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Abstract. The paper carries out the strategic analysis of innovative possibilities of Zaporizhzhia region’s in-
dustrial complex and investigates the indicators of innovative activity of industrial complexes of Zaporizhzhia
region and Ukraine by Harrington’s generalized desirability function. The evaluation results prove the “good”
ability and readiness of the industrial complex of Zaporizhzhia region and Ukraine to carry out effective inno-
vation activities. However, according to the comparative assessment of the innovative activity of Zaporizhzhia
region’s industrial complex and Ukraine’s one, Zaporizhzhia region’s industrial complex is found to lag 9.2%
behind Ukraine’s. A cluster development strategy is suggested to improve the innovative development manage-
ment of Zaporizhzhia region’s industrial complex.

1 Introduction

The modern model of sustainable development of the na-
tional economy as a whole and its regional components
is based on the continuous conversion of modern achieve-
ments of scientific and technological progress into the lat-
est technologies, quality goods and services. Therefore,
the reproduction of productive forces and manufacturing
relations at the regional level requires radical changes,
both within the industrial complex of the region and its
sub-complexes. These changes are determined by a com-
bination of internal and external factors, namely innova-
tive technological changes in the traditional real economy.
Therefore, special attention is paid to defining strategic
directions of innovative development of Zaporizhzhia re-
gion’s industrial complex by assessing enterprises’ inno-
vative activity in the industrial complex. Cluster develop-
ment models are used to improve the innovative develop-
ment management of industrial complexes in most indus-
trialized countries.

In this context, it is of particular importance to define
long-term strategic directions of innovative development
of the region’s industrial complex.

Issues of innovative development of the regions are re-
flected in the works [1–23].

The conducted research offers basic guidelines for as-
sessing the development of the industrial complex of the
region, as well as develops scientific approaches and rec-
ommendations for the management of the region’s indus-
trial complex. However, in general, the problem of defin-
ing strategic directions of innovative development of the
region’s industrial complex remains open; moreover, the
lack of innovative development strategy of the industrial
∗e-mail: nadezdash@ua.fm

complex slows down the development of projects, pro-
grams and scenarios of socio-economic development.

The purpose of the paper is to improve the innovative
development management of Zaporizhzhia region’s indus-
trial complex.

The following methods of economic research were
used in the research process: abstract-logical (for the-
oretical generalizations and formulation of conclusions),
statistical-economic (diagnostics of the state and assess-
ment of innovative development of the region’s industrial
complex).

2 The industrial potential of Zaporizhzhia
region

Zaporizhzhia region is one of the most economically at-
tractive regions of Ukraine due to great industrial and
agricultural potential, natural, as well as own energy re-
sources, high scientific and technical potential, developed
transport infrastructure, developed banking system and ac-
cessibility to the markets of Ukraine, CIS, Europe and
Asia. There are more than 160 powerful industrial enter-
prises in the region. States, particularly by the exchange
of good practices [9].

The industrial complex of the region provides 8.2%
of the national volume of sold industrial products (UAH
202.3 billion in 2019) – this is the 4th place among the
regions (table 1).

The development of the region’s industrial complex is
a required condition to achieve long-term competitive ad-
vantages and, accordingly, the effective operation of enter-
prises in the long run.

Most enterprises in the region need implementing ef-
fective modern energy-saving production technologies, as
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Table 1. The volume of sold industrial products by individual
regions in 2019 [24]

Territory

Volume of sold
industrial products

in 2019

UAH mln.
% to total
production

sold
Ukraine 2480804.2 100.0

Dnipropetrovsk
region 454124 18.3

Donetsk region 283946 11.4
Kyiv (city) 232979.5 9.4

Zaporizhzhia region 202366.2 8.2
Kharkiv region 185639.2 7.5

Others 1118842.7 45.19

well as introducing effective measures to support domestic
producers in the local market, by creating regional clusters
in promising areas of the region’s development [25].

The basis of the region’s industrial complex is metal-
lurgical and energy complexes which produce 23.1% of
total iron, 34.3% of steel, 8.9% of coke, 25.9% of electric-
ity in Ukraine [24].

In the industrial complex, the leading place is occupied
by metallurgy (35.7%), the second place in the structure
of industry belongs to the power industry (24.2%), in the
third place is mechanical engineering (11.4%) [26].

The industrial potential of Zaporizhzhia region is
strengthened by a large number of branch scientific, re-
search and designing institutes, which are fully capable of
promoting the state policy of creating a strong industrial
base that not only meets domestic needs, but is produc-
tively competitive on the world market

Recently, science, technology and innovation have be-
come increasingly important for the economic develop-
ment of both the region and the state as a whole, which
provide a basis for effective development by generating
new knowledge. It is innovation that becomes a pre-
requisite to create additional wealth and form the socio-
economic paradigm of modern society.

In 2019, the region is not among the leading ones in
terms of innovation processes activity, although this indi-
cator is still higher than its average Ukrainian value. In
2019, the region ranked 4th among the regions of Ukraine
in terms of the share of innovatively active enterprises,
while in 2013 it was the leader of innovative activity in
Ukraine and took the 1st place.

In recent years, in the region there has been a tendency
to reduce the number of innovative enterprises (figure 1)
[26].

Thus, in 2019 in Zaporizhzhia region, 47 enterprises
and organizations of the region were engaged in innova-
tion activities, or 19.36% of the total number of surveyed
against 49 enterprises in 2015 and 56 in 1995. 30 enter-
prises (63.8% of total number of innovation- active enter-
prises) within the framework of innovation activities were
engaged in purchasing equipment, 11 innovation-active

Figure 1. Number of enterprises and organizations that carry out
scientific research and development

enterprises (23.4%) conducted their own internal research
and development and only 5 enterprises (12.8%) were en-
gaged in market innovation [26]. The number of industrial
enterprises that have implemented innovations is given in
table 2. The predominant number of innovation-active en-

Table 2. Number of industrial enterprises that implemented
innovations

Year 2010 2015 2017 2019
Total, units 19 45 37 43
implemented new
technological
processes, units

11 20 21 32

per cent to the total
number of companies
implementing innovation

57.9 44.4 56.8 74.4

including low-waste,
resource-saving
and waste-free
companies, units

6 11 7 8

per cent to the total
number of enterprises, 31.6 24.4 18.9 18.6

mastered the production
of innovative
types of products, units

14 35 26 21

per cent to the total
number of companies
implementing innovation

73.7 77.8 70.3 48.8

– incl. types of
equipment, units 3 21 16 13

per cent to the total
number of companies
implementing innovation

15.8 46.7 43.2 30.2

sold innovative
production, units 18 42 31 25

per cent to the total
number of companies
implementing innovation

94.7 93.3 83.8 58.1

terprises of Zaporizhzhia region is concentrated in the re-
gional center – Zaporizhzhia (more than 90%), the second
and third places in the number of innovation-active enter-
prises are occupied by Berdyansk and Melitopol.
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3 The main type of innovative activity of
industrial enterprises

The main type of innovative activity of industrial enter-
prises in 2019 and so forth continues to be the devel-
opment of innovative products manufacturing. 21 enter-
prises, or 48.8% of the total number of industrial enter-
prises that implemented innovations, are engaged in such
activities. In 2013, there were 44 such enterprises. 32
enterprises introduced new technological processes (com-
pared to 35 in 2013), but only every 3rd of these enter-
prises implemented resource-saving and waste-free tech-
nologies. The volume of sold innovative products de-
creased from UAH 3,162.3 mln. in 2017 to UAH 2,801.82
mln. in 2019, or by 11.4%. In terms of the volume of
sold innovative products, the region in 2019 ranked 8th in
Ukraine. The region accounted for 8.2% of the total vol-
ume of sold innovative products in Ukraine.

The volume of fundamentally new innovative products
also remains insignificant. Industrial enterprises prove to
sell innovative new products primarily for enterprises, not
for the market.

The decrease in the output of innovative products in the
region is largely due to innovation costs reduction. Thus,
during 2017–2019 in the region the innovation activities
costs were reduced from UAH 1,393.4 mln. to UAH 681.7
mln., or by 2.1 times. In 2019, the region ranked 9th in the
total innovation funding in Ukraine. It accounted for 4.8%
of its total volume.

Regarding the structure of innovation funding sources,
in 2019, as in previous years, the key ones are the enter-
prises’ own funds (98.05%). A number of large-scale in-
novative projects have been implemented at the region’s
enterprises, which are aimed at ecological and energy-
efficient renovation, modernization of production and de-
velopment of new types of products. The main innovation
funding source over the past ten years are the enterprises’
own funds (table 3).

Table 3. The industrial enterprises’ innovation funding sources

Year Total
costs

Incl. at the
expense
of funds,

UAH thous.
Own
funds

Domestic
investors

Foreign
investors

Other
sources

2009 163878.0 160788.5 – – 623.8
2010 128595.1 127895.1 – – –
2011 800427.2 648835.4 12682.5 9463.5 130331.2
2012 242990.6 235426.2 – – 6459.4
2013 298671.5 298667.5 – – 4.0
2014 339943.9 335729.6 – – 4214.3
2015 321051.3 321051.3 – – –
2017 1393360.2 1161569.9 – – 231790.3
2019 681707.2 668400.3 – 3200 3400

The main direction of innovation expenditures during
2009–2019 in the region is still the purchase of machin-
ery, equipment and software. In 2019, expenditures in this

area of innovation amounted to UAH 514.4 mln., which
was 75.5% of the total expenditures on innovation. Indus-
trial enterprises spent the least on acquiring other exter-
nal knowledge. In 2019, it amounted to UAH 0.3 mln.,
which is only 4.54% of the total innovation costs. Expen-
ditures on purchasing machinery, equipment and software
increased the most during this period.

It should be noted that most powerful industrial enter-
prises that are the main consumers of innovative products
have their own research institutions or cooperate with lead-
ing industry research institutions of Ukraine which com-
pete significantly with private innovative firms.

Due to the high cost of research and development
(R&D) and designing, some companies refuse to develop
and implement innovative products of their own produc-
tion, explaining this by decrease in their competitiveness
and insufficient financial support from the state.

Taking into account that there is an active market for
innovation both within the country and abroad, in the re-
gion in most cases there is no mechanism of interaction
between consumers and manufacturers of innovative prod-
ucts. The reason for this situation is the lack of an orga-
nizational system in the region, which allows to purpose-
fully transform the results of scientific and technical ac-
tivities into existing technologies and new enterprises that
produce unique, competitive products on the world mar-
ket.

Zaporizhzhia region has a very high innovation poten-
tial. However, in recent years, innovation and investment
activities of the region’s enterprises have not been devel-
oping effectively enough, despite the significant attention
of the state to this field.

4 The integral indicators for assessing the
innovative development of Zaporizhzhia
region’s industrial complex

To outline the innovation strategy of the region’s indus-
trial complex, it is necessary to determine the factors in-
fluencing the innovative development of Zaporizhzhia re-
gion’s industrial complex and evaluate its innovative ac-
tivity. To define the favorable and problematic factors in-
fluencing innovative development, it is relevant to eval-
uate the innovative activity of Zaporizhzhia region’s in-
dustrial enterprises according to the methods proposed by
O. B. Zhykhor and L. M. Matrosova [27, 28]. Data to
calculate a comprehensive indicator of innovative devel-
opment of Zaporizhzhia region’s industrial complex are
given in (table 4) [26].

Data to calculate a comprehensive indicator of innova-
tive development of Ukraine industrial complex in 2009–
2019 (table 5) [24].

To calculate innovative development indicators of Za-
porizhzhia region’s industrial complex in 2009-2019 and
innovative development indicators of Ukraine’s industrial
complex in 2009-2019, there are such evaluation criteria:

1. The breadth of coverage of the region’s enterprises
with innovative activities:
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Table 4. Data to calculate a comprehensive indicator of innovative development of Zaporizhzhia region’s industrial complex in
2009–2019

Output
data

Years
2009 2010 2011 2012 2013 2014 2015 2017 2019

Number of IAE
Nia

31 22 116 115 115 108 49 42 47

Number of
surveyed

enterprises
(N)

441 415 421 386 399 470 403 384 397

Volumes of sold
products

UAH mln.
(in actual
prices),

UAH mln.
(Qz)

53095.4 66768 81503.2 82505.7 78490 97797.6 124249.8 197495.3 202366.2

Manufacturing
of new products
types mastered,
articles (r3 vid)

132 114 619 446 397 611 397 319 209

New
technological

processes
implemented

(Hm)

134 170 509 114 207 212 114 142 156

Total amount
of innovation

costs,
UAH mln.

(Dob)

163.88 128.6 800.4 243 298.7 339.9 321.1 1393.4 681.7

Number of
employees by

industrial
activity type,
thous. people

(P)

176.5 175 173.6 170 163.1 151.2 149.6 138.8 137.3

Volume of
shipped

innovative
products,
UAH mln.

(Vn)

2144.9 1979 2490.3 1671.6 1671.1 1530 3162.3 4041.2 2801.8

– Share of IAE in their total number, %
(Nia/N · 100%);

– Share of shipped innovative products in total in-
dustrial output, % (Vz/Qz · 100%);

2. The range of distribution of types and objects of in-
novation among innovation-active enterprises:

– Average number of new types of industrial prod-
ucts per IAE (r3 vid/Nia);

– Average number of new technologies per IAE
(Hm/Nia).

3. The degree of financial support for innovation activ-
ities of enterprises involved in developing and im-
plementing innovations:

– Average amount of innovation costs per one inno-
vatively active enterprise, thous. UAH (Dob/Nia);

– Average number of employees per IAE (P/Nia).

Economic and mathematical modeling based on a gen-
eralized desirability function (or Harrington’s scale) was
used to determine the complex indicator of innovative de-
velopment of the industrial complex.

It should be noted that the integrated indicator of inno-
vative development of machine-building enterprises based
on the Harrington function varies in the range {0; 1}. More-
over, the closer it is to the unit, the greater the level of
machine-building enterprises’ innovative development is.

In general, the values of the Harrington function are
interpreted as follows (table 6).
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Table 5. Indicators of innovative development of Ukraine’s
industrial complex of Ukraine in 2009–2019

Output
data

Years

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
17

20
19

Number of IAE
Nia 14

11

14
62

18
50

17
58

17
15

16
09

15
76

67
2

68
7

Number of
surveyed

enterprises
(N)

11
02

3

10
59

4

11
45

4

10
08

9

10
20

8

10
01

0

10
00

2

49
78

46
99

Volumes of sold
products

UAH mln.
(in actual
prices),

UAH mln.
(Qz)

80
65

50
.6

10
65

85
1

13
31

88
7.

6

14
00

68
0.

2

13
54

13
0.

1

13
89

14
0.

5

17
76

60
3.

7

26
08

02
7.

7

29
38

83
0.

8

Manufacturing
of new products
types mastered,
articles (r3 vid) 80

65
50

.6

10
65

85
1

13
31

88
7.

6

14
00

68
0.

2

13
54

13
0.

1

13
89

14
0.

5

17
76

60
3.

7

26
08

02
7.

7

29
38

83
0.
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New
technological

processes
implemented

(Hm)

18
93

20
43

25
10

21
88

15
76

17
43

21
17

18
31

23
18

Total amount
of innovation

costs,
UAH mln.

(Dob)

79
49

.9

80
45

.5

14
33

.9

11
48

0.
6

95
62

.6

76
95

.9

13
81

3.
7

91
17

.5

14
22

0.
9

Number of
employees by

industrial
activity type,
thous. people

(P)

30
31

28
60

28
28

28
04

26
73

22
97

20
40

18
94

18
67

Volume of
shipped

innovative
products,
UAH mln.

(Vn)

31
43

2.
3

33
69

7.
6

50
51

1.
74

36
15

7.
8

35
89

1.
6

25
66

9

23
05

0

17
71

4.
2

34
26

4.
9

The basis of this indicator is the idea of transforming
the natural values of each innovation development indica-
tor (table 7) into a dimensionless form in (table 8), fol-
lowed by the definition of partial i functions by Harring-
ton’s scale dri (table 9) and a comprehensive indicator of
innovative development of the region’s industrial complex
D (table 10) and Ukraine’s (table 11):

D = r

√√ r∏
i=1

dri , dri = exp (− exp (−yri )), (1)

where r – the number of indicators used to assess innova-
tion development; dri – a partial function by Harrington’s

Table 6. Interpretation of estimates of the complex level of
machine-building enterprises’ innovative development based on

the Harrington function

№

Values of the integrated
indicator of machine-
building enterprises’

innovative development
on the scale of the

desirability function

Interpretation of the level of
machine-building enterprises’

innovative development

1 D > 0.8
High level of innovative

development

2 0.63 < D < 0.8
Good level of innovative

development

3 0.37 < D < 0.63
Satisfactory level of

innovative development

4 0.2 < D < 0.37
Unsatisfactory level of
innovative development

5 D < 0.2
Low level of innovative

development

scale; yri – an innovation development indicator in a di-
mensionless form.

Table 7. Natural values of indicators of enterprises’ innovative
development of the region’s industrial complex

Year
r1,
%

r2,
%

r3,
units

r4,
units

r5,
UAH
thous.

r6,
people

2009 7.03 4.04 4.26 4.32 5.29 5.69
2010 5.30 2.96 5.18 7.73 5.85 7.95
2011 27.55 3.06 5.34 4.39 6.90 1.50
2012 29.79 2.03 3.88 0.99 2.11 1.48
2013 28.82 2.13 3.45 1.80 2.60 1.42
2014 22.98 1.56 5.66 1.96 3.15 1.40
2015 12.16 2.55 8.10 2.33 6.55 3.05
2017 10.94 2.05 7.60 3.38 33.18 3.30
2019 11.84 1.38 4.45 3.32 14.50 2.92

Table 8. Determining the dimensionless type of innovative
development indicators of the region’s industrial complex

Year yr1 yr2 yr3 yr4 yr5 yr6

2009 0.55 1.04 2.24 3.22 0.94 2.65
2010 0.38 0.94 3.15 5.53 1.06 4.07
2011 1.71 0.81 3.05 3.23 0.89 0.98
2012 1.71 0.78 2.00 0.80 0.32 0.93
2013 1.72 0.80 1.89 1.96 0.47 0.91
2014 1.43 0.85 2.49 1.81 0.66 0.98
2015 0.76 1.96 4.16 3.08 0.76 2.41
2017 0.81 3.01 2.14 1.24 2.45 1.17
2019 0.81 1.19 1.42 0.98 0.70 1.07

The natural values of enterprises’ innovative activity
indicators in the region are determined on the basis of en-
terprises’ quantitative characteristics. For example, the in-
dicator r1 (share of IAE) is the ratio of the number of inno-
vatively active enterprises to the total number of surveyed
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Table 9. Calculation of partial functions due to years

Year dr1 dr2 dr3 dr4 dr5 yr6

2009 0.56 0.70 0.90 0.96 0.68 0.93
2010 0.51 0.68 0.96 1.00 0.71 0.98
2011 0.83 0.64 0.95 0.96 0.66 0.69
2012 0.83 0.63 0.87 0.64 0.49 0.67
2013 0.84 0.64 0.86 0.87 0.53 0.67
2014 0.79 0.65 0.92 0.85 0.60 0.69
2015 0.63 0.87 0.98 0.95 0.63 0.91
2017 0.64 0.95 0.89 0.75 0.92 0.73
2019 0.64 0.74 0.79 0.69 0.61 0.71

Table 10. Determining the dimensionless type of innovative
development indicators of Ukraine’s industrial complex for

2009–2019

Year yr1 yr2 yr3 yr4 yr5 yr6

2009 0.84 1.66 0.86 0.85 0.64 1.14
2010 0.90 1.35 0.74 0.89 0.63 1.03
2011 1.06 1.62 0.79 0.86 0.89 0.81
2012 1.14 1.10 0.87 0.79 0.75 0.84
2013 1.10 1.13 0.82 0.58 0.64 0.82
2014 1.05 0.79 1.03 0.69 0.55 0.75
2015 1.05 0.55 0.88 0.48 0.98 0.67
2017 0.89 0.29 1.60 1.73 1.55 1.49
2019 0.96 0.50 1.41 2.14 2.37 1.44

Table 11. Calculation of partial functions due to years

Year dr1 dr2 dr3 dr4 dr5 yr6

2009 0.65 0.83 0.65 0.65 0.59 0.73
2010 0.67 0.77 0.62 0.66 0.59 0.70
2011 0.71 0.82 0.63 0.65 0.66 0.64
2012 0.73 0.72 0.66 0.63 0.62 0.65
2013 0.72 0.72 0.65 0.87 0.59 0.64
2014 0.71 0.63 0.70 0.85 0.56 0.62
2015 0.71 0.56 0.66 0.95 0.69 0.60
2017 0.66 0.47 0.82 0.75 0.81 0.80
2019 0.68 0.54 0.78 0.69 0.91 0.79

enterprises, it is measured in % (2):

r1 =
Nia

N
· 100%. (2)

The average value of innovative costs r5 is the ratio
of the total number of innovation costs to the number of
innovatively active enterprises (3),

r5 =
Dob

Nia
. (3)

It is measured in monetary units (UAH thous.) (ta-
ble 7).

In order to use an integrated efficiency indicator (in the
work – the geometric mean), it is essential for the indica-
tors used to have the same units of measurement. There-
fore, the transition from natural values of enterprises’ in-
novative activity indicators in the region to dimensionless.
Each indicator refers to a similar one calculated for this

period for Ukraine as a whole (4), (table 8):

yr1 =
region′s

Ukraine′s
. (4)

Table 12 provides the results of calculating the com-
prehensive indicator of innovative development of Zapor-
izhzhia region’s and Ukraine’s industrial complexes in
2009–2019.

Table 12. Integral indicators of innovative development of
Zaporizhzhia region’s industrial complex and Ukraine’s

industrial complex in 2009–2019

Year

Integral indicators of enterprises’ innovative
development

Zaporizhzhia
region’s industrial

complex

Ukraine’s industrial
complex

Inx

Changes
to the

previous
year

Inn

Changes
to the

previous
year

2009 0.77 – 0.68 –
2010 0.78 0.01 0.77 -0.01
2011 0.78 0 0.68 0.01
2012 0.68 -0.10 0.67 -0.01
2013 0.72 0.04 0.65 -0.02
2014 0.74 0.02 0.64 -0.01
2015 0.81 0.07 0.62 -0.02
2017 0.81 0 0.72 0.10
2019 0.69 -0.12 0.76 0.04

According to the results of data analysis (table 12), it
turns out that the integral indicators for assessing the in-
novative development of Zaporizhzhia region’s industrial
complex during 2009–2019 are unstable, varying from
0.68 to 0.81.

These indicators prove the “good” ability and readi-
ness of Zaporizhzhia region’s industrial complex to carry
out effective innovation activities.

In particular, for Ukraine, the integrated indicators of
innovative development of the industrial complex vary
from 0.62 to 0.77. It was found that the indicator of in-
novative development of Zaporizhzhia region’s industrial
complex in 2019 is 9.2% less than Ukraine’s industrial
complex. This indicates that the innovative development
of Zaporizhzhia region’s industrial complex lags behind
Ukraine’s one.

Among the factors favorable for embodying the re-
gion’s innovation potential, there should be noted the high
potential of the region’s enterprises to innovate, as well as
the relatively high level of R&D expenditures. The most
problematic factors in the region’s innovative development
are the quality of research institutions and the low corre-
lation of foreign direct investment with new technologies
transfer.

The assessment of the enterprises’ innovative develop-
ment in Zaporizhzhia region’s industrial complex indicates
the need to intensify innovation and optimize innovation
potential. In order to further develop the region’s indus-
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trial complex, it is necessary to move to its innovative de-
velopment model. The optimal model of the innovation
strategy of Zaporizhzhia region’s industrial complex is a
cluster development strategy [29].

5 Conclusions

In order to improve the innovative development manage-
ment of Zaporizhzhia region’s industrial complex, the in-
novative strategy of the region’s industrial complex is sub-
stantiated by assessing the enterprises’ innovative activity
on an integrated indicator, which is a generalized desirabil-
ity function. It is established that the comprehensive indi-
cator of innovative development of Zaporizhzhia region’s
industrial complex in 2019 is 9.2% less than Ukraine’s in-
dustrial complex. In addition, the volume of sold inno-
vative products in the region in 2019 decreased by 11.4%
compared to 2017. The decrease in the output of inno-
vative products in the region is largely due to innovation
costs reduction from UAH 1,393.4 mln. to UAH 681.7
mln., or by 2.1 times. This is due to the declining role of
the state as a direct investor, the lack of private investors
and the low level of innovation and investment infrastruc-
ture in Zaporizhzhia region.

It has been found necessary to intensify innovation and
transition to an innovative development model. The clus-
ter development strategy is substantiated by the innovation
strategy model of Zaporizhzhia region’s industrial com-
plex.
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