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The paper investigates the methods of quantitative analysis of hidden statistical
relationships of the financial indicators of companies under conditions of high invest-
ment risk. A new semi-parametric method for estimating tail dependence indicators
using BB1 and BB7 dependence structures is proposed. For a dataset containing
the cost indicators of leading Russian companies, computer experiments were car-
ried out, as a result of which it was shown that the proposed method has a higher
stability and accuracy in comparison with other considered methods. Practical appli-
cation of the proposed risk management method would allow financial companies to
assess investment risks adequately in the face of extreme events.
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1. Introduction

The global changes currently taking place in the world financial markets
caused by the global pandemic of the coronavirus COVID-19, along with a cata-
strophic decline in oil prices, will obviously entail the need for serious changes
in the business structure of both individual companies and entire industries,
regional economies and countries. In the Russian conditions of high volatility
of financial markets, a successful solution to this problem is impossible without
the application of an analysis of the company’s resistance to the effects of
the external environment, the implementation of constant monitoring of the
behavior of a number of indicators of the enterprise profitability. In particular,
trigger analysis [1] is one of such effective methods of analysis. The use of
trigger analysis to study the sensitivity of a business structure to the impact
of disturbing factors is important, since it allows identifying in advance its
most weakly protected, most risky business lines, the socalled trigger points.
Examples of these are individual lines of business of a company, credit and
debt obligations, etc., precisely those areas of activity that potentially pose
a threat of an emergency in the company. Therefore, in order to weaken
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their influence on the structure as a whole, and on its individual lines, we
proposed instead of the trigger point in its vicinity on the scatter diagram to
form an aggregate set with the statistical properties of the meta-elliptic type
dependence structure [2]. This allows weakening to certain limits the impact of
the statistical dependence of the rest of the business lines on the problematic
one and redistributing the aggregate damage to the rest of the business
structure lines. In addition, the transition from an extreme dependence to
a meta-elliptic one simplifies the calculation of structural risk indicators by
the usual summation of the marginal risks for this structure. Examples of
such an approach to managing extreme risks are debt-restructuring, transfer
of fixed assets to subsidiaries and offshore companies, insurance, hedging
(issuance of credit derivatives), limiting and securitization operations in the
banking sector, etc.

This paper considers effective methods for analyzing the financial perfor-
mance of companies in the face of increased volatility in stock markets
associated with the global COVID-19 pandemic, as well as declining oil
prices. Using the example of analyzing the value of shares of leading Russian
companies, the advantages of their application are shown in comparison with
the classical multivariate analysis using a Gaussian distribution.

2. Methods for the quantitative analysis of structure
indicators of statistical dependences

Let (X,Y) be a two-dimensional random variable characterized by a joint
distribution function F and partial distribution functions F; and Fi, respec-
tively. Then the coefficient of the lower tail dependence and the coefficient of
the upper tail dependence are respectively the limits

. < —1 < —1
A= lim P(X < P @Y < F(), )
Ay = lil{noP(X>Fl_l(v)|Y>F2_1(v)). (2)
v—1—

From equations (1)—(2) it obviously follows that the coefficients A; and
Ay can take the values within the limits from 0 to 1. The case A\; > 0
(Ay > 0) is referred to as the presence of a tail dependence or the appearance
of a contagion [2] between the random variables X and Y. The situation
A, =1 (A\y =1) corresponds to full contagion |[3].

Using the concepts of copula theory [3]|, we can write expressions for the
coefficients of the tail dependence in the following form:

_ . Cu)
)\L - UE%)I}-O v ’ <3)
B 1—2v+4 C(v,v)
)\U - UEIIIEO 1—v ’ <4)

where C'is the copula of the joint distribution of random variables. It follows
from this representation that the tail dependence coefficients are a property
of the dependence structure and do not depend on the partial distributions.
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In the general case of d-dimensional distribution of random variables
(X W X (d)), to describe the nature of the extreme dependence using

d(d—1
the coefficients of the tail dependence, it is necessary to estimate the ¥

pairs of values of the coeflicients \;;, 1 <4, j < d. When using nonparamet-

ric methods, each pair of tail coefﬁcients can be estimated separately, while
when using para-metric and semi-parametric approaches, it is necessary to
take into account the structure of the relationship between all d components
of the multivariate distribution.

3. Nonparametric estimation methods

Let X,,Y, be samples of independent identically distributed random
variables. We define the empirical copula function as

Z 1{Rank j)<n-u,Rank(Y;)<n-v}

Introducing the notation Uj = Rank(Xj), V; = Rank(Y;), by definition of
tail dependence coefficients we get

- n k k 1 &
Apn(k) = 7 Cn (ﬁ’ ﬁ) =5 > L, <k, v <ip (5)
g

b= (14 -] -

1 & 1
:Ez {U;>n—k,V;>n— k}_2__zl{U>n kor V;>n—k}> (6)

i=1 J=1
where C,, ((a,b] X (¢,d]) is the empirical probability measure of the copula

k
function on a rectangle (a,b] x (¢,d], k = k(n) — oo, — — 0 at n — oo. The
n

consistency and normality of the estimates were proved in [4|. Logarithmic
parametric estimates for A\; and A\ can be obtained using equations (3), (4).
Thus, the expression for the coefficient of the lower tail dependence can be
represented as

C(v,v) . —2v+C(v,v) . In(1—2v+ C(v,v)).

A = lim =2— lim =2— lim

v=0+0 W v—0+0 —v v—0+0 In(1—v)

According to this formula, the value of \; can be estimated as

i (G, (5 1] x (51])) _, ™ (£ toron) .
ln(l—ﬁ) ln(l—%) 7

n

)\LOG(k) —9_
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k
where index k = k(n) — 0o, — — 0 when n — oco. Similarly, for the coefficient
n

of the upper tail dependence, the representation

1—-2 -1 1
Ay = lim v+Cw) o o Clow) =1, . In(C(v,0))
v—1-0 1—v v—1-0 v—1 v—1—0 ln('u)

is valid, as well as the estimate

A (e, (1-E1- )
)\Iﬁ?S(k)ZQ_ nk = =
In (1——)
n

ln( Zl{Ujgn—koergn—k})
j

—
In <1 — E)
n
k :
k=k(n) — oo, — — 0 at n — oco. Estimates (7), (8) have the property that
n

they are sharp for all k£ in the limiting cases of statistical independence and
comonotonicity. Indeed,

SENS

2 —

(8)

LOG In(1 — 2v + II(v,v)) In(1 —2v +v?)
)\inde L:2_ =2- :07
P In(1 —wv) In(1 —w)
LOG In(1 —2v+ M(v,v)) In(1—2v+v)
)\comL:2_ =2- =1,
’ In(1 —v) In(1 —v)
In(T1(v, v)) In(v?)
Moy =2————— =2— =0
indep, U In(v) In(v) ’
NOG g In(M (v,v)) 5 In(v) _1
cottt In(v) In(v)
where II(u,v) = uwv is the function of the copula of independent random
variables, M (u,v) = min(u,v) is the copula of comonotonic (completely

dependent) random variables. The consistency and asymptotic normality of
the estimates was proved in [4]. Figure 1 plots the values of the tail ratios
estimates depending on the choice of the threshold k for the joint distribution
of fifteen-minute logarithmic increments in the value of Rosneft and Lenta
equities in the period from December 15, 2019 to September 30, 2020. In
the range of stability 30 < k& < 70 of estimates, the value of the tail ratios is
significantly greater than zero, which indicates a strong dependence of the
investigated financial indicators in the area of extreme values.
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Figure 1. Estimation of indicators of the lower (left) and upper (right) tail coefficients of the
joint distribution of the logarithmic increments of the value of Rosneft and Lenta shares
depending on the parameter k. === standard estimate (6), (7), logarithmic
estimate (8), (9)

4. Parametric estimation methods

The parametric approach to estimating the values of tail coefficients is
based on the use of a mathematical model of the initial data structure in
the form of a parametric copula Cy. In this case, estimates of the lower and
upper coefficients of the tail dependence can be found as a function of the

model parameters Cy: A = A(#). To obtain estimates of the parameters of the
dependence structure function, it is necessary to pass from the set of initial

samples XY = (X %Z), v Xﬁf )>, 1 <7 < d to samples of uniformly distributed
on [0, 1] random variables Ug) = (Ul(z), e »,@), 1 <i < d. It is necessary
to characterize the partial distributions F;, 1 < i < d. If any of the partial
distribution functions is characterized by a set of parameters ¥;, 1 < ¢ < d,
the approach is referred to as fully parametric. Otherwise, if the partial
distributions are replaced with empirical ones (i.e., the ranging operation is
applied) the approach is referred to as semiparametric.

Parametric estimation can be done in one or two stages. In the first case,
the parameters of the partial distributions ¥, 1 < ¢ < d, as well as the
parameters 6 of the dependence structure, are estimated together. Typically,
the maximum likelihood method is used. In the second case, the assessment
takes place in two stages. Due to the very useful property of the copula
function, according to which the copula function does not depend on the
partial distributions, it is possible to separate the operations of estimating
the parameters of the partial distributions ¥;, 1 <+ < d and the parameters
of the dependency structure 6. At the first stage, the parameters 9, of the
partial distribution functions F; are estimated for 1 < ¢ < d. Then, based on
the estimates found, a set of samples is formed

(O, 00) = (Fy g, (R Py g, (X))

using which the parameters 6 of the dependency structure are estimated. This
method is also known as the pseudo-maximum likelihood method.
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The semi-parametric approach implies that partial distributions F;, 1 <7 <
d are replaced by empirical distribution functions. Then, as in the previous
method, the parameters 6 of the dependency structure are estimated using
the maximum likelihood method. As shown in [5], the estimate of the model
parameters obtained in this way, as well as the estimate of the tail coefficients,
is asymptotically stable and normal. Numerical experiments [4] show that
in their properties semi-parametric estimates are almost identical to fully
parametric estimates. It should be noted that the use of parametric models
of partial distributions Fj;, 1 < ¢ < d can lead to significant errors at the
stage of estimating the parameters of the structure of dependence, and, as
a consequence, inaccurate and inadequate estimates of the values of the
coefficients A\. The semi-parametric approach is more stable in this sense,
since it does not have the described disadvantage.

It is convenient to use functions from the number of two-parameter
Archimedean copulas [3| as models of the structures of statistical depen-
dence capable of simulating the tail dependence in the two-dimensional case.
Below are the expressions for the copula function and the Archimedean
generator of models BB1 and BB7

Cpn(w,0) = (14 (@ =1 + (0 = 1)%)%) * (9)

§>1,0>0,0pp (w) = (w’—1)%

=

Cppr(u,v) =
—1— (1 - ((1 —1—w) (- (1—u)?) = 1)_

) . (10)
>0, 0>21, o¢pp(w)=(1—-(1 —w)e)*‘s.

These models are convenient in that they allow one to obtain explicit
expressions for the tail dependence coefficients. Thus, for model (9)

=
D

=g
m"“

Ap=2—25, A, =200, A\ =275, A\j=2—25.

As can be seen from the last formula, the coefficient of the upper tail
dependence A\ of the model (10) depends only on the model parameter 0
and does not depend on the model parameter §, whereas the coefficient of
the lower tail dependence \; depends only on the parameter § and does not
depend on 6. This allows parameterization of the model using the coefficients
A and A

1 0— 1

log, Az’ log, (2 —Apy)’
as well as construction of the modified copula models of Clayton, BB7 and
some others [1]. Figure 2 plots the density of the copula BB7 with the

corresponding parameters of the tail relationship between the Rosneft and
AO Lukoil equities.
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Figure 2. Density of copula BB7, parameterized by the coefficients of the tail dependence.
Parameter values: left A\; = 0.2, A\y; = 0.8, right A;, = 0.5, A;; =0.1

5. Parametric approach for elliptic distributions

The case when the investigated distribution (X W X (d)) is elliptic de-
serves a separate consideration. Since distributions of elliptic type are
symmetric, it is obvious that for Vi,j A;; , = A;;y (below the notation

A;j is used). In [5], it was shown that the coefficient A;; of the tail depen-

dence between the components X and X depends only on the index v
of regular variation of the elliptic generator, if it is regularly changing, and
the value of the parameter p,;. In this case, the tail dependence coefficient is

expressed through these parameters as follows [6]:

_ [1—p,.
Ao =21 v/ 1,/ ——Y

where ¢, is the survival function of the Student’s distribution with v + 1
degrees of freedom.

When studying the behavior of the logarithmic increments in the value of
shares of the largest issuers of the Russian stock market, we found that the joint
distribution of these indicators could be described by the multidimensional
Student’s distribution, which is known to belong to the class of elliptic
distributions [7]. We selected shares of companies Rosneft, Lukoil, Lenta,
Mosenergo, Rostelecom; the data were obtained on the website of the Finam
company [8]. The results of estimating the parameters of the joint distribution
are shown in table 1. The values correspond to the period from 12/15/2019 to
09/30/2020 (ARCH (2) time series model). Table 2 shows the tail dependence
matrix calculated from these values, containing pairwise coefficients A; ;.

The values of \;; in table 2 are significantly greater than zero, which indi-
cates the presence of an extreme type dependence structure. The investigated



E. Yu. Shchetinin, On methods of quantitative analysis of the company’s ... 353

statistical dependence cannot be correctly described by the multivariate nor-
mal distribution. In practice, this can lead to a significant underestimation of
the risks of extremely high losses when investing in this block of shares.

Table 1
Parameters of joint distribution of logarithmic increments in the value of shares
of Russian companies

Extreme index v = 4,1

Correlation matrix
Lukoil | Mosenergo | Rostelecom | Lenta | Rosneft

Lukoil 1 0,59 0,70 0,72 0,70
Mosenergo 0,59 1 0,57 0,54 0,48
Rostelecom | 0,70 0,57 1 0,67 0,60

Lenta 0,72 0,54 0,67 1 0,62

Rosneft 0,70 0,48 0,60 0,62 1

Table 2

Tail dependence matrix of the logarithmic increments distribution of the value of shares
of Russian companies

Lukoil | Mosenergo | Rostelecom | Lenta | Rosneft
Lukoil 1 0,30 0,39 0,40 0,39
Mosenergo | 0,30 1 0,29 0,27 0,24
Rostelecom | 0,39 0,29 1 0,36 0,31
Lenta 0,40 0,27 0,36 1 0,32
Rosneft 0,39 0,24 0,31 0,32 1

6. Methods for estimating tail dependence indicators
using the theory of extreme values

Let us consider the case when the considered distribution function of random

variables F'lies in the attraction domain of the distribution of extreme values
G [3]: F € DA(G), i.e.,

lim P =

n—oo

\xa

a,, c

maxicic, X, —b maxicic, Y, —d
( j<n “*n n< j<n *n ngy
n

= lim F"(a,z +b,,c,y+d,) = G(z,y), (11)

n—oo
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where a,,,c,, >0, b,,,d,, € R. Let us introduce the concept of the limiting in-

dicator of the tail dependence: A2V = lim, ,;_o P(X > G71(v)|Y > G531 (v)),
where G, G5 — partial distribution functions of the extreme joint distribution
function G. Then the following theorem is true:

Theorem 1. For a distribution function lying in the attraction domain of
the distribution function of extreme values G, the tail dependence index A\

coincides with the extreme tail dependence index /\EV.

Proof. We use the transformation proposed in [9], passing to the distribu-

R =F<(1_1F1)_1 o (5) <y>) ,

that lies in the attraction domain of the distribution

G.(r.) =G (<_13G1>_1 0 (cng) <y>> )

The partial distributions G,;,G,5 have the form of Frechet distribution
functions with the parameter v = 1 (standard Frechet distribution):

1
e =, iI?>O,

G, =G =P() {
0, z < 0.

Limit relation (??) for functions F, and G, takes the form

lim F"(nx,ny) = G, (z,y),

n—oo
or, similarly
lim n(1— F,(nz,ny)) = —InG,(z,y). (13)

n—oo

Omitting the intermediate derivations, we obtain from equation (13)

~InG, (1) = lim n (1—F<<1_1F1>1 (nt), (1_11:2)1 (nt))) _

11 1 2\
nggo"<nt ot Unt) ¢

By definition (12), the distribution of extreme values G, is obtained from
the original distribution G using a monotonic transformation. This means
that the copula functions of these distributions coincide. Using this fact and
the result obtained above for In G, (¢,t), we have:

1—-2 C
G = vgllqio - ;_— fV@’ 2 - UE]EO 1—w -
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1= 20+ v 1 =—204 0¥
= lim = lim = Ay
v—1-0 1—w v—1-0 1—w

A similar result is, of course, also valid for the lower tail coefficient and the
limiting distribution of block minima. This property allows, when estimating
the tail coefficient, to go from the entire available sample to its extreme values
(block extrema). At the same time, a distinction is made between semi- and
fully parametric approaches to estimating the parameters of the resulting
distribution. In the case of using a semi-parametric approach, the parameters
of the limiting structure of dependence [3] are estimated from

<ﬁmaxi7 ‘Znaxi) = (Rank (Xmaxz) 7Rank (?maxi)> ’ 1 < 1 < {%J 5
k . n
maxi j\z/lyv(i—l)]f_;_j, 1< k < n, 1 <1 K \\EJ

As a model of the structure of the dependence of the limiting distribution of
extrema, we have proposed various functions of copula of the extreme type,
in particular, the Gumbel model (logistic model):

~ k ~
where Xmaxi = j\z/lX(i—l)k+ja Y,

Cpy(u,v) = exp (— ((—lnu)R—l—(—lnv)R)%) , R>1 (14)

The estimate of the coefficient of the upper tail dependence for model (14)

has the form A\ZV(k) =2 — 9T . The formulas for estimating the coefficient
of the lower tail dependence are completely similar. They were obtained by
passing to the distribution of the maxima of the quantities (—X, —Y):

~

mini — lrg% (_X(ifl)kﬂrj) R N 1%?2% (_Y(z‘ﬂ)kﬂ') )

X
1<k<n, 1<i< L%J?
(ﬁminia ‘Znini) = (Rank (Xmini) 7Rank (@mini)) ) 1 < i < L%J )
1
Ap(k) =2 —2Rr(k),

An alternative approach to characterizing the distribution function of
extreme values is the peaks over threshold (POT) method. A detailed
description of this approach can be found in [10]. We only note that the idea
of the method is to characterize the limiting distribution of excesses that
have exceeded a given threshold value. In [4], it was proposed to evaluate the
value of the upper tail coefficient by considering the values of the points of
the investigated structure of the dependence (U, V) lying in the region [t, 1]?,
where t is the threshold parameter tending to 1:

(O, Vi) ={(U;,V;) : (U, V;) € [t,1] x [t, 1]}, 0<t<L1.
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To estimate the lower tail coefficient, values from the region [0,¢]%, t — 0
should be considered:
(C1. Vi) ={U;,v;): (U;,V;) € [0,8] x [0,¢]}, 0<t<1
In [9], a relation was proved that makes it possible to estimate the parameter
Ap in the case when the quantities (X, Y') under consideration are related by
the Archimedean structure of the dependence. The authors showed that if

a copula C has an Archimedean generator with an index of regular variation
a > 0, then the lower threshold copula

Cpi(u,v) = P(U<u,V <o|lU <tV <), (15)

converges in the limit at £ — 0 to the Clayton copula C,, with parameter
0=
lim Cp, 4 (u,v) = Cgy(u,v), Vu,v e [0,1],

t—0

_1
B

where Cgy(u,v) = (u™® +v7% —1)
tor ¢(w) = w9 —1, § > 0. This dependence structure model has a lower tail

is an Archimedean copula with genera-

dependence with coefficient A, = 275,

In the case when the type of the investigated structure of dependence (U, V')
is not Archimedean, one should choose another model of the limiting copula
capable of simulating the tail dependence. For example, it is convenient to
use the Gumbel model in the form (14) to model the upper threshold copula

Cyi(u,v) =PU >u,V>olU>t,V>t), 0<t<l, (16)

and the inverse Gumbel copula Cpiu,v) = Cgi(l —u,1 —v) +u-+v—1 for
modeling the lower threshold copula (15).

The disadvantage of the threshold method is that when the threshold
parameter t is close to 0 (when estimating the coefficient of the lower tail
dependence) and 1 (when estimating the coefficient of the upper tail depen-
dence), too few points fall into the region where the threshold is exceeded,
which makes it impossible to estimate tail parameters with sufficient accu-
racy. If the threshold is too low, the extreme copula (14) ceases to be an
adequate model of the truncated structure of the dependence, which leads
to significant systematic errors. The so-called bias-variance problem arises.
To solve it, it was proposed to use a combined threshold approach [3]. The
essence of the method is that the threshold model of the structure of depen-
dence could adequately describe both the behavior of the entire sample and
its points lying in the region of extreme values for different values of the pa-
rameters. Then, even at low values of the threshold ¢, one can count on the
stability of the estimates obtained. We propose to use models (9), (10) as
such flexible structures of dependence. These models are very versatile and
make it possible to simulate both the integral structure of dependence and
its behavior in extreme areas.

To test the described models of tail dependence, we used samples X, ,
Y, from a two-dimensional distribution with the structure of a mixed-type
dependence
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1 1—
Criz (s v) = §CCZ1 (u,v) + ECC’I2 (u, ), (17)

where C¢,; is the Clayton copula with parameter §; = 3.11, 6’@2 is the
inverse Clayton copula with the parameter d, = 1.36. The coeflicients of the
lower and upper tail dependences of copula (17) are, respectively, equal to

1 1

1 1 1
/\*L:§)\L,1+§)\L,2: "2 61+§'0:0'4O’

2
1

1 1 1 1
U:§>‘U,1+§/\U,2: 0+§2 2 = (.30.

2

Figures 3, 4 show the plots of the estimates obtained by the block extremum
method and the threshold method. As can be seen, the combined threshold
method provides greater stability of estimates depending on the parameter ¢.
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Figure 3. Estimation of indicators of tail distribution coefficients of block minima (left) and
block maxima (right) depending on the parameter k
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Figure 4. Estimation of indicators of the lower (left) and upper (right) tail distribution
coefficients depending on the threshold parameter ¢. === model BB1, model Gumbel
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7. Conclusion

This paper proposes and investigates methods for analyzing the financial
performance of companies in the context of increased volatility in stock markets
associated with the global COVID-19 pandemic, as well as a decline in oil
prices during the period 12/15/2019 — 09/30/2020. Computer experiments are
carried out to assess the riskiness of investments in leading Russian companies
and to analyze the value of shares of leading Russian companies, and the
advantages of their application are shown in comparison with the classical
multivariate analysis using a Gaussian distribution. Analysis of the properties
of estimates of the tail dependence coefficients showed their high sensitivity
to extreme changes in the value of companies’ shares, which makes it possible
to use them as indicators of the occurrence of extreme events in the stock
markets and to make timely decisions on the management of their investment
projects.
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O MeTOJaX KOJINMYECTBEHHOI'O aHaJINn3a (bI/IHaHCOBbIX
nokKasareJjieii KOMIIaHUuU B YCJII0BUAX BBICOKO
PUCKOBAaHHOCTHA I/IHBeCTI/II_l;I/Iﬁ

E. IO. IlleTunun

Qunancosuitll ynusepcumem npu Ipasumesvcmee Poccudtickoti Dedepavuu
Jlenunepadckuti npocnexm, 0. 49, Mockea, 125993, Poccus

B pabore wucciieioBaHbl METOJBI KOJIWYECTBEHHOI'O AHAJIM3Aa CKPBITBIX CTaTHU-
CTUYECKUX CBsA3ell (DUHAHCOBBIX II0Ka3aTeseil KOMIIAHWII B YCJIOBUSX BBICOKOI
PHUCKOBAaHHOCTH WHBeCcTHpoOBaHUdA. Ilpenjoxken HOBBIHM HOJynmapaMeTPHIECKANl Me-
TOJ, OLICHUBAaHNA II0Ka3aTesell XBOCTOBOU 3aBUCUMOCTH C UCIIOJIb30BAHUEM MOZEJICH
cTpykTyp 3aBucumoctu BB1 u BB7. [I1g rabopa HaHHDBIX, COIEPAKAIIIX CTOUMOCTHDBIE
MOKA3aTeIN BEIyIUX POCCUIACKMX KOMIIAHUM, TPOBEIECHbI KOMIIBIOTCPHBIC 3KCIIEPH-
MEHTBI, B PE3YJIbTATE KOTOPBIX [IOKA3aHO, YTO IPEJIJIOKEHHBIN MeTo]1 0b1aaeT 6osee
BBICOKOH yCTOMYMBOCTBIO U TOYHOCTBIO II0 CPABHEHUIO C JAPYTUMU PACCMOTPEHHBIMU
Meroznamu. [IpakTuyeckoe npruMeHeHne IIPEJICTABIEHHOIO METO/Ia YIIPABJIEHNs PHUCKa-
MU [TO3BOJIHIIO ObI (DMHAHCOBBIM KOMIIAHHAM aJ[eKBATHO OIEHUBATH MHBECTUIMOHHBIE
DPHCKH B YCJIOBUSX HACTYILJICHUS SKCTPEMAJIBHBIX COOLITHI.

KimroueBbie ciioBa: (hbMHAHCOBBIE TOKA3aTesn, TVIyOOKMEe CTaTUCTUYIECKUE CBSI3W,
CTPYKTYPbI 3aBUCUMOCTH, XBOCTOBOI KO3 (DUIIUEHT, KOITYJIa,





