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Abstract. Energy independence is one of the national priorities facing Ukraine today. Plant-based
feedstocks have the potential to diversify Ukraines energy independence by decreasing dependence on
petroleum-based energy, reducing greenhouse gas emissions, expanding renewable fuel industries and
creating job opportunities. However, biofeedstock needs to be competitive on availability, performance, and
price to produce, market, and produce fuels. We hypothesize that domestically produced feedstocks from
sweet sorghum, using proactive recycling of nutrient-rich biosolids on vast areas of degraded and marginal
lands, could be a win-win energy independence strategy in Ukraine. Our goal is to create for generating
a steady-state source of biofeedstock and disseminate science-based knowledge and training to the clientele.
Specific objectives are to: (1) establish research studies to evaluate growth and feedstock productivity,
nutrient removal, and feedstock characteristics of sweet sorghum fertilized with biosolids on degraded and
marginal lands in Rivne, Kherson, Dnipro, and Kyiv regions of Ukraine, and (2) determine the impact of
biosolids and sweet sorghum on soil quality. Data collected on growth, feedstock production, feedstock
characteristics, fuel potential, and high-value co-products (biochar) of sweet sorghum and soil quality will
be evaluated by multivariate statistics. Input, output, and outreach data will be subject to techno-economic
analyses to evaluate the economically viability, environmentally compatibility, and social acceptability of
the project. Traditional and electronic outlet activities will be utilized to disseminate outcomes and outputs
and to evaluate project impacts.
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1. Introduction. Energy independence is degradation is under conventional agriculture.

one of the national priorities facing Ukraine
(Velychko & Tretiako, 2010; Kharytonov, 2019a)
as Ukraine is the net importers of geo-thermal
energy. In recent years, the Government of
Ukrainian has prioritized to derive 25% of its
total energy generation from alternate sources
by 2035.

Ukraine is the 2" largest country in Europe
with 70% of its land with various degrees of

While using best farmlands to grow energy crops
is not a logical choice, and the question is: how
can the economic benefits of growing crops for
energy and bio-based products in degraded lands
be balanced by the environmental concerns?
The prospect of using existing prime land for
harvesting corn, wheat, and soybean for ethanol,
biodiesel, or bioenergy feedstock production
is highly debated. So, while agronomic crops
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represent a significant biofuel source, it can also
cause environmental degradation with increased
agroecosystem disservices.

Energy crops that are already widely grown,
or being developed, include corn (Zea mays, L.),
soybeans (Glycine max), sunflower, switchgrass,
big bluestem, Eastern Gamma grass, Sudan-
sorghum, sweet sorghum (Sorghum bicolor
(L.) Moench species), energy beet, sugarcane,
Miscanthus (Miscanthus giganteus), Arundo,
Guayule, Eucalyptus, and hybrid willow and
poplar (Lavrenko et al., 2007; Tilman et al.,
2011; Dweikat et al., 2012; Soudani et al., 2017,
Islam, 2020).

Among them, sweet sorghum is one of the
dedicated multipurpose bioenergy crops, which
can be grown on degraded and marginal soils to
withstand diverse conditions due to its versatile
adaptability, high biomass yield potential
(C, pathway), high sugar contents, greater water-
and nutrient-use efficiency, and low maintenance
life cycle when compared to other agronomic
and bioenergy crops (Wortmann et al. 2010).
Growing sweet sorghum on marginal lands can
be a promising eco-friendly win-win situation to
supplement Ukraine’s growing energy needs due
to its unique mechanism of moisture regulation,
sorghum is highly tolerant to drought and salinity
stresses, insects, pests. and diseases (Reddy et al.,
2007; Dalla Marta et al., 2014; Rakhmetov et al.,
2018; Kharytonov et al., 2019ab) (Fig. 1).

Biosolids are nutrient-rich organic byproducts
of municipal water treatment facilities that can
be used to rejuvenate marginal land productivity
for growing sweet sorghum (Yucel et al.,
2015; Soudani et al., 2017; Kharytonov et al.,
2019abc, Islam et al., 2020). It is expected that
proactive recycling of biosolids will sustain
energy feedstock production on marginal lands
by providing labile organic matter, increasing
availability of essential plant nutrients, and sustain
plant growth. Moreover, the impact of biosolids
amendments under relatively less disturbed soil

environment is expected to support microbial
diversity and efficiency (anabolism), increase
C:N stoichiometry to decrease greenhouse gas
emissions, increase soil carbon sequestration,
and improve soil quality. However, very limited
studies were conducted to evaluate the effects
of municipal biosolids on the growth, yield, and
feedstock characteristics of sweet sorghum when
grown on marginal lands in Ukraine (Kharytonov
etal., 2019).

The goal of the research is to create
possibilities for generating a steady-state source
of biofeedstock to support energy independence.
Specific objectives are to: (1) establish research
studies to evaluate growth and feedstock
productivity, nutrient removal, and feedstock
characteristics of sweet sorghum fertilized with
biosolids on degraded and marginal lands in the
Rivne, Kherson, Dnipro, and Kyiv regions of
Ukraine; (2) determine the impact of biosolids
and sweet sorghum cropping on soil quality; (3)
provide research training to Ukrainian scientists
for professional development and institutional
capacity building; and (4) develop outreach
educational materials.

2. Materials and methods. The study
area. Field experiments will be conducted
simultaneously at Rivne (northwest), Kyiv
(north), Dnipro (southeast), and Kherson (south)
regions of Ukraine under contrasting soil and
climatic conditions (Fig. 2).

Experimental design. A randomized
complete block (RCB) design in a 4 (biosolids
rates) x 2 (sweet sorghum varieties) split-
plot experiment with four replications will
be established at four different locations, as
described above (Fig. 2). Biosolids rates, as the
main plot, will be 0 (control), 10, 20, and 40
kiloliters (KL), equivalent to 0, 24, 48 and 96 kg
N; 0, 10, 20 and 40 kg P; and 0, 8, 17, and 34 kg
K per ha, respectively, compared with a standard
chemical NPK fertilization treatment. Sweet
sorghum variety (U.S vs. Ukrainian) will be the

Fig. 1. Sweet sorghum growth and cane production (Dweikat et al., 2012)
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Fig. 2. Experimental location (red)
(https://www.google.com/maps/place/Ukraine)

sub-plot. Each replicated plot will be 35-m long x
15-m long with a 2-m buffer between plots.

Based on our preliminary studies (Kharytonov
etal.,2019abc), we have selected Zubr (Ukrainian
variety) and Mohawk (U.S. RAELIN company
and University of Nebraska-Lincoln) varieties of
sweet sorghum due to their versatility, site and
climatic adaptability in Ukraine, higher water and
nutrient-use efficiency, biomass production, and
cane sugar concentration. The rates of biosolids
amendments were calculated based on currently
available data on Ukrainian biosolids nutrient
concentration (Mosiichuk, 2017). Biosolids will
be collected from domestic wastewater treatment
plants at respective sites.

Field operation and cultural practices. In
early autumn 2021, all the experimental sites
will be prepared to lay-out the experimental
plots. Within a week, biosolids as the main plot
will be surface applied at the proposed rates at
each site. After 48-h, biosolids amended will be
chisel plowed to incorporate the biosolids into
the soil followed by planting of winter rye as
a cover crop. In the early spring (late March),
rye will be rolled over or terminated by applying
herbicides followed by no-till (NT) planting of
sweet sorghum in mid-April, as per cultural
practices. Sweet sorghum at Rivne and Kyiv will

be grown under rainfed conditions, in contrast
to those grown under deficit irrigation in Dnipro
and Kherson sites.

Growth, biomass productivity, and feedstock
quality. Sweet sorghum growth, physiological and
metabolic processes (photosynthesis, transpiration,
respiration, and stomatal conductance) will
be determined and recorded, using a portable
photosynthesis system at different growth stages.
Cane yield and total biomass production will be
recorded at harvest. Based on on-site weather data,
the reference evapotranspiration (ET) and crop
coefficients (Kc) will be determined for irrigation
scheduling and to calculate for water-use efficiency
of sweet sorghum. Crop residues on the surface
and in the soil (roots) after annual harvesting, will
be sampled from 2-m x 2-m blocks to calculate
for annual flow of organic residue (carbon) in
ecosystems. Using all the data, several drought
stress tolerant and adaptivity indices of sweet
sorghum will be calculated.

Sweet sorghum cane will be mechanically
squeezed to extract juice for measuring sugar
content, brix, conservative sugar yield (CSY),
and theoretical ethanol yields (TEY). The TEY
will be calculated as sugar yield multiplied by
0.58-L ethanol per kg of CSY (Rutto et al., 2013).
While a modified Anthrone-reactive method will
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be used to determine for total glucose equivalent
sugar content (Islam & Weil, 2000), the brix will
be determined by reflectometry. The CSY (ton/
ha) will be calculated (Wortmann et al., 2010) as:

CSY=(FSY-DSY) - brix - 0.75

where FSY and DSY are fresh and dry cane
yields, respectively.

Biomass samples will be oven-dried at
55+2°C, ground, and analyzed for total C and
N contents by CNS analyzer, and for total P,
K, Ca, Mg, S, and micronutrients (Fe, Mn, Cu,
and Zn) using Inductively Coupled Plasma
Emission Spectrometry. Moreover, bioprocessing
characteristics of feedstock will be analyzed
for different lignocelluloses, caloric values,
and silica (Si) and heavy metals (Al, Pb, Cd,
Cr, and Ni) contents. Lignocelluloses will be
determined by hydrolysis and HPLC analysis for
monosaccharides. The ash content of biomass will
be determined by the loss of ignition method. The
EPA-3051 method will be used for heavy metals
content of feedstock by ICPE Spectrometry.
Moreover, a thermogravimetric analysis of
biomass will be carried out to obtain information
on thermal stability to estimate for differential
mass loss and heating effects of biomass.

Potential Ethanol Yield (gal/acre)
from Sweet Sorghum Juice

Biomass Yield Juice Sugar Content (%)
(t/acre) 13 15 17

Assumes .55 juice expression ratio and 90% fermentation efficiency

Fig. 3. Potential bioenergy (ethanol) yield of
sweet sorghum (Dweikat et al., 2014)

Soil sampling and analysis. To evaluate the
effects of sweet sorghum cropping and biosolids
amendments on soil quality, composite soils
(as baseline) will be sampled from all sites in
early autumn prior to laying out the experiments
and at the end of the experiment. The soil will
be collected from 0-45 cm depth with a 15 cm
interval from each replicated plot following the
systematic sampling technique. While a portion
of the field-moist soil will be processed to analyze
for key biological properties, another portion of
the soil will be air-dried and processed to analyze
for key chemical and physical properties using
standard methods.

Soil biological properties. Soil total microbial
biomass will be determined by using the rapid

microwaved soil irradiation and extraction
method (Islam & Weil, 1998). Basal respiration
(BR), as an indicator of soil biological activity,
will be determined by following the in vitro static
incubation method (Islam & Weil, 2000). Several
metabolic quotients (qR and qCO,) as measures
of ecosystem stress or recovery on soil will be
calculated (Anderson & Domsch, 1990; Islam &
Weil, 2000).

Soil chemical properties. Total soil organic
C (SOC) and total N (TN) contents will be
determined using the automated dry combustion
CNS analyzer. Soil active C (AC) and N
(AN), as composite indicators of soil quality
and N availability, will be determined using
a modified KMnO, oxidation method (Islam et
al., 2021). Soil macro- (P, Ca, Mg, K, and S) and
micronutrients (Fe, Mn, Cu, Zn, B, Mo), and
heavy metals (Al, Pb, Co, Cr, and Ni) will be
analyzed by Melich-3 extraction and inductively
coupled plasma emission spectrometry. Soil pH
and electrical conductivity will also be measured
using electrode methods.

Soil physical properties. Soil bulk density
and penetration resistance will be determined
using the standard core method and digital
penetrometer. Soil moisture-holding capacity will
be measured using thermo-gravimetric methods.
Soil aggregate stability will be evaluated by
determining macro- and microaggregate stability
and aggregation and persistence indices (Kempers
& Rosenau, 1986; Jahangir et al., 2020; Islam
etal., 2021).

Quantification of soil quality. Both inductive
(key soil properties) and deductive (biomass,
sugar yield) additive approaches will be used to
calculate for soil quality index (Amoakwabh et al.,
2021; Islam et al., 2021). Using the standardized
scoring functions that state «higher, lower, or
mean Values (SQIndex = [Z(Xo)(max_l) + (X() Xmean_l) +
+ {1 — (X, XD} 1) are better indicators of
soil quality”, a half of the data will be normalized
in a scale (>0 to <100) relative to the maximum
value of that indicator in the dataset to remove
variability (Fig. 4). The normalized scores will
be evaluated by principal components analysis
(PCA) to select key soil quality indicators
as a minimum dataset (MDS) to calculate
a generalized soil quality index (>0 to <100),
with 100 being excellent in quality and 0 being
extremely poor quality.

Based on the PCA analysis to select MDS
(first set), the other half of the data will be
normalized, summed, and calculated for soil
quality index (second set). Finally, soil quality
index calculated based on the first and second sets
will be correlated and subjected to the analysis
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Fig. 4. Concept of soil quality modeling

of variance to control redundancy and validate
the quantification on changes in soil quality
(Amoakwah et al., 2021).

Modeling of soil carbon sequestration. The
stocks of SOC and TN data in different pools
at each depth and within the soil profile will be
calculated by multiplying their concentration
with the concurrently measured bulk density
(variable mass). However, to account for extra
soil mass from using concurrently measured bulk
density among and/or between soils from different
treatments, an “equivalent soil depth” will be used
to convert SOC and TN concentration into mass-
per-unit area (Aziz et al., 2013). The stocks of SOC
and TN in different pools, based of calculation of
antecedent bulk density or equivalent soil depth,
will be regressed over time to calculate for SOC
sequestration and TN accumulation rates and C:
N stoichiometry in soil organic matter.

Statistical analysis and techno-economical
assessment. Multivariate procedures will be used
for data analysis and interpretation of results.
These procedures will provide the most up-to-
date capabilities for ANOVA by allowing the
calculation of F and P values to separate simple
and interactive effects of predictor variables
on dependent variables using the least square
difference (LSD) test at p<0.05, unless otherwise
mentioned. The PCA will be performed to identify
core soil and crop properties as minimum datasets
to account for soil quality variations in response
independent variables. Regression and correlation
analyses will be performed to calculate for SOC

£

We will also log all inputs, operating costs,
feedstock yields, biofuel potential, nutrient
removal, heavy metal impact, greenhouse
gas emissions, and SOC sequestration. Using
all these inputs and outputs, we will perform
a techno-economic analysis to evaluate the
prospects of raising sweet sorghum energy
plantations on biosolids amended marginal
lands in Ukraine. The methodology outlined
in published papers will be used as a guide for
techno-economic analysis (Perrin et al., 2008).

Conclusions. Municipal biosolids are
a nutrient-rich organic byproduct of water
treatment facilities, also can be wused as
a potentially viable source of biochemical
amendment to rejuvenate the soil quality of
marginal lands. Municipalities all over Ukraine
have an abundance of biosolids, so the appeal
of using them as an amendment to improve
the soil quality is quite logical because the
approach, as a natural system, will facilitate an
environmentally compatible disposal system
for efficient nutrient recycling to support
biofeedstock production. While energy crops
are not grown for food, forage, or feed, applying
municipal biosolids to rejuvenate marginal
lands for producing biofeedstock poses no
danger to human or animal health. By adopting
traditional and electronic outreach approaches,
we will document project outcomes and outputs,
which will include: increased knowledge on
sweet sorghum biofeedstock production on
marginal lands; increased economic activity
associated with the recycling of biosolids,
biofeedstock production, processing and
marketing, and creation of green jobs to
improve the rural economy; change in public
policy for recycling biosolids to rejuvenate
marginal land; and utilization of 25 % of
marginal lands in Ukraine for biofeedstock
production by 2050.
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H.O. dinenko, f1.b. Mociituyk, M./I. 3ocumuyk, M.M. XapuToHoB,
ML.I. Babenko, b.0. Ma3ypenko, C.O. JlaBpenko, A.M. Paxman, K.P. Iciam
Bukopucranns 6iocoiiB A1 NOKpameHHs! AKOCTi MapriHAJIbHUX 3eMellb
Ta BUPOOHUITBA GioeHepreTHYHOI CHPOBHHY B YKpaiHi

Anomauisn. Enepeemuuna He3anedcuicmes € 0OHUM i3 HAYIOHATbHUX NPIOPUMEmis, SIKi CbO20OHI CMosimb
neped Yxpainorw. Pociunna cuposuna mac nomenyian 0s ougepcugixayii enepeemuyHoi ne3aneicHocni
Vrpainu winsaxom 3smenwienns 3anexchocmi 6i0 Haghmosoi enepeii, CKOpoueHHs GUKUOIE NAPHUKOBUX 2A316,
PO3UWUPEHHS BUPOOHUYMBA BIOHOBTIOBAHUX Odicepel NATUBA MA CMBOPeHHs pobouux micyb. OoHax biocu-
POBUHA NOBUHHA OYMU KOHKYDEHIMOCHPOMOIICHOIO 3a OOCHYRHICIIO, XAPAKMEPUCTIUKAMU MA 8APMICIIO
01 8UCOMOBNEHHS, NPOOadCy ma GupobHuymea nanusa. llpunyckaemo, wjo cupogumna, ompumana iz
CONOOK020 COP20, MOXdCe Oymu UKOpUCMAana 8 bioeHepeemuyi OJisl NOOAILUO2O POpMY8aHHs cmpamezii
eHepeemuuHoi HezanexcHocmi 8 Ykpaini. 1 0cobaueo akmyaibHo, Konu 0Jis 8UpOUysanus 6y0yms 3a0iami
niowi 0e2pado8aHux i MApeiHAIbHUX 3eMelb 3 NONEePeOHiM 8HeceHHAM 0ioconioie (ocady cmiuHux 600),
bazamux nodcusHumu pewogunamu. Mema pobomu nonseac y po3eumxy 63a€MonpoOyKMUGHoi ma mexuiy-
HO-IHHOBAYIUHOT docaioHuybKoi cnienpayi mixe Yrieepcumemom wmamy O2atio ma KilbKOMA HAYKOBO-
OQ0CTIOHUMU YCTNAHO8AMU 8 YKpaini 0151 cmeopeHHsa cmabinbHo2o 0xcepena 6ioCuposUHU Md NOWUPEHHSL
HAYKOBO OOTPYHMOBAHUX 3HAHL | HaguanHA 3ayikasnenux cmopin. Ocnoenumu yinamu €: (1) nposecmu
HAYKOBI 00CTIONHCEHHSL 0I5l OYIHKU NPUPOCHTY Ma NPOOYKMUBHOCHI, GUHOCY NOMCUSHUX PEYOBUH MA XAPAK-
MEPUCTUK YYKPOBO2O COP2O, YOOOPEHO20 0CA0OM CIMIUHUX 800 HA 0e2PA00B8AHUX MA MAPSTHATLHUX 3eMIIAX
v Pisnencokit, Xepconcokiil, /[ninponempogcokiti ma Kuigcokiti odnacmsax Yxpainu;, ma (2) oyinumu
6NAUB OIOMBEPOUX PEUOBUH MA NOCIBI8 YYKPOBO20 COp20o HA AKiCMb TpyHmYy. Jani wooo pocmy, 6upooHu-
Ymea, AKICHUX Xapaxkmepucmux OmpumManoi CUpOBUHU, NATUBHO20 NOMEHYIATY MA BUCOKOYIHHUX NOOITYHUX
npooykmig (0iogyeinis) cono0ko2o copeo ma AKOCMI IPYHNy, 6y0yms NpOaraniz08ani 3a 00noMo2oi0 baza-
moeumipnoi cmamucmuxu. BXioni, euxioni ma ingopmayitini 0ani nionseamumyms mexHiKo-eKOHOMIiu-
HOMY aHaNi3y O/l OYIHKU eKOHOMIYHOI OOYLIbHOCHL, eKONO2IYHOI CYMICHOCII MaA COYIANbHOI NPULUHAM-
Hocmi npoexkmy. Tpaduyitini ma enekmpouHi 3acoou nowuperus ingopmayii 6y0yms UKOPUCTNOBYBAMUCS

07151 PO3NOBCIOOINACEHHS PE3VIbINAMIE MA BUCHOBKIB, a MAKOiC OJis OYIHKU BNIUBY NPOEKMY.
Knrouosi cnosa: dionanuso, nioguuyenns keanighikayii, AKicms IpyHmy, cono0ke copeo, Vmunizayis 6i0Xo0ie
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Hcnonb3oBanue 0HOCOJIUAO0B sl YIyUllIeHHs KA4eCTBA MAPTHHAJIbHBIX 3eMeb

U MPOU3BOICTBA OHOIHEPreTUYECKOI0 ChIPhSl B YKpPanHe
Annomayua. Dnepeemuueckas He3ABUCUMOCMbL — OOHA U3 HAYUOHATILHLIX NPUOPUINENO8, CHIOAUWUX
ce200ns1 neped Yxpaunoii. Pacmumenshoe coipve umeem nomenyuan 07 ousepcugpuxayuu snepeemuye-
CKOUl He3agUCUMOCMU YKPAuHblL 3a cuem yMeHbUuleHUs 3d6UCUMOCIU 0N SHeP2UL HA OCHO8e Hemu, COKpa-
WeHus 8bIOPOCO8 NAPHUKOBLIX 2A308, PACUIUPEHUS NPOU3B00CNBA B0300HOBIAEMO20 MONAUBA U CO30AHUS
pabouux mecm. OOHAKO OUOMONAUBO OOANCHO ObIMb KOHKYPEHMOCHOCOOHBIM NO OOCMYNHOCIU, XAPAK-
MepUCmuKam u yene 0Jis npou3eoocmaa, covima u npouzsoocmea monausa. llpeononazaem, umo cuipbve,
NONy4eHHoe U3 CIaoKo20 COpP20, MONCEN UCNONb308AMbCA @ OuodHepeemuKe 0iisl OdanbHelue20 popmu-
Posanusi cmpamezuu dIHepeemuyeckoll Hezagucumocmu 6 Ykpaumne. M ocobenno akmyanvHo, ko2oa st
sblpawueanus 6y0ym 3a0etcmeosansl NIoWaou 0epaoupO8aArHbIX U MAPSUHAILHBIX 3eMellb ¢ NPedsapu-
menvHuim. Llenv pabomel cocmoum 6 pazeumuu 63auMonpoOOYKMUBHO20 U MeXHUYEeCKU UHHOBAYUOHHO2O
uccnedosamenbekoco compyonudecmsa medxncoy Yuusepcumemom wmama O2aiio y HeCKOTbKUMU HAYY-
HO-UCCTe008AMENbCKUMU YUPEHCOCHUAMU 8 YKpauHe 015 CO30aHUA CadUIbHO20 UCTHOYHUKA OUOCHIDbA
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U pacnpocmpanenus Hay4Ho 0O0CHOBAHNBIX 3HAHULL U 00YUeHUs. 3auHmepeco8antvlx cmopot. OcHogHble
3adauu npoexma saxmouaromes 6 cieoyrowem: (1) nposedenue HayuHblX UCCIEO08AHUL OISl OYEHKU
npupocma U npou3g00UMeNbHOCU, BbIHOCA NUMAMEIbHLIX eUjecm8 U XAPAKMEPUCMUK CAXAPHO20
copeo, YOOOPEHHO20 0CAOKOM CHOUHBIX 800 HA 0e2PAOUPOBAHHBIX U MAPSUHATLHBIX 3eMisaX 8 Posenckoll,
Xepconcxoii, [{nenponemposckoii u Kuesckoii oonacmsax Yipaunwl, u (2) onpedenums enusHue meepovix
OUONO2UYECKUX 8eujecms U CIAOK020 cOpeo Ha Kadecmeo nougvl. CobpanHble OanHble 0 pocHe NPouU3800-
CMea, KAYeCmEeHHbIX XaPaKmMepUucmuK noy4eHHo20 Cblpbsl, MONIUGHOM NOMEHYUde U YEHHbIX NOOOYHBIX
npooykmax (6uoy2o0ib) c1aokoeo copeo u Kkavecmae noussl OyOym npoaHaru3upo8ansl ¢ NOMOULIO MHO2O-
MepHoUl cmamucmuku. Bxooswue, ucxooawue u ungpopmayuontvie Oannble ROONEHCANM MEXHUKO-IKOHO-
MUYECKOMY aHATUIUPOBAHUIO O/ OYEHKU IKOHOMUYECKOI YenecoobpasHoCmu, IKOI0SUYECKOl COBMeCT-
Mocmu U coyuanvbHoll npuemaemocmu npoekma. Tpaouyuonnsie u 91eKMpoHHbIE UCTOYHUKU UHGDOpMayuu
0y0ym UCnonb306amvCa 015 pACNPOCMPAHEHUs. Pe3VIbIMAMOo8 U 8bl80008, a MAaKmCe Ol OYEeHKU 8030eli-
Ccmeust npoeKkma.

Knroueswvle cnosa: duomonnugo, nogvluienue K8AMUGUKAYUY, KA4eCmeo nouesl, ClaoKoe copeo, VIMuiu-
3aYuUsk OMX0008.
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