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Abstract

A significant segment within the sustainable development of agricultural production
and economic prosperity is production in controlled conditions, such as production in
greenhouses and glasshouses. In the Republic of Serbia, vegetable production is almost
entirely concentrated on family farms. Considering the importance of family farms, the
subject of this study is a comparative analysis of vegetable production on family farms
and vegetable production in greenhouses, as well as open-air vegetable production. In
this context, the paper presents two models for optimising the vegetable production
structure, using the method of linear programming and the software package LINDO.
The first model refers to vegetable production in greenhouses (variant 1) and the second
one is formulated for open-air vegetable production (variant Il). The analysis and solving
models have pointed to differences in the optimal sowing-planting structure, in the number
of independent variables or vegetables included in models, but also in realised net income,
wherein variant | achieves both higher net income per hectare and higher production
economy.

Key words: sustainable agricultural production, vegetable production,
family farms, model, optimization.

IMPOU3BOAIBHA IIOBPRA Y BAHITUREHOM ITPOCTOPY
Y ®YHKIINJIJA OJP’KUBE
IHOJbOITPUBPEIHE ITPOU3BO/AIHLE

Ancrpakrt

3HauajaH CErMEHT y OKBHPY OJP)KHBOT Pa3Boja IOJHONPUBPEIHE MPOU3BOME H
€KOHOMCKOT TIPOCIIEPUTETA je TPOU3BO/IEba Y KOHTPOIUCAHUM YCIIOBHMA, KA0 IITO je
MPOU3BOAKA y INIACTCHUIIMMA U cTakieHunuma. Y PemyOmuun CpOuju npousBoama
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noBpha je CKopo y NMOTIYHOCTH CKOHIIEHTpHCaHa Ha opoaudHa ra3auacTa. C 063u-
pOM Ha 3Ha4aj IMOPOAMYHHX Ta3[MHCTaBa, IPEeIMET OBE CTyIMje je KOMIIapaTHBHA
aHanM3a MPOU3BOAE IOBpha Ha MOPOJUYHUM Ta3MMHCTBAMA H IIPOM3BOAKC 1MoBpha
y IUIACTEHHIMa, Kao U IPOU3BOAE MoBpha Ha OTBOPEHOM. Y TOM KOHTEKCTY, y pa-
Iy Cy MpuKa3aHa JBa MoOjella ONTUMHU3AlMje CTPYKType MPOHM3BOE MOoBpha, mpH-
MEHOM METOJIe JIMHEapHOTr mporpaMupama u codreepckor makera LINDO. TIpsu mo-
JIeJT ce OJJHOCH Ha MPOM3BOAmY noBpha y rutacteHuuuma (Bapujanta I), a apyru je
(dopmMymrcaH 3a IPOU3BOAKY MOBpha Ha oTBopeHOM (BapujanTa II). AHanmza u pe-
IIerha MoJIeNIa YKa3alli Cy Ha pa3JifKe Y ONTUMAIIHOj CTPYKTYPH CeTBe-Canme, y Opojy
HE3aBUCHHUX Bapujabmu Wi Opoja KyJiTypa YKJbYYeHHX Y MoJeje, ald U y OCTBa-
PEHOM HeTo NMPUXOAy, IPU YeMy BapHjaHTa | ocTBapyje u Behin HETO MPUXOA MO XeK-
Tapy ¥ Behy eKOHOMHUYHOCT IIPOU3BOIHHE.

Kibyune peun:  oxpiuBa IOJFOIPHUBPEIHA IPOU3BOIHA, IPON3BOHA MMOBpha,
MOPOIMYHA Ta3INHCTBA, MOJIEIN, ONTHMU3aLHja.

INTRODUCTION

The concept of sustainability has become a key factor for the sur-
vival and progress of civilization and society. In order to achieve global
sustainability, it is necessary to re-examine the opinion of ecology and the
economy as opposing goals. Global thinking on this topic has also led to
the first results related to agriculture, which are aimed at relieving global
conventional production and eliminating the negativity of such develop-
ment by focusing on alternatives based on biological or ecological princi-
ples (Kovacdevi¢, 2010).

To promote sustainable agriculture, we must move past focusing
on these oversimplified relationships to disentangling the complex social
and ecological factors, and determine how to provide adequate nutrition
for people while protecting biodiversity (Ponisio and Ehrlich, 2016).

Sustainable intensification of agricultural production focuses on
increasing yields, especially on land already used in agriculture (Pretty
and Bharucha, 2014), or as some have called it ‘land sparing’ (Ceddia et
al., 2014; Hulme et al., 2013). The overall strategy is to meet food needs
while curbing agricultural expansion into marginal lands and into the
relatively few remaining large tracts of land in natural habitat (Jordan et
al., 2015; Doré et al., 2011).

Sustainable agricultural production as well as conventional agricul-
ture relies on the application of various technologies in order to meet pro-
duction needs (Tilman et al., 2011; Elliott and Firbank, 2013; Barnes and
Thomson, 2014). They differ because sustainable intensification gives
more importance to technologies and practices that reduce resource use,
mitigate the effects of climate change and protect natural ecosystems (van
Ittersum et al., 2013; Fish et al., 2014; Balwinder-Singh et al., 2015;
Rochecouste et al., 2015).
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In order to meet the growing demand for food globally, a large
number of advocates of sustainable intensification of agricultural produc-
tion consider that the use of biotechnology in food production is a key el-
ement in meeting the growing needs (Flavell, 2010; Bennett et al., 2013;
Jacobsen et al., 2013; Teixeira et al., 2015).

According to some authors, the ways in which sustainable agricul-
tural production can be realised in practice are specific techniques that de-
fine sustainable agriculture such as: biodynamic agriculture (Pechrova,
2014), integrated systems (Khan, 2011; Ogello et al., 2013) and perma-
culture (Ferguson and Lovell, 2014;Altieri et al., 2016). Some other au-
thors believe that sustainable production can be realised in practice only
on small and family farms (Kull et al., 2013; Dogliotti Moro et al., 2014;
Woods, 2014).

The Republic of Serbia has the largest comparative advantage in
the production of agricultural products and agro industry. Agriculture, as
one of the carrying mega sectors, can contribute to economic develop-
ment not only with its fast development, but also with its influence on the
increase of the total level of productivity of a country, which does not op-
pose new employment (Marjanovi¢ and Marjanovic, 2019).

Agriculture is one of the most important branches of Serbian econ-
omy. The share of agriculture in GDP, compared to the EU member
states, is very high and amounts to 6.5% (Annual national accounts,
2022). In the Republic of Serbia, family farms are the most important
production unit, both in production potentials and in production volume.
The main contingent of workforce that determines the overall develop-
ment of agriculture is concentrated on family farms. These farms should
be a subject of special interest of agricultural policy. These are the farms
which are engaged in different activities in the form of family business
(tourism, trade services, trade, etc.), in the framework of rural house-
holds, and agricultural operation is secondary and not primary (Maleti¢
and Popovi¢, 2016).

The largest part of production potentials in agriculture is located on
family farms, but as a whole, agricultural production on these farms is
underdeveloped (Munéan and Zivkovié, 2005). The Republic of Serbia is
characterised by the relatively small size of land property and a large
number of detachable parts and parcels, which indicates that the land is
not rationally used as an objective condition for agricultural production
and farm operation. Considering the importance of vegetable production
for producers and for sustainable agricultural production, the basic direc-
tions of its future development are the optimal use of available production
capacity, an increase in production volume, and the change of production
structure (Novkovi¢ et al., 2013).

Vegetable production is also very important from the aspect of us-
ing available natural resources and technological achievements, all in the
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function of creation and income growth in agriculture (Stefanovi¢ and
Stefanovi¢, 2005). In addition, vegetable production represents an im-
portant raw material base for various forms of processing, but also greatly
affects the development of the food industry.

Besides open-air vegetable production — in the field, a significant
place is intended for indoor vegetable production — in greenhouses, which
allows the growth and replacement of several cultures during the year, the
combined off-season production, provides a several times higher yield
compared to open-air production, and represents the most intense type of
production. This type of production involves a very intensive use of land and
represents the most intensive branch of plant production. However, due to
high production costs, unfavourable financing conditions, and the fragmen-
tation of land property, this type of production in greenhouses is still un-
derused in our country, although there are great production potentials.

In order to improve vegetable production on family farms, it is
necessary to solve the basic and ever-present problem of determining the
optimal production structure. It means that it is necessary to determine
such a production structure that provides maximum economic results in a
given production, technical and economic conditions (Bosnjak, 1997).

Accordingly, the objective of this research implies determining
such a structure of vegetable production in greenhouses as well as open-
air vegetable production, which provides maximum economic results in
the given production, technical and economic conditions. In this context,
two types of models for optimising vegetable production structure are
formulated, one that relates to vegetable production in greenhouses (vari-
ant 1), and the other formulated for vegetable production in the open air
(variant 11). The optimal structure of vegetable production both in green-
houses and in the open air was obtained using the method of linear pro-
gramming, which is also the basic method used for experimenting on
models in this research.

Linear programming is one of the most frequently used quantita-
tive techniques. There are many practical problems in the field of agri-
business which could be solved by linear programming (Thornley and
France, 2007; VVohnout, 2003; Vico and Bodiroga, 2017). The presence of
Operational Research in Agriculture and Forest Management applications
is already extensive, but the potential for development is huge in times
where resources are becoming increasingly scarce and more has to be
done with less, in a sustainable way (Carravilla and Oliveira, 2013).

A great number of authors have dealt with this problem of deter-
mining the optimal vegetable production structure. In order to point out
the possibility of rational land use, and to achieve better economic effects,
in his paper, Radojevi¢ presented the model of linear programming for
the optimal planning of vegetable production structure intended for indus-
trial processing (Radojevi¢, 2003). Using the method of linear program-



Greenhouse Vegetable Production in the Function of Sustainable Agricultural Production 653

ming, Krasni¢ has performed model-based testing for optimising the veg-
etable production structure for industrial processing and for consumption
in fresh condition (Krasni¢, 2004). Novkovi¢ et al. have paid special at-
tention to the optimal structure of vegetable production on family farms
(Novkovi¢ et al., 2011). Aiming to define the optimal structure of vegeta-
ble production that will provide the best economic effects, which will
meet the needs of the market and which will enable the intensive use of
land, Nikoli¢ analysed the vegetable production on family farms in Voj-
vodina (Nikoli¢, 2014).

MATERIALS AND METHODS

Taking into account a large number of limiting production factors,
the process of determining the optimal production structure on family
farms is a very complex task. In order to solve this problem, one of the
most commonly used methods is the method of modelling. This method
has been successfully used whenever it was not possible or was not ra-
tional to experiment on a real system, or on the research subject. It means
that all relevant system attributes that are important for the research sub-
ject must be identified and analysed.

The primary method used for experimenting on the model is the
linear programming method. Mathematically expressed, linear program-
ming is a method for finding the optimum (minimum or maximum) of the
linear function with the ‘n’ independent variables X; (i = 1,2,3, ....) that
are connected by linear relations (equations or inequalities), or limiting
conditions — constraints (Mihajlovi¢ and Novkovi¢, 2009).

The general problem of linear programming can be mathematically
presented as follows.

(1) The objective function:

Zcixi =Z— max (V — min)

i=1
wherein the symbols have the following meanings: Xi - independent
variables; i — 1, n; n - the number of independent variables in the model,;
Ci - the objective function coefficients; Z - the maximum value of the
objective function; and V - the minimum value of the objective function;

(2) The constraints matrix:

;aijxié A,

wherein the symbols have the following meanings: j - 1, m; m - number
of constraints in the model; a; - technical coefficient of the independent
variable Xi in the j constraint; and A - available resource (constraint) j;
(3) Non-negativity constraint:
X, >0
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The activities in both models are independent variables and refer to
different types of vegetables. Therefore, it may happen that vegetable
crops from models are repeated several times, as a result of crop rotation,
crop type and seeding order. The total number of independent variables in
the optimisation model of vegetable production structure in greenhouses
is 26, and 55 in the optimisation model of open-air vegetable production.
For the purposes of this study, six basic groups of vegetable crops were
defined: root vegetables, onion vegetables, tuberous vegetables, fruiting
vegetables, legumes, and leafy vegetables. Certain variables appear more
than once in the model and depend on the number of possible prerequi-
sites. For example, the group of root vegetables includes some of the fol-
lowing independent variables: carrot wound, parsley, parsnip, beetroot,
spring radish, winter radish after cucumber, autumn radish after green
beans, and early chard.

The constraints of the models are related to the limiting conditions
of land area (variant | -1 ha, variant 1l - 10 ha), labour, mechanisation
(only variant 1), and of course, sowing or planting time. Accordingly,
there are 41 defined constraints for variant | and 71constraints for variant
1. For example, the limitation of land capacity in the first sowing in the
mathematical model is limited to 1 hectare and includes those activities,
i.e. crops that are a prerequisite for the independent variables in the sec-
ond sowing. The limitations of the land capacity of the second sowing
must be less than or equal to the total area from the limitations of the first
sowing, and the crops represented in the second sowing are at the same
time independently variable prerequisites for the third sowing. A group of
constraints in a mathematical model for optimizing the production struc-
ture in the field (variant 1) includes the limitations of the means of mech-
anisation (medium tractors) and includes a period of nine months, which
is assumed to represent the so-called ‘work peaks’ (February-October).

Given that the study relates to family farms, net income, which is
also called the gross financial result, will be used as a determinant for op-
timization in defining the economic functions, or the objective function.
Net income is the difference between the production value and direct var-
iable costs, but it also represents coefficients of the objective function.
Using these categories as determinants to maximise the objective function,
the negative impact on the allocation of fixed costs of assumed activities is
eliminated, which may cause us to obtain some incorrect solutions.

Based on the defined mathematical models and optimality criteria,
and with the use of the software package LINDO, a solution relating to
the optimal structure of vegetable production in greenhouses and outdoors
is obtained.

In addition to this classical method of linear programming, the op-
timisation of vegetable production structure is also applied for both model
variants, based on multiple criteria of optimality, which will, among other
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things, resolve the issue of the optimal production structure based on
maximum efficiency, i.e., economy of production. Maximising the pro-
duction efficiency due to nonlinearities of relation was achieved by ap-
plying fractional linear programming. Farm accounting records have been
a valuable source of data for this analysis; the data consists primarily of
the calculations of production, as well as the norms of working hours for
the observed vegetable crops, both in greenhouses and outdoors.

RESULTS AND DISCUSSION

A comparative analysis or a comparative review of the obtained re-
sults was performed, based on defined models for the optimisation of
vegetable production structure in greenhouses and in the open air. The
comparative analysis of the solutions is primarily related to the presenta-
tion and analysis of the obtained optimal production structure for both
variants of the model, and is aimed at showing the differences between
the participation of certain groups of vegetables, in terms of direct in-
volvement of the workforce, as well as in terms of economic indicators of
effectiveness and efficiency. The criterion that was used for this analysis
is maximisation of net income.

Table 1 shows a comparative review of the participation or share
of certain groups of vegetables for all three different sowing-planting
times for both model variants, since the initial models differ in the total
area intended for this type of production.

Table 1. Participation (%) of certain groups of vegetables in models for
variant I and variant 1l

Groups of vegetable crops =
=2 %) <
38 8 8 £8 238 3 g
Sowing-planing 88 <S8 88 E8 £8 28 &
r o m o S o ] S @ QD =
oy g Fg 58 2% -9 £
> > > > 3> > =
I 20 20 25 / 20 15 1
I Variant 3 2 / 51 / 44 0.67
11 | 4 / / / / 96 0.56
Total
(%) 11 9 11 16 9 44 223
I 30 10 10 / 40 10 10
I Variant 52.92 0.25 / 1863 236 2584 805
11 I / 15.32 / / / 84.68 6.33
Total
%) 30 8 4 6 17 35 2438

Source: Authors’ calculations
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A comparative analysis of the participation of certain vegetable
groups in both of variants of the model based on the maximisation of net
income reveals differences in the vegetable production structure in all
three sowing-planting periods. Comparing the results in the total amount,
variant Il exhibits a greater share of root vegetables (by 19%) and leg-
umes (by 8%) than variant I.

On the other hand, in variant I, the participation of other groups of
vegetables is higher: by 7% in tuber vegetables, 10% for fruit vegetables,
and 9% in leafy vegetables. The difference in participation of bulb vege-
tables is negligible, and it is only 1%.

The next part of the comparative analysis refers to the direct in-
volvement of the workforce, where we discussed the overall working
hours of employees, working hours of employees per months, and work-
ing hours of employees per hectare. For the purposes of this study, it was
assumed that all operations can be performed on time, and that there is no
need to hire seasonal labourers. Based on this assumption, the required
number of working hours per month was finally determined by solving
the model.

Table 2. Number of working hours of direct workforce by month,
variant | and Il variant

Variant | Variant 11
Months Nur_nber of % Months Nur_nber of %

working hours working hours
1l 25.298416 204 11 788.899963 7.16
1 62.614334 5.05 Il 1612.622314  14.64
v 149.870529 12.08 IV 693.768860 6.30
\% 140.282791 1131 V 530.692505 4.82
VI 186.139969 15.00 VI 1267.591797 11.51
VI 289.276215 23.31 VII 1843.977905 16.74
VI 223.797226  18.04 VIII 1179.676514  10.70
IX 127.730438 10.29 IX 2783.842041  25.28
X 35.800888 289 X 311.213348 2.83
Total 1240.810806 100 Total 11012.28525 100
Per hectare 556 Per hectare 452

Source: Authors’ calculations

The observation period for the direct involvement of the workforce
is between February and October, because it is assumed that these are the
months when most of the business operations are conducted, especially in
the summer months, which are known to be the working peaks. That can
be seen from the results in Table 2, and their comparative analysis indi-
cated that the largest direct involvement of the workforce for both model
variants is in the months of June, July, August and September. Observed
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by months, it can be seen that in almost every month, variant | exhibits a
greater involvement of direct labour force. The exceptions are February,
March and especially in September, when this difference is particularly
evident in variant Il and is higher by almost 15% compared to variant I.

The total number of working hours of the direct labour force is much
higher in variant I1, but given that the area on which this production is per-
formed is ten times bigger than the area defined for variant I, this result is
expected. On the other hand, the direct involvement of the workforce per
hectare for the model for variant | is 556 working hours, and it is 452 work-
ing hours in the model for variant Il, implying that it takes a greater in-
volvement of the workforce for vegetable production in greenhouses — 104
working hours per hectare more compared to open-air vegetable produc-
tion. The comparative analysis of involved agricultural mechanisation is
not possible, given that mechanisation is involved only for open-air vegeta-
ble production, while the involvement of mechanisation in greenhouses was
not necessary considering the area defined by the model.

The last part of the comparative analysis refers to no less signifi-
cant indicators of the results obtained by the defined optimising models.
Namely, they refer to economic categories that were taken into account
for defining the objective function, and indicate the economic effective-
ness and economic efficiency of vegetable production for both model var-
iants. When defining the economic function, net income was used as a de-
terminant for the optimisation of the mentioned function. The net income
is the difference between the production value and the direct variable
costs. At the same time, it represents the coefficients of the optimality cri-
terion function. The calculated net income is presented in the form of cal-
culations for individual types of vegetables.

The primary goal of a family farm’s activity is certainly to maxim-
ise the economic impact of production. In addition to the analysis of the
economic effectiveness of production, an analysis of the economic effi-
ciency of production was also carried out with the aim of demonstrating
the economic efficiency of production achieved on the family farm.

In this sense, a new criterion function was defined for the set mod-
el, and the maximum value of production economy was determined by
solving it. Such an analysis based on multiple optimality criteria required
the application of the fractional linear programming method.

The economic effectiveness of vegetable production is presented in
the form of parameters of net income, and economic efficiency is shown
based on calculated economy of production. This data is shown in Table 3.

Table 3 shows that the model for optimising the vegetable
production structure in greenhouses achieves higher net income per
hectare than the model for optimising the open-air vegetable production
structure, but achieves lower net income per working hour of the work-
force, which is in line with the greater involvement of direct workforce.
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On the other hand, if production efficiency is observed, then the model
for optimising the vegetable production structure in greenhouses is more
expressed, and its production economy is 2.25 —almost twice the size of
the economy of vegetable production that is performed in the open air.

Table 3. Indicators of effectiveness and efficiency in models
for variant | and variant 11

Indicators
Model variants Net income per Net in_come per Economy of
hectare working hour ?
(EUR) (EUR) production
Variant | 34036 27.4 2.25
Variant 11 31641 28.7 1.14

Source: Authors’ calculations

Analysing and comparing the financial results of open-air vegeta-
ble production and vegetable production in greenhouses, different authors
also concluded that vegetable production in greenhouses is financially
more cost-effective despite higher investment costs (Oplanic¢ et al., 2013;
Hadelan et al., 2015; Stamenkovska Janeska et al., 2013). The tool for the
optimisation of vegetable production with an objective function of max-
imising the expected return proved to be functional and gives plausible
results in reference to the available working capital, farm size, and pro-
duction structure, as well as the technological, market and policy con-
straints (Stamenkovska Janeska et al., 2013).

CONCLUSIONS

Vegetable production is very important for producers, but also for
the overall agricultural production. In accordance with that, the basic di-
rections of its future sustainable development should be focused on the
optimal use of the available production capacity, on increasing the vol-
ume of production, and on changing the production structure.

Unlike crop production, vegetable production achieves more fa-
vourable effects in terms of all the components of rural sustainability. The
revenues generated in vegetable production are several times higher than
the revenues generated from maize and wheat production, which results
in better financial effects and more stable economic sustainability of
farmers. The significance of vegetable production is also reflected in the
great need for human labour, thus creating preconditions for new jobs in
rural areas, which is the basis of social sustainability.

Based on the results obtained by a comparative analysis of the
models, it can be concluded that the models differ in the optimal sowing-
planting structure, in the number of independent variables or vegetables
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included in the models, but also in realised net income. Also, the model
for variant | requires a greater involvement of the direct workforce per
hectare, and at the same time, there is no need for involvement of agricul-
tural mechanisation. Accordingly, it is expected that the model for variant
I would show the lower value of net income per working hour of the
workforce compared to the model for variant 1. However, when it comes
to production efficiency, this model variant achieves production economy
that is almost twice the size of the model for variant II.

In addition to their differences, we should point out what is com-
mon to both models. First of all, based on the obtained results, it can be
claimed that the defined models are reliable, given the very wide limits of
tolerance in the coefficients of the objective function. Another similarity
is reflected in the fact that these models can be applied in real business
conditions, or on a specific family farm. The analysis of the defined mod-
els is certainly facilitated by using modern computer techniques that ena-
ble fast and efficient data processing, thus obtaining relevant information
related to the entire production process on a family farm.

Information obtained in this way is certainly a good information
base for farmers, which can help them in the decision-making process. It
is important for farmers to have an appropriate decision-making tool in
order to determine their production structure, and make a combination
that will reap the highest benefits given the resources available.

Although Serbia is generally a large vegetable producer, it still im-
ports large quantities of off-season vegetables. With the further develop-
ment of vegetable production in greenhouses, Serbia as an importer coun-
try could soon become an exporting country. Geothermal sources, mainly
located in the territory of Vojvodina, Posavina, Macva, Podunavlje, and
the wider area of Central Serbia represent unused sources of energy that
are necessary for this type of production. Production based on fossil fuels
is not competitive due to high energy prices, but a competitive and profit-
able sustainable vegetable production could be achieved with the use of
thermal energy sources.
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IMPOU3BOAIBHA IIOBPRA Y BAHITUREHOM ITPOCTOPY
Y ®YHKIIUIJU OAP’KUBE
MNOJbONMPUBPEJHE IMTPOU3BOAILE

Tamapa [laynoBuh, Baa:kenka [lonosuh, Pagojka Maseruh
Yuusepsuret y beorpany, [lossonpuspenan dakynrer, beorpan, Cpouja

Pe3ume

V¥ Penry6mmmm CpOuju mpomn3Bo/ba MoBpha je TOTOBO y LETIOCTH CKOHIIEHTPHCAHa y
MOPOJMYHUM Ta3[IMHCTBUMA, KOja NPE/CTaBIbajy Haj3HA4YajHUjy IPOU3BOJHY jEMHULLY,
KAaKO IO MPOU3BOJHUM IIOTEHIMjAINMa, TaKO M 10 OCTBAPCHOM OOMMY IPOHM3BOJME.
OCHOBHH 1IMJb OBOT UCTPaXXKHBama je yTBphHBame CTPYKType Mpou3BoAme moBpha y
miacteHunMa (Mozen I) u Ha otBopeHom mpoctopy (Mozen II, xoja he omoryhuru na
ce OCTBapH MakcHMallaH (DMHAHCHjCKH Pe3yJTaT U aa ce 00e30e1H IMyHa 3aroCIeHOCT
pajiHe cHare, y3 yBaKaBarbe HH3a OHOTEXHHYKHX, POM3BOJHUX, TEXHOJIOMIKHX M TP-
JKHIITHAX OTPaHU4eha. Y CyNITHHY, Y HCTPAXKUBAIGY je M3BpIICHO yrnopehusame 1Ba Ha-
YHHA [POM3BOE-E MOBpha, OJHOCHO JIBA HUBOA WHTEH3UBHOCTH MPOM3BOJEE, TPUME-
HOM MaTeMaTHYKHX Mojieja a OM ce Ha OCHOBY TaKBE YNODEIHE aHAJIM3€ MOTJIE JaTH
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npernopyke 3a Oyayhy nponsBoamy. Ha ocHOBY ymopennux pesynTata JOOHMjeHHUX aHa-
m3oM oba Mojena yTBphEeHo je a ce Monen Mel)ycoOHO pasiuKyjy 1Mo ONTHMAITHO]
CTPYKTYpH CEeTBe-Calbe 1 110 Opojy He3aBHCHO IPOMEHJPHBUX BEJIMUYHMHA WJIM BPCTA I10-
Bpha Koje Cy yKJbydeHe y MoJiele, alli U [0 OCTBapeHOM HeTo Ipuxoxy. PemaBame ne-
(MHMCAaHUX MOJIeNa U3BPILICHO je MPUMEHOM METO/IE JIMHEAPHOT IIPOrpaMUparba, y3 Ko-
pumtheme nporpamckor nakera JIMH/IO, koja ce mokasana kao BeoMa yCIEIIAaH HH-
CTPYMEHT 3a ONTHMHpPAKE CTPYKType Mpou3BoAme moBpha. Kommapanuja modujeHux
pesyiiTata, Koja ce y IpBOM peay OIHOCH Ha NMPUKA3HBAE U aHAM3Y AOOHMjSHUX ONTH-
MaJIHHX CTPYKTypa IIPOU3BOEHE 3a 00€ BapujaHTe MOelia, IMaa je 3a IIIJb Ja TIOKaxe
MelycoOHe pasiiike y Ioriieqy 3acTyIUbEHOCTH IIO0jeHHUX rpyna nospha, y noriemny
AHT@)XOBama IMPEKTHE paJHe CHAre U CpeicTaBa MexXaHHW3aluje, Kao U y TOJIeTy eKo-
HOMCKHX TT0Ka3aresba epeKTUBHOCTH U epukacHoCTH. KpHuTepnjym Koju je mociysxuo 3a
OBy aHAIM3y je MaKCUMHU3aldja HETO mpuxona. EKoHOMCKa epeKTHBHOCT TPOU3BOAE
noBpha IpeacTaB/beHa je MapaMeTpoM y BHAY HETO MPUXO0/a, a EKOHOMCKa e(pUKaCHOCT
je IpUKa3aHa Ha OCHOBY M3padyHaTe eKOHOMHYHOCTH IPOU3BOIbE. Pe3ynTaT 10 Kojux
ce JIONDIO TOKa3yjy Aa MOZEIN 33 ONTHMHU3ALH]y CTPYKType IMPOU3BOIHE MOBpha y Imia-
CTEHHIIMA OCTBapyje BehH HeTO MPHXOJ IO jeAHOM XEeKTapy OJ MOJela 3a ONTHMHU3a-
Iy CTPYKTYpe IPOHU3BOALE MOBpha Ha OTBOPEHOM, ajli U J1a OCTBApYyje U MambH HETO
HPHUXOJ TI0 Yacy paja paJHuKa, IITO je y CKiaxy ca BehuM aHTa)koBameM JMPEKTHE
panne cHare. Ca gpyre cTpaHe, ako ce IocMarpa e(hMKacHOCT IPOU3BOALE, OHIA [0 U3~
paxkaja 07a3u MOJEIN 32 ONTUMH3AIH]y CTPYKTYpe MPOHM3BOAIKC MoBpha y IuiacTeHH-
FIMa, 9ija eKOHOMUYIHOCT U3HOCH 2,25 1 cKopo je Iyruio Beha 071 ekOHOMUYHOCTH TIPO-
n3BoAm-E moBpha Koja ce obaBiba Ha OTBOPEHOM MpocTopy. Mogerne Koju ¢y aeduHnca-
HH Y OBOM HCTPa)XHBAmy, y3 €BEHTyalHa MUHUMAaJHA Npuiarohasama, Moryhe je mpu-
MEHHTH Ha KOHKPETHUM CIIy4ajeBHMa Y MPaKCH, OJHOCHO Y TIOPOIMYHIM Ia3NHCTBIMA
Koja ce 0aBe MPOU3BOAKHOM MOBpha Kako O ce mpukasaia MOryNHOCT JOJaTHOT MCKO-
puirhaBarba pacroIoKUBHX IPOU3BOAHHX pecypca.



