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Abstract. Conditions and stages of formation 
of the fractally embedded set of concentric zones 
of accessibility of cities on the example of Kiev are 
considered. The number of “levels of embedding” 
of such a set depends on the attractiveness and sta-
tus of the city. 

It was established that discontinuity of space 
developing is associated with economic develop-
ment and engineering and transport networks. A 
rapid growth of these networks leads to the trans-
formation of the traditionally central type of ir-
regularity of developing the space into the multi-
nuclear clustered systems of settlement. 

In the zone of Kiev influence, there are five 
qualitatively differed by intensity of socio-
economic links and speed of movement belts are 
distinguished. On the base of quantitative charac-
teristics of these belts, it was established that in 
successive transition  of developmental processes 
from local to regional and interregional levels of 
integrity of the ecologic-urban planning system − 
“population↔environment”, the expansion of its 
spatial boundaries and peculiar “compression” of 
temporary ones occur that is manifested by inter-
mittent increase in the radius of city’s influence ar-
ea – the center of system of settlement expressed in 
kilometers.  

For analysis of processes of multi-level devel-
opment of ecologic-urban planning systems, the 
dynamics of indices of development is not as much 
important as characteristics of their accelerations. 

Keywords: sustainable development, fractality, 
spatial structures, ecologic-urban planning sys-
tems, areas of cities influence. 

 

 
INTRODUCTION 

 
Under contemporary conditions, the effec-

tiveness of city’s functioning becomes, more 
and more, dependent on the speed of city’s 
transport. However, in the up-to-date world of 
means of mass communications that allow 
people to contact without moving in space, the 
problem arise whether it will lead to the radi-
cal restructures in the spatial organization of 
life activities of population? 

Usually the intensity of traffic in the cities 
changes dependent on the distance to the city’s 
center that is the objective reflection of general 
heterogeneity of city’s space. In this non-
uniformity prevails a directed to the center 
tendency of city’s activity and appropriate to it 
type of spatial organization. Along with this, 
the increase of significance of transport com-
munication network and in particular systems 
of high-speed communications, leads to a cer-
tain transformation of traditional central type 
of spatial non-uniformity. This process shows 
itself in the formation of multi-clustered plan-
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ning structures and group systems of settle-
ment [1, p.62-66]. 

 
MATERIALS AND METHODS 

 
The objective of investigation is in deter-

mination of fundamental principles of constant 
development of ecologic-urban planning sys-
tems (EUPS). 

In the course of carrying out this work, a 
system approach, methods of modelling and 
comparative analysis were used. The analog 
method was chosen as the basic one that is the 
instrument of comparative analysis and is 
widely applied in ecology. 

 
STARTING POSITION 

 
In comprehension of modern science, de-

velopment of any system – it is, first of all, the 
changes in its states that are determined by a 
set of values of basic characteristics of the sys-
tem. For a town planning system – it is dimen-
sions of the area of its territory, the number of 
population, functional-and-planning structure, 
engineering-and-transport network and form of 
settlement. 

Development is a motion without which the 
nature cannot exist even for an instant. On the 
scale of planet, the acceleration of tempos of 
this movement is observed to which a devel-
opment of any system is obeyed, including a 
town planning one [2 − 5]. 

FORMS OF SETTLEMENT 

 
Problems mentioned had been studied with 

many Ukrainian scientists-urbanists, in par-
ticular Yu.Belokon, M.Dyomin, G.Zablotsky, 
G.Filvarov, I.Fomin. 

According to I.Fomin’s studies, “...for great 
cities, a concentric development in lo-cal set of 
inhabited localities is typical. How-ever, in 
case of their excessive growth, a need arises in 
dispersal of planning structure …up-to-date 
phase of development of the greatest cities re-
quired to return to group forms, but already on 
the larger scales not only on a lo-cal, but on 
the regional level as well” [6, p. 51-53]. 

«There are two typical varieties of the proc-
ess of agglomeration for inhabited localities: 
concentration – growth in the central direction 
that leads to combining settlements; dispersal 
– growth in the direction from the center that 
is completed in the group form of settlements. 

These two forms of development are inher-
ent in the same city’s agglomerations. Under 
certain conditions, arises a group form in the 
arrangement of cities, then due to intensifying 
functional links and development of general 
infrastructure, preliminary conditions are cre-
ated for their planned unifying. With time, 
again preliminary conditions may be created 
for the new phase of dispersal” (Fig.1) 
[6, p.49, 50]. 

 
ARAREAS OF INFLUEENCE 

 
In this plane, «...development of cities 

should be considered taking into account a 

 
 

Deconcentration 

 
Concentration 

 
Fig.1. Cyclicity of forms of development of inhabited localities according to I.Fomin 
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possible alternate transition from one struc-
tural form to the other. Development of 
planned structure in its certain form as if it 
comes to a certain critical point – boundary 
when its advantages become minimal and 
drawbacks – hypertrophied. In this period, new 
radical measures must be undertaken for its 
implementation on the greater scale and at the 
higher level of structural complexity» (see 
Fig.1) [6, p.54-55]. 

As the criterion of estimation of spatial in-
teraction level in the group systems of settle-
ment of different level of their spatial integrity, 
M. Dyomin considers mobility of population. 
In this sense, he proposes to adopt “relation of 
population movability” to the institutions of 
everyday and periodic usage as the index that 
characterizes “power of influence” of the city-
center [7, p.71]. Probably, it is this difference 
of powers of influence of city-centers of local, 
regional and world levels causes the origin of 
the set of concentric zones in the cities’ acces-
sibility (Fig.2). 

 
FRACTALITY OF SPATIAL 

STRUCTURES 
 
Fractality of concentric structures in the 

multi-level developing of ecologic space, we 
have considered on the example of formation 
and development of areas of influence in Kiev 
according to the data of studies conducted by 
M.Dyomin and Yu.Bilokon’ [7, 8]. As M.Dyo-
min notes, «in structural relation on the terri-
tory of areas of influence of the largest cities, 
we can with sufficient certainty to single out a 
number of belts qualitatively notable for the 
nature and intensity of socio-economic links” 
[7, p.71]. As for the areas of Kiev influence, 
its «first belt that directly adjacent to the city is 
created, for the most part by agricultural and 
working townships”, that «...are located at the 
distance of 10…12 km from the city. The sec-
ond belt covers the territory with settlements 
the inhabitants of which regularly make use of 
services of city’s institutions of periodical and 
episodic service” [7, p.72]. 

Intensity of trips to the city-center is deter-
mined by «the outer boundary of the second 
belt of great cities” that allows consider it as 
“the boundary of labor attraction” – 45 km“. 
The third – outer belt of the area of recrea-
tional and everyday influence depends on the 
size of the city-center, its administrative func-
tions, character of national-economic and town 
planning development of district territory, na-
ture of external transport communications” – 
70 km (Fig.2, а) [8, p.73]. 

Metropolitan status of Kiev determined the 
appearance of the fourth – interregional belt 
that covers the territory of Kievs’ka, Zhi-
tomirs’ka, Chernigivs’ka and Cherkas’ka re-
gions (see, Fig.2, b) [8, p.98-99]. Parameters 
of belts indices of areas of Kiev influence are 
shown in Table 1. 

The fifth belt of area of Kiev influence 
(transnational) is being formed nowadays. As 
Yu.Bilokon’ notes, a new significance of 
Ukraine in European space and multi-sectoral 
ties with countries of Western Europe urge 
“...the need of not only political and economic 
integration of all countries of European conti-
nent, but in spatial-planning aspect as well” 
[9, p.107]. 

Taking into consideration a geographic lo-
cation of Ukraine and a zone of three-hour ac-
cessibility of Kiev airports that practically co-
vers the whole Europe and the north of Africa, 
Yu. Bilokon’ puts forward a conception of “… 
planned integration of countries of Eastern Eu-
rope into a general European territorial struc-
ture…it is a question of the urbanistic concep-
tion of organization of “expanded” European 
space for a faraway perspective taking into ac-
count general trends of integrational political 
and economic processes” (Fig.2,c) [9, p.107]. 

In the context of our studies, the area of in-
fluence of city-center has been considered as a 
multi-level space of support of life activities of 
the ecologic-urban planning system 
−“population↔environment” [9 − 11]. Data 
shown in Table 1 allowed obtain additional in-
dices of degree of development and perspec-
tives of continuous development of this system 
(Table 2). 
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с 
 

Fig.2. Space-donut development of Kyiv city agglomeration (а) and Kyiv capital region (b) 
by М.Dyomin. Ukraine in structure of European space by Y.Bilokon (с) 
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Table 1. Parameters of indices by the levels of spatial integrity of urban planning system accord-
ing to M.Dyomin [7, p.89]. 

Level of integrity 
Indices and their measurements 

primary topical local regional 

Number of population of city-center, 
(Pc, ths. persons) 

1-2 5-7 50-150 1000-2000 

Number of population in the area of in-
fluence, (Pai, ths. persons) 

0,3-1 8-20 50-90 2000-5000 

Area of territory, (S, ths.km2) 0,08…0,12 0,3…0,7 3…5 70…120 

Radius of area of influence in space, 
(L, km) 

5…7 10…15 30…40 150…200 

Radius of area of influence with time,  
(T, min) 

15…20 30…40 60…90 120…150 

 
 

Table 2. Averaged parameters of indices according to the levels of integrity of ecologic-urban 
planning system “population↔environment” 

 

Level of integrity 
Indices and their measurements 

primary topical local regional 

Number of population EUPS: city-center – 
area of influence, (P∑, ths. persons) 

2,2 20 170 5000 

Population density, (ρ, persons/km2) 21,5 40,0 42,5 52,6 

Module of space of human life activities, 
(M, ha/person) 

0,5 0,3 0,2 0,2 

Average speed of movement,  
(V, km/hour) 

20,6 21,4 27,9 77,8 

 

However, for the analysis of constancy of 
developmental processes not as much “the ex-
ternal” characteristics of dynamics of EUPS 
components that are caused by a change of in-
dices taking into account the levels of its integ-
rity as “the internal” characteristics that are 
caused by the change of their speed and accel-
erations [10, 11]. 
 

MULTI-LEVEL ACCELERATION 
OF PROCESSES OF DEVELOPMENT 

 
Having based on the data of Tables 1 and 2, 

“triangles of spatial changes” of rates and ac-
celerations of indicated indices are constructed 
in Fig.3 in consecutive “transition” of proc-

esses of EUPS development to the higher terri-
torial level of integrity of ecologic space 
[2, 9 − 11]. 

In Fig.3 all vertical triangles (solid line) 
have scales of relative accelerations of the rate 
of changes (″) considered indices. Here, the in-
ternal vertical triangles (more saturated shade) 
characterize the rate of relative accelerations in 
changes of indicated indices in the transition 
of developmental processes from topical to lo-
cal level, in relation to those that have oc-
curred in the transition from primary to topical 
level. The external vertical triangles character-
ize the rate of relative accelerations of changes 
of the same indices in the transition of devel-
opmental processes from a local to regional 
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level in relation to those that have occurred in 
the transition from topical to local level. In its 
turn, horizontal triangles (dotted line) have 
scales of changes of relative accelerations of 
considered characteristics (‴) that characterize 
angular acceleration of relative changes of 
wave process (see Table 1, 2; Fig.3). 

In the group of indices of the territorial area 
increase acceleration (S), population density 
(ρ) and spatial module of human life-support – 
the inverse value to the population density 
(M), in the transition of levels most likely the 
rate of EUPS area increase (S", index) and its 
acceleration (S"', index) (Fig.3,a) are changed. 

In the group of acceleration indices of the 
area of influence radius increase of the city-
center in the space (L) and time (T) as well as 
the rate of movement (V) in the transition of 
developmental processes for the levels of 
EUPS, spatial integrity, the rate (V", index) 
and the acceleration of the rate of movement 
(V"', index) increase most rapidly (Fig.3,b). 

In Fig.3,b, a certain inversibility in the di-
rections of acceleration of changes in the ra-
dius of area influence of the city-center in 
space and time is traced. Thus, in the process 
of increase, in the consecutive spatial expan-
sion of the radius of area of influence of the 
city-center in kilometers, occurs a reduction of 

 
a       b 

 
 

c  
 

Fig.3. Changes of rates and accelerations of developmental processes of ecologic-urban 
planning systems in “the transition” of spatial levels 
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radius of the area of its influence in hours. 
«Time compression» is shown by the fact that 
in Fig.3,b the external triangle by the scale 
«T"» «enters» into the middle of the internal 
one. Noted above may be a peculiar manifesta-
tion of toral structures dynamics of the space-
time continuum when “the exterior shows it-
self inside of the interior” [11 − 13]. 

In the group of indices of acceleration of 
the increase in the total number of population 
(P∑), the number of population in the city-
center (Pc) and the number of population in the 
area of its influence (Pai) in the transition of 
developmental processes in accordance with 
the spatial levels of integrity, the rate (Pai", in-
dex) and acceleration of relative increase in 
the number of population in the area of influ-
ence (Pai"', index) are most likely changed 
(Fig.3, с). 

In Fig.3,с, a jump-like transition of signifi-
cance of changes in the increase of the number 
of population is traced. So, in the internal ver-
tical triangle that characterizes the rate of rela-
tive changes of the considered characteristics 
in the transition from topical to a local level, in 
relation to the transition from a primary to the 
topical level prevails the rate of increasing the 
number of population of the city-center (pro-
portion between Pc" and Pai" is equal to 
18 : 1). 

In the external vertical triangle that charac-
terizes the rate of relative changes in the same 
characteristics, in the transition of processes of 
development according to spatial levels from 
the local to regional in relation to the transition 
from topical to local level, the inversed change 
in the direction and location of action of the 
urbanization process is observed, in which the 
rate of increase in the number of population of 
the area of influence in considerably less sig-
nificance  of dynamics in the number of popu-
lation in the city-center (proportion between 
Pai" та Pc" is equal to 11 : 1) becomes domi-
nating. 

Space-time transitions of urbanization proc-
esses of development can be considered at 
various points of view: in the aspect of elabo-
ration of principles of the underwater urban 
planning [14], reconstruction of centers of his-
torical places [15] or social history [16]. 

RESULTS AND EXPLANATIONS 
 
The result, that is obtained, coincides with 

the results of I. Fomin’s studies and, to the cer-
tain extent, describes the above dynamics of 
toral structure that this time shows itself in the 
varieties of agglomeration process, where the 
forms of “to the center and from the center” 
development are inherent in one and the same 
city’s agglomerations. Dynamics of this struc-
ture reflects a concentration of population and 
spatial development directed to the center at 
the primary-topical level of development of 
urbanization process; dispersal of population 
and such development directed from the center 
in the transitions of developmental processes 
from a local to a regional level (see Figs.1 − 3; 
Tables 1, 2). 

Process, directed from the center, yet more 
graphically reveals a horizontal triangle in 
Fig.3.c that characterizes the acceleration of 
relative changes in the number of population 
in the area of influence, in the transition of 
processes of development from local to re-
gional level and in relation to the transition of 
processes of development from topical to local 
level (see, Table 1). This triangle reveals sig-
nificant dominance (by two orders) of accel-
eration of increase in the number of population 
in the area of influence (Pai"', index) over the 
acceleration of increase of population in the 
city-center (Pc"', index). Proportion between 
Pai"' and Pc"' is equal to 198:1 (see, Fig.3, с). 

It should be noted that in the space-time 
[LT] system of measurement [3, 17] of pa-
rameters of development of ecologic-urban 
planning systems P" has the value [L3T-4], that 
according to our studies corresponds to the an-
gular acceleration of mass [2, 12, 13]. Rela-
tively angular acceleration. According to O. 
Kuznetsov, this acceleration is the cause of 
gravitation [3, 17]. In this sense, cities can be 
considered as “gravitation” centers, “the power 
of influence” of which extends concentrically 
in the space of ecologic-urban planning sys-
tems (see Fig.2). In the process of urbaniza-
tion, the author investigated and other physical 
parallels [2, 18 − 20]. 

From the mentioned above, it follows that 
cyclically wave character of development of 
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cities and city’s agglomerations (see Fig.1) is 
caused by the change in the rates and accelera-
tions of changes in the EUPS basic parame-
ters: number of population of the city-center 
(Pc) and the area of influence (Pai), radii of the 
areas of influence of cities-centers in hours (T) 
and in kilometers (L) at the primary, sectional, 
local and regional levels (see Fig.3). 

That is in the multi-level transitions of de-
velopmental processes, agglomeration form of 
group settlement gains the signs of the system 
that reduces the time interval (1,1→0,9) and 
significantly expands it in space (1,3→1,8) 
(see Fig.3, b). Indicated changes in the multi-
level dynamics of space-time boundaries of 
ecologic-urban planning systems and modern 
world of Internet communications that syn-
chronizes processes in time and overcome 
bounds in space, can lead to the structural re-
construction of settlement. 

 
CONCLUSIONS 

 
1. Non-uniformity in developing of space 

and formation of group systems of settlement 
are associated with economic progress and de-
velopment of engineering and transport, in-
formation and communication networks. 

2. Index that characterizes “the power of in-
fluence” of the city-center of group system of 
settlement is “the relation of mobility” of pop-
ulation to the establishments of everyday and 
periodic usage. 

3. In consecutive transition of processes of 
development from local to regional and inter-
regional levels of integrity of the ecologic 
space, some inverse changes of space-time 
boundaries of ecologic-urban planning system 
occur. 

4. For the analysis of processes of multi-
level development of ecologic-urban planning 
systems are important not only measurements 
of dynamics of their indices, but characteris-
tics of changes of this dynamics and their ac-
celeration. 
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Фрактальность концентрических 
структур в пространстве эколого-
градостроительных систем 

 
Ирина Устинова 

 
Аннотация. Рассмотрены условия и этапы 

формирования фрактально вложенного множе-
ства концентрических зон доступности городов 
на примере Киева. Количество «уровней вло-
женности» такого множества зависит от при-
влекательности и статуса города. 

.

    Установлено, что неоднородность освоения 
пространства связана с экономическим разви-
тием и развитостью инженерно-транспортных 
сетей. Быстрый рост этих сетей ведет к пре-
вращению традиционно центрального типа не-
равномерности освоения пространства в много-
ядерные групповые системы расселения. 

В зоне влияния Киева выделяется пять каче-
ственно отличающихся по интенсивности со-
циально-экономических связей и скорости пе-
редвижения поясов. На основе количественных 
характеристик этих поясов установлено, что 
при последовательном переходе процессов раз-
вития от локального к региональному и межре-
гиональному уровням целостности эколого-гра-
достроительной системы «население↔среда», 
происходит расширение ее пространственных 
границ и своеобразное «сжатие» временных, 
что проявляется скачкообразным увеличением 
радиуса зоны влияния города-центра системы 
расселения в километрах. 

Для анализа процессов многоуровневого 
развития эколого-градостроительных систем 
важны не столько динамика показателей разви-
тости, сколько характеристики их ускорений. 
Ключевые слова: устойчивое развитие, 

фрактальность, пространственные структуры, 
эколого-градостроительные системы, зоны 
влияния городов. 


