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FACTORS OF POST-INDUSTRIAL TRANSFORMATIONS OF URBAN SOCIOGEOSYSTEMS
(case Kharkiv)

0. C. Cynmeno, K. IO. Cezida. DPAKTOPH IIOCTIHIYCTPIAJIBHHX TPAHC®OPMAILIIH MICbKHX COLIIOTEO-
CUCTEM (na npuknadi micma Xapkoea). Y cmammi po3ensioaiomspcs 0coOIU80Cmi nOCMiHOYCMpIaIbHUX MPAHCGHOpMayii MicbKoi
coyiozeocumemu, Ha npuxknadi micma Xapkosa. 30invuleHHs pigHs ypOauizayii, wo npoAeIAEMbCa 6 30IbUIeHH] YUCeTbHOCIT Mic,
MICbKO20 HACeNeHHA ma 6NUY MICM HA 3A2albHUll PO3BUMOK Pe2ioHi8 ma KpaiH, cmumymoe inmepec gaxisyie pisnux eanyseil 00
Odocnidocenna micm. Ilpu yvomy, 6 Kowmexcmi KoHyenyii NOCMiHOYCMPIiaIbHO20 PO3BUMKY, SHAYHULL iHmepec OOCTIOHUKU NPOABA-
fomb 00 ¢hakmopis, wo 8NIUBAIOMb HA 8EKMOP MA IHMEHCUBHICMb mMpanc@opmayitl Micm 6 CY4aAcHUX ymoeax. Y oamomy dociui-
OJICEHHI MICIO PO32T0AEMbCSL SIK CKIAOHA MICbKA COYI02e0CUCIeMA, HA PO3BUMOK SIKOI GNIUBAIOMb GEUKA KITbKICMb K 306HIULHIX,
max i eHympiwnix uunHuxie. Obpane K OOCHOHUYbKUL Kelic Micmo Xapkie mae CKAaoHy icmopir, 8 AKil HAudoewiuil nepioo
nos 'a3aHutl 3 IHOYCMPIEI Mma NPOMUCIO8UM PO3GUMKOM, a 3 nowamky 1990-x poxie po3nouano uLisnx mpanchopmayiiHux nepemeo-
PeHb 00 ROCMIHAYCmpianbHo20 nepiody. Mema 00cnioxiceHHs NoNsea€e Y GUBHAYEHHT (Pakmopis, uwjo Gnausaroms Ha HANPSM ma iHme-
HCUBHICb NOCMIHOYCmpianbHux mpaucgopmayii micma Xapkie 3a nepiod 1991-2019 poxu. Mynemuoucyuniinapuuii 00CIioHUYb-
Kuil nioxio 00 8uBYeHHs Micm ma ocobnusocmeti ix po3gUmKY, (YHKYIOHY8aAHHA MAa MPAHCHOPMYBAHHS, CHPUSE POPMYBAHHIO 3HAY-
HO20 HADOPY MINCOUCYUNTIHAPHUX MA KOHKPEMHO HAYKOBUX Memooie 0ocaiodxcenus. Posenadarouu micmo AK CKIAOHY coyioeeocuc-
memy, Wo XapaKmepusyemuvcs 3HAYHUM HAOOPOM NOKAHUKIE PO3BUMKY, HAUOLIbW epeKmUsHUMY Memodamu 018 USHAYEHHA (aK-
mopie 11020 MPaHcHOPMYBAHHS € MAMEMAMUKO-CMAMUCIMUYHI MEmoou, 30Kkpema Kracmeprui ma gaxmopuui ananiz. Kiacmepnuil
auanis, K IHCMPYMEHmM 2pYny8amHs, 00380MUE YROPAOKY8AMU NOKA3HUKU COYIANbHO-EKOHOMIYHO20 MA NPOCMOPOBO2O PO36UMKY
Micma 3a 00cniodCy8anuil nepioo, 8CMAHOBUMU MPU OCHOGHUX emanu nocmiHoycmpianrbhoz2o nepexody. Ha ocnosi ¢hakmoproeo
aHanizy Oyno 6CMaHOBIeHO CYKYNHICHb YUHHUKIE MA 6UBHAYEHO IX CUTy 6NAu8y 3a 6Ka3anuil nepiod. AHani3 NOKA3HUKIE PO36UMKY
Micma 6 OuHaAMiyi 003601A€ CMBEPOICYBAMU, WO CAMe BU3HAUEH] (haKmopu € maKumu, wo eNIUearmsy He Jule Ha PO36UTNOK MiCb-
Koi coyioceocucmemu, a il Ha ocobnugocmi ii mparcgopmayii.

Knrwuoei cnosa: mparcopmayii micma, paxmopu po3sumxy, ¢paxmopHuii ananis, NOCMiHOYCmMpianbHuil po3gUmox, Kiacmep-
HUL aHaniz, micbka coyioceocumema, XapKie.

0. C. Cynmeno, K. I0. Cezuoa. ®PAKTOPBI ITIOCTHHYCTPHAIbHOU TPAHC®OPMAIIHH IOPOJCKHX COI[H-
OI'EOCHCTEM (na npumepe 20poda Xapvkosa). B cmambe paccmampusaromesi 0CO6eHHOCMU NOCMUHOYCIMPUATbHIX MPAHCHO-
pmayuii 20poOCKoll coyuo2eocumemsl, Ha npumepe 2opoda Xapvrosa. Yeenuuenue yposus ypoanuzayuu, nposieisiemcs 8 yeenuieHuu
YUCTIEHHOCU 20P0008, 20POOCKO20 HACENEHUs. U BNUAHUSL 20P0008 HA 00bwee pazsumue pecuoHo8 U CMpaH, CIMUMyIupyem unmepec
CREeYUAIUCIO8 PA3TUYHBIX OMPAciell K UCCIe008aHuio 20pooos. Ilpu smom, 6 KoHmeKcme KOHYenyuu noCmuHOYCmMpUaibHO20 pas-
BUMUSL, 3HAUUMETbHYLL UHMePeC UCCIe008amenu NPOAGIAImM K akmopam, Komopule 61Us0M HA GeKMOP U UHMEHCUBHOCHb MPAHC-
Gopmayuii 20po00s 6 cospemerHbIX YCa08uaAx. B dannom ucciedosanuu 2opoo paccmampusaemcs Kaxk ClOXCHAs 20pOOCKAsL coyuoze-
ocucmema, Ha pazeumue KOMopou 61uawm 001bluioe KOTUYeCmE0 KAK GHEWHUX, MAK U HYMPEeHHUX ¢axmopos. BviOpauwiil Kax
uccnedosamenveKull Ketic 20po0 Xapvkos umeem CLONHCHYI0 UCMOPUIO, 8 KOMOPOU camblil OTUHHBIL Nepuod Céa3aH ¢ uHOycmpuet u
npomuvluLieHHoIM pazsumuem, a ¢ Havana 1990-x 20006 nauan nymes mpanc@hopmMayuoHHbIX nPeodbpazo8anuli K NOCMUHOYCmpuaIbHoO-
My nepuody. Lenv uccneoosanus 3axaouaemcsi 6 onpeoereHul Qakmopos, 6ausIoWux Ha HanpagieHue U UHMeHCUGHOCMb NOCMUH-
dycmpuanvuwix mpancgopmayuii 2opooa Xapvros nepuoo 1991-2019 200v1. MynbmuoucyuniunapHolil uccied08amenbCkuil n00Xo0 K
U3yHeHUIo 20po008 U 0coObeHHOCmel Ux pazeumus, QYHKYUOHUPOBAHUSI U MPAHCHOpMayuy, cnocoocmayem GopmMuposanuio 3Haqu-
MenbHO20 HADOPA MEHCOUCYUNTUHAPHBIX U KOHKDEMHO HAYYHBIX Memo008 ucciedosanus. Paccmampusas 2opoo kax croocHyro coyu-
ozeocucmemy, Xapaxmepusyloujeecs 3HaUUmMenbHvlM Habopom noxazamenei pazsumus, Haubonee 3¢exmuguvimu mMemooamu 0s
onpeoenenus pakmopos e2o mparchopmayuy A61Aemcs MamemMamuko-cmamucmudeckue Memoovl, 8 YaCMHOCMU KIACmepHblll U
¢axmopnwiti ananuz. Knacmephuvlili aHaiu3, Kaxk UHCIMPYMEHmM 2SPYRNUPOSKU, NO3GOAUN YHOPAOOYUMb NOKA3AMENU COYUANbHO-
DKOHOMUYECKO20 U NPOCMPAHCMEEHHO20 PA3GUMUSL 20P00d 3A UCCTIe0YeMblil nepuood, YCMAaHo8UmMs Mpu OCHOBHBIX IIMANA NOCMUH-
dycmpuanviozo nepexooa. Ha ocnose gpaxmopnozo ananuza 6ul10 yYCmMaHo8ieHO COBOKYNHOCHb (aKmopos u onpedeiensbl Ux CULy
6030€licmeUst 3a YKA3auHvlil nepuood. Ananusz pazeumus 2opooa 8 OUHAMUKe NO360J5em YMEepHcOamb, Ymo UMEHHO OnpedeleHHble
akmopwl A6AAIOMCS GAUSIOWUMU HE MOTLKO HA paA3gUmue 20p0OCKOU COYUO2E0CUCEMbL, HO U 0COOEHHOCIU ee MPaHcgopmayuu.

Knrueesvie cnosa: mpancopmayuu 2opoda, ¢hpakmopuvl pazeumus, GaxmopHuill aHAIU3, ROCMUHOYCIMPUATbHBIL pasgumue,
KIACMepHbIL AHAIU3, 20POOCKas coyuozeocucmema, Xapvkos.

Formulation of the problem. The rapid pocentrism stimulate scientific interest in the study
growth of urban population in the world, the grow-  of cities, their populations and development. At the
ing role and influence of cities, informatization and  same time, complex interdisciplinary and systemic
the formation of new forms of economic develop-  approaches are of great importance. The city, as a
ment in combination with globalization and anthro-  complex socio-geosystem [15, 16], which is influ-
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enced by a number of external and internal factors,
is a dynamic formation, which is characterized by
the concepts of development and transformation. In
the context of the concept of socio-geosystems, cit-
ies have the following fundamental properties:
openness, dynamism, integrity, hierarchy, emer-
gence, homeostasis, self-development and insta-
bility.

Modern society of highly developed countries,
according to some scientists, is at the stage of post-
industrial development, the rest are striving to reach
this level and are in the process of transformation.
For Ukraine, as a part of the European region, the
processes of post-industrial transformations are also
characteristic. First of all, they are manifested in
large cities, including Kharkiv.

Over the more than 360-year history of for-
mation and development, Kharkiv, under the influ-
ence of a significant number of factors, has repeat-
edly changed the vector of its development. The
existing potential of the city and the current state of
development suggest that Kharkiv has entered a
phase of active post-industrial transformation, the
manifestations of which are present in all spheres of
life and functioning of the city, from economy and
production to urban space and everyday practices.

Analyzing the experience of cities in the world,
it should be noted that there is no single scenario for
the development or transformation of urban socio-
geosystems [19, 13]. As M. Weber noted [4], it is
not possible to define the concept of a city, because
each city is unique. Consequently, the conditions of
development, the peculiarities of transformations,
and most importantly the factors that influence these
processes are completely unique for each city.
Therefore, when planning and formulating a strategy
for the development of the city, it is necessary to
study the factors influencing these processes. In the
period of post-industrial transformation, this is ex-
tremely important, given the dynamism and instabil-
ity of post-industrial development in today's global-
ized world.

Analysis of recent research and publications.
The city and its development are the subject of re-
search in many sciences, including economic and
social geography, social geography, sociology, eco-
nomics, urban planning, philosophy, futurism, ecol-
ogy, political science and others. The formation of
cities as centers of civilizational [8] growth and de-
velopment of the territory in the period of total
globalization has influenced the output of this object
of study and the boundaries of the interests of one
particular science or field of knowledge. At the same
time, the most effective can be considered an inter-
disciplinary approach to the study of such a complex
and dynamic socio-geosystem as the city.

Peculiarities of post-industrial transformations

of cities and the factors influencing them are a rather
new field of research for domestic specialists. In-
stead, this topic has been widely studied by Western
scholars since the early twentieth century, which is
undoubtedly explained by the level of economic and
scientific development of the respective countries.

Analyzing the results of previous research on
the topic, it should be noted their main vectors: 1)
theorizing of post-industrial urban development; 2)
study of economic features and factors of develop-
ment; 3) the study of spatial and social transfor-
mation.

The founder of the concept of post-industrial
society D. Bell [2], notes that the manifestations of
the post-industrial stage of development are mainly
reflected in the economy and production, society
and space, science and culture.

Andy Pike [1], in a comprehensive study of
Glasgow's transformations, emphasizes that post-
industrial development is a complex process and
often leads to polarization and uneven development
of the city, which in turn can affect the development
of the region of influence of the city. The author
notes that for Western highly developed countries,
the period of post-industrial transformations begins
after World War II and is gaining momentum in the
early 1970s. The author assigns a significant role in
the further development of Glasgow to the tertiary
sectors, and notes that it is the processes of tertiali-
zation that can contribute to the establishment of
sustainable development of the city.

On the example of the study of transformations
of the city of Montreal, Sarah Moser, Gabriel
Fauveaud, Adam Cutts [5], describe the impact of
urban policy as one of the factors of city develop-
ment. In times of economic and social upheaval, the
main regulatory role is given to municipal authori-
ties. The transition to the post-industrial stage of
development of the city of Montreal was accompa-
nied by the support of the city authorities of creative
and science-intensive sectors of the economy, which
overcame the decline of the manufacturing sector.
Despite the success of the measures described by the
authors, the transformation of the city, due to a
number of factors, was uneven.

Lars Nilsson [7] explores the tendencies of
post-industrial transformation of urban space as an
important component of the city's functioning on the
example of Western European cities in his work
"Urban space in the post-industrial era". The author
considers the processes of deindustrialization and
development of creative branches of the city econ-
omy to be the main factors influencing the changes
in urban space.

Post-industrial development and transformation
of cities and urban spaces are quite new for domes-
tic scientists. Undoubtedly, this is due to the fact that
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the manifestations of post-industrial transformations
in the Ukrainian socio-economic space, in particular
at the city level, have appeared relatively recently.
However, the study of foreign experience in the
study of these processes, contributes to the for-
mation of a comprehensive interdisciplinary study
of cities and their development processes.

M. Bykova's research is devoted to the study of
economic aspects of post-industrial transformations
of Kyiv [10]. The author identifies the main aspects
and their characteristics of economic transfor-
mations of the city in space-time aspects, including
their qualitative and quantitative indicators (spatial
organization of the economy, the level of post-
industrial transformations, the sphere of dominance
of post-industrial transformations). An important
aspect of this study can be called a sufficient statis-
tical base, unfortunately, its absence at the level of
other cities in the country makes it impossible to
conduct an equally effective study of economic
transformation.

Another area of the urban socio-geosystem in
his study describes O.V. Senyur [17]. The author
refers to the transformation of the social space of the
city to the main transformations of the post-
industrial transition period. According to the con-
cept and scientific views of A. Lefebvre [3] and oth-
er classics of sociological research of urban trans-
formations, the author identifies two main areas of
post-industrial changes in the social space of the
city: first - the transformation of the essence and
forms of social relations in urban areas; secondly -
the transformation of the urban environment.

Investigating the spatial transformations of ur-
ban areas of Ukraine of peripheral-industrial type,
O. Hnatyuk [11] identifies the main factors of trans-
formation transition from planned to market econo-
my, increasing importance of services compared to
industrial production, low efficiency and innovation
of the existing technological structure and conserva-
tism. local population (including local elites), who
are not ready to abandon the vision of their city,
primarily as an industrial center.

The study of A. Sochuvka and A. Mazurova
[18] is devoted to the issue of socio-geographical
features of the transformation of industrial regions.
Using the examples of the Katowice Conurbation,
the authors describe the main characteristics and
problems of the development of typical industrial
areas in the period of industrial decline. Comparing
the features of development of different industrial
cities (Katowice and Kharkiv), A. Mazurova [13]
identifies a number of factors influencing the func-
tioning of these urban socio-geosystems, including
demographic-educational, infrastructural, innova-
tive, economic-industrial.

Positioning the city as an urban geosystem, O.

Chuyev [22], on the example of Kharkiv, reveals the
features of the infrastructural component of its func-
tioning with the help of spatial GIS analysis. Ac-
cording to the author, the establishment of a network
of existing infrastructure facilities and a survey of
public opinion on the features and efficiency of their
operation is the basis for urban planning in the con-
text of infrastructure development.

According to the analysis of the main publica-
tions on the topic of the study, we see that the state-
ment of M. Weber [4] about the uniqueness of each
individual city is confirmed. However, global trends
in world development contribute to the spread of
certain characteristics and vectors of development to
different territorial patterns, which in turn increases
the relevance of research on the factors influencing
the post-industrial transformations of cities.

Selection of previously unsolved parts of the
overall problem. The study of factors of post-
industrial development is an important and relevant
step in developing a strategy and planning for urban
development, given the uniqueness of each individ-
ual city, and taking into account the main theses of a
comparative approach to urban research in the inter-
pretation of J. Robinson [9] and others. Kharkiv is a
typical post-socialist city in the Eastern European
region, which seeks post-industrial transformations.
The study of factors of development of this kind of
city, gives the chance of implementation of the re-
ceived results for implementation at planning of de-
velopment of other cities.

The purpose of this study is to determine the
main factors of post-industrial transformation of
urban socio-geosystems on the example of Kharkiv.
To achieve this purpose, the following research
questions were asked:

- What periods of post-industrial transfor-
mation did the city of Kharkiv undergo?

- What factors and with what force influenced
the transformation of the city?

Research methods. Researching cities as com-
plex sociogeosystems should not limit the set of re-
search methods. The complexity of the object of
study contributes to the application of a comprehen-
sive cross-sectoral approach. In this paper, the main
research methods are cluster and factor analysis.
Based on the data of the Main Department of Statis-
tics in Kharkiv region [12], a database of 41 indica-
tors was compiled, describing the basis of the char-
acteristics of the functioning of the city for the peri-
od from 1991 to 2019.

Cluster analysis, as a method that allows to
group the objects of research into homogeneous
groups - clusters, in this study was used to organize
a dynamic series of indicators of Kharkiv over the
years and highlight the main stages of development
and transformation of the city. In turn, the use of
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factor analysis, the purpose of which is to identify
hidden variables responsible for the presence of lin-
ear statistical correlations between the observed var-
iables for a dynamic series of data for such a signifi-
cant period, allows to identify factors influencing
the transformation of the object. At the same time,
methods of systematization, generalization, induc-
tion and deduction, morphological analysis were
applied in symbiosis with retrospective and systemic
approaches, which allowed to establish some pre-
conditions for transformation of urban sociogeosys-
tem and their manifestations, and to systematize and
interpret cluster and factor analysis.

Presentation of the main research material.
The transition to the post-industrial stage of devel-
opment for most cities, countries and territories is an
evolutionary solution to the problems that have ac-
cumulated during industrial growth. Accordingly,
there are two possible ways to move to the post-
industrial stage of development:

I. Extensive: the decline of industry due to non-
compliance with market conditions, or due to
sharp economic or political shocks.

Il. Intensive: rapid development of technologies,
science and technology, leading to a decrease
in employment in industry, reducing the share
of GDP of industries and industries of the
primary sector, increasing the efficiency of
tertiary sectors.

Kharkiv, like most cities in Ukraine and the
Eastern Europe subregion, is characterized by the
first scenario of transition to post-industrial devel-
opment. The rupture of industrial ties after
Ukraine’s withdrawal from the USSR, outdated
equipment and production technologies, and the low
competitiveness of most types of industrial products
led to the bankruptcy of a significant number of in-
dustrial enterprises in the city. However, the post-
industrial stage of the city's development is the logi-
cal conclusion of the industrial stage and all these
unfavorable preconditions for industrial develop-
ment have become the engine for post-industrial
transformations of the city, finding ways of rapid
transformation. The classic transition to post-
industrial development is accompanied by a combi-
nation of two processes: the tertization of the urban
environment (the predominance of the service sector
in the structure of the economy) and the moderniza-
tion of industry. This has the following manifesta-
tions in Kharkiv [6]:

- among the industrial enterprises of the city,
the enterprises of machine-building branch
which have no analogues in the country pos-
sess considerable capacities, these are former
giants of an industrial stage of development
(HTZ, Turboatom, Hartron);

- industrial enterprises of food and light indus-
try are gaining significant development,
providing high-quality products not only in
Kharkiv, but also in the whole region, form-
ing powerful economic opportunities;

- the sphere of services in the city is developing
mainly due to trade, transport, tourism (one of
the largest shopping malls in the country "Ba-
rabashovo"; opening of 9 new metro stations
during the period of independence, etc.);

- one of the largest IT clusters in the country
was formed in the city;

- the city is the leading scientific and educa-
tional center of the country.

In the context of the concept of sustainable de-
velopment, the transition to the post-industrial stage
is logical and most effective. At the same time, giv-
en the experience of a number of cities around the
world (Detroit, Manchester, Katowice and others),
the rapid transition from industrial to post-industrial
development is not always the most optimal. In gen-
eral, regardless of the pace, such a transition may be
accompanied by crises in industry and other indus-
tries and spheres of activity, which generally slows
down the pace of city development. The lack of sig-
nificant resources, a clear strategy for the develop-
ment of the city and a number of alternative indus-
tries in the period of post-industrial transformations
become a threat to the development of the city and
can contribute to the rapid transformation of the city
into a solid brownfield.

During the period of Ukraine's independence in
Kharkiv, as in most powerful industrial cities of the
country, transformations of all spheres of their func-
tioning took place. Grouping the years of the study
period according to the main indicators of urban
development (cluster analysis), you can clearly see
the phases of transformation processes in the city
(Fig. 1).

Figure 1 shows that during the period from
1991 to 2019, Kharkiv went through three main
phases of its development in the context of post-
industrial transformations:

1. 1991-1997 — a period of development at the
expense of residual resources. During this pe-
riod, most industrial enterprises of the city
continue to operate, but entering a state of cri-
sis;

2. 1998-2010 — a period of crisis that was char-
acteristic of the whole country. During this
period, a significant proportion of the city's
industrial enterprises go bankrupt and cease to
operate. This period can be called the begin-
ning of post-industrial transformations, the
most striking manifestation of which is the
process of deindustrialization.
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3. 2011-2019 - a period of gradual recovery
from the economic crisis. Currently, the eco-
nomic situation in the city is stabilizing, some
industries are being modernized (HTZ, Tur-
boatom, Malyshev Plant). Among the post-
industrial processes, the most manifestations
are:  gentrification, revitalization, neo-
industrialization, tertialization.

Compared to cities in higher development
countries, such as Detroit or Manchester, for
Kharkiv, as for most post-socialist cities, the period
of transformation will be protracted and somewhat
wavy. This is due to a significant number of influ-
encing factors, and in turn makes it difficult to pre-
dict the further development of the city.

The factor analysis of Kharkiv development for

Tree Diagram for 29 Cases
Ward's method
Euclidean distances

2004 ]
2005

5006
5007 ;l—
5008 -

—
1

2014 . —
|

NN
[s]s)
(gt
©ow

O Lﬁ,|

8 10 12 14 16

Linkage Distance

Fig. 1. Grouping of years of development of Kharkiv according to the main indicators of functioning
of the city sociogeosystem (built by the authors according to [12])

the period from 1991 to 2019 revealed three com-
plex factors of influence among the 41 development
indicators studied. As the city is a complex multi-
vector object of study, the determination of impact
factors was carried out according to three criteria:
Kaiser's criterion, cumulative percentage criterion,
Kettle's "stone talus” criterion (Table 1).

According to Kaiser's criterion, we choose as
probable factors of influence, only power values
greater than 1,000. After all, if the factor does not
allocate a variance equivalent to at least the value of
one indicator, this factor has no effect. According to
this criterion, we have five factors of influence,
which respectively have their own values: 19,19815;
7.53513; 5.88793; 2.80172; 1,52066 (table 1).

Another way to determine the number of fac-
tors is the criterion of cumulative percentage, as de-

termining factors are chosen those that together cov-
er about three quarters of the original information
(75% — cumulative percentage). A value of more
than 75% is achieved between the first and second
positions (46.8247% and 65.2031%, respectively).
According to the criterion of cumulative percentage,
there are one or two optimal factors of influence.

The last way to determine the number of fac-
tors — Ketell's test — the criterion of "stone rash"
(Fig. 2).

This graph shows that there are three optimal
factors for the development of Kharkiv for the peri-
od from 1991 to 2019, and the rest is a "factorial
rash” — insignificant or short-term factors. Factors
Ne4 and Ne5 are not defined, so you should refer to
the results of the study according to the previous
criteria. At this stage of the study, we identify five
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optimal factors for the development of Kharkiv. Based on the data in Table 2, we have the fol-
Calculate the factor loads for each of the five  lowing composition of factors influencing the de-
factors and determine their structure (Table 2). velopment of Kharkiv for the period from 1991 to

As can be seen from Table 2, there are only  2019:
three influencing factors. In the previously selected e Factor Nel (strength of influence — 33.3%) —
factor Ne5, none of the numerical values of the vari- variables Ne 1, 11, 13, 14, 16, 17, 21, 25, 29,
ables exceeds 0.700, and therefore is not a compo- 35, 40, 41 — population; population aged 15 to
nent of the impact factor. And the factor «Ne4 con- 60 (men); population aged 0 to 15 (women);
tains only one change, the force of influence of population aged 15 to 60 (women); number of
which is only 0, 052974, which is not significant. first registered cases of diseases, thousand,
Table 1

Dispersion of influencing factors for the study period 1991-2019
(compiled by the authors according to [12])

Value Eigenvalues | % Total variance | Cumulative Eigenvalues | Cumulative %
1 19,19815 46,82475 19,19815 46,8247
2 7,53513 18,37835 26,73327 65,2031
3 5,88793 14,36080 32,62120 79,5639
4 2,80172 6,83347 35,42293 86,3974
5 1,52066 3,70892 36,94358 90,1063
6 0,78095 1,90477 37,72454 92,0111
7 0,76862 1,87469 38,49316 93,8858
8 0,63975 1,56037 39,13291 95,4461
9 0,41423 1,01033 39,54715 96,4565
10 0,35280 0,86049 39,89995 97,3169
11 0,29827 0,72749 40,19822 98,0444
12 0,20527 0,50065 40,40349 98,5451
13 0,15180 0,37025 40,55529 98,9153
14 0,10859 0,26485 40,66388 99,1802
15 0,08342 0,20347 40,74730 99,3837
16 0,08036 0,19599 40,82766 99,5797
17 0,06034 0,14716 40,88800 99,7268
18 0,03118 0,07604 40,91917 99,8029
19 0,02165 0,05280 40,94082 99,8557

20 0,01850 0,04513 40,95932 99,9008
21 0,01376 0,03356 40,97308 99,9343
22 0,00818 0,01996 40,98126 99,9543
23 0,00508 0,01239 40,98635 99,9667
24 0,00477 0,01164 40,99112 99,9783
25 0,00455 0,01111 40,99567 99,9894
26 0,00214 0,00522 40,99781 99,9947
27 0,00139 0,00339 40,99921 99,9981
28 0,00079 0,00194 41,00000 100,0000
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number of school institutions; number of hos-
pitals; number of junior medical staff, thou-
sand people; total area of housing stock, mil-
lion m? number of tourists; serviced by tour
operators and travel agents; number of scien-
tists; persons, the volume of performed scien-
tific and scientific-technical works in actual
prices, thousand UAH — the structure of labor
resources, their social protection and the
most important sectors of the tertiary, quater-
nary and fifth sectors of the economy.

e  Factor Ne2 (strength of influence — 17.1%) —
variables Ne2, 4-7 — number of births, per-
sons; natural increase (reduction); birth rate,

mortality rate; natural growth rate — demo-
graphic development of the city.

e Factor Ne3 (strength of influence — 24.4%) —
variables Ne 10, 15, 18, 20, 22, 30, 32-34 —
population aged 0 to 15 (men); population
over 60 (women); number of secondary edu-
cation institutions; the number of universities
of HI-IV level; average salary; volumes of
sold industrial products; retail turnover, thou-
sand UAH,; retail turnover of retail trade en-
terprises, thousand UAH; capital investments,
thousand UAH — age structure of the popula-
tion and main indicators of economic devel-
opment.

Plot of Eigenvalues
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Fig. 2. Graph of variance ("stone or factorial talus") (created by the authors according to [12])

Of course, each of these factors changed the
strength of its influence during the study period. To
study this process, factor weights were calculated
for each of the identified factors of influence during
the study period (Table 3). Factor weights are indi-
cators that assess the contributions of the studied
years to each of the factors. The matrix of factor
weights is calculated by multiplying the matrix of
the original data by the matrix of factor loads. They
are interpreted as relative estimates of the manifesta-
tion of a certain factor in each of the studied years
and serve as a basis for their grouping.

If the value of the factor weights is about 0,
then the influence of this factor corresponds to the

influence as a whole for the whole period, if more
(and especially more than 1) — the influence of this
factor is significantly greater, and if with a minus
(more than 1) — significantly less. period as a whole
(Table 3).

Thus, the factor Nel — the structure of labor re-
sources, their social protection and the most im-
portant sectors of the tertiary, quaternary and fifth
sectors of the economy, the greatest impact and de-
velopment of the city had in the period from 1991 to
1995, and the least in the period from 2007 to 2010
years. Factor Ne2 — demographic development of
the city had the maximum impact on the functioning
of the city of the arch in 1991, 1992, 2012 and 2013,
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Table 2
Factor loads of the studied factors of Kharkiv development for the period 1991-2019
(compiled by the authors according to [12])

Value Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
1 0,95009 0,055552 0,25038 0,051131 0,128252

2 0,13048 0,920341 0,04421 0,144338 0,053572

3 0,45185 -0,689888 -0,01212 0,102945 0,214693

4 -0,09213 0,985250 0,03847 0,065471 -0,050130

5 -0,12288 0,922086 -0,00804 0,142800 0,003553

6 -0,21707 -0,783209 -0,22151 0,064570 0,158282

7 -0,00707 0,985785 0,07970 0,080795 -0,058574

8 -0,58238 0,554968 -0,33780 -0,278640 0,278665

9 -0,58238 0,554968 -0,33780 -0,278640 0,278665

10 -0,55724 0,010426 -0,71771 -0,216319 | -0,025047

11 0,98064 -0,100800 0,14120 -0,032243 0,028462

12 0,07919 0,522117 0,53343 0,452309 0,210842

13 0,96978 0,070394 0,13972 0,058994 0,097740

14 0,98138 -0,089393 0,14287 -0,036270 0,040671

15 0,23676 0,268372 0,82464 0,313603 0,224828

16 -0,89319 0,024200 -0,04162 0,278556 0,176121

17 0,95364 0,173224 0,09470 0,121929 0,017369

18 0,60336 0,087691 0,76574 -0,055835 0,091104

19 0,69577 -0,221752 0,56016 -0,179003 0,174573

20 -0,22398 0,142071 0,89952 -0,008594 0,235920

21 0,80133 -0,342239 0,35671 -0,119717 0,041648

22 -0,37069 0,051926 -0,89019 0,085847 -0,108745

23 0,06812 -0,108358 -0,54968 0,273318 -0,662375

24 -0,12927 0,198831 0,01861 0,876865 -0,137099

25 0,78825 -0,128475 0,56462 -0,035553 0,145937

26 -0,28329 -0,459586 0,15227 -0,418069 0,031339

27 0,42541 -0,286782 0,02417 -0,389046 0,106601

28 0,08780 0,113408 0,56546 0,383440 0,658651

29 -0,84135 0,006418 -0,44777 0,038139 -0,255245
30 -0,27209 -0,057205 -0,91228 -0,095362 | -0,149072
31 -0,42704 -0,058100 -0,01581 -0,096204 0,215278
32 -0,17912 0,343919 -0,80392 0,054891 -0,109425
33 -0,63726 -0,172549 -0,68768 0,059684 -0,192493
34 -0,53805 -0,098736 -0,78280 0,143001 0,071695
35 -0,87293 0,073165 0,21445 -0,024208 0,292414
36 -0,28344 0,408550 -0,54079 0,095882 -0,576581
37 -0,05894 0,327028 -0,40526 0,236148 -0,657582
38 0,60407 0,463575 0,56654 -0,027259 0,216007
39 0,30380 -0,106148 0,53234 -0,043375 0,639939
40 0,79249 -0,079650 0,57285 0,068100 0,107369
41 0,79249 -0,079650 0,57285 0,068100 0,107369
Explanatory variable 13,65879 7,000164 10,02231 2,171954 2,941180

Prp. Totl
(The strgngth of the 0,33314 0,170736 0,24445 0,052974 0,071736
influence of the factor)
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Table 3

Factor weights of certain factors influencing the development of the city of Kharkiv
for the period from 1991 to 2019 (compiled by the authors according to [12])

Years Factor 1 Factor 2 Factor 3
1991 2,15861 2,41962 0,04477
1992 2,16358 1,77068 -0,32109
1993 1,75180 0,27175 0,15289
1994 1,54375 -0,75767 0,43184
1995 1,41674 -1,33972 0,47547
1996 0,99082 -1,03224 0,63962
1997 0,75338 -0,88660 0,58537
1998 0,63038 -0,55014 0,68114
1999 0,38110 -1,08435 0,51850
2000 -0,02105 -1,37216 0,59324
2001 -0,17525 -1,04788 0,40685
2002 -0,40801 -0,77703 0,50606
2003 -0,57003 -0,49978 0,31748
2004 -0,79676 -0,32724 0,46756
2005 -0,84369 -0,30063 0,59408
2006 -0,87189 0,03062 0,64188
2007 -1,02139 0,06777 0,76918
2008 -1,02466 0,52662 0,64150
2009 -1,03823 0,85654 0,89652
2010 -1,00181 0,75479 0,86734
2011 -0,62875 0,94606 0,08115
2012 -0,80947 1,53841 -0,13612
2013 -0,66056 1,37954 0,04467
2014 -0,65200 0,97158 -0,22587
2015 -0,43940 0,15374 -0,63355
2016 -0,07900 -0,23813 -1,58241
2017 -0,23700 0,19136 -2,35969
2018 -0,20085 -0,88991 -2,61557
2019 -0,31038 -0,77561 -2,48282

and the least — in 1995, 1996, 1999-2001. Regarding
the factor Ne3 — the age structure of the population
and the main indicators of economic development, it
acted with almost the same force throughout the
study period, and only from 2016 to 2019 its stren-
gth was slightly less than the previous two factors.
Thus, the most influential are the three main
factors of development: the city population, social
sphere and economic activity. In the period of post-
industrial transformations, the combination and in-
terconnection of the triad of these factors is con-
stantly changing, changing the internal structure of
the urban socio-geosystem and its appearance. At
the same time, the composition and structure of the-
city's population, the structure of the economy and
methods of production are transformed, the sphere
of social security of the population and the non-
productive sphere comes to the fore, the interaction
of the population with the city is transformed.
Conclusions. The complexity of the urban so-
cio-geosystem and its dynamics affect the formation
of complex factors of post-industrial transformation.

Kharkiv, as the second most developed city in terms
of development and population, is characterized by
a long and difficult post-industrial transition. During
the period of independence, the city's economy
managed to transform from industrial to post-
industrial. Forced, due to a number of economic,
political and social factors, post-industrial transition
can be considered successful for Kharkiv. This is
evidenced by the recognition of the city's develop-
ment by international experts [14, 20, 21].
Analyzing the main indicators of socio-
economic development of the city, we can distin-
guish three different periods of city development.
The dynamics of the studied indicators indicates the
formation and passage of transformation processes
in the city. The results of factor analysis suggest that
the greatest impact on the development of the city
have economic, social and demographic aspects.
But, based on a systematic approach to the study of
the functioning of the urban socio-geosystem, these
factors should be considered as a cumulative inter-
action. Thus, three main factors that significantly
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influenced the transformation of Kharkiv in the pe-
riod from 1991 to 2019 from industrial to post-
industrial stages of development were identified: the
structure of labor resources, their social protection
and the most important sectors of the tertiary, qua-
ternary and fifth sectors of the economy; demo-
graphic development of the city; age structure of the
population and the main indicators of economic de-
velopment. Undoubtedly, in different years these
factors had different levels of influence. Determin-
ing the factor weights for the established factors for

sults of cluster analysis suggests that Kharkiv is un-
dergoing a number of transformations for the period
1991-2019. At each stage there is a set of factors
that act with a certain force.

Determining the periods of Kharkiv develop-
ment and the main factors of influence is an im-
portant step for creating and substantiating a com-
prehensive description of the city in the period of
post-industrial transformations, identifying prob-
lems and prospects for further development of the
city.

the study period and comparing them with the re-
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FACTORS OF POST-INDUSTRIAL TRANSFORMATIONS OF URBAN SOCIOGEOSYSTEMS
(case Kharkiv)

Research problem introduction. Modern society of highly developed countries, according to some
scientists, is at the stage of post-industrial development, the rest are striving to reach this level and are in the
process of transformation. The city, as a complex socio-geosystem, which is influenced by a number of
external and internal factors, is a dynamic formation, which is characterized by the concepts of development
and transformation. For Ukraine, as a part of the European region, the processes of post-industrial
transformations are also characteristic. Kharkiv is a typical post-socialist city in the Eastern European region,
which seeks post-industrial transformations. The study of post-industrial development factors is an important
and relevant step in developing a strategy and planning for urban development, given the uniqueness of each
individual city. The study of factors of development of this kind of city, gives the chance of implementation
of the received results for implementation at planning of development of other cities.

The purpose of this study is to determine the main factors of post-industrial transformation of urban
socio-geosystems on the example of Kharkiv. To achieve this purpose, the following research questions were
asked: What periods of post-industrial transformation did the city of Kharkiv undergo? What factors and
with what force influenced the transformation of the city?

Research methods. Multidisciplinary research approach to the study of cities and the peculiarities of
their development, functioning and transformation, contributes to the formation of a significant set of
interdisciplinary and specifically scientific research methods. Considering the city as a complex socio-
geosystem, characterized by a significant set of development indicators, the most effective methods for
determining specific factors of its transformation are mathematical and statistical methods, including cluster
and factor analysis.

Results, Scientific novelty, Practical significance. Cluster analysis, as a grouping tool, allowed to
streamline the indicators of socio-economic and spatial development of the city for the study period, and to
establish three main stages of post-industrial transition: a period of development at the expense of residual
resources (1991-1997); a period of crisis, the beginning of post-industrial transformations, the most striking
manifestation of which is the process of deindustrialization (1998-2010); a period of gradual recovery from
the economic crisis, the economic situation in the city is stabilizing, some industries are being modernized,
activization post-industrial processes like gentrification, revitalization, neo-industrialization, tertialization
(2011-2019). Factor analysis allowed to identife three main factors groups transformation of Kharkiv from
industrial to post-industrial stages (1991-2019): 1) the structure of labor resources, their social protection and
the most important sectors of the tertiary, quaternary and fifth sectors of the economy; 2) demographic de-
velopment of the city; 3) age structure of the population and the main indicators of economic development.
During the period of Ukraine's independence in Kharkiv, as in most powerful industrial cities of the country,
transformations of all spheres of their functioning took place. In the period of post-industrial transformations,
the combination and interconnection of the triad of these factors is constantly changing, changing the internal
structure of the urban socio-geosystem and its appearance. At the same time, the composition and structure
of the city's population, the structure of the economy and methods of production are transformed, the sphere
of social security of the population and the non-productive sphere comes to the fore, the interaction of the
population with the city is transformed. Determining the periods of Kharkiv development and the main fac-
tors of influence is an important step for creating and substantiating a comprehensive description of the city
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in the period of post-industrial transformations, identifying problems and prospects for further development
of the city.

Keywords: city transformations, development factors, factor analysis, post-industrial development,
cluster analysis, urban sociogeosystem, Kharkiv.
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