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The article examines the theoretical foundations and practical approaches to defining the stationary state of the economy, analyzing the trajectory of eco-
nomic growth, and assessing the accompanying economic risks. In conditions of global instability, financial shocks, and systematic internal imbalances, the
substantiation of methods for assessing equilibrium states and identifying factors that may cause deviations of the actual development trajectory from the
theoretically substantiated one becomes particularly significant. The article reveals the essence of the stationary state as the ultimate aim of the transitional
process (dynamic trajectory), reflecting the balance of all macroeconomic parameters. It is to this state that the economic system aspires under the influence
of fundamental parameters — the savings rate, population growth rates, capital depreciation, and levels of technological development, labor productivity, and
investment activity. The study utilizes orthodox (one-dimensional) models of economic dynamics, specifically the Solow model, the Ramsey — Cass — Koopmans
model, the Mankiw — Romer — Weil model, as well as the proposed authors’ (multidimensional) system of equations that reflects intersectoral relationships
within the country’s economy. A new approach to the quantitative assessment of economic risk is proposed based on the interval of estimates of capital intensity
over time, which allows for tracking the degree of deviation from the stationary state and forming an understanding of the economy’s resilience to negative
internal and external factors. The mechanism for identifying a numerical measure of risk based on the behavior of the trajectory of economic development is
also substantiated, and the consequences of a high level of risk for the investment climate, dynamics of productivity, employment, financial stability, and the
overall socioeconomic security of the country are discussed. The results of the research can be used to improve the quality of macroeconomic forecasts, strategic
development planning, and the formulation of effective economic policy in a turbulent external environment.
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Mo3Hsk C. 1., Konada f0. B. PusuKku eKoHoMiYH020 3p0CMaHHA Ha nidcmasi OuHamiyHux modeneli
Y cmammi docnidxcytombca meopemuyHi 3acadu ma npakmuyHi nioxoou 00 BU3HAYEHHS CMAYIOHAPHO20 CMAHY eKOHOMIKU, GHAAI3y MPAEKMOPIi eKOHOMIY-
HO20 3pOCMAHHA MA OUIHKU CYMyMHb020 EKOHOMIYHO20 PU3UKY. B ymosax 2n06ansHoi HecmabinbHoCM, (iHAHCOBUX MOMPACIHb MA CUCMEMAMUYHUX BHY-
mpiwHix ducbanaHcie 0c061u8020 3Ha4eHHA Habysae 0brpyHMYBAHHA Memodis OUIHIOBAHHA PIBHOBAMHO20 CMAHY MA BUABNEHHA aKMOpIe, Wo MOXYMb
3yMOB/1I08aMU 8iOXUAEHHSA (haKMUYHOI MPaekmopii po3sumKy 8i0 meopemuyHo 06rpyHMoBaHoi. Y pobomi po3Kkpumo cymHicmes cmayioHapHo20 CMaHy AK
KiHyesoi Memu nepexioHozo npoyecy (OuHamiyHoi mpaekmopii), wjo 8idobpaxcae 36a1aHCOBAHICMSb YCix MAKPOEKOHOMIYHUX napamempie. Came 0o Hei npae-
He eKOHOMIYHa cucmema nio 8naAUSOM yHOGMeHMAbHUX napamempig — HOPMU 300WAOXEHHS, MeMnig NPUPOCMy HaceneHHa, amopmu3sayii Kanimany ma
piBHA mexHon02i4Ho20 Po38UMKY, MPOdyKMusHoCmi npaui i iHeecmuyjiliHoi akmusHocm. Y d0CaiOHeHHi 8UKOPUCMOBYIOMbCA 0PMOOOKCAbHI (00HOBUMIPHI)
Modeni ekoHoMiYHOI UHamiKU, 30kpema modesb Conoy, modens Pamces — Kacca — Kynmawca, modenb MeHk'to — Pomepa — Belina, a makox 3anponoHosaHa
a8mMopCcbKa (602amosuMipHa) cucmema pisHAHb, W0 8I006PAXAE MiXCeKMOopPasbHi 630EMO36’A3KU 8 MEHAX eKOHOMIKU KpaiHU. 3arponoHo8aHo Hosull nioxio
00 KinbKicHOI OYiHKU eKOHOMIYHO20 PU3UKY HO OCHOBI IHMeEP8ay OUIHOK Kanimanomicmkocmi 8 4aci, wjo 00380/1A€ Mpocmexumu cmyniHb 8idxuneHHs 8io
CMayioHapHo20 CMaHy ma cghopmysamu yseseHHs npo cmitikicme eKoHoMiKu 00 HeeamueHUX (hakmopie 8HyMpiHb020 Ma 308HiWHb020 XapaKmepy. TaKoH
00I'pyHMOBAHO MEXAHI3M iOeHMUGIKayii Yucao8oi Mipu PU3UKy 3a MoBediHKO MPAEKMOPIi eKOHOMIYHO20 PO3BUMKY, 3G3HAYEHO HACAIOKU BUCOKO20 PiBHA
pU3uKy 09 iHeecmuyiliHo2o Knimamy, duHamiku MpodykmueHocmi, 3aliHAmocmi, GiHaHcoB8oi cmabinbHOCMi Ma 3a2a/6HOI COUiabHO-eKOHOMIYHOT be3nexu
Oepxasu. Pesyabmamu docaioxeHHa moxyme 6ymu 8UKopucmaHi 044 MidBUWEHHA AKOCMi MAKPOEKOHOMIYHUX MPO2HO3i8, CMpame2iyHo20 NAGHY8AHHA
p038UMKY ma pPo3pobKU eheKMUBHOT eKOHOMIYHOT MOAIMUKU 8 yMoBax MypbYaeHMHO20 308HiUIHB020 CepedosuLyd.
Knroyosi cnosa: cmayioHapHUli CMaH eKoOHOMIKU, MPAEKMOPIS eKOHOMIYHO20 PO3BUMKY, eKOHOMIYHUL PU3UK, eKOHOMIYHE 3pOCMAHHS, Mo0esi eKOHOMIYHO20
3DOCMAHHA.
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he etymology of economic risk is described in

detail in [1]. In today's environment (global in-

stability, growing economic challenges, etc.),
preventive assessment of sustainable economic growth
is of particular relevance. The ability of the economy
to maintain the optimal level of production and adapt
to internal and external shocks determines both the
welfare of society and the prospects (medium or long-
term) of the country's competitiveness. The nonlinear
dynamics of economic evolution is accompanied by
various fluctuations, structural changes, and various
risks, which can significantly slow down the transition
to a stationary state or significantly deviate from the
equilibrium point.

The study of the equilibrium state as a special
case of the dynamic trajectory of the economic system
and its risks is extremely important for the develop-
ment of effective macroeconomic policies aimed at
ensuring the sustainability and predictability of eco-
nomic growth in the medium and long term. This is es-
pecially true for emerging economies, as their vulner-
ability to external shocks, global market fluctuations,
financial instability, and internal structural imbalances
can quickly lead to a loss of macroeconomic balance
and an aggravation of socioeconomic problems.

Understanding the nature of the steady state al-
lows us to identify the fundamental limitations of the
economic system, determine its potential for sustain-
able growth, and assess whether the current develop-
ment trajectory is in line with equilibrium parameters.
An analysis of the factors that deviate the economy
from steady state, as well as the risks that exacerbate
fluctuations in macroeconomic indicators, provides
the basis for developing effective mechanisms to pre-
vent crises and mitigate their consequences.

The article analyzes the key theoretical and meth-
odological approaches to determining the steady state
of the economy, reveals the mechanisms of influence
of both internal and external factors on the trajectory
of economic growth, and provides a comprehensive
assessment of the risks accompanying these processes.
The results obtained are of great practical importance
for improving forecasting models and increasing the
accuracy of economic forecasts.

Analysis of recent research and publica-
tions. Recent studies have increasingly explored the
quantitative estimation of steady-state growth us-
ing advanced econometric techniques. For instance,
Kohlscheen and Nakajima [2] employ a time-varying
parameter structural VAR model to estimate real-time
benchmark growth rates for major economies, demon-
strating a decline in the U.S. steady-state GDP growth
from above 3 % in the 1990s to around 2.4% by 2019.
This objective benchmark highlights the presence of
persistent slack and potential risk emerging from de-
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viations between observed output and the estimated
equilibrium.

In the field of multidimensional risk quantifica-
tion, Matutinovi¢ et al. [3] offer a simulation model
capturing theoretical conditions for a global steady-
state economy, focusing on how economic trajectories
respond under systemic constraints. Complementari-
ly, the IMF’s work on model-based risk assessment [4]
constructs predictive distributions of macro variables
using non-linear structural models, addressing down-
side tail risks and skewness in growth forecasts. These
approaches align closely with our proposed frame-
work for tracking deviations via capital intensity inter-
vals and quantifying economic resilience.

Other recent contributions include empirical
analyses of sustainable growth drivers. Wang et al.
(5] study developed economies and find that renew-
able energy consumption and scientific progress sig-
nificantly promote sustainable GDP expansion, with
elasticity estimates of 0.12% and 0.35%, respectively.
Additionally, Klimek, Poledna, and Thurner [6] intro-
duce input-output susceptibility as a nonequilibrium
resilience measure, showing that sector-specific vul-
nerabilities improve forecasts of economic recovery
post-shocks. These studies reinforce the relevance of
multidimensional indicators — energy, technology, and
structural resilience — in understanding deviations
from the steady state and their policy implications.

Highlighting previously unresolved parts of
the overall problem. Despite extensive research on
economic growth modelling, several aspects remain
insufficiently addressed. First, the practical integration
of the concept of a steady state with real-world deve-
lopment trajectories is often limited to purely theo-
retical frameworks without a mechanism for empirical
identification of deviations. Classical one-dimensional
models provide an abstract understanding of long-
term equilibrium but do not reveal the multidimen-
sional nature of economic dynamics under conditions
of global instability and persistent internal imbalances.

urthermore, the existing literature rarely offers

a robust quantitative measure of economic risk

associated with deviations from the steady state.
While many studies recognize the presence of risk
factors, they often lack an approach to evaluate the
degree of risk based on the dynamic behavior of the
economy’s capital intensity and other fundamental
parameters over time. This gap restricts the practical
applicability of growth models for macroeconomic
forecasting and risk management.

Lastly, the relationship between the identified
level of economic risk and its implications for the in-
vestment climate, productivity growth, and socio-eco-
nomic stability remains underexplored. Prior research
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does not sufficiently link deviations in the develop-
ment trajectory with concrete outcomes for economic
resilience. This study addresses these unresolved as-
pects by proposing an approach to risk quantification
rooted in the trajectory’s behavior, thus bridging theo-
retical constructs with practical economic analysis.
The aim is to develop and substantiate a metho-
dological framework for assessing the steady state of
the economy, analyzing the trajectory of economic
growth, and quantifying the associated economic risk.
By integrating orthodox growth models with an origi-
nal multidimensional system of equations, the study
aims to identify the fundamental parameters that de-
termine the long-term equilibrium and to propose a
practical approach for measuring deviations from it.

steady state of economic development is an

equilibrium state of the economic system in

which the main macroeconomic indicators
(output, capital and consumption per capita, etc.) re-
main stable over time, i. e., within fixed limits, even
when the overall level of production grows in line with
the rate of population growth or technological prog-
ress. In other words, in a steady state, the economy
moves along a steady development trajectory, where
the rate of capital accumulation fully compensates for
its depreciation and provides the necessary level of re-
sources for new generations.

Achieving steady state depends on many factors.
The most important among them are the level of sav-
ings and investment, which determines the opportu-
nities for capital accumulation, the rate of population
growth, which affects the distribution of goods and
resources produced per capita, and the rate of tech-
nological progress, which increases labor productivity
and resource efficiency. The depreciation rate, which
characterizes the rate of depreciation of fixed assets, as
well as institutional and political conditions that create
a favorable environment for stable economic develop-
ment and minimization of economic risks, play an im-
portant role.

A number of classical and modern economic
models are used to estimate the steady state. The most
well-known is the Solow — Swan model, which explains
how savings, population growth, and technological
progress interact to determine the equilibrium level of
capital and output per capita. The Mankiw — Romer —
Weil model complements this concept by introduc-
ing human capital as a separate factor of production,
which allows for better accounting for the qualitative
characteristics of the labor force and explaining differ-
ences in income levels between different countries. At
the same time, the Ramsey — Cass — Koopmans model
offers an endogenous approach to modeling economic
growth by considering household decisions on the in-
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tertemporal distribution of consumption and savings,
which allows for a deeper understanding of the mech-
anisms of reaching a steady state. In addition to these
models, other modifications are used that take into ac-
count the impact of economic openness, the role of the
public sector, structural changes and external shocks,
which allows for flexible assessment of the equilibrium
state and development of sound economic policies to
ensure sustainable economic development.

The trajectory of economic growth is a sequence
of changes in key macroeconomic indicators over
time, which reflects the movement of the economy
from an initial state to a final state — a stationary or
equilibrium state. In other words, it is a dynamic path
by which an economic system gradually approaches its
steady state, determined by such fundamental param-
eters as the savings rate, population growth rate, level
of technological progress, and capital depreciation.
The trajectory of economic growth shows how pro-
duction, capital, and consumption per capita change
in the process of transition from one state to another,
taking into account external influences and internal
structural changes.

In the short and medium term, the trajectory of
an economy can deviate significantly from its steady
state due to cyclical fluctuations, supply or demand
shocks, changes in investment activity, or the impact
of economic policy. However, in the long run, the
economy usually tends to return to an equilibrium tra-
jectory if there are no significant disturbances in the
fundamentals.

conomic growth models allow us to theoreti-

cally describe not only the steady state itself, but

also the entire process of achieving it, determin-
ing the shape of the trajectory of convergence or diver-
gence from the equilibrium level. In particular, models
[7-16] demonstrate how an economy starting with a
low level of capital grows rapidly due to high marginal
productivity of capital, and as it approaches steady
state, the growth rate gradually slows down.

Economic growth risk is a numerical measure of
the probability that the actual trajectory of economic
development will deviate from the planned or fore-
casted level of growth due to the impact of unfavorable
internal or external factors. In other words, growth
risk reflects the degree of uncertainty regarding the
achievement of stable economic development rates
and the maintenance of the economy on a trajectory
leading to a stationary or equilibrium state.

The level of economic growth risk is affected by
both external and internal factors. External factors
include global economic shocks, fluctuations in raw
material and energy prices, changes in global market
conditions, international financial instability, geopo-
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litical tensions and trade conflicts. Domestic factors
include macroeconomic imbalances, inefficient pro-
duction structure, low level of innovation and techno-
logical development, unstable political situation, weak
institutions and corruption. Also important are factors
related to demographic dynamics, the quality of the la-
bor force and the availability of capital for investment.

A high degree (level) of economic growth risk
has a number of negative consequences for the econ-
omy, which manifest themselves in both the short and
long term. First and foremost, it leads to increased
volatility of macroeconomic indicators: GDP growth
rates become unstable, the cyclicality of development
intensifies, and the likelihood of sharp recessions and
protracted crises increases. This has a negative impact
on the investment climate, as increased uncertainty
reduces the propensity of businesses and households
to invest and plan for the long term. As a result, the
volume of capital investments decreases, the renewal
of production capacities and the introduction of inno-
vations slowdown, which in turn worsens labor pro-
ductivity and economic competitiveness.

rising costs of financing the economy: banks and

investors build risk premiums into interest rates
and project profitability requirements. This compli-
cates access to credit and investment resources, espe-
cially for small and medium-sized businesses. In the
social dimension, unstable economic growth can lead
to lower incomes, higher unemployment, and a dete-
rioration in the quality of life, which increases social
tensions and distrust in the government.

A high level of risk can be identified by analyz-
ing the trajectory of economic development. The main
signs are frequent and sharp fluctuations in produc-
tion growth, the absence of a clear tendency to con-
verge with the equilibrium or steady state, constant
deviations of actual indicators from the forecasted
levels, and a tendency to reduce the stability of invest-
ment and consumption. If the trajectory of the econo-
my is characterized by repeated boom and bust cycles
with no signs of long-term leveling off, this indicates
the presence of high internal or external risks.

Research methodology: Using one-dimen-
sional dynamic models. To model economic growth,
we will consistently consider the Solow — Swan [7-9],
Ramsey — Cass — Koopmans [10-12], Mankiw —
Romer — Weil [13], and the author's model described
in [14-16).

Solow's nonlinear model of economic growth was
developed in 1957 [7-9]. It was based on the Cobb —
Douglas production function, where the economy was
described by two factors: capital and labor. The for-
mula of the equation is as follows:

In addition, the high level of risk is accompanied by
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Y = AK“IP, 1)

where a and { are the elasticities of change of capital
and labor, respectively, and the coefficient A respon-
sible for technical progress. Additional assumptions
of the model are as follows: capital intensity k = K/ L
does not remain constant, as assumed in Keynesian ap-
proaches, but changes depending on macroeconomic
conditions in the country; prices, goods, services, and
resources are formed by the market mechanism; the
growth rate of labor resources corresponds to the av-
erage growth rate of the population, but changes in
wages are not taken into account in the dynamics.
It is also assumed that at the initial stage there is no
population growth and no technological progress. The
parameters of the savings rate, depreciation, technical
progress, capital and labor elasticities, and population
growth rates are assumed to be constant, although in
real conditions they change over time [7-9].
Finally, Solow's equation takes the form:

k® = sdk® —(d +n)k, ky =k(t,), (2)
where variable k = k(£) corresponds to the capital in-

tensity; £° :%— its first derivative; coefficient s —
t

capital accumulation rate; constants A and o are the

Cobb - Douglas functions, accordingly A reflects indi-

rect costs, and the value of « is the elasticity; the coef-

ficient d — the degree of capital disposal; n — average

growth rate of the employed population.

librium in which the amount of capital per capita

remains constant over time, as Capital gains from
investment are exactly offset by depreciation and the
needs arising from population growth. In this state,
the rate of economic growth is determined only by the
rate of population growth and the rate of exogenous
technical progress, while at the level of one worker,
output and capital are stabilized at a constant level.
The steady state in the Solow model is determined by
fundamental parameters: the savings rate, the popula-
tion growth rate, the depreciation rate, and the level
of technological development. It is this state that the
economy tends to reach in the long run, and deviations
from it are gradually smoothed out by the mechanism
of equalization through changes in the marginal pro-
ductivity of capital. The steady state corresponds to
the expression:

In the Solow model, steady state refers to an equi-

1
-
} ) (3)

where s — the higher the share of savings, the more
resources for investment — more sustainable capital;

k*={ sA
d+n
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A - level of technology: the more efficient the produc-
tion, the more can be produced per unit of capital;
d+n — “burden” that needs to be covered by invest-

is the net investment

ments. Thus, the fraction
+n

rate per effective employee, which covers losses and
gains.

Note: The size of the fraction increases as the
numerator increases and decreases as the denomina-
tor increases. This is the balance between how much
the economy invests (through savings and technology)
and how much is needed to compensate for deprecia-
tion, population growth, and technological progress.
The higher the savings rate or technology, the higher
the fixed capital stock. The higher the depreciation,
population growth, or rate of technological progress,
the lower the sustainable capital.

By integrating the differential equation (2), we
write its analytical solution:

1
_ l-o sA —(d+n)t sA |1-a
ko _(ko d+nje Jra’+n_ - @
Equation (4) can also be rewritten as:
1

k() =| (K7 - )o@ g e i (s)

Or:
1

KO =| (K72 ke (1

where k¢ * - is responsible for the initial level of capi-
tal intensity, which is adjusted for elasticity; &= - is
responsible for the steady-state level of capital intensity,
which is also adjusted for elasticity (k(l)_“ —K T ) -
means the initial deviation from the steady state;

e (@M1 _speed of convergence to the steady state.

he calculation of economic risk based on capi-
tal intensity involves the use of an interval of
estimates of this indicator for the current pe-

riod of time. To do this, you need to determine the

expected upper limit k(). and the lower limit

k(t).;,. reflecting, respectively, the most optimistic

and pessimistic scenarios of the capital intensity level.
The economic risk itself in this approach is estimated
as the relative spread of this interval relative to its mid-
dle and is determined by the formula:

R = KO + kO
(k(t)inax - k(t)inin) /2
Factor (7) demonstrates the degree of uncertain-
ty in the value of capital intensity at a given point in

(7)
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time. The wider the gap between the upper and lower
estimates, the higher the risk of economic develop-
ment, as this indicates greater variability or unpredict-
ability of the resource provision per employee. This
method allows quantifying risk as a function of the
spread of forecasts of the key parameter of the growth
model and is used to assess the reliability of economic
forecasts and develop policies taking into account pos-
sible fluctuations.

The expected upper limit can be calculated as:

1
() . = [(ké‘“)e‘”*"” +i}“" )
d+n

In equation (8), the first term reflects how the
initial level of capital intensity decreases over time due
to capital depreciation and population growth. The
longer the time period and the higher 4 and #, the fast-
er this effect reduces the contribution of initial capital.
The second term reflects the equilibrium contribution
of savings and productivity to the maintenance of capi-
tal per worker. This is the “steady-state” part that capi-
tal intensity tends to reach in the long run. It shows
the balance between investment financed by savings
and capital losses due to depreciation and population
growth. Thus, formula (8) shows the maximum pos-
sible level of capital intensity per worker under ideal
conditions — that is, when the economy fully realizes
its savings potential and does not face any negative de-
viations or shocks.

The expected lower bound is given by the equa-
tion:

i
K ()i = Kk&‘“ —i)e‘“’”)’}l‘“ C)

d+n

Formula (9) describes a scenario where the econ-
omy develops under less favorable conditions com-
pared to the baseline or “optimistic” scenario. Unlike
the upper bound formula, where the second term with
savings is added and “pulls” the capital intensity up-
ward, it is subtracted here, which shows that the actual
level of investment or its efficiency may be lower than
the estimated maximum. In particular, the expression

in brackets (k(l)a - dSA

j means that the initial level
+n

of capital intensity is partially “adjusted downward” by
the equilibrium contribution of savings. This corre-
sponds economically to a situation where a part of po-
tential investment resources is not realized for various
reasons, such as low financial market efficiency, losses
due to institutional problems, or external shocks. Mul-

tiplication by an exponent e @ ghows how this re-

duced capital stock is further reduced over time by de-
preciation and population growth. Thus, the formula
describes the trajectory of capital intensity under the
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minimum possible scenario, when the economy is not
able to fully compensate for capital depreciation and
population growth through its own savings.

Taking into account formulas (8) and (9), the risk
of economic growth for the Solow model can be deter-
mined by the formula:

1
(ke ]

e

N (k(l)—a_ sA je—(d+n)t l-a
d+n (10

1

l:(k(l)—oc)e—(dm)t N dsfn}l—a B

R=

1/2

_|:[k(1)—a _ s4 je—(dm)z }1—0‘
d+n

But given the inequality a;—b >Jab for posi-

tive numbers a, b there will be an approximate assess-
ment of the degree of risk:

1

[( k(l)—(x) o sA }l—a
d+n

R< 1 11)
( e sA ) (@ =
0 d+n
Or:
o1
{( k(l)fot) A }2(1(1)
R< d+n (12)

|:(k(l)—oc 84 je—(d+n)t:|
d+n

The Mankiw — Romer — Weil model [13] is es-
sentially a modification of the Solow model with the
addition of human capital (H). Thus, the production
function is written as follows:

Y = AK“HP [P (13)
and the dynamic model itself takes the form of a sys-
tem of differential equations as:

k® =5, AK*hP —(d +n)k, ko =k(t,),

h® =5, Ak®hP —(d +n)h, h, =h(t,),

where s, — rate of accumulation of physical capital,

a s, — rate of human capital accumulation, # — human
capital per unit of labor.

The steady state for the capital intensity of pro-

duction in the model can be found as:
1

B l-a—
A S s A “B’
s, ) d+n

14)

(15)
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and for human capital stocks per unit of labor:

ezl

SkA I-o—-pB
d+n '

Integrating system (14), we can obtain analytical
solutions for k(t) and k(¢), respectively:

(16)

1
(kg)—a—ﬁ _Mj NS

k(t) = dn .7
(85 +5,)4
+—
d+n
b
( pah _ (Skd+ Sh )AJ ot HHS(IS)
h(t) = T )
N (s +5,)4
d+n

Further calculations are shown in Thl. 1.
Then the approximate risk will be calculated us-
ing the formulas:
1

(k(l)—a—B)ef(dJrn)t N (s +5,)4 |20-o=P)

R, < d+n (1’9)
(kl—a—ﬁ _S(Sk”h)Aj ~(dne
0 e
d+n
and:
_
(Hyop)ertsmn ()4 R
d+n (20)
Ry < :
( pi-op _ S(SkHle o
0
d+n

for physical and human capital stocks per unit of labor,
respectively.
The Ramsey — Cass — Koopmans model [10-12]
is based on a similar production function as (1).
Its basic formula can be expressed through the system
of equations:
k* = Ak* —c—(d + n)k, ky =k(ty),
R (21)
¢ =2 @Ak —r=p)e, @ =c(t,)

where 0 — constant elasticity of substitution r — the

rate of decrease in assets per unit of labor, p — coef-

ficient of intertemporal preference of the consumer.
The steady state for capital intensity is equal to:

1
k*:{ aA :|1a’
r+p

and for consumption per unit of labor:

o 1
¢ :A{ od }1‘“ —(n+d) [ﬂ}l‘“. (23)
r+p

r+p

(22)

BIBHECIHOOPM N¢ 7_2025

www.business-inform.net




Table 1

Index Lower limit Upper limit
_ _ 1 _ 1
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- 1 ) 1
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L d+n ] L d+n

n analytical solution of the Ramsey — Cass —
AKoopmans model in general (i. e., a complete
closed solution) cannot be obtained due to
its significant nonlinearity and interdependence of
capital and consumption dynamics: the model equa-
tions form a nonlinear system of differential equa-
tions, where the change in consumption depends on
the marginal productivity of capital, and the change in
capital depends on the level of current consumption.
Such a system does not have a closed solution in the
form of elementary functions for arbitrary initial con-
ditions and parameters, so in practice either station-
ary characteristics or numerical integration are used
to analyze trajectories of convergence to equilibrium.
Formally, the solution can be written as a non-
linear integral:
e L aare —r—p)e

L)

c J Ak* —c—(d +n)k
However, if we recall that ¢ — is an exogenous

variable and write it as ¢k, where c; = c/k, then the

steady state can be found by the formula:
1

dk. (24)

PR . S
ld+n+ C; ' (25)
Then the analytical solution will be:
1
[ (1)—01 _d A je—(d+n+c,-)t+ 1-a
+n+c
k(1) = e . (26)
A
+—
d+n+c

And the upper and lower bounds will be the ex-

pressions:
1

—a) - A 1o
k(¢ _ kl o (d+n+c;)t T , 27
()max |:( 0 )e d+n+cl~ ( )
and
1
17
A (RPN B S
d+n+g
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In accordance with formulas (27) and (28), an ap-
proximate numerical measure of economic risk is cal-
culated by the formula:

(kl—oc )e—(d+n+cl»)t + A 2(1-0)
0 d+n+c

( k(l)—a ! ]e(d+n+cl»)t
d+n+c

Using the author's model of economic growth.
For this model [14-16], the main factors of production
are private capital K, public capital K 4o NUMan capi-
tal (knowledge) H, fabor L and the variable factor R.
Variable factor R in a single-sector production model
is responsible for the land factor N. A modified Cobb —
Douglas function of the form:

Y, = AK§, Kb HIN®L™PT0  (30)

where a - is the coefficient of elasticity of private capi-
tal; B — public capital elasticity coefficient; y — human
capital elasticity coefficient; ¢ — elasticity of the vari-
able factor, in this case, land.

apital in the model is divided into private and
‘ public, which allows for a more accurate ac-
counting of the differences in the functions and
role of each sector in the process of economic growth.
Investments are made through aggregate savings,
which reflect the ability of the economy to effectively
channel resources for development. Thus, capital dy-
namics can be described through three key indicators:
private sector capital intensity, which determines the
volume of private investment; public sector capital in-
tensity, which characterizes investments in public in-
frastructure and public goods; and aggregate savings
per unit of labor, which is the main source of invest-
ment in the economy. This approach allows for a deep-
er exploration of the interrelationships between private
and public investment, as well as their joint impact on
labor efficiency and long-term economic growth.
The innovation sector generates new knowledge
by the production function:

R<
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AH =BKY L, (31)
where K, — capital raised in the innovation sector,
L, - labor involved in the innovation sector, v — elas-
ticity of capital in the innovation sector. Total capi-
tal in the economy K, can be found by the formula:
Ky =Ky + K, + Koy similar to labor: L, , = L, + L.

Full single-sector multivariate model in general
form:
Ky =iy +ip —(d,, + 1)k,
k;ov =8~ (dgov +n) kgov +1x,
(32)

o o 7B Y., 0 . .
m’ =sAk,, koo, h'ny — (g +nm+iy, +iy,),

h* = Bkl — nh,

where kpr — capital intensity of the private sector;
dpr — depreciation ratio of private capital; n — average
growth rate of the employed labor force; i, — domestic
investment per unit of labor; i, — foreign investment
per unit of labor; kgov — capital intensity of the public
sector; g — taxes per unit of labor; d v ™ depreciation
ratio for public capital; £ — net government interna-
tional transfers; m — total savings per unit of labor;
s — accumulation rate; n,; — land factor per unit of la-

bor; i, — external investment per unit of labor.

L
nous, their stationary values will be as in T5l. 2.

The next step is to find all the analytical solutions
of the model components under the same condition on
the exogenous parameters i, , i, zf, tx, k ,ig (Tbl. 3).

Lower and upper bounds can be found using the
formulas in ThL. 4.

The approximate degree of risk will be calculated
using the formulas in ThL 5.

Provided that L lf, tx, k d and g are exoge-

Practical results of computer modeling of the
numerical measure of economic risk. First of all, let's
consider the risk of economic system evolution in the
context of the above models in the time dimension
(Fig. I) based on data from [17].

The calculation of risk based on the results of
economic growth modeling showed significant differ-
ences depending on the model chosen. The lowest lev-
el of risk for private capital was recorded in the mul-
tivariate author's model. This is explained by a much
smaller number of critical and unrealistic assumptions
compared to classical models, as the author's model
integrates a wider range of factors without a rigid as-
sumption of a constant savings rate or consumer pref-
erences, which reduces the structural vulnerability of
risk calculations.

In the Solow model, the risk was somewhat
higher. This is due to its simplicity: the model assumes
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that population growth and technological progress are
exogenous, which does not allow for internal shocks
in economic development. The sharp increase in risk
according to this model was particularly noticeable in
the late 1980s and early 1990s, due to large-scale struc-
tural transformations of developing economies and
the transition to market systems.

he Mankiw — Romer — Weil model demon-
Tstrated a level of risk comparable to the Solow

model, due to its basis on the classic assump-
tions of the Solow model with the addition of human
capital. This model showed an increase in risk in the
early 2010s due to global structural changes in the la-
bor market and the role of human capital in the con-
text of digitalization.

The highest risk was obtained with the Ramsey —
Cass — Koopmans model. The reason for this is its
methodological approach, which defines savings as
the difference between output and consumption. This
concept is not realistic enough for practical applica-
tion, as it ignores the institutional and market con-
straints that govern the dynamics of savings in mod-
ern economies. The growth of risk under this model
became particularly pronounced in the late 1990s and
throughout the 2000s, peaking in 2008 under the influ-
ence of the global financial crisis..

Almost similar results were obtained for the
Ukrainian economy in terms of ranking models by risk
(Fig. 2).

The calculation of the economic growth risk for
Ukraine showed that according to the Solow, Ramsey —
Cass — Koopmans, and Mankiw — Romer — Weil mo-
dels, there is an increasing risk dynamics: in the Solow
model due to its dependence on exogenous techno-
logical progress and population growth rates, which in
the Ukrainian context demonstrate instability; in the
Mankiw — Romer — Weil model due to high sensitiv-
ity to changes in the level of human capital accumula-
tion, which in Ukraine is characterized by an outflow of
skilled labor; in the Ramsey — Cass — Koopmans model,
the risk increases the most, as this model is based on
the assumption that savings are defined as the differ-
ence between output and consumption, which does not
correspond to the realities of the Ukrainian economy
with its low propensity to save and limited investment
potential. Instead, the author's multidimensional mod-
el showed minimal downside risk due to the inclusion
of a wide range of macroeconomic indicators (includ-
ing actual capital flows, productivity dynamics, and in-
stitutional changes) without strict exogenous assump-
tions, which allowed for a more adequate reflection
of the real structure and adaptability of the Ukrainian
economy to internal and external shocks.
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The instability of the economic situation in  not take into account the effects of institutional and
Ukraine and difficult-to-predict processes, such as  political instability, which leads to an underestimation
political crises, military actions, sharp changes in the  of real risks. Despite the integration of human capital,
external economic environment and exchange rate  the Mankiw — Romer — Weil model does not reflect
fluctuations, have significantly affected the results of  the high volatility and migration processes charac-
risk calculation using classical models. In particular, teristic of Ukraine. The Ramsey — Cass — Koopmans
the Solow model, due to its simplified structure, does  model was the most sensitive, as its assumptions about
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Table 5
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model ®mankiv romer weil ® monosectoral ®ramsey cass koopmans ®solow

1970 1980 1990

2000 2010 2020

Fig. 1. Average risk by economic growth model in the time dimension based on the authors' calculations

BISBHECIHOOPM N2 7_2025

www.business-inform.net




model ®mankiv romer weil ® monosectoral ® ramsey cass koopmans ® solow
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Fig. 2. Risk in terms of economic growth models in the time dimension for the Ukrainian economy
based on the authors' calculations

households optimizing consumption and savings in a
stable environment contradict the actual behavior of
economic agents in a crisis, which significantly in-
creased the assessed risk. Thus, it is the structural
instability and multifactorial nature of Ukraine's eco-
nomic dynamics that have become the key reasons for
the overestimation of risk by these models.

Let's take a closer look at the average risk by in-
come group (Fig. 3).

The highest level of risk in all income groups
(maximum 0.98 in low-income countries) is due to a
methodological feature of the model: the definition

of savings as the difference between output and con-
sumption assumes stable household behavior, stable
intertemporal optimization, and no shocks. In low-
income countries, these assumptions are the most dis-
connected from reality due to high poverty rates, in-
come instability, and the lack of effective mechanisms
for intertemporal consumption reassessment. In high-
income countries, the risk is lower (0.31) because capi-
tal markets are more developed, but the model is still
too sensitive to fluctuations in consumption, especial-
ly during crises, which explains the results obtained.

model ®mankiv romer weil ® monosectoral ® ramsey cass koopmans ®solow

1.0 098

Low income

Upper middle income

High income Lower middle income

Fig. 3. Average risk by economic growth model by income group based on the authors’ calculations
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The Mankiw — Romer — Weil model demonstra-
tes moderate levels of risk (0.36 in low-income coun-
tries and 0.13—0.33 in middle- and high-income coun-
tries) due to the fact that the model takes into account
human capital, which partially stabilizes growth fore-
casts. However, in low-income countries, there is an
increased risk due to poor educational development,
outflow of skilled workers, and low quality of human
capital, which makes the model parameters unstable.
In higher-income countries, the risk is reduced due to
better educational and innovation infrastructure.

The Solow model shows similar or slightly lower
levels of risk compared to the Mankiw — Romer — Weil
model: 0.31 in low-income countries, 0.17 in upper
middle-income countries, because in developed econ-
omies, growth factors go far beyond physical capital
alone, and simplifying the model leads to a loss of ac-
curacy. Thus, the absence of human capital reduces the
risk only conditionally, as the model loses its sensitiv-
ity to real structural changes in the economy.

he lowest risk levels (e. g., 0.05 for highly de-

veloped countries) are due to the fact that the

model takes into account actual data and the
multifactorial structure of the economy without mak-
ing rigid exogenous assumptions about the sustain-
ability of technological progress or the savings rate.
It integrates macroeconomic indicators, institutional
factors, productivity dynamics, and market realities,
which allows it to accurately reflect the economic situ-
ation even in countries with unstable incomes. This is
what makes the risk of this model minimal and slightly
declining over time, as it is structurally more flexible
and realistic.

Overall, we have similar results when consider-
ing risk by geography (Fig. 4).

North Africa and the Middle East have the high-
est average economic growth risk scores, which is
directly related to their structure of resource-based
economies, focused mainly on oil and gas exports. This
concentration of production and revenues in the com-
modity sector makes the economic dynamics of these
regions highly dependent on global energy prices,
which are highly volatile, especially during global cri-
ses or geopolitical instability. In addition, a significant
share of government spending is financed by revenues
from resource exports, which creates additional fiscal
risks in the event of lower prices, reduced production,
or international sanctions, which together form the in-
creased average risk indicators for these countries in
the modeling results.

Fig. 5 — Fig. 7 show the modeling results for the
Ukrainian economy. In general, they are characterized
by similar trends for all models: there is a downward
trend in capital intensity and an upward trend in hu-
man capital per unit of labor.

The decline in capital intensity is explained by a
decrease in investment in physical capital due to on-
going economic instability, devaluation of the national
currency, and limited access to external financing,
which hinders the renewal of fixed assets.

The growth of human capital per unit of labor is
driven, on the one hand, by a decline in the number of
employed due to demographic and migration factors,
and, on the other hand, by a gradual increase in the
average level of education and professional qualifica-
tions of those who remain in the labor market, which
structurally raises the human capital indicator. Such

model ® mankiv romer weil ® monosectoral ® ramsey cass koopmans ®solow
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Fig. 4. Average risk by economic growth model by geographic location based on the authors' calculations
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Fig. 5. Model values of capital intensity and its limits (a), comparison of model and real values
of capital intensity (b) for the Solow model based on the authors' calculations
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Fig. 6. Model values of capital intensity and its limits (a), comparison of model and real values
of capital intensity (b) for the Ramsey - Cass - Koopmans model based on the authors' calculations
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Fig. 7. Model values of the main indicators and their limits (a,c), comparison of model and real values of the main
indicators (b, d) for the Mankiw - Romer - Weil model based on the authors’ calculations

results are logical in a transformational economy,
where the production base is slowly degrading amid
investment stagnation, but at the same time, the posi-
tive dynamics of human potential development con-
tinues to be observed due to educational reforms,
adaptation to market conditions, and more intensive
use of knowledge in the value added structure.
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s for the author's multivariate model with more
parameters (Fig. 8), in addition to the above
trends of downward dynamics of private capi-
tal intensity and growth of human capital, we can also
observe an increase in public capital intensity. This is
due to the fact that the model takes into account sepa-
rately the state capital, investments in infrastructure,
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defense, security and other public assets, the share of
which in the Ukrainian economy is constantly grow-
ing in response to the challenges of the war and the
implementation of international assistance programs.

index category ® lower limit ®upper limit ®value )
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Instead, private capital intensity continues to
fall similarly to other models due to the limited abil-
ity of domestic businesses to invest in physical capital
in an environment of high risks, inflation, and lack of
financing.

At the same time, total savings per unit of labor
show an upward trend, reflecting both a reduction in
the number of employed (a decrease in the denomina-
tor) and an increased role of public and institutional
savings, in particular in the form of external financial
support and fiscal consolidation, which partially com-
pensates for the lack of private savings in the economy.

Next, we compare the risk of economic growth
for Ukraine with certain groups of countries (Fig. 9 —
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Fig. 12). To begin with, let's compare with the coun-
tries of Eastern Europe (Fig. 9).

According to Fig. 9, Ukraine faced a much lower
level of economic growth risk in the 1990s compared

data type ®model @real

b)

12 000
10 000

8 000

6 000

1995 2000 2005 2010 2015 2020

4000

3000

2000

1000

1995 2000 2005 2010 2015 2020

1995 2000 2005 2010 2015 2020

200 000

150 000

100 000

50 000

0

1995 2000

2005

2010 2015 2020

Fig. 8. Model values of the main indicators and their limits (a, ¢, e, g), comparison of model and real values
of the main indicators (b, d, f, h) for the author's model based on the authors' calculations

to most of its neighboring countries, such as Poland,
Romania, Hungary, or Slovakia. This is explained by
the fact that in the early 1990s the Ukrainian economy
remained largely inertial, with Soviet production link-
ages, centralized planning, low openness and low for-
eign trade integration, which temporarily reduced the
estimated risk in models sensitive to market shocks
and structural changes.

At the same time, Central European countries
were already actively pursuing economic reforms,
price liberalization, privatization, and market open-
ing, which was accompanied by high uncertainty and
increased risk in the short term. However, in the fol-
lowing years, the situation changed dramatically: in
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Fig. 9. Average risk in the sample of Eastern European countries in the time dimension based
on the authors' calculations
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Fig. 10. Average risk in the sample of Western European countries in the time dimension based
on the authors' calculations
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Fig. 11. Average risk in the sample of oil-producing countries in the time dimension based
on the authors' calculations
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Fig. 12. Average risk in the sample of developed Asian countries in the time dimension based on the authors'
calculations

Ukraine, risk increased due to the lack of systemic
market transformation, chronic political instabil-
ity, weak property institutions, and numerous crises,
while in Poland, Hungary, Slovakia, and Romania, re-
forms contributed to increased economic efficiency,
stabilized macroeconomic indicators, and significantly
reduced economic risks, and the countries became EU
members, which also had a significant impact.

ompared to Ukraine, Western European coun-

tries have a much lower level of economic

growth risk due to a combination of struc-
tural, economic and institutional factors. First, these
countries are characterized by a more stable political
system, which creates a predictable environment for
investment and long-term planning. Secondly, West-
ern European countries have developed infrastructure,
high quality human capital and innovative potential,
which ensures the resilience of their economies even
in times of global crises. Third, an effective system of
financial sector regulation and social guarantees mini-
mizes volatility and increases the economy's adapt-
ability to external and internal shocks. In addition, the
level of economic diversification in these countries is
much higher, which reduces dependence on individual
sectors and commodities, unlike Ukraine, where the
economy often remains more highly specialized and
vulnerable to external fluctuations.

However, even among developed countries,
there are significant differences in the level of econom-
ic growth risk. For example, Spain has a much higher
level of risk compared to other Western European
countries, although this risk is gradually decreasing.
This is due to a number of factors, including historical-
ly high unemployment, especially among young peo-
ple, which limits domestic demand and the stability of
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the social system, the Spanish economy remains more
dependent on certain sectors, such as tourism, which
is vulnerable to external shocks such as pandemics or
fluctuations in global demand, and problems in the
banking sector and high public debt in certain periods
have increased uncertainty and risks to the economy.
However, thanks to structural reforms, improved in-
stitutional efficiency, and increased competitiveness,
these risks are gradually decreasing..

A comparison with oil-producing countries (Fig. 11)
shows that they, on average, have a much higher level
of economic growth risk than Ukraine. This is due to
the high dependence of their economies on world oil
prices, which are highly volatile and subject to geopo-
litical factors.

In particular, in countries such as Kuwait and
Bahrain, the risk increases over time due to declining
oil reserves, as well as the need to diversify the econ-
omy in the context of a gradual transition to sustain-
able development and a decrease in global demand for
fossil fuels.

In addition, oil countries often face challenges in
managing large government revenues, which can lead
to instability in the financial system and political risks.
All of this makes it more difficult to maintain stable
economic growth and increases the overall level of
risk compared to Ukraine's more diversified economy.
Moreover, even Ukraine's political instability does not
offset all risks.

Among the oil-producing countries analyzed,
only Saudi Arabia demonstrates a lower level of eco-
nomic growth risks compared to Ukraine. This is due
to the scale of its economy, high oil reserves, and a
more effective resource management strategy that en-
sures more stable state budget revenues.
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Risks to Japan's economy (Fig. 12) are roughly
at the level of Western European countries, indicat-
ing a high degree of stability and predictability in its
economic development. This is due to its strong in-
stitutional system, technological development, diver-
sified economy, and effective financial management.
By contrast, the risks to China's economy (Fig. 12)
in the 1990s were more than five times higher than
those of Ukraine, reflecting significant instability, a
transitional economy, and rapid but uneven develop-
ment. However, over the past decades, China has sig-
nificantly strengthened its economic position: it has
strengthened its institutional mechanisms, developed
its industry and financial sector, and expanded its do-
mestic market. As a result, the level of risks to China's
economy has almost reached the level of risks to Ja-
pan's economy, demonstrating a marked decrease in
instability and an increase in economic resilience.

CONCLUSIONS

The article explores the theoretical foundations
and practical methods for determining the steady state
of the economy, analyzing its growth and assessing
risks. Classical models of economic development are
considered and a quantitative risk assessment based on
deviations from the equilibrium trajectory is proposed,
which helps to assess the sustainability of the economy
and the impact of risks on investment and stability. As
a methodology for assessing the degree of risk, the au-
thor proposes an approach of coordinate calculation of
the ratio of the maximum and minimum limits of the
analytical solution of economic growth models.

The practical calculation of risk based on differ-
ent models of economic growth revealed significant
differences. The lowest level of risk for private capi-
tal was recorded in the author's multivariate model,
which is explained by fewer critical assumptions and
the consideration of a wider range of factors without
rigid assumptions about the savings rate or consumer
preferences, which reduces the vulnerability of the es-
timates. In the Solow model, the risk was higher due
to its simplicity and exogenous population and tech-
nology growth rates, which does not take into account
internal shocks. This model saw a particularly sharp
increase in risk in the late 1980s and early 1990s due to
structural changes in economies transitioning to the
market. The Mankiw — Romer — Weil model showed
a risk close to Solow's, as it is based on classical as-
sumptions with the addition of human capital. The risk
increased in the early 2010s due to labor market trans-
formations and digitalization. The Ramsey — Cass —
Koopmans model yielded the highest risk, due to the
methodology that defines savings as the difference be-
tween output and consumption, ignoring institutional
and market constraints. The risk in this model grew
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in the 1990s and 2000s and peaked in 2008 under the
influence of the global financial crisis..

The instability of the economic situation in
Ukraine and difficult-to-predict processes, such as
political crises, military actions, sharp changes in the
external economic environment and exchange rate
fluctuations, negatively affected the results of the
economic risk calculation. Compared to neighboring
countries that were undergoing complex reforms with
high uncertainty at the beginning of the modeling pe-
riod, they have significantly reduced their risks due to
reforms and integration into the EU. Western Euro-
pean countries and other highly developed countries
have a much lower risk due to stable policies, devel-
oped infrastructure, high quality human capital, and
diversified economies. Oil-producing countries have
a higher risk due to their dependence on volatile oil
prices, declining reserves, and the need for diversifica-
tion. Many countries in Africa, Asia, and Oceania are
at high risk due to poverty levels, political risks, poorly
differentiated economies, etc.

In future studies, the NBU plans to expand the
use of the coordinate approach to assessing economic
growth risk by incorporating more complex models
that take into account stochastic factors and structural
changes in the economy. Particular attention will be
paid to analyzing the impact of external shocks and
uneven sectoral development on the formation of
growth trajectories and their stability. In addition, it
is planned to integrate empirical data to validate an-
alytical boundaries and refine the parameters of risk
assessments in order to increase their practical signifi-
cance for forecasting economic dynamics. L
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