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Highlights

	X The concept of the territorial development of land administration have been defined.
	X It allowed the theoretical and methodological platform to be formulated based on the systematic approach.
	X The conceptual diagram has been developed.
	X The best practices of the existing approaches have accumulated. 
	X A set of tools for the implementation of the modern methods and models has been created. 
	X The assessment of the level of territorial development of land administration in the region revealed its low rates (the 

value of the integrated indicator at the regional level varies from 1,799 to 1,83).
	X The quantitative basis of the intelligent system of the territorial development of land administration has been formed.

Abstract. It is essential to create the quantitative basis for decision taking on increasing the efficiency of land administra-
tion in the coastal regions as an important factor of ensuring development at the regional level. The analysis of the exist-
ing scientific research showed lack of unity in theoretical and methodological approaches to defining the territorial de-
velopment of land administration in the coastal regions, which has been characterized as a combination of spatial, urban 
planning, investment and environmental factors, the interrelation of which results in achieving a new condition of land 
management compared to the past, accounting for the social, institutional, managerial peculiarities and the level of com-
munication between the stakeholders operating in the field of land administration in the regions.

Keywords: intelligent systems, land administration in coastal regions, territorial development, factors, integral index.

Introduction

Modern transformation processes connected with the 
increasing number of crisis phenomena, slowing rates of 
economic growth, negative influences of the COVID-19 
pandemic require reconsideration of approaches to evalu-
ating the territorial development of land administration at 

the regional level. While the territorial development has a 
multi-aspect character, there is lack of unified approaches 
to ensuring it. This process is influenced by spatial, ur-
ban planning, investment, environmental and other fac-
tors. Therefore, in order to justify the areas of the territo-
rial development, it is necessary to form the quantitative 
basis for decision taking on increasing the efficiency of 
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land administration as an important factor of ensuring 
development at the regional level. Within this framework, 
special attention is drawn to the application of the mod-
ern methods of detecting the impact of factors and the 
identification of the areas of the territorial development 
based on the application of the intelligent systems. This 
study focuses on the issues of selecting and applying the 
intelligent systems (IS), formation of the quantitative basis 
for decision taking to ensure the territorial development, 
development of areas for increasing the efficiency of land 
administration in the coastal regions accounting for the 
influence of factors.

The existing scientific research lacks unified ap-
proaches to defining the intelligent systems of the terri-
torial development of land administration in the coastal 
regions. Namely, the conceptual provisions for reasoning 
the intelligent systems and the territorial development of 
land administration are being considered. Scientific stud-
ies define the intelligent systems in terms of creating the 
organizational, technical, information software accounting 
for the complexity of design defined by the completeness 
of the a priori information about the IS being developed, 
necessity to take compromise decisions, inconsistency 
with the practical requirements, potential risks for ensur-
ing the system’s functioning and ensuring the efficiency of 
its operation (Dovbysh, 2009). When defining the intel-
ligent information systems, some researchers focus on the 
peculiarities of their formation and functioning:

 – the presentation of the studied object’s model and 
its environment as a knowledge base and means of 
deductive and credible conclusions in a combination 
with the possibility to process incomplete and inac-
curate information;

 – the decisions of the intelligent systems are character-
ized by transparency, i.e. can be explained to the user 
in the appropriate form;

 – the ability to automatically identify certain consist-
ent patterns in previously collected data with their 
further accumulation in the data base;

 – the intelligent information system provides the user 
with a ready solution, which according to its quality 
and efficiency is highly competitive with the solutions 
provided by a human expert (Makarenko, 2009).

Besides, the intelligent information systems are classi-
fied according to the following criteria:

 – subject matter application (management, risk-man-
agement, investment, military intelligent information 
systems, etc.);

 – degree of self-containment (self-contained individual 
software products with their own data base, com-
pletely integrated);

 – the way and speed of response (static, dynamic, real 
time);

 – degree of adaptivity (intelligent information systems 
based on machine learning, i.e. the systems whose 
parameters and structure change in the process of 
learning or self-learning, IIS whose parameters are 
changed by the administrator);

 – the model of knowledge provision (nonmonotonic, 
modal and temporal logics, Markov chain and Bayes-
ian network, casual trees, intelligent information 
systems based on Dempster-Shafer theory, fuzzy sys-
tems, etc.) (Makarenko, 2009).

Unlike in previous approaches, the intelligent informa-
tion systems are defined in terms of using artificial intel-
ligence in software:

1. Adaptive and self-adaptive systems designed for 
completing tasks through accounting for a-priori infor-
mation and the information accumulated in the process of 
exploitation. These systems are developed based on their 
operating experience and acquiring this experience is one 
of the technological stages of creating such systems. 

2. Large-scale open systems designed by a significant 
number of developers, often not even connected with 
each other. They are not developed in accordance with 
a specific plan created well in advance, but rather cha-
otically. The systems of such type create an open source 
data base which can be contributed to by the developers 
and accessed by the users irrespectively of their location 
(Lutsenko, 2004).

The following features of the intelligent information 
system functioning are identified: 

 – possibility of accumulation and further application 
of knowledge about the results of learning to choose 
the individual educational influence and to control 
the learning process in order to form knowledge and 
skills; 

 – validity of the criteria for assessing the level of knowl-
edge and skills, level of competence, level of material 
digestion (identification level, level of building algo-
rithms, heuristic, creative levels);

 – possibility to adapt the system to the individual mode 
of learning (Zhelnin et al., 2012).

The advantages of the intelligent information systems, 
which namely include the possibility of cross-reference 
have been detected (Suslova, 2008). A major area of intel-
ligent information system development is creation and de-
velopment of intelligent multi-agent systems. The agent is 
defined as a self-sufficient artificial object (computer soft-
ware or module) that demonstrates active and motivated 
behavior and is capable of interacting with other objects 
in the dynamic virtual environments with the purpose of 
arranging, analyzing and maintaining the users’ profiles, 
providing users and other agents with necessary informa-
tion for knowledge and navigation (Sharov, 2015).

Typical of intelligent agents are the following features 
and characteristics:

 – self-sufficiency (ability to operate without any inter-
ference on behalf of its owner, to control its own ac-
tivities and internal condition); 

 – proactive attitude (ability to arrange and implement 
its activities); 

 – possibility to interact and communicate with other 
agents;

 – reactivity (adequate perception of the environment 
and relevant response to its changes);
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 – purposefulness (availability of its own sources of mo-
tivation); 

 – availability of basic knowledge about itself, other 
agents and the environment;

 – persuasion (part of the basic knowledge can be 
changed in time);

 – wishes (aspiration for specific conditions);
 – intentions (actions planned by the agent for complet-
ing its tasks and fulfilling its wishes);

 – commitments (tasks completed by one agent at the 
instructions of other agents) (Gromov et al., 2013).

The functional peculiarities of intelligent systems ap-
plication are focused in the works of Zhelnin et al. (2012), 
Izbachkov et  al. (2005), Streltsov (2010). The intelligent 
systems are aimed at creating and implementing modern 
technological tools through developing advisory expert in-
telligent search and logical systems applying C # /. Net, C++, 
Java, HTML/CSS, JavaScript, Assembler (Intellective systems 
and technologies, 2021). The retrospective issues of the Ar-
tificial Intelligence (AI) development as a major area of in-
telligent system development are highlighted in the works 
of Karpenko (2011), Matviychuk (2011), Newell (1980), 
Artificial intelligence: history and prospects (2017). The AI 
is considered as a system that can deal with knowledge and 
learn; possibility and specific way of studying problems; a 
range of algorithms and software systems that can substi-
tute a human being and create a basis for decision taking 
(Luger, 2004); is designed for completing one task or a set 
of specific tasks and allows machines, devices, programs, 
systems and services to function in terms of understanding 
this task and situation (World Economic Forum, 2016). It 
is worth mentioning that experts believe that application of 
the intelligent systems allows to ensure the increase of gross 
added value in the following areas: education – 1.6 times; 
other services – 1.7 times; public services – 2.3 times; social 
services – 2.8 times; leisure and entertainment – 3.1 times; 
utilities – 3.1 times; hospitality business – 3.2 times; agricul-
ture, fishery – 3.4 times; construction – 3.4 times; health-
care  – 3.4  times; professional services  – 3.8 times; logis-
tics – 4 times; wholesaling and retailing – 4 times; financial 
services– 4.3 times; industry – 4.4 times; information and 
telecommunications – 4.8 times (Radiosvoboda, 2019).

The areas of AI application and its advantages are 
highlighted in the work “AI: key areas and prospects for 
application” (2018) and Raghavan (2008). Thus, intelli-
gent systems are defined as a modern complex set of tools 
based on the application of the artificial intelligence, with 
the implementation of technological means of developing 
expert, advisory, intelligent information search, logical 
calculation systems based on the information background 
and aimed at solving problems, defining algorithms, pro-
gram systems that can replace a human being and create 
a basis for decision taking. The concept of the territorial 
development of land administration at the regional level 
is based on the theoretical and methodological provisions 
developed within the following studies: Yeroshkina (2009), 
Mamonov (2018a, 2018b, 2019a, 2020a), Kravtsiv (2015). 
The research showed discrepancies in the theoretical and 

methodological approaches to defining the territorial 
development of land administration in the regions and 
offered it major characteristic as a combination of spa-
tial, urban planning, investment and environmental fac-
tors, the interrelation of which results in achieving a new 
stance of the land administration quality compared to the 
past, taking into account social, institutional, managerial 
peculiarities and the degree of the stakeholders’ involve-
ment in the area of the land administration in the regions 
(Mamonov, 2019b; Mamonov et al., 2020b).

1. Materials and methods 

Based on the theoretical and methodological approaches 
and the unsolved problems of ensuring the territorial 
development of land administration in the regions, the 
aim of the research was formulated as follows: to create 
a quantitative basis for decision taking aimed at ensuring 
the territorial development of land administration based 
on the application of the intelligent systems. 

The achievement of the set aim requires solving the 
following tasks: 

 – evaluation of the level of the territorial development 
of land administration;

 – identification of factors influencing the territorial 
development of land administration at the regional 
level; 

 – establishing the cause-and-effect relationships in the 
factors’ impact on the level of the territorial develop-
ment of land administration with the application of 
the intelligent systems.

The evaluation of the territorial development of land ad-
ministration in the regions is carried out according to the 
proposed integral method (Mamonov, 2019b; Mamonov 
et al., 2020b). The territorial development of land admin-
istration in the regions under the conditions of the world-
wide crisis is influenced by the COVID-19 pandemic. The 
problems of unbalanced development have been detected, 
which resulted in emergence of the following factors: eco-
nomic, geopolitical, social, psychological, etc. At the same 
time, the major focus is on the statistical data showing the 
number of COVID-19 cases, deaths and recoveries as of 
April 09, 2021 in the regions of Ukraine (Table 1). 

Since the absolute rates represent a lesser level data 
credibility in some regions, the relative rates per capita 
have been calculated and then ranked in Table 2:

,ij
ij

j

p

P
p

OP
′ =  (1)

where ijp  – absolute value of the i-th index in the j-th 
region, jPOP  – population of the j-th region.

It can be seen that the most critical situation was ob-
served in the City of Kyiv, Ivano-Frankivsk, Sumy, Zhy-
tomyr and Chernihiv Regions. The regions of Ukraine 
differ greatly in terms of the covered area and the density 
of population. It has been an axiom statement that there 
is a direct relationship between the virus contagion rate, 
number of contacts and the density of the population.  
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Table 1. Statistical data on Coronavirus contagion in the regions of Ukraine as of April 09, 2021

Regions
Total Per capita in the region Density of 

population Cases Deaths Recoveries Cases Deaths Recoveries

Vinnytsia Region 61.619 1.229 39.235 0.0403 0.0008 0.0403 57.67
Volyn Region 49.816 828 42.125 0.0485 0.0008 0.0485 50.99
Dnipro Region 99.373 2.556 78.669 0.0317 0.0008 0.0317 98.33
Donetsk Region 64.402 1.393 50.672 0.0157 0.0003 0.0157 154.53
Zhytomyr Region 76.286 1.326 55.445 0.0639 0.0011 0.0639 40.04
Transcarpathian Region 56.975 1.401 44.385 0.0456 0.0011 0.0456 97.99
Zaporizhzhia Region 83.383 1.529 70.206 0.0501 0.0009 0.0501 61.23
Ivano-Frankivsk Region 81.309 1.814 67.682 0.0598 0.0013 0.0598 97.67
Kyiv Region 103.187 1.806 81.722 0.0577 0.0010 0.0577 63.59
Kropyvnytskyi Region 14.375 502 9.461 0.0156 0.0005 0.0156 37.37
Luhansk Region 18.936 571 15.631 0.0089 0.0003 0.0089 79.45
Lviv Region 113.448 2.782 83.462 0.0455 0.0011 0.0455 114.33
Mykolayiv Region 54.985 1.223 43.329 0.0497 0.0011 0.0497 45.03
Odesa Region 117.579 2.028 85.422 0.0497 0.0009 0.0497 71.04
Poltava Region 59.673 1.262 49.536 0.0436 0.0009 0.0436 47.66
Rivne Region 62.198 815 53.034 0.0542 0.0007 0.0542 57.25
Sumy Region 63.118 892 52.217 0.0600 0.0008 0.0600 44.15
Ternopil Region 59.026 884 47.654 0.0573 0.0009 0.0573 74.50
Kharkiv Region 113.253 2.130 89.394 0.0430 0.0008 0.0430 83.75
Kherson Region 26.263 736 21.830 0.0259 0.0007 0.0259 35.68
Khmelnytskyi Region 71.338 1.300 54.725 0.0574 0.0010 0.0574 60.24
Cherkasy Region 62.682 811 51.572 0.0533 0.0007 0.0533 56.27
Chernivtsi Region 72.795 1.469 51.732 0.0812 0.0016 0.0812 110.71
Chernihiv Region 45.606 926 35.294 0.0468 0.0009 0.0468 30.57
City of Kyiv 172.403 3.749 109.449 0.0582 0.0013 0.0582 3540.98

Table 2. Ranking of the statistical data on Coronavirus 
contagion in the regions of Ukraine as of April 09, 2021

Region Cases Deaths Reco-
veries

Density of 
popu lation

Vinnytsia Region 20 19 20 15
Volyn Region 14 18 14 18
Dnipro Region 21 16 21 5
Donetsk Region 23 24 23 2
Zhytomyr Region 2 6 2 22
Transcarpathian 
Region 16 4 16 6

Zaporizhzhia Region 11 12 11 13
Ivano-Frankivsk 
Region 4 2 4 7

Kyiv Region 6 9 6 12
Kropyvnytskyi Region 24 23 24 23
Luhansk Region 25 25 25 9
Lviv Region 17 5 17 3
Mykolayiv Region 13 7 13 20
Odesa Region 12 14 12 11
Poltava Region 18 11 18 19

Region Cases Deaths Reco-
veries

Density of 
popu lation

Rivne Region 9 21 9 16
Sumy Region 3 15 3 21
Ternopil Region 8 13 8 10
Kharkiv Region 19 17 19 8
Kherson Region 22 20 22 24
Khmelnytskyi Region 7 8 7 14
Cherkasy Region 10 22 10 17
Chernivtsi Region 1 1 1 4
Chernihiv Region 15 10 15 25
City of Kyiv 5 3 5 1

End of Table 2

The correlation analysis aimed at identifying how close the 
connection between the statistics on Coronavirus conta-
gion and the density of the population in the regions is 
(the correlation coefficient has been calculated according 
to the formula:

( ) ( )

( ) ( )2 2
,i ii

xy

i ii

x x y y
r

x x y y×

− × −
=

− −

∑
∑

 (2)
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where , x y  – average values of the corresponding indices 
confirm a moderate connection with the number of cases 
( 0.65)xyr =  and a high connection with the number of 
deaths ( 0.71).xyr =

The correlation analysis, however, cannot identify the 
deep reasons of the problems. For example, although the 
regions on top of the rank in terms of Coronavirus con-
tagion  – the City of Kyiv and Chernihiv Regions  – are 
in fact the most highly populated ones (the 1st and the 
4th positions among 25 regions of Ukraine), at the same 
time, Sumy and Zhytomyr Regions are the less populated 
regions of Ukraine (the 21st and the 22nd positions, cor-
respondingly). High density of population in the City 
of Kyiv is explained by the rates of domestic migration, 
which is caused by decreasing number of actively oper-
ating enterprises. The outflow of the working population 
from the regions is both the cause and the result of the 
deteriorating social conditions. The level of the average 
monthly salary (as of 2019) in Zhytomyr Region is 405% 
of the subsistence rate, while in the City of Kyiv it is 750%. 
Table 3 shows the indicators of the number of healthcare 
facilities available in the regions, the number of operating 

enterprises. Their comparison clearly demonstrates lack of 
balance in the regions’ development.

The factors influencing the territorial development of 
land administration have been identified. Thus, the infor-
mation and analytical provision has been formed to carry 
out the research on creating the quantitative basis for deci-
sion taking aimed at ensuring the territorial development 
of land administration based on the application of the in-
telligent systems accounting for the influence of factors at 
the regional level. The method of integral evaluation of 
the territorial development of land administration in the 
regions has been proposed, which consists of the follow-
ing stages: Carrying out the geofactor analysis to create a 
complex of spatial, urban planning, investment and envi-
ronmental factors influencing the territorial development 
of land administration in the region based on the exist-
ing scientific and methodological studies and legal norms 
and regulations: 1 2 3 4, , , ,F F F F F= ; creating a multilevel 
system of factors: 1 2 3 4, , , ,M F F F F=  Ω = {ϖp}, p = 1 , ;ψ  
selection of factors having the greatest impact on the ter-
ritorial development of land administration in the region 
through the Delphi method according to the set criteria.

Table 3. Indicators of the healthcare capacities available in the regions, the number of operating enterprises

Region 
Number of 
healthcare 
facilities

Number of 
beds per 10,000 

inhabitants 

Number 
of doctors 
per 10,000 
inhabitants

Number of 
nursing personnel 

per 10,000 
inhabitants

Number of 
enterprises

Capital 
investment into 

environment 
protection

Vinnytsia Region 62 69 49.1 97.3 70.293 59 287.6
Volyn Region 46 70.1 38.3 100.1 41.138 36 064.8
Dnipro Region 142 87.5 47.2 87.1 31.191 2 564 144
Donetsk Region
Zhytomyr Region 44 68.6 37.9 103.1 51.002 6864.9
Transcarpathian Region 47 67.8 38.8 82.5 50.608 14 051.2
Zaporizhzhia Region 79 83.6 49.1 90.2 15.652 1 083 530.8
Ivano-Frankivsk Region 77 76.7 61.3 105.7 8.595 248 495
Kyiv Region 73 72.5 41.7 83.9 21.077 6 945 708.4
Kropyvnytskyi Region 51 85 35.4 95.2 36.447 14 179.4
Luhansk Region
Lviv Region 124 83 55.5 101.2 20.480 221 270.4
Mykolayiv Region 46 70.6 33.9 75.9 12.278 214 167.6
Odesa Region 88 77.9 47.1 83.5 25.871 67 439.5
Poltava Region 69 79 49 96 64.686 295 281.4
Rivne Region 50 73.8 41.5 104.4 41.741 36 207.1
Sumy Region 55 82 40.8 104.2 41.675 23 393.4
Ternopil Region 63 83.2 52.7 102.9 37.821 25 348.8
Kharkiv Region 123 83.7 57.9 87 162.794 472 800
Kherson Region 40 76.6 36 84.7 45.996 7357.7
Khmelnytskyi Region 57 78.8 43.9 99.5 63.402 70 875.9
Cherkasy Region 54 80.7 38.6 97.2 56.493 33 085.9
Chernivtsi Region 41 73.2 60.1 98.7 4.235 30 112.9
Chernihiv Region 50 93.3 37 104.2 41.242 49 732.4
City of Kyiv 121 102 85 111 294.458 1 156 035
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1. Forming a multilevel system of indices through the 
application of quasimetric models of transition from 
the proposed factors to the corresponding spatial, 
urban planning, investment and environmental 
indices considering the assessment ratio values: 

1 2 3 4, , ,  , ,M T T T T= Ω Ω = {ϖp}, p = 1 , .ψ  
2. Evaluating the system of spatial, urban planning, 

investment and environmental indices of level 
3 based on the analytical and Delphi methods: 

11 21 31 41, , , i i i it t t t .
3. Identifying spatial, urban planning, investment and 

environmental indices of level 2 via creating math-
ematical models based on the method of average 
geometric magnitude evaluation:

1 1
0

  ;
L

ni ij
l

t t
=

= ∏  (3)

2 2
0

  ;
L

ni ij
l

t t
=

= ∏  (4)

3 3
0

  ;
L

ni ij
l

t t
=

= ∏  (5)

4 4
0

  .
L

ni ij
l

t t
=

= ∏  (6)

4. Creating a mathematical model of identifying inte-
gral spatial, urban planning, investment and envi-
ronmental indices of the territorial development of 
land administration in the region:

1 1 1 ;   i vt iT t k= ×  (7)

2 2 2 ;   i vt iT t k= ×  (8)

3 3 3 ;   i vt iT t k= ×  (9)

4 4 4 .   i vt iT t k= ×  (10)

5. Identifying weighting factors characterizing the sig-
nificance of spatial, urban planning, investment and 
environmental indices in the system of the territo-
rial development of land administration in the re-
gions based on the analytic hierarchy process: 1vt ik , 

2vt ik , 3vt ik , 4vt ik .
6. Identifying integral spatial, urban planning, invest-

ment and environmental indices of territorial de-
velopment of land administration in the region: 1T , 

2T , 3T , 4T .
7. Evaluating the integral index of the land manage-

ment in the regions:

4
1 2 3 4  .T T T T T= × × ×  (11)

8. Developing and demonstrating the feasibility of the 
level scale of the territorial development of land ad-
ministration.

9. Interpretation of the obtained results (Mamonov 
et al., 2020b).

The results of calculating the integral index of the level 
of territorial development of land administration in the 
regions are presented in Figure 1. 

Based on this evaluation, the level of the territorial de-
velopment of land administration has been identified as 
low. The highest rates were observed in Poltava, Chernihiv, 
Vinnytsia and Ivano-Frankivsk Regions, while the lowest 
rates were in Odesa and Sumy Regions.

2. Results
Based on the identified connections, the intelligent data 
analysis is carried out in the following areas: 

 – formation of the subject matter expert groups on 
land management, economy, social care, education, 
security, etc. with the purpose of identifying a group 
of factors having the greatest impact on the territorial 
development: 

1
, 

N

n
n

G G
=

=∑  (12)

Figure 1. Integral indices of the level of territorial development of land administration in the regions, per unit value
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where G  is aggregate of expert groups nG , n  is group 
number. 

Simultaneously, the formation of the group of active 
inhabitants of the region is recommended, who are not 
qualified to be experts in terms of their specialization or 
professional experience, but have an active civil position 
and outlook of the territory’s perspective development as 
average citizens.

 – based on the expert evaluation, the factors having 
the greatest impact on the territorial development 
are identified by each group of subject matter experts:

{ }1 2 , , ,  ,n n nn G G GG
kF f f f= …  (13)

where nGF  is a combination of factors nG
kf  of the nG -th 

group.
The set of factors is arranged in tuples, where the low-

est sequence number refers to the factor with the greatest 
impact:

( ) ( ) ( )1 2  , , ,  ,n n nn G G GG
kF f f f= …  (14)

where (1), (2), …, (k) is factor rank number.
Special attention should be drawn to the factors identi-

fied by several groups of experts: 

¨ ¨ ¨

1 2 , , , ,
ij ij ij

ji

G G G
GG

pF F f f f
  ∩ = … 
  

 (15)

where 
¨ ijG

pf  − factors selected simultaneously by expert 

groups iGF  and jGF .
 – the mechanisms of collecting statistical data neces-
sary to evaluate the factors of influence are arranged 
according to the sources and methods: those acquired 
from the State Department of Statistics in the regions 
and those acquired as a result of the field study, i.e. 
collecting the raw data directly for solving the as-
signed problem. In order to collect raw data through 
the methods of observation or experiment, it is nec-
essary to form groups of experts, detect the control 
objects for the research, as well as their number, so 
that credible representative data can be obtained in 
each region, as well as to identify quantitative char-
acteristics and the measurement methods.

 – tracing the functional relationship of each of the fac-
tors ( )1 2, , , nG

pkf t t t…  and the time, number of the 
control objects, their location allows to determine 
the direction of the changes in the system factor de-
pending on the impact of local factors through the 
methods of differential measurements:

( ) ( )1 1

0

 

, , , , , , , , 
lim  ,

n

n n

i

G
k

i
G G

i i p i pk k

t i

f
t

f t t t t f t t t

t∆ →

∂
=

∂

… + ∆ … − … …

∆

 
(16)

where it  ( )1,i p=  is a function argument, find the 

extremums of the functions, make a prediction and a 
model-based imitation with the purpose of detecting the 
influence of the factors with the in advance foreseen char-
acteristics on the final result:

( ) ( )
( ) ( )

1 2 1 2

1 2 1 2

, , , , , , 

, , ,  , , ,  ,

n n

n n

G G
p pk k

G G
p pk k

f t t t f t t t

f t t t f t t t

… → … →

… →… …







 

 
(17)

where nG
kf
  is a model-based imitation when changing a 

parameter 1t  and so on.
 – in order to compare the degree of influence of each 
of the factors, their measurement units should be the 
same. Since the selected factors have been defined 
on different sets when solving the assigned task, it is 
necessary to standardize all the factors in each group: 

  ,
n

n

n

G
G k
k G

k

f
f

f
=  (18)

where nG
kf  – the highest, the lowest or an average value 

of the factor (as chosen by the expert group). 
 – in order to study the dependency between the crite-
rion variable and the predictor variables, the regres-
sive analysis should be carried out. Among a great 
variety of methods for building the linear regression 
model, the most time saving is the exception method, 
according to which the primary regressive equation 
is calculated, which has all the factors selected for 
building the model-based imitation:

0 1 1 2 2  ,n n nn G G GG
p pa a f a f a fΦ = + + +…+ + ε  (19)

where 0 1, , , pa a a…  is regressive equation coefficients.
At the next stage, the value of the partial F-criterion 

is calculated for each of p-factors. Those factors, whose 
values of F-criterion turn out to be lower than the one 
predicted in advance, are excluded from the regression 
model. Partial F-criterion is based on comparing the in-
crease of the factor variance, which is caused by inclusion 
of the extra factor with the residual variance and is calcu-
lated according to the formula:

( )

1 2 1 2 1

1 2

2 2

21

1 ,

G G G G G G G GG Gn n n n n n n nn np pj j
Gn
j G G G GG n n n nn pj

f f f f f f f f

f
f f f f

R R
F

R

n p

−Φ … … Φ … …

Φ … …

−
= ×

−

− − (20)

where n  is a number of observations, p  is a number of 
parameters in a model.

 – the intelligent system of territorial development 
should be created through the integral methods ac-
counting for the degree of significance of each group 
of factors’ impact represented in the form of the nor-
malizing coefficient, the value of which is calculated 
based on the numerical experiment:
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1
,  t

N
G

t
t

M F
=

Ω = ×∑   (21)

where tM  is normalizing coefficients.
Based on the proposed areas and directions, the al-

gorithm of forming the system of evaluating the factors’ 
influence on the level of territorial development has been 
built (Figure 2).

Figure 2. Algorithm of creating the system for  
evaluating the degree of the factors’ influence  

on the territorial development

Conclusions

The research resulted in defining the notion of the terri-
torial development of land administration in the region, 
the typical feature of which is accounting for the direc-
tions of changes in spatial, urban planning, investment 
and environmental factors, which allowed to formulate 
the theoretical and methodological platform based on 
the systematic approach, to develop the conceptual dia-
gram and identify the dominating areas for solving the 
issue of increasing the efficiency of land administration 
for the territorial development of the regions, to iden-
tify problematic elements in the field of land adminis-
tration, to accumulate the best practices of the existing 
approaches and create a complex set of tools for the 
implementation of the modern methods and models. 
The areas of conducting the intelligent analysis for 
identifying the level of the territorial development of 
land administration in the regions have been proposed, 
which allowed for the creation of an algorithm of evalu-
ating the degree of the factors’ influence on the territo-
rial development, which is universally applicable due 
to the possibility to choose from a variety of factors of 
influence in combination with their number and the 
scale of the research objects. Based on the developed 
algorithm and the created system of evaluating the level 
of territorial development, the quantitative basis of the 
intelligent system of the territorial development of land 
administration is formed.
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