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ABSTRACT:

Introduction/purpose: This paper examines some of the applications of Chebyshev’s inequality. Using Chebyshev’s inequality, the
analysis of a preliminary feasibility study for constructing a solar thermal power plant in the Banja Luka area has been conducted.
The goal of the preliminary analysis is to show, without financial investments, if there is a basis for the climate parameters
measurement in the area.

Methods: For the known values of the arithmetic means and the standard deviations of the number of cloudy days, the probability
of deviation of the number of cloudy days from the mean value was defined by applying Chebyshev’s inequality.

Results: The diagram shows the values of the upper and lower limits of the number of cloudy days that deviate from the expected
value with a probability of 50%.

Conclusion: The preliminary assessment of the justification of the realization of a solar thermal power plant justifies the
measurements necessary for the analysis and detailed calculation of this type of a plant, because the annual interval of cloudy days

is from 94 to 164, or from 26 to 44% in the year.

KEYWORDS: probability, random variable, dispersion, mean value, cloudy day, solar radiation, solar thermal power plants.
Pe 310M e :

Beepcuue/ueab: B paHHOM cTatbe ommcaHo npumeHeHue HepaseHcrBa eGpimesa. Mcmoapsys HepaBenctso Ye6bimiesa,
ObIA TIPOBEACH AHAAM3 IIPEABAPUTEABHOTO TEXHHMKO-3KOHOMUYECKOIO OGOCHOBAHHS CTPOMTCABCTBA COAHCYHOH TEIIAOBOH
3ACKTPOCTaHLMHU Ha Tepputopun bans-Ayku. Lleap AAHHOTO IIPeABAPUTEABHOTO aHAAM3A COCTOHUT B TOM, 9TOOBI 6¢3 BAOKEHMUI
AOKa3aTh, CYLIECTBYET A OCHOBAHHE AASL U3MEPCHHSI KAUMATHYCCKHUX [IAPAMETPOB B AAHHOM PETHOHE.

Meroast: Ilytem npumenenus HepabeHcTBa UeOblmeBa oA MSBECTHBIX SHAYCHUH CPEAHHX apUQMETHYCCKHX M CTAHAAPTHBIX
OTKAOHCHHMH B KOAMYCCTBE IIACMYPHBIX AHCH OblA2 ONPEACACHA BEPOSTHOCTh OTKAOHCHHS KOAMYECTBA ITACMYPHBIX AHCH OT
CPEAHETO 3HAYCHHUSI.

Pesyaprarsi: Ha AmarpaMme 1okasaHbl 3HAYEHHUSI BEPXHETO U HIDKHETO IIPEACAOB KOAMYECTBA NACMYPHBIX AHCH, KOTOPBIE €
BepoATHOCTHIO 50% He COBITAAAIOT C 0XKHMAAEMBIM 3HAYCHUEM.

BoiBoapr: Ilpeaaputeapnast onenka TOO MO yCTAaHOBKE COAHECYHOH TEMAOBOM JACKTPOCTAHLMH OIPAABIBACT U3MECPCHUS,
HEOOXOAMMBIC AASL AHAAM3A M ACTAABHOTO PacieTa AAHHOTO THIIA YCTAHOBKH, TaK KakK TOAOBOH MHTEPBaA IACMyPHBIX AHCH
cocTaBasgeT oT 94 A0 164%, To ecTb OT 26 A0 44% B roA.

KnodeBb e CJ 0B a: BEPOATHOCTh, CAyJaiiHAsd BEAMYMHA, AMCIIEPCHUS, CPEAHEE 3HAYEHHE, ITACMYPHBIH ACHB,
COAHEYHASI PAAUALIS, COAHEYHbIE TEMAOBBIE IACKTPOCTAHIIHMH.
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ABSTRACT:

VBoa/unm: Y papy cy mpeacraBacHe Heke npumjeHe HejeaHakoctn Ue6umena. [Tomohy nejeanakoctn Yebumesa anaansupana
je MpeAMMUHApHA OLijeHa OIPAaBAAHOCTH PEAAM3AIMje COAAPHE TEPMaAHE cAekTpaHe Ha mpocropy bame Ayke. Llun ose
IpeAUMHIHAPHE AaHAAHU3E JECTE Ad C€ AOKXKe, 0€3 MHBECTHIIMOHUX YAATAkba, Ad AH CY OIIPABAAHA Mjeperba KAUMATCKUX ITapaMeTapa
Ha TOM IIOADPYYjy.

Meroae: 3a mosHaTe BPHjEAHOCTH apUTMETHYKHMX CPECAMHA U CTAHAAPAHMX AcBHjaludja 6poja 0OAAYHUX AQHA, [PHMjCHOM
YebuuenmeBe HejeAHAKOCTH AcPUHMCaHA je BjepoBaTHOha oacTymarma 6poja 06Aa9HIX AQHA OA CPEAbE BPUjCAHOCTH.

Pesyaratn: Ha pnjarpamy cy npuxasaHe BpUjeAHOCTH TOPEbE U AOHE IPaHuLie 6poja 06AAIHUX AQHA KOj€ OACTYIIA]y OA OYCKHUBAHE
BPHUjEAHOCTH ca BjepOBaTHOhOM oA 50%.

3akwmyyak: [IpeauMuHapHa OLijeHa ONpPaBAAHOCTH PEAAH3ALMjC COAAPHE TEPMAAHE CACKTPAHE OIPaBAABA Mjepema Koja Cy
HEOIIXOAHA 32 AHAAM3Y U ACTAAHU IPOPAYyH OBaKBe BPCTE IOCTPOjErba, jep je TOAUIIBY HHTEPBaA 06AaYHNX AaHA oA 94 a0 164,
OAHOCHO 04 26 A0 44% Ieproaa roAuHe.

KEYWORDS: BjePOBaTx-loha, CquajHa np0MjeHA,uBa, Aucnepsnja, cpeama BPI/IjCAHOCT, obAavaH AQH, COAAPHO 3payuCHe, COAApHE
TE€PMaAHE EACKTPAHE.

INTRODUCTION

Many natural phenomena cannot be described in exact ways by applying mathematical rules and schemes.
There is not a possibility to unambiguously determine correlations and relations within them. These
phenomena are known as random or stochastic and for the probability theory they are the main subject of
study. One of the branches of mathematics which deals with the application of the probability theory basic
results is mathematical statistics (Dekking et al, 2005; Arandelovi¢ et al, 2011). The concept of probability
is a completely determined mathematical concept, i.e. probability is a determined function defined by a set
of random events. Random events show certain regularity in the frequency of their occurrence if they are
observed on a large scale (Elazar, 1972).

All statistic principles are stable if they are related to mass occurrences. Random deviations from the
mean value are negligible when observed on a large scale. This stability of mean values of mass occurrences
is the essence of the concept of the law of large numbers (Lange, 2010). At a significant number of random
occurrences, their mean result ceases to be random and could be predicted with a great precision, which is
very useful at analyzing renewable energy sources systems, as they tend to have a random character (Yang et
al, 2019; Wang et al, 2017; Hooshmand et al, 2012).

There are certain entry parameters needed when working on a feasibility study of the realization of a
certain system. If detailed entry parameters are not available, and their collection demands measuring for a
lengthy period of time, it is necessary to determine, according to the existing data, whether conducting the
measurement would be justified (Bahmani et al, 2020). A feasibility study related to the construction of a
solar thermal plant in the Banja Luka area needs to be based on relevant data related to solar radiation (direct,
diffuse and reflected), obtained by long term measurements. Due to the lack of official data on the solar
radiation for this area, the available data to be used for this purpose is the data on the number of cloudy days.

Solar thermal plants with parabolic trough collectors, unlike photovoltaic systems, do not use diffuse
radiation. Based on the above mentioned, the goal of this paper is to estimate the annual number of cloudy
days with a 50% probability, using Chebyshev’s inequality. If the preliminary estimation, which does not
demand financial investment, leads to a conclusion that the number of cloudy days (with a 50% probability)
is under 50% of the year, it is justifiable to invest and conduct measurements on which the feasibility study

would be based.
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INEQUALITY IN PROBABILITY THEORY

It is impossible to predict which of possible values a random variable will have in a specific experiment. It
depends on various random circumstances; however, common influence of various random circumstances
can lead to the results that almost do not depend on the experiment (Simonovi¢, 1986).

Probability (P) is a function that to each event (A) assigns a number r(4)<0.1and it is defined by a probability
space. A probability space (Q, F, P) consists of the sample space Q, where the set F represents o — algebra of
the events defined on the space Q. The function P: F > [0, 1] is the probability for Q if it fulfills the following
axioms:

- Non-negativity -

- Normalization -

- Finite additivity - for the family of disjoint sets it is as follows:

P4 |=2.P(4)
il il (1)

The conclusion is that the non-negativity and normalization axioms result in the following inequality:

The probability space where Q is a discrete set (finite or countably infinite), and corresponding o-algebra
equals the power set of Q, i.e. F =P (Q), is known as a discrete probability space (Jaoude, 2016).

In practice, it is important to know the conditions under which the common influence of various random
circumstances leads to the results that almost do not depend on the case, as this enables the prediction of the
occurrence’s possible outcome (Simonovi¢, 1986).

Definition: If on the probability space there is a continuous random variable X, with the density function

/, and if the integral:

jj|x|f(x)dr,

is finite, then the random variable X has the expectation and the number:

X = jjxf(:r}d*t, 5

and it is called the mathematical expectation of the random variable X (Masirevi¢ & Keglevi¢, 2017).
In the case when € is a discrete set, and there is a random variable X on the discrete probability space, the
mathematical expectation of the discrete random variable X can be defined as:

EX=) Xi ;-

ielcN (4)
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Understanding the principle of mathematical expectation is only the first step in determining the
parameters of a certain distribution. Dispersion (variance) is the next important parameter which represents
the extent to which certain distribution deviates from its mean value. The order moment

as the mathematical expectation E (X *) of the random variable X * is defined by the following theorem
which represents the basis for analyzing the dispersion concept.

Theorem: If for the random variable X there is a finite (absolute) order moment 7, then there are all order
moments k<7 (Arandelovi¢ et al, 2011).

If the variance (expressed as ) were defined as , it would not be a valid choice as this value always equals
zero, i.e. it is as follows:

E[X-E(X)]|=E(X)-E[E(X)]=E(X)-E(X)=0. 5)

], it has been proven that this measure would not

In addition, if the variance were defined as E[|x - E(x)
have good characteristics important for probability theory. Better characteristics than the above mentioned

are present at the random variable , i.e. the variance is defined as [x - E(x)]* provided this expectation exists
(Masirevi¢ & Keglevi¢, 2017).
Based on the dispersion (2" order moment) of the random variable X:

2

D(X)=E| X-E(X)]
it follows that:
D(X)=E(X*)-2[E(X)] +[E(xX)] .
which results in the dispersion of random variables more suitable for practical calculation:

D(X)=E(X? —[E s ]

(x)-B(x*)-[E(x) )
Dispersion represents the square degree of the deviation of X from its mean value, hence its root, denoted as

astandard deviation of the random variable X (Arandelovié¢ et al, 2011), is often considered, and represented

as:

o(X)=D(X)= \/E(Jfl ) —[E(I)T :
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In probability theory, there is a saying that behind every limit theorem there is probability inequality, i.e.
that a large number of inequalities has been discovered in very attempts to prove some of the fundamental
theorems of probability theory. In this way, Chebyshev discovered his renowned inequality, later named
Chebyshev’s inequality after him, through which he proved the general form of the Law of large numbers. If
we have a series of random variables such that for each natural number n the random variables X;,....X,, are
mutually independent and their variances are uniformly limited, then the probability that the realization of
the random variables’ X ; ,...,.X , mean value differs from the expected mean in more than a randomly chosen
small number has a tendency toward zero with the increasing number of random variables that are taken
when calculating the mean. The inequality itself was first presented by French mathematician L]. Bienaymé
in 1853, and 14 years later was proven by Chebyshev (Stellato et al, 2017; Masirevi¢ & Keglevi¢, 2017).

If the function of probability distribution is known, then the probability of an event can be determined,
where the upper limit of the probability is (Mitrovi¢, 2007).

Markov’s inequality (Russian mathematician A.A. Markov, 1856-1922): Let X be a non-negative random
variable, if there is , then:

E(X*
P(X > 5) < (—ﬁ) foreach £=0.
& (10)

)

Chebyshev’s inequality: Also according to the author (Chen, 2011), if there is Var(X) then:

In probability theory, there is a saying that behind every limit theorem there is probability inequality, i.e.
that a large number of inequalities has been discovered in very attempts to prove some of the fundamental
theorems of probability theory. In this way, Chebyshev discovered his renowned inequality, later named
Chebyshev’s inequality after him, through which he proved the general form of the Law of large numbers. If
we have a series of random variables such that for each natural number n the random variables are mutually
independent and their variances are uniformly limited, then the probability that the realization of the
random variables’ mean value differs from the expected mean in more than a randomly chosen small number
has a tendency toward zero with the increasing number of random variables that are taken when calculating
the mean. The inequality itself was first presented by French mathematician L.]. Bienaymé in 1853, and 14
years later was proven by Chebyshev (Stellato et al, 2017; Masirevi¢ & Keglevi¢, 2017).

If the function of probability distribution is known, then the probability of an event can be determined,
where the upper limit of the probability is (Mitrovi¢, 2007).

CHEBYSHEV’S INEQUALITY

Pafnuty Lvovich Chebyshev (1821-1894) was a Russian mathematician. He graduated from the Moscow
University where he also started his academic career. Later on he moved to Saint Petersburg where he
founded one of the most significant Russian mathematical schools which today is named after him. The
subject of his research was probability theory. He demonstrated the weak law of large numbers which
eventually was named after him. Some of his students were famous mathematicians Markov, Lyapunov and
Korkin (Medi¢, 2014).

Analyzing the sum of a large number of random variables and their arithmetic means, it can be noticed
that partial damping of deviation at summing up causes a decrease in dispersion of the arithmetic mean
and enables prediction of its possible outcome at an unlimited increase of the number of addends. Such
principles and the conditions under which these principles occur constitute the content of a series of

567



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, voL. 70, NUM. 3, JULIO-SEPTIEMBRE, ISSN: 00...

important theorems known under the common name of Law of large numbers, to which Chebyshev’s as
well as Bernoulli’s theorems belong. Chebyshev’s theorem is the most general law of large numbers, and
Bernoulli’s is the simplest. In order for these theorems to be proven, Chebyshev’s inequality is needed, as it
applies to both discrete and continuous random variables (Jaoude, 2016; Simonovi¢, 1986).

Laws of large numbers are very useful when analyzing renewable energy sources systems, which can be
said to have, to a great extent, a random character. An arithmetic mean, i.e. the mean value of many random
occurrences ceases to be random and can be defined with a great certainty. These laws consider various forms
of convergence of sequence of random variables towards mathematical expectation.

Supposing is an arithmetic mean and o is a standard deviation of a discrete random variable, Chebyshev
formulated the following inequalities (Amidan et al, 2005; Biyya et al, 2017):

a4

1
F(-o'zg]-:::—jz Jﬁ and
B

P(|I—,u

(12)
) 1 o
P(|)L—;.*|£F:-J:E]Zizl— =
k £ (13)
where k and ¢ are positive real numbers defined by the relation from which follows:
P o’
k° & 14)

Based on the given inequalities, it can be said that probability, when the random variable is outside or
inside of the following interval (Elazar, 1972):

|p—e=p—k-o. p+e=p+k-o|.
(15)

is smaller than the above mentioned relation:

(16)

or that it is not smaller than:
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(17)

Chebyshev’s inequality states that the probability of the random variable X to deviate from its expectation
at its absolute value for greater than or equal to £ standard deviations, is less than or equal to 1/k*(Masirevi¢
& Keglevi¢, 2017).

Chebyshev’s inequality gives only the upper limit of the probability of the given deviation. The probability
for a random variable to assume the value outside the interval is in practice generally far smaller than 1/9. If
the distribution law is not known, and only 1 and o are, the given interval is considered to be an interval of
practically possible values of the random variable X. The statistic rule stating that for normal distribution it
is necessary that all the values lie within the three standard deviations of the arithmetic mean is called three
sigma or 68-95-99.7 rule. More precisely, 68.27% of the values lie within one standard deviation of the mean,
95.45% of the values lie within two standard deviations of the mean and 99.73% of the values lie within three
standard deviations of the mean, which can be presented as:

P(u—-30<X < u+30)=0.9973. -
If a product whose unit of measurement is marked as J is analyzed, the values of the new components
are grouped around J through a normal distribution. Any bigger deviation serves as information on the
malfunctioning of the product which should be discarded.
In Figure 1, the values of the random variable X; and its arithmeticmean p are applied to the X axis. Based
on the probability additiontheorem, for any positive number , it can be written:

P(|"Y_#| :}‘f:): Z Pi»
RS (19)

where under the summation sign implies that the sum is spread across all the values whose corresponding
values Xi lie outside the straight line.

i 1' F 1 1 i =

X, X A B X X

FIGURE 1
X axis with random variables and the arithmetic value

Puc. 1 — Ocp X co cay4aiiHBIMM EPEMEHHBIMH U CPEAHUM APUPMETHYECKHM
Canka 1 —Oca X ca cAy4ajHMM IPOMjEHAHUBUM U APHTMETHYKOM CPEAMHOM

Dispersion has the following form:
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o =E(X—pu) =3(X,—u) p =2 |X,— 1 p.
i=1 i=l

(20)

Considering that all the elements of the previous sum are positive, the sum can decrease if the values of

Xi that lie outside the straight line are used:

s 3L b o

|'5’.' —u|>E

If the expression under the summation sign is replaced with , the sum will decrease even more:

g'x ¥ &m=g ) .,

X —pif>e |X; —pfe

as for all the elements of the sum it is:
X, —py>e.

Based on the given relations:

P(lX =g =)= ¥ p ad s X o= Y, D,
|XI.-—,{|'{.‘»£ |X|.-—p1.‘rf£ |XI.-—,¢.1.“}£
a possible result is:
o’ > & P(|X - u|> €).

which directly leads to the first Chebyshev’s inequality (Elazar, 1972).

(21)

(22)

(23)

(24)

(25)

Chebyshev’s inequality has a great theoretical value. Unfortunately, its practical value is limited as it gives

only a rough (sometimes even trivial) probability estimation (Simonovi¢, 1986).
For events that are said to be opposite, the following applies:
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X—u<e and (X —u|>¢,
X -4 | X —

(26)

and the sum of their probabilities equals one:

P[|I = ,u| = 5)+ P[|X —

::f:)zl,

(27)

Based on the above demonstrated and the first Chebyshev’s inequality, the second Chebishev’s inequality
results (Elazar, 1972).

PRELIMINARY FEASIBILITY STUDY OF SOLAR THERMAL POWER PLANT CONSTRUCTION USING
CHEBYSHEV’S INEQUALITY

Solar thermal power plants are sources of electrical energy generated by transforming solar energy into
thermal energy by the process of heating a fluid or a solid substance and using the product in the circular
process for generating electricity.

As all the forms of solar thermal plants need high temperatures to function, they have to have a system
to concentrate a large area of sunlight onto a small surface. The oldest and the most commonly used type
of plants of this sort are parabolic trough plants (Figure 2). They consist of long rows of parabolic mirrors
(curved as a parabola) and a collector placed above them (Pupéevié, 2016).

Parabaolic Trough
Collectors

Heat Transfer Fluid

Working Fluid

Auxiliary Heater

Solar Field

1. Turbine - ; i

2. Generator Expansion Tank

3. Condenser

4. Pump

5. Preheater Q

6. Boiler i
FIGURE 2

Solar plant with parabolic troughs (Vasquez Padilla, 2011)
Puc. 2 — CoaHeuHast aaekTpocTaHLus ¢ napaboandeckumu koasekropamu (Vasquez Padilla, 2011)
Canka 2 — Coaapha eaextpana ca napaboanunum xosexropuma (Vasquez Padilla, 2011)

A form of this system, a single-axis tracking system, enables reflection of 98% of sunlight towards the focal
point. The concentration ratio of the collector can be expressed by the equation:
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where:

A, area of the mirror collecting sunlight, and

A, area of the tube - absorption.

As opposed to the flat plate solar collectors (where £; =1 always), the systems of concentrated solar power
can have this ratio up to tens of thousands.

The parabolic mirror is more curved in the centre than on the rims. This feature is necessary in order for
the mirror to collect parallel sun rays into one focal point (Figure 3). Consequently, the cross section of the
mirror has to have a parabolic shape with the vertex in the center of the mirror (Pupéevi¢, 2016).

/"’ﬂ/ﬁl‘ror

Sun rays
=i}

FIGURE 3
Spherical mirror and its elements

Puc. 3 - Cq)CPI/I‘-ICCKOC 3CPKAAO U €TO SACMCHTDI

Canxa 3 — CpepHO Ora€A2AO U IETOBH €ACMEHTH

The elements of spherical mirrors are:

e O - the center of the curvature is the center of the sphere of which the mirror is a part,

e O'-vertex of the mirror is its highest point,

e r-radius of the curvature is the radius of the sphere of which the mirror is a part,

e OO'- principal axis is an imaginary line passing through the vertex, focus and the centre of the mirror,
e F-focusisa point on the optical axis through which rays of light pass, and

o f-focal length is the distance between the vertex and the focus of the mirror.

The focal length equals a half of the curve radius (Han et al, 2021):
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I'
e [m].
-
= (29)
The efficiency of these plants increases with the installation of energy storing systems, which also
contributes to their reliability. These systems rely on the storage of thermal energy into a material of high

energy density. The heat storing systems collect the energy during sunny periods (Figure 4), and this energy
is spent in the periods of low sun radiation or when there is not radiation at all.

250
E2DD- 2! i
. . To storage
é Firm capacity
= 150
=
—
=]
E1EIEI
= :
5 Directly from the sun
50
I:I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.I-IIIIIIIII
EReEEEgEg B s bhe0s0R s
S = o =¥ o o e &m S - How n o8 R &S = NS
) = = ) = [} ] ) ! — — e e Lo . Lo [} ('] (o] o)
Time of day
FIGURE 4

Energy storing principle (Renewable Energy World, 2003)
Puc. 4 - Ipunuun naxonaenus sneprun (Renewable Energy World, 2003)
Cauka 4 — [Tpunuun ckaapumrema exepruje (Renewable Energy World, 2003)

e Z4-direct radiation that comes to the Earth,
e Z,-diffuse radiation, resulted from dispersion in the atmosphere,
o 7, -reflected radiation from the Earth’s surface.

Terrestrial radiation (Figure 5) can be expressed as follows:
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Diftuse
Direct radiation
radiation
Reflected \
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FIGURE 5

Direct, diffuse and reflected solar radiation
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When projecting and planning solar systems, it is necessary to know the exact values of different
meteorological elements and parameters (Gomez-Munoz & Porta-Gandara, 2002). Concentrating
collectors, in comparison to photovoltaic systems, use only direct solar radiation. Consequently, it can be said
that cloudiness, as well as diffuse solar radiation, influence solar thermal plants to a great extent. The climate
features of the Bosnia and Herzegovina area result from the influence of a complex climate system — from
global, synoptic to mezzo and micro scales. The data necessary for a detailed solar thermal plant study are not
available, as measurements have not been done. Measurements relevant for a detailed estimation would have
to be taken several years in a row and they demand financial investments. For these reasons, the number of
cloudy days in the Banja Luka area has been taken into account for the purposes of a preliminary analysis;
more specifically, the data on the number of months a year (with a 50% probability) in which the number
of cloudy days does not exceed half of the month.

In the Banja Luka area, it is cloudy or overcast on average for 128.5 days a year (Table 1). The annual
number of cloudy days varies slightly less than the number of sunny days. According to the data, it ranges

from 71 to 191 days. The winter period, especially January and December, is the period when almost every
other day is cloudy.

TABLE 1
— Number of cloudy days in the Banja Luka area Pup&evi¢ 2016

Jan Feb Mar lhpr May [June [July [fug [Sep oct Moy [Dec [Vear
Mid (15,812,812 10621 87 |66 [B7 |77 (2,914 [145([128,5
Max |30 |22 23 |16 20 |20 183 [1s |17 18 |25 |28 |[191
Min |4 0 2 1 3 2 2 1 1 2 |5 1 71

r |58 |52 55 332 41 42 43 26 354347 E1 246

Tabauna 1 — Koanuecro MmacMypHbIX AHeH B Bans-Ayke (Pupéevic’, 2016)
Tabeaa 1 — Bpoj o6aaunnx sana y Bama Aynm (Pupéevic’, 2016)

where:
e Mid - middle - expected value,
e Max - maximum monthly value,

e Min - minimum monthly value, and
e o -standard deviation of monthly values.
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Let X be a continuous random variable which denotes the average number of cloudy days per month. The
middle, minimum and maximum values of the cloudy days are defined in the table above. According to the
experience of the authors (Hajiagha et al, 2015; Crvenkovi¢ & Rajter, 1999; Jovanovi¢ et al, 2008) and using
Chebyshev’s inequality:

P(|I—,u| <k-o)=1-P(|X -4 Ek-o')i'al— ]1 ;

=

(31)

aswell as based on the known expected values 11 and the standard deviation o, the probability of the number
of cloudy days deviation from the mean value can be calculated. The minimum value of the number of cloudy
days for January is 4, the maximum is 30 and the middle - expected value is 1 =15.8 days. Taking into account
the standard deviation o = 5.8 and the deviation of 10 days, the result for January, as a critical month is as
follows:

XN—u = 0.6641mplies 66.4%.

P

X -15.8/<10)=P(

ci?{-ﬁ.S]El— -

72?2

= (32)

The conclusion that follows is that the probability of the number of cloudy days to deviate for January,

for less than two deviations, equals at least 66%. It means that at least 66% of the realization of the random
variable X is within the interval (5.8; 25.8).

Based on the above example, the deviation interval from the standard value at a 50% probability can be

expressed in a different way:

(33)
From the above equation, . can be expressed as:
1 . ,
1—— =0.5 implies 4 =4/2.
; (34)
and the following correlation is defined:
P(|X~15.8/<+2-5.8)> 0.5 if and only if P(7.6<X <24)>0.5. -
35

The conclusion is that the number of cloudy days in January is under 24 and above 7.6 for the probability
more than or equal to 50%.
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The upper limit (Xg) and the lower limit (Xd) of the number of cloudy days per month that varies from
the middle - expected value, with a 50% probability, is shown in Table 2.

TABLE 2

— The number of cloudy days per month with the outcome probability of 50%

Uann [Feb Mar jJapr May [[une [July |jhug [Sep  [Oct Now  [Dec  [Vear
v (158 125 12 106 [21 [BY & |B7 7.7 |99 |14 145 [128.5
v =8 |52 5 B30 41 Mz 43 3e |35 M3 WY [l 248
k141 1,41 |1.41 J1.41 [1.41 [1.41 1.41 141 |1.41 [1.41 |1.41 |1.41 |1.41
| X
- 820 |F.35 .78 |67 [5B0 [594 BOE 503 |495 [B.OE [E.BS |63 [35.07
v |
g [24.00 20151978 (1527 1490|1464 |1268|11.79|12.65(15.95 2065 [23.15 |163.57
Wd |[7.60 545 422 [593 [B30 |27Ye 200 161 275 [3.82 [7.35 [5.87 [93.43

Tabauna 2 — KoanyecTBo macMypHbIX AHEET B MECSLL C BEPOSITHOCTBIO Hcxoaa 50%
Tab6eaa 2 — Bpoj o6aaunux AaHa MjecedHo ca BjepoBaTHOohoM Hcx0A2 0p 50%

Figure 6 shows the minimum (M), maximum (Max) and middle (Mid) values of the cloudy days number
for a period of 30 years. Using Chebyshev’s inequality, the upper and the lower limits of the number of cloudy
days with the deviation from the expected value with a 50% probability have been calculated.

Number of cloudy days per month

30
N y
25 I
2: - 7/
20 \\A-_\ /—-0;— / o _
N[N ][]
s ST TS L e o
~a.. g o
10 1?.____.\ —-’/{ i i X d
5 X\"_. e N j)_f\-ﬁx -
o LN At T T e |
I 2 3 4 & & 7T % B W u 12
Month
FIGURE 6

Number of cloudy days per month (Min — Max) and the number of cloudy

days interval around the average value with a 50% outcome probability.
Puc. 6 — Koaunuectso nacmypHbix AHelt B Mecsy; (Mun—Maxkc) u unTepBas KoAHYecTBa
TNACMYPHBIX AHEH OKOAO CPEAHETO 3HAYEHNS C BEPOSTHOCTBIO peyabTata 50%.
Canka 6 — Bpoj o6aauHnx AaHa MjecedHO (MMH-MaKc) M HHTEpBaA Gpoja
06AaYHIX AQHA OKO CPEAlbe BPHjeAHOCTH ca BjepoBaTHohoM Hcxopa 0a 50%

CONCLUSION

Although the estimations obtained from Chebyshev’s inequality are generally quite rough, they are often
used in practice for their simplicity and the quality of not depending on the values’ layout. Chebyshev’s

inequality has a wide range of applications in cases where probability distribution is not known, while the
mean value and the variance are.
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The results of the analysis show that, in the worst case scenario, on an annual basis, the Banja Luka
area has more than six months with the number of cloudy days that exceeds 15 days a month, (maximum,
including April, although its value is higher for only 0.27 days than the upper limit value) with a 50% outcome
probability. On the other hand, the measurements show that the minimum number of cloudy days per
month does not exceed eight. The annual interval of cloudy days ranges from 94 to 164, i.e. 26 to 44% of
the year. A very important fact is that the middle - expected value of cloudy days per month is less than 50%
throughout the year. This lack of sunny days can be compensated by peak energy resources.

The preliminary feasibility study of solar thermal power plant construction in the Banja Luka area using
Chebyshev’s inequality justifies the measurements necessary for the analysis and detailed estimation of this
type of a power plant.
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