y pob6oTi Takoxk Oyn0 MOCHIKEHO BIUIMB TeMIIepaTypu OOpOOKH BiANparbOBaHUX
copOenTiB Ha npouecu BumuBanHs 3 MaTpuii ioHiB Cr(VI) ta Co(Il) mix aiero Boau, kucinor (0,1
M HCI) ta nyris (0,1 M NaOH). JocnimkeHHs MiATBEpAUIIU, 10 BIIIYTOBYBaHHS 10HIB BaKKHUX
MeTaJiB y 3pa3kax TepmooOpobnmeHux 3a Ttemmeparyp 950-1100°C we mnepesumrye 0,1%
(KOHIIEHTpAIIiIO 10HIB METaly BU3HAYAIH ClieKTpodoTomMeTpuyHuM MeTo1oM Ha mipuiani UNICO
2100UV).

Taxkum 4nHOM, yTHJTi3allisl BIAIPAlbOBAHUX COPOEHTIB IO KepaMiuHiif TEXHOJIOT1] J1a€ 3MOTY
MIIHO 3a(iKCyBaTH 10HM BaXKKMX METaJiB B CWJIIKaTHIA MaTpuil 1 HE JOMYCTUTH iX
BIJTYTOBYBAHHS HaBITh MiJ €10 IOCTATHHO arpeCUBHUX CEPEIOBUILL.

JOCIIIKEHHSA TA YIOCKOHAJIEHHA METOAIB
OUYMIIEHHSA CTIYHUX BOJA HIKIPAHUX 3ABOIB

13aeup A. B., ’Anopecea O. A.

Kuiscoxutl nayionanvHutl yHigepcumem mexrono2it ma ouzauwny, Yepaina, m. Kuig

Izaiets.antonina888@gmail.com, ° andreyeva.oa@knutd.com.ua

BHacnigok cnokuBaHHS BEJIWYE3HOI KUIBKOCTI BOJM IIKIPSHI 3aBOAM T'€HEPYIOTh TOHU
pinkux BiaxoniB. [Ipu nbOMy CTiYHI BOAM MIANPHEMCTB rayly3i XapaKTepH3yIOThCsS BUCOKOIO Ta
MIHJIMBOIO KOHIIGHTpPAIIE€I0 PI3HUX 3a0pyIHIOBaYiB (BaXKi MeTanu, (eHomu, OapBHUKH,
MOBEPXHEBO-aKTUBHI PEUOBHHM, O10IM/IH 1 T.1.), IO HE JIMILE YCKIIAJHIOE Ta 3J0POKY€ OUUIIICHHS
CTOKIB, a i CTBOPIOE MOTEHIIIIHY 3arpo3y AJIsi HABKOJIHMIITHHOTO CEPEIOBHIIA Ta 3IOPOB'S JIFOTUHH.
Buxonsuu 3 11010, yBara BUYEHUX Ta MPAKTHKIB 30Cepe/KeHa Ha BHUBUEHHI XapaKTEPUCTUK Ta
CTpaTeriil OUMIEeHHS CTIYHUX BOJ Y IIKIPAHINA IPOMHUCIIOBOCTI, CTBOPEHHI HOPMAaTUBHO-IIPaBOBOI
0a3u U1 ympaBliHHSA UM TporecoMm. Tak, y poOori [1] BHCBITIEHO pi3HI TEXHOIOTIi i3
3aCTOCYBaHHSAM TPAIUIIMHUX  (I3UKO-XIMIYHMX TPOIECIiB  (BUPIBHIOBAHHS, KOAryJIsIlis,
aacopOis), mepenosi miaxoau (okucieHHs eHToHyY, 030HYBaHHS, KaBITaIlisl), TS PMOKATATI THYH]
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Ta 610JI0T1YHI METOIM OYUIIIEHHS CTIYHUX BOJI, KOMIUIEKCHI MiaXoau. 3po0JIeHO BUCHOBOK TIPO T€,
IO CTiMKi aNbTEepPHATHBH, SIKi 3aCTOCOBYIOTHCS B CyUYaCHHX TEXHOJIOTISIX OYMIICHHS CTIYHUX BOJ
HIKIPSHUX 3aBOJIIB, JO3BOJISIIOTH MIHIMI3YBaTH €KCIUTyaTallliHI BHTpPAaTH Ta 3a0e3MeunuTH
PEIUPKYJIAIII0 OYUIICHOT BOIM Y HABKOJMIIHE cepenoBuine. Hamani aBropamMu pekoMeHarlil
KOPHCHI JIJIsl Tally3l 3 METOIO0 YIPaBIiHHSI METOJaMH OYHMIIEHHS CTIYHUX BOJ Ta 3abe3meueHHs
PEIMPKYJIAIIT BOIU €KOJIOTIYHO PAIliOHATBHUM CIIOCOOOM.

VY momrykax CTIMKMX BapiaHTiB OYMIIEHHS CTIYHHMX BOJI aBTOpaMH [2] mpoaHalli30BaHO JBa
MiJOTHI TOPU3OHTAIBHI MiJ3€MHI TIOTOKM CKOHCTPYWOBAaHUX BOIHO-OOJOTHUX YTilb IS
OUHUIICHHS] CHHTETUYHOI BOJIU, SKICTh AKO1 1IGHTUYHA SKOCT1 ONEPEIHHO OYUIIEHUX CTIYHUX BOJ
HIKipSHUX 3aBOJIiB. BUBUEHO feKinbka (a3 OYMIEHHS 3 TOCTYITOBUM 30UIBIICHHSM HABaHTaKEHb
['TIK, NH*"N Tta Cr 1o focsirHeHHs Ta MIePEBUIICHHS MOKA3HUKIB TUITOBOTO CKJIATy CTIYHHX BO/I
nikipsasony. Binznaueno sucokuii (80-90%) piBens sunanenns [TIK i NH*" "N Ta maiixe nosne
BUJIAJICHHA XpOMY y CTOKaX, 110 B/IMOBIJa€ HAIlIOHAIbHUM CTaHAapTaM 31 CKUIB Y HAaBKOJUIIIHE
cepenoBuie. BMicT a3ory, xiopodisy Ta XpoMy B HaJ3eMHHX YaCTHHAX Ta KOPEHAX MiCIIEBOT
pocnuHu Phragmites sp. BKazye Ha ii 3[JaTHICTb BM)KMBATH HAaBiTh 32 BHCOKHX EKOJOTIYHHMX
HaBaHTaxeHb. KinmbkicTe rereporpodHux OakTepii y cyOcTpaTi Ta KOPEHEBHUIIAX POCIWHU
CBITUUTH MPO PO3BUTOK OI1OTUTIBKM, OKUCHEHHS OPTaHIYHOI PEYOBHHHU Ta a30Ty. TakuMm YHHOM,
IPOTECTOBaHA KOHCTPYKIIisI BUSBHIJIACS IIKOM CTIHKOIO Ta albTEPHATHBHOIO IS OYMIICHHS
CTIYHUX BOJI IIKIP3aBO/IIB Y TPOITIYHOMY KJIiMATI.

B Ingii Dr. Vijayalakshmi P. 3i cniBpobiTHukamu [3] BUBYana AOMUIBHICTH €IEKTPO- Ta
MIHUOOKOT0 OKMCHEHHS SIK METOAM TPETUHHOTO OYMIIEHHS CTIYHMX BOJ IIKIpSHUX 3aBojiB. [lpu
koMOiHyBaHHI nporeciB Y ®/03/H>0, BumaneHHs 3arajlbHOTO OPraHIYHOTO BYIJICHIO OyJio Ha
piBHI 85 %, TOMI K MpHU eNeKTPOOKHCHEeHHI JieAb csarano 50 %. Pa3zom 3 Tum, BUTpaTa eHeprii
BUJAJICHHS OAMHUIII MacH 3araJbHOTO OPTaHIYHOTO BYTJICIO 32 JIOTIOMOTOI0 €JIeKTPOOKUCHEHHS
cranoBuna 738 kBt rom/kr, mo y 10 pasziB MmeHme BiJ ruOOKOMY OKHCHEHHs. Tomy Yy
MOJJANTBIIIOMY 3 METOIO €HEPTro30epekeHHs 3aCTOCYBAIN ABOCTYIIEHEBH MPOIIec, 110 repeadayae
€JeKTPOOKHCHEHHSI Ha TEepIIOMY eTami W THOOKe OKHCHEHHS Ha JApyromy. Pesynbratu
EKCIIEPUMEHTY MMOKA3aJIH, 10 BUAAJICHHS 3araJIbHOT0 OPTaHIgHOTO BYTJIEIIO METOAOM IITHOOKOTO
OKHCHEHHS YIOBUIBHIOETHCS TICIHIS IEPBICHOI 0OPOOKU CTIYHUX BOJ METOJIOM €JIEKTPOOKHUCHEHHS
[P TOMY, 1110 TICJIs €IEKTPOOKHUCHEHHSI CTIYHI BOJU MOBHICTIO JIe31H(IKOBaHI.

[nma rpyna iHmificbkux BuUeHUX [4] JocHiIKyBalla PO3KJIAJaHHS OpPTaHIYHUX
3a0pyIHIOBauiB (PEHOIM, TAaHIHH 1 T.1.), IO MICTATHCS B CTIYHMX BOJAX MIKIPSIHOIO BUPOOHUIITBA,
HUIAXOM MOpPIBHSAHHS KOMOIHOBAHOTO eQeKTy KaBiTalii Ta MarHiTHOTO IepeMilllyBaHHSA 3
MpoIlecaMH BJIOCKOHAJICHOTO OKMCHEHHs. B oHOMY BHIa/IKy 3pa3Ku CTIUHHUX BOJ 0OpOOIIsIN y
MPUCYTHOCTI KaBiTallii 3 BAKOPUCTAHHSIM YJIbTPA3BYKOBOTO 30H/1a, B IHIIIOMY — 3 BUKOPUCTaHHSIM
MarHiTHoOi Mimanaku. B 060x Bumagkax aHaidi3yBald BIUIMB rapameTpiB o0pooku (pH, TpuBanocTi
yIBTPa3BYKOBOTO OMPOMIHEHHsI, BUTPATH TMEPEKHUCY BOJHIO) HAa BMICT 3arajJbHOr0 OPraHiqYHOTO
ByrJiemnto. ExcriepuMeHTanbHO BCTAHOBIICHO 3HAYHE 3HIDKEHHSI IOTO IMMOKAa3HUKA MIPU MOEIHAHH]
KaBiTallil Ta IEPEeKUCy BOJIHIO MOPIBHIHO 13 3aCTOCYBAHHM JIUILE TIEPEKUCY BOTHIO.

VYV TyHnici A0oCHiIKyBaJld O30HYBaHHS CTIUHUX BOJ, OTPUMAHUX MICIS BIAMOYYBaJIbHO-
30JpHUX TpolieciB [5]. Metoa BUSBUBCSA MPUHHITHUM ISl TIOBHOTO OKHCHEHHS MPUCYTHIX Y
crokax cynbginis (S*, HS ...). 3naune sumwkenns ['TIK (55 %) nocsraeTbes mpu 3HadeHHi pH =
8. JlomaBaHHS MEpEeKHUCy BOJHIO Y SKOCTI OKMCHIOBaYa IiJIBUIILYE CTYHiHb OYHMILEHHS: micis |
TOJMHA O30HYBAHHS 3 JIO3YBaHHSM TEPEKUCY BOJIHIO 8§ MII/J BAaITHSHUX CTIYHUX BOJ ITOKa3HUK
['TIK migBumuBcs 10 64 %.
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AJICOPBIIMHE BUJIYYEHHS ®OC®OPY 31 CTIYHUX BOJ TA YTHJIIZAIIA
OCAJIIB Y JOBPUBA

leanuenxo A.B., Boponose B.B.
Hayxkoeuii kepienuk leanuenxo A.B.

Jninpoecvruii Oeporcasnuil mexuiunuil yHieepcumem, Ykpaina, micmo Kam ‘saucoxe,
ivanchenkodgtu@gmail.com

®ocdop € TolIOBHUM YUHHUKOM €BTpodikalii BOJONM, COPUYMHSIIOUM HaJMIpHUH picT

BOJIOPOCTEH Ta I[laHOOaKTepid, M0 MPU3BOAUTH M0 NAeDIMUTY KHCHIO Ta 3aru0esnl BOJIHHUX
oprani3MiB. Bunanenus ¢ocdarip 31 CTIYHUX BOJ| € KPUTHUYHO BAXXIUBUM JUIS 3aXUCTY BOJHHMX
exocucreM. OnHouacHO 3 UUM, (ochop € OOMEKEHUM 1 HEBIIHOBIIOBAHUM PECYPCOM,
HE3aMIHHUM JJIS CUTBCHKOTO TOCIOapCTBa.
Hns BumyuenHss ¢docdariB 31 CTIYHHMX BOJ| TEPCIEKTUBHUM BOAYa€ThCS 3aCTOCYBaHHS
aicopOLifHUX MaTepialliB, TAKUX K aKTUBOBAHE BYT'ULIS, LIEONITH, CHUIIIKaresib a00 MPUPOJHUX
copbenTiB. Metoz aacopOiiii Mo)ke BUKOPUCTOBYBATUCS JJISi OUYMILEHHS SK MOOYTOBHX, TaK 1
IPOMHCIIOBUX CTIYHMX BOJ| PI3HOTO CKJIaAy. YCTaHOBKA aJCOpPOLIIHOrO OYMIIEHHS € BIAHOCHO
MPOCTOIO B €KCIUTyaTallii, He moTpelye CKJIaIHOTO 00JIaJHAHHS Ta MOXKE OYTH JIETKO 1HTETpOBaHa
B iCHyIOYl cucTteMHu ouuiieHHs. [Ipolec He YTBOpPIOE€ TOKCHYHHUX MOOIYHMX TNPOIYKTIB, a
BIJIIIPallbOBaHI COpPOEHTH MOXYTh MifJiaBaTHCA yTHIi3alii abo pereHeparii 0e3 IIKOIW 7S
noBkULIA. Ha BiiMiHY BiJl IeSKUX 1HIIMX METOAIB, afcOpOIlis He MOTpedye HarpiBaHHs PO3UHHIB
YU TIPOBEICHHSI CKJIQTHUX XIMIYHUX PEaKIIii.

B pesynbTaTi BUKOHAaHHS E€KCHEPUMEHTAIBHUX JOCIIIKEHb BCTAaHOBJIEHO OCOOJIMBOCTI
BIIy4YeHHS PocdaTiB 13 MOJETFHUX PO3YMHIB 13 O€3MEYHOIO YTUIIIZAIIEI0 IEOTITOBUX OCAIiB Y
nobpusa. IlopiBHSHO €(pEKTHBHICTh MPHUPOJHUX COPOEHTIB (LIKApIYMH BOJOCHKOTO Topixa,
IJIAyKOHITY, II€OJIITY) Ta AaKTUBOBAaHOTO BYruuid. JIis TpOBEACHHS EKCIIePUMEHTATbHUX
JOCHIPKEHb Yy  SKOCTI BUXIJHMX MOJEJIBHUX CTIYHUX BOJI BHKOPHCTAaHO PO3YMH HATpii
rigpodochary konnentpamiero 100 Ta 25 mr/am?. PesynbpTaTl 10CIiIIB B AMHAMIYHUX YMOBaxX 13
BUKOPUCTAHHSM aJICOPOLIHHUX KOJIOHOK TIOKa3aJIy, 10 LIEOJIT € HaiOuibm epekTuBHUM 94,5% B
MOPIBHSHHI 3 IHIMUMHU copOeHTaMu (3HM)KEHHS KoHueHTpaii ¢ocdarie 3 100 mr/am® no
5,5 mr/am®). Pe3ynbraTté B mepiogMyHUX yMOBax (peakTop 3 MILIaKOI0): aKTHBOBAaHE BYT1IIA
HalOUTbIIMI cTymiHb BUiIydeHHS (¢docdaT-ioHiB 98 % 3a 2 roauHu ajcopOuii (3HMKEHHS 3
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25 mr/am® no 0,5 mr/am?). Cepen ycix AOCTIHKECHUX ATFOMOCHIIIKATIB EOJIT MPOJIEMOHCTPYBAB
HaliBully e(deKTuBHICTh ouuiieHHS — 87 % 3a JBI TOAWHU, MO0 3a0€3MEYMIIO 3HIKECHHS
KOHIIEHTpallii 3a0pyaHioBaya a0 3,25 mr/ame.

L{eomniTH € HNPUPOJHMMH MiHEpalaMé 3 BHCOKOPO3BUHEHOI MOPHCTOI0 CTPYKTYpPOIO. IX
VHIKQJIbHA KPHUCTAJIIYHA pEIINTKAa Ma€ YHCICHHI MIKpO- Ta ME30IOpH, 3/1aTHI BHOIPKOBO
NOTJIMHATH 10HM Ta MOJIEKYJIM pi3HUX 3a0pyaHIOBauiB i3 BogHOrO cepenosuma. OmHie0 3
TOJIOBHUX TIEpEBar I€OJIiTiB € IXHSI BUCOKA I0HHOOOMIHHA 37aTHICTh. Lle0iTH TaKoX MPOSIBIISIOTH
BUCOKY XIMIYHY Ta TEpPMIYHY CTaOUIbHICTH, IO POOHUTH iX JOBrOBIYHUMH W EKOHOMIYHO
BUTiIHMMU. X MOHa pereHepyBaTH 3a JONOMOIOI0 IPOMUMBAHHS PO3YHHAMH COJlel a60 KHCIIOT,
MICJIsl YOTO BOHU 30€piraroTh CBOIO a/ICOPOIIHHY aKTHUBHICTD.

TakuM 4YMHOM, TPUPOJHUIN IICONIT PEKOMEHIOBAHO JUIsI TPOMHCIIOBOTO BIIPOBADKCHHS HA
OYMCHHUX CHOpYZax Yepe3 BHCOKY E(QEeKTHBHICTh Ta IMOTEHI[iaJl yTHJi3alii. 3armpornoHOBaHO
TEXHOJIOTIYHY CXEeMy, IO BKJIIOYA€ JTOOYMINEHHS CTIYHUX BOJ Micis 6i070ri4HOi 00poOKH Y
KOHTaKTHUX BIJICTIHHUKAX, JIe¢ BUKOPUCTOBYEThCs meomt (1 r/nm® mpu 60 xB koHTakTy). Ocan,
HacuueHud Qocdaramu micns ancopOIii Ha I[EONiTi, PEeKOMEHIOBAHO BHKOPUCTOBYBATH SIK
CHPOBHHY JIJIsl O/IEpP’KaHHs MiHEPaJIbHHUX Ta OPraHO-MiHEPATBHUX JOOPUB MPOJIOHTOBAHOT JIii.

CYYACHI TEXHOJIOT'Ti BAPOFHHUIITBA BIOT'A3Y 3 OCAJIB CTIYHUX BOJ TA
OPI'AHIYHHUX BIAXO/JIB HA KAHAJIIBAINIMHUX OYNCHHUX CIIOPYJAX

Kizeee M./1., IIpouenxo C.b., Hoeuyvka O.C., Kpasuenko H.B.

Hayionanvuuil ynisepcumem 600H020 20Cn00apcmea ma npupoooKOPUCYSanHs.
Ykpaina, Piene m.d.kizieiev@nuwm.edu.ua

[ToBHOMacmTaOHa BiffHa B YKpaiHi Ta rio0aibHAa €HEpreTHyHa Kpu3a akTyasi3yBajld
NUTAHHS €HEPreTUYHOI HEe3aJIeKHOCTI 00’ €KTIB KPUTUYHOI 1HPPACTPYKTYpH, 10 SIKUX HalleKaTh
kaHami3zauiiHi ouncHi cnopyau (KOC), o € BeIMKUMU CrioKUBaYaMu e€JIeKTpU4HOi eHeprii (1—
3% Bij 3araibHOrO CHOXKMBAHHS B KpaiHi) Ta TeruioBoi eHeprii. [IpoTe 3mMiHa mapaaurmu — Bix
CIOKMBaya JI0 BHUpPOOHMKA eHeprii — jo3Bojse mneperBoputd TpaaumiiiHi KOC Ha
€HEeprono3UTUBHI KOMIUIEKCHI MiANpHUeMCTBa 3 mnepepoOku criyHux Boxa (CB) Ta opraniuHux
BiaxoAiB. CB MaroTh 3HAYHUN EHEepreTUYHUIl MOTEeHIal y BUIVISII OpPraHIYHUX PEYOBHUH,
HU3BKOIOTEHIIIIHOTO Teruia Ta 010reHHUX eleMeHTiB. AHaepoOHe 30pomkyBanHs ocaaiB KOC 3
BUPOOHUITBOM 010razy KOT€HEepali€ro eHeprii € KIIYOBOK TEXHOJIOTIE I pealtizaiii boro
noreHmiany. /logaTkoBe 3alyueHHs OpraHiYHHMX BiAXOJiB (1MOOYTOBOrO, MPOMHUCIOBOIO 200
CLITbCBKOTOCTIONIAPCHKOTO TMOXOKEHHS) Y MPOIec CHiIbHOTO 30pomKyBanHsa 3 ocagamu KOC
JI03BOJIsIE 3HAUHO MIBUIIMTHU BUXiA 6iorasy, 3pooutn KOC eHepronesanse:KHUIMH Ta 0JJHOYACHO
BUPIIIUTH TPOOJIEMY YTHIII3allil OPraHIYHUX B1IXO/IIB MICTA.

€pporneiicbkuii  Coro3 BCTaHOBUB aMOITHI LIl IOJO JOCSITHEHHS €HEpPreTHMYHOi
HelTpanbHocTi KOC 3 nmonyssiitnum exBiBasienToM (PE) monan 10 000 oci6 g0 2045 poky 3rigHo
3 HOBOIO JlMpeKkTHBOIo 1po ountieHHs Mickkux CB. bararo eBponeiiceknx KOC Bixe nepeBuIuim
ITI0 METY Ta JOCSTIH €HEPrOMO3UTHBHOCTI.

KOC «Mapcenicoopr» B Opxyci ([anis) € B3ipuemM eHeproeQeKTUBHOCTI. 3aBISIKH
KOMIUIEKCHIN MoJepHizaiii BOHM BHUpOOIsitoTh 150-192% eneprii, HeoOximHOI 1 1X
ekcrutyararii. OCHOBHI 3axonu, 1o Oynu peanizoBani Ha 1ux KOC, BkIOYanu: oNTUMI3aLiio
MpoIIeCy BUIAICHHS a30TYy 3 KOHTPOJEM B PEXUMI PEaIbHOTO Yacy, 3aMiHy MOBITPOIYBOK Ha
BUCOKOIIBH/IKICHI TypOOHAarHiTaui, KOHTPOJIb BiKy aKTUBHOT'O MYJy 3 BUKOPUCTaHHAM YaCTOTHHUX
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NEepeTBOPIOBaYiB Ta MojepHizaulilo KoreHepaiiiiHoi ycraHoBku (KI'Y) 3 nocarmennsm 90%
epexTuBHOCTI BuKopuctanHs eneprii. KOC HuH1 BUpoOstoTh enextpoeneprii Ha 50% Oinbime
BiacHUX notpel 1 2,5 I'BT Temna ais cucTeMu MEHTPaIi30BaHOTO TEIUIONOCTavyaHHs MicTa 0e3
BUKOPUCTAHHS JOAATKOBUX BYTJIEBOHIB.

KOC «Ky06parooy 6115t Codii (bonrapis) o6cimyroye 1,6 muH. xxuteniB 1 BupoOssie Ha 16%
OiNIbIIIEe eNEeKTPOeHEPrii, HIX CroKKMBae. HaaMIIKOBY €IeKTPOCHEPTiI0 Peai3yloTh B 3arajibHy
MepexKy, 3a0e3neuyroun JOJaTKOBUHM 10X1/1 MIANPUEMCTBY.

[Tpoextr POWERSTEP y pamkax Horizon 2020 3a yuactio 15 opranizauiii-naptHepis 3 7
KpaiH €Bpomnu MpoJeMOHCTpyBajia MOKIUBICTh focsirHeHHsT 140—170% eHepromno3uTUBHOCTI Ha
KOC y 6 mictax €Bponu nuIsIXoM BIPOBAHPKCHHS KOHIICMIIIH MOBHOMACIITAOHOTO BUPOOHUIITBA
eHeprii 3a paxyHOK aHaepoOHOro 30popKkyBanHs ocaiB CB 1 Bukopuctanss Oiorasy.

[TpoBigni Texnomorii tepmiunoro rigpomizy (THP) mpencrasneni mpouecamun CAMBI,
BIOTHELYS Ta Exelys (Veolia), BioTfueL Ta inmmumu. IIpoekt 6iorazosoi crauiii Ha KOC m.
JIsBiB epenbavae Bukopucranus Texuonorii CAMBI Bix koncopuiymy RIKO-CAMBI.

Enepreruunuii 6ananc THP € no3utuBHuM — nonatkoBuii Buxia 6iorasy (50% 301b11eHHS)
MOBHICTIO TIOKPUBAa€ EHEPreTHYHI BUTPATH HA HArpiB Ta MIATPUMAHHA THUCKY IPOLECY,
3a0e3Mevyyourd E€HEepPreTUYHy CaMoJO0CTaTHICTh TexHonorii. ExoHomiunoi edextuBHocti THP
JOCATAIOTh TOJIOBHUM YHHOM 4Yepe3 3MEHIIICHHS BUTPAT Ha yTuiizaiito ocaiB — st KOC wa 500
THUC. XKUTEIIB eKOHOMis cTaHOBUTH 270 — 430 Tuc. eBpo/pik. 3MEHIIEHHS 00’ €My METaHTEHKIB MpU
BukopuctanHi THP 9acTkoBO KOMIIEHCY€E KamiTaabHI BUJATKH YCTAHOBKU TEPMIYHOTO TiIpOITi3y
ocapy.

Ocax CB Mae BiJHOCHO HEBHCOKWU CHEPreTHYHHMM MOTEHIian — Buxim Oiorazy 250 —
400 M3/t cyxoi opraniunoi peuoBuHu (COP). Ile o0OymoOBIE€HO 3HAaYHUM BMICTOM Y
HAJTUIITKOBOMY aKTUBHOMY MYJIi BAKKO30POPKyBaHUX KOMITOHEHTIB OaKkTepiaIbHUX KIITHH. J{71st
HiABUILEHHS «KaJIOPIHHOCTI» CyOcTpary Ta 30UIbIIEHHS BUXOLy 610ra3y 3aCTOCOBY€ETHCS CIIJIbHE
aHaepoOHe 30pokyBaHHs ocaniB KOC 3 opraHiuHMMHU BIIXOAAMM PI3HOTO MOXOJKEHHS, L0
JI03BOJIsIE OZJHOYACHO BUPIIINTH AB1 BOXKJIMBI 3ajaui: yTUIII3yBaTH BEJIUKY KUIBKICTh OpraHiuHUX
BIIXO/IIB MICTa Ta 3HAYHO TMIJIBUINATH BUXiA Olorasy Ha icHyroumx mnotyxHocTsx KOC.
PizHOMaHITHICTH cyOcTpaTiB onTumisye cmiBBiiHomeHHs C/N (Byrienp/a3or), 3abe3neuye
HAJXOJ/KEHHS MIKPOEJIEMEHTIB Ta MOKpAIly€e CTaNICTh MIPOLIECY aHaepOOHOT0 30POIKYBAHHS.

s cninpHOTO 30po1KyBaHHS 3 ocaioM CB BUKOPHCTOBYIOTHCS TaKi OpraHiuyHi BiAXOJH:

1. Xapyosi Bigxoau — EHepreTuunmil moteHmian ctanoBUTh 550-750 m? 6iorazy/Tr COP;

2. OpraniyHa (paxiis TBepaAnX MoOyToBUX BiaxoniB — Buxiz Gioraszy - 400-600 m*/T COP;

3. Kupwu, onii Ta MacTwia — MarOTh HaWBUIIUI eHepreTU4yHui moreHmian — g0 1000 m?

6iorazy/r COP. OqHak BOHM BUMararoTh KOHTPOJIIO NPH A03yBaHHI (He Oinbiie 5-10% Bix

3araJlbHOTO 3aBaHTAXXEHHsI) Yepe3 PU3UK 1HT10yBaHHS NIPOLIECy Ta YTBOPEHHS MHH;

4. Cinscbkorocmnonapebki Bigxoan — 200450 m? 6iorazy/t COP 3a5exxHo BiJl CAPOBHHU;

5. [IpomuciioBi OpranivHi BiIX0u.

ChiBBiJHOIIEHHS OCaAy Ta OpPTaHIYHUX BIAXOMIB € KPUTHYHUM MapaMeTpoM JUis
MakcHuMi3aIii «BUxoay» 0iora3zy Ta CTaJOCTI MpoIecy 30popKyBaHHsS. Pe3ynbTaTtu moCiiKeHb
MOKA3YIOTh Pi3HI ONTUMANIBbHI CIIBBIJHOIICHHS 3aJI€XKHO BiJl METH.

Jns makcuManbHOTO BUXOMy Oiorasy: cmiBBigHOmEHHs «Ocan/Opranivuni Biaxogn» = 1/3
(25% ocany Ta 75% opraniuaux Bigxo#iB 3a BMictom COP) 3a0e3rnedye MakCUMaNIbHHUIA BHUXiJ
6iorazy 618,7 mur/r COP 3 BrrydeHHsiM opraniku 52,8% 3a XCK.

Jlist 30UIbLIeHHS MPOAYKTUBHOCTI MpUONM3HO B 4 pasu: chiBBiaHOMmIEHHS «OpraHiyHi
Bimxoan/Ocany = 3/1 (75% opraniunnx BigxoiB Ta 25% ocamny 3a COP) y nocnimkenni B IlIBerrii
36inpmmI0 BUXix Giorasy mpubmuzHo BuetBepo — 3 1,0£0,1 mo 3,8+0,3 n/(mm*:m06y) mpu
opraniuHoMy HaBaHTaxeHHi 5 T COP/(mv - 106y).
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s cranoi po6otu icHytounx KOC pexoMeHA0BaHO MTOCTYMOBE BIPOBAKEHHS CIIJILHOTO
30pOJIKYBaHHSI OCaJIiB 3 JIOJAaBaHHSIM XapyoBHX BimxomiB a0 12 — 35% 3a Bmictom COP Bix
KUIBKOCT1 ocany. Takuil miaxid 03BOJIsIE anmpoOyBaTH TEXHOJIOTiHO 0e3 pu3uKy jaectadimizariii
MPOIIECy Ha ICHYIOUMX criopynax. HaBiTh HEBeIMKI 10J1aBaHHS OPTaHIYHUX BIAXO/iB €()EeKTHUBHI.
Honapanns yume 1-5% xapuoBuX BIIXOIB 10 ocamy 30umbirye Buxin Oiorasy Ha 25-50%, mo
poOHTH criibHE 30pO/KYBaHHS €KOHOMIYHO MpuBabauBuM. [Ipukinagamu peanizamii croiibHOTO
30poKyBaHHS ocay Ta opraHiyHux BiaxomiB y cBiti € KOC B M. Bekmo (I1IBerist); y kommnanii
«Ecopro» (Hopgeris) ta B M. Ceyn (ITliBnenna Kopes).

bioras, orpumanuii mpu aHaepoOHOMY 30pO/DKyBaHHiI, BHUKOPUCTOBYIOTh B KI'Y st
OJIHOYACHOTO BHPOOHHMIITBA EIEKTPUYHOI Ta TerwioBoi eHeprii. Koreneparis 3a0e3mnedye
e(eKTUBHICTh BUKOPUCTAHHS eHeprii 6iorazy 1o 85-90%.

EnextpoeHeprito MokHa BUKOpUCTOBYBaTH i BiacHux norped KOC (na aepamiro i
nepekauyBanHsi CB, g sxkuBieHHs oOnagHaHHs Oiora3oBoi craHIiii) abo peani3oByBaTH B
Mepexy 3a «3elneHuM» Tapupom. TermmoBy eHepriro BUTpAvaloTh Ha TMiAICpIBaHHS Ocagy B
METaHTeHKaX (OCHOBHA YacTHHA), OMaJeHHS Ta Trapsdye BozomnoctayaHHs OyxaiBens KOC,
HiICYITyBaHHS 3HEBOIHEHOTO OCAy JUIsl SMEHIICHHS HOro 00’ €My mepe]] yTHITi3aIli€ro.

JIpBiBCbKHMIT TIpO€KT Oiora3oBoi cTanmii nependadae BcraHoBieHHsS KI'Y moTyxHiCTIO
6mu3pko 5 MBT enexTpudnoi eHeprii ans BupoonunTsa 39,4 MiH. KBT ros enekrpoeHeprii Ha pik.
[Ticnst 3miau koHuenuii y 2024 potii BCs €1eKTPOSHePrisi BUKOPUCTOBYBATUMETHCS ISl BIACHUX
notped KOC, 3a0e3neuyoun MOBHY CHEPreTHYHY HE3aJICKHICTh CITOPY/I.

KOC € 3nauynum pxepenoM BUKUIIB apHukoBux razis. Y CIIA KOC BukunaroTh 0JU3bKO
47 muH. T CO,-eKBiBaJICHTY Ha PIK, 1110 € TOPIBHSHHUM 3 BUKHIaMu 10 MitH. aBTOMOO1LTIB. Bukuan
BiJl TIPOIIECIB OYHUIICHHS CTaHOBIIATE OLIst 60% ByrteneBoro ciiny KOC.

OcHoBHUMHM BUIaMu nTapHUKOBHX Ta3iB Ha KOC, 1110 BUKUIAIOTHCS B TIOBITPA, €:

1) meran (CH4) — BUTOKH 3 METaHTEHKIB, Ta3rojIbAEpPiB, BITIKPUTUX PE3EPBYapiB 3 0CAAOM;

2) 3akuc a3oty (N20) — yTBOpIO€ThCS B ITpolieci HiTpUdiKalii-1eHiTpudikallii B aepoTeHKax
(mapaukoBuit epext N2O y 298 paziB cunbHimii 3a CO2);

3) miokcun Byruento (CO2) — HenmpsAMi BUKUIM BiJ] CLIOKUBAHHS €JIEKTPOEHEPrii Ta Teria 3
BUKOITHHX J[KEpell.

biorazoBa TexHoJOTis 3a0€3Medye iICTOTHE 3MEHIIICHHS] BUKHU/IIB MTAPHUKOBUX Ta3iB uepes:

e YTUJII3allII0 METaHy MNpHu crnaimoBaHHl Oiorasy B KI'Y 3amicTh HOro HajaxoJKEHHs B
aTMocdepy MpH BIIKPUTOMY 30epiraHHi ocaay;

e 3aMIIICHHS BUKOITHUX TAJMB B1IHOBIIIOBAaHUM O10ora3oM (6ioMeTaHOM);

e 3MEHIICHHS CTIOKUBAHHI €JIEKTPOSHEPTii 3 MEepeKi 3a paXyHOK BIACHOTO BUPOOHHIITBA,

e ONITUMI3AIIIIO MTPOIIECIB O10JIOTTYHOTO OUMILIEHHS JIJISl 3HIKEHHS yTBOpeHHS N,O.

BupoOHUIITBO Ta BUKOPUCTAaHHS 6iora3zy MOK€ 3MEHIIUTH BUKHIW MapHUKOBUX Ta3iB Ha
KOC na 5-12%. Ilpu pogaTkoBOMy BHpPOBAKEHHI TEPMIUYHOTO TiApOdi3y Ta ONTHUMI3alil
MPOIIECiB BUJAICHHS a30Ty JekapOoHizamis Moxe aocsratu 15-20%. €Bponeichkuil «3eneHui
KypC» BCTaHOBJIIOE€ 00OB’SI3KOBY JIeKapOOHI3aIlil0 BCIX CEKTOPiB eKOHOMIKH 10 2050 poky, 110
pobuts MonepHizaiito KOC 3 BopoBakeHHAM 010Ta30BUX TEXHOJIOTIH HE TUIBKH €KOHOMIYHO
BUT1JTHOIO, ajie i HeoOXimHOoto /I Kpain €C Ta KaHAUAATIB Ha BCTYT, BKIIOUYAIOUN Y KpaiHy.

B Vkpaini «mmionepamMu» BrpoBakeHHs 6iorazoBux texnonoriid Ha KOC e «Bogokananm»
JIsBoBa Ta XapbkoBa. JIbBIBCHKUI MPOEKT € HAWOUIBII MPOCYHYTUM 3 TOUYKU 30pY MiATOTOBKU
JOKyMEHTallli, 3aJyuyeHHsI (piHaHCYBaHHS Ta CTaHy peasizallii.

TexHiyH1 TapaMeTpyu OHOBJIEHOTO NMPOEKTY Oiora3zosoi cranuii Ha JIbBiBchbkux KOC Taki:

e Ba MeTanTeHkKH 1o 15 000 M* amist TepModinbHOTO 30pOIKYBaHHS OCa/IiB;

e TIOTIEpEIHE OOpOOJIEHHA oOcaay TEPMIYHMM TifapoiizoM 3a TexHosoriero «CAMBI»
(remneparypi 160°C, tuck 6 6ap);

e po3paxyHKoBuil Buxij 6iorazy: 42 000 um*/1o0y 3 BMicTOM MeTaHy 65%);
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e KOTEHEpaIliiiHl yCTAaHOBKH 3arajbHOI0 €JICKTPUYHOIO MOTYKHICTIO MOpsAAKy S MBT;
e BUPOOHUIITBO eNleKTpoeHeprii aist BinacHux norped KOC;

e TEIJIOBA MOTYXHICTh KoreHepaiiii: 4,5 MBrT;

e T0BHA eHepreTuyHa HezanexHictb KOC m. JIbBiB.

[TpoexT GiorazoBoi cranilii 3 TepMiyHuM Tigporizom ocaay Ha KOC wm. JIbBiB 1eMOHCTpYE
Cy4yacHU# miaxig 10 crBopeHHs eHeproHesanexnux KOC B Ykpaini Ta MOXe CTaTH MPHUKIAAOM
JUISL peruTikarii Woro B iHIMUX mictax kpainum (Binauii, Xapkosi, PiBae, JIylibKy) 3 amanrari€ero
MacmTaly BiJNOBITHO J0 MICLIEBUX YMOB, 10 (piHaHCYBaHHS MOAIOHUX OO'€KTIB 13 3aTyUEHHIM
MDKHApPOJHHUX KPEIUTIB, TPAHTIB Ta MICIIEBOTO CITiB(iHAHCYBaHHS.
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BIIJIMB MATHIIO TA MAHT'AHY OCBITJIEHHSA HA PICT I METABOJII3M
MIKPOBOJOPOCTI CHLORELLA VULGARIS
Kosanvosa C.O.
Haykoeuii kepisnuk — I'onyo H.b.
KIII im. I20pa Cikopcvkozo, Ykpaina, Kuise, svitlayak(@gmail.com

MixkpoBoaopocti poay Chlorella € nepcrieKTHUBHUMHU 61000’ €KTaMu JUIsl OTPUMAHHS IIIHHUX
MeTaboMITIB — MIrMEHTIB, JIMIAIB 1 aHTHOKCHAAHTIB. KpiM TOro, BOHU pO3IJISJAIOTHCS SIK
MOTEHIII}HI arTeHTH OIOMOHITOPUHTY Ta 0100YHINIEHHS BOJHUX CEPEIOBUII B 3a0pyaHeHs [1].

Cepen 0i0OTEHHHX €JIEMEHTIB JJISI MIKPOBOJOPOCTEM OCOOJIMBE 3HAYEHHS MArOTh MarHii
(Mg?*) 1 manran (Mn?"), ki € KIIOUOBUMH KOQakTopaMu (OTOCHHTETUYHMX IpoleciB. MarHii
BXOJIUTHh JI0 CKJIaay xjopodiry Ta Gepe ydacTh y crabimizamii cTpykTypu pubocom 1 dikcarlii
Byrieuto [2, 3], toni gk manran gopmye kiaactep Mns«CaOs y dorocucremi 1I, 3a6e3neuyroun
¢doToI13 BOAM 1 YTBOPEHHS MOJIEKYJISIPHOTO KUCHIO [4].

Pazom 3 THM, HaJJIMIIKOBI KOHLIEHTPALl IIMX METaliB, y MOEJIHAHHI 3 PI3HUMU YMOBaMH
OCBITJICHHSI, MOXXYTh YWHHUTU SIK CTUMYJIOIOUMN, TaK 1 1HTIOylOYMd BIUTMB Ha (DOTOCHHTE3 1
MeTaboI3M KIITHH. 3BaKal04H Ha 11e, TOCIIKEHHs BIUTMBY KOMOIHOBaHOI JIiT CIIEKTpPY CBiTia Ta
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10HIB METaJIiB Ma€ BKJIMBE 3HAUCHHSI JIJIS1 ONITUMI3aIlii YMOB O10TE€XHOJIOTIYHOTO KYJIbTHBYBAHHS
MIKpPOBOIOPOCTEH 1 MiABUIIEHHS €(peKTUBHOCTI O100YUILEHHS BOJ.

Mera po0OOTH — AOCHIAWTH BIUIMB 10HIB Mg** Ta Mn?" y pIi3HMX KOHIEHTpaIliiax 1
CHEKTPAIbHUX PEKMMaxX OCBITICHHS Ha PICT, HAKONMWYEHHs OioMacw Ta MIrMEHTHHHA CKJaza
MmikpoBogopocTi Chlorella vulgaris nyisi BA3BHaUYE€HHS ONTUMAIBLHUX YMOB KYJbTHUBYBaHHSI.

Marepiajim Ta MeToan

KynetuByBannus Chlorella vulgaris mpoBogunmu B TpyO4yaTux QoTopeakTopax Ha
cepenoBuili BG-11 i3 nomaBanusM cynbdariB marmiro ta manragy (MgSOs, MnSO.) y
koHIeHTpanisx 5, 10 ta 20 mr/a. KonTpoas — cepegoBuiie 0e3 1oaaBaHHS TOJaTKOBUX METAIB.

3acTOCOBYBAJIM YOTUPH PEKUMHU OCBITJICHHS: mpupoane sckpase (600-800 Bt/m?),
npupoaHe npuraymene (250 Bt/m?), 6ine LED-ocBitinenus (600 Bt/m?) 1 uepBoHo-cune LED-
OCBITJIeHHs y criBBigHOMIEHH] 2:1 (600 B1/m?).

BuszHauanu onTUYHY TYCTHHY, KUIBKICTh KIITHH, CyXy OlomMacy Ta BMICT HIIMEHTIB
(xmopodiny a, b, KapoTHHOINIB) CIIEKTPOPOTOMETPUIHHUMH METO1aMu [5].

Pe3yabTaTu T2 00roBOpeHHs

[TinBuneHHS KOHIIEHTparil Mg?* mpu3BoIuIIo 10 iHTeHcupikarii pocty KynsTypu Chlorella
vulgaris, 0co0MMBO 32 IHTEHCUBHOTO OCBITJICHHA. MaKCUManbHUI MPUPICT ONTUYHOT TYCTHHH (Y
1.9 pa3m) Ta cyxoi 6iomacu (o0 3.05 + 0.067 1, y 2 pa3u OUTbIIIE KOHTPOJIIO) CIIOCTEPIraBcs MPU
20 mr/n Mg** 3a 6inoro LED-ocBiTnenns (puc. 1).

3a npupoaHOro CcBiTIAa HavBumul npupict 6iomacu (2.30 = 0.054 1, y 2.4 pa3u OurbIie
KOHTPOJTIO ) TaKOXK oTpuMaHo mpu 20 mr/a Mg?*. BmicT xnopodiny a konuBascs Bix 19.17 1o 65.51
Mr/T, a MakcumaiibHe criBBigHomreHHs Chl a/b (5.17) 1 3aransauii BMicT xjaopodiri (86.87 Mr/r)
3a¢hikcoBaHo npu 10 mr/n Mg?* 3a npupoAHOro NPUIITYILIEHOT0 OCBITJIEHHS. e MOXHa NosACHUTH
KIIFOYOBOIO POJUTIO MarHito y (OTOCHHTETUYHUX TPOIIecax Ta HOro CHHEPTETUYHOIO B3a€EMOIIEI0
3 €HEPTi€l0 CBITIA, SIKa MOCUIIIOE aKTUBHICTH CBITIO3AJIKHUX CTaAl MeTtabomizmy [3].

s Mn?* BiutuB OyB HeMiHIMHUM. 3a MPUPOJHOTO SICKPABOIO OCBITJIEHHS KOHIEHTpalis 20
mr/n Mn** crumymioBaia npupict 6iomacu y 2.3 pasu (3.03 £ 0.014 r), Toxi sk 3a 6utoro LED-
OCBITJIEHHSI BUCOKI KOHIIEHTpallii BUKJIMKaJIN 3HIKEHHS pocty (y 1.7 pas3m). Lle cBiguuth mpo
¢doroceHncuobiTizyrouy ait0 Mn?" y moeiHaHHI 3 IIMPOKUM CIEKTPOM cBiTiaa (puc. 2) [6].

3aranbHUM BMICT XJIOpoQiiB y BapiaHTax 13 Mn?* OyB 3HauHO HIK4uM (3.45-12.97 mr/r),
10 BKa3zye Ha (OTOCUCTEMHE iHriOyBaHHS a0o0 MEpepo3Noij pecypciB Ha aHTUOKCHJIAHTHUI
3axuct [7]. Ontumanbre criBBigHomeHHs: Chl a/b (0.69) cnoctepiranocst mpu 20 mr/m Mn?* 3a
HIPUPOJHOTO OCBITJIEHHS.

Bwmict xnopo@iniB nokasye, mo g Mn?* Bin 3anumascs Hu3bkuM (Cl 3ar. 69 Mr/r), Tonai
K y BapiaHTax i3 Mg?" —y necsaTku pa3iB BUIIUM (J10 80—86 Mr/r).

TakuMm yunHOM, Mg*" cTUMYIIO€ (POTOCUHTETUYHY AKTHUBHICTH 1 HAKOIMWYEHHS MITMEHTIB,
TOJIl IK Mn?" nposiBiIsi€ ABOICTHH ePeKT — CTUMYIIOBaIbHUI a00 1Hri0yBaIbHUN POCTY 3aJI€KHO
BiJl CIIEKTpa OCBITJIEHHS Ta 3arajbHE 3HIKEHHS (POTOCHHTETHMYHOI aKTHBHOCTI y MOpPIBHSAHHI 3
KOHTPOJIEM.

VY BapiaHTax 13 MarHieM CIOCTEPIraeThCsl BUpake€Ha 3aJIeKHICTh CUHTE3Y KapOTHHOIAIB BiJ
CHEKTpPaIbHOro CKjiaxy cBiTia (puc.2). HaiiBumii 3HaueHHs 3adikcoBaHi 3a HPUPOIHOTO
INPUIITYLIIEHOTO OCBITJIEHHS Mpu KoHueHTpauii 10 mr/n Mg**, ne BMICT KapOTHHOIJIB J0CSTaB
10.10 mr/r, mo OinpII HIXK y 2 pa3u MEpeBHILye KOHTPOJIb. Lle y3roukyeTbes 3 BHCOKHMHU
MOKa3HWKAMM 3arajlbHoro BMiIcTy XjopoduniB (86.87 Mr/r), mo BKa3zye Ha CTHUMYJIIOBaHHS
(OTOCHHTETUYHOI aKTUBHOCTI KJIITHH 1 MIABUILIEHY CTA0UIBHICTh MIF'MEHTHOT'O KOMILJIEKCY.
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Mg?+: C(Cl 5), mr/r

Mg?*: C(Cl ), mr/r
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Puc 1. Bumict xiopodiny a Ta xnopodiny b (C) y kynetypi Chlorella vulgaris, xyTbTHBOBaHOT 3a
PI3HUX YMOB OCBITJIEHHS Ta 3 HQAIUIIKOBUM BMicToM MgSOs (a, b) 1 MnSOxs (c, d).

Ha Bigminy Bin Mg?', y BapianTax 13 Mn?" crocrepiraeTbcsi 3arajibHe 3HH)KEHHS BMICTY
KapOTHHOIMIB y BCIX CIIEKTPATBHUX PEKUMAX, IO CBIAYUTH PO MPUTHIYEHHS (POTOCHHTETHYHOTO
amapary NpH Ha UIMIIKY MaHTaHy.

Mg2+: C(Cy 4 ), MI/T

Mn2+: C(Cy 4 ), MI/T
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Mn2*: YepBOHO-CUHE mmm Mn?*: MpupogHe Npurnywexe

Puc. 2. Bmict kapotunoinis (C) y kynetypi Chlorella vulgaris, KynbTuBOBaHOT
3a pI3HUX YMOB OCBITJICHHS Ta 3 HAJUIMIIKOBUM BMicToM MgSOa (a) 1 MnSOxs (b).
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3aranom, kynetypa Chlorella vulgaris neMoHCTpy€ TiABUIIEHUH BMICT KapOTHHOIMIB MpH
nii Mg?" 1 3Ha4He NpUrHiYeHHs — Ipu Mn?*, 1110 CBITYMTH PO Pi3HUI MEXaHI3M Jil X METaiB.

BucHoBku

HonaBanus Mg** y konnenTpanii 10—20 mr/n migsuirye pict i BmicT nirmeHTiB Chlorella
vulgaris, 0co0IUBO 3a 6110T0 Ta MIPUPOTHOTO OCBITICHHSA. Mn?" UMHUTPH HEMHINHUYN epeKT Ha picT
OioMacu MIKpOBOJOPOCTEH Ta MEpEeBaKHO 1HTIOYIOUYM BIUIMB Ha (DOTOCHHTETHYHY aKTHBHICTh
KJIITUH.

Haii6inpmnit BMicT X10podiniB 1 KapOTHHOINIB criocTepiraBcs y 3paskax i3 10-20 mr/n
Mg, o CBITYUTH MPO aKTHUBAIli0 (POTOCMHTETHYHUX IPOIIECIB Y KIITHHAX 32 HAJIUIIKOBHX
KOHIeHTpaii Mg?*.

Otpumani pe3ysnbratu HiaTBepKyrOTh moteHmian Chlorella vulgaris sk 00’exta as
010TeXHOJIOTi!i OTPUMaHHs MIrMEHTIB Y CHUCTEMax i3 PeryJbOBaHUM CIEKTPOM OCBITJICHHS 1 5K
Mojienl 17151 610MOHITOPHUHTY BILTUBY METAIiB.
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PEUOBUHU KBOPYMY (QUORUM SENSING TA QUORUM QUENCHING) B
BIOTEXHOJIOI'ISIX OYMIIEHHSA CTIYHUX BOJI
Konmuweea /I.C., Ilypcoka K.O.
KIII im. I2opsa Cikopcvkoeo, Yrpaina, m.Kuis, koltysheva.dina@lll. kpi.ua

B nponecax ouMileHHsS MICBKHX Ta MPOMMCIOBUX CTIYHHUX BOJ B O10TEXHOJIOTTYHHUX
CHOpyAax, TaKUX sK aepoTeHKH, OiodinbTpu, MeMOpaHHI OiopeakTopu, a TaKOX HOBITHI
IHTErpoBaHi TEXHOJIOT1i, 30KpeMa MIKpoOH1 ManuBH1 enemMeHTH-010s0riuH1 ctaBk (CW-MFC),
OiomanuBHi enementn (BFC), OionoriuHuM areHTOM € KOHCOPIIYM MIKpOOpPraHi3MiB, IO
3MIMCHIOE O10JIOTIYHY NECTPYKIlit0 3a0pynHiorounx peudoBuH [1, 2]. o ckiagy KOHCOpLiyMy
MIKpPOOPIaHi3MiB BXOAATh JECTPYKTOPU OPTraHiKH, HITpU(DIKaTOpH, AeHITpU(DIKATOPH Ta 1HILI, IPU
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YoMy BHJOBHH CKJaj 3aJeKHUTh Bil a0lOTHYHMX Ta OIOTHYHHUX (HAKTOpIB, 30KpeMa BiJ
temneparypu, pH, OCBITIEHHs, BMICTy OpraHIiYHHX Ta HEOPraHIYHUX PEYOBHH, a TaKOXK
AQHTaroHICTUYHHUX Ta CHHEPTETUYHUX B3aEMO/IIM MK MIKpOOpTaHi3MaMH KOHcopIliymy. [Iporecu
OUMILEHHS CTIYHUX BOJ Bi0YBaloThCs B OlOMIIiBI: OiorutiBKa Ha HOCIsX 0i0(imbTpiB, MIIACTIBII
aKTUBHOI'O MYJy, TPaHyJd akTHMBHOro myiy [3]. IlmacTiBii akTMBHOrO MyJy CKJIaJarOThCs 31
HIUTFHOT'O KOHCOPIIIYMY MIKpOOpPTaHi3MiB B MaTPUKCI MO3aKIITUHHUX MTOJIIMEPHUX PEYOBUH, TOMY
aKTHBHUN MYJI MO>KHA BBa)kKaTH O10TLTIBKOIO 0e3 C(hOpMOBAHKMX MOBEPXHEBUX 3B S3KIB 3 HOCIEM
[4]. Ha ¢opmyBaHHs GiOIUTIBKM BILUTUBAIOTH PEUYOBHHU KBOPYMY quorum sensing (QS, BiT9yTTs
KBOpyMy) Ta quorum quenching (QQ, raciHus kBopymy). Cepen CIONyK KBOPYMY BHIUISIOTH
ari-romoceput taktonu (AHL), aBroinaykytoui onironentuau (AIP), aBroingykrop 2 (Al-2),
ta aBTOIHAYKTOP 3 (Al-3), mmdysiiini curHaneHi Monekynu (DSF), xinomonm (PQS), ski
3a0e3neuyoTh (opMyBaHHA abo mnpurHiYeHHS (QOpMyBaHHS OIOIUTIBKH, EKCIIPECiI0 TEHiB,
pEryJtoBaHHs peakiliii MeTabomi3My, CTIMKICTh OIOTUIIBKM 0 30BHIMIHIX (DaKTOPiB, 30KpeMa 0
KOHIICHTpALlii MOJIIOTAHTIB, B TOMY YHCII IJIACTUKY Ta aHTUOIOTHKIB [5, 6]. Meroro maHOTrO
JOCIIJIKEHHS € OTJIs1/1 PEYOBHUH KBOPYMY Ta BU3HAUEHHS IXHBOI POJIi B OUHMILEHH] CTIYHUX BOJ.

B memOpanHux OiopeakTopax BaKIMBHM € 3armoOiraHHs 0i000pOCTaHHIO MEMOpaH, IO
HOPU3BOJUTE 10 HOPYLIEHHS MPOLECiB MacOOOMIHY Ta OYMILEHHS CTIYHUX BOJ, TOMY B JaHHUX
TEXHOJIOTISAX PO3TIIAAAI0Th MOXIIMBI cTparterii mpurHideHHs (opMyBaHHs OIOIUIIBKH, a came
J0JIaBaHHs PEUYOBUH 1HTI01TOPIB QS, KyJIbTHUBYBaHHS OaKTEpiH, 10 31aTHI CHHTE3yBaTH MOJICKYIN
QQ, nerpanarist peuoBrH QS akTUBHIUMH (hopMamMu KHCHIO a0 GpepmenTamu [7].

Hatomicth hopmyBaHHs 30araueHUX €K30€JIEeKTPOreHHAMHU O10TITIBOK CIIpHsi€ 301bIICHHIO
TeHEepYyBaHHS €JICKTPUYHOI eHeprii B OlonanuBHUX eneMeHTax. PedoBunu kBopymy QS CripusioTh
BUJIUUICHHIO TO3aKJIITUHHUX TodiMepHux pedoBuH (EPS) Ta OiocypdakraHTiB, 110 MiJBUIILYE
e(EeKTUBHICTh OYMIICHHS CTIYHUX BOJ. Po3rmsimaroTs Taki crpaterii opMyBaHHS OiOTUTIBKH:
JoJaBaHHA pedoBUH QS, KyJIbTHUBYBaHHs OakTepidd, 110 3JaTHI CHUHTE3yBaTH MojieKynu QS,
KOHTpPOJIb CUHTE3y Mosekyn QS [8].

Ha npoaykyBaHs pedyoBMH KBOpYyMYy, a TakoX (OpMyBaHHS OIOIUIIBKM BIUIMBAIOTh
temneparypa, pH, HaHOUaCTUHKH, aHTHOIOTHKHM Yy CKJaAl cTiuHoi Boau [5]. Zhang ta iH. [9]
cnoctepiranu npu 30utbmeHHi pH 10 9, 3menmenHs cuntesy AHL GakrepisiMu, 10 BXOAATH 10
ckiany rpanyn ANAMMOX, BHacniiok yoro npurHiuyBaBcs cuHte3 EPS, B Toii yac sk pH 6
crpusuIo npoykyBaHHI0 Mosiekyl AHL ta ¢popmyBanH0 OiomiBKkU. N-aiiI-roMOCepHUHIAKTOH-
OTIOCEpPEIKOBAaHA EKCIIPECisi TEHIB KOAY€EThCsl TphoMa 3 I'sTH KiaciB Proteobacteria (a, B, v), mo
MICTSTbCS B aKTUBHOMY MYJIi CTIYHHMX BOJl, Ta BIUIMBAE Ha BUPOOHUITBO CUTHAIBHUX MOJIEKYJ
AHL.

®opmyBaHHs OilOIUTIBKM 3a0e3nedye oOMiH MeTal0oJiTaMM, T€HETUYHUM MarepiajioM, a
TaKOX CUTHAJIbHUMHU MOJIEKYJIaMH, III0 B CBOIO UEPTY CIIPHUSE CTIHKOCTI KOHCOPIIIYMY Ta MpoIiecam
pEryJItoBaHHS MeTaboli3My Ha 3MiHY (Pi3MKO-XIMIYHOTO CKJaay CTIYHMX BOJ. MoOjEIIOBaHHS
BIUIMBY PEYOBHH KBOPYMY Ha (POpMyBaHHS OIOIJIIBKM Ta MPOLIECH OYMILEHHS CTIYHUX BOJ €
CKJIaTHUM 3aBJIaHHSAM, OCKUIBKH KOHCOPIIlYM MIKpPOOPTaHi3MiB MPOJYKY€E BEJIHKE PI3HOMAHITTS
CHUTHAJIBHUX MOJIEKYJI, 0 MOXKYTh MaTH SIK BHYTPIIIHbOBHIOBH, TaK i MIXKBUJOBHI BIUIHB, a
TaKO’K MaJOBiZlOMa B3a€MO/Iisl MIXK CAMUMHU pedyOBHHaMU. J|0laBaHHS PEYOBUH KBOPYMY CIIpHsIE
3MIIIHEHHIO OIOIUTIBKM Ta 30uIblIye e(eKTHBHICTh Oiojerpajnaiii OpraHiYHHUX pEYOBHUH,
Hanpukiang, Gao Tta iH. [10] npoxemoncTpyBanu, mo aoxasanHs 50 HM AHL mnpusseno no
NPUIIBUIIICHHS (GopMyBaHHs OlomiiBku Ha 25% Ta 30uIblIeHHS €()EeKTUBHOCTI OYMILIEHHS
cTiuHuX BoJ Ha 20%. TakoX pedoBHHH KBOPYMY CHPHUSIOTH 301IblIeHHIO MOTYXHOCTI MIIE,
Hanpukiazn nogaBanas AHL ta PQS crpusino 30inpmensaro notyxHocTi Ha 21,57% Tta 13,73%
BiamosiaHo [11].
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Taoauus 1. PedoBunu quorum sensing (QS) ta quorum quenching (QQ)
B O10TEXHOJIOTISIX OYUIIICHHS CTIYHUX BOJ

PeuoBunu | Mikpoopranizm QS/QQ | Bux koHcopiiymy JlirepaTtypa

KBOPYMY

PQS Pseudomonas QS AHomHA OilorutiBka | [12, 13]

010MaJIMBHOTO €JIeMEHTa

AHL bakrepii nporecy | QS ANAMMOX rpanynu [5, 9]
ANAMMOX

AHL Aeromonas hydrophila | QS AKTUBHHUIA MYJI [14]

AHL Pseudomonas QS AKTUBHUM MYJI [15]

AHL- Bacillus cereus QQ biomtiBka y wmemOpanHoMy | [16]

JAKTOHA3a 6iopeakTopi

DSF Xanthomonas sp. QS AKTUBHHUUA MYJI [17]

®opmyBaHHs OiOTITIBKY Ta ii CTIHKICTh, AECTPYKIIiS MOMIOTAHTIB, 3aJI€KUTH BiJl CHHTE3Y Ta
PO3MOJILTY PEYOBUH KBOPYMY, TOMY PETYJIIOBaHHS MPOIIECIB OUUIIICHHS Ma€ 30KpeMa BiJI0yBaTUCh
HUISIXOM JIOJIaBaHHSI PEUOBHH KBOPYMY a00 3aCTOCYBAaHHSIM CTpATeril MPUTHIYCHHS iX CHHTE3Y.
JocnimkeHHs: BIULIMBY PEYOBHMH KBOPYMY Ha ChOTOJIHI MPOBOJATH MEPEBAKHO B JIAOOPATOPHUX
YMOBax i MaJI0 BUBYEHI IIi MEXaHI3MH B BEIMKHX MacmTabax, B SKUX BiJI0OyBaIOTHCS MPOIECH
OUHMIICHHS MICBKMX Ta MPOMHUCIOBHUX CTIYHUX BOJA. TakoX MalOBiAOMOIO 3aTHMIIAETHCS MIXK
pEYOBHHAMU KBOPYMY BHYTPIIIHBOBHIOBA T4 MIKBHJIOBA B3a€MOJIisl, B TOMY YHCII MEXaHI3MH
KBOPYMY MDXX MIKPOBOAOPOCTSMHU Ta OaKTepisiMu, SKi MPUCYTHI B OlOTEXHOJOTIAX OYHUIICHHS
CTIYHHMX BOJI, Ta MIKpOOPraHi3MiB KaTOJHOI O10MJIiBKH. 3aCTOCYBAHHS CTpATEriil MPUTHIYEHHS
dbopMyBaHHS OIOIITIBKM JUIsi 3amoOiraHHs 01000pOCTaHHIO MeMOpaH Ta HaBMAKU I1HIIiAIlis
dbopmyBaHHST OIOTUIIBKM CTIMKOT A0 [1i TOJIOTAHTIB MOXKE CTaTH CTajoOl CTPaTEri€l0 B
010TEXHOJIOTIAX OUMIIIEHHS CTIYHUX BOJI.
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METOJIUKA PO3PAXYHKY CTYINEHSA NEP®OPALII BIYHUX CTIHOK 3BIPHUX
JAPEHAKHUX TPYBOIIPOBO/IB

Kpasuyk 0.4.', Kpasuyx A.M.?
Kuiscokuii nayionanvuu yrisepcumem 6yoisnuymea i apximekmypu, Ykpaina, Kuis,
kravchuk.oa2@knuba.edu.ua’, kravchuk.am@knuba.edu.ua’

Sk BiIOMO, OCHOBHUMH pOOOYHMH €IEeMEHTaMHU, SIKi CIIYTYIOTh It 3a00py IPYHTOBOT BOJIN
MiJ36MHUMH BO03a00paMu IIPOMEHEBOTO THIY, € 30ipHI JpeHakHl TpyOorpoBoau. B skocti
OCTaHHIX Hal4YacTillle BHKOPUCTOBYIOThCS cTajieBi mepdopoBaHi TpyOOmpoBoau, B SIKi BOJa
HAJIXOJIUTh dYepe3 oTBopu abo mimmHM mnepdoparii B OiyHMX cTiHKaX. OKpiM IOTO, IS
NOTIEPE/DKEHHS TIOTPAIUIAHHS y 30ipHUN ApeHaKHUI TPyOONpPOBiJ YAaCTMHOK HABKOJIHIIHHOTO
IPYHTY, OCTaHHI JI0JaTKOBO OOMOTYIOTbCSI CHEI[iaIbHUMU (PUIBTPYIOUMMHU MaTepiajiaMu,
JI0JJATKOBO TAKOXX yJIAIITOBYETHCS 3BOPOTHIN (DinbTp 3 pisHUX (DimbTpyrounx marepianis [1-3].

TakuMm 4YMHOM JUIsi TOTO, IMO0 BOAA 3 HABKOJMIIHBOTO IPYHTY HaIiiuia y 30ipHHN
TpyOOIPOBi, BOHa TOBHHHA IMPOWUTH Yepe3 map (iIbTpyrodoro mMarepiany i yepe3 OTBOpHU
nepdopariii cTiHok TpyOou. O4eBUAHO, 1110 BUTpaTa BOJU B 000X BUMAAKaX Oy/ie OJJHAKOBA.

3 3araJbHOTrO Kypcy TiIpaBliKd BiZIOMO, IIO BHUTpaTa PiIWHHU Yepe3 OTBip (OTBOpU Ha
OJIMHUIII JOBXKUHU Mep(hOopoBaHOTO TPYOONPOBOY) BUSHAYAETHCS 32 3AJIEKHICTIO [4]:

q=d—Q=u360cn 2gz, (D
dx
1€ Wss — KoeimieHT BUTpatu oTBOpiB nepdoparii; a, = Xm.// — mioma oTBopiB nepdoparii Ha
OJIMHMIII JOBXUHU TPYOU; z — Tiepenasl HarmopiB, il Ai€l0 SIKOTO BiIOYBa€ThCs BTIKaHHS PIAMHU 3
HaBKOJIMIIHBOTO [IPOCTOPY Y APEHY.
3 1H10ro 0OKY, Y BIAIOBIAHOCTI 3 [5], BUTpatTy yepe3 puIbTPyrOunii map IpyHTY 10 OJUHHIIL
JIOBXKUHH JJPEHAKHOTO TPYyOOIPOBOIY p03anOBy€TLC$I 3a (opMyIIOIO:
-z, )
x ‘o
ne @ — dinpTpaniitauii omip ApeHHu.
OueBunHo, o Butpatu (1) 1 (2) OyayTh piBHI Mixk c00010:

agttan282 =ky = (3)
3 (3) micas HeCKJIaHUX NEPETBOPEHb JIETKO OTPUMATH:
s @)
My emDSy2g
Z(’OO

ne [/, D — BIINMOBIAHO JOBXHMHA 1 AlaMeTp TpyOomposoay; S = eyl BIJTHOILIEHHSI CyMapHO1

D =

IUIOII OTBOPIB nepdopaliii B JpeHaXXHOMY TPYOOIPOBO/Ii 10 3arajbHOI Mol 6iuHoi moBepXHi
JIpeHu (mpu piBHOMIpHIiN nepdoparlii CTIHOK TpyOOIPOBOIY — T€ K caMe Ha OJMHHIN JOBXKUHU
Tpyon).

[TpuitHsBIIM B cepeAHbOMY HJsl BCi€l TPyOH Wi = 0,62 1 z = zcep, 3 BUpa3y (4) JIerko
BU3HAYUTHU BEJIMUMHY nepdopallii CTIHOK JIpeHaXHOTo TpyOOnpoBoy, sika Oyzae 3abe3neuyBaTu
HAJXO/KEHHS! He00X1/IHOT BUTPATH B IPEHAXKHUN TPyOOIpOBi]T

kd, z,
g
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B 3arasibHOMY BHUIIaJIKy, TIpH TPOEKTYBAaHHI APEHAXXHUX TPYyOONPOBOAIB 1HKEHEPHUX
CHCTEM, B 3aJIS)KHOCTI BiJl 3aBAAaHHs, BUPIIIYIOTHCS pi3HI 3a7a4i. 3a3BU4ail Ipy IIbOMY BiJIOMUMH
€: HeoOXiaHa MBHAKICTE Vi (BUTpata Q) B KiHIII TPyOH; TOBKHWHA TPyOONpoBOAY /; HOTO miameTp
D; y3aranbHenuii napametp 4 [6].

Toni, ans TpyOONpoBOAIB (MPUHHSABIIU Z = Zcp), CTYyHiHb mepdopaiii GIYHHX CTIHOK
TpyOOIPOBOY PEKOMEHIy€E€THCSI BU3HAUATH 32 (HOPMYJIOIO:

s=01-2 ©6)
Al
QD |g . S . ..
e A36 = m —_— — y3aI‘aJIBHeHI/II/I napaMeTp 361pH01 ,[[peHI/I, KN BanOBy€ 11 KOHCprKTI/IBHl 1
ot \ 2

binpTpaniiHi XxapakTepucTuku;, () — IUIOIIAa MOMEPEYHOro mepepidy 301pHOTO APEHAKHOTO

TpyOOIpOBOY.

3aranpHa mIoma OTBOPIB (IIUIMH) y O1YHUX CTIHKaX IPEHAKHOTO TPyOONMpPOBOAY CKIaie
(M%):

2
o, =S-n-D-l=O,14Tf4D . (7)

30

3aaBUINCh 1aMETPOM OJHOTO OTBOPY do, MOKHA BUBHAYUTH iX 3arajibHy KUIBKICTh 110 BC1i
JOBXKHHI JJPEHAXXHOTO TPYOOIIPOBOTY:
2
. ®)
0“736
Toxi, 32 yMOBY NPUHHATTS piBHOMIpHOI nepdopallii B310BXK IUIIXY, KUIBKICTh OTBOPIB Ha
OJIHOMY TIOTOHHOMY METpi TpyOu CKJIaje:

N =0,56

n= N . 9)
[

3amponoHOBaHa METOJMKa BH3HAUEHHs CTymneHs nepdoparii Oi4HUX CTIHOK 30ipHOr0
JIpeHaXHOTO TPyOOmpoBOay 3abe3reuye iX pIBHOMIPHMM PO3MOALT 3a JOBXKHHOK HAIMPHOTO
TpyOOnpoBoay. Ajle MpH LOMY JOCSAITH PIBHOMIPHOTO NMPHUETHAHHS PIAMHU B3JIOBX 30ipHUKA
JOCATTH MOYKHA TUIBKH [TPU HEBEJUKINM IHTEHCUBHOCTI IepQopariii.

Jnist 3a0e3medeHHs BITHOCHO PIBHOMIPHOTO NMPHUETHAHHS PIMHHU 3a JOBXKHHOIKO HAIIPHOTO
301pHOTO JIPEHAXHOTO TPYOONPOBOAY HEOOXITHO PO3AUIMTH 30IpHUK HA OKpeMi BIAPI3KH 1
PO3paxoBYyBaTH 3a 3aIIPOMIOHOBAHOI0 METOIMKOIO0 OKPEMO KOXKeH 3 HuX. [Ipu oMy BBaKaeThCs,
0 B MeXaX KOXXHOI JUISHKHU 31MCHIOEThCS PIBHOMIPHE MPUETHAHHS PIAWHH, a B IJIOMY IO
BChOMY 301pHHKY Oyzie MaTH MicCIie HEPIBHOMIpHHUH 301p piUHH.
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BIOTEXHOJIOT'TYHI MIAXOAU 1O OUUIIEHHS TA PELIUPKYJIAIII BOJIU B
AKBAIIOHIYHINA CUCTEMI
Maiioopooa X.A.
Hayionanvnuii ynisepcumem 800H020 20cnooapcmea ma npupoookopucmysanis, Pigne,
h.a.maiboroda(@nuwm.edu.ua

CydacHi aKBamoOHIYHI CHUCTEMH pO3IIIAJAIOTHCA SK 1HTErpoBaHi O10TEXHOJOT1YHI
KOMIUIEKCH 3aMKHEHOT'O BOJIOKOPUCTYBAHHS, y SIKUX TOEIHYIOTHCS IMPOLECH aKBaKyJIbTYpPH,
TIAPOMOHIKK Ta MiKpoOionoriyHoi pereHepailii cepenoBuia. OyHKIIOHYBaHHS TaKUX CHCTEM
0a3yeThCsl Ha TMEPETBOPEHHI MPOAYKTIB METa0oJi3My puO Ha JIOCTYMHI JUIsl POCIHH TOXXHBHI
CIIONYKH 3@ YYacTH0 MIKpPOOpraHi3MiB, IO 3a0e3nedye 3aMKHEHUW O10reOXiMIYHUN ITUKI
OCHOBHHUX €JIEMEHTIB JKUBIICHHS — a30Ty, ¢gocdopy Ta Kaimiro. PocivmHu BHUKOHYIOTH POJIb
KIHIEBUX CHOXHBaUYiB MiHEpAIIbHUX PEYOBHH Ta OJIHOYACHO BUCTYNAIOTh K 010J0T14HI (QIIBTPH,
CTaOUII3yI0uM XIMIYHMN CKJIaJ BOAM, 3MEHIIYIOYHM ii TOKCUYHICTH 1 CHPUSIIOYM (POPMYBAHHIO
PIBHOBaXXHOTO MiKpoOHOro OioneHo3y. Takuii KoMIUIeKCHUHM Miaxij 3a0e3nedye OararopazoBy
PEUHUPKYJIAIII0 BOJIW, TNPUPOJHE OYMINCHHS CEpEeJAOBHINA Ta MIATPUMAHHS CTabUIBHOTO
6ioreoxiMigyHOro OajaHcy, IO POOUTH aKBANOHIKY €()EKTHBHOIO Ta E€KOJOTIYHO Oe3Ne4HOI0
TEXHOJIOTI€I0, OCOOJIMBO aKTyaJbHOIO 32 YMOB OOMEKEHHUX BOJHHMX PECYPCIB 1 3pOCTaOUOro
AQHTPOIIOT€HHOI'0 HABAHTA)XXKEHHS HA MIPUPO/IHI EKOCHCTEMH.

Hamu 6yno mpoBeneHo MOCiiKeHHs B JIabopaTopHUX ymoBax Ha 0a3i HarionaasHOTO
YHIBEpCUTETY BOJAHOI'O TOCIIOIApPCTBA Ta MPUPOIOKOPUCTYBaHHs. JlocmiHa cucTeMa cKiaianacs
3 TiAPOOIOKY JIIst pHO Ta TBOX EMHOCTEH TSI BUPOIIYBaHHS POCIIUH, IO TO3BOJISIIO MOJICTIOBATH
3aMKHEHUH LUK BOJOKOPUCTYBAaHHS Ta CTBOPIOBAJIO YMOBH JJIi TOUHOTO KOHTPOJIO (hi3HUKO-
XIMIYHUX 1 O10JIOTIYHUX TTApaMETPiB.

VY pocniai BUKOpUCTOBYBaliu coma kiapieBoro (Clarias gariepinus) — BHJ 13 BUCOKOIO
MJIACTUYHICTIO Ta CTIMKICTIO A0 KOJIMBAHb T1IPOXIMIYHMX MOKA3HUKIB, & TAKOXK JIMCTOBHUH cajlaT
(Lactuca sativa), IKMil XapaKTepH3y€eThCsI BUCOKOIO 3/1aTHICTIO TIOTJIMHATH HITPaTHI (hopMu a3oTy.
Pu6 romyBanm 30amancoBanuM KomepiiiiHuM kopmom Aller Aqua y nmo3i 30 r/moby, mio
3a0e3nedyBasio cTalbijbHE HAAXO/HKEHHS OPraHiuHUX PEYOBMH Ta MeETAaOOMITIB Yy CHCTEMY.
OcBiTnennss pocnuH 3xilicHioBanocss LED-manenamu 3 idTeHcuBHicTIo 2500 nx/M> Ta
¢doronepiogom 16 roau, M0 BiAMOBIAAI0 ONTUMAILHIUM YMOBaM (POTOCHHTE3Y 1 pOCTY cajiary.

OyYHKIIIOHYBaHHS CHCTeMU 0a3yBajiocsi Ha I1HTETPOBAHUX MIKpPOOIOJNIOTIYHUX Ta
(bi310JIOTTYHUX TpoLlecax OYMILEHHS BOJW. AKTUBHHUMM areHtamu Oiorpanchopmarii Oymu
HiTpudikyrodi 6aktepii poaiB Nitrosomonas Ta Nitrobacter, siki OKHCHIOBaJIM aMOHIMHHKA a30T
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(NH4") y mitput (NO2") i mani — y mitpatu (NO3Y), mo 6ymu 10cTynHi 1j1s pociauH. B pesynbrari
eKCIIEpUMEHTY KOHIIEHTpAllisi aMOHiiHOro a30Ty 3Hm3mmacs 3 4,53 mr/am® mo 0,72 mr/mM®, a
KOHIIeHTpalis HitpaTiB — 13 30,4 mo 16,0 Mr/mv>, 1o MiATBEPIKYE €PEKTHBHICTD
6ioTpancdopmarii Ta MOTIMHAHHS a30Ty CAJIATOM.

OnTuManbHI YMOBH JJII MIKPOOHOTO KOHCOPIIyMY 3a0€3IeuyBaICS TIPU PO3UNHEHOMY
kucHi 6-8 mr/nm’, pH 7,0-7,5 Ta Temmepatypi 19-21 °C, mo cnpusiio cTabibHili poboTi sK
MiKpOOpraHi3MiB, TaK i BOJHHX 6ioneHo3iB pu6 Ta pocaus. Ximiuae (XCK — 51,7 mr Ox/nm?) Ta
ioximiune (BCK — 17,4 mr O2/nm®) coKUBAHHS KUCHIO CBITYUTD PO JOMiHYBaHHS aepOOHHUX
MIPOIIECiB MiHEpaTi3allii OpraHiuHUX CIOJIYK.

biorexHonoriuHMid  miAXig A0  OYMINEGHHS  BOXM  mepeadadaB  CTBOPCHHS
CaMOPETYJIbOBAHOTO MIKPOOHO-POCIUHHOTO O10LIEHO3Y, Y SKOMY B3a€EMOJliS aBTOTPOPHUX 1
reTepoTpopHUX MIKpOOpPraHi3MiB 3a0e3nedyBaiia TpaHC(HOPMALiI0 OPTaHIYHUX 1 HEOpPraHiuHUX
cnonyk y Qopmu, poctymHi ans pociuH. biodinmpTpaiiiiHi MpolecHd BKIOYAIH MIKpOOHY
HiTpUQiKaIio, YaCTKOBY IEHITpUdIKaIito, 010IeCTPYKIIiI0 OPraHiYHUX 3AJTUIIKIB Ta MTOTJIMHAHHS
MiHEpabHUX PEYOBUH POCIMHAMHU, 10 MIATPUMYBAIO HU3bKUNA PiIBEHb TOKCUYHHUX (HOPM a30Ty
0e3 3acTOCYBaHHS XIMIYHUX PEarcHTIB.

Peuupkyndiis Boau B JOCHIAHIM aKBaloOHIYHIA cuCTeMi 3/1MCHIOBANACh Y 3aMKHEHOMY
KOHTYpi, 1o 3abe3rnedyBaB Oe3NepepBHUA pPyX MOTOKY MiX PHOHHIIBKHM pE3epByapoM Ta
riAponoHHUMHU MoOAysiMH. Bona 3 emHocTi [uisi BupollyBaHHA coMma kiapieBoro ( Clarias
gariepinus ) HacOCOM TIOAaBajiacs O BIJJIJICHHSA 3 cajaToM JHCTOBUM (Lactuca sativa), ne
BiI0yBaJocs MPUPOHE O10JOTIYHE OYMILEHHS 3aBASKU PO3BUTKY MIKpPOOIOIEHO3Y pH3ocdepu.
Lle#t MikpoOHO-POCIMHHUI KOMIUIEKC BUKOHYBaB (DYHKIIiF0 aBTOHOMHOTO Oio(dinmbTpa, y sSIKOMY
MOETHYBANIMCS Tpoliecy HiTpudikauii, neHiTpudikaiii Ta MiHepami3alii OpraHidyHUX PeYyOBUH. Y
30H1 KOPEHEBUX CHCTEM CaJIaTy CTBOPIOBAJIHCS ONTUMAIIbHI YMOBH JUIS PO3BUTKY HITPU(PIKYIOUNX
6axrepiit ponis Nitrosomonas 1 Nitrobacter, sixi TpaHC(OpPMYBaJIX aMOHIHHI CIIOJIYKH B HITpPaTHi
dbopmH, TOCTYIHI 711 POCTUHHOTO TTOTJIMHAHHS.

OCHOBHUM JKepesioM MiHEpaJbHUX €JIEMEHTIB Y CUCTeMI CIIyTyBaB pHOHUI KOPM, SIKHUi
MICTUB Yy cepeanboMy 9% azoty, 2% dochopy ta 0,66% kaiiro y nepepaxyHKy Ha aOCOJIIOTHO
CyXy pe4yoBHHY. BHacmimok MikpoOiomoriyHux i O610XiMIYHHMX MPOIECiB 3HAUYHA YaCTHHA IIMX
€JIEMEHTIB 3ajlyyanacs J0 010reoXiMIi4HOTO Kpyroodiry — 4acTKOBO aKyMyJiroBanacs B Oiomaci
POCIIMH, YaCTKOBO y BHIVISJII MiHepasli30BaHMX (OpPM IOBepTajacs y BOJHE CEpeAOBHUINE IS
MOBTOPHOTO BUKOPUCTaHHS. Y pe3ynibTari BiAOyBaslocsi €(pEeKTHBHE CaMOOYHIIEHHS BOJIu 0Oe3
3aCTOCYBAaHHS 30BHIIIHIX pEareHTiB, 10 3a0e3MeuyBallo €KOJOTIYHY CTIMKICTh CHCTEMHU Ta
MiHIMaJIbHI BTPaTH BOJIHUX PECYPCIB.

OTxe, pe3yabTaTH JOCTIKEHHS CBiA4aTh, 10 010TEXHOJIOTIYHI MiIX0I1 10 OUUIIECHHS Ta
PELUPKYJIANIT BOAM B aKBAlOHIYHMX cHUCTeMax 3a0e3neuyloTh e(eKTHBHE (YHKIIOHYBaHHS
3aMKHEHOTO0 BOJHOTO IMKIYy, y SKOMY TMpPOAYKTH MeTaboii3My puO uepe3 isJIbHICTH
MIKpOOPTaHI3MIB MEpPETBOPIOIOTHCS Ha (OPMHU TMOXKUBHUX PEYOBHH, JOCTYIHI JJI POCIHH.
PocnuHHMIT KOMITOHEHT, BUKOHYIOUHM POJIb MPHPOIHOro 0io¢inbTpa, cTrabimizye TiapoXiMidHi
MOKAa3HUKM BOJAM, 3HWKYE KOHIICHTPAIiI0 TOKCHYHHX CIIOJIYK Ta WIATPAMYE pPiBHOBary
MiKpoOHOro 6iorneHo3y. ¥ chopMOBaHOMY MIKPOOHO-POCIMHHOMY KOMILUIEKCI 1HTErpOBaHO
npouecu HiTpudikamii, 4acTKoBOi JAeHITpUdikalii, MiHepasi3auii OpraHiYHMX pPEYOBHH Ta
NOTVIMHAHHS ~ MIHEpaJIbHUX €JIEMEHTIB pOCIMHAMH, M0 3abe3leuye BHCOKUN piBEHb
CaMOOYMINEHHS BOJM 0€3 3aJlydeHHsS XIMIYHHX pEarcHTIB. 3aBISKH 3aMKHEHOMY KOHTYpPY
PEIUPKYIAMil, MATPUMAHUM ONTHUMAIBHUM (I3UKO-XIMIYHUM TapaMmerpaMm 1 B3aeMOJii
aBTOTPO(PHUX 1 TeTepOTPOPHUX MIKPOOPTaHI3MIB, TOCSITAETHCS CTAOUTbHHMI O10T€OXiIMIYHUN
0anaHc, 3MEHUIYIOTHCSI BTPaTH BOJHHUX PECYPCIB 1 MiJBHUILY€ETHCS MPOAYKTUBHICTD SIK pUO, Tak i
POCIIHH, IO MATBEPKYE (HEKTUBHICTH Ta €KOJIOTIUHY O€3IMEeYHICTh aKBATOHIYHUX TEXHOJIOT1H.
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IMPUPOJHI TA KOMITIO3UTHI COPBEHTU JJIs1 OYUMILNEHHSA TPUPOJHUX BOJI
BIJI IOHIB BA’KKNX METAJIIB 3 METOIO 3BEPEXKEHHSA X EKOJIOTTYHOI
BE3INEYHOCTI TA JIKYBAJBHOI IIIHHOCTI
Mapuyk 0.0., @apoyn 1.A., I'puzopenxo H.O., Kpaguenxo M.B., Kosanvuyk I.A.,
Pomanosa 1.B.

Tnemumym copbyii ma npobnem endoexonoeii HAH Yxpainu, Ykpaina, Kuis,
alexandra8@ ukr.net

VY cyyacHHMX yMOBax IiJIBUIIEHOTO TEXHOT'€HHOTO HABAHTA)KEHHS Ta MOTEHIIIMHUX BOEHHHUX
PU3UKIB aKTyaJbHOIO € Mpo0jieMa MOXJIMBOTO HOTPAIJITHHS BaXKMX MeETalliB Y BOJOHOCHI
TOPHU30HTH, SIKI € JPKepelIaMH NMUTHOTO BojomnoctadaHHs. Taki 3a0pyaHEHHS MOXXYyThb BHHHKATH
BHACIIIJIOK aBapiii Ha HaTOra3oBHX, XiIMIYHUX a00 TPAHCIIOPTHUX 00’ €KTaxX 4 yepe3 pyHHyBaHHS
1H(GPACTPYKTYpH. 3 OTIIAI0OM Ha 1€, BXKJIMBUM 3aBJIaHHIM € BUBUCHHS MPOIIECIB BUIIyYCHHS 10HIB
BaXKHUX METAJIB 3 MPUPOJHUX BOJI 13 3aCTOCYBAHHSAM COPOIIIHIX METO/IiB.

B Iactutyti copbmii Ta mpobiem enmoekosorii HAH VYkpainu TpamuiidiHo po3poOIisiioTh
cOpOeHTH PI3HOI NMPUPOAU Ta HpU3HA4YeHHA. [ TocHiKeHHS OOpaHO MPUPOAHUHN TNIMHUCTUHN
MiHepaJl MOHTMOPHJIOHIT 3 BHCOKOI KaTiOHOOOMIHHOIO €MHICTIO; aKTMBOBAaHE BYTULIS, 3/IaTHE
BHUJIAJISITH TOKCUYHI (POPMHU METaIIB 1 OPraHivHi JOMIIIKH, Ta CAHTCTHYHHUMA 10HIT IUPKOHINA-CUITIKAT,
KM X04a i TOPOKIMIA, BUPIZHAETHCS BUCOKOIO €(PEKTUBHICTIO MO0 10HIB BAXKKMX METAIIB.

O0’ekToM JociikeHHs Oynu MoJeibHI Ta MPUPOAHI MiHEpalbHI BOAM POJOBUII
Kapmarcekoro periony. st HOpiBHAHHS BUKOPUCTAHO TaKOX JITEPaTypHi AaHi 100 MiHEPATbHUX
Boa [lonwmii, ['penii, Kuraro Tomo, y SsKkuxX BU3HA4Yalu BMICT Baxkux MeTtaniB (Zn, Cu, Cr, Ni, Pb,
Cd, Hg) 1 panionykimiais [1-4]. B po6oTi oco0auBy yBary npuauieHo MiHEpaJIbHUM BOAAM POJOBHIILL
Tpyckasus tuny «Hadrycs», «Codist», «bponicnaay, «Mapisi», gKi € yHIKAIbHUMHI TPUPOIHUMHU
YTBOpPEHHSIMU. BOHU MO€AHYIOTH JIIKYBaJIbHI BJIACTUBOCTI 3 BUCOKHM PIBHEM MPUPOAHOIO 3aXHCTY
BiJl TOBEPXHEBOTro 3a0pyaHEHHs. IX (opMyBaHHs BifOyBacThcs y CKIajHii Tigporeonoriusiii
CUCTEMI, JI€ BaXJIUBY pOJIb BIJIIPalOTh INIMHUCTI MiHEpajau, KapOOHAaTHI MOPOAM Ta OpraHIyHI
KOMITOHEHTH, 1[0 3yMOBIIO€ CHEHU(IUHUI MIKpOETEeMEHTHHH CKiax 1 010JI0TIYHY aKTHBHICTh ITUX
BOJI. MiHepasizailisi BOJl 3MIHIOEThCS BiJl HeBUCOKO] (110 1 /1) miisa «Hadtyci» qo Bucokoi (1o 10 r/m)
i «Mapii». L1 miHepanbHi Boau 6ararti Ha 6ikapOOHATH, XJIOPUAH, CyIb(aTy, Kalblii, MarHii Ta
OpraHiuHI CIIOJYKH.

Ha mnepmomy ertami [IOCHiTKeHHsS COpPOIIifiHI BIACTHMBOCTI MaTepialiB OIIHIOBAIA Ha
MOJIEJIbHUX PO3YMHAX Yy AMCTUIbOBaHIM Boal 3 i1oHHOIO cuioro 0,01 M NaCl, mo mo3Bossio
BU3HAYUTU 0a30B1 XapaKTEpUCTUKU copOuii Ta KiHeTUKy mpouecy. Ha napyromy erami copOiiro
3MIMCHIOBANIM HA PeaIbHUX MIHEpATbHUX BoJax 3 qoaaBanHsM 10HIB Cu?’, Cd*", Ni**, Pb**, mo mamo
3MOT'Y OLIIHUTH €(eKTUBHICTh COPOEHTIB y MPUPOIHOMY CEpPEIOBHILI 3 PEaIbHOI0 MiHEpalli3alli€ro,
OpraHiuHMMH KOMIIOHEHTaMH Ta 3HaueHHAM pH. 3ainuikoBi KOHIIEHTpalii BaXKKUX METaTIB MiCs
COpOLIHHNX EKCIIEPUMEHTIB BU3HAYAIHN CIIEKTPOMETPHUYHO.

bentoniToBi rimHn ¢opmyoTs NpUPOAHI BOAOTPUBKI 0ap’e€pu, SKi MEpEIIKOKAIOTh
NPOHUKHEHHIO MTOBEPXHEBUX BOJ y INIMOIII TOPU30HTH, 3MEHIIYIOTh 3MIIIyBaHHS BOJHHUX MIAPIB 1
CIPHUSIOTh ancopOIii BaXKKMX METATIB Ta OPTraHIiYHUX pPEYOBHH. [OHOOOMIHHI BJIIACTHBOCTI
MOHTMOPHJIOHITY (OCHOBHOT'O MiHepany OEHTOHITOBHMX TJIMH) J03BOJISIIOTH €()EeKTUBHO BMIIy4aTu
10HM METaliB, HE 3MIHIOIOYM OCHOBHOT'O MIHEPAJIbHOTO CKJIaly, TOMY MOHTMOPWJIOHIT NpUAaTHUN
JUIS IPEBEHTUBHOT'O KOHTPOJIIO Ta M’ SIKOT0 OUYMIIIeHHA BoJ TUITy «HadTycs» 6e3 BTpaTH JIiKyBalIbHUX
BJIACTUBOCTEH. AKTUBOBAaHE BYT1JUIS TPAAHUIIIHHO 3aCTOCOBYETHCSA y BOJIOMIATOTOBIN [S], 0COOIHMBO
npyu HE3HAYHMX pHU3MKax 3a0pyaHeHHs. LlupkoHiii-cuiikar 3abe3nedye HaMBHIY €QEKTHBHICTh
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OYMIIICHHS BiJ] 10HIB BaXKHX METaJiB, aj€ MOXK€ YaCTKOBO BWJIydYaTH IIIHHI MIKPOEIEMEHTH, TOMY
HOTr0 JOIIIBHO 3aCTOCOBYBATH JUIsl EKCTPEHOTO OUMIIICHHS MPH ITiIBUIIEHUX PIBHIX 3a0pyTHEHHS.
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OTPUMAHHSA COPBEHTY HA OCHOBI IPUPOJHOI'O KJIMHOIITHUJIOJIITY,
MOAUPIKOBAHOI'O HACTUHKAMM Fe304 1JI1 OYULIEHHA ITIPUPOJHUX 1
CTIYHHUX BOJ,

Mameiie T.1., 3nax 3.0.
Hayionanenuu ynieepcumem «J/lovgiecoka nonimexuixa», Ykpaina, m. Jlvgie
taras.i.matviiv@lpnu.ua

CyuacHi npo0iemu 3a0pyAHEHHS BOJIM, 0COOJIMBO 3 YpaxyBaHHSAM HacliAKiB arpecii pocii,
BUMArarmTh PO3POOICHHS TEXHOJIOTTYHO Ta EKOHOMIYHO €()EeKTUBHUX Ta €KOJIOTTYHO OE3MEYHHMX
MeToAiB ii ounmieHHs. HailOinbiry yBary 3apa3 NpuAUISIOTH caMme aacopOLiiHUM MeToJaMu
ounnieHHs. Cepell YMCIEHHUX aJCOPOEHTIB OCOOIMBY yBary MpHUBEPTalOTh MPUPOJHI LIEOJITH,
30KpeMa, HAWTOMMPEHIIHii 3 HUX — KIMHONTHIONIT. oMy mpuTamMaHHa BHCOKa XiMidHa Ta
TepMiyHa CTa0lIBHICTh, 3HAYHA €MHICTh KaTIOHHOTO OOMIHY 1 3JaTHICTh IO CEJIEKTUBHOL
aacopOuii. [Ipore mpupoaHUI KIMHONTUIONIT Ma€ OOMEKEHY aKTUBHICTh IIOJO ACSKUX BUIIB
3a0pyJHEeHb, 30KpeMa 10HIB BaKKMX MeTaliB 1 (ocdariB. ToMy OCTaHHIMH pOKaMU aKTHBHO
JOCTIJKYETbC MOAU(IKALIS KIMHONTHIIONITY HAHOYACTMHKAMHM OKCHIIB 3ali3a, 30KpeMa
marHeTuty (FesOs). JlomoBaHWii YaCTUHKAMHW MAarHETUTY, SKHH € MarHiTOYyTJIHBUM,
KJIMHONTUJIONMIT MOXKHa JIETKO BUAUIATH 13 BOJHOTO CEpEelOBHINA MArHITHUM YU
€JIEKTPOMAarHiTHUM MEeTOJaMH JIJIsl Horo pereHepariii.

VY poboTi MoaudikyBaHHS KJIMHONTHIIONITY TNPOBOAWIM MOPLIHHUM IMIpPErHyBaHHIM
aucnepcHoro kmuHonTuiomity (0,1...0,25 mm) posunnamu FeCls a6o FeSO4 (0,1...0,5 moms/mm?)
3a criBBigHowmeHHs T:P = 1 : 10 3 mopansmum oro oOpoOICHHSIM PO3YMHAMHU aMiayHOI BOAM,
BUCYILIyBaHHSIM Ta/ab0 OOpOOJEHHSM Yy TOJ €JeKTPOMArHiTHOIO HaJBHCOKOYAaCTOTHOTO
BUIIPOMIHIOBaHHS.
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BwmicT 3aimi3a sik e1eMeHTY y KIMHONTHIIONITI (TPUITOBEPXHEBUX HOTO 00JIaCTIX ) BUSHAYAIN
metonoM eHeproaucnepciiinoro (EDX) ananisy, ¢a3zoBuii ckiag — merongom POA, mopdororito
BHUBYAJIM, aHATI3YIOUH JaH1 €JICKTPOHHOT MIKPOCKOITIi.

Bwmict 3amiza csraB 65 % wmac. (tunoBuit EDX nHaBemeno Ha puc. 1). Mertomom PDOA
BCTAHOBJICHO, 110 TICJISl OCAIHKEHHS 1 TepMIYHOTO 00po0iaeHHs ocan MicTuB Fe304, FeO 1 FeOOH.
[x cmiBBiZHOMIEHHS 3ameXano BiI yMOB OCAIKEHHS 1 TepMiuHOi OOpOOKH 3pa3KiB
KJIMHONTHIOMITY. [IoBepXHSl YaCTUHOK KIIMHONTWIIONITY Ticiis (opMyBaHHS BHCOKOJIUCIIEPCHUX
gactuHOK Fe304 30epirana cBoi Mopdooriuai ocodauBocTi (puc. 2).

BmicT enemeHTis, % mac.:
0-41.30

Si—6.94

Al—1.36

Fe —45.93

Na — 2.73

K-1.09
Ca—0.65

Puc. 1. EDX xnuHONTHIIONITY, MOAU(IKOBAHOTO Puc. 2. CEM 4yacTHHOK
yactuHkamu Fe3Oa. KIIMHOMITHJIONITY, MOJN(DIKOBAHOTO
yacTuHKaMu Fe30q.

Ha micrasi efneMeHTHOTO aHami3y KIIMHONTUIIONITY Micis Horo Mon(ikyBaHHS pO3YHHAMH
FeCl3 a6o FeSO4 BcTaHOBIEHO 0COOIMBOCTI HOHHOTO OOMIHY: IHTEHCHBHICTH OOMiHY OOMIHHUX
KaTiOHIB KIIMHONTHJIONITY Ha HOHM 3aji3a 3MEeHIIyeThes y psiai Mg>Ca>K>Na, To6T0 Mae Micie
CEJIEKTUBHICTh LbOTO MPOIIECY.

binpocTi oTpuMaHuX 3pa3KiB NpUTaMaHHA MarHiTHAa YyTJIMBICTb, L0, Y EPCIEKTUBI, Ja€
3MOI'y BMJIy4YaTH OTpHUMaHi JIOMOBaHI OKCHUIAMM 3aii3a COpOEHTH 3 BOJ Ul pereHepauii ta
MOJJANTBIIIOTO BUKOPUCTAHHSI.

MOJIUPIKYBAHHSA KJIMHONITUJIOJITY MIAI OKCHUIOM SAK
KATAJI3ATOPOM JJIA OYNIIEHHSA TPUPOJHUX I CTIYHUX BOJ

Mauskie M.A., 3nak 3.0.
Hayionanvnuu ynisepcumem «JIvgiscoka nonimexuixka», Ykpaina, m. Jlveie
zenovii.o.znak@Ipnu.ua

Pi3HOMaHITTS NOJIOTAHTIB y HNPUPOJHUX BOAAX, SIKI ICTOTHO BIJIPI3HSIOTHCS CBOEIO
IIKIJUTUBICTIO JUIS €KOCUCTEM 1 JI0JIei, oTpedye BIAMOBITHUX METOIB OUHINeHHs. BpaxoByroun,
mo B YKpaiHi OAHUMHU 3 HaWBAKIMBIMIUX JKEPES BOJIOMOCTAYaHHS € MOBEPXHEBI BOJH, SKI
MICTSTh SIK PO3YMHHI, TaK 1 JAMCIEPCHI PEYOBMHH, TOLUIIBHUM € pO3pOOJECHHS COpPOEHTIB 3
JOJATKOBUMHU KATaNITHYHUMH Ta aHTHOAKTepiaJbHHUMHU BIIACTHBOCTSAMH. TOMY JOITyBaHHS
IPUPOJHUX COPOEHTIB, 30KpeMa, KIMHONITHIIONITY cpibioM (Y HOHHOMY Ta JUCIIEPCHOMY CTaHaXx),
MaHTaHy OKCHJaMH Jla€ 3MOTY OJHOYAacHO (3a yMOBHU aepallii) OuMIaTH MOBEpXHEBI BOJIU BiJ
BKa3aHUX 3a0pyaHioBauiB. JOCTaTHHO BUpPaXEHUMH AaHTHOAKTEpiaIbHUMH Ta OKHCHO-
KaTaJITHYHUMHU BJIACTUBOCTSIMU BOJIOJIIIOThH CIOJMYKH Mifll, 30KpeMa, OKcua. Tomy MeTra poOoTH
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noJisiraja y JAOCHiKEHHI MOAU(DIKyBaHHS MPUPOJTHOTO KIMHOMNTHIIONITY HOHAMH Ta OKCHIAMHU
Mii.

JlocnmikeHHS TPOBOIWIM 3 BUKOPHUCTAHHSM KJIMHONTHWIONITY pPi3HUX Qpakiii, sKi
TPaAULIHHO BUKOPUCTOBYIOTh Y PI3HHX MPOIIEcaX OYUIICHHS BOA (Y TOMY YHCII i CTIYHHX); SK
MIPEKYpPCOp BUKOPUCTOBYBAIU Mijli Cyib(har pi3HOI KOHIEHTpallii. [HTerpanpHuii BMICT HOHIB
Mii, copOOBaHUX KIMHOITHIIONITOM, PO3PaxOBYBAIM 3a 3MIHOIO KOHIEHTpaulii WOHIB Miai y
po3unHi MoaudiKyBaHHS (BHU3HAYEHHS IPOBOJWIM TIOTCHIIIOMETPUYHO 3 BUKOPUCTAHHSIM
HOHCETIEKTUBHOTO €IIEKTOP/Y), @ BMICT MiJli y mpumoBepxHeBuX mapax (3...10 MKM) 9acTHHOK
KJIIMHONITUJIONITY — METOJIOM €HeproaucnepciiiHoro anamizy. Ilicias copOrmiineomitoMm Mifi
cynbdary oro obpobmsumm po3unHoM NaOH 3 momamemmm tepMmidauM po3kiagom ao CuO.
MopdoJtoriro moBepXHi KIMHONTHIIONITY 10 1 Ticas MoaudikyBaHHs aHAII3yBaJIH 3a JIOMTOMOTOIO
CEM.

BcraHoBieHo, 1110 OCHOBHA KUTBKICTh HOHIB Mifli cOpOy€eThCs BIPOJOBXK Mepiux 3...5 XB
(puc. 1) mpakTUYHO HE 3aJIEKHO BiJl TUCTIEPCHOCTI IEONITy Ta KOHIEHTpAIl MpeKypcopa — Mifi
cynbdary. BoHM 31e0UIblIOr0 BIUIMBAIOTH HAa BMICT Mifl y MPHUIIOBEPXHEBUX MIapax
KJIMHONTHJIONITY, SIKWH 3MiHIOEThCS B Mexkax Bix 1 1o 65 mr/r. Yactuaku CuO, oTpumMaHi micis
BKa3aHUX BHIIEC MEPETBOPCHb, 3aBISKU BHCOKIH JUCIEPCHOCTI MPAKTHYHO HE 3MIHIOIOTh
MOP(}OJIOTiI0 TIOBEPXHI KIIMHOMTHIONITY (pHC. 2).

—
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ot 2
=
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[_.
2
=
m
0 5 10 15 20 25

Yac. xB
Puc. 1. 3anexnicte C(Cu“")Bif uacy;
JlucniepcHICTh IEOJIITY, MM:
1-0,1...0,25;2-0,25...0,5; 3 —

Puc. 2. CEM noBepxHi
KIIMHONITUJIONITY,
Mmoaudikosanoro CuO

3aBIsSKU IbOMY 30€piraeTbcs HOro 31aTHICT COPOYBATH Ha MOBEPXHI BUCOKOAUCIEPCHI Ta
KOJIOiTHI YaCTUHKH, 110 MICTIThCS Y BoAl. OTKe, € MIJCTaBH OYIKyBaTH, 110 OTPUMAaHI 3pa3Ku
MOIM(PIKOBAHOTO MiJli OKCHJIOM KJIMHOMNTHIJIONITY 3a0e3mevarb eheKTHBHE OJHOYACHE OUHUIIEHHS
BOJI BiJl HU3KH JIOMIIIOK, IO JACTh 3MOTY CIIPOCTHUTH BiMOBIHI TEXHOJIOTIYHI TIPOIIECH.
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KOMBIHYBAHHSI HAHO®LIbTPAIIIMHOI OBPOBKH 3 ITIEPEJJOBUMHA
OKUCJIIOBAJIBHUMU NPOUECAMMU JISA NIJIBUIIEHHA E@OEKTUBHOCTI
OUYUILIEHHSA BOAU BII PAPMALEBTUYHUX ITPEITAPATIB

Menvnux JI.0., Xmeavnuyvka O.B., Cemincoka 0.0., banaxina M.M.
Inemumym konoionoi ximii ma ximii 6oou im. A.B. /[ymancoxoco HAH Ykpainu,
Yrpaina, m. Kuis, e-mail: lumel2903@gmail.com

[Moeqnanus MmeMOpanHOi 0OPOOKH 3 MEPEeJOBUMHU OKHUCITIOBAILHUMHE Tporiecamu (AOPs)
PO3IIISIIAE€ThCS HA CYYaCHOMY €Talll SIK OJIUH 13 HaHOUIBIII NEPCIIEKTUBHKUX IIISAXIB A0 PO3POOKH
BUCOKOC(EKTUBHHUX TEXHOJOTTYHUX CXeM BHJAJICHHS (apMalleBTUYHO-aKTUBHUX cHONyK (PAC)
Ta IHIIUX TOKCUKAHTIB OPTaHIYHOTO MOXO/KEHHS 13 MPUPOJTHMUX Ta CTIYHUX BOJ [1].

MeTor aHOi HayKOBO-IOCITiHOI POOOTH € JOCIHIKSHHSI MOXKIIMBOCTEH Ta MEPCIEKTHUB
Bukopuctanug AOPs nepen MmemOpanHOI0 00pOOKOIO JIsi CYyTTEBOIO MOKPAIIEHHS KOE(IIi€HTIB
3aTpUMaHHs OpPTaHIYHUX CIOJYK, 30KpeMa cTpentouuay (CyibhaHimamimy) Ta mapaneTamoiy,
Koe(iIieHT 3aTpUMaHHS SKHX HaHO(UIBTPAIIHHOI MEMOpPaHOIO, 3a HAITUMHU JIAaHUMH, CKJIa/JIa€
nuire, BiamosigHO, 9,4 Ta 13,0 %. [Ipudyomy, B iboMy TOCIiIKeHHI MU BUKOpUCTOBYeMO AOPs
Ha OCHOBI BaKyyMHOTO yJibTpadionery, Kl BUKIMKAIOTh BUCOKY 3alliKaBJICHICTh Y HAYKOBIIB
BCBOTO CBITY 3 METOIO0 CTBOPEHHSI BUCOKOS(PEKTHBHHX 1 €KOJOTIYHO CIPHATIMBUX TEXHOJOTIH
OYMILICHHS BOJIM BiJl TPIOPUTETHUX OPTraHIYHUX TOKCHKAHTIB [2-4].

Hiuss BY®D-Y® 1a BYO-YO/TiO2 00poOku MOAENPHUX PO3YHHIB (hapMaIlleBTUUHHX
npenapaTiB BUKOPUCTOBYBAIU JIAOOPATOPHY YCTAHOBKY, OCHOBHUM €JIEMEHTOM SIKOi € MPOTOYH1
Y®-peakropu 3 BUCOTOIO po60o4oi 30HU 200 MM Ta BHYTPILIHIM JiaMETPOM KBapILIOBOTO KOXKyXa
19 mm. ®otokaramizarop TiO2 OyB iMMOOLUTI30BaHUN Ha BHYTPILIHIA MOBEPXHI KBapIIOBOTO
KOXKyxa peakropa. B sikocTi Y ®-BunpomiHOBada y TJaHUX peakTOpax CIIyryBaja KBapiioBa aproHo-
pTyTHa J1amnia Hu3bkoro Tcky JIPB-20 (aBi iHTeHCUBHI JiHIT BUlIpoMiHIOBaHHS — 185 (BakyyMHa
obnacte) Ta 254 HM ) 13 miametpom 17 mMm. Takum 4YMHOM, TOBIIMHA MIAPY BOAM, KA IMiJIsATana
nii Y®-onpoMiHEHHsl Y BKa3aHUX NMPOTOYHHUX peakTopax, craHoBHUIa 1 MM. MojenbHUiA po3unH
(mouatkoBuit 06’°eM 300 cM?) MOABABCS B PEaKTOPU HACOCOM B PEXKHMMI IUPKYIALIII.

JocnipkeHHs 3 HaHOo(UTbTpaliiiHoT 00poOKH 3A1HCHIOBAIN 3 BAKOPUCTAHHIM HEMPOTOYHOT
(«TYyIHKOBOI») IUIIHAPUYHOT KOMipku eMHicTIo 220 cM®. O6’eM po3uuHy, IO 0OpPOOMIAIH,
cranosus 200 cm?. [Tponec 3ailicHroBaty pu Tucky 1 MITa 3 BAKOpHCTAHHAM HAHO(LILTPALIHHOT
memOpanu OIIMH-II. Crynias Bigoopy mnepmeary (CBII) nocsraB 75%. Konnenrtpamis
(bapmarieBTHUHHMX TpenapartiB y MOJAENbHMX pO3YMHAX cKinajana 5-10 Mr/aM°, KoHueHTpais
donosoro enexrponity (NaHCO;) — 3,5 mmons/am® (Moaens Bomu p. JHinpo). 3HaueHHS
BOJIHEBOTO MTOKa3HUKA MOJIEJIbHUX PO3UMHIB cKkiajano 8,7-8,8.

Bmict ¢gapmManieBTHYHHX MpenapaTiB y pO3duMHAX BU3HAYAIM CIEKTPOPOTOMETPUYHO 3a
MakCUMyMOM moriuHaHHs B Y® olOmacti cnektpa. CHeKTpH TOIVIMHAHHSA PEECTPYBAIM 32
nornomororo cnekrpodoromerpa Schimadzu 2450. B okpemux nocnigax BMICT GpapMalieBTUYHUX
npenapaTiB BU3HAYalIM MUIIXOM BH3HAUEHHs 3arajpHOro oprasigdoro yrierio (30B) Ha
anamizaropi Schimadzu TOC-Vcsn.

Ha puc. 1 naBeneno 3miny Y® cnekTpy NOTJIMHAHHS MOJIEIBHOTO PO3UYHUHY CTPENTOLUITY
B nipoueci BY®-Y®/TiO; o6pobku.

SIx BUIHO 13 puC. 1, IHTEHCUBHICTh NOTJIMHAHHS MIPH TOBXXHUHI XBIJII 258 HM Pi3KO 3HU3MIIACS
BXKE Uepe3 S5 XB 00pOOKH, IPH IbOMY Y CIIEKTP1 3’ IBUIJIOCSA TUIeUe PH JOBXHUHI XBUI1 017151 290 HM.
3MiHH y CIIEKTPI, sIKi HAMH CIIOCTEPIrauch, OyJIn BiIMIYeH1 TaKOX y poOoTi [5] mpu AOCHIiKEHH]
nerpananii crpenronuay (Co= 50 mr/mm®) y deHTOH Tporieci B MPHUCYTHOCTI 3a71i30BMiCHOTO
KaTaJli3aTopa Ha OCHOBI MOHTMOPUJIOHITY. OHAK, Y TOCTiKEHH] [S] ClIeKTp 3MiHIOBAaBCS 3HAYHO
MOBUIBHINIE, HDK B HaIIMX EKCIIEpUMEHTax 1 HaOyB BUIUIANY, aHAJOTIYHOTO TOMY, IO
criocTepiraeTbcst Hamu yepes 15-20 xBuinH 00poOku, uie yepe3 330 XBUIHH 00pOOKH.
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.25 xp Puc. 1. 3mima  Y®-cnektpy

5 xB MOMJIMHAHHS ~ MOJCIIBHOTO PO3YHMHY
---10xs8 crpentounay (Co = 5 Mr/om>,
15 xB NaHCO; — 3,5 mmons/nm’) B porieci
——20x8 BY®-YO/TiO, 00pobKH HPOTAroM
25 xBuanH
——Bux
400 A, HM

B pob6orti [5] meTomom BucokoedekTuBHOI piguHHOI Xpomarorpadii BEPX Oymo Takox
11eHTHU(IKOBAHO OCHOBHI MPOMIXKHI MPOIYKTH AECTPYKIii cyibdaHinaminy y OeHTOH mpoleci,
cepell SKUX BUSBICHO CYJIb(aHUIOBY KHCIOTY, OCH30JICYJIb()OHOBY KHUCIOTY, NM-OCH30XIHOH 1
amdaruyuni kapOoHoBi kucnoTh. [Ipu npomy, micas 550 xBunuH oOpOoOKH y BOAHOMY PO3UYHHI
11eHTH(IKOBAaHO, B OCHOBHOMY, anipaTndHi KapOOHOBI KUCIIOTH.

Y ®-criekTpu NOTTIMHAHHS MOAEIBHOTO PO3YMHY Mapaieramony B nporeci BY®-YO/Ti0O;
00poOKM HaBEACHO Ha puUC. 2.

0.8 A, ]CM' a 0.8 A, ceml I3
—Bux
......... Sxp 0.6 — Bmx
......... SXB
_____ 10x8 -----10xB
—-- 15x8 --—- 15xB
— —20xB — —20xB
— - - 30xB 30xe
— —— T o wecman
400 A, M 400 X, M

Pucynok 2. 3mina Y ®-cniekTpy NOTIHHAHHS MOJIETBLHOTO po3unHy napameramony (Co =5
mr/nm®) B iponeci BY®-Y®/TiO2 06pobku npoTsarom 30 XBUIMH: B JUCTHILOBaHIH Bofi (a), B
npucytHocti 294 mr/am® NaHCOs (6)

Sk BUAHO 13 puc. 2, IHTEHCUBHICTh MOTJIMHAHHS NPU JAOBXKUHI XBUJI1 243 HM MOCTYIIOBO
3MEHIIYEThCS 31 30UIBIIEHHSIM TPUBAIOCTI 0OPOOKHU, MO CBITYUTH PO €EKTUBHY AECTPYKIIIIO
napareramoisry. HasBHICTH rimpokapOOHATy HATpII0 Y MOJAEIBHOMY PO3YWHI Tapareramolry
ranpMye eQeKTHUBHICTh Horo necTpykiii muisixom BY®-Y®/TiO2 o6poOku, 1m0 MiITBEPIKYE
pe3yIbTaTH HAasABHUX HAYKOBHUX JOCITIHKEHBb MPO HETAaTUBHHUI BIUIMB HEOPTaHIYHUX aHIOHIB Ha
AOPs nporniecu Ha ocHOBI BY® onpominensst [2]. Y BIAMOBIAHOCTI 3 TiTepaTypHUMH JaHUMH [6],
necTpykuisg napaneramonry B AOPs nporiecax npu3BOAUTE A0 YTBOPEHHs KApOOHOBHUX KUCIIOT SIK
KIHIIEBUX IIPOAYKTIB MPOIIECY.

[TopiBHSIHHS OTPUMAHUX HAMHU PE3YJIbTATIB 3 HASBHUMH JIITEPATYPHUMH JaHUMU JI03BOJISIE
OPUITYCTUTH, IO B mpoueci 3aicHeHoi BY®-Y®/TiO2 00poOku MoOAEIbHUX pPO3YUHIB
CTpenToIUay Ta mapareramoiy BinOyBaeTbes aecTpykuis @AC 3 yTBOpeHHAM KapOOHOBHUX
KHUCJIOT. 3HMKeHHsT pH MoaenpHOTro po34ynHy B nporieci 00pooku (Bix 8,8 10 8,2) y3romKyeThes
13 UM TIPHUITYILEHHSIM.

Marepiamu [X MixnapoaHoi HayKOBO-TIpakTHIHOI KoHbepeHItii «Uucra Boga. yHnamMeHTaIbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

112



[TpoBeaeHi goCHiKEHHS MOKa3all TaKOX OUTBII BHCOKY epeKTuBHICTE BYD-YD/Ti0;
nporiecy y nopisusHHI 3 BY®-Y® npouecy npu tpusanocti 06podku 1o 20 xB (B 1,1-1,3 pasm).
ITpu TpuBanocti 06podku 25-30 XB epekTUBHICTL 000X mociipkeHnx AOPs mporeciB mpakTHYHO
HE BIJIPI3HAETHCA.

Ax BugHO 13 puc. 3, B mporeci HaHO(UIBTpAMiHOT 0O0pOOKHM MOICIBHOTO PO3YHMHY
CTpenTonuay, mo mpoimos monepenHio BYD-YD/TiO2 o6podky, BinOyBaeThCcsi epEKTUBHE
BUIAJICHHS KOMIIOHCHTIB Ta HAKOMTUYEHHS 1X Y KOHIICHTPATI.

----- Komir. Puc. 3. VYO chnekrpu NOrIMHAHHS
......... CBII 25% BUXIZJHOTO  PO3YMHYy, I[IepMeariB  Ta

CBII 50% KOHIIEHTPATY, OTpUMaHUX npu
-== . 0

HaHO(UIbTpaIiiHId 00pOOIll MOJIECTLHOTO

posumuHy crpenTouuay (5 mr/am’), mo

BHX npoimoB  momnepenHro  YO-YO/TiO;
00poOKy mpoTsirom 25 XB

--— CBII 75%

~-o
~——
~~~~~~~~
e e

[Tpu poMy cTymNiHb BUAAJICHHS OPraHIYHMX KOMIIOHEHTIB 3a JiiHiero 258 HM nocsarae 100% (y
nopiBHSHHI 3 9,3% Yy BHIAmKy BiJCYTHOCTI BKa3aHOi IMomepeqHhoi 0OpoOKkw). AHAIOTiIuHI
pe3yNbTaTd OTPUMaHI TaKoX B Mpoleci HaHO(iIIbTpamiifHOi 0OpOOKM MOAETHHOTO PO3UHHY
napameraMmoiry, 1o MpoumoB monepenHio BYD-Y®/TiO, o0poOKy, a TakoX MOJCIbHHX
po3unHiB PAC, sxi npoiinun nonepeaHo BY®-Y® o6poOky.

Takum 4MHOM, HaMHU TOKa3aHo, 110 3acTocyBaHHSI BY®D-Y® yu BYD-Y®/Ti0, 06podku
(poTokaramizarop iMMOOLITI30BaHUI Ha BHYTPILIHIN MOBEpXHI KBApIIOBOTO KOXKyXa peakTopa)
nepe MporecoM HaHO(PUIBTpaIllii BOAHUX PO3YMHIB, IO MICTATH MapaneTaMosl Yd CTPENTOLH/I,
JI03BOJISIE CYTTEBO 301IBIIUTH CTYIIHb BUAAJICHHS OPraHIvHOI CKJIaI0BOI (B YMOBAX 3/[1HCHEHOTO
ekcriepuMeHTy 3a a"anizom Bmicty 30B — no 80%). Ilpu BimcyTHOCTI 3a3HaueHOi 0OpOOKH
3aTpUMKa BKa3aHUX (papMalleBTUYHUX CIIOJIYK HaHO(DUIbTpaIiiiHOI0 MeMOpaHOIO CKJIa/lae JIIIe,
BianoBiaHo, 13,0 ta 9,4%. IlpoBeneHi nocniKeHHs] OOTPYHTOBYIOTh palllOHAJIbHE MMOEIHAHHS
6e3pearenTHX AOPs mporeciB 3 MeMOpaHHOIO OOpPOOKOIO JAJsl MiABHUIIEHHS €(EeKTUBHOCTI
OYMINEHHS TMPUPOJHUX Ta CTIYHUX BOJ, a TAKOXX 3HEIIKOPKEHHS KOHIIEHTPATiB MEMOpaHHHX
YCTaHOBOK.
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THOBAIIMHI BOJHI TEXHOJIOI'T
SIK 3ATIOPYKA BIZJTHOBJIEHHSI BOJJTHOI TAJIY3I KPAITHU
Moxienko A.B.
Hayionanvnuii ynisepcumem «Ocmpo3vka akaoemisiy

BHaacnigok BiifHM BomHa iH(pacTpykTypa YKpaiHu 3a3Hana 30uTKiB, omiHeHHX y 11
MmutbsapaiB gonapis CIIA, 1 motpebye koMIiekcHOI MoepHizalii Ha cyMy moHan 40 MibIpAiB
nonapis CIHA. Bogumii cextop VYKpaiHH Hece CKJIagHy CHAIIIMHY iH(pacTpyKTypu Ta
IHCTUTYLIHHUX JOMOBJICHOCTEH pajsHCbKOi emoxu. Llg crmagmumHa mposBisieTbes y TNIHOOKO
(dbparMeHTOBaHIi CTPYKTypi YIpaBIiHHI, ¢ ToHAT 2550 OKpeMHX BOJOKAHAIIIB MPAIIOIOTH 32
PI3HUMH MOJIEJISIMU BJIACHOCTI, HOPMaTHUBHO-IIPAaBOBUMHU 0a3aMu Ta TEXHIYHUMU CTaHAAPTAMHU.

3000B’s13aHH YKpainu moa0 inrerpanii 3 €C cTHKAIOTHCS 31 3HAYHUMHU CTPYKTYPHUMHU
BUKIIMKAMHM, SKi BUXOIATh JalleKO 3a paMKHU MpocToi MojnepHizamii iHdpacTpykTypu. IcHye
BEJIMYE3HUH pO3pUB Yy CTaHAApTaX MDK IOTOYHHMHU MOMKJIMBOCTAMU 1HQPACTPYKTypH 1
CTaHJapTaMH sIKOCTI BOAM Ta HABKOJIMIIHBOTO cepenoBuina €C, 1110 BUMarae He JIMIIE IHBECTHIIIH,
a i pyHaamMeHTanpHOI onepaliiHoi TpaHchopMaliii.

[Ipesugent Acomianii «YkpBogokananekonoris» Jmutpo HoBuibkuit Ha JIbBiBChKOMY
ekoopymi 2025 y BepecHI TOTOYHOTO POKY BHUCJIOBHBCS TOCHTH Oe3amensiiiHo: «be3
TEXHOJIOTIH Ta OHOBJEHHs iH(pacTpyKTypu Bci pedopmu 3anuinarbes Ha manepi. ChoronHi
OUTBLIICTh HACOCHUX CcTaHL1HM — 11e o0nanHanHs 30—40-piuHoi 1aBHUHU. Mepeski 3HOIIEH1, BTpaTu
BoU csratoTh 40%, a O4KCHI COPYAM HE BIANOBIAAIOTH XoAHUM AupektuBam €C. Came Tomy
MU TIOBHHHI BIPOBAKyBaTH €HEProe(eKTHBHI PIMICHHS, U(PPOBI CUCTEMH MOHITOPUHIY Ta
YOpaBIiHHSA, IHTENEKTyallbHI MPUIAIN O0IIKY».

Jly1 3a0e31eueHHs BUCOKO1 IKOCTI ITOCITYT HEOOX1THO 3A1MCHUTH KUIbKa BaXJIMBUX KPOKIB,
30KpeMa TapMOHI3yBaTl HOPMaTHUBHO-IPABOBI aKTH 3 €BPONEHCHKUMH, MOKPAIIUTH MOHITOPUHT
SKOCTI BOJIM Ta OOMIH JaHHMH, 1HBECTYBaTH B MOJIEpHI3alil0 1HGPACTPYKTYPH BOJOMIITOTOBKU
Ta PO3MOJLTY BOJH, 30UIBIIUTH (piHAaHCYBaHHS Ta po30yJOBY MOTEHIialmy BojaokaHaiiB. [laHi
KpOKM TepefdayatoTh HEOOXiJHICTh BpaxyBaHHS CBITOBOTO JIOCBiAYy 13 BIPOBAXKEHHS
1IHHOBAILIIMHUX TEXHOJIOTIMN.

I'pyna creniaiicTiB KOHTPOJbHO-BUMIPIOBAIIBHUX MPUJIa/IiB, KOHTPOJIIO Ta aBTOMaTH3aIlli
(ICA) — ne mibxHapogHuil Gopym OOMiHY 3HAHHSIMHM, METOJNOJIOTISIMH Ta JOCBIAOM 3 YyCiX
acrniekTiB ICA ais cuctem BojonoctadyanHs Ta BojgoBiaBeAeHHs. I[CA nparne Haiat iHCTPYMEHTH
MOHITOPHUHTY, 3B’SI3Ky, aHali3y JaHMX 1 KOHTPOJIO, HEOOXiAHI Uil poOOTH 3 MOTOYHMMHU Ta
MaiOyTHIMH TEXHOJOTIYHUMHU 1HHOBAIIISIMU JJIS BOJOTIOCTaYaHHS Ta BOJOBIABEICHHSI.

ICA crae Bce OUTbII MOBCIOJHUM Y BOJAHIA HPOMHCIOBOCTI 1 MOXe 3a0€3MeunTH
a0COJIIOTHO HOBUHM DIBEHb BOJOIOCTAYaHHS 3 BHUILUMH MOXJIMBOCTAMH, IPOAYKTHBHICTIO,
cTiiikicTio Ta HagiiHicTio. Kinuesi mini ICA monsiraioTe He TUIBKH B TOMY, OO MiATPUMYBATH
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Mpare3/IaTHICTh Taly3eBUX aKTHUBIB 1 BIAMOBIAATH BHMOTAM JIO MPOIYKINii, HAPHUKIAM, MO0
SKOCT1 CTOKIB, ajie i poOHUTH 11e ePEeKTHBHO Ta Pe3yJIbTaTUBHO, 30aJJaHCOBYIOUH 1HBECTUIIIIHI Ta
eKCIUTyaTallliHl BUTpATH, HAIIAHICTh, SKICTh Ta TYpOOTY MpPO HABKOJIMIIHE CEPEIOBUIIE B
ONTUMAJIbHIN po0OOTI 3 BUKOPUCTAHHSM BiAMOBIAHOT TEXHOJIOTII.

CporosHi B raiy3i MOYMHAETHCS MEPEXia 0 MOXKIUBOI 1U(poBOi TpaHchopmallii, 1o
pobutk ponb ICA nmepaini BaXIHBINIOW. 3pOCTalOUUid 00CAT JAHUX CTA€ BHUKJIMKOM JUIS TATy3i,
BKJIFOYAIOYM HEOOX1THICTh PO3BUTKY aHATITUKH JAHUX Ta iHGOpMAIIii.

Jlo 1bOro AO0AAIOTHCSA MPOOJIEeMH BHU3HAYEHHS JOCTYIHOI TEXHOJOTIl Ul BHpIIICHHS
npoOjeM, 3 SKUMH CTHKA€ThCA BOJHA MIPOMHUCIOBICTh, TOOTO MiAOOPY TEXHOJOTII J0
3aCTOCYBaHHS.

Hesaxarouu Ha pyx 10 1nmudpoBoi Tpanchopmariii, 1esKi OCHOBU B TaTy3i 3aJIUIIAIOTHCS
npo0emMoro, HanmpuKiIag 6a30Bi METOIM BCTAaHOBJICHHS Ta 00CIyroByBaHHA. /i 1boro B ramysi
NOTPiOHI JTOCHI/DKEHHS Ta pPO3pOoOKa HaJeXHOI NPAKTUKH, a TaKOX OuIbll e(eKTUBHE
BukopuctanHs cucteM [CA s peamizarii nepesar.

[ToTpiOHI 7OJATKOBI HOCTIKEHHS Ta PO3POOKHU 00 MPAKTHYHUX acrnekTiB cucteM ICA
Ta TOrO, SIK IIi CHCTEMH MOXYTh €(eKTHBHO mparmroBaTH. Hampukman, crocrepiraerbes
3017IBIICHHS KIUTBKOCTI CEHCOPHUX CHCTeM [UIs Bi3yamizamii Mepexi 300py, ane Hapasi
HEJOCTaTHBO BiJIOMO, SIK MIPAIIOIOTH I1i CHCTEMHU.

AHani3 gaHuX JiTepaTypH IIOAO AOCTIKEHb MIOKCHIYy XJIOpY fAK JAe31H(PEKTaHTy
JI03BOJISIE CHOPMYITIOBATH MaiiKe OJHOCTAlHY JyMKY HPOBIIHUX €KCHEpTiB y Iii cdepi, 110,
HE3BAKAIOYM HA BUKOPHCTAHHS HAJCYyYaCHUX METOMAIB JOCTIIKEHb 1 €KCIOHEHI[AIbHUNA PICT
nyOumiKamii, TIOKCH]I XJIOPY € HalfMEHIII BHBUCHUM PEareHTOM.

3a ocranHi 20 pOKiB aBTOp MPUHHSAB aKTUBHY Y4acTh Y HallMCaHHI Ta BUAAHHI TPbOX KHHUT
3 miokcuay xiopy (Mokieako A.B., Ilerperko H.®., 2005; Moxkieako A.B., Ilerpenko H.D.,
I'oxenko A.lL, 2012; Mokienko A. B., 2021). ¥V notounomy 2025 pori aBTOp 3aJ€MOHYBaB B
peniozutapii HamionanesHoro yHiBepcutery «OCTpo3bKa akajieMisny») HOBY MOHOTpadiro, B sKii
BUKOHAHO JETaJbHUN aHai3 (yHJaMEHTAJIbHUX XIMIYHMX peakiiil TIOKCHIYy XJIopy, Kl €
OCHOBOIO  Moro  Olomuanoi  edextuBHocTi  (Hiokemny — xmopy. Tom 1. Xiwmis.
https://eprints.oa.edu.ua/id/eprint/9664/1/Dioksyd hloru_T.1.pdf).

@®parmeHT MoHOTrpadii, NPUCBAYEHUIN YTBOPEHHIO 1 y4acTl BUIBHOTO aKTUBHOTO XJIOPY K
BTOPMHHOTO OKHMCHIOBada MiJl 4yac Je3iH(eKuii TIOKCHIOM XJIOpY, € HaJBaXJUBOI XiMIKO-
010JIOTIYHOIO0 TAapaJUTrMO0, SKa CBIMYUTH MPO HACTYIHE: TIOKCHI XJOPY TOJIOBHHM YHUHOM
BIJIMOBia€ 3a MOIIKOKEHHS MEMOpaHu, 3aBASKHA YOMY YTBOPEHUI BUIBHUI aKTUBHUMA XJIOP SIK
BTOPUHHUI OKMCHIOBAY BUKIIMKAE MOIIKOKEHHS [TUTOILIA3MHU.

CchopmynboBaHa ifes 3HAMIUIO TMEPEKOHJIMBE MIATBEPKEHHS Y HACTYMHIM KHH3I
«Jliokcua xiopy. Tom 2. MikpoOGionoris.

BucioBieHo nyMmKy, 10 JIOKCHJ XJOPY 1HAKTUBYE OakTepiasibHiI KIITHHU HE HUIIXOM
J3UCy, a NUITXoM Audy3ii yepe3 30BHIIMIHI Ta MUTOIIa3MaTH9HI MeMOpaHH, 30UTHIIYI0UN 1XHIO
MPOHUKHICTh Ta BUKJIMKAIOYH BUBLILHEHHSI )KUTTEBO BOKIIUBUX KOMIIOHEHTIB KJIITHH, 10, TIO CYTI,
MPU3BOJIUTH JI0 IXHBOT IHAKTHBAITI].

BcranoBineno Bucokuit OlonuAHMA eeKT MIOKCHAY XJIOpY IO BIJHOIIECHHIO 10
aKTyaJpbHUX 30yIHUKIB HO30KOMIanbHUX 1HDekuin (P. aeruginosa, S. aureus ta Tpubu pomy
Candida) nipu X MUPKyYIALIi y BOJI 13 CHCTEM BOJIOTIOCTAYaHHS JIKapHIHUX 3akiaiB (MOKi€HKO
A.B., 2009).

Kineruka iHakTuBamii BipyciB Mae 1Bi ¢a3u: moyatkoBy ¢a3y MIBUAKOI 1HAKTHUBAIil, 32
aKkor0 crigye ¢aza xBocta. IIBuakicTh iHakTHUBalii BipycCiB 3pocTae 3i 30unbiieHHsM pH abo
TEMIEpaTypu, ajie JEMOHCTPY€E pi3HI TEHJEHI(li 31 30UIBIICHHSIM KOHIICHTpAIlli pO3YHMHEHOT
opraniuynoi pedoBuHH (DOM). IlomkomkeHHsT BipyCHHX OUIKIB Ta S5'-HEKOayr0uoi o0iacti B
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TE€HOMI CIIPUSAIOTH 1HAKTUBAII BIpyCy Micis ae31H(EKIi TJOKCHIOM XJIOpy. 3arajiom, JIOKCH]T
XJIOpY CHPUYHHSE AECTPYKIIiO BipycHOro OinKka Karncuy ta aedparmentarito PHK a6o JTHK.

BcTaHoBiIeHO BHCOKY BipyiIUIHY €DEKTHBHICTh JIIOKCHIY XJIOPY IO BiJIHOIIEHHIO 10
3HAYYIIMX BIPyCHMX KOHTaMiHAHTIB MUTHOI BoAM (IOJIOBipycy, ageHoBipycy, Bipycy Kokcaki,
Bipycy ECHO) Ta Bipycy ntammunoro rpuny (Mokieako A.B., 2009).

VY3aralbHEHHS JaHUX JITepaTypu MOA0 OlomuaHOI e(EeKTHBHOCTI IOKCHUAY XJIOPY
nmokaszayio HactynHe. PiBHI iHakTuBallii Haumnpoctimux (oouuct Cryptosporidium parvum, THCT
Nagleria gruberi) miokcUIOM XJIOPY Ta O30HOM Maibke ifeHTH4YHi. [loka3aHo, M0 TOJIOBHUI
MEXaHI3M 1HaKTHBallii JIOKCUIAOM XJIOpPY OaKTepiaIbHUX CIOp TMOJsATae y TOMIKOKEHHI
BHYTPIIIHBO1 MEMOpaHu criopy. BusiBiieHO, 1110 anbramuHa ais 110KCHLy XJI0PY MOJISTae y BIUIUBI
1 Ha CTPYKTYpH 3axXUCHOTO IIOKPUTTSA KIITHHH, 1 Ha BHYTPIIIHBOKIITHHHI KOMITOHEHTH.
BcranoBneHo, 1m0 1i0KCH XJIOpY pyHHY€E KIITHHHY MeMOpaHy crop rpu0iB, 110 TPU3BOJUTD 10
ix iHakTHBalii. Y3araibHEHO Pe3yJbTaTH JOCTIIKEHb BIUIMBY JIOKCHUIY XJIOPY 1 XJOPUTY (SIK
no0OIYHOTO MPOIYKTYy) Ha OioruriBku. OOrpyHTOBaHO HEOOXIIHICTH 3a0e3MeueHHs 3aIUIIKOBOT
KOHIEHTpalii JIOKCHY XJIOPY y MUTHINA BOJI 3 BOJOPO3NOILIBHIX MEPEK.

BucHosok.

Hageneni mpuxnanu (uudposa Tpanchopmallis Ta JIOKCH]T XJIOPY) LTIOCTPYIOTh TIHO0Ke
NIEPEeKOHAHHSI aBTOpA, BUCIIOBJICHE Yy Kypci JIEKIIH «AKTyaiabHI BOAHI mpoOsiemu. [HHOBamiiiHi
BoaHi TexHojori» (https://eprints.oa.edu.ua/id/eprint/9666/1/Vodni_Tehnologii lekcii.pdf) y
HEOOXIZTHOCTI yKe 3apa3 akKLUEHTYBaTH yBary Ha II€PCIIEKTHBI BiJHOBICHHS BOJONPOBIIHO-
KaHaJi3aliiHOT Taly3l Michs 3aKiHYeHHs BIWHU. €BpPONEHCHKUN BEKTOP PO3BUTKY KpaiHU
nepeadavae JOKOPiHHI 3MiHH BCi€l iHQPACTPYKTYPH, Y TOMY YHUCII, a TOYHIIIE, Y TIEPUIy Yepry,
BOJIHOI. I3 0e3yMOBHMM BpaxyBaHHSIM, MO-TEpIIe, iICHYIOYOrO CBITOBOTO JIOCBiIy, SIKHH JIyXe
IIBUJIKO OHOBJIIOETHCS; IMO-IPYre, HAKOMMYCHHS JOJATKOBHX MPHUPOJAHUX Ta TEXHOTCHHHX
PU3HKIB.

JOCIIKEHHSA B3AEMOII KAJIBIIIO TIIPOKCHUIY 3 AJJIOMIHIIO
CYJIBb®ATOM JJIsd OTPUMAHHSA AJTIOMIHIEBUX KOAT'YJISIHTIB Y
KABITAIIIMHUX MTOJISIX

Mopo3z O.M., 3nax 3.0., Muux P.B.
Hayionanvnuii ynisepcumem «JIvgiecoka nonimexuixa», Ykpaina, m. Jlvsie
oleksandr.m.moroz@Ipnu.ua

VY TeXHONOrisIX OYMIIEHHS MOBEPXHEBHUX 1 CTIYHHUX BOJI, 11O MICTSTh YACTUHKU Pi3HOTO
CTYIEHsI IUCIEPCHOCTI TPAAULIIHHO BUKOPUCTOBYIOTh 3ali3HI Ta ajatoMiHieBi koaryistHTu. Cepen
HUX OUIBLIOI0 KOAryJysliiiHOIO 3JaTHICTIO XapaKTepU3yIOThCs Trigpokcoconi. [lomepeanimu
JOCIIJKEHHSIMU [TOKa3aHo, 110 X OTPUMAaHHS MOXKJIMBO Y pa3i KOHTPOJIbOBAHOTO JI0aBaHHS 110
PO3UYMHIB COJIEH AIIOMIHIIO YU 3aji3a CyCIeH31i KaJlbliio Tiapokcuay abo HaBnaku. [lpu npomy
YTBOPEHI TiAPOKCOCOJI BIJIrparoTh poJib KOATyJSHTIB, @ HEMpOpearoBaHi YAaCTMHKU KaJbIiIO
TIAPOKCUAY — IEHTPIB KOAryJslii Ta peareHTiB, 3[aTHUX B3aEMOJIISATHU 3 IEIKUMHU MOTIOTAaHTAMU,
K1 IPUCYTH1 Y CTIYHUX BOJAX, HAPUKOAJ, COJISIMH >KUPHUX KUCIOT. OFHAK, BPaXOBYIOUH JIyKe
HU3bKY PO3YMHHICTh KaNbLilo riapokcuay (6mmusbko 1,5 r/am’), cTymiHb BUKOPUCTaHHS LLOTO
peareHTy HU3bKUH 32 HU3bKOI IIBUKOCTI BIJIIOBIJHOIO T€TEPOTreHHOT'O MPOLIECY.
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Ha mizmcraBi HaAmoro momepeaHboro JOCBIMY 3alpPOTIOHOBAHO B3aEMOII0 MK COJISIMU
QTIOMIHIIO Ta 3aii3a 13 CyCIEeH31€10 KNI TIAPOKCUIY MPOBOIUTH i €0 YIBTPa3BYKOBOTO
BHUITPOMIHIOBAHHS, [0 CIIPUYMHSE SBUIIE KaBiTaIlil.

JlocmimkeHHss mpoBOIWIIM HUIsIXoM no3yBaHHs cycrnien3ii Ca(OH)2 no po3uuny coneit
QITFOMIHIIO 32 TIOCTIHOTO MepeMIlTyBaHHs Ta 30y DKEHHS yJIbTpa3ByKoBUX (Y 3) BUIPOMIHIOBAHb,
sSIKe CIPUYMHSIIO BUHUKHEHHS 00J1acTi KaBiTallii. BAHUKHEHHS SIBUIIA KaBITAIII1 I TBEPIKY€E€THCS
HiJBUIICHHSIM TEMIIEPaTypyd CEpPelOBHIIA B aaiadaTHYHUX YMOBaX Ta PO3CIIOBAaHHIM
MOHOXPOMATHYHOT'O JIA3EPHOTO BHIIPOMIHIOBAHHS IMiJ] KOHLIEHTPATOpPOM Y 3-BUIIPOMiHIOBAaHHS.
KoxHy HacTymHY MOpPIiI0 CYCHEH311 KalbIlif0 TAPOKCHUY JOAaBaIH IICIs JTOCITHEHHS CTaJOro
3nayenHa pH cepemoBuma. Ilpu npomy dikcyBanu sk 00'eM jgomaHoi cycreH3ii, Tak i 4ac
BITPOJIOBXK SIKOT'O JIOCSTANOCH cTase 3HaueHHs: pH po3unny.

3pa3sy micis JoJaBaHHs KOXHOT TopIlii (00'eM 3anekaB BijJf TOYATKOBOI KOHIIEHTpAIIi coui
ANIOMIHII0) 32 MOCTITHOrO MEXaHIYyHOro rnepemimnyBaHHs pH cepenoBuilia 3aKOHOMIPHO JEII0
3pOCTaB ax J0 JOCSTHEHHS TOYOK eKBiBajeHTHOCTI. [Ipu oMy 00'eM momanHoi cycneHsii uepes
HU3bKy po3uuHHIcTh Ca(OH): Ta He3HauHy peakiiiiHa 31aTHICTH mnoBepxHeBUX OH-rpymn
OlpIIMIA, aHDK y pa3i 3MIHCHEHHS Mporecy mia miero Y3-BunpominioBaHHA (y KaBiTalliiHUX
noJisix) (pucyHok). Lle 3yMOBIEeHO HU3KOI MPUYHH: 30UIBIICHHSIM MIBUAKOCTI AUQY3ii peareHTis,

mucnepryBanasM yactTuHOK Ca(OH), mig miero kamiTarii,

45 - 2 NPUIIBUIIICHHSIM  XIMIYHMX  peaklid  BHACIIJIOK
4 JIOKAJILHOTO 301IbIIEHHS TEMIIEPATypH 3aBASKH KOJIATICY
KaBiTaliifHUX OyJb0alok, O6J0Kye MOBEPXHIO YACTHHOK
35 1 Ca(OH); i rampmye mpouecH PO3UYMHEHHSA 1 XiMI4HOT
53 B3aeMoJii 13 comsiMu. OT)Xe, NOBHOTA BHKOPHCTAHHS
25 3 Ca(OH); y kaBitamiiinux mossx 30uTbmIyeThes. llpm
2 — IbOMY CEJMMEHTalliiHa CTIHKICTh HEmpOopearoBaHOro

0 1 2 .3 4 5 &6 Ca(OH)2 3pocrae.

O6’em cycneHasii .

[HTeHCHBHE  JIOKalbHE  MEPEeMILyBaHHS  IpH
Puc. 3anexnicts pH Bin 00’emy KaBiTauii 3abe3neuye MWBUAKY 3MiHY pH y Mikpoo06’emax,
Ca(OH)y: 1- 3a mepemirryBaHHs; o crpusie nepexony APP*—Al(OH)**— Al(OH)." 1 mami
2 —mix miero V3 JI0 TOJITAPOKCOKOMILIEKCIB. JlMcTepryBaHHsI 4aCTUHOK

Ca(OH), 3a0esneuye piBHOMIpHimie miaBeaeHHs HoHniB OH™ mo ionHiB Al**, BHaciimok 4oro
bopMyroThCSl CTaOUIbHI TiApoKcocodl. CBOE 4epror JOKaJbHE MIJBUIIEHHS TeMIepaTypu
npumBuantye riapoiiz Al2(SOa)s 1 ciipusie rigponitnaHomMy yTBopeHHI0 Al-OH-SO4 MicTKiB. Sk
HACJIIJIOK — €()EeKTUBHICTh YTBOPEHHS AJIFOMIHIEBUX KOATyJISIHTIB 3POCTAE.

THTEI'PAIISI KOAT'YJISIIIT TA AEPOBHOI CTABLJIIBAIIL OCAIIB CTIYHUX
BOJI JIUISI IHTEHCH®IKAIIT IX 3HEBOJHEHHS

Mociiiuyk A.B.", Mociiiuyk A.5.
Tnemumym 600nux npobaem i meniopayii HAAH, m. Kuis, Yxpaina,
“andrew.mosiichuk@gmail.com

AKTyaJbHicTh JociaigxeHHsi. Ha OupmiocTi [Aif04MX OYHCHHMX CHOPYZ YKpaiHu
TEXHOJIOTIYHI CXEMH OYHIICHHS CTIYHHUX BOJ 1 OOpPOOKM OCaiB 3aJMIIAIOTHCS MOPAIbHO Ta
¢i3uyHO 3actapimumu. [Iponecu ymiimbHEHHS, cTaOuTI3aIli Ta 3HEBOJHEHHS pPEali3yIOThCs 3a
KIIACMYHUMHU CXEMaMH, 10 HE BPaXOBYIOTh CYYaCHUX HAyKOBO-TEXHIYHUX JOCATHEHB 1 BUMOT JI0
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eHeproe(eKTUBHOCTI. SIK HACHiJIOK, 3HEBOAHEHUH OCaJ 4YacTO XapaKTEePU3YEThCS BHCOKUM
BMicTOM BoJiord (9699 %), mo yckiiagHioe Horo TpaHCIOPTYBaHHs, 30epiraHHs Ta MOJAIBITY
yTuii3aniio. BigcyTHicTh epeKTHBHOrO MOMEpeaHbOrO eTary OOpOoOKH Oocaay MPU3BOAHMTH 0
3HIDKEHHS POTYKTUBHOCTI CIIOPY/I, @ HEJAOCTATHS CTaOUIi3aIlisl 3yMOBIIIOE BTOPUHHE BUIICHHS
3amaxiB, PO3BUTOK THUJIBHUX TIPOIECIB 1 301IbIICHHS OOCATIB BiAXOAIB, IO MHOTPEOYyHOTH
MOIaJIBIII0T OOPOOKH.

Jns BupimeHHsS LIHUX TpoOJeM y MDKHApOIHIA MPaKTHIl aKTUBHO BIPOBAKYIOTHCS
TEXHOJIOT1i aepoOHOi Ta aHaepoOHOI crabimizaiii. AepoOHa cTabimizamis MOJATaE B OKMCHEHHI
OpraHivYHOT YaCTMHH MYJTy 3a y4acTIO aepOOHUX MIKpOOpraHi3MiB, YHACIIIOK YOTO 3MEHIITYEThCS
fioro 00’eM 1 3amax, a TaKoX MOJIMNIIYIOTbCS CaHITAPHO-TIT1€HIYHI BJIACTUBOCTi. AHaepoOHa
crabimi3amisi  IPYHTYETbcsl Ha  OIOXIMIYHOMY  pO3KJIaJaHHI  OpraHiyHUX  PEYOBUH
MiKpoopratizaMamu, 1o (yHKIIOHYIOTh 0e3 JocTymy KucHio. Ilin dac mporecy MHOcCiiJOBHO
BiI0OYBaIOThCS (pepMEHTAIlisl, Aal[ETOTeHE3 1 METAaHOT'eHE3, Y Pe3yJIbTaTi YOro OpraHiuHa peuoBHUHA
TpaHCPOPMYEThCS B METaH, JIOKCH] BYIJICHIO Ta CTAOLII30BaHWUN OCaa i3 MEHIIUM yMICTOM
010pO3KIaHUX CHOMYK. XOoYa Taka TEXHOJIOTisl J03BOJISE OJep>KyBaTH 0ioras, BOHA BHMAarae
3HAYHUX KaMTAILHUX BUTPAT 1 CKJIAJTHOTO TEXHIYHOTO 00CITyTOBYBaHHS.

B Vkpaini nepeBaskae BUKOPUCTAHHS MYJIOBUX MalJJaHUUKIB, 5IKi 3a0€3MeUyI0Th MPUPOIHE
3HEBOJHEHHS 0CaJy, ajie BUMAraloTh BEJTMKUX IUIOI, TPUBAJIOT0 Yacy 0OpoOKH Ta HE TapaHTYIOTh
CTabUIFHOTO CaHITAPHOTO CTaHY.

Mexaniuni metoau (ueHTpudyrH, GinbTp-npecu) eheKTUBHI, ajne eHeproeMHI Ta JIOpOTi B
eKCIUTyaTarlii.

CBiTOBHI1 TOCBiJ CBIAYUTB, IO MIEPCICKTHBHUM HAIPSIMOM € KOMOIHYyBaHHS 010J0T1YHUX 1
(b13UKO-XIMIYHHUX TPOIIECiB, 30KpeMa KOaryJysiii Ta rpaBiTalliiHOTO yIIIIbHEHHS 3 MOJANIbIIO0
crabumizamiero 'y MiHepaiizaTopax. Taki pilIeHHS TOEIHYIOTh TEXHOJIOTIYHY MPOCTOTY,
€HEeproouaHICTh 1 MOXJIHUBICTh ajamnTalii 10 ICHYIOUYMX CHOpyZ. 3a HIMX YMOB HaOyBae
aKTyaJIbHOCTI CTBOPEHHS MAaJOBUTPATHOI, pecypcoe(EeKTUBHOI TEXHOJOIIYHOI CXEeMH, sKa
JT03BOJISIE TTOKPALMTH BIACTUBOCTI OCAJly, 3MEHIIUTH HOTr0 BOJIOTICTH 1 CTab1/1i3yBaTH OpraHiuHy
yacTUHY 0€3 3HaYHUX KaliTaJbHUX BUTPAT.

Pe3yabTaTH AocaiKeHHs Ta ix o0roBopenHs. [Ipobnematuka o6poOKH 0caiB CTIUHUX
BOJI 3AJIMIIAETHCS OJTHIEIO 3 HANCKIIAIHIIIUX Yy CYy4aCHUX CHCTEMax BOJAOBIIBeeHHS YKkpainu. Ha
OUTBIIOCTI CHOPYZA BIJACYTHI pillIEHHS, IO Jal0Th 3MOry €(QEeKTUBHO 3MEHIIYBaTH 00 €M i
cTabuTI3yBaTH CKJIAJl OCaay IO CTaHy, IPHUAATHOTO JUIs Mojaaibiioil ytuiizarii. HakonnueHus
HA/UTMIIKOBOTO MYJy CHPUYHMHSE TEpEeBaHTAXEHHsS CHCTEM, IOTIpIIEHHS CAHITapHOTO CTaHy
TEPUTOPIH Ta MiABUIIEHHS €KCIUTyaTallliHUX BUTpAT.

Oco61MBO rocTpo 1€ NPOSIBISETHCS 32 YMOB 00OMeKeHOro (hiHaHCYBaHHs. 3HauHa YaCcTHHA
OYHMCHHX CTIOpPY/I OyJia CIIPOEKTOBAHA 3a TEXHOJIOTTYHUMHE npuHItuiamMu 1970—1990-x pokis, konu
€HEepreTU4Hi BUTPATH HE MaJld BUPIIIAIBHOTO 3HAYEHHS, a MUTAaHHS MOBO/KEHHS 3 OCa/laMHi He
PO3IIISIIATIOCS SIK OKPEMHUN €JIEMEHT eKOJIoTi4HOi O6e3nmeku. Choro/iHi, 3a 3MIHEHUX KIIIMAaTHYHHUX
YMOB Ta MiABUIIEHUX BUMOT JIO €KOJOTIYHHMX MOKa3HHKIB, TaKi MAXOIU € 3acTapiiuMu. Tomy
B)XJTUBO PO3POOIIATH PIllICHHS, IO TPYHTYIOTHCS HAa MaKCHMaJIbHO MOXIMBOMY BHKOPHUCTaHHI
ICHYIOUHMX CIOPYJ Ta MPOLECIB 3 MIHIMAJIBHUM 3aJTyYEHHSIM J10/1aTKOBUX PECYpPCiB.

B ymoBax oOMEXEHMX MOXIIMBOCTEH ISl TOBHOI PEKOHCTPYKINI OYHUCHHX CIIOPY.
NEPCHIEKTUBHUM HAIIPSIMOM € YI0CKOHAJIEHHS TEXHOJIOTTYHUX CXEM IIUIIXOM 1HTerpariii mporecis,
SK1 BXKE B1IOYBalOTHCS B CHCTeMI O4HIIeHHS. OHUM 13 TaKUX HAMPSAMIB € MO€ETHAHHS TPOIECIB
KoaryJsimii Ta crabiurizamii ocaliB y Meax iICHYIOUMX MiHEpaIi3aTopiB. 3amporoHOBAHUH MiIXif
0a3yeTbcsd Ha BUKOPUCTaHHI ICHYIOUMX aepOOHMX MIHEpaIi3aTopiB K KIIOUOBOTO E€JIEMEHTY
KOMOIHOBaHOT TEXHOJIOTTYHOT CXEMH, JIe IPOLIECH KOaryJisillii YaCTUHOK MYJIy, iX CeIMMEHTallii Ta
6ioJstorivuHOi cTabimi3alii Bi0yBatOTHCS TOCIIIOBHO M B3a€MOTIOB’ s13aHO. J{aHMiA miIxij 103BOJIsIE
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ONTUMI3YBaTH Yac repeOdyBaHHs 0Caay B CHCTEMI, MOKPAITUTH MPOIIECH MMPUPOTHOTO YITITbHEHHS
Ta 3MEHIIUTH NOTPeOy B EHEPTETUUHUX BUTPATaX Ha MOJANIbIIE MEXaHIYHE 3HEBOIHEHHS.

VY Mexax cxeMH nepenodadyacTbes BBEACHHS aIFOMOBMICHOTO PEAreHTy y MOTIK Ocaly Iepes
HA/IXO/DKEHHSAM J10 aepoOHoro MiHepamizaropa. lle cmpusie arperamii ApiOHOAMCIIEPCHUX
YACTUHOK Y CTIMKI arperaTty, sKi IIBUIIIE OCIIaf0Th, yTBOPIOIOYH IIUTHHUH Iap. Y MiHepai3aTopi
BiZIOyBa€eThCS MOAAJBINE YHIUIBPHEHHS Ta YacTKOBa OiojioriuHa crabimizamis ocaay MmiJ €0
aepoOHux mpomeciB. IloemHanHs (Hi3UKO-XIMIYHOT KOaryJssmii 3 NPUPOJHUMH TMPOIEeCaMu
MiHepaizaiii 3a0e3nednTs GopMyBaHHS CTIHKOI CTPYKTYpH 0Caay, 3MEHIICHHS HOro 00’eMy Ta
HiJABUILEHHS CTYNEHs 3HEBOJHEHHS Iepe]] MOJalbIIO MEXaHIYHOK a00 NPUPOIHOIO CYIIKOIO,
0 CKOPOYY€ TPHUBATICTh IMOAAIBIIOIO MPHPOIHOTO ab0 MEXaHIYHOTO 3HEBOJHEHHs. Take
TEXHOJIOTIYHE pIlIeHHs He NoTpe0ye BCTAHOBJIEHHSA JOJATKOBUX €MHOCTEH - JOCTaTHBO
JI03YBAJIbHOT CUCTEMHU PEareHTy Ta KOHTPOJIIO MmapaMeTpiB mporecy. Lle nae 3mMory BrpoBaauTu
CXeMy Ha JIIF0YuX CIOpPYyAax 13 MiHIMaJIbHOIO PEKOHCTPYKIIIEIO.

HaykoBe o0rpyHTyBaHHS LHOTO MiAX0Ay 0a3yeThCsl HA 3aKOHOMIPHOCTSIX B3aeMOIii (hi3uKo-
XIMIYHEX Ta OIOXIMIYHMX TpOLECiB y cHucTeMax ouulleHHd. [loenHanHs koarymnsmii 1
CTa0UTi3aiifHAX MPOIECIB y €AMHOMY TEXHOJIOTIYHOMY LUKJI MOXKe 3a0e3meunTu (GopMyBaHHS
MYJIOBUX arperaTiB 31 301IbIIEHUM PO3MIPOM 1 MIIHIIIOK CTPYKTYPOIO, 110 MO3UTUBHO BILIMBAE
Ha MIBUAKICTh CEAMMEHTAIIT Ta 3HEBOAHEHH. KpiM TOTO, MiATpUMaHHS aepoOHOr0 cepeoBHINA
y MiHEpai3aTopi Ja€ 3MOTy YHUKHYTH YTBOPEHHIO 3allaxiB 1 3MEHIIy€e WMOBIPHICTh PO3BUTKY
aHaepOOHMX MPOLIECIB, SIKi YCKIAIHIOIOTh MOAAJIBINY MEPEPOOKY Ocamy.

VY poiti KoaryJnsiHTy MOXe 3aCTOCOBYBATHUCS XJIOPH aTiOMiHII0 a00 MoTiMepHi KOMIO3UIIi,
BUOIp SIKMX BH3HAYAETHCS XapaKTepUCTHKamMH ocaay, pH cepemoBuma Ta €KOHOMIYHUMH
yuHHUKaMU. KOHTakTHa 30Ha NOBMHHa 3a0e3ledyBaTH PIBHOMIpPHE 3MIIIyBaHHS pearcHry 3
MIOTOKOM JIJ1s1 (JOpMYyBaHHS CTa0lIBHUX arperaris.

AepoOHuil MiHepalizaTop BUKOHY€E MOJBINHHY (YHKIIIO: K IpaBiTallifHUN yIIUIbHIOBAY 1
K O10JIOTTYHUM PEaKTOp, Y AKOMY BiI0YBa€ThCA YaCTKOBA CTa0LII3aIlisl OpraHIYHUX PEUYOBUH ITi]T
ni€ro aepoOHUX MikpoopraHi3MmiB. ['paBiTamiiiHe yIIIJIbHEHHS NMPH HAJIXOMKEHHI MOIMEPeIHbO
KOaryJibOBaHOTO 0CaJly TMpaItoe eeKTUBHIIIE 32 PaXyHOK 3MEHIIEHHSI TUTOMOT0 00’ €My ocaay i
MOKpAIEHHS HOT0 CTPYKTYpHO-MEXaHIYHUX BJIACTUBOCTEH.

BaxxnuBoro nmepeBaroro TEXHOJOTII € 11 aAalTUBHICTB: Yy JITHIN Nepioj MOXKHA MOCUIIUTH
aeparito Juisl iHTeHcu@ikalii MiHepamiizalii, a B 3UMMOBUH - 30UIBIINTH 03y KOAryJjsHTY,
KOMIIEHCYIOUH 3HWKEHHS TeMIlepaTypH Ta 610XIMIYHOI aKTUBHOCT1 MYITY.

JlomaTKOBUM TO3UTUBHUM €(EKTOM € 3MEHIIEHHS 3alaxOBUX BUKUIIB 1 cTabimizaris
CaHITapHO-TITIEHIYHUX XapaKTEPUCTUK Ocaly. 3aBIsSKH aepoOHUM yMOBaM Ta IHTEHCH]iKaril
O100KMCHEHHS 3HWXKY€ThCSI 4YacTKa JIETKUX OPraHIiYHUX CHOJYK, a BMICT CTaOiIbHOTO
MIHEpaJIbHOTO 3aJUIIKy 3pocTae. lle 103Bojisie PO3MISIHYTH MOKIHUBICTH MOAANBLIOTO
BUKOPUCTAHHS OCaay.

Pa3oM 3 TuM 3acTOCyBaHHS aJlFOMOBMICHUX PEAreHTiB Ma€ HU3KY BaXKJIMBUX OOMEXKEHb, SKi
HEOoOX1JTHO BpaxyBaTu IIPU MPOEKTYBaHHI Ta eKcIutyaralii. [lo-nepiue, BBeZieHHS coJieil alltfoOMiHiI0
MO’K€ MPU3BOANUTHU A0 MIABUIIEHOTO BMICTY PO3YMHHOIO 1 KOJIOIAHOTO ANIOMIHIIO y BUXITHOMY
ocami Ta ¢urbTpari. lle Mae 3Ha4YeHHS NpPU MOJAIBLUIOMY BHUKOPHUCTaHHI ocagy (IMUTOMa
TOKCUYHICTb JJISl POCIHMH Y KUCIIUX IpyHTaX, (ikcaiis ¢pocdopy) 1 BUMarae OoiHKM JOMYCTUMHUX
3aJMILKIB aIOMIHIIO BIAMOBIZHO A0 perioHanbHUX HOopMaTHBiB. [lo-mpyre, 3aiaMIIKOBI codi
AITIOMIHIIO MOXYTh 3MiHIOBaTH pH 1 BrumBaTH Ha MIKpOOHI MPOIECH: BHCOKAa 1032 MOXKE
NPUTHIYYBaTH 010JIOTIYHY aKTHBHICTh Y MiHepai3aTopi ab0 B aHaepOOHUX MICIISANpoLecax, TOMY
noTpiOHa peTenbHAa onTUMIZalis go3yBaHHSA. Cii TakoXk BpaxOByBaTH NUTAHHS KOpo3il
yCTaTKyBaHHA Ta 0e3MeKu 30epiraHHs peareHTiB.

[IpakTnuna peamizailis nepeadadae eTanu JIaOOpPaTOPHOTO Ta IMUIOTHOTO TECTYBAaHHS 3
BU3HAYCHHSAM €(QEeKTHBHOCTI PI3HUX KOaryisHTIB 1 pexuMiB aepanii. Ilicias mabopatopHoi
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ONTHUMI3aIil CIIAy€e TECT 13 MOJAYCI0 Ocaay B JIIOYMNA MiHEpasi3aTop ab0 B IMUIOTHY MOJIETh
rpaBiTAllifHOTO YIIUIFHIOBAYA, J€ OL[IHIOIOTH 3MIHY SIKICHHX 1 KUIbKICHUX IMOKa3HHUKIB, y TOMY
YUCITI MBUAKICTD YIIUIBHEHHS 1 TEXHOJIOTIYHI aCIIEKTH MOAAJIBIIIOT0 MEXaHIYHOTO 3HEBOTHEHHS.

[HxeHepHi pillleHHS I BIPOBADKCHHS BKIIOYAIOTh TOUKY BBEICHHS PEareHTy Ha BXOJI y
MiHEpaIi3aTop, BAKOPUCTAHHS MEXaHi3MYy 3MIITyBaHHS JJIs1 3a0€31eUYeHHS CTa01JIbHOTO KOHTAKTY
peareHT-ocaj Ta KOHTPOJIb Yacy KOHTAKTY (B XBUJIMH JI0 KUTHBKOX TOJWMH 3aJIeXKHO BiJl BUOpAHOT
CXEMH ), ONITUMI3AIIiI0 1T0/1a4l MOBITPS Ta BCTAHOBJICHHSI CHCTEMH KOHTPOJIIO ITapaMeTpPiB IpoLiecy
0e3 mMacmtabHuX OyaiBenbHUX poOiT. Lle poOUTh cXeMy NepCHeKTHBHOIO JJIsl BIPOBAHKEHHS B
MaJIMX 1 CepeHIX HACEeICHUX MyHKTaX, /1€ TEXHIKO-€eKOHOMIUHI MOXKIIUBOCTI € 0OMEKEHUMHU, aJie
notpeba B MOKpAIEHHI CTAaHy OYUCHUX CIIOPYJI - HAI3BUYAKHO rOCTpa.

OuikyBaHMM pE3yJbTAaTOM peaiizamii Takoi CXeMH € MABUIICHHS e()EeKTUBHOCTI
3HeBoiHeHHS Ha 10-20% MOpiBHAHO 3 TpPaAWIIHMMU cXeMaMH 0€3 3aIy4eHHS J0AaTKOBOTO
pPEareHTHOro0 YW MeXaHIYHOro oOiamHaHHA. l0JaTKoBO mepen0dadaeTbess 3MEHIICHHS OOCSTiB
BTOPUHHOTO MYJY, OIITUMI3aIlisi HABAHTAKEHHS Ha CIIOPYAN MEXaHIYHOTO 3HEBOJAHCHHS, 4 TAKOK
3HUKCHHS TATOMHUX CHEPrOBUTPAT CUCTEMHU.

BucHoBKH. 3arTpoIIOHOBaHA IHTETPOBaHA TEXHOJIOTIYHA CXeMa, [0 TIOETHYE KOAryJIAIII0 Ta
aepoOHy cTabinizaliio B MiHepali3aTopax, € MepCrHeKTUBHUM HAIMPSIMOM YAOCKOHAJICHHS CUCTEM
OUWMICHHS CTIYHMX BOJI. BOHA 1M03BOJIsS€ MiIBUIIUTH €(EKTUBHICTH 3HEBOJHCHHS, 3HU3UTH
E€HEProBUTPATH Ta 3a0€3MEeYNTH €KOJOTIYHO Oe3MeuHy YTHIII3aIi0 0Ca/IiB.

OTpuMaHi pe3yJIbTaTH CTBOPIOIOTH MEPEIYMOBH JI0 MOJAIBIIOTO0 MOCIIOBAHHS MPOIIECIB
3HEBOJIHCHHSI T4 BHM3HAYCHHS KIHETUYHUX 3aKOHOMIPHOCTEH TNpHU PI3HMX J03aX pearcHTiB i
pexuMax aepariii 3 METOI0 HiATBEPKCHHS TEXHOJOT1YHOI €(pEeKTHBHOCTI B YMOBAaX pealbHUX
OYHUCHHUX CITOPY/I.

BOJO3ABE3IEYEHHSA: CYUACHUM ETAII TA OYEBHUIHI NIEPCIEKTUBH

"Huxncnux T. 10., ’Cmpikanenko T. B.
THTYVY «Kuiscokuii nonimexmiunuil incmumym im. I. Cikopcvkozo», Ykpaina, m. Kuis,
e-mail: taren8@gmail.com
200ecwruii HayioHanbHUuli mexuHono2iunull ynigepcumem, Yxpaina, m. Odeca,
e-mail: alpha.water.55@gmail.com

Cepen mpobiieM BOJ03a0€3MEUEHHS >KUTEIIB YKpaiHW, 10 NOTPeOyIOTh pO3IIIAly Ha
Cy4acHOMY eTalrli pO3BUTKY Halloi KpaiHM, 3a3BUYail pO3IJILAal0Th TPAAULIINHI - HEONTHUMaIbHA
BOJ103a0€3IMeUeHICTh TEPUTOPIl KpaiHu, 3acTapiie oOJagHAHHS Ha CTAHIISIX OYHUIICHHS BOJIH,
3HayHa KUIbKICTh 3a0pyAHEHUX 1 TIOMIKO/DKEHUX BOJONPOBIAHUX CTaHII Ta Mepex
BOJIONIOCTAYaHHs, JIOCSTHEHHS Yy BIPOBAKEHHI, Ha I[bOMY (OHI, HOBITHIX TEXHOJOTII
00po0eHHs pupoAHUX Boa. He cyMHiBarouuch y iXHil Ba)XJIMBOCTI, BBAXKAEMO, 1[0 HE MEHII
aKTyaJbHHUMH MAlOTh OYTH TaKOXX MUTAHHSA, SIKI BUHUKAIOTHh BXKE CHOTOJNIHI Ta MOCTaHYTh TIepeN
BUPOOHHMKAMU MUTHOT BOJM 1 HACETICHHSAM 3aBTpa. Jlo TakuxX nuTaHb BiTHOCUMO (1) 3MiHM KiTIMaTYy,
IO MOTPEOYIOTh BIPOBAPKEHHS TEXHOJIOTIH BOJOMIATOTOBKA B YMOBaX BHCOKHX TEMIIEPaTyp
HaBKOJIMIIHBOTO CepeloBHUINa, (2) YJOCKOHAJIEHHS BOAOMIATOTOBKH B €KCTPEMAJbHUX yMOBax
JUTs 3a0€3MeUeHHs BOOO MUTHOI SIKOCTI BIMCHKOBUX 1 HACETICHHS, Y TOMY YHCIII B 30HaX 00HOBUX
niit, (3) pernameHTalito HOBTOPHOTO BUKOPUCTAHHS OYHILEHUX CTIYHUX BOJI Ha MiJIPUEMCTBAX,
a TakoX (4) BIIHOBJICHHSI TAOOPATOPHOI Oa3u MiAMPUEMCTB, SIKi 3a0€3MEeUYIOTh HACEJIICHHSI BOIOIO
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MIATHOT SIKOCT1, Ta OOTPYHTYBaHHS MEPEIIIKY PEaAIbHO KOHTPOJIHOBAHUX MOKAa3HUKIB 0€3MEYHOCTI
IIUTHOI BOJM.

Metoro pobotu OyB aHajui3 pe3ynbTaTiB MOUIYKOBUX JIAOOPATOPHHX 1 HATypHHUX
JIOCITIJIKEeHb, 110 BUKOHYBAJIUCH 32 Y4acTi aBTOPIB Ta JO3BOJISIOTH OOTPYHTYBAaTH IMPONO3HIII 0
pIIICHHS YaCTUHU BUIIE BUKJIAICHUX 3a/1a4.

OnHUM 13 NUIAXIB BHPIMICHHS 33]a4i HEOOX1THOTO i JOCTAaTHHOT'O 3HE3apPaKECHHS BOJHU B
YMOBaxX CIICKOTHOTO KJIiMaTy MOXK€ OYyTH BHUKOPHCTAHHS PEareHTIB HEOKHCIIOBAILHOI Mii, sIKi
cTaOUIbHI y BOJI 32 BUCOKUX Temreparyp 1 He JieTki. OTpuMaHi B yMOBaxX CIIEKOTHOTO KJIIMaTy
(Pecnybmika ["aHa) pe3ynbTaT HATYPHUX AOCIIHKCHB 3aCBITYMIIA €(PEKTUBHICTh BUKOPHCTAHHS
O10LMTHOTO PeareHTy KOMIUIEKCHOI JTii « AKBATOH-10» JIsl OUMIIICHHS BOAM 3 IPUPOTHUX JKEPEl
BOJIONOCTaYaHHS Ta OTPUMaHHS BOAM MUTHOI sKkocTi. Bopma, mo Oyna oyuieHa Mo
3alpoNOHOBAaHMM HAaMH CXeMaM, BiJmnoBigana 3a (i3UKO-XIMIYHHUMH Ta MIKpOOiOJOTTYHUMHU
nokasHukamu sikocti BuMmoram BOOQO3, Oyna Oe3nedyHoro [uis BXXHMBaHHS JIIOAMHOIO (32
pe3yJbTaTaMu TOKCUKOJIOTIYHHX JOCIIPKEHb, BAKOHAHUX TaM jke€) Ta 30epirana cBoi NOKa3HUKH
SAKOCTI Y BOJIOTIPOBIAHIN Mepexi, B TOYKax BinOOpy BOAM y CHOXKMBadiB. BpaxoByrouu, 1o
cepenHpo1000Ba Temmeparypa y aumai 2025 p y mictax Opneci, XepcoHi, MUKOJIa€BI CTaHOBHIIA
/+26 °C/, oTpuMaHi 1aHi MaloTh OyTH BUKOPUCTaHI MIPH OOTPYHTYBaHHI TEXHOJIOT1 00poOIeHHs
BOJIM B YMOBAaX KJIIMaTHYHUX 3MiH, 5IKi BXK€ BIJIyBarOThCS B HAIli{ KpaiHi.

Jns 3a0e3neyeHHs] BOJOIO MUTHOI SKOCTI HACENEHHS B €KCTPEMalbHHX YMOBaX, Y TOMY
YHUCIIi BICHKOBHX B 30HAX OOMOBHIX Jiid, 32 y4acTi aBTOPiB pO3pOOJICHI Ta BiANpaI-OBaHi Ha
MPAKTHUIl AJITOPUTMH 3aCTOCYBaHHS OIOIHMIHOTO MOJIMEPHOrO peareHTy «AkBaToH-10» mms
moGinpHOTO rocmitamo MHC y Innii (micast 3emmerpycy 2001 p), s mikBigamii HacimigkiB
naBojkiB y JIbBiBcbKil, IBaHO-DPpaHKiBChKIH, 3akapnaTchKiid, TepHOMIIbCHKINA Ta YepHiBelbKii
obmactsx (2008 p), s MOPTATUBHOTO BOAOOYUCHOTO (IIEPEHOCHOTO) MPUCTPOIO Y BIHCHKOBHX
YacTHUHAX B 30HaX OOMOBMX JAiM Ta JJIs 1HAMBIIyaJbHOIO BUKOPUCTAHHS B JJO30BAaHUX MaKeTHKaX
— CTIKaX, PO3paxoBaHUX HA MEBHY KIIBKICTh Boau — 5 11 (3 2014 p 10 11boro vacy).

3a MexaHi3MOM Jii peareHT «AKBaToH-10», OKpiM O101IMTHOT aKTUBHOCTI, Ma€ (PIOKYIIOI0YI
BJIACTUBOCTI. XIMIYHA CTPYKTypa MOro MOJIMEPHUX MaKpPOMOJIEKYJ - HASBHICTh MO3WTHBHO
3aps/KEHUX TYaHIAMHOBHX TPy, 110 YePryOThCs 3 FeKCAMETUIIEHOBUMH, - OOYMOBIIIOE TaKOX
BJIACTUBOCTI KOMIUIEKCOYTBOPIOBaya Ta 3HA4YHOI MOBEPXHEBOI aKTHUBHOCTI, a TOMY 3JaTHICTb
peareHTy A0 BUJAJNCHHS 3 BOAM MOHIB BaXKUX MeETaliB, T'YMIHOBMX Ta ()yJIbBO-CHONYK,
OpraHiuHUX PEYOBHH, NECTULIUIB, TepOILMIIB TOIIO. Taki 0COOIMBOCTI MOJIMEPHOTO PEAreHTY 3
HEOKHCITIOBAIBHUM MEXaHI3MOM JIii CBi4aTh MNP0 aKTyaJbHICTb HOTr0 BUKOPUCTAHHS MpHU
HAJ3BUYANHUX CUTYallisX, 3a0pyAHEHH] JDKEPEN BOIOMOCTaYaHHS BETUKOI KUIBKICTIO XIMIYHHUX
Ta MIKpOOIOJOTiYHUX MoJoTaHTiB. O/JHOYACHO, BHIIE Ha3BaHI OCOOJMBOCTI pEareHry,
pO3po0JIEHOr0 Ha OCHOBI MOJIMEPHOI OIOIMIHOI CIONYKH — IMOJIIFreKCaMEeTHIIEHTYaHITuHY
rigpoxsnopuay (III'MI-rx), MoXyTb OYTH BHKOPHUCTaHi, SK CBiI4aTh Marepiajd HalluX
MOITYKOBUX JIOCIHIJDKEHB, JJII OOpOOJICHHS CTIYHHUX BOJ IMIANPUEMCTB 3 MOXIJIHMBICTIO iX
MOBTOPHOT'O BUKOPUCTAHHS y TEXHOJIOTIYHOMY TPOILIECi.

Jlns mpoBeieHHs eKCIpec-aHalli3y KOHIIEHTpallii 1110401 peUOBUHU peareHTy « AKBaToH-10»
B 00po0JeHii BoIi (Ha MiANPUEMCTBI, B MOJIbOBUX YMOBAX) PO3pOOJICHHI Ta BUITyCKA€THCS TECT-
Ha0ip (3rigHo TV, po3podbnenux HTL[ «YkpBondesneka», M. KuiB), BUKOPUCTaHHS SIKOTO HE
notpelye 101aTKOBOTO J1ab0paTopHOro 001a THAHHS.

BucnoBku. ChopmynboBaHo 3a1adi onTUMI3alii Bojo3a0e3neueHHs] HaceJIeHHs KpaiHu 3
ypaxyBaHHSIM NEpPCHEKTHUBHUX  HANpsAMKiB, OOYMOBJIIEHUX YMOBaMM CYYacHOCTi, Ta
3aMpOMOHOBAHO BapiaHT KOMIUIEKCHOTO 1X PIIIEHHS.
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CYYACHI ONIJIXOIU TA HAPSIMH PO3BUTKY BUPOBHUIITBA ETAHOJIY 3
POCJMHHOI CHPOBUHHU

Caoniit JI1.A.', 060006uu 0.M.?, Cuoopenxo B.B>.
! Hayionanonuti mexuniunuti ynisepcumem Yxpainu « Kuigcokuii nonimexuiunuii incmumym
imeni leops Cikopcokoeoy, Yrpaina, m. Kuis, e-mail: larisasabliy@ukr.net
2Incmumym mexuiunoi mennoghizuxu HAH Ypainu, Yrpaina, m. Kuis, e-mail: tdsittfl@ukr.net

BupoOHunteo 6ioeTaHOIy 3  JITHOILETIOJIO30BMICHOI CHPOBUHHM B TIOPIBHSHHI 3
TPaIUIIIHOI0 KPOXMAJIEBMICHOIO CHPOBHHOIO Ma€ SIK HU3KY IEpeBar, Tak 1 HU3KY HEIOJIKiB.
OCHOBHHM HEJIOJIIKOM ITLOTO BUPOOHMIITBA € BUCOKA COOIBApTICTh Oi0€TaHOIY, sIka 00YMOBIICHA,
B TEPIIy Yepry, OCOOIMBOCTSAMHU TEXHOJOTIT KOHBEPCIi ET0I03H B IYKPH, 10 30POIKYIOTHCS
[1].

OnHuM 3 eramiB KOMIUIEKCHOT OOpPOOKH POCIMHHOI CHPOBHHH € TIPOLIEC IMOTEPEIHBOT
MiJTOTOBKHU JIITHOLIETIOJIO30BMICHOT CHUPOBHHH 1O TIAPOJI3Y IUISXOM BIJJUIEHHS JITHIHY Ta
TEMINENI0NI03  BiJl  JITCHOIEIONO3HOTO  KOMILIEKCY — Cylb(iTHOWO, cyibdarHoo  abo
OpPraHOCOJIbBEHTHOO BapKOIO 3 MOAAJIBIIUM OTPUMAHHSM 3 HbOTO LIHHUX XIMIYHUX HPOAYKTIB
abo manmsa [2].

Metow JocaiIkeHb € OLIHKa MOXJIMBOCTI BHUKOPHUCTaHHS HOBOI TEXHOJOIIl Ta
oOmagHaHHA s iHTeHcHiKalii mporecy MmonepeaHboi MiArOTOBKH POCIMHHOI CHPOBUHH 0
riIpoi3y B TEXHOJIOTIT OTPUMaHHS MAJIMBHOTO €TaHOIY.

Pe3yabTaTi 3anpornoHOBAaHO arapaTypHO-TEXHOJIOTIUHY CXeMy CTajii MomepeaHboi
MiJTOTOBKH JI0 TiAPOII3Y, B AKiil B KOCTI peakTopa BUKOPUCTOBYETHCS POTOPHO-ITYIbCAlIMHUN
amapar (PITA). OGmagHaHHS CKJIaZaeThCs 3 JBOX OCHOBHUX MOJYJIB: MOJAYJS TONEPEIHBOI
MiTOTOBKH Ta MOJYJIS PO3JAUICHHS 1 HEUTpaizalii.

BucnoBku Cepen nepeBar 3anporoHOBAaHOT TOCIITHO-ITPOMUCIOBOT YCTAHOBKH 3aBJISIKH
BukopuctanHio PITA Hemae HeoOXigHOCTI B NpuAMalbHIN €MHOCTI (peakTopi) CTBOpPIOBATH
BHUCOKHUH TUCK 1 TEMIIEPATypY, L0 J03BOJISIE CIIPOCTUTH 1 MOJETHIMTH 11 KOHCTPYKIIIIO (EKOHOMIS
BUTpAT Ha MaTepianu) 1 BUKOPUCTOBYBATH Ii SIK NpUHMAalbHY €MHICTh TaK 1 SIK PeakTop AJs
TIPOJI3Y IIENIF0JIO30BMICHOT CHUPOBMHHU, a TaKOXX BHUKIIOUMTH JOJATKOBY €MHICTH; 3aBISKH
BUKOPHCTAHHIO POTOPHO-ITYJIbCAIIfHOT0 anapaTa HeMae HeOOX1JHOCT1 HarpiBaHHs BCbOT'0 00'eMy
cymimni 10 Bucokoi temmeparypu (>100 °C) y 3B'sI3Ky 3 4uM BifIOyBa€ThCS BEJIMKA €KOHOMIS
BUTpAT €Heprii; BUKOPUCTAHHS POTOPHO-MYJbCAIIIIHOrO amapaTa Ha BiAMIHY BijJ OLIbIIOCTI
TEXIPOILIECIB, IO BUKOPUCTOBYIOTHCS HA TIAPOJIIZHUX MIIMPUEMCTBAX, JA€ MOXJIUBICTH OUIBII
PIBHOMIPHOTO TMEPEMIIIyBaHHS JIIFHOLEIIOI030BMICHOI CHPOBHHM 3 PO3YMHOM 1 BHKIIOUUTH
MIIIAJIKK 3 PEeAyKTOpaMu [UIsl TepeMillyBaHHsS , IO 3/CIIEBIIOE€ BapTICTh BUTpPAT NpU
BUPOOHHUIITBI 610€TaHOMY.
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MPOBJEMMA OUUIIEHHSA CTIYMHUX BOJ I IIJISAXU IX BUPIIEHHS
Caouiii JLA.
Hayionanonuu mexniunuu ynieepcumem Yxpainu « Kuigcbkuti nonimexnivHut iHcmumym iMeHi
leops Cikopcoroeoy, Yrpaina, Kuis, larisasabliy@ukr.net

KonextuB HaykoBIiB Kadenpu OioeHepreTHKH, 010iHPOPMATUKH Ta €KOOIOTEXHOJIOTIT 3a
OCTaHHI POKHM BUKOHAB HAYKOBI JOCIIDKEHHS 3 OYHIIEHHS CTIYHUX BOJ, BIJIIOBITHO /IO HAYKOBHX
MPOEKTIB y cmiBmpalli 3 [HcTuTyTOM mpukiagHux Hayk Xo¢d (Himeuuwmna), morosopiB 3 TOB
«DIBEPIKA», mpomoBxye cmiabHi po3poOku 3 IHcTuTyTOM TexHiuHOi Temodizukn HAH
VYkpainu, 3 mkipsaum 3aBosioM T30B «Ceit mkipu» (M. bosnexis, IBano-®pankiBchbka 001aCTh),
3 mpoekTHOIO opraHizauiero TOB «OCTBA» (M. PiBue).

B Vkpaini icHyIOTh 3Ha4HiI MPOOJIEMH OYHUIIEHHS CTIYHUX BOJ MICT, CLJ, TIPOMHUCIOBUX
HiANPHEMCTB, 00’ €KTIB CE30HHOT poOO0TH TOIO0. barato ouncHUX cTaHIii 3acTapini, Hee)eKTUBHI
abo B3aram BiACyTHI, mo 3anmumae npudnu3Ho 20 MidbiioHIB mroAeil 0e3 moctymy [0
[EHTPATI30BaHUX TMOCITYT 3 OYMIIEHHS CTIYHUX BOA. 3TiJHO 13 CTAaTHUCTHUKOM, Jumie S0 BiICOTKIB
HaceJIeHHs YKpaiHU Ma€ 10CTYyI A0 LEHTPaIi30BaHUX MOCIYT 31 300py Ta OUMIIEHHS CTIYHUX BOJ,
TONI SK Yy CUIbCHKiM MICIEBOCTI IeW IMOKAa3HUK 3HAYHO HWKYMHA. BIIBIIICTH MPOMHUCIOBUX
HiANPUEMCTB HE MAlOTh JIOKAIbHUX OYMCHHUX CIOpYyX a00 y HUX € JIUIIE CIIOPYAU MEXaHIYHOTrOo
OYUINEHHS i yCepPEeHEHHS CTIYHMX BOJ] Ta CKUIAIOTh CHIILHO 3a0pyIHEH1 BUPOOHHUY1 CTIYHI BOAX
Ha MICBKI OYMCHI CTaHIli, yCKJIagHIoOuu X podoty. Kypoptu, 6a3u BiAnouyumHKy, caHaTopii Ta
iHII O0’€KTHM CE30HHOI POOOTH XapaKTepU3YIOThCS 3HAUYHUMH KOJMBAaHHSAMH BHTpAT Ta
KOHIIGHTpaLii 3a0pyAHIOIOUUX PEYOBMH B CTIUHUX BOJAX MHPOTIATOM POKY, IO YCKIJIAIHIOE
BUKOPHUCTAHHS TPAJAMIIIMHUX TEXHOJOTIH O10JOTIYHOTO OYHINEHHS B a€pOTCHKAX y 3B’SI3KY 3
TPYIHOIIAMU YIIPaBIiHHSA X po6oToro. [Torano ouniieHi abo HEOUHIIEH] CTIYHI BOJU CTAHOBIISITH
CepHo3Hy 3arpo3y Ui 3/0pOB'S HACEJICHHS Ta JMOBKULIA, MPH3BOIATH JO 3a0pyIHEHHS
MOBEPXHEBUX Ta IPYHTOBUX BOJ, OCOOJIMBO B TI'yCTOHACEN€HHX Ta MPOMHUCIOBO PO3BUHEHHX
perioHax.

BiiicekoBi fii e Oinblie 3arocTpuid ONUCaHi NpoOieMHu, 30KpeMa, pyHHyBaHb Ta
MOIIKO/PKEHb 3a3HAM 1HQPACTPYKTYPU CHUCTEM BOJOBIABEJCHHS Ta OYMCHI CTAHIllT CTIYHUX BOJ
B Oararbox perioHax. ITonag 230 ounmcHuX cnopyZ JUlsl CTIYHHMX BOJ OYyJIM TOIIKOIXKEHI abo
3pyHHOBaHI, 10 3HAYHO 3HIDKYE 3AaTHICTh Y KpaiHU e(PeKTUBHO OUUINATH CTi4HI BOJU. bulbiIicTh
JII0YMX CHCTEM 300py Ta TPaHCIOPTYBAaHHS CTIUHHMX BOJ B YKpaiHi moOynoBaHo noHaa 50 pokis
TOMY, 1 BOHM 3aHaJTO TMOTYXXHI JJISl Cy4acHUX JAeMorpadiuHuX Ta €KOHOMIUHuX peamniil. Lg
HEBIAMOBIAHICT MOTYKHOCTI MpU3BeNa A0 3HWKEHHs e(EeKTUBHOCTI, YaCTHX 3001B y Mepexi Ta
HEaJIeKBaTHOI POOOTH OYHMCHUX CTaHIIA. Y HEBEIMKHX MICTaX PYyWHYBaHHS OYMCHHX CIIOPY.
3aJUIIMIO0 OaraTo rpoMaji MOBHICTIO 3aJI)KHUMU BiJl THMYACOBHUX a00 IMIPOBI30BAHUX DIILIEHb,
10 CTBOPHJIO HAarajabHy MOTPeOy B PEKOHCTPYKIIIi CUCTEM BOJIOBIIBEICHHSI Ta OUUIIICHHS CTIYHUX
BOJI. MicbKa BJaJia CTUKAEThCA 3 TAKUMH MpoOIeMaMu, sik oOMexeHi (hiHaHCOBI pecypcH, Opak
TEXHIYHOI eKCIepTH3u Ta reorpadidHi oOMexeHHs, 10 poOyATh MaciiTabHl1 1HPPACTPYKTypHI
HPOEKTH HEMOKIUBUMH.

[Tpo6GiieMoro TakoXk € CyBOpUI 3UMOBHI KJIIMaT B YKpaiHi, 10 MEepeIKoKae epeKTUBHOCTI
TpPaAULIHHUX OIONIOTIYHUX METOJIB OUMIICHHS (30KpeMa, 3 aKTUBHUM MYJIOM), IO BaXXKO
(GYHKIIOHYIOTh B XOJOJHUX yMOBax. Lle mpu3BOAUTH 10 HEMIOBHOTO OYMILEHHS Ta 30UIbIICHHS
PU3UKIB JJIs TOBKULIS Ta 3/J0OPOB'S HACETICHHS.

BpaxoBytoun 11 npoGiemu, B YKpaiHi MoTpiOH1 1HHOBAI1iHI, EKOHOMIYHO €(EeKTHUBHI Ta
CTIMKI 0 KJiMary pillIeHHS ISl OYMILEHHS CTIYHMX BOJ — CHCTEMH, SKI MOXYTh €(EKTUBHO
IpaloBaTH 3a BHCOKHUX KOHIEHTpaliil 3a0pyJHEeHb, MIHYCOBUX TeMIIEpaTyp, €(PEeKTUBHO
OYUINATH BUPOOHMYI CTIYHI BOJAM MPOMHUCIOBUX MiANPUEMCTB, BUMAraloTh MiHIMAJIbHHUX 3aTpar
Ta MOKYTb OyTH IIBHIKO BIPOBA/KEHI HA 00’ €KTax 13 3MIHHUM HaBaHTA)XCHHSM CTIYHUX BOJI.
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JocnimkeHHs, 10 MPOBOASTHCS HAaMHU, CIPSMOBAHI Ha OJEP)KAHHA NEPCIEKTUBHHUX,
e(EeKTUBHUX Ta €KOHOMIYHHMX PIIICHb 100 OYMIIEHHS CTIYHHUX BOJ MICT, CiJI, IPOMHUCIIOBHX
MiIMPUEMCTB, 00’ €KTIB CE30HHOT pOOOTH TOIIO JUIS ITOJ0JIAHHS BUIIICTIEPEPAXOBAHUX MPOOIIEM.
BpaxoBytoun 3000B’s3aHHs YKpaiHu 1mono iHTerpamii 3 €C Ta BiIHOBJICHHS OBKIJUIA,
JOIUTBHICT OTPUMAHUX PIIICHb ISl OYMINEHHS CTIYHMX BOJ TEPEBIPSIETHCS HA BIAMOBIIHICTH
€KOJIOTIYHUM cTaHAapTaMm Ykpainu ta €C.

HanpsiMku Hammx 10CiiKeHb:

- YIOCKOHAJICHHSI TEXHOJIOT'11 O10JI0T1YHOTO OYHIIEHHS MiCHKUX 1 IPOMUCIIOBUX CTIYHUX BOJI
B1JI CIIOJIYK a30Ty Ta ¢ochopy 3 BUKOPUCTAHHSAM AaKTHBHOTO MYJy Ta MPOIECiB HiTpUIKaIlii,
neHiTpudikarii;

- po3po0OKa TEXHOJIOT1H JTOKAJIFHOTO OYHILEHHS IPOMHUCIIOBUX CTIYHUX BOJ;

- PO3pOOKa TEXHOJIOTiH O10JOTIYHOTO OUUIIICHHSI CTIYHUX BOJ 3 BUKOPUCTAHHSIM HOCIIB 3
IMMOO1TI30BaHMMH MiKkpoopraHizmam# [1];

- BUKOPUCTAHHS BHUINUX BOJHUX POCIHMH JUIsl OYMINECHHS CTIYHUX BOJ Bif a30Ty, hocdopy,
HOHIB METaJiB Ta IHIIKX 3a0pyIHIOIOYHUX PEYOBHH [2].

OpnHUM 13 HampsIMKIB € Po3poOKa Ta BIPOBAPKCHHS TEXHOJIOTIH JOKAJILHOTO OYHINEHHS
CTIYHHX BOJI TPOMUCIIOBUX MiANPUEMCTB PSAY Tamy3eil:

- 1erKoi (IKIpSHUX 3aBO/IB, XyTPAHUX (HaOpHK, MEpCTIHUX (adpHK TOIIO);

- TepeBooOpoOHOI (KapToHHO-ManepoBux Gadpuk [3]);

- Xap4oBoi (M’siconmepepoOHHUX 3aBOJIB, MOJIOKO3aBOIB, OJIIMHUX, COJOJOBHX 3aBOJIIB
TOIIIO);

- (hapmaneBTHYHOT (BUPOOHUIITBO aHTUOIOTHKIB, PI3HUX (papMIpenapaTiB TOIIO) Ta iH.

Buiie BkaszaHi NMPOMUCIIOBI CTiYHI BOJW BIJIPI3HSIOTHCS BHCOKMMH KOHIIEHTpAIisIMU
opraniuanx pedoBuH 3a BCK 1 XCK, 3aBHCIMX pEUOBUH pi3HOI MPHUPOAM Ta CTYICHS
JTUCTIEPCHOCTI, MICTATh TOKCHYHI Ta 1HT10yIOYl JOMIMIKHU (10HM BaXKUX METaliB — IIKip3aBOJIH,
OapBHUKM — MIEpCTsIHI (paOpuky, aHTUOIOTHKU — (papM3aBOAM Ta 1H.), CHHTETHUYHI TOBEPXHEBO-
aKTHUBHI PEUOBWHU, KUPH Ta 1H. 3a0pyJHEHHS, YUMala KUIbKICTh SKHUX Ba)XXKO PO3KIAJAETHCS
OiosioriuHO 1 MOTpeOye BUAAICHHS Tepes, OlOJIOTIYHOI CTajl€l0 Ha CHOPYyAax JIOKAJIbHOTO
OUUIIICHHS.

Hamu po3po0iieHo TeXHOJIOTIT JIOKaTFHOTO OYHINECHHS 3 OTPUMAHHIM OYHIIICHOI BOJIH, KA
3a KOHIIEHTpalisIMU 3a0pyIHEHb BiAMOBI1a€ HOPMaM CKUAY B MICbKY CUCTEMY BOJOBIJIBEJCHHS 1
MOJKE B ITOJAIBIIIOMY TIPOXOINTH CITUTbHE OYUIICHHS 3 MICbKUMHU CTIYHHMH BOJJaMH Ha OYHCHHX
CHopyZAax Micra.

Po3po0neni TexHOJOrii JOKaJbHOTO OYMILEHHS CTIYHHUX BOJ BIIPOBAJKEHO B IMPOEKTU
OYMCHMX CTaHLINA Ta po3moyaro iX OyJIIBHUITBO (HM3Ka MPOMHCIOBHUX MIANPHEMCTB MicTa
XapkoBa: (apM3aBoja, OJIWHUNA 3aBOJ, M SICOMEPEPOOHHMI 3aBOJ, MAIMIMHOOYMIBHUN 3aBOJ,
niepctsiHa gpadpuka).

Taxk, Oyy0 po3p0o0IEHO TEXHOIOTIIO JIOKATBHOTO OYUIIICHHS CTIYHUX BOJI IMAMPUEMCTBA TIO
BUPOOHUITBY aHTHOIOTUKIB. TEeXHOJOrIs BKIIOYAE yCEpeIHEHHsI CTIYHHMX BOJ, KOAryJlOBaHHS
cynbdaToM 3aiiza 3 IMiTy>)KyBaHHSIM, BIJICTOIOBAHHS, OKHCHEHHS OPTaHIYHUX 3a0pyIHIOI0YNX
PEUYOBMH, B TOMY YHCII aHTHOIOTHKA, MEPOKCUAOM BOJHIO Ta (inbTpyBanHA. [IpodinbTpoBany
BOJy MO>KHA BiJIBOJIUTH B CHCTEMY BOJIOBIJIBEJICHHS MICTa JJISI TIOIATBIIIOTO CIIJIFHOTO OYHIIICHHS.
CryniHp BUAaJeHHA aHTUO10THKA — edypokcumy, nocarae 94-96%. Jlns 1ooduIeHHs CTigyHOi
BOJM BiJl 3QJIMIIKIB aHTUOIOTMKAa MOXXHA BHUKOPHUCTOBYBAaTH BHIIl BOJHI POCIHHH, 30KpeMa,
pscKoBi [4].

JIy1st TOKaTbHOTO OYMINEHHS CTIYHHUX BOJ M’ SICONEPEpPOOHOTO 3aBojy Oyso po3polieHo
TEXHOJOTII0 (i3UKO-XIMIYHOTO OYMIIEHHS 3 BiJIBEIEHHSM OYHINEHOI BOJU B CHUCTEMY
BOJIOBiABEZICHHST MicTa XapkoBa [5] Ta KOMIUIEKCHY TEXHOJOTI0 (i3UKO-XIMIYHOTO Ta
JIBOCTYIIEHEBOTO O10JIOT1YHOTO OYHINEHHS CTIYHMX BOJI, BIIPOBA/KEHY Ha M’ SICONEPEpOOHOMY
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MianpueEMCTBI B PiBHEHCBKIN 00yiacTi. B ocTaHHINM CTIYHI BOJAM MPOXOATH MMOBHE OYMINCHHS 31
CKHJIOM OYHIIEeHOT BOAH B piuky ['opuHb. TeXHOIOTIS BKIIOYAE peareHTHY HamipHy (UIoTaIlio Ha
MOTNEepeIHIM  cTajli, ABOCTYIIEHeBe aepoOHe OIloNOoridyHe OYHWIICHHS B aepoTEeHKaX Ta
3He3apakeHHS. BUKOPUCTaHHS TEXHOJOTIi /J03BOJIMJIO OYMCTHTU CTIYHY BOAY BiJl BHCOKHX
KOHIIEHTpAllil OpraHiuHUX PEYOBUH, 3aBHCI, CIIOIYK a30Ty Ta ¢hocopy 10 JOMYCTUMHUX 3HAUYEHb
Ui CKUAYy B piuky. CTyIiHb OYHMIIEHHS 32 OPraHIYHUMHU pedoBUHAMHU focsirae 99%.

Jpyruii HampsiMOK JOCHIJKEHb TMOB’A3aHUM 3 TIMOOKMM BHUJAICHHAM 13 CTIYHHUX BOJ
cronyk azory Ta ¢ochopy. IlpukinagoMm po3poOKu € HaA3BUYAWHO €(PEeKTHBHA TEXHOJOTIsS
010JI0T1YHOTO OUUIIEHHS CTIYHUX BOJ LIKIPSHOTO 3aBOJY 3 TIIMOOKHUM BUJAIIEHHSM CIONYK a30Ty
[6], o Oy70 BIpOBAIKEHO Ha MIKIpSTHOMY 3aBOJi B MicTi bonexi IBaHO-DpaHKIBCHKOT 00JaCTI.
TexHomorist BKJIOYae (IMICJsS TMOMEPEIHHOTO MEXaHIYHOTO Ta (PI3MKO-XIMIYHOTO OYMILECHHS)
010JI0T1YHY CTAJiI0 13 30HAMH — aHAEPOOHOIO Ta aepOOHOI0, 3 PELUPKYIIALIEI0 HITPATHOTO TIOTOKY
3 KiHIM aepoOHOI 30HM B aHaepOoOHY JuIsl 3A1MCHEHHs] B OCTaHHIN mpouecy neHiTpudikarii. Le
JI03BOJIMIO 3HAYHO 3HU3UTH KOHIIEHTpALil0 aMoHiliHOro asory - 3 200 mr/mm® Ha BXomi B
aHaepoOHy 30HY 10 1,5 MI/AM> Ha BHXOI 3 aepoTEeHKa MPU HOPMi CKUIY B PIUKY - 2 M/ M.

HactynHuii HanpsMOK IOCHiKEHb IOB’SI3aHUA 3 BHUKOPUCTAHHSAM JUIS O10JIOTIYHOTO
npouecy iMMOOLTI30BaHMX Ha CHHTETHYHHMX HOCISX MIKpOOpraHi3MiB. Mera AOCHIKEHb —
MiIBUIIATA €(PEKTUBHICTh OYMIICHHS CTIYHHX BOJ B aepOTCHKAX, aHAepOOHWUX Ta I1HIIMX
OlopeakTopax 3a paxyHOK 301/IbIIeHHS OioMacu MIKpOOpraHi3MiB B OJMHHII 00’ €My CIOPYIH, a
OTXe, 30UTBIINTH MIBHIKICTh OlOXIMIYHUX TPOLECIB JECTPYKIii OpPraHiYHUX PEYOBWH, BUXIJ
Oiora3y B aHaepoOHMX yMOBaX, 3MEHILUTH KaliTallbHI Ta €KCIUTyaTalliiiHi BUTPATH Ha OYHUIICHHS.
JlocmipKkyBanu pi3Hi TUIIH HOCI1B: IJIaCTMAcOBI HOCIT — OJI0YHI, AMCIIEPCHI, BOIOKHHUCTI KallpOHOBI
HOCii, OIOIJIIBKY Ha HOCIAX, MPEICTAaBHUKIB MikpoopraHi3MiB [1]. SIk mokaszanu pe3yibTaru,
HaMKpaIIM HOCiEM € BOJIOKHHUCTHIA 3 miometo nosepxui 4000 m%/m>. TIpoTe He0miKOM HOro €
CKJIQJIHICTh 1HAYCTPIaJbHOTO BUTOTOBIIEHHS €JIEMEHTIB HOCIS, OYMCTKU MOBepxHi Tomro. Lli
HEJIOJIKN yCYBalOThCA MPU BUKOPUCTaHHI MJIACTMACOBUX HOCIIB.

OctaHHIM yacoM Bce Oifbllie yBaru NpUAUIAETbCA B YKpaiHi 1 CBiTI 00’€KTaM CE30HHOi
poboTH, 10 SKUX HAJIEKaTh KypOpTH, CaHATOpii, 0a3u BIAMOYMHKY Ta 1H., BOJOBIJABEJICHHS 1
OUMIICHHSI CTIYHUX BOJ SKUX BIAPI3HIETHCA BiJ MICT Ta MANPUEMCTB. B 1IbOMY HampsMKy Oymu
npoBeaeH1 focaipkeHHs i [anpkoro HalfioHaaIbHOTO TPUPOAHOTO NMapKy BoamHebKo1 061acTi
1 po3p0o0JIeHI TEXHONIOT1 OUUIIEHHS CTIYHUX BoJ. CTIYHI BOAM BiJl TAKMX 00’ €KTIB MICTSITh 3HAYH1
KOHIIEHTpALIii cIojyK a30Ty (aMoHiitHuii - 1o 40 mr/am’) ta pocopy (dpocdaru - 1o 17 mr/am’),
XapaKTepU3yIOThCSI CE30HHOI0 HEPIBHOMIPHICTIO 3 HEBEJIUKUM IMPUIUIMBOM CTIYHHX BOJ B
OCIHHbO-BECHSIHUH Mepio/ Ta 3HAYHUM MIPUILIUBOM — B JIITHIMH.

Jl1st ounIIeHHs CTIYHUX BOJI 3alIPOIIOHOBAHO JIB1 (MIapaliesibHi) JTiHIT OYMCHUX CTIOPY, OJHA
JUTST HACEJICHOTO ITYHKTY 3 MOCTIHHMM HAJXOJ/DKEHHSM CTIYHHX BOJ, a JApyra — JJs KypopTy,
caHaropiiB Tomo. biojoriune ounieHHs BiAOyBaeThCS B AaHOKCHJIHIN 30H1 — B JEHITpH(IKATOPI,
Ta aepoOHIil 30HI — HITpHUdiIKaTopi, 0OUIBI 30HM YCTATKOBAHO HOCISIMH 3 IMMOO1TI30BaHUMH
MiKkpoopraniaMamu. Take pilleHHS J03BOJIE€ 3MIMCHUTH 3YMUHKY CIOpPYIU O10JI0T1YHOTrO
OUHMIIEHHS APYyTrol JIHIi Ha mepioj] OCiHb-3UMAa-JIITO (3a BIACYTHOCTI BigmouuBarouux). Hocii 3
IMMOO1JII30BaHUMH MIKpPOOpTraHi3MaMHu y BUCYLIEHOMY CTaHi MoxkHa 30epiratu 9-10 wmicsmiB 3
MOJaJbIINM BiIHOBJIEHHAM aKTHMBHOCTI MIKpPOOPIaHI3MIB B IEPiOJl 3alyCKy OYMCHHUX CIOPYJ B
poboty. TexHoNmOTiI0 BIOPOBaIKEHO Ha O4yMCHHX cTaHIisXx B cMmT lllampk Tta CBiTSA3b, OYHCHI
CTHopyau 30yJ0BaHO Ta TIPOBEICHO 1X HAIaroKEHHs, BUIPOOOBYBAHHS i 3aITyCK B €KCILTyaTaIlito
3 BUBEAICHHSM Yy poOOouMii pexuM. BHUcOka CTymiHb OYMIEHHS CTIYHUX BOJ BiJ] 3a0pyAHIOIOUUX
pPEUOBHH 3a0e31euye iX BUAAICHHS O HOPMATUBHUX BUMOT CKHILy B 03epo [TmoTudads.

OTxe, po3po0seHi TEXHOJOTIT MOKa3alu Micis iX BIOPOBAKEHHS BUCOKY €(PEKTHBHICTbH
OYMINICHHS CTIYHUX BOJ PI3HOTO CKJaAy 1 KOHIEHTpAIiid 3a0pyIHIOYHX PEYOBUH SIK IS
JIOKQJILHOTO OYMINEHHS, TaK 1 B CHCTEMaX MOBHOTO OYHILEHHS CTIYHUX BOJ 10 BUMOT MPUPOTHIX
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BofoiM. TexHomoris 3 BUKOPHUCTAHHSAM IMMOOUTI30BAaHUX MIKPOOPTaHi3MiB J1a€ MOXJIHBICTH
3HaYHO 30UIBIIMTH KOHILIEHTpAIil0 0ioMacH B OAMHUII 00’€My OYMCHOI CHOPYAH, 30UTBIINTH
JECTPYKTUBHY TOTY)XHICTh CIIOPY/IH, 3MCHIIUTH KalliTaJbHI Ta EKCIUIyaTalliiiHi BUTpaTH Ha
npoliec, OcoONIMBO B YyMOBaxX 3 HEIOCTATHHOIO MIBHJIKICTIO pOCTy OioMacH MiKpOOpraHi3miB
(manpukiaa, B HiTpudIikaTOpi A HAPOUIyBaHHSA  aBTOTPOGHHX  MIKpOOpraHi3MiB-
HiTpU(iKaTOPiB) Ta MOKa3ye MEPCHEKTUBHICTD ii BUKOPUCTAHHS JJIS OYMINEHHS CTIYHUX BOJ 3
HEPIBHOMIPHUM HAJIXOKEHHSM JJ1s1 00’ €KTIB CE30HHOI pOOOTH.
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TEXHOJIOI'TA 3HE3AJII3HEHHS ITIJIBEMHUX BO/I I3 BUKOPUCTAHHAM
POTOPHO-ITYJbCAIIHHOTO ATTAPATA
Cabnin J1.A.', O60006uu O.M.?
! Hayionanonuii mexuiunuii ynisepcumem Ypainu «Kuiscoxutl nonimexniynuii incmumym
imeni leops Cikopcokoeoy, Yipaina, m. Kuis, e-mail: larisasabliy@ukr.net
2Incmumym mexuiunoi mennoghizuxu HAH Ypainu, Yrpaina, m. Kuis, e-mail: tdsittfl@ukr.net

Ha OimpmiocTi Xap4yoBHX MIAMPUEMCTB JUISI  TEXHOJOTIYHOTO  BOJOMOCTAYaHHS
BUKOPHUCTOBYIOTh TMiA3eMHI BOAM. SIKICTh MiA3€MHUX BOJ B MPHPOJHHUX YMOBax IO Psay
MOKa3HUKIB HE BIJMOBIJIa€ HOPMATUBHUM BuMoraM. OCHOBHOKO JIOMIIIKOIO, SIKa BIUTMBAaE Ha
AKICTh MII36MHUX BOJ, SIBIISETHCS 3aJ1130, 30araueHHs SKUM MPOXOJAUTH BHACTIIOK BIITYKYBaHHS
3aiTi3oBMicHUX Topif [1].
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Monn 3ami3a XapaKTepU3yIOTHCS MOTIBAICHTHICTIO i MOXYTh 3HAXOMWTHCS B PI3HHX
dopmax Fe?" i Fe**. B migzeMHux Bojax HoHM 3aj1i3a HepeBakHO 3HAXOAThCS y BUrIAm Fe?*,
KOHIICHTpAIlis SKOTO MO csAraTH 15 1/11 13-3a BEIMKOTro BMICTY BUIBHOTO JIOKCHY BYTJICINIO 1
BiZICYTHOCTI okucitoBauiB [2]. Cromyku 3aji3a TPhOXBAJICHTHOI'O MAIOTh MEHIIY PO3YHMHHICTD,
HDK CIIOJIYKH 3aii3a Fe?", TOMY B TE€XHOJIOT1l BOJOIIATOTOBKH 3aJli30BMICHUX ITI3€MHUX BOJI
MPOIEC OKUCIICHHS € BH3HA4adbHUM. 7 migBHIEHHS €(QEKTUBHOCTI MPOIECY OKHCICHHS
BUKOPHUCTOBYIOTh TE€pEeMilllyBaHHSA. B TEXHOJIOTISX BOJOMIATOTOBKH I OUTHIN €(EKTHBHOTO
nepeMilllyBaHHS BUKOPUCTOBYIOTh PI3HOTO TUITY KOHTAKTHI IPUCTPOI UM €KEKTOPH.

Hamu Oynm mociimkeHi MeXaHi3MU [ii JTUCKPETHO - IMITyJIbCHOTO BBEIEHHS CHEpril
([1IBE) Ha eeKTUBHICTh MAaCOIIEPEHOCY B MPOLIECI HACHYEHHS BOJM KHCHEM MOBITPA. [l 1boro
BUKOPUCTOBYBAJIM YCTAaHOBKY, OCHOBHUM pPOOOYMM OpPraHOM SIKOi € POTOPHO - MyJIbCallidiHHA
anmapar. [1oBiTpst HAAXOIUTH B arlapaT CAMOBCMOKTYBAHHSIM 32 paxyHOK edekty Bentypi.

Hocnimxkeno, mo o6podka Bogau merogoM AIBE uactororo 2 - 5 k['11 3a0e3neuye eHeprito
akTUBaLii mpouecy aepaii 56,1 kJ/Momb, 10 3a0e3nedye 3MeHIIeHHs BMicTy #onis Fe* i3 2,5
M1/ 10 0,02 Mr/i, o 3HAYHO HUXKYE TEXHOIOTTYHMX BUMOT.

Takum umHOM, Kepyrounm MexaHisMamu J[IBE, wMoxHa 30UIbIIyBaTH IIBHUAKICTH
MacoIepPeHOCy 1, TAKUM YMHOM, iHTECH(IKyBaTH MPOLIEC 3€HE3a13HEHHS BOM.

Po3pobriena TexHosorisi BUMIpoOyBaHa B yMOBax UepBOHOCIOOIJICHKOTO CIUPT3aBOIY.
PesynpTatu BUNpoOyBaHb MiATBEPIMIN JTa0OPATOPHI JOCTIAKEHHS 1 MOKa3aiu ePeKTUBHICTh
metona JIIBE ans inTeHcudikaiii mporecy.
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HIJIAXW BUKOPUCTAHHS HIKAPAJIYIIN BOJIOCBKOI'O I'OPIXA JJIA
CTBOPEHHSA E®OEKTUBHUX BIOA/ICOPBEHTIB Y BOJOOYUILIEHHI
Camuenko K. 10., cm., Caonin JI. A., npog., 0.m.n.

Hayionanvnuii mexniunuit ynieepcumem Yxpainu « Kuigcokuil nonimexniunuu iHcmumym imMeHi
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Bonocekuii ropix (Juglans regia L.) — 1ie pocnuna 3 poaunu Juglandaceae, 3 sikoi y cBiTi
HIOPIYHO BUPOOISIOTH MJI0IB TpuOIn3HO 3,3 MIIH TOHH. Y €BpOIli OCHOBHUMH BUPOOHUKAMU €
Typeuunna, Ykpaina, Pymynis ta ®panis [1]. Ykpaina 3anumaerbcsi OJHUM 13 HAHOUTHIIMX
€KCIOPTEPiB BOJOCHKUX TOPIXiB y CBIiTi, Hapa3i Onu3bko 66-70% mpoaykuii e Ha ekcnopt. Y
MalOyTHBROMY IIsl 4aCTKa MOKEe 3pocTU 10 85% 3aBNSKM PO3BUTKY HOBHMX PUHKIB 1 cTabimizaril
JoTicTHKH [2].

Mera maHoi poOOTH — JOCHIIATH MOXKJIMBOCTI BHKOPHUCTAHHS IIKAPATYMH BOJOCHKOTO
ropixa B SIKOCTI €(eKTHBHOTO 0i10a/ICOPOEHTY Uil OYMILEHHs CTIYHHUX BOJ BiJ 3a0pyIHIOBAUiB,
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HacaMIiepe]] BAXKKUX METaJliB, OpraHIYHUX CIOJIYK Ta OapBHUKIB, TOCTIAUTH XIMIYHUN CKJIaJa Ta
BJIACTUBOCTI OlOMacH 3 BH3HAYCHHSAM BIUTMBY (pi3uuHOi 1 XiMi4HOT 0OpoOKHM Ha ajncopOuiiHi
BJIACTUBOCTI MaTepiaiy.

3 MeTor0 MiHiMi3allil BUCHAKEHHS IPUPOJIHUX PECYPCiB, OCTAHHIM 4acoOM 3pPOCTA€ IHTEpeC
JI0 BUKOPHUCTAaHHS a00 MepepoOKH ClibChKOrocmoaapchbkux Biaxomais [3]. [Ipote Bucoki BUuTpaTu
Ha ix 30ip, TpaHCIIOPTYBaHHS Ta 30epiraHHs 0OMEXKYIOTh 1X 3acTocyBaHHs [4]. Depmepu 3a3BHUait
30MparoTh JIMIIE Sapa TOpiXiB, a IIKApadymy Ta IHIII 3JIMIIKH CHATIOITh, M0 CIPUYUHSE
CEpHO3HI €KOJIOTiuHI mpobiemu. BomHoYac BUKOPUCTAHHS TaKUX BIIXOJIB MOXE 3a0€3IMeUuTH
JIOJIATKOBUH MPUOYTOK Ta MPUHECTH EKOJIOTIYHI 1 ColliaibHO-eKOHOMIuHI Buroau [3]. binbiie
TOro, MIKapajxyna IiCTiBHHX TropixiB (O0mu3pko 67% Big 3arampHOi Macu 1wiopy [5]), €
HNEPCHIEKTUBHUM JDKEepesioM 010MacH, 110 Ma€ JI0CTaTHbO BUCOKY MILIHICTb, HE THHUE, IPAKTUYHO
HE BTpadyae CBOIX BIACTHBOCTEH 3 YacOM, IIBUAKO BiJIHOBIIOETHCS B MPHUPOJIi 1 € €KOJOTIYHO
0e3neyHrM IPOAYKTOM JUIsl JroAed 1 TBapuH [6], a TakoX HAKONMHUYYEThCS OE3MOCEpeHbO Ha
ropixornepepoOHUX HiApreMCTBax [4].

[IIkapanymna BOJOCHKHX IrOpiXiB, B OCHOBHOMY, CKJIaJa€Thes 3 JirHiny (35,0%), uenronosu
(30,4%) 1 remimemonozn (24,9%). Bucokuit BMICT IirHIHYy poOOHMTH TakKy IIKapaiyIry
MEPCIIEKTUBHOIO JIIs1 BUPOOHUIITBA O10I0II0IB, CMOJ Ta a/IM€3UBIB, a TAKOX JJI1 BUKOPUCTAHHS
B sIKOCTi Oiomasusa [3].

[TpoGiieMa OYUIIEHHS CTIYHUX BOJ 3aJUIIAETHCS OJHUM 13 HaMakTyalmpHINIMX HAMpsSMiB
nocmikenpb [8]. OmHuM i3 Halie(heKTUBHIMIMX CIIOCOOIB OYHUINEHHS € aJCcOopOIisi — MPOCTHUH,
HEJOPOTHil 1 YHIBepCalIbHUI METOJ, SIKuil 3a0e3meuye BUCOKY CEIEKTHBHICTh 1 €()EeKTUBHICTb.
TpaauuiHO JOCTIKEHHS 30CepeKYBaIi Ha aKTHBOBAHOMY BYT1JIIi, OJJHAK HOTO HEJOJIIKAaMH €
BUCOKA BapTICTh 1 CKJIAgHICTh pereHepauii. Tomy 3pocTae iHTepec A0 aabTEpHATHUBHUX,
HU3bKOBApPTICHUX, BHCOKOS(DEKTUBHUX Ta EKOJIOTIYHO Oe3meynnx 6iocopOenTiB [1].

Sk y cupomy, Tak 1 B MOJIU(IKOBAaHOMY BHIVIA/I TOPIXOBI LIKAapaTylH MPOSBUIN BHCOKY
a7icopOLIlHY 3/1aTHICTh 1010 TaJlil0, HOHIB Ba)KKUX METAJIiB, OpPraHIYHUX CIIOJIYK 1 0apBHUKIB [8§].
di3uyHa Ta XIMiYHa aKTHUBALlisl HE JIMIIE MOKpallye cCOpOIiiiHi BIACTUBOCTI TOPIXOBUX IIKAPAIYTI,
ajse ¥ po3IIMpPIOE 1X 3aCTOCYBaHHS B IHIIMX ramy3sx iHaycTpii. [lokpaleHHs: nposBiaseThCs y
3011bIIEHH] KUTBKOCTI (DYHKIIIOHAJIBHUX TPYII, MUTOMOT MOBEpXHi Ta 00’eMy mop [7].

@YHKIIOHAJIBHI FPYIH JITHOLENI0JIO3HO1 O10MacH, 1110 MOKYTh OpaTu y4acThb y 3B’ 3yBaHHI
3a0pyAHIOIOUUX PEYOBHH Mij 4ac copOuii, — ue riapokcuibHi (—OH), kap6onunbHI (—-C=0) Ta
kapOokcunpHl (—COOH) rpymu. OpHak mpupojHA IIKapaiyna Mae OOMEXKEHY MIBHIKICTh 1
epeKTUBHICTb aacopOuii, TOMY ii MOAMPIKYIOTH XIMIYHO (JIy’KHOIO a00 KHCIOTHOIO 00pOOKOI0)
YyM NUIIXoM BBeAieHHs nossipHux rpyn —NHz, -COOH ta —OH. IIpoTe, 111 METOAM MatOTh YUCIIEHH1
HEOJIKA — BHCOKI eKCIUTyaTalliiiHi BUTPATH Ta YTBOPEHHS BEIUKOT KUTBKOCTI PIAKHX B1IXOIB,
o MoTpeOyIoTh MOAaNbIoi pereHeparii abo yrtumizamii. Takox, MO0 30UTBPIIUTH KUIBKICTH
AKTUBHHUX LIEHTPIB 1 MOKPAIIUTU CTPYKTYpPY MOBEPXHi, 3aCTOCOBYIOTh OOpPOOKY HOBEPXHEBO-
akTuBHUMHU peuoBuHamu (ITAP) [1].

3a3Buuail Moaudikalis MKapaxyl BOJOCBKMX TOpIXiB MPOXOAMTh y KijbKa eTamiB. Ha
MepIIOMY €Talli CHPOBUHHY IIKApaIyIy MOAPIOHIOIOTH 10 HEOOXITHOTO PO3MIpy, MPOMHUBAIOTH
JMCTUIIHOBAHOIO BOJIOIO, a MOTIM BUCYIIYIOTh Ipu Temnepatypi 105 °C nporsrom Houi abo 24
roauH. HacTymHuM KpOKOM € akTUBallis, sika Moke OyTH XIMI4HOI0 a00 (i3UUHOI0, 1 CIIPSIMOBaHa
Ha 301IbIIEHHS MOPHUCTOCTI Ta IUIONII TMOBEpxHi ancopOeHTy. IloTiM BUKOHYeETbCS Ipoliec
KapOoHi3alii MmiJl 4ac Mipoii3y, KUl TaKoXX HAa3UBaIOTh TEPMIYHOI OOpOOKOI0, B 1HEPTHIiH
aTMocdepi (3a BIICYTHOCTI KMCHIO). Y JIeSKUX BUIMAIKaX MipoJIi3 MPOBOAATH MEpe]] aKTHBAIII€IO.
Hapemri, cepis monaudikamiii 3aBepuIyeTbCs HaJaHHSAM MOBEPXHI aJCOPOEHTY aKTHBHUX
(YHKLIOHATBHUX TPYII, 110 MOKpAIlye HOro 3aTHICTh 3B SA3yBaTH 1 YTPUMYBaTH 3a0pyIHIOIOU1
peyoBuHH [7].
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OTxe, IIKapalyma BOJIOCBKOTO TOpiXa € TEePCHeKTHBHUM 1 JIOCTYITHHM JDKEPEIOM
JITHOLIEIIOIO3HOT 010MacH, 1110 Ma€ BUCOKHIA MOTEHITiall /I BAKOPUCTAHHS B SIKOCTI €()EKTUBHOTO
6i0ascOpOCHTY Il OYMILIEHHS CTIYHMX BOJ B BaXKUX METaJliB, OPraHIYHMX PEYOBUH Ta
OapBHUKIB. 3aBJIIKM BUCOKOMY BMICTY JIITHIHY, ICJTFOJIO3U Ta TEMIIIETIONIO3H, & TAKOK HAsSBHOCTI
aKTUBHUX (YHKIIOHATBLHUX TPyH (TIAPOKCUIILHUX, KapOOHUIBHHUX, KApOOKCUIILHHUX ), IIKapayna
31aTHa €(QEKTUBHO TOTTIMHATA 3a0pyIHIOIYl pPedoBMHU 13 Boau. Moaudikaiis marepiary
GIBUYHUMHE Ta XIMIYHUMH METOJIaMU JI03BOJISI€ 3HAYHO MIABUIIUTH aJCOPOIiiiHY 34aTHICTB,
301IBIIYIOUM MUTOMY MOBEPXHIO, 00’€M TOp Ta KUIbKICTh AaKTUBHUX Trpyl. Bukopucranss
IIKapaTyId BOJIOCKKOTO TOpiXa B SIKOCTI 010a7COPOCHTY € EKOHOMIYHO BUTIAHUM Ta €KOJIOTTYHO
0e3meyHnM, a TaKOXK CHpHUSE PaLlioOHATFHOMY BUKOPUCTAHHIO CUTBCHKOTOCIIOIAPCHKUX BiXO/IB,
IO BIiJKPUBAa€ HOBI TEPCHEKTHBH JUIS IMPOMHUCIOBOTO 3aCTOCYBaHHs Takoi OioMacu y
BOJIOOYHIIICHHI.
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BILIMB PH CEPEJIOBUIIIA HA EOEKTUBHICTD IHTETPAIIIMHOI'O ITPOIIECY
KOATYJIAIIA-YJIbTPA®LIBTPALISA ITPU OYULLEHHI BOAMU P. IHITTPO
Cemincoka 0.0., banakina M. M.

Inemumym konoionoi ximii ma ximii 6oou im. A.B. /[ymancoxoco HAH Ykpainu
Yrpaina, m. Kuis, e-mail: olya.sunshine(@gmail.com

[TocTiifHO 3pocTaroua aHTPOIMOTreHHA JiSUIbHICTh HEBIUHHO MPHU3BOAUTH /10 MOTIHOICHHS
OJIHI€T 3 EKOJOTIYHHX NPOOJIeM CBhOTOJEHHS — 3a0pyJAHEHHS BOJIHHX pecypciB. BomHouac
B)KMBAHHS YHUCTOI BOJIM, SKa NPHHUMAaE ydacThb y TNEPEeBaXHINH OLIBIIOCTI MPOIECIB, IO
BiJIOYBAIOTHCSI B )KUBUX OpraHi3Max, Ma€ BaXXJIMBE 3HAUCHHS JIJIsl 3a0€3MEUCHHS KUTTETiSTBHOCTI
moaunu [1].

["o1oBHOIO BOIHOIO apTepiero Ykpainu € p. JIHIpo, 3 K0T 0JepKyI0Th Boxy Omu3bko 70 %
crokuBayiB kpainu. [Ipu 1pomy mporiecu BOAOMIATOTOBKH, B TOMY 4ucCHi 1 Ha J[HImpOBCHKiil
BOJIOTIPOBIIHIN CTaHIl, BKIIOYAIOTh B ceOe crajii XJIOpyBaHHs, KOaryJsiii, OCBITIICHHS Ha
bUIBTPYIOYOMY 3aBaHTaXEHHI Ta MOCTXJOopyBaHHA. OJHaK, AHIMPOBChKAa BOAA B MICIISX
B0J103200py BiJI3HAYAETHCS MiABUIICHUM BMICTOM NPUPOAHUX OPraHiYHUX PEYOBHH, SIKi TpH ii
XJIOpYBaHHI NIEPETBOPIOIOTHCS HA XJIOPOTaHIUHI CHOMYKH, 1[0 MAIOTh KaHIEPOT'eHHI, TOKCUYHI 1
MyTareHHi BJIACTHBOCTI Ta € HeOe3NMeYHWMH JUIS JIIOJCHKOTO OpraHi3My. ToMy BaXKIMBHM i
aKTyaJIbHUM 3aBJIaHHAM CHOTOJICHHS € TTTMOOKE BHUAAJICHHS MPUPOJHUX OPTaHIYHUX CIOIYK JI0
CTaJIii 3aKIFOYHOTO XJIOPYBaHHS.

B ocranni gecatunitts y cdepl BOJOOYMILEHHS MO3UTHBHO 3apeKOMEHAyBaiu ceoe,
3aBISKH 4YOMYy HaOyJIM UIMPOKOTO PO3MOBCIOKEHHS, OapoMeMOpaHHI METOAM, aje iX
BUKOPHCTAHHS Ha MPAKTHUII 0OMEXy€eTbCs 3a0pyAHEHHIM MeMOpaH, 1[0 HEraTUBHO BIIMBAE Ha 1X
po6oui xapakrepuctuku [2]. [{ns 3abe3neueHHs eheKTUBHOCTI poOOTH MEMOPaHHUX E€JIEMEHTIB
Hapasi BUKOPUCTOBYIOTh MOEAHAHHS OapoMeMOpaHHUX METO/IB 3 IHIIMMHU METO/IaMHU OUYHUILEHHS
BO/M [3, 4], OTHUM 3 NPHUKJIA/IB SIKOTO € TIOE€JHAHHS MPOIIECIB YIAbTpadIbTpalii Ta Koarysuii 3
BUKOPUCTAHHSAM MIKPOJ03 KOAryJsHTY.

JocaiakeHHs: TpOBOAMIN Ha JIaOOpaTOPHiN yCTaHOBIII HEMPOTOYHOI'O TUIY 3 MAarHiTHOO
Mmimankow mpu pobodomy THCcKy 0,4 MIla. B poGoTi BHKOPUCTOBYBaIM MOMiCYJIb()OHOBI
yibTpadinbTpaliitHi MeMOpaHu 3 BiJCIKaHHIM 3a MoJjeKyssipHoro Macoro 20000 Jla. B sikocti
KOAryJsIHTYy BHUKOpUCTOBYBanu cynbdar amomirito Al(SO4)3-16H,0 (koHueHTpartis 2 wmr
Al/mv?®).  Tlepenm moyaTkoM pOOOTH 3pa3ku  MeMOpaH —ONpPecOBYBalHM  (iIbTPyBaHHAM
JUCTUIBOBAHOI BOAM JO JOCSATHEHHS TOCTIMHMX 3HaueHb MHUTOMOI MPOJYKTHUBHOCTI.
EdexTuBHICTh OYMIIEHHS BU3HAYaIM 33 KOJIBOPOBICTIO, BMICTOM T'YMYCOBHX PEYOBHMH, SKHUH
BU3HAYaJIM 3a MOKa3HUKOM UV3es4 Ta KOHIEHTpALI€IO aTIOMIHIIO Y BUXIIHIN BOJI Ta IepMmeari.
Excnepumentu npoBoaunuck B mexxkax pH 5 — 10. [IpoOu Boau 6yro BiniGpano B cepmHi 2025 p.

B xoai pobotu Oyino mocniakeHo BIUIMB KoedimieHTa Bigbopy nepmeata (k) Ha poboui
XapaKTepUCTHUKU MEMOpaHHu, IO JO3BOJIAE YTOYHUTH MEXI BUKOPUCTAHHS I1HTErpariifHoro
npoIiecy.

PesynbpTatu mocnmiJKeHHS BIUTMBY Koe(illi€eHTy BiIOOpY mepMeaTy Ha KOJIbOPOBICTb
nokasanu, 1o 3MmiHa pH cepenoBuia Mae 3HAYHHUI BIUIUB Ha €(PEKTHBHICTH 1HTETpaLlifHOTO
npouecy Koaryismis-yiabTpadinerpanis. Tak, npu 3HaueHHax pH = 8 — 10 kombopoBicTh
nepmeariB nepesunia 3Hadenns ['JIK 3a num mokasaukom (20 rpag 3a JICTY 7525:2014) 1
Biamosinana 20 — 38, 21 — 43 Tta 28,5 — 52,5 rpan. nns pH 8, 9 ta 10,0 BinnosigHo. 3HWKEHHS
3HayeHHs pH 1o 7,0 npuBeno 10 MOKpalieHHs sIKOCTI IepMeariB, KOJIbOpoBIiCTh AkuX mpu k = 10
— 30 % BiamoBimana 17,5 — 19,5 rpan, ane momanbiie MiIBHINEHHS K CyNpoOBOIKYBaIoCh
nepepuiieHHsM HopMm ['ZIK y 1,05 — 1,5 pasu. Ilpu pH = 6,5 ta 6,0 mo3uTnBHa AWMHAMIKA
30eperiach 1 AKICTh MEpMeaTiB 3a70BOJIbHsIIa HEOOXigHUM BuMoraMm npu k < 70 % Ta k < 90
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BIJIMOB1JTHO, aJie mojajbiie 3HmkeHHs pH 10 5,0 mpu3Beno 10 MoripieHHs SKOCTI TIepMeaTiB BiKe
npu k =10 %.

BMicT ryMiHOBHX pPEeUOBHH BU3HAUAIHN 32 MOKa3HUKOM UV 364, TOCITIIKEHHS IKOTO CBITYUTH
PO 3HIDKEHHS TOTEHIIHHOT MOMIJIMBOCTI YTBOPEHHS BTOPHHHHMX MPOAYKTIB XJIOPYBAaHHS IMPH
miAroToBUi MUTHOT Boau. OTpruMaHi pe3yIbTaTH MoKa3aiu, 0 HalKkpalla 3aTpuMyroda 3/1aTHICTh
3a UM TIOKa3HUKOM criocTepiranack npu pH = 6 i cranoBuna Big 83 % mpu k = 10 % mo 66,2 %
npu k = 90%. Iloripuenns 3HayeHb nokazHuka UVies criocTepiranoch siK Ipy MiJBUIICHH], TaK 1
npu noHmwxeHHi pH cepenoBuia, mpu bOMyY 3aTpUMYIO4a 3aTHICTh cTanoBmaa 1,5 — 78 %.

JocmipkeHHs Tpolecy OYHMIIeHHS Boau p. {HImpo 13 3acTOCyBaHHSAM I1HTErpariitHOro
nporecy KoaryJsisi-ylabTpadiibTpallis IOKa3ajo, IO BMICT QJIIOMIHIIO B IepMeaTax
3anoBosbHse BuMmoraM JICTY 7525:2014 npu pH = 6 — 7. 3minu 3HaueHs pH npusBoasTh 10
HOTIpIICHHS AKOCTI IIEpMeariB 3a BMICTOM allfoMiHito. Tak, mepmeaTy HeOOX1AHOT SKOCTI MOKHA
orpumatu nipu pH = 8 ta k < 80%, npu pH = 9 ta k <60 %, a nonanpuie miaBumenHs pH
YHEMOJKJIMBIIIOE€ OTPUMaHHS IEPMEATiB, SIKi 3a/I0BOJIBHIIOTH BUMOTH JI0 BOJM MUTHOT SIKOCTI.

Otxe, 3 BHILIEHABEJICHUX JIaHUX BHUIHO, 10 pH cepenoBuila mMae CyTTEBUH BIUIMB Ha
e(EeKTUBHICTh IHTETPALlIHHOTO TPOIECY OYMINCHHS BOAM KOAryJsis-yiabTpadiibTpamis i3
3aCTOCYBAaHHSAM MIKpPO/J03 KOAryJasHTY, a ONTHUMaIbHUM 3HadeHHSAM pH ans mpoBeneHHsS
MOAJIBIIINAX JIOCIIKCHb PEKOMEHT0BaHO 0OpaTu pH = 6.
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MOPIBHSIHHS E®EKTUBHOCTI JECTPYKIIII CTPENTOLUAY
BAOCKOHAJIEHUMHU NPOUECAMU OKUCHEHHA 3A YYACTIO HEPOKCUAY
BO/JHIO I IEPCYJIB®ATY HATPIIO

Cmonsapoesa I.B., Bakynenuko B.®.

ITnemumym konoionoi ximii ma ximii 6oou im. A.B. [[ymancoxoco HAH Ykpainu, m. Kuis
istolyarova2202(@gmail.com

Beryn. B ocraHHi poku B ychbOMY CBITI JOCHITHUKH (DIKCYIOTh HPUCYTHICTb
(dapMalleBTUYHUX MpenapariB B CTIYHUX BoJax (papMalieBTUYHHUX BHPOOHHUUTB 1 JIIKapeHb,
noOyTOBUX CTIYHHUX BOJaX, MOBEPXHEBUX Ta MiA3€MHHUX BOJAX 1 HaBiTh y NHUTHIA BOAlI B
KOHIICHTpaIlli Bij HI/aM> 10 MKT/iM> [1]. o HalOLIBII MOMTMPEHUX MIKPOJOMIIIOK TAKOTO THITY
HaJIe)KaTh aHTHOIOTHKU. 30KpeMa, BEIHMKY yBary HpPUBEPHYJHU CyJib(aHiIamMinHi aHTHOIOTHKU
yepe3 iX IIMPOKE BUKOPUCTAHHS B JIIKYBaHHI JIIOJICH, TBApUHHMIITBI 1 aKBaKyJbTypax Ta
NOLIMpEHe TOTPAIUISIHHSA Yy JOBKULIS — LIOPOKY B Oiocdepy iX MOTparuisie B CEpeIHbOMY
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>20 000 Toun [2]. Benuka rpyna mikapcekux mpemnapatiB (Oiabine 150 cromyk), 00’emHaHHX
3arajlbHOI0  Ha3BOK  cynbdaHinamigie abo cyneponamigie (CA), € mnoximaumu 4-
aMiHOOeH30JICYyIb(amiay, BiIOMOTo K CTpenTouusa [2, 3], sKuit XxapakTepu3ye CIIeKTp 1 MEXaHi3M
OpOTUMIKpOOHOT aii, crinbHUN JUIs ycix aHTUOlOTHKIB miei rpynu. CA, ixHi mMeraboniTu Ta
MPOIYKTH JECTPYKIi J00pe pO3YMHHI Yy BOJII, XIMIYHO CTaOULIbHI Ta OIOPE3MCTEHTHI, TOMY
TpaAULiHI TPOIECH OUYMINEHHS CTIYHUX BOJI HEIOCTATHHO €(EKTHBHI.

Bnockonaneni npouecu okucHeHHs (AOPs) mMaroTh BENWMKHI MOTEHIANT JUIsl I€CTPYKITii
aHTHOIOTUKIB B Pi3HUX BOIHUX 00'ektax [4]. Y Tomy umcii ans aecTpykuii cyibgaHigamiiB
nepcnekTuBHUMU AOPs BBakaroTh oToximMiuHe Ta (HOTOKATATITUIHE OKUCHEHHS TMEPOKCHIOM
BOJIHIO 4H niepeynbdarom [5, 6], mpuaomy Y P-C-onpominenns (A = 200-280 um) 3abe3neuyBaio
iX HaWmIBH/IIE TIEPBUHHE PO3KJIaJaHHSA. Ba)IMBUM HampsMKOM JIOCII/DKCHb HA JAHHWH 4Yac €
BU3HAUCHHS YMOB JOCATHCHHS MAaKCUMAJIBHOTO CTYINEHS TOBHOI ACCTPYKIi JO TPOCTHX
HEOpPraHiuHUX MPOJYKTIB (MiHepami3alii) TakuX EKOTOKCHUKAHTIB MpH pallioHaJbHUX J03aX
peareHTiB (OKHCHHUKIB 1 KaTalizaropa) i TpUBaIOCTi 00pOOKH.

MeTta po0OTH — TMOpIBHSHHSA KIHETHKU Ta CTYIEHS JACCTPYKIIl CTPENTOLMIY IPH
(GOTOXIMIYHOMY Ta TOMOTEHHOMY (DOTOKATaITHYHOMY OKHCHEHHI y JUCTHJIBOBAaHIA BOJII
TIEPOKCUIOM BOJIHIO Ta Nepcy b(paToM HATPilo PK MiHIMaNbHil KOHIEHTpaii ionis Fe*" ta Y®-
C-ompominensi (A = 254 am).

Metonuka excnepuMenTy. OO0’ekToM AocHiKeHHS OyB KOMEpUIHHHUNA mpenapar
crpentounny (99 %, Kurait). Xapakrepuctrka pod04oro po3unHy CTPENTONUIY B IUCTUIILOBAHIN
BOJII MpUBe/IeHa B Ta0I. 1.

Tabmuus 1. XapakTepuctuka podo4oro po3uuHy CTPenTOLUILY

®opmyna M.wm., Co, 30B., Aass, pHo
/MOJIb MM Mr/am> Mr/aM> cem!
CeH3N2O2S | 172,2 0,2 34,4 11,3+£0,2 2,11£0,05 | 6,3+0,1

dotoximMiuHe 1 (oToKaTaJiTUYHE OKUCHEHHA po3uuHiB crpenroiuay (CA) nBoma
okucHukamu (H202, NaxS>0g) npoBoauu npu TemrnepaTypl HaBKOJIMIIHBOTO cepeaoBuia (22+1
°C) na nabopatopHiii ycranoswi (¥ = 400 cm®, Tomuna mapy (/) ~ 1,5 cM) npu onpomiHeHHi 3a
nornomororo 3anypenoi namnu JIPb-15, mo Bunpominioe B Y®-C pianaszoni (A = 254 um), npu
nepeMilllyBaHHI MarHiTHOIO MIIIAJIKOI0 MPOTSAroM 2 rof. BuBUEHHsS KIHETUKM 1 MOPIBHSHHA
edextuBHOCTI mporecis dortoximMiunoi (H202/Y®, S20s*/Y®D) i roMoreHHoi GoTOKATATITHYHOT
(Fe**/H,0./YD, Fe*'/S,0s%/Y®) nectpykiii crpentonuay nposeneHo Oe3 peryimoBanHs pH
PO3uMHIB NpH HM3bKii KoHnenTpanii Fe*" (1,12 mr/am? (0,02 MM)) Ta MOISAPHUX KOHLIEHTPALIisX
OKUCHUKIB (4,2-4,3 MM), Omu3bpkux A0 crexiomeTpuyHoi kKoHueHTpamii HyO2, HeoOxigHol amnst
nmoBHO1 MiHepamizaiii crpentoruay 10 CO», HoO ta HeopraniyHuX 10HIB, 3T11HO piBHSHHSA (1).

Ce¢HsN202S + 22H,02 — 6CO; + 24H,0 + 2HNOs; + H>SO4 (1)

B mpoueci nocniakeHb KOHTPOIIOBAIM 3MIHY HACTYNMHUX HapameTpiB (P): ONTHYHOI
TYCTHHHM MaKCUMYyMY IOTJIMHAHHS pO3UMHY cTpentouuay B Y @-o6macti (42s8), sika XapaKTepu3ye
PO3KIJIaZIaHHs WOTO apOMAaTUYHOI CTPYKTYPH; KOHIIEHTPAIliil 3arajJbHOr0 OPTaHIdYHOTO BYTJICIO
(30B) (ctyninb MiHepaizaiii), mepoKcuIy BOJHIO 1 mepcyibdary HaTpito. CHeKTpHU MOTIMHAHHS
posunny CA peectpyBanum 3a jgomomoror crnekrpodoromerpa Shimadzu UV-2450.
Konuentpauito 30B BusHauanu anamizatopom Shimadzu TOC-Vcesn. Konunenrtpamii H20: 1
S»0s°" B Tporieci okucHeHHs po34uHiB CA KOHTPOIIOBAIH CIIEKTPO(GOTOMETPHYHUM METOIOM 32
peakiisiMU BiMOBITHO 3 cyibdarom Tutaniry (A =410 am) 1 KJ (A =400 um).

Pe3ysabTaTH i iX 00roBOpeHHs.

Bcranosneno, mo came Y ®-C-onpominenns (A = 254 um) po3uuny crpentouuny (Co = 0,2
MM, pHo 6,3) mpotsrom 2 roa CHOPUYMHWIO CYTTEBY HOTO TpaHCHOpPMAII0 — 3HMIKEHHS
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IHTEHCUBHOCTI MAKCUMYMY MOTJIMHAHHS po3unHY (A258) Ha 70 % Ta AesiKui CTyIiHb MiHepai3aii
(~ 15 %), onHak cympoOBOKYBAIOCh 3HAYHUM MOTEMHIHHSAM PO3YMHY BHACIIJOK MOJTiMepH3aIlii
YaCTUHU YTBOPCHHUX NIEPBUHHUX 1HTEPMEIIaTiB.

AHaui3 KIHeTUKH PO3KJIafaHHs cTpentoruay (puc. 1, a i 6) mokasas, 0 BCi JAOCIiIKEH]
doroximiuni (H202/YD, S:05> /YD) Ta dortokatanituuni (Fe'/H,0./Y®D, Fe*'/S,05% /YD)
NpoIec OKMCHEHHS MPH KOHLIEHTPAIlil OKUCHHUKIB, OJU3bKIN 1O CTEXIOMETPUYHOI, MiHIMATbHIN
koHnenTpaii Fe*" (0,02 MM) i Y®-C-onpoMiHeHH] 3HUKYBaIK HOro KOHIEHTPAIIi0 OilbII, HiXk
Ha nopsaoK (AAass > 90 %) Bxe 3a 0,5 rox (puc. 1, xpusi / i 4). [Ipy nIpakTUYHO MOBHOMY
BUKOpHUCTaHHI okucHUKA (96—100 %) 3a 2 roa yci 4oTUpH JOCITIIPKEHI IpoliecH 3abe3neuyBaiiu
NOBHY NEPBUHHY JECTpyKIIito mpenapary (98—100 %) ta Bucokuii cryninb minepamizamii CA (83—
90 %) (puc. 1, a, 6, Ta puc. 2, 6).

1o m B0 a 1,0 mPPo 6
0,5 0,5
0,0 0,0

0 30 60 90 120

Pucynok 1. TlopiBHAHHS KIHETMKHM JEeCTpPyKLii cTpenTouuay 3a 3MiHOW Ass (I, 4),
koHuentpanii 30B (2, 5) Tta po3knagaHHs okuMcHUKA (3, 6) B mporeci (GoToxiMidHOro (a) Ta
rOMOTeHHOT0 (JOTOKATAIITHYHOrO (6) OKUCHEHHS #ioro po3unny H,Os (1-3) Ta S208% (4-6).

Pazom 3 TuM pi3HULS B KiHeTulll MiHepanizanii CA Ta po3kiajJaHHs OKMCHUKIB Oyna Jyxe
cyrreBoto. [lopiBHsHHS edexkTuBHOCTI fochipkennx AOPs npu tpuBanocti okucHeHHs 0,5 ron,
JOCTaTHIN Ans 3a0e3MedyeHHs JIMIe BUCOKOTO CTymeHs nepBuHHOI necTpykiii CA (= 90 %),
BKa3y€ Ha CYTTEBI IepeBarw IMpOIECiB OKMCHEHHS 3a ydacTio H»O2 CTOCOBHO cCTymneHs
MiHepasizauii npenapary (puc. 2, a). Illepcynbdar HaTpiro B 060X gociimKeHnx nporecax (S20s>
/Y®, Fe*'/S:04* /YD) npu YD-C-onpominenni (A = 254 um) nporsrom mepmux 0,5 rof
pO3KJIaZiaBcsd 3HAYHO WIBMJIIIE, HDK IMEPOKCHA BOAHIO B aHaioriuHux mnporecax (H202/YO,
Fe**/H,0./Y®) (puc. 1, a, 6, kpusi 3 i 6). [Ipu oMy mporiec MiHepasizanii peakiiiHux cymimneit
npu GOTOXIMIYHOMY 1 POTOKATATITUIHOMY OKHCHEHHI po3unHiB CA nepcynbhaToM B IeH epios
Bi10yBaBcsl BiAMOBIIHO Yy 2,8 1 1,3 pa3u moBiIbHIIIE MOPIBHSIHO 3 mporecaMu 3a ydactio H2Oo
(puc. 2, a).

Martepianu IX MiskHapoaHOT HayKOBO-TIpakTHUHOT KoHpepeHLii «Uucra Bona. DyHmaMeHTalbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

133



AP% AP%
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H202Y® Fe3+/H202/Y® (5208)2-/¥Y®  Fe3+(S208)2-/VY® H202/Y® Fe3+H202/Y© (S208)2/Y®  Fe3+/(S208)2/Y®

Pucynok 2. [IlopiBusuns crynenis Qoroximiunoi (H202/Y®, S,05° /YD) rta
doroxatanituunoi (Fe*"/H202/Y®, Fe**/S;05* /YD) necTpykuii cTpenTonumy y Boji 3a 3MiHOIO
fioro koHueHTpatii 3a A2sg 1 30B Ta po3kinaganHs okucHUKIB ipu 3a £ = 0,5 (a) 1 2 rox (6).

Boanouac, npu TpuBaminioMy OKMCHEHHI TEHACHIIIT B POIECci MiHepai3allii 3MiHIOBAJIUChH
Ha MMPOTHJICKHI, BHACIIIOK YOTO BKe uepe3 1 rox nepcyibdar 3ade3nedyBas IS0 BHUILI CTYTCHI
dboToximMiuHOi1 1 oTOKAaTATITHUHOI MiHepati3amii peakiiiiHux cymimei (Bigmosinno Ha 1013 %)
npu Onmu3bkoMmy cryrneHi mepBuUHHOT aecTpykumii CA (97-99 %). MakcumanbHi CTymeHi
doroximMiuHOT Ta (OTOKATANITUYHOI MiHEpali3alii CTPENTOIHAY MEepPOKCUIOM BOJHIO B
JTUCTUIIBOBaHIH BOJIi cTaHOBWIIM BinoBiHO 83 190 % 3a 2 roa. AHanoriuHi cTyneHi MiHepai3arii
CA B paHoMy cepenoBUIl 3a0e3MedyBajidl TaKOX MPOIECH S0 /V® i Fe*'/S,08* /YD
(BimmoBigHO 90 1 85 % 32 2 roxn) (puc. 2, 6).

Bucnosku.

Bceranosneno, mo yci 4 gocmimkeri ¢poToxiMiuHI Ta (HOTOKATANITHYHI MPOIECH OKUCHEHHS TPH
KOHIIEHTPAIIisIX OKUCHUKIB, OU3BbKHUX JI0 CTEXIOMETPHYHOI (~22 MOIIB/MOIIB), MiHIMAIbHIH KOHIIEHTPAITi1
Fe3+ (0,02 MM) i YO-C-onpominenHi 3a0e3ne4yBalid MOBHY MEPBUHHY AecTpyKIlito (98—100 %)
ctpenroruay (CO = 0,2 MM) B TUCTHIIbOBaH1 BOJII Ta BUCOKHUI CTyMiHb HOTO MiHepaizaii (83—
90 %) 3a 2 rox mpH CTyNeHI BUKOPUCTaHHS OKUCHUKIB 96—100 %. Omxe, mpu mociimpKeHux
napaMmerpax (OTOXiMiyHE 1 TOMOT€HHE (OTOKATAIITUYHE OKWUCHEHHS CTPENTOIHIY TMepCyabhaToM
HATPI0 TIHCHO € albTePHATHBOI AHAJOTIYHMM IPOIIECaM 3a Y4acTHIO IMEPOKCHUIY BOJHIO 32 YMOBH
3aCTOCYBaHHS CTEXiOMETPUYHUX KOHIIEHTpAIlili OKUCHHUKIB 1 MAKCUMAaIBHOTO iX BUKOPUCTAHHSI.
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CIIA-T'OTEJII: AITPOBALIA IHHOBAHIﬁHOi TEXHOJIOI'TI OBPOBJIEHHSI BOIAA
!Cmpikanenxo T. B., ’Huxcnux T. IO., > Maznesana T. B.

00ecwruil HayioHanbHUll mexHoi02iuHull yHieepcumem, Yxpaina, m. Odeca,
e-mail: alpha.water.55@gmail.com
HTYY «Kuiscokuil noiimexuiuHuil incmumym im. 1. Cikopcokoeo», Ykpaina, m. Kuis,
e-mail: taren8@gmail.com

Cyuachi TeHneHii OyaiBHHLTBa Ta po3BUTKY 3amicbkux CIIA- ta Bennec-roreniB y
BIIAJICHIA «BIJ IMBUII3AIi» MICIIEBOCTI, a TaKOX IOMMPEHHS TYpPU3MYy, 30KpeMa,
CUIBCHKOT0/3€JIEHOT0 TypU3My, MOTPeOyIOTh BUKOPHCTAHHS BIAMOBIIHUX TEXHIYHHUX PIIIEHb i
BIIPOBA/KCHHS HOBITHIX TEXHOJIOTi OOpOOJIeHHs BOJM, Y TOMY 4ucii ii 3He3apaxkenHs [1-3].
Llimomo6oBa momaya A0 BCiX NMPUMIIIEHH TOTENIO BOAM, IO BiJINOBINAE IIIOYMM B JIE€pKaBi
BHMOTaM JI0 TTOKa3HUKIB ii sikocTi, € onHiero 3 BuMor JJCTY 4269:2003 [4]. AkTyansHICTh poOOTH
00yMOBJIEHA TUM, II0 BUOIp MPUHHATHUX TEXHOJIOTIH OOpPOOJICHHS BOAU € OJHHM 3 HAWOUIBII
YyTJIMBUX IHUTaHb, 3 SKUM CTHKAKOThCS BJIACHUKM TOTENIB, IO HParHyTh €KCIUIyaTyBaTH
ABTOHOMHI JpKepesia BOAOMOCTa4aHHs abo MOBTOPHO BHKOPHCTOBYBATH CBOIO BOAY. AJDKE Taki
TEXHOJIOT11 MalOTh BIAMOBIAATH «IIOTpedaM» Pi3HOMAHITHOTO O0IaIHAHHS 7Sl PUTOTYBaHHS 1K1
Ta HAIOIB, /IS 3aXUCTY NOOYTOBHMX, KOMEPLUIHHUX Ta MPOMHUCIOBHX MPHUCTPOIB, a Takox CIIA-
LEHTPIB 3 IX T1IpoTepMalbHUMHU IIpolietypamu Touo [3, 5-7].

Mertoro aHanmiTH4HOI poOoTH OyB aHami3 iH(QOPMAIIHHUX PKEped IIOJ0 PHU3UKIB IPH
eKCIuTyaTalii CHCTeMH aBTOHOMHOI'O BOJIOTIOCTaYaHHS Ta MaTepiaiB BIACHUX JIOCIIIKEHb 1010
MiHIMIi3alil pU3HKIB y TOTENSAX MPH KOMILICKCHOMY BHKOPHCTAaHHI BOJHUX PO3YMHIB OJHOTO 3
HOXIIHUX TYyaHITMHOBUX MOJIMEpIB - ripoxynopuay noiirekcamerwieHryadiguny (III'MI-rx).
Kpurepismu posrisany Oynu  goctatHd e€(EKTHUBHICTh TEXHOJOTI, HAAINHICTE poOOTH,
0e3MeyHICTh ISl JIFOJUHM Ta 00'€KTIB JOBKIULISA, KOMIIAKTHICTh Ta €HEPrOePEeKTHUBHICTb.

Amnani3z BupoOHunTBa 1 BuUkopuctaHHs [II'MI' y kpaiHax CBITYy CBIAYHTBH MPO YHUCIIEHHI
HayKOBI OOTPYHTYBAaHHS Ta BIPOBA/KEHHS HHU3KM peareHTiB Ha ocHoBl [II'MI" s
BOJ103a0€3MEeYCHHsT HACEJICHHS, MIiANPUEMCTB XapuoBOi MPOMHCIOBOCTI Ta KOCMETOJIOTIi, Y
XiMi4HIM, OyIiBeNmpbHIA Ta MEOMYHIN Tamy3sax, Ui Je3iH@ekiii 1 AekoHTaMiHalii 00’€KTiB
BETEPUHAPHO-CAHITAPHOTO HaryAny, s mnpodiakTuyHoi a0o BHUMYyIIEHOT Je3iHdeKil
HiANPUEMCTB  arponepepoOKd, TBAPUHHULBKUX (epMm, nramHukiB Tomo [8]. HaykoBumu
JOCTIIPKEHHSMH, BUKOHAHUMHU 32 y4acTi aBTOpIB wLi€i pobotu y 1997-2025 pp, o6rpyHTOBaHO
BUKOPUCTaHHS O10I[UIHOTO peareHTy KoMiuiekcHoi aii “AkBaton-10" (1P - [I'MI'-rx 3 HU3bKUM
BMICTOM 3aJIMIIKOBUX MOHOMepiB, po3pooHuk — HTL «YkpBoxOesneka», m. KuiB), mo mae
IMIUPOKUNA CHEKTp OaKTepUIMAHOI, BipyMiUMAHOI, (QYHTrIMIHOI Aii, HE JETKUH, TepMIYHO
cTaOlpbHUM, Oe3meuHuii Il Jrojel 1 TBapuH, Mae BCl HeoOXimHi mo3Boau MO3 VYkpainm i
CYIIPOBIJIHI METOJMYHI JTOKYMEHTH LIOJ0 OYMIIEHHS Ta 3HE3apakKeHHs BOJAM, B TOMY YHCII —
MATHO1, TEXHOJIOTIYHOTO O0IaIHaHH, 0OPOOIEHHS CTIYHUX BOJI, X ocafdiB Tomo [9, 10].

OCHOBHI HAaNpsIMKH 1 pe3yJbTaTH HALIMX JOCIIJKEHb, 10 JO03BOJWIA PEKOMEHIyBaTH
3aCTOCYBaHHS peareHTy «AKBaToH-10» y aBTOHOMHOMY B0/103a0€3M€4eHH] TOTEIIB, MOJISATAIOTh Y
HacTynHoMmy. (1) HampanpoBaHi Ta BIpoBa)kKeHI CXeMH BUKOPHUCTaHHS PO3YMHIB PEareHTy Mpu
pI3HIA KOMITOHOBII OOJIaHAHHS HA CTaHIIAX BOJOMIATOTOBKM B YyMOBax IMOMIPHOTO Ta
CIEKOTHOTO KJIIMAaTy, a TaKOX BiJMOBITHI METOAMYHI JOKYMEHTH Ta METOJM KOHTPOJIO BMICTY
3aJIMIIKOBOI KiIbKOCTI peareHTy y Boai [11, 12]. (2) Pesynbratu ampobarii oOpoOiieHHs
pPO3UYMHAMHU peareHTy «AKBaTOH-10» KanTaxy JpKkeperna BoAoNnocTayaHHs (MiHEpaJIbHOI BOAN) Ta
TEXHOJIOTTYHOTO 0OyagHaHHs [13] Oynu ycmimHO BHpPOBAKEHI MPHU OpraHizaiii aBTOHOMHOTO
BononoctayanHsa y CITA-Oytik-rorem «XX» (3akapnarts). (3) OOpobneHHs emkocTeil (y Tomy
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YUCIl — TPAHCHOPTHHUX, 3a HEOOXIAHOCTI) BOAHUMH PO3YMHAMH peareHTy «AkBaToH-10»
BUKOHYETbCA Bke MoHaa 20 pOKiB NHpU eKcIUlyaTalii CHCTEM/MPUCTPOIB IS JI0AAaTKOBOTO
OUMIICHHS] BOJYU IIEHTPAJII30BAHOIO MUTHOT'O BOAONOCTAaYaHHS, M0 (QYHKUIOHYIOTh Yy TUTSYHX,
MEIMYHUX 1 TOPTiBeNbHUX 3aKiajax, y roremax [8, 14]. Meroanynuii cynpoBin Ta HEOOXiaHI
KOHTPOJIbHI 3aX0/I1 LI0JI0 MEePEeBIPKU MOKA3HUKIB SIKOCTI JOJATKOBO OUMIICHOI BOAM BUKJIAJCH] Y
BIZIMOBITHUX JOKYMEHTaX, po3po0IeHnX 3a Hamoi y4acTi Ta 3aTBeppkennx MO3 Ykpainu [10].
Jis mMX METOUYHUX JTJOKYMEHTIB PO3MOBCIOKYETHCS Ha 30€piraHHs 3amaciB BOJIH Y BIATOBITHUX
€MKOCTSIX TIPU aBTOHOMHOMY Boj103a0e3nedenHi rorenis. (4) Cepen BaroMux NpuUYuH PO3BUTKY
Kopo3ii Ta 61000pocTaHh y Mepexi TpyOOmpoBOJIB, IO MOCTA4YalOTh BOAY A0 OYyAWHKIB, Y
BHYTPIIIHBO-OYAMHKOBIH Mepexi TpyOONpOBOIIB, € BUKOPUCTAHHS Ui 3HE3apakKyBaHHsS BOJHU
O10IMTIB-OKUCHIOBAYIB (XJIOPY 1 XJIOP-BMICHHUX pEarceHTiB TOIIO) Ta (opMyBaHHS XJIOp-
PE3UCTEHTHOCT] Y HU3KH NMaTOTCHHUX MIKPOOPTaHi3MiB, sIKa HEPI1AKO MOEAHYETHCS 3 IX CTIMKICTIO
1o antubioTukiB [15]. JocnipkeHHsIMH, BAKOHAHUMU 32 HAIlIOIO y4acTi, TOKa3aHo, 110 3aMiHa Y
nporeci oOpoOJIeHHST BOJIU peareHTIB-OKMCHIOBAYiB Ha peareHTH Ha ocHOBi [II'MI'-rx cmpuse
OUHMIICHHIO CTapUX TPYOOIIPOBOIB BiJl HAKOMMUYEHh KOMIIOHEHTIB Oio1ieH03y Ta coneil depymy,
TONI SK TPUCYTHICTh Yy iX CKJIaJi MO3UTHUBHO 3aps/PKEHUX OIONMIHMX TYaHIIWHOBHX TPy
0o0OyMOBITIO€ 3[aTHICTh MOJIMEPYy YTBOPIOBATH Ha METaJeBUX IOBEPXHSIX MillHI, IO HE
3MHUBAIOTHCS TOTOKOM BOJIHM, O10IIUIHI TUTIBKH, SIKi 3aXHINAIOTH MOBEPXHIO METAITy BijJl KOPO3ii Ta
06ioobpocranna [16]. HampaupoBaHO METOAMYHUN CYHpOBiJl MOTOYHOTO Ta IIOPIYHOTO
MPOBEJICHHS 3aX0iB 10 Ae3iHdekii BoxonpoBinHoi Mepexi [8]. (5) Pearentn Ha ocHoBi [II'MI -
IX 3/aTHI TPOSBIATH TiAPOAMHAMIUHY aKTHBHICTH Y BOAHUX po3unHax (edext Tomca) Ta
3HIDKYBATH TIAPOJMHAMIYHHMIA OMIp Yy BOJOINPOBITHIN Mepexi, 0 MiATBEPIKEHO
eKCIIepUMEHTaTbHUMHU AociimkeHHsMu [16,17]. To6to, 3acrocyBanHsa ajisi oOpoOieHHs BOAU
MOJIIMEPHOT'O PeareHTy KOMIUIEKCHOT Ail «AkBaTOH-10» y crcreMi Bogo3a0e3neueHHs TOTEINiB, Y
TOMY YMCJI1 — IPU aBTOHOMHOMY BOJIOIIOCTauaHHi, € €Heproe()eKTUBHUM 3aX0/10M, 1110 BaXKJIHBO
pu 0OMEXEHHSIX eJleKTporocTayaHHs. (6) 3a HEOOX1JHOCTI 3aCTOCYBaHHS peareHTy «AKBaTOH-
10» pa3om 3 amOMiHII-BMICHUMHM KOAryJIsHTaMHM 3MEHIIYeTbCs y 2-3 pasu morpeda y Iux
KOAryJIsIHTaX, 10 3HWKYE MPAKTUYHO Y TAaKy * KUIBKICTh pa3iB BMICT TOKCMYHOTO aJIFOMIHIIO B
ocafl micis mpouecy oOpobneHHs Boau. KpiMm Toro, 1i ocaau 3He3apaXkeHi 1 He MiJIaroThes
3arHMBaHHIO, 1110 3MEHIIIy€ HaBaHTaXXCHHs Ha HaBKoMIIHE cepenoBulle [8]. (7) IlepcnekTuBHUM
111010 BUKOPUCTAHHS BOJM 13 3aJMIIKOBOIO KUIBKICTIO MOJIIMEPHOTO peareHTy «AKBaToH-10» €
MUTTSI METAJIEBUX Ta IHIIUX [MOBEPXOHb Yy XapuoOJoLll Ta MPUMIIIEHHI PECTOPAaHy B TOTEI, SIKE
3a0e3neuye ogHOYacHO e(eKTUBHY iX Ae3iH(ekuiro (caniTuzamiro) [8, 18]. 3 miero )k METOI0 Bke
BUKOPHUCTOBYIOTh Y Xap4yOBiH, 30KpeMa, KOHAMTEPChKIH MPOMHUCIOBOCTI npenapatu «bionumyg
witoc» 1 «llomige3» (miroui peyoBuau — [II'MI" ta HAC), 1110 MOXe CIPUSTH BIPOBAIKEHHIO
KoHIIemii «Zero Waste pecTopany», TOMy IO CTI9HI BOJIM TOTEIIO (pecTopany) OyIyTh 4aCTKOBO
3HE3apa)keHi, MEHIIE MiIaBaTUMYThCSl 3aTHMBAHHIO Ta HETaTUBHOMY BIUIMBY Ha JOBKULIA.
Armpo0arisi TaKoro BUKOPHCTAHHS MOJIMEPHOTO peareHTy KOMIUIeKCHOi nii «AkBaToH-10» (a
takox «biomua mmocy, «Ilomines») npoBoautbes y CITA-OyTik-rotemni «XX».

BucHoBku. Pe3ynbrataMu KOMIUIEKCHUX HAYKOBUX JOCIIIKEHb OOIpPYHTOBaH1 MOKJIUBICTh
Ta e(EeKTUBHICTh YJOCKOHAJECHHS eKCIUTyaTalii CHCTEeMH AaBTOHOMHOTO B0J103a0e3NedYeHHs
roTeNiB IUISXOM BHUKOPUCTAHHS OAHOTO 3 IOXIJHUX TyaHIIMHOBUX IOJIIMEPIB — pEareHTy
«AkBatoH-10» (II'MI'-rx). Take 3acTOCyBaHHS MOJIMEPHOIO pEAareHTy KOMIUIEKCHOT mii
«AxBaToH-10» CTBOpPIOE YMOBU OTPUMaHHS HOPMATUBHO O€3ME€YHOI MUTHOI BOAM, IO BIANOBIAA€
BUMOTaM JIEP)KaBHOTO 3aKOHOJABCTBA, € EKOJOIiYyHO Oe3NeYHHM Ta IE€BHOIO MIipoIo
eHeproe(HeKTHBHIM.
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BIOEKOHOMIYHI NIEPCNEKTUBU BUKOPUCTAHHSA BIAXOAIB
HIKIPSAHOI FAJTY3I
Typkom Kamepuna Bonooumupisna’
Mokpoycosa Onena Pomaniena’?
! Teporcaenuii mopzoeenvro-exonomiunuil ynisepcumem, Yxpaina, Kuis, k.turkot@knute.edu.ua
“Kuiiscokuti HayioHaoHULL YHisepcumen mexHonoziii ma ousaiiny, Yxpaina, Kuis, olenamokrousova@gmail.com

CyuacHi HanpssMi 610eKOHOMIYHHMX MEPCIIEKTUB PO3BUTKY e€Bporeiickkoro Coro3y B 2021 pori
Oynu 3anporioHoBaHi y 3BiTi «®DopcalT-crieHapiii aist 6ioekonoMiku €C y 2050 pori: maitOyTHiN
nepexiq OI0EKOHOMIKM JI0 CTajoro pO3BUTKY Ta KIIMAaTUYHO HEUTpaIbHOI eKOHOMIKm» [1].
OCHOBHMMH 3aBJIaHHSIMH CTpateriii 6ioekomigHoro po3BuTKy €C cTanu: crainmii po3BUTOK, KIIIMaTH4IHA
HENTPaIbHICTh, IHKIIIO3UBHICTh B EKOHOMIYHUX 1 COLIIaNbHUX pealniax kKpaiH-uieHiB €C [1, 2].

B Yxkpaini 6i0eKkoHOMIYHA CTpaTerist PO3BUTKY OKPECTIOETHCS Ta PEATi3y€eThCS MOBUTEHUMH
TEMIIAaMH, XapaKTepPU3YyIOUHCh, MEPEBaKHO, (parMeHTapHUM xapakTepoM. llepcrexTuBHMUMHU
rajy3sMd B €KOHOMIll YKpaiHi ans peani3anii Ol0EKOHOMIYHUX CTpaTerii € CLIbChbKe
rOCHOJapCTBO, Jierka MPOMHCIOBICTh Ta OloeHepretuka. B 3B’a3Ky 3 mum, minecnpsMoBaHa
MOJIITUKA PO3BUTKY O10€KOHOMIKM B YKpaiHi, MATPUMKA MPOMHCIOBOTO CEKTOPY MOXKE CTaTH
PYLIIHHOIO CUJIOKO y CTAJIOMY PO3BUTKY HalllOHAJIbHOI €KOHOMIKH [2].

[kipsiHa TPOMUCIIOBICTh Y KpaiHU € CTaOUIbHOIO CKJIAZI0BOO raly31 JIETKO1 IPOMUCIOBOCTI,
HIATPYHTSM JUISl YOTO € HasABHICTh CHPOBUHHUX BITUHM3HSHUX PECYPCiB, PO3BUTOK TBAPUHHUIITBA,
dbepmepchKOro rocrnoaapcTsa Touo [2, 3].

[IkipssHe BUPOOHMIITBO Iepedayae MoCiiloBHE BUKOHAHHS PI3HOMAHITHUX PIIUHHHUX Ta
MeXaHIYHUX OOpoOOK cupoBHHHU 1 HamiBpaOpukary. IIpu 11boMy B TEXHOJOTIYHUX IpoIecax
BUKOPUCTOBYIOTh CYTTEBY KUIBKICTh PI3HOMaHITHUX PECYPCIB: MOBITPs, BOAY, XIMIUHI MaTepiaiH,
010J10T1YHO-aKTUBHI CIIOJIYKH TOILO [2]. 3 OJIHIET TOHU WIKYp OTPUMYIOThH puodau3Ho 150-200 kr
rOTOBOI LIKIpH, a Takok O6113bK0 750-850 kT TBepAux Biaxoais. ILlopoky cBiTOBa HIKipsiHA TaTy3b
reHepye 3HaYHy JIOJII0 P1IKMX Ta TBepAUX BiAXoAiB [2, 3]. Cepen TBepAUX BIAXO/AIB YTBOPIOETHCA
6mu3pko 200 kxr BimxoxiB ayOsneHoi mkipu Ta 250 kr HeqyOJIeHUX BIIXOJIB, SIKI CTBOPIOIOTh
BEIIMKY €eKOHOMIYHY Ta €KOJIOT14HY MPpoOIeMy JuTst JOBK1UIsI. BcTanoBmeHo [2], 1o ckaa TBEpANX
BIJIXO/IIB IIKIPSHOTO BHUPOOHUIITBA, SIKI YTBOPIOIOTHCS MijJ Yac MPOLECiB BUPOOHMIITBA IIKIPH,
BKJIIOUYAE COJIi, BIIXOAM BOJIOCCS, 00p13b TOJIMHHY Ta MIKIPSHY, CTPYKKY, MW TOU[O0. Takox, MiJ
4ac OYMCTKHU CTIYHUX BOJ IIKIPSHOTO BUPOOHMIITBA YTBOPIOIOThCA Ocaay (LINIAaMH, MYJI) Ta 1HIII
TBepai Bimxoau [3]. CaMuM POCTUM CIIOCOOOM MOBOKEHHS 3 TBEPAUMH BIIXOJAMH IIKIPSTHOL
IPOMHCIIOBOCTI € iX pO3MIIlleHHS Ha CMiTTe3BaquIiax. [IpoayKTh THUTTS OUTOKBMICHHUX Ta
KUPOBMICHUX BIAXO/IB IIKIPSHOIO BUPOOHHUIITBA MOPYIIYIOTh OallaHC «IpyHT Ta/abo BOMHI
pecypcu» HaBKOJIMIIHBOTO cepeaoBuina [2]. ¥V 3B’43Ky 3 IIMM CBITOBA IIKipsHA rady3b 3MyIIeHa
IIyKaTH CIIOCOOM TOBTOPHOTO BHUKOPWCTOBYBAaTH BIAXOIB, IO YTBOPIOIOTHCSA B TpOIIEC]
BUPOOHHUIITBA HIKiPU HA PI3HUX CTAIiSAX TEXHOJOTTYHUX MPOLECIB, a00 3aII04aTKOBYBATH CIIOCOOU
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ix yrumizamii [3]. Bigomi crmocoOu BHUKOpPHUCTAaHHS TBEPAHW BIAXOMIB Y BHUPOOHMIITBI TaKUX
MmarepiaiiB, K KJIEH, *KelaTHH, OLIKOBUI KOPM /IS TOMAaIIHIX TBapuH Toio. Cy4yacHi MpOAyKTH
nepepoOKH KOJAareHBMICHUX BiJXOJIiB, a caMe, eKCTparoBaHMWK KoJlareH, MeNnTH I, aMiHOKUCIIOTH,
OTPHMaHI 13 BIIXOMIB HIKIPSHOTO BHPOOHHMIITBA AaKTUBHO BHUKOPUCTOBYIOTHCS B KOCMETOJIOTII,
OiodapmereBTHIIl, paHO3aroBAIBPHUX Marepianax Tomo [4]. Hampukman, NepcneKTUBHHM €
croci0 OTpUMaHHs €KCTParoBaHOTO KOJAreHy 3 KOJareHBMICHHMX BiJXOJIB IMICTS ITiATOTOBYHX
npoiieciB nepepoOku mkipssHoi cupounM [4]. [ToctaniitHa Ta TpupazoBa oOpoOKa MmoapiOHEHUX
BIZIXO/IiB OLITOBOIO KHCJIOTOIO y MPUCYTHOCTI €THIJICHA1aMiHTETPAOLUTBOI KUCIOTH Ta HACTYITHE
OCQ/DKCHHsI OUIKa XJIOPUIOM HATpPil0 MPOJAEMOHCTpyBaja e(pEeKTUBHHM CIIOCIO eKCTparyBaHHS
Kosiareny. HaiiGinplry KinbKicTh KojlareHy OyJio OTPHMaHO 3 KOJAareHBMICHHMX BiIXOMIB MIiCIIA
IEepUIOro Ta Jpyroro excrparyBaHHs. OTpuMaHui KolareH Kiacu(ikoBaHO K THIN I Ta 4ncTHil.
OTpumaHMii €KCTparoBaHMWX KOJIareH fK O10mojiMep MOXKE€ MOBTOPHO OyTH BHUKOPHCTAHUH B
TEXHOJIOTiH BHUPOOHHUIITBA IIKipHU ab0 K CaMOCTiiiHa MaTpuld y CTBOpPEHHI OlomarepiamiB Ta
JTIKyBaJbHUX TpenapaTis [4].

[Ticast piIuHHUX MPOLIECIB MEPEPOOKU CUPOBUHU 3 KOKHOI TOHU aKyMYIIOETHCS OJIM3BKO
50-150 M criunux Box Ta 500 kr myny [5]. BpaxoByrouu, 10 Ha KOXHY TOHY CHPHX ILIKYp
HIKIPSIHO Tay3b BUKOPUCTOBYEThCS mpuobauzno 30-40 M> BoaHM, 3 SAKHX 35 % iige mim uac
NPOMHBAHHSA, a 55 % BUKOPUCTOBYETHCS ITiJ] Yac PIAMHHUX MPOILECIB UM MEXaHIYHUX OTIEpallil,
MOYKHa CIPOTHO3YBaTH PiBEHb 3a0pyIHEHHS BOJHHUX PECYpCiB HABKOJHUIIHBOIO CEpeloBUILA [2,
5]. 3aranzom BizoMO Hpo LIOpiuHE YTBOPEHHs O1u3bko 600 MJIH M> CTIYHMX BOJ IIKipSHHX
BUPOOHMIITB 3a CBiTOBUM 00csarom. CTi4yHI BOJM IIKIPSHUX 3aBOJIB € OJHUMH 3 HAHOLIBII
3a0pyIHIOIYUX cepeJl TPOMHUCIOBHX BIJXO/IB IIKIPSHOT IPOMHUCIOBOCTI.

PizHo(dyHKIIIOHAIBHI XIMIYHI CIIONYKH (KUCJIOTH, JYTH, COJi XpOMy, TyOMIIbHI PEUOBUHH,
PO3UMHHHKH, CyIb(Qian, OAPBHUKU TOIIO), SKIi BHKOPHCTOBYIOTHCS B TepepoOIll MKipsHOI
CHUPOBHHHU JJIsi OTPUMaHHS HIKIp MOBHICTIO HE (IKCYIOThCS B JIEpMi, 110 MPOBOKYE MiABHILCHHS
P1BHS 0610JI0TTYHOTO Ta XIMIYHOTO CIIO’KMBAHHS KUCHIO, 3arajbHOi KITBKOCTI PO3UNHEHUX TBEPIUX
Ta 3aBUCIUX PEYOBHMH. BCTaHOBIIEHO, IO XiMIUHI CHONYKH, SIKI MPAKTUYHO HE MiJAA0ThCA
yTHJII3a1lii 31 CTIYHUX BOJI, YTBOPIOIOTHCS M1/l Yac XpoMOBOTro ayOieHHs [3].

CyuacHi MeToid MEepeTBOPEHHsI PIAKUX BIIXOAIB IIKIPSHOIO BUPOOHMIITBA HAa €HEPTIIO €
NEPCIEKTUBHIUMHU, EKOHOMIYHO BUT1THUMH Ta TEXHOJIOT1YHO MOKITUBUMH. [[iATpyHTSIM /7151 1IHOTO
€ TIPUCYTHICTh B HUX OPTaHIYHUX PEYOBUH 3 ONTUMabHIM MacoBUM criBBigHomeHHsM C : N Ta
iX piIKMii arperaTHUi ctaH [5].

Bupo6Hu1TBO 6i0€HEpreTHYHUX MPOAYKTIB Y BUIJISII O10ra3y 3 6ioMacu HalyJI0 3HAYHOTO
nomupeHHss B OaraTtbox KpaiHax. IIporpecuBHi kpainm €C ans BUpIIIEHHS NHUTaHb
pecypco30epekeHHs Ta KJIIMaTHYHOI HEMTPabHOCTI BIPOBAKYIOTh TEXHOJIOTIi BUPOOHUIITBA
BIJTHOBIIIOBAJILHUX JiKepes eHeprii. JJis mIKIpSAHOoT rany3i BIAKPUBAETHCS TPAKTHYHA TEPCIEKTUBA
010€KOHOMIYHOI CcTpaTerii BUKOPUCTAHHS BIJIXOMAIB Yepe3 peaji3alilo NMPUHIMITY «repepoOka
B1JIXO/IIB—BHPOOHUIITBO €Heprii»y. OTKe, BIAXOAM MIKIPSIHOTO BUPOOHUIITBA € TMOTEHIIHHUM
CHUPOBHHHUM PECYpPCOM JUIs BAPOOHUIITBA O10€HEePrii Ta 37aTHI CIPUATH BUPILICHHIO €KOJOTTYHUX
Ta COLllaJIbHUX ITUTAHb.

CrivHi BOAM WIKIPSHUX MIANPHEMCTB € TOTEHIIHHUM JDKEepeioM BUPOOHMIITBA Oiorasy, ajie
OCHOBHUMH TMpoOieMaMu iX e(peKTHBHOI MeTaHi3alii € BHUCOKHA BMICT a30Ty Ta HasBHICTh
PEUYOBHH, IO HE MiJIAI0THCS OionoriyHOMY po3kiagaHHio (cronyku Cr, Al TaniniB Ta inme)[6].
Jnst  mocuneHHsS TPOIYKTUBHOCTI 30pOJDKYBAaHHS —3alpoOBa/DKEHI TEXHOJOTIi J0/aBaHHSI
depmenTiB. Bigomo [7] HanpsiMu CHUIBHOTO BUKOPUCTAHHS HIIaMy, MyJy a00 KOHIIEHTPOBaHHUX
CTIYHMX BOJ| HIKIPSHUX MIIPUEMCTB SIK CyOCTpaTy AJis 30poIKyBaHHs i oTpuMaHHs Oiorazy. I1ix
qac MpoLeCy CIUILHOrO0 30pO/KYBaHHS PEKOMEHIYIOTh J0JaBaTh TaKOX JIiNazy /Ui MOKpaleHHS
cTafii TIApOJi3y Ta CHOBUIBHEHHS aHAepoOOHOTO 30pO/IKYBaHHS, IO CHpHUSE 30UILIICHHIO
KUTBKOCTI OTpuMaHoro Oiora3y Ha ~ 15%, a mepioa 30pomxyBaHHsS cKopouyeThest Ha ~ 30% [8].
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Bcranosneno [9], mo momnepenHs oOpoOka ocamy MIKIPSHUX MIANIPUEMCTB (epMEHTaAMU s
aHaepoOHOro 30poKyBaHH 301IbIIIy€E BUX1] Oiorasy.

[TepcieKTMBHUM CHPSIMYBaHHSM € JTOCJIIJPKEHHS BILTUBY 030HYBaHH: [ 10] 15 miiBUIICHHS
XIMIYHOI TIOTpeOU B PO3YMHHOMY KHCHI, BPaXOBYIOYH, IO Tigpoii3 ocaay HoTpedye Oiibii
TPUBAJIOTO Yacy BijcTtoroBaHHsA. O30HYBaHHS ISl PO3UYMHEHHS KJIITHH 1 TIAPOIII3Y 0caly CTIYHUX
BOJI IIKIPSHUX MIANPHEMCTB PYyHHY€E KIITHHHY CTIHKY Ta aKTHBi3y€e BUPOOHHUIITBO Oiorasy.

AKTHBHO  JOCHIKYIOTBCS ~ HAmpsIMM ~ KOMILUIEKCHHUX  TEXHOJOTIH  30pOKyBaHHS.
BceranoBneno 3poctaHHs e(eKTUBHOCTI OTpUMaHHsS Oiorasy mpu CHUIBHOMY 30pOJDKyBaHHI
BIJIXO[IB LIKIPSHOTO MIAMPUEMCTBA Ta KOPOB'SYOT0 THOKO MPU MacoBoMy criiBBiaHomIeHH1 70:30%
(xopoB'stumii THiH 10 ocaay mkipssHoro 3aBoay) [10]. CrinbHe 30poKyBaHHS OCaay CTIYHUX BOJT
Ta 1HIIUX BIAXOMAIB IIKIPSHOTO a00 Xap4oBOr0 BHUPOOHHUIITBA € AJIbTEPHATUBHUM CHPOBUHHHUM
JDKEpEJIoOM OTpUMaHHs Oiora3y. 3a3HaueHi BAXOIM MOXXHA BUKOPHCTOBYBATH OE3MOCEPEHbO HA
HIKIPSHUX 3aBOJIaX SK JDKEPENIo Teruia abo aiiss BUpoOHUIITBA enekTpoeHeprii [8-11]. JoenaeHo
JOUITBHICTE KOMOIHYBaHHS BHXIJHOI CHPOBHHM Ta ONTHUMI30BaHO NapamMeTpH BUPOOHHUIITBA
Oiora3sy, 3TiJHO SIKUX OCaJ{ CTIYHUX BOJ IIKIPSIHOTO MiANPHEMCTBA BUKOPUCTOBYIOTH CILIBHO 3
IHITMMY BUaM# 010Macu: MiKpOBOJOPOCTSMH Ta BOJIOCSHUM ITOKPUBOM BEJIKOT POTraToi Xy 100u.
CrninpHe 30pOKYBaHHS IIKIPSHUX BIOXOIIB Ta CTPYXKH 3 MIKPOBOJOPOCTSMHU IIiJIBUIIY€E
e(peKTUBHICTb BUPOOHMITBA Oiorazy. Y IbOMYy BHIIQJKy MIBHIKICTh BHPOOHHMITBA Oiorasy
301IbIIYEThC 13 30UbIIeHHAM criBBigHOmeHHs C: N [12].

3aramoM,  MPOJEMOHCTPOBAaHO, IO OIOEKOHOMIYHI cTparerii poO3BUTKY YKpaiHw,
rapMoHizoBaHi 13 rtwianamu €C, MOXyTh OyTH eQEeKTUBHO BHUpIIIEHI PO3BUTKOM Ta
BIIPOBA/KCHHSIM TEXHOJIOTiH TepepoOKH BigxXoMiB HIKipsHOI ramy3i. TBepai Ta piaki Biaxomu
HIKIPSTHOTO BUPOOHUIITBA MICTATh aKTHBHI CKJIaJIOB1, B TOMY YHCIIi OLTOKBMICHI Ta KHPOBMICHI,
10 BIJIKPUBA€ MOXIMBOCTI i OiOCHEPreTHYHUX PO3POOOK Ta CTBOPEHHI MpenapariB st
(apMmarieBTUYHOI, 010TEXHOJIOT1H Ta MPOMHUCIIOBOI CKJIaZI0BOT €KOHOMIKH Y KpaiHH.
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OOTOXIMIYHA TA ®OTOKATAJITUYHA JECTPYKUIS MAPAIHETAMOJIY
Y BOAI PI3BHUMU OKUCHUKAMMU I AI€K0 YO-BUIUMOTI'O CBITJIA
1llgaouuna 10.0., Bakynenko B.®D.

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

Beryn. OpHowacHO 3 pO3BUTKOM (hapManeBTHYHOI 1HAYCTpii, 3pOCTaHHSAM 00’ €MiB
BUPOOHUITBA Ta pPO3MIMPEHHSIM AacOPTHUMEHTY (QapMaleBTUYHUX I[IpernapaTiB BCE YacTille
(bikcyeTbCsl MPUCYTHICTh 3ANMLIKIB JIKIB Ta iX METa0OJITIB B HAaBKOJIMIIHBOMY CEpEIOBMILI,
30kpemMa, y Boii. Tak mMpokuil iana3soH KOHIEHTpamiil (Bix gecaTkiB Hr/aM® 10 JecATKiB
MKT/M®) 0IHOTO 3 HAMMOIMPEHIINX aHATBTETUKIB 1 KAPO3HUIKYIOUUX 3ac00iB - MapaleTaMouy,
OyB BUSIBJICHUI Y BOJIaX p13HOIO MpU3HaYeHHs. MakcumaibHa KOHIIeHTpallist napateramony (I1L1)
B TIOBEPXHEBUX BoAax jocsrae ~ 100 MKI/am®, o B JecATh pasiB IepeBHILye NPOrHO30BaHMUiL
napameTp KoHreHTpaiii 6e3 epexty (predicted noneffect concentration parameter (PNEC)), sxuii
cTanoButh 9,2 Mxr/mm* [1]. BpaxoByroun TokcuuHicTs I11] Ta Oro aeskux GilbIl TOKCHYHHUX, Hixk
BIH caM, MeTa0oITIB JUIsl JIOAUHU Ta 1HIUX popm XKUTTS [2, 3], BKpall Ba)xJIMBO 3HU3UTHU
OPUCYTHICTh IIbOTO MpemapaTy B PI3HUX BOJHUX €KocHcTeMax. BlockoHaseHi mporecu
okucHeHHs (AOPs), 30kpema, kiacuuamii poriec Gporo-OeHToHa, 37aTHUHN 3a0€3MEUUTH TITHO0KY
JIECTpyKIito (MiHepamizaiilo) O0araTboX eKOTOKCHKAHTIB. CydacHOI CTpaTerielo II0J0
PO3MIUPEHHS] MOXIMBOCTEH HEIOpOroro, MPOCTOTO B €KCIUTyaTallii Ta e(peKTHBHOTO MpoIecy
¢doro-DeHTOHa € BUKOPUCTAHHS 3aMICTh NEPOKCHUIY BOJHIO IHIIMX OKHCHMKIB, 30KpeMa,
nepcynbQary HaTpito, SIKUM, aKTUBYIOUHUCH IT1]1 I1€10 JXKEPel BUIPOMIHIOBaHHS, T€HEPYE MOTYKHI1
cynb(daT-paiukand 3 TMEpCIeKTUBHUMM JUIS LBOTO MPOIECY BIACTHUBOCTSAMM: MEHIIOIO
3asiekHICTIO Big pH peakiii Ta OB BUCOKMMH OKHCHHUM TOTEHIIAIOM 1 Koe(ilieHTOM
eKkcTHHKLI B YD-A 006sacTi, HOPIBHSIHO 3 MEPOKCUIOM BOJHIO, IIO POOUTH HOTO 3aCTOCYBaHHS
MIPUBA0IMBOIO ATbTEPHATUBOIO.
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MeTta po6OoTH — TIOPIBHSAHHS KIHETMKHA Ta CTYIEHS HAECTPYKIii (OTOXIMIYHOTO Ta
TOMOT€HHOTO ()OTOKATATITUYHOTO OKUCHEHHSI MapareTaMoiry Y TUCTUIHOBAHINM BOJII IEPOKCUIOM
BOJHIO Ta MepCyJb(aToM HATPitO NP onpoMiHeHHI Y O-BHIUMHUM CBITIOM.

Metonuka excnepuMenTy. OO’ekToM AoCHiDKEHHS OyB KOMEpUIMHHUN Mpenapar
napareramony (aneraminoden, 4-anermwiaminodenon, CsHoNO2, M.m. = 151 r/momnb, pKa = 9,5)
(99 %, Kurait). Xapakrepuctuka pobodoro pozunny mapareramony (I111) B quctunboBaniit Bozi
npuBezicHa B Ta0. 1.

Tabmuus 1. XapakTepuctuka pod0o4oro po3uuHy napaueTaMmoiry

Co, 30B., A3, pH
MM mr/am? mr/mm? oM}
0,2 30,2 21,3+0,5 1,97+0,04 6,1+0,2

doroximiuHe Ta GoToKaTaTiTHUHE OKUCHEHHs po3unHis 1L (V = 70 cm®, ToBimua mapy (1)
— 1 cm) nBoma okucHukamu (H202, NaS;0Og) mpoBoauiu mpu Temieparypl HaBKOJIHUIITHBOTO
cepenopuima (1943 °C) Ha naboparopHiil yCTaHOBIII PU OIMPOMIHEHHI 3TOPU PTYTHO-KBAPI[OBOIO
nammorw Bucokoro tucky CB/I-120, mo BumpomiHIOE CBITIO B yabTpadioneToBiil 1 BHAUMIN
obmactsix (A = 200-700 HM), 3akpimieHOO Ha BifAcTaHi 24 cM BiJ HOBEPXHI PO3YHMHY, Ta
MEepeMIlTyBaHHI MAarHiTHOIO MIIIAJIKOI MPOTATroM 2 roji. BuBUeHHS KIHETUKH 1 MOPIBHAHHS
edextuBHOCTI npouecis oroximMiunoi (H202/Y®, S20s*/Y®D) i roMmoreHHoi GoTOKaTAIITHYHOT
(Fe*"/H20./YD, Fe**/S,05% /YD) nmectpykuii mapaueramony mpoBefeHo 6e3 peryimoBanHs pH
po3uKHiB 11y Hu3bKil [Fe>] = 0,02 MM Ta 6GIu3bKMX MOJIIPHMX KOHLIEHTPALlisX OKUCHUKIB (~4,0
MM), OpIi€HTYIOUHMCh Ha CTEXIOMETpUYHY KoHUeHTpalito H»>O;, HeoOXigHy sl MOBHOI
miHepamizamii napaneramoiny 1o CO2 ta H20, 3rigao piBusHHS (1).

CsHoNO2 + 21H0;, = 8CO2 + 25H,0 + HNO; (D)

B mpoueci gocnipkeHb KOHTPOJIIOBAIM 3MiHY HacTynHuX mnapamerpiB (P): onTuuHoi
TYCTHHHM MakCUMyMy nornuHaHHs po3uuny I11] B YdD-00mnacti (A243), sIKa XapakTepu3ye po3Kiiaja
HOro apoMaTU4HOI CTPYKTYpH; KOHLEHTpaLlll 3araibHOTro opradiyHoro Byriento (30B) (cTyminp
MiHepani3aii), IepokcuIy BOAHIO 1 nepcynbdary HaTpito. CrieKTpH MoriavHaHHS po3uuny [11]
peectpyBasid 3a gomomoror crnektpodoromerpa Shimadzu UV-2450. Konuentpariro 30B
Bu3Hauanu anHanizatopoM Shimadzu TOC-Vesn. Konnentparii H>O» i S,08> mo Ta micns
($oTOXIMIYHOT0/(hOTOKATATITUIHOTO OKHCHEHHS PO34MHIB T11T BHU3HAYAJIN
CHEKTPO(POTOMETPUYHUM METOOM 32 peaklielo 3 cynbpaToM TuTaHiny (A =410 HM) 1 3a gemio
MoupikoBaHow MeTouKoro [4] (A =400 HM), BIATIOBITHO.

PesyabTaTé i ix oOroBopeHnsi. BcraHoBieHO, 1m0 came ompoMiHeHHS Y D-BUAMMHUM
cBiTiIoM (A = 200-700 um) po3unny mapaneramoiy (Co = 0,2 MM, pHo 5,9) npotsrom 2 roj He
3MEHIIYBAJIO Hi IHTEHCHBHICTh MAKCUMYMY TOTJIMHAHHS pOo34nHY (A243), Hi BMicT 30B.

H>0,/Y ®-06podka po3unny I npu xonnentpamii HoO», Oau3bKil 10 cTEXiOMETPUUHOT
(~20 mons/MoIIb), 3a0e3meuyBaia JIUIe BUCOKUH CTyMiHb IEPBUHHOI IECTPYKIIII pemapaty (~ 97
% 3a A243 32 2 TOJ), IPOTE CTYIIHb MiHepasi3alii OyB HEBUCOKUM ~51 %, sIK 1 CTYMIHb PO3KJIaay
okucHuka (50 %) (puc. 1, a, kpusi 1-3). Edextusnicts nepsunHoi aectpykuii I111, minepanizarii
Ta posknagy okucHuka (95, 50 Ta 48%, BiamoBiaHO, 3a 2 roa) B cucteMi S:05°/Y® mnpu
aHayoriuHid koHmeHtparii NaxS;Og Oyna ayke momiOHOI0, 3 HE3HAYHUMH BiJIMIHHOCTSIMHU Y
KIHETHII MiHepaTi3allii Ta po3kIaay OKHCHUKIB (puc. 1, a, Kpusi 4-06).
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Pucynox 1. IlopiBusuns kinetuku aectpykuii [11] 3a 3minoro Az43 (1, 4), konuentpanii 30B
(2, 5) Ta posknamy okucHuka (3, 6) B mpomeci QoroxiMiyHOro (@) Ta TOMOTEHHOTO
doroxatanituusoro (6) okucHenHs ioro posunny H,Os (1-3) ta S208% (4-6).

3BakarouM Ha 3HAYHI 3QJMIIKOBI KOHIEHTpalii 000X okucHUKIB (~50% uepes 2 ron),
JNOCSATHEHHS MaKCHUMAaJIbHOTO cTyneHs QoroxiMiyHoi MiHepamizamii III 3a ganux ymoB
ONIPOMiHEHHsI MOTpeOyBaTUMe 3HAYHO OLIBIIIOro Yacy OKHCHEHHS.

[Tpu ¢orokatamituuHomy okucHeHHi I1L] pi3HuI B KiHeTHIl MiHepami3amii Ta po3KiIamLy
OKHCHUKIB Oyna mayxe cyrteBoro (puc. 1, 0, kpuBi 2 1 5 ta 3 1 6). [IpoTsirom mepiroi roguHu
Fe’"/H20,/YD-okucHeHHS 11 oxucHuk po3kiiaBcs Ha 80%, 1m0 3MEHIIMIIO KoHIeHTpalliio 30B
Ha 70% 3a neif nepioa. 3Ha4uHO MOBLIBHIMMIA po3kaaz S20s*~ (e 40% 3a BKa3aHUIA IPOMIKOK
yacy) B cucteMi Fe’'/S;0¢’/Y® BukivkaB 3HauHe TalbMyBaHHs IIPOLECY MiHepaisalii
peakuiitHoi cymim (A3OB ~10% uepe3 1 ron). Ilporte, mpoTsiromM Apyroi roAWMHU TEHACHIIIT
3MIHWJIMCh Ha MPOTHJIEXKHI, BHACTIIOK Yoro ctyneHi Minepanizauii 11 3a 2 rox 6ynu, no cyTi,
oqHakoBUMHU B 000x mpouecax (81-83 %). B Toil e yac KiHETHKa Ta CTYIiHb NEPBUHHOI
nectpykuii I (3a Az43) B 060x cuctemax (Fe*'/H,0o/Y® ta Fe*'/S:0s*/Y®) npaktuuno He
3aJiexasia BiJl IpUpoau okucHuka (puc. 1, 6, kpusi 1 14).

Mopiensuus  edextuBHoCTi  oroximiunoro (H202/Y®, S:08>/Y®) i roMoreHHOro
doroxkaranituunoro (Fe*'/H,02/Y®, Fe*'/S,0s’/Y®) oxucuennus Il y aumctumboBaHii Boji
1oKa3ajio, 110 BHCOKUH CTymiHb Horo mepBHHHOI Aectpykuii (85-100%) mocsiraBes mpu BCixX
JOCTIPKEHUX TpOIlecax HE3aJIEXKHO Bl NPHUPOJAM OKMUCHMKA Ta MPUCYTHOCTI 10HIB 3aji3a, 1
CYTTEBO BHUILY €(pEKTHBHICTh (DOTOKATATITUYHUX MPOLECIB NOPIBHAHO 3 (POTOXIMIYHMUMHU LIOJ0
CTYIEeHs Horo MiHepanizauii (puc. 2).

AP%

DAA243 OA30B OAOKHCHHKA a AP% ~
OAA243 OA30B OAOKHCHHKA o

Vi
100
— 7 100 | =3 P i:
[y I
80
80

60 60

40

0 0
nove Fe3+H202¥V@® (5208)2-¥@  Fe3+/(S208)2-VQ H202V® Fe3+H202VD (S208)2-¥®  Fe3+(S2082-Vd

Pucynok 2. [TlopiBusHHs cTyneHiB Qoroximiunoi (H20/Y®, S,05> /YD) Tta
dorokaranituunoi (Fe*'/H.02/Y @, Fe**/S,0s> /Y @) nectpykiiii napaneraMomny y Bofi 3a 3MiHOKO
pizaux napametpis (P) — fioro koHnenTparii 3a A243 1 30B Ta po3knany okucHukiB npu [H202]o
=[S20s*Jo~4 MM 3at=1 (a)i2 rox (6).
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MakcumanbHu# CTymiHb (POTOKATATITAYHOI MiHEpaJIi3allii mapareramoiry B 000X cucTeMax
(Fe*"/H202/Y® ta Fe’*/S,05% /Y ®) cranosus 81-83 % 3a 2 TO/ pH NUTOMHX J03aX OKMCHHKIB
~20 Monb/MONb 1 CTymeHi iX BukopuctanHs BignosimHo 100 ta 85 % (puc. 2, 6). Bognouac,
nopiBHSAHHS edekTuBHOCTI nochimkeHnx AOPs mpu MeHInid TpuBaiocTi OKMCHEeHHs | rop,
JOCTaTHIN Juis 3a0e3MevYeHHs JIMIe BUCOKOTO CTyneHs nepBuHHOI aectpykuii [, Bkazye Ha
CyTTEBi IepeBary TpaauiiitHoro npomecy dgoro-dOentona (Fe*'/H,02/Y D) (puc. 2, a).

Takum yuHOM, NIPU AOCTIHKEHUX TTapamMeTpax (GoToxiMivHe i roMoreHHe (hOTOKATATITHIHE
OKHCHEHHS MapareTaMolry nepcyibGaToM HATPit0 MOKHA BBAKATH AIbTEPHATHBOIO aHAIOTTYHUM
npoIiecaM 3a Y4acTIO TIEPOKCHY BOJIHIO.

Bucnosku. ITokazaHo cyTTesi mepeBaru (orokaramituunux mpouecis (Fe*'/H,0./Y®,
Fe’*/S,05*/Y ®) nopisusHO 3 poroxiMiurumu (H202/YD, S2:0s> /YD) nst ranbokoi aecTpyKii
(MiHepami3anii) ¢papManeBTUIHOrO MpemapaTy napamneraMmoly y AUCTUILOBAHIN BOII.

BcranopneHo Onm3bKy edextuBHicTh  (oTokaramituuunx cucteMm (Fet'/H,02/Y®,
Fe*'/S:08% /YD), ski 3a0e3medyloTh MaKCHMalbHUH CTyHiHb MiHepasialii mapaneramony y
nuctuiaboBaHiid Boai (81-83 % 3a 30B) npu 0JTHaAKOBUX MOJISIPHHX KOHIIEHTpPAI[iSAX OKHCHHKIB,
uusbKiit [Fe*'] = 0,02 MM i TpuBanocTi okucHeHHs 2 ToA Hif giero Y®-Bugumoro csitia (A =
200—-700 aM).
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Beryn

[ToTpannsHHS TBEpPAMX BIAXOMIB 10 BOAONM B VYKpaiHi 34e0UIbIIOTO IOB’s3aHE 3
JUBHEBOIO 1HPPACTPYKTYPOIO Ta BUHOCOM CMITTS 3 MpUOEpEeKHUX TepuTopi. HuzpkoBapTicHi
MEXaHI4HI PIIIEHHS — PIYKOBI MACTKH, KOIIUKHU JJIsl TUBHEBUX KOJEKTOPIB, Oap’epu — JaroTh
IIBUIKHAH 1 BUMIpIOBaHUH edeKT 03 BUKOPUCTAHHS PEareHTIB Ta CKJIaaHOi XiMii. MeTta cTtaTTi —
y3araJbHUTH TMpakTUKH «low-cost/low-techy, mokazatu mpumaTHi A7 rpoMaj KOHCTPYKINI 3
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nepepoOICHNX MaTepialiB, OMUCATH MOHTaX, OOCIYroByBaHHS W OYIKYBaHHH €KOJIOTTYHHMMA Ta
ornepauiiHui edekr.

OrJasj pimieHb i NPUHIKAN POOOTH

Bumyckni nactku-citi (outfall nets) ta piukosi 6ap’epu. CiTKu Ha BUITyCKax KOJEKTOPIB i
MJIaBarovi MACTKH B CIIOKIMHMX aKBAaTOPISAX MEPEXOIUIIOIOTh CMITTS O€3M0oCcCepeIHbO Ha BUXO1 31
3IIMBOBOI Mepexi uM B 3aToKax/kaHanax. Keiic M. KBinana (ABcTpaitisi) mokasas, 1110 HaBITh KiJIbKa
CITOK Ha BHUIIyCKaX MOXYThb BHJIy4aTH TOHHHU CMITTS IPU HU3BKHMX KalliTAJIbHUX BHUTpaTax i
npoctomy cepaici. [1]

Komuku-snosmoBaui (gully/catch-basin baskets) Ta gross pollutant traps (GPT) me
¢iznuni Gap’epu B 30HI pemIiTok abo B 3MMBONPHIIMAYaXx, 110 BiJICIIOIOTh «Tpy0i 3a0pyqHIOBaYI»
(3ne6upmoro >5 M), 3amobiraroum iX MOTPAIUITHHIO Y BOJHI O0’€KTH Ta TMOMAJBII OYHMCHI
cnopyau. PerynstopHi HactaHoBu TpakTyioTb GPT sk ekpaHyBasbHI TEXHOJIOTIi NHeEpIIOro
eIlIeNIoOHY B «treatment train», TOOTO SIK MONEpEAHE MEXaHIYHE BUIYUYEHHS N1epe]] IHIIUMU eTaraMu
ounteHHs. [2][3]

[TacTku B akBaTOPISIX 3 €IEMEHTAMU LUPKYJISIPHOCTI NEPEXOIUTIOIOTh CMITTS «HA BOAD»,
JIOPEYHi y TaBaHsAX, MapHHAX Ta KaHAJIaX; BIJIYYCHHUU IUIACTHK MOXE CTaBaTH CHPOBUHOIO LIS
JIOKaJIbHUX BUPOOIB, MOCUIIOIOYN 3aMKHEHI IIUKIIH. [4]

[TamiTpa iHTEpLIENTOPIB Bapilo€e Bij MPOCTUX CITOK y JIMBHEBIM O BEITUKUX «BOISTHHX
KOJIC» Yy THUpJIaX CTPYMKiB; OCTaHHI JEMOHCTPYIOTh, IO 1HXEHEpPHI MAcTKH 3/aTHI IOPOKY
BUWJIYYaTH COTHI TOHH CMITTS Y BEJIMKHX MICHKHX aKBaTOpisix. [5]

Marepiajiu Ta KOHCTPYKIII:

Kapkac 1 xommk: HepkaBitoumii ab0 ONMHKOBAaHMU KapKac; KOLIMK i3 HepepoOIeHHX
noniMepHux citok/reorekctuiio (R-PET, R-PP), mo BiAmoBigaioTe po3MipHOCTI ocepenky 2—5
MM 1t «full capture» TBepAMX YaCTHHOK >5 MM (32 MIKHApPOJAHUMHU MiIXoaaMu). [3]

CiTkaMu Ha BUITyCKaX MOXYTbh BUCTYIATH 3HOCOCTIHKI MOTiMepHi a00 MeTasieBl Kb i
«IIaH4Y0Xa» 31 BTOPCUPOBUHU; KPIMJIEHHS Ha (JIaHISAX BUIIYCKY, CTpaxyBajibHUI Tpoc. [1]

[TnaBatoui Gap’epu: Oyi 3 mepepoOJEHOro MIACTUKY, TPOCOBA CHCTEMA, «CIITHHUILSD» 13
CITKH; SKIPHI TOUKH 3 YpaxyBaHHSM Tediil 1 cyAHOIUIaBCTBa. [4]

MoHTa:k i 00¢/IyrOByBaHHHA

[epemycimM mocmiKeHO XapaKTep 3JIMBOBOTO CTOKY Ta BCTAHOBJIIEHO «Tapsidi TOUKW») —
JOUIONPUHMAaIIbHI PEIliTKY M BUIYCKHU NMOOIM3Y MapKiB, pUHKIB 1 MACOBUX 30H BIAMOYMHKY. Tomy
NPIOPUTET HANAETHCS caMe€ LIMM JIOKALlisSIM, /1€ TIEPEeXOIUIeHHs Ja€e Hallouipmmil edekr. Bigrak
HepeBipsETHCS MPOMYCKHA CIPOMOXKHICTb, 20K YHUKHYTH MiJITOIUIEHB IT1]] Yac MIKOBUX OMaJiB; HA
BIJIMIHY B1JI CyTO PO3paxyHKOBUX IIJXOJIB, MPAKTUYHI «II€PEBIPOYHI» €MI30/1U MICIST MOHTaXyY
JIO3BOJISIFOTH OMEPATUBHO MIJKPYTUTH HAJIAIITYBaHHA i rpadik ouniieHHs [2].

MoHTaX BUKOHYETHCS 32 IPUHIUIIOM «HaHMEHIIIOTO OMOPY CHCTEMI»: Y TUBHEBIH Mepexi
KOIIMKMA PO3MILIYIOTh IIiJ] PELITKOI abo B TOPJIOBMHI 3IMBOINpHUIiMaua, 00 CMITTS
3aTpUMyBajiocsl sikoMora Oirkue 10 ToBepxHI 0e3 mkoau riapasiimi. Ha Bumyckax
3aCTOCOBYETHCS (hIaHIIEBE KPIIUICHHS 3 «ITaHYOXOIO»-CITKOIO Ta CTPaxyBaJbHUM TPOCOM; OTXKE,
BIJTYYEHHS BIIOYBa€ThCs O€3MOCepeIHbO Ha BUXO/I1 31 3MTMBOBOTO KoJjiektopa [1]. s Bigkputux
aKBaTOpiil BiJTaK BCTAHOBIIOIOTH IUIaBy4i Oap’epu 3 OysMH, TPOCOBOIO CHCTEMOIO Ta
«CTITHUIEION-CITKOI0, OPIEHTYIOUM 1X 3a TEUisIMH ¥ CYJHOIUIAaBCTBOM, — Ha BIIMIHY BiJ
TOYKOBHUX pIIIEHb y KOJEKTOPax, Taki Oap’e€pu «IpalioloTh i3 MOTOKOM» Ta MEPEXOILTIOIOTh
CMITTS BJK€ Ha BOJHIN MOBEPXHI [4].

Pexxum 0O0CIIyroByBaHHS JAMKTYE TIOTOJA: TICHS CHJIBHUX JOIIB LUKIM CTalOTh
YacTIIIMMHU, Y TOCYIUINBI nepioan — pinmumu. Jlocsin M. KBiHaHa moka3as, 110 €KiMax i3 JBOX
0Ci0 MPOXOJUTH THUIIOBUI MapIIpyT OYHUILEHHS 3a MPUOIU3HO YOTUPU TOAUHU; TOMY TJIaHYBaHHS
JIOTICTHUKY JIOIITFHO TIPHB’ SI3yBATH JI0 MPOTHO31B OMajIiB Ta ce30HHMX MiKiB [ 1]. OTxe, moeHaHHS
KOPEKTHOT'O CTApTOBOTO HAJIAIITYBaHHA (JIOKAIIisl, CIIOCIO KPIIUIEHHS, TPOIYCKHA CIIPOMOXKHICTD)

Marepiamu [X MixnapoaHoi HayKOBO-TIpakTHIHOI KoHbepeHItii «Uucra Boga. yHnamMeHTaIbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

145



13 THyuykuM TpadikoM cepBicy 3abe3reuye MaKCUMaJbHHA BiOIp BIIXOMIB 0€3 PpHUBHKY
HiATOIUIEHB 1 3 MiHIMAJILBHUMH MIPOCTOEM iH(ppacTpykTypu [1][2][4].

Edexr i nokazHuku pe3yJbTaTUBHOCTI

Bunydenns macu/00’emy: 1Bl ciTKM Ha BUIyckax y KBinani Bunyunnm 1,69 1 3a nepmuit
pik (11 mmKIiB), @ CYKYITHO B MICTI KiJIbKa MACTOK Jayiu >3,6 T 3a IIICTh POKIB. [1]

Kommku 3 «full capture» 3ab6e3neuyroTh BiICIKaHHS TBEPIUX YACTHHOK >5 MM; 3 TOHIIUMHU
BKJIQIUIIIAMHA — JIOJATKOBHUM Bi0Ip IpiOHIMMX (pakiiiii, He 3HWKYIOUYH TipaBIivHy 3JaTHICTh
32 YMOBH CBO€YACHOTO OOCITyroByBaHHS. [3]

HupKynapHICTb: peryispHe CIHOPOKHEHHS MAacTOK 3 HACTYIHUM COPTYBAHHSM 1
MOBEPHEHHSIM IUIACTHKIB Y TIepepoOKy (JIOKalbHI BUpoOU/MaTepiain), Mo MiJICHII0E€ TPOMAICHKY
MIATPUMKY. [4]

Jns Benukux OacedHIB JOUIBHI CTalllOHapHI I1HTEPUENTOPH Yy THPIAX MAaJIHUX
pIYOK/KaHaIIB, SIKi IGMOHCTPYIOTh COTHI TOHH BMJIYYE€HHsI Ha PIiK 1 HAOYHI JaHi JIsl IOJIITUKH 31
CKOPOYCHHS BiIXOIB. [5]

OpicHTOBHA €KOHOMIKA JIJISI TPOMATH

CAPEX (Capital Expenditures - xamitaiabHi BUTPATH): KOIIUK-BJIOBIIOBAY y JIMBHEBIN —
HU3bKa/CepeIHs BapTICTh; CITKA Ha BUITYCKY — HU3bKa; MIaByunii 6ap’ep — cepenHs. binbiicts
€JIEMEHTIB MOXXYTh BHTOTOBIIATUCS/pEeMOHTyBaTtucsi 3 BTOopuHHUX moiimepiB (R-PET/PP)
MICIIEBUMHU BUPOOHHUKAMHU.

OPEX (Operating Expenditures/Expenses - omnepariiiHi/eKcrutyaramiiini BUTpaTH):
OCHOBHI BUTpPaTH — Ha BUi3/IU Ta COPTYBAHHS BMICTY MAacTOK (IHTETPYETHCS 3 pOOOTOIO CTaHIIT
3aroTiBIIi Ta OCBITHIMH aKI[isIMH).

CrniBedekTu: 3MEHIICHHS 3acMiYeHHS OeperoBMX 30H 1 JIMBHEBOI MeEpexi, MEHIIe
aBapiiHUX MPOYHCTOK, MOMKIIUBICTH O0JIIKY «yHUKHEHUX)» BHTPAT.

MeTtoauka MOHITOPHHTY

[TokazHMKaMH BUCTYNAIOTh Maca/o0cAT Ha NHKJ, 4acTKa TMPUAATHOTO JIO IEpepoOKH,
«rapsidi TOJUHUY MICIs ONaAiB, KUTbKICTh 1HITMICHTIB MEPETIOBHEHHS.

Hudposizalis: Baropi JaT4MKN/B1ICOCTIOCTEPEKEHHS IS «PO3YMHUX KOILIMKIBY, TOTO/IHA
iHTerpalis i rmianyBaHHs BHI3/iB; MyOIiYHUN ASMIOOPA Ui MOTHBAIIIT TPOMaIH.

[TopiBHaHHS (pakiiiii y macTkax 1 Ha CTaHIII] 3aroTiBJI JOMOMOE TOUKOBO PO3CTABIISITH
KOHTEWHEepH Ta 3MIHIOBATH MapIIPYTH MOOUTBHUX MTYHKTIB.

BucHoBkH

Hu3zbkoBapTicHI MacTKM Ta KOIIMKM-BJIOBIIOBadl — IIBUAKHM, Oe3peareHTHUH crocid
3MEHIINTH TOTPAIUISIHHS CMITTSA y BOJOWMH. BOHHM 100pe MOETHYIOTHCS 3 iHPPACTPYKTYpOIO
PO3JIUIBHOTO 300Dy, MiJCHIIIOIOTh MICIEBI JIAHILIOKKHA HEepepoOKH Ta (OpMYIOTh «BI3yaTbHHUN
nokas» edextuBHOCTI. Keiic-naHi 3 pi3HUX KpaiH, a TAKOXK BUMOTH JIO «TIOBHOTO 3aXBaTy» >5 MM
HiATBEPKYIOTh iXHIO pe3yJIbTaTUBHICTh 1 IPUIATHICTH 10 MacITa0yBaHHS i YKpaiHChKI peaJtii.
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environment/drainage-nets

2. EPA Victoria. Erosion, sediment and dust: Treatment train
https://www.epa.vic.gov.au/sites/default/files/epa/publications/1893.pdf

3. Enviropod. LittaTrap™ Performance Liners Letter
https://f.hubspotusercontent10.net/hubfs/7140565/Downloads/Enviropod%20LittaTrap%20Perfo
rmance%20Liners%20Letter.pdf

4. CLEAR RIVERS. Litter traps (Rotterdam) (IIOTM)KHEBE CIIOPOXXKHEHHS, TOBTOPHE
BUKOPUCTAHHS  BHWJYYCHOTO  IUIACTHKY).  https://www.clearrivers.eu/littertrapsrotterdam
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5. Mr. Trash Wheel. Trash interception (macmra® BWIydeHHS CMITTS BEIMKUMHU
iHTepIenTopaMy B MICBKUX akBaTopisx). https://www.mrtrashwheel.com/trash-interception

BIIJIUB O30HYBAHHSA BOJIU HA BMICT BYTI'JIEKUCJIOT'O I'A3Y TA
PO3YUHEHOTI'O KUCHIO
Hepoamiox T.I'., Xomenxo B.I., 3yoaxin C.M., Moxkpoycoea O.P.
Kuiscokutl nayionanvrutl ynisepcumem mexnonozit ma ouzauny, Yrpaina, Kuis,
TOB «OPEHJ[A-IIPUBATIIPOM» Yxpaina, Kuis,
shcherbatiuk. th@knutd.edu.ua

O30H HIMPOKO 3aCTOCOBYETHCSI B MEIUIMHI, arpONpPOMHUCIOBOMY CEKTOpl Ta pi3HUX
rary3sX IPOMHCIOBOCTI, ITiJ1 9ac BUPIIICHHS IPOOIeMHU 3aXUCTY HABKOJIHUIITHBOTO CEPEIOBHINA Ta
pPO3pOOJICHHST EKOJIOTIYHO YHCTUX TEXHOJIOTIH. 3aBIASKM BHCOKIM peakKIiiHIA 37aTHOCTI Ta
MIBUJIKOMY PO3KJIQJaHHIO BiH 3aiiMae ocoOimBe Micle cepell TPaAWLiHHUX OKHUCHIOBAUiB.
[TpoBeneHHs1 030HYBaHHS 32 HE3HAYHOI BUTPATHU PEareHTy, HOPMAJIbHOIO THCKY 1 TeMIepaTypH,
BiZICYTHOCTI OOIYHUX MPOAYKTIB, 3IaTHUX 3a0pyTHIOBATH PEUYOBUHY, IO OKHCHIOETHCS, CIIPUSIE
CIPOMIICHHIO TEXHOJOTIYHUX TMPOIECiB, 3 OJHOTO OOKy, a 3 IHIIOr0 — MiJBUIIECHHIO iX
edextuBHOCTI [1, 2].

OpHak, He3BaKal4M Ha IIUPOKE Ta 0araTo B 4YOMY YCHIIIHE 3aCTOCYBaHHs O30HYBAaHHS
BOJIM, YacTWHA MUTAaHb JIOCI 3aJHUIIAETbes HE BUpimeHor. CdopmyBanocs (yHIameHTaIbHE
PO3YMIHHS J10303aJIE)KHUX €(eKTiB 030HYBaHHs Ha )KMB1 00'€KTH, MPOTE MaJI0 poOIT 13 BUBYEHHS
BIUTMBY O30HY Ha CKJIa/l BOJIH.

V 3B'13Ky 3 UM 3/1IiCHEHO OI[IHIOBAaHHS BMICTY BYTJIEKHCIIOTO I'a3y Ta PO3YMHEHOTO KUCHIO
y BO/I1 IICJISI HETPUBAJIOTO O30HYBaHHS B JIa0OPAaTOPHUX YMOBAX.

Marepiaan Ta MeTOaM.

O3zoHyBaHHS BOAM 3JIMCHIOBAJM 3a JOMOMOIOI0 Te€HepaTopa O030HY, HaJaHOTO
nianpuemctBoM OZON-PROM Bin TOB «OPEHIA-ITPUBATIIPOM», ykpaiHCbKMM
BUPOOHUKOM T'€HEpaToOpiB O30HY [ MOOYTOBMX 1 IPOMUCIOBUX c(ep 3acTOCyBaHHS
(https://ozon-prom.ua).

B Mexax mociipkeHb O30HYBAaHHS BOJOMNPOBIAHOI BOJIM TPOBOIWIM 33 TEMIEpPaTypH
noBiTps B 1aboparopii 17 °C. Temnepatypa camoi Boau cranosuia 18 °C. IIporec 6apb6oTyBaHHS
TPHOX JIITPIB BOJOMPOBITHOI BOAX 030HOM 3/I1IHCHIOBAIIU MPOTITOM 7 XBHJIMH.

OmiHKy BMICTYy BYIVIEKHCIOIO Ta3y Ta pPO3YMHEHOTO KHCHIO Yy BOAl 3A1MCHIOBAIM
0e3nmocepeIHbO MICIS 3aBEpPIUICHHS] 030HYBaHHS Ta yepe3 24 TOANHH.

Bwmict Byryiekucinoro razy y BoJi BU3HAUaId CTAaHJAPTHUM TUTPUMETPHUYHUM METOJIOM i3
BUKOPUCTAHHSIM (peHO(DTaIeTHOBOTO 1HAMKATOPA Ta PO3UMHY KapOoHaTy HaTpito. KoHmeHTpariio
BitbHOTO CO2 po3paxoByBald SIK JOOYTOK 00’€My BUTPAaY€HOT0 PO3YMHY HATpilO KapOOHATy Ha
koeodiuieHT 10, BUpaxarouu pe3yabTaT y Mr/am* Boau [3].

KinbKiCTh pO3YMHEHOTO Y BOJ1 KMCHIO BU3HAYAIIHN 32 JIOTIOMOT'0I0 TOPTATUBHOTO MPUIIATy —
okcumetrpa AZ-86021 (DO). Ilpunaxg mnpu3HaueHUid Ui BHUMIPIOBAHHA TeMIeparypu U
KOHIIEHTpAIlli pO3YNHEHOT0 KHCHIO B piuHi B Mexkax 0 ~ 30 mr/in (ppm) 3 Tounictio 0,1 Mr/i.

Pe3yabTarn.

O30HyBaHHS BOIONPOBIIHOT BOU CIIPHSIO CYTTEBUM 3MiHAM MOKAa3HUKIB sIKOCTI BoAH. Tak
MOKa3HUK BMICTY BYTJIEKHCIIOTO Ta3y y BOJI 3HU3HUBCS Y 2,5 pa3H, a KIJIbKICTh PO3YHMHEHOTO Y BO/II
KHUCHIO MiBUIIIIACS ¥ 3, 9 pa3u.
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Criz 3a3Ha4UTH, 10 Yepe3 24 TOIWHU MICIs 030HyBaHHS PiBEHb BYTJIEKHCIIOTO Ta3y y BOII
3aJIMIIABCS HUYKYE KOHTPOJIBHUX 3HAYCHb BOAOMPOBIIHOT BOAM O€3 030HYBaHHS.

OueBuaHOIO € moTpeda MOJANBIIUX JOCHIKEHb, CHPSIMOBAHHMX HA BHU3HAYCHHS
ONTUMAIBHUX DPEXHMIB O30HYBaHHS, IO JO3BOJMTH BCTAHOBUTHU TPHUBAIICTH 3MIH y BOJ,
3YMOBJICHHUX JII€}0 030HY.

3aranom, OTpUMaHi pe3yJIbTaTH CBiAYaTh, 0 PO3POOICHHS BIAMOBIIHUX IHCTPYKLIN 3MOXKe
CYTTEBO CIIPOCTUTH PillIeHHs 0araThoX 3aJ1a4 11010 BUSABJICHHS 010JIOTTYHUX €(DEeKTIB 030HOBAHOI
BOJIM Ta 3a0€3MEUNUTH HAYKOBO OOTPYHTOBAHUH PO3BUTOK METO/IB MOJIMIIEHHS SIKOCTI MUTHOI
BOJIU.

JlirepaTtypa
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Ne5. C. 258-262. DOI 10.31891/2307-5732-2023-325-5-258-262
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Inoycmpia moou. 2024. Ne3. C.41-50. DOI 10.30857/2706-5898.2024.3.2.

3. 3arampHa XiMi4Ha TEXHOJIOTiS: METOAWYHI BKa3iBKH 1O JIAOOPAaTOPHHUX POOIT ISt
CTYJEHTIB JeHHOI Ta 3a04HO0i GopMm HaBuaHHs/ ynop.: B.IL. Ilnasan, 1. O. Jlsmok. K.: KHYT/,
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YTBOPEHHSI TAPHUKOBHX I'A3IB IPU OYMCTII CTIYHUX BOJ HA
MICBKHX OUMCHOI CITIOPYJAX KAHAJIIBAIIIL TA CKHUJII B IPUPO/THI
BOJIOMMHU

HOpuenko B.O., Agdicnuko 1.A., Menvnixosa O.I.
Xapxiecokuil HayioHanvbHull yrigepcumem micokozo 2ocnooapemea imeni O.M. bexemosa,
Yrpaina, Xapxis, Valentyna. Yurchenko@kname.edu.ua

BrumiB Ha Ki1iMaT CTaB OJIHIEIO 3 HAWBAXKIIUBIIIMX TEM ChOroAeHHS. OCHOBHOIO MPOOIIEMOIO
[I00aNbHOTO MOTEIUIBHHS BBA)KAIOTh BUKUIM MAPHUKOBUX Ta3iB, K1 BIAITPAIOTh BUPIIIAIBHY
poJIb y peryiroBaHHI TeMiiepaTypu Ta kiiMary 3emii. lle mepeBaxxno CO», meran (CHs), 3axuc
azoty (N20), o30H (O3) Ta iHmi ra3u. Xo4ya NapHUKOBI I'a3u BUHUKAIOTH 1 IPUPOTHUM IIIISIXOM,
TSITBHICTD JIIOJIUHU — CIIAJIFOBAHHS BUKOITHOTO TIAJIMBa, BUPYOKa JIICIB, CUIBChKE TOCIOAAPCTBO
Ta MPOMHCIOBI MpoOIlecH, 3HAYHO 301IbIIMIA IXHIO KOHIEHTpalilo B arMocdepi 3 yaciB
IPOMUCIIOBO1 peBodtolii. Posyminng mxepen ta konueHTpauiit [1I" y npomuciosiit aisiabHOCTI €
BOXJIUBUM U1 pO3POOKH €(PEeKTUBHMX CTpaTeridi 3MEHIIeHHS BIUIMBY Ha Kiimar. [licis
JOCIIIJDKEHHS TPOMUCTOBUX BHKUAIB I cimix BXUTH MOAAIBIIMX 3aXOiB, BKIIOUYAIOUN
ckopodeHHst BUKUAIB [117, 1006 HapemTi JOCATTH KOHTPOIIO HaJl TT00aThHIM MOTETUTiHHAM [ 1].

Xoya OYHMIICHHS CTIYHMX BOJ| TMEpe]l CKUIAHHSIM B MPUPOIHI BOJOWMH, O€3CyMHIBHO, €
€KOJIOTIYHO HEOOXiZHUM, BOHO TAaKOX Mae€ MOTCHLIWHUM BIUIMB Ha KJIIMaT 4Yepe3 Mpsami Ta
OIocCepeIKOBaH1 BUKUAN MAPHUKOBUX rasiB). Ekcriyararis O4MCHUX CIOPYJI MOXKE CTBOPIOBATH
MApHUKOBI ra3u 3 KUIbKOX JpKepes. [IpoTsarom KUTTEBOro LUKIY OYHCHI CIIOPYAU BUPOOISIOTH
MApHUKOBI a3 Ha PI3HUX eTarnax, BKIYaro4u 301p Ta TpaHCIIOPTYBAaHHS CTIYHUX BOJI, IEPBUHHE
Ta BTOPUHHE OYMIIEHHS, 00pOoOKYy Ocay Ta CKMJIaHHs CTIYHUX BoA [2, 3].

3araJoM Ha CEKTOPH BOJOMOCTAYaHHS Ta BOJOBIABEJACHHS mNpwurmanae Omu3pko 2,8 %
BUKW/IIB MAPHUKOBUX Ta3iB, a Ha BUKUAU N2O Tinmbku 3 ouncHuX cropya — 0,3-1,4%, rmobanpHIX
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BUKH/IIB MAPHUKOBUX ra3iB. TakuM YMHOM, MPOBEICHHS KOMIUIEKCHOTO aHalli3y BYIJIEI[EBOTO
CIJiTy 71l OYMCHUX 33aXOJ[iB CTa€ HeOOXiTHUM [4, 5].

B pamkax cyudacHux miaxo/iB a0 iHBeHTapu3anii [1I" Ta BuOOpy TeXHOIOTIH 3 HaWMEHITUM
€KOJIOTIYHMM BITMBOM BH3HAYCHHS JIOKaMii HaiOimpmmx BukuaiB CO2 Ha ciopyaax 61010Ti4HOl
OYUCTKH CTIYHMX BOJ, L0 BHMKOPHCTOBYIOTh pi3HI mHiaKareropii aepoOHMX i aHaepoOHUX
TEXHOJIOT1H, Ma€ BUCOKY aKTyaJIbHICTh Ta BEJIMKE MPUPO03aXUCHE 3HAUCHHS.

MeTo10 1TaHOTO JTOCITIIPKEHHS € KIJTbKICHA EKCTICPUMEHTAJIbHA M PO3paxyHKOBA OIiHKA eMicii
NapHUKOBHX Ta3iB, 10 YTBOPIOETHCS BHACIIJOK MPOLECiB 010J0TIYHOT OYUCTKH CTIYHHX BOJ, Ha
OYUCHHUX CIIOpPY/IaX, SIKi MPAIIOIOTh 32 PI3HUMH CXEMaMHU.

Pe3ynbpTat JOCHiIKEHb Ta30MOBITPSIHOIO CEPEIOBUINA HaJ MOBEPXHEI0 CTIYHOI BOAM B
MEXaHIYHUX Ta O10JOTIYHHUX OYHUCHHUX CIIOPYJax CBIAYATh MPO MPAKTHYHO OJIHAKOBI HEBEIHKI
Bukuan CO: Ha MUISHII JeHITpUdiKalii, 10 3yMOBJICHO, HAlleBHO, HU3bKOIO TYpOYJIEHTHICTIO
BonHOTO cepenoBuma. IlikoBi Bukuau CO: Oynm 3adikcoBaHi B aepPOTEHKY, L0 MOSCHIOETHCS
OUIBIII AKTUBHUM OKHCIIEHHSIM OPTaHIYHUX PEUOBUH MikpoopraHizMamu a0 CO; y mpHCYTHOCTI
PO3YMHEHOTO KHCHIO Ta IHTEHCHBHICTIO TMEpeMilllyBaHHS ¥ BiAAyBKHU.. SIK BCTaHOBWIU
eKCIIePUMEHTAIIBHI JOCTiDKeHHs, KoHIeHTpalliss CO2 B ra30moBIiTPsHIN CyMillli Hal aepPOTEHKOM
miBUIIyBagachk Maixke B 13 pasis (Ha 0,6 00.%). Han ouncHuME criopyaaMu, siKi HE aepyBaJIUCh,
koHneHTpauis CO; Oyrna Ha piBHI Hloro KOHIEHTpaIlli B aTMoc(epHOMY TOBITPI.

Cepen III' 3akuc HITpOreHy BHUKJIMKAae OCOOJIMBO E€KOJIOTIYHE 3aHENOKOEHHS OCKUIBKU €
OCHOBHHM PYHHIBHHKOM 030HY B cTparocdepi i Mae nmorenuian raodansHoro norerutinas (GWP)
B 298 paziB Ounbimii, Hixk Byrinekucnuii raz (CO2) 3a 100-piunuit nepion. [4]. Oanak Hapasi
Bukuau N2O B Oinbimocti kanactpis [ 3aHrkeHi yepe3 HaATO CIPOIICHI MPOLECH PO3PAXYHKY
BUKHU/IIB 3 OYMCHUX CHOPYA y KepiBHUX nmpuHiunax [PCC

bionoriune ouunIieHHs MICBKUX CTIYHHUX BOJI BUKJIIFOYHO B a€pOOHHUX YMOBAax HE JI03BOJISIE
MaKCUMaJIbHO e€(eKTUBHO BUIy4aTH BCi crosyku HITporeHy (Nopr, N-NHa N-NO2 1 N-NOs)) 31
CTIYHUX BOJ. B CTIYHMX BOJAaX, SKi CKHJIAIOTHCS B TPUPOAHI BOJOWMH TICISA OYHCTKH,
CIOCTEpIraeThCsl 3HAYHUH BMICT HITPATiB, IO CBIAYUTH MPO BHCOKY AaKTHBHICTH IPOLECIB
HiTpU]iKallii, 3yMOBJIEHUX BUKOPHCTAHHSM IHTEHCUBHOI aepallli MyJ0BOI PIAMHU. A MpoLEcH
JeHITpUQiKalii TEOPEeTUYHO MAJIOAKTHBHI Yepe3 HasBHICTb BHCOKMX KOHLIEHTpAIiil KUCHIO B
BOJTHOMY CEPEIOBHIIIL.

Tabauns 1 Ycepenneni nani 6anancy bCKy Ta cionyk HITpOreHy Ha JIOCHHKEHOMY 00’ €KT1

[Toxa3Huk 3Ha4yeHHs Ha 3Ha4yeHHs Ha Bunaneno
BXO/Il B aepOTEHK | BUXOJI 3 a6pOTEHKa
BbCKy, MrOo/n 179,10+£27,04 19,93+3,37 159,17
Nk, MI/1 55,3146,80 17,68+1,59 37,63
N-NOs, mr/n - 5,52+2,87 -

CriouaTKy po3paxyBald BHUTpaTH a30Ty Ha aCHUMUIALII0 aKTUBHOro Myina. s 1poro
CTHOYaTKy BUPaxyBaJH, CKiJIbKH BUIAJICHO OpPraHiuHUX CHOJYK 3a mokasHukoM BCKy:, a mortim
BUPaXyBaJIM KOHIIEHTPALiI0 aCUMIJIbOBAHOTO a30Ty 3a cmiBBinHomeHHsIM BCK: N =100:5:

ABCK =179,10 - 19,93 = 159,17 (mMrOz/n);

159,17x0,05 = 7,96 (mr/mn)

[ToTiM Bu3Hauwmm BuAaieHHs a30Ty K’enbnmans, a manmi BHpaxyBaiH, sika KUTBKICTh a30Ty
K’enpaans minuia Ha HiTpUiKalito Micis TOro, sIK MeBHA Horo yacTuHa Oysa acuMijIbOBaHa:

55,31-17,68= 37,63 (mr/n) ;

37,63-7,96 = 29,67 (mr/n).
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PospaxyBanm, sika KITbKICTh a30Ty HITpaTiB MOXKE YTBOPHUTHCH B pe3yJibTaTi HITpUiKaIii
24,15 wmr/n azory K’enpnmams (3a ymMOBM MiHepaii3amii a30Ty OpraHiuHOro) 3a BiJJOMUM
CHiBBiHOIICHHIM, 110 3 1 Monst N-NHa: yrBoproersces 0,7 Mot N-NO3

29,67x0,7= 20,77 (mr/m).

A Ha npakTuili (Tabs.1) B CTIUHIN BOI MICSA aepOTEHKA MU BUSIBIISIEMO TIIBKH 5,52 mMr/im N-
NOs. OTxe pi3HUI — LIe a30T HITPATIB, KU 1eHITpU(IKyBaBCs B aepOTEHKY (B yMOBax aepariii):

16,91-5,52 = 15,25 (mr/n).

3a nmaHuMM MiKpOOIOJNIOTIYHUX JOCHIPKEHb B cepeaHboMy 12% IbOro aszoTy Moke
MEPETBOPUTUCS Ha 3aKHC a30Ty

11,39 x 0,12=1,83 (mr/m).

Takum 4rHOM, 32 YMOBH IMOBHOI BIJTYBKH YTBOPEHOTO 3aKHCY a30Ty KOe(]IIli€HT BUKHUIIB
N20 (%) Ha JoCHKEHUX CIIOpYAaxX JOPIBHIOE:

(N—N20 / N3ar)100 =+ (1,83/55,31)100=3,24 (%).

I{i mani 30iratoThCsl 3 pe3yibTaTaMd BHUMIPIOBaHb, BUKOHAHMX Ha JIIOYMX O10JIOTTYHUX
OUYHMCHHX CII0JIaX, BUKOHAHUX B PI3HUX KpaiHaX CBITY: BiJl YaCTOK BiJICOTKY 110 25%.

Po3paxynok BukuaiB N2O i COa, 110 YTBOPIOIOTBCS HA OYHCHUX CIIOPYAax Mij 4ac CKHUIY
OUYMMICHUX CTIYHUX BOJ y MPHPOJIHI BOJOWMU, BHKOHYBAIH 32 PIBHIHHSIMH, PEKOMCHIOBAHUMH
IPCC:

N20bio,i = EFpio,n20, * TNin,i ¥ 265 (1)

COZbio,i: EFbio,COZ,j * CODremoved,i (2)

1€ N2Obio,i Ta CO2bioj — 1€ BUKUIM N2O Ta CO2 (T CO2 eKkB/piK) BiJ O10J0TIIHOTO OUHIIECHHS

Ha OC; EFvio, nooj (T N2O/kr TN) ta EFpio, co.j (r CO2/kr Bunyuenoro XCK) — BiamoBinHi

Koe(illieHTH BUKUIIB IS TpaauIiiiHoro mporecy — 25 1 560, nporecy AO — 251 365,8. TN, —

piuHa Maca 3arajpHOro aszoTy y BxigHoMy nortomi (Kr/pik), CODremovedi— plYHa KUIBKICTb

BuimyuyeHoro XCK (kr/pik) 265 — koedinient nepepaxyHky N2O B CO»-eKBIBaJI€HT.

Bukuau napHUKOBHX Ta3iB 3 MPUPOJIHUX BOJOWM PO3PaxOBYBaOH 3a (PPIIMYITAMHU:

N2Oes,i= EFer,n20j ¥ TNow,i ¥ 265 (3)
COZ@}j’,i: EFef.coz; * CODour,i 4)

Je NoOef i Ta Ooef; i — 1ie Bukuau N2O ta CO2 (r CO2 exB/pik) Bi muisxy ckuay; EFes
~20,; (T N2O/kr TN na Buxoai) Ta EFes coz ; (T CO2/kxr COD Ha Buxoai) — 1€ KoedillieHTH
BUKHIB Ui MUIsAXy ckuay (BianmoBigHo — 7,9 1 570); CODou,i (krCOD Buxia/pik) ta TNow,i (KT
TN Buxin/pik) — 1e macu XCK Ta Nsar. Ha BUXO/I 3a PiK.

Tabmuus 2 TlopiBHAHHS MUTOMUX BUKHIB MapHUKOBUX ra3iB 3 MOCBNe2 m. XapkiB Ta Ha
JoCIiKyBaHOMY 00'ekTi B HiMeuunHi.

Cxema, 3a SIKOIO MPALIOIOTh [TuToMuil BUKK napHuKoBHX rasis, TCOzexs/M> CB
OYHCHI CTIOPYIH ITix yac OYMCTKHU CTIYHHUX BOJ [Ticnsa ckuny CB y BomHMIA
00’€eKT
N0 CO: N0 CO:
Tpaauuiiina 0,00033 0,0002 0,00007 0,00003
AO 0,0002 0,0001 0,000019 0,00001

Sk BUIIHO, 3a MOTEHIIAJIOM IJ100aIbHOTO MOTEIIIHHS B BUKMJIAX NMAPHUKOBUX ra3iB, K 3
OYUCHUX CIIOPYJ, TaK 1 3 MPUPOJHUX BOJOMM MICNIs CKUAY OYHMILEHHX CTIYHUX BOJI MEPEBaXKae
3aKkuC a30Ty. [IMTOMI1 BUKHIM MAapHUKOBUX ra3iB IMiJl YaC OYUCTKH CTIYHHUX BOJ Ha XapKiBCHKUX
OC nepeBHIYIOTh BiIMOBIIHI MOKA3HUKH JOCHTIHKYBaHOTO 00’ exTa B HiMeuunHi mpubau3Ho y 2—
2,5 paszu. Ilicnst ckugy OYMINEHMX CTOKIB y BOJHUM 00 €KT PI3HMIA Y BUKHAAX 3aJIAMIAETHCS

Marepiamu [X MixnapoaHoi HayKOBO-TIpakTHIHOI KoHbepeHItii «Uucra Boga. yHnamMeHTaIbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

150



CyTTeBOIO: TUTOMI BUKHIM N20 y XapKoBi epeBUILYIOTh HIMEIbKI IprOan3Ho y 3,7 pasa, a CO:
— y 3 pa3a, mo TIATBEPIKYyE HWXKUYY €PEKTUBHICTh TEXHOJOTIYHHMX IMPOIECIB Ta OiIbIIMN
HEraTUBHUN €KOJIOTIYHUHN BILIUB.

Jlitrepatypa
l. Bani Shahabadi, M., Yerushalmi, L., & Haghighat, F. (2009). Impact of process
design on greenhouse gas (GHG) generation by wastewater treatment plants. Water Research,
43(10), 2679-2687.
2. Nguyen T. K. L., Ngo H. H., Guo W., Chang S. W., Nguyen D. D., & Nghiem L.
D. (2019). Insight into greenhouse gases emissions from the two popular treatment technologies
in municipal wastewater treatment processes. Science of the Total Environment, 1302.

3. IPCC. (2019). 2019 Refinement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. Intergovernmental Panel on Climate Change, Geneva, Switzerland.
4. Wang X. (2020). Energy Consumption, Chemical Use and Carbon Footprints of

Wastewater Treatment Alternatives: Assessment Methodology and Sustainability Solutions.
Springer Singapore. DOI: https://doi.org/10.1007/978-981-13-5983-5.

5. Schneider A. G., Townsend-Small A., & Rosso D. (2015). Impact of direct
greenhouse gas emissions on the carbon footprint of water reclamation processes employing
nitrification—denitrification. Science of The Total Environment, 505.

Martepianu IX MiskHapoaHOT HayKOBO-TIpakTHUHOT KoHpepeHLii «Uucra Bona. DyHmaMeHTalbHI,
MpUKIaaHi Ta mpoMuciioi aciektm» (20-21 nmucromana 2025 p., m. KuiB, Ykpaina)

151



HaykoBe BuganHs

YHCTA BOJIA.
®YHIAMEHTAJBHI, TIPUKJIATHI TA
IMPOMUCJIOBI ACIEKTH

Marepianu |X MixHapoaHOi
HAayKOBO-TIPAKTUYHOI KOH(EPEHIIIT,
IPUCBAYCHOT 25-p1uuto (GaKyJbTETY

010TEXHOJIOT1i 1 010TEXHIKU

20-21 nmucromana 2025 p.,
HamionanpHUM TEXHIYHUN YHIBEPCUTET Y KpaiHU
«KuiBChbKMI MOMITEXHIYHUN 1HCTUTYT iMeH1 Iropst CIKOpChbKOTO»

Te3u donosiodetl yuacHuxie KoHpeperyii

nO0armMvCs 8 ABMOPCHKIl pedaKyii



	Страница 1

