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Abstract. The accurate evaluation of investment projects in modern business
environments remains a significant challenge. This is driven, on the one hand, by the
increasing stochasticity of the economic environment and, on the other hand, by the
growing complexity of business projects, which requires more accurate estimation,
particularly for long-term operations. Consequently, key parameters of business analysis,
such as the discount rate, market supply and demand, and sales volume, require more
advanced modeling approaches. Therefore, there is a need for a new paradigm for
investment evaluation. The proposed paradigm is based on representing key parameters
as continuous functions with stochastic components, while the investment analysis
process itself is formulated in terms of ordinary differential equations. The application of
this approach enables a more comprehensive assessment of the robustness of investment
projects through Monte Carlo simulations with respect to the stochastic properties of the
economic environment.
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Traditional approaches to investment project evaluation are still largely based
on discounted cash flow, net present value, and related deterministic capital-
budgeting indicators. However, recent studies increasingly emphasize that such
methods are often insufficient under modern uncertainty [1-3], since they treat key
inputs as fixed or scenario-based quantities and therefore do not fully reflect the
dynamic character of real economic environments [3]. One approach to improving
the accuracy of accounting for stochastic factors in mathematical models of financial
and economic forecasting is the use of ordinary differential equations (ODEs) with
input parameters represented by Fourier series [1, 2] and stochastic processes [4], as

well as the application of uncertain differential equations (UDEs) [3]. For example, in
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[1], a model was proposed for evaluating key economic indicators, including net
present value and the profit index, which are used to assess the efficiency of
investment projects. The model is formulated in terms of ordinary differential
equations incorporating a time-varying discount rate with periodic components
representing political risks, modeled via Fourier series. In turn, the supply and
demand coefficients derived from marketing studies, which are used as input
parameters in the differential equations [1], are estimated using various regression
models based on the least squares method. The developed methodology has
demonstrated good performance in forecasting an investment project related to the
sale of gasoline electrical generators. However, since supply and demand are
represented by regression models, a key limitation is the requirement for sufficiently
large datasets on the sales of similar products over a given time period. The
availability of sufficiently large statistical datasets from marketing studies is difficult
to ensure for new types of products that have recently entered the market, which
may impose certain limitations on the methodology [1].

In subsequent studies, ODE-based mathematical models were extended by
introducing two types of systems [2]: (1) for forecasting projects with long
preparation and development phases and a short implementation phase, and (2) for
forecasting projects characterized by time-periodic cash flows [4]. In addition, in [4],
a stochastic component modeled as white noise was introduced into the discount
rate. Given the incorporation of stochastic parameters into the governing equations,
the next step is to employ Monte Carlo methods for repeated statistical simulations.

Considering current trends, probabilistic techniques, particularly Monte Carlo
simulation, are widely used in investment appraisal. For example, Pawlak [5]
proposed a real-options valuation method based on double Monte Carlo simulation
for flexible and multi-stage projects, showing that managerial flexibility and
multiple sources of risk can be incorporated more effectively than in static appraisal
schemes. Similarly, Tveter et al. [6] demonstrated that Monte Carlo procedures can
replace point estimates in cost-benefit analysis with ranges and confidence intervals,
which may materially change decision outcomes. In applied project domains, Vilani

et al. [7] also combined capital-budgeting techniques, Monte Carlo simulation, and
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real-options analysis into an integrated appraisal framework for agricultural
investments.

Given the increasing relevance of Monte Carlo methods, additional stochastic
components are introduced into the systems of differential equations (1) and

(2) as follows:
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where V' is the production volume (the quantity of manufactured products) or the
volume of services/goods (for non-production sectors and retail trade); V. is the

production rate, units per determined time (day, hour, etc.); CP is the production
cost (of goods or services); CF is the cash flow; 7 ; is the initial investment provided

by the investor (or the investment at the beginning of the forecasting period); %, is

the expected sales coefficient for the enterprise over the forecast period, determined
using expert evaluation methods; k, is the depreciation coefficient, determined

using expert evaluation methods depending on the characteristics of the equipment,
the type of enterprise, and the depreciation calculation method; r is the discount
rate incorporating both deterministic and stochastic components; ¢ is the investor’s

interest rate; t is the forecasting time, with the integration step.
Considering that stochastic components are incorporated into the discount rate,

it can be written as follows:

1= foml (£)+ fon (£)+ Ry + Ry + 6,5 3)
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where 7, is the current discount rate value in the k-th Monte-Carlo run; f 1%%1 () and

f]%/} (¢) are continuous functions of political risks due to president elections in USA
and Ukraine that are modeled by Fourier series [1]; R s ~U(ai,s,b,¢) denotes the
uniform distribution with minimum value of inflation risk g, and maximum value
of inflation risk b, ; Ry, [] U(ay;,b,;) denotes the uniform distribution with minimum
value of industry risk coefficient a,; and maximum value of industry risk coefficient
by; ; o, is the standard deviation characterizing the intensity of stochastic
fluctuations of the discount rate; &, [ N(0,1) represents standard Gaussian

white noise.
The variables R,,, and R, are drawn once per Monte Carlo realization and kept

fixed over time, while &, [l N(0,1) is independently sampled at each integration step
t, of the numerical ODE solver for egs. (1)-(2), thus forming a discrete-time

approximation of white noise.

Conclusions

Thus, the ordinary differential equation-based mathematical model has been
adapted for Monte Carlo simulations, enabling the incorporation of stochastic
components into the investment analysis framework. The proposed approach allows
key economic parameters, including the discount rate, inflation, and industry-
specific risks, to be represented as random variables and processes. It should be
noted that the introduction of stochastic components does not inherently improve
the predictive accuracy of the model; rather, it provides a more realistic
representation of uncertainty. The primary advantage of the proposed methodology
lies in enabling a more rigorous assessment of the robustness and sensitivity of
investment projects under uncertain market conditions. The separation of
parametric and dynamic uncertainties ensures a consistent and structured modeling
framework. Therefore, the developed approach can be effectively used for robust
decision-making support in investment project evaluation, particularly in the

presence of significant uncertainty.
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IMTPOBJIEMU AHAJII3Y E@EKTUBHOCTI BUCOKOTEXHOJIOTTYHUX
JTOBIrOCTPOKOBUX IHBECTUIIIMTHUX IMMPOEKTIB YV CYYACHUX YMOBAX
CTOXACTUYHOI'O EKOHOMIYHOTI'O CEPEJOBHUIIA

E.O. JlanixaHos, [I. B. KabaueHKoO

AHomauisa. TouHa ouiHKa IHEeCMUUITIHUX NPOEKMI8 Yy cydacHomy Oi3Hec-cepedosuuli
3anumaemscs cymmesoio npobnemor. Lle 3ymoeneHo, 3 00H020 0OOKY, 3POCMAHHIM
CMOXACMUYHOCMI eKOHOMIUHO020 cepedosuuid, a 3 iHUI020 — NiIOBULEHHIM CKAAOHOCMI
0i3Hec-npoekmis, w0 nompebye OiLlbW MOUHO20 OYIHKWBAHHS, 0CO0UBO0 Ons
00820cmMpoOK0BUX npoyecis. Y 38’13Ky 3 YyuM Kaouoei napamempu 0i3Hec-aHa i3y, maki
AK cmaeka OUCKOHMYBAHHS, PUHKO8I nonum i npono3uyis, a makoxc o6csizu npooaxis,
nompeb6yroms 3acmocysaHHs Oinbl dockoHanux nioxodie 0o modenosauHs. Tomy
BUHUKAE HeoOXiOHicmb y (opmy8aHHi HOB80i napaduzmu OUIHIOBAMHS [H8eCMUUYili.
3anponoHosaHa napaduzma rpyHmMyemMuscsl HaA NOOAHHI KJIHOU0BUX napamempis y 8uznsoi
HenepepeHuX (QYHKYIll 3I cmoxacmuyHumu cKaadosumu, modi AK cam npoyec
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iHeecmuuyitiHo20 auHanisy opmanizyemuocsi 3a 00NoM02010 38uuaiiHux dugepeHyianbHUX
pigHsaHb. 3acmocysanHs makozo nidxody dae 3mozy 30ilicHiosamu Oibll NOBHY OYIHKY
pobacmHocmi iH8ecmuuyiliHux npoekmie 3a donomozoi memodie Monme-Kapno 3
YPaxy8aHHIM CMOXACMUYHUX 8]1aCMUB0Ccmeti eKOHOMiuH020 cepedosulya.

Knwuoei cnoea: sucokxomexHosnoziuHi 00820cmpoKosi iHeecmuuii, 0i3HeC-npoekm,
cmaska OUCKOHMYB8AaHHs, 38uuatiHi dugepeHyianvHi pieHAHHS, psdu Dyp’e, uucma
npusedeHa sapmicms, iHdekc npubymkosocmi, memodu Monme-Kapo.
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