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BALANCED GROWTH IN THE SOLOW-SWAN
MODEL: THE ROLE OF HARROD-NEUTRAL
TECHNICAL PROGRESS

Introduction. The Solow-Swan model with a neoclassical production function, constant returns to sca-
le, and diminishing marginal productivity of production factors has remained a standard framework for
macroeconomic growth analysis.

Problem Statement. Aligning the model with long-run macroeconomic data series has required cla-
rification of the nature of technical change and the measurement of factor contributions. This issue has
remained important both theoretically and practically, since debates concerning the “productivity slow-
down” and the role of intangible assets have significantly affected the assessment of growth sources and
the formulation of economic policy.

Purpose. To develop and empirically test a methodology for constructing growth paths within the
Solow-Swan model with Harrod-neutral technical progress: (a) a discrete version with time-varying
parameters; (b) a continuous version with averaged parameters; and growth accounting based on alter-
native definitions of production factors in order to isolate the contribution of technical progress.

Materials and Methods. The primary source of macroeconomic time series has been the Penn World
Table (10.01). The analysis has been conducted in both discrete and continuous settings. Technical prog-
ress has been estimated using the Solow residual approach, while sensitivity analysis has been performed
for alternative measures of labor, capital, and factor shares.

Results. The Cobb-Douglas specification with Harrod-neutral technical progress has demonstrated a
good fit for mature economies. At the same time, for transition economies characterized by frequent
structural breaks, the absence of time calibration has biased steady-state estimates and reduced the
model’s empirical fit.
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Conclusions. Total factor productivity (TFP) should be interpreted with caution, since it incorporates not only
technological change, but also organizational transformation, allocative efficiency, capacity utilization, and measure-
ment errors. The inclusion of intangible assets in the capital stock has partially shifted the explanation of growth from
the residual component toward measurable production factors. At the same time, a limitation of models with exoge-
nous technical progress and perfect competition has remained their inability to capture innovation as purposeful eco-
nomic activity. Addressing this limitation requires the application of endogenous growth models that account for in-

novation rents and incentive mechanisms.

Keywords: balanced growth, growth accounting, intangible capital, factor shares, technical progress, innovative development.

Research on economic growth generally distingui-
shes between two fundamental paradigms: models
with exogenous technical progress and models with
endogenous technical progress; alongside them,
semi-endogenous models have also been develo-
ped. Historically, models with an exogenously de-
termined technological trajectory emerged first.
In exogenous growth models, technology A (or its
growth rate g), the population growth rate n, and
the depreciation rate d are treated as exogenous va-
riables. The behavior of economic agents (savings,
investment, and consumption) may be specified
exogenously, as in the Robert Solow-Trevor Swan
model, where the savings rate s is fixed either as a
constant or through external policy decisions. Al-
ternatively, it may be determined endogenously
through an intertemporal optimization problem, as
in the Frank Ramsey-David Cass-Tjalling Koop-
mans model, in which economic trajectories fol-
low from optimality conditions and the savings
rate emerges as the outcome of agents’ decisions.

The attractiveness of exogenous models lies in
their simplicity, the transparency of their analytical
results, and their convenience for empirical research.
Such models can be directly calibrated using statisti-
cal series of total factor productivity (hereafter, TFP)
or specified as stochastic processes for comparative
analysis across countries and time periods. Growth
accounting serves as a fundamental tool for de-
composing the contributions of capital, labor, and
TFP, as well as for constructing conditional fore-
casts under a given technological trajectory.

The exogeneity of technical progress is a defining
feature of canonical neoclassical growth models.
The issue is not whether innovation at the firm le-
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vel is rational or irrational; rather, it is a metho-
dological assumption whereby long-run techno-
logical change is treated as an external process, rep-
resented either as a deterministic trend or as an
exogenous shock. This approach makes it possible
to analyze the implications of technological change
for equilibrium without modeling the micro-level
mechanisms underlying innovation. At the same
time, neoclassical models assume that technologi-
cal shifts alter equilibrium factor prices and influ-
ence accumulation dynamics; therefore, technical
progress is modeled as an exogenous process A,
that multiplicatively shifts the production function.

Nevertheless, interwar economic literature had
already begun to move toward the endogenization
of technology. In particular, Allyn Young (1928)
emphasized the role of product diversification and
increasing returns generated through Marshallian
externalities. Within this framework, innovations
introduced by individual firms increase the agg-
regate productivity of the entire sector [1].

Early neoclassical approaches, following the tra-
dition of classical political economy, treated ca-
pital and labor as the principal production factors
for modeling long-run growth. The key role was
assigned to capital accumulation, whereas techni-
cal progress was assumed to be exogenous. For so-
me time, the Roy Harrod-Evsey Domar [2, 3] mo-
del remained influential, emphasizing potential
growth dysfunctions: the economy may continue
to expand while unemployment rises when the
actual growth rate deviates from the “natural” or
“warranted” rate. However, the principal working
framework of macroeconomic analysis eventually
became the Robert Solow-Trevor Swan [4, 5] mo-
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del with a neoclassical production function cha-
racterized by constant returns to scale and dimi-
nishing marginal productivity of production fac-
tors (hereafter referred to as the Solow model).

In the contemporary literature on the Solow mo-
del, two aspects are of primary interest: the role of
technical progress in economic growth and the es-
timation of TFP. The necessity of Harrod-neutral
technological change for balanced growth is as-
sessed differently across studies. In [6], it is stated
that this condition is not mandatory and that in-
terpreting the parameter A in the production
function Y = AF (K, L) as representing “neutral”
technical progress constitutes a methodological
error. At the same time, the study emphasizes that
growth accounting remains valid if A is interpreted
as residual TFP and technological change is mo-
deled jointly with possible parameter variation.

In [7], Solow-neutral technical progress was re-
conciled with long-run equilibrium by defining
the “natural” growth rate as the growth rate of ef-
fective capital, demonstrating its compatibility
with constant returns to scale, and deriving the
equation of a concave production possibility fron-
tier that allows for positive growth and its out-
ward shift under appropriate conditions.

In [8], it was shown that in the Solow model with
CES technology and labor-saving technical prog-
ress, a balanced growth path exists only under a
sufficiently high savings rate; otherwise, a “polar”
regime emerges, characterized by a constrained
growth rate and an increasing capital share in out-
put. In [9], localized technical progress was exami-
ned within the Solow framework: an increase in the
investment rate raises the long-run growth rate
along the balanced path, while locally biased tech-
nological change gradually reduces labor’s share in
output and increases the capital share. In [10], it was
demonstrated that when investment simultaneously
increases both the quantity and efficiency of pro-
duction factors, a steady state requires Hicks-neutral
rather than Harrod-neutral technological change.

The literature on TFP estimation encompasses
both methodological and empirical contributions.
Analysts at the World Bank [11] identified five de-
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terminants of TFP — innovation, education, mar-
ket efficiency, infrastructure, and institutions —
constructed annual indices for more than 100 count-
ries over the period 1985—2015, and demonstrated
a positive relationship between TFP growth and the
aggregated five-factor index. In [12], TFP in manu-
facturing was estimated using the AMG method
on data from 63 countries covering 1980—2020.
In [13], four approaches to TFP measurement
(OP, LP, Wooldridge, and ACF) were compared
using cross-country data, with preference given
to the approach developed by Jeftrey Wooldrid-
ge [14] due to its lower variance and more stable,
statistically significant estimates. Study [15] pro-
posed a growth-accounting framework with ti-
me-varying factor shares for 101 countries over
1950—2015 and subsequently explained the cont-
ributions through panel regressions accounting
for heterogeneity, cross-sectional dependence,
and autocorrelation. Research [16] demonstrated
a “two-dimensional” measurement of productivity,
distinguishing between labor-saving and capital-
saving technological change by identifying them
through fluctuations in factor shares.

Despite the analytical clarity and widespread
application of the Solow model, reconciling theo-
ry with long-run time series data requires a more
precise specification of the nature of technical
progress and the methods used to measure factor
contributions. This issue carries both theoretical
and practical significance: debates concerning the
“productivity slowdown” and the role of intangi-
ble assets directly affect the assessment of growth
sources and, consequently, economic policy. Un-
der conditions of digitalization, which substan-
tially increase the importance of intangible capi-
tal and blur the distinction between investment
and current expenditures, it becomes critically
important to define clearly what should be trea-
ted as “capital” and, accordingly, to measure fac-
tor contributions correctly.

The purpose of the article is to develop and empi-
rically test a methodology for constructing growth
trajectories in the Robert Solow-Trevor Swan mo-
del with Harrod-neutral technical progress: (a) in
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a discrete-time specification with time-varying pa-
rameters; (b) in a continuous-time specification
with average parameter values; and (c) through
growth accounting (calculation of the “Solow resi-
dual”) using several alternative approaches to fac-
tor definition in order to isolate the contribution
of technical progress to overall economic growth.

ANALYTICAL SPECIFICATION
OF THE SOLOW MODEL
WITH HARROD-NEUTRAL TECHNOLOGY

Consider the neoclassical Solow growth model with
a constant saving rate and exogenous technologi-
cal progress. The economy is closed and produces
a single final good; neither government nor fo-
reign sectors are included. Full employment is
assumed, and labor supply L, is perfectly inelastic
and independent of the wage rate, w,. Unlike the
Ramsey-Cass-Koopmans model, intertemporal
consumption optimization is not specified: hou-
sehold preferences and budget constraints are left
unspecified, while the saving rate, s € (0,1), is as-
sumed to be constant and exogenous. Conse-
quently, in a closed economy, S, = I, = sY,.

Households own the capital stock and rent it to
firms at the competitive rental rate, R,. Under per-
fect competition, both the wage rate and the ren-
tal rate of capital w, and R, are equal to the margi-
nal products of the respective factors of produc-
tion. This exogenously determined saving rule,
rather than one derived from utility maximization,
simplifies the characterization of market equilib-
rium and allows the analysis to focus on the dy-
namics of capital accumulation and the role of
exogenous technological progress, A,.

We assume perfect competition and unrestricted
access to technology for all firms. Under constant re-
turns to scale, the aggregate economy can be repre-
sented as if production were carried out by a single
representative firm with the production function

Y =F(K,,L,A), (1)
where Y, denotes final yield/output, K, is the stock
of physical capital, L, is employment, and A, is the
level of technology at time t.
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The production function F is assumed to be
continuous and twice continuously differentiable
with respect to K and L. Both factors exhibit pos-
itive but diminishing marginal products (Fy > 0,
Fix < 0, F, > 0, F;; < 0); the function is linearly
homogeneous in capital and labor (K and L) for a
given level of technology A, implying constant re-
turns to scale, and is strictly concave. In addition,
the Inada conditions are assumed to hold:

limF (K, L, A) =0, lim (K, L, A)=0
-0 —®

(VL>0, A>0),
limF, (K, L, A) =0, lim F, (K, L, A)=0

(VK >0, A>0).

Under these assumptions, sustained long-run
growth in output per worker is possible only in
the presence of technological progress. In its ab-
sence, the economy converges, after a transitional
adjustment period, to a steady-state level in which
output per worker remains constant. During the
transition, growth may occur even without tech-
nological progress through increases in capital
intensity; however, such growth is temporary and
gradually dissipates as the economy approaches
its steady state.

For the subsequent analysis, the general produc-
tion function F is specified as a Cobb-Douglas
production function, which satisfies the proper-
ties outlined above:

Y, =AK'L™, O<a<l, 2)
where o denotes the output elasticity with respect
to capital (and, correspondingly, 1 — o with respect
to labor). This specification simultaneously cap-
tures diminishing marginal returns to individual
factors and constant returns to scale.

It is important to interpret the parameter A, cor-
rectly. In the narrow sense, it represents a Hicks-
neutral multiplier that increases the productivity
of both factors and shifts the production function
upward. In a broader sense, it corresponds to TEP,
i.e., an indicator of the “efficiency” of the econo-
my that encompasses not only engineering-level
technology but also production organization, insti-

93



Pasichnyk, T. O.

tutional quality, allocative efficiency, capacity utili-
zation, and even measurement errors. Therefore, it
is more appropriate to refer to it as TFP or efficiency,
while recognizing its inherently composite nature.

Physical capital is accumulated through invest-
ment; its continuous-time dynamics are given by
the formula: )

) K: =1 -8K,, (3)
where K: denotes the change in the capital stock
(net investment); I, represents gross investment;
and 6 €(0,1) is the depreciation rate. In a closed
economy without government intervention and
with a constant saving rate s, we have I, = sY, and
consequently C, = (1 - 5)Y,.

The key variable is capital intensity, k, =K, / L,.
Let output per worker y, =Y, / L, be denoted by y
and consumption per worker by ¢, =C, / L,. Un-
der constant returns to scale, we obtain:

5 =F(%, L At]Ef(kp A) @

t
or, for concreteness, under the Cobb-Douglas spe-
cification in (2), we obtain:

y, =Ak’, 0<a<l. (5)

o

In the context of growth models, we are con-
cerned with three related notions of equilibrium:
(1) competitive market equilibrium in each period
(Walrasian market clearing at each time ¢, where
factor prices equal marginal products; a full defi-
nition of such equilibrium is provided in [17]);
(2) the steady state (long-run equilibrium); and
(3) the balanced growth path, consistent with
Kaldor’s “stylized facts” [18].

The steady state in the Solow model is an equilib-
rium path along which capital intensity remains
constant over time, i.e., k, = k" for all ¢ (equiva-
lently, k =0). Intuitively, it represents a “rest point”
of the dynamical system. In reality, most econo-
mies are away from the steady state at any given
time, while simultaneously achieving competitive
equilibrium in each period. Therefore, not only the
terminal position matters, but also the transitio-
nal dynamics — the equilibrium adjustment path
through which k, converges to k™ (“convergence”).
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If technology does not grow (A = const), then
under diminishing marginal productivity of capi-
tal, output, consumption, and capital per worker be-
come constant in the long run: per capita growth
disappears, and the economy converges to a stea-
dy state. This is consistent with classical intuition:
capital accumulation without technological prog-
ress is not sufficient to sustain long-run growth in
labor productivity.

However, this restriction of the model is at
odds with empirical evidence: in most developed
countries, average GDP per capita growth rates ha-
ve been positive over the past two centuries [19].
In the absence of technological progress and un-
der diminishing marginal returns to factors, simp-
le accumulation of capital per worker cannot sus-
tain long-run growth in per capita income; the
economy converges to a steady state. This conclu-
sion echoes the ideas of T. Malthus and D. Ricar-
do and similarly relies on the assumption of di-
minishing returns to capital.

Let us turn to the third type of equilibrium — ba-
lanced growth equilibrium, which is grounded in
Kaldor’s “stylized facts” [18]. Based on empirical
observations, N. Kaldor established that during
economic growth, despite rising output per capita,
several ratios remain relatively stable: the capital-
output ratio, the real interest rate, and the income
shares of capital and labor. These regularities form
the basis of the balanced growth concept, under
which the aforementioned variables remain cons-
tant over time. Although this is only an approxi-
mation of reality, economists often prefer balan-
ced growth models because they are analytically
more tractable. In particular, empirical studies
frequently assume that the capital share in na-
tional income is 1/3, while the labor share is 2/3;
this configuration is consistent with the Cobb-
Douglas production function with constant re-
turns to scale (where factor shares sum to one).

The aggregate production function (1) in its ge-
neral form does not guarantee balanced growth;
achieving such a property requires imposing restric-
tions on the nature of technological progress. Sup-
pose that technological change can separately affect
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capital productivity A labor product1v1ty A(
and total factor productmty A" Then the produc-
tion function can convemently be written as follows:

F(K, L, A)=A"F[AXK,, AVL, |, (6)

where A, = (A", A%, A™) is the technology vec-
tor; A" is “Hicks-neutral” progress, i.e., a multi-
plicative factor that scales the entire production
function uniformly; A™ is Solow-neutral” (or ca-
pital-augmenting) technological progress; and A"
is “Harrod-neutral” (or labor-augmenting) tech-
nological progress [17].

It should be noted that in neoclassical models
with constant returns to scale and competitive mar-
kets, the conditions for balanced growth typically
require Harrod-neutral (labor-augmenting) tech-
nological progress. Uzawa’s theorem [20] states
that a long-run balanced growth path is one along
which aggregate output, capital, and consump-
tion grow at constant rates; this is possible only
under Harrod-neutral technical progress. In other
words, the production function takes the form:

Y =F(K,, AL =AL f(k,), (7)

is capital intensity per unit of ef-

where k, =

fective labor. tAtccordingly, output per unit of ef-
= f(k,), and the product

fective laboris y, =

AL, is interpreted as “labor in efficiency units”
(i.e., the number of effective workers).

Applying a production function of form (7) to
describe the evolution of capital, we obtain:

Ki=Y —C,—8K, =sY, - 8K, =
—sF(K,, AL)-3K,.
By expressing variables per effective unit of labor

(8)

termsk, = “=n, % = g, we obtain
as follows: .t t t

k: =sf(k )—(n+0+g)k,
where = f(k,). 9)

tAL
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The intuition behind “effective units” of labor is
as follows: technological progress that raises labor
productivity at rate g is equivalent to an increase
in the number of workers by the same magnitude.
Therefore, “effective labor” A L, grows at the com-
bined rate n + g, which is reflected in equation (9)
through the subtraction of the term (n + g + 9)k,.
Working with variables expressed per effective
worker simplifies the analysis and allows deter-
mining the steady-state level k* from the condi-
tion sf(k’) = (n + g + 8)k’, and subsequently reco-
vering the levels K, and Y,

EMPIRICAL TESTING OF THE MODEL
IN DISCRETE AND CONTINUOUS TIME

It is important to keep in mind the model’s appli-
cability to real-world data, which is associated with
a number of challenges, including data quality
and cross-country and intertemporal comparabi-
lity; structural breaks and parameter instability;
identification of factor effects; sensitivity of results
to underlying assumptions; and the accuracy of
forecasts as well as the correct interpretation of
empirical findings. The Solow model is well sui-
ted to capturing long-run trends (under slowly
evolving structural parameters), but it is not de-
signed to explain short-run fluctuations, where
stochastic shocks dominate.

When working with such models, the issue of da-
ta reliability and its consistency with the analytical
expressions used in modelling inevitably arises. In
contemporary empirical research, the Penn World
Table (PWT) [21] is widely used for cross-country
comparisons. PWT provides a transparent and well-
documented methodologys; its current official ver-
sion 10.01, employed in this study, covers 183 count-
ries over the period 1950—2019, making it parti-
cularly suitable for the analysis of long time series.

In the following section, we test empirically,
using data for selected OECD economies, the ex-
tent to which the Solow model with technological
progress is suitable for constructing growth tra-
jectories and estimating steady states (see Fig. 1).
Two approaches are employed: (a) a determinis-

95



Pasichnyk, T. O.

— Historical data (PWT) — Discreate model (a) variable parameters
38l Continuous model (b), average parameters 2ol ™ k* (steady sate)
33F 2.0F
28l 1.8
1.6
23¢F
14
1.8+

Germany France

—~ 1.3 1.0
;I_L 08 1 1 1 1 1 1 1 1 1 1 1 1 1 1 08 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 P A <SR S\ S SN S\ N R PR P A TN PN P S AR NS S\ SN S S P R R IS
R R R ARG RGO A R SR S SN B S R S e A i A
122}
s 38 : 2.2
§ 33 = 20
E 1.8
= 28 ’
= 1.6
= 23
I 1.4
‘% 1.8 12
g 13 1.0 &</
'_'N 0‘8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.8 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= %Q o,b v (,3% & (\bs B ‘b‘o I SENC NN \/b %Q ojb & (,JQ & (\u B ‘b‘o Voge > N \b
R R M R R N R A A MR R R AR BN RO I
E 5.3 5.3
§ 4.8+ | 4.8r
= L L
3.8F 3.8
33F 33F
2.8 2.8
231 2.3
1.8 1.8

Great Britain Japan

1.3 1.3
0 8 | | | | | | | | | | | | | 0'8

S S SR A N S NN R . N R NS NP R N P S NN OO . N AN
WD A A AD RN N N N N N N O

Year

Fig. 1. Capital intensity in efficiency units in selected OECD countries, 1950—2019: historical data and model-
generated trajectories
Source: Penn World Table (PW'T) 10.01; authors’ calculations.

tic discrete-time Solow model with time-varying To construct trajectory (a), an exact solution for
structural parameters observed in each period; | capital intensity in efficiency units is required for
and (b) a continuous-time solution of the Solow | each time period, starting from a given initial value
model using historical average values of the struc- | k,. The key term here is “exact”: one of the advan-
tural parameters. In both cases, we use an aggre- | tages of the Solow model is that it admits an exact
gate production function with Harrod-neutral | discrete-time law of motion for each time step.

technological progress, i.e., we operate in efficien- Since the structural parameters s, n, 9, g, o, vary
cy units of labor. over time, we are not working with a period-by-pe-
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riod forecast k, relative to the initial value k,, based

on the observed parameter values at each time ¢

rather than with the canonical stationary specifi-

cation. The discrete-time law of motion for capital

differs slightly from continuous-time equation (9);

the reason for this distinction is shown below.
Let us begin with the budget identity:

Y, =F(K,,AL)=C,+I, =
=G, +[ K, ~(1-8)K, |.

Dividing both sides by A,L,,
C, K

AL | A, L

t+177t+1

At+1Lt+1 —(1—8 ) K[ _ Yt
AtLt t AtLt AtLt

we obtain as follows:
¢ +| (rn)(1+g) k., ~(1=8)k, |= f(k). (10)

Sincec, =(1-s,)y, =(1-s,) f(k,), equation (10)
provides the exact discrete-time law of motion:
_ sf(k,)+(1-39,)k,
(I+n,)-(1+g,)
Using a Cobb-Douglas technology in Harrod-

neutral form, when f(k,) =k, we arrive at the
following:

(11)

t+1

sk +(1-9,) k,
(I+n)-(1+g,)
From the Penn World Table, we extract the re-

quired empirical data and assign their correspon-

ding roles within the model:

& rgdpna is real GDP in constant 2017 national
prices (million 2017 USD) — Y

& rnna is capital in constant 2017 national prices
(million 2017 USD) — K;

+ emp is number of employed persons (million);

¢ avh are average annual hours worked per em-
ployed person (hours per year);

¢ hc is human capital index (based on years of
learning and returns to education);

¢ labsh is labor income share in GDP at current
national prices — 1 — a,, (thus, a, = 1 - labsh,);

¢ delta is average depreciation rate of fixed capi-
tal >

(12)

t+1
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& rdana is real domestic absorption at constant
2017 national prices, i.e. C,+ I,+ G; in the
standard Solow model this aggregate is not a
core variable, but it is useful for reconciling/
checking accounting balances;

# rconna is real final consumption expenditure at
constant 2017 national prices (million USD,
2017) > C,.

NOTES ON THE MEASUREMENT
OF LABOR

In the canonical specification, employment emp
is typically used to represent the number of wor-
kers. However, we aim to ensure that the Solow
residual (TFP) more closely reflects purely tech-
nological factors and does not absorb variations
in human capital.

Therefore, in this model, “labor” is defined as effi-
ciency-adjusted labor input in hours, weighted by
labor quality: L, = (emp,)-(avh,)- (hc,). Thatis, A,L,
represents “effective labor” measured in hours mul-
tiplied by a quality index.

Accordingly, part of the model’s structural pa-
rameters (5, o) is taken directly from the PWT,
while the remaining variables are computed for
each period t as follows:

# labor growthrate n, =(L, - L, |)/L, ;;

¢ savings rate s, =1,/Y,, I, =K, -(1-9,)K,_,,

rnna, —(1—delta,)-rnna, |
accordingly, s, = ;
rgdpna,

+ technology growth rate g, = Aln A,, which is best
computed in log-differences using Tornqvist
weights g, = AlnY, —a,AlnK, —=(1-a,)AInL,,
where o, =(a, +a, ,)/2. Of course, one can
alternatively use the pre-computed PWT series
rtfpna (TFP at constant national prices, 2017 = 1).
However, we choose to construct directly g, in
order to ensure consistency with our definition
of labor L, = (emp,)-(avh,) - (hc,). This approach
also allows a direct decomposition of growth in-
to factor contributions and TFP for each period.
We are less interested in the absolute levels K,

and L, the key object is the growth rate of capital
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intensity k, = K,/(A,L,) in efficiency units. For vi-
sualization purposes, it is convenient to index the
series (setting the base year equal to 1), while per-
forming all computations in levels in order to cor-
rectly compute k, and avoid distortions.

To make the model and data comparable, we
normalize productivity by selecting a base year
and setting A, = 1 after which the trajectory 4, is
reconstructed from growth rates g,. In efficiency-
labor terms, the Cobb-Douglas production func-
tion takes the form y, = f(k,) = @k, where ¢ > 0
is a constant scale parameter (by default ¢ =1,
later calibrated).

To construct trajectory (b) (the Solow model in
continuous time with historical average structural
parameters), we use the analytical solution of the
ordinary differential equation. A closed-form so-
lution is available specifically under the Cobb-
Douglas specification, since the equation trans-
forms into a Bernoulli equation and can be linea-
rized via a change of variables [22]. Equation (9)
then takes the form:

ki =spk —(n+3+g) k,. (13)

Let us introduce variable z, =k, ~*. In this case,

z, =(1—-a)k,* k:. Multiplying (13) by 1-a)k, *,

we obtain the following linear differential equation:
2= (- a)sp—(1—o)(n+8+g)z,.

this,
(- S

— Me (1 a)(n+8+g)t+ ¢

n+d+g

the constant M is determined by the initial condi-
tion k(0) = k,:

From the general solution z, =

is obtained, where

= M=k " -

Km0 .
’ n+d+g

n+do+g
Returning to k,, we obtain as follows:

K =(k;‘°‘_—5"’

e—(l—a)(n+8+g)t +
n+d+g

¢

t—,
n+d+g
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or, raising both sides to the power 1/(1 - a.), ar-
rive at:

1-a

(1)70L _ s¢ e*(lftx)(n+6+g)t +
K = n+d+g

t _se
n+d+g

.(14)
+

Thus, to construct trajectory (b), it is sufficient to
specify the initial value k, and fix constant parame-
ters s, 1, 9, g and o These are taken as historical
averages over the chosen period: arithmetic means
for shares and rates (s, 9, a), and geometric means
for growth rates (n, g). The trajectory is then de-
termined by the analytical solution (14).

To assess how far the actual and model trajecto-
ries (cases (a) and (b)) are from the steady state k',
we define k" as the fixed point of the discrete law of
motion (11) under constant parameters s, #, 5, g o

= sf(k)+((1-8) k') -
1+m(1+g)
= [A+n)(1+g)—(1-8)]k =sf(k).
From this, we obtain as follows:
(n+8+(1+n)glk =sf(k). (15)

For the Cobb-Douglas specification in efficiency
units y = f(k) =@k”, we have as follows:

1

K= SQ 1o
n+d+(1+n)g)

Thus, by applying the methodology described
above to compute the steady state k" and to con-
struct the evolution of k, using two approaches —
discrete and continuous — we obtain the results
presented in Fig. 1. This allows us to immediately
formulate several theoretical and methodological
conclusions regarding the consistency between
historical data and the simulated dynamics.

First, the discrete-time trajectory (a) with time-
varying structural parameters s, 7, 5, g, o, reprodu-
ces the observed dynamics more accurately than the
continuous-time specification (b), which relies on
historical average values of these parameters. This is

(16)
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expected, since parameter averaging smooths peri-
ods of acceleration and deceleration and, given the
nonlinearity of the model f (k) = @k, systematically
shifts the trajectory away from that obtained under
annual parameter updates. In contrast, the discrete
model explicitly incorporates yearly changes in s,, 11,
d, g» 0, at each period, and therefore captures both
local shocks and structural shifts more precisely.

Second, it should be emphasized that the steady-
state level k* computed on the basis of average pa-
rameters should be interpreted only as an appro-
ximate benchmark. Due to economic reforms,
demographic transitions, investment cycles, innova-
tion, and technological progress, structural parame-
ters change substantially over time; accordingly, the
steady-state equilibrium is itself time-varying and
shifts upward in practice (as illustrated, in particu-
lar, by the graphs for Italy and Canada). It is worth
noting that within the Solow framework, sustained
balanced growth is driven by Harrod-neutral tech-
nological progress: it is precisely this mechanism
that explains why economies do not converge to a
fixed level over long horizons but continue to grow.

To make the steady-state benchmark more in-
formative, it is advisable to divide long horizons
(e.g., 70 years) into shorter subperiods (e.g., 10-year
intervals) and compute a rolling steady state based
on average parameter values within each period.

Third, if the scale parameter ¢ is calibrated
such that, in the final period, the discrete trajec-
tory k, coincides with the observed level, we ob-
tain a typical pattern of convergence toward the
steady state: over the long run, k, increases, its
growth rate gradually declines, and the discrete-
time trajectory closely tracks the data.

Fourth, the long-run growth rate of output per
worker is determined primarily by the rate of tech-
nological progress g. As the economy approaches
the steady state in terms of capital per effective
worker, additional capital accumulation contribu-
tes progressively less to growth. For mature econo-
mies, increasing s, does not generate productivity
gains comparable to those driven by higher g. This
leads to a focus on R&D, innovation, and technolo-
gy diffusion rather than on “mechanical” increases
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in investment. In addition, the discrete-time model
captures innovation waves quite well, as reflected in
the convergence between observed and model-ge-
nerated trajectories (or at least in the similarity of
their direction and magnitude of changes, even
when perfect overlap of the curves is not achieved).
The Cobb-Douglas specification of the Solow
model with Harrod-neutral technology typically
generates reasonable trajectories and smooth con-
vergence for mature economies. However, for tran-
sition economies characterized by frequent struc-
tural breaks, this specification may fail to ade-
quately capture observed dynamics. For instance,
applying the Solow model to Ukraine using PWT
data for 1990—2019 yields an estimated steady-
state level that significantly exceeds the actual ob-
served trajectory. This implies that, given average
structural parameters, the economy would be ex-
pected to grow faster than it does in practice.
The sources of this discrepancy are evident: the
complex and uneven process of institutional de-
velopment, the loss of territories and resources due
to military conflict, and the outflow of human capi-
tal through migration, among others. The Solow
model is not designed to capture such factors: it is
a deterministic framework intended to describe
long-run trend regularities and does not incorpo-
rate mechanisms for large non-trend shocks. It also
lacks explicit parameters capturing institutional
change, which can only enter indirectly through
the Solow residual (TFP). This leads to an impor-
tant practical implication: for “complex” economies,
the steady state should be treated as a time-varying
k, that evolves with changes in structural parame-
ters rather than a fixed value k. Alternatively, long
time horizons can be divided into subperiods with
separate average parameter values in order to bet-
ter align the model with empirical dynamics.
Despite the fact that the Solow model explains
long-run growth through technological progress,
this progress is exogenous and lacks microecono-
mic foundations. The assumptions of perfect com-
petition and constant returns to scale imply the
absence of rents above normal profits, and there-
fore no mechanism exists within the model to ge-
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nerate private incentives for R&D. As a result, exo-
genous technological progress in the neoclassical
framework is not equivalent to Schumpeterian in-
novation, which is understood as deliberate inno-
vation undertaken by agents to obtain economic
profit. Capturing such incentives requires endoge-
nizing knowledge and relaxing the assumption of
perfect competition, allowing instead for monopo-
listic competition and temporary innovation rents
(profits from the introduction of new technolo-
gies). Within the neoclassical Solow framework,
this issue remains fundamentally unresolved.

GROWTH FACTOR DECOMPOSITION
AND TFP ESTIMATION

By analyzing the production function in the So-
low model, it can be viewed from a different pers-
pective — as a tool for decomposing output growth
into contributions from factor inputs, where two
of them are capital and labor, and the third is an
unobserved residual, commonly interpreted as
knowledge, technological progress, or innovation.
In his empirical work on U.S. data, R. Solow sho-
wed that over the period 1909—1949, approxi-
mately 87.5% of the growth in output per man-
hour was attributable to this residual (later known
as the “Solow residual”), while 12.5% was due to
capital deepening [23]. The Solow residual is also
referred to as TFP, since it governs the efficiency
with which labor and capital are used. At the sa-
me time, TFP encompasses not only “pure” tech-
nology but also other hard-to-measure factors.
Theoretically, TFP represents the rate of shift of
the production function over time due to technolo-
gical and organizational improvements. In the stan-
dard value-added framework, it is measured as out-
put growth minus the weighted growth rates of fac-
tor inputs. In discrete time, it is convenient to write:

ln(AHl /At)zln(Yt /Yt)_
-o,In(K, ,/K,)-(1-a,)In(L

+1

17
/L), (17)
where o, =(a, +a,,,)/2 are Tornqvist weights
(average value-added shares of capital over the
period t —>t +1).

100

t+1 t+1

The choice of methodology determines what is
included in TFP. Equation (17) represents the clas-
sical formulation (growth accounting in value-ad-
ded terms) in the spirit of R. Solow [23] or E. De-
nison [24], which relies on weighted growth rates
of factor inputs and typically leaves a substantial
“Solow residual” Accordingly, a significant por-
tion of long-run aggregate output growth was att-
ributed to technological progress.

At the same time, alternative approaches exist.
In particular, a notable example is the index-num-
ber approach developed by D. Jorgenson and Z. Gri-
liches within the framework of national accoun-

ting. The starting point is the accounting identity
m n

of values Zqui =ijXj, where the left-hand
i=1 j=1

side represents the value of gross output (prices g;
and quantities Y;), while the right-hand side rep-
resents the value of all utilized inputs (prices p;
and quantities X;) [25]. For this reason, under the
assumptions of perfect competition and constant
returns to scale, TFP is measured as the differen-
ce between output growth and the weighted sum
of the growth rates of all inputs. This framework
directly links industry-level data with macroeco-
nomic indicators and allows a more detailed de-
composition of growth contributions, including
labor adjusted for quality, services of different types
of capital, intermediate inputs, and other produc-
tion factors. The principal advantage of this app-
roach is that it “purifies” TFP: factors that would
otherwise be absorbed into the Solow residual un-
der more aggregated methodologies are instead
attributed to measurable inputs. As a result, the
estimated TFP is typically smaller in magnitude
but methodologically closer to what can reason-
ably be interpreted as a pure technological or or-
ganizational shift.

In the present study, we deliberately employ the
“canonical” value-added growth decomposition in
the tradition of R. Solow [23]. A highly detailed
decomposition of growth contributions — inclu-
ding industry accounts, intermediate inputs, and
related factors — is beyond the scope of this pa-
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per. Nevertheless, we regard the methodology de-
veloped by D. Jorgenson and Z. Griliches as highly
valuable and reserve its application for future re-
search. Remaining within the Solow framework,
we rely on the Penn World Table (PWT) database
to estimate TFP. Aggregate output is measured by
the variable rgdpna, introduced earlier, while the
production factors are represented by the follo-
wing indicators:

o rkna are capital services at constant 2017 natio-
nal prices (2017 = 1). In this regard, we follow
the recommendation of R. Barro and X. Sala-i-
Martin that, ideally, the contribution of capital
should be measured by the flow of services ge-
nerated by physical capital rather than by the
capital stock itself [19];

& emp - avh - he like before, we assume that labor in-
put is measured as the number of employed per-
sons multiplied by the average annual hours wor-
ked and adjusted for worker quality through the
human capital index, thereby capturing both the
quantity and quality dimensions of labor input.
The results of the growth accounting exercise for

the selected countries are presented in Table 1. Co-

lumn (1) reports the average value of the capital
share, o.. Column (3) presents the average annual
growth rate of real GDP. Column (4) shows the
contribution of labor, calculated as the product of
labor’s income share (1 — o) and the growth rate of
employment. Column (5) reports the contribution
of capital, calculated as the product of the capital
share a and the growth rate of capital services. Co-

lumn (6) presents the growth rate of TFP. The figu-
res in parentheses indicate the proportion of total
GDP growth explained by the respective factor.
Our calculations have shown that using capital
services (rkna) instead of the capital stock (rnna)
reduces the estimated share of TFP by 4—8 per-
centage points, while increasing the contribution
of capital by a corresponding amount. This fin-
ding suggests that: (a) TFP is sensitive to measure-
ment methodology and should not automatically
be interpreted as “pure technology”; (b) capital ser-
vices more accurately capture the quality and com-
position of assets and therefore provide a better
approximation of capital’s actual contribution to
growth; and (c) cross-country and intertemporal
comparisons should be conducted only on the ba-
sis of harmonized input definitions, otherwise conc-
lusions regarding the role of TFP may be distorted.
How should the results of Table 1 be interpreted?
First, capital emerges as the principal driver of eco-
nomic growth in all countries examined, accoun-
ting for between 37% of growth in Canada and
68% in China. The contribution of labor ranges
from 7% to 40%, depending on demographic trends,
changes in hours worked, and the accumulation
of human capital. In mature economies, reduc-
tions in hours worked often offset modest increa-
ses in employment and labor quality, resulting in a
relatively small overall contribution of labor. Un-
der the growth accounting framework, the “Solow
residual” — that is, the portion of growth not exp-
lained by labor and capital — is attributed to TFP,

Table 1. Decomposition of Contributors to Growth: Capital, Labor, and TFP (for selected countries)
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Country Years GDP growth rate Labor share Capital share TFP share

Great Britain (a0 = 0.43) | 1951—1970 0.0263 0.0007 0.0229 0.0027
(3%) (87%) (10%)

1971—1990 0.0249 0.0045 0.0146 0.0059

(18%) (58%) (24%)

1991—2019 0.0198 0.0066 0.0106 0.0026

(33%) (54%) (13%)

1951—2019 0.0232 0.0043 0.0153 0.0036

(19%) (66%) (15%)
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End of Table 1

Country Years GDP growth rate Labor share Capital share TFP share
Canada (o = 0.29) 1951—1970 0.0471 0.0108 0.0120 0.0243
(23%) (25%) (52%)

1971—1990 0.0325 0.0201 0.0135 -0.0010
(62%) (41%) (-3%)
1991—2019 0.0226 0.0098 0.0109 0.0019

(44%) (48%) (8%)

1951—2019 0.0326 0.0131 0.0120 0.0075
(40%) (37%) (23%)

China (o0 = 0.41) 1951—1970 0.0372 0.0230 0.0259 -0.0117
(62%) (69%) (-31%)

1971—1990 0.0554 0.0257 0.0336 -0.0039
(46%) (61%) (=7%)
1991—2019 0.0650 0.0115 0.0472 0.0063
(18%) (72%) (10%)

1951—2019 0.0539 0.0192 0.0368 -0.0021
(36%) (68%) (-4%)
Germany (o = 0.35) 1951—1970 0.0612 0.0062 0.0242 0.0307
(10%) (40%) (50%)
1971—1990 0.0258 -0.0007 0.0132 0.0132
(-3%) (51%) (52%)
1991—2019 0.0147 0.0012 0.0075 0.0060
(8%) (51%) (41%)
1951—2019 0.0314 0.0021 0.0140 0.0153
(7%) (45%) (48%)
USA (0. =0.38) 1951—1970 0.0386 0.0131 0.0140 0.0114
(34%) (36%) (30%)
1971—1990 0.0319 0.0135 0.0136 0.0048
(42%) (43%) (15%)
1991—2019 0.0246 0.0067 0.0113 0.0065
(28%) (46%) (26%)

1951—2019 0.0307 0.0106 0.0127 0.0074
(34%) (42%) (24%)
Japan (o = 0.40) 1951—1970 0.0885 0.0182 0.0351 0.0352
(20%) (40%) (40%)
1971—1990 0.0440 0.0074 0.0283 0.0083
(17%) (64%) (19%)
1991—2019 0.0096 0.0002 0.0089 0.0005

(2%) (93%) (5%)

1951—2019 0.0424 0.0075 0.0221 0.0128

(18%) (52%) (30%)
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which is commonly interpreted as reflecting the
effects of technological and organizational imp-
rovements. According to our estimates for the pe-
riod 1951—2019, the contribution of TFP remains
substantial, accounting for approximately 15% of
growth in the United Kingdom, 23% in Canada,
24% in the United States, 30% in Japan, and 48%
in Germany. China constitutes an exception, with
an average TFP contribution of approximately
—4%, largely due to negative TFP growth during
the decades preceding the economic reforms.

Secondly, these results confirm a slowdown in
growth rates in mature economies — precisely
what the neoclassical model predicts. In the im-
mediate postwar decades, growth rates were high;
in particular, in Germany and Japan a substantial
share of output growth was accounted for by TFP
(50% and 40% respectively), which is consistent
with institutional development and rapid techno-
logy diftfusion. In China during this period, TFP
is negative, reflecting institutional constraints and
inefficiencies of the planned economy. In 1971—
1990, following the oil shocks, a general decline
in productivity occurred: the role of capital in-
creased, while the contribution of TFP gradually
decreased. The last two decades show significant
cross-country divergence and require more care-
ful analysis. In the context of automation, the rising
role of knowledge, and digitalization, “innovation
gains” are partially recorded as capital services or
labor quality improvements; as a result, measured
TFP is redistributed across components and be-
comes a less unambiguous indicator of “pure
technology.” This calls for cautious interpretation
and harmonized measurement methodologies.

A high TFP share should be interpreted as an in-
direct indicator of innovation and of improved eff-
iciency in the use of labor and capital, rather than
as a simple “better/worse” metric. At the same
time, it should be interpreted alongside the abso-
lute growth rate: even when its share is large, the
absolute contribution of TFP may remain modest.
It is also important to compare this indicator with
the level of investment: sustained growth requires
sufficient capital accumulation, and an excessive-
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ly large role of TFP in the context of weak invest-
ment may indicate the “consumption” of future
productive potential. Finally, measurement qua-
lity must be taken into account in order to avoid
overstated “residuals” that do not, in fact, reflect
technological progress.

An attempt to equate the Solow residual with a
factor of technological change, despite receiving
support from representatives of the neoclassical
school, has at the same time faced sharp criticism
from proponents of heterodox approaches. Accor-
ding to G. Roeggers, representing technological
progress as an indeterminate residual of an aggre-
gated production function is a convenient metho-
dological fiction: “De facto, such reductionism
transforms technical progress, one of the key dri-
ving forces of history, into nothing more than an
obscure component of an equation intended to
describe economic change” [26].

Well-argued criticism of TFP as a direct measu-
re of innovation is present in the work of many
authors. In particular, study [27] shows that tra-
ditional growth accounting relies on unrealistic
assumptions — perfect competition and the tem-
poral coincidence of costs and revenues (wages
and material inputs are assumed to accrue in the
same period as output). As a result, the method un-
derestimates intermediate inputs (and in some ca-
ses labor), overestimates capital, and the resulting
TFP estimate may be biased in either direction.

In [28], the authors emphasize that TFP is not
synonymous with technological progress, and
that its estimates are highly sensitive to metho-
dology. Therefore, alongside conventional growth
accounting, more advanced methods and robust-
ness checks should be applied to disentangle efhi-
ciency effects from technology itself. In [29], it is
stated that TFP as the Solow residual is rather a
“measure of our ignorance” than pure technical
progress; conclusions depend on assumptions and
measurement choices, while the complementari-
ty of factors is often ignored. In [30], the authors
demonstrate that production function estimates
and TFP are largely transformations of the ac-
counting identity of the system of national ac-
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counts rather than tests of a “law of production.”
Hence, the Solow residual reflects the algebra of
income decomposition rather than “pure” techni-
cal progress. This underpins a broader critique of
a TFP-centered paradigm as one that generates
an “illusion of knowledge.”

The transition to a post-industrial society re-
quires a broader definition of capital that includes
intangible assets. This allows part of the “unexp-
lained” growth to be reallocated from the Solow
residual into measurable factors, thereby reduc-
ing the magnitude of TFP. However, accounting
for the innovation component in growth remains
a complex methodological challenge. On the one
hand, part of private-sector spending on techno-
logical development is already capitalized as in-
tangible capital; on the other hand, a significant
share of expenditures is still treated as current
costs (for example, employee training, certain or-
ganizational changes, and some components of
public R&D), and therefore implicitly enters TFP.

A systematic attempt to address this issue was
proposed by C. Corrado and co-authors. They ex-
panded the concept of capital by distinguishing
three categories of intangible assets: computeri-
zed information (software, databases); innovative
property (R&D, mineral exploration, copyrights and
licenses, and other product development costs);
and economic competencies (brand equity, firm-
specific human capital, and organizational capi-
tal). According to their estimates for the United
States (mid-1990s to 2000s), the inclusion of the-
se assets significantly reduces the share of TFP in
productivity growth (approximately from two-
thirds to one-third) [31]. To reduce the tension
between models and empirical data, the contem-
porary literature moves in this direction by imp-
roving the measurement of production factors
(including employment adjusted for human capi-
tal, capital services, and capacity utilization adjust-
ments), incorporating a broader set of inputs and
intermediate costs rather than relying solely on
value added, and capitalizing intangible assets.

Based on the conducted research, the following
main conclusions are formulated.
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1. Under standard assumptions of the neoclassi-
cal model with constant returns to scale and com-
petitive markets, a long-run balanced growth path
is sustained by Harrod-neutral technical progress.
In empirical implementation, this implies working
in efficiency units of labor using normalized variab-
les and growth rates. After estimation, results are
then transformed back into levels for interpretation.

2. The discrete version of the model with time-
varying parameters s, 1, ,, g, o, has been found
to better replicate historical data. The continuous-
time specification with averaged parameters ade-
quately captures the general trend and smooths
periods of acceleration and deceleration; there-
fore, it primarily serves to illustrate convergence
toward the steady state determined by structural
parameters.

3. The steady state should be treated as a time-
varying magnitude. A steady-state level calcula-
ted using long-run averages represents only a
rough approximation. In the presence of institu-
tional reforms, demographic shifts, technological
innovations, and other macroeconomic shocks, it
is more appropriate to employ moving averages
or to explicitly model a time-varying level of capi-
tal intensity k, .

4. Suitability of the Solow model. The Cobb-
Douglas specification with Harrod-neutral tech-
nical progress generally performs well for mature
economies. In contrast, for transition economies
characterized by frequent structural breaks, it tends
to produce biased steady-state estimates and pro-
vides a poorer fit to the data unless parameters
are calibrated over time.

5. Growth accounting for selected countries.
Growth accounting results for selected countries
(predominantly OECD member states) indicate
that capital has been the main source of economic
growth. The contribution of labor has been mo-
derate, while TFP has remained substantial in
most cases. Exceptions are observed during pe-
riods of institutional distortions and large-scale
structural reforms.

6. Definition of input factors. The definition
of input variables is critically important. Substi-
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tuting capital stock with capital services reduces
the estimated contribution of TFP and correspon-
dingly increases the measured contribution of ca-
pital. Similarly, alternative definitions of labor sig-
nificantly affect the decomposition results in growth
accounting exercises.

7. Interpretation of TFP. TFP mustbe interpre-
ted with caution, as it represents a composite mea-
sure that combines the effects of technological
change, organizational improvements, allocative
efficiency, capacity utilization, and measurement
errors. Expanding the concept of capital to include
intangible assets partially “purifies” TFP by real-
locating part of growth from the residual to mea-
surable factors.

8. Limitations of the Solow approach. The So-
low model does not allow for the analysis of inno-
vation as a purposeful activity of economic agents:
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3BAJTAHCOBAHE 3POCTAHHA Y MOJEJII COJIOY-CBOHA:
POJIb XAPPOJI-HEMTPAJIbBHOTO TEXHIYHOTO ITPOTPECY

Bcryn. Po6oyoro Mopento MakpoaHasisy € Mofenb Conoy—CBoHa 3 HEOK/IACMYHOIO BUPOOHNYO0 QYHKII€EW i3
HOCTIITHOIO Bififlauero Bif MacuITaly i Clia/jHOI0 IPAaHMYHOIO IIPOAYKTUBHICTIO (paKkTOpiB.

ITpo6nemaTuKa. Y3rofKeHHs MOZei 3 JOBIMMI YaCOBUMM PSIfaMyl IOTpebye YTOUHEHHsI IPUPOAY TeXHiu-
HIX 3MiH i cIT0c06iB BUMIpIOBaHHs BHeCKiB ¢akTopiB. [IpobneMaTiKa Ma€ K TeOpeTUYHY, TaK i IPUKIagHY Bary:
RUCKYCii IPO «yHOBI/IbHEHHS IPOAYKTUBHOCTI» Ta pO/Ib HeMaTepia/IbHMUX aKTUBIB 6e3I0CepeHbO BIUIMBAIOTD Ha
OLIiHKY JPKepeN 3pOCTaHHA i, BIITOBIHO, HA €EKOHOMIYHY IOJITUKY.

Mera. Po3po6utu it eMIipu4HO nepeBipuTy METORO/IOr0 ITI0OY0BK TPaeKTOpiit 3pocTanHHs y Mogeni Conoy—
CsoHa 3 Xappoj-HelITpaJIbHIM TeXHIYHMM IIPOTPecoM: a) AUCKPeTHA Bepcis 3 mapaMeTpaMmu, 10 3MIHIOIOTbCA Y
vaci; 6) GesmepepBHa BepCist 3 ycepefHEHNMI TIapaMeTpaMi, a TAKOK BUKOHATH OOJIIK 3pOCTaHHs 3 KimbKOMa
Higxomami O BU3HA4YeHHs GaKTOPiB A/st BifOKpeM/IeHHsI BHECKY TeXHIYHOTO IPOTpecy.

Marepianu it Mmerogu. OCHOBHUM JPKePeZIoM MaKpOeKOHOMIUHuX psafiB € Penn World Table (10.01). Ananis
BIMKOHAHO y JIBOX IIOCTAHOBKaX (IMCKpeTHiil i GesnepepBHiit). TeMu TeXHIYHOTO MPOTPeCy OL[iHIOBAIN Yepes3
«3amuok Conoy», epeBipsIi 9y T/IMBICTb B0 BUOOPY IOKa3HUKIB ITpalli, KamiTary Ta paKTOPHUX YacTOK.

Pesynbratn. Crenndikanis Ko66a—[lyrmaca 3 Xappop-HeiTpanbHIiCTIO 3a3B14ali f00pe OIICYeE 3pii eKOHO-
miku. ITokasaHo, 110 /I HepeXifHMX eKOHOMIK i3 4acTMMM CTPYKTYpHMMIU 3/1aMaMy 6e3 KamibpyBaHHs y daci
MOJK/IMBI 3MillleHHs OLIiHOK CTalliOHapy Ta ripilia BifIOBiAHICTb JaHNUM.

BucHosku. TFP cnip Tnymauntyt o6epexxHo: 1ie 36ipHa BeMM4MHA, 110 MOEFHYE TEXHOJIOTII0, OpraHisaniiui
3MiHM, eeKTUBHICTb PO3MOAINTY PecypcCiB, 3aBaHTaXKEHHS ITOTY>KHOCTEN i HOXMOKM BuMiproBaHH:. PosupenHs
MIOHATTA KalliTa/lly Ha HeMaTepianbHi akTMBY 4acTKOBO «ounigye» TFP, mepeHocAYn 9acTuHy 3pocTaHHA i3 3a-
JIMIIKY 0 BuMipoBaHUX (akTopiB. OOMeXeHHs: MOJie/b 3 eK30T€HHUM TEeXHIYHMM IIPOTPecOM i JOCKOHAJIO
KOHKYPEHIIIi€I0 He ONMCY€E IHHOBALl AK Ii/IecIpsAMOBaHY Jif/IbHICTD; /IS 1IbOTO MOTPiOHI MOZesIi eHIOreHHOTO
3POCTaHHA, 10 IPUIYCKAIOTh IHHOBALIiJIHI PEHTH.

Kntouosi cnosa: 306anancoBaHe 3pOCTaHHA, 00K 3pOCTaHH, HeMaTepialbHWII KaIliTasl, (PaKTOPHI 4aCTKM, TeXHid-
HIIT TIPOTPEC, iIHHOBALIIIHMIT PO3BUTOK.
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