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ENTROPY AND ELECTIONS.
SOCIAL SYSTEMS ANALYSIS BY STATISTICAL PHYSICS
METHODS

The article proposed a formula for assessing the level of freedom of choice of a person during
elections, similar to the formula is used to compare the freedom of elections in the presidential and

parliamentary elections in Ukraine.

Introduction

Statistical physics confidently gains new
positions in the areas, which seemingly have
nothing to do with it. One of the fundamental
concepts of statistical physics is the concept of
entropy. In 1877, the brilliant Austrian physi-
cist Ludwig Edward Bolzman was the first to
understand the connection between the en-
tropy of the physical system and the probabil-
ity of its stay in one or another macroscopic
state associated with the number of micro-
scopic states that implement this macroscopic
state [1-4]. In 1948, the famous American
electrical engineer and mathematician Claude
Elwood Shannon proposed to use the concept
of entropy to assess the uncertainty of infor-
mation about a particular event [5-7]. Thus, he
launched a new mathematical discipline - the
theory of information, where entropy was
called information entropy. The connection of
information entropy with the probability of the
onset of a particular event, he proposed in the
same form as the connection of the system's
stay in one or another macroscopic state, that
is, actually used the Bolzman formula for in-
formation entropy. Consider the formula for
information entropy.

Entropy, intormation entropy and elec-
tion entropy

Let us conduct a random experiment with
the consequences E,, E,, ..., E,, that can be
implemented with probabilities of Py, P, ...,
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D,. Then the information we received in the
afterbirth of this experiment is a random value
that takes the value ( E ) when the experiment

i

is a consequence E;. At the same time
I(Ei):_logZ(pi)-

The mathematical expectation of this infor-
mation (information entropy), that is, the aver-
age amount of information that accounts for
one consequence of the experiment, is deter-
mined in a standard way [§8]

M(I):g pI(E,).

The last result can be recorded in a form
adopted for statistical physics and information
theory

m

5:—2 pilogz(pi)‘

i=1

Many political processes resemble a ran-
dom experiment. In particular, in our opinion,
this process is elections of different levels. If
the possible consequences of this political
process are considered to be the victory of a
particular candidate, i.e. the events of E,, E,,
..., E, with probabilities p;, P,, ..., P,, you
can use the previous formula to assess the
election results. Now it would be expedient to
use instead the term information entropy of the
term election entropy. First of all, it character-
izes the level of uncertainty of the election re-
sults. The more candidates for an elected posi-
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tion and the more evenly the probabilities of
victory of different candidates are distributed,
the greater is the entropy of elections, the
greater is the information entropy. This uni-
versal property of entropy was also warned by
Ludwig Edward Bolzman.

In the case of two candidate who have
equal chances to win, that is, in the simplest
political random experiment of election en-
tropy, as well as information entropy, we get
the result 1. In theory of information, this
amount of information is called a bit. In our
case, it would be more appropriate to call it
differently, for example, fried - from the first
letters of the English word freedom. It is pre-
cisely in order for in the simplest political ex-
periment that we get the answer unit, the loga-
rithm in the formula for the entropy of elec-
tions is advisable to take on the basis of two.

It should be noted that in many countries,
the level of democracy in which is considered
high, in fact, elections take place between two
candidates with approximately equal chances
of winning. It is clear that in this case, the en-
tropy of choice will be quite small, compared
to, for example, with Ukraine.

In the Soviet Union, elections have always
been held on a non-alternative basis. This
means that one of the probabilities, for exam-
ple, is p;=1, and all others are zero. In this
case, the formula for election entropy gives
zero result.

Is the elections are held in two rounds, then
for the second round you should use the same
formula for election entropy, and the results,
according to the universal properties of en-
tropy of two independent subsystems of the
same system, should be compiled

S: Sl+SZa

where

m

_Z pilogz (pi)’

i=1

S,

2
52:—; P log, (P,).

From our point of view, the uncertainty of
the election results indicates the level of voter
freedom in such elections, that is, the level of
freedom of the elections themselves. There-
fore, since there are no competing options for
definition for obvious reasons, we propose to
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call the entropy of elections a level of freedom
of elections. At the same time, if a voter votes
for i-th candidate, he exercises his freedom of
choice in quantitative terms as —log, ( p i).

The question of the source of information
about the probabilities of victory of individual
candidates is important. In fact, the main
source of information about these probabilities
is the election results. Then these probabilities
are simply equal to the fates of voters who
voted for this candidate. Quite accurately, in-
formation can be obtained about these proba-
bilities and based on the study of various soci-
ological studies, but this is also an election
with a rather limited sample size, that is, vot-
ers.

Such a political substance as power is inex-
tricably linked with elections. Unrestricted
power never relies on any elections. In 1917,
the Bolsheviks came to power in the Russian
Empire without receiving a mandate for power
from voters. Their power was frightening.
Then the Communist Party began to imitate
elections in some secondary levels of public
administration, conducting them on a non-al-
ternative basis. The entire party hierarchy,
which had absolute power in the country,
never received the mandate of voters. It seems
to us that such a concept as power is inextrica-
bly linked with such a well-defined character-
istic as entropy, or rather the entropy of elec-
tions. As such a connection, we offer its sim-
plest option. The government, the mandate for
which elections are given, is the value inverted
to the entropy of elections, that is,

V=1/S.

In this case, the power gained in non-alter-
native elections, or without edict at all, is ab-
solute. In our mathematical model is infinite.
Such was the power of the Communist Party
in the Soviet Union, as is the current power of
the Communist Party in China.

Presidential and parliamentary elections
in Ukraine

It is quite useful to test the proposed formu-
las based on the results of the elections in
Ukraine. On the Internet, the relevant informa-
tion is easily accessible, so in the future we
will not use specific links to its sources. The
following chart shows the results of the presi-



dential elections in Ukraine during the years

of independence.
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The diagram shows that the level of free-
dom of elections in Ukraine is extremely high,
possibly the highest in Europe. This level was
the lowest at the first elections in the modern
history of Ukraine. In our opinion, this was
due to the inertia of thinking of voters, as well
as candidates, as a result of the recent Soviet
past. This level was relatively small in elec-
tions in 2014. Then Ukraine was imminent
war with the Russian Federation. The wishing
to lead the state at this tragic time for Ukraine
was relatively small. Elections in two rounds
would be too dangerous for the country. The
responsibility of voters for the fate of the state
determined just such a result. One of the can-
didates confidently won in the first round.

The highest level of freedom of elections
was at the last elections in 2019. Here the
elections were held in two rounds. The num-
ber of candidates was unprecedentedly high.
The winner of the second round in the first re-
ceived only a little more than thirty percent of
the votes.
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If we follow all the presidential elections in
independent Ukraine, then there is a clear ten-
dency to increase the level of freedom of elec-
tions.

The second significant result of the presi-
dential election is that the potential of the gov-
ernment gained by the winner of the elections
is quite small, perhaps the smallest in Europe,
and this potential tends to decrease. That is,
the freer the elections, the less power dele-
gated by voters ends up in the hands of the
winner. The level of freedom of elections is
the level of real power of the people. The po-
tential of power is, in fact, the real power of
the winner. If the winner forgets about the
limits of his power, then the rebellion of the
people with tragic consequences for the
usurper is inevitable. Such experience is al-
ready in recent Ukrainian history. The  fol-
lowing charts show similar results of parlia-
mentary elections in Ukraine during the years
of independence
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The level of freedom in parliamentary elec-
tions is also quite high and correlates well
with the level of freedom of presidential elec-
tions. It also tends to grow. The lowest free-
dom of elections was in the first parliamentary
elections in 1994, which is consistent with the
lowest rate of presidential elections. However,
it was the highest for Ukraine in 2014. The
real chances of winning were given to more
political parties, and the votes were more
evenly distributed between them than in other
parliamentary elections. Having elected in
May the president, a Ukrainian voter on a pa-
triotic wave brought a huge number of nation-
ally conscious deputies to parliament. There
were also parties that, under other conditions,
did not have such a chance. The parliament
did not have a large number of deputies from
the regions of Ukraine occupied by the Rus-
sian Federation, traditionally orthogonal to
Ukrainian values. Parliament has never
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worked as effectively as it did between 2014
and 2019.

Presidential and parliamentary elections
in the Russian federation

Ukrainian elections are most useful com-
pared with elections in countries that arose on
the ruins of the Ukrainian elections are most
useful compared with elections in countries
that arose on the ruins of the Soviet Union. An
important factor here is the commonality of
the starting political and economic conditions.
Also an important aligning factor is the men-
tality of the Soviet person, present in all, even
the most remote corners of the former Soviet
Union at the time of its collapse. If the elec-
tion results in different countries revealed sig-
nificant differences, then these differences,
first of all, would be due to differences in eth-
nic origin.
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The choice of the Russian Federation as an
object for comparison is quite understandable
for various reasons. Of course, it would be ex-
tremely expedient to conduct a comparative
analysis of all the countries formed on the ter-
ritory of the former Soviet Union, but this is
already material for many subsequent publica-
tions. The results of the elections in the Rus-
sian Federation are also easily accessible from
the Internet and we will not make special links
to these results.

The diagram shows that the level of free-
dom of the presidential elections in the Rus-
sian Federation immediately started from a
fairly high level in 1991. In 1996, it peaked,
and in the last almost twenty years it has
shown an obvious tendency to decrease. The
direct reasons for this behavior of the level of
freedom of elections are both a decrease in the
number of candidates and an increase in the
uneven distribution of votes between them.
That is, a large number of candidates receives
a symbolically small number of votes, but one
of the candidates receives an unprecedentedly
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high number of them.

An interesting trend is the tendency to sig-
nificantly increase the potential of the presi-
dent's power in the Russian Federation over
the past twenty-eight years. Starting from a
level typical of other democracies, it quickly
increased to a level that can be called authori-
tarian.

The results of the parliamentary elections
are given in the following chart. This chart
also demonstrates the high level of freedom of
parliamentary elections in the Russian Federa-
tion in 1994, 1996, 2000. However, it also
demonstrates a powerful tendency to reduce
this level over all the years analyzed. There is
also a strong correlation between the results of
the presidential and parliamentary elections.
Such a correlation, as in the case of Ukraine,
indicates, in our opinion, the objective nature
of the election process for each people, no
matter what the elections are called. That is,
the nature of elections is an imprint of the
mentality of one or another people, its funda-
mental ethnic values.



1994

1996 2000

2003

2007 2011 2016

E The level of freedom gained in the parliamentary elections in the Russian Federation

B The potential of the government elected in the parliamentary elections in the Russian Federation

Fig. 4.

Comparison of elections in Ukraine and
in the Russian federation

Only comparing the results of elections in
different countries makes it possible to decide
on our own place in the modern world politi-
cal process. In the following chart, this com-
parison is given for the presidential elections
in Ukraine and the Russian Federation.

The chart shows that the level of freedom
of elections in 1991 started in both countries
from almost the same level. This can be ex-
plained by the inertia of thinking of Ukraini-
ans and residents of the Russian Federation.
Generations of voters in both countries were
fully formed in the conditions of the same po-
litical reality — the Soviet Union. But over
time, disagreements began to increase. This
happened as generations of politically formed
or even born in an independent Ukrainian state
began to come to the electoral urns in Ukraine.
Accordingly, the number of voters whose out-
look was formed in the Soviet Union began to
decrease significantly for natural reasons. The
same evolution began among voters of the
Russian Federation, but in the exact opposite
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direction. It seems that Soviet education was a
compromise for the various ethnic groups that
inhabited the Soviet Union. The collapse of
the Soviet Union was both the disappearance
of this compromise.

Then began the evolution of each ethnic
group to its own, characterized by it mentally
worldview. In the result, we received the high-
est level of freedom of choice in the last presi-
dential elections in Ukraine, and the lowest in
the presidential elections in the Russian Feder-
ation, respectively. At the same time, these re-
sults differ significantly.

In the following chart, we have a compara-
tive analysis of the presidential elections in
both countries.

Freedom of parliamentary elections in
Ukraine and the Russian Federation will also
differ significantly in favor of greater freedom
of elections in Ukraine compared to the Rus-
sian Federation. For Ukraine, there is a clear
tendency to increase freedom of elections, for
the Russian Federation there is a clear ten-
dency to reduce it. However, there are certain
differences.
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Freedom of parliamentary elections in the
Russian Federation started from higher values
compared to Ukraine.

The tendency to significantly reduce the
freedom of parliamentary elections in the Rus-
sian Federation has become clear over the past
twenty years, when the concentration of power
in the hands of the president has increased
markedly.

As in the case of presidential elections, the
results of all recent parliamentary elections in
both countries differ significantly in favor of
significantly greater freedom of elections in
Ukraine.

From the above comparative analysis of the
presidential and parliamentary elections in
Ukraine and the Russian Federation, we be-
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lieve that the significant difference in the re-
sults of elections in both countries for almost
thirty years indicates a significant mental dif-
ference between Ukrainians and residents of
the Russian Federation. Most likely, this dis-
tinction is programmed at the genetic level.
The very opportunity to notice and analyze
the smallest details of both presidential and
parliamentary elections in both countries at the
number level indicates, in our opinion, that the
formulas proposed by the author for quantita-
tive analysis of elections are an effective tool
for quantitative research of this political
process. We are confident that this approach
can be applied to quantitative analysis and
other aspects of the political life of our coun-

try.
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The author expresses sincere gratitude to
his colleagues for the fruitful discussion of the
results of the article [9], as well as Yuriy
Ivanovich Radkovets not only for useful dis-
cussions, but also for the very idea of applying
the mathematical apparatus to the analysis of
political processes.
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ENTROPY AND ELECTIONS.
SOCIAL SYSTEMS ANALYSIS BY STATISTICAL PHYSICS METHODS

Summary

The paper proposes a formula for assessing the level of human freedom of choice during elec-
tions, similar to the formula for entropy in statistical physics and informational entropy in infor-
mation theory. The formula is used to compare the freedom of elections in the presidential and
parliamentary elections in Ukraine and the Russian Federation.Keywords: entropy, probability,
freedom of choice, presidential elections in Ukraine, parliamentary elections in Ukraine.
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EHTPOIIIA I BUBOPHU )
AHAJII3 COLIAJIBHUX CUCTEM METOJAMMU CTATUCTUYHOI ®I3UKHU

Pe3ome

VY craTTi 3amponoHoBaHa ¢popMyia OLIHKKA PiBHA CBOOOIM JIIOAMHU IIiJ Yac BUOOpIB, aHAIIO-
riuaa Gopmysti AJIg eHTpoIii y cTaTucTHyHIN Gi3uIl 1 iHpopMmaliliHii eHTporii y Teopii iHpop-
Martii. @opmyra 3acTocoBaHa /sl IOPIBHSHHS PiBHS CBOOOM HA MPE3UIEHTCHKUX 1 MapiIaMeHT-
cbkuX BHOOpax B Ykpaini 1 Pociiicekiit dpeaeparii.
Kitto4oBi ciioBa: eHrportis, cBo0o1a BHOOPY, IPE3UICHTChKI BUOOPH B YKpaiHi, MapIaMeHTChKI
BHOOpPH B YKpaiHi.
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[IBerr B. T.

EHTPOIIUA U BBIBOPBI. .
AHAJIN3 COUUAJIBHBIX CUCTEM METOAAMU CTATUCTUYECKOU ®U3UKHU

Pe3rome

B crarbe npennoxkeHa hopmMyIia OleHKH YPOBHSI CBOOOIBI YEIOBEKa BO BPEMsI BBIOOPOB, aHA-
noruyHas GopmyJie I EHTPOIUU B CTATUCTUYCCKON (U3HMKe U MHPOPMAIIMOHHON SHTPOIUHU B
Teopuu nHpopmanuu. GopMyiia HCIIOIB30BaHA JIJIsi CPABHEHHS YPOBHS CBOOOIBI HA TIPE3HICHT -
CKHX W TIapJIAMEHTCKUX BBIOOpaxX B YKpauHe
KittoueBsie ciioBa: 3HTPOIUS, BEPOSTHOCTh, CBOOOIa BEIOOPA, IPE3UICHTCKHE BHIOOPHIB YKpau-
HE, TapJIaMEHTCKHUE BHIOOPHI B YKpauHe.
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