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Internal audit of banks: methodological model for reducing credit risk (Logit model)

Abstract

Object: The purpose of the research work is to justify the application of a model that allows assessing the probability
of a borrower's default and to propose including in the work plan and internal audit program an assessment of the proba-
bility of a borrower's default to reduce credit risk.

Methods: The article uses quantitative data, statistical model (Logit model).

Findings: As aresult, during the audit of the banks' debt portfolio, the Logit model was used to assess the probability
of a borrower's default. The ROC curve of this Logit model allows you to predict the default situation of the borrower for
risk management purposes. Therefore, it is proposed to include an assessment of the probability of default of the borrower
based on the model in the work plan and internal audit program. In conclusion, a risk-based internal audit system will
help ensure the financial stability.

Conclusions: In conclusion, a risk-based internal audit system will help ensure the financial stability. Since we
evaluated the debt portfolio and found that the Logit model, which was used to predict the probability of default of bor-
rowers, can prevent risks. This is evidenced by the ROC curve of the Logit model for predicting the probability of default.

Keywords: internal audit, default, projection (prognosis), credit risk, financial instruments, Logit model, ROC-
curve.

Introduction

Currently, measures that can alleviate the consequences of external impact on the country’s economy are
being actively searched. Monetary policy plays a big role here. It is significant to keep in mind that debt allows
supporting continuity of industrial processes in the conditions of sharp fluctuations in cash flows, a decline in
productivity of organizations at certain stages of the economic cycle. Phantom debts are debts that cannot be
recovered by the Bank due to the poor financial condition of the borrowers. Further reduction in the volume
of credit investments in the economy can cause irreparable harm to economic entities.

Restricting credit support for organizations with large and predictable sustainable credit loans can lead to
disruption and aggravate the situation in the economy. In our opinion, one of the solutions to credit issues in
the context of increasing credit risks is to improve the quality of credit risk management in banks. First of all,
it is necessary to take into account the financial condition of the borrower, its creditworthiness, and the specif-
ics of the financial sector (Lambekova, Syzdykova, Kuzgibekova, Kalymbetov, Amirbekuly, 2018). It also
referred to the need to improve the evaluation system, including the development of a mechanism for assessing
the probability of default To ensure the implementation of the new credit policy related to the adoption of IFRS
9 “Financial instruments”, it is necessary to strengthen the role of internal audit. In addition, it is necessary to
increase its importance as an element of the corporate governance and risk management system. The Bank
expects the formation of a new methodology for assessing credit risks, so the internal audit service is assigned
certain tasks. Let's look at how to include these services in the credit risk audit program. Decisions of manage-
ment bodies within the framework of lending in the Bank can be reflected in the Bank's internal regulatory
documents. In particular, credit policies, restrictive policies, and risk management policies (Yang 2018).

Hypothesis. Using the Logit model for assessing the probability of default of the borrower, aimed at
identifying credit risk, their reduction will allow you to assess the probability of default.

Literature Review

During the audit, the internal auditor should pay attention to the Bank's approved system of credit risk
indicators and the relevance and regularity of reviewing the target values of indicators (Canakoglu, Muter I,
Adanur O, 2018).
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The function of every single aspect adds up to make effective corporate management of the Bank. The
document “Basic effective principles of Bank supervision” issued by the Basel Committee assumes that this
management is based on risk (Basel Committee on Banking Supervision, 2019).

The study aims not only to assess losses that can be investigated by determining credit risk factors in the
research process, but also to prevent negative impacts, both external and internal aspects, and to develop an
action plan to preserve the financial stability of the banking sector.

The study is not required only for assessing losses that can be investigated by determining credit risk
factors in the research process. It is also necessary to prevent negative impacts, both external and internal, and
to develop an action plan to preserve the financial stability of the banking sector. As a comprehensive indicator
covering credit losses due to market and credit risks, many kinds of literature have the VaR-Value-at-Risk
indicator, which was discovered in the work of M. Sorzha.

In addition, M. Sorzha noted the feasibility of using an integrated approach with financial systems that
have active trade-in credit assets (for example, corporate bonds).

Moreover, the “mark-to-market” principle is applied, which provides for the revaluation of assets follow-
ing current market prices. However, the financial systems of many transition economies are characterized by
insufficient development of the financial asset market and absence of price fluctuations. A selective approach
with the choice of a specific credit risk indicator is acceptable for assessing the stability of banks with a low
level of correlation between market and credit risks. Additionally, due to the ease of implementation, the low
level of need for statistical data and computational loads, the partial approach is widely considered by research-
ers.

The partial analysis is conducted under econometric models to assess the relationship between financial
stability indicators, macro indicators, and specific indicators of financial institutions. Besides, the estimation
is performed using models for time series and panel data. Banks are given the right to form stricter criteria for
determining default and the significance of credit obligations. This allows the Bank to treat certain categories
of borrowers more differentially. In recent crisis years, research has focused on ways, methods, and models
for assessing credit risks. M. Sorzha noted that the advantage of panel data is the ability to study the impact of
the qualitative characteristics of countries or individual banks on the quality of loans (Vaquero, Diaz,
Ramirez,2019).

One of the works using panel data is the work of j. Pasolini. The author studies the impact of macroeco-
nomic indicators on problem loans in Scandinavian and other European countries using data from 1980 to
2002 (Pesola, 2011).

As a result, the main source of credit losses for banks in these countries was high customer debt income
volatility, and the real interest rate, which is measured as the ratio of debts to GDP.

S. Pestova and T. Solntseva conducted a study of problem debts using annual data from 1997-2009 for
38 countries (Yavuz, 2002). In this regard, the authors identified the factors of formation of non-refundable
problem debt. This has a negative impact on the same direction of the business and credit cycles, the weakening
of the nominal exchange rate and the reduction of the real interest rate on credit risks.

In General, the internal audit service is the main risk management tool in all operating organizations
[Sourour, 2019]. In addition to assessing credit risks, the panel data method is used in commercial Bank re-
search.

Methods

Banks are given the right to form stricter criteria for determining default and the significance of credit
obligations. This will allow the Bank to treat certain categories of borrowers more differentially. During the
last 2008 crisis, research focused on methods, approaches, and models for assessing credit risks. At the same
time, schemes based on probability estimation were used only in a limited way, since the regulator did not
perceive such models (Ozten S., Kargin S., 2012).

Currently, it is necessary to improve the accuracy, efficiency and reliability of credit risk assessment in
relation to various groups of borrowers and credit requirements. This requires further processing of the models.
To explore the possibility of assessing the probability of a borrower's default based on the published financial
statements of organizations we have created an appropriate model that has acceptable estimated capabilities.
Indicators for assessing the financial condition of the borrower based on their understanding of their signifi-
cance were selected (Lambekova, Nurgalieva, 2017).
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The organization information for the two groups is chosen randomly according to publicly available in-
formation. Data on the financial position were obtained from the financial statements of organizations in the
KASE database (KASE, 2018).

Information is received for the period from 2016 to 2018. This forecast allows predicting the probability
of default of the borrower for one or two years. The regression analysis was performed in the statistical econ-
ometric package R.

Data based on the model formed in accordance with Basel recommendations must be reliable. In this
case, the reliability is confirmed, first of all, by the mandatory audit report and audit of the tax authorities. The
majority of organizations in industrial spheres have service of life is more than ten years.

The next stage of the study is data analysis. To study the relationship between indicators, a correlation
matrix was created.

According to the hypothesis of the research work, financial stability affects the assessment of the proba-
bility of default of borrowers of the estimated coefficients.

The objective of the research work is to determine the impact of financial stability assessment coefficients
on the assessment of the probability of default.

According to the relevance of the study, banks are not based on the fact that the expected credit costs
were not incurred, but on its prevention.

Now let's move on to the research methodology. Procedures that ensure that research goals are considered.
In particular:

— study design;

— data collection tools;

— data analysis and data collection procedures.

Study design. The model for estimating the probability of a borrower's default should be based on statis-
tical data collected by the bank over a number of years or over several economic cycles. In most cases, this
information is unavailable to external users during the course of the study. Therefore, the data was obtained
from the Kazakhstan stock exchange (Naceur,2018).

Data collection. In the course of the study, data was collected from calculating coefficients of the financial
statements of the list of companies in Kazakhstan stock exchange.

Data analysis, results, and discussion. To confirm hypothesis above, a Logit model was created in the
Logit model R statistical package program.

Thus, the Logit model is an econometric model that is not used in simple regression analysis methods.
Unlike the other models, it can only accept a limited number of dependent variable values, such as 0 or 1.

To put it another way, the most common model for assessing the probability of bankruptcy can be over-
viewed. These models allow you to determine an accurate assessment of possible bankruptcy risks. The model
for estimating the probability of bankruptcy is the logistic inverse equation. This is why it is called the logistic
backflow model (L-M) L-M (Logit model).

According to A. Gruzdeyv, the statistical package program R is widely used as statistical software for data
analysis and is practically a standard for statistical programs (Gruzdev, 2018).

The binary variable probability of default of the borrower's PD is obtained, which takes one of two pos-
sible values for building the model as a dependent variable:

— PD = 0 if any borrower organization has a good financial position at a certain stage;

—PD =1 if any borrower organization is in default at a certain stage.

To build a model of the probability of a creditor's default, 33 debt recipients in various industries were
selected and divided into two groups. Of these, 25 are good and 8 are in case of default. Enterprise data for the
two groups is selected randomly according to publicly available information. Data on the financial position is
obtained from the financial statements from the KASE database. Information obtained in the period from 2016
to 2018. This forecast allows you to predict the probability of default of the borrower for one or two years.

The regression analysis was carried out in the statistical econometric package R. We selected a number
of parameters that determine the level of financial stability of borrowers.

Financial stability is evaluated by indicators of liquidity, profitability, business activity presented in Ta-
ble 1.
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Table 1. Indicators selected for building a default assessment model

Indicator Name Economic content
K pokr Current ratio ability to repay short term liabilities at the expense of current assets
K avt Autonomy coefficient/Equity ratio |independence from external sources of funding
K ob cc Equity to non-current assets ratio | availability of the company's own working capital
K d to e |Debt-to-equity ratio describes the ratio of borrowed funds to equity
K ap oc Equity capitalization describes the share of fixed assets financed from equity sources
K obor ta |Current asset turnover ratio reflects the amount of turnover of the company's current assets for
the current period
K ct plat o |The degree of solvency characterizes the overall solvency of the enterprise
Note — compiled by the author based on the literature (Aleskerov F.T., Andrievskaja LK., Penikas G.I., Solodkov V.M.)

Today, mathematical assessment of Bank risks is widely used in foreign countries. Such assessments not
only contribute to the prevention of risks at the time of their occurrence, but also make predictions. For exam-
ple, F.T. Aleskerov presented mathematical models of Basel II risk assessment in Russian banks (Krylov,
2016).

The next stage of the study is data analysis. At the same time, organizations belong to industrial sectors,
the service life of the majority is more than ten years. All necessary data is provided in Appendix D. to create
a model, a set of codes is specified in Appendix E. To study the relationship between indicators, a correlation

matrix was created (Figure 1).
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Figure 1. correlation between the factors

Note — complied by the author in the statistical batch program R on the basis of warning-calculated data

As can be seen from the correlation picture, factors X4 and X5 are multicollinear. So we remove these
factors from the model. The concept of multicollinearity is fulfilled under the condition that a linear relation-
ship between the explained variable leads to a non-confidence regression. Correlation between multicollinear
factors leads to unreliable, unstable, and meaningless price dependence of multicollinear parameters. It cannot
make a correct decision about parameters.

Data obtained in accordance with Basel recommendations must be reliable. In this case, the reliability is
confirmed, first of all, by a mandatory audit report and an audit of the tax authorities. If all the conditions are
fulfilled, the sample variances of variables with control digits are large, and the variances of random variables
are small, then a good estimate can be obtained as a result.

Consideration of this issue affects the effective evaluation of regression. If the obvious indicator of two
or more independent variables is a time trend, then they are in close contact and this leads to multicollinearity.

To understand the effect of the mechanism on parameters, consider the following statement. There is a
linear dependence between the first and second factors (Rahmetova, 2016).

There are several ways to prevent multicollinearity:

— Removal method.

— Regression step.

In our case, we use the first method. Correlation connection without multicollinear factors is shown below

(Figure 2)
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Figure 2. Correlation between the factors

Note — complied by the author in the statistical batch program R on the basis of warning-calculated data

As can be seen from the figure, for risk management purposes, we observe that the coefficient of auton-
omy in case of default of the borrower organization is high. Other factors also have an impact, but they are

weak.

Results
As aresult of the above-mentioned analyses, during the audit of the banks’ loan portfolio, the Logit model

was used to assess the probability of a borrower's default. Now let's build a Logit model based on this correla-
tion (Table 2)

Table 2. Criteria for evaluating the significance of the model

Deviance Residuals:
Min 1Q Median 3Q Max
—1.76205 —0.52145 —0.23519 —0.02412 2.38113
Coefficients:
Estimate Std Error z value Pr(>|z|)
(Intercept) 1.12290 1.06782 1.052 0.2930
X1 K pokr —0.47052 0.47701 —0.986 0.3239
X2 K avt 4.40686 1.41149 3.122 0.0018 **

X5 K ap oca 0.60240 0.34719 1.735 0.0827.

X6 K obor ta -0.56717 0.31491 —1.801 0.0717.

X7 K ct plat o —0.09600 0.05556 —1.728 0.0840.

Signif. codes: 0 “***° (0.001 “**’ (0.01 “** 0.05 ‘. 0.1.,1. °~

Note — complied by the author in the statistical batch program R on the basis of warning-calculated data

As it is illustrated in the table, variables of X2 K avt show the most statistical significance at defining
default of organization. Statistical significance of variables X5 Kap oc, X6 K obor ta,and X7 K ct plat o
has a probability of 10 % which is explained by possibility of randomness of data. Understanding the causes
of default is important, but it is also important to anticipate it based on available data.

In other words, to what extent can the Logit model assume a default situation for the borrower? To answer
this question, we assume the probability of default of debt-receiving organizations based on data that we have
not previously seen in the model (based on 4 organizations).

Then the forecast results will be compared with the results of the test model. However, the Logit model
does not give a solution as 0 (no default) or 1 (default); it gives probability of organization to be in default

We must decide the type of probability limit to be used as a boundary between 0 and 1. Selecting an upper
limit reduces the number of false positives (the model assumes that the organization is defaulting, and the
organization is not defaulting). It also reduces the number of real positive results (the model assumes the case
of default for organizations that have been defaulted).

In each logit model, the probability of default is calculated using the General formula of the logistics

function:
P=1/(1+¢7), )

where
P — probability of default occurrence (takes the values of 0 or 1);
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e — the base of logarithm (Euler constant is equal to 2,70828);
y — integral indicator depending on the created model

Lowering the limit works in the opposite direction, increasing the number of false starts as well as the
real positive number. To determine the accuracy of the forecast, it is important to set an average limit value. It
is defined by the ROC curve. In other words, through a curve. In social science, the ROC curve is used to
express an opinion about the quality of probability models.

We will test based on the other four companies as a test to determine the accuracy of the model. The
indicators of the coefficients calculated for testing are shown in Appendix J. In Addition, the curves were used
in product quality management and credit scoring. This is shown in the curve line on the figure (Figure 3).
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Figure 3. ROC curve in determining forecast accuracy

Note — complied by the author in the statistical batch program R on the basis of warning-calculated data

The Logit model curve above shows that the borrower is well qualified to determine the default status for
risk management purposes. It is in the range of 0.3, it has reached almost 70 % of the real positive indicators.
In the table below, we present a matching matrix that allows calculating the accuracy of the model (table 3)

Table 3. A matching matrix that allows you to calculate the accuracy of the model

Indicators Forecast =0 Forecast =1
Fact=0 3 3
Fact=1 3 2
Note — complied by the author based on calculated data

As can be seen from the results in the table, this fact coincides with the forecast that the financial condition
of the borrower company is satisfactory. The case of default of the borrower does not correspond with unit of
fact 1. This means that the specific financial position of the borrower company, expected in case of default, is
stable. Overall, the forecast accuracy is 83 %. This means that the results of calculating the probability of
default show that the proposed model can be used in practice.

Discussions

In our opinion, today the application of IFRS 9 “Financial instruments” in banks has set new challenges
for internal auditors. For example, according to the implemented standard, lending or effective and high-qual-
ity methodological advice to risk management departments on risk prevention, etc.

It is very important to consider the credit risks of borrowers based on the Bank's internal ratings in ac-
cordance with the model of assessing the probability of bankruptcy. This, of course, raises the internal auditor
to a new, high-quality level of credit risk management in banks.

Using models to assess the probability of a borrower's default and the amount of costs associated with a
default allows banks to lend only to trusted clients, take acceptable risks, and create sufficient reserves to
compensate for potential losses.
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Conclusions

The role of internal audit was defined to verify the correctness of credit policy implementation in con-
nection with the implementation of IFRS 9 “Financial instruments”. At the same time, corporate governance
has grown in importance as a key tool of the risk management system. Currently, it is expected that banks will
be given effective advice on developing acceptable and effective methods for assessing this credit risk with
the internal audit system. The Bank may provide various procedures for assessing the credit risk of the appli-
cation and analyzing the creditworthiness of the borrower. Assessment of the probability of a creditor's default
in banks is not yet sufficiently conducted. In this regard, we used the Logit model, aimed at preventing the
expected damage in order to reduce or prevent credit risk on the debt portfolio of banks. The model is based
on the financial indicators of 33 borrower organizations. And the ROC curve of the Logit model allowed us to
determine the default state of the borrower company. The model has been tested, so it can be offered in banks
in order to reduce credit risk.

In conclusion, a risk-based internal audit system will help ensure the financial stability of the second-tier
banks, because the debt portfolio was evaluated and found that the Logit model, which was used to predict the
probability of default of borrowers, is able to prevent risks. This is evidenced by the ROC curve of the Logit
model for predicting the probability of default. This model, developed by internal auditors to prevent risks, is
taken into account in the internal audit process.

Summing up, internal auditors contribute to the formation of a highly effective internal audit system to
ensure the bank's financial stability and the way of meeting modern requirements.
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A.H. JlambekoBa, JI.A. Temupo6exona, 3.7K. CbI31bIKOBa

BankTepaeri imki aynuT: HecHesik ToyeKeJAi a3alTyAbIH dIiCHAMAJBIK MoJeJi (JIOTUT-MOo/1eJIb)

Anoamna

Maxcamui: HECHe ayIIBIHBIH 1e(ONT BIKTUMAIIABIFBIH OaFamayFa MyMKIHJIK OepeTiH MOJENbIi KOJJaHy Ibl HET13-
Jiey JKOHE IMTKI ayJMTTIH XKYMBIC KOCTapbhl MEH ayJIuT OarmapiamMachlHa HECHEIK TOyeKelIi TOMEHICTY YIIiH Kaphi3
ayIIBIHBIH () OJIT BIKTUMAIIBIFBIH OaFanayapl €HT13yli YChIHY.

9oici: MaKaiaza CaHABIK AePEKTep, CTATUCTUKAIBIK MOIEh (JIOrUT-MOeh) KOJIJaHbIIFaH.

Kopvimuvinovl: HOTIOKECIHIE OAHKTEP/IiH HECHENTIK MOpTdeiHe ayauT XYPri3y YaKbITBIHAA HECHE aTyIIBIHBIH JIe-
(oNT KaFIalBIHBIH BIKTHMAJIBIFBIH Oaranay yuriH Jlorut-monens Koinauneurad. byn Jlorut-monenbaig ROC KUCHIFBI
ToyeKkenaepi backapy MaKcaThIH/Ia HecHe Ty IIBIHBIH 1e(OJIT KaraaifbiH Ooinkayra MyMKiHIIK Oepeni. COHIBIKTaH MO-
JIeNTb HEeT131H/Ie HEeCHEe ayIIBIHBIH Ae(ONIT BIKTHMAIIBIFBIH OaFaay bl ilIKi ayIUTTiH )KYMBIC JKOCIAaphl MEH Oarmapia-
MAachIHA C€HT13y YCHIHBLIFaH.

Tyorcoipvimoama: KOPHITBIHABLIAN Kelle, TOYSKeNIepre HeTi3IeNTeH IIKi ayIuT XKyieci KapKbUIBIK TYPAKThLUTBIKTEI
KaMTaMachl3 eTyre bIKnain erefi. bi3z Hecue mopTdernin OaranaraHIBIKTaH KOHE Kaphl3 AMyIIbLIAPABIH Je(OIT BIKTUMAII-
IIBIFBIH O0JDKay YIUiH maiinataneurad JIornT-Momens ToyekenaepAi OomapIpMaiTRIHBIH aHBIKTaABIK. By Typaisr nedont
BIKTUMAJIIBIFBIH Ooikay yiuiH Jlorut-monenbaiH ROC-KHUCHIFBI KOpCceTeIi.

Kinm ce30ep: imiki aynut, nedonr, 60JpKay, HECHUENIK ToyeKen, KapxKbl Kypanaapsl, Jlorut-mozens, ROC-KUCHIK.

A.H. Jlam0exoBa, JI.A. Temup0ekona, J.7K. CpI31bIKOBa

BHYTpeHHI/lﬁ ayauT 0aHKOB: MeTOa0JIOrHYecKast MoJaelb
CHUKCHUSA KPEAUTHOI0 pUCKa (J'IOl"l/IT-MOIle.]'lb)

Annomauusn

L]ens: 000CHOBATH MPUMEHEHUE MOJICITH, TIO3BOJISIONICH OLIEHUTH BEPOSTHOCTH JIe(OIITa 3aEMIIUKA, U MIPEIOKUTH
BKITIOYHTH B TUIAH pa0OTHI IPOTPaMMbI BHYTPEHHETO ayIHUTa U OICHKY BEPOATHOCTH Je(oIiTa 3aeMIUKa IS CHIKCHUS
KPEIUTHOTO PUCKA.

MemooOuvl: B CTaThe UCIIONB3YIOTCS KOJIMYCCTBEHHBIC TAHHBIC, CTATUCTHYCCKAsI MOJICNb (JIOTUT-MOJICIE ).

Peszynomamei: B pe3yabpTaTe Ipy MPOBEICHUH ayIUTa JOJITOBOTO MOpThens OaHKOB TS OICHKH BEPOSTHOCTH Je-
(outa 3aemMIIMKa ObIIa HCITOJIb30BaHa JIOTUT-MO1eb. KpuBas ROC 3ToM JIOTHT-MOIETH TTO3BOJISIET TIPOTHO3UPOBATDH CH-
Tyanuio fnedonra 3aeMIIKa B LENIX YIpaBieHHs puckaMu. [1osaToMy mpemmaraercsi BKIIOUNTH OLEHKY BEPOSTHOCTH
nedonra 3aeMIINKa Ha OCHOBE MOJICIH B TUIaH pabOTHI M IPOTPaMMy BHYTPEHHETO ayauTa.

Bv16000b1: B 3aKITI0UEHNE CIIEAYET OTMETHTD, YTO CHCTEMa BHYTPEHHETO ay/InTa, OCHOBaHHAs Ha PHUCKax, OyAeT CIo-
coOcTBOBaTH OOecTIeueHN0 (PMHAHCOBOM CTAOMIILHOCTH. Tak Kak MBI OIEHWIH JOJTOBON MOPTQENb U BBIICHWIHN, YTO
JIOTHT-MOJIEIb, KOTOpasi HCIIOIB30BANIACh IS TPOTHO3UPOBAHUS BEPOSTHOCTH AedoTa 3aeMIINKOB, MOKET IPEeI0TBpa-
TUTh puUcku. O6 3TOM cBuneTenbcTBYeT ROC-KpHBast JOTUT-MOJICITH IS IPOTHO3UPOBAHUS BEPOSTHOCTH JeoTa.

Kniwouegvie cnosa: BHyTpeHHUH ayuT, 1e(oIIT, IPOrHO3MPOBAHHUE, KPEIUTHBIN PUCK, (PMHAHCOBBIC HHCTPYMEHTHI,
snorut-mojenb, ROC-kpuBasi.
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