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Abstract

Purpose and Objectives. The article analyses perspectives of the third generation biofuel production out of
microalgae biomass in the weather conditions of typical regions of Ukraine. The aim is to model the
productivity of biomass and the accumulation of lipids in algae, as well as to calculate the productivity when
cultivated in typical regions of Ukraine. Methods of Research. By modeling the influence of weather
conditions, particularly sunlight irradiation, estimates possibility of achieving crop yields of biomass per
square meter of cultivated areas in the weather conditions of typical regions of Ukraine, determines the most
perspective regions for it. Research Results. The results of calculation of monthly cultivation productivity
with respect to microalgaes biomass in the five selected regions of Ukraine and results of calculating the
annual biomass productivity of cultivation and productivity of accumulated lipids in the same regions of
Ukraine are shown. Disscusion. Microalgae are perspective source of the third and fourth generations for
biofuel production. It is possible to achieve crop yields more than 10 kg of biomass per square meter of
cultivated areas in the weather conditions of Ukraine. The amount of accumulated lipids in this case can
reach 6.6 kg/m’. The most perspective regions for cultivation can be considered eastern regions, in
particular, the Odesa region. The essential resource, wich is necessary for cultivation is water, the basis of
the cultural medium. To increase ecological and economic efficiency of cultivation, it proposes using
municipal wastewater as cultural medium, combining the cultivation processes and wastewater purification
processes from biogenic elements

Keywords: biofuel of the third generation; biogenic elements; eutrophication; microalgae; wastewater

1. Introduction are also produced out of algae, but out of the species

There are biofuels of the first, second, third and that are able to synthesize hydrocarbons in the

fourth generations [1-5]. First generation biofuels
are produced out of traditional agricultural crops.
Food can also be produced out of them. Second
generation biofuels are produced out of raw
materials that are can not be used for food
production. They are different kinds of organic
waste. Biofuels of the third generation are produced
out of algae. Their advantage is that they do not
require fertile areas and can be cultivated in
reservoirs, or in tanks located on territories unusable
for other purposes. Biofuels of the fourth generation

process of life activity.

Microalgae are the most productive cultures
among aquatic plants. They can be considered as the
most promising cultures for the production of
biofuels of the third generation. Their cultivation
productivity depends on the environmental
conditions, such as temperature fluctuations and the
presence of sufficient amount of sunlight, which is
necessary for the occurrence of photosynthesis.
Therefore, average productivity varies in different
regions.
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2. Analysis of the Research and Publications

Microalgae are effective solar energy converter
capable of restoring carbon dioxide to a range of
complex energy-intensive molecules such as
hydrocarbons, proteins, lipids. This allows them to
be used for the further production of biodiesel,
bioobutanol, bioethanol, hydrogen, biogas, vitamins,
antioxidants, amino acids, etc. [6-9]. Biomass of
algae can be successfully used for production of
semi-finished products, followed by synthesis of
biodegradable polymers out of them. The semi-
finished products can include organic acids, such as
lactic acid, fumaric acid, succinic acid, malic acid,
as paraginic acid, biopolymers.

Different contents of hydrocarbons, proteins and
lipids in biomass of microalgae can be obtained by
changing conditions of cultivation [10]. To do this, it
is necessary to provide optimal cultivation
conditions for the selected microalgae culture, such
as initial concentration of cells in culture medium,
intensity of illumination, temperature, etc. It is
possible to cultivate biomass of different

biochemical composition by changing these
conditions.

There are phototropic, heterotrophic and
myxotrophic feeding methods of microalgae.

Phototrophic method is based on obtaining the
required energy by photosinthesis. The source of
carbon for phototrophic organisms is, basically,
carbon dioxide. Heterotrophic method is determined
by obtaining energy by consuming organic matter.
Mixotrophic method is a combination of the two
previous methods. Main characteristics of possible
methods of microalgae cultivating are shown in the
table 1.

Table 1

Main characteristics of possible methods
of microalgae cultivating [11]

Cultivating Photo- Hetero- Mixo-
method trophic trophic trophic
Energy Light Organic Light and
source substances organic

substances
Carbon | Nonorganic Organic Nonorganic
source substances | substances | and Organic
(COy) substances
Biomass Low High Medium
growth
rate
Photobiore | Opened or Opened Closed
actor type closed
Specific Low Medium High
cost

To increase the growth rate of phototrophic
organisms’ biomass, heterotrophic and mixotrophic
conditions can be applied, since a significant number
of microalgae cultures have the properties of
adapting to new growth conditions, switching to
mixed nutrition methods. Practice shows that the
rate of biomass growth of phototrophic culture
Chlorella vulgar is in mixotrophic conditions is 9 to
25 times higher in comparison with phototrophic
conditions [12].

3. The Aim of Research is to model the
productivity of biomass and the accumulation of
lipids in algae, as well as to -calculate the
productivity when cultivated in typical regions of
Ukraine.

4. Methods of Research

Intensity of solar radiation at the boundary of the
atmosphere is 1367 W/m?. When the sky is clear, the
surface of the earth receives radiation intensity of
1,000 W/m?, the rest is reflected and dissipated by
the atmosphere of the planet. When the sky is
blocked with clouds solar radiation intensity on the
surface of the earth can drop to 50 W/m? The
average intensity in many regions of the planet
varies from 200 to 250 W/m?.

On the territory of Ukraine, the maximum
radiation intensity on the earth's surface, subject to
cloudless sunny day, may reach 330 W/m? in the
summer and 125 W/m? in winter. Zonation of the
territory of Ukraine by the average annual intensity
of sunlight is shown in figure 1.

Sunlight consists of radiation of different
wavelengths. At that, intensity of radiation at
different wavelengths is different. Its distribution is
shown in figure 2.

Microalgae can use only part of the energy of
solar radiation for the processes of photosynthesis.
This part of radiation is called photosynthetic active
radiation (FAR). It is the driving force of
photosynthesis. Wavelengths of FAR lay in in the
range from 400 to 700 nm (hatched zone in the fig.
2). This range almost coincides with the range of
visible light, which is from 380 to 780 nm.

Intensity of photosynthesis also depends on the
wavelength of the absorbed radiation. The
dependence of the intensity on the wavelength in the
range of FAR is shown in fig. 3.

The FAV range accounts for 45.8% of the total
solar energy. It is known that for absorption of one
molecule of CO, with its consequent transformation
into carbohydrates with empirical formula C,,(H,0),
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during the photosynthesis, 8 photons are used [14].
Average energy of one photon in the FAR range is
estimated as 217.4 kJ. Calorific value of one mole of
carbohydrate C(H,0), and therefore energy stored in
it, is estimated as 468 kJ/mol. On this basis, the
maximum theoretical efficiency of transformation of

FAR energy into hydrocarbons €,z ,c (;7,0) canbe
determined by the formula:

:Mxloo%
8XEpp ’

(1

3 FAR—C,,(H,0),

where €. (o) — calorific value of one mole of

carbohydrate C(H,0); &€,, — average energy of one
photon in the FAR range.

Numerical substitution gives:

468
Eranmc,(m0), = g o174 < 10070 =269 %

@)

Dissipation and reflection of solar radiation
during absorption of solar energy by microalgae
organisms lead to additional energy loss. It can be
estimated as 10% [17]. Thus, an additional factor of
0.9 can be introduced to take into account
dissipation and reflection. Then the maximum
theoretical efficiency of absorbing the entire
spectrum of solar energy by microalgae organisms
during the process of photosynthesis will be

€, =0,458x0,269x09x100%=11,09%.  (3)

Yearly sum of global irradiation [kWh/m?)

<1150 1200 1250 1300 1350 1400 1450 1500

1550>

0 50 100 200 km
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Fig. 1. Zoning of the territory of Ukraine according to sunlight intensity [14]

Such a model does not reflect well the reality.
Studies show that in real conditions, the efficiency
of solar energy absorption during photosynthesis is
much lower and can be estimated as 3-6% [17]. It
occurs because of additional energy losses due to

photo inhibition, night breathing of photosynthetic
organisms etc.

To simulate the influence solar light intensity on
the productivity of microalgae cultivating, it is
possible to use the energy balance of photosynthesis
[18].
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Fig. 2. Intensity of solar radiation at different wavelengths
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Fig. 3. Dependence of photosynthesis intensity on
wavelength in the FAR range [16]

Let’s consider the influence of the culture
medium illumination on daily amount of biomass,
obtained from the unit of photobio-reactor area
11, . It can be determined by the formula

— Iillum Xk (g/mdeY), (4)

biom E transf
biom

— solar energy, falling per unit of

Xk

conv ?

where [

illum

photobioreactors area (kJ/m*day);
E — amount of energy, stored in one

biom

kilogram of microalgae biomass (MJ/kg);

kyyay — efficiency coefficient of transfer of
solar energy to microalgae organisms;
k., — efficiency coefficient of conversion

of received solar energy into biomass by microalgae
organisms.

Efficiency coefficient of transfer of solar energy
to microalgae organisms can be determined by the
formula

Kivansg = K prop X k.

prop area

X kpap XKy » ®)

where f, ~— efficiency coefficient of solar light

propagation through culture medium  with

microalgae (takes into account dissipation of solar

radiation in the environment);
k — efficiency

area

coefficient of using

photobioreactors illuminated area (quantitatively
equal to the ratio of the illuminated surface of the
culture medium to the entire illuminated surface of
the reactor);

kp,, — coefficient of photosynthetic active

solar radiation;
k,, — coefficient of solar energy absorption

by organisms of microalgae.

Efficiency coefficient of conversion of received
solar energy into biomass by microalgae organisms
can be determined by the formula

kconv = kphotonﬂbx X kphotomﬁx X (1 - kbrealh ) 4 (6)

where & ;... s — coefficient of photon absorption
efficiency during photosynthesis;
K photon. e — coefficient of fixation efficiency

of absorbed photons energy during photosynthesis;

k... — coefficient of energy loss due to

night breathing by microalgae organisms.

Under optimum conditions, microalgae must
absorb all the sunlight photons that reach them.
Since the actual conditions of cultivation are not
optimal, for example, the level of illumination may
be too high, the temperature may differ from the
optimum value, etc. In this case, the phenomenon of
photo inhibition can occur and the value of the

coefficient —of fixation efficiency k.., s

decreases.

At high temperatures of the medium, sunlight
photons, absorbed by the cells of microalgae, can be
emitted back into the environment in the form of
thermal radiation. If the illumination of microalgae
is too high, photons can demaged their cells.

The level of illumination, at which the highest
intensity of photosynthesis is achieved, is called
saturation level. For most microalgae cultures
saturation is observed at a photon flux density of 200
pmol/m?-sec [19].

In general, at low values of illumination, with its
growth, the intensity of photosynthesis increases in
direct proportion. For higher values of illumination,
there is an increase in logarithmic proportion. If the
illumination increases over saturation level, the
intensity of photosynthesis decreases (for significant
number of microalgae cultures).
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Coefficient of fixation efficiency of absorbed
photons energy during photosynthesis can be
determined by the formula

kl’hmon fix = ]satur;x In 711."0 +11 (7)
o Iinc Isarur

1 — saturation density sunlight

where atr
(umol/m*sec);

Il _

nc

incident  sunlight  density

(umol/m*sec).
Dependence of the coefficient of fixation
efficiency K, On the ratio [m/ is

logarithmic (see formula 7). Graphically, this
dependence is shown in figure 4, where linear
coordinates are used.

k photon.fix
A

A
1.0 \
0.75 \
0.50

0.25

0.00 - ] inc
0 10 20 30 40 50 Lsatur

Fig. 4. Dependence the coefficient of fixation efficiency
of absorbed photons energy during photosynthesis the
ratio of incident sunlight density to saturation
density

Figure 4 the coefficient of fixation efficiency

k = 1 for the ratio Im/ = 1 and decreases
satur

photon. fix

with this increasing ratio. In accordance with
formula 7, when the ratio 1&% < 1, coefficient
K photon. s 18 sharply decreasing with ratio decreasing.
This is does not match the experimental data. At low

incident sunlight density, value of & hoton.fix TEMAINS

close to one. Because of this, formula 7 can be used
only in the range /. % >1.
satur

Daily amount of lipids, accumulated in the
biomass of microalgae, cultivated per unit area of
photobioreactor can be determined by the formula

k, xII,.
11, = ——"" (ml/m* day), (8)
plip

where k,, — coefficient of lipid content in

microalgae biomass;
Py, —density of lipids, accumulated in the

biomass (kg/l).

5. Research Results

Averaged data of observations of solar radiation
density on the territory of Ukraine, carried out by
NASA during 20 years are shown in table 2. The
data reflect average monthly density of solar
radiation in the main (typical) regions of Ukraine.

Table 2

The average monthly density of solar radiation in the main (typical) regions of Ukraine, kWh/m*-day [14]

Region Months
01 02 03 04 05 06 07 08 09 10 11 12
Kyiv 1,07 | 1,87 | 2,95 | 3,96 | 525 | 522 | 525 | 4,67 | 3,12 | 1,94 | 1,02 | 0,86
Lviv 1,08 | 1,83 | 2,82 | 3,78 | 4,67 | 4,83 | 4,83 | 445 | 3,00 | 1,85 | 1,06 | 0,83
Poltava 1,18 | 1,96 | 3,05 | 4,00 | 540 | 544 | 5,51 | 487 | 3,42 | 2,11 | 1,15 | 091
Dnipro 1,21 | 1,99 | 2,98 | 4,05 | 555 | 557 | 5,70 | 5,08 | 3,66 | 2,27 | 1,20 | 0,96
Odesa 1,25 | 2,11 | 3,08 | 4,38 | 5,65 | 585 | 6,04 | 533 | 3,93 | 2,52 | 1,36 | 1,04

Let’s calculate monthly and annual productivity
of microalgae cultivation with respect to its biomass
and accumulated lipids in the weather conditions of
the main regions of Ukraine. Biomass productivity

can be determined by the formula 4, accumulated
lipids productivity — by the formula 8.

Energy amount, stored in the biomass unit of cultivated
microalgae was taken E,. =30.0 MJ/kg [20, 21].

biom
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To calculate the efficiency coefficient of transfer
of solar energy to microalgaes organisms k,, - by

of included
coefficients were taken: £, =098, &, =098 as

= 0,458 [22],

the formula (5) the next wvalues

for open capacities [17], Kk,
k, =1,0[18].

abs

To calculate efficiency coefficient of conversion of
received solar energy into biomass k__ by the formula

6, coefficient of photon absorption efficiency during
photosynthesis was taken £, = 0.269 (see
calculation of theoretical efficiency of transformation

FAR energy into hydrocarbons &€,z ,c (4,0) » formula

1). Coefficient of energy loss due to night breathing was
taken k,,, ., =0.2[18].

To calculate the coefficient of fixation efficiency
of absorbed photons energy & by the formula

photon. fix
(7), saturation density sunlight was taken
I, =200 umol/m*sec. As the density of incident

light 7, ~ the average monthly density of solar

radiation was taken according to NASA (see table

2). The density was expressed in pmol/m*sec
previously. For the months for which the condition
L. > 1 is not met, coefficient of fixation

satur

efficiency was taken kphom v

=0,99.

Daily amount of lipids, accumulated in the
biomass of microalgae by the formula (8),
the coefficient of lipid content in microalgaes

biomass was taken k,ip = 0,2, which, according to

[21, 23-25], is one of the lowes possible. Density of
lipids, accumulated in the biomass, was taken p, =

0.85 kg/liter [26].

The results of calculation of monthly cultivation
productivity with respect to microalgaes biomass in
the five selected regions of Ukraine are shown in
figure 5. The results of calculating the annual
biomass productivity of cultivation and productivity
of accumulated lipids in the same regions of Ukraine
are shown in figure 6.
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Fig. 5. Monthly biomass productivity of microalgae

cultivation in typical regions of Ukraine, kg/m’
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6. Discussion

Microalgae cultivation requires significant amount
of energy. Taking into account that Ukraine's
weather conditions are not among the most favorable
in comparison with other regions of the world, the
cost of cultivation in Ukraine is expected to be high
[27]. To carry out the process of photosynthesis
microalgae require biogenic elements. They must be
added to the culture medium [28-30]. To reduce the
cost of cultivation and provide its higher ecological
and economic efficiency, it is proposed to use
mechanically purified municipal wastewater as
cultural medium [31-33]. The wastewater can
contain significant amount of nutrients, especially
nitrogen and phosphorus compounds. Household
wastewater can contain total phosphorus from 5 to
20 g/m® [34]. Phosphorus contribution of one
inhabitant of residential area to residential sewerage
is estimated from 0.65 to 4.80 g/day. The average
value is 2.18 g/day. This contribution tends to
increase due to constantly increasing usage of
detergents. Household wastewater can also contain
total nitrogen from 50 to 60 g/m’ [35]. The amount
can vary depending on the origin of wastewater.

Traditional sewage treatment plants with
biological treatment have efficiency of phosphorus
removal from wastewater about 20%. When the
plants apply technology, which does not use
denitrification process, they have efficiency of
nitrogen removal from wastewater from 20 to 35%.

That means that residual concentration of nitrogen
and phosphorous in purified wastewater is
significant even after biological treatment.
Discharging this wastewater into open waterbodies
is often the cause of their eutrophication (intensive
development of phytoplankton, especially on the
surface of waterbodies). This phytoplankton
prevents sunlight and oxygen penetration of into the
water depth, which leads to death of flora and fauna.
It is known that a gram of phosphate compounds in
open waterbody, if other conditions are favorable,
causes blue-green algae biomas growth from 5 to 10
kg. After treatment of municipal wastewater with
microalgae can help to reduce the risks of
eutrophication processes development and increase
the level of environmental safety.

7. Conclusions

Microalgae are perspective source of the third and
fourth generations for biofuel production. It is
possible to achieve crop yields more than 10 kg of
biomass per square meter of cultivated areas in the
weather conditions of Ukraine. The amount of
accumulated lipids in this case can reach 6.6 kg/m’.
The most perspective regions for cultivation can be
considered eastern regions, in particular, the Odesa
region. The essential resource, wich is necessary for
cultivation is water. It is the basis of the cultural
medium. To increase ecological and economic
efficiency of cultivation, municipal wastewater can
be used as cultural medium. It is possible to combine
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the processes of cultivation and processes of
wastewater purification from biogenic elements
(nitrogen and phosphorous compounds). Experience
shows that when using wastewater as culture
medium, using fresh water can be reduced up to
90%. Wastewater treatment with microalgae can
help to reduce discharges of biogenic elements in
surface water bodies, thus reducing their potential
for eutrophication. It is also allows obtaining
additional renewable energy sources, primarily in
the form of biodiesel, made from microalgae
biomass.
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Meta Ta 3agayi. Y CTaTTi aHANI3YIOTbCA MEPCHEKTHBH BUPOOHUITBA OioMalnBa TPETHOTO TOKOJIHHA 3
OioMacd MIKPOBOJIOPOCTEH y MOTOJHUX YMOBAaX THIIOBHX pETioHIB YKpaiHH. MeTO € MOJeMOBaHHS
MIPOTyKTUBHOCTI OioMacH Ta HaKOIMUYCHHSI JIITITIB Y BOJOPOCTSX, a TAaKOXK JJIA MiIpaxyHKy MPOTyKTUBHOCTI
IIpY BUPONIYBaHHI B TUNOBUX perioHax Ykpainu. Metoam mocaimzkeHHs. MoJIENIOYM BIUIMB TOTOTHUX
YMOB, OCOOJIMBO COHSIYHOTO BUTIPOMIHIOBAHHS, OLIHIOETHCS MOXKIIMBICTh JOCSTHEHHS BpOKalHOCTI Giomacu
Ha KBaJpaTHUHA METp OOpOOIIOBAaHMX ILIONI V MOTOAHMX YMOBAaX THIIOBHX PETiOHIB YKpaiHH, BU3HAYAIOUH
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Ui Hel HaWOUIbII TepcreKTUBHI perionu. Pe3yabpTaTH gocuimkennb. [lokaszaHi pe3ynbTaTH pO3paxyHKY
IIOMICSYHOI TPOJYKTUBHOCTI BUPOIIYBaHHS IIOM0 OioMacH MIKpOBOAOPOCTEH y M'STH OOpaHUX perioHax
Ykpaiau Ta pe3yiabTaTH PO3paxyHKY pidHOI MPOAYKTHBHOCTI 0iOMacu BHUPOIIYBaHHS Ta MPOIXyKTHBHOCTI
HAKOMMYEHHUX JIMIiB y THX e perioHax Ykpainu. OoroopeHnsi. MikpoBOJIOPOCTI € MEPCIEKTUBHUM
JDKEepeIloM BHPOOHHWITBA OiomaivMBa TPETHOTO Ta YETBEPTOrO IOKOJiHb. B moromHmx ymoBax YKpaiHu
MOXHa JOCSATTH BpokaiHOCTI ToHax 10 kr Oiomacw Ha KBaapaTHUH MeTp o0poOsieHux 1uroml. KinbkicTh
HAKOMMYCHUX JIIMIIB y I[OMY BHIAAKYy MOXKE gocsraTa 6,6 kr/M°. Haii6ibm MIEPCIIEKTUBHI PETiOHH IS
BHPOIIYBaHHS MOXXHAa BBa)KaTH CXiJIHUMHU perioHamu, 30kpema, Omecoro. OCHOBHMM pPeCypcoM, SIKHUN
HeoOXimHUH s 00poOITKY, € BOAa, OCHOBA KYJIBTYPHOT'O cepemoBuIna. [l mifBHINEHHS €KOJIOTIYHOI Ta
€KOHOMIYHO1 €()eKTUBHOCTI BUPOIILYBAaHHS MPOMOHYETHCS BUKOPUCTOBYBATH MYHIIMIANBHI CTIYHI BOIH SK
KyJbTYPHE CEPEIOBHINE, MOEIHYIOUM TPOICCH BUPOIIYBAaHHS Ta OYMINEHHS CTIYHUX BOJ Bil OlOT€HHHX
€JIEMEHTIB.

KurouoBi cjoBa: OiOTGHHI €JIEMEHTH; OiOMaIMBO TPETHOTO ITOKOJIHHS; €BTpodiKaIlis,; MiKPOBOIOPOCTI;
CTI4HI BOIH.

C. W. Iamanucknii', C. B. Boiiuenxo?, JI. W. IaBaiox’

OneHka NpoU3BOJUTEILHOCTH KyJbTUBUPOBAHUSI MUKPOBOJOPOC.Ieii 1151 NPOM3BOACTBA OMOTOIINBA
B YCJOBHUAX YKPauHbI

HaunonanbHblll aBUallMOHHBIA YHUBEpPCUTET, MpocniekT Kocmonasta Komapoga, 1, Kues, 03680, Ykpauna
E-mails: 'shamanskiy s i@ukr.net; “chemmotology@ukr.net; *lenyo@ukr.net

Henp u 3agaun. B cTarbe aHAM3UPYIOTCS MEPCIIEKTUBEI MPOU3BOJICTBA OMOTOIINBA TPETHETO TOKOJICHUS
13 6romMacchl MUKPOBOJOPOCIEH B MOTOAHBIX YCIOBUSX THIHYHBIX PETHOHOB YKpawHBL Llenms coctout B
TOM, YTOOBI MOJICIUPOBAThH MPOJYKTUBHOCTh OMOMACChl M HAKOIUICHHE JIMIHIOB B BOJOPOCISAX, a TAKKE
pacCUUTHIBATh MPOU3BOAUTEIBLHOCTh MPHU BBIPANIMBAHUU B THIHYHBIX pErvoHaX YKpauHbl. MeToabl
ucciaenoBanus. [Ipu MonennpoBaHUM BIUSHUS MOTOMHBIX YCIIOBHH, B YACTHOCTH OOJyYEHUS COIHEYHBIM
CBETOM, OIICHKA BO3MOXXHOCTH MOJYUCHHUS YPOKAHHOCTH OMOMACCHI Ha KBaIPaTHBIA METP KYJIBTUBUPYEMBIX
IUIONIa/Iel B MOTOJHBIX YCJIOBHUSX THUIUYHBIX PETHOHOB YKpauHbI ONpeneisieT Hauboyiee MEPCICKTUBHBIC
uis  Hee peruoHsl. Pe3yabraTthl mccaemoBanmid. [lokazaHel pe3ynbTaThl pacdeTa eXeMeCSYHOU
MIPOAYKTHBHOCTH BBIPAIIUBAHUS B OTHOIIEHHH OMOMAacChl MUKPOBOJOPOCTEH B MATH OTOOPAHHBIX pErHOHax
YKpauHBI U pe3yJIbTaThl pacueTa TOIOBOW YPOXKAWHOCTH OMOMACCHI BBIPAIMBAHUS U TMPOIYKTUBHOCTH
HaKOIUICHHBIX JIMMIUAOB B TEX e pernoHax YkpawHbl. QOcyxknenme. MUKPOBOIOPOCITH SBISIOTCS
MIEPCIIEKTUBHBIM MCTOYHUKOM IPOM3BOJICTBA OMOTOIINBA TPETHETO M YETBEPTOTO MOKOJICHUN. B moromHbIx
YCIOBHUSIX YKpawHBI MOXHO JOCTHYb ypoxkaiHocTh Oonee 10 kr OmoMacchl Ha KBaApPaTHBIM METp
KyJIBTYPHBIX TUIOMIaAeil. KOTH4ecTBO HAKOMICHHBIX JIMIMIOB B 3TOM CIIyd4ae MOXET JAOCTHraTh 6,6 Kr/M’.
Haubonee mepcrneKTUBHBIME pErMoOHaMH JUIsl BBIPAIIUBAHUS MOJXKHO CYHTATh BOCTOYHBIE PErHOHBI, B
gacTHOCcTH Onmecckyro 06sacth. OCHOBHBIM PECypcoM, KOTOPBIM HEOOXOIUM IIJISl BBEIPAIIMBAHMS, SBIISCTCS
BOJIa, OCHOBA KYJBTYPHOU Cpenbl. J[si MOBBIICHUS 3KOJOTUYECKOH M 3KOHOMHYECKOW 3((EKTUBHOCTU
KYJbTHBHPOBAHUS TPEIaraeTcs HCIMOJIB30BaTh MYHHUIIMITAIBHBIE CTOYHBIE BOJBI B KaueCTBE KYyJIbTYpPHOU
Cpelbl, CoYeTast MpoIecChl KyJIbTHBAIIMA W OYMCTKH CTOYHBIX BOJ OT OMOTEHHBIX SJIEMEHTOB.

KutoueBble cjioBa: OMOTreHHBIE 3JIEMEHTHI; OMOTOIUIMBO TPETHETO MOKOJIECHHUS; MUKPOBOJAOPOCIH; CTOYHBIE
BOJIBL; 9BTpOdUKaIuSL.
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