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Background. One of the rapidly developing trends in science is tissue engineering with use of microfluidic
platform (MP) technology. To evaluate mechanical contraction of cells, optical microscopy recordings can
be used. Known methods as a matter of fact substantially distort the shape and amplitude of the signal.
Therefore, a modified approach is mandatory.

Objective. The development of an algorithm for the analysis of the video data of mechanical oscillations
of cardiomyocytes on a microfluidic platform in order to determine their functional and structural
properties at the tissue level.

Methods. The developed algorithm for the analysis of video images was implemented by the original
program code in Matlab 2016. We analyzed the data of the cardiomyocyte contraction in cells cultured in
MPs. Three groups of cells were analyzed: without stimulation and stimulated with electric fields of 5 and
25 V/ecm. The form of the stimulating impulses is rectangular, the frequency is 1 Hz.

Results. An algorithm for the video data analysis is proposed, which allows for estimating the rate of
contraction in pum/s. Moreover, it allows for decomposing the mechanical oscillations of cells into
components. The algorithm has been used to evaluate the change in the contraction rate of cardiomyocytes
cultured in a lab-on-chip, as a function of voltage intensity and excitation frequency under different
experimental conditions.

Conclusions. The proposed method does not require any auxiliary biomarkers or media. Analysis of video
images allows us to estimate the amplitude and rate of oscillations, the shape of the signal, the spatial
heterogeneity distribution of the mechanical activity of cells. Our results show that the pulsed electric field
in the range 5—25 V/cm at frequencies of 1 Hz during cell cultivation affects negatively the mechanical
functional abilities of cardiomyocytes.

Keywords: cardiomyocyte; cell; organ-on-chip; oscillations; algorithm; video data; optical microscopy;

tissue engineering.

Introduction

One of the rapidly developing trends in sci-
ence is tissue engineering. Its goal is the creation
of biological tissue with prescribed properties. One
possible approach consists in culturing cells in mi-
crofluidic platforms (MPs) [1—4]. Such technolo-
gies allow for studying a proto-tissue or organ at
the miscroscale resembling the principal features of
the organ of. In general, MP can be successfully
used to:

— improve the technology of tissue cultivation;

— determine the optimal conditions for creating
tissues with given properties;

— study the biophysical properties of inter-
related groups of cells;

— model pathological processes at the tissue
level;

— study the effect of external physical factors
and therapeutic drugs on tissue;

— develop and optimize clinical diagnostic tests
by determining the individual susceptibility of the pa-
tient’s tissues to physical factors and therapeutic drugs.

Various chemical biomarkers and mediums
have been widely used to study the morphological
and functional properties of tissues. For example,
in [5, 6] medias and preparations for determining the
proliferate activity of cells and phases of the cell’s
life cycle, the number of dead and living cells, wave
processes of spread of the front to stimulation with
use and action potentials are given. The fundamental
importance of using biomarkers is their specificity.
However, we can identify a number of shortcomings
of this approach. In most cases, biomarkers are quite
expensive; their use requires special knowledge,
skills, and appropriate equipment.

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.

This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits re-
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When culturing cardiomyocytes on an MP,
the most important functional test consists in the
evaluation of their contractility. One of the methods
for evaluating mechanical contractions of cells is
optical microscopy [7, 2]. The method does not re-
quire the use of additional biochemical preparations
and the use of confocal microscopy. Cell contrac-
tion are evaluated on the basis of video data, which
are obtained with conventional light microscopes.
The technique allows for visualizing both spontane-
ous beats and evaluating cell oscillations under the
influence of an external electric field, e.g., "pseudo-
ECG" |2]. To obtain quantitative characteristics
of mechanical cell contractions without the use of
auxiliary reagents, the task of computer processing
and analysis of video images is posed.

In similar studies [2, 8, 9, 10], where the
amplitude of cardiomyocyte oscillations is esti-
mated from the analysis of video images, the ave-
rage change in brightness in the region of inte-
rest is measured. The size of this region usually is
substantially smaller than the "useful area" of the
microchip with cells and the method of estimat-
ing the oscillations is simple enough but has two
significant drawbacks. First, the amplitude units
of measurement is not calibrated, i.e., they are
measured by levels of brightness. It means that
it is impossible to estimate correctly cell oscil-
lations in different areas of the microchip since
the images are not always ideally illuminated by
a uniform external light source, but also because
of the variation in cell density in space. Analyzing
the signal by luminance gradations (gray levels)
when comparing the data of different experiments
would require careful calibration. Another disad-
vantage is the distortion of the waveform char-
acterizing the mechanical contraction of cells.
This leads to a change in the balance of bright-
ness (similar to the balance of mass or energy in
physical tasks). In addition, the brightness of the
optical image changes not only because of cells
mechanical oscillations but also due to the po-
larization of the cell elements under the action
of the external field. The overall brightness of the
optical image of the cells varies nonlinearly with
the change in the strength of the external field
and the frequency of the effect. Thus, the known
methods, for example, [2, 8, 9, 10], register the
very fact of cell contraction but substantially dis-
tort the shape and amplitude of the useful signal.

The aim of this study is the development of an
algorithm for the analysis of the video data of me-
chanical contraction of cardiomyocytes on an MP
to determine their functional and structural proper-
ties at the tissue level.

Materials and Methods

The developed algorithm for the analysis of
video images was implemented in Matlab 2016. We
analyzed the data of the contraction of cardiomyo-
cytes cultured in an MP. The video data of cardio-
myocyte contraction was recorded in the file format
"mp4", where the color information in a pixel was
recorded in the "RGB24" format. The recording
rate was 23.83 frame/s. Subsequently, the images
were transferred from the RGB format to grayscale
images.

The geometric and functional features of the
microchip described in [8]. Cells are embedded in
fibrin hydrogel and then injected into the micro-
chips, cultured in DMEM high glucose [11] and
stimulated according to the following 3 conditions:

— Condition A: without any stimulation for
5 days.

— Condition B: without any stimulation for
3 days and subsequently electrically stimulated for
the resting 2 days (day 4 and day 5). The electric
pulse is 0,6 V amplitude (electric field 5 V/cm,
current density 14.8 mA/cmz2), 2 ms positive, 2 ms
negative and 0 V for the resting 996 ms; frequen-
cy — 1 Hz.

— Condition C: without any stimulation for
3 days and subsequently stimulated for the resting
2 days (day 4 and day 5). The electric pulse is 3 V
amplitude (electric field 25 V/cm, current density
74 mA/cmz2), 2 ms positive, 2 ms negative and 0 V
for the resting 996 ms; frequency 1 Hz.

Video image were obtained after 5 days of
culture. To stimulate the contraction, the chips
were stimulated by a unipolar rectangular signal
with a duty ratio of 2. The amplitude of the pulses
was varied in the range 0—7 V, the frequency was
0—5.5 Hz.

The algorithm for the analysis of cardiomyo-
cyte contraction on an MP consists of the following
sequence of actions:

1. Video data are loaded.

2. Images (definition of the geometrical sizes
of pixels) are calibrated.

3. A rectangular region of interest is defined.

4. Binary images of local maxima in each
frame of the video sequence are created.

5. Binary images of local maxima and binariza-
tion of the resulting image at the a-level of 0.5 is
performed.

6. In the neighborhood of the obtained points
in the spatial window of 9 pixels on each frame,
the radius (R) and angle (0) formed by the vector
between the center of mass of the pixel brightness
are calculated.
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7. The changing rate of R and 0 in time are
calculated : AR/At and AO/At.

8. The Region of Interest (ROI) along X and Y
axis are stratified.

9. The calculated data R and 0, AR/At and
AO/At in the strata for each time frame of the video
sequence are averaged in space.

10. The obtained data, i.e., the shape of the
oscillations in time, spectral Fourier analysis, cor-
relation of oscillations between strata are analyzed.

The determination of the geometric dimen-
sions of the pixels was carried out with respect to
the 300 um distance between the geometric centers
of the columns shown in Fig. 1. In our case one
pixel was equal 1.43 pm.

Figure 1: Building an ROI and calibrating the geometric size of
pixels

After ROI building, local maxima (BW,,,,(?)) are
searched for each video frame. It is assumed that these
points determine the coordinates of cardiomyocytes,
since the elements of the cytoskeleton have the lar-
gest optical density, which is visualized as the brightest
(almost white) areas on the images. It should be kept
in mind that during contraction cells change their geo-
metric dimensions and move for a certain distance in
space. In addition, a noise exists in the images. There-
fore, to find the average equilibrium coordinate of the
cells, all values of BW,,.(f) were summed up:

By =Y BW()
i=1

where 1, is a number of frames.

The resulting By image was normalized to the
maximum value and binarized at 0.5 (Bgjs). The
obtained points with the value of 1 were identified
with the geometric centers of the cells. This tech-
nique allows avoiding the use of the alignment pro-
cedure for the non-uniform illuminating images and
significantly reduces the computer time for analy-
zing the video stream, i.e., there is no need to pro-
cess every pixel of images. We note that each cell
may have several non-zero pixels By, s. However, it
should be emphasized that for the video images with

a higher degree of spatial resolution, the threshol-
ding technique may be different, for example, a
relatively narrow range of brightness can be used.

The oscillation analysis of an individual cardio-
myocyte was performed in the neighborhood of non-
zero pixels By 5, which we conditionally call "active
image points" (AIP). The neighborhood of the AIP
was defined by a rectangular area of +4 pixels, that
is, the window size was 9 pixels (6.3 um). The size
of the window was determined by two factors. First,
given the resolution of video images, the distance
between non-zero pixels By, s was 5—20 pixels. The
second factor was the requirement that if the win-
dow size in the microchip area was increased, where
the cells were a priori absent, the measured signal
(for example, the average brightness) would change
minimally. The maximum window size should not
exceed the maximum cell size of cardiomyocytes,
which is about 24 um. The relative error of the am-
plitudes of the oscillations (variable component)
between the data obtained with the windows 9, 11,
13, 15 did not exceed 5—10 % in our studies. In this
regard, to minimize the machine resources, a win-
dow of 9 pixels was selected (see Fig. 2).

For the analysis of cell contraction, two main
parameters were chosen: the radius and the angle
formed by the vector between the geometric center
of the window (the neighborhood of the non-zero
point in image By ) and the center of mass of the
brightness of the window (Fig. 3).

When stimulating the cell oscillations with an
external electrical signal, the electric field lines are
directed along the X or Y axis. The spatial orienta-
tion of cardiomyocytes with respect to field lines
can be considered as random one. In connection
with this, it is also rational to estimate the compo-
nents of the radius of oscillations R, and Ry

R=R:+R%.

48,5

S
co

Win = 3 pix
47.5

N
=2

9 pix

~
N
n

Mean Brightness (/)

11 pix
46

45,5
0 5 10 15 20 25
Time, s
Figure 2: Selection of the window size. In the area without cells,
increasing the window size should not change the value of the
average brightness
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1 2 3 4 5 6 7 8 9

Figure 3: Determination of the radius (R) and angle (®): O is the
geometric center; C is the center of mass of brightness. Unit of
x and y is pixel

The time derivatives AR, A® were estimated
as follows:

AR =AR/At ~[R(n, +1) - R(n,)]/At,
A,® = A®/At ~ [0(n, +1) - O(n,)]/At

where Af was 1/23.83 s; n, is a frame number of the
video sequence (time).

Thus, the vector D = (i, X;, Y;, n, R, ©;, R,
Ry, AR, A©)) is formed, where i is a sequence
number of the AIP, X; and Y are the coordinates of
the i-th point.

To average the data, the ROI space was di-
vided into strata (subranges) along the X and Y
axis. The number of striations along the given axis
Ny or Ng.y was determined by the H.A. Sturges
formula

121

120

119

118

Brightness number of color

117
0 2 4 6 8

a Time, s

NstrX =1+ |10g2 NXla

NstrY =1+ |10g2 NYl

where Ny and Ny are the number of pixels in the
ROI along the X and Y axes, respectively. The vec-
tors D;, which coordinates X;, Y; correspond to the
given stratum, are averaged.

According to the time variation of R;, ©; it is
possible to evaluate the contraction mode of the
cells, and also distinguish low-amplitude oscillations
from noise random components.

The subsequent analysis of the signals consisted
of a correlation analysis of the oscillations of the
mean values of R, R,, R, ©, AR, A® between stra-
ta, and also in the analysis of Fourier spectra. In the
striations along the X axis, the components of the
contraction R, were analyzed, and, conversely, in
the strata along the Y axis, the average oscillations
of R, were estimated.

The image processing method described above
substantially reduces these drawbacks. In addition,
the method makes it possible to estimate the mag-
nitude of cell contraction in absolute units of pum,
and the rate of oscillations is um/s, and to decom-
pose the mechanical oscillations of cells into com-
ponents.

Shape of the pulses of mechanical oscillations
of cardiomyocytes during their electrical stimulation
are presented in Fig. 4. It can be seen that the form
of the oscillations of the average brightness tends to
rectangular. The oscillations of the radius R have a
more complex form. Such a form of signal (Fig. 4b)
is similar to the data in [6].

Among all AIP a sufficiently large number of
points not belonging to the cells is present. This is
largely due to the fact that the environment and
micro-inclusions, including inactive and dead cells,
also perform mechanical contractions.

0.41
0.39
0.37

£
= 0.35

L
0.33
0.31

0.29
0 2 4 6 8

b Time, s

Figure 4: The shape of the pulses of mechanical cell contractions at the stimulation frequency of 1 Hz and voltage 4.5 V, estimated

by different methods: (a) according to the average brightness in the zone of interest; (b) the value of the radius of the deviation of

the center of mass of brightness from the geometric center (see text)
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These points can significantly affect the results
of averaging the data. It is possible to distinguish the
AIPs belonging to living cells from the others when
comparing the shape of the pulses of mechanical oscil-
lations: AIP non-belonging cells are characterized by
low-amplitude almost chaotic oscillations. However,
comparing the forms of oscillatory processes between
all AIP requires a lot of computer resources. Alter-
natively, the following method is proposed. For each
AIP the obtained values of AR, we normalize with
respect to their maximal value max (AR,), Where
i=1,..., n (nis the total number of AIPs). Those
points for which the normalized values AR, are less
than a certain threshold level B are excluded from the
analysis. In Fig. 5 an example of an estimation of the
change in the shape of mechanical oscillations of cells
is shown as a function of the level g (0 < B < 1).

The data in Fig. 5 show that the amplitude of
the oscillations increases with increasing 8 (to 0.5);
the shape of the pulse for B > 0 is quite different
from the data for B = 0 (when all AIP are taken
into account). The use of B > 0.5 is not rational,
since in these cases the amount of AIP sharply de-
creases (Fig. 6), and the average data become sensi-
tive to single relatively high-amplitude fluctuations.

0.43 R, um

0.41
0.39
0.37
0.35
0.33
0.31
0.29 0.4
0.27 0.5

0.25
0 2 4 6 8

Time, s
Figure 5: The shape of the pulses of mechanical cell contractions
when stimulating oscillations of 1 Hz and 4.5 V are applied,
estimated for different values of 3

105 n
90
75
60
45
30
15

0
0.08 0.20 0.31 042 0.53 0.65 0.76 0.87 0.98

norm
At ax , I.U.

Figure 6: The histogram of the distribution of the normalized
maximum values ARy, With B =A, RIS > 0.5 the amount of

AIP decreases significantly

Results

To approximate the average data, the equation
AtRmax = af}\

was chosen, where fis the stimulation frequency, a
and A are parameters.

An example of the approximation of the ave-
rage values of oscillations as a function of the sti-
mulation frequency under different voltage on elec-
trodes is presented in Fig. 7.

ARmax, HM/S
3.5
3

25
2
15 ) = 049850858

1 R2 = 0.9829
0.5 45V

y = 3.1631x"1.557

R2=0.938
45V

0y 1 2 3 4 5
f, Hz

Figure 7: Change in the rate of contraction of cardiomyocytes in
the microchip, depending on the voltage and excitation
frequency for the control group (A). R? is the square of the
correlation coefficient between the approximation function and

the experimental data

The quantitative values of the approximation
of the experimental data are presented in the Table,
where R is a square of the correlation coefficient be-
tween the approximation function and experimental
data.

According to the Table, the following conclu-
sions can be drowned out: with the increase of the
stimulating frequency, the amplitude of mechani-
cal contractions decreases monotonically; for cells
stimulated with electrical stimuli (groups B and C),
the parameters a and A decrease (in comparison
with the group A), which indicates a decrease in the
excitability of cells and the ability to perform me-
chanical work. A similar conclusion can be drown
out by comparing groups B and C: an increase in
the strength of the external electric field during
the cell culture entails a decrease in the functional
capability of cells. In group C, at the stimulation
voltage of 4.95 V, there is a certain deviation from
the presented general conclusions: the parameter a
exceeds the corresponding value at the voltage of
4.5 V. This observation can be explained by the fact
that the measurements were carried out on different
microchips and every biological system has its own
individual characteristics.
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Table: The approximation functions for the maximum rate of cell contraction (um/s) cultivated under different conditions, depending

on the frequency and the stimulation voltage of the oscillations

Group of microchips Parameters a and A of approximation functions
45V, 48V, 5.25V,
fe[l.4.7] Hz fe[l.4.2] Hz fe[l.4.6] Hz
A
a=3.16, A, = -1.557 a=0.50, » = -0.858 a=0.20, » = -0.786
(R2=0.95) (R2=0.71) (R2=0.38)
375V, 6.6V, _
fe[l..5] Hz fe[l.5.5] Hz
B
a=0,99, » =-0.908 a=0.15, 1 = -0.561 _
(R2=10.72) (R2=0.48)
39V 4.5V, 495V,
fe[1.4.8] Hz fe[l..3] Hz fe[l.52] Hz
C
a=0.62, A =-0.706 a=0.20, » = -0.898 a=0.27,%=-0.765
(R2=0.97) (R2 = 0.49) (R2=10.92)

The presented analysis technique allows esti-
mating the wave processes of spread contractions as
well (see Fig. 8).

The wave character (when present) is clearly
noticeable on two-dimensional time histograms
AR along the X and Y axes, see Fig. 9a. It can
be seen that the component of the rate of cell
contraction A,Ry lags behind the right edge of the
microchip compared to the origin (the left edge
of the microchip). At the same time, cell contrac-
tions in strata along the Y axis occur simulta-
neously (Fig. 9b).

Active cardiomyocytes on a microchip are
distributed non-uniform in space. Therefore, the
shape of the impulses can be different in different
strata. When the stimulation conditions change,
the most active regions can shift. The Fig. 10
shows examples of different pulse shape changes

R, um
0.332
0.328
0.324
0.320
0.316
0.312
1S

Figure 8: Example of a wave process in a microchip (Condition B,
stimulation 1 Hz 4 V). The wave propagates along the X axis,
which leads to a delay in cell contraction in the strata. The
distance between strata is 380 pum, the width of strata is 54 um.
The blue curve is the oscillations in left strata, the red curve is
the oscillations in the right strata

R, and R, in one of the chips. The oscillations
along R, and R, axis maybe depended on the
way cells remodeled the matrix and re-organized
themselves.

At the stimulation frequency of 1 Hz the
maximum amplitude of oscillations was observed
(see Fig. 10a). The change in the constant com-
ponent is also noted. The shape of the pulses
changes, when the frequency increases. This phe-
nomenon is observed at frequencies higher than
2 Hz. Figure 10b demonstrates that sometimes
there are oscillations with opposite phase of con-
traction. Probably the phase shift between R, and
R, depends on the number of cellular contacts
between the cells and their orientation in space.
Oscillations are antiphase if there are few contacts
and the cells do not depend on neighbors. The
absence of a pronounced phase shift indicates that
the cells are oriented with respect to the external
field randomly and the direction of the oscilla-
tions depends on the neighbors. Nevertheless, it
can be stated that along the direction of the lines
of external field force the amplitude of the oscil-
lation is usually more pronounced (red curves).

In addition, in most cases asymmetry of the
amplitude of cell contraction near two different
stimulating electrodes is observed. For example,
Fig. 9b shows that the speed and the amplitude
of oscillations are higher in the upper part than
in the lower one. This is due to the redistribution
of charges in the medium. From the methods of
electro-physiotherapy (galvanization, electrophore-
sis, low-frequency methods of exposure) it is known
that under the anode a more acidic environment
is formed and the sensitivity of tissues decreases,
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<
E
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b

Figure 9: The spread of the average rate of cell contraction in the strata along the axis versus time: (a) along X axis (bright strips that
correspond to the maximum rate of the beat are inclined); (b) along Y axis

0.10
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0.00 Zs
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-0.10
-0.15
-0.20
-0.25 R,
-0.30
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0.02

R, um R
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Figure 10: Examples of changes in the shape of the pulses of cell oscillations at different frequencies: (a) 1 Hz, (b) 1 Hz, (c) 3 Hz,

(d) 4 Hz

under the cathode there is an increase in pH and
an increase in the sensitivity of tissues [12]. In turn,
this indicates that when testing the electromechani-
cal properties of cells in a microchip as a complete
system, it is necessary or to increase the duty cycle
of the exciting external pulses and/or use to a bipo-
lar signal. This will make it possible to restore the
spatial distribution of ions. Since the mobility of
positive and negative ions is different, one should
also limit the time of one measurement and make

substantially larger pauses between measurements
on a single chip. With an increase in the oscilla-
tion frequency of more than 2 Hz, a low-frequency
modulation of the pulse shape is often observed (see
Fig. 10d).

It should be noted that at this stage of the
study the analysis of the time variation of the pa-
rameters ®, A©® did not provide additional useful
information. These parameters correlated well with
the amplitude characteristics but had a slightly larger
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noise component. However ® and A® can be of
interest for cluster space-time analysis.

The spatial heterogeneity in the mechanical
activity of cells can also be considered with the use
of maps of the oscillation rate distribution (Fig. 11).
The size of one pixel on these maps corresponds
to the size of the strata along the corresponding

axis. As a rule, with increasing the stimulation fre-
quency, the spatial distribution of active cells is
generally preserved. Blurring and coarse patterns
of activity are observed. Fig. 11 illustrates that at
the frequency of 5 Hz, the amplitude of the oscil-
lations is sharply reduced, but the activity region is
the largest.
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Figure 11: Example of the change in the spatial heterogeneity of the mechanical activity of cells as a function of the stimulation fre-
quency (the voltage is constant — 3.75 V) for Condition B: (a) 1 Hz, (b) 3 Hz, (c) 5 Hz. A;Ryma, A,Rymax are the average value of
the maximum oscillation rate along the axes X and Y
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Conclusions

An algorithm for analyzing the oscillations of
cardiomyocytes on an MP was developed based
on optical microscopy video data. The technique
does not require any auxiliary biomarkers or media.
Analysis of video images allows us to estimate the
amplitude and rate of contractions, the shape of the
signal, the spatial heterogeneity distribution of the
mechanical activity of cells.

The developed algorithm was used for the anal-
ysis of cell contraction under different culture con-
ditions. It was shown that the pulsed electric field in
the range 5—25 V/cm at frequencies of 1 Hz during

cell culture affects negatively the mechanical func-
tional abilities of cardiomyocyte cells.

Further improvement of the proposed method
of analysis is associated with a decrease computer
time of the analysis of the video data and the deter-
mination of specific properties of cardiomyocytes at
the tissue level.
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H.A. Hukonos, P. Busore, W.I. Hectepyk, M. Pacnonu, A. Pegaennu

HOBbIA ANTOPUTM AHATNU3A BUOEOU3OBPAXEHUA OCLUUNNALUA KNETOK B MUKPOUYUMAX

Mpo6nemaTtuka. OgHMM 13 OLICTPO Pa3BMBAIOLLMXCA HAMPaBEHU B HAayKe ABMSIETCHA TKaHeBas UHXEHEPUsi C NCMONb30BaHNEM TEXHO-
noruu “nabopatopus Ha Mukpounne”. [ina oLeHKN MexaHUYeCKNX COKpaLLeHUI KNeTOoK NCMOoMb3YTCs ONTUYeckas MUKPOCKOMUA 1 aHa-
nn3 BuaeoAaHHbix. OgHaKo M3BECTHble METOAbl PErMCTPUPYIOT TOMBbKO haKT COKpaLLEHUs KNETOK U CyLLeCTBEHHO MCKaxatoT hopmy 1
amnnuTyay nonesHoro curHana. MoaTomy 3aaaqn KOPPeKTHOrO KONMUYECTBEHHOrO aHanmsa Takux BUAEOM300paKeHW ABMAIOTCS akTy-
anbHbIMU.

Lenb. Llensto pabotbl siBnsieTcs paspabotka anropuTMa aHanusa BUAEOAaHHbIX MEXaHUYeCKUX COKpalLleHW KapAMOMMOLIMTOB Ha
MUKpo4une Ans onpeaeneHns nx MyHKUMOHaNbHbIX U CTPYKTYPHbIX CBOMCTB Ha TKAHEBOM YPOBHE.



Innov Biosyst Bioeng, 2018, vol. 2, no. 2 83

MeToauka peanusauuu. PaspaboTaHHbIN anroputm aHanmaa Buaeon3obpaxeHuin peannsoBaH nporpaMmmHbIM kogoM Matlab 2016. [ns
anpobaummn npeanoXeHHOro Metoaa 6binv NpoaHanM3npoBaHbl AaHHbIE O COKPALLEHUS KNEeTOK KapAUOMMOLMNTOB, BbiPaLLEeHHbIX B MUKPO-
yune. MiccnegoBanuch Tpu rpynbl KNETOK: BblpalleHHble 6e3 CTUMynsaLum, a Takke KINeTku, KOTopble CTUMYNMPOBanMCh SMeKTPUYECKUMU
nonamu 5 n 25 B/cm. Popma CTUMYNMPYIOLLMX MMMNYNbCOB — NPAMOYronbHas, Yactota — 1 'y,

Pesynbrathbl. [1peanoXeHHbln anropuTtM aHanuaa BUAEOAAHHbIX, MO3BOMSET OLEHUTb CKOPOCTb COKpaLLEHUs! KNETOK B MUKPOMET-
pax 3a cekyHay. Kpome Toro, oH No3BonsieT pas3noxuTtb MexaHu4eckne kornebaHms KneTok Ha KOMMOHEHTbl. ANMropyUTM UCMNOMb30Bar-
Csl ANsi OLUEHKN U3MEHEHUS CKOPOCTWU COKpaLLeHWUsi KapAMOMUOLMUTOB B 3aBUCUMOCTU OT UHTEHCUBHOCTU HaMNpsiKEeHUS U 4acToThl
BO30Yy>XOeHMWS.

BbiBoabl. [peanoXeHHbIN METOA aHanv3a BUaeoAaHHbIX COKpaLLeHNi KNeToK KapanoMUoLMTOB Ha MUKpoUumnne He TpebyeT Kakmx-nmbo
BCMoMoraTenbHbIX BriomMapkepoB nnu cped. AHanu3 BUAeon306paxeHunii No3BonseT OLEHUTb aMMNUTYAy U CKOPOCTb KonebaHui, hopmy
curHana, NpocTpaHCTBEHHO-HEOAHOPOAHOE pacnpeaeneHe MexaHn4eckon akTMBHOCTM KNEeToK. MNokasaHo, YTo UMMYNbCHOE aneKTpuyec-
Koe none B gnana3oHe 5-25 B/cm Ha yacTtoTe 1 'y Npu KynNbTUBMPOBAHMM KINETOK OKa3blBAET OTpULLATENbHOE BUSIHME Ha COKpaTUTENb-
Hy0 CNOCOBGHOCTb KapANOMUOLUTOB.

KnioueBble cnoBa: KapaAnoOMUOLNTbI; KIETKW; opraHbl Ha MUKpo4une; konebaHus; anropnTMm; BuaeoaHHble; onTuyeckad MUKPOCKONUSA;
TKaHeBasA NHXeHepua.

M.O. Hikonosg, P. BisoHe, I.I. HecTtepyk, M. PacnoHi, A. Pegaenni

HOBUMA ANFTOPUTM AHATNI3Y BIAEO30OBPAXEHb OCLMUNALIA KNITUH Y MIKPOUYUMNAX

Mpo6nemaTtuka. OgHUM i3 HANpsAMIB y HayLi, WO LBUOKO PO3BUBAETLCS, € TKAHMHHA IHXXEHEePIs 3 BUKOPUCTaAHHAM TexHororil “nabopa-
Topist Ha Mikpounni”. [ns OuUiHKM MeXaHiYHMX CKOPOYEHb KMiTUH BUKOPUCTOBYHOTBCS OMTUYHA MiKpOCKOMist i aHani3 BigeogaHux. OgHak
BiJOMi MeTOoAM PEeecTpyoTb TiNbKM aKT CKOPOYEHHS KMITUH i CYyTTEBO CMOTBOPIOOTL (hOPMY 11 amnniTyAy KOPUCHOrO curHany. Tomy
aKkTyanbHUM 3anuLWaeTbCs KiNbKiCHUIA aHani3 Takux Bigeo306paeHsb.

MeTa. MeToto poboTu € po3pobka anroputMy aHanisy BiAeofaHMX MeXaHi4HUX CKOPOYeHb KapL4ioMiOLMTIB Ha MiKpoUuMni ANsi BUHAYEHHS
X (PYHKUIOHANbHNUX i CTPYKTYPHUX BNAcTUBOCTEN HA TKAHWHHOMY PiBHi.

MeTtoauka peanisauii. Po3pobneHuii anroputm aHanisy Bigeo3obpaxeHb peanizoBaHo nporpamHum kogom Matlab 2016. [ins anpo6auii
3anpornoHoBaHoOro metody Oynu npoaHani3oBaHi AaHi MPO CKOPOYEHHS KapAioMiouMTIB, BUPOLLEHUX Yy Mikpounni. [locnimpkyBanvcsa Tpu
rpynu KNiTUH: BUpOLLEHi 6e3 CTUMYNSLT, a TaKoX KNITUHK, SiKi CTUMYMoBanucs enekTpuyHumn nonsimu 5 i 25 B/cm. ®opma ctumyniooumx
iMnynbciB — NpsiMokyTHa, YacTtoTa 1 'y,

PesynbraTtn. 3anponoHoBaHWn anropuTMm aHanidy BigeofdaHux Aa€ 3MOry OLIHWTU LIBMAKICTb CKOPOYEHHSI KMiTUH Yy MIKpOMETpax 3a
cekyHAy. KpiMm Toro, BiH Ja€e MOXNMBICTb PO3KMACTU MEXaHiYHi KONMBAHHA KMiITUH Ha KOMMOHEHTW. ANroputM BMKOPUCTOBYBAaBCH AN
OLIHKM 3MiHW LUBUAKOCTI CKOPOYEHHS KapAioMiOUMTIB 3aneXHO Bi iIHTEHCUBHOCTI Hanpyru i 4actoTu 30ymKeHHS.

BucHoBku. Po3pobneHunin metog aHanidy BigeodaHuWx ONTUYHOI MiKpocKonii CKOpoYeHb KapAioMioumTiB Ha MiKpouini He BUMarae Aorno-
MixHMX GiomapkepiB abo cepenosuLy. AHani3 Bigeo306padkeHb Aae 3MOry OLHUTU amnmiTyay i WBWAKICTb KONMBaHb, hOpMy curHany,
NPOCTOPOBUIA PO3MOAIN MeXaHi4YHOT akTUBHOCTI KMiTUH. MNokasaHo, Lo iMNynbCHE enekTpu4He rnorne B AianasoHi 5-25 B/cm Ha YacToTi
1 'y Npu KynbTUBYBaHHI KMITUH YWHWUTBL HEraTMBHWUIA BNIVMB Ha 30ATHICTb Kap4ioOMiOLMTIB CKOPOYyBaTUCh.

Knro4yoBi cnosa: kapgioMiounTu; KNiTUHW; OPraHn Ha MiKpoYmMni; KONMBaHHSA; anropuTM; BiAeoAaHi; ONTUYHA MIKPOCKONMIS; TKAHWHHA iHXe-
Hepis.
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Introduction

Background. The task of determining the functional relationship between biophysical parameters is an
integral part of the actual problem of finding the optimal impact on a biological object and is currently
not completely resolved. One of the important tasks in this area is the partitioning of the original feature
space into such areas (clusters) that relate to different functional relationships linking biophysical
parameters and have, in general, an arbitrary shape. Such clusters in the future is logical to call functional.
To obtain and analyze the functional clusters, there are a number of algorithms, each of which has its
advantages and disadvantages. At the same time, the solution of a certain practical problem requires an
evaluation of the efficiency of the algorithms in terms of the cluster separation adequacy.

Objective. In this paper, for a general example of the biological objects clustering problem (Fischer’s Iris
Data Set), the efficiency of a typical clustering tools series is evaluated. The application of k-means
classical algorithm, the Ward algorithm and developed in this work the fuzzy version of clustering for the
k-means algorithm with a limited mass of the working area for the clusters’ formation was considered.
Methods. The algorithm includes a procedure for a priori estimation of the clusters quantity. The
estimation is carried out according to the frequency histogram. To determine the optimal number of the
histogram columns, the application of the Scott formula is justified. The algorithm allows forming clusters
of arbitrary configuration with obtaining the value of the object’s membership measure for each of the
clusters. The comparative testing of the above algorithms was carried out on Fisher’s Iris Data Set.
Results. The best value of Fj-score is obtained for the algorithm proposed in this paper: F; = 0.92, the
value F; = 0.90 is obtained for the Ward method and the value F; = 0.88 — for the classical k-means
algorithm.

Conclusions. The obtained test results on the analysis problem of arbitrary-shaped clusters made it possible
to give preference to the version of fuzzy k-means with a limited mass of the working area for the clusters’
formation. The calculating of the membership measure value allows us to obtain additional information
on the structure of cluster formations, as well as to correct the result of clustering of k-means with a limited
mass, which is especially important since the formation of clusters occurs in a single pass. Comparing the
computational resources required for computing algorithms with relatively close test results also makes it
possible to give preference to the developed algorithm. Compared with the Ward algorithm, it requires
fewer computing resources since no additional memory is needed to store the distance matrix and no time
is required to recalculate it.

Keywords: clustering; k-means; biological object; membership function; estimation of a number of clusters;
fuzzy clustering.

algorithms, each of which has its advantages and
disadvantages. At the same time, the solution of a

The task of determining the functional relation-
ship between biophysical parameters is an integral
part of the actual task of finding the optimal impact
s on biological objects and is not fully resolved now.
Among the most interesting results of such tasks are
the ones that adequately represent groups in initial
data with different functional relationships that bind
considered biophysical parameters. It is logical to
call such clusters functional, and their form in the
general case can be arbitrary. To obtain and ana-
lyze the functional clusters, there are a number of

certain practical problem requires an evaluation of
the efficiency of the algorithms in terms of the clus-
ter separation adequacy. Such an evaluation of algo-
rithms can be performed on a given set of objects,
the classification of which is known to the researcher
but is unknown to the tested algorithms.

One of the most common approaches to clus-
tering of multidimensional data are the methods of
k-means family [1]. However, the classical version of
the approach tends to form exclusively multidimen-
sional spherical clusters by minimizing each cluster’s

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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dispersion. One of the ways to overcome this prob-
lem is introduction of a limitation on the total mass
of the working area, by which the current value of
the centroid of the cluster is determined. One of
the current versions of the algorithm [2] implements
this approach. However, this version of the algo-
rithm has a number of shortcomings: the need to set
the number of groups before the clustering and the
lack of a mechanism for calculating the membership
degree to the cluster. Note that a number of me-
thods based on information entropy [3, 4] and di-
vergence [3, 5] solve the first of these problems, but
they are quite loaded from a computational point of
view, so it is desirable to have a simpler mechanism
for obtaining this estimate. Below we propose to de-
velop an algorithm for fuzzy k-means with a limited
mass of the cluster formation working area. Then
evaluate the effectiveness of the developed algorithm
comparing to the classical algorithm of k-means and
one of the most frequently used hierarchical algo-
rithms — Ward’s method.

The work’s purpose is to develop a version of
the k-means method, which solves the problem of
partitioning the initial sample by forming clusters of
arbitrary form.

The study objectives are to develop a version
of the fuzzy clustering algorithm for the k-means
method with a limited mass of the working area of
cluster formation, the introduction into the algo-
rithm a simple mechanism for a priori estimation of
the clusters quantity and to evaluate the algorithm
efficiency on a biological objects sample with known
cluster partitioning.

Materials and methods

The approach justification. The k-means al-
gorithm standard mechanism without limiting the
mass (quantity) of the working area objects of clus-
ter formation leads to forming the spherical shape
clusters which are identified as the ideal form of
object groups. In this case, the centroids’ path to
the limiting state is neither an object of the analysis
of the algorithm nor a constructive element used
in the formation of the cluster. Only the stability
of the centroid boundary state is important, which
determines the result of clustering.

In [2], the mechanism of the k-means algo-
rithm was first used to obtain non-spherical clusters,
while the basis for determining the form of the re-
ceived cluster is no longer the boundary position of
the centroid, but the path at which the working area
centroid passes into its limiting state. The displace-
ment of the centroid determines the trend of the
cluster working area and actually allows the algo-

rithm to recognize its fragments. However, with the
implementation of the standard k-means mecha-
nism as the new objects are joined to the working
area, the centroid travel speed steadily decreases.
This happens due to reduction in the weight of the
attached object impact in relation to the previously
accumulated mass of the working area and therefore
new object’s impact on the trend becomes insig-
nificant. The introduction of the working area with
limited mass of cluster formation in [2] allowed to
propose a mechanism forming of arbitrary form
clusters and to extend the method of k-means to
the task of cluster analysis general case. However,
as noted above, this algorithm version may be ex-
pediently supplemented by estimating the clusters
quantity in this sample of data and by calculating
the objects’ measure of membership to clusters.

Clustering algorithm. Let object x;, j = 1,...,n is
described as a string j {x;;, Xp,...,X;,} of initial matrix
M of dimension dim(n,m).

The algorithm implements the following steps:

1. Normalizing data.

2. Initial centroid initialization using one of
several methods:

(a) close to the zero vector;

(b) close to the vector center of mass;

(c) initialization on the peripheral data points;

(d) centroids are located evenly distant from
the center of mass with a given step;

(e) the position of the centroids is chosen ran-
domly

3. Object x; is chosen and distances between X;
and every of k, centroids are being calculated;

4. The object is joined to the nearest cluster.

5. The centroid moves to the new position cal-
culated using following formulas:
if n, < I,y then

7
DX+ X
_ i

ny

Xcl

if n, < I, then

ny
DX +X,—p-o
x, =1=L J N =N, — (1)
¢, I —p f y =P

where n, is a number of points in cluster #, which

are used to calculate a centroid new position, 7.,

is the point’s number threshold, C, is the name of
y

cluster ¢, sum ZXi + X; accumulates information
i=1

or calculating the centroid location, p is the number
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of conditional objects o whose coordinates are the
coordinates of current centroid’s position.

As can be seen from formula (1), if the thre-
shold of points’ number is reached, "part" of the
pre-accumulated information is "forgotten", which
allows controlling movement of the centroid in the
process of clustering. An adequate choice of para-
meters provides more ordered motion when repro-
ducing the functional dependence.

6. The procedure stops after processing all of N
points unless different stopping condition specified.

Clustering is carried out in a one-pass, and clus-
ters obtained as a result have a non-spherical form.

The algorithm described above was proposed
in [2] however, it needs the number of clusters to
give an adequate result. The mechanisms of a clus-
ters quantity priori estimation are rare. For the most
part data scientist use posterior methods like gra-
dually lowering the number of clusters together with
using quality estimation methods. To address this
problem, we propose the next approach. A density
distribution histogram is constructed for each of the
m variables. Using the number of local maxima in
each variable’s distribution, one can obtain an esti-
mate of clusters quantity in the sample. The prob-
lem of columns optimal number can be solved by
using the Scott formula, the Friedman—Diakonis
formula, or similar ones. In the implementation of
the algorithm, the Scott formula [6] was used, due
to lower computational cost compared to the Fried-
man—Diakonis formula that uses interquartile dis-
tance thus requiring data to be ranked.

It was proposed to add membership function
calculation to the algorithm. However, to use the
known approach for this purpose, similarly to the
C-means algorithm [7], it is incorrect, since the cal-
culation of the centroid new position in C-means
occurs after the information accumulation and not
in the centroids’ movement process. In the case
when the position of the centroid changes in the
process of adding points, calculated value of the
membership function will lose its relevance. In this
case, the value of the membership function should
be calculated already after the initial formation of
clusters. In addition, the mechanism of membership
degree calculating also requires to be changed, as in
contrast to the classical version of the C-means (the
formation of clusters of hyperspherical form), the
clusters received will in most cases have a stripe-like
form

To solve the problem, two possible ways can
be suggested:

1. Evaluate membership function using average
distance between an object and other objects in the
cluster can be used:

1
iy 1

1 ¢ :
>l - 57
n; =135

Zc:
3

C S - )
5

where n; is a number of points in cluster j, ¢ is a
number of clusters.

2. Evaluate membership function using the
distance between the object and the "trace" left by
moving centroids can be used:

1

1
(=t I
i =z
where 7, is a nearest point of the "trace" left by
moving centroid j.

Results

Testing of the algorithm was performed on
Fisher’s "Iris Data Set" [7].

The data set "Iris Data Set" contains 150 iris-
es of three species, 50 of each. The object features
here are the geometric characteristics. Four features
were measured from each sample: the length and
the width of the sepals and petals, in centimeters.

By using developed estimation procedure, it was
found that there are 3 clusters in the data set. When
clustering the "Iris Data Set" using developed algo-
rithm the following result was obtained (Table 1).

Table 1: Cross table for clustering result given by developed

algorithm
Actual
0 | Total

0 36 0 0 36
Result 1 14 50 0 64

2 0 0 50 50
Total 50 50 50 150
True positive, % 72 100 100

As can be seen, the result of clustering was
similar to the actual existing groups (Fig. 1).

The value of F|-score was obtained using mac-
ro-averaging [8] and was 0.92. Below are the results
obtained using classical k-means method (Table 2)
and Ward’s method hierarchical clustering (Tab-
le 3).
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Figure 1: Diagram comparing clusters obtained using developed
algorithm with actual classes: m — 0; m — 1; -2
Table 2: Cross-table for k-means clustering result
Actual
Total
0 1 2
0 42 0 10 52
Result 1 0 50 0 50
2 8 0 40 48
Total 50 50 50 150
True positive, % 84 100 | 80

Table 3: Cross table for clustering result obtained using Ward’s
method

Actual
Total
0 1
0 33 0 0 33
Result 1 0 50 0 50
2 17 0 50 67
Total 50 | 50 50 150
True positive, % 66 | 100 | 100

The result obtained with the k-means method
has a F; value of 0.88. In general, the classic k-
means showed the worst result on the test sample
and gave more mixed clusters (Fig. 2).

The result obtained with Ward’s method has
a F; value of 0.90. This method formed clusters
similar to those formed by developed method
(Fig. 3).
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Figure 2: Diagram comparing clusters obtained using k-means

with actual classes: m — 0; m — 1; -2
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Figure 3: Diagram comparing clusters obtained using Ward’s
method with actual classes: m — 0; m — 1; -2

Discussion

As can be seen above, Ward’s method gave
similar results (see Fig. 3) to those obtained with
k-means with a limited mass of working area (see
Fig. 1). Some resemblance between the results of
clustering is a consequence of the generation of
hierarchical algorithms of non-spherical clusters,
in the general case. The value of F;-score for this
result was 0.90, nevertheless, it is worse than for
the development algorithm. This algorithm also
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tends to unite two closely situated classes in one
big cluster.

In testing the algorithm, the calculation of the
membership function using the minimum distance
to the trace of the centroid of the working area of
the algorithm was used, which provided the best re-
sult of clustering compared with the use of the mean
distance from the studied point to all other cluster
points.

Conclusions

The testing of the algorithms discussed in the
article allows us to give preference to the deve-
loped version of fuzzy k-means with a limited
mass of working area of cluster formation for
cluster analysis problems with clusters of arbitrary
form. The calculation of the membership function

allows to obtain additional information about the
structure of cluster entities, as well as to correct
the result of clustering k-means with a limited
mass, which is especially important for algorithms
that obtain the result of clustering in one pass.
Regarding the proximity of the qualitative results
of the developed algorithm and Ward’s method, it
should be mentioned that the developed algorithm
has a lower computational value since it does not
require additional memory to store the matrix of
distances and time for its recalculation. In ad-
dition, since the algorithm developed uses an a
priori estimate of the clusters quantity, it has no
problems related to the dendrogram cutting to get
a result.

The developed algorithm will be further used in
the development of cardiovascular state diagnostics
system.
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B.C. YmaHeup, Bb. O. BonHuk, B.A. Naeno., €.A. HacteHko

OUIHKA EQEKTUBHOCTI ANITOPUTMIB Y 3A0AYI KNTACTEPU3ALIT BIONONYHUX OB’EKTIB

MNMpobnemaTtuka. 3aBaaHHA BU3HAYEHHS PYHKLIOHANBHOTO 3B’3KYy MiXK 6iodi3vyHNMM NnapamMeTpaMu € CKNagoBOK YaCTVHOK aKTyarnbHOT
npobnemu noLuyky onTMMarnbHOro BNMBY Ha GionoriyHuii 06’eKT i Ha cborodHi He € NOBHICTIO BUpieHM. OfHieto 3 BaXXNMBUX 3agad y
Ljin obnacTi € po3buTTS No4YaTKOBOrO MPOCTOPY O3HaK Ha Taki obnacTi (knactepw), siki BIGHOCATbCS A0 Pi3HUX (PYHKLOHANbHMX CMiBBigHO-
LUEHb, L0 3B’s13yt0Tb BiodidnyHi napameTpu, i ki MatoTb, y 3aranbHOMyY BUNagky, A0OBiNbHY dopmy. Taki knactepu B noganbLUOMy MOriy-
HO Ha3MBaTV YHKLiOHaNbHUMK. [Ana OTPMMaHHS 1 aHanidy yHKLUIOHaNbHNUX KNacTepiB iCHYE HM3Ka anropuTMIB, KOXKEH i3 IKMX Mae CBOI
nepesaru 1 Hefoniku. Y TOM e 4ac po3B’A3aHHA MEBHOI MPaKTUYHOI 3agadi BUMarae ouiHKy eEeKTUBHOCTI anropuTtMiB 3 TOYKM 30py
a[eKBaTHOCTI BUAINEHHSA KnacTepis.

MerTa. Y cTartTi 4ns AOCWTb 3aranbHOro npuknagy 3aBAaHHS knactepu3sadii 6ionoriyHux o06’ekTiB (iprcn diepa) oUiHIETECA edeKTMB-
HICTb HM3KW TMNOBMX IHCTPYMEHTIB Knactepmaauii. Po3rnsHyTo 3acTocyBaHHSA anroputmy K-cepefHix, anroputmy Bapga, a Takox
po3pobneHoi B poboTi HeyiTKoi Bepcil knacTepusauii onsg anroputMmy k-cepefHix 3 obmexxeHo Macot poboyoi obnacTi hopmyBaHHS
KnacTepis.

MeToauka peanisauii. B anroputm BKkMnYeHO npoueaypy anpiopHoi OLiHKM KinbkocTi knacTepiB. OuiHka NpoBOAWTBLCSA MO ricTorpami
YacToT, AN BU3HA4YEHHSA ONTUMArbHOI KiflbKOCTi CTOBMLIB ricTOrpamy o6rpyHTOBYETbCS 3acTocyBaHHA popmynu CkoTta. AnropuTtm gae
3Mory popMyBaTh Krnactepu A0BiNbHOI KOHirypauii 3 OTpMMaHHAM 3HaYeHHs1 Mipy NpuHanexHocTi 06’ekTa KOXHOMY 3 knactepis. Ha
Habopi gaHux "lpucy diwepa" NnpoBeaeHO NOPIBHANbHE TECTYBAHHSA 3a3HA4YEHNX anropuTMIB.

Pesynisratn. OnTmarbHe 3Ha4eHHs F{-score 0TpMMaHo [ns anroputmy, Lo 3anponoHoBaHuii y poboTi — F4 = 0,92, sHaveHHs F4 = 0,90
ofepxaHo Ans metody Bappa i sHadeHHs Fq = 0,88 — ans knacuyHoro anroputMy k-cepeaHix.
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BucHoBku. OTpumaHi pesynbsratv TeCTyBaHHSA CBigYaTh, WO B 3aBAAHHAX aHanidy knactepis AOBiNbHOI opMu AOUINBHO Bigaatn nepe-
Bary pos3pobneHii y fincHin poboTi Bepcii HewiTkmx k-cepegHix 3 obmexeHo Macor poboyoi obnacti hopmyBaHHA KrnacTepis.
Po3paxyHok 3Ha4eHHs1 Mipy NPUHANEXHOCTi Aae MOXIMBICTb B anropuTMi OTpuMaT 4OAATKOBY iHPOPMAaLito MPO CTPYKTYPY KNacTepHUX
YTBOpPEHb, a TaKOX 3A4iINCHUT NonpaBku pe3ynbsTaTy knactepusalii k-cepegHix 3 06MexeHoo Macoto, Lo 0cobnveo Baxnmeo npu dop-
MyBaHHi knacTepiB 3a oAMH npoxig. [NopiBHAHHA HEOOXiAHWX ANS po3paxyHKy OBYMCrioBanbHUX PecypciB ANS anropuTMiB 3 BiAHOCHO
6n13bKMMK pesynsTaTamy TeCTY TakoX CBIAYUTL MPO NepeBary 3anpornoHoBaHoro B poboTi anroputmy. MNopiBHAHO 3 anroputmom Bapaa
OMYy HeoOXiAHO MeHLle obuMCroBanbHUX PECypCiB, OCKINbkM He MOTpibHa gogaTkoBa nNam’'saTe AnNs 30epiraHHA maTtpuui BiacTaHew i
Hemae BUTpaT Yacy Ha ii nepepaxyHok.

KniouoBi cnoBa: knactepusauisi; k-cepefHi; 6ionoriyHmin 06’ekT; Mipa HanexHoCTi; oLiHKa KirlbKOCTi KnacTepiB; HeviTka knactepusadisi.

B.C. YmaHeu, B.A. BoiHuk, B.A. Maenos, E.A. HacteHko

OLIEHKA 3®®EKTUBHOCTU ANICOPUTMOB B 3AOAYE KITACTEPU3ALMNUN BUOJTIOTMYECKMNX OB BEKTOB

MNMpobnemartuka. 3agaya onpegeneHns PyHKUMOHANbHON CBA3W Mexay Guodusndeckumy napameTpamum sSiBMSETCA COCTaBHOM YacTbio
aKTyanbHoW NpobnemMsl Noncka onTMMarbHOro BO3AencTBUA Ha B1onorniecknini o6 BEKT U B HacTosILLEe BPeMS He SBSETCSA NOMHOCTLIO
pelieHHon. OAHOW M3 BaXHbIX 3a4a4v B 3TOM obnactun aBnsercs pa3bueHne MCXOQHOro MPOCTPaHCTBA MPU3HAKOB Ha Takue obnactu
(knacTepbl), KOTOPble OTHOCSATCA K PasnyHbIM (PYHKLMOHAMBbHBIM COOTHOLLEHWAM, CBSi3blBalOLMM Ouodmanyeckme napameTpbl, U
MMeloT, B 00LLeM cryyae, NponsBosbHYo dopmy. Takue KnacTepbl B AanbHENLLEM MTOTMYHO Ha3blBaTb OYHKLUMOHANbHbIMK. [Ans nonyye-
HUS 1 aHanm3a PyHKLMOHANbHbIX KNacTepoB CyLLEeCTBYET psif anropuTMoB, Kaxabli U3 KOTOpbIX obrnagaeT cCBOMMY NpeuMyLLecTBaMmn u
HepocTaTkamun. B To e Bpems pelueHvie onpefeneHHon NpakTM4eckon 3agaun TpedyeT oueHKkn addeKTUBHOCTU anropuTMOoB C TOYKM
3peHns afeKkBaTHOCTU BblAENEeHUst KnacTepos.

Llenb. B ctatbe ans gocratodHo obLiero npumepa 3afadun knacrepusauum buonornyecknx oobekToB (Mpuckl Pullepa) oLeHuBaeTcs
3 PEKTNBHOCTL psaa TUNMYHBIX MHCTPYMEHTOB Kractepusaummn. PaccmoTpeHo npuMeHeHne anroputma k-cpegHux, anroputma Bapaa,
a Takxe paspaboTaHHoOW B AaHHON paboTe HeYeTKon Bepcun Knactepusaumm Ans anroputMa k-cpegHux ¢ orpaHuveHHo maccol pabo-
yer obnactn hopMUpPOBaHUS KIacTepOoB.

MeToauvka peanusauun. B anroputm BknoveHa npoueaypa anpuopHON OLeHKu konuyecTsa knactepos. OueHka npoBogMTCs Mo rMcTo-
rpaMmme 4acToT, ANs onpeaeneHns onTMMarbHOro KonnyecTea CToN6LOB rMcTorpaMmel 060CHOBbLIBAETCA NpuMeHeHne dpopmynbl CKoTTa.
Anropvtm no3sonsieT popMmnpoBaTh KracTepbl MPOU3BONbLHON KOHUIYpaLMmM C NONyYeHUeM 3Ha4YeHU Mepbl NPUHAANEXHOCTN 0ObekTa
Kaxxgomy m3 knactepoB. Ha Habope gaHHbIx "Vpuckl ®uriuepa” npoBeAeHO CpaBHUTENbHOE TECTUPOBAHME YKa3aHHbIX anropuTMoB.
PesynkTathbl. HannyJuee sHaveHne Fq-score nonyyeHo Ans anroputMa, npeanoxeHHoro B pabore — F4 = 0,92, F4 = 0,90 ans metoga
Bappa v Fq = 0,88 anga knaccu4eckoro anroputma K-cpefHux.

BbiBogbl. [TonyyeHHble pesynbTaTbl TECTMPOBaHWS CBUAETENLCTBYIOT O TOM, YTO B 3a4ajvax aHanmsa knactepoB Npou3BOnbHON hopMel
LenecoobpasHo oTAaTh NpeanoyTeHne pa3paboTaHHOW B aHHON paboTe Bepcumn HeYeTkux K-CcpeiHMX C OrpaHUYeHHon Maccon paboden
obnacTn opmmpoBaHnsa knactepoB. PacyeT 3HaveHWs Mepbl NPUHAANEXHOCTV B anropuTMe Mo3BOMSET MOMYyYUTb AOMOMHUTENbHYIO
MH(OPMaLMIo O CTPYKTYpe KnacTepHbix 06pa3oBaHuii, a TakkKe OCYLLEeCTBUTb MOMpPaBKu pesynsraTa knactepusaummn k-cpegHvx ¢ orpa-
HWYEHHOW Maccom, YTO 0COBEHHO BaXKHO Npu hopMMUPOBaHNM KNacTepoB 3a oAuH npoxof. CpaBHeHWe TpebyeMblx ANs pacyeTa BblYMC-
NNTENbHBIX PECcypcoB NS anropuTMOB C OTHOCMTENbHO ONMU3KMMKM pesynbTataMu TecTa Takke CBWAETENbCTBYET O MpeumMyllectse
npeanoxeHHoro B paborte anroputma. Mo cpaBHeHuto ¢ anroputmom Bapaa emy TpebyeTca MeHbLUe BbIYMCAUTENbHBIX PECYpPCOoB, Tak
Kak He HyHa [0oNOoNMHMTENbHasA NamsaTb ANS XPaHEHUS MaTpuLbl PACCTOSHWIM U HET 3aTpaT BPEMEHW Ha ee nepepacyer.

KniouyeBble cnoBa: Knacrepusauyua; k-cpenHme; 6uonornyecknii 06BLEKT; Mepa npuHaanexXHoCTh; OUeHKa KornmyecTtBa KIaCTepoB;
He4yeTKasa Knacrtepusauyms.
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IIpodaematuka. B Ykpaini monax 17 % mim3eMHMX BOI03a0OpiB BiTHOCSTHCS IO HEKOHOUIIIMHUX 3a BMiC-
ToM 3ajiza Ta 4,4 % — 3a BMicToM MapraHmio. [TiZBUIEHUI BMICT IIUX €JIEMEHTIB CIIPUIWHSIE TTOTipPIIIEHHS
OpraHoOJIENITUYHUX BJIACTUBOCTE TMUTHOI BOAW, MPU3BOAUTH A0 YTBOPEHHS OCAaiB i 3apOCTaHHS BOIOIPO-
BiTHMX MepeX uyepe3 pO3BUTOK 3aizo0akTepiii. ToMy aKTyaJlbHUM € JOCHiIKEHHSI MarHiTHUX BJIACTUBOCTEM
3aJ1i30- Ta MapraHelbOKMCHUX OaKTepiil IJIs MOXJIMBOCTI iX 3aCTOCYBaHHS Y TEXHOJIOTISIX MarHiTHOI cera-
pailii 3 METOIO YIOCKOHAJIEHHSI TEXHOJOTIA OYMIIEHHSI BOAW 3 HaAMIDHUM BMiCTOM 3aJli3a Ta MapraHuio.
Meta. MeTta poOOTH MOJISITAa€ B IOLIYKY ITOTEHLIMHUX IPOAYLEHTIB O0iOreHHMX MAarHiTHMX HAHOYACTMHOK
(BMH) cepen 3amizo- i MapraHelbOKMCHUX OakTepiil Ta Kiacugikalii OoCTaHHIX 3a TUIIOM BHYTPIllIHbOI
CTPYKTYpM (KpucTajliuHa yu amopdHa) i MicueM Jyokainizaiii BMH (30BHilIHbOKIITUHHA YU BHYTPIillIHbO-
KJIITUHHA) 3 BUKOPUCTAHHSIM METO[IIiB MOPiBHSJIBHOI TEHOMIKH.

Metomuka peanizanii. /s ouiHKM cTyneHs: momiOHocTi 6inkiB 6iomiHepanizanii BMH y marnitorakcucHoi
Oakrepii Magnetospirillum gryphiswaldense MSR-1 Ta y 3a1i30- i MapraHellbOKUCHUX OaKTepili 3aCTOCOBAHO
METOAM TIONMAapHOIO0 Ta MHOXWHHOTO BUPIBHIOBAHHS 3 BUKOPWCTAHHSIM BiJIbHOI B JOCTYIi TpOTpaMu
“BLAST” HauioHaabHOro LIeHTpY 0ioTeXHOJIOriYHOI iHdopmalrii.

PesyabraTu. I[lpoBenenuit GioiHbopmauiliHUit aHali3 MMoKa3as, 1110 cepen 30 MOCIiAXyBaHUX 3a1i30- Ta Map-
TaHEIIbOKMCHMX OakTepiil, fKi € mpeactaBHUKamMu S5 pomniB (p. Gallionella, p. Siderocapsa, p. Sphaerotilus,
p. Hyphomicrobium, p. Leptothrix), noteHuiiitHumu nponyieHtaMu bMH e 28 mikpoopraHi3mis.

BucHoBku. 3p0o06sieHO BUCHOBKM 1I0JI0 TIEPCIIEKTUBHOCTI MOJAIBIIOT0 JOCTiIKEHHS BIUIMBY MAarHiTHOTO TO-
JIsT Ha MiKpoopraHi3amu p. Leptotrix, p. Sphaerotillus, p. Gallionella, p. Hyphomicrobium. Baxnusum Haripsi-
MOM [IJIS1 TTOJAJIBIINX €KCIIEPUMEHTIB € BUBYEHHSI MOXJIMBUX IIUISIXiB IIPOBEISHHS MarHiTHOI cerapaillii 3a-
JIi30- Ta MapraHelbOKMCHMX OakTepiil mJisl 3armo0iraHHsl BTOPMHHINM KOHTaMiHallii MUTHOI BOOM Ta YTBOPEH-
HIO BiIKJIaJeHb y TPyOOIpoBoaax. BUKOpHUCTaHHS MarHiTHUX BJIACTUBOCTEH MOCIiIKEHUX MiKpOOPraHi3MiB
KOpUCHE UIST PO3POOKHM NUISIXiB BUTAJICHHS 3acTapiiX BiIKIIaZeHb ycepearHi TPyOOIIpPOBOIiB.

KnouoBi cioBa: 3a1i30- Ta MapraHellbOKMCHi OakTepii; 0OioreHHi MarHiTHi HAaHOYAaCTUHKU; OioMiHepati3allis;
Magnetospirillum gryphiswaldense MSR-1; Mam-6iiku; ounIilieHHS BOIU.

Beryn

IIpoGnema 30epexkeHHsI SIKOCTI MUTHOI BOAU
M 4Yac TpaHCIIOPTYBaHHs A0 CIOXMBauyiB 3Hau-
HOIO MipOI0 3aJIeXKUTh Bijll TEXHIYHOTO Ta caHiTap-
HOro CTaHy TpyOoIpoBigHOI cucremu. Yepe3 He-
HaJIeXXHY eKCIUIyaTalilo pO3IMOAUIbHUX MEpPEeX, Bil-
CYTHICTb 1X MEPiOAMYHOI MPOMUBKHU Ta JAe3iH(eK-
1ii, MpodigakKTUUYHUX OIJISAAIB i PEMOHTHUX POOIT
BHYTPIILLIHS MMOBEPXHSI TpyO MOXe MingaBaTUCs KO-
po3ii, OOpOCTaHHSIM Ta IHIIMM ITOLIKOIKCHHSIM,
110 3pelITO0 MPU3BOAUTH 10 BTOPUHHOI KOHTAa-
MiHalil ounieHoi Bogu. OCoOJIMBO 1€ CTOCYEThCS
TPaHCIOPTYBaHHS 3aJli30- Ta MapraHelbBMiCHUX
Bol. 3aiizo- Ta MapraHelbOKHWCHi OakTepii, sIKi
MICTATbCSI Yy BOJi, 3AaTHI “TIpUKpiruIioBaTUCS” 10
CTIHOK TpyOONpPOBOMiB, YTBOPIOIOUM Ha HUX TaK
3BaHi IUIIBKM Ta ITyXKi 00’€MHI BigKJIageHHS, IO

CIIpUYMHSIE N0 “3apocTaHHs” TpyO i IOTipLUICHHS
SIKOCTi BOAM (30iJblLIEHHS KaJdaMyTHOCTi, 3a0apB-
JIEHHSI, MOsIBA HEMPUEMHMX 3amaxiB i MPUCMAaKiB,
MiIBUILEHHST XiMiYHUX 1 Oi0JIOMYHUX TTOKA3HUKIB).
Kpim Toro, Takuii cTaH BHYTpIlLIHbOI IOBEPXHi
TpyOOIPOBO/IiB BIUIMBAE HA TiAPaBIiYHUIA PEXUM
TPAaHCTIOPTYBaHHSI BOIW, CIIPUYMHSIE TICPEBUTPATH
€JIEKTPOCHEPTii, CKOpOUyE CTPOK eKCIUTyaTallii po3-
MOAUTLHUX MepexX Toio [1].

s 3anmobiraHHsI 03HAaYeHUM MpobJjieMaM BO-
Jla 3 TiIBUILIEHWM BMICTOM CIIOJYK 3aji3a Ta/abo
MapraHuUO MOBUHHA Tepel HaaXOMXKEHHSIM Y pO3-
MOAIbHI CUCTEMUW MNPOXOAWUTH BiAIIOBiZHE KOH-
JIUILIIOBaHHSI HAa CTAHLISIX BOJOOYMILEHHS. AJle 11
€ JIOCUTb CKJIAQIHOIO 3ajJayelo, TOMY IO TIOHan
17 % min3eMHUX BOI0O3a00piB BiTHOCATHCS IO He-
KOHIWILIHUX 3a BMicToM 3amiza ta 4,4 % — 3a
BMIiCTOM MapraHio [2].

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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V mpoueci nomyky e@eKTUBHUX OiOTeXHO-
JIOTIYHMX METOMIB BUIAJICHHS 3 BOIM 3ajli3a Ta Map-
TaHLI0 HaMU 3 Tpaloouux (iabTpiB 3HE3aTi3HEH-
Ha Oynmo BuaiieHo 104YmcTMX KynbTyp 3ajli3o- Ta
MapraHelbOKMCHUX MiKpOOpPraHi3MiB, BiIHECEHUX
no 6 pomiB: Siderocapsa, Leptothrix, Sphaerotillus,
Galionella, Metallogenium, Hyphomicrobium (3], siki
3yCTPiUaOThCcA SIK Y TPUPOTHMX YMOBaX, TaK i
BCEpEAMHI BOAOMPOBIiAHUX TPYO. 30Kpema, pe3ysib-
TaTU LMX Ta iHIIMX JOCHIIXKEeHb IOoKa3aiu, IO
MiKpOOpraHi3aMyu MOXYTb 3aCTOCOBYBaTHUCh y 0io-
TEXHOJIOTiSIX BUIAJEHHS 3 BOIM CHOJYK 3aiiza Ta
MapraHIlio.

Hanpuknan, y po6oti [4] moBeneHo, 110 Mar-
HiTHi MeTajid, HasiBHi Yy CTIYHUX BOJAaX, MOXYTb
HaKOIMMYYBaTHUCh MIiKpOOpraHi3aMaMu, B SIKUX YTBO-
PIOIOTBCSI MAarHiTOCOMM, a TMOTiM BUAQISTHCS 3a
JIOTIOMOIOl0 MarHiTHoOi cemnapatiii. [ias edexkTuB-
HOTO 3aCTOCYBaHHSI MarHiTHUX cernapaTopiB y TeX-
HOJIOTii OYMILEHHSI BOAM HEOOXiZHO 3HATW Mar-
HiTHi BJJaCTMBOCTi Oi0OreHHMX MarHiTHUX HaHo4Yac-
tuHoK (BMH), HakomuyeHux 3ajlizo- Ta Map-
raHeLIbOKUCHUMHU MiKpOOPTaHi3MU, OCKiJbKU Bil
(byHKLIIOHATILHOT 3aJIeXKHOCTI HAMArHiYeHOCTi Mar-
HITHUX HAHOYACTUHOK BiJ 30BHIIIHBOTO MAarHiT-
HOTO MOoJIsl 3aJeXUTh €(heKTUBHICTh iX MarHiTHO1
cemnapaurii [5—10].

BuxopucraHHs MarHiTHUX BJIAaCTUBOCTEM 3a-
JIi30- Ta MapraHelbOKMCHUX OakTepiil IJs1 Oo4u-
LIEHHS TIMTHOI BOAW BUBYECHE IMOKM 1[0 HEAOCTAT-
Hbo. [IpoTe mociimXeHHSI MOXJIMBOCTEHM ix 3a-
CTOCYBaHHsI B TEXHOJIOTiSIX MarHiTHOI cemapailii
JJacTh 3MOTY 3aIlpOIIOHYBaTM HOBi 0iOTEXHOJIOTI]
OYMILIEHHS BOAM 3 HaAMipHMM BMICTOM 3ajli3a Ta
Maprasio. Y LbOMYy HampsiMi BaXKJIMBY ITPOTHO-
CTUYHY iH(popMallilo HagalTh MeToaAu OioiH(pop-
MAaTHKMH.

Tak, kinacudikallito MiKpoopraHi3miB, sIKi 31aT-
Hi OiomiHepanizyBatu BMH, 3a ix MarHiTHUMM
BJIACTUBOCTSIMM, 3alIpONIOHOBAHO B [5], A€ YMOBHO
BUIIEHO 4 Tpynmu MiKpOOpPraHi3MiB 3aJIeXKHO Bif
MAaTrHiTHUX BJACTUBOCTEN Ta Micld JIOKaii3allii
BMH BinHocHo xmituau. I'pyma 1 BKiIroyae Mikpo-
OpraHiaMu, siKi (hOpMyIOTh MO3aKJIiTUHHI aMOpHi
BMH. I'pyna 2 npencraBieHa MiKpoOopraHi3MaMM,
SIKi YTBOPIOIOTh TMO3aKJIiTMHHI Kpucrtaiaiyuni BMH.
Ho rpynu 3 BiZHOCATbCS MiKpOOpTraHi3aMu, sIKi
CUHTE3YI0Th BHYTPIlIHBOKJIITUHHI aMop¢Hi BMH.
I'pyny 4 craHOBISITH MiKpOOPraHi3MM, y KJIiTUHAX
SIKMX BUsIBJIeHO KpucTtamiuni BMH, y T.4. marHe-
TUTBMICHI.

Meta Hamoi poOOTU ToJisirajga B TIOLIYKY
noTeHUinHMX mnpoayueHTiB BMH cepen 3amizo-
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Ta MapraHelUbOKHMCHUX OakTepiit i kiacudikalii
OCTaHHIX 3a TUIIOM BHYTPIilIHBOI CTPYKTYpU (Kpu-
cTajiuHa 4yu amMopcdHa) Ta MiclieM JoKajizallii
BMH (30BHIillIHBOKJIITUHHA YW BHYTPillIHbOKJIi-
TUHHA) 3 BUKOPUCTAHHSIM METOAiB MOPiBHSJIbHOI
reHoMiku. BusBIeHHSI MOTEHLIMHWX IIPOIYIIEH-
TiB BMH cepen 3amizo- Ta MapraHelbOKMCHUX
OaxkTepiil Ta ix kiaacudikallis 3a TUIIOM BHY-
TPilIHBOI CTPYKTYpH i Micuem jgokainizauii BMH
JIanyTh 3MOry audepeHliroBaTU 0iOTeXHOJO0riu-
HUI TIpolleC BUAAJEHHSI CIOJYK 3ajliza Ta Map-
raHIO 3 TMUTHOI BOAM, a TAKOX OLIHUTHU Mep-
CNEKTUBHICTb BMKOPUCTAHHSI TEXHOJIOTiA Mar-
HITHOI cemapauii misa iHTeHcu@ikallii IIpolieciB
BOJIOTTi ITOTOBKH.

Marepiaam i meToau

V nocnimkeHHi BUKOPUMCTaHO METOIM ITomap-
HOro Ta MHOXWHHOTO BHUPiBHIOBAaHHSI 3 BMKOpPH-
CTaHHSIM BiUIBHOI B moctymi nporpamu “BLAST”
HauioHanbHOro 1LeHTpy 0i0T€XHOJIOTIYHOI iHdOp-
mauii [11]. 3a JOITOMOroxw MeTOMdiB MOPiBHSIIBHOI
TEHOMIKM IIPOBEAEHO BMpPIiBHIOBAaHHS IIPOTEOMIB
3aj1i30- i MapraHelubOKMCHMUX OaKTepiil 3 IpOTeo-
MOM MarHitotakcucHoi 6aktepii (MTDB) Magneto-
spirillum gryphiswaldense MSR-1, wmexaHi3m 06io-
miHepanizauii BMH gkoi BuBueHmnit qoknanHo [12,
13].

IIpoBeneHO MOPiBHSIHHS aMiHOKMUCJIOTHUX IO-
CJIIIOBHOCTEM OiIKiB rpynu Mam, 0e3 sSKuUX He-
MoxJuBa OiomiHepanizalis BMH 'y Magneto-
spirillum gryphiswaldense MSR-1, 3 mporeomamu
MiKpOOpraHi3MiB, 30aTHUX OO0 BUIAJIEHHS 3aiiza i
MapraHuip i3 nuTHOI Bomu, a came 30 mipen-
CTaBHUKIB, $Ki HajexaTb N0 5 OCHOBHMX pPOJiB
(p. Gallionella, p. Siderocapsa, p. Sphaerotilus,
p. Hyphomicrobium, p. Leptothrix), 31aTHUX 10 3HE-
3aJ1i3HEHHS Ta JeMaHraHartlii.

IIpu BupiBHIOBaHHI ITOCTiIOBHOCTEN IJIsSI OLIiH-
KM CTyIIeHSI MOAIOHOCTI aMiHOKHMCJIOTHMX MOCJIi-
JIOBHOCTEU OiIKIiB BpaXOBYBaJIMCS TaKi MOKA3HUKU:
Ident — KilbKiCTh iIEHTUYHUX aMiHOKHUCJIOTHUX
3aJIMIIKIB ITOPiBHIOBAHMX OLJIKIB IIpU OITUMab-
HOMY BUPiBHIOBaHHi; E-4MCJIO — MOKA3HUK, SIKWM
BigoOpaxa€e CTAaTUCTUYHY 3HAYMMICTb BUPiBHIO-
BaHHS; 3HMXKEHHST Oro 3HaUYE€HHSI BKa3ye Ha MEH-
U piBeHb MPOSIBY (haKTOpa BUITAAKOBOCTI MPU
30iry aMiHOKMCJIOTHMX 3aJIMIIKIB ITOPIBHIOBAHUX
0inkiB; Length — moBXuHa BUPiBHIOBaHHS (IOB-
>KMHA BUpPiBHIOBaHHS Mae Oytu >100 amiHOKuC-
JIOTHUX 3ajulLKiB) [14].
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Pe3ynbraTn

BupiBHioBanHs 6inkiB MTBb MamA, MamB,
MamM, MamE, MamO i MamK, 3a HasgBHOCTI
SIKUX TIPOTHO3Y€EThCs OioMiHepanizauiss BMH, i 6in-
KiB 3aji30- Ta MapraHelbOKWCHUMX OakTepiil, Ha-
BeleHo B Tabs. 1—4.
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VYV T1abn. 1—4 BUKOpPMCTAaHO TaKi IMO3HAYECHHSI:
@ — reHoM opradiamy po3LIU(POBAHO IOBHICTIO;
@ — reHoM oprasismy posiuudpoBaHo Ha ¥, B —
FeHOM OpraHiaMy posuidpoBaHO Ha Y; '® — re-

HOM OpraHi3My po3IrdpoBaHO Ha Y.

Tabaunsa 1: BupiBHIOBaHHSI aMiHOKMCJIOTHMX TMOCIiIOBHOCTEN OiIKiB MarHitrorakcucHoi Gakrepii Magnetospirillum gryphiswaldense

MSR-1 i1 aMiHOKMCIIOTHMX MOCIiZOBHOCTEM OiIKIB 3aj1i30- Ta MapraHelbOKMCHUX OakTepiil p. Gallionella

E-4yucio
. . Ident (%)
tpyma | AcSimou | Tomors
P Y binku Magnetospirillum gryphiswaldense MSR-1
MamA MamB MamM MamO MamE MamK
Gallionella ferruginea 2e-09 4e-37 9e-25 3e-09 5e-38 6e-04
4 subsp. capsiferriformans b 25 27 28 26 43 24
) 138 286 262 171 185 303
6e-07 6e-05 7e-06 3e-12 4e-39 3e-04
4 Gallionella ramosa L) 23 27 30 29 46 25
195 115 102 178 184 334
Gallionella acididurans 3e-13 le-34 8e-22 5e-07 4e-34 2e-04
4 ShG14-8 L) 25 27 28 28 45 23
186 279 260 148 171 301
Gallionella Se-12 le-37 5e-26 8e-10 2e-38 2e-04
4 capsiferriformans ES-2 ¢ 24 27 28 26 43 24
210 286 262 171 185 303

Tabaunsa 2: BupiBHIOBaHHSI aMiHOKMCJIOTHMX TMOCiZIOBHOCTEN OiIKiB MarHitorakcucHoi Gakrtepii Magnetospirillum gryphiswaldense

MSR-1 i1 aMiHOKHCIIOTHMX MOCIiIOBHOCTEM OiIKIiB 3aj1i30- Ta MapraHellbOKMCHUX 0aKkTepiil p. Siderocapsa i p. Sphaerotilus

E-yucio
Ident (%)
Tpyma Z[ocniLL)KyBaHMﬁ IToBHOTA Length
OpraHiam TeHOMY binku Magnetospirillum gryphiswaldense
MSR-1
MamA | MamB | MamM | MamO | MamE | MamK
Pin Siderocapsa
Siderocapsa amnicola 4e-08 le-14 2e-16 3e-09 7e-36 2e-04
4 JOSHI 001 - 30 26 26 31 45 24
- 120 184 264 165 164 300
Pin Sphaerotilus
0,008 4e-34 3e-28 Te-10 9e-34 0,001
4 Sphaerotilus fluitans P 23 30 31 27 44 23
98 265 268 164 177 295
Sphaerotilus P> 0,008 4e-34 3e-28 Te-10 9e-34 0,001
4 dichotomus : 23 30 31 27 44 23
98 265 268 164 177 295
0,008 4e-34 3e-28 Te-10 9e-34 0,001
4 Sphaerotilus natans P 23 30 31 27 44 23
> 08 265 268 164 177 295
Sphaerotilus natans 0,007 2,0 0,32 7e-10 5e-34 2,2
- subsp. Natans W 23 36 32 27 44 33
DSM 6575 98 42 93 164 177 86
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Tabmuusa 3: BupiBHIOBaHHSI aMiHOKMCJIOTHUX TOCIiIOBHOCTE!N OiIKiB MarHirorakcucHoi Gakrepii Magnetospirillum gryphiswaldense

MSR-1 i1 aMiHOKMCIOTHMX TTOCTiJOBHOCTE OINIKIB 3a/1i30- Ta MapraHelIbOKMCHUX OakTepiit p. Hyphomicrobium

E-gucmo
. . Ident (%)
I'pyma HocnlnmaHnn IToBHOTA Length
OPTarisu reroMy binku Magnetospirillum gryphiswaldense MSR-1
MamA MamB MamM MamO MamE MamK
Hyphomicrobium 8e-07 6e-16 3e-18 2e-12 3e-39 5,7
2 denitrificans - 27 24 25 30 45 33
153 257 278 166 190 73
Hyphomicrobium facile | . 4e-08 2e-14 7e-18 le-13 2e-39 0,047
4 Hyphomicrobium facilis - 28 22 25 33 46 27
169 269 281 167 188 201
Hyphomicrobium sp. S1 / 5e-06 3e-14 2e-17 3e-08 le-37 0,018
4 Hyphomicrobium sul- » 24 26 26 29 48 22
Jfonivorans 136 185 265 164 168 294
Hyphomicrobi 4e-06 0,025 4e-05 2,5 1,2 2.2
2 e ® 22 30 34 29 45 31
P 160 73 59 126 29 49
Hyphomicrobium 2e-06 2e-22 7e-19 3e-10 2e-39 2e-06
4 sp. CS1BSMeth3 L 24 28 27 30 45 27
151 270 274 173 188 304
Hvphomicrobi _ 7e-06 le-17 3e-17 le-08 2e-39 24
2 e » 34 27 27 29 44 30
cavar 95 183 262 156 191 93
Hvphomicrobium 5e-08 3e-07 2e-12 2e-08 2e-39 8,7
2 g}’ 19.62.95 » 27 25 25 28 43 29
) 161 72 265 161 195 91
Hyphomicrobium _ 2e-07 3e-08 le-04 1e-09 5e-41 2e-04
4 6253 D 27 25 22 27 43 25
’ 77 208 91 176 195 339
Hyphomicrobi 3e-06 2e-15 6e-19 2e-07 9e-39 35
2 e 3 25 23 25 28 44 37
P 153 269 284 164 190 41
Hyphomicrobium 4e-06 7e-14 le-16 le-10 3e-38 0,004
4 sp. NDB2Meth4 a 29 25 25 30 46 25
109 189 283 164 188 212
5e-08 7e-16 6e-18 3e-12 4e-38 0,001
4 Hyphomicrobium sp. 99 iy ] 23 24 24 31 45 26
166 258 267 143 188 309
Hyphomicrobium _ 2e-06 0,035 3e-05 8e-09 2e-30 16
2 sp. SCN 65-11 iy ] 24 26 28 29 45 39
’ 151 91 173 164 181 54
Hyphomicrobium 8e-07 6e-16 3e-18 2e-12 3e-39 5,7
2 denitrificans - 27 24 25 30 45 33
ATCC 51888 153 257 278 166 190 73
Hyphomicrobium 8e-07 le-11 5e-14 0,41 3e-39 5,6
2 . - 27 22 23 31 45 33
denitrificans INESI 153 277 269 121 190 73
Hyphomicrobium 5e-08 5e-16 le-16 3e-07 7e-31 7,2
2 nitrativorans NL23 ¢ 29 29 26 30 39 28
134 185 287 165 198 39
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Tabmuusa 4: BupiBHIOBaHHSI aMiHOKMCJIOTHUX MOCJiIOBHOCTEH OiNKiB MarHirorakcucHoi 6akrepii Magnetospirillum gryphiswaldense

MSR-1 i1 aMiHOKHCIOTHMX TTOCTiJOBHOCTE OUKIB 3a/1i30- Ta MapraHellbOKMCHUX OakTepiit p. Hyphomicrobium

E-yucno
Ident (%)
I'pyma )locniz[xy_BaHMﬁ IToBHOTA Length
OpraHiam TEeHOMY binku Magnetospirillum gryphiswaldense
MSR-1

MamA MamB | MamM | MamO MamE MamK

2e-09 2e-17 le-22 1e-06 4e-31 5e-12
4 Leptothrix valderiana L 31 29 30 28 45 27
137 184 247 177 167 304

7e-09 le-24 5e-27 3e-14 le-34 5e-10
4 Leptothrix buccalis - 27 25 24 29 41 25
136 280 281 166 166 300

Leptothrix cholodnii | 8e-09 2e-40 2e-30 2e-08 le-34 0,003
4 Leptothrix sp. OUMSI ¢ 23 32 30 28 44 23
' 192 259 286 184 178 300
0,43 9e-17 le-18 0,76 1.0 3,4
1 Leptothrix ochracea ] 35 26 26 25 33 24
40 184 216 56 39 97
8e-09 2e-40 2e-30 2e-07 9e-35 12
2 Leptothrix cholodnii SP-6 - 23 32 30 28 44 33
192 259 286 167 178 48
0,86 0,29 1,2 1,6 2,8 9,1
— Leptothrix ochracea 1.12 P 29 24 28 33 33 36
41 46 54 33 64 33

Hapewri, 17 mpeacTaBHUMKIB 3aji30- Ta Map-
OO0roBopeHHs TaHELIbOKUCHUX OakTepill, 30aTHUX CHUHTE3YBaTu

3rigHo 3 pe3yJbTaTaMM IIPOBEACHOTO OioiH-
dopmariinoro ananizy cepen 30 BUIIB HOCIHi-
JKEHUX 3aj1i30- Ta MapraHelUbOKMCHUX OakTepiit
5-TU poAiB MOTeHUiMHMMU TipoayueHTamu BMH
€ 28 wikpooprani3miB. JIis1 MiKpoopraHi3miB
Sphaerotilus natans subsp. natans DSM 6575 Ta
Leptothrix ochracea 112 TOKM 1110 HEMOXKJIMBO
MporHo3yBaTtu OioMmiHepaiizauito BMH, ockiabku
X TEHOMU CEKBEHOBAHO HE TOBHICTIO.

Bakrepii Leptothrix ochracea, siKi 30aTHI CUH-
Te3yBaTU 30BHIIIHBOKJIITUHHI amop¢dHi BMH,
BimHeceHo 10 1-i rpynu. Lle Moxe Oyt MoOB’sI3aHO
3 TUM, IO NpPeIcTaBHUKU ponmy Leptothrix HaKo-
MUYYIOTh OKCUIY 3ajli3a B YOXJIAX.

MixkpoopranizmMu iHmoi rpynu i3 10 Bumis
(Hyphomicrobium denitrificans, Hyphomicrobium sp.
MCI1, Hyphomicrobium zavarzinii, Hyphomicrobium
sp. 12-62-95,  Hyphomicrobium  sp. GIJ21,
Hyphomicrobium sp. SCN 65-11, Hyphomicrobium
denitrificans ATCC 51888,  Hyphomicrobium
denitrificans 1NES1, Hyphomicrobium nitrativorans
NL23, Leptothrix cholodnii SP-6) 3pmatHi cuHTe-
3yBaTW 30BHILIHBbOKJIITUHHI KpuctaiiyuHi BMH i
BiTHOCSITBCS 10 2-1 TPYIIU.

BHYTPILIHbOKIITUHHI Kpuctaniudi BMH (Gallionella
ferruginea subsp. capsiferriformans, Gallionella
ramosa, Gallionella acididurans ShG14-8, Gallio-
nella capsiferriformans ES-2, Siderocapsa amnicola
JOSHI 001, Sphaerotilus fluitans, Sphaerotilus dicho-
tomus, Sphaerotilus natans, Hyphomicrobium facile/
Hyphomicrobium facilis, Hyphomicrobium sp. S1/
Hyphomicrobium sulfonivorans, Hyphomicrobium sp.
CS1BSMeth3, Hyphomicrobium sp. 32-62-53, Hy-
phomicrobium sp. NDB2Meth4, Hyphomicrobium
sp. 99, Leptothrix valderiana, Leptothrix buccalis,
Leptothrix cholodnii/ Leptothrix sp. OUMSI), BinHe-
CeHO 110 4-i rpynu.

Hwu3zkoro n1ocainHuKiB €eKCIEpUMEHTAIbHO J10-
BEACHO 3JaTHICTb A0 OioMiHepaizallii Kpucra-
JIIYHUX 3ajli30- Ta MapraHelbBMiCHUX HaHoO4Yac-
TMHOK, Hanpukian Gallionella ferruginea [15—17],
Leptothrix discophora [18—20], Sphaerotilus na-
tans[21, 22], a TakoX JOESIKMX IIpeICTaBHUKIB
p. Siderocapsa [20], 10 nigTBEepAXYy€E OOCTOBIp-
HiCTh HallIOTO GioiH(OpMaLiiHOTO aHami3y.

BucHoBku

ITposeneHi OGioiHhopMaliiftHi  TOCTIIKEHHS
CBigyaTh MpPO HAaSBHICTb MPUPOAHUX BUIIB Pi3HUX
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podiB 3ayli3o- Ta MapraHelbOKMCHUX OakTepiid,
3gaTHUX 1o ¢opmyBaHHsa BMH. 3okpema, BusB-
JIEHO, 10 TMOTeHUiliHuMu TnpoayueHtramu BbMH
cepen 30 mocmimkeHuX IITaMiB € 28 MiKpooOpraHi3-
MiB, sgKi HajexaTb 10 5 pomiB: p. Gallionella,
p. Siderocapsa, p. Sphaerotilus, p. Hyphomicrobium,
p. Leptothrix.

IToxazano, mo 27 i3 28 DOCHiIKEHUX BUIIB
MiKpOOpraHi3MiB CUHTE3yIOTb KpPUCTaliuHi (BHYT-
PIIIHBOKJIITUHHI Ta 30BHilIHbOKIiITMHHI) BMH i
TIIBKM OAMH BWJ 37aTe€H YTBOpIOBaTU aMoOp¢hHY
30BHILIHbOKJIITUHHY MarHiTocomy.

YV BupilleHHi MpoOJIeMH OUYMILIEHHSI TMUTHOI
BOIM BiI CIOJYK 3aji3da Ta MapraHIlo 3 BUKOPUC-
TaHHSIM MAarHiTHOI cemnapauii MepcrneKTUBHUM €
3aCTOCYBaHHSI OiOTEXHOJIOTiA Ha OCHOBI JOCIiIKe-
HUX MiKpOOpraHi3miB, siKi HaKOMWYYIOTb MarHiTo-
COMM.
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C.B. lopobeu, A.B. Kpasuerko, M.A. bynaesckas, E.C. [NaH4yeHko

BEMOUH®OPMALMOHHOE BbISIBNEHUE NMPOOYLIEEHTOB MATHUTHbLIX HAHOYACTUL, CPEQM BAKTEPUHA,
OKUCHAIOLWNX XKENE30 N MAPIAHELL

Mpo6nemartuka. B YkpanHe 6onee 17 % nopsemMHbix BOJ03ab0poB OTHOCSATCS K HEKOHAMLIMOHHBIM MO coepaHuio xenesa n 4,4 % —
no coaepxxaHuio MapraHua. MNoBblleHHOe coaep)XaHue 3TUX ANeMEHTOB MPUBOAMUT K YXYALUEHUIO OpraHoNenTUYeckux CBOMCTB MUTbe-
BOW BOAbI, kK 06pa3oBaHMI0 O0CaAAKOB U 3apacTaHWIo BOAOMNPOBOAHLIX CEeTeln n3-3a pa3Butus xenesobakrepui. MNoaTomy akTyanbHbIM
SIBMSAETCS UCCrefoBaHWe MarHUTHbIX CBOWCTB BakTepuii, OKUCMSAIOLLMX Xerne3o 1 mapraHew, ANS BO3MOXHOCTU UX NPUMEHEHUS B TeX-
HOMNOTMSAX MarHUTHOW cenapaumn ¢ Lenblo YyCOBEPLUEHCTBOBAHWS TEXHOMOMMIA OYUCTKM BOABI C M3BbITOYHBIM COAEPXaHUEM Xenesa u
MapraHua.

Lenb. Liens paboTbl 3akntoyaeTcs B Noucke noTeHuMasnbHbIX NpoAyLeHTOB BMoreHHbIX MarHnTHbIX HaHovactul (BMH) cpean 6akte-
pPUIA, OKUCASIIOLLMX XXenes3o U MapraHel, v knaccudukauum nocrnegHux no TMny BHyTPEHHEeW CTPYKTYpbl (Kpuctannuyeckas nnv amopd-
Has) n mecTy nokanusaumu BMH (BHekneTo4Has unmn BHYTPUKNETOYHAS) C UCMOSIb30BAaHMEM METOAOB CPAaBHUTENBHON FEHOMUKN.
MeToaunka peanusauuu. [ns oueHKM cTeneHn cxopactea 6enkoB OuvomuHepanusaumm BMH y marHutoTakcucHon Gaktepum
Magnetospirillum gryphiswaldense MSR-1 1 y 6akTepuit, OKUCTISIIOLLMX XENE30 U MapraHel, NpUMeHeHbl MeToabl MapHOro U MHOXeC-
TBEHHOrO BblPaBHMBAHUS C MCMONb30BaHWeM cBoboaHou B goctyne nporpammel “BLAST” HaumoHanbHoOro LeHtpa brotexHonornyec-
KOW nHdopMaLmun.

Pe3ynbTaTthbl. [1poBeaeHHbIV BUOMHMOPMAaLMOHHBIN aHanu3 nokasan, 4to cpeau 30 uccnegyembix 6akTepuii, OKUCNSAIOLLKX XeNeso u
MapraHeL, KoTopble npuHagnexart k 5 pogam (p. Gallionella, p. Siderocapsa, p. Sphaerotilus, p. Hyphomicrobium, p. Leptothrix),
28 MMKpOOPraHM3MoB SBMAOTCHA NOTeHUManbHbIMU NpoayLeHTamm BMH.

BuiBogbl. CaenaHbl BbIBOABI O NEPCMNEKTUBHOCTW AanbHEWLLEero WCCNeaoBaHUst BIWSHUS MarHUTHOTO MOMSi Ha MWUKPOOPraHU3Mbl
p. Leptotrix, p. Sphaerotillus, p. Gallionella, p. Hyphomicrobium. BaxHbiM HanpaeneHnem Ansa AanbHENLINX SKCNEePUMEHTOB ABMSETCA
N3yyeHne BO3MOXHbIX MyTew NMPOBEAEHUS MarHUTHOM cenapaunv 6akTepuid, OKUCNSIOLWMX Xeneso n MapraHew, Ans npefoTBpalleHns
BTOPUYHOWN KOHTaMWHaLUMW NUTLEBON Boabl U 0bpa3oBaHusi OTNOXeHWN B TpybonpoBoaax. cnonb3oBaHWe MarHUTHbIX CBOMCTB Uccre-
[0BaHHbIX MUKPOOPraHN3MOB NOMe3Ho AN pa3paboTku NyTen yaaneHns 3actapenblX OTNIOXEHUA BHYTPU TpyOONpoBOAOB.

KnioueBble cnoBa: okucnsiowme xene3o W MapraHey 6aktepuu; GUOreHHble MarHUTHble HaHouvacTuubl; BMOMWHepanusauus;
Magnetospirillum gryphiswaldense MSR-1; Mam-6enku; ounctka Boabl.

S.V. Gorobets, O.V. Kravchenko, M.O. Bulaievska, O.S. Panchenko

BIONFORMATION DETECTION OF MAGNETIC NANOPARTICLES PRODUCERS
AMONG IRON- AND MANGANESE-OXIDIZING BACTERIA

Background. In Ukraine, more than 17 % of underground water intakes are classified as unfunded in terms of iron content and 4.4 % in
terms of manganese content. The increased content of these elements leads to a deterioration in the organoleptic properties of drinking
water, the formation of precipitation and overgrowing of the water supply networks due to the development of iron-oxidizing bacteria.
Therefore, it is important to study the magnetic properties of iron- and manganese-oxidizing bacteria for the possibility of their use in
magnetic separation technologies in order to improve water treatment technologies with excess iron and manganese content.
Objective. The aim of the paper is to search for potential producers of BMN among iron- and manganese-oxidizing bacteria and classify
them by an internal structure (crystalline or amorphous) and BMN allocation (extracellular or intracellular), using comparative genomics
methods.

Methods. To evaluate the degree of similarity of BMN biomineralization proteins in MTB Magnetospirillum gryphiswaldense MSR-1 and
in iron- and manganese-oxidizing bacteria, pair and multiple alignment methods using the free access program BLAST of the National
Center for Biotechnological Information were used.
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Results. The bioinformatic analysis showed that among the 30 investigated iron- and manganese-oxidizing bacteria which belong to
5 genera (Gallionella, Siderocapsa, Sphaerotilus, Hyphomicrobium, Leptothrix), 28 microorganisms are potential producers of BMN.
Conclusions. Conclusions are made about the prospects of further investigation of the influence of the magnetic field on the microor-
ganisms of genera: Leptotrix, Sphaerotillus, Gallionella, Hyphomicrobium. An important direction for further experiments is the study of
possible ways of conducting magnetic separation of iron- and manganese-oxidizing bacteria to prevent secondary contamination of
drinking water and the formation of scales in pipelines. The use of the magnetic properties of the investigated microorganisms is useful
for the development of ways to remove old scales within pipelines.

Keywords: iron- and manganese-oxidizing bacteria; biogenic magnetic nanoparticles; biomineralization; Magnetospirillum gryphiswal-
dense MSR-1; Mam-proteins; water purification.
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CIIEHHU®IYHA AKTUBHICTD ITPEITAPATIB STREPTOMYCES ALBUS
Y BIOPEI'YJIALIL POCTY I PO3BUTKY POCJIMH OI'TPKA
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Beryn

IIpo6aemaTnka. HaykoBi oCHOBM PO3pOOKM TOJIKOMIIOHEHTHMX IpernapariB MiKpOOHOTO TTOXOIKEHHS
IIJIsT POCIMHHUIITBA, 110 IPOSBIISIOTh IIMPOKY Crelr(idyHICTh 0i0I0TiYHOI mil.

Meta. BcraHoBiieHHSsT 6ioJIoriuHOI aKTUBHOCTI TOCIiIHUX 3pa3KiB mpemnapariB S. albus UN44 1on0 npo-
11eciB Gioperyssiiii poCJaMH oTipKa IJisl TTOAaJblIOro OOIpYHTYBaHHSI HATIPSIMIB ONTUMI3allii rTOTOBUX (popM
i cmoco6iB 3aCTOCYBaHHSI.

Metoauka peanizanii. JlocmimkyBaHi mpernapaTyd OTpUMYBaiu KyJbTUBYBaHHSM IpoayueHTta S. albus
UN44 i3 nmomanbluM BifiiJieHHSIM Giomacu Ta (B OIHOMY 3 BapiaHTIB) TEPMIiYHOIO CTepulidalliero gyrary.
Hacinns oripka copty KoHKypeHT 00po0IioBaayu po3dynHaAMU IIpernapaTiB Ta BUSHAYAIMN PiCTCTUMYJISILIIIO,
MeTaboJIiuHy aKTMBHICTb POCIMH i CTaH CTpecy.

PesynbTatu. BecTanosneHo, 1o bionpenapar-1 cTuMystoe picT KopeHsl Ta crebsia oripka Ticisi o0poOKu
HACiHHS PO3YMHOM y KOHIIeHTpallii 15—22 omn/mi (a6o 1-1,5 %). Otpumani naHi cBimyarth, 1110 6iojoriuHa
aKTMBHICTb IIpemnapaTiB KyJbTypu MoOxe OyTu 3yMOBJ€HAa HasIBHICTIO TOPMOHIB Kjacy ayKCHUHIB, SIKi
padime He Oyam ineHTUdIKOBaHI cepen il MeTaOoOJITIB. YIepile MoKa3aHO 3IaTHICTH OioIpernapaTiB
S. albus UN44 BrmuBaTH Ha BMICT IIPOJIiHY B POCJIMHI OTripKa, a OTXKe, Ha ii CTpeCOCTIlKiCTb.
BucHoBku. Pesynbratu poOOTH € MiACTaBOIO JUISI BUBYEHHSI HOBUX O0iOJOTiYHO aKTUBHUX MPOAYKTiB
S. albus UN44 Ta ontumizailii roroBux (GopmM IpenapariB, a caMe CTepWJIbHOI pifKoi (hopMU Ta CyXOro
KOMILJIEKCHOTO IIpernapary, a TaKOX IIperapaTiB OKpeMUX META0OJIITIiB i3 LJIbOBOIO BUCOKOCHELM(PIYHOIO
aKTUBHICTIO. 3MaTHICTh MOCHIAHUX MpernapatiB BIUIMBATM HA CTPECOCTIMKICTh POCIMHU TMOTpeOye momat-
KOBOTO BMBUYEHHSI i OOYMOBJIIOE MOXJIUBICTh CTBOPEHHS 3acO0y IS KOperyBaHHSI HACIIKiB il Ha poc-
JIMHU Pi3HUX HEraTUBHUX (PaKTOPIB.

Kimouosi cioBa: S. albus UN44; Gionpenapatu; oripku copTy KoHKypeHT; OiojioriuHa aKTUBHICTb; CTH-
MYJISILISE POCTY; MeTa0oiuyHa aKTUBHICTh; CTPECOCTIMKICTh.

JIyK, a TaKoxX OiocTUMysLii i 6io3axucty. Mikpoop-
raHi3MM, 1110 iCHYIOTb TOPSIJ i3 POCIMHAMU, MOXYTh

IIpenmapat MiKpOOHOIro MOXOMKEHHSI JAaBHO
3HAMWIIIM CBOE 3aCTOCYBaHHSI B arpapHOMY BUpPOO-
HULTBI y CBiTi, a B YKpaiHi BOHU IO TOTO K CTa-
HOBJIATb 3HAYHY YaCTMHY MPOAYKIii cydyacHoi 6io-
TEXHOJI0TiYHO1 mpomucyaoBocTi [1]. OkpiM BUCOKOI
e(EeKTUBHOCTI, 1Ie¢ 3yMOBJIEHO X Oe3IeyHicTIo, He-
BUCOKOIO BapTiCTIO Ta LIMPOKUM CHEKTPOM Oiosio-
riyHoI1 Aail.

Cepen MiKpoOHUX IPOAYLEHTIB pi3HUX 0io-
npemnapartiB, y T.4. JUISI POCIMHHULTBA, 4YacTO BU-
KOPUCTOBYIOTb aKTMHOMIiLETU poay Streptomyces.
bijbllle MOJMOBUHU JOCTIAXKEHUX OCTAHHIMU pOKa-
MU HOBUX 1HCEKTHMLMMIIB i repOoiumnaiB € MeradboJi-
TaMU CTPENTOMIlIETiB, a OUIbIIICTb 1X BUIIB 3/1aTHi
JI0 CUHTE3y aHTUOIOTUUHUX croJyK [2, 3]. AKTUHO-
MiueTtu OyJu BUSBIIEHI B acolliallisix 3 POCIMHAMU,
Jle BOHM CTUMYJIIOBAJIM PICT i 3aXMILQJIM Bil KOMax
3aBJSIKM TTPOAYKYBaHHIO 010JIOTYHO aKTUBHUX CIO-

3BECTU A0 MiHIMyMy mpoOJieMu, CIIpUYMHEHi (iTo-
naToreHaMu, HacamIiepea 3aBASIKM KOHKYPEHTHil
KOJIOHi3allil KopeHeBoi cucteMu. CTpenToMiueTu
MOXYTb JOJATKOBO CIPUSITU MiHepaJbHOMY IO-
CTayaHHIO yepe3 CUHTe3 cuaepodopiB i cucTteMu
MOIJIMHAHHS cuaepodopiB, a CTUMYJSISI POCTY
POCJIMH BiIOyBaTUCS 32 paxyHOK MPOAYKYBaHHSI Mi-
KpoopraHizMaMu MeTa0OoJIiYHUX CIOJYK 3 (iTorop-
MOHAaJILHOIO aKTUBHICTIO [3—5].

3HaYHUI CIeKTp MeTaboJIiTiB, 1110 YacTO CUH-
Te3y€ OAWH MPOIYLEHT, BiIKPUBAE MOXJIMBOCTI 10
CTBOpPEHHSs TpernapaTiB KOMILUIEKCHOI Jii Ha Horo
OCHOBi. AJle OJHOYACHO 1€ BMMara€ BU3HAUYEHHS
COpsSIMOBAHOCTI OiosioriyHoi Aii, e(eKTUBHUX A03 i
peXnMiB 00poOKM pociiH [6]. Jlo TaKMX TIpOayIIeH-
TiB HAJIEXKUTb KyabTypa Streptomyces albus (nepBicCHO
recifensis v. lyticus), picTCTUMYJIIOBaJbHa aKTUBHICTb
SKOI TPUBaJIMi1I yac MOB’sI3yBajiacsl HacamIepen i3
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CUHTE30M KoMmruiekcy (epmeHTiB [7, 8]. OmgHak
BCTAaHOBJIEHA OCTaHHIM YacoM aHTaroHiCTMYHa
30aTHICTh KYJbTYPU 100 (DITOIATOTEHIB i CUHTE3
KOMIUIEKCY aHTUOIOTUUHUX CIOJYK CEeJIeKIiOHOBa-
HUM 1wTamoM S. albus UN44 poOasiTh akTyaIbHUMU
JOCTiIXEHHsI 0COOJMBOCTEN 0i0JIOTIYHOTO BILUIUMBY
IperapaTiB Ha oro ocHosi [9, 10].

Tomy 3amayero Haioi podoTu OyB aHaJi3 CIie-
undiyHOi aKTUBHOCTI mnpenapatiB S. albus UN44
LLIOJO TIPOLIECiB OiOpeTyJIsiiii pOCIMH OripKa 3 Me-
TOIO TTOAAJIBLIIOTO OOIPYHTYBAHHS HAIpsSIMiB OITU-
Mi3allii roToBUX (popMm mpernapary i cnocobiB iloro
3aCTOCYBaHHSI.

Marepiaau i MmeToau

VY po60oTi BUKOPUCTOBYBAJIM IOCTIAHI 3pa3Ku
npenapary CrpenrodyHrin-®iro — bionpenapar-1
(HaTuBHMI (yraT KyJabTypaJbHOI PiIMHU) Ta CTe-
puibHuUit bionpenapar-2 (aBTokJiaBOBaHMIi ¢yrat
KyJAbTYypaJibHO1 PiAUHMN), SKi OTPUMYBaAIU KYJb-
TUBYBaHHSIM 1uTamy Streptomyces albus UN44 i3
My3ero Kadenpu mpomuciaoBoi OiotexHosorii KITI
iM. Iropst CikopchbKoro.

Hng minTpuMKA KyJIbTypH BUKOPHCTOBYBAIIA
cepemoBuiie layse, a ming OiocuHTEe3y mperapa-
Ty — XUBUJIbHE CEpPelOBUIIE HA OCHOBI COEBOIO
o6opomrHa ta kpoxMaio [11]. biocuHTe3 poBoamIM
npu nepemimryBanHi (160 06/XB) 3a TemIlepaTypu
28 £ 1 °C mpotsrom 96 roxn. Ilicnst 3aBeplreHHS
npoiiecy 6ioMacy BiAiisuiu UeHTPUGYTryBaHHSIM, a
aKTHUBHICTb MpernapaTry CTaHIapTU3yBajIu 3a JIiTU4Y-
HOIO aKTUBHICTIO, SIKY BU3HAYaIu TypOiAuMeTpuy-
HUM METOJIOM IIOJIO JTio(iIi30BaHOI TeCT-KYyJIbTYPH
Lactobacillus bulgaricus [11].

Jnst BUBYEHHS crieuudiuyHOCTI 0ioa0TiYHOTO
BILIMBY 3pa3KiB Tpernapary BUKOPUCTOBYBaJM Ha-
cinus oripka Cucumis sativus L. copty KoHKypeHT
i3 KoJIeK1ii Biaiay KyJabTypHoi ¢iopu HarioHanb-
Horo OotaHiuHoro caay iMeHi M.M. I'puinika HAH
Vkpainu. JlocaiaKeHHsT piCTCTUMYJIIOBAJIbHOI aK-
TUBHOCTI OiompenapaTiB MPOBOAMIN 32 METOAMUKOIO
BUPOILILYBAaHHSI POCIMH METOAOM BOIHOI KYJIbTYpHU
in vivo [12]. Hacinns 3amouyBayim Ha 30 XB y cina0-
KOMY PO3UMHi MepMaHraHaTy KaJjiro Ta IpopoliyBain
npu 26 °C 10 HaKJIbOBYBAaHHSI, MiCJIST YOO MPOPOCT-
KU 0OpoOJIsIM TOCTiIKYBaHUMM OionpenapataMu B
pi3HMX KOHLeHTpalisix. KoHTposieM cityryBam 1po-
POCTKM, BUpPOILLEHI Ha AUCTWILOBaHIi Bofdi. Kyib-
TUBYBaHHS TIPOBOIMIIOCH mpy 26—28 °C B yMoBax
MPUPOIHOTO OCBITJIEHHS. 3a POCIMHAMM BeJiu (peHO-
JIOTIYHi CITOCTepEXEeHHsI, CTaH MPOPOCTKiB OlIiHIOBa-
Ju Ha 3 i 7-my 100y 3a MOP(OMETPUYHUMM TTOKA3-
HUKaMHu (BUCOTA MaroHiB, JOBXWHA KOPEHiB, PO3Mip
ciM’simoni). TToBTOprOBaHICTh AOCiIIB TpUKpaTHA.

BuzHaueHHs1 BMicTy XJIOpO(iJiB Ta KAPOTUHOI-
IiB y 3€JIeHill Maci BUPOIUECHUX in Vitro pOCIUH
3MiMCHIOBAJIM CIEKTPO(GHOTOMETPUUHUM METOAO0M
3a 3arajibHomnpuiiHsATOI MeToaukow Wellburn [13].
ITirmeHTH ekcTparyBaiu AUMETUICYIb(GOKCUIOM
i3 HaBaXKW 3€J€HOI YaCTUHU POCIUH MPOTIroM
3 rox 3a Temmneparypu 68 °C, Imicis 4Oro BHMi-
pIOBaJIM ONTUYHY TYCTMHY Ha cHeKTpohoToMeTpi
3a goBxuHK xBuii 480, 649, 665, 652 um. Bwmicr
BUILHOTO TIPOJIIHY B POCJIMHAaX BUM3HAYajIu 3a Me-
toaukoto Bates y monudikauii 3a I'. IIluxaneesoro
Ta cniBaBTOopamu [14] 3 BUKOPUCTAHHSIM KUCJIOTO
HiHTiIPUHOBOTO peakTuBy. Pe3ynbTaTu MOCTiIKEHD
00poOJIIOBaId CTATUCTUYHO 3 BUKOPUCTAHHS MPO-
rpamu Microsoft Office Excel.

PesyabTaTu

Ha mepmomy etami po0oTHM y 3a3HayeHUX
BUILIE YMOBax IMPOBOAWIM HampalloBaHHS JOCTiI-
HUX 3pa3KiB mperapaTry 3 BUKOPHCTAHHSIM IIPOIY-
LIEHTa KOMILIEKCY 0iOJOriuyHO aKTMBHUX PEYOBUH
S. albus UN44. JlitTnuna akTuBHIiCTL biompenapa-
Ty-1 cranoBuna 1500 on/mia, a crepunabHuii bio-
npenapar-2 BiApi3HSBCS BiJICYTHICTIO TepmoJja-
OiTbHUX METabOoITIiB KyabTypu (Y T.4. (DepMEHTIB)
YHACJIiJ0K TepMiuHOi cTepuiizauii. Bubip miama-
30HY KOHILIEHTpalliii GiompenapariB s o0poOKu
HaciHHSI Ta MOCJIIKEHHsI 1X BIUJIMBY Ha POCTOBI
MpoLeCH OripKa MPOBOIMJIM HAa OCHOBI JaHUX JIiTe-
paTypu Ta BJIACHUX Pe3YyJbTaTiB JOCIIIKEHb 1I0I0
iHIIUX KyJasTYp [2, 5, 7, 10].

O0pobxka HacinHg biompenaparom-1 0e3 po3-
BeneHHs (100 %) mmpu3BoaMia A0 TTOBHOTO MPUTHI-
YEHHSI MPOIIECiB HAKJILOBYBAHHS Ta POCTY POCIMHU
oripka, 110 € CBiZTYEHHSM BMCOKOI KOHIIEHTpaIlil
0ioJIoTiuHO aKTMBHUX pe4yoBUH (puc. 1). Yepes
5 mi0 pocty obpobseHe biompenapaTtoM-1 y KOH-
meaTpamnisix 0,1 Ta 1,0 % HaciHHA Bi3yalbHO (IWB.
puc. 1) Ta 3a MOppOMETPUIHMMHU MOKA3ZHUKAMU
pociuH (Tabu. 1) BiIpi3HsUIOCS Bill KOHTPOJIIO B Me-
x)ax 5—20 %.

OnHaK CIpsIMOBAaHICTh 0i0JIOTIYHOI il BUKO-
pUMCTaHMX KOHLIEHTpAlliil IIperapary Oyja pi3HOIO:
HUXKYa 3 HUX CIIpusiia 30UTbLIEHHIO TOBXKUHU KOpe-
Ha Ha 6 %, ane Ha 5 % npurHidyBaja picT crebia.
ITpoTtunexHuii eekT MposIBIISB Mpenapar y KOHLEH-
Tpauii 1,0 %, minBuIIyIoun JOBXHUHY cTeOna Ha 19 %.

VY Toi1 ke yac micasi 0OpoOKuM TmpenapaToM B
000X KOHILIEHTpALisIX PO3Mip CiM’siI0JIi TTPOpPOCTKa
30i7bIIIyBaBCsl, aje OuIbII CYTTEBO INMPU 3aCTOCY-
BaHHI 1 %-HOrO po3uMHy. 3BaXkaloun Ha BUSBJICHI
BIIMBM, Hajdajli OyJO PO3LIMPEHO Jiarma3oH KOH-
LIEHTpalliii mpenapary, SIKUM MPOBOAUIN OOPOOKY
Hacidus, Big 0,01 1o 5 %.
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1-1a gob6a pocty

5-ta moba pocty

0,1 % 1% 100 %

KonueHnrtpauist bionpenapaty-1

KoHTpoinb

Pucynok 1: Briius bionpenapary-1 Ha WIBUIKICTb MPOPOCTAHHS
HacCiHHs oripka

Ta6aunga 1: Briius bionpenapary-1 Ha MopdoMeTpuuHi mokas-
HUKM MPOPOCTKIB oripka Ha 5-Ty 100y pocTy

Konuentparist
[Toka3HUK Kontpons| biompenapaty-1
0,1 % 1,0 %
JosxuHa kopenst, % | 100 £ 2,0 |[106 £ 3,0*| 98 1,8
JoBxwuHa ctebna, % | 100 £ 3,095 £2,4% | 119 £ 4,5*

Posmip ciM’soni,

MM
JIOBXHUHA 11,6 £0,9(13,0 £ 1,1{14,3 £ 1,2*
IIpUHA 6,6 £0,3(7,0£0,2%|8,6+0,3*

*CTaTUCTUYHO JOCTOBIpHi BiAMiHHOCTI BiTHOCHO KOHTPOJIO (p <
< 0,05).

IMokazaHo (puc. 2), 1110 mpernapar y Aiarna3oHi
KoHneHTpawii 1—1,5 % 4YWHUTH HAWBUIIWIA TTO3U-
TUBHUWI BIJIMB Ha PiCT KOPEHS Ta cTedsa oripka Ha
3 i 7-my mo0y pocty. OIHOYACHO YiTKO BMIHO, 1O
MaKCUMYMU TaKuX e(eKTiB He OJHAKOBI: PiCT KOpe-
Hs1 OiJIbllIe CTUMYJIIOIOTh HMXKYi KOHLIEHTpALlil Ipe-
maparty (0,05—1 %), Hix pict cre6na (1—2 %). He-
OYiKyBaHi pe3yabTaTu IT0Ka3ajla o0poOKa HaciHHSI
TperapartoM y HaHmk4iin konnentpanii (0,01 %),
a caMe CYTTEBE MPUTHIYEHHS PO3BUTKY POCJMH Bill-
HOCHO KOHTpOJt0 (AuB. Aajii . “O0roBopeHHs”).

BpaxoBytoun BCTaHOBJICHi 3aJIeXKHOCTI BILIM-
BY IperapaTry B JOCiAXEHUX KOHLEHTpalisiXx Ha
pOCTOBi Mpoliecy Oripka, HagajJi B poOOTi BUKO-
pUCTOBYBaJIM 0OpOOKY HaciHHSI 1 %-HUMM pO34u-
HaMu 000X 3pa3KiB (HATUBHOIO Ta CTEPUJIi30BAHOTO
aBTOKJIaByBaHHsIM). [licyist BUpOIyBaHHSI HACiHHS
BripogoBxk 20 nmi6 B yMoBax in vifro IpOBOIMIN
KOMIJIEKCHUI aHaji3 BMiCTY OCHOBHUX (DYHKIIiO-
HaJIbHUX PEYOBUH Yy CKJajdi 3eJeHOT Macu POCIUH
oripka.
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Pucynok 2: Brius Bionpenapary-1 Ha MopdoMeTprUyHi IToKa3-
HUKU* pocIMH oripka Ha 3-Tio (a) i 7-my (6) moby pocty
(*HaBeneHi naHi npu p < 0,05; CTAaTUCTUYHO IOCTOBIPHI BiAMiH-
HOCTi BiTHOCHO KOHTPOJIIO MOKa3aHi sl KOHLEeHTpalliii Ipemna-
paty 0,01; 1; 1,51 5 %): ®m — noBXuHa KOpeHsl; M — TOBXMHA
crebna

PeyoBuHu, sIKi BU3Hauanu (xjopodinu, Kapo-
TUHOIIU, TIPOJIiH), € IHAMKATOPAaMU CTaHy POCJIMH,
a IX BMICT CBIZYMTH IIPO mepedir MeTadoJi3My B
POCIMHI Ta XapakKTep BIUIMBY 30BHILIHIX (akTopiB
[15—17]. BcranoBneHo (puc. 3), 1o npu oopooii
oripkiB 1 %-Hum poszuuHoMm biompenapary-1 Bin-
OyBa€eTbCSl 3HMXKEHHSI BMICTY XJIOpO(IIiB i KapoTu-
HoiniB npu6au3Ho Ha 40 %, a mpu 3aCTOCYBaHHI
1 %-Horo po3unHy biompenapary-2 — He3HauHe
30iIbLIEHHS XJtopodiny a i b Ha 51 11 % Binno-
BiZIHO.

3arajioM MigBUIIEHHST BMiCTY XJ10podiliB CBil-
YUTH MPO MIABUILEHHS iHTEHCUBHOCTI METa00J1i3My
B POCJIMHI, ajie IJisl Ipolecy (OTOCUHTE3Y OLIbII
BaXJIMBUM € He aOCOJIOTHUI BMICT MIrMEHTIB, a 1X
cniBBiZHOLIEHHs. BOHM MOXYTh IMOKa3yBaTU MOPY-
LIeHHs Y (hyHKIIOHYBAaHHI CBITO30MPaIbHUX KOMII-
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Tadmmua 2: Briius GionpenapatiB Ha CHiBBiIHOIIECHHS XJI0podiTiB (a i b) Ta KapoTuHOINIB (car) y 20-1000BUX POCIMHAX OTipKa

BapiaHT 00po6Kku

CHiBBiIHOIIICHHST BMICTY ITiITMEHTIB,

MT/T CyXOl Macu pOCJIUH

Ca/Ch Ca + Cb (Ca + Cb)/Ccar
bionpenapar-1, 1 % 1,14 £+ 0,04* 94 % 5,70 £ 0,17* 64 % 4,53+ 1,14 112 %
bionpenapar-2, 1 % 1,14 £ 0,03* 94 % 9,80 £ 0,39 108 % 5,38 £ 0,21* 133 %
Kontponb 1,22 + 0,04 100 % 9,05 £ 0,27 100 % 4,02 £ 1,05 100 %

*CTaTUCTUYHO JOCTOBIPHI BIIMIHHOCTI BiTHOCHO KoHTpojto (p < 0,05).
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Pucynok 3: BrimuB mocrimkyBaHMX MpernapaTiB Ha BMicT (DyHK-
LIIOHAJILHUX PEYOBMH Yy 3eJIeHili Maci pocauH oripka Ha 20-Ty
o0y pocty (HaBeaeHi aani ipu p < 0,05; cTaTUCTUYHO AOCTO-
BipHi BiIMIHHOCTI BiZHOCHO KOHTPOJIO TIOKa3aHi IJs
Biompemapary-2 mono xiopodinis): ®m — biompemapar-1; m —

Bionpenapar-2; xourpoab — 100 %

JIEKCIB 1 peakliiiHUX LIeHTPiB (poTocuctem (CHiB-
BimHOIIEHHS XJIOpo(diniB a/b), a TAKOX CTIMKIiCTb
xjpopodisiiB 10 HoTOpylHHYBaHHS, SIKa BU3HaAYya-
€TbCS1 KUJIbKICTIO KapOTHUHOIAIB, 3MaTHUX 3axUIIATH
xsopodinm [16]. ToMmy po3paxoByBaiu i aHaTi3yBa-
JIV CITiBBiTHOIIEHHST BMICTY XJIOPOGiTiB a/b i xo-
podiniB 10 KapOTUHOIIIB.

CriBBimHOIIIEHHS BMICTY XJ10podiliB a/b y poc-
JIUH micyist 00poOKM oboma npenapataMu 3HUXKYEThb-
cs Ha 6 %, 1110 BKa3ye Ha MiIBUIIEHY iIHTEHCUBHICTh
meTabosizmy (Tab. 2). A 3arajJibHUil BMIiCT XJOpO-
(biniB 3HAYHO PiI3HUBCS Y POCIWH ITicjasi 0OpOOKHU
pi3HMMM IpenapaTamMu: 3HUXKyBaBcs 10 64 % yHa-
cnigok BBy biompemapary-1 i Ha 8 % 3pocTaB
npu il TepMivHO 0OpobieHoro bionpenapary-2.

3arajJibHUI BMiCT KApOTUHOIIIB Y POCIMHAX IIiC-
J1s1 00po0xku biompenapaToM-1 3MeHIITyBaBCs, a OTKE,
30iblIyBaocs 10 133 % cmiBBimHOLLIEHHS XJIOpOdi-
JIiB 10 KapOTUHOIIB, BKa3yIOUM Ha BiICYTHICTb CTpe-
COBHUX (DaKTOPiB, 1110 BUMarajau 0 peakilii poCJIuHMU.

CBiIU€HHSIM OCTaHHBOTO € TaKOX 3HUXKEHHS
BMICTy BiJILHOTO TIPOJIiHY B Maci pOCIMHM, OCKiJb-
KM HMOro HaKOMUYEHHSI € peaklili€elo POCAMH Ha
abiotnuHuii crpec [15, 17].

OpHak MokaszaHa OCTaHHIM YacoM BaXKJIMBa
pOJIb TPOJIIHY B MeTaboJ1i3Mi Ta CTPECOCTIMKOCTI
POCJUH aKTUBHO JTMCKYTYETHCS (SIK BMICT y POCIU-
Hi, TaK i eK30reHHUI BIUIMB), 1110 Oyjae 3a3HauyeHO
TaKOX HUXX4Ye Mpu OOTOBOPEHHI pe3yJIbTaTiB.

OoroBopeHHst

bionoriyHa akKTMBHICTb AOCiIXYyBaHUX 3pa3-
KiB TpernapaTiB 3yMOBJI€Ha HaA3BUYAWHO ILIUPO-
KHUM CIIEKTPOM METa0OJIiTiB KyJbTypU-MIPOaYyLIEHTa
S. albus UN44. JloHemaBHa 3IaTHICTb JO CTUMY-
JISALil pOCTOBUX IIPOLECIB POCIMH IIperapaTamMu
Pi3HUX LITaMiB KyJbTYpH IOB’SI3yBaJli HacamIiepe
i3 CMHTE30M KOMIUIEKCY Tigposa3 i MeBHUM Tep-
MOCTaOUTbHUM (DaKTOPOM IJIiKONENTUIHOI IIPUpPO-
mm [7, 8]. Ajrle BcTaHOBJIEHA 3JaTHICTh KYJILTYPH IO
CUHTE3y OIHOYACHO 1 KOMILIEKCY aHTUOIOTUKIB J1a€
3MOTY TIPOTHO3YBaTU JOAATKOBI e(heKTu Tpenapa-
TiB Ha il OCHOBI Ta HOBI MOXKJIMBOCTI OiopeTyJIsiii
pociuH [9]. OueBUAHO, TaKOX MOTpedye TMoaab-
LIIOTO aHaJTi3y Ta igeHTudiKalii CreKTp MeTadoJIiTiB
MPOJYLIEHTa, 3BaXKalouM Ha BifoMy OiOCMHTETUYHY
AKTUBHICTh CTPENTOMILIETIB 3arajioM [4—6].

OTpuMaHi Ha MeplIoOMYy eTami MpOBeICHUX
JOCIiI)KeHb pe3yabTaTu (IuB. puc. 1, Taba. 1) ga-
JIM MOXJIMBICTh BCTAHOBMTHM BUXiIHWI Aialla3oH
KOHIEHTpalliii MmpemnapaTy, IO BUSIBISIE BIJIUB
Ha pO3BUTOK oripka. Llg pociumHa mae Baxkau-
Be NMpaKTU4YHE 3HAYEHHSI, ajie 3yCTPivyaeThCs SIK
00’€KT HOCHIIXKEeHHS BIUIMBY Oiompenapary i€l
KyJIbTYPU-IPOAYLICHTA JINIIE B MOOAWHOKMX TOBi-
momiieHHSX [7]. OgHak npu OTpMMaHHI 3ragaHoro
npernapaTy BUKOPUCTOBYBAJIM iHIIUN 1ITaM KyJb-
Typu (2P-15) i 3a3Havanu auile 3arajbHy Xapak-
Tepuctuky npemnapaty (I'3X), 3a siko0 HEMOXIUBO
MOPiBHATU BMIiCT (DEPMEHTHOIO KOMILIEKCY B HbO-
My, a OTXe, CHiBBIZIHECTH HOCHiAKyBaHi KOHILIEHT-
paitii.
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ToMy mokazaHuii y Hallliii poOOTi BIUIMB Oio-
npemnapaTy B KoHueHTpauisx Bim 0,01 mo 5 % npu
aKTUBHOCTI HaTUBHOTO 3pa3ka 1500 omx/Mi mae 3Mory
yHi(hiKyBaTU PO3paxyHKU HOro poOOYMX KOHILIEH-
Tpaliii 3a MOKa3HMKaMM aKTUBHOCTiI. OTXxe, picT
KOpEHsI CTUMYJIIOE OiomperapaT i3 KOHLIEHTPALIi€o
KomIuiekcy depmeHTiB 0,25—15 om/mi, a picT cTed-
na — 15—30 om/min. TakuM YMHOM, € MOXJIMBICTh
OTPUMMYBATU TOTOBUI PinKuii GiorpenapaT y Oibli
KOHILIEHTPOBAHOMY PO34MHi a00 CyXuil Ta TOTyBaTU
pobounit po3umH JJ1s1 0OpOOKM BilMOBIIHO 10 BMiC-
Ty JiIOYMX PEUYOBUH — Y PO3IJIsIIyBaHOMY BUMAAKY
(epMeHTiIB.

PexomMeHnoBaHMMM KOHLEHTpallisMu biomnpe-
naparty-1 s mepenrnociBHOI oOpoOKM HaCiHHS
oripka, 3a JaHMMU HACTYMHOTO eTamy IOC/iIXeHb
(nuB. puc. 2), € 1-1,5 %, a6o 15—22 on/mi1. binbiu
BUCOKI KOHIIEHTpallii He3HAYHO MiABUIIYIOTh JOB-
JKMHY cTebJia TTOpiBHSIHO i3 3a3HAYE€HUMU, OJHAK
Npy LbOMY BiIOYBA€THCS TajJbMyBaHHSI PO3BUTKY
KopeHst Ha 7—12 %.

HeouikyBaHi pe3yjbTaTu 11040 3HAYHOTO
MPUTHIYEHHS POCTY KOpeHsl Ta cTebia MiHiMaslb-
HUMU BUKOPUCTAaHMMM KOHIEHTpalisIMu Mpe-
mapary (0,01 %, a6o 0,05 ox/mi) cBimyaTh Tpo
HasIBHICTb Y HbOMY METaOOJITIiB KYyJbTypH, SKi
MNPOSIBIISIIOTh BUCOKY Oi0JIOTIYHY aKTUBHICTb Y
HaJHW3bKUX KOHLEHTpalisx. B iHIIoMy BMIaaKy
BIUIMB MpernapaTy B TaKMX KOHLIEHTpalisix B3araii
He crocTepiraBcs 6 i 3HaUEHHS TMOKa3HUKIB POCTY
Bignosiganu 6 koHTpoao. Cepes 3araJibHOBIZOMUX
NoAiOHUX peYyoBUH — (ITOTOPMOHU, aKTUBHICTb
SIKMX CYTTEBO 3aJIEXXUTh Bill BUKOPUCTAHUX KOH-
LIEHTpalill i 10 TOro X 3HAYHO KOJMBAETHCS (Bil
raJbMyBaHHS 10 CTUMYJISILII POCTY POCJIMH) HaBiTh
3a Ayxe OJIM3bKMX IX 3HadyeHb [2, 5, 6]. 3Baxa-
104 Ha Te, 1O JJs CTPENTOMIileTiB (IPYHTOBUX
OakTepill, sIKi XUBYTb Y CUMOi03i 3 pOCIMHAMMU) €
TUITIOBUM CUHTE3 (DITOrOPMOHIB, BUCOKA MMOBIp-
HICTh 3HAXOMXXEHHs IX cepel MeTaOOJiTiB Ipody-
ueHta S. albus UN44. Tomy ogHUM 3 OUYE€BUIHUX
HampsMiB ITOJAIBIIOI POOOTHU 3 KYJLTYpOIO € aHa-
JIi3 MPOAYKTiB 6i0CMHTE3y Ha BMiCT OCHOBHUX IpyIl
CTUMYJISITOPiB POCTY POCJIMH.

Tloganpimii aHai3 BIUIMBY 000X Oiompernapa-
TiB (1 — HaTUBHOrO Ta 2 — aBTOKJIaBOBAHOI'0) CTaB
JIOIATKOBUM TIATBEPIKEHHSIM MOXJIMBOI HAsSIBHOCTI
y CKJaai MPpOAYKTiB MeTaboJi3My KyJbTypu ¢iTo-
ropMoHiB (AuB. puc. 3). IcToTHa pi3HULS BMICTY
xjopo@iniB miciass o0podku biompemapaTtoMm-2 1o-
PIBHSIHO 3 iHIIMM 3pa3KoM IIpernapary, OYeBUIHO,
MOSICHIOETbCS 3HUXKEHHSIM BMICTY 0i0JIOTiUHO aK-
TUBHUX PEYOBUH YHACJiJIOK TEPMiUYHOI CTepuJiza-
mii. 3a iH(popMalli€o AOCIITHUKIB, 1110 IpalllOBaIN
3 1I€I0 KYJbTYPOIO IIPOAYLIEHTa, cepeld ii MeTabo-

JITIB HasIBHUU TEeBHUIN TepPMOCTAaOiLIbHUI (haKTop
IiKONENTUAHOI Tipupoau [18].

He Bukmmoyamum 10pOoro, 3a3HadymMmo, IO
HaiOiJblI TOWIKMPEHI TNpeACTaBHUKK TaKOTO
KJlacy (piTOropmMoHiB, K ayKCMHHU (Hacammepen
IHIOJOLTOBA KMCJIOTA), € TepPMOCTAOIJIbHUMMU
CTHIOJIyKaMU i MOXYTb LIJIKOM 3aJIMILIATUCS Y Mpe-
nmaparax ITicjisl aBToKJIaByBaHHs. [lum, BiporigHo,
1 MOSICHIOEThCS OioJIOTiYHA aKTUBHICTH biomperna-
paty-2 moao iHTeHcudikallii MeTaboJiYHUX Mpo-
1IECiB OripKa Ta MiABUILEHHS BMIiCTy XJ0podiiiB.
HartomicTb neBHe NMpuUrHiyeHHsI MeTaboJIiuHOI aK-
TUBHOCTI POCJIMH HaTUBHUM biomnpenapatom-1,
Mpo 1110 CBiAYUTH 3HUXKEHHS BMICTy XJIOpOdiiB,
MoOXe OyTH CIpUYMHEHE BUCOKUM BMicTOM (DiTO-
FOPMOHIB, Yy T.4., HallpUKJIaj, riOepeiHiB, 110 €
TepPMOJIAOIIbHUMU CTIOJYKaMU i TOUHO BiJICYTHi Y
bionpenapari-2.

Pa3zom i3 Tum 0O6poOka oboMa HOCITITHUMU
3pa3KkaMu MpenapariB y BUKOPUCTAHUX KOHIIEH-
TpalisiX He BUKJIMUKAE Yy POCIUH CTpecy, Mpo 110
CBIiTYNTHL 3HMXKEHHS Ha 12—15% BMicTy BiJBbHO-
ro MpoJiiHy B 3eJIeHiil Maci pociauH (ouB. puc. 3),
a OTXe, € MOXJIMBOIO /sl Oioperysiii OripkKiB.
MexaHi3MM BKJIIOUYEHHSI TMPOJIiHY B MeTaboJizM
POCJIMH HACTiJIbKM Pi3HOMAaHITHi (AHTUOKCUIAHT-
Ha, MEMOpaHOIIPOTEKTOPHA, OCMOJIITUYHA His Ta
iHII), 110 € OKPEMUM HaIpsIMOM HOCHIIXEHb,
OJHaK MOro BMicT Moxe OyTHM BaXXJMBUM (aKkTOM
npu BUOOPI mpemapartiB s CTUMYJSLii poCTy
POCJIVH.

BucHosku

TTokazaHo IMPOKUI CIIEKTp crieluGiyHOl aK-
TUBHOCTI OionpemnapartiB 3 5. albus UN44 mono 6io-
peryasiii pociuH oripka Cucumis sativus L. copty
KoHkypeHT, a came 31aTHICTh 10 CTUMYJISILIT pOCTY
KOpeHs1, cTebsia, BIJIUB Ha iHTEHCUBHICTh MeTabo-
JIi3MYy i cTaH cTpecy.

Bcranosneno, mo bionpemapar-1 crumyioe
picT KopeHsl Ta cTebJia oripka Imicasi 00poOKM Ha-
CiHHSI pPO3UYMHOM Y KOHIeHTpauii 15—22 oa/mia (abo
1—1,5 %). Pazom i3 Tum y koHuentpatii 0,01 %
npernapaT Ma€ 3HAYHUI MPUTHIUYBaJIbHUI edeKT,
1110 BU3HAYAE aKTYyaJlbHiCTh MOAAIBIIUX JOCTIIKEHb
aKTUBHOCTI mpenapaTy B Jiala30Hi HaJHU3bKUX
KOHIIEHTpaLiii.

Bucoka OionoriyHa akTuBHICTh biompenapa-
Ty-1 y HM3bKUX KOHLEHTpPALisIX MOPsSI 3 iHIIUMU
BU3HAUCHUMU (akTaMM Ja€ TiJCTaBU MPUIYCKATU
HasiBHICTh y HboMY (i BifMOBiAHO, ceped MeTabo-
JIiTiB mpoaylieHTa) ditoropmoHiB. ITokazaHa cTu-
MYJISILIiSI META0O0i3MY POCIMHU TEPMiUHO CTEpuJIi-
30BaHMM biomnpemnaparom-2 Moxe OyTU 3yMOBJIEHA
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JIiEI0 TOPMOHIB KJIaCy ayKCHUHIB, 110 € T€pMOCTa-
OUTLHUMM CIIOJTYKaMMU.

OtpumaHi pe3yJbTaTU € IliIcTaBaMU IJISI BU-
BUEHHSI HOBMX 0iOJIOTIYHO aKTMBHUX MPOJYKTIiB
S. albus UN44 Ta onTumizallii CTEpUJIbLHOI PiaKOi
¢opmu mpenapaty, IO MaTUME OLIbII TPUBAJIUMA
CTPOK 30epiraHHs. 34aTHICThL 000X HOCIiAXKEHUM
npernapariB BIJIMBAaTU Ha CTPECOCTIMKICTb POCIUHU
3yMOBJIIOE MOXKJIMBICTb PO3POOKM OiompernaparTiB
KyJbTYpU JUISl 3HUXKEHHST HACJIiJKIB /il pi3HUX He-
raTUBHUX (PaKTOPiB.

®DinancyBaHHs

11 pobGoTa mpoBoOAMJIACH ¥ paMKaX BUKOHAHHS
nepxoomkeTHuX TeM No 2033m “CTBOpeHHSs JdiHii
IHHOBaLiHUX 0i0JOTIYHO aKTUBHUX MPOIYKTIB IS
MEIUILMHU, XapuyoOBOl MPOMUCIOBOCTI Ta CiLIbCHKO-
ro rocnogapcrea” B KIII im. Irops Cikopcbkoro
ta No 374-HK “Ekonoro-6iojoriyHi ocHoBu 30e-
pexXeHHs, 30araueHHs Ta e(heKTUBHOIO BMKOPU-
CTaHHS TEHETUYHHUX pPEeCypcCiB HOBHUX Tocroiap-
ChKO-LIIHHUX POCIUH YKpaiHu” B HaimioHaibHOMY
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H.A. Nesuuk, A.B. NiobrHckas, A.O. lepacumerko, T.C. Togocuitdyk

CNEUNPUYECKAA AKTUBHOCTb NMPEMAPATOB STREPTOMYCES ALBUS
B BMOPEIYnsuMu POCTA U PA3BUTUSA PACTEHUIA OTYPLIA

MNpo6nemartuka. Hay4Hble 0CHOBbBI pa3paboTky NMOMMKOMMOHEHTHbBIX NPenapaToB MUKPOOHOTO NMPOUCXOXAEHWUS ANS pacTeHUEBOACTBA,
KOTOpblE NPOSBASAIOT LUMPOKYIO CNeLndUIYHOCTbL B1UONOrM4eckoro AencTans.

Lenb. OnpegeneHne 6nonornyeckon akTMBHOCTM ONbITHbIX 06pa3sLoB npenapaTtoB S. albus UN44 oTHocuTenbHO npoueccoB buopery-
NAUUM pacTeHnin orypua Ansa ganbHenwero 060CHOBaHNA HanpaeneHnin onTMMU3aLum rotoBbix hOpM 1 Cnocob0oB NPUMEHEHUS.
MeTtoauka peanusauumu. Viccnegyemblie npenapartbl noflyyanu KynbTuBupoBaHueM npogyueHTta S. albus UN44 ¢ nocnegytowmm otae-
neHnem 6uomaccel 1 (B OAHOM M3 BapuaHTOB) TepMUYECKOn cTepunusauunein dyrata. CemeHa orypua copta KoHkypeHT obpabatbiBanu
pacTBopamu npenapaToB 1 onpeaensny pocTCTUMYNALMI0, MeTabonMyeckyto akTUBHOCTb pacTeHWIn 1 COCTOSIHUE CTpecca.
Pe3ynbraThl. OnpefeneHo, 4to buonpenapar-1 cTMynmpyeT pocT KopHs 1 cTebnsa orypua nocne obpaboTku ceMsH pacTBOPOM B KOH-
ueHTpaumn 15-22 epg/mn (unn 1-1,5 %). MNony4yeHHble AaHHblE CBMAETENLCTBYIOT O TOM, YTO Guonormyeckas akTMBHOCTb MpenaparToB
KynbTypbl MOXET ObITb 0BycrioBneHa npucyTcTBMEM FOPMOHOB Kracca ayKCUMHOB, KOTOpble paHee He Obinu naeHTMdnLmnpoBaHsl cpeam
ee meTabonuToB. Brnepsble nokasaHa crnocobHocTk Gruonpenapatos S. albus UN44 BnusTb Ha cogepxaHne NponuHa B pacTeHusx oryp-
La, a 3Ha4uT, Ha NX CTPECCOYCTONYMBOCTb.

BbiBoabl. Pesynbrathl paboThl ABNAIOTCA OCHOBaHUEM A5t U3YYeHUst HOBbIX Bronornyeckn akTmeBHbIX npogyktos S. albus UN44 v ontu-
MU3aLmmn rotoBbix (hOPM MpenapaToB, 8 UMEHHO CTEPUITBHON XMUAKON hopMbl M CyXOro KOMMIEKCHOTO npenapara, a Takke npenaparos
oTAenbHbIX MeTabonuToB C LIeNeBoi BbICOKOCMEUMMUYHON aKTUBHOCTbI0. CNoCOBHOCTL OMbITHBIX 06pasLoB NpenapartoB BAWSATL Ha
CTPECcCoyCTONYMBOCTL pacTeHNs TpebyeT AONONHUTENLHOIO 3y4YeHnst 1 00yCroBnNMBaeT BO3MOXHOCTb CO3AaHNs CPeacTBa Ans Koppek-
L1 NOCNEACTBUIA AENCTBUS HA PaCTEHNS Pas3fMYHbIX HeraTUBHbIX (hakTopoB.

KnroueBble cnoBa: S. albus UN44; 6uonpenapatbl; orypubl copta KoHKypeHT; buonormyeckasi akTMBHOCTb; CTUMYNsILUSI pocTa; MeTa-
bonnyeckas akTMBHOCTb; CTPECCOYCTONYMBOCTb.

N.Ya. Levchyk, A.V. Liubinska, Y.O. Herasymenko, T.S. Todosiichuk

SPECIFIC ACTIVITY OF STREPTOMYCES ALBUS PREPARATIONS
FOR BIOREGULATION OF GROWTH AND GERMINATION OF CUCUMBER PLANT

Background. Scientific bases for the development of microbial-derived polycomponent preparations for plant growing, which show a
wide specificity of biological action.

Objective. The aim of the paper is an establishment of the biological activity of S. albus UN44 experimental preparations for cucumber
plant bioregulation processes for further substantiation of optimization directions of ready-made forms and application methods.
Methods. The experimental preparations were produced by cultivating the S. albus UN44 producer, in subsequently separating biomass
and (in one variant) heat sterilization of supernatant. The cucumber seeds of the variety Konkurent were treated with solutions of the
preparations and the growth stimulation, metabolic activity of plants, and the state of stress were determined.

Results. It is determined that Biopreparat-1 stimulates the growth of the root and stem of the cucumber after seed treatment with a
solution at a concentration of 15-22 units/ml (or 1-1.5 %). It is shown, based on the data obtained, that the biological activity of culture
preparations can be due to the presence of hormones of the auxin class that were not previously identified among its metabolites. For
the first time, the ability of S. albus UN44 biopreparations to influence the proline content in cucumber plants, and therefore their stress
resistance, is shown.

Conclusions. The results of the research are the basis for studying new biologically active products of S. albus UN44 and optimization
of the ready-made forms of preparations, namely sterile liquid form and dry complex preparation, as well as preparations of certain
metabolites with target highly specific activity. The ability of experimental preparations to influence the plant stress resistance requires
additional study and makes it possible to create means for correcting the effects on plants of various negative factors.

Keywords: S. albus UN44; biopreparation; cucumber plants of the variety Konkurent; biological activity; growth stimulation; metabolic
activity; stress resistance.
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Background. Cultivation of cell cultures on synthetic coating makes it possible to obtain a complex spa-
tially organized cellular system that enhances cell attachment and determines all further processes of dif-
ferentiation, proliferation, and formation of extracellular matrix. It is necessary to examine properties of
coatings, particularly, such as biocompatible polymers with cells, as they can be applied for various bio-
logical and medical applications.

Objective. We investigated the effects of glass surfaces modified with dextran, APTES, albumin and they
compositions on the proliferation and metabolic activity of B16F10 cells.

Methods. Cellular line B16F10 were cultured in DMEM medium supplemented with 10 % fetal calf
serum, 1 % penicillin-streptomycin in 5 % CO, at 37 °C for 72 h. Cells were seeded at the glass plates,
which modified nanolayers in various combinations: control group — glass, glass/APTES, glass/APTES/
dextran, glass/APTES/albumin, glass/albumin, glass/APTES/dextran/albumin. The influence of the sur-
face properties on the proliferation of BI6F10culture and its viability was analyzed after every 24 h of
incubation. The cultural medium was collected after 24, 48, and 72 h of cultivation for investigation lac-
tate dehydrogenase activity.

Results. The high viability and proliferation growth of cells on APTES, albumin, and APTES/dextran/
albumin coating were higher if compared with growth of cells on a glass surface. Improved the proliferation
of the B16F10 cells was observed onto albumin (P < 0.001) and APTES/dextran/albumin (P < 0.001)
nanolayers on 48 and 72 h, in contrast to to control and other experimental groups. Whereas, the differen-
ce between the number of cells grown on glass and APTES coating increases only on 72 h of cultivation.
Conclusions. Obtained results have shown that the glass surface modified albumin and APTES/dextran/
albumin resulted in improving the viability and cell proliferation of BI6F10cell line and can be used as a

3D system for cultivation of cells of different types.
Keywords: cell culture; proliferative activity; surface; nanolayers.

Introduction

Three-dimensional (3D) cultures models may
more accurate representation of the in vivo envi-
ronment than two-dimensional (2D) cultures while
maintaining the cytoarchitecture of in sifu tissue that
supports cells differentiation or maturation [1, 2].

Cell adhesion is depended upon surface hydro-
philicity, surface charge density, surface morphology,
specific chemical groups present on the surface of the
scaffold [3]. Given that surface chemistry is crucial for
the biocompatibility of the nanolayers, specific surface
modifications are used with different polymers [4, 5].

In particular, there is an increased interest in
the polymeric surfaces which can change their affi-
nity towards proteins and cells under external stimuli
[6, 7] and therefore have potential applications in
biology and medicine.

Despite various investigations, specific and
complex mechanisms govern the reactions that occur
between the biomaterial and the cellular environ-
ment are still incomplete understanding.

The objective of this study was to establish and
comparison cells line B16F10 viability cultured onto
different coatings. We used surfaces obtained by
grafting APTES, dextran, albumin and their com-
binations to the surface of the modified glass plates.

Materials and Methods

Preparation of coatings. Glass plates (20x20)
were dipped into 0.2 % (w/w) methanolic solution
of (3-aminopropyl)tricthoxysilane (APTES) for 24 h.
After the incubation, loosely-attached silane mole-
cules were removed with methanol in Soxhlet’s ap-
paratus. Then the plates functionalized with APTES

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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were dipped into 1 % solution of peroxide in air
dioxin for 24 h. Similarly, loosely attached peroxide
was removed with dioxane in Soxhlet’s apparatus
for 4 h. As a result, peroxides grafted to aminated
surfaces were obtained [8].

With participation of these aminogroups dial-
dehydedextran obtained by partial oxidation of the
anhydroglucopyranoside subunits of dextran by perio-
date acid was covalently grafted to the surface of the
modified glass plates. The oxidation of dextran was
conducted for 2 h, and then the plates functionalized
with amino-terminated APTES were dipped into 2 %
solution of dialdehydedextran in water for a grafting
time of 6 h. Similarly, loosely-attached dialdehyde-
dextran was removed with water in Soxhlet’s appara-
tus for 4 h. As a result, dialdehydedextran grafted to
aminated surfaces were obtained.

After modification procedure, all groups of
samples were dipped in bovine serum albumin
(BSA) phosphate-citric buffer solution (pH 7.4;
BSA — 0.2 mg/ml and adsorption time — 2 h). Ob-
tained surfaces were characterized by E. Bittrich [9].

Cell assay. B16 Melanoma Cells (B16-F10 cell
ATCC #CRL-6475) were harvested and cultivated in
DMEM medium supplemented with 10 % fetal calf
serum (FBS, Gibco, USA), penicillin (100 U/ml)
and streptomycin (100 pg/ml) (Gibco, USA) for
72 h at 37 °C in an atmosphere containing 5 % CO,
and maximum humidity. Cells were seeded with an
initial concentration of 800 thousands cells in a 100
ul drop of the medium on glass (control) and coat-
ing modified with Glass/APTES; Glass/APTES/
dextran; Glass/APTES/albumin; Glass/albumin;
Glass/APTES/dextran/albumin.

The influence of the surface properties on the
proliferation of B16-F10 cells culture and its ability
to form a monolayer was investigated. Cells were
allowed to attach and proliferate for 24, 48, and
72 h. After each time point, the number of plated
cells was determined by counting using a hematocy-
tometer. For each group, three samples were tested
independently. Trypan blue exclusion test (0.4 %)
was used to discriminate and count living cells.

Lactate dehydrogenase (LDH) assays. Medium
supernatants collected from both experimental and
control cells every 24 h were tested for LDH acti-
vity using Cytotoxicity Detection kit LDH (Roche).
This test is a colorimetric assay for the quantifica-
tion of cell death and cell lysis based on the mea-
surement of LDH activity released from the cytosol
of damaged cells into the supernatant. The amount
of enzyme activity detected in the culture superna-
tant correlates with the proportion of lysed cells.
The assays were conducted following the manufac-
turer’s instructions, in flat-bottomed wells of 96-
well plates. Following incubation, the absorbance of
samples was measured at a wavelength of 490 nm
as a measure of enzyme activity using an ELISA
(enzyme-linked immunosorbent assay) plate reader.

Evaluation of cytotoxicity using the microtetrazo-
lium (MTT) assay. The MTT assay was used to assess
the in vitro cytotoxicity of surface-modified glasses
in this study. A quantitative colorimetric MTT test
was performed after 3 days of culture to characterize
cellular metabolism (vitality) and, by implication,
proliferation. The MTT solution (0.5 mg/ml) was
added to each well 3 h prior to the end of the experi-
ment. After the incubation period dimethylsulfoxide
was added in the dish to dissolve the purple forma-
zan crystals that formed as a result of the restoration
of MTT reagent-reductase living cells. The concen-
tration of formazan in the wells was determined by
the spectrophotometric method at a wavelength of
490 nm. The number of living cells (in percentage)
was determined by the ratio of optical in which the
cells were incubated for study and control mediums.

Statistical analysis. Tests were repeated three times
for every type of the samples. The results were pre-
sented as the mean =+ standard deviation. Differences
between groups were determined by Student t-tests.

Results
The influence of the surface nature on the pro-

liferative growth of B16F10 cells during 72 h was
investigated (Table).

Table: Proliferative growth of B16F10 cells onto the modified surfaces during 72 h cultivation (M + m, n = 3)

Experimental groups Number of cells (x1096)
24 h 48 h 72 h
Control (glass) 2.03 £ 0.02 2.33 £0.05 2.50 £0.03
Glass/APTES 1.65 £ 0.03%** 2.19 £0.03 2.99 + 0.08**
Glass/APTES/dextran 1.80 £ 0.06%* 2.13 £ 0.04* 2.23 £ 0.05%*
Glass/APTES/albumin 2.81 £ 0.04%** 2.58 £ 0.04*** 2.61 £0.02
Glass/albumin 1.37 £ 0.07%** 3.13 £ 0.06%** 3.14 £ 0.07*%**
Glass/APTES/dextran/albumin 1.94 £ 0.03 2.71 £ 0.04** 3.13 £ 0.04%**

*P < 0.05; *P < 0.01; **P < 0.001 compared to the control.
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The results of our investigations show that proli-
ferative activity of BI6F10 cells was gradually increased
in the experimental group with APTES (P < 0.01).
While in the experimental groups with APTES/dext-
ran cells concentration were lower compared to cont-
rol. Improved the viability and proliferation of the
BI16F10 cells were observed after cultivation onto
albumin (P < 0.001) and APTES/dextran/albumin
(P < 0.001) nanolayers during 48 and 72 h compared
to control and other experimental groups.

The viability and functional activity of B16F10
cells under cultivation onto different nanolayers we
investigated of LDH levels (Fig. 1).

LDH concentration in all groups was suf-
ficiently high at the beginning of the experiment.
As increasing times cultivation, LDH activity was

changed differently in each group. Enzyme acti-
vity significantly reduced in cells cultivated onto
APTES, albumin and APTES/dextran/albumin
coating at 48 and 72 h as opposed to the group
with APTES/dextran coating. The higher concen-
tration of LDH during whole time cultivation were
observed in the experimental group with APTES/
albumin compared to other experimental groups.
Decreasing lactate dehydrogenase activity was
observed in APTES, albumin, and APTES/dextran/
albumin coating experimental groups at 48—72 h
of cultivation, which coincides with the growth of
the proliferative activity of cells in these groups and
high cell viability.
Biocompatibility and functional impact of
modified surfaces were studied in vitro using MTT
assay. In Fig. 2 the data of obtained re-
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Figure 1: LDH activity in culture medium after cultivation B16F10 cells onto
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different nanolayers during 72 h (M = m, n = 3). Results are expressed as mean
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patibility of the nanolayers, the coatings should be
tested on various cell types [11]. But methods of
investigations of effects of the biocompatible and
smart bioactive surfaces on cells are still not fully
developed. For these studies usually are applied cell
viability tests and counted a quantity of the living
cells with different morphology and also their proli-
feration index. Among different surface modification
approaches studied, grafting of carbon nanotubes on
the surface provides the growth, morphology and
cell viability of bone cells (osteoblasts) [12]. This
positive effect on cell viability may be attributed to
the fact that nanotubes create 3D cultures models
that can provide additional nucleation and growth
sites for cells to thrive.

In our studies, the cell viability rate and
proliferation were showed an increase after
cultivation of B16-F10 cell on the surface with
grafted nanolayers of APTES, albumin and
APTES/dextran/albumin during 72 h. While
using coating glasses, a moderate cytotoxicity was
observed after 72 h of incubation. The increased
sensitivity of BI16F10 cells (cell growth induction
as well as inhibition) suggests that the effects may
be dependent on nature of the polymer nanolayers.
So it could be concluded that the stereochemistry
of the polymers used for coating glasses greatly
influence the cell growth and survival. This agrees
with another study [13] and could be explained by
the organization and maturation of the extracellular
matrix surrounding cells by the created three-
dimensional system.
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O.B. WTaneHko, I.1. FeBkaH, O.1. Cnueuyk, B.A. Cupsatka, H.M. MaTBieHko

®OPMYBAHHA | BNTACTUBOCTI MONIMEPHUX HAHOLUAPIB A5A NONINWEHHA POCTY KNITUH IN VITRO

Mpo6nemartuka. KynsTmByBaHHS KynbTyp KNiTUH HA CUHTETUYHMX MOKPUTTAX AA€ MOXNMBICTb OTPMMATU KOMMIEKCHY NPOCTOPOBO opra-
Hi30BaHy KMITMHHY CUCTEMY, LLO MiABMWLLYE NPUKPIMNEHHS KNITWH i cnpyse iX noganbLin AudepeHuiauii, nponidepadii Ta popMyBaHH0
MiXXKMITUHHOTO MaTpuKcy. ToMy BUHUKae noTpeba y BUBYEHHI BMAcTMBOCTEW MOKPUTTIB, 30Kpema GioCyMICHOCTI 3 KNiTMHaMM, OCKiNbKM
BOHWU MOXYTb BYTW BUKOPUCTAHHI AN Pi3HMX GiONOrYHMX i MEAUYHUX LOCTIIKEHD.

Merta. 3aBaaHHAM HalMX AOCNiAXKEHb € BUBYEHHS BNMUBY HAaHOMOBEPXOHb, MoaudikoBaHux A[TTECom, aekcTpaHoM, anbbymiHOM Ta ix
KOMMNO3uLisiMK, Ha nporidepaTnBHY i MeTaboniyHy akTUBHICTb kniTnH B16F10.

MeToauka peani3auii. Y gocnigXeHHi BUKOPUCTOBYBanu KNiTuHK niHii B16F 10, siki KynbTMBYBanu Ha xuBunibHoMYy cepegosuLli AMEM i3
popasaHHsm 10 % ETC, 1 % neHiumnivy Ta ctpentomiumHy B atMocdepi 3 Bmictom 5 % CO, npu 37 °C ynponosx 72 roa. KniTuHm
BVMCiBanu Ha ckenbls, MOAMMIKOBaHI HaHOLIapamu y pisHMX KOMOIHaUisiX: KOHTponbHa rpyna — ckno; ckno/APTES; ckno/APTES/aekc-
TpaH; ckno/APTES/anbbymiH; ckno/anbbymiH; ckno/APTES/aekcTpaH/anb6ymiH. Bnnve nokpuTTiB Ha nponichepaTvBHUIA PIiCT i kuTTE3aaT-
HICTb KyNbTYpWU OLIHIOBaNM KOXHi 24 rof KynbTUBYBaHHs. [N BU3HAYEHHS1 aKTUBHOCTI NakTaTaerigporeHasu KOHOUUINHE cepenoBuLle
Binbupanu Ha 24, 48 Ta 72-ry rog KynbsTUBYBaHHS.

Pe3ynbraTtn. Bricoka XnUTTE3AaTHICTb Ta IHTEHCUBHICTL NPOnidhepaTMBHOIO POCTY KIiTUH ClOCTepiranvcb Npu KynbTUBYBaHHI Ha NOBEpPX-
HsAX, mogudikoBaHux AMTECom, anbbymiHom, AMNTEC/gekctpar/ansbymiHom. IMigBuwieHHs nponidpepadii knitnd B16F 10, BupoLeHux
Ha HaHoMNoKpuUTTSX 3 anbbymiHom (P < 0,001) Ta AMTEC/aekcTpar/ansbymiHom (P < 0,001), Big3Ha4yeHo Ha 48 Ta 72-ry rof KynbTuBYyBaH-
HS1, Ha BiAMIHY BiJ KOHTPOMIO Ta iHWMX gocnigHux rpyn. Mpu kynstnByBaHHi Ha nokpuTTi 3 AITTECOoM KinbKiCTb KNiTUH 3pocTana, Ha Bia-
MiHY Bif KNiTUH Ha NOBEPXHi cKerneub, TiNbK1 Ha 72-ry rog KynbTUBYBaHHS.

BucHoBku. JocnigpkyBaHi HaHOMoBepxHi, MoaudikoBaHi anbbymiHom i AMITEC/gekcTpaH/ansbymiHOM, NOKpaLLytoTh XUTTE3AATHICTb Ta
nponicepadito knituH niHii B16F10 Ta MoxyTb 6yTn BUkopucTaHi sik 3D-cucteMu Ans BUPOLLYBaHHS KNIiTUH PI3HUX TUMIB.

Knro4yoBi crnoBa: KynbTypa KniTviH; nponicpepadlis; NOKpUTTS; HAHOMOBEPXHI.

0O.B. WTtaneHko, N.N. l'eskaH, KO.N. Cnneuyk, B.A. Cupsatka, H.H. MatBueHko
®OPMUPOBAHWUE U CBOUCTBA NOJIMMEPHbLIX HAHOMOKPbITUW ANA YNYYLWEHUA POCTA KINIETOK IN VITRO

Mpo6nemartuka. KynsTrBUpoBaHue KynsTyp KNEeTOK Ha CUHTETUYECKMX MOKPbLITUSIX NO3BOSAET MOMYy4nTb KOMMIEKCHYIO MPOCTPAHCTBEHHO
OpraHM30BaHHYI0 KIIETOYHYKO CUCTEMY, YTO MOBBILLAET NPUKPENIIEHNE KNETOK U cnocobeTByeT ux AanbHenwen guddepeHumauum, npo-
nudepauum 1 HOPMUPOBAHUID MEXOYKNETOYHOrO MaTpukca. [1o3ToMy BO3HMKAET HEOOGXOAMMOCTb B M3yYEHUM CBOWCTB MOKPLITUNA, B
YaCTHOCTM BMOCOBMECTMMOCTU C KNEeTKamu, MOCKOSbKY OHW MOTYT ObiTb MCMOMb30BaHbI ANS PA3NNYHbIX BUONOIrMYECKNX 1 MEAULIMHCKMX
“ccrneaoBaHun.

Lenb. 3agaveit Hawmx MccrneqoBaHUi SBMNSIETCA U3yYeHUE BIUSIHWUS HAHOMOKPbITUA, MoauduumpoBaHHbix AINTECoMm, aekctpaHoM,
anbbyMMHOM U MX KOMNO3NLMSIMU, Ha NPONUdEepPaTBHYIO U METABONMMYECKYI0 aKTMBHOCTL kneTok B16F10.

MeToauka peanusauuu. B uccnegosaHun ncnonb3osanu knetkn NuHum B16F 10, koTopble KynbTUBMPOBanu Ha NUTaTenbHOM cpeae
OMEM c go6asnernnem 10 % ®CT, 1 % nennuunnmHa v cTpentommumHa B atMocdepe ¢ cogepxanunem 5 % CO, npu 37 °C B Te-
yeHne 72 4. KneTku BbiceBanu Ha ctekna, MoANMULNPOBaHHbIE HAHOCIIOSAMM B Pa3fINYHbIX KOMOMHAUMAX: KOHTpOnbHasa rpynna —
ctekno; cTtekno/ANTEC; ctekno/ANTEC/gekctpaH; ctekno/AMNTEC/anbbymuH; ctekno/anbbymun; ctekno/AMNTEC/gekctpan/
anbbymyH. BrnusHue nokpbiTUiA Ha nNponmdepaTmMBHbIA POCT U XU3HECNOCOOHOCTb KynbTypbl OLEHMBanu Kaxable 24 4 KynbTuBU-
poBaHus. [Ins onpedeneHns akTUBHOCTU nakTaTAernaporeHasbl KOHAMLUOHHY cpeay oTbupanu Ha 24, 48 n 72-ii Yac KynbTUMBU-
poBaHus.

Pe3ynbraTthbl. Bbicokas )M3HeCnocobHOCTb Y UHTEHCMBHOCTL NPONMAdEPaTMBHOMO POCTa KNETOK Habnoganucb Npu KynbTMBUPOBaHMM Ha
NoBepxHOCTAX, MoanduumpoBaHHbix AMTTECom, anbbymuHom n AMNTEC/gekctpan/ans6ymvHoM. [MoBbilweHve nponudepaummn KneTok
B16F 10, BblpalleHHbIX Ha HAaHOMOKPLITUAX ¢ anbbymunHom (P < 0,001) n AMTEC/aekcTtpar/ansbymmnHom (P < 0,001), oTmeyeHo Ha 48 u
72-14 Yac KynbsTMBUPOBAHUSI, B OTIMYME OT KOHTPONS U Apyrux rpynn. Mpu KynsTuBMpoBaHuM Ha nokpbitum ¢ ANTECoM konnyecTtBo kne-
TOK BO3pacTarno, B OT/I4ME OT poCTa KIeTOK Ha MOBEPXHOCTU CTEKON, TOMbKO Ha 72-1 Yac KynbTUBUPOBAHUS.

BbiBoabl. Vccnegyemble HaHOMOKPbLITUS, MoaMUUMpOBaHHble anbbymuvHoMm u AMTEC/gekcTpaH/anbbyMUHOM, ynyyllakT XU3He-
CnocobHOCTb 1 nponudepaumto knetok NuHnmM B16F10 n MoryT BbITh ncnonb3oBaHbl Kak 3D-cucTembl ANs BblpalliMBaHUsS KNETOK pas-
JINYHBIX TWUMOB.

KnioueBble cnoBa: KynbTypa KIneTok; nponmd)epaumn; NOKPbITUA; HAHOMNOKPbLITUA.
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IX TIIPATAIIIT TA TETTIPATAIII

A.T. Muciopa, J1.l. Ywiii*, C.0. Maminos

[HCTUTYT NprKnagHux npobaem ¢isnkn i biodismkm HAH Ykpaitm, Kuis, YkpaiHa

*Corresponding author: ushiy@ukr.net

Received 1 February 2018; Accepted 18 April 2018

IIpo6aemaTuka. AHaii3 GOTO300pakeHb KPUCTATIYHUX CTPYKTYp, YTBOPEHUX Mill 4yac BUCYILIYBaHHS 0ioJio-
TIYHUX PiIWH, 30KpeMa POTOBOI PiAMHM, IIMPOKO BUKOPUCTOBYETHCS SIK NIarHOCTUYHUI METOJ OLIiHIOBAaHHS
CTaHy OpraHi3My JIOAMHM. AKTyaJIbHOIO 3a1avyelo € po3poOKa aBTOMAaTU30BaHUX METOMIIB YMCJIOBOI MOpdO-
MeTpii 3 BUKOPUCTAHHSIM KOMIT'IOTEPHMX MpOrpaM Il aHali3y BiIMiHHOCTeil ¢opMmu, po3MipiB, TEKCTYpH,
KOJIbOPY Ta KiJIbKOCTI KPUCTATIUHUX CTPYKTYP JUISI BUKJTIOUEHHSI CY0’€KTMBHOTO BHECKY Ta 3aJIeXXHOCTI aHa-
JIi3y Bim KBamidikaliii mociaigHuKa.

Meta. Y po0OTi BHUBYAIOTHCS IPOLIECU IETiApaTalliifHOi CTPYKTypM3allii pOTOBOI piAuHU i Oe3rocepeaHbo
¢opMyBaHHSI KPUCTAIIYHUX CTPYKTYpP B yMOBaX 3aCTOCOBYBaHHSI ITOBTOPHHMX LIMKJIIB Timparailii Ta merimpa-
Talii. BUBYa€ThCS iX BIUIMB Ha YTBOPEHHS KPUCTAJTIYHOI CTPYKTYPM, SIKOCTi ii BiITBOPEHHSI Ha IUMPOBUX
GdoT0300paKeHHIX (allii.

Metoauka peanizaimii. 3pa3ku poTOBOI PiIMHU OTPUMYBAJIU y TPYMU AOOPOBOJBIIIB BikoM 19—23 poku, 4yo-
JIOBIKIB i XiHOK. 3i 3pa3KiB IicJsl iX MOMepeaHbOro MepeMilllyBaHHS i Jerasallii 10 OJHOPIAHOTO CTaHYy Bif-
Ovpaauch A030BaHO Kparuli JOCHiIXyBaHOI POTOBOI PilMHU, SIKi HAHOCUJIMCh MiKpOA03aTOPOM Ha TOPU30H-
TajibHE NpeaMeTHe ckio. [TpoBOAUIMCH LIMKIM YAaCTKOBOI rilpartauii—aerigpararii.

PesyapraTti. Po3risiHyTo mpoliecu MOBTOPHOTO PO3YMHEHHSI TBEPHOi (ha3u BUCYIIEHOI Kparli poTOBOI pi-
nuHu ((arii), ocMOTUYHOTO, AUPY3iiTHOTO, eKCTPAKLiitHOTO TepeMillleHHS] KPUCTAJIOTBIPHUX PEUYOBMH Ta iX
CTPYKTypH3allil ITiCJIsI pO3YMHEHHs KpaIlIel0 HOBOI piIvMHU i merigpaTalii BUCylLIyBaHHSIM. BusiBieHo, 1o
MiI BIJIMBOM LMKIIB TiAparauii—Aeriaparaiil KpUCTaJOTBIpHI PEYOBMHU POTOBOI DPIIWHU TPOIOBXYIOTh
30epiraT¥ CBOI KPUCTAJOTBIpHI BIACTUBOCTI y MoxigHux (auisx. OTpuMaHi pe3yabTaTd TOCTiIKEHHS CBif-
yarh, 10 UMKJIAMM YacTKOBOI Tifparailii—nerinpaTanii (auiii poToBOI piMHU HOCSTAaEThCS (DinbTparist
(ouuniieHHs1) YacTUHU (allii, 110 PO3UMHSIETHCS, BiJl CTOPOHHIX JOMIIIOK, TMiJBUILEHHS YiTKOCTI 300paXeH-
HSI KPUCTAJIiYHOI CTPYKTYPH.

BucHoBku. [Toka3zaHo, 1110 KpUCTaJIOTBIpHI KOMITOHEHTH allii poTOBOI piIMHM 30epiraloTh CBOI KPHCTAJIO-
TBipHi BJIACTUBOCTI ¥ 3HaTHICTh OO IEPEKPUCTATI3allil ITic/Is BUCUXaHHS, a TaKOX 34aTHI BiTHOBIIIOBATU BPiB-
HOBaXX€HMI CTaH IIid BIUIMBOM TigpaTallii po3uMHHUKOM. limparailisi po3YMHHUKOM YacCTUHU IUIOIIMHU
TBepaoi (pallii BiTHOBJIIOE PO3YMHEHHS i €KCTparyBaHHSI KOMIIOHEHTIB (allii B mojie KpaIruli po3YMHHUKA, a
nojajblIa JeripaTallisi BUCYLIyBaHHAM (DOPMYE OHOBJIEHY KpMCTasi3aliiiHy TeKCTypy noxiaHoi auii. [Tpu
1IIbOMY OINTMYHO aKTUBHI JOMIIIKM Ta 3aBaaM (QiIbTpyrOThcsl, a IUGPOBI 300pakeHHST KpUCTalTi30BaHOI
CTPYKTYpH MOXigHOi (allii poToBOi pimvHU (HOPMYIOTHCS OUYUILECHUMM i HaOyBalOTh 3HAYHOI 4iTKOCTi. IIpo-
MOHYIOTBCS PO3pO0JICHI aIropuTMHU, (POPMaJIbHI MpOLeAypU Ta 3aCOO0M OTPUMAHHS €JIEKTPOHHOro (hoT0300-
paxkeHHsI KPUCTaJIi30BaHOI TEKCTYpU MOXiAHUX halliii.

KmiouoBi cioBa: ¢aliis Kparuii; poToBa piAuMHa; TEKCTypa KPMCTaliB; MKW Tigpartalii—nerimpaTauii; mud-
poBa MiKpocKoTist; (hoToMeTpist; aHalli3 (OTO300paKEHHS.

HiYHi coJi, OUIKM, 30KpeMa MYLIMHM, Ta iHIL KOM-

Beryn

Kpucranizaiiss 6iojloriyHOl pifiMHMU OpraHi3-
My — CJIMHM Ta, BilIOBiIHO, POTOBOI PiIMHU —
TeHEeTUYHO 3yMOBJICHA iX BJIACTMBICTh, IO 3a0e3-
MEYyEThCS HASBHICTIO B HUX TIEBHUX OPTaHIYHHMX
Ta HEOpPraHiYHMWX KOMIIOHEHTIB, SIKi MiATPUMYIOTb
piIMHU y MEBHOMY piBHOBaxkHOMYy cTaHi. PotoBa
pimnHa SBIISIE CO00I0 CIA0KOyKHE PiZWHHE cepe-
JOBUILIE, 110 MiCTMTh CEKpeT CJIMHHHUX 303 —
ClUHy, (depMeHTH (aMijnazy i MaiabTO3y), Heopra-

noHeHTtu [1].

BuBuyeHHSs mpolieciB CTPYKTYPHOTO i Makpo-
MOJIEKYJISIDHOTO KPUCTAJIOreHe3y B TaKOMY CKJIaf-
HO OpraHi30BaHOMY CE€peIOBMIIi, SIKMM € pOTOBa
piavHa JIOOMHU, — ONHA 3 aKTyaJbHUX 3adayd O6io-
¢i3ukM, Oe HAyKOBOMY IIOIIYKY METOMIB i po3-
poOJeHHIO 3aCO0iB MJISI YMCIOBOIO aHajlily Xa-
paKTepUCTUK, MOp(OMeTpii Ta TeoMeTpii Kpuc-
TaJi4HOI CTPYKTYPHU LILOIO IOCTYITHOI'O OiOJIOTrivu-
HOTO cyOCTpaTy Hama€eThCsl IMpPiOPUTETHE 3HAYCH-
Hsa [2].

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.

This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited.



Innov Biosyst Bioeng, 2018, vol. 2, no. 2

AHaJi3 BimMiHHOCTeil (popMu, po3MipiB, TeK-
CTypHY, KOJIbOPY 1 KUIBKOCTI KPHUCTaliB, a TaKOX
3aJIeXKHOCTI Bil HAsSIBHOCTI B PilWHI pi3HUX MeTa-
OOJIITIB i 0iOJIOriYHO AaKTUBHUX PEUYOBUH, iHIIUX
XapaKTepUCTUK CHOPMOBAHOIO TBEPIAOTO oOcamy,
YTBOPEHOIO0 BUCYLIYBAaHHSIM Oi0OJOriYHOI piguHU,
IO OTPUMAaB Ha3By (alisl, 3IMILAETbCS CKJIAll-
HOIO aHAJTITUYHOO 3ajaueto [3].

IlepeBaxkHa OUIBLIICTh ITyOJIIKALIINA 1IOAO KPU-
cTati3alii 0ioJOriYHMX PilMH MICTUTh aHaji3 Mpo-
LIeCiB i MexaHi3MiB JAeriapaTaliiiHOI CTPYKTypu3a-
Lii poTOBOI pinvMHU 1 YTBOpeHH: allii Ta ii TeKc-
Typu [1—5]. BusHavyawoTbCsl BIACTUBOCTI pO3MOALTY
IIBUAKOCTE YTBOPEHHSI KPUCTAIiB, HAsSBHICTb AU~
(by3iliHOrO i KOHBEKUIMHOIO IEPEeHOCY PEYOBMH,
10 MICTATbCS B KpaIUli piIMHU IIpM ii BUCYIIY-
BaHHi, (DopMyBaHHS 300paxkeHb Pi3HOI CKJIaTHOCTI
Ta iHII (PI3UKO-XiMiYHiI OOIPYHTYBAaHHSI IIPOLIECiB
KpucTaizaiii. 3a3Ha4a€eThes, 110 ITPOCTOPOBUIL pO3-
OOAi iIEHTUYHMX MOJIEKYJ i HaaMOJEKYISIPHUX
KOMIUIEKCIB, 5IKi B IIMX YMOBaX CTBOPIOIOTh KOHIIEH-
TPUYHI XBUJI, € PE3yJIbTATOM B3a€EMOil OpraHivYHUX
1 HEOpraHiYHMX KOMIIOHEHTIB, a TaKOX Pi3HUX 3Ha-
YeHb OCMOTUYHMX Ta iOHHUX CWJI, TeMIIepaTypHHMX
IOJIiB, MEPEeMilllyBaHHSI, B’SI3KOCTi, T€OMETpil Kpuc-
Tajizaropa, IepeHaCUYEHHSI PO3YMHY Ta IHIIMX YMH-
HUKiB. Bu3HaeTbcs, 1110 yTBOpeHa TeKCTypa Jiio-
TPOIHUX OIOJIOTIYHMX PIiIUH 3aJIeKUTh Bil CTaHY
opraHiaMy. HaiimMeHiIi mopyliieHHs, sIKi TIOB’s13aHi 3
XBOpoOaMu, BedyTh OO 3MiHM XiMiYHOTO CKJIamgy 0io-
JIOTIYHMX PiIMH, a BiAIIOBIAHO, i OYiKyBaHO IO IIEB-
HMX 3MiH TekcTypu daii [1, 6].

BucHoBKM mnepeBaxkHO1 OiJbLIOCTI MyOika-
Lid TPYHTYIOTbCSI Ha aHalizi (poTo300paxkeHb,
OTpUMaHUX 3acobaMu LUPPOBOI Mikpockormii [7].
Pazom i3 M Mmaiike He TIPUIUISIETECS yBaru Cy-
MyTHIM IpoLecaM i siBUILaM, 10 TEX BIUIMBAIOTH
Ha SKIiCTh 1 TOUHICTh aHajdidy LUGPOBUX 300pa-
>K€Hb KPUCTaJIiuHOI TEeKCTYpU alil Ta OKpeMUX
KpUCTaJiB, iX MopdomMeTpii i reomerpii [8]. Ma-
JIOBUBYEHUMM 3aJMIIAIOTLCA BJAcHi  (isuko-
XiMiuHi BjacTUBOCTI alii Ta B3aEMOis MO
CUJl mpu il YTBOPEHHi, MOXJIMBE BUKOPUCTAHHS
a”Hamizy dauiii 'y MeIuKo-0ioJoriYHuX JOCITi-
JIKEHHSIX.

IMopiBHSAHO 3 iHIIMMM 0iOJIOTIYHMMM piAvHA-
MU, 110 MalOTh €HJIOT€HHE TOXOMXKEHHS, BJIACTHU-
BOCTi POTOBOI PiIMHU Ta 11 KPUCTAJTOTBIPHUX KOM-
TIOHEHTIB € JOJATKOBO 3ajJeXHUMM BiJ BIUIMBY i
JOCTYMY 30BHIllIHIX YMHHUKIB (1Xi, BOAM, TIOBITPS
TOIO), 1110 YCKJIAIHIOE JOTPMMaHHS HaJeXHOI yuc-
TOTU ¥ OMHOPIMHOCTI ii 3pa3KiB, a BiIMOBigHO, i
¢orozobpaxkerHHss. HasgBHICT, 30BHIILIHIX YMHHM-
KiB CTBOPIOE TEBHi 3aBaau [Jis SIKICHOTO BiTBO-
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peHHs TekcTypu (auii Ha 1MppoBoMy (HOTO300-
paXeHHi i oro aHaji3 MeTogaMM MIKPOCKOIIil Ta
YKCI0BOI MOpGOMETPIi.

HasBHi y poToBiii pinuHi Ta (alisix 3aJIUILKA
IXi, CKJIagHUKU IMTHOI BOAW PI3HOIO CKJamy, He-
aKTUBHI €JIEeMEHTM Jerpajailii TKaHWH, CTOPOHHI
HEpPO3YMHHI MiKpPOIOMIIIIKM, MHPOAYKTH He3aBep-
LIIEHOT0 MEeTabo1i3My Ta iHIII KOMIOHEHTHU Pi3HOI
ONTUYHOI TYCTUHU CIHOTBOPIOIOTH LIICHY KapTUHY
JNEHAPUTOINOMIOHNX KPUCTALIYHUX CTPYKTYp, SIKi Xa-
PaKTEpU3YIOTh (Pi3MKO-XiMiYHi BJIACTUBOCTI POTO-
BOI piguHU.

VY wiif poboTi Mopsa i3 BUBUEHHSIM ITIPOLIECIB
JIeTigpaTaliiiHOl CTPYKTypH3allili pPOTOBOI piauHU
BUCYIIIYBaHHSIM 10 YTBOPEHHSI TBEPAOIrO CTaHy —
daiii — HaBeAEHO pe3yJbTaTH BJIACHOTO HOCIi-
JIXXKeHHs1 Oe3mocepedHbO (OpMYBaHHS il BJIACTU-
BOCTE B YMOBaX 3aCTOCOBYBaHHSI 3BOPOTHO LIMK-
JIB TigpaTtaulii—aerigparaiii y IopsakKy, 10O 3a-
CTOCOBYBAaBCSl [IJIsi TIEPBUHHO1 JeriapaTaiiiiHOi
CTPYKTypHU3allil Kparjii poToBoi pinuHU. Bupua-
JIMCh YMOBM 1 HaCJiIKM TakKoi [il Ta iX BIUIMB Ha
YTBOPEHHSI KPUCTAJIIYHOI CTPYKTYPH, BiATBOPEHHS
il giTKOoCTi Ta sAKOCTi Ha uM@PpoBUXx (GoTO300pa-
>XKeHHsIX ¢atii [9].

3ajgayero JOCTIIKeHHS € TiIBUIIEHHS KOH-
TPAaCTHOCTI Ta SIKiCHE BiATBOPEHHSI KPMUCTaTiuHOI
CTPYKTYypM (aliii poToBOi pisMHU Ha (oTO300pa-
JKeHHi (biIbTpalli€el0 pO3YMHEHOI 4YacTUHM dhallii
BiI CTOPOHHIX JOMIIIOK LIMKJIAMM YacTKOBOI TiJ-
paTauii—aerigparanii.

Marepiaam i meToau

3pa3ky pOTOBOI PiAMHU OTPUMYBAJIU B Ipy-
nu A00poBOJbLIB BikoM 19—23 poku, 4OJOBIiKiB
i XiHoK, HaTwe. 3i 3pa3KiB Iicas ix mMornepen-
HBOT'O IEepeMilllyBaHHS i JAerasalii 10 OZHOPiI-
HOro CTaHy BigOMpaJuCh O030BaHO Kparli J0-
CIIiIXKyBaHOI poTOBOI piauHuU 006’emoM 0,02 M
IJIS HAaHECEHHST MiKpOJd03aTOPOM Ha 3HEXUpPEHE
MpeaMeTHEe CKJIO, po3MillleHe ropu3oHTaibHO. Ha-
HeceHa Kparuisl yTBOploBaJla TUCKOMOIIOHY CTPYyK-
Typy AiameTpoM 5—7 MM 3 TOBILIMHOI0O (BUCO-
TOI0) B CepearHi 0Ju3bKO 1 MM.

HoTpuMaHHSI YMOB MOBTOPIOBAHOCTI HaHe-
CEHHs Kpallli Ha MpeAMeTHEe CKJIO, BEPTUKAJIbHOTO
iX LIEHTPYBaHHS IOCSTajoCh 3aBISIKU 3aCTOCYBaH-
HIO CTBOPEHOI yCTaHOBKHU (puc. 1), sika Mae Tpu-
CTPOI pEeryaioBaHHS TOPU3OHTAIBLHOCTI PO3MIillleH-
HSI TIPEAMETHUX CKEJEllb 1 BUIBHOIO BEPTUKAIBHO-
ro TMaJiHHS KaIlli Ha CKEJIbLIE 3 OJHAKOBOI BUCO-
TH. YCTaHOBKA CKJIAAAETLCS 3 KOpNnycy I, y SKoMy



112

Innov Biosyst Bioeng, 2018, vol. 2, no. 2

NEEE

Pucynok 1: YcraHoBKa ISl MATOTOBKY Kpariejb POTOBOI PiIWHM ISl AETiapaTaliifHol CTPYKTYpH3allil iX BUCYIIyBaHHSIM JI0 TBEp-
JIOTO Ocajy i OTpuMaHHsI LUGPOBOro 300pakeHHs: | — KOPITYC KaMepu 3 MPUCTPOSIMU ISl BCTAHOBJIEHHSI TOPU3OHTAIBHO TUIAH-
LIEeTH 3i CKeJbUsIMU; 2 — OTBOPU JIsl BEPTUKAJILHOTO LIEHTPYBaHHSI MiKpojo3aropa; 3 — Mikpoao3atop; 4 — KpMIlKa 3i BCTAHOB-
JIEHUMU B Hiil ceHCOpamMM KOHTPOJIIO BOJIOTOCTi if TeMmepaTypu; 5 — HaHECeHHs! BEPTUKAJIbHO Kparuli pOTOBOI PilMHU AJIsI BUCY-

LIyBaHHS; 6 — ONTUYHO-IIM(MPOBUIA MiKPOCKOTT

BCTAaHOBJIEHO TIPUCTPOI IJII TOPU3OHTATBLHOTO PO3-
MillIeHHSI TIAHIIEeTH 3 TTPeIMETHUMM CKEJbIISIMU B
Kinbkocti 10 wt. B orBopu 2 y BepxHiii 4yacTUHI
MPHUCTPOI0 BEPTUKATBLHO BCTAHOBIIOETHCS MIiKpPO-
mosarop I1-1 3.

ITicng HaHeceHHs1 BepTuKaibHO 10-TW 3pas-
KiB Kparuli piIMHU Ha CKeJiblisl 5 KaMepa YCTaHOB-
KA HaKPUBAETHCS KPUIINKOIO 3i BCTAHOBJICHUMHU B
Hili ceHcopaMM KOHTPOJIIO BOJIOTOCTi i Temmepa-
Typu 4. Hamani 3pa3ok miggaBaBcsl AerimpaTarliii-
Hill CTpyKTypu3alii BUcylyBaHHIM (f = 20—25 °C
i BiTHOCHA BOJIOTiCTh TOBiTps 65—70 %) TIpoTITOM
6—8 rox mo TBepmoro craHy (darrii).

udposi dororpacdii yrBopeHoi Ha Tmpen-
METHOMY CKJi (pallii poTOBOi piiMHU OTpUMYBa-
JIU 32 JOTOMOTrolo usb-Mmikpockomna 3 2-KpaTHUM
30iJIbIIEHHSIM Ta PEECTpAlli€l0 30HHOI TEKCTypu
damii Kparn eJIeKTpOHHO-IU(PPOBUM MiKPOCKO-
nom LCD MICRO 40x—1600x Bresser 6 i3 4-xpart-
HUM 30iJbLIEHHSIM.

Otpumani poro3zodpaxkeHHs daii 3 10-kpat-
HUM 30iJbLIEHHSIM BUKOPUCTOBYBaIW IS BUSIB-
JIEHHS ¥ aHaJjli3y 3MiHM KpUCTali30BaHOI TEKCTypH
¢arii, a TaKoOX CITiBBIZHOIIIEHHSI OINTWUYHOI IIiJIb-
HOCTI il KOMIIOHEHTIB OKpeMO IT0 30Hax (ailii.

doro300paxennsa dairii 3 40-KkpaTHUM 30iJ1b-
LLIEHHSIM BUKOPUCTOBYBAJIM ISl BUSIBJICHHSI 11 aHa-
JIidy 3MiHU TeoMeTpii AeHAPUTHOI TeKCTypu KpucC-
TajiB (alii, yTBOpeHUX iX po3rajyKeHb, KYyTiB Ta
iHIIUX XapaKTepUCTUK MOPPOMETPii.

OTrpumaHO Ta mimgaHo aHajidy Oinbine 1000
11GpoBUX 300paKeHb MOXiAHUX (allii pOTOBOI pi-
JUHM Ha Pi3HUX CTafisIX CTPYKTypu3allili # yTBO-
PEHHSI TEKCTYpU KPUCTaliB TMepBUMHHOI (hallii Ta ii
MOXiTHUX TPU 3aCTOCYBaHHI ULMKIIIB Timpartailii—
Jerinparailii, pisHMX YMOB BILUIUBY CUJ OCMOTHUY-
Horo, Auy3iiHOro MepeMillleHHSI KPUCTaloTBip-

HUX PEUYOBMH, iX CTPYKTYpuU3allilo Micasl po3uu-
HeHHs (daliil KpanisiMyd HOBOI PiAMHU Ta iX Aeri-
parailii BUCYLIIyBaHHSIM.

Pe3syabTaTu

3arajbHOI0 MOIIOHICTIO 300paXeHb CTPYKTY-
pu alliii Kparul poToBOi pilMHUA BUSIBUIOCH YMOB-
HE TPU30HHE YTBOPEHHSI KPUCTAJIYHOI CTPYKTYpH
3 LIEHTPaJbHOIO, MPOMIXXKHOIO Ta MNepudepUYHOIO
(kpaiiHbOl0) 30HaMHU (puc. 2).

Pucynok 2: lludpoa dotorpadis arii poroBoi pimwHu, e
BUIHO XapaKTepHe BillLlEHTPOBaHE 3MEHIIEHHSI ONTUYHOI IIiTb-
HOCTi TBEPAUX KPUCTAIOTBIPHUX PEUOBUH 3 YMOBHUM TOIIJIOM
Ha 30HU: [ — IeHTpajibHa 30HA; 2 — TMPOMiXHA 30Ha; 3 —
KpaitHs (mepudepryna) 3oHa. 30LTbIICHHS 2x

BucuxaHHs Kparii NpuBOAUTHL A0 PyXy Til-
podinbHUX iOHIB y HaMpsIMKY PiAMHHOI (ha3u, a
coJieil — [0 LieHTpa Kparuii (COJIbOBOTO LIEHTpa) 3i
3HUKEHHSIM ONTUYHOI TYCTUHM Ha 300paKkeHHi
dauii Big ueHTpa mo nepudepii. Mopdororisa 30H-
HOT'O MOy OOYMOBIIOETHCSI BIIMBOM XiMIi4YHOTO
CKJIamy CIMHM Ta (Pi3MKO-XiMiYHOI B3a€MOZii i0H-
HUX, OCMOTUYHUX i COpOLiIMHUX CWJI y Kparuli pi-
JIVMHU TIpU ii BUCYIIIYBaHHi.



Innov Biosyst Bioeng, 2018, vol. 2, no. 2

113

KoxHa i3 30H Mae HalmoOBHEHHSI CTPYKTypamu
pi3HUX (GopM i pi3HOI OpieHTaLil B IIpocTopi, pi3-
HOI KiJIbKOCTI Ta IUIOLMHU A€HAPUTIB i KpUCTAJIiB.

3acrocoBytoun 4-, 10-, 40-kpaTHe ONTUYHE
30LIbIIEHHS MIKPOCKOIIA, PEECTPYBaJM KpUCTali-
30BaHi TeKCTypu (allii poTOBOI PifMHU B KOXHIi1
30Hi 3 XapakKTepHUMM o3Hakamu. Ha puc. 3 moka-
3aHO BiIMIHHOCTI KpPUCTaJOYyTBOPEHHS B pi3HUX
30Hax ¢anii. HaiiGinbil akKTUBHUI pIiCT KpUCTa-
JIiB criocTepiraBcsl y LEeHTpaibHil 30Hi (alii, ne
YTBOPIOBAJIMCS Pi3Hi 3a (POPMOIO Ta PO3MIlLIEHHSIM
ctpyktypu (), y T.4. CXOXi Ha JIUCTKU IAriOPOTi.
IIpuithsato BBaxkatu [1—4], 1wo ginssHKA dauiii i3
TEKCTYPOlO KPHUCTAJIiB, TMOJIOHOIO JIMCTKAM Maro-
pOTi, BUHUKAIOTh YV 30Hi BIJIBHOI'O POCTY KpHUCTa-
JIiB, 1 110 XapaKTepHO, HalyacTillle Taka TeKCTypa
npuTamMaHHa QallisiM Kparjli poTOBOI PiIMHU Y
310POBOI JIOIVHHU.

Pucynok 3: 300paxeHHsI HalTOBHIOBaUiB pi3HUX 30H (allii po-
TOBOI pimMHU: [ — IeHTpajbHa 30Ha; 2 — MPOMiXHa 30Ha; 3 —
KpaitHs (mepudepryHa) 30Ha. 30LTbIICHHS 4x

Ha 3o00paxeHHi, oTpuMaHOMy TIpu 4-Kpart-
HOMY 30ilbllIeHHI MikpocKoma (puc. 4a), BUIHO
MO3aiKy PO3MillleHHs KpUCTajiB y (allii, a TaKox
B3a€EMHE PO3MILLIEHHSI OKPEMUX KPUCTAIYHUX YTBO-
pE€Hb, CITiBBIJHOIIEHHS MOBXWH Ta ILIMPUH TUIOK
KpuCTatiB, KyTiB ix 3runy. [Ipu 10-kpaTHOMY 30i1b-
1eHHi (puc. 46) MOXHa BU3HAYUTU KiIBKIiCTh i
XapakTep po3rajly>keHb OCHOBHOTO CTOBOypa, KyTH
posranyxeHb. I1pu 40-kpatHOMY 30iNblIIEHHI MiK-

pockona MoXHa 0auyuTh (OpPMU BEepXiBOK Bif-
POCTKIiB MIiKpOKpUCTaJIiB Ta IHIIMX €JIEMEHTIiB
(puc. 48) |7, 8].

PazoM i3 MM Ha BCiX 30UIBLIEHHSIX MiKPOCKO-
na OyJI0 MOMIYeHO, 110 Bi3epyHOK KPHUCTaIiB 4acTo B
pPi3HUX OUISIHKAX MICTUTh TE€MHi ONTWUYHO ILJIbHI
3epHa YOPHOTO KOJBOPY HEKPUCTATIYHOI MPUPOIU.
Binomo [10], 1110 3aBagu CTBOPIOIOTH HAsIBHiI B pOTO-
Biil pimuHi Ta aLisiX ONTUYHO I1IiJIbHI, HEAKTUBHI,
HEPO34YMHHI 1 HEKPUCTAJIOTBIPHI pEYOBMHM 30BHIlII-
HBOTO MOXOMKeHHsI. Lle HeaKTHMBHI eleMeHTH nerpa-
Jallil TKAaHWH, CTOPOHHI HEPO3YMHHI MiKpOAOMIIIIKH,
3IMIIKMA DXKi Ta iHIII KOMIIOHEHTH, 3JIMIIKU SIKHX
3aBXIM MICTSIThCS Y Kparuti poToBoi pimnau. Mizny-
HUM OYMILIEHHSM TOPOXHMHU pPOTa TOJOCKAHHSIM
BOJIOIO JOCSITAIOCS 3MEHIIEHHS KOHIICHTpallil 3aBaj,
ajie TIOBHICTIO MO30YTHCS iX BIUIMBY Ha 300pakeHHS
KPHUCTAJIiB He BIaBajocs (OuB. puc. 4).

CsoiMm BMicTOM Y ¢hallii Ta MOAIOHICTIO 3a OIl-
TUYHOIO LIUIBHICTIO IO KPUCTAIiB TaKi YTBOPEHHS
CIIOTBOPIOIOTh peajibHi T€OMETPUYHI pO3Mipu Kpu-
CTaJliyHOI TeKCTypHu alii i, SIK HaclimoK, BHOCATh
MOXMOKY y BUCHOBOK MpPO YAaCTKYy ONTUYHO WIiIb-
HUX KPUCTaJiB Ha MiKpPOCKOMIYHOMY 300paKeHHi.
BinnoBigHo, BOHUM € 3aBajol0 Uil OTPUMAHHS YiT-
Kux (¢oTo300pakeHb i TOYHOCTI ix aHamizy. Ha-
camIiepe]l 1€ CTOCYBaJIOCh MOXUMOOK TMPU BEJIMKOMY
30UIbLIEHHI MiKpOCKOMa, KOy Tpeba OTpMMYBaTU
dakTUYHI pPO3MipH i CHIBBIMHOIIEHHS KOMITOHEH-
TiB KPUCTAJIiYHOI CTPYKTYpHY, OLIIHIOBAaTU TEKCTYpY
W okpemi ii 30HM MeTtomamMu MopdomeTpii Ta
KOMIT'IOTEPHOTO aHaJIi3y.

JJ1s1 BUBYEHHSI YMHHMKIB 1 BJIAaCTUBOCTEN OUYU-
LIIEHHSI YTBOPEHOI (allil Bill HEaKTMBHUX HEPO3-
YUHHUX JOMIILIOK 3aCTOCYBaJiM PO3YMHEHHS Iep-
BUHHOI (allii MmeBHOI Macu I0JAaTKOBO IOJAHOIO0
Kparielo po3uMHHUKA (BOIN).

Teepauii cybcTpaT mepBMHHO YTBOPEHOI (a-
1ii MOKpMBaBCS HOBOIO Kparjel pO3YMHHUKA
(IMCTUIBOBAHOI BOAM), SIK TOKa3aHO Ha puc. 5,
crnocTepirajlach MOBHaA Tigparailisd artii, micas
yoro 3liliCHIOBajach Jerijparanis BUCYILIYBaH-
HSIM

Pucynok 4: 300paxeHHsI KPUCTaJiYHUX YTBOPEHb Y 30Hi KpucTaiizailii ¢arii potoBoi pinuuu. 30inbiieHHs: (a) 4x; (6) 10x;
(B) 40x (cTpiJiKaMM BKa3aHO Ha 3a0pyIHIOBaJbHI KOMIIOHEHTH)
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Pucynok 5: Cxema HaHECeHHS ILIEHTPOBAHO KpaIlli BOTHOIO
pPO3YMHHMKA Ha allito poTOBOI pimMHU IS ii TigpaTaiii Ta
MOJAIBIIIOTO0 3HEBOIHEHHST BUCYIITYBaHHSIM

IIukn 3aBepillyBaBcS OTPUMAaHHSIM TBEpIOI
(asu awii — nmoxigHoi mepBUHHOI (allii poToBoi
pPiIMHU, 3 OHOBJIEHOIO TEKCTYPOI KPUCTaJOyTBO-
peHHs Ta il MiKpocKomiyHoro 3o0paxeHHs. TobTo
JIOMaBaHHSIM O0’€MY PO3UMHHUMKA JOCSTAIOCh 3MEH-
LIIEHHSI 3HAYEHHSI MTOYAaTKOBOI KOHILIEHTpaLIil KpHcC-
TaJIOTBIipHMX PEUYOBUH Y PO3UMHI Ta CTBOPIOBAJIUCH
YMOBM ISl KPUCTAJIOYTBOPEHHSI MOAAIBIIOK AETi/-
parali€l0 HOBOYTBOPEHOIO PO3YMHY BHUCYIIYBaH-
HSM 3 YTBOPEHHSIM IOXiIHOI TepBUHHOI (allii B
MOPSIAKY, 110 3aCTOCOBYBaBCS ISl OTPUMaHHS Tie-
PBUHHOI (pallil poTOBOI piAMHU.

Amnai3 300paxkeHb (alliil Iicjs TOBTOPHOI Tifd-
patauii—aeriaparallii moxkasas, 10 MicIs LUKy Tid-
pataLii rmepBUHHOI (pallil 3 NoJaJIbIIOK Jeriapara-
Li€ro noxigHa ¢allist 30epira€ KpucTajaoTBipHi Biac-
TUBOCTI i 3JATHICTH OO TIepeKpucTamisalii. 30i1b-
LIeHHs (IoJaBaHHS) KiIbKOCTI BOIHOIO PO3YMHHU-
Ka BIUIMBAa€ Ha MEPEPO3MNOALT KOHLEHTpallil KOM-
MOHEHTIB (hallii, rizpaTauiiH1X, IOHHUX i OCMOTHY-
HUX CWJ MIepexody il KOMIOHEHTIB 10 HOBOro ¢i-
3UKO-XiMiYHOTO CTaHy, AeriapaTaliiiHOI CTPYKTYpHU-
3allil Ta KpucrajoreHesy. IIlpoTe Ha3BaHUMU OiSIMU
HE JOCSTa€ThCsS OYUILEHHSI HOBOYTBOPEHOI (alii
Bil CTOPOHHIX HEPO3YMHHUX PEYOBUH-IOMIIIOK,
SIKi CBOEI0 ONTUYHOIO IIUIBHICTIO (POPMYIOTH I1O-
XUOKy TeoMeTpili Ta TEKCTypUu
KPUCTAJIOYTBOPEHHS B TOXiTHUX
damisx.

s oTpuMaHHS OYMIIIEHOTO
300paxeHHs1 OyJI0 3acTOCOBAHO
iHmM migxin. Kpamiasg po3uuH-
HUKa (BoAM) HaHOCUJIach Ha ¢a-
1ilo Tak, 1100 BOHA IOKpHUBajia
TUIOLIMHY Dallii yacTKOBO, a iHIIa
11 yacTMHA MOKpYBaja YUCTe Mpe-
METHE CKJIO, TOOTO CTBOPIOBAJIMUCH
YMOBHM OOMEKEHOTO JOCTYITy pO3-
YUHHUKA OO0 TOBepxHi arii i ii
YaCTKOBOI TigpaTaiuii Ta mAil cui
ekcTpakuii (puc. 6).
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Pucynok 6: CxeMa HaHeCeHHsI Kparuli BOZTHOTO PO3UYMHHUKA 3
YACTKOBUM MOKPUTTIM (pallii poToBOI pimwHM I ii rimpaTairii
Ta MOJAIBIIOTO 3HEBOAHEHHST BUCYILITYBAaHHSIM

ITpu yacTkoBilt rimparaiii cyxoi ¢auii Kpar-
JIel0 PO3YMHHMKA BUHUKAJIO SBUIE €KCTpaKilii
KPUCTAJIOTBIPHUX KOMIIOHEHTIB i3 Tijla TBepAOl
dallii B Kparuio po3uMHHUKA, SIKi Ticas mpoBee-
HOTO BUCYLIYBaHHSI Kparuli BiATBOPIOBaIW Bi3epyH-
KM KPUCTATIUYHOI CTPYKTYpW, MpUUOMYy O€3 HasiB-
HOCTi 3a0pyIHIOBaJIbHUX AOMIILOK, 1[0 HAaMOBHIO-
BaJId MEPBUHHY (allito.

Ha puc. 7a nomaHo ¢oTo300paxeHHs Kpuc-
TaJliYHOI CTPYKTYpU (pallil MepBUHHOTO YTBOPEH-
Hsl, € CTpiJIKaMU TOKa3aHO BKpAarUIeHHS 3ajIull-
KiB 1Xi, 3JIyLIEHUX eINTeTiaJbHNX KIITUHHU TIOPO-
)KHUHU pOTa Ta iHIIMX CTOPOHHIX HEAKTUBHUX pe-
YOBMH, $IKi CIMOTBOPIOIOTb ONTUYHY KapTUHY MNpU
OLIiHKax TapaMeTpiB KPUCTaJIiB i SIKi MOXYTb BHO-
CUTHU TOXMOKY TNpU aBTOMAaTU30BaHiii 0OpoOlli 30-
OpaxxeHb.

Ha puc. 76 momano ¢oto3o0paxkeHHs arlii,
YTBOPEHOI i3 3aCTOCYBaHHSIM METOAY YacTKOBOI
rigparaiuii TBepmoi ¢alii Kpamieo piIuHH, €KCT-
paryBaHHSI 10 Hel KPUCTaJOTBIipHUX PEUYOBUH i3
TBepaoi ¢allii Ta MojajablIOro LUKIY Aeriaparailii
3 YTBOPEHHSIM KapTMHM KpuCTajoreHesy. BiaMiH-
HIiCTb KOHTPACTHOCTI KPUCTaJIiYHUX YTBOPEHb BU/I-
HO Mpu TOpiBHSHHI (oTorpadiii 30HM KpucTai-
3amii (arii oJHOTO i TOro X 00’€KTa.

a 0

Pucynok 7: ®oT0300pakeHHs] ACHAPUTHUX KPUCTAJIOYTBOPEHb POTOBOI PilMHM:
(a) 3 HasIBHICTIO 3a0pyIHIOBAJIbHUX PEUYOBUH (TEMHI IUISIMM YOPHOTO KOJIbOPY ITOKa-
3aHO cTpiiKamu); (0) dhoTo300paxkeHHsT Ti€l XX KPUCTAJiYHOI TEKCTYpU BUCYILIEHOI
CyMillli 3 pOTOBOI PiMHM, OTPMMAHOI METOJOM YaCTKOBOI Tifparallil 3 MOJaJbIION
nerigparaii€to. 30iabiueHHs 10x
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OTrpuMaHi pe3ylbTaTH OOCIHIIKEHHSI CBiIYaTh,
10 IIMKJIaMM YacTKOBOI Timparauii—aerigparamii da-
Lii1 pOTOBOI PiIMHU AOCATAETLCST (DIIbTpaliis (OuM-
LLIEHHS) pO3YMHEHOI YacTMHM (allii Big HeaKTUBHUX
CTOPOHHIX [IOMIIIOK, MiABUILIEHHS YITKOCTI 300pa-
JKeHHSI KPUCTAJIiYHOI CTPYKTYpU, YOI'O HE BIABAJIOCS
JOCSITA paHile. fIK HacaigoK eKCTparyBaHHsI Ha
puc. 8 — MexXa KOHTaKTy IBOX cepeaoBuill. Baxinpy
(byHKIIi}0O OYMILIEHHSI KpaIUli Bil, HEAKTUBHUX OOMi-
IIIOK POTOBOI PIAMHM BidirparoTh IIPOLIECH, IO BU-
HUKalOTb Ha MeXi KOHTaKTy 4YaCTMHM IUIOILMHU
TBepaoi allii 3 Kparuier po3YMHHUKA.

Pucynok 8: ®oT0300paxeHHs] KPUCTATiYHOI TEKCTypU BUCY-
IIEHOI CYMIllli 3 POTOBOI PIAMHM i AUCTWIBOBAHOI Bomu: [ —
noje artii, YaCTKOBO 3MOYEHOI Kparuieio, 2 — ToJie Kparuti
PO3YMHHUKA 3 €KCTPAaroBaHUMH Yepe3 MeXy KOHTAKTy KOM-
noHeHTamMu. 30inbieHHs 10x

Ha Mexi KOHTaKTy HepyXOMOIO TBEPAOIO ILIapy
¢awii poToBOI pimMHM, IPU 3MOUYYBAaHHI MOro vac-
TUHOIO Kpallli PO3YMHHUKA, CTBOPIOIOTHCS YMOBU
JIJIS1 TIPOLIECY €KCTpaKllii KpUCTAJOTBIPHUX PEUYOBUH
i3 (halii, 1e iX KOHLIEHTpallis BUCOKa, B MOJIe Kparuli
PO3YMHHMKA, 110 B 3arajJlbLHOMY BMIIAAKYy BKJIIOYAE:
MIPOHUKHEHHSI BOIHOTO PO3UMHHUKA €KCTpareHTa B
Iopu TBEpIOro Matepialy dalii poTOBOI pPiIMHU,
PO3YMHEHHSI KOMITOHEHTa KPUCTAJIOTBIPHUX PeUo-
BUH Ta iX IIEPEHECEHHSI B IPOCTIp KpaIlli CUIaMu
eKCTpaklii. 3aBIsSIKM 1ILOMY BilIOYBA€TLCSI iX BUITY-
YeHHSI 3i 3BOJIOXKEHOI CyMillli (paliii poToBOI piauHU
3aBASKM nudy3ii Ta ekcTpakiii. HeliTpasbHi Hepo3-
YMHHI JOMIIIKM HE MPOSBISIOTh TOCTaTHbOI iOHHOI
CUJIY, 3aJIMILAIOThCA B Toni (pauii. Tum camum go-
caraeTbcsl (QinbTpallisi, ouuilieHHs alliii poTOBOI
PiIVHU BiJl CTOPOHHIX HEPO3YMHHUX MiKPOIOMIIIIOK,
YOTro He BAaBAJIOCS JOCATTU TMOIEpenAHiMu MeToaa-
MU. AK HacJiloK, 3HAYHO TiABMUIILYETbCS TOUYHICTb
aHaJlizy KpucralaiuHux arperatiB mpu 10- Tta 40-
KpaTHOMY ONTWYHOMY 30UIbILIEHHI 1 BUMipIOBaHHI
TaKMX TapaMeTpiB: JOBXMHA Ta IIMPUHA OCHOBHOTO
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CTOBOYpa; CTYIIiIHb KPUBU3HM OCHOBHOIO CTOBOYpa;
KUIbKICTb 1 XapakTep po3rajay*keHb OCHOBHOIO CTOB-
Oypa: ramyxkeHHSI 1-, 2-ro MOpsAKY, KyT TaldyXeHb;
¢dopMa BEpXiBOK BiIpPOCTKIB MIKPOKPUCTAIIB (CIIU-
conofibHa, okpyria) Touo (puc. 9).

OpepxaHa IIPOIIOHOBAHUM CITOCOOOM  YiT-
KiCThb 300pakeHHS KPUCTAJiYHOI TEeKCTypd IIin-
BUILYE TOYHICTh KOMIT'IOTEPHOI OOpPOOKM MiKpo-
CKOITiYHUX (HOTO300paxeHb Ta OLIHKY KpHCTa-
JIIYHMX arperaTiB, YTBOPEHUX OiLJIKOBO-COJbOBUMU
KOMITIOHEHTaMU POTOBOI PiAVHU.

B
Pucynok 9: 300pakeHHsSI KPUCTAiYHUX YTBOPEHb, OTPUMAaHUX
LIMKJIAaMW YacTKOBOI TimpaTauii—aerigpaTaiii, y 30Hi KpucTa-
Jizanii 3paska ¢aitii potoBoi pimzmHu. 30inblIeHHS: (a) 4x;
(6) 10x; (B) 40x
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BucHoBku

KpucranorBipHi koMmnoHeHTH aliii poTOBOI
pimuHU 30epiraloThb CBOI KPUCTAJOTBIpHiI BIACTU-
BOCTI Ta 3[aTHIiCTh A0 IepeKpucTaji3allil IIicasl BU-
CUXaHHS i MOXYTh BIJHOBIIOBAaTU PiBHOBaXXHUIA
CTaH i BIUIMBOM TiApaTaliil pO3UMHHUKOM.

lippartauisi po3YMHHMKOM IIOBHOI ILIOLIMHU
TBepHoi allii poTOBOI PiAMHU BiIHOBIIOE PO3YM-
HEHHsSI KOMITOHEHTIB allii, a momajbliia Aerigpa-
Tallisi BUCYIIYBaHHSIM (hOPMYE OHOBJIEHY KpUCTa-
Jli3auiiiHy TekcTypy noxigmHoi ¢awii. Ilpu mpomy
OINTUYHO aKTMBHI JOMIIIKHM i 3aBaiy 3JIMILIAIOTHCS
Ha HU(PPOBUX 300paKEHHSIX.

lNpoparauisi po3YMHHUKOM YaCTUHU TLIOLIM-
HU TBepnoi (allii poTOBOI PiIMHU BITHOBJIIOE PO3-
YMHEHHS 1 eKCTparyBaHHSI KOMIIOHEHTIB (alii B
moje Kpalli po3YMHHMKA, IX CTPYKTypyBaHHS, a
nojaibliia [Oeriaparalisl BUCYLIYBaHHSIM (dopMye
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OHOBJICHY KpUCTali3alliiiHy TeKCTypy MOXimHoi ¢a-
wii. IIpy nboMy ONTUYHO aKTHMBHI AOMIIIKM i 3a-
Baay (piAbTPYIOThCS, a LU(POBI 300paKeHHS KpU-
CTali30BaHOI CTPYKTYpM MOXigHOI (allili pOoTOBOI
pinuHU  (HOPMYIOTBCS OUMILEHUMU i HaOyBarOTh
3HAYHOI YiTKOCTi.

BukopucranHs ouuileHUX (oTo300pakeHb
KPUCTAJIiB POTOBOI PiIMHU € BaXXKJIMBUM €JIEMEH-
TOM IJi1 po3pO0JII0OBaHUX METOIIB YMCIOBOI MOp-
¢domeTpii, IpU3HAYEHUX IJISI OLIHKU CTaHy JIIOOM-
HHU, 30KpeMa 3aXBOPIOBaHb POTOBOI IMOPOXHUHU i
3y0iB, Ta 3MEHIIEHHS MOXUOKU OLIHKM CIeIrdIiKu
¢dopmu, po3MipiB, TEKCTYpPU TOLIO SIK IMOOIMHOKUX
KPUCTAJIIYHUX CTPYKTYpP, TaK 1 IX KOMILIEKCIiB aB-
TOMAaTU30BaHUMHM KOMIT IOTEPHUMU TTpOTrpaMaMH.

VYV nopaiblioMy aBTOpY IUIaHYIOTh CTBOPUTHU
nporpamMy Jjisi aBTOMaTM30BaHOI OOpOOKM 300pa-
KeHHs (halliif Ta JOCHiAUTYU BIUIMB BOAU Pi3HOTro i-
3UKO-XiMiYHOTO CKJIaay Ha POTOBY PiIMHY JIIOAWHM.
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A.l'. Muctopa, J1.W. Ywun, C.A. Mamunos

KPUCTANNOOBPA30BAHMUE B ®ALIUAX POTOBOW XXMAKOCTU LIMKIAMU UX TMOPATALMN U OETMOPATALMN

MNpo6nemaTtuka. AHanna OTON306paKEeHU KPUCTaNNNYECKUX CTPYKTYpP, 0Opa3oBaHHbIX MPW BbICYLUMBAHUN BMOMOrMYECKUX XnaKo-
CTel, B 4aCTHOCTU POTOBOW XXMAKOCTM, LUIMPOKO UCMONb3YETCs Kak AMarHOCTUHECKUA MeTO[ OLIeHKW COCTOSIHWSI OpraHusma 4Yenoseka.
AKTyanbHOW 3agadei siBnseTcs paspaboTka aBTOMaTU3MPOBAaHHBIX METOAOB YUCNEHHON MOPMOMETPUN C MOMOLLbIO KOMMbIOTEPHbIX
nporpamMmM Afs aHanusa pasnuunini PopMbl, Pa3MepoB, TEKCTYPbl, LBETa U KONMMYECTBa KPUCTANMYECKUX CTPYKTYP AN UCKIOYEHUs
CYOBEKTUBHOIO BNOXEHWS U 3aBUCUMOCTM aHanvaa oT kBanudukauum nccnegoeartens.

Llenb. B paboTte m3yyaloTca npouecchkl AernapaTaurMoHHON CTPYKTYpU3aLmMmn poTOBOW XWUAKOCTU M HENOCPeACTBEHHO (DOPMUPOBaHNSA
KPUCTanNM4ecknx CTPYKTYp B YCMOBUAX NPUMEHEHMs NOBTOPHbIX LMKIOB ruapatauum n gervaparauun. Mayvaetcsa nx BnusiHue Ha o6-
pasoBaHue KpUCTannmyeckon CTPyKTypbl, KaUeCTBO ee BOCMpon3BeAeHMs Ha LndpoBbIX hoTonsobpaxkeHusIx daumm.

MeToavka peanusaummu. ObpasLbl pPOTOBOW XWMAKOCTY NONyYanu y rpynnbl 4o6poBonbLEeB B Bo3pacTe 19-23 neT, MyX4uH 1 XKEHLLWH.
C obpasuoB nocne vx NpeasapuTenbHOro NepemeLLBaHus U Aerasaumm 4o 04HOPOAHOMO COCTOSHUS O0T6upanuch 403MpoBaHO Kanmm
nccnenyeMor poToBOW XMAKOCTM U HAHOCUNCh MMUKPOA03aTOPOM Ha ropu3oHTanbHoe npegmeTHoe cTekno. [poBoaunuch LKLl Ya-
CTWUYHOW ruapaTtaunn—aernapataumm.
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Pe3synbTaTtbl. PaccMoTpeHbl npoLiecchbl NOBTOPHOIO pacTBOPEHWs TBeEpAON hasbl BbICYLLEHHOWN Kanmu poTOBOW XUAKOCTU (daumm), oc-
MOTUYecKoro, AMddy3HOro, aKCTPaKLMOHHOTO NepeMeLLieHUst KpucTannoobpa3oBaBLUMXCS BELLECTB U MX CTPYKTypu3auuu nocne pac-
TBOPEHWSA Kammew HOBOW XWAKOCTU W Aermpgpatauuv BbiCyluMBaHWeM. BbisBneHo, 4To nop BAMSHMEM UMKIOB ruppartaumn-—
Aeryapartauun KpUcTannmnsnpoBaHble BeLecTBa POTOBOM XUAKOCTY NPOAOIKAOT COXPaHSATL CBOWM CBOWCTBA KpucTannoobpa3oBaHus B
npon3BoAdHbIX daumsix. MonyyeHHble pe3ynbTaTbl UCCMENOBAHWUSA CBUAETENbCTBYIOT, YTO LMKNAMWU YaCTUYHOW rvapaTaumn—aerna-
paTtauun daumnii poTOBOW XWUAKOCTU AOCTUraoTCa hunbTpaumns (o4ncTka) Yactu daumm, KoTopasi pacTBOPSIETCS, OT NOCTOPOHHMX Npu-
Mece, NOBbILLEHNE YETKOCTU N306pakeHNs KpucTanim4yeckon CTPpyKTypbl.

BbiBogbl. [okasaHo, YTO KOMMNOHEHTbLI KPUCTaNnoobpa3oBaHus daLuy pOTOBOW XUAKOCTA COXPaHSIIOT CBOW KpUCTaninyeckme CBOM-
CTBa 1 CNOCOBHOCTL K NEPEKPUCTannn3aummn Nocne BbiCbIXaHWs 1 CocobHbI BOCCTaHaBMMBAaTb YPaBHOBELLEHHOE COCTOSHNE Mo BNNs-
HWeMm rmapartaummn pacteoputenem. mapataums pacTBopuTeneM YacTu NOCKOCTV TBepAon hauum BOCCTaHaBNMBAET pacTBOPEHUE U
3KCTparMpoBaHne KOMNOHeHTOB hauuu B Nosie Kannu pacTBopuTens, a nocneayiowas Agernapataumsi BoicylumBaHmeM dopmmupyeT 06-
HOBIMEHHYIO KPUCTaNNMM3aLUMOHHY0 TEKCTYPY NMPOM3BoAHON dhaumn. MNpn 3TOM ONTUYECKM aKTUBHbIE A06aBKM 1 MOMeXxu PunbTpyTCs, a
LndpoBble U300pakeHNs KpUCTannmM3oBaHHOW CTPYKTYypbl MPOU3BOAHON dauuy pOTOBOW XUAKOCTU (DOPMUPYIOTCA OYMLLEHHBIMU U
npuobpeTaloT 3Ha4MTENbHYIO YeTKoCTb. MNpeanaratoTcs paspaboTaHHble anropuTMbl, hopmarnbHble npoLeaypbl U CpeacTBa NonyveHns
3MEKTPOHHOIO (POTOM30OPAKEHNS KPUCTANNN30BAHHON TEKCTYPbI NMPOM3BOAHbLIX haumii.

KntoueBble cnoBa: dauunsi kannv; poToBas XWAKOCTb; TEKCTYpa KPMUCTaNnmoB; UMKkl rMapatauuv—aernaparaumnm; uudposas MUKPO-
cKonus; oTomeTpums; aHanm3 oTom3obpaKeHus.

A.G. Misyura, L.I. Ushiy, S.A. Mamilov

CRYSTAL FORMATION IN THE FACIES OF ORAL FLUID THEIR CYCLES OF HYDRATION AND DEGRADATION

Background. Analysis of photographs of crystalline structures formed during drying of biological fluids and in particular oral liquid, is
widely used as a diagnostic method for assessing the state of the human body. The urgent task is the development of automated meth-
ods of numerical morphometry with the help of computer programs for analyzing the differences in the shape, size, texture, color and
number of crystalline structures to exclude subjective contributions and dependence of analysis on the qualifications of the researcher.
Objective. Study of processes of dehydration structurization of oral liquid and direct formation of crystalline structures in conditions of
application of repeated cycles of hydration and dehydration. They studied their influence on the formation of the crystalline structure, o
the quality of its reproduction on digital photos of the facies.

Methods. Oral liquor samples were given to groups of volunteers aged 19-23, men and women. From the samples after their prelimi-
nary mixing and degassing to a homogeneous state, drops of the examined oral liquid were dosed and microdasitors were applied to
the horizontal objective glass. There were cycles of partial hydration—dehydration.

Results. The processes of repeated dissolution of the solid phase of the dried drop of the oral liquid (facies), the conditions of osmotic,
diffusion, extraction displacement of crystalline substances and their structuring after dissolution of a drop of a new liquid and dehydra-
tion by drying are considered. It was found that under the influence of cycles of hydration-dehydration, crystalline substances of the oral
liquid continue to preserve their crystalline properties in the derivative facies. The obtained results of the study indicate that the cycles of
partial hydration - dehydration of the facials of the oral liquid — are achieved by filtration (purification) of the release of a part of the dis-
solved facies from foreign impurities, and the clarity of the image of the crystalline structure.

Conclusions. It has been shown that the crystal-forming components of the facial fluid of the mouth retain their crystalline properties
and the ability to recrystallize after drying and are capable of restoring a balanced state under the influence of solvent hydration. Hydra-
tion by a solvent of a particle of a solid facial plane restores the dissolution and extraction of the facial components in the drop field of
the solvent, and the subsequent dehydration by drying forms the updated crystallization texture of the derivative of the facies; while the
optically active impurities and interferences are filtered, and digital images of the crystallized structure of the derivative of the facial fluid
of the mouth are formed by purified and gaining a high degree of clarity. The offered algorithms, formal procedures and means of ob-
taining an electronic image of crystallized textures of derivative facies are offered.

Keywords: drop facia; mouth liquid; crystal texture; hydration cycles; dehydration; digital microscopy; photometry; photo analysis.
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IIpo6aemaTuka. BupoOHUIITBO JiKApCHKMX 3aCO0iB BU3HAUEHOI SIKOCTi, €(heKTUBHOCTI Ta OE3MEUYHOCTi HiKO-
JI1 He BTpayayo CBOEi akTyaabHOCTi. CyyacHi cucteMu 3abe3MeueHHs] Ta KepyBaHHS SIKICTIO — HaJlexXHa BU-
poOHMYA TPaKTMKa — BPaxOBYIOTh iCHYBAaHHS KPUTMYHUX CTafiii Ta KPUTUYHUX TapaMeTpiB mpoiecy. Bu-
POOHUITBO OiOJOTIYHUX JiKAPChKUX 3ac00iB crnocobaMu KyJIbTUBYBAaHHSI KJIITUH ab0 MpU BUKOPUCTAHHI
KJIacCUYHOI (hepMeHTAallil BiTHOCUTBCS 0 KPUTUYHUX CTafiil i TOTpeOy€e aneKBaTHUX METOMUK Ballifallii mpo-
1IeCiB KyJbTUBYBaHHSI B OpUTiHAJIbHUX (pepMeHTepax i pepMeHTepax, Yy SIKi BHECEHi KOHCTPYKIIiiHI 3MiHM.
Meta. MeTo1o nOCIiIKeHHsI € ampodalliss METOOUK OILIIHKHU TiApoAWHAMiYHOI 0OCTaHOBKMU y (epMeHTepi 3
KJIaCUYHUM IIepeMIilllyBaJJbHUM IIPUCTPOEM i CIeln(piuyHUM IepeMilllyBaIbHUM MPUCTpoeM V-blade Ha mo-
JIEeJbHUX CepelOBUIIAX Ta Pi3HUX iMiTaLiHUX 00’€KTaX, a TAKOX BM3HAYEHHS 3aJIEXKHOCTI 3MiH TigpomuHa-
MIiUHUX XapaKTepUCTUK Bill, OCHOBHUX KPUTUYHUX MapaMeTpiB MpoILiecy.

Metoauka peadizanii. [igponuHamiyHa obcTaHOBKa y (pepMeHTEpi XapaKTepu3yeTbesl crielnpiyHUMHA T1apa-
MeTpaMM TIOTOKiB HasiBHMX (a3. [l BU3HaueHHs creindikyd pyxy ITOTOKiB 3alpONIOHOBAaHO METOAM Bi3ya-
JIi3allii Ta MeTod BUpPiBHIOBAaHHSI KOHIIEHTpalIil Tpacepa — 4ac rOMOreHi3allii.

Pesyabratn. Metogamu Bi3yanizallii, 110 TpoBeAeHi MpU IIBUAKICHIN 31OMIL, Oy/JI0 BUSIBIEHO crielMiuHi
0COOJIMBOCTI MOTOKIB IS Pi3HUX MEPEMIlIyBAIBHUX MPUCTPOIB. Bijbll afeKBaTHUM i 3py4YHUM JUISI OLLIHKHU
rinponvHaMiyHOi 0OCTaHOBKU y (epMeHTEpPi MpU 3MiHi (paKTOpiB 30BHIIIHLOTO OTOUYEHHSI BUSBUBCS METO.
BBEIECHHS XiMi4YHOIO Tpacepa ¥ OLIIHKM Yacy roMoreHisalii 3a 3miHoio pH.

BucHoBku. /loBeeHO MOXJIMBICTH BUKOPUCTAHHSI MPOCTOI Ta JIETKO BiATBOPIOBAHOI METOAMKMU ISl Baslifallii
depMeHTaliftHOrO O00JagHAHHS IIPU OLHII KPUTUYHUX CTaliil BUPOOHMIITBA OiOJIOTiYHMX JIiKapChKUX 3aCO-
6iB crmocobamMu KyJbTUBYBaHHS KJIITUH abo0 NMpU BUKOPUCTAHHI KiIacM4HOI ¢epMeHTalii. [TokazaHa BHCOKa
edexTuBHICTb Milayiku V-blade MOPiBHSIHO 3 TUMOBOIO KOHCTPYKIIEIO.

Kniouosi cioBa: GioTexHosOrisl; HajleXkHa BUPOOHMYA MPAKTHUKA; KPUTUYHA BUPOOHMYA CTafisi; hepMeHTep;
rizpoauHamika; mimanka V-blade.

Beryn

BupobHunrBo Jikapcbkux 3acobiB, 1110 TO-
BUHHI MaTU BiINOBiIHY SKiCTb, OE3IEYHICTH Ta
e(eKTUBHICTb, CYyYaCHUMM MpuUiioMaMu OiOTeXHO-
Jiorii Mae Ga3yBaTHCh Ha Oopradizallii BUpOOHUIITBA
BIAIIOBIZHO 1O BHUMOTr HaJIeXKHOI BHUPOOHMYOI
npaktuku (HBIT) — Good Manufacturing Prac-
tice. Sk Bu3naueno y Hacranosi CT-H MO3YVY 42-
4.0:2016 “Jlikapceki 3acobu. HanmexHa BupoOHMYA
npaktuka”, HBII € yactuHol cucTteMu 3abesrne-
YeHHS SIKOCTIi, SIKa TapaHTYye, 10 JiKapChKi 3acobu
(JI3) mocriitHO BUPOOISIOTHCS i KOHTPOJIOIOTHCS
3a CTaHIapTaMu SKOCTi, SIKi BiIMOBigaloTh il Mpu-
3HAUYEHHIO, a TaKOX BiAIMOBiIalOTh BUMOIaM peeEc-
TpaliliHUX OOKYMEHTIB (peecTpaliliHOMy HOChHE)
abo cneuudikauii Ha JI3.

Ognnoro 3i cneuungiunux ymoB HBII Ha crapii
BUPOOHMUIITBA € T€, 110 NOBUHHI OymMuU BUKOHAHI 8U-
Moeu Ha emani opTaHi3alii TEXHOJOTIYHOro TMpole-

Cy, i IIe o3Hayae, 110 BCi BUPOOHMWYI MPOLIECH Ma-
[OTh OYTU YiTKO BM3HA4Y€Hi, a KpPUTUYHI CTajii BU-
POOHMYOTO TPOLIECY TOBUHHI MPOWTH BajiAallilo.

Y ubOMy BUNAAKY KpumuuHa eupodHu4a cma-
dis TEXHOJIOTIYHOIO MPOLIECY € BHUMOTIOIO A0 BU-
npoOyBaHb, SKi CJiA MiATPMMYBaTH B MeXax 3a-
3Malieriib BCTAHOBJICHMX KpUTEpiiB Isl 3a0e3Iie-
YeHHSI BiIMOBIZHOCTI aKTUBHMUX (papmMaleBTUY-
Hux iHrpenieHTiB (ADI) cBoiMm crrenmmpikariam —
HBII. TIlin xpumuunumu eupobHuyumu cmaodismu
pO3YMilOTh MPOLECH, 110 MalOTh 3HAYHUI BILIUB
Ha KiHLIEBUI pe3yJibTaT, TOOTO SKiCTb, O€3MeKy Ta
e(eKTUBHICTb KiHIIEBOTO MPOAYKTY.

Ane, Ha xanb, HBIT (GMP) He MicTuTh MeTO-
Iy BU3HAYEHHS TOTO, KU TIPOLIEC € KPUTUIHUM.

O3HayeHi cTafii BUpOOHUIITBA TIPEICTABICHI Y
PeecrpauiiiHomy mocke — Monynb 3. AkicTb. Ximiu-
Ha, ¢papMalleBTU4YHA Ta OionoriyHa iHdopMallis npo
JIIKapChKi 3acO0M, 110 MICTITh XiMiuHi Ta/abo
Giosoriuni mitoui peyoBuHu. Pozmin. 3.2.P.3.4. KoH-
TPOJIb KPUTUYHUX CTAIIN i MPOMIXKHOI MPOIYKIIii.

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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HBII Bumarae Toro, mo0 KpUTHYHI BUPOO-
HUYI cTamii mipsrajiyu o0OB’SI3KOBOMY KOHTPOJIIO
CTOCOBHO KpUMUYHUX napamempieé npoyecy, i 10
HUX BiIHOCSITb Ti MapaMeTpu MOHITOPMHIY Ta KOH-
TPOJIIO, 3MiHA SIKMX MOXE BIUIMHYTM Ha KPUTWY-
HUI TTIOKa3HUK, IO XapaKTepusye siKictb ADI.

KoHkpeTuka KOHTpPOJIIO BUPOOHMLTBA MOJISI-
ra€ B ToMy, 110 B PeecTpaliiifHoMy TOCh€ B pO3MIiJi
3.2.5.2.2 “Onuc BUPOOHUYOrO Mpolecy Ta HOro
KOHTPOJIIO” MOTPiOHO HABOAMTU KPUTUYHI TMOKa3-
Huku skocti (Critical Quality Attribute — CQA),
sIKi CBOEIO YEProl0 € KOHTPOJbOBAHMMMU 1 10 SIKMX
HajexaTb (pi3u4Hi, XiMiuHi, 0iOJOTiYHiI UM MiKpO-
0iOJIOTIYHI BIACTUBOCTI a00 XapaKTEepUCTUKM, IO
IJ1s1 3a0e3MeuyeHHs] HeoOXigHOi SIKOCTI MpPOMyKIIii
MaloTh 3HAXOIMTHUCS Y BiIMOBIAHUX MeXaxX i Bif-
MOBiAHOMY Jliara30Hi.

V cyyacHOMY peecTpi JiKapChKMX 3ac00iB BU-
3HaYHE MicCIle TOCiIaloTh iMyHOOIOJOTIUHI ITpemna-
patu, ski BinnosigHo no HBII BimHOCSTBCS 10 6i-
0/102IMHUX AIKAPCOKUX npenapamie, SAKAUMM BBaXxa-
IOThCA Ti, ¥ AKUX mitoda peyoBuHa (ADI) € Giomo-
rivHO pevyoBHHO0. CBOEK 4eprow 0ioJoriyHow0
pEUYOBMHOIO € Ta PeYOBMHA, 1110 BUPOOJISIETHCS Oi-
OJIOTIYHUM JXKepesioM abo eKCTParyeTbcsl 3 HbOTO.

3rinHo 3 Hacranosoro CT-H MO3Y 42-
4.0:2016 “Jlikapceki 3acobu. HamexxHa BUpoOHMYA
npakTUKa” 10 0ioJOriYHUX JiKapChbKUX MperapariB
BiIHOCSITh iIMYHOJIOTiIYHI JIiKapChKi mpemnapaTu (Bak-
LIMHU, TOKCUHU, CUPOBATKU abo Tperapary ajuep-
reHiB) i mpenapaTu, 110 OTpUMaHi Oi0TeXHOJIOriv-
HUMHU TIPUNOMAMU:

— TexHoJsoTier pekombiHaHTHOT JTHK;

— MpU KOHTPOJILOBAHIM EKCIIpecil reHiB, 110
KONYyIOTh 0i0JIOTIYHO aKTHMBHi OiIKM Y MPOKapioTiB Ta
€yKapioTiB, y T.4. TpaHCc(OPMOBaHi KJIITUHM CCaBLIiB;

— METOIU TiOpUAOMM i MOHOKJIOHAJIbHUX aH-
TUTIJL.

Binnosinno mo BuMor HBII BupoOGHMIITBO
Giomoriunnx ADI mist moguHM peai3yeTbes KyJb-
TUBYBAaHHSIM KJIITUH Ta (DepMEHTALI€lO i, B 3arajb-
HOMY BMIIaJKy, MPOBOAUTHLCS TMPU BUKOPUCTAHHI
Oiosoriunux areHTiB (bA), SKUMM € KJIITMHM Ta
MNpPUPOAHi a00 peKOMOIHAHTHI MiKpOOpraHi3Mu.

IcHyOTb CyTTEBI BiIMiHHOCTI y KPUTHMYHMX
napaMmeTpax Mpolecy BUPOOHUIITBA OiOJOriYHMX
A®DI i ADI i3 cuaTeTMUHOI cMpoBUHU. Ha BimMiHy
Bim A®I, cuHTEe30BaHNX Yy XiMiYHOMY TIpoIleci, 3a
yJacTi CHHTeTUYHOI cupoBuHU, ADI 6iogoTivHOTO
MOXO/KEHHS, 110 OTPUMaHi “3a JOMOMOIOI0 KYJib-
TUBYBaHHS KJITUH abo (epMeHTalil 3 BUKOpPUC-
TaHHSAM MOPUPOAHMUX a00 PEeKOMOIHAHTHUX MiKpO-
OpraHiaMiB”, 3HaXOISITbCS B 30Hi BILUIMBY 3HAyHOI
KiUJIBKOCTI (paKTOPiB 30BHILTHHOIO OTOYEHHSI.
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[ns agekBaTHOro PpO3yMiHHS, sIKi hakTopu
BU3HAUAIOTh 30BHILIHE OTOYEHHS, i aHaJi3y MOX-
JIMBOCTi BIJIUBY Ha Pe3yJbTaTU KyJbTMBYBaHHS iX
MOHa 3TpYIyBaTH y Taki OJIOKMU:

1. ®@akTopy Ha eTami IPOBEIECHHS IiArOTOB-
YUX POOIT TEXHOJIOTIYHOIO Ta CaHiTapHO-TIiri€Hiu-
HOTO MPU3HAYEHHSI:

— MpOBeNeHHSI MUIKU i podiT 3 me3iHdexiii
Ta CcTepufidauii (cTepuiiszalisi TOCTPOI Tapolo,
MiAroToBKa Ta CTepwWIizallig Tra3iB y MOBITPSIHUX
¢inbTpax TOHKOTO OYUILIEHHS TOILO);

— mepeBipka i TexHiYHe 3a0e3Me4YeHHS acem-
TUKU (TepMeTu3auiss oOJlafHAHHS, TepMeTU3allist
BiIKpUTUX TPYOHUX 3aKiHYEHb, MOHTaX MapOBUX
3aTBOPiIB, BUKOPUCTAHHSI 0AaraToXxoJ0BUX BEHTWIIIB,
BUKOPUCTaHHSI MeMOpaHHUX BEHTWJIIB i MapoBil-
BiTHUKIB, BUKOPHMCTAHHS TaJIOiMHUX TEYellIyKadiB

TOILIO).

2. ®daxkTopu Ha erari BUPOOHMYOTO KYIbTH-
BYBaHHS:

— (hizuuHi YUHHUKU (iHTEHCHUBHICTb

riIpaBIiYHUX/TiAPOAUHAMIYHMX IIPOLIECiB, Mpole-
CH Maco- i TerjaI000MiHYy);

— XiMiYHiI YMHHUKHU (3MiHA CKJIANy >KUBWJIbHO-
rO CepemoBUIlla — COpPOLIiss/MeTaboi3M TTOXKUBHUX
PEUYOBMH i YTBOPEHHSI METAOOJIITIB, 1110 MPU3BOINUTH
JI0 3MiHM KOHIIEHTpallii B3aEMoAirounx a3, TOIIO);

— 0i0JI0TiYHI YMHHUKU (MOXJIMBa 3MiHa (e-
HOTUMIYHMUX 03HaK BA, MOXIMUBICTh KOHTaMiHallil,
3MiHa KoHpipMaliiiHoi cTpykrypu API To110);

— TEXHOJIOTiYHi YMHHMKU (Bimbip mpoO, mia-
SKUBJICHHS, TUTPYBAHHS, PETyJIIOBaHHS PiBHS TIiHM,
MiABeICHHS 1 BigBeIeHHS ra30Bol (a3n).

Y Hacranosi 42-3.5:2016 “JlikapchKi 3aco0w.
Banipauis npoueciB” easidayis npouecy (Process
Validation) BU3Ha4Ya€eTbCsl K “IOKYMEHTOBAHE ITif-
TBEPIDKEHHS TOTO, IO TIPOLIEC, IKUI BiTOYyBa€TLCSI B
MeXax BCTAHOBJICHUX ITapaMeTpiB, MOXe 3MiliCHIOBA-
THCSA ¢(EKTHBHO Ta 3 BiITBOPIOBAaHWMHM pPe3yJbTaTa-
MM i TIPU3BOAMTH JO OTPUMAHHS JIIKAPCHKOTO TIpe-
rmapary, IO BiIIOBIIa€e 3a3fgajerinh BCTAHOBICHUM
cneun@ikaiisiM i ToKa3HUKaM SIKOCTi” .

Bamimanist 3acHoBaHa Ha TIpOBEAEHHI BUIIPO-
OyBaHb y peaJlbHUX BUPOOHUYMX YMOBax 3 HeoO-
XiIHUM YHCJIOM TIOBTOpPEHb 151 3a0e3MeueHHs 10-
CTOBIpPHOCTI OTPMMaHUX pe3yJbTaTiB. ToMy BOHA €
HaWOIIbII CKJIAQAHUM i JOPOrMM IIPOLIECOM, IO
BUMarae 3Ha4HUX PecypciB MiAMpUEMCTBA.

BusiBieHHs KpUTUYHUX TMPOLECIiB BUPOO-
HULITBA Ja€ 3MOTYy caMeé Ha HHUX 30CepeauTHU
HacamIiepe] JoAChKi Ta ¢iHaHcoBi pecypcu. Lle
Jla€ MOXJIMBICTb OTpUMAaTW Kpallli pe3yabTaTu 3a
MEHILIUX BUTpAT.
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Hagenena aprymeHTalisi BU3HaJae, 1110 CTaist
KyJIbTUBYBaHHSI/(pepMeHTallll € KpPUTUYHOI CTa-
€10 3i 3HAYHOIO KUTBKICTIO BIUIMBOBUX 30BHIIITHIX
YMHHUKIB, i el (pakT OOYMOBIIOE LM OJIOK
CYIIyTHIX MpoLenyp, HalOJIbII CYTTEBOIO 3 SIKUX €
BaJIigalliss TEXHOJIOTIYHMUX ITPOLEHYP.

MeTo10 HAIIOro AOCIHIIXEHHSI € BUPIillIEHHS
npobjieMru CTOCOBHO BallifallilHUX TIpOLIeayp st
cTajii KyJIbTUBYBaHHS, 10 HE MOXYTb OyTH pe-
ajli3oBaHi B yMOBaxX KyJIbTMBYBaHHSI, 3BaXKalouu Ha
iX BMCOKY BapTiCTb, TOMY OIliHKa BILJIMBOBOCTI
(haxTOpiB 30BHIIIHHLOIO OTOYEHHS TMOBMHHA IIPO-
BOJIMUTUCH Ha MOJAEJIbHUX CEepeIOBMILIAX IJIS1 OLiH-
KU iHTEHCUBHOCTI eidpoduHamiyHux TPOLIECIB i Mpo-
IeciB Macornepeayi.

Marepiaam i MmeToam

Oninka riapoITHHAMITHOTO  PEXKHMY pPOOOTH
tepmenrepa. CneundiyHolo 0COOJMBICTIO eTamy
KyJIbTUBYBaHHSI BA € Te, 110 BiH peajli3yeTbcsl B
IITYYHO CTBOPEHWX YMOBaX, MPW IILOMY B HAcC €
MOXJIMBICTh KepyBaTu (pakKTopaMu 30BHIiLIHBOTO
OTOYEHHSI TIpM 30epekeHHi CcTabiIbHOCTI (heHOTH-
ny bA. Cepen Takux HaiOiblI MOOYIIpHUX (hak-
TOpiB 30BHIIIHBOTO BIUIMBY MOXHA BiI3HAYUTH
3MiHY TiIpogWHAMIYHUX ITapaMeTpiB, $IKi CBOEIO
Yeprox BU3HAYAIOThb iHTEHCUBHICTb MPOLIECIB Ma-
co- Ta TeruionepeHocy [1].

Sk mpaBuio, OpMyBaHHSI 30BHIIIHHOIO OTO-
YeHHsI peali3yeThbcs y OIONOriyHMX peakTropax —
(bepmenTepax pizHUX KOHCTpyKLiit [2—4]. KoHcTpy-
10BaHHS (pepMeHTepa/biopeakTopa 0a3yeThCSI Ha OI-
TUMi3alil (PaKTOpiB 30BHILIHLOIO BIUIMBY 3 METOIO
JIOCSITHEHHST BUCOKO1 e(eKTUBHOCTI 3 HampaitoBaH-
He L1b0BOIO Tpoaykry — ADI [5, 6].

VY poGoti Oyma mnocraBiaeHa 3amadya JOCHTi-
JIDKEHHSI TiApOAMHAMIYHOTO CTaHOBUILA Y (pepMeH-
Tepi Ha MOJAEJIbHOMY CEepeJOBMILI SIK METOIy BaJli-
Jlailii iIHTEeHCUBHOCTI MEePEMilllyBaHHSI.

Ax 00’exT mociimKeHHs Oyiu BUOpaHi Millla-
JKa V-blade [1] i TMNOBa LecTUIONAaTEBa TypOiHHA
MilllajKa BiZKPUTOIO TUILy, 110 BCTAHOBJICHI Y (e-
pMeHTep 3anateHToBaHOi KoHcTpykuii (ITaTt. Ykpa-
iHa Ne 116783U. Amapar i KyJ1bTHBYBaHHS KIIi-
TuH, omy0:. 12.06.2017, Bion. 11/2017; Ilar. Ykpa-
iHa Ne 116784U. Amapar [t Ky/JIbTHBYBaHHS KIIi-
TuH, omy6i. 12.06.2017, bron. 11/2017) (puc. 1).

Jnst ctBopeHHST (Di3WYHOI MoOmedi MilllaIK1
V-blade i TMIIOBOI 1IECTUJIONATEBOI TYpOIHHOI Mi-
LIAJIKK BiIKPUTOro TUMY OYJIO MPOBEACHO MaTeMa-
TUYHE MOICIIOBAHHS TiIpoAWHAMIYHUX IIPOLIECiB
¢depmeHTEpa igeaJbHOTO 3MIITyBaHHS.

Innov Biosyst Bioeng, 2018, vol. 2, no. 2

2 8
1

5
4 3
7 6

Pucynok 1: Koncrpykuis dbepmeHTepa/6iopeakropa: I — Kop-
nyc; 2 — KpulllKa; 3 — HUPKYJsliiiHa Tpyba; 4 — IepeMilry-
BalbHUI mpucTpiii V-blade; 5 — BepxHs pellniTKa; 6 — HIKHS
pelitka; 7 — 6apborep; § — JaTYMKUA KOHTPOJIIO

MoneoBanug hepmenrepa i mepemMilIyBaIbHO-
ro npucrpor. 151 MOIOETIOBAaHHS TiApoaWHaMIKK1
depMeHTEpa BUKOPUCTOBYETHCS k—& MOAECNIb TYp-
OyJIEHTHOCTI.

IIIo6 3aMKHYTM TYpOYyJEHTHICTh, HEOOXiTHO
BU3HAUUTHU 3B’SI30K MiX HamnpyxXeHHsiMu 3a Peii-
HOJIBJICOM i TapamMeTpaMM YCEepeIHEHOro IOTOKY.
Ileit 3B’s130K BM3HA4YalOTh 3a JOMOMOIOIO Pi3HUX
Mojesiel TypOyJIeHTHOCTI.

YV 1nux mojensix MokJaAarTb MEBHI MpU-
MyILIeHHS, HA OCHOBI SIKUX BBOJMUTbLCS AOCTATHS
KUTBKICTh PiBHSIHB, IO Ja€ 3MOTY 3HAWTU BCi
HeBimoMi. OOHMM i3 TakKuxX OPUNOYIIEHb € BBE-
JIEHHST TypOyJeHTHOI B’SI3KOCTi, sKe BIIeplle
saivicauB XK. Byccineck (1877 p.).

TypOyJieHTHY JOWHAMiYHY B’SI3KiCTb BBOISITb
MO aHaJoril 3 AMHAMIYHOIO B’SI3KIiCTIO:
ou; auj

_pui'u} =1 a +6_x,-

Hati mepeiigeMo Oe3rmocepeIHbO 10 OTPUMAHHS
CTaHJAPTHOI k—e MOJIei TypOY/JI€HTHOCTI 3 IBOX PiB-
HSIHb, sIKa Hapi3i po3MISIOAEThbCs SIK CTaHAapTHA MO-
JIeb 711 ONKCY TYpOYJIEHTHOCTI Ta PO3B’sI3aHHS iH-
JKEHEpPHMX 3amad. Y Liid Mojesli BBOOSTHCS IBa BaXK-
JIUBUX TIOHATTSI — TeHepauist P i aucunauist g. Di-
3WYHUI CEHC reHepailii TypOyJeHTHOCTI P mojisira€ B
MOPOKEHHI HOBUX BUXOPIiB 1 MyJabcalliid, sAKi ¢
YTBOPIOIOTh TYpOYJI€HTHICTh. Jlucumnailisi &, HaBMaku,
SIBJISIE COOOIO PO3CitOBaHHS BEJMKHX BUXOPIiB HA Me-
HIIli, TIPU3BOAWTL A0 YCEpeAHEHHS Tedii Ta 3MeH-
LIEHHSI TypOyJIeHTHOCTi. JIBa piBHSIHHSI TI€pEeHOCY
JIal0Th 3MOTY PO3IJIsIAATH TYpOYJIEHTHICTh Y TIPOCTOPI
i yaci. Lls Monenb € HariBeMMIipUYHOIO i CIIMPAETh-
¢ Ha (beHOMEHOJIOTIUHUI TIiAXig Ta pe3yJbTaTu,
OTpUMaHi JOCTiIHUM IIUISIXOM.
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BukoHaBiu gesiki anreOpuyHi nepeTBOPEHHS
i IOMHOXUBIIW Ha U, PiBHSIHHS

ou;  u;(Ou;) — 0 — =
—L T = b+ —— (o, — pulll;
o ox; Pi 6xj( j ~Pu;)

MOZKHa 3BECTU OO TAaKOTO BUIJIALY.:

—_— o o
O, uju’; + uy O ujul; =—E(uj8ip+ui6jp)—

’ ’ ! !
— 2vO,ui0yu’; — Oy upuiu; —
!’ ! ’ ! 2 ' ,!
—Up U0 Uy — Ui Ol + vV UL (1)
ITo3HaunMMO KiHETUYHY €HEpPril0 TypOYJIEeHTHOCTI
k =0,5uju; i migcraBumo B piBHsHHS (1), Mokia-

Jlaouu i = j:
0.k +Widk = -0, p—vauad
K+ U O —_E iD= VO UOl; —
1 o [ 2 (2)
—Eﬁkukuiuj — uiukakui + vV k.
Hpyruii 1ogaHOK TpaBoi 4yacTUHU (2), 3a BU-
3HAYEHHSIM, € TMCHUIIALIEIO:
€= V@kulf@ku} . (3)

y TOI 4Yac K YeTBEpTUM AOJaHOK MpPaBOi YaCTUHU
BUpasy (2), BKJIIOYalOUM MiHYC, 32 BUBHAUEHHSIM —
reHeparisi:

P =~ 0, 4)

Jani poOUTHCST OOMYILIEHHS, 1110

= 11—
>y (5 W - Buipj ~0,(vo k). (5)

Bpaxosyouu (3)—(5), piBHsiHHS (1) MOXHa
3anmucaTy B TAKOMY BUIJISIAI:

Lokswok=pP-cso)|[veYlok| 6
p Ok

110 BigoOpaxkae 3ajiexXHICTb KiHETUYHOI eHepril k
BiJl TiIpoAMHAMIYHMX NapaMeTpiB CUCTEMU. Gk —
napaMeTp, 10 3abe3nedye MOTPiOHY PO3MIpPHICTh
IUIST JoJaHKa 3 w. 3a3BMYail MOKIAga€eThes ok = 1.
PiBHAHHg I aucumanii € aHaJiTUYHO HE BUBO-
JUTBCS 1 MPOCTO 3aMMMCYEThCS MO aHaiorii 3 (6):

6,s+u_}6js:w+6juv+&JajsJ, 7
c

€

ne T = k/e 3abe3nedye MOTPiOHY PO3MIpHICTb, a
KoHcTaHTu (|, G, 6, BBOIATBCH, OCKiIbLKU (op-
Ma piBHsSHHA (7) nuile nepeadadyaeTbcsl, a HEe BU-
BOJIUTHCS aHAJIITUYHO.

Ha mincTaBi MaTteMaTMYHOIO MOZIEIIOBAHHS OYy-
I OTPUMAaHi IMapaMeTpyu MIillIaJKy, 110 Oy1a BUIO-
TOBJIEHA SIK MPOCTOpOBa Moaesb. Milanku V-blade i
TypOiHHa 6-JlomateBa BiokpuTa Oy/aM HaapyKOBaHi
Ha 3D-npunTepi (puc. 2). BukopucroByBaBcs ApyK
32 TEXHOJIOTIEI0 MOIIAPOBOT0 HAaKJIAAaHHS pPO3ILIaB-
sieHoi nojiimepHoi HUTKK (Fused Deposition Model-
ing — FDM). TlpuHuun apykKy noJjsira€ B TOMY, 11O
HuTKa 3 nonietunaeHTepedTanaty (PET) HarpiBaeTh-
Csl 10 PO3IUIABJIEHOTO CTaHy i MOLIapoBO (POPMYETH-
¢Sl 3aJaHa KOHCTPYKIist nutsixoMm ekctpysii (PET).

a 6
Pucynok 2: HanpykoBaHi Ha 3 D-mpuHTepi Miliaaku: (a) Typ-
OiHHa 1IecTwIoNaTeBa Biakpura; (0) V-blade

JocmimkeHHsT MOTOKIiB IBO(a30BOI CUCTEMU
MPOBOAWIMCH Ha JIabOpaTopHilt yctaHoBLi (puc. 3).

6 3
M
1 7
5
= _
< 2

Pucynok 3: CxeMma eKkClepUMEHTaJIbHOI YCTAaHOBKU — TIepeMi-
LIYBAJIbHOTO TIPUCTPOIO CIEIialbHOI KOHCTPYKILii: /I — dhepMeH-
Tep, 2 — mepeMmillyBaJibHMIT TipucTpiii V-blade, 3 — Ban nepe-
MillIyBaJIbHOTO TIPUCTPOIO, 4 — eJIEKTPOABUTIYH i3 peryiboBa-
HOI0 YacTOTOI0 OOepTaHHS Baja, 5 — IITaTWB, 6 — TPUCTPIit
IUIsT BBOAY Tpacepa, 7 — matuyuk pH-metpa; h, — BucoTa Bix
IHa €EMHOCTI 10 MilllaJIKU, 4, — BUCOTa PiAMHU B EMHOCTI
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V peakTop BBOIOMJIMCH BiIMiHHI BiJ piguHM 3a
TYCTMHOIO 3aco0M Bidyasizamii. SIk 3acobm Bi3yali-
3allii OyJIo B3TO KOHTPACTHI PiIMHM Ta IUIACTiBLIi
MoJiMepy, 3a TYCTMHOIO OJIM3BKi IO TYCTUHM Oio-
MacH.

Pe3ynbraTn

Ha mouaTky nepemiliyBaHHSI Millajakowo V-
blade ¢opMy1OTbCSl BUCXiTHI MOTOKHU 3 THA €MHOC-
Ti, OMHOYACHO BigOyBa€ThCS BigKMAaHHS 00’€MiB
pinuHu no nepudepii Mimanku. Ilpu yomy uyum
MEHIIi 00epTH MilllaIKi, TUM J0BIIE (POPMYIOTh-
csl BUCXiIHI TTOTOKM, ajie HaBiTh Ha BEJMKIM Bim-
cradi Big aHa (180 mMM) i mpu Manmux obeprax
(2,03 ¢') cnocrepiraeTbCsl BCMOKTYBaHHS 00’€-
MiB PiIVHM B HMXKHIM YaCTHMHI Ta IEePEpPO3MOMiT
1X y BEepXHili.

Ha puc. 4 nokazaHuil edeKT CTBOPEHHSI BU-
XOpiB KOHTPACTHOI PiIMHMU.

Ha puc. 5 cnocrepiraetbcs sICKpaBO BHUpa-
KEHUM HacOCHUM edeKT, SKUK XapaKTepusye
30aTHICTh MEPEMIIlyBaJIbHOTO MPUCTPOIO OO0 iH-
TEHCMBHOI IOMOreHi3alii BMicTy peakrtopa. llei
MepeMilllyBaJbHUI MPUCTPill 3a0e3Medye BCMOK-
TYBaHHS PiIMHU 3 LIEHTPAJbHOI HUXXHbBOI YaCTHU-
HU amapaTa i mepepos3Moiia iX y BepxHiil 4ac-
THUHI.

OlliHKa yacy roMoreHisailii maas pi3HMX KOH-
CTPYKLIA MepeMilllyBaJIJbHUX HPUCTPOIB IPOBOIM-
Jlacsl 3 METOIO BMSIBJIGHHSI TOCTYITHOTO METOmy ISt

a 0

Pucynok 4: Bizyasizailist TOTOKiB, CTBOPIOBAaHUX MIilIIAJTKOIO
V-blade (A, — 120 MM, wBKMAKicTH 06epTanHsa — 3,73 ¢'):
(a) 10 c Big mouaTKy TmiepeminryBaHHs: / — obmacte dhopmy-
BaHHSI BUCXiIHMX MOTOKiB; (6) 20 c Bix moyartKy nepemi-
mryBaHHSI: / — c(OpMOBAaHUI BUCXiTHUWI MOTIK, 2 — pami-

aJIbHI TOTOKM 110 nepudepii Milnanku
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Baligaiii depMeHTepiB i TOPIBHSUILHOI OLIiHKMK
JIBOX TUIIiB MEePEMilllyBaIbHUX MPUCTPOIB.
lNaponuHamiuHi mapamerpu ¢epMeHTepa, Ta-
Ki SIK pPO3IOMiJI TPami€HTIB IIBUAKOCTI ITOTOKIB
B3aeMofitounx a3, HACOCHUHN edeKT Milluajaku,
yac LUPKYJSLil Ta 4yac MepeMilllyBaHHSI CUCTEMU
(4ac roMoreHizailii), MOXYyTb CJyTyBaTU OCHOBOIO
JIJIsI TOPiBHSIBHOI OLIIHKM POOOTH Pi3HUX TUIIIB
peaktopiB. Tomy gociimxeHHs1 (Bi3yalbHi, SIKiCHI,
KiJIbKiCHi) MalOTh BaXKJIMBE 3HAUEHHS y Ballifallil
MpOLIECiB Ta oOJIamHAHHS NPU 1X eKCIUIyaTallii.

Yac romMoreHizallii BU3HAYaETbCSI YacoOM, He-
O0OXiIHUM JUIsI JOCSITHEHHSI 3aJaHOro CTYMEHs
OIHOPIIHOCTI 3 MOMEHTY IMOYaTKy IMepeMilllyBaH-
HSI HEOJHOPIOZHOTO CcepeaoBHIla ab0 3 MOMEHTY
nomadi B amapaT (IpM Mpaupouiil Milnamii)
KOMITOHEHTIB, $IKi BiApi3HSIIOTbCS Bill HasBHUX Y
depmenTepi [7].

I'omoreHizaliisi IK pe3yabTar IIpolecy Iiepe-
MilllyBaHHSI XapaKTePU3YEThCS 3MiHOKO T0JISI KOH-
LEHTpaliii OgHIiEl peYOBMHM B iHIIII.

B ymoBax mpoBeneHHsT JOCIiIKeHHsI OyB BH-
KOpUCTaHUU eJleKTpoHHU pH-MeTp, eiexkTpon
SIKOTO 3HAXOJMBCSI B alpiopHO BM3HAYEHIl 3acCTili-
Hii1 30Hi — y “cna6kiii Touni”. BiH peecTpyBaB 3Mi-
HU pH 3a BiIMOBiAHI MPOMIXKM 4Yacy Bia IOYaTKy
BBEJICHHS B 00’€EM pOOOYOTo CepeloBHMILNA PiIUHU
KHUCJIOTHOTO a0o0 JIy>)KHOTO Tpacepa A0 CTaJuX 3Ha-
yeHb pH. Lleit mpomixok yacy OyB HaMU BM3Ha-
YyeHMId SIK Yac TOMOreHi3alii, ado 4Yac ITOBHOTO
3MilllyBaHHSI.

a 0

Pucynok 5: Bisyasizaliisi TOTOKiB, CTBOPIOBAaHUX MillIaJIKOIO
V-blade (4, — 180 mm, wBMAKicTh obepranHs — 2,23 ¢™'):
(a) 57 c Bix mouaTky nepemilyBaHHs: I — obnactb GhopMy-
BaHHS BUCXiIHUX MOTOKIiB; (6) 63 c Bim Moyatky Imepemi-
myBaHHs: I — copMOBaHMI BUCXiIHUI TOTIK, 2 — paji-

aJIbHi MOTOKU 110 Tepudepii Milaaku
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Oo0roBopeHHs

PesynbraToM npoBeneHHsT JOCTiIKEHHS METO-
JIOM OLIHKM IIBUAKOCTI 3MiHM pH € 3anexHicTb
Yacy MepeMilllyBaHHS Bif, BUCOTHA PO3MIIICHHS Mi-
1IaJKW BiJHOCHO JHMIIA arapara abo Bil BiacTaHi
BiIHOCHO MepemillyBajbHOro npucTtporo. O6aacTs 3
MiHiMaJIJbHMM 4YacOM TIOMOIeHi3allil CBiTYUThL IIPO
HasIBHICTb 30HM 3 MaKCHUMaJIbHOI iHTEHCHUBHICTIO
nepeMillyBaHHs. MeTomMka Ma€ HU3KY MepeBar
MOPIBHSIHO 3 iHIIMMU — TPOCTOTa peatidallii, Tou-
HICTh OTPMMAaHMX JaHMX, OE3IEYHICTh TOIIO.

V pesyabraTi IpoBeAeHNX HaMM JOCTIIKEHb
Oyau oTpumaHi rpadiuHi iHTepmpeTalii mpouecy
(puc. 6—38).

Binkpura TypOiHHA MilllajIKa € TUIIOBUM iMIIe-
JIepoM y (pepMeHTepax i3 BBeAEHHSIM €Heprii Mexa-
HIYHMMMU TIepeMilllyBaIbHUMU MpUCTposiMu. TTopis-
HSIHHS Li€1 KOHCTPYKIi 3 iHIIMMU HOBITHIMU KOH-
CTPYKLiSIMA € METOIOM KOPEKTHOI OLIIHKU CTBOpE-
HOI TiApoAMHAMiYHOI OOCTaHOBKU Y (epMeHTepi.
ITpu upboMy Bi3yasizallisi TIOTOKIB PifMHHOI (a3u €
MEepPCNeKTUBHUM METOJOM OLIiHKMA B3a€EMOJiIOUUX
da3 y dpepmenTepi (muB. puc. 4, 5). Llg meTtomuka
OLIIHIOBAHHSI TIPOLIECY MepeMilllyBaHHSI He MOTpe-
Oye CKJIamHOrO OCHAULICHHS i Ja€ 3MOry Hao4HO
OLIIHUTY TiApOIMHAMIKY (pepMeHTepa.

HageneHi pe3yabTaTy OOCTIAXKEHHS MillaJKyd
V-blade (muB. puc. 4, 5) HaOYHO JIEMOHCTPYIOTb,
110 BOHa 3abe3leuyye CTBOPEHHSI LMPKYJSLiHHOIO
KOHTYPY 3a pPaxyHOK BCMOKTYBaHHSI IMCIIEPCHOI
¢a3u 3 LeHTpaJbHOI HIDKHBOI YACTMHM amapata i
MePepOo3NOaLT 11 y BepxHiil yacTuHi. Takuii BCMOK-
TYBaJIbHUI €(eKT Aa€ 3MOTy YHEMOXJIUBUTU (Dop-
MYBaHHSI 3acTiiHUX 30H i (OpMyBaHHS Kepesa
KOHTaMiHallil y hepMeHTepi.

[MopiBHSIHHSI TUMOBOTO  TEPEMilllyBaJIbHOTO
MPUCTPOIO — BIAKPUTOI TYpOIHHOI MillajJKd — Ta
Milnajaku V-blade 3a pi3HUX LIBUIKOCTE oOepTaH-
HY Bajla MepPEMIllyBaJIbHOIO MPUCTpoIo (puc. 6—8)
MoKa3ajio, 110 JOCIiIKyBaHa MilllajJKa Ma€ HU3KY
repeBar, a camMe. IIOTIK B OCHbOBOMY HAIPSIMKY
OBl BUpaXXeHUi, HiX Y TYpOiHHOI MilllaJIKi, TpU
30epeXeHHI pamiaabHOl i TAHTEHIIIAHOI CKJIadOBHUX;
BUCOKa BCMOKTYBaJlbHa 3JaTHICTb TIpU TiglioMi
TBEpPAMX YAaCTMHOK 3 JHa eMHocTi. Lle mae 3mory
OLIIHUTYU ii SIK e(eKTUBHUM 3aci0 I IonepemKeH-
HST YTBOPEHHS 3aCTilfHUX 30H Y (hepMeHTEpi.

Binbiia edexkTUBHICTHL TOMOTeHi3alii gocsr-
HyTa 3a HM3bKUX ILIBUIAKOCTEN OOEpPTaHHS Milllaj-
KM, 10 € CYTTEBOIO IE€peBarol0 Takoi KOHCTPYKIIil
MillIaJIKK 'y BUPOOHUUTBI Oiojorivunnx A®PI mpu
BUKOPUCTAHHI eyKapioTUUHUX BA.
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Pucynok 6: I'pacdik 3a1exXHOCTI yacy romMoreHizaiii aas Milia-
Jok V-blade i TypGiHHOI Bia KiJIbKOCTi 00epTiB npu A, 150 mm:
¢ — V-blade, = — TypGiHHa
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Pucynok 7: I'pacdik 3ayexHocCTi yacy roMoreHi3arii a1 Milna-
JoK V-blade i TypOiHHOI Bin KibKOCTi 00epTiB npu Ay 110 Mwm:
¢ — V-blade, = — TypOiHHA
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Pucynok 8: I'pacdik 3aymexHOCTi yacy roMoreHi3allii 1 Mila-
Jok V-blade i TypGiHHOI Bif KiJIbKOCTi 06epTiB mpu A, 65 MM:
¢ — V-blade, = — TypGiHHa
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BucHosku

ITpoBeneHHsT JOCHIIKEHb TiApPOAMHAMIKM Ta
Macoriepeayi Ha MOAEJbHUX CepeIOBUIIAX 3 METOIO
BaJtifallii hepMeHTaliiitHOro ob1aaHaHHS AJs1 6ioTe-
XHOJIOTIYHUX TIporieciB BupooHuiTBa ADI mae 3mory
OTpUMAaTU HailiHi pe3yJbTaTU TPU OLiHI OioTex-
Hojorii AD®I Ha cramii KyJTbTMBYBaHHS B MexKax
KPUTUYHUX MapaMeTpiB mpoliecy. JloBeaeHa MOXIN-
BiCTb BUKOPMCTAaHHSI MPOCTOI Ta JIETKO BiATBOPIOBa-
HOI METOIMKM UIST Bamigalii ¢pepMeHTaliifHOro 00-
JIAAHAHHST TIPU OLIHLI KPUTUYHUX CTaliii BUPOOHU-
TBa OIOJNIOTIYHMX JIKAPCHKMX 3aco0iB criocobamu
KyJbTUBYBaHHSI KJIITMH a00 MpU BUKOPUCTAHHI Kjia-
CHUYHOI (hepMeHTallii.

ITokazaHa Bucoka e(heKTUBHICTb MilllaJIKU
V-blade mopiBHSIHO 3 BiZOMWMM TMIIOBMMHU KOH-
CTPYKUiSIMU.

laponuHamiuHi mapamerpu ¢epMeHTepa, Ta-
Ki K pO3IOAiJ Tpami€HTIB IIBUIKOCTI IOTOKIB
B3aeMoiounx §a3, HACOCHUN e(peKT MilllaJIKu,
yac LUPKYJSLil Ta 4yac mepeMilllyBaHHSI CUCTEMU
(4ac roMoreHizallii), MOXYTb CJIyryBaTH OCHOBOIO
JJIS1 TIOPiBHSIJIBHOI OLIIHKUM POOOTU Pi3HUX TUIIB
peakrtopiB. Tomy mocniimxeHHs1 (Bi3yaabHi, SIKiCHI,
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KiJIbKiCHI) MalOTh BaXKJIMBE 3HAYEHHS y Ballifallil
MpOLIECiB Ta 0OJIamlHAHHS NPU IX eKCIUIyaTallii.

Ieit HanmpssM IOCTIIKEeHb i METOOMYHI ITiIX0-
I Jal0Th 3MOTY €(PEeKTHUBHO BaJlilyBaTH OiOTEXHO-
sorii Bupo6HuiTBa ADI Gionoriuamx JI3.

MeTtoguku Bi3yasizaiii Ta OIIHKM TiIpoau-
HaMiyHUX TlapaMeTpiB Mpolecy 3 BUKOPUCTAHHSIM
XiMiYHOTO Tpacepa € JOCUTb YHiBepCcaJlbHUMU i
MOXYTh OyTM BUKOPMCTAaHMMM SIK Ha €Talli JOCJIi-
JIDKeHHSI, TaK i y BaJlijallilHUX mpoleaypax BUpoo-
HUYOTO MPOLIECY.

BaxiuBuMm J1iMiTylouMM MapaMeTpoM Ipu
KyJIbTUBYBaHHi, SIK BiIOMO, € HampyXeHHs 3CYBY,
BeJIMUMHA SIKOTO MPOMOpLiiiHa ITMHAMiYHiil B’s3-
KOCTi PiAMHU i IWIBUIAKOCTI 3CyBy MOTOKY. Jljis
MOXJIMBOCTI BUKOPUCTaHHSI Millanku V-blade He-
00XiZHO BCTAHOBUTHU LIei MapameTp, OJHaK eKcIle-
PUMEHTaJIbHO MOTr0 BU3HAUMTU Ha Pa3i HEMOXJIM-
Bo. ToMy TJIaHYEeTbCSI TIPOBEIEHHSI KOMIT IOTEPHO-
ro MOJENIOBAaHHSI LIbOTO TMPUCTPOIO B CEPEeAOBUILI
ANSYS, 110 gacTh MOXJIMBICTh OTPUMATU AaHi 110
BEJIMYMHI Ta PO3MOiTY IIBUAKOCTENW 3CYBY MOTOKY
3aJIeXKHO BiJl Pi3HUX PEXUMIB POOOTU TepeMilly-
BaJIbHOTO TPUCTPOIO Ta BCTAHOBUTHU 3HAYEHHSI Ha-

MPYXEHb 3CYBY.
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C.M. CemeHtok, B.1O. lnGeukuit, B.M. MoeoasuHckuin, C.N. KocTuk

OLEHKA KPUTUYECKNX MAPAMETPOB NMPOLIECCA KYNIbTUBNPOBAHUA B BUOTEXHOJIOI KN
AKTUBHbIX ®PAPMALEBTUYECKMX MHTPEOUEHTOB

MNpo6nemaTuka. Mpon3BoOACTBO NEKAPCTBEHHBLIX CPEACTB ONPEAENEHHOro KavyecTBa, 3deKTUBHOCTU 1 6e30NacHOCTU HUKoraa He Te-
psino cBoeli akTyanbHOCTU. COBpeEMEHHbIE CUCTEMbI 0BecneyeHns 1 ynpaBrieHns kayeCcTBOM — Hagnexaluasi NpoM3BOACTBEHHAs npak-
TVKa — YYNUTLIBAIOT CYLLECTBOBAHWNE KPUTUYECKUX CTAAUI M KPUTUYECKMX NapaMeTpoB npoLlecca. Mpon3BoacTBO Guonormyeckrx nekap-
CTBEHHbIX CPEACTB crnocobamu KynbTUBMPOBAHWS KMETOK UM NPY UCMOSNb30BaHWUN KNacCUYeckol hepMeHTaLmm OTHOCUTCS K KpUTUYec-
KUM CTaZuMsiM U HyXAaeTCs B afekBaTHbIX MeToaMkax Banuaauuy npoLeccoB KynbTUBMPOBaHUS B OPUTHarbHbIX hepMeHTepax u an-
napaTax, B KOTOpble BHECEHbI KOHCTPYKLMOHHbIE U3MEHEHUS.

Lenb. Llenbto nccnegosanus siensietcst anpobaumnsi MeEToAMK OLLEHKM rMapoanHaMUYecko 06CTaHOBKU B (hepMEHTEPE C KIacCUYECKUM
nepemeLLVBaloLLIMM YCTPOMNCTBOM U CreumdUYeckMm nepemeLLmBaoLLmMm yctTponcteom V-blade Ha MoaenbHbIX cpeaax v Ha pasnmyHbiX
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MMWUTALMOHHBLIX 0ObeKkTax, a Takke onpefeneHne 3aBUCUMOCTU U3MEHEHNS TMOPOANHAMUYECKNX XapaKTEPUCTUK OT OCHOBHBIX KPUTU-
YecKkux napameTpos npouecca.

MeTopuka peanusauun. 'mapoanHammyeckas obctaHoBKa B hepMeHTepe xapakTepuayeTcs cneundyeckummn napameTpamm noTokos
B3anMogencTeyoLmx das. [ins onpeaeneHys cneundukn ABWKEHUS NOTOKOB NpeasioXKeHbl METOAbI BU3yanv3auun U MeTO[, BblpaBHU-
BaHWS KOHLEHTpaLum Tpaccepa — BpeMsi rOMOreHM3aLuu.

PesynbTatbl. MeTogamu Busyanvsauuv, npoBeAeHHbIMW Npu CKOPOCTHOM CbeMKe, Obinn BbiSBNEeHbl cneundunyeckme ocobeHHoCTH no-
TOKOB AN PasnuyHbIX NepemeLumBaloLmx ycTponcTB. bonee agekBaTHbIM 1 yAOOHBIM AN OLEHKW rmapoaMHaMmnyeckon obCcTaHOBKM B
dhepmeHTepe, Npu N3MeHeHN PakTOPOB BHELLHErO OKPY)XEHUS!, OKasarncs MeTod BBOAA XMMUYECKOro Tpaccepa U OLEHKN BPEMEHM ro-
MOreHu3aumm no n3meHeHuam pH.

BbiBopbl. [lokazaHa BO3MOXHOCTb MCMOMNb30BaHWSA MPOCTON 1 NErko BOCNPOM3BOAMMOM METOAUKN ANs Banujaumm epMeHTaLMoHHO-
ro obopyaoBaHNsA NP OLieHKe KPUTUYECKWX CTaAui NPoM3BoACTBa BUONOrMYeckux NekapcTBeHHbIX CPEACTB cnocobamm KynbTMBMpOBa-
HMS KMETOK UK Npu UCMONb30BaHMK Knaccuyeckon depmeHTaummn. lNokasdaHa Beicokas adhdekTMBHOCTL Mewanku V-blade no cpasHe-
HUIO C OOBIYHOWM KOHCTPYKLMEN.

KntoyeBble cnoBa: 6uoTexHonorus; Hagnexaiias nNpouM3BOACTBEHHas MPaKTuKa; KpUTUYeckas NMpPOM3BOACTBEHHas crtagus; depmeH-
Tep; rmgpoanMHaMmuka; mewanka V-blade.

S.M. Semenyuk, V.Yu. Shybetsky, V.M. Povodzinsky, S.I. Kostyk

ASSESSMENT OF CRITICAL PARAMETERS OF THE CULTIVATING PROCESS IN BIOTECHNOLOGY
OF ACTIVE PHARMACEUTICAL INGREDIENTS

Background. The production of medicines of a certain quality, efficiency, and safety has never lost its relevance. Modern quality assur-
ance and quality management systems — Good manufacturing practice — take into account the existence of critical stages and critical
process parameters. The production of biological drugs by cell culture methods or using classical fermentation refers to the critical stag-
es and they need adequate methods of validating the cultivation processes in the original fermenters and equipment to which structural
changes have been made.

Objective. The aim of the study is to test the methods for evaluating the hydrodynamic situation in a fermenter with a classic mixer and
a specific V-blade mixer, in model environments and on various imitation objects, and to determine the dependence of the change in
hydrodynamic characteristics on the main critical parameters of the process.

Methods. The hydrodynamic situation in the fermenter is characterized by specific parameters of the flows of the existing phases. To
determine the specificity of the flows, methods of visualization and a method for equalizing the tracer concentration, the homogenization
time, are proposed.

Results. The visualization methods carried out during high-speed photography revealed specific flow characteristics for various mixing
devices. More adequate and convenient for assessing the hydrodynamic situation in the fermenter, with changing environmental factors,
was the introduction of a chemical tracer and an estimate of the homogenization time from the pH changes.

Conclusions. The possibility of using a simple and easily repeatable technique for the validation of fermentation equipment in as-
sessing critical stages in the production of biological medicines by cell culture methods or using classical fermentation has been proved.
The high efficiency of the V-blade agitator is shown in comparison with the conventional design.

Keywords: biotechnology; good manufacturing practice; critical production stage; fermenter; hydrodynamics; V-blade mixer.
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YV BcbOMY CBiTi CIMPTOBA IIPOMMCIIOBICTD 3ilITOBXHYJIACH i3 TIPOOJEMOI0 HAKOIMMYEHHS BiIXOAY BUPOOHMII-
TBa CIUPTY — MICISICIIUPTOBOI Oapau. 3a paXyHOK BMCOKMX IMOKA3HUKIB XiMIYHOro Ta GiOXiMiUHOTO CITOXU-
BaHHsI KMCHIO, 3aBUCJIMX PEYOBUH, CIeLM(bIYHOTO KOJbOpPY Ta 3araxy, HU3bKOro 3HaueHHsi pH ouuieHHs
TaKMX BIiAXOMIB Ha IOJSIX (IIbTpalii 4M iX CKUA y BOIOMMHU HEMOXIMBI. MeTor Haioi poboTH E€:
(1) mpoBeneHHST aHAJi3y ICHYIOUMX METOMIB IMepepOoOKM 3epHOBOI IMICISICIIMPTOBOI Gapan; (2) OKpecaeHHs
3aB/laHb, IKi HEOOXiIHO BUPIILIMTH 1S ii epeKTUBHOI yTuii3alii; (3) BUBHAUeHHs HalOUIbII MepCIeKTUBHUX
Ta e(eKTUBHUX METO/IB MepepOOKU 3€PHOBOI MiCISICIMPTOBOI Oapau. BcraHoBIeHO, 1110 iCHYIOUMMU METO-
IaMu ii mepepoOKu € 0iosoriuHi, (i3MKO-XiMiuHi, a TAKOX BMKOPUCTAHHS B CLIbCBKOMY T'OCIIOAApPCTBI SIK
HATUBHOI Oapau, Tak i MPOAYKTIB ii mepepoOKu. Jlo HaWMpPOCTIIIMX METO/IB YTUITi3allil 3epHOBOI MiCJISICTIAP-
TOBOI Oapay HaJIeXKUTh 1i BUKOPUCTAHHS JUIs1 TOMyBaHHSI BEJIMKOI pOraroi Xymoou adbo gepruraliisi, OCKiIbKI
B 0apii MiCTUTBCSI ILIMPOKMI CIIEKTP MiHEpaJbHUX i MOXMBHUX PEYOBHMH. YHACTIIOK YTBOPEHHSI BEJIMKMX
00’eMiB 1IMX BIIXO/iB Ta iX IIBUIKOTO 3aKMCAHHS 11i MeToau HeedekTuBHI. Ha cboromHi BUKOPUCTOBYIOTHCS
METOOY OTPMMAaHHS KOMOIKOPMIB 3 IMiCJISICTIMPTOBOL OapaM ii BUMIaprOBaHHSIM, BUCYIIYBAaHHSM Ta T'PaHYIIIO-
BaHHSIM TBepaoi (pakiii 6apau. Ockisibku 6apia Ma€e BUCOKY BOJIOTICTb, OepKaHHS 3 Hei KOMOIKOpMIB €
HepeHTaOeJIbHUM. AepoOHEe OUMIICHHS MiCASICIUMPTOBOI Oapay BUIMPABIOBYE ceOe Juile 3a BUKOPMCTaAHHS
pO3/iIeHHST TBEpIOl Ta pinkoi dbpakiiif, Mpu nofaibliiii nepepoOdii pinkoi ¢dpaxiiii. Takox crocodoM mi-
BMILIEHHSI €(heKTUBHOCTI aepOOHOr0 OYMIICHHSI € BUKOPUCTAHHS KOMILIEKCY Me30(MiTbHUX i TepMOMiIbHUX
aepoOHMX OaKTepil, 10 YCKIAmHIOE mpolec ii yrwmisalii. Ha TemepitHiit 4yac JoCIimTKyIOTbCS METOIN aHa-
epo0HOI MepepoOKHU IMiCISICIIMPTOBOL Oapau 3 oaepxKaHHSAM Oiorazy. IIpoGiemoro € Hu3bKe 3HaueHHs pH,
10 iHTiIOy€e mpoliec MeTaHoreHe3y. Tomy MOCHiIKEeHHsI B Hanpsami ctaditizaiii pH i TexHosorii mpoBeaeHHs
npotiecy pepMeHTallii € aKTyalbHOIO 3aauero sl epepooKu Oapau. 3a paxyHOK YTBOPEHHSI €HEProOHOCIs
Ta MepeTBOPEHHS BiIXOAy Ha BUCOKOSIKiCHE HJOOPUBO (IIPOAYKTH aHAepOOHOIo 30pOMKyBaHHS) Lieil METOM €
e(eKTUBHUM Ta EKOHOMIYHO BUTIIHUMU.

Kurouosi ciioBa: micisicnupToBa 6apaa; yTuiisalis; nepepooka; dbepruralisi; cyiika; aepooHe 30poaKyBaH-
HST; KOPMOBI JIPiKIXKi; aHaepoOHe 30poKyBaHHS; Oioras.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Beryn

Haii6inpiumy BUpOOHUKAMU €TaHOJY B CBITI
€ CIIA Tta bpasunig (nepiie ta apyre micls Bifro-
BinHO), €Bpona, Kuraii i Kanaga [1]. 3 po3BUTKOM
CIUPTOBOI MIPOMUCIOBOCTI, 1110 COPUYMHEHUN M-
POKMM 3aCTOCYBaHHSIM CIIMPTY SIK OiomajiuBa, BU-
HUKJIA TIpobJieMa yTuiizauii BigxoaiB [1].

Haiiroctpiilie mpobieMa CTOITh 3 yTUIi3alli€lo
OCHOBHOTO BiJX0oAy BUPOOHUILTBA — ITiCISICIIUPTO-
Boi Oapau (IICB), gka B HaTypadbHOMY BMIJISIII
HE Ma€ MOIUTY Ha PUHKY, OCKUIBKM HE Mifjsrae
JIIOBroTpuBajoMy 30epiraHHIO (PO3BUTOK THMJIICHUX
MpoOLIECiB), a TaKOX MOTpedye 3HAYHUX BUTpAT Ha
JOCTaBKY CITOXMBayy.

B Vkpaini cnupToBi 3aBoau, 110 BXOISTH A0
CTPYKTYPH JIEPKaBHOTO MiIMPUEMCTBA “YKpcrupT”,
Ha BiIMiHy Bif cBiTOBUX JigepiB, 3 2012 mo 2015 pp.
3MEHIIWJIM BUPOOHULTBO €TUIOBOrO Criupry 3i 182

10 110 tuc. M>. HaBiTh 32 yMOBM TaKOTO BUPOGHULI-
TBa YTBOPIOIOTHCSI BEJIMKiI 00’€MU MiCASICIUPTOBOI
Gapau — 1,3—1,7 Mt M° [2, 3].

[TonuTt Ha Oapay Mae Ce30HHUI XapakTep,
OCKIJIbKA B CUPOMY BUIJISIAI 11 BUKOPUCTOBYIOThH T1€-
pEeBaXXHO SIK KOPM JJIs1 CBiMiCHKOI Xya00u, a B JITHINI
nepiof poKy MPUPOIHOI IXi I KOMUTHUX TBApUH
BUCTaya€e, TOMy Oapja HaKOMUUYETHCS B Crielialib-
HUX CXOBUIIAX i HA MOJISIX (PiIbTpalLii, o CIIpUuYn-
HsIE 3a0pyIHEHHSI aTMOC(EPHOro TOBITPsI Ta IPyH-
TiB. llle ogHUM MiHYCOM BUKOPUCTAHHS 3€pPHOBOI
cupoi bapau sIK KOpMmy Uil TBApUH € BUCOKi BU-
TpaTU Ha TPAHCIOPTYBAHHSI Y pe3yjbTaTi BUCOKOIO
Bmicty Bomm (90—95 %) i BeqMKMX BiACTaHEH MiX
¢depMamMu Ta CIUPTOBUMU 3aBojgamu [4].

3a paxyHOK BEJIMKOTO Buxony 6apmm — 12—15 om?
Ha | aM° ciupTy — Ta BMCOKMX MOKA3HUKIB 3a-
OpyaHeHb (OioxiMiuHe crioxkuBaHHSI KucHIO — BCK
35—60 r/oM°, xiMiunHe crioxuBaHHs KucHIO — XCK

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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60—120r/nm°) Ge3 eeKTUBHOIO Ta KOPEKTHOTO
ounieHHs ckun ITCb mae 3HaYHUI HeraTUBHUI
BILJIUB Ha HAaBKOJIMILIHE cepeaoBuile [5].

Ha nmouarky XX ¢T. OCHOBHUM METOIOM YTH-
Jlizauii 6apau 0yja0 ouMILEHHS 11 Ha MoJsIX (inbTpa-
11ii, 1110 CYTTEBO MOTipILIyBaJIO CTaH MOBITPsSl BHACIi-
JIOK BUJIIJIEHHSI HEMTPUEMHUX 3allaXiB Ta YTBOPEHHS
BeJMKOi KinbKocTi CO,, 1110 HaNpsiMy MOB’S3aHO 3
MMpO0JIEMOIO ITAPHUKOBOTO edekTy [6—8].

TexHoJorisl OTpMMAaHHSI €TaHOJIy TUIIOBA, TOMY
CUPOBHMHOIO IJISI BUPOOHUIITBA XapuyOBOI'O, TEXHIiU-
HOTO Ta MaJMBHOTO €TaHOJY CJIYTYIOTb Pi3HOMAaHIT-
Hi pocauHHiI MaTtepiany. Hailbinb mmpoko BUKO-
PUCTOBYIOTb KPOXMaJ€BMiCHY CUPOBUHY — 3€pHO
(kuTO, MIEHUIIS, KYKYpyA3a, SUMiHb, OBEC, ITPOCO)
Ta KapTOILUIIO, TAaKOX BUKOPUCTOBYIOTHCS 1IyKPO-
BMIiCHi MaTepiajiu — Mesica, AeeKTHUN 1IyKpOBUI
OypsIK. 3aJIe>XKHO BiJl CUPOBMHU XapaKTePUCTUKU Ta
cKJIanm Oapau pi3HATHES [9].

st 3epHOBOI O6apau, KpiM BUCOKUX KOH-
LIEHTpalliil opraHiuYHUX 3a0pyIHEHb, XapaKTepHUI
cnenuivyHM 3amax, 10 CBITYUTHL IIPO HasIBHICThb
CIpKOBMIiCHUX CIOJYK (iHA0J, cKaToj). Takox BoHa
MICTUTb Y CBOEMY CKJIaJi MiHepaJbHI PEUOBUHU —
¢ocdaru, HiTpaTu, cyabdatu, Ca, K — i cmonykm,
1110 MalOTh TOKCUYHY [Iit0 Ha Pi3Hi MiKpOOpTaHi3MHu,
Jesiki 3 HUX € KceHobOiotukamu [10, 11]. ¥V 6apai
OyJ10 BUsIBJIEHO Baxkki MeTanu, Taki sik Cr, Cu, Ni,
7Zn, 1110 T€X MalTh HeraTUBHUI BILUIMB Ha HaBKO-
JMIIHE cepempoBuiue [12, 13].

3Baxaloum Ha CKa3aHe BUIIE, Ha ChOTOIHI
aKTyaJbHOIO MPOOJIEMOI0 € MOLIYK pallioHaJbHUX
TEXHOJIOTIM TmepepoOKu Gapau.

MeTtor0 Ha1oi poboTH €:

1) mpoBeneHHS aHasi3y iCHYIOUMX METO/IIB Te-
pepoOKM 3epHOBOI MiCISICIUPTOBOL Oapau;

2) OKpecCJIeHHs 3aBAaHb, SIKi HEOOXiZHO BUpi-
LIUTU IS 11 e(DeKTUBHOI YTUJIi3allii;

3) BU3HAUEHHS HAWOIIbII MEepPCIEeKTUBHUX Ta
e(eKTUBHUX METO/iB MepepoOKU 3epHOBOI IMicCisi-
CIIUPTOBOI bapau.

Ilepepo6ka ii yruiizamis 6apau

A 3a3Havagocs BUIIE, BUXiJ 3epHOBOI Oapau
ctaHoBuTh 1200—1500 % Bim 06csTY BUPOOICHOTO
crupty. [i XapakTepuCTUKU 3a1eXHO Bil BUIY 3€p-
HOBOI KYyJbTYpU HaBeaeHO B Tabj. 1.

Takwit ckian micJIsICIUPTOBOL Oapau Ja€ 3MO-
Ty BUKOPUCTOBYBATHU 11 B CiJIbCbKOMY TOCITOAAPCTBI
JUI TIOJIMBY (0Aal04YX A0 YKUCTOI BOIM), SIK KOPM
JUUIS1 TBApUH, 11 OTpUMaHHS TipoTeiny [14, 15].

Ha ueit yac Bimomi Taki MeToau yTWi3allii
3epHOBOI Oapau, K 1o0puBa (epTuraiis) Ta Kop-
MU JJIsI CiIbCHKOTOCIIOAAPCHKUX TBAPUH 1 pUO.

Ilepepobky 3epHoBoi I1CH 3miiicHIOIOTh TaKK-
MU CIIOcOOaMu:

" BUPOOHMUTBO KOPUCHUX Y CUIBCLKOMY TOC-
MOJAapPCTBi MPOAYKTIB: KOPMOBI APiKIXKi, Oiorymyc,
JlaKkKasa;

»  (hi3uKO-XiMiuHi: yibTpadiabTpallisi, 3BOPOT-
HUI OCMOC, OTpMMaHHSI CyXoi Oapau 3a BUKOPHU-
CTaHHS BUITAPHUX CTaHLii [16];

= QiojioTiyHi MeTomu: aecpoOHE, aHaepoOHe
30pOMKYBaHHSI.

ITokazano [15], mo IICh 3a paxyHOK 1Lmpo-
KOTO CITeKTpa MiHepaJbHUX i MOXWBHUX PEUYOBHH
Moxe OyTM BUKOpPUCTaHa sIK piike 100puBo — dep-
turanist. B mocaimkenHi [17] Oyn0 BcTaHOBIEHO, 11O
3a KOHLIEHTpalil cupoi 6apay B po3unHi 33 % cro-
CTepiraeThcsl HaAMBUILMI MPUPICT Bpoxkaro Oallta-
Hy. 1151 3epHOBUX CiJIbCbKOTOCTONAPCHKUX KYJIBTYP
KOHIIEHTpAIlis 0apau ISt OCATHEHHS MaKCHUMaJTh-
HOTO BMXOAY BpOXaw Mae OyTU HUXUYOW —
20—30 % [17]. 3 pocToMm KOHIEHTpaLlil bapau CIio-
crepirajach ii TOKCMYHA Jlisi Ha POCJIMHMU.

Y HM3LI A0CHiIKEHb BUKOPUCTOBYBAIACh YXKe
30pomkeHa OGapaa mis moausy [18—20]. ITokazHuk
BCK 30pomxeHoi 6apau craHoBuTh 500 Mr/;[M3,
ajie Mijg yac ii BUKOPUCTaHHSI Ha TOJISIX CIOCTe-
piraetbcs BUILIEHHSI HEIIPUEMHOIO 3amaxy. Tomy
peKOMeHay€eThCsl po30aBsTu ii B 5 pasiB [20]. Tyt
BUMHUKae npobiema no3yBaHHs [ICh mist moausy.

Cupa Gapia Ma€ WIUPOKUI CIIEKTP BiTaMiHiB:
A, D, E, Bitaminu rpynu B, domiesa kucnora (By),
oiotun (H), xapoTuHOIOM; aMiHOKMCIIOTHU: JIi3UH,
METiOHIH, LIMCTUH, TPUITO(PAaH; MaKPOCIEMEHTH:
KaJibliit, ocdop, a30T; MiKpoeJeMeHTH: 3ali3o0,
LIMHK, MaHTaH, Milb; XapaKTepPU3YETHCS BUCOKOIO
KOPMOBOIO 1IiHHICTIO, TOMY il MOXHa BUKOPHUCTO-
BYBaTU 1K KOPM /I TBAPUH Y HEOOPOOJeHOMY BU-
misiai [14]. Ane depes ii CXWIBHICTh A0 LIBUIKOTO
MMPOKMCAaHHS Ta YTBOPEHHS TUTICHSIBU 3TOIOBYBaTU
xyn00i ii moTpibHO oapasdy miciasi yrBopeHHs [20].
TakoxX yHac/liioK HU3bKOTO BMIiCTY CyXHUX PEYOBUH
(5—10 %) edexruBHicts Bukopucranug I[1CH y
CUILCBKOMY TOCHIOAAPCTBI € HEBUCOKOI0. ToMy mis
MiABUILEHHS 1i KOPMOBOI LIHHOCTI BUKOPUCTO-
BYIOTh TaKi TEXHOJIOTIUHI IPUMNOMU: IiIBUILEHHS
KOHIEHTpallii CyXuX peyoBUH y Oapii — MPUTOTy-
BaHHs cycya 3 BmictoMm 19,0—20,0 % CP i nosep-
HeHHs (pinbTpaTy O0apau Ha CTamilo MPUTOTYBaHHS
3amicy. Aje GaraTopa3oBe BUKOPUCTaHHS (piibTpa-
Ty GapaM Ha CTajil MPUTOTyBaHHS 3aMiCiB 3HMXY-
Basio pH cybcTpary, B pe3yabTarti 4oro BinOyBajiach
iHaKTHUBallisd (DepPMEHTIB, 1110 CBOEIO YEProl Mpu-
3BOAMJIO IO 3HIKEHHSI BUXOMY CITMPTY Ta TIOTip-
LIeHHs ¥ioro sKocTi [21, 22].

Bapny MoxXHa BUKOPHUCTOBYBATH SIK SKUBUJIbHE
CepeIoBUILE TSI BUPOIYBAHHS KOPMOBUX JPIKIKIB.
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Taomauna 1: Ckian micasicnupToBoi 3epHOBOI 6apau (cupoi) [9, 14]

Bapaa oH XCK”‘,3 BCK**,3r N3ar3, P3ar,3 Ca, % Bin Hi?nﬁ, % HI/IC.ITI/IH, MeT.iOHiH,

r Oy/nm” | Oy/nm r/omM° | r/oM CPpw* Bin CP | % Bin CP | % Bin CP
Kykypynsana 3,34 59 43 5,46 2,28 0,17 0,71 0,20 0,28
SuminHa 3,7-4,1 97 83 6,00 8,00 0,24 0,49 0,15 0,26
ITinenunyHa 4,6 50 26 1,50 1,70 0,18 0,83 0,33 0,43

*XiMiYHE CIMOXMBaHHSI KMCHIO; **0ioXiMiuHe CIOXMBaHHS KUCHIO; ***cyxa peyoBUHa.

CyocrpatoMm misg apixmxiB pony Candida ta iHIIMX
MOXe OyTu sIK cupa Oapna, Tak i ii dinbrpar [24].
AJle OCKiJIbKM TaKi BUPOOHMIITBA HE YTUJi3yIOTh
BCi€l Oapau, 110 YTBOPIOETHCS B MPOLIEC OepKaH-
Hs cnupTy [25], a mig yac KyJbTUBYBaHHS APiX-
JIKiB YTBOPIOETHCSI KYJIbTypajibHa PilMHA, SIKa TEX
norpedye OUMIIEeHHs, TO IIpoOyjema YTWIi3alii
BUCOKOKOHIIEHTPOBAHMX CTiYHUX BOJ HE BHPIlIy-
etncs [20, 26].

ITix yac nocmimkenns yrwrisanii [1Ch 3 oTtpu-
MaHHSIM Jlakkasu ((hepMeHTY, 110 3aCTOCOBYETHCS
B OioTexHoJIOril, XapuoBiil Ta MUBOBApHiil Mpo-
MUCJIOBOCTi) BCTAHOBJIEHO, 1110 32 TaKOi TeXHOJOTii
BUKOPUCTOBYETHCS Majuii 00’€M 1LIbOTO BiAXO.1y,
i 1le TaKOoX He BUPILIYE €KOJOTiYHOi MpobdieMu
CIIUPTOBOrO BUPOOHULITBA. Bijbllle TOrO, OCKIJIbKI
st otpuMaHHs Jlakkasu [1CB e nuiie xapuoBoro
JI00aBKOIO 10 OCHOBHOTO CyOCTpaTy, TO BOHa Mae€
OyTH TonepeaHb0 aHaepoOHO 30pomkeHa [27].

st BepMUKOMITOCTYBaHHSI 3€pHOBO1 Oapau
BUKOPUCTOBYEThCS Juiiie ii TBepaa daza. 11lo6 mia-
BUILUTHU SKICTh KOMIIOCTY, IO IIIJIBHOTO ocamy Oap-
I JOAal0Th OpTaHiuyHi MOOaBKM: THili, MOApPiOHEHI
3aJIMILIKU POCIUH [28].

HaiinoiupeHiliow TeXHOJOri€E OTpUMaHHS
CyXxoi 0apau € cxeMu 3 BUIIAPHMMU CTaHIISIMUA Ta
CYIIIKOO, B PE3YJbTaTi YTBOPIOETHCSI BUCOKOOIIKO-
BMi1 KOMOIKOPM, SIKWIT OTPUMYIOTH BUITAPIOBAHHSM,
BUCYIIIYBaHHSIM Ta IpaHyJIOBaHHSIM TBepAoi (pak-
uii 6apau (DDGS — Dried Distillers Grains with
Solubles) [24, 29]. Lli cxemu xapaKTepuU3yOThCs 10-
POTOBM3HOIO Ta BUCOKMMU €HEProBUTPATAMU.

IlepcniekTHBHI pe3yabTaT OTPUMAHI 3a Mepe-
poOKM Gapau 3 AOMOMOrO0 yJbTpadiJbTpaliii Ta
3BOpOTHOro ocMocy. Pigka ¢pakiiiss Moxe BUKO-
PUCTOBYBATHCS SIK 3aMiHHUK TEXHOJIOTIYHOI BOAU
B Mpolieci BUPOOHUILITBA €TaHOJy, TBepaa — sK
KOpM y HeobpoOiieHiit abo cyueHiit ¢opmi. ['o-
JIOBHUMM HEJOJIiKaMU LIMX METOJiB €. BUCOKi iH-
BECTUIIilHI Ta eKCIUlyaTaliliHi BUTpaTU (HaINpu-
KJaj, LIBUIKE 3a0pyaHEeHHsT MeMOpaH, 110 TSATHE
3a co0010 3HAYHi i TMOCTiliHI BUTpATHU Ha iX 3aMi-
HY), HU3bKa TMPOAYKTUBHICTb, TOAATKOBI BUTpaTU
eHeprii Ha MiACyllyBaHHS TBepaoi dpakiiii — Ke-
Ky [20, 30].

bioaoeiuni memoou nepepobku 3epnosoi IICh.
bBionoriuni Mmeroau nepepodku 3epHoBoi [1Ch Ha-
BEJIEHO Ha PUCYHKY.

BiosroriyHi MeToau nepepooKu
3epPHOBOI Oapau

Aepobui* T 3 OTpI/IMaI’{HHM. KOPMOBUX
TPIKITKIB**
. Kopmosgi
— J1o6puBO — bioras — p .
JPLKIKT
HusbkoKoHIIEHTpOBaHA
— CB | doGpuBo — KynbrypanbHa piguHa
Hu3bkoKOHIIEHTpOBaHA
CB

Pucynok: biosnoriuni meronu nepepooku 3epHoBoi [1CB:

— Biomxoau, 110 MOTPeOYIOTh MepepoOKU;

— TPOIYKTH, 1O MOXYTb

OyTH BUKOpHCTaHi B arporpomucioBoMmy cektopi, CB — criuna Boma, * — ¢yrar Gapau, ** — sk yrar, TaK i cupa 6apaa
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byno pmocaimkeHo HU3KY aHAaepoOHUX i aepo0-
HUX TPOLECIB JJIs1 OYUILEHHS BUCOKOKOHILIEHTPO-
BaHMX CTOKIiB, IIIO SIBJISIE COOOI0 3epHOBa Oapra
CcnupTOBUX 3aBOiB. OCKIIBKM TUIIOBUM € CITiBBiI-
HomeHHsT XCK/BCK = 1,8—1,9, To e cBiguuTh
MpO MPUAATHICTh MIiCASICOUPTOBOL Oapau 10 Gioso-
riyHOro oumiieHHs [16].

Aepobni mexnoaoeii. AcpoOHa TeXHOJIOTIsI Mepe-
pobOku Gapay Briepiie 3raayeTses B 1965 p. P. Cwmi-
tom [31]. Ak cyOGcTpaT BUKOPUCTOBYBAIMU piji-
Ky (pakuito KykKypyazsHoi 6apou 3 pH 3,8—4.5.
AKX 1HOKYJAT BUKOPUCTOBYBAJM IOCIBHUU Ma-
Tepiaa 3 TPYHTy Ticjsl iHKyOyBaHHSI iloro 3 0ap-
JI010 TIPOTSATOM OAHOIO TUXHS Ha 3BOPOTHOMY
mefikepi 3a KiMHaTHOI TeMmIlepaTypyd Ta 3HauyeH-
Ha pH 7,2. JlocnimXyBaau BIUIMB KOHIIEHTpa-
uii iHOKyJsTy Ta 3HaueHHs pH Ha 3HUXeH-
Hs XiMiuyHOTro cmoxuBaHHs KucH (XCK) Ta
3aBuciux pedyoBuH (3P). OntumManbHUM BU-
SIBUJIOCH CITiBBIIHOIIIEHHS iHOKYJISAT:cyocTpar = 1:9,
snaueHHs pH — 7,1—7,8, 3a axkux BimOyBasocs
sumxeHHstT XCK na 60,7 %, 3P — nHa 45,0 % (3a
BUXIIHUX KOHIIEHTpaLiii 57,6 r OZ/L[M3, 39 F/,Z[M3
BiIMOBiAHO). ¥V NOCHIIXXEHHI Mpoliecy 3HUXEHHS
XCK i 3P y npoToyHOMY peXrMi aepoOHOro OUM-
LIEeHHs OyJo BUSBJIEHO, 1110 Ha BUXOJi peakTopa
i MOKa3HMKU 3aJUIIAIThCS JOCUTh BUCOKHUMM.
Takox Oyn0 HOCIIIXKEHO MOXJIMBICTh OUYMILIEHHS
Oapou Ha acpoOHOMY (DiJIBTPi, aje TaKU METO[ €
HEMPUIATHUM UISI PO3POOKM TE€XHOJIOTil, OCKIJIbKH
BXe Ha 5-Ty n00y BigOyBa€eThcsi OOpOCTaHHS 3a-
IPpy3KM peakTopa yepe3 3HauUHUM nmpupicT Giomacu.
3umxkends XCK — 50 % [31].

V nocaigpxeHHsax [31, 32] pekoMeHIOBaHO
3/1ilICHIOBaTU aepoOHe 30pOIKyBaHHS piaKol (pak-
uii 6apau micast BigniieHHs TBepaoi (pakiiii. Ile
COPUUYMHEHO BUCOKMMM 3HAUY€HHSIMM 3a0pynHEHb
(XCK, 3P) cupoi bapan.

V nmocnimxenHi [33] mpoBoamiu aepoOHE
30pOJIKYBaHHSI MILIEHUYHOI 6apau — siK 11 (iapTpa-
Ty, TaK i CUpPOi — 3 BUKOPUCTAHHSIM Me30- i Tep-
ModinbHUX OakTepiil pony Bacillus. 30pomKyBaHHS
3milicHIOBaIM 3a roctiiitHoro pH 6,5 i Temnepary-
pu 45 °C. B o6ox Bunagkax pH koperyBanu gona-
BaHHAM po3uuHiB H,SO4 i NaOH y koHuenTparii
2 MOJ'IL/I[MB. Pesynbrati mokasaiu, 1110 32 BUKOPU-
CTaHHS LMX OakTepiil BimmiieHHs TBepaoi pakilii
Oapau € 3aliBUM, OCKIJIBKU 1€ MaJi0 He3HAYHUN
BriuB Ha 3HMXeHHsT XCK — cTymiHb BuaajieHHS
XCK cranosus 88,25 % st cupoi 6apau i 92,85 %
IJ1s1 biabTpaTy.

Otxe, B MpOLIECi HOCTiIKeHb Oy10 BCTAaHOBJIE-
HO, 1I0 UISI TAKUX BUCOKOKOHIICHTPOBAHUX BiIXOMIB,
SIK TICJISICTIMPTOBA 3¢pHOBA Oapaa, aepoOHEe OYUILICH-
Hs1 0e3 posaiieHHsT (a3 epeKTUBHIIIEe y pa3i BUKO-

PUCTaHHSI KOMILIEKCY Me30(ITbHUX 1 TEPMOMITbHUX
aepoOHMX OakTepiil. Ajle 3a TaKMX YMOB BUHUKAE
npobJieMa KOHTPOJIIO TeMITEpaTypy, 1110 KOJIUBAETHCS
B LIMPOKUX MeXax IMPOTITOM yChOTO MpOLEecy i Mo-
TpeOye 101aTKOBUX eHepreTUuHUX BUTpat [34, 35].

AepoOHe OUMILEHHS BiXO/iB 3 BUCOKMM BMiC-
TOM OPraHiYHOI PEUOBMHU, TaKUX SK MiCASICIIUPTO-
Ba Oapja, CIPUYMHSIE TaKi MPOLECH:

— CITyXaHHSI aKTUBHOTO MYITY;

— HEe3JaTHICTb CUCTEMM 110 3HUXKEHHSI BUCO-
koro BCK a6o XCK, 1m0 norpedye BUCOKOBapTiC-
HUX KOMIUIEKCHUX PilllcHb;

— BMCOKMUI piBeHb NMPUPOCTY OiomacHu;

— BHMCOKa eKCIulyaTalliiHa Ta eHepreTuyHa
BapricTh [36].

VY pazi aepoOHO1 OGiogerpanaiii opraHiYHUX
PEUYOBMH TiCASICIIMPTOBOI Oapau BiICYTHE YTBOPEH-
Hs Oiorazy — JKepesja €JeKTPUYHOI Ta TEIJIOBOIL
eHeprii, 1110 € BaXJIMBUM (DAKTOPOM MiABUILEHHS
eHeproegeKTuBHOCTI nipouecy [37, 37].

Kpim Toro, cmiBBinHomeHHss BCK:N:P =
= 100:2,4:0,3 cBiguuTh PO TE€, 11O aHAEPOOHI Me-
TOAM OYMILEHHSI, OCOOJMBO Ha MEPIIUX CTamisiX,
OyayTh OibII e(DeKTUBHUMU, HixXK aepoOHi [39].

AHaJi3 CBITOBOrO JOCBigy CBigUWUTh, IO
3epHOBA MiCISICOMPTOBA Oapaa Ma€ HaWOUIbIII
MEPCNeKTUBU SIK CUPOBMHA [JISI OTPUMaHHS Oi-
JIOKBMICHOI KOpMOBO1 A00aBKu Ta 6iorazy. O6u-
JIBa TIPOIYKTH KOPUCTYIOTHCSI TIOIMTUTOM Ha PUHKY
i 3maTHi 3a0€3MeYnuTH peHTa0eIbHICTh MiKpOOio10-
riyHOI mepepoOKu micascruproBoi oapau [30].

Anaepo6ni mexnoaoeii. €1MHUM BapiaHTOM OYM-
LIEHHST CUPOI TicasacupToBoi dapau mo 1980-x pp.
OyJ10 ouMIIeHHS Ha noJisgx (iapTpauii. Ha meii yac
y OaraTbox KpaiHax CBITy Maiixke BCi BUPOOHUKU
CMUPTOBOI Tajy3i 3MilCHIOIOTH MepepoOKy 36pHOBOI
MiCASICMIMPTOBO1 OapAu 3 BUKOPUCTAHHSIM aHaepoo-
HOTO 30pOKyBaHHSI (B OCHOBHOMY 11 (iabTpaTy) —
MeTaHOTeHe3y 3 OTPMMaHHSIM €HEepProHocis — Me-
Tany [9, 40—42].

AHaepoOHUI MeTod MepepoOKM MicCasiCIIup-
TOBO1 OapM € 3arajibHOMPUNHHSATOIO MPAKTUKOIO i
3MIMCHIOETHCS B PI3HUX 3a KOHCTPYKIIIEIO peak-
Topax: OiopeakTop 3 iMMOOii30BaHOIO TTiBKOIO,
UASB-peakTop, peakTop i3 HCeBIO3PiAKEHUM
mapom (AFB-peakTop), aHaepoOHMII peakTop
MepioAMYHOI 1il; TaAKOX BUKOPUCTOBYIOTHCS Pi3Hi
aHaepoOHi cucTeMu: OAHO- Ta JABo(da3zoBa aHae-
pobHa o4yMCTKa, CTaBKOBUI crocid ¢inbTpaiii,
3BUYaliHi aHaepoOHi cucteMu (aHaepOOHUI peak-
TOp i3 Oe3IepepBHUM IIepeMIlllyBaHHSIM — METaH-
TeHK) [43—48].

VY xozi BUBYEHHSI aHaepOOHOTO 30POI>KyBAHHS
HaTUMBHOI Oapau OyJIo BCTAHOBJIEHO, 1O A0 ii CKJa-
Iy BXOISITh PEUOBUHU, SIKi HE IMIHAIOThCS PO3KIAmy
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B IIpolieci 0OpOOKM aHAaepOOHUM MYJIOM (Hampu-
KJaa, GeHoan) i MOXYTh OYTU MPUYMHOK HU3BKO-
ro BUXOJy MeTaHy Ta AecTaliiizallii mpolecy, Tomy
HEeoOXiHO MPOBOAUTU MOMEPENHIO 0OPOOKY Oapau.
Jns BUgajieHHsl CTiMKMX CIOJyK i3 TMPOMUCIIOBUX
CTIYHMX BOJl BUKOPUCTOBYIOTh (POTOOKMCHEHHSI, Xi-
MIYHY KOaryJsiiliio, ocaiKeHHs, (piabTpallito, 3He-
3apaxkeHHs, aacopOllito, ITonepeaHIo (hepMeHTALIiI0
towo [49, 50].

V [49] meTomom momepeaHboi 0OpoOKu Oap-
Iu OyJIO 030HYBaHHSI, B MPOLECi SIKOTO CITOJYKH,
1110 BaXKO MiIIal0ThCs PO3KIIaLy, TEePeTBOPIOIOTHLCS
Ha OUIbLI MPOCTi MOJEKYJIU 3 HUXKYOIO MOJIEKY-
JIIPHOIO MAcoI0, SIKi JIEeTKO BUKOPHCTOBYIOTHCS SIK
MOXWBHI PEYOBMHU aHAEPOOHUMU MOMYJISALISIMU
[49, 51, 52]. BusHayeHo, 1110 BUXiI MeTaHY i3 CUPOL
OGapau ctaHoBUTH 0,25 e CH,/r XCK, a 3 mome-
penHbo o30HoBaHOI — 0,284 nm* CH,/r XCK [49].
OCHOBHMMU HeIOJiKaMU LIbOTO METONY € HeoOXil-
HICTh BUKOPUCTAHHSI CKJIAaAHOTO i JOPOroBapTiCHO-
ro obJamHaHHS Ta TTOTpebda B JOJATKOBUX BUTpPATax
€Heprii.

V tabi. 2 HaBeleHO BUXill METaHy 3aJIeXKHO Bif
napametpiB ¢epmeHTalii [1Ch.

V nochiiiKeHHi cKilaay MicasiciMpToBOI Oapau
MMOKa3aHo, 110 cyxa pedyoBrHa Oapau Ha 50—56 %
npeacrapieHa 3P, 110 MICTATh IepeBaKHO IIPOTE-
1H 1 KJITKOBUHY, SIKi YHIOBUIbHIOIOTH MPOIIEC aHa-
epooHoro poskiany [53]. IIpuckoputu po3knan
MOXJIMBO Mpealuan@ikyBaHHSIM, 1110 SIBJISIE COOO0IO
BUTPUMMYBaHHSI Oapau MPOTITOM NEKiIbKOX Mi0 11s
3a0e3MeUYeHHsI CIIOHTAHHOTO PO3BUTKY KUCJIOTOTE€H-
HUX MikpoopraHi3mis [30].

[Mopasbiiie 36pomKyBaHHSI B HOCTiIKEeHHI [56]
MPOBOIMIN TIiCAS PO3AiJEHHS TBEPAOl Ta pPiAKoi
¢a3 Gapau: ¢yrat 30pomXyBaad B aHACPOOHUX
yMoBax y nporouHoMy UASB-pexTopi 3a Temmne-
parypu 50 °C, 3naueHus pH cranosuno 6,5—7,2
(Buxin Gioragdy miciast 4,5 MicsLiB eKcIuTyarailii Jja-
GopaTopHoi ycraHoBKM 9 M2 /M dyraty, BMicT CH§
y Giorasi — 59 %, micnst 6 micsiuiB — 14,6 M°/M
¢dyrary, Bmict CH, y 6iorasi — 65 %), Kek BUCYIIIY-
BaJli Ha POTOPHO-AMCKOBIM CylIapii 3 OTpUMaH-
HSIM KOPMOBOTO MPOAYKTY [56].

CyTTEBUMU HENOJIIKAMM IILOTO METOAY €: TPO-
MI3JKICTh TEXHOJIOTIYHOI CXEMH, CKJIQAHICTh €KC-
IUTyaTalii, HeOOXiMHICTh JOOYUCTKU 30pOIKEHOTO
¢yrary, BeJMKi JOAATKOBI €HEpro-, TeIjo- Ta pe-
CypCOBUTpATU Ha (ppakiliiiHe po3mijieHHs Oapau it
OTPUMAaHHS CYyXOr0 KOPMOBOTO TTPOAYKTY.

V nocnigxenni [40] 30pomKyBaHHSI 3¢pHOBOI
MiCJSICTIMPTOBOT Oapiu NpoBOAUIM B Me30(iab-
HoMy pexuMi. Insg HelTpanizauii pH HaTuBHOI
Oapay BUKOPHMCTOBYBAJIM YacCTUHY 30pPOIKEHOI.
Ockinbku 30poaxeHa Oapaa XapaKTepuU3YETbCS
nediuuToM docdopy, To IS MiABUILEHHS edek-
TUBHOCTI aHaepoOHOTO Mpolecy B CepeloBUILE
BBOIMJIM HEOOXIMHY KIIBbKIiCTh cymepdocdary.
byno orpuMmano taki pesyabrati: BugaieHHs XCK
3a TMOYaTKOBOTO 3HaueHHs 94—112 r O,/am> Ha
aHaepoOHOMY eTami mepepobku Oapaum — 52,13—
53,95 %, BCK — 69,36—71,37 %, neTKUX XUPHUX
kucior — 3,5—5,0 %. Ckiag orpuMaHoOro 6iorasy:
47,0—48,1 % CO,, 1,9—2,0 H,S, 50,0—51,0 % CH,.
V 30pomxeHiii 6apai BUSIBUIM BUCOKY KOHIICH-
Tpauiro cyabdigiB, ToOTO Ma€ Micle KOHBEpCis
cyabdartiB y cyabdinum B mpoueci 30poaKyBaHHS,
IO CBiIUMTH MPO BUCOKY aKTUBHICTh Cyjibdarpe-
JNYKYIOUUX OakTepiil, sKi 3HUXYIOTh aKTUBHICTh
METaHOTEHIB, PE3y/JIbTaTOM YOI0 € HU3bKUiIl BMICT
MeTaHy B Oioraai.

IIle ogHuMM cmocoOOM yTUJi3alii 3epHOBOIL
MicascnUpTOBOi Oapau € 11 30pojKyBaHHSI 3 Bill-
MpalbOBaHUM aKTUBHUM MyJioM (AM) 6iojioriuHoi
CTaHIIil OYMCTKM CTiYHOI BoaM cruprt3aBony [57].
Bbyno BuzHavyeHO, 1110 ONTUMAaJIbHE CITiBBiIHOILIEH-
Hsl 6apna:AM — 15:85 % 3a 06’eMoM. Y HOCTimKeH-
Hi [55] BukopucToByBaau Oapay 3 aHaepOOHUM
AM i3 ouncHux cropyn micra. Ilponec nposonu-
g 3a temneparypu 48 °C, pH 7 minrpumyBanu
nogaBaHHsaM NaHCO;. Buxin 6iorazy ctaHOBUB
10,84 M*/m> Gapau.

Jna o0ox BMIIAAKIB XapakTepHa IIpodOjema
MiATpUMaHHS ONTUMaJbHUX 3HaYeHb pH i Temrie-
patypu, 1110 3HaYHO BIUJIMBA€ Ha IIBUAKICTb Mepe-
Oiry mpolecy Ta piBeHb BUxoay 6iorasy.

OcTtanHi myOJikalil moKa3yloTh, 110 OOJHUM i3
MepCreKTUBHUX METO/IIB aHAepOOHOTO 30POIKYBaHHS

Ta0mmug 2: Buxin Giorasy 3ajeXHOCTI Bil YMOB aHAepOOHOIo 30pOMKyBaHHS Ta Buay Oapau [53—55]

Bix Tun XCK,,, | aryss, HapanTaxenns 3a . EdextuBHicTh BHXII[ Mocu-
Gapau eaktopa | T O,/om> io XCK, L°C | BHIATCHHS biorasy, JIAHHS
PAI P P e a r XCK/mm® 3a 106y XCK, % | am*/r XCK
KykypynzsiHa* CRST 50,8 30 9,05 3342 83 0,26 [53]
Suminna** UFB 21,4 0,18 115 54+1 78 0,27 [54]
[TireHnyHa™* CRST 91 9,25 11,6 44+1 90 0,23 [55]

*cupa G6apaa; **dinbrpar; ***yac rigpaBniuyHOro yTpUMyBaHHSI.



130

Innov Biosyst Bioeng, 2018, vol. 2, no. 2

Oapmou € ii 30pomKyBaHHS 3 BiIXogaMU TBApUHHULIb-
KMX KOMIUTEKCIB i rrraxodepm [58—61]. Tak, y pobo-
Ti [58] KOPOB’sTUMii THili BUKOPUCTOBYBAJIM SIK TTOCiB-
Huii Marepian. Ilpouec mpoBomwIM 3a TeMIiepaTypu
35 °C, pH cy6erpaty miarpuMyBaiy Ha piBHi 6,8—7,4
MOCTYIMOBUM JoAaBaHHsIM po3unHy CaCO; nepen 3a-
rpy3kolo 10 peakropa, criBBinHomeHHss BCK:N:P
niarpumyBaiu Ha piBHi 100:2,5:0,5 nogaBaHHSIM Ai-
aMoHilo ¢ocdary Ta CEYOBUHHU, 10 € e(DEKTUBHUM
IJIsT aHaepoOHOro 30pojKyBaHHS. MakcumalbHe
crioctepexxyBaHe BunaneHHss BCK cranoswio 93 %.

VYV nmochigxeHHi [62] mpoBOOMIM CYMiCHE
30pOMXKyBaHHS O0apau Ta KOPOB’STYOTO THOIO. TeM-
nepatypa mnpouecy — 35 °C, pH minTpumyBanu Ha
piBHi 7,02—7,04, cmiBBimHOIIEHHS THiil:0apma —
7:1. MakcumanbHe BumaneHus XCK — 79,72 % —
cnoctepiraau Ha 30-i1 JeHb, MAaKCUMAaJIbHUM BUXI[I
Oiora3y crnocrepiraau Ha 88-i1 IeHb.

V mpouecax kodepMmeHTalil 3 KOPOB’TYUM
THOEM BifgOyBa€eThcs Oibl rmoBHa nepepodka I1CH,
HiXX i yac aHaepoOHOro 30pOJKyBaHHS CHPOIi
Oapau um Gapau, iHOKYJIbOBAHOI aKTUBHUM MYJIOM
OYMCHUX CIIOPYH Y PEaKTOPi MOCTIMHOIO IePeMIlIy-
BaHHS. AJie TYT TaKOX iCHye Ipo0OjeMa 3aKucCaH-
Hs1 cyOcTpaTy Ha MOYAaTKOBMX CTajisgX Mpolecy,
HU3bKUI BUXiJ 0Oiora3dy Ta HU3bKUIA BMICT Y HBOMY
METaHy 4Yepe3 HEBIAMOBIOAHICTb CHIBBIZHOIICHHS
C:N = 30:1. TakoX BUKOPUCTOBYIOTbCS HEOpPraHiy-
Hi CIIOJIyKM JJIsl MiATpuMaHHS 3HadyeHHs pH, 1o
MPU3BOIUTH A0 3a0pYyIHEHHS BOAMU HEOPTraHIiUHUMU
peYOBUHAMU.

Hamn nmpomnonyerbest [63] cymicHe 30pomKy-
BaHHS OapAay 3 NTAIIMHUM IOCTIAOM. 3a paXyHOK
TOTO, 1110 TTaxu MOraHO 3aCBOIOIOTH €HEPril poc-
JIMHHUX KOpPMIiB i Oinibla i1 yacTUHA MepeXoauTh
y TIOCJIil, OCTaHHill € MEPCIEeKTUBHUM CyOCTpaToOM
IUIST BUKOPUCTAHHS SIK BiTHOBJIIOBAHOTO Kepea
eHeprii y BUpOOHUIITBI Oioraszy, TOOTO Mia yac aHa-
epoOHOTO 30pomKyBaHHs [64, 65].

IMocnin mae 3HaueHHss pH Ginbie 6,5, ToMy
MOXKe OyTM BUKOPUCTAaHUM SIK KOCYOCTpaT, SIKWil He
TUIBKM HEUTpanidye KUCIOTY B PEakTopi, a il mae
HEOOXiJHI eJIeMEHTH XUBJICHHS IJISI PO3BUTKY aco-
uianii MikpoopraHidMmiB. Ilpu 1bOMy mOCSITa€THCS
HeoOxigHe criBBigHOmeHHS C:N (30:1).

ITpoliec noBoauaM B Me30(PiIbBHOMY PEXUMi —
t =40 £ 2 °C. 3a paxyHOK BBEIEHHS ITOCIIYy pi-
BeHb pH y cepenoBulli peakropa craHoBuB 7 £ 0,5.
Possenennst kocyocrpartiB 10 Bosorocti 90 % mpo-
BOJIMJIM BUPOOHUYOIO CTiYHOIO BOAO0. BcTaHOB-
JIEHO, 110 HAWUMPOAYKTUBHIIINM [JII OIep>KaHHS
Oiorazy CIiBBiZHOIIEHHSIM 3a CYXOl0 PEUYOBMHOIO
ctiuHa Boga:I1Ch:mocmin 6yno 0,2:1:7, Buxin Oiora-
3y CTaHOBUB 265 c¢M*/T CyXOi OpPraHiuHOI PeUOBUHU
(COP) i3 BmicToM MeTany 72 + 2 % [63].

Buxonsiuu 3 HaBeAeHOro BUILE, MOXHa CTBEP-
JIKYyBaTH, 1110 aKTyaIbHUMM 3aJadyaMu TOAATbIINX
JNOCJIJIXKEHb Y 1IbOMY HampsiMi JJisi CTBOPEHHS
e(eKTHBHOI TEXHOJIOTIi epepoOKU MiCasICIUPTOBOI
Oapau € po3poOKa TEXHOJOTIUHMX pillleHb CTa0imi-
3aiii pH 6e3 nomaBaHHSI HEOpPraHiYHUX PEYOBUH,
MPOBENCHHS MPOLIECY METaHOTeHEe3y I OTpMMaH-
Hs1 6iorazy 3 BUCOKMM BMXOJOM METaHy Ta MiJaBU-
meHHs1 wBuaKocTi yruiizauii [TCB.

BucHosku

Ha ¢oni npobiaeM 3a0pyaHEHHS HAaBKOJMIII-
HBOTO CEPEelOBUIIA Ta PO3BUTKY OE3BIIXOAHUX TEX-
HOJIOTiA CITUPTOBA MPOMMUCIIOBICTb € 00’EKTOM arpo-
MPOMUCJIOBOIO KOMILJIEKCY, 1110 YTBOPIOE BEJIUKUIA
00’eMm BigxoxiB. CboromHi Bigomi 6arato MeTOAdiB
epepoOKM OCHOBHOTO BiIXOIy CITMPTOBOIO BMPOO-
HUILITBA — ITiCJISICIUPTOBOI Oapay, aje aHali3yio4yun
iCHYIOUi TeXHOJIOTIi, MOXHA 3pOOMTHU TaKi BUCHOBKMU.

3a paxyHOK yTBopeHHs Besmkoro oo’emy ITCh
(12—15 am® Ha 1 oM’ CIUPTY) MPOCTi MeToAu Ti
yTUIi3allii, Taki SIK OUMIIEHHSI Ha ToJsIX (iabTpa-
11ii, BUKOpUCTaHHs K Kopmy ist BPX y cupomy
BUIJISIAL, (pepTurallisi, He BUPILIYIOTH MPOOJEMU B
ITOBHOMY 00CS3i.

Ockifibku 6apja Ma€e TOCUTh BUCOKY BOJIOTiCTb
(90—95 %), To BUKOpUCTAaHHSA (Pi3UKO-XiMITHUX
METOJIiB, a camMe CYIIiHHS 3 OTPUMAaHHSM CYXOTo
kopmy DDGS, notpebye noporoBapTicHOro oojai-
HaHHSI Ta BEJIMKUX eHeproBuTpar. BupoiiyBaHHS
KOPMOBOI O6ioMacu ApiXIXiB, METOAU aepOOHOTO
1 aHaepoOHOTro 30pOMXKYBaHHSI T€X MalOTh HU3KY
HeNOoJiKiB (YTBOPEHHSI KyJbTypaJbHOI PiIMHU, CITy-
XaHHSI aKTUBHOTO MYJY, HE3IaTHICTh CUCTEMU JI0
sHmkeHHs1 Bucokoro bCK abo XCK, 1o morpedye
BUCOKOBAPTICHUX KOMILJIEKCHUX PillleHb TOLIO).

BupolyBaHHsSI KOpMOBO1 6ioMacu ApPiKaxiB
Ha [ICB noTtpeOye BCTaHOBJIEHHSI JOJATKOBUX CIO-
Py JUISL OUMILEHHS KYJIbTypaJbHO1 pimuHu. s
edekTuBHO1 yruizauii [ICb MeTonoMm aHaepoOHOIo
30pOIKYBaHHSI HEOOXiTHO MPOBOMAUTH 11 TTOTIEPEIHIO
00poOKy (po3misieHHs pinKoi Ta TBepAol (a3, 030HY-
BaHHS TOLIO), 3a0e3MeUyBaTh BBEIEHHSI JOJATKOBUX
pevyoBUH 115 cTabinizaliii pH Ta exeMeHTIB XXUBJIeH-
HS1, 1O MiJBUIIYE BapTIiCTh MPOILIECY.

TTokazaHo, 110 MEPCIEKTUBHUM METOJIOM YTU-
nizauii ITCb € aHaepoOHe 30poakyBaHHS. Buko-
pucTaHHs1 KodepMeHTallii cupoi 6apau 3 nTallu-
HUM MOCIiIOM Ja€ 3MOry: 30ajaHCyBaTH €JIeMeHTHU
>KUBJIEHHSI, MpUBeCTU 3HaYeHHs1 pH 10 HeoOximHuX
IJIST TIpOLIECY METaHOTeHe3y, JOCSATTH ITOTPiOHOro
cniBBigHomeHHs C:N. 3a ymMoB KodepMeHTalii 10-
cSTa€eThCs BUXinm Oiorasy 265 CM3/F COP i3 BmicTOM
Metany 72 £ 2 %.
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Hayi M1 TJIaHYyeEMO PO3pOOKY MaTeMaTUYHOI  OapAu 3aJIeXXHO BiJi yMOB CEpeloBHIlA Ta CIiBBill-

MOJIEeJIi JUIsl yIpaBdiHHS TeXHOJOTiYHUM mpouecoM  HouleHHs1 ITCh:nocoin.
ofepxXaHHs Oiorazy 3 IMiCASCIMPTOBOI 3€pHOBOIL
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H.B. lony6, M.B. MNoTtanosa
COBPEMEHHBIE METO[bl NEPEPABOTKU U YTUITU3ALIUX 3EPHOBOW NOCNECMNUPTOBOW EAPObI

Bo Bcem mupe cnmpToBasi MPOMBILLIIEHHOCTb CTOMNKHYNacb ¢ NPobnemMoi HakonneHns OTxXo4a NPoM3BOACTBA CMpTa — MOCHECNUPTOBOW
Hapabl. 3a cHET BbICOKUX Noka3aTenen XMMU4YecKoro 1 GMOXMMMYeckoro noTpebneHus K1Cnopoaa, B3BELLEHHbBIX BELLEeCTB, crneumdunyecko-
ro LBeTa 1 3anaxa, HM3KOro 3Ha4eHust pH o4mcTka Takvx OTXO4oB Ha Momnsax vnsTpauuy unv nx cbpoc B BOAOEMbl HEBO3MOXHBI. Lienbto
Hallen pabotbl senseTcs: (1) NpoBeaeHWe aHanu3a CyLLecTBYOLLMX METOAO0B NepepaboTkn 3epHOBOW nocrnecnupToBon bapapl; (2) onpe-
OeneHve 3agaq, koTopble HeOOXOAMMO peLnTb ANs ee 3dMEKTUBHON yTunudaumu; (3) onpeaeneHne Hambonee NepcnekTUBHbLIX 1 Adpdek-
TUBHbIX METOAOB NepepaboTkn 3epHOBON MOCNecn1pToBOn 6apAapl. YCTaHOBMNEHO, YTO CYLLECTBYOLLMMIU METoAaMu ee nepepaboTkv SABns-
toTCcA Bronornyeckme, MU3NKO-XMMUYECKMe, a TakkKe WCMOoNb3oBaHNe B CENbCKOM XO3SMCTBE Kak HaTMBHOM Bapabl, Tak M NpoayKToB ee
nepepabotkn. K npocteniluum metogam yTunu3auum 3epHOBOM NOCMECnMPTOBON Gapdbl OTHOCUTCS €e UCMOoNb30BaHUe Ansi KOpMIeHUs
KPYMHOrO poraToro ckota unu dpepTuraums, NockonbKy B 6apae NpyUCcyTCTBYET LUMPOKWIA CNEKTP MUHEParbHbIX U NUTaTeNbHbIX BeLecTB. 3a
cyeT 06pa3oBaHMs H6oMbLIMX 06BLEMOB 3TUX OTXOA0B U X BbICTPOro 3aKNcaHUst AaHHble MeToAbl HeadEKTMBHBI. Ha cerogHsa ncnonbayroT-
cA MeToAbl MonyyeHns KOMBUMKOPMOB M3 MOCNEecnMpPToBoM Gapabl MyTeM ee BbiNapyBaHWS, BbICYLUMBAHWSA W rpaHynupoBaHust TBepaoW
dpakumn Gapapl. Mockonbky Gapaa MMeeT BbICOKYH BM@XHOCTb, TO MOMyYeHWe M3 Hee KOMOWKOPMOB SIBMSIETCS HepeHTabenbHbIM.
AapobHasi oumcTka nocnecnnpToBoi 6apabl onpaBabIBaeT cebst TONbKO NPU UCMONb30BaHUM pa3feneHust TBEpAOoN U XUAKOW dppakLumin, npu
nocneayoLlei nepepaboTke )unakon dpakumn. Takke cnocobom nosbiLLeHNs 3PMEKTVBHOCTY a3pOBHON OYMCTKN SBSETCS UCMONb30Ba-
HVe KOMMNIekca Me30UrbHbIX 1 TEPMOMUNbHLIX aspobHbIX BakTepuii, Y4TO 3aTpyAHSET npouecc ee yTunusauun. B HacToslee Bpems
nceneayroTca Metoabl aHaspobHol nepepaboTkv nocnecnMpToBo Bapasl ¢ nonyyeHnem Grorasa. MNpobnemoi SBNSeTCs HU3Koe 3HaYeHne
pH, koTopoe uHrMBMpYeT npoLiecc MeTaHoreHesa. [oaToMy nccnefoBaHVsa B HanpaeneHuy ctabunusauum pH 1 TexHonorum NpoBeaeHns
npouecca hepmeHTaummn SBNAITCS akTyanbHON 3adaden nepepaboTkv 6apabl. 3a cHeT 06pasoBaHNsA 3HEProHoCcUTENs 1 nepeobpa3oBaHust
OTXOAa B BbICOKOKa4YeCTBEHHOE yaobpeHne (MpoayKTbl aHaspoGHOro copaxmnBaHWs) AaHHbIN MeToA, ABNseTcs apdeKTUBHBIM 1 SKOHOMM-
Yeck BbIFOAHBIM.

KntoueBble cnoBa: nocnecnvpTtoBas bapga; ytunusauus; nepepabotka; depTuraumsi; cylika; aspobHoe cOpaxuBaHue; KOPMOBble
OpOXOKU; aHaapobHoe cbpaxuvBaHue; buoras.

N.B. Golub, M.V. Potapova
MODERN METHODS OF PROCESSING AND UTILIZATION OF GRAIN DISTILLERY SPENT WASH

Across the world, the alcohol industry has faced the problem of accumulation of waste alcohol production distillery spent wash. Due to
high chemical and biochemical oxygen demand, suspended solids, specific color and odor, low pH, disposal of such waste in the filtration
fields or discharge into the reservoir is impossible. The purpose of this article is: (1) analysis of existing methods for processing grain
distillery spent wash; (2) definition of tasks that need to be solved for its effective utilization; (3) determination of the most promising and
effective methods for processing the grain distillery spent wash. It is established that the existing methods of its processing are biological
and physico-chemical and the use in agriculture of both raw distillery spent wash and products of its processing. The simplest methods
of utilization of the grain distillery spent wash are its use for feeding cattle or fertigation, since a wide range of mineral and nutrient
substances is present in the distillery spent wash. Due to the formation of large volumes of these wastes and their rapid souring, these
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methods are ineffective. Today, methods are used for obtaining mixed fodders from distillery spent wash by evaporating, drying and
granulating the solid fraction of the spent wash. Since the distillery spent wash has a high humidity, the production of mixed fodder from
it is unprofitable. Aerobic treatment of the distillery spent wash justifies itself only when using the separation of solid and liquid fractions,
during the subsequent processing of the liquid fraction. Another way to increase the effectiveness of aerobic treatment is to use a complex
of mesophilic and thermophilic aerobic bacteria, which complicates the process of distillery spent wash utilization. At present time, the
methods of anaerobic digestion of the distillery spent wash with the production of biogas are being investigated. The problem is a low
pH, which inhibits the process of methanogenesis. Therefore, research in the direction of pH stabilization and the technology of
conducting the fermentation process is an urgent task of processing distillery spent wash. Due to the formation of an energy carrier and
the waste transformation into high-quality fertilizer (anaerobic digestion products), this method is effective and economically viable.

Keywords: distillery spent wash; utilization; processing; fertigation; drying; aerobic digestion; fodder yeast; anaerobic digestion; biogas.
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JNEAKI BAKJINBI ®I3UKO-XIMIYHI ITOKASHUKUA
PAAY MIHEPAJIBHUX BO/I, AKI IIINTPOKO 3ACTOCOBYIOTHCA B IIOBYTI
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IIpodonemaruka. SAKicTh BOAM € OAHUM i3 HalBaXKIMBIIIKUX (PaKTOPiB, 110 MAIOTh BU3HAYAJIbLHWI BIIMB Ha
OpraHi3M JIIOAWHU.

Mera. [JocnimkeHHs] HU3KU (Hi3UKO-XiMiYHMX BaxKJIMBUX MOKA3HMKIB MiHepaJbHOI BOJAM, SIKi BU3HAYAIOTh
il BIJIMB HA OpraHi3M JIIOJWHMU.

Metoauka peamizanii. BuBuaiu oCHOBHI KpuUTepii, 1110 CTOCYIOTbCS SIKOCTi TUTHOI Boau: pH, okucHo-Bij-
HoBHMil noteHuian (OBII), 3aranbHy TBepAiCTh, 3arajbHe MiKpOOHE 4MCc0. TakKoxX BaXJIMBE 3HAYEHHS
Ma€ TMOKa3HUK 3arajibHOI TOKCUYHOCTI BOJH, SIKMI BU3HAYAETHCS METOIOM OiOTECTYBaHHS Ta Haznae 00’ €K-
TUBHY OLIIHKY BIUIMBY IOCJIiIKYBaHOTO 3pa3Ka Ha OpraHi3Mu.

Pe3yabratu. OTprMaHi pe3ynbTaTi cBin4ath, 1o pH mocaimKyBaHOi BOIY 3HAXOIUTHCSI B MEXaxX, BCTAHOB-
JICHUX iCHYIOUMMHW HOpMaTHMBaMU JUIsl MUTHOI Boau. Bcei 3pasku maroTh ciabkomyxHy peakuiro pH (7,1—
8,39). 3aragbHa TBEpIiCTh BOAM 3HAXOAMTHCS B MexXax 1,5—7 MMoJb.eKB/nIM3 Ta BiAMOBIZa€E JTaHUM BUPOO-
HUKa i BCTAHOBJICHMM iCHyHOUMM HOpMathBaM. BuHsITKOM € Boma Mapku “Smarty Family”, kopcTKicTb
SIKOT TPOXM HUXKYa MOKa3HWKA, 3a3HAYEHOT0 Ha eTUKeTIi. Bci BUBUEHI mpoOu AUTAYO0i MiHEpaJIbHOI BOIU
MaJIi 3HAUYE€HHSI MOKA3HMKIB CXOXOCTI Ta €Heprii MpOpOCTaHHSI, BUILI 32 KOHTPOJIb (IUCTUIbOBaHA BOIA).
Lle BKa3ye Ha BiICYTHICTh 3arajbHOI TOKCMYHOCTI Ta Ha 30aJJaHCOBAHICTb BMICTYy COJIE Y HOCIIIKyBaHUX
3pa3kax. 3HaYeHHsI IMX MMOKa3HUKIB y 3pa3Kax MiHEpaJIbHOI MPUPOIHOI CTOJIOBOI Ta MiHEPAIBHOI MPUPO/I-
HOI JIIKyBaJIbHO-CTOJIOBOI BOAM HMXKYi, HiXK y KOHTPOJIi. BUHSTOK cTaHOBUTH Boja “MupropoachbKka Jaria-
Ha”, MOKa3HUKHU SIKOI Malixke He BiIpi3HsI0ThCs Big KoHTposto. I1lo crocyeTbest mokazHuka OBII, xxomgHa
Mapka Boau He Binnosimae BennunHam OBII GionoriyHMX pinvH opraHi3My JIOAWHU, 30KpeMa il TUTUHU.
BinpiricTs 3pa3kiB MiHepaJbHUX MPUPOTHUX CTOJOBUX i MiHEpaJbHUX MPUPOTHMX JIIKyBaJbHO-CTOJIOBUX
BOJ (3a BUHSITKOM Boau Mapok “IlosisiHa kBacoBa” Ta “Bopkomi”) MaloTh MiABUILEHUI BMiCT MiKpoOp-
raHi3MiB Ta HE BiIINOBiJAIOTh BCTAHOBJICHUM HOpMaTWBaM st (hacOBAHOI BOJIU.

BucnoBku. JlociimKyBaHi MiHepallbHi HNPUPOAHI CTOJIOBI Ta MiHepaJibHI MPUPOAHI JIiKyBaJbHO-CTOJIOBI
BOJM MOXYTh BXXMBATUCh 3a NPU3HAUCHHSIM, ajie 3a MikpobioysoriunHuM nokasHukoM Ta OBIT norpedyroTh

noaaJibIOro KOHTPOJIIO.

KirouoBi ciioBa: Boga; OKMCHO-BITHOBHMI MOTEHIIiaJl; 3arajbHa TBepAicTh, pH; MikpoOHe uuco.

Betyn

Jobpe BimomMoO, 110 BOJa € PO3UYMHHUKOM i
TPaHCIIOPTEPOM IPOIYKTIB OOMIHY, ITOXKMBHUX, 0i0-
JIOTIYHO aKTHMBHUX Ta iHIIMX PEUYOBUH Yy KIITHHAX
JKMBHUX ICTOT, a JUIsI OaraTbOX OpraHi3MiB — 1€
cepenoBUlleM icCHyBaHHsI. Bci GioxiMiyHiI mpouecu
OyIb-SIKMX OpraHi3MiB — POCJIMH, TBapuH, MiKpO-
OpraHi3aMiB — BiIOyBalOTbCSI 3a y4acTIO BOAU, 1O
BHUCTYIIA€ sSIK cyOCTpaToM, Tak i Metabositom [1].

3abe3neyeHHsT HaceJlleHHs SKiCHOIO TUTHOIO
BOJIOIO € OJHi€l0 3 HarajJbHUX mpodjeM. 3a odi-
LIMHUMKM JaHUMU, Y cBiTi 80 % XBOpoO HacesleH-
HSI TIOB’SI3YETHCS 13 BXMBAHHSIM HeIOOPOSIKICHOI
nuTHOi Boau [2, 3]. Boma gk yHiBepcalbHUIT PO3-
YUHHUK 34aTHA PO3YMHSITU PiZHOMAHITHI peyoBHU-

HU, KMCEHb, MiHEepaJiU, 3 SIKUMM BOHA KOHTAaKTYE,
HaAKOIUYYBaTHU TOPsI i3 KOPUCHUMU HebaxkaHi abo
Ha/UIMIIKOBI JIJIS1 OpraHi3mMy JIIOAMHU KOHIIEHTpallii
PO3UMHEHUX PEYOBUH OPTaHiYHOTO TITOXOJKEHHS,
iOHIB Baxkux MeTajiB Tomo. ILle crae ocobamBO
aKTyaJIbHUM i3 MOCUJIEHHSIM TeXHOT€HHOTO 3a0py/i-
HEHHSI JTOBKIJLIS.

Tomy mist HopManbHOTO (DYHKIIIOHYBaHHST Op-
raHi3My HeOOXiJHO TOCTIHO TIOMOBHIOBATU BO.NY,
1110 BUIISIEThCS. B mpoleci XKUTTEMISUTLHOCTI opra-
Hi3M JIIOAMHU BTpayae 0araTo cojieil Ta Mikpoele-
MEHTIB, i came MiHepaJibHi BOAM MOXYTb CTaTU
aJleKBaTHUM JXKepesioM iX mornoBHeHHs. IlocTiii-
HUM CUCTEMHUI KOHTPOJIb SIKOCTi TUTHOI BOIM BCiX
MpU3HaUeHb TaKOX € AyXe BaXJIUBUM (PaKTOpoM
HOPMaJIbHOTO (DYHKIIIOHYBaHHSI OpraHi3My JIIOJIMHU.

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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B Vkpaini Hakazom MiHicTepcTBa OXOpPOHU
3mopoB’ss Ne 400 Bim 12.05.2010 p. 3aTBepmKeHO
Hep:xaBHi caHiTapHi HOpMU Ta nMpaBuia “lirieHivu-
Hi BUMOTH /10 BOAY MUTHOI, MPU3HAYEHOT JJIs1 CIO-
kuBaHHs JoauHoto” (JICanlliH 2.2.4-171-10) [4].
1 ciunsa 2020 p. HabepyTb UMHHOCTI HOPMAaTUBHI
BUMOTH 10 HU3KM HOBMX MOKA3HUKIB SIKOCTi MUT-
HOI BOAM, 30KpeMma A0 3arajJbHOro OpraHiuHOro
BYIJIELIIO, i 3 LIbOTO MOMEHTY $SIKiCThb MUTHOI BOAU
IUISl YKpaiHLIiB KOHTPOJIIOBATUMEThLCS 3a 76 MOKa3-
Hukamu. [Ipu 1boMy CbOTOAHI OiIbLIICTH Jlabopa-
TOpili aHaJli3y SIKOCTi MMUTHOI BOAM YKpaiHU HE Ma€
o0ylalHAHHS Ta KBaJli(hiKOBAHOTO TepCOHay IS
MIPOBEACHHS aHaJli3iB SIKOCTI BOAM 3a HOBMMU I10-
Ka3HUKaMMU.

OcTaHHIM YacoM 3poCTa€ iHTepeC 10 BUBYEH-
HS OKMCHO-BimHOBHOro noteHiiany (OBII) Boau,
SIKMI TIPOTIOHYETHCS BKJIIOUYUTU 1O MEPETiKy Kpu-
TepiiB SIKOCTI MUTHOI Boau. JlOCHiIXeHHSIMU HO-
BEICHO, 1110 BXKMBAHHS NMUTHOI BOAU 3 BiJl’ EMHUM
3HaueHHsIM OBIT nokpaiiye cran kposi [5]. OnTu-
MaJIbHE 3HAau€HHSI OKHMCHO-BiTHOBHOTO ITOTEHIlia-
1y Bomu Mae HaOmmxatucsa mo OBII OioyoriyHumx
piIVMH opraHizaMy JIOAWHU: KPOBIi, IIa3MH, CUPO-
Batku: Big —50 go —100 MB [6]. fkio B opranizm
rmocTynae Boga 3 Bucokum 3HaueHHsM OBII, Bona
BiIOMpA€E €JIEKTPOHU BiJ KIITMHHUX MeMOpaH, op-
raHes, €H3UMiB TOILLIO, SKi 3a3HAIOTh OKMCHOI Jie-
CTPYKIIil, Ta MpPU PEryJsIpHOMY BXUBaHHi MOXe
MPU3BOAUTH O TOTIipLIEHHS CTaHy 310poB’st [7].
Tomy s 1110A€HHOTO BXHWBaHHS PEKOMEHJI0BAHO
3aCTOCOBYBAaTM BOIY 3 TNpPO(MilaKTUUYHUM piBHEM
OBII Bix —100 oo +30 MmB [8].

3 omismy Ha 1ie, METOI0 Halloi poOoTu OyJio
JOCTIIXEHHSI HU3KU (Di3UKO-XiMIYHUX BaKJIUBUX
MOKa3HWKiB MiHepaJIbHOI BOJM, SIKi BU3HAYAIOTh ii
BIUIMB Ha OpraHi3m JIIOAUHMU.

Marepiaau i MmeToau

st jocinxkeHHs1 0ys10 BiniopaHo 4 MapKu He-
razoBaHoOl IMUTSYOI MiHepajbHOI Boau (“Manuin”,
“Mararko”, “MopmmHcebKa ciopTik”, “Smarty Fa-
mily”), 3 Mapku MiHepaJlbHOI MPUPOIHOI CTOJOBOI
Boau (“Mupropoacbka jnarigHa”, “MoplurHcbKa”,
“Buvette”) Ta 2 MapKu MiHepaJbHOI IPUPOIHOL
JlikyBaJIbHO-cTOIoBoi  Bonu  (“IlosnsiHa kBacoBa”,
“bopxkomi”), 1110 IMPOKO TPEACTaBICHI HA PUHKY
VkpaiHu, 30kpeMa B M. 3amopizki.

Buznauenus pH Boau npoBoauau Ha pH-meT-
pi-migiBonbT™MeTpi pH-150MA, BuUKOpUCTOBYIOUU
ckiissHu# KomOiHoBaHuit eekTpon ECK-10301 [9].

BusnaueHHs1 3arajibHOi TOKCMYHOCTI BOJU
3ifiCHIOBaJIM METOJOM OioTecTyBaHHSI, KU Oa-
3y€EThCSI HA BUBUEHHI XapaKTEPUCTUK MPOPOCTAHHS

HaciHHS (CXOXKOCTiI Ta €Heprii mpopoCTaHHs), 1O
3HaXoIMThCs B yvaiikax Iletpi 3 ¢iabTpyBajibHUM
rnarepoM, 3BOJI0XKEHUM BOJI0OI0. 3a KOHTPOJIb Opasu
THUCTIJIBOBAHY BOMIY, OCKiJIbKM BOIOTIPOBIIHA TTUT-
Ha BOAA MOXE MiCTUTH LIJIMH KOMIUIEKC MiKPOKOH-
LIEHTpaLlif TOKCUYHMX peyoOBUH. TecT-00’eKTOM
CIyTyBaB OBeC ITOCIBHUIA, SIKMU € yHiBepCaIbHOIO
IHIMKATOPHOIO KyJbTyporo. HaciHHsSI BiBca mociB-
HOTO TIPOPOIIYBaJlM B TEPMOCTATi 3a TeMIlepaTy-
pu 25—27 °C. Yepe3 3 n1obu BU3HAYAIU CXOXKICTb
HaciHHS Ta €Heprilo MnpopocTtaHHs. TOKCHUYHICTb
BOAM BU3HAuajIM 3a Takolo 1ukajnow: 0—20 % mpu-
THiY€HHS POCTOBUX IIPOLIECiB — BiZICYTHICTbh a0b0
HU3BKUI CTYITiHb ToKcuuHocTi; 20,1—40 % — ce-
penHiit piBeHb TokcnaHocTi; 40,1—60 % — Tokcuy-
HicTh BHIE cepeaHboro piBHs; 60,1—80 % — Bu-
coka TokcuuHicTh; 80,1—100 % — maxkcuMmaiabHa
TOKCUYHICTD [9].

BceraHoBeHHSs 3arajibHOI TBEPAOCTI BOAU TPO-
BOIWJIM METOIOM KOMITJIEKCOHOMETPUYHOTO TUTPY-
BaHHs [9].

Busznauennss OBII nuTHuX MiHepaJbHUX BOJ,
npoBomwin 3a poromoroio OBII-merpa (Ezodo
MP-103).

3arajibHe MiKpoOHE 4MC/IO BU3HA4YauIu B 1 cm3
BOJAM 3a KiJbKICTIO KOJIOHil, 1110 BUpOCTald Ha
3,5%-My M’ICO-TIEITOHHOMY arapi 3a TeMIiepaTypu
37 °C npotsrom 24 roa [10]. Takox npoBoawiu
¢apOyBanHs 3a ['/pamoM m1s1 BUBHAYEHHS TpaM-He-
TraTUBHUX 1 rpaM-TO3UTUBHUX OaKTepiid.

CraTuctiuHy OOpOOKY pe3yJbTaTiB MPOBOAM-
JIU METOJIOM OOUYMCJIEHHSI CepeaHbOol apu(pMEeTUUHOT
TTOMMJIKH, CEPEIHBOTO KBAaAPATUIHOTO BiIXMJICHHS.
BiporigHicTh BimMiHHOCTEI MiX CepelHIMU BeIUYK-
HaMu oliHIoBalu 3a kputepieM Ct’rogeHTa [11].

PesyabTaTu

dacoBaHi MiHepaabHI BOOW 3aJ€XXHO Bim 3a-
rajibHOI MiHepaJi3alii, HasBHOCTI creuu@iyHux
0i0JIOTIYHO aKTMBHUX KOMITOHEHTIB Ta CITOJYK IMO-
JIISTIOTHCSI HA TaKi: MiHepaJibHi MPUPOIHI CTOJIOBI,
MiHepaJibHi pO3BeJeHi CTOJIOBi, MiHEepalbHiI TpU-
POHI JIiKyBaJIbHO-CTOJIOBI Ta MiHepaJibHi po3Bee-
Hi JIiKyBaJbHO-CTOJIOBI.

Vci mocmimkyBaHi MapKyd BOAW MalOTh CTPOK
30epiraHHst 1 pik 3a temmeparypu 5—20 °C. 3rin-
HO 3 JaHMMHU BUPOOHMKA, JOCIiMIKXKyBaHa Boaa Xa-
PaKTEpU3YETHCSI BMICTOM MaKpO- i MiKpoeJeMeH-
TiB, KOHIEHTpAIlil IKMX BiAIIOBIiTAaIOTh 3HAYCHHSIM,
BCTaHOBJIeHUM 4YUMHHUMM Bumoramu JICanlliH
2.2.4-171-10 “TirieHiyHi BUMOTY IO BOIM TUTHOI,
MMpU3HAYEHOI JIJI CIOXMUBaHHS JonuHoio” [4]. Lo
IIOCIIIIKyBaHy BOIY CJIiJ BimHecTH 0 i3ioJiorivu-
HO MOBHOILIHHUX, OCKUIBKMA Yy CBOEMY CKJIaJli BOHA
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MICTUTh OCHOBHI 10HM, 5IKi € MOKAa3HUKOM ITOBHO-
LiIHHOCTI MiHEpaJbHOTO CKJIaly BOIM.

BinomMo, 110 gKicTh BOIM, SIKa HAAXOIWTH IO
pOCIMH, TBAapWH i JIIOOAUHM, 3HAYHOIO MIpOIO 3a-
JeXuTh Big BenuyuHu pH. 3 ypaxyBaHHSIM TOro,
o pH GinblIOCTi BHYTpILIHIX cepeaoBulll (Iuia3ma
KpoBi, JiMda, MIKKIITUHHA Ta BHYTPILIHbOCYT-
J1000Ba pigMHM) OpraHi3My JIOAWMHU 3HAXOAUTHCS
B Mexax 7,26—7,45 ta € omHUM i3 HaWOiIBLI cTa-
OiTbHUX TTapaMeTpiB roMeocTtasy, pH onrumanbHOI
BOAM Ma€ OyTU OJIMU3bKUM OO0 3a3HAYEHUX MEX,
TOOTO OyTM ciabKoay>KHUM. OTpuMaHi HamMu pe-
3yJbTaTH 3BEIEeHO B TaOJI. 1.

Taommua 1: I[MoxkasHuku pH gocimkyBaHUX MiHEpaIbHUX BOI

Mapka Bogu pH
“Maui” 7,49
“Manarko” 7,31
“Smarty Family” 7,87
“MopILIMHCHKA CITOPTIK” 7,11
“Mupropoacbka narigHa” 8,27
“MopimrHcbKa” 7,10
“TTonssHa xBacosa” 8,39
“Buvette” 8,00
“Bbopxomi” 8,34

Takox 3apa3 HaOyBa€ BaxKJIMBOIO 3HAYCH-
HS TIOKa3HUK 3arajilbHOI TOKCWYHOCTI BOIM, SKHUIA
BKJIIOUEHO [0 KOMIIJIEKCHOTO ITiIXOMY HOCIiIXKEH-
Hs1, po3po0JieHOro B THCTUTYTI KoJIOigHOI Ximii Ta
ximii Bomu HAH ¥Ykpainu, Ta 10 KpuTepiiB I0OCITi-
JIDKeHHSI CTaHy BOIM BOIHMX OO’€KTIB i SIKMI BU-
3HAYAETHCS MeTOOM OioTecTyBaHHs [12]. Bukopu-
CTaHHS 0iOTECTIB YMOXJIMBIIIOE OJepXKaHHS 00’€K-
TUBHOI OLIHKM BIIMBY JOCIiIXKYBaHOTO 3pa3Ka Ha
opraHizmMu. bioTecTu BUSBISIIOTH TOKCUYHI BJIACTU-
BOCTi BOJHOIO cepedoBuIla, AU(EpPEeHIIIOI0Th Pi3-
Hi Mapku (pacoOBaHUX BOJM 3a CTYINEHEM IX PU3MKY
IJIsT OpraHi3My JoauHU. Pe3ynbTaTh BU3HAYEHHS
3arajibHOl TOKCUYHOCTI MiHEpaJIbHUX BOJ HaBEJIEHO
B Tab1. 2.

AK BiZOMO, TBEPOICTb BOAM BU3HAYAETHCS
BMICTOM KaTiOHIB KaJjbllil0 Ta MarHiio. Pe3ynbra-
TU JOCTIIKEHHS 3arajibHO1 TBEPIOCTI MiHEPaTbHUX
BOJl HaBeAEeHO B Tad. 3.

Pesynbratu pochimkenHss OBIIT BimiOpaHux
MapoK MiHepaJibHUX BOJl HaBeAEHO B TadI. 4.

PesynbTaT MiKpOoOioJIOTiYHOTO JOCiIKEHHS
MiHepaJbHUX MPUPOAHUX CTOJOBUX 1 MiHEpaJIbHUX
MPUPOIHUX JIiKYBaJIbHO-CTOJIOBUX BOJ HaBEACHO
B Tab1. 5.

Tabmng 2: Pe3yJ'leaTI/[ BU3HAYEHHSI 3arajlbHOI TOKCUYHOCTI MiHepaJ'[BHI/IX BOJ[

Mapka Boan CX0XicTh EHeprist mpopoctaHHst
% BinHocHO KoHTpOIIO, % % BinHocHo koHTpOO, %

“Manui” 85 21,43 65 18,20
“Mansarko” 90 28,57* 80 45,45%
“Smarty Family” 90 28,57* 80 45,45%
“MopIIMHCHKA CITOPTIK” 95 35,78* 80 45,45*
“Mupropochbka JarigHa” 88 0* 76 —5,00
“MopiumnHchKa” 60 —31,81% 56 —30,00%*
“ITonsiHa kBacoBa” 0 —100* 0 —100*
“Buvette” 50 —40,90* 40 —50,00*
“Bopxomi” 40 —54,55% 12 —85,00*
Kontposb 88 — 80 —

*P < 0,05 BimHOCHO KOHTpoJto. KoHTposib (IMCTHIbOBaHA BOJA) TTOKJIATAETHCS 3a HYJIb.

Tabaung 3: PedynbraTy BU3HAUEHHSI 3arajibHOI TBEPAOCTI MiHe-
paJIbHUX BOI

Tabmuus 4: Pe3ynbraTii BUSHAYEHHSI OKMCHO-BiIHOBHOTO MOTEH-
Liaay MiHepaJbHUX BOJ

3arajgbHa TBEPIICTh, OKMCHO-BITHOBHUIA
Mapka Boau Mapka Boau .
MMOJIb-€KB/ M3 moTeHIan, MB
“Manui” 2,8 “Manuin” +160,5
“Mansitko” 2,2 “Mansarko” +183,3
“Smarty Family” 4.8 “Smarty Family” +153.,4
“MopIilrHCbhKa CopTiK” 1,2 “MopimHCbhKa COpTiK” +187,7
“Muproponchbka jarigHa” 4,16 “Muproponchbka JarigHa” +160,5
“MopimrHcbhKa” 2,04 “MopuimHcbka” +180,0
“TlonsHa xBacoBa” 4,16 “ITonsiHa xBacoBa” +198,1
“bopxomi” 4,12 “Buvette” +168,1
“Buvette” 3,1 “bopkomi” +197,1
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Tabmmua 5: Pe3ynbrati MiKpo6ioJIOriYHOTO aHasli3y BOAKU

Mapka Boau KYO*/cm3 XapakTepucTuKa MiKpoOpraHizmiB
“MupropocbKa . R
narL[[II:Ia”p . 3050 = 295 | I'pamHeraTuBHi 6akTepii MaTMIKOIOAIOHOI (hOPMU, KOJIOHIT OEXKEeBOTO KOJIbOPY
I'pamHeraTuBHiI 0akTepil MaaIMUYKONOAiOHOI (OpMU, KOJIOHIT 0€KeBOro KOJIbO
“Mopmmucbka” | 2876,6 + 167,5 | .2 p iOHoI dop Py

I'paMno3uTuBHI GakTepii MaanukonoaioHoi popmMu, KOJIOHII 6ijI0ro Koabopy

I'pammio3uTuBHI OakTepii, caplIMHU, KOJOHIi KOBTOIO KOJbOPY
I'pamHeraTuBHI 0aKTepii NaIMIKOIIOAIOHOI (POPMHU, KOJIOHII O€XKeBOTr0 KOJbOPY

“ITonsana xBacosa” | 23,75 £ 1,5 . . . -
I'pamHeratuBHiI OGakTepii MaJIMIKONOAIOHOI (pOopMM, KOJOHII 0JiT0-pOKEBOTO
KOJIOpY
“Buvette” 386 + 26.3 I'pamnio3uTuBHI GakTepii KyiaenonioHoi opmu
- I'paMnio3uTuBHI GakTepii MaanuKonoaioHoi (opmu
. I'pamHeraTuBHiI 6akTepii maanuKonoaioHoi hopMu, KOJOHIi OEXXEBOT0 KOJbO
“bopxkomi” 32,5+28 P p opmu, py

I'pammio3uTuBHI OakTepii, TETPAKOKM, KOJOHIi JKOBTOIO KOJbOPY

*KYO — KOJIOHIEYTBOPIOBAJIbHI OIMHMUII.

Oo6rosopeHHst

Vci 3pasku MaloTh CIA0KOJYKHY peakliilo
(7,1—8,39) Ta 3HaxousATbCSd B MeXKax, BCTAHOBJIC-
HUX iCHYIOYMMM HOPMAaTUBaMM [JIs1 TTMTHOI BOIU
(6,5-8,5).

Cepen JOCHIIKEHUX 3pa3KiB AUTIUYUX MiHe-
paJibHUX BOJ HaWMEHIII ITOKa3HMKU CXOXKOCTi Ta
eHeprii MpOpOCTaHHSI BUSBUIKNCSI Y BOAM MapKu
“Manui”, aje BCi BUBUEHI NMpPOOU Majau 3HAUCH-
HSI TIOKAa3HUWKIB, BUIII 3a KOHTPOJb (IUCTUILO-
BaHa Boja). lle BkKasye Ha BiJICYTHICTh 3arajbHOIL
TOKCHUYHOCTI Ta Ha 30aJlaHCOBaHICTh BMICTY COJIei
y OOCHimKyBaHUX 3pa3kax. IToKa3HUKM CXOXKOCTi
Ta €HEprii MpopoCTaHHs y 3pa3Kax MiHepaJlbHUX
MPUPOIHUX CTOJIOBUX Ta MiHEpPaIbHUX MPUPOTHUX
JIIKYBaJIbHO-CTOJIOBMX BOJ HMXKYi, HIXK Y KOHTPOJII.
BunsiTok craHoBUTb Boja “Mupropojchbka Jjarii-
Ha”, TOKAa3HUKU SIKOI Mailxke He Bilpi3HSAIOTHCS Bill
KoHTpoJto. OTpuMaHi JaHi cBiguaTh Mpo HEoOXimd-
HiCTb OUIbLI TIMOOKOro BUBYEHHS SIKOCTI LIMX Ma-
POK BOJIU.

3arajbHa TBEPAICTh JOCIIIXKYBAaHUX BOJ 3HA-
XOOUThCS B iIHTepBajax iCHYIOUMX HOPMATUBIB IJIsI
nutHoi Boau (1,5—7 MMoib-eKB/IM3) Ta BiIIIOBi-
Ja€ JaHWM BUPOOHMKA. BUHSATOK CTaHOBUTHL Bona
mapku “Smarty Family”, sika, 3a HallMMKM JaHU-
MM, Ma€ TBepHiCTb 4,8 MMOJIb-€KB/IM3, 11O TPO-
XM HIKYEe TTOKa3HMKa, 3a3HAYEHOro Ha eTMKETIIi
(5,3 MMoOJTb-eKB/IM3).

J1st pocmimKyBaHUX HaMU BOJ CEpeaHE 3Ha-
yenust OBII cranosuno +175,96 mB. [nsa mopis-
HsHHs1, OBIT Boau LieHTpanizoBaHOrO BOIOIOCTA-
yaHHs y M. Kuesi [6] 3HaxomuThes B MeXax Bil
+350 mo +450 mB, a GinblIocTti hbacoBaHUX BOO, —
Bim +200 mo +400 mB. LlumMu X aBTOpaMM BUSIB-

JIPHO TaKOX TeHJAEHIIit0 10 BUIIMX 3HaueHb OBII
cepeJl ra30BaHUX BOJI i HAMoOIB MOPIBHSIHO i3 Hera-
30BaHMMU. TakuM YMHOM, HaBEJEHUI BUILE IO-
PIBHSUIBHUI aHasi3 CBiIuMTh, 10 nokazHuk OBII
JIOCTiIXKYBaHUX BOJ 3iCTaBHUM 3 TaKuUM sl (paco-
BaHUX MiHEpaJIbHUX BOJI.

BcranosieHo, 110 OLIBLIICTE 3pa3KiB MaloThb
3HAYHO MiJABUILIEHUIN BMICT MiKpOOpPraHi3MiB Ta He
BiIMOBIAAIOTh BCTAHOBJIIEHUM HOpMaTUBaM sl (ha-
CcoBaHOI BOAM (KOJOHIEYTBOPIOBAJbHUX OIWHUID
Ha caHTUMeTp KyOiuHuil He Oinbuie 20) [4], 110
MOX€e BKa3yBaTU HaBiTh Ha (paybcUikalliio 3a3Ha-
YyeHUX MapoK (hacoBaHOI BOJM.

Bucnosku

3rigHo 3 AepKaBHMMU HOpMaMU AOCTiIKyBaHa
IUTS4Ya BOJA MOXKe OYTHM peKOMEHA0BaHa JIsl TUTS-
YOTro XapyyBaHHSI, a TAKOX SIK OCHOBA JIJISI IPUTOTY-
BaHHS HAIOIB i SIK J0JATKOBUIA 3aCiO Mpu mpuitomi
JikiB. JochigkyBaHi MiHEpaJabHi MPUPOAHI CTOJIOBI
Ta MiHepaJIbHi IPUPOAHI JIiIKyBaJIbHO-CTOJIOBI BOAU
TaKOX MOXYTh BXMBATHUCh 3a MPU3HAYCHHSIM, ajie
3a MiKpOOiOJIOTIYHMM MOKA3HUKOM JEsIKi 3 HUX IMO-
TpeOyIoTh mogaablioro KoHTpomo. OnHak 3a 3Ha-
yeHHsaM TokadHuka OBII xogna mapka Bomu He
BinnmoBinae BeamumHaM OBII GionoriyHmx piguH
OpraHi3aMy JIOOAUHU, B TOMY YMCIi i TUTUHU. Tomy
HEOOXiTHO TIPOBOANTH ITOAAIBII TOCITIIKEHHS CTO-
coBHO BriMBy OBIT nmuTHOI Boau Ha opraHi3m Jito-
JIUHU, SKi Ja0Th 3MOTY OLIIHUTU HEOOXiAHICTh BBe-
neHHss OBIT gk ogHOTO 3 OCHOBHMX ITOKAa3HUKIiB
SIKOCTI MUTHOI BoaM. B TomaibIioMy IJIaHYETHCS
MPOBOAWUTH AOCJIIXKEHHSI BOAHUX PO3YMHIB JiKap-
CbKMX TpaB i3 HaWOUIbLI JOCTIIKEHUM 1 BiTOMUM
CKJIAIOM Oi0JIOTIYHO aKTMBHMX PEYOBUH.
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H0.10. Metpywa, A.®. Puinbckuid, IN.M. NBo3ask

HEKOTOPBIE BAXXHbIE ®U3UKO-XUMUYECKUE NMOKA3ATEJIN PAOA MUHEPAJIbHbIX BOL,
KOTOPBIE LULMPOKO UCMOJIb3YIOTbCA B BbITY

Mpo6nemaTtuka. KayecTtBo BOAbl ABNSAETCS OOHUM U3 BaXHENLIMX (DAKTOPOB, KOTOpPblE MMEIOT onpeaensioliee BNMsHME Ha OpraHu3m
yeroseka.

Lenb. VccnegoBaHne psiga pU3NKO-XMMUYECKUX BaXKHbIX MoKasaTener MUHepanbHON BOAbl, KOTOPblE OMNpedensioT ee BrusiHue Ha
opraHu3M 4YerioBeka.

MeToauka peanusaumm. /3yyann OCHOBHbIE KPUTEPUM, KOTOPbIE OTHOCATCS K KAYeCTBY MUTbEBOW BOAbI: OKMCMMTENbHO-BOCCTAHOBM-
TenbHbIN noteHuman (OBI), pH, obuwyo TBepaocTb, obliee MUKpPoOHOe yncro. Takke BaxHOe 3Ha4YeHWe MMeeT nokasaTenb obLien
TOKCUYHOCTM BOZAbI, KOTOPbI ONpeAensercs MeTofom buotecTMpoBaHus 1 faeT 06bEKTUBHYIO OLIEHKY BNUSIHUS uccnegyemoro obpasua
Ha opraHu3Mmbi.

PesynbraThbl. Nony4eHHble pe3ynbTaTtel CBUAETENLCTBYIOT, YTO pH 1nccnegyemMoi Boabl HAXOAWUTCS B Npeaenax, YCTaHOBMEHHbIX CyLie-
CTBYIOLMMI HOpMAaTMBaMU A5 NMUTbEBOW Boabl. Bce obpasubl umetoT cnabowenovHyto peakumtio pH (7,1-8,39). ObLias xecTkocTb
BOAbI HAaxoaWTCs B npeaenax 1,5-7 MMonb-ekB/AMS 1 COOTBETCTBYET AaHHLIM NPOU3BOAUTENS 1 YCTAHOBNEHHBLIM CYLLECTBYIOLAM HOP-
MaTmBaM. McknoueHne cocTaBnsieT Boga Mapku “Smarty Family”, koTopas MUMeEeT KeCTKOCTb YyTb HMKE MnokasaTensi, yka3aHHOro Ha
3TuKeTKe. Bce nsyyeHHble Npobbl 4ETCKOM MUHEPanbHOW BOAbI UMENMW 3HAYEHUs noKa3aTenemn BCXOXEeCTU U SHeprnm npopactaHus Bbilue
KOHTpOMS (AMCTUNNMpOBaHHasa Boda). OTO yKasblBaeT Ha OTCYTCTBME OOLUei TOKCUMYHOCTU M Ha cbanaHCMpOBaHHOCTb CoAepXaHus
conen B uccnegyembix obpasuax. 3HayeHne aTnx nokasatenen B obpasuax MuHepanbHOW MPUPOAHON CTOMOBON U MUHEParbHOW Mpu-
poaHoi neyebHO-CTONOBOM BOAbI HXE, YEM B KOHTpone. VckntoyeHne coctaensieT Boga “Mupropogckas narmgHa’, nokasartenv KoTopow
NoYTM HE OTNMYATCA OT KOHTpons. YTo kacaetcsa nokasatenst OBI1, H1 ogHa mMapka Boabl He cooTBeTcTBYeT BenuumHam OBl 6uono-
MMYECKMX XUAKOCTEN OpraHvM3Ma YenoBeka, B YacTHOCTU U pebeHka. BonbluMHCTBO 06pasLoB MUHeEpanbHbIX NPUPOAHbBIX CTOMOBbLIX U
MUHepanbHbIX NMPUPOAHbLIX Ne4ebHO-CTONOoBbLIX BOA (MCKMovas Boay Mapok “lMonsHa kBacosa” 1 “BopXomMn”) MMeIoT NOBbILLEHHOE coaep-
KaHVe MUKPOOPraHM3MOB U HE COOTBETCTBYIOT YCTAHOBMEHHBIM HOpMaTMBaM Ans 6yTUNMpPOBaHHONM BOAbI.

BbiBoabl. Viccnegyembie MuHepanbHble NpMpoaHbIe CTONOBbIE U MUHEparibHble NpUpoAdHble nevebHo-cTonoBble BoAbl MOTYT ynoTpet-
NATLCS NO HA3HAYEHMI0, HO NO MMKpobuonoruyeckoMy nokasartento n OBl HyxgatoTcs B AanbHEWLEM KOHTPONe.

KntoueBble crnoBa: BoAa; OKACNUTENbHO-BOCCTAHOBUTENbHBIV NOTEHLMAan; obLas TBepaocTb; pH; MMkpoGHoe Ymncro.

Yu.Yu. Petrusha, O.F. Rylsky, P.I. Gvozdyak

SOME OF THE IMPORTANT PHYSICAL AND CHEMICAL PROPERTIES OF A NUMBER OF MINERAL WATERS
WIDELY USED IN EVERYDAY LIFE
Background. Water quality is one of the most important factors that have a decisive influence on the human body.

Objective. The aim of the paper is the research of important physical and chemical properties of mineral water determining its influence
on the human body.
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Methods. Main criteria relating to drinking water quality are studied: redox potential (ROP), pH, total hardness, total microbial count. The
indicator of overall water toxicity should be taken into account as well determined by bioassay and provides an objective assessment of
the influence of the sample on the organisms.

Results. The obtained results indicate that the pH of the water under investigation is within the limits established by the existing norms
for drinking water. All samples have a weak alkaline reaction pH (7.1-8.39). Total water hardness is within 1.5-7 mmol-ekv/dm3 and
corresponds to the data set by the manufacturer and the existing regulations. The exception is the water of the brand "Smarty Family".
Its hardness is a little bit below the index indicated on the label. All studied samples of mineral water for children had similarity values
and germination energy higher than control (distilled water). This indicates a lack of general toxicity and balance of salt content in the
samples. The values of these indices in samples of mineral natural dining and mineral natural medical dining water are lower than in the
control. The exception is water "Myrgorodska Lagidna", which indicators are almost the same as control. As to the ROP indicator value,
no water brand corresponds to the ROP values of the human body biological fluids, in particular the children’s biological fluids. Most
samples of natural mineral dining and natural mineral medical-dining water (except water brands "Polyana Kvasova" and "Borjomi") have
a high content of microorganisms and don’t meet the standards for bottled water.

Conclusions. Investigated mineral natural dining and mineral natural medical dining water can be used in the line functions, but on a
microbiological index and ROP needs further control.

Keywords: water; redox potential; total hardness; pH; microbial number.
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