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sorghum cultivation in some countries are analyzed. It is
established that in recent years the sorghum is a common crop
in Ukraine and in the world. The results of studies on the
sorghum production volumes in the world compared with the
production of other crops are given. It is found that world
production of sorghum is increasing. Ukraine as an agrarian
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country is one of the largest producers of crops and sorghum
for Ukraine has significant potential. The trends in production
and exports of sorghum are considered; the factors of the
domestic grain market stabilization are examined. The
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development prospects of the sorghum production on the
basis of international statistics and predictions are evaluated.
It is proved that the increasing of the sorghum production in
Ukraine is becoming an acute problem that can be solved
through the wide usage of the sorghum.

Keywords: sorghum, production, export, market, sales,
effectiveness

Demchuk N.I. Sorghum market development in Ukraine under the impact of global trends
[EnexTponnuii pecypc] / Natalia Demchuk, Oleh Okselenko // CoriasbHO-eKOHOMIYHi
npo6Jiemu i fepxkaBa. — 2015. — Bum. 2 (13). — C. 88-96. — PexxuM jocTymy [0 )KypH.:
http://sepd.tntu.edu.ua/images/stories/pdf/2015/15dniogt.pdf.

This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.

«88»


http://sepd.tntu.edu.ua/
http://sepd.tntu.edu.ua/
http://sepd.tntu.edu.ua/images/stories/pdf/2015/15dniogt.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://sepd.tntu.edu.ua/
http://sepd.tntu.edu.ua/
http://sepd.tntu.edu.ua/
http://sepd.tntu.edu.ua/
mailto:nokselenko@mail.ru
mailto:nokselenko@mail.ru

ISSN 2223-3822 © CouiasbHO-eKOHOMI4Hi Mpo6JsieMH i AepkaBa. — Bum. 2 (13). — 2015

1. Introduction. Statement of the problem

Market of agricultural products is very diverse. At the market the plant growing production and the
animal husbandry production are presented as the main products and the sideline products. Key and important
sense belongs to crop production in the market, without these products the animal production is impossible.
Analyzing the world market of the crop products, it can be confidently asserted that the sorghum production is
promising in the near future. Ukraine has a great perspective to occupy an important place in the world market
for the production and export of sorghum.

2. Analysis of recent research and publications

The efficiency of the crops growing in general and the sorghum growing in particular is studied by such
scientists: Arkhipenko F.M., Slusar S.M., Dremlyuk G.K. Maslak O., Pshenichniy O. [2, 3, 5, 6, 8]. The use of
alternative energy resources and market development of biofuels using the sorghum crops are considered in the
works of leading scientists Boyko P., Dolishniy M., Dorhuntsov S., Zhovnir M., Mkhitaryan N., Panasyuk B,
Poburko Ya. etc.

3. Unsolved aspects of the problem

The systematic measures to improve the economic efficiency of agriculture are important for the
sustainable development of the domestic agricultural sector and to solve many current problems; to increase the
crop production and to grow sorghum in particular. The research urgency of this culture is evident. The
successful resolution of these issues will help to improve the socio-economic situation in Ukraine, to increase the
production yields, to make the competitive position of agricultural products at domestic and global markets
better.

4. Task formulation

The purpose of the article is to analyse the sorghum market of Ukraine under the influence of global
trends and to identify the sorghum export potential.

5. Main material exposition

The sorghum growing is gaining more and more popularity in the world and in Ukraine in particular. Due
to drought and salinity resistance of this culture, it is grown in all parts of the world. Previously this culture was
a source of green mass necessary to the needs of livestock; now it is interested by the grain producers. The
positive trend of the sorghum cultivation is observed in the world. In conditions of drought the grain sorghum
significantly exceeds by the yield and the yield of feed units on 1 hectare traditional barley, corn and peas.

According to the data [10] holding "Agro-Soyuz" grows sorghum about 5 years and now this culture
occupies about 25% in the crop rotation structure of enterprise. Traditional crops - such as wheat, soybeans,
barley in connection with the climate change often do not give the desired results. Therefore, we must pay
attention to the culture that does not just support the business and provide an opportunity to develop. In
particular, this culture is sorghum. Thus, the sorghum growing is no longer an alternative but a tradition.
Sorghum is the only crop that flows into suspended animation when the air temperature is above 35 degrees.
And up to 40 days in this state sorghum can expect rains to continue the growing season. So, what to do in the
dry year? To grow sorghum. Sorghum is very unpretentious culture. If this place is not grown sorghum, you
consider, nothing will grow there. Production of sorghum is more profitable than processing of sunflower and
rapeseed. In Ukraine and Russia sorghum is more resistant to disease than in the USA. But there is one big
problem of sorghum - the postharvest humidity. This is a worldwide problem because post-harvest grain drying
of sorghum reduced to 60% of profits. Sorghum is very hygroscopic and after the harvesting by traditional
harvester the humidity of grain and humidity of panicle will summarize. Equipment is capable to solve this
problem. Ukrainian farmers are increasingly planning to include sorghum in rotation.

Sorghum growing is also supported by the legislation in the countries around the world.

In particular the U.S. Department of Agriculture (USDA)’s Agricultural Marketing Service (AMS)
announced that sorghum producers and importers voting in a national referendum have approved the
continuation of the Sorghum Promotion, Research, and Information Order, commonly known as the Sorghum
Checkoff Program. The referendum took place from March 23, 2015, through April 21, 2015. Of the 1,202 valid
ballots cast, 1,160 or 96.5 percent favoured the program and 42 or 3.5 percent opposed continuing the program.
For the program to continue, it must have been approved by at least a majority of those eligible persons voting
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for approval who were engaged in the production and sale of sorghum during the period January 1, 2011,
through December 31, 2014.

The goal of the program is to strengthen the position of and to develop and expand the markets for
sorghum and sorghum products. The United Sorghum Checkoff Board administers the program and comprises
13 sorghum producers, which includes representatives from the three largest sorghum producing states and
four at large members [11].

Majilis deputies propose to encourage the cultivation of sorghum in Kazakhstan. It is proposed to
encourage the sorghum cultivation for the fodder supplies of livestock sector. As one of the most pressing
problems of the livestock sector development is to ensure all groups of farm animals with forage. High-quality
forage should be generated through the internal resources of farm enterprises and it should include the cheapest
sources of nutrients. Production increase of quality forage may be due to the drought-resistant crops with the
high carbohydrates and energy content; that can provide the yield even in dry years. These species include
sorghum crops. It is proposed to consider the possibility for the registration of grain sorghum as forage fodder
crop and the appropriate backing from the state; to develop a program of the perspective forage production
development of farm enterprises for the accelerated development of meat and dairy cattle-breeding, pigstry and
poultry farming; to consider the possibility to organize the production of sorghum seeds (cereals, sugar) [4].

Ukraine plans to obtain European Union’s certificates for the sorghum and corn seeds. Also, deregulation
activities are conducted to improve the conditions for seed business in Ukraine. In particular, the procedure for
the acquisition of rights to produce the seeds and planting stock by economic players is simplified. The foreign
investments are important for Ukraine to expande the seed infrastructure [4].

Let’s consider the production of sorghum in the world compared to the production of other crops
(Table 1). The global production of sorghum is less than wheat, rice, corn and barley. US Department of
Agriculture (USDA) estimates that grain production in the 2015-2016 marketing year will be 65.37 million tons.
The volume of sorghum trade is quite variable and to a large extent it depends on the growing demand of China,
which starts to set the vector of development on the world sorghum market [11].

he 2015/16 marketin metric to
World World World World World
Coarse . Sorghu
Countr Barley Countr Corn Countr Grains | Countr Rice Countr m
WY productio y Producti y . Y | Producti y
Producti Product
n on on .
on ion
. . . Banglades Argentin
Algeria 1,500 Argentina 25,000 | Argentina 33,745 h 35 a 4,500
Argentina 3,700 Brazil 75,000 Australia 12,275 Brazil 8,3 Australia| 2,100
Australia 8,600 Canada 12,300 Brazil 77,583 Burma 12,8 Brazil 2,000
Belarus 2,000 China 228,000 Canada 23,85 |Cambodia 4,9 Burkina | 1,900
Canada | 7,700 Ethiopia 7,000 China 234,5 China 146 Camrfmo 1,150
China 1,500 E‘gl‘:ii’)enan 68,340 | Ethiopia | 13,79 Egypt 46 Chad | 0,900
Ethiopia | 2,040 India 23,500 E‘gﬁﬁfna“ 159,82 | India 104 China | 2,600
E‘ggﬁf“ 58,680 | Indonesia | 9,600 India 41,35 |Indonesia| 36,65 |Ethiopia| 4,000
India 1,850 Mexico 23,500 | Indonesia 9,6 Japan 7,9 India 5,500
Iran 3,300 Nigeria 7,000 Mexico | 31,975 I;g;i?l 41 Mali | 1,300
Kaz:rll‘h“ 2,600 | Philippines | 8,500 Nigeria 17,95 Nepal 3,1 Mexico | 7,800
Morocco 3,200 Russia 12,000 Russia 37,3 Pakistan 6,9 Niger 1,100
Russia | 16,500 Serbia 7,000 South 14068 |PPIPPINe 15 4 | Nigeria | 6150
Africa S
Turkey 7,000 South Africa 13,500 Turkey 13,475 Thailand 19,8 Sudan 5,500
Ukraine 6,200 Ukraine 26,000 Ukraine 33,325 Vietnam 28,2 Tanzania| 0,840
Others 9,001 Others 97,371 Others 159,894 Others 40,5 Others 6,984
United . United United United
States 4,311 United States | 346,218 States 362,81 States 6,954 States 11,050
World World 1,277,31 | World World
Total 139,682 | World Total | 989,829 Total 0 Total 482,104 Total 65,374
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Main sorghum production is concentrated in the USA and Nigeria, their part is a quarter of the world crop.
The leading producers of sorghum are also Mexico (7.3 mln. tons), India (4.5 mln. tons), Argentina (3.8 min.
tons), Sudan (6.3 mln. tons) Sorghum production growth due to the demand increasing for food and energy
resources (Table 2).

Table 2. Dynamics of world sorghum production, mln. metric tons

Country 2011/12 2012/13 2013/14 2014/15 2015/16 Change, %
Argentina 4,2 4,7 4,4 3,8 4.5 107,14
Australia 2,239 2,23 1,107 2 2,1 93,79
Brazil 2,222 2,102 1,89 2 2 90,01
Burkina 1,5 1,924 1,88 1,836 1,9 126,67
Cameroon 1,15 1,1 1,15 1,15 1,15 100,00
Chad 0,648 1,172 0,745 0,9 0,9 138,89
China 2,051 2,556 2,7 2,6 2,6 126,77
Ethiopia 3,951 3,604 4,114 4 4 101,24
India 6,03 5,3 5,54 4,79 5,5 91,21
Mali 1,191 1,212 0,82 1,3 1,3 109,15
Mexico 6,425 6,174 8,5 7,3 7,8 121,40
Niger 0,807 1,376 1,287 1 1,1 136,31
Nigeria 6,9 5,943 6,592 6,7 6,15 89,13
Sudan 4,605 4,524 2,249 6,281 5,5 119,44
Tanzania 0,807 0,839 0,832 0,84 0,84 104,09
Others 7,009 6,676 6,961 6,592 6,984 99,64
United States 541 6,293 9,966 10,988 11,05 204,25
World Total 57,145 57,725 60,733 64,077 65,374 114,40

Source: [11].

The world sorghum market will continue to grow at the new season of 2015/16 MY. Experts predict a
further increase of the gross sorghum harvest. The growth of this indicator will be contributed with the expected
expansion of harvesting areas for the culture; in spite of all this the main increase of areas is expected in the USA,
Mexico, Argentina and Nigeria. However, the predicted decrease of the crop yield will not significantly increase
the sorghum production in the USA, which is currently forecasted at 11.1 million tons.

Many key sorghum-producing countries will increase the total yield of sorghum crops in 2015/16 MY.
Thus, the growth production is predicted in Mexico to 7.8 mln. tons, Argentina - to 4.5 mln. tons, India - to 5.5
mln. tons, Nigeria - to 6.15 million. tons and Australia - 2 1 mln. tons. In China the sorghum yield is expected at
the level of last year (2.6 mln. tons). In turn, the reduction trend in gross sorghum harvest can be in Sudan for
which this indicator is at 5.5 mln. tons.
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Figure 1. Structure of the World sorghum production in 2015/16 MY, %
Source: USDA, July 2015 [11]
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In the United States, Mexico, Chile, Brazil, sorghum is a major crop for bioethanol production, providing
alcohol yield to 25-30% more than in corn and wheat. Therefore, one of the main factors influencing on the
sorghum price is the cost of oil. In addition, the world sorghum prices are directly dependent on the amount of
grain supply on the market.

66

6537
64 .

64,077
62 /
60

58 —
57,725

56

54

52 T T T T
2011/12 2012/13 2013/14 2014/15 2015/16

Figure 2. World sorghum production, mln metric tons
Source: [11].

The world sorghum production is increasing (fig. 2). Ukraine as an agrarian country is one of the largest
producers of crops and sorghum for Ukraine has the significant potential. The volumes of the world sorghum
trade in 2014/15 marketing year sharply increase to 11.1 mln. tons, whereas a year earlier the indicator was 6.5
million tons. And two years earlier it was 7 mln. tons [12].

Increased consumption of sorghum enlivens the world trade. It is expected that the world sorghum trade
volumes in 2015/16 MY will continue to grow and provided the competitive price and the subsequent increase
of demand (tab. 3). It should be noted that in the new season may be slightly lower US sorghum exports - 8.5 min.
tons. In turn, Argentina and Australia may increase the volume of grain shipments to 1.8 mln. tons and 0.8 mln.
tons respectively.

Exports in 2012-2013 marketing year stood at 7.1 million tons, that is 30% more than in the previous
season, in 2015-2016, the export is expected at 11.6 million tons, twice more than in 2011- 2012 (Table 3). The
USA accounts for 76% of global sorghum sales, Argentina - 12,67%, Australia - 6,76%, Ukraine - 1.27%. The
share of other countries is up to 1.58% of total exports. Overall the exports of sorghum relative the consumption
is only 11%, due to the use of this grain mainly in the domestic markets of producing countries (Fig. 3).

Table 3. Dynamics of world sorghum trade, mln. metric tons

Exports 2011/12 2012/13 2013/14 2014/15 2015/16 Change, %
Argentina 2,163 3,059 0,953 1,5 1,7 78,59
Australia 1,185 1,425 0,405 0,8 0,9 75,95
China 0,036 0,027 0,011 0,025 0,025 69,44
India 0,132 0,231 0,089 0,05 0,1 75,76
Nigeria 0,075 0,05 0,05 0,1 0,05 66,67
South Africa 0,017 0,013 0,023 0,025 0,05 294,12
Ukraine 0,113 0,124 0,229 0,15 0,15 132,74
Others 0,179 0,228 0,268 0,187 0,13 72,63
United States 1,549 2,136 5,843 9 8,5 548,74
World Total 5,449 7,293 7,871 11,837 11,605 212,97

Source: [11].

The sorghum production increase contributed to realization of export potential of Ukraine. Thus, with the
world sorghum exports at 11.6 million. tons, Ukraine managed to increase its share in global exports. And
exports in 2011-2015 show a rising trend as volumes and prices. It is explained an active demand for food and
energy resources in the world. In the United States, Mexico, Brazil, sorghum is a major crop for bioethanol
production; alcohol yield from 1 ton of sorghum is 25-30% higher than from corn and wheat.
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Figure 3. Structure of world sorghum trade in 2014/15, %
Source: [11].

According to the official data [9] in 2014 Ukraine exported 195 000 tons of sorghum, which is 15 000 tons
more than in the previous year and 5 times more than in 2010.

Ukraine ranks fourth in the world in volume of sorghum export. This culture is a key to produce
bioethanol and it is used as forage crops and in food industry. The main importers of Ukrainian sorghum in 2014
were Italy (51%), Israel (21%) and Spain (12%) [1].

Sorghum is hardly called a priority crop for the domestic sorghum market of Ukraine now. Despite the
wide range of possible applications of this culture, especially in the segment of feed consumption, the main
priority of increasing production remained active efforts to get out of sorghum on the world market. Currently,
there are six countries that consume about 60% of the sorghum. These are Mexico, Nigeria, China, India, the USA
and Ethiopia. Among them, in the volumes of sorghum consumption China is the fastest growing market, while
China is also the world's largest importer of Sorghum [1]. Disclosure of exports and growing potential of the
niche crops such as sorghum can help to maintain the profitability of Ukrainian companies during the crisis and
ensure stable foreign trade area. Moreover, the prices of niche cultures are generally higher and have no the
price volatility such as traditional grain and oil cultures.

Let’s consider the domestic production of sorghum. In Ukraine sorghum is grown mainly in the steppe
zone. Among the factors hindering the expansion of sorghum acreage in other areas, there is insufficient amount
of effective temperatures during the growing season. The value of Ukrainian agricultural exports of major crops
is shown on Figure 4. Since 2015, Ukraine has significantly increased the volume of agricultural exports,
particularly into the European Union.

250000 1 243049
200000 1
150000 -
50000 - 4981 771 496 ﬂ
0
sorghum barley rye wheat maize

Figure 4. The gross proceeds value of Ukraine from the export of major crops into the EU, ths. USA dollars
Source: [9].
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The value of agricultural crops exports into the EU countries in January-February 2015 accounted 288
630 thousand dollars. The sorghum export in early 2015 was 31,527 tons. Ukraine received 4981 thousand USA
dollars. Mainly due to the trade with Italy, this brought 98% of earnings. In 2015, Ukrainian barley in the EU is
bought by the UK, the Netherlands and Slovakia, its total amount was 771000 dollars.

At the beginning of 2014 and 2015 Ukrainian rye was imported only by Lithuania and Latvia. The cost of
purchased rye by Lithuania was amounted 414000 dollars, which is significantly more than 79000 dollars in the
beginning of last year. At the trade with Latvia on the contrary there is a significant decline of 82 000 dollars in
2015 against 487000 dollars in 2014.

Oats is one of the few crops that in January-February 2015 was exported more than in the same period
of 2014.

Italy was the main buyer of Ukrainian wheat at the first two months of 2015. In January-February 2015
the real volume of wheat exports to the EU countries was amounted 195,813 tonnes (38,703 thousand dollars.).
The main direction of wheat exports for this period was Italy, which was sent 131,727 tons, that is 67% of the
total. Also large shipments were made to Spain - 29 674 tons (5411 thousand dollars), to UK - 16 244 tons (3879
thousand dollars), to Greece - 11 604 tons (2139 thousand dollars) and to the Netherlands 4955 tons (1242
thousand dollars).

Spain and the Netherlands the most bought Ukrainian maize in the early months of 2015. In January-
February 2015 the maize exports to the EU brought into Ukraine 243049 thousand dollars, which is 85% of
income from exports of all crops into the region. The main countries-partners are Spain 480715 tons (77048
thousand dollars), the Netherlands 450 686 tons (73 903 thousand dollars), Italy 219418 tons (35783 thousand
dollars), Portugal 137 850 tons (21179 thousand dollars), Germany 81,170 tons (12,886 thousand dollars),
Ireland 81,724 tons (12,767 thousand dollars) [9].

The increase of sorghum production in Ukraine is becoming an acute problem which can be solved
through the wider usage of sorghum potential. Search of the alternative energy sources is steadily increasing in
the world. Modern biogas plants have become one of the best inventions of this kind. Biogas is a mixture of
methane, carbon dioxide and small amounts of impurities. Methane content in biogas determines its energy
value and it differs depending on the type of substrate - the material from which biogas is obtained. Therefore, to
assess the potential is not used the amount of biogas, and the amount of methane of the biogas origin -
biomethane is used. The animal waste (manure, dung), crop waste (straw), agricultural products processing
waste (tops and marc of sugar beet, milk plant’s waste, sparging) are commonly used as substrate. A promising
substrate source is also energy crops (corn silage, sorghum, topinambour), which are grown specifically for
biogas production [9].

6. Conclusions and recommendations for further researches

As climate changes require a revision of crop rotation in favour the drought-resistant crops, the sorghum
is a promising crop for cultivation of grain, green fodder and especially for the production of alternative fuels -
biofuels. The grain sorghum and silage sorghum are mainly grown in Ukraine, which is a valuable fodder crop for
arid areas. The main task of breeding is creation of the early ripening varieties and hybrids with high
productivity, resistant to diseases and pests.

The sorghum crop production problem is successfully solved in case it will not be separated from the
general economic context and it will be treated systematically. And it is necessary to scientifically justify the
volume of grain sorghum production and technological costs based on systematization and restoration of gene
pool of the sorghum cultures.
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P03BUTOK PUHKY COPro B YKpaiHi miJ BIVIMBOM CBiTOBUX TeHAeHLii

Hdemuyk H.L

JHiNponeTpoBCbKUH Jlep>KaBHUM arpapHO-eKOHOMIYHUH YHiBepCHUTeET,

BYyJI. iM. BopomuiioBa, 25, lHinponeTpoBchbk, [JHinponeTpoBcbka 06s1acTh, 49000
J.e.H., npodecop kadeapu «PiHaHCU»

Oxcesenko 0.M.

JHinponeTpoBCbKUH AepKaBHUM arpapHO-eKOHOMIYHUH YHIBEPCUTET,

K.C.-T.H., IOLIeHT Kadeapu «PocIMHHULITBO»

AHoTanig. BUcBiT/IeHO pe3y/JbTaTU LOC/Hi[KeHb 3 BUBYEHHS PO3BUTKY PHUHKY COpro, IpoaHaJi3oBaHO
3aKOHOJaBYi iHILiaTUBY NiATPUMKH BUPOLLYBaHHS COPro B JedKUX KpaiHax cBiTy. BcTaHOBJIeHO, 110 copro €
JOCUTb TNOLIMPEHOK CiJIbCBKOTOCNOAAapChbKOK KyJbTYPOI B OCTaHHI pokdM B YKpaiHi Ta cBiTi. HaBegeno
pe3yJbTaTH AOCJiPKeHb L[0/0 06CATiB BUPOGHUIITBA COPro B CBIiTi B MOpiBHSIHHI 3 BUPOOHHULTBOM iHLIMX
KyJIbTYp. BcTaHOBJIEHO, 10 CBiTOBE BUPOGHUIITBO COPro HEBIIMHHO 3pOCTAaE. YKpaiHa sIK arpapHa KpaiHa €
OJIHUM 3 HaMWOUJbIINX BUPOOHUKIB CiIbCBKOIOCNOAAPCHKUX KYJBTYP, 1 COpPro [ YKpalHM Mae 3HAYHUH
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noTeHUias. Po3ryisiHyTo TeHAeHUil y BUPOOGHULTBI i eKcnmopTi copro, YMHHUKM cTabijgizanii BiTUM3HSHOTO
3epHOBOro puUHKY. OILIHIOIOTbCA MepcneKTHUBM PO3BUTKY BHUPOOGHHUITBA COPro Ha OCHOBI MaTepiasis
Mi>KHApOAHOI CTaTUCTUKK 1 nepeabadyeHb. JloBeAeHO, 1[0 36i/bllIeHHSI BUPOOHHUIITBA COPro B YKpaiHi Ha
CbOTOJIHI CTAa€ TOCTPOI0 INpoO6JeMOl, fKa MoOxe OyTH BHpillleHa 3a pPaXyHOK MIMPLIOr0 BHUKOPUCTAHHA
MOXJIMBOCTEH COPToO.
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HeyKJOHHO pacTeT. YKpauHa KaK arpapHasl CTpaHa fBJdeTCd OJHHUM W3 KpyNHeHIIMX NpOU3BOAUTes el
CeJIbCKOX035IMCTBEHHBbIX KYJbTYp, U COPro AJs YKpauHbl MMeeT 3HauMTeJbHbIH NoTeHLHa]. PaccMoTpeHbl
TeH/IeHIIUM B NIPOM3BOJCTBE U IKCIOPTe COpPro, GpakTOpbl CTAOM/IM3ALUU OTEYeCTBEHHOTO 3epHOBOIO PbIHKA.
OueHUBalOTCA MNepCNeKTHBbl Pa3BUTUSA NPOU3BOJACTBA COPro Ha OCHOBe MaTepHaoB MeXAyHapoJHOU
CTaTUCTUKHW W NpeAcKasaHMUH. Jloka3aHO, 4YTO yBeJIMYeHHMe IPOU3BOJCTBA COPro B YKpauHe Ha CerojHs
CTAaHOBUTCA OCTPOM Npo6seMOH, KOTopas MOXeT ObITh pelleHa 3a cYeT 6oJiee LIMPOKOrO MCIOJb30BaHUS
BO3MOKHOCTeH copro.

KiroueBsle cj10Ba: cOpro, Ipou3BO/JCTBO, 3KCIIOPT, PbIHOK, 06'beM NPoJax, 3G PeKTUBHOCTD.

Appendix A. Supplementary material

Supplementary data associated with this article can be found, in the online version, at
http://sepd.tntu.edu.ua/images/stories/pdf/2015/15dniogt.pdf
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