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ASSESSMENT OF INVESTMENT RISKS OF AN INDUSTRIAL ENTERPRISE

Abstract. The article aims to investigate special aspects of investment risks and determine
appropriate methods of assessment in the process of economic activity of enterprises.

There has been formed a scientific and practical approach to economic and mathematical
modeling based on minimizing risk of the investment portfolio aimed at effective managerial
decision-making.

Modern methods of economic management are largely based on application of economic
and mathematical methods, namely modeling. The investment process is associated with risks.
Instability in development of modern economy results in mistakes in making decisions on enterprise
management. This is primarily due to distribution of financial resources of enterprises. As a result,
this leads to financial risk in distribution of finances. Scientific developments determine topicality
and need for further research into specifics of investing for enterprises with appropriate risk
assessment. The article presents statement of the problem and its consistent solutionin the form of
implementation of the appropriate algorithm to adjust its value.

There is suggested and solved the problem of forming a financial portfolio on the basis of
minimization of financial risk and corresponding losses. This enables effective distribution of
financial resources of an enterprise. To maintain a stable portfolio structure, it is advisable to
minimized is persion at restrictions imposed on the amount of investment and the profitability rate.

The analysis of the obtained results of economic and mathematical modeling on the basis of
static data on the activity of the industrial enterprise «Zaporizhstal» confirmed effectiveness of the
suggested approach, this enabling scaling the portfolio value down. It is proved that profit ability of
the portfolio can not exceed profitability of the most profitable security (share) included in the
portfolio; it is always necessary to choose between profitability increase and risk reduction.
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OIIHIOBAHHS IHBECTUIIIHHUX PU3UKIB IPOMUCJIOBOI'O MIAMPUEMCTBA

AHoTanig. MeTo0 CTaTTi € JOCHIKEHHS OCOOMMBOCTEH 1HBECTUIIIMHUX PH3UKIB
1 BU3HAYEHHS BIAMOBIIHUX METOMIB MO0 iX OIIHIOBAHHS Y MPOIECi TOCMOAAPCHKOI MiSUTBHOCTI
nianpueMctBi. CpOpMOBAaHO HAYKOBO-NIPAKTHMYHUM MiAX1J 00 EKOHOMIKO-MaTeMaTUYHOI'O
MOJICJIIOBaHHST Ha OCHOBI MiHIMI3alli PU3KMKY I1HBECTHLIMHOrO mnoptdens 3aains yXBaJeHHS
e(eKTUBHHUX YNPaBIIHCHKUX pilleHb. CydyacHi METOJM YIPABIiHHSI €KOHOMIKOIO 3HAUYHOKO MipOIO
CIUPAIOTHCS HA 3aCTOCYBaHHI €KOHOMIKO-MaTeMaTUYHUX METOJIIB, a caMe MojemtoBaHHs. [Iponec
IHBECTYBaHHs TMOB’si3aHUN 13 pus3ukamu. HecTaOiabHICTH y PO3BUTKY Cy4acHOI EKOHOMIKHU
IPU3BOJUTH JI0 MOXUOOK MPU yXBaJIEHHI PIlIEHb U100 YIIPABIIHHSA IPOMUCIOBUM MiANPUEMCTBOM.
[Tepm 3a Bce, 1Ie MOB’sI3aHO 3 PO3MOAIIOM (DIHAHCOBMX KOIITIB, SKi 30epiraroThcsi Ha OayiaHci
HiANPUEMCTB. Y MIJICYMKYy II€ TPHU3BENe 10 HAsIBHOCTI ()iIHAHCOBOTO PHU3UKY IIPH PO3IMOILII
¢inanciB. HaykoBi 10poOKH 3yMOBITIOIOTh aKTYaJIbHICTh 1 HEOOX1THICTh TIOIAJIBIIIOTO JOCIIIKEHHS
MUTAHHS I0JI0 OCOOJMBOCTEH 1HBECTYBAHHS JI MIANPUEMCTB 13 BiJMOBIIHUM OIIHIOBAaHHIM
pusuky. dopmanbHO MpeAcTaBiIeHA MMOCTAHOBKA 3aBJAaHHA 1 IOCHIJOBHE ii BUPILIEHHS LUIIXOM
peanizanii BiANOBIAHOTO aJIrOPUTMYy 311 KOPHTYBAaHHS HOro BapTOCTi. 3amporoOHOBAHO
IIOCTAaHOBKY 1 BHUPILICHHS 3aBjJaHb (popMyBaHHsA (PIHAHCOBOIO MOPT(ens Ha OCHOBI MiHIMI3aril
(¢iHaHCOBOrO PHU3UKY 1 BIAMOBIIHUX BTpPAT, IO J03BOJIAE €(PEKTUBHO PO3MOAUIUTH (PiHAHCOBI
KOIUTH HPOMMCIOBOTO miAnpueMcrtBa. JloBeaeHo, mo ans 30epexeHHs CTaOUIbHOI CTPYKTypHU
noptdenss AOLNBHO MIHIMI3yBaTH IHMCIEPCiI0 3a OOMEXKEHb, SKI HaKJIaJeHI Ha BEIUYHHY
IHBECTHIIIN 1 CTaBKy NMpUOYTKOBOCTI. AHaJ3 OTPUMAHUX PE3yJIbTATIB €KOHOMIKO-MAaTEeMaTHIHOTO
MO/ICJIFOBAHHS HA OCHOBI CTaTMYHMX JAHUX IIOJO0 JISUIBHOCTI IpOMHCIOBOro miamnpuemcta ITAT
«3anopiXcTalib» MIITBEPAUB IEBICTh 3aIPONOHOBAHOIO MiJIXOJY, IO J03BOJHIO CKOPUTYBaTH
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BapTicTh noprdens B ik Horo 3meHmeHHs. JloBeaeHo, 1o npuOyTKoBicTh MOPThEs He Moxe OyTH
OLTBIIIO0 BiJl MPUOYTKOBOCTI CAMOT0 JIOX1AHOTO I[IHHOTO marnepa (aKiiii), 1o BXOAUTh Yy OpThEnb;
3aBXKIM BapTO 00MpaTH MK 30UTbIICHHAM NPUOYTKOBOCTI 1 3SMEHIIIEHHSAM PU3HKY.
Knrouoei cnoea: pusuk, iHBecTUlli, IOPTQENb, MOJIENb, MIANTPUEMCTBO, TPUOYTKOBICTb.
®opmyn: 25; puc.: 1; Tabun.: 2; 61061.: 17.

Problem statement. In modern conditions, investment is the most important means of
ensuring the technological progress, improving quality indicators of economic activity.
Intensification of the investment process (including attraction of foreign investment) is one of the
most effective mechanisms of social and economic transformations. At the stage of transformational
development of Ukraine’s economy, the concepts «investment» and «investment activity» are
gaining relevance. To attract investment resources, national enterprises are making every effort to
develop investment projects implementation of which can contribute to improving their activities as
a whole: providing increase of the range of products, reducing their costs and enhancing their
quality, increasing the profit received, etc.

It is impossible not to pay attention to the fact that the current economic situation in Ukraine
significantly complicates investment activity. It is necessary to develop an investment mechanism
adequate to market relations which organically combines forms of private and public investment,
optimizes relations of various investment entities, develops an appropriate legislative and regulatory
framework and other measures regulating the investment process, both at the level of an individual
company or industry, and that of the national economy. An in-depth study of market forms and
mechanisms of investment activity at macro- and micro- levels and appropriate risk analysis are also
relevant. Macroeconomic risks are associated with uncertainty of the external economic
environment, i.e. changes in the situation on the world market, regional or global financial crises,
significant changes in relations of foreign exchange rates, etc. Every country also faces its own
macroeconomic risks which are often associated with structural shifts in production, budget deficit,
unmanageable inflation. In transformative (transitional) economies, political instability and social
upheavals result in increased uncertainty of economic processes. Impulses of macroeconomic risks
influence activities of individual enterprises and firms increasing their own risks which can be called
microeconomic risks.

In all developed countries of the world, studies of problems of investing in economy have
always been the focus of economists’ attention. This is due to the fact that investments touch on the
foundations of economic activity determining the process of economic growth in general.

Analysis of recent researches and publications. Scientists pay considerable attention to
study of investment risks. This is due to the fact that investments touch on the foundations of
economic activity determining the process of economic growth ingeneral. Issues of investment
project risk management are dealt with in works by T. V. Maiorova [1], V. V. Hlushchevskyi [2],
O. A. Kirichenko [3], I. A. Blank [4], V. M. Khobta [5] and others. T. V. Balanska, M. Ya. Postan
investigate the essence and types of investment risks at the present stage, conduct comparative
analysis of risk assessment methods and develop a risk assessment algorithm [6]. V. M. Hlibchuk
studies basic methods of investment risk management and develops classification of investment
risks that systematizes a large number of risks arising from the enterprise’s investment activity,
combining a subset of risks into more general concepts on the basis of certain features [7].
N. V. Havrylova highlights issues of investment risks of the enterprise, pays considerable attention
to methods and directions of the irreduction, proposes investment risk management logic [8].
T. V. Maiorova analyzes approaches to determining the essence of the concept «investment risk»
[9]. F. H. Knight studied the dynamic connection of profit with risk and noted its direct influence on
competitiveness [10]. Naturally, the investment process is associated with risks. Scientific
developments determine topicality and need for further research into specifics of investing for
enterprises with appropriate risk assessment.
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Aim. The article aims to investigate special aspectsof investment risks and determine
appropriate methods of assessment in order to effectively manage them in the process of
economic activity of enterprises.

Basic material statement. The current economic conditions in which enterprises operate
are characterized by turbulence primarily causedbyinstable market relations. Such instability leads
to failures in decision-making when managing an enterprise. This is primarily connected with
distribution of financial resources of enterprises. As a result, this leads to financial risk in the
distribution of finances.

One of the ways of avoiding gross financial mistakes is building a financial portfolio that
enables distribution of the enterprise’s financial resources to minimize financial risk of their loss
[11—13].

Let us consider the mathematical formulation of this problem [14].

Suppose the enterprise possesses a total amount of funds equal to Sfora certain period (e.g.
a year). Let this amount be distributed among N consumers so that

S +8,+...+8, =8, (1)
where S, is funds allocated to the k-th consumer (k=1, 2, ..., N).
Then the relative part of the funds allocated to the k-th consumer is found by the formula

— Sk
Y=g (2)
It is clear that, according to (1) and (2), the following condition is fulfilled:
X +x,+. 4x, =1 3)
Real values of the distributed funds are determined according to (2) by the formula
S, =x -S. )

If there is statistics available that characterizes financial activities of the enterprise for
several years, it can be generally tabulated (Table 1).

Table 1
The layout of the table containing financial results of the enterprise’s activity
ear
indicator ! 2 M
511 521 SMI
2 512 522 SMZ
N SlN SZN LIS SMN

Note: based on [14; 15].
The Table 1 lay out generally contains ideas of fund distribution among N consumers over
M years.

According to the data to be generally contained in 7able I, the following covariance matrix
1s formed (5)

A=| .. ., (5)

where 0}, :$Z(Sik_s_k) :%2( )( _) S_k_ﬁﬁ:

i=1

According to the classical approach, the risk of the financial portfolio is calculated based on
the dispersion of distributed financial assets
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V(xl,. N) Zx Zazkxk’ (6)

and can be determined as square root of (5)

R(xp,..xy )=V (%505 Xy ) Zx zo-zkxk (7)

According to (7), risk is calculated as the value of the ﬁnan01al asset, which can be lost while
distributing financial assets.

Thus, the task is reduced to such a distribution of financial assets in the portfolio that the
value of risk (7) is minimal, taking into account corresponding restrictions. This can be
mathematically written as follows

xl, sz ka)Hﬁn, (8)
=1 k=1 oot

Xt +xy =1, ©)]

L SX <xk, x, 20, k=12,.,N. (10)

Restrictions (10) are deﬁned by conditions, i.e requirements, of the enterprise under
analysis.

Solving (8), (9), (10) allows finding the optimal distribution of funds in the financial
portfolio with the minimum risk of their loss and considering requirements for distribution of
financial assets at a particular enterprise.

Suppose solving of (8), (9), (10) provides optimal values of finance distribution

X, k=12,.,N. (11)

Then according to (8) and (11), the minimum risk of loss of ﬁnancial assets makes

R, =R(%,....%)= (12)

According to (4), real optimal values of financial assets are calculated by the formula
S, =%-8S. (13)
The conducted study gives grounds for solving the task of distribution of financial assets in
the portfolio when minimizing risks considering restrictions according to received ratios (9), (10)

for the PJSC «Zaporizhstal». The results of financial assets distribution at the PJSC
«Zaporizhstal»are presented in Fig.
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= . Net profit Labor costs ===« Current assets

= . = Fixed assets = == =|nvestment costs

Fig. Distribution of financial assets at the PJSC «Zaporizhstal», 2008—2019
Source: based on [16; 17].

Thus, task (6), (7), (8) will be written as follows
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Zx quxk %mm (14)

i=1 k=1 *s
x+..+x =1, (15)
<xk_xk, x 20, k=12,3,4,5. (16)

Let us consider real distribution of financial assets for 2019 and compare them with the
optimal distribution as the solution to task (14), (15), (16) based on the data in Fig.
Distribution of financial assets at the PJSC «Zaporizhstal» in 2019 is presented in Table 2.

Table 2
Distribution of financial components of the PJSC «Zaporizhstal», 2019
Indicator Real values (UAH) Relative values
Net profit S 59 153 818 Xq 0.461
Labor costs S, 2 282 005 Xy 0.018
Current assets S3 45 536 196 X3 0.355
Fixed assets Sy 20547936 X4 0.160
Investment costs Sy 704 229 Xs 0.005
Total S 128 224 184 1

Note. [16; 17].
Based on the data of Table 2, covariance matrix (17) is built for the period of 2008—2019

1.82 727 1020 573 5091
727 337 329 189 0.285
A4=107-11020 32.9 11900 6360 —0.32]. (17)
573 189 6360 3410 2.11
591 0.285 -0.32 211 0.966

Based on the data of Table 2 and covariance matrix (13) financial portfolio risk is calculated

Ry Xs) =V (X000 Xs) ZxZa,kkan 10" (UAH). (18)

Let us consider task (10), (11), (12) accepting the condltlons
x, =0,x, =1. (19)
Conditions (15) correspond to extreme (mathematical) restrictions on distribution of financial
as sets according to determined indicators with out considering specifics of the PJSC
«Zaporizhstaly.

To solve task (14), (15), (16) considering condition (19), the Minimize function is used which
is part of the Mathcad software package. As a result, the solution looks like

x=0,x=0.75, x,=0, x,=0, x,=0.241. (20)
Based on (20), there is calculated dispersion of distributed financial funds
Vi (X500 X Zx quxk =7.85-10"
i=1 k=1

and risk

R (Res X)) = Vi (B, %) =8.86-10° (UAH). (21)

Thus, based on (18) and (21), the value of the financial portfolio is decreased by a factor of
80.86 times as

R(x;,...x5y  7.17-10
R, (%,..%) 8.86-10°

=80.86. (22)
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At the same time, restriction (19) is quite artificial and, as a rule, it is not true. Therefore,
using the statistics of Table 2, we set restrictions that are in some way consistent with the conditions
of the enterprise.

Let these be the following conditions

%, =045x =1, x,=0.02,x,=1, 5, =03,x,=1, x, =0.Lx, =1, x,=0.005,x, =1. (23)

To solve task (14), (15), (16) considering condition (23), the Minimize function is used which
is part of the Mathcad software package. As a result, the solution looks like
x, =045, x,=0.02, x,=03, x, =0.1, X, =0.13. (24)

Based on (20), there is calculateddispersion of distributed financial funds

5 5
Viin (Bis 085 ) = D % > 0%, =3.45-107,
k=1

i=1 =

R (% %)=V (R %) =5.88-107 (UAH).

Thus, the value of the financial portfolio is decreased by 18% as
R(x,.,x) =R, (X,.. %)  7.17-107 —5.88-10’
R(x,50r%;) - 7.17-10
Based on (13), the real values of distributed financial assets equal
S =5.7701-10" UAH; S, =2.5645-10° UAH; S, =3.8467-10". UAH; S, =1.2822-10" UAH.

Thus, we can conclude that the presented solution to the problem of the minimum value of the
financial portfolio allows scaling the portfolio value down.

Conclusions. The conducted studies have justified the following conclusions. When
determining the optimal (in terms of risk minimization) portfolio, the invest or proceeds from the
following assumptions: composition of the security portfolio during the holding period is unchanged
and the portfolio structureis changing; funds are invested in one type of securities — in shares;
profitability of the portfolio can not exceed profitability of the most profitable security (share)
included in the portfolio; it is always necessary to choose between profitability increase and risk
reduction.

As is seen from practice, the investor does not tend to invest in just one of the most profitable
financial instruments, but prefers to diversify the structure of their investment portfolio losing in
profitability at that. To maintain a stable portfolio structure, it is necessary to minimize dispersion
with restrictions imposed on the investment value and profitability rates.

and risk

=0.18. (25)
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