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The Effect of Artificial Lighting of Cowsheds on the Milk Productivity of Cows Under
the Conditions of Tethered Housing
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Abstract. The relevance of this study is conditioned upon the need to establish the possibility of using artificial
lighting to increase the productivity of cows with tethered maintenance. This paper is aimed at identifying the effect of
adjustable lighting of the feed table with LED lamps on the dairy productivity of cows. The cowshed lighting was provided
by the SmartAC (LRC) automatic control system. The research method was to analyse the dynamics of cow milk yield
under controlled photoperiod conditions and the level of illumination of the room. Two groups of cows were formed:
experimental cows were kept in an experimental cowshed with natural illumination of the feed table of 101£20.2 Ix and
artificial illumination of 202%£19.9 Ix, the control group was kept in a typical 2-row room for 100 heads, in which natural
illumination feed table was 139+22.8 Ix, artificial - 26+3.2 Ix. The duration of the photoperiod was 16 hours, and the ratio
between natural and artificial lighting depended on the astronomical length of the day. Milk productivity of cows was
assessed according to the method of control milking. Milk yields were recorded one month before the installation of the
experimental lighting system (in February) and for the next four months (from March to June). Before the installation
of the experimental lighting system, the difference in milk yield of cows was not statistically significant. In the future,
despite fluctuations in the amount of milk yield caused by feeding, the experimental group of cows exceeded the control
group in terms of milk productivity. The advantage of the cows of the experimental group in terms of daily milk yield
was from 2.3 kg in March to 5.8 kg (p<0.01) in May. During the period of maximum daylight hours (June), the effect of
artificial lighting on the dairy productivity of cows was insignificant. It was noted that the increase in the preference of
experimental cows for milk yield occurs over several months, and the positive impact of improved lighting of the feed bunk
increases along with an increase in milk productivity on the farm. That is, the higher the feeding level, the greater the
effect of lighting control. The obtained results were confirmed after the analysis of the productivity of analogue cows by
age and lactation phase, selected from the experimental and control groups. The results of the study are of practical value
for the improvement of lighting in cowsheds with tethered housing
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Introduction

Modern technological solutions for keeping cows usually
provide that the animals are indoors most of the day, or 24
hours a day. The natural illumination of cowsheds is sub-
stantially less than the external one and is associated with
the duration of daylight hours. To increase the productivi-
ty of cows on farms, various levels and duration of artificial
lighting of cowsheds are used. These techniques are of great
interest because, due to the influence on physiological pro-
cesses and active behaviour of cows, they can improve their
productivity. On average, about 17% of the total electricity
consumption on dairy farms is used for lighting [1], and its
optimisation allows influencing the productivity of cows and
reducing the consumption of energy resources. There are
several factors related to lighting, namely the types of lamps
and their power, their location in the room, ceiling height,
duration of the lighting period, etc. The study of variable
parameters of dairy farm lighting systems and their impact
on animal productivity allow developing optimal modes for
practical application and justifying their feasibility.

Lighting of the farm premises is provided both by
natural light and using various models of lamps. Depending
on the choice of arranging natural lighting, there are sub-
stantial changes in the illumination of premises during the
day and depending on the season. Thus, in milking parlours
with a transparent roof, the illumination varied from 80 Ix
at night in winter to 1,030 Ix at midday in summer [2]. The
influence of lighting on the productivity of cows has many
physiological prerequisites associated with humoral factors
and the extension of the animal’s activity period. An in-
crease in milk production and a more stable lactation were
observed in cows that calved before spring [3], when the
natural lengthening of the photoperiod and the increase in
illumination occur. Extending the duration of lighting up to
17 hours, compared to the natural 10...13 hours, and added
lighting with 350 Ix fluorescent lamps at eye level contrib-
uted to obtaining an added amount of milk [4]. There are
several explanations for such phenomena. It was found [5]
that light inhibits the production of N-acetyl transferase,
which is the main enzyme during melatonin synthesis. Mel-
atonin slows down the metabolism, activates the deposition
of fat in the body and reduces the productivity of animals.
The activity of melatonin production increases during the
dark hours of the day and during sleep. Mammalian photo-
receptors, which regulate melatonin synthesis, are thought
to respond most to the blue spectrum of light. It was proved
the possibility of added stimulation of dry cows with blue
light through one eye on suppressing the level of melatonin
in the blood and further increasing milk productivity in the
first 12 weeks of lactation [6]. Suppression of the melatonin
level due to the short-term use of the blue spectrum in LED
lamps was also confirmed in calves [7], although it did not
contribute to an increase in the level of hay consumption
and the duration of chewing.

Light also affects changes in the concentration of
glucocorticoids in the blood [8]. Cows that were kept under
artificially extended lighting conditions (16 hours of light
and 8 hours of dark period) were found to have 1.5...1.8
times higher prolactin levels than cows that were kept in
natural light conditions lasting 9...12 hours [9]. The ex-
tension of the duration of the light period during the day
was associated with the increased secretion of insulin-like
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growth factor by dairy cows [10], which in turn leads to an
increase in milk productivity [11]. It was also established
that the levels of prolactin and insulin-like growth factor
were the highest in Holstein cows in rooms with 200 Ix illu-
mination, compared to other groups [12].

In studies on determining the optimal lighting and
duration of lighting in rooms with automatic milking sys-
tems [13], it was found that the highest milk productivity
(40.8 kg and 39.9 kg) is observed under lighting conditions
of 16 hours per day at the level of 50 Ix and 100 Ix. Increas-
ing the illumination to 200 Ix and using only natural light
for 14.2 hours a day led to a decrease in milk yield. In this
experiment, it was established that the content of dry milk
residue was higher in the milk of cows that were kept in
rooms with natural lighting. According to the literature re-
view [14], increased light brightness has a positive effect on
reducing the service period of cows, but not all researchers
obtained unequivocal results. They note that increasing
the illumination to 200 Ix can be a stress factor.

An understudied factor in animal husbandry is the
spectrum of light that will be optimal for application. It is
known that the leaves of plants absorb visible radiation in
the red, blue, and infrared spectra. It is believed that cows
can partially perceive short-wave infrared radiation when
choosing feed. Studies [15] show that the eye of cattle re-
sponds to a spectrum of light close to infrared radiation,
and combined illumination of different spectra contrib-
utes to more active behaviour of animals. Studies confirm
the effect of light spectra on physiological responses in
cows [16]. But the absence of a substantial difference in
milk productivity indicates that the spectral composition
of LED lighting in the cowshed is secondary to photoperiod
duration and lighting intensity.

In farm settings, it is important to understand
whether the lighting period needs to be synchronised with
the time of day. It was found [17] that the lighting time us-
ing LED lamps has only a certain effect on the parameters
of cow blood and its immune response, but the difference
in prolactin, IgA and IgG content was not significant, and
there were no changes in milk production.

Automation of the lighting mode of cowsheds with
the help of programmable logic controllers is a modern
trend. A study was conducted on the effect of the developed
LED lamp on the health and productivity of black-and-
white cows [18]. It was established that the use of systems
with an adjustable amount of light does not adversely af-
fect the body of cows, but on the contrary, stimulates their
activity and promotes more active feed consumption and
increased milk production.

In general, studies confirm the positive influence of
certain ranges of illumination and optimising the duration
of the photoperiod on the productivity of cows, but many
issues are still understudied. It is relevant for Ukraine to
investigate the possibilities of adjustable lighting systems
in cowsheds with both tethered and untethered housing
since such premises still are widespread and the techno-
logical conditions for the use of cows in them require im-
provement.

The purpose of this study was to analyse the influ-
ence of the light level of the insulin-like growth factor on
the productivity of dairy cows under tethered conditions.
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Materials and Methods

Research was carried out during February-June 2021 in
the conditions of a separate unit of the National Univer-
sity of Life and Environmental Sciences of Ukraine “Ag-
ronomic Research Station” in two-row cowsheds with
tethered housing. For studies of the efficiency of the
experimental lighting system, a two-row cow shed with
tethered housing was allocated (Fig. 1). The width of the
room was 10.3 m, the length of a solid row of stalls was
30 m. Feed table with a width of 3.5 m. The windows were
located in a longitudinal wall on one side, the opposite
wall was solid. The initial lighting system provided for the

use of 16 LED lamps with 10 W lamps. The lamps were
arranged 8 in one row above the stalls at a height of 2.55
m with an interval of 3 m. At the beginning of March 2021,
LED lamps with the SmartAC automatic control system
(LRC) were installed in the experimental barn. Lamps of
the experimental lighting system with a power of 60 W
with LEDs of different spectra were placed above the side
of the feed table on the side of the experimental group of
cows. Total number of luminaires — 6 pcs. Lighting control
was automatic with maintenance of a duration of 16 hours
a day and considering the length of daylight and with the
possibility of manual control.

3
S ]
T 9 10 11 12
1 1

D

14 13

4 3 5

5

Figure 1. Scheme of an experimental cowshed 1 - gate; 2 — feed bunk; 3 — technological passage; 4 — LED lamps with
10 W lamps; 5 - stall location area; 6 — LED lamps of the experimental lighting system with a power
of 60 W. 1...16 — places of measurement of illumination in the cowshed

The experimental group of cows (24 cows) was kept in
a continuous row on one side of the experimental cowshed.

For control, another group of cows (52 heads) was
taken, which were kept in a typical 2-row cowshed for 100
heads with tethered confinement. The artificial lighting
system was the same as in the experimental cowshed be-
fore the installation of the experimental installation.

The effect of changing the lighting system on the
productivity of cows was determined by comparing the
average productivity per milking cow in the experimental
and control groups. To clarify the obtained results, ana-
logue cows were selected from the experimental and con-
trol groups, whose performance was compared during the
experimental period. The first calving cows (6 heads in the
experimental group and 8 heads in the control group) were
selected for the analogue groups, which were at the end
of the second-beginning of the third phase of lactation at
the time of installation of the experimental lighting sys-
tem. This period was chosen to exclude the possibility of
a physiologically determined increase in milk yield at the
beginning of lactation, so all changes in milk productivity
in cows are mainly due to the influence of the feeding fac-
tor and technological conditions of keeping.

The duration of the photoperiod in the cowsheds
was 16 hours per day, during which the level of illumi-
nation depended on the length of the daylight hours and
the artificial lighting system. Illumination in the premises

was determined by a WALCOM Ix-1330B lux meter, by the
method of point measurements (16 points) along the feed
bunk and the technological passage behind the stalls at
floor level and at a height of 1 m.

Cows were fed with a general mixed diet using si-
lage, hay and a mixture of concentrated fodder. The com-
position of the ration during the study period partially
changed, but the level of feeding of the cows of the exper-
imental and control groups did not differ among them-
selves. In the summer, part of the silage was replaced with
freshly mown alfalfa. Cows of the experimental and con-
trol groups were milked in the milk duct. Individual milk
productivity was determined by the method of monthly
control milkings. The materials were processed using the
methods of variational statistics. Means M, statistical error
+m, probability of difference of means p<0.05; 0.01; 0.001
were determined.

Results and Discussion
Before the installation of the experimental lighting system
in the experimental barn, the artificial lighting above the
feed bunk was extremely weak (Table 1). The main reasons
for this are the low power of the lamps and their location.
The arrangement of lamps above the stalls allowed illu-
minating the working area of machine milking operators,
but the feeding area was almost unlit. During the day, the
natural illumination of the experimental barn was about
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101 lux, which is considered a sufficient level [14] to ensure
high productivity. In the stable period, the time of such il-
lumination of the feeding zone is limited by the length of
the day (at the beginning of the experiment it was 11 hours

and 5 minutes), which should have an effect on the activ-
ity of forage eating and the physiological functions of the
cows’ body.

Table 1. Illumination of cowsheds at the floor level of the feed bunk

Indicator

Illumination, Ix

Experimental cowshed

Basic artificial lighting before installing the experimental system 5%0.8
Artificial lighting after installation of the experimental system 202%19.9
Natural lighting” 101+20.2
Control cowshed
Artificial lighting 26£3.2
Natural lighting” 139+22.8

Note: " Natural lighting was determined 1 hour after sunrise

In the control barn, the artificial lighting of the feed
table was 21 Ix higher than in the experimental one, but it
was substantially inferior to the parameters recommend-
ed in the literature and current standards [19]. The aver-
age level of natural light in it was also higher by 38 Ix, but
the difference between the rooms was within the statistical
margin of error.

Arrangement of an experimental system with high-
er-power lamps above the feed table in the experimental
cowshed allowed increasing its illumination by 40 times
and bring it to the level of 200 Ix, which is described in

modern scientific experiments [13; 17]. Thus, the exper-
imental group of cows was kept under conditions when
the illumination of the feed table was at least 100 1x for
16 hours. In the experimental group, the duration of day-
light hours with this level of illumination depended on as-
tronomical factors and varied from 11 to 16 hours.

The average number of cows in the experimental and
control groups changed during the experiment (Fig. 2). In
February, a month before the installation of the experimen-
tal lighting system, the difference in milk yield in the groups
was not statistically significant and amounted to 0.9 kg.

Milk yield, kg
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Figure 3. Average daily yield per dairy cow in experimental and control barns

During March, the weight in both groups decreased
by an average of 2.2 kg, which is conditioned upon a change
in the composition of the rations (the amount of protein
feed additives was reduced, and silage feed was changed).
But in the experimental cowshed, where the experimental
lighting system was already working, the milk productiv-
ity of the cows was 2.3 kg higher. From April, there was a
gradual increase in milk yield in both groups of cows, but
the difference between them in terms of milk productiv-
ity also increased. Thus, in April, the weight of the cows
of the experimental group was greater by 3.1 kg (p<0.05),
in May by 5.8 (p<0.01). In June, when the duration of the
astronomical daylight reached a maximum (16 h 27 min),
and the cows were kept mainly in the walking areas, the
difference in milk yield in the groups decreased to 1.8 kg
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and became statistically insignificant. In relative values,
the advantage of the cows of the experimental group over
the control group in terms of milk productivity ranged
from 16% in March and April to 27% in May. Thus, it can
be argued that increasing the artificial lighting of the feed
table to 100...200 Ix for 16 hours per day allows increasing
the efficiency of the cows’ use of the distributed fodder and
improving their milk productivity. At the same time, the
control and experimental groups were formed from cows of
different ages and at various stages of lactation, and there-
fore the conclusion made required verification.

For verification, data on the performance of first
calving cows were selected from both groups, which at the
beginning of March were at the end of the second - the
beginning of the third phase of lactation (Table 2).
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Table 2. Illumination of cowsheds at the floor level of the feed bunk

Month

Experimental cowshed

Control cowshed

(n=6) (n=8)
February 18.1+1.1 18.4*1.0
March 16.4%1.0 15.0+1.0
April 23.3%1.5° 18.3%1.6
May 28.6%4.3 22.4%2.0
June 23.4*1.2 20.2+3.1

Note: " p<0.05

The overall performance dynamics of the selected
analogue cows was similar to the changes found in the full
groups. In February, before the start of the experiment, the
cows had almost the same productivity, in March the milk
yield decreased, but there was a statistically insignificant
advantage of the experimental cows of 1.4 kg. In the fu-
ture, until May inclusive, milk yields began to grow, which
reflects positive changes in feeding. In the experimental
animals, the increase in milk yield was more substantial.
In April, their advantage over the control group was 5.0 kg
(p<0.05), and in May - 6.2 kg. In June, milk yield in both
groups decreased, which is a combined result of feeding and
elevated temperatures that are not favourable for cows, and
the difference between them decreased by almost 2 times,
due to the disappearance of the influence of the artificial
lighting factor in the conditions of the maximum duration
of the daylight hours, which exceeded 16 hours.

Therefore, during tethered keeping, the illumina-
tion of the feed table at the level of 100...200 Ix with a dura-
tion close to the maximum duration of daylight (16 hours)
allows increasing the milk productivity of cows, and the
effectiveness of this method will increase against the back-
ground of a higher level of milk productivity of cows.

Analysing the obtained results, three main patterns
can be identified. The first is to increase the milk produc-
tivity of cows in conditions of increasing the level of light
in the cowshed. In similar studies [13], this result is con-
firmed. The authors indicate that under the conditions
of only natural lighting per day, at the level of 10 Ix, the
milk yield of cows substantially decreases, but the amount
of dry milk residue in it increases. And comparing the ef-
fectiveness of various levels of illumination with the use
of artificial lighting (50, 100, and 200 Ix), 100 1x was de-
termined to be optimal. In this group of cows, the yield of
milk was obtained, which was not significantly different
from the highest in the experimental groups, but they ex-
ceeded the others in terms of the total yield of dry milk
residue. The milk of these cows also had the lowest levels
of cortisol, indicating a reduction in the stress load on the
animals. Other authors make similar conclusions regarding
the optimal levels of lighting in the cowshed and the in-
crease in the stress load on cows at lighting levels of more
than 200 1x [14]. In the conducted study, the level of natural
lighting in cowsheds was close to the recommended level
[13]. But the duration of time with this level of illumination
depended on the daylight hours, and during the study in-
creased approximately from 11 to 16 hours per day. At the
end of the study, the control cows were kept for 16 hours
with a light level that is close to best, which explains the

disappearance of the probable difference in daily milk yield
with the experimental group. Notably, the natural lighting
outside the premises during the day considerably exceeds
1,000 lux, and therefore it is advisable to further check the
possibility of an adverse effect of a long stay of dairy cows
under bright sunlight.

The second regularity, which was established in
the study, is the postponement of the positive effect of
improved cowshed lighting on the dairy productivity of
cows. The highest effect was noticed three months after
the beginning of the experiment, in May, although during
this period the illumination of the cowshed with the con-
trol group over 100 Ix lasted from 15 to 16 hours, which
is an indicator close to the experimental group. A similar
result with a delay in productivity growth was obtained in
Great Britain [20]. The authors note that illumination of
150 Ix for 16-18 hours per day at cow eye level increased
milk yield by approximately 2 litres per day, with a delay
of 2-3 weeks. In this study, it was noted that feed intake
also increased, but with a delay of 7-9 weeks. Therefore, it
can be assumed that milk yield increases in the short term
due to humoral effects caused by the influence of lighting
on the concentration of melatonin, prolactin, and insu-
lin-like growth factor [5; 10; 12]. Overall, the productivity
of cows increases due to higher feed consumption. In June,
when the duration of the photoperiod with natural lighting
reaches its maximum and the conditions in the experimen-
tal and control cowsheds are equalised, the preservation of
the advantage in terms of milk yield from cows that were
kept until this time in improved lighting conditions is also
explained by the delay in the reaction of the animals.

The third pattern observed in the study is that the
positive effect of light exposure on milk production of cows
increases in conditions of increased productivity. During
the study, there were changes in many factors that have a
direct impact on the productivity of cows, namely the com-
position of the diet and temperature regimes caused by
changes in the seasons. It was found that with the increase
in average productivity, the difference between the control
and experimental groups also increases. Similar features
are not covered in the scientific literature, so this problem
can be further studied in more detail.

Conclusions
The lighting of the feed bunk affects the productivity of
cows in tethered housing. Extending the duration of the
photoperiod to 16 hours per day with illumination of
100...200 1x allowed the experimental group to increase
milk yield by 16...27% compared to the control group,
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which was confirmed by the analysis of the productivity
of analogue cows.

In periods with the maximum duration of the day-
light hours and a sufficient level of natural lighting, the
influence of artificial lighting on the productivity of cows
is minimal. An increase in the milk productivity of cows
due to the improvement of lighting of the feed bunk oc-
curs gradually over the following months. The degree of
influence of lighting on the productivity of cows depends
on feeding, the higher the level of nutrition, the greater the
effect of optimising the lighting of premises.

Since a change in the degree of influence of artificial
lighting on the productivity of cows was observed throughout

the year, in further studies it is advisable to investigate the
effectiveness of calendar schedules of switching on and off
lamps and to determine the level of compensation of illu-
mination during the periods of sunrise and sunset.
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BnJIMB IITYyYHOTO OCBIT/IEHHA KOPiBHUKIB HA MOJIOYHY IPOAYKTUBHICTh KOPiB
3a yMOB NPUB’A3HOT0 YTPUMAaHH:A

Amvurpo Kocraatunosmnu HoceBuu, Bacuiabs IBanoBuu KocTreHko,
Mapwuna BonogumupiBua Kysrim, Inua Ilerpisaa CyooT

HarionaneHuit yHiBepcuTeT 6iopecypciB Ta MPUPOTOKOPUCTYBAHHS YRpaiHu
03041, Byin. l'epoiB O60oponu, 15, m. Kuis, Ykpaina

AHoTanisg. AKTYajabHICTh HOCTiIKEHHS 3yMOBJeHa MOTPe60I0 BCTAHOBUTU MOXKIMBICTh BUKOPUCTAHHS IITYYHOTO
OCBiTVIEHHSI [Jis MiIBUINEHHS MPOLYKTMBHOCTI KOPiB 3a NpPUB’SI3HOTO yTpMMAaHHS. JlaHa CTaTTs CIpsSIMOBaHa Ha
BUSIBJIEHHSI BIUIMBY PEryJibOBAHOT'O OCBiTIEHHS KOPMOBOTO CTOJIy CBIiT/IOZIOAHMMM CBITWJIBHMKAMM Ha MOJIOUHY
MPOMYKTUBHICTh KOpiB. OCBiT/IeHHsS KOpiBHMKA 3a6e3medyBajach aBTOMAaTMYHOIO CUCTEMOIO KepyBaHHS SmartAC
(LRC). MeTomom moctigkeHHs1 6yB aHaIi3 IMHAMIKM HAZOiB KOPiB Y yMOBaxX KOHTPOIbOBAHOTO (GoTomepiony i piBHS
ocBiTaeHOCTi mpuMileHHs. Byno cdopmoBaHO [Bi rpymnyM KOpiB: HOCTIAHMX YTPUMYBAIM B €KCIEPUMEHTATbHOMY
KOPiBHMKY 3 IPUPOIHOIO OCBiT/IeHiCTIO KOpMoBoOro ctoy 101+20,2 JIk i mTyuHoto — 202+19,9 JIK, KOHTPOIbHY IPYITY —
YTPUMYBa/IM B TUIIOBOMY 2-psifHOMY IpuMimieHHi Ha 100 ronoBoMmiciib, B IKOMY IPMPOAHA OCBIiT/IEHICTh KOPMOBOTO
croiy ctaHoBwta 139+22,8 JIk, mtyuna — 26+3,2 JIk. TpuBaicts ororepiony craHoBuaa 16 roanH, a CiBBiJHOIIEHHS
MK MPUPOIHUM i IITYYHUM OCBITIEHHSIM 3aJIeKaji0 Bifj aCTPOHOMIUHOI TPUBAIOCTI AHS. MOIOUYHY ITPOLYKTUBHICTD
KOpiB OILIiHIOBAIM METOAOM KOHTPOJbHMX NOiHb. Hamoi ¢ikcyBaiu 3a Micsiib 1O BCTAHOBJIEHHST €KCIIepUMEHTaTIbHOL
CUCTEeMM OCBiTJIEHHS (Y JIIOTOMY) Ta BIIPOAOBK YOTUPHOX HACTYIMHUX MiCSIIIiB (3 6epe3Hs 110 YepBeHb). [I0 BCTAHOBJIEHHS
eKCIepUMEeHTAIbHOI CUCTeMY OCBiT/IeHHS BifMiHHICTh 32 HALOE€M KOPiB OyJia CTATUCTUYHO He 3HAUyLIa. Y OJaIbIIoMYy,
MOTNpM KOAMBAHHSI BeJIMUMHU HAM0iB, SIKi 3yMOBJIEHi ToAiBJjielo, JOWIiAHA Trpyna KOpiB MmepeBakajia KOHTPOJbHY 3a
piBHEM MOJIOYHOI HTPOLYKTUBHOCTI. IlepeBara KopiB mociigHOi rpymu 3a gOGOBMM HAJOEM CTAaHOBWIA Bim 2,3 Kr y
6epesHi o 5,8 kr (p<0,01) y TpaBHi. Y nepioa MakCHMMaabHOI TPMUBAJIOCTi CBiT/IOBOTO IHS (UepBeHb) BIUIUB HITYYHOTO
OCBiTJIEHHSI Ha MOJIOYHY MTPOOYKTUBHICTbh KOPiB OYB He3HauHuil. [loMiueHO, 110 HAPOUTYBAHHS MepeBaru JOCTiTHUX
KOpIiB 3a HAJOEM BiIOYBaE€THCS BIIPOAOBK KiJIbKOX MiCSIIIiB, a TO3UTUBHMI BIUIMB ITOKPAIEHOTO OCBIiT/IEHHS KOPMOBOTO
CTOMY 36iMbIIYETHCSI PA30M i3 3POCTAHHSIM MOJIOUHOI MPOLYKTMBHOCTI y rocrnogapctsi. TOOTO uuMm BuIIMIT piBeHb
ropiBii, TuM 6inbunit edekT Bif yrnpaBaiHHS OCBiTAeHHIM. OTpMMaHi pe3yabTaTy OyaM MiATBepAskeHi micas aHamiszy
MPOLYKTMBHOCTI KOpiB-aHa/loriB 3a BikoM i a3oro sakTanii, BuaineHux i3 gocaigHoi i KOHTPOAbHOI Ipym. PedynbraTtu
IOCTIIKeHHSI CTAaHOBJSATH MPAKTUYHY I[iHHICTh IJIS1 YIOCKOHAJIEHHS OCBIT/IEHHS B KOPiBHMKAax 3 TMPUB’SI3HUM
YTPUMaHHSIM
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