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Abstract: The topicality of the study is conditioned by the need to develop a new paradigm for constructing the
geoinformational space in terms of geoinformational activities on the territory in connection with the change of
technology tenors. The objectives of the work are to identify the essence and principles of the new geospatial
paradigm, to substantiate the basic prerequisites for development of fundamentally new ideas about geographical
space and spatial data infrastructure and for modernization of the means and technologies for processing
geoinformation. The methods of formal-logical analysis, linear programming, and the theory of matrix games
with nature were used. The results of the study. The authors proposed a new interpretation of the concept of
“geospace” as a kind of socio-cultural reality “laid over” the territory. Conclusions are made regarding the
features and correlation of the “space” and “territory” concepts. The essential characteristics of geoinformation
supply of vital activity in different epochs, as well as features and differences of corresponding geoinformation
paradigms were considered from the standpoint of the structural-functional approach. The authors carried out a
formal logical analysis of conceptualization of vital activity in the surrounding geospace, associated with
optimizing of the use of the resources based on all-encompassing geoinformation support. The concept of
“geofragment” is introduced as an elementary unit of geospace, in which technological and/or natural processes
occur and interactions of objects from different spaces take place. Theoretical and practical value. The authors
proposed new approaches to solving the problems of correlation of physical and geoinformation space.
Application of these approaches in technological discourse allows one to define and improve ways and means of
geospatial support for optimization of territorial management. The conclusions. Through combination of new
ideas, potential opportunities, and structural transformations, the new paradigm of geoinformation space sets the
vector for the formation of the modern geospatial industry providing systemic support for the needs of society
and focused on services and activities optimizing the use of territorial resources. Keywords: geoinformation,
tenor of technology, formal-logical conceptualization, matrix games with nature.

1. Introduction

The change of tenors of technology dictates the change of ideas about space, its
multidimensionality, and coordinate systems. In particular, in current conditions, ideas about
the geoinformation space and its emanations are becoming increasingly widespread. The
space-coordinate system is viewed as the axis of spatial structure. At the same time, theorists
recognize the possibility of existing of other dimensions of space in addition to the three
spatial and one temporal that are usual to us. Many of these scientists agree that studies of
multidimensionality can be a decisive step in the creation of a general theory that unites the
laws of nature (the theory of hyperspace [1]). Of course, such approaches challenge well-
established paradigms of traditional sciences about the Earth. From this point of view, the risk
of unmanageable global changes and the uncertainty associated with the emergence of new
determinants of development in conditions of formation of modern communicative and
information space call for formation of a new geospatial paradigm. The key role here belongs
to the modern geoinformatics, which is part of the global information technology (IT) market,
whose volume is estimated at about $ 3.5 trillion [2] and accounts for about 4% of the global
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gross product with the prospect of further growth [3]. The situation is developing similarly in
the market of geoinformation services.

In the field of geoinformatics, the first practical results associated with the creation
and use of geographically defined geoinformation spaces [4] are noted. In combination with
the capabilities of the Internet, the importance of spatial data rises [5]. At the same time, new
trends in obtaining, presenting, and applying geoinformation are emerging. Geoinformation
began to be considered as one of the strategic tools for managing the territory [6, 7], planning
and ensuring its sustainable development [8, 9, 10], supporting political decisions in
regulation of land use [11, 12], and integrating heterogeneous data from different sources
[13]. Now, there is a need to use a 4-dimensional spatial monitoring of phenomena for digital
geo-information representation of territories [14, 15]. There are new opportunities for
receiving, processing, and providing geoinformation to consumers, including its cartographic
form [16, 17]. There are completely new [18] and even exotic geospatial problems such as the
dream space [19].

In this regard, the formation in the field of geoinformatics of the prerequisites for
development of radically new ideas about geographical space and spatial data infrastructure
becomes evident. In fact, there is a need for a different paradigm of the geoinformation space.
By the paradigm, the authors mean an integral worldview structure. It includes fundamental
approaches and serves as a recognized model of scientific activity. The author of the concept
of revolutionary paradigm shift, T. Kuhn integrated philosophical-scientific, historical,
methodological, and sociological methods of measuring scientific development. In the
scientific community, the paradigm fulfills the function of a disciplinary matrix formed by
institutions and knowledge that everyone, who enters this corporation, has to adopt as a norm
[20, p. 238]. It should be noted that a number of scientists, including those who study the
sphere of the reproduction of knowledge [21], do not agree with the mandatory revolutionary
character of the paradigm shift. They considered that this process became mobile-
evolutionary in the 21st century, using “back and forth” switching between paradigms [22, p.
131].

2. Materials and Methods

The objectives of the article are to identify the main features and fundamental
differences between modern approaches to the definition of geospatial representations, to
develop fundamentally new concepts of geoinformation space, and to propose ways and
means of modernization of intellectual tools and technologies for processing geoinformation.
In this connection, the authors of the article presented studies of various aspects of
construction of geoinformation space, including the following:

. analysis of modern concepts and views on the topic;

. development of ideas about the relative independence of macrospace and
spatiotemporal forms from ongoing macroprocesses;

. development of the principles and essence of the new paradigm of construction of
geoinformation space;

. analysis of the essence of geoinformation support of territories within the framework
of the structural-functional approach;

. application of mathematical modelling method based on the principles of strategic
matrix game with nature for substantiation of optimization of multisectoral use of
geoinformation resources;
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. identifying of capabilities of the proposed paradigm for optimizing the management of
territories.

To ensure the consistency and reliability of the logical judgments, as well as the
validity of the conclusions and the correctness of the obtained results, the authors proposed to
apply the methods of mathematical modeling and tools of formal logic.

3. Results

The authors of the article suppose that in the new representation of “geospace”, it is
necessary to take into account the relative independence of the macroscopic spatiotemporal
form from the macroprocesses. It should be noted that the relative independence of a
particular spatiotemporal form is nothing but the stability, the conservation of spatiotemporal
properties of material systems of a certain level and type. These properties are, for example,
“location in space”, “time irreversibility”, “dimensionality of space”. However, along with the
mentioned stability or conservation, there is the variability of many spatiotemporal properties,
such as the size of objects, their relative location, the pace of processes, and the like. That is
why the spatiotemporal properties, like any other properties of reality, represent a unity of
stability and variability. Definiteness, specificity, relative separateness of macroprocesses
from processes of other levels is, in particular, the definiteness, specificity, and relative
separateness of the corresponding spatiotemporal properties of corresponding spatiotemporal
form of what we call matter. After all, if we follow our understanding of the spatiotemporal
form, if the macrophysical spatiotemporal form is realized by these macrophysical processes,
then the question arises how they can change the basic characteristics of their own
spatiotemporal form? If, as a result of certain macroscopic processes, a radical change in the
spatiotemporal properties of the macrolevel was observed, then these “certain macrophysical
processes” would no longer be macrophysical processes. In this regard, one should speak not
about independence of the macrophysical spatiotemporal form from the macrophysical form
of motion, but about the correspondence of the present spatiotemporal form to the present
form of motion. The illusion of independence of the location in space is generated by the
stability of certain moments of the considered spatiotemporal form, associated with the stable
moments of macrophysical processes.

All of the said above does not mean the understanding of macroscopic systems as
something flat, in particular, in their spatiotemporal properties. Of course, macrosystems have
spatiotemporal properties associated with processes of other levels (in particular, mega- and
micro-levels). The aggregates of these properties are related to the spatiotemporal forms of
these other levels. It should be noted that all the space-time properties of the material system
are described only by the entire system of spatiotemporal forms. Therefore, the phenomena of
a particular level do not change the whole of this system of spatiotemporal forms and
coordinates, but they affect mainly the spatiotemporal form corresponding to them. It should
also be taken into account that the macrosystems are qualitatively diverse. They include
qualitatively different forms of motion and, consequently, qualitatively different
spatiotemporal forms of what we call matter.

It should be borne in mind that although the concept of “space” in the sciences about
the Earth is often used as a synonym for dimensionality, volume or territory (global space,
Eurasian space). It rather characterizes a certain sociocultural reality “laid over” the territory.
From that comes the concept of a populated, economic, political, cultural or information
space. The territory is not just a physicogeographical space, but also a habitat. This is the
physical sphere of life. We do not call the surface of Venus or the Moon “territory”, because
there is no human life activity.
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The territory can be defined as a part of the physicochemical environment (of the
surrounding world), which allows the existence of certain types of life on it. This territory is
capable of providing such a life with necessary and accessible resources, assigned to these
kinds of life or allowing such assignment in different ways. In contrast to it, space is
organization of territory for specific types of life activity. This is a construction created by
human for settling life and using the given territory and its resources. “Geospace” is its
informational reflection.

In the process of social development, the approaches to space become more
complicated; functionally successive, but qualitatively heterogeneous spheres of human life
are organized. In the distant past, traditional division of the territory on the functional basis
prevailed. There were areas for hunting, cooking, recreation, crafts, and rituals. This is
household-economic human space, which at the beginning of the 21st century is concentrated
in his apartment, garage, on the personal plot. With the transition to property relations, a legal
space has arisen that organizes relations of people in connection with possession, disposal,
and transfer of property. The regularity of exchanges and their growing volumes brought
about a market. Its complication eventually led to a modern economic space characterized by
“spatial turbulence”, which includes different types of markets, production and service
connections, state regulation of the economy, and much more [23].

The growth of the population of the society and its segmentation according to
demographic, professional, and many other criteria led to the emergence of a social space, the
sphere of civil relations, social mobility, and various types of human support.

This leads to a number of conclusions. First, the same territory is capable of
accommodating many spaces. Second, the space can be more stable than the territory. The
people driven from their territory can live for a long time in the new place in the old way, “in
the usual spaces”. Third, the development of society is expressed and the level of
development is measured, among other things, by the saturation of the territory with spaces,
their internal complexity, and the quality of their interaction. Fourth, the definite space
organizes not just some kind of frequent occupation of a person, but a stable sphere of
relatively long-term activity. Finally, fifth, the formation of the spatial form of this field of
activity can be regarded as a certain stage of its historical evolution.

According to these conclusions, the ideas about geospace undergo conceptual change.
There is a phenomenon described by German scientist Ernst Cassirer. He writes that all
substantial is totally transferring into the functional; all permanent loses the character of
existing being in space and time, becoming quantities and relations of quantities that form
universal constants in any description of information, physical, social, political processes
[24].

In the past eras of organized economic activity (agricultural and industrial),
geoinformation was used within the industry or as s supply for certain technological processes
aimed at obtaining the required products or providing a specific service. If we assume all
activities in these epochs as a multitude of spheres of activity (called economic sectors), then
geoinformation was used in each of these spheres to achieve intra-sectoral goals (or for
carrying out intra-sectoral functions). It did not serve as independent productive force of
society (in fact, it was auxiliary in character and devoid of independent meaning). At the same
time, the nature of its use reflected the specifics of the sectors served. In accordance with this,
the geoinformation paradigm was based on supply of these social and technological processes
in the structure of the sectoral spaces, and practically in the organization of intra-sectoral
activities.

The peculiarity of the post-industrial era is the transformation of certain areas of
information activities into information industries, which gives grounds for calling it the
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information era. One of such industries is geoinformation support for the development of
territories, which acquires the character of an original industry.

In the framework of this industry, technological processes are carried out aimed at
identification and isolation of environmental objects through revealing semantic
heterogeneities and subsequent spatial coordination of these objects.

In the post-industrial environment, along with the preservation of information support
functions, geoinformation acquires new content as an independent factor of production and
management, especially at the level of territorial complex interaction of economic sectors and
clusters. The new geoinformation paradigm in this context is based on supply of diverse
processes of intersectoral nature, intersectoral interaction of sectoral spaces and nature within
a common geospace.

Among the tasks of geoinformation supply of territories, there are assessment of the
potential of localized areas and objects of the territory, assistance in analyzing their
capabilities within different sectors (subspaces), informational support for the organization of
spatial interaction, determining the mutual influence of objects and processes of certain
sectors (subspaces) on objects and processes of other sectors (subspaces). Thus, on the basis
of a four-dimensional coordinate system, inter-dimensional interaction of objects of the
surrounding world is realized.

Let us consider the essence of geoinformation support of life activity in different
epochs with features and differences of the corresponding geoinformation paradigms from the
standpoint of the structural-functional approach.

Each sphere (industry) of life activity (and the natural environment) can be formally
represented as some j-th space (where j=1,...,M ), which includes a set O, of industrial (or

natural) objects 0, EOJ., r=1..,V,. These objects require a certain number of various

resources for the implementation of their industrial (natural) activities.
Each of the object 0, in addition to a set of semantic resources s also needs a set of

geospatial resources § ” in the form of its location, shape, and size, allowing it to be
considered as a structural element of the surrounding geospace. The same applies to nature,
the individual components of which can also be considered as geospatial resources. Hence,
between each o0, (r-th object of j-th space) and a set of semantic and geospatial resources,

there is a one-to-one correspondence

0, (5528, ) J=LosM, 7 =1,...7,.

(1)

0.
For object /", it is possible to find characteristic property reflecting its essence

z. el ,j=1...M . . . .
jr S Gy T b , Where Zi is a set of values of the characteristic properties of the object

from the position of the j-th industry (nature). In this case, the set of geospatial resources Er
is described in the form of the values of a 4-dimensional coordinate system (three spatial
coordinates x, y, # and time coordinate ¢).

According to this fact, the expression (1) takes the following form:

RO CAGRAGYHC) PR W)

x;'r(t)eX, yj’.’r(t)e Y, hj'.’,(t)eH,teT, n

where /7 1s a number of points describing the

. . . O .
geospatial resources required for the object /.
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Each object 0, belonging to certain industry functions (or planned to function) within

a certain fragment of geospace gfk, k=1,.,K , which the authors call “geofragment”.
Within the space of each industrial sector (space of nature), sectoral (natural) processes take
place, which provide interaction of the objects of a given space O, within k-th geofragment
gf, . Let us denote the set of objects of the j-th space, attached to the geofragment gf, as a
subset O < O, .

For this subset O, , it is possible to evaluate the effectiveness of the total use of the p-

th resource of the k-th geofragment by the j-th sector (or nature). £, (Ojkl p=L...N . In this
case, it is necessary to carry out the summation of the corresponding detailed information on
the resources required for the sectoral (natural) objects 0, included in the subset O, .

Finally, the following results should be obtained (3).

E(0,)=E', j=1...0 , p=1...N,(3)

where Ejk.p is a quantitative assessment of the efficiency of exploitation of the p-th

resource of the k-th geofragment by the j-th sector. It can take a negative value or be equal to
zero. The obtained estimates can be arranged in the following table.

Table 1. The evaluation of the efficiency of exploitation of the n-th resource of the k-th
geofragment by the j-th sector

Types of geofragment resources
Spheres of life and . . . Sustainable | Total efficiency of
components of the Social Economic | Ecological development sectors
natural environment P
N
Agriculture E, E, E, o E\ Z E,
p=1
N
Industry E, E, E,, E,\ ZEZP
p=1
N
Transport E,, E, E., Ei ZE3P
p=1
N
Construction E, E, E, . E,\ ZE4P
p=l
N
Vegetation E E,, E,, E, . Y E,,
p=l
N
Soil Em+l,l Em+l,2 Em+l,3 Em+l,N ZEm+1,p
p=1
N
Hydrography Ey, Eyp Eys Eyx 2B
p=1
Total effici ¢ M M M M N M
otal efficiency o
resources ;Eﬂ ;Eﬂ ;Eﬂ ; EJN ; P Ejp
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The authors of the article proposed to apply the model based on the principles of
strategic matrix game with nature [25] for analysis of the problem of optimally coordinated
diversified use of the resources of a geofragment.

To build the model, let us consider the payoff matrix compiled on the basis of the table
(1) for a game with nature of the £-th geofragment (Table 2).

The designations of Table 2 have the following meaning:

R, corresponds to the state of nature, which allows industrial sectors (natural

processes) to use the p-th resource without restrictions (by 100 percent);
D, corresponds to the decision of the decision-maker (DM) “to use the full potential

(100 percent) of the geofragment resources exclusively by the industry (natural process) under
the number ;”’;

E » expresses the expected efficiency (positive or negative) that a DM will receive, if

uses the p-th resource of the geofragment (by 100 percent) exclusively by the industry
(natural process) under the number ;.

Table 2. The efficiency matrix of multisectoral use of resources of the k-th fragment of a

geospace

R | R |...| R, | ... | Ry
Dl Ell EIZ ElP Ell E12
D2 E2l E22 EZP E21 E22
D, | B | Ep | | Ey | Ey | Ep
DM EMI EMZ EM3 EMI EM2

In a multisectoral approach, instead of relying on just one industrial sector (natural
process), it is necessary to establish optimal distribution of the resources of the chosen
geofragment between all the sectors (natural processes) claiming this geofragment to achieve
(100 percent) exploitation. This does not exclude the fact that a single industry (natural
process) may provide optimal use of the geofragment resources.

The difference in intensity of usage of the geofragment resources by the industries
(natural processes) can be reflected by a mixed strategy for formation of a multisectoral
complex of consumption of these resources, which is described by a vector [26]

— M -
D=(d,.d,,...d,,...d,), > d, =1,d,>0, j=1M. 4
j=1

The vector D should be associated with a percentage vector

D% = (dl%,dz%,...,dj%, ...,dM%), (5)
%
where d ; =d j x100% is the percentage use of the resources of the analyzed

geofragment by the j-th industry (natural process)?
The object selected for functioning in the chosen fragment of geospace should be a
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multisectoral entity, each sectoral component of which is oriented to the corresponding
component of the percentage vector (5) obtained on the basis of the optimal mixed strategy

D =(d",d),...d’ ...,dM*), ©6)

2 j 2
The optimal strategy (6) is found as the solution of the following linear programming
model (7)-(11) [27].
The task limits:

Ed+E,d,+..+Ed +..+E,;d,>2E, (1)
E ,d+E, d,+.+E d +..+E, d, >E, ()

Ed +E)\d,+...+E\d, +..+Ed, 2E, (9)

M
2.d;=1.d; 20, j=1..M q

J=1

The objective function: W=FE—>max. (11)

The semantic content of the solution of the problem (7)-(11) is the determination of
the optimal distribution of the percentage load on the geofragment resources between the
industrial sectors (natural processes), providing maximum averaged efficiency of
multisectoral exploitation I/VmaX =F.

Combination of industrial and natural spaces forms a common geospace GF in which
human activity is realized, i.e.

ar=Uo;. 12

Jj=I
where M is a number of industrial sectors and natural components.

The elements of this space are all geofragments gf, € GP subjected to industrial

development; they are described by a set of semantic resources Ri = (le,...,Rpk,...,RNk) and

represented by geoinformation objects gik € GI with a set of coordinates x, v, h, t. It can be
expressed by the following formula:

gic o RO OB Ohn =1.m ], (13)
where x/(t)e X, y/(t)eY,h'(t)e H,t T, n, is a number of points describing the

geospatial resources of the geofragment gf, .

In the special scientific-technical literature on geoinformatics, the characteristic
feature of a geoinformation object is the presence of values of geometric parameters, such as
shape, size, and location in a 4-dimensional coordinate system. In fact, these objects are
semantic heterogeneities (structures) allocated in the environment and presented in the form
of geoinformation.

The essence and features of each of the geofragments are represented by the value z,

of its characteristic property (z, €Z) and by the set of values of semantic resources
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R: :(le,...,Rpk,...,RNk). Therefore, full identification of the geofragment gf, € GP is

possible only with the help of the corresponding geoinformation object g1, € G/ included in
its description:

& (_)<Zk9 Ekagik>, (14)

For each geofragment gfk , according to set of its resources Ry, taking into account

the geoinformation £, and the efficiency matrix (Table 2), it is possible to calculate the

optimal solution given in the form (6) and calculated by the model (7)-(11) for management
of share participation of industries and natural processes in consumption of the resources:

* * * * * M *
D, =(dy " dy ndy s nd ). Y dy =1L k=1 K (15)
j=1

The management according to this solution provides in average a maximum overall
*

. k . . .-
efficiency VVmaX =Ek of using the resources of the A-th geofragment in conditions of
uncertain level of their availability.

A component of the vector (15) d kj* expresses the share of the resources (including,

first of all, the territorial resource) of the k-th geofragment, recommended to be used by the j-
th industry. The territorial governing body should deny access to the resources of the
geofragment to those industries (natural processes), which share is close to zero.

Figure 1 illustrates the optimization of intersectoral consumption of resources within
geofragments. It is shown that on the basis of optimal control decisions (15), access to
resources of the geofragment gfl was granted to industries O, and O, with shares of
resource consumption, for example, di1'=0.6 and di>"=0.4; the shares of other industries and

natural processes in this geofragment are zero. Access to resources of the geofragment gfz

was granted to industries O,, O;, and O, with shares of resource consumption, for example,

d»"=0.5, d»3"=0.2, and d»4 =0.3; the shares of other industries and natural processes in this
geofragment are zero, etc.

Industrial sectors and components of nature (0 j=1..__ AN

Figure 1. The scheme of optimization of intersectoral consumption of resources within
geofragments

The functioning of economic and life activity sectors on the territory within the
geofragments is essentially integrated (as a system). Yet, the creation and use of sectoral
geoinformation spaces (SGIS) in sectoral management systems is local in nature. Taking these
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facts into account, the process of geoinformation support for preparation of spatial solutions
for territorial management can be represented by a flowchart (Figure 2).

4. Discussion

Thus, expressions (2) and (14), Table 1 and Figure 2 show a fundamental difference in
approaches to implementation of geoinformation support for the economy and human life in
the compared epochs. The difference is in place and role of geoinformation and,
consequently, in the paradigms of using geoinformation. At the same time, a steady expansion
of the scale of geoinformation activities is observed, as well as a change in their direction and
content.

-~

S stem
geoknowlades |—— | Creation of spatial solutions for the
territonal management
Unified geoinformation
space {LGIE)

L 4

Geoinformation
| Industrial sectors
| 1 2 o
i O 00 H
x LU l _________________________ i
Fepinfo rma tion
Local Producton
gaoknow lades
L 4
. G =pinfo rma tion
Producton
> Loscal
o i geoknowled s |
]
] Geoinformation
-._,_‘_\_H‘_ 4

SGE O .rj ! Local I Production
»| m2oknowlades

Figure 2. The flowchart of geoinformation support for spatial decision-malking in
territorial management

In modern conditions, the field of application of geographic information technologies
is gradually expanding not only in production and commercial activities, but also in state and
corporate governance. Without these technologies, it seems almost impossible to develop
optimal management decisions related to the use of territorial resources. In turn, the
effectiveness of geoinformation technologies largely depends on the understanding of the
need for a fundamentally new approach to creation and use of a geoinformation space. This
approach should be based on a set of constitutional data structured in the given coordinate
system, related to topographic-geodesic, navigational, geophysical, hydrographic, geological,
hydrometeorological, economic, social, and other types of specialized situations. The
geoinformation space should characterize the state and dynamics of ground and water
surfaces with adjoining underground, underwater, and near-Earth areas, as well as
technological and infrastructure facilities located there.
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It should be noted that the current literature actively discusses the development of
geoinformation activities. However, not many publications reveal the concept of creating and
using geoinformation space, for example, [4,6,7,28,29]. And very few works address issues
related to the modern paradigm of constraction of the geoinformation space [17,22].

A distinctive feature and importance of the present study is its focus on comprehensive
consideration of the new geospatial paradigm, on the analysis of previously existing
approaches, and on the identification of the essence and principles of a new paradigm of
construction of the geoinformation space.

5. Conclusions

The new paradigm of the geoinformation space in the territorial discourse considers it
as a separate factor of territorial management and provision of vital activity of society. The
basis of this factor is optimization of distribution (redistribution) of territorial resources at the
level of complex interaction between industrial sectors and clusters. In this context, this
paradigm is based on provision of diverse processes of intersectoral nature and intersectoral
interactions of sectoral spaces and nature within common geospace. Through combination of
new ideas, potential opportunities, and structural transformations, this paradigm sets the
vector of formation of the modern geospatial industry and focuses on activities and services
optimizing the use of territorial resources and providing system support for the needs of
society. After all, the practical use of the geoinformation space constructed in accordance with
the proposed paradigm will ensure the transition of territorial geoinformation activity to the
level of productive power. The ability of geoinformation activity to reach this level reflects
the main feature and direction of the digital economy.

6. Recommendations

The materials of the conducted studies, methodological approaches and formal-logical
reasoning, obtained results and conclusions can be useful for scientists and specialists
working in the field of geoinformation activities, as well as for specialists in territorial
administrative structures. In addition, the content of the article can be used for educational
purposes, primarily for doctoral students, graduate students, and undergraduates studying the
Earth sciences.

References

[1] Kaku M. Hyperspace: a scientific odyssey through parallel universes, time warps, and the
10th dimension [Giperprostranstvo: Nauchnaya odisseya cherez parallel'nyye miry, dyry vo
vremeni 1 desyatoye izmerenie] / Michio Kaku, transl. from English, 3rd Ed. Moscow, 2016,
p. 10.

[2] Gariner Saes. Worldwide IT Spending to Decline 5,5 Percent in 2015. Available at:
http:www.gartner com/newsroom/id/3084817 (accessed 17.04.2016)/.

[3] Statista. 2015. Available at: http: www.statista.com/statistics/global gross domestics
product gdp (accessed 17.04.2016)/

[4] Zubkov S.A. Unified geoinformation space of Moscow. Results of the second stage
[Yedinoye geoinformatsionnoye prostranstvo Moskvy. Itogi vtorogo etapa]. Geomatics, 2015,
No. 3, pp. 64-67.

[5] Akgit Nuhcan, Tomur Emprah, Karslioglu Mahmut Onur. Ipmortance of the spatial data
and the sensor web in the ubiquitous computing area: Second International Conference on
Remote Sensing and Geoinformation of the Environment (RSCy 2014), Raphos, 7-10 Apr.,

Turismo: Estudos & Praticas (UERN), Mossor6/RN, Caderno Suplementar 01, 2020
AR e http://natal.uern.br/periodicos/index.php/RTEP/index [ISSN 2316-1493]
GEPLAT - UERN



Pagina |12

2014). Proceedings SPIE. 2014. 9229, p. 922909/1-922909/8.

[6] Karpik A.P. Territory management in geoinformation discourse: monograph [Upravleniye
territoriyey v geoinformatsionnom diskurse: monografiya] / A.P. Karpik, A.G. Osipov,
P.P. Murzintsev. Novosibirsk: Siberian State Geodetic Academy, 2010. 280 p.

[7] Karpik A.P., Lisitsky D.V., Baykov K.S., Osipov A.G., Savinykh V.N. Geospacial
discourse of forward-looking and breaking-through way of thinking.

[ Geoprostranstvennyy diskurs operezhayushchego i proryvnogo myshleniya].

[8] Vestnik of SSUGT (Siberian State University of Geosystems and Technologies), 2017,
Vol. 22. No. 4, pp. 53-67.

[9] Drosos Vasileios C. Cadastre (forest maps) and spatial land uses planning, strategic tool
for sustanaible development: Second International Conference on Remote Sensing and
Geoinformation of the Environment (RSCy2014), Raphos, 7-10 Apr., 2014 Proceedings
SPIE. 2014. 9229, p. 92291F/1-92291F/9.

[10] HeB Dieter, Schleyer Andreas. Geoinformation in Baden-Wiirttemberg — a strategic
component of the digitization [Geoinformation in Baden-Wiirttemberg — ein strategischer
Baustein der Digitalisierung]. Zfv: Zeitschrift fiir Geodésie, Geoinformation und
Landmanagement, 2015, Vol. 140, No. 4, pp. 227-237. DOI: 10.12902/zfv-0074-2015

[11] Zivkovié Ljiljanna, Marani Stefano, Berk Sandi, Dezman Kete Vesna et al. Towards a
monitoring information system for territorial attractiveness and policy management in South
East Europe. Geodetski Vestnik, 2015, Vol. 59, No. 4, pp. 752-766. DOILI:
http://dx.doi.org/10.15292/geodetski-vestnik.2015.04.752-766

[12] Staub Guido. Hendricks Andreas, Navarette Luis, Thiemann Karl-Heinz. On the current
state of spatial and regional planning in South America [Zum aktuellen Stand der
Raumordung wund Landesplanug in Siidamerika]. Zfv: Zeitschrift fiir Geodisie,
Geoinformation und Landmanagement, 2016, Vol. 141, No. 4, pp. 252-258. DOI
10.12902/z£v-0119-2016

[13] Pundt Hardy. Context Integration — a challenge for decision-supporting geoapplications
[Kontextintegration @ —  eine  Herausforderung  fur  entscheidungsunterstiitzende
Geoanwendungen]. Gis Science, Wichmann Verlag, 2015, Vol. 28, No. 3, pp. 85-93. DOI:
10.1016/S1364-8152(03)00102-6

[14] Wiirriehausen Falk. Semantic interoperability of heterogeneous GIS data in the context
of INSPIRE [Semantishe Interoperabilitdt heterogener GIS-Daten im Kontext von INSPIRE].
Gis Science, Wichmann Verlag, 2016, Vol. 29, No. 2, pp. 35-47.

[15] Giiltlinger Manfred, Klauser Berthold. Baden-Wiirttemberg in four dimensions — from
landscape documentation to landscape monitoring [Baden-Wiirttemberg vierdimencional —
von der Landschaftsdokumentation zum Landschaftsftmonitoring]. Zfv: Zeitschrift fiir
Geodisie, Geoinformation und Landmanagement, 2015, Vol. 140, No. 4, pp. 237-243. DOI:
10.12902/z£v-0073-2015

Peterson Michael P. Maps and the meaning of the cloud. Cartographica. 2015. Vol. 50, No. 4,
pp. 238-247. DOI: 10.3138/cart.50.4.3126

[16] Lisitskiy D.V. Cartography in the era of informatization: New problems and possibilities.
Geography and Natural Resources, 2016, Vol. 37(4), pp. 296-301.

[17] Lisitsky D., Baykov K., Osipov A., Grishanova A., Savinykh V. Digital economy and

Turismo: Estudos & Praticas (UERN), Mossor6/RN, Caderno Suplementar 01, 2020
AR e http://natal.uern.br/periodicos/index.php/RTEP/index [ISSN 2316-1493]
GEPLAT - UERN




%G

Pagina |13

geoinformation technologies. International Conference “Actual Issues of Mechanical
Engineering” 2017 (AIME 2017). DOI:10.2991/aime-17.2017.120

[18] Dorrzapf Linda, Zeile Peter, Sagl Giinther, Sudmanns Martin et al. Urban Emotions — an
interdisciplinary interface between geoinformatics and spatial planning [Urban Emotions —
eine interdisziplindre Schnittstelle zwischen Geoinformatik und rdumlicher Planung]. Gis
Science, Wichmann Verlag, 2015, Vol. 28, No. 1, pp. 11-19

[19] Enescu Cristina M. losifescu, Montanegro Jacques, Hurni Lorenz.Toward dream
cartography: mapping dream space and content. Cartographica, 2015, Vol. 50, No. 4, pp. 224-
237. DOLI: 10.3138/cart.50.4.3137

[20] Kuhn T. The structure of scientific revolutions. With introduction article and additions.
Moscow, Publ., 1977. 300 p. (In Russian)

[21] Lisitsky D.V., Osipov A.G., Kicheev V.G., Savinykh V.N., Makarenko N.N. Dynamics
of Higher Education Paradigms in Russia (from the end of the 19th century to the beginning
of the 21st century). Novosibirsk State Pedagogical University Bulletin, 2017, No.3, pp.157-
175. DOI: 10.15293/2226-3365.1703.10

[22] Wendel P. Models and Paradigms in Kuhn and Halloun. Procedia — Science &
Education. 2008, Vol. 17, issue 1, pp. 131-141. DOI: 10.1007/s11191-006—9047-5

[23] Toffler E. Revolutionary wealth [Revolyutsionnoye bogatstvo] / Alvin Toffler. 24 Heidi
Toffler; Transl. from English. Moscow: AST: AST MOSCOW: PROFIZDAT, 2008. 569 p.

[24] Cassirer E. The phenomenology of knowledge [Fenomenologiya poznaniya] //
Philosophy of symbolic forms. In 3 volumes. Moscow, Saint Petersburg, 2002. Vol. 1. 398 p.

[25] Colman A. M. Game theory and experimental games: The study of strategic interaction.
— Elsevier, 2016. 314 p.

[26] Dixit A.K., Skeath S. Games of Strategy: Fourth International Student Edition. — WW
Norton & Company, 2015. 712 p.

[27] Savinykh V.N. Mathematical modeling of production and financial management
[Matematicheskoye modelirovaniye proizvodstvennogo 1 finansovogo menedzhmental].
Moscow: “Knorus” Publ., 2015. 192 p.

[28] Virtual Geographic Environments / Lin Hui, Batty Michael (Editors). - Beijing, China:
Science Press, 2009. 350 p.

[29] Developments in the Theory and Practice of Cybercartography Applications and
Indigenous Mapping. Modern Cartography Series. Vol. 5. Edited by D.R. Fraser Taylor.
Elsevier, 2014. 364 p.

Turismo: Estudos & Praticas (UERN), Mossor6/RN, Caderno Suplementar 01, 2020

AR e http://natal.uern.br/periodicos/index.php/RTEP/index [ISSN 2316-1493]

GEPLAT - UERN


http://dx.doi.org/10.2991/aime-17.2017.120
http://dx.doi.org/10.15293/2226-3365.1703.10

