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MOZAEJIIOBAHHA ITPU CTPATETTHHOMY VIIPABJIIHHI IHBECTULIAMUA

Summary. The article explores modern approaches
to multicriteria modelling as a tool for strategic
investment management. In the context of dynamic
changes in market conditions and growing uncertainty,
making effective investment decisions requires taking
into account numerous criteria that characterize both
financial and non-financial aspects of an enterprise.
The authors emphasize the importance of a multi-
criteria approach for the formation of investment
strategies aimed at ensuring long-term growth and
competitiveness of companies. The article discusses
the key principles of multicriteria modelling and
methods of its application in the process of strategic
investment management. In particular, the article
analyses such methods as hierarchy analysis, linear
programming methods, fuzzy logic, and integrated
models that combine different approaches. Particular
attention is paid to the use of financial indicators such
as net present value (NPV) as one of the basic criteria
for evaluating investment projects. NPV allows to
determine the feasibility of a project, taking into
account the time value of money and future cash flows,
which makes it an indispensable element of investment
analysis. The authors emphasize the importance of
a comprehensive approach that combines NPV with
other criteria such as ROI, payback period, internal
rate of return (IRR), and risk. This approach takes
into account the financial sustainability of the project,
its impact on the environment, social impacts, and
alignment with the strategic goals of the enterprise.
The article also discusses the key challenges faced by
enterprises when using multicriteria models, including
the complexity of building mathematical models, the
need for highly qualified personnel, and the limitations
associated with access to up-to-date data. The author
suggests ways to overcome these problems, including
the introduction of modern software tools, automation
of data processing and the use of artificial intelligence

to improve the accuracy of modelling. The article
is of theoretical and practical value for scientists,
economists, investors, and managers involved in
the development and implementation of investment
strategies. It contributes to a better understanding of
the possibilities of multicriteria modelling in strategic
decision-making and emphasises the role of NPV in
the comprehensive assessment of investment projects.

Keywords: modelling, investment processes,
strategic management, indicators, single-criteria and
multi-criteria models.

Formulation of the problem. The main tool
for studying complex economic systems, including
industrial enterprises, is modelling. Modelling of
any object (system, process) means replacing it with
another object, called a model, which is adequate
to a certain extent, in order to study the first one.
This requires that the basic properties, relationships
between elements, and behavior of the model
and the modelled object are sufficiently similar
to achieve the research objective. In our case, the
objects of modelling are the tasks of the subsystem
of innovation and investment planning, which is one
of the main components of the system of ensuring
the sustainability of industrial enterprises.

Analysis of recent achievements and
publications. Many modern scholars study the
trends and problems of investment development of
enterprises. In particular, among the scholars from
far and near abroad, it is worth noting the research
of I. Ansoff, P. Drucker, V. Zinov, V. Medynsky,
M. Porter, V. Santo, J. Schumpeter, and Y. Yakovets.
Among the Ukrainian scholars who study the issues
of managing the investment activity of enterprises,
it is necessary to note the significant contribution
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of O. Amosha, M. Voynarenko, A. Voronkova,
S. [Ilyashenko, V. Stadnyk, O. Orlov, and
L. Fedulova. Despite the importance of scientific
research, certain aspects of investment planning in
the process of innovation activity of an enterprise
require further study, in particular, in the context of
applying a multi-purpose approach.

The purpose of the article is to substantiate
the use of a multi-purpose approach to solving
the problems of investment planning at industrial
enterprises.

Presentation of the main material. Let us
consider the possibilities of applying in theory and
practice both a single-purpose and a multi-purpose
approach to justifying the choice of the most
efficient variant of an investment project. Depending
on the number of optimality criteria present in the
economic and mathematical model in the task of
forming an investment portfolio of an industrial
enterprise consisting of real projects, they can be
classified into two large classes: single-criteria
models and multi-criteria models. Multi-criteria
models contain at least two optimality criteria. At
the stage of investment portfolio formation, it is
necessary to simultaneously determine the types and
number of investment projects to be implemented
[2]. A number of mathematical models provide for
the formation of an investment portfolio in close
connection with the enterprise's production program
and taking into account the possibilities of the financing
sector. The following classification of investment
planning models is characterized by integration of the
financial and production spheres of the enterprise into
the model. On this basis, we propose to distinguish
the following groups of models:

— models that allow forming an optimal
investment portfolio in the presence of a production
program and a certain capital investment budget set
for a given enterprise;

— models that allow simultaneously forming an
investment portfolio and determining the sources
of financing for a given production program of an
enterprise;

— models that allow simultaneously forming an
investment portfolio and a production program with
a given amount of funds and attracting the necessary
financial resources from different (alternative)
sources of financing, each of which is focused on
the unequal cost of its capital.

Models can also be classified depending on the
number of periods during which an investment
portfolio can be implemented. In particular, there
are models in which:

— the investment planning period consists of
only one time period (static model);

— the investment planning period is divided
into several identical periods, but specific actions
are possible only in the initial period (one-stage
model);

— the necessary calculations are performed
in different time periods of investment planning
(multi-stage model) [3].

The objective function can be the net present
value of NPV, GNI, IR, IRR or other criteria that can
be used to assess the effectiveness of an investment
project or investment portfolio. Economic and
mathematical models of decision-making on the
selection of investment projects for financing, which
involve the consideration of unknown factors, are
divided into deterministic, stochastic and models
with elements of uncertainty. We divide the models
presented in the literature, implemented under
conditions of certainty, as well as depending on the
type of objective function and constraints, into four
types: linear, nonlinear, dynamic and graphical.
A generalized classification of models that can be
used to form an investment portfolio is shown in
Figure 1.

Depending on the goal and the constraints,
single-criteria models can be divided into the
following [5]:

1) ranking of investment projects according to
the selected performance criterion:

a) in conditions of certainty;

b) in conditions of risk;

2) economic and mathematical models of
decision-making on the selection of investment
projects for which it is advisable to finance:

a) models of program decisions under conditions
of certainty;

b) stochastic models;

c¢) models with elements of uncertainty.

The above classification of models requires
determining their advantages, disadvantages
and areas of appropriate application. Ranking of
investment projects under conditions of certainty
implies that the number of possible situations
(options) and their consequences are known. The
probability of each event is equal to one. If there
is sufficient certainty of the initial data, investment
decisions are made in the following sequence [4]:

1) the criterion by which the selection will be
made is determined;

2) calculate the values of the criteria for the
options being compared;

3) the option with the best criterion value is
recommended for selection.

In the case of uncertainty and risk, possible
outcomes are predicted and probabilities are
assigned. The group of linear models is the most
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Deterministic models

Investment portfolio vulnerability models

Stochastic programming models

Fuzzy models and methods for assessing investment

attractiveness

investment portfolio formation

Economic and mathematical models of optimal

Decision-making models in the presence of

uncertainty

Figure 1. Generalized classification of economic and mathematical models
of optimal investment portfolio formation [compiled by the author]

diverse. In linear models, the objective function
and constraints are linear in the control variables.
By changing the values of the variables, you can get
closer to your goal. The linear single-criteria models
of considerable theoretical and, most importantly,
practical interest include the following

— the ‘backpack’ model

— the static model of J. Dean;

— Albach's one-stage model;

— multi-stage model of Hux and Weingartner;

a model with several production stages — the
extended Ferstner-Henn model;

— Jacob's model with plant selection and
disinvestment options.

Graphical models are represented by various
modifications of network models. Stochastic
models for choosing solutions in complex situations
are usually more adequate to real phenomena
and processes than deterministic formulations of
management, planning and design tasks. Stochastic
programming is a set of methods for solving
optimization problems of a probabilistic (stochastic)
nature. In stochastic models, the unknown factors
are random variables. However, they have known
distribution functions and statistical characteristics
(mathematical expectation, variance, standard
deviation, etc.). In models with elements of
uncertainty, it is impossible to collect statistical data
for unknown factors, and the values of these factors
are not determined.

When making decisions about the composition
of an investment portfolio under conditions of
complete uncertainty, simulation modelling and
criteria (rules) developed in game theory are used.

In simulation models, the process of forming an
investment portfolio of real projects is carried out on
a computer. Numerous simulations and subsequent
analysis determine the results of random influences
onit. As aresult, a variant of the investment portfolio
is selected in which the numerical estimate of the
objective function (e.g., net present value) reaches
the highest value [1].

The classification of economic and mathematical
models that can be used in the formation of an
optimal investment portfolio is completed by a
group of models with elements of uncertainty. In the
case of uncertainty and risk, it is expected to predict
possible outcomes and assign probabilities to them.
Various methods and criteria can be used to make
scientifically sound management decisions related
to choices in the above conditions. A situation that
will illustrate different methods of making the best
investment decisions will be presented in the form
of a decision matrix. It reflects a state of affairs
where:

— there is a finite set of alternative investment
projects (IPs) and environmental states;

— the net present value is the final characteristic
of the economic effect corresponding to each
alternative IP option;

NPV is the only important objective function
of IP, which reflects the single-objective nature of
this task.

The NPV reflects different environmental states,
which may be due, for example, to different bank
rates at which different investment institutions offer
capital. The following symbols may be used in the
decision matrix:
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IPj — j-th variant of an alternative investment
project (j=1,...,m);

NPVi — net present value -corresponding
to the i-th variant of the investment project
(i=1,..,n), UAH.

A generalized version of the decision matrix is
shown in Table 1. Based on the numerical material
contained in the decision matrix, the investor can
use various methods to select the best investment
project. Let us consider the essence of the methods
that are of the greatest practical interest and
illustrate the corresponding calculation system
using conditional examples.

Wald's or maximin's rule. According to this rule,
the one that has the highest net present value under
the most unfavorable environmental conditions is
selected from the alternative investment projects
(IP;). To do this, find the minimum value in each
row of the decision matrix, i.e. for each alternative
NPV Then the maximum value is determined
among the identified minimums. The investment
project of an IP that corresponds to the maximum
value is considered to be the most economically
feasible — IP

opt*
p]Pap, = arg max, min; NPVV. (1)

An investor who makes a decision and is guided
by this rule shows a low risk appetite. He assumes an
extremely negative development of the environment
and accepts the least favorable development for
each investment alternative. The environment is
assessed as an opponent in a «two-person zero-sum
gamey». This way of investor behavior reflects an
attitude to the inevitability of unfavorable external
circumstances.

The maximax rule. For an optimistic investor, the
possibility of choosing the best investment project
is associated with the use of the maximax rule. He
chooses the investment project with the highest
numerical value of NPV. In this case, the investor
does not take into account the risk associated with
unfavorable environmental development when
making an investment decision. The optimal variant
of an investment project is determined by the
formula:

Hurwitz's rule. Hurwitz's rule combines both the
maximum and the minimum rule. This is achieved
by linking the maximum of the minimum values
and the maximum of the maximum values using
a convex linear combination. It is a rule called
optimism-pessimism. The investment project is
selected according to the formula:

IP,, = arg max; {(1-0)min,NPV' + o max; NPI"}, (3)
where a is the optimism coefficient, which can
take values from zero to one.

If a is equal to 1, then the choice of an alternative
project should be made according to the maximax
rule, and if o = 0, then the maximin rule. If the investor
has a negative attitude to risk, then he takes o= 0.4.

Bayes' criterion (rule). If the probabilities of
occurrence of possible states of the environment
Pi in relation to the value of the NPV; are known,
it is advisable to apply the Bayesian rule. The
value of the mathematical expectation MO’ of
the alternative investment project j plays the role
of the criterion, according to which the choice is
made. The value of the mathematical expectation
is calculated by multiplying the net present value
of the j-th alternative by the corresponding value
of the probability of occurrence of this state and
then summing. The investment project option is
determined by the formula:

1P, = arg max, " NPy P’ (4)

j=1
Let's assume that the probabilities of the
environmental states are known:

P={0,1;0,2; 0,3; 0,2; 0,2}, ZPj =1, (9
j=1

According to the Bayesian rujle, the second
investment project (IP,,, = 2) should be considered
optimal, since its mathematical expectation value is
higher than that of the other projects. The above rule
implies that the elements of the NPV, matrix also
express the utility of investment effects. Thus, the
change in utility in relation to the change in NPV is
assumed to be proportional, and the attitude to risk

is assumed to be neutral.
Bernoulli criterion. According to the Bernoulli

IP,, = arg max, max; NPV, (2) criterion, it is possible to replace the values of
Table 1
Decision matrix for selecting the best investment project
Alternative options State of the environment: numerical estimates of NPV
for investment projects (IPY) for investment project alternatives (NPV)

IP! NPV! NPV" NPV

[P? NPV NPV* NPV

[pm NpPV™ NpPV™ NpPym™
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mathematical expectation and risk levels of objective
functions (e.g., NPV) with expected utility (benefit).
Instead of monetary objective functions, the utility
that a decision maker associates with the goals set
and the expected degree of their achievement, taking
into account the personal attitude to risk, is used.
The assumption is that the decision maker is able
to assess the benefits of various investment projects.
The RBM is responsible for finding the maximum
moral hazard (MH). This maximum is calculated
for each alternative using the following formula:
MH,,, = arg max; ¥ B(NPV")P’, (6)

J=1

e ZB(NPV” ) — a digressive increasing utility
functioiz!

NPV i —is the net present value of the investment
project i, corresponding to the state of the j-th
external environment;

P’ — is the probability of occurrence of the state
of the j-th environment.

Conclusions. As shown, the single-objective
approach to solving investment planning problems
has become quite widespread in practical
activities to ensure the sustainability of enterprise
development. However, the single-objective
approach has a number of significant drawbacks
that can be avoided by using the methodology of
multi-criteria optimization, which is more efficient
(effective). Any task related to the development
of an investment plan (or the formation of an
investment portfolio consisting of real assets) and
solved in the system of ensuring the sustainability of
the enterprise's development is mainly an economic
task, since mathematical models of planning tasks
always contain at least one optimality criterion, the
nature of which is economic. Therefore, it is quite
legitimate to use the term «investment planning and
economic task». In order to achieve the best possible
final aggregate result of production and sales of
finished products, an enterprise pursues not one, but
several goals that are different in nature. This means
that the main approach to solving optimization
planning and economic investment tasks, which
used to dominate in theory and practice, should be
recognized as a multi-purpose approach rather than
a single-purpose one. The expression «to achieve
the maximum effect at the lowest cost» is quite
common in the economic literature, meaning that it
is necessary to develop a draft management decision
or find the best solution to an investment problem
while taking into account the numerical values of
two optimality criteria. This corresponds to the

concept of a multi-objective approach to solving
problems. A multi-purpose economic formulation
and its adequate mathematical formalization (i.e. an
economic and mathematical model) usually more
fully corresponds to the essence of optimization
tasks solved in modern systems of internal corporate
planning and management. The multi-purpose
approach to solving planning, economic, investment
and commercial tasks differs not only quantitatively
due to the use of a larger number of criteria, but also
qualitatively. This may be a direction for further
research.
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AHoTauis. Y cTaTTi TOCTIIKYIOTECS CydacHi MiAX0AN 10 6araTOKpUTepiaTbHOTO MOICTIOBAHHS SIK IHCTPYMEHTA CTpa-
TEriYHOTO YIPaBIiHHS IHBECTUIIISIMU. B yMOBax IMHAMIYHUX 3MiH PUHKOBOI KOH FOHKTYPH Ta 3pOCTar040i HEBU3HAYCHO-
CTi yXBaJIeHHsI €(DEKTHBHUX 1HBECTULIHHUX PillIeHb BUMArae BpaxyBaHHS YHCICHHUX KPUTEPIiB, 110 XapaKTepU3YIOTh SIK
(iHaHCOBI, Tak 1 He(h iHAHCOBI aCNEKTH AiSUIBHOCTI MiIPHEMCTBA. ABTOPH aKIEHTYIOTh yBary Ha 3Ha4eHHI OaraTtokpu-
TEpiaJbHOTO MIAXOMAY TS (OPMYBAHHS IHBECTHUIIMHUX CTpATEriid, sKi CIpPsSMOBaHI Ha 3a0C3IECYCHHS OBTOCTPOKOBOTO
3pOCTaHHS Ta KOHKYPEHTOCIIPOMOKHOCTI KOMIaHIH. Y CTaTTi pO3WISTHYTO KIFOYOBI MPUHIIUITHA 0araTOKPUTEPiaIbHOTO MO-
JICITIOBAaHHS Ta METOIH HOTO 3aCTOCYBAaHHS B IPOIIECI CTPATETIYHOTO YIPABIIHHSA 1HBECTUIIISIMH. 30KpEMa, aHATi3yIOThCA
TaKi METOIH, SIK aHaJli3 iepapXiil, METoAM JIIHIMHOTO MPOrpaMyBaHHs, HEYITKa JIOTIKa, a TaAKOX IHTErpOBaHi MOJEi, 10
MO€IHYIOTh Pi3Hi miaxonu. OKpeMy yBary NpHIiJIeHO BAKOPUCTAHHIO TaKuX (piHAHCOBHMX MOKa3HMKIB, SIK YUCTA [IPUBEICHA
Bapricte (UIIB, abo NPV — Net Present Value), sik oqHOro 3 6a30BMX KpHUTEPiiB OIIHKK iHBECTHUIIHHUX mpoekTiB. YIIB
JIO3BOJISIE BU3HAYUTH JOIUIBHICTh pealtizallii MPOeKTY, BPAXOBYIOUH BapTiCTh IPOIICH y Yaci Ta MalOyTHI IPOIIOBI TOTOKH,
10 poOUTH HOTO HE3aMIHHUM €JIEMEHTOM IHBECTHIIIHHOTO aHai3y. ABTOPH MMiAKPECITIOIOTh BaYIIUBICTh KOMILICKCHOTO
miaxomy, mo noexnye YIB 3 iHmuMu KpUTEpisiME, TAKUMHE K PEHTa0eTbHICTh iHBECTHIIIH, CTPOK OKYITHOCTI, BHYTPIIITHA
HopMma noxigHocti (IRR) Ta piBenb pusuky. Takuii miaxiz 103BoJIsie BpaxyBard (hiHAHCOBY CTIHKICTh MPOEKTY, HOTO BILTHB
Ha eKOJIOT1YHY CUTYaIli{0, COLiabHI HACIIJIKHU, & TAKOX BIIIOBIAHICTD CTPATEr1YHUM LIUISIM HIANPUEMCTBA. Y CTATTI TAKOX
00TOBOPIOIOTHCS KIIFOYOBI BUKJIMKH, 1[0 CTOSITH TIEPE/] MiAITPUEMCTBAMH ITiJ1 4YaC BUKOPUCTAHHS OaratoKpuTepialbHUX MO-
Jeneit, 30KkpeMa CKIIaIHICTh MOOYI0BH MaTeMAaTHYHHUX MOZETCH, HeoOXiJHICTh BUCOKOT KBai(iKaIlii mepcoHaiy, a TaKoxX
0OMEKeHHS, TIOB’s3aHi 3 JOCTYIIOM J0 aKTyaJbHHUX JaHUX. 3alPOIMOHOBAHO MUISXH MOMONAHHS IHUX MPOoOIeM, 30KpeMa
BIIPOBA/DKCHHS CyYaCHHX MPOTPAMHHUX 3ac00iB, aBTOMATH3AIlisl MPOIECiB 0OpOOKH JaHWX Ta BUKOPHUCTAHHS IITYYHOTO
IHTEJCKTY ISl MiABUIICHHS TOYHOCTI MOJICTIOBAHHS.

KurouoBi ciioBa: MozentoBaHHsI, IHBECTUIIIMHI IPOLIECH, CTpATEriyHe yIpaBIiHHI, TOKa3HUKH, OTHOKpUTEpialbHi Ta
OaraTokpuTepiaibHi MOJIETI.
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