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ABSTRACT

Problem Statement. Human geography is a science that responds extremely quickly to the new today's demands and challenges.
Thanks to the multiplier effect, it has the opportunity to be integrated into a powerful range of contemporary unresolved scientific
issues and to propose its approaches to their study and solution based on the robust methodology and development of new research
tools. A qualitative new development level of human geography as science in Ukraine and the world requires urgently general rethinking
of the prerequisites, goals, and methods of scientific research, the question of the relationship between theoretical and empirical ones
in scientific papers. The triune complex "society-nature-economy" and the study of the peculiarities of their interrelationships and
contradictions form a wide range of opportunities for human-geographical research.

Research Methodology. The article uses the methods of analysis, synthesis, and dialectical method. The authors have summa-
rized and described the set of original methods of human geography, revealed contemporary approaches and substantiated the peculi-
arities of the methods of researching the development trajectory of the human-geographical objects, multidimensional spatial analysis
and multidimensional classification, spatial interaction of social and geographical objects (IFI modeling), developed and tested by the
scientists of the Department of Human Geography and Regional Studies of V. N. Karazin Kharkiv National University.

This paper aims to highlight the methodological foundations of human-geographical research, reveal modern approaches and
substantiate the human-geographical approach, and consider the content and features of the use of original methods of human-geo-
graphical research. In particular, the coverage of methodological approaches and justification of the human-geographical approach and
disclosure of new methods of spatial analysis of the human-geographical process: the study of the spatial interaction of the human-
geographical objects (IFI-modelling) and the study of social and geographical systems in the normalized multidimensional space.

Results. The paper describes in detail the possibilities of using original human-geographical methods to solve contemporary
issues. A detailed analysis of the application of these methods allows scientists and researchers to use and solve similar or other types
of problems effectively.

Scientific novelty and practical significance. The paper presents an exhaustive set of original methods for spatial analysis of
the territory and provides an algorithm for their use. The authors provided various human-geographical research areas and tested the
original methods.

Keywords: methodology, human geography, original research methods, spatial analysis, multidimensional analysis, an integral
function of influence, development trajectory, component analysis.
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Problem definition in general and its connec- In today's world, given the intensive pace of pro-
tion with important scientific and practical tasks  gress and society's development, it is crucial to study
(Relevance). the phenomena comprehensively and processes of
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different hierarchical levels. They are both prerequi-
sites and consequences of evolution. Human geogra-
phy is a science responding extremely quickly to the
new requests and challenges of the present due to the
wide object and subject of research. Thanks to the
multiplier effect, it has the opportunity to be inte-
grated into a powerful range of contemporary unre-
solved scientific issues and to propose its approaches
to their study and solution based on the robust meth-
odology and development of new research tools [27].
A qualitative new development level of human geog-
raphy as science in Ukraine and the world urgently
requires the general rethinking of the prerequisites,
goals, and methods of scientific research, the study of
the question of the relationship between theoretical
and empirical ones in scientific papers. In particular,
scientific activism is a highly relevant direction in so-
cial and geographical thought movement. This direc-
tion defines the role of human geographers as initia-
tors of solving many socio-economic and environ-
mental problems of the XXI century: the issues of
war and peace (which are acute for both the world
and Ukraine), global migration (it determines the re-
distribution of labor and resource potential in the
world, initiates the processes of "brain drain™ and this
is a manifestation of globalization processes), strati-
fication of the population and social inequality, de-
velopment of authoritarianism, impact of the nega-
tive environmental situation on public health, the
spread of pandemics, etc. The basis for the imple-
mentation of the above goals is a robust and diverse
theoretical and methodological foundation, a set of
methodological principles determining the expansion
of the scientific interests of geography in the follow-
ing areas: cross-sectoral specializations (recreation
and tourism, regional development and project work,
urbanism and ecology, city-farming), SMART-spe-
cialization of cities, GIS (GIS modeling, program-
ming in the software environments of the GIS
systems), area management, geodemography, geo-
politics, medical geography, the geography of reli-
gions, etc.

Thanks to the triune complex "society-nature-
economy" and the study of the peculiarities of their
interrelationships and contradictions, a wide range of
opportunities for human-geographical research is
formed. Human geography reveals various issues,
such as various aspects of the economic development
of specific subjects and areas, regional and district
management, transformations and reformation of the
administrative structure, peculiarities of self-organi-
zation, and self-development of social and geograph-
ical systems. This is also spatial development and
transformation at the qualitatively new level, based
on retrospective analysis, trends in socio-spatial fea-
tures of development and forecast results, etc. Use a
set of philosophical, general scientific, and special

methods, including digitalized ones (in particular —
geographic information systems and platforms for
spatial modeling), provides a verified scientifically
based result and determines the use of the methodol-
ogy of human geography in research activity. It al-
lows using a variety of automated calculations, con-
ducting spatial analysis with further modeling and
mapping of their results, and constructing predictive
development trajectories by various parameters and
scenarios.

Analysis of recent research and publications
which have been initiated a solution to the prob-
lem raised, on which the author relies; pointing
out unresolved part of the problem which the ar-
ticle concerns.

The modern human-geographical methodology
is an object of the world scientific discourse, but
mostly in solving the applied issues of various re-
search. According to the foreign researchers [2, 10],
society is at the center of this world system, which is
the root cause of its formation in a familiar form for
us. Scientists consider that a significant role in pro-
gress and evolution is geographical thinking and
comprehension of initial human-geographical cate-
gories such as demographic situation, migration pro-
cesses, local culture, identity, economy, cities and re-
gions, and disparities in spatial development. Modern
human-geographical research trends largely highlight
the issues of analysis of the political and economic
situation as prevailing ones in forecasting the area's
long-term development. The current basis of the hu-
man-geographical methodology makes it possible to
investigate not only particular objects and phenom-
ena but also powerful territorial complexes and geo-
graphical networks. It indicates the significant evolu-
tion of this basis and intensive development, includ-
ing through expansion into the spheres of close sci-
entific areas, namely economics, sociology, mathe-
matical statistics, etc. However, this is not a negative
phenomenon because each science is enriched and
developed by developing and forming specific inter-
disciplinary methodological techniques.

S. Schollem, M. Lar-Curten et al. have proposed
the concept of space and focus on the study of space
as an ordered repository of specific and material ob-
jects, taking into account their mutual location [12].
They also emphasized the materiality of social life.

Analyzing the authors' position, it is worth not-
ing the debatable question about the role of the ab-
sence and presence of the spatial dimension in the
constitution of the human-geographical phenomena
because it still seems the human geographers insuffi-
ciently investigated these issues. An essential task of
contemporary human geography is the study of the
multidimensionality of space and society's role in
forming its new development vectors.

S. Eden, E. Donaldson et al. consider the possi-
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bility of using the methodology of the Q analysis in
human geography [1]. The authors note that the meth-
odology of human geography has been moving con-
fidently from quantitative to qualitative categories in
recent years. The researchers see the category Q in
the following: Q subjects of study sort a series of
statements (or other materials, indicators) into a grid
of numbered columns (from positive to negative in-
tegers, and the resulting templates are analyzed then
to create a set of standard views on the study topic).
The authors consider the formation and processing of
this selection as important aspects of this methodol-
ogy. Once the respondents have sorted the statements,
the resulting patterns or “Q-sorting” are analyzed us-
ing a combination of computer processing and theo-
retical interpretation [1]. However, the authors noted
the presence of complications in the separation of
qualitative/quantitative when using the Q methodol-
ogy, which determines the error of the obtained result.

The issues of the latest methodology, original
techniques, and research methods are revealed by the
coryphaeus and the founders of the science, opinion
leaders, and influential scientists, whose research is a
prerequisite for forming scientific schools (their rep-
resentatives test and implement the constructed de-
velopments).

The representatives of Kyiv, Kharkiv, Lviv, and
Odessa scientific schools devoted their papers to de-
veloping and improving the modern methodology of
domestic human-geographical science.

J. Oliynyk paid considerable attention to the the-
ory and methodology of human geography in study-
ing modern trends of geographical science develop-
ment [11]. The author considered that the strategic
goal of the methodology development of human ge-
ography is to determine the geographical shell's eco-
nomic, demographic, social, political, and environ-
mental capacity at various hierarchical levels. He also
considered the goal of the methodology development
as justification of the parameters of regional and
global environmental management, identification of
the main trends of the human-geographical science in
general, and individualized. He argued that the prob-
lem of developing the domestic methodology of hu-
man geography is researchers' activities without for-
mulating a specific goal of implementing their partial
contribution to the nationwide school of human ge-
ography, world science, and self-identification. It is
associated with the simultaneous use of different
names of science, such as "economic and social ge-
ography", "socio-economic geography", "human ge-
ography". As well as, this is the differentiation of hu-
man-geographical science and the absence of the sys-
tem of logically completed laws of science that could
integrate different scientific areas, non-realization of
the applied function of the human-geographical sci-
ence, etc.

In the methodological aspect, O. Shabliy focuses
on the idea of three types of objects of human geog-
raphy study: real, conceptual, and virtual, expanding
the boundaries of social and geographical space. The
scientist developed a functional classification of hu-
man-geographical courses and substantiated the main
categories of human geography, namely the geospa-
tial organization of society, theories and concepts of
the latest areas of human geography (geosphereolo-
gists) during the period of global informatization of
research activities; classification of natural resources
taking into account diverse social needs [32, 19]. O.
Shabliy substantiated four types of laws and patterns
of human geography: the idea of the flexible geospa-
tial organization of society, changes in the paradigm
of the geospatial organization of society with the in-
troduction of IT technologies, especially the URAN
and GRID infrastructure networks, etc. [35].

According to O. Topchiev, the methodology and
theory of human-geographical science form the con-
cept of the scientific picture of the world [34]. The
role of human geography in it is an avant-garde one,
because the dynamism of the research object should
take into account all new aspects of scientific think-
ing. The methodology of human geography is essen-
tial for developing the theory of science and possibil-
ities of its practical use. According to O. Topchieyv,
the crucial aspects of the methodology of human ge-
ography are ideas about the territorial or spatial struc-
tures of geographical phenomena (depending on the
dimensionality of the study). The researcher sees the
study and settlement of relations in the "society-na-
ture" system as contradictions and debatable issues in
developing the human-geographical methodology.
He believes it is necessary to form a new scientific
area, namely the development of theoretical and
methodological principles of the functioning of the
landscape shell of the Earth as an integral and com-
plex socio-economic and natural system.

Following K. Mezentsev, the methodology of
modern human geography is developed and changed
very quickly and determined by the study and analy-
sis of spatial transformations and the evolution of so-
ciety's economic, political, social, and cultural life.
These studies are very important for identifying the
opportunities and prospects of ecist, demographic
policy, and studying the processes of social polariza-
tion. As well as it refers to justifying the prospects for
the region's development, taking into account the pe-
culiarities of population settlement, social stratifica-
tion, new factors. The author notes the need to com-
bine quantitative and qualitative research methods:
traditional, innovative, modeling and forecasting de-
velopment opportunities. K. Mezentsev sees the fu-
ture development of the methodology of human ge-
ography as the broad implementation of nonlinear
modeling, neural networks, etc., and the expansion of
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the application of perceptual geography, self-identifi-
cation of the population, etc. [3, 20].

We have already repeatedly considered the prob-
lem of the development of human geography and the
need to reveal the current and relevant capabilities of
the scientific methodology in our research [5, 25-28].
The development of social and geographical systems
can be considered as synergy, a process of self-organ-
ization and self-development, which opens up new
methodological foundations for its research. In par-
ticular, the method of modeling the development tra-
jectory in the multidimensional space easily identi-
fies the points of bifurcation and phases of progres-
sive or regressive development of the system. We es-
tablished a relationship between the spatial distribu-
tion of the information entropy of the interaction sur-
face of settlements and the spatial structure of the so-
cial and geographical system (in the form of the re-
settlement system). It can serve as a reliable indicator
of the optimal development of the social and geo-
graphical system.

Highlighting previously unsolved parts of the
general problem devoted to the paper. There is
convergence with economics, sociology, political sci-
ence, etc., in the methodology of contemporary hu-
man geography. It promotes the use of methods of re-
lated sciences to solve some social issues. The scien-
tific achievements of modern human geography are
closely associated with the possibilities of using ef-
fective tools developed and improved by basic sci-
ences. The first is mathematics, which contributes to
forming a general scientific methodology, new meth-
odological approaches, and methods. This is espe-
cially important at the present stage of science devel-
opment when obtaining new scientific results re-
quires implementing interdisciplinary approaches.
The methodological features of human geography,
the complexity of its object-subject area, and histori-
cal preconditions for its formation have led to its
well-developed diverse system of methods, ap-
proaches, local theory, and concepts. The features of
the object of human geography are the spatial organ-
ization of the most semantically general human-geo-
graphical process in the different levels of the social
and geographical systems. They make it possible to
manifest the integrative nature of human geography
most vividly [27]. Successful research in one object
of interaction and interconnection of natural, social,
and economic systems was made possible by the ro-
bust methodology of geographical science, in partic-
ular, the developed conceptual apparatus and the use
of numerous general scientific and special methods
of spatial analysis, mathematical and cartographic
modeling (including GIS). Following the basic prin-
ciples of the geographical approach (spatial analysis
and complexity of the study), human geography as a
dynamic modern branch of classical geography is a

robust interdisciplinary science that studies complex
socio-economic problems of Geoversum based on the
integrated approach.

Formulation of the purpose of the article (set-
ting problem). This paper aims to highlight the
methodological foundations of social and geograph-
ical research, reveal modern approaches and substan-
tiate the socio-geographical approach, and consider
the content and features of using original social and
geographical research methods. Achieving this goal
is expected through the disclosure of the following
research tasks:

- highlighting methodological approaches and jus-
tification of the socio-geographical approach;

- disclosure of new methods of spatial analysis of
the socio-geographical process

e study of spatial interaction of social and ge-
ographical objects (IFI modeling);

e research of the social and geographical sys-
tems in the normalized multidimensional
space:

- modeling the development trajectory of
human-geographical objects;

- multidimensional classification and di-
agnosis of system development.

Presentation of the main material of the re-
search. The need for comprehensive consideration of
the features of the social and geographical systems
requires the use of some methodological approaches
which complement each other, namely geographical,
systemic, synergistic, informational, and historical
ones. Their key elements are the basis of the human-
geographical approach [22, 24, 32].

The geographical approach is the primary meth-
odological approach in human geography. It sets two
mandatory requirements before any human-geo-
graphical study: the complexity of the research and
consideration of the object of study in the spatial as-
pect. These basic requirements of the geographical
approach, which characterize the basis of the modern
geographical methodology, are implemented in a rel-
atively wide range of special geographical research
methods, which will be discussed below.

The historical approach involves the study of ge-
ographical objects in development. All phenomena
and events are considered spatial processes in time
and space. This is of particular importance for the so-
cial and geographical systems, given their dynamism
and heterogeneity of composition, and makes it pos-
sible to determine the historical patterns of the social
and geographical process as a whole and its compo-
nents in particular.

The system approach considers the object of hu-
man-geographical research as a large, complex, open,
multilevel social and geographical system function-
ing in a particular environment and interacting with
it and other systems. Applying the system approach
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involves taking into account all the properties, fea-
tures, and characteristics of the system.

The synergistic approach involves, first of all,
the study of internal interaction in the system, inter-
nal resources, and mechanisms that determine the
evolutionary potential of the system. The synergistic
approach is essential in human-geographical studies
because it encourages taking into account the most
significant possible number of active factors and pro-
cesses to cover the functional environment where the
processes and phenomena studied occur as widely as
possible. Since the social and geographical systems
are heterogeneous, complex, and combine different
elements and subsystems, the completeness of their
consideration is achieved through the study of the in-
ternal relationships from the interdisciplinary posi-
tions, i.e., from different points of view, which meets
the requirements of the synergistic approach. It al-
lows obtaining a holistic and unchanged picture of
the interaction of elements and subsystems of the so-
cial and geographical system. Therefore, it reliably
reproduces the process of its development in general
terms or focuses on the most important details. An-
other feature of the synergistic approach is the fol-
lowing. The system development is considered as a
chain of consecutive phase transitions at bifurcation
points. Conditions are changed at these points so that
the system, adapting, is forced to rebuild its structure
and functions, i.e., to change its development trajec-
tory. Therefore, the synergistic approach in human-
geographical studies provides the most complete and
exhaustive study of complex and ambiguous relation-
ships between different subsystems of the social and
geographical system [25].

New (original) methods of human-geograph-
ical research.

The task of spatial analysis in human geography
is very often reduced to the study of spatial or spatial-
time relationships of human-geographical objects. It
is necessary, for example, to optimize the spatial
structure of various subsystems of the social and ge-
ographical systems, organize the systems of the so-
cio-geographic monitoring, solve problems of im-
proving the infrastructure characteristics of the social
and geographical systems, study transport and logis-
tics problems, optimize the spatial structure of the lo-
cation of industrial enterprises and institutions, study
migration processes and many other cases. This prob-
lem is relevant in all research cases or optimization
of the spatial structure of the human-geographical ob-
jects or social and geographical systems of different
hierarchical levels [22].

It is crucial to introduce new research tools and
methods to understand the specifics of the study ob-
ject of human geography, its everyday complication,
and synergistic nature. This research could provide a
comprehensive study taking into account the para-

meters of space and time to perform a retrospective
analysis, identify the current state, and forecast pro-
spects for development [24].

Effective methods of studying human-geograph-
ical objects are the analysis of spatial interaction of
human-geographical objects (in particular, modeling
based on the integral function of influence (IFI) and
the study of the social and geographical systems in
the normalized multidimensional space. It means
modeling the development trajectory of the human-
geographical objects and multidimensional classifi-
cation and diagnosis of the system development).

Study of the spatial interaction of the human-ge-
ographical objects (IFI modeling). The original tech-
niques of modeling the field of the integral function
of influence (IFI-modeling) was developed at V.N.
KarazinKharkiv National University [22, 24]. This
technique is distinguished by the combination of
methods of geographical modeling with methods of
approximation of geographic shell fields. The struc-
ture of the geospatial data vector involves three com-
ponents: X and Y coordinates on the horizontal plane
and the value of the Z field parameter, namely the
"height" of the point. This technique is based on the
idea of dividing the field of any parameter into the
background and anomalies. A specific feature for any
human-geographical unit (when studying resettle-
ment systems) is the radius of the zone of influence,
namely the level of its interaction with other objects
and the distance from the settlement. The distance de-
picts the cease of impact of the settlement on the
neighboring areas and the loss of the "central place"
function of this settlement. The content of this con-
cept can be defined as the radius of the zone, where
this object affects any component of the human-geo-
graphical process. The interaction of the social and
geographical objects depends on the radius of the
area of influence. The other component — the attribu-
tive one — determines the intensity of interaction, and
this is a function of the numerical value of the param-
eter (power) of object Z.

When determining the radius of the influence
area of the settlement, we define it as proportional to
the power of the object Z. Given this, the least pow-
erful object should have the smallest radius of influ-
ence RO, which can be called the basic one. In con-
trast, the radius of influence of all other objects can
be defined as a derivative function from the base ra-
dius. K. Niemets proposed the following dependence
to differentiate the human-geographical objects by
the magnitude of the radius of influence (formula 1)
[22]:

Ry =Ry + k *In(Z;/Zmin) (D

where Ri is the radius of influence of ith human-
geographical object;
RO — basic radius of influence;

- 147 -



Cepisi «[eonoezisi. [eoczpapisi. Ekonogzisi», 2022, sunyck 56

Zi i Zmin is the value of the parameter of i-th and
basic objects, respectively;

k is the scaling coefficient.

The intensity of the impact of the socio-geo-
graphical object within its area of influence decreases
from the center to the periphery. It can be determined
as an inverse proportion to the distance to a certain
degree. It is advisable to use a non-linear invariant
form of the following dependence:

atL>R A=0;
atL<R 2

where A is the function of the influence of the
socio-geographical object;

L is the current distance to the center of the in-
fluence area of the socio-geographical object;

R is the radius of influence of the socio-geo-
graphical object;

n is the exponent, arbitrarily defined.

The following formula determines the potential
of the influence of the socio-geographical object in
the area of influence taking into account the specified
dependence:

p=Z*A ©)

where Z is a quantitative parameter (power) of
the socio-geographical object (in the center of the
zone of influence).

It is expediently to consider the factor of remote-
ness of the socio- geographical object from the point
of view of spatial analysis. Then the possibility of ob-
taining a service can be represented as a function of
the impact of the socio-geographical object. When
the user is located in the zone of influence of one so-
cio-geographical object, it is clear that he can use the
services of only this object. If the user is situated in
the intersection of areas of influence of several socio-
geographical objects (in fact, it means their interac-
tion, this is competition in this case), he has a wider
choice. Therefore, he is in a better position because
he can receive the highest quality or effective service.
Extending this conclusion to all types of the socio-
geographic objects, it is possible to determine an in-
tegral quantitative parameter for each point of the
study area, which objectively reflects the user's abil-
ity to obtain a particular service. Thus, the researcher
creates a model of the field of the integral function of
influence (IFT), which can objectively reflect all the
peculiarities of the impact and spatial interaction of
all similar socio-geographical objects located within
the studied territory.

The formula carries out the calculation of IFI
taking into account (2):

F=%% @-Ly/R)" 4)

where F is an integral function of influence at a
given point in the area;

Li and Ri are the distance and radius of influence
of the socio-geographical object;

m is the number of socio-geographical objects
that influence a given point.

The relevant integral potential of the influence
(IP1) can be determined either by summing the influ-
ence potentials of interacting socio-geographical ob-
jects:

P =¥ pi (5)

or as a result of calculating the weighted average
of the values of their influence function:

p= St pi*h;
=S
i=1pl

Thus, the subject of the spatial analysis of the
interaction of socio-geographical objects is the sur-
faces of IFI and IPI. At the same time, each of these
surfaces contains its information, which collectively
more fully characterizes the spatial nature of the in-
teraction of socio-geographical objects. A character-
istic feature of this technique is the possibility of
changing the radius of influence of objects: the de-
gree of the surface generalization increases with the
increase of this parameter, i.e., its background com-
ponent is increased and local features (anomalies) are
leveled [22]. The choice of the radius of influence de-
termines the level of generalization of the obtained
image and the result of the influence of the organiza-
tional nuclei of resettlement on their surrounding area
and settlements.

The IFI modeling method was tested in studying
regional resettlement systems and agglomeration for-
mations. The method allowed to establish the level of
influence of organizational nuclei of resettlement on
the surrounding settlements, calculate the resettle-
ment potential of local resettlement systems, and
identify agglomeration formations and those agglom-
erations that are only formed or have the resources
for this purpose) [7, 9, 17, 18, 23], create IFI models
of the use of innovation and investment potential [6,
13], make typing of the area of Kharkiv region by de-
mographic and information indicators [29, 31]. As
well as the IFI modeling method fostered to study the
spatial features of the development of the population
trading service system of the region (the author ana-
lyzed the number of population, trade and restaurant
institutions and characterized the ratio of supply and
demand) [16].

As an example, we provide the IFI surfaces of
the weighted average potential of resettlement of
Kharkiv region by the basic radii of influence RO = 2,
10, 16 and 24 km (Fig. 1). Based on the need to take
into account the historically formed features of the
interaction of settlements in the resettlement system
of the region, we use the method of constructing IFI-
models of the surfaces of the demographic potential

(52)
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fields of the region's settlements. The change in the
radius of influence of the object allows tracing the
formation of relationships between settlements with
increasing interaction forces. It characterizes the ac-
tual dynamics of the processes of agglomerations for-
mation, changes in their size and configuration, spa-
tial relations, and intersections. It allows establishing
the etiological features of the interconnections stud-
ied. We used 993 reference points (settlements of
Kharkiv region) in the construction of IFI models and
presented the spatial distribution of the integral func-
tion of influence (IFI), demographic potential (P),
and weighted average demographic IFI potential
(Pw) of the resettlement. The selected parameter dis-
plays the trends of interaction of settlements. The sur-
face of the influence function with a radius of 2 km
demonstrates agglomeration processes of the local
level, which characterize the relationships between
rural settlements. The administrative centers of this

200

150+

1004

504

T T
50 100 150 200

R() =16 km

level are large by the population and economically
developed rural-type settlements. Models with a 10-
20 km radius manifest agglomeration formations
with urban-type settlements as the centers. Models
with a radius from 20 km determine the region's main
growth poles, namely the region's largest cities with
significant human and economic potential. The IFI
surface with a radius of 30 km allows tracing the for-
mation of agglomeration axes of the region's resettle-
ment, which are associated with the historical net-
work of resettlement and transport routes that cross
the area of the region.

Therefore, an essential aspect of the contempo-
rary human-geographical methodology is comparing
and determining the correlation of the dynamics of
social and geographical systems (resettlement sys-
tems, agglomerations, etc.) in the physical and phase
space. The main tool is the structural and systemic
analysis of social and geographical systems, high-

NO2QRINI2WNDE2REDR2NEANO

Nea

Ro=24 km

Fig. 1. IFI surfaces of the weighted average potential of resettlement of Kharkiv region
by the basic radii of influence Ro = 2, 10, 16 and 24 km
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lighting zones of different degrees of cooperation ac-
cording to statistical criteria.

It is worth noting the main methodological di-
rections [22]:

- in the physical space of the IFI-modeling ac-
cording to different parameters. At the same time, the
basic radius of influence determines the criterion of
spatial confinement of the social and geographical
systems. The usage of the index method allows the
transition to a synthetic indicator, namely the sum of
indices (in particular, a weighted average index,
which is more informative). The IFI surfaces are rel-
atively stable over time (individual elements may oc-
cur or disappear, but they are not crucial concerning
the overall scheme). Studying such manifestations in
the physical space makes it possible to investigate the
spatial symmetry (asymmetry) and disproportion of
the processes or phenomena studied.

- it is also possible to use the integral influence
function with the subsequent construction of the spa-
tial model in the phase space. However, it is almost
impossible to "advance in development" and deter-
mine anomalies in phase coordinates ("deviations
from the optimal trajectory” (using the method of
modeling the development trajectory). The content of
the constructed elements will be different: firstly,
they reflect not physical distances, but the similarity
of the state of the components of the system studied;
secondly, they are dynamic and demonstrate changes
in the state of each element of the social and geo-
graphical system at each moment. It allows determin-
ing the development vectors of each component in
particular and the entire social and geographical sys-
tem as a whole; thirdly, the basic radius of influence
determines the radius of "correlation", i.e., the simi-
larity degree of the elements for each parameter and
the synthetic indicator. It is also possible to investi-
gate the state and functional symmetry of the agglom-
eration.

3. The multifunctional spectrum of possibilities
has a semantic analysis of partial IFI surfaces (built
based on individual parameters) in physical and
phase spaces. In particular, in this plane, it can be
possible to search for the correspondence of the
"golden intersection” and compare the results, etc.

4. The study of mutual transformations (or uni-
fication) of agglomerations images in physical and
virtual (phase) spaces will have great creativity and
relevance in the future. The solution to this issue is
an urgent challenge to the modern world and domes-
tic human-geographical methodological thought.

The given list of methodological provisions al-
lows to solve the main task of the contemporary hu-
man-geographical research, namely to find the main
patterns in the formation of the spatial and functional
structure of social and geograpical systems of differ-
ent hierarchical levels, determine the criteria for

classification, development, stability and readiness to
respond to historical challenges, etc.

The research of the social and geographical sys-
tems in the normalized multidimensional space. The
high level of formalization of the components of the
socio- geographical process and the basic concepts of
social geography allows using the multidimensional
feature space for analysis and synthesis. The for-
mation of its basis on the natural values of the param-
eters of the socio-geographical objects introduces
quite a lot of difficulties associated with different di-
mensions and a large difference in the intervals of the
values of the initial parameters. It is more convenient
to use the normalized multidimensional feature
space. As a mathematical abstraction, the multidi-
mensional feature space makes it possible to look at
the problem of studying the interaction of geograph-
ical objects in a completely different way. Among the
main research areas, it is worth noting the modeling
of the development trajectory of the human-geo-
graphical objects and the multidimensional classifi-
cation and diagnosis of system development [24].

Modeling of the development trajectory of hu-
man-geographical objects. The human-geographical
process is inherently highly complex because it oc-
curs in significantly heterogeneous social and geo-
graphical systems, including natural, social and eco-
nomic subsystems with different structures, mecha-
nisms of functioning, systems of goals, etc. The syn-
ergistic approach is adequate for such a variety of or-
ganization of social and geographical systems be-
cause it combines the features of the geographical ap-
proach (complexity and orientation to spatial analy-
sis) with the contemporary scientific paradigm. The
complexity and unpredictability of the socio-geo-
graphical objects, caused by the growing predomi-
nance of the role of social factors in the development
of social and geographical systems, fill the human-
geographical research with new content and realities,
which determine the leading role of human geogra-
phy in the future. In particular, we are talking about
the fact that modeling methods, using the ideas of
synergetics and combined with modern information
technologies, make it possible to create fundamen-
tally new scientific objects (models). These models
are based on the principles of their conceptual corre-
spondence with the complexity of the human-geo-
graphical objects studied. Of course, each model is
only a certain approximation to the object (the origi-
nal). Still, the concept of the model determines the
modeling result, particularly its structural and func-
tional features, which should reflect the correspond-
ing characteristics of the original [21, 22, 24]. On the
one hand, the completeness of the display of the orig-
inal on the model depends on the number of operating
factors taken into account in the modelling. On the
other hand, the increase in the measurability of the
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modeling space (increase in the number of operating
factors) meets the requirements of the synergistic ap-
proach. Therefore, this is one of the real ways to cre-
ate a fundamentally new concept of modeling the so-
cio-geographical process in the information-human-
geographical space [22]. Two sets of indicators de-
termine the movement trajectory of any object: the
direction of movement and linear characteristics, for
example, the distance traveled by the object over a
certain period. The first set of the trajectory indicators
includes cosines of angles formed by a segment of the
trajectory of the given object with the trajectories of
other objects, or specific characteristic directions, for
example, an average, optimal, or project trajectory.
According to the movement direction indicators, it is
possible to evaluate the functioning effectiveness of
individual subsystems as part of the more general so-
cial and geographical system. The decrease in the an-
gle between the trajectories of the subsystem and the
social and geographical system causes the increase of
the consistency and, accordingly, the "usefulness"” of
the subsystem functioning. In the same way, it is pos-
sible to assess the consistency of movement (func-
tioning) of subsystems. The growth of the cosine an-
gle between their trajectories indicates convergence
of trajectories, which is indisputable proof of the sim-
ilarity of the subsystem's development.

Two leading quantitative indicators can estimate
the movement vector of any object: angular as the
movement direction and linear as the speed of move-
ment. This allows comparisons of various objects
(social and geographical systems) on these indicators
and draws appropriate conclusions. Quantitative pa-
rameters of the direction and speed of movement of
social and geographical systems make it possible to
determine their various characteristics in the aggre-
gate, depending on the purpose and objectives of the
study. Firstly, we consider the criterion of the move-
ment direction, the cosine of the angle between the
trajectories display this indicator. The direction of the
real trajectory should be determined relatively to a
certain basic trajectory (for example, the ideal devel-
opment trajectory). The cosine can be defined for a
jth object by the following dependence [24]:

N Ky k= Krri0)*(Kj k=K i,0)

\/Z?Izl(KTr,i,k—KTr,i,o)z*JZﬁil(Kj,i,k—Kj,i,o)z

cos a]- =

(6)

where KTr,i,k and KTr,i,0 are i th coordinates
of the end and starting point of the base trajectory
vector;

where Kj,i,k and Kj,i,0are i th coordinate of the
end and starting point of the real trajectory vector;

Testing of the modeling method of the develop-
ment trajectory of the human-geographical objects
was carried out in the study of the social infrastruc-
ture of Kharkiv region [4], the development

dynamics of the system of the population trading ser-
vice of Kharkiv region [14, 16], the structure of mod-
els of socio-economic development [33] and for-
mation of the competitiveness of the region [13],
modeling the dynamics development of the geodem-
ographic system [8, 28-31].

Multidimensional classification of the social and
geographical systems according to the development
state. The problem of the classification of the social
and geographical systems by the movement in the an-
alytical space (social and geographical process (de-
velopment) requires distinguishing between two fun-
damentally different formulations of the problem
[24]. The first case concerns the classification of the
social and geographical systems according to the de-
velopment state at a certain (control or calculated)
point in time, i.e., the time slice of the development
process at a fixed time point. This classification
makes it possible to simultaneously identify and
compare the state of the social and geographical sys-
tems, just as a flash of lightning records the location
of all objects moving around at night. Thus, leaders
and outsiders of the movement (development) can be
identified to adopt certain conclusions and appropri-
ate measures concerning lagging the social and geo-
graphical systems. Consequently, the classification
of this type is relevant and necessary. At the same
time, it is static and does not carry any information
about changes in the pace of development of individ-
ual social and geographical systems. This shortcom-
ing is corrected by analyzing two consecutive static
states of the social and geographical systems when
solving the classification problem in the second for-
mulation, namely according to the development dy-
namics. In this case, the researchers compare two (or
more) consecutive time slices of the development
process and conclude their development's pace for a
certain (control or estimated) period. Various linear
characteristics of the trajectory represent the set of in-
dicators. It means distances in the multidimensional
space, which characterize the path traveled by the ob-
ject in a certain time, or the distance from the current
point of the trajectory (at the given time) to the char-
acteristic points in the space (from the origin of coor-
dinates, the midpoint of the social and geographical
system or the point of the maximum development).
Depending on the purpose of the study, the following
linear indicators of the trajectory can be determi-
ned [24]:

- the path traveled by the social and geographical
system in the multidimensional feature space (MFS)
(AL) is the Euclidean distance between the trajectory
points at adjacent time points. This is a dynamic char-
acteristic of the trajectory because its length indicates
the intensity of the movement of the social and geo-
graphical system;
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- the speed of movement is the ratio of the length
of the traveled path to the time interval between ad-
jacent calculated moments (AL/At);

- the distance of the current trajectory point from
the point of minimum development (origin of coordi-
nates) (LO), which assesses the movement effective-
ness of the social and geographical system. The more
effective social and geographical system will be more
distant from the starting position in an equal time;

- the distance from the current point of the tra-
jectory to the point of maximum development (end
point) (L1) characterizes the movement effectiveness
of the social and geographical system. The more ef-
fective social and geographical system will reach
sooner or come closest to the highest indicator;

- the difference in the path remaining to go to the
point of the maximum development (L1) and the path
passed (LO), which gives an idea of the movement
pace of the social and geographical system in the
multidimensional space. The decrease in this indica-
tor defines a faster movement of the social and geo-
graphical system;

- the progress coefficient is the ratio LO/L1,
which is also a relative assessment of the develop-
ment effectiveness of the social and geographical
system in the normalized MFS, because the growth
of this parameter indicates faster progress of this so-
cial and geographical system.

In our opinion, analysis of the projections of the
movement vectors of the social and geographical sys-
tems on the main diagonal of the hypercube of the
normalized MFS is promising. It gives a direct quan-
titative assessment of their development dynamics.

The criterion of the speed of movement of the
social and geographical system in a multidimensional
feature space makes it possible to analyze the linear
characteristics of their trajectories, for example, the
path traveled in a particular time, the distance from
the current point to the start point and the point of the
maximum development, the speed of movement, the
characteristic ratios of trajectories, etc.

The path traveled by a given social and geo-
graphical system over some time can be defined as
the Euclidean distance between two successive points
in time of the trajectory:

L= B0 -xeay: )

where X', X", is ith coordinate of space, re-
spectively, at the moments of time ¢ and ¢+A4¢ (the be-
ginning and end points of the segment of the trajec-
tory of the social and geographical system);

N is the measurability of the space.

The total path traveled by the social and geo-
graphical system in the MFS can be defined as the
sum of the Euclidean distances between all succes-
sive points of its trajectory:

Pt = X241 L) ®)

where L; is the Euclidean distance traveled by
the social and geographical system at jth segment of
the trajectory;

Mt is a number of estimated moments in time.

Knowing the time T which the object travels the
total distance, it is possible to determine the average
speed of movement of the social and geographical
system:

Vi=Pin /T ©)

The movement speed of the social and geo-
graphical system in a multidimensional feature space
characterizes its development's dynamism (pace).

When determining the total path, it is also nec-
essary to consider the direction of movement. It is ad-
visable to project the total path (or its components)
on the ideal or control trajectory of movement
P in¢ pr- According to this, it is possible to identify the
productive (effective) movement speed of the social
and geographical system:

Vtef = Pint,pr/T (10)

Therefore, the modeling of the development tra-
jectory of the social and geographical system intends
to determine the movement vectors of the social and
geographical system and its subsystems at each cal-
culation point of the trajectory in the multidimen-
sional space (its components are the cosine of angle
and speed of movement). Complementing the trajec-
tory vectors with the above indicators, it is possible
to determine the differences between subsystems and
the efficiency of their functioning as part of the social
and geographical system.

Testing of the method of the multidimensional
classification of the social and geographical system
according to the state of development was carried out
when determining the development degree of the sys-
tem of population trading service in Kharkiv region
[15, 16], the features of the socio-economic develop-
ment [33] and assessing the competitiveness of cities
and districts of Kharkiv region [13], establishing the
strengths and weaknesses of geodemographic devel-
opment [28-31].

As an example, we provide the typing of cities
and districts of Kharkiv region by the features of the
development trajectory of geodemographic systems
(Fig. 2). The distribution of districts of Kharkiv re-
gion according to the dev elopment trajectory of their
geodemographic systems on the phase plane demon-
strated that the best trends in the geodemographic
process are observed in the Kharkiv district. The next
are Dergachi district and a relatively dense group of
most districts of the region. The development trajec-
tory of the geodemographic system has a pronounced
non-equilibrium character. There are years with both
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positive and negative dynamics, which constantly
change each other during the studied period. The
most threatening situation concerning the functioning
and development of the geodemographic system oc-
curred in Pechenizky, Kolomatsky, Pervomaysky,
Iziumsky, Shevchenkivsky and Kegichivsky dis-
tricts, as well as in the city of Izium, which manifest
the predominant regressive nature of the develop-
ment of geodemographic systems [31].

The application of the multidimensional classi-
fication, in particular, the component analysis of the
development vector of the social and geographical
system is an important, effective tool for determining

the development problems and formation of scientif-
ically substantiated measures for their leveling,
which proved in several studies [4,9,13,16,24,31,33].

Conclusions. The article presents the methodo-
logical foundations of human-geographical research,
reveals contemporary approaches, and substantiates
the features of methods for studying the development
trajectory of the human-geographical objects, multi-
dimensional spatial analysis and multidimensional
classification, developed and tested by scientists of
the Department of Human Geography and Regional
Studies of V.N. KarazinKharkiv National University
over the past 15 years, provides examples of their ap-

KRR AAS
CRRH AKX KRS
SR ISPH R LIRS
0202000k Latel T e %0 %0%"

CHRRRAAHKAKS

ROE 20,69
3’.’

Borders and boundaries

state boundary
boundaries of administrative
regions of Ukraine
boundaries of administrative
districts of Kharkiv region

. . Settlements
7 - KHARKIV

IS
0038

SRS

SRR

S

LA
(o
25

regional centre

s

<, Chuhuiv city

Appraching the optimal trajectory
with decreasing deviation from the optimal
bz trajectory

with a constant rate of deviation from the
optimal trajectory

BE8 with increasing deviation from the optimal trajectory
Stability of the position relative to the optimal trajectory

L1 with decreasing deviation from the optimal trajectory

@ Zmiiv centre of administrative districts

Distance from the optimal trajectory

with increasing deviation from the optimal trajectory
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plication. Based on the understanding of the need to
apply a human-geographical approach, which in-
cludes elements of the system, synergetic, infor-
mation, historical ones, etc., the basis of human-geo-
graphical research is the concept of the human-geo-
graphical process in the multidimensional feature
space. The authors have disclosed new methods of
spatial analysis of the human-geographical process,
in particular, the study of the spatial interaction of the
humam-geographical objects (IFI-modeling); re-
search of the social and geographical systems in the
normalized multidimensional space (modeling the
development trajectory of human-geographical ob-
jects and multidimensional classification and diagno-
sis of system development). Also they provided the
application results of the methods mentioned above
for the study of the dynamics of functioning and de-
velopment, monitoring and social management.
Certainly, it is the improvement of the existing
methodology of human geography and the develop-

are the catalyst for the development of science. The
development of the interdisciplinary methodology
can be considered one of the ways of improving the
research methods and approaches. It allows seeing
the research object "from a different angle", but it is
mandatory to consider the peculiarities and specifics
of human-geographical research: dynamism, pres-
ence of the spatial aspect, and complexity. At the
same time, a combination of such complex objects of
research in human geography as "society-economy-
nature” draws attention to the fact that the modern
methodology of human geography should cover all
three components and provide the possibility of ana-
lyzing relationships and interactions. The proposed
original research methods allow performing an anal-
ysis taking into account aspects and factors of various
kinds and etiology to regulate the degree of influence.
They assess not only objects but also the links be-
tween them. It allows ensuring the complexity of the
study.

ment of new research methods and approaches which
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MeTom0J10ris1 CyCnijibHO-TeorpaiuHuX T0CTiIKeHb:
Cy4acHi MiAX0au Ta MeTOAH

IKocm;mmuH Apxaditiosuu Hemeyp|!,
. TeoTp. H., mpodecop, kadeapa comiaapHO-eKOHOMITHOI Teorpadii i perioHo3HaBCTBa,

1XapkiBchkuil HaionanbHuii ynisepcutet iMeni B.H. Kapasina, maiinan CBoGonu 4, Xapkis, 61022, Ykpaina;
Kamepuna IOpiiena Cezioa’,

JI. TeOTp. H., JIOIEHT, Kadeapa colialbHO-eKOHOMIYHOT reorpadii i perioH03HaBCTBa;

JTrwomuna Mukonaiena Hemeyn',

. Teorp. H., npodecop, 3aBimyBau Kadeapu coliaIbHO-eKOHOMIUHOT reorpadii i perioHO3HaBCTBa;

Kamepuna Onexcanopiena Kpasuenxo',

K. Teorp. H., JIOIEHT, Kadeapa coIiarbHO-eKOHOMIUHOI reorpadii i perioHO3HABCTBA;

Iaeno Onexciiiosuu Koounin',

K. Teorp. H., IOIEHT Kadeapu coriarbHO-eKOHOMITHOI reorpadii i perioH03HaBCTBa;

Ceszenia IOpiiena Tenebencea’,

K. Teorp. H., IOIEHT, Kadeapa coIiabHO-eKOHOMIYHOI reorpadii i perioHO3HABCTBA;

Jwomuna Bacuniena Kniouko',

K. Te0rp. H., JIOLIEHT, Kadenpa coliaJbHO-eKOHOMIYHOT reorpadii i perioHo3HaBCcTBa

VY cTarTi pO3KPUTO POJb CyCHiibHOI reorpadii y CKiIagHuX CydyacHUX yMOBaX PO3BUTKY CBITOBOI CHCTEMH Ta BU3HA-
YEHO aBaHTapAHY POJIb METOIOJIOTIT B €BOIIOLI CycniibHO-TeorpadiuHoi Hayku. [ligkpeciieHo, mo cycnijibHa reorpadis
SIK IMHAMIYHA CyYacHa TijKa KJIACHYHOI reorpadii, CbOTOHI € MOTYXHOK MIKIUCIUIUTIHAPHOIO HAYKOI0, XapaKTepU3y-
FOTBCS PO3BUHEHOIO PI3HOMAHITHOIO CHCTEMOIO METOIIB, IiIXOMIB, IOKaJHHUX Teopii Ta koHIemnii. [IpoBexeHo aHami3
HOBITHBOI METOOJIOTIT CBITOBOI Ta BITYM3HAHOI CycmiybHOI reorpadii. BctanoBeHo, mo cydacHa cycmisibHO-Teorpadi-
YHA METOZOJIOTisI BUCTYIIA€ 00’ €KTOM CBITOBOTO HayKOBOTO JAWCKYPCY, MPOTE 3AEOUIBIIOrO0 y acleKTi po3B’sI3aHHS MPHK-
JMAJHUX TMUTaHB PI3HOTO poxy AociimkeHb. CydacHi cycninbHO-TeorpadidHi JOCTITHUIBKI TEHICHINI 3HAYHOI MipOI0
BiJINIOBIJAIOTH Ha COMLIATBHAN 3aIAT Ta BUKIUKH CYYaCHOCTI; JOCHTIPKEHHS CIIPSMOBaHI Ha BUPIMICHHS aKTyaJlbHIX IIPO-
611eM cycHiNbCTBA T4 HABKOJIMIITHBOTO CEPEIOBHUINA 30KpeMa, TIPOCTOPOBHI aHalli3, MOIETIOBAaHHS 1 IPOTHO3YBaHHS, MO-
HITOPHUHT COLIAJIbHO-€KOHOMIYHOTO PO3BUTKY TEPUTOPIN PI3HOTO i€papXivHOTrO piBHS; ypOaHICTUYHI, EKOHOMIYHI, collia-
JIBHI, MiTpalliiHi, [eMorpadivuHi CHCTEMH 1 MPOLECH Ta IXHI perioHanbHi Momeni ToIo. [IpeacTaBieHo METOMOIOrIuHI
OCHOBH CYCIIJIbHO-TeorpadiuHuX TOCIIKEHb, PO3KPUTO CYYacHi MiIXOAM Ta OOIPYHTOBAHO OCOOIMBOCTI METOAIB J0C-
JIJKEHHS TPAEKTOPIl PO3BUTKY CyCIHiJbHO-reorpadiuHux 00’eKTiB, 6araroBUMIpHOTO IIPOCTOPOBOTO aHali3y Ta Oararo-
BUMIipHOT kiacudikarii, po3pobieHi Ta anpoboBaHi HayKOBISIMU Kadelpy collialbHO-eKOHOMIYHOT reorpadii i perionos-
HaBcTBa XapKiBCHKOTO HaIlOHAJbHOTO yHiBepcuTeTy iMeHi B. H. Kapasina, HaBeneHi nmpukiaji IXHbOTO 3aCTOCYBaHHSI.
OOTpyHTOBaHO OCOOIHMBOCTI CYCHITBHO-TeOrpaivHOTO MiIXOY, IO BKJIFOYAE €JIEMEHTH CHCTEMHOTO, CHHEPTETHYHOTO,
iH(pOpPMAIIITHOTO, ICTOPUIHOTO TOIIO. PO3KPHTO KOHIEMIiI0 CYCHUIFHO-reorpadigHOro mporecy B OaraToBUMipHOMY
03HAaKOBOMY IPOCTOPI, IO BHCTYIIAE OCHOBOKO CYCITUTBHO-TeOrpadivHNX JOCTIKEeHb Ta BMIIY€E CIIeIialbHi (aBTOPCHKI,
OpUTiHANBHI), METOIU. PO3KPUTO OpHUTiHANEHI METOAH IMPOCTOPOBOTO aHANI3y CyCHiIBHO-TeorpadigHOro mpoIecy, 30K-
peMa ToCIipKeHHS IPOCTOPOBOT B3aeMO/II1 cycminbHO-reorpadiuaux 06’ extis (IOB-MomenroBaHHs); JOCTIKESHHS COIIi-
OTEOCHCTEM Y HOPMOBAHOMY 0araTOBHMipHOMY IPOCTOpi (MOIETIOBAaHHS TPAEKTOPIi pO3BUTKY CYCIUITBHO-TeorpadigHmx
00’ekTiB Ta GararoBuMipHa Kiacudikallis i AiarHOCTUKA CUCTEMHOTO PO3BUTKY), IPEICTABIEHO MOXJIMBOCTI 3aCTOCY-
BaHHs HaBeJICHUX METOJIIB, SIKi 3aCBIIUYIOTh BepU(IKOBAHICTh OTPUMAHUX PE3YJIBTATIB.

Kniouogi cnosa: memooonozis, cycninvna ceocpais, opuciHaibHi Memoou 00Ci0NCeH s, NPOCMOPOBULL AHATI3,
bacamoguMipHuLl aHanis, iHmespatvHa QPyHKYIs 6NAUBY, MPAEKMOPIS PO3GUMKY, KOMNOHEHMHULL AHATI3.

BHecoK aBTOpIiB: BCi aBTOpM 3p0OUAKN PiBHMIN BHECOK Y L0 poboTy Hagiiiwna 17 auctonaga 2021 p.
MpuitHaTa 29 anctonaaa 2021 p.
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