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Integration processes in the global economy cause the search of new
dpproaches to the development of economy. Integration processes give
NEw opportunities to the UE member states. : : Exd

Ukraine has chosen the course on Eurqpfean integration ctle:;r}'gﬁg
itasa priority in its foreign economic activity. The prospec . ecojnomiC,
the EU can have a powerful effect on all the processes
Political, social, etc.) taking place in the country. < At

The multifaceted problem of European integration of Ukrain

5 esearch of national
bc'en a subject and object of regular coonﬁnue the scientific
slentists. At the same time, there is it the context of new
development of { nt '

factorg affectine

of functioning



s the implementation of ratioqal and efficient foreign
natlo? sic policy. Ukraine has clearly determined the vector of it
economic Pt"an d its focus on deep and comprehensive integration with
dcveloprrrl:el;ei " trade activity plays a leading role in foreign economic
the.EU. fO Ul%r sine having an influence on the development of
pom‘yl‘otion the increase of resource productivity, the growth of
specializatiofl, and the satisfaction of the need in those articles, the

roduction capacity, : ” 3 p )
Ip);roduction of which is extremely ineffective or impossible in the

country. . :
The export orientation of the domestic economy (over the past ten

years, the share of exports in our coum'ry‘s GDP ranged frorq 40 to 60%)
s one of the most important ways of its development. A wide range of
prospects for foreign trade cooperation with the EU countries that have
opened for our country as a result of accelerating the pace of European
integration, signing landmark documents between Ukraine and the EU,
Ukraine's unilateral trade preferences of the EU, and the consequences
of these processes, have stipulated the need for this study.

Foreign trade significantly influences the dynamics of GDP. The
export-import activity of the state has a positive impact on GDP growth
under the conditions of high productivity and competitiveness of
national products. A common and widely used method for assessing the
foreign trade of the country is the statistical analysis of trade balance:
the anal_ysis of its individual indicator dynamics, particularly, the
commodity structure, the use of averages (for example, the volume and
rate of goods and services export growth), absolute and relative values,
the use of chain substitution method. At the same time, we point out that
Spe(l:)xlal methods of economic mathematical modeling, which would
:'t’:]adi; }:)rnedtigagz cal(':ulations, are not practically used in the r&sea.rc'h
stipulated by the u‘:e‘il'stthtrade balance. The topicality of the research is

et :n ese methods to study tradx? balance.
matrix theory l”atame(:mw data are analyzed using tools of random
mostly stationary sinceert; Poglitpdon t!1e hasis .Of i dei 0y
Stationary systom, i rdeery allow to obtain pumencal estimates of a
analysis Tesults, the alao to increase the informative character of

» the algorithm of moving window was used. The

jonal economy 1

consequen, 3 s ety T i
a specific c¢ of ts application is the derived numerical row of change if
analyze thj or calculated each window. The next step is 10

unity to get new information

roperties of matrices with



dent random elements (random matrices) originates from
independ hysics (1,2]. The task from which the development of random
'm,dt-.:ru[}:cnlry (RMT) began, was to deterrpine the energy levels of
m.urL| et ) which could not be done with the existing theories at
oomi ;c Scientists have argued that the Hamiltonian, which describes
ot ,m,,u.clci, can be presented with some matrix A, with independent
l»‘.c”(\h{m clements constructed on the basis of probabilistic distributions
I‘w"|l Deviations from the universal properties of RMT allowed to
l&-t?mﬂ"‘»‘ systcrn-speciﬁc non‘-ranc.iom properties that contained
information about hidden interactions in the system [1].

Further application of RMT methods to analyze the properties of C,,
cross-correlation matrices shows that almost 98% of matrix eigenvalues
satisfy the condition of randomness, however, it is found that about 2%
of the largest eigenvalues deviate from RMT, and therefore their
analysis allows obtaining specific information for the analyzed system
3].

The first attempts to apply random matrix theory for the analysis of
cconomic systems, particularly, stock and currency markets, were the
works of Y. Stanley, V. Plerou, B. Rosenow, and others [4]. Further
application of random matrix theory consisted in the study of specific
properties of complex economic systems, such as the management of
securities portfolio based on risk assessment [5], the study of cross-
correlation dynamics [6, 7], the use of random matrix ensembles for the
study of economic systems [8], the evaluation of information that can be
obtained by analyzing eigenvalues and eigenvectors of the cross-
correlation matrix [9], the collective behaviour of agents of a complex
cconomic system [10].

_ To obtain information from time series that can be interpreted, the
mput data are converted and presented as a tree (graph). In the
Conﬂe?t?d graph with the taken distances between all the vertices found,
;22 ’;T}lllr?mum spanning tree (MST) has an n-1 edge and the smallest
disz{; : rom the lengths of all spanning trees, based on the sum of th.e

ces between two points. Hierarchical tree is obtained on the basis

Zf;v[ ST and corresponding matrix of distances. Minimal spanning tree
o associated hierarchic he cluster existence of any market
assets that are of g

(1 5 [itemation es annual statistics
» 12] havip, of exports volume
byt :
o for 99 export
e e has a small



e in many commodity groups, We suppose significant data
ed 27 groups. At the same, accgrdmg to tl}e results, one

up (musical inst;uments) was d‘eletc':ti» ’I:Ldgmt (:fl thfe lack of

fficient data, even n sucb short time series. lllb., a otal of 26 groups
su Js exported by Ukraine and European countries were analyzed,
Ofgloot:blepgl in column 1, the short name of the group of exported
goo(;ls is given. Column 2 shovys .the .z\ppr(‘)ximulc cr0§§-conelation
value, which has the maximum dlstnbutl()n of the probability of crosg-
correlation coefficients. We note that in c.:f)lqmns ks 2. an.d 4,_ value was
evaluated visually, since the small shift in the dlstrlputlon of the
probability of cross-correlation coefficients in comparison with the
probability distribution for a matrix derived from the mixed data, means
practical absence of useful information obtained by the chosen methods.
We consider the results, for which the value of the cross-correlation for
the maximum of probability distribution is greater than 0.4, to be
significant.

Column 3 shows indexes that indicate whether the maximum is
exceeded, what it precedes, and the minimum eigenvalues of the cross-
correlation matrix beyond the boundaries of the random region. In the
case where the corresponding value goes beyond the scope of the
random field, the table uses the «+» mark, otherwise, the «-» mark is
used.

Column 4 shows the approximate value of the distance of Ukraine to
the nearest country in the hierarchical tree. This value was evaluated
visually, as it was previously indicated. We consider only those groups
of goods to be essential, for which the value of distance is received not
more than 0.8 obtained for values of cross-correlation greater than 0.68.
In otber words, there is a close correlation between the dynamics of
Ukraine and corresponding country being more than +0.68.

On the basis of the correlation analysis (using the minimum spanning

z;r(;:i)dl;ierarchicz:\l trees), we identified 2 large groups of the exported

indu:h;y ’fust group includes the following goods: products of the mill

table 6 lmtl:::alland Vegetable. fats, footwear, glass and articles, cars (in
background of S Of this group are in italics on the light-8rey
A B ) this group, the distribution of cross-
e N ation matrix is characte

! mum distribution value is the
to 0.5-0.6, which indicates &
e dynamics of exports of the

export volum
of only select




ied goods for different Fountri_es. in general; and the distance in
spect . um spanning and hierarchical trees between Ukraine and the
the mltﬂEuropean countries is from 0.8 to 0.5. We stress that in many
,,ga:jesa] spanning trees for the given groups of goods, Ukraine is in the
minim Juster with powerful European countries, such as Germany, Great
same © Italy, etc. (fig. 6.1). It shows similar dynamics between the
B'nta;:ls‘ of the respective groups of goods of our country and the
e\p(‘tione d countries of Europe. Unfortunately, it is impossible due to
?:f: of relevant data to estimate what proportion of goods exported by
ilkraine- European countries import. Table 6.1
The investigated indicators based on ITS data and their
approximate values

—

Shift in The output of ngn‘lcei';::f
distribution eigenvectors, tightness of
of Arax > Auax1> | Ukeaine to the
Goods probability 1 g nearest object in
of cross- ‘min * the minimal
correlation the domain of spanning and
coefficients random values hierarchical trees
4
1 2 3
=~0.9
Livestock ~0.15 B2 zg 5
meat +++ .
food products
| animal Ty ~1.0
products
mill industry ~0.5 Sl 0.6
products
animal and ~0.5 5% E ~0.8
vegetable fats ;
sugar and ~03 e =08
confectionery .
tobacco




Table 6.1 (continue

LR e

ot

T+
=0.5 g %09

Footwear

articles made
of stone, ~0.4
plaster, cement

glass and ~0.6 + =+ (0.5

wares

pearls,
precious ~023 +—+ ~0.9

| stones

iron and steel
copper and

products

| nickel and =

| products Feos
alominum‘and’ 7} s n e

products ! :

other metals,

| cermet

mechanical

electric
Cars ) +—+ ~0.6
_art products ~0.0 e -

Source: calculated by authors for [11, | 2}

The second group includes the following goods: food products,
products,

mm Ylﬂﬂdlndwoodproducts paper and its
aluminum prod copper products, aluminum and
fhe aluit al machines (in m)?‘lln’
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Figure 6.1. Minimal spanning (a) and hierarchic (b) trees for vehicle

group (cars)

Source: calculated by authors for [11, 12]

maximum value of distribution is the coefficient of cross-correlation
from 0.7 to 0.9. It shows an extremely close link (in average) between
export dynamics of the mentioned goods for different countries in
general. The distance in minimum spanning and hierarchic trees
between Ukraine and the nearest European countries is from 0.7 to 0.15.

The analysis of eigenvector components for the largest and smallest
eigenvalues of cross-correlation matrix shows the following regularity:

if Ukraine is among the original components of its own vector, which

corresponds to the maximum value of the cross-correlation mgmx, then
ding to the

it is among the last components of its own vector correspon

il 5 . : . If we
minimum value of the cross-correlation matrix, and wce]vgrsa nlxatrix
consider that the maximum actual value of cross-correlation

indicates the same general effect of the system on individual 02:: t:f
and the minimum — on the pair of ¢ most influential tger ‘h:‘oil);sws e
i S ) ei

countries, then e i ay, affects the market,
: aine and other 0bjects

K1



Table 6.2
nvector corresponding to maximum

nts of eige
Some compone Jation matrix of some goods groups

jsenvalue of cross-correlatic
’ﬂ&—/m Component | Country | «Iron and
Component Cou%ﬂ'{ chemistry el symbol |steely group
no. Sy goods» group
T O T 0.22872 1 Cze | 0.1801
L T 0.22872 2 Fra | 0.18005
3 Hun 0.22425 3 Ger | 0.18004
) Bel 022162 4 Spa | 0.17958
5 Ger 0.21981 ) Ukr 0.17914
6 Ukr 0.21952 6 Ita 0.179
7 Aus 0.21782 7 Swi 0.17821
8 Ita 0.20764 8 Bel 0.17629
9 Spa 0.20629 9 Por 0.17609
10 Fin 0.20245 10 Slv 0.17603
11 Swe 0.19783 11 Bul 0.17567
12 Swi 0.19549 12 Net 0.17549
13 Rom 0.19325 18 Den 0.17503
14 (&4 0.19171 14 Nor 0.17467
15 Fra 0.18916 15 Cro 0.17448

Source: calculated by authors for [11, 12]

system of goods turnover for these groups in Europe. It may point out
the close connection of our country and Europe according to the
specified and some other groups of goods.

Instead,‘ the analysis of the first components of eigenvectors
corresponding to the smallest eigenvalues of the cross-correlation
matrices obtained for «wood and wood products» and «paper and its
denvqtnves» groups of goods only confirms the thesis that Ukraine is a
sup{)hc?r of raw materials and goods of primary processing.
cour: ml:s rtall]t:ter mteresting obseryation that Ukraine is among t!“
e ::::rtshef main suppliers of. the relevant group due to its
inonganic chemisry proquesy, Cominodity groups. For exampl, fo
Pofacd products, Ukraine is in the same cluster with

i products from it - with Austria, for iron and steel -
and even more — Ukraine is the

m matrix theory made it
e in separate clusters for




certain groups of goods, as well as to find out th,
cither operates within the general dynamics of the
affects individual markets in some way in these
shows the close connection of our country with
Furopean region.

According to the study results of ITC database, we can make a
conclusion that the main share in Ukraine's foreign trade activities with
the countries of Europe is taken by such groups of products as mill
products, animal and vegetable fats, footwear, glass and its articles, At
the same time, Ukraine is an important subject of the European market
for inorganic chemistry products, wood and its products, paper and its
derivatives, iron, steel, copper, aluminum, etc.

We consider that in modern conditions, it is expedient for Ukraine to
transfer from the export of raw materials and products of primary
processing to the production and supply of the results of manufacturing
industry, i.e. finished goods, to the European market. Finished goods, in
their turn, contain a larger share of added value, and, therefore, can
provide an increase in revenues to the state budget at the expense of
exports, growth of volumes and value of GDP. At the same time, it will
help to create additional job positions in the domestic labour market and
increase the incomes of the population.

e fact that Ukraine
relevant market, or
groups of goods. It
other subjects of the
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