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1. Introduction

The study of magnetite (FeO-Fe,O3) and the compounds
based on it, is a relevant task of modern science. Promising
directions of application of magnetic materials with advanced
surface include using magnetite as a vehicle for targeted deliv-
ery of drugs into defined areas of the body [1—3]. Research on
the objects in vivo has shown that lipid-magnetite suspensions
based on magnetite during oral introduction into a human
body display biological activity valid for 3—4 hours [4, 5].
Increased concentration of iron in the body causes momentary
lowering of intracranial CSF pressure, activates gastric and
duodenum activities and increases urination.

Magnetite also displays antioxidant activity that con-
tributes to the prolongation of terms of storage of fat-con-
taining products [6].

Supplements that contain magnetite can be recommend-
ed as anti-anemic agent due to digestible ferrous iron [5].

The optimum dose of magnetite is 0.2-0.3 g per
70-80 kg of human body weight [5].
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LMS possesses a unique combination of yield and the
ability to significantly interact with magnetic field. Its prop-
erties are determined by the totality of the characteristics of
the components that make up its composition (magnetic solid
phase, dispersion medium and stabilizer), varying of which
can change the physical-chemical parameters of LMS in a fair-
ly wide range depending on the conditions of their use [4—6].

The physiological action of lipid-magnetite suspensions
significantly depends on their stability over time.

That is why the study of morphological characteristics
of lipid-magnetite suspensions and their sedimentation sta-
bility, and also stabilizing action of the additives of surfa-
ce — active substances is a relevant and important task.

2. Analysis of scientific literature and
the problem statement

Defining sedimentation stability of suspensions and
sedimentation action of additives of surface-active substanc-




es, measuring the size of small particles and determining
their concentration in emulsions, suspensions is a problem
the researchers have faced for a long time and it is solved in
different ways. Key methods of its solution are set forth in
books and numerous articles. Thus, the papers [3] analyzed
the process of kinetics of sedimentation and the stability
of suspensions with super magnetic nano particles of iron
oxide by methods of sedimentation and nuclear magnetic
resonance (NMR). The drawbacks of this method are inac-
curacy (in the case of sedimentation) and using expensive
equipment (NMR). The stability of suspensions with par-
ticles of magnetite of diameter 0.3 microns was also studied
by viscose metric method in combination with the method of
deposition [7]. This method of analysis lacks the accuracy of
measurement of the stability of suspension.

To assess the sedimentation stability of suspensions, flu-
orescent method is widely used [8]. However, in this context,
there are limitations to this method as standard fluorescent
devices present little information about morphological char-
acteristics of suspensions.

New experimental methods of light scattering are ap-
plied [9] — scanning flow cytometer, and methods based
on ellipsoidal cavity, which measure indicatrix of light
scattering, allowed by one or two angles, respectively. Their
disadvantage is the occurrence of differences in the intensity
of lateral scattering depolarization between the suspension
particles of the same size, but with varying surface charge,
which leads to occurrence of errors and reduces the accuracy
of the analysis.

Researchers [10] use laser methods, based on the mea-
suring of scattered laser radiation, to characterize the mor-
phology of highly dispersed particles. The disadvantage of
this method is the dependence of measurement results on
the state of particles surface in a suspension, more accurate
results are obtained in the analysis of particles with smooth
and even surface.

In the papers [11, 12], the concentration of particles
in a suspension was determined by means of a differential
mobility analyzer system (DMA), the voltage of which is
the function of concentration of particles. However, the res-
olution of the device and the accuracy of measurement vary
significantly depending on temperature and pressure.

Therefore, the problem of determining the stability of
suspensions has not been fully resolved up to now, that is
why the papers on the subject are regularly published.

The obvious method to solve it is the observation and
measurement of particle sizes by a microscope [3, 7, 13].
Although this method is slow, its advantage is the clarity
and simplicity, but it is very labor intensive and it is poorly
automated. To measure nano particles, many researchers use
electronic microscopes [8, 14] — bulky and expensive equip-
ment. And in many cases, for example, in the measurement
of particles in gas flows, this method is not applicable, and it
is also very slow at that.

Optical methods are widespread [13—15]. They are based
on the measurement of the characteristics of light — scattered
or absorbed by the medium that contains particles. However,
these methods are far from completion, although they have
been explored for a long time. One of the main reasons for
this is the need to solve the inverse problem — determining
the properties of particles by the results of their interaction
with radiation. In this case certain difficulties arise:

1. Inverse problems are usually incorrect. Small errors in
the source data lead to large errors in the obtained results.

And errors in the source data are always present because
these data are the results of an experiment.

2. To reduce the errors, statistical data processing is used
but it requires a large amount of computation.

Optical methods can be divided into several groups.

1. The measurement of the form of indicatrix of the light
scattered by particles. In classical papers on the theory of
diffraction [16—18], it was shown that indicatrix of the scat-
tering of light by small particles had petal character, and
the angular width of the first petal ¢ depends on the ratio
between the size of the particles 7 and the wavelength of the
radiation \:

0=Q(m)>,
T

where Q is the coefficient, which depends on a complex index
of refraction of the material of particle m. The papers [19, 20]
described an experimental implementation of this method.
To enhance the accuracy, in the paper [20] they measured
also parameters of polarization of scattered radiation.

The drawbacks of the method are the complexity of the
measurement of the forms of indicatrix of scattering and
the necessity to know the index of refraction m. In addition,
the method cannot be applied to measure the sizes of nano
particles, because the width of the first petal of indicatrix
becomes very large, exceeding 90°, and the accuracy of
measurements is significantly reduced.

Method of dynamic light scattering. The basis of this
method is measuring fluctuations of the intensity of the
scattered particles of light, caused by the Brownian motion
of particles [21]. The method allows measuring the size of
nano particles. It is not applicable to micro particles because
they, unlike the nano particles, are deposited at the bottom
of a cuvette which contains a suspension.

Disadvantages of the method are the complexity of
experimental equipment that should provide for measuring
very small intensities of scattered light and the inability to
measure the size of micro particles.

2. Spectrophotometric method. The method is based on
measuring the coefficient of light attenuation a by a system
of particles (suspension, emulsion) [22, 23]. The experiment
measures the dependence of coefficient of transmission of
a cuvette with particles on the wavelength of light and the
analysis of this dependence. Then, in theoretical dependency
a()), known from the theory of diffraction, such values of
particles size r, refractive index m and index of particle con-
centration N are selected so that this dependence passes best
through the experimental points. This presents the biggest
difficulty in data processing. Each of the papers [13—15] and
others, solves this problem differently.

For the most part, optical methods can be divided into
two groups. The first measures the shape of indicatrix of
scattering light by particles and the nature of its polariza-
tion, the second — dependence of attenuation of light by
a system of particles on the wavelength. However, in the
literary sources we could not find any facts of using the
spectrophotometric method for the study of the morphology
and sedimentation stability of lipid-magnetite suspensions.
The approach to solving the problem, which is used by the
authors, will be described later in this article.

The studies, described further on, belong in the second
group. Using a spectrophotometer, we discarded dependency
of light transmission coefficient by a cuvette, which con-



tained a lipid-magnetite suspension, containing the studied
particles, on the wave length.

This work is devoted to the study of morphological char-
acteristics of lipid-magnetite suspensions (LMS) and their
sedimentation stability by the spectrophotometric method,
as well as stabilizing action of the additives of surface-active
substances.

3. The purpose and objectives of the study

The aim of this study is to develop a method of assess-
ment of sedimentation stability of lipid-magnetite suspen-
sions, to define the dispersibility, size of particles of mag-
netite, stabilized by surface active substance, as well as the
concentration of suspension.

To achieve the set goal, the following tasks were solved:

—analysis of dependence of light transmission coeffi-
cient of lipid-magnetite suspension (LMS) on the wave-
length and the time of the LMS exposure at different wave-
lengths of light and measurement of stability of suspension
over time;

— defining radius of suspension particles (r) on the basis
of degree (q) and parameter (p);

— determining the concentration of magnetite particles
in a suspension and the analysis in the changes in the con-
centration of particles of magnetite in LMS over time;

— analysis of dependence of coefficient of transmission on
the time of LMS exposure at different wavelengths of light
and measurement of stability of suspension over time;

— defining the radius of suspension particles (r) on the
basis of degree (q) and parameter (p);

— determining the concentration of magnetite particles
in a suspension;

— analysis of the changes in the concentration of particles
of magnetite in LMS over time.

4. Materials and methods of the study of sedimentation
stability of lipid-magnetite suspensions

4. 1. The studied substances and equipment used in
the experiment

When obtaining the suspensions, we used ultra-thin
magnetite, which was synthesized according to the well—
known method of coprecipitation of two- and three-valent
iron in an alkaline medium [24].

Synthesized magnetite is a highly dispersed black pow-
der with particles size of 30—60 nm.

The study used sunflower refined bottled oil deodor-
ized according to DSTU 4492:2005; corn oil, not refined
DSTU GOST 8808 — 2003 “Corn oil. Technical specifica-
tions (GOST 8808 — 2000. IDT)”; soybean oil, not refined
DSTU 4534:2006 “Soya oil. Technical specifications”; pig fat
according to GOST 25292 — 82; beef fat GOST 1288 — 41,
salomas unrefined, for margarine industry TU 9145 — 181 —
00334534 — 96, TU 15.4 — 13304871 — 005:2005; substi-
tute of milk fat “Violia — molzhir 3” TU 15.4 — 13304871 —
005:2005, GOST R 53796 — 2010; confectionary fat “Short-
ening” TU U 15.4 — 00373758:022 — 2006; SAS (monoacil-
glicerol) Dimodan HP.

Lipid-magnetite suspensions (LMS) were obtained by
the technology [5], according to which there is a stage of
peptization.

The LMS, obtained in this way, with magnetite as a
dispersion phase and vegetable or animal fats as a dispersion
medium, have high stability in the gravitational and mag-
netic fields.

The study of stability and concentration of suspensions,
morphological features of particles was carried out using
spectrophotometry (spectrometer Spekol 11).

4. 2. Method of determining stability, dispersibility
and concentration of lipid-magnetite suspensions

The essence of the method consists in the analysis of
spectrum of attenuation of a suspension with nanoparticles.
The dependence of transmission coefficient T of a cuvette
with suspension, on the wavelength A of optical radiation
that passes through the cuvette, is measured. The Beer-Lam-
bert-Bouguer law underlies the spectrophotometric method
of the analysis:

I=I,e™, @

where Ij is the intensity of the incident light, I is the intensi-
ty of light that passed through a cuvette, 1 is the thickness of
the layer of suspension in the cuvette (1.0 cm), o is the light
attenuation coefficient.

Transmission coefficient T is determined by the formula:

T =1 (2)

where I is the intensity of the incident light, I is the inten-
sity of light that passed through the cuvette, T is the trans-
mission coefficient, un.sh.

Attenuation coefficient o is associated with the trans-
mission coefficient T by the following formula:

where 1 is the thickness of the ayer of suspension in a cuvette
(1.0 cm), T is the transmission coefficient, un.sh.

Typical view of the experimental dependence a(}) for
corn-magnetite suspension is in Table 2 and Fig. 3. In this
case ai and A; were defined by the formulas (4), (5):

ai=—In (T;/100)/1, )
Ai=ko/ny, ®)

where L is the wavelength in the air, um (nm), A; is the wave-
length in fat (oil), um (nm), 1 is the dimension parameter
(thickness) of cuvette (1 cm or 102 m), T is the transmission
coefficient, %, ng=1,47 is the index of refraction of the dis-
persed medium (corn oil), determined experimentally.

It is known from the theory of light scattering on small
particles [25, 26] that the dependence o.(A) is described well
by power function

a<x>=%, (6)

where A is the coefficient that does not depend on the wave-
length, q is the exponent whose value depends on the ratio
between particles size r, um, (nm) and the wavelength of
light A, microns (nm).



To find g, take the logarithm of the equation (6): Ina=
=InA—q InA.

Results of the calculation of Ine; and InA; and the dia-
gram of dependency are in Table 3 and in Fig. 4: Ina;=f(In\;).

Tangent of an angle (angle is approximately 60°) of
curve slope in Fig. 4 corresponds to q and equals 1,657, i. e.
q=1.657. The value of A is derived from InA, which is the
section of the coordinates axis, cut from the curve in Fig. 4:
InA=1,12. Hence, A equals 44.8.

The parameters A and q in the equation (6) were also
calculated by the method of least squares:

A=44,8, q=1,657.

From the theory of light scattering it is also known that
the attenuation coefficient is determined by the formula (7)

a=nr’NQ(p,m), @

where N is the concentration of particles in suspen-
sion, cm™, r is the particles size, um (nm), Q is the factor of
the effectiveness of the light flux attenuation, p=2mr/A is
the dimension parameter, m n — ix is the comprehensive
index of refraction, n is the refraction index, x is the absorp-
tion indicator i=V~1 is the imaginary unit.

Having defined the exponent q (Fig. 4) by the experi-
mental data, one can find the parameter p. This can be done
using the theoretical curve (Fig. 5). Fig. 5 shows by a solid
line the theoretical curve of dependence (7) q=f(p), which
was calculated for magnetite with complex refraction index
m=2-0,04 i. This is its table-valued index of refraction rela-
tive to the air. As the particles were placed in corn oil with
refraction index np=1.47, then when calculating the value Q,
we used the value of refraction of the particles relative to this
medium m/ny=1,36—0,027 i. It follows from the theoretical
curve (Fig. 5) that the value of the exponent q=1.657 corre-
sponds to the value of the parameter p=0,483.

This formula shows that part of the energy is removed
from the light stream by the particles contained in a suspen-
sion. The particles can both absorb and dissipate the light. If
in this situation the laws of geometric optics were true, this
part would equal nr?N, which is the area of the cross-section
of all the particles in the incident light. Since the sizes of the
particles equal a wavelength of light, the effective cross-sec-
tion depends on the ratio r/A.

An amendment to this is given by the factor Q. Its value
depends on the parameter of p and a complex index of refrac-
tion of particles m.

When calculating, the shape of a particle is considered to
be spherical. Real particles, of course, have irregular shape.
But at their chaotic positioning in space, results of calcu-
lations for spherical particles coincide rather well with the
results of the experiment.

The formulas for the calculation of the effective atten-
uation coefficient Q is well known in the theory of light
scattering [16, 17].

It follows from the combination of equations (6)
and (7) that

_p 9Q(pm) .
1Qem o ®

where q is the exponent value, in our case it equals 1.657,
Q is the effective light flux attenuation coefficient,

p=2nr/\ is the dimensional parameter, r is the particles
size, um (nm), A is the wavelength of light in fat (oil),
micron (nm), m=n—ix is the comprehensive index of refrac-
tion, n is the refraction index, « is the absorption indicator
i=V—1 is the imaginary unit.

This equation links the values q and p. Particle radius r
can be found from the ratio p=2nr/A. In this case, the value
of light wave length in the medium of corn is used. We take
the average value of a wavelength in the studied range:

}\'max + )\'min
Iy = 7 = 0,503,

where Apax is the maximum wavelength in fat (oil),
micron (nm), Api, is the minimum wavelength in fat (oil),
Aeep is the average wavelength in fat (oil), micron (nm), then

A
r:p2—q’:0,039um, d=2r=0,078 um.
T

Knowing the size of the particles, one can use the formu-
la (9) to find their concentration in a suspension:

o

N=——, 9
nr'Q(p,m) @

where N is the concentration of particles in suspen-
sion, cm™, r is the particles size, um (nm), Q is the effecti-
ve light flux attenuation coefficient, p=2nr/A is the di-
mension parameter, m=n—ik is the comprehensive index
of refraction, n is the refraction index, k is the absorption
indicator i=V-1 is the imaginary unit, o is the effective
attenuation coefficient.

3. Results of research of sedimentation stability and
morphological characteristics of LMS

Results of the measurement of the coefficient of trans-
mittance (T, %) depending on the wavelength of light
(X, nm) over time (the ratio Fe304:SAS=0.05:0.70 mass %)
are in Tables 1, 2 and in Fig. 1-4.

Table 1

Results of measurement of the coefficient of transmittance
(T, %) depending on the wavelength of light (A, nm) over
time for corn-magnetite suspension

Transmittance coefficient T, %

N Exposure time of suspension 1, hours AT, %
T 05 10 | 240 | 480
500 0,3 0,4 0,6 0,7 0,8 62,5
550 2,0 2.1 2,3 2,5 3,6 44,4
600 4,2 4,4 4,4 4,8 6,4 34,4
650 6,1 71 7.4 7,5 9,6 36,5
700 8,3 9,6 10,2 10,7 13,1 36,6
750 10,8 12,0 12,6 13,3 16,7 35,3
800 13,1 14,2 15,5 16,9 20,0 34,5
850 16,0 16,7 18,6 20,3 25,9 38,2

The typical view of the experimental dependence a()\)
for corn-magnetite suspension is in Table 2 and in Fig. 3. In
this case a; and A; were defined by the formulas (4, 5) ng=
=1,47 is the refraction index of dispersed medium (corn oil),
determined experimentally.
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Fig. 1. Dependence of coefficient of transmittance (T, %)
on the wavelength of light A (nm) over time for
corn-magnetite suspension
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Fig. 2. Dependence of coefficient of transmittance (T, %)
on exposure time of corn-magnetite suspension (t, hours)
at different wavelengths of light (A — from 500 to 850 nm)

Table 2
Results of calculation of Ai and ai of suspension

XO(I,EH()H;.FSF}"L()%); \i, micron ~In T; o, m!

500 - 0,3; 0,03 0,340 5,81 581

550 — 2,0; 0,02 0,374 3,91 391
600 — 4,2; 0,042 0,408 3,17 317
650 — 6,1: 0,061 0,442 2,80 280
700 - 8,3; 0,083 0,476 2,49 249
750 — 10,8; 0,108 0,510 2,23 223
800 - 13,1; 0,131 0,544 2,03 203
850 — 16,0; 0,160 0,578 1,84 184

Table 3 and Fig. 4 present the results of calculation of
Ina; and In; and a diagram of dependency: Ina;=f(In};).
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Fig. 3. Dependence of coefficient of attenuation of light (o, m™')
in corn-magnetite suspension on wavelength (X, um)

Table 3
Results of calculation of Ino; and InA; of suspension
ho(nm) Aiy I ~In )\ a;, m! In o
500 0,340 1,120 581 6,365
550 0,374 0,998 391 5,969
600 0,408 0,896 317 5,759
650 0,442 0,815 280 5,635
700 0,476 0,742 249 5,517
750 0,510 0,673 223 5,407
800 0,544 0,609 203 5,313
850 0,578 0,548 184 5215
Inoi=f(lnii)
1,14
_ 094
£
0,74
0,54
53 55 5,7 5,9 6,1 6,3

In},

Fig. 4. Dependence of the logarithm of light extinction
coefficient (Ina) on the logarithm of the wavelength (Ini) in
corn-magnetite suspension

Tangent of an angle (angle is approximately 60°) of
curve slope in Fig. 4 corresponds to q and equals 1,657, i. e.
q=1.657. The value of A is derived from InA, which is the
section of the coordinates axis, cut by the curve in Fig. 4:
InA=1.12. Hence, A equals 44.8. The parameters A and q in
the equation (6) were also calculated by the method of least
squares: A=44.8, q=1.657.

Having determined an indicator of the degree of q
(Fig. 4) by the experimental data, one can find the parame-
ter p. This can be done by using the theoretical curve
(Fig. 5). Fig. 5 shows the theoretical curve of the depen-
dence (7) q=f(p).

It follows from the theoretical curve (Fig. 5) that the
value of degree q=1.657 corresponds to the parameter value
0=0.483.

The radius r of the particles was calculated by the ratio
p=27r/A. In this case we used the value of the wavelength of
light in the medium of corn oil. We used average wavelength
in the studied range (A — from 500 to 850 nm)



)\'max +}\'min
Iy = o= 0,503 .
Then
_Phy _ o=
r="3=0039um, d=2r=0,078 um.
T

Knowing the size of the particles, we found their con-
centration in a suspension using the formula (9). Table 4 and
Fig. 6 present the results of the study of changes in quantity
(concentration) of particles in 1 ¢cm?® of suspension during
45 days.

q=f(p)
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Fig. 5. Determining the size of the particles of magnetite in
corn-magnetite suspension (theoretical curve)

By the experimental data given in Table 4 and Fig. 6,
one may assess the sedimentation stability and dispersibil-
ity of LMS.

Number of particles in 1 cm?® of corn-magnetite suspension

6. Discussion of the results of study of stability of LMS

Magnetite, synthesized by the method of chemical con-
densation, is a highly dispersed black powder. Earlier cyto-
morphological-biophysical studies of magnetite, cited by the
Authors, proved its beneficial properties and positive effect
on human body [5]. Therefore, when designing new forms of
dietary and nutritional supplements, the most advisable as a
dispersion phase in lipid suspensions is to use non-toxic and
useful substance — magnetite (Fe3Oy).

We received various lipid-magnetite suspensions.

The assessment of sedimentation stability of lipid—mag-
netite suspensions was carried out by spectrophotomet-
ric method, as well as the sizes of particles of magnetite
with SAS and their concentration in suspensions were
determined, for example, diameter of the particles in the
corn-magnetite suspension equals 78 nm.

The analysis of Fig. 1 and Table 1 shows that over time
(0—48.0 h) and with increasing wavelength (500—850 nm), a
gradual increase in the coefficient of transmission is observed
from 0.3 % (500 nm) up to 16.0 % (800 nm) at zero hours of
suspension exposure; from 0.8 % (500 nm) to 25.9 % (800 nm)
at maximum exposure time of suspension (48 hours).

In the coefficient of transmittance (AT, % ) over time
is observed at wavelengths of 500 and 550 nm (62.5 and
44.4 %), respectively. With other wavelengths, AT equaled
about 36 %. Therefore, with regard to the accuracy of the
colorimetric method of analysis for determining the sta-
bility of a suspension, it is better to recommend the wave-
lengths at which the accuracy of defining is higher, that is,
650—700 nm; further on, the AT starts to change in jumps
(alternating growth and fall).

The studies have shown that all suspensions (in which
corn, sunflower, soybean oils, beef and pork fats, confection-
ery fats and salomas were used as the dispersion medium) are
sufficiently stable over time. The work studied different ratios
of components of lipid-magnetite suspensions, while the best
results for stability was displayed by suspensions with the
ratio of Fe304:SAS=0,02:0,35g or 0,04:0,70 mass % and

0,025:0,35 g or 0,05:0,70 mass %. And since

The number of particles Exposure time of CMS, t, hours

of magnetite in 0 0,5 1,0 24,0

48,0

Table 4 1, study relied on medical and biological
requirements, the selection was made in fa-
vour of the suspensions with the ratio Fe3Oy:

1080.0 SAS=0,025:0,35 g or 0,05:0,70 mass %.

We determined the concentration (the num-
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Fig. 6. Change in the concentration of particles of magnetite
in corn-magnetite suspension over time

ber of particles in 1 ¢cm?) of suspension, which,
for example, equals N=1,33-10'2 c¢cm™ while
preparation.

The decrease in the number of particles of magnetite
with SAS in 1 cm?® of corn—magnetite suspension was deter-
mined: over 48 hours, the concentration in 1 cm? decreased
from 1,33-10'2 down to 1,13-10'2 cm>.

The analysis of Table 4 and Fig. 6 points to the fact that
the number of particles in the layer of a suspension in 0.5 hour
reduces by 0.87 %, in 1.0 hour — by 2.25 %; in 24 hours — by
9.65 %, in 48 hours — by 45 % and in 45 days — by 18.17 %.
The obtained data indicate partial homogeneity of particles
of magnetite — the largest particles settle during the first day.

7. Conclusions

1. The evaluation of sedimentation stability of lipid-mag-
netite suspensions was performed (in which corn, sunflower,



soybean oils, beef and pork fats, confectionery fats and
salomas were used as dispersion medium). All suspensions
are sufficiently stable over time. The best results for stabil-
ity were displayed by suspensions with the ratio of Fe3Oy:
SAS=0,02:0,35 g or 0,04:0,70 mass % and 0,025:0,35 g or
0,05:0,70 mass %. We determined the size of the particles of
magnetite with SAS. The diameter of the particles is 78 nm.

2. It was determined that over time (0—48.0 h) and with
increasing wavelength (500—850 nm), a gradual increase
in the coefficient of transmission is observed from 0.3 %
(500 nm) up to 16.0 % (800 nm) at zero hours of suspension

exposure; from 0.8 % (500 nm) to 25.9 % (800 nm) at maxi-
mum exposure time of suspension (48 hours).

3. We defined the concentration of the particles of
magnetite, stabilized by a surface active substance — the
concentration (number of particles in 1 ¢cm?) equals N=
=1,33-10'2 ¢cm™ during preparation of a suspension. A
slight decrease in the number of particles of magnetite
with SAS in 1 ¢cm? of suspension was observed over time:
during 48 hours, the concentration in 1 cm? decreased from
1,33-10'2 down to 1,13-10'2 cm™. The concentration decreas-
es by approximately 2.25 % per 1 hour.
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Pospooneno modeav ymeopenns ni-
HoeMYyabCinoi cucmemu. Busnaueno
WAAXU Pe2YNI08AHH MIUHOCMI MIdHC-
Qasnux adcopouiinux wapis. Excnepu-
MeHmaabHo niomeepoiiceno, wo 01
CMEOpeHHs NIHOeMYAbCIUHOI cucme-
Mu Heo6xi0HO euxopucmosysamu oiaxu
MONIOKA Ma mpu HU3LKOMOJEKYAIPHI
no6epxXHe80-aKmueHi pewoSUHU 3 6UCO-
KUM i HU3bKUM 210poQiabHo-1inodine-
Hum Ganancom. 3a peanizauii oanux
npuUHUUNIE 00epPICano NiHoeMyavciio,
AKa 60J100i€ GUCOKOI0 NIHOYMEBOPIOI0-
4010 30ammuicmio, CMilKicmio ninu ma
MeXAaHiuHOI0 MIYHICMIO

Kmouosi croea: misicpasnuii adcop-
Outtinuil wap, epanunna Hanpyza 3cysy,

30uma emyavcia, ninoymeoporoua
30amnicmo
=, u |

Paspabomana mooenv o6pasoeanus
NeHOIMYNIbCUOHHOU cucmemovl. Onpe-
denleHbl nymu pezyauposanusi npou-
HOCmMuU Medcasnvlx adcopoyuoHHbIX
cnoes. JKcnepumeHmanibHo noomeep-
JHcoeno, y¥mo 011 CO30anus NeHOIMYNb-
CUOHHOTL CUCmeMbL HE0OX00UMO UCNONL-
306amo OesKu MONOKA U MPU HUIKOMO-
JleKYAspHble N0BEPXHOCHHO-AKMUBHLE
6ewecmea ¢ 6bICOKUM U HUSKUM 2UOpO-
Qunvro-aunouavioim 6anancom. lpu
peanuzayuu 0AHHLIX NPUHUUNOE NOTY-
YeHa NeHOIMYAbCUS, Komopas obna-
daem 6bvLCOKOU nenoobpasyowei cno-
coOHOCMDbIO, YCMOUMUBOCMbIO NeHbL U
MexanuuecKoil npoUHOCMbo

Kmoueevie cnosa: mexcasnoiii ao-
copoyuonnbvLl Cou, npedeavHoe Hanps-
JiceHue cosuza, nenoodpayrouas cno-
cobHocmo

| =,

1. Introduction

In recent years, the process of Ukraine’s European inte-
gration as a factor of socioeconomic development of the state
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has a significant impact on all activities of the industrial
sector and trade, including the food industry and restaurant
business. It affects primarily the requirements for food prod-
ucts, which must comply with the Ukrainian and European




