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INTRODUCTION. Modeling the
innovative  development of  business

structures in the conditions of post-war
economic recovery is the process of
developing and applying economic,
mathematical, organizational and digital
models to substantiate  management
decisions regarding the recovery,
modernization and sustainable development
of enterprises after the end of hostilities. The
main goal of such modeling is to ensure the
rapid adaptation of business to new
economic  conditions, increase its
competitiveness, innovative activity and
resilience to future crises.

In the conditions of post-war recovery, the
innovative  development of  business
structures acquires particular importance,
since the recovery of the economy requires
not only the reconstruction of production
facilities, but also the transition to
innovation, digital transformation,
development of human capital and
integration into international production and
logistics chains. These aspects reflect the
importance of the innovative development of
business structures in the conditions of post-
war economic recovery of the state.

THE HYPOTHESIS OF THE
SCIENTIFIC RESEARCH is to study
the process of innovative development

Kyiv National University of Technologies and Design,

of business structures, namely the use of
multidimensional  comparative  analysis,
which allows taking into account not only
the absolute values of business structure
indicators, but also the degree of their
proximity (distance) to the benchmark
indicators.

THE PURPOSE OF THE RESEARCH:
to assess the innovative potential; to identify
factors that influence innovative
development; to predict the results of the
implementation of innovations.

THE RESEARCH METHODOLOGY is
based on the use of scientific methods of
econometric modeling to predict innovative
activity; system dynamics to analyze the
relationships between development factors;
cluster modeling to study various
development scenarios.

CONCLUSIONS AND PROSPECTS
FOR FURTHER RESEARCH. Modeling
the innovative development of business
structures is the process of creating and
using models to analyze, predict and manage
the implementation of innovations in the
activities of business structures in order to
increase their competitiveness and long-term
development.
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Kuiscokuii nayionanvnuii ynigepcumem mexnono2iu ma

ousauny, Ykpaina

BCTYII. MoaenoBaHHsT 1HHOBAILIHOTO
pPO3BUTKY Oi3HEC-CTPYKTYp B yMOBax
MOBOEHHOTO BIJTHOBJICHHS — II€ MPOIIEC
pO3pOOJICHHST Ta 3aCTOCYBaHHS EKOHO-
MIYHUX, MATEMaTUYHUX, OpraHi3aifHuX 1
mUppPOBUX MOJENeN Al OOTpyHTYBaHHS
YOPaBIIHCHKUX PIIIEHb 11010 BiIHOBJICH-
HS, MOJICpHI3alii Ta CTaJlor0 PO3BUTKY
HiAMPUEMCTB TICIIA 3aBEPIICHHS BOEHHUX
niii. OCHOBHOIO METOIO TaKOro MOJIEIIIO-
BaHHJ € 3a0€e3IeUeHHs IIBUIKOI ajanTailii
0i3HeCy 110 HOBHX EKOHOMIYHUX YMOB,
MiBUIICHHS HOTO KOHKYPEHTOCIIPOMOXK-
HOCTI, I1HHOBAI[IMHOI AaKTHUBHOCTI Ta
CTIAKOCTI 10 MaOyTHIX KPHU3.

B ymMoBax TMOBOEHHOTO BiJHOBJICHHS
IHHOBALIMHUN PO3BUTOK Oi3HEC-CTPYKTYP
HaOyBa€e 0COOJIMBOTO 3HAYCHHS, OCKUIBKU
BIJIHOBJICHHS ©KOHOMIKH TIOTpeOye He
JIUIIE PEKOHCTPYKIIii BUPOOHUYIMX
MOTYXXHOCTEH, a 1 Mepexoy /10 CydyacHUX
TEeXHOJIOT1H, IudpoBoi TpaHchopmarlii,
PO3BUTKY  JIIOJICBKOTO  Kamitaimy — Ta
iHTerpanii y MDKHApOAHI BHpPOOHWYI W
jgorictiyHl  jaHiporu. Il acmekTu
B1JIOOPaKAIOTh BaXJIWBICTh 1HHOBAI[IN-
HOTO  PO3BUTKY  Oi3HEC-CTPYKTYp B
yMOBaxX  MICIASBOEHHOTO  BiJIHOBJICHHS
€KOHOMIKH JICP)KaBH.
I'IIOTE3A
JOCJIIKEHHS
JOCJIIJDKEHH] ~ TIpOoIecy
pPO3BUTKY  OI3HEC-CTPYKTYp, a

HAYKOBOI'O
10JIsITac B

1HHOBAIIITHOTO
came

BUKOPUCTAHHS 0araToBHUMipHOTO
NOPIBHSUIBHOTO aHAI3y, KU BPaXOBYE
HE  TUIBKM  aOCOJIIOTHI  BEIUYHHHU
MOKa3HUKIB  OI3HEC-CTPYKTYp, ane 1
CTYMHiHb I1XHBOT OJU3BKOCTI (IATBHOCTI)
IO MIOKA3HUKIB €TAJIOHA.

META JOCJIIXKXEHHS: ouinutu
IHHOBAIIIMHUKM  MOTEHIaJ;, BU3HAYUTH
dakropu, 1o BIUIMBAIOTh Ha
IHHOBAI[IWHUN PO3BUTOK; CIHPOTHO3YBATH
pe3yJbTaTH BIPOBAKCHHS IHHOBAIIIH.
METOAOJIOI'IA JOCJIIXEHHS
0a3yeTbCsl HAa BHKOPUCTaHHI HAYKOBHUX
METO/[iB EKOHOMETPUIHOTO MOICITFOBAHHS
JUIS MIPOTHO3YBaHHS 1HHOBAL1ITHOL
AKTUBHOCTI; CHCTEMHOI JMHAMIKH IS
aHali3y B3a€MO3B'A3KIB MK (akTopamu
PO3BUTKY; KJIacTEPHE MOJICIIOBAHHS JIJIs
JIOCJIIJDKEHHSI PI3HUX CIIEHApP1iB PO3BHUTKY.
BUCHOBKHU TA MNEPCIIEKTHUBHA
MNOJAJIBHINX JOCJIIKEHD.
MopentoBaHHsS 1HHOBAIIHHOTO PO3BUTKY
013HEC-CTPYKTYp — II€ TPOIEC CTBOPECHHS
Ta BUKOPUCTAHHS MOJIEJICH ISl aHawizy,
IPOTHO3YBaHHS Ta yIIpaBITiHHS
BIIPOBAKEHHSAM 1HHOBAIIA Yy AISIIBHOCTI
O13HEC-CTPYKTYp 3 METOIO TIiIBUIICHHS

iXHbOI ~ KOHKYPEHTOCIPOMOXXHOCTI  Ta
JIOBrOCTPOKOBOT'O PO3BUTKY.

KJIOYO0BI CJOBA: Oi3Hec-
CTPYKTYpH; e(eKTHBHICTh  iHHOBAILIi;
IHHOBAIlIMHUN TIpollec; KJIacTepH3allis;
MO/IEJTFOBAHHSL.
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Problem statement. In modeling the innovative development of business
structures, it is necessary to consider this process as the basis for technology
transfer and the environment of merged enterprises, thanks to which it becomes
possible to adapt merged enterprises to external changes.

Modeling stages:

- Setting the goal and defining the problem.

- Selecting factors and indicators.

- Building a simulation model.

- Checking the adequacy of the model.

- Conducting scenario analysis.

- Making management decisions and monitoring results.

Analysis of scientific literary sources. Problem statement In modeling the
innovative development of business structures, it is necessary to consider this
process as the basis for technology transfer and the environment of merged
enterprises, thanks to which it becomes possible to adapt merged enterprises to
external changes.

Modeling stages:

- Setting the goal and defining the problem.

- Selecting factors and indicators.

- Building a simulation model.

- Checking the adequacy of the model.

- Conducting scenario analysis.

- Making management decisions and monitoring results.

The purpose of the article is to model the innovative development of
business structures in the conditions of post-war economic recovery.

Presentation of the main material. The developed model is based on the
availability of innovative opportunities in the conditions of post-war economic
recovery and the achievement of strategic goals of business structures and their
ability to adapt to environmental changes. The relationships between the
components of the model are reflected in various forms. Closed innovation
models correspond to the positioning of business structures as a violator; for a
stakeholder, the use of such a model is complicated due to the fact that its goal is
to coordinate innovation processes; for an explent — practically impossible, since
such business structures involve licensing innovation objects to third-party
enterprises).

The possibility of implementation this proposed model depend on its
compliance with internal features — resources, processes and potential of the
enterprise: resources; innovative potential.

Based on the analysis of strategic innovative decisions of business
structures, it is shown that from the point of view of the relationships and mutual
influence of traditional and innovative elements of structures, there are
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differences between the types of models for each of the three identified classes
of business structures, which is largely determined by the features of innovation,
which in turn allows the analyzed entities to take into account and use

innovative technologies from know-how

markets.

To typify the studied enterprises on the basis of the "Possibility of
attracting / providing innovations”, their clustering was carried out using the
STATISTIKAY application program package, the list of grouping indicators is

given in Table 1.

Table 1

List of indicators for typology of the studied enterprises according

to the characteristic "Possibility of

attracting/providing innovations”

Introversion of innovation

Innovation extroversion

1. Share of venture capital Kil

2. Number of acquired innovations (patents,
licenses, copyrights, etc.) Ki2

3. Coefficient of expansion of innovative
activity Ki3

4. Coefficient of attracted
innovative projects Ki4

5. Coefficient of international openness to
innovative products Ki5

6. Share of partnership in the activities of the
open innovation system Ki6

investments in

1. Share of open innovation revenues Kel

2. Share of open innovation costs Ke2

3. Innovation attrition rate Ke3

4. Outsourcing rate of non-core functions Ke4
5. Knowledge and technology transfer rate
Keb5

6. Percentage of information transferred to
modern "open innovation" databases Ke6

7. Actual R&D performance Ke7

Source: author's compilation.

Plot of Means for Each Cluster

1,2E6

1E6 |

8E5 |

6E5 |
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2E5 t

-2E5 |
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Source: calculated by the author.
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Kes Kes «-o-- Cluster 3

Fig. 1. Listing (fragment of the program) — graphs of average clusters

of business

structures
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The average graph of each of the obtained clusters is shown in Fig. 1. The
cluster analysis and case analysis of typical representatives of the clusters
allowed us to confirm the existence of typical variants of the models "Possibility
of attracting / providing innovations™ and significant relationships between their
elements. Multifactor cluster analysis was carried out in order to identify the
presence of stable groups of business structures with characteristic relationships
between components.

The listing shows that, based on price and technical characteristics,
3 clusters were obtained as a result of the calculations. A description of the
clusters obtained as a result of clustering market segments is given in Fig. 2-4.

kbookb™ _ Members of Cluster Number 1 (ucx_aan)
Cluster Analysis (wox.aaH) and Distances from Respective Cluster (
3 K-means clustering results dialog Cluster contains 5 cases
--[Z] Members of Cluster Number1 Distance
Members of Cluster Mumber 2 | 8 [104957 .91
Members of Cluster Mumber 3 || 1711 53?10.‘1‘.

Mn19 616123

n24 733141

Mn2s 1168931

Source: calculated by the author.
Fig. 2. Listing (fragment of the program) — business structures included
in the 1st cluster

rkbooké™ Members of Cluster Number 2 (ncx.aaH
Cluster Analysis (nceaan) and Distances from Respective Cluster
a_ K-means clustering results dialog Cluster contains 8§ cases
- [E5] Members of Cluster Number 1 Distance
B i o s 2| 17 Dt 7
.fE5] Members of Cluster Number 3 |13 71643,6
ns 28096,8
M6 h4264 .5
n7 85889,2
M3 90248,3
M14 74833,8
nz22 158053,0

Source: calculated by the author
Fig. 3. Listing (fragment of the program) — business structures included
in the 2nd cluster

Statistically, the quality of clustering was checked by calculating and
evaluating the point-biserial correlation coefficient and C-Index 14, the values
of these indices were 0.8 and 0.02, respectively, which indicates a fairly high
degree of difference between individual clusters and a high density of
observations within clusters.

Based on the results of the classification of business structures, a
discriminant model was built to identify their belonging to one of the 3 classes
(violents, stakeholders, explents) according to the characteristic "Possibility of
attracting/providing innovations". To conduct discriminant analysis, the results
of clustering are used, according to which each business structure is assigned the

115



ISSN 2415-3206 Journal
MANAGEMENT Issue 1 (43), 2026

number of the cluster to which it belongs. Discriminant analysis allows us to
recognize new objects, attribute them to existing clusters in order to develop
proposals for their corresponding innovative development. The results of the
discriminant analysis of the identification of business structures by belonging to
one of the three clusters are shown in Fig. 5.

tkbookh™ . Members of Cluster Number 3 (wex.gaH’
Cluster Analysis (nce.aan) and Distances from Respective Cluster |
3 K-means clustering results dialog Cluster contains 12 cases
Members of Cluster Murmber 1 Distance
[ Members of Cluster Number 2 |9 [ 98676.31
i cmocrs ot Clos o] [ 7055554

9 96727 4

nio 55108,3

niz 662756

e 1418609

M6 989496

mi 84452 5

s 1667246

n20 777205

n21 77412,0

na3 128600.3

Source: calculated by the author.
Fig. 4. Listing (fragment of the program) — business structures included
in the 1st cluster

g‘;ﬁiﬁ:;’;‘:; Classification Functions; grouping: rnacrep
: G11 | G22 | G33
= Diserim |\/ariaple | p=,20000 | p=.32000 | p= 48000
- Clas 16 [ 09519] 37890 29654
Ko 0.1056 08399 07726
Ka 03358 -04553 -0.2959
Kis 01005 04397 05758
Kis 01179 01960 -0.1960
Kis 03222 03435 02844
Ke1 04160 08493 05780
Kez 04129 03860 02952
Kez 02245 01057  0.1608
Kes 02397 02404 02393
Kes 01667 01030 -0.1621
Kes 02743 02474 02374
Ke 02126 02035 -0.1616
Constant | -68.3126 -48.7301 403320

Source: calculated by the author.
Fig. 5. Program listing — results of discriminant analysis of business
structures identification by belonging to one of the three clusters

Information on the distribution of business structures between clusters and
the obtained discriminants of the identification model of belonging to one of the
3 classes of violants, stakeholders, explents according to the characteristic
"Possibility of attracting / providing innovations".

The next step in building the model is to visualize the obtained results
using a two-dimensional matrix. In general, it is presented in Fig. 6.

116



ISSN 2415-3206 Journal

MANAGEMENT Issue 1 (43), 2026
—
<

c 2 B1 Al
S E
©
>
o
c
= Te}
"'5 o
c
S
o
[(¢5]
3 3 B2 A2
=

o

0 0,5 1
low high

Innovation extroversion

Source: calculated by the author.
Fig. 6. Matrix for determining the position of business structures based
on the characteristic "'Possibility of attracting / providing innovations"

The positioning of business structures in the proposed matrix along each of
the axes (abscissa and ordinate) is proposed to be carried out using the
taxonomy method (multidimensional spaces). The taxonomic indicator can take
on a value in the interval [0; 1] and has the following interpretation: an
individual object in a given period is more developed the closer the value of the
generalizing indicator is to unity. It can be used to assess the "average" level of
the value of the features characterizing a phenomenon or process achieved in a
certain period or moment of time (Porter, 1998).

When constructing a taxonomic indicator, a data matrix composed of
standardized features is used. Standardization allows you to get rid of the unit of
measurement, both cost and natural. At the same time, the dispersion is leveled,
as well as the values of the features, which is undesirable, because because of
this, each feature equally affects the results of the analysis (Zhyhalkevych et al.,
2018).

The initial data for positioning business structures according to the criterion
"Possibility of attracting/providing innovations” were indicators that
characterize extraversion (openness of innovations for external use) (Table 2).

The indicators that characterize introversion (the ability to use innovations
for internal use) are given in Table 3. This formulation of the task allowed us to
obtain a generalized picture of the changes that occur in the set of
characteristics.
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Table 2

Formulas for calculating innovation introversion indicators

Introversion Innovation
Assessments

Calculation formula

Legend

Share of venture capital in

VC - venture capital

total investment Kil=VC/I | — total investment
Number of innovations OPI - the volume of acquired
acquired (patents, licenses, Ki2 = OPI innovations (patents, licenses,

copyrights, etc.)

copyrights, etc.) in monetary terms in a
certain period of time

Indicator of expansion of
innovation activity

Ki3 = OVNI/ OVNA

OVNI - cost of acquired intangible
assets for open innovation;
OVNA - total cost of intangible assets

Indicator of attracted
investments in innovative
projects

Ki4 =EIIP/TCIP

ElIP — external investments in an
innovation project;

TCIP - total costs of an innovation
project

Indicator of international
openness to innovative
products

Ki5 = VRSIP / TVORIP

VRSIP — volume of innovative
products sold abroad;

TVORIP - total volume of innovative
products sold

The specific weight of
partnership in the activities
of the open innovation
system

Ki6 = VPIP / TCIP

VPIP — partners’ costs for the
innovation project;
TCIP - total costs for the innovation

project

Source: author's compilation.

Table 3

Formulas for calculating innovation extroversion indicators

Innovation extraversion
scores

Calculation formula

Legend

Share of revenues from
open innovation

Kel =ROI/TRE

ROI - revenues from open innovations
TRE - total revenues of the enterprise

Share of spending on open
innovation

Ke2 =0OIC/ Ol

OIC - open innovation costs;
Ol — total enterprise costs

Innovation attrition rate

Ke3 =VIADOI/ TVIA

VIADOI - value of intangible assets
that have been disposed of for open
innovation;

TVIA - total value of intangible assets

Outsourcing rate of non-
core functions

Ke4 = OFO / VBP

OFO - the volume of functions
outsourced;

VBP - the total volume of business
processes in the enterprise

Knowledge and
technology transfer
indicator

Ke5=VIPSA/TVIP

VIPSA - volume of innovative
products sold abroad;

TVIP — total volume of innovative
products sold

118




ISSN 2415-3206 Journal
MANAGEMENT Issue 1 (43), 2026

End of the Table 3

Innovation extraversion

Calculation formula Legend
scores

Percentage of information PCIP — partners’ costs for the
transfer to modern "open _ innovation project;

innovation™ databases Ke6 =PCIP/TCIP TCIP - total costs for the innovation
project

Actual R&D performance Z R — total costs for completed work;

H, — costs for transitional (unfinished)
work at the beginning of the time

K - 2R period:;
@ i Q —(H —H) |H,—costsfor transitional (unfinished)
= """ |work at the end of the time period;

N — number of periods;
Q, — risky investments for the i-th

period.

Source: author's compilation.

The next step in building a model of innovative development of business
structures is to process the obtained characteristics according to the
characteristics: introversion and extraversion of innovations. To do this, two
initial matrices are compiled for each of the characteristics:

_ matrix of introversion indicators: K; = [Ki;; Ki,; Kigi Kiai Kigi Ko ]:

— matrix of extraversion indicators:

Kei = [Kel; KeZ; KeS; Ke4; Ke5; KeG; Ke?]-

We reduce these matrices to a dimensionless standardized form:

— introversion  assessments: ki = [kil; kizi kig; ki4; ki5; kie ] where

ki:ﬁ;

Ki

— extraversion  scores: ke:[kel;kez;keg;ke4;ke5;ke6;ke7], where
-k

K-

e
We compose the reference matrices, where 0 is the best value in the
columns:

— introversion assessments: kio = [kml; kiozi kiog; kio4; ki05; kioﬁ];

— extraversion scores: keo = [ke01; keozi keog; keo4; ke05; ke06; keo7].
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Moreover, for the compilation of standard matrices it is necessary to take
into account that all indicators are differentiated by the degree of openness to
innovations into stimulants and de-stimulators.

For example, stimulants for introversion are such indicators that increase
the capabilities of business structures to attract innovations in their activities.

We determine the multidimensional Euclidean distance from it to each
studied object, as well as the average value of the Euclidean distance from all
objects to the standard by the formulas:

— for assessing introversion:

Li =[(k, - ki01)2 + (i, — kioz)2 + (Kis — ki03)2 +
+(kis — kio4)2 + (kiS —Kigs )2 +(ki6 —Kigs )2]1/2
1 |

T.

i=1

L

L=

— to assess extraversion:
Llr = [(kel - keOl)2 + (kez - ke02)2 + (ke3 - ke03)2 + (ke4 - keozl)2 +

+ (kes - k605 )2 + (ke6 - I(e06 )2 + (ke7 - keO7 )2]1/2;
1 E
L =—- E L'
(] E - (5] )

where | is the number of indicators by which business structures are
evaluated in terms of introversion of innovations;

E is the number of indicators by which business structures are evaluated in
terms of extraversion of innovations.

Further processing of statistical information is carried out by calculating
the standard deviations of multidimensional distances and the corresponding
generalizing indicators of the development of each business structure regarding
introversion/extroversion of innovations:

1 | 2 12 1 . PV
o == Z(L{—Li) ot =—" Z(LL—Le) .
= E =

The indicator of the level of development of a business structure regarding
introversion of innovation is a characteristic of its openness to involving open
innovations in its activities, the indicator of the level of development of
extraversion of a business structure is a characteristic of its ability to provide
open innovations to partners and other enterprises interested in them. Thus, the
taxonomy indicators for each of the assessments of the degree of openness to
innovation are calculated using the following formulas:
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r L : L,
=1 L +2c"" e =1 L, +20°"

Quantitative analysis of the calculations of taxonomy indicators shows that
the closer its value is to 1, the greater the degree to which the business structure
Is ready to attract or provide innovations.

If the use of taxonomy indicators as a quality in the coordinate system
"Introversion / extraversion™ will allow determining the position of the business
structure in the proposed matrix according to the characteristic "Possibility of
attracting / providing innovations"”, then the magnitude of this position is
indicated by the size of the potential of the innovation system. Determination of
the potential of business structures, including innovative (IP), according to the
method of L.M. Hanushcha-Yefimenko (2009) is based on the use of the radar
method, which is based on the calculation of integral indicators for each of the
identified subsystems: production subsystem (B); R&D management subsystem,
patent and license support subsystem (PLZ); financial and investment support
subsystem for innovation projects (FIZIP); commercialization subsystem (K),
where the potential value is taken as the area of the radar (IP) built inside the
circle. The vectors of this radar are the integral indicators of the development of
the subsystems of the innovation system, calculated by the taxonomy method
(Fig. 7), where the area of the IP radar is determined by the formula:

S, =1/2sina(a, -, -a, +...+a,, a, +a, -a,),

where 4d;...d, — the value of integral indicators of the development of

innovative subsystems, in fractions of a unit;
a — angle between the nearest indicators, degrees.

Bl 1

UNRDKR

1
Source: constructed by the author.

Fig. 7. Theoretical view of the radar of the innovative potential
of a business structure
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Effective modeling of innovative development of business structures in the
post-war period will contribute to:

- acceleration of economic recovery of enterprises;

- increase of investment attractiveness;

- development of high-tech industries;

- creation of new jobs;

- strengthening of competitive positions of Ukrainian business in
international markets;

- ensuring sustainable and inclusive economic development.

Conclusions and results of the study. Modeling the innovative
development of business structures in the conditions of post-war recovery is a
strategic management tool that combines economic forecasting, risk assessment,
scenario planning and digital technologies. Its application allows you to form
scientifically based strategies for the recovery of enterprises, effectively use
limited resources and ensure the transition to an innovative model of economic
development. For Ukraine, this is one of the key factors in successful post-war
reconstruction, increasing international competitiveness and integration into the
European economic space.
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