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The paper presents a comparative analysis of the enterprises of the Arctic Zone of the Russian Federation
(AZ RF) on economic indicators in accordance with the rating of the Polar index. This study includes numerical
data of 193 enterprises located in the AZ RF. Machine learning methods are applied, both standard, from open
source, and own original methods — the method of Optimally Reliable Partitions (ORP), the method of Statisti-
cally Weighted Syndromes (SWS). Held split, indicating the maximum value of the functional quality, this study
used the simplest family of different one-dimensional partition with a single boundary point, as well as a collec-
tion of different two-dimensional partition with one boundary point on each of the two combining variables.
Permutation tests allow not only to evaluate the reliability of the data of the revealed regularities, but also to ex-
clude partitions with excessive complexity from the set of the revealed regularities. Patterns connected the class
number and economic indicators are revealed using the SDT method on one-dimensional indicators. The regular-
ities which are revealed within the framework of the simplest one-dimensional model with one boundary point
and with significance not worse than p < 0.001 are also presented in the given study. The so-called sliding con-
trol method was used for reliable evaluation of such diagnostic ability. As a result of these studies, a set of meth-
ods that had sufficient effectiveness was identified. The collective method based on the results of several ma-
chine learning methods showed the high importance of economic indicators for the division of enterprises in
accordance with the rating of the Polar index. Our study proved and showed that those companies that entered
the top Rating of the Polar index are generally recognized by financial indicators among all companies in the
Arctic Zone. However it would be useful to supplement the list of indicators with ecological and social criteria.
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B paGote npoBelieH CpaBHUTENbHBIM aHanu3 npennpustuil Apkruueckoil 30Hbl Poccuiickoit @enepanuu (A3
P®) 1o 5KOHOMHUYECKHM MOKA3aTesiM B COOTBETCTBUH C PeUTHHIOM [lonsipHOro uHAekca. B uccnenoBanue BKIrOUe-
HBI YMCNIOBbIe AaHHble 193 npennpusruii, Haxomsmuxca B A3 P®. IIpuMeHeHbl METOABI MAIIMHHOTO O0Yy4eHHUs, KaK
CTaH/apTHBIE, U3 OTKPBITHIX PECYPCOB, TaK M COOCTBEHHBIE OPUTHHAIBHBIE METOIBI — METOJ] ONTUMAIBHO JOCTOBEP-
HbIx pazouenwuii (OJIP), Mmeton cratuctuuecku B3pemeHHbIX cuuapoMoB (CBC). [IpoBeneno pa3dueHue ¢ ykazaHueM
MaKCHMaJIbHOTO 3Ha4eHHs (yHKIMOHaJa KadecTBa, B JTAHHOM HCCIIEJOBAaHUH HCIONB30BAJIOCH MpOCTeiiiiee ceMeii-
CTBO Pa3HOOOPa3HBIX OJHOMEPHBIX Pa30MEHUH C OJTHON-EIUHCTBEHHOW IPaHMYHON TOYKOM, a TaK)Ke CEMEHCTBO pas-
JMYHBIX ABYMEPHBIX pa30UEeHUH ¢ OJHOW IPaHWYHON TOYKOH MO KaKIOH U3 IBYX OOBEIUHSIONMX NepeMeHHBIX. [le-
PECTaHOBOUYHBIE TECTHI MO3BOJIAIOT HE TOJBKO OLIEHUBATH JOCTOBEPHOCTD JAHHBIX BBIABICHHBIX 3aKOHOMEPHOCTEH, HO
1 MCKITIOYATh U3 MHOXKECTBA BBIIBIICHHBIX 3aKOHOMEPHOCTEH pa3OHeHHs ¢ N30BITOYHON CII0KHOCTBIO.

Hcnonb3oBanue merona OJIP Ha OJHOMEPHBIX IOKa3aTENSX BBISBUJIO 3aKOHOMEPHOCTH, KOTOPBIE CBSI3BIBAIOT
HOMEp Kjlacca ¢ 3KOHOMHYECKUMHU MOKa3aTesAMu. Taxke B NPUBEAEHHOM HCCIIE0OBAaHUHU TNPEJCTABICHbI 3aKOHOMEp-
HOCTH, KOTOpBIE BBISBJIEHBI B PaMKax IpoCTeiIel 0fHOMEPHON MOJENHU C OJHON IpaHUYHON TOYKOH M CO 3HAYMMO-
cThIO He Xyxe ueM p < 0.001.

Jlns ocTOBEpHOI OLIEHKH MOAOOHOW JTMAarHOCTHYECKOW CIOCOOHOCTH HMCIOJB30BAJIM TaK HAa3bIBAEMBIH METO.
CKOJIB3SIET0 KOHTPOIISL. B pesynbraTe 9THX HcclenoBaHHUi OBLT BBIICNICH LENbIH HaOOp METOIOB, KOTOPBIE 00Ia1aIn
JOCTaTO4HOH 3((HEKTUBHOCTBIO.

KomnekTuBHBIM METOJ IO pe3yslbTaTaM HECKOJIBKMX METOJOB MALIMHHOIO OOy4YeHMs I0Ka3aj BBICOKYIO 3HAuu-
MOCTB 9KOHOMHYECKUX MOKa3aTelNel Uisl pa3aeneHrs MPearprusaThHii B COOTBETCTBUM ¢ pedTiHroM [lomsaproro naaekca.

Hame uccnenoBanue JOKa3ano U MOKA3allo, YTO Te MPEANpPUATHS, KOTOpble BolLLIU B Toll pedTunra Ilonspuoro
MHJICKCA, B 1IEJIOM PACIO3HAIOTCS MO (PMHAHCOBBIM TOKA3aTeNsIM CpPei BCEX KOMIAHUH APKTHUECKOW 30HBI. Bmecte
C TeM IPEJCTABIIAETCS LIeIeCOO0Pa3HbIM BKIIIOUEHHE B aHAIN3 TAKXKE SKOJIOTMYECKUX U COLMANIbHBIX (PAKTOPOB.

KitoueBbie ciioBa: MeTOJIbl MAIIMHHOTO OOYYEHUs, yCTOWYMBOE pa3BUTHE, ApKTHYecKas 30Ha PD, skoHoMuye-
ckue Kputepuu, [lomsipHbIi HHAEKC KOMITAHUH
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1. Introduction

The purpose of this work was to provide an objective assessment of the sustainable development
of companies in the Arctics zone of the Russian Federation (AZ RF) according to economic indicators
from the point of view of the rating of the Polar Index.

The rating is a joint project of the expert center “PORA” and the Department of Environmental
Economics of the Faculty of Economics of Lomonosov Moscow State University [Nikonorov, 2018;
Nikonorov, Utkina, 2018]. “Polar index. Version 1.0” has become the first specialized rating of com-
panies whose geography of activity includes the Arctic Zone of Russia. 17 large companies represent-
ed in the Arctic participated in the rating. Among them were 6 oil and gas, 3 metallurgical, 3 petro-
chemical, 2 energy concerns, one diamond mining and one transport company, and the State Atomic
Energy Corporation. According to the Presidential Decree (No. 296, 2014) “On land territories of the
Arctic Zone of the Russian Federation”, it includes the Murmansk Region, the Nenets, Yamalo-Nenets
and Chukotka Autonomous Districts, and separate territories of the Krasnoyarsk Territory, Arkhan-
gelsk Region and the Republics of Sakha (Yakutia), Karelia and Komi.

The criteria defining the Polar Index include three components: economic, environmental and so-
cial criteria. Only by giving equal attention to all three components is the enterprise able to increase
the stability of the company under the difficult conditions of the development of the Arctic zone of the
Russian Federation.

The Arctic is a strategic resource base, a zone of industrial development with high potential,
which requires strict adherence to the principles of sustainable development. The concept of sustaina-
ble development is based on the coordination and balancing of the economic, social and environmental
components of the development process of society itself, orienting the economic growth, in the long
run, toward achieving social and environmental goals that ensure the growth of the level and quality of
the life of people.

The complexity of the development of the Arctic Zone has the following prerequisites: weak de-
velopment of territories, low population density, socio-economic problems associated with high cost
and low standard of living, poorly developed transport and logistics links and poor infrastructure.

Solving these problems requires a systematic application of new modern technologies and meth-
ods. This approach is seen in many projects aimed at improving life in the Arctic Zone of the Russian
Federation.

First of all, single-industry towns that completely depend on a single city-forming enterprise, the
state of which fully determines the fate of the city, attract attention. The “resource potential” (human,
intellectual, technological, infrastructural), focused on natural resources and the military industry, as it
was established before, is now coming to an end.

New projects are emerging in the form of an adaptive concept of “Smart Arctic City”, which al-
lows one to form stable distributed autonomous units in the AZ of the Russian Federation. It is as-
sumed that such cities will be organically integrated into the economic structure of the region, forming
unique cluster-type network ecosystems. An obligatory condition for the success of solving such pro-
jects is adaptation to the conditions and peculiarities of the AZ of the Russian Federation, taking into
account the specifics of the Arctic.

It is necessary to incorporate an ecological approach into the condition of sustainable develop-
ment of enterprises from the very beginning. A powerful economy with a high level of technology al-
lows one to take a comprehensive approach to the use of alternative electric power in the AZ of the
Russian Federation, to model the mechanism of public-private partnership, to preserve specially pro-
tected natural territories in the AZ of the Russian Federation with the help of concession mechanisms.
By analogy with other countries, it is possible to use the recreational potential of the northern territo-
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ries, attracting tens of thousands of tourists from all over the world. Substantial resources are needed
to eliminate the already accumulated environmental damage. The creation and use of ecotechnoparks
can help solve the problem of disposal of household and industrial waste.

The geopolitical tension in the Arctic zone dictates the need for socio-economic development of
the Arctic territories of the Russian Federation [Dodin, 2005]. Only the use of the latest multiparamet-
ric methods of data analysis can help in justifying commercial efficiency and economic profitability,
in assessing the socio-economic effect of the introduction of modern technologies, and will help give
recommendations on the location of production, its equipment with technological equipment and per-
sonnel, provision of the necessary engineering infrastructure, as well as construction materials.

A new stage in the development of the Arctic dictates the use of artificial intelligence (Al) sys-
tems under the conditions of the flow of digital information collected about the multifaceted compo-
nents of management and environmental management in the Far North. Collecting and analyzing in-
formation, processing it, creating a visual final analytical report on the conducted research are neces-
sary components of the sustainable development of the region, improving the quality of life of
Northerners and a new round of industrial development of the macroregion. The introduction of tech-
nologies with the possibility of their practical use in the economic activities of economic entities is
more than relevant. It is necessary to promote the education and development of intellectual and tech-
nical creativity of young people in order to facilitate the development of these approaches not only by
rare specialists in the field of Al

The new financing instruments include such concepts as “responsible investment” and “green fi-
nancing”. That is, of importance to the beneficiary of the project is not only the profit from its imple-
mentation, but also social benefits and, above all else, ensuring that the project brings about positive
changes in the environmental situation rather than causing harm to the environment . It is extremely
important to raise funds for projects related to renewable energy, energy efficiency, environmentally
friendly transport or a low-carbon economy. The tools for evaluating investment objects cannot be
applied without using new methods of analysis in the developing market. These are also relevant for
the selection of municipalities for the implementation of investment projects. The desire to achieve
maximum transparency in the selection of a region for pilot, infrastructure and innovative projects im-
plemented by investment funds requires the creation of special objective rules for the implementation
of the project in the region that has won the competition. In this matter, new methods of data analysis
are also indispensable.

The tasks requiring the use of Al also include the issue of the health of people living in the Arctic
region. There are studies in which it is planned to identify the factors that most strongly affect health
and chronic diseases that occur under living conditions in the Far North. It is also planned to identify
the genes involved in adaptation to living conditions in high latitudes. The data obtained will be used
for the diagnosis and prevention of diseases, including cancer, in people living in the Arctic region.

All of these problems and tasks require a strict systematic analytical approach using the most
modern information technologies, including the most up-to-date domestic methods of data analysis.

The elaborated methodology concerning the sustainable development of the enterprise systema-
tizes well the criteria necessary for this. In the review by Kokin and Yakovleva, the following defini-
tion is proposed: “The financial stability of any economic entity is the ability to carry out basic and
other types of activities under conditions of entrepreneurial risk and a changing business environment
in order to maximize the welfare of owners” [Kokin, Yakovleva, 2010; Savitskaya, 2005].

Along with the criteria of financial stability (1st type: inflation, creditors' demands, bankruptcy of
debtors, changes in the tax system, economic policy of the state, quality of products, fluctuations in
exchange rates, seasonality of cash flows), other types are also considered:
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type 2 is marketing sustainability (advertising, consumer income level, availability of supply and
demand);

type 3 is production stability (stocks of raw materials, volume of production and launch of prod-
ucts, use of new technologies, and sale of products);

type 4 is social stability (the level of education of the team, labor market, wages, working condi-
tions, and demographic problems);

type 5 is environmental sustainability (environmental protection activities, man-made disasters).

A strategy for the development of the Arctic zone of the Russian Federation and ensuring nation-
al security for the period up to 2020 has been developed and approved by the President of the Russian
Federation on February 20, 2013 (No. Pr-232).

RAS specialists are actively involved in the substantiation and creation of the multipurpose space
system “Arctic” for monitoring the situation in the northern latitudes. They are working on the crea-
tion of a system for remote (space) monitoring of natural and technological hydrocarbon releases to
the surface of the waters of Russia.

In the future, it would be interesting to analyze the data of this monitoring to study the environ-
mental sustainability of AZ enterprises.

Within the framework of cooperation between the Center for the Study of Economic Problems of
Developing the Arctic at the Faculty of Economics of Lomonosov Moscow State University and the
Arctic Development Project Office (PORA), the “Polar Index of the Barents Region” has been created.
Within its framework, the following ratings were created:

1) the first rating of sustainable development of intrastate territorial units (provinces) Barents

Region;
2) rating of sustainable development of companies operating in the Barents Region [Nikonorov,
Utkina, 2018].

This paper focuses on the study of the possibilities of sustainable development of companies in
the Arctic zone of the Russian Federation.

The use of innovative technologies in the Arctic can bring broad social and economic benefits
both in the Arctic region and beyond. In [Nikonorov, Utkina, 2018], the “traffic light” principle was
used, which made it possible to rank 26 analyzed companies of the Barents Arctic region from the
Russian Federation, Finland, Sweden, Norway according to the sustainable development rating, con-
sidering only integral indicators according to the original methodology.

Modern computer technologies and methods make it possible to analyze multiparametric data-
bases (Big Data). The proposed work uses the reporting data of Russian companies obtained from the
Bureau-van Dyke database (Ruslana format — detailed global). A comparative analysis of economic
indicators of enterprises of the Arctic Zone of the Russian Federation is carried out. The comparison
groups included enterprises from the TOP list with a high rating of the Polar Index and enterprises that
were not included in it.

The methods of machine learning on the training sample revealed a set of the most informative
indicators that influence, to a greater or lesser extent, the forecast as to which class the enterprise will
be assigned to: the first class (high Polar index) or the second. In the course of research, use was made
of various machine learning methods, including original logical-statistical methods (Data Sci-
ence) [Kuznetsova, Senko, 2005]. A recognition model that calculates collective estimates was
used [Senko et al., 2011]. The logical-statistical approach allows for analysis without making a priori
assumptions about the type of probability distributions, and this approach is also effective under the
conditions of selection of any size and a large number of poorly structured features.
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2. Materials and methods

Numerical data of 193 enterprises of the Russian Arctic were included in the study. The number
of objects of the first class: 42 — subsidiaries of 17 companies included in the TOP list with a high
rating of the Polar Index (see [Nikonorov, Utkina, 2018]). The number of objects of the second class:
151 companies not included in this list. The number of indicators in the initial training sample was 64.
The indicators are taken from the Bureau-van Dyke database (Ruslana format — detailed global),
kindly provided to the Financial University under the Government of the Russian Federation. Finan-
cial indicators were taken from the sections: “Balance Sheet”, “Profit and Loss Statement”, “Exchange
information” — “Annual assessment of the company”.

To predict the TOP rating of the Polar Index by economic (financial) indicators, the “Recogni-
tion” system was used, which includes a set of machine learning methods. The following well-proven
approaches were also used: the original recognition method ‘“Method of statistically weighted syn-
dromes” [Kuznetsova, Senko, 2005; Senko et al., 2011; Senko, Kuznetsova, 2010; Kuznetsova et al.,
2011; Kuznetsova et al., 2011; Kirilyuk et al., 2017; Kuznetsova et al., 2018; Kuznetsova et al., 2018].
This method is based on making collective decisions on the areas of optimal partitions found using the
method of optimally reliable partitions (ORP) [Senko et al., 2011]. The predictive ability was evaluat-
ed using the sliding control method, which gives an objective estimate of accuracy. Predictive ability
in this case was understood as the correct assignment of an enterprise to a class from the analyzed
sample according to a set of economic indicators.

Partitions with the maximum value of the quality functional are searched for within several fami-
lies of various levels of complexity. In this study, we used the simplest family of all possible one-
dimensional partitions with one boundary point, as well as a family of all possible two-dimensional
partitions with one boundary point for each of the two explanatory variables. In other words, the latter
family can be described as a set of two-dimensional partitions with two boundaries, each of which is
parallel to only one of the coordinate axes. The optimal partition is considered to be a law only after
a positive result of statistical verification. The verification is performed using permutation tests based
on comparing the quality of optimal partitions on the initial analyzed sample with the quality of parti-
tions on a large number (2-3 thousand) of random samples obtained from the initial training sample
using random permutations of the values of the predicted value relative to fixed positions of vectors of
predictive variables. Adjustment tests make it possible not only to assess the reliability of the revealed
regularities, but also to exclude from the set of output regularities partitions with real complexity.

3. Results and discussion

At the first stage, studies were conducted to identify the economic indicators that are the most in-
formative from the point of view of separating the two classes being compared. The use of the ORP
method on one-dimensional indicators revealed patterns linking the class number with economic indi-
cators.

3.1. One-dimensional patterns

Table 1 shows, in descending order of informativeness, the economic indicators that make the
greatest contribution to the separation of the two classes of enterprises under study, that is, they are
informative in recognition.
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Table 1. One-dimensional partitions obtained by the method of optimal reliable partitions
. Bor- lower higher
N* Indicator der group 1™ group 2 group 1 group 2 d p=
1 | Basic funds FIAS 14.28 12 0 30 151 4576 | 0.0005
(28.6 %) (0 %) (71.4 %) (100 %)
2 | Total assets 15.14 11 0 31 151 41.72 | 0.0005
(26.2 %) (0 %) (73.8 %) (100 %)
3 | Total equity and 15.14 11 0 31 151 41.72 0.0005
liabilities (26.2 %) (0 %) (73.8 %) (100 %)
4 | Sales revenue / turn- 18.09 25 145 17 6 41.5 0.0005
over (59.5 %) (96 %) (40.5 %) (4 %)
5 | Cost of production 18.56 31 150 11 1 36.53 0.0005
(73.8 %) (99.3 %) (26.2 %) (0.7 %)
6 | Other equity (includ- | 17.08 22 137 20 14 33.12 | 0.0005
ing reserves) (52.4 %) (90.7 %) (47.6 %) (9.3 %)
7 | Other equity 16.08 32 150 10 1 32.59 | 0.0005
(76.2 %) (99.3 %) (23.8 %) (0.7 %)
8 | Equity 17.23 20 133 22 18 32.57 0.0005
(47.6 %) (88.1 %) (52.4 %) (11.9 %)
9 | Other operating ex- 15.98 28 145 14 6 30.34 0.0005
penses (66.7 %) (96 %) (33.3 %) (4 %)
10 | Retained earnings 18.42 33 150 9 1 28.69 | 0.0005
(78.6 %) (99.3 %) (21.4 %) (0.7 %)
11 | Reserves for upcom- | 14.25 31 148 11 3 28.46 0.0005
ing expenses (73.8 %) (98 %) (26.2 %) 2 %)
12 | Other current liabili- | 14.87 30 146 12 5 2597 | 0.0005
ties (71.4 %) (96.7 %) (28.6 %) (3.3 %)
13 | Reserves 13,57 32 148 10 3 24.78 0.0005
(76.2 %) (98 %) (23.8 %) (2 %)
14 | Creditors (suppliers 16.88 29 144 13 7 2437 0.0005
and contractors) (69 %) (95.4 %) (31 %) (4.6 %)
15 | Material fixed assets | 17.68 24 135 18 16 23.44 0.0005
(57.1 %) (89.4 %) (42.9 %) (10.6 %)
16 | Interest paid 9.752 27 37 15 114 23.34 | 0.0005
(64.3 %) (24.5 %) (35.7 %) (75.5 %)
17 | Taxes 14.38 27 140 15 11 22.67 0.001
(64.3 %) (92.7 %) (35.7 %) (7.3 %)
18 | Gross profit 16.25 22 130 20 21 22.21 | 0.000333
(52.4 %) (86.1 %) (47.6 %) (13.9 %)
19 | Management expens- | 15.83 36 151 6 0 22.15 0.0005
es (85.7 %) (100 %) (14.3 %) (0 %)
20 | Other financial ex- 11.09 25 42 11 105 20.7 0.0005
penses (69.4 %) (28.6 %) (30.6 %) (71.4 %)
21 | Working capital 17.18 26 136 16 15 19.23 | 0.000333
(61.9 %) (90.1 %) (38.1 %) (9.9 %)
22 | Loans 3,841 25 37 17 114 18.39 0.001
(59.5 %) (24.5 %) (40.5 %) (75.5 %)

* The border is represented in a logarithmic scale, that is, the table shows the natural logarithm of the corre-
sponding indicator in thousands of rubles.
** Class 1 is a group of enterprises included in the top rating of the Polar Index; Class 2 is a group of enterprises
not included in it.

The regularities revealed within the framework of the simplest one-dimensional model with one

boundary point [Senko, Kuznetsova, 2010] are presented, with a value no worse than p < 0.001. For all
indicators taking real numerical values, the boundary was set automatically according to the database
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using the chi-square method. The informativeness and statistic reliability of the relationship with the
predicted value (high or low level of the polar index) in both cases were evaluated using the method of
optimal reliable partitions.

The F-coefficient shows the degree of reliability of the pattern. It indicates how many times the
value of the functional describing the quality of the partition on the original sample exceeds the maxi-
mum value of the functional of the quality of partitions on random samples (permutation test). The
F-coefficients allow us to compare the reliability for two patterns in which the value of the quality
functional on random samples has never exceeded the value on real data.

As can be seen from Table 1, the following indicators have become the most informative: “Fixed
assets” — the source of FIAS, “Total assets”, “Total capital and liabilities”. For them, the values of
the first class are below the boundary, and there are no values of the second class at all. But for the
following indicators, the values of the 1st class prevail above the border: Revenue from sales / Turno-
ver, Cost of production, Other own capital (including reserves), Other equity, Equity, Other operating
expenses, Retained earnings, Reserves of upcoming expenses, Other current liabilities, Reserves,
Creditors (suppliers and contractors), Material fixed assets, etc.

The scattering diagrams (Figs. 1 and 2) clearly show the values for enterprises of Class 1 (red
crosses) and Class 2 (green circles) according to the corresponding indicators. The boundaries of the
division are set in such a way that objects of the same class predominate on one side of the border.

For the indicator “Total assets” Fig. 1 shows that below the boundary equal to 15.14. objects of
the first class predominate — 11 (26.2 %), objects of the 2nd class are absent. Above the border, re-
spectively, objects of class 2 predominate — 151 objects (100 %) against 31 objects from the first
class (73.8 %).
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x 1class (42/42)  x 11(26.2%) x 31 (73.8 %) p <0.0005
o 2class (151/151) ©0(0%)  © 151 (100 %)

Fig. 1. The indicator “Total assets” on the abscissa axis. On the ordinate axis is an auxiliary indicator. In the first
quadrant, the values of the first class prevail. In the second quadrant, the values of the second class prevail.
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Fig. 2. The natural logarithm of the indicator “Sales revenue / turnover”, expressed in thousands of rubles, is
plotted on the abscissa axis. The second indicator is auxiliary. The first quadrant is dominated by the second
class (green circles). The second quadrant is dominated by the first class (red crosses).

It can be seen in Figure 2 that objects of the second class predominate to the left of the 18.09
border: 145 objects (96 %). Above the border, 17 values prevail — 40.5 % — of objects of the high
rating class of the Polar Index. While the values of the second class are only 4 %. The reliability of
this pattern at the level of p < 0.0005 was obtained using a permutation test.

3.2. Two-dimensional regularities

Far more reliable splits were revealed on pairs of indicators. As can be seen in the scattering dia-
gram (Fig. 3), the boundaries of the partitions are located parallel to the coordinate axes, forming
4 quadrants numbered clockwise. In this case, the upper left quadrant has number 1.

Figure 3 shows that the first class prevails in the second and fourth quadrants. Enterprises with
the values of the fixed assets logarithm (FIAS) below 14.277 and the production cost logarithm
above 17.985 have a chance to get into the top of the Polar Index rankings.

3.3. Application of machine learning methods (recognition methods)

Recognition methods were used to investigate the relationship of economic indicators of compa-
nies with their position in the rating of the Polar Index (Companies). For a reliable assessment of the
diagnostic ability, the sliding control method was used. As a result, a set of methods with sufficient
efficiency was identified (Table 2). The structure of the recognition algorithm allows for diagnostics in
the sense of assigning an enterprise to one of the groups [Kuznetsova, Senko, 2005; Senko et al., 2011;
Senko, Kuznetsova, 2010; Kuznetsova et al., 2011; Kuznetsova et al., 2011; Kirilyuk et al., 2017;
Kuznetsova et al., 2018; Kuznetsova et al., 2018]. The accuracy of the algorithm is determined by the
total number of matches of the automatic diagnosis and the real class number.
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Fig. 3. Indicators: abscissa axis — “Fixed assets, FIAS source”, ordinate axis — “Production cost”. There are no
values in the first quadrant (upper left). In the second quadrant (upper right), the first class prevails. In the third
quadrant (lower right), the first class prevails. In the fourth quadrant (lower left), the first class prevails.

In any method, the recognition of an arbitrary object can be represented as the sequential execu-
tion of two operations. At the first step, values are calculated that reflect the measure of the object's
proximity to one of the classes. This value is called “grade per class”. In the second step, the actual
recognition is performed. Usually a certain threshold d is used. For many machine learning methods,
estimates are usually calculated in such a way that they belong to the segment [0, 1]. If the “grade for
the class” of an object is below the threshold d, then they are assigned to the first class, and if the score
is above the threshold, then it is rated in the second class. All performance indicators, except ROC
AUC, depend on the threshold value d. Table 2 shows the performance indicators for two values of the
threshold d: 0.4 and 0.5.

Table 2 shows that the best and most balanced solution is a collective solution with the maximum
value for Accuracy and F-measure, as well as high values for other indicators.

As can be seen from Table 2, the best result has been obtained when using the “Decisive Forest”
method, the specificity (recognition of the second class) is especially high — 96.7 %. The method of
statistically weighted syndromes (SWS) has also yielded a good result. The method of support vectors
(MSV) showed the best result in the categories of “accuracy” and “specificity”.

To obtain a collective solution, the average value of the estimates of the probability of objects
falling into classes computed by various methods was calculated. The collective method compensates
for the errors of individual algorithms included in the collective. It is theoretically proved that the error
of the collective solution in forecasting problems does not exceed the average error calculated for the
methods separately. All this suggests that the collective solution [Senko, Kuznetsova, 2010] is highly
reliable.
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Table 2. The results of machine learning methods and a collective solution
Method Threshold | Accuracy | Sensitivity | Specificity | Precision | F-measure
Collective solution 0.4 0.886 0.619 0.96 0.813 0.702
SVM 0.4 0.808 0.738 0.828 0.544 0.626
SWS 0.4 0.725 0.762 0.715 0.427 0.548
Decision Forest 0.4 0.87 0.619 0.94 0.743 0.676
Collective solution 0.5 0.87 0.429 0.993 0.948 0.590
SVM 0.5 0.881 0.524 0.98 0.88 0.656
SWS 0.5 0.839 0.643 0.894 0.628 0.636
The Decision Forest 0.5 0.876 0.548 0.967 0.821 0.658

The better the recognition results obtained using the machine learning method or a collective of
MO methods (ensemble), the more convex is the shape of the ROC curve. In this case, we have a high
recognition result. The area under the AUC curve is close to 0.9.

The training sample has turned out to be informative enough to separate one class under study
from another.

Based on the results of recognition of the second class, a conclusion can be drawn about enter-
prises that were mistakenly recognized as Class 1: they have a great potential to occupy a high posi-
tion in the rating of the Polar Index.

Table 3. ROC AUC results for machine learning methods

Machine learning method ROC AUC value

Decision forest 0.895

SVM 0.872

SWS 0.847

Nearest Neighbor method (KNN) 0.748
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Fig. 4. ROC curve for a collective solution, AUC = 0.888
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At the same time, for some part of the companies that experts attribute to Class 1 (high Polar In-
dex), an error was received during recognition. The latter is indicative of certain deviations in the re-
porting indicators of such companies from the typical values for enterprises of the top rating of the
Polar Index. For example, from Fig. 5 it can be seen that to the values of the logarithm of retained
earnings above 15.14 (quadrant II, earnings logarithm) there correspond 9 objects of class 1 and only
one object of class 2. The contribution of the “Retained earnings” attribute for all objects from quad-
rant II will correspond to assignment to the first class. For the only one of the enterprises from class 2
in quadrant I1, it is advisable to conduct an additional analysis of the reasons why it did not get into the
top of the rating.

The method of statistically weighted syndromes is based on voting on the base sets determined
by the boundaries of the partitions obtained by the SDT methods. If the value of an object of one class
falls into the base set with the predominance of the values of objects of another class, there is a high
probability that it will be assigned to another class. Hence, recognition errors occur in this method.

Figure 6 shows a two-dimensional scattering diagram. It is possible to single out a relatively
small number of companies that are not included in the top rating (Class 2), for which financial indica-
tors correspond to the first class. In Fig. 6, in the second quadrant with high values of total assets and
production costs, the values of Class 1 enterprises (a high rating of the Polar Index) prevail — 14 ob-
jects. But at the same time there are 4 enterprises from the 2nd class. At the same time, in the third
quadrant, among the majority of values of the second class (147, 97.4 %), there are 17 objects of the
first class.
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& °
o
o
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B 12 O x
s »
o 117 o0
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2 97 o °
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0 T T T T T T T
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25 — Retained earnings

Quadrant T Quadrant IT
x 1class (42/42)  x 33(78.6%) x9(21.4%) p<0.0005
o 2class (151/151) © 150 (9.3 %) © 1 (0.7 %)

Fig. 5. An example of a possible error during recognition. According to the indicator “Retained earnings” to the
left of the border equal to 18.42, 33 objects of Class 1 (x) are among 150 objects of class 2 (0). To the right of
the border, one enterprise of the 2nd class is located among 9 objects of the 1st class. In this case, there is a high
probability that an object of class 2 will be mistakenly assigned to class 1 by the recognition algorithm
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Quadrant]  Quadrant IT Quadrant [II  Quadrant [V
x 1 class (42/42) % 0 (0 %) x 14(33.3 %) x 17 (40.5%) = 11(26.2 %) pX<0.0005
0 2class (151/151) © 0(0 %) 04(26%) © 147(97.4%) ©0(0 %) pY <0.0005

Fig. 6. Two-dimensional scattering diagram. The X-axis is the logarithms of total assets; the Y-axis is the loga-
rithms of the cost of production

For such companies, you can try to conduct an additional analysis of factors other than the finan-
cial reporting indicators used and which determined a low rating on the rating of the Polar Index. Cor-
rection of such factors potentially allow I would like to increase the efficiency of companies' activities
in terms of its sustainability.

4. Conclusions

Our research has shown that the enterprises included in the top rating of the Polar Index are gen-
erally recognized by financial indicators among the companies of the Arctic zone. For a collective so-
lution, AUC = 0.888, the sensitivity is 62 %, and the specificity is 96 %.

Thus, the resulting decisive rule can be used as a prognostic algorithm to assess the potential of
the company in terms of the rating of the Polar Index (company).

Due to the fact that the pilot version of the program for assessing the sustainability of an enter-
prise by economic criteria has shown its effectiveness, it can be recommended to add numerical in-
formation on social and environmental criteria to the database. This will create a decisive rule for pre-
dicting the sustainable development of the enterprise according to all three criteria of the Polar Index:
economic, social and environmental.
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