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CHAPTER 1
HEADSPACE LIQUID-LIQUID MICROEXTRACTION

Vishnikin A.B., Tamen A.-E.

Department of Analytical Chemistry, Faculty of Chemistry, Oles Honchar Dnipro
National University, 72 Gagarin Avenue, Dnipro, 49010, Ukraine

I. INTRODUCTION

In recent decades, many efforts have been made to reduce the negative
impact of the sample preparation stage on the entire analytical procedure, since it is
time-consuming, difficult to perform, multi-stage, poorly automated and negatively
affects the precision of the analysis. As a result, sample preparation has long been
regarded as the "Achilles' heel" of chemical analysis. Miniaturization, automation,
high-throughput performance, online coupling with analytical equipment, and low-
cost operation through extremely low or no solvent usage are all recent advances in
sample preparation. Miniaturization has been a key factor in the pursuit of these
objectives.

The review is devoted to the description of a new liquid-liquid
microextraction technology developed in the last two decades called headspace
liquid-liquid microextraction. The review is based both on the existing literature as
well as on the own experience of the authors.

Despite the advances in the development of highly efficient analytical
instrumentation for the end-point determination of analytes in pharmaceutical
products, biological and environmental samples, sample pretreatment is typically
necessary in order to extract, to isolate and to concentrate the analytes of interest
from complex matrices because most of the analytical instruments cannot directly
handle the matrix. A sample-preparation step is therefore commonly required.

The classic method of preparation of samples is liquid- liquid extraction
(LLE). However, it takes a lot of time, labor-intensive and requires enormous
quantities of costly and toxic high-purity solvents. Disadvantages such as solvent
losses, complex equipment, large secondary wastes, extra operational costs for
waste treatment, unsatisfactory enrichment factors, high time consumption, and
difficulty in automation limit the application of these techniques.
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Modern requirements for miniaturization and green chemistry have made it
necessary to invent new techniques. In line with this trend, microextraction (ME)
was introduced in the 1990s [1, 2]. Solvent microextraction is a form of solvent
extraction with phase ratio values higher than 100. ME methods can generally be
classified into solid-phase microextraction (SPME) and liquid-phase
microextraction (LPME) approaches. These techniques are free from many of the
disadvantages inherent to classical LLE. They use the smallest possible volume of
organic solvent to achieve a high preconcentration ratio of 1000 times and more.
This reduces the amount of waste generated. The microliter volumes of the
extracting solvent fully meet the requirements of methods such as gas
chromatography or capillary electrophoresis. The LPME techniques are faster and
simpler than conventional methods. They also allow to reduce cost, sensitivity, and
make more efficient separation from interfering substances. In addition, only one
step of manipulation is necessary, therefore, problems of contamination and loss of
analytes vanish.

I1. SOLID-PHASE MICROEXTRACTION

SPME has several important advantages over traditional sample preparation
techniques:

e it is a quick, easy, solvent-free, and sensitive method for the extraction of
analytes;

e it is compatible with analyte separation and detection by gas
chromatography and high-performance liquid chromatography with ultraviolet
detection (HPLC-UV);

e it provides a linear analytical signal over a wide range of analyte
concentrations;

e it has a small size, which is convenient for designing portable devices used
in field sampling;

e it gives very consistent, quantifiable results at very low analyte
concentrations;

e it is a relatively fast method and can be automated and coupled on-line to
analytical instrumentation.

Although SPME fibers are becoming increasingly popular, they have a
number of disadvantages, e.g.:



e relatively low recommended operating temperature (typically in the range
240-280 °C);

e their fragility and swelling in organic solvents, which severely limits their
application in HPLC,;

e fiber breakage;

e stripping of coatings;

e the bending and costs of needles; a single fiber costs more than $100;

e a limited lifetime.

Although SPME uses much less solvent than LLE, the usage can still be
regarded as significant and a further step is usually required to concentrate the
extract to a small volume. SPME can be automated but this leads to complexity
and additional cost.

I1l. CLASSIFICATION

It is interesting to note that despite of the situation in classical LLE, in the
field of microextraction, generally accepted classification does not exist up to now
(Fig. 1). At least two main explanations to this controversial fact can be proposed.
First, the development of the microextraction methods is far from finishing. The
ME is the young science and it is early to make final decision. Second, the
chemical and physical processes lying in the base of the methods are so different
and complex that it is sometimes difficult to find the joining ideas.

In LPME, extraction normally takes place into a small amount of a water-
immiscible solvent (acceptor phase) from an aqueous sample containing analytes
(donor phase). It can be divided into four main categories [3, 4]:

(1) single-drop microextraction (SDME);

(2) dispersive liquid—liquid microextraction (DLLME);

(3) hollow-fiber microextraction (HF-LPME);

(4) homogeneous liquid-phase microextraction.

In practice, there are two main approaches to performing SDME.:

(1) direct immersion (DI)-SDME;

(2) headspace (HS)-SDME

In DI-SDME, a drop of a water-immiscible solvent is suspended directly
from the tip of a microsyringe needle immersed in the aqueous sample.
Applications of DI-SDME are normally restricted to medium polarity, non-polar
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analytes and those whose polarities can be reduced before the extraction.
Furthermore, the organic solvents used for DI-SDME are immiscible with water.
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Fig. 1. Schematic representation of the LPME methods

In HS-SDME, a microdrop of appropriate solvent is placed in the headspace
of the sample solution or in a flowing air sample stream to extract volatile analytes.
HS-SDME has similar capabilities in terms of precision and speed of analysis to
DI-SDME but has the advantage of a wider variety of solvents to choose from.
Unlike to DI-SDME, water can be also used as the solvent in HS-SDME to extract
volatile and water-soluble analytes. This significantly enhances the range of
extractable analytes as well as the range of analytical methods that can be coupled
to SDME. In addition, HS-SDME is found to provide excellent clean-up for
samples with complicated matrices.



Another group of ME methods includes approaches in which an extracting
solvent is preliminarily dispersed in the sample solution. The mass transfer rate is
accelerated as the surface boundary increases significantly. Dispersion can be
accomplished through the use of a combination of dispersing and extracting
solvents (Dispersive liquid-liquid microextraction, DLLME), ultrasound (US-
LPME), vortex mixing (VA-LPME), and other methods. The organic phase is
usually collected by centrifugation. This operation lengthens and complicates the
entire procedure.

IV. SINGLE-DROP MICROEXTRACTION

Single drop microextraction (SDME) was developed as a solvent-minimized
sample pre-treatment procedure [5-8]. It is inexpensive, and since very little
volume of extractant is used, toxic organic solvents are used in trace amounts.

SDME wuses typically 1-3 uL of an organic solvent at the tip of a
microsyringe (Fig. 2). SDME procedures are ordinarily performed as follows: a
sample solution containing the target analyte and the necessary reagents (if
required) are put into a vial containing a stir bar. The vial, sealed with a silicone
rubber septum, is then placed on a magnetic stirrer while being kept at the desired
temperature by a water bath. SDME is usually performed with a commercially
available microsyringe, which needs to be rinsed several times with the extraction
solvent before every extraction to prevent air bubble formation and the carry-over
of compounds between extractions. The microsyringe is filled with extraction
solvent; the microsyringe needle is then passed through the vial septum, and its tip
Is placed either above (headspace microextraction) or below (direct immersion
microextraction) the surface of the solution. During the extraction, the syringe
needle is held in position at a fixed depth with stands and clamps, and the plunger
is pressed down so that the solvent forms a drop suspended from the tip of the
needle. When the extraction is finished, the plunger is pulled back, causing the
drop to then be retracted back into the microsyringe, and the needle is withdrawn
from the sample vial. Finally, the needle tip is carefully cleaned, and the acceptor
phase containing the target analytes is subjected to instrumental analysis.
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Fig. 2. Schematic representation of single-drop microextraction system, first
introduced by Jeannot and Cantwell in 1997, where the microdrop is left suspended
at the tip of a microsyringe

However, this technique has several disadvantages: if mixed too quickly,
organic droplets may come off; air bubbles may form; extraction takes a long time
and in many cases equilibrium cannot be reached after a long time.

Liu and Dasgupta [9] were the first to report a novel drop-in-drop system
where a micro drop of a water-immiscible organic solvent (1.3 nuL) was suspended
in a larger aqueous drop. At the same time, Jeannot and Cantwell [10] introduced a
new solvent microextraction technique, where a microdrop (8 pL) of organic
solvent was left suspended at the end of a Teflon rod immersed in a stirred aqueous
sample solution. After extraction for a certain time, the rod was removed from the
sample solution and, with the help of a microsyringe, an aliquot of the organic drop
was injected into a GC instrument for further analysis.

One disadvantage of above methods is that extraction and injection have to
be performed separately, using different apparatus. To overcome this problem,
Jeannot and Cantwell [11] suggested an alternative drop-based extraction
technique. According to this revised protocol, microextraction was performed
simply by suspending a 1 pL drop directly from the tip of a microsyringe needle
immersed in a stirred aqueous solution. After extraction, the organic phase was
withdrawn back into the microsyringe, and then the sample was injected into a GC
system for further analysis. In this proposed method, the single device is used for
extraction and injection, so the operation of microextraction is better.



V. HEADSPACE MICROEXTRACTION

HS mode of LPME [12, 13] distinguishes clearly from the other LPME
methods. The analyte can be easily and totally separated from complex matrices
using this technique. In the HS mode of LPME, phase separation and following
transfer to the instrument are greatly simplified. Unlike many other types of
LPME, the analyte can be extracted from the donor phase using both water-
immiscible and water-miscible solvents. Application of HS-SDME is limited to
volatile or semi-volatile analytes. One more disadvantage of this approach is that
the separation process can take a long time. Compared to DI-SDME, it has similar
sensitivity and speed of analysis, but the number of extractable analytes and the
number of analytical methods in combination with SDME increases significantly.
In HS-SDME, the extraction solvent can be chosen more freely, and there is no
concern about solvent solubility in the sample. Both SPME and LPME in HS mode
are comparable in terms of sensitivity, precision, and extraction time, but LPME
outperforms SPME since it is low cost, less time consuming, and has no memory
effects.

HS-SDME can only be used with volatile or semi-volatile analytes. One
more disadvantage of this approach is that the separation process can take a long
time. The sensitivity and analysis time is roughly equivalent to DI-SDME, but the
number of analytes extractable and the number of analytical methods matched with
SDME significantly increases. In HS-SDME, the extraction solvent can be chosen
more freely, and there is no concern about solvent solubility in the sample. The
sensitivity, precision, and extraction time of the SPME and LPME in the HS
technique are significantly compared. Even so, LPME performs better SPME,
because it is less expensive, takes less time, and has no memory effects.

The chemical reaction of the analyte in the solution under analysis with the
appropriate reagent, transfer of the analyte from solution to the gas phase, diffusion
of analyte molecules to the extractant, absorption, and finally chemical reaction in
the extractant solution are some of the steps that may be involved in HS-LPME. As
a result, in order to achieve the best analytical characteristics, the determination
can take a long time, even though the preconcentration can often be completed in
just a few minutes.

This disadvantage is fully or partially offset by other advantages of the
approach. The release of the substance from the solution or solid phase and then
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the absorption by the extractant solution has a decisive effect on improving the
selectivity, eliminating the effect of color, turbidity of the analyzed sample. Only
those substances interfere that are sufficiently volatile under the conditions of the
analysis and are capable of entering into the reaction, which is used to determine
the target analyte. Such limitations lead to the fact that when using HS-LPME, the
determination of inorganic substances frequently becomes specific.

The obtained extracts are optimally adapted and compatible with the
instruments used for measurement. As an extractant, you can use any organic
solvents or even aqueous solutions. To determine many analytes, it is necessary to
transfer the substance into a fairly pure matrix, which is suitable for introduction
into the device. In high performance liquid chromatography, re-extraction into the
aqueous phase is sometimes required after extraction to be compatible with the
mobile phase composition. The flame ionization detector is insensitive to water, so
it is an attractive solvent in gas chromatography.

Compared to HS-LPME, separation and pre-concentration operations by
other methods are no less lengthy and often require more work and analyst skills.
Such sample preparation can take a long time, requiring numerous lengthy
procedures during which, unlike phase evaporation, the analyst must be directly
involved in the separation and concentration operations. During traditional sample
preparation, contamination of the extract with analyte impurities may occur.

During the microextraction from the headspace, a small amount of extractant
Is used, which in principle is infinitesimally small and limited only by the
capabilities of the measuring equipment. As a result, the degree of
preconcentration is very high and reaches several thousand. HS-LPME is
characterized by an extremely simple way of separating the extractant and the
analyzed solution. Preconcentrating in very small volumes of the order of a few
microliters is a difficult problem for other microextraction methods. Thus, while
HS-LPME is relatively time-consuming, in many cases it is the fastest, most
sensitive and cleanest method. HS-LPME is a related method to classical SDME. It
can be easily implemented in almost any laboratory and can be automated.

Despite the fact that in HS-LPME there is no direct contact of the donor and
acceptor phases, special attention, as well as in DI-SDME, is paid to the stability of
the drop on the tip of the microsyringe needle. After all, in any case, there is
vibration from the magnetic stirrer; it is impossible to exclude shaking of a drop by
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the analyst during its selection after the end of extraction; the volume of a drop can
Increase during extraction due to condensation of water vapors or other solvent that
will promote its separation, especially at the raised temperatures. HS-LPME is
currently incompatible with most cuvettes and instruments used in
spectrophotometry due to the very small volumes of the extracting phase [14].
Available cuvettes for measuring absorbance of volumes less than 100 uL are
expensive and incompatible  with  conventional  spectrophotometers.
Spectrophotometers for measuring absorbance in a drop of solution (1-5 uL) are
already available, but they are inaccessible and expensive, and the thickness of the
absorbing layer is reduced to ~ 1 mm.

The most common approach in the HS-LPME is to use a microsyringe as a
holder of microdrop. During the analysis, the vial is placed on a magnetic stirrer,
then the needle tip of the microsyringe containing an organic solvent passes
through the septum of the vial and is fixed approximately 0.5-1.0 cm above the
sample solution. After mixing is complete, the acceptor phase is drawn back into
the microsyringe and injected into a suitable instrumental system for the
quantitative analysis.

This approach combines several steps in sample handling, including
separation, preconcentration, and transfer of the concentrate to the instrument.
However, it suffers from several factors that cause significant deterioration in
reproducibility. The microdrop can grow or shrink in volume due to absorption of
water vapor or evaporation of the solvent, respectively. In the procedures using the
HS-SDME, equilibrium is frequently not achieved because the micro drop can
become unstable with longer extraction times. The surface area of the solvent used
is limited, so the small interfacial contact area between the sample and the analyte
vapor in the headspace can reduce extraction efficiency. The solvent can separate
from the tip of the needle, so the experiment requires careful and complex manual
operation. Holding of a microdrop at the tip of a microsyringe needle makes the
preconcentration method incompatible with a number of commonly used detection
methods, including spectrophotometry, luminescence, or flame AAS.

Various approaches were proposed to increase the stability and volume of
the acceptor phase [6, 15]. In 2003, Shen and Lee introduced the dynamic mode of
the HS-SDME, which solved the problem of drop dislodgement [16]. In this
modification of HS mode, when the plunger of the syringe is withdrawn, the
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organic phase forms a very thin film of organic solvent on the inner wall of the
microsyringe. The extraction process takes place by repeating two operations with
the gaseous phase: withdrawing it into and ejecting it from the microsyringe.
Compared to the static mode, the described method provides a higher extraction
efficiency in a shorter analysis time. However, dynamic HS-SDME is more labor-
intensive and less reproducible than static mode. In addition, the extraction contact
surface between the headspace inside the syringe channel and the organic solvent
film is limited. This limited area of interface between the sample and the solvent
may be the reason that the extraction efficiency for this technique is not very high.

Farajzadeh et al. [17] proposed to keep the microvolumes of organic solvent
from falling off by placing it inside an extraction vessel from a glass tube. During
analysis, the extraction vessel is passed through the septum and inserted into the
headspace above the solution. Then the analysed volatile compounds pass through
the layer of the extracting solvent placed in the lower narrow part of the tube and
dissolve in it. The method is characterized by a high recovery (>88%) for the
extraction of 1,4-dioxane from its solution in n-hexane by n-octanol and relatively
short extraction time of 8 min. Nevertheless, the dynamic regime is less suitable
for the cases where the mass transfer in the acceptor phase is slow.

Increase in the volume of the extraction phase is important to improve the
sensitivity of some methods. The PTFE flanged sleeve proved to be a device that
allowed up to 10 uLL of a drop of extraction solvent to be retained for 20 minutes in
the headspace of the sample [18]. In [19], the microsyringe needle was equipped
with a small brass funnel. This made it possible to increase the volume of
microdrop to 5 uLL and the stirring rate up to 1000 rpm. Both of these factors have
resulted in a more than tenfold increase in the enrichment factor for pesticide
determination by GC-ECD compared to the conventional mode. Liu et al. proposed
to use room temperature ionic liquids with high viscosity as an extraction solvent.
When using ionic liquids, a much larger volume of drop (10 pL) can be retained on
the microsyringe needle [20]. However, the stability of the suspended drop was
still poor. In [21], the tip of a microsyringe was inserted into a 5 mm long PTFE
tube. In addition, the end of the tube was widened. Thus, the likelihood of
detachment was reduced and microdrops up to 15 uL could be stably suspended at
the tip of the syringe. The analytical signal was 14 times greater than that obtained
by the traditional HS-SDME with a 5 pL drop.
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VI. HEADSPACE MICROEXTRACTION WITH OPTICAL PROBE AS
ACCEPTOR PHASE HOLDER

Among the most difficult aspects of the SDME method is keeping the micro
drop stable on the tip of the needle during the whole extraction process. Increasing
the microdrop volume can lead to its loss or spontaneous dislodgement. In the
effort to overcome this problem, a variety of alternatives have been reported.

Techniques that do not use a microsyringe as the supporting device and thus
allow for a larger volume of extraction solvent to be used, such as directly
suspended droplet microextraction and oval-shaped PCR tube-assisted
microextraction, have also been reported, however, they are much less common.

In comparison to the interconnection of SDME with other techniques, such
as GC or HPLC, the number of papers devoted to the coupling of SDME with UV-
vis detection is relatively small. One possible explanation for this could be the
difficulties of measuring absorbance in such a small volume of extractant phase, as
a conventional UV — Vis spectrophotometer usually is not really capable of doing
so. Although several technical solutions now exist that enable absorbance to be
measured in microvolumes, for example, microvolume cells, cuvetteless
microvolume  spectrophotometry, or a  self-constructed  miniaturized
spectrophotometer, the complicated handling of the extraction phase microdrop
(transfer to the cell, filling the cell), as well as the special requirements for
solvents, the short path length, and the necessity of adjusting the optical path, still
makes performing these measurements problematic.

We first proposed to use an optical probe as a microdrop holder in the HS-
SDME method [15, 22]. This approach avoids the necessity of handling the drop
between the extraction and detection steps. It also allows for online acquisition of
the analytical signal and, as a result, online monitoring of the entire extraction
process, which could aid in a deeper understanding of the extraction Kinetics and,
as a result, a better selection of optimal conditions.

The effectiveness and efficiency of the proposed extraction system were
demonstrated for sulfite determination in food samples. Sulfite was used as a model
analyte because it plays an important role in the food industry as antioxidant,
enzyme inhibitor, antimicrobial agent, and color stabilizer among other uses.
Sulfite content should be checked in food due to their impact on food assurance
and quality control.
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Apparatus. A USB 4000 fiber optic spectrometer (Ocean Optics) equipped
with an LS-1 tungsten halogen light source (Ocean Optics) and with a double pass
optical probe of 10 mm path length was used for absorbance measurements. Data
acquisition was performed using OceanView spectroscopy software and FlAlab
software. A magnetic stirrer and a 12 mm X2 mm stirring bar was used to stir the
solutions.

_ From light source To detector
Sample solution

}
=

Acidification Mixing
N
| — P
nso | Probe placing SO, evqlutlon and
; extraction
") )

Fig. 3. Scheme of HS-LPME procedure for sulfite determination

Recommended HS-LPME Procedure. The scheme of the HS-LPME for the
determination of sulfite is shown in Figure 3. An aliquot of real sample or standard
solution containing 0.1 — 1.0 ug of sulfite was placed into a 4 mL vial with a screw
cap containing a 12 mm x 2 mm stirring bar and 300 pL. of a 0.01 M solution of
EDTA (to prevent the catalytic action of trace amounts of heavy metals), and the
volume was filled up to 2.8 mL with water. Thereafter, 25 puL. of aqueous reagent
solution was placed in the hole of the optical probe tip. The vial is held by clamps
below the optical probe. Next, 200 uL of 2 M HCI was quickly added to the vial
using an automatic pipet (the final volume is 3 mL). The vial was immediately
closed, and a magnetic stirrer was positioned under the vial. The stirrer was turned
on (1700 rpm, 70 ° C) and the absorbance measurement at 510 nm (650 nm as
reference wavelength) was carried out for 900 s, with data acquisition every 3 s.
During the extraction the optical probe is held in position such that the open probe
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tip containing the aqueous reagent solution appears about 1 cm above the surface
of the sample solution. For quantitative calculations, the absorbance values at the
time from 880 to 900 s were used (when the blank test is subtracted).

At pH 5.6, sulfur dioxide SO, can reduce Fe(lll) to Fe(ll), forming a red-
coloured complex with 1,10-phenanthroline. By acidifying the sample solution
with 2 M HCI, sulfite is converted to SO,. The headspace extraction is carried out
into a 25 pLL aqueous microdrop of the mixed reagent containing Fe(IIl) and 1,10-
phenanthroline (Phen), located on the open probe tip. The spectrophotometric
measurements are conducted in real time at 510 nm wavelength. The univariate
optimization method was used to investigate variables that could affect the
determination, such as extraction phase content and volume, sample acidity,
temperature, and stirring rate.

Optimization of chemical variables. The pH of 5.6 was chosen as the best
because the colored complex Fe(Phen)s?* is destroyed in more acidic solutions due
to Phen protonation. The solubility of SO, in the aqueous phase, as well as the
reaction chemistry, can be affected by sample temperature. The results showed that
60 °C is sufficient; however, due to better precision, 70 © C was chosen as the
optimum. The proposed method necessitates the formation of SO,, which is
possible in acid conditions. As a result, the amount of sulfur dioxide released is
proportional to the acidity of the sample. The aqueous extraction phase absorbance
increases up to 0.133 M HCI and then decreases slightly at higher concentrations
of the acid. Therefore, 0.133 M HCI was chosen.

Effect of Extraction Phase Volume. The influence of the aqueous extraction
phase microdrop volume on the analytical signal was investigated in the range of
17.5 — 35 pL. The absorbance decreases significantly at a volume of 30 uLL or more
due to dilution; as a consequence, the determination becomes less sensitive.
Furthermore, the possibility of microdrop loss or dislodgement rises. When using a
microdrop of 20 uL or less, the reproducibility suffers, and the microdrop is being
positioned on the open probe tip more laboriously. Using a volume less than 20 uLL
results in an incomplete filling of the optical path, with the light passing through a
layer of air. This could explain the decrease in repeatability. A volume of 25 pL for
the aqueous extraction phase was chosen as the optimum.

Influence of Stirring Rate and Extraction Time. The effect of the stirring rate
was investigated up to 1800 rpm. The absorbance increases with an increasing
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agitation rate. Due to the microdrop dislodgement at higher rates, a stirring rate of
1700 rpm was chosen for further experiments. The extraction time was examined
for up to 1000 s. Absorbance increased intensively up to 700 s and between 700
and 900 s changed more slowly. The increase in the value of the blank experiment
Is primarily responsible for the changing absorbance after 900 seconds. The
optimal extraction time for future experiments was determined to be 900 seconds.

The slope ratio of the calibration plots with and without extraction yielded
an enhancement factor of around 20. The following points summarize the
advantages of the method described when compared to existing techniques. The
approach does not involve the use of organic solvents (500 pL of ethanol and 100
uL of chloroform); the time-consuming centrifugation step is eliminated (5
minutes); and manual handling of the extraction phase after extraction, such as
transfer to the pedestal of a cuvetteless spectrophotometer for absorbance
measurement, is avoided.

This advanced HS-SDME method simplifies the phase separation and
absorbance measurement steps by combining them in one step. A higher stability
of the solvent drop was achieved, which allowed more effective mixing the
aqueous phase, accelerated mass transfer, and shortening of the analysis time
without the risk of dropping loss. The proposed technique allowed real-time online
monitoring, registration, and visualization of the analytical signal. One of the
limitations of the method is that only those solvents can be used that have good
adhesion to the material of the probe.

VII. IN-VESSEL HEADSPACE LIQUID-PHASE MICROEXTRACTION

Today, inexpensive and easy-to-use accessories such as 50-100 pul micro
cuvettes and 5-10 ul ultramicro cuvettes are available for spectrophotometric
measurements in small volumes. However, combining HS-LPME and UV-Visible
spectrophotometry remains challenging, since the commonly used acceptor phase
volumes are small (typically 1-3 uL). Recently, we have proposed a new
headspace ME technique termed in-vessel headspace liquid phase microextraction
((IV-HS-LPME)) [23, 24]. The principal feature of this approach is that the
acceptor phase is held in a homemade reactor, fixed in a free space above the
analysed solution in a closed vessel. The proposed approach is fully compatible
with conventional microcuvettes and instruments used in spectrophotometry. The
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potential of the method was assessed by determining iodide by converting it to
volatile 15, then absorbing the latter with 1% (w/v) KI and finally measuring the
absorbance of the 15~ complex in a microcuvette. The developed method has been
also successfully applied to the determination of several other inorganic
compounds in the various objects of analysis.

A SPECORD S 600 UV-visible spectrophotometer (Analytik Jena,
Germany) or an SF-46 UV-visible spectrophotometer (LOMO, St. Petersburg,
Russia) equipped with glass cuvettes with an optical path length of 10 mm were
used to measure the absorption spectra. Micro-volume quartz cuvettes (Starna
Scientific Ltd., UK) with a path length of 10 mm and volumes of 10 and 50 L were
used to measure the absorbance.
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Fig. 4. Schematic representation of the experimental setup and procedure steps for
the IV-HS-LPME of iodide coupled with spectrophotometry

The experimental setup for the determination of iodide by the developed

method is shown in Fig. 4. Pharmaceutical vials or vessels made of clear or amber

glass with a volume of 15, 25 or 40 mL, equipped with a rubber stopper, were used

as containers for experiments. To retain the acceptor phase, a 200 pL plastic vessel

was fixed with a wire to the rubber stopper. A 1.0 mL insulin syringe inserted
17



through a rubber stopper was used to inject the oxidizing agent potassium
dichromate to initiate the reaction. Microsyringes with a volume of 10 or 100 pL
(Hamilton, Bonaduz Ltd., Switzerland) were used to deliver the reagents.

Procedure for iodide determination. An 8-mL aliquot of a standard solution
of Kl containing 0.16 — 3.2 pg of iodine (as I") was placed into a 15 mL glass vial.
Then 0.4 mL of 25% (w/v) H,SO, were added along with 0.6 mL of 1 mol L of
Na,SO, solution and a magnetic stirrer. The sample vial was tightly closed with a
rubber stopper, to which a plastic vessel containing 50 pL of 1% (w/v) KI was
attached. An insulin syringe with a needle was filled with 1 mL of 0.01 mol L*
K.Cr,07, the needle inserted into the vial through the stopper, and the K,Cr,O;,
solution injected into the KI solution. After injection, the mixture was stirred at
ambient temperature for 35 min at 1200 rpm. After the completion of the
microextraction process, S0 uL of the acceptor phase was removed from the vessel
with a microsyringe and added to a 50 uL microcuvette with an optical path length
of 10 mm. The absorbance was measured against a blank sample at 350 nm.

Octanol

: Toluene
1.6 —— Amylacetate
— DMF
Acetonitrile
—KIl

Absorbance
(@]
(0]

- 100 450 500 550 ®0O
Wavelength (nm)

300 350
Fig. 5. Absorbance spectra of the acceptor phase obtained using various extraction
solvents in the determination of 3 pmol L iodide by the proposed IV-HS-LPME

method
18



Selection of the composition of the acceptor phase. The first stage of the
proposed method for the determination of iodide is converting it into volatile
molecular iodine. Following that, a suitable acceptor phase composition for iodine
absorption had to be found. Many organic solvents, as well as aqueous solutions of
some reagents, extract iodine well. Organic solvents were used in preliminary
microextraction experiments. The absorbance obtained using DMFA, which was
suggested in one of the preliminary studies [25], was lesser than when using an
agueous solution of iodide as an acceptor phase. Other organic solvents, such as
amyl acetate, toluene, and n-octanol, had lower absorbance than DMFA and were
therefore excluded from the study (Fig. 5). lodine had a high absorbance in
acetonitrile, but this solvent evaporated quickly.

The highest absorbance was achieved when using aqueous Kl in comparison
to all other tried acceptor phases (Fig. 5). It was selected to be the best extractant.
In the reaction between absorbed iodine and excess iodide, a triiodide complex is
formed. At a wavelength of 350 nm, it has a high molar absorptivity coefficient of
25 800 molt L cm™. This complex has low stability constant. As a result, the
analytical signal's dependence on the KI concentration in the acceptor phase was
investigated. It was found that the absorbance stabilizes only after a concentration
of 1% (w/v) KI is reached (Fig. 6A). This KI concentration was selected as the
optimal.

Choice of oxidising agent. The conversion of iodide into a volatile derivative
— elemental iodine — is the first step in the suggested method for determining
iodide. This has already been done with a variety of oxidants. The use of 1 mol L™
H,O, as an oxidizing agent, as proposed in [25], was found to be inefficient. The
absorbance of the blank acceptor solution becomes too large at higher KiI
concentrations. Probably, when hydrogen peroxide vapors enter the acceptor
phase, they oxidize iodide. When nitrite is used to oxidize iodide, the reaction goes
very fast. However, nitrogen oxides generated during the reaction can react with
iodide in the acceptor phase, resulting in a high absorbance of blank acceptor
solution. The acceptor phase absorbance is low and variable when potassium
permanganate is used. When compared to other oxidizing agents, cerium (1V)
sulfate has a relatively low absorbance.

The best oxidizing agent was found to be potassium dichromate. Its reaction
with iodide produces only iodine vapor and no other volatile compounds. In all of
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the tested conditions, the absorbance of the blank acceptor solution was either non-
existent or very low. The ability of dichromate to oxidize is determined by its
concentration and the acidity of the solution. Strong acidification of the acceptor
phase is undesirable because photochemical iodide oxidation occurs faster in this
case. Starting from a certain concentration, the effect of K,Cr,0; and H,SO, on the
absorbance of the acceptor phase is comparable and characterized by a sharp
change in absorbance. Both dependencies have reached a plateau, with H,SO, (Fig.

(B)
(A)
* ¢ 1.0
1.2
i 0.8
Absorbancg Absorbance
0.8 0.6
0.4
0.4
Blank 0.2
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Kl concentration (%) K2Cr.07 concentration (mmol L)
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Fig. 6. Optimized variables for the determination of 15.3 pg iodide using IV-HS-
LPME for extraction from 5 mL donor phase into 100 uL acceptor phase: (A) KI
concentration in the acceptor phase; (B) K.Cr,O7 concentration in the donor phase;
(C) H2SO,4 concentration in the donor phase
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6B) and K,Cr,0; (Fig. 6C) concentrations starting at 0.125 mol L* and 1 mmol L
1 respectively. These concentrations were chosen as the best for further
investigation.

Calculation of distribution constants. Two distribution constants (partition
coefficients) can be used to describe the analyte distribution in a three-phase
system between the donor solution and the headspace and between the headspace
and the acceptor solution:

ct

D, = C%q (1)
cél

D, = ﬁ (2)

G
The amount of analyte absorbed by the acceptor phase, n = quVA, can be

expressed as [26]
CoVaVpDiD
n = oVAVDL1U3 (3)

Cy is the analyte's initial concentration in the donor solution; €% , C2?, and
qu are the analyte's equilibrium concentrations in the donor solution, headspace,

and acceptor solution, respectively; and Vj, V¢, and V, are the volumes of the
donor phase, headspace, and acceptor phase, respectively.

The nonlinear least-squares method was used to estimate the distribution
constants D; and D,. The sum of squares of residuals between experimentally
observed absorbance values and predicted values calculated using Eg. (3) was
reduced to a minimum. The absorbance data were obtained for a series of
experiments where the amount of iodide remained constant during the donor phase
and donor, gas and receiver volumes were altered. The values 0.8+0.1 and 16+2
respectively have been obtained for D; and D,. The product of D; and D, [26] can
be used to calculate the iodine distribution constant D between the acceptor and
donor phases, and it equals 12.8, which is in good agreement with the distribution
constant D calculated using the well-known ratio between D and extraction
percentage [23].

The remarkably low value of the distribution constants D for iodine
extraction in the system under study indicates that as the volume of the acceptor
solution decreases, the extraction efficiency should greatly deteriorate, preventing
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an improvement in sensitivity due to an increase in the ratio of volumes of the
donor and acceptor phases. A comparison of the experimentally determined and
computed dependencies of extraction percentage on the acceptor phase volume
(Fig. 8, curves a, b) shows that only if the volume of the accepter phase is higher or
equal to 100 pL the very good agreement is observed. The extraction efficiency
was higher than that calculated by the Eq (3) for lower volumes of the acceptor
phase. As a result, there is another factor that helps to improve iodine extraction
with small amounts of extracting phase.
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Fig. 7. Effect of donor phase volume on absorbance of acceptor phase for
extraction of 7.6 ug iodide into 100 puL of acceptor phase for two different vials
with total volume of 15 (a, b) and 45 (c, d) mL. Numbers under points indicate

volume of the headspace. Curves b and c represent the simulated absorbance
values calculated using Eq. (3)

Optimization of variables determining the efficiency of extraction. Influence
of the donor and headspace volumes. Both the volume of the donor and acceptor
phases affect the enrichment factor. In the range from 2.5 to 30 mL, the influence
of donor phase volume on acceptor phase absorbance was investigated (Fig. 7).
The extraction percentage of the analyte in the system under study is strongly
influenced not only by the volume of the donor phase, but also by the volume of
the headspace. The second term in the denominator, reflecting the contribution of
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the volume of the headspace, prevails due to the relatively large value of D,, equal
to 0.8, and significant volume of the headspace, as shown by Eq. (3). As a result, a
change in the headspace volume has a significant impact on the analytical signal.

As shown in Fig. 7, increasing the volume of the donor phase causes the
absorbance of the acceptor phase to increase almost proportionally. In fact, part of
this increase is due to a reduction in headspace volume, which happened as a result
of the experiments being conducted in the same vial. It can also be seen that, while
the donor phase volume remains constant, a reduction in headspace volume results
in a proportional increase in absorbance. In headspace microextraction, this
highlights the importance of vial selection and, as a consequence, headspace
volume.

It is important to note that the system under study follows a simple equilibria
scheme described by Eq (3). The analyte amounts and absorbance of the acceptor
phase calculated using this equation are very close to the experimental measured
value (Fig. 7).

Influence of the acceptor phase volume. The suggested method is well suited
to investigate critical factors that affect headspace microextraction, due to its high
reproducibility and ease of changing experimental parameters. The volume of the
extracting phase has a significant impact on the enrichment factor and extraction
efficiency (Fig. 8). When the volume of the acceptor phase is reduced from 200 to
5 uL, the extraction percentage diminishes from 20.3 % to 2.6 %.

The extraction efficiency remained relatively constant over the acceptor
phase volume range from 50 to 100 pL. The optimal volume was determined to be
50 pL. Smaller volumes were avoided because the microcuvette used to do the
measurement had a capacity of 50 pL and smaller volumes lead to a significant
reduction in extraction efficiency (Fig. 8).
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acceptor phase. Other extraction conditions: 5 (A) and 10 (B) mL of the donor
phase; 15.3 ug of iodide in the donor phase (A); 100 uL of the acceptor phase (A)

Influence of stirring speed and extraction time. To accelerate the mass
transfer of iodine in the donor phase, the sample solution must be stirred. The
effect of stirring speed on the analytical signal revealed that once the speed reached
800 rpm, there was no further increase in absorbance (Fig. 9A). This means that at
sufficiently high stirring rates, mass transfer in the donor phase no longer serves as
a limiting factor for the overall extraction rate. Because of the behaviour of the
system under examination, factors influencing the concentration of iodine in the
gas or acceptor phase can be studied more easily.

One of the most important factors that affect the completeness of the iodine
transfer to the acceptor phase is the extraction time. The extraction time is reduced
from 45 minutes to 30 minutes when the acceptor phase volume was diminished
from 100 to 50 pL (Fig. 9B). This relationship can be attributed to the fact that,
under the optimal conditions found, the extraction rate is primarily determined by
the rate of iodine transfer in the acceptor phase, which should increase as the
acceptor phase volume decreases. With a further reduction in the volume of the
acceptor phase, the extraction time is expected to reduce even more. For a 2.5 puL
acceptor phase volume, the optimal extraction time was 7 minutes [25].

Several other inorganic substances, such as iodate, bromide, bromate, sulfite,
sulfide, and nitrite, have been successfully determined using the developed
method.

The chemistry used as well as chemical-analytical characteristics of the
developed methods are summarized in Table 1.
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Table 1. Chemical-analytical characteristics

LPME methods

of the spectrophotometric 1V-HS-

Analyte

Method

LO
D

(ng
LY

Linear
range

(ng
LY

RS
D
(%)

Extra

ction

time,
min

Volume
of
sample
solution
(mL)

lodide

Oxidation of iodide to iodine
with K,Cr,07 and extraction of
the volatile iodine into 50 uL of
1% K

1.5

4-180

0.5-
1.4

20

4.8

lodate

Reaction between iodate and
excess iodide in 0.4 M H,SO,4
and extraction of the volatile
iodine into 50 uL of 1% KI

1.5

4-180

0.5-
1.4

20

4.8

Bromate

Reaction between bromate and
0.09 mM iodide in 0.01 M
H,SO, and extraction of the
volatile iodine into 50 pL of 1%
Kl

Bromide

Reaction between bromide and
excess bromate in 0.4 M H,SO4
and extraction of the volatile
iodine into 50 pL of 1% KI

Nitrite

Formation of volatile iodine in
the reaction of nitrite with
excess of iodide by acidification
with 2 mL of 25% H,SO, and
extraction into 50 pL of 1% KI

5-100

30

10

Sulfite

Formation of volatile sulfur
dioxide by acidification with 1
mL 83 M H3PO, and its
reaction with 0.1 mM (5,5-

10

30-
300

20

10
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dithio-bis-(2-nitrobenzoic acid)

Sulfide Formation of volatile hydrogen | 10 30- 15 10
sulfide by acidification with 1 250
mL 83 M H3PO, and its
reaction with 0.1 mM (5,5-
dithio-bis-(2-nitrobenzoic acid)

Interference study. The substances present in the sample can adversely affect
the determination of iodide due to the conversion of iodine to non-volatile iodide
or the formation of volatile compounds and oxidation of iodide in the acceptor
phase. Nitrite and bromide are examples of the latter. To test the selectivity, we
analysed model samples containing 3 pmol Lt iodide and different amounts of
interfering ions (Table 2). Besides the addition of foreign ions, the experimental
conditions were kept constant. Most of the studied ions common in natural waters
(K*, Na*, Mg?", Ca?", HCOs, NOs, SOs*, CI), did not interfere with the
determination of iodide at concentrations below 0.1 mol L. The effect of reducing
agents is compensated by the oxidative action of potassium dichromate. Allowed
nitrite and bromide concentration were up to 4.6 ug L™t and 1 mg L2, respectively,
but the last value is higher than the bromide concentration typical for naturally
occurring waters.
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Table 2. Influence of some interfering species on the determination of 3 pmol L™

iodide
Specie tested Concentration of A Error
interferent (mg L™?) (%)
- 0 0.710 0
K* 3900 0.722 +1.7
Na* 2300 0.714 +0.6
Mg? 2400 0.708 -0.3
Ca?* 4000 0.701 -1.3
HCOs 6100 0.720 +1.4
SO~ 9600 0.715 | +0.7
CI 3540 0.712 +0.3
17700 0.565 -20
NO; 6200 0.715 +0.7
NOy 0.0046 0.731 +3.0
0.0092 0.830 +17
Br 1.0 0.714 +0.6
[oFy 1.0 0.729 +2.7
BrOs 1.0 0.725 +2.1
SOs* 0.02 0.719 +1.3
ascorbic acid 6.0 0.721 +1.5

Comparison of performance of the developed method with other existing
spectrophotometric methods using liquid phase microextraction preconcentration is
shown in Table 3 on the example of the iodate determination. In comparison to
conventional spectrophotometric detection methods for determining iodate, the
developed method has better analytical characteristics. Its sensitivity is much
higher than for spectrophotometric methods based on the formation of an iodine-
starch complex [27] or the interaction of iodine with variamine blue [28]. Flow
injection methods based on similar chemistry have detection limits that are one to
two orders of magnitude lower than the proposed one [29-31].

The sensitivity of two existing spectrophotometric methods for determining
iodate with preliminary liquid-phase microextraction is similar to that proposed by

28



us. It is worth noting, however, that the VALLME method, which relies on direct
contact between the aqueous and organic phases, has an extraction efficiency of
nearly 100% [32]. It is negatively affected by the presence of solid particles in the
sample, as well as the influence of a dirty or complex matrix. Although the
extraction time is short, the total time for all operations, including centrifugation,
exceeds 12 minutes. Furthermore, the method we developed is part of the "Green
Chemistry" movement and does not use organic solvents.

The second existing technique is based on the SDME headspace mode,
which enables full isolation of the sample from the matrix. However, as mentioned
above, it suffers from limitations in extractant volume, drop dislodgement, and
solvent volatility. The obtained sensitivity was at the same level, despite the large
difference in the acceptor volume. (50 uL versus 2.5 uL in [33]). This can be
explained by the higher extraction efficiency achieved in the developed technique.
In the proposed method, you can use any mixing rate and wait as long as necessary
without fear that the microdrop may fall. A state of equilibrium and the highest
possible analytical signal are therefore always reached. Moreover, the small optical
path used in the micro-volume spectrophotometer contributes to a decrease in
sensitivity.

Analytical application. The proposed method was applied to the
determination of iodide content in water samples, pharmaceuticals, and seaweed.
Table 4 shows the obtained results. lodide content was less than the quantification
limit in tap and bottled water. A recovery study was

29



Table 3. Comparison of the proposed method with reported UV-Vis spectrophotometric techniques for the
determination of iodate

Techniq Method LOD | Linear | RSD | Extrac | Volume | Volume | Ref
ue (ug | range (%) tion of of
L) (ng time, | sample | extractin
L) min | solution | g solvent
(mL)
FI-UV- | The oxidation of iodide by the iodate to | 330 | 875- 0.66 1 5 - [29]
vis iodine. Formation of triiodide in the 7000
presence of starch.
FI-UV- | Reaction of iodate with iodide at pH 50 50— 0.65- 3 300 uL - [30]
Vis 3.5. 10000 0.8
Reverse | The iodate reacts with excess iodide in 8 20— 0.9 0.6 25 - [31]
FI-UV- | acidic medium to form tri-iodide. 3000
vis
VALLM | The extraction of iodine as a result of 1.5 | 52-88 | 1.9- 0.33 4.2 150 uL | [32]
E iodate reduction with TBA-I in acid 8.6 of amyl
solution and formation of triiodide. acetate
uVolum | The conversion of iodate into vapor 1.1 |75-175| 4.2 7 10 2.5 uL of | [33]
e HS- iodine and its extraction with a single DMFA
SDME | drop of N,N-dimethylformamide

(DMFA).
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UV-vis | Oxidation the iodine species to iodate 10 | 10-200 - 15 10 - [27]
with permanganate, acidification,
reaction with starch-iodide reagent and
measuring the absorbance of the starch-
iodine complex.
UV-vis | Reaction between iodate and excess 200 200- 5 5.75 - [28]
iodide in acid solution. Reaction of 3000
iodine with variamine blue (VB) dye.
IV-HS- | Reaction between iodate and excess 1.5 | 4-180 | 0.5~ 20 4.8 50 uL of | Thi
LPME |iodide in 0.4 M H,SO, and extraction of 1.4 1% KiI S
the volatile iodine into 50 uL of 1% KI wor
Kk
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Table 4. Results for the determination of iodide and total iodine in spiked
waters, pharmaceutical preparations and seaweed

Sample lodide added lodide found® | lodide found by | Recovery
(ng L1 (ug L) standard (%)
method®
(ngLY)
Tap water 0.00 <LOQ¢ <LOQ
200.0 203.2 £4.1 198.3 +£6.2 101.6
Bottled water 0.00 <LOQ <LOQ
200.0 203.7+4.8 196.7+ 3.6 101.8
lodine content lodine found?
(labelled)
lodofol ®¢ 150 pg per 151.8+2.3 101.2
tablet
lodomarin®® 200 pg per 201.8+2.8 100.9
tablet?
lodine found by | lodine found by
proposed standard
method (%) method" (%)
Laminaria 0.239+0.012 0.223+0.014 109.1
digitate
Fucus 0.0157 + 0.0166 = 0.0014 94.6
vesiculosus 0.0004

4Results expressed as average value + standard deviation (N = 3).

b Starch-iodine method [34]

CLOQ=20pg L™

d Each tablet contains 150 pg of iodine (as I7). — The remaining components are
folic acid, lactose monohydrate, microcrystalline cellulose, colloidal silicon
dioxide, magnesium stearate, talc.

¢ Each tablet contains 262 pg of potassium iodide. The remaining components
are lactose monohydrate, magnesium carbonate, gelatine, sodium carboxymethyl
starch, colloidal silicon dioxide, magnesium stearate.

" Extraction-spectrophotometric method [36]

made to evaluate the effect of the matrix. The difference between the added and
found iodide content was less than 2 percent, as shown in Table 4. The standard
extractive starch-iodine method [29] for the determination of iodide in the tap
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and bottled water samples has been applied to verify the accuracy of the
proposed method. As seen in Table 4, the obtained results were consistent with
the results achieved using the method developed. lodine is available in several
forms in pharmaceuticals. lodine is present as iodide in lodofol® and
Iodomarin®. It was shown that the determination of the iodine content is
possible without complex sample preparation immediately after dissolution and
filtration of the sample. The content of iodine found was well consistent with the
assured values of the manufacturer.

The method proposed was used to analyze a number of algae kinds. The
iodine content in the Laminaria Digitata samples studied was found to be thrown
from 0.217 to 0.257 %, in accordance with numerous literature values. The
typical representatives of this algae species are also the samples analyzed for
Fucus vesiculosus. The iodine level of an average of 0.0157% is well in line
with the value in [35].

The method was applied to the determination of sulfite and sulfide using
their reaction with 5,5 -dithiobis-(2-nitrobenzoic) acid (DTNB). The techniques
are based on the release of sulfur dioxide or hydrogen sulfide from the donor
phase after the addition of acid followed by gas absorption with 200 pL of a 10~
M DTNB solution in phosphate buffer pH 7. Absorbance was measured at 412
nm. The limit of detection for sulfite and sulfide was 14 ug L™ and 18 ug L?,
respectively.

The method was used to determine the content of sulfite or sulfide-ions in
tap water, juices, jams, and wines. Since the limit of determination of the
proposed method is much smaller than the usual sulfite content in food and
beverages, it facilitates the analysis of real samples, eliminating the impact of a
complex matrix of food and beverages through simple dilution. The sensitivity
of sulfide determination by the proposed method is also lower than the
maximum allowable concentration of sulfide ions in water (3 mg L ™).

VII1. Conclusions.

For the first time, headspace mode of LPME was successfully combined
with common spectrophotometry equipment and accessories in the newly
developed approach called IV-HS-LPME. The acceptor phase is held in a
specifically made vessel inside a fully enclosed vial, which completely
eliminates previous issues with micro drop stability, stirring speed, or extraction
time restrictions, and, most importantly, the volume of the acceptor phase is
sufficient for common spectrophotometric measurements. Because almost any

volume of the extraction phase can be positioned in the vessel, the proposed
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approach can in the future be used in conjunction with a variety of other
analytical techniques, including Iluminescence, flame AAS, and liquid
chromatography. It is important that the proposed approach in terms of the
extraction efficiency is not inferior to the methods using a microsyringe to hold
the extracting solvent.

At the same time, the advantages of headspace mode are preserved, such
as free choice of solvent, including aqueous solutions, complete separation from
matrix components, high selectivity, and absence of memory effects. The
precision of the proposed approach is much better than that achieved in previous
approaches and ranges from 0.6 to 1.5%. For other HS-LPME methods, typical
RSD values are much higher. For example, RSD for the determination of
phenols by the HS-LPME varied from 3.7 to 7.7 % [37].

For the proposed method, the sensitivity and efficiency of extraction are at
the same level as other previously proposed HS-LPME approaches. The
constants for the equilibria between the donor and gas phases, as well as the gas
and acceptor phases, were calculated using a simple theoretical model. The
experimentally obtained extraction efficiency was significantly higher than that
calculated using the found distribution constants for volumes of the acceptor
phase less than 100 pL.

The suggested technique, in comparison to a certain previous HS-LPME
methods, utilizes a larger volume of the acceptor phase and, as a result, has a
lower enrichment factor. However, this is partly offset by better reproducibility
and extraction efficiency. The sensitivity can be improved by increasing the
volume of donor phase and decreasing the volume of the acceptor phase (using
ultra microcuvettes) with simultaneous decreasing the time of extraction. It was
discovered that the matrix components of analytical samples such as mineral or
tap water, pharmaceuticals, and seaweed have no effect on the accuracy of the
determination of studied analytes.

Compared to a few LPME methods with spectrophotometric detection for
the determination of iodate, the proposed technique has the same sensitivity and
potential for further improvement, taking into account the possibilities of
increasing the volume ratio of the donor and acceptor phases. In any case, the
main advantages of headspace methods include complete separation from the
sample matrix and high selectivity. It was shown that the matrix components of
analytical samples such as mineral water, seawater, and table salt had no effect
on the accuracy of analyte determination using the proposed method.
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In a three-phase system, it is possible to perform rapid online
determination of sulfite and sulfide ions in samples that are cloudy, intensely
colored, or contain large amounts of substances that interfere with the analysis
directly in the sample matrix. Reproducibility increases significantly, which
becomes comparable to conventional spectrophotometric measurements. The
developed techniques demonstrated high sensitivity and selectivity, better
reproducibility than previously presented in the literature microextraction
techniques. The use of an aqueous solution of DTNB or iodide as an acceptor
phase avoided the use of toxic organic solvents.
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CHAPTER 2
LAYERED DOUBLE HYDROXIDES AS THE UNIQUE OBJECT FOR
WIDE APPLICATION IN THE CHEMICAL, ENERGY, AND FOOD
TECHNOLOGIES, SENSORS, AND ENVIRONMENTAL PROTECTION
(MINI-REVIEW BASED ON EXPERIMENTAL DATA)

Kovalenko V., Kotok V., Borysenko A., Nikolenko M.

Ukrainian State University of Chemical Technology, Dnipro, Ukraine,
vadimchem@gmail.com

1. INTRODUCTION

In modern chemical technologies, medicine, and analysis the most
perspective substances are universal, easy changing for different requirements.
These substances must be single “bricks” for the construction of materials,
similar to the “LEGO” constructor. One of the most famous substances of this
type is MXene [1]. Layered Double Hydroxides (LDHs) are less known, but also
have unique properties and could be for the synthesis of different substances for
a wide range of applications [2, 3].

What are LHDs? Answer to this question, the structure of metal hydroxide
must be analyzed.

Well known, that divalent metal hydroxide usually exists in two forms:

a) B-form with formula Me(OH),. This form has a hexagonal crystal
structure with an under-layer distance (crystallographic plate (001)) 4.6 A (for
nickel hydroxide), named single-layer lattice. This form has high stability, but
lower chemical and electrochemical activity;

a) a-form with formula 3Me(OH), 3H,0. This form also has a hexagonal
crystal structure, but the under-layer distance (crystallographic plate (001)) is
7.6 A (for nickel hydroxide). This lattice is named the double layer because it
consists of a regular layer (included Me, O, H) and an irregular layer with
crystalline water. This form has higher chemical and electrochemical activity,
but lower stability.

Formally, LDH can be obtained by a change in the metal hydroxide lattice
(Me-host hydroxide) some Me-host cation to Me-guest cation, for example, Ni%*
to APt (Fig. 1). As a result, extra charge (+3) - (+2) = +1 is obtained in the
lattice. But this extra charge can be compensated by intercalation of different
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anions into the under-layer distance. Therefore general formula of LDH is
Mel™\Me2™ 1, (OH)2AX m-nyx0.66H,0, where are:

Extra charge
#3)-(+2) =1

Extra charge
(+3)-(+2) =1

Fig. 1. Scheme of LDH crystal structure
a) Mel (metal-host) are Me?* (Zn, Ca, Mg, Ni, Co etc)
b) Me2 (metal-guest) are Me** (Al, Co, Fe etc) or Me** (Ti, V, Zr etc)
c) A —intercalated anion:
1) CI', NOg, SO4%, CO3?* etc. — usually counter anion from metal salts;
2) inorganic anions WO;*, M0oO,%, CrO4%, [Fe(CN)e]* etc. — functional anions;
3) organic anions (drugs, dyes, vitamins, etc.) — functional anions.

But sometimes, authors wrote down Ni-LDH as “substituted a-nickel
hydroxide” [4, 5]. But this is some mistake, because “substituted a-nickel
hydroxide” doesn’t imply the presence of anions in the structure of LDH.

Therefore it was concluded that LDHs are not a mixture of hydroxides,
LDHs are a mono-phase system with a crystal lattice of Me-host hydroxide.
LDHs are molecular (more correct — ionic) constructor, which consists of 3
changed parts — Me-host cation, Me-guest cation, and intercalated anions. Also,
LDH has ion-exchange properties. Using the different combinations of these
three components in the LDH, a wide range of different functional substances
can be synthesized.

It should be noted that the crystal lattice of metal-host may contain several
metal-guest. In the case of two metal-guest, obtained substance named LTH —
layered ternary hydroxide.
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2. FIELD OF APPLICATION OF LDHS:

2.1. Chemical Power Sources

2.1.1 Accumulators (Secondary cells).

Nickel hydroxide is successful used as an active substance of the positive
electrode of the alkaline secondary cell (Ni-Fe, Ni-Co, Ni-Zn, Ni-H, Ni-MeH).
Requirements of secondary cell applicable nickel hydroxide include high
specific capacity and highest mass utility (coefficient of efficiency). Pure -
Ni(OH), has a theoretical specific capacity of 289 mA*h/g. Experimental
specific capacity of different types of nickel hydroxides, obtained under
accumulator mode in 0.2C regime are shown in Table 1.

Table 1. Specific capacity of different samples of nickel hydroxide

Sample H I [6] 1171 K[8] |L[10] [|MIL1]
Qsp, MA*h/g 185 1344 | 410 237 216.8 | 234
*Mass _ utility |0.640 | 0.465 |1.420 |0.820 |0.750 |0.810

(coefficient  of
efficiency), %

*Coefficient of efficiency is calculated based on le” reaction

Sample H is industrial, produced by Bochemia (Czech Republic), B-
Ni(OH), with medium crystallinity.

Sample 1| is B-Ni(OH), with extra high crystallinity. The sample was
obtained by extra-low decomposition of tetraaminnickel hydroxide complex [6].

Sample J is Ni-Al LDH with formula NiggAl2(CO3)0.1(OH)»:0.66H,0.
The sample was synthesized by a chemical method with low supersaturation [7].

Sample K is Ni-Al LDH, synthesized by slit diaphragm electrolyzer [8].

Sample L is (o+p) layered nickel hydroxide, synthesized by slit
diaphragm electrolyzer [10]

Sample M is carbonate activated (a+p) layered hydroxide, synthesized by
slit diaphragm electrolyzer [11]

(o+p) layered nickel hydroxides [9, 12] (for example, Sample L and
Sample M) have structure, consisting of alternating hydroxide layers of B-type
and a-type, without interface between them. a-type of nickel hydroxide in this
structure really is unusual LDH without cations with “guest-metal”, but with
stabilized carbonate anion [10, 11]. It should be noted, that electrochemically
active LDH includes two ballast (electrochemically inactive) components —

cations of metal-guest and intercalated anions. It was concluded that the a-like
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component of (a+p) layered nickel hydroxides is ballastless carbonate-
intercalated Ni-LDH. This LDH (a-like component) has high electrochemical
activity, the B-like component has high stability. As a result, (a+p) layered
nickel hydroxides have high specific capacity.

It was shown, that Ni-Al LDH has a specific capacity higher than
theoretical capacity (coefficient of efficiency higher than 100%). This fact
strongly indicated that Ni* in the Ni-Al LDH can oxidize not only to Ni®** but to
Ni**. This result can be based on one of two properties: 1) low polarization of
oxidation of Ni?* to Ni**; or 2) high polarization of oxygen evolution. In the
article [13] the main role of oxygen polarization has been detected.

Also, experimental data indicate the principal difference under B-Ni(OH),
and Ni-based LDH. In the voltammogram of mono B-Ni(OH), there is not first
charge peak and (Fig. 2 a), and the current of discharge peak increased from
cycle to cycle. This is the result of lower electrochemical activity of mono -
Ni(OH), and slowly increasing electrochemical process thickness. But in the
voltammogram of Ni-Al LDH (Fig. 2 b), there is a clear first charge peak and
stable discharge peak during cycling. It indicates higher activity and a faster
electrochemical process of Ni-Al LDH.

L _}_.f:-{_f 100 +

00 T30 SOy Lk &0 At 00 S50 G (5o oo mY

. " " 4 " + + . :
-100 © 100 200 300 400 500 600 700 800 mV

Fig. 2. Voltammogramm of samples: a) sample H; b) sample J.

One of the disadvantages of LDH as an active substance of alkaline
secondary cells is the lack of stability during cycling and storage.

2.1.2 Hybrid supercapacitors.

LDH, based on electrochemically active metal-host hydroxide (Ni(OH):
or Co(OH),) is used as active substances of the faradaic electrode of hybrid
supercapacitor. According to the high speed of oxidation/reducing, the
electrochemical process is localized on the surface and in the thin surface near-
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surface layer. As a result, there are special requirements for hydroxides for
application in supercapacitors. In [14] authors detected parameters of nickel
hydroxides and Ni-based LDH for successful application in supercapacitor: high
specific surface, nanosize particles, ability to destruction to smaller particle,
optimal crystallinity, and type of crystal lattice. Ni-LDHs with a-type lattice
have crystal water in the under-layer distance, and according to the relay
mechanism, the speed of H* diffusion is high. As a result, the thickness of the
electrochemical process (and specific capacity) is increased. For the
supercapacitor application, different nickel hydroxides are used: B-Ni(OH), [15,
16], especially with nano-structured pseudo-single particle and extra high
crystallinity [17, 18], a-Ni(OH),, obtained by template homogenous
precipitation [19 - 21] and other methods, Ni-based LDH [23, 24]. But o-type
lattice of LDH is only one of the important parameters. For obtaining of high
specific capacity of LDH in the supercapacity mode, other characteristics must
be improved: particle size and structure (to nano-size or nano-structure), optimal
crystallinity and high specific surface, etc. For improvement two strategies can
be used: 1) to change of synthesis method or method of treatment; 2) to change
the chemical composition of LDH. The first strategy can be carried out by using
a different way, for example, template synthesis [25], ultrasound treatment [25],
microwave-assisted synthesis, or microwave treatment (“popcorn effect”) [26].
The second strategy can be carried out by the construction of ballastless LDH.
Firstly, this can be realized by using the electrochemically active metal-guest
cation, for example, Ti**, Mn®*, Co®*" and Co?*. Ni-Co LDH is most perspective
[27 — 32] according to electrochemical activity and activation properties of
Co(OH),. It was noted, that Ni-Co LDH is a non-classical LDH, which has not
intercalated anion. Ni-Co LDH shows a high specific capacity of 741.5 F/g [33]
(Fig. 3). Secondary, improvement of electrochemical activity can be realized by
synthesis of LTH (Layered Ternary Hydroxide), for example, Ni-Co-Al LTH
[34, 35].

Thirdly, LDH can be constructed with an electrochemically active
intercalated anion. For example, Ni-Al LDH, intercalated with indigocarmine
anion, has been synthesized [34]. For Ni-Al-Indigocarmine LDH high specific
capacity (946 F/g) (Fig. 4) has been shown and electrochemical activity of
indigocarmine anion has been detected as a second plate in the discharge curve

(Fig. 5).
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Fig. 3. Specific capacity of Ni-Co LDH and Ni-Co-Al LTH [33]

946
1000 ® Ni4Al-CO3 pH=equil
20800 88 382 = Ni4Al-CO3 pH=14
3 600 9 \ :306 326 214 516 5% W 7 = Ni4Al-Ind pH=14
2400 - - . g ) Ni4Al-Ind pH=equil
© 200 = 59—. 2"_64_32?
0 i A ] n -'//
10 20 40 80 120 e
i, cm

Fig. 4. Specific capacity of Ni-Al-CO3 and Ni-Al-Indigocarmine LDH
samples [34]
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Fig. 5. Discharge curve of Ni-Al-Indigocarmine LDH [34]
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2.2. Elecrtochromic device (Smart Window)

Electrochromic Device — devices, which can reversibly change
transmittance of the window under current. One of the most perspective type
electrochromic devices is electrochemical based on a fast electrochemical
reaction. Nickel hydroxide is well known electrochromic substance [35, 36]:

Ni(OH), <~  NiOOH+H" + ¢
Transparent form Colored form
Light-light-light green Dark brown

For high-efficiency o-Ni(OH), electrochromic film is formed. The
template cathodic synthesis of a-Ni(OH), layer film is the perspective way for
obtaining electrochromic film with high efficiency formed [37].

Using Ni-based LDHSs as electrochromic substances has two aims: 1) to
add the new color in the colorizing mode; 2) to increase the efficiency of
colorizing and bleaching processes. The first aim can be solved by the formation
of Ni-Co LDH film [38, 39]. Ni-Co film has two additional colors — bronze
(semi-colorizing mode) and dark blue (full colorizing mode) (Fig. 6). Also as
metal-guest cation can be used Mn?* [40]. Both types of LDH (Ni-Co and Ni-Mn
LDHSs) are ballastless LDH with electrochemically active metal-guest cation.

C
Fig. 6. Coloration stage of electrochromic Ni-Co 8:1 and Ni-Co 4:1 films (first
color transition bleached — bronze; second color transition bronze — dark
blue): a — bleached electrode; b — partially colored electrode; ¢ — completely
colored electrode. [38]

The second aim can be solved by the formation of LDH with activation
ions - tungstate anion [41, 42] and AI®* as metal-guest cation [42, 43]. For Ni-Al
LDH film, synthesized by cathodic method, principal peculiarity has been
detected in [43]: molar concentration of AI** must be extra low with highest
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ratio Ni?":Al¥*=72.46:1. In this case, the colorization degree (Fig. 7) increases
from 75.8 % (pure nickel hydroxide film) to 81 % (film of Ni-Al LDH).

100 —w
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T, %
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20
0 2000 4000 6000
T, C

Fig. 7. Colorizing-bleaching curve of Ni-Al LDH electrochromic film,
obtained by cathodic template synthesis. [43]

2.3. Electrocatalytic oxidation of organic and inorganic substances.

Application nickel hydroxides for electrocatalytic oxidation of organic
and inorganic substances [44, 45] based on the mediator mechanism of catalytic
behavior. According to this mechanism, substance (for example, formaldehyde)
is oxidized not directly, but via a mediator (nickel oxyhydroxide NiOOH) (Fig.
8). First step: nickel hydroxide Ni(OH), (Ni?*) electrochemically oxidized to
nickel oxyhydroxide NiOOH (Ni**). Second step: formaldehyde adsorbed on the
surface and chemically oxidized by NiIOOH. Simultaneously, NiOOH was
reduced to Ni(OH),. After that, this two-step cycle repeated.

[ Nill — 1e = Nilf ] Chemical oxidation of CH,0 by NiOOH
i l Reducing NiOOH to Ni(OH),
Electrochemical oxidation
Ni(OH), to NiOOH > :
Nllu + CH20 = Nlu + COsz'

Fig. 8. Scheme of mediator mechanism of electrochemical activity of nickel
hydroxide
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According to this mechanism, nickel hydroxides with higher
electrochemical activity, have better electrocatalytic properties. Therefore, Ni-
based LDHs with high electrochemical activity are effective electrocatalytic
substances [46 — 48]. The most perspective such electrocatalytic substances are
ballastless LDHs consisted of electrochemical active metal-host cation,
electrochemical active metal-guest cation, and if it is possible, electrochemical
active intercalated anion. Ni-Ti LDH and Ni-Ti-molybdate LDH have been
synthesized [49, 50] and high electrochemical (Fig. 9 a) and electrocatalytic
(Fig. 9 b) properties have been detected.

a b
el Ni-Ti-Mo(5:1) (1-1) 400, opy | MB [ mA/G Ni-Ti-Mo(S:1}1-1) 2 an. 1 MB 1 mA/G
Ni-Ti-Mo(3:1) {1-1) 4an. dopm 2,18 mB I mA/G Ni-Ti-Mo(5:1)1-1) 2315 mB | mAG
2000 - Ni-Ti-Mo(5:1) (1-1) 4an. dopm 4,78 uB I mA/G 1000 |- Ni-Ti-Mo(5:1)1-1) 2apn. 10mB B
— Ni-Ti-Mo(3:1) {1-1) 420, dopm 10,45 MB | mA/G ) Ni-Ti-Mo(5:1)(1-1) 220 15 MBI mA/G
Ni-Ti-Mo(5:1) {1-1) 4an. dopa 2285 MB 1 mA/G 7o/ Mi=Ti-Mo(5:1)1-1) 2 an, 20MB I mA/G
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Fig. 9. Cycling voltammogram of Ni-Ti-molybdate LDH under different scan
rate: a) electrolyte 1M KOH; b) electrolyte 1M KOH+1M CH;0O

Cycling voltammogram curves, obtained in alkaline solution with
formaldehyde (Fig. 9 b) have a principally different form, then cycling curves,
obtained in alkaline solution without formaldehyde (Fig. 9 a). In the curves,
obtained in the presence of formaldehyde, there are not oxidation peaks, the
anodic part of the curve has a loop form, and the current of the cathodic peak is
lower corresponding to the curve, obtained without formaldehyde. These were
the result of the electrocatalytic oxidation of formaldehyde.

2.4. Synthesis of inorganic materials with hydroxide or oxide nature.

LDHs and LTHSs can be effective precursors for the synthesis of mixed
oxides and mixed metal particles with extra uniformity of mixture component
distribution. A series of NiMnTi mixed metal oxides (Ni/Mn-TiOo,
Mn/NiTi-LDO, and TiO2/NiMn-LDO, NiMnTi-LDO) were synthesized via
different assembling methods and evaluated in the selective catalytic reduction
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of NOx with NH3(NH3-SCR) [51]. The effect of La content and its
incorporation route on physicochemical properties of ZnO/Zn(Al,La),O4 or
La,03-Zn0/ZnAl,O4 mixed oxides with a spinel structure obtained from
ZnAlLa layered ternary hydroxides (LDHs) or ex-ZnAl LDH materials was
investigated [52]. NiCuMgAI mixed oxide has been synthesized via layered
polymetal hydroxides [53]. In [54] author reported the synthesis of acidic
(Zn/Al-POM) and basic (Mg/Al-POM and Mg/Ga-POM) materials by a general
route (POM - H,W1,040% or PW1;039"). Supported metal particles have been
obtained from LDH nanocomposite precursors. A family of nanocomposites
formed by intercalation of negatively charged Ni-based nanoparticles in Mg/Al
layered double hydroxide (LDH) has been prepared by following the anion
exchange route [55]. Many catalysts can be synthesized from LDHs precursors?
For example, effective catalysts for Multi-walled Carbon Nanotubes synthesis.
ZnGaNO photocatalyst particles were synthesized from Zn/Ga/COz*> LDHs
precurcors[56]. Mixed oxide catalyst for dry reforming of methane was obtained
from Ni-Mg-Al LTH precursors [57]

2.5. Pigments.

The pigment is colorized substance, which insoluble in colorized media.
Usually, according to chemical nature pigments are separate to inorganic and
organic. Inorganic pigments are characterized by high color stability but have a
limited color range. Organic pigments have a very wide color range but are more
expensive and less stable. The advantages of organic and inorganic pigments can
be combined by the synthesis of organic-inorganic materials. The most
promising materials of such type are layered double hydroxides (LDH) with
various anions, including anionic dyes, intercalated into the interlayer space.

The use of LDH with various cation compositions (colored cations of Me-
host or Me-guest) and different organic anionic dyes would allow broadening
the color range of pigments. For instance, Zn-Al and Acid Yellow 17 [58], Mg-
Al and o-Methyl Red [59], Ni-Fe and o-Methyl Red [60], Zn-Al and Mordant
Yellow 3 [61, 62], Zn-Al and Acid Yellow 3 [63], Zn-Al and bi-anion Acid
Green 28 [64]. It should be noted the higher thermal and photostability of color
for LDHs, intercalated by dye anions [58, 62, 64]. Increased stability is the
additional advantage of LDH-based pigment. Also colored LDHSs can be formed
by using colored Me-host or colored Me-guest, or both (Fig. 10).
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Fig. 10. Cu-based LDH with different guest-cation

Also, LDH-based pigment could be obtained using colored Me cation
(host or guest) and colored intercalated anion: Ni-Al-Murexide [65] and Ni-Al-
Indigocarmine [34].

LDHs can be successfully used as colorizing pigments and as special
pigments. For example, special paints can include special anti-corrosive
substances. In [66] authors synthesized tripolyphosphate-intercalated Zn-Al
LDH. The obtained pigment is “Intelligent Material”. It has high whiteness
(reflection coefficient) (Table 2 [66]) and could be used as a white pigment for
paints. But in the case of paint layer cracking and in the presence of water this
pigment evolute the tripolyphosphate anion as an inhibitor, therefore this
pigment indicates high anti-corrosive properties (Fig. 10 [66]).

Table 2. Color characteristic of developed Zn,Al-tripolyphosphate pigment [66]

Diffuse reflection coefficient, % Color tone | Color purity Chromaticity
1 2 3 Average A, nm P, % X Y VA
90.49 | 89.46 | 90.26 90.07 560* 1 99.52 | 90.15 | 31.63
Chromaticity
CIE Lab Color saturation coordinated of the light
source
A b L (Lightness) S X0 YO Z0
0.800 | 0.902 96.097 1.206 109.85 | 100 | 35.582

Note: * — the pigment's point on the color graph is so close to the point of
light that color tone is approximated
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Fig. 11. Anodic polarization curves of 08KP steel in 5% (wt.) Na,SO, solution
with and without pigment extract [66]

By recording anodic polarization curves (Fig. 11), it was found that
corrosion rate in presence of water extract of pigment is lower by 5.36 times
(corrosion current density decreased from 5.63 mA/cm? to 1.03 mA/cm?. Using
such pigment gives the production of paints with active anticorrosive properties.

2.5.1. Cosmetic pigments.

LDHs are perspective pigments for cosmetic applications, especially for
nail polish [65]. For the formation of more health-friendly pigments, the most
promising substances for intercalation into LDH, are food dyes with anionic
nature. Such pigments could be successfully used in the composition of different
types of nail polish, especially fashion gel nail polish. Application of anionic
food dyes with different colors makes it possible to synthesize the pigments with
a wide range of colors: Indigocarmin-intercalated LDH with dark blue color
[34], Orange Yellow S-intercalated LDH with orange color [67], Tartrazine-
intercalated LDH with color from light yellow to dark yellow [68]. It was noted
that color characteristics of dye-intercalated LDH pigments strong depend on pH
of synthesis and molar ratio Me-host: Me-guest (Table 3 [67])
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Table 2.
Color characteristics of gel nail polish samples with Zn-Al- Orange Yellow S

pigments
pigment CIE Lab Colo_r Color Col_or
_ saturation | tone | purity
sample in gel L

lish - 0

polis a b (Lightness) > S T
E'llg.’lpHs’ 374 | 324 | 562 49.5 599 | 70
E'llg’_lel' 385 | 29.9 55.7 48.7 604 63
E'llf.’lpHS’ 350 [ 390 | 596 52.4 595 | 65
E-lla’-lel, 34.0 | 47.4 65.2 58.3 596 75

The perspective way for the formation of human-health cosmetic pigments —
intercalation into the Zn-Al or Mg-Al LDH (have extra low toxicity [69]) the
natural dye with using for a synthesis water extract or tincture of natural source,
for example, saffron and safflower (dyes — carthamin and carthamidin) (Fig. 11)

Fig. 11. Photo image of synthesis process (a, ¢) and filtered pigments (b, d),
obtained in the media of a, b — saffron tincture; ¢, d — safflower tincture.

2.6. Pharmaceuticals application
LDH and LTH can be used for pharmaceutical application by two
strategies: 1) intercalation of anionic drags into underlayer distance of LDH; 2)
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formation of composites (nano-composites) of drugs and LDH particles
(nanoparticles).

As for the first strategy, many anionic drugs can be intercalated into the
LDH and LTH [70 — 72]. LDH and LTH are successfully used for the
development of anticancer drugs [73 — 75]. In [76] layered double hydroxide
(LDH) nanoparticles have been studied as cellular delivery carriers for anionic
anticancer agents (MTX and 5-FU).

Layered double hydroxide (LDH) nanohybrid intercalated biomolecules,
including oligonucleotides, genes, and peptides/proteins, have attracted
particular attention since they exhibit improved safety and effectiveness as
successful delivery biosystems. The study [77] specifically investigated the
adsorption of nisin peptide and precisely the control of the release of the
payload. Adsorption occurred from peptide solution in contact with zinc-
aluminum LDH at room temperature, looking out over the influence of the
Zn?*/APP* ratio, the anion exchange capacity, the nature of the intercalated anion,
the host matrix, and the host morphology.

According to the second strategy, authors [78] obtained and investigated
the Folic acid-layered double hydroxides hybrids for skin formulations. In the
work [79] authors investigated the effect of the fibrillation and/or adsorption
onto a layered double hydroxide material on the antibacterial properties of
lysozyme.

2.7. Formation of food additives

LDHs and LTHSs can be used for obtaining food additives via intercalation
in the LDHs or formation of composite with LDH [80]. There are many anionic
and polar substances that can be intercalated into the LDH and LTH: aliphatic
amino acids [81], flavor molecules and 4-hydroxy-3-methoxy benzoic anion (for
the formation of flavor additives) [82], d-gluconate (with the generation of a
new food additive) [83], curcumin [84], I-tryptophan [85]. LDH and LTH can be
used for the formation of composite and nanocomposite with biologically active
substances, for example, lycopene [86]

2.8. Sensors

2.8.1. Fluorescent sensors. It is possible to synthesize the solid LDHs,
intercalated anionic fluorescent-active substances [87].

2.8.2. lon-Selective Electrode. This type of electrochemical sensor is the

most perspective for LDH and LNH application. The potential of the ion-
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selective electrode is the membrane potential, depending on the concentration of
a detected ion in the inside electrolyte and outside (detected) electrolyte. The
main part of the ion-selective electrode is a polymeric membrane with
incorporated electrode-active substances. This substance must have ion-
exchange properties and include in the composition the detected ion. In this
case, LDH and LTH are ideal electrode-active substances for anionic ion-
selective electrodes, based on easy intercalation of different anion and ion-
exchange properties. Therefore, the application of LDH and LTH allows
developing ion-selective electrodes for measuring of concentration of many
anions (from anionic pollutants, for example, CrO4*, to anionic drags -
Diclofenak-anion, Ascorbic-anion, etc.)

2.9. Water purification

It should be mentioned, that there is a significant number of works, which
describe the use of LDH for the treatment of anionic dye-containing wastewater.
In particular, it is proposed to extract Evans Blue using Zn-Al LDH [88],
Orange-type dyes — using Zn-Al LDH [89], Perylenediimide — using Zn-Al, Co-
Al, Ni-Al LDH [90]. Various azo-dyes [91], including Remazol Brilliant Violet
[92], had been extracted using Ni-Al LDH, blue dyes (including Maya Blue)
[93] — using Zn-Al LDH, Methyl Orange [94] — using Zn-Al LDH, Amaranth
[95] — using Mg-Al LDH, Acid Yellow 42 [96] — using Mg-Al LDH, Congo Red
[97] — using Ni-Al LDH, and Indigo carmine [98] — using Mg-Fe LDH. The
main mechanism of dye removal is adsorption, including chemisorption [88, 94]
and intercalation [92].

Also, LDH can be used for the removal of anionic inorganic pollutants. In
[99] application of calcinated MgAl and MgFe LDH, ZnMgFe LTH for removal
As(l1l) and As(v) have been investigated and proved. In [100] NiAl LDH,
modified with Hydrochar, was successfully used for the removal of cationic
Dye.
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CHAPTER 3
HIGHLY SELECTIVE TRIPHENYLETHER DERIVATIVE AS
FLUORESCENT SENSOR FOR COPPER AND ARGININE

Shivali Gupta, Susheel K Mittal and Manmohan Chhibber

School of Chemistry and Biochemistry
Thapar Institute of Engineering and Technology (Deemed University),
Patiala 147004, Punjab, India
E-mail: guptashivalil9@gmail.com

Copper is the third most abundant transition metal after Fe(l11) and Zn(ll)
in a human body. It is recommended to take the proper dose of it in food every
day. Many of the proteins in the human body use copper ions in electron
transport processes, or for normal functioning of the brain and nervous system.
Yet, excess of copper ions in living cells can damage lipids, catalyse the
production of reactive oxygen species (ROS) and cause several diseases such as
Alzheimer’s disease, Indian childhood cirrhosis, and Wilson disease. According
to the World Health Organisation (WHO), the maximum limit of copper in
drinking water should be 1.3 ppm. The toxicity of copper is not only a concern
to human species but has a great effect on the ambient environment too. An
increased copper level has proven to be detrimental to the growth of stream
insects, aquatic biota, and certain vegetation also. Therefore, the practical
monitoring of Cu?*is highly required [1, 2].

Arginine is a semi-essential amino acid that exists for tRNA, plays an
important role in the synthesis of protein, wound healing, and cell replication.
Reduced levels of arginine have been reported in various clinical conditions
such as asthma, psoriasis, and reperfusion injury. Therefore, the detection of
arginine in biological fluids has become an important goal [3].

For sensing metal cations, gases, and amino acids, selective recognition of
a receptor is of prime importance. Variety of receptors such as Schiff base,
rhodamine b, benzocoumarin etc. have been reported by research groups for the
detection of number of target species. Our research group mainly focus on the
synthesis of triphenylether based receptors due to several reasons such as easy
solubility, proper arrangement of hetero atoms and electrochemical activity [4,

5]. Apart from importance of receptor, transducer techniques, which are used to
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collect the signal, have huge importance. Now these days, optical response using
UV-VIS and fluorescence techniques have been widely used due their low cost
and effective results.
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Fig. 1 (a) UV-VIS response of L1 towards Cu*? ions (b) titration of L1 with Cu*?
ions (c) fluorescence titration of L1 with increasing amount of Cu*? ions (d)
interference study

Herein, a triphenylether amine (L1) based derivative has shown selective
response towards Cu*? ions without the interference from various cations such as
Hg?*, Ni%*, Co?*, Fe?*, Fe*, Mn?*, Ca%*, Pb?*, Mg?*, Cr¥*, and Zn?* present in
the same solution. UV-VIS response of the L1 and in the presence of various
metal ions is shown in fig. 1. From Fig 1(a), it is clearly seen that L1 has
selectively responded to Cu*? ions following that all the initial absorption bands
of receptor at 277 nm, 288 nm, 304 nm, and 334 nm have merged into a single
band attributing to the interaction of Cu*? ion with hetero atoms of the L1 and
exhibiting a single band at 308 nm, as one whole molecule (fig. 1(b)). From

66



calibration plot, detection limit of L1 towards Cu*? ions was found to be 40 nM
with binding stoichiometry of 1:1. Mechanism of interaction is explained on the
basis of host-guest interactions between L1 and Cu*? ions with binding constant
of 1.5x10* M. Following the UV-VIS response, in fluorescence spectroscopy,
L1 is fluorescent at 390 nm but addition of Cu*? ions lead to “turn off’ the
fluorescence signal (fig. 1(c)). Technique based response is complemented by
naked eye detection under UV lamp. Interference study confirmed the selective
behaviour of L1 towards the Cu*? ions (Fig. 1(d)).

For practical application, the complex L1-Cu*? was used to see its
response towards various amino acids such as asparagine (Asn), lysine (Lys),
arginine (Arg), tryptophan (Trp), proline (Pro), glutamine (GlIn), histidine (His)
and cysteine (Cys). Among all the amino acids, complex showed selective
behaviour towards arginine only (fig. 2(a)). Complex L1-Cu*? was non
fluorescent at 390 nm but with the addition of arginine, band stared reappearing
at 390 nm, showing the selective response of complex towards amino acid. The
reason for selective detection of arginine could be due to the conformational
flexibility of its long side chain and the presence of large guanidinium moiety
which delocalizes its positive charge over many atoms that are involved in the
conjugated Y-II system [6] (fig. 2(b)). The lower detection limit of arginine was
found to be 4 uM, based on 3o method.
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Fig. 2 (a) Fluorescence response of L1-Cu*? complex towards arginine (b)
interference study
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SUMMARY

The ways of development of ion chromatography in Ukraine from the
eighties of the last century to the present time are shown. The achievements of
research institutes, in particular, of the Dumansky Institute of Colloid Chemistry
and Water Chemistry of the National Academy of Sciences of Ukraine, in the
development of ion chromatographic methods for the analysis of organic and
inorganic anions in various objects, including natural and drinking waters, are
highlighted. Scientists of Ukraine compared commercially available sorbents for
ion chromatography — HIKS-1, ANIEKS-N and KANK AST for the use in
water analysis. The studies were carried out on an ion chromatograph "Tsvet-
3006" with a conductometric detector. It has been shown that ANIEKS-N with a
borate eluent is the best sorbent for the determination of organic
monocarboxylic acids, and KANK AST with a carbonate-hydrocarbonate eluent
— for the determination of inorganic anions. lon chromatography has been used
to solve a number of practical problems: for the separation of oxoanions —
iodate, chlorate and bromate in waters, to verify the results in the development
of chemiluminescent methods for the determination of chloride, nitrite and
nitrate, to establish the mechanism of anionic surfactants destruction under the
action of vacuum ultraviolet radiation and corona discharge. The method was
applied to the analysis of iodine-containing bottled waters for bromide ions due
to the absence of the interference from iodides. The accumulated experience has
contributed to the adoption of four state standards for water quality in Ukraine
based on the use of the ion chromatographic method. It is shown that the method
of ion chromatography at the present stage is widely used in various sectors of
the national economy: to determine the traces of anions in steam condensate of
power plants, to control the anionic composition of water at nuclear power
plants, to upgrade water treatment processes at water treatment stations, in
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particular, with the aim of elimination of chlorite ions formation in tap water
obtained with the use of chlorine dioxide as a disinfectant.

Keywords: ion chromatography, sorbents, eluents, organic anions,
inorganic anions.

lon chromatography is a part of high performance liquid chromatography
used for the separation and identification, as well as quantification of ionic
compounds: anions of inorganic and organic acids, cations of alkali and alkaline
earth metals, a number of other inorganic and organic compounds which
decompose into ions in aqueous solutions: complex compounds of amines,
carbohydrates, amino acids, etc.

lon chromatography can be considered a highly efficient version of ion
exchange chromatography, which has developed due to the synthesis of new ion
exchangers and the development of chromatographic instrumentation. The
method of ion chromatography was invented in 1975 in the United States [1].

The development of ion chromatography in Ukraine in the early stages is
closely related to the development of this method of analysis in the former
USSR in the 1980s.

Academician Yu.A. Zolotov was the first in the USSR to start works on
ion chromatography. He founded the laboratory of ion chromatography at the
Faculty of Chemistry of Moscow University, which at first worked on U.S.
equipment [2,3]. Then commercial production of ion chromatographs "Tsvet-
3006" and portable ion chromatographs "HPI-1" with conductometric detection
was established. Later, the modernized "Tsvet-4000" and "Tsvet Yauza 04" with
several detectors - spectrophotometric, electrochemical and conductometric
appeared. The method provided wide opportunities for analysts to conduct
environmental studies of natural waters, air, soils, it was used in chemical
industry, in energy production - to control the microquantities of anions in
condensate of power plants, in medicine, food industry, agrochemistry and other
industries.

A promising method of ion chromatography began to develop in Ukraine
since 1987. Academician A.T. Pilipenko, highly appreciating the possibilities of
the method, initiated the purchase of three ion chromatographs "Tsvet-3006" and
a portable chromatograph "HPI-1" for the Institute of Colloid Chemistry and
Water Chemistry of the National Academy of Sciences of Ukraine. Portable
chromatograph HPI-1 was used in a mobile laboratory for the determination of

toxic contaminants in natural and drinking water [4]. Subsequently, ion
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chromatographs began to be purchased by other research institutions,
universities, and industrial enterprises.

lon chromatographs made in the former USSR were supplied with low-
capacity sorbents - ion exchangers (such as KANK, HIKS-1, ANIEKS-N),
which were inferior in terms of separation characteristics to foreign analogues.
The work [5] is devoted to the comparison of these three sorbents, best of them
are recommended for solving certain analytical problems.

It is known that one of the principal factors determining ion separation is
the specific character in the structure of the sorbent used. Sorbents — anion-
exchangers are normally surface- and centrally-modified resins representing a
styrene-divinylbenzene or polymethacrylate matrix with ternary or quaternary
amino groups acting as ionogenic groups located either in the surface layer or
inside the ion exchanger grains. Separation capacity of the sorbent is determined
both by the matrix nature and the composition, arrangement, structure, and the
concentration of functional groups. The efficiency of anion separation depends
also on the nature of eluent, the strength of respective resin, the eluent pH,
concentration, and its flow rate.

It is important to compare sorbents of different nature, to study their
analytical capabilities under similar conditions, in order to clear up their
comparative characteristics. A number of investigations for determination of
individual anions the HIKS-1, and KANK AST sorbents were used; to
determine sulfate ions in waters of nuclear power plants HIKS-1 and ANIEKS-
N were used. However, the data on the comparison of sorbents manufactured
commercially under one and the same conditions and recommendations for the
best sorbent for the analysis of waters are not available in literature.

Surface modified sorbents HIKS-1, ANIEKS-N (fractions 25-40, 20 pm)
manufactured, respectively, by Hiyu Kalur and VAGOS (Tallinn, Estonia) and
centrally modified sorbent KANK AST (fraction 16-20 um) manufactured by
LNPO “Soyuz” were investigated and compared. The investigations were
conducted using the Tsvet-3006 chromatograph. Steel columns, dimensions
6x100 mm, were filled with the above sorbents using NT-400 pneumatic pump.
When using the pump of the Tsvet-3006 chromatograph the required density of
column packing was not attained and this led to lower efficiency of anion
separation. The following parameters have been established: the elution order,
retention time, detection limits for a number of organic and inorganic anions.

According to general regularities of elution, the retention time for single-

charged ions increases with the increase of the ion radius (F-, CI', Br-, and I"), for
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differently charged ions — with the increase of the charge (Cl-, SO4%, PO,*); for
organic monocarboxylic acids of great importance is the hydrophobic interaction
of the hydrocarbon radical with the sorbent polymer matrix; accordingly, the
retention time of the anions of monocarboxylic acids increases with the increase
of the hydrocarbon chain length. However, individual features of anions can be
displayed also.

Model mixtures of anions of monocarboxylic acids — formate, acetate, and
valerate, together with inorganic anions — fluoride and chloride — were
successfully separated on sorbents ANIEKS-N, KANK AST, and HIKS-1 using
sodium tetraborate as a mobile phase. The peaks of the organic acids are located
between fluoride and chloride. Anion retention times are given in Table 1.

Table 1. Retention times of organic anions as well as those of fluoride and
chloride on different sorbents with eluent 3.5x10* M Na,B4O7 (flow rate 1.5

mL/min)
Anion Retention time, min
ANIEKS-N KANK AST HIKS-1

F 6.75 15.1 11.75
CH3;COOr 10.18 17.0 13.8
HCOO 16.7 20.6 15.7
CH3(CH,);COOr 29.7 24.5 23.1
CI 435 73.4 30.2

The detection limits of organic anions approximately by a factor are
higher than those of inorganic anions. On the KANK AST and HIKS-1 sorbents
anions do not completely separate while on ANIEKS-N — completely. Thus, for
determination of acetate, formate and other monocarboxylic acids the ANIEKS-
N sorbent has a substantial advantage when using a borate eluent. It should be
noted, that under these conditions inorganic anions (CI-, Br, NOs, and SO4%)
are characterized by greater retention times, and during the simultaneous
determination of carboxylic acids and inorganic anions the analysis would last
for several hours. In this connection, in order to determine inorganic anions, as
opposed to organic ones, usually stronger eluents are used, for example, a
mixture of Na,CO3; and NaHCO:s.

The chromatograms of model mixtures of inorganic anions using the same
sorbents were obtained when the borate eluent was replaced with carbonate one
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of such concentrations with which the maximum separation of ions was
observed. 2.5x10% M NaHCOs and 7.5x10* M Na,CO;3; were used as the eluent
for HIKS-1. The elution sequence was as follows: HCO3', Br-, NOz, HPO4*, and
S0,4%; the peaks of HCOs and F, just as Br- and NOgs, are not sufficiently
separated. The increase of the eluent concentration 2-fold (5x10* NaHCO; and
1.5x10° M Na,COs) reduces the duration of the analysis from 55 min to 25 min,
however, in this case the separation of HCOgs", F-, CI-, NOg3", as well as separation
of Br-and NO3 becomes worse.

Eluent 1.5x10° M Na,COs; was used for ANIEKS-N. The elution
sequence was as follows: F, HCOs', CI, HPO,#, NO7, Br, SOs*, NOs". This
sorbent has got an increased selectivity in relation to nitrate ions owing to
different structure of the functional groups, i.e. their longer hydrocarbon radical.
Under these conditions, ions of F- and HCOs; HPO,* and NOs; Br and SO,*
are poorly separated. During the analysis of natural waters the sulfate
macrocomponent, whose peak is located in the middle of the chromatogram,
stands in the way of determining neighboring anions. An increase in the
concentration of the Na,COj3 eluent to 2.5%10° M reduces the analysis time from
35 to 20 min, but does not improve anion separation. The use of a more dilute
eluent, 2.5x10% M NaHCOs and 7.5x10* M Na,CO;3 (flow rate 2.3 mL/min),
shifts the peak of SO,> from the middle to the end of the chromatogram, with
the nitrate and sulfate peaks partially overlapping, the peak of HPO4% merges
with the peak of bromide, while the duration of analysis in this case extends to
45 min. Thus, the experiments have confirmed that when ANIEKS-N is used, it
is reasonable to employ 1.5x10° M Na,CO; as the eluent, the flow rate being
2.0 mL/min.

The maximum separation for inorganic anions is attained using the
KANK AST sorbent. The optimal eluent being 1.1x10° M Na,CO3 and 2.7x103
M NaHCOs, flow rate 2.5 mL/min. The elution sequence is as follows: F,
HCOg, CI', Noy,, HPO,%, Br,, NO3', SO,% and C,04%. Under these conditions, all
anions are separated well, and only the peaks of F- with HCO3; and Br- with
NOjs are somewhat overlapping, however, they can be distinguished by their
retention times.

The retention times of inorganic anions on sorbents HIKS-1, ANIEKS-N,
and KANK AST are shown in Table 2.
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Table 2. Retention times of inorganic anions on different sorbents in conditions
optimal for each sorbent

Anion Retention time, min
ANIEKS-N* KANK AST™ HIKS-1""

F 2.6 2.3 3.0
HCOs 3.3 2.5 2.8
Cr 7.8 5.6 5.4
NOy 11.2 6.9 6.2
Br 18.0 16.1 9.4
NOs" 29.5 19.0 10.4
HPO,* 10.2 10.1 28.7
SO4* 19.8 27.7 54.3

* Eluent 1.5%x10° M Na,COs, flow rate 2.0 mL/min;
** Eluent 2.7x10°% M NaHCO3/1.1x10° M Na,COs, flow rate 2.5 mL/min;
*#% Eluent 2.5x10% M NaHCO3/7.5x10* M Na,COs, flow rate 2.3 mL/min.

Anion detection

limits are

given

in Table 3. Under

optimal

chromatographing conditions for all sorbents close anion detection limits were
obtained. Thus, the detection limit depends very little on the sorbent type.

Table 3. Detection limits of organic and inorganic anions*

Anion Detection limit, Anion Detection limit,
mg/L mg/L

F 0.05 SO,* 0.3
CI 0.05 HCOs 20
NO, 0.1 HCOO 0.5
HPO,* 0.1 CH3COO- 0.5
Br 0.1 CH3(CH,);COO 2.5
NOj" 0.1 C,04> 0.6

* Detection limits were determined in optimal conditions with the scale

factor equal to 2.
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From the above it follows that for the determination of organic
monocarboxylic acids the best is the ANIEKS-N sorbent (eluent 3.5x10* M
Na,B,0, flow rate 1.5 mL/min), while for the determination of inorganic anions
the best sorbent is KANK AST (eluent 1.1x10° M Na;COjz and 2.7x10° M
NaHCOs, flow rate 2.5 mL/min). The analysis of water for the content of the
group of anions can be conducted under optimal conditions within 30 min.

For a mobile laboratory it is advisable to use a HPI-1 portable
chromatograph with the same sorbents and eluents. The instrument permits to
perform group determination of anions under field conditions.

The method of ion chromatography was used for the analysis of artesian,
surface, tap, and sewage waters of different regions of Ukraine. The sorbents
used were KANK AST and HIKS-1. Chromatograms revealed the presence of F-
, HCOg3, CI,, NOs,, HPO,* and SO,* in waters. The concentrations of ions of
bromide, iodide, nitrite, and carboxylic acids in waters under studies were
outside the limits of the ion chromatography method and it was necessary to
determine them using other more sensitive methods or to use preconcentration.

Accuracy of the ionochromatographic determination of the series of
anions in waters was checked using other methods: fluoride was determined also
photometrically with lanthanum and Alizarin Complexone, hydrocarbonate —
titrimetrically with Methyl Orange, while nitrite — photometrically with the
Griss reagent, nitrate also with the Griss reagent after reduction to nitrite on the
cadmium redactor [6], bromide by the chemiluminescence method with luminol
[7]. The determination results coincide well with the results of the ion
chromatographic method and the difference between the results does not exceed
5%.

From the late 1980s, ion chromatographs began to be used to control the
chemical composition of water in energy production, in particular, to analyze the
anionic composition of water of nuclear power plants. lon chromatography has
become a classic method for analyzing environmental objects in Ukraine.
lonochromatographic methods for the determination of formate, nitrite and
nitrate in an aqueous medium were developed, which were used in the study of
photocatalytic destruction of nitrates in drinking water [8], using the separation
column ELSIAN-6. A method for ion chromatographic determination of
bromide ions in iodinated waters has been developed [9]. In this case, iodide
ions do not interfere with the determination, as they are firmly immobilized on
the sorbent and do not appear on the chromatogram (Fig. 1).
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Fig. 1. Chromatogram of the synthetic mixture of anions, mg/L: F (10), CI- (10),
Br (20), NOs™ (20), SO4* (20). Analytical column KANK AST 100 x 6 mm,
suppressor column KRS-8P 250 x 6 mm, eluent 0,003 M NaHCO3/ 0,0024 M
Na,COs, eluent flow rate 2,0 mL/min. Chromatograph Tsvet-3006.

Chlorides in tap, river and groundwater were determined by ion
chromatography, which was used as a reference method in the development of
chemiluminescent method for chloride ions [10]. Oxoanions of iodate, chlorate
and bromate were successfully separated on a KANK AST 6 x 100 mm column
using borate eluent [11]. The method was used to validate the results of
chemiluminescent determination of iodate ions.

Chromatographic analysis of oxidative degradation products of sodium
dodecyl sulfate during treatment of its aqueous solutions with ultraviolet
radiation (A= 185 nm) and corona discharge was performed, which made it
possible to propose a mechanism of destruction of linear anionic surfactants
[12]. It was proved that the increased concentrations of total organic carbon
observed in the system are due to the recombination of the formed carbonate
radicals with the formation of oxalate ions. The latter were determined using an
ANIEKS-N separation column on a Tsvet-3006 chromatograph. The eluent was
a5 x 10 M Na,COs solution, the eluent flow rate - 2.0 mL/min.
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lonochromatographic and ionometric determination of nitrate ions in
waters were compared [13]. Fluoride, chloride, sulfate, nitrite and phosphate are
determined simultaneously with nitrate using HIKS-1 sorbent and carbonate-
bicarbonate eluent. lonometric determination of nitrates was performed using a
membrane nitrate-selective electrode. A satisfactory coincidence of the results of
nitrate determination by the two methods is demonstrated, the advantages of
each are emphasized and the expediency of their combination for effective water
analysis in laboratory and field conditions is noted.

lonochromatographic method is the only one that allows multicomponent
analysis of samples for anion content: for 6-30 minutes one can determine from
one sample more than 10 different anions, both organic (formate, acetate, etc.)
and inorganic (fluoride, chloride, bromide, nitrite, nitrate, phosphate, sulfate,
bicarbonate).

The advantages of ion chromatography include: high sensitivity (up to
0.05 mg/L without preconcentration), selectivity, a wide range of detectable
concentrations, small sample volume (0.01-0.5 mL), no need in prior sample
preparation, the possibility of complete automation of analysis. Due to these
significant advantages, this method was included into the list of rational methods
for the determination of anions in waters [14].

Optimal conditions are given below for ion chromatographic
determination of some most important inorganic and organic anions.

Fluoride. KANK AST column, eluent 3.5x10* M Na,B4O-, flow rate 2.5
mL/min.Direct ion chromatographic analysis of water for fluorides permits to
determine only ionic form of fluorine (F?). When analyzing waters containing
considerable amounts of aluminum, iron, it is necessary to take into account
formation of complex compounds of these metals with fluoride. When it is
necessary to determine total amount of free fluoride and complexed fluoride, the
water under analysis is subjected to treatment with citrate in order to destroy
fluoride-metal complexes. Detection limit for fluoride in optimal conditions is
0.05 mg/L and may be lowered by use of a concentrator column.

Chloride. KANK AST column, eluent 2.7x10° M NaHCOj3 and 1.1x1073
M Na,COs, flow rate 2.5 mL/min. While determining chloride more strong
eluent is used than at fluoride determination and at monocarboxylic acids
determination, namely, carbonate-bicarbonate buffer solution. Interference from
other water constituents was not observed. Detection limit is about 0.05 mg/L
and may also be lowered through appropriate preconcentration step.
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Bromide. Bromide peak is situated after phosphate and in front of nitrate.
Recommended column is KANK AST, eluent — standard one, carbonate-
bicarbonate buffer (2.7x10° M NaHCO3 and 1.1x10° M Na,CQ3). Detection
limit in these conditions is 0.1 mg/L. In the majority of natural fresh waters
bromide cannot be detected due to insufficient sensitivity of the method. In
order to determine bromides quantitively in fresh waters it is recommended to
use chemiluminescence method [7] or to use preconcentration.

Nitrite. KANK AST is the column recommended for the determination of
nitrite. Eluent — 2.7x10° M NaHCO; and 1.1x10° M Na,COs3, 100-fold excess
of chloride ions interferes with the nitrite determination. This interference action
can be avoided by using ANIEKS-N column with borate eluent (3.5x10* M
Na;B407). Detection limit is 0.1 mg/L.

Nitrate. While using KANK AST column with standard carbonate-
bicarbonate eluent the peak of nitrate is situated at the end of chromatogram, in
front of sulfate, and while using ANIEKS-N column (eluent 1.5x102 M
Na,CO3) — after sulfate. Detection limit is 0.1 mg/L, interference from other ions
was not detected.

Phosphate. Column — KANK AST, eluent — 2.7x10° M NaHCO;3; and
1.1x10° M NayCOs. Detection limit is 0.1 mg/L. Analysis should be carried out
with freshly regenerated suppressing column. Interference from other ions is not
pronounced.

Sulfate. Column KANK AST, standard carbonate-bicarbonate eluent.
Peak of sulfate is situated near the end of chromatogram, in front of oxalate
peak. Interference from other ions is absent. Detection limit is 0.3 mg/L,
duration of analysis — 30 min.

Formate. Column ANIEKS-N is used, eluent — 3.5x10* M Na,B4O;. Peak
of formate is situated after peaks of fluoride and acetate. Detection limit is 0.5
mg/L. Propionate interferes with the determination in quantities equal to
formate.

Acetate. ANIEKS-N column, eluent 3.5x10* M Na,B,0-. Peak of acetate
is situated at the beginning of the chromatogram between peaks of fluoride and
formate. Detection limit is 0.5 mg/L. Propionate interferes with the
determination in quantities equivalent to acetate. However in natural waters
formate and acetate are usually not detected, these ions may be present in
sewage waters of textile industry.

Oxalate. Oxalate peak is situated at the end of chromatogram. For more

rapid analysis an ANIEKS-N column is recommended with 5103 M Na,COs as
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an eluent, eluent flow rate 2.0 mL/min. Retention time for oxalate in these
conditions is 8.5 min, while retention time for sulfate in the same conditions is
6.7 min. Detection limit of oxalate ion is 0.6 mg/L. Interference from other ions
was not observed.

Due to the prominent place occupied by ion chromatography among other
methods of analysis of organic and inorganic ions, state standards have been
approved in Ukraine for water quality testing, which are based on the use of this
method [15-18].

lon chromatography is one of the most powerful analytical methods. In
just one stage, it makes it possible to separate multicomponent mixtures into
individual components and at the same time to give a quantitative description of
each component. lon chromatography is currently used by specialists in various
fields of science and industry, in particular, such as medicine, biology, physics,
geology, biotechnology, chemical and pharmaceutical industries and others.

Due to the requirements of the State Sanitary Norms and Rules of Ukraine
[19], which envisage the need to control chlorite ions in tap water, water
treatment plants in Kyiv and other cities use this method as the most convenient
one for quantitative determination of chlorate, chloride and chlorite, as well as
other anions in the preparation of drinking water, the control of the chlorite
content is especially important when using a disinfectant such as chlorine
dioxide.
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CHAPTER 5
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A methodology has been developed for the study of organochlorine
pesticides (OCPs), polychlorinated biphenyls (PCBs) and polycyclic aromatic
hydrocarbons (PAHSs) in surface and drinking waters, bottom sediments and
aquatic species of living organisms of the bottom layer from various water
systems of Ukraine. The study of persistent organic pollutants (POPs) includes
the following stages: extraction, preconcentration, identification and
determination of these compounds using adequate sample preparation methods,
modern chromatographic and gas chromatography/mass spectrometric methods,
such as gas chromatography/mass spectrometry with mass selective detection by
total ion current and selective ion monitoring (SCAN, SIM modes), gas
chromatography with electron capture detection and high performance liquid
chromatography with fluorescence detection.

Monitoring of OCPs, PCBs and PAHSs in surface and drinking waters,
bottom sediments and aquatic species of living organisms of the bottom layer
from various water systems of Ukraine was carried out. The concentrations of
these compounds at the monitoring points were determined, their bioavailability
and the degree of bioaccumulation were established. Systematic data on the
identification of OCPs and PCBs and on their levels in various tissues of aquatic
organisms are very limited. To assess the threat to aquatic ecosystems and
humans posed by OCPs and PCBs, they were extracted from muscle and other
fish tissues by liquid extraction methods, and reliable results were obtained on
the content of these compounds. To assess the state of the environment, the
results of monitoring of OCPs, PCBs and PAHSs in these areas were summarized.

OCPs and PCBs bioavailability evaluation for aquatic organisms of
Dnieper river basin was done according to Critical Tissue Level values and
Bioconcentration Factor for muscle tissue as sum of 4,4’-DDTs and sum of
PCBs basing on investigations results carried out in 2003 and 2011-2012.

Information on the levels of these organic pollutants has been obtained,
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summarized and presented in accordance with generally accepted regulatory
standards that determine the toxicity of compounds of these classes. Regularities
of changes in the concentrations of ecotoxicants in the objects of five water
systems of the Dnieper River basin and the Black Sea (Dnieper and Bug
estuaries, Danube delta, Balaklava Bay, Sevastopol Bay) have been established.
The concentrations of ecotoxicants in natural water were estimated relative to
the MPC (Maximum Permissible Concentration). The reported levels of OCPs,
PCBs and PAHSs in many sediment samples exceeded the TEC (Threshold Effect
Concentration) and PEC (Probable Effect Concentration) values.

To assess the toxicity of hydrobionts, the OCPs content is given relative to
the equivalent toxicity factor — TEF (Toxicity Equivalent Factor) and PCBs —
toxic equivalent or equivalent of dioxin relative to 3,4,7,8-tetrachloro-dibenzo-
p-dioxine — TEQ (Toxicity Equivalent). The levels of PCBs in hydrobionts,
presented relative to TEQ, indicate that hydrobionts of the bottom layer are
significantly contaminated with compounds of this class and then their
bioconcentration by higher organisms along the trophic chain is possible.

The results obtained indicate that toxic pollutants accumulate in
significant amounts in bottom sediments, and their content in aquatic organisms
characterizes the bioavailability of OCPs and PCBs. The bioavailability of OCPs
and PCBs was evaluated. The results of exceeding their critical level (Critical
Concentration Level) and bioconcentration factor (the Bioconcentration Factor)
for muscle and other fish tissues, as well as dioxin equivalent for PCBs of
aquatic organisms over the past decades in the aquatic systems of Ukraine were
obtained.

Keywords: organochlorine pesticides, polychlorinated biphenyls,
polycyclic aromatic hydrocarbons, monitoring, bottom sediments, hydrobionts,
bioavailability, Probable Effect Concentration, Toxicity Equivalent Factor,
Toxicity Equivalent.

INTRODUCTION

In recent years, to assess the environmental risks from the ingress of toxic
POPs into surface waters, the results of studying their prevalence, routes of
movement, the degree of accumulation and bioavailability in objects of the
aquatic environment have been used. Until recently, systematic work in this
direction has not been carried out in Ukraine, mainly due to the lack of an
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appropriate research methodology, including chemical analysis, — a single water
system for all objects — water, bottom sediments, hydrobionts, which allows
obtaining reliable and reproducible results.

In order to assess the ecological state of water systems, an analytical
research methodology has been developed — the isolation, preconcentration,
identification and determination of semivolatile organic compounds (SVOCs),
including persistens organic pollutions (POPs) — organochlorine pesticides
(OCPs), polychlorinated biphenyls (PCBs), polyaromatic hydrocarbons (PAHS)
in these objects using adequate sample preparation methods, modern
chromatographic and chromatographic/mass-spectrometric methods of analysis
— GC/ECD, HPLC with UV/Vis/Flu detection, GC/MS with mass selective
detection (SCAN, SIM modes), ensuring accurate and correct results [1-5].

To solve the problems of monitoring OCPs, PCBs and PAHSs, schemes for
the analysis of natural and drinking water, bottom sediments and hydrobionts of
the Dnieper river basin have been developed, tested and applied, as well as
bottom sediments and hydrobionts of the Black Sea [1-5].

METHODS

Samples of natural and drinking waters were taken at the waterworks of
the cities of the Dnieper river basin, samples of bottom sediments and
hydrobionts — in the mouths of the Dnieper, Bug, Danube rivers, Balaklava and
Sevastopol bays (2006-2008) [1, 6].

To assess the reliability and correctness of the developed analysis
schemes, sample preparation methods, determination of OCPs and PCBs in
water, bottom sediments, hydrobionts by GC/MS, GC/ECD, as well as PAHs by
GC/MS, HPLC, we used the results of analysis of samples of comparison
rounds, interlaboratory checks and standard certified materials — bottom
sediments, hydrobionts tissues (mussels): Standard Reference Material (SRM)
1944 NIST (New York / New Jersey Waterway Sediments), SRM 2977 NIST
Mussel Tissue (Organic Contaminants and Trace Elements), BS-1/OC (Ukraine,
Monaco) (Organic contaminants in Black Sea bottom sediments) [1, 6].

The level of chemical contamination of bottom sediments was assessed by
the intervals of threshold concentrations (Threshold Effect Concentration —
TEC), which for POPs in bottom sediments are, respectively, equal to: OCPs
(4,4-DDE + 4,4-DDD + 4,4-DDT) — 5.3-572; PCBs — 60-670; PAHs —
1600-22800 pg/kg dry weight (according to Consensus-based Sediment Quality
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Guidelines, 2003) [1, 6].

RESULTS

The levels of the content of ecotoxicants were determined and the
regularities of their changes in the objects of five water systems of the Dnieper
river basin were traced and the Black Sea (Balaklava, Sevastopol bays, Dnieper
and Bug estuaries, Danube delta). Regularities of changes in the content of
OCPs, PCBs and PAHSs in bottom sediments relative to TEC and PEC (Probable
Effect Concentration), the content of OCPs and PCBs in hydrobionts,
respectively, relative to TEF (Toxicity Equivalent Factor) and TEQ (Toxicity
Equivalent — toxic equivalent or equivalent of dioxin relative to 3,4,7,8-
tetrachloro-dibenzo-p-dioxine) are presented based on the results of monitoring
in order to assess their toxicity for these water systems. The toxicity of bottom
sediments and hydrobionts was estimated at many monitoring points [1, 6-8].

The levels of OCPs, PCBs and PAHSs in bottom sediments of the studied
water systems at most monitoring points exceeded the lower TEC limit. The
upper limit of the TEC concentration range is PEC. The levels of total content of
OCPs, PCBs and PAHs, which exceed these values, indicate the probable
toxicity of bottom sediments for the biota of the bottom layer. At some
monitoring points (25-30 %), the content of these ecotoxicants approaches or
exceeds PEC [1, 6].

The results obtained confirmed that toxic pollutants accumulate in
significant amounts in bottom sediments, and their content in hydrobionts
characterizes the bioavailability of POPs.

Figure 1 illustrates the location of points (stations) for sampling bottom
sediments and hydrobionts for assessing toxicity: the Crimean Peninsula —
Balaklava and Sevastopol bays, the Dnieper and Bug estuaries and Danube
delta.

Organochlorine pesticides. In bottom sediments, the levels of the content
of individual OCPs and their sum (4,4'-DDE, 4,4'-DDD, 4,4'-DDT), the total
content and isomeric-specific composition of PCBs, the concentrations of
individual PAHs and their sum were determined. The levels of the mentioned
OCPs and PCBs have been determined in hydrobionts [1, 6, 7, 14].

The total concentration levels of the indicated OCPs for the Balaklava,
Sevastopol bays, the Danube delta, the Dnieper and Bug estuaries were
analysed. The highest OCPs pollution is observed in the bottom sediments of the
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Sevastopol bay (on average 10 TEC — 150 ug/kg dry weight, the maximum
values in some monitoring points reach 160-275 and even 2200 ug/kg) and in
the Danube delta (average concentration levels 25-85 ug/kg dry weight, the
maximum values at individual monitoring points reach 180-210 pg/kg).
Approximately equally polluted bottom sediments of the Balaklava bay and the
Dnieper and Bug estuaries (average levels of about 50 pg/kg dry weight,
although high levels are observed in Balaklava bay — 100-120, 170 pg/kg and
especially high — at the monitoring points of Dnieper and Bug estuaries 2A, 2B,
2C, 2 — from 150 to 400 pg/kg dry weight.

In figure 2 the total levels of OCPs in the marine and river bottom
sediments of these water systems are shown relative to PEC (572 pg/kg dry
weight) for pesticides of the DDT group — the probable concentration level
above which bottom sediments can be toxic to the hydrobionts of the bottom
layer. At some monitoring points for water systems (Sevastopol bay, the
Dnieper and Bug estuaries), pesticide levels reach 0.5 PEC (250-350 pg/kg dry
weight) and only at one monitoring point of the Sevastopol bay (point 15) the
concentration of OCPs is 3.85 times higher than the PEC.
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Figure 1. The location of points (stations) for sampling bottom sediments and
hydrobionts to assess toxicity: a — the Dnieper and Bug estuaries and the
Danube delta; b — of the Crimean Peninsula — Balaklava and Sevastopol bays:
Sb — Sukharnaya bay (Sukharnaya bay); T, OT — Terminal (oil); R — sampling
reference points; in Figure 2—4 sampling points of the Dnieper and Bug estuaries
2A, 2B, 2C, 2, 3,6,6A,7,8,9,12, 12, 14, 15, 16 are presented, respectively [6];
sampling points of the Danube delta A-J, L—O [6] in Figure 2—4 are designated
by the numbers 17-26, 28-31; sampling points of Balaklava A—Q bays [6] are
respectively represented by numbers 2, 2b, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17 and Sevastopol [6] — in numbers 2, 3, 3R, 4, 5, 5a, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 18, 19, 20, 21, 31.
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Figure 2. Concentration of organochlorine pesticides in bottom sediments in comparison with probably concentration effect. Here and
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Polychlorinated biphenyls. The general levels of the content and isomeric-
specific composition of PCBs in bottom sediments for the water systems of
Ukraine were determined at the corresponding monitoring points (Figure 1) [1,
6].

The data obtained confirmed that in all aqueous systems, penta- and
hexachloroisomers of PCBs are contained in higher concentrations compared to
tetra- and heptachlorisomers, and the concentration of the group of
pentachloroisomers is higher than that of hexachloroisomers.

From the obtained data, it follows that significantly higher total PCB
concentrations are found in sea bottom sediments (Balaklava and Sevastopol
bays) compared to river bottom sediments (Danube delta, the Dnieper and Bug
estuaries). The most polluted by the sum of all PCB isomers are bottom
sediments of the Sevastopol bay.

The levels of their content in 50 % of monitoring points are from 20 to
500, in the rest they reach high values — from 500 to 3000, at point 15 — very
high — 12700 pg/kg dry weight. The bottom sediments of the Southern bay
(points 18-20) are the most polluted. For comparison, the levels of PCBs are
shown at reference points 3R and R.

Figure 3 shows the total concentrations of PCBs in sea and river bottom
sediments relative to PEC. The results obtained indicate that the total PCB
concentrations in river bottom sediments are lower than PEC (670 pg/kg dry
weight). At some points, PCB concentrations are in the range of 90-260 ug/kg
dry weight, which is 13-39 % of the PEC value. Concentrations of PCBs in sea
bottom sediments of the Sevastopol bay, especially in the Yuzhnaya Bay,
exceed PEC, and at some points by more than 4-18 times. This probably
indicates the toxicity of bottom sediments at such monitoring points and may
pose a threat to hydrobionts [1].

Polycyclic aromatic hydrocarbons. Total concentrations of sixteen
priority PAHSs in sea and river bottom sediments at the most polluted monitoring
points — Balaklava and Sevastopol bays, Danube delta and the Dnieper and Bug
estuaries are shown in Figure 4. It can be seen that the bottom sediments of the
Sevastopol and Balaklava bays are the most polluted with PAHs. River bottom
sediments are much less polluted by them.

In Figure 4 show the total PAH concentrations in river and sea bottom
sediments relative to PEC, from which it follows that the total PAH
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concentrations in river bottom sediments are below PEC (22800 pg/kg dry
weight), excluding monitoring point 2 Dnieper and Bug estuaries. At this point,
the total PAHs content is 1.5 times higher than PEC. At all other monitoring
points, they do not exceed 5000—15000 ug/kg dry weight, which is 22—-66 % of
the PEC value. The total concentration of PAHs in the sea bottom sediments of
the Balaklava bay at four monitoring points practically reaches PEC and only
slightly exceeds it at one point. The total concentration of PAHs in bottom
sediments of the Sevastopol bay at six monitoring points exceeds PEC, at three
points it is significantly (1.8-3.5 times), which probably may indicate the
toxicity of sea bottom sediments for the biota of the bottom layer.

According to the results obtained, the levels of PCBs are significantly
higher in sea bottom sediments compared to river ones, and the levels of OCPs
are higher in river ones, with the exception of a single case at one monitoring
point in 2008 (Sevastopol bay, point 15).

The ranges of concentrations of sixteen individual PAHSs in river and sea
bottom sediments are indicated (Figure 5). The highest content is found in
higher PAHs (4-6 aromatic nuclei). The total PAHs content in the bottom
sediments of the Sevastopol bay is significantly higher than that of the Balaklava
and the Dnieper and Bug estuaries. The bottom sediments of the Danube delta
turned out to be the least polluted in terms of the amount of PAHS.

The bioavailability of OCPs and PCBs. The concentrations of OCPs and
PCBs at the monitoring points were determined, their bioavailability and the
degree of bioaccumulation were established. Systematic data on the
identification of OCPs and PCBs and on their levels in various tissues of aquatic
organisms are very limited. To assess the threat to aquatic ecosystems and
humans posed by OCPs and PCBs, they were extracted from muscle and other
fish tissues by liquid extraction methods, and reliable results were obtained on
the content of these compounds [9-13]. OCPs and PCBs bioavailability
evaluation for aquatic organisms of Dnieper river basin was done according to
Critical Tissue Level values and Bioconcentration Factor for muscle tissue as
sum of 4,4’-DDTs and sum of PCBs basing on investigations results carried out
in 2003 and 20112012 [14].

According to the results obtained, bioaccumulation of OCPs and PCBs is
observed. The content of OCPs (4,4'-DDE, 4,4-DDD, 4,4'-DDT) in bottom
sediments is higher than in the hydrobionts of the Dnieper and Bug estuaries and
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the Danube delta. Similar commensurate levels of isomeric-specific
composition of PCB content for bottom sediments and hydrobionts are
shown.

In the hydrobionts of the bottom layer, pentachloro- and
hexachloroisomers also have maximum concentrations. Comparison of the
concentrations of OCPs determined in bottom sediments and hydrobionts of
the Dnieper and Bug estuaries and the Danube delta with respect to the
Toxicity Equivalent Factor (TEF) (140 pg/kg dry weight for the sum of DDT
iIsomers and metabolites) proved that the established levels of OCP
concentrations do not pose a threat to the hydrobionts studied at all
monitoring points (we compared the levels of OCP content in bottom
sediments and of hydrobionts at the same points). After comparison of the
concentrations of PCBs determined in bottom sediments and of hydrobionts
of the Dnieper and Bug estuaries and at the Danube delta with the toxic
equivalent TEQ (Toxicity Equivalent — dioxin equivalent relative to 3,4,7,8-
tetrachlorodibenzo-p-dioxin, the norm for PCBs in terms of TEQ — 7.9 ng/kg
dry weight of mammalian tissue) we found that the levels of PCBs also do
not pose a threat to the hydrobionts studied at all monitoring points in
2006-2007 (we compared the levels of PCBs in bottom sediments and
hydrobionts at the same points). The levels of PCBs in hydrobionts were also
determined in another study period (2008) for these aquatic systems. In some
cases, during this period, the TEQ limit value was exceeded by a factor of
1.2-4.0. The levels of PCBs in hydrobionts, compared with TEQ, indicate
that the hydrobionts of the bottom layer can be significantly contaminated
with compounds of this class and bioconcentration of organochlorine
compounds by higher organisms along the trophic chain is possible.

In this study, the toxicity of bottom sediments from estuaries to some
aquatic organisms has been established. The concentrations of anthropogenic
pollutants were determined over vast estuarine territories in the studied
biological organisms from these places. The results obtained over three years
showed that hydrophobic organic compounds are bioavailable, that is, they
can bioaccumulate [1, 6, 7, 14, 15]. These results can be used in projects for
the restoration of priority sites in order to reduce the risk to natural and
economic resources, therefore the next stage of work is the characterization
of the classes of pollutants that cause the observed toxicity [14—-16].
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CHAPTER 6
ENVIRONMENTAL AUDIT AND ASSESSMENT OF THE STATE
FORESTRY ENTERPRISES OF WESTERN REGION OF UKRAINE

Karaim O. A., Lavrynyuk Z.V., Gulay L. D.

Lesya Ukrainka VVolyn National University, 13 Volia Ave., Lutsk, 43025,
Ukraine

1. INTRODUCTION

The protection and rational use of forest ecosystems is one of the most
important environmental problems of our time. Forests are of great
ecological importance, because wood is a special commodity, having a
normal market value, it has a much higher ecological value. Forest resources
perform water protection, protective, sanitary and hygienic, health-
Improving, recreational, aesthetic, educational and other important functions.
Therefore, the damage caused to forests due to excessive cutting can lead to
very significant negative consequences [9]. In connection with the intensive
management of economic activities and the irrational use of natural
resources, in recent years there has been a significant deterioration in the
ecological state of forests [2; 8]. Therefore, the issue of conducting forestry
activities currently requires special attention.

The conceptual foundations for the conservation and rational use of
forests were covered in their works by the following scientists: I. K.
Bystryakov, A. A. Girs, A. S. Danylenko, D. S. Dobryak, S. I. Doroguntsov,
S. M. Kvasha, A. Y. Sokhnich, V. E. Svyrydenko, I. M. Synyakevych, A. M.
Tretiak, M. A. Khvesyk, O. V. Khodakovska, etc.

2. PROTECTION OF FORESTS IN "ZOLOCHIV FORESTRY™"

The purpose of the study is to reveal the features of the protection and
protection of forests in the State Enterprise "Zolochiv Forestry".

State Enterprise "Zolochiv Forestry" is located in Zolochiv and Busk
administrative districts. Its area is 32441 hectares. The species composition
IS: pine, occupying an area of 3441 ha, larch — 1064.4 ha, spruce — 275.5 ha,
oak — 7677.6 ha, beech — 12461.1 ha, hornbeam 1028.7 ha, ash — 689.4 ha,

maple — 601 ha, birch — 248.6 ha, alder — 1162.5 ha. The main activity of the
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company is the cultivation and creation of high quality plantations, care for
them. The number of employees at the enterprise is 302 people.

The total realization of the company's products in 2021 amounted to
UAH 91.5 million, respectively, increased net profit, the amount of
dividends and contributions to local and state budgets. UAH 10 million was
paid to the local budget. In the state — more than 21 million hryvnia. There
weren’t such signs in the history of foresty. The average monthly salary of
one full-time employee increased by 51 % compared to 2020 and amounted
to UAH 20000.

Protection and protection of the forest in the state enterprise "Zolochiv
Forestry" is carried out by the state forest guard. Its main task is the
implementation of state control over all forest users and forest owners, their
compliance with forest legislation, ensuring the protection of forests from
fires, illegal logging, pests and diseases of the forest, preventing offenses and
monitoring the use of forest resources|3].

To ensure the protection of the forests of the State Enterprise "Zolochiv
Forestry" from pests and diseases of the forest, various sanitary and
recreational activities are carried out aimed at cutting down damaged wood,
a forest pathological survey is carried out and monitoring of the centers of
distribution of their foci [7].

To decorate the state of forests and forest lands, such technologies and
methods are used that would allow preserving productivity, vital activity,
and reproduction of forests. The measures are aimed at improving soil
fertility (prevention of water and wind soil erosion, waterlogging), timely
and effective care of forest crops, improving their age structure, reducing the
area of land not covered with forest vegetation, sustainable forest stands,
protecting forests from fires and unauthorized felling, protection from pests
and diseases Every year the forestry enterprise creates 50 km of new
mineralized strips and restores existing mineralized strips with a length of
140 km. In 2018, 13 cases of spontaneous logging with a cubic mass of 20
m?® were identified. In 2021, the total cubic mass from spontaneous cuttings
was 8 m3,

Wood harvesting is carried out in the presence of control, only within
the allowable cutting area. The allowable cutting area in 2018 was 35.8
thousand m3, in 2021 it was 42.7 thousand m?® — this is the annual rate of
timber harvesting in the felling process, which is calculated during forest

management and approved by the Ministry of Ecology and Natural
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Resources of Ukraine. There is an approved annual volume for felling to
Improve the qualitative composition of forests — 495 hectares.

The main directions of the reproduction of forest resources in the state
enterprise "Zolochiv Forestry" is the creation of new forests and
reforestation, which behave in the ways of natural regeneration and planting
and seeding of forests.

Reforestation in forestry is carried out on: areas not covered by forest
vegetation (glades, wastelands, recultivated lands); non-forest areas intended
for the creation of forest plantations; places of log cabins of revision periods;
territories not completely covered with forest vegetation (woodlands); places
of dead plantations.

In 2018, state enterprise "Zolochiv Forestry" carried out reforestation
on an area of 71 hectares, in 2019 — 87 hectares, by 2021 this figure reached
140 hectares. All planting material for the creation of forest crops is grown
in the nursery of the Sasivske forestry, which provides the forestry enterprise
with planting material, and the leavings is sold. So, in 2018, 1260 thousand
pieces of planting material were grown and sold in the amount of UAH
553989 thousand. In 2018, 4643 kg of forest seeds were collected, which
will be sown in the spring in the nursery. There is a forest seed plantation of
larch with an area of 12.5 hectares, from which a cone is harvested. In 2021,
forest seeds were harvested in the amount of 3.4 tons. The cultivation of
planting material amounted to 1.2 million pieces.

To implement the tasks of reforestation, the State Enterprise "Zolochiv
Forestry™ annually allocates certain areas for planting young forest crops,
which ensures an increase in forest cover on the territory of the enterprise
and has a positive impact on the state of the forest fund [3].

Every year more and more efforts are made to supervise young growth,
as a result of which the percentage of survival of young crops increases. This
Is confirmed by the fact that its index increased from 92 % in 2017, through
93 % in 2018 to 95 % in 2021.

An important place in the activity of forestry is occupied by the
development of objects of the natural reserve fund, the main task of which is
the preservation, protection and protection of especially valuable, rare
objects, complexes and landscapes [3].
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3. ENVIRONMENTAL PROBLEMS OF FOREST
FARMS IN SE "RAVA-RUSKA FORESTRY"

The purpose of the study is to reveal the features of the main
environmental problems of forestry management in the State Enterprise
"Rava-Ruska Forestry",

State Enterprise "Rava-Ruska Forestry" is located on the western border
of Ukraine with Poland, its length is more than 90 km. The enterprise is
located on the territory of Zhovkivsky, Yavorivsky, Sokalsky and
Gorodoksky administrative districts. The forestry office is located in Rava-
Ruska [7].

The total area of the State Enterprise "Rava-Ruska Forestry" is 31875
hectares, of which — forest land — 29618 hectares (93 %), including those
covered with forest vegetation — 27153 hectares (91 %), 85 % of the total
area; non-forest lands — 2257 ha (7 %). The forestry area is characterized by
a well-developed network of transport routes.

The forests of the enterprise are divided into categories of protection:
protective forests — 2387 hectares (8 %), recreational forests — 7458 hectares
(24 %), forests for nature protection, scientific, historical and cultural
purposes — 276 hectares (1 %) and operational forests — 21238 ha (67 %).

In the State Enterprise "Rava-Ruska Forestry" reforestation is carried
out mainly by planting forest crops. Forest crops are created by planting
seedlings. Seeds are usually collected from permanent forest seed plantations
and plots. The term for the transfer of forest plantations to lands covered
with forest vegetation is on average 67 years [4].

The categories of forest protection of the State Enterprise "Rava-Ruska
Forestry" are presented in fig. 1.

According to the natural composition, the forest fund of the State
Enterprise "Rava-Ruska Forestry" is represented by coniferous, hardwood,
softwood and other tree species.

The main forest-forming tree species are: coniferous — 18318 ha, of
which common pine — 18012 ha, hardwood — 6271 ha, of which oak — 5345
ha, beech — 526 ha, soft-leaved — 2564 ha, of them black alder — 1882
hectares.
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m Recreational and health forests
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Fig. 1. Categories of forest protection of SE "Rava-Ruska Forestry"*
* Developed by the author according to the source [4].

The distribution of the area covered with forest vegetation by grading is
as follows: II grading and above 26164 ha, 11T grading and below 1778 ha.

High-density plantations cover an area of 24362 ha.

Diseases of the forest are represented by root fungus, autumn fungus, fir
cancer, false tinder fungus, common tinder fungus bordered with tinder
fungus, ash cancer, transverse cancer, pine sponge and others that make up
small areas.

An important problem of forest management is the drying up of
coniferous plantations. One of the reasons for the drying up of forests are
stem pests. Pines are mainly threatened by the apical bark beetle (Ips
asuminatus). This is a small beetle 2-4 mm in size, but after a few weeks it
can destroy a perennial tree. As a result of the study, it was found that the
area of damage to forest plantations more than doubled over two years: from
398 hectares in 2016 to 860 hectares in 2021, which is about 5 % of the area
covered with coniferous forest. A quadrocopter helps in the work of the
forest guard of the State Enterprise "Rava-Ruska Forestry” in identifying
drying plantations.

Pine eaten by the bark beetle is further damaged by fungi (the apical
bark beetle is a carrier of ophiostomy fungi, which cause the wood to turn
blue), ants and other pests. A damaged tree, even when cut, becomes of little
use. It is suitable only for processing into sawdust. No other materials are
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made from it. According to studies, the apical bark beetle is also massively
developing on the territory of Belarus, Poland and Slovakia.

The main reasons for this phenomenon are that in recent years: warm
spring, long summer, lack of precipitation, falling groundwater levels. All
this together led to the weakening of the pine and allowed the bark beetle to
develop quite quickly.

However, it should be noted that in 2021, work on caring for forest
crops was carried out in Zabirske forestry on 40.9 hectares, Shklivske
forestry — 32.5 hectares, Rava-Ruska forestry — 33.8 hectares, Khlivchanske
forestry — 35.7 ha, in the Pyryatynske forestry — 19.5 ha [4].

In plantations damaged by bark beetles and stem rot (root rot and in
autumn), it is necessary to carry out selective sanitary felling in accordance
with the Sanitary Rules in the Forests of Ukraine.

4. FOREST ECOLOGICAL STATE ASSESSMENT
SE "RADEKHIV FORESTRY"

The purpose of the study is to assess the ecological state of the forests
of the State Enterprise "Radekhiv Forestry".

State Enterprise "Radekhiv Forestry" is located in the north-eastern part
of the Lviv region on the territory of three administrative districts: Sokalsky,
Radekhivsky and Kamianka-Buska. The area of the forestry is 35041
hectares, the timber stock in the forests is 7142 thousand m3[5].

As for the level of intensity of forest management and production
capacity, the economic activity of the economy is aimed at gradually
expanding the use and restoration of forest resources, improving the
qualitative composition and productivity of forests, as well as strengthening
their multilateral functions, such as: water regulation, soil protection,
recreation.

Analyzing the modern division of the forest fund area by land
categories, it can be concluded that forest lands are used effectively in
practical activities. This is evidenced by the improvement in average
taxation characteristics.

The reasons for non-certification and unsatisfactory condition of forest
crops are soaking (10.9 ha), as well as natural disasters and other objective
reasons (5.7 ha) [7].
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As far as forest fires are concerned, all planned fire fighting measures
were mainly carried out. The protection of the forest from fires was carried
out by the forest guard. The existing organization of the territory of the
enterprise according to the methods of detecting forest fires and fighting
them refers to the ground. The disadvantages of protecting forests from fires
include the unsatisfactory provision of forest protection with means of
communication and transport.

Important in the study are indicators of the dynamics of foci of pests
and forest diseases (Table 1).

Table 1
Dynamics of foci of forest pests and diseases during the study period *

Area of cells, ha

At the The rest of the cells

Types of pests and beginnin Arose Incl. need
diseases g g ) Liquidated | Faded | Total '

of the again measures to

period combat
Honeysuckle 48 110 — 26 132 —
Root sponge 113 33 - - 146 12
Green oak leaf 9 —~ - 9 - -
Transverse

94 37 — 57 57

cancer of oak
Oak coppice 12 23 7 - 28 28
Aspen coppice 56 94 20 —~ 130 130
Dryness 192 134 86 - 240 240

* Source [5].

Of the diseases of the forest, the most common were: root sponge,

autumn autumn, aspen tinder fungus, dieback. The forest protection
measures planned for the study period were carried out by the enterprise.
The effectiveness of the measures taken: satisfactory. Conducted sanitary
felling contributed to the improvement of the sanitary condition of
plantations. When carrying out forest protection measures, the enterprise
complies with the "Sanitary rules in the forests of Ukraine". Pest surveillance
Is carried out regularly.

In general, the state of forest protection at the enterprise can be
considered satisfactory. The disadvantages include insufficient provision of
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chemical equipment, as well as poor staffing of forest protection corners
with literature and visual equipment.
Over the past two years, 86 cases of spontaneous logging with a volume
of cut wood of 40 m® and 5 cases of other violations have been registered.
Having assessed the changes in the ecological state of the forests of the
State Enterprise "Radekhiv Forestry" during 2017-2021, it can be noted that
the positive aspects of forestry management are: the average quality
increased from 1.2 to 1.0; average fullness increased from 0.67 to 0.68; the
average stock of mature and overmature stands increased from 180 to 242 m?
per 1 ha; improved protection of forests from fires; significant volumes of
silvicultural works are carried out; timely thinning in young stands [5].
Negative aspects of forest management: when felling for the main use,
insufficient attention is paid to the conservation of undergrowth of
coniferous species; there are cases of spontaneous felling; insufficient
provision of forest protection with means of communication and transport.
Although the ecological state of the forests of the State Enterprise
"Radekhiv Forestry" can be considered satisfactory, it should be noted that
certain parts and sections of the forest fund are adversely affected by
industrial and agricultural enterprises located nearby, as well as excessive
recreational loads, resulting in complete or partial drying out, slow growth
and weakening of forest stands, severe damage to individual trees,
deterioration of the general sanitary condition of the forest fund. The coal
mines of the Chervonohrad mine administration and the recreational load
from the cities of Chervonohrad and Sokal have the most harmful effect on
the forest.

5. ENVIRONMENTAL AND ECONOMIC ASPECTS OF ACTIVITIES
SE "SAMBIR FORESTRY™"

The purpose of the study is to reveal the environmental and economic
features of the activities of the State Enterprise "Sambir Forestry".

State Enterprise "Sambir Forestry" is located in the southwestern part of
the Lviv region. Until December 31, 2021, it was located on the territory of 5
administrative districts: Sambirsky, Mostysky, Gorodotsky, Mykolaivsky
and Drohobytsky. The total area is 34,884 hectares. From January 1, 2022, in
the process of reforming the forestry industry, the state enterprise "Turky

Forestry" (area — 17184 ha) and part of the territory of the State Enterprise
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"Borinsk Forestry" (area — 13606 ha) were attached to the base state
enterprise "Sambir Forestry” in the process of reforming the forestry
industry. On February 1, 2022, "Starosambirsk Forestry” was merged with
the enlarged State Enterprise "Sambir Forestry" (with an area of 31,913
hectares). Enlarged State Enterprise "Sambir Forestry™ will operate on the
territory of Sambir, Yavoriv, Drohobych, Lviv, Stryi districts with a total
area of 97,587 hectares.

Forest vegetation has all the main types: broad-leaved, mixed and
coniferous forests [7].

The main forest—forming species of broad-leaved forests are oak and
beech. Scots pine, oak, less often beech grow in mixed forests nearby.
Coniferous forests form pine, fir and spruce (freezing).

The forestry activity of the enterprise provides for the priority
implementation of a complex of forestry works, namely, felling for forest
care, sanitary and recreational activities, the creation and protection of
forests.

In 2018, at the enterprise, final fellings were carried out on an area of
175 hectares (liquid cubic mass 30.9 thousand m?), based on this, 2.3 million
hryvnias were transferred to the state budget for the special use of forest
resources [6].

In order to keep plantings in proper sanitary condition and prevent the
development and spread of pests and diseases of the forest, in 2018, in the
forestries of the enterprise, forestry enterprises conducted formation and
rehabilitation felling on an area of 557 hectares, of which 176 hectares were
selective sanitary felling, and on 351 ha — care cuttings.

As of January 1, 2019, the number of full-time employees of SE
"Sambir Forestry" amounted to 124 people, and as of January 1, 2022, it
increased to 343 employees. This is due to the process of consolidation of
the enterprise.

The dynamics of the average salary is shown in fig. 2.

In 2021, UAH 24.4 million of taxes and fees were paid to the budgets
of all levels. This is 58.9 % more than in 2020. The leshoz paid UAH 16.5
million to the state budget of Ukraine and UAH 7.9 million to the local
budget. Another 5.9 million hryvnia. make deductions from the Unified
Social Contribution. Also, for comparison, in 2018, the enterprise paid UAH
13 million to the state and local budgets last year, a single social contribution

— UAH 3.2 million.
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Fig. 2. The average monthly salary in
"Sambir Forestry" State Enterprise during 2015-2021 *
* Developed by the authors according to the source [6].

In 2021, the enterprise harvested 38.5 thousand m3 of wood from all
types of logging, which is 5 thousand m3 more than in 2020. Of these,
fellings of the main use harvested 18.9 thousand m3. Leskhoz attracts private
entrepreneurs to work, they provide 100 percent of services for logging and
transportation of forest products. Harvested timber products are supplied to
the domestic market and sold through auctions.

Today, a special place should be given to the development of
woodworking production, increasing the volume of wood processing. For
comparison, in 2018, the volume of processed products amounted to UAH
4.2 million. In 2021, 37.2 thousand m3 of unprocessed wood were sold to
the domestic market, of which 30.3 thousand m3 of wood were sold at
auctions. At its own production facilities, 0.2 thousand cubic meters of
coniferous wood were processed. The volume of processing amounted to
457 thousand UAH. and increased by 20 percent compared to 2020. In 2021,
forest products were sold for UAH 74.6 million, which is UAH 33.7 million
more than the previous year [6].

Since January 1, 2019, new standards have been introduced for all main
types of raw and processed wood, harmonized with European standards. If
earlier industrial wood (round timber) in Ukraine was divided into three
grades (I, I1, I11) and had a number of assortments for their purpose, then
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from 2019 it is distributed into four quality classes (A, B, C, D), as and in
European countries, with no definition of their direction of use.

The state forest protection of the enterprise organizes the protection of
the forest, monitors the appearance of pests and diseases in the forest for
timely detection and prevention of their development. Also, the state forest
guard and the raiding team of the forestry enterprise systematically patrol the
forests in order to prevent unauthorized felling of the forest and violation of
fire safety rules. In 2018, raids uncovered 38 cases of illegal logging. The
amount of damage caused to the state because of them is more than 150
thousand UAH. In 2021, the state forest guard identified 19 cases of
spontaneous logging in the Sambir Forestry State Enterprise. The volume of
illegal logging is 18 m3. The amount of damage caused to forestry is UAH
104.5 thousand.

The main environmental problems of forest management include the
drying up of coniferous plantations. Basically, the problem affected the site
of the Komarnivsk Forestry. Predominantly, the drying out of Scots pine is
of a clump character, passes by yellowing and reddening of the needles,
followed by falling off of the branches and flying around the bark. The cause
of drying is believed to be stem pests, fungi, and they are associated with
climate change, microclimatic and hydrological indicators of forests [6].

6. PROTECTION AND PROTECTION OF FOREST WITHIN BORDERS
LVIV REGIONAL DEPARTMENT OF FORESTRY AND HUNTING

The purpose of the study is to reveal the features of the protection and
protection of forests at the enterprises of the Lviv RDFH.

In 2021, forestry enterprises ensured the reproduction of forests on an
area of 1883.1 hectares, including: forest plantations were created on an area
of 863.8 hectares; natural renewal was provided on an area of 1019.3
hectares; In addition, within the framework of the "Green Country" program
of the President, afforestation was carried out on an area of 55.7 hectares.

The foresters of the Lviv RDFH harvested 40563 kg of seeds of the
main forest-forming species and grown 10.4 million seeds in forest nurseries
planting material.

During 2016, 8998 hectares of forest crop care were carried out at the
enterprises of the Lviv RDFH, against the plan of 8636 hectares, which is
104 %. Forest formation and rehabilitation felling was carried out on an area
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of 13.8 thousand hectares, during which 390.0 thousand m3 of marketable
wood was harvested, including thinning in young forests was carried out on
an area of 2.9 thousand hectares.

In 2017, 10,084 hectares of forest crop care were carried out against the
plan of 9,631 hectares, which is 104.7 %. The felling of forest formation and
rehabilitation was carried out on an area of 15.6 thousand hectares, during
which 365.9 thousand m3 of marketable wood was harvested, including
thinning in young forests was carried out on an area of 2.9 thousand
hectares.

In 2016, 692 cases of spontaneous felling of forests with a total cubic
mass of 3268 m3 of wood were registered in the forests of the Lviv RDFH.
Of these, the state forest guard identified 683 cases, cubic mass 2877 m?,
which is 88 %. 364 cases of illegal logging with a total cubic mass of 2848
cubic meters of wood in the amount of 14228.0 thousand UAH. sent to the
regional police departments and the district prosecutor's office for
investigation and bringing the perpetrators to justice. 23 cases with a total
cubic mass of 93 cubic meters in the amount of UAH 503.2 thousand were
submitted to the courts for consideration. UAH 678.0 thousand were
reimbursed damage [7].

In 2017, in the forestry enterprises of the Lviv Regional Department of
Forestry and Hunting, 667 cases of unauthorized logging were identified,
with a total cubic mass of 2433 m3 of wood, the amount of damage caused
to forestry is 14246.2 thousand UAH, including those identified by the state
forest guard.) spontaneous cuttings with a total cubic mass of 2409 m?® of
wood.

In 2020, eighteen raiding brigades of forestry enterprises of the Lviv
RDFH conducted 964 raids for the protection of the forest and the state
hunting fund. As a result of the work carried out, 134 reports on forest
offenders were drawn up. lllegal logging in the state forest fund recorded
1358 m?. Over the past 5 years, their volume has decreased by 2.3 times.

In 2017, the volume of spontaneous cuttings decreased compared to
2016 by 835 m?, or 26 %. And in 2020, a decrease is observed by 1075 m?® or
44 % compared to 2017. The dynamics of unauthorized logging in the
forests of the Lviv RDFH is shown in Fig. 3.
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One of the reasons for the spread of illegal logging is the activity of
small sawmills, of which there are more than a hundred in some areas. The
largest number of sawmills in Starosambirsky, Yavorivsky, Skolivsky,
Sokalsky and Turkivsky districts.

As a result of the sanitary inspection of forests, at the beginning of
2016, 38283 hectares of damaged plantations were registered, including
2857 hectares of pests and 28468 hectares of forest diseases. The area of
plantations damaged by forest diseases and pests is 7 % of the total area of
the state forest fund. Forest pests are represented by the bark beetle in the
mountainous part of the region on an area of 1345 ha and leaf-eating pests on
an area of 1503 ha [7].

Forest diseases are represented by root sponge — 4049 ha, autumn
honeysuckle — 17512 ha, fir cancer — 1663 ha, false codling moth — 812 ha,
common codling moth — 1098 ha, bordered codling moth — 597 ha, ash crab
— 534 ha, transverse crab — 849 ha, pine sponge — 397 hectares and others,
which are small areas.

Due to the timely implementation of sanitary and recreational measures,
forest disease outbreaks were eliminated on an area of 3141 hectares, in
particular: root sponge 205 hectares, autumn honey agaric 1360 hectares, fir
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cancer 319 hectares, common tinder fungus 153 hectares, transverse cancer
288 hectares — 143 hectares, stem rot 255 ha, etc.

Improvement of plantations was carried out in the course of felling for
the formation and rehabilitation of forests and fellings for the main use.

In damaged plantations, sanitary and recreational activities are carried
out by cutting down damaged wood.

An important problem of forest management in the mountains is the
drying up of spruce plantations. One of the reasons for the drying up of
spruce forests are stem pests. To combat stem pests, Polish—made traps using
pheromones of the "Ipsodor” type are laid out in derivatives of streechniks.
In recent years, about 500 pheromone traps have been set up in the forest
plantations of the mountainous part of the region to catch stem pests [7].

As a result of the study, we see that due to insufficient silvicultural
activities in the forests, protection, protection from pests, diseases, they are
In an unsatisfactory sanitary condition, are cut down without permission, and
die from fires.

7. ANALYSIS OF THE FEATURES OF FORESTRY ACTIVITIES
IN STATE ENTERPRISE "HOROKHIV FORESTRY"

The purpose of the study is to analyze the features of forestry activities
in the State Enterprise "Horokhiv Forestry".

The total area of the forest fund lands of the State Enterprise "Horokhiv
Forestry™ is 16,051 hectares. According to the natural composition in the
structure of the economy, the largest area is occupied by hardwood
plantations (9950 ha), next in order of decreasing area are coniferous
plantations (3743 ha), then softwood plantations (1208 ha), and the smallest
area is occupied by other woods (76 ha) (Fig.4).

As a result of the study, it was found that the volume of reforestation in
2021 amounted to 100 hectares.

To implement the tasks of reforestation, 0.5 hectares of temporary
nurseries have been created on the farm, where about 350 thousand pieces
are grown annually. standard planting material. In order to fully meet its
needs with planting material, the farm purchases it from the State Enterprise
"Volyn Forest Breeding and Seed Center" and the base nursery of the State
Enterprise "Ratno Forestry".
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Fig. 4. Structure of plantations by natural composition*
* Developed by the authors according to the source [1].

In 2017, the State Enterprise "Horokhiv Forestry" harvested 576 kg of
selective forest seeds. In 2018, this indicator increased by 5.2 times
compared to the previous year and amounted to 3000 kg. And in 2021, 3100
kg of selective forest seeds were harvested.

The transition to a gradual cutting method ensures the natural
regeneration of forests. This can be carried out in Berestechko, Korytnitsk
and Gorokhiv Forestries.

Every year State Enterprise "Horokhiv Forestry" allocates an increasing
amount of land for planting forest crops. In 2017, 66 hectares of land were
allocated for young plantings, on which 92% of seedlings took root. In 2018,
the area was increased to 88 hectares, the percentage of survival on which
was 92.5 %. And in 2021, an area of 100 hectares was allotted for ambush by
forest crops, on which 93 % of young seedlings took root. Based on this, it
can be seen that with an increase in the allocated area for planting young
animals, the percentage of survival of these crops increases.

An important place in the activity of the economy is occupied by the
issue of caring for forest crops. Therefore, to meet its own needs State
Enterprise "Horokhiv Forestry" has 14 brush cutters and 3 "KLB"
cultivators.
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As part of the timber industry, the company is engaged in the
harvesting, processing and sale of wood.

For the production of sawn timber and blanks in 2021, 6923 m?® of
wood was harvested, of which 5537 m® were coniferous, and 1101 m3 oak.
Significantly less for the production of plywood and veneer — 627 m® and the
production of pulp and wood pulp — 1520 m®. For technological needs,
12659 m? of firewood and 1318 m? of firewood were harvested (Fig. 5).

6%

Lumber and billets

1 Glue plywood and veneer

E Cellulose and wood pulp

B Technological needs

B Fuel needs

Fig. 5. Structure of the distribution of harvested wood for the production of
products for various needs*

*Developed by the authors according to the source [1].

In total, 23.0 thousand m*® of wood was harvested from all types of
felling in 2017. For 2018 — 22.5 thousand m?3, incl. round timber — 12.6
thousand m3 of wood. For 2021 — 22.0 thousand m3, incl. round timber —
12.1 thousand m?® of wood.

The volume of wood processing products (blanks for euro pallets of
softwood) for 2017 amounted to UAH 1873.4 thousand, which increased in
2018 and amounted to UAH 1950 thousand, and in 2021 — UAH 3052
thousand.

The output from one meter of cubic wood put into processing in 2017
amounted to 566 UAH, in 2018 — 620 UAH, and in 2021 — 770 UAH.
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Eight units of forestry equipment are used to ensure the forestry and
timber industry activities of the forestry enterprises of the region.

In order to improve the sale of timber products to Ukrainian consumers,
its sale through quarterly auctions has been introduced.

To streamline the sale of wood for export, the issuance of certificates to
exporting firms has been introduced. Certificates are submitted by the
regional forestry and hunting department. This allows to reduce the illegal
export of timber outside Ukraine.

Having analyzed the features of forestry activities in the State
Enterprise "Horokhiv Forestry", a number of problems have been identified
today. The most important of them are: irrational use of raw forest resources;
the reluctance of local authorities to transfer unsuitable lands for
afforestation, as well as the complexity of the transfer procedure; lack of
necessary funding for measures to create new forests; the impossibility of
manufacturing specialized machinery and equipment in Ukraine; the
impossibility of logging, which leads to cluttering of forests; unsettled
timber market; low level of funding for forestry from the state budget, etc.

In order to solve these problems, it is necessary to: simplify the
procedure for transferring land unsuitable for agricultural use for
afforestation as much as possible; motivate local councils to make decisions
on the transfer of land for afforestation to state forestry enterprises; provide
for the necessary amounts of financing in the state and regional budgets;
amend the current legislation regarding the duty-free import of the latest
high-performance equipment and environmentally friendly technologies that
are not produced in Ukraine; develop the market for forestry services.

REFERENCES

1. Volyn Regional Department of Forestry and Hunting. Retrieved
from http://lis.volyn.ua/?p=3455.

2.Girs, O. A., Novak, B. I., Kashpor, S. M. (2004). Forest
management. Textbook. K. "Aristeas". 384 p.

3. State Enterprise "Zolochiv Forestry". Retrieved from http://zolochiv-
dlg.at.ua/.

4. State  Enterprise "Rava-Ruska Forestry”. Retrieved from
https://rawalis.net/lisgosp/zagalna-informacija.html.

5. State  Enterprise  "Radekhiv  Forestry”. Retrieved from

http://radekhivforest.org.ua/.
115



6. State  Enterprise  "Sambir  Forestry”.  Retrieved from
https://sambirlis.lviv.ua/.

7. Lviv Regional Department of Forestry and Hunting. Retrieved from
http://www.lvivlis.com.ua.

8. Svyrydenko, V. E. (2007). Forestry. Series of lectures. Tutorial. K.
"Aristeas. 392 p.

9. Syniakevich, I. M., Soloviy, I. P., Deineka, A. (2007). Forestry of
Ukraine in the XXI century: development scenarios. Ukraine economy. Ne 9.
72-82.

116



CHAPTER 7
ECOLOGICAL ANALYSIS OF THE STATE OF ATMOSPHERIC
AIR OF KORETS THE RIVEN REGION

Gulay L. D., Karaim O. A., Lavrynyuk Z.V.,

Lesya Ukrainka Volyn National University, 13 Volia Ave., Lutsk, 43025,
Ukraine

1. INTRODUCTION.

For this study data of stationary sources was selected, data of mobile
sources on 1 inhabitant and density reduction. The level of air pollution in
the last 5 years was analyzed and the forecast amounts of air pollution for
2021 for each of the indicators was done.The most common types of
anthropogenic air pollutants in Korets city are products of burning sulfur-
containing fuels (coal, oil, gas), exhaust gases, radioactive contamination,
pesticides and insecticides. The total amount of pollutants in the air in 2020
from stationary sources in Korets amounted to 11.6 thousand tons, which is
0.4 thousand tons less than in 2019. According to mobile sources, the most
dangerous emissions which they make in the atmosphere generated during
the various modes of transport, particularly cars, the exhaust gases contain
harmful impurities. The concentration of these contaminants in the exhaust
gases depends on the type of engine, features of its service, timely repair of
power and lighting, state of the roads [1-5]. During the study was found that
emissions of carbon monoxide are predominant.

Atmospheric pollution has become a global problem. The damages
caused to people by air pollution are very great and are constantly growing.
All this highlights the need to growth of efforts to protect the air basin.
Therefore, the assessment of the extent of air pollution in cities and regions
Is an urgent problem. Today, the Korets district is one of the cleanest in
Ukraine in terms of air pollution - per square kilometer emissions are almost
4-5 times lower than the average in Ukraine. However, air pollution remains
one of the important environmental problems of the city, district and region
as a whole.

The purpose of the study: analysis of problems of anthropogenic impact
on the air of Korets city of Rivne region, and establishing the extent and
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chemical composition of air pollution on the example ofKorets city,
development of environmental measures to improve its condition.

2. PRESENTATION OF THE MAIN MATERIAL AND
SUBSTANTIATION OF RESEARCH RESULTS

Analysis of indicators of pollutant emissions from stationary sources
in Korets city.

The main sources of anthropogenic pollution of the city's environment
are industrial, transport and domestic emissions [6]. According to the
peculiarities of the structure and impact on the atmosphere and biosphere,
they can be divided into the following types:

a) mechanical pollutants - emissions from cement plants, smoke and
soot from coal combustion in boilers, furnaces; rubber that wears from car
tires, etc .;

b) chemical pollutants - dusty (gaseous) substances that can interact in
chemical reactions.

Known data about emissions of pollutants into the atmosphere by
stationary sources of pollution in the Korets district for the period from 2016
to 2020 years.
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Fig.1. Dynamics of changes in pollutant emissions in Korets city, tons

Thus, for the period from 2016 to 2020 years, emissions of pollutants
decreased annually by an average of 50.6% and over the past 4 years
decreased by 0.3 tons. In 2020 year, the rate of reduction of emissions
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increased slightly, as shows us deceleration indicator, in 2019 this indicator
Is higher than in 2020 year, which shows an acceleration of the dynamics.

In 2021 year, with a probability of error of 5%, expected emissions of
pollutants from 1.21-0.15 = 1.06 tons to 1.21 + 0.15 = 1.36 tons. The results
are shown in Fig.2 .
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Fig.2. Projected emissions in 2021 year, tons

Analysis of pollutant emission indicators in Korets city.

During the period from 2016 to 2020 years, emissions of pollutants
increased annually by an average of 56% and over the past 4 years increased
by 12.1 tons. In 2020 year, the rate of increase of emissions decreased
slightly, as shows us deceleration indicator, in 2020 year, thisindicator is
lower than in 2019 year, which shows an acceleration of the dynamics.

In 2019 year, with an error probability of 5%, the emission of
pollutants is expected from 1.59-0.21 = 1.38 tons to 1.59 + 0.21 = 1.8 tons
(Fig. 4).

Analysis of pollutant emissions per capita in Korets city. During the
period from 2019 to 2020 years, emissions of pollutants decreased by an
average of 68% and over the past 4 years decreased by 0.9 tons.

In 2015, with an error probability of 5%, pollutant emissions expected
from 0.018-0.0091 = 0.0089 tons to 0.018 + 0.0091 = 0.0271 tons (Fig. 6).
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3. CONCLUSIONS.
Air pollution is often local, but it is in constant motion and under
appropriate weather conditions, pollutants are transported over long
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distances, even from one continent to another. Therefore, further research
should be conducted to find the causes of air pollution to minimize their
negative impact [7]. Analysis of the main sources of air pollution of Korets
city allows us to draw the following conclusions:

1. The main toxic ingredients that caused air pollution during the use of
vehicles were: carbon monoxide, sulfur oxide, non-methane volatile organic
compounds. The rest of the emissions were soot, sulfur dioxide, methane,
gasoline (a) pyrene.

2. The volume of pollutant emissions as of 2020 was 0.3 tons, and in
2019 - 2.4 tons. For the period from 2016 to 2020, the volume of pollutant
emissions decreased annually by an average of 50.6% and for the last 4 years
decreased by 0.3 tons. In 2020, the rate of reduction of emissions increased
slightly, as evidenced by the coefficients of deceleration (acceleration), in
2020 this ratio is higher than in 2019, which indicates the acceleration of
dynamics.

In 2021 year, with an error probability of 5%, pollutant emissions are
expected to range from 1.06 tons to 1.36 tons.

For improving of the state of the air in the city it is necessary to carry
out environmental measures:

- to control the volume and composition of pollutants emitted into the
atmosphere, and keep their constant records;

- to ensure uninterrupted efficient operation and maintenance of
facilities, equipment and apparatus for cleaning emissions and reducing other
harmful effects;

- store, store or dispose of industrial, household waste and other waste
only with a special permit in the areas designated by local authorities within
the limits set by them.
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CHAPTER 8
CKPUHIHI BMICTY ®TOPUIIB Y ITIOBEPXHEBHUX 1
INIBEMHUX BOIJAX 3AKAPITATTA

Cyxapes C.M., *Kywman C.M., *Cyxapesa O.IO.,
'Cumranuu O.1., *Mapiiiuyx P.T.

1I[ep>1<aBHI/H71 BUIIMI HABYAITBHUH 3aKJ1a]l « Y KrOpOJACHKUAN HaIllOHATBHUI
YHIBEpCUTET», YKropoa, YKpaiHa
’[IpsamiBcekuii yHiBepeuter, Ipsmis, CroBauunHa
serhii.sukharev@uzhnu.edu.ua

®dTOp, SK €CCeHIaIbHUN XIMIYHUNA €JIEMEHT, 3HaXOIUThCS Y
npupogHux o0’ektax y Bursiai ¢ropumiB [1]. 3meOuipmoro norpedy y
dTopuaax acouilTh 3 MNPO(MUIAKTUKOI Kapiecy 3y0iB [2, 3], mpote
HAJIMIIOK (PTOPHUAIB 3yMOBIIOE€ HE JIUIIE PO3BHUTOK CTOMATOJOTIYHOTO Ta
ckeynieTHoro ¢uoopo3y y jwojeid 1 TBapuH [4, 5], ange 1 pi3HOMaHITHI
naToyorii MeYiHKM 1 HHPOK [6], mUTOBUAHOI 3ayi03W [7], HEHTpaIbHOI
HEepBOBOi cucteMu [8], 3arocTpeHHs XBOpoOM Adjburerimepa [9] Ttoro.
OcHoBHUMHU JDKepenaMu (QTOPUIIB € TUTHA BOJa Ta DKa, MNPUUOMY
HaWBUILMNA PU3MK JJIA 3J0POB’S JIIOJAMHM TOB’A3aHUM 3 BHUCOKHMM BMICTOM
¢TopuaiB y NpUPOAHHUX Ta MTUTHUX Bojax [10].

VY He3a0pyAHEHHX MpICHUX BOAAaX BMICT (TOPHIIIB KOJIHMBAETHCS Yy
mexax 10-300 mxr/nm® [11], xoua momycTMMHI BMIiCT (TOPHAIB Y IUTHHX
BOJAaX 3a peKoMeHjaliero BcecBiTHROI opraHizaiii OXOpPOHHU 370pPOB’S
BCTaHOBJIEHUH Ha piBHI < 1,5 mr/am [12]. YV 3B’83Ky 3 LM, OL[iHKA BMICTY
¢TopuaiB (BaJIOBUMI BMICT Ta BMICT OIOJIOTIYHO JOCTYymHUX GOpM) ¥y
NPUPOTHUX BOJIAX, SIKI € HKEPEJIOM MUTHOT BOAM, € aKTYaIbHUM 3aBJaHHSIM.
B Toii ke yac, OUTbLIICTh CTAaHAAPTHUX METOJMK BU3HAYEHHS (DTOPUIIB Y
BoAax [13-15] MoxyTh OyTM 3acTOCOBaHI NMpU KOHILEHTpaUiix (propuaiB
nonayx 100 Mxr/ome.

3akapnaTchka o0nacTb XapaKTepU3y€eThCs BUPaXKEHOIO
JaHaIadTHO, T'€OJIOTIYHOI Ta TEKTOHIYHOK pi3HOMaHITHICTIO [16, 17],
MPUYOMY JUIsl TepUTOpii 3akapmnarTs croctepiraetbes dpropoaedinut [18]. 3
OTJIAly Ha 1Ie, TMPOBEICHHS CKPUHIHTOBUX JOCIHIKEHb IIOJAO BMICTY
dbTopuaAiB y MOBEPXHEBUX 1 MII3EMHHUX BOJIaX IS 3aKapIiaTTs € BaXXJIMBOIO
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CKJIaIOBOI0 MOHITOPUHTY SIKOCTI MPHUPOAHUX BoA. B mexax 3akapmaTchkoi
o0JacTi MOKHA BHJIUIMTH TIPCHKi, MEPEATIPChKI Ta HU30BUHHI PaiiOHU, SKi
CYTTEBO BIJIPI3HAIOTHCA MNPUPOJHUMH yMOBaMH (JMB. pHC. 1), 10 MOXKe
BIUTMBATH Ha CKJIAJl MOBEPXHEBUX 1 Mig3eMHUX Boja. DopmanbHO, B Mexkax
obyacti, BUIAUIAIOTE 13 palioHIB, X04a IICIS TEpPUTOpIAIbHOI pedopmMu
(06’emHamu Mk cOO00 KiJIbKa palioHIB) 1X 3ayMIIuiIocs juiie 6. Tomy, ms
6151p11101 00’ €KTUBHOCTI CKPUHIHTY, HAMH TTPOBOAMIIOCS TOCIIHKEHHS 1010
BHU3HAUEHHS BMICTY (PTOPHIIB Y TOBEPXHEBUX 1 KOJOIA3HUX BOJAX y MEXax
13 pationiB (auB. puc. 1). Kpim Toro, BaJIMBUM acCIeKTOM € BU3HAYCHHS
3arajJbHOTO (BaJIOBOTO) BMICTY (DTOPHUAIB Y MPUPOJAHHUX BOJAAX 1 BUZHAYCHHS
010JI0T1YHO JOCTYMHUX KHOro (Gopm (He 3B’SI3aHUX y XiIMidHI crioiayku) [19].
Ile no3BoJisie OLIHUTH MOTEHILIMHY HeOe3MmeKy 00 MOXIJIMBOIO
HEraTUBHOTO BIUIUBY (PTOPHU/IIB HA KUB1 OPTraHi3MU, Y T.4. JIOJUHY.

Jlerenga kapTu:

3aKkapnaTChKHif IPOTUH
EI_T_I 3oBHIIIHI (PIIIIOBI

HNOKPHBH:

I Ckubopa 30Ha

IT 30na KpocHo

[ | Buyrpimsi ¢paimosi
TIOKPUBH i 30HA CKEIb

CloBayuynHa

¥ [ Mapmapocekuii Macus
D il

B Bynxaniuni Kapnaru
. T'eonoriugil Mexi1

——_ Poznomu: 1ocToBipHI Ta
MIMOBIpH1

_ — P0o3110MH 1111 TOKPpUBOM
¢bnomosux Kapmar

By . Illap'sxi Ta HacyBH
Yropmuna ;- - AuTHKTiHATI

/ CuHkmizam

~ 7 BpaxiaHTHKJiHATI

YropmuHa

L2
Pymymnis

Puc. 1. ®parmenT TekToHIYHOI KapTh YKpaincbkux Kapmart (3akapnaTchka
obmacte) [16, 17].

HocnimxyBaHi Teputopii (pailonn), ripceki: 1 — PaxiBcbkuii; 2 —
Mixripcbkuit; 3 — BonoBeupkuil; nepenripebki: 4 — CBajasiBCbKUM; O —
TsuiBcbkuit; 6 — BenmukoOepesusHucbkuit; 7 — [lepeunHchkmii; 8 —
IpmaBcekuii; 9 — Xycrepkuit; Hu3oBuHHI: 10 — Ykropoacekuid; 11 —
MyxkauiBchkuit; 12 — beperiBebkuit; 13 — BunorpaaiBcbkuid.
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[lepmmM eramoM AOCTIPKEHHS € BHOIp BIAMOBIIHOTO METOIY
BU3HAYCHHS (TOpUIIB Yy BOJax, SAKUH OW 3a0e3leuyBaB HaJCKHY
YyTJIUBICTh, aji€ MPHU IbOMY MaB 3aJI0BUIbHI METPOJIOTIUHI XapaKTePUCTHKH,
OyB MPOCTUM y BUKOHAHHI Ta BIAMNOBIJaB BUMOram «3ejeHoi» Ximii. Cepen
METO/IIB BHU3HauYeHHs (TOPUIIB y BOJAX I BUKOHAHHSA IOCTAaBJICHHUX
3aBAaHb HANOIbII NEePCIEKTUBHUM BUSIBUBCSI HEeMpsIMUN
CHEKTPOHOTOMETPUUHUN METOJ 3 MIKPOEKCTPAaKI[IHHUM KOHIIEHTPYBAHHSIM
[20]. Mertox Oa3yeTbcsi Ha 3HEOApBICHHI MIKPOEKCTpPakTiB ((pakTop
KOHLIEHTPYBaHHS 20) HOHHUX acoriariB amominito (I11) 3
MIKOJIHT1APa30HOM CaJIIIUIIOBOTO AJBJETIY Ta MOJIMETUHOBUM OApBHUKOM
acTpadIOKCUHOM, SIKI OJIEPKYIOTh 3 BHUKOPHUCTaHHSIM BOPTEKC-3MIITyBaya.
Meronvka € A0CTaTHRO BHOIPKOBOIO, MAa€ BHCOKY YYTJIHMBICTH (Mexa
KinmpkicHoro  BusHauenns (LOQ) — 0,284 wxr/am®,  mimiiimicTs
rpagyroBansHoro rpadika 0,3-114 wmxr/mvm®, R?=0,993) Ta 3a10BinbHi
MeTposoriuni xapakrepuctuku (RSD = 2,6-3,1%, Recovery = 98,3-101,4%).
Tomy came 1 MeroAauka HaMd OyJia BUKOPUCTAaHA JUIsl CKPUHIHTY BMICTY
dbTOpUAIB y MOBEPXHEBUX 1 MIJIBEMHUX (KOJOASI3HUX ) BOJAX 3aKapHaTTH.

Hns onmepxkanHs 1H(poOpMaIli 100 3arajabHOTO (BajJOBOTO) BMICTY
dTopuaiB Yy MPUPOAHMX BOJaX 1 OIOJIOTIYHO JOCTYMHUX Horo Qopm (He
3B’sI3aHUX Y XIMIYHI CIIOJYKH) HaMU BHKOpuUcTaHa metonauka [20]. Bmicr
61oJsioriyHO HocTynmHUX hopM PTopuIiB BU3HAYAIM O€3MOCEepPEAHIM aHAII30M
BOJ 3a MeToaukow [20], a 3arajbHUM BMICT — 3a MeToaukoro [20] micis
MIEPETOHKH 3 BOJISTHOIO Taporo 3rifaHo [14, 15].

B nponeci gocnipkeHHsT OyJaM BUKOPUCTaHI CTaHIAPTHI IPOUELYpH 1
oOnagHaHHs, BCl BUKOPUCTAHI XIMIYHI peareHTH MaJld aHATITHYHY YUCTOTY.
st Bu3HaueHHs (GTOpUIIB BUKOpUCTaHUM criekTpodoTomerp Shimadzu
UV-1800 (Shimadzu Co., Japan) 3 KBaploBUMH YJIBTPaMiIKPOKIOBETAMH
(Starna Scientific Ltd., UK) toBmuuoto mapy 10 mm, pH-metp HI 2211
(HANNA Instruments, USA), Boptekc-3mimryBau VM-D Digital (Oxford
Lab Products, USA) ta uenrpudyry XC-2415-220 (Premiere, USA). B
poOOTI BUKOPUCTAaH1 CTaHAAPTHI CTATUCTUYHI METOJU, a caMe KoedilieHTu
kopemsarii  CmipMeHa po3paxoByBaidu 3a JomoMoror mporpam SPSS
Statistics (IBM) Tta  OriginPro (OriginLab  Corporation).  [lns
KaprorpadyBaHHs TepUTOpii BUKOprcTana nporpama ArcGIS 10.2.1 [21].

CKpuHIHT TMOKa3aB, IO BMICT (TOPUIIB Yy KOJOMSI3HUX BOJAX
3akaprarchbkoi 00J1acTi € 3HaYHO BHIIKMM, HIXK y TOBEPXHEBUX (PIUKOBHX)

Bojax. JlOCHIIPKEHHS KOJIOJS3HUX BOJI IIPOBOAMIIOCS JJIsI KOKHOTO panioHy
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nuixoM ycepenueHus 10 mpoO Bop (711 KOKHOTO pailoHy 3 ypaxyBaHHSIM
foro moii, reojorii Ta TekToHiku). CepeaHiil BaloBU BMICT (TOPUIIB Y
KOJIOJISI3HUX BOAAX JUIS PI3HMX pailloHIB cTaHOBUTH [16]: PaxiBchkuii— 77
Mkr/am3, Mikripebkuii — 71 mkr/nm®, Bonosenpkuii — 86 Mkr/am® (cepeane
3HAUEHHsA IJIA TipChKUX paioHiB — 78+8 mkr/mm®), Ceamsascekumii — 99
Mkr/am3, Tadiseskuii — 117 mxr/nme, Bennko6epesHsaHcbkuii — 112 Mkr/nam?,
[epeunucekuii — 124 mxr/am®, Ipmascekuii — 95 mMxr/nm®, Xycrepknii — 119
MKr/aM° (cepeiHe 3HaYEHHs IS epeAripchbkux paionis — 111+16 mxr/mve),
Vxropoacekuii — 131 mMxr/nm®, Mykagiscbkuii — 101 mxr/am®, Beperiscbkuii
— 149 wmxr/nm3, Bunorpaniscekuii — 107 mkr/am® (cepense 3HaueHHs [UIS
HU30BUHHHUX paiioHiB — 122427 MKF/I[M3). Taka TeHJIEeHII1s MIITBEPIKYE, 110
KOJIOJISI3HI BOJAM TIPCHKUX PadOHIB MalOTh HAWMEHIIUN 3arajibHUN BMICT
¢TopuaiB, a HHU3OBMHHUX — HAWBUIIUK, TOOTO BMICT (TOPUIIB ¥y
KOJIOIA3HUX BOJAX 3MEHUIYEThCA Y PsAJIl HU30BHUHHI pallOHU > MEPEripChKi
palioHu > TipchbKi pailonu (koediuient Croipmana ctaHoButh 0,73). Kpim
TOTO, CJIJ 3BEPHYTH yBary Ha BIJJHOCHO 3Ha4HI PO301’KHOCTI 3arajibHOTO
BMICTY (TOpPHIIB y KOJIOJS3HUX BOJAX PI3HUX pAMOHIB, HABITh OJHOI
naHama@THOI TPYIH, 10, OYEBUIHO, ITOB’SI3aHO 13 0COOJIMBOCTSIMHU T'€OJIOT1T
Ta reoximii paioHiB. BusHadeHHs O10JIOTIYHO JOCTYMHHX ¢opMm (HE
3B’SI3aHUX y XIMIUHI CIIOIYKH) PTOPUAIB y KOJOJA3HUX BOJAX, AKI MOXKYThb
XapaKTepU3yBaTH MOTEHUINHY TOKCUYHY 110 (PTOPUIB HA KMBI OPraHi3MH,
IMOKa3ajao, 10 iX BMICT € HEBEJMKUM 1 cTaHOBUTHL 11-13% Bix 3arainbHOTO
(BanmoBoro) BmicTy. lle, Takox, BKazye Ha CKJIQJHY T€OJIOTII0 Ta re0XiMir0
JOCIIKYBaHUX TEPUTOPIH.

JlocnixeHHsT TOBEpXHEBUX (p1UyKOBUX) BojA Oyio mposeaeHo y 2020
poui mpotsrom -1V kBapramiB mns HaWOUIBIIMX PiYOK 3aKapraTchKoi
obnacti: Tuca, Jlaropuus, Yk, bopxkasa 1 Tepe6ns. Lli piuku 3MiHIOIOTH
CBIM XapakTep 3 MepexXoAOM BiJl TIPCbKOi JO HU3MHHOI, TpUUOMYy OaceiHu
UX PIYOK MaroTh Pi3HY TEKTOHIYHY Ta TEOJIOTIYHY CTPYKTYpy. UIaHKu
Bi100pY MpoO BOJI OOUpaMca 3 ypaXyBaHHSIM MOP(QOJIOTIi piuOK, HAsIBHUX
NOTEHUIWHUX JpKepen 3a0pyaHeHHs, Touo. Pe3ynpTaT CKpHUHIHTY
MOKa3aJin, 1[0 Y HU30BUHHIM YaCTHUHI PIYOK BMICT (DTOPUIIB Y BOJII € BUIIHM,
HDK Ha I1HIIUX JUISHKAX, ajle PO3MOJUT IMX KOMIIOHCHTIB 3a TEYIEI €
HepiBHOMIpHUM. B 3anexxHocTi Bij MOpQOJIOTii piukH, TaKOX TeoJorii Ta
TEKTOHIKM TEPUTOPii, 3YyCTPIYAIOThCSA JUISHKA BIJHOCHO IiIBUIIIEHOTO
BMICTY (TOpUIIB y BOJi. B 1igomy, BMICT (PTOpHIIB Yy MHOBEPXHEBUX
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(pluKOBUX) BOJAX € 3HAYHO HIDKYUM, HDXK Y KOJIOASI3HUX BOJAX, MPUUOMY
BMICT O10JIOTIYHO JOCTYmHUX (opM y Bojmax He mnepesuurye 10% Bixg
BaJIOBOTO BMICTY. Lle, oueBUHO, TTOB’A3aHO OKPIM OCOOJIMBOCTEH TeoxiMii
OaceliHIB PIYOK 3 BMICTOM Yy BOJI OpPraHIYHUX PEYOBHH, SIKI MOXYTh
«3B’s3yBaTH» (Gropuan. Hampuxman, po3riasHeMO JaHi CKPUHIHTY BMICTY
dropuaiB y Bomax pidok Yx 1 Jlaropuus [19]. i piuku MaroTh CXOXY
MOP(}OIIOTiI0 Ta MPOTKHICT Y Mekax 3aKapraTchKoi 001acTi.

VY3aranbHeH1 pe3ylbTaTH CKPUHIHTY BMICTY (PTOpHIIB y BOAI piukd Yx
npenacrasicHi y Taom. 1 [19].

Tabmuus 1.
VY3aranpHeH1 pe3ybTaTi BU3HAYEHHS BMICTY (DTOPHUIIB Y BOI p. YK
VcepenHennii BMicT QTOpUIIB, MKT/IM®
+
JTinsiHKA TOCIIIIKEHHS (Xoep £ AX) . . :
L. Bwmict 610510r19HO
Banosuii BMiCT
JOCTYIHUX (HOpM
B I HITIII
HTOK Pk ( 39,6 + 3,2 3,6+05
«YKaHCBHKUI)
500 .B 7
M Bvae cMT. Benukuii 237421 22404
bepesnnii
500 M Butie cmt. Ilepeunn 46,4 + 3,7 43+05
500 m Bumie M. Yxkropoaa 615+55 4,4+0,6
= Vxoaina-
Jlep>xaBHUIT KOPJIOH .( KpaiHa 523447 48405
Crnosaripka Pecriy6itika)
['upro (Miclie BOagaHHs y PIlUKY
Jlabopenb, CioBarbka 449+ 3,6 41+0,7
Pecmy6uika)

Jani Tabn. 1 mokasyrooTh, 0 BMICT (PTOpUAIB Y BOAlL p. YK HOCUTH
nemo  (pparMeHTapHUN  XapakTep 1 HaWOUIbIMK BMICT  (BaJoOBUA)
criocTepiraeTecss Ot M. Ykropoa. Ile, oueBuaHO, 3yMOBIIEHO
reOXIMIYHUMHU OCOOJIMBOCTAMM OaceiiHy plukd. 3arajJibHUi BMICT QTOpPHUIIB
Y BOJI piYKH € HEBUCOKHM 1 KONMBACThCA y Mexkax 23,7-61,5 mxr/am®. Tak,
SKIIO BAJIOBUM BMICT (TOPHIIB y BUTOKY PIYKH CTaHOBUTH Outst 39,6
MKr/nm3, To Bxke Ginst cmtT. Benukmit bepesunit smme 23,7 mxr/mve. Take
3MEHILEHHS 3arajlbHOTO BMICTY (PTOPHAIB y BOJ1, OYEBHAHO, MOB’SI3aHO 13
MOTPATUISIHHSAM BOJI 13 MPUTOKIB P. YK, SIKI MICTATh MaJluid BMICT (TOPHIIB.
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Kpim Toro, BMicT Giosioriuno aoctynHuX (Gopm dropumiB y Boai p. YK €
HU3bKUM 1 He mepesuirye 10% ix BamoBoro Bwmicty. lle, y cBoro depry,
CBIIYUTH MPO MEPEBAKHO XIMIYHO 3B’si3aHy (HopMy GTOPHUAIB y BOAI PIUKH.
Haii6inpima pi3HHUI MiXK BaJOBUM BMICTOM (PTOPHUIIB 1 BMICTOM 010J0T14HO
noctynHux (opm crocrtepiraerbes Ot M. Yxropoga. lle, oueBumHo,
MOB’S13aHO 3 BIJIHOCHO BHCOKHM BMICTOM crioiyk ®depymy y MiHepanax 1
TIPChKUX MOPOJax Y KrOpOJACHKOTO pPaioHy, IO 3YMOBIIOE 3B’ SI3yBaHHS
dTopuniB y cTiiiki crionyku. B Mexa OaceliHy piuku YK HasBHI 3aJ1i3UCTI
Mi3eMHI BOJIH, a B MEXKaxX M. Y KIOpOJI HassBHI JUISTHKA PIYKU YK 3 BUCOKUM
BMicTOM criofiyk @epymy. Ce30HHI KOJIMBaHHA BMICTY (PTOpUAIB (BaJIOBUM
BMICT) y BOAl pP. YK € HE3HAUHUMH, IO MOXKE CBIAYUTU MPO BITHOCHY
reoXIMIuHy CTaOUTbHICTh OaceiHy pIuKH.

Husbkuii BmicT OionoriyHo goctynHux ¢dopm ¢ropumis (2,2-4,8
MKr/aM®) y Bozi p. VK CBiMUUTH PO MOXKIMBHI (GTOpoAedillNT MENIKAHIIB
perioHy, aJpke piuka € JHKEpesioM MUTHOI BOAM JJisl OaraThOX HACEIECHUX
ITyHKTIB.

Ha ocHOBI ojepkaHMX AaHUX MO0 BMICTY (PTOPHUIIIB Y BOAL PIYKH
VYx Hamu oOy10BaH1 KapTH O0acelHy piukH, K1 MIPEACTaBICHI Ha pUC. 2 1 3.

Average fluoride content in Uzh
river, pg/dm?

23.70 - 30.25 . { Velykyi Bereznyi
30.25 - 35.95 y
35.95 - 40.90
40.90 - 45.21
45.21 - 48.95
48.95 - 52.21
52.21 - 55.04
55.04 - 57.50
57.50 - 59.64
59.64 - 61.50

Puc. 2. Kapra Gaceliny piuku Y3k 3a BAJIOBUM BMICTOM (PTOPHUIIB Y BO/II.
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Average biologically available
fluoride content in Uzh river,

ug/dm?
. { Velykyi Bereznyi
220-291

291-343
3.43 -3.82
3.82-4.11
411 -433
4,33 -4.48
448 - 4.60
460 - 469
469475
1475480

Perechyn

Puc. 3. Kapra Gaceliny piuku Yk 32 BMICTOM 010J10T14HO JOCTYITHUX (HOpM
dbTopuiB y BOI.

Tabmuus 2.
VY3aranpHeH1 pe3ysibTaTi BU3HAYEHHS BMICTY (GTOpUIIB Y BoAl p. JlaTropuiis

Vcepennenuii BMicT Gropuis, Mxr/am®

) ) Xeap T AX
JIinsiHKa TOCHiPKEeHHS (Xeep )

.. Bwmict G1oJ10T19HO
Banosuii BMicT
JOCTYITHUX (HOpM

Butok piuku (6115 c. JlaTipka) 314+28 29+04

500 M Burie M. CBasisiBa 55,3+4,9 49+05

500 M Butie M. MykadeBo 676+54 56+0,7
= Vioaina-

Jlep>kaBHHI KOPIOH .( KpaiHa 5824502 5.3+ 04

Crnosaribka Pecriy6itika)

[Mupro (Miciie BnaganHs y piuky 611456 5506

Bboapor, Cnoarpka Pecry0Oiika)

[TopiBHsiHHA puc. 2 1 3 TOKa3ye, MO PO3MOALT BMICTY (TOpPHUIIIB
(BaymoBuii Ta 010JI0TIYHO JOCTYIMHUX (OPM) Y BOJI PIUKH YK Mae Mo1i0HUM,
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aje He OJHaKoBHI xapakrtep. lle, Oo4eBHAHO, 3YMOBIIEHO OCOOJIMBICTIO
reoximii TepuTopiit 6acerHy piuKu.

VY3aranpHeH1 pe3yJibTaTH CKPUHIHTY BMICTY (DTOPHUAIB y BOAL PIUKHU
JlaTopuusg npeacrasieni y Taoun. 2 [19].

Jani Tabn. 2 mOKa3zyloTh, IO BaJOBUM BMICT (TOPUIIB y BOAl
p. Jlaropuns konmBaeThes y Mexkax 31,4-67,6 Mxr/am3, mo y nesHiil mipi €
CHIBCTaBHUM 13 BMICTOM y p. Y. TakoX MO>XKHa KOHCTaTyBaTH, 1[0 CE30HHI
KOJIMBAHHS BAaJOBOTO BMICTY (PTOpHIIB Yy BOAI pPIYKM € HE3HAYHUMH 1
CTaHOBJIITH 10 9% BiJ cepemHbOTO 3Ha4YCHHs. HalBuIMil 3aralbHUA BMICT
¢dropunie y Boai p.Jlatopuns crnocrepiraerbest Oinst M. MykauyeBo, a
HaWO1IbIIEe BIHOMIEHHS MK BAJIOBUM 1 O10JIOTIYHO JOCTYITHUM BMICTOM
¢dropuniB € Outs M. CBansiBa 1 M. MykaueBo. lle, oueBHIIHO, 3yMOBJIEHO
reoXIMIYHUMU 0COOJIMBOCTAMU Oaceiny piuku Jlatopuist. Crin 3a3HauuTH,
o BMICT OioyioriyHO AocTymHUX (Gopm dropunis y Boai p. Jlatopurs €
Hu3bKHM (2,9-5,6 MKT/IM®) i IIe TakoXk MOYXe 3yMOBIOBaTH (hropoaedinur y
HACEJICHHS PETiOHYy, SKE BUKOPHUCTOBYE BOIY PIUYKH SK HKEPEIO MHTHOI
BOJIH.

'
Average fluoride content in ' .;Il -

Latoritsa river, pg/dm’ g
T 31.40 - 35.02
0 35.02 - 38.64
38.64 - 42.26
42.26 - 45.88
45.88 - 49.50
- 49.50 - 53.12
53.12 - 56.74
56.74 - 60.36
T 60.36 - 63.98
B 63,98 - 67.60

Puc. 4. Kapra Gaceitny piuku Jlatropuiis 3a BaJOBUM BMICTOM (PTOPUJIIB Y
BO/II.
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Average biologically avallable ¢ _-.;:" o
' fuoride content in Latoritsa y 5
: river, pg/dm®
= =N 29%-317
317 -344
3.44-371
3.71-3.98
3.98-4.25 ol
4.25-452 e
452-4.79 -
479506 .
N 5.06 - 5.33 s -7 :
B 5.33 - 5.60

Puc. 5. Kapra Gaceiiny piuku JlaTopuirst 3a BMicTOM O10JIOTI9HO TOCTYITHUX
dbopm GTOopUIIB Y BOI.

Sk 1y Bumagky piuky YK, Ha OCHOBI OJIEp’KaHHUX JaHUX MO0 BMICTY
¢TopuaiB y Boal piuku Jlaropuiis HamMu noOy10BaH1 KapTH OaceilHy piukH,
K1 IpeJICTaBIIeH] Ha puc. 4 1 5.

Hani puc. 4 1 5 MoKa3y0Th, 10 PO3MOALT BMICTY (TOPUAIB Y BOAI
piuku Jlatopunss HOCUTH ORI PIBHOMIPHUN XapakTep, HDK Yy pidll Yk
(muB. puc. 2 1 3), mpoTe MOpIBHAHHSA pHC. 4 1 5 CBITYUTH MPO CYTTEBY
PI3HHMINIO JIOKAJI3AIlii MIJITHOK MiABUIIEHOTO BAJOBOTO BMICTY (DTOPHIIB y
BOJI Ta MUISHOK MiIBUIIEHOTO BMICTy OiojoriuHo goctymHux dopm. Lle,
OYEBUJHO, 3yMOBJICHO SIK OUIBII CKJIaJHOK Mopdoorieto piuku Jlatopuis,
TaK 1 OUTBII CKIIQJHOI0 reoXimieto Oaceitny miei piuku [16].

[ToniOH1 3aKOHOMIPHOCTI cHoOCTepiraloThesa 1 it pidok Tuca,
bopxkaBa 1 TepeOiisi, mpuuoMy HaHOUIbII BUpakeHa AudepeHiiaiis o0
PO3MOIiTy BMicTy (TOPHUIIB 3a TEUi€IO CIIOCTepiraeThes Iisl piuku Tepedis.
Lle 3ymMOBIIEHO SIK Pi3KOIO 3MiHOI0 MOP(}OIOTii piuku (IepexoaoM i3 TUITOBOL
TipChKOi 7O HHU30BUHHOI), TaK 1 HAaSIBHICTIO TIIPOTEXHIYHUX CIIOPY/I
Tepebnsa-Piubkoi ['EC.
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B uinoMy, Ha OCHOBI MPOBEAEHUX CKPUHIHTOBUX JOCIIHKEHb MO0
BMICTY (TOPHAIB Y MOBEPXHEBUX (PIUKOBHUX) 1 MiJ3eMHUX (KOJOISA3HHX)
BOJax 3akapnaTchbKoi 00J1acTi MOKHA 3pOOUTH HACTYIHI BUCHOBKH:

® 3arajJbHUI BMICT (TOPUAIB y KOJOJS3HUX BOJAAX € 3HAUYHO BUIIHUM,
HIXK Y PIYKOBHUX BOJIaX, IPUYOMY Ma€ MiICII€ BUpaKeHa Kopesilisl (3HaUeHHS
koedimienty Cripmena 0,73) mon0 3MEHIICHHS BMICTY GTOPUIIB Y
KOJIOJSI3HUX BOJAX PI3HUX JaHAMA(THUX 30H y psfl: HU30BUHHI pailoHH >
nepearipcbki paloHu > TipchbKi paiioHu. Taky 3aKOHOMIPHICTB CJIiJl OpaTH 110
yBaru mnpu omiHmi GTopoaediuuTy y MEIIKaHIIIB 00JIacTi;

® BMICT 010JIOTIYHO AOCTYNHUX (opM (PTOPUAIB y KOJIOASA3HIN BOJII €
HEBUCOKHUM 1 cTaHOBUTH 11-13% Bia 3aranbHOTO (BaJIOBOTO) BMICTY;

e po3noall BMICTy (TOpuAiB (K BaJOBHA BMICT, Tak 1 BMICT
010JI0T1YHO JOCTYNHMX (HOPM) y BOJI PIYOK Ma€ (parMEHTapHUMN XapakTep,
110 3yMOBJICHO IK MOP(OJIOTIE€I0 PIUOK, TaK 1 reoXimiero ix OaceitHiB. Bmict
010J10T14HO JOCTYNHUX (PopM PTOpUAIB Y BoAl pidoK He nepeBuinye 10% ix
BAJIOBOT'O BMICTY, 1110 MOK€ 3yMOBIIIOBATH (PTOPOAECPIUUT Y MEIIKAHIIIB, SKI
BUKOPHUCTOBYIOTh PIUKHU SIK JUKEPEJIO MUTHOI BOJIH.

B 1mimomy, ckilajHa TEKTOHIKAa 1 reosioris 3akaprarTs 3YMOBIIIOE
3HauHy AudEepeHITaIiio moa0 BMICTY (GTOPUAIB y MOBEPXHEBUX 1 MI3EMHHIX
BOJax 00JacTi.
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CHAPTER 9
®OTOMETPUYHUI AHAJII3 - EPEKTUBHUH METO/|
KOHTPOJIIO AKOCTI TA BE3IIEYHOCTI XAPYOBHUX OB‘€EKTIB

€ €. Kocmenko

HarionaneHuil yHIBEpCUTET XapyoBHUX TexHOJIOT1H, KuiB,Ykpaina
e-mail: kostenkoelizaveta@ukr.net

doToMETpUYHMI aHaANI3 — BIJOMHM, HAAIMHUN Ta MPOCTHH METON
KOHTPOIO SKOCTI Ta OE3MEYHOCTI XapuyoBUX 1 O10TEXHOJOTIYHUX 00’ €KTIB,
JTKApChKUX TIpenapariB Ta I1HMUX O00°‘€KTIB JMOBKULIA. JlOCTYyNmHICTH 1
IpOCTOTa 00JIaIHAHHS, BEJIMKA KUIBKICTh YYTJIMBUX 1 CEJIEKTUBHUX METOJIUK
(OTOMETPUYHOTO BU3HAYEHHS OpPraHIYHUX Ta HEOPraHIYHUX pPEYOBUH,
XOpOIlla CYMICHICTh 3 PI3HUMH CIIOCOOAMH KOHUEHTPYBAHHS Ta PO3JLIECHHS
— OCh OCHOBHI TepeBaru (PoToMeTpUUHOro aHamizy. HuHi Hemae KOIHOTO
KaTiOHA YW aHIOHA, 10 HEe MOXHa Oyno O 11eHTU(]iIKyBaTH Ta BUSHAYUTH Y
po3unHi M y TBepAid ¢asi (meron TBepaodasHoi crmekTpodoromeTpii —
TDC), KopUCTYIOUUCH IPSIMUM YU T1IOpUAHUM (HOTOMETPUIHUM METOJIOM.

I. Buxopucmamnus comomempuuno2o ananizy 6 KOHMPONL AKOCMI
xapuosux npooykmis [1-4]

doToMeTpUUHNI aHAITi3 BUKOPUCTOBYETHCS JJIs1 BU3HAUCHHS:

— JIOMIIIOK (aJbJeriiB, CUBYIIHOTO Macia, pypdypoia, METUIOBOTO
COUPTY y cOoupTi 3  (PYKCMHOCIPYMCTOK  KHCIOTOKO  METOJ0M
rpalyroBalIbHOTO Tpadika;

- BMICTY CUBYILIHOTO Mmacia 3 PO3UYHHOM
napaauMeTmiaMmiHoOeH3anbaeriay y koI, HaSOq4, A = 490 HMm.

— SIKOCT1 €TWJIOBOro cnupty Ta ropuiku (A = 250...270 um). Uum
BUIIE CTYIMIHb OYUIICHHS CHOUPTY, THM HI)K4Y€ IHTEHCUBHICTH Horo Y-
nornuHaHHsA. CHUBYIIHI Maciia Ta 1HIN JOMIIIKYA MiJBUILYIOTh ONTHYHY
I'YCTHHY Y BKa3aHiil 001acTi CIEKTPY;

— KOJIPHOCTI y THBOBApiHHI, J€ KOXXE€H COpPT MHBAa TOBUHEH MAaTH
NEeBHY 1HTEHCUBHICTh 3a0apBieHHsA, BianoBigHy a0 ['OCTy; B mikepo-
TrOpITYaHOMY  BHUPOOHHMIITBI;  BUPOOHUIITBI  O€3aJIKOTOJIBHMX  HAIOIB.
BusHaueHHs1 MyTHOCTI HaIoiB.;

— KOJIIPHOCTI MEJISICH, CYyCJIa, KUTHBOTO COJIOAY (BUTSIKKH), PIIKOTO

nykpy Ttomo. Meron GOTOMETPUYHOTO THUTPYBAHHS Ui BU3HAYECHUU
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KOJIPHOCTI THBA, Cycja, KBacy CyXoro XJiOHOro, KBaCHUX >KHUTHIX XJIiOIiB
Ta 1H., JUI1 BU3HAYCHHS MEJIAHOIINHIB Y TTUBI, CYCIIi.

— Konip dhepmenTOBaHOTO Ta HE(HEPMEHTOBAHOTO COJIOAY BU3HAYAIOTh
(hOTOMETPUYHO METOJIOM MTOPIBHIHHS 3 PO3UUHOM J7.

— CIHUPTY METOAOM TpaJyloBallbHOro rpadika (mepexis >KOBTOTrO
3abapenenns K,Cr,O; y semene Cr’") y 6Gapai, Boji, fka BUXOAUTH 3
neduermaTopa Ta X0J0JWIbHUKA OparopeKTuQikaiiHuX anaparis.

— aKTUBHOCTI (DepMEHTHUX IMpenapartiB (3a KUIbKICTIO YTBOPEHUX TPH
TiIpONi3l MPOIYKTIB). 3aCTOCOBYETHCS [UJISI KOHTPOJIO 3IYKPYBaJIbHHUX
MaTepiaiB 'y BHUPOOHMIITBI CIHPTY Ta OIlHII SKOCTI (PepMEHTHHX
npenaparis.

— LYKpy B CIHpPTI, CHOMPTOBAaHMX COKax Ta Mopcax (peakuis
PEAYKYIOUMX  IYKpIB Ta  IUKPUHOBOIO  KHUCJIOTOIO;  BHUMIPIOETHCS
IHTEHCUBHICTb ~KOPUYHEBOrO 3a0apBieHHs). Bu3HaueHHs Uykpy Y
HariB(paOpuKaTax.

— HE30pOKEHUX IIYKPIB Y MEJSICHIA OpaxIl (poxeBe 3a0apBiCHHS Y
KOHLIEHTPOBAHIM COJISIHIN KUCIOTI 3 pe30pLUHOM). JIJ1sl BUBHAUEHHS T1MCHUX
BUTpPAT 30pOHKYBaHUX IYKPIB Y BUPOOHUIITBI CIIUPTY 3 MEJSICH;

— BMICTY TJIUEPUHY V 30pOKYBaHMX 3€PHOBO-KAPTOIUISTHUX
cepenoBUIaXx Ta  30pOJDKYBAaHUX  MEIICHMX  pPO3YMHAX  (peakilis
dopMmanbaeriay, KUl YTBOPIOETbCA MPU OKMCHEHHI Tiinepuny) A = 490,
540 HMm.

— BMICTY CKJIAAHUX €(ipiB 3a IHTEHCUBHICTIO 3a0apBIEHHS CIOIYKH,
AKa YTBOPIOETHCA MPHU B3a€EMOIl CKIAQAHOTO e(dipy Ta TIIPOKCHIAMIHY Yy
Ty’)KHOMY cepenoBumli (A=540 HM) micas peakmii xyopumy 3aiiza 3
T'APOKCaMOBOIO KHUCIIOTOIO.

— SlkicTh pexTU(}IKOBAHOTO CIUPTY OIIHIOETHCS 32 BMICTOM
€TUJIOBOTO CIUPTY, albJEriliB, CUBYUIHOI OJii, CKJIaJHUX e(dipiB TOIIO.
Po3pobienuii MeTon BU3HAYEHHS albJIETiIB Ta aleTaliB y JiiKepax SsK
00'€eKTUBHUM aHATITUYHUI MMOKAa3HUK 1X CTAPIHHS, KOJIOPUMETPUUHUN METO]
BU3HAYEHHSI CUBYIITHOT OJIi1 32 JIOTIOMOT0K0 N-IUMETHIaMIHOOCH3aIbIETITy B
COUPTI Ta BOJHO-COUPTOBHX CyMimax, pehpakTOMETPUUYHUNA METO]
BU3HAYEHHS CKJIaJy CyMilll CHBYLIHA OJif - €TaHOJ - BOJA, METOJ
BU3HAYEHHS CUBYIIHOI OJIii.

—  Po3pobneno  momudikoBaHy  METOAUMKY  (POTOMETPUYHOTO
BHU3HAYECHHS aHTOLIIAHOTEHIB.
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— Boga € OCHOBHUM BHJOM CHPOBHHHM Y MHBO-0€3aJIKOTOJIbHIN
MIPOMUCIIOBOCTI Ta OJTHUM 13 TOJIOBHUX (PAKTOPIB, 5IKI 0OYMOBIIOIOTH SIKICTh
npoaykiii. ToMy yITOCKOHATIOIOTHCS METOJAMKU BU3HAYEHHS Yy BOJA1L CYyXOTO
3QJIMIIKY, OKHCHIOBAHOCTI, BMicTy ionie Ca®*, Mg®*, Fe®*, NH;, NO, NO;,
Cl-, so?z, S?°, HS", a takox NH3 ta H,S. Byna moaudikosana MeToanka
BU3HAYEHHS CyJb(]aT- 10HIB y IPUPOTHUX BOJAX.

— BuHO XxapakTepusyerbcs MiIHEpaJbHUMU pPEUOBHHAMHU, SIKi
NEPEXOAATh Y HbOTO HE JIMIIE 13 BUHOTPAAY Ta II0JJ0BO-OBOYEBOT CUPOBUHH,
aje 1 B Mpoueci Horo oTpuMaHHs Ta 00poOku. Tak, 10 CKiIaay BUHA BXOISATh
kationn (K*, Na*, Ca?*, Mg?*, Mn?*, Zn?*, Cu?*, Fe*) ta anionu (SO%, PO?,
Cl™ ta inmi). Jleski 3 eneMeHTIiB 301M (KaJliid, MapraHeib, MarHii, 3aji3o,
P,0s5) HeoOXimHI IS HOPMAJIBHOTO PO3BUTKY 1 PpOOOTH APIKIKOBUX
oprasi3miB. 3aJi30, MiJib, MapraHelnp OepyTh y4acTb B OKHMCHO-BIJJHOBHUX
mpolecax, skl IpOXOAiTh MMiJ Yac J03pIBaHHA Ta cTapiHHS BuHA. [Ipote
MIJBUILEHUNA BMICT Y HbOMY OKPEMHUX PEUYOBHUH (3ajizay, aJfOMIHIIO, Miji,
P»0s) mpu3BOAMTE 110 TOTIPIICHHS SKOCTI BWHA, TOMY iX BH3HAYCHHS
BKJIFOUEHO Y TEXHOJIOTIYHUM KOHTPOJIb BUHOIIPOIYKTIB.

— BuBuYeHHA GI3UKO-XIMIYHMX XapakTEPUCTHUK BUHA Ta pO3poOKa
EKCTPaKIHO-(POTOMETPUYHUX METOJ[IB BU3HAYCHHS KaJbI[II0 y BHUHI 3a
JTIOITIOMOT0I0 peareHTa azo-a3okcu bH

B VxropojacbkoMy  yHIBEpCHUTETI pO3poOJieHI  BUCOKOUYTJIMBI
€KCTPaKILIIHO-(POTOMETPUYHI METOJIMKM BU3HAYEHHS LIMHKY Ta KOOAIbTY Y
BUIJISIII 10HHUX AacolliaTiB 3 OCHOBHUMHM OapBHMKaMH y BHHI Ta IHIIUX
XapuoOBUX MPOAYKTaX.

CrniBpoOiTHukM HailioHambHOTO YHIBEPCUTETY XapYOBUX TEXHOJIOT1H
3aMpONOHYBAJIM €KCTPAKIIMHO-(DOTOMETPUYHUN METO]] BU3HAYEHHS 3ai1i3a y
BUHI 3 [HAaHTUIHUPUIIMETAHOM, KU HE BHMAarae MonepeaHboro O30JICHHS
BUHA.

— BusHaueHHs BMICTY BYIJIEBOJIB Y HAMIBIPOIYKTaX 3 KPOXMaIbHOL
CUpPOBMHHM. MeTon  BU3HAYEHHS  BYIVIEBOMIB y  Opaxui, Oapmi,
HaIIBOPOAYKTaX, BHPOOHHUIITBI (EpMEHTHUX TpenapaTriB  (MPOIYKTH
PO3KJIQJIEHHsI TIIOKO3U Y CHJIBHO KHCJIOMY cepefnoBHuIll — (ypdyposbHi
MOX1/IHI YTBOPIOIOTh KOMIUIEKCHI CITOJIYKH 3€JIEHOTO KOJhopy). Y Opaxii
MM METOJIOM BHW3HAYAIOTh HE30POJDKEHI BYIVIEBOAU. AHAI3 HEOOXITHO
OPOBOJUTH TMPU MOPYIIEHHI TEXHOJOTIYHOTO TMpolecy Uil 3'sCyBaHHS
OPUYMH MIJBUILIEHUX BUTpAT.
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— BusHaueHHs ckiIagHUX eQipiB 3a 1HTCHCHBHICTIO 3a0apBJiICHHS
CIIOJIYKH, SIKa YTBOPIOETHCA TIPM B3aEMOIi CKIagHOTO edipy Ta
TPOKCUIIAMIHY Y JIy’)KHOMY cepefoBuiill (A=540 HM) micis peakiii XJIopumsy
3aJ1i3a 3 T1IPOKCaMOBOIO KMCJIOTOIO.

— BusHayeHHs BMICTY METWJIOBOTO cnupty y cnupTi «Ekctpay,
BUIIIOTO OYMINEHHS Ta Mepuioro coprty (hopmanblerij, SKUil yTBOPIOETHCS
Py OKWCHEHHI TIEPMAHTAHATOM Kaliio, B3aEMOJIE€ 3 (DYKCHHCIPUHUCTOIO
KUCIOTOI0, A = 582 HM). Y pekTHu(iKOBaHOMY CIUPTI Ta CIHUPTI-CHPII,
BHUPOOJICHUX 3 IyKpoBMicHOI cupoBuHH, BMicT CH3;OH He Bu3Ha4atoTs.

— BusHaueHHs BMICTYy OLITKOBUX PEYOBHH (POTOMETPUYHUM METOOM
Jloypi (peakTuB ®DoiiHa YTBOPIOE CIIOJIYKH CHHBOTO KOJIHOPY 3 (DEHOTLHUMU
paauKagaMu aMiHOKUCIIOT, K1 BXOJIATh JI0 CKJIaay O1JIKIB.

— Bu3HavyeHHs BOJOPO3UYMHHUX OITKOBUX CIIOJYK y HamiBhaOpuKaTax
3 MIIEHUYHOTO OOpoIIHAa (FPYHTYEThCS Ha peakuii OUIKOBHX CIOIYK 3
¢enonbauM peakTBoM @Donina — Yokanbrey). OIHUM 13 XapaKTEpHUX
MOKa3HUKIB TMPOLIECY JO3pIBaHHS KJIEHKOBUHM B HamiBpaOpukarax e
HAaKOMUYEHHS BOJIOPO3YMHHUX CIOIYK OUIKY.

— BusHauenHs BMICTY gianeTuiy (3a TOMOMOTOI0 KPeaTHuHY 1 JIy>KHOTO
po3unHy a-HadTosa). [linBuieHnii BMICT IialleTUITy HAJa€ MMBY CTOPOHHIN
MEJIOBUM apoMar Ta IPUCMaK.

— Bmsnauenns Ca(ll), Mg(ll), Sn(IV), Zn(Il), Cr(lll, VI), AI(lI),
Pb(ll), Fe(lll), Cu(ll), P y nwuBi, BuUHI, KOHBIKAX, MOJOKO- Ta
M ‘ICONPOAYKTaX, TOLIO.

— BuzHaueHHs TMEeHTO3aHIB (KHUCIOTHUM TIAPOJI3 10 TIEHTO3,
yTBOopeHHs (ypdypony). Y mpoleci CONTOJOpPOIICHHS BOHM YaCTKOBO
TIAPOMI3YIOTh 1 TEPEXOASATh Y CYCJO, MiJIBUINYIOYM BHUXIJT EKCTPAKTY.
Po3unHHI TIeHTO3aHM HE 30pPOKYIOTHCS JPIKIKAMH, TEPEXOSATh y MHBO,
Ha/Ial0uu HOMY TIOBHOTY CMaKy.

— DBwusnauenns wacoBoi vactku Fe(lll) B MosouHili KuCHOTI
(Fe**+SCN~ + kucne cepenosuie) A=480 HMm.

— Busnauenns BitaminiB (B, Ta iHIIHX)

— BusnaueHHs HiIKOTHHOBOi Kuciotu (Bitaminy PP ) y xmi6i mpwm
B3a€MO/IIi 3 OPOMHUCTHM pOAAHOM + METOJ — 3a0apBIIEHI PO3YHHH.

— dotomeTpuunuii Meto ] BusHaueHHs docdopy. [IpoBoauThcs B 301
JOCIIKYBaHOI PEUOBUHHU; KA OTPUMYETHCS CYXHUM 1 MOKPHM O30JICHHSIM;
posunnennss B HCl 1 H3PO, gae OmakuTHe 3a0apBiCHHS 3

MOJIIOZICHOBOKHCIIMM ~ aMOHIEM B  MIpHCyTHOCTi  BigHOBHHKa  SNCly;
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yTBOpIO€eThCsl reTeponodikuciaora H7[P(M0,07)s]'H20 cunoro komwopy.
SnCl; moxHa 3aMiHUTH aCKOPOIHOBOIO KHUCIOTOO (TOA1 BUMIPIOBAaHHS A TIpH
A=740 HM) a0o0 cynbdaToM TiApa3uHy.

— Cepen OpraHiyHUX PEUYOBHMH, IO MICTATH (Pocdop, B MPOIYKTax
POCITMHHOTO TTOXO/IYKEHHSI HaWOLIBIII PO3IMOBCIOJIKEH1 biTuH
CeHs(OH2PO3)s, ertutrie Ca4HogO9NP 1 HykiTeonpoteinu. Yactka dhochopy
B 30J11 3€pEH 37IaKOBUX 3HaX0AUThcs B Mexax 40...55 %.

— Bwusnauenns ¢docdarie (Mokpe o30i1eHHS OopornHa, dochopHa
KHCIIOTa, BU3HAYAETHCA 3 MOJIOJATOM aMOHIIO Yy KHCIOMY CEpPEeOBHIII,
NEPETBOPIOIOYUCH i JI€I0 BIJHOBHUKIB Y MOJIOJAEHOBY CHHb (A =
572...590 um)

— B sumini dochop y Burmani oprodocdaTiB BXOAUTH O CKIAIY
Hykj1eiHOBUX KUcnoT, AJlD, AT®, niniaiB Ta iH., 6epydn aKTUBHY Y4acTh Y
MPOIIEC] JUXaHHS Ta OPOIIHHS.

— Bu3HaueHHs TaHIHOBOrO MOKAa3HHMKA y Cycil. TaHIHOBHI MOKa3HUK
XapaKTepU3y€e BMICT BUCOKO MOJICKYJISIPHUX MOJITETTHIIB.

— BusHaueHHa 3a0apBIIOIOYMX PEYOBMH y OapBHHKAX (KOJIbOPI,
€HOOApBHUKY, YEPBOHHOMY OApBHUKY 3 OY3UHHU).

— Busnauenns BMicTy A— Ta - TIpKUX KHCIOT y Xmeni A = 275, 325,
355 M. Ix BMicT BrIMBa€ Ha SKiCTh Ta CMaK MMBA.

— DBusHaueHHs OUIM3HM Ta BIATIHKY KOJbOpYy OoOpolIHa Ha
koapopoMipi DIIM-1. CopT mnmeHUYHOro OOpOIIHA XapaKTEPHU3yeEThCS
MOKA3HUKOM OlTM3HU. bUIM3HA XapaKTepu3yeThCsl JBOMA UYHMCIIAMMU:
SCKpPaBICTIO B YMOBHHUX OJUHHIIX Tipu CBITIODP1ITpi CSC-7 1 MOKa3HUKOM
BIJITIHKY KOJIbOPY — TOOTO BIJHOIICHHSM TOKa3iB MPHJIaly, OTPUMAHUX Ha
YepPBOHOMY CBITIOMIIBTPl. UuMm OlIblIe 1€ BIJHOIICHHS, THUM OlbIa
CTYIIIHb ’KOBTHU3HHU OOpOIIIHA.

— @OoTOMETpUYHE BHU3HAYEHHS 3AaTHOCTI MIICHHYHOTO OOpOIIHA 10
noremHiHHsA. Komip M’skyma xii0a 3anexuTb He JMIle Bif OUIM3HU
OopoIrHa, a il BiJl 31aTHOCT1 HOT0 10 MOTEMHIHHS.

— KOJIbOPY M’sIKyIlIa 1 CKOPUHOK XJ110a;

— BusHaueHHs KOJBOPY JMMOHHOI 1 MOJIOYHOI KHUCIOT (ITOPIBHSHHS
po3unny 60 r B 100 M1 3 0 1HOTO TIKAI010) BizyanbHO 1 Ha DEK.

— BusHaueHHA KOJBOPOBOTO 4YHMCIA OJiif/Macen 3a JOMOMOTOIO
KOHIICHTPAI[IHHUX KOJIOPUMETPIB (MOpiBHSHHSA 3a0apBieHHS 10 MM mapy
ojii/Macna 3 1mapoM cra”aaptHoro po3unHy J; B KJ) docharumgnoro

KOHIIEHTpaTy YU METOJIOM TpaayroBaibHOro rpadika. KombopoBe uucio —
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MT Hoay, 1o MictuThbes B 100 Mt cTaHIapTHOTO PO3YMHY Jp, IKHIT Ma€e OfHE
3a0apBICHHS 3 OCIIHKYBAHUM MaCJIOM/OJI€TO.

— Ilpuckopenuii cnocid6 BU3HaUCHHs OlIKa y OOpOITHI 32 O1ypeTOBOIO
peakuicro (Cu?*+6inok—06iyperoBa peakiis (3a0apBiieHM KoMIuiekc), A
Bu3HavyaioTh Ha EK npu A=550 uM, |1=5 MmMm) 3a rpaayioBaibHuM rpadikom
(1 TeMHO3a0apBIICHUX — HE BUKOPUCTOBYETHCSH ).

— MognepnizoBanuii Meto JIoypi 171 BU3HAYCHHS 3arajlbHOTO BMICTY
Oinky B OopomHi (A BHUMIPIOIOTH Ha (OTOEIEKTPOKOJIOPUMETPl 3a
rpagytoBanibHuM rpadikom (NaOH, peaktus Dorina).

— BusHauennsi po3unHHOro O1MKYy y OopomnHi 3a Jloypi (B OCHOBI
JICKUTH PEaKIisl BITHOBJICHHs peakTuBy DoJliHa MITHUMHU TOX1THUMH O1JIKa
3 YTBOpPEHHSIM 3a0apBIE€HUX  TNPOAYKTIB). [HTEHCHBHICTH CHHBOTO
3a0apBICHHSI BUMIPIOETHCS Ha (POTOEIEKTPOKOJIOpUMETpl Tpu A=670 HM,
I=10 MM um ipu A=750 HM Ha cieKTpooTOMETPi, OYAYIOTH TPATYIOBATBLHUIMA
rpadik Ha S€YHOMY aTbOYMIHI.

— Bu3HaueHHs BMICTY METIOHIHY B OLIKy Xii0a (KOJIbOpOBa peakilis
MIK METIOHIHOM 1 HITponpyccuaoM Hatpito, A npu A=510 um Ha CO (meTon
rpayroBalibHOTO Tpadika).

— Busnauenns nizuny B OopomHi 1 xmi01 (peakiis NH, rpyn 6e3
rigpomizy OUIKy 3a iX peakIli€l0 3 HITPOTIPUHOBUM pPEAKTUBOM. A
BUMIPIOETHCSI HA (POTOEIEKTPOKOJIOPUMETPI YU CHEKTPOPOTOMETPI, 3€TICHUIN
CBITIO(LIBTD).

— BusHaueHHsI JOCTYIHOTO Ji3WHY B XJ101 AUHITPO(PTOPOEH30JIbHUM
MeToJ0oM (B OCHOBI JICKUTh 3AaTHICTh 2,4-muHITpo-1-pTOopOeH3ona
pearyBati 3 BIUIBHUMHU €-aMIHOTPYIAaMH JI3WHY O17Ka 3 YTBOPEHHSIM O-
TUHITPO(EH1I JT13UHY, KU Ma€e SCKpaBO->KOBTE 3a0apBieHHs). A=570 HM.

— CnekTpodoToMeTprdHEe BHU3HAYCHHS BOJIOTH OOpOIITHA METOI0M
rpaayroBajgbHOr0 rpadika (BUMIPIOBAaHHS CHEKTPY BIIOWUTTS OOpollHa B
obnacTti 193 um)

— CnextpodoTOMETpUYHE BU3HAYEHHS AKTUBHOCTI JIIMOKCUTCHA3U B
OopoiHi (moyiirae 'y BHU3HAYEHHI YTBOPEHMX TMEPEKUCHUX CIOJIYK 3a
NOTJIMHAHHAM CBITAa npu 234 HM). DIKCYIOTh 30UIbIICHHS BEIMYUHUA A 'y
cyoctpati 3a 20 xBwimH peakifli. depMeHT JIMOKCUTeHa3a KaTajizye
OKHMCHEHHSI BHCOKOMOJIEKYJSIPHMX HEHACUYEHUX OJKUPHUX KHUCIOT —
JIHOJIEBOI, JIIHOJIGHOBOi, apaxiJIoHOBOi Ta IHIIMX JO TMEPEeKUCIB Ta
T1POMEPOKCHUIIB.
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— Bu3HaueHHS aMUIONITUYHOI aKTUBHOCTI (PEpMEHTHHX Mpenaparib
(GOTOMETPUMETPUYHIM METOJOM (aMUIOMITHYHA aKTUBHICTh BH3HAYAETHCS
32 CTYNEHEM TIiIpoJii3y KpoxXMajal JO0 JEKCTpHHIB ¢depMeHTaMu
JTOCTIDKYBaHUX MpenapatiB. KilbKICTh KpoXMallio, 10 MijaHa TiApoizy,
BCTAHOBJIIOIOTh 32 3MIHOK ii 3a0apBJICHHS 3 MOJOM, IO BUMIPIOETHCS 3a
JOITOMOT0I0 (POTOCIIEKTPOKOJIOPUMETPA TP A=656 HM, =1 cMm).

— BusHnadyeHHs pOTEOMITUYHOT 3AaTHOCTI aMiIOPI3UHY CTIEKTPaIbHUIMA
(32 KUIBKICTIO THUPO3UHY (POTOMETPUYHUM METOJOM 3 BHKOPUCTAHHSIM
peaktuBy ®omina. A=656, | = 0,5 cm. IlporenmiTuuHa 31aTHICTH
XapakTepu3ye 3AaTHICTh (DEPMEHTIB KaTaldizyBaTh PO3LICIUICHHS OUIKY /10
NENTUAIB 1 aMIHOKUCIIOT Ta MO3HAYAETHCSI YUCIIOM OAMHUILL MpoTea3u B 1 r
npenapary.

— BusHaueHHs BMICTY JIETKUX  KapOOHUIbHHUX  CHOJIYyK Yy
HamiBpadpukaTax (TICTi, omapi, 3aKBacll, M Kyl Y1 CKOPUHUI (BIATOHKA
JETKUX KapOOHUTPHUX CHOJNYK y Koyoum 3 Timpasuaom y 2 M HCL
Y TBOPIOIOTHCS ripa3oHu, CYMIIII OXOJIOIKYIOTb, OTIM
cnekTpopoToMeTpyroTh pu A=320 HM. KiJIbKiCHE BU3HAYEHHS 32 METOAOM
rpalyroBajibHOTO Tpadika) 1 xJioi.

— CnektpodoTomMeTpuyHe BU3HAYEHHS AalleTalbJACTITy 1 CyMapHOI
KUIBKOCTI JICTKMX ajbAerigiB  mpu A=430 HM METOJOM TpadyHBaJIbHOTO
rpagika. B ocHOBI = BHU3HA4Ye€HHS  JIEKUTh  peakuis 3 2.4-
OUHITPO(PEHUITIAPA3UHOM MICHS BIATOHKHA aUETalbAETiy 3 MPOAYKTY
BaKyyMHUM JUCTUJIATOPOM (JIJ11 BUBHAYEHHS Y TICTI1, XJ1101).

— Ilpuckopenuii crnocid BU3HAUYEHHS BMICTY HOay B M AKYIIl XJi0a
(Bunmyuaroth Jo y CCls+ 5% NaNO,, 3abapBiieHnii pO34KH 3UBAIOTh B MipHY
K0JI0y, ONTUYHY TYCTUHY BHUMIpPIOIOTH Tipu A=512...514 HM (3a MeToaOM
rpaayroBaibHOTO Tpadika). MeToa pPEeKOMEHIYEThCs JUIsl  KOHTPOJIIO
Ho10BaHUX XJIIOHUX BUPOOIB.

— CnekTtpodoTomMeTpuyHe BU3HAaYEHHs Tpuntodany B OUIKy xiiba (3a
IHTEHCUBHICTIO CUHBOTO 3a0apBJICHHS, 110 BUHUKAE MiA-4ac peakilii Horo 3
napaguMeTUIaMiHOOCH3 b IeT1IOM), 2=620 HM; 3a METOJIOM
rpayroBaIbHOTO Tpadika.

— CnekTpodoToMeTpruHE BH3HAUEHHS BMICTY KAapOTUHOIAIB Yy
OopourHi ab0 BM3HAYEHHS 3arajlbHOTO BMICTY KapOTHHY B M SIKyIIl XJi0a
pu A=453 HM; 3a METOJIOM TPaAYIOBAIHHOTO Tpadika.

—  CnektpodoToMeTpudHEe  BU3HAYEHHS  COPOIHOBOI  KHCIIOTH

(KoHCEpBaHT) B IOpPE IUIOAOBO-ATIAHOMY, JDKE€Mi, MOBHIJI, MiABAPIIL,
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npunacax (IUCTWISIS 3 BOJSHOIO TMApO0, peakiis 3 Tio0apOiTypOBOIO
KHCJIOTOIO).

— @OTOMETpUYHE BHU3HAUEHHS BMICTY KapOOHUIBHUX TPyl Yy
KETIOIYOMY KpoXMallli (3a pPEakIli€r0 YTBOPEHHS «OEpIHCHKOI Jia3ypiy.
Kemrorounii KpoxMalib — OJIMH 3 BUJIIB MOAM(DIKOBAHOTO Kpoxmaino. Bmict
KapOOHIJILHUX TPYIl XapaKTepU3y€e TEXHOJIOT1UHI BIACTUBOCTI KPOXMAJIIO.

— @oromeTpuyHe BU3HaueHHs pH HamiBpabpukaris.

— Po3po6iieHnii Ta 3aCTOCOBYETHCSI HA MPAaKTUI (POTOMETPUYHHI
croci0 BHM3HAYEHHS KOJIPHOCTI MPOIYKTIB LIYKPOBOro BUpoOHMIITBA. Ha
IyKPOBUX 3aBojax 3a iHimiatuBoto mpodecopa II. B. ['omoBina BBemeHo
dboTOMETpUYHUIT METOJ BHU3HAUYEHHS peaklii CcepeloBUIa MPOIYKTIB
BUPOOHUIITBA.

DOoTOMETPUYHUI METOJ] MIUPOKO 3aCTOCOBYETHCS [JIsi BU3HAUCHHS B
HUX BMICTy OUIKIB, BITaMiHIB, JUAllETWIy, alleTOIHYy, JIakTo3u, (pocdopy,
OpraHIYHUX KUCIOT (MOJIOYHO1, IUMOHHOI).

—3anpornoHOBaHO MIBUAKHUNA CHOCIO KUIBKICHOTO BH3HAYEHHS Mill y
KOHCEpBax Ta IHIIUX XapyoBHX TMPOAYKTaX. MeToa TPYHTYEThCS Ha
doromerpyBanHi xmopodopmuoro ekcrpakty CuPy,(SCN), 3 momepemnim
030JICHHSIM BUX1THOI pe4OBUHU. Cpin CTAHOBUTH 3 MT/KT.

—  BUKOpUCTOBYETHCS  €KCIIpEeCHUM  (POTOMETPUYHHA  METOJ
BU3HAYEHHS OJIOBAa B KOHCEpBaxX 3 MIPOKATEXIHOBUM (Pi0J€TOBUM, MIAl 3
OKCATMJIIUTIAPO3UAOM Ta CBUHITIO 33 JUTU30HOBUM METOIOM.

CBuHellb y KOHCEpBaX BHM3HAYalOTh CHIBOCAIKEHHSIM HOro 13
cylbdaroM Oapiro. MeTo1 TPYHTYEThCS HA PO3UMHEHHI CyJib(aTa CBUHIIIO B
PO3YMHI iIKOTO Kajilo 13 HACTYMHOK OOpPOOKOI CIPUYUCTUM HATPIEM.
Cyneding cBuHIIO doTomMeTpyeTbcsi. Crin  craHoBuTh 0,4 MI/KT,
BIATBOPIOBaHICTh pe3ynbTaTiB + 10%. Tpusamnicts anamizy — 60 xB.

Cepen Oaratbox mpoOJieM, HaJ SKUMH TIpalfoBajid BYEHI YKpaiHw,
0COOJIMBE MICIIE€ HAJICKUTh JOCHIKEHHSM II[0JI0 BU3HAYCHHS BMICTY B
Xap4oBUX MPOJAYKTAX PI3HUX JOMIIIOK — METajiB, TOKCHYHUX OPTaHIYHUX Ta
HEOpPraHIYHUX PEYOBHH, 3aJMIIKOBUX KIJTBKOCTEH OTpyTOXIMiKaTiB. Bennka
KUIBKICTh pOOIT y 1IIbOMY Hampsmi Oyna BukoHaHa y KuiBCbKOMYy HayKOBO-
JOCTIIHOMY 1IHCTUTYTI TT1€HU Xap4yyBaHHS.

[lin gac caHITApPHO-TITI€EHIYHOTO KOHTPOJIIO BAKIMBE 3HAYCHHS MAa€
BU3HAYCHHS METaJIB (CBUHIIIO, OJIOBA, ITMHKY, KaJMIIO, CYpPMH), K1 MOXKYTh
MOTPAIUISITH JI0 MPOJIYKTIB XapuyBaHHS y MPOIIEC] TEXHOJIOTIYHOT 0OpOOKH,
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mig 4vac 30epiraHHd y MeTajeBid Tapi, 3 OTOYYIHYOr0 CEpeIOBHIIA.
HakonuuenHs ix B opranizmi MOXe MPU3BECTU 0 CEPHO3HUX 3aXBOPIOBAHb.

CniBpobiTHukamu  HYXT Oynu  po3poOsieHi HOBI  METOIUKHU
BHU3HAYECHHS TOKCMYHHMX METAJIB Yy PI3HOMAHITHUX Xap4YOBUX MPOAYKTaX.
3anponoHoBaHO (oTOMETpUYHE BHM3HAYEHHS MIJlI 3a JOMOMOIOI0 O-
TONAMHY B TPUCYTHOCTI TiOIIaHAT-10HIB y BUIJIAAI  KOMIUICKCY
[CuTId](SCN), y BemukoMy acopTUMEHTI MPOAYKTIB: XJi0i, Kamax,
KapTOIUT, Cymax, MOBUT, MOJOIi. MeToa Mpu3HAYCHUN ISl BU3HAYCHHS
0,05...0,2 Mr mizi y 25 MJ1 pO34HHY.

Po3pobneno ¢goroMeTpuuHMil METOJ] BU3HAYEHHS LMUHKY Y BUTJISAII
CKJIQJTHOT CIIOJIYKH 3 8-OKCHXIHOJIIHA30-N-CyJIb(OHOBOIO KHUCIOTOIO, SKa
norauHae cBiTIO npu MOBXKUHI XBUWIL 470 HM. Cpin IIMHKY 3HaXOJUTHCS B
Mexkax Big 1 1o 10 MKr; momMuika BU3HaYCHHS He nepeBuirye 2 %. OnucaHo
HenpsIMAKA ~ (DOTOMETPUYHUN METOJ] BHU3HAUEHHS IMHKY Y Xap4OBHUX
MPOJYKTaX y BUIJIAAlI NUPUAUHTIONIAHATHOTO KOMIUIEKCY, 10 BUIYYA€EThCA
3a JOMOMOTOI0 XJOpO(pOpMY 13 HACTYIIHUM PYHHYBaHHSAM HOTO XJIOPUIHOKO
KHMCJIOTOIO Ta 3B'S3yBaHHAM TioliaHaTy ioHamu Fe”,

3 PO3MIMPEHHAM 3HaHb PO TOKCUYHICTh BAXKKUX METAJIIB PO3POOIICHI
METOJMKU BU3HAUEHHS 3arajbHOTO BMICTY PTYTI y puOi Ta HIOKOJIAIl 3a
pPEaKIli€cl0 yTBOPEHHS 3a0apBIEHOTO Y POXKEBUH KOJIP KOMILIEKCY
Cuz[HgJs]. YUytnusicte Mmetoay (Cmin) ctaHoBHTH 0,01 Mr Ha 1 KT IPOAYKTY;
MOMUJIKAa BH3HaueHHs He nepeBuurye = 10 %. byna po3pobiena takox
METOMKA BU3HAYCHHS OPTaHIYHHUX CIOJIYK PTYTI Y MPOAYKTaX XapuyBaHHI..

Taxk Ha xadenpi anamiTH4HOi XiMii HallloHalbHOTO YyHIBEpCUTETY
XapUyoOBUX TEXHOJIOTIM mpoTsroM 50 pOKIB 3 YCMIXOM 3aCTOCOBYETHCA 1
PO3BUBAETHCS (HOTOMETPUYHUMN aHaJ3 Xap4OBHUX IMPOJYKTIB, CAPOBUHU Ta
00’exTiB noBkiuig. CriBpoOiTHUKaMU Kadenpu CTBOPEHO Ta BJOCKOHAICHO
oinst 100 Mmetonuk (OTOMETPUYHOTO BU3HAYEHHS MIKPOKUIBKOCTEW PI3ZHUX
KOMIOHEHTIB. Llummit psx 1Mx MeToauK ampoOOBaHO Yy  3aBOJICBKUX
nabopaTopisix 1 BHOPOBAIKEHO y: HAyKOBY poOOTYy BHIIyCKalOUUX
TexHoJoriyHux kadenp HYXT, XxapuoBux mianprueMcTB.

Ha xadenpi anamituunoi ximii HYXT Bnepme OyB 3acTtocoBaHmit
meton TOC nns ananizy XxapuoBUx 00’ €KTIB.

II. Bukopucmannsa meepoogasznoco Gomomempuuno2o auanizy 6
KOHMPOJIL AKOCMI XAPH08UX Npooykmie ma inwux o6 ‘ckmie 0osxins [6,7,8].

Ha ocHOBI oTpumaHuX JIaHMX TpO IMMOOUIIZaIil0 OapBHHKIB Ha

10HITaX Ta TPO B3AEMOJII0 10HIB MeETajgiB YU iX KOMIUIEKCIB 3
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IMMOO1TI30BaHUMHU OapBHUKaMH Po3poOsieHo 40 MeToauk TBepAodazHOTO
cunekrpoporomerpudroro (TPC) i (oromeTpryHOTO BHU3HAYCHHS 10HIB
MeTaJiB y o00'€eKTax XapyoBUX TEXHOJOTIH, OI0TEXHOJOTIi, TOBKIIA,
MITYYHUX CyMIIIaXx 1 CIUIaBax; 3alpoOTNOHOBAaHI CXEMHU BCTAHOBJICHHS
MIKPOEJIEMEHTHOTO CKJIaJly XapuoOBUX MPOAYKTIB. P0o3po0iieHO MeTonuKy
TOC BuzHAuCHHS HIKOTMHOBOI KUCJIOTH y mpemnapaTi «Hikommany, mo He
noTpedye  ckimamHoi  mpoOomiaroTtoBku.  OIiHKA ~ METPOJIOTIYHUX
XapaKTEPUCTUK PO3pOOJEHUX METOAMK BHUKOHAHA Ha pI3HUX 00'eKTax
aHaji3y 13 3acTOCYBaHHSM METOIy JMO00aBOK, CTaHIAPTHUX 3pa3KiB Ta
MOPIBHSHHSAM 3 IHIIMMU METOJAaMH aHalizy. BilHOCHE cTaHmapTHE
BIIXWICHHS po3poOsiennx meToauk TAC-BuznaueHHs He nepesuirye 0,10,
IO CBIIYUTH MPO 3aJ0BUIbHY BIATBOPIOBAHICTH pe3yibTaTiB. Po3pobiieHni
METOJAMKM NEPEBUIIYIOTh OLIBIIICTh CTAHAAPTHUX Ta Kpalll aHAJIOT1yHI,
B1JIOMI 3 JIITEPATypH, 33 UYTJIUBICTIO Ta CEJIEKTUBHICTIO.

Bucoki koediumientn posmominy (D>10* cm®r) iomis wmeranis
CIOPHUSIOTH  3HWKEHHIO  MEXI  BH3HAYEHHS  TPH  3aCTOCYBaHHI
IMMOOUTI30BaHOTO OapBHUKA TMOPIBHAHO 3 pEaKI€eld B pO34yMHI. 3a
3HAYEHHSM MB IPOIIOHOBAHI METOJUKHU copOIIiiiHO-
CIIEKTPO(POTOMETPUYHOTO BU3HAUCHHS 10HIB METAIIB MOCTYMHAIOTHCS TUTHKU
MeTos1aM aToMHO-abcopOIitinoro (AAC) Busnauenns ionis Cd(I1) i Hg(ll), i
noJsisiporpadiunoro BusHaueHHs ioHiB Cd(Il). ITpore, MB mnpornoHoBaHHX
METOJMK BU3HAYEHHS IIUX 10HIB METaJiB JIOCTATHS JJi1 BHU3HAYCHHS 10HIB
Cd(l) i Hg(ll) y xapuoBux mnpomyktax Ha piBai [JIK. ¥V Bunamky
BusHauenns iouiB Pb(Il), Zn(1l), Cu(ll), Fe(lll) po3pobneHi meroauku
MaloTh TEpeBard MOPIBHSHO 31 CTAHIAPTHUMU METOJMKAMHU BU3HAYEHHS
10HIB METaJiB Yy XapyOoBUX TMPOJYKTaX, OCKUIbKH [al0Th MOJIHBICTh
Bu3HauaTtu i ioHW Ha piBHI <0,1-0,5 T'IK. 3pocTaHHs CEIEKTUBHOCTI
BU3HAYEHb 3 OapBHUKaMH, IMMOOUII30BAHUMH Ha 10HOOOMIHHHUKAX
MOSICHIOETBCA  3MIHOKO MIKPOOTOUEHHS JOCHIPKEHUX OapBHUKIB MpU
IMMOOUTI3aIl.

ExcripecHicTh 3ampOMOHOBAHUX METOJIUK 3a0€3MeUy€EThCS BIUTMBOM
VIBTPA3BYKy Ha aHANI30BaHHWM 3pa30K TMif-dac HOTO MpOOOIMiATOTOBKH, a
TAKOXX — Ha CHUCTEMY PO3YWH 3pa3ka — 10HOOOMIHHUK 3 IMMOO1Ti30BaHUM
OapBHUKOM IIiJT YaC BCTAHOBJICHHS COpOIliHHOT piBHOBaru. [loHOOOMIHHUKY 3
IMMOOUTI30BaHUMU OapBHUKAMU Ta METOIUKHA TBep10(ha3HOTO
CIeKTPO(POTOMETPUYHOTO BU3HAUCHHS 3a 1X Y4acTIO €KOJIOT1YHO Oe3mneyHi,
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OCKIIbKU HE MOTPEOYIOTh BUKOPUCTAHHS TOKCUYHHUX OPTraHIYHUX PEarcHTIB;
MPOCTI y BUKOHAHHI Ta €KOHOMIYHO BHTITHI Yepe3 HU3bKY CO0iBapTICTh
BUKOPHCTOBYBAaHUX MaTepialliB 1 pearcHTiB.

III.Buxkopucmanusa omomempuunoco ananizy Osi BCMAHOBIEHHS
NPOMEKMOPHUX 1ACMUBOCHell Xapyuosux 06 ‘ekmis wooo ionie Pb?*, Cd>*,
Hg?* [9-14].

Baxxko TepeoriHuTH BaXKJIUBICTH METaJI-1HAUKATOPHOTO METOY
AocHiKeHHsT 0e30apBHUX KOMIUIEKCHUX CIIOJNYK Y PO34MHI, SIKUH OyB
3anponoHoBanuii akanemikom AH VYkpainu A.K. babko 1 po3BuHyTHI
akagemikoMm AIH Ykpainu M.J. IlItokaio.

Ha xadenpi anamtuunoi ximii HYXT MmeTan-iHAuKkaTOpHUM METOJI0M
JOCIIIKEHO KOMIIJIEKCOYTBOPEHHS 10HIB TOKCUYHUX METaJiB 3 OCHOBHUMU
KOMITOHEHTAMH Xap4yOBUX MPOAYKTIB Ta CHPOBUHH 3 METOIO OIlIHKH iX
IPOTEKTOPHUX BIACTUBOCTEN mozo ionis Ph?*, Cd?*, Hg?*.

BcraHoBieHO, 0 XapyoBi MPOAYKTH 31atHI 3B s3yBatu ioau Pb (I1),
Cd (1), Hg (Il) sx 3a paxyHOK KOMILIEKCOYTBOPEHHS 3 ()YHKIIIOHAIBHO-
aKTUBHUMU yrpynoBaHHIMU (DPAY) X OCHOBHUX KOMITOHEHTIB 1 XapuOBUX
n00aBoK (O171KM, IEKTUHOBI PEYOBHHHM, BITAMIHU TOIIO), TaK 1 32 PaxyHOK
¢b13U4HOT a7copOITiT ITUX 10HIB MOBEPXHEIO XapUOBUX MPOIYKTIB.

MoxHa TpPUIYCTUTH, M0 YaCTHHA 10HIB TOKCHUYHHMX METaliB
3B’SI3YETHCS 32 PaXYHOK KOMITJIEKCOYTBOPEHHS 3:

@pacmenmamu AMIHOKUCIOM 3A CXEMOIO:

2 R—-HC(NH,)—COOH + M?* <> (R-HC(NH»)—COO—-), M + 2 H*

AHamni3 1UX pe3yabTaTiB 1 JdaHl JITepaTypu, JO3BOJMIA 3POOUTH
MPUITYIICHHS 11010 KOOPAUHAIIIT 10HIB JOCTIKYBaHUX METAIIB 32 aTOMaMH
HITPOT€HY aMiHO-TpyNl 1 aTOMaMH OKCHIe€HY BHACIIIOK 3aMillEHHS
TiApOTeHY B KapOOKCHUIILHUX TPYIIax 3 YTBOPCHHSIM JIBOX S-UJICHHUX ITHKITIB.

NeKMUHOBUMU PEUOBUHAMU 3A CXEMOIO!

—R-HC(OH)-COOH + M?* <> (-R-HC(0O-)-COO-)M +2 H*

gimamiHamu ma HWUMU OIOI02IYHO AKMUBHUMU PEYOSUHAMU 34
CXemoro:

—R-HC(OH); + M** <> (-R-HC(0-); M +2 H*

3a paxyHok Qhizuunoi aocopoyii Ha NO8epPxXHi Xapyo8020 NPOOYKM) .

BcranoBneno, mo  ¢GyHKUIOHAJbHO-AaHAIITUYHI  yYTPYNOBaHHS
OCHOBHHMX KOMITOHEHTIB Xap4OBHUX MPOJYKTIB Ta J00ABOK 3/1aTHI 3B'sI3yBaTu
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iorn Pb (I1) Ta iHmIMX TOKCUYHUX METAIB, IO MOXE OYTH BpaxOBaHO IPH
PO3po0ITi PEKOMEHAAIIIH MO0 PAIOHATEHOTO JIETHYHOTO XapUyBaHHS IS
PI3HUX TPYI HACEJICHHS.

[lokazaHo, 10 30aTHICTh OCHOBHUX KOMIIOHEHTIB  Xap4yOBHUX
HPOIYKTIB Ta Xap4oBUX 100aBOK 3B’A3yBaTH 10HM TOKCHYHUX METANiB, €
OJHUM 3 BaXIIMBUX UYMHHHKIB, IO XapaKTePU3YIOTh IIHHICTH OYIb-sIKOTO
Xap4oBOTO  MPOIYKTY. 3ampONOHOBAHUN  MOKAa3HUK  MPOTEKTOPHUX
BJIACTHBOCTEH moa0 i0HIB TokcmuHux Mmetani (ITI1B-Pb, IIIB-Cd, IIIIB-
Hg, Tomo) BHpaxaeTbcs B KUIBKOCTI MI' METaily, IO copOyerbcs Ha 1 T

IPOJIYKTY.
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CHAPTER 10
MNEPEJBAUYEHHS BIOJIOITYHOI AKTUBHOCTI NOXIJTHUX
POJAMIHIB

3inuyk T. B.Y, Kopmow XK. O.2, Cynpynoeuu C. B.?

'Onopuwuii 3aknazn 3araneHOi cepeuboi ocBiTH "COIIMYHEHCHKHMI JTinei"
’BoJNMHCHKMI HAIliOHANBHUM yHiBepcuTeT iMeHi Jleci Ykpainku

B cyuacHoMy cBIiTi BiZOYBa€ThCsl By3bKa CIeliaiizallis HayKOBOi
JUSUTBHOCTI. 3pOCTaHHs KUIBKOCTI HAayKOBOi 1H(pOpMaIlii B CBITI MPUBOJIUTH
710 TOTO, 0 BUECHHUH, IO MPAIIO€ HAJ[ CBOEIO TTPOOIEMOI0, HE O3HANOMIICHHIA
HaBITh 3 HEBEIMKOIO YACTKOIO Crelliani3oBanoi iHdopmailii. B Takux ymoBax
€ BaXXJIMBUM MPE3CHTAIllsl JOJATKOBUX JAaHUX, SIKI MOB’si3aHi 3 MPEAMETOM
JTOCHTIKEHHS B (OpMi, TOCTYMHIN JJIs1 TOCHIAHUKIB, 110 TPAIIOIOTh B 1HIINUX
rajgy3six HayKd. 3 PO3BUTKOM BCECBITHHOI MEpPEXKi Ta METOJIB IIBUIKOIO
JOCTymy A0 iH(opMallii 10JaTKOBI JJaHI MOXYTh OyTH 3HAWCHI 1HIIMMHU
JOCTITHUKaMH Ta BUKOpHUCTaH1 HUMH [1].

OnnuMm 13 3aBJaHb Cy4yacHOI HAyKH € TOMIYK OUTbII e(PEeKTUBHHUX
METOIB TepeA0adYeHHs] BJIACTUBOCTEH XIMIUYHHUX CHOJyK. HapiTh, SKIIO
pEUYOBMHA B)KE OINUCaHAa, TOCTIIUTH BCl 11 BJIACTUBOCTI Mailke HE MOKJIIMBO,
i BHUMAarae 3HA4YHUX 3aTpar (PIHAHCOBUX, MAaTEPlAIbBHUX Ta JIOJCHKUX
pecypciB.  3BUYAWHO, [JOCHIAHUKM HaMararOThbCsl  ONTHUMI3yBaTH  SIK
JOCHIDKEHHST BXKE€ BIJIOMUX CIOJYK, TaK 1 MOMIYK MNEPCHEKTUBHUX, I
EKCIICPUMEHTAJIbHO He J00yTux pedoBuH. OmgHUM 3 MIAXOMIB €
BCTAHOBJICHHSI KOPEJSAIIA MK BJIACTUBOCTSIMU CIOJYK Ta iX CTPYKTYPOIO
(anrt. QSAR — Quantitative Structure-Activity Relationship) [2].

3apa3 y BChOMY CBITI aKTUBHO BEAECTHCA IMOIIYK PEYOBUH, SKi O
BOJIOJIIM THMH YM IHIIUMH (PapMakoJIOTiYHUMH BiacTUBOCTAMU. [Insxom
CKpIHIHTY (@HTJI. SCreening — MpoCitOBaHHS, — METOOJIOTIS, 110 T03BOJISE
BUOKPEMJIIOBATH OJIMHMYHI OO0 ’€KTH IIJISXOM aHai3y BEJIHUKOI KUIBKOCTI
momaiOHNX 00’€KTIB) 3HAXONATh PEUOBWHU, SKI BOJOIIIOTH OaKaHUMU
BJIACTUBOCTSIMU.

Cepen 3 MiH 1HAMBIAYadbHUX CIONYK, IO BIJJOMI HAa ChOTOIHINTHIN
Jac, BUAUIAETBbCS Kiac poaamiHiB. LI cmomykm sickpaBo 3abapBiieHi Ta
BOJIOJIIOTh HU3bKOIO TOKCHUYHICTIO, IO JIO3BOJISIE X BUKOPUCTOBYBATH B

JTOCIIIDKEHHSX JKMBUX oOpraHi3MiB. Komruieke iX BIACTUBOCTEH pPOOHTH ix
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MEPCIEKTUBHUMH KaHAWJaTaMH Ha POJib MAalOYTHIX JIKIB Ta JOMOMIXKHUX
pearenTiB [3]. Tomy y nmaHiii po6oTi Oyae mpoBeAcHA Crpoda JTOCITITUTH 3a
JIOTIOMOTOF0 KOMII FOTEPHUX QJITOPUTMIB B3aEMO3B’SI3KH XIMIYHOI CTPYKTYPH
noxiguux poaamidiB C Tta 6K 3 pizHUMH (akTopamMu 010JOTTUHOI
AKTUBHOCTI.

st OTHCy 3B’SI3KY CTPYKTypa—BJIaCTUBOCTI MOXYTh
BUKOPHCTOBYBaTUCh pi3HOMaHITHI metoau. Jlns mependaueHHs (i3UKO-
XIMIYHUX BIJIACTUBOCTEN CHOJYK BHKOPHUCTOBYIOTHCS KBAHTOBO-XIMIYHI
METOAM, TeOpeTHdHi Mozem [2]. Aje Taki BIACTUBOCTI, SK O10JIOT14HA
MOBEAIHKA JOCII/DKYBAHUX CIIOJIYK, HE MOXKe OYyTHU OIliHEeHAa NPSIMUMHU
po3paxyHkamu. ToMy uis TOLIYKY 3B’A3KIB BHUKOPUCTOBYIOTH HEIpPsMi
METO/IH.

CIIEKTP BIOJIOI'TYHOI AKTUBHOCTI

Ko’xHa pedoBHHA MOKE€ MPOSIBIATH MO BIJHOIIECHHIO J0 O10JIOTTYHHUX
00’€kTIB LUIMA psAA HailpisHOMaHITHIUX edekTiB. Croau BXOIATh
CYKYITHOCTI (papMaKoioriyHux eeKTiB, O10XIMIYHUX MEXaHI3MIiB 1/, BUJIIB
crienupiuHOT TOKCUYHOCTI Ta iHII BIUMBH. TyT ciig abcTtparyBaTtuch Bij
O0aratbox (akTopiB, MO0 BIUIMBAIOTh HAa KUIBKICHI XapaKTEPUCTUKU
610J10T14HOT aKTUBHOCTI (00'€KT, 03a, MIIAX BBEACHHS 1 T.1.), 1 PO3TJIAIaTH
O10JIOTIYHY AKTUBHICTh $K «BHYTPIUIHIO» BJIACTUBICTh PEYOBUHH, SKa
MPOSIBJISIETHCS TIPU BIAMOBIIHUX YMOBAaX B €KCepUMEHTI abo kmiHini . [lpu
1bOMY O10JIOTiYHA aAKTUBHICTh BHU3HAYAETHCS JIMIIE SKICHUM YUHOM
(HasSBHICTh YW BIACYTHICTB), 110, 3BUYANHO, € JOCUTb TpyOUM OMHCOM
JMIACHOI cHTyallii, ajle B paMKax TaKoro HAaOMMKEHHS B aHAJITUYHUX 1
MPOTHOCTUYHUX IIJITX MOXKHA BUKOPUCTOBYBATH 3HaYHUN 00CsT 1H(DOpMaIIii
npo Ol0JIOTIYHO AKTUBHI CHOJYKH, HAKOMMYEHUH JIOACTBOM. Tomy HaOIp
yCiX MOXJIMBHX OiojoriyHuX e¢eKTiB 1 Oylae MNpeACTaBiIsTH CIEKTP
010JI0T1YHOT aKTUBHOCTI KOHKPETHOT pe40BUHH [5].

[TPOTHO3YBAHHS BIOJIOTTYHOI AKTUBHOCTI
3apa3 mpu MPOTHO3YBaHHI OIOJOTIYHOI AKTUBHOCTI OpPTaHIYHUX
CIIOJyK Maike BHKIIOYHO' BHMKOPUCTOBYeThcsi mporpama PASS (amri.
Prediction of Activity Spectra for Substances — mepenbaueHHsI CIEKTPIiB
aKTUBHOCTI CHOJYK), fIKa JOCTyIHA y BHUIJISAI OKPEMOro Moayis, abo

IHWi Nporpamu B Cy4acHin nitepaTypi Maiixke He 3raayroTbCs
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oHnaitH-cepBicy [6]. Ha manuii wac (ciuenp 2017 p) mporpama 31aTHa
BHUJIaBaTH TporHO3 1o 3768 BumaM 0i070TIYHOI AaKTUBHOCTI 3 TOYHICTIO
nependayeHHst Onu3bko 95%. TpenyBanbHUll HaOip nepeBuinye 260 THc
noayk [6]. 3Bakaroum Ha HMOBIPHOCTHI QJTOPUTMHU TepeA0adeHHS CIIij
3BEPHYTHM yBary Ha HACTyIHI MOMEHTH, IO MOXYTh HPOSBUTUCH Y
pe3ynbTaTax mporHosyBanus [6, Methods]:

1. PASS moxe BHaaTu 3aJ0BUIBHUN MPOTHO3 MO TEBHOMY BHUIY
aKTUBHOCTI, TIJIBKU TOJ1, KOJU KIJIBKICTh CIOJYK Y TPEHYBaJIbHOMY HaOopi,
10 BOJIOAIIOTH JAHHUMHU BHOM aKTUBHOCTI, OLJIBIIIE 11’ SITH,

2. PASS He mMoxe nepen0ayuTH CIEKTP aKTUBHOCTI sl IPUHITUTIOBO
HOBOI CIOJYKH, TaK sIK BC1 ii JECKPUNITOpU OYyTh HOBUMH, 1, 3BUYANHO, 1X
HEMae B TpEeHyBaJIbHOMY HaOopi. SIKIIO croflyka Mae OLIbII HIXK JBa HOBUX
JIECKPUIITOPA, BOHA € BIIHOCHO HOBOIO, TOMY 1 pe3yJbTaTH MPOTHO3YBAaHHSI
MOKHA pO3IJISIAATH SK MIJIOTHI,

3. V npesxux Bumankax PASS mporaosye omgHodacHo OJoKyrouy i
CTUMYJTIOIOUY il [ TIEBHOTO BHY aKTHBHOCTI. B TakoMy BUmaaxky gaTu
MPaBWIbHY BIAMOBIb 31aT€H TUIBKU €KCIIEPUMEHT;

4. PASS He Moxe mepenOaduTH, 10 JOCTIKyBaHa CIOIyKa CTaHEe
JTIKYBaJIbLHUM 3aCO00M, aje MOXKe JOIMOMOITH BHOpaTH 3 IEBHOrO KoJja
HAWOUIBIII TEPCIIEKTUBHI.

IHTEPIIPETALIA PE3YJIBTATIB ITPOI'HO3Y

Anroputm pobotu PASS rpyHTYyeThCS Ha pPO3paxyHKY CTAaTUCTUKHU
baeca [7]. [eTasibHO MM HOTO pO3MISJaTH HE OyaeMo, HOTO OMUC MOYKHA
3HaiTH B jpkepenax [4] i [6]. PesymbraT poOoTH mporpamMu BUPAKCHHU Y
BenMurHax P, (HMOBIpHICTh akTUBHOCTI) Ta P; (IMOBIPHICTH HEAKTUBHOCTI).
[{i BenmuYmHU HE MAIOTh HISKOTO 3B’SI3KY 3 KUIBKICHUMH XapaKTEPUCTHKAMU
BIMOBIJHOI AKTHUBHOCTI YW HEAKTUBHOCTI. Tak fAK Il BEIWYUHU MAIOTh
UMOBIpHICTHUH XapakTep, TO IX CyMma He€ JOpiBHIOE oauHull. P, 1 P;
PIBHOMIPHO PO3MOJIIJIEH] B HaBYaJIbHIA CYKYIHOCTI [7], TOMY BiJ IIbOTO M
Mae€ BIIITOBXYBAaTUCh IHTEPIIPETALIisl pe3yJIbTaTIB.

Sxmo, Hanpukian, BeauduHa P, mopisHioe 0.9, To s 90% akTUBHHX
PEYOBHH 3 HABYAIBHOI CYKYITHOCTI 3HaYEHHS B-CTaTHCTHKU MEHIIE HIXK IS
JOCIIKyBaHO1 pedoBUHHM, i TiTbkH it 10% — Oinbine. Ile Takox o3Hagae,
10, SIKIIO MU BIAXWJIMMO NPUIYIIEHHS MPO BIAMOBIAHY aKTUBHICTH JaHOI
PEYOBHUHH, TO B CEPEIHBOMY, 3 iMOBIpHICTIO 90% 3p0o0KMO oMHIIKY [4].
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Axmo Benwumna Oynme Mmenme (.5, mpu ymoBi, mo , TO OuTbIIE
MMOJIOBUHM aKTUBHHUX PEYOBHH 3 HaBUAJILHOI CYKYITHOCTI MarOTh 3HAYCHHS B-
CTaTUCTUKW OUIbINE, HDK JJISI JAHOI CHOJIYKH 1, SIKIIO MH BIIXUJIMMO
OPUIYLIEHHS TpO Te, L0 JaHa pPEYOBHMHA BOJIOJIE AKTUBHICTIO, TO B
CepeIHbOMY, 3pOOMMO TMOMHIIKY 3 WMOBIpHIcTIO MeHie 50%. Y ubpomy
BUIAJIKy WMOBIPHICTh BUSIBUTH 1I€M BUJ aKTUBHOCTI €KCIEPUMEHTAILHO HE
BeNMKa. AJe, SKIIO0, HE3BAKAIOUHU Ha 1€, EKCIIEPUMEHTAIBHO Oy/ie BUSIBICHO
el BUJT aKTHBHOCTI, 11e Oy/le O3HaYaTH, 10 Taka CTPYKTypa yHikaimbHa [4].

[[Iupoxuii CIIEKTp aKTUBHOCTI CBITYUTH MPO TE, IO CTPYKTYpa JaHOTO
TUITy MOJIEKYJ € TPOCTOI0, HE MICTUTh HIAKHUX OCOOJMBOCTEH, 1m0 O
3YMOBUJIH 1i BUCOKY O10JIOT1UHY aKTUBHICTb.

Haii6inpm 1mikaBUMU ISl TOCIKEHb CJI1JT BBAKATH CITOJIYKH B SKUX
P. mexutrp B Mexax Big 0.5 mo 0.7. Tak Sk y IIbOMy BHIAIKY
CIIOCTEPIraloThcs HaWOUIBII MIAHCH BUSIBUTH HOBY CTPYKTYypy. llpu P:>0.7
JOCIDKyBaHa CTPYKTypa, CKOpillle BChOT0, € aHAJIOTOM icHyrouuXx [4].

K110 npy NPOrHO3YBaHHI BUSBUIIOCH, IO B CTPYKTYP1 MPUCYTHI HOBI
MNA-ecKpUnTopy, TO CTPYKTypa JOCHIIKYBAaHOI PEUOBMHU MajO CXOXKa
Ha OyIb-SKy 13 CTPYKTYp 3 HaBUaJIbHOI CYKYIHOCTi, TOMY JIO PE3yJbTaTiB
CH1J] BITHOCUTHUCH SIK JIO Ty»e MPUOIN3HUX [4].

3aBASKA XOPOIIiH CBITIOCTIMKOCTI 1 (POTO(DI3UYHUX BIIACTUBOCTEH,
pOaMiHM  BUKOPHCTOBYIOTHCS  SIK  Jia3epHi  OapBHUKHM, CTaHIApTH
(dayopecueHiii, mirMeHTH 1 (IyOpecUeHTHI MITKM IJs XapaKTepUCTUKU
MOBEpPXHI TMOJIMEpiB, MEMOpaH JiMiJliB, a TAaKOX JOCTIKEHb ancopOril
OJIITOHYKJICOTUIIB Ha JaTeKcax, CTPYKTypH 1 AuHaMiKU Minen. Bucokuit
KOe(IIIEHT TOTJIMHAHHA 3YMOBHMB 1X BHUKOPHUCTAHHA B 010JIOTTYHHUX
eKcrepuMeHTax [3].

BIOJIOI'TYHA AKTUBHICTbH POJJAMIHIB

Popaminu B OIlOJIOTIYHUX  JTOCTIIPKEHHSX  BUKOPHUCTOBYIOTHCS,
3ne0uIpIoro, sk QuyopecueHTHi Mapkepu. Lle pewyoBuHHM, siKi 31aTHI
CEJICKTHBHO MPHUKPITUTIOBATUCH IO MIEBHUX TKAHWH, a00 MOJIEKYJI, TAKUX 5K
oinku, JJTHK, PHK 1 T.1. TloTiM 3a gomomororo ckanyro4oi (iayopecleHTHOT
CHEKTPOCKOMii BHMBYAIOTH PO3MOJIT JOCTIKYBAaHUX PEUYOBUH Yy IKUBIH
TKaHuH1 [8]. 3BUYaiiHO, Taki CIOJYKH MalOTh OyTH TOCUTh CTaOUIbHUMHU Ta
HE TPOSBISATH HAJUIMINIKOBOI O10J0TIYHOI aKTUBHOCTI, JJIi TOTO MO0 HE
CIIOTBOPIOBATH PE3yJIbTATU €KCIIEPUMEHTIB.
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Ha nmpakTtuiii mmpoko BUKOPUCTOBYIOThCA MOXiAHI ponaminiB 123, C,
62K, a TakoX TMOXiJAHI POJaMiHIB OlIbIN CKJIATHOI OyTOBH, 30KpeMa Ti, IO
MICTSTh 3aMICHUKH B (EeHIIbHOMY 3aluIlKy. BBeIeHHS H0J1aTKOBUX
3aMICHHKIB, a00 Moaudikailis BK€ ICHYIOUMX, 3HAYHO PO3IIUPIOE CIIEKTP
MO>KJIMBOTO 3aCTOCYBaHHSI OJIEp’KaHUX CrHoiyk. Hampukian, BBeaeHHs
cynbGorpyI 301IbIIye T1APOPIIBHICTh MOJIEKYJIIH, III0 TPUBOAUTH A0 KpaIioi
CEJIGKTHBHOCTI [ii. JIOBr1 BYTJIEBOAHEBI JAHIIOTH 301IBIIYIOTH JIIO(MIIBHICT
Moeky. [lenTuani Ta onMironenTyuH1 3aIUIIKA JO3BOJIAIOTH "'3aMacKyBaTu"
MOJICKYJIy poaaMmiHy, 0€3 YTBOpPEHHS XIMIYHHMX 3B’S3KIB 3 MOJICKYJIAMH-
peuinientamu. [Ipukiamom Moxe ciaykKuTu OapBHUK Texachkuih UepBoHwMit
(Texas Red), cymnbhoxmopuaHuii (GpparMeHT SKOTrO J03BOJISIE CEJICKTHBHO
3B’SI3yBaTUCh 3 BUIbHUMU aMIHOTPYTaMU 3aJIUIIKIB aMiHOKHUCIIOT [8].

CrexTp eKCIepUMEHTAIBHO BHUSBJICHOI 010JI0TTYHOI aKTUBHOCTI
MOXIIHUX POJaMIHIB He Jyke Benukuid. IlepernmsiHyTn pe3ynbratu
JOCTIDKEHb MOKHA 3a jgoromororo cepsicy PubChem [10, BioActivity
DataDicer]. Hanpuknan, mns pomaminy 123 [10, cid=9929799] BusiBieHo
npoTUMassipiiHa nis B KoHmeHTpamiax Ouis 0.3 MKM, HUTOTOKCHUYHICTH
npor kmituH moguan  KB31 B konmenrtpamisix Oumbme 1.4 MM,
aHTHOaKTepialbHa aKTUBHICTh TPOTHU KHIKOBOi mamuuku KAM32. Jlns
ponaminy C [10, cid=6694] BusBicHO aBTO(IOYPECICHIIIIO B KIIITHHAX PSITY
OakTepianbHUX KyJbTyp mpu 590 HM, HEAKTUBHICTb CTOCOBHO pYyHHYBaHHS
MITOXOHApiaibHOT MEMOpaHu KIITHH. B 1iioMy, pecTaBieHo qyke 6arato
PI3HOMAaHITHOI 1H(OpMaLll€ 1OA0 MPOSBIB O10J0TYHOI aKTUBHOCTI PI3HUX
CTIOJTYK.

3BiicK  BMIIMBAa€, 1[0 B  JOCIPKEHHAX  IIOBHHEH
3aCTOCOBYBATUCh KOMIUIEKCHUN MiAX1T — SIK TIOIIYK MOKJIUBOI 010J0T14HOL
AKTUBHOCTI 3aJaHUX CIOJIYK, TaK 1 BH3HAYCHHS CIEKTPY MOKIMUBHUX
CTPYKTYp il BUOpaHoro Buay Olosioriunoi aii. B Hamiii poboti Oyne
npoBeZieHa chpoba 3acTOCYBaHHS TEpIIOro TIAXOMYy — BHUSBICHHS
NOTEHIIITHOT 010JIOT1YHOT AaKTUBHOCTI JJisi 3aJlaHOr0 Habopy XIMIYHHMX
CTPYKTYp — noxigHux poaaminis C i 62K.
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EKCITEPUMEHTAJIBHA YACTHHA
B sxocti 00’€kTiB gocmipkeHHS Oyiau BUOpaHI PEYOBHHH,
JOCITIKYIOThCS Ha Kadeapl aHAIITHYHOI X1Mii Ta ekoTexHosorid CHY imeni
Jleci Vkpainku. lle moximui pomamidiB C 1 6)K 3 eTuneHauaMmiHOM 1
riapa3uHoOM, Ta oepskaHi 3 Hux ocHoBu llludda (Puc.1).

H H
1cr —N? 1Kr —NZ
H H
— 2xr —N=C
2cr —N=C H
H
3cr —N:(H;—(I_;I:o 3xr —N=(H3—(H3=O

4cr —NZC@ 4xr —N:C@
H H
HO

Scr —N=C—C=N 5xr —N=C—C=N
H H H H

6or  —N=C N fur - — =CON
H \ H \

Tcr —N=C N> ™r  —N=C N
H ) H

8cr _N:CQO_CH:* 8xr —N:04§j>7O—CH3
H H

Puc.1. CtpyktypHi hopMynu TOXITHUX TiIpa3uHy
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Puc.2. CtpykTypHi (hOpMyIU NOXITHUX €THUICHIUAMIHY

[IporHo3 610J0T1YHOT AKTUBHOCTI TMPOBOJHUBCS 3a JOTIOMOTOIO
oHnaitH-cepBicy PassOnline [6]. 3BeaeHi cTaTHCTUYHI JaHi pe3y/IbTaTiB

po3paxyHKiB HaBeneHi B Ta0muii 1. OCHOBHI aKTUBHOCTI TOXIJHUX
ponaminiB (s Pa>0.5) nokaszani B Tabmui 2.
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3BeaeHa CTaTUCTHUKA JIOCIIKEHD

Tabmuus 1.

AKTHUBHICTH Jle nmepenbadeHo KinpkicTe
nepeadoaYeHb
Aldose reductase substrate | 3cr, Scr, 8cr, 1kr, 2K, 3K, 18
4xr, 1ce, 2¢ce, 3ce, 4ce, Sce,
6ce, 7ce, 8ce, 1xke, 2xe, 3xe
MAP-kinase-activated lcr, 2cr, 3cr, 6¢r, 7cr, 1kT, 16
kinase inhibitor 2KT, 3KT,
4xr, 1ce, 2ce, 3ce, 7ce, 1xe,
2xke, 3xe
MAP-kinase-activated Icr, 2cr, 3cr, 7cr, 1kr, 2KT, 9
Kinase 2 inhibitor Ice, 3xr, 1xke
Antineoplastic 8cr, 2ce, 4ce, 6¢e, Tce, 8ce, 8
7xke, 8xke
Antineoplastic lcr, 2cr, 3cr, 7cr, 1xrT, lce, 8
(lymphoma) 2ce, 7ce
Antidiabetic symptomatic Ixr 1
Antimycobacterial 8xe 1
Chemosensitizer 2ce, 4ce, 6¢ce, Tce, 8ce, 2xe, 10
4xxe, 6xe, 7xe, 8xke
Gluconate 2- 4
dehydrogenase (acceptor) 8cr, &xr, 8ce, 8xe
inhibitor
CDP-glycerol 1
glycerophosphotransferase ke
inhibitor
PfA-M1 aminopeptidase 8cr, 2)kT, 4XT, 8XKT 4
inhibitor
CYP2C19 inducer 2cr, 7cr, 2T, 3
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Taomurg 2.

AKTHUBHOCTI, IKUMH BOJIOJIIFOTh TIOXITHI POJIaMiHIB

Cnoinyka Bceroro aktuBnocreii | Pa>0,7 Pa<Pi 0,5<Pa<0,7
Icr 82 — — 4
2cr 59 — — 4
3cr 84 1 — 3
4cr 85 — - -
Scr 55 — — 1
ocr 57 — — 2
7cr 59 — — 4
8cr 99 — — 4
I>xr 60 — — 5
2KT 55 — — 5
3T 63 1 — 3
45KT 100 — — 3
5Kr 40 — - -
OKT 42 — - -
7XKT 37 — - -
8KT 83 — — 3
Ice 94 — — 4
2ce 40 — — 5
3ce 49 1 — 1
4ce 64 — — 3
Sce 43 — — 1
6ce 42 — — 3
Tce 40 — — 5
8ce 59 — - 4
Ixe 73 — — 4
2:Ke 30 — — 3
3xe 38 1 — 1
4xe 52 — — 1
Sxke 29 - - —
6Ke 29 — — 1
7xe 21 — — 2
8xe 52 — — 3
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OBI'OBOPEHHS PE3VJIBTATIB

Sk Bxxe 00roBOprOBANIOCH paHimie, mporpama PASS Bumae mporaos Ha
SIKICHOMY PiBHI (HasIBHICTb UM BIJICYTHICTh €(DEKTY) Y BHUIJISIAI HIMOBIPHOCTI
BUSIBJICHHSI TOTO YW 1HIIOTO e€deKTy. 3rigHO IUX IOJOXKEeHb 1 OyaeMo
aHaJ13yBaTH Hallll eKCIIEPUMEHTAJIbHI JTaH].

Cronyku JaroTh NOMIpHY KUIBKICTh Niepen0adyeHuX akTUuBHOCTEN (21—
100), 1110 CBiAYMTH PO HETOCTATHIO JOCIIKEHICTD IIUX KJIAciB croiyk [4].

[Tpu npoBeneHH1 610JOTIYHUX AOCITIIKEHb MEPUIUMHU KaHAUaTaMH1 Ha
MEePEeBIPKY aKTHUBHOCTI OyayTh Ti CHONyKH, P, skux Outbmie 0.7, Takux
aKTUBHOCTEW BHABJICHO 4oTHUpuU. HactymHumu kanaujparata OyIyTh Ti
pedoBuHH, P, skux Outbmie 0.5. s KOXHOI AOCTIIHKYBAHOI CIIOJYKH B
Tabn.1 HaBeAeHO KUIBKICTh TepeadauyBaHUX BUIB aKTHUBHOCTI, JUJISL SIKMX
P2>0.5. 11 aktuBHOCTI OiibIN JeTanbHO po3nucani B Tabn.2. Ilpu mpomy,
3aBASKUA MOAIOHOCTI Oy 0OBH, HaIlll PEUOBMHU OYIyTh MPOSIBIATH il MOAIOHY
010JI0T14YHY AKTUBHICTb.

B pesynbTaTi po3paxyHKIB HE BUSBJICHO BUIIAJKIB MEPEBUIICHHS P;
HaJ P, , ToMy ceHCy oOroBoproBaTH Iii JJaHi HeMae. TakuM YMHOM, TTOX1aH1
ponamidiB C 1 6K 3 eTuiaeHAHMAMIHOM 1 TiIpa3MHOM MOXYTh BOJOMITH
HACTYITHUMHM BHJIaMH O10JIOTIYHOT aKTHUBHOCTI: CyOcTpar mil peayKTasw,
1HTIOITOp  11i  MITOrE€H-aKTUBOBAaHMX MPOTEIHIB, 1HTIOITOP PO3BUTKY
HEOIJIa3M, 1HTIOITOp PO3BUTKY JIIM(OMH, 1HTIOITOP PO3BUTKY IIYKPOBOTO
niabeTy, 1Hr10ITOp PO3BUTKY TyOepKyiIbO3y, IPOMOTOP aHTUITYXJIMHHOI Ji,
1HT101TOp i aKIENTOPY 2-nerigporeHasu, 1HT101TOp aii
nmianunriineponxonindocdorpancdepasu, iHriOITOp amidonenTuaazu Ml
MaJIsIpiitHOTO 1a3mois, nuroxpom P450 2C19.
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CHAPTER 11
JOCJILIZKEHHA AKOCTI ®PYKTOBUX COKIB

Koponvuyk C. I, Casuyx T. I. 1, Kopmow K. O.,* FOpuenxo O. M. *,
Ianuenxo FO. B. %, Bacunves B. I1. 2

'Bonuucekuii HatioHanbHuit yHiBepeuTeT imeni Jleci Ykpainku
?HauionansHuii yHiBepcuteT “JIbBiBChKA MOJTITEXHIKA”
Korolchuk.Svitlana@vnu.edu.ua

PocnunHl Hamoi 3aBXJIM HaJgaBald JIIOJSM HEBUYEPITHOI >KUTTEBOI CHIIM, a
Cy4YacCHI TEXHOJIOTii JO3BOJMJIA 3pOOUTH TPOLIEC MEPEpOOKU TUIOJIB Y €HEePreTHUHUN
HaMi{ mija Ha3BOKO — CiK. OPYKTOBI COKU € I[IHHUM JDKEPEJIIOM MiHEpasliB, BITAMIHIB,.
Coku MicTATh y cBoeMy ckiiaji Bitamin A, C, PP, K,H, Bitaminu rpynu B, B-kapoTuH.
Takox MICTITh BEJIUKY KUIbKICTh OPTaHIYHUX KHUCJIOT (TajioBa, acKOpOIHOBa, KaBOBA,
sa0ydHa, JIMMOHHA, BHHHA, SIHTapHA, CaIII[MHOBA, OEH30ilHA TOIIO), MIHEpaJbHI
PEYOBUHH, AMIHOKHUCIOTH (TIPOJIiH, apriHiH, CEpHH, TpUOTO(aH), O10J0TYHO aKTUBHI Ta
apoOMaTU4yHl PEYOBHMHU. bBuIbmIicTh (PYKTOBUX COKIB MICTATh (HEHOIKapOOHOBI
KHCJIOTH, Y TOMY YHCJIi XJIOPOT'€HOBI, 1110 MAIOTh JiKyBaJbHI BiacTuBoCcTi [1-4]. Takox
GpYKTOBI COKM MalOTh MNPOTUMIKPOOHY Jit0, YUM 3a0€3MeuyloTh 3HUIKEHHS
OpoAWJIIBHUX 1 THWIBHUX MpoueciB B opradi3Mmi. Jleski (QpyKToBI COKH MICTSTh
OpraHiuHi CIOJYKH, SK KaMellb, SIKI TPEJCTaBISIOTH COOOK KOMIUIEKC Kaji€BHX,
MAarHi€BUX 1 KaJbI[i€BUX cojieii [5-8 ].

XIMIYHMMA CKJaJ COKIB BHM3HA4ya€ iX BHCOKY XapuyoBy, NpO(UIaKTHYHY Ta
JIKyBaJbHY IIHHICTE. CMauyHl OCBIKAIOYl Ta TMOXHUBHI COKH, SIKI 0araTo XTO 3 Hac
BXKMBA€ JIeJIBE HE IIOJHS, MOAUIAIOTH, HAa: (PPYKTOBi, OBOYEBi, (PPYKTOBO-OBOUYEBI
(ppykToBa cupoBuHHU) 1 OBOYe-(PYKTOBI (OBOYEBA CHUPOBHHA). 3a KITBKICTIO BHUIIB
3aCTOCOBYBAHHUX ILUIO/AIB BOHH OYBAarOTh MOHOCOKaMHU (MPOCTUMHU), Ta KyNaKOBAHUMHU
(3MILIAHUMHU).

Ha monuigx Mara3uHiB MOXHa IMOOAYUTH COKH 3 M’ SIKITTIO, BOHH MArOTh BUTJIST
IPOTEPTOi TOMOTE€HI30BaHOI MacH, siKa, 3a3BUYaid, po30aBJeHa IIyKPOBUM CHPOMOM. A
TaKOX COKH 0e3 M’AKOTi, SIKi B CBOIO 4epry, OyBalOTh OCBITJICHUMH, MPO3OPUMH 1
HEOCBITJIICHUMH, KaJJaMyTHUMH (3 gomimkamu) [9-15].

Pi3HOMaHITTS COKIB 3aJIe)KUTH BiJ TEXHOJOTIi BUPOOHUIITBA Ta 00poOKH. Jleski
CIOXKHMBAYl KyNMyIOTh CIK, 110 BUPOOJIEHN Oe3mocepeIHbO 31 CBIKUX a00 30epeKeHUMH
CBDKMMHU (PYKTaMH, JIPyTi — MOMIOOJSAIOTH CIK MPSMOTro BIDKUMY, a TPETi B3araii —
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BigHOBIEHUH cik. [IpoTe y mpomaxy MokHa TO0AUUTH KOHIICHTPOBAHHWM Ta
nudysiiauii cik [16-20].

ChorogHi Ha PUHKY € BEJIMKAa KIUJIbKICTb BHPOOHHKIB (PYKTOBHX COKiB. Jljist
30UTBIIICHHST KUIBKOCTI  CIIOKMBA4diB BUPOOHMKH 3aBXIU  PO3IIMPIOIOTH  CBIU
acopTuMeHT. Ha monuiisix Mara3uHiB MOXHa MOOAYUTH HEKTap, MOPC, COKOBUI HaIiM.
Hexrap — ne xap4oBuii MpOAYKT, BUTOTOBJIICHUM 3 KOHIIEHTPOBAHOTO COKY Ta MHUTHOI
BOAU. Mopc — pikuii XapuoBUH MPOIYKT, 10 BUTOTOBISIOTH 13 CyMillli COKY SITiJ (10
CTaHOBUTh He MeHme 15% Big 3arampbHOro 00CATY), THTHOI BOIU, IYKPY. A
COKOBMICHHM Hamii — 11 pIAKUI XapuoBUH MPOAYKT, 3 HACTKOIO COKy He MeHIe 10%.
Bapro 3a3Haudtu, MmO Uil BUPOOHUIITBA COKOBMICHMX HAIlOiB BHKOPUCTOBYIOTH
HaWOLIBIITY KUIBKICTh PI3HUX BHJIIB SK TPAAUIIMHMUX, TaK 1 €K30THYHUX IUIOMIB [14-
15,20].

JUist cniokrBada JIy>)K€ Ba)KKO Cepell TaKOro PI3HOMAHITTA MPOAYKIIli BHOpaTh
KOPUCHUH 7151 ce0e MPOAYKT, OCKIIbKH OUIBIIICTh CHOKHUBAaYIB (DPYKTOBUX COKIB CaMe
Ty Ta niunTkU. [IoTpiOHO 3HATH SIKUMHU BJIACTUBOCTSAMHU BOJIOJIIOTH (PPYKTOBI COKH,
K BUOpaTH siKicHHM, HedanbcudikoBanuil. OcHOBHUMHU criocobamu danbcudikarlii
COKIB € SsIKICHA, KiJbKicHa Ta iHdopmartliiiHa Qanbcudikamis. Came iHpopMaliiiiHa
danbcudikaiis COKIB 3JIHCHIOETBCA IUISXOM HaJaHHA HENPaBIUBOi, HETOYHOI,
HEJIOCTOBIPHOT 1H(OpMaIlli Ha €TUKETI, 1110 BBOJAUTh B OMaHy 0ararboX CIHO>KUBAYiB.
HenoOpocoBicHI BHPOOHHMKM MUINYTh HENpaBAMBI JaHl MPO CKJIaJ COKIB, a IIe
MNOTEHIIITHO MOXE 3arpOXKyBaTH SIKOCTI (PPYKTOBUX COKIB € aKTyaJIbHUM 3aBJIaHHSM.

Mera nOCHIJKEHHS — JOOCHIAMTH SIKICTh (PPYKTOBHX COKIB PI3HUX TOPIOBHX
MapoK, sIKi peaii3yroThcsa B YKpaiHi.

MATEPIAJIA TA METOJU JOCJIIXXKEHHA

JIist mOCHiKeHHSI BUKOPUCTOBYBAIM (PPYKTOBI COKH: SIOJIYYHHM CiK TOPTOBUX
mapok «Ham cik» Tta «Camouok», BHHOTPaJHUN CiK TOProBoi Mapku «Sandoray,
areIbLCHHOBUI Cik ToproBoi Mapku «Jaffay, ananacoBwmii cik ToproBoi mapku «Jaffay.
Cwmak, 3amax, 30BHIIIHIN BUTJIS, KOHCUCTEHIIIIO Ta KOJIIP BU3HAYAIM OPTaHOJEITUYHO
3a JOTIOMOTOI0 CEHCOPHHUX aHaNi3aTOPIiB JIIOAMHU. 3arajbHy KHUCJIOTHICTH BHU3HAYAIU
TUTPUMETPUYHUM METOJAOM 13 BHUKOPUCTAHHSIM KHCIOTHO-OCHOBHOTO 1HAMKATOPY
dbenondraneiny Ta poOOUOTO PO3UMHY HATPIM TIAPOKCUIY. AKTHUBHY KHCIOTHICTH
BU3HAYAIM TIOTCHIIIOMETPUYHO 3 BUKOPUCTaHHAM HoHOMipy 160-M. OTtpumani
pe3ynbTaTi nopiBHIOBaiIM 3rigHo HopMatupiB JCTY 4150:2003. BwmicT kambuio y
COKax BH3HAYaIM KOMIUIEKCOHOMETPUYHO 32 JIOMOMOTOK  METaJIOXPOMHOTO
1HAMKATOpa MYPEKCHIY Ta TUTPYBAJIN PO3YHMHOM TPUJIOHY b.
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PE3VJILTATU JOCHIPKEHD TA IX OBTOBOPEHHS

OpranosienTuyHi MokazHUKU BuzHA4YaTh 3rigHO JICTY 4150:2003 “ Coxwu,
HAIoi COKOB1, HEKTapH MJIOA0BO-AT1H1, OBOYEBI Ta 3 OamTaHHUX KyasTyp . TY [19].

[Ipu xapakTepucTHUIll 30BHIIIHBOIO BUIJISAY Ta KOHCHHCTEHIIli, 3BEpPTAIOTH
yBary Ha mpO30piCTh PiAUHU JIJIs1 OCBITIACHUX COKIB. Y HUX HE JOMYCKAEThCS HASBHOCTI
KPUCTATIB BUHHOTO KAMEHIO Y BUHOTPAAHOMY COKY. J{71s1 si0Ty9HOr0 T8 BUHOTPATHOTO
COKIB JIOMYCKAETHCSA JIETKA OMAICCICHINIS Tad HE3HAYHWW O0cajn. HeOcBiTieHi cOKu
MOXYTh OyTH MPO30puMHU 800 HENMpPO30pUMHU, AOMYCKAETHCS HAIBHICTH Ocany. COku 3
MSKOTTIO TIOBUHHI MAaTH OJHOPiAHY KOHCHCTEHIIIIO 3 PIBHOMIPHO pO3MOJIJICHOIO Ta
n0/Ipi6IeHOI0 MSKITTIO, TOMYCKAETHCS HE3HAUHE PO3IIapyBAHHS.

Cmak (GpyKTOBHX COKIB — KHCJIO-COJIOAKUM; OBOUYE-(HPYKTOBUX TA OBOYEBUX —
COJIOJIKO-KUCUN; MOPKBSHOTO — cOnOakui. I[li mOkasHuku mNOBUMHHI OyTH A00pe
BUPAXKEHHI, BIACTUBI BUKOPUCTAHUM BHJAM CUPOBHHH MICHs TEpMIYHOI 0OpOOku. He
TOMYCKAETHCS B HATYPATLHUX COKAX CTOPOHHIN MPUCMAK Ta 3arax.

Konip coky 3anexutrb Bin BULy (pyKTIB Ta iX TemioBoi o0poOku. Jlis
3a0apBJICHUX COKIB — B1J1 4YepBOHOr0 /0 TeMHO - O0pAOBOrO; s
s10JTydHOT0 1 BUHOTPAIHOTO — BiJl OpaHXKEeBOr0 0 CBITIO-KOpU4YHEBOrO [14-16].

PesynbraTi HOCTIIKEHb CEHCOPHOI OIIIHKK TMOKa3ajly HACTYIHI JaHi, sSKi OyJu
3aHeceHi y Taou. 1.

CeHcopHa OIliHKA, MPOBEJEHA 3a JOMOMOIrOI0 BIIYYTTIB JIIOAUHU — HAWOLIBII
CTApHil 1 MOIUPEHHH CTIOCIO BUSHAYEHHS SIKOCTI XapYOBUX MPOIYKTIB.

VY npoaykTax Xxap4uyBaHHS BU3HAUYCHHIO KUCIIOTHOCTI IPHUIUISAETHCS BEJIMKA yBara
TOMY, III0 KHCJIOTHICTh 3yMOBJIIOE€ HE TUIBKH CMAaKOBI BJIACTUBOCTI JIOCIIIKYBaHOI'O
MPOAYKTY, ajie 1 € IOKa3HMKOM HOro CBIXKOCTI 1 J00posikicHOCTi. KuCIOTHICTB
3QICKUTH BIJ BiJ PEHENTYpU 1 TEXHOJOTIYHOTO PEXUMY BHUTOTOBJICHHS, TPHUPOIH
CUPOBHHH, 3 SIKOT TOTYETHCS TOW YW IHIIUNA TIPOJYKT, & TAKOXK CIOCOOIB 1 TEPMIHIB
30epiranHs. KucinoTHicTh NpoAyKTy B mpoleci ioro 30epiraHHsi 3MIHIOEThCS. BoHa
30UIBIIY€ETHCS 400 3MEHILYETHCS, 1110 YACTO BILJIUBAE HA HOTO SIKICTh.

3aranpHa KMCJIOTHICTh Ha3UBAETHCS II¢ TUTPOBAHOIO. TUTPOBAHOI KHUCIOTHICTIO
HA3WBAIOTh KUIBKICTh BUTBHUX OPTraHIYHUX KHUCJIOT 1 iXHIX COJIEH, 10 BMINIYIOTHCS B
JOCITIIKYBAaHOMY MPOAYKTI. TUTpOBaHA KUCIOTHICThH JOPIBHIOE KOHIICHTPAIlIl KUCIOTH
y BIICOTKax.

AxTuBHA KUCIOTHICTH (pH) — 3a1€XuUTh BiJl KOHIIEHTpAIi 10HIB BoaHIO. Kucnmii
CMaK Xap4yoBUX IMPOAYKTIB 3HAYHOK MIPOIO 3aJekKUTh BIJ CTYNEHS IuUcOLiarlii
KHCJIOTH, TOOTO BiJ aKTUBHOI KHCJIOTHOCTI.
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Tabnuys 1

PCBYJIBTaTI/I I[OCJ'IiI[)KCHHSI OPraHOJICIITUIHUX ITOKa3HHKIB

Ne|  Ha3ssa coky Cwmak Ta 3amax 30BHINIHIH Komnip
BUTJIST T
KOHCHCTEHITIS
1 | A6nyunnii cik, | CMmak cOnoOAKui, 3 OpnopinHa JKosTwii kOmip
TOPTrOBOi MapKH MIOMIPHUM Maca 0e3
«Hamr cix» S0TydIHUM apOMATOM M’SIKOTI
0e3 CTOpOHHIX
3araxis
2 | Bunorpamamii | Cmak HATYypaITbHHUIA, OpnHopigHa 2KoBtuii komip 3
CIK COJIOI KU, Maca 0e3 KOPUYHEBUM
TOProBOi MapKH BJIACTUBHI M’SIKOT1 BIITIHKOM
«Sandora» BUHOTPATHOMY
COKY, 3 SICKpaBO
BUPAXKECHUM
3armaxoM BUHOTPATy
3 | AnenbCHHOBHIA Cmak Henpo3opa Komip
CIK aneabLCUHOBUI, 0€3 piauHa, CBITJIO-
TOPTOBOI MAPKH CTOPOHHBOTO HasIBHICTh OpaHXEeBHI
«Jaffa» MPUCMAKY 1 3amaxy. | M SKOTI IJIO/IiB
Jlonyctuma
MPUPOIHA T1PKOTA
4 | AnanacoBuii cik XapakTepHui [Ipo3zopa, bnigo-xoBTHi
TOProBOi MAPKH | AHAHACOBUM CMAK | OJHOpIIHAMACA KOJIp
«Jaffa» 0e3 TipKoTH Ta 6e3 M’SIKOTI
THIIIMX CTOPOHHIX
3araxiB
5 | Abnyunuit cik, | Coyoakuil cMax, [Ipo3opa, JKosTuit k0mip
TOProBOi MAPKH | SOJyYHHUI apoMaT | OJHOpiAHAMACA
«Camouox» 0e3 CTOpOHHIX 0e3 M’IKOT1
3anaxis

[Ipu BU3HAuYEHHI THUTPOBAHOI KHUCJIOTHOCTI Yy COKax BiIOWpald aliKBOTY

JOCITIIKYBAaHOTO PO3YMHY, TEPEHOCWIN B MIpHY Koia0y Ha 250,0 Mia 1 moBOAMIH
JTMCTUIILOBAHOO BOJIOIO /10 MITKH. PeTenpHO mepemintyBaiu BMICT KOJIOW 1 BIIOUpPaIH
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10,0 M1 OTpUMaHOTO PO3YMHY B KOHIUHY KOJIOY /Ui TUTpyBaHHs. JlogaBanu 2-3 kparuii
KHCIIOTHO-OCHOBHOTO 1HAUKAaTOpy denondraneiny i1 tutpyBamu 0,1 M pozunHOM
HATPIM TIAPOKCUIY 10 OTPUMAHHS CTIMKOTO MajJMHOBOrO 3abapBieHHS. TUTpyBaHHSA
IPOBOIMIIN TPUYi I OTPUMAaHHS JOCTOBIPHHX pe3yibTatis [15, 19].

[Ipu BU3HAYCHHI aKTUBHOI KUCIOTHOCTI Y COKaX TOYHICTh PE3yJIbTaTy 3aJICKUTH Bl
cTany enekTpoxiB. Ilepen mpOBeneHHSIM AOCHINY €NEKTPOAU PETENbHO MPOMHUBAIU
TUCTUIHOBAHOI BOmO0. KamOpoBky #WOHOMIpY TNpOBOAMIIA, BUKOPHUCTOBYIOUH
cranaapTHi OydepHi po3uunu 3 pH=1,68 pH=6,86 pH=12,43.

VY yapynky emuicTio 50,0 M1 HAUTMBAIM TAKY KUJIBKICTh AOCTIIHKYBAaHOTO pO3YUHY,
n06 3abe3neunTH 3aHYPEHHS  EJICKTPOJIB. Jns  aHamizy  BUKOPUCTOBYBAIH
inaukaropuuii cxisaui enektpon EC-10607/4 ta enexTpOa MOPIBHSAHHS apreHTyM
xJopugHuil. EnekTpoau omyckanyn y 4apyHKy, Micisi BCTAHOBJICHHS PIBHOBATH 3HIMAIIH
nokasu npunany [15, 19]. Pesynbratu excrnepuMeHTaIbHUX JOCIHIPKEHb 3BEJICHI B

Tabmui 2.
Tabnuys 2
[Toka3HuKU AKOCTI PPYKTOBUX COKIB
Hazga 3arajipHa 3arajpHa AKTHBHA AKTHBHA
COKY KHC- KHC- KHC- KHCJIOTHICTD,
JOTHICTh | JIOTHICTb, % | JIOTHICTh pH
% (Ba ACTY pH Ba ACTY
4150:2003) 4150:2003)
SA6myunuii Cik,
TOProBO1 MapKHu 0,57 4.86
«Harmr cik»
Bunorpannuii cik
TOPTOBOI MapKu 0,45 4,05
«Sandora»
AneasCUHOBUM pH=3,8-5,0
CIK 0,31 0,6-1,5% 3,80
TOProBO1 MapKu
«Jaffay
AHaHaCcOBHH CIK
TOPTrOBO1 MapKH 0,36 3,87
«Jaffay
SA6nyunuit CiK,
TOProBOI MapKu 0,42 4,57
«Cago4ox»
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[3 maHux TaOGIMIN BUAHO, IO AKTHBHA KHUCJIOTHICTH JIGKUTH B MEXKaX HOPMHU
srimHo ACTY 4150:2003. A 3arajbHa KHCIOTHICTh Y BCIX ()PYKTOBHX COKaX 3aHUKEHA
3a HopmaTtuBHMMHU mnokazHukamu JICTY 4150:2003. I[le roBopuTh nOpo Te€, IO
BUPOOHUKHM JIJI1 30OUIBIICHHS TEPMIHY IIPUIATHOCTI COKIB BHUKOPHUCTOBYIOTh
KoHCcepBaHTH. Lle numMoHHa, ackOpOIHOBA KUCIIOTH Ta 1HII OpraHi4HI KHCIOTH.

[IpoBeeHO KOMIUIEKCOHOMETPUYHE BU3HAYCHHS KaJBIII0 Y GPYKTOBUX COKaXx.
Jlnst mocnipkenns Bigobupanu 10,0 M1 COKy B KOHIYHY KOJIOY Ha TUTPYBaHHS, 101aBaTH
JIEKiJIbKa KPUCTAIMKIB METAJIOXPOMHOIO 1HIWKaTopa Mypekcuay 1 tutpyBaiau 0,01 M
po3unHOM TpuioHy b. TuUTpyBaHHS TPOBOAWIM TpHUUl JIJIi OTPUMAHHS JOCTOBIPHUX
pe3ynbTatis [18].

PesynbraTy BU3HAUYEeHb MOJaH1 A0 TaOIMIl 3 Ta y BUTJISI AiarpaMu Ha puc. 1.

Tabnuys 3
Pe3ynpTaTi BU3HAUYEHb KaJIbI1I0 Y PPYKTOBUX COKAX

HasBa coky Bwmict kanbiito, mr/100 r

A6nydnwmii Cik,
TOPTOBOI MAPKHU 70,30
«Harm cik»

Bunorpannuii cik
TOPrOBOi MapKu 51,69
«Sandora»
ArnenbCUHOBUH CIK
TOPTOBOi MApKHU 46,35
«Jaffax
AHaHacoBuii Cik
TOProBO1 MAPKH 32,45
«Jaffa»
Abnyunuit  Cik,
TOproBoi Mapku «Camodox» 30,84

3riIHO JiTepaTypHUX [JaHUX BMICT KaJbIil0O B COKax CKJIaaae Big 5 MI B
MEePCUKOBOMY COKY 10 40 Mr 4YopHOIUIIIHOT ropoOuHH. BBakaerhcsi 30aradueHuit
KJIBITIEM aIleJIbCHHOBUH CIK. ICTOTHHM KepesioM KaIbIlIF0 COKHM BBXKATH HE MOJKHA.
Jlo GpyKTiB 3 BUCOKMM BMICTOM KAJIBIIIO HAJEKaTh: MAHIAPWHH, ANEIbCHUHH, KiBl,
IIOBKOBHMIIS, OkuHA. JI000BA HOpMA aist BiSkabiito cranoButh 1300 mr [17-18, 20].
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Puc. 1. /liarpama BU3HauY€Hb KAJIBINIO Y PPYKTOBUX COKaX.

3a pesynbTaTamMu JIOCHTIKCHb BHSBJICHO, IO HAWMOUTBIIUN BMICT KaJbIIIO
MICTUTBCS Y S0Iy9HOMY COKY ToproBoi mapku “Hamr cik” — 70,30 mr/100r mpoaykTy.
A HaliMCHBIIUI BMICT — aHaHAacOBOMY coky “Jaffa” i siomy4unomy coky “Camodok” —
32,451 30,84 mr/100 T coky BIMTOBITHO.

BUCHOBKHM

[IpoBeneHO OpraHONenTUYHY OIHKY SIKOCTI (PYKTOBUX COKIB PI3HUX
BUPOOHUKIB, & caMe€ - CMak, 3amax, 30BHINIHIA BUTJISA, KOHCUCTEHI[IO Ta KOJIIp.
Busnauena 3arayiibHa TA AKTUBHA KHUCIOTHICTH (PPYKTOBHX COKIB. I3 OTpumaHux
JT@HUX CIiye, MO0 3arajibHa KUCIOTHICTh y BCIX (PPYKTOBHX COKAX 3aHUKEHA 3a
HOpMmartuBHuMu noka3zHukamu JICTY 4150:2003. Ile roBOputh npO Te, IO
BUPOOHUKHU AJis 30UTbIIEHHSI TepMiHY 30€piraHHs COKiB BUKOPHUCTOBYIOTH B SIKOCTI
KOHCEpBAHTA OpraHivyHi KHUCJIOTH. AKTUBHA KUCIOTHICTH JICKHTh B MEXKAX HOPMH
srinH0 JICTY 4150:2003. IIpoBeaeHO TUTPUMETPUYHE BU3HAYEHHS KaJbIIO Yy
(pYKTOBHUX COKax. 3a pe3ysibTaTaMu JIOCTIKEHb BUSBIICHO, 110 HAWOUIBIINNA BMICT
KaJIBI[1}0 MICTUTBHCS Yy SI0OTy4YHOMY COKY ToproBoi mapku “Hamr cik” — 70,30 mr/100r
NpONyKTy. A HaiiMeHbINWII BMICT — aHaHacoBoMy coky “Jaffa” i sOiyuHomMy coky
“Camouok” — 32,451 30,84 mr/100 T coky BiAMOBITHO.
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CHAPTER 12
BUKOPUCTAHHS ®I3UYHOI'O ABUIITA
«COHOJIIOMIHECHEHIIS» B AHAJITAUYHIA XIMII

FOpuenxo O.1., Yepnoorcyk T.B., baxnanos O.M.
XapkiBChbKUM HallioHANBHUN yHIBepcuTeT iMeH1 B.H. Kapasina

@Di3u4HEe SBUIIE «COHOJIIOMIHECIHEHINS» — 1€ CBITIHHS PIAMHU MIA €0
ynbTpa3Byky [l, 2]. ConomomiHecueHuis Ta i1 yJabTpa3BykKy (Y3) MmHpoko
BUKOPHUCTOBYIOThCS B aHAMTHYHIN Ximil [1-5]. COHOMIOMIHECICHIIIS B aHATITUYHIN
XiMii 3aCTOCOBYETBHCSI B SIKOCTI JiKEpesia aHaJITUYHOTO CUTHAly B HOBOMY METO/II
aHaII3y «COHOJIFOMIHECIIEHTHA CIHEKTPOCKOMis», a TaKoX TMpH JOCTIIKECHHI
MEXaH13MiB 3BYKOXIMIYHUX PEaKIlii, 10 BUKOPUCTOBYIOTHCA B aHAMITHYHINA XiMiT [2-
5].

HaiiGinpm1  MIMPOKOro pO3MOBCIOKEHHA HAOyJlo 3acTtocyBaHHS Y3 i
1HTeHcupikauii mpoOoniaAroToBKH [1].

[Ipn 1pomy, Y3 BUKOPUCTOBYEThCA IJIsl 1HTEHCU(IKaAlli HACTYNHUX CTaaid
aHAIITUYHOTO TPOIIECY: PO3YMHEHHS, PYHHYBaHHS PO3YMHHHUX OPTaHIYHHUX CIIOMYK,
KOHIIGHTPYBaHHSI CIIBOCA/DKCHHSM, COPOIIEI0, EKCTPakKIili€ro, MOKpPOi Ta CyXoi
MiHepaii3ailii XapuoBUX MPOAYKTIB, a TaKOXX NpPH BHU3HA4YeHHI (OpM ICHYBaHHS
eneMeHTiB [6-15].

Cepen poOiT, TPUCBIYEHUX 3aCTOCyBaHHIO Y3 s 1HTeHCUQIKaIli
npoOOMIArOTOBKH, Ha Hally JIyMKY, CIiJ BHAUIMTA POOOTH, TMOB’A3aHI 3
IHTeHCU(DIKAIlE0  CyXOi  MiHepamizalli, $fKa NOPAKTUYHO HE  MiAJAEThCA
iHTeHcudikanii. I[lpu yomy, VY3 BUKOpUCTOBYBaBCS HJisi CTBOPEHHS e(eKTy
CKUTUITYOTO MIapy» B IMIIIHIAPUYHOMY PEAKTOpi, 3aBISIKA YOMY, KOKHA YacTKa
MpoOu BCTyIaja y B3aEMOJIIIO 3 TIOCTIMHO OHOBJICHUMH TMOPIIISIMUA OKHCHHUKA B (hOpMi
nap, 110 JO3BOJIKIIO TBUIIUTH €KCIPECHICTH Tpoliecy y 8-12 pa3iB y mOpiBHSIHHI 3
KJIACUYHUM BapiaHTOM cyxoi MiHepamizamii [16, 17]. Takox, 0e3ymMOBHO, CIiJ
BUJIJIUTH  pOOOTH, TPHUCBIYEHI 3aCTOCyBaHHIO Y3  mius  iHTeHcudikaiii
MpoOOMIATOTOBKH 3 HOBUM MPUMOMOM — OJHOYACHA JIisl YJIBTPA3BYKY JBOX YACTOT —
Bucokoi (1-15 MI'm) ta Hu3bkoi (18-100 kI'm). Ilpum mpomy, 3aBAsSKM 3MiHAM Y
KaBITAI[IHHUX TpoOIecax, BiOyBaeThCsa 30UIBIIEHHS KUIBKOCTI MaluX KaBiTaI[liHUX
MyXUPIIB, IPU CXJIOMyBaHHI caMe SIKUX 1HTEHCH(IKYIOTHCS MPOLECH pyHHYBaHHS
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PO3YMHHMX OPTaHIYHHUX CIOJYK, MIHEpasli3allii, 3MIHM CKJaJy PO3YHHIB Ta iH. [1, 2,
14].

Po6iT, nmpucBsSYeHNX 3aCTOCYBaHHIO (PI3UYHOTO SBHINA «COHOJIFOMIHECIICHITII»
B aHAJITUYHIN XiMil — B COTHI pa3iB MeHIIE. SIKIIO JOCTIIKEHHS 3 BUKOPUCTAaHHS Y3
JUIs IHTeHCU(IKaIi MpoOOIMArOTOBKH MPOBOAATHECA B TiM YW 1HININ Mipi B 3HAYHIM
KUIBKOCTI HayKOBO-IoCHiAHUX ycTaHoB Ta 3BO Vkpainu 1 CBiTy, TO JOCTIKEHHS 3
COHOJIFOMIHECIICHTHOI ~CHEKTPOCKOIMIl, Cyasud 3 TMyOJliKaiii, IpOBOASATHECS B
XapkiBCcbKOMY HallioHaabHOMY YHiBepcuTeTi imeHi B.H. Kapasina, yHiBepcureri
CopbOoHna, IlekiHCbKOMY MEIMYHOMY IHCTUTYTI Ta J{HIIPOBCHKOMY HalllOHAJIbHOMY
yHiBepcuteTl iMeH1 Onecst ['onuapa [1, 4, 5, 12, 18]. Lle, iMOBipHO, OB’ S3aHO SIK 31
CKJIaJIHICTIO amapaTypHOro oQOpMJEHHS, TaK 1 3 HEJOCTaTHbOIO OO0I3HAHICTIO
HayKOBOi CIIIJIBHOTH, IIOJ0 BaXKJIMBOCTI COHOJIFOMIHECIICHIIIT JJIS aHAJITHYHOI XiMii
[1, 4, 12].

3anporoHoBaHa pPOOOTa MPUCBSYEHA BUKOPUCTAHHIO (DI3UYHOTO SIBUIIA
«COHOJIIOMIHECIICHITIS» B  aHAMTHYHIA XiMii, HOBOMY METOAYy aHajizy —
COHOJIIOMIHECIIEHTHA CIEKTPOCKOIIisl, MOro rmepeBaraM Ta HEAOoJIKaM Nepejl IHIIUMU
(GI3UMYHUMH METOJIaMU aHaJI3y i MepCIeKTUBAM MOAAIBIIOTO PO3BUTKY.

1. KOPOTKI BIIOMOCTI ILIOI0 SIBULLA «COHOJIFOMIHECLIEHLIIST» TA
OO BUKOPUCTAHHS B AHAJIITUYHIN XIMIi

CnaOxe CBIYEHHS B PIAMHI — COHOJIFOMIHECIICHIIIS, SIKa BUHUKAE TIpH 111 Y3 Ha
po3unHu, Bigomo 3 30-x pokiB Munyjnoro cropiuus [1]. CoHomromiHecueHIlis
BUHUKAE B PIAMHI 32 HAsSBHOCTI KaBiTallii [2]. 3a cyyacCHUMU ySIBJICHHSIMHU, B OCHOBI
COHOJIFOMIHECIIEHIIIT JIEKUTh CUJIbHE HarpiBaHHS Mapora3oBoi cymili B OynbOariii
KaBiTalli B MpoIleci HOro CXJIOMyBaHHs, IPU IbOMY TEMIIEpaTypa B OKPEMHUX TOUKAX
B cepenuHi OymnpOamku kaitarii mocsrae 10000 °C, a cepenHs Temmeparypa —
2700 °C [19]. CriekTp COHONIOMIHECIICHIIIT CKIAa€ThCs 3 HACTYMMTHUX KOMIIOHEHTIB:
cMyru, 06ymoBieHoi BunpominroBanusaM HoO'™— H,O + hv (270-280uM) {ocHoBHUiA
KOHTUHYYM COHOJIIOMIHECIIEHIIi}; CMyIH, BUKIMKAHOi BMOpOMiHIoBaHHaM OH —
OH - + hv (300-310 uwm); miHIiH JyKHHX 1 JYXHO3EMEIbHHX METaliB Ta
XEMUTIOMIHECIICHIIIT BIMOBIJHUX OPraHIYHUX PEYOBUH (SKIIO Taki € B PO3YUHI) 3
paavKaIbHUMU TMPOAYKTaMH po3mieruioBanHs Boau [2]. COHOMIOMIHECHCHINS —
OCHOBHHI METO/I, III0 BUKOPUCTOBYETHCA B 3BYKO- Ta (DI3UUHIN XiMil NIPU BUBYCHHI
E€HEPreTUKH Ta MEXaHi3MIB 3ByKOXiMiuHUX peakiii [20, 21]. [{e moB’s13aH0 3 TUM, TII0

B TOpIBHAHHI 3 IHIIMMH XIMIYHUMH 1 (PI3UKO-XIMIYHUMHUIIPOLECAMH, SIKi
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CYyNpOBO/DKYIOTh  KaBiTallllo  (XIMI4HI  peakiii, 3BYKOBI XBWJII Ta 1H.),
COHOJIIOMIHECIICHIIISI OIbII TMPUEMHA, OCKUIBKM € Oe3lHepIiiHoI0 Ta id il
peecTpaiii He TOTpiOHE BTpy4daHHS B moje Kasitamii [22, 23]. Haykomerpuuni
JOCTIKEHHs, IpoBeZieHl MaprymicoM 3 cmiBasT. [2, 22], JIyi Banowm 3 cmiBasrt. [3,
18] mokazamu, mo Ha TenepimHid Yac € Omu3pko 300 poOIT MO BHUBYCHHIO
COHOJIFOMIHECIIeHIlli. B OCHOBHOMY, BOHM MNPUCBAYEHI BHUBUCHHIO (DI3UYHOI CYTI
COHOJIFOMIHECIIEHIIIT a00 MOXJIMBOCTI i1 BHUKOpHCTaHHA Yy (i3uuHIM Ximii Ta
3ByKOXiMii. [IpudomMy, KUIBKICTH pOOIT, SKI MOXYTh OyTHM BHUKOPHUCTAaHI Ha eTari
BUBYEHHS MOKJIMBOCTEH 3aCTOCYBaHHS COHOJIFOMIHECIICHIIT B aHAJITUYHIM XiMIi HE
nepesuirye 50 [1]. Huxde Mu nmpoananizyeMo HalO1IbII BaXKJIMB1 3 HUX.

Ha mnouaTtkoBoMy eTarmi BHUBUYCHHS COHOJIIOMIHECIEHII, Yy 3B SI3KYy 3
BUKOPUCTAHHAM JJisi ii peecTpanii ¢ororpadyBanHs Ha (OTOIIACTUHIN, BIATOCS
3apeecTpyBaTH JIMILIE OCHOBHUN KOHTHHYYM coHosoMiHecteHuii [4]. Tednop 1
JlkapmMeHn 3 cmiBaBT. [24], BHKOpPUCTaBIIM amaparypy, IO CKiajgajgacs 3
MOHOXpOMaTopy, GOTOMOMHOXKYBa4a Ta MIUPOKOCMYTOBOTO MiACHIIIOBaYa, BUILTUIH
CIIEKTPU COHOJIOMIHECIEHIIIT JIYKHUX 1 JIy>)KHO3eMeJIbHUX MeTamiB. Cerai 3 CIiBaBT.
[25] BcTaHOBUIIM ICHYBaHHS TyOJIE€TIB CIIEKTPAIBHUX JIHINA HATPIIO Ta Kajito, a TAKOXK
MPUYMHY 3HUKHEHHS B aTMoc(epi a30Ty, JiHIA JyKHUX METajiB, 110 MOB’s3aHE 31
B32€EMOJIIEI0 JTYKHUX METaJiB 3 a30TOM MPU BUCOKOMY THUCKY. Mapryiic 3 CIiBaBT.
[26], He3amexHO Big HBOro bapbep 3 cmiBaBT. [27] BCTAHOBWIJIM, IO OCHOBHA
MpUYMHA BUHUKHEHHS CIIEKTPIB COHOJIOMIHECIEHINT JY>KHUX 1 JIy’)KHO3EMEIbHUX
METaJiB MOJsITaE B CWIBHOMY HarpiBi 00J1acTi, MpUJIeriiol A0 OynbOaniku KapiTaiiii,
[0 CIIPUYMHSE BUTIAPOBYBAHHS COJICH MeTajiB, iX po3Maj Ha aTOMH 3 TOJIAJIBIIO0
MOsIBOI0 30Y/KEHUX aTOMIB.BUKOpHCTaHHS X COHOJIOMIHECIEHIIT B aHATITHYHIN
XiMii, 3rAHO 3 aHAJNI30M JaHUX JITEpaTypHu, AY>Ke OOMEKEHE uepe3 BIJICYTHICTb
HeoOXxiaHuXx gocaipkedsb [1, 4]. Komarcy M. 3 cmiBaBT. [28] BHKOPUCTOBYBaJIH
COHOJIFOMIHECIICHIIIIO ISl TOCWJIEHHA XemumoMmiHecueHuii. Jliy Banom 3 cmiBaBr.
(He3aneXHO BiJl aBTOPIB AaHOi poOoTH) [3, 18] MPOBOAATHCS JOCIIIKEHHS CIIEKTPIB
COHOJIIOMIHECTICHITIT JTy’)KHHX eJIieMeHTIB. [lokazaHO MOXKIIMBICTH SKICHOTO aHAII3y
O10JIOTIYHUX PIAWH JJISI J1aTHOCTYBaHHS OHKOJIOTIYHUX 3aXBOPIOBaHb, 3pO0JICHO
MPUITYIIEHHS 1010 MOJIMBOCTI Ta JOUUIBHOCTI BUKOPUCTAHHSI COHOJIOMIHECIICHITIT
JUISl KIJTBKICHOTO aHajizy 00’€KTIB HABKOJIMIIIHBOTO CEPEIOBHINA HAa BMICT METAJIB.
ABtopamu  poOiT  [29-31] BCTaHOBIEHO  OCHOBHI  (DI3UYHI  MapaMeTpu
COHOJIIOMIHECHeHIIIT — (opMa IMIYJIbCY COHOJIFOMIHECLEHLi, TPUBAIICTh CHalaxy
COHOJIIOMIHECIICHITI1, EHEPTeTUYHUIN BUX1]] COHOIIOMIHECIICHIT1, HOTO 3aJIe’KHICTh BiJl
iaTencuBHOCTI Y3, KK/] coHOMOMIHECTIEHTIIT Ta 1OTO 3B 30K 3MMapaMmerpamu Y 3.
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ABTopamu 1Ky pooOit [1, 4, 32-36] Bnepine Oyiau MpOBEACHI CHCTEeMaTHYHI
JOCTIIKEHHSI COHOJIOMIHECIHEHINT AK JpKepesa aHATITUYHOIO CUTHAIIY — eMICIHHUX
crekTpiB eneMeHTiB. [lokazano [4], 0 CHEKTPU COHOJMIOMIHECUEHIIT MOXYTh OyTH
3apeeCTPOBaHi JIJIsl €JIEMEHTIB, SIKi B METaJIEBOMY CTaH1 MalOTh TeMIEpaTypu KUTIHHS
< 2700 °C # eneprito ioHizamii < 7,65 eB. Bussnenwnii [4, 36] edeKT miaBUIICHHS
IHTCHCHUBHOCTI COHOJIFOMIHECIICHIIi Ta YYTJIMBOCTI BH3HAYCHHS €JEMCHTIB B
COHOJIFOMIHECIIEHTHIN criekTpockomii (B 5-10 pa3iB) npu BUKOPUCTaHHI OJHOYACHOT
nii Y3 BUCOKOI Ta HU3bKOI YacTOT MOPIBHSIHO 3 BUKOPUCTAHHSM Y3 TUIBKU HU3bKUX
4acTOT. P03p00JIeHO TeOpETHYHI OCHOBH HOBOT'O CIIEKTPOCKOMIYHOTO METOY aHaTI3y
— COHOMIOMIHeCcYeHmHa cnekmpockonis. MeTo 103BOJIsi€ TPOBOJIUTHU MPSIMUNA aHAI3
COJICH €JIEeMEHTIB 1 MPUPOJHUX PO3COJIB B Jiana3oHi KoHIeHTpamik Big 5-10 r/in no
HACHUYEHOI, MIPU 1IbOMY MPUCYTHICTh B po3unHi A0 50 T/71 coyiel 1HIIUX eJIEMEHTIB, a
TaKOX HAsBHICTh B MPUPOJHUX PO3COJaX 3HAYHOI KUIBKOCTI OpraHIYHUX PEYOBHH,
BU3HAYCHHIO METaJIiB [IUM METOJOM He 3aBaxkae [4, 37].

ABTtOpH poOiT [4, 34] BUKOPUCTOBYBAJIM COHOJIOMIHECIIEHTHY CIIEKTPOCKOITIIO
JUTST BW3HAYCHHS OCHOBHOI PEYOBMHU B TaJIypridyHMX po3cojaxX 1 pO3uMHaX
TEIJIOHOCITB, 10 BHUKOPHUCTOBYIOTHCS HAa aTOMHHX €JICKTpocTaHIlisax. [lpu mpomy
OyJi0 MOKa3aHo, IO KOJEH 3 ICHYIYHMX 3apa3 METO/AIB HE JI03BOJISIE BUKOHYBATH
EKCTIPECHUH aHali3 [MuX 00’ EKTIB.

VY pob6ori [38] Oyno Brepie B aHATITUYHIN XIMii BUKOPUCTAHO €(EeKT raciHHs
COHOJIIOMIHECIICHITIT Ha MPUKJIAJIl BUBHAUYCHHS CIUPTIB Y BOAHO-CIUPTOBUX CyMiIIax
Ha OCHOBI 3HAWJICHOI KOpeJAIii MK CTyleHEeM TaciHHS COHOJIFOMIHECIEHIII Ta
KOHLIGHTPAII€}0 CHUPTIB, @ TAKOXK MOro 3aJeXHOCTI BlJ MOJSIpHMX Mac 1 OyJOBH
criupTiB. [lokazaHo, M0 HOBHMIM METOJI aHAJi3y JO03BOJISIE 3 BUCOKOI EKCIPECHICTIO
BU3HAYaTH BMICT CHOHUPTIB B pPI3HUX BOJHO-CIUMPTOBHX CyMIlIax, 3a0e3neuye
OTpUMAaHHS  PE3yJlbTaTiB 3 METPOJIOTIYHMMH  XapaKTePUCTUKAMH, 110 HE
MOCTYNAIOTHCS METOTy Ia30Boi XxpomaTorpadii.

B po6oTi [39] Oyno mokaszaHo, 0 COHOTIOMIHECIICHTHA CIIEKTPOCKOITISI MOXKE
OyTH BUKOpHCTaHAa JIsl BU3HAYCHHS CEPEHIX 1 BUCOKUX KOHIIEHTpalii (Bix 5-10 r/n
70 HACUYEHOT) €JIEMEHTIB, AKI B METaJeBOMY CTaHl MalOTh €HEprito 10H13amii < 7,65
eB 1 Temneparypy kuminas < 2700 °C y BoaHux po3unHax. [Ipu BU3HaAUeHHI BMICTY
BUCOKMX  KOHIIGHTpAlli eJIEeMEHTIB Kpalll METPOJIOTIYHI  XapaKTEepPUCTUKH
pe3yJbTaTiB BU3HAUCHHS Jla€ BUKOPUCTAHHS JUIS 1HIIai3alii COHOJIIOMIHECIICHIIIT
YIbTPa3ByKy BUCOKUX 4acTOT 1-2 MI'L.

Jlnst iHiMitoBaHHS €(PEKTy COHOIFOMIHECIICHINT B METO1 COHOJIIOMIHECIICHTHOI
CneKTpockomii B po6oTi [39] BUBYAIOCS 3aCTOCYBAHHS OJHOYACHOI Jii Y3 BHCOKHX
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(2-5 MI'n) ta V3 Hu3bkux (18-22 xI'm) ywactot. [TokasaHo, 10 3aCTOCYBaHHS MJIs
1HIIIami3arii COHOMOMIHECIIEHITlT ogHOoYacHOT Aii Y3 BHCOKHMX Ta HU3BKHX YacTOT
n03BoJisie B 5-10 pa3iB 301IbIIMTYA BEIUYUHY aHATITUYHOTO CUTHAY JUIS KaJbIlIO Ta
MarHito ¥ BU3HAYATH iX BMICT 3 HEOOXiJHUMHU METPOJOTIYHUMHU XapaKTEPUCTHKAMU
UIsi TOTped COJNbOBOI MPOMHUCTOBOCTI. Po3po0jeHO HHU3KY HOBHX METOJUK
BU3HAYECHHS OCHOBHOI PEYOBMHM B pO3uMHAx oxojomkyrouux piguH «LiCl» (400
/i), «CsCl-1» (400 /), «CsCl-2» (600 r/i).

TakuM YMHOM, METOJ| aHAJI3Y «COHOMOMIHECYEHMHA CHEeKMPOCKONIA» €
HOBUM TIEPCIICKTHBHUM METOJOM IS BHU3HAYCHHS BHUCOKHX KOHIICHTpAIlIX
€JIEMEHTIB, B JAaHUM Yac BIH 3aCTOCOBYETbCS B coOIsiHIN mpomucioBocti CHJI as
EKCIIPECHOT0 aHalli3y po3coyiB Ha BMICT oOcHOBHOI pedyoBuHu (NaCl) Ta
Makpoaomimmok MetaniB (Ca 1 Mg), B siiepHiil eHepreTulll — Jyisi BU3HAYEHHST BMICTY
B TerioHocisax Li ta Cs.

2. BUSHAUYEHHS ITOTJIMHEHOI AKYCTHWYHOI EHEPT'II B POSUMHAX
KYXOHHOI COJII TA XJIOPUJY HATPIIO

HaliBa)XTMBIIIMM aCIEKTOM BUKOPUCTAaHHA Y3 B IHTEHCU(]IKalli aHATITHYHOTO
MPOIIECY € MOXKJIMBICTh MPOTHO3YBaHHS MOro iHTeHcUpikyrouoi aii [1]. ¥V 3B’s3ky 3
YUM, HEOOX1THO 3HATH BEJIMYMHY 3BYKOXIMIYHO aKTMBHOI aKyCTHYHOI €Heprii, ToOTO
BEJTMYMHY MOTIMHEHOI aHaII30BaHUM po3dnHOM akyctuuHoi eHeprii (ITAE) [4].

3acTocyBaHHSI po3paxyHKoBoro merony s BusHaueHHs [IAE ne 3abe3neuye
OTPUMaHHA  JIOCTOBIPHMX  pE3yJbTariB, OCKUIbKM JIMIIE YacTHHA  eHeprii
BUKOPUCTOBYETHCSI CHCTEMOIO  JUIsl  IHILIAIl 3BYKOXIMIYHMX peakuid [2].
BukopuctanHs K mOpuiIaaiB 3 I’ €30€IEKTPUYHUMU Ta MarHITOCTPUKLIIHHUMHU
YyTIMBUMU eneMeHTamMu aae iHdopmariito npo [TAE nuine B okpemo B3sTiH Toulll i
HE JI03BOJISI€ BU3HAUMTH BETMYMHY €HEPrii, MOTTHHEHOT BCi€o cucteMoro [ 1].

VY nmanuii yac mpUHATO, 0 HANMOUIBII TOYHI1 pe3yabratu BuMiptoBaHHs [TAE
7A€ TIOPIBHSUTBHUHN KaJIOPUMETPUYHUN METOM, OCKUIBKA  aKyCTUYHA EHepris
MPaKTUYHO TIOBHICTIO MEPETBOPIOEThCA Ha Temio [2]. Merox 3acHOBaHUM Ha
MOPIBHSAHHI MIBUAKOCTI MiANAOMY TEMIIEpaTypH MiJi BIUIMBOM YJIbTPA3BYKOBOTO MOJIS
Ta €JEKTPUYHOIO HarpiBadya, BBIMKHEHOIO Ha TaKHil K€ MPOMIKOK 4acy, IpUuoMy
MOTYXXHICTh €JICKTPUYHOTO HarpiBada MiAOUpaeTbcs Tak, mo0 xin kpusux 7(t)
MPAKTUYHO CITIBIAJaB, TOOTO €JIEKTPUYHA IMOTYXKHICTh, IO MABOJUTHLCS, OEpEThCs 32
€KBIBaJICHT aKycTW4HOi mOoTyXHOCTI [4]. [Ipore BUKOpHCTaHHS ILOTO METOIY
MOB’sI3aHE 3 JCIKUMU EKCIEPUMEHTATbHUMHU TPYOHOLIAMH — 3 HEOOX1IHICTIO
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HAsIBHOCTI B1IMOBIAHOTO OOJIaTHAHHS.

Y 3B’S13Ky 3 UMM, IIMPOKOTO MOUIMPEHHS HAOyB METOJ XIMIYHOi JO3UMETPIi,
AKUA  BUKOPUCTOBYE BIJIMIOBITHE KajgiOpyBaHHA  TIO MOPIBHSITEHOMY
KalopuMeTpudHoMy wmetoay [41]. Sk XiMiuHI JTO3UMETPU BHUKOPHUCTOBYIOTHCS
HACTYMHI ~ TECT-CUCTEMH: BOJHMA  pO3YMH  HOIMAY  Kajilo, HAaCHUYEHUU
YOTUPUXJIOPUCTUM BYIJIEIIEM, PeakKilisl T1IPOOKCUIIOBAHHS COJi (hTaneBOi KUCIOTH,
peaKilisi OKUCHEHHS XJIOPOUTOBOI KUCJIOTH 3 YTBOPEHHSIM XJIOPHUJI-10HIB 1 MEPOKCUIY
BOJIHIO, peakilis okucHeHHs cyiabdary 3amiza (II) [1, 41]. JIBi ocTaHHI CHUCTEMHU €
HaWIMOMIMPEHIILIUMHU.

Hamu Bukopuctano aist BusHaueHHs [IAE conomtoMinecnieniiito. Bigomo, 1o
JUTST BOAW Ta BOJHUX PO3YHMHIB JCIKHX PEUOBHH, 30KpEMa aIleTOHY, JIOMIHOIY,
(dhopmiaTy HaTPIirO 3aJICKHICTH IMTOTOKY COHOJFOMIHECIICHIIIT BiJl IHTEHCUBHOCT1 Y3 Mae
NiHIHHUEA XapakTep MWis iHTeHcuBHOCTEH V3 > 0,8 Br/cMm? [42]. BriMB iHTEHCHBHOCTI
VY3 Ha IHTEHCUBHICTh COHOJIIOMIHECIICHIIIT PO3YMHIB XJIOPUJTY HATPIIO0 HE BUBUYCHUH 1
B JiTeparypi He omnucaHuil. He BuBYamacs TakoX 1 MOXIJIHMBICTh BHU3HAYCHHS
IHTEHCUBHOCTI Y3 MO BUMIPIOBAaHHIO MOTOKY COHOJIOMIHECIIEHIII].

JI71s1 BUBYEHHS BIUIMBY IHTEHCUBHOCTI Y3 Ha MOTIK COHOJIOMIHECLICHIIIT HAMU
PO3p00JIEHO Ta BUKOPUCTAHO J1abOpaTOpHY YCTaHOBKY (puc. 1), BUTOTOBJIEHY Ha 0asi
aToMHO-a0copOiitHoro crnektpomeTpa AAS-3 (HimewyunHa), MmO CKIaga€eThes 3
TEPMOCTAaTOBAHOTO peakTopa — 1, B SKM 1O dYep3l BBOAATHCA  PIi3HI
MarHiTOCTPUKIIIHI BHUMIPOMIHIOBAaYl — 2, MIAKIIOYEHI 10 MOJEPHI30BAaHOTO
yibTpa3BykoBoro nucnepraropa ¥Y3H-1M, mo 103Bojsi€e CTBOPIOBATH B PO3UMHAX,
[0 BUBYAIOTHCS, YJIBTPA3BYKOBI KOJMBaHHsS 4acToToro 18-47 kl'1, 1HTEHCHBHICTIO
Bix 0,05 no 25 Br/cm? [1]. Peakrop BBeleHMI 3aMicTh OJIOKYy TNalbHUKA
CIIEKTPOMETPA, 3a JIOMOMOTOI0 CIICIiaIbHOTO IMITAaTHBA JKOPCTKO MPHUKPITIIICHOTO 0
ctind. e HeoOX1THO 11l BUKIIFOUEHHATEpEe1aul MOXIIMBINA BiOpallii Bi peakTopa 10
criekTpodoTomeTpa.

VY 3B’s3Ky 3 HEOOXIHICTIO BUBUCHHS 3arajlbHOTO MOTOKY COHOJIIOMIHECIICHITIT,
3TiTHO 3 peKoMeHjalisMu pobotu [4], MOHOXpOMATOp 3 ONTHUYHOI CXEMU
cnekTpodoTOMeTpa BUBEACHUM 1 BHUIPOMIHIOBAHHS Tomajiae Oe3mocepeHb0 Ha
(hoTONMOMHOXKYBAY uepe3 BIJAMOBIAHE [WITIHAPOBE BIJIBEICHHS.

ITonoxenuspeakTopa 1010 B1JIBEJICHHS)KOPCTKO I10B’I3aHOTO 3
(hOoTONOMHOXKYBaYEM, FOCTUPYETHCS 3a JOMOMOTOIO BIAMOBITHUX TBUHTIB, HABHUX B
mTaTuBl. KBapieBe BIKHO peakTopa TOETHYETHCS 3 BIKHOM BIJBEIEHHS3a
JIOTIOMOTOI0  CBITJIOHETIPOHUKHOTO KOXYyXa, BHTOTOBJICHOTO 3 MIIJILHOT TKAHWHH.
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CurHaiy COHOJIFOMIHECIICHIIII BHUBOJSATHCS Ha JHUCIIICH crekTpoMmerpa — 3 1 Ha
TUCTUIEH — 4, TIKIIFOYEHOTO JI0 CIIEKTPOMETpa NMePCOHATBLHOTO KOMIIT I0Tepa.

ﬂz
P 3 4

Puc. 1. Cxema nabopamopHoi ycmanosku

1 — TepMocTaTOBaHUN PEAKTOP, 2 — MATHITOCTPUKIIIITHI BUIPOMIHIOBAYI,
3 — creKTpoMeTp, 4 — AucIuieit mepcoHansHoro koM orepa IBM

Po3unHY XJI0pHy HATPilo 3 KoHueHTpanieto Big 50,0 mo 150,0 r/am® BBOAMINB
peakTop, HaCMUyBaJMKUCHEM [2] Ta misim Y3 BuOpaHux mnapamerpiB. BuzHauanu
BEJIMYMHY  TIOTOKY  COHOJIOMiHEcHeHIi.  OCKUIbKM  BEJIMYMHA  TMOTOKY
COHOJIFOMIHECIIEHIIII MPaKTUYHO HE 3ajeKala BiJ 4YacTOTH B Jiana3oHi Y3, 1o
BUBYaBCH, 18-47 k', TO B MOJANBIIMX JOCIiIaX BUKOPHUCTOBYBAIH 9acToTy Y3 — 20
k[ ', 0 peKOMEHy€eThCsl aBTOpaMu poOoTH [4] 1uist KamiOpyBaHHS 3 BUKOPUCTAHHSAM
MOPIBHSJIBHOI KAJIOPUMETPUYHOI YCTaHOBKH. Yepe3 MeBHI MPOMIKKH Yacy B1IOMpaiu
npoOu pPO3YMHY Ta BU3HAYaIM BMICT MEPOKCUAY BOJHIO 3rigHO [41]. Ilpu npomy,
nojauy razy He npunuHsui. CKUJTaHHS HAIMIPHOTO THUCKY 31ACHIOBAIOCS 4Yepes
3ano0ixHuM KiaanaH. [lapanenbHO MPOBOIMIN KOHTPOJIBHI TOCTIAN 32 BU3HAYEHHSIM
[TAE 3 BUKOpHUCTaHHSIM MOPIBHSIBHOI KAJIOPUMETPUIHOI YCTAHOBKH, OnucaHoi B [1].
[ToTy>KHICTh TUTATHHOBHX €JIIEKTPUYHUX MIKPOHArpiBadiB  €KCIEePUMEHTAIHHO
nigdupanu Tak, mo0 Mpu BBIMKHEHI Ha oJuH 1 ToM ke vac (4,1 ¢) mIaTMHOBUX
MIKpOHAarpiBayiB 1 yJabTpa3ByKOBOr0 BUIIPOMiHIOBaya (dyactota 20 kI'm), xiag KpuBUX
T(t) npaktuuno cmiBnagas [1]. Busnauenns ITAE 3pificHroBaam Takox 1 3
BukopuctanusaMm 0,1 M po3uumHy XJIOpOITOBOI KHUCIOTH 3a BMICTOM TEPOKCHUIY
BOAHIO ¥ xyopua-ioHiB [1]. Po3paxoByBamu iHTEHCHMBHICTh Y3 Ta MOPIBHIOBAIH
OTpUMaHI PE3yJIbTaTH BU3HAYCHHS IHTCHCHBHOCTI 3 3HAWJCHUMHU 32 BEIMYHUHOIO
MOTOKY COHOJIFOMIHECLICHII].

3aNeXHICTh TOTOKY COHOJIFOMIHECIEHINT BiJ 1HTEHCHUBHOCTI Y3 y BOAl Ta
pO34YMHaX XJOpUAY HATpiio mpuBeaeHo Ha puc. l. Ilpu intencuBHocTsIX Y3 10 0,9-
1,0 Br/cM? 1s1 3aJ1€XHICTh HOCHTh TapabOIidHUi XapaKTep, a IPU IHTEHCHBHOCTSX
V3 0,9-1,0 Br/cm? 3anexnicTh HOCUTH JiHiMHMN XapakTep. [IpudoMy, oTpuMaHi
pe3ynbTaTi 100pe KOPEToIThCs 3 pe3ysibTaTaMi BU3HAUYEHHS 1HTEHCUBHOCTEH Y3
METOIOM MOPIBHSILHOT KajopuMeTpii [1] (Tabm. 1). [Tpu 36imb11eHH] KOHIIEHTpAITIi
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XJIOPUAY HATPil0 B PO3UMHAX, BEJIMYMHA MOTOKY COHOJIIOMIHECHEHIT 3pocTae (puc.
2). Ane, ockinbku BusHaueHHs [IAE 3 momaneimmM po3paxyHKOM iHTEHCUBHOCTI Y3
IPOBOAWIN TOPIBHSUIBHUM KaJOPUMETPUYHMM METOJOM IO PO3YMHAX XJIOPUAY
HaTpil0 3 TAaKOI K KOHIICHTpAIli€l0, SK 1 TPH BUKOPUCTAHHI METOMY
COHOJIFOMIHECIICHIIIi, TO OTpUMaHl pe3yJbTaTH CIIBIAJaId B MEXaxX IMOXHOKH
nocniny (£ 0,02 Br/cm?) (Taba. 1). Ilpy BUKOpPUCTaHHI METOLY XiMiuHOi J103MMETpii
HE BPaxXOBYETHCS Pi3HA MOTJIMHAIBHA 3/IaTHICTBPO3YMHIB XJIOPHUIAY HATPIIO 3 BUCOKOIO
Ta HU3bKOIO KOHIICHTPALI€l0, TOMY MOKJIMBE OTPUMAaHHS MOMMJIKOBHUX pPE3yJbTaTiB
(taba. 1). [lpuyomy BenuuHrHA 11€1 TOMUIIKK 3pOCTA€E 31 301JIBIIEHHSAM KOHLIEHTpaIii
xjiopuay Hatpito (Tabda. 1). OdyeBUHO, MOAIOHA 3aKOHOMIPHICTh 30€pIraeThes 1 IS
IHIIMX COJIeW. Y 3B’SI3Ky 3 UMM, NPU poOOTI 3 KOHUEHTPOBAHUMHU PO3YMHAMU CIIiJT
st Bu3HaueHHd [IAE BUKOpPUCTOBYBATH METOJ] MOPIBHSUIBHOI KajopuMeTpii abo
METOJI COHOJIFOMiHecteHIii [1, 41].

Tabmnig 1

BuznaueHHs iHTEHCUBHOCTI Y3 B pO3UMHAX XJIOPUY HATPIIO PI3HOI KOHIIEHTpAIlii
3aIPONOHOBAHUM METOJIOM, KaJJOPUMETPUUYHUM METOJOM 1 METOJOM XIMIYHO1
JO3UMETPIT (TECT-METO.N)

Horix [HTEHCUBHICTH yJIBTPa3sByKy, B1/cm?
COHOIOMIHECI] 3alpOIOHOBAHUM METO]T Kanopumerpuunuit meron Teer-
enil, BiLOA Konnentpanis NaCl, r/am® | Konnenrpauis NaCl, r/qm® eTON
0 50 | 100 | 150 0 50 100 | 150

2,0 1,10 {0,812 |080| 0,78 | 1,12 | 0,80 | 0,82 | 0,77 1,11

4,0 1,36 | 1,28 122 | 1,19 | 1,37 | 1,26 | 1,21 | 1,18 1,36

6,0 1,65 | 1,58 | 1,47 | 1,41 | 167 | 1,59 | 1,49 | 143 1,66

8,0 19 |[181|170| 1,63 | 194 | 1,80 | 1,71 | 1,62 1,94

9,0 201 1951181 1,71 | 2,02 | 194 | 183 | 1,73 | 2,01

10,0 2,17 12,02 1193| 1,80 | 2,17 | 2,02 | 193 | 1,82 | 2,18
2,0* 1,11 | 0,82 |081| 0,79 | 1,12 | 0,80 | 0,82 | 0,77 1,11
4,0* 1,35 1,29 121 | 1,20 | 1,37 | 1,26 | 1,21 | 1,18 1,36
6,0* 1,63 | 160|148 | 1,40 | 167 | 1,59 | 1,49 | 143 1,66
8,0* 197 180|171 | 164 | 194 | 1,80 | 1,71 | 1,62 1,94
9,0* 200 11941183 1,72 | 2,02 | 194 | 183 | 1,73 | 2,01
10,0* 215 201192 1,81 | 217 | 2,02 | 193 | 1,82 | 2,18

[TpumiTka. Y Tabiuili npecTaBICHO YCEPEIHEHI pe3yabTaTH MEeCTH JOCIIIIB.
* AHamTi3y miaBaiii po34MHU KyxoHHOicomi BupooHuirrea ['TIO "Aptemcins",
konayibHs Ne 3.
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B sxocti Tect-cuctemu BuxopucToByBaiu 0,1 M po3dumH XJIOPOLTOBOL
KHCJIOTH.

BB Ha BenmMuuHy MOTOKY COHOJtOMiHecTeHIi 10 10 % moMimok iHImux
CoJiel BHUSIBUJIOCS HE3HAYHHM, IO JTO3BOJISIE, HATPUKIIAJ, BUKOPHUCTOBYBATH METO/T
coHosroMidecteHini g BusHadeHHS [IAE Tta 1HTeHCcHMBHOCTI Y3 TakoX 1 UIA
PO3YHHIB PI3HUX BUJIIB KYXOHHO1 coui (Tad. 1).

Ha puc. 2 noka3anuii BIUIUB 1HTEHCUBHOCTI Y3 Ha IIBUJKICTh HAKOIMMYCHHS
NEepPOKCUJly BOJHIO Yy BOAlI Ta po3uuMHax xjopuay Hatpito. Ilpum 1mpomy
CIIOCTEpITA€ThCS JIIHIMHA 3aJ€XKHICTh NPU BHUCOKHX IHTEHCHBHOCTIX Y3 Ta
napaboJiuHa IpY HU3BKKX IHTEHCUBHOCTAX Y3 > 0,9-1,0 Br/cm?.

[Ipote, Ha MIBUAKICTh HAKOMMYEHHS MEPOKCHULY BOJIHIO M Ji€l0 Y3 poOisaTh
3HAYHUHN BIUIMB HE TUIBKHIHTCHCUBHICTh Y3, ajie 1 HasABHICTh JoMImOK (puc. 3). Y
3B’SI3KY 3 UYWM, BHUKOPHCTAaHHS IIBUJKOCTI HAKOIMWYEHHS TMEPOKCUAY BOJHIO B
cucrtemi, 1 BuzHaueHHs [TAE € nemoninesaum [1].

0 T T T T T T T 1
0,7 0,9 1,1 1,3 1,5 1,7 1,9 2,1 2,3
1, Br/em?

Puc. 2. BB iHTEHCUBHOCTI yIbTPa3BYKy Ha BEIMYUHY MMOTOKY
COHOJIIOMIHECIICHITIT PO3UMHIB XJIOPUYy HATPIIO PI13HOI KOHIIEHTpAITIi
1. po3unn xnopuny Harpiro 150 r/am3; 2. posumn xnopuay Hatpiro 100 r/am3,;
3. po3umH xj0puay Hatpito 50 r/am3; 4. TUCTWIIHOBAHA BOJIA.
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12 7 ca0* Monb/am3-x8 1
10 2
3 3
6
4
4
2
|, BT/cm?

1 2 3
Puc. 3. 3anexHicTh IBUJKOCTI YTBOPEHHS MEPOKCUTY BOJIHIO BiJl IHTEHCUBHOCTI Y3
pu MOTro Jii Ha PO3YMHU, HACUYEH1 KUCHEM
1. JuctunsoBana Boaa; 2.Po3unn xmopuay Harpito 50 r/m; 3.Po3unH X10puay HATPito

100 r/171; 4.Po3unn kyxoHHOI comi JIBO «ApTeMciiiby KOHIEHTPAIEI0 XJIOPUIY
Hatpito 100 r/m.

TakuM 4MHOM, 3alPONOHOBAHO METOJ BU3HAUCHHS TMOTJMHEHOI aKyCTUYHOI
eHeprii, 3aCHOBaHWM Ha BHU3HAYEHHI MOTOKY COHOJIIOMiHEecIeHIli. Big kimacuuHoro

METOIY — MOPIBHSIBHOT KAJIOPUMETPIii BIH BIAPI3HAETHCS MEHIIIOI TPYAOMICTKICTIO
Ta OLIBIIOI0 EKCIPECHICTIO.

3. MOXJIMBOCTI METOJY COHOJIFOMIHECLIEHIIII. BUKOPUCTAHHS B
AHAJIITUYHIN XIMII. CITEKTP COHOJIFOMIHECIIEHIIIT

BennuuHa Ta MoJIOXKEHHS yCiX 3apEeCTPOBAHUX CHEKTPIB COHOMIOMIHECIICHIII],
MpUOTU3HO BIAMOBINANK CIEKTpaM, IO BHKOPUCTOBYIOTHCS B ATOMHO-EMICIHHIN
cnektpomeTpii (Tabmn. 2). Sk BuaHO 3 Tabd. 2, MOMOKEHHS MAKCUMYyMY Ta BEJIMYMHA
IHTEHCUBHOCTI  COHOJIIOMIHECIICHITII ~ €JIEMEHTIB JICNI0 3aJIeKajdud BiJ BHUIY
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OJIaropoIHOTO  ra3zy. I|HTEHCHUBHICTh COHOJIIOMIHECICHII [IJI1 BCIX BHUBYCHHX
CIeMEHTIB  3pocTajia  BiJ Tem g0 kceHoHy  (tabm.  3) 1 Oyma
MPOMOPIIHHAKOHIIEHTpAIIl] eIEeMEHTY, 10 BUBYaBcs (Talm. 2).

Crix TakoX BiJI3HAYUTH, 110 B aHAJOTIYHOMY MOPSAKYBiJ TEII0 10 KCEHOHY
3pocTajia TaKOX 1 aKTUBHICTh KaBITaIlll Ta MIBUJKICTh 3BYKOXIMIUHHUX pPEaKIlii, 10
TaKOXX MIATBEPIXYE€ BHCHOBKHMHaBelIeHI B [1, 4] mpo B3aemMo3B’SI30K KaBiTallii Ta
coHOIOMIHecHeHIIl. JliHIHA 3aJeKHICTh 1HTEHCUBHOCTI COHOJIOMIHECIIEHINT BIJ
KOHLIEHTpALlii eleMEeHTy criocTepiranacs B jiana3oHi KoHIEeHTpaii Big 5-10 r/am3 1o
HacuyeHoi (Tabin. 2). Ilpu upoMy, piBHSHHS rpaayroBalbHUX IpadiKiB BU3HAUYECHHS
BCIX BHUBYEHUX €JEMEHTIB MOXYyTh OyTH omMcaHl y BHIJISAL Y =awx.
[TonoXkeHHAMAKCUMyMy €JIEMEHTIB, 1110 BUBYAIOTHCS, HE 3aJI€XkKaN0 BlJ MPUCYTHOCTI
n0 50 r/mM® comel KOXHOTO 3 NWX MeTamiB. BennuuHa iHTEHCHMBHOCTI
COHOJIIOMIHECIICHIIIT JJI1 KOXXHOTO 3 BHUBYEHUX €JIEMEHTIB TpU OJHAKOBIH
KOHIICHTpAIlli TUM BUIIE, YAM MEHIIIA TeMIeparypa KUIIHHSI MeTaly, YUM HUXKYa
eHepris 10H13aIlli eJeMEHTIB, 1[0 BUBYAJIMCS Ta €HEepris 30y/KeHHS BiAMOBIIHUX
CHCKTPAJbHUX JiHiH [1, 4] (Tabm. 2 —4).

[HTEHCHUBHICTh COHOIOMIHECIEHIIT KOXKHOTO €JIEMEHTY (32 BUHSTKOM II€3110)
3pocTayia B po34rHaX CoJiel OUIbII JIErKOIOHM30BaHUX €JIEMEHTIB IO BiHOIICHHIO J10
BOJHUX PO3YMHIB CAMUX €JIEMEHTIB, 10 BUBYAIHCS (Ta0I. 2).

3 Tabn. 2 BUJHO, MO ¢(peKT MOCUIICHHS COHOJIFOMIHECIIEHIII THM BUIIE, YUM
OlybIlIa PI3HUILIS B €HEPrii 10H13a11l1 BU3HAYyBAaHOTO Ta MaTPUYHOTO eneMeHTiB. Edekr
3pOCTaHHS BEIMYMHU  COHOJIOMIHECICHIII  CIIOCTEPIraBcs, IMOYMHAIOYH  Bif
KOHIIEHTpanii MarpuuHoro enementy 8-15 r/am®. Tlpm 20-30 r/mm® mocsras
MaKCHUMAaJIbHOTO 3HAUYEHHsI W HajJall He 3ajie)aB BIJ KOHLEHTpalld MaTpUYHOIO Ta
BU3HAYYBaHOTO €JIEMEHTIB (Tabi. 2).

MakcuMaabHO MOXKIIMBE 301IbIIIEHHS COHOJTIOMIHECIICHITIT CTIOCTEPITAIOCS ISt
MarHito mpu BBEACHHI B po3uuH coii me3ito — y 2,0 pasu (tadm. 3). Cmia Takox
BIJI3HAUWTH, 1[0 32 HASBHOCTI B PO3UMHI E€JIEMEHTIB, IO JIETIIE 10HI3YIOThCS HIXK
BM3HAYyBaHUIi, BBEICHHS €310 B KinbkocTi 30 1/1m3 BUKIMKAO Take % 301IbIICHHS
IHTEHCUBHOCTI COHOJIFOMIHECIICHIII, SIK 1 3@ BIJICYTHOCTI IHIIUX €JIEMEHTIB, OKpIM
BU3HAUYBaHOTO Ta 1e3110. O4eBUHO, B OCHOBI CIIOCTEPEIKYBAHOTO €(EKTY, JIeKaTh Ti
K SIBUILA, 110 1 B MATPUYHOMY e(ekTi (TOOTO CYKYIHICTh IEKUIBKOX Pi3HUX 32 CBOEIO
NpUPOAOI0 €(EeKTiB: MEepeHECEHHS PEYOBMHH, 10HI3allli, XIMIYHMX BIUIMBIB Ta 1H.)
aTOMHO-EMICITHOTO aHaji3y, KOJM €JEeMEHTH MaTpulll MOXYTh MiJCHIIOBATH
BEITMYMHY aHAJITUYHOTO CHUTHAJy BH3HAauyBaHUX eneMeHTIB [4]. Ha iHTEHCHBHICTH
COHOIOMiHeCHeHIii BBeneHHs 10 50 r/aMm® coneli eleMenTIB, AKi Baxkde 10HI3yIOThCS
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Taomung 2
[HTEHCUBHICTH COHOJIFOMIHECIIEHITIT €JIEMEHTIB Y BOJTHUX PO3UYMHAX

Enement, mo [Tosno- [aTeHCUBHICTE Omnru-
. . Temmne- | Enep-
BHU3HAYAETHCS. JKEH- COHOJIFOMIHECIIEHIIIT, MaJjibHa :
: ) parypa rist
Po3uun cionyku, | HS BIJ.OJI. 1IHTEHCHUB . .
i Kumin- | 1ioHI3a
110 MaKCH y BOJHHUX PO3YHHAX, HICTH
3 H i,
BUKOPHUCTOBYETh | MyMY, r/am V3, °C[1] | eB[4]
cst aM | 5| 10 | 50 | 100 | 150 | Br/cm?
Le3iit (CsCl) 852,0 |1,6| 3,5 |17,0/ 33,5| 50,2 1-7 667,6 3,89
Py6imiit (RbCI) | 795,0 |0,9| 3,4 |15,9| 31,5 | 46,5 1-8 696,0 4,18
Kamiit (KCI) 766,5 [0,9| 3,2 (15,2 31,0 | 45,0 1-10 760,0 4,34
Hatpiit (NaCl) | 589,6 0,7| 2,6 {12,8] 26,0 | 39,5 1-10 866,0 5,14
Bapiii (BaCly) 5534 | -114169]|13,6| 20,0 7-14 1860,0 | 5,21
JIiTii (LiCl) 6706 | - | 2,0195]19,2|28,1 5-12 1336,6 | 5,39
Crpownwiii (SrCly) | 460,9 | - | 1,7 18,9|17,6 | 259 7-12 1390,0 | 5,69
[aaii (InCl) 451,1 | - - 14,3] 84 | 13,0 9-14 2024,0 | 5,79
lamii (GaClg) | 417,3 | - - 12715177 12-15 2403,0 | 6,00
Kanemiii (CaCly) | 422,7 | - | 0,4 |4,2| 8,3 | 12,0 8-12 1495,0 | 6,11
Taumiii (TICl3) 3775 | - - 132163194 7-12 1475,0 | 6,11
Ckangiii (ScClg) - - - - - - - 2850,0 | 6,56
Xpowm (CrCls) 358,1 | - - 11244 | 6,6 13-16 2680,0 | 6,77
CBuHENH
405,8 | - - 132|651 94 11-14 17450 | 7,42
(Pb(NOs)2)
Mapranenp
(MnCl,) 369,6 | - - 1311621 90 12-14 2080,0 | 7,44
Cpibio (AgNOs) | 328,1 | - - 13572 10,0 12-15 2170,0 | 7,58
Marniit (MgCly) | 2852 | - | 0,5(3,0] 6,1 | 9,0 8-12 1095,0 | 7,65
Mizs (CuCly) - - - - - - - 2540,0 | 7,73
Kamwmiii (CdCly) - - - - - - - 666,5 8,99

Po3unnu oTpuMyBaTupO3UMHEHHSIM BIMOBITHUX COJICH €JIEMEHTIB i TI€0
V73 gacrotoro 45 k['1i, inTeHcuBHicTIO 10 BT/cM?.

“Cepenni 3HAa4YeHHS COHOJIOMiHECHEHIil (y BiIHOCHMX OJUHHUIAX) 6-TH
JIOCJII/I1B.

“CnekTpy COHONIIOMIHECLIEHII €IEMEHTIB 3apeccTpyBaTH He BHAINOCS B
HACHYEHHMX PO3YMHAX IIPH BUKOPHMCTAHHI YIbTPa3ByKy iHTeHCHBHICTIO 20 BT/cM?
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HDK TOW, 10 BHU3HAYAETHCS, BIUIMBY IMPAKTHYHO HE oOKasyBajgo (Tabim.2).
[HTEHCUBHICTh COHOJIFOMIHECIICHITI €JIEMEHTIB HE 3ajieXkasa BiJ MPUPOAH aHIOHA
(tabn. 3). Ilpum 3mini wactotu Y3 Bim 18 mo 47 k' criekTpu COHOMIOMIHECIIEHITIT
MPAKTUYHO HE 3MIHIOBAJIHCS.

[Ipu 301/1bIIIEHH] IHTEHCUBHOCTI Y3 CIOCTEpIranocs 3pOCTaHHs IHTEHCUBHOCTI
COHOJIIOMIHECIICHIII1, JOCSITHEHHS 1i MaKCMMaJIbHOTO 3HA4eHHs, a moTiM craf. Ciil
3a3HAYUTH, IO JIJIs1 TOCATHEHHS BEJIMYMHUA MaKCUMAJIbHO MOXJIMBOI 1HTEHCHUBHOCTI
COHOJIFOMIHECILIEHIIIT /ISl €JIEMEHTIB, 1110 MAIOTh OUIBIIY €HEPTito 10H13allll Ta OLIbITY
TeMrepaTypy KUMiHHA (y METaJeBOMY CTaH1), OyJa moTpiOHa i Oiyibllla BeIUYMHA
IHTEeHCUBHOCTI Y3 (Tabi. 2). JIys eneMeHTiB 3 eHepriero 10H13anii > 7,65 eB cnektpu
COHOJIIOMIHECIICHI[IT 3apeecTpoBaHi HE OyIM HaBiTh MpPU BUKOPHUCTaHHI Y3
inTencuBHicTIO 20 BT/CM? 1718 pO3YMHIB €JIE€MEHTIB 3 KOHIEHTPALICID OIU3BKOIO 10
HacuyeHoi (Tabm. 2). Kpim Toro, He OyiaM TakoXX 3apeecTpPOBaHl CIEKTPH
COHOJIFOMIHECIICHIIIT €JIEMEHTIB 3 €Hepriero 1oHi3amii < 7,65 eB, ane 3 TeMneparyporo
kuninns >2700 °C.

Ocranne, HUMOBIPHO, MOXXHAa  TOSICHUTH  HACTYIHUM. Cnextpu
COHOJIFOMIHECIIEHII11, 3T1JTHO 3 CYy4YaCHUM YSIBIEHH:SM [1, 5], yTBOPIOIOTHCS BHACIIIOK
HarpiBy Mexi MOy OynbOaliku KaBiTalii 3pIAMHOI0 MPHU BUIIEHHI €HEeprii, 110
BUHHKAE TMPU HOro cxjomyBaHHi. [Ipu 1iboMy, po3BUBAEThCS TeMIiepaTypa OJIU3BKO
2700 °C, 1o npu3BOAUTHIO BUIIAPOBYBAHHS Ta JAUCOIlIAIi €JIEMEHTIB Ha aTOMH 3
MOIAJIBIIION0 TIOSIBOIO 30y/pkeHUX atoMiB. OTke, METajad 3 BUIIOI TEMIIEPATypOIO
KUITIHHS [IUM METOJO0OM BH3HaueHi OyTU HE MOXKYTh. ONKCaH1 NPOIECH B 3aralbHOMY
BUTJIAI MOYKHA TIpeJCTaBUTH SIK MeA — Me'+ A, Me'«> Me + hv [1]. Tlpu upomy
BEJIMYMHA COHOJIIOMIHECLEHLII JY>)KHUX €JIEMEHTIB, pO3paxOBaHa Ha OCHOBI
BUIIIEBUKIIQJICHUX TPOIECiB, Oyna 3HAYHO MEHIIOK HIX OTPUMaH JOCIIIHUM
nursxom (tab. 3) [5].

[{ixaBo Bim3HauUMTH TOW (haKT, IO CHEKTPU COHOJIOMIHECIICHINT Oyu
3apeecTpOBaHl MPAKTUYHO JJISI BCIX €JIEMEHTIB BU3HAUYBAHUX METOJ0M (HOTOMETpIi
nonyM’st (MoJyM’sl «alEeTUJICH-TIOBITPS» 1 «BOJEHb-KHCEHBbY») [36], 1m0 moOiuyHO
MIATBEPKYE (akT HarpiBy MaporasoBoi Cymilll Ta MeXipo3auty OyibOalku
KaBITaIlil 3 pIIMHOIO J10 TeMiiepatypu 6ym3sko 2700 © C.
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Taomung 3

Bnius BUY PO3UMHCHOI'O Ia3y Ha BEJIMYUHY IHTEHCHUBHOCTI Ta IT0JI0KEHHS

MaKCHMYyMy CIIEKTPiB COHOJIIOMIHECIIEHIIIT Po3uMHiB eneMenTiB (50 1/am3)

HaiimenyBanns

[1onoxeHHs MaKCUMyMY,

IHTEHCHBHICTH COHOJIFOMIHECIIEHIIIT,

CIIEMEHTY HM BIA.OA.
He Ar Xe He |Ar Xe
Boani po3unan KCI, NaCl, BaCl,, MnCl;, Pb(NOs),, MgCl;

Kamii 766,5 766,5 | 766,6 | 12,7 15,2 16,7
Hartpiit 589,6 589,6 | 589,7| 9,2 12,8 13,6
Bapiii 553,4 553,4 | 5536 | 6,3 6,9 7,3
Maprasnenp 369,5 369,6 | 369,6 2,9 3,1 3,5
CBuHENb 405,5 405,8 | 405,7 3,1 3,2 3,8
Marniit 285,2 285,2 | 2853 | 3,0 3,0 3,1

V poszunnu KCI, NaCl, BaCl,, MnCl,, MgCl, seeneno no 30 r/qm3 CsCl.

B poszunn Pb(NOs), BBesieno 30 r/mm3 CsSNOs.

Kanii 766,5 766,5 | 766,6 | 16,7 17,2 18,7
Hatpiii 589,6 589,6 | 589,7| 124 16,5 17,3
bapii 553,4 553,4 | 5536 | 8,2 91 9,5
Mapranens 369,5 369,6 | 3696 | 54 5,7 6,7
CBuHenp 405,5 405,8 | 405,7| 5,8 6,3 7,1
MarHii 285,2 285,2 | 2853| 5,8 59 6,1

Y posunnn KCI, NaCl, BaCl,, MnCl,, MgCl, Beeneno no50 r/mm® CuCl,

V posunn Pb(NO3z), BBeaeno 50 r/am® Cu(NO3),

Kaumiii 766,5 766,5 | 766,6 | 12,7 15,3 16,6
Harpiii 589,6 589,6 | 589,7 9,3 12,8 13,5
Bapiii 553,4 553,4 | 553,6 6,4 6,9 7,3
Mapranerp 369,5 369,6 | 369,6 3,0 3,1 3,6
CBuHEIH 405,5 405,8 | 405,7 3,1 3,3 3,8
MarHii 285,2 285,2 | 285,3 3,0 3,0 3,2

[TpumiTka. ¥ TabauIll HaBeACHO YCepeaIHEH1 Pe3yabTaTH IMIEeCTH TOCTiIIB.
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CIIEKTPU COHOJIFOMIHECLIEHIII JIY>KHUX EJJEMEHTIB
Haii6inplry 1HTEHCHBHICTIO COHOJIIOMIHECIIEHINT cepell BCIX BMBUCHUX HaMU
€JIEMEHTIB Malu JyXH1 MeTanu. Ilpuuomy pi3HUIE B IHTEHCHUBHOCTSX
COHOJTIOMIHECTICHITIT JTY’)KHUX 1 JY>KHO3EMEJIbHUX €JIEMCHTIB HE BUXOJUTH TUIBKHU3
PI3HUII Y BeJIMUYMHAX €HEPrii 10H13allii Ta eHepriil 30yHKEeHHS aTOMIB IIUX €JIEMEHTIB
(tabn. 2, 4). O4eBUAHO, 1€ MOSICHIOETHCITAKOXK 1 HACTYMHUM BHBYEHHS CHEKTpIB
COHOJIFOMIHECIIEHIIIT PO3YHMHIB XJIOPHIB JY>)KHUX METaIIB IMOKa3aJ0 BIJCYTHICTh B
Hux cmyrd pamukanry OH' (310-340uMm), 3a3BHM4Yaili NPUCYTHBOIO B CIEKTPI
coHomoMiHecteHmii Boau [5]. iMoBipHO mo maHi comi racsats cMyry paankaza OH:
yHaACHiOK mpoTikanHa peakiii Me + OH- — Me-+ OH, mo 30uibmiye KidbKiCTh
30y/PKEHHX aTOMIB METaly 1 BEJIMYHMHY COHOJIOMIHecUeHLli. OTpuMaHi pe3ysibTaTu
Y3TOJKYIOTBCS 3 JaHUMU POOOTH [2] MO BHMBYEHHIO COHOJIOMIHECIEHII coJiel
pyOillif0 Ta TMOSACHIOIOTH BHWINY 1HTEHCUBHICTH COHOJIOMIHECICHINT JYKHUX
€JIEMEHTIB, Yy TMOPIBHAHHI 3 JyXXKHO3eMelbHUMH (Tabn. 2, 4, 5). IlopiBHsIHO BHIIA
IHTEHCUBHICTh COHOJIIOMIHECIICHIIIT JIY’)KHUX €JIEMEHTIB (B MOPIBHAHHI 3 PEIITOIO
€JIEMEHTIB) Ta BEJINKA pO3M01JIbHA 3/1aTHICTh MOHOXPOMATOPY
COHOJIFOMIHECIIEHTHOI'O CHEKTPOMETPY JO03BOJIMIIM 3apEECTPYBATH OKPIM HANOUIbII
SACKpaBUX PE30HAHCHUX JIIHIM, 3a3BUYail BUKOPUCTOBYBAHUX B aHaII31, TAKOX 1 1HII
niHii (Tabn. 4). Y Tabn. 4 HaBeeHO 3apeecTpOBaH1 BEJIMYMHH MaKCUMYMIB CIIEKTPIB
COHOJIIOMIHECIICHITIT JTY)KHUX €JIEMEHTIB 1 BIJMOBIIHI HUM IMEPEXO0/U €IEKTPOHIB Ha
Pi3HI piBHI eHeprii, B3:Ti 3 [43].
Tabmnis 4
CrexTpH COHOIOMIHECLIEHIIIT JIy)KHUX METaJliB

[TonoxeHHs: MAKCUMYMIB €JIEMEHTIB, HM / €Heprisd 30y KEHHS,
ITepexin eB [1, 43]
JhTin Harpiii Kamit Py6imiit Le3iit
N2Py; —n2Sy ) - 590,2/2,10 | 770,3/ 795,0/ —

1,61 1,59

NP3, —>n?Sy, | 670,6/1,85 | 589,7/2,11 | 766,5/ 783,7 852,0/1,39
1,62 /1,56

(n+1)?Py, —n?Sy), - 330,2/ 404,1/ 420,9 459,5 /2,70
3,75 3,06 12,95

(n+1)2P3/2 —>n281/2 - - 404,3 420,0 455,1 / 2,72
/3,06 12,94

(N+2)?P1, —>N?Syp, - - - - 389,0/3,16
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Puc. 4 Cnextpu COHONFOMIHECIEHIIIT XJIOPHUIY HATPIIO:

1 — po3umn xj0puay Harpiro 300 /aM°3, HacHYEHHIH KCEHOHOM;
2 — po3uuH xnopuay Hatpiro 150 r/am®, HacH4eHuli KCEHOHOM,;
3 — po3umH xnopuay Harpito 300 r/am3, Hacuuenuii aprosom;
4 — po34uH KyXoHHOi comi 100 r/nm3, HacuueHuit remem.

Ha criekTpi COHONIOMIHECIICHIIIT PO3UMHY XJIOpHAY HaTpito (puc. 4), 3HATOMY
MIPY BUCOKIN PO3AUIBbHIN 31aTHOCTI (IIMPUHA CHIEKTPAIBHOI IIUTMHH MOHOXPOMATOPY
0,3 uM) BuaHO AyOneTd, OOYMOBJICHI BHUIIPOMIHIOBAIILHUMHU TE€PEXOJIaMU
32P3/2 —> 3281/2 Ta 32P1/2 —> 3251/2 [1, 43].

[Ipyu 3miHl  BuAy Ta3y, SKUM  HacUYyBaIMOpoOy,  3MIHIOBAJIOCS
MOJOXKEeHHAyOeTy Hatpito (puc. 4). Ilpu 301IbIIEHHI MIHUPUHU CIEKTPATLHOT
IIUTMHE MOHOXpoMaropa Ouneiie 0,3 HM croctepiranocs B3aeMHE TMEpEKPUBAHHS
nyOJeTy Ta mosiBa OAHIET CIEKTPAJIbHOI JIiHII, MPU IIOMY BHUCOTa CIEKTPY JEII0
3poctana. CHeKTpH COHOJIOMIHECIEHII pyOi/if0 Ta Kaiito, 3HATI MPU BUCOKOMY
703BOJTI (IIMpPUHA CHEKTPAIbHOI HIUITMHA MOHOXpoMatopy — 0,6 HM) TakoX CXOXI1 Ha
nyOneTH, BiAMOBimHI mepexomaM mis Kamiito 4°Py, — 4?Sy, Ta 42 Py —42Sy, 1 ana
py0inito 52Ps;, —5%2Sy, Ta 5% Py —52Syy (Tabm. 4).

[HTEHCUBHICTD COHOJIOMIHECIEHITT II€31F0 3 YCIX BHBUYCHUX CJICMCHTIB
MaKCUMajbHa, 10 TMOB’S3aHE 3 HAWMEHIIMMHU 3 yCiX BUBYCHHX JIY)KHUX €JIEMEHTIB
TEMIIEpaTypOI0 KHUIIHHSA Ta eHepriclo 30ymxeHHs [43], y 3B’SA3Ky 3 4HM,
3apeecTpPOBaHO JEKiJIbKA JIiHIH 11e31t0 (Tadu. 4).
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|, Big.oa. a)
50 1

45
40 1
35
30
25
20
15

10 4

I, Big.oa4. 6)

10 -

780 785 790 795 800

Puc. 5 Cnektpu cCOHOMOMIHECIIEHIIT BOAHUX PO3YMHIB XJIOPHUAY Kajito (a) 1 XJIopuy
py6iaito (6) (150 r/m) B atMocdepi KCeHOHY
1—766,5 um (4°P3, —4?S12); 2 — 770,3 um (4%P1, —4?S1p) — Kkamii
3 -783,7 um (5%P32 —5°%S10); 4 — 795 um (52P1j2 —52S1)) — pyOiniii
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Haiibinpiry 1HTEHCHUBHICTh Ma€ pe3oHaHCHa JdiHig 852,0 HM, 10 BiAMOBIiAAE
nepexony 6°Pi», — 62Sy, (emepria 36ymxenHs 1,39-1,46 eB [43]), menm
iHTeHCMBHOCTI MaroTh JiHii 459,5 M, nepexin — (6+1)?Py, — 6°Sy, (eHepris
30ymkenHa 2,70 eB [36]); i 455,1 uM, nepexiz — (6+1)°P3; — 6°Sy, (enepris
30ymxenns 2,73 eB [43]).

[HTEHCUBHICTh COHOJIFOMIHECIEHIII JITIF0 3 YCIX JIY)KHHUX €JIEMEHTIB
MiHIMaJbHa, 110 TOB’s3aHe 3 HAMOUIBIIOW 3 YCIX JY)KHMX METaJliB TeMIIEpaTypolo
KUMIHHSA Ta eHepricro 30ymkeHHs [43], y 3B’SM3Ky 3 4YHM, 3apeecTpoBaHa
TUIBKMPE30HAHCHA JIiHiA JiTiio ipu 670 HM (Tabu. 4, puc. 6).

55 -
50 +
a5 -
40 -
35 4
30 4
25 A
20 A

15 4

»

10 r r r
670 670,5 671 671,5 672

A, Hm
Puc. 6 CriekTp COHOIOMIHECIICHITIT BOAHOTO PO3YMHY XJIOPHUAY JiTiI0 B aTMOcdepi
KceHOHY {670,6 HM (2°Ps;, —22S11)}

1 — po3uuny xsnopuay aitito 200 /1, 2 — po3uuny xqopuay Jitio — 100 /1.

TakuM 4MHOM, B CHEKTpax COHOJIIOMIHECHEHIII] JTy>)KHUX €JIEMEHTIB HaBEACHO
JUIIE JIHII, 9K1 BIANOBIAAIOTH €ISKTPOHHUM IIepexojaM B atomax (tabim. 4) [43].
He3Bakaroun HaBUKOPHUCTAHHSA anapaTypH, 10 J03BOJISIE 3HIMATH CIEKTPU B JAaJeKiil
yibTpadioneToBid 00JaCTI, JiHIN 10HIB JIY>)KHUX €JIEMEHTIB HaM 3apeecTpyBaTH He
BJIAJIOCS, 1110 MOB’sI3aHE, OYEBUJIHO, 3 BEJIMKOIO CHEPTIEI0 1X 30y IKeHHs [43].

CIIEKTPYU COHOJIIOMIHECIHEHIIII JTYKHO3EMEJIbHUX EJIEMEHTIB
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Eneprii 30ymKkeHHs JIiHINA JTy>)KHO3EMEJIbHUX €JIEMEHTIB 3HAYHO BHIII, HIXK Y
JTYXHUX 1 CKIaialoTh Ounbine 2,24 eB mpu TemmnepaTypax KUIIHHS METaliB OiIbIIIe
1300 °C [1, 43], u1o A03BOJISIE 3apEECTPYBATH TUIBKK PE30HAHCHI JIIHIT aTOMIB ITUX
eneMeHTiB (Tabn. 5). Ha BiaMiHY Bix Jy>KHUX METalliB, BAAJOCS 3apeecTpyBaTH
TaKOX 1 JIOCUTh-TAKW SICKpaBi JIiHII HOHIB METaJIIB JIJIsi CTPOHINO Ta Oapiro (Tadi. 5,
puc. 7, 8).

Taomurg 5
CrieKTpu COHOJIFOMIHECIICHIIIT JTYyKHO3EMEIIbHUX METaiB

[TonoxeHHs: MAaKCUMYMiB €JIEMEHTIB, HM / €HEPIis

[Tepexin 30ymxeHHs, eB [1, 43]
CrpoHniiii Bbapiit Kanpmii Marui
P — .
COORATEHL I ATOMIB | 461,012,690 | 553,4/2,24 422,71 | oee 574,34
NP —n<Sy 2,93

JIiH11 10H1B:

2 ’ 42141294 | 493,7/251 — _
N<P1o —n 81/2

n2P3/2 —>n281/2 — 4559 / 2,65 — —

[TpumiTka.

CriekTpu COHOIOMIHECIICHIIIT 3HIMaNIU Tpy 4acToTi Y3 45 k[, IHTEeHCUBHOCTI
10 Br/cM? npM mmpHHiI CIEKTpanbHOI IiMHH MoHOXpomartopy 0,7 Hm. Posuun
HACUYyBaJIH KCEHOHOM.

KoHueHTpanis XJI0puaiB CTPOHII0, 0apito, KanbLito 1 Mardito — 200 /.

JIinii 10HIB CTPOHIIII0O MalOTh MPAKTUYHO TaKy >K 1HTEHCHUBHICTh, SIK 1 JIHIT
aToMiB, TOMY BOHHM MOXYTh TaKOXX BHUKOPHCTOBYBAaTHCSI B COHOJIFOMIHECIICHTHIN
CHEKTPOCKOMii. Y CHEKTpl COHOJIOMIHECICHIIT Oapit0 OUIbIIY SICKPaBICTh MAlOTh
PE30HAHCHI JiHIi aTOMiB, IO BiANOBiNAIOTH €IEKTpOHHOMY mnepexomy 6P —6%S,
(Tabu. 5, puc. 8).

3 BUKOPUCTaHHSIM 3alPOMOHOBAHOTO METOAY PO3POOJICHO METOIUKU
BU3HAUEHHS BCIX BUBYEHHMX €JIEMEHTIB B pO3YMHAX KYyXOHHOI COJII Ta BOJHHUX
po3unHax eyneMeHTiB (Tabm. 6). I[IpaBHIIbHICTP METOIMK TMEPEBIPEHO METOIOM
«BBEACHO-3HANICHO», a TAaKOX AaHaji30M THUX JX€ MpoO aroMHO-a0COpPOIIHHUM
MeTonoM (Tabmn. 6). Ilpu BH3HAYEeHHI BUCOKHMX KOHILIEHTpaliil enemeHTiB > 30 r/mm°
3alpONOHOBAHUN METOJ aHajizy 3abe3leuye OTpMMaHHS PE3YJbTaTiB 3 KpalluMu
METPOJIOTIYHUMH XapaKTEPUCTUKAMU, MMOPIBHSIHO 3 aTOMHO-aOCOPOIIHHUM METOI0M
Yyepes BIACYTHICTh HEOOX1THOCTI po30aBiieHHs TpoOu (Tadm. 6).
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| rinan 6)

35
a)

30 - 1

25 -
20 -

15 4

10

Puc.7. Cnektp coHOMFOMIHECIEHIIIT BOJHOTO PO3YHHY XJIOPHUIY CTPOHIIIIO
1 — po3uun xyopuay crpoitito 200 1/,
2 — po34MH xJ0puay crponiito — 100 r/i;
a) miHii ioHiB cTpoHIio 421, 4 HM 52P1;, —5%Sy);
0) minii atomiB cTpoHwio 461, 9 am 5P —52S,

25 9 |, Big.o4,.
20 1

15

10

0 T T T T T A’ HM
540 545 550 555 560
Puc. 8. CriekTp COHOJIFOMIHECIIEHIIIT BOJIHOT'O PO3UUHY XJIOPUIY Oapiro

{553,4 um 6'P —62S};
1 — po3uun xyopusy 6apitol50 r/m,
2 — po34MH XJIopuy Oapito — 75 r/n
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Taomung 6

PesynbraTi aHaizy po3unHIB COJICHEICMEHTIB

3uaitneno, /i (N = 6)

ATOMHO-
COHOJIIOMIHECILIEHTHUM METOI0M a0bcopOLiitHUM
Bgeneno,
Enement o - MeToaoM [1]
V322 kI | Y3 1Mrg M+ 220 . s,
X Sr X S X S

5 47 [010] - ~ | 48 | 0,06 | 50 0,01
. 10 94 1007] 90 |008] 98 | 005 | 101 | 0,03
Heai 30 | 29,6 |0,06] 29,8 | 0,07 | 295 | 0,04 | 293 | 0,08
50 | 49,2 |0,05| 49,7 | 0,05| 493 | 0,05 | 466 | 0,09
200 |192,3]0,02]196,50,01|190,2| 0,06 | 1801 | 0,12
5 41 [0,08] - - |49 | 006 | 50 0,02
Pybinit =75 92 1007 - 3 - [ 005 | 97 0,04
30 | 290 |0,07] 295 | 0,05| 293 | 0,03 | 280 | 0,09
50 | 48,7 |0,05| 498 | 0,01 | 491 | 0,02 | 457 | 0,10
5 - | - ~ 191 | 007 | 50 0,02
Bapiii 10 90 [012] - ~ 97 | 005 | 108 | 0,04
30 | 291 008|312 |0,02| 301 | 003 | 283 | 0,09
50 | 49,0 |0,02| 49,9 | 0,01 488 | 0,02 | 456 | 0,10
10 - - | - - 1789 | 0,10 | 10,0 | 0,02
Ceumens | 50 | 49,0 |0,12| 435 | 0,07 | 49,7 | 0,04 | 478 | 0,04
100 | 90,6 |0,05| 952 | 0,01 | 100,1| 0,03 | 943 | 001
. 10 N I - 97 [ 007 | 102 | 0,02
Cpibn0 25788 1008 459 | 0,09| 50,7 | 005 | 478 | 0,09
100 | 93,1 |0,04|101,5| 0,03 |100,1| 0,07 | 923 | 0,01
10 - - | - = 97 [ 007 | 102 | 0,02

Xpom
50 | 49,1 |0,08| 49,2 | 0,08| 50,1 | 0,04 | 508 | 0,09
100 | 953 |0,06 |100,2| 0,02 | 1051 0,08 | 923 | 0,09
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3uaitneHo, /i (N = 6)
ATOMHO-
CoOHOIIOMIHECIIEHTHUM METOJIOM abcopOLiiHUM
Beeneno,
Enement o _— - MeToaoM [1]
| S IMI ook | x S,
X Sy X Sy X Sy
Mapraserts 10 - - - - 9,7 0,07 | 10,2 0,02
50 47,910,08| 46,6 |0,08| 50,2 | 0,05 | 519 0,09
80 81,1/0,05| 81,2 |0,04| 80,9 | 0,07 | 78,3 0,01
i 10 - - - - 9,0 0,10 | 10,9 0,03
50 48,1 10,09 | - - 50,7 | 0,05 | 454 0,09
100 94,2 10,04 |100,8|0,02| 102,12 | 0,07 | 92,3 0,01
Taiis 10 - - - - 9,7 0,07 | 10,2 0,02
50 48,8 10,08 | - - 50,7 | 0,05 | 439 0,09
100 99,1|0,04|100,5|0,05| 100,1 | 0,07 | 92,3 0,10
0 28910,05| 28,0 10,06 29,1 | 0,03 | 295 0,07
Hartpiit* 5 33,1/0,05| 32,7 |0,06| 50,7 | 0,04 | 39,8 0,09
10 39,1/0,04| 40,5 0,02 381 | 0,08 | 38,3 0,09
0 - - - - 2,5 0,08 2,3 0,01
JliTii* 5 56 0,09 - - 7,7 0,06 7,4 0,02
50 50,1/0,05| 49,3 |0,03| 514 | 0,05 | 48,6 0,09
0 - - - - - - 1,2 0,01
Kanpmiit* 5 58 0,08 50 [0,09| 5,2 0,05 6,8 0,04
30 33,1/0,04| 315 0,04 30,3 | 0,06 | 31,3 0,10
Cr . 0 - - - - 2,8 0,07 2,5 0,01
PO ™10 [ 95 [007] - | - | 98 |004| 128 | 005
30 33,2/0,06| 31,5 |0,08| 321 | 0,04 | 32,3 0,08

[Ipumitka. ~AHamizyBanu po3cin ClioB’SHCHKOTO POJOBHUIIA.
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Memoouka  eusHaueHHs — eleMeHmi8  MemOOOM  COHONIOMIHECYEHMHOT
CNEKMPOCKONIi' Y 800ax i 6OOHUX POZUUHAX.

HaBaxxky npoaykry Bix 50,0 mo 200,0 r (3a7€XHO Bl pO3YUHHOCTI COJIl Y BOII
Ta BMICTY €JIEMEHTIB, SKi BH3HAYaTUMYyTh) PO3UMHSIOTH B OlJUCTUIHOBAHIN BOJI.
Po3z6aBnsiors Bojgoio 10 500 cm®, BBoaaTh30 r/aM® mesio y BUrIAdi XJopuay abo
HITpaTy (MpU BU3HAYCHHI CBUHIIIO Ta cpidia).

OTpumaHuil pO34YMH BBOASTHB PEAKTOP, HACUUYIOThaproHOM npoTsiroM 0,5 rox
20 cm®/xB Ta #itoTh Y3 wactororo 44 xI'u. [Ipy oMy, ojady ra3y He IPUIHHSIOTH.
HacTporoioTh COHOJMIOMIHECHIEHTHUI CIEKTPOMETpP Ha AaHAJMITHU4YHlI JHIT Y
BIIMOBITHOCTI 3 Ta0J. 2 Ta BU3HAYAIOTh BMICT KOXKHOTO eyneMeHTy. [Ipu aHamizi Box
6epyTh 500 cM® i maini MOCTyNaloTh TaK, SIK OMMCAHO BHUIIIE.

4. OCHOBHI TEOPETHYHI ITOJIOXKEHHSA COHOJIFOMIHECIIEHTHOI
CIHEKTPOCKOIIII

Meton aHami3dy, 3acHOBAaHMM Ha BHUKOPHUCTAHHI  COHOJIFOMIHECIEHIIIT,
3apONOHOBAHO HA3BATH — COHOMOMIHECYEHMHA CNEeKMPOCKONISL.

ChoexkTpu  COHOJIFOMIHECHEHIlI  OLIBIIOCTI  €JIEMEHTIB  CKJIAJaloThCsl 3
PE30HAHCHUX JIIHIA aroMiB, JIIHII 10HIB 3apeecTpOBaHl JUIIE y CTPOHIIIO Ta Oapiio,
MOJICKYJISIpHA CMyTa 3HalicHa Y MapTaHIIfo.

IHTeHCHBHICTD  COHOJIIOMIHECHCHIII  €JIeMEHTIB, SK  HaMu  OyJo
€KCIIEPUMEHTAILHOBCTAHOBICHONPOTIOPITIHA X KOHIIEHTpPAITIi:

leon = K-C, (1)

ne K — koedilieHT nponopLiitHOCTI, 3aleKHUN B1Jl TapaMmeTpiB Y3 1 mpupoau
PEYOBHHH.

IHTEHCUBHICTE COHOIIOMIHECLEHIIT €JEMEHTIB BH3HAYACTHCA KUILKICTIO
KBAaHTIB, SIKI BUTIPOMIHIOIOTHCS OIUHUIICIO 00’ emy [1, 4]:

lcon = K1"Neon (2)

ne N, — KITBKICTh KBaHTIB COHOJTFOMIHECIICHITI].

Bupazumo N, uepes [2]:

Neow = AjiN;, 3)

ne Ajj — IMOBIPHICTb CIIOHTAHHOTO BHIIPOMIHIOBaHHsS (IHTErpajibHUNA
koediuient EiiHmTeitHa);

N; — urcio 30y1KeHUX YaCTUHOK (aTOMiB, MOJIEKYII, 10HIB).

VY 3B’S3Ky 3 HasBHICTIO KaBiTaIiitHOiI OynbOamku TepMiuyHOI piBHOBaru [2],
MOKHA BU3HAUUTH KUTBKICTh 30y/KeHUX 9acTHHOK3a (hopmyroro bonbsimana [31]:

Nj=N0'(gm/go)'e —(Em/kT), (4)
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ne No — uyucio aToMiB B OCHOBHOMY CTaHi,

k — mocriiina boabnmana;

T — cepenns Temreparypa BcepenrHi Oyapoaiku kapiraiii, K;

Jm Ta Jo— CTaTUCTUYHI Baru piBHSA 3 eHeprieio Ey Ta OCHOBHOTO PiBHS;

En — enepris aroma y 30y/)KEeHOMY CTaHI1, B1/IJIiY€HA BiJl OCHOBHOTO PiBHSI.

Takum 9YMHOM, IHTEHCUBHICTh COHOJIFOMIHECIICHIIT Oy/ie:

leon = Aji'NO'h’ v .(gm/go).e—(Em/kT) (5)

3 ui€i hopmynu BUIHO, 1IO, SIK 1 B pa3iPoroMeTpii nmonym’st [44], YUHHUKAMH,
[0 BU3HAYAIOTh 1HTEHCHBHICTH COHOJIOMIHECIICHIII MPU MOCTIMHINA KOHIEHTpaIlii
30y/PKEHHUX aTOMIB, € TeMIlepaTypa BCepeauHl OyiabOallky 1 B MPUIIETIOMY 10 Hel
npocTopi W eHepris 30y/KEHHs PiBHS, OCKUIBKH BENUYUHH Aji, N, vV € BeIMunHAMU
OJTHOTO TOPSAKY It OUTBIIOCTI TiepexoiB [44]. SIk BUAHO 3 €KCIEPUMEHTAIbHUX
JaHUX, HaBEJEHUX B Tall. 2, TeMmmeparypa KHIIIHHS MeETaly eJIeMEeHTa, IO
BU3HAUAETHCA, 1 €Hepria 30y/HKeHHs  pIBHS  BU3HAYAIOTh  1HTEHCUBHICTH
COHOJIFOMIHECIIEHIIIi Ta YyTJIUBICTh aHATI3Y.

COHOIOMIHECIIEHTHA CHEKTPOCKOMisi — II€ METOJlT BU3HAYEHHS CEpPEIHIX 1
BHUCOKHMX KOHIIeHTpauiid (Bia 5-10 r/n 1o HacuueHo1) MeTalliB 3 €Hepriero ioHi3amii <
7,65eB 1 Temmneparypotro kuminasg < 2700 °Cy Bogax i BOOHUX po3dynHax. BemmunHa
AHATITUYHOTO CUTHATY MO)Ke OyTH 3017bIlIeHa TIPU BBEJEHHIB PO3YMH aHAII30BAHOI
mpoOu Col JIETKOIOHI30BAHOTO €JeMEHTy, 30kpeMa 1e3ito > 30 r/n. Kpim Toro,
BEIMYMHA AaHAIITUYHOTO CUTHalTy Moxke Oytu 30umemieHa B 5-10 paziB mpu
BUKOPHUCTaHHI OIHOYACHOI [1i Y3 BHCOKOI Ta HHU3bKOI YacTOT, IO MOSICHIOETHCS
3MIHOIO XapaKTepy MPOTIKAaHHS KaBiTallli, sika BUPAXKAEThCA B 30UIBIIEHHI KUIBKOCTI
Manux cepuyHux OynbOallloK B TMOPIBHSHHI 3 BEJIMKUMHU JepopManiiHuMU
OynbOamikamu. [lpu 11bOMy BeIMYMHA YYTIMBOCTI BU3HAUEHHSI €JIEMEHTIB METOJOM
COHOJIFOMIHECIICHTHOI CIIEKTPOCKOMii ckianae 1 1/ 1 GibIie.

[lpyurHa HU3BKOI UYYTIMBOCTI METONY TIOJNSTaE, HA Hally JyMKY, B
HACTYITHOMY: COHOJIIOMIHECIICHIliSI MOXK€ BHHUKATH  BcepenuHi OynpOamku 1 B
IPHIIETTIOMY IO HEl mpocTOopi TOBIMHOK 107° cM, BHACHINOK KaBITALiHHMX SBHUIL
[Ipu 1poMy, HaBITH MPU BUCOKMX IHTEHCHUBHOCTAX Y3, yacTKa CyMapHOro o0’emy
OynbOaiiok Big 00’eMmy obsacti kapitaii He mepesunrye 0,001 [1, 2]. Kpim Toro,
MEPEeTBOPEHHSI ~ MONIMHEHOI  eHeprii Y3 Ha  €Hepriro  BUIIPOMIHIOBAHHS
XapaKTepU3YEThCS CHEPTeTHYHUM BUXOAOM, [0 Ma€ BIUIMB HAa BEIUYUHY
1HTEHCUBHOCTI COHOJIFOMIHE CIICHITIi.

BeH = ECOH/Enoa/z.- (6)

OCKUIBKH COHOJIFOMIHECIICHITISI € OKPEeMHM BHUMAJKOM JIFOMIHECIICHINIi, TO
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EHEePIril0 COHOMIOMIHECHEHIIIT — E,, MOXKHA MPEJACTABUTH K JOOYTOK €HEPrii OJHOTO
¢dboToHA HA KITBKICTh (OTOHIB (@), IO BUMPOMIHIOIOTHCS 31 BCi€l 00JacTi KaBiTarii
[45]:

Econ=Ey4 @D, Bt (7)

Enepris dotona mpomopiriiina gyactori abo 006epHEHO MpomopliiifHa JTOBXKHHI
xBumi [2]:

Egz=h-v=h-(c/A), (8)

JI€ ¢ — MBUAKICTH CBITJIA.

3rigHo [2], cepelHsl KUIbKICTh (POTOHIB BUIPOMIHEHHMX 3 00JacTi KaBiTallil
momero 1 cm? cknanae 6-10° poTonos/c.

OTxe, eHepris COHOJIOMIHECIICHI[I OKPEMOro €JIeMEHTY, 30Kpema IIe3ii0
(noxkuHa XxBHII 852 HM), cknane E., = 6109 -6,62-10°34-3-10%/(852-10°) =
0,140-10% Br. Ilpu noryxmocti Y3 B 10 BT, eHepreTuunuii BuXin
COHOJIIOMIHECIIEHIIIT CKIae:

By = Ecoul Enoo=1,40-1071° 9)

[le mana BenmWuYMHA, aKyCTUYHUNM €HEPreTUYHUIN BUXIJ B CEPEIHBOMY CKIAJa€e
onmu3bko 1073,

TakuM 4YMHOM, HHM3bKa YYDIHMBICTh COHOJIOMIHECIIEHTHOI CIEKTPOCKOMIl
MOSICHIOETBCS: HU3BKUM CHEPreTUYHHUM BHUXOJOM COHOJIFOMIHECICHINII; HEe3HAYHOIO

YaCTKOI0 cymMapHoro o6’eMy OynpOaiiok Bim 06’eMy oOrnacTi kaBitaiii (He OuTbIIe
0,001).

5. CEJIEKTUBHICTb METOY «COHOJIJIOMIHECHHEHTHA
CIHHEKTPOCKOIIIS»

VY Tabn. 7 HaBeOEHO pe3yibTaTH IOCHIIKEHb MO BUBYEHHIO BIUIMBY CKJIaay
MaTpHIll Ha BU3HAYCHHS CJIEMEHTIB METOJIOM COHOJIFOMIHECIICHTHOI CIEKTPOCKOITIi.
Jlist iboro BusHauanu AA = A/A*— BIIHOIIECHHS BEIWMYMHU aHATITHYHOTO CUTHAIY
eJIeMEHTY Y BogHOMY po3unHi 20 /71 (A) 10 BEIUYWHU aHATITUIHOTO CUTHATY IBOTO
K eJIEeMEHTY B pO34MHi, sSKui MicTUuThS0 /1 xymopuay (abo HITpaTy) IHIIOTO
enemeHTy (A*) (tabn. 7); a Takoxk AA* = A%/ AS™e _ pigHomeHHs BeaMUMHM
AHATITUYHOTO CHUTHAJy €JIEMEHTY y BOAHOMY po3uuHi 20 r/m, mo mictuth 30 1/n
xjopuay abo HitpaTy nesio (4%°) 10 BeNIMUMHM aHAIITUYHOTO CHUTHATY LOTO K
€JIeMEHTY B pO34MHi, kil MicTuTh 30 /1 xyopuny abo HiTpary uesito 1 50 r/n
xjopuay (abo HiTpaTy) iHIIOro eneMeHTy (tabm. 7). Benwumna aHagiTUYHOTO
CUTHaJy KOXHOIO €JEMEHTY, KpiM Ie3110, 30UIbIIYETbCA Yy MPUCYTHOCTI COJIl
€JIEMEHTY, SIKUH JIETIIE 10HI3y€e€ThCs, HIXK TOMH, 1110 Bu3HauyaoTh, 44>1,00 (tabda. 7). B
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OCHOBI IIbOTO e(EeKTy JIeKaTh Ti XK SBHUINA, IO 1 B MAaTPUYHOMY €(EKTI METOIY
dboTomeTpii mosrym’s, TOMy BBEACHHS B aHATI30BaHUI PO3YMH XJIOpUAY abo HITpaTy

1e3io B KiunbkocTi 30 1/11 MPU3BOAUTH A0 MOBHOTO 3HWKHEHHS MATPUYHUX BILIWBIB
A44*=1,00 (tabm. 7).
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Tabmurs 7
Jliamma3oH KOHIIEHTpAIIiH, 10 BU3HAYAIOTHCS, Ta CETICKTUBHICTh METOTy COHOJIFOMIHECIIEHTHOT CIIEKTPOCKOTIIT

. *%x
Jianazon

B BHU3HAYYBaHUX AAINA"
e KOHIIEHTpAIlIN, T/
MEt 22 KT +
22 xI'a | M Cs Rb K Na Ba Li Sr In Ga Ca TI Cr Pb Mn Ag
Tl

Cs 5-1200 0,5-600 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

107 | 100 | 100 | 100 | 100 | 1,00 | 1,00 | 1,00 | 1,00 | 100 | 100 | 100 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Rb 5-600 0,5-250

1,10 | 103 | 100 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

K 5-160 1-100

128 | 118 | 1,11 | 100 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Na 5-150 1-100

Ba 10-200 1-100 131 125} 119 | 106 | 100 | 1,00 | 1,00 | 1,00 | 1,00 | 100 | 100 | 100 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

137 | 129 | 124 | 105 | 103 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Li 10-200 1-150

143 | 136 | 131 | 1,10 | 1,08 | 1,05 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Sr 10-250 1-100

147 139 | 132|112 | 109 | 106 | 1,02 | 1,00 | 1,00 | 1,00 | 100 | 100 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

In 50-200 2-100

151 | 141 135|118 | 116 | 1,12 | 107 | 1,04 | 101 | 100 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Tl 50-200 2-100
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175 162 | 157 | 132 | 127 | 124 | 120 | 1,17 | 112 | 1,10 | 108 | 100 | 1,00 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Cr 50-200 2-100

18 | 1/7 | 170 | 144 | 141 | 138 | 130 | 1,28 | 124 | 122 | 119 | 108 | 1,00 | 1,00 | 1,00
1,00 f 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Pb 50-300 2-120

191 | 1,78 | 1,72 | 145 | 139 | 134 | 128 | 124 | 121 | 1,19 | 116 | 1,07 | 1,01 | 1,00 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Mn 50-200 2-120

195 181 | 1/5 | 148 | 145|141 | 133 | 130 | 126 | 125 | 123 | 112 | 102 | 101 | 1,00
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Ag 50-1100 1-500

199 | 183 | 1,76 | 1,49 | 147 | 143 | 135 | 132 | 128 | 1,26 | 124 | 114 | 103 | 102 | 101
1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00

Mg 10-100 1-100

[Ipumitka. = Jliana3oH BU3HAYYBAHMX KOHIIEHTPALiii BCTAHOBIIOBAIM II0 BOAHMX PO3YMHAX HANOIIBLI PO3YMHHUX
ejeMeHTIB AA— BIJTHOIICHHS BEJIMYMHU aHAJTITUYHOTO CUTHAY elleMeHTY Y BoAl (20 1/11) 10 BETUYMHYU aHAJIITUYHOTO CUTHAIY B
po3umHi, mo yrpuMye 50 /71 xmopuay(4u HiTpary) iHIIOTO eJIeMEHTY (HaBeaeHui B Tabmmii); AA™~ BiIHOIIEHHS BEIUYMHH
aQHAJIITUYHOI'O CUTHAITY €JIEMEHTY B PO3UMHI XJIOpUay 11e31t0 30 I/71 0 BEIMYMHYU aHATITUYHOTO CUTHATY B PO3YMHI, III0 MICTUTh
50 r/n xJopuay 1HIIOTO eeMeHTY (MpuBeneHo B Tab1.) 1 coui ne3iro 30 1/1. Y BCiX Aociigax BUKOPUCTOBYBAIU HITpATH cpidia i
cBUHIO, a AA i AA" BU3HAa4any 3 BAKOPHCTaHHAM PO3YMHIB HiTparis enemenTtis (30 1/m).
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CHAPTER 13
MATEPIAJIM HA OCHOBI TUTAHATY BAPIIO, 11O NPOABJIAIOTDH
KOJIOCAJIBHY AIEJIEKTPUYHY ITPOHUKHICTD 1P BUCOKHUX
TEMIIEPATYPAX

Inymenko T.0. , B'ronos O.1. , Anuescoxuii O.3., @edopuyk O.I1., Binoyc A.T.

[HcTUTYT 3aranpHOi Ta Heopra"iyHoi ximii iM. B.I.Bepuancekoro HAH VYkpainu,
M. KuiB

OxkcupHi Marepianu 31 CTPYKTYpOIO IE€POBCBKHUTY, SIKI TPOSBIISAIOTH
kosnocanbHy (Buiie 1000) nienexkTpuyHy NPOHUKHICTh B IIUPOKOMY YaCTOTHOMY
1 TeMmIepaTypHOMYy Jlama3oHax, MPHUBEPTAlOTh 3HA4YHY YBary 3aBJsKU
NEepCIEeKTUBaM 1X 3aCTOCYBaHHS IpU CTBOPEHHI HAKONMHWYYBayiB €HEprii.
BucokoeMH1 KOHJIEHCATOPH MalOTh MaJIUi Yac po3psKaHHs (MIKPOCEKYHIN) Ta
JAl0Th 3MOTY TeHEepyBaTH IMITYJIbCH BEITUKOI MOTY>KHOCTI. Lle BaxknmuBo mpu
CTBOPEHHI MEIMYHUX AeP1OpUIATOPIB, Ja3epiB JUIsl JOCTIIKEHHS aTMOCc(epH Ta
CJIEKTPOMArHITHUX CHUCTEM, B SKUX TPHUBAIMNA BXIHUNA CUTHAI 3 HHU3BKOIO
MOTYXHICTIO TIEPETBOPIOETHCS Yy MOTYKHUM 1Miynbe [1-4]. OctanHiM yacom
BEJIUKUM TOMUT Ha BHCOKOEMHI JIEJIEKTPUYHI KOHJICHCATOPH CTBOPWJIM HOBI
TEeXHIYHI TPOJIYKTH, TMOB'SI3aHI 3 BIJHOBIIOBAJIHLHOIO E€HEPTeTUKOI (T10pUIHi
eJIEKTPOMOOLTl, (OTOCNEKTpUUHI Mepexki TOIO), B SKUX BiIOYBa€ThCA
NEPETBOPEHHS 310paHOr0/HAKOMUYEHOI0 IMOCTIHHOTO CTPyMy B EHEPriio
3MIHHOTO CTpyMY [5, 6].

BoaHouac, BucokoTeMneparypHi Al€IeKTPUYHI KOHACHCATOPHI MaTepiin
31 CTaOUIBHOIO JI1€JIEKTPUYHOIO MPOHUKHICTIO Y TEMIIEpaTypHOMY 1HTepBaili 50—
300°C ™arTh psAa BUKOPHCTaHb, J€ BOHM € HE3aMIHHUMH: TiOpHIHI
SJIEKTPOMOO1TI, aBiariiHa TPOMHUCITOBICTh [7], po3Bigku HadTH Ta raszy [8],
aepOKOCMIUHI cucTteMu [9], pymriiiHi cucTeMu BUCOKOI ToTyx)HOCTI [8]. Tomy
PO3poOKa BUCOKOTEMITEPATYPHUX I€JICKTPUIHIX KOHJECHCATOPIB € aKTyaJIbHOIO
3aJ1ayelo.

TpaauiiiHo AJ1s1 BUTOTOBJICHHS KOHJIGHCATOPIB 3 BHCOKOI THUTOMOIO
€MHICTIO BUKOPHCTOBYIOTh CETHETOCJICKTPUYHI MaTepianu Ha ocHOBI BaTiOs,
IO XapaKTePU3YIOThCS aHOMANISIMM BJIACTUBOCTEM 1 BHCOKMMHU 3HAYEHHSIMU
JEeKTPUYIHOI TMPOHUKHOCTI B oOnacti (azoBoro mepexomy [10,11]. B
pe3ynbTaTl BUHUKHEHHS CIIOHTAaHHOI MOJSpU3allii B TaKUX Marepianax Ipu
TEMIEpaTypax HUXKUE TeMIleparypu (pa3oBOro Nepexoy BUHUKAIOTh CIIOHTaHHI
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nedopMaliii 1 3HMKYETbCSI CUMETpis rpaTkd. [Ipw migBUIEHHI TeMIlepaTypu
BiIOYBA€THCSI CETHETOCTCKTPUYHHUI (ha30BUN MepexiJl, KU CYMPOBOIKYETHCS
3HUKHEHHSM CIIOHTAaHHOI TOJIpW3arlii 1 MiJBUIIEHHAM CHUMETpPil KpHUCTaIa.
Temmnepatypy (a3oBoro mepexony Ha3uBawTh Temreparypoio Kropi Tc.. B
eJIeMEHTapHIi Komipii mepoBchbkuTy BaTiOsz ionu Oapiro 3aiiMaiOTh BEPUIMHH
KyOiB, 10HH KHCHIO PO3MIIIYIOTBCS B IIEHTpax rpaHed Ky0Oa, a 10H TUTaHy —
ycepeauni KoMipku (puc. 1). JlaHuW CTPYKTYpHUM THIT XapaKTEepU3Y€EThCS
TPUBUMIPHHM KapkacoM 3 okTaenpiB T10g, ne aromu Tl 3HAXOAATHCSA B IICHTPI
oktaeapa 36 aromiB O. KucHEBO-THTaHOBI OKTaeaApu 3'€MHYIOTBCS OJWH 3
OJTHAM BepIIMHAMU. Y MOPOKHUHAX MK OKTaeIpaMHu PO3TAIIOBYIOTHCS BEIUKI
karionn Ba, 3 koopaunamiitnum yuciaom 12. Temneparypa Kropi B TuTaHati
Oapito cranoButh 120 °C.

[Ipu temmnepatypax Buiie 120 °C BaTiOs; € kyGiyHUM 3 MPOCTOPOBOIO
rpynoro Pm3m, a mpu OXOJOJKEHHI B pe3ysbTari (pa30BOr0 IMEPEXony y
HAIpsAMKY OCi 4eTBEPTOro MHOPAAKY BimOyBaeTbcs 3MimenHs iowis Ti** mHa
0.12 A Big menTpy Ky6a B HaIpAMKY 10 OJHOTO 3 iOHIB KHMCHIO, a i0HiB Ba?" Ha
Bigctanp 0.06 A, mo 0OyMOBIIOE BUHUKHEHHS TETPAaroHaNbHOI CTPYKTYPH 3
IPOCTOPOBOIO rpynoto cumerpii P4mm (a =3.99 A, ¢ = 4.03 A) (Puc. 1).

©®Ba,Bi,Li,Na, K @O0 @Ti
a 0
Puc. 1. CtpykTypa nepoBcKiTy TBepAuX po3unHiB Ha ocHOBI BaTiOs: a —
KyOiuHa mapaenekTpudHa ¢aza, 0 — TeTparoHajabHa CETHETOCIEKTpHUHA (haza.

3mimenns ionis Ti** mpusBomsTs 10 HepiBHO3HAuHOCTI 3B'A3KiB Ti-O:
yotupu 3 HuX y miomuni (001) marots gopxuny 1,99 A, a 3B's3km y3noBxk
noJIsipHOi oci ckianarots 1,87 1 2,17 A. B pe3yJbTaTi 3MIIEHHS 10HIB TUTaHY
BHHHUKA€E CIIOHTAaHHA MOJIAPHU3ALlis 1 yTBOPIOIOThCS enekTpuuHi aumnoii T1-O, sxi
€ HOCISIMU €JICKTPUYHUX JUIOJTBHUX MOMEHTIB.
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B turanari Gapito npu Temnepatypi dazoboro nepexony (Tc =120 °C) 3
CETHETOENIEKTPUYHOI TEeTPAaroHaNIbHOI y MapaeieKTpUuyHy KyOiuHy a3y 3HHKA€e
CTIOHTaHHA TMOJIAPHU3AIlis, L0 CYMPOBOKYETbCS CTPUOKOM Yy AiCNIEKTPUUHIM
MPOHUKHOCTI. 3 METOI0 PO3MHTTS MAKCUMYMY J1€JICKTPUYHOI MPOHUKHOCTI Ta
3MIIIEHHS TEMIIEPATypH MPOSIBY BUCOKUX 3HAYEHDb JIEICKTPUYHOI TPOHUKHOCTI
B OIK BHCOKHUX TeMIepaTyp N0 TUTaHATy 0apiio J0JIal0Th CETHETOEIEKTPHUYHI
croayku MgosBiosTi0O3 (M = Na, K).

Y  TuraHaTax Harpito-BicMyTy  NagsBigsTiOs3 1 Kkaiito-BicMyTy
KosBiosTIO3 omHakoBi kpucTajgorpadiudi TOJOXKEHHS 3 KOOPIHWHAIIHHUM
yucaoM 12 3aliHATI pI3HUMH 3a PajlyCOM 1 BaJI€HTHICTIO KaTioHamu [ 12].

JIns mux CHOJIyK XapaKTEpHUM € CTaTUCTUYHUM PO3MOJIN KATIOHIB y
migrpatii A. Ilo HasgBHOCTI MakCUMyMy Ha TeMIEpaTypHil 3aJeXHOCTI
JEJEKTPUYHOI MPOHUKHOCTI OyJI0 TOKa3zaHo, 1o Temneparypa Kropi s
NagsBiosTiO3 cranoButs 320 °C. Turanat Hatpito-BicMyTy NagsBiosTIO; €
CETHETOPEIAKCOPOM 3 PO3MHUTUM CETHETOEIEKTPUYHUM (Pa30BUM IEPEXOIOM,
JIEeNIEKTpUYHA TMOJspHU3allisl SKOro B 00yacTi (pa3oBoro Imepexoay Mae
penakcamiianii  Xapaktep [13, 14]. V cerneropenakcopax 3aMiCThb YiTKOTO
MaKCUMyMy pienekTpudHoi npoHukHOCTI € (T) B Toumi (azoBoro mepexoy
crioctepiraerscsi mosioruit [15, 16]. Taky moBeniHKy MOB'SI3yIOTh 3 HAsSBHICTIO
BHYTPIIIIHIX Hampy>XeHb a00 3 HEPIBHOMIPHUM PO3MOJIJIOM y By3JaX TPaTKH
10HIB PI3HUX EJIEMEHTIB, IO MPHU3BOJAUTH NI0 PI3HUX JIOKAIBHUX TEMIEPATyp
Kropi B pizHMX MiKpooO'eMax KpucTaimy 1 JO PO3MUTTS (Ha30BOTO IMEPEXOoy
[17,18]. ABTropamu [19, 20] Oymo moka3aHoO, IO y TUTAHATI HATPIIO-BICMYTY
CIOCTEpITAa€EThCS  JBA pPO3MUTI  (Pa3oBI MaKCUMyMH Ha TeMIlepaTypHIN
3aJIEKHOCTI J1€IeKTPUYHOI POHUKHOCTI: MIXK POMOOEIPUYHOIO
CErHETOEJIEKTPUYHOI0 1 aHTUCErHeToeNeKkTpuuHow (azamu (197 °C) Ta Mmix
POMOOEIPUYHOIO AHTHCETHETOCIEKTPUYHOIO 1 TETParoHaJbHOIO
napaenektpuuHoro (azamu (327 °C).

CUCTEMA (1-X)BaTiO3—XNao,5Bio75TiO3

Teepai pozunnn cucremu (1-X)BaTiOs—xNaysBigsTiO3 (0 <x<0,3) Oynu
CUHTE30BaHI METOJIOM TBepAo(a3HUX peakiiil. BuxigHumu peareHtamu AJis
CUHTE3y TBEpAUX Po3uMHIB Oynu: kapoonat O6apiro BaCOs, okcua tutany TiOg,
kapOoHat Hatpito Na,CO3 ta okeup Bicmyty Bi,O3 kinacudikarii “oc.q.”.

Metonom peHTreHo(a3oBoro asamizy OyJo MOKa3aHO, IO YTBOPEHHS
omHodaznoro marepiany (1-X)BaTiOs—XNaosBigsTiO3 (0<x<0,3), mo
HAJICKUTh [0 TETParoHajdbHOI CHHTOHII TpOCTOpoBOi Trpymu  P4mm,
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BimOyBaeThcsi 1mpu  Temmeparypax Bume 950 °C  (Puc.2) [21]. Ha
nudpakTorpaMax 3pas3kiB, HarpitTux B inTepBaii Temmneparyp 600-1000 °C, kpim
BUXIJIHUX KOMITOHCHTIB TpHCYTHI Takok ¢asu BaTisOg, Ba,TiOs4, NasTiO4,
NayTisO12, BisTi3s012 [22]. 3HaiineHo, MO MMiJT YaCc CHHTE3y TBEPAOTO PO3IUHHY
(1-x)BaTiOs—xNapsBiosTiO;  ime mapanenbHO  YTBOpEeHHsS  JIBOX a3
nepoBChKUTHOI CTpyKTypu BaTiO3 Ta NagsBigsTiOs.

YrBopenns ¢azu BaTiO; BinOyBaeThest uepes dasu BaTisOg Ta Ba,TiOs B
temnepaTypaomMy intepBai 700-900 °C:

BaTi,Og¢ + 3BaCO; — 4BaTiO; + 3CO, 1 (1)

Ba,TiO, + TiO, —2BaTiO3 (2)

[Tpu 700-850 °C, 3a yuacti ¢a3 NasTisO1, Ta BisTis012, yrBOproeTscs
(1)&321 NaoysBioysTioy

Na4Ti5012 + Bi4Ti3012 — 8 Nao,5Bio,5TiO3 (3)

[ToBHicTIO 01HO(DA3HUM MPOAYKT cTae npu Temmneparypax suiie 950 °C.
[Mpu upomy yrTBOprOeThcs TBepauii po3umH (1-X)BaTiOs;—XNagsBipsTiO3 mo
peakuii:

(1-X)B&Ti03 + XNaolsBiol5Ti03 — Bal-xBiolstaovsxTiO3 (4)

NI

ol T T A TN | WLl N8 W

o il
T

20 40 60 80 100 120 140 20,°

Puc. 2. ExcniepumenTanbHa (Toukn) i o0umciaena (JiHis) qudpakTorpamMmu mpu
KiIMHATHHX TeMIieparypax kepamiunoro 3pasky 0.9BaTiO3;—0.1NagsBigsTiOs.

& 9 .(.v

Puc. 3. Enexkrponni mikpodororpadii TBepaux po3unnis (1-x)BaTiOs;—
XNao 5Bl 5 T103, cHHTEe30BaHUX METOI0M TBepaoda3zHux peakiii: X = 0,05 (a);
0,25 (0).
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Puc. 4. Cnektpu eHeproaucnepciitHoro peHTreHiBChbKOro aHali3y rpaHull (a) ta
sapa (0) 3epen kepamiku ckiany 0,8BaTiOsz—0,2Nag sBios T10s.

3a JIOMOMOIrOK METOJY CKaHyIuOi €JEKTPOHHOI MIKpPOCKOIMii Oyna
JOCTIPKeHAa MIKPOCTPYKTypa KepaMikh Ha OCHOBI TBepaux po3uuHiB (1-
X)BaTiO3—XNagsBigsTiO3. BusiBiaeHo, 1o 3i 30UIbIICHHSIM X PO3MIp 3epeH
CIEYEeHOI KepaMiKM MartepialiiB 3MeHInyeTbes Bia 6.4 mxm (npu X = 0,05) no
1.5 MM (mpu X =0,3) (Puc. 3). MeTooM eHeprocmnepciiiHOi PEHTTeHIBCHKOT
CHEKTPOCKOMIT OyJI0 MPOBENICHO €JIEMEHTHUI aHalli3 KepaMidHuX 3paskiB. byro
MOKa3aHo, 10 KOHIICHTPAIlisl HATPIIO Ta BICMYTY Ha TPaHUIl 3€peH € OUIBIIOI0
HIX y sapi 3epHa (Puc. 4). 3MeHIleHHs po3MIpy 3epHa 13 30UIBIICHHIM X MOXeE
OyTu moB'a3aHo 3 cerperanicro ionis Bi**, Na* npu cnikanni mo6au3y rpaHuim
3epeH, MO MPU3BOIUTH 10 YIOBIIBHEHHS MIBHIKOCTI TPAHCIIOPTY PEUYOBHUHU ¢
YTBOPEHHS MEHILIKX 3a po3MipoM 3epeH [12].

byno  mpoBemeHo — JOCHITKEHHS  TEMIIEPATypHHX  3aJIEKHOCTEH
JCIEKTPUYHOI MPOHUKHOCTI 1 TAHTE€HCY MieJACKTPUYHUX BTpAT st cucremu (1-
X)BaTiO3—xNaosBigsTiO; (Puc.5) B HIMPOKOMY YacTOTHOMY Jliama3oHi
1<f<10°Tn. IMoka3aHo, mo Npu 30iNBIIEHHI BMIiCTy BiCMyTy Ta HATpil0 B
tBepaux posunHax (1-x)BaTiOsz—xNagsBipsTiO3 Temmeparypa Kropi, 1110
BIJINOBIJIA€ MAaKCUMyMY J1€JIEKTPUYHOI MPOHUKHOCTI Ha Puc. 5 30utbLIyeThCs
Bix 150 no 185 °C B xonuentpariiinomy inrepsaii 0,05 <x <0,3. 36ibIIeHHS
BMICTY X B TBEpPJIMX PO3YMHAX HA OCHOBI TUTaHaTy Oapii0 MPU3BOAUTH IO
pO3MHUTTS  (Pa30BOro MEpexoay, IO TMOB’S3aHO 3 CErHETOPEIaKCOPHUMU

BJIACTMBOCTSIMU TUTAHATY BICMYTY-HATPIIO.
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Puc. 5. JlienextpuyHa MPOHUKHICTH (@, ) Ta TAHT'CHC JieJICKTPUYHUX BTpaT (6,2)
tBepaux po3unHiB 0,9BaTiO3—0,1NaysBigsTiO3 (a, 6), 0,8BaTiOs—
0,2NagsBigsTiOs (8, 2) mpu wactorax 1(1), 101 (2), 10%(3), 103(4), 10*(5), 10°(6),
10° Ty (7).

Bei 3pasku cucremn (1-x)BaTiO3z—xNagsBipsTiO; mpu 0,05 <x<0,3
MalOTh BUCOKi 3HAYEHHS JieJEKTPUYHOI HpoHUKHOCTI & >10° B wacToTHOMY
inrepBami 1 <f<10%'u. 36inblIeHHs KOHLEHTpAL{i TUTAHATY BiCMYTYy-HATPirO
X TPU3BOAWTH JO 3MEHIICHHS 3HAYCHHS [iCICKTPUYHOI MPOHUKHOCTI Ta
3MEHIIICHHS TAHI'CHCY KyTa JienekTpuunux Brpar (Puc. 5).

OckuIbKM TeMIlepaTypHa CTAOUIBHICTh € BaXJIMBOK BEIMYUHOIO IS
BHCOKOTEMIIEpATypHUX KOHAEHCATOPiB, TO OyJIO pO3paxOBaHO BEJIUYUHY 3MIHU
JIENIEKTPUYHOI POHUKHOCTI 3 TeMIeparyporo (€'-€'rc)/€'rc, e €' - AieneKTpuIHa
MPOHUKHICTh MPHU PIZHUX TEMIIEpaTypax, €7c¢ — MAlCJIEKTpUYHA MPOHUKHICTH B
Toutli ¢azoBoro nepexoay npu temmeparypi Krwopi. byno 3naitneno, mo tBepai
pPO3YMHM  HAa  OCHOBI (1-x)BaTiO3—xNapsBiosTiO3 (0,056<x<0,3)
XapaKTEpPU3yIOThCSI BHCOKOIO TEMIEPATypHOK CTAOLIBHICTIO B ILIMPOKOMY
TemreparypHomy inrepBam. 3okpema Matepianu 0,9BaTiOz—0,1NagsBipsTi103
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XapaKTEPHU3YIOTHCSA 3MIHOKO TiEJIEKTPUIHOI NMPOHUKHOCTI Ag'/e're < £ 15% B
temriepatypaomy iHtepBaii 20 < T <250 °C Tta Bix 140 <T <300 °C npu 1 I'ryg
ta 10° T'm Bigmosimno (Puc.6). B Toii wac sk marepiamm 0,8BaTiO3-0,2
NaosBigsTiO;  XapakTepu3yrOThcs 3MIHOK  JTIETICKTPUYHOI TPOHUKHOCTI
Ae'/erc<+15% B TemmeparypHomy iHTepBami 20<T<300 °C Ta
120 < T <300°C npu 1 I'rg ta 108 I'y BigmosinHo (Puc. 6).

(e'-e';
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0
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Puc. 6. TemnepaTypHa 3aJI€KHICTb 3MIHU J1€JIEKTPUYHOT IPOHUKHOCTI (€'
e'rc)le'rec TBepaux po3unHiB 0,9BaTiO3—0,1NagsBigsTiO3 (@) 1 0,8BaTiOs—
0,2Nag sBig s TiOs (6) mpu uactorax 1(1), 101 (2), 10%(3), 10%(4), 10%(5), 10%(6),
10° T (7).

CUCTEMA (1-X)B&Ti03—X Ko,5Bio,5Ti03

Teepai po3unnan cuctemu (1-X)BaTiO3—xKosBigsTiOz (0 <x<0,3) Oymnu
CUHTE30BaHI METOJ0M TBepAo(da3zHux peakimiil. Sk BUXiAHI peareHTH Mpu
CHHTE31 TBEPIUX PO34MHIB BUKpuKapOoHat Oapito BaCOs, okcua tutany Ti0,,
kapoonar kamito K,CO; ta okcua Bicmyty BiOs xmacudikamii “oc.d.”.
[Tokazano, mo yrBopeHHs TBepaoro po3unHy (1-x)BaTiOs—x KgsBigsTiOs, 110
KPUCTATI3YEThCS Y TETparoHalbHIW CHUHTOHII, BigOyBaeTbcst Buiie 950 °C
(Puc. 7) [23]. IlpomikHumMu ¢dazaMu TpPU CHUHTE31 KaTiii-BMICHUX TBEPIUX
pOS‘-IHHiB € BaTi409, BazTiO4, BilzTiOZO, BizTizO7, KzTiOg, KzTi5013, K2Ti205
[24]. Vt1Bopenns ¢dasu KosBiosTiO3 min wac cunatesy (1-x)BaTiOsz—x
KosBigsTiO; BinOyBaeThesi B TemmnepatypHomy inTepBam 700-900 °C 3a
yuacTio a3 Bi,Ti;0;7 ta K, Ti,0s. ®aza BaTiO3 yrBoproeTsest uepes MpoMixHi
da3u TerpatuTaHaTy Ta OpTOTUTAHATy Oapito. KiHIIEBOIO peakili€er0 YTBOPEHHS
TBEP/IOTO PO3UUHY €:

(l-x)BaTi03 + X KosBipsT103 — (1-X)B&Ti03—X KosBiosT103 (5)
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MeronoM enexkTpoHHoi Mikpockomii (Puc. 8) Oyno mokazano, mo 3i
30UTBIICHHSAM X pO3Mip 3epeH Kamii-BmicHOi kepamiku  (1-x)BaTiOs—
XKosBip5TiO3 3menmyerscs Big 5,8 Mkm (mpu X = 0,05) mo 1,1 Mxm (mipu
X =0,3). 3MeHIIeHHS PO3MIpy KEpamidHOTO 3epHa MOXe OyTH OOYMOBIIECHO
30UIBIIEHHSIM KOHIIEHTpAIlil 10HIB BICMYTY Ta Kajiio Ha rpaHuisix 3epeH (Puc.
9). KoHuenTparrisi 10HIB Ha IPAHUII POCTY 3€PEH IMPHU CIIKaHHI TPU3BOAUTH 10
YTBOPEHHSI MEHIIIHUX 32 PO3MIPOM 3€PEH B KEpaMIYHOMY MaTepiai.

| 111 twnnrnn | B

20 40 60 80 100 120 140 20,
Puc. 7. ExcniepumenTanbHa (Toukn) i o0umciaena (JiHis) tudpakTorpamMmu mpu
KIMHATHUX TeMIieparypax kepamiunoro marepiany 0,9BaTiOs—0,1KqsBig5Ti0s.

Puc. 8. Enextponni mikpodotorpadii TBepaux pozunHib (1-x)BaTiOs—
XKo5BiosT103, cuaTe30BaHnX MeTOI0M TBepaodasuux peakiiit: X = 0,1 (a);
0,25 (0).
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Puc. 9. Cnektpu eHeproaucnepciitHoro peHTreHiBChKOTO aHami3y rpaHulll (a) Ta
sapa (0) kepamiuamx 3eper cuctemu 0,9BaTiOs;—0,1Ko5BigsTiOs.
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50 100 150 200 250 T, °C 50 100 150 200 250 T, °C
B T

Puc. 10. lienexTpruHa MPOHUKHICTH (@, ) Ta TAHTEHC JIEIEKTPUUHUX BTpaT (6,
2) TBepaux po3unHiB 0,9BaTiO3-0,1K5BiosTiO3 (a, 6), 0,8BaTiOs—
0,2Ko5BiosTiO;z (6, 2) mpu wactorax 1(1), 10* (2), 10(3), 103(4), 10%(5), 10%(6),
10° T (7).

Ha pwuc.10 mnpuBeneno TtemmepaTypHi 3aleKHOCTI JI€JIECKTPUIHOI
NPOHMKHOCTI 1 TAHFE€HCY KyTa JIieJeKTpU4HuX BTpaT s cucteMu (1-x)BaTiOs—
X KosBigsTiOz B nmiamasonmi wacror 1<f<10°T'm. Ilokazano, mo mpu
30UTBLIEHHI BMICTY Kajlito Ta BicMyTy Temneparypa Kiopi B TBepaux po3unHax
(1-x)BaTi03—x Ky 5BigsTiO3 ctanoButs 150, 1601 170 °C gt x = 0,1, 0,2 ta 0,3
BignoBigHo. Marepiasm (1-x)BaTiOs—Xx KosBigsT1O3 MaloTh BHCOKI 3HAYCHHS

nienekTpuuHoi npoHukHocTi & >10% B wacrorHomy inmTepmami 1 <f<10*In
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npu 0,1 <x<0,3. Tlpu 30uIblIEHH]I KOHIIEHTpAIlli TUTaHATy BICMYTY-Kalilo
3HAYCHHS JIICJICKTPUYHOI MMPOHUKHOCTI Ta TAaHTGHCY KyTa JieJISKTPUYHUX BTpaT
smenmyethes (Puc. 10).

byno mokazano, 1o TBepai po3umHM Ha ocHOBi (1-X)BaTiOs—
XKosBipsTiO3 (0,1 <x<0,3) xapakTepu3ylOTbCsS BHCOKOIO TEMIIEPATyPHOIO
CTaOIIBHICTIO MiCNEKTPUYHUX BJIACTUBOCTEH B IIUPOKOMY TEMIIEPATYPHOMY

inTepBaii (Puc. 11).
{r:'-.?;Tc)fe'Tc, %

50 100 150 200 250 300T,°C

a

Puc. 11. TemnepatypHa 3aJ1€KHICTh 3MIHH J1€IEKTPUUHOI IPOHUKHOCTI (€'~
g're)/e'rc TBepaux pozunHiB 0,9BaTiO3—0,1KsBigsTiO3z (a) 1 0,8BaTiOs—
0,2Ko5Bio5TiO3 (6) mpu wacrorax 1(1), 101(2), 10%(3), 10°(4), 10*(5), 10°(6),
10° T (7).

3okpema wmatepiaan  0,9BaTiO3-0,1KosBipsTiO3  xapakTepu3yroThes
3MIHOIO [I€JIEKTPUYHOI NpOoHUKHOCTI Ag'/e'rc < £ 15 % B TeMmmepaTypHOMY
inTepBami 90 <T<300°C Ta 20<T<300°C mpu 10° I'm ta 10%-10° I'n
BignoBimHo. B Toii wac gk wmatepianm  0,8BaTiO3—0,2NagsBigsTi103
XapaKTEPHU3YIOThCSA 3MIHOKO JIEJIEKTPUYIHOI NMpOHUKHOCTI Ag'/e're < £ 15% B
TemmepaTypHoMy iHTepBami 25 < T <210 °C (10%I'u), 70 < T <260 °C (10° ')
Ta 20 <T <170 °C (1-10° I').

Otxe, Oyno po3po0ICHO Ba TUIKM BUCOKOTEMIIEPATYPHUX MaTepiaiiB 3
BHUCOKOIO JIEJICKTPUYHOI TpoHuKHICTIO (¢ > 1000), sika TPOSIBISETHCS B
IIUPOKOMY  TEMIIEpaTypHOMY Ta YacTOTHOMY IHTEpBaJiax Ha OCHOBI
CETHETOCTICKTPUIHHUX TBEPIAUX POIUUHIB.

B JICICKTPUIHHIX MaTepianax (1-x)BaTiO3z—xNag 5Bio5TiO3
(0,05 <x<0,3) ta (1-x)BaTiOs—x Ko sBigsTiO3 (0,05 < x <0,3) cmocTepiraerbes
301bIIeHHsT Temnepatypu Kropi, 3MeHIIEHHS AieNeKTPUYHOT KOHCTAHTH Ta
TAHTEHCY KyTa AienekTpudHux BTpaT. [lokazaHo 1m0 marepiaau CHUCTEM, IO
MICTATh Kajlidi Ta HATPii, XapaKTEePU3YIOThCA HU3BKOK 3MIHOIO J1E€JIEeKTPUYHOI
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npoHUKHOCTI Ag'/e're < + 15% B mHUPOKUX TeMIEpaTypHUX IHTEpBAIAX.
3HaleHo, M0 HAWIIUPIIUK TeMIepaTypHuil iHTepBail nae Aeg'/e'tc <+ 15% B
cuctemi (1-X)BaTiOs—Xx NagsBipsT103 (0,1 <x<0,2) cmocrepiraerbcs Ha
yacrorax 1-10 ta 10° I'u. B Toii yac six B cuctemi (1-X)BaTiOs—x KgsBiosTiO3
HalmMpImid TemreparypHuid intepBan ne Ag'/e'tc < £ 15 % nposBnseTscs B
yactotHOMY mianasoni 10%-10% I'y (25-300 °C) npu X =0,1 Ta npu 108 T’y (70—
270 °C) mpu x =0,2.

OTpumMaHni KepamiuHi MaTepiaidi MOXYTb OYTH MEpPCIEKTUBHUMU MPH
CTBOPEHHI BHCOKOTEMIIEPAaTypHUX KOHJCHCATOPIB IO BUKOPUCTOBYIOTHCS MPH
OypiHHI TEOJOTOPO3BITYBATBLHUX C8EPONO0SUH, B AEPOKOCMIUHINA MPOMUCIIOBOCTI
1 IIEPHUX PEaKTOpax.
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CHAPTER 14
IMPO '’EQOEKOJIOTTYHI HACJIIAKHA BILJIUBY
Y INTPHAYO-IIPOMHUCJI0OBOMY PAVOHI

Ayxose M. B., Kanvko A. JI., Menvniuuyx M. M, Menvrux O. B.

BonuHcekuil HatlioHansHUM yHiBepcuTeT iMeHi Jleci Ykpainku, m. JIyibk,
BCII «PiBHeHCBhKHI TexHIUHME (haxoBuii kosemxk HYBI'TI», m. PiBHe
a.d.kalko@nuwm.edu.ua

3a mpsAMOTO BIUIMBY JIIOJMHU Ha PENbE( CTBOPIOIOTHCSA MOro HOBI (hOpMHU
(kap’epu, BIgBalM, TEPUKOHM, HACUNH, JaMOu, TpaHmei Tomo). Ilpu
OTOCEPEIKOBAHOMY - TIPUPOJHI (OpMH 3a3HAIOTh 3MiH 4Yepe3 BIUIMB Ha
POCIIMHHMM TOKpUB, TpyHTH Ta 1H. Ha ¢dopmyBanHs cyudacHoro penbedy
HoBoBosmmHChKOTO ripHUYO-nipomucioBoro paiiony (HI'TIP) Brmnayna rycra i
JIOCUTh pO3rajiy’keHa rigporpadiuHa Mepexka, IO 3yMOBWJIA HOro 3HAYHE
TOPU30HTAJIbHE Ta BEPTUKAJIbHE PO3UICHYBAHHS, /1€ 3axXiHa 1 MiBIEHHO-3aX1Ha
YAaCTUHM TSKIIOTh 1O JOJWHU 3axigHoro byry 3 aOCONIOTHUMH BHUCOTaMH
noBepxHi B Mexkax 175-185 m [1, 2].

[Npanyo-n00yBHA TPOMUCIOBICTH 32 MaciiTabamMu, 1HTEHCHUBHICTIO,
nposiBAMH  Ta  €KOJIOTIYHMMH  HACHIIKAMH ~ TEXHOT€HHO  3YMOBJICHUX
penbedOTBOPUMX MPOIIECIB € TOJOBHUM YHHHUKOM TEXHOTEHHOI TpaHCchopmarii
penvedy HITIP. Iling BmimMBoM pi3HMX BHUAIB TOCHOAAPCHKOI ISUIBHOCTI
YTBOPHUBCS 3HAYHHH CIIEKTP (OpM aHTPOTIOTECHHOTO PeNbedy.

Hacnigky BIIIMBY JIOAMHU Ha penbed MOMITHI Maike Ha BCId TEepUTOPIT
paiiony. 3a0ynoBani 3emui crtaHoBiATH (cramom Ha 01.01.2020 p.) [3]
HoBoBonuHcbkoi Mickkpaau 67% [4]. ITix sxutioBoro 3a0ym0Bor0 3aitHsATO 2,6
THUC. Ta, a T AadHe Ta rapaxkae OyaiBaunTBo 0,01 Trc. ra. 3a UM MTOKAa3HUKOM
BHOKpeMJIeH1 MicTo HoBoBoJIMHCEK 1 cMT. biaronmarthae.

BaxnmuBUM MOKAa3HUKOM 3MiH €KOJIOro-reorpadiyHoi cuTyalli B perioHi, €
Horo npupoaHo-pecypcuuii noreniian (ITPIT), icHyrodi OIiHKM SKOTO BKa3yOTh
Ha JIOMIHYBaHHS y CTPYKTYpl JIBOX CKJIaJOBUX - 3€MEJIbHUX Ta MiHEpajIbHO-
CUpPOBUHHUX pecypciB (Tadn. 1). Inun cknagosi ITPII maroTe miamopsigkoBaHe
3HAYEHHA, X04Ya ¥ CBIIYaTh MPO MOXKIMBOCTI IHTEHCUBHOTO PO3BHUTKY B PET10HI
TYpUCTHYHO-PEKpEAIifiHOl Trajy3l TOCHOJapcTBa, 3€MJIEpOOCTBA, JICOBOTO
rocrogapcTaa [1].

OTxe, 1eil Kpall € JaBHO OCBOEHMM 1 TYCTO3aCelICHUM — CepeaHii
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nokasHUK 1650,6 oci6/km? (cinbebka MicueBicth - 49,2 oci6/kM?, M.

HoBoBonuHCEK - 3252 0cib/km?).

[TpoMucioBi po3poOKH POAOBHUII MiHEPAIbHOI CHPOBHHU MPHU3BOASTH 0
MOpPYIICHHS penbedy 3 TaKUMH CKOJIOTIYHUMHU HACTiIKaMU: BHITyYCHHS
3eMEeJIbHUX YT1/1b, MOPYIIEHHS IPYHTOBOTO MOKPUBY, 3HUIICHHS (iopu 1 dayHH,
3a0pynHeHHs atMocdepu Ta Triapocdepu Tomo. Came TipHUYO-T00YBHA
MPOMHUCIIOBICTh € TOJOBHUM YMHHUKOM TEXHOTe€HHOI TpaHchopmalii perabedy
TIPHUYO-TIPOMUCIIOBOTO palioHy K 3a MaclTabamMu po3MOBCIOIKEHHS, TaK 1 3a
IHTEHCUBHICTIO Ta PO3MAITTSAM MPOSIBY 1 €KOJOTTYUHUMH HACIIJIKAMHU TEXHOTEHHO
3yMOBIIeHUX penbedoTBOpunx mporeciB [1]. Ilig BrmiamBoM pi3HMX BU/IIB
rocrogapchbKoi AISUIBHOCTI B MeXax paloHy 1 Ha MOpUIIEriid TepuTopii
YTBOPHUBCS 3HAYHUI CTIEKTP (POPM aHTPOIOTEHHOTO peNbedy.

[Tin BiAKpUTHMH pPO3pOOKaMM, Kap'epaMu, IIAXTaMd Ta BIAMOBIIHUMHU
CIopyJlaMH 3a iX MaKCHMMajbHOI KOHIIEHTparii B IeHTpaiabHii yactuai HITIP
HaliOUIbIIe  3eMeNb  3alHATO HA  TEPUTOpPIi  3EMJICKOPUCTYBAHHS M.
HoBoBosnmHCBK. [IJ1s1 TOJMIMIIEHHS €KOJOTIYHOI CUTyalli Il 3eMJIi BUMAararoTh
peKynbTUBALIHUX poOiT. Han3BuyaiiHy ekoiaoro-reoMop@osaoriyny HeOe3neKy
B LIbOMY PETiOHI CTBOPIOE TEXHOT€HHO aKTHMBI130BaHUM KapceT [1].

Taomung 1
JluHamika MpUAHATTS B €KCIUTyaTalliro XuTia y M. HOBOBOJIMHCHK Ta CyMI>KHUX
TEPUTOPISAX, THC. M? 3arabHOi mwiomi [4]

1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018
[IpuiiHATO B €KCILTyaTalilo KUTJIA
Bonuncbka o6nacth 199,6(125,9|155,3|175,4|329,1|364,1|336,3|371,3
M. Bonoaumup-
Bonunchkmit 43 139 35|31 |38 |36 | 55|85
M. Kosenb 15,8 | 11,2 | 1955 | 8,6 | 37,3 | 450 | 21,1 | 32,2
M. HoBoBOIMHCEK 102 60 | 2,7 | 57 | 54 | 26 | 58 | 3,6
[TpuitasiTo B excrutyaTariito xutia Ha 1000 ocid
Bonuncbka o6acth 186 | 119 | 149 | 170 | 316 | 350 | 324 | 359
M. Bononumup-
BonuHCcbKmit 107 | 99 | 93 | 80 | 98 | 93 | 143 | 221
M. HoBOBOJIMHCHK 163 | 102 | 46 | 98 93 | 44 | 102 | 63
[TpuitHATO B €KCIUTyaTAaIllI0 KHUTIA, 30yA0BaHOTO (i3UYHUMHU 0coOaMu

Bonuncbka o6nacth 112,9|1100,2| 93,6 |146,3|255,1|268,5|245,1|255,4
M. Bomoaumup- 31 139 | 35|31 | 38| 36|49 | 45
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Boaunchkuii

M. HoBoBOIMHCEK 16 |19 | 03 | 1,7 | 40 | 22 | 2,7 | 2,0
[IpuiiHATO B €KCIUTyaTallll0 KHUTJIa Y MICBKUX IMOCEJICHHSIX

Bomnurcska 001acTe 127,8| 80,6 {114,5| 94,5 [164,6|183,2|156,4|160,6

M. Bomoaumup-

Bomuacekuii 43 (1393531 |38 ] 36|55 85
M. HoBOBOIMHCEHK 102 | 60 | 2,7 | 57 | 54 | 26 | 58 | 3,6
[TpuiiHATO B €KCIUTyaTallil0 OJTHOKBAPTUPHI KUTIIOB1 OYAMHKH
Bonuncbka o0nacThb - - 94,2 1143,0(244,0|264,6|240,5|254,5

M. Bononumup-

Bomuacpkuit - - 35130 | 37| 28 | 47 | 45
M. HoBoBOIMHCEK - - 03| 17 | 36 | 23|27 | 20
[IpuitHsATO B €KCILTyaTallito KUTJIOBI OyIMHKH 3 BOMA Ta OLIbIIE KBApTUPAMU
Bonmncbka o0nacThb - - 61,1 | 324|845 |990 | 955 |116,8

M. Bomoaumup-
Bommacpkuit - - — 01,0108 08| 4,0
M. HoBoBOIMHCEK - - 24 | 40 | 1.8 - 31| 16

Po3pobka mokianiB Kam'sHOTO BYTUUIA TMIA3EMHHM criocoboMm 6e3
3aKJIa/IaHHsT MIaXTHOTO TMPOCTOPY BIJIBAJIBHUMH MacaMH, pi3Ha TMOTY>KHICTh
poOOYMX BYTIIBHUX IUIACTIB, CKJIaJHA KOH(Irypalis BiAIpalbOBaHUX IUION] 13
OaraTbMa 3aJIMIICHUMHU OXOPOHHUMH LIJIMKAMU 3yMOBIIIOE MPOCIIaHHA 3€MHOI
noBepxHi. Ilicnsa 3aTomuieHHs OUIBIIOCTI JIIKBIJIOBAHUX IIAXT 1HTEHCUBHICTH
KapCTOYTBOPEHHS 3MEHIIMJIACA, aJie I[IOBHOI TrapaHTii 3allOBHEHHS BCiX
MOPOKHUH 1 BUTICHEHHS PYIHUKOBOTO TIOBITpsI HeMae. 3a pe3yibTaTaMu
MapKIIEHIEpPChKUX BUMIPIOBAaHb MaKCUMallbHI MOKAa3HUKUA MPOCIAAHHS 3€MHOI
MOBepxHi cararoTh 1,5-1,8 M, a cepenni 3HaYeHHs KoiauBaroThes Big 0,6 mo 0,8
M. [IBUIKICTH BEpPTHKAIBLHUX 3MINIEHh 3€MHOI MOBEPXHI B MEXKax IMaXTHUX
noJiB 58 - 65 mm/pik [5].

He3Baxkaroun Ha BIAZHOCHO HEBEJIMKI BEJIWYMHU TPOCIAAHHS 3E€MHOI
MOBEPXHI, BIAMPALIIOBAHHS BYTIJIBHUX IUIACTIB CYNPOBOKYETHCSA MOPYIIEHHAM
IUTICHOCTI (PyHIaMEHTIB OyIWHKIB Ta 1H(pacTpyKTypu. 3arajibHa KIJIBKICTh
nedopmarliii Ta TPOPUBIB BOAOTOHIB, TOB'A3aHa 3 MPOCIAAHHSAM, IIOPOKY
nepesunye 300 aBapiii mpu 3arajibHiii MPOTSHKHOCTI BOJOMPOBITHOT MEpPEKi
aume 200 kM. Taki gedopmanii  BiA3Hauadd Ha MIBACHHIA  OKpaiHi
HoBoBomnuHcbKa, y paitonax cut bynarudi, Hosa Jlimas 1 JIutoex [5].
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Ha TepuTopii nirouux 1 JIKBIAOBAaHUX IIAXT palOHY PO3MIIIEHI TEPUKOHU
- TOPOAHI BIABAIM MIAXT 3 MPOXOAKH TIPHUYUX BUPOOOK. YacTo BigBaiu
3'emHani MK c0000. 3arajgbHa IUIOINA ITiJi TEPUKOHAMU CTaHOBUTH 1,35 KM,
HapaxoByrots 25 mopogHux BifBamiB, 13 HuX noHan 84% wuemitoumx, e
HakonuyeHo 21,02 miH. M° NPOMMCIOBHMX BiIXOMIB yCiX KIaciB HeOe3eKw.
Haiibipmr  exojioriuHo HeOe3neyHuMu  XiMiyHUMHU  enemeHTtamu (I kimacy
HeOe3NeKH) y MOpOAHUX BiJBajax € MIPUTH 1 CipKa, Ha sK1 MpuUIiagae OJu3bKo
1,8-2,0% 006'eMy mpoMHCIOBUX BIIXOIB [5].

Crapi nopoani BiaBanu y 60-80 pp. XX CT. CUIIBHO TOPLJIH, TOMY T1pChKI
NOpoAN KpucTanizyBaiaucs. [HTeHCMBHE (pi3uyHE BHUBITPIOBAHHS MPUBENIO 0
YTBOPEHHSI YUCJIEHHUX METaMOp(i30BaHUX KAMEHIB-OCTaHLIB. Y KaM'SHOMY
BYTULII 1 MPOMHUCIOBUX BIIXOJaX, IO MOTPAIUISIOTh HA JICHHY IOBEPXHIO,
BUsIBJIEHO MOHaA 70 XIMIYHMX €JIEMEHTIB, YMICT SIKUX, 3BU4aiiHo, MeHie 0,1%.
€ mipur, MO MBUIKO OKUCIIOETHCS 1 YTBOPIOETHCS CipyaHa KHUCIIOTA, SKa
3HHKYE Peakilito BOJHUX po3unHiB (pH) no 2,5-3,5 [5].

B TepukoHax cepenHiil BMICT IUHKY, XpOMY, KOOaJlbTy, MUII'SKY Ta 1H.
nepeBullye y nekuibka pasis I'JIK, a BMICT M1l i HIKeIO, BIANOBIIHO, - aXK Y
32 1 12 paziB. OnHOYaCHO MaKCHMallbHI PIBHI XIMIYHOTO 3a0pyAHEHHS 3a
OaratpbMa IKiIUBUMU eneMeHTamu Ooutbi 3a I'/JIK y 20-200 pa3is [5].

HaBiTh micnsi 3akpuTTs MIAXT 1 MPOBEACHHS PEKYJIbTHBAIIWHUX POOIT
MOPOAHI BiFABAJIM 3aJMIIATHCS OJHMM 3 OCHOBHUX JDKEpeNl 3a0pyaHEHHS
JOBKULISI. BUCOKMI BMICT €KOJOTIYHO HEOE3MEUYHHUX EJIEMEHTIB Y TIPChKUX
MopoJiax IIaXTHUX TEPUKOHIB 3yMOBIIOBAaTHME 3a0pyIHEHHS TPYHTOBOTO
MOKPUBY, TPYHTOBUX 1 MiJI3EMHUX BOJ, JAETPAJALII0 POCIMHHOIO MOKPUBY Ta
BIUTMBATUME Ha KUTTEAISUTBHICTD JTIOAUHH [5].

bynoBa penwvedy (Hacammepen, ioro Mopdodsoris 1 MOpPoOMeTpUuUHi
MOKa3HUKN) CYTTE€BO BIUIMBAE HA 3a0pyIHEHHS aTMOC(HEpPHOTO TOBITPS, SKE €
BaXUIMBOIO YMOBOIO ICHYBAHHS JIIOJIMHHU. SIKICTh MOBITPS BIUIMBA€E Ha CTaH ii
3JI0POB'sI, CAMOIIOYYTT 1 Mpare3aaTHicThb [1].

3a0pynHeHHsT aTMOC(HEpHOro TMOBITPS pPaliOHy 3YMOBJIIEHE PO3BUTKOM
BUPOOHUIITBA Ta eKCIUTyaTalli€lo TpaHCIOpTHUX 3aco0iB. Cepen mxepen
3a0pyAHEHHS MOBITPS BUOKPEMIIIOIOTh CTalllOHApHI, HECTaIllOHAPHI Ta apeayibHi.
[lepuri, moB'si3aHi 3 MPOMUCIIOBICTIO, APYTI - 3 TPAHCIIOPTOM, TPETI - 3 apeanamu
3emiiepo6ctBa [1]. 3a ocTaHHi poku BUIOOYTOK BYTULISL CYTTEBO 3MEHIIMBCH, 1,
BIJIMTOBITHO, BUKUIU B aTMOChepy Takoxk (Tad. 2, 3).

[Hmmit mporec, 10 CYTTEBO BIUIMBaE Ha (HOPMYBaHHS EKOJIOTTYHOL
cutyamii 3 pembeoM B perioHi, € TpaHchopmarlis TISUTBHICTIO JIIOJUHU
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HassBHOTO POCIMHHOIO TOKPWBY 4Yepe3 BUPYOyBaHHS JICIB 1 YarapHHUKIB Ta
HEKOHTPOJIbOBAHE PO30PIOBAHHS TPYHTOBOTO MOKPHBY.

3 exosoro-reoMoppoJIOTIYHUX TMO3ULIA CTaH TIPYHTIB TipHUYO-
IPOMUCIIOBOTO paliOHy 1 MPHIIETNIOl TepuTopii BiAOOpaXka€ B IHTErpaibHOMY
BUTJISI/IL BIUTUB HA HUX pelbedy, IpoLeciB pelbeOyTBOPEHHS, TOCIOIaPChKOi
JISJIBHOCTI Ta Ol0CKOJOTIYHMX YMHHUKIB. Yepe3 1€ apeanud HampyKeHOi
€KOJIOTO-TPYHTOBOI ~ CUTyalllii NpPUYpOuYeHi SK JO 30H I1HTEHCHUBHOIO
3eMJIepOOCHKOT0 OCBOEHHS IPYHTOBOTO MOKPHUBY, TaK 1 0 30H BUCOKOI HAMPYTH
penbedoyTBOpeHHS [7].

Ta0mung 2
Buxkwu 3a0py/THIOIOUYHX PEUOBUH B MOBITPSI CTAIlIOHAPHUMH JDKEepeIamH, T [6]

1995 | 2005 [2010| 2015 | 2016 | 2017 | 2018
10082,(8194,
BonmHacpka 001acThb 152970 6 7 14741,8/4679,45144,0/5089,4
M. Bomoaumup-
Bonunacbkuii 921,0 | 458,5 (339,7|140,1| 152,9 |161,5| 149,9
M. KoBenb 477,0 | 307,7{192,6/383,5| 435,1 |323,9 | 365,8
M. HOBOBOJIMHCEK 5667,0 | 668,2 (293,0/ 198,6 | 225,0 | 257,2 | 369,6

Tabmuusg 3
Bukuau 3a0pyqHIOIOUHX PEYOBUH B MOBITPS 31 CTAllIOHAPHUX JKepen, T [6]

OO6csru VY Ttomy uucni
BUKW/IIB
Ba6py)1HIf)IO‘H/IX . IETKUX €02
SO, |NO; |[CHs| CO | NO ccaxi UC. T
PEUYOBHH CITOJTYK
- BCbOT'O
BonmHcbka
o0acThb 5089,4 318,5/496,8|954,6/1384,0/57,3168,0 |247,9 |510,6
M. Bonoaumup-
BonuHChKHi 149,9 23711503 | 144|113 - | 79 |124
M.
HoBOBOJIMHCHK 369,6 10,9504 3,3 |131,3|3,1|2,1 | 584 |959

Penbed Hepo3pwBHO TOB'S3aHUN 3 TaKUMH SIBUIIAMHU SK  €po3ist 1
nedusisi, SKi BUCTYNAIOTh TOJIOBHUMHU YHHHHKaAMU y (GOpMyBaHHI HOTO
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cyyacHux ¢opm. Eposig — 1ie 3MHB Ta pO3MHUB IPYHTY MOBEPXHEBUM CTOKOM
TUMYACOBUX BOJHHUX MOTOKIB, JJIs SIKUX OCOOJMBE 3HAUYECHHS B PO3BHUTKY €poO3ii
MalOTh YMOBHU penbedy: TTUOMHA MICHEBOT0O 0azucy eposii, KpyTH3Ha CXUIIB,
TOBXKHMHA, (popMa Ta EKCHO3WIliA, IO MPHU3BOIATH JO JAETpajarii IpyHTIB, a,
TaKOX, y TPaHyJOMETPUYHUHN CKJIQJ TPYHTIB, KJIIMAaTUYHI YMOBHU. 3MUB IPYHTY
B1I0yBa€eThCcs TpU ToXmiax 1,5-2°, ajie BCTaAaHOBJICHO, IO €pO3iHHI MPOLECH
MOXYTh MPOXOJUTH Ha TEPUTOPIAX 3 KPYTHU3HOIO CXWiiB Oiabiie 0,5°, ski
HEJIOCTAaTHHO BKPUTI POCIIMHHICTIO 1 JI¢ BUITAIA€ JOCTATHS KUIBKICTh OnaiiB [7].

Epo3sito noauisitoTh Ha TOBEPXHEBY, a00 3MUB IPYHTY, 1 JIIHIHHY €po3iio,
a00 3MUB I'PYHTY 1 MIJICTUJIAIOYUX MOPLI. 3aJI€AKHO B1J BETUYHMHU 3MUTOTO LIAPY
BUJIUISIIOTh  CJTA0OKO3MUTI, CEPEAHBO3MMWTI, CHJIBHO3MHUTI, a, 1HOII, MJYyXKe
CWJIbHO3MUTI IpyHTHU. [loyaTkoBa cTajis JiHIAHOT epo3ii MmojlaHa CTPYMKOBUMU
po3MHUBaMH, 1 fKIIO iX HE 3apiBHIOBATH, TO 3a YEProBOTO CHITOTAHEHHS YU
3MHBY BOHHU CTalOTh KOJIEKTOPAMH, sIKI KOHLIEHTPYIOTh IIOBEPXHEBUM CTIK BOJH,
1 IepEepOCTaIOTh Y TUIIOBI JIiHIMHI (opMHU perbedy - TPOMOIHH, a MI3HIIIE B SPH.
3a (opmorO CXWIM PO3PI3HAIOTH: MPsAMI, BUIYKNII, BBITHYTI, crymiHyacTi. Ha
dbopmyBaHHs cydacHUX (opMm penbedy, KpiM BOAM, 3HAYHUI BIUIUB Ma€ BiTep.
®i3uyHUi Tpouec B3AEMOJII MOBITPSHOTO MOTOKY 3 IOBEPXHEK TPYHTY
Ha3uBaOTh aedusaiiero. Jednsamis HailObubin HeOe3nmeyHa Ha PIBHUHHUX
TEPUTOPIAX. 3aKOHOMIPHOCTI Ta MEXaHI3MH B3a€EMOJII BITPY 3 TPYHTOM
BUBUAJIUCS TakuMU HaykoBLsiMU sK I'. Bucoupbkuii, I'. Konke I'., A. beptpan.
Jlnist koxxHOT hopMu XapakTepHi 0COOIMBI IPOsIBU epo3ii [7].

Jlangmadgtn  HOBOBOJMHCBKOTO  TIPHHYO-TIPOMHUCIOBOTO  paloHy
pPO3MILIEH] B TaKUX MPUPOJHUX YMOBAX, IO CHPHUSIOTH PO3BUTKY €po3ii Ta
nedasuli. [rHopyBaHHS apaMeTpiB JOIMMYCTUMUX HOPM PO30PIOBAHHS TEPUTOPIL
3yMOBWJIO BTpaTy JaHamadTaMu iXHbOI MPUPOAHOI cTikkocti. lle crpusiio
PO3BUTKY €po3ii IPyHTIB. 3MiHa POAIOYOCTI IPYHTIB BiIOYBA€ETHCA TIiJ] BILUTMBOM
K aHTPONMOTEXHIYHUX (JTIOJWHA, TEXHIKA) TaK 1 MPUPOJHUX YUHHUKIB.
[TpupogHUM YMHHHUKOM B OCHOBI €KOJIOTO-T€0TpadiuHOTO BUBYCHHS 3€METbHUX
pecypciB € penbed 31 CBOEPIAHUM IPYHTOYTBOpPEHHSM. BiH BHCTymae sk
TOJIOBHHM (DakTOp MEPEepo3MOALTY COHSIYHOI pajiallii, OmajaiB Ta Ha 3MIHY
POIOYOCTI IPYHTIB [7].

BigomMo, 110 1 rpaHyJIOMETpUYHUHN CKJIaJl IPYHTIB, T€K 3HAYHOIO MIpOIO,
BILUIMBAE Ha PO3BUTOK €po3ii Ta aedsmii. JlaHnii moKa3HUK € JOCUTh BUCOKHM 1
3a HEMpaBWJIBHOTO BEJCHHS BUPOOHHITBA nedusaniiHOHeOe3meuHl 3emil
MOKYTh MEpPEeUTH 10 paHry AediboBanux. Haitbinpmmii pusuk nedsmii MaroTh
CIJIBHO 1 cepeaHbOoHeOe3NeyHl IPYHTH TOOTO Maibke yci IpyHTH TipHHYO-
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POMHUCIIOBOTO PaiOHY.

@daxkTHYHY epOo3i1iHICTh JaHAMA(THIX CUCTEM OLIIHIOBAIN 32 METOAMKOIO,
po3pobieror @. Kinradem 1 C. Kykypynzoro. Ile mamo MOXIMBICT BU3HAYUTH
Koe(DimieHT epo3iMHOCTI JaHAmadTIB YHACTIAOK TUIONIMHHOTO 3MUBY, SKHMA
ctanoButh 0,8. KoedimieHT eposiiiHOCTI JaHamadTiB yHACIIIOK JIHIHHOTO
3MuBY ctaHOBUB 0,04.

Otxe, oTpuMaHi pe3ysibTaTu cBig4ath mpo Te, mo HITIP mae xpuzoBuii
€KOJIOTIYHHUI CTaH 3a CTYIEHEM IUIOIIMHHOTO 3MUBY Ta 3aJ0BUIBHHUI CTaH — 3a
CTYIIEHEM €pO31MHOCTI JaHAA(TIB yepe3 JIHIMHUNA PO3MUB.
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CHAPTER 15.
E®EKTUBHICTh TEXHOJIOI'TI ABTOKOJIMBHOI'O
HOAPIBHEHHSA MATEPIAJIIB B BAPABAHHOMY MJIMHI

Hetinexa K. IO.

BCII «PiBHeHChKU TexHIUHMM QaxoBuii kojemk HailioHanbHOTO yHIBEPCUTETY
BOJHOTO T'OCIIOJIapCTBA Ta MPUPOJAOKOPUCTYBaHHM», M. PiBHe, YKpaiHa
K.yu.deineka@nuwm.edu.ua

Mnuaun GapaGaHHOrO THUIY 3aJUIIAIOTBCA OCHOBHMM OOJIaJHAHHSAM
TOHKOTO TOJAPIOHEHHSI PIZHOMAHITHUX TBEPAMX MaTepiadiB. [ 0JIOBHUM
HEJIOJIIKOM TaKUX JIE3IHTErpaTOPiB € HU3bKUI MEXaHIYHUM KOEPIIIEHT KOPUCHOT
nii mpouecy. e 3yMOBI€HO HU3BKOIO 1HTEHCUBHICTIO LUPKYJISLIT MOJIOJIBHOTO
3aBaHTaXEHHS B Kamepi obepToBoro OapabaHa, OCKIILKM 3HAYHA 11 YaCTHUHA €
NIaCMBHOIO 1 He Oepe ydacTi B nomeni. HoBUM TEXHOJOTIYHUM HampsiMOM
CYTTE€BOIO IMIJBUIICHHS TOPIBHSHO HHM3bKOI EHEPreTUYHOI €(PEKTUBHOCTI
O0apabaHHUX MIIMHIB € 3aCTOCYBaHHSI aBTOKOJIMBHOI'O MPOILECY MOAPIOHEHHS.
Camo030y/1>KeHHSI aBTOKOJMBaHb MOJII3EPHUCTOTO 3aBAHTAXXEHHSI CTAI[lIOHAPHO
oOepToBoro OapabaHa 3yMOBIJIEHO BTPaTOK CTIMKOCTI YCTalEHOTO PYXY
MalMHHOTO arperaty npuBoay wMiuHa [1]. Ilymbcamii akTHBI3YIOTH pyX
NAaCUBHOI YaCTUHM 3aBaHTaXEHHs, 1[0 3HAYHO IIOCUJIIOE 1HTEHCHBHICTb
B3a€MO/IiT MOJIOJIBHUX TiJI 13 MOAPIOHIOBAaHUM Matepiaiom [2-4].

Metoto poOOTH € BUABIECHHS SAKICHOTO XapakTepy CHUIBHOTO BIUIUBY
CTYNEHsI 3allOBHEHHS KaMepu Ta BMICTY MOAPIOHIOBAHOTO MaTepialy B
3aBaHTaXCHH1 HA TEXHOJIOT1YHY Ta €HEPreTUYHY €(PEeKTHBHICTh 1HHOBALIMHOTO
aBTOKOJIMBHOTO TPOIIECy MOAPIOHEHHS B OapabaHHOMY MITHHI.

3aBaHTaKeHHS KaMmepu OapabaHHOTO MIIMHA MICTUTH MBI (pakiii —
MOJIOJIBHI TiJ1a Ta YaCTUHKHU MOAPIOHIOBAHOTO MaTepiany.

['eoMeTpHUYHOIO XAPAKTEPUCTUKOIO MOJIOJIBHUX TIJ € BIAHOCHHUM pPO3MIp
Tija B 00eproBiii kamepi wan=0dw/(2R), ne dp — cepeaniit abcomoTHUN PO3MIp
MOJIOJIBHOTO Tijia, R — paniyc kamepu Oapadana. XapaKTepUCTHUKOI YaCTHHOK
NO/IpIOHIOBAHOTO MaTepialy € BIAHOCHUIA pO3Mip YaCTUHKHU B 00EpTOBIiil Kamepi
wam=dm/(2R), 1e dm — cepeniit aOCOMOTHUI PO3MIp YACTUHKU MaTepiamy.

BmicT MOJOABRHUX TUI Yy BHYTPIIIHBOKAMEPHOMY 3aBAHTAKCHHS
BU3HAYAETHCSI O0’€MHUM CTYNEHEM 3allOBHEHHS Y CTaHI BUIBHOTO CITOKOIO
Kor=Wpr/ (TR?L), 1me Wyr — 06’€M MOIOIBHUX Tl y CTaHi CIOKOI, L — noBxuHa
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kamepu OapabaHa. 3HAUYCHHS Kpr 3MIHIOETbCA Y Mexax 0.25-0.45 1 3MeHITyeTbes
31 3pOCTaHHSM TOHWHU TTOMEIY.

VY BUNAJIKY KYJIBOBHX MOJIOJBHHUX TiJ OJHAKOBOTO po3mipy d, BuUpa3 s
00’€MHOTO CTyNEHS 3alOBHEHHS MPOMDKKIB MIDK MOJOJIBHUMH TiJIaMH
YaCTMHKaMM TMOAPIOHIOBAHOTO MaTepialy B CTaHI CIIOKOIO Ma€ BUIJISA
Kimbgr=Wmr/(0.4#prR?L), 1€ Wimnr — 06’€M YaCTHHOK MOAPIOGHIOBAHOTO MaTepiany y
cTtaHl BiUIbHOTO crokoro, 0.4 — mnpubnu3He 3HaYeHHS OO0 €MHOI YacTKU
MIPOMIXKKIB MK CPEPUIHUMU T1JIAMHU OJTHAKOBOTO PO3MIPY Y CTaH1 CIIOKOIO.

[IBuakicTe oOepTaHHA OapabaHa MIIMHA OLHIOETHCS 32 BIJTHOCHOIO

WBHAKICTIO  y,=w(R/g)%°

, J€ @ — KyToBa IIBHUJKICTb OOepTaHHs; ( —
rpaBiTaliiHe TPUCKOPEHHS.

BrnnuB cTymeHs 3amoBHEHHS KaMepu Ta BMICTY MOAPIOHIOBAHOTO
Marepiary Ha e(EeKTUBHICTh aBTOKOJMBHOTO IIPOIleCy MOJApIOHEHHS B
OapabaHHOMY MJTHHI OYJIO OLIIHEHO IS BUMAAKY MOMEINy [IEMEHTHOTO KIIIHKEPY.

Kpynny ¢pakimito 3aBaHTaxkeHHs J1abOpaTOpHOTO MIIMHA CKJIaJaliu
CTaJIbHI KYJIbOBI MOJOJIbHI Tina yp=0.026. [IpiOHy @pakuito CTaHOBWIH
YaCTHHKH MONEPETHBO IPOOIeHOTO KiIiHKepa gm<0.0059.

JIMCKpeTHI 3HAYEHHS CTYIEHS 3allOBHEHHS KaMepH CTaHOBHWIM kp—=0.25,
0.35 Ta 0.45. 3HaueHHs BMICTY MOJPIOHIOBAHOIO MaTepiany CKJIaAald
Kmbgr=0.125, 0.5625 T1a 1. BMICT Kmbgr=0.125 BignoBimaB TOHKOMY Ta
HAJTOHKOMY TOMENY, Kmbgr=0.5625 — cepeiHbOMYy MOMENY, Kmbgr=1 — rpybomy
IOMETTY.

[IponyktuBHICT IOMeNy TpuBamicTio 30 XB. BU3HAYajach 3a MPOCIBOM
yepes cuto 0,08 mm.

TexHonoriyHa eQEeKTUBHICTh ABTOKOJMBHOIO TMPOLIECY MOAPIOHEHHS
OLIIHIOBAIACh 3a BIAHOCHOIO MPOAYKTHBHICTIO Co/Cs=(1-mro/mpm)/(1-ms/my), ne
Co — MPOAYKTHBHICTH aBTOKOJIMBHOTO Tiporiecy (w,~1), Cs — IpPOIyKTUBHICTH
TpaaUIHOTO ycTaneHoro mporecy (y,=0.75), m,, — Maca 3aJMIIKy Ha CHTI
MoPIOHEHOTO MaTepiaiy Micis MPOCIFOBAHHS MPU aBTOKOJIUBHOMY TIPOIIECi, Mys
— Maca 3alUIIKy Ha CHUTI MpU TPaaUUIAHOMY YCTajJe€HOMY Ipoleci, My —
3arajbHa Maca Mopili moApiOHEHOTro MaTepiany A0 MPOCIFOBAHHSL.

Eneprernuna eQeKkTUBHICTh AaBTOKOJMBHOTO TMpOLeCYy MOJAPIOHEHHS
OLIIHIOBAJIaCh 3a BIJHOCHOI MHUTOMOKO eHeproeMHICTIO EqofEs=(Pyo/Pds)/(Co/Cs),
ne Pgo — TOTYXHICTH TPUBOAY OOEpTaHHS 3aBaHTaXXeHOro Oapabana mpu
aBTOKOJUBHOMY Tporieci (y,~=1), Pgs — MOTY>XHICTb IPUBOY NMPHU TPAAULIHHOMY
ycraneHomy mporeci  (w,=0.75), Pg/Pys — BigHOCHA EHEPrOEMHICTH
aBTOKOJIUBHOTO TIpOIecy moapiOHeHHs, Fo,=Pg4/C, — muTOMa €HEeproeMHICTh
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aBTOKOJIUBHOTO Tmiporiecy, Es=Pg/Cs — muToMa €HEeproeMHICTh TPaaUIliHHOTO
yCTaJICHOTO IMPOILIECY.

['padikn OoTpuUMaHHMX pPE3yIabTATIB EKCIEPUMEHTAIFHOTO BU3HAYCHHS
3Mminu Eo/Es Bi xyr HaBereHO Ha puc. 1, 1ist Eo/Es Bix xmngr — Ha puc. 2.

I'padiku Ha puc. 1 3acBiAUYIOTh CaJlaHH MUTOMOI €HEPrOEMHOCTI FolEs
31 3MEHIIICHHSIM CTYIICHS 3alIOBHCHHS KaMEPH Kpr. 13 puc. 2 BUIUIMBAE, 1m0 Eo/Es
CIa/1a€ 31 3MEHILEHHSIM BMICTY MOJIPIOHIOBAHOTO MaTepialy Kmbgr-

E./E,

0.8

E/E,= 1.365x, +0.1086
0.7 R2=09957 ——
0 [Eo/Es= 125K, +0.0482 - e
’ RE=1 & /. A Kmbgr=1
05 ————— & — ® Kmbgr=0.5625
0.4 — T E.= 1405, - 0.0667 " Kmber=0.12
R2=0.9915
03 o~
0.2
0.25 0.3 0.35 0.4 045 Ky
Puc. 1. EkcniepuMeHTanbHa 3aexHICTh 3MiHU Eo/Es BilT Kpr.

E./E,

0.8

0.7 — A

1 [EJ/Eg= 0.1943Kg + 0.525
R2=0.9698 i
0.6 e E/E;= 015540, + 04152
4 R2= (098 A Kbr=0.45
0.5 ® Kbr=0.35
04 EJ/E;=02034x,, + 02509 / ® Kbr=0.25
R2=0.9998
03 ——
0.2
0,125 025 0375 05 0625 075 0875 1  Kypg

Puc. 2. EkcriepumenTalibHa 3a1eKHICTh 3MiHH Eof/Es Bifl Kmpgr-
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B pesynbrari BUKOHaHHS poOOTH OyJI0 BCTAHOBJIECHO, IO MPH CITIILHOMY
3MEHIIICHHI CTYIICHS 3allOBHEHHS KaMepH Ta BMICTY TIOIpiOHIOBAHOTO MaTepiay
PI3KO 3HMXKYETHCS TMTOMA CEHEPrOEMHICTh Ta MIABUIIYETHCS BIAHOCHA
IPOAYKTUBHICTh aBTOKOJIMBHOTO TMPOIIECY TOMENyY, MOPIBHIHO 13 TPaAUIIHHUM
yCTaJCHUM TIpoIlecoM TMoJApiOHeHHS B OapabanHoMmy MiuHI. Lle 3ymoBieHO
MPOSIBOM BCTAHOBJIEHOT'O CHUHEPTeTUYHOTO TEXHOJIOTTYHOTO e(EeKTy 3HAYHOTO
3pOCTaHHS JUHAMIYHOI Jii MOJOJBHOTO 3aBaHTAXEHHS Ha MOJAPIOHIOBAHUIA
Martepiai, M0 MOCHIIETHCS CIHIIBHOIO B3a€EMOJIEI0 3MEHIICHHS 3allOBHEHHS
KaMepHu Ta BMICTY MaTepialy B 3aBaHTaKCHHI.
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CHAPTER 16
LA DESCRIPCION MATEMATICA DE LA DETECCION
ELECTROQUIMICA DEL FARMACO ACETAZOLAMIDA, ASISTIDA
POR EL COMPUESTO DE POLI(5-AMINO-1,4-NAFTOQUINONA)
CON EL OXIHIDROXIDO DE COBALTO
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RESUMEN

Por la primera vez, la deteccion electroanalitica del farmaco
acetazolamida sobre el anodo, modificado por el compuesto de la poli(5-amino-
1,4-naftoquinona) con el oxihidroxido de cobalto. La electrooxidacion del
farmaco se da mediante la oxidacion de tanto el nitrogeno como el azufre
heterociclicos por el dioxido de cobalto, que se forma en la etapa
electroquimica, rindiendo compuestos con alto poder aceptador de electrones. El
analisis del modelo correspondiente confirma que el comportamiento oscilatorio
puede ser causado por las influencias a la doble capa eléctrica tanto de la etapa
electroquimica, como de la quimica. Sin embargo, el material compuesto poli(5-
amino-1,4-naftoquinona) — CoO(OH) puede ser un modificador eficiente para la
deteccion electroquimica de la acetazolamida.

Palabras-clave: acetazolamida, sensor electroquimico, oxihidroxido de
cobalto, polimeros conductores, oscilaciones electroquimicas, estado
estacionario estable

INTRODUCCION

Mal de montana [1 — 4], mal de altura y mal de paramo, también conocido

en el Pera como soroche, es una de las reacciones naturales del organismo, que
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no consigue adecuarse a la falta de oxigeno en la altitud. Ella suele aparecer en
personas, que residen habitualmente en el nivel de mar o en el nivel de hasta
1000 m, que suben hasta los 2500 o mas m, sin embargo, la gravedad de
trastorno depende mucho de la altura y de la velocidad de ascension.

Para combatir la hipoxia, se usa una amplia variedad de farmacos, uno de
los cuales es la acetazolamida (Fig. 1). Es un farmaco que estimula la
circulacion sanguinea, disminuyendo los efectos de la falta de insumo y
transporte de oxigeno en el organismo [5 — 10]. Sin embargo, como la
acetazolamida es un farmaco diurético potente, es prohibida para uso de
deportistas en competiciones, por soler esconder el uso de estimulantes. Otrosi,
su actividad biologica se relaciona fuertemente con la dosis. Asi, el desarrollo de
un método, capaz de detectar rapida y eficientemente la concentracion de la
acetazolamida en varios medios es realmente actual [8 — 10].

O N—N

M A

HC™ "NT Ts” TSONH,

Fig. 2. Acetazolamida

Como acetazolamida contiene grupos donadores y aceptadores de
electrones, ella es electroquimicamente activa. Poseyendo tres aceptadores
fuertes (nitrogenos piridinicos, sulfamida y enlace de péptido), la acetazolamida
se hace mas conveniente de reducir catodicamente, aunque su oxidacion anddica
también sea posible.

En el ultimo caso se realizaran dos escenarios de oxidacion — S-oxidacion
y N-oxidacion, ambos con oxidantes bastante fuertes, por ejemplo, dioxido de
cerio y ¢l de cobalto.

El didéxido de cobalto normalmente no se usa directamente como
modificador de electrodo. En su vez, se emplea el oxihidréxido de cobalto, un
material semiconductor de propiedades electroactivas[11 — 12], cuya oxidacion
anodica rinde in situ el dioxido, segun la reaccion (1):

CoO(OH)+ OH — e=> Co0,+ H,0 (1)

Para estabilizar el oxihidroxido de cobalto, que se puede depositar en
pelicula o nanoparticulas se usa una capa polimérica conductora, que se usa
como mediadora de transferencia de electrones. Ambos los procesos oxidativos
tienden a acompafarse por inestabilidades electroquimicas [13 — 18], que
pueden influenciar el comportamiento del sistema.
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Asi, el objetivo general de este trabajo es describir tedricamente el
comportamiento general del proceso electroanalitico de la deteccion
electroquimica la acetazolamida sobre el compuesto de poli (5-amino-1,4-
naftoquinona) como mediadora y estabilizadora y nanoparticulas de
oxthidroxido de cobalto como sustancia activa. Para tal, nosotros hemos de
alcanzar los objetivos especificos a seguir:

- Sugerir el mecanismo mas probable de la realizacion del proceso
electroanalitico;

- Desarrollar el modelo, correspondiente al mecanismo;

- Analizando el modelo, derivar las condiciones de las inestabilidades
oscilatoria y monotdnica, asi como de la estabilidad de estado estacionario;

- Comparar el comportamiento del sistema con ¢l de los semejantes [19 — 21].

EL SISTEMA'Y SU MODELO

Considerando la composicion y secuencia de grupos funcionales de
acetazolamida, podemos concluir que la formacion de monosulfoxido se realiza
en el primer lugar. Después, el producto de la oxidacion se oxida por los dtomos
de azufre (ya tetravalente) y nitrogeno. Asi, esquematicamente el proceso
electroanalitico se expondra seglin en la Fig. 2.

Asi, para describir el comportamiento del sistema con la deteccion
electroanalitica de la acetazolamida en la presencia del didxido de cobalto,
nosotros analizamos el conjunto de ecuaciones diferenciales de balance de tres
variables:

a — concentracion del farmaco en la capa presuperficial;

a* - concentracion del sulfoxido de acetazolamida en la capa presuperficial;

c — el grado de recubrimiento del oxihidréxido de cobalto en la matriz
polimérica.

Para simplificar el modelo, suponemos que el reactor se agite
intensamente, lo que nos deja menospreciar el flujo de conveccion. Otrosi,
suponemos que el electrolito de soporte esté presente en su exceso, dejandonos
menospreciar el flujo de migracién. Suponemos, también, que el perfil de
concentraciones de las sustancias en la capa pre-superficial sea lineal, y su
espesor, constante e igual a d.

227



CoO(OH)

H,C™ "NT 7s” TSONH,

SO;NH,
o CoO

N—
)L A
H //\

o

SO,NH, \

)LA%

SO,NH,

O/ >§Z

o
Fig. 2. El esquema del proceso electroanalitico

Se puede mostrar que el comportamiento del proceso electroanalitico se
describe por el conjunto de ecuaciones diferenciales (2):

da _ 2 (A _
Fri g(g(ao —a)- V51)

da*

dt
E_E(rﬂ — Ty —Ts2 — 1)

= %("”51 — Ty — Ts2) (2)

Aqui, 4 es el coeficiente de difusion, ap la concentracion de Ia

acetazolamida en el interior de la solucion, C es la concentracion maxima
superficial del oxihidroxido de cobalto, y los pardmetros r son velocidades de las
reacciones correspondientes, que se pueden calcular segin:

re1 = ks1a(1 — ¢) exp(—xa) (3)

rs2 = kspa x (1 —c)exp(—yax) (4)
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ryv = kyax(1—c)?exp(—zax*) (5)
r, = kycexp (%) (6)

Aqui, los parametros k son constantes de velocidades correspondientes, X,
y Yy z son las variables, que describen el impacto de las conversiones de formas
ionicas durante las etapas electroquimicas y quimicas en la fuerza ionica, F es el
numero de Faraday, ¢, es el salto del potencial, relativo al potencial de carga
cero, R es la constante universal de gases y T es la temperatura absoluta.

Como se puede ver, los procesos oxidativos a alto potencial, a que se
subyuga la molécula de acetazolamida, se suelen acompanar por la conversion
de formas i6nicas, que, por su vez, dan fuerte impacto a la fuerza idnica de la
doble capa eléctrica (DCE). Estas influencias se manifiestan en la realizacion del
comportamiento oscilatorio. Sin embargo, el compuesto de la poli(5-amino-1,4-
naftoquinona) con el oxihidroxido de cobalto puede ser un modificador eficiente
de electrodo para la deteccion del farmaco, segiin se expondra abajo.

RESULTADOS Y DISCUSION
Para investigar la estabilidad del sistema con la deteccion electroanalitica
de la acetazolamida sobre el anodo, modificado por el compuesto CoO(OH) —
Poli(5-amino-1,4-naftoquinona), nosotros analizamos el conjunto de ecuaciones
diferenciales (2), junto a las relaciones algébricas (3 — 6), mediante la teoria de
estabilidad lineal. Los elementos estacionarios de la matriz Jacobiana para este

caso pueden ser descritos como:
11 Q12 Qg3
Az1 Qzz QA3 (7),

dzq dzz d3z3
siendo:

a;, = %(—% — k¢1(1—¢) exp(—xa) + xkgya(1 —c¢) exp(—xa)) (8)
a2 =0 9)

a13 = %(kb“la exp(—xa)) (10)

az, =5 (ksy (1= ) exp(—xa) — xks;a(1 — ¢) exp(~xa)) (11)
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dz2 = % (—ks2(1 = c) exp(—ya *) + yksya x (1 = c) exp(—ya) — ky *
(1—c)?exp(—za ) + zkya = (1 — c)? exp(—za *))
(12)

Ay = % (—ksia exp(—xa) + ksya * exp(—ya *) + 2ky(1 — ¢) exp(—za *))
(13)
a3y = (ks1 (1 = ¢) exp(—xa) — xkg;a(1 - c) exp(—xa)) (14)
a3, = % (ks2(1 — c) exp(—ya *) — yks,a * (1 —c) exp(—ya) + ky *
(1—c)?exp(—za =) —kya = (1 - c)* exp(—za*))
(15)
a3z = %(—kﬂa exp(—xa) — kgpa x exp(—ya *) — 2ky (1 — ¢) exp(—za *) —

kq exp (%) — jkyc exp (FR?))

(16)
Considerando los elementos de la diagonal principal (8), (12) y (16),
nosotros podemos concluir que la inestabilidad oscilatoria en este caso es
posible. Ademas, ella se hara mas probable que en los sistemas mas simples [19
—21].
Para que se realice la bifurcacion de Hopf, correspondiente al comportamiento
oscilatorio, es necesario que haya elementos positivos, correspondientes a la
positiva conexion de retorno, en la diagonal principal. Estos elementos son
xkgia(1 —c) exp(—xa) > 0, si x>0, yks,a * (1 —c)exp(—ya) > 0, si y>0,

zkya * (1 — c)?exp(—za*) > 0, si 220y —jk,cexp (T;_O) > 0, si j<0, todos,

responsables por la influencia de las etapas quimicas y electroquimica a la
fuerza i6nica de la DCE, que suelen ser ciclicas y, asi, correspondientes al
comportamiento oscilatorio. Las oscilaciones se preven frecuentes y de pequefia
amplitud.

Cuanto a la estabilidad del estado estacionario, se investiga mediante el
criterio Routh-Hurwitz. Evitando las expresiones grandes, introducimos nuevas

variables, haciendo que se reescriba el determinante segtn (15):

—-k—E 0 X
—X -X+Y (15)
Yy X-Y-Z

4

é62C

[x] [x)
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Lo que, segun las propiedades del determinante, ficilmente se transforma en
(16)
N 0 X
32¢ 25 0 —2X—-7 (16)
g) Y —X-Y-Z

Abriendo los paréntesis y aplicando la condicién Det J <0, saliente del criterio,
nosotros obtenemos el requisito de estabilidad, expuesto como:

—2YR2xkX+xZ+EZ)<0 (17),

Lo que describe un sistema electroanalitico difusional y cinéticamente

controlado. Este requisito esta prontamente satisfecho, teniendo el parametro

cinético electroquimico Z y quimicos X y Z valores positivos, correspondientes

a la ausencia o fragilidad de influencias desestabilizadoras. Realmente, si se
satisfaga lo arriba mencionado, el valor total del lado i1zquierdo de la expresion
(17) se mueve para valores mas negativos. Esto se corresponde a valores mas
pequenios de deviaciones del estado estacionario, es decir, a su estabilidad.

El proceso electroanalitico es controlado tanto por la difusién, como por
la cinética de las reacciones. No habiendo reacciones laterales, capaces de
comprometer la estabilidad quimica de analito y de modificadora fuera del
rumbo programado por el mecanismo del proceso, la estabilidad de estado
estacionario siempre se corresponderd a la dependencia lineal entre el parametro
electroquimico y la concentracion del farmaco, lo queconfirma la eficiencia del
proceso electroanalitico.

Ya el limite de deteccion se corresponde a la inestabilidad monotonica,
que define el margen, que separa los estados estacionarios estables de los
inestables. Su condicion se puede describir como Det J=0, o (18):

—X(2kX+kZ+EZ)=0 (18),

Asi, el comportamiento de este sistema estd casi totalmente
correspondiente a la oxidacion gradual de un compuesto condicionalmente
16nico, proximo de lo observado en los parametros anteriores. La reduccion
electroquimica de la misma molécula sobre el oxihidroxido de vanadio también
se realizara de una manera gradual.
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CONCLUSIONES
El analisis del sistema con la deteccion de la acetazolamida sobre el

compuesto de poli(5-amino-1,4-naftoquinona) con el oxihidroxido de cobalto
dejé concluir que se trata de un sistema electroanalitico eficiente. El sistema

electroanalitico se controla tanto por la difusion, como por la cinética de las

etapas quimicas y electroquimica. Se puede facilmente interpretar la sefial

electroanalitica, que en la amplia region topoldgica se corresponde a la

dependencia lineal entre la concentracién y el parametro electroquimico. Por
otro lado, el comportamiento oscilatorio se hace mas probable, por causa de la
transformacion de un compuesto 10nico en la primera etapa quimica.

N -
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CHAPTER 17
«CMIBOYA XIMISl». 3AJIAYI Y BPASUJILCHKOMY CTWII SIK
CIOCIB THTETPAIIi MY3UKH, XIMII TA MATEMATUKH
(1OMOBIJIbL-KOHIIEPT)

Txau B.B. Y, Kywnip M.B. 2, Minaxosa T.I'2, ITempycsx T.B.2, Ieanywrxo AT *,
YWHIp py y
Cmopowyx H.M. >, Kens A. 1. °, I'ipxa O.1O. °

"Yepnienpkuii HanionansHuii yHiBepeutet im. 10. enpkoBuua, Ykpaina
2YepuiBenpka TiMHasis Ne5, Vkpaina
SUepniBenpka My3uuHa mkosa Nel, Vkpaina
*ByKOBMHCBHKMI JIepyKaBHUI MEAUYHUI yHiBEpCHTET, YKpaiHa
*YepHiBeLbKMI MicbKuii minei Ne3 meauunoro npodimo, Ykpaina
*Yepuipenpka 3011 Ne2, Ykpaina

PE3IOME
VY naniil poOOTI PO3IAAAETHCA NPUKIAA IHTETpALil XiMii Ta MaTeMaTHUKU
13 MY3UMKOIO y «CHIBOYMX 3aJadyax», 3aCHOBAaHMX Ha MONYJAPHUX MICHSX.
[Tomano aHani3 3aBAaHb HA OCHOBI JECSATH MICEHb I’ IThMa MOBaMHU.

BCTVYII

OcTanHIM YacoMm, JITH TOCTYINOBO BTPAadalOTh IHTEPEC JO BHUBYCHHS
TOYHMX Ta NPHUPOAHMYMX HayK. Lle MOsACHIOEThCS PAIOM 00 €KTHBHUX Ta
Ccy0’eKTUBHHUX (DAKTOPIB, OJHUM 13 SIKMX € HEIOCKOHAIICTh TPAAUIIIHHOIO
MeIaroriyHoro MiAX0y /10 YUHIB.

OnHuM 13 3ac001B 3alliKaBICHHS YUYHIBCHKOT ayJIUTOPIl 10 MOSICHIOBAHOTO
MaTepiany € 3aisTHHS MDKIPEIMETHHX 3B’ SI3KiB. XIMIYHMA MaTepiall T03BOJISE
migiopaT MUKOPEIMETHI 3B S3KH XIMil 13 OyIb-KUM MPEAMETOM MIKIIBHOI
porpamMu — sIK MPUPOJHHUYO-MATEMATUIHOTO, TaK 1 CYCHNUIbHO-TYMaHITapHOTO
Ta MHUCTEIPKOIO IUKIYy, BKJIIOYAIOYM MY3HMKYy, 110 OyJe MOKa3aHO Y JAaHii
poboTi.

Tyt nogani mpukiIaau OpuriHaJIbHMX 3aAad. [Ipum ii miaAroTroBui aBTOpHU
OpIEHTYBAJIKCS HA TUIU Ta PIBEHb CKJIATHOCTI 3aB/IaHb ICIIUTIB 3 XiMii, K1 OyJu
3aJlaHi y pi3HI POKHU Yy MIKOJIaX pi3HUX mTaTiB bpasumii. B Hux GopmymntoBanHs
YMOBH 3aJ1adi 3[[IHCHIOETHCS Yepe3 MePEOCMUCIICHHS] TEKCTIB BIIOMUX ITICEHB 3
TOUYKH 30pY XIMIYHUX PEYOBHH 200 MPOLECIB, 1110 OMUCYIOTHCS Y HUX.
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B naniit po60Ti HABOAUTHCS PO30ip KOMOTHOBAHHMX «CIIBOYHX» XIMIYHHMX
Ta XIMIKO-MaTEeMaTHYHUX 3aBJaHb Ha OCHOBI MiCEHb I’ATbMa PI3HUMHU MOBaMHU.
LmrocTpyeThecsi €PEeKTUBHICTL 3aMisTHHS MDKIPEAMETHUX 3B’ S3KIB MK XIMI€O,
MaTEMaTHKOIO Ta My3UKOIO y TAKUX 3aBJaHHSIX.

YACTHUHA I. IHTET'POBAHI XIMIYHI TA XIMIKO-
MATEMATHWYHI 3AJAYI HA OCHOBI YKPAIHOMOBHMX ITICEHb

1. PosrasibTe mpuctiB micHI «Micsiude kosieco» (My3. O. Mopo3zosa, ci. A.

Hemunenka):

MicsiuHe KoJeco, MiCsSiYHEe KOJIECO MTOMIXK 30PSHHUX CBIY,
MicsiaHe Kos1eco, MiCsSYHe KOJIecO, MOB TBOSI THXa Pid.
MicsdHe Kojeco, MicsSuHe KOJIeco TTOMIXK 30PSHHUX CBIY,
MicsyHe Koieco, MicSs9He KoJIeco, JilaMaHToBa Hid.
[lin «ailaMaHTOBOIO» HIYYI0 MAa€ThCs Ha yBa3l 30psHa HIY, B SAKYy 30pi HiOU
3IAI0THCA JlaMaHTaMH.

Bigomo, mio paiamanToM € 0OpOOJICHUH, OYMINEHUN BiJ JIOMIIIOK,
JOBEJIEHU 110 OJMuCcKy 1 J0 meBHOi Gopmu anmma3z. OAHIEO 13 CTaiil OYUCTKU
anMasy € Moro BIJAUICHHS BIJ JOMIIIOK 13 TpadiTy Ta 1HIIMX aJOTPONHUX (popM
Kap6ony. 3a3Buuaii i BUKOHYIOTH Ji€I0 Ha CHUPUN aiaMa3 HITpaTHOKO abo
KOHIICHTPOBAHOIO CyJb(aTHOI KHCIOTOW. B Tmepriomy BHIAAKy peakxiiis
BUIJISIJIAC SK:

aC (rpagit) + bHNO;3 (kon1r.) = ¢CO; + dNO; + fH,0

[Ilo x mo amMa3y, TO BIH Yy TaKy peakiilo He Bcrtynae. lle mo3Bosisie
BUKOPHUCTOBYBATH ii JJI1 OUMCTKU aJIMa3y BiJ JOMIIIOK Ta HOTO (POPMYBAaHHS y
laMaHT.
1.1. 36amancyiiTe peakiir0 1, 3HAWIIOBIIM 3HAYEHHS BIAMOBIIHHUX
KOe(DILIEHTIB, PO3B’SKITh PIBHSIHHS:

x% — (a+b)x — 12(c+d+f)=0

Jlnst BignmoBiaHOT PYHKITIT 3HAUTITH:
- OO6nactp Bu3HaUeHHS QYHKIIT
- OO6nactpb 3HaYeHb PYHKIIIT
- KoopaunaTtu BepimHu napaboiu
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- OO0macTh A0JIaTHIX Ta B1J’€MHUX 3HaY€Hb (PYHKIIIT

1)3 nmomomororo Teopemu Biera, mMOKaxiTh, IO KOPEHi
PIBHSIHHS MAIOTh Pi3HI 3HAKH.
2)Uu [opiBHIOE KOpiHb PIBHSHHS aTOMHIM Maci aToma
KapOony? BiamoBigas mosCHITH
3)CkiacTi Ta pO3B’A3aTH KBaJpaTHE PIBHSAHHS, KOPCHIMH
SKOTO € CyMHU KOe(illi€HTIB MPU peareHTax Ta MpPOAyKTax
peakii.
3acToCyBaBIIIK METO/] €IEKTPOHHOTO OaIaHCY, OTPUMAEMO:
C + 4HNO3; = CO, + 4NO, + 2H,0 (1)
BpaxoByroun 3HaiifieHi 3Ha4eHHS KOEQIILIE€HTIB, 3HAXOJUMO, IO KBaJpaTHE
PIBHSIHHS B YMOBI 3a71a4i HaOyBa€ BUTIISIAY:
x% — (1+4)x — 12(1+4+2)=0 2
Abo
x% - 5x — 84=0 (3)
3a ¢hopMyIior0 KBaIpaTHOTO PIBHSIHHS, 3HAXOAUMO KOPEH1 pIBHSAHHS:

_ 5+25+336 __ (X7 = 12
X =T {xz =7 (4)

@opMyna KBaJpaTHOTO pIBHSHHS BHUBYAETHCS B UIKIJIBHOMY KypcCl
anredpu 8-To KJlacy, TUM4YacoM SIK KBaJpaThuuHa PpyHKIisA — y 9-Mmy kiaci. Takum
YUHOM, SIK MaT€MaTUYHUM, TaK 1 XIMIYHIA MaTepiall, BAKOPUCTAHUMN y MepIiid
JacTHHI 3a7a4l 1, OXOIUTIOETHCS MIKITHBHOIO ITPOTPaMOI0.

Y4enr MOXe, 3acTOCyBaBIIM Teopemy Biera, BIpHO  BIAMOBICTH Ha
3amuTaHHs 1), 1 TIATBEPAUTH TMPABUIBHICTH TBEPDKCHHS, 3TalaHOTO Y
3anuTtanHil 2). [lo »k mo 3anutadds 3), TO JJIs BIANOBIII HAa HHOTO YYHIO
HEOOX1THO 3HANTU CyMy KOe(]IIlI€HTIB MPU peareHTax Ta MPOJyKTaX peakiii i
3acTocyBaTu (OpMyNly 3BeJEHOI KBaapaTU4HOI ¢yHKIIT. TakuMm dYUHOM,
OTPUMYETHCS QYHKIIISI BUY:

y=@&—-—a-b)(x—c—d—f) (),
Toukn mepeTMHy SKOi 13 BICCIO aOCIUC BIANOBiAaTUME, BIJITAaK, KOPEHSIM
piBHsIHHS (6),
x?—12x+35=0 (6)
AK€ YYCHb YCHIITHO PO3B’s3y€e, €EeKTUBHO 3aCTOCOBYIOUM 3HAHHS 3 alreOpu Ha
ypoIIi XiMii, 3aBEpIIYIOUYH MEpITy YaCTUHY 3a/a4l.
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Jlpyra yacTuHa 3a7a4i MiCTUTh I1'SITh TBEP/KEHb, 3-TI0CEPE]] SIKUX yUCHb
Mae BUOpaTu HeBipHE ab0 BipHE, 3TiTHO YMOBU 3anadvi. JIjist po3B’si3aHHS TaKuX
TECTOBHX 3aBJaHb yYHEBI HEOOXIJIHI HE JIUIICHh IPYHTOBHI TEOPETUYHI 3HAHHS,
ayie i eleMeHTapHa yBaXKHICTb.

1.2. Ilomo peaxiiii, BKaXiTh HEBIPHE TBEPIXKCHHS
a) Kapbon € 6i0no6HUKOM i OKUCHIOEMBCS 00 CIMYNEHs OKUCHEeHHS +4
TBepmxeHHs BipHe, OcKUIbKU KapOOH OKMCHIOETHCS HITPATHOIO KUCJIOTOIO O
Kap06oH niokcuny, B IKOMY HOro CTyIiHb OKUCHEHHS IOPiBHIOE +4
0) Himpozcen € okucnukom i 810HOBIIOEMbC 00 CMYNneHsi OKUCHEHHs +4
TBepmKkeHHs BIpHE, OCKUIbKM HiTporeH y HITpaTHI KHUCIOTI € CHJIBHUM
OKHCHHMKOM 1 BIJTHOBJIIOETHCSA JI0 CTYTIEHA OKUCHEHHS +4
8) 3a peakyieio 12 2 epagimy 3 HimpamHOO KUcCIomow eudiraemvcs 44,8 1
(1.y.) eazy
TBepmKEeHHsI HEBIpHE, OCKUIBKH TIO-TIEpIIE, 3a PEAKI€l0 BUIUISETHCA HE
OJIHOPI/IHA Ta30M0/10Ha pEeYOBHHA, a CyMIII rasiB, B sikiii Ha KapOoH niokcun
npunagae 80 % (3a 06’emom), a Ha Hitporen miokcun — 20%. [1o apyre, npu mii
1 monga rpadity, mo Biamosinae 12 r, yTBOPIOEThCA 3a PIBHSAHHSAM S5 MOJIb
ra3oBoOi CyMillli, 110 BiJIMOBiAA€ 3a H.y. 112 miTpam.
2) 3a peaxyicio ymeoproemvcs 2a3, AKUU HA3UBAIOMb «OYpuM» abo «IuUcaAYUM
X80CMOMY»
TBepmKeHHs BipHE, OCKUIBKU OJMH 13 KOMIIOHEHTIB Ta30Boi cyMminii — Hitporen
TIOKCU/, SIKU Ha3UBAETHCS «OypUM ra3om» a0d0 «IHCSYUM XBOCTOM.
1) 3a peaxyicro ymeopowomvcsi 08a KUCIOMHI OKCUOU, 5Ki 8i0nosioaromo
CYMAPHO MPbOM KUCTOMAM
TBepanenHs BipHe, ocKiibku KapOoH giokcuay BIANOBIIAE MeTacTallibHA
kapoonatHa kuciora H,COgz, mo icHye y cnenudiyHux ymoBax, a Hitporen
miokcuay oaHodacHo BiamoBimaroTh HiTpatHa (HNO;3) ta mitputHa (HNOy)
KUCIIOTH. B cymi, 1BOM OKcHIaM BiAMOBAJAIOTh TPU KUCIOTH. TakuM YUHOM,
JTaHE TBEP/XKECHHSI BIpHE.
BpaxoByroun ymoBy yacTuHH 1.2, poOMMO BHCHOBOK TIpO T€, IIO MpaBUIbHA
BIJIMOBIIb B).

1.3. Heorpanenuii anma3 miggaau oOpoOIl HITPATHOK KHCIOTOW. B

pe3ynpTaTl BUAUIAJIACS Ta3oBa CYMIII, sIKa 3allOBHWJIA MOCYAUHY B
dbopmi TPAMOKYTHOTO Tapaienerninena po3Mipamu 96x28x25 cwm.
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[Ticnst 0oOpoOKM BHUSBHIIOCS, IO BXKE orpaHeHui anma3 BaxkuB 300
kapart (5 kapart = 1 1). 3Hai1ITh MOYATKOBY Macy ajaMa3zy

B naniit 3amavi 3aCTOCOBYIOTHCSA 3HAHHS K 13 XiMii, Tak 1 13 TeOMETpii.

TyT 1mo6u 3HaTH 00’€M BHUIIJIEHOI Ta30BOi CyMiIll HEOOX1THO 3HANTH 00’ eM
MPSIMOKYTHOTO mapasiesnerrineaa 3a popmysoro (7):

V = abh =96 % 28 x 25 = 67200 cM® = 67,2 11 (7)

Binrak, KiIBKICTP pPEYOBMHU Ta30BOi CyMilli MOXHa 3HaWTH 3a

dbopmyioro (8):
4 67,21
N=—=———=3Moub 8
Vi 2247 /vons (®)
3 BpaxyBaHHSAM PIBHSHHS peakii, 3HAXOJAUMO Macy JIOMIIIOK A0 aaMasy
3a popmyioro (9):
3

Muon = 12 T/yonn *= MoJb=7,2T 9)

3a CHiBBIAHOIIEHHAM OJHMHUIIL MacHU 3HAaXOJIUMO Macy OTrpaHeHOro
niamaHty y rpamax (10).
m, = 300 kapar : 5 KapaT/F =60r (10)
Binrak, mouaTkoBa maca aamasy Oyje po3paxoBaHa 3a popmymoro (11):
mo =my+my, =60+ 7,2=67,2(r) (11)
VY4ens (hakyIbTaTUBHO MOKE MOJATH MOYATKOBY Macy ajiMasy 1 B KapaTax
3a (popmymnoro (12):
my = 67,2 r*5 KapHT/F = 336 KapaT (12)
Takum dYMHOM, 3aJa4a Ha OCHOBI TIONMYJIAPHOI IICHI JI03BOJIMJIA
edeKTUBHO TO€IHATH B cOO1 3HAHHS 3 XIMii, aJireOpu Ta TEOMETpii Ha MaTepial
PUTMIKO-MY3UUYHO-JIITEpaTypHOrOo  TBOpy. IlomiOHy  iHTerpamiro  MOXHa
e(eKTUBHO peaizyBaTy 1 HA OCHOBI MaTepially 3 OpraHI4HOi XiMii.

2. PosrnsHbpTe (hparMeHT yKpaiHChbKoi HapoAHoi micHi-Tpu «llinum maitu B
I0JIEY.

[Tty giTa B m1ose
KBitoukm 30upatu!
Mak, Mak 3 JBIHOYKaMH,
Bosomku 3 cokupoukamu,
Pomen-3ims, OypkyH-31711s,
Menox-3111s 1 9eOperrsb.
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BiHouku 3BuBaIH,

Ha romniBky kmanu.
Mak, Mak 3 JBIHOYKAMH,
Bosomiku 3 cokupoukamu,
Pomen-3imis, OypkyH-31711s,
Menok-311s 1 4eOpelib.

UeTBepTOI0 POCIMHOI0, 3rajlaHOI0 y TICHI, € «pOMaH-3ULIs». PomaH-
UMy AeSKHX 00JacTaX YKpaiHM Ha3WBalOTh poMamiky. Pomamka €
JKapChKOI POCIUHOM0, 1m0 MicTuTh 10 0,8 % (3a macoro cyupiTTs) edipHOi
oJiii, 6araTtoi Ha pi3Hi OIOJOTIYHO AKTUBHI PEYOBHHHM PIZHOTO CHEKTPY Al —
CECKBITEPIICHOBI JIAKTOHHU, CECKBITEPIICHOB] MOXIJHI BYTJEBOAIB, (hJIaBOHOIIH,
noJlicaxapuan, KapoTUH 1 6€3714 OpraHiuHux KUciaoT. OJHIEI0 13 [UX KUCIOT €

KanpuioBa abo karnpoHosa kuciora (Puc. 1)
O

/\/\/l

OH
Puc. 1. Kanponosa kucnora

VY nmaniif 3amaui Ha Martepiaigi HapOJHOI MICHI, /e 3raJAyloThCs JIKapChKi
POCIIMHU, 3aKPIIUTIOETHCS TeMa Kypcy opraHigHoi Ximii «KapOoHOBI KHUCTOTHY.
3amaua moOyaoBaHa Ha BIIHOCHO MIPOCTOMY PiBHI 1715 yuHiB 10 Kiacy

2.1. TIpomeMoHCTpyHTE IJIsi KAIpPOHOBOI KHCJIOTH XiMi4HI BJIACTHBOCTI
KapOOHOBUX KHUCJIOT BIAMIOBITHUMHU PEAKI[ISIMHU.

Y4YHIO MOCTaTHRO HABECTH TPHU XapaKTEpHI JUIsi KapOOHOBUX KHCIIOT
peakiii 1 3amuMcatd iX Ui KampOHOBOi KHCIIOTH, MIOOM PO3B’S3aTH TEPITy
yacTUHY 3aaa4i 2. Hanpuknan, 3anucaTt peakiii HerTpasizallii, ectepudikaiii
Ta YTBOPEHHs XJiopaHTiapuny. HaBeneHHs: ydyHeM OUIbIIOI KUTBKOCTI PEaKIlii
(HampuKJIaJ, 13 aKTHBHUMHU METajaMy Ta OKCHJIaMHU METaJiB, 3aMIIICHHS MPU O
atomi KapOony) € hakyapTaTUBHUM.

2.2. lllogo kanpoHOBOT KUCIOTH, BKAXKITh HEBIPHE TBEPIKCHHS

a) Kal’lPOHOGy Kuciomy makoasic Hasuearomsb NeHnaHo600
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TBepmxeHHsT HeBipHE, OCKIIbKH aToM KapOoHy KapOOKCHIBHOI TpymnH
BpaxoBYyeTbCs IpH HymepyBaHHI atoMiB KapOony. Binrak, kapboHoBa KucioTa
Ha3UBAETHCS T€KCAHOBOIO

0) Kanponosa xucioma € izomepom nponii- ma i30nponiinponionamy
TBepmxenHs BipHe. Jlyisi kapOOHOBHX KHCIJIOT XapaKTepHI SK MiIXKKIIacoBa
130Mepis, Tak 1 13oMepis kapOoHoBoro jaHirora. [lpu bomy B 000X 3raaHux
ectepax cyma aroMiB KapOoHy y KMCIOTHOMY Ta COUPTOBOMY 3aiuiukax (3+3)
BiIMOBIaTUME K1TbKOCT1 aToMiB KapOony y kanponoBiii kucioti (6) (Puc. 2)

o
- COOH /ﬁ(o\/\ /ﬁo( \<
ol

Puc. 2. 3niBa HanpaBo — KalpoOHOBa KMCJIO0Ta, TPOMUIIPOIMIOHAT Ta
130MPOIIITPOITIOHAT

B) [30MepOM KampoHOBOT KUCITIOTH € €THII-3-T1IPOKCUTIPOIIIIKETOH

TBepmxeHHs BipHeE. ['1IpOKCUIIOX1/IHI aJbJAETIIIB Ta KETOHIB € MIKKJIACOBHUMH
130MepaMu KapOOHOBHMX KHCIIOT. {7l 3py4HOCTI, HA3BEMO 3raJlaHuil KETOH 3a
HoMeHkarypoto [FOITAK — 6-rigpokcurekcan-3-oH (Puc. 3)

"~ COOH /WOH

@)
Puc. 3. 31iBa HanpaBo KampoOHOBA KUCIIOTa Ta 6-T1APOKCUTEKCAH-3-0H

VY NopiBHAHHI 13 KalIPOHOBOIO KUCIOTOO, Y KETOH1 OJIHA 13 METHJIEHOBUX TPy 1
KapOOHUIbHA Tpyna MIHSIOTBCA MICHSMHU, IO € TMPOSIBOM CTPYKTYpPHOI 1
MDKKJIACOBO1 130Mepii.

2) Kanponosa xucnoma e63aemodie 3 Kapbowamamu pi3HUX Memanie 3
suoinennam Kapbou oioxcuoy
TBepmxenns BipHe. Bimomo, 1110 kapOOHOB1 KMCJIOTH CHIIBHIIII 3@ BYTJIEKUCIOTY

1 BUTICHSIIOTH 1i 31 CBOiX coJieit. Hampukmna:

2CsH11COOH + Na,CO3 = 2CsH;;COONa + CO, + H,0O
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1) Ilpu dexapbokcuntosanui KanpoHosoi Kuciomu aoo ii cojeil ymeopoemvcs H-
neHman

Tepmxennss BipHe. Ilpu  nmexkapOoOkcuiIiOBaHHI  KapOOHOBUX  KHCIOT
yTrBOproeThesi Kapbon miokcua. IIpu 1mpomy noBkHHA KapOOHOBOTO JIAHIIOTA
CKOpouy€eThcs Ha oauHuIio (13):

CsH11COOH = CO, + CsH1» (13)

[lo 1o coneld KapOOHOBUX KHCIIOT, iX JAEKapOOKCHIIIOBaHHS BIJOYBA€THCS B
ymoBax peakiii Jroma (14):

CsH11COONa + NaOH = CsHq, + Na,COs (14)
3 ommay Ha OyJOBY BHXIJHOI KapOOHOBOI KHCJIOTH, B 000X BHIaIKax
YTBOPIOETHCS JIIHIMHUNA NIEHTAaH.

TakuM 4MHOM, TECT T03BOJISIE JIETKO MEPEBIPUTH TEOPETUYHI 3HAHHS YUHS
3 TeMH «KapOOHOB1 KUCIOTHY», CHUPAIOYUCHh HA MY3UYHHUIA MaTepial.

2.3. KanpoHOBOIO KHCIOTOI TOMISIM HA TIEBHY Macy BamHiIKy. B
pe3ynbTaTi YTBOPUBCA ra3, IO 3alOBHUB (32 H.y.) MOCYAUHY B (opMi
npu3Mu. B OCHOBI mpu3Mu 3HAXOAUTHCS JEIbTOiN 31 cropoHamu 70 1
80 cm. Kyt Mix croponamu nensroina cknagae 60°. Bucora mpusmu
CKJIaJ1ac 43 cm. 3HaHIITh Macy KalipOHOBO1 KMCJIOTH Ta BaITHSKY, IO
popearyBas 3 HeElo.

Jlns1 3HAXOKEHHS 00’ €My raszy, 3HaX0JUMO 00’ €M IIPU3MHU 32 POopMYyJIaMHU:
V =5Sh (15)
S =absina (16)

Takum unHOM, 3HaxoAuMO 00’ eM KapOoH miokcumy 3a po3paxynkamu (17):
V = abh sina = 70 % 80 *\/z—g*élw/g: 33600 cm3 = 33,61 (17)

A kiabKicTh peyoBuHu KapOoH aiokcuay — 3a popmysioro (18):

% 336n _
N = E = m = 1,5 MOJIb (18)

3a piBHsHHAM peakuii (19):

2CsH11COOH + CaCO; =» (C5H11COO)2C& + CO, + H,O (19)
BuxonuTs, 0 KUTbKICTh PEYOBUHU BaIHAKY JOPIBHIOE 1,5 MOJb, @ KUCIOTH — 3
Mok, Binrak, Mmacu 000X peareHTiB MOKHA 3HAWTH 32 po3paxyHkamu (20 — 21)
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m(CaC03) = 1,5 mosb * 100 T/yonp = 1501 (20)
m(CsH;1COOH) = 3 Monb* 116 T/ o = 3481  (21)

Takum ynHOM, MiCEHHMI MaTtepian Hajgae ePeKTUBHY Oaszy AJis 3aaisTHHS
MDKIPEIMETHOTO 3B’ 513Ky MK XIMI€I0 Ta MaTeMaTUKOI0 — sIK anreOporo, Tak i
reoMeTpiero. B HacTymHHMX posfainax Oyae MmojaHo i MaTepiay, 3aCHOBAaHWUW Ha
3a/1ayax 1HIIAMHA MOBaMH.

PART II. THE POSSIBILITY OF CHEMICAL TASKS COMPOSITION,
BASED ON SONGS IN ENGLISH
Chemistry is traditionally considered a difficult school subject. This
phenomenon has been extensively studied and it is explained by different
causes, being some of them:
- The excessively theoretical school course;
- Lack of direct links to other school subjects;
- Lack of life-based explanations.
Thus, the student becomes less motivated, leading to the chemophoby. In order
to enhance his motivation, the material is explained in more applicable manner.
One of the strongest stimulators are the popular songs, so herein, two Chemistry
tasks, based on two popular songs in English.
3. Consider the fragment of «The Trolley Song».

Clang, clang, clang — went the trolley,
Ding ding ding — went the bell.
Zing, zing, zing — went my heartstrings,
As we started for Huntington Dell

Chug, chug, chug — went the motor,
Bump, bump, bump — went the breaks,
Thump, thump thump — went my heartstrings,
As we glided by Huntington Lake.

The day was bright, the air was sweet,
The smell of honeysuckle charmed me off my feet.
I tried to sing, but couldn’t squeak.
In fact, I felt so good I couldn’t even speak.

Buzz, buzz, buzz, went the buzzer.
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Time to all disembark.
Time to fall, went my heartstrings,
As we got off at Huntington Park
As we got off at Huntington Park

The song was written for the Broadway musical and then film «Meet me
in St. Louis» in 1944. It has become a famous hit, alongside with the waltz “The
boy next door”, composed for the same piece.

In the song, Esther Smith (Judy Garland) enters a tram and surprisingly finds her
love.

At that time, St Louis Car Company electric trams were coursing along St
Louis. They had the current seekers made of Aluminum instead of the modern
ones, made of Chromium alloy.

In this case, the task, based on the song lyrics, helps the student to make
the knowledge about aluminium, which is one of the most used metals, more
fundamental.

3.1. By the correspondent reactions, show the chemical properties of
aluminum and explain why it conducts the current.
Metal chemistry is one of the most important topics in the Chemistry
school course. The student has thereby to revise his theoretical knowledge about
either aluminum or the general properties of the metals.

3.2. Chose the incorrect statement about aluminum
a) Aluminum is an active metal, reacting with either acids or
alkalis
This statement is correct, as aluminum is one of the most active metals,
capable of reacting with either acid or alkali solutions:
2Al + 6HCI - 2AICI; + 3H; (30)
2Al + 6NaOH + 6H,0 - 2Na3[Al(OH)¢] + 3H; (31)

b) Aluminum stands after hydrogen in the electrochemical activity
series. Therefore it is soluble in alkalis
This is incorrect. Aluminum is active, thus it stands before hydrogen. Its
capability to dissolve in alkalis is not related to it hypothetic inactivity, as the
inactive metals aren’t capable of dissolving in alkalis either.
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c) By reacting 13,5 g of aluminum with chloridic acid, 16, 8 |
(n.c.) of hydrogen is formed
The statement is correct, as the mole relation between the aluminium and
hydrogen is equal to 2:3. Therefore, considering that 13,5 g is a half mole of
aluminum, 0,75 mole of gas will be yielded. It corresponds to 16, 8 I.
d) Aluminium is nearly three times as heavy as beryllium
This statement is correct, as aluminum atomic weight is of 27 g/mol, and
beryllium atomic mass is of 9 g/mol
e) The aluminium cation electron configuration is correspondent
to the neon gas configuration
This statement is correct, as metallic aluminium gives three electrons
away to be transformed into a cation with the electron configuration similar to
that of neon.

The second part of the question may be easily responded, and the student
will solidify his knowledge about aluminum as metal.

3.3. Find the aluminum mass, necessary to obtain by the reaction with
dissolved alkali enough hydrogen to fill the prismatic vessel. The
prism is based on an equilateral triangle with the side 56 cm long. Its

height is equal to 24+/3 cm.

The resolution of this task requires the geometry knowledge. In order to
find the hydrogen volume, two formulas (32 — 33) shall be applied:

V =Sh (32)
az\3

; (33)
The vessel volume will be thereby calculated as (34):

v =TI 33e2E _ 56448 ml = 56,4481 (34)

As for the hydrogen molarity, it will be calculated by (35):

v 56,4481 |
2"V, 2241/mol 2,52 mol (35)

S =

ny

Considering the reaction (31), we calculate the aluminum molarity as
Ny = %nHz = 1,68 mol (36)

244



The mass of the aluminum will be therefore equal to:
ymy =1,68mol«27 9/ =4536g  (37)

The song material lets the student revise by an entertained manner his
knowledge about aluminum. The same approach may be used also in other
Chemistry topics.

It is also possible to shorten the task, making it simpler and adapting it to
more students.

4, Consider the fragment of thelyrics of the song «Strangers in Paradise»,
composed in 1953 for «Kismet» musical.
Take my hand I'm a stranger in paradise
All lost in a wonderland
A stranger in paradise
If | stand starry-eyed
That's a danger in paradise
For mortals who stand beside an angel like
The musical was based on the music of the known chemist and
composer Alexander Borodin, and the proper song is sung on the motto of
“Polovtsian dances” main theme from Borodin’s opera “Prince Igor”.
Besides of aldol condensation, Borodin has also investigated the
mechanism of another reaction, which has received his name.
Borodin reaction (Fig. 8) consists in bromine action on silver salts of
carboxylic acids in tetrachloromethane. The acids are thereby decarboxylated,
yielding the alkylhalides and silver bromide:

O Br2

oo, — " m R-Br
R® 0" A9 ¢cl

Fig. 8. Borodin reaction

Silver acetate has undergone the Borodin reaction. The alkylhalide
product was thereby hydrolyzed yielding 24 g of a toxic substance. Which is the
substance and what was the initial salt mass?

Considering the scheme of Borodin reaction, like also the alkylhalide
hydrolysis, we may describe the reaction sequence as (38 — 39):
CH3;COOAg + Br, > CH3Br + CO, + AgBr  (38)
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CH3Br + H,O - CH3;OH + HBr (39)
Methanol is formed by the reactions (38 — 39), and it is really toxic. The

methanol molar quantity may be found by (40):
24 g

32g/mol
Considering the equations (38 — 39), we find that the molar quantity of silver
acetate will be the same. Thus, the mass of the silver acetate will be calculated
as (41):

= 0,75 mol (40)

Ncg,og =

'mCH3COOOAg = 0,75 mol * 167 g/mol = 125,25 g (41)

Therefore, the “singing” questions in chemistry may help the students in making
more profound their chemistry knowledge.

PARTE III. DOIS EXERCICIOS INTERESSANTES, BASEADOS EM
CANCOES LUSOFONAS

Um dos maiores desafios de ensino de Quimica e de Matematica nos
paises da antiga Unido Sovié€tica ¢ o desinteresse pelos cursos de ciéncias
naturais como Matematica, Fisica, Quimica, Biologia e Geografia. Um dos
porqués disso ¢ o baixo nivel de renda per capita, por cuja razao os finalistas de
escolas, ginasios ¢ liceus preferem faculdades de Economia, Direito, bem como
0os cursos de Engenharia de Software. Mas se este fator necessita uma
intervencdo grave e longa na estrutura da economia nacional, outro fator nocivo
para a qualidade de ensino de ciéncias naturais, que ¢ o ensino assaz teorico das
disciplinas de Matematica, Fisica, Quimica, Biologia, pode ser resolvido
facilmente. Em condi¢des de um curso escolar sobejamente tedrico, ndo vendo
saida pratica dos conhecimentos, dados nas aulas de Ciéncias, o aluno far-se-a
desinteressado. Como resultado, a sua competéncia nas mencionadas matérias
nao satisfaz aos requisitos, que a sociedade moderna impde.

Neste trabalho, oferece-se uma ferramenta eficaz de interessar o aluno
pela Quimica e Matematica, usando os exercicios integrados, cada qual
consegue combinar em si o ensino de varias disciplinas de maneira divertida.
Havendo analisado a experiéncia brasileira, representada pela elaboragdao das
questdes do Exame Nacional do Ensino Médio (ENEM) e provas vestibulares de
universidades federais brasileiras, o presente grupo de autores pdde concluir que
o conterem os exercicios uma parte introdutéria, relacionada a aplicagdo de uma
ou outra substancia ou reacao nos processos reais pode aumentar o interesse pela
quimica por parte dos alunos, que resolvem estas questoes.
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O uso dos trechos de obras literarias e cangdes populares em exercicios de
varias disciplinas no Brasil. Quanto as cangdes, tanto as antigas como as
modernas soem ser utilizadas para a elaboragdao dos exercicios tanto de ciéncias
humanas, como das exatas, fazendo o ensino muito mais divertido. Estes
exercicios podem ser utilizados ndo s6 na hora da prova final, mas também nas
provas preliminares e, mesmo em sala de aula. O interesse do aluno pelo estudo,
destarte, aumenta, e ele vai ser muito mais motivado.

Aqui, da-se um exemplo de um exercicio de Quimica, que utiliza um
fragmento de duas cangdes populares brasileiras.

5. Considere o trecho da cangdo brasileira “Alegria, Alegria” (Caetano

Veloso)

Ela pensa em casamento,
Eu nunca mais fui a escola...
Sem lenco e sem documento
Euvou...

Eu tomo uma Coca-Cola,

Ela pensa em casamento.

Uma canc¢do me consola.
Euvou...

A cancdo “Alegria, Alegria” foi composta e interpretada por Caetano
Veloso em 1967, no Il Festival da Musica Popular Brasileira. Ela virou um dos
maiores sucessos de Caetano.

Caetano Veloso chegou a mencionar Coca-Cola na letra da sua cancgao, o
que gerou um escandalo na época. Vale a pena, porém, mencionar que ele ndo
foi o primeiro dos intérpretes brasileiros a mencionar a famosa bebida na letra
da sua composi¢cdo. Dez anos antes, Ismael Netto, no seu samba “Amor 1957
também mencionou a bebida

Eu e vocé seguiremos pela mesma calcada,
Eu e vocé tomaremos Coca-Cola gelada.
Eu e vocé jogaremos pif e paf nas noites de frio.
Eu e vocé nos cinemas do Rio...

Vale a pena mencionar, também, que, na época da composi¢do de ambas
as cangoes, somente num pais lusofono se vendia livremente a Coca-Cola — no
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Brasil. Em Portugal, que ainda era império colonial, governado pelo regime de
Antonio de Oliveira Salazar, a famosa bebida so apareceu no livre comércio em
1977, trés anos depois da Revolugdo dos Cravos.

Foi nessa altura (anos 1950 e 1960) que, para regular a acidez da
bebida, comecaram a adicionar a Coca-Cola o acido fosforico. Ele, alem de
alterar o gosto da bebida (que, destarte, parece menos doce que realmente é),
tambem ¢ responsavel pelo aumento de acidez no organismo, que, por sua vez,
causa alteragoes de balanco de eletrolitos, o que pode causar alteracoes ao
organismo no caso do consumo duradouro e excessivo da bebida.

O prefacio do exercicio contém a letra de duas cangdes, que descrevem o
fato de consumo da bebida ndo alcodlica mais famosa do mundo. Passada a
referéncia historico-cultural, cujo intuito € despertar o interesse do aluno, o
trecho final do prefacio faz uma referéncia a composi¢do quimica da bebida,
alids, a um dos componentes que se usam na sua producdo hodiernamente. O
acido fosforico € um acido inorganico e se estuda nas aulas de Quimica do 8°, do
9°e do 11° ano.

5.1. Descreva a formula estrutural do dcido fosforico e mostre, mediante
as trés reagoes correspondentes, as suas propriedades quimicas como
dcido. Quais tipos de sal pode formar o dcido fosforico?

Questdo, destinada a testar o conhecimento basico do aluno sobre a
formula e composi¢ao do acido fosforico. Para responder & questdo, o aluno
devera conhecer o nimero de coordenacdo do fosforo pentavalente (4) e, a partir
da composi¢do elementar do 4cido, derivar a sua formula como exposta na Fig.
9:

O, _OH

P
SN
HO  OH

Fig. 9. Acido fosforico

A partir da férmula estrutural, o aluno consegue perceber que todos os
atomos de hidrogénio sdo ligados com o atomo de fosforo através do 4tomo de
oxigénio. Assim, um, dois ou trés atomos de hidrogénio podem ser substituidos
pelo metal, formando, destarte, trés tipos de sais — dihidrofosfatos, hidrofosfatos
e fosfatos, conhecidos também, correspondentemente, como fosfatos primarios,
secundarios e ternarios. O aluno, por sua vez, mostra as propriedades do acido
fosforico por trés reagdes. Por exemplo (42 — 44):
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2Al + 2H3PO4 2 2AIPO, + 3H, (42)
2NaOH + H3PO4 - Na;HPO, + 2H,0 (43)
Na,O + 2H3PO, = 2NaH,PO, + H,0O (44)
Assim, a resposta do aluno pode ser considerada suficiente para a questdo 1.1.
do exercicio ser avaliada com a pontuagdo maxima.
5.2.  Sobre o acido fosforico, escolhe a op¢do errada:

a) A massa molar do acido fosforico pode ser considerada igual a
do acido sulfurico.
Opcao certa. Arredondando as massas atomicas dos atomos para nimeros
inteiros, o que pode ser aceito no curso escolar, podemos calcular que:

M(HsPO,) = 3*1 + 31 + 4*16= 98 g/mol  (45)
M(H;SO4) = 2*1 + 32 + 4*16=98 g/mol  (46)

Destarte, ambas as massas podem ser consideradas igais.
b) Assim, como os dcidos fosforoso e hipofosforoso, o dcido
fosforico pode formar trés tipos de sais.
Opcao errada. O aluno, conhecendo as férmulas estruturais de todos os trés
acidos (Fig. 10), ja podera considerar a op¢ao b) como negativa.

O._-OH O. _oH O, _oH
/Ps P P’

H ah 7N
H H OH HO  OH

Fig. 10. Os 4cidos hipofosforoso, fosforoso e fosforico.

Ao contrario do acido fosforico, em cuja composicao todos os trés a&tomos
de hidrogénio fazem parte das hidroxilas, nos acidos fosforoso e hipofosforoso,
correspondentemente, um e dois atomos de hidrogénio sdo ligados diretamente
ao fosforo e, por conseguinte, ndo podem ser substituidos por metal. Destarte,
estes acidos formam dois e um tipos de sal correspondentemente, ao contrario
do acido fosférico, que forma trés, o que confirma que a opgao B esté errada.

C) O fosforo nos dcidos hipofosforoso, fosforoso e fosforico é
pentavalente

Opcao certa. Isto pode ser concluido a partir das férmulas estruturais dos
acidos (Fig. 10). Posto que o estado de oxidacdao do fésforo seja de +1 no acido
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hipofosforoso e de +3 no fosforoso, o foésforo segue sendo pentavalente, assim
como no acido fosférico, em que o estado de oxidacao de fosforo ¢ de +5.
d) O estado de oxidagdo de fosforo no dacido fosforico é o maximo

Opcao certa. Os estados de oxidagdo mais conhecidos de fosforo sdo de -3
em fosfina e sais de fosfonio (o minimo), de 0 em fosforo livre, de +1 em
hipofosfito, de +3 em fosfito e de +5 em acido fosforico e fosfato (o méximo).
Por poder doar no maximo 5 elétrons em condigdes reais de reacdo, o fosforo
tem +5 como estado de oxidagao maxima.

e) Ao contrario do nitrogénio, o fosforo pode utilizar as orbitais
d- para alojar elétrons. Assim, ele pode ser pentavalente.

Opcao certa. Ao contrario do nitrogénio, analogo ao fosforo, este esta no
terceiro periodo, em cujo nivel aparecem orbitais d-. O fésforo ndo excitado
consegue tanto doar como receber trés elétrons, sendo trivalente. J& excitando-se
o atomo de fosforo, o seu par de elétrons s- se desconjuga, migrando um deles
para uma das orbitais d-. Assim o fosforo excitado possuira cinco elétrons livres,
que ele pode doar, sendo pentavalente.

Analisando todas as alternativas, o aluno dara a questao 1.2. a resposta certa,
que € a b)

5.3. Certa massa de cdlcio reagiram com 0,98 g do dcido fosforico. O
hidrogénio formado pode preencher, em condig¢oes normais, um vaso
prismatico, em cuja base tem uma pipa com lados desiguais de 14 e 16
cm com o dngulo entre lados desiguais de 150°. A altura do vaso é de
2 cm. Qual sal foi formado e qual é a massa do sal formado e do
cdlcio, que reagiu?

A depender da relacio molar entre o metal e o acido, trés tipos de sais
podem ser formados:

Ca + 2HsPO, > Ca(H,PO.), + H, (47)
Ca + H;PO, » CaHPO, + H» (48)

e, alfim,
3Ca + 2H3PO4 > Cas(PO4), + 3H; (49)

Alfim, o tipo de sal formado depende da relacdo inicial entre as
quantidades molares do metal e do 4cido e se reflete, também na quantidade
molar e do volume do hidrogénio a sair.

Para conhecer o volume de hidrogénio, ao aluno serd necessario recordar as
formulas da area da pipa e do volume do prisma, ensinadas no curso de
geometria:
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V =5Sh (50)
S =absina (51)
Logo, o volume de hidrogénio calcular-se-4 conforme (8):
V =abh sina =16%14%0,5%2 =224 cm® = 0,224 1(52)
Considerando o volume molar de gases igual a 22,4 I/mol, obtemos a quantidade
molar de hidrogénio (53):

02241
N(HZ) = m = 0,01 mol (53)
Além disso:
N(HsPO,) = 9;(?—% = 0,01 mol (54)
mo

Logo, a relagdo entre as quantidades molares do acido fosforico e do
hidrogénio ¢ de 1:1, pois essas quantidades sdo iguais. Esta relagdo ¢
correspondente a equacao (48), por cujo meio se obtém o hidrofosfato de célcio.

Destarte, as massas do sal e do célcio podem ser calculadas como:

m(CaHPO,) = 0,01 mol x 136 g/mol =136g (55

m(Ca)=0,01mol«40 9/ =04g (56)

As expressoes (55) e (56) podem ser consideradas as respostas adequadas
a questdo 1.3.

Ao contrdrio dos exercicios pura e simplesmente teorizados,
tradicionalmente usados nas escolas da Ucrania, estes vém sendo mais
adaptados ao uso pratico do tema. Isto permite ligar, por meio de um preambulo,
o conhecimento de quimica ao conhecimento mais universal, incluindo até
poemas ¢ cangdes. O intuito deste tipo de formulagdes é previsto na concepgao
pedagogica freiriana. Esta concepgdo propde-no como uma alternativa ao
sistema tradicional (“bancario”) de acumulacdo de conhecimentos pelo aluno
sem percepcao clara do préprio conceito.

Sendo uma das ciéncias exatas, a Quimica usa o aparato de Matematica
para descrever as suas regras e leis sob a forma de relacdo quantitativa. Por
outro lado, Matemadtica, como disciplina mais universal, precisa de um apoio
aplicativo, quando vem ensinada no curso escolar. O ensino isolado de duas
disciplinas mencionadas fara a estratégia de aula errada e o conhecimento
adquirido pusilanime. Destarte, a integracdo de ambas as disciplinas ¢
necessaria, o que pode ser realizado na resolugdo de questdes integradas, que
envolvem o uso de conhecimento de ambas as matérias.
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Trés testes, que fazem parte do exercicio supramencionado, sdo diferentes
entre si e avaliam os diferentes conceitos de conhecimento. O primeiro teste
pode ter-se feito mais complicado, se ao aluno for perguntado nao s6 achar os
coeficientes da equagdo balanceada, mas também reproduzir a propria equagao.

A parte de escolha multipla exige andlise clara de cada uma das
alternativas para que seja dada uma resposta certa. A analise das alternativas
exige conhecimento suficiente na area descrita e exclui a possibilidade de
“adivinhar” a resposta.

Alfim, a terceira parte contem duas etapas — a matematica ¢ a quimica. A
etapa matematica deixa calcular o volume do gas a partir dos parametros
geometricos da vasilha. Entdo, o valor do volume ¢ usado na etapa quimica e
deixa concluir o exercicio.

Outro exemplo pode vir relacionado ao tema de relevancia.

6. Considere o trecho da cangdo brasileira “Camisa Amarela” (Ary

Barroso)

Voltou as sete horas da manhd,
Mas 5o na quarta-feira,
Cantando “A jardineira”, o,
“A jardineira”

Me pediu, ainda zonzo, um copo d’dgua com bicarbonato.
O meu pedago estava ruim de fato,
Pois caiu na cama e ndo tirou nem o sapato.

Roncou uma semana,
Despertou mal-humorado,
Quis brigar comigo
(Que perigo!),

Mas ndo ligo.

O meu pedago me domina, me fascina.
Ele ¢ o tal,
Por isso ndo levo a mal.

Pegou a camisa, camisa amarela,
Botou fogo nela.
Gosto dele assim —
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Passada a brincadeira,
Ele é pra mim,
Meu Senhor do Bonfim.

O trecho descreve o estado da ressaca do amigo do protagonista, que
tomara uma quantidade excessiva de bebida alcodlica. Para sair da ressaca, ele
pede para tomar um copo d’dgua com bicarbonato de sédio. E um dos meios
mais eficazes para sair da ressaca. Por outro lado, a saida da ressaca faz-se
rapida e brusca, o que pode causar varios efeitos colaterais.

O etanol, que ¢ a substincia principal da bebida alcodlica, oxida-Se
dentro de organismo humano para formar o acetaldeido e dcido acético.
Outrossim, as outras substdncias presentes na bebida, quando se oxidam,
também formam dcidos carboxilicos (por exemplo, o dcido latico). O
bicarbonato de sodio faz com que se neutraliza o pH do organismo.

O preambulo contém o trecho referido da cancdo e explicagdo de um
processo quimico, que estd por tras do descrito. Neste caso, trata-se de uma
oxidacdo incompleta de substincias organicas com a formagdo de acidos
carboxilicos, responsaveis pela ressaca, € a sua neutralizagdo por bicarbonato,
que acaba rapidamente com a ressaca.

6.1. Descreva as reacoes, com que se realiza a oxidagdo do etanol até o
dcido acético e a sua reagdo com o bicarbonato de sodio (Fig. 11).

OH (6]
_ + [0 —— 7
- HOH
(e} (e}
_7 + [0] _<
OH
(6] o
—< +NaHco, ————— —<  + CO,+ OH,
OH ONa

Fig. 11. A resposta a questao 1.1.

Para responder adequadamente a primeira questdo do exercicio, bastar-lhe-a ao
aluno descrever as reagdes, expostas na Fig.11. Considerar-Se-4 como certa,
também, uma representacdo esquematica das reacoes (Fig. 12), desde que todas
as condicoes das respectivas etapas estejam apontadas no esquema:
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—_—

—_— -

OH -CO, " OH, ONa

Fig.12. A resposta esquemadtica a questdo 1.1.
6.2. Escolhe uma opg¢do errada sobre as reagoes mencionadas entre as
propostas:

a) O aldeido é produto de oxidacdo de dlcool etilico, ja que este é
um dalcool primario
Opcdo certa. O etanol possui a sua hidroxila no atomo de carbono
terminal. Disso, ele ¢ um alcool primario e oxidar-se-a, formando um aldeido.
Um alcool secundario, por sua vez, iria formar uma cetona. Quanto aos alcoois
ternarios, estes sdo bastante dificeis de oxidar e, quando oxidados, permitem a
ruptura da sua cadeia carbdnica. Assim, sendo o etanol um alcool primario, sera
oxidado para formar um aldeido
b) O aldeido, assim como o dlcool e o dcido carboxilico, é capaz
de reagir com metais ativos, formando hidrogénio
Opcdo errada. Os metais ativos ndo conseguem reagir com aldeido
formando um sal ou um produto parecido. J& os acidos carboxilicos e os alcoois
conseguem reagir com o0s metais ativos formando sais e alcoolatos
correspondentemente.

.. a1
C) 4 gramas do dcido acético sdao = de mol

Opcao certa. Como a massa molar do 4cido acético ¢ de 60 g/mol, e
havendo vista que 60:15=4, a quantidade do acido acético em 4 g ¢ de 4:60, ou

seja, de = mol
' 15

d) O dcido acético é capaz de reagir com o etanol, formando um
éster
Opcao certa. O acido acético pode reagir com a substancia, cuja oxidagao
gradual pode levar a sua formagdo. O produto desta reagdo € acetato de etila, um
¢ster
e) A desidrata¢do do dlcool leva a formacdo de um alceno,
hidrocarboneto insaturado
Opcao certa. Perdendo uma molécula d’adgua, o alcool etilico, ou seja, o
etanol, transformar-se-a em etileno — o alceno simplicissimo. Haja vista que
contém uma ligagdo dupla, ¢ um hidrocarboneto insaturado
Assim, analisadas todas as alternativas propostas, a resposta correta a
questdo 1.2. ¢ b)
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6.3. Um vaso prismatico contém, em condigoes naturais, o hidrogénio. O
fundo do vaso é de um triangulo equilatero, cujo lado é igual a 32 cm.

A altura do vaso é igual a 28V3 cm. Qual ¢ a massa do acido acético

e do etanol, necessaria para encher este vaso de hidrogénio?

Para calcular o volume do vaso, que contém hidrogénio gasoso,
precisamos usar as formulas geométricas (57 — 58):

V =Sh (57)
s=La2 (58)

Entao,
V="a2h="2+1024+ 283 = 1024 « 21 = 21504 cm® = 21,504 ]

(59)
Considerando o valor do volume molar de gases em condigdes normais igual a
22,4 1, obtemos, a partir do calculo (59) a quantidade do hidrogénio no vaso:

N=2L=2L% _0g96mol (60)

Vi 224 l/mol

Além disso, as reagdes do alcool e do acido, que rendem hidrogénio, sdo:
2CH3;COOH + 2Na - 2CH3;COONa + H,  (61)
2C,HsOH + 2Na > 2C;HsONa + H; (62)
Logo, observando as reagdes quimicas (61) e (62), podemos concluir que
as quantidades molares tanto do etanol, como do acido acético em cada uma das
reacdes sdo o dobro da quantidade molar do hidrogénio, ou seja, de 1,92 mol
cada.
Destarte, as massas de cada um dos reagentes, suficientes para produzir o
volume de hidrogénio, calculado em (59), sdo:

m; =609/ 1+1,92mol=1152g (63)
m, =469/ +1,92mol=28832g (64)

Sendo a massa do acido acético correspondente a (63), e a do etanol vem
calculada em (64).

Do supracitado, pode-se concluir que a integragdo de Quimica com
Matematica no aspecto de uma cang¢do popular ¢ uma ferramenta eficiente para
aumentar o interesse dos alunos no estudo. Além de providenciar a ligagdo clara
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com a aplica¢do do conhecimento adquirido, ela providencia uma aprendizagem
mais eficaz no ensino presencial, bem como no remoto.

PARTE IV. DOS EJERCICIOS, BASADOS EN CANCIONES EN
CASTELLANO

La propagacion rapida del coronavirus SARS-CoViD-2, el causador
principal de CoViD-19 en 2020 obligd a cambios graves de todo el modo de
vida humano. Uno de los ramos mas afectados ha sido el plano de estudio en
escuelas basicas y secundarias, que tuvieron que adoptar el modelo online de
ensefianza. Las clases online forman uno de los modelos mas eficaces de
enseflanza remota.

Por mas increible que parezca, la historia de clases remotas se lleva desde
los afios 1950 y 1960, cuando, en paises como Portugal, Espafia, Argentina,
Brasil, México y algunos otros, se daban clases por television radio, diarios y
revistas. Otrosi, se emitian materiales auxiliares, que dejaban acompafar el flujo
de las clases dadas por prensa. Asi se constituyd una tentativa de resolver, aun
por parte, el problema de acceso desigual al sistema de educacion escolar en
areas mas pobres de los mencionados paises. Esta experiencia ha sido usada
anos mas tarde, con el problema epidemiologico, causado por la propagacioén
rapida del virus.

A pesar de todos sus lados positivos, las clases online no consiguen
sustituir la interaccion clédsica entre alumnos y profesores en el aula, por
dificultar el desarrollo socio-emocional de los alumnos y haber necesidad de
aplicar mas métodos especificos para interesar el discipulo, siendo algunos
especificos e imposibles de implementar en el aula. Sin embargo, las clases
remotas pueden dar mds flexibilidad a las técnicas utilizadas para ensefiar el
material.

Una de ellas es la elaboracion y realizacion de ejercicios integrados,
semejantes a los usados en los examenes nacionales en Brasil. Los ejercicios
contienen una informacion introductoria, que relaciona el material de la clase a
su aplicacion practica o a una curiosidad, y tres cuestiones — la teorica, la tedrica
de varias alternativas y la practica.

Uno de los ejemplos de un ejercicio integrado de Quimica y Matematica
es el expuesto abajo. Para economizar espacio, nosotros vamos a presentar este
ejercicio y el siguiente de manera corta.
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7. Considere la letra de la cancion “Prometo” (J. C. Caycedo Rodriguez —
J.F. Fonseca Carrera)

Prometo darte el sol todos los dias,
Prometo este idilio toda la vida,
Prometo que estarads siempre en mis suenos
Y prometo que serdas mi amor eterno.

Te prometo que serdas mi consentida,
Te prometo que estaré siempre en tu vida.

Te quiero, si tu quieres a escondidas.
Tu ;quiéreme despacio y quiéreme mads!
Y espero que me quieras, si algun dia
Tu dejas de querer lo que querias.

Te acompario en cada paso de tu vida,
Si me juras que no buscas la salida.

Estribillo:

Pero yo te pido que me prometas
Que nunca me vas a dejar de amar.
Pero yo te pido que me prometas...
Contigo es que yo pierdo la razon,
Con un beso me robaste el corazon

Prometo un millon de fantasias,
Un hato y una casa, junto al morichal.
Prometo darte tiempo en las masianas
Y cantarte, mientras duermes, al oido ...

Te prometo que serds mi consentida.
Te prometo que estaré siempre en tu vida.

(Estribillo)

Y yo te prometo
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Llevarte de la mano, ;ay!, te prometo,
Prometo que te gusten los recuerdos,
Que todo lo pasado ya no va a importar.

Y yo te prometo
Contarte las historias al derecho,
Y, por si no me crees, me comprometo
A darte toda la felicidad

(Estribillo)
Y yo te prometo mi amor.

Segun lo descrito en la cancion, su protagonista promete a su amada un
hato — una pequeria hacienda de campo, destinada a la cria de ganado. EIl hato
prometido se ubica junto al morichal, donde crecen los moriches.

Estas palmeras son ampliamente usadas en su drea original, que
compone los territorios venezolano, colombiano y brasilerio. Su fruta se usa en
alimentacion, bebidas (en Brasil, se consume el vino de moriche), cosmética,
produccion de champu, jabones y filtros solares. Su otra aplicacion es en la
produccion de la“leche” vegetal. El dleo y “leche” del moriche contienen una
amplia variedad de compuestos, uno de los cuales es el dacido oleico (Fig. 1). Es
un dcido grajo insaturado, que es un componente esencial de los oleos
vegetales.

COOH
Fig. 1. Acido oleico

7.1. Por tres reacciones, demuestre las propiedades quimicas del dcido
oleico como dacido carboxilico insaturado. Describa la isomeria cis- Yy
trans- e hibridacion de orbitales de atomos de carbono. ;Qué es el
numero de iodo y cudl caracteristica él describe?
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7.2. Indique una opcion errada sobre el dcido oleico:
a) El dcido oleico reacciona con la solucion acuosa de bromo y
permanganato de potasio
b) La formula del acido oleico es C1sH33COOH

.. : . 1
C) 47 g del acido oleico constituyen A de su masa molar

d) El dcido oleico reacciona con metales activos, sus oxidos e
hidroxidos, formando sales, conocidos como oleatos

e) El acido oleico reacciona con alcoholes, rindiendo compuestos,
conocidos como ésteres

7.3. Unvaso, a condiciones normales, contiene hidrogeno gaseoso. El vaso
tiene forma de un prisma, basado en una cometa, cuyos lados
desiguales son 14 y 16 centimetros, y su dngulo de 150°. La altitud del
prisma es de 8 cm. jCudl es la masa del dcido oleico, cuya reaccion
con metales activos rinde el volumen correspondiente de hidrogeno?
;Cudl es la masa del acido estedrico que se forma, cuando el acido
oleico reacciona con este volumen de hidrogeno?

Otro ejercicio puede venir simplificado poseyendo apenas una parte. Este tipo de
ejercicios puede servir para testes rapidos.

8. Considere el trecho de la letra de la cancion de Julio Iglesias “La ciudad
de madrugada” (“Divorcio” (2003)):

Como es triste la ciudad de madrugada,
Caminando por las calles sin amor.
Oficinas con las luces apagadas

Y vidrieras con letreros de neon...

En la ultima linea del fragmento se mencionan “Vidrieras con letreros de
neon”. El neon fue descubierto por W. Ramsay en 1898, y debe su nombre a la
palabra “griega”, que significa “nuevo”.

La primera linterna de neon ha sido inventada en 1917 por Daniel Moor,
ingeniero de la General Electric. Fue un tubo transparente, rellenado por neon
y cercado por dos electrodos. Al pasar la corriente, la iluminacion aparecia por
la descarga de corona.
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JPor qué el proceso, que ocurre al pasar la corriente por el tubo de neon
es fisico y no quimico?

Asi, las cuestiones integradas consiguen, usando el material de una
cancion, combinar en si el material de varias disciplinas, consiguiendo aumentar
la eficacia de aprendizaje de todas las disciplinas, usadas en su elaboracion. Esto
es muy importante en las condiciones de clases remotas.

BUCHOBOK
Bukopucranns «cmiBouux 3agauy» J03BoJisiEe €()EKTUBHO IHTETPYBaTH
BUBYEHHS XiMii Ta MaTEeMaTHMKM Ha My3udyHoMy Matepiami. Ile mo3Bosisie
MIJBUIIUTH IIKaBICTh YUHIB 10 BUBUYCHHS SIK XIMii, TaK 1 MaTeMaTUKH, a TaKOX
1HO3eMHHX MOB. [Ipu 11bOMY BUpIIIAJTFHUM MOTHUBYIOUUM (DAKTOPOM € XIMIUHHIMA
pO301p TEKCTY ONMUCAHO1 y 3a/1a4l TMiCHI a00 QparMeHTy.
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CHAPTER 18
BUBYEHHS EJJEKTPO®I3MYHNUX BJIACTUBOCTEM
IEJB3IAHOBOI KEPAMIKHA B HBY JIIAITA30HI

Jicauyx I''B.%, I'puzcopyx B.B.?, Onitinux B.B.2,
Kpusobok P.B.Y, Borowyx B.B.

Hayionanvnuti mexuiunuii ynisepcumem «Xapxiecokuii nosimexuiunuil
incmumympy, m. Xapkie, Ykpaina
2Kuiscoruil nayionanvuuil ynieepcumem iveni Tapaca Illeeuenxa,
m. Kuis, YVxpaina

BCTVII

Jlo kepaMiuHMX MaTepiayiB JJisl BUTOTOBJICHHS TOJIOBHMX OOTIYHHUKIB
HAJ3BYKOBHX Ta TIMEP3BYKOBUX PAKET KJIACY «3EMJIIS-TIOBITPS» BUCYBAIOTHCS
BUMOTH HE TUIBKM JO CTIMKOCTI JO TEPMIYHUX yJapiB Ta absIii B yMoBax
aTMOC(EpHOTO0 BIUIMBY, a ¥ [0 ONTUYHOI TPO30OPOCTI Yy pajio- Ta
1H(ppayepBoHOMY mAianazoHax. 1[I BUMOrH MOCTIHHO MOCHITIOIOTHCS Y 3B’SI3KY 3
MOCTITHUM 3POCTAaHHSAM IIBUIKOCTEH paKeT, 0 BPEINTI PEIIT MPU3BOAHUTH J0
3pOCTaHHs poOOUYUX TeMIEpaTyp iX TOJOBHUX YACTHH, & OTXKE 1 IO MiABUIICHHS
poOOYMX YaCTOT MIKPOXBWJIbOBHX pajapiB. Came ToMy oOpaHi KepamivHi
Marepiaiy TOJOBHUX OOTIYHHMKIB pakeT Ta aHTEHHUX BCTABOK IOBHMHHI
MaKCHUMaJbHO 30epiratu pajaionpo3opicTh Ta CTAOUIHHICTH JIETEKTPUIHUX
BJIACTUBOCTEHN y MIUPOKOMY TEMIIEpATypHOMY Ta YACTOTHOMY Jliarma3oHax.

OnHUM 3 TaKMX MaTepiaiB € kepaMika Ha ocHOBI cuctemu BaO — Al,O3 —
SiO; (puc.1). OcHoBHOIO (ha30t0 Ii€i TPUKOMIIOHEHTHOT CHCTEMH € IIeJb3iaH,
AKAA Ma€ HU3bKI TIOKa3HUKH JIEJEKTPUYHHUX BJIACTUBOCTEH, BIJHOCHO
nesucokuii TKJIP ta ysBHy mineHicts 3210 — 3280 kr/m® [1,2], mae Bucoky
temnepaTypy miasieHHs (1740 °C) Ta KpucTalli3yeTbCsl B MOHOKJIIHHY CHHTOHIIO.

B momepenmHix mochipkeHHSX BueHMMH [3-5] Oylo  OoTpuMaHo
ONTUMAJIbHUMA CKJIaJ] KepamMikKh Ha OCHOBI KPHUCTaII4HOI (ha3u I[enb3iaHy
(BaAl;Si;Og) Ta po3pobicHi TEXHOJOTIYHI MapaMeTpud i oTpuMaHHS. B
nabopaTopHUX ymoBax Oynu Bu3HA4eHI (HI3UKO-MEXaHIYHI BIACTHUBOCTI
CUHTE30BaHMUX MaTepiaiiB Ta BCTAHOBJIEHA MOXJIMBICTh OTPUMaHHS MOHO(A3HOI
[eJb31aHOBOT  KepaMiKM 3a 3HWXKEHOI TeMmreparypu cuHtesy 1350 °C.
JloCHiKeHHI0O CTPYKTYPH Ta BHMBYEHHIO PI3HOBHJIIB TEXHOJIOTIi OTpPUMaHHS
FOTO MaTepialy mpucBsueHo d6arato poOit [6,7].
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Takoxx HEOOXITHO BIA3HAYUTH, IO BIJOMOCTI TMpPO JiCJIEKTPUUHY
MPOHUKHICTH 1 TAHTCHC KyTa JIEJICKTPUYHUX BTpAT, sIKI € OHUMHU 3 OCHOBHUX
XapaKTePUCTHK CyYaCHUX paIIONpO30pUX MaTepiaiiB, UIs JAaHOTO BHIY
KepaMiky, OTPUMAHOI 32 KepaMiYHOIO TEXHOJIOTIEI0, Y MIJTIMETPOBOMY Jliala3oHi
PaIlOXBUIIb Y JIITEPATYPHUX JAaHUX JTOCTATHHO OOMEIKEHI.

Si0p
ek |

Cristobalite — _
1700 .~ Eutectic

% Si0;: 65%
BaO : 20%
Alz03: 15%

10wt % AloO3
55wt % Si0Og
35wt % BaO

—— ——

8K

gao 10 BaA BA 50 70 BAs 90 a0,

Wt %

Pucynok 1 — Jliarpama crany cucremu BaO — Al; O3 — SiO 5 [1]

BpaxoByroun BUILEBUKIIAJEHE, METOK JaHOi pOOOTH € JOCIHIIKCHHS
eNEKTPO(PI3UYHUX Ta MAICNEKTPUYHUX BIACTUBOCTEH KepaMiKh Ha OCHOBI
eJb31aHy CTEXIOMETPUYIHOTO CKJIaTy B YaCTOTHOMY mianasoHni 26 — 37,5 I'T'.

TEOPETUYHA YACTHUHA

Bumorn 10 MIKpOXBWIBOBHX XapaKTEPUCTHK PaIIONpO30pUX EKpaHiB
JITaJbHUX arnapaTiB BUXOASATh 3 HEOOXITHOCTI Y3TOJKEHHSI XBUJILOBUX OIOPIB
CEepEeNOBHUI] Ha MeEXl1 iX PO3MOAUTY 3 METOK MiHIMI3aIli aMIUTITyIu XBHJI
B1IOUTTS.

Benmuuuna amrmniTyau  XBWII  BIAOWTTA Hacammepel BH3HAYAETHCS
CHIBBITHOIIEHHSM MDXK JI€JICKTPUYHOIO 1 MarHiTHOIO MPOHHMKHICTIO MaTtepiaty
Ta WOTO MPOBIAHICTIO, SIK1 JTO3BOJIAIOTH MIHIMI3yBaTH KOS(DIIEHTH BIAOUTTS Ta
BTpar. [Ipy mamiHHI TIOCKOTI OJHOPIAHOI EJIEKTPOMArHITHOI XBUJII HA MEXY
PO3IITY «IOBITPSI-CEPEAOBUIIE» YMOBA, KOJW BIIOWUTTS BiJg MEX1 PpO3aAUTY
cepenoBuI Oyjie BiICYTHIM, a MPOXO/KEHHS XBWII OyJie€ TOBHUM, BUKOHYEThCS

262



IIPU PIBHOCTI XBHJILOBUX OIOPIB BUIBHOTO MPOCTOPY Zo Ta CEPEIOBUIIA EKPaHY

aHTeHu Z..

P

ne €' 1 W'— BIIHOCHA JIieJIEKTpUYHA Ta MarHiTHA MPOHUKHICTH MOBITPS; € 1

L — BIZHOCHA JTIeJICKTPUYHA Ta MarHiTHA MPOHUKHICTh CEPEIOBHIIIA.
JUtst Mex1 po3auTy MOBITPS — CEPENOBUILIE 3 BTpATaMH L yMOBAa Mae

/& ‘ﬂ—jaﬂ/wﬂo‘ _ /&\/Z
) |5_j0'g/w€o| ) &

1€ € 1 [o — AleJEKTPUYHA Ta MArHiTHa MPOHUKHICTh BaKyyMy; Gg 1 Gy —

BUTJISI:

JIEJeKTpUYHA Ta MarHiTHa MPOBIAHICTh CEPEAOBMI, ® — KPYroBa 4acroTa

€JIEKTPOMArHITHOT XBUJII.
Buxonsuu c¢ Toro, mo Jisi MOBITPS €

OIOPY BUIBHOTO MPOCTOPY MOXHA MOJATH y BUTIISAIL

=u' =1 ¢opmyiry XBHIbOBOTO

-jo,l @ 1
‘,u J.O-” ,uo‘ -expl arctg&—arctg O: |~1
le—Jo. ! og| O OgE

I3 piBHSIHHb MOXHA EPEUTH 10 CUCTEMH PIBHSHb:

L = qretg-2<
OLH Wg of
2 2
2, Ou _ o O¢
H TS~ T—53
o Hy w &o

o./ & Hamae BHUMOIM [0

PimenHst cucremu BigHOCHO o,/ Ta
SAKUX TPAKTAYHO BIJCYTHI

CIIBBIJTHOIIIEHHS TIapaMeTpiB CepeoBUIa IpU
BTpaTh Ha BiIOUTTA. L1 CHIBBIIHOIIEHHS Y3TOJKEHUX XBWJIHOBUX OIOPIB

CCPpCAOBHIIA MAKOTh BUTJIAA:
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Skmo Tanm monspuzalisg Haaryoi XBUJI HAa MEXYy MOJAUTY IOBITpS-
CEpeNOBUIIE HEBIOMUM, TO IJid TaKOro BHMAAKYy HEOOXigHO 3a0e3MeunTd
PIBHICTb BIJIMIOBIIHUX BITHOCHUX MPOHUKHOCTEH Ta MPOBIIHOCTEH cepeoBUIIIA.
Skmo cepenoBuilie HEMarHiTHHM JieIeKTpUK, To W= 1. A 1e BuMarae s
MIHIMI3alli BiIOUTTA, 100 JI€JIEeKTpUYHA MPOHUKHICTh Marepiaiy, 3 SKOro
BUTOTOBIITFOTBCSL 3aXMCHI €KpaHW aHTCHHHX KOMIUICKCIB JUIsl JITaTIbHUX
amapariB, MaJia SIKOMOT'a MEHIII1 3HAaYCHHS.

EKCIIEPUMEHTAJIbHA YACTHUHA

Jlnst cuHTe3y I1ieNib3laHy BUKOPHCTOBYBAJIM TaKl TEXHIYHI CHUPOBHHHI
Martepianu: KapOoHar Oapito, KBapioBuil micok Ta mmHo3eM Mapku ['-00.
XiMIYHUH CKJIaJl CAPOBUHHUX MaTepiajiiB HaBeAeHO B Ta0. 1.

Tabmuns 1 — XiMiuyHUN CKIaJ CUPOBUHU

CupoBuHHI1 Bwmict xomnonenTi B mac. %
MaTepianu SiO, Al,O3 Fe,03 Na,O BaO B.m.o.
I'muaozem I'-00 | 0,03 98,7 0,02 0,25 - 1,0

KapOonar - - - - 77,7 22,3
Oapito

KBapioBuii 99,35 0,421 0,06 0,039 - 0,13
MiCOK
JlocmigHi  3pa3kd  OTPUMYBAIM 32  JBOCTAAIMHOIO  KEpPamidHOIO

TexHoJorieto. [lepia cragis — cunte3 HeoOx1aHOT (ha3u. DopMyBaHHS OPUKETIB
MPOBOJMIIM HAMIBCYXUM CIIOCOOOM Ha 1a00OpaTOPHOMY TipaBIidHOMY Mpeci Mijl
tuckom 20 MIla. Ilicns cymku cpopMOBaHUX OpPHUKETIB 10 3aJIUIIKOBOL
Bosiorocti MeHme 1 % mpoBoawim cuHTe3 (a3u 1enb3iaHy B JIAOOpaTOPHIi
mydenpHiH meui 3a Temmepatypu 1200 °C 3 BUTpUMKOIO 2 TOIWHU Ta
MOAANBIITNM O0XOJIOKCHHSIM Pa3oM 13 IIYYIO.

Hpyra crtagis — ¢opMyBaHHs JOCTIAHUX 3pa3KiB METOJOM IUTIKEPHOTO
JuTTA B TincoBi Gopmu. [lepen mpuroTyBaHHsSM HUTIKEpa CHHTE30BaHI OPUKETH
KepaMiKi TMOJpIOHIOBAIM JIO PO3MIpIB MeHIIe 3 MM Ta MOINEPEIHbO
PO3MEITIOBAJIMCH B IJIAHETAPHOMY MJIMHI J10 3aMIIKy Ha cuTi Ne0063 He Oinblie
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1%. IlpuroryBaHHs uUIIKEpa BiIOYyBaJIOCh B IIAPOBOMY MIIMHI. B sKoCTI
po3pipkyrodoi J100aBku BukopuctoByBaym Dolapix PC 67, y ximbKocTi
0,1 mac. % Big macu cyxoi pedoBuHu. lllmikep BuUIMBaIM B MOMNEPEIHBO
BUCYIIEHI TincoBi (gopmu. OTpuMaHi CHPII BUIANIOBAINCH 3a TEMIIEPATypH
1350 °C, yac BUTPUMKH 332 MAaKCUMAJIbHOI TeMIlepaTypu — 4 TO/I.

BumiproBanHs eneKTpodi3uIHUX XapaKTEPUCTUK 3pa3KiB — KOCQIIIEHTIB
nepegadi Ta BIOUTTSA, JICIEKTPUYHOI NPOHMKHOCTI € 1 TaHIeHCY KyTa
JIeeKTPUYHUX BTpAT tgd OTPUMAHHUX 3pa3KiB JOCTIHKYBAIN B MUTIMETPOBOMY
nianaszoHi yactoT 26 — 37,5 I'Tu. BukopucToByBajid CTaHIApPTHI MPSIMOKYTHI
XBUJIEBOAM mepepizoM 7,2 X 3,4 MM. BUroTOBIIEHHS 3pa3KiB [Jisl TPOBEIECHHSA
EKCIIEPUMEHTY B1AOYBAJIOCS HAa TOKApPHOMY CTAHKY 3a JOIOMOTOK ajJMa3HOIo
nucky, 3 TouHicTio £ 0,03 mwm. 3pasku, AKi JOCTIHKYBAJIWCS, TMOBHICTIO
NepPEeKPUBAIIN TIEpep13 XBUIIEBOY Ta Maji TOBIIMHY — 1,5 MM.

Jlns  BU3HAUEHHS  MapaMeTpiB  B3a€MOJli  €JIEKTPOMAarHiTHOTO
BUIIPOMIHIOBaHHS 31 3pa3kaMu Oyjia BUKOpPUCTaHa MOJIEPHI30BaHA CTaHIapTHA
anapaTypa — BUMIPIOBau KOE(]IIIEHTY CTOSYOI XBHJII Ta OCJIAOJECHHS Yy CKJIaIl
reHepaTopHoro 0soky P2-65 3 ingukaTopom SA2P-67. BusnaueHHst koediiieHTa
nepeaayl MpoBOJIMIIOCS MO CXeMi, npuBeneHid Ha puc. 2. KoediuieHT nepeaaui
BHU3HA4YaBCs MO MKl ociabiieHHs BuMiproBaua P2-65 B genubenax.

AHanizyoud  OTpUMaHl  pe3yJbTaTH  MOXHA  BIJ3HAYUTH, IO
MIKPOXBWJIBOBl BTPATH, SKI BHOCSTHCS JOCTITHAMH 3pa3KaMH II€JIh31aHOBOT
KepaMikH, 3MEHIIYIOThCS Bif - 4,7 mo - 2,5 nb Ta craroTh Maike 0JIHAKOBUMH
IIPU MEePEX0/il B MUIIMETPOBUH Aiana3oH XBuwib (>30 I'T).

IHgmKkaTopHKMIA Baok

HZP-67

MenepaTopHMiA Dok M M 1

P2 65 - - J

1 pA 3 4

Pucynok 2 — briok-cxema ekcriepuMeHTa IbHOI yCTaHOBKU ISl BU3HAUEHHS
koediuienTy nepenadi (1, 3 — HanpsiMIIeH1 BiAramy>KyBaui, 2 — XBHJIEBI] 13
3pa3KkoM, 4 — y3roJKe€He HaBaHTAXKEHHS )
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[Ipu mepeopieHTanii HampsMIJICHOro BiaraayxkyBaua 3 Ha 180°
BUMIpIOBaBcs KoedimieHT crosiaoi XBwili Ko KoedimieHT BigOHUTTS po3paxo-
BYBABCSA Kyizour B ACIIHOCTAX 32 (HOPMYIIOIO:

Keinomr = 20%19((Kex — 1)/(Kex + 1)).

3 OTpUMaHUX €KCIEPUMEHTAIBHUX JaHUX (PHUC. 3) MOKEMO MMOOAYUTH, 110
koedimieHT BinOUTTS Ha yactoTax >30 I'T1y 3HauHO 3MeHIIyeThes Big -2,6 10
nokazHuka -6,8 nb, mo miATBEpIKYy€e MPaBOMIPHICTH BUOOPY pPO3poOJICHOI
LEIb31aHOBOI  KepaMiKM  JUIsl  3aCTOCYBaHHS camM€ B  MUIIMETPOBOMY
HAJ[BUCOKOYACTOTHOMY J1aITa30H1 XBHJIb.

Koedpivicnr siabnrra, ab
AL

"515 L T T ¥ T ks T 4 T ¥ T L
26 28 a0 32 34 36 38

Yacrora, I'Tn

Pucynox 3 — Criextp koediiieHTa BiIOUTTS 11€JIb31aHOBOT KepaMiKH, BUTTAICHOT
3a temnepatypu 1350 °C

Bu3zHayeHHs! BIIHOCHO1 J1€JIEKTPUYHOI MPOHUKHOCTI € Ta TaHT€HCA KyTa
JEJIEKTPUYHUX BTpaT tgd 1eIb31aHOBOI KepaMiku BiOYBaJIOCS 3TiTHO OJHIET 3
METOJIMK, IO omucaHa B poOoti [8]. s 3a0e3medeHHs] MIITHOTO MPWIISITAHHS
SJIEKTPO/IIB 3pa3Ku JUIsl TOCIKEHb NUTiIhyBaH.

B ocHOBy MeToNly BH3HA4Ye€HHsI NI€JIEKTPUYHOI MPOHUKHOCTI IMOKJIa/JeHa
3aJIEKHICTh  JOBKMHHM  €JIEKTPOMArHiTHOI ~ XBWJI, aMIUNTyAu 1  ¢asu
€JIEKTPOMArHITHOT XBWJI1 BIJl €JNEKTPUYHOI Ta MArHiTHOI MNPOHUKHOCTEH
pEUOBHMHHM, SIKa JOCHIKYeThbcs. Peamizaiisi MeTOqy 3IIMCHIOEThCS — 3a
JIOTIOMOTO0 YCTAaHOBKH, OJI0K-CXeMa K01 300pakeHoi Ha puc. 4.
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Pucynok 4 — biiok-cxemMu eKCriepuMEeHTaIbHOI YCTAHOBKH 11 BUMIPIOBaHHS
JEJIEKTPUYHOI MPOHUKHOCTI Ta TAHTEHCY JI1EIEKTPUYHUX BTPAT 3pa3KIB

3a J0MOMOTOI0 BUMIPIOBAIBHOI JIHIT (DIKCYETHCS CTPYKTypa CTOSYOI
XBWJI1 Y 3aKOPOYEHOMY XBHIIEBOII Oe3 3pa3ka. [Ipu po3milieHi 3pa3ka BOPUTYIT
0 KOpPOTKO3aMHUKaya, 3HOBY BHUMIPIOETbCS CTPYKTypa CTOSYOI XBHWIL Y
XBWJIEBOAHOMY TpPaKTlI EKCHEPHMEHTAJbHOI YCTAHOBKM Ta BU3HAYAETHCS
BEJIMYMHY 3CYBY MIHIMYMY XBWJIl. MaTeMaTWYHUN aHali3 NPUBEACHOI BHILE
€JIEKTPOJMHAMIYHOI 3a/Jadl Uil PO3pPaxyHKY MJIEJIEKTPUYHOI IPOHUKHOCTI
MPUBOJUTD IO HEJIIHIMHOTO PiBHSIHHS:

tanh(pd)/pd = F(d, AZMiHJ kcx, 7\4XB)

ne F — QyHKIis oTpuMaHuxX 13 €KCIEPUMEHTY BEIWYWH; P — IOCTIHHA
PO3MOBCIOIKEHHS; d — TOBIIMHA 3pa3ka; AZ i, — 3CYyB MIHIMyMY CTOSIUO1 XBUJII;
Axs — JOBYKMHA XBUJII B XBAJIEBO/II.

Po3B’s130k  1bOrO  PIBHAHHS  JO3BOJISE  BU3HAUUTU  MOCTIAHY
PO3IMOBCIOIKEHHA P = o+if3 eIeKTpOMAarHiTHOI XBUJIl y MaTepiaii, pO3MIlIEHOMY
y XBUJIEBO/I1, 1, THM CaMHM, OOpaxyBaTH € Ta tgd AOCIIKYBAaHOTO CEPEIOBHIIIA.

Ha puc. 5 HaBemeHi cnekTpu MAIMCHOI YAaCTUHU  J1EJICKTPUYHOL
MIPOHUKHOCTI 11€JTb31aHOBOT KEPAMIKH CTEXIOMETPUYHOTO CKIIATY.
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Pucynox 5 — CriexTp JieneKTpUYHOI MPOHUKHOCTI 11€J1b31aHOBOT KepaMiKH,
BHUNaneHoi 3a remmneparypu 1350 °C

VY 3azHadueHoMy yacTOTHOMY JniamasoHi (26 — 37,5 I'T'iy) cnoctepiraeTbest
MaiiKe JIIHIMHA 3aJIeKHICTh 1eIEKTPUYHOI MPOHUKHOCTI 3pa3KiB BiJl YacTOTH, a
cama BeJIMYMHA IPOHUKHOCTI HE MepeBuIlye 5,5.

Ha puc. 6 npencraBieHo CieKTp TAHTEHCY KyTa JICJIEKTPUYHUX BTpaT tgo
3pa3KiB I1eJIb31aHOBOI K€paMiku, OTpUMAaHOI 3a Temneparypu sunairy 1350 °C.
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Pucynox 6 — CriekTp TaHreHca KyTa JIeJIEKTPUIHUX BTPAT 11eITb31aHOBOT
KepaMiku, BumajaeHoi 3a Temneparypu 1350 °C

Sk 06auMMo, CHEKTp TAHIEHCY KyTa [IEIEeKTPUYHUX BTpaT 3pa3KiB
1€1h31aHOBOI KEpaMIKM TEXK Maii’ke He 3aJeXaTh Bl YaCTOTH. 3a TeMIepaTypu
sunany 1350 °C nokasHuky tgd 3HaX0a4Thes B Meskax (8 — 11) 1073,

OTtpumaHi KepaMmiyHI MaTepiaii Ha OCHOBI IIeJib3iaHy BIJTIOBIAIOTh

Bumoram ctangapty [OCT 20419-83 (miarpyma 420) Ta MOXYTh
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BUKOPUCTOBYBATHCH JJII CTBOPEHHS PaJionpo30poi KepamiKu Ta BHUTOTOBJICHHS
Pamionpo30puX KepaMiYHIX HOCOBUX OOTIYHHUKIB.

BUCHOBKUA

3a pe3ysbTaTaMy MPOBEACHUX JIOCTIIPKEHb BUSBIICHO, IO MIKPOXBHJIHOBI
BTpaTH, SIKI BHOCSATHCA JOCHIJHUMHU 3pa3KaMu IIeJIb31aHOBOI KEpaMiKH,
3MEHIYIOThCs Biag - 4,7 no - 2,5 nb Ta craroTh Maibke OJHAKOBUMHU TIPH
nepexojii B MuniMmeTpoBuit aianazoH XBuib (>30 I'T). KoedirienT BigOUTTS Ha
yactotax >30 I'T' 3HauHO 3MeHIITy€eThCs BiJ -2,6 10 -6,8 nb, 10 miaATBEpIKye
IIPaBOMIPHICTb BHOOpPY pO3pOOJEHOr0 MaTepiany sl 3aCTOCYBaHHSA caMme B
HAJ[BUCOKOYACTOTHOMY J1aITa30H1 XBHJIb.

3a pe3ynbTaTamMu BUMIPIOBAHb JICJIEKTPUYHOI MPOHUKHOCTI KepaMIdyHUX
MaTepiaiaiB Ha OCHOBI I1€JIb31aHy BCTAHOBJIEHO, 1110 1i 3HAYEHHSI Y JTOCII1KEHOMY
yacTOTHOMY Jiama3oni (26 — 37,5 I'Tu) He mepeBUINyIOTH MO3HAYKH 5,5, a
3HAUEHHA TAHTEHCY KyTa BTpaT JUIsl LKMX 3pa3KiB 3HAXOASThCS B Jlara3oHi
(8 — 11)-103. Taki 3HaYeHHs BiANOBiZAIOTH OCHOBHHM BUMOTaM IO BHOODY
pagionpo30puX MaTepiadiB Jyisi CTBOPEHHS KEpPaMIYHMX aHTEHHUX OOTIYHMKIB
paxer.

OcoOmmBo  Tpeba BIJ3HAUWTH, 1[0 3HAYEHHS IUX  BaXJIMBUX
eNEKTPO(DPI3UYHUX XAPAKTEPUCTUK PO3POOJICHOI II€NIb31aHOBOT KEepaMiKHh HE
3MIHIOETHCA B YCHOMY Jl1aI1a30H1 BUMIPIOBAHHUX YacTOT.

Hocnimxeni enekTpodi3udHi XapaKTePUCTUKU KepaMiuHUX MaTepiajiiB Ha
ocHoBi cuctemu BaO — Al,O; — SiO; B MiKpoXBWIBOBOMY Jiana3oHi 26 —
37,5 I'T'1 BigmoBiat0Th OCHOBHUM BHMOTAM, 1110 BUCYBAIOTHCS 0 €KCIUTyaTallii
noaiOHUX MarepiaigiB Ta MOXYTb OYTH MNpPUIATHI [JJIs BHUTOTOBJICHHS
pazionpo30pux €JIEMEHTIB Ta JieTajiei B aepOKOCMIYHIN TPOMHUCIIOBOCTI.
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