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Article history: The paper includes evaluation of the sources of acquiring information
Received: April 2014 in agricultural farms by farmers. The research was carried out in 2012
Received in the revised form: in the form of a direct survey of owners of 102 agricultural farms
July 2014 located in Podlaskie Voivodeship. A survey questionnaire, which

Accepted: August 2014 consisted of two parts, was a research instrument. The first one con-

cerned information on the farm owner and a farm and the second part
Keywords: of the questionnaire consisted of questions related to the manners of
information acquisition of information sources and their evaluation. The research
"’fo,r ‘m‘mo" Sa”rce“‘v, which was carried out proves that shows and exhibitions are the
agricultural production weakest information sources according to the evaluation (10%).
Information obtained from the Commune Offices (16%) and the
Agency for Restructuring and Modernization of Agriculture (18%)
were evaluated as a weak source of information. However, a direct
contact with friends and neighbours (42%) and agricultural advisers
(59%) seems to be a popular source of information. The Internet, as
well as radio and television, each reach more than 70%. Specialist
press and guides were evaluated very high (above 80%). According to
the investigated group, agricultural journals are the most significant
source of information in the plant and livestock production and infor-
mation on agricultural machines and devices. In the evaluation of the
access to various types of agricultural information as much as 58%
said that it is on a very good level, 30% of respondents evaluated it as
good and only 12% of the respondents claimed that the access to
various types of agricultural information sources is at a fairly good
level. Any of the questioned farmers did not claim that the access to
information is bad.

Introduction

Changes in the conditions of operation of agricultural farms caused that they are more
open to external factors, the impact of which creates the production surrounding. Necessity
of competitive advantage on the market forces farmers to increase capacity and improve
farming effectiveness. Agricultural farmers must, thus, be more active in searching for
information (Bernacki, 2004). According to Kocira and Lorencowicz (2011) and Kubon
(2007) farmers use information technologies in managing a farm to a low extent. Achieving
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high quality products in the sustainable development conditions requires the use of modern
management methods and the use of more information than before a few decades, which
may be facilitated by the IT technologies. New techniques, particularly the Internet, give
possibilities of acquiring information from great number of dispersed sources around the
world. Thus, information sources should be complete, precise, up-to-date and affordable.
Partial or invalid information, which was not obtained in a suitable time, unfavourably
influences the process of managing the farm.

An agricultural farmer, in order to stay at the market, must obtain indispensable infor-
mation systematically, interpret them correctly and react to them. On the other hand, effi-
cient information and the advisory system enable agricultural producers to use knowledge
which is the basis for the systems, technologies and production methods implementation
which guarantee high economic efficiency of incurred expenditures (Pawlak, 1999). After
Poland's accession to the European Union, farmers found themselves in a new situation of
the increased competitiveness, necessity of implementing new production methods and
technologies. It causes that a farmer needs various knowledge both biological, chemical,
technical, technological, economic and social (Wiatrak, 2004). Lack of ability to use infor-
mation or a delay in implementation of technological progress eliminates a farmer from the
market (Blizniak and Nowak, 2005). The amount of the acquired data and the manner of
their acquisition considerably results from the specificity of a farm and depends on the
production trend and intensity (Cupiat and Wngek, 2008; Kubon, 2007). Szelag-Sikora and
Cupial (2008) stated in their research that farmers, who reached for or prefered more than
one information source, better managed their farms.

Objective of the paper and methodology of research

The objective of the paper was to evaluate the sources of information in the selected
farms in Podlaskie Voivodeship. In Podlaskie Voivodeship, there are 120.1 agricultural
farms (including those with the area up to 1 ha) — source the Agency for Restructuring and
Modernization of Agriculture. The voivodeship's asset is the highest area of grassland
(35.4%) in the country which is excellently used by farmers for the cow milk production.

The research was in the form of a survey, which was carried out directly in 102 agricul-
tural farms, which carried out plant and animal production. Farmers, who have more than
1 ha of agricultural land constituted 100% of population among the respondents. The re-
search was carried out in the form of a survey questionnaire, which consisted of two parts.
The first one concerned information on the farm owner (sex, age, education, area and the
period the farm was maintained) and the second part consisted of questions related to the
manners of obtaining information sources and their evaluation.

Research results

Men constituted a considerable participation among the questioned (86%). The biggest
group consisted of people between 31-40 years of age (49%). Farmers who were more than
50 years old were the least numerous (3%). Majority (58%) had secondary education; 30%
of the respondents declared that they had higher education (figure 1). Owners of farms
above 10 ha prevailed (69%), farms up to 5 ha constituted 11%.

8
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¥ Primary and vocational
education

® Secondary education

» Higher education

Figure 1. The structure of education of the investigated group of farmers

Among the investigated, the biggest group consisted of farmers, whose agricultural ex-
perience on a farm was from 1 to 5 years (32%) and from 6 to 10 years (30%). Less than
8% of the investigated have been engaged in farming for less than one year, 10% for 11-20
years and 20% more than 20 years.

The respondents were asked in the research to indicate the information source which
they use. The research which was carried out proves that shows and exhibitions are the
weakest information source according to the evaluation (10%). Information acquired from
the Commune Offices (16%) and the Agency for Restructuring and Modernization of Agri-
culture (18%) were evaluated as a weak source of information. However, a direct contact
with friends and neighbours (42%) and agricultural advisers (59%) seems to be a popular
source of information. Professional press and guides were evaluated very high (above
80%), the Internet and radio as well as television each above 70% (fig. 2).

According to the investigated group's opinion, the most significant information source
in the plant production are agricultural journals — as much as 70% of the respondents indi-
cated them, less, because 56% indicated agricultural advisers and 52% — the Internet
(fig. 3).

The livestock production enjoys similar results. trade journals (75%), agricultural advis-
ers (68%) and the Internet (60%) are the best source of information on the production
(fig. 4).

The research which was carried out proved that in case of information on agricultural
machines and devices, journals are the best source, in the respondents' opinion (65%), bro-
chures of the machinery producers (53%) and other farmers (45%). Only 32% of the ques-
tioned indicated the Internet and less than 25 % advisers, whereas only 12% indicated agri-
cultural fairs and exhibitions (fig. 5).
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Figure 2. The most frequently used information sources by the investigated farmers (multi-
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80

70

60

50

40

30

20

10

ARMA Agricultural ~ Specialist press, Internet Radio and
advisers guides, television

Figure 3. The most frequently indicated information sources used in the plant production
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Figure 4. The most frequently indicated information sources used in the plant production
(multiple answers in percentage)
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Figure 5. The most frequently indicated information source on agricultural machines and
devices (multiple answers in percentages)
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The tests prove that the surveyed farmers the most eagerly and frequently use trade
journals and the Internet for obtaining agricultural information, therefore they were asked to
define these sources.

The most popular among the respondents is Tygodnik Rolniczy (83%) and Top Agrar
(74%). 60% respondents indicated Poradnik Rolniczy and Hodowca Bydta, 50% indicated
Farmer and 42% — Agroserwis. The least popular (less than 30%) are Wie$ Jutra, Rolniczy
Przeglad Techniczny and Agrotechnika.

During information acquisition from the Internet, farmers the most often use various
farming portals such as e.g. ppr.pl, wpr.pl, polskierolnictwo.pl (over 90%) and such pages
as: Agencja Restrukturyzacji i Modernizacji Rolnictwa [Agency for Restructuring and
Modernization of Agriculture], Agencja Rynku Rolnego [Agricultural Market Agency],
Osrodek Doradztwa Rolniczego [Centre for Agricultural Advise], Ministerstwo Rolnictwa
i Rozwoju Wsi [The Ministry for Agriculture and Rural Development], Agencja Nieru-
chomosci Rolnych [Agricultural Property Agency] or Kasy Rolniczego Ubezpieczenia
Spotecznego [The Agricultural Social Insurance Fund] (more than 70% of the investigated).
According to Cupiat (2006) agricultural information is also provided by Osrodek Przet-
warzania Informacji (OPI) [National Information Processing Institute], where except for
information on the current research, the portal deals with the exchange of scientific infor-
mation and registration of the research works results. Less than 8% of the questioned at
least once used such services. Any of the surveyed farmers did not indicate the use of li-
braries and academic reading rooms.

In the evaluation of the access to various types of agricultural information as much as
58% said that it is on a very good level, 30% of the respondents evaluated it as good and
only 12% of the respondents claimed that the access to various types of agricultural infor-
mation sources is sufficient. Any of the questioned farmers did not claim that the access to
information is bad.

60 -

50

40 A

30 -~

20 -+

10

= |

Very good Good Fairly good Bad

Figure 6. Evaluation of the access to agricultural information sources
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Conclusion

Information as a source of knowledge in the agriculture has become more significant in
the recent years. According to Adamowicz (2005) acquisition of information, new
knowledge and improvement of the educational level of people is a necessary condition in
the realities of the global economy. The importance of the Internet as an information carrier
increases (Gruzinski, 2006; Zaliwski and Pietruch, 2007) which is confirmed by the re-
search which was carried out. According to Pisarek and Tokarska (2008) the agricultural
information sources in the Internet are extremely extensive and varied, therefore almost
everyone may obtain access to the data on the subject in which he/she is interested. As the
tests show, significance of agricultural journals has not weakened. Specialist press, bro-
chures and guides are read in more than 80% of farms. The role of the radio and television
in the information transfers is also noticeable (over 70%). General information (events),
weather conditions and information on the market prices are the most frequently obtained
information with the use of these sources. However, through these sources, a farmer very
rarely gets professional information, which he/she may apply in the production process.

Shows and exhibitions are the weakest in the respondents' opinion. Farmers emphasised
that they play a cognitive role, the role of establishing contacts rather than obtaining profes-
sional knowledge.

Despite many possibilities for information acquisition, obtaining knowledge in the di-
rect contact with friends and neighbours as well as employees of the agricultural advisory
centres enjoy great confidence. Based on the survey with farmers, it should be stated that
the respondents more eagerly use the professional advisory knowledge of commercial com-
panies, express their readiness for both complex advisory service as well as assistance in
applying for aid funds from the EU and bookkeeping. The research, which was carried out,
shows that farmers try to broaden the knowledge indispensable for carrying out the agricul-
tural production. These needs result greatly from the farm specificity; to a great extent they
depend on the production trend, which is confirmed by Zigtara (2010) in his research.
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OCENA ZRODEL POZYSKIWANIA INFORMACJI BRANZOWYCH
PRZEZ WYBRANYCH ROLNIKOW WOJEWODZTWA PODLASKIEGO

Streszczenie. W pracy dokonano oceny zrodet pozyskiwania informacji w gospodarstwach rolnych
przez rolnikéw. Badania zostaly przeprowadzone w 2012 roku poprzez bezposrednie ankietowanie
wilascicieli 102 gospodarstw rolnych potozonych na terenie wojewddztwa podlaskiego. Instrumentem
badawczym byl kwestionariusz wywiadu, ktory sktadat si¢ z dwoch czgséci. Pierwsza dotyczyla in-
formacji o wiascicielu gospodarstwa i gospodarstwie druga czg$¢ ankiety sktadata si¢ z pytan doty-
czacych sposobow pozyskiwania zrodet informacji oraz ich oceny. Przeprowadzone badania wskazu-
ja, ze najstabiej ocenianym zrodel informacji sa pokazy i wystawy (10%). Dos¢ nisko zostaty
ocenione informacje pozyskiwane z Urzgdow Gmin (16%) i Agencji Restrukturyzacji i Modernizacji
Rolnictwa (18%). Natomiast popularnym sposobem zdobywania informacji okazuje si¢ bezposredni
kontakt ze znajomymi i sasiadami (42%) oraz doradcami rolnymi (59%). Internet oraz radio i telewi-
zja, kazdy powyzej 70%. Bardzo wysoko zostaly ocenione prasa fachowa i informatory (powyzej
80%). Wedtug opinii badanej grupy najistotniejszym zroédlem informacji w produkcji roslinnej, zwie-
rzgeej oraz informacji na temat maszyn i urzadzen rolniczych sa czasopisma rolnicze. W ocenie do-
stepu do réznego rodzaju informacji rolniczej, az 58% stwierdzito, ze jest on na bardzo dobrym po-
ziomie, 30% respondentoéw ocenito go, jako dobry a tylko 12% ankietowanych uwaza, ze dostgp do
roznego rodzaju zrédet pozyskiwania informacji rolniczych jest na nieztym poziomie. Zaden z ankie-
towych rolnikéw nie ocenit, ze dostgp do informacji jest na ztym poziomie.

Stowa kluczowe: informacja, zrodta informacji, produkcja rolnicza
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A survey concerning provision of milk farms with production means
in Warminsko-Mazurskie Voivodeship was carried out in 2013 in the
group of 80 farmers. Based on the survey, it should be stated that
farmers define themselves their purchase needs and they start with
planning the material needs. They search the market for possible
suppliers and then place an order with a selected contractor. In the
end, after they receive goods, they evaluate the quality of the service.
Farmers more eagerly place orders via Internet. The research shows
that farmers have high negotiating skills because they always ask for
discounts when ordering. They also negotiate terms concerning orders,

when they order big batches and control the received raw materials in
order to evaluate the service. In milk farms maintaining the liquidity
of supply in production means is significant. The research shows that
more than half of farmers place orders a month before the stock
depletes. Only a few farmers declared that they place orders for par-
ticular goods only when they need it. Some of them even were in
favour of purchasing bigger batches in order to store the remaining
part and avoid cyclic smaller orders.

Introduction

Logistic farm management consists in performing specific activities in a specific time,
for example: ordering fodder, seeds for insemination, products for hygiene and disinfection
of milking devices. Information is indispensable for both agricultural producers as well as
the producers and suppliers of production means and consumers of farm products. (Kubon,
2007c). However, in order to make it possible, one should start from the stage of providing
and ensuring a farm with materials for production in the moment when they are really
needed. The farm size and the production type in the said region have an impact on the
structure of production means purchase (Owsiak et al., 2013). Production specialization
gives an opportunity to reduce the number of agricultural equipment and its better use
(Kowalczyk, 2009). Execution of logistic processes requires a specific infrastructure in the
form of inventory buildings, storages, technical production means and tele-informatics
means (Kubon, 2007b).



Andrzej Borusiewicz, Krzysztof Kapela

Many times, in case of placing a bigger order, materials are not used entirely at the same
time and their surplus forms the so-called stock, which should be later stored, which limits
the costs of raw material flow (Kubon, 2006). Such stock may occur at the supply, produc-
tion and distribution stage. In farms, which specialize in milk production a stock is created
during the supply and the surplus which follows from production. Then, it is considered
differently than in big production establishments, because maintaining stocks in a farm
generates lower costs. For example, materials which come from a direct purchase, such as:
mineral fertilizers, crop protection chemicals, fodder, spare parts for milking machines or
other machines and devices, disinfectants, fuel, etc. On the other hand surplus of dry volu-
metric fodders, such as straw and hay, as well as grains, silage or root crops and even ma-
nure may be a stock. Rational storing of stocks allows maintaining the production rhythm,
while their lack may cause stoppage and generate unnecessary expenses (Kubon, 2008;
Ficon, 2008).

Costs of maintaining stocks incurred by farms are quite essential. Therefore in order to
reduce them, the most adequate solution is a logistic method of completing stocks Just in
Time (JIT). This method consists in supplying materials and raw materials for production in
strictly determined amounts and precisely on time, when it is required to be used. It allows
reduction of the number of employees and stoppages in production and what is the most
important minimization of stocks costs and incurred damages or losses as a result of stor-
ing. Main assumptions of the just-in-time method, include minimization of the amount of
stocks, short cycles of realization of orders, frequent completion of particular goods and
their high quality (Sarjusz-Wolski, 2000). Kubon stated in his research that with the in-
crease of the size of farms and the distance from the supply markets, the storage potential of
the investigated farms increases (Kubon, 2007a).

Methodology of research

The objective of the paper was to evaluate manners of providing milk agricultural farms
from Warminsko-Mazurskie Voivodeship with the production means. The research was
carried out based on the survey carried out among 80 farm owners. Selection of people
taking part in the survey was purposeful in nature and concerned the units selected with the
help of an employee of the Polish Federation of Cattle Breeders and Milk Producers Branch
in Olsztyn. Farms, which have not less than 25 cows and covered with the evaluation of the
utility values of milk cattle constituted the criterion for selection. The survey included in
total 25 questions, the first one related to the general characteristic of the respondent i.e.
sex, age, education; the next 6 questions referred to the data on a farm and milk production,
the next 10 related to the manner of orders, contacts with suppliers and manners of supply-
ing agricultural farms.

Research results

The most numerous group included farms with the area from 51 to 80 ha (48%) then
28% used the area from 31 to 50 ha. Farms below 30 ha constituted approx. 13%, and big-
area farms — above 121 ha. Also, one farm with the area from 81 to 120 ha was reported.
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B <30ha
m31-50ha
51-80ha
m 81-120ha
m>121ha

Figure 1. The used area of agricultural land

Among the land use structure, meadows and pastures (which are the basic juicy rough-
age for ruminants) covered from 50% to 100% of the area of arable land, as declared by 23
respondents. In case when meadows and pastures constituted from 60% to 100% of crops
(12 respondents). Maize cultivation for silage in 8 farms covered as much as 50% of the
land. Grains cultivation was similar because in any farm it did not exceed 50% of sowing.
More and more farmers sow smaller areas.

In milk farms, frequency of reception of this raw material is significant. In order to
eliminate this problem, milk is collected in cycles. Among the researched group, 70% of the
surveyed persons have milk collected every second day whereas 30% of the questioned
declares that this cycle is repeated every day.

The research shows that there are two popular cow herds sizes. 31 farms have from
36 to 45 cows and 25 farms have herds which amount from 25 to 35 cows. Further analysis
shows the trend for co-dependence, namely along with the increase of the herd size, the
number of such farms decreases. Five respondents declared that they have from 46 to 55
cows and 11 maintained from 56 to 65 cows. Only two farms had from 66 to 75 cows. Sub-
sequently 3 farms with the herd of 86 to 95 cows and 3 farms with 96 cows appeared.

For a decisive number of farmers (66%) a dairy which collected milk was located in the
distance up to 50 km. 125 respondents cooperates with dairies located from 51 to 100 km
whereas the remaining 2% of respondents had the longest distance, because over 101 km.

Presently computer availability is no longer a problem. 98.75% of people declared that
they have a computer in a farm.

Each year the number of users of the internet portals increases and the use of a computer
with the internet creates more opportunities. 92% of respondents claim that having the
Internet connection is as necessary as having a computer. They appreciate the number of
functions and information which they may obtain from the Internet. 8% of the researched
people claimed the opposite. They did not have the Internet connection.

When questioned on which source they use to follow current prices of raw materials,
farmers provided two sources: the internet (26%) and the specialist press (25%); then, tele-
vision (22%), radio (12%), agricultural advisers (10%) and the remaining sources — 5%. It
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proves the IT development in rural areas and shows the scope of possibilities, which are
provided by the Internet concerning following the newest information on animals feeding
and breeding, prices of raw materials, technological solutions, placing announcements and
exchange of experiences in production. Still, the specialist press is still an important source
of information among farmers.

Among people who have the Internet connection, as much as 41 respondents prefer to
order products via the Internet. The second group consisted of farmers, who placed orders
via telephone and farmers who preferred placing direct orders that is in the point of sale.
Only a few farmers considered distributor's suggestions when ordering production means.

<
<

Figure 2. Manners of placing orders by farmers

H Personally in the point of sale
B Via telephone
© Via the Internet

¥ Via a distributor

In each production, supply is an inseparable element and its significant part is good
planning. Therefore, farmers were asked how much time earlier they place orders for spe-
cific goods. The highest number of respondents (64%) admitted that they place orders with
a one -month advance. Another big group (20%) orders with a 6-month advance. On the
other hand, 8% prefers to purchase greater number of products to store them. The same
number of farmers (8%) uses the just-in-time method, namely only when the products are
really needed.

m Purchase of the bigger number
and storing stocks

m Purchase only when they are
indispensable

m Purchase with a one month
advance

m Purchase with a six month
advance

Figure 3. The time limit for placing orders
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Among the surveyed, all buy mineral fertilizers, crop protection chemicals and disin-
fectants. 66 farmers buy the qualified sowing material obtained from the Seed Central Sta-
tion. The next raw material, which improves the health condition of cows and influences
the quality and amount of milk are fodder additives and industrial fodders, which are pur-
chased by 64 respondents. 5 farmers buy grain from other farmers.

In the next question concerning a desire to obtain new contractors by a farmer, as much
as 82% of respondents aim in their activities to settle permanent relations with potential
suppliers in order to obtain discounts. Whereas, the remaining farmers (18%) prefer to
change suppliers.

A supplier is related to the buyer only by the concluded contracts of sale or purchase but
also with evaluation of cooperation. 725 of farmers evaluated such cooperation at the suffi-
cient level, and 20% of the investigated persons graded suppliers as very good with regard
to the quality of services rendered. 8% of respondents were not satisfied with services.

8%
® Very good

m Satisfactory

No satisfaction from cooperation

Figure 4. Evaluation of cooperation with suppliers

A decisive majority (66%) during placing orders asks contractors about possible dis-
counts.

Research on the negotiating skills of respondents with regard to the conditions and pric-
es of ordered raw materials, shows that farmers are reasonable in this issue. In 62% of cas-
es, respondents start negotiations when they need to order often and big batches, whereas
a numerous group (34%) are farmers, which always negotiate and independently from the
circumstances of orders. 4% of respondents were quite the opposite. They never initialize
negotiations.

Among the questioned, 68% implements one of the main objectives of the supply logis-
tics, namely, the maximum satisfaction of material needs at the simultaneous minimization
of costs of material supplies. Whereas the remaining (32%) farmers do not apply this objec-
tive during farm supply.
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4% _

m Always
m Only when I often place big orders

Never

Figure 5. Starting negotiations of conditions and prices of orders

Conclusions

1. A computer with the internet connection in a farm positively influences frequent on-line
orders. 42% of respondents use this manner of ordering from among those who have the
internet connection.

2. Planning orders by farmers takes place most frequently with a one-month advance be-
fore the stock depletes. Whereas only a few place orders for particular goods only when
they need it.

3. Cooperation of contractors was evaluated by farmers as satisfactory and very good,
because they always choose diligent suppliers and aim at obtaining permanent suppliers
among the possible ones.

4. Farmers' negotiating skills are at a very high level, because they ask for discounts and
conditions of orders.

5. Farmers implement supply logistics objectives at a high level in farms, which specialize
in milk production, which results in the maximum satisfaction of material needs at the
minimization of supply costs.

References

Ficon, K. (2008). Logistyka ekonomiczna — procesy logistyczne. Warszawa. Wyd. Bel Studio. ISBN
978-83-61208-11-2.

Kowalczyk, Z. (2009). Wyposazenie i wykorzystanie wybranych technicznych §rodkow produkcji
w gospodarstwach warzywniczych o roéznej intensywnosci produkcji. Inzynieria Rolnicza, 6(115),
163-168.

Kubon, M. (2006). Kryteria wyboru odbiorcow produktéw rolnych w gospodarstwach o wielokierun-
kowym profilu produkcji. Inzynieria Rolnicza, 13(88), 241-250.

Kubon, M. (2007a). Logistyka zaopatrzenia gospodarstw rolniczych o wielokierunkowym profilu
produkcji. Inzynieria Rolnicza, 6(94), 113-119.

Kubon, M. (2007b). Miejsce i rola infrastruktury logistycznej w funkcjonowaniu przedsigbiorstw
rolniczych. Inzynieria Rolnicza, 9(97), 87-93.

Kubon, M. (2007c). Poziom wyposazenia i wykorzystania elementéw infrastruktury informatyczne;j
w gospodarstwach o réoznym typie produkcji rolniczej. Inzynieria Rolnicza, 9(97), 95-102.

Kubon, M. (2008). Koszty infrastruktury logistycznej w przedsigbiorstwach rolniczych. InzZynieria
Rolnicza, 10(108), 25-136.

20



Providing milk...

Owsiak, Z.; Ptocienniczak, M.; Biskupski, A.; Weber, R.; Wlodek, S. (2013). Logistyka zaopatrzenia
gospodarstw rolnych w wybrane $rodki produkcji. Inzynieria Rolnicza, 3(146), 275-284.

Sarjusz-Wolski, Z. (2000). Sterowanie zapasami w przedsigbiorstwie. Warszawa. PWE. ISBN
83-208-1272-0

ZAOPATRZENIE W SRODKI PRODUKCJI GOSPODARSTW ROLNYCH
SPECJALIZUJACYCH SIE W PRODUKCJI MLEKA

Streszczenie. Badanie ankietowe dotyczace zaopatrzenia w $rodki produkcji gospodarstw specjalizu-
jacych si¢ w produkcji mleka w wojewodztwie warminsko-mazurskim, przeprowadzono w 2013 roku
w grupie rolnikow liczacej 80 osob. Na podstawie przeprowadzonych badan ankietowych nalezy
stwierdzi¢, ze rolnicy sami okreslaja swoje potrzeby zakupowe rozpoczynajac od zaplanowania po-
trzeb materiatowych. Sledza rynek w poszukiwaniu potencjalnych dostawcow, a pdzniej decyduja sie
zlozy¢ zamdOwienie u wybranego kontrahenta. Na zakonczenie, po otrzymaniu towaru oceniaja jako$é
wykonanej ustugi. Rolnicy coraz chetniej dokonuja zaméwien i zlecen przez sie¢ internet. Z badan
wynika, ze na wysokim poziomie ksztaltuja si¢ umiejgtnosci negocjacyjne rolnikow, poniewaz zaw-
sze dopytuja o rabaty i upusty cenowe podczas zamowien, negocjuja rowniez warunki zamowien, gdy
zamawiaja duze partie oraz kontroluja otrzymywane surowce w celu oceny wykonanej ustugi.
W gospodarstwach specjalizujacych si¢ w produkcji mleka istotne jest utrzymanie ptynnosci zaopa-
trzenia w $rodki produkcji. Z badan wynika, ze wigcej, niz potowa rolnikow dokonuje zamoéwien
z miesigcznym wyprzedzeniem, zanim zapas ulegnie wyczerpaniu. Zaledwie nieliczni o§wiadczyli, Ze
dokonuja zamoéwien na dany towar dopiero wtedy, gdy jest on potrzebny. Niektorzy nawet sktaniali
si¢ do zakupow wigkszych partii, aby pozostata czgs¢ magazynowaé i unikna¢ cyklicznych mniej-
szych zamowien.

Stowa kluczowe: produkcja mleka, gospodarstwa rolne, logistyka, zaopatrzenie w §rodki produkcji
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ed working parameters of the sugar beets harvesting combine (inter
alia working speed, working depth).

Einfiihrung

Die Theorie der Extraktion der Hackfriichte aus dem Boden mit dem Roderschar, die
der Arbeit anderer Wirkorgane der Landmaschinen auf Grund der fundamentalen For-
schungen des Dreikantkeilbewegungs im Boden zugrunde liegt, galt als erforscht und wur-
de bereits viele Jahre lang in der Lehrliteratur (Bosoj, 1977; Chawostov, 1995) behandelt.
Beim Studium dieser Literatur wurde festgestellt, da da nur die Frage des Zusammenwir-
kens der Scharoberflichen des Roders mit der Bodenschicht im Roder behandelt wird, und
die Frage der Bedingungen fiir dessen Kompression und Zerstdrung. Es wurde angenom-
men, daB} gleiche Bedingungen auch fiir die Hackfriichte in der Bodenschicht fiir ihre end-
giiltige und qualitative Extraktion aus dem Boden geschaffen werden. Aber die Hackfrucht
als Objekt der Analyse der Kinematik und Kraft wurde hierbei nicht betrachtet, da sein
Kontakt mit den Keilkanten, die Bewegung im Raum beim Zusammenwirken mit Scharen
sowie Bedingungen ihrer Nichtbeschddigungen bei der Extraktion aus dem Boden und usw.
nicht untersucht wurde.
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Zweck und Umfang der Anallyse

Wir haben es sich zum Ziel gesetzt, die Theorie des Rodens der Riibenwurzeln mit dem
Scharroder zu schaffen, die die Hackfrucht als Gegenstand der mechanik-mathematischen
Forschung betrachtet, und ausgerechnet fir das Zusammenwirken des Roders und des
Riibekorpers wird das mathematische Modell geschaffen werden. Das neue Theorie wird
die Anfangsergebnisse der Forschungen beziiglich der Deformation der Bodenschicht zwi-
schen zwei Keilen des Scharroders (Bosoj, 1977) zugrunde gelegt.

Bei der Bewegung des Scharroders wird die Bodenschicht der Reihe der Hackfriichte
entlang durch die Keile zerstort, die sich samt den Wurzelkérpern zwischen den inneren
Keiloberflichen des Roders verjiingt. Da die Keile unter den entsprechenden Winkeln
o, f und y positioniert sind, so werden die Bodenschicht und die Wurzelkdrper bei der

Vorwirtsbewegung der Keile zusammen gepresst und deformiert. Bei der weiteren Bewe-
gung der Schicht zwischen den sich verengenden Oberfldchen werden die fiir die Wurzel-
korper die Kréfte deren Rodens aus der Erde geschaffen.

Das Zusammenwirken der Kréfte des Scharroders und des Bodens untersucht werden.
Dafiir stellen wir das Kraftschema wie auch in (Bosoj, 1977) zusammen, wo wir den
Scharroder mit der zwischen seinen Keilen gepressten Bodenschicht KL zeigen/abbilden.
In der Bodenschicht befindet sich der Riibekdrper, dessen Form wir als echten Kegel (Abb.
1) darstellen. Unter der Wirkung der Bodenstiitzkraft, die als gleichméBig verteilte Belas-
tung mit einer Intensitdt ¢ dargestellt wird, wird das Element KL zwischen den Wirkober-

flichen des Scharroders bei der Vorwéartsbewegung allmdhlich zusammen gepresst. Unter
die Stiitzkraft, die unmittelbar auf den Riibekorper iibertragen wird, bezeichnen wir Q .

Infolge der Wirkung der normalen Krifte N und der Reibungskrifte F ensteht in den
Kontaktpunkten K und L der Bodenschicht mit den Keiloberflichen die Spannung. Auf
den Teil des Riibekorpers, der sich innerhalb der Schicht KL befindet (der untere Teil des
Riibekorpers befindet sich in der nicht deformierten Bodenschicht), wirkt die bereits festge-

setzte Kraft Q , bedingt durch die Stiitzkrdfte g . Auf diesen Teil des Riibekdrpers wirken
andererseits auch die Krifte F_’x' P!, P!, (I=12), die von den Keiloberflichen getragen

> yi> T zio

werden, wo die Krifte P, P, P.;, (I =1,2) entstehen.

xi> ©yio T zio
Jede der erwihnten Krifte, die von den Scharoberflachen wirken, ist auf der Abb. 1 mit
dem entsprechenden Koeffizient abgebildet. Die Kréfte, die von der Wirkoberfliche
A,B,C, lbertragen werden und auf die Bodenschicht im Punkt K wirken, sind mit Index

1- P, ﬁyl, P,,, und die Krifte, die auf den Wurzelkorper unmittelbar von dieser Ober-

flache wirken, werden — Fx'l, Fy'l, P, bezeichnet. Die Krifte, die auf die Bodenschicht im

Punkt L von der Wirkoberfliche 4,B,C, wirken, sind mit Index 2 — P, ISyz, P., bez-
eichnet, und die Kréfte, die auf den Wurzelkorper unmittelbar von dieser Oberfliche auf
P/, bezeichnet. Die Wirkung der besagten Krifte auf

den Riibekorper wirken, mit F_’x'z, F_’y'z,

den Wurzelkdrper hingt von ihrer Entstechung an den Keiloberflichen und vom Charakter
der Ubertragung in der deformierten Bodenschicht ab. Die Kraft der Bindung des

Wurzelkérpers mit dem Boden bezeichnen wir als — R . Sie ist wie vereinbart an der Achse
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des Wurzelkorpers angeordnet und ist iiblicherweise senkrecht nach unten gerichtet. Aber
bei der unmittelbaren Extraktion des Wurzelkdrpers aus dem Boden kann sie entlang den
entsprechenden Koordinatenachsen verlaufen. Auf Abb. 1 ist sie als Projektionen R,
R, dargestellt.

Az
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Rllz ) 11)2 y
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Abbildung 1. Zusammenwirken des Scharroders mit dem Boden

Bestimmen wir die erwihnten Krifte. Die Krifte P,;, 13},1-, P, (i=1,2), die auf Abb. 2
(Abb. 2 a, b, ¢) dargestellt sind, sind allgemein in der Vektorform
fir die Flache 4,B,C,:
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Py=Ny+Fy,
Pu=Nyi+Fyps M)
Py=N,+F,.

gleich und
Py =Ny +Fy,

fiir die Fliche 4,B,C, Py=N,+F,,¢t, )
Py=N,+F,.

gleich, wo N;,N yl-,]vzi, (1=1,2) — normale Reaktionen der Keiloberflichen als Projektio-

nen an den entsprechende Achsen der Koordinaten; IFXI-, 17},1-, in, (i =1,2) — Reibungskrifte

der Bodenschicht an den Keiloberflichen auch in den Projektionen an entsprechenden Ach-
sen der Koordinaten.

z z z
Ny
M Bz M 1 Bz
b Bl P
C F2 L v2 l“yz‘ij 2 DL
0 0 4L/ o
E z2, y
E
X X X
¥ o A
AZ A2
a b c

Abbildung 2. Schema der Krdfte, die auf einen der Roderkeile wirken.: a) normale Kompo-
nente/Kraft ]Vz und ihre Projektion auf die Koordinatenachse; b) reibungskraft l?z und
ihre Projektion auf die Koordinatenachse, c¢) summarische Krdfte, die von der Keiloberfli-
che Py, P,,,P.,iibertragen werden.

Analysieren wir die Wirkung jeder der Kréfte, die Bestandteile der Formel (1) und (2)
sind und die die Kréfte bilden, die von den Rodekeilen auf die Hackfrucht (Wurzelkorper)

iibertragen werden. Senkrechte Krifte der Keiloberflichen P)j,P), reiBen die Hackfrucht
aus der Erde (insbesondere den Teil der Hackfrucht, der im Boden eingeklemmt ist), die
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waagerechten Querkrifte P, P’2 pressen die Hackfrucht wie einen Keilkorper aus der

yl >
Erde heraus.

Die horizontalen Krifte P, P/, (auf Abb. 1 sind sie wie nur eine Kraft P, . abgebildet)

x1>% x2

wirken in Richtung der Bewegung des Roders und mittels der Kraft O pressen die Wurzel

aus dem Boden raus. Da die Kraft O gegen die Bewegung des Roders gerichtet ist, ist es
nicht zu vermeiden, dass die Wurzelkérpers manchmal beschadigt werden. Die Stiitzkraft
O kann je nach Erdbeschaffenheit und aus anderen Griinden gering sein, dann ist

Pi,>Q, so dass die Wurzel unter der Wirkung bestimmter horizontaler Kraft

R, =P}, —0 nach vorne verschoben wird und dadurch zu Bruch der Wurzel im Bereich
der Festklemmung in der nicht deformierter Bodenschicht fiihren kann. Aus diesem Grund
kann die qualitative Arbeit der Rodeschare nur im Falle der Schaffung malgeblicher Werte

der Krifte Pyl, P,; und umgekehrt der medrlgeren Werte der Krifte. P, erreicht werden.

Die Werte und die Richtung der Krifte N,, F,, die Krifte P, P, i Po (1=1,2) be-
stimmen, hingen von vielen Faktoren ab: vom Zustand und der Beschaffenheit der Erde,

von der Grofe der Kraft R der Bindung des Wurzelkorpers und der Erde, von geometri-
schen Parametern der Roderkeile und der Einstellungswinkel gegeniiber der Richtung der
Bewegung, der Geschwindigkeit der Vorwéirtsbewegung u. éi Weiterhin betrachten wir den

Einfluf der Winkel «, 8, y auf die Werte der Kréfte P =1,2), die den Druck

der Keiloberfliche auf die Bodenschicht und entsprechenderweise auf den Riibekdrper
erzeugen. Wie aus dem Schema Abb. 2 ersichtlich ist, wirkt im Kontaktpunkt L (Abb. 2a)

normale Reaktion ]le, die in Form von Projektionen an die entsprechenden Achsen der
N

m’ ﬂ’ n’(l

Koordinaten N N,,) dargestellt werden kann. Nach der Errechnung der besagten

X254V y2s

Projektionen der normalen Reaktion N, wird es moglich, auch die Reibungskraft F, zu

finden, die auch in Form von Projektionen an die gleichen Achsen der Koordinaten -
F.,, F,,, F,, dargestellt werden kann (Abb. 2b).

X254 y2»
Finden wir die GroBen der Krifte N,;, N Jis

i die entlang den Achsen der Koordina-

Zl >
ten x,y,z gerichtet sind und von der Richtung des selbigen Vektors der Kraft Ni,
(i=1,2) abhéngen. Fiir die Ebene 4, B,C, sind sie gleich:

N]—N]cos( IV)

Ny]—N]cos( IV) , A3)

>

N

V4

]—N]cos( IV)

fir die Ebene 4,B,C,
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A

N,, =N, cos (x, IVZ),
Ny2 =-N, cos(y,lvz), R “4)

N., =N, cos(z,;vz).

V4

WO COS (x,]vi), cos (y, N; ), cos (z,]vi) — die richtenden Kosinuswerte des Kraftvektors
N, (i=1,2 sind).

Und nun bestimmen wir die Abhingigkeit der gegebenen richtenden Kosinuswerte von
den Winkeln a, B, ¥, die im Grunde genommen die Konstruktionsparameter des Roders
bestimmen. Dazu bezeichnen wir die Abschnitte der Koordinatenachsen durch 4, 5, ¢;,
(i=1,2), die der Arbeitskeilflichen abtrennen. Fiir die Fliche A4,B,C, sind das die Ab-
schnitte a,, b, ¢, , und fiir die Fliche 4, B,C, —a,, b,, ¢, . Dann sind die Koordinaten dreier

Punkte an jeder Fliche ( 4,B,C,; 4,B,C,) im iibernommenen Koordinatensystem Oxyz
entsprechenderweise gleich:

A A
Xq=0a15 Ya =_%; zy0=0;
A, A
xp =05 yp =_%; Zp1 =15
A, A
xc1 =0; J’clz_K lzzj—b} zZc1 =0;
(%)
_ . _ A]AZ . =0:
X2 =04y, J’Az——z s Zpn =Y
A A
xgy =0; y32=%; Zpy =Cp;
A, A
Xcr =05 yc2=( lzzj—bz; Z¢p =0.

Auf Grund der Hauptbestimmungen (Priwalov, 1960) und der Angaben (5) bilden wir
eine Gleichung der Oberflichen 4,B,C, und 4,B,C, in Form von solchen Determinanten:
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4,4,
Xp=@ Yaut—F" Zy4
ABC, : |-a b, 0 |=0
—-a, 0 q
(6)
4,4,
Xpp—=4y Vo~ > Zp
A4,B,C,: |-a, -b, 0 |=0
—-a, 0 c,

Aus dem Schema auf Abb. 1 sehen wir, da3 die Werte der entsprechenden Abschnitte g, b

1

¢;» (i=1,2) an den Achsen gleich sind.

al=i; azz_i. c b, c :_Q. bIZbZZ(AlAZ_CICZ) (7)

tgy gy’ B 1gh’ 2

Nach der Transformation der erhaltenen Determinanten bekommen wir folgende Glei-
chungen der Oberflachen:

4B,C: (xA] _al)[blcl _0'0]"'[)’/41 + Alezj[O'(_al)_(_al)'cl]J"

+ZA1[(_“1)'0_b1(_“1)]:0 (®)

A A
4,B,C, (xAZ _az) [(_bz)'cz —0-0]+[—y“ _]22j><

X[O'(_“2)_(_“2)'02]"‘2/42[(_“2)'0_(_172)(_“2)]

0

Nach der Substitution (7) in (8) und nach entsprechenden Transformationen bestimmen
wir die Gleichungen der Roderscharoberflachen. Sie sehen folgenderweise aus:

A,B/C, : xA]tgy+yA]+zA]tgﬂ+%=O ©
ccC
A,B,Cy X plgy =Ytz ntgB- 12 =0 (10)

Aus dem Abb. 3 wissen wir, dass fiir die Vektorwerte, die an der Normale zur Fliche
angeordnet sind und den Ausdruck der Oberflichen (9) und (10) haben, die richtenden
Kosinuswerte folgende GroBen haben:
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cos (x, N, ) - &
Vigiy +1+1g° B
)L
Jigty +1+1g° B
cos (z, Ni)z e

Jigiy +1+1g°p

Nach der Substitutionformel (11) in (3) und (4) bekommen wir die Werte der Projektio-

nen der Normal- bestandteile der Krafte ]V, , (i =1,2) der Oberflichen der Keile an entspre-
chenden Achsen der Koordinaten. Fiir die Fldche A4,B,C, sind sie gleich:

(11)

N., = N] tg}/

1 B e e
1Itg2y+1+tg2ﬂ

N,
Ny=—7rro1l__ (12)

\/tgz;/ +1+tg2ﬂ

N.. = N] tgﬂ

zl Y
Vig?y +1+1g%B

fir die Flache 4,B,C,:

N, tgy

1/1g2y+1+tg2ﬂ

N, M (13)

y2 >
\/tg2y+1+tg2ﬂ

N, tgp

Vigiy +1+1g°B

Ny, =

N22=

Nach der Errechnung der Werte der Projektionen der normalen Bestandteile der Keil-
oberflichen kann man andere Krifte bestimmen, die von den Keilen auf die Bodenschicht
und von da direkt auf den Wurzelkorper {ibertragen werden.

Weiterhin betrachten wir unter welchen Hauptfaktoren und Kréften beim Roden mit den

Scharrodern normale Reaktionen ]Vl und ]le der Keiloberflichen 4,B,C, und 4,B,C,
entstehen sowie die Reibungskrifte F; und F, der Bodenschicht samt Hackfriichten an
den bereits erwdhnten Keiloberflichen, d.h. bestimmen wir das physikalische Wesen dieser
Krifte. Auf die Keiloberflichen 4,B,C, und 4,B,C, wirkt die Kraft des Gewichtes G
der Bodenschicht samt der Hackfrucht. Nehmen wir an, dal die Gewichtskraft der Boden-
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schicht und der Wurzelkdrper an beide Roderkeile 4,B,C; und 4,B,C, gleich verteilt
. 1 . = — .
wird, dh. G, =G, :EG. Die Krifte G, und G, rufen statische Komponenten normaler

Reaktionen seitens der Wirkoberflichen der Keile ( N, Gl>» N, G2 ) hervor. Infolge der Bewe-
gung der Schicht an den besagten Oberflachen entstehen infolge der Gewichtskréften C_ﬁ
und G, die Komponenten der Reibungskrifte F;; und Fj;, . Zum Zweiten, wirken auf die

Keiloberflichen 4,B,C, und 4,B,C, entsprechenderweise die Trigheitskrifte 7, und I,

der sich bewegenden Bodenschicht. Betrachten wir die Wirkung der gegebenen Krifte als
kontinuierlichen Ablauf des Schlages der Bodenpartikeln an die Keilfldchen 4,B,C, und

A4,B,C, . Infolge des ununterbrochenen Stromes der Erdschicht entsteht der Stossimpuls,

der gleich ist:
Lt = Lt = (7, -V, )dm (14)
wo:
I7a — absolute Geschwindigkeit der Bewegung der Bodenpartikeln mit der Masse dm
170 — die Anfangsgeschwindigkeit der Partikeln vor dem Zusammensto3 mit dem Keil.

Da die Anfangsgeschwindigkeit 170 = 0 ist, so bekommen wir aus der Gleichung (14)

I =1, =—.V 15

1 2 dt a ( )

Die Erdmenge, die an die Keiloberfldche in einer bestimmten Zeiteinheit gelangt, kann
folgenderweise bestimmt werden:

am _ gplesy (16)
dt g
wo:
a und b — dicke und Breite der Bodenschicht ist, die mit jedem Keil getrennt geschnit-
ten wird;

7.5, — dasrdumliche Erdgewicht;

g — Beschleunigung des freien Fallens und

14 — Geschwindigkeit der Vorwiartsbewegung des Roders ist.

Setzen wir (16) in (15) ein, bekommen wir

L=5=ably.y, (17)
g

Die Trigheitskrifte 7, und 7, wirken gegen die Vektorrichtung ¥, der absoluten Ge-

schwindigkeit der Bewegung der Bodenschicht.
Fiir die Bestimmung der Bahnkurve und der Geschwindigkeit der Bewegung der Bo-
denschicht an der Keiloberflache nehmen wir laut (Saika, 2001) an, daB sich die Lénge der
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Bodenschicht beim Schneiden und der Bewegung an dem Keil nicht dndert, deshalb ist die
Geschwindigkeit der relativen Bewegung ¥, der Bodenschicht an der Keiloberfliche der

Geschwindigkeit deren transportablen Bewegung V' gleich, d.h. der Geschwindigkeit der
Vorwirtsbewegung des Scharroders ). Es kann dhnlich wie in (Saika, 2001) angenommen
werden, dass bei der Bewegung der Bodenschicht im Arbeitsbereich des Roders die Bahn-
kurve der Bewegung des Schichtbodenpunktes an der Keiloberfliche 4,B,C,, die sich vor

dem Schneiden am Anfang im Punkt O, befand, ist eine gerade Linie 4,0, . Eine absolute
Bahnkurve ist die gerade Linie 0,0, , wobei O{M, =O,M, und LO[A4M, = LO\AM, =y
ist.

Genauso bei der Bewegung der Bodenschicht an der Oberfliche 4,B,C, -
oM, =0,M, und £O54,M, =20,4,M, =y . Dabei sind die relative und absolute
Bahnkurven der Bewegung des Bodenschichtpunktes entsprechend gerade Linien A4,0)
und 0,05 (O4M 5 =0,M,, LO54;,M 5 = LOy Ay M5 =7 ).

Daraus kann man schlielen, dal die Bahnkurven der relativen Bewegung unterschiedli-
cher Punkte der Bodenschicht, die die Keiloberflaichen 4,B,C, und 4,B,C,, beriihren,
gerade Linien sind, die den geraden Linien 4,0; und 4,0; parallel sind, und die Bahn-
kurven der absoluten Bewegung sind gerade Linien, die den Linien O,0; und 0,0} paral-
lel sind.

Somit sind die Reibungskrifte 7 und F, der Bodenschicht an den Keiloberflichen
A,B,C, und 4,B,C, den geraden Linien 4,0; und 4,0} parallel, und der Richtung der

relativen Bewegung der Bodenschicht an den Keilen entgegengesetzt gerichtet. Gleiche
Schliisse kann man {iber die Bewegung des Riibenkorpers und die Richtung der Reibungs-
kréfte beim unmittelbaren Kontakt des Riibenkorpers mit den Keiloberflichen ziehen, da
die Bewegungsbahnkurve durch die geometrischen Parameter der Rodekeile bestimmt ist.

Die Krifte der Trigheit 7, und 7, der sich mit dem Riibenkérper bewegenden Boden-
schicht rufen dynamische Bestandteile/Komponenten der normalen Reaktionen N, und

N, hervor.

Normale Bestandteile/Komponenten der Reaktionen der Keiloberflichen, die infolge
der Wirkung der Gewichtskraft (G) der Bodenschicht samt Riibenkorper entstehen, sind
gleich

G

Ny =N = 18
“l G2 2(0059 —fsin@siny) (1%
wo:
0 — zweiflichiger Winkel («£B/M,0,) zwischen der unteren Grundfld-
che/Grundlinie 4,0,C; und der Keillauffliche 4,B,C;;
f — der Gleitreibungskoeffizient des Bodens an der Keillaufflache.

Beim unmittelbaren Kontakt des Riibenkorpers mit der Keillauffliche £ ist der
Gleitreibungskoeffizient des Riibenkdrpers an der Keillaufflache.
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Ein Teil der Reibungskraft, die unter der Wirkung der Gewichtskraft G

bei der Bewegung der Bodenschicht samt Riibenkorper entstehen, ist gleich:

Fg=Fg, = il
armre 2(0059—fsin95iny)

(19)

Da die absolute Geschwindigkeit der Bewegung der Schicht samt Riibekdrper 7, von
der Geschwindigkeit der Vorwartsbewegung des Roders 7

V,=2V sin%'sin /4 (20)
abhéngig ist, so ergibt sich aus (17), dal die Krafte der Bodenschicht

2ab- . .
I =1, =290 Vo5, 2 smgsmy 2D
g 2
gleich sind.
Die Bestandteile der normalen dynamischen Reaktionen der Keiloberflichen 4,B,C,

und 4,B,C, sind (bei der Wirkung der Tréigheitskrifte I, , und I )

0

cos —
N, =N, =1
& 2 ]cosﬁ—fsin)/-sine
gleich.
Bei Beriicksichtigung (21) ergibt sich
b- in@-si
N11=N12=a y06"V2' sind .Smy - (22)
g (cos@—fsmy-sm@)

Die Bestandteile der Reibungskrifte, die infolge der Wirkung der Tréagheitskréfte der
Bewegung der Bodenschicht samt Riibenkdrper der an den Keiloberflichen 4,B,C, und

A,B,C, (Saika, 2001) entstehen, sind gleich

V%sinf-siny

ab-
Fp=F,=f" Yos..

23
g (cosH—fsiny-sinH) @3)

Fiir gutes Funktionieren der Scharroder ist die Bodenstiitzkraft @ notwendig, die wie

oben gezeigt horizontal der Achse entlang Ox und der Bewegungsrichtung des Roder ent-
gegengesetzt gerichtet ist . Maximale Bedeutung der Bodenstiitzkraft ist gleich (Saika,
2001).
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Omax. =2ab-o,, (24)

WwO!

o, — zuldssige Spannung der Bodenkompression; Umrechnungsfaktor 2 zeigt, daf3

die Kraft Q gleichzeitig an zwei Keilen entsteht/sich bildet.

Bei der weiteren Bewegung des Riibenkorpers in der Bodenschicht verringert sich im
Scharroder die Bodenstiitzkraft Q mafgeblich wegen der Lockerung des Bodens und im
hinteren Teil des Durchgangs ist die Wirkung dieser Kraft gering. In diesem Fall kann man
die Stiitzkraft O mit der Formel Q = 2ab-k,, bestimmen, (k,, — der spezifische Koeffi-

zient des Widerstandes des aufgelockerten Bodens ist).

Nehmen an, dass die Kraft des Widerstandes R (das heif}t, die Haftkraft des Riibenkor-
pers mit dem Boden) entgegengesetzt der Richtung der Rodekraft des Riibenkdrpers aus
dem Boden gerichtet ist.

Wie schon erwihnt wurde, kann die Widerstandskraft R in zwei Bestandteile zerlegt
werden: die Kraft des Widerstandes der senkrechten Bewegung des Riibenkorpers Ez und
die Kraft des Widerstandes der horizontalen Bewegung des Riibenkorpers Ex. Bei der
horizontalen Bewegung des Riibenkdrpers im Roder entstehen ausgerechnet unter der
Kraftwirkung §x die biegenden Deformationen bei dessen Ziehen aus der Erde. Die bie-
genden Deformationen bringen zur Beschadigung des Riibenkdrpers meistens bei der maf3-
geblichen Haftkraft mit dem Boden. Das geschieht in der Regel infolge des unmittelbaren
Kontaktes des Riibenkorpers mit den Keilflichen der Schare im hinteren Teil des Durch-
ganges/Arbeitsbettes des Roders. Deshalb ist das Zusammenwirken des Riibenkdrpers mit
den Scharoberflichen im verjiingten Durchgang des Roders abgesondert zu untersuchen
und die Differentialgleichungen der Bewegung des Riibenkdrpers bei dessen unmittelbaren
Roden aus dem Boden zusammenzustellen. Die Krifte des Zusammenwirkens des Riiben-
korpers mit den Keiloberflichen sollen in diesem Fall den Kréften des Zusammenwirkens
der Bodenschicht mit den Keiloberflichen fast identisch sein. Deshalb kénnen wir anneh-
men, dal diese Krifte gleich sind und dass das Roden des Riibenkdrpers aus dem Boden
unter der Wirkung der Kréfte erfolgt, die auf Abb. 3 dargestellt sind.
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Abbildung 3. Kraftzusammenwirken des Riibenkérpers mit den Keilen des Scharroders

Leiten wir die Differentialgleichung der Bewegung des Riibenkdrpers ab. In der Vektor-
form sieht diese Gleichung so aus

ma=Ng +Ngy+ Ny +Njy+O+R, +R, +F +F,+G,, (25)
wo:
m — Masse des Riibenkorpers,
a — Beschleunigung des Rodenprozesses des Riibenkdrpers aus dem Boden,
R,, R, —horizontale und senkrechte Bestandteile der Widerstandskraft R der Haftung

des Riibenkorpers mit dem Boden,

I?l , I?z — summarische Reibungskrifte, die bei der Bewegung des Riibenkorpers an den
Keiloberflichen 4,B,C, und 4,B,C, entstehen,

G, — ist Gewicht des Riibenkérpers.

Es ist offensichtlich, dass die Reibungskréfte F, und F, in (25) sind gleich
Flzfl(NGlJan)a F2:fl(NG2+NI2)’ (26)
wo:

fi — der Reibungskoeffizient der Seitenflache des Riibenkérpers an den Keiloberfla-

chen.
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Die Differentialgleichung (25) zeichnen wir in den Projektionen an die Achse des karte-
sischen Koordinatensystems xOyz auf. Infolgedessen, dass die Bestandteile der normalen
Reaktionen an den Keiloberflichen 4,B,C, und 4,B,C, an der Achse Oy der Grofe

nach gleich und entgegengerichtet sind (d.h., der Riibenkorper beriihrt zu gleicher Zeit zwei
Keiloberflichen und wird im weiteren Verlauf zwischen beiden geklemmt), so findet das
Roden des Riibenkorpers eigentlich im Bereich der Fliche xOz statt. Deswegen wird die
Differenzialgleichung der Bewegung der Riibenkorper (25) im Vektorform in das System
folgender zweier Differentialgleichungen abgeleitet:

mxX=Ng, +Ngy + Ny, +Npp, =Q=R +F +F), (27)
mZ=Ng.+Ngp.+ Ny, +Np,. —R. - F. - F,. -G,
Bestimmen wir die Projektionen der Krifte, die zum erwéihnten System der Differenzi-

algleichungen (27) gehoren. Die Projektionen der normalen Reaktionen der Keiloberfla-
chen 4,B,C, und 4,B,C, an der Achse X und Z bestimmen wir nach den Formeln (12)

und (13). Sie sind gleich

Ng, - tgy
Ngiy = NGy = 2= (28)

qltgzy +1+tg2[3

oder unter Beriicksichtigung von (18)

G-t
NGlszGsz ] ] &7 > 2 (29)
Z(COSB—fsmﬁ-smy)\/tg y+1+1g”p

Genauso bestimmen wir aus den Formeln (12), (13) und (22)

Ny =Ny = ab-y .. ey sin@-siny -tgy (30)
X X
g (cos@—fsin@-sin y)\/tg2y+l+tg2ﬂ
Ny =Ny = ab-y . 2. sin@-siny -tgf 31)
g (cos@—fsin@-sin y)\/tg2y+l+tg2ﬂ

Da die Reibungskrifte entgegengesetzt der Richtung der Bahnkurve der relativen Be-
wegung der Bodenschicht und des Riibenkorpers an den Keiloberflichen 4,B,C; und

A,B,C, (das heift parallel 4,0] und 4,0} ) sind, so sind ihre Projektionen an der Koor-
dinatenachse gleich:
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F. :F](coszj/+sin27/-c059)
F,, =—F, cosy-sin y(1—cos 9)
F.=-Fsiny-sin@, (32)
F,. :Fz(coszy+sin27/-0059)

F,, =F, cosy-sin y(1—cos9)

F,, =—F,siny -sinf
Fernerhin fiihren wir folgende Bezeichnungen ein:

12

NI :NGI+ 1> szﬁcz"'
F, =F_,+

e (]

GI+ 11> FZ 2

Dann erhalten wir:

Ny, =Ng,+Ny, Ny, =Ny, + Npy,

F,=Fg, +F, F, =Fg, +F)p,,
le:NGlz+Nllz NZz:NGZZ+NIZZ
F‘Iz:FGlz+Fllz FZz:FGZZ+FIZZ

Danach sieht das System der Differentialgleichungen (27) nach der Substitution aller
bekannten Grofien folgenderweise aus:

mi=N, +N, —R +F_+F, -0 (33)
mZ =le +N2: _Rz _Ez _F2: _Gk
Es ist offensichtlich, dass der Vorgang des Rodens der Riibenkorper aus dem Boden
moglich wére, wenn
N12+N22_EZ_F22_Gk>Rz (34)

oder unter Beriicksichtigung von formel (29), (31) und (26) wir folgendes erhalten:

1gp G +2ab-y05,-stin6-siny ~
/tg2y+1+tg2ﬂ cosf— fsin@-siny g(cosG—fsinG-siny) (35)

__ Gfy-sin@-siny  2ab-y,; -V’sin’6-sin’y - f,
cos@— fsinf-siny g(cosG—fsinG-siny)

-G, >R,

Bei der Erfiillung der Bedingung (35) erfolgt das Roden der Riibenkorper aus der Erde.
Der linke Teil der Formel (35) stellt dar die Aufzeichnung der Kraft beim Roden der Rii-
benkorper in Richtung der Achse Oz unter der Bedingung des vorhandenen Kontaktes der
Riibenkorper und den Keiloberfldchen.
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Wenn wir das System der Differenzialgleichungen (33) zweimal integrieren, erhalten
wir den Wert der Geschwindigkeit und der Bewegung der Riibenkdrper als Funktion der
Zeit ¢t .

Die ersten Integrale sind gleich:

1
xz*(N]X+N2X_RX+F‘]X+FZX_Q)I+C]
m

(36)
z =%(le +N,.—R.—F_—-F,. —G,)t+L,
und die zweiten Integrale sind gleich:
x:i(le +N, —R +F_+F,, —Q)ﬁ+Cll‘+C2
m 2 (37)
z :%(le +N,.—R.—F_-F,. —Gk)§+th+L2

wo:
C,,C,,L,,L, —willkiirliche Konstantwerte sind.

Fiir das Auffinden der willkiirlichen Konstantwerte geben wir Anfangs- und Grenzbe-
dingungen vor. Bei 7, =0:

x=x,, z=-h, x=0, 2=0,
und bei 1 =¢;:
x=x, z=0, x =V,
wo:
t — Anfangszeitpunkts des Rodens;
4 — Endzeitpunkt des Rodens der Riiben aus der Erde;
x, — Abstand vom Anfang der Koordinaten bis zu der senkrechten Achse des Rii-
benkérpers zum Zeitpunkt 7, ;
x, — Abstand vom Anfang der Koordinaten bis zu der senkrechten Achse des Rii-
benkdrpers zum Endzeitpunkt des Rodens ¢, ;
h — Tiefe des Sitzes des Riibenkdrpers im Boden;
7, — Geschwindigkeit der Bewegung des Riibenkorpers im Endzeitpunkt des Rodens

4
Ausgehend von Ausgangsbedingungen bekommen wir die Werte der willkiirlichen kon-
stanten Groflen:

C,=0, L =0, C,=x,, L,=-h (38)

Nach der Substitutionformel (38) in (36) in (37) bekommen wir

38



Theory of the ploughing...

1

X=E(N1x+N2x—Rx+le+F2x—Q)t, (39)
1
Z.=_(N12+N2z_Rz_Fiz_F2z_Gk)t9 (40)
m
1 2
x=;(N1x+Nzx—Rx+Ex+sz—Q)5+xo, (41)
1 t?
Z:_(NIZ+N22_RZ_EZ_FZZ_Gk)?_h‘ (42)
m

Die oben erhaltenen Werte fiir die Krifte (28) — (32) setzen wir in die Formeln (39) —
(42) ein. Nach all den nétigen Transformationen bekommen wir:

[ 19y G +2ab-y06'-V2-sin9-siny .
m \/tg2y+l+tg2/3 cosf— fsinf-siny g(cos@—fsin@-siny)
+G-f](coszy+sin2;/-cost9)+ (43)
cos@— fsinf-siny
2 . 2 )
+2f1 ab-y,; -V sinf sm.y(cos.y+sm y Cosg)—Zab-ka R,
g(cosO— fsin@-siny) e
L1 1gp G +2ab-706'-V2-sin9-siny ~
m \/tg27/+1+tg2/3 cosf— fsinf-siny g(cos@—fsin@-siny)
(44)
G- fi-sin@-siny _2f1~ab~y06_~stin29-sin2y_G e L
cosf— f'sin@-siny g(cos@—fsin@-siny) A
oL 19y G +2ab-y06'-V2-sin9-siny .
m \/tg2y+l+tg2/3 cosf— fsinf-siny g(cos@—fsin@-siny)
2 .2
+Gf](cos y +sin y-cos@)+ (45)

cosf — fsin@-siny

2

2 . 2 )
+2f] ab -y, -V~ sin6 sm;/(cos y+siny cos@)_zab_kyd_Rx }%+x

0°

g(cos 60— fsinf-sin ;/)
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1 1gf8 G +2ab-y06'-V2-sin9-siny ~
m \/tg2y+l+tg2,8 cos@— fsinf-siny  g(cosd— fsin@-siny)
(46)

2

. . 220 o2
G-fi-sin@-siny  2f -ab-y,; -V sin” 6-sin y—Gk—RZ}%—h,.

_COSQ—fSiHQ'SiH}/ g(cos@—fsin9~sin;/)

Aus der Formel (42) kann man die Zeit des Rodens der Riibenkérper aus dem Boden ¢,
bestimmen. Sie ist gleich:

t,=\/ 2mh (47)
N]z+N22_Fiz_F22_RZ_Gk

Wenn wir in die Formel (47) die oben erhaltenen Werte der Krifte einsetzen und sie
entsprechenderweise transformieren, bekommen wir die Endformel der Zeit ¢ :

. :\/( 2mgh(cos 6 — fsin@ -siny Wtgy +1+1g° B (48)

Gg+2ab-y,, -V*sinOsiny)(tgB —siny-sinf- f, x
00. 1

'x,/tgzy +1+tg2ﬁ)— (R. +G,)g(cos @~ fsin@-siny W itg’y +1+1g° B

Da ¢ die Rodenzeit der Riibenkdrper mit Roderscharen ist, so kann die Formel (48) fiir

die Bestimmung der Leistung des Zuckerriibenerntegerdtes, ausgeriistet mit diesen Werks-
organen, verwendet werden.

Wird die Bedingung (35) nicht erfiillt, d.h. es besteht gegensitzliche Ungleichheit, der
Riibenkorper haftet mit dem Boden, so dass seine Bewegung der Achse Oz entlang aus-
bleibt. Und trotzdem erfolgt unter der Wirkung der Krifte, die in der ersten Gleichung des
Systems (33) enthalten sind, ndmlich die Kraft

Px:N1x+N2x+le+F2x_Q (49)

die die Widerstandskraft R, (die Haftung des Riibenkorpers mit der Erde) iiberwindet,

verhalt sich die Hackfrucht wie ein Kraftrager und biegt sich, weil der obere Teil des Rii-
bens sich in Richtung der Kraftwirkung P, um Einiges verschiebt, infolgessen die Wurzel

brechen kann.
Deswegen gibt es eine bestimmte zuldssige Kraft [P, ], bei der keine Beschiidigung des

Riibenkorpers stattfindet. Wenn man in die Formel (49) anstatt der Kraft [P, ] deren zulés-
sigen Wert einsetzt, bekommen man:

[Px]:N1x+N2x+le+F2x_Q (50)
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oder unter Beriicksichtigung der Bedeutungen der Kréfte aus dem rechten Teil dieser For-
mel

[Px]: Ngix ¥ Noox ¥ Ny + Npoy + Foiy + Foox + Frip + Fpp =0 (51)

Wenn wir also die symmetrische Anordnung der Roderkeile beriicksichtigen, bekom-
men wir:

[Px]zzNGlx+2Nllx+2FG1x+2Fllx_Q (52)

Die Formel (52) wird dann so aussehen:
2N, +2Fy, = [P]-2Ng, —2F5, -0 (53)

Ersetzen wir die Krifte in der Formel (53) durch ihre oben erhaltenen Werte. Dann be-
kommen wir:

2ab-y,; V?sin@-siny -tgy

+
g (cosO — fsin@-siny Wig’y +1+1g°

ey ab-y,; -V?*sin@-sin y(0052 ¥ +sin’ y - cos 9) _ 54
1 g(cosH—fsinH-sin 7/)

-[2]- oigr -
(cos@— fsin@-siny tg’y +1+1g°B

_flG(coszy+sin27/-cosﬁ)
(cos @~ fsin@-siny)

+2ab-k}_o.

Auf Grund der Formel (54) errechnen wir die Geschwindigkeit ¥ der Vorwirtsbewe-
gung des Scharroders, bei der die Wurzelkorper nicht beschadigt werden:

g([Px]+ Zab-km)(cos@—fsin@-siny)\/ tg’y +1+1g’ B —gG-tgy —

2ab-y,; -sin@-siny {tgy+f](coszy+sin2y-cos(9) X

V=

(55)

—f]gG(cos2 ¥ +sin’ y—cos@)\/ 18’y +1+1g’p
xtg’y +1+1g° B }

Somit sind endgiiltig kinematische Parameter des Rodens der Riiber aus dem Boden mit
Scharrodern, die durch geometrische Parameter ausgedriickt sind, gefunden und die die
Bedingungen fiir die qualitative Ausfithrung des gegebenen technologischen Prozesses
beriicksichtigen.

Fiir die praktische Nutzung der Formel (55) muss man das Verhaltnis bestimmen zwi-
schen dem Zweikeilwinkel 6 und den Winkeln S und y, die eigentlich alle Winkelpara-
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meter der Keile bestimmen, weil der dritte Winkel « durch die Winkel 8 und y ausge-
driickt werden kann. Wie aus dem Schema (Abb. 1) zu ersehen ist:

teq =L (56),
a

konnen wir unter Berticksichtigung (7) bekommen:

tgo =187 (57)

1gP

Somit kann der Winkel 6 durch die Winkel f und y bestimmt werden. Mittels des
Schemas (Abb. 1) kann man folgende Relationen feststellen:

OB
tgf=—1-L 58
0= m, (58)
und
OM,=0,4,siny (59)
Wenn man beriicksichtigt, dass O,B, = ¢, und O, 4, = a, gleich ist, bekommen wir
g6 =—"! (60)
a, siny
Nach der Substitution (7) in (60) bekommen wir
g0 =—— (61)
& cosy-tgf
oder
1g0 = '(:Lﬂ (62)
sin f3-cosy
infolgedessen wir endgiiltig die GroBe des Winkels 0 erhalten:
0 =arctg— cos (63)
sin 3-cosy

Indem wir geometrische Parameter der Scharroderkeile (Winkel S und y ) é&ndern,
konnen wir auf Grund der oben erhaltenen analytischen Abhingigkeiten benétigte kinema-
tische Parameter des Roderwerkzeuges unter der Bedingung der Unbeschédigkeit der Hack-
friichte bestimmen. Mit Hilfe der Formel (55) kann die Abhéngigkeit der zuldssigen Ge-
schwindigkeit V' der Vorwirtsbewegung des Roders von seinen Winkeln S und y
feststellen ohne seine anderen Kostruktionsparameter zu dndern.

Entsprechend dem zusammengesetzten EDV-Programm wurde die zuldssige Geschwin-
digkeit V' der Bewegung des Scharroders bei unterschiedlichen WinkelgréBen y und eini-
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gen fixierten WinkelgroBen S (unter der Bediedung der Unbeschédigkeit des Riibekor-

pers) errechnen.

Die Ausgangswerte fiir die Kalkulationen (Pogorelij, 1983 und andere Quellen), wo die
Ergebnisse der Versuchsforschungen herausgegeben wurden, sind in der folgenden Tabelle
angefiihrt:

Tabelle 1

Parameter a4 171 Voo 5 A g B
(m) (N) (N/m’) (m-s™)

Werte/Groflen/ Mengen 0,12 200 11000 0,6 0,5 9,81

Einige Kostruktionsparameter des Scharroders und des ausgefiihrten technologischen
Prozesses des Roders sind untereinander durch folgende Abhingigkeiten verbunden:
die Breite der deformierten Bodenschicht

b=a-tgf =0,12tgp (64)
das Gewicht der Bodenschicht

G=y -a’ 2a-tgf3 +0,05 _tg' - (65)
00.
siny

Auf Grund der Zahlenrechnungen werden die graphischen Darstellungen der Verdnde-
rung der Geschwindigkeit bei der Vorwértsbewegung des Scharroders 7 je nach der Win-
kelgroBe y (Abb. 4).

379
35 |5 52‘\\\\3'35
5 f— ~_ 2,90
3.0 2,98 286
: : 289
25 ™. \\\.\ 242 2,30
\"/ > 2,47 T ——fl
, 23 ’
2 ’ —2
\ 208 .
A —=f3
1,5 +:8¢ \ 1,83
1 \\
05 0,86 \
0,00
0

Abbildung 4. Abhdngigkeit der zuldssigen Geschwindigkeit der Vorwdrtsbewegung V vom
Winkel Y bei B, =15°, B, =20°, f,=30°.
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Zusammenfassung

Die Analyse der Kennlinien ergibt, daf die Abhangigkeit dieser Parameter dem linearen
Parameter ndht. Bei der VergroBerung des Anstellwinkels y des Scharroders sinkt die

GroBe der Geschwindigkeit der Vorwartsbewegung 7, was beim Roden die Nichtbescha-
digung der Wurzelkorper ermdglicht. Die Benutzung der groeren Werte des Schragwin-
kels ermdglicht es, die hohere Geschwindigkeiten der Vorwartsbewegung zu erreichen.
Beriicksichtigend, daf3 die Statistikwert der Konizitit des Zuckerriibekérpers y, = 20...28°

laut (Pogorelij, 1983) ausmacht, kann die Steigerung der Geschwindigkeit der Vorwértsbe-
wegung beim Schriagewinkel B des Scharroders bei ca. 30° erreicht werden. Die gewonne-

nen Forschungsergebnisse zeigen somit, dass die optimalsten Winkelwerte ¥ und [, bei
denen eine hohe Geschwindigkeit /' der Vorwirtsbewegung des Scharroders und des Ro-

dens der Zuckerriiben aus der Erde ohne Beschidigung gesichert wird, y =13...16° und

B =20..30° gleich sind.

Die Ergebnisse der Berechnungen bestédtigen somit laut den gewonnenen analytischen
Abhiéngigkeiten deren Richtigkeit und schaffen die Basis fiir die praktische Anwendung
beim Entwurf und Kalkulation neuer ausgereifterer Wirkorgane der Riibenerntemaschinen.
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TEORIA MECHANIZMU WY ORUJACEGO KOMBAJNU
DO ZBIORU BURAKOW CUKROWYCH

Streszczenie. Sity oddziatujace na wyorywacz kombajnu do zbioru burakoéw cukrowych wymuszane
sq nie tylko fizycznymi wlasciwosciami gleby (np. jej zwigztoscia), ale takze fizycznymi wlasciwos-
ciami zbieranego plonu (tj. burakéw cukrowych). Dotychczasowa teoria wyrywania burakow cukro-
wych uwzgledniata tylko wlasciwosci fizyczne gleby, w powiazaniu z fizycznymi i geometrycznymi
parametrami mechanizmu wyorujacego. Artykul prezentuje matematyczny model mechanicznego
oddzialywania warstwy gleby, tacznie z masa korzeni burakow cukrowych na element wyorujacy
buraki. Formuly matematyczne opracowanej teorii zostaly weryfikowane przyktadowymi oblicze-
niami, dla przyjgtych parametréw roboczych kombajnu do zbioru burakéw cukrowych (m.in. predko-
$cig robocza, glgbokoscia robocza).

Stowa kluczowe: wyorywacz burakow, teoria mechanizmow, model matematyczny
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ARTICLE INFO ABSTRACT
Article history: The article presents the quality assessment of the operation of HEID
Received: September 2014 t,echnol(,)gical line threshing unit in SAATBAU Sp. z 0.0. company in
Received in the revised form: Sroda Slaska. Evaluation of the CIMBRIA abrasive machine was
October 2014 made based on the macro and micro damages of seeds, which were
Accepted: October 2014 made after threshing and through determination of seeds germination
capacity and energy. Tests were carried out for five corn varieties:
Keywords: Bosman, Sl Normo, Odilo, Okato, Wikana. The calorymetric method
abrasive machine was applied for determination of mechanical damages to seeds. The
T:;zg}mwldamages biggest macro-damages were reported at the level of 4.2% and micro-
corn seed damages at the level of 14.5%. The increased values of damages

occurred after threshing. The highest germination capacity was 96%.
On this basis it was stated that the quality of the operation of the
threshing unit was within the norm.

Introduction and the objective of the paper

Three cultivation plants: wheat, corn and rice have the fundamental meaning in the
global agriculture. Corn is a grain on account of the obtained crops. For 20 years the area of
its cultivation as well as crops in the world increased by 1/3 (Draganska, 2010). It is one of
the most productive cultivation plants. Corn is cultivated for seeds, silage and sometimes
for green forage. The main reason, for which corn is significant in fodder production, is
including it to the main component of food for cattle and monogastric animals (Dubas,
2004; Radzynska and Szymanczak, 2010). In case of seeds, costs of production of one
energy unit are lower than for other grains. From one hectare of a corn plantation 7-10
tonnes of dry seeds may be obtained. It should be mentioned that also price of energy in-
cluded in the corn silage is one of the cheapest among the volumetric fodders. In Poland,
cultivation of corn is strictly related to the zoning. Therefore, particular climatic regions are
referred to a relevant variety. Corn cultivation is the highest in the following voivodeships:
Dolnoslaskie, Opolskie and Wielkopolskie (Ksigzak, 2008).
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The symptom of full maturity of a seed is the so-called black spot stage, namely, a small
black spot at the base of the caryopsis next to a germ. Early variety reach full maturity in
September whereas middle-late varieties in October. Corn for seeds may be harvested when
the water content in seeds, in relation to a variety is within 31-37%. A two-stage method is
used at the harvesting of corn for seeds where the smallest damage to seeds occurs. Then,
a full-value sowing material is obtained. The first stage consists in harvesting cobs and their
barking. Cobs after teh removal of covering leaves are dried in the temperature that does
not exceed 42°C (Se¢k and Przybyl, 1998; Grundas et al., 2002; Kowalik, 2011; Szymanek
and Dreszer, 2011; Bieniek, 2013). Threshing takes place when the water content in seeds
drops below 15%, sometimes threshing is carried out at the moisture of approx. 18% with
later additional drying of seeds. The sowing material, which must be of a high class is pre-
pared and stored by Seed Central Station. The objective of the research was to carry out the
quality assessment of the operation process of the HEID technological line threshing unit
for corn cobs.

Place and subject matter of the research

The research was carried out in SAATBAUS POLSKA Sp. z 0.0. in Sroda Slaska.
The object of the research consisted of the threshing and abrasive unit CIMBRIA HEID
(figure 1), which is included in the HEID technological line for after-crop treatment of corn
cobs. Before threshing, cobs were dried. After drying, corn cobs are transported to an abra-
sive machine, where cobs are threshed with the force produced by an engine and due to
rubbing of cobs against each other and with smooth, rounded rotor ribs. Separated seeds fall
down through slits between the cage bars towards the outlet, whereas rachises are trans-
ported to the end part of the machine, where the outlet channel is placed. In the next stage,
the corn seed is transported to the separator and cobs rachises are transported with belt
conveyors outside the building (The Manual of the abrasive machine MR20 PNr 609038).

Five corn varieties were selected for the research: Bosman, Odilo, Okato, SL Enormo,
Wikana. Corn cobs were harvested in the physiological maturity stage after approx. 2 weeks
after the so-called black spot appeared. Bourgoin JDL 410D and Bourgoin GX 406A were
used for harvesting (Molendowski, 2006).

Bosman is a mixture of the Semi Flint caryopses type. The variety is characterized with
big cylindrical cobs. This plant is high, well leaved, and resistant to lodging with high con-
tent of starch in a seed. It is a variety of an intensive nature, showing a very high potential
of cropping on better soil test stands. The second researched variety was SI Normo. 1t is
a variety which is lodging resistant and has a high crop of dry and fresh mass. It belongs to
middle-early single mixtures with the Semi Flint caryopses type.

Odilo variety is a single mixture of corn with an early time of maturity and the Semi
Flint caryopses type. When cultivating Odilo variety, very high crops of silage with high
starch content may be obtained. This variety is characterized with a perfect early vigour and
high yield of dry mass.

Okato is a middle-early seed variety, of a single mixture of Saatbau Linz variety. It is
characterized with Semi Flint caryopses, high mass of thousand seeds, wholesomeness and
mainly with lodging resistance.
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Wikana is the fifth investigated variety. It is a three-line mixture characterized by high
crop of fresh and dry mass of silage. Moreover, it has wholesome cobs and low susceptibil-
ity to lumpy smut, stem and root lodging.

a)

ear cob

b)

S

Figure 1. Huller MR 20: a — view, b— scheme: 1 — motor, 2 — rotor, 3 — wire screen, A — ear
cob inlet, B — grain falling through the bars of the cage, C — outlet corn cobs (Source:
Manual huller MR20)
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Methodology of research

Assessment of the quality of the exploitation process of CIMBRIA HEID MR20 thresh-
ing unit was carried out through analysis. The most important factors were macro and micro
damages of seed and the seed germination capacity and energy after threshing. Tests were
carried out in two stages. In the first one, corn material was obtained before transferring it
to the threshing unit. In the second one, material samples were obtained after the material
left the abrasive machine. Each time after the first and the second stage, moisture of the
material was determined. All tests were carried out in 15 repeats for each variety. Output
mass of each sample was 15 g. Seeds before and after threshing were subjected to the visual
control and those, where damages were reported were weighed. Whereas, in order to de-
termine damages in the remaining mass, it was bathed in Lugol's iodine. After 40 minutes
a dye was filtered with a sieve. With the use of a magnifying glass, micro-damages to cary-
opses in the form of dark spots on the seed were determined. All seed samples were
weighed with a precision up to 0.1 g. Tests with regard to the germination capacity and
energy were carried out in the laboratory of SAATBAU POLSKA Sp. z 0. 0. company.

Research results and their analysis

According to the norm PN-94/R-74015, which defines the quality requirements for
corn, the maximum number of seeds may not exceed 10%. The results, which were ob-
tained, show that only one variety exceeded this border. Analysing of the number of micro-
damages in the seeds, showed that the biggest damages before threshing occurred at Okato
variety (4.2%), then Bosman (1.3%), Wikana and SI Enormo ( 0.5% each) and Odilo
(0.1%). After threshing the following macro-damages occurred: Okato (13.3%), Bosman
(2.8%), Odilo (1%), Wikana (0.5%) and SI Enormo (0.35%). Whereas the biggest micro-
damages before threshing occurred for: Okato (1.17%), Bosman and Odilo varieties
(0.67%). In case of Wikana and SI Enormo varieties no damages were reported. After
threshing, the biggest micro-damages occurred for the following varieties: Okato (14.5%),
Bosman (7.2%), SI Enormo (0.83%) and in case of Wikana and Odilo (0.5%). A variety
with the biggest macro- and micro-damages before and after threshing is Okatovariety.
Wikana and SI Enormo varieties had the same number of damages, they differed only with
a percentage content of micro-damages after threshing. Before threshing, the percentage
content of micro-damages of Odilo variety was 0.67% and was higher than after threshing
(0.5%). The research proved that the biggest macro- and micro-damages occurred in case of
Okato and Bosman. These varieties had the moistest seeds.

Moisture of the tested varieties before drying was within 37.6-42.1%. According to the
norm PN-R-74104 the seed moisture after drying should not exceed 14.5%. It was found
out that any of the investigated varieties after threshing did not exceed this border (table 1).
Moisture was within 11.2-12.8%. Varieties Okato and Bosmanhad the highest moisture of
corn cobs before drying and after drying the moisture was higher in comparison to other
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varieties. It can be justified by the fact that these varieties have thick and big cobs, which
influences the prolongation of the drying time. The lowest moisture before drying was in
case of Wikana variety (37.6%), which after drying had 11.4% of moisture. SI Enormo
variety before drying had moisture of 37.8% and after drying the lowest from all the inves-
tigated varieties (11.2%). Both varieties had the lowest moisture of seeds both before as
well as after drying.

Table 1
Moisture of corn ear cobs

Moisture (%)

Corn variety

Before drying After drying
Okato 41.8 12.8
Bosman 44.1 12.3
Odilo 39.3 11.9
Wikana 37.6 11.4
S! Enormo 37.8 11.2

Seeds viability, which may be determined with the germination capacity and energy is
one of the significant quality properties of seeds. Table 2 presents a percentage participa-
tion of the germination size of the investigated varieties. Each variety was characterized
with greater germination capacity and energy. Okatohad the lowest germination capacity
and energy, then Bosman, Odilo, SI Enormo and Wikana. Wikana and Odilo had the same
germination capacity which was 95%. However, the first one had 3% higher germination
capacity. Germination capacity and energy depended on the investigated variety.

Table 2
The capacity and energy of germination of the tested sub-species

Germination (%)

Corn variety

Germination energy Germination capacity
Okato 79 82
Bosman 82 85
Odilo 89 95
Wikana 92 95
S! Enormo 92 96
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In the final stage of research, a statistical analysis of the obtained results was carried
out. When comparing results of macro-damages after threshing, it was reported, that the
highest average and the standard deviation as well as the median was in case of Okato vari-
ety (table 3). While, the lowest statistical figures were for SI Enormo variety. Whereas,
when discussing macro-damages of seeds after threshing, it was reported that Okatovariety
had the biggest arithmetic mean, median and standard deviation. In case of micro-damages
before threshing, the lowest mean, median and standard deviation appeared for Wikana and
SI Enormo (table 3).

Table 3
Statistical analysis of macro- and micro-damages before and after threshing

Type of damages (%)

Macro-damages

Variety
of corn Before threshing After threshing
Mo Medim e e Medn e
Okato 4.17 3.33 1.67 13.33 12.33 3.84
Bosman 1.33 2.33 1.89 2.83 2.33 0.75
Odilo 1.1 1.33 0.47 1 0.33 0.59
Wikana 0.5 0.33 0.23 0.5 0.33 0.24
SI Enormo 0.5 0.67 0.21 0.34 0.33 0.11
Micro-damages

Okato 1.17 0.67 0.48 14.5 12.33 6.58
Bosman 0.67 0.67 0.24 7.2 7.67 2.95
Odilo 0.67 0.67 0.22 0.5 0.33 0.23
Wikana 0.0 0.0 0.0 0.5 0.43 0.21
SI Enormo 0.0 0.0 0.0 0.67 0.43 0.36

According to the statistical analysis, in each case the standard deviation did not exceed
40% of the mean, which in case of a non-uniform biological material is an acceptable value
and proves the repeatability of results.

The obtained results of relative values of macro- and micro-damages of seeds were pre-
sented in figures 2 and 3. Both in the first as well as the second case, according to presump-
tions, their increased values occurred after threshing. In case of macro-damages, their rela-
tive value in border cases increased by approx. 330% and in case of micro-damages even
by 500%, which does not mean that these are non-acceptable values.
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Figure 2. Macro-damages before and after threshing
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Figure 3. Micro-damages before and after threshing
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Conclusions

1. Bosman (44.1%) and Okato (41.8%) varieties had the highest moisture of corn cobs
before drying. The lowest moisture before drying was in case of Wikana variety
(37.6%), which after drying had 11.4% of moisture. For the investigated corn varieties
the cobs moisture after drying did not exceed the admissible norm.

2.  Number of damages, capacity and energy of germination of seeds is strictly related to
a variety. The biggest macro- and micro-damages before and after threshing were in
case of Okato variety. This variety had also the lowest capacity (82%) and energy of
germination (79%). Whereas the smallest damages before and after threshing were re-
ported for Wikana and SI Normo, varieties, they also had the biggest capacity (95-96%)
and energy of germination (92%).

3.  When assessing the quality of operation of HEID line threshing unit, it may be stated
that the technological process performed by it guarantees obtaining the sowing seed
quality of corn with parameters pursuant to applicable norms.
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OCENA JAKOSCI PROCESU EKSPLOATACJI ZESPOLU OMLOTOWEGO
KOLB KUKURYDZY LINII TECHNOLOGICZNEJ HEID

Streszczenie. W artykule przedstawiono oceng jakos$ci pracy zespotu omtotowego linii technologicz-
nej HEID w firmie SAATBAU Sp. z 0. 0. w Srodzie Slaskiej. Oceny tuszczarki CIMBRIA dokonano
na podstawie powstatych po omlocie makro i mikrouszkodzen ziarna oraz poprzez okreslenie jego
sity i1 energii kielkowania ziarna. Badania przeprowadzono dla pigciu odmian kukurydzy: Bosman,
8! Normo, Odilo, Okato, Wikana. Do wyznaczenia uszkodzen mechanicznych ziarna wykorzystano
metodg kolorymetrii. Najwigksze makro- uszkodzenia ziarna stwierdzono na poziomie 4,2%,
a mikrouszkodzenia na poziomie 14,5%. Zwigkszone wartosci uszkodzen wystgpowaty po jego
omlocie. Najwigksza sita kietkowania wynosita 96%. Na tej podstawie stwierdzono, ze jako$¢ proce-
su eksploatacji zespolu omlotowego odpowiadata normie.

Stowa kluczowe: tuszczarka, uszkodzenia mechaniczne, odmiana, ziarno kukurydzy
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Accepted: October 2014 studies aimed at clarifying the impact of such factors as the type of

grain, use of mixers, pressure in the seed tank to the seed rate of wheat
Keywords: and oats in the slot dispensing assembly. Laboratory tests were per-
dispensing assembly formed on the prototype of the pneumatic drill constructed at the
2’:’1‘;‘;”[‘;'5;‘:‘; Department of Working Machines with a built-in slot-dispensing
preumatic drill assembly. For the same width of the slot opening, the dispensed

amount of wheat seeds is dosed almost twice than the oats seed grain.
The tests proved that the dosage in the unit dispensing slot would be
impossible without the use of a mixer. Further research is planned for
the slot dispensing assembly for other types of grains, small grains
such as rape, in order to verify the usability and scaling the amount of
sowing the seeds for a given slot opening.

Introduction

Precise sowing is one of the factors which ensure good quality and high yields of plants.
Due to many advantages, pneumatic drills with central dispensing assemblies and pneumat-
ic transport of seeds to drill openers are eagerly bought and frequently used.

The basic source of uneven sowing is a sowing unit (which dispenses seeds).
Many scientists debated over the question how to eliminate unfavourable pulsations in shaft
dispensers. During implementation of the development design at the Poznan University of
Technology (Keska et al., 2012) the concept of construction and testing an innovative slot
dispensing assembly occurred.

During the analysis of available solutions of dispensing assemblies, a popular patented
pin sowing unit (patent specification PL 200965B1), which was described (Markowski and
Rawa, 2009) and tested on account of regularity of dispensing (Rawa and Markowski,
2001); (Markowski et al., 2008) was found out. Previously, a pin sowing unit was used in
mineral fertilizers spreaders, for example spreaders produced by the Polish producer
Unia Brzeg (http://www.uniagroup.com/ug/site/offer/items-for-category?categoryld=78 or
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a foreign producer (http://www.amazone.pl/6.asp). Here the problem of suspension of the
sowed material and irregular dispensing appears.

The objective of the research was the initial operational and functional verification of
the sowing unit and scaling the norm of sowing in relation to opening of the dispensing
valve. The paper includes the laboratory tests results of the impact of such factors as:

— type of grain,

— mixer / without mixer,

— overpressure in the seed container / area pressure to the standard of sowing for a proto-
type slot dispensing assembly incorporated in a seed drill.

Methodology of research

Laboratory tests were performed on the prototype of the pneumatic drill constructed at
the Department of Working Machines with a built-in slot-dispensing assembly. Seeds sow-
ing took place on the stand for testing transverse irregularity of sowing, where tensometric
scale was mounted (Feder et al., 2012). Tests were carried out on the wheat and oat seeds
purchased in Poznanska Centrala Nasienna (Poznan Seed Central Office). Before the tests
were initiated, measurements of basic parameters of the used material were taken, in partic-
ular the mass of 1000 seeds, dimensions, moisture of seeds according to the PN-79/R-
65950 standard, which could influence the results of taken measurements (Gierz and Kgska,
2011; Gierz et al., 2012).

As a result of measurementscarried out, table 1 presents the following characteristics of
wheat and oats.

Table 3

Basic parameters of wheat and oats

Type of TSW Length Wiliith Thickness Moisture
grain ® (cam) (cum) (cam) (%)
Wheat 4242 6.80+0.5 3.70+0.38 3.50+0.37 13.5
Oats 33+£1 10.96+0.71 3.08+0.4 3.05+0.39 12.5

During the tests, the velocity of transporting air was assumed to be at the same level. In
the seed container there was an overpressure. The initial research proved that when the
container is opened, that is, when the container has the pressure of thearea, the seed flow is
irregular. Moreover, it was also proved that a mixer played a great role, without which the
process of dispensing for seeds with higher internal friction coefficient was practically
impossible, which results from the research carried out on oat seeds. Figure 1 presents a slot
dispensing assembly designed and constructed in the Department of Working Machines of
the Poznan University of Technology, whereas figure 2 presents a dispensing valve with
basic dimensions.
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Figure 1. Slot dispensing assembly 1 — dosing valve, 2 — electric actuator, 3 — arm,
4 — injector, 5 — mixer, 6 — support structure
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Figure 2. Dispensing valve with the basic dimensions

Research results

As a result of implementation of laboratory tests, a wide set of data was obtained, based
on which a characteristic of valve capacity both for wheat and oat seeds could be deter-
mined. During initial research without a mixer, for the oat seeds, dispensing could not have
been performed. Subsequent research was carried out with the use of a mixer.

Laboratory tests confirmed a considerable influence of the seed type on the standard of
sowing for a prototype slot dispensing unit of a pneumatic drill. This assembly is built-in on
the test stand and properly reflects real conditions of sowing (dispensing) of seeds. The
obtained results gave an initial view of using a slot dispensing assembly.

Figure 3 presents the relation of sowed wheat seeds to the slot width, whereas figure
4 presents relation of the amount of sowed oat seeds to the slot width. As it can be seen,
characteristic of capacity for both wheat and oat seeds is almost linear.
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Figure 4. Relation of the quantity of the dispensed oat seeds to the width of the slot

Conclusions

Laboratory tests which were carried out allow for the following conclusions:

1. Relation of the amount of sowed seeds to the slot width is practically linear for both
wheat and oat seeds. Slight fluctuations of research results were related to inertia and
measurement error of the used tensometric weight.

— For the same width of the slot opening, the dispensed amount of wheat seeds is almost
twice than the dispensed oat seed grain.

— The process of dosing in the slot dosing assembly would be impossible without the use
of a mixer, which became clear during the initial tests.
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— Tests for other shapes of slots in the dispensing valve should be carried out;

— Further tests for other types of seeds should be carried out, e.g. small seeds such as rape
in order to verify the usefulness and scaling the amount of sowing of these seeds for the
set slot opening.
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WYNIKI BADAN EKSPLOATACYJNO-FUNKCJONALNYCH
SZCZELINOWEGO ZESPOLU DOZUJACEGO

Streszczenie. Podczas realizacji na Politechnice Poznanskiej projektu rozwojowego nr N R003 0021
06/2009 powstata koncepcja zbudowania i przebadania szczelinowego zespotu dozujacego dla siew-
nikow pneumatycznych i mechaniczno-pneumatycznych. W pracy przedstawiono wyniki badan
laboratoryjnych majace na celu wyjasnienie wplywu takich czynnikow, jak: rodzaj ziarna, zastosowa-
nie mieszadla, zastosowanie ciSnienia w zbiorniku materiatu siewnego na ilos¢ wysiewanych nasion
zlarna pszenicy i owsa szczelinowym zespotem dozujacym. Badania laboratoryjne przeprowadzono
na zbudowanym w Zaktadzie Maszyn Roboczych prototypowym siewniku pneumatycznym z wbu-
dowanym szczelinowym zespolem dozujacym. Dla tych samych szerokosci szczeliny, ilo$¢ dozowa-
nych nasion ziarna pszenicy jest prawie dwukrotnie wigksza od dozowanych nasion ziarna owsa.
W trakcie badan dowiedziono, ze dozowania w szczelinowym zespole dozujacym bytoby niemozliwe
bez zastosowania mieszadla. Planowane sa dalsze badania szczelinowego zespotu dozujacego dla
innych rodzajow ziaren np. ziaren drobnych jak rzepak celem weryfikacji uzytecznosci i wyskalowa-
nia ilo$ci wysiewu tych nasion dla zadanego otwarcia szczeliny.

Stowa kluczowe: zespot dozujacy, ziarna pszenicy i owsa, ilo$¢ wysiewu, siewnik pneumatyczny
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microclimate animals stayed. The ventilation air stream size resulting from the
measured flow velocities in ventilation ducts was compared to the
theoretical size.

Keywords:
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Introduction

Microclimate in the animal hall, and in particular, temperature, moisture and the air
movement velocity are main factors, which influence the animal welfare and in conse-
quence the milking capacity of cows (Daniel, 2008). One of the elements of the welfare is
meeting the requirements concerning living in good environmental conditions. Such condi-
tions are ensured by a well designed and constructed building and efficient ventilation sys-
tem.

The ventilation air stream size is calculated based on the amount of carbon dioxide, wa-
ter vapour or total heat produced by animals (Gazinski, 2012). The stream size, determined
for the accepted conditions, is the basis for designing elements of natural ventilation. In the
presently applied designing practice, dimensioning of elements of the natural ventilation
system is based on the temperatures assumed for calculations:

— calculation temperature of external air, which depends on the climatic zone, where the
designed building is located (PN-82/B-02403) or the designed external air temperature

(PN-EN ISO 12831:2006),

' The paper was written within the framework of the research project No. N N313 447939
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— calculation internal air temperature which depends on the animal species and the growth
group (Journal of Laws, No 167, Item 1629).

Thermal dimensioning of inventory buildings is carried out based on the balance of
profits and losses of sensible heat and total heat, formulated in the classic method of ther-
mal dimensioning, in which heat losses for ventilation are calculated according to the water
vapour or carbon dioxide criterion. Heat balance is also the basis for the simplified thermal
conductivity coefficient method developed by Wolski and the method of thermal shaping of
inventory buildings (Wolski, 2001). In these methods, established conditions are assumed,
namely, only one calculation internal air temperature, which depends on the animal type
and one external air temperature, which is related to the climatic zone. In real conditions,
the inventory building is located in the constantly variable conditions of the surrounding.
Temperatures and relative humidity of internal and external air are subject to dynamic
changes and the heat exchange by transfer through partitions takes place according to the
undetermined conditions (Gtuski, 2013). The ventilation air stream is also variable in time
because its size depends on the temperature difference between internal and external air and
the wind speed.

Elements of the natural ventilation system influencing the air stream size may be divid-
ed into three groups:

— permanent elements, which do not change during the ventilation process; difference in
the height between the roof ridge gap or the outlet of the ventilation duct and air vents,

— elements which can be regulated; width of the roof ridge gap, cross sectional area of
ventilation ducts or air vents,

— factors variable in time depending on the weather; temperature and humidity of external
air and the wind speed and direction.

Assessment of the real size of the ventilation air stream is very difficult to carry out on
account of complexity of this process and great number of factors, which are variable in
time, which influence it. There are several methods which enable determination of the ven-
tilation air stream size:

1. Gas leaks detection method (PN-EN ISO 12569:2013). There are three methods of in-
vestigating the size of air stream exchanged in the building as a result of ventilation and
infiltration which use tracer gas:

— tracer gas failure method,

— permanent injection method,

— permanent concentration method.

2. Method of air flow velocity measurement in ventilation ducts.

3. A method which uses carbon dioxide concentration measurement in the animal hall and
inventory of a herd (Gluski, 2011).

4. A method which uses equation of air movement in natural ventilation.

Kiwan et al. (2012) carried out research on the ventilation air stream size, using the
tracer gas method with the use of radioisotope Krypton-85, measurement of the air flow
velocity in air vents and the method which uses equations of air movement in the natural
ventilation. Research was carried out in two various cowsheds and two weather periods.
The determined values of air stream with those three methods resulted in the Pearson coef-
ficient of correlation 0.59-0.86.
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The objective and the scope of the study

The objective of the study is to carry out analysis of the dynamic ventilation air stream
and variables in the daily cycle of factors, which influence it. The basis of analysis consist-
ed in measurements carried out in two buildings for the dairy cattle equipped with various
systems of gravity ventilation.

Methodology of research

Research was carried out in two buildings for dairy cattle on the territory of Lubelskie
Voivodeship. The building was located in Glinnik locality (measurement carried out on
26th January 2013); the building has a utility attic. The animal hall consists of two rows
with a central feeding passage. It includes a barn rearing system, stands for cows — individ-
ual and tied, single coops and group coops. The building has four vent ducts with a round
cross-section @ 57 cm and is 630 cm high.

The second building is located in Przegaliny locality (measurement carried out on 14th
January 2014); it is a hall type building without a utility attic, ground-floor with a non-
symmetric flat roof, in which a transparent hinged roof ridge gap is located, which serves as
lighting and ventilation of the building. Cows are maintained in a free-stall system and they
are fed from the feeding passage. On both sides of the ridge there is a roof ridge gap, which
is 25 cm wide and 49.4 m long. Air vents, which are 25 cm wide, are located in the side
walls of the building under the eaves. Difference in height between the air vent and the roof
ridge gap is 3.50 m. In the described buildings, research included measurements of temper-
ature and humidity of internal and external air as well as temperature and air flow velocity
at the inlet to the ventilation ducts or in the ventilation gap. Measurements of temperature
and air flow velocity in trunks were carried out with thermoanemometers AVM-07 (the
scope of operation 0.0-45.0 m's™, accuracy 3%), whereas measurements of air temperature
in the animal hall and outside with COMARK sensors (the scope of operation from -40.0 to
+70.0°C, accuracy 0.1°C). Sensors and recorders of temperature and air flow velocity were
programmed to carry out the readout and the record of measurement results in 300 second
intervals. One day was assumed as a basic period of time, when analyses were carried out.

A formula, which describes the air velocity in ventilation ducts provided by Hellickson
and Walker (1983) was accepted for calculation of the theoretical size of the ventilation air
stream:

V,=0 M (m's'l) (1)
T,
where:
V, — air flow velocity in the dunct, (m's™),
® — coefficient, which includes frictional resistance of air on the internal surface of
the duct,
g — gravitational acceleration, (m*s™),
H — difference between the inlet and outlet of the duct, (m),
T; — internal air temperature, (K),
T, — external air temperature, (K).
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The following values of the coefficient & are accepted for calculations:
— ventilation with a roof ridge gap 0.80(0.86)
— single ventilation trunks 0.73(0.79)
— composite well 0.68(0.74)
The brackets include the values of the coefficient ® V for air vents without a cover.
The ventilation air stream depends on the cross sectional area of the ventilation duct or
a ventilation gap and the air flow velocity.

n
L= 4V, ()
i=1
where:
L — ventilation air stream variable in time, (m*s™)
A; — cross-sectional area of i-duckt, (m?)
Vi — the air flow velocity variable in time in i-trunk, (m-s™)
n — number of trunks
Results

Each ventilation trunk (Glinnik) is made of 7 identical metal elements which results in
their identical dimensions and air frictional resistance. Despite this, differences in the air
flow velocity in particular trunks occurred. The measurement results were presented in
figure 1 (trunks no 1 and 3) and figure 2 (trunks 2 and 4).

Glinnik 26.01.2013
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Figure 1. Air flow velocity in ventilation ducts no 1 and 3
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Figure 2. Air flow velocity in ventilation trunks no 2 and 4
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Figure 3. Air temperature at the inlet to particular trunks

Differences in the air flow velocity in ventilation trunks result from air temperature dis-
tribution in the animal hall. Daily changes of air temperature in ducts are presented in fig-
ure 3. Despite the fact, the inlets to ventilation trunks are at the height of the ceiling over
the animal hall, the average air temperature in all trunks was lower than the average air
temperature in the animal hall (fig. 4).
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Figure 5 presents results of measurements and calculations of the ventilation air stream
size and the difference of the internal and external air temperatures.
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nal and external air temperature
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The building for the dairy cattle located in Przegaliny locality has a natural ventilation
system with a roof ridge gap, which is 25 cm wide on both sides of a ridge. Anemometers
for measurement of the ventilation air flow velocity were placed in the air vent.
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Figure 7 presents measured and calculated values of ventilation air stream, which are
variable in time and the difference between internal and external air temperature. Differ-
ence in the measured and calculated size of the ventilation air stream results from the wind
impact on the efficiency of the ventilation system but the relation is inversely proportional

(fig. 8).

Conclusion

Real values of the ventilation air stream, which is variable in time, in the inventory
building are subject to frequent fluctuations and differ from the calculation values. It fol-
lows from the great number of difficult to predict and describe factors which influence the
size of this stream. For example the wind impact or opening the door and gates related to
the performed technological processes. Based on the research and analyses one may make
the following conclusions:

1. The size of the ventilation air stream, variable in time, depends on the variable internal
and external air temperatures and the temperature distribution in the animal hall.

2. In the building with chimney ventilation, although all ventilation ducts have the same
cross sectional area and the same height, the air flow velocity was varied. These differ-
ences result from various air temperatures at the inlet to the duct, but high temperature
corresponds to lower air flow velocity.

3. In the investigated winter season, average air temperature in ducts was lower than the
temperature in the zone where animals stayed.
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4. Difference in the measured and calculated size of the ventilation air stream results from
the wind impact on the efficiency of the ventilation system but the relation is inversely
proportional.

5. The ventilation air stream is dynamic in nature. Therefore, designing the natural ventila-
tion system should use the simulation of the system operation based on the surrounding
conditions, which are variable in time.
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ANALIZA WIELKOSCI STRUMIENIA POWIETRZA
WENTYLACYJNEGO W BUDYNKACH DLA BYDLA

Streszczenie. Analiza dotyczy wielko$ci zmiennego w czasie strumienia powietrza wentylacyjnego
w oborach z wentylacja naturalna. Badania przeprowadzono w dwdch budynkach dla bydta mleczne-
go, jeden posiada kominowe kanatly wywiewne drugi kalenicowa szczeling wentylacyjna. Badania
obejmowaty pomiary zmiennych w czasie temperatur powietrza wewngtrznego i zewngtrznego, tem-
peratur i predkosci przeptywu powietrza w wywiewnych otworach wentylacyjnych oraz predkosé
wiatru. Temperatura oraz predkos¢ przeptywu powietrza w poszczegdlnych kanatach roznity sig
migdzy soba. W okresie zimowym srednia temperatura powietrza w kanatach byta nizsza niz tempe-
ratura powietrza w strefie przebywania zwierzat. Wielko$¢ strumienia powietrza wentylacyjnego
wynikajaca z pomierzonych predkosci przeplywu w kanalach wentylacyjnych poréwnano
z wielkoscia teoretyczna.

Stowa kluczowe: obora, wentylacja naturalna, strumien powietrza wentylacyjnego, mikroklimat
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figuration and the type of nozzles and in the slightest degree on the fan
rotational speed. The smallest share of liquid fell on the edge seg-
ments (< 5.22%) and the largest on the middle ones — 29.33%. The
change in the configuration of nozzles significantly affected the
change in the spray vertical distribution (by the spray displacement
between the 50-cm segments). The greatest changes in vertical distri-
bution of spray — as affected by the nozzle configuration change — was
observed for the sprayer with the horizontal spray emission with
a maximum change in one segment of 14.0% (an average of 7 seg-
ments: 5.38%).

Introduction

Plant protection is effective when the appropriate quantity and uniformity of the plant
protection product is deposited on the sprayed objects. The deposit is influenced by the type
of a sprayer and its working parameters, characteristic of the sprayed plants (size, shape and
density) and weather conditions. Among the parameters associated with a sprayer, the most
important are: the sprayer type, spray volume, driving speed, the droplet size and the dis-
tance between the nozzles and the sprayed trees and their configuration and fitting to the
shape of a tree (Byers et al., 1984; Ferree and Hall, 1980; Godyn et al. 2006). The impact of
the majority of factors mentioned above was studied and the results of that studies and their
analyses are available in numerous scientific publications. Only some trials related to the
angle of nozzle orientation were carried out, among others, by Farooq and Landers (2004).
These authors showed the relationship between the uniformity of the spray deposit in a tree
and the nozzles direction. Furthermore, they pointed to the need to perform such regulation
separately for each side of a sprayer, linking this to the asymmetric distribution of air flow.
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Asymmetry in distribution of the air flow has been also confirmed by Godyn et al. (2009b).
Research carried out in the Research Institute of Horticulture concerned the measurements
of spray vertical distribution as well as individual nozzles distribution (Godyn et al.,
2009a). The authors showed differences in vertical distribution of spray depending on the
place of mounting nozzles in the air-stream.

During studies carried out on vertical distribution of spray for orchard sprayers per-
formed outside the orchard, vertical patternators were used (devices measuring by volume
vertical distribution of spray). The vertical patternators separate droplets from air on the
wall a specific construction designed for this purpose (eg. HERBST patternators — Internet
2) or capture the spray, segment by segment, by means of tray collectors disposed vertically
at some intervals to allow the air flow pass through the trays (eg. AAMS- Salvarani patter-
nators - Internet 1). The first publications on vertical patternators come from the 80’s of the
20th century (Pergher, 2004). There are still some research carried out on new methods of
droplets separation or a different arrangements of collectors (Biocca et al., 2005; Balsari et
al., 2007; Gil and Badiola, 2007; Landers, 2008).

The main practical aim of performing the measurements of vertical distribution of spray
outside the orchard is related to calibration of a sprayer, including the nozzle setting in
order to obtain spray distribution best suited for the sprayed plants. A change in direction of
nozzle settings, which gives the changes in the spray discharge direction, is possible in
most orchard sprayers offered on the market. For deflector sprayers the air deflectors may
be adjustable. A few sprayers have also a limited ability to change the vertical position of
the nozzles. The nozzle configuration may influence the biological efficacy of the plant
protection carried out with such sprayers. Therefore, when the relationship between sprayer
operating parameters together with nozzle configuration and obtained vertical distribution
of spray is known, it will be possible to make recommendations for the users of orchard
sprayers.

Pergher (2004) made trials on fitting the spray emission to the hedgerow vineyard by
proper selection and angling of nozzles of a radial emission sprayer. He investigated three
nozzle settings: factory settings with no regulation, visual adjustment in the orchard per-
formed as matching the nozzles settings to the shape of sprayed plants and adjustment with
the use of a patternator aiming to obtain the vertical distribution of spray closest to the
shape of the outer contour of the sprayed plants. He achieved the best results for the factory
settings or for adjustment in the orchard depending on the nozzles configuration and the
adjustment method. The worst fit has been obtained for adjustment performed on a patter-
nator. In that case the greatest discrepancies at corresponding heights between the amount
of liquid collected at various heights of a patternator and spray deposit on plants were ob-
served.

Objectives and scope

No studies on the effects of different adjustments on the spray quantitative displacement
and changes in vertical distribution of spray in orchard sprayers have been carried out yet.
Therefore, the studies were undertaken to determine the effects of different regulations of
orchard sprayers on spray displacement and quantitative changes in its vertical distribution
measured on the vertical separator of drops. The work included measurements of vertical
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distribution of spray for two different nozzle settings in orchard sprayers with a horizontal
and air directed spray emission system, working with two rotational fan speeds and outfit-
ted with two types of nozzles.

Materials and Methods

The tests were carried out in the Agroengineering Department of Research Institute of
Horticulture in Skierniewice in 2013 year. In the study two sprayers with different air emis-
sion systems and different number of installed nozzles were used. The deflector sprayer
with a horizontal spray emission system and an axial fan (100v Turbo AGROLA) had on
each side 8 nozzles mounted on. A sprayer with a directed air emission system (Tifone
1000) had five individually adjustable air outlets on each side with one nozzle by each
outlet (fig. 1).

i

Figure 1. Sprayers used at the test rigs at the vertical droplet separator
(patternator): horizontal emission system sprayer AGROLA Turbo 100v (left hand) and air
directed emission system sprayer Tifone 1000 (right hand)

The factory installed nozzles were adjusted in two ways. For the sprayer with horizontal
emission it was assumed to spray 3.0 m high trees. Nozzles and air directing blades were
set either horizontally — without matching the emission of spray and air to the shape and
height of a tree canopy (“Horizontal setting”) — or were redirected to match the shape of
a tree (Godyn et al., 2014) (“Matched setting”). The matching adjustment was achieved by
angling the selected nozzles or air directing blades upwards by an angle of approx. 20°. The
setting of nozzles No: 1, 3 and 4 (from the bottom) was changed. For the sprayer with di-
rected air emission system it was assumed to spray 3.5 m high trees. The air outlets were set
in a vertical plane, perpendicular to the direction of the travel/sprayer longitudinal axis
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(Table. 1). Matching sprayers to the tree shape adjustment was achieved by varying the
direction of the air outlets and their location and, in addition to changing the nozzles posi-
tion (see Tab. 1), nozzles 1 and 2 were directed upwards.

Table 1
Locations of nozzles (height from the ground/distance from the patternator) for sprayers
with horizontal and air directed emission systems (cm)

Horizontal emission system Air directed emission system
Nozzle no. Nozzles locations
(from the bottom) Horizontal '

and matched Horizontal Matched
L. 67.0/104.5 86.0/ 100 84.0/119
2. 94.0/106.0 135.0/100 133.5/118
3. 118.0/107.0 181.5/100 183.0/109
4. 140.0/108.3 231.0/100 231.0/108
5. 161.0/109.8 282.0/100 283.0/100
6. 182.0/110.5 X X
7. 204.0/111.0 X X
8. 233.0/100.0 X X

LECHLER nozzles were used in the tests: a standard hollow cone (TR 80-015) or flat
fan air injector compact ones (IDK 90-015) with the nozzle flow rate of 0.83 l'min™ at 0.6
MPa for a horizontal emission sprayer and 1.18 I'min™ at 1.2 MPa for the air directed emis-
sion sprayer. The measurements were done at two fan rotational speeds: 1,400 or 1,800
rpm'min”. In such conditions, the approximate air flow was 29.0 or 37.0 thous. m*h™ for
the horizontal emission sprayer and 13.0 or 16.5 thous. m*h™ for the other one.

The measurements of the spray distribution were made on a vertical separator of drops
(patternator) from Pessl (Austria), with a 10 cm resolution and the range of vertical meas-
urement 20-350 cm. The measuring time of each measurement ranged 20-30 s and was
chosen to collect spray volume not exceeding graduated capacity of measuring cylinders of
a patternator (170 ml). The absolute values in ml read out from each of 33 cylinders scale
corresponded to the quantity of liquid in the 10-centimeter vertical segments. That values
were normalized and expressed as a percentage share of all the liquid collected on a patter-
nator during a single measurement. For further calculations, the values read in five consecu-
tive 10-centimeter segments, were combined to give the liquid share in 50-centimeter seg-
ments. Percentage share of the lowest segment (0-50 cm) was calculated by summing up
the liquid shares in the three lowest segments (20-50 cm) because the measuring zone start-
ed only at 20 cm height. This gave seven 50-centimeter segments, from 0-50 cm to 300-350
cm. For each experimental combination three repetitions were made. A total of 48 meas-
urements of vertical distribution of spray were carried out.
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The vertical distribution of spray liquid was evaluated in order to find the influence of
the experimental factors (nozzle setting, nozzle type and rotational speed of a fan) on the
collected spray share (CSS) and the collected volume change (CVC) in the 50-centimeter
segments, as well as the repeatability of the spray share measurements. For the spray share
collected (CSS) in individual 50-centimeter segments the analysis of variance has been
done and significance of differences between the mean (Duncan test) were rated. Two ana-
lyzes were done — for each of the fan rotational speeds separately (results — Table 2 and 3).
Such a method of analysis was taken due to the possibilities of the statistical software. Fur-
ther analyzes were performed for the parameter “collected volume change” (CVC) due to
difficult assessment of the impact of nozzle configuration and other sprayer parameters on
the magnitude of the collected spray share (CSS) changes in a 50-centimeter segments. The
collected volume change (CVC) was calculated as the absolute value of the difference be-
tween the values of spray share collected (CSS) for “Matched setting” and “Horizontal
setting” (with no change in other parameters). This was followed by statistical evaluation of
the effects of the sprayer parameters (emission system, nozzle type, fan rotational speed and
the segment) on the collected volume change (CVC) in the 50-centimeter segment (results -
Table 4). Since the study did not assume any "optimal distribution", there was no basis for
evaluating the “direction” of changes (getting closer or further from the optimum) due to
regulations made. Repeatability of the measurements of the spray share collected (CSS) in
50-centimeter segments was assessed by calculating the coefficients of variation for repli-
cates (Formula 1).

Sl

CV% =" 100% (1)
X

The statistical analyzes were done using Statistica 7.1. software.

Results

The smallest spray share (CSS) was collected in the extreme segments No. 1 and
7 (£5.22%) and the biggest in the middle ones (No. 3-5) — up to 29.33% (tab. 2 and 3).
Despite the relatively large divergence of the results obtained in the outer segments 1 and
7 (0.00-5.22%), no statically significant differences were observed there, only some trends.
In many middle segments (No. 3-5), the spray share (CSS) exceeded 20% (38 of 48 obser-
vations).

The collected volume change (CVC) depended on the evaluated segment. The biggest
changes were observed in segments 2 and 5 (average: 5.84-5.99%) and the lowest ones in
segments 7 and 1 (respectively 1.23 and 2.42%). Statistical analysis showed a significant
influence of the evaluated parameters of the sprayer on the average collected volume
change. The average values were calculated for 7 segments. The nozzles configuration had
the biggest impact on the magnitude of these changes. When the nozzles configuration has
been changed, on average 3.56% of the total spray volume collected on a patternator was
displaced for each 50-centimeter segment. When the nozzle type has been changed, leaving
other settings unchanged, the average changes were only of 1.81 and as low as 0.88% for
fan rotational speed changes.
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Table 2

Spray share (by volume) collected on PESSL vertical patternator at different heights from
the ground (50-centimeter segments), during the spraying simulation with horizontal and
directed air emission system sprayers depending on nozzle type and configuration at fan
rotational speed: 1400 r-min”.

Spray emission system

Horizontal (AGROLA Turbo 100v) Air directed (Tifone 1000)
Segment no. / Nozzle type and size
Height
above ground TR 80-015 IDK 90-015 TR 80-015 IDK 90-015
Matching of nozzles configuration to the tree shape
Yes No Yes No Yes No Yes No
1/0+50 cm 0.0a 2.1a-c 0.00 a 1.42 ab 2.89 a-c 0.93 ab 522 a-e 1.28 ab

2/50+100 cm 777b-f 2081w 3.77ad 1359f1 11.19e-h 1347f1 12.72f§ 12.88 fk
3/100+150 cm  21.52m-u 2522r-w 11.60ei 25.58sw 22.030-u 24.79r-w 22.720-w 21.820-u
4/150+200 cm 2933w 2581 sw 21.60nu 2742uw 2335p-w 19.89ju 21.51mu 21.68n-u
5/200-250 cm  26.24t-w 1418 fm 1834 h-s 17.77hr 20.17k-u  22.040-u 20.04ju 20.78 l-u
6/250+300cm 143 fn  10.09d-g 9.14c-g 1021d-g 1551 g0 1643h-p 14.09f1 18.71it
7/300+350 cm 0.84 ab 1.8 a-c 22lac  4.01ad 4.86a-e 245a-c 3.69 a-d 2.85a-c
Means in table followed by the same letter do not differ significantly Duncan Multiple Range Test (a=0.05)

Table 3

Spray share (by volume) (%) collected on PESSL vertical patternator at different heights
from the ground (50-centimeter segments), during the spraying simulation with horizontal
and directed air emission system sprayers depending on nozzle type and configuration at
fan rotational speed: 1800 r-min™.

Spray emission system

Horizontal (AGROLA Turbo 100v) Air directed (Tifone 1000)
Segment no. / Nozzle type and size
Height
above ground TR 80-015 IDK 90-015 TR 80-015 IDK 90-015
Matching of nozzles configuration to the tree shape
Yes No Yes No Yes No Yes No
1/0+50 cm 0.00 a 2.10 a-c 0.00 a 1.42 ab 2.89 a-c 0.93 ab 522 a-e 0.99 ab

2/50+100 cm 7.77b-f 20801u 3.77ad 13.59f1 11.19e-h 1447f1 12.72f§ 12.88fk
3/100+150 cm  21.52m-u 2522r-w 11.60ei 2558 s-w 22.030-u 24.79r-w 22.720-w 21.820-u
4/150+200 cm 2933w 2581sw 21.6lnu 2742u-w 2335p-w 19.89j-u 21.51m-u 21.68n-u
5/200-250 cm 2624 t-w 14.18 fm 1834 h-s 17.77hr 20.17k-u 20.04 o-u 20.04j-u 20.78 l-u
6/250+300 cm 1430 fn 10.09d-g 9.14cg 1021d-g 1551go 1643 gp 14.09f1 18.71it
7/300+350 cm 0.84 ab 1.80ac 2.2l a-< 4.01 ad 4.86a-e 245a-c 3.69a-d 2.85ac
Means in table followed by the same letter do not differ significantly, Duncan Multiple Range Test (¢=0.05)
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The significant influence of the spray emission system (sprayer) on the magnitude of
spray vertical distribution changes has been shown. The nozzle configuration and the type
of nozzles significantly influenced the vertical distribution changes with varying intensity,
depending on the type of the spray emission system. The fan rotational speed affected that
at low level for both emission systems, without significant differences between them
(tab. 4).

Table 4 presents the mean and maximum values of the collected volume change in
50-centimeter segments depending on the sprayer type and its working parameters that
were changed. Significantly greater changes in the spray vertical distribution due to nozzle
configuration changes were observed for the sprayer with a horizontal emission system (on
average 5.38, maximum 14.00%) than for the air directed one (on average 1.88, maximum
4.76%).

The nozzle type also influenced the vertical distribution of spray. That means that re-
placing the nozzles to get droplets of different size produced (eg. coarse vs. fine), even
without any change in their arrangement and fan rotational speed, the different vertical
distribution of spray may be obtained. For the horizontal emission sprayer there were ob-
served bigger changes (on average 2.24%, maximum 7.57%) than for the air directed one
(on average of 1.41%, maximum 3.75%). This could mean that the additional adjustment of
nozzles settings could be needed in case of nozzle replacement e.g. in windy weather condi-
tion.

Table 4
Mean and maximum values of collected volume change (%) in 50-centimeter segments
depending on sprayer emission system and its working parameters that were changed.

Emission Changed parameter CVC in 50-centimeter segment (%)
system Mean* Maximum™**
Fan rotational speed 093 a 3.17
Air directed Nozzle type 1.41b 3.75
Nozzle configuration 1.88 ¢ 4.76
Fan rotational speed 0.83a 3.16
Horizontal Nozzle type 224c 7.57
Nozzle configuration 5.38d 14.00

* Average of 7 segments. Means in columns do not differ significantly, Duncan Multiple Range Test (o =0.05)
** Maximum change observed in individual 50-centimeter segment.

The minor changes of spray vertical distribution for the air directed sprayer than for the
horizontal emission are related to the method and the range of the air flow regulation. In the
first sprayer the position in the space of nozzles and air outlets and angling of nozzles were
changed (see tab. 1). The angling of air outlets in both variants was horizontal. In the hori-
zontal emission sprayer the angling of air directing blades was changed together with the
control of nozzles angling (horizontally or 20° upward). The nozzle position in relation to
the sprayer remained unchanged — which was a constructional limitation. The above men-
tioned observation indicates — but indirectly - that there is a greater effect of changes in the
air flow direction than the spray flow direction on the vertical distribution of spray in
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orchard sprayers. This thesis needs to be confirmed by research specifically scheduled for
this purpose.

By adjusting the nozzles settings (matched arrangement) the spray displacement be-
tween the vertical segments has been achieved. In the experiment it was assumed to spray
3.50 m high trees for a horizontal emission sprayer or 3.0 m high trees for the air directed
one. The nozzles were adjusted to fit that dimensions. By adjusting the lower nozzles to
the assumed tree shape it was possible to limit the amount of spray directed to the lowest
0-50 cm segment ("under the crown"), or — in case of a horizontal emission sprayer — to the
upper zone above 300 cm ("above the tree"). Such spray “redirection” should always be
consistent with the tree height and the shape of the sprayed zones.

Statistical analysis showed no effect of the estimated parameters on the variation be-
tween repetitions. Average coefficients of variation (of 7 segments) did not exceed 5.80%
with maximum variation in the middle segments (50-300 cm) 7.66%. Balsari et al. (2007),
by formulating a criterion for assessing the suitability of patternators to measure the vertical
distribution of spray, proposed that the variability between the measurements should not
exceed 10% (coefficient of variation). This means that the measuring method used in the
present studies meets the mentioned requirements. Another issue is to evaluate the useful-
ness of methods using vertical patternators for calibration of the orchard sprayer. The quali-
ty of the fit and the convergence of the vertical distribution of the spray measured on
a patternator with the spray distribution in the sprayed trees was the subject of further anal-
ysis. Its results are presented in a separate publication (Godyn et al., 2014).

Conclusions

1. The vertical distribution of spray depended significantly on the applied spray emission
system, nozzles configuration and the type and in the slightest degree on the sprayers
fan rotational speed.

2. The largest spray share (CSS) was collected in the middle segments of a patternator —
up to 29.33%, and the smallest one in the extreme segments (0.0-5.22%).

3. The change of nozzles configuration significantly affected the change in the spray verti-
cal distribution by the vertical displacement of spray between the 50-centimeter seg-
ments. The biggest collected volume changes (CVC) were observed in segments no. 2
and 5 (5.84-5.99%) and the lowest ones in the extreme segments no. 7 and 1 (respec-
tively 1.23 and 2.42%).

4. The biggest change in the spray vertical distribution due to nozzles configuration
changes were observed for the horizontal emission sprayer (average: 5.38%, maximum
in single segment: 14.0%).

5. The average coefficients of variation between repetitions did not exceed 5.80% with
maximum variation in the middle segments (50-300 cm) 7.66%. This means that the
method meets the criteria of usefulness of patternators to measure the spray vertical dis-
tribution, formulated by Balsari.
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WPLYW KONFIGURACJI ROZPYLACZY W OPRYSKIWACZACH
SADOWNICZYCH NA PIONOWY ROZKEAD CIECZY UZYTKOWEJ

Streszczenie. Celem pracy byto okreslenie wptywu wybranych parametréw roboczych dwoch typow
opryskiwaczy sadowniczych na pionowy rozktad i ilosciowe zmiany rozktadu pionowego cieczy —
wyrazanego jako procentowy udzial cieczy w 50-centymetrowych segmentach. Pomiary prowadzono
na pionowym separatorze kropel. Zakres pracy obejmowal pomiary rozktadu pionowego cieczy dla
dwoch roznych sposobow ustawienia rozpylaczy, dwoch typow rozpylaczy i dwoch predkosci obro-
towych wentylatora. Pionowy rozktad cieczy zalezat istotnie od zastosowanego systemu emisji cie-
czy, konfiguracji rozpylaczy i typu rozpylaczy, a w najmniejszym stopniu od predko$ci obrotowej
wentylatorow opryskiwaczy. Najmniejszy udzial cieczy przypadal na dwa skrajne segmenty
(<5,22%), a najwigkszy na segmenty Srodkowe — 29,33%. Zmiana konfiguracji rozpylaczy istotnie
wplywala na zmiany pionowego rozktadu cieczy poprzez przemieszczenie cieczy migdzy pionowymi
50-centymetrowymi segmentami. Najwigksze zmiany pionowego rozktadu cieczy w wyniku zmiany
konfiguracji rozpylaczy obserwowano dla opryskiwacza o poziomej emisji cieczy — srednio: 5,38%,
maksymalnie w jednym segmencie: 14,0%.

Stowa kluczowe: opryskiwacz sadowniczy, pionowy rozktad cieczy, udziat cieczy, pionowy separa-
tor kropel, paternator
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Introduction

Wind power industry in Poland is more and more popular, and technology used for wind
power generation undergoes quick development. Wind power is environmentally friendly,
and features easy operation, small costs and relatively small negative impact, although
lately lively public debates have followed regarding this last issue. Areas which until now
were considered unfavourable for wind farms due to wind conditions, at present have been
purposed for operation. Well designed wind farms at present technology development ena-
ble to achieve many economical benefits. Yet forecast regarding energy generated by wind
farms actually constitutes a big problem, and therefore more interest is focused on the
methods for wind farm capacity forecast preparation. The wind speed is the main parameter
that has impact on the wind farm capacity. Any error during wind speed assessment in
consequence results in discrepancy of forecasted and actual energy generated by a wind
farm. Actually, it results from the fact that the wind farm power is proportional to the cubed
wind speed. The Energy Law Act determines the framework for the electric energy market
differently than for other energy sources and the precise principles regarding reporting the
wind farm operation plan, laid down in the Transmission System Operation and Mainte-
nance, the balancing mechanism for electric energy sources, enables the correction for
planned electric energy delivery to the grid, not later than 2 hours before hourly period of
generation thereof. Therefore, ultra-short time forecasts covering the period of few hours
are the most crucial for the electricity system operation (Karkoszka, 2010).
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The objective and scope of research

The characteristic feature of a wind farm relates to varied operation conditions, resulting
from wind speed variations. Highly variable electricity generated by a single wind farm
may pose a threat to the electricity system. Therefore, owners of wind farms were obliged
to prepare estimates regarding generated energy. Thus, the purpose of the study was to
verify whether artificial neural networks, and selected linear mathematical models may
provide an effective tool for wind speed forecasting.

Characteristics of measuring data

Data used for preparation of forecasts included measuring data of wind speed, air tem-
perature and atmospheric pressure, recorded every hour, as of 2008-2009, at weather station
close to Zelazna near Skierniewice, collected by Electricity Management Plant SGGW.
Wind speed, V¥, measurements were made with the 4,,,~12 m high mast. Speed readings
were converted into values corresponding to height where wind farm generators were in-
stalled, and these values were specified later on, in the paper, namely #=73 m, with applica-
tion of formula (Scire et al., 2000; Szczygtowski, 2007):

h
V=V, )" (1)
hd

ata

The power factor (of area roughness) was determined empirically for the location where
the measuring data were collected. Figure 1 presents diagram regarding daily distribution of
mean wind speed values recorded every hour, specified for the analyzed period. The distri-
bution was similar to the normal one, with displacement by vector 5.8 m's™' and of the mean
value obtained during midday.

Wind speed (m-s1)

1234567 89101112131415161718192021222324
Daily time (h)

Figure 1. Distribution of average hourly wind speeds, in the period 2008 and 2009
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Wind speeds at particular months of different years that may differ significantly, which
was the case in 2008 and 2009, and Figure 2 presents their daily mean values for subse-
quent months of these years.

Diagram in Figure 2 confirms the strongest wind identified in the late autumn and win-
ter. The average annual wind speed determined for the data obtained at the weather station
at Zelazna, at height 73m was 6.52 m-s™".

Wind speed (ms!)
o (@)} ~
‘_ 7,9
‘_ 7,9
‘_ 59
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of S

Figure 2. Distribution of mean monthly wind speeds, on the basis of accumulated data from
the period of 2008 and 2009

For more precise assessment regarding usefulness of forecasting models, results of fore-
casts were considered for December, a moth that features biggest sudden amplitudes, which
made forecasting more difficult.

All forecasts have been prepared with Statistica software.

Forecasts based on the artificial neural networks (AAN)

Assessment regarding fitness of SSN for preparing wind speed forecasts was based on
the basis of comparative analysis of forecasts in advance of 1, 3, 6, 12 and 24 hours. Fore-
casts were prepared with use of MLP multi-layer perception. Input data set included:

— information on the date of measurement, namely year, month, hour,

— wind speed according to historical data, and its 24 preceding values,

— air temperature according to historical data, and its 24 preceding values,

— atmospheric pressure according to historical data, and its 24 preceding values,

— information on sudden changes of pressure and temperature within a single hour.

Hidden neurons of forecast taking into account pressure and temperature were activated
on the basis of exponential function, whereas an output neuron was activated by sine func-
tion. In case of a forecast that was not based on other input data except of wind speed, hid-
den neurons action was based on logistics function whereas output neuron was activated
with exponential function.
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Verification confirmed that the historical data on the wind speed is crucial for the quali-
ty of a forecast, whereas other information namely on temperature and pressure had little
impact on the forecast quality. Table 1 presents reference historical data for two neural
models that provided best forecasts 1 hour in advance.

Table 1

Assessment of neuron models providing forecasts 1 hour in advance

Model Output data MAE RMSE  Coefficient factor
Learning 1.14 1.52 0.90

MLP 111-8-1 Speed, Pressure, -y idation 1.16 1.57 0.87

Temperature

Test 1.31 1.71 0.89
Learning 1.16 1.55 0.90

MLP 60-18-1 Speed Validation 1.18 1.58 0.86
Test 1.34 1.76 0.88

Diagrams regarding wind speed included in the following drawings relate to the period
of 12 days, whereas the horizontal axis determines the beginning of each next day (Oh) and
afternoon (12h). Figure 3 includes a comparative analysis regarding results of forecasts for
3, 6 and 12 hours in advance against actual values of wind speed.

According to neuron calculations, for forecasts specified on 3 Figure, increase of time
resulted in bigger errors of forecasts. Additionally to deviations’ increase from measured
values, it was evident that values of wind speed forecasts were close to mean value of this
speed.

Forecast by AAN

[\
(=}
>

Ju—
()}

Wind speed (ms!)
=

5
0120120120120 120120120120120120 120 12
Hours of subsequentdays (h)
actual values ~ ----- forecast for 3 hours
— — — - forecast for 6 hours -« forecast for 12 hours

Figure 3. Diagrams of neuron model forecasts 3, 6 and 12 hours in advance, based on
input data including historical data of wind speed, atmospheric pressure, air temperature
and date of measurement

84



Comparative analysis...

Forecasts based on time models

The typical models forecasting the value changing depending on variations, were the
models of time series. The study verified application of Brown’s, Holt’s, Winters’ and
ARIMA models for wind speed forecasting:

Brown’s model finds application, when variability of the forecasted variable is almost
constant, no development follows within time series, and fluctuations of value resulted
from impact of random factors (Cieslak, 2011). The forecast was determined on basis of the
following formula (2):

V=X Ye_q + (1=0)y, " 2

where:
v — value forecasted at a given value of the smoothing factor,
v, — forecast of Y variable value determined for ¢ time,
& — smoothing factor, of values from range (0,1],

According to Brown’s model, the forecast for 1 period in advance was the combination
of model actual past value, and forecast past value. The smoothing factor was determined
on the level of 0.95. Figure 4 presents Brown’s model diagram forecasting wind speed 1
hour in advance:

Brown’s model based forecast

Wind speed (ms!)
S

0120120120120120120120120 120120120 12
Hours of subsequentdays (h)

actual values ~ ----- forecast for 1 hour

Figure 4. Brown’s model based forecast, 1 hour in advance

Although simple, Brown’s model works better than artificial neural networks. Table 2
presents the errors of models that help to assess the quality of forecasts.
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Holt’s model has been applied for forecasting phenomenon when accidental fluctua-
tions follow and evident development trend (Halicka and Winkowski, 2013). In theory, this
model featured more flexibility comparing to Brown’s model, as it had two smoothing
factors. Holt’s linear model based on (3) and (4) equations and forecast (Cieslak, 2011) was
determined with the following formula (5):

Fooy =y, 1+ (1 —a)(F_p +S:-5) 3)
St—l = ﬁ(Ft—l - Ft—Z) + (1 - ﬁ)St—z (4)
Vi =E+ {t —n)S,, (5)

where:
F.1, (F,) — smoothed variable value forecasted for time -1, (n),
Si.1, (S,;) — smoothed value corresponding to trend gain for time ¢-1, (n),
n —number of value within time series,
a, B —smoothing parameters within range (0,1].

Smoothing parameters determined in the work: a=0.95, #=0.05 provided better results.
Forecast based on Holt’s model 1 hour in advance provided forecasts comparable to ones
based on Brown’s model. Observing wind speeds hour after hour, development tendency
was evident that followed most often from 3 to 4 hours. Figure 5 presents forecast diagram
3 hours in advance.

Holt’s model based forecast

Wind speed (ms!)

0120120120120120120120120120120 120 12
Hours of subsequentdays (h)

actual values ~ ----- forecast for 3 hours

Figure 5. Holt’s model based forecast, 3 hours in advance
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The diagram demonstrated evident displacement with reference to actual values, so de-
lay of forecast was evident. Comparative analysis of Holt’s models and artificial neural
networks, 3 hours in advance or more indicated that neural based model was more precise.

Winters’ additive model is preferred, when the seasonal variations, development trend
and accidental variations follow through the series time. Winters’ additive model (Kar-
koszka, 2010) was based on (6)-(8) formulas and forecast computation was based on (9)
formula.

Fiqg =0 (Voq = Coq )t (1-0) * (Fr_ + S:2) (6)
St-1=B(Fmy —F) + (1= B) xS (7
Coo1 =VYWemr = Fe)) + (1 = y)Cey (®)
Ve =FE,+S,(t—n)+C._, 9)
where:
F. — smoothed variable value forecasted for time #-1,
Ci — smoothed seasonality value for time ¢-1,
S — smoothed value corresponding to trend gain for time -1,
r — total seasonal cycle length,

a, B, v — smoothing parameters within range (0,1].

For the needs of Winters’ additive model and purpose of this forecast, the following pa-
rameters: a=0.95, f=0.05, y=0.05 were applied. For example, Figure 6 presents the
results of forecast 1 in advance. The forecast results were similar to the results obtained
with Holt’s model. Winters’ model demonstrated slightly more advantageous MAE average
absolute error and average-square error elements for these models were almost the same.
Almost identical relation follows when comparing errors of forecast 3 hour in advance. It
testified to similar limited usefulness of both Winters’ and Holt’s model for the wind speed
forecasts a few hours in advance.

Results of forecasts were similar to those based on Holt’s model. Winters’ model
demonstrated slightly more advantageous MAE average absolute error and average-square
error elements for these models were almost the same. Almost the same dependency was
evident when comparing errors of forecasts 3 hours in advance. It proves similar limited
usefulness of both Winters’ and Holt’s model for the wind speed forecasts a few hours in
advance.

As Brown’s model worked better comparing to Holt’s model, verification also followed
regarding Winters” model excluding development trend, by applying appropriate correc-
tions to equations — smoothed trend gain calculation was excluded. Forecast 1, 3 and 6 hour
in advance underwent verification. The model excluding development trend provided better
forecast 1 and 3 hours in advance, whereas time over 3 hours in case of Winters’ model
indicated its poor quality comparing to the neural method, what was also confirmed with
error comparative analysis included in table 2.
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Winters’ model based forecast
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actual values ~  ----- forecast for 1 hour

Figure 6. Winters’ additive model based forecast 1 hour in advance

ARMA/ARIMA models considered as ones of the best methods for forecasting of time
series. Application thereof for forecasting includes use at least 60 observations, what in this
case was not a problem, due to a large set of the possessed data. ARIMA model was a com-
bination of auto-regression and moving average structure models. Forecast was prepared
(ARMA and ARIMA models in: Econometrics. Forecasting and simulations; StatSoft, 2006)
using the following formula:

Ve=Po+ Py g +.. APy, e — 0164 —... —04e 4 (10)
where:
Dy, Oy,... Dy, O, Oy,... O —model factors,
p.q —delay;

€, €1, .o — model remaining for time t, t-1, t-q.

ARIMA model (p,d,q)(P,D,Q), taking into account seasonality demonstrated the small-
est errors when forecasting wind speed 1 hour in advance, and Table No. 3 includes errors
of this forecast. The obtained model including seasonality of wind forecast 1 hour in ad-
vance was as follows: ARIMA(2,0,1)(2,0,1), which in brief was ARMA(2,1)(2,1). The
analyzed study the model was applied with p=2 two auto-regression parameters and g=1
moving average one parameter, as well as, in this case, model did not require differentia-
tion, d=0. Forecasting precision with this method in case of long time, similarly to neural
networks resulted in large errors also.
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Summary and conclusions

The purpose for application of data regarding December, namely a month that features
big speeds and sudden wind speed variations was verification regarding quality of forecasts
at the most unstable conditions. In case of summer months, the analyzed forecasts demon-
strated smaller errors than correlation coefficient, and bigger for models generated with the
neural methods. The Table 3 includes summary namely values of errors for all tested fore-

casting methods.

Table 3
Statement of mean errors for considered forecast models
ANN (MLP)
Forecast 1h Ih 3h 6h 12h 24h
time (wind only)
MAE 1.34 1.31 1.68 1.97 2.28 2.54
RMSE 1.76 1.71 2.18 2.56 3.05 3.28
Time series models (linear)
Brown’s Holt’s Winters’ ARIMA
Fprecast With Without trend
time trend
1h 1h 3h 1h 1h 3h 6h 1h
MAE 0.9 0.92 1.69 0.91 0.90 1.59 2.22 0.87
RMSE 1.23 1.25 2.28 1.25 1.23 2.14 2.93 1.19

The results of research provided grounds for the following conclusions:

1. The best results for forecast 1 hour in advance, with smallest MAE absolute mean error

and RMSA average-square error obtained ARIMA model, good results obtained also
Winters’ model without trend and Brown’s model, whereas poor results below the men-
tioned ones obtained neural models.

. Brown’s model was ineffective for longer periods.

. In case of forecasts 3 hours in advance, ARIMA or Winters’ models without trend may
be used also.

. Linear models described in this paper demonstrated big errors when forecasting wind
speed 6 hours in advance and more.

. Applying wind speed data as input data on wind speed neural models from preceding
periods and additionally current air temperature and atmospheric pressure provides for
quality improvement of forecast prepared with this method.

According to this study, the general recommendation is evident that a combined model

can be an effective way to provide a reliable wind speed forecast prepared 24h in advance

Oor more.
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POR(')WN,ANIE MODELI KROTKOOKRESOWYCH PROGNOZ
PREDKOSCI WIATRU DLA SILOWNI WIATROWYCH

Streszczenie. Celem pracy bylo sprawdzenie jako$ci prognozy predkosci wiatru, wykorzystywanej
w planowaniu mocy sitowni wiatrowej, metodami SSN i modelami szeregéw czasowych Browna,
Holta, Wintersa i ARIMA. Poréwnano wyniki prognoz sporzadzonych dla grudnia, miesiaca o naj-
wigkszych zmianach amplitudy predkosci wiatru, sprawdzajac je dla danych z lat 2008-2009. Analiza
wynikoéw wskazuje, ze odpowiedni dobor modeli liniowych i sztucznych sieci neuronowych do hory-
zontu czasowego prognozy predkosci wiatru, moze pozwoli¢ na osiagnigcie dobrych wynikow pro-
gnozowania energii, wytworzonej przez sitownie wiatrowe.

Stowa kluczowe: prognozowanie, predkos¢ wiatru, sitownia wiatrowa
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piggery 2.K™"), windows and doors (UT=1.70 W-m™>K™"). Qualitative detection
new-building of thermal defects with utilization of infrared thermography claimed

thermal properties .. . . .
thermal bridge the most significant thermal bridges on uninsulated socle and flooring,

energy performance steel concrete straining band of the wall, bearing steel roof frames and
infrared thermography window and door frames. The energy efficiency of buildings is signif-
icantly affected by the built structure properties and some structures of
the measured buildings had low thermal insulation and caused high
heat losses.
Introduction

Pig production highly depends on the ambient conditions inside environment of the pig-
gery. For regulation of the inside environment conditions, thermal insulation of external
envelope elements and technical equipment for heating and ventilation are used. This is one
of the reasons of high energy consumption of pig production. (Theodosiou and Papadopou-
los, 2008) state that the European Directive 2002/91/EC on the Energy Performance of
buildings (EPBD) is probably the most important single action towards the improvement of
energy efficiency in the building sector throughout Europe since 1970s when, in the after-
math of the energy crisis, most national building regulations introduced mandatory thermal
insulation requirements. The implementation of the European Directive 2002/91/EC in the
form of national laws by each Member State, gradually leads to the need to adopt advanced
standards, techniques and technologies while designing and constructing new buildings, but
also to apply energy renovation measures in existing ones, in order to comply with the
updated energy efficiency requirements. (Déqué et. al., 2001) state that insulating walls
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represent one of the simplest solutions for decreasing heat losses of the building. However,
although quite obvious in the energy balance, the ever improving insulation implies that the
relative proportion of heat losses by cold bridges in the wall has relative influenced thermal
bridges in the overall heat losses. The other major improvement in the study of thermal
bridges is this recent possibility for engineers to use infrared thermography instruments.
This technique allows visualization of heat losses in situ, at a distance (without contact) at
the scale of the building and without intrusion in the building walls as non-destructive tech-
nique (Zalewski et al., 2010).

Bucklin et al. (1992) states that livestock buildings housing young animals need addi-
tion of heat during cold weather periods. The most significantly heated livestock building,
housing early-weaned piglets is a swine nursery. Autonomic and behavioral thermoregula-
tory mechanisms play important role in the adaptation of the pig to its environment (In-
gram, 1976). Piglets are homeothermic animals and continuously try to keep their body
temperature at 39°C through the thermal exchanges with the surrounding air. (McCracken,
1984) states that for early-weaned piglets, 3-4 weeks old when weaned, housed under real
farm conditions, growth parameters are optimized when temperatures vary between 21°C
and 29°C. For pigs especially in the weaning phase, a critical parameter is room tempera-
ture, which must be maintained around 26°C (Whittemore, 1993). The thermal equilibrium
in the body is achieved through a balance between the metabolic heat production and heat
loss from the body. Pigs heat production has a diurnal rhythm depending on the feed intake
and activity level, and is influenced by the ambient temperature (Henken at al., 1993). Cli-
matic conditions in pig housing, primarily ambient temperature are monitored and automat-
ically adjusted based on the set point temperature. However, the thermal environment is not
only determined by the dry-bulb temperature, but is also influenced by the wet-bulb tem-
perature, radiant temperature and air velocity (Séllvik and Walberg, 1984). If the thermal
environment does not satisfy the current thermal need of the pigs, it can lead to hygiene
(Aarnink et al., 2006) and welfare problems (Hillmann at al., 2004). (Géalik and Karas,
2004) claimed that the difference between the average air temperature in the house and that
of interior wall surfaces is 3.44°C and resulted in the bedewing of circumferential construc-
tion.

The objective of this paper is a qualitative and quantitative characterization of thermal
bridges on the walls of a new -built piggery. In the first step, the proposed methodology
involves an infrared camera employed to locate the thermal bridges on the walls. Experi-
mental part of the paper consists of thermograms of the envelope with their interpretation.
The next step is calculation of the thermal characteristics and heat losses caused by thermal
bridges.

Material and methods

The analyzed piggery is located at Suchohrdly u Miroslavi (lat 48°56°50'N, long
16°22°26"'E) Znojmo region, Czech Republic. This new-building piggery is a part of facili-
ties for livestock production and was built in 2008. Capacity of piggery is designed for 350
sows and 1300 piglets. Piggery has forced ventilation with the electronic system of meas-
urement and regulation, warm-water heating. A continuous winter duct pit ventilation cen-
trifugal fan is integrated with variable speed axial fan to cover the summer ventilation rates.
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The floor is slatted and the slurry collected in the pit underneath is continuously removed
into a farm biogas station. The interior air temperature is maintained between 20-30°C. The
piggery consists of two integrated parts. The building is overall 25.0 m wide, 95.0 m long
and 6.0 m high (exterior sizes). The external walls of the piggery are 40 cm thick (including
plasters) and are made of light clay brick block plastered on both sides. The roof structure
is made of prefabricated steel beams, with a ceiling in large trapezial galvanized steel plates
layered with rock wool (about 16 cm thick). The roof sheeting is made of fibrous concrete.
The inner rooms are divided by brick block walls (30 cm and 12.5 cm in thickness includ-
ing plasters) plastered on both sides. The doors, gates and windows are made of plastic
(PVC) profile with thermal double glazing. The parameters of the doors and gates are —
width 1.10 m, height 2.10 m and width 2.10 m, height 2.10 m. The parameters of the win-
dows are — width 1.00 m, height 1.00 m and 1.50 m.

For this study FLIR E320 thermal infrared camera was used. For thermal imaging
measurement purposes the air temperature, air humidity, distance from the monitored walls
and material emissivity were measured. Determination of material emissivity was per-
formed by creation of measuring points on the materials for thermal analyses. On these
points temperature with using OMEGA HH11 contact thermometer (accuracy of tempera-
ture measurement: £0.1°C) was measured. The most significant prerequisite was to prevent
fluctuation of temperature in the course of time. The afore-mentioned point was also moni-
tored using FLIR E320 thermal camera. In case the temperature values proved to be differ-
ent, the temperature in the thermal camera was calibrated by means of setting up the emis-
sivity value in the user interface of this device. The final emissivity value was determined
at the time when the temperature values on both devices were balanced.

The air temperature and humidity were measured using OMEGA RHS81 thermo-
hygrometer featuring the temperature measurement accuracy of +1°C and humidity meas-
urement accuracy of +4% (at the temperature of 25°C and relative humidity within the
range of 10-90%). The temperature and humidity were measured in the close vicinity of the
thermal camera and measured equipment, and the arithmetic mean was subsequently calcu-
lated on the basis of these values. The reflected temperature was not measured because no
heat sources were in the surroundings, which could influence the measurement. The meas-
urement was performed in cloudy conditions.

The measurement was conducted at a constant distance from the measured objects. The
distance of the camera from the measured objects was determined using Leica DISTO™ A5
laser EDM device (measurement accuracy: + 1.5 mm at a distance between 0.2 and 200 m).
The thermal imaging measurement as such was conducted using FLIR ThermaCAM E320
thermal camera (FOV: 25°). The average temperature of the surface was calculated using
ThermaCAM QuickReport software in which each pixel of the video recording was allocat-
ed to one temperature value. An arithmetic mean was subsequently created on the basis of
all values.

The Standard EN ISO 10211:2007 describes the calculation method for linear thermal
bridges and superficial temperatures.
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If we consider a multi layered construction with a simplified index to represent the total
heat-transfer processes, the total thermal transmittance Ur is given by (EN ISO 6946)
according to the following equation:

1
Up=— (Wm>K") (1)
Ry
where:

Ry — the total thermal resistance (m>K"'-W™)

The total thermal resistance is given by (EN ISO 6946) according to the following equa-
tion:

Ry =R;+R +Ry+..+R,+R, (m>K"'W") (2)

where:

R, — the internal surface resistance (m'z'K'1 'W'l),

R;, R>...R, — the thermal resistance of each layer,

R,. — the external surface resistance (m*-K-W™).

Thermal resistance R for multilayer homogenous building elements is calculated
according to the following equation (EN ISO 6946:2008)

R :% (m>K-Wh) A3)

where:
d - the thickness of layer (m),
) — the thermal conductivity (W-m™-K™).
Total heat losses of object Q were calculated according to the following equation

0=5:(I+q,) (W) @
where:
I — the intensity of grey-body radiation (W-m?),
g, - the heat losses due to convection (W-m?),
S — the outer surface of construction (m™).

Heat losses due to convection were calculated with the use of the convective heat trans-
fer coefficient. This coefficient was determined according to the following equations (Basta
2000): Cihelka

o, =0.48(, —1,)? (Wm™K™") (5)
McAdams
a, =1.78-A"  (Wm™K™) (6)
Hencky-Hottinger
a, =1.67-A%%  (Wm™K") (7)
where:
t; —the temperature of atmosphere out of thermokinetic layer (°C, K),

At — the difference of air temperature and surface temperature (°C, K).
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Then specific heat fluxes were calculated according to the equation
g, =a,(t,~t,) (W-m?) (8)

where:

o; — the convective heat transfer coefficient (W-m>K™),

t;  — the temperature of air (°C, K),

t,  — the temperature of surface (°C, K).

Heat losses due to radiation are calculated with the help of Stefan—Boltzmann law. At
first total intensity of a grey body radiation is calculated. Then the total intensity of an envi-
ronment radiation was subtracted from the total intensity of a grey body radiation.

The equation for calculation of specific heat fluxes due to radiation is following

1=lo-e,-1})-lo-&,-1*) (Wm?) ©)
where:
&, — the emissivity of grey-body,
g — the emissivity of environment
T, - the thermodynamic temperature of grey-body (K),
T, - the thermodynamic temperature of environment (K),
o - the Stefan-Boltzmann constant (W-m=K™).

The boundary conditions for calculation hypotheses are given in Table 1.

Table 1
Boundary conditions used to calculate thermal resistance and thermal transmittance of
the construction

Parameter Symbol Value Unit
External surface thermal resistance R 0.04 m>K-W!
Internal surface thermal resistance Ry 0.13 m>K-W!
Indoor temperature 6, +22 °C
Outdoor temperature SH -15 °C

Results and discussion

This survey aims at thermal defect detection of new-building piggery structures with the
use of the IR thermography system. Boundary conditions of infrared thermography meas-
urement are presented in table 2.

Next part of the paper consist in calculation of the thermal characteristics of the enve-
lope construction (presented in Table 3 and 4) and heat losses caused by thermal bridges
(presented in table 5). Piggery is heated at temperature 20-30°C. Interior relative air hu-
midity is about 75%. Temperature depends on the age group category of animals. First
thermogram represents first part of the south fagade of piggery. Construction of the wall is
from light clay brick with external and internal plaster. This construction has only average
thermal properties (U;=0.470 W-m™>K") but it is not the most problematic part of the con-
struction.
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Table 2
The boundary conditions for evaluation of the infrared thermography survey

% 1
< E ~
>
g £ & i
No. Object ® £ £ _ 3 £3
0. Objec B : £ $E 03 %5
= g Z 2 8 5 @
I ogfo 3. 1F, il
— £ B Z) R=e a 4 =
5T <8< @< A5E =& 2%
Steel concrete straining
1 band of the wall 0.92 -8.8 83 28 40 -2.8
2 Bearing steel roof frame 0.86 -8.7 82 32 215 -49
3 Frame of the window 0.88 -8.8 83 13 0.4 0.8
4 Frame of the door 0.88 -8.8 83 12 0.8 1.2
5 Uninsulated socle 0.95 -8.7 83 24 43 0.5
Table 3
Characteristic thermal properties of the new-building piggery constructions
=
: g I3
T SH g e
. . . Z o O o S
Specification Material of 2 o = é < 3
of the the structure e ] g s Z B %
structure layer 2 3 *;\ 2 884 8 g ;\
£ R = 58 &g
2 B = Z ZEXY ZEE
z =13 8 S£E S£E
Outside Internal plaster 0.015 0.99 2000 0.015 66.66
wall Light clay brick ~ 0.365 0.19 720 1.921 0.52
External plaster ~ 0.020 0.99 2000 0.020 50
Total thermal properties of the structure 2.126 0.47
Required value according to standard CSN 73 0540- - 0.30
2:2011
Flooring Concrete 0.100 1.36 2300 0.074 13.51
Bitumen sheet 0.07 0.21 1400 0.033 30.30
Steel concrete 0.100 1.58 2400 0.063 15.87
Gravel 0.150 0.58 1650 0.259 3.86
Total thermal properties of the structure 0.796 1.356
Required value according to standard CSN 73 0540- - 0.45
2:2011
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Surface temperature of the brick wall is about -5.2°C. As we can see in Figure 1 there is
increased heat flow in socle parts (height 0.7 m) of the structure because socle and founda-
tions are from uninsulated steel concrete and also flooring has no thermal insulation.
A comparable problem with heat transfer over uninsulated foundations is presented in
(Al-Anzi and Krarti, 2004). The warm water floor heating system without thermal insula-
tion of flooring is an unsuitable solution for this structure. The average surface temperature
of the socle is about 0.5°C. Significant detail there is steel concrete straining band of the
wall. It is bearing structure with poor thermal insulation.

This layer (height 0.25 m) is placed under steel roof frame. Next thermal bridge related
to the straining band is the bearing roof frame with external brickwork with insufficient
thermal resistance. This thermal defect of the envelope caused by the bearing steel frames is
similar to the results of (Hoglund and Burstrand, 1998; Juarez et al., 2012; Al-Sanea and
Zedan, 2012). How we can see that there is a layer in the top part of the wall (height 0.5 m),
where apparent heat fluxes are visible. The average surface temperature of the brickwork is
about -4.9°C. The next problematic detail there are the door and window frames mainly at
the pass between the frame and the wall. Probably it is caused by poor thermal parameters
of the frames and unsuitable construction design of this detail. The surface temperature at
the door frame is about 1.2°C. The surface temperature at the window frame is about 0.8°C.
A similar case study of thermal bridges by window framework is presented in (Ben-Nakhi,
2002; Cappelletti et al., 2011). Thermal bridges caused by steel reinforcement of the wall
are presented in (Fukuyo, 2003). Figure 2 and figure 3 represent the second part and the
third part of the south facade of the piggery. As we can see the same situation is with the
existence of thermal bridges in critical structure details. Figure 4 and Figure 5 represent
a west facade (gable wall). Most problematic there is the straining band again. The surface
temperature at the straining band is about — 5.2°C. A socle part of the wall has only 0.2 m
height but has not thermal insulation. Figure 6 and figure 7 (east fagade of piggery) and
figure 8 (north facade of piggery) represent thermograms with similar situation which con-
firm unsuitable solution of structure details.

Figure 1. South facade of piggery (part 1)  Figure 2. South facade of piggery (part 2)
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Figure 5. West fagade of piggery (part 2)  Figure 6. East facade of piggery (part 1)

- - =

Figure 7. East fagade of piggery (part 2) Figure 8. North facade of piggery
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Table 4

Characteristic properties of the new-building piggery structures

< — —
z g £%
Z o3 o 8
Specification g N = é =2~
P Material of the £ .| = 5 S g g7
of the structure layer g g vy g5 g £¥
structure ¥ 2 ,:_; M é; % E’% % E'g
i = —_ —_ S
= =} a S8 J£5
Ceiling Fiber-cement 0.007 0.45 1800 0.016 62.5
roofing
Aeration space 0.040 0.250 1.275 0.160 6.25
PES sheet 0.002 0.16 1400 0.013 76.92
Rock wool
L“tegrated with 0,160 0.0040 100 4.0 0.25
earing steel
frame
PE vapor barrier  0.001 0.35 1470 0.003 33333
PVC board 0.005 0.16 1400 0.031 32.25
Total thermal properties of the structure 4.363 0.229
Required value according to standard CSN 73 0540-2:2011 - 0.24
Original door  py frame 0.075 0.16 1400 - -
Total thermal properties of the structure - 1.70
Required value according to standard CSN 73 0540-2:2011 - 1.50
Original PVC frame (+heat 0.075
window insulating glazing) (0.001) 0.16(0.71) 1400 (2500) ) )

Total thermal properties of the structure

Required value according to standard CSN 73 0540-2:2011

1.70
1.50

Calculation of heat fluxes and heat power of all thermal bridges is presented in the Ta-
ble 5. Coefficient of free convection along vertical walling was calculated according to the
equations developed by three different authors. Coefficient of free convection calculated by
Hencky-Hottinger equation presented the maximal value of the total heat power. Next is the
result of calculation by McAdams and the last is calculation by Cihelka. The calculation of
heat fluxes and heat thermal bridges is approximate. The difference between calculated
values is given by boundary conditions under which equations were determined.
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Table 5.
The calculated values of heat fluxes and heat losses

McAdams Hencky-Hottinger Cihelka
No. Object Heat Heat Heat Heat Heat Heat

Fluxes Losses Fluxes Losses Fluxes Losses
Wm?» W) Wm?) W)  Wm?H) (W)

7.47 298.90 8.50 339.81 2.64 105.44

Steel concrete straining

band of the brickwork
2 Bearing steel roof frame ~ 7.93 170470  9.71  2087.10  5.09  1093.39
3 Frame of the window 8.32 3.33 10.81 4.33 8.66 3.46
4 Frame of the door 8.45 6.76 11.19 8.96 10.26 8.21
5 Uninsulated steel 1371 58937  17.94 77129  9.18 394.83

concrete socle

Conclusion

The energy efficiency of buildings is significantly affected by right structure design.
A farm building for animal production (piggery) is a heated building with high energy con-
sumption. Modern structures have possibility for well technological solutions and energy
performance of a building. Our study confirms that not only modern materials but also well
technological solutions of critical structure details are very important because thermal
bridges cause high heat losses, a risk of condensing of air humidity and mildew growing.
The most problematic are thermal bridges at the uninsulated socle and flooring, the strain-
ing band of the wall, the bearing steel roof frame and the window and door frames. The
results of this paper confirm these claims.
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WPLYW MOSTOW CIEPLNYCH NA WLASCIWOSCI TERMICZNE
KONSTRUCJI NOWYCH BUDYNKOW CHLEWNI

Streszczenie. Chow trzody chlewnej zwiazany jest z wysokim poborem energii, dlatego tez wydaj-
nos¢ energetyczna budynku jest bardzo wazna. Celem niniejszego artykutu jest jakosciowa i ilocio-
wa ocena wlasciwosci cieplnych oraz wystgpowania mostkéw cieplnych w konstrukcji nowo
wybudowanej chlewni. Charakterystyczne wlasciwosci termiczne: $ciany zewngtrznej (UT = 0,470
W-m?K"), podiogi (UT=1,356 W-m>K"), sufitu (UT=0,229 W-m>K") oraz okna i drzwi
(UT=1,70 W-m™>K™").Wyniki potwierdzaja niecodpowiednie whasciwosci termiczne wigkszosci kon-
strukcji. Jakosciowa ocena wad cieplnych z wykorzystaniem termografii w podczerwieni umozliwia
identyfikacjg najbardziej znaczacych mostkow cieplnych, wystgpujacych przede wszystkim na nieizo-
lowanych cokotach i podtogach. Nasze badania potwierdzaja, ze nowoczesne konstrukcje umozliwia-
ja wprowadzanie nowych rozwiazan technicznych oraz technologii, ktére poprawiaja charakterystyki
energetyczne budynkow inwentarskich.

Stowa kluczowe: chlewnia, nowa chlewnia, wlasciwosci termiczne, mostki termiczne, wydajnosé¢
energetyczna, termografia w podczerwieni
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Contemporary research and production activity require searching and
collecting a variety of information, this also applies to issues in the
field of agriculture. Today, the vast majority of resources are available
in a digital form. FAO on the portal of the Agricultural Information
Management Standards presents an AgroTagger, tool for indexing
documents in the field of agriculture, which is designed for the Eng-
lish language. Extraction of knowledge is not very convenient in
languages such as Polish language with a very extensive inflection. In
Polish, the following parts of speech inflect: verbs, nouns, numerals,
adjectives, and pronouns. Proper indexing requires an initial reduction

of grammatical forms, to which the authors have used the dictionary
of the Polish language and have developed a programme of reducing.
Moreover the algorithms for determining weights corresponding to the
validity of the appointments taking into account the prevalence of
terms and their position in the document were developed and imple-
mented.

Introduction

In the modern world information, knowledge and skill of using available resources of
data is significant. Even greater technological possibilities cause that information resources
are growing faster and are at the same time more available, on the other hand modern tech-
nology enables their searching and analysis. We have more and more such information as
research results, description of experiments or sets of statistical data, which are difficult to
be analysed without appropriate technological tools. It may be said that IT systems have
become indispensable in the processes of searching, storing, processing or making
knowledge available; such situation concerns also issues from the field of agriculture. Pres-
ently, publications of articles, research results or results of executed projects are prepared in
an electronic form and Internet is widely applied for their availability. A paper form still
frequently occurs parallel with a digital form, but it may be said that it has become second-
ary. Simultaneously, a reverse process is going on, paper publications prepared many years
ago are digitized in order to facilitate their access. Description and proper classification of
resources, without which searching even with the use of modern tools is difficult and time
consuming, is indispensable.
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Classification of scientific publications is easier, they define key words, they determine
in bibliography references to other publications; however, such information is not always
sufficient. Classification of internet websites or other resources which are weakly described
is slightly more difficult. In such cases, automatic indexation of included information is
useful. It also enables determination of relations between documents through automatic
generation of semantic relations which is useful also for scientific publications. Automatic
indexation is used by popular search engines - robots which are scanning a global network
all the time are a foundation of success of Google company. However, classifications used
in search engines are based on the number of connections between pages and rather me-
chanical indexing of words which occur on these pages. It should be noted that there have
been attempts of semantic description of resources, in particular for web pages, these issues
were presented for example in the paper written by Karwowski (2010). In order to describe
resources, a standard of metadata Dublin Core, of however more general nature, was de-
fined. Presently, one of the newest initiative concerning the Internet is a microdata format
which is a composing part of HTMLS5, onthology prepared for this format is available on
schema.org portal. Creators of search engines, who support the initiative focused on issues,
which are searched for the most often in the Internet: films, concerts etc. This ontology
prepared only in English, does not include concepts related to agriculture, the most close to
agriculture are culinary recipes, which are often searched for by the Internet users. Con-
cepts which enable placing advertisements prevail; scientific papers and resources neces-
sary in learning are not of the most interest for advertisers.

Indexing documents is not a new issue in informatics; it has been frequently related to
the problems of automatic translation of texts. It was dealt with when documents in elec-
tronic form constituted only a margin of informative resources. Presently this issue, in the
times of the Internet gets again an important meaning, analysis of texts and searching for
information is commonly used, for example in the scope of management of knowledge.
Investigation of semantic relations between concepts gets more significance, which allows
the use of automatic concluding methods. Indexing, a more generally extracting knowledge
from documents is difficult in languages which have an extensive inflection. Polish lan-
guage is one of them. The following parts of speech are inflective: verbs, nouns, numerals,
adjectives and pronouns. Moreover, the number of forms is high. Some verbs have even
over one hundred inflectional forms (Stownik Jgzyka Polskiego) formed based on an infini-
tive. Due to extensive inflection, the process of automatic indexing prepared for English
used for Polish generates many "artificial" concepts, which in reality are examples of one
concept. Many scientific papers in agriculture are written in mother tongues. It mainly
results from the fact that papers in this field often refer to many problems specific for each
country. Such situation takes place also in Poland.

The initial objective of this paper was to investigate how to use existing tools to index
texts related to agriculture in Polish. Then, based on specificity of both language as well as
a field, a prototype of author's system for indexing documents, was designed and imple-
mented. The paper presents results of contemporary research and conclusions developed
based on the obtained indexing results.
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Tools for indexation of texts

Issues of information retrieval from text documents, as mentioned above, have been the
object of research in the field of processing a natural language and more up-to-date man-
agement of knowledge for many years. Information retrieval is related to its representation
and manners of storing and access to it. It may be said that the main objective of the system
of information retrieval is "finding material (usually documents), which meets our infor-
mation requirements from among big collections (usually stored in computers)" (Manning
et al., 2008). Indexing a text is a part of the process of information retrieval in a given con-
text. The indexation process is generally the first step of this process, thanks to this process
the system may select and rank documents according to the users' question. The most im-
portant techniques applied at indexing is part of speech tagging and recognition of stems
occurring in inflection (English stemming). Many algorithms of stemming have been devel-
oped. The most popular are: algorithm by Lovins (Lovins, 1968), Paice/Husk (Paice and
Husk, 1990) and Portera (Porter, 1980);an extensive review of literature may be found in
the second chapter (Manning et al., 2008). Majority of methods can be easily used only in
English, thus attempts of adjusting these methods to the Eastern Europe languages, have
been made (Dolamic and Savoy, 2008). On the other hand, recognition of speech parts is
described for example in Manning's paper (2011), on this basis it may be said that presently
in English texts, parts of speech tagging is quite precise. Recently many papers devoted to
the issue of scientific information retrieval and in particular to indexing scientific works,
have been written, they are devoted generally to specific issues (Gupta and Manning,
2011). In order to carry out indexing, the use of existing commercial solutions such as Key
Phrase Extractor by Sematext or service by AlchemyAPI, is possible. In academic designs,
mainly non-commercial solutions or demonstrative solutions are used, such as Translated
Lab Terminology Extraction (http://labs.translated.net/terminology-extraction/) or project
TexLexAn (http://texlexan.sourceforge.net/). Similarly to previously mentioned paper, they
concern English or specific languages, such as Catalan (http://www.uoc.edu/serveilinguistic
/home/index.html). Developing own algorithms specialized for realization of a specific aim
is also possible; research in this field were carried out for Polish (Branny, 2005).

This paper tackles the issue of indexing text in publications on agriculture and more
generally in life sciences. In this field, AgroTagger, which for key words extraction uses
(Thesaurus AGROVOC) as a set of admissible key words, is a very interesting initiative
undertaken by FAO

As a part of this initiative, an internet system was developed in Indian Institute of Tech-
nology Kanpur (moreover, an analogous system is created in cooperation with MIMOS
company; unfortunately both those systems are periodically unavailable). AgroTagger ex-
tracts the most important concepts and presents them in RDF format (fig. 1). Unfortunately,
AgroTagger analyses concepts from English version of thesaurus AGROVAC (AGROVAC
is a multi-language dictionary, includes concepts also in Polish), thus, an abstract of an
article written in English and English words placed in the text are decisive. Figure 1 pre-
sents the result of indexing the article written by professor Jerzy Weres (2010): ,./n-
formatyczny system pozyskiwania danych o geometrii produktow rolniczych na przyktadzie
ziarniaka kukurydzy”, according to the above, the result is not useful for a person who seeks
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information in Polish. FAO cooperates also with University of North Carolina, which in its
tool Hive Indexer enables selection of thesaurus AGROVOC.

- <rdf:RDF xmlns:Tagger="http://agropedialabs.iitk.ac.in/Tagger#"
xmins:rdf="http:/ /www.w3.0rg/1999/02/22-rdf-syntax-ns#">
- <rdf:Description rdf:about="tagger_file12129.pdf">
<Tagger:agrovoc_tagsli>Image processing </Tagger:agrovoc_tagsl>
<Tagger:agrovoc_tags_uril>http://aims.fao.org/agrovoc-term-info?
mytermcode=37359</Tagger:agrovoc_tags_uril>
<Tagger:agrovoc_tags2> Kernels </Tagger:agrovoc_tags2>
<Tagger:agrovoc_tags_uri2>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=25387 </Tagger:agrovoc_tags_uri2>
<Tagger:agrovoc_tags3> Triticum aestivum </Tagger:agrovoc_tags3>
<Tagger:agrovoc_tags_uri3>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=7951 </Tagger:agrovoc_tags_uri3>
<Tagger:agrovoc_tags4> Engines </Tagger:agrovoc_tags4>
<Tagger:agrovoc_tags_uri4>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=4954</Tagger:agrovoc_tags_uri4>
<Tagger:agrovoc_tags5> Wheats </Tagger:agrovoc_tags5>
<Tagger:agrovoc_tags_uriS>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=8373</Tagger:agrovoc_tags_uri5>
<Tagger:agrovoc_tags6> Models </Tagger:agrovoc_tags6>
<Tagger:agrovoc_tags_uri6>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=4881 </Tagger:agrovoc_tags_uri6>
<Tagger:agrovoc_tags7> Wood </Tagger:agrovoc_tags7>
<Tagger:agrovoc_tags_uri7>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=8421</Tagger:agrovoc_tags_uri7>
<Tagger:agrovoc_tags8> Fruit </Tagger:agrovoc_tags8>
<Tagger:agrovoc_tags_uri8>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=3119</Tagger:agrovoc_tags_uri8>
<Tagger:agrovoc_tags9> Processing </Tagger:agrovoc_tags9>
<Tagger:agrovoc_tags_uri9>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=6195</Tagger:agrovoc_tags_uri9>
<Tagger:agrovoc_tags10> Drying </Tagger:agrovoc_tags10>
<Tagger:agrovoc_tags_urilO>http:/ /aims.fao.org/agrovoc-term-info?
mytermcode=2402</Tagger:agrovoc_tags_uril0>
</rdf:Description>
</rdf:RDF>

Figure 1. Example of concepts extracted from article in Polish

This last service is based on KEA tool (keyphrase extraction algorithm),which is free of
charge and allows indexation of resources towards the thesaurus in SKOS format. The
result of indexing is presented on the web site (fig.2). As AgroTagger, Hive-Indexer anal-
yses only concepts from English version of thesaurus AGROVOC, so in practice it con-
cerns the abstract of an article written in English (the results presented in figure 2 concerns
the same article written by Jerzy Weres), according to the above, the result is not useful for
a person who seeks information in Polish.

Authors, with the use of AgroTagger carried out a row of tests and experiments on vari-
ous documents in Polish, both of scientific articles and internet publications. A conclusion
is explicit, although AGROVOC is a multi-language thesaurus, the indexation process is
carried out only in English and in the present form it is is of small usefulness for publica-
tion in Polish. The condition for obtaining a reasonable result (but necessary to be translat-
ed into Polish) is a good abstract and the set of key words in English.

106



Automatic indexing...

= http://hivenescentorg/i O ~ B & X | (= HIVE Web Interface
Plik Edycja Widok Ulubione Narzedzia Pomoc

cing Bl @ I & B 5

- ~ [ d=h v Strona~v Bezpieczenstwov Narzedziav @~ ¢ N H B & O

B s %
£HIVE

Indexing

You can select multiple concepts from the cloud and view in the following formats: SKOS RDF/XML, SKOS N triples, Dublin Core, MARC/XML, and MODS/XML.

Ry — Start Over]

View in multiple formats.

Extracted Concepts Cloud

W AGROVOC . -
Zea mays  Triticum aestivum  Image processing  Kernels

Maize oil Soft wheat Models Maize Wheats Engineering

Figure 2. Result of indexing article in Polish

A prototype of the indexing system of articles in Polish

During the execution of the project on the knowledge management in the Department of
Informatics of the Warsaw University of Life Sciences (N N310 038538 ,Narzedzia
zarzadzania wiedza w produkcji roslinnej” [Tools of knowledge management in plant pro-
duction]) a need to index resources has occurred. Since, the use of AgroTagger has not
given relevant results, it was decided to create the own system. The main requirement was
formulated: indexing papers published in Polish and ultimately profiling indexing to the
subject related to agriculture based on AGROVOC thesaurus. Investigating semantic rela-
tions between publications was an additional requirement. In order to build a base of varie-
ties of words, free Dictionary of Polish Language with open licenses was used, which was
important for authors. This dictionary is being extended all the time. Hobbyists carry for
development and editing of the dictionary similarly to editing, which take place in case of
Wikipedia, but the content is at a relevant high level. Presently it consists of 17,000 defini-
tions and the whole content may be loaded in the text form. A prototype of the indexing
system, was created in the architecture client-server, in the present version of the prototype,
PHP language and the base my SQL were applied. Data base of Polish words was designed,
which includes inflection forms, data from the dictionary were introduced to this base.

In order to store words and their varieties in the local data base a table was created, the
records of which include 5 fields: Identyfikator [Id] — is a main key of the table, Forma
Stownikowa [Dictionary Form] — is a basic form of a word, Forma Odmienna [Inflected
Form] — is one of forms of a word, Cz¢§¢ Mowy [Part of Speech] — includes information
on the part of speech, Czy Odmienny [Whether Inflected — includes information whether it
is an inflected word. It means that the Dictionary Form occurs in many records, whose
number depends on the number of different forms. Table constructed in such a way facili-
tates finding a word stem, in the column Inflected Form, main search is performed, if
a word is in the dictionary then the remaining fields are read out. However, recognition of
the part of speech was a serious problem. For this purpose, number of varieties was ana-
lysed, which is presented in the diagram (fig. 3). The presented diagram helps automatically
to recognize the parts of speech for words placed in the data base. The firs maximum (only
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one form) includes non-inflected parts of speech, the second maximum (x=6) includes
adjectives, the third maximum (x=11) represents nouns, the remaining maxima (x = 23, 38,
57, 77) represent verbs. Unfortunately, these are ambiguous, number of forms of inflection
is not sufficient to recognize the part of speech, some adjectives and nouns have the same
number of inflections. In order to differentiate adjectives from nouns, the ending of the
basic form should be analysed. A similar situation takes place for verbs, but here in practice
number of forms of inflections suffices. The following rules help in differentiation of parts
of speech. If the basic form ends in "i" or "y" and at the same time number of varieties is
bigger than 3 then we deal with an adjective. If the basic form ends in "c" or "¢" and at the
same time number of varieties is bigger than 11 then we deal with a verb. If the number of

varieties is bigger than 4 and at the same time, the end of the word is different than "i", "y",

¢" or "¢" then we deal with a noun.
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Figure 3. Relationship between dictionary form and the number of inflected forms

During indexing of publications on agriculture, new words in the basic form or inflected
appeared. In the specialist language, words, which are not present in the dictionary of
Polish language, which we use, occur. Many of them origins in Latin e.g. names of viruses
or bacteria (many of them is a combination of two or more words). Principles of inflection
of words of foreign origin are generally different than Polish words. Due to complicated
inflection of Polish, similarity of new words with those in the dictionary is checked. For
this purpose, the method based on Hamming distance is used. When a new word occurs the
next word is checked, if it is this next word is not present a new definition is created in the
dictionary and then we check in the auxiliary dictionary whether the words which compose
the new term have already been recorded. If the word is not recorded, it should be checked
whether a stem is already present, if yes, then we add a word as a form of inflection, if not,
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we add a word to the base as a noun. Indexing in our system consists in determination of
the number of times the word appears in the text. In majority of cases, one word corre-
sponds to one concept in the text.

Tests, which have been carried so far, proved that it is possible to divide indexed defini-
tions into two groups: the first group consist in words, which relatively often occur in the
text from 5% to approx. 13%, the second group are words which relatively rarely appear in
the text. On the investigated group of articles from agrosukces.pl portal, it was determined
that papers on the similar subject have the same words which appear in the text the most
frequently. The relation between the most popular noun, verb and the second popular noun,
which can be used to build a word e.g.: "cow" "have" bacteria" was reported. The gathered
data allowed formation of a simple semantic network based on relations between the most
frequently occurring words and constittue a basis for additional research trend presented in
the paper by Wrzeciono and Karwowski (2013).

Conclusion

The indexing system has accepted so far publications in the text form obtained by copy-
ing as a text from web sites or from available scientific articles in doc, pdf, etc. format. The
first tests of a prototype allow conclusion that results are promising; in the Polish texts
isolation of basic terms is possible. Since, research concern subjects related to agriculture
and life sciences, cooperation with thesaurus AGROVOC is a next planned step. The next
step should be preparation of interfaces for reading different formats of publications. Ulti-
mately it is necessary to prepare a body stub of texts designated for systematic testing,
which would enable further improvement of the system.
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AUTOMATYCZNE INDEKSOWANIE ZASOBOW INFORMACYJNYCH
W JEZYKU POLSKIM DOTYCZACYCH ROLNICTWA

Streszczenie. Wspotczesnie dziatalnos¢ badawcza i produkcyjna wymaga wyszukiwania i gromadze-
nia réznorodnych informacji, dotyczy to takze zagadnien z dziedziny rolnictwa. Obecnie wigkszos¢
zasobow dostgpna jest w formie cyfrowej. FAO w ramach portalu Agricultural Information Manage-
ment Standards prezentuje AgroTagger narzedzie do indeksowania dokumentéw z dziedziny rolnic-
twa, ktore przeznaczone jest dla jezyka angielskiego. Ekstrakcja wiedzy jest utrudniona w jgzykach
takich jak jezyk polski, posiadajacych bardzo rozbudowana fleksjg. W jezyku polskim odmienia sig
rzeczowniki, czasowniki, przymiotniki oraz zaimki osobowe. Wlasciwa indeksacja wymaga wstepnej
redukcji form fleksyjnych, wobec czego wykorzystano stownik odmian jezyka polskiego i opracowa-
no program redukujacy. Ponadto opracowano i zaimplementowano algorytmy wyznaczania wag
odpowiadajacych wazno$ci terminéw uwzgledniajace czgsto§¢ wystgpowania termindw i ich pozycje
w dokumencie.

Slowa kluczowe: indeksowanie, integrowanie zrodel informacji, sie¢ semantyczna, zarzadzanie
wiedza

110



Scientific quarterly journal ISNN 1429-7264

Agricultural Engineering
2014: 4(152):111-121

Agricultural
Engineering

Homepage: http://ir.ptir.org

DOL: http://dx.medra.org/10.14654/ir.2014.152.086

IMPACT OF THE MENTAL ACTIVITY TYPE ON THE MENTAL
FATIGUE AND DEGREE OF PHYSIOLOGICAL WORKLOAD'

Pawet Kiefbasa®, Tadeusz Juliszewski, Justyna Rusnak, Krzysztof Pikul

Institute of Machinery Management, Ergonomics and Production Processes
University of Agriculture in Krakow
*Contact details: ul. Balicka 116B, 30-149 Krakéw, e-mail: pawel kielbasa@ur.krakow.pl

ARTICLE INFO ABSTRACT

Article history: The paper is an attempt to determine mutual relations between the
Received: October 2014 length and type of activity related to intellectual work and the degree
Received in the revised form: of mental fatigue and the heart rate reserve. The tests were carried out
Novemrer 2014 on the group of 25 persons, who through realization of particular

Accepted: December 2014 training stages concerning operation of modern farm tractors through

special logical tests and measurement of the heart rate generated

Keywords: information on the mental fatigue and stress during the experiment. It
mental fatigue was found out that along with the increase of the duration of intellec-
ergonomic

tual work, the time necessary for accomplishing a logical task and
number of mistakes increases. It was also reported that with each test
of a similar logical structure, the stress factor decreased and the pro-
cess of learning took place in case of learning persons. Thus, during
the last measurement, the investigated group obtained relatively better
results than in the previous test.

rate
intellectual work

Introduction

Work is a significant factor of human development and an organizing element which
consumes approx. 66% of the adult life (Wroblewska, 2004). Traditionally, two types of
work are distinguished. The first one is the work of muscles — occupational physiology
deals with this issue and the intellectual work — defined by the occupational psychology
(Olszewski, 1997). The intellectual work focuses on taking decisions based on external
information (exteroceptive) and internal (prioceptive). Thus, in the analysis of the human-
work system, the intellectual work focuses on the first two stages of the process: reception
of information and its processing and decision taking. Whereas the third stage — performing
an activity- is an element of mainly physical work (Olszewski, 1997). The trend in favour
of increasing the role of the intellectual load and in consequence the impact on the produc-
tion process also relates to widely understood agriculture, where the degree of technical and
technological complexity forces out automation and robotization of activities and human
roles comes down to the operator- programmer role.

1 The paper was written as a part of the statutory research
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Awareness of the effects of undertaking an improper decision intensifies stress increas-
ing the burdening of the nervous system. The degree of the aptitude for learning how to
operate technical means by operators with the use of the user's manual becomes very im-
portant and influences directly the safety and efficiency of work (Juliszewski et al., 2013).
No compatibility of interfaces of machines which carry out the same technological function
intensifies the mental fatigue and in consequence possibility of making a mistake.
Juliszewski et al. (2010; 2012) tested a number of computer onboard interfaces of machines
and farm tractors and procedures of starting the selected functions observing many times
the lack of logical relations between them in tractors and machines of other makes. Accord-
ing to Ztowodzki et al. (2011) loading with information results not only from its amount but
also from the necessity of knowing many sequences and proper information decoding. An
algorithm for operating various machines and thus other various signalling devices by rela-
tively short time during a year is a specific feature of work in agriculture (Juliszewski,
2008a). Technical progress caused intensification of agricultural work and increase of the
degree of complexity of agricultural machines and devices. The problem of operation and
supervision of the units operation appeared, which is related to the necessity of having
proper knowledge and qualifications by farmers. Research proved that farmers with a high
stress index were more accident-prone by 65% more than farmers, who were more stress-
resistant (fig.1). It was also proved, that such stressful events as farm debts, financial prob-
lems influence the increase in the accident rate (Ciez, 2008).

Average ) Low
37% ' 45%

\

source; PIP (2013)
Figure 1. The level of stress causing factor of work in agriculture

Estimations show that every four employee in the European Union experiences intellec-
tual workload and 50-60% of sick absentecism is related therewith. Stress is at the second
position (after muscular and skeleton ailments) among the most often health problems re-
lated to professional work (PIP, 2012). As a part of operations included in the programme,
a PIP inspector [Polish State Work Inspection Office] evaluated stress causing properties of
work in 289 establishments for the total number of 1012 various work stations. It was found
out that 40% of stations is burdened with low level of stress causing features of work, also
40% with the average level of stress causing factor and 20% with high (PIP, 2007).
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Objective, scope and methodology of work

The objective of the paper was to determine the impact of the length and type of activity
related to intellectual work on the mental tiredness of a man and their relationship with the
heart rate reserve. The scope of work included the tests on the mental fatigue with the
mathematical tests and physical load method with the use of HRR. The experiment was
carried out on the group of 25 people with similar intellectual abilities and the degree of
knowledge advancement in the scope of technique and technology applied in agriculture. In
order to force out mental fatigue, user's manuals for Fendt factors 930 Vario and John
Deere series 8320 were used. They were being read (analysed) by the tested people for 30
minutes and then they answered control questions which verified the degree of knowledge
on the operation of the said tractors. This cycle was repeated three times. Initially the ques-
tions concerned the basic functions of controlling tractors and then practical identification
of sub-assemblies and procedures, with which they were acquainted during the analysis of
the user's manual.

Before the experiment the tested persons solved logical tasks with the use of the "tester"”
program (Juliszewski, 2008b). The test assumes that the number of mistakes and the dura-
tion of the test are related to the level of the mental fatigue: the bigger fatigue the higher
number of mistakes and the longer time of calculations. The test consists of 50 calculations
of differences from randomly generated numbers or figures. The result of operations is also
a one-figure value (from 0 to 9), which is introduced to the computer with the use of a nu-
meric keypad. The number of tasks was 50 and the time interval was not limited, at the
same time the number of heart contractions of particular persons was measured with the use
of the following measuring devices: POLAR S-810™ and Omron M3 manometer. Then,
the heart rate reserve index was calculated (Groborz et al., 2005) defining the degree of
physiological load with the use of Buchberger scale (1984). The measurement of the above-
mentioned value was carried out four times i.e.:

— a standard measurement was carried out before the experiment in order to determine the
reference point for relative measurements and to determine variability of experimental
population on account of the tested properties,

— the measurement after the first stage of fatigue was carried out after the experimental
population had read the selected fragments of the user's manual and answered questions
checking their knowledge,

— the measurement after the second stage of fatigue was carried out after practical realiza-
tion of identification of sub-assemblies and procedures acquainted with during the anal-
ysis of the user's manual.

— the measurement after the third stage of fatigue carried out after the problem task on the
analysis of the user's manual was accomplished.

Research results

In case of the first measurement (standard measurement) which constitutes the output
data base, which were considered as the standard data, it was found out that the average
time necessary to provide an answer (fig.2) was 1.87 seconds and characterized with
a high coefficient of variation which was approx. 64%. High variation could have resulted
from varied skills of the tested persons in functioning in the stressful situation, but it could
not have resulted from a varied level of education.
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Time to solve the tasks (s)

M afterthe M afterthe M after the

first stage of fatigue second stage of fatigue third stage of fatigue

Logical task of specified stages

Figure 2. Time necessary to accomplish a single logical task at particular stages of
the experiment

When analysing the time spent on accomplishing a single logical task after the first
stage of the experiment, i.e.: "the experimental population had acquainted with the selected
fragments of the user's manual and took the test" it was determined that the time necessary
to take the logical test was not extended. Answering a single logical task in case of the
measurement carried out after the second stage of fatigue was the longest and it was as
much as 3.2 seconds (fig. 2), i.e. "carried out after a practical identification of sub-
assemblies and procedures acquainted with during the analysis of the user's manual, as-
sessed with points". It should be emphasised that is was 1.72 times longer than the time
necessary to accomplish a single logical task in case of the standard measurement. When
analysing the last measurement (attempt after the third stage of fatigue), it was determined
that the time necessary to accomplish a single logical task was 0.94 seconds lower in com-
parison to the time reported after the second stage of fatigue and it was 2.28 seconds. One
should pay attention to the high coefficient of variation, which in case of the measurement
after the third stage of fatigue was over 67%, which proves a considerable individualization
of the level of fatigue within the experimental group. Information stating that despite a long
time of mental fatigue, the time necessary to accomplish a logical task was relatively short-
er, which seems to be alogical, should not be omitted. However, taking into consideration
that ability to accomplish specific type of logical tasks could be learned and accustoming
the experimental population to a given procedure, the obtained result may be assumed as
correct. Figure 3 presents the scope of variation of the time of answering particular logical
questions.

In order to determine statistically significant difference between the length of time for
accomplishing a single logical task after listed stages of the experiment the analysis of
variance with the test of differences significance was carried out (table 1).
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Figure 3. Diversification of the time required to accomplish a single logical task including
a standard mean error

Table 1
The results of Tukey's test for testing statistical significance of differences in the time
required for accomplishing a single logical task between particular stages of mental fatigue

Stages of experiment A B C D
Standard measurement (A) X X X X
Measurement after the first stage of fatigue (B) e X X X
Measurement after the second stage of fatigue (C) * * X X
Measurement after the third stage of fatigue (C) * * * X

* statistically significant difference
--- - no differences

As much as 5 statistically significant differences in the mean values of the analysed pa-
rameter out of six possible were reported. No statistically significant differences were re-
ported (table 1) only between the time needed to give an answer in case of the standard
sample "A" and the test carried out after the first stage of fatigue "B". No difference may
result from a small initial fatigue.

In case of the standard measurement, which constituted the output data base, it was
reported that average frequency of heart contractions during the test was 71.6 ud'min™ at
low, because only 11.6% coefficient of variation. The highest value of rate, namely 81.3
ud'min” was reported after the first stage of fatigue "B" (fig. 4) i.e. after the part checking
the group’s participants’ knowledge on sub-assemblies and procedures included in the
analysed user's manuals of tractors. It should be emphasised that the the difference of the
reported rate values in comparison to the standard measurement was 9.7 ud-min™".

Increase in the frequency of heart contractions after the first stage of fatigue may be jus-
tified with a stress causing factor, namely the test. When analysing the following heart rate
measurements, that is after the second and the third stage of fatigue (measurements "C" and
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"D") a downward trend of the heart rate during the test (logical one) was reported. It should
be mentioned that the next stages of the experiment were more practical in nature and the
logical test does not constitute a novelty, which could have resulted in the decrease of the
stress causing factor. Thus, a relative normalization of the frequency of heart contractions
was reported. Despite this, the heart rate value in the "C" and "D" measurement was at the
level which was higher than in case of the standard measurement and after the third stage of
fatigue it was 75.4 ud-min”'. Figure 5 presents the scope of the variability of heart contrac-
tions during the test at particular stages of the experiment.

Number of heart contractions (ud/min)

Standard \

1 after the ! afterthe M after the
first stage of fatigue second stage of fatigue third stage of fatigue

Logical task of specified stages

Figure 4. Number of heart contractions during the test at particular stages of experiment

84

O Mean
[[JMeanzStandard error

" i T Meanz1,96"Standard error

80
78

,6 Do

74

==

70

Heart rate (ud/min)

A B C D

Measurement

Figure 5. Diversification of the number of heart contractions during the test including
the standard mean error
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As much as 5 statistically significant differences in the mean values of the analysed pa-
rameter out of six possible were reported (table 2). No statistically significant differences
were reported only between the number of heart rate contractions in case of the test after
the second stage of fatigue "C" and the test carried out after the third stage of fatigue "D".

Table 2

The results of Tukey's test for testing statistical significance of differences of the number of
heart contractions between particular stages of mental fatigue

Stages of experiment

Standard measurement (A)

Measurement after the first stage of fatigue (B)
Measurement after the second stage of fatigue (C)
Measurement after the third stage of fatigue (C) ~ * % e
* statistically significant difference

--- - no differences

% % % M|
* % 4 MW
XX R|O
XX < XD

When analysing the number of mistakes made in the logical test, it was reported that in
case of the first measurement (standard measurement) a percentage coefficient of the num-
ber of mistakes in the logical test (fig.6) was 1.8%.

Coefficient of the number of mistakes (%)

Standard M afterthe M afterthe M after the
first stage of fatigue second stage of fatigue third stage of fatigue

Logical task of specified stages

Figure 6. Percentage coefficient of the number of mistakes made in the logical test at par-
ticular stages of the experiment

The highest number of mistakes, which was 5.6% was registered in case of the meas-
urement after the second stage of fatigue "C" that is after the part concerning the identifica-
tion of sub-assemblies and procedures acquainted with during the analysis of the user's
manual. It was determined that the value reported in the "C" test is over three times higher
than the value reported in the standard test. After the analysis of the results of the last test
"D" (measurement after the third stage of fatigue) it was determined that the number of
mistakes was 4.2% and was by 1.4% lower than the number of mistakes made in the logi-
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cal test taken after the second stage of fatigue. When observing the trend of the number of
mistakes made in the logical test, one may notice, that their number increased at the stages
"A", "B", "C" which is justified with the growing mental fatigue, whereas it decreases at the
stage of the "D" measurement. Growing mental load should generate the highets level of
mistakes in the test, which was obtained after the third stage of fatigue. However, taking
into consideration that ability to accomplish specific type of logical tasks could be learned
and accustoming the experimental group with a procedure, the obtained result may be as-
sumed as correct. Figure 7 presents the scope of the variability of the number of mistakes
made in the logical test.

0,09

O Mean
[[IMeanzStandard error

0,08
! T Meanz1,96*Standard error
0,07

0,06

S

003 T L L

0,02

0,01 L

0,00

Coefficient of incorrect answers
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Figure 7. Variability of the number of mistakes in the logical test including the standard
mean error

Only one statistically significant difference in the mean values of the analysed parame-
ter out of six possible was reported (table 3). This difference appeared between the number
of mistakes made in the standard sample "A" and the sample carried out after the second
stage of fatigue. In the remaining cases no statistically significant differences were report-
ed.

Table 3
The results of Tukey's test for testing statistical significance of differences of the mistakes
made in the logical test between particular stages of mental fatigue

Stages of experiment A B C D
Standard measurement (A) X X X X
Measurement after the first stage of fatigue (B) - X X X
Measurement after the second stage of fatigue (C) * - X X
Measurement after the third stage of fatigue (C) — — — X

* statistically significant difference
--- - no differences
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In case of the index of using the heart rate reserve in the first measurement "A", which
constitutes the output data base considered as standard, it was reported that the index of
using the heart rate reserve (fig. 8) was 11.6% at the coefficient of variation which was
50.8%.

Heart rate reserve (%)

Standard M afterthe M afterthe M after the

first stage of fatigue second stage of fatigue third stage of fatigue

Logical task of specified stages

Figure 8. The index of heart rare reserve at particular stages of the experiment

The highest because 18.4% index of using the heart rate reserve was reported after the
first stage of fatigue "B" i.e. after the part verifying the knowledge of the experimental
group on sub-assemblies and procedures included in the tractors user's manual analysed for
30 minutes. It should be emphasised that it was a value 1.59 times higher than the heart rate
reserve index which was reported at the standard measurement. Taking into consideration
mean values of the heart rate reserve for subsequent stages of the experiment, a classifica-
tion of the effort can be made. However, the index of using a heart rate reserve in any case
does not exceed 25%, thus the level of burdening with work may be classified as very low.
Five statistically significant differences in the mean values of the analysed parameter out of
six possible were reported (table 4).

Table 4

The results of Tukey's test for testing statistical significance of differences of the heart rate
reserve between particular stages of mental fatigue

Stages of experiment A B C D
Standard measurement (A) X X X X
Measurement after the first stage of fatigue (B) * X X X
Measurement after the second stage of fatigue (C) * * X X
Measurement after the third stage of fatigue (C) * * - X

* statistically significant error
--- - no differences
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No statistically significant differences were reported only between the value of the heart
rate reserve in case of the test after the second stage of fatigue "C" and the test carried out
after the third stage of fatigue "D".

Conclusion

It was reported that along with the increase of the mental fatigue, time necessary to ac-
complish a single logical task increases. A possible decrease of the absolute time necessary
to accomplish a task may result from the process of learning how to answer specific logical
tasks and accustoming the tested persons with the procedures. It was proved that the factor
which causes the highest increase in the number of heart contractions is mainly stress
caused by a quantity control of the possibility of learning given units in the set time inter-
val. While, the highest number of mistakes was reported after the practical part of the ex-
periment, which proves that real use of knowledge in practice generates the highest mental
fatigue of a body.
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WPLYW RODZAJU CZYNNOSCI UMYSLOWEJ
NA ZMECZENIE PSYCHICZNE
I STOPIEN OBCIAZENIA FIZJOLOGICZNEGO PRACA

Streszczenie. W pracy podjgto probg okreslenia wzajemnych relacji migdzy dtugoscia i rodzajem
czynno$ci zwiazanej z pracq umystowa a stopniem znuzenia psychicznego i wskaznikiem rezerwy
tetna. Badania przeprowadzono na grupie 25 osdb, ktdre realizujac poszczegolne etapy procesu szko-
lenia dotyczacego obstugi wspotczesnych ciagnikow rolniczych poprzez specjalne testy logiczne
i pomiar tgtna generowatly informacjg dotyczaca zmeczenia psychicznego i wystgpujacego w czasie
eksperymentu stresu. Stwierdzono ze wraz ze wzrostem dlugosci pracy umystowej zwigksza sig czas
potrzebny do wykonania zadania logicznego i liczba popelnianych blgdow. Zaobserwowano rowniez,
ze z kazdym nastgpnym testem o podobnej konstrukcji logicznej zmniejszat sig¢ czynnik stresu oraz
nastgpowal proces uczenia si¢ badanych osob, dlatego w czasie ostatniego pomiaru badana grupa
uzyskata relatywnie lepsze wyniki niz w teScie wykonanym wczesnie;.

Stowa kluczowe: znuzenie psychiczne, ergonomia, tgtno, praca umystowa
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system of a man on his/her health. Using the "OWAS" method (Ovako
Working Posture Analysis System) the size and structure of loading of
the workers' musculoskeletal system was determined. It was reported
that on all work stations, which constituted the subject of the research,
the 1st category of evaluation, where loading with the statical work
was average but acceptable, prevailed.

Introduction

The assessment of the risk related to impairment of the musculoskeletal system, which
results from performance of professional activities was the object of the research carried out
by a number of authors and concerned in principle each production activity of a human.
Roman-Liu (2008) based on the analysis of the exposure to musculoskeletal disorders in the
EU countries, stated that occurrence of tiring and painful body positions mainly concerns
persons within the age of 40-50 and focuses mainly on three sectors of economy i.e. agri-
culture and fishery and the construction industry. Other research prove that over 62% of
employees is exposed for at least 25% of the working time to performance of repeatable
motions of arms and hands (Parent-Thirion et al., 2007). It is relatively easy to estimate
loading of the motor system through a visual observation of the body position at work and
measurement of the time of the employee's stay in a particular position with the OWAS
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method (Ovako Working Posture Analysis System). Suitable tables, which classify the body
position of a man at work, were developed (Corlet et al., 1979). With the use of the OWAS
method (Karhu et al., 1986; Kivi et al., 1991) carried out the quantity analysis of the stand-
ard positions, taken during work, with the use of the external forces values. Roman-Liu et
al. (2010) carried out the research of the following work stations with the "OWAS" method:
a renovator of ventilating trunks and a work station responsible for maintenance of a heat-
ing substation , Groborz et al. (2005) used, inter alia, the OWAS method for estimation of
loading employees, working at the poultry farm, with work and the obtained results were
similar to the results obtained with the HRR ratio method (the heart rate reserve ratio). The
same method was used by Kai Way Li et al. (1999) and Tzu-Hsien Lee et al. (2013) for
assessment of loading the musculoskeletal system during the construction works. Kietbasa
et al. (2008) determined postural load of milkers working at the mechanical milking of
cows. Undoubtedly, geometry of the working station, which many times forces position of
a worker during manipulation activities, is significant. Muscular pains may cause that in-
voluntary changes of the body position disturb coordination of a posture, which increases
the risk and possibility of error during operation of a machine. It is significant in the pro-
cess of the quality management (Korenko, 2014). This unsatisfactory state of affairs may be
intensified by economic factors, which result in adapting non-production buildings for such
purposes. Thus, carrying out the research with this regard and optimization of work stations
on account of minimization of threats for the musculoskeletal system of a man seems to be
justified.

Purpose, scope and methodology of research

The objective of the paper was to determine the size and structure of the static load of
workers at the particular work stations during realization of the geotextile production pro-
cess and its impact on the musculoskeletal system of the examined persons.

The object of the research was the system in the form of a man - a work station. In this
case five working stations were analysed (operation of a carding machine, a textile machine
line, a needling machine, a cutter, a packing machine. The scope of the research covered
preparation of the time study of the working time for three workers operating on each of
five investigated working stations, which constituted a technological line. Moreover, after
a degree of loading the musculoskeletal system of the examined workers was determined,
activities, which are particularly dangerous from the point of view of possible lesions, were
selected and those, at which an improper postural system follows mainly from the workers'
subjective habits, were indicated. A technological characteristic of the said working stations
and machines, which comprise a technological line of geotextile production, was presented
in the publication on the acoustic environment of the said production process — Kietbasa et
al. (2013). The tests were carried out in PCPW Eko-Karpaty where the time study of
a working day of employees on the work stations, which comprise the technological line of
geotextile production, were carried out with the film method. A full cycle of work, per-
formed by workers, who operate particular machines of a production line, was registered.
Based on the post-frame analysis (each second of the film was analysed) activities were
selected including variability of the taken bodily positions, pressed forces and time of their
performance. A picture of a work day was carried out with the use of a digital camera Sony
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DCR-PC1000E at the speed of 24 expositions per second. With the use of a computer pro-
gram based on the algorithm of the OWAS method (Ovako Working Posture Analysis Sys-
tem) the quantity analysis of the standard positions taken during work, including external
forces values, was carried out. The OWAS method enables classification of the body posi-
tion and the external loading values. Digits, which describe component back, shoulders and
legs positions, form the work position code. Based on the position code, a particular work
position was qualified to one out of four categories of the assessment. Whereas, after in-
cluding the accumulative time of maintaining this position during technological activities
performed by a worker and frequency of changes, loading of the musculoskeletal system
was qualified as: small, average or big (Kietbasa et al., 2008). Recommendations concern-
ing revision of the actual state resulted from the degree of loading of the musculoskeletal
system.

Analysis of the research results

A prevailing body position, taken by the tested workers, who operated the initial stage
of geotextile production (fig. 1) i.e. a work station for operation of a carding machine
(Kielbasa et al., 2013), acc. to the classification of the "OWAS" method, was characterized
with the fact that a worker for 75.4% of the shift time had straight back at the relatively low
coefficient of variability, which was approx. 5.5%.
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Figure 1. The time structure of maintaining a particular position during a work shift at the
station operating a carding machine

Taking into consideration the most unfavourable back position for a man from the point
of view of possible lesions, that is, a bent and twisted back, at the said work station such
position was maintained only for 2.1% of the total working time. Attention should be paid
to a high coefficient of variation, which exceeds 21%, which may prove a significant im-
pact of the individual technique of performing activities by the investigated workers on the
postural system. Analysing the position of forearms during operation of a carding machine,
it was determined that a position, in which both arms are below the elbow joint constituted
76.6% of the total working time and was characterized with a low coefficient of variance,
which was only 7%. In case of the position of legs of the investigated workers, a position in
which both legs were straight (46.1% of the working time) was prevailing at the coefficient
of variance of 2.9%. Weight of the lifted material in 96.6% did not exceed 10 kilo. Taking
into consideration combination of the listed human body parts, described in the used meth-
od with four digits, it was stated that in the working time structure, an employee took
a position described with the code "1121". Whereas, loading of the musculoskeletal system
was classified to the 1st category of the assessment. In case of the 2nd category of assessing
the load, the worker's position could be described the most frequently with the code "2121"
(bent back, both forearms below the elbow joint, working in a standing position with
straight legs). Moreover, at the analysed work station, 3 different codes of the body posi-
tion, comprising the 3rd category of loading with the static work as well as 2 codes of the
body positions comprising the 4th category of assessing the load were reported. However,
their participation in the employee's working time structure was marginal. In the structure
of operation of a carding machine, 7 groups of activities were selected, out of which the
control of the machine, which constituted approx. 59% of the working time had the highest
participation, including two categories of assessing the load, i.e.: The 1st category and the
2nd category constituting respectively 47.4% and 12.3% of the shift time of the listed cate-
gories. Activities related to the process of including a carding machine were the shortest,
that is only approx. 3% of the employee's working time.

Generally, as much as 73.8% of the working time at the operation of a carding machine
was classified to the 1st category of loading of the musculoskeletal system (fig. 2). In case
of the 2nd category, its participation in the working time structure constituted 21.5% and
the 3rd category only 4.5%. Whereas, the most unfavourable category, from the point of
view of a worker, that is the 4th category constituted only 0.3% in the working time structure.
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Figure 2. The structure of the category of loading at the station operating a carding

machine

During the second stage of the technological process of geotextile production (operation

of a technological line), a worker maintained a straight position of his back for 78.8% of the
working time and the coefficient of variance was 39.9% (fig.3).
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Figure 3. The time structure of maintaining a given position during a work shift at
the station operating a textile machine line
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When analysing the worker's forearms position, it was reported that over 63% of the
working time both forearms were below and 20.4% were above the elbow joint. It should
be emphasized that there was a considerable variability in the above mentioned value be-
tween the tested persons (the coefficient of variability was within 33.7-44.3%) which may
prove considerable individualization of the manner of performing the activity.

Work consisting in operation of the technological line required from a worker constant
walking for 32.4% of the working time, whereas the sitting position could be maintained
only for 13.6% of the shift. A coefficient of variance, which is 19.7% in case of the "walk-
ing" activity, should be emphasized. It proves that in case of a relevant arrangement of
work, time for this activity could be lowered. This statement does not refer to the kneeling
position, which in the working time structure was 3.9% and was characterized with approx.
4% coefficient of variance. It was reported that in case of the 1st category of loading with
the static work, the body position described with the code "1171" appeared. This code
meant that a worker was walking with his back straight, he kept his forearms below the
elbow joint and the weight of the carried material did not exceed 10 kilo. Whereas, among
positions belonging to the 2nd category of the static load the position described with the
code "2131" prevailed (it constituted 5.8% of the working time), which meant that the em-
ployee had his back bent, both forearms were below the elbow joint, he was working in the
standing position with one leg straight and the weight of the handled material similarly to
the previous case did not exceed 10 kilo. In the 3rd category of loading, the position, which
was maintained for the longest time (1.4% during a shift) was defined with the "2141"
code, which stands for the bent back, forearms below the elbow joint, a standing position
with bent legs.

It was reported that the most time-consuming activities, performed by a worker who op-
erated a textile machine line was control of the machine operation — 35.9% (fig.4) and
batching of polyester fibres to the feeder — 28.9% of the working time. Carrying bales with
non-woven fabric was the shortest activity — it took 1.8% of the working time.

During each of the performed activities at the analysed station, the Ist category of the
static load prevailed — 79.71% of the working time. The activity consisting in cutting out
the non-woven fabric samples was an exception, which was almost entirely classified as the
3rd category of assessing loading with the static work. Taking into consideration the time of
maintaining one position, the static load was at the average level.
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Figure 4. The structure of the loading categories during performance of activities at the
Station operating a textile machine line

During operation of the needling machine, which is the third stage of geotextile produc-
tion, the most popular back position of workers, who carry out the technological process, is
a straight back, which constitutes 66% of the shift (fig. 5).

It was stated that in the working time structure as much as 76.9% both forearms were
below the elbow joint. The examined workers carried out their activities mainly (44.8% of
the work shift time) in the standing position with straight legs. High variability in case of
the back position, which was twisted, should be emphasized. It was 162% expressed with
the coefficient of variance.
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Figure 5. The time structure of maintaining a particular body position during a working
day at the station operating a needling machine

Also, a high value of the coefficient of variance was reported at the standing position
with one leg bent and it was 173% and the kneeling position amounting to 169% (fig.6).
Although, the above-mentioned positions generally constitute a low percent in the structure
of the shift working time, they constitute a significant threat for the workers' health and to
a great extent depend on the subjective work technology and do not result from improper
technology. It was reported that 27% of the working time, the workers' body position could
be described with the code “1171” which stands for the worker's straight back, both fore-
arms below the elbow joint, work performed during walking. This position was classified to
the 1st category of assessing loading with the static work. It was reported that from among
the body positions, described with codes classified to the 2nd category of loading, the most
frequently, because as much as 9.7% the position described with the “2121” code, standing
for the bent back, both forearms below the elbow joint, a standing position with straight
legs, was reported. Whereas, from among the positions, described with the codes belonging
to the 3rd category of loading, which constitute 6.1% of the total working time, the code
“2141” was reported, which stands for the bent back, both forearms below the elbow joint,
the standing position with bent legs. The longest activity, because as much as 83.2% of the
time at the operation of the needling machine, consisted in controlling its working parame-
ters (fig.6).
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Figure 6. The structure of the category of loading during the performed activities at the
station operating a needling machine

Whereas, the shortest activity in the structure of the shift time, which constituted only
2%, was carrying bales of non-woven fabric. The Ist category of loading with the static
work prevailed at the station operating the needling machine and it was 61.5% of the shift
time (fig. 8). It was stated that for over 30% of the working time, they took positions, which
could have negatively influenced the musculoskeletal system (the 2nd category). Taking
into consideration, the structure of categories of the reported loading, it was determined,
that it was at the average level. The last but one stage of geotextile production consisted of
activities related to its cutting and packing. It was reported that in case of cutting geotextile,
this activity required a worker to keep his/her back straight for approx. 94.9 of the working
time (fig.7). Whereas, for 83.7% of the shift time, a worker maintained forearms below the
elbow joint and for 80.5%, straight legs and the standing position. \

From among all body positions reported during the research at the said working station,
position prevailed (66.7% of the working time), which could be described with the code
"1121" which meant that the worker's back were straight, both hands were below the elbow
joint, legs were also straight and the weight of the handled material did not exceed 10 kilo.
It was stated that approx. 95% of activities related to cutting geotextile performed by work-
ers was placed in the 1st category of loading with the static work. The 2nd category of
assessing the load constitutes 4.4% of the time for the performed activities. Whereas, the
3rd and 4th category of loading with the static work were not reported during the analysed
working shifts. The final stage of the technology of geotextile production was packing the
ready-made product in the plastic sleeve. During this activity (fig.8) the most often workers
took a body position, which in case of a back stood for — a straight back (79.1%), in case of
legs - the standing position (93.4% of the shift duration). Whereas, the activity, performed
by a worker for 51.1% of the working time, required maintaining forearms above the elbow
joint.
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Figure 7. The time structure of maintaining a particular body position during a working
day at the station of cutting geotextile

The most frequent position at this station may be described with the code "1321" (the
worker's back straight, both forearms above the elbow joint, the standing position with
straight legs), which generally constituted 54.9% in the structure of the working time classi-
fying it to the 1st category of loading with the static work. In case of the second category of
loading a worker with the static work, it was determined, that a position with the bent back
and forearms below the elbow joint and straight legs was a prevailing and it was described
with the code "2121", which constituted 24.2% of the total working time.

During packing a ready-made product the 1st category of assessing the static load pre-
vailed in 72.5%. 26.37% of the working time belonged to the 2nd category, which forced
out positions, which could have had a negative impact on the musculoskeletal system of
a man. Taking into consideration the structure of the working time, loading with the static
effort at this work station was classified as high.
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Figure 8. The time structure of maintaining a particular body position during a working
day at the packing work station

Conclusion

1. The tests, which were carried out in the production establishment PCPW — Eko Karpaty,
allowed determination of the size and structure of the static load of workers during work
at the particular work stations. It was reported almost in all cases of stations, that load-
ing with the static work was at the average level.

2. It was stated that at all work stations, which constitute a production line of geotextile,
workers in majority, took a natural body position and their loading was at the acceptable
level, classified to the 1st category of the static load. Loading employees with work, es-
timated with the OWAS method, at 4 out of 5 tested work stations, resulting from the
category of the body position at work and duration of maintaining one position was
classified as average loading and only in one case this loading was identified as high.
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ERGONOMICZNA OCENA OBCIAZENIA UKLADU
MIESNIOWO-SZKIELETOWEGO PRACOWNIKOW
W PROCESIE PRODUKCJI GEOWLOKNINY

Streszczenie. Szacuje sig, ze w krajach europejskich ok. 27% oso6b pracuje przez wigcej niz potowe
czasu pracy w pozycji, ktora wywoluje zmgczenie i bole migsniowe mogace zaktoca¢ koordynacje
postawy, co zwigksza ryzyko i mozliwo$¢ popetnienia bigdu przy obstudze maszyny. Badania doty-
czyly oszacowania ryzyka wystapienia dolegliwosci uktadu mig$niowo-szkieletowego pracownikow
operujacych na poszczegélnych stanowiskach roboczych stanowiacych ciag technologiczny do pro-
dukcji geowtokniny. Ponadto podjgto probe korekcji organizacji pracy pozwalajacej na minimalizacje
wplywu niekorzystnego uktadu posturalnego cztowieka na jego zdrowie. Wykorzystujac metodg
~OWAS” (Ovako Working Posture Analysis System) okreslono wielko$¢ oraz strukturg obciazenia
uktadu migsniowo szkieletowego pracownikow. Odnotowano, ze na wszystkich stanowiskach robo-
czych stanowiacych przedmiot badan dominowata I kategoria oceny gdzie obciazenie praca statyczna
bylo $rednie badz duze, ale akceptowalne.

Stowa kluczowe: ergonomia, uktad migsniowo-szkieletowy, stanowisko pracy, metoda OWAS
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ARTICLE INFO ABSTRACT

Article history: Research was carried out on light soil in 2010-2012 on plantations of
Received: September 2014 a willow tree (Salix viminalis founded in Spring 2010. The objective
Received in the revised form: of the paper was to assess a response of two cultivars — Sprint and
September 2014 Boks of common osier on organic and mineral fertilization in light

Accepted: November 2014 soil. The experiment included two varieties - Sprint and Boks and

three fertilization combinations: without compost 0, 10 and 20 t-ha of

Keywords: dry matter of compost produced from urban greenery waste. In facili-
willow tree ties under experiment the following were used every year in the form
variety of mineral fertilizers: 100 kg N, 80 kg P,Os and 100 kg-ha' K,O.
mineral fertilization . . .
compost Detailed research mcluded:'the number of shoots on the plant, thick-
yield ness of shoots on 10 cm height from the surface of soil and length of
biometric measurements shoots and the yield of fresh and dry matter. Boks variety in all fertili-
zation combinations formed less shoots on a plant but with a greater
thickness and length in comparison to Sprint variety. Boks variety also
characterized with greater production potential, reacted with higher
increase of fresh and dry matter yield after the use of compost in
10 and 20 t-ha”' doses compared to mineral fertilization.
Introduction

Biomass constitutes the source of renewable energy and may play a significant role in
the energy balance of our country. Biomass for production of renewable energy may come
from purposefully set permanent plantations of the selected species of native grasses, e.g.
reed canary-grass, couch grass as well as introduced species e.g. maiden grass, prairie
cordgrass and others (Golinska et al., 2012). Many authors (Dubas, 2003; Gradziuk, 2003;
Szczukowski et al., 2004a) pay attention to favourable economic and ecological effects
obtained at the cultivation of a willow tree for energy purposes. Kozak et al. (2004) think
that a common osier may be cultivated in the entire country and factors restricting its culti-
vation are mainly water and nutrients deficiencies. The positive reaction of a common osier
to mineral and organic fertilization, e.g. in the form of sewage sludge is proved by the re-
search carried out by Nowak et al. (2011), Szczukowskiego et al. (2004a), MacPherson
(1995), Szwedziak (2006). At the cultivation of a willow tree for enriching soil in nutrients,
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by-products or waste, which are formed in various production processes, may be used.
Composts produced from waste from greenery treatment and sewage sludge may be used
for plant production (Styszko et. al., 2009; 2010; 2012), or waste which come from plant
production (Denisiuk, 2006).

Material and methods

Experiment was set out in the Agricultural Experimental Station in Lipki near Stargard
Szczecinski on mineral soil, of good rye complex, IV valuation class. Schematic representa-
tion of an experiment, which included two factors — various cloned varieties of a common
osier (Salix viminalis) (Sprint, Boks) — (factor I) and compost doses — 0, 10 and 20 t-ha™ of
dry matter (factor II), was planned in the split-plot system in four repeats. In early spring
2010 after first spring cultivations, organic fertilization in the form of compost, which was
mixed with soil in the depth of approx. 15 cm was applied. Compost was composed of: tree
leaves, conifer needles, moss and cones. Chemical analysis of compost proved that it char-
acterizes with the following content of macro-elements (g-kg's'm): N - 9.54, P — 194.8, K —
354.0, Ca— 3497, Mg —291.2. pH in KCl was 6.78. Directly before planting of willow stem
cuttings, uniform mineral fertilization was used for experimental purposes. Phosphorus
dose was 80 kg-ha™ P,Os potassium — 120 kg-ha™ K,Os, and nitrogen — 50 kg-ha'N. Ferti-
lization with nitrogen in the dose of 50 kg-ha™ was repeated when young plants achieved
the height of approx. 10 cm after mechanical treatment. Mineral fertilization in provided
doses was also used in the following years of research. Stem cuttings with length of approx.
20 cm was planted on 8th April 2010 in the distance between rows 70 cm and in the dis-
tance of 35 cm in a row. It was planted to a depth in which 2-3 buds were over the surface
of soil. A favourable system of meteorological conditions after planting caused that stem
cuttings have taken root in 100%. No diseases or pests were reported and in protection
against damages by animals, experiment was fenced with a forest wire. In the year when the
experiment was set out, shoots were not mowed after vegetation. Plantation was run in
a three-year cycle. In each year after the vegetation was finished, biometric measurements
were carried out and they covered: number of stems in a plant, thickness of stems at the
height of 10 cm from the soil surface and the length of shoots. Yield of fresh and dry matter
and content of dry matter was determined after three years of research. Willow was har-
vested in March 2013.

The obtained results were subjected to analysis of variance at the level of significance
0.05 and uniform groups were created with the use of Tuckey's test.

Discussion on results

The research which was carried out proved that plants of a willow tree form a small
number of shoots if in the year when the plantation was set, their cutting is performed in
order to initiate tillering in the following year. Bury and Czy¢ (2006) obtained similar re-
sults on plantations of a willow set out on organic and mineral soil.

In the first year of research, in relation to the facility, plants formed from 1.8 to
3 shoots. Average value in case of Sprint variety was 2.6 and in case of plants from Boks
variety — 2.1 shoots for one rootstock. This difference was statistically significant (table 1).
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Small number of shoots on a plant indicated high domination of first shoots, which form on
planted stem cuttings. Confirmed values in the first year were not subject to explicit change
in the following years. Statistical analysis proved that fertilization with compost had not
essential impact on the number of shoots in a plant (table 1). Boks variety, which formed
lower number of shoots, distinguished with their bigger thickness (table 2). In the year,
when plantation was set, differences between varieties were not big, but they were statisti-
cally significant. In the following years differences increased in favour of Bok variety.
Significant interaction between varieties and fertilization combinations were reported. In
the first year of research on fertilized facilities, additionally treated with compost in doses
10 and 20 tha” the increase of shoots thickness was 42.0% and 65.9% for Sprint variety
and 53.8 and 72.1 % for Boks variety. In the second year (2011) increases were respective-
ly: 14.3% and 17.0% — for Sprint variety and for Boks variety only after using 20 t of com-
post — 8.4%. In the last year of research (2012) in which average thickness of shoots was
26.5 mm (Sprint variety) and 40.4 mm (Boks variety) fertilization favourably influenced
the shoots thickness but interaction between doses and fertilization combinations were
determined. For Sprint variety in the facility treated with mineral fertilizers, average thick-
ness of shoots was 24.5 mm, whereas for Boks variety — 35.3 mm. In combinations with
additional compost in doses 10 and 20 t-ha”, increase of average thickness of a shoot was:
8.5 and 15.3% for Sprint variety and 22.7 and 21.0% — for Boks variety (table 2). Average
results from three years of research prove that additional fertilization with compost favour-
ably influenced the shoots thickness and shoots in relative numbers were similar in case of
both varieties, although shoots of Boks variety were thicker.

Table 1
The structure of a number of shoots per plant (pc)
Variety Doses Years Mean
of compost 2010 2011 2012
(tha™ (item)
0 2.0 2.6 3.0 2.5
Sprint 10 3.0 2.6 2.0 2.5
20 2.8 1.8 2.2 2.3
Mean 2.6 2.3 2.4 2.4
Boks 0 1.8 1.8 1.6 1.7
10 2.2 2.2 1.6 2.0
20 2.2 1.8 1.4 1.8
Mean 2.1 1.9 1.5 1.8
Mean for doses 0 1.9 2.2 2.3 2.1
of compost 10 2.6 2.4 1.8 2.3
20 2.5 1.8 1.8 2.1
NIRg,0s — LSDys
Varieties (D 0.3 0.4 0.5 0.2
Doses of compost (1D n.i n.i n.i n.i
Interaction IxIT n.i n.i n.i n.i
IIxI n.i n.i n.i n.i
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Table 2
The structure of shoots thickness (mm)
Variety Doses Years Mean
of compost 2010 2011 2012
(tha™) (mm)
0 13.5 22.3 24.5 20.1
Sprint 10 19.2 25.5 26.6 23.7
20 22.4 26.1 28.3 25.6
Mean 18.4 24.6 26.5 23.1
0 14.0 29.7 353 26.3
Boks 10 21.5 28.1 433 30.9
20 24.1 32.2 42.7 33.0
Mean 19.9 30.0 40.4 30.1
0 13.8 26.0 29.9 23.2
zgflfgolzf doses of 10 20.4 26.8 35.0 27.3
20 23.3 29.2 35.0 29.3
NIRg,0s - LSDg.05
Varieties (D 1.3 0.8 1.9 1.9
Doses of compost (1D n.i n.i n.i n.i
Interaction IxIT 1.8 2.7 2.9 3.9
Ix I 2.6 6.5 5.6 5.1

The obtained results concerning the length of shoots (table 3), in relation to the research
combination indicate that this property, similarly to the shoots thickness depended on the
properties of a variety and the applied fertilization. In the year of planting stem cuttings,
plants developed shoots with average length of 229.9 cm (Sprint variety) and 242.7 cm
(Boks variety). In case of plants of both varieties completing the mineral fertilization with
doses 10 and 20 tha” of compost favourably influenced the increase of shoots (table 3).
Doubling the length of shoots was reported in the second year of vegetation (2011) since
their average length was 472.8 cm in the facility with a maple of Sprint variety and
495.6 cm — in the facility with Boks variety maple. Fertilization with compost, similarly to
the previous year (2010) caused obtaining considerably longer shoots. In the facility with
a dose 10 t-ha™ of compost shoots were longer by 45.2 c¢m for Sprint variety and by 48.6 cm
for Boks variety. Increasing a dose of compost by further 10 t-ha™ caused obtaining longer
shoots by 5 cm and 14 cm (respectively Sprint and Boks variety). In the third year (2012)
the increase was lower and the obtained lengths of shoots were at the average — 562.5 cm
(Sprint variety and 650.0 cm — (Boks variety). In this year, efficiency of fertilization with
compost was considerably lower, but statistically significant. Mean results from three years
of research prove that the additionally used fertilization with compost favoured formation
of shoots for the investigated varieties, which is confirmed by statistical analysis (table 3).
Styszko, Fijalkowska and Sztyma (2009) using in their research 15 t-ha™ of fresh mass of
compost and hydrofoska 15 fertilizer which provides 90 kg-ha™ N, 90 kg K,0 and 90 kg-ha™
"'P,0;5 and double dose, reported a positive reaction of a willow tree, expressed with greater
lengths and thickness of shoots, but a significant interaction between varieties and fertilizer
combination was reported.
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Table 3
The structure of shoots length (cm)
. Doses Years
Variety of compost 2010 2011 2012 Mean
(tha™) (cm)
0 228.6 441.4 542.6 404.2
10 217.2 486.2 568.6 424.0
Sprint 20 244.0 491.2 576.4 437.2
Mean 229.9 472.9 562.5 421.8
0 2322 458.4 633.8 441.5
Boks 10 241.2 507.0 673.6 473.9
20 254.8 521.4 642.6 472.9
Mean 247.2 495.6 50.0 462.8
Mean for doses 0 230.4 449.9 588.2 422.9
of compost 10 229.2 496.6 621.1 449.0
20 249.4 506.3 609.5 455.1
NIRg,0s - LSDg.05
Varieties (D 18.4 14.6 11.6 9.2
Doses of compost (I1) n.i n.i n.i n.i
Interaction IxIT 22.7 27.8 19.3 19.5
1IxI 24.5 30.4 21.6 22.6

Energy willow characterizes with high production potential (Dubas, 2003; Szczukowski
et al.,, 2004b). According to many authors (Szczukowski et al., 2004a; Ignatowicz and
Styszko 2012; Styszko et al., 2012) willow shows extensive reaction to habitat conditions,
especially to water conditions and fertilization with organic and mineral substances. Igna-
towicz and Styszko (2012) confirmed that there is a varied reaction of willow varieties to
fertilization, in particular to nitrogen. Based on the obtained results they selected a group of
varieties which has the highest yield in case of a dose of 180 kg-ha™ of nitrogen and a group
of varieties which has the highest yield in case of 55 kg-ha™. In the authors' own research
the obtained yield was — 118.0 tha™ of fresh matter and 70.7 t-ha™ — of dry matter for
Sprint variety and respectively — 156.5 and 97.5 tha™ — for Boks variety (tab. 4). This set
proves that Boks variety in comparison to of Sprint variety, forming less shoots on a plant,
but thicker and longer, it characterized with higher production potential. Plants of a willow
tree showed a positive reaction to fertilization with compost used in the experiment. Using
10 tonnes of dry matter of compost per 1 ha, mean increase of fresh matter yield by 31.1%
and dry matter by 26.7% was obtained in comparison to the facility with only mineral ferti-
lization. In facilities treated with a dose of compost of 20 t-ha™ the increase of the yield was
respectively — 39.1% and 33.5%. Statistical analyses which were carried out confirmed
significance of interaction between varieties and the applied fertilization combinations. In
the facility with only mineral fertilization (100 kg N, 80 kg P,Os and 120 kgha™ K,0)
cloned plants of Sprint variety had yield at the level of 102.6 t-ha™ of fresh matter and
65.0 tha™ — of dry matter, and Boks variety — 156.5 t-ha™ and 75.2 t-ha". Using additional-
ly 10 tha™ of the compost the increase of fresh matter yield by 17.2% and dry matter by
6.5% — (Sprint variety) and respectively — 43.1% and 44.0% — (Boks variety). For facilities,
where 20 t-ha” of compost was applied, the increase was: for Sprint variety — 27.9% and
20.0%, and for Boks variety — 48.8% and 45.1%. The content of dry matter was within
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57.5-63.2%. Fertilization with compost influenced insignificant decrease of its content of
dry matter (table 4).

Table 4
The yields of raw and dry matter (t-ha™) and the content of dry matter (%)
Variety Doses Fresh Dry Content of
of compost matter matter dry matter
(tha™) (%)
0 102.6 65.0 63.0
Spri 10 120.2 69.2 57.5
print 20 131.2 78.0 59.4
X 118.0 70.7 60.1
0 119.8 75.2 62.8
Boks 10 171.4 108.3 63.2
20 178.3 109.1 61.2
X 156.5 97.5 62.4
0 111.2 70.1 63.1
geﬁnﬁg’gsf"ses 10 145.8 88.8 60.4
20 154.6 93.6 60.3
NIRg,05 - LSDg05
Varieties (D 3.0 1.4
Doses of compost (In) 4.7 2.9
Interaction IxIT 4.8 3.0
IIxI 6.7 4.2

In the research, which was carried out, Styszko et al. (2009, 2010) confirmed a positive
effect of the compost itself and compost used in combination with mineral fertilizers on the
obtained yields of willow biomass. According to Gostomczyk (2014) organic products may
constitute alternative for artificial fertilizers in the energy willow cultivation. Philip (1997)
says that a willow tree of Salix viminalis type characterizes with strong increase of biomass.
According to this author, biomass of one hectare of two-year willow collects 350 kg of
nitrogen and 80 kg of phosphorus each year.

Conclusions

1. Boks willow variety compared to Sprint variety forms less shoots but with greater
thickness and length.

2. Fertilization with compost of 10 and 20 t-ha™ doses of dry matter will favourable influ-
ence the thickness and length of shoots and the obtained increases are not significantly
equal in case of investigated varieties.

3. Boks variety compared to Sprint variety characterizes with higher production potential
and shows more extensive reaction to additional fertilization with compost from urban
greenery waste, used on the background of mineral fertilization (100 kg N, 80 kg P,Os
and 120 kg K,O per 1 ha).
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REAKCJA WYBRANYCH ODMIAN WIERZBY KRZEWIASEJ
(SALIX VIMINALIS) NA NAWOZENIE ORGANICZNO-MINERALNE
W WARUNKACH GLEBY LEKKIEJ

Streszczenie. Badania przeprowadzono na glebie lekkiej w latach 2010-2012 na plantacji wierzby
(Salix viminalis) zatozonej wiosng 2010 roku. Celem badan byta ocena reakcji dwoch odmian —
Sprint 1 Boks wierzby krzewiastej na nawozenie organiczno-mineralne w warunkach gleby lekkiej.
W do$wiadczeniu uwzgledniono dwie odmiany — Sprint i Boks oraz trzy kombinacje nawozowe: bez
kompostu 0, 10 i 20 t-ha™ suchej masy kompostu wyprodukowanego z odpadéw zieleni miejskiej. Na
obiektach doswiadczenia corocznie stosowano w formie nawozow mineralnych: 100 kg N, 80 kg
P,0s i 100 kg-ha™ K,0. Badania szczegdtowe obejmowaty: iloé¢ pedéw na roélinie, grubosé pedow
na wysokosci 10 cm od powierzchni gleby i dlugosci pgdow oraz plonu $wiezej i suchej masy.
Odmiana Boks na wszystkich kombinacjach nawozowych wyksztatcita mniej pgdow na roélinie, ale
o wigkszej grubosci i dlugosci w pordwnaniu do odmiany Sprint. Odmiana Boks, takze charaktery-
zowala sig¢ wigkszym potencjatlem produkcyjnym, reagowala wigkszym przyrostem plonu $wiezej
i suchej masy, po zastosowaniu kompostu w dawkach 10 i 20 t-ha™', na tle nawozenia mineralnego.

Stowa kluczowe: wierzba, odmiany, nawozenie mineralne, kompost, plony, pomiary biometryczne
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The paper presents the level of incurred labour inputs and the equip-
ment in the form of production means in 46 family farms listed ac-
cording to the intensity of production organization. The obtained
results were presented with a table and description method. The
analysis which was carried out proved that along with the intensity of
production organization the number of physical workers increases in
farms with simultaneous decrease of AL area. The investigated farms
featured quite variable size of participation of capital calculated into
the replacement value of mechanization means per a hectare of agri-
cultural land. A positive average correlation between intensity of
production organization and objectified work inputs and a weak

correlation between intensity of production organization and human
work inputs were determined.

Introduction

Intensity of agricultural production may be determined with various indexes which
explain structural and organizational conditions, environmental and agri-technical as well
as economic and organizational ones. Intensity of agricultural production is determined
based on two concepts, that is, intensity of organization and intensity of production. Deter-
mination of the level of intensity of production organization in farms is related to quality
evaluations composed of both organizational departments of production in a farm as well as
participation of production means (Kope¢, 1987).

Intensity of production is a quantity phenomenon, measured with the value of produc-
tion inputs, the size of live labour inputs and objectified labour inputs per a unit of areca
(Manteuffel, 1979).

Labour as one of three factors of production is an essential element which influences
effectiveness and competitiveness of agricultural farms (Peplinski, 1999). It is determined
as a human effort put in production of a given good or service, in other words, as an organ-
izer and creator of the production process. Number of full-time employees is a measure
unit. Whereas, labour inputs are expressed in man-hour or man-day.



Magdalena Kottun

The objective and the scope of research

The objective of the paper is analysis of human labour inputs and objectified labour in-
puts which occurs in 46 family farms set acc. to intensity of production organization.

Farms, which participated in the research project (carried out by the Institute of Tech-
nology and Natural Sciences Branch in Warsaw as a part of the program by the National
Centre for Research and Development No. 1204306/2009 "Technological and ecological
modernization of the selected family farms" managed by professor Woéjcicki (2009), consti-
tuted material for research.

Farms were divided into four groups based on the category acc. to points of intensity of
production organization presented by Kope¢. The level of human labour inputs in man-
hour-ha™ AL and the level of the objectified labour inputs level in kWh-ha™ AL.

Intensity of production organization (Kope¢, 1987) was calculated acc. to the formula:

Ip=L+1,=Zps+Xqt (1)
where:
1,, —total intensity of production organization (points),
I, —intensity of plant production organization (points),
p  — participation of sowing area of a plant in agricultural land (%),
s — coefficient of crop intensity for particular plants (points-%™),
I, —intensity of animal production organization (points),

g —number of LSU of particular animal species per 100 ha AL,

t  —index of intensity for particular animal species per 1 LSU-100 ha™ AL.

Moreover, a calculated technical index of work infrastructure which images "infra-
structure” of live labour with objectified labour. It enables assessment of the level of enter-
prises saturation with fixed assets (Wedzik, 2006).

Tup=MT-L" )

where:

MT — average value of fixed assets (thousand PLN-farm™),

L - employment level (persons).

Stocking density was calculated based on the calculation coefficients of animal items in-
to livestock units (LSU) (Journal of Laws 2010 no.213, item 1397). Table and description
methods and basic statistical methods were used in the paper. Statistical analysis was based
on the linear correlation coefficient assuming a scale acc. to Stanisz (1998):

Iy = 0 — variables are not correlated,

0 <1y <0.1 —dim correlation,

0.1 <r, < 0.3 — weak correlation,

0.3 <r, < 0.5 — average correlation,

0.5 <14 < 0.7 — high correlation,

0.7 <1y, < 0.9 — very high correlation,

0.9 <r,, <1 —almost certain correlation,

Iy = 1 — certain correlation.
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Research results

The analysed group of 46 farms characterized with high range of agricultural land areas
(table 1), which was 141.42 ha and standard deviation of 29.84 ha. Average area of agricul-
tural land is 33.68 ha when standard deviation was 30.85 ha. All farms had meadows and
pastures and the biggest area of permanent grasslands in a farm was 47.55 ha. Not in all
analysed farms, animal production was carried out.

Average stocking density was 80.26 LSU-ha” AL. The replacement value of mechani-
zation means characterized with high range which was 1686.70 thousand PLN-farm™ at the
standard deviation equal to 427.02 thousand PLN-farm™ Whereas, average replacement
value of mechanization means expressed in thousand PLN‘ha™ AL was 10.97.

Table 1

Description of the researched farms

Specification Minimal Maximum Standard
value value Average deviation

Area of agricultural land (ha-farm™) 8.58 150 42.74 29.84

Arable land (ha-farm™) 5.00 150 33.68 30.85

Permanent grasslands (ha-farm™) - 47.55 9.05 10.00

Animal livestock (LSU-ha™ AL) - 29591 80.26 67.30

Replacement value

of mechanization means (PLN -ha™ AL )
Replacement value

of mechanization means (thousand PLN-farm™)

2.90 58.06 27.03 10.97

231.60 191830 97526  427.02

In the crop structure (fig. 1) grains along with maize for grain constituted 56% of the ar-
ea of all crops. Oil plants had 4%, root 5% and papilionaceous plants 2% participation in
agricultural lands. Meadows and pastures had in total 21% of participation in the crops
structure.

Farms were divided into four groups acc. to the level of intensity of production organi-
zation (table 2) where average area of farms was 42.74 ha AL (8.58-150 ha AL). Farms in
these groups proved decrease of intensity of production organization with the increase of
the farm area respectively from 771.23 points to 236.56. Acc. to the assumed criteria the
most numerous group of 17 farms constituted farms, where intensity of production organi-
zation was within 400-550 points. Whereas, the biggest farms (95.83 ha AL) were in the
first group of production organization (to 300 points).

Farms with the highest production organization, where index was over 771.23 points,
farmed on the area of 33.54 ha AL that is almost on three times smaller than farm with the
lowest organization of agricultural production, for comparison — average for the investigat-
ed group was 42.74 ha AL. The fact, that farms with intensity above 550 points obtained
high index of livestock which was over 117.64 LSU-100 ha™ AL is significant. Assessment
of work inputs proved relations between the level of employment and the increase of inten-
sity of production organization.
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Figure 1. Structures of crops in the investigated farms

Table 2
Labour resources in the researched farms
Categories of farms acc. to points At the
Specification Unit of intensity of production acc. to Kope¢ a;;errifée
>300  300<400 400<550  >550 farms
Number of
farms - 6 7 17 16 -
Area of
farms (ha AL) 95.83 42.56 38.88 33.54 42.74
Stocking
density LSU-100 haUR 27.18 46.83 76.97 117.64 80.26

Intensity of (points, including in: ~ 236.56 320.74 449.96 771.23 517.75

produgtiqn plant production 137.49 162.83 137.09 172.98 156.27
organization  animal production) 99.06 157.91 312.87 598.25 361.47
Employment 1 2.15 2.60 2.81 3.50 2.93

in a farm people-farm’

- conversion 1 2.25 6.11 7.22 10.42 9.41

employees employee-100 ha”

- foreign UR

employees 0.20 0.60 0.97 0.81 0.76
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Farms with intensity to 300 points employed 2.25 employees per 100 ha AL, where in
farms with intensity above 550 points this number was 10.42. The highest number of for-
eign employees were employed by farms with intensity from 400 to 550 points (0.97 con-
version employees per 100 ha AL). That is almost five times higher than farms with intensi-
ty to 300 points and over 1.5 times higher than farms with intensity from 300 - 400 points.
Whereas, in comparison to the fourth group of intensity over 550 points, these farms em-
ployed the number of conversion employees per 100 ha of AL almost at the same level
(0.81).

Taking into consideration the structure of labour inputs, manner of organization of agri-
cultural production and degree of participation of technical means, the nature of the produc-
tion system in a farm may be determined, e.g. capital intensive, labour-intensive (Michatek
and Kowalski, 1993; Wojcicki, 2001). The investigated farms characterized with quite
variable size of capital participation calculated into replacement value of mechanization
means per a hectare of agricultural land. Along with the increase of production organization
intensity, the index of value of all possessed groups of machines expressed in thousand
PLNha" AL (tab. 3) increased.

Taking into account the replacement value, it may be stated that farms with intensity to
300 points farming on big areas show almost 1.5 times higher participation of capital in
technical mechanization means.

Particular groups of farms, when executing the production process, except for capital
participation in mechanization means showed also variable human labour inputs. Employ-
ment of physical workers in the investigated systems was also variable and increased along
with production intensity from 2.15 employees in farms with intensity to 300 points to 3.50
persons in farms with intensity above 550 points. Whereas, these indexes referred to the
number of people employed per 100 ha AL allowed stating that farms with intensity to 300
points employ 2.25, from 300 to 400 points — 6.11 while from 400 to 550 points — 7.22 and
above 550 points — 10.42 employees per 100 ha AL. It may be stated that farms with inten-
sity above 550 points in comparison to farms with intensity to 300 points use the area of
AL almost three times smaller.

The increasing intensity in production is related to higher loading with work of employ-
ees. In the system with intensity above 550 points this loading is lower by 1208.51 man-
hour in comparison to employee in farms with intensity to 330 points. Farms with intensity
over 550 points incur the highest inputs per 1 ha of AL in comparison to three remaining
groups of intensity. One may state that farm with intensity to 300 points with low level of
employment of conversion employees incur almost five times lower inputs of live work per
1 ha of AL compared to farms with intensity above 550 points of production organization.

When analysing descriptions of relations between human labour and objectified labour
a technical infrastructure index was assumed expressed in PLN-man-hour” and PLN per an
employee (Zaremba, 1977). Farms with intensity to 300 points but with bigger area at com-
parable employment of natural persons proved the highest index of technical infrastructure,
referred to three remaining, which was 1173.69 PLN-man-hour” and 2354.83 thousand
PLN per an employee but the highest level of work load (1930.61 man-hour per a farm per
a year). The mentioned indexes express only possibilities of participation of technical
means in the labour process (it is practically the replacement value of mechanization means
per an employee or an hour of his work).
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Table 3
Level of technical infrastructure of the work process in the investigated farms

Categories of farms acc. to points of intensi-

Specification Unit ty of production acc. to Kope¢

>300 300<400  400<550 >550

At the
average
for 46
farms

Number of farms 6 7 17 16

Area of
farms (ha AL) 95.83 42.56 38.88 33.54

42.74

Intensity (points, including in: ~ 236.56  320.74 449.96 771.23
of production plant production 13749  162.83 137.09 172.98
organization animal production) 99.06 157.91 312.87 598.25

517.75
156.27
361.47

Number
of employees in  (Persons) 2.15 2.60 2.81 3.50
a farm

2.93

Number
of conversion employee-100ha™ AL 2.25 6.11 7.22 10.42
employees

9.41

Loading
employees

with work man—hour-year'l 1930.61  904.00 818.78 722.10

1093.87

Inputs
of human work man-hour-ha AL 45.27 129.82 151.97 224.29

209.67

Inputs
of objectified kWhha' AL 877.98  1334.88 1501.65  1842.34
work

1538.88

Replacement

value thousand
of mechanization PLN-farm™
means

1238.70  862.94 965.43 991.95

975.26

Replacement

value thousand

of mechanization PLN-ha' AL
means

12.93 20.28 24.83 29.57

27.03

Technical

infrastructure

index PLN-man-hour™ 1173.69  467.12 456.36 440.56
of the work

station

537.49

Technical

infrastructure thousand

index of the work PLN-employee™
station

2354.83  472.80 443.00 441.10

1115.98
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Intensity of production organization...

Statistical analysis of farms proved a positive average correlation between intensity of
production organization and objectified labour inputs (fig. 2). Coefficient of correlation
r = 0.52 shows, acc. to the scale by Stanisz (1998), average relation between these varia-
bles. The calculated coefficient of determination R* informs on explaining by the variable
intensity of production organization 26.71% of the objectified labour inputs.

The statistical analysis, which was carried out proved a positive weak correlation be-
tween the intensity of production organization and human labour inputs expressed in man-
hour-ha™ AL. Coefficient of correlation was r = 0.33.
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Figure 2. Impact of changes of intensity of production organization on the objectified
labour inputs

Conclusion

The analysis which was carried out proved that along with the increase of the intensity
of production organization the number of physical workers increases in farms with simulta-
neous decrease of AL area.

The investigated farms featured quite variable size of participation of capital calculated
into the replacement value of mechanization means per a hectare of agricultural land. Tak-
ing into account the replacement value, it may be stated that farms with intensity to 300
points farming on big areas show almost 1.5 times higher participation of capital in tech-
nical mechanization means.

Farms with intensity to 300 points but with bigger area at comparable employment of
natural persons proved the highest index of technical infrastructure, referred to three
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remaining, which was 1173.69 PLN-man-hour™ and 2354.83 thousand PLN per an employ-
ee but the highest level of work load (1930.61 man-hour per a farm per a year).

A positive average correlation between intensity of organization intensity and objecti-
fied work inputs and a weak correlation between intensity of production organization and
human work inputs were determined.
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INTENSYWNOSC ORGANIZACJI PRODUKCJI A CZYNNIK PRACY
W GOSPODARSTWACH RODZINNYCH

Streszczenie. W pracy przedstawiono poziom ponoszonych naktadow pracy i wyposazenia w $rodki
produkcji wystgpujace w 46 gospodarstwach rodzinnych zestawionych wg intensywnosci organizacji
produkcji. Uzyskane wyniki przedstawiono metoda tabelaryczno-opisowa. Przeprowadzona analiza
wykazala, ze wraz ze wzrostem intensywnosci organizacji produkcji wzrasta liczba pracownikow
fizycznych w gospodarstwach z jednoczesnym spadkiem powierzchni UR. Badane gospodarstwa
charakteryzowala si¢ do$¢ zmienna wielko$cia zaangazowania kapitalu w przeliczeniu na wartos¢
odtworzeniowa $rodkow mechanizacji, przypadajaca na hektar uzytkow rolnych. Stwierdzono dodat-
nig przecigtna korelacj¢ miedzy intensywno$cia organizacji produkeji a naktadami pracy uprzedmio-
towionej oraz staba korelacj¢ miedzy intensywnos$cia organizacji produkcji a naktadami pracy
ludzkiej.

Stowa Kkluczowe: intensywnos$¢ organizacji produkcji, czynnik pracy, praca uprzedmiotowiona,
gospodarstwa rodzinne
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Keywords: soil showed that the relative moisture of soil in the 0-10 cm layer did
farm machine not depend on the manner of the basic and pre-sowing cultivation, but
cultivation tool in the 0-20 c¢m layer the decrease of the soil moisture by 0.9-1.4% was
cultivator reported after the use of KBM -4,2 cultivator and after cultivation with
subsoiler with APPN-2,1 (LSD05=0.63) unit. All the tested units ensured

sowing machine optimal density of the cultivated layer of the sod podzol soil within

1.1-1.3 g-em™. The water content of soil in the cultivation of winter
rye in the non-plough cultivation with KPA-2,2 unit was higher by 1.5
mm in comparison to cultivation after ploughing (LSD05=0.51). No
differences were reported in cultivation of vetch with oats. A non-
plough cultivation of soil was also characterized with better values of
indexes of the grain size distribution in comparison to the plough. The
use of the cultivation and sowing unit APPN-2.1allowed decrease of
energy inputs by 366 MJ-ha" (45.7%) compared to the total inputs on
cultivation with KPS-4,0, fertilization and sowing. Sowing with the
unit APPN-2.1 influenced the increase of the winter rye yield by 0.88
tha' compared to cultivation with KPS-4,0 and plough
(LSD05AB=0.8). In the conditions with the use of APPN-2,1 the yield
of dry mass of vetch and oats was higher by 0.75 t-ha” compared to
the variants with KBM-4,2 (LSD05B=0.39).
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BBenenune

CoBpeMEHHOE  3eMJICACINe, OCHOBAaHHOE Ha  TPAIMIMOHHBIX  TEXHOJOTHIX
BO3JICTIBIBAHUSA, B IIOCIICAHEE BpEMs, WCHBITHIBACT PsJ HETATHBHBIX ITOCICACTBUI
HHTeHCU(UKAIMU. [Ipu 3ToM 0c00yI0 OCTPOTY HMPHOOPETAIOT MPOOJIEMBI IEPEYIUIOTHEHUS
MOYBBI XOAOBBIMH CHCTEMaMH MallMH M TpakTopoB (AnermunoBa u baxapes, 2001;
AnemkuH u ap., 2009; Bulinski, 2006). OTMedeHo, YTO MPH IMPOBEACHUH IIOJHOTO
KOMIUIEKCA IOJICBBIX pPabOT TPU BO3JCIBIBAHUU CEIIBCKOXO3SHUCTBEHHBIX KYIBTYP
pa3IUYHBIC MAIIMHBI IPOXOIAT IO MOJI0 OT 5 10 15 pa3, 4TO OTPHUIATEIEHO BJIMSET Ha
BOIHO-BO3AYIIHBIA PEXKHM IIOYBBI, NPHBOAUT K YBEJIMYCHUIO 3Heprosarpar Ha o€
00paboTKy U K cHIKeHHIO ypokaiHoctd (Chaudhuri, 2001; Dawidowski, 2008; Kaminski,
2011a; 2011b; Opma wu gp., 2008). Takoe moONOXKEHUE [EJ, CIOKUBILIEECS
B CEIIbCKOXO35MCTBEHHOM IIPOM3BOJICTBE 3aCTaBHIIO IMEPECMOTPETh CHUCTEMY 00pabOTKU
IMOYBBI M TIOCEBA B HANPABICHUM COXPAHCHUS M TOBBINICHHUS IOYBCHHOI'O ILIOMOPOIHS
U CHWKCHHUS CeOSCTOMMOCTH TPOM3BOJCTBA MPOAYKIMHU celbckoro xossiicrea (Viselga
n Kaminski, 2006; Zotarelli u ap., 2007). D10 mpuBeno K HEOOXOIMMOCTH CO3IAHHS
MMOYBO3AIIUTHBIX ~ 3HEPropecypcocOeperaonmx  TEXHONOTUH,  MPeIrycMaTPUBABIINX
BBITIOJTHEHHE Ps/ia paHEe CaMOCTOSATENIBHO BBIMOIHICMBIX arpOTEXHUYECKUX OIEpanuil 3a
omuH TexHojormueckuii mpoxon arperata (ITucapes, 2004; Horn u Fleige, 2009; Rathke
u ap., 2007; Riley, 2009; Saffih-Hdadi u ap., 2009).

Cpenu KOMIUIEKCHBIX arpOTEXHUUECKUX MEPOIPUATHH, HANPaBJICHHBIX HA MONYyYCHHE
YCTOMYUBBIX YPOXKACB  CEIbCKOXO3SAHCTBEHHBIX KYJIBTYp, KA4yeCTBCHHAs OCHOBHAs
U MpeanoceBHas o0pabOTKa MOYBBI M MOCEB UTPAIOT MEPBOCTEHCHHYIO poib. OmHO W3
MEPCIICKTUBHBIX HAMPABJICHUN MOJIEPHU3AIMHA CEIbCKOXO3IMCTBEHHON TEXHHUKH IS
pPaCTEHHEBOACTBA - pa3pab0TKa KOMOWHHPOBAHHBIX arperatoB, KOTOpPhIE 3a OIWH
TEXHOJIOTHYECKUI MPOXO BBHIMONHAIOT KOMIICKC arpOTeXHUYECKHUX omnepaimii. Hanbonee
pPaIMOHATIFHO  WCIIOJh30BAHWE KOMOMHHUPOBAaHHBIX  arperaToB IMPH  COBMEIICHUU
MPEAIIOCEBHON OOpaOOTKM TOYBBI M IIOCEBA, a TAKKE MPH JOMOJHCHUH OCHOBHOM
0e30TBAJIbHOW  OOpaOOTKM TOYBBI  ONEPANMAMH IO CO3IAAHUIO  MYJIBYHPYIOIICTO
noBepxHocTHOro citos (Stawinski, 2008; Talarczyk u Zbytek 2005; 2012; Szeptycki, 2006).

[IpuMeHeHnEe KOMOMHUPOBAHHBIX arperaTtoB JJIsi OCHOBHON 0€30TBaJbHON 00pabOTKH
IMOYBBI U TIOYBOOOPAOATHIBAIOIIE-TIOCCBHBIX arperaToB CO3/acT OJaronpUsATHBIC YCIOBHS
JUTSL BETeTallMd PACTCHUH 3a CYET JIY4Iero KadecTBa OOpaOOTKHM IOYBBI, COXPaHEHUS
MMOYBCHHOM BJarM, a TaKKe COKpallaeT JUIMTEIBHOCTh IPOU3BOJCTBEHHOIO IIMKJIA,
YMEHBIIIAET BPEAHOE BO3CHCTBUE XOJOBBIX CHCTEM MAIIUH Ha CTPYKTYPY MOYBHI.

ean uccaenoBanmii

Lenpro wuccienoBaHMsl SBISUIOCH — ompereneHdue A(PQPEKTUBHOCTH  NPUMEHEHUs
KOMOMHHUPOBAaHHBIX OpPYIMH M arperaTtoB JUis OCHOBHOH W IPEANIOCEBHOH 00paboTKH
TIOYBBI, aJaNTUPOBAaHHBIX K IIOYBEHHO-KIMMaTH4YecKUM YycioBusiM CeBepo-BocrouHoro
peruonHa eBponeiickoit yactu PD.
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TexHuka as oﬁpaﬁoTKn MMOYBbI U ITOCEBA

Jlns mpoBeneHWsT OCHOBHOW 0€30TBaJibHOW 0OpaOOTKH TOYBBI C OJHOBPEMEHHBIM
mymenueM noBepxHoctHoro ciosi B HUMCX Cesepo-Bocroka pazpaboTaH KOMOWHHPO-
BaHHBIH noyBooOpabaTeBatomuii arperat KITA-2,2 mis TpaktopoB Tsrooro kinacca 1,4 u
2,0 (puc. 1, tabm. 1). OH COCTOMT W3 paMbl C OINOPHBIMH KOJECaMH, Ha KOTOPOM
TMOCIIE/IOBATENIFHO YCTAHOBIIEHBl TPU IUIOCKOPE3HBIE JIAllbl, JBE IUCKOBBIC CEKIHH H
CMEHHBIH pabounii OpraH JIst JOHOJIHUTENEHONH 00pabOTKH MOYBHI - IPYTKOBBIH KaTOK WIIH
rpebHeoOpasyronre kopmyca. [lockope3Hble Janbl pacloioKeHbl Ha paMe arperara Io
cxeMe OOpaTHOrO KJIMHA JUISi CHIDKCHHS TSATOBOTO CONPOTHBJICHHS U JIydIlen
3ariyonsiemoctd. [TnockopesHble yanbl YHH(GUIMPOBAHbI ¢ pabOYMMHU OpraHaM¥ ILIyTra-
mwiockopesa [ITH-3-35/2-70, muckoBasi OOpOHA — C JTUCKOBBIMU CEKIUSAMH JIYITHIBHHKA
JIAT-S.
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1 — oropHoe Kouieco; 2 — aBTOCLENKA; 3 — MEXaHU3M PEryJMpOBKU ITyOMHBI 00paboTku; 4 —pama; 5 — Jansl
IUIOCKOPE3HbIE; 6 — IMCKOBBIE CEKLMH; 7 —MEXaHU3M DEryJIMPOBKH TIilyOuHbI OOpaOOTKM [UCKOBOW CEKLHH;
8 —uncruk

Pucynox 1. Kombunuposannviti nougoobpabamoiearowuii  acpecam KIIA-2,2  ons
6e30meanbHol 00pabomku nouswl. a) 6ud cOOKy; 6) 610 ceepxy

JlaHHBIN arperat mnpenHa3Ha4yeH JJIsi OCHOBHOW 0€30TBaJbHOW OOpabOTKM IOYBHI Ha
rmyouHy 16-20 cM ¢ OJHOBpPEMEHHBIM JIyIIEHHEM IOBepXHOCTHOro cios. Ilpum
TUIOCKOpPE3HOH 00paboTKe IMOYBHI Ha TIYOMHY 8-16 CM C OJZHOBPEMEHHBIM JIYIICHUEM
TIOBEPXHOCTHOTO CJIOSl  arperaT MOXeT ObITh OCHAlI€H TPYTKOBBIM KaTKOM JIJIS
TIOCJIEIYIONIETO BHIPAaBHUBAHKS M MPUKATHIBaHUS MOUBHI (puc. 2a). [Ipu 00paboTke moyBsI
MO TIOCaKy KapTodessi MpeaycMOTPEHO OCHAIIEHHE MOYBOOOpabaTHIBAIOIIETO arperara
rpeOHe0Opa3yroIMMu Kopmycamu (puc. 20).
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Tabmuua 1
Texnuueckas xapakmepucmuxa noueoodopabameisaiouezo azpecama KIIA-2,2

Boinonusiemas onepanus:

oOpaboTka
I OCHOBHAsI obpaboTka
oKa3arellb HOYBEI C
6e30TBaIbHAs HOYBEI C
Hape3aHHeM
oOpaboTka MIPUKATBIBAHHEM N
rpedHe
HpOI/ISBOZLI/ITCJ'I_I}HOCTL 3a 4ac OCHOBHOT'O 10 1.6 02,0 02,0
BpeMeHH, (raq’)
I'my6una o6pabotky, (cMm) 16-20 8-16 10-16
Pabouast ckopocTs, (kmra™) 59
[upuna 3axBata, (M) 2,2
[uprHa 3axBaTa IIIOCKOPE3HOH JIaIIbl, (M) 0,76
l'aGapurHble pa3Mepsl, (MM): - JUIHHA 1970 2450 2500
- ApHHA 2200 2400 2400
- BBICOTA 1300 1300 1300
Macca, (k) 475 590 575
CpenHsis TpyIOeMKOCTh e Gortee 2,5

nepeodopyoBaHuUs opyaus, (del.-4.)

INoneBble MCHIBITAHUA IOKA3ald, YTO arperaTr YCTOHYMBO BBIIONHAET OE30TBAJIBHYIO
00pabOTKy IOYBBI COIVIACHO AarpOTeXHHYECKHX TpeOOBaHUH, BbIIEPKHBaeT pabouyio
IIUPUHY 3aXBaTa M YCTAaHOBOUHYIO INIyOMHY 00paboTku. B Xome IpOH3BOACTBEHHOIO
ucnions3oBanusg B 2007-2013 rr. mpoBoamiack oOpa0OTKa YHCTHIX MAapoB IO/ IOCEB
03UMOH pH, 3507€eBass 00paboTKa W 00paboTKa MOYBHI MEpeA Mocaakol Kaprodens Ha
wiomanyd 150 ra. OTka30B IO HTOraM HCIBITAaHUM He BBIABICHO (KpOME 3aMEHBI
U3HOLIEHHBIX JIEMEXO0B).

Puc. 2. Kombunuposannulii nousoobpabamuieaiowuti azpecam KIIA-2,2 ¢ komniekmayuu
€ NPUKAmMbIBAIOWUM KAMKOM (@) u ¢ epebneobpazyrowumu kopnycamu (6)

Jus ocymecrBnenus, npemioxenHoro B HUMCX Cesepo-Bocroka, pecypcocOepe-
rafpuiero crnocoba mnpeanoceBHoN 00paboTku nmouBbl U noceBa (JKyk u Pemsikun, 2007),
KOTOPBI BKJIIOUAET BHIOJIHEHUE 33 OJMH IIPOXOJ IPENOoCceBHOH 00padOTKHU MOYBHI (B T.4.
IOJIOCHOE  PBIXJICHHE, KYyIbTHBAlUIO, (pe3epoBaHUEe U BBHIPABHUBAHHE), BHECEHMS
CTAapTOBOI 103bI MMHEPAIBHBIX YNOOPEHHUH, MOceBa U IIOCIEIOCEBHOIO NPUKATHIBAHUA,
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pa3paboran mouBooOpabatkiBatomie-noceBHoit arperat AIIIIH-2,1 (puc. 3, tabn. 2). B
KayecTBe OCHOBBI €ro Mo4BooOpalaThIBaloOUIed YacTH NPUHAT  OECHPUBOIHOU
POTALIMOHHBIA PHIXJIUTENb, a TIOCEBHOW YacTH — 3€PHOTYKOBAs CEsUIKa PsIOBOTO MOCEBa
C COIIHUKOBOM TPYNIIOH U3 KMJIEBUIHBIX COLTHUKOB, PACIIONOKEHHBIX Ha MOBOJKAX B BHIE
MIPUIIETIOB TIPYXKUH KPYYESHUSI.
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Pucynox 3. Ilousoobpabamvisaiowe-nocesnoii azpecam:a — 6ud cOoky, 6 — cxema
pasmewenus. pabouux opeanos: 1 —pama; 2 —pomop npusoonou; 3 — nousozayensvi, 4 —
onopuvie pebopowvi; 5 — yennas nepedaud; 6 — KyibmugamopHule ianvl, 7 — mMyKonpogoobl,
8 — usmenvua—towuil pomop; 9 — kopooka nepemenvi nepeday; 10— 3epHOMYKO6bII AUSUK;
11 — sawumnoni xoocyx; 12 — cemanpogoowvl, 13 —mexanusm pe2yiuposxku 2myounsl
obpabomxku; 14 —kamok; 15 — evipasnusamenv, 16 — mexanusm pecyiuposKu 2nyOuHvl
nocesa; 17— 6pyc cowmnuros; 18 — cownuxu

ArperaT COCTOUT M3 paMbl, Ha KOTOpOﬁ PacCIoJI0KEHBI HpHBOZ[HOﬁ poTop
C TIo4uBO3alcriaMuM W  OIIOPHBIMU pe6opz[aMI/I, JiBa psdAa KyJIbTHUBATOPHBLIX Jiall,
I/I3M6HB‘IaIOIJ_[I/II‘/'I poTop C F-O6pa3HHMI/I HOXaMH, 3aKpLITLIﬁ KOXYXOM, BbIpaBHUBATECIIb,
6yHI<ep JJI1 CEMSIH U yI[06p6HHﬁ, P KWJICBUIHBIX CONTHUKOB U KAaTOK.
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[Ipu mocrynaTenbHOM JBMKEHUHM TOYBO3AlENbl TPUBOAHOIO POTOPA, NPHUHYIUTEIHHO
MepeKaThIBasiCh MO JCWCTBUEM TATOBOHM CHIIBI TPAKTOPA, MPOM3BOAST PBHIXJICHUE MOYBBI
[oJocaMy M OJHOBPEMEHHO 4Yepe3 YCKOPSIOLIYI0 Iepenady NpUBOAAT BO BpalleHUE
n3Menpyaromuii porop. CtpenpyaThie KyJIbTUBATOPHBIC JIANBI MTOAPE3AI0T M PHIXJISAT MIACT
MOYBHI B HEOOPaOOTaHHBIX MEXAYPsAbsIX. OMHOBPEMEHHO C 3THM Yepe3 TyKOHAIIPaBUTEIN
KYJIbTUBATOPHBIX JIall B TIOYBY MOAAIOTCS MUHEpanbHble yaoOpeHus. [anee '-oOpa3ubie
HOXM U3MEJbYAIOIIET0 pPOTopa 00pabaThIBalOT BEPXHHUW CIIOH IOYBBI Ha TIIYOHHY,
npeBbimaronyro Ha 20-40 MM TIIyOMHY moceBa ceMsH. HepoBHocTH Mukpopenbeda
CTJIa)XKMBAIOTCS BhIpaBHUBaTeneM. KuiieBUIHbIE COMTHUKY (POPMHUPYIOT B 30HAX JIOKAJIHHOT'O
BHECEHHsI TYKOB OOpO3JKH C YIUIOTHEHHBIM TOCEBHBIM JIOXKE, B KOTOpBIE BBICEBAIOTCS
ceMeHa. KaTok NMpoM3BOAUT MOCIEIIOCEBHOE MPUKATHIBAHUE Uil OOECTIeUeHHs JYdIIero
KOHTaKTa BBICESIHHBIX CEMSIH C TIOUBOM.

Tabnuua 2
Texnuueckas xapaxmepucmuxa acpecama AIIITH-2,1

INokasarens 3HaueHHe
[Ipou3BOAKTENIEHOCTD 32 YaC OCHOBHOI'O BPEMEHH, (ra-a™) 1,4-2,0
Pabouast ckopocTs, (kv 6-10
Pabouast mpuHa 3axBara,(M) 2,1
I'my6buna 06paboTKH MOUBBI, (CM): IPUBOAHBIM POTOPOM 12-15
CTpEJILYaThIMU J1allaMu 6-12
H3MEJIBYAIOIIUM POTOPOM 4-8
OGbEM GyHKepa TSt TYKOB, (M°) 120
O6bEM GyHKepa st ceMsiH, (IM°) 250
I'aGaputHBIe pa3Meps! opyaus, (MM): JUIMHA 2450
HIMPHUHA 2600
BBICOTA 1850
Macca arperara, (kr) 1020
ArperaTupyercsi C TPaKTOpaMH TSArOBOr0 Kiacca 1,4u2,0

braromapst ycTaHOBKE OHOpHBIX pedOpA Ha IPHUBOJHOM pOTOpe obecredeHa
MOCTOSIHHAS TJIyOMHA €ro MOrpY)KEeHHs B MOYBY, YTO CTaOMIM3HPYET 4YacTOTYy BpAIICHHUs
BBICEBAIOIINX allapaToB, a TAKKE CHI)KAET HEXeNaTeJIbHOE BapbUPOBaHHME CKOIBKEHHS
pOTOpa IpH U3MEHEHNN (PU3UYECKHX CBOMCTB ITOYBBI HIIM CKOPOCTH BIDKEHHUS arperara.

BeipaBHHBaHME 1TOYBBI 00ECIIEUMBAET POBHYIO IIOBEPXHOCTD TOJIsl. B aToM ciydae st
KOMUPOBaHUs peibeda NOCTaTOYHO HEeOOJBIION aMIUTUTYABI XOJa MeXaHHW3Ma I0J(Beca
COITHHMKOB, YTO ITO3BOJIWJIO HCIOJB30BATh B KAaueCTBE MX IOBOIKOB IPHILEIBI NPY>KUH
kpydeHus. OObeauHeHne QYHKIMN KPEIUIeHNUs], 3alUThl OT TOBPEXICHUS MPH Hae3le Ha
MPENATCTBUE U KONUPOBAHHUS IIOBEPXHOCTH B OJHOM KOHCTPYKTUBHOM »JJIEMEHTE -
NpYKHHE KpydYeHHs C TpulenaMd B BHAE IOBOJKOB, 3HAYUTENBHO CHHU3UIO
METAJIIOEMKOCTh COIIHUKOBOM Tpymnbl. lcrmonb3oBaHHe KHUIEBHIHBIX COIIHUKOB IPHU
YCTAaHOBKE UX B OOUH psn ¢ MexaypsaabeM 0,15 M Mo3BOIMIO caenaTh COIIHUKOBYIO
TpyNIy MaKCUMaJIbHO KOMITAKTHOM.

Jl1s1 OLleHKM arpoTeXHUYECKUX IOKa3aTesled paboThl OIBITHOrO oOpasla arperara (puc.
4) W3y4eHO BIUSHHE CKOPOCTH JIBIDKCHHS Ha KadyecTBO OOpaOOTKM TOYBBI U 33JENKH
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ceMsH. VccnenoBanus MPOBOJWINCh Ha CYIECYAHOH W CPEIHECYIIIMHHCTOH JI€PHOBO—
noa3onuctoit nmouse. IlpeamecTBeHHUK - YnucThIi map. Ha cynecdaHoif moyBe BIaKHOCTh
cocraBmsia 13,5%, tBepmocts — 1,75 MIla, miorHocts B cnoe 0-0,1 m — 1,38 F'CM_s,
IpeOHHUCTOCTh — 28 MM; Ha CYIJIMHKE — BIaXHOCTh — 15%, TBepaocts — 0,9 MIla, mioTHOCTh —
0,95 r-cM™ ¥ rpeGHHCTOCTE — 56 MM.

ArpoTexHuuYecKas ~OLEHKa TI0Ka3ana, 4YTO arperar yCTOHYMBO  BBINOJHSET
TEXHOJIOTUYECKHH TpOIecC MPEeANoCceBHOH 00pabOTKM TOYBBI M MOCEBa, obecreuuBast
TpeOyeMylo TiyOMHy 0Opa0OTKM TIOYBHI W 3a/eNiki ceMsH. [lpu 3TomM Ha cymecu
cozep:kaHue (hpakIuu Mo4BHI 0 25 MM paBHO 97%, Ha cyrnuHke — 92%. I'pebHUCTOCTD
MIOBEPXHOCTH I0JI1 HAa CyNEecyaHOH MOYBe coCTaBMia 12 MM, Ha CYrJIHMHHCTON — 18 MM,
mwiotHocTh B cioe 0-0,1 M cooTBeTcTBEHHO - 1,28 rem” u 1,22 rem”.

Pucynox 4. Onvimnuiii 0bpasey noueoobpabamueisaroue-nocegnozo acpecama AIINH-2,1

BHe 3aBHCHMOCTH OT THIIa IOYBBI C POCTOM CKOPOCTH CPEAHS INIyOUHA 3a/1elIKH CEMSH
yMeHbIIaeTcs Ha 5-7 MM, IOpH 3TOM €€ CcpeaHee KBaJpaTUYECKOe OTKIOHEHUE
Ha CPEIHECYIVIMHUCTON IIOYBE HAXOMUTCS B mpenenax 4 MM, Ko3(hQUIMEHT Bapualuu
v — 8-10%; Ha cynecdyaHoll o4YBe ¢ Bo3pacTaer ¢ 2 10 4 MM, a v — ¢ 5 10 13%. CeMmsiH Ha
MIOBEPXHOCTH II0YBBI HE HAaOJIIOAANIOCH.

MeToauka uccjie10BaHuM

Jnsa cpaBHeHHS 3G ()EKTHBHOCTH Pa3INYHBIX CIIOCOOOB OCHOBHOM M HPENIOCEBHOMH
00paboTKM TOYBBI Ha arpoU3M4YecKHe IOKa3aTeIM [OYBEHHOI'O  IUIOJOPOIUS
U YPOXKaHHOCTH BO3ZAENIBIBAEMBIX KYJIBTYp OBUI 3aJI0KE€H IHOJIEBOH ombIT. B xone ombiTa
UCIIONIb30BaHKe 1MouBooOpabarkiBatomiero arperara KITA-2,2 cpaBHHBaiIOCh CO BCIIAIIKOW
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Ha 18-20 cm ruryrom ITJIH-3-35 npu cneayromux onepanusix NpearnoceBHO o0padoTku
MMOYBBI M IIOCEBA: BeCeHHee OopoHoBaHHWe 310U — OopoHbl B3CC-1,0; kympTHBAIMA —
kynsTuBaTOpbl KIIC-4 1 KBM-4,2, noceB — cesika C3-3,6. B kauecTBe 01HOr0 U3 BapHaHTOB
WCIIOJIb30BaH MoYBooOpadaThiBarole-noceBHoi arperat AITITH-2,1.

Ocenbto 2011 r. B nmepBoii 3aKiIajike BbICEIHA 03UMasi poXKb, BecHOI 2012 1. Bo BTOpOi
3aKJIaJIke — BUKOOBCSHAsI CMECh Ha 3eJIeHbIH KopM. [IIsl moceBa MCIIOIb30BAIN PAiOHUPO-
BaHHBIE copTa: o3uMas pokb BsTka 2, opec CenbMa, Buka JIpropckas-28. IloBTopHOCTE
OITBITA YETHIPEXKPATHAS, pa3MeleHIe BApUAHTOB peHIoMu3upoBanHoe. [omans nensHok
4'8232M2, yueTHas twiomiaap 17,6 Mm% O6mee umcino aensHok — 72. [TouBa OMBITHOTO
ydacTka — JEpPHOBO-TIOJ30JMCTasi CPEIHECYIJIMHUCTas. ATpPOXMMHYECKHE IT0Ka3aTelnn
nouBsl: pH (coneBoe) — 5,0; ruaponuTHYecKas KUCIOTHOCTb — 3,6; conepkanue P05 — 140-
180 mr m K,0 — 150-200 mr Ha 1 xr mouBsl, rymyca — 1,7%. Y noOpeHus BHOCHIH IO
KYJIBTYpBI ceBooOopoTa B 103¢ NysPysKys.

Pe3yabTaThl ucciieqoBaHuii

AHaM3 BJIOKHOCTH IMOYBBI IIOKA3aJl, YTO KaK OCHOBHBIC, TaK W IPEIIIOCCBHBIC
00pabOTKM ITOYBBI HE OKa3ajd CYIICCTBCHHOTO BJIMSAHHUS Ha ATOT IOKa3aTelb B (ha3y
KYIIeHHUs 03uMoii pxku. BiaskaocTs B cioe 0-10 cM Obuia B mpenenax 15,22-17,23%, B cinoe
10-20 cm — 17,10-18,41%. Ot™meuasnoch ydllee cOXpaHeHUE BiIaru BECHON B BapHaHTax C
IUTOCKOPE3HOM 00paboTKoH (Tadi. 3).

Tab6mura 3
Braosicnocmo nouswvl no cnosim, (%)

BrnaxHOCTB ITOYBBI

OCHOBHASI IpeanoceBHast O3umast poxb BukooscsHas cmech
obpaGoTka obpaGoTka (daza xymenus) (daza BcxonoB)
0-10 cm 10-20 cm 0-10 cm 10-20 cm
KIIC-4,0 15,60 18,03 15,88 17,58
ITJIH-3-35 KBM-4,2 15,03 17,07 16,14 17,29
AITITH-2,1 15,22 17,06 15,22 17,10
KIIC-4,0 14,87 16,39 17,23 18,35
KITA-2,2 KBM-4,2 14,42 14,98 16,19 17,73
AITITH-2,1 14,66 16,15 17,08 18,41

B moceBax BHKOOBCSHOIO Tapa BJIAKHOCTH MOYBHI B (pa3y BcxomoB B cioe 0-10 cM He
rMesia TOCTOBEPHBIX pasznuyuii, B cioe 10-20 cm mocroBepHo cHmxanach Ha 0,96 u 0,97%
npu kynbruBanmn KBM-4,2 u obpaborke AIIIIH-2,1 mo ¢ony Bcnamku, nmo ¢oHy
IuIocKope3Hoit obpabotku — Ha 1,41% mnpu kynertuBanmun KBM-4,2 1o cpaBHeHHIO
¢ xynpruBanueir KIIC-4 (HCPysB = 0,63).

[I0THOCTh TIOYBBI TIOCIIC PAHHEBECEHHETO OOPOHOBAHMS O3MMOM PXKH pa3IHyUid
0 BapuaHTaM 00paboTku He uMmena u Obuta B cioe 0-10 cMm B mpeaenax 1,17-1,25 rem’,
B cimoe 10-20 cm — 1,21-1,32 r-em™ (tabu. 4).

[7I0THOCTh TIOYBBI TIOCHIE IOCEBAa BHKOOBCSHOW CMECH pa3IMYdi IO BapHaHTaM
00paboTku Takxke He uMmena. Bee arperatsl coznaBanu B cioe 0-10 cM pbIxiioe cocTosHUE
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1,10-1,20 reM™ ¢ HauMeHbIIEH IIOTHOCTBIO B koutposie KIIC-4,0 no ¢oHy BCHamku.
B mmxHem crmoe 10-20 cM pasnuuuii Takke He OBLIO, HO BCE MPEANOCEBHBIC 00pabOTKU
CIIOCOOCTBOBAJIM YIIOTHEHHUIO ATOTO CJI0S MOYBHI A0 1,25-1,32 rem”.

TabGnuua 4
3
Ilnomnocme nouswl no cnosm, 2:cm

TI10THOCTS HOHUBEL, (I"CM )

OCHOBHASI IpeanoceBHast O3umast poxb BukooscsHas cmech
obpaGoTka obpaGoTka (dbaza kymienus) (dbaza Bcxos10B)
0-10 cm 10-20 cm 0-10 cm 10-20 cm
KIIC-4,0 1,17 1,21 1,10 1,28
IJIH-3-35 KbM-4,2 1,19 1,22 1,15 1,25
AIIITH-2,1 1,20 1,26 1,14 1,28
KIIC-4,0 1,17 1,26 1,17 1,28
KIIA-2,2 KBM-4,2 1,19 1,25 1,20 1,32
AIIITH-2,1 1,25 1,32 1,19 1,30

3amachkl MPOAYKTUBHOM Biard (Tabi. 5) B moceBax pku B cioe mouBsl 0-10 cM ObuTH
BBIIIIE HA 1,5 MM 110 TUTOCKOpE3HOM 00paboTke, yeM mo Bemanike (HCPysA=0,51).

Tabnuna 5
3anacwl npodykmuenoul enacu 6 nouse (paza Kyujenus), (mm)
OcHoBHast l'[pez[noceBHaﬂ Osnmast POXKb BukooscsHas cMech
obpaboTka obpaboTka (baza xymenus) (paza BcxomoB)
(A) (B) 0-10 oM 10-20 oM 0-10 oM 10-20 oM
KIIC-4,0 12,13 13,78 11,04 14,75
TUIH-3-35 KBbM-4,2 12,74 14,26 10,94 14,50
ATIITH-2,1 11,66 13,49 11,11 14,92
KIIC-4,0 13,74 16,15 10,91 13,88
KITA-2,2 KBM-4,2 12,78 15,27 11,66 12,98
ATIITH-2,1 14,52 17,08 10,91 14,40

B cioe 10-20 cM 3anachl Biaru Takxe yBeJIMYHMBAJINCh 110 INIOCKOPE3HON 00paboTKe Ha 2,3 MM, HO CyLIECTBEHHOM
Pa3HOCTU He OOHAPYIKEHO.

3anacel MPOAYKTHBHOMN BJIard B Hayajle BEreTallid BUKOOBCSHOrO Iapa He 3aBUCENN OT
CHOCOO0B OCHOBHOM M ITPEAIIOCEBHOM 00paObOTKU MOYBEIL.

ATPOHOMHMYECKH [I€HHOH CTPYKTYpPOH TIIOUBBI CYHUTAETCS KOMKOBATO-3€PHUCTAsS
CTpyKTypa ¢ pasMepom arperatoB ot 0,25 nol0 MM, obnamaromias TOPUCTOCTHIO,
MEXaHHYEeCKOW IPOYHOCTBI0O M BOJONPOYHOCTHIO. CoueTraHHe BCHAIIKK C arperaroM
AIIITH-2,1 cmocoOCTBOBAIO CO3MAHMIO JIYYINEH ITOYBEHHONM CTPYKTYpHl (Tabi. 6) 1o
COJICp)KAHMIO ~ arpOHOMHUYECKH IEeHHBIX arperatoB  (76,6%) u  kodduuueHry
cTpykTypHoctd (3,3). B cpeaHeM ke OCHOBHBIC IMOKA3aTeIH CTPYKTYPHOTO COCTOSHHS
MOYBHI JIy4Ile 10 TPENIOCEBHBIM 00paboTKaM, HMIYIIUM IO OCHOBHOM IIOCKOPE3HOU
o0OpaboTke.
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Tabnuua 6
Cmpyxmypnoe cocmosinue nouswl 0-10 cm (8uxooecsinas cmecs)

Conepxanue

OcHoBHas IpennocesHast arperatos 0,25-10 Bononpounocts Koapdurmenr
obpaborka obpaborka i, (%) cTpyKTYpHL, (%) CTPYKTYPHOCTH
KIIC-4,0 62,0 63,0 1,6
IVIH-3-35  KBbM-4,2 65,2 59,4 1,9
AIIIMH-2,1 76,6 55,6 3,3
KIIC-4,0 70,0 63,8 2,3
KIIA-2,2 KBM-4,2 69,8 63,5 2,3
AIIIMH-2,1 71,0 59,6 2,4

AHaJN3 SHEPreTHUECKON A(PPEKTUBHOCTH TOKA3all, YTO 3aMeHa Bemamku Ha 20-22 cM
(1023 MJlxra’) miockopesHoii o6paborkoii arperatom KITA-2,2 Ha 14-16 cM (689
M/Ix-ra™) mosBomsier sxoHOMHUTH 10 334 MJ[kra” win 10 32,6% SHepreTHYecKHx 3aTpar
Ha OCHOBHYIO 00pa0®oTky nouBbl. Ha kynpruBanmio kynbtuBatopom KbM-4,2 tpaturcs Ha
5,5% MeHnbliie 3Hepruy, 4eM Ha KoHTpose — Kynbruaiuu KIIC-4. IIpu aToM B BapuaHTax
¢ kynpruBanueid KIIC-4 u KBM-4,2 Ha BHeceHHWE MUHEPaJIbHBIX YIOOpEHHH 3aTpaTthl
sHeprum cocTaBsioT 227 MJIkra’, Ha IOCEB CETbCKOXO3SHCTBEHHBIX KyIbTYp —
294 M/Ix-ra”. CyMMapHBIe 3aTpaThl Ha BHECEHHE YIOOPEHMIl, Ky/IbTHBAIHIO H MOCEB IO
Bapuanty c¢ KkyibTuBaTopoM KIIC-4 cocraBar 800 M/Ixra’, mo BapuaHTy
¢ xymaptuBatopoM KBM-42 — 785 MJlxra’'. Ilo BapumaHTy ¢ KOMOMHHDPOBAHHBIM
arperatoM AIIITH-2,1, kOTOpBIii OJHOBPEMEHHO BHINOJHIET ONEpalK MO0 00padoTke
MOYBBI, BHECEHUIO YIOOpEHMH, TOCEBY W MOCIECINOCEBHOMY NPHKATHIBAHUIO 3aTPaThl
sHeprum paBHEI 434 MJDira’ (Ha 45,7% MeHble KOHTPOIs). [IpHBEICHHBIC 3HAUCHHS
OCTAarOTCSl  TMOCTOSHHBIMH,  MEHSETCS  TOJNBKO  KOI((HUIMEHT  HHEPreTHvecKon
3¢ PEKTUBHOCTH, KOTOPBII HATIPSMYIO 3aBHCHUT OT IOJIYYEHHOTO YPOXKasi.

VYpoxallHOCT, O3UMOM pXXKH B CpeIHEM TI0 Bchamke cocraBwina 2,34 Tra’,
110 MI0CKOpe3Hoit 06padoTke — 2,52 T-ra” (Tabm. 7).

IMoceB 1104BOOGPABATHIBAIOLIIEE-TIOCEBHBIM ArPeraToM JaeT mpubaBKy ypoxas 0,88 Tra”
no cpaBHenuo ¢ kyiabruBaimeidr KIIC-4,0 mo ¢ony Bcmamku (HCPysAB=0,8). Ilpu
TII0CKOPE3HOit 00paboTKe mpubaBka ypoxas 0,82 T-ra” momydeHa 1o Kyiasrusamun KIIC-4
mo cpaBHeHHto ¢ KBM-4,2. Cpennsis ypokalHOCTh BUKOOBCSHOM CMECH COCTaBMIIa IO
Bemamke 4,77 Tra”! cyxoro Bemectsa (CB), 1o mockopesHoii o6paGotke — 5,03 Tra’ CB.
Ha BapuanTax ¢ npumenenneM AITITH-2,1 ypoxaiinocTs cyxoro Bemectsa Ha 0,75 T-ra’
BEIIIIE, ueM Ha BapuaHtax ¢ KbM-4,2 (HCPysB= 0,39).

Koappuuuent sHeprernueckord 3()(EKTHBHOCTH 1O TEXHOJIOTHH BO3/ENBIBAHHS
03UMOH PXKH C IIOCKOPE3HOM 00paboTKOU B cpemHeM cocTtaBmi 2,14, uro Ha 12,6% BhIIIe,
yeM 1o Bcramke (1,87). Tlpu Bo3enbIBaHUM BHKOOBCSHOI CMECH 3TOT IOKa3arellb ObLI
MIPUMEPHO HA OJJHOM YPOBHE.

HanGonpmmit ko3¢ ¢uimenT sHepreTuueckoil 3p(HeKTHBHOCTH TONYYEeH Uil O3UMOMU
PXKU TI0O BapHaHTy IUIOCKOpe3Has obOpaborka + xymbruBamms KBM-4,2 — 221; ans
BUKOOBCSIHOM cMecH — Bemamka + AITTIH-2,1 — 2,85.
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Tabnuua 7
DHepeemuueckas phexmusHocms 6030€1bI6AHUS KYIbIYD
v o [Tonydeno [Tonusie
poxaitHOCTB,
(T~ra’1) JHEpIuy, 3aTpartsl, K.D.0.
(MJTxra™) (MJTxra™)
IpennocesHast a 5 a g " % 8 %
s ©obpaorka g £ g £ g £ £z
3 = & Q & Q =% 15 =% 15
Z 5 % g 5 3 5 3 = 3
8.3 < T A < T 4 < T ] T
o8 = <IN = [<IR3) = <IN = S o
5 & 8 £ Q 5 £ Q 5 £ Q 5 E¢
o o m S o m S o m S o m S
w0 KIIC-4,0 2,01 4,52 33,7 45,6 19,2 19,4 1,76 2,35
g KBbM-4,2 2,09 4,86 35,0 49,1 19,2 19,5 1,83 2,52
=
= ATIIITH-2,1 2,30 5,27 38,5 53,2 19,0 18,7 2,02 2,85
o KIIC-4,0 2,32 4,78 38,9 48,3 18,8 19,1 2,07 2,53
al
< KBbM-4,2 2,50 4,32 41,9 43,6 18,9 19,0 2,21 2,30
E ATIIITH-2,1 2,39 4,87 40,0 49,2 18,7 18,3 2,14 2,69
BrIBOABI

1. Pa3pabGoraHHble KOMOWHHPOBAHHBIE arperatbl MO3BOJSIOT IPOBOJUTH OCHOBHYIO
U TIPEIIOCEBHYIO 00pabOTKY MOUBHI U IIOCEB COTIACHO arpOTEXHUYECKUX TPEOOBAHHH.

2. Ilpumenenne komOuHHMpoBaHHBIX arperatoB KIIA-2.2 u AIIIIH-2,1 no3Bonser
MOAJIEP)KUBATh ONTUMAaJIbHBIE arpo()U3NUECcKre CBOWCTBA MOYBHI. Vcronp3oBaHue s
noceBa arperata AIIIIH-2,1 moBeimiaer yposkalfHOCTh O3UMOM P)KM M CMECH BHKA
+oBéc Ha 0,8 m 039 TTa' B CpaBHEHMH C OOIICTIPHHSTON 0OPAGOTKOH MOUYBEI
W ToceBa. DKOHOMHSI OJHEprosarpar NpH NPUMEHEHWW arperara sl OCHOBHOU
00pabOTKU TMOYBBI COCTaBisieT 32,6%, MPU HCIOIL30BAaHUM MMOYBOOOpaOATHIBAOIIIE-
noceBHoro arperata — 45,7%.
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CHARAKTERYSTYKA I EFEKTYWNOSC PRACY

AGREGATU DO BEZORKOWEJ UPRAWY GLEBY

I AGREGATU UPRAWOWO-SIEWNEGO

W WARUNKACH WSCHODNIEJ EUROPEJSKIEJ CZESCI ROSJI

Streszczenie. W artykule zamieszczono charakterystyki techniczne narzgedzia do podstawowej
i agregatu do przedsiewnej uprawy gleby i siewu: kombinowanego agregatu do podstawowej bezor-
kowej uprawy gleby, agregatu uprawowo-siewnego. Zamieszczono wyniki badan nad efektywnoscia
ich zastosowania w warunkach glebowo-klimatycznych péinocnego wschodu europejskiej czgsci
Rosji. Analiza wiasciwosci agrofizycznych gleby wykazata, ze wilgotnos¢ bezwzgledna gleby
w warstwie 0-10 cm nie zalezata od sposobu uprawy podstawowej i przedsiewnej, natomiast w war-
stwie 10-20 cm stwierdzono obnizenie wilgotnoéci gleby o 0,9-1,4% po kultywatorze KBM-4,2
i uprawie agregatem APPN-2,1 (LSD(s=0,63). Wszystkie badane agregaty zapewniaty optymalng
gestosé warstwy uprawnej gleby darniowo-bielicowej w zakresie 1,1-1,3 g-em™. Zasobnoéé wodna
gleby w uprawie zyta ozimego w uprawie bezorkowej agregatem KPA-2,2 byla wyzsza o 1,5 mm
w poréwnaniu z uprawg po orce (LSDys=0,51). W uprawie mieszanki wyki z owsem réznic nie
stwierdzono. Bezorkowa uprawg gleby charakteryzowaty rowniez lepsze wartosci wskaznikow sktadu
granulometrycznego w porownaniu z polem po orce. Energochtonno$¢ uprawy bezorkowej byta
0 334 MI'ha™ (32,6%) mniejsza w poréwnaniu z orka. Zastosowanie agregatu uprawowo-siewnego
APPN-2,1 pozwolito obnizy¢ naktady energetyczne o 366 MI-ha™ (45,7%) w poréwnaniu z suma-
rycznymi naktadami na kultywacj¢ KPS-4,0, nawozenie i siew. Siew agregatem APPN-2,1 wptynat
na zwickszenie plonu zyta ozimego o 0,88 tha’ w poréwnaniu z kultywacja KPS-4,0 i orka
(LSDsAB=0,8). W warunkach z zastosowaniem APPN-2,1 plon suchej masy wyki i owsa byt wyz-
szy 0 0,75 t-ha” w pordwnaniu z wariantami z KBM-4,2 (LSD(sB=0,39).

Stowa kluczowe: maszyna rolnicza, narzedzie uprawowe, kultywator, glebosz, siewnik
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Introduction

The main driving mechanism of mankind’s scientific and technological progress is en-
ergy. At present we get 90% of the energy through the consumption of fossil fuels (oil,
coal, gas), the world's reserves of which deplete in this century. It should be noted that the
current traditional sources of fuel are actually irreplaceable and extraction and processing
of raw materials includes human pressure on the environment. Therefore, the world began
to increasingly give preference to renewable energy, especially solar energy. Industry
which associated with the use of solar radiation began to develop in the late 20th century
and in 2012 the world energy market produced this type of energy industry accounted for
almost 2% (fig. 1).
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1,80%

4%

Figure 1. Distribution of solar energy among traditional sources of energy: 1 — oil;
2 — coal; 3 — natural gas; 4 — nuclear energy,; 5 — hydropower; 6 — solar energy (by IEA —
World Energy Outlook, 2014)

By different estimates the processing of solar energy in the world is growing rapidly.
For comparison, the growth rate of solar cells’ production annually accounted for more than
30% in the period of 1994-2005. Since the 2000s the average annual dynamics of growth
was 37%. In 2006-2009, the figure rose more than threefold.

The object and subject of the research. The article considers the prospects of the de-
velopment of solar energy sources in Ukraine.

The research methods are analyzing the development of solar energy, including poten-
tial sources of solar energy and synthesis of the results of studies in historical and function-
al areas.

The objective consists in the evaluation of the advantages and disadvantages of solar
energy and the prospects for its use in Ukraine.

The main part

The largest percentage of the world market of solar energy falls on the European mar-
ket. According to the European photovoltaic industry association, now in Europe more than
3 million buildings are provided with electricity entirely or partially by solar modules (Hy-
bylysko, 2010). In 2010, the total installed solar capacity in Europe grew to 16 GW, but
only in the world — nearly 40 GW (fig. 2). Is expected that in 2020 it will reach 430 GW.
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Figure 2. Distribution of the total capacity of solar power in the world: 1 — France;

2 — India; 3 — China 4 — Korea; 5 — USA; 6 — Japan; 7 — Spain; 8 — Germany (by Hybylys-
ko)

Germany (8,000 MW) and Italy (1500 MW) are the leaders in the consumption of solar
energy among the European countries (Scheer, 2002). Leaders in the manufacture of solar
modules are Chinese and Taiwanese manufacturers.

The most promising regions of the country for the development of solar energy is the
Crimean peninsula and Steppe Ukraine. Today in Ukraine the largest helioelectrostation is
in Ohotnikov (Saki District ARC). In the end of 2012 its capacity has reached 80 MW.
Dimensions of the helioelectrostation are equivalent to 207 football fields. After the com-
pletion the facility is equipped with 360 thousand terrestrial modules. Solar park in Ohot-
nikov district is the fourth power of PV-installation in the world and third in Europe.
Much research is devoted to effectiveness and efficiency of solar energy in Ukraine (Woz-
niak, 2010; Lyashkov, 2004). Significant results were obtained at the Institute of Semicon-
ductor Physics and Institute of Electrodynamics of NAS of Ukraine, Shevchenko Kyiv
National University, Yuriy Fedkovych Chernivtsi National University, National Technical
University "KPI", Lviv Polytechnic National University, some industrial enterprises ("Pil-
lar", "Quasar") and other Ukrainian laboratories. The scientific research showed that the
cost of solar cells has decreased to 0.5-1.1 euro per watt of power. Thus over the past quar-
ter century it decreased 20 times (as compared to the first sample of 1950-1000!) In princi-
ple, it is not so far from the characteristics of the gas and gasoline engines: 0.1-0.15 euros
per watt.

The using in Ukraine of alternative energy sources, primarily solar energy is very prom-
ising. The average potential of solar energy in Ukraine (1235 kWh-m?) (fig. 3a) is quite
high and much higher than in Germany for example W — 1000 kWh-m™ (fig. 3b) or even in
Poland — 1080 kWh-m™ (fig. 3c).
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Therefore, we have good opportunities for effective use of thermal power equipment in
Ukraine. The term "effective using” means that a helioplant can work with efficiency of
50% or more, which is 9 months in the southern regions of Ukraine (from March to No-
vember), and 7 months — in the northern region (from April to October). Winter perfor-
mance decreases, but does not disappear.
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Consequently in our climate conditions the solar systems work all year round only with
variable efficiency. Therefore it is necessary to consider the total annual potential of solar
energy in Ukraine.

Regarding the use of solar radiation to produce energy, it is technically permissible po-
tential of solar energy roof housing Ukraine today is 26-37 TWh-year™', which is in cash (at
the present value of 1 kWh = 0.05 euros): 1.3-1.8 billion per year. The using and develop-
ment of alternative energy sources leads to a unique new technology. An example is the use
of solar energy in the domestic aviation. Ukraine has its own aircraft engineering industry
(State Aircraft Manufacturing Concern "Antonov" and State Concern "Aviation of
Ukraine") and inherited third space potential of the former USSR ("National Space Agency
of Ukraine"), which in turn is the basis to enter into the life of the pilot project (Pohreben-
nyk, 2013).

Advantages of Solar Energy: Solar energy is inexhaustible and accessible; it is safe for
the environment.

Disadvantages: Depending on the weather conditions; depending on the day and night;
it should be able to accumulate energy; quite expensive is the construction of power plants
of this type; it should periodically clean the surface of cells from dirt and dust; atmosphere
over power pretty hot.

In the developed countries the strong investments are made in new research and devel-
opment, the main purpose of these are to reduce the cost of solar energy and new consump-
tion markets is going to form. It suffices to recall the program "Million Solar Roofs" in the
United States, "100,000 solar roofs" in Germany and Italy, and others. The governments of
the USA, Japan and Western Europe encourage the consumption of solar energy of the
population, primarily because this energy is environmentally friendly and saves limited
resources of fossil fuels. To do so interest-free long-term loans allot to people for the pur-
chase of solar panels, free servicing carried these (Oksanich, 2010; Oszczak, 2012).

The areas of the research in Ukraine

Fundamental research

Through theoretical limitations in converting into useful energy range (about 30%) very
large plots of land must take for solar power plants based on solar cells first and second
generations. Thus, for plant of capacity 1 GW the plot area of several dozen square kilome-
ters may need (while in the hydropower, at these same facilities, it is necessary to withdraw
the use of even much larger land). Construction of the helioelectrostations the same capaci-
ty can cause climate change around the station. Thus, usually the solar power built by ca-
pacity of 1-2 MW, which is located not too far from direct consumers. Also the individual
or mobile installations are constructed. Panels on the large power plants are installed at a
height of 1.8-2.5 meters above the ground, so you can use the land under the power plant
for agriculture production for example, for grazing. This problem is solved if applicable
Balloon solar station. They can be located both on land and at sea and in the air.

The flow of solar energy that falls on the set at the optimum angle photocell depends on
the latitude, season and climate and can vary twofold in the populated parts of the land. An
atmospheric phenomenon (clouds, mist, dust, etc.) not only change the range and intensity
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of incident solar radiation the Earth’s surface but also changes the ratio between direct and
diffuse radiation, which greatly affects to the certain types of solar power plants, such as
hubs or on elements of a wide range of conversion.

Applied research

Photoelectrical cells work during day and with low returns in the morning and evening
hours. In this case, the peak electricity consumption is in the evening. In addition, the elec-
tricity that they produce can vary dramatically and unpredictably change according to the
weather. To reduce this dependence the rechargeable batteries (but in this case they are
quite expensive) are used on helioelectrostations. It is possible to convert energy into an-
other form, for example, sometimes pumped storage station was build, which can take up
quite a large area and it is possible to implement the projects which are based on the con-
cept of hydrogen energy or now it is currently still not cost effective. The problem is re-
solved by creation of uniform grids that redistribute generated and power consumption. The
problem of the specific power solar power dependence on time of a day and the weather
conditions is also solved by means of balloon solar plants.

After 30 years the use performance elements gradually decreases. Sometimes the solar
cells contain Cadmium. The problem of their disposal appears.

June 3, 2011 the American magazine "Research and development" has published an an-
nual list of the winners of the prestigious competition "100 R & D world," including the
development of the Taiwan Textile Research Institute (TTDI) "Fully flexible fabric super-
capacitor" in the "Electrical Appliances". This super-capacitor was invented and designed
by TTDI team of scientists from the National University "Lviv Polytechnic" (Il'chuk,
2011). The newspaper "Chicago Tribune» (The Chicago Tribune) calls this the "Oscar
among inventions."

Environmental problems

The level of polution in the solar cells manufacture does not exceed the permitted level
for companies’ microelectronic industry. PV cells are 30-50 years old. The use of cadmium
compounds in the manufacture of certain types of solar cells raises the question of their
disposal. Although these items are not very common, in addition to compounds of cadmium
on modern production of solar panels they have already found a replacement.
Now more and more common thin-film solar cells are containing only about 1% of the total
weight of silicon. Due to the low cost of materials, thin-film silicon solar cells are much
cheaper, but they are less effective, and most lose their properties. Now more and more
active production is developing in other semiconductor materials, particularly in the CIS
and CIGS. They can be serious competitors to silicon. So in 2005 the company «Shell»
decided to concentrate on producing only the thin film elements and get rid of its business
of producing monocrystalline silicon photovoltaic cells.

Prospects for solar energy

According to the estimates of the International Energy Agency (IEA) energy which will
be produced by solar energy by 2050 could provide 20-25% of the energy demand of man-
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kind that is after 40 years solar energy can produce about 9 000 terawatt hours. This will
reduce carbon dioxide emissions by 6 billion tons annually.

In 2001 the price of energy, which is obtained by means of solar collectors was $ 0.09 -
$ 0.12 per kW-hour™. The USA Department of Energy predicts that to 2015-2020 years the
price of energy generated by solar concentrators will drop to $ 0.04-0.05. In Ukraine the
"green" tariff for electricity which was generated by private households is relatively high.
The households that install installation prior to 1 January 2015 will be eligible to sell elec-
tricity at a price of 4.67 €kWh™ VAT) or about 36.2 cents’kWh™. This compared with
Germany, where the "green" tariff is 19.5 cents’kWh™', looks very attractive. In early 2010,
the total global capacity of solar thermal energy (solar concentrator plants) reached one
gigawatts.

Production facilities only such giants microelectronics, industrial associations as "Qua-
sar", "IRVA" (Kyiv), "graviton" (Chernivtsi), "Hartron" (Kharkiv), "Gamma" and "EI-
ektroavtomatika" (Zaporozhye), "Dnepr" (Kherson), "Positron" (Ivano-Frankivsk) allow
full technological cycle of solar cells. Ukraine has highly qualified scientific potential in
this area.

More than 100 solar power projects are in all regions of Ukraine which have the total
capacity of over 1380 MW at various stages of implementation. In Ukraine the solar sta-
tions are also building in addition to local companies the enterprises from Portugal, Germa-
ny, France, Austria, Czech Republic and Israel.

Other applications of solar energy are: telecommunications systems and services (re-
peaters, telemetry); providing power for navigation lights, buoys, traffic signs, road lighting
at night; corrosion protection of metal structures and pipelines; remote and not electrified
dwellings to power household appliances; in burglar alarm systems; agriculture and arid
areas for mining and water supply; creating a network of automatic stations equipped with
various sensors for environmental monitoring and so on. Finally, the solar cells play a cru-
cial role in the spacecraft and artificial satellites as power systems on-board equipment
(Afonin et al., 2014).

Thus, the use of the alternative energy sources in Ukraine primarily solar energy will
benefit undoubtedly. On the other hand, the economy of Ukraine has sufficient capacity for
the production of the necessary components and creation of infrastructure of such power.
According to the Ministry of Energy and Coal Industry of Ukraine 2013 the alternative
energy produced 1,247 billion kilowatt-hours of electricity which is doubled (or over 608,4
million kWh) more than in 2012. In this case the total share of electricity production from
RES (renewable energy sources) also doubled — up to 0.64% — down from 0.32% in 2012.
In 2013 it was put into operation 539 MW of new capacity of RES. Showed the largest
increase of wind and solar energy, as well as the installation of biomass processing.

According to the Energy Strategy of Ukraine to 2020 the share of renewable energy
should be 11% of the total energy produced by Ukraine. This corresponds to the commit-
ment of Ukraine to the European Energy Community, of which Ukraine is a party. 11% —is
12 000 MW, of which 6,800 MW would account for a large share of hydro power plants
(HPP and PSP) and 5200 MW — the share of small hydropower, wind power, solar power
and biomass and biogas. According to the annual commissioning for 500-700 MW of new
renewable energy capacity by 2020 Ukraine will meet its obligations.
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Conclusions

Solar power is a cheap, independent source of inexhaustible energy that has great pro-
spects in all areas of industry in Ukraine and the home. The reasons for these are:

— in Ukraine the average potential of solar energy is much higher than in Germany and
Poland;

— Ukraine has concentrated 10 percent of the global production of silicon; it can place the
country at the leading place in the world with regard to production of silicon solar cells
and electronics;

— the Ukrainian manufacturing capabilities allow enterprises to conduct the full techno-
logical cycle of solar cells. Ukraine has highly qualified scientific potential in this area;

— creating positive dynamics of solar power capacity — 8.1 MW in 2010 and 746.9 MW in
2013 — said that Ukraine can provide until 2020 up to 11% of electricity from renewable
energy sources;

— relatively high "green" electricity tariff favors the investments in Ukraine.
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PERSPEKTYWY ENERGETYKI SLONECZNEJ NA UKRAINIE

Streszczenie. Celem badan byta analiza polityki i gospodarki zrédtami energii stonecznej na Ukrai-
nie. Zastosowanie na Ukrainie alternatywnych zrodet energii, w szczegolnosci energii stonecznej, jest
bardzo obiecujace. Przyjeta strategia do 2020 roku przewiduje, ze Ukraina powinna odgrywac istotna
rolg na tym polu. Aby oceni¢ poziom studiow teoretycznych zastosowano metody analizy, pordwna-
nia i syntezy. Analiza energii stonecznej pozwolila uzyska¢ wynik badan historycznych oraz progno-
zowanie obszarow funkcjonalnych dla mozliwych $ciezek rozwoju. Przedstawiono zalety i wady
energii stonecznej oraz kierunki badan podstawowych i stosowanych na Ukrainie zwigzanych z roz-
wojem energii stonecznej. Praktycznie prawie wszystkie regiony Ukrainy aktywnie realizowaty pro-
jekty inwestycyjne majace na celu stworzenie elektrowni, ktore dziataja w oparciu o energi¢ stonecz-
na. Na Ukrainie dziata ponad 100 projektow energii slonecznej o tacznej mocy mocy ponad 1380
MW we wszystkich regionach kraju.

Slowa kluczowe: energia stoneczna, bezpieczenstwo energetyczne
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a useful tool for comprehensive evaluation of the technical and tech-
nological solutions in the animal production including the animal
welfare, environmental protection and energy consumption criteria. It
can be helpful in developing modern, innovative technologies of the
animal housing, with the principles of sustainable development.

Introduction

In the recent decades development of livestock production is related to its progressing
intensification and specialization. High concentration of production and a high degree of
mechanization and automation of the production processes follows from intensification. It
is related to housing of farm animals only in the livestock buildings and to a drop in the
human labour demand. A specialization means production of one animal species on the
industrial scale (Hartung, 2013). On one hand, intensification and concentration of the
production ensures profitability but on the other hand it is related to a negative impact on
the environment (Szymanska, 2006; Mroczek and Kostecka, 2008). Various types of initia-
tives, which aim at limiting the environmental threats related to the animal production, have
been taken for a long time. The Common Agricultural Policy (CAP) is one of them. As
a part of it, minimal requirements of cross-compliance for farms have been developed.
Adjusting Polish commodity and agricultural farms to the requirements of cross-
compliance is related mainly to balancing of the production and improvement of techniques
and technologies of animal housing, which results in the improvement of the production
efficiency ensuring at the same time the animal welfare and the work ergonomics. It also
allows limitation of the unfavourable impact on the environment (Wdjcicki, 2007; Romani-
uk et al., 2009). Development and assessment of innovative solutions for livestock produc-
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tion technologies, which meet the principles of the cross-compliance, require detailed re-
search based on the collected data (Strzatkowski, 1999; Safec et al., 2007). For this pur-
pose, the distributed and one-stand IT systems are created. Their task is to collect, process
and visualize data (Mueller et al., 2008; Mielcarek, 2013).

The objective of the paper was to design and develop the database acquisition and pro-
cessing system "Animal Housing Technologies" which enables assessment of technologies
taking into consideration the economic and environmental production aspect and the animal
welfare.

The database system

The database system of data acquisition and processing "Animal Housing Technolo-
gies" was designed and developed in the Institute of Technology of Life Sciences in Poznan
with cooperation of the ZETO company in Katowice [Electronic Calculation Technique
Company] as a part of the Multi-annual Programme for 2011-2015 "Standardization and
monitoring of the environmental projects, agricultural technique and infra-structural solu-
tions for safety and the sustainable development of agriculture and the rural areas", Meas-
ure 4.2. "Standardization of livestock production mechanization, including the environmen-
tal protection and animal welfare". The developed system enables collection, processing,
reporting and analysis of the data on the livestock production technologies.

The system characteristics

The data acquisition and processing system "Animal Housing Technologies" is a rela-
tional database developed in the server with the data management system SQL. The devel-
oped software is a closed application, which uses the internal data record format. It allows
stable system operation and limitation of the external unwanted access in the database.
When designing a database application, a special attention was paid to the system simplici-
ty and transparency while preserving functionality.

A logical and physical structure may be separated from the system organization. The
logical structure is related to the application functioning. The following modules comprise
this area:

— the data collection module (entering and saving the inventory and measurement data),

— the data processing module (presenting the collected data and their record in the pro-
cessed form),

— the data presentation (presenting the recorded and processed data in the form of previ-
ously defined lists and reports).

The physical structure is related to the system access. Connecting with the application
takes place through the internet browser. All users have an easy access to the system at the
same time from any location, maintaining at the same time the integrity and data safety.
Due to the secret nature of some information, using the system is possible after previous
certification and obtaining access to the private network, where the server is placed with the
installed internet website of the application (fig. 1). The users were divided into groups
with various entitlements. Each of them has its own login and & password.

Four independent users' groups can be distinguished.
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Administrators are the first group of users. They may manage the system and para-
metrize and configure the basic parameters of the program e.g.: vocabulary lists and indi-
vidual data sets. The other group comprise employees, which have a possibility to intro-
duce, up-date and preview of the data in the system. The third group consists of the
agricultural producers who have access to the data on their business activity. The last group
includes e.g. the selected employees of the administration and governmental institutions as
well as the scientific institutions. The entitlements of this group allow them only to preview
the reports generated in the system (Dokumentacja techniczna, 2013; Dokumentacja
uzytkownika, 2013).

The properties of the system

The developed database system has features which ensure its functionality, simplicity of
use and correct operation. The management system used for the operation of the data base
ensures optimal efficiency. Even, simultaneous use by many users does not result in signifi-
cant slowing down and the decrease of efficiency and reliability of use. The system enables
cooperation with the peripheral devices and other programmes, such as: Microsoft Excel
(within transferring and presentation of reports), Adobe Acrobat (within data export).

The following, can be listed among the operated formats:

XML, TXT (a text file including data in the alphanumeric form), CSV (a text file, where
values are separated with a comma) and DBF (a database file).
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Figure 1. The login screen to the system

177



Paulina Mielcarek, Wojciech Rzeznik

According to the assumptions, all reports generated in the system are displayed on the
screen and printed at request. The system enables control of the data integrity. However,
there is a possibility of saving incomplete data and their completion in later time. They are
automatically verified on account of essential facts and completeness. The program alarms
possible errors in the entered data and their incompleteness (Dokumentacja techniczna,
2013; Dokumentacja uzytkownika, 2013).

The structure of data collection, processing and presentation

In the database system, six basic modules with the following functions have been de-
veloped:

1. Users — adding new users and their objects and automatic generation of the users' list
and the possibility of their edition.

2. Objects — automatic generation of the list of objects and the possibility of their edition.

3. Questionnaires — the list of questionnaires with the possibility of edition and generation
of new questionnaires, adding and edition of questions.

4. Reports — generation of defined reports.

Advanced — data export to files.

6. Assistance — instruction of the program operation.

First three modules are used for entering and edition of data in the database system,
mainly by users of the Employee type. Information, which constitutes the appropriate data-
base, is assigned to the users of the Producer type. For each of them, the basic contact data
are entered and the possessed Objects, the list of which is in the module Objects, are as-
signed to them. Object is meant by a single livestock building, where the animal production
is carried out. The building type and the kind of production (the so-called production tech-
nology) is selected as a part of the Object. 5 types of buildings and 7 production technolo-
gies for 3 farm animal species were distinguished (fig. 2). Additionally, data on the build-
ings location and construction are entered.

9]

Pigglet production

Pork production

Table eggs
production

Hatching eggs

Production Poultry produciton

technologies |

Poultry meat
production

Milk production
Cattle

Beef production

Figure 2. Production technologies
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For each Object the Systems of: animal housing, ventilation, cooling, lighting, watering,
feeding, manure removing, egg collection and milking, related to the production are
selected (fig. 3).

Systems

— Object Measurements

Questionnaires

Figure 3. Data collection modules

In relation to the Systems selected for the specific Object values to the particular proper-
ties (represented by attributes) are assigned to them: work time, power and the calorific
value. Energy consumption is calculated on this basis (fig.4).

‘ ' Uzytkownik: mielcarekp
v TUT TECHNOLOGIE UTRZYMANIA ZWIERZAT
. TECHNOLOGICZNO-PRZYRODNICZY SYSTEM AKWIZYCJI | PRZETWARZANIA DANYCH
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opatowa maksymalna
Systemy
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Figure 4. Table of Systems values

The Objects also have properties, values of which result from the Measurements which
were carried out in the buildings. The Measurements are marked with a specific moment of
time and concern the livestock number, environment and animal welfare. As a part of the
research such values as the following are measured: gas pollution concentration, dust pollu-
tion concentration and odours concentration as well as air exchange and velocity of air
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movement, temperature and relative humidity of air and lighting intensity and the level of
noise (fig. 5). Based on the collected measurement data and available methodologies, val-
ues of the total gas and dust pollution emission and the momentary odours emission are
calculated. In order to compare the objects within the impact on the environment, the emis-
sion factors of these pollutions expressed per 1 animal and 1 kilo of animal body mass are
determined (PN-EN 13725:2007; PN-EN 12599:2013-04E; Kartowski et al., 2008; Jugowar
and Piotrkowski, 2012).
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Symbol obiektu: O1NQL
* Data odczytu: 2013-07-0%

Stan poglowia Dobrostan Emisje
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SteZenie CO2: 1995 12 [mg*m3]

Stezenie N20:0 82 [mg*m3]

Stezenie odorow: 1122 fouem)
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Wym. powietrza (sek.):
Wym. powietrza (doba): [m3=doba'*]
Ciénienie: [hPa)

[m3*s%]

Temperatura: a)

Figure 5. Form for measurement results

The animal welfare is assessed based on the questionnaire developed individually for
each of the distinguished production technologies. For each Object any number of ques-
tionnaires may be generated. Questionnaires similarly to the Measurements are atrributed to
given date. Four categories of questions: animals housing, building equipment and techno-
logical systems, micro-climate and animal health safety and hygiene, can be distinguished.
Edition of the questionnaires which have been entered to the system in the module Ques-
tionnaires, as well as from the module level Objects is possible. Additionally, the module
Questionnaires gives an opportunity to correct particular questions and to add new ques-
tions within the above-mentioned four categories. The system informs the user on the in-
complete questionnaire and does not include it in the generated reports.

The processed data are presented in the module Reports, where the synthetic and de-
tailed result reports are generated. 8 reports were defined in the system:

1. Welfare — histogram - a group list of results of the welfare assessment questionnaires
within the selected production technology, divided into four categories of the question-
naire questions; graphical presentation of the distribution of the questionnaire results in
the form of a histogram.
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2. Energy consumption — histogram — a group list of energy consumption in the selected
production technology; a graphical presentation in the form of a histogram.

3. Annual emissions — the list of the annual gas, dust pollution emission and a momentary
odour emission for particular Objects.

4. Emission factors (animal) — the list of mean values of emission factors per 1 animal for
the particular Objects.

5. Emission factors (kilo) — the list of mean values of emission factors per 1 kilo of animal
body mass for the particular Objects.

6. Welfare — the list of results of the questionnaires expressed with percentages for the
particular Objects.

7. Energy consumption the list of the data on energy consumption of production divided
into the Systems for the particular Objects.

8. A general report — a synthetic list of the energy consumption results, animal welfare
assessment and average emission factors for the particular Objects.

C. Ocena srodowiska

1. Emisje roczne

Amoniak: NH; [kg*rok™]
Min 1,802 35 4,178.48 Max

Metan: CHy4 [kg*rok™']
Min 10,248 42 60,600.46 Max

36,322 50/

Dwutlenek wegla: CO, [kg*rok™']
Min 825,549 44 3,247 982.76 Max

1,200,919.19

Figure 6. Fragment of an individual report

Reports may be filtrated with regard to the production technology, voivodeship and
province. Whereas the data included therein may be sorted with regard to the selected pa-
rameter. Moreover, the module includes individual reports. They include results of the
animal welfare assessment, energy consumption and environmental assessment of the Ob-
Jject compared to others within a specific production technology (fig.6). Information on the
agricultural producers and the Objects, which they possess, are presented in the so-called
producer report. It contains the synthetic data and is generated in the module Users (fig.7).
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Producent: PITIW KARTA PRODUCENTA Data: 11.04.2014 r.
Dane producenta: Lokalizacja: Posiadane obiekty:
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3 Viypos. budynku | syst. tech.
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Mikrokimat| 33.33
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Migiens | bezp. zarow, zwierzat| 13,04
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c u Spalanie  Energocht. rok*)
Systemy mepasy | M opows M makaymaina 2.5 = v
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System utrzymania 100

Figure 7. Producer Report

The module Advanced enables data export to the files, which contain information on the
Systems, Measurements and Questionnaires. The measurement and questionnaires results
may be filtrated by entering the searched phrase in the field above the column or by click-
ing its name. Under the lists there is information on the number of all found positions
shown on the website and the number of all websites. The exported files may serve for
a starting point for further analysis in the external tools. The module Assistance includes the
User's Manual of the program and the detailed information on the system function, availa-
ble for a particular user (Dokumentacja techniczna, 2013; Dokumentacja uzytkownika,
2013).

Conclusion

The knowledge obtained from collection and data analysis by a system may be helpful
at developing new, innovative animal housing technologies maintaining the sustainable
development principles. In the future it is planned to complement the system with addition-
al modules, which allow a complete assessment of the livestock production impact on the
environment, taking into consideration transport, production of feed components and man-
agement of natural fertilizers. Development of a methodology, which would allow a total
assessment of the animal housing technology is also assumed. It would include three frac-
tional assessments in the following areas: animal welfare, environment and energy con-
sumption.
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BAZODANOWY SYSTEM AKWIZYCJI I PRZETWARZANIA DANYCH
» TECHNOLOGIE UTRZYMANIA ZWIERZAT”

Streszczenie. Od lat podejmowane sa inicjatywy majace na celu ograniczanie zagrozen srodowisko-
wych zwiazanych z produkcja zwierzgca. Opracowanie i ocena innowacyjnych rozwiazan
w zakresie technologii w produkcji zwierzgcej wymaga szczegétowych badan w oparciu o gromadzo-
ne dane. Stosowane sg do tego dedykowane systemy informatyczne. Celem pracy byto zaprojektowa-
nie i wykonanie bazodanowego systemu akwizycji i przetwarzania danych ,,Technologie Utrzymania
Zwierzat” umozliwiajacego oceng technologii biorac pod uwage ekonomiczny i sSrodowiskowy aspekt
produkcji oraz dobrostan zwierzat. System umozliwia gromadzenie, przetwarzanie, raportowanie
i analizg¢ danych, dotyczacych technologii produkcji zwierzgcej. Jest on praktycznym narzgdziem do
oceny rozwiazan technicznych i technologicznych produkcji zwierzgceej, uwzgledniajacej dobrostan
zwierzat, ochrong $rodowiska oraz energochtonnos$¢ produkcji. Wiedza ta moze by¢ pomocna przy
opracowywaniu nowych, innowacyjnych technologii utrzymania zwierzat gospodarskich, z zachowa-
niem zasad zrGwnowazonego rozwoju.

Stowa kluczowe: system bazodanowy, technologia utrzymania zwierzat, dobrostan, rolnictwo zrow-
nowazone
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An offer of the existing expert systems (ES) for crop production in our
country is presented. It was established that the recommendation
decision support systems in plant protection are ES-like, since they
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calls for a multidisciplinary handling of the ES development: coopera-
tion of agronomists, phytopathologists, plant-protection specialists,
meteorologists, economists, agricultural advisers, farmers as well as
specialists in databases, software engineering, artificial intelligence,
etc.

Introduction

The Common Agricultural Policy (CAP) of the European Union has been executed in
Poland since 2004. The main priority of the CAP is providing the EU citizens with food
safety and attaining sustainable development of agriculture with particular attention to the
environment. In recent years a lot of attention has been paid to limit excessive use of pesti-
cides in agriculture (Duer et al., 2004).

Pursuant to applicable law, crop protection products must be used according to the inte-
grated pest management principles (Wolny, 2012), which requires specialist knowledge on
the biology of pests and the host, environment, crop protection products properties, etc.
Using all available pest management methods, especially non-chemical ones, is one of the
main principles of the integrated pest management (IPM). The non-chemical methods do
not completely eliminate the population of pests, but they limit their development and fa-
vourably influence the biological balance, which favours natural mechanisms of protection
against pests (Wolny, 2012; Zaliwski, 2013a). Another important principle is a rational
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selection of the crop protection product preceded by a detailed analysis of the crop condi-
tion. The analysis should include the variety susceptibility, growth stage of plant and pest,
the size of the infection source, atmospheric conditions, properties of the protection prod-
uct, rotation of products with various action mechanisms, and occurrence of pest forms
resistant to particular crop protection products (Nierdbea et al., 2010; Zaliwski 2013a). The
need to include so many factors makes the integrated pest management difficult to be used
by specialists, especially if several diseases infest the crop simultaneously (Urnanska et al.,
2010; Zaliwski, 2013a). In many European countries, including Poland, IT tools are more
and more often used for decision support in crop protection (Lipa, 1999; Hosstgaart and
Wolny, 2002; Mahamana et al., 2003; Thomson and Willoughby, 2004, Kozlowski et al.,
2011). Complex systems in the form of interactive computer programs, which use databases
and algorithms, are created. Also, systems for many users which transfer information on the
need to perform a treatment directly to a farmer via the Internet and SMS are very popular
(Hosstgaart and Wolny, 2002; Nierobca, 2009). Nowadays, dynamically developing neural
processing techniques create new analytical opportunities. Artificial neural networks can
analyse not only the numerical data collections which come e.g. from experimental re-
search, but also fuzzy sets, which is characteristic of a human brain. The research carried
out on the use of neural techniques in agricultural practice shows great possibilities for their
use in the integrated pest management (Boniecki, 2007).

The objective of the paper is to describe the offers of expert systems for decision sup-
port in integrated pest management and to indicate possible trends of their development.

Legal basis for integrated pest management

Issues concerning the pest management were regulated in detail by Directive
2009/128/EC of the European Parliament and of the Council of 21st October 2009, which
sets forth the frames for the community operation for the sustainable use of pesticides, and
the Regulation of the European Parliament and of the Council (EC) no. 1107/2009 of 21st
October 2009 concerning the placing of plant protection products on the market and repeal-
ing Council Directives 779/117/EEC and 91/414/EEC. The Member States of the European
Union are obliged to introduce the integrated pest management not later than on the Ist
January 2014 (Wolny, 2012). Regulation 1107/2009 EC (art. 1 and 55 and enclosure III)
determine general guidelines for using crop protection products, according to the integrated
pest management principles.

According to the EU documentation, general principles of IPM are as follows:

1. Non-chemical methods are favoured over chemical methods if they ensure a sufficient
protection against pests.

2. The non-chemical methods except for biological, physical and mechanical protection
treatments include:

a) the use of crop rotation,

b) the use of relevant agrotechnology,

c) the use of resistant or tolerant varieties as well as qualified seeds and planting stock

pursuant to the provisions on seed production,

d) the use of the sustainable fertilization, liming, irrigation and melioration,

e) the use of substances which prevent introduction of harmful organisms,

f) creation of conditions which favour beneficial organisms and their protection,
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g) preventing the spread of harmful organisms through the use of phytosanitary means,
such as regular cleaning of cultivation machines and tools,
h) the use of crop protection products in a way which limits the risk of harmful organ-
isms’ resistance.
The above principles show that full implementation of the IPM is not possible without
placing it in the context of the integrated crop production management.

The expert system in plant protection

The expert system (ES) is generally a computer information system which uses the ex-
pert knowledge for solving complex problems within a narrow field with a result not worse
than one reached by a human expert (Mulawka, 1996; Turban et al., 2010). Basic elements
of the expert system are as follows (Boniecki, 2007):

1. Knowledge base, which includes knowledge necessary to solve problems.
2. An inference engine (inference means determination of new facts from the knowledge
base and the set of initial facts, declared by the expert system user).

Except for those two basic elements in the ES there are auxiliary elements:
Permanent and variable database.

The system which explains the strategy of the inference leading to a solution.
The knowledge base editor.

The user interface.

el S

In the early expert systems “if-then” rules were used for storing knowledge. Second
generation ESs combine various methods of knowledge representation and inference, e.g.
“if-then” rules with fuzzy logic, neural networks or genetic algorithms (Turban et al.,
2010).

If the solutions provided by the ES are designed for decision support, then it becomes
a decision support system. And reversely, a DSS may integrate the results obtained from
many ESs or include only some components of the ES in its architecture. The use of ESs
for decision support is limited to specific problems and is preconditioned by the following
assumptions (Kisielnicki and Sroka, 2005):

— decision must depend on the well defined set of variables,

— values assumed by these variables must be known,

— the impact of particular variables on the decision must be known,

— the problem must have solutions, which may be defined at the beginning,
— the inference logic is determined in advance,

— the expert is able to articulate the manner of solving the problem.

In the ES for the integrated pest management, the knowledge base includes practical
knowledge acquired as a result of long-term experience and the results of the most recent
research. It should also include the applicable law. Construction of such a system requires
the cooperation of integrated protection experts and of modelling and IT specialists. In the
integrated pest management, the ES in a “pruned” form may be used for decision support,
where, through the interface, the user usually has an access only to the solutions of the
problem provided in the form of recommendations. The system which explains the infer-
ence strategy is omitted and only administrators use the knowledge base. The ESs operating
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in the integrated pest management may be defined as open expert systems: they are sup-
plied with the current weather data processed by the advanced mathematical models and
rules, which constitute their knowledge base. In plant protection, mathematical models
constitute a very valuable tool for determination of recommendations, since, due to the
mathematical description of decision options and their results, the selection of the optimal
option is possible from among a great number of choices. That usually exceeds the skills of
an expert on account of the time limit. These systems, however, require thorough hand-on
experience to get acquainted with the principles of their operation. Therefore, simplicity —
easy operation and interpretation of results — is the main principle in designing agricultural
ES. The implementation and maintenance of the system and its further development require
constant inflow of current data, improvement and development of new models, moderniza-
tion of software, etc. Success in making the system popular depends on the relevant adver-
tising and training (Skwarcz, 2009; Zaliwski, 2013Db).

Deployment of expert systems in practice

The rules of integrated pest management are successfully implemented in horticultural
crops and orchards, particularly those under cover. In the nineties, which was the initial
period of IPM implementation, human expert knowledge was mainly used. At present,
more and more often meteorological DSSs equipped with components typical of expert
systems, as well as actual ESs, are used. The system of early signalling in the protection of
apple orchards against apple tree scab Venturia inaequalis is an example of a meteorologi-
cal DSS intended for on-farm operation (Doruchowski, 2005). An algorithm which deter-
mines the probability of infection and the date of a preventive anti-fungi treatment is based
on the criteria of the modified Mill's table. It includes air temperature and humidity, pre-
cipitation, and the time of leaf moistening. Another system "SadEkspert" includes almost
all fruit tree varieties and enables recognition of approx. 120 of the most important pests.
They are presented in the form of pictures, and the database of the program contains over
70 products against pests and diseases (Boniecki, 2007).

For crops under cover, where environment may be controlled much better, special
guidelines for the integrated pest management were developed. They allow efficient reduc-
tion of pests with simultaneous sustainable use of pesticides. The guidelines may be easily
implemented due to such expert systems as ES "Integrated cultivation of tomato under
cover", which was developed at the Institute of Horticulture (Adamicki et al., 2013). This
system, among few others in Poland, was made available on the Internet for free-of-charge
use. It enables the determination of the causes of the observed disorders with regard to the
growth and development of the tomato plant caused by non-infectious agents, as well as the
causes of damages to plants by fungi, bacteria, virus diseases and pests. The user session
starts with a selection of the key, which enables determination of the above-mentioned
agents. Using the key comes down to answering either "Yes" or "No". After the agent has
been recognized, the user can read a description and look at the pictures of particular disor-
ders or damages in order to confirm the diagnosis and recommendations for prevention and
control of the observed irregularities.

Another ES is designed for recognizing beetroot pests in the vegetation period and ena-
bles the user to determine a suitable method of their control. Decision assumptions were
developed here in the form of rules and facts and a photographic knowledge was made
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available in the multimedia form: pictures, sounds and film sequences. The user carries out
a dialogue with the system. The system may connect with external modules to extend its
repertoire of the presented information. For groups specializing in vegetable growing, the
Internet is an important source of obtaining and transferring agricultural information (Cu-
piat, 2010).

For large area crops an advisory system "Rzepinfo" was developed. It enables complex
protection of the winter rapeseed plantation (Koztowski and Weres, 2007). Rzepinfo may
provide information on the varieties of winter rapeseed, seed dressing, pests and diseases,
which cause the greatest damage, crop protection products, etc. It supports identification of
pests based on their morphological structure and diseases based on characteristic damages
to plants, enables selection of varieties, crop protection products and supports planning of
protection treatments. For Rzepinfo system, fast identification methods with regard to pest
and diseases of winter rapeseed were developed, using decision trees. They do not require
specialist knowledge.

IPM DSS |

Explanation system  ———» [ User interface }

?

< Inference engine >
) ’///,,,,;7,
e —

[ Data input module }

e
=

Figure 1. Architecture of the Internet integrated pest management decision support system
(IPM DSS)

Knowledge
base

"The Internet integrated pest management decision support system” (IPM DSS) is an
example of the DSS which uses almost all components of the expert system except for the
explanation system (fig. 1). Work on the system development has been initialized at IUNG
in Putawy in 2001 in cooperation with the Danish Institute of Agricultural Sciences, which
provided prototypes of disease models (Hosstgaart and Wolny, 2002). Moreover, the fol-
lowing institutes participated in the project: IOR [Institute of Plant Protection] in Poznan as
well as IHAR [Plant Breeding and Acclimatization Institute] in Radzikéw and Bonin, and it
was supported by PIORIN [State Inspection of Plant Protection and Seed Science] in War-
saw, LODR [Lublin Agricultural Advisory Centre] in Konskowola and IMGW [Institute of
Meteorology and Water Management] in Poznan. The cooperation resulted in the develop-
ment of the Polish version of the system (components concerning cereals and potato protec-
tion) and its verification in Polish conditions (Wolny et al., 2003; Horoszkiewicz-Janka et
al., 2005). The main assumption of the IPM DSS (2013) is a precise use of economic
thresholds in the models of diseases in order to generate recommendations concerning the
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need to carry out a treatment. Economic thresholds were verified in field experiments in
various environmental conditions for various diseases (Horoszkiewicz-Janka et al., 2005;
Wolny et al., 2005). Moreover, the system enables an interactive access to information on
varieties and crop protection products, included in the databases. Figure 2 presents the
sequence of analyses in the system.

IPM DSS System

Ttreatment need «
calculation —_
\' Selection of pesticide |€&—

v / Field assessment
Database

_—> Dose calculation <E—

Recommendation <

Figure 2. The sequence of operations performed in the Internet Pest Management Decision
Support System

The most important elements included in the IPM DSS are:
— growth stage of cereals (acc. to Zadok),
— infection degree (number of plants with symptoms of infection expressed in %),
— variety resistance to disease,
— weather conditions,
— effectiveness of pesticides.

For determination of the date of performing the first treatment against potato late blight,
the IPM DSS includes the internet application which implements the "Negative prognosis"
model. The system generates daily and accumulated risk values, compiled in a table from
the day of potato emergence to the day of simulation. Operation of the application consists
in the selection of two parameters: the date of potato emergence and the locality of the
meteorological station closest to the potato field.

The webpages of the IUNG-PIB [Institute of Soil Science and Plant Cultivation — State
Research Institute] include also models for determination of the need to carry out a protec-
tive treatment against eyespot and septoria of winter wheat (Zaliwski and Nierdbca, 2007;
Zaliwski and Nierobca, 2010). Recommendations concerning the protection treatment de-
pend on the calculated risk of crop damage, representing a resultant impact of various fac-
tors (fig. 3). The risk of damage is measured against the scale of three values: small, aver-
age and high. In these models and in all models of the IPM DSS, representation of
knowledge with the use of rules "if-then" was used.
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Figure 3. Interactive application to assess the risk of Pseudocercosporella herpotrichoides
infection (www.dss.iung.pulawy.pl/Documents/ior/pseudocercosporella. html)

Conclusion

The Polish agriculture is presently at the stage of implementation of the integrated pest
management principles. The use of the IPM cannot be effective without the use of innova-
tive solutions, such as expert systems, which allow exhaustive analysis of a decision situa-
tion based on the local data. Currently, the offer of expert systems with regard to the inte-
grated pest management is still quite poor in our country. Of the few ESs offered most are
available as one-user systems, but there are also ESs for many users available on-line. The
existing DSSs in the integrated pest management use components of expert systems. It
results from the fact that obtaining information for formulating a recommendation requires
solving a problem on the treatment justification. Solving such problems lies within the field
of expert systems application.

In order to meet the requirements of the EU, there is a great need to carry out work on
the expert systems in the integrated pest management for the most important crops in the
country. They must take into account the context wider than the plant protection, including
issues of the integrated crop production. Multi-faceted nature of these issues requires
a multi-disciplinary approach at the development of knowledge bases — cooperation of
agronomists, phytopathologists, plant protection specialists, meteorologists, economists,
etc. as well as practicioners: agricultural advisers and agricultural producers. Ensuring high
technological standard in this field requires the cooperation of computer specialists: data-
base developers, software engineers, specialists in artificial intelligence, etc.
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SYSTEMY EKSPERTOWE JAKO NARZEDZIA ]
WSPIERAJACE DECYZJE W INTEGROWANEJ OCHRONIE ROSLIN

Streszczenie. Przedstawiono istniejaca w kraju ofert¢ systemow ekspertowych (SE) dla produkcji
roslinnej. Stwierdzono, ze rekomendacyjne systemy wspomagania decyzji (SWD) w ochronie roslin
sa SE-podobne, poniewaz wykorzystuja komponenty wlasciwe systemom ekspertowym. SWD formu-
tuja zalecenia rozwiazujac problemy dotyczace zasadnosci wykonania zabiegu ochronnego, zachowu-
ja sie wigc podobnie jak SE. Dostgpnos¢ informacji pochodzacej z SE w zakresie integrowanej
ochrony roélin jest jeszcze w naszym kraju niewielka. Konieczne jest opracowanie nowych SE dla
najwazniejszych upraw. Interpretacja przepisow UE pozwolita stwierdzi¢ potrzebe ujgcia zagadnien
integrowanej ochrony roslin w szerszym kontekscie integrowanej produkcji roslinnej. Wieloaspekto-
wo$¢ zagadnien integrowanej produkcji roslinnej wymagac¢ bedzie multidyscyplinarnego podejscia do
budowy SE: wspotpracy agronoméw, fitopatologdéw, specjalistow od ochrony roslin, meteorologow,
ekonomistéw, doradcoéw rolniczych, producentéw rolnych, a takze specjalistow od baz danych, inzy-
nierii oprogramowania, sztucznej inteligencji, itd.

Stowa Kkluczowe: system ekspertowy, system wspomagania decyzji, integrowana ochrona roslin,
integrowana produkcja roslinna
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Introduction

The main objective of agriculture in Ukraine at the present stage is to obtain production
with limited expenditure of human energy and to protect the environment against degrada-
tion and pollution. One solution is to introduce new varieties, agricultural lands, which due
to a considerable adaptive capacity provide a high level of implementation performance
with minimal energy costs and provide a positive biogeocenotic impact on the elements of
soil fertility.

The cultivation and consumption of beans in Ukraine have become popular. Low pro-
duction of high-protein foods of animal origin, their high cost, gives impetus to increase the
area under leguminous crops (Polyanskaja, 1991; Ovcharuk, 2013). For effective use of the
biological potential of the varieties of beans and soil-climatic conditions of forest-steppe, it
is important to develop and introduce into production a new adaptive varietal growing tech-
nology. Therefore, only a comprehensive study of agro-biological characteristics and tech-
nologies of cultivation of beans, establishment of conditions for obtaining high productivi-
ty, increases the seed production.

The growth and development of plants and the formation of their productivity are im-
portant indicators that characterize the production process of agricultural crops, in particu-
lar common beans (Kaminski, 2006; Petrechenko, 2003; Ovcharuk, 2013). The intensity of
the growth processes is directly proportional to increases of the productivity of legumes
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(Petrechenko, 2003). In turn, the intensification of the processes of growth and develop-
ment is caused by the influence of environmental and biotic factors (Avadenyi, 2013;
Ovcharuk, 2013; Petrechenko, 2003). However, the dominant role belongs to the varieties
and growing techniques (Avadenyi, 2013; Golohorinska, 2005; Stakanov, 1986). Techno-
logical measures, which play an important role in shaping the productivity of legumes un-
der favorable interaction unregulated factors, can reach 85% or more (Kaminski, 2006).
Unlike technological activities, the role of the varieties as one of the most accessible and
effective means of production is constantly growing and its contribution, according to the
latest years, to the yield increase is estimated at 30-50% (Avadenyi, 2013; Golohorinska,
2005).

The objective of the research

The objective of the research was to set the duration of the phenological growth stages
and development of bean and harvest patterns, depending on the variety in the western
forest-steppe.

Methodology and source material research

Experimental studies were conducted within 2009-2013 on the experimental field of
Podilsky State Agrarian Technical University.

The soil was deep black soil humus. The humus content (by Turin) in the topsoil was
3.4-3.8%, easily hydrolyzed nitrogen (by Kornfild) amounted to — 10.5-12.2 mg 100 g of
soil, mobile phosphorus (by Chirikov) — 16.5 mg 100 g of soil, potassium (by Chirikov) —
21.0 mg 100 g soil, pH (salt) — 7.3.

The climatic conditions in the western forest-steppe are characterized by a sufficient
amount of heat, but unstable moistening. A significant temperature increase is observed
during March-April and April-May. Summer is characterized by high and stable tempera-
ture. In July it is 20°C, in August 22-23°C. The warm period ranges from 230 to 265 days,
and the period of active vegetation (temperature above 10°C) ranges from 155 to 170 days.
The sum of active temperatures is 2300-2750°C, SCC reaches 1.3-2.0, annual rainfall varies
from 498 to 675 mm in the West to 790 mm, the average air temperature of 7.8°C.

Sowing of common beans is held in the first decade of May. The total area of the plot
was 45.0 m’.

A brief description of the investigated varieties

Kharkivska shtambova. 1t is cultivated in Kharkiv Institute of Mechanization and Elec-
trification of Agriculture by weight selection of early non- selective forms of 80-189. Its
kind is ellipticus, albus. Plants are clustered, compact shaped, with a height of 40-60 cm.
The flower is white. The height of attachment of the lower bean is 12-20 cm. Beans are
resistant to cracking. The seeds are white, elliptical, smooth, shiny with hem in white. The
weight of 1000 seeds is 245, the protein content in the seed is up to 23.6%. It boils well and
has high gustatory properties. It is cold-resistant and suitable for mechanized harvesting.
The duration of the vegetation period is 79-90 days. Seeds yield is 16-20 q-ha™ (Polyan-
skaja, 1991).

Mavka. Bred in the Institute of Agriculture of NAAS. Plant height is 50-60 cm. The
height of attachment of the lower bean is 12-14 cm. It has many leaves. Plants are an inde-
terminate growth type, with a curling top and a straight form of a bush. Botanical variety is
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var. ellipticus, albus. The under-cotyledon knee is light green, flowers are white, beans are
yellow, with a pointed tip, the shape of the seed — oval-elliptic, the color of the seed coat is
white, with a faint marble pattern. Weight of 1000 seeds is 280 g. Duration of the vegeta-
tion period is 105 days. The seeds contain 23% of protein.

This variety is of seed direction usage, it is resistant to lodging. Seeds are very tasty, re-
sistant to shattering and suitable for mechanical harvesting. Seeds yield is 26 to 28 g-ha™. It
is recommended for cultivation in the Steppe and in Polissya of Ukraine (Ovcharuk, 2013).

Nadiya. 1t is bred in Bukovina Institute of agro-UAAS. It was created by individual se-
lection from a hybrid combination of Belcka 16xPervomaiska. Kind-ellipticus, albus. The
form of the stem — sectional. Plant height is 45-50 cm. Flowers are white. The height of
attachment of the lower bean is 15-18 cm. Beans are resistant to cracking. The seeds are
white, elliptical, smooth, shiny with white hem. The weight of 1000 seeds — 226-234 g, the
protein content in the seeds is up to 26%. It boils well and has a high gustatory properties.
The variety is of seed direction usage, cold-resistant and suitable for mechanized harvest-
ing. The duration of the vegetation period 80-85 days. Seeds yield is 23-27 g-ha™ (Goloho-
rinska, 2005; Ovcharuk, 2013).

Bukovynka. Bred in Bukovina Institute of agro-UAAS. Created by individual selection
from a hybrid combination of AlunaxAlpha.Variety — ellipticus, albus. The form of the
stem — sectional, secondary branching. Plant height is 50-55 cm. Flower is white, 2-6 in the
brush. The height of attachment of the lower bean is 15-17 cm. Beans are resistant to crack-
ing. The seeds are white, elliptical, smooth, shiny with white hem and the weight of 1000
seeds amount to 233-246 g. The content of protein in seeds — 26%. It boils well. The variety
is of seed direction usage. The duration of the vegetation period is 80-85 days. The ex-
pected yield of seeds is 26.3-26.7 q-ha™ (Ovcharuk, 2013).

Podolyanochka. 1t is bred in Podilsky State Agrarian Technical University. It was creat-
ed by individual selection from the local population. Variety - ellipticus, albus. The form of
the stem - sectional. Plant height is 55-58 cm. Flower is white, 2-6 in the brush. The height
of attachment of the lower bean is 12-15 cm. Beans are resistant to cracking. The seeds are
white, elliptical, smooth, shiny with white hem. The weight of 1000 seeds is 230-245 g.
The protein content in the seeds is 25-26%. It boils well. It has the grade of the seed direc-
tion; it is cold-resistant, suitable for mechanized harvesting. The duration of the vegetation
period is 80-85 days. The expected yield of seeds is 26.5-27.0 q-ha™ (Ovcharuk, 2013).

The results of the research

The length of the growing period of crops is a genetically determined trait. An im-
portant feature of annual crops is a response to the changing environmental factors. It may
be varied with regard to the variety, which is associated with such factors as: the group
maturity, type of growth and others. Growing of common beans in a specific soil-climatic
zone is important in the duration of the growing period (Golohorinska, 2005; Kaminski,
2006).

A variety and the sowing methods determine the duration of interphase periods in the
ontogeny of plants and vegetation period in general. But, it is clear that even varieties of the
same group of ripeness have different vegetation periods, due to the genetic characteristics
of the variety (hybrid).

The research established that the growth and development of plants of different varieties
during the growing period were held simultaneously. There are some differences in the
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passage of the interphase periods. The study of interphase periods of development showed
that the growing conditions affect the rate of passage stages of plant development of com-
mon beans. On average during the years of the research period, sowing-germination lasts
for 10-12 days. Period of budding-flowering accounted for 10-13 days, flowering-ripening
of beans — 21-23 days.

Therefore, we have analyzed the dynamics of the formation of the vegetation periods for
each variety, and with regard to the sowing methods. In particular, the variety of
Kharkivska shtambova growing period varied depending on the sowing methods from 75 to
81 days. (table 1).

Table 1
Effect of sowing methods on the duration of interphase periods in varieties of beans (aver-
age over 2009-2013)

Interphase period (days)

=
- o0 B g
= £ = .éo 2 £
. £ g g 5 , & Z
Varieties g & en g g=) g8 >
% E £ = T g 5 5
B R o0 £ o g%
A OR= =t = &85 L =
=087 = B 8= S 4 E8 85732
° .5 B o 5 % = 5 g g.2
= B=T-] =1 ~ O o 9 = 15
w 2 =2 M = o (V] A o
Ordinary method of sowing (inter-row spacing of 15 cm)
Kharkivska shtambova 10 16 10 21 18 75
Nadiya 11 18 11 21 20 81
Bukovinka 10 17 10 21 19 77
Mavka 11 19 12 23 20 85
Podolyanochka 10 18 11 21 20 81
Ordinary method of sowing (inter-row spacing of 30 cm)
Kharkivska shtambova 10 16 11 22 19 78
Nadiya 11 18 10 22 21 82
Bukovinka 11 19 11 22 20 83
Mavka 11 20 12 23 21 87
Podolyanochka 10 20 12 22 20 84
Wide-row method of sowing (inter-row spacing of 45 cm)
Kharkivska shtambova 10 18 12 21 20 81
Nadiya 12 19 11 22 21 85
Bukovinka 11 19 12 23 22 87
Mavka 12 20 13 24 22 91
Podolyanochka 11 20 12 23 21 87

198



The influence of technological factors...

The longest period of vegetation was obtained by sowing with a wide-row method, and
the shortest growing period by sowing with the usual string method with wide row spacing
of 15 cm.

The indicators characterizing the structural elements of plants, namely, plant height and
attachment of the lower bean, the number of internodes and branches depend not only on
the varietal, but also on sowing methods for different widths of rows (table 2).

Table 2
Characteristic of plants of beans depending on the varieties and sowing methods (average
over 2009-2013)

Height (cm) Number
3
g ER-
[ 172) o

Variety ° E = 8
= g 7 154 0 =
28 v o2 S =
£2 =52 3 8
~ <=2 me% = E

Ordinary method of sowing (inter-row spacing of 15 cm)
Kharkivska shtambova 68.3 12.4 4.3 10.1 1.5
Nadiya 55.4 15.8 7.2 10.3 1.7
Bukovinka 57.6 15.3 6.6 11.7 1.4
Mavka 58.1 11.2 4.1 11.4 1.8
Podolyanochka 56.5 15.1 6.3 13.8 1.6

Ordinary method of sowing (inter-row spacing of 30 cm)
Kharkivska shtambova 75.3 10.4 1.9 14.1 2.7
Nadiya 58.6 15.1 6.4 13.2 3.1
Bukovinka 64.1 14.2 4.7 16.4 2.4
Mavka 66.7 9.5 1.1 15.3 2.9
Podolyanochka 63.4 12.7 4.2 16.3 2.7

Wide-row method of sowing (inter-row spacing of 45 cm)
Kharkivska shtambova 91.6 9.1 0.3 13.4 3.1
Nadiya 50.2 14.9 5.4 12.7 3.8
Bukovinka 53.8 15.6 6.7 11.3 3.0
Mavka 55.8 83 0.2 12.5 3.4
Podolyanochka 51.9 14.0 43 10.6 3.2

Therefore, it was established that the height of the plants depends on the variety and
sowing methods. In case of Kharkivska shtambova variety, this figure amounted to 68.3-
91.6 cm, Nadiya variety — 50.2-58.6 cm, Bukovinka variety— 53.8-64.1 cm, Mavka — 55.8-
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66.7 cm, Podolyanochka variety is 51.9-63.4 cm. As we see, with the increase of row spac-
ing, increasing the height of the plants.

As to the height of attachment of the lower bean and distance from the soil surface to
the tip of the lower bean it is known that these figures describe the suitability for mecha-
nized harvesting of beans. Our studies revealed that by the usual method of planting with
wide row spacing of 15 cm height of attachment of the lower bean this figure was the high-
est in Nadiya variety and amounted to 15.8 cm; Mavka variety had the lowest — 11.2 cm.
Decrease of this indicator was observed with the increase of the width of the rows. By the
usual method of planting with wide row spacing of 30 cm height of attachment of the lower
bean was the highest in Nadiya variety to 15.1 cm; Mavka variety had the lowest — 9.5 cm.
In a wide-row method of planting with row spacing of 45 cm high, these values were in the
variety Bukovinka — 15.6 cm, the variety Nadiya — 8.3 cm.

Figure 1. Form of bush of beans depending on the row spacing (the harvest-2013)

Observations indicate that the methods of sowing influenced the number of internodes
and branches. By the usual method of planting with wide row spacing of 15 cm number of
internodes was highest in grade Podolyanochka — 13.8 No, the lowest in the variety of
Kharkovska shtambova — 10.1 No. Growth of this indicator was observed when increasing
the width of the rows. By the usual method of planting with wide row spacing of 30 cm
height of attachment of the lower bean was highest in Bukovynka variety — 16.4 No, Mavka
variety had the lowest — 13.2 No. As a result of the wide-row method of planting with row
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spacing of 45 cm high, these figures were for the variety of Kharkovska shtambova
— 13.4 No, the lowest Podolyanochka variety — 10.3 No.

The number of branches depended on the method of sowing, at sowing in the usual way
with wide row spacing of 15 cm and amounted to 1.4-1.8 No, by the usual method of plant-
ing with wide row spacing of 30 cm — 2.4-3.1 No, with wide-row method of planting with
row spacing of 45 cm 3.0-3.8 No.

Analyzing the biometric characteristic of Podolyanochka variety we found that the sow-
ing methods had an impact on the shape of the bush (fig. 1).

In the process of formation of organic matter it is accumulating in all parts of the plant,
however, the maximum accumulation of dry matter does not always prove the effectiveness
of the event. This criterion is the yield of the main products. Crop yield is the product of
plant productivity and the total number of plants that remained at the time of harvesting.

The set of elements of plant productivity, referred to as the structure of the crop. The
main features of the structure of the crop of beans are: the number of beans per plant, seed
size, number of seeds from plants, their size (weight of 1000 seeds) and weight of seeds
from plant (table 3).

Table 3
Plant productivity of beans depending on the varieties and sowing methods (Average from
2009-2013)

) Quantity, (pieces) Weight, (g)
Variety -
beans from plant  seeds in the bean  seeds from plant 1000 seeds
Ordinary method of sowing (inter-row spacing of 15 cm)
Kharkivska shtambova 243 3,9 94,9 201,67
Nadiya 19,0 5,0 96,1 238,27
Bukovinka 18,6 4,7 95,7 218,91
Mavka 22,9 4,9 108,5 22234
Podolyanochka 22,3 4,4 98,6 224,08
Ordinary method of sowing (inter-row spacing of 30 cm)
Kharkivska shtambova 28,6 3,4 97,6 285,51
Nadiya 21,9 4,6 101,1 225,51
Bukovinka 21,7 45 98,4 256,41
Mavka 25,1 5,0 124,3 207,93
Podolyanochka 24,5 45 110,6 213,58
Wide-row method of sowing (inter-row spacing of 45 cm)
Kharkivska shtambova 36,2 2,9 104,5 298,71
Nadiya 23,5 4,5 106,3 228,34
Bukovinka 23,7 4.4 103,8 232,11
Mavka 28,3 52 1472 215,09
Podolyanochka 29,4 4,7 138,3 259,67
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Thus, the highest number of beans on the plant is set in Kharkivska shtambova — 24.3-
36.2 No, the smallest in Nadiya variety — 19.0-23.5 No. Weight of seeds from plants par-
tially depends on the previous value, but largely on the variety characteristics, and the high-
est was observed in Mavka variety — 108.5-to 147.2 g, the smallest in Kharkivska shtam-
bova variety — 94.9-104.5 g.

Weight of 1000 seeds in the studied varieties depending on the sowing methods also
changed. So when sown in the usual way with wide row spacing of 15 cm of Kharkivska
shtambova variety, the value was 201.67 g, and the highest in Nadiya variety — 238.27 g.
When sown in the usual way with wide row spacing of 30 cm the lowest weight of 1000
seeds was in Mavka variety — 207.93, and the highest in Kharkivska shtambova variety —
285.51. Sowing by wide-row method with row spacing of 45 cm ensured the growth of the
weight of 1000 seeds. It was the highest for the variety of Kharkivska shtambova —298.71 g, the
lowest for the Mavka variety — 215.09 g.

The obtained data of harvest suggest that the value of the crop, depending on the variety
and sowing methods also differed (table 4).

Table 4
The yield of seed beans depending on the variety and sowing methods, (t-ha”) (average for
the years 2009-2013)

The sowing

B _ B _ 0
methods 2 e 2 g <
g2 g8 > 3 <)
X ES ) 5
= = B2 o~ S LSD factor A
2 o 2o 282§ &
| £5 £§ fs59
Variety Sg &g =E&% <
Kharkivska shtambova 1.66 1.58 1.64 1.63
Nadiya 1.73 1.69 1.74 1.72
Bukovinka 1.75 1.72 1.76 1.74 0.06
Mavka 1.78 1.66 1.69 1.71
Podolyanochka 1.76 1.71 1.75 1.74
Average factor B 1.74 1.67 1.72 average experience — 1.71
LSD factor B 0.04 LSD factor AB - 0.10;

Sx —2.01.

The results of the research showed that the yield of seeds depends primarily on the vari-
etal and the weather conditions of the growing season. In the years of research, the bean
plants were sufficiently provided with heat and moisture. The highest yield of seeds of 1.78
t-ha” was formed on the variant of Mavka variety when sown in the usual way with wide
row spacing of 15 cm. The lowest yield of bean was obtained on the level 1.58 t-ha™ when
sown by the usual way with wide row spacing of 30 cm of Kharkivska shtambova variety.
By wide-row method of planting with row spacing of 45 cm higher yields were provided by
a variety of Bukovynka — 1.76 t-ha™.
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Conclusions

It was determined that the sowing methods had an impact on the duration of the interphase
periods in case of beans varieties. In case of sowing with the usual way with wide row
spacing of 15 cm, the length of the growing season was 75-85 days at the average. Sowing
by the usual way with wide row spacing of 30 cm extended the vegetation period by 3-5
days, the wide-row method with wide row spacing of 45 cm extended the vegetation period
by 4-10 days.

During the increase of the value of row spacing, the increase in individual productivity
of bean plants and structure of yield was reported.

As a result, the yield depended on the variety and sowing methods. Sowing in the usual
way with wide row spacing of 15 cm have provided the highest yield of Mavka variety on
the level of 1.78 tha’, and the lowest in case of Kharkivska shtambova variety — of
1.66 tha". In case of sowing in the usual way with wide row spacing of 30 cm the highest
yield was for Bukovinka variety — 1.72 t-ha™, the lowest in Kharkivska shtambova variety
is 1.58 ttha™. In case of the wide-row planting method with wide row spacing of 45 cm, the
biggest grain yield of bean was in the variants of Bukovynka variety — 1.76 t-ha™, the low-
est in Kharkivska shtambova variety — 1.64 t-ha™.
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WPLYW CZYNNIKOW TECHNOLOGICZNYCH NA WZROST,
ROZWQOJ I PLON WYBRNAYCH ODMIAN FASOLI ZWYKLEJ

Streszczenie. Niniejszy artykul przedstawia wyniki badan dotyczacych odmian fasoli zwyklej (Pha-
seolus vulgaris L.), wzrostu i rozwoju roslin w warunkach zachodniego lasostepu. Ponadto, okresla
czas trwania okresu wegetacyjnego, tworzenie si¢ elementow sktadajacych si¢ na wydajnos¢ roslinna,
ktora dostarcza odpowiedniego poziomu plonu nasion w zaleznosci od odmiany i metod siewu. Siew
zwykly z szerokim 15-centymetrowym rozstawem dal najwyzszy plon odmiany Mavka i byt on na
poziomie 1,78 t-ha™'. W wyniku siewu zwyklego z szerokim 30-centymetrowym rozstawem, odmiana
Bukovynka osiagnela najwyzszy plon rzedu — 1,72 t-ha™ a w wyniku siewu szerokiego z rozstawem
wynoszacym 45 cm, plon wyniost 1,76 t-ha™.

Stowa kluczowe: fasola zwykta, odmiana, kwitnienie, dojrzato$¢, wydajnos¢, plon
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Article history: The paper presents analysis of the ways in which waste heat collected
Received: August 2014 from the upper space of the plastic tunnel may be used. Warm air
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October 2014 process water tank. The assumed method was theoretically analysed
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air-water heat exchange

ballotage, diffuser improvement of the described method by increasing the degree of

complexity and the system costs were reported.

Introduction

The organic and economic factors as well as the threat resulting from the lack of energy
resources, enforce new trends in searching for energy sources. Popular, the so-called re-
newable energy sources not always completely satisfy our expectations. The use is com-
pletely justified if we carry out a multi-criteria assessment of their obtaining and use
(Rutkowski, 2008; 2009). Sometimes, we should think how to improve energy effective-
ness of the existing systems and how to carry out analysis on the existence of sources and
possibilities of using the waste energy.

In the horticultural production in crop cultivation under cover considerable heat con-
sumption is reported in the winter season but in the period of early spring and later, the
greenhouse effect causes production of great amount of heat, which is wasted in most cases.
On the other hand, within the same period, the production process requires heat even for
heating the process water or for short-term storage in order to use it at night. We should
also remember that the present level of technology allows transformation of energy parame-
ters, which in a new form will find wider application. For example, heat pumps supplied
from the source, which has higher temperature, reach high efficiency (Rubik, 2011). Taking

This article was co-funded by the European Union from the European Fund for Regional Devel-
opment as a part of the Operational Programme Innovative Economy
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into account high prices of heat pumps, one should carry out an extended economic analysis
on the production activity when making an investment decision. However, before we make
investment decisions, we should analyse one of the manners of using waste energy, which
is heating the process water with the use of a diffuser.

The object of the research is a plastic tunnel with dimensions 9x16 m, which has a dou-
ble plastic cover, filled in with air. In the upper part of a tunnel (fig.1) two intakes made of
spiro pipes are located. Openings of 35 mm diameter were made in the spiro pipes of
300 mm diameter. The total surface area of openings constitutes 270% of the cross-section
of a suction pipe. A suction pipe was connected to a fan, which pumps air to the diffuser
located in the process water tank. Performance of the fan could have been arbitrarily
changed during the tests. Measurement of the energy parameters was carried out with the
use of the available apparatus used for another tests in the analysed facility. Figure 1 pre-
sents distribution of the measurement points.

Measurement of external

temperature / radiation intensity
Sensor of temperature inside the tunnel

Shadowing mesh

Tunnel —double plastic foil Sensor of air flow velocity

Sensor of water temperature

Internal temperature — bottom part in a tank — upper part

Sensor of water temperature
in a tank — bottom part

Sensor of temperature
inside the fan

Figure. 1 Schematic representation of the test rigs

In the facilities under cover, as a result of solar radiation a great variability of tempera-
tures occurs in the vertical arrangement. When analysing the temperature course inside the
facility in the period of research presented in figure 4, we will notice that the temperature in
the upper zone of the plastic tunnel in the afternoon is three times higher than in the plant
vegetation zone. When using a shadowing mesh in the upper part of the tunnel, we separate
this zone, thus obtaining in the system of heat recovery more even, high temperature.
Excess of heat, which is collected during the day over the shadowing mesh, may be
successfully stored in order to secure heat deficiencies at night in facilities which do not
have a continuously operating heating system, or for heating e.g. the process water or sup-
plying the bottom source of the heat pump. In order to find the simplest, economical solu-
tion, the system presented in figure 2 was taken into consideration.
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Radial fan
T,Q Intake
shadowing mesh
¥ _LlostQ |
Tank Stored Q

I diffuser ]

Figure. 2 Schematic representation of the technical system for recovery of heat waste con-
centrating over shadowing mesh

The objective of the paper was to determine effectiveness of the direct heat exchange in
the diffused flow in the above-presented technical system
Total energy intake of this system is defined by the fan operation L.

L,=L,+L,
where:
L, - work of shaping the inflow stream to diffuser
L, — work of forming bubbles in the diffuser openings for performance of ballott

(free inflow)

Effectiveness condition requires that:

Lw < Qmag

where:
Qmag — supply of the collected heat in the accumulator tank

Although the initial theoretical assumptions indicated restrictions related with this
method in the aspect of heat exchange, the above method may be taken into consideration
and may be improved in case of the recovery of waste energy. Since there are no docu-
mented literature assessments in this scope therefore basic research should be carried out.
A simple structure of the system did not require financial expenditures and enabled realiza-
tion of experimental research with the use of standard laboratory equipment.

A simplified theoretical analysis of the system had, in this case, a nature of a simple ap-
plication of the relation of airing systems generally popular in the field of environmental
protection, water physics, floatation etc. The paper includes mainly the patterns and meth-
ods provided by (Podgorski, 2012; Kowal et al., 1997; Szyszka, 2004; Weinerowska et al.,
2004).
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— — Ph Ps
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Figure. 3 Air bubble formation

According to these relations, the following assumptions were made:

. Free ballotage or free beading effect begins from the balance state p, = ps namely, from

the state of pressure balance from the column of liquid over the diffuser and pressure of
the supplied air (fig. 3).

Diameter of bubbles d depends on the diameter d, and the surface tension c. Bubbles do
not absorb gases dissolved in water, they do not merge thus they do not considerably
change their diameter during the outflow (there is an impact of small pressure decrease
along with ascending but simultaneously bubbles are chilled).

Velocity of outflow in free ballotage is mainly a function of bubbles diameter d and
liquid viscosity. As a result of the buoyant force as well as the viscosity force, air bub-
bles move along the considerable part of a trajectory with a uniform motion.

The number of bubbles in the free ballotage per a time unit is determined by the air flow
intensity in m*-s™ in connection to the total area of outflow openings.

Bubbles with diameter of ~ 2 mm maintain a rounded shape in water, their velocity in
water fluctuates within 0.2 to 0.3 m-s” (above this diameter, the flow resistance may
cause shape deformation).

Initial selection of the input parameters of the suggested system was based on the fol-

lowing assumptions:

1.

The set volume of the heated air intake was approx. 60 m>. It was assumed that an hour-
ly average number of exchanges in the investigated period corresponding to the average
sun exposure was 6 (in reality from 4 to 8 exchanges due to variable conditions of sun
exposure).

The height of water surface over the diffuser should not be too low so that a bubble has
enough time to give back heat, but it was also too big for the fan to balance pressure.
Time of bubble ouflow should enable effective heat exchange. Since "the heat stock™ in
a bubble is proportional to d° and the surface area of heat exchange to d°. Shortening the
exchange time requires decrease of the bubble diameter.
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The above shows that the bubble diameter and the height of the water column over
a diffuser decide in this case on the length of the bubble route and the time of heat ex-
change. These assumptions determined difficulties in the performance of research on the
selection of a fan and an appropriate diffuser. According to the recommendations (Gondek,
2000) a fan with low efficiency but good pile-up properties, high-pressure (up to 10, 000
Pa) should be applied. A radial fan with the maximum power of 1.5 kW, efficiency of 300
m>h™', Ap = 8,000 Pa, the rotational speed of which was regulated with the use of the elec-
tronic system (HPB-F-200-150), ensured similar parameters to the required conditions.

Selection of a diffuser required the following conditions to be met.

1. The area of outlet openings of diffusers should correspond to the cross section of the
outlet channel of the fan suggested above with a 100 mm diameter.
2. A diffuser should ensure possibly the lowest diameter of bubbles.

In this case due to the costs of the experiment, minimization of the outlet openings di-
ameter was attempted by wrapping a perforated pipe made of plastic with a high-density
cloth. A 2.5 m long diffuser with a cross-section diameter d=50 mm was used. In order to
check the condition 1 of the compliance of the area, the measurement of the air speed flow
in the outlet channel of the fan was carried out before and after the diffuser was mounted.
The applied diffuser did not show suppression of flow. Nonetheless, no bubbles, formed
this way, with diameters below 1 mm, were obtained. Diameters remained within 1 to sev-
eral millimeters.

A tank with volume V=9001, where heat was stored, was made of polyamid and
was thermally insulated. The maximum height of water surface from the diffuser axis was
700 mm and corresponded to the possibilities of balancing pressure of the applied fan. For
such assumed technical system, initial calculations were made. Calculations were carried
out including typical conditions in the possessed experimental greenhouse. Moreover, the
author's own computer program, which carried out calculation of the heat exchange, was
used in a simulation. This program was created as a part of another research work.

The air flow of 0.1 m®-s™ with temperature 30°C was assumed for calculations. During
the beading effect, this stream occurs in the form of 2.4-10” bubbles with the total area of
312 m? and heats a water tank with a complex initial temperature of 15°C . The simulation
proved that the flow process is accompanied by small heat exchange. The temperature in-
crease was estimated as 1°C after approx. 1 hour of exchange. Despite rather unfavourable
results of simulation for verification, a decision was taken to carry out an experiment in the
real facility. Since, for the accepted model, the greatest uncertainty was brought along with
a thermal transfer coefficient U taken from thermodynamic tables Engineering ToolBox.
This coefficient is calculated according to the following formula:

U= +10" +hy !

where:
h — coefficient of heat transfer by water from the external side of a buble,
(W-(m*K)")
1 — thickness of a membrane which is around a bubble, (m)
A — heat transfer coefficient of the surface surrounding a bubble, (W-(m-K)™)
h, — coefficient of heat transfer by air from the inside, (W-(m>K)™)
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A partition, namely a water layer with specific directed tensions, which surrounds the
air bubble, is characterised by uncertainty (but not only the partition). The second factor is
an impact of the bubble velocity and the related phenomena (turbulences) on the heat ex-
change. The obtained results of experiments are presented in figure 4.
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Figure. 4 Physical parameters of air over the shadowing mesh (exemplary day of research)
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Figure. 5 Dynamics of heating the process water (exemplary day of research)
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When tracing the amount of energy obtained from the upper space of the investigated
plastic tunnel, one may notice that it is not too high; however, in the aspect of the crop
technology, the value of the process water temperature has a significant impact on the pro-
duction efficiency. Raising water temperature in the existing conditions of research by
2-3°C is not much but it should be emphasised that in relation to the type of the cultivated
plants on the investigated surface of the tunnel, demand for process water is as much as
8 times lower in comparison to the tank volume.

In the accepted weekly period of research (3rd decade of February) average values of
the obtained results are as follows;

1. In the accepted conditions of research at the average value of the intensity of solar ra-
diation at the level of 185 W-m? (within 10 hours) in the tank of volume of 900 I water
temperature raises at the average by 3.5°C.

2. In the accepted conditions of research, heat stored in the process water constitutes ap-
prox. 50% of the electric energy consumption which serves as the fan drive

3. The obtained value of the heat transfer coefficient (air bubbles - water) is two times
lower than the one assumed in simulation calculations (assumed: 0.6 W-m>K™,
obtained: 0.3 W-m™K™)

4. In order to improve the efficiency of heat recovery, the research conditions should be
verified.

Raising the average value of air temperature by 17°C in the intake during a day in com-
parison to the heated water temperature resulted in raising the water temperature by 3°C in
the accepted research conditions (60 litres of air intake per 1 litre of water in the heater
tank).

The above experiments show that the simulation calculations were too optimistic. Com-
pliance of results may be obtained if heat transfer coefficient is corrected. At the beginning
the assumed value was U=0.6 W-(m*K)", corrected 0.2 W-(m*K)". Thus, heat transfer
coefficient values of the air bubble - water are disputable and require specification of the
flow conditions.

Conclusion

The method of direct supply of heat by the air diffuser proved to be ineffective in the
considered simple, cheap technical system. In particular, operation of a fan, which main-
tains proper static pressure, exceeded 3 times the yield of energy which came from the heat
exchange.

Facilitation of operation of the heat recovery system according to the described method
is possible but through the increase of its complexity and thus costs. One should aim at
decreasing diameters of air bubbles and at prolonging the heat exchange time e.g. by pro-
longing the passage of outflow but at the same time reducing the height of the water col-
umn over a diffuser. Orientatively, a diffuser should ensure the beading effect of diameters
equal or smaller than a tenth part of a milimeter at the unchanged flow efficiency. Reduc-
tion of the particles size causes also reduction of the outflow speed enabling effective heat
exchange. However, these solutions bring new technological issues which are theoretically
related to the electro-static phenomena, balance of phases and other which are not subject to
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simple estimations (Takahashi, 2005). It is not known whether in a general balance of costs
they will prove effective for production under cover.
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ANALIZA EFEKTYWNOSCI MAGAZYNOWANIA CIEPELA
ODPADOWEGO W AKUMULATORZE WODNYM

Streszczenie. W pracy przeprowadzono analizg metody zagospodarowania ciepta odpadowego pobie-
ranego z gornej przestrzeni tunelu foliowego. Cieple powietrze zasysane z gornej przestrzeni wtta-
czano do dyfuzora umieszczonego w zbiorniku z wodg technologiczna. Przyjgta metodg przeanalizo-
wano teoretycznie a nastgpnie przeprowadzono badania w obiekcie rzeczywistym. Unoszace sig
pecherzyki powietrza przemieszczajac si¢ w warstwie cieczy przekazywaty zawarte w nich ciepto.
Badania wstgpne realizowane wedlug przyjetej metody nie przyniosty zadawalajacych wynikow.
Niemniej zaobserwowano pewne zalezno$ci 1 mozliwosci doskonalenia opisanej metody na drodze
zwigkszenia stopnia ztozonosci i kosztow uktadu.

Stowa kluczowe: obiekty pod ostonami, wymiana ciepta powietrze-woda, balotaz, dyfuzor
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The aim of the study was to determine the effect of selected operating
parameters of the two types of orchard sprayers on vertical distribu-
tion (expressed as spray percentage share in 50-cm segments) and
quantitative changes in the vertical distribution of spray measured on
the vertical separator of drops. The study included measurements of
the vertical distribution of spray for two different ways of nozzles
setting, two types of nozzles and two fan rotation speeds. The vertical
distribution of spray depended significantly on spray emission system,
the configuration and the type of nozzles and in the slightest degree on
the fan rotation speed. The smallest share of liquid fell on the edge
segments (< 5.22%) and the largest on the middle ones — 29.33%. The
change in the configuration of nozzles significantly affected the
change in the spray vertical distribution (by the spray displacement
between the 50-cm segments). The greatest changes in the vertical
distribution of spray — as affected by nozzle configuration change —
was observed for the sprayer with the horizontal spray emission with
maximum change in one segment of 14.0% (an average of 7 segments:
5.38%).

Introduction

Herbs cultivation in Poland has over a one-century tradition (Koztowski, 2000). How-
ever, in the past, field crops included mainly herbs, while nowadays more and more grow-
ers reach for bushy medical plants. Common seabuckthorn (Hippophae rhamnoides L.) is
one of them. It is a dioecious species which belongs to the oleaceae family, which can be
met in the natural environment in Poland on the Baltic shore as well as in the cultivation on
production plantations. Usually it occurs in the form of a highly branched bush, which with
its habit and leaves resembles bushy forms of a willow tree. It has small soil requirements,
a strong root system and the ability to bind atmospheric nitrogen. It is used as a pioneer
species during soil erosion (Vescan et al., 2010). Its berries are rich in elements, in particu-
lar with vitamin C and E (Kallio et al., 2002; Zeb, 2004). Oil from seeds and berry pulp is
particularly known (Zadernowski et al., 1997; Yang and Kallio, 2002; Cenkowski et al.,
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2006). Common seabuckthorn has a great therapeutic potential (Yang et al., 2000; Sul-
eyman et al.., 2001; Geetha et al., 2002; Cheng et al., 2003; Negi et al., 2005). Research
carried out by Pitat et al. (2012) indicates high variability of the chemical composition of
berries from various varieties. Interest in this plant in various countries is great (Vernet,
2006). According to the survey data (Niesteruk et al., 2013) in Poland it is still not popular.
According to the quoted research, over half of the respondents have never heard of this
plant and over 80% have never met the products, which contained common seabuckthorn
berries. It results from the fact that fruit are undoubtedly hard to harvest due to thorns and
density along branches. Thus, in order to popularize this unusually valuable plant, analysis
of various possibilities of harvest mechanization is indispensable (Fu et al., 2014).

The objective of the paper was to determine and compare the bonding force of berries
with a shoot for two varieties of common seabuckthorn. The obtained measuring data may
be helpful for development of structural assumptions of working elements of a machine for
harvesting common seabuckthorn berries.

Material and methodology of research

Berries of common seabuckthorn Hippophae rhamnoides L. constituted the research
material. They came from the plantation located within the Department of Production Engi-
neering and the Power Industry in Krakow. Two varieties Botaniczeskaja and Augustinka
were covered by the analysis. The tests were carried out within 2012-2013. During the
harvest maturity in the second half of August, common seabuckthorn branches were cut of
with berries and then mounted in the attachment for extending biological material on the
testing machine MTS Insight 2. Single berries were picked according to the agreed proce-
dure recorded in the "Test Works 4' programme. Schematic representation of the picking
device was presented in figure 1.

1
2
Figure 1. Schematic representation of
the test rigs: 1— tensometric head of the
} testing machine along with a tie rod
which picks berries, 2 — common sea-
HE‘\\

buckthorn berry, 3 — seabuckthorn
branch, 4 — attachment which mounts
samples in the testing machine

4
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In quasi-static tests for plant material, the speed is within 1 to 20 mm™ (Stropek and
Gotlacki, 2005; Bochat and Zastempowski, 2009). Since, it is a first stage of research con-
cerning the process of separating berries of seabuckthorn from a plant (in real conditions it
is a dynamic process), the value of the test speed was determined in the upper applied range
of the value and was 120 mm-'min™. Berries bonding force with a plant was tested in two
zones of bushes, central and bottom, picking 100 berries from each zone.

Statistical analysis of the obtained results was carried out with the use of a computer
program Statistica 9, analysis of variance was carried out and after showing differences
between the considered variables — Duncan test at the significance level of p=0.05.

Results of the research

Figure 2 presents an exemplary characteristic of the course of changes of the value of
the force separating berries from the central part of Botaniczeskaja variety. The A point
means a critical force which separates berries from a plant.

3

2,5

Force (N)
Do

o
(9] —
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Figure 2. An exemplary course of changes of the bonding force value for Botaniczeskaja
variety in the central zone

The research carried out on raspberries shows that the bonding force of berries is a vari-
etal property and mainly depends on the size and shape of the receptacle, degree of berries
maturity and the course of atmospheric conditions (Rybczynski et al., 2001). Thus one may
assume that there has been a variability of this property over many years.

Results of the presented research confirm the thesis that the analysis of variance
(ANOVA, MANOVA) proved relation of the bonding force of berries of particular varieties
to the years of research. Berries of Botaniczeskaja variety had the weakest bonding in 2012;
however in the following year of research, at the average by 0.58 N higher values were
reported for this variety, thus these results were in the different uniform group (fig. 3).
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Figure 3. Mean values of the bonding force of berries of the investigated varieties of com-
mon seabuckthorn in particular years

The statistical analysis which was carried out proved also simultaneous impact of ber-
ries varieties and location on a plant on the bonding forces. The lowest values were deter-
mined for Botaniczeskaja variety in the bottom location, at the average 1.85 N.Whereas
values of bonding forces of berries of this variety from the central part were similar to the
values determined for Augustinka variety in both investigated zones, thus these values were
in the common homogenous group (fig. 4).

In 2012 interaction of the bonding force of berries in particular zones with the years of
research were also determined. In 2012, lower values of bonding forces were reported for
berries from the bottom as well as from the central part. Inter alia, no statistical differences
were determined; the obtained results were in the common homogenous group. While in
2013, such differences occurred and berries from the bottom part of the bush had slightly
weaker bonding with a plant. The presented mean results of the bonding force are within
1.75 N in 2012 to 2.27 N in 2013 (fig. 5). Such increase in the bonding force values may
cause deterioration of the efficiency of combine harvesting, similarly to variability of the
bonding forces values of raspberries, presented in the Rabcewicz's and Danek's research
(2010), resulted in deterioration of the combine harvesting of these berries.
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Figure 4. Mean values of the bonding force of berries of the investigated varieties of com-
mon seabuckthorn in particular years
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Figure 5. Mean values of bonding forces of common seabuckthorn berries in relation to

location and years

It seems that the differences obtained in the bonding forces values of seabuckthorn ber-
ries between particular years of harvesting and bushes zones may be related to slightly
different course of climatic conditions in those years. When comparing meteorological data
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from 2012 and 2013 from the region of research, differences in the amount of precipitation
are particularly visible. Observed during the August harvest in 2013 higher values of ber-
ries bonding forces in comparison to the last year, were preceded by humid May and June
as well as dry July and August. The research carried out by Guo et al (2007) indicates
changes in the seabuckthorn architecture under the influence of the water stress, although
its tolerance to drought is well known. It should be assumed that the changes in architecture
are followed by modifications in its anatomical structure, which may result in changes of
the bonding forces of berries.

However, the relations, observed in the presented results, require to be confirmed in the
following years of research and constitute an introduction for the deeper analysis of this
subject.

Conclusions

1. Variability of the bonding force values of the investigated common seabuckthorn ber-
ries in relation to the year of research was reported. Difference between 2012 and 2013
for Botaniczeskaja variety was at the average 0.58 N, and for Augistinka variety it was
0.24 N. Higher values of bonding force were obtained in 2013.

2. Values of the bonding forces of berries with a plant were variable in relation to the
applied variety and location of berries on a bush. Discrepancies in the bonding force
values of berries of the investigated varieties from particular zones of bushes were re-
ported. Botaniczeskaja variety had particularly low bonding forces at the average 1.85 N
in the bottom zone whereas such relation was not observed in Augustinka variety.

3. Relation of the bonding force values of common seabuckthorn berries to location of
berries on a bush and the year of research. In 2012 lower bonding force values of fruit,
not related to their location were determined. On the other hand, in 2013 berries located
in the lower part had slightly weaker bonding.
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WARTOSCI SIL WIAZANIA OWOCOW ROKITNIKA ZWYCZAJNEGO
Z ROSLINA

Streszczenie. Rokitnik zwyczajny to krzewiasty gatunek rosliny z rodziny oliwkowatych o owocach
zasobnych w sktadniki aktywne biologicznie. Jest wcigz mato rozpowszechniony w Polsce, co zwia-
zane jest w duzym stopniu z trudnosciami zbioru niewielkich i ggsto osadzonych owocoéw na cierni-
stych galgziach. Celem pracy bylo wyznaczenie i poréwnanie wartosci sil wiazania owocow
z pedem dla dwoch odmian rokitnika zwyczajnego, Botaniczeskaja i Augustinka. Material badan
pochodzit z wlasnej plantacji do§wiadczalnej. Badania prowadzono na maszynie wytrzymatosciowej
MTS zrywajac owoce z dwoch stref krzewow, srodkowej i1 dolnej. Stwierdzono zaleznos¢ statystycz-
na wartosci sit wigzania owocow poszczegdlnych odmian od lat badan, a takze umiejscowienia owo-
cow na krzewie. Najstabiej zwiazane byly owoce odmiany Botaniczeskaja zbierane w 2012 roku,
charakteryzujace si¢ $rednig warto$cia sity wiazania wynoszaca 1,65 N. Mniejsze wartosci sit wigza-
nia dla tej odmiany obserwowano w przypadku owocow znajdujacych sig w dolnej czgsci krzewu.

Stowa kluczowe: owoce rokitnika, zbiér mechaniczny, sita wiazania
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Article history: The paper verifies usefulness of the high frequency trading model
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Received in the revised form: tion of turnover with futures contract securities of one of agricultural
November 2014 commodities on the selected commodity stock exchange. Accuracy of
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quotations — the futures contract for coffee prices of the London Stock
Keywords: Exchange. Results of ten subsequent session days was analysed in
statistical arbitrage detail. Quality of the assumed investment algorithm was determined
High Frequency Trading with the use of stock exchange ratios: Information Ratio and Maxi-
wmm.odlty. Ska.eXChange mum Drawdown. A short discussion was conducted, which compared
algorithmic trading . . . .

a standard investing method and the analysed model of algorithmic
trading. In conclusion, all most important statements and conclusions
were made, which confirmed usefulness of the HFT model developed
by Marco Avellaneda and Sasha Stoikov for turnover of futures
contract securities for agricultural commodities.

Introduction

Algorithmic trading originates in non-complex applications which allow division of big
orders into few smaller ones and to perform them optimally. Development of this technique
was possible only when the internet stock exchange market with orders sent through
e-mails got popular and transaction applications became widely available. At the beginning
it was a program, which realized strictly determined orders, in situations, when specific
conditions for their conclusion were met. Present programs use complex algorithms, which
include mathematical tools, in particular for statistics, optimization or calculus of probabil-
ity. Transaction programs following quotations and other information sources, which have
direct impact on stock exchange markets, give suitable investment signals.

Presently, as a result of dynamic development of IT services and easy access to the in-
ternet, access to algorithmic trading is not reserved only to big and significant inventors but
is also available for individual investors. The newest solutions for persons, who want to
invest in the stock exchange without acquainting with its complexity of functioning, is

1 The paper was written as a part of the research project BM-4620/1IRil/2013
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offered by some economic subjects investing through financing robots. These robots oper-
ate on algorithmic trading models, without disclosing their operations and only informing
the investor on the worked out profit. Moreover, companies, which make such type of soft-
ware available, compete between each other on many planes. First of all, they try to work
out as high profits for clients as possible (and thus increase its nominal provision through
the increase of the number of licenses and capital). Secondly, they try to indicate improper
conduct of competition automatons. Finally, probably the most important, they modify
operation of their algorithms on account of moves and assumed strategy through alternative
algorithms. Thus, details of algorithms used by robots may be rarely used in literature. If
yes, then in decisive majority, these are publications concerning the use of artificial intelli-
gence, the so-called "black boxes", Thus, Chang et al. (2011) used artificial neural networks
for detecting signals of purchase and sale on the securities market. Technical analysis com-
bined with tracing plots of prices/volume of sale was presented by Chavarnakul and Enke
(2008), where artificial neural networks were used to the moment of purchase and sale.
Gradojevic and Gencay (2013) adapted fuzzy logic for assessment of the investment risk
and selection of strategy. Fuzzy sets were also used by Tan et al. (2011) for cyclic stock
investments. Analysis of clusters with Support Vector Machine (SVM — machine teaching
method) was, on the other hand, the subject of research carried out by Choudaury et al.
(2014). Indications for genetic algorithmic (GA) which support strategies based on the
technical analysis were presented by Esfahanipour and Mousavi (2011). Genetic algorithms
were also the subject of research by Mabu et al. (2013) but papers of this team were guided
towards the use of GA for the needs of decision trees. On the other hand, Kluger and
McBride (2011) showed implementation of the agent system for discovering investment
patterns in intraday investments. The transaction model with high frequency analysed in
the paper (High Frequency Trading) is also one of examples of using solutions of algorith-
mic trading,.

Rising requirements of investors, who more often use programmes of algorithmic trad-
ing, on the Polish stock exchange market in 2013 forced Warsaw Stock Exchange to change
the transaction system WARSET, operating since 2000 into UTP system — Universal Trad-
ing Platform. The present system meets the most excessive requirements of investors ensur-
ing suitable environment for concluding transactions, where milliseconds count.

In the world literature one may find publications concerning the use of algorithmic trad-
ing models on the securities market (shares, bonds) — Aragon and Dieckmann (2011), Li et
al. (2009) — or FOREX stock exchanges (currencies) — Evans et al. (2013), Kozhan and
Salmon (2012). There is no common knowledge on analogous models on commodity mar-
kets, which decisively differ in its characteristic (liquidity and percentage differences in
quotations). Commodity exchanges are characterized with low liquidity and more stable
securities prices. It is conditioned by more fixed prices of commodities, quotations of which
do not drop drastically or do not increase to few dozen percent during one session as in case
of shares of smaller companies. Thus, verification of the algorithmic trading model on the
agricultural commodities market is justified.
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The objective and the scope of the study

The objective of the paper is to verify usefulness of the high frequency trading model
developed by Marco Avellaneda and Sasha Stoikov, used in simulation of turnovers with
futures contract securities of one of agricultural goods on the selected commodity stock
exchange.

Accuracy of signals to perform alternatively respectively transactions of purchase and
sale on authentic quotations of futures contract was investigated. A number of simulations
at various values of parameters which influence calculation of threshold values of purchase
and sale prices were carried out. Possibility of working out income and the rate of return
with engaged capital and the condition of a wallet within subsequent 10 session days was
calculated and imaged in the form of plots.

Financial instrument in the form of futures contract for agricultural goods is an object of
the research. Selection of contract commodity was guided with high liquidity i.e. number of
transactions in a session, necessary for the analysed model. After analysis of available fu-
tures contract, futures contract for coffee was selected from data of London Stock Ex-
change, the type of quotations of which is constant and is characterized with liquidity at the
level of approx. 542 quotations during one session. The quotation unit is GBP-tonne-1, i.e.
value of one tonne of a commodity expressed in pound sterling. A tick, that is a minimal
jump in quotation for this contract is 1.00 GBP.

Data to simulations, which were carried out concerning quoting from subsequent 10
session days (number of session days selected arbitrary), were downloaded from London
Stock Exchange through OpenQuant application with IQFeed. Session days included con-
stant period of session days 14 — 17, 22 — 25 and 28-29 April 2014. Additionally it was
assumed that 15 minutes before the end of session, conclusion of purchase transaction is not
possible. This solution aimed at avoiding the situation of freezing capital to the following
session day.

Methodology of work

Stochastic model of investment

It was assumed that the price of a particular commodity S (t) is subject to decomposition
Ito

ds(t) = b(t,S@®)dt + a(t,S())dW (o), (1)

where: W(t) is a standard Brownian motion.

Additionally through p?(t) and p®(t) respectively the price of purchase and sale, for
which the investor is prone to conclude a transaction, has been determined. At these sym-
bols, price spread for purchase and sale was described as:

8P =pP (&) — S(®) )

and

§%=S50)—p*(©) A3)

223



M. Sporysz, L. Godula, S. Tabor, M. Kubon, M. Szczuka

Moreover, two dynamic processes Q (t) were considered — number of securities in a par-
ticular moment in time possessed by an investor and X (t) — cash available after transaction.
The investor aims at maximization of the expected value of a portfolio

u(t, s, q,x) = maxga sb By q.[—exp[—y(X(T) + Q(T) - S(T))]] 4)

where:

t € [0,T] - time,

s = S(t) —present price of a given good,

x = X(t) — cash designed for investment,

q = Q(t) —present level of engagement in a given security.

Parameter y is a feature, which characterizes the market (liquidity) whereas §¢ and
&Pare the only sizes, which can be influenced by an investor.

Optimization of offered purchase and sale prices of commodities

For determination of a strategy, optimal from the point of view of an investor, Hamil-
ton-Jacob-Bellman equation was used. According to Ho and Stoll (1981) function u meets
the following relations:

u, + %azuxx +
maxgb A?(62)[u(s,x —s + 6%,q + 1,¢) —u(s, x, g, t)] + maxsa A%(6*)[u(s, x + s +
8%q—1,t) —u(s,x,q,t)] =0 (%)
u(s,x,q,T) = —exp[—y(x + gs)] (6)

It allowed determination of purchase and sale offer of a particular security in any mo-

ment in time:

re(s,q,t) = 6 +2q8, +>log (1+2) — 26, 7

r2(s,q,t) = 6, +2q8, — ~log (1+2) + 26, (8)

The above calculations decisively simplify assuming the final time horizon. Then, the
best investment strategy is reserving cash under the purchase sale order respectively as:

2 —_
ri(s,q,0 = s +(1-2q) 10 ©)

27—
r¥(s,q,t) = s + (=1 - 2q) - LT (10)

Research results and discussion

In order to better present effects of operation of the investment algorithm, results were
divided into two parts
I. effect of operation for single session day,
II. effect of operation for the whole considered period
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First session day

Data which characterize the first session day were presented in table 1, whereas on plot
1-3 respectively quotations of the futures contract for coffee, portfolio condition and the
condition of possessing securities by an investor, were presented.

Table 1

First session day — summary

Property Values
Date: 14-04-2014
Time of first quoting 10:00:36
Time of last quoting 18:29:48
Opening price 2 135.00
Closing price 2136.00
High 2 154.00
Low 2119.00

Change of the opening price in comparison to the closing price of the - 10.00i.e. -0.47%
previous session

Change of the closing price in comparison to the opening price 1.00 i.e. 0.05%
Number of quotations 613

Number of signals / Number of purchase transactions according to the 115/69
model

Number of signals / Number of sale transactions according to the model 131/69
Number of signals for sale in the period of purchase blocking 8

Condition of a portfolio at the opening of the session day 100 000.00
Condition of a portfolio at the closing of the session day 101 595.00
Daily return rate of the invested funds 1.60%

Comparing quotations of the contract on fig. 1 and the condition of a portfolio on fig. 2,
it should be stated that although the quotation has dropped from opening the session to
2:26:52 p.m. by 0.755 the condition of a portfolio gradually increased. Transactions carried
out at slight fluctuations of quotation allowed working out the increase of the portfolio
value by 0.66%. The reported sudden decrease of quotation between 4:33:39 — 4:53:58 p.m.
by -0.79 influenced the decrease of a portfolio by -0.46%. Whereas, quite fast increase of
the quotation between 4:53:58-5:55:53 by 0.94% caused the increase of a portfolio by
0.75%. The condition of a portfolio presented in fig. 3 at the beginning of a session allowed
purchase of 46 securities at 10:17:16 through the increase of its value to £ 100 138.00 and
decrease of securities quotation by £ 6.00 allowed purchase on a one-off basis as much as
47 securities, which allowed more effective use of possessed funds on a hypothetically
owned brokerage account.
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Figure 1. Quotation of the futures contract on the first session day
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Figure 2. Condition of a portfolio on the first session day
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Figure 3. Condition of possessing securities on the first session day
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Full analysed period of investment

In order to better reflect differences of quotations and the condition of a portfolio of
subsequent ten session days, they were presented in tables 2 and 3.

lgzgrleieznces of opening and closing prices and the value of a portfolio of ten session days

Session Price Portfolio ' _ Differences

day of opening  of closing Ogte rtllilrelg at the closing in prices . poit;“ o
1 2135.00 2136.00 100 000.00 101 595.00 0.05% 1.60%
2 2142.00 2126.00 101 595.00 101 972.00 -0.75% 0.37%
3 2097.00  2068.00 101 972.00 103 759.00 -1.38% 1.75%
4 2069.00 2124.00 103 759.00 105 603.00 2.66% 1.78%
5 2136.00 2161.00 105 603.00 107 699.00 1.17% 1.98%
6 2179.00 2178.00 107 699.00 107 993.00 -0.05% 0.27%
7 2164.00 2171.00 107 993.00 109 139.00 0.32% 1.06%
8 2174.00 2 155.00 109 139.00 109 189.00 -0.87% 0.05%
9 2117.00 2132.00 109 189.00 109 550.00 0.71% 0.33%
10 2118.00 2145.00 109 550.00 110 213.00 1.27% 0.61%

When analysing difference of the portfolio values in table 2 one may observe that the
analysed model did not cause any loss within ten years. In seven cases out of ten, the model
of algorithmic trading gave better results than quotation differences. It should be empha-
sised that calculations were made without including price fluctuations between subsequent
sessions, that is the so-called reference price.

For the assessment of the accepted investment algorithm, Information Ration (IR) — of
one of the most popular ratios for comparison of the level of risk of various investment
strategies was additionally determined.

,‘,2 Ri_Rm
IR = l—l—n’ (20)
(Ri=Rm)”
D
where:
R; —rate of return from the analysed model in the period i

R, —rate of return from benchmark (reference rate) in this case it concerns quotations

n  —length of the analysed period.

IR values lower than 0.5 should be recognized as unfavourable. IR values within
[0.50;0.75] are recognized as good. After exceeding the level of 0.75 the investment
should be recognized as particularly favourable. The value of ratio was calculated at the
level of 0.52 which proves that the analysed model brought good results.
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Maximum Drawdown was the second ratio, determined by authors; size, which de-
scribes the highest percentage loss in the analysed period.

— 11 t
MD=mini_; 1, N ijl R;,

21)

Upon the data analysis of this ratio for two variants of investing (traditional model -
HFT model), it proved that HFT model characterizes with considerably lower risk of draw-
down. It is reflected in data in table 3.

Table 3

Maximum Drawdown rates and accompanying data for two investing variants

Property

Describing data

Standard manner of investment

Analysed HFT model

Moment of purchasing
securities

Moment of selling
securities

Capital up
Capital down
Drawdown

Value of ratio

18:12:38 14-04-2014

14:54:40 17-04-2014

100 000.00
95 400.00
- 4600.00
-4.60%

11:35:41 23-04-2014

15:22:24 23-04-2014

108 385.00
106 621.00
- 1764.00

-1.63%

Comparison of effects and some features of two methods within 10 session days is pre-

sented by data in table 4. The analysed HFT model did not cause loss in the entire period as
well as on any particular day.

Table 4
Differences between a standard investing model and the analysed model of algorithmic

trading

Property Standard manner Acc. to the analysed model
Invested funds 100 000.00 100 000.00

Profit 460.00 or 3174.00 10213.00

Loss - 3726.00 or - 4 600.00 Not reported

Rate of return
Number of transactions made
Price risk

Auvailability of funds out
of session

0.46% or 3.17% or -3.73% or -4.60%
2

High

Lack

10.21%
1.454
Minimized

Available
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Investor using the standard method may sell securities in the moment, when he/she
finds it appropriate. A human factor, in the form of emotions, has a great impact on the
possibility of great loss in the standard investing. The investor, who incurs losses, still
hopes that quotations will come back to the level, at which, at least, he bought securities.
Usually, it is not like that and further adjournment of selling securities deepens the loss.
There is a great probability that the investor might decide on the sale of securities only
when they reach the most unfavourable price. Model of algorithmic trading eliminates the
factor of emotions which accompanies taking up decisions on a transaction, which mainly
allows limiting losses. It is very important from a clearly arithmetic point of view, because
the amount, which should be made up, rises considerably faster than the incurred loss (Za-
remba, 2010).

Conclusions and statements

As it was presented in the paper, the model of algorithmic trading suggested by
Avellaneda and Stoikov based on High Frequency Trading, may be successfully used in the
agricultural and derivative commodities trading assuming considerably high market liquidi-
ty. It may cause obtaining additional profits by farmers, who may thus get advantage over
competition.

At the use of stock ratios Information Ratio and Maximum Drawdown, it was con-
firmed that the analysed model of algorithmic trading is a good tool for investing in com-
parison to standard methods and is characterised with lesser risk of drawdown.

Analysis of particular days proved that in seven out of ten cases this model is a better
method and, what is more important, did not cause any loss on any particular day. The
calculated theoretical profit at the level of 10.21% worked out within ten session days at
a low risk, as proved by the model, even after including provision of the brokerage house
for carrying out a transaction, it would be satisfactory for each investor.

Through the use of author's blocking of securities purchasel5 minutes before the end of
the session, funds, out of session hours, may be invested on other stock exchanges, FOREX
markets, which operate 24 hours a day or on overnight deposits, where they are invested in
countries with other time zone. Thus, due to this blocking, the value of a portfolio was
made non-dependent of the price fluctuations between sessions.

In order to improve the model suggested in the paper, sensitivity analysis of strategy on
arbitrally assumed parameters such as e.g. liquidity and considerably extend time interval
included in the research. Investigation of execution of orders is an open problem, which
was not discussed, i.e. verification of the time from the moment of confirmation of an order
to its execution and how it influences the summary volume of orders on shaping the sale
price. Verification of behaviour of the described algorithm, which would have to compete
with other investment robots, would also be an interesting cognition aspect.
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HIGH FREQUENCY TRADING W HANDLU TOWARAMI POCHODZENIA
ROLNICZEGO JAKO ZRODYL.O DODATKOWEGO DOCHODU
W ROLNICTWIE

Streszczenie. W pracy sprawdzono przydatno$¢ modelu szybkiego kupna i sprzedazy (High Frequen-
cy Trading) Marco Avellanedy i Sashy Stoikov'a, uzytego w symulacji obrotu walorami kontraktu
terminowego na towar pochodzenia rolniczego na wybranej gieldzie towarowej. Zbadano trafnosé¢
podawanych sygnatow transakcji kupna i sprzedazy na autentycznych notowaniach - kontrakt termi-
nowy na ceny kawy londynskiej gieldy papierow wartosciowych (London Stock Exchange). Szczego-
towo zanalizowano wyniki dziesigciu kolejnych dni sesyjnych. Jakos¢ przyjgtego algorytmu inwesty-
cyjnego okreslono za pomoca wskaznikow gieldowych: Information Ratio oraz Maximum
Drawdown. Przeprowadzono krotka dyskusje porownujaca standardowa metodg inwestowania oraz
analizowany model handlu algorytmicznego. Na zakonczenie zebrano najwazniejsze stwierdzenia
1 wyciagnigto wnioski potwierdzajace przydatno$¢ modelu HFT Marco Avellanedy i Sashy Stoikov'a
do obrotu walorami kontraktow terminowych na towary pochodzenia rolniczego o duzej ptynnosci
oraz mozliwo$¢ jego praktycznego zastosowania.

Stowa kluczowe: arbitraz statystyczny, High Frequency Trading, gietda towarowa, handel algoryt-
miczny.
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in farms, which were big with respect to the area and economy. The
costs of obtaining grain units (GU) were decreasing along with the

area of AL increase of the economic size of farms, while the net commodity
economic size production was rising in these farms. Efficiency of using the EU funds
the amount of aid for technical modernization was presented in each investigated group

of farms, but these funds were the most effectively used in farms with
the area up to 70 ha of AL, which is mainly determined by the AL
area, economic size, level of the obtained farming effects and the level
of providing the work station with infrastructure. In farms with small-
er areas, a high level of the employment infrastructure, at the simulta-
neous loading with high costs of mechanization means, was proved.
Modernization of farms, considerably influences the production
process, all mechanization rates increase including: the replacement
value of mechanization means, the level of technical infrastructure of
employment, installed power, objectified work inputs, human labour
expenditures, employee infrastructure, energy infrastructure of em-
ployment, mechanization degree and the net commodity production
(GU'ha AL).

Introduction

Various projects, also called the EU funds, related to funding economic activity with re-
gard to the production technology quality or social and environmental activities are the
most frequently used form of aiding agriculture, next to extensive forms of counselling
(Program rozwoju..., 2007). These operations aim at the improvement of the agrarian struc-
ture of rural areas, shift in the production organization, limitation of work tiresomeness,
maintaining biodiversity in the natural environment and even vocational retraining of agri-
cultural producers. Majority of these activities may be carried out through the improvement
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of organization and mechanization of work processes in agriculture (Malaga-Tobota, 2006).
Technical and scientific progress in the commodity and developing farms (businesses)
results in the increase (A) of specific effects (advantages). Most often these are the produc-
tion effects (+AGU-ha™ AL), energy effects (~AMJ-GU™), economic effects (A PLN-GU™)
and ecological effects (—A of the environment degradation) (Wojcicki, 2008). The manner
of the production organization, which is expressed in the increase of its intensity ratio is a
factor, which enables smaller farms to obtain a family income (Sawa, 1998). Family farms,
as a rule, intensively organize the production process and along with the increase of the
farm area decrease of intensity of production business activity takes place. Efficiency of
technical modernization of farms is related to the farming system, which includes rationali-
ty and effectiveness in the use of the production factors (external and internal) in order to
increase the production size (Encyklopedia..., 1984). Provided that efficiency is related to
minimization of costs or maximization of effects, then effectiveness of operation, which is
understood as the ability to achieve aims in a rationally determined time, is a factor that
favours this process. Efficiency and effectiveness of operations are elements of the man-
agement process and influence production capacities e.g. of a family farm. The increase of
manufacturing capacities results from the efficient management and implementation of the
mechanized production technologies, which shape appropriate work and living conditions
of agricultural population, enabling reduction of differences in the technical and economic
conditions of production between regions, group of farms and branches of agricultural
production branches but limiting negative ecological threats resulting from agricultural
production processes. The dynamics of this process, defined as efficiency of operations is
expressed with realization of the objectives (in the rationally determined period of time)
with the use of available capital resources, which allow increase in the level of infrastruc-
ture and the degree of the work process mechanization. Presently, access to the EU funds
enables technical modernization of the process in family farms, but the problem consists in
ensuring efficiency in the realization of those modernization processes (Wojcicki, 2009;
Szelag-Sikora, Kowalski, 2010). Increase of productivity in agriculture enables mechaniza-
tion of production processes, which also causes improvement of working conditions (Paw-
lak, 2010; 2011). However, in order to decrease the costs of agricultural production, atten-
tion should be paid to the rational and effective use of the possessed machinery park.

The objective of the paper was to determine appropriate relations between the efficiency
and effectiveness of implementing a scientific and technical progress and work organization
with the use of the EU funds.

Material and methodology of research

In 2004-2009 70 agricultural farms from the province of Bilgoraj, which benefit from
the EU funding for technical modernization, were investigated. The investigated group of
farms was divided acc. to the criterion of the aid amount, the AL area and the economic
size unit (ESU). It was assumed that the technical effectiveness is expressed by the net
commodity production for technical equipment of farms. Whereas presenting the value of
its equipment referred to the aid amount expresses the economic effectiveness. Grouping
farms acc. to the AL area allowed assessment of the production scale effectivenessand acc.
to the ESU - the allocation effectiveness. The effectiveness ratio is determined by the pro-
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duction level (P) and the amount of the incurred expenditures (N) (Pawlak and Wojcicki,
1993). Proportions between elements of the effectiveness ratio (E = P-N") depend on the
production factors. In the research, which was carried out, the amount of the aid is a pro-
duction effect, strictly related to the level of the net commodity production. Evaluation of
the effectiveness of the technical modernization of family farms was based on the technical
and economic ratios including: the replacement value of the mechanization means, the level
of technical infrastructure of employment, installed power, inputs of the objectified work,
expenditures of human labour, the employee infrastructure, energy infrastructure of em-
ployment, mechanization degree acc. to Zaremba (1985) and the net commodity production
(GU-ha™ AL). Particular technical and economic indexes describe the family farms modern-
ization efficiency fractionally. In order to verify whether it is high or low, whether is is
improving or deteriorating, the basis for referral is necessary. In the investigated farms, the
period before purchase of mechanization means was assumed as a basis (before funding -
the basic year).

Research results

Analysis of efficiency in the agricultural engineering referred to the amount of aid and
the net commodity production proved that it is the highest in farms, which are big with
respect to the area and economy. However, there is a great difference between the level of
the obtained net commodity production (GU-ha™ AL) and the amount of the incurred pro-
duction expenses, which mainly consist in production circulating assets and the costs of
using mechanization means. The costs of obtaining GU (fig. 2) were dropping along with
the increase of the economic size of farms (from 48.9 to 25.7 PLN-GU™). Whereas, net
commodity production in those farms increased (from 46.5 to 148.4 GU-ha™ AL).

The research show that the highest commodity production is obtained when the ratio of
the costs of using mechanization means to the expenditures on production circulating assets
does not exceed 40% (Sawa, 1998). Agricultural engineering enables their better use. The
level of production is strictly related to the efficiency ratio of using the agricultural engi-
neering, which is visible in farms with the highest economic viability. The production scale
and the production system of a farm as well as its rational engagement in the production
process have a considerable impact on the efficiency of agricultural engineering (Loren-
cowicz, 2005). Efficiency of mechanization of the agricultural production process is deter-
mined with efficiency of using the EU funds, which increases the net commodity produc-
tion (Wasag, 2011).

Efficiency of technical modernization of the investiagted farms (table 1) was described
including the AL area. In the targeted year, the replacement value of the mechanization
means increased in all groups of farms divided acc. to the AL area. The biggest difference
in comparison to the base year (before funding) was reported in the smallest farms with
regard to the area (18%) and the biggest farms (32%). It proves more rational use of ma-
chines by farms with bigger AL area (Wasag, 2011). The ratio of the level of technical
infrastructure of employment was increasing proportionally to the area (AL ha) and the
highest value in comparison to the base year achieved in farms with the area of 70 ha AL
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(61.7%). The highest increase of power installed was reported in farms up to 10 and from
10-30 ha AL (46.4 and 35.5%) and above 70 ha AL (26.1%).
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Figure 1. Efficiency in the use of agricultural engineering with reference to the aid amount
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Figure 2. Efficiency in the use of agricultural engineering with reference to the net com-
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Table 1
Efficiency and effectiveness of technical modernization of the investigated family including
their area
Farm area (ha AL)
Average
Specification Mif‘si‘t“e <10 10-30 30-50 50-70 >170
by. ty. by. ty. by. ty. by. ty. by. ty. by ty
Number of farms number 11 41 6 3 9 70
Replacement value (thousand
p . PLN - ha’ 439 52.0 326 394 193 203 163 169 114 151 247 287
of mechanization means AL)
Changes in the
replacement value of (%) 118.5 121.1 104.8 1033 131.9 1163
mechanization means
Index of the technical (PLN -
level -1 6.6 90 11.5 149 122 17.8 13.8 20.0 143 232 11.7 17.0
. manhour)
of work infrastructure
Change of technical level 137.0 129.8 145.6 1445 161.7 1452
of work infrastructure
(kW -100
Installed power ha'! AL) 848 1241 673 912 461 526 472 424 360 454 563 712
Change in the installed % 146.4 135.5 114.0 89.8 126.1 1264
power
. . ol
Inputs of the objectified  (kWhha™ 567 3197 1735 2033 1285 1151 1425 999 880 1398 1577 1756
work AL)
Change of the inputs of o
the objectified work % 124.8 117.2 89.6 70.1 158.8 111.3
Inputs of human labour ™M 475 497 227 207 109 95 122 77 77 68 202 185
urha™ AL)
Change of the inputs of o
the objectified work (%) 100.5 91.1 87.0 63.3 87.8 91.5
Infrastructure provided - (thousand 56y 359 460 597 488 711 553 799 573 927 467 679
to an employee PLN-opz™)
Change in the
infrastructure provided (%) 137.0 129.8 145.6 144.5 161.7 1452
to an employee
Energy infrastructure of - (kWh'manh g 5 153 145 180 206 257 27.9 328 338 515 212 280
work our’)
Change in the energy (%) 1334 123.6 1244 117.5 1522 132.1
infrastructure of work
Index of the (% acc to
mechanization degree g 47.8 577 594 668 69.5 712 674 732 70.8 753 63.0 68.8
Zaremba)
acc. to Zaremba
Change in the index of
the mechanization (%) 120.6 1125 102.4 108.5 106.4 109.3

degree acc. to Zaremba

by. — the basic year (before funding) = 100% ty. — the targeted year (after funding)
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The inputs of the objectified work were shaping similarly to the replacement value of
the mechanization means. However, farms with the area 30-50 and 50-70 ha AL, were in
comparison to the base year (before funding) lower respectively by 10.4 and 29.9%.
Whereas, the human labour expenditures in both periods were the highest in the smallest
farms and decreased along with the increase of the AL area. Technical infrastructure of an
employee and the energy infrastructure of employment increased propotionally to the in-
crease of the area (ha AL) and the aid amount (thousand PLN-farm™). It was stated that in
the targeted year, the index of the mechanization degree (which characterizes the work
process), except for farms below 10 ha AL (57.7%) was at the high level (from 66.8 to
73.2%). It was the highest in the biggest farms with respect to the area, and in each investi-
gated group (ha AL) its increase was reported in comparison to the base year.

Conclusion

Efficiency in the use of agricultural engineering referred to the amount of aid and the
net commodity production is the highest in farms, which were big with respect to the area
and economy. The costs of obtaining grain units (GU) were decreasing along with the in-
crease of the economic size of farms, while the net commodity production was rising in
these farms. Efficiency of using the EU funds for technical modernization was presented in
each investigated group of farms, but these funds were the most effectively used in farms
with the area up to 70 ha of AL, which is mainly determined by the AL area, the economic
size, the level of the obtained farming effects and the level of the work station infrastruc-
ture. Technical infrastructure considerably influences the agricultural production process
since it enables better use of the production circulating asset. In farms with smaller areas,
a high level of the employment infrastructure, at the simultaneous loading with high costs
of mechanization means, was proved. Modernization of farms considerably influences the
production process, all mechanization rates increase, including: the replacement value of
mechanization means, the level of the employment technical infrastructure, installed power,
objectified work inputs, human labour expenditures, employee infrastructure, energy infra-
structure of employment, the mechanization degree and the net commodity production
(GU-ha™ AL).
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EFEKTYWNOSC STOSOWANIA TECHNIKI ROLNICZEJ

Streszczenie. Celem pracy byto okreslenie wtasciwych relacji pomigdzy sprawnoscia a skutecznoscia
wdrazania postgpu naukowo-technicznego i organizacji pracy, przy wykorzystanie funduszy UE.
W latach 2004-2009 przebadano 70 wybranych gospodarstw rodzinnych z powiatu bitgorajskiego
korzystajacych z dofinansowania UE na modernizacjg¢ techniczng. Analizowano okres przed i po
otrzymaniu pomocy. Efektywnosci stosowania techniki rolniczej w odniesieniu do kwoty pomocy
i produkcji towarowej netto byta najwyzsza w duzych obszarowo oraz ekonomicznie gospodarstwach.
Koszty uzyskania jednostek zbozowych (JZ) malaty wraz ze wzrostem wielko$ci ekonomicznej go-
spodarstw, natomiast produkcja towarowa netto w tych gospodarstwach wzrastata. Efektywnos¢
wykorzystania funduszy UE na techniczna modernizacj¢ wykazano w kazdej z badanych grup gospo-
darstw, ale $rodki te byly najskuteczniej wykorzystywane w gospodarstwach do 70 ha UR, co jest
determinowane przede wszystkim powierzchnia UR, wielkoscia ekonomiczng, poziomem uzyskiwa-
nych efektéw gospodarowania oraz poziomem uzbrojenia stanowiska pracy. W mniejszych obszaro-
wo gospodarstwach wykazano wysoki poziom uzbrojenia pracy, przy jednoczesnym obcigzeniu
wysokimi kosztami $rodkoéw mechanizacji. Modernizacja gospodarstw rolnych znaczaco wptywa na
proces produkcji, wzrastaja wszystkie wskazniki mechanizacji, w tym: warto$¢ odtworzeniowa $rod-
kow mechanizacji, poziom uzbrojenia technicznego pracy, moc zainstalowana, naklady pracy
uprzedmiotowionej, naktady pracy ludzkiej, uzbrojenie pracownika, uzbrojenie energetyczne pracy,
stopien mechanizacji i produkcja towarowa netto (JZ-ha™ UR).

Stowa kluczowe: gospodarstwo rodzinne, technika rolnicza, sprawnos¢, skutecznos$é, powierzchnia
UR, wielko$¢ ekonomiczna, kwota pomocy
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Introduction

Research on prototyping a controller for temperature control of the thermal biomass
processing resulted from the necessity to develop an effective system of maintaining stable
temperature in the batch reactor, which is the control object. The control object was de-
signed for research on the thermal biomass processing. A reactor is a complex thermody-
namic system, in which phase changes and heat exchange phenomena take place. Due to
the process complexity and many unknown physical coefficients, creating a mathematical
model of the thermal biomass processing in a batch reactor is very difficult based on the
physics law. In order to determine the process model, which is indispensable for setting
a controller, identification tests were carried out by a "black box" method. The black box
method consists in the input and output signals analyses and the obtained parameters are
physically senseless. In the research on modelling the process, parametric identification was
applied and the model structure was accepted as an inertial object with a transport delay.
Then, parameters of the accepted model structure were determined from the object step
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response. The presented method of obtaining the process model is an efficient method for
inertial objects with a transport delay and enables fast prototyping of controllers.

The objective and scope of the paper

The objective of the paper was to select a temperature controller in the thermal biomass
processing reactor, which would ensure resistance to the object parameterschanges, which
mainly result from an endothermic reaction inside it. For this purpose, a classic PID con-
troller and a robust PID controller were designed and tested and then a comparative analy-
sis of the obtained controllers concerning heating and maintaining temperature in the reac-
tor was carried out. An industrial computer with x 86 platform operating under the Linus
Debian control, whose kernel was modified to work inreal time through the RTAI module
(Real Time Application Interface) was used for the research. The SCILAB environment
with a graphic extension SciCosLab for simulation, measurement and testing inreal time
was installed.

The control object consists of a metal chamber and a ceramic heater which encircles the
reactor chamber, the power of which is 2 kW. The reactor chamber along with the heater
was thermally insulated by aluminosilicate insulation. Identification research and tests of
the selected controllers were carried out on the presented reactor. A classic solution was
selected, namely a PID controller and a robust PID controller. A very popular binary con-
troller was not used in the tests on account of great thermal volume of the metal casing,
which would have resulted with considerable readjustments in comparison to the set value.

Programming environment, as well as an operational system, used in the construction
process of the stand, was selected due to the open source. The Linux Debian and SciCosLab
environment, which includes the graphic environment SciCos, was applied. The system
kernel was modified for operation in real time through the RTAI module (Real Time Appli-
cation Interface). The COMEDI controllers, which combine a programmer layer with ex-
pansion cards connected to the ISA or PCI buses, are significant factors.

Implementation of temperature controllers of the pyrolysis reactor in Linux x86 system
with the installed RTAI module.

Figure 1 presents a schematic representation of the control system used for controlling
the process temperature in the reactor. It is an example of the control system in the closed
system, which performs the task of stabilization of the controlled size in the HIL technolo-
gy (English: Hardware In The Loop) — the HIL simulation technology which consists in
connecting a part of a real object to the feedback loop.

Thermal biomass processing temperature control takes place through a computer
equipped with the Linux-RTAI system. Suitable controllers implemented on the above
mentioned platform are the process controllers.

Model identification, construction and tests of controllers, as well as their later research
took place in the open source software available in Linux-SciCosLab. A description of the
programming foundations and particular blocks is included in the available literature
(Campbell et al., 2006; Bucher et al., 2008; 2010).

Based on Brzozka's publication (2002) it was determined that the sampling period for
temperature control systems should be within 10 to 20 s. Controllers should be prepared for
the sampling time of 10 s. Unfortunately, restrictions of the SciCosLab software and the
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RTAI-Lab software caused the need to set the controllers for a shorter sampling time of 1 s,
which resulted only in the necessity to increase the calculation power of the computer.

Perturbation

Input Control z(t) Output
error

signal signal

x(t) +/ \e (t)=x(t)-y(t1 Control a Object y(t) R
N D(s) ~—~/ 6(s)

Sensor <
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Figure 1. A schematic representation of the stand for control of the pyrolysis process tem-
perature
Model identification

Each dynamic linear model is characterized with transmittance expressed with a general
formula:

G(s) = 22 (1)

T M(s)

in the case of the first degree inertial delay model:
K

66) = iz ®
where:
G(s) - operator transmittance,
k — reinforcement,
T — time constant,
Ty — transport delay time

The object of the paper was to construct a temperature controller of biomass thermal
processing. Thus, a parametric identification method was selected. It assumes linearity of
the control object in the entire scope of the control signal. This assumption is correct in the
case when the heated reactor is not filled with batch material. Such object defines then
a multi-inertial structure, which the most frequently, is modelled as a first-degree inertia
with a transport delay. A parametric method of identification consists in determination of
the object parameters, the structure of which is known based on the analysis of the step
response course for a step or impulse function (Lysakowska and Mzyk, 2005; Ogata, 2002).

The first step in the step response analysis of the system was to find a point of inflection
of the step response (fig. 2). The point of inflection is in the place, where the first derivative
reaches the maximum and the other derivative equals zero (Bronsztejn et al., 2009;
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Orzydtowski and Lobodzinski, 2001). Figure 2 presents three plots: the upper plot presents
the course of the step response of the system, the central — the course of the first derivative
value, and the lower one presents the course of the second derivative value. Common point
of all plots, which determines the point of inflection has been marked with a black line.

Course of the object step response
T T T T T T

o 2m00 H : —
V2A

| | 1 |
6000 8000 10000 12000 14000

§$§

o

i
B

Course of the first derivative step response

Figure 2. Determined point of inflection

In the point of inflection, a tangent to the course of step response was determined. The
object reinforcement was determined as a relation of the temperature increase to the in-
crease of the control signal value at the analogue output of the card. For the considered
object this are respectively: 505°C and 3.4V.

The approximate model data were read out from the plot (fig. 3):

reinforcement — k=148,5294, time constant — T = 4250s. delay — T, = 890.

In order to increase the preciseness of determination of the model parameters, optimiza-
tion methods for searching for such parameters, which ensure the highest compliance with
the real data, were applied. For this purpose, optimization of the function with the deriva-
tive- free optimization DFO was applied (Palczewski, 2014). This method consists in
searching for the minimum of functions in the set range. The algorithm assumes a division
of the segment into smaller parts and searching for the minimum in the vicinity of the cen-
tre of the selected segment.

As a result of optimization, new model values were obtained:
reinforcement — k=150,5294, time constant — T = 2670 s. delay — T, = 1294.
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Course of the step response of the object
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Figure 3. Step response of the object with marked parameters: time constant, delay, rein-
forcement

The obtained model served for setting controllers and their simulation tests. Transmit-
tance of the constant model according to the above values and pattern (2) is:

G(s) = 1505294 13945

2670s+1

€)

Construction and implementation of the PID controller

Tunings of the PID controller (Brzozka, 2006) were presented in a discreet variant and
calculated from Ziegler-Nichols formulas (Brzézka, 2006) in the following manner:

— proportional term: K= % 1'22 — &7:32 = 0.016439, 4)
Tot+5 (T0+?)
— integrator: == 2 =0.0003863, (5)
T k(ro+2) k
— derivative term: Ta _ 057 _ 539.4792, (6)
Ts KTk

where:
k  —reinforcement is: 150.5294,
T, —delayis: 1294s,

T - time constant is: 2670 s,
T, —sampling timeis: 1s.
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The determined controller tunings controlled the temperature quite well. The only
drawback of these tunings is a very long time of control which is approximately 7-10* s.
The principles of the tunings selection with Ziegler — Nichols method provide only approx-
imate, pictorial values of particular terms, at the same time they are the starting point for
finding such tunings at which regulation takes place in a satisfactory manner (Ogata, 2002).
Thus, it was decided to select manual tunings which ensure a more precise regulation. The
tunings were selected with a trial and error method and the values of particular terms pre-
sent as follows:

— proportional term: old value: 0.016439, new value: 8.0639,
integrator: old value: 0.0003863, new value: 0.002563,

derivative term: old value 539.5, new value 539.5
After the parameters are adjusted, the value is regulated with a greater precision and is

obtained in a shorter time of 1.4-10%-1.5-10*s, which was presented in figure 4.

Temperatura [*C]

8
T

—— Ziegler - Nichols
== manually selected parametersected

i i ] I i I
T 8 g 10
x 10"

Figure 4. The course of the value regulated by the discreet PID controller with the calcu-
lated values of tunings and manually selected parameters

The Saturation block is a significant part of the PID controller. It limits values within

0 to 10, provided for the object. It prevents the effect of the controller tuning.
The PID controller design with the object model must have included input/output of the

measurement card. Figure 5 presents the design appearance of the PID controller with
a feedback loop in the HIL technology.
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Figure 5. Appearance of the PID controller with a feedback loop in the HIL technology
made in SciCos programme with operation of the input/output cards with COMEDI
controllers

Design and implementation of the robust PID controller

A robust controller is such a discrete control system, which is not sensible to perturba-
tions of the object parameters (Brzozka, 2002). Two connected controllers are used for its
construction. One of them is responsible for regulation of the value set according to the
introduced mathematical model parameters, whereas the other is responsible for regulation
of the set value based on the real object. Such combination causes that the unit becomes
insensible to big deviations of the object parameters.

The first PID loop assumes model values pursuant to the ones obtained during the iden-
tification process, whereas values of the PID controller correspond to the values described
above. The second loop is related to the real object, the parameters of which may change
during the process. In the designed model, perturbations in the form of changing model
values (insulation is burnt, inaccuracy of reflecting the model parameters towards the real
object, etc.) were included: time constant from the valueof 2670 s to the value of 2550 s,
reinforcement changes from 150.5294 to 155, delay changes from 1294s to 1400 s.

Figure 6 presents the course of control of the value controlled by the described control-
ler. This value was set with the PID controller response to the same signal. The robust con-
troller showed greater readjustment which is related to the introduced perturbations in the
form of model parameters changes. However, despite high parameters deviations, the con-
troller in the time of approximately 1-10* s worked out the set point.
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Figure 6. The course of the value regulated by the discrete robust controller PID
Like, in the case of the PID controller, it was necessary to adjust the PID robust control-

ler to the operation with the COMEDI controllers. A schematic representation of such
a controller is presented in figure 7.
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Figure 7. Appearance of the PID controller with a feedback loop in the HIL technology

made in the SciCos programme with operation of input/output cards with COMEDI
controllers
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Research results

Tests of the designed control system on the real object consisted in determination of dy-
namic properties of controllers with regard to the step function of the set point. The objec-
tive of the designed controllers was to achieve the set point in possibly the shortest time and
with the possibly the smallest control error. In tests of both controllers, the set point was
changing in a step manner from zero to the temperature of 200°C. The designed PID con-
troller reflected very well the set temperature without readjusting in time, which was 7000s
(less than 2 hours). Then, the value was within the limits198.3°C-200.2°C, which is in
a possible control error and the readout error of thermocouple and conversion of its signal
into a standardized signal within the tension standard 0-10V. Then, the second of the tested
controllers, the robust PID controller was implemented. Temperature stabilization took
place after 5700 seconds (approx. 1.5 h). The signal was within 198 -201°C which is within
an admissible measurement error. Figure 8 presents the course of the controlled value (tem-
perature) when using controllers on the real object- thermal biomass processing installation.

According to the comparison, the robust PID controller (green colour) worked out a
signal in approx. 5700 s, whereas the PID controller (blue colour) worked out the same
signal value in 6800 seconds. This difference is approx. 110 s, that is, almost 20 minutes. It
should be emphasised that the robust controller started control from the temperature lower
by approx. 7°C, which in the beginning of control may be crucial. Temperature courses in
the reactor obtained from measurements characterize with small (at the level of the meas-
urement error) deviations from the set point.

PID controller
- PID robust controller

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Figure 8. Comparison of temperature control courses by: the PID controller and the robust
PID controller
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Conclusion

Temperature control in thermal biomass processing is a significant issue particularly in
batch reactors, whose operation characteristics is not determined. Such situation causes
high variability of the controlled object mainly due to endothermic reactions, which take
place with various intensities and in various process stages. The tests, which were carried
out on the real object allowed verification of practical realizations of controllers and their
usefulness in temperature control in batch processes. The tests covered the PID classic
controller tuned on the model obtained as a result of parametric identification of the non-
batch object and the robust PID controller. Better parameters of operation were obtained for
the robost controller especially with regard to the control time. Besides, it better reacted in
the case of parameters changes caused by reactions in the reactor. However, advantages of
the PID controller, on the basis of which the robust controller has been constructed, should
be emphasised. It has a simpler structure than the robust controller and simultaneously
a simpler implementation because it does not require implementation of the discrete process
model, which translates into lower demand of machines for computing power and the re-
duction of implementation costs.
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WYKORZYSTANIE OPROGRAMOWANIA SCILAB

Z. NAKLADKA CZASU RZECZYWISTEGO RTAI

DO PROTOTYPOWANIA REGULATORA TEMPERATURY INSTALACJI
DO TERMICZNEGO PRZETWARZANIA BIOMASY

Streszczenie. Celem pracy bylo zaprojektowanie i przetestowanie réznych wariantow sterownikow
procesu termicznego przetwarzania biomasy. Proces odbywal si¢ w reaktorze wsadowym
sktadajacym si¢ z metalowej komory do ktdrej poprzez przepong dostarczana byta energia cieplna za
pomoca grzatki ceramicznej opaskowej o mocy 2kW. Komora reaktora wraz z opasujaca ja grzaltka
byla zaizolowana termicznie. Do testow wybrano klasyczne rozwiazanie regulatora PID oraz jego
uodporniong na zmiany parametréw obiektu odmiang — regulator odporny PID. Do obshugi
stanowiska, wykorzystano system Linux Debian oraz $rodowisko SciCosLab, w ktorego sktad
wchodzi $rodowisko graficzne SciCos. Jadro systemu zostato zmodyfikowane do pracy w czasie
rzeczywistym poprzez modul RTAI (Real Time Application Interface). Analiza wynikow wskazuje,
iz lepsza jako$¢ regulacji zapewnia regulator odporny, ktory poza szybszym czasem odpowiedzi,
lepiej sig¢ zachowuje w przypadku zmian parametréw obiektu.

Stowa kluczowe: reaktor, termiczne przetwarzanie, identyfikacja, regulacja temperatury, PID, regula-
tor odporny, SCILAB
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was related to all the researched varieties and the force values, at
which separation of the rachis segment occurred, were within 1.09 to
1.67 N in relation to the variety. In the lower zone of rachis, its
strength in all varieties was the biggest regardless the applied potassi-
um dose.

Introduction

Spelt (Triticum aestivum ssp. spelta) is a subspecies of common wheat, which on the
territory of Europe has been known and cultivated from approx. 3000 years. This grain has
become popular in cool climate regions: in Scandinavia, in mountainous regions of Germa-
ny, Switzerland and in Poland. As early as in the beginning of the 20th century, in some
regions of Germany and Switzerland, acreage of its cultivation was bigger than other bread
wheat. Later, spelt has been finally driven out form cultivation by introduction of new
wheat varieties, which characterize with better crop and simpler threshing (Sulewska et al.,
2008; Tyburski and Babalski, 2006). Only in the end of the 20th century, another increase
of spelt popularity, related to organic food production has taken place. Investigation on the
chemical composition of seeds of this wheat showed its precious nutritional values. Litera-
ture data prove that within this subspecies of wheat, there are forms, characterizing with
more advantageous biochemical composition of seeds in comparison to the cultivation
forms of common wheat (Piergiovanni et al., 1996; Ranhortra et al., 1996; Campbell, 1997,
Danuté Jablonskyté-Rascé et al., 2013). This wheat has also a particular meaning in or-
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ganic agriculture and for cultivation on areas with higher organic requirements. It distin-
guishes with low requirements concerning environmental and agrotechnical conditions,
natural resistance to diseases and pests (Wiwart et al., 2004; Kordan et al., 2007) and thus
with good adjustment to extensive cultivation system (Eusterschulte and Kahnt, 1995).
However, the spelt cultivation is related to a serious problem, which has been insolvable so
far, concerning separation of seeds from ears. Caryopses are strictly surrounded by chaffs
and glumes and a fragile rachis which breaks down during threshing, makes this variety
non-threshable. During the grain combine harvesting, whole non-threshed ears get to a tank
and further treatment is necessary in order to separate seeds (Tyburski and Babalski, 2006).
The undertaken tests were to prove, whether the phenomenon of spelt rachis fragility may
be limited through the change of the level of potassium fertilization of this plant. A stronger
rachis would allow prolonging the time of impact of a batten of a threshing machine drum
on ears and make the seeds separation process more efficient. Differentiation of the potas-
sium dose is justified with nutrient requirements of spelt. According to Tybusrski and Ba-
balski (2006) spelt requires very good supply in potassium because of long stalks, for for-
mation of which, greater amount of this element is required. After a good forecrop, which
very often consists of papilionaceous plants, especially perennial, an increased potassium
dose may also prevent the lodging phenomenon.

The objective of the research, which was carried out was to determine and compare
forces values, necessary to separate the segment of the spelt rachis, cultivated in conditions
of variable level of potassium fertilization.

Material and research methodology

Ears of four winter spelt varieties constituted the research material, which according to
the literature data (Konvalina et al., 2013) belong to the group of the most frequently culti-
vated in Poland. These were: Franckenkorn, Oberkulmer Rotkorn, Schwabenkorn and Os-
tro. Material came from the field experiment, placed on the good rye complex soil. Spelt
was fertilized with minerals with the use of the following doses of a clean component:
N — 70 kgha™, P,Os — 60 kg-ha™, whereas the potassium dose was verified with the use of
75 and 150 kg-ha™ K,0. Ears were manually collected in the stage of full maturity of plants,
separately for each variety and the level of potassium fertilization. Humidity of ears deter-
mined with the balance desiccators method was at the level of 8%. In order to determine the
value of force required for separation of the rachis segment with an ear, tests of rachis seg-
ment separation of the testing machine MTS Insight 2 were carried out. Ears were divided
into three equal parts marking their borderlines and thus separating 3 zones. Ears along with
the rachis segments were separated individually from the lower part of an ear and the record
of the ear zone, where measurement was carried out, was conducted. 100 ears for each
variant of fertilization within each variety were analysed. 3 small spikelets from each zone
were separated from each ear. The measurement ending of the testing machine was com-
bined with an ear with the use of a plastic jaw chuck with high friction coefficient, which
allowed reduction of its pressure on the investigated material. Manner of mounting an ear in
the testing machine was presented in figure 1 below. In order to enable recording of the
moment of stripping the rachis segment a tensometric head for the force measurement with
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the scope up to 120 N was applied. Measurements of force values were carried out with
precision up to 0.01 N.

Figure 1. Measurement head of the testing machine MTS Insight 2 with a mounted ear

In the process of rachis separation, two stages may be distinguished. The first stage (A)
is related to fighting flex stresses in a rachis and deviation of its segment from the ear axis.
During the second stage (B) stretching of rachis takes place, which finally leads to separa-
tion of its segment — point "z" in figure 2.

1.2
l +
08 +

0.6

Force value (N)

Deformation (mm)

Figure 2. An exemplary course of force values changes during separation of the rachis
segment
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Research results and discussion

One of the factors, which are significant in the process of cereals threshing, is a binding
force of a seed with an ear. According to the literature data, its values for spring wheat are
within 0.96 to 1.79 N for winter wheat from 1.02 to 2.09 whereas for rye are within 0.81 to
1.31 N (Reznicek, 1971). In case of wheat spelt, a fragile rachis hinders determination of
the binding force of a grain with an ear. Its division into segments takes place at the values
of forces lower than those, which are necessary to separate a caryopsis from a spikelet.
Rachis fragility is a genetic property, typical for tetraploid and diploid wheat species.
Origin of wheat spelt (Triticum spelta L.) has not been entirely explained yet. Based on the
genetic tests of the material, it was established that it was created, most probably, by cross-
breeding of hexaploid and tetraploid common wheat, from which, they probably inherited
this property (Gasiorowski, 2004; Tyburski i Babalski, 2006).

The investigated varieties of wheat spelt were varied on account of rachis strength, ex-
pressed with the value of force necessary to separate its segment with a spikelet. Reaction
of varieties on the variable level of potassium fertilization was analysed separately for each
from the distinguished three zones of an ear, because the flowering and ripening process of
caryopses in each of them takes place in a slightly different time, which may cause the
variability of mechanical properties of the rachis fragment, which is within them.

Statistical analysis of the obtained results proved that in the upper zone of an ear, a vari-
able level of potassium fertilization did not influence the rachis strength and it concerns all
investigated varieties (table 2). In case of wvarieties: Oberkulmer Rotkorn, Ostro,
Schwabenkorn, the rachis of the upper zone of an ear characterized with strength and the
average value of the force which causes separation of its segment was 1.58 N (table 1). In
the discussed ear zone, Franckenkorn variety differed significantly from the remaining
ones. Its rachis was divided into segments at the force of 1.17 N (table 2).

Table 1
Average values of forces required for separation of the rachis segment with a spikelet in
particular ear zones for the investigated varieties of wheat spelt

Uniform groups The force of

Variety Ear zone stripping the rachis

(N)

2 b ¢ d e £ segment (N)

Franckenkorn upper X 1.17 0.62
Franckenkorn central X 1.59 0.51
Franckenkorn lower X 2.60 1.26
Oberkulmer Rotkorn upper X 1.57 0.77
Oberkulmer Rotkorn central X 2.13 0.95
Oberkulmer Rotkorn lower X 3.29 1.67
Ostro upper X 1.62 0.54
Ostro central X X 2.25 0.59
Ostro lower X 3.50 1.90
Schwabenkorn upper X 1.56 0.72
Schwabenkorn central X 1.60 0.55
Schwabenkorn lower X X 2.42 1.37

SD — standard deviation
a,b,c,d,e,f — uniform groups acc. to Duncan test
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Table 2
Average values of forces required for separation of the rachis segment with a spikelet in the
upper ear zone for the investigated varieties of wheat spelt

Uniform groups The force of

. Dose of K,O stripping the SD

Spelt variety (kg:,rh::fl)2 rachipspsegment N)
a b C (N)

Franckenkorn 75 X 1.09 0.58
Franckenkorn 150 X 1.25 0.66
Oberkulmer Rotkorn 75 X 1.49 0.73
Oberkulmer Rotkorn 150 X X 1.65 0.80
Ostro 75 X X 1.56 0.54
Ostro 150 X X 1.67 0.53
Schwabenkorn 75 X X 1.53 0.62
Schwabenkorn 150 X X 1.59 0.81

SD — standard deviation
a, b, ¢ — uniform groups acc. to Duncan test

In the central zone, rachis of the following varieties: Franckenkorn, Oberkulmer Rot-
korn and Ostro was the strongest in comparison to the upper zone. It was reflected in the
values of the registered forces, which regardless the level of the applied potassium fertiliza-
tion had higher values (table 1). In the analysed zone, the highest value of the force, leading
to the rachis division into segments, was registered in case of Ostro variety at both fertiliza-
tion variants and Oberkulmer Rotkorn variety which was fertilized with potassium in the
doze of 150 kg-ha™. Average value of this force was 2.27 N (table 3). The lowest rachis
strength was reported in Franckenkorn variety with the potassium dose of 75 kg-ha™.

Table 3
Average values of forces required for separation of the rachis segment with a spikelet in the
central ear zone for the investigated varieties of wheat spelt

Dose Uniform

o _mam el 6D

(kg~ha’1) aboc de gment (N) (N)
Franckenkorn 75 X 1.49 0.54
Franckenkorn 150 X 1.69 0.47
Oberkulmer Rotkorn 75 X 1.93 0.52
Oberkulmer Rotkorn 150 X X 2.32 1.21
Ostro 75 X X 2.29 0.59
Ostro 150 X 2.20 0.59
Schwabenkorn 75 X X 1.59 0.60
Schwabenkorn 150 X X 1.59 0.50

SD — standard deviation
a, b, ¢, d, e — uniform groups acc. to Duncan test
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The central zone showed also significant differences concerning rachis strength in rela-
tion to the potassium dose. They concerned two varieties: Franckenkorn and Oberkulmer
Rotkorn. At a higher level of potassium fertilization which was 150 kg-ha”, forces, at
which a rachis segment with an ear was separated in case of the mentioned varieties, were
respectively 13.4 and 20.2% (table 3). However, due to considerably high variability of this
property and small differences in its values in relation to the level of potassium fertilization,
one may not clearly determine that the rachis strength increase was caused only by a varied
potassium fertilization.

The lower ear zone registered the highest values of forces, at which a rachis was divided
into particular segments. It relates to each investigated varieties (table 1). The biggest rachis
strength in the lower zone with an average force value of 3.46 N was reported in case of
Ostro variety at both levels of potassium fertilization and Oberkulmer Rotkorn variety at
the higher potassium dose (table 4). The lowest rachis strength in the discussed zone was
determined in case of Schwabenkorn variety at both potassium fertilization levels and it
was at the average of 2.42 N (table 4). In the lower zone, also significant differences in the
rachis anti- breaking strength were determined in relation to the potassium dose, but only in
case of Oberkumler Rotkorn variety. The increase of the potassium fertilization level re-
sulted, in case of this variety, the increase of the force value necessary to separate the rachis
segments. This value at the increase of the potassium dose from 75 to 150 kg-ha™ increased
from 3.19 to 3.38 N i.e. by 5.9% (table 4). This small increase in the rachis strength at quite
high variability of this property in the discussed variety, particularly in the lower zone, does
not allow explicit statement whether it was only caused by a variable level of potassium
fertilization. It requires confirmation during further research.

Table 4
Average values of forces required for separation of the rachis segment with a spikelet in the
lower ear zone for the investigated varieties of wheat spelt

Variety Dose of L(ZO Uniform groups The f0r<':e of stripping ~ SD

(kg-ha™) a b c d the rachis segment (N)  (N)
Franckenkorn 75 2.62 1.30
Franckenkorn 150 X 2.58 1.21
Oberkulmer Rotkorn 75 X 3.19 1.60
Oberkulmer Rotkorn 150 X 3.38 1.73
Ostro 75 X 3.51 2.17
Ostro 150 X 3.48 1.54
Schwabenkorn 75 X X 2.45 1.43
Schwabenkorn 150 X 2.40 1.32

SD — standard deviation
a, b, ¢, d— uniform groups acc. to Duncan test
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Conclusions

1. The wheat spelt varieties, which were investigated, showed a considerable variability on
account of rachis strength in particular ear zones.

2. A varied level of potassium fertilization did not significantly influenced the rachis
strength in the upper zone, it concerns all investigated varieties. Values of forces, at
which rachis segment was separated in this zone, were formed in relation to the variety
within 1.09 to 1.67 N.

3. In the lower zone of an ear, regardless the potassium dose, rachis in case of all varieties
was the highest and it was from 2.40 to 3.51 N.
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WPLYW ZMIENNEGO POZIOMU NAWOZENIA POTASOWEGO
NA LAMLIWOSC OSADKI KEOSA WYBRANYCH ODMIAN
ORKISZU PSZENNEGO

Streszczenie. Celem podjetych badan byto okreslenie i poréwnanie wartosci sit potrzebnych do od-
dzielenia segmentu osadki klosa czterech wybranych odmian orkiszu pszennego, przy zastosowanych
dwoch poziomach nawozenia potasowego. Badania wykonano za pomoca maszyny wytrzymatoscio-
wej MTS Insight 2. Pomiary wykonywano oddzielnie dla gornej, srodkowe;j i dolnej strefy ktosa. Na
podstawie otrzymanych wynikow stwierdzono ze badane odmiany orkiszu wykazuja znaczna zmien-
nos¢ pod wzgledem wytrzymatosci osadki w poszczegodlnych strefach klosa. W strefie gornej poziom
zastosowanego nawozenia potasowego nie mial wplywu na wytrzymato$¢ osadki. Dotyczylo to
wszystkich badanych odmian a wartosci sit przy ktorych nastgpowato oddzielenie segmentu osadki
ksztattowaty si¢ w zalezno$ci od odmiany w zakresie od 1,09 do 1,67 N. W dolne;j strefie ktosa wy-
trzymato$¢ osadki wszystkich odmian byta najwigksza niezaleznie od zastosowanej dawki potasu.

Stowa kluczowe: orkisz pszenny, dawka potasu, wytrzymato$¢ osadki ktosa.
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PANSTWOWY OSRODEK MASZYNOWY (POM)
— WSPOMNIENIA Z DZIECINSTWA

Tadeusz Juliszewski

Instytut Eksploatacji Maszyn Ergonomii i Proceséw Produkcyjnych
Uniwersytet Rolniczy w Krakowie

Zachgcajac Prezesa Kluby Seniora Mechanizacji Rolnictwa, p. profesora Rudolfa Mi-
chatka, do podjecia si¢ redakcji monografii o POM-ach (wczesniejsza nazwa brzmiata
chyba GOM — Gminny O$rodek Maszynowy) i napisania wspomnien o nich mialem zamiar
przypomnie¢ i utrwali¢ w pamigci ten fragment mechanizacji rolnictwa, ktory odszedt do
historii - na naszych oczach.

Nie znam ksiagzkowego opracowania, jakie utrwalitoby w pamigci te zaklady, tj.
POM-y, mimo Ze nasz uniwersytet (wczesniej Wyzsza Szkota Rolnicza, a nastgpnie Aka-
demia Rolnicza) wspolpracowata z nimi badawczo i dydaktycznie (praktyki studenckie,
staze pracownikow). Skoro wiec z generacji pracownikéw POM-6w nikt, jak do tej pory,
nie napisal wspomnien o nich probujemy utrwali¢ ich histori¢ przynajmniej w takim zakre-
sie na ile ja znamy i zachowana jest w naszej pamigci.

Moje wspomnienia dotycza Panstwowego Osrodka Maszynowego w Brzeczowiach
k. Dobczyc, gdzie moj ojciec petnit obowiazki dyrektora, od 1953 roku az do niespodzie-
wanej $mierci w 1970 roku. Wczesniej byt dyrektorem POM-u w Szreniawie (1951-1953),
przeniesionego pozniej do Opatkowic. Tuz obok POM-u w Brzaczowicach, moze nie wig-
cej niz 50 metréow od ogrodzenia zaktadu, mieszkata nasza rodzina w dwurodzinnym bu-
dynku, ktory stoi jeszcze dzisiaj. Moje wspomnienia obejmuja okres od chwili najwczesniej
zapisanych w pamigci 4-5 letniego chlopca, az do 1965 roku, kiedy przeniesliSmy si¢ do
Myslenic, gdzie rodzice wybudowali nasz dom rodzinny. Miatem wowczas 14 lat i wlasnie
ukonczytem szkote podstawowa — wowczas jeszcze 7-letnia. Wspomnienia moje obejmuja
zatem okres ok. 12 lat.

O tym, ze POM w Brzaczowicach jest jednym z wielu w blizszej i dalszej okolicy wie-
dziatem — moge tak powiedzie¢ — zawsze. Pamigtam bowiem, jak ojciec, wraz z wspotpra-
cownikami, wyjezdzat stuzbowo do innych POM-6w. Zdaje sig, ze niekiedy bytem tez
przez niego zabierany do stuzbowej ,,Skody”, a pozniej ,,Warszawy” — pamigtam to stabo
i nie potrafi¢ odtworzy¢ z wlasnej pamigci, jakie to byly POM-y. Z przekazu mojej matki
wiem dzisiaj, ze byly to jeszcze POM-y w Jawiszowicach, Kacicach (dyrektor Stanistaw
Rubis), Kleczy Dolnej, Kopalinach, Kryspinowie (dyrektor Handzlik), Limanowej (dyrek-
tor Bogacz), Lubaszu, Tarnowcu, Trzyciazu i Podegrodziu. By¢ moze przyczyna moich
»stuzbowych” wyjazdow byta nie tyle ch¢é pokazania mi innego zaktadu, lecz kontrola nad
niesfornym chlopcem, ktory nie chodzit do przedszkola ... . Wiem, Ze ojciec byl takze
odwiedzany przez dyrektoréw innych POM-6w — niestety ich nazwisk nie zapamigtalem,
cho¢ wiem, ze bywali takze w naszym stuzbowym mieszkaniu. Tak wigc wiedzialem juz
wowczas, ze ,,nasz” POM nie jest jedynym i podobno sa jeszcze inne, gdzie§ w zasiggu
stuzbowego samochodu ojca, a takze gdzies$ dale;j.
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Jak wygladala sie¢ tych POM-6w w regionie warto by opisa¢ dla upamigtnienia tego
fragmentu historii inzynierii rolniczej w Polsce. Nie zrobia tego juz Dyrektorzy ,,Zjedno-
czenia” POM (siedziba tego Zjednoczenia miescita si¢ przy Placu Szczepanskim): pp.
Warkowski i Andrzej Starowieyski, gdyz odeszli na zawsze...

Charakterystyczne dwa, ,,pomowskie”™ dzwieki pamigtam do dzi$: syrene, wzywajaca
rano (chyba o 6:30) pracownikow do zaktadu i ogtaszajaca koniec pracy (godz. 15.00 od
poniedziatku do piatku i 0 13.00 w soboty), oraz hatas uruchamianych silnikéw ciagnikow
Ursus C45.

Jak wiadomo silniki te (jednocylin-
drowe, z tlokiem pracujacym poziomo,
wzdhuz osi podluznej ciagnika) urucha-
miano przy pomocy kierownicy (demon-
towanej ze stanowiska pracy), podgrze-
wajac wczesniej §wiece zarowa umiesz-
czong z przodu ciagnika. Wibrujacy
dzwigk syreny i charakterystyczny hatas
— niczym kolejne, coraz szybsze wybu-
chy — pamigtam zapewne nie tylko ja, ale
wszyscy mieszkajacy wowczas w pro-
mieniu co najmniej jednego kilometra.
Jesli dodam, ze POM w Brzeczowicach
zlokalizowany byt na wzgorzu — z jedne;j
strony od potudnia podnézem byta dolina
rzeki Raby, a od potnocy dolina potoku
zwanego Walnica - to szczegodlne $ro-
dowisko akustyczne tego miejsca bedzie
bardziej zrozumiate. Dzi§ wzgorze oblane
jest z trzech stron wodami zbiornika
wody pitnej dla Krakowa i innych miej-
scowosci — spigtrzonej zapora w Dobczy-
cach.

Sam POM zlokalizowany byt w budynkach jakby podworskich. Nie znam historii
przejmowania tych budynkow i terenu od przedwojennych wiascicieli — chociaz warto
byloby ja pozna¢. Nie jest wykluczone, ze przejecie (nacjonalizacja) odbywato sig
z krzywda i niesprawiedliwoscia, o ktérej dopiero od niedawna wolno glto§no moéwi¢ i bli-
zej ja poznawaé. Nie pamigtam zadnych rozméw, ktore wowczas dotyczyly tej sprawy, tj.
nacjonalizacji terendw i1 budynkoéw. Wiedziatem tylko, ze niektdrzy pracownicy, np. woza-
cy™™, wezedniej pracowali w tym miejscu — choé nie w POM-ie, bo przeciez przed wojna
go nie byto.

Wyraz: ,,pomowskie” (tzn. i wszystkie budynki i ciagniki nalezace do POM-u), ,,pomowcy”
(ludzie pracujacy w POM-ie) bytly w powszechnym zastosowaniu i jednoznacznie zrozumiate dla
ludzi takze spoza branzy ,,pomowskie;j”.

** W POM-ie prowadzono poczatkowo takze, chow zwierzat. Byly konie pociagowe i trzoda chlew-
na. Najpierw znikngly z POM-u konie, pdzniej — chyba w potowie lat 60-tych zaprzestano chowu
trzody chlewne;.
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Pamigtam takze, ze magazyn czg$ci zamiennych nazywany byl spichlerzem (bo taka
funkcj¢ wczesniej spelniat), a magazyn paliw i olejow wczesniej byt magazynem lodu
(wydobywanego z pobliskiego stawu i gromadzonego podczas zimy). W najbardziej okaza-
lym 1-pigtrowym dworku miescity si¢ biura, a w przyziemiu stoléwka pracownicza. Mie-
Scita si¢ tu tez centrala telefoniczna, na korbke, gdzie telefonistka wciskajac wtyczki do
tajemniczej (wtedy dla mnie) skrzynki taczyta rozmowcow.

Na potudniowym stoku ,,pomowskiego” wzgorza byt sad wisniowy (nazywany ,,winni-
ca” — dlaczego, nie wiem do dzi$), a obok stare sady jabtoniowe i rzedy orzechow wio-
skich. Niewielkie zagajniki lesne, zwane powszechnie ,,potokami”, cho¢ nie ptyngly tam
zadne strumienie, dopetnialy uroku tego miejsca. Mechanizacja rolnictwa, tj. wszelkiego
rodzaju technika, otoczona byta pigkna przyroda, ktéra wspominam dzi§ z nostalgia, ktora
Czytelnik zna dobrze z wersow Mickiewicza (...dzi$ pigkno twe widzg w catej ozdobie...) .

POM petnit funkcj¢ produkcyjnag i ustugowa. Zdaje sig, ze kazdy z POM-6w miat wy-
znaczony asortyment produkcji: w Brzaczowiach wytwarzano rozktadane drewniane drabi-
ny, a p6zniej (w latach 70-tych) lakierowano blotniki ciagnikéw ,,Ursus”. Wyttoczone
btotniki skad$ przywozono do Brzaczowic samochodami cigzarowymi, a po lakierowaniu
odwozono — bodajze do Ursusa k. Warszawy. Czy co$ wigcej wytwarzano — oprocz wspo-
mnianej wczes$niej wieprzowiny — tego nie pamigtam. By¢ moze byt jeszcze jaki$ inny
asortyment produkcji, bo kazdy z POM-6w, poprzez tzw. Wojewddzkie Zjednoczenie Pan-
stwowych Os$rodkéw Maszynowych, uczestniczyt w owczesnej panstwowej gospodarce
planowej. Te plany byly udreka dyrekcji i pracownikow, gdyz ich wykonanie byto tematem
rozmow jakich, mimowolnie, bylem stuchaczem w domu. Wiem takze, Ze spontanicznie
i dobrowolnie pracownicy pracowali niekiedy dluzej — to jest ponad 8 godzin dziennie —
aby ,,wykona¢ plan”. Czy otrzymywali za to dodatkowe wynagrodzenie? — chyba nie. Mo-
ge jednak zaswiadczy¢, ze dostrzeglem — wowczas nieswiadomie — entuzjazm do pracy,
jaki dzi$ jest u niektérych doznaniem jakby obcym ... . Wspominam o tym dlatego, ze
zarty, dowcipy, nawet ,,psikusy” 1 widoczna jakby rado$¢ zycia byta powszechna — jak mi
si¢ zdaje. Dhuzszy czas pracy nie pozbawial pracownikéw humoru. Moze pamig¢é okro-
pienstw wojennych w konfrontacji ze spokojna jednak praca i pewnym zatrudnieniem
(wowczas obowiazkowym) tak ludzi usposabiat?

Na placu, gdzie parkowaly ciagniki (samochody staty w zamykanych garazach), byty
takze jakie§ maszyny, ale w latach 60-tych uzywano sporadycznie tylko plugi. Zasadniczo
ciagniki wykorzystywane byly do transportu, przede wszystkim lesnego, a takze zwiru
wydobywanego z doliny Raby do budowy drég. Ciagniki, z przyczepami wyjezdzaly rano,
a wracaty wieczorem lub niekiedy noca. Grupa traktoréw byta dos¢ liczna — bodajze byto
ich o ponad 10.

Oddzielng grupa pracownikow byli elektrycy, jak ich nazywano, a w rzeczywisto$ci
pracownicy prowadzacy tzw. elektryfikacje wsi. Bylo to montowanie stupdéw, przewodow
elektrycznych i instalacji elektrycznych. Wydaje mi sig, ze grupa tych pracownikéw nie
przychodzita do pracy do POM-u lecz, przebywata na tzw. ,,delegacji”, tam gdzie dana
wies$ elektryfikowano. Wiem, Ze ta grupa pracownikow kierowal nastgpca mojego ojca
w Brzaczowicach, p. Dyrektor Stanistaw Kowalcze. Pdzniej utworzono bodajze grupe ds.
zaopatrzenia wsi w wodg (wodociagi), ale tego nie jestem pewien.

W warsztatach, miejscu dla dziecka wyjatkowo interesujacym, mialem okazje widzieé
pracg spawaczy, $lusarzy, mechanikow, elektrykow i innych specjalistow. Kazdy z nich,
w ubraniu roboczym, zawsze zwracat uwage tym, ze rece — a niekiedy i twarz — ubrudzone
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byly smarami. Technologie napraw ciagnikow i samochodéw byly wowczas niezwykle
brudzace.

Naprawy prowadzono takze przy pomocy mobilnego warsztatu, jakim byt samochod
marki ,,Lublin” zwany — nie wiem dlaczego — ,,czotéwka”. W metalowym nadwoziu mie-
Scit si¢ komplet narzedzi do napraw, tacznie z wiertarka stupowa. Pamigtam dwa szczegoty
tego samochodu: charakterystyczne kierunkowskazy przy kabinie kierowcy (Swiecace
»raczki” wychylajace si¢ na bok, po wlaczeniu) i piecyk do ogrzewania zima (na wegiel).
Mechanicy uchodzili wowczas, obok kierowcow, za elitarng grupg pracownikow.

W brzaczowickim POM-ie pracowalo woéwczas chyba ok. 100 oséb (w polowie lat
60-tych — raczej mniej niz powyzej tej liczby) i jak mi si¢ wydaje to byta typowa skala
zatrudnienia w kazdym z POM-6w. Gdyby zatem policzy¢ wszystkich ,,pomowcow”
z O6wczesnego wojewodztwa krakowskiego (w Polsce bylo wowczas 17 wojewodztw),
tacznie z pracownikami ,,Zjednoczenia” w Krakowie, zapewne byloby to ok. 1000-1500
0sob. Niestety, sa to tylko moje przypuszczenia, gdyz nie znam skali zatrudnienia w tych
czasach, ktére wspominam — jak dziecko wowczas przeciez.

POM-u strzegt dozorca (wartownik), nie wiem czy poczatkowo — przetom lat 50/60-
tych — nawet nie uzbrojony w bron dluga. Wjazd na teren zaktadu odbywat si¢ poprzez
brame, gdzie wypisywano przepustki. Opuszczenie zaktadu przez osoby postronne tez byto
odnotowywane przez wartownika. Wiem, ze po godzinach pracy — zwlaszcza jesienig
i zima — dozorcodwka (rodzaj cyrkowej budy, stojacej na stupkach, z potokragtym dachem)
bylo miejscem spotkan pracownikow, ktorzy nie wiedzieli co robi¢ z wolnym czasem.
Kieby tytoniowego dymu unosily sig¢ zawsze w powietrzu i nikomu to nie przeszkadzalo —
prawie wszyscy mezczyzni palili papierosy (przede wszystkim marki ,,Sport”). Telewizji
jeszcze nie bylto — przynajmniej w Brzaczowicach.

POM mial takze swoja $wietlicg, ktora potem (przetom lat 60/70-tych) przemianowano
na ,.klubokawiarni¢”. Byto to miejsce, gdzie gromadzila si¢ mtodziez (jako uczen gratem
tam nawet jakas role w sztuce teatralnej), a takze dorosli. Zycie, jak sie to moéwi — towarzy-
skie - pracownikow kwitto, jakby to ujac nieco poetycko. Telewizji, jak juz wspomniatem,
nie bylo, wigc $wietlica byla miejscem, gdzie przychodzono chetnie by porozmawiac,
a niekiedy potanczyé (przy muzyce odtwarzanej z ptyt). Tu odbywaly si¢ pracownicze
»Sylwestry”, karnawatowe zabawy, itp. Gdy POM zakupit pierwszy telewizor ogladano
szczegolnie ,,dziennik” i inne programy. Pamigtam jedynie, ze kategorycznie zabraniano
nam — dzieciom - oglada¢ czwartkowej ,,Kobry” (teatr telewizji z kryminalnymi spektakla-
mi), co mtodszym Czytelnikom moze wydawac si¢ dzi§ zakazem $miesznym i niezrozu-
miatym. Dla mnie tez bylo to niezrozumiate, cho¢ nie§mieszne, bo zakazy dorostych dzieci
odbieraty wowczas jak najbardziej powaznie.

POM byt takze wowczas — jak by to dzisiaj nazwaé — sponsorem grupy Sportowcow.
Byli to pracownicy, ktoérzy po godzinach pracy, w LZS (Ludowy Zespo6t Sportowy), upra-
wiali pitke nozna, siatkowke i podnoszenie cigzarow. Zwlaszcza w podnoszeniu cigzaréw
POM w Brzaczowiach (LZS) osiagat znaczace sukcesy; bodajze nawet rangi migdzywoje-
wodzkie;j.

Powracam do mechanizacji rolnictwa w POM-owskim wydaniu. Gdzie§ w polowie lat
60-tych POM otrzymat (chyba tak to trzeba nazwac bo ciagnikow nie kupowato si¢ jak
dzisiaj u ,,dilera”, lecz otrzymywal w ramach gospodarki planowej — oczywiscie placac:
komu, gdzie? — nie wiem), nowy ciagnik ,,Zetor”. Nazywano go ,,Zetor-major” i byt,
w porownaniu z Ursusem C45, obiektem jakby z innego §wiata. Wzglednie cichy, urucha-
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miany rozrusznikiem, szybki w jezdzie i jaki§ w ogole: elegancki. PatrzyliSmy na niego
z zachwytem: my dzieci i pracownicy. Przywilej jazdy ciagnikiem uzyskal najlepszy
z dotychczasowych kierowcoéw ciagnikéw ,,Ursus C 45”. Potem przyszty kolejne, nowe
ciagniki, ale ten pierwszy podziwiali§my — pamig¢tam — z podobna ciekawoscia, jak pierw-
szy telewizor.

Pamigtam tez, ze POM — a zwlaszcza jego pomieszczenia goscinne — byly miejscem
noclegowym kierowcow z Warszawy (zwanych tutaj ,,warszawiakami”). Byla jakas umo-
wa, ktora pozwolita garazowac, bodajze samochod ,,Nysa”, i nocowac raz w miesiacu (?)
dwom wesotym, dowcipnym kierowcom. Co bylo celem ich przyjazdow - nie wiem. Wiem
tylko, ze ich przyjazd byt zawsze mile oczekiwany, a zarazem pretekstem do spotkan
i wesotych rozméw o tym, co si¢ dzieje w $wiecie (W stolicy przeciez).

Z moich dziecigcych wspomnien POM wytania si¢ wigc nie tylko jako miejsce pracy
ludzi dorostych i miejsce nieco tajemniczych maszyn i urzadzen. To takze miejsce, ktore
faczylo pracujacych tam ludzi, czyms$ wigcej niz tylko praca. Poniewaz byli to mieszkancy
Brzaczowic i okolicznych miejscowosci (Droginia, Stojowice), a rzadko tylko stazys$ci
spoza tych okolic, niejako naturalnie ludzie ci taczyli prace zawodowa z zZyciem towarzy-
skim, by nie powiedzie¢ rodzinnym — bo pracowaly tam niekiedy cale rodziny.

Drogi Czytelniku, nie znalazte§ w mych wspomnieniach opisu POM-u, jako zaktadu
pracy. Dziecko nie moze przeciez dostrzegac z zakladzie przemystowym tych wszystkich
zawilosci techniczno-organizacyjnych jakie widzi osoba dorosta. Moje wspomnienia za-
pewne wywoluja nostalgi¢ bardziej u mnie niz u Ciebie, ktory by¢ moze POM kojarzysz
z niewiele mowigcym skrotem. Napisatem te stowa jednak nie tylko z nostalgii; takze dla-
tego, ze z POM-ami z dziecinstwa potaczylo mnie dalsze zycie zawodowe — juz jako osoby
dorostej. Ale to juz inna historia i inne wspomnienia...
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