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Abstract. The article deals with the effect the lighting conditions of
storage have on the oxidation stability of vegetable oils of various
unsaturation degrees and made by different technologies (raw-pressed and
unrefined sunflower oil and flaxseed oil) according to the main oxidation
parameters: peroxide value (PV), acid value (AV), and colour value. It has
been experimentally established that in natural lighting, at the end of the
shelf life, the PV of flaxseed oil increased most significantly, from
0.55:10% to 11.2:10° mmolOz/kg (20 times). The PV of sunflower oils
varied less: in unrefined oil, it changed from 0.4810% to
4.5:10% mmolOzkg (9 times), in raw-pressed, from 0.3:10° to
4.4-10° mmolOz/kg (14.7 times). Under artificial UV radiation, the PV of
sunflower oil increased from 0.3 to 0.55 mmol O2/kg after 2 hours of the
experiment, and remained practically unchanged. In the case of flaxseed
oil, after a slight increase from 0.55 to 0.7 mmol Oz/kg, within the same
period of time, there was then a decrease in the PV to 0.45 mmol O2/kg,
which may indicate a relative instability of hydroperoxides that, due to
their degradation, converted into more stable secondary compounds. The
analysis of the oil oxidation kinetics by the PV has shown that the average
rates of peroxide compounds accumulation in unrefined, raw-pressed, and
flaxseed oils was 47:10%, 48:10% 127:10* mmol YO/kg hour,
respectively. At the same time, under natural light, the true rate of change
of the AV in the oils studied was uneven over time. At the beginning of
the experiment, it increased (especially noticeably in the case of flaxseed
oil), at the end of the shelf life (the 5" week), it was slowed down
significantly, decreasing to negative values, and in flaxseed oil, it had zero
value, which indicates a constant value of AV in the experimental setting.

Key words: vegetable oils, sunflower unrefined oil, sunflower
raw-pressed oil, flaxseed oil, kinetics of oxidation reactions.

Introduction. Formulation of the problem

Analysis of recent research and publications

Vegetable oils are a valuable source of high-
calorie fats and essential fatty acids, phospholipids,
carotenoids, natural  antioxidants, and  other
physiologically active substances presented in different
qualitative and quantitative proportions, depending on
the type of oil and on the production technology.

The main value in creating such products is to
study the processes of oils oxidation, which will
minimize the oxidation process itself and develop
adequate criteria for quality control, storage conditions,
shelf life.
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The current concept of healthy nutrition involves a
reduced proportion of saturated fats and fried food in
the diet, and making up for the deficit of omega-3 acids
by consuming sea fish, nuts, and flaxseed oil.
However, the prevalence of valuable polyunsaturated
fatty acids in flaxseed oil leads to its rapid oxidation.
Creation of mixtures of oxystable vegetable oils (olive,
sunflower) with flaxseed oil can significantly increase
the consumer properties and shelf life of this product.
In addition, the development of oxygen-stable mixtures
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of vegetable oils is a promising way of producing safe
and wholesome food products [1-4].

The process of oxidation of vegetable oils is
influenced by many factors at the same time. So far,
the well-studied mechanisms are those of auto-
oxidation and photosensitized oxidation of vegetable
oils [5-12], and chemical mechanisms of thermal
oxidation [13-15]. A number of studies describe how
oil oxidation depends on fatty acid
composition [16-19], the conditions of
production  [20-24], transition metals [25,26],
phospholipids, chlorophylls [27-31]. Besides, the
mechanism of action of antioxidants has been
described [32-38].

However, there remains an important problem of
studying high oxidation susceptibility of the linolenic
group of oils, of researching the oxidation kinetics in
vegetable oils with various unsaturation degrees, and
of establishing the dependence of the oil oxidation rate
on a number of factors in the course of manufacturing
oil and storing the final product.

In this regard, in our research, we find it practical
to pay more attention to determining the Kkinetic
parameters of the oxidation reactions induced by the
lighting conditions of production and conservation of
vegetable oils.

The purpose of this paper is to study the effect of
lighting conditions of storage on the oxidation stability
of vegetable oils with various degrees of unsaturation
and made by different technologies.

Tasks of the research.

1. To study the patterns of oxidation of vegetable
oils with various degrees of unsaturation and made by
different technologies (raw-pressed and unrefined
sunflower oil, and flaxseed oil), according to the main
parameters of oxidation: peroxide value (PV), acid
value (AV), colour value.

2. To study the kinetics of model oxidation in
vegetable oils with various degrees of unsaturation and
made by different technologies (raw-pressed and
unrefined sunflower oil, and flaxseed oil), according to
the main parameters of oxidation: peroxide value (PV),
acid value (AV), colour value.

3. To establish the dependence of the oxidation
rate  of oil on sunlight and develop the
recommendations for the storage conditions.

4. To evaluate the changes in the nutritional
properties of the oils in the process of oxidation and
develop the requirements for the terms and conditions
of their storage.

Research materials and methods

The research was done using unrefined,
winterized, pressed sunflower oil “Oleina” produced
by “Dnipropetrovsk Oil Extraction Plant” PJSC, 2018;
unrefined, raw-pressed sunflower oil of the first cold
pressing by the Private Production Enterprise “Alex
Trade Oil” in the Dnipropetrovsk region, 2018;
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unfiltered flaxseed oil of the first cold pressing by LLC
“TK EKOOIL,” Kyiv, 2018.

The fatty acid composition of sunflower and
linseed oil is given in Table 1.

Table 1 — Fatty acid composition of vegetable oils
and their vitamin E content

% to the amount of fatty
The main fatty acids
acids Flaxse Traditional
and vitamin E ed sunflower
oil oil
Palmitic 5.0 6.1
Stearic 3.0 3.9
Oleic 17.3 25.6
Linolic 24.4 63.0
Linoleic 49.8 -
Vitamin E mg/100 g
Total amount of 23 40-70
tocopherols

An organoleptic analysis of the nutritional quality
of the oils was carried out by their transparency, taste,
and aroma (DSTU 4492:2005. Oliya sonyashnikova.
Tehnichni umovi; DSTU ISO 150-2002.Oliia lliana
syra, rafinovana).

The physicochemical quality parameters of the oils
under study were characterized by the determined
indicators of the colour (DSTU 4492:2005. Oliya
sonyashnikova. Tehnichni umovi; DSTU ISO 150-
2002.Oliia lliana syra, rafinovana) peroxide (DSTU
4570:2006. Zhyry roslynni ta olii. Metod vyznachennia
peroksydnoho chysla) and acid (DSTU 4350:2004.
Olii. Metody vyznachennia kyslotnoho chysla ) values.

To study the regularities of the kinetics of oail
oxidation under the influence of light at room
temperature, experiments were conducted in which the
oil samples were irradiated with artificial UV light (the
duration of the experiment was 4 hours), as well as in
the conditions of natural lighting, and in its absence
(the duration of the experiment was 5 weeks).

Experiments to study the Kkinetics of oxidation
under artificial UV light were performed in the
following way: 30 cm?® of the oil sample in a glass
without a lid was placed in a sealed light-proof
chamber and irradiated from above with an LED
matrix Foton UF-LED with a wavelength of 310 nm.
Samples for analysis were taken after one hour.

Experiments to study the kinetics of oxidation in
natural lighting and in its absence were carried out as
follows: the oil samples were placed in 200 cm? glass
jars and stored at room temperature in direct sunlight
(or in its absence); samples for analysis were taken at
the end of each week.

The kinetic parameters of the oxidation reactions
were characterized by changes in the peroxide and acid
values during the experiment, and by the average and
true reaction rates calculated using these values.
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The rate of oxidation reactions of the oils under
study by the peroxide and acid values (fat value) was
calculated as follows:

1. The average oxidation rate during the whole
experiment (Vav)

Vay = Cbeg — Cend-/texp, (1)
where Cheg is the fat value at the beginning of the
experiment;
Cend is the fat value at the end of the experiment;
texp 1S the time of the experiment, one hour.

2. The true oxidation rate (V) was calculated
according to the changes in the fat value between two
adjacent points (n1, nz) per one unit of time (t)

Vir = Cni— Cnalt (2
where Cny is the value of the parameter at the
sampling point;
Cn; is the value of the parameter at the previous
sampling point;
t is the interval between the samplings at the
points n1 and n2, one hour.

Results of the research and their discussion

Organoleptic characteristics of the food quality
of vegetable oils. To assess the main food quality
parameters of the oil (transparency, taste, and aroma),
6 descriptors were selected, by which the organoleptic
profiles of the studied oils were created at the
beginning and at the end of their storage in the
conditions of natural lighting and without it.

At the beginning of the experiment, all the oils
complied with the quality characteristics of quality oils
(Fig. 1). They were transparent enough, with a
characteristic rich taste and aroma of a fresh product.
At the end of the experiment (5 weeks), all the oils had
a strong rancid taste, reduced transparency, and the
smell of old fat appeared (Fig. 2).

transparency

turbidity

3
2
1
0B
rich fresh scent

rancid taste

rancid taste

F
taste of fresh oil

—
sunflower unrefined sunflower

raw-pressed

=
flaxseed

Fig. 1. Organoleptic profile of the oils
at the beginning of the experiment

The organoleptic characteristics of the studied oils
stored throughout the experiment without the access of light
(5 weeks) showed an unchanged taste and the aroma of a
fresh product.
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To assess the effect of the lighting on the quality
of vegetable oils, the colour value was chosen as the
physical parameter.
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flaxseed sunflower unrefined sunflower

raw-pressed

Fig. 2. Organoleptic profile of the oils
at the end of the experiment

Dynamics of changes in the physical characteristic
of quality during the experiment. Pigments contained in
the seeds and fruits of oilseeds give different colours to
vegetable oils. Red and yellow shades in the colour of oils
are determined by the presence of carotenoids (a red tint is
due to carotene, a yellow one due to xanthophyllum) [33].

Chlorophylls and products of their decomposition,
pheophytins and pheophorbids, act as sensitizers forming
10, in the presence of light and atmospheric oxygen and,
thus, accelerate the oxidation of oil. Pheophytins have a
higher sensitizing activity than chlorophylls, but lower than
pheophorbids [39,40].

And although chlorophylls are strong prooxidants in
the presence of light. They act as sensitizers in the process
of generating singlet oxygen. In the dark, they exhibit
antioxidant properties, possibly due to the transfer of
hydrogen to free radicals [41, 42].

In conditions of natural lighting, the colour values
presented in Table 2 increased: in the raw-pressed
sunflower oil it increased 1.3 times, in the unrefined oil, 1.3
times, in the flaxseed oil, 1.2 times. Reduction in the colour
value is due to oxidation of carotenoids by light. When the
oil was stored with no light, this parameter did not change.

Table 2 — Dynamics of change in the colour value of
oils during the experiment

Colour value, mg 1/100cm?®
Natural No access
Kind of ail light of light
1 Vv 1 Vv
week week week week
Unrefined 15 12 15 15
sunflower oil
Raw-pressed 20 15 20 20
sunflower oil
Flaxseed oil 12 10 12 12

Chemical parameters of oil quality. To assess
the effect of the lighting conditions on the oxidation
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stability of the studied vegetable oils, experiments
were carried out during which the oil samples were
irradiated with light of different wavelengths. The oils
were observed in artificial UV light (wavelength 310
nm), in natural lighting, and in its absence. The kinetic
parameters of oxidation reactions were characterized
by changes in the peroxide and acid values during the
experiment.

During the storage of vegetable oils in natural
light, their peroxide value (PV) was monotonously
increasing for 3 weeks of storage, and then there was a
sharp increase in this parameter until as late as the 5%
week of the experiment (Fig. 3).

12,00 —
10,00
e
=
3 8,00
=
3 6,00 =
g 4,00
&
2,00 - g = =
0,00 —=
1 2 3 4 5
t, weeks
= -
flaxseed sunflower unrefined sunflower

raw-pressed

Fig. 3. Changes in the PV of the oils during
their storage in natural lighting

In the flaxseed oil, the PV increased the most
significantly, from 0.55 to 11.2 mmol % O/kg
(20 times). The PV of the sunflower oil varied less: in
the unrefined oil, it changed from 0.48 to 4.5 mmol %
O/kg (9 times), in the raw-pressed oil, from 0.3 to
4.4 mmol ¥ O/kg (14.7 times). At the same time,
storage of all the studied oils without access of light
led to a slight decrease in the PV, as shown in Table 3.
It can be assumed that a slight decrease in PV in these
conditions is explained by the action of natural
antioxidants in oils and chlorophyll that also shows its
antioxidant properties in the dark. The nature of the
accumulation of peroxides in the first hours of
exposure to artificial UV was different in the oils
studied (Fig. 4).

Thus, in the sunflower oil, the PV increased by an
average of 3 to 5.5 mmol % O/kg in 2 hours of the
experiment and remained practically unchanged. With
the flaxseed oil, after a slight increase from 0.55 to
0.7 mmol %2 O/kg within the same time, there was a
further decrease in the PV up to 0.45 mmol %2 O/kg.
This may indicate a relative instability of
hydroperoxides that converted into more stable
secondary compounds due to destruction. Within the
same time (during the first 4 hours of the experiment)
of being under natural light, the PV of all the oils
tested remained practically unchanged. The results
obtained confirm a more significant effect of
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shortwave (UV) radiation on the oxidative processes,
compared to that of longwave radiation.

The (true) rate of accumulation of peroxides was
uneven over time, and during the storage, there were a
series of maxima and minima (Fig. 5). The presence of
maxima at the beginning of oxidation (the 1% week of
the experiment) indicates the free-radical nature of oil
oxidation. The highest rate of accumulation of
peroxides was observed for the flaxseed oil.

Table 3 — Dynamics of changes in the PV of the oils
during storage without access of light

. . Parameter PV, mmol ¥ O/kg
Kind of oil St T
15 week 5™ week
Unrefined
. 0.48+0.07 0.25+0.06
sunflower oil
Raw-pressed
- + +
sunflower oil 0.30+0.03 0.20+0.05
Flaxseed oil 0.55+0.12 0.50+0.06
0,80
en 0,70
.
S 060 e
T 050 .,//.
g
- 040 /
o
0,30 &
0,20
1 2 3 4
t, hours
= -
flaxseed sunflower unrefined sunflower
raw-pressed
Fig. 4. Changes in the PV during artificial UV
irradiation
5,00
= 4,50
*
2 4,00
o 3,50
= 3,00
g 250 T
g 2,00 -
2 1,50 -
1,00 —
0,50
0,00 -
1 2 3 4
t, weeks
= ——
sunflower sunflower flaxseed oil
raw-pressed unrefined

Fig. 5. The rate of changes in the PV during storage
of the oil in sunlight

To calculate the true rate of changes in the PV in
the fifth week of the experiment, it is necessary to have
data for the sixth week (see the formula for calculating

Volume 13 Issue 3/ 2019



Ximis xapyosux npodyxkmie i mamepianie / Chemistry of food products and materials

the true rate in the section Research materials and
methods); however, the duration of our experiment was
5 weeks, so in the figure, the results of the true rate of
changes in the PV can be presented only for four
weeks.

Peroxides, being unstable primary products of fat
oxidation, easily form new radicals or stable secondary
products of oxidation. The rate of these processes is
determined by the type of fatty acids or acylglycerols and
is higher the more unsaturated fatty acids are included in
the oil. Analysis of the kinetics of oil oxidation by the
average rates of PV changes has shown that by the end of
the experiment (5 weeks), the average rates of
accumulation of peroxide compounds in the unrefined,
raw-pressed, and flaxseed oils was, respectively, 47*10%,
48*10%, 127*10*mmol 2O/kg*hour. The highest rate of
accumulation of peroxide compounds in the flaxseed oil
may be explained by a traditionally high content of
unsaturated fatty acids.

The acid value in the studied sunflower oils in
natural lighting increased in the first 3 weeks of
storage, growing 1.6 times on average; and then this
index decreased, falling, on average, 1.3 times in the
fifth week of the experiment (Table 4). Under these
conditions, the acid value of the flaxseed oil increased
2.8 times and remained stable during the fourth and
fifth weeks of the experiment. Storage of vegetable oils
in a dark room resulted in almost no change in their
AVs which are presented in Table 5. The (true) rate of
accumulation of free fatty acids in the studied oils in
natural lighting was uneven over time (Table 6).

Table 4 — AV of the oils stored in natural lighting,

in the unrefined, raw-pressed, and flaxseed oils was
13.9, 19.34, 33.3, respectively.

At the end of the storage period (5" week), after
storage in natural lighting, the true rate of changes in
the AV in the sunflower oils was significantly
inhibited, decreasing to negative values, and in the
linseed oil, it was zero, which indicates the constant
AV in the experimental conditions.

The AV in the studied oils remained practically
unchanged during the artificial UV irradiation (Fig. 6).
The largest AV increase (1.2 times) was in the linseed
oil.

Table 6 — True rates (Vi) of AV changes when
storing the oils in natural lighting, MgKOH/g*hour

mgKOH/g
. AV, mgKOH/
Km_d of 1st 2nd grd 8 4th 5th

oil week week week week week
;{J’:]ﬁgv”v“:: 071+ | 095+ | 20+ | 20¢ | 137z
oil 0.087 0.16 0.18 0.19 0.08
Raw-
pressed 1.29+ | 1.61+ 2.27+ 2.3t 1.82+
sunflower 0.3 0.13 0.2 0.2 0.17
oil
Flaxseed 0.94+ | 1.540.1 | 2.64+0. | 2.7#0. | 2.7+0.
oil 0.1 2 2 2 2

Table 5 — AV of the oils stored without access of
light, mg KOH/g

Kind of oil AV, mg KOH/g
15t week 5t week
Unrefined sunflower oil 0.71£0.10 0.66+0.09
Raw-pressed sunflower oil 1.29+0.5 1.31+0.7
Flaxseed oil 0.94+0.1 0.94+0.1

At the beginning of the experiment, it grew
especially noticeably in the flaxseed oil. Thus, in the
first week, the true rate of free fatty acid accumulation

Xapuosa Hayka i TexHornorist / Food science and technology

Vi *10 on the 15t Vi *10 on the 5t
Kind of oil week of storing, week of storing,
mMgKOH/g*hour mMgKOH/g*hour
Unrefined 13.99+3.78 -37.31+£2.46
sunflower oil
Raw-pressed 19.34+4.2 -27.98+2.46
sunflower oil
Flaxseed oil 33.34+ 4.7 0.00
140 77
120 1
o 1007
=
E 80+
2
X 601
Z 40+
20 1
0 ¥“—— ——
sunflower sunflower flaxseed oil
unrefined raw-pressed

[l

before UV irradiation after UV irradiation

Fig. 6. AV (%, relative) during artificial UV
irradiation

Thus, the results obtained indicate that vegetable
oils oxidation depends both on their chemical
composition and on the technology of their production
as well as on the conditions of their storage. The most
informative parameter of the oxidation degree of
vegetable oils was the peroxide value compared with
the acid value. In natural lighting, the oxidation of
traditional  high-linoleic ~ sunflower  oil  was
accompanied by accumulation and stabilization of
peroxides.

The oxidation of high-linolenic flaxseed oil took
place under the same lighting conditions at a much
higher speed. The oxidation of oils under shortwave
optical radiation has confirmed this mechanism and
shown the instability of peroxides of flaxseed oil,
which quickly decayed over time with formation of
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secondary oxidation products which can be assumed to
be more stable.

It is known that the presence of antioxidants
significantly increases the oxidation stability of oils.
Tocopherols are natural antioxidants. Their action
manifests itself in lengthening of the induction period
and a decrease in the oxidation rate. This action is
better performed by the isomer a—tocopherol which is a
more  active antioxidant and  stabilizer  of
hydroperoxides. It has been found that the effect of
tocopherols as antioxidants depends both on the fatty
acid composition of the oils and on the isomeric
composition of tocopherols. Due to a significantly
higher content (by approximately 3 times) of
tocopherol in sunflower oil compared to that in
flaxseed oil, it can be assumed that the processes of
oxidation in sunflower oil are directed towards the
stabilization of hydroperoxides, whereas in linseed oil,
they are directed towards the increase in their
concentration. This is confirmed by a much lower
increase in the PV at the end of the 5-week experiment
in sunflower oil compared to flaxseed oil (growing by
292 and 5.95 units, respectively) and lower
(approximately by 1.8 times) average rates of peroxide

Conclusion

It has been experimentally established that the
influence of the lighting conditions of storing the
studied oils on their organoleptic, physical, and
chemical parameters of quality depended on both their
degree of unsaturation and the conditions of their
storage.

Analysis of the oxidation kinetics of oils by the
parameters of the PV has revealed that the average
rates of peroxide compounds accumulation was
proportional to their degree of unsaturation.

A feature of the dynamics of flaxseed oil
oxidation, in comparison with the sunflower oil, has
been identified. It is the relative instability of the
hydroperoxides formed, which, as a result of
degradation, are converted into more stable secondary
compounds. The detected mechanism most effectively
manifests itself in the conditions of shortwave
radiation.

It has been experimentally proved that the
optimum storage condition for oxidative stability of
vegetable oils at room temperature is the absence of
light.

accumulation.

Society.  2004;81(6):577-583.
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!xadenpa ximii

2 xabeapa 3aranbHOI Ta MPUKJIATHOL eKoJIorii i 3001m0rii

3anopi3bkuil HaliOHATBHUI YHIBEpCHTET, ByII.. ['oroms 62, 69002 3anopixoks, Ykpaina

% kadespa caoBO-NapKOBOro roCIOAPCTBA

XopruiibKka HallioHalbHa akageMis, HaykoBe micteuko, 59, Xoptuist, 69017 3amopixoks, Ykpaina

AHoTanisi. BUuBueHO BIUIMB CBITIIOBOrO pexuMy 30epiraHHs Ha OKHUCITIOBANbHY CTaOlTbHICTh POCIMHHHUX ONil Pi3HOTO
CTYIIEHI0O HEHACHYEHOCTI Ta TEXHOJOTil BHUTOTOBIICHHS (COHSIIHMKOBOI — CHpOJaBiIeHOI Ta HepadiHOBaHOI, JBHSIHOI) 3a
OCHOBHUMH MoKa3HuKamu okucienus: nepokcuaaum (ITH), kucrnoraum (KY) Ta komipHum unciamu. ExcriepiMeHTaTbHO
BCTAHOBJICHO, 1[0 MPU MPUPOIHOMY OCBITJICHHI, B KiHIII TepMiHy 30epiraHHs, HalOLIbII BiquyTHO 3pocio [TY npHsHOT omil 3
0,55*10° 510 11,2*10° MMonbO2/kr (y 20 pasis). [TU coHAMHMKOBUX OJTil 3MiHIOBAIMCH MEHIIE, Tak y HepadiHoBaHOi oii — 3
0,48*10° no 4,5*10° mmonbO2/xr (y 9 pasis), y cupomasieniii — 3 0,3*10° no 4,4*10° mmonsOz/kr (14,7 pasy). Ilpu
mrydHoMy Y® BUIIpOMiHIOBaHHI y consmHukoBuXx ofii [T 3pocno B cepeansomy Bin 0. 3 10 0.55 mmonbs O2/kr 3a 2 roauHu
€KCTIepPUMEHTY 1 Jajli 3aIMIIAI0Ch MPAKTHYHO HE3MIHHUM. Y BHIAJKY OMii JIBHSHOI, MiCJIs HE3HAYHOrO 3pocTanHs Bif 0,55 mo
0,7 mmone O2/kr 3a TO# ke 4ac, aam BigOyBamoch 3HiKeHHs 3HadeHHs [TH mo 0,45 mmonp O2/KT, 110 MOXKE CBiIYUTH MPO
BIIHOCHY HECTIHKICTh TiAPOMEPOKCHIIB, SKI B PE3yNbTaTi ACCTPYKIl MEPETBOPIOIOTHCA Y OiIBII CTiiKi BTOPUHHI CHONYKH.
AHani3 KiHCTHKHA OKHCHEHHs OJiii 3a mokazHukaMu [1Y, moka3as, 110 CHiBBIJHOMICHHS CEPEHIX IIBUAKOCTEH HAKOMMYEHHS
HEPOKCUIHMX CIONYK y HepadiHOBaHiii, CMpoNaBIeHil Ta JbHAHIN ONIifX BinosigHo ckmano 47*%10™ 48*10% 127*10* mmons
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¥20O/xr *rop. Ilpu npupomHOMY OCBITJIEHHI icTMHHA mBUAKICTH 3MiHM KUY y mocmimkyBaHux omisx Oyira HepiBHOMIpHOIO B
yaci. Ha mouatky excrepruMeHTy BOHa 3pocTana (0coOIMBO BiAUYTHO Y BHIAIKY JBHSIHOI Oif), B KiHII TepMiHy 30epiraHHsa
(w’'sTHil TIKIEHb) — 3HAYHO TrajbMyBajlach, 3HIDKYIOUHCH JIO BiJ’€MHHUX 3HAa4YeHb, a y JIBHSHIN Onii BOHa Majla HYJIbOBE
3HAUEHHSI, 110 CBIUUTH NPO He3MiHHY BennmdanHy KU B yMOBax eKCIiepHMEHTY.

KurouoBi cjioBa: pociuHHA OJIisl, COHAIIHMKOBAa HepadiHOBaHA ONisl, COHSIIHMKOBA CHPO JABJIEHA OJis, JUITHA OIif,

KiHETHKA OKHCHEHHSI.
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