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Summary. Examined are the problems of the 
civil construction industry performance. The 
main shortcomings of the management system 
scrutinized. The factors had been shaping the 
Management System of Ukraine Civil Construc-
tion Industry revealed. Description is given of 
elements and mechanisms of management sys-
tem, advantages and disadvantages “administra-
tive regulation”. Examined are the management 
technologies of the civil construction industry in 
the countries of market economy. Examples are 
given of developing the housing programs in the 
USA. The summary is given on the mainstream 
trends in managing the civil construction industry 
and on areas of optimization of the management 
system. 

Key words: construction industry, manage-
ment, state regulation 

 
 

INTRODUCTION 
 
Post-industrial development of the society 

in ХХІ century faced the global problems of 
the territory and power resources scantiness, 
what turned into a mighty boost for devel-
opment of innovative technologies in con-
struction industry and stipulated the brand 
new systematic tasks in management of the 
construction industry. 

The construction branch, in general, bears 
responsibility for realization of the national 
economy tasks, which became imminent at a 
certain stage of social evolution. Solving 

these social tasks is the target for the man-
agement system of construction industry.  

At the present stage of post-industrial de-
velopment of the society, the main problem 
is setting the comfortable living environment 
for population and, at the same time, eco-
nomic use of tangible material and power 
resources. This determines the necessity of 
development of the innovative strategy for 
reforming the management of the construc-
tion industry. 

 
 

PURPOSE OF WORK 
 
The information technologies for man-

agement of implementation of the innovative 
projects, the education systems etc., were ex-
amined in the works of A.A. Beloshitskiy, 
S.D. Bushuiev, N.S. Bushuieva, P.P. Lizunova. 
The authors provided proposals on develop-
ment of innovative information technologies 
for designing in the heat and power engineer-
ing industry, systems of water supply, as well 
as in higher education [5].  

The administrative aspects of the man-
agement system were examined by A. Gal-
chinskiy, V. Gaets, A. Kinakh, V. Seminoz-
henko [6]. The main emphasis was put on 
implementation of an “e-government» con-
cept. Meanwhile, the comprehensive analysis 
of the management system’s evolution of 
construction industry, in the context with 
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strategic societies of national economy at a 
given historical stage, had not been made.  

The areas of the housing and public utili-
ties reformation were researched broadly. U. 
Mantsevich [8] studied the matters of the 
housing cost reduction, as well as manage-
ment of the housing resources, problems and 
prospects of the house building development. 

In the writings of A.M. Pleshkanovska and 
E.D. Savchenko [10] were studied the as-
pects of construction activities during the 
various historical eras, the factors of the cur-
rent building booms emerging, the long-term 
forecasts for the urban future. 

Problems of management system of con-
struction industry reformation, in the context 
of the strategic tasks of the national econ-
omy, efficient mechanisms of management in 
conditions of the market economy were left 
with no attention of mentioned studies. 

 
 

RESULTS AND EXPLICATION 
 
The dynamics and scale of the building 

scope as well as the innovations necessary 
for construction industry, first of all, are an-
ticipated in the master development plans of 
communities, where are defined demands in 
scope and quality of buildings and construc-
tions, within the context of general concepts 
of functional and spatial development. 

The key functions of the Master Devel-
opment Plan of the city are provision of pop-
ulation with housing, social and communal 
facilities, necessary domestic service facili-
ties; establishment of the optimal system of 
labor application facilities, first of all, in the 
public production, as well as in the areas of 
recreational activities [1, 2]. 

At present and in the near future, there are 
two main types of the facilities in the housing 
construction practice: building of large 
scopes of quite comfortable, but power-
efficient housing for provision of the bulk of 
the population and building the elite housing.  

The first type comprises two categories: 
business-class housing, which parameters are 
determined by demands of the middle class 
economically active population and economy 

class housing, corresponding to the require-
ments of the population with income below 
the middle level. 

A separate place in construction is taken 
by the facilities of executive class: office and 
corporate buildings, the unique complexes of 
socio-cultural purpose – theaters, museums, 
exhibitions, sports arenas, and large transpor-
tation structures – motor roads, high-speed 
electric transport lines, bridges and over-
passes, underground structures, etc.   

The tasks of the new system building are 
quite normalized and limited.   

Every listed construction category requires 
its own managerial models, innovative tech-
nological approaches, and organizational 
practices with substantial difference in pa-
rameters of profitability, breakeven and re-
source intensity [3]. 

Under the resource-constrained condi-
tions, the emphasis now is on reconstruction 
of degraded urban areas and development of 
small-area sites, as a prevailing concept of 
the volumetric and spatial development of 
cities.  

In this connection, the currency of organi-
zation of large site coverage of systematic 
housing construction with scopes over 3 mil-
lion sq. m, typical of the previous times, now 
is almost filed as a history. Place was given 
to the concept of renewal of the small-block 
developing of environment with small en-
closed courts-patios, instead of the principle 
of micro-zoning with ‘transfluent’ spaces of 
residential groups. Establishment of associa-
tions of the apartment house co-owners 
(AAHCW) encourages development of face 
lifting of housetops and terraces for planting 
the greenery, what requires innovative tech-
nologies.   

The management structure of construction 
industry appeared unprepared to solve all of 
these tasks.  

For understanding the tasks of reformation 
of the management structure of construction 
industry, it is necessary to identify the main 
factors of its shaping in the Soviet planned 
and command economy period, and at the 
transition stage of establishment of the mar-
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ket economy and management system, after 
gaining independence by Ukraine.   

In the 30’s of the past century, the main 
national problem was solving the tasks of 
industrialization of the country, what condi-
tioned organization of the branch ministries, 
specializing in training of personnel for con-
struction industry and provision of the con-
struction basis for developing the enterprises 
of the staple industry, rail transportation, 
large waterworks, defense-industrial sector 
and some other major branches of national 
economy.  

Management of construction in this and 
later stages of the Soviet period had been al-
ways performed with rigidly centralized allo-
cation of the budget, and material and techni-
cal resources, accountability of the organiza-
tions before overhead organization, under 
regular periodic and running control.   

During the first postwar period, the thorny 
problem emerged of recovering the ruined 
infrastructure of the country within the short-
est deadlines, what found its logical reflec-
tion in the structure of management, estab-
lishing the mobile construction trust–sites, 
bridge construction parties, etc.  

Upon completion of the main repairing 
work in the 50-60’s, the displacement of citi-
zens from barracks, basements, and con-
gested shared apartments became the urgent 
political task. To meet this target, the con-
struction industry had to secure the increas-
ing of the housing construction scope and 
reduction of construction deadlines, by sev-
eral times. Solution was found in planning 
the large residential communities of the mass 
housing construction and its industrialization. 
This was the very problem the construction 
industry’s management system was designed 
to solve.  

Under these conditions, the central man-
agement agency of the ex-USSR construction 
industry (Gosstroy USSR) [15] had to secure 
the uniform technical policies: development 
and approval of the State construction norms, 
technical data sheets, standards, typical de-
signs, approvals of design and planning spe-
cifications and project estimating procedures, 
exclusion of, so-called, «excesses» from de-

signs and estimates, all possible construction 
costs and deadlines reduction  

Approvals of individual designs and those 
of the high-rise buildings were performed by 
the central agency, meanwhile, application of 
custom designs if the typical ones were 
available, was excluded. The system im-
posed, consisting of the State scientific re-
search and development, and design insti-
tutes, as well as the higher education and 
specialized secondary schools, made sure the 
development of typical designs of buildings 
and technical, engineering and production 
work force development for design and con-
struction organizations in Moscow with 
branches in Kyiv and administrative centers 
of some other republics.    

The mechanism of command and adminis-
trative management of the construction in-
dustry shaped in this way was able to per-
form within the shortest deadlines the mass 
system construction of large residential dis-
tricts in all communities of the country.  

The Industry-Specific Construction Norms 
Instruction ISCN 38-82 on composition, de-
velopment procedures, agreement and ap-
proval of layouts and designs of the district 
planning, planning and development of cities, 
villages and rural communities, set up the 
necessary composition of the design and 
planning specifications: the master develop-
ment plans of urban and rural communities, 
designs of detailed planning, layouts of the 
districts planning. The system of the two-
stage design permitted to solve the problem 
of cost reduction and reduction of design es-
timates development deadlines. 

The technical standards orders CN 531-80 
on composition, development procedures and 
approval of the district heating system lay-
outs for communities with total heat demand 
at up to 116 MW (100 Gcal/h), directed the 
construction industry and community facili-
ties of the cities towards construction of large 
district heat supply sources, having elimi-
nated application of small local boiler plants.   

However, yet in the 80’s the shortcomings 
of such a management system became appar-
ent. Moreover, although since 1987 the or-
ganizations in the structure of construction 
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industry were converted into the self-
financing ones, this did not provide the op-
portunities of freedom to take decisions.  

Provisions on organization procedures, 
tasks and functions of the technical supervi-
sion teams and the contracted cus-
tomer/developer of construction site, which 
defined the functions of the Department of 
capital construction within the executive 
boards of municipal councils as integrated 
construction customer, in fact, had blocked 
development of the competitive environment 
in the construction industry.  

For solving this particular problem of re-
alization of the uniform technical policy, the 
central office established divisions of techni-
cal rating and standardization, typical design-
ing, organizing design and survey works, es-
timate rates and pricing in construction in-
dustry, structures, and new materials.  

Thus, for construction management per 
branch attribute, within the Gosstroy system 
were established: the Ministry of special con-
struction and assembly works (Minspetss-
troymontazh) the Ministry of construction, 
road and community machine engineering 
(Minstroydormash), the Ministry of railway 
construction (Mintrans), etc [7].    

Minspetsstroymontazh managed construc-
tion and assembly works at the industrial and 
civil construction sites. Subordinate to the 
ministry were 224 trests, 274 industrial en-
terprises and 37 education establishments for 
technical engineering and production man-
power development for construction organi-
zations, as well as scientific research and de-
sign organizations.  

Minstroydormash managed the industrial 
enterprises for design and manufacturing the 
construction machinery, including concrete-
mixing equipment, hoisting machines etc.   

Mintrans secured setting the construction 
basis and work force development for rail-
way construction.   

For solving the problems of construction 
in Siberia, in the Far North and other regions 
of the country were established the territorial 
and regional ministries.  

In this way, were secured the centralized 
management of the construction industry per 

branch and territorial principles, covering as 
the stages of district planning and planning 
the development of urban and rural commu-
nities, industrial hubs, as well as design, per-
forming construction, assembly and special 
works, manufacturing the construction ma-
chinery and special types of construction 
work.   

At the same time the strictly centralized 
allocation of technical and financial re-
sources, running control and regular report-
ing was maintained for all subdivisions, edu-
cational, and design and construction organi-
zations before the overhead organizations 
[5].  

Undoubtedly, the command and adminis-
trative principle of centralized management 
of the construction industry secured solving 
the large national economic tasks during the 
corresponding historical period.  

Nevertheless, the over-centralized man-
agement, leaving no space for freedom to 
take decisions, impartially promoted devel-
opment of typical uniform environment, in-
sufficiently took into consideration the his-
torical regional and local peculiarities of ur-
ban and rural communities.  

It should be noted here, the very important 
role of implementation of certain forms of 
construction and assembly organizations for 
solving the corresponding tasks. The main 
form of construction and assembly organiza-
tions (CAO) were ‘trusts’ and independent, 
or composing the ‘trust’ construction and as-
sembly departments (CADs, CDs, etc.), as 
well as self-financing stations - the primary 
independent production units, immediately 
performing construction operations [6]. All 
the State plans and allocation of material re-
sources had been prepared for ‘trusts’. At the 
‘trusts’ level all the technical and economic 
planning issues have been decided, as well as 
contractual relations, process control, prepa-
ration for operations. 

At the same time, the tendencies remained 
to pass a range of managerial functions at the 
higher levels (regional central authority, con-
sortium, concern), the ‘trusts’ did not include 
subsidiary production plants, transport facili-
ties, utilities living teams, moreover, general 
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procurement issues also were completely de-
pendent from the overhead management 
body. 

Depending on the type of contractual rela-
tions one may distinguish the General Con-
tracting ‘Trusts’ and the Subcontracting 
‘Trusts’, moreover, by the type of the jobs 
performed - there were general construction 
‘trusts’ and the specialized ones.  

General construction ‘trusts’, being the 
general contractors, were performing the 
main types of general construction jobs (in-
stallation, stonework, concrete, etc.). The 
specialized ‘trusts’ were performing, as a 
rule, one type of job or a set of several simi-
lar jobs (foundation engineering, dress work, 
electric installation, plumbing, etc.). Along 
with a technological specialization was 
commonly used the branch specialization by 
the types of construction, i.e., the ‘trusts’ of 
residential, industrial, railway and some other 
types of construction. Specialized organiza-
tions, as a rule, are subcontractors, but some-
times act as general contractors (i.e., ‘trusts’ 
of foundation engineering for HCP) or per-
form the jobs according to the separate con-
tract with a customer. 

By the area of activities there may be dis-
tinguished the ‘trusts’-sites, ‘trusts’ of urban 
type, territorial ‘trusts’. Let us say, the 
aforementioned ‘trusts’-sites were estab-
lished for performing the large-scope con-
struction and installation jobs at a site often 
in industrial construction, at the same time 
the management of production operations 
performed through construction stations. The 
‘trusts’ of urban type perform their jobs with-
in the limits of one city, like, say, the ‘trest’ 
“Kyivgorstroy” which built, virtually, the 
whole of postwar Kyiv. Territorial ‘trusts’ 
acted within the limits of certain districts. By 
the scope of construction and installation 
jobs with consideration of their complexity 
and labor intensiveness, were distinguished 
the four groups of construction and installa-
tion organizations by emoluments of mana-
gerial, and engineering and technical person-
nel. 

During the period of mass system con-
struction, the widespread were also the hous-

ing construction plants (HCP) – an organiza-
tional form of association of a construction 
organization with an industrial enterprise, 
performing construction operations by indus-
trial practices. A revolutionary innovative 
approach of this period appeared to be the 
detailed specification of the construction de-
sign series and typification of the series’ de-
tails. At the same time, HCP were specializ-
ing in construction by industrial practices 
with details of own production (large-panel, 
apartments’ modules, etc.), residential and 
administrative and public buildings, struc-
tures of the certain series, multi-series details 
production, and, sometimes, in performing 
the certain types of jobs (installation, fit-out 
works, etc.) by regular teams.  

It is to be noted, that the management 
structure of construction industry and the 
forms of construction and installation organi-
zations permitted in due time, to solve a 
thorny national economic and social problem 
– provision of the population with economi-
cal, industrially erected housing. At the same 
time, management of the construction indus-
try, as mentioned above, had been performed 
using the rigid accountability of the subordi-
nate organizations before the overhead ones, 
agreement of appointment and dismissal of 
managers, the centralized allocation of finan-
cial, and material and technical resources.  

Now the automated control of processes 
productions system at the level of build en-
terprises, using mashines on the industrial 
building is created [13, 14]. Power and re-
source-efficient innovative technologies are 
the main customer of the product of construc-
tion industry [1, 9, 12]. Problems of 
municipal services from the ecological point 
conditions and possibility of effective power 
saving up technologies use of view [11], 
[20].  

In the management structure of construc-
tion industry the feedback with population, as 
was totally absent. 

In independent Ukraine the State commit-
tee of urban planning and architecture was 
established, transformed later into Gosstroy 
of Ukraine, since 2004 – into the Ministry of 
regional development, construction, architec-
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ture, and housing and communal services in 
Ukraine (Fig. 1) [16, 17].  

The sphere of regional development regu-
lates the issues of decentralization and those 
arising from administrative-territorial system.  

The issues in the sphere of construction 
and architecture comprise problems of pric-
ing and expert examination of the regulatory 

framework, development of the urban plan-
ning paperwork, technical solutions for de-
signs of the high-rise buildings. 

The sector of housing and communal ser-
vices performs preparation of reforms in this 
sphere. 
 
 

 

 
 

Fig. 1. The scope of activities of the Ministry of regional development, construction, architec-
ture and housing and communal services in Ukraine 
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In this way, the sphere of the Ministry ac-
tivities, in general, covers the urgent national 
economy present-day problems [18]. 

The integrated construction customer ser-
vice has lost its significance and ceased op-
eration. Accountability of the construction 
organizations and centralized allocation of 
financial and technical resources is not re-
quired. Does not provide accountability to 
higher construction companies facing organi-
zations. 

The formation of vertical and horizontal 
linkages is not regulated. Development of 
construction norms and standards, as well as 
the urban planning paperwork of the State 
level is financed centrally. Implementation of 
the State programs for comprehensive recon-
struction of obsolete housing resources, pro-
duced by industrial process and construction 
of the new affordable housing failed. Home 
loans not hedged against inflation, ticky 
tacky frauds caused the population’s distrust 
to developers and banks. 

The management construction industry 
mechanisms are limited to consideration of 
the issues at the ministerial boards and coun-
cils’ meetings, on the initiative of local archi-
tectural bodies or developers (except for 
drafts of the regulatory documents). The 
hearing minutes serve as guidelines and are 
not binding. The system of approval is sub-
stantially simplified, approval of the urban 
planning and design as well as custom design 
paperwork is cancelled, typical designs are 
not allowed.    

Reporting of local bodies is performed on 
development issues of urban planning pa-
perwork. The results of consideration are also 
not binding. The practice of compulsory out-
of-town consideration meetings for realiza-
tion of the master development plans of cities 
in different districts of Ukraine is forbidden, 
as well as preparation of reports on develop-
ment of the urban planning, including analy-
sis of issues on design and construction ac-
tivities.  

The technical policy of the Ministry is im-
plemented through the State norms and na-
tional standards, regulating the composition 
of urban planning and design paperwork, re-

quirements to planning and development of 
communities, buildings and structures, pric-
ing, requirements on working safety condi-
tions, consumption rates of fuel and energy.  

Still, an acute problem is lack of economic 
and legal mechanism of realization of the 
master development plans which tasks are 
not clear to the population. This had led to 
the excessive politicization of the issues of 
their development and using by dishonest 
political opponents as a slogan for their elec-
tion campaigns, contraposition of the urban 
building development tasks to the interests of 
wide circles of population, what had led to 
increase of construction risks. 

There were established the construction 
organizations - general contractors with their 
marketing and realty sales structures, but 
which are not interested economically in de-
velopment and implementation of innovative 
technologies. In connection with opportuni-
ties of realty sales, yet at the stage of the un-
derground cycle of construction job, are 
widespread the ticky tacky frauds, what 
strengthens the population’s and construction 
companies’ stand-off.   

The postwar period countries with market 
economy, have also faced the pungent social 
problems of housing unavailability to all the 
population strata, prompt solving of the hous-
ing problem in critical situations, rehabilita-
tion of degraded urban areas and correspond-
ing tasks in management of construction in-
dustry. 

For example, the Department of Housing 
and Urban Development, USA [19], secures 
financing and administration of realization of 
a wide variety of nationwide federal pro-
grams, related to meeting the demands in 
housing. At the local level, the zoning plans 
and detailed plans are being developed, 
which ensure their tridimensional realization. 

The private sector is being encouraged, 
which is able to secure construction of af-
fordable housing, encouraged are establish-
ment of joint ventures (societies).  

The special federal programs were allo-
cated especially to meet the demands in 
housing of Indians and indigenous residents 
of Alaska, on recovery of the housing in the 
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natural disaster stricken districts, etc. There 
was created a secure legal and financial 
mechanism of realization the construction 
programs at the federal and local levels.  

In Federal Republic of Germany, the re-
novation system for the obsolete housing of 
industrial series was developed and imple-
mented with mobilization of financial re-
sources from the International Bank for Re-
construction and Development.  

There are some other good practices of 
implementation of construction programs, 
included into urban master development 
plans.  

 
 

CONCLUSIONS AND  
RECOMMENDATIONS 

 
The management construction system in 

Ukraine secured freedom to take decisions, 
but appeared unable to solve the affordability 
problems of housing for population, imple-
mentation of innovative resource-saving 
technologies, building up reserves of munici-
pal housing resources for prompt resettle-
ment of refugees during emergency situa-
tions, etc. Construction organizations ap-
peared to be out of the influence area of cen-
tral and local managing bodies. There is no 
comprehensive analysis of construction in-
dustry development. 

In the absence of financial and economic 
incentives, construction companies are not 
interested in implementation of innovations, 
what conditions low innovative activity. 

In the context of stagnation, the systematic 
problems in construction industry manage-
ment appeared, namely: excessive construc-
tion risks, absence of the system of their 
hedging and unavailability of credit resources 
for construction organizations, non-
transparency of their financial reporting, 
large scope of incomplete construction and 
lack of cash reserves for its completion, rise 
in the cost of construction (estimated cost), 
absence of State regulation of the sales price 
of 1 sq. m with respect to the estimated cost 
ratio, problems with connection of the houses 
constructed to utilities supply lines. 

Lacking of economic and legal mecha-
nism of the master development plans reali-
zation conditioned chaotic nature of devel-
opment of the cities. The tasks of urban plan-
ning paperwork remain obscure for popula-
tion, regardless of approval of national regu-
latory documents on conducting the public 
hearings of the urban planning paperwork.   

The facts mentioned above brought to ex-
cessive politicization of the master Develop-
ment plans of cities and their using by dis-
honest political opponents, as a slogan for 
their election campaigns. Unjustified con-
struction risks emerged in the construction 
industry, regardless of the efforts of the State 
regulation of the processes of “public hear-
ings”. 

In connection with opportunities of the re-
alty sales, yet at the stage of the underground 
cycle of construction job, are widespread the 
ticky tacky frauds, what strengthens the 
population’s and construction companies’ 
stand-off. 

The problem mentioned above condition 
the necessity of reformation for construction 
industry management system using efficient 
mechanisms for realization of the housing 
programs, like, for example, in Federal Re-
public of Germany, Singapore, etc. 

To achieve decentralization and prevent 
corruption it seems necessary the innovative 
strategy to be developed for reforming the 
management of construction industry. It is 
necessary to foresee in its composition a 
comprehensive mechanism of realization, 
including the following: 

- the system of hedging the construction 
and credit risks, benefits and subventions, the 
ratio of the sales price and estimated cost 
1 sq. m, 

- regulatory acts and standards, providing 
for innovative resource-saving policy, 

- national programs of provision for hous-
ing of various social strata of the population; 

- financial mechanism of promoting the 
innovative technologies in construction in-
dustry, 

- mechanism of realization of national 
programs, providing for hedging the home 
loans, leasing of municipal housing re-



EVOLUTION OF REFORMING OF THE CIVIL CONSTRUCTION INDUSTRY  

MANAGEMENT SYSTEM IN UKRAINE 

 11 

sources, redemption of the housing property 
right, 

- electronic management, securing the an-
ti-corruption policy, popularization of the 
urban planning paperwork, informing on fi-
nancial and social benefits for population 
from realization of the urban planning de-
signs and certain construction sites. 

It is preferable to develop the organiza-
tions of General Contractors, supervisors of 
the development projects realization.  

In this way, reforming of construction in-
dustry management system on the basis of 
aforementioned main directions, would se-
cure the high social-economic effect from the 
activities of construction industry.  
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ЭВОЛЮЦИЯ РЕФОРМИРОВАНИЯ  
СИСТЕМЫ УПРАВЛЕНИЯ  

СТРОИТЕЛЬНЫМ КОМПЛЕКСОМ  
В УКРАИНЕ 

 
Аннотация. Рассмотрены проблемы дея-

тельности строительного комплекса и основ-
ные недостатки системы управления. Выявле-
ны факторы, формировавшие систему управ-
ления строительным комплексом в Украине, а 
также преимущества и недостатки админист-
ративного механизма управления. Приведена 
современная структура системы управления 

строительной отраслью в Украине. Раскрыты 
технологии управления строительным ком-
плексом в странах с рыночной экономикой. 
Показаны примеры формирования жилищных 
программ в США. Сделаны выводы об основ-
ных направлениях управления строительным 
комплексом и механизмах оптимизации сис-
темы управления. 

Ключевые слова: строительный ком-
плекс, система управления, государственное 
регулирование. 
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Summary. To determine the principles and 
strategies of sustainable development the analysis 
of general trends in human development in eco-
physical sense of this phenomenon were made. 
The following concepts were considered: eth-
nogenesis, ecosystem autoregulation, demo-
graphic and dynamics of urban development. The 
comparative analysis of general trends in ethnic-, 
eco-, demo- and urbosystem testified that based 
thermodynamic model, results in successive 
changes of phases and phase transitions. The no-
tions of ethnic homeostasis", "stable population" 
and "balance in urban areas" expose the essence 
of the phenomenon of "ecological balance" in 
public and environment interaction. The consid-
ered development is an oscillatory process, where 
the criterion of “best” is excluded, where only the 
rhythm of change conditions, with more or less 
intensity, speed and capacity development exist. 
It is established that the regularity of self-
regulation defines the development of urban ar-
eas as the environmental and urban systems. In 
this regard the development of these areas is pur-
poseful and predictable and therefore is a man-
ageable process with a given goal – the sustain-
able development in a range of ecological bal-
ance. The equilibrium is described by a ratio of 
1:1 between population size and demographic 
capacity of the territory. 

Key words: sustainable development, self-
regulation ecosystem, ecological balance, demo-
graphic capacity, environmental and town-
planning system. 
 

INTRODUCTION 
 

The achievements of conditions of sus-
tainability of environmentally sound devel-

opment, after the UN Conference on Envi-
ronment, gained the characteristics of guid-
ing humanitarian activities of the interna-
tional community. The problem is actual for 
Ukraine, where the depopulation is taking 
place along with the further growth of urban 
areas. Today the sustainable development is 
generally interpreted by the definition, pro-
vided in the report of the UN Commission of 
the Environment "Our common future" (H. 
Brundlandt, 1989): "... is a development that 
allows to ensure steady economic growth for 
long-term basis and that does not lead to de-
gradation changes in the environment; the 
access to the level of sustainable develop-
ment designed to meet the needs of both cur-
rent and future generations ..." [1, p. 4]. The 
economic orientation of the modern ideol-
ogy of sustainability is defined from the 
abovementioned. However, there is another 
opinion. 

According to the "Limits to Growth" (D. 
Meadows, 1972) − first report for "the Ro-
man club", the world development is defined 
differently at different stages. Firstly - by the 
established quantitative growth of system’s 
parameters (population, consumption of nat-
ural resources that is not renewed, food and 
commodity industries, pollution), then – by 
a global resource crisis and the inertia period 
of population growth in a worsening eco-
nomic and environmental crises, and as like-
ly result − a global demographic collapse. 
The conclusion of the report is warning 
mankind about environmental constraints of 
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economic growth because of the limits of 
growth and the need to support (in these lim-
its) of global equilibrium, which is possible 
only after stabilization ("zero" growth) of 
population and capital [2]. 

And here the difficulties begin, because 
the terminological ambiguity of the concept 
essence of "sustainability" nullifies the ef-
forts of management in this area. As we 
know from physics, some definitions have 
made a great change to the meaning of this 
theory. Enough to remember the famous ex-
ample of “simultaneity" definition in classi-
cal physics and relativity. Ambiguity in the 
concept of "sustainability" (quantitative 
growth − development within certain limits) 
is a consequence of the modern state in sci-
ence, where a change of paradigm thinking 
takes pace. In this respect, the Director of 
the Institute of European Environmental 
Policy Ulrich von Vaytszeker notes that "we 
live on the eve of a new paradigm, so the 
economic paradigm will soon give way to 
environmental one” [3, p.27]. The ecological 
crisis of depletion of planet resources makes 
the international community to abandon the 
quantitatively oriented economic paradigm 
of our time, which comes from the desire to 
increase consumption of as many people as 
possible and move to environmental, quality 
oriented paradigm which is based on the 

need to ensure the survival of humanity as a 
biological species in an environment that is 
influenced by his activities and life support 
functions which due to depletion of natural 
resources may be inadequate with the needs 
and possibilities of adaptation [3-5]. 

The status defined in the social sciences 
of the early twenty first century resembles 
the situation in physics of the early twentieth 
century when there was a change of its con-
ceptual frameworks and classical physics 
was complemented by quantum one. In 
these conditions the finding of appropriate 
conceptual foundations of the adoption of 
national and regional sustainable develop-
ment programs becomes very important. To 
determine the required principles and strate-
gies the comparative analysis of general 
trends of ecophysical development of ethnic, 
environmental, demographic and urban sys-
tems of various levels of hierarchical integ-
rity was conducted. 

 
 

MATERIALS AND METHODS 
 

The aim of the study is to develop a me-
thodology for urban management for sus-
tainable development of the territory. The 
method of analogy was used as the base, 
which allows not to experiment with the sys-
tem, a part of which is the man himself. 

 

 
 

Fig. 1. The ethnogenesis by L. Humelov: I – V – phase of ethnogenesis 
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ETHNO-, ECO-, DEMO- AND URBO- 
GENESIS IN THE CONTEXT OF  

PHYSICAL THEORIES 
 

According to the ethno genesis concept of 
L. Humyelov, the life cycle of ethnic (Fig. 1), 
consists of the next sequence of stages: growth 
(Phase I), strained stabilization (II), decay (III , 
IV) and revival (V). This cycle usually lasts for 
1000-1200 years. However, in our accelerated 
time the USSR passed the stage for 74 years. 
At the end of the cycle ethnicity either disap-
pear because of depopulation or divide into 
several ethnic groups, or enter the phase of 
homeostasis (V), which can reach and ethnic 
regeneration [6]. 

The environmental theory. The regularity 
of self-regulating ecosystems was experi-
mentally established, according to which the 
population of any species can quickly in-
crease their quantity in favorable environ-
mental conditions (Fig. 2) I stage [7]. 

Due to the inertia the quantity exceeds the 
environment capacity (I, a), which causes 
the ecological crisis and environmental deg-
radation. During the crisis (II ) the environ-
mental conditions become unfavorable for 
the quantity growth which causes its decline 
to a level lower than the capacity (III ). There 

comes a depopulation during which the en-
vironment gradually restores. His conditions 
become favorable (IV) again, and as a result 
the quantity rises (V). The population can 
enter into a phase of stabilization (VI) − a 
state of dynamic ecological equilibrium, 
subject to the slower growth in population. 
In the equilibrium state (in balanced and en-
vironmentally sustainable development) the 
existence of populations in the area subject 
to fluctuations in its quantity in the proper 
range of ecosystem sustainability by self-
healing resources environment is possible in 
conventionally infinite time [4, 5]. 

This phenomenon, called "demographic 
transition", acknowledges our humanity. 
This event firstly manifests in the sharp in-
crease of population, then in equally rapid 
decrease and stabilization of its quantity 
(Fig. 3). 

Demographic transition is accompanied 
by economic growth, urbanization and aging 
of population. This transition has already 
culminated in developed countries and is 
completing in developing countries nowa-
days. As a result of the transition a new 
mode of human development should appear 
[8]. 

 

 
 

Fig. 2. The self-regulation ecosystem by V. Dolnyk: 
I-VI – stages of ecosystem population capacity of the environment range of equilibrium, 
         − population, 
         − capacity of the environment, 
         − range of equilibrium, 
± opt – quality of environment 
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The concordant development stages were 
highlighted by Dzh. Forester in his investi-
gation of dynamics of city development, as 
the social system, located in the"... endless 
external environment" [9, p.13, 14, 26]. Ac-
cording to his results, the urban areas (a sys-
tem where people, business and housing in-
teract) are a self-regulating system that tends 
to the equilibrium [9, p.118, 139]. Thus, 
when the city passes its 250 year cycle (from 
growth and through stagnation to the bal-
ance) its structural and functional elements 
will undergo qualitative and quantitative 
changes (Fig. 4) [9, p.15, 16]. 

 

The comparative analysis of general trends 
in ethnic-, eco-, demo- and urban systems 
showed that all models have the stages of rap-
id growth, resource crises, decline and stabili-
zation, accompanied by consistent changes in 
terms of development and population. That 
means that the development based on single 
thermodynamic model, which results in suc-
cessive changes of phases and phase transi-
tions. The concept of such notions as "ethnic 
homeostasis", "stable population" and "bal-
ance in urban areas" expose the essence of a 
single phenomenon − the ecological balance 
in the interaction between population and en-
vironment. The development of considered 

 

 

 

 
Fig. 4. The city development by Zh. Forester 

 
 

Fig. 3. Demographic transition, according to the UN: 
1 – developing, 2 − developed countries 
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systems is an oscillatory process, where the 
criterion of “best” is missed but the rhythm of 
states’ change exist as well as more or less in-
tensity, speed and capacity development 

Concerning the quantification of the defi-
nite potential, which exists due to the nature 
of interaction between population and envi-
ronment, it should be noted that the total ex-
tent of interaction is the energy (enérgeia − 
action, activity, from the Greek). As known, 
there are two "great formula" definitions of 
energy in physics. The first one is Einstein's 
formula, according to which the energy in-
creases together with increasing body mass: 
E = mС². The second one is Planck’s for-
mula, according to which the energy in-
creases together with increasing frequency 
radiation: E = hν [10]. And reference to 
physics here is not random [11-14]. If care-
fully consider graphs on Fig. 1…4 one can 
notice that the dynamics of the initial stages 
of development of comparable systems is 
similar to the law of energy growth E = 
mC². The dynamics of the last stages can be 
compared with the law of energy growth E 
= hν. This inference coincides with the phe-
nomenological theory of S. Kapitsa [8]. 

 

The analogy of the relativism in physics. 
According to S. Kapitsa research, the world's 
population grows in explosive, hyperbolic 
manner (Fig. 5) [8]. 

In both cases the growth laws are non-
linear with escalation mode. The theory of re-
lativity covers the escalation of speed, and the 
phenomenological theory covers the escala-
tion of time (2012 – 2025 years). The growth 
of world population always follows the quad-
ratic law and at the late time period of explo-
sive growth the critical period of changing pa-
radigms and development strategies arose. 
The transition to a new paradigm should lead 
to profound qualitative changes in outlook and 
a new strategy for human development [8]. 
The similar results were obtained in the Insti-
tute of Applied Systems Analysis of Academy 
of Sciences of Ukraine (Fig. 6) [15]. 

According to M. Zgurovsky, in the period 
from the 705 year BC to the present, the world 
development had six waves of system world 
conflicts, the duration of which decreases and 
intensity increases according to a hyperbolic 
law. The ratio of wave length fluctuates 
around the "golden ratio" and their flow sub-
ordinates to the law of element changes of Fi-
bonacci series [15]. The seventh wave, or "the 

 

 
 

Fig. 5. Mathematical model of growth of world population by S. Kapitsa 
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conflict of XXI century" may have (if the time 
will allow) the interval from 2010 to 2092 
year [15]. However, when n > 6 for Cn the 
conflicts waves, the Fibonacci sequence de-
generates. Naturally the next question arises: 
what might happen to humanity? Maybe, it's a 
final cycle of a series of evolutionary and 
therefore "...the historical time is compressed 
in an exceptionally short interval..." [8]. 

Concerning the quantum analogy it must 
be mentioned that the time “compression” 
during the demographic transition leads to 
“docking” of relativistic and quantum me-
chanics. By S. Kapitsa, the transition to 
quantum knowledge occurs when a continu-
ous change of the system is determined by 
quantum conditions. In the case of “... in-
creasing population it happens when the time 
of system change becomes a characteristic of 
the man ...” [8]. When growth rate for gen-
eration is compared with the population of 
the world, the growing self-similarity is vio-
lated, the demographic time-dependent sys-
tem acquires a critical condition and there is 
a transition from the hyperbolic mode of de-
velopment with particular reference to the 
other (may be macro quantum). The mathe-
matical analysis of S. Kapitsa shows that af-
ter the transition the stabilized development 

of humanity becomes asymptotically stable 
[8]. 

 
PHYSICAL PARALLELS 

OF URBANIZATION AS ECOLOGICAL 
PHENOMENON 

 
From the foregoing appears that quantitative 
growth is peculiar only for early stage of de-
velopment of ecosystems on which they spend 
almost all available flow of energy [4]. These 
define the coincidence of economic growth 
goals and interests of “young” ecosystems. The 
stabilization of quantified growth and adapta-
tion to development in the context of limited 
resources is favorable for “mature” system. At 
this stage, which, as already mentioned, can 
last indefinitely time, the quantitative growth 
strategy can be changed by the strategy of 
maximum preservation of ecosystem integrity. 
Now almost all available flow energy is ex-
pended for the ecosystem support [4]. At this 
point the economical becomes environmental 
[5]. Therefore the existence of two definitions 
of sustainability is not random. An economic 
understanding of sustainability reflects the ten-
dency of quantitative increase of ecosystems in 
their reserve capacity. An ecological concep-
tion – is the tendency for transformation in de-
pletion capacity. Behind the ambiguity of ide-

 
 

Fig. 6. Wave of global system conflicts by M. Zgurovsky 



PRINCIPLES AND STRATEGIES OF SUSTAINABLE 

DEVELOPMENT OF REGIONS 

 19 

ologies of sustainability and changes of think-
ing paradigms, the reversibility of stages in the 
oscillatory cycles of ecosystems is hidden. 

The management strategies. It should be 
noted that solving environmental problems 
today is complicated by the fact that “ecol-
ogy” is usually understood as “environmental 
protection” and the avalanche of information 
concerning environmental pollution and deg-
radation hide the knowledge about how na-
ture arranged and processes that make it suit-
able for life. Consideration of general trends 
of ecosystem development at different levels 
of their structural and functional integrity: 
from individual cities and ethnic groups to 
humanity as a whole, showed some parallels 
with the processes that belong to “different 
physics” [11-14]. 

Within the subject-based knowledge, 
Physics is the science of nature; biology – is 
the science of wildlife ecology, in the literal 
sense – the science of organisms that studies 
the properties and establishes principles of 
joint interaction between living and inani-
mate nature [4, 5]. That means that ecology 
is a “great union theory” of biotic and abiotic 
interactions [12-14]. Physical theory, which 
seeks an unified basis to describe all four 
fundamental physical interactions (strong, 
weak, electromagnetic and gravitational) was 
called as a theory of super symmetry, or “su-
per gravity theory” [16]. 

According to V. Vernadsky, the global 
ecosystem of Earth is in a state of dynamic 
equilibrium and is characterized by slow 
change of its system settings [17]. The same 
postulates and modern physics, according to 
which “... the stability of the main structural 
elements of the Universe – nuclei of atoms, 
stars and galaxies – are very critical regard-
ing to the numerical values of constants”, 
relatively small changes of which “could lead 
to the formation of a qualitatively different 
world in which, in particular, the formation 
of life would not be possible...” [16]. 

As found, the pattern of self-regulation de-
termines the development of urban areas 
[9, 11]. In this aspect, the territorial devel-
opment becomes focused and projected, and, 
therefore, controlled processes with a given 

goal –the sustainable development in a range 
of ecological balance [12-14]. 

The equilibrium is described by the ratio 
of symmetry – a ratio of 1:1 between popula-
tion size and capacity of the environment 
(10% in the allowable range of deviation 
[5]). Same 1:1 ratio is a fundamental dimen-
sionless constant of strong interactions in 
physics [16]. 

Concerning the weak interaction, which is 
responsible for radioactive decay of nuclei 
and moderate burning sun (the energy source 
and driving force of ecosystem) it must be 
mentioned that during the period of demo-
graphic transition the synchronization of hu-
man time leads to growth breach. The exces-
sive nonstationary near the moment of esca-
lation leads to stochastic “radioactive” decay 
complex structures threats [18]. 

The gravity. In the ecological theory the 
process of urbanization is similar with the 
strategy of creation of safe settlement, ac-
cording to which, the gathering in a natural 
place covers its benefits in the form of in-
creased viability of the group (defined by co-
operation) and its disadvantages in the form 
of stress (caused by oversaturation, increased 
competition for resources protection, pollu-
tion and degradation) [4]. According to the 
principle of ecologically optimum density, 
the lack of population is unfavorable for the 
stability of populations, as well as his con-
gestion [4, 5]. Therefore, urbanization is fa-
vorable for the population only in a certain 
range, frames of which depend on the demo-
graphic capacity of the environment (accord-
ing to the Law of Ukraine “On Environ-
mental Protection” – Article 51, 59, a demo-
graphic definition of capacity is required in 
planning urban and regional development). 

This postulates the anthropological princi-
ple of modern physics, which requires the 
average density of matter in the Universe to 
be close to the critical ρ ≈ ρcr. When ρ«ρcr the 
condensation of matter in stars and galaxies 
cannot exist, and when ρ»ρcr the lifetime of 
Metagalaxy could be so small that it has no 
time to develop life [16]. Thus, the anthropo-
logical principle and the principle of ecologi-
cal optimum are essentially identical. 
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“Strangely enough, but the biological evolu-
tion and the evolution of the Universe have 
much in common. The formation of biologi-
cal species and the creation of planets – are 
the creation of new information... The com-
petition and natural selection are typical for 
alive and lifeless nature. The gravity discon-
tinuities that signal the formation of stars and 
planetary systems compete with one another 
for condensed material” [16]. 

The surrounding areas compete with the 
cities for the population in convergent man-
ner: “...when the city has more favorable 
conditions than the environment then it will 
concentrate people and commercial activi-
ties” [9]. The flow of people in the city “... 
will continue until overpopulation appears. 
Being unable to cope with overcrowding, the 
city will lose its appeal...” [9]. And here the 
other cities, regions, countries begin to 
“compete” for its people [14]. 

In the environmental aspects the increase 
of quantity reduction corresponds to the ex-
haustion – the restoration of the demographic 
capacity. In urban plane, this process can be 
identified in increasing – decreasing of popu-
lation density. In an ecological sense the fa-
vorable conditions for economic recovery are 
caused by environment capacity reserve and 
“lack of territory populousness”; at the same 
time the unfavorable conditions are caused 
by the exhaustion of capacity, its overpopula-
tion. Some favourable conditions have a cer-
tain “magnetism” that attracts people and 
leads to more quantity (natural, mechanical). 
Accordingly, the adverse conditions “push 
away” the population, which results in reduc-
ing of quantity [12, 14]. 

The electromagnetism. Exploring the 
properties and mathematically describing 
trends in urban areas as environmentally ur-
ban systems (EUS), some overlap in the fre-
quency of changes of key parameters and 
other physical wave natured quantities are es-
tablished [10, 12]. 

It may seem that the pendulum swings is 
not similar with a capacitor discharge 
through the coil inductance, and, especially, 
with ecodynamics of regional development. 
However, the urboecological processes, me-

chanical and electromagnetic waves are sub-
ject to the same quantitative laws. The de-
termined fact comes to light when interested 
not in thing that vary (spring-load, the elec-
tric current in a circle or population of some 
region) but in sense of fluctuations. Similar-
ity refers not to the nature of values, which 
change periodically, but to the processes of 
their changes [10, 18]. 

During the EUS stages development the 
ratio of capacity and population (C/P) peri-
odically changes as well as the population 
dynamics (∆P) (see Fig. 2). The body 
(mounted on a spring) free of mechanical vi-
brations periodically changes its coordinates 
(x) and projection speed (vx), while electro-
magnetic – capacitor charge (q) and current 
intensity (i) (Fig. 7) [10]. 

The inanimate physical systems are bal-
anced. In equilibrium, they are displayed: in 
mechanics – through rejection; in electrical 
circuit – through the process of capacitor 
charging. The living systems are not bal-
anced at first, but their goal is to achieve a 
balance through the development [4-7]. Re-
turning the body on spring to its equilibrium 
caused by elastic force (Fx = -kх), which is 
proportional to the body displacement from 
equilibrium position. The aspect ratio here is 
the spring stiffness (k). The capacitor dis-
charge (current occurrence) is caused by the 
voltage (u) between capacitor plates, which is 
proportional to the charge (q). Because (u = 
q/C), then the aspect ratio here is the recipro-
cal capacity (1/C) [10]. 

The development of some area leads to the 
exhaustion of its demographic capacity and 
population growth, which can be compared 
with the discharge capacitor and the advent 
of electric current in a circle. The population 
growth is caused by the reserve capacity 
(availability of resources opportunity in the 
environment to fit and feed a number of sta-
ble populations [6, 7, 11]). So the population 
growth is caused by the kind of voltage – the 
difference of potentials between the possible 
ecological (capacity) and implemented de-
mographic (population) potential of the terri-
tory. The return to the EUS equilibrium can 
be caused by resistance of environment 
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(1-P/C [4]). This resistance is generated by a 
kind of inductive growth and increases when 
the number of dimensions approach and ex-
ceed the dimensions of the container. The as-
pect ratio here presented as correlation (1/C), 
which defines the “tightening of environ-
ment” [4]. The above mentioned appears as 
variability of small and relative constancy of 
large ecosystems [4, 5]. A gradual increase of 
urban territorial boundaries of the object 
(from city, urban area to the regions, their 
groups and of countries’ territories) is a kind 
of “regulatory mitigation” of Human Envi-
ronment by town planning measures. 

Due to inertia, the body only gradually in-
creases the speed under the force and this 
speed is not immediately becomes equal to 
zero after the termination of the force. Simi-
larly, and electric current in the coil, through 
the self-inductance, increasing gradually un-
der tension and does not disappear immedi-
ately when the voltage becomes equal to zero 
(see Fig. 7) [10]. Similarly, the population in 
favorable environmental conditions that 
caused a stock tank, gradually increases and 
decreases (stabilized) immediately when the 
capacity is low (see Fig. 4). The time delay in 

the growth-decline processes in favorable-
unfavorable environmental conditions is 
caused by the inertia of EUS. The above 
mentioned procedures delay is inherent for 
all populations with complex life cycles and 
long-term individual development [4]. 

So circuit inductance (L) performs the 
same function as the body mass (m) in me-
chanics, in EUS its counterpart is the popula-
tion (P). Accordingly, the kinetic energy of 
the body (mvx

2/2) corresponds to magnetic 
field energy supply (Li2/2) and realized en-
ergy ЕUS (P∆P

2/2). The charging capacitor 
corresponds to the message body, which is 
sealed with spring by a potential energy 
(kxm

2/2) at its shift from equilibrium position 
at (xm) distance. In the capacitor this energy 
corresponds to the energy of the electric field 
(qm

2/2C) [10]. In the phenomenon of self-
regulation the initial coordinate (xm) corre-
sponds to the final – target parameters of en-
vironmentally safe, balanced and sustainable 
development of the EUS – the maximum 
number of its stable population (Pm), which is 
determined by the demographic dimensions 
of capacity (C). The considered compliance 
is listed in Tab. 1. 

 

 
Fig. 7. The analogy between mechanical and electromagnetic fluctuations 
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Therefore, the area is a kind of “natural 
solar power capacitor”, which has a certain 
maximum charge (qm) or demographic capac-
ity (C). The moment when the capacitor dis-
charge (q = 0) and reaches maximum 
strength of current (im), corresponds to pas-
sage of the body that is sealed with spring 
because of an equilibrium with maximum 
speed (vm). Then the capacitor starts to re-
charge (+ q → -q), and the body – rotates in 
the opposite direction. After a half period 
(T/2) the capacitor will fully recharge (+qm 
→ –qm) and the power supply will be equal to 
zero (i = 0). 

This condition corresponds to the devia-
tion of the limit in respect of the original, 
where his speed becomes equal to zero 
(see Fig. 7). The overcharging capacitor cor-
responds to changing parameters of stock – 
exhaustion of capacities and characteristics 
of area’s quality (±). When environmental 

conditions become “rechargeable” and envi-
ronmentally unfavorable, the population’s 
dynamics first becomes equal to zero 
(∆P = 0), and then enter the negative values 
(∆P < 0) (see Fig. 2). 

If there was no loss of energy, the oscilla-
tory process in electrical circuit would have 
been a long term lasting and fluctuations would 
have been undamped. The defined notion is 
similar with the above mentioned definition 
ecological balance. In fact, the energy loss is 
inevitable. They are caused by the resistance 
circuit, in which the electromagnetic field of 
energy conversion in internal energy of con-
ductor. In the absence of resistance, the total 
energy of the electromagnetic field can be 
kept [10]. And here is one more appropriate 
analogy. It is known that electromagnetic 
waves exist because the variable magnetic 
field generates an alternating electric field 
and vice versa [10]. 

Table 1. The analogy between indicators of environmental and urban systems (EUS), 
echanical and electrical quantities 

 

Mechanical Electrical quantities Indicators of ЕUS 

mass (m) inductance (L) population (P) 

coordinate (x) charge (q) 
capacity = maximum num-

ber of stable population 
(C=Pm) 

speed  
(vx= x’ ) 

current  
(i = q’ ) 

population dynamics  
(∆P or P’) 

acceleration  
(ax= x” ) 

electromagnetic waves in the 
circuit  

(q”= - q /LC) 

growth-rate decline  
(∆P’ or P” ) 

elastic force  
(Fx= -kх) 

resistance circuit (R) 
environment resistance  

(1 –P/C) 

spring stiffness (k) 
reciprocal capacity  

(1/C) 
stiffness of environment 

(1/C) 
potential energy  

(k x2/2) 
electric field energy  

(q2/2C) 
potential «electric» energy 

(C/2)1 
momentum  

(mvx
2/2) 

energy magnetic field (Li2/2) 
implemented «magnetic» 

energy (P∆P
2/2)2 

 
Notes. 

1. Agreed with data of Y. Odum: "Optimal maintenance capacity that can be stored for a 
long time, despite the whims of the environment, below the theoretical limit, perhaps 
by 50%" [4, part 1, p.180]. 
2. May explain some mentioned attractiveness of urban areas. 
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As noted, each territory has a certain 
demographic capacity, which causes growth 
stock, and exhaustion − population decline 
(and it probably creates a kind of "wave of 
development" (see Fig. 1-6). For develop-
ment purposes the territory’s capacity usually 
exhausted – “the condenser is running out”, 
and population size, number and attractive-
ness of cities increases (to a certain limit). A 
kind of conversion of potential energy of the 
region occurs in the realized power of its cit-
ies, which become "crystallized" over time in 
space. So the "electric field" of the region 
generates the "magnetic field" for the net-
work of its populated cities. By analogy with 
a total energy of the electromagnetic field 
(W= Li2/2 + q2/2C = qm

2/2C = Lim
2/2, Тable 1 

[10, p.28]), total energy of the EUS can be 
defined as follows: 

 
WЕUС = P∆P

2/2+ C/2= C= P∆Pm
2/2. 

 
The foregoing is consistent with the main 

postulate of relativity, according to which, in 
all inertial frames of reference all processes 
flow equally and in all such systems the 
physical laws have the same form [10]. The 
determined facts point to the possibility of 
scientific forecasting, planning and purpose-
ful management of development in urban ar-
eas. 

 
 

CONCLUSIONS 
 

The above mentioned similarities show that. 
1. Тhe self-regulation ecosystem, which is 

similar to "self-inductance of space-time de-
velopment”, characterized to the development 
of urban areas as environmental and urban sys-
tems; 

2. Тhe environmental problems of urbaniza-
tion is a natural stage of a life cycle of oscilla-
tory population of the ecosystem environment 
that strives for equilibrium − the main condi-
tions of sustainable development, goals and the 
final phase of a cycle that can last indefinitely 
in time before a new cycle develop to another 
level of its hierarchical integrity; 

3. Тhe super complex ecosystems are stable. 
To maintain its integrity and periodically over-
come the tendency to stochastic decay, they 
must exist in the vibrational mode, which al-
lows the braking processes and establish the 
overall rate of development of components 
within these systems; 

4. Іn the ecodynamics of the region, in any 
oscillatory process, the criterion of the “best” is 
absent. There is only rate changes states, more 
or less voltage, speed and capacity develop-
ment, which is determined by its ecological age 
and environmental parameters of stock- deple-
tion of demographic capacitance; 

5. Іn the ecophysical context the urbaniza-
tion phenomenon has some features of “super 
gravity", which also combine four fundamental 
physical interactions. 

6. The Strategies for sustainable spatial-
temporal development of urban areas (about 
70% of Ukraine's population and over half of 
the world's population lives in cities) are pro-
posed to build on the principles of conformity: 
the development phases (primary − growing, 
the ultimate − that transformed) and the territo-
rial integrity of the ecosystem of the popula-
tion-environment, which is regulated (region, 
country); economic programs and environ-
mental development strategies that vary in time 
and measurements of the capacity due to the 
territory; the rate of fluctuation of population-
environment ecosystem and its structural com-
ponents – territorial, economic, social, demo-
graphic and urban systems. 

Based on the abovementioned, the national 
and local strategies of environmentally safe, 
balanced and sustainable development is pro-
posed to develop in view of potential of natural 
regions’ growth of "young ecological age”, 
which have a demographic stock capacity [19]. 
These regions were found during the study of 
possibilities, directions and parameters of sus-
tainable development of Ukraine (Fig. 8). 

The ecological age and potential of "mosaic 
asynchronous development" of its regions, as 
eco-urban city systems, are defined on the ba-
sis of comparison with the population demo-
graphic parameters of their capacity (calculated 
by the method of the author). These defined the 
possible regionalization of the territory and 
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helped to suggest a transformational model of 
resettlement planning, which ensures the spa-
tial terms of environmentally sustainable, bal-
anced and safe development of the country for 
which the question of stabilization of the popu-
lation provides the guideline features in its na-
tional security [20-22] (Fig. 9). 
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нии этого явления. 
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экосистемная саморегуляция, экологическое 
равновесие, демографическая емкость, эколо-
го-градостроительные системы. 
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Summary. The paper analyses the predictive 
properties of Brown's adaptive model in the ex-
tended domain of internal parameters, which re-
lates to the class of problems in parametric syn-
thesis of forecast models, namely: evaluating the 
stability of model predictive properties to varia-
tion of internal parameters by searching for fore-
cast robustness domains. The approach suggested 
is illustrated by an example. 

Key words: Brown's model, exponential 
smoothing, parametric synthesis, forecast robust-
ness. 

 
INTRODUCTION 

 
Among the key functions of systems for 

controlling social and economic processes 
according to [1] are forecasting and process 
planning. Implementing this function with-
out advanced forecasting methods is impos-
sible, and any attempts to manage without 
them in current conditions are foredoomed, 
at least, to a financial failure. Underestimat-
ing the importance of forecasting and the 
quality of forecasts downplays the competi-
tive advantages of enterprises and organiza-
tions. This makes forecasting one of the key 
tasks in controlling social and economic 
processes. Proper usage of predictive mod-
els, a clear understanding of their internal 
workings, and a knowledge of the limits of 
model adequacy are the necessary condi-
tions for quality and well-grounded manage-
rial decisions, and consequently, for effec-
tive management as a whole. 

This paper analyses the predictive proper-
ties of Brown's adaptive model in the ex-

tended domain of internal parameters, which 
relates to the class of problems in parametric 
synthesis of forecast models. 

 
REVIEW OF PUBLICATIONS 

 
R. Brown suggested his predictive model 

[2] or exponential smoothing model in the 
late '50s of the last century and found appli-
cation in tens of engineering’s tasks [3-8]. 
His concept was to use the exponential aver-
age value of a stationary time series: 

 

 
( )

( ) ( )

1 2

1 1

1

1

1 1

t t t

n
n i

t n t i
i

F A A

A A ,

− −

− −
− −

=

= α + α − α +

+α − α = α − α∑
 (1) 

 
for short-term forecasts, where tF  is forecast 
at point of time t  (exponential mean), 

1 2t t t nA , A , ..., A− − −  are series values at respec-
tive time points, n  is time series length, α  
is smoothing factor (a constant). 

Practical application of Brown's model 
requires solving the model parametric set-
ting problem, i.e. substantiate the choice of 
smoothing factor α . Many publications 
have dealt with the problem of choosing this 
Brown's model factor, e.g. [9-15]; however, 
to date there is no single approach to this. 

The classical range of admissible values 
of the smoothing factor is the interval 

[ ]0 1, α∈ . This range is logically condi-

tioned by the necessity to ensure conver-
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gence of the series of weight coefficients in 
formula (1) 

 

 { } ( ) ( ) 1

1
1 1

n n
k k

a , , ..., 
−

= = α α − α α − α  (2) 

 
to unit. 

At the turn of the Millennium, 
S.G. Svetun'kov in his studies, e.g. [10], 
demonstrated that the classical range 

[ ]0 1, α∈  could be extended to [ ]0 2, α∈  

without violating the condition of conver-
gence of weight coefficients series (2) to 
unit. In this case, series (2) changes from a 
fixed-sign one in the interval [ ]0 1, α∈  to a 

variable-sign one in the interval ( ]1 2, α∈ . 

Set ( ]1 2, α∈  of the internal factor of 

Brown's predictive model is known as the 
'out-of-limit' one [16-18] or Svetun'kov's set 
[19]. 

Let set cK  be a classical admissible set, 
set outK  be an out-of-limit admissible set, 
and set ex t c outK K K= ∪  be an extended ad-
missible set of smoothing factor α : 

 

 

{ }
{ }
{ }

0 1

1 2

0 2

c

out

ex t

K :  ,

K :  ,

K :  .

 = α ≤ α ≤


= α < α ≤
 = α ≤ α ≤

 (3) 

 
 

PROBLEM STATEMENT 
 

The objective of this study is investigating 
the predictive properties of Brown's model 
on an extended set ex tK  of internal factor α , 
and ensuring stability of model predictive 
properties to variations of internal factors by 
searching for forecast robustness domains. 

 
MAIN PART 

 
Let us investigate the behaviour of the 

sum of series (2) with an increasing number 
of its terms n  on extended set ex tK  of 
smoothing factor α : 

 

 ( )1 1
n

nS = − − α . (4) 

Fig. 1 shows dependence ( )nS , nα  ac-

cording to (4). 
From Fig. 1, it is obvious that the sum of 

coefficients in (1) is not equal to unit in all 
cases. This means that Brown's model uses 
strictly speaking not the exponential average 
as a forecast, but the exponential weighted 
value of the initial series. 
 

 
 
Fig. 1. Sum of series of Brown's model weight 
coefficients vs. smoothing factor α  and number 
of series elements n  on extended set ex tK  

 
The closeness of the forecast to the expo-

nential average can be evaluated analytically. 
For this, let us transform dependence (4) by 
mirror imaging a group of growing branches 
with respect to a unit level. 

Fig. 2 shows dependence 
 

 1 1
n

nS ′ = − − α . (5) 

 
Fig. 2, besides showing dependence 
( )nS ,n′ α , shows a plane at level 

1 0 01 0 95, .− λ = , where λ  is measure of 
closeness to the exponential average value. It 
intercepts the domain of parameters in plane 
( ),nα , within which the predictive value is 

close to the exponential average one by less 
than λ  percent. 

The boundaries of this domain can be 
found from relationship 

 

 1 1 1 0 01
n

,− − α ≥ − λ . (6) 
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Fig. 2. Transformed sum of Brown's model 
weight coefficients vs. smoothing factor α  and 
number of series elements n  on extended  
set ex tK  
 

Hence, 
 

 1 0 01
n

,− α ≤ λ , (7) 

 
or finally, 
 

 ( ) ( )1 1
1 0 01 1 0 01

/ n / n
, ,  − λ ≤ α ≤ + λ . (8) 

 
The domain satisfying (8) is shown in 

Fig.3. 
 

 
Fig. 3. Domain in plane of factors ( ),nα  ensur-

ing closeness of Brown's model forecast to the 
average exponential value of n  series elements 
by less than λ  percent ( 5λ = ) 

 
 
The parametric synthesis problem can be 

solved analytically only 'retrospectively', i.e. 
for time points ( )1t − , ( )2t −  and earlier ones 

[14]. This requires solving retrospective equ-
ations of the kind: 

 

 ( ) ( )
1

1
1 1 1

1

1
n

i
t t i t

i

F A A
−

−
− − − −

=
α = α − α =∑ . (9) 

 
Let us consider a situation when an equa-

tion of the (9) kind has been formed for one 
time point ( )1t −  and has more than one real 

root on extended admissible set 
{ }0 2ex tK :  = α ≤ α ≤ . This means that there 

are real 1 2 j, , ..., α α α , 2j ≥ , which being the 

roots of retrospective equation (9), would en-
sure an accurate forecast at point of time 
( )1t − . 

Hence, one faces the problem of a well-
grounded choice among 1 2 j, , ..., α α α  of 

smoothing factor α  values for forecasting at 
time point t . 

Obviously, as to their retrospective accu-
racy, all values 1 2 j, , ..., α α α  are equivalent 

by virtue of the concept of retrospective 
analysis, i.e. ensuring absolute accuracy for 
past time points with respect to t . 

In this situation, the criteria for choosing 
smoothing factor α  can be sensitivity and 
robustness of forecasts obtained for 

1 2 j, , ..., α α α . The following method is sug-

gested for choosing smoothing factor α  for 
the above-stated conditions (Fig. 4). 

Stage 1. Forming retrospective equation 
of the kind (9) for time point ( )1t −  and a 

sampling length of n  elements. 
Stage 2. Searching for the real roots of re-

trospective equation of the kind (9) by using 
applied mathematical software packages (for 
instance, Maple) or the graphical method. 

If no real roots exist on the extended ad-
missible set { }0 2ex tK :  = α ≤ α ≤ , then 

Brown's model (1) is inapplicable for pre-
dicting the series being investigated and re-
quires a structural complication. 

If on set ex tK  there exists one real root, it 
shall be accepted as the value of smoothing 
factor α  for forecasting at time point t . Sen-
sitivity and robustness of the forecast can be 
evaluated according to the following stages, 
though in this case they cannot be the criteria 
for parametric setting of the model. 
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Fig. 4. Method for choosing smoothing factor α  by the criteria of sensitivity and robust-
ness of retrospective forecasts 

 
Stage 3. Evaluation of forecast sensitivity 

is suggested to be done by calculating the 
sensitivity equal to the module of the deriva-
tive of forecast function ( )1tF −′ α  in points 

1 2 j, , ..., α = α α = α α = α , 2j ≥ , where 

1 2 j, , ..., α α α  are real roots of retrospective 

equation (9). 
Stage 4. Choosing the least sensitive fore-

cast. This is done by solving the optimization 
problem: 

 

 ( ) ( )1 1
* *

t t i
i

:  F min F− −′ ′α = α α = α , 1i , j= .(10) 

 
Value *α = α  ensures minimal forecast 

sensitivity to small variations of smoothing 
factor α  in the vicinity of *α . 

Stage 5. Determining forecast robustness. 
Forecast robustness can be evaluated graphi-
cally by showing the sensitivity of the fore-
cast relative error to smoothing factor α  var-
iations. 

For this, we shall substitute 
 

 i iα = α + ∆α , 1i , j= , (11) 
 
where iα  are real roots of equation (9), into 
the expression for the forecast relative 
error Fε  
 

 
( )1 1

1

100t t
F

t

F A

A
− −

−

α −
ε = ⋅ . (12) 

 
Systematic error i∆α  with respect to real 

root iα  can be expressed through the relative 
error of choosing smoothing factor α : 

 
 0 01i i, α∆α = α ε , (13) 
 
where αε  is relative error of choosing 
smoothing factor α  in percent. 

With account of the symmetry of the func-
tion of the sum of weight coefficients (4) in 



ANALYSIS OF THE PREDICTIVE PROPERTIES OF BROWN'S MODEL 

IN THE EXTENDED DOMAIN OF THE INTERNAL PARAMETER 

 31 

Brown's model on classical cK  and out-of-
limit admissible set outK , expression (13) 

shall be used with [ ]0 1i , α ∈ , and with 

[ ]0 1i , α ∈  i∆α  shall take the form: 

 
 ( )0 01 2i i, α∆α = − α ε . (14) 

 
Making all the substitutions (12) yields 
 

 ( )( )
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1

1
1

100
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F
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i i i t i
i

i

A

, , A

, , 

−
−

−
α α − −

=

ε = ×

× α + ε −α − α ε −

− α ∈

∑ (15) 

and 

 ( )( )
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1
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1 2

F
t

n

i i
i

i
i t i

i

A

,

, A , 

, .

−
−

α
=

−
α − −

ε = ×

× α + − α ε ×

× − − α ε −

α ∈

∑  (16) 

 
If dependencies (15) and (16) for all real 

roots of retrospective equation (9) with a to-
tal number of j  shall be shown in a single 

plane of parameters ( )F , αε ε , then one can 

easily evaluate the degree of robustness of 
forecasts obtained for different α  (Fig. 5). 

 

 
Fig. 5. Sensitivity of forecast relative error Fε  to 

variation of smoothing factor α  by αε  percent 
with respect to retrospective equation roots 
 

All the curves in Fig. 5 corresponding to 
real roots of retrospective equation (9) pass 
through the origin of coordinates because the 
forecast relative error at iα = α , 1i , j=  equals 
zero. 

The closer the curve approaches the X-
axis the less sensitive is the forecast to varia-
tion of α , and hence, it possesses better ro-
bustness. 

Analytically, it is suggested to be evalu-
ated by an inverse of the module of the defi-
nite integral of function ( )F αε ε  over a con-

crete interval. Let it be called the robustness 
parameter: 

 

 ( )

( )

1

i

i

F

r

d

β
β

α α
−β

=
ε ε ε∫

, (17) 

 

where ( )
ir

β  is robustness parameter for the i -

th forecast in the range ( );−β β , ( )
iF αε ε  is the 

analytical dependence of the error of the i -th 
forecast on the error of choosing the smooth-
ing factor. 

Obviously, ( ) ( )0ir ,β ∈ ∞ . Small values of 

the robustness parameter mean significant 
sensitivity or forecast instability to smooth-
ing factor α  variations. Big values of the ro-
bustness parameter mean that, over the whole 
interval ( );−β β , the sensitivity curve in Fig. 

5 is in close proximity to the X-axis, ensur-
ing thereby insensitivity or stability of fore-
cast quality to smoothing factor α  variations. 

Stage 6. The most robust forecast is cho-
sen by solving optimization problem: 

 

 ( ) ( ) ( )** **
i i

i
:  r max rβ βα = α α = , 1i , j= . (18) 

 
In case of matching optimal values of *α  

and **α  found by sensitivity and robustness 
criteria, respectively, choosing the smoothing 
factor for forecasting for the next time period 

* **α = α = α  seems well-grounded. 
Stage 7. Ranking criteria and adjusting 

the robustness evaluation range. Fig. 6 
shows the case when * **α ≠ α , and poses the 
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problem of ranking sensitivity and robustness 
criteria. 
 

 
Fig. 6. Arrangement of sensitivity curves of fore-

cast errors for * **α ≠ α  
 
Sensitivity is a moment or differential es-

timate characterizing the sensitivity curve 
slope in point iα = α  or 0αε =  (in Fig. 6, 

1 2ϕ < ϕ ). Robustness is an integral estimate 
characterizing the area under the sensitivity 

curve (in Fig. 6, ( ) ( )
1 2r rβ β>  for *β < β  and 

( ) ( )
1 2r rβ β<  for *β > β ). 

Hence, the researcher is forced to deter-
mine one's subjective preference in regard to 
criteria or determine such a range ( );−β β , for 

which the solutions of the optimization prob-
lem for two criteria match. 

Example. As an example, let us consider 
a series of climate data from the weather 
conditions archive (http://meteo.infospace.ru) 
namely: sea level atmospheric pressure 0P  
recorded from 26.11.1998 to 2.02.1999 by 
the Kharkiv Weather Station daily at 12:00 
local time (Fig. 7). 
 

 
Fig. 7. Climate data series 

 

Let us apply the suggested method of 
choosing α  for sampling from the 47th to the 
57th series elements. 

Stage 1. The following retrospective equa-
tion is formed: 

 

 

11 10 9
12

8 7 6

5 4 3

2

1011 11129 55695

167269 334979 469696

470527 336738 168687

56305 11246 1007

F

.

= α − α + α −

− α + α − α +

+ α − α + α −

− α + α =

 (19) 

 
Stage 2. The real roots of the equation are 

located on the extended admissible set of 
smoothing factor α : 

 
 1 0 3439,α = ; 2 11192,α = ; 3 1 5900,α = .(20) 
 

Stage 3. Let us calculate the derivative 
 

 

10 912
12

8 7 6

5 4 3

2

11121 111290

501255 1338152 2344853

2818176 2352635 1346952

506061 112610 11246

dF
F

d
′ = = α − α +

α
+ α − α + α −

− α + α − α +

+ α − α +

(21) 

 
in points (20): 

 

 

( )
( )
( )

12 1

12 2

12 3

145 6646

7 7603

48 0280

F , ,

F , ,

F , .

′ α =


′ α = −
 ′ α =

 (22) 

 
Stage 4. The smaller by module derivative 

indicates the least sensitive forecast obtained 
with smoothing factor 2 11192* ,α = α =  
(Fig. 8). 
 

 
Fig. 8. Real roots of retrospective equation (19) 
 

Stage 5. Graphical evaluation of forecast 
robustness is shown in Fig. 9. 
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Fig. 9 shows that the forecast obtained for 

2α = α  is the least sensitive to variation of 
smoothing factor α , and hence, is more ro-
bust. Note that the forecast obtained for 

1α = α  has the worst robustness of the three 
ones, though when the classical admissible 
set { }0 1cK :  = α ≤ α ≤  is used it is the only 

admissible one. 
 

 
Fig. 9. Graphical evaluation of forecast robust-
ness 

 
Let us determine the robustness parame-

ters for three forecasts for 10%β = : 
 

 

( )

( )

( ) ( )

10
1 10

1
10

10 10
2 3

1
0 1964

1 4731 0 4907

F

r , ,

d

r , , r , .

α α
−

 = =
 ε ε ε

 = =

∫ ; (23) 

  
Stage 6. The most robust forecast corre-

sponds to 2 11192** ,α = α = . 
Stage 7. In this case, criteria ranking and 

adjustment of the robustness evaluation 
range is not required because 

11192* ** ,α = α = . This value of α  will be 
used for forecasting for the next time point. 
The forecast shall be calculated for two sam-
ples with a length of 11 and 12 series ele-
ments, having compared them for relative 

accuracy ( ( )11
iε  and ( )12

iε ). The simulation re-
sults are shown in Table 1. 

As Table 1 shows, choosing smoothing 
factor 11192* ** ,α = α = α =  ensures not only 
the robustness of the retrospective forecast to 
variation of α , but also the robustness of the 

current forecast to variations in sample 
length n . 

 
Table 1. Retrospective analysis of climate data 
and evaluating the sensitivity and robustness of 
forecasts 

 
Series 

elements 
47-57 47-57 47-57 

i  1 2 3 

iα  0,3439 1,1192 1,5900 

( )iF ′ α  145,6646 −7,7603 48,0280 

( )10
ir  0,1964 1,4731 0,4907 

( )11
iε  -0,1369 0,1990 0,6816 

( )12
iε  0,1986 0,1990 0,1990 

 
 

CONCLUSIONS 
 

Using an extended admissible set of 
smoothing factor α  in Brown's model re-
quires additional analysis of the properties of 
the series and the model per se because the 
algebraic properties of series (2) of the model 
weight coefficients are different on the clas-
sical admissible set cK  and the out-of-limit 
admissible set outK . Reducing the process of 
parameter setting of Brown's model to simple 
"smoothing factor choosing" often unduly 
simplifies forecasting and results in loss of 
model adequacy, and hence, forecast accu-
racy. A method has been suggested for 
choosing smoothing factor α  by the criteria 
of sensitivity and robustness of retrospective 
forecasts. It allows determining the setting 
parameters of Brown's model ensuring max-
imum stability of forecasts to variations of 
model internal parameters. The method sug-
gested is illustrated by an example using a set 
of real climate data. 
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АНАЛИЗ ПРОГНОЗНЫХ СВОЙСТВ 
МОДЕЛИ БРАУНА В РАСШИРЕННОЙ 

ОБЛАСТИ ВНУТРЕННЕГО ПАРАМЕТРА 
 
Аннотация. Публикация посвящена ана-

лизу прогнозных свойств адаптивной модели 
Брауна в расширенной области внутренних 
параметров, относящемуся к классу задач па-
раметрического синтеза прогнозных моделей, 
а именно оценке устойчивости прогнозных 
свойств модели к изменению внутренних па-
раметров путем поиска областей робастности 
прогнозных оценок. Предложенный подход 
проиллюстрирован примером. 
Ключевые слова: модель Брауна, экспо-

ненциальное сглаживание, параметрический 
синтез прогнозной модели, робастность про-
гнозных оценок. 
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Summary. This publication is devoted to 
practical aspects of a new method of form correc-
tion of planar rod constructions. This method 
should be used after the initial shape of the frame 
construction is already defined. At the same time, 
suggested method makes it possible to determine 
the components of the stress-strain state of the 
construction and has the same mathematical 
foundation as a method of cutting out of nodes in 
theoretical mechanics. Also, the article demon-
strates the principle of applying the method on 
the example of correction of form of elementary 
frame construction with hinge joint of rods. An 
example illustrates the advantages of this method 
over methods of numerical simulation, because it 
does not require changing of instrument base dur-
ing the transition from automated shaping of con-
struction to determination of efforts in its rods. 

Key words: geometric modeling, discrete 
model, rod frame constructions, differential regu-
larities, numerical simulations. 

 
INTRODUCTION 

 
Most of the tasks of building mechanics 

involve determination of certain components 
of the stress-strain state (SSS) of construc-
tions. It is assumed, that the geometrical pa-
rameters of structures are predetermined and 
represent the initial conditions for calcula-
tions. In the case, when before the calcula-
tions the morphogenesis process is carried 
out, it is necessary to apply two distinct me-
thods: the first one – to determine the actual 
form of construction, the second one – to 
calculate the parameters of SSS. 

At the present stage of development of 
computer aided design systems the most 
programs intended for calculation of con-

struction for strength and stability involve 
the ability to import finite data from the spe-
cialized software`s environment for building 
of graphic models of these constructions. 
However, models that are products of graph-
ics programs created directly by the users 
(architects, engineers, designers, etc.), while 
automated algorithms for morphogenesis of 
constructions in the environment of these 
programs are nearly absent. Should be add-
ed, that existing mathematical algorithms of 
morphogenesis of building structures do not 
have sufficient variability to describe the 
features of work of construction elements in 
the process of loading and operation with 
required accuracy. 

All the above mentioned points to the 
need to prepare a theoretical and tool base to 
create a unified method of building struc-
tures shape modeling, with possibility of 
their adjustments and subsequent calculation 
of component of SSS of their elements.  

One of the most pressing areas of this 
problem is the formation and modeling of 
the rod building structures’ work. Rod con-
structions have an important place among 
building structures, because their designing 
requires from engineers a high level of skills 
and responsibility. They are used in the de-
sign of beam coatings, trusses and covering 
membranes, bearing and self-supporting 
frames of buildings, frame structures and 
many others. 

In this publication we will consider the 
outlined problems in the context of research-
ing and modeling of planar rod or frame 
structures with hinge joint of rods. 
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PURPOSE OF WORK 
 
Basic principles of morphogenesis prob-

lem solving and subsequent adjustment of 
mesh and rod constructions were presented 
in a series of works [1-5]. The main idea of 
described in these works method is to apply 
the fundamental differential patterns be-
tween geometric and physical parameters of 
network structures and external fields for 
systemic redistribution of interaction forces 
between their vertices [6]. At the same time, 
works have the generalizing character and 
dedicated to the realization of mathematical 
apparatus of morphogenesis on examples of 
universal models of network structure (such 
as discrete surfaces, as in [5]). Obvious, that 
for the application of the proposed method 
in the tasks of structural mechanics and me-
chanics of rod systems it is necessary to 
adapt it to some extent, taking into account 
the engineering specifics. Such an adaptation 
is the main purpose of this work. 

 
 

REVIEW OF PREVIOUS RESEARCHES 
 
For a start, we present the basic provi-

sions of the method, summarized in [6], and 
simplified for two-dimensional case. 

Suppose there is some two-dimensional 
rod system with hinge joint in the free and 
basic (reference) nodes. We shall assume, 
that the known topological characteristics of 
the system (number and order of rods con-
nection) and rigidity (stiffness) parameters 
of its rods ℵi,j, which are expressed by the 
ratios of the absolute values of longitudinal 
efforts in rods Ri,j and their lengths δi,j: 
 

.,,, jijiji R δ=ℵ  (1) 
 
It is known, that the equilibrium state of 

each node can be described, using the prin-
ciple of cutting out of units by replacing 
each rod, that connects to the node, on corre-
sponding resistance efforts. Omitting the 
projection of vectors of forcesℑі, acting on 
the node from the outside, and vectors of in-
ternal effortsRi,j, which cut off rods, on the 
coordinate axes, we obtain the following 

system of equilibrium equations of arbitrary 
node (taking into consideration equality (1)): 
 

( ) ,, 0ss is

n

1j
jiij =ℑ+ℵ⋅−∑

=

 (2) 

 
where: s – generalizing designation of coor-
dinates; n – quantity of uncommitted nodes 
of construction.  

If we assume, that the rigidity parameters 
of rods ℵi,j and external loadℑі is prede-
termined, then system of equations of type 
(2), composed for all free nodes of rod con-
struction, can be solved relative to coordi-
nates of these nodes. In this way, the process 
of prior morphogenesis of construction can 
be implemented. Having the coordinates of 
nodes, and determining the length of rods, it 
is not difficult to calculate internal forces 
from formula (1). 

To make it possible to determine appro-
priate rigidity parameters of rods ℵi,j during 
adjustment of position of nodes, and to be 
able to calculate internal forces, the system 
(2) should be supplemented by a system of 
parametric equations of rod’s state. These 
equations have the following form: 

1) for the rods, connecting two free nodes 
of construction (Sa and Sb): 

 

+ℵ⋅δ⋅χ+ℵ⋅δ∑
−

=
ba

2
ba

1m

1i
ia

2
ia ,,,,  

( ) ;,,, 0B baba

1n

1j
jb

2
jb =+ϕ+ϕ−ℵ⋅δ+∑

−

=

 
(3) 

 
2) for the rods, that connect one free and 

one basic nodes (Sa and Sref):  
 

+ϕ−ℵ⋅δ⋅χ+ℵ⋅δ∑
−

=
arefa

2
refa

1m

1i
ia

2
ia ,,,,  

( ) ,, 0ByRxR refarefrefyrefrefx =+⋅+⋅+  
(4) 

 
where: m and n – number of nodes adjacent 
to the a-th and b-th (or ref-th) nodes, χ – 
some non-negative constant; ϕa and ϕb – 
nodal values of the scalar potential (of the 
field of objective function), Rref – values of 
efforts in the rods that are connected to the 
rocker bearing, Вa,b and Вa,ref – general oper-
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ating constants of integration. 
In a matrix form the process of forming 

and subsequent correction of rod construc-
tion shape can be described by following 
system: 
 

[ ] [ ] [ ] [ ]( )
{ } ( )[ ] { } { }(

( )[ ] { })











ℵ⋅δ+

+ϕ−ϕ⋅δ=ℵ

ℑ−−⋅ℵ=

−

−

−−−

.

,

/

1p2p

pp
12pp

p1p11pp gs

 (5) 

 
Here: [s] – matrix of coordinates (with di-
mension k×2, where k – the quantity of 
nodes of the model), [g] – matrix of the 
boundary conditions (with dimension k×2), 
[ℑ] – matrix of external influences (with di-
mension k×2), [ℵ] – matrix of stiffness pa-
rameters of rod structure (with dimension 
k×k), {ℵ} – column vector of stiffness pa-
rameters of rod structure, [δ2] – matrix of 
geometric parameters of rod structure (with 
dimension h×h, where h – quantity of mod-
el’s rods), {ϕ} – column vector of nodal 
values of the scalar potential, {ϕ/} – column 
vector of expected nodal parameters of the 
scalar potential, p – index corresponding to 
the current step of the iterative calculation. 

Solving the system (5) (if necessary using 
iterative calculation), we define values of 
corrected parameters of rods rigidity and co-
ordinate of nodes of the model. 

 
 

CORRECTING OF THE SHAPE 
OF ROD CONSTRUCTIONS 

 
Changing the position of nodes, using 

model systems (5), must be carried out by 
replacing the current values of the scalar po-
tential ϕi on expected values ϕ/

i. It is as-
sumed, that external influenceℑі is in gra-
dient connection with the current scalar po-
tential. However, in [7] was founded that 
this relationship is not required. Moreover, 
there is possible the variant of local correc-
tion of construction. In this case the potential 
ϕi should be corrected only in certain points 
of the model. 

If we need to move the selected set of 
nodes in the individual order, each of these 
nodes will have the functions of the scalar 
potential. Thus, in each node, which exposed 
by moving, scalar potential value will be 
represented by its objective function. Obvi-
ously, the objective function value must de-
cline to zero under the condition, that the 
coordinates of the node come near to values 
set by the engineer. Therefore, objective 
function of an arbitrary i-th node Sі should 
be presented in the form of its distance from 
a certain established point T: 
 

=ς=ϕ=ϕ ),()( iiii yxs  
212

iT
2

iT yyxx ))()(( −+−⋅ϑ= . 
(6) 

 
Here: ϑ – coefficient, entered to effect on 
speed of convergence of the iterative calcu-
lation. 

The value of the expected node potential 
will be zero: ϕ/

i = 0. 
Let's consider the example of shape cor-

rection of elementary rod construction in the 
form of a planar frame, which consist of 2 
rods and has 2 hinged-fixed reference node 
(A and B) and only 1 free hinge node V with 
the given loadℑV (see. Fig. 1, a). 

 

a) 

b) 

 
 
Fig. 1. The rod frames: a − frame AVB; 
b − frame ACVDB, obtained by adding nodes 
C and D to the frame AVB 

 
 
This frame is statically undetectable. In 

addition, it can not be corrected, using the 
system (5). The fact is, that in order to prop-
erly influence to the changes of rigidity pa-
rameters of rods, using nodal potentials, in 
each parametric equation of rods of type (3) 
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or (4) must be contained various combina-
tions of nodal potentials. In our case, the eq-
uations of rods AV and VB contain only po-
tentials ϕV of node V. These equations have 
the following form: 

 
+ϕ−ℵ⋅δ+ℵ⋅δ⋅χ VBV

2
BVVA

2
VA ,,,,  

( ) 0ByRxR VAAAyAAx =+⋅+⋅+ ,
, 

(7) 

+ϕ−ℵ⋅δ⋅χ+ℵ⋅δ VBV
2

BVVA
2

VA ,,,,  

( ) 0ByRxR BVBByBBx =+⋅+⋅+ ,
. 

(8) 

 
From equations (7) and (8) we see, that 

when we change potential ϕV, then parame-
ters ℵA,V and ℵV,B will change in direct pro-
portion. In this case, the trajectory of the 
node V can not be controlled. 

To make control of rigidity parameters of 
construction possible, we should halve rods 
AV and VB by additional nodes C and D re-
spectively. We obtain the following rela-
tions: 
 

2VAVCCA ,,, δ=δ=δ , (9) 

2BVBDDV ,,, δ=δ=δ . (10) 

 
The resulting structure is shown at Fig. 1.b. 

Obviously, if any external forces will not 
act the additional nodes C and D, then inter-
nal forces in a rods AC and CV, VD and DB 
will be equal and in fact will remain in solid 
segments AV and VB. That is: 

 

VAVCCA RRR ,,, == , (11) 

BVBDDV RRR ,,, == . (12) 

 
Considering the equation (9) – (12), we 

write the relations between the stiffness pa-
rameters of rods AC, CV and AV, as well as 
VD, DB and VB: 

 

VAVCCA 2 ,,, ℵ⋅=ℵ=ℵ , (13) 

BVBDDV 2 ,,, ℵ⋅=ℵ=ℵ . (14) 

 
Let’s compose the equilibrium equations 

of type (2) for all free nodes (C, V and D): 

 
−⋅ℵ+⋅ℵ VVCACA ss ,,  

( ) 0sCVCCA =⋅ℵ+ℵ− ,, , 
(15) 

−⋅ℵ+⋅ℵ DDVCVC ss ,,  

( ) 0s VsVDVVC =ℑ+⋅ℵ+ℵ− ,, , 
(16) 

−⋅ℵ+⋅ℵ BBDVDV ss ,,  

( ) 0sDBDDV =⋅ℵ+ℵ− ,, . 
(17) 

Rewrite equation (15) – (17), taking into 
account the identities (13) and (14) and all 
possible simplifications: 

 
0ss2s VCA =+⋅− , (18) 

−⋅ℵ+⋅ℵ DBVCVA ss ,,  

( ) 02s VsVBVVA =ℑ+⋅ℵ+ℵ− ,, , 
(19) 

0ss2s BDV =+⋅− . (20) 
 
Now we compose system of parametric 

equations of state for rods AC, CV, VD and 
DB: 

 
+ϕ−ℵ⋅δ+ℵ⋅δ⋅χ CVC

2
VCCA

2
CA ,,,,  

( ) 0ByRxR CAAAyAAx =+⋅+⋅+ ,
, 

(21) 

+ℵ⋅δ⋅χ+ℵ⋅δ VC
2

VCCA
2

CA ,,,,  

0VCDV
2

DV =ϕ+ϕ−ℵ⋅δ+ )(,,
, 

(22) 

+ℵ⋅δ⋅χ+ℵ⋅δ DV
2

DVVC
2

VC ,,,,  

0DVBD
2

BD =ϕ+ϕ−ℵ⋅δ+ )(,,
, 

(23) 

+ϕ−ℵ⋅δ⋅χ+ℵ⋅δ DBD
2

BDDV
2

DV ,,,,  

( ) 0ByRxR BDBByBBx =+⋅+⋅+ ,
. 

(24) 

 
We shall add pairs of equations (21) with 

(22) and (23) with (24), given the identity 
(9), (10), (13) and (14), setting the coeffi-
cient χ = 2 (according to [2], since as quan-
tity of model’s nodes is higher than the 
quantity of rods), and performing all possi-
ble simplification: 

 

( ) −ℵ⋅δ⋅+ℵ⋅δ⋅ BVBVVAVA ,
2

,,
2

, 213  

+ϕ+ϕ⋅− )( VC2  

( ) 0ByRxR CAAAyAAx =+⋅+⋅+ , , 

(25) 
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( ) −ℵ⋅δ⋅+ℵ⋅δ⋅ BVBVVAVA ,
2

,,
2

, 321  

+ϕ⋅+ϕ− )( DV 2  

( ) 0ByRxR BDBByBBx =+⋅+⋅+ , . 

(26) 

 
Using equations (18)-(20), we write the 

components of the first expression of system 
(5). They will have the following form: 

1. The matrix of coordinates [s]: 
 

[ ] [ ],YXs =  (27) 
where: {X} and {Y} – column vectors of co-
ordinates of nodes, which have the form: 

 

{ } [ ]DVC
T xxxX = , (28) 

{ } [ ]DVC
T yyyY = . (29) 

 
2. The matrix of boundary conditions [g]: 
 

[ ] [ ],yx ggg =  (30) 

 
where: {gx} and {gy} – column vectors of 
boundary conditions, which have the form: 
 

{ } [ ]BA

T

x x10x1g ⋅−⋅−= , (31) 

{ } [ ]BA

T

y y10y1g ⋅−⋅−= . (32) 

 
3. The matrix of external forces [ℑ]: 
 

[ ] [ ]yx ℑℑ=ℑ , (33) 

 
where: {ℑx}  and {ℑy} – column vectors of 
external forces, which have the form: 
 

{ } [ ]020
Vx

T

x ℑ=ℑ , (34) 

{ } [ ]020
Vy

T

y ℑ=ℑ . (35) 

 
4. The matrix of stiffness parameters [ℵ]: 

 

[ ] ( )
















−
ℵℵ+ℵ−ℵ

−
=ℵ

210

012

BVBVVAVA ,,,, . (36) 

 
 

Now, on the basis of equations (25) and 
(26) we can write the components of the 
second expression of system (5). They will 
have the following form: 

1. The column vector of stiffness parame-
ters of rod construction {ℵ}: 

 

{ } [ ]BVVA
T

,, ℵℵ=ℵ . (37) 

 
2. The matrix of geometric parameters of 

rod structure [δ2]: 
 

[ ] ( )
( ) 









δ⋅δ⋅
δ⋅δ⋅

=δ
2

BV
2

VA

2
BV

2
VA2

321

213

,,

,, . (38) 

 
3. The column vector of expected nodal 

potentials {ϕ/}: 
 

{ } [ ] [ ]00BVVA

T =ϕϕ=ϕ /
,

/
,

/ . (39) 
 

4. The column vector of current nodal po-
tentials {ϕ}: 
 

{ } [ ]=ϕϕ=ϕ BVVA
T

,,  

[ ]DVVC 22 ϕ⋅+ϕϕ+ϕ⋅= . 
(40) 

 
Call attention to the elements of the col-

umn vector {ϕ}. If one follows an algorithm 
of application of the system (5) and choose 
as an objective functions the distances of 
type (6), then in case of the unsuccessful se-
lection of coefficient ϑ and low value of cal-
culation error iterative calculation may be 
divergent. This can happen, because at the 
stage close to achieving nodes of their 
planned coordinates, displacement step of 
one of the nodes will exceed a distance to 
the point of his appointment. At the same 
time algorithm (5) will try to shorten the dis-
tance of a particular node to the established 
point by subsequent replacement of poten-
tials (objective functions) "without realizing 
a miss". This will only lead to further dis-
tancing of the node from its destination. 

To avoid the described effect, should use 
as a coefficient ϑ not a constant but logical 
operator. The operator ϑ must analyze the 
differences ∆ϕ between elements of the col-
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umn vector of potentials {ϕ} on the current 
and previous steps of iterative calculation: 

 
1p

ji
p

ji
p

ji
−ϕ−ϕ=ϕ∆ ,,, . (41) 

 
Thus, the value of operator ϑ should be 

determined by the expression: 
 









<ϕ∆−
=ϕ∆
>ϕ∆

=ϕ∆ς=ϑ
.

,

,

)(

,

,

,

,,

0if1

0if0

0if1

p
ji

p
ji

p
ji

p
ji

p
ji  (42)  

 
This character of dependence of function 

from the values of the argument can be de-
scribed by hyperbolic tangent of the argu-
ment (such as logical operators used in neu-
ral modeling [11-13]). Such continuous 
function will look like: 

 
( ) =ϕ∆⋅α=ϕ∆ς=ϑ 2p

ji
p

ji
p

ji ,,, tanh)(  

)exp(

)exp(

,

,
p

ji

p
ji

1

1

ϕ∆⋅α−+
ϕ∆⋅α−−

= , 
(43)  

 
where: α – coefficient, whose value deter-
mines the sharpness of the character chang-
ing of the function (43) during the transition 
from –1 to 1 (through 0). 

Therefore, the column vector of the cur-
rent potentials {ϕ p}, which will take into 
account the values of each component at the 
previous step of calculation, will have the 
following form: 

 

{ } [ ]=ϕ⋅ϑϕ⋅ϑ=ϕ p
BV

p
BV

p
VA

p
VA

Tp
,,,,  

( ) ( )[ ]p
D

p
V

p
BV

p
V

p
C

p
VA 22 ϕ⋅+ϕ⋅ϑϕ+ϕ⋅⋅ϑ= ,, . 

(44) 

 
Let us consider the objective functions 

that make up the column vector {ϕ p}. 
Obviously, for the node V the function ϕV 

is defined as a distance to a certain estab-
lished point T (using formula (6)): 
 

212
VT

2
VTV yyxx ))()(( −+−=ϕ . (45) 

 
Here, we don’t have to use the coefficient 

ϑ, because it is already counted as a logical 

operator in the expression (44). 
For nodes C and D objective functions 

can no longer be defined as the distances to 
the centers of segments AT and TB, because 
these distances are always equal (see. 
Fig. 2). 

For the selection of objective functions of 
scalar potential in nodes C and D we will 
use the following fact. Obviously, in case of 
coincidence of node V with point T, vertices 
of triangles ACT and BDT will be placed on 
straight lengths AT(V) and BT(V) respec-
tively. Then will be valid the following 
equations: 

 

CTACAT += , (46) 

DTADBT += . (47) 
 

 
 

Fig. 2. The rod frame ACVDB: 
1) at the moment of formation (dashed); 

2) in corrected state (solid) 
 
 
However, until the equalities (46) and 

(47) are not valid, iterative calculation 
should be continued. The values, that will 
characterize proximity to the completion of 
the calculation, will be objective function in 
the nodes C and D. The following differ-
ences will be serve by them: 

 
=+−=ϕ )( CTACATC  

−−+−= 212
AT

2
AT yyxx ))()((  

−−+−− 212
AC

2
AC yyxx ))()((  

212
CT

2
CT yyxx ))()(( −+−− , 

(48) 
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=+−=ϕ )( DTBDBTD  

−−+−= 212
BT

2
BT yyxx ))()((  

−−+−− 212
BD

2
BD yyxx ))()((  

212
DT

2
DT yyxx ))()(( −+−− . 

(49) 

 
Should be added, that algorithmic imple-

mentation of the system (5) can be some-
what simplified by excluding the coordinates 
of fictitious nodes C and D from the calcu-
lating process. To do this we have to make 
two steps: 

1) to bring the system (18) – (20) to the 
static equations describing the equilibrium 
of node V only: 

 
−⋅ℵ+⋅ℵ BBVAVA ss ,,  

( ) 0s VsVBVVA =ℑ+⋅ℵ+ℵ− ,, , 
(50) 

 
from where we can easily determine the co-
ordinates of node V. 

2) to rewrite the formulas (48) and (49), 
taking into account equations (18) and (20): 

 
−−+−=ϕ 212

AT
2

ATC yyxx ))()((  

−




















 −++






 −+−
212

A
VA

2

A
VA y

2

yy
x

2

xx  

212

VA
T

2

VA
T 2

yy
y

2

xx
x





















 +−+






 +−− , 

(51) 

−−+−=ϕ 212
BT

2
BTD yyxx ))()((  

−




















 −++






 −+−
212

B
BV

2

B
BV y

2

yy
x

2

xx  

212

BV
T

2

BV
T 2

yy
y

2

xx
x





















 +−+






 +−− . 

(52) 

 
The values of internal forces in the rods 

of construction can be determined from the 
formula (1): 

 

jijijiR ,,, δ⋅ℵ= . (53) 

 
Let’s consider a few options of determin-

ing the components of SSS of rod frame 
ACVDB. 

The values of the load vector, which act-

ing on node V, the value the initial rigidity 
parameters of the frame, as well as rigidity 
parameters, nodes coordinates and internal 
efforts after adjustment of position of node 
V, are shown in Table 1. The initial and cor-
rected frames are shown in Figure 3. 

 
Table 1 

 

The load in the node V Parameters  
of SSS of  
the frame ℑxV = –1 

ℑyV = –1 
ℑxV = –1 
ℑyV = –1 

ℑxV = 2 
ℑyV = –1 

Variant → a) b) c) 

xA 1 2 1 
xB 5 5 5 
xT 3 4 1 
yA 1 3 1 
yB 1 1 1 
yT 6 6 5 

ℵA,V –1 –2 –1 

In
co

m
in

g
 

ℵV,B –1 –2 –1 

Iterations 150 250 150 
xC 2.00001 3.00216 1.00159 
xV 3.00003 4.00433 1.00318 
xD 4.00001 4.50216 3.00159 
yC 3.49998 4.4961 2.99946 
yV 5.99995 5.99219 4.99893 
yD  3.49998 3.4961 2.99946 

ℵA,V –0.35 –0.46085 0.25007 
ℵV,B 0.15 0.07594 –0.50023 
RA,V –1.8848 –1.65975 1.00002 

C
al

cu
la

te
d

 

RV,B 0.80776 0.38657 –2.82822 

 
 

CONCLUSIONS 
 
Demonstrated method allows not only to 

correct the shape of pre-formed structures, 
but also to determine its internal efforts in the 
rods. At the same time shown approach to 
choice potential objective functions can be 
greatly varied, giving scope for the ingenuity 
of engineers and researchers. In addition, it is 
possible to use logical operators in correcting 
the position of nodes of constructions. 

All of these provides for the possibility of 
application of the suggested method not only 
in tasks of theoretical and structural mechan-
ics, but also in other fields of science and 
technology. 
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a) 

 

b) 

 

c) 

 
 

Fig. 3. Variants of frames ACVDB, formed 
under given in Table 1 input parameters and 

after correction 
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ФОРМООБРАЗОВАНИЕ И КОРРЕКЦИЯ 
ПЛОСКИХ СТЕРЖНЕВЫХ КОНСТРУКЦИЙ 

С НЕБОЛЬШИМ КОЛИЧЕСТВОМ 
СВОБОДНЫХ УЗЛОВ 

 
Аннотация. Публикация освещает прак-

тические аспекты метода корректировки фор-
мы плоских стержневых конструкций, кото-
рый следует применять после их предвари-
тельного формообразования. Метод позволяет 
определять компоненты напряженно-
деформированного состояния конструкции и 
имеет ту же математическую основу, что и 
метод вырезания узлов теоретической меха- 

ики. Также, в статье продемонстрирован 
принцип использования метода на примере 
корректировки формы элементарной конст-
рукции с шарнирным соединением стержней. 
Пример показывает преимущества данного 
метода над методами численного моделиро-
вания, так как не требует смены инструмен-
тальной базы при переходе от формообразо-
вания конструкции к определению усилий в 
её стержнях. 
Ключевые слова: геометрическое моде-

лирование, дискретная модель, стержневые 
рамные конструкции, дифференциальные за-
кономерности, численное моделирование. 
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Summary. Relevance: the issue of the 
impact of longitudinal slope of the street, as 
geometrical parameter of carriage-way, on mass 
emission  of pollutants from motor transport is 
raised. The tasks of research: consider the 
concepts of longitudinal street slopes, discharge, 
exhaust gas, mass emission, atmospheric air. 
The technique of research: the theoretical 
technique of analysis for determining the role of 
longitudinal slope of a carriage-way on the 
adoption of engineering and planning decision 
of main roads intersection is implied. The 
results of research: the interdependence of the 
mass emission of pollutants into the atmospheric 
air from road transport and slope of a carriage-
way was established. Conclusions: It was 
established that with increasing slope mass 
emission of pollutants may grow 3...15 times as 
many. 

Key words: longitudinal slope, mass 
emission, atmospheric air. 

 
 

GLOSSARY 
 

Atmospheric air – a vital component of 
the natural environment, which is a mixture 
of natural gas, which is located outside of 
residential, industrial and other facilities. 

Discharge – intake of pollutants or 
mixtures of these substances into the 
atmospheric air. 

Exhaust gas (gas that comes out of 
tailpipes of motor vehicle) – spent working 
substance in heat engine. This is a product of 

oxidation and incomplete combustion of 
hydrocarbon or other fuels. Exhaust gases 
contain a certain amount (depending on a 
fuel type of engine and its technical 
condition) of toxic and harmful components. 

Sources of pollutants emissions – the 
facility where the air contaminant or mixture 
of these substances come from. 

Contaminant – substance of chemical or 
biological origin that is present or comes 
into the atmospheric air and can directly or 
indirectly exert a negative impact on health 
and the natural environment. 

Longitudinal slope – a tangent of 
inclination angle line of the street to the 
horizontal plane at the given point. 

 
 

INTRODUCTION 
 

Longitudinal street slopes, which form a 
part of transportation planning junction to 
street and road network of the city, 
determine the choice of constructive 
decisions and the geometrical sizes of 
overpass and with all other factors of placing 
it in the plan. Depending on the nature of 
longitudinal profiles of the streets that are 
compounds of a conjunction, slopes 
directions and their rates, the question of the 
vertical planning of junction crossing of 
main road at the one and different levels is 
also settled. 
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Fig. 1 The relationship between the calculated speed and the largest longitudinal slope in accordance 
with paragraph 2.27 of DBN V.2.3-5-2001 

Depending on the size and the negative, 
zero or positive values of the longitudinal 
slope of street, exit and flyover (when it 
comes to the junction crossing at different 
levels), mode of operation of the internal 
combustion engine vehicle changes and 
consequently pollutant mass emission  in the 
atmospheric air from the road traffic in 
general changes too [1, 18]. 

 
 

BASIC MATERIALS SUMMARY 
 

Longitudinal slope is determined due to 
paragraph 2.27 of DBN V.2.3-5-2001 of 
“Design standard of streets longitudinal 
profile according to their categories and the 
estimated speed of movement should be 
accepted according to Table 2.8” where the 
biggest longitudinal slope is accepted from 
40 ‰ to 80 ‰, depending on the estimated 
speed of traffic on the SRN of city streets 
(Fig. 1) and due to paragraph 2.29 of DBN 
V.2.3-5-2001 longitudinal slopes of streets 
should be determined depending on the types 
of road surfaces by the table 2. 9. According 
to which slope varies from 5 ‰, and for the 
reconstruction conditions varies from 4 ‰ to 
100 ‰, exceptionally 110 ‰ depending on 
the type of road surface of the street [3, 4]. 

Size of longitudinal slope of its individual 

sections, the radii of vertical curves that 
connect these areas, high-altitude position of 
its carriageway relative to the earth’s surface 
is characterized by longitudinal profile of 
main road. 

Longitudinal profile describes the 
steepness at each part of the street. The 
natural slopes of the relief may exceed 
permissible for streets. In this case, the relief 
is changed by earth excavation. 

Selection of a longitudinal profile of the 
road affects the safety, speed, efficiency of 
the vehicle and mass emission of pollutants 
in the atmospheric air. Therefore, technical 
standards should be kept during the 
construction of streets and intersectional 
junctions of main road. These standards set 
the value of the largest slopes and determine 
the conditions of profile connection on the 
fractures. Moreover, all the conditions for a 
smooth and safe traffic creation with 
minimum construction cost are taken into 
account. Street line is divided into the 
kilometers and the hundred-metre areas 
called pickets for better orientation. 

Longitudinal slope of the street may 
coincide with the curve in the plan, therefore 
it has a small radius. In this case, the 
conditions of the vehicular traffic get more 
complex. The slope of the carriage-way of 
street on the curves depends on the 
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longitudinal and transversal slopes. The 
slope of a steep turn favours transport slip, 
which is slow-moving or brakes on slippery 
surfaces. 

 When there are concave longitudinal 
profiles of main roads that intersect, or at 
least one concave profile, the construction of 
intersectional junction of city main roads at 
different levels would be most appropriate. 
In this case, the intersection is achieved 
compactness and reduced length approaches 
to artificial structures. As a result mileage of 
turning traffic streams within intersection is 
reduced. The intersection with the 
construction of an overpass with the concave 
longitudinal profiles requires considerable 
lengths of approaches and increase of the 
total area of intersection. In this case 
overpass in terms of architectural and 
composite solution is usually inappropriate. 
Concave longitudinal profile of main roads 
that intersect determine to a large extent the 
feasibility of using of tunnel solution 
because the compactness of intersections is 
provided in so doing and, as a rule, it is also 
advantageous from technical and economic 
considerations. 

Overpass and tunnel may be created on 
the flat terrain. In this case, hydrological 
conditions or technical and economic 
considerations can be crucial. 

In some cases, it is allowed to change the 
standard value of longitudinal slopes (values 
higher than recommended for main roads are 
taken) for reducing the area occupied by the 
intersection of main roads at different levels 
and the radius of vertical curves (values less 
than recommended are taken) can also be 
changed. So the rational values of 
longitudinal slopes and the radii of vertical 
curves are determined by the selection. 

After placing exits in plan the validation 
of longitudinal slopes is made. In the vertical 

planning of exits the basic condition is to 
ensure optimal longitudinal slope. On the 
straight sections the longitudinal slopes of 
exits must not exceed the maximum 
allowable values of deviations for main 
roads that intersect. If it is necessary, 
longitudinal slopes of exits are allowed to be 
10 ‰ larger than the largest allowable slope 
on main directions of the main roads. Within 
rounding of exits, starting with a radius of 50 
m, the boundary longitudinal slopes should 
be reduced. With 50 m size of radius 
boundary value is reduced to 10 ‰, and for 
every additional reduction by 5 m in the 
value of the radius of rounding, the boundary 
value of longitudinal slope should be further 
reduced by 5 ‰. 

Studying existing "methods of calculating 
mass emissions of pollutants into the 
atmospheric air from automobile transport" 
theoretical studies were developed regarding 
the influence of longitudinal slope of the 
street on mode of operation of internal 
combustion engine and as a result on the 
mass emission of pollutants into the 
atmospheric air from car and motor stream 
on the whole. 

According to existing methods of 
calculating of mass emission of pollutants 
and greenhouse gases into the atmosphere 
from vehicles dependence gijk (V) on the 
slope (S) is set by slope coefficient Cs = 
Cijk (S) in tabular form for the range -6...0...+ 
6%. The product of gijk (V) * Cs forms a part 
of the general formula for determining the 
mass emission. Type of curve C (S) is for the 
same type of emission ingredients of jk –
vehicles (except CxHy). The function makes a 
unity on a smooth road (S = 0%), has a 
relatively gentle part on slopes and a 
significant slope on rise of the road. Typical 
dependence C (S) for diesel vehicles is 
shown in Fig. 2 [14-17, 19]. 
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Fig. 3 Maximum single (MS) concentration of emission in 30 meters from the curb of the roadway when 
there is a traffic of 1000 cars/h on a smooth road (0%) and slope (3%) 

With increasing of the slope from 0 to 5% 
the emissions of NO2 and CO can be 3 ... 15 
times as many. The increase of emissions of 
hydrocarbons CxHy on slopes is due to the 
release of undeveloped fuel [5]. 

The increase of the slope from 0 to 3% 
causes growth 5...7 times as many maximum 
single concentration CxHy, C, NO2 with 
possible exceeding of hygienic norms. 
Ncritical = 500 cars/h with a slope of 3% due 
to the criterion the maximum single 
boundary permissible concentration (BPC) 
of NO2. 

Influence on main roadside territory is 
highly dependent on the slope of the road 
where NO2 emissions could increase 6 ... 7 
times as many (Fig. 3, Tab. 1) [9-13, 19]. 

Traffic intensity in two directions (two 
lanes), when there is no excess of BPC. ms 

at the distance of 7,5...30,0 m from the curb. 
 
 
 

Table 1. Dependence of traffic intensity of 
transport stream on traffic conditions and 
longitudinal slope of the roadway 

 
Safe traffic intensity, units / 

hour 
Vehicle traffic 

terms 
slope 0% slope of 3% 

Zone before 
lights 

125...500 75...300 

Free traffic 
between 
intersections 

250...1000 125...500 

Free traffic on 
overpass 

2000...10000 

 
 

 
Fig. 2 Typical dependence of specific soot emissions C produced by diesel vehicles on the slope C (S) 
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Pollution of the roadside territory from 
the multilevel interchanges is due to these 
factors: the level of traffic intensity; change 
in speed limits and consequently change in 
specific emission at different speeds; the rise 
of one of the main streams on overpass; 
slope at the expense of the difference of 
heights 6...7 m between directions; over 
mileage of the left-turning streams [1-2, 6-
8]. 

Specific emissions of pollutants into the 
atmospheric air are used for calculation of 
emissions of pollutants from motor vehicles 
from consumption of one ton of fuel and 
influence coefficient of the technical state of 
vehicles on them, according to the State 
Statistics Service Procedures. Calculation of 
air pollutants from fuel use from motor 
transports is made due to the formula (1): 
 

jikjikikmjikm KGMB ⋅⋅= ,  (1) 

 
where: Bjikm – amount of j-th pollutant from 
i-th consumed fuel of k-th type of group of 
m-th vehicle of business entity; Mikm – 
amount of i-th consumed fuel of k-th type of 
group of m-th vehicle of business entity; Gjik 
– j-th specific emissions of pollutant from 
consumption of i-th fuel of k-th type by 
group of motor vehicles of business entity; 
Kjik – coefficient of the technical state 
influence on specific emissions of pollutant 
(except lead) from the use of i-th fuel type of 
k-th group of vehicles. 

The proposed "Model of dependence of 
the mass emission from road transport on 
geometrical parameters of road junction at 
different levels, such as slope and radius of 
curves in the plan," is compared with 
methodology currently in force in 
accordance with the order №452, 
13.11.2008. "On approval of the 
methodology of the pollutants emission and 
greenhouse gases calculation into the 
atmosphere from vehicles "[State Statistics 
Service of Ukraine, 2008] intended for the 
calculation of statistical data (tons/year) for 
the country on the whole, using software" 
EOL ". 

Due to the proposed model of dependence 
of the mass emission from road transport on 
geometrical parameters of road junctions at 
different levels, such as slope and radius of 
curves in plan, maximum single mass 
emission of Mijk i-th substance from j-th 
vehicles type with k-th engine type from the 
one planar source D is determined in “rush-
hour” using the formula (2): 

 

3600

)()(0 Tfsjkjkjkijkjk
ijk

CCCVTVgNN
M

⋅⋅⋅⋅⋅⋅
= , (2) 

 
where: ijkM – mass emission of i-th 

substance from j-th type with k-th engine 
type in “rush-hour”, g/s, 0N  – the total 

number of vehicles in one direction, natural 
units/“rush-hour”, jkN  – jk-share vehicles in 

the flow, particle NO, ijkg  – specific 

emission of i-th substance from jk-vehicles, 
g/s, )( jkijk Vg  – gijk dependence of the 

current speed Vjk, g/s, )( jkjk VT  – the 

duration of motor operation of a jk-vehicle 
in “rush-hour” at a fixed Vjk, s, sC  – 

coefficient  of influence of the road slope, 

fC – coefficient of impact resistance of the 

movement, TC – coefficient of technical 
state of vehicles. 

The total number of vehicles in one 
direction NO (natural units/“rush-hour”) is 
determined separately for each source D. In 
formulae NO is only in physical units 
(natural units/“rush-hour”). gijk (Vjk) 
dependence is submitted in tabular form for 
the range 0...90 km / h. Vjk (t) may be 
different for D1... Dm sources. Tjk (Vjk) of 
one car during “rush-hour” at a fixed Vjk is 
calculated separately for each D sources with 
different modes of motion. Coefficients Cs 
and Cf are specific to each D source as slope 
and road surface may vary. Coefficient of 
influence of the technical state of vehicles 
and its control, the average age of the fleet 
CT are determined in the complex circuit of 
city transport (CCT). For example, CT = 1 to 
2005, and thereafter CT = 0,689 are taken for 
Kyiv [19-22]. 
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We apply the proposed model to optimize 
the choice of the longitudinal slope of 
intersectional junction elements of the main 
road at different levels in terms of traffic 
interchange at the intersection of bulvard 
Druzhby Narodiv and Naddnipryanskoho 
shose in Pecherskuy rayon in Kyiv using 
mass dependence of pollutant emissions 
from longitudinal slope coefficient of each 
individual source. We expect a decrease in 
pollutants mass into the atmosphere from 
road transport through optimal ratios of the 
longitudinal slope. We get the following 
results on the total mass of pollutants in the 
air in concordance with methodology in 
force according to the order №452, 
13.11.2008. "On approving the methodology 
for determining of pollutants and greenhouse 
gases emissions into the atmospheric air 
from vehicles" [State Statistics Service of 
Ukraine, 2008 ] intended for determination 
of statistic data (tons/year) for the country on 
the whole, along with using the software 
"EOL" and according to the proposed model 
of dependence of mass emission from road 
transport on geometrical parameters of main 
road intersection at different levels, such as 
slope and radius curves in plan (Tab. 2). 

 
 

Table 2. Comparing the results of calculations 
of pollutants mass into the atmospheric air 
 

 
 

CONCLUSIONS 
 

1. Vertical planning of main road 
intersectional junction at different levels 
depending on the nature of longitudinal 
profiles, slopes directions and their rates. 

2. Longitudinal slope of the streets are 
taken mainly by 2.27 and 2.29 paragraphs of 
DBN V.2.3-5-2001 depending on the type of 
street category and road surface. 

3. Longitudinal slope of the street 
affects the operation of the internal 
combustion engine of the vehicle and as a 
result the pollutants mass in the atmospheric 
air from stream of the vehicles in general. 

4. With increasing slope from 0 to 5% 
the emissions of NO2 and CO can grow 
3...15 times as many. The increase of 
emissions of hydrocarbons CxHy on slopes is 
due to the release of undeveloped fuel. 

5. Influence on the main roadside 
territory is highly dependent on the slope of 
the road, where emissions could 
increase NO2   6…7 times as many. 

6. The proposed "model of the 
dependence of mass emission from road 
transport on geometrical parameters of 
intersection of main roads at different levels, 
such as slope and radius of curves" when 
applying it for traffic interchange at the 
intersection of bulvard Druzhby Narodiv and 
Naddnipryanskoho shose in Pecherskuy 
rayon in Kyiv yielded results, such as the 
decline in the pollutants mass of NO2, CO 
and C12-C19 into the atmospheric air from 
road transport through optimal longitudinal 
slope coefficients corresponding to 0,35, 
0,41 and 0,35% respectively. This makes it 
possible to assert that only the optimization 
of longitudinal slope rates of elements of 
main road intersectional junction provides 
reducing pollutants emissions into the 
atmospheric air from vehicles. Even if the 
rate of reduction of mass emission is small 
not only when it comes to one main road 
intersectional junction, but also when it is a 
matter of the entire city road network, the 
effect will be much more considerable. 
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ВЛИЯНИЕ ПРОДОЛЬНОГО УКЛОНА 
ПРОЕЗЖЕЙ ЧАСТИ МАГИСТРАЛИ 
НА МАССУ ВЫБРОСОВ ОТ АВТО-
МОБИЛЬНОГО ТРАНСПОРТА 

В АТМОСФЕРУ 
 

Аннотация. Рассмотрены вопросы 
влияния продольного уклона улицы, эстакады 
и съездов узла пересечения магистрали в 
разных уровнях на режим работы двигателя 
внутреннего сгорания и как следствие массы 
выбросов загрязняющих веществ в 
атмосферный воздух. Отмечено, что 
продольный уклон улицы влияет на режим 
работы двигателя внутреннего сгорания 
автомобиля и как следствие на массу 
выбросов загрязняющих веществ в 
атмосферный воздух от автомобильного 
потока в целом. 
Ключевые слова: продольный уклон, 

массы выбросов, атмосферный воздух. 
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Summary. Relevance: Issues of the concept 
of the street and road network (SRN), the role 
and place of transport planning junction in city 
SRN and the intersectional junctions of main 
roads at different levels in the SRN system are 
raised. The tasks of research: consider the con-
cepts of SRN, road junction and main roads in-
tersection at different levels. The technique of 
research: the typological technique of theoretical 
analysis for determining   the role and the place 
of junction in the SRN system is implied. The 
results of research: It was established that inter-
sections are built at different levels for the im-
provement of the traffic streams of vehicles and 
reducing the number of conflict points at the 
main roads junctions. Conclusions: intersec-
tional junctions of the main roads in system of 
city street and road network is a source of trans-
port and ecological problems of the city. 

Key words: SRN, transport-planning junc-
tion, main road intersectional junctions at differ-
ent levels. 

 
 

GLOSSARY 
 

Street and road network (SRN) – de-
signed network of streets for vehicle traffic 
and pedestrians, public roads, inter-
nally quarterly and other driveways, side-
walks, pedestrian and cycle paths, embank-
ments, squares, street parking with engineer-

ing and subsidiary facilities, technical means 
of traffic organization. 

Road junction – complex transportation 
facilities at intersection or furcating points of 
urban road transport, which together fulfill 
operations on transit, distant and local trans-
portation of passengers and cargo. At the 
crossing points or junctions of two or more 
types of urban transport focal points of the 
transport system are formed, where the in-
teraction of these modes of transport is 
made. 

 
 

INTRODUCTION 
 

The special feature of big cities is a high 
mobility of the population, which is 
achieved through dynamic transport. At the 
same time the sections load of street and 
road network of transport depends on the 
local scale of individual districts as well, as 
their functional profile and planning struc-
ture. Main roads and local streets can be sin-
gled out as part of Ukrainian cities SRN [1, 
9-11]. 

Streets and roads categories are 
set according to the classification: main 
roads, where the main stream public trans-
port moves - citywide and district; local 
streets - the street, residential roads, indus-
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trial and storehouse and public utilities zone 
roads, driveways. 

The degree of the road network develop-
ment is determined by its length and density, 
which is measured by the ratio of the roads 
length to the area of the urban area (km / 
km2). This indicator shows the degree of the 
street and road network development in the 
whole city, and in separate districts. 

While examining Kyiv SRN system it 
was ascertained that streets and road system 
consists of main streets of citywide signifi-
cance – 8%, the streets of district importance 
– 14%, and the streets of local significance, 
representing about 78% of all roads combi-
nations. The total length of Kyiv street net-
work is more than 1.6 thousand kilometers. 
This indicates that the low development of 
main streets of citywide and district impor-
tance [2-4, 14]. 

 Main roads intersection is the most criti-
cal element in the formation of traffic jams, 
because it is a major factor in reducing speed 
and safety at SRN. Bandwidth of squares 
and crossroads that form road and transpor-
tation junctions on main roads of the city 
eventually turns deflated. A need in the 
search for a solution appears. Solution which 
ensures the correspondence of the bandwidth 
to characteristics of streams that intersect at 
the junction. At the main roads’ junctions the 
intersections are built at different levels for 
the improvement of the traffic streams and 
reducing the number of conflict points. Usu-
ally there are no vehicle streams intersec-
tions at one level, only confluence maneu-
vers are available, furcating and weaving of 
streams. Junctions at the one or different 
levels should be designed in accordance with 
the categories of streets and roads that are 
intersected or adjoined, taking into account 
prospective intensity of transport and pedes-
trian traffic [8, 12, 17, 20]. 

 
 

BASIC MATERIALS SUMMARY 
 

The rapid process of automobilization is 
including more and more cities every year, 
automobile fleet is growing, which is in-

creasing the burden on the road network of 
the city. The growth of automobilization and 
volume of traffic results in the increasing in 
traffic intensity, which favours the occur-
rence of transport problems in a city with 
historical buildings. Particularly problems 
are shown at the focal points of the street 
and road network – junctions, where in-
creased transport delays rise, jams appear. 
All these factors provoke decrease in speed 
connections, unjustified fuel overspending, 
worsening of environmental conditions. The 
problem becomes more complex in city cen-
tral areas, and in areas of old buildings that 
are typical of narrow roadway, short quar-
terly sections between intersections and con-
siderable intensity of pedestrian traffic. 

Transportation planning system consists 
of a number of interrelated elements such as 
street (citywide main roads of continuous 
motion, citywide main roads of controlled 
movement, roads of regional importance, 
residential streets and roads in the industrial 
and storehouse and public utilities zone 
roads, driveways), traffic junctions (unregu-
lated traffic, forcibly controlled traffic, self-
regulating traffic (circular motion) and the 
traffic at different levels), bridges and tun-
nels. 

The most important indicator of main 
road section as transportation planning sys-
tem is its capacity, which is determined by 
engineering and planning structure of inter-
section, road transport passing organization, 
planning scheme and its geometric parame-
ters, accepted traffic organisational chart. 

Choice problem of engineering and plan-
ning decision on intersections junction of the 
main roads is reflected in scientific publica-
tions, models of SRN, but remains extremely 
difficult because of the specifics of each par-
ticular group of urban intersectional junc-
tions formed historically and a great amount 
of contradictory factors that should be con-
sidered while seeking optimal solution of the 
problem. Despite the engineered methods 
that are aimed at increasing traffic and de-
gree of intersections’ loading, increase of the 
capacity of SRN and traffic safety, the mul-
ticriterion problem can’t be solved by any of 
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the known methods because of the signifi-
cant weight of individual parameters for 
each junction. Capacity increase of urban 
SRN in most techniques can be achieved ei-
ther through construction and reconstruction 
measures, or through the introduction of a 
number of organizational measures such as 
the distribution of traffic, the introduction of 
intelligent traffic light control that acts on 
the intersectional junctions of main roads 
and so on. It is known that the use of archi-
tectural and planning measures requires, in 
addition to significant investments, quite a 
considerable period of time to complete, so 
their implementation is part of general re-
construction of SRN. Arrangements are also 
limited both the hardware and algorithmic 
aspects, but for some time they allow the 
serious problem of junction overload in the 
SRN to be reduced due to less costs. 

Despite the low advancement of main 
streets system of citywide and district sig-
nificance, Kyiv SRN has more than 100 

junctions which accumulates the stream of 
road transport, which in turn leads to envi-
ronmental worsening in surrounding areas of 
these main road intersections. Therefore, the 
study of the junction in the SRN system is 
the most productive because of reducing en-
vironmental pollution of the city on the 
whole. Traffic streams are concentrated at 
the junctions, traffic conditions change, and 
so the ecological load on the territory adja-
cent to the junction increases greatly [5-7, 
9]. 

Having regard to the fact that functional 
public transportation and streets are unified 
engineering and technical system, intersec-
tions of city streets and roads, where traffic 
and pedestrians’ streams are mainly concen-
trated, should be considered as part of this 
system in the form of road and transportation 
junctions. 

The type of junction is selected depend-
ing on its functional features, characteristics 
of communication lines in the junction, the 

 

Fig. 1.  Kyiv street and road network 
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availability of free territory for the construc-
tion of the intersection, the size and compo-
sition of the traffic streams due to driving 
directions and presence of pedestrians. 

Creating conditions that ensure the pedes-
trians and public transport safety with traffic 
organization at the intersection of streets and 
roads (induced delays would be reduced as 
much as possible due to such organization) 
represents a multifaceted problem that has 
no clear solution. Its solution is achieved by 
the implementation of complex of planning, 
engineering, technical, organizational and 
regulatory measures. 

Planning decisions include: planning of 
the street and road network, tracing of streets 
and roads, their designing in plans and pro-
files, designing of intersections of streets and 
roads at the same and different levels, traffic 
segregation due to driving directions, segre-
gation of pedestrian and traffic streams 
among themselves and so on.  

Engineering and technical measures in-
clude: appropriate decision on road surface, 
drainage system, lighting, artificial structures 
that provide comfort and traffic safety. 

Organizational measures should include: 
efficient operation of all transport modes, 
high  operational characteristic of street and 
road network of the city.  

The implementation of one or another 
principle of the traffic organization of trans-
port and pedestrians streams at the junction 
coupled with planning conditions are spe-
cialist’s objective when searching for the 
optimal solution of the given junction. 

Street and road network of the city is ex-
amined not as separate junctions, but as 
whole junction system of urban transport 
intersections. By the example of Kyiv city 
street road network system with a graphical 
display of concentration of vehicle stream on 
the main road network and accumulation at 
the intersectional junctions of main roads is 
shown [18, 19]. 

In Kiev the most loaded road intersec-
tional junctions of urban main roads are at 
the intersections of the main radial directions 
and a large ring road. Other junctions are 
formed at the crossroads of citywide main 
roads and streets of district significance (Fig. 
1) [9, 16]. 

One might say that the formation of inter-
section junctions of main roads is natural 
process of city development. Analyzing and 
projecting them, we are able to operate with 
those city elements that are most significant 
for its development and above all 
should become the object of the study of ur-
ban development and ecological perspective 
[13, 15]. 

Besides the obvious advantages for traf-
fic, intersectional junctions of city main 
roads at different levels allow to reduce the 
impact on air pollution level 4...10 times. In 
the beginning of 21st century design solu-
tions for optimizing the intersections of main 
roads are specified largely due to sanitary 
requirements. At low aeration properties of 
the territory comparison criteria of variants 
of engineering and designing of intersec-
tional solutions based on estimates of con-
ventional vehicles emissions are used. Pollu-
tion of main roadside territory from intersec-
tions of main roads at different levels is due 
to the positive (change of speed limits, the 
elimination of downtime, lifting one of the 
main streams on the pier) and negative (over 
mileage of left-handed streams; slope due to 
the difference of heights 6...7 m between di-
rections) factors. Intersections of city main 
roads at different levels are divided into sev-
eral main types according to traffic organisa-
tion of left-handed streams: cloverleaf; in-
complete cloverleaf; trumpet; roundabout; 
loopback; combined. Their environmental 
effectiveness depends on driving conditions, 
but "cloverleaf" with the overpass is consid-
ered as the best (Fig. 2). 
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3 4 
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Fig. 2.  Intersection types of city main roads at different levels: 

1 – “cloverleaf”, 2 – “incomplete cloverleaf”, 3 – “trumpet”, 4 –  “roundabout”, 5 – “loopback”,  

6 – “combined” 
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During the reconstruction of transport 

junction decisions that involve the need in 
repeat reconstruction in a given time are of-
ten made. Due to the positive impact on the 
living conditions of the population the value 
of intersections of city main roads at differ-
ent levels is not so great. 

Rationally designed intersection of main 
roads at different levels ensures compliance 
with hygiene norms at traffic intensity to 
10,000 natural units/hour. The traffic of 
transport stream on the intersectional over-
pass of the city main roads at different levels 

is accompanied by decreasing in mass emis-
sions by eliminating of maneuvers and their 
additional scattering when lifting the main 
stream above the ground (Fig. 3). 

The intersection of main roads at different 
levels provides a significant reduction of 
mass emissions and concentrations of con-
taminants by eliminating maneuvers. It is 
possible, firstly, in proportion to reduction of 
mass emissions, and secondly, due to the 
additional dispersion of pollutants by driving 
the main stream at a certain height above the 
ground.

 
 

CONCLUSIONS 
 

1. Main roads junctions as part of the 
city street and road network is a center of 
transportation problems in the city, formed 
as a result of increase in automobilization 
and road haulage volume, which in turn re-
sults in the increase in traffic intensity. 

2. Transportation planning system con-
sists of a number of interrelated elements 
such as streets, road junctions, bridges and 
tunnels. 

3. Street and road network is seen as a 
system of individual driving and junctions of 

the city, and can be regarded as a separate 
junction in the city system of street and road 
network. 

4. The maximum concentration of traf-
fic at the junctions of street and road net-
work of the city arouses the largest concen-
tration of environmental pressure on adja-
cent territory of the junctions. 

5. Main roads intersections are the most 
critical element in the formation of traffic 
jams. Intersections are built at different lev-
els to improve the traffic streams of vehicles 
and reducing the number of conflict points at 
the intersection. 

 
 

 

Fig. 3.  The impact of the construction of the overpass on reducing the level of maximum one-time 
pollution of the surface atmospheric layer at a distance of 30 meters from the edge of the road at 
4000 natural units / hour of traffic intensity 
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УЗЕЛ ПЕРЕСЕЧЕНИЯ МАГИСТРАЛЕЙ 
В СИСТЕМЕ ВДМ ГОРОДА 

(НА ПРИМЕРЕ ГОРОДА КИЕВА) 
 

Аннотация. Рассмотрен вопрос понятия 
улично-дорожной сети, роли и места транс-
портно-планировочного узла на ВДС города и 
узла пересечения магистралей в разных уров-
нях в системе УДС. Отмечено, что улично-
дорожная сеть рассматривается не только как 
система отдельных перегонов и узлов города, 
но может рассматриваться и как отдельный 
узел в системе улично-дорожной сети города. 
Ключевые слова: УДС, транспортно-

планировочное узел, пересечение магистралей 
в разных уровнях. 
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Summary. In the article it is looked at the 
method algorithmization of chosen tests for de-
velopment of spatial imagination, proposed com-
bined algorithm for test of spatial imagination, 
shown schematic use of auxiliary algorithm. Set-
ting further set of measures. 

Key words: spatial imagination, testing, algo-
rithmization, linear algorithm, branching algo-
rithm, auxiliary algorithm, cyclic algorithm. 

 
 

INTRODUCTION 
 

The increasing number of subjects were 
closely linked to the computerization and 
programming that leads to change and trans-
formation of educational system. These 
changes are associated with parts of the con-
stant improvement of educational system 
that enables to raise the level of science and 
technology. One of the key components of 
science is the control and verification of 
knowledge. The most objective method of 
verification of knowledge and skills are 
tests. Previous article reviews basic criteria 
for tests of spatial imagination and their 
comparative analysis, through which were 
found potential unaccounted criteria of ex-
isting tests [6]. This article guides us to im-
prove the search quality of tests for spatial 
imagination, this can be achieved through 

algorithmization of tests structure listed in 
the previous article. 

 
PURPOSE OF WORK 

 
The purpose of this article is to determine 

the algorithmic parts of the test of spatial im-
agination (TRPU), identification of problems 
of these tests. Combined TRPU algorithm 
development with subject to certain criteria. 

 
 

FORMULATION OF THE PROBLEM 
 
Modern testing technology allow not only 

to evaluate testing results but also register all 
actions and time participant used for this ef-
fect, that is why tests of spatial imagination 
should be closely analyzed and improved. 
Systematic consideration of the problem of 
graphic technology allows us to explore and 
implement new methods of spatial imagina-
tion [9, 15]. 

 
 

MAIN PART 
 

Algorithms depending on the purpose of 
initial conditions, problem and ways of re-
solving, determination and actions are di-
vided into: probabilistic, heuristic, linear, 
branched, cyclic and support. 
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After detailed analysis of tests of spatial 
imagination and system rules for discrete 
process of each of the algorithms, it can be 
concluded that the use algorithmization struc-
ture of tests of spatial imagination are con-

sidered only in two types of algorithms, all 
others are not involved (Fig. 1). 

Algorithms of simple (linear) processes do 
not contain any stages that has more than one 
heir, i.e. algorithms implemented a simple 

 

 
 

Fig. 1. Definition algorithmization structure of TRPU 
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sequence of operations. An example of a lin-
ear algorithm of test of spatial imagination is 
test on paper with ability to return to previ-
ous questions and redo them (in some tests 
corrected answers are counted for the mis-
take). 

Branching algorithm − the second of the 
typical kinds of algorithms. Branching begins 
with certain conditions, if the condition is sa-
tisfied, the action or set of actions takes place 
− if not different. Computer tests can be in-
cluded to tests with algorithm of branching, 
where it is impossible to return to the previ-
ous questions without answers given (not 
necessarily true) on the previous one. Exam-
ples are paper tests in which the rules does 
not allow transitions between questions 
[2, 3, 13]. 

As a result of the mechanism considera-
tion of algorithms of tests for spatial imagi-
nation formation another test algorithm may 
be offered, such as combined. 

Combined algorithm of tests of spatial im-
agination may contain several different func-
tions and supporting algorithms for better ef-
fectiveness of test. Thus, we can broaden the 
base of reach and qualitative level of testing. 
Implementation of combined algorithm of 
TRPU will allow to estimate not only the 
testing participant’s level, but also his know-
ledge of the structure and potential in learn-
ing. 

Based on previous studies of algorithmi-
zation TRPU basic schemes of algorithms 
(linear algorithm, branching algorithm) were 
revealed. The result of this study allows to 
develop a model of combined algorithm by 
using of different types of software algo-
rithmic systems, depending on the purpose 
and objectives of the test [8, 14, 22]. 

At the stage of requirements analysis for 
testing process the purpose and goal of de-
velopment was defined. The purpose of com-
bined TRPU algorithm development is to 
create a quality product evaluation of spatial 
imagination of students. The main goal in 
creating combined TRPU algorithm is suc-
cessful validation of the product. 

Therefore, it was decided to form a com-
bined system of linear, cyclic, auxiliary algo-

rithms and branching algorithm. The system 
will help improve the efficiency of testing. 

For correct construction of combined 
TRPU model it is necessary to consider the 
priority of algorithms in terms of complexity. 
In the above tests, the sequence of questions 
is increasing or linear (all tasks of one form). 
An essential criteria is mutually beneficial 
position of blocks in algorithm. Forms a se-
quence of test tasks of spatial imagination 
needs improvement and logical structuring 
[4, 7]. 

To create final combined TRPU algorithm 
it is needed to determine what form of tests 
and in what sequence will be used in the 
known tests. This knowledge base will allow 
to carefully prepare a platform for the crea-
tion of a combined test algorithm of spatial 
imagination [12, 21]. 

During test creation open and closed 
forms of tests are used, that are recom-
mended for use by SMC MES of Ukraine 
[16]. 

Tests with open form allow to fill free an-
swer or complement the answer. The tasks of 
the open form are: tasks with gaps, tasks with 
addition, tasks with short answer, and tasks 
with expanded answer [17]. The task of open 
form evaluates the knowledge and skills in 
calculation, knowledge of facts, rules, terms, 
etc. Tests of open form with properties and 
characteristic belonging to tasks of branching 
algorithm. 

The tasks of the closed form, with choice 
answers include: the task with one or more 
correct answers. These tasks belong to linear 
algorithm, transition to the previous task is 
possible between tasks this algorithm. 

Also, the closed form tasks include tasks 
on restoring of compliance, tasks to establish 
the correct chronological or logical sequence 
– these are tasks of cyclic algorithm block. 

In standardized academic performance 
tests most commonly used form is closed 
tasks, these tasks diagnose understanding and 
application of knowledge, sequence of 
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Fig. 2. Block diagram of combined TRPU algorithm 
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actions and operations. In tests of spatial im-
agination primarily tasks of the closed form 
are used. 

For effectively verification of knowledge 
and skills, it is recommended to add auxiliary 
algorithm for combined algorithm of spatial 
imagination tests. All blocks of fixed algo-
rithms (linear, branching, cyclic), include 
auxiliary tasks which are to be placed in the 
fourth block of combined algorithm [11, 18]. 

This block is generated from similar ques-
tions that student did not give the correct an-
swer. This optional feature of this algorithm 
is to re-examine the level of knowledge of 
the topics specified (Fig. 2). 

Creating step by step productive flowchart 
of combined algorithm, next necessary step 
to develop the full form of the test is to apply 
additional elements to the test circuit such as 
time, color, work with memory and more 
[20]. 

In further work, in order to minimize the 
number of errors in the creation and use of 
combined TRPU it is needed to create a set 
of measures: 

- Formulation of the problem of tests and 
practical tasks development; 

- Design of tests and practical tasks; 
- Verification of tests for compliance with 

the task; 
- Implementation of testing process; 
- Study and analysis of test results. 
 
 

CONCLUSION 
 
Development of tests for spatial 

imagination makes a substantial contribution 
to the process of integration of educational 
courses for technical, architectural and 
artistic disciplines [5, 19, 10]. The presence 
combined algorithmization tests of spatial 
imagination will significantly increase the 
effectiveness of modern graphics technology. 
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АЛГОРИТМИЗАЦИЯ ТЕСТОВ 
РАЗВИТИЯ ПРОСТРАНСТВЕННОГО 

ВООБРАЖЕНИЯ 
 
Аннотация. Рассмотрен метод алгоритми-

зации выбранных тестов развития простран-
ственного воображения, предложен комбини-
рованный алгоритм теста развития простран-
ственного воображения с учетом основных 
критериев создания тесов, показано схемати-
ческое использование вспомогательного алго-
ритма. Определение дальнейшего комплекса 
работ по разработке комбинированного алго-
ритма теста развития пространственного во-
ображения. 
Ключевые слова: пространственное вооб-

ражение, тестирование, алгоритмизация тес-
тов, линейный, вспомогательный, цикличе-
ский алгоритмы, алгоритм ветвления. 
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Summary. The article gives examples of flat 

and curved translucent, mirror walling. There are 
presented variations of their formation by com-
paring with geometric transformations of form. 
Сombinatorial technique is applied. 

Key words: Mirror effects, geometric trans-
formation, mapping, glass, facade, translucent 
walling. 

 
 

INTRODUCTION 
 

Project design system involves form ma-
nipulating as an important element in the 
initial stage of formation of integral object. 
Architect, guided by specific conditions and 
restrictions, enters a new constructive form 
and gives it tectonics that generally deter-
mines development projected [2]. General 
classification of translucent enclosures in-
cludes a large number of items from win-
dows to special facilities. In this study, at-
tention is given to facade systems with dif-
ferent types of glazing curved walling [9]. 

 
 

PURPOSE OF WORK 
 

Determine the variance of comparison of 
simple geometric forms by transformation 
for finding opportunities and formatting 
their management tectonics. One of feature 
of light-reflecting structures is their feature, 

leading to a multitude of options for creating 
objects with interesting mirror effects [6]. 

 
 

THE RESEARCH RESULTS 
 
Buildings of glass do not lose current 

market position. The first "Glass House" was 
built in 1949 by architect F. Jonson in New-
Keynen (USA). Houses function was to be 
aquarium because it does not protect the in-
ternal content of external factors. In a further 
effort to reduce the intensity of light and 
transparency began to use colored, frosted, 
mirror, polaroid glass (with one-sided visibil-
ity) [10]. 

There are global practices buildings with 
mirrored facades tectonics are fully fits into 
any environment through its reflecting prop-
erties. The primary function of such projects 
is the viewer's interest in exotic arrangement 
of the facade. For example "Mirror House" 
Peter Pichler is located near Bolzano, Italy 
[14]. Mirror glass, on the west facade of the 
building reflects the panorama of nature, 
making house barely noticeable (Fig.1, a). 
Laminated glass is covered and protected 
from UV radiation [8]. 

Another example of interesting and un-
usual architectural projects is one of the hotel 
rooms in Sweden [15]. The hotel consists of 
four rooms located on one of the trees where 
one of rooms is "Mirror Cube» ("The Mirror 
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cube") with dimensions 4×4×4 m (Fig.1, b). 
Visually little cube is visible as reflected in 
the mirrored walls surrounding. Windows 
made by solid monolith of mirror glass, and 
only in the night-time, they become notice-
able from the light source located inside the 
cube. 

Small architectural forms with a mirror 
basis are also in high demand. Such example 
is Normans Foster mirrored roof. Pavilion 
area of 1000 sq. m consists of rectangular 
segments 22×46 m, which are supported by 
eight thin columns. The basic idea is to create 

a functional space for various cultural events. 
Through the use of the pavilion coating with 
reflecting properties, it does not appear fa-
cades but the mirrored space dynamics [3]. 

For the purpose and function of glass fa-
cade systems distinguish such key [9]: 

 

● General-purpose, 
● Shockproof, 
● Sun protection, 
● Energy Saving, 
● Freeze proof, 
● Noise proof. 

а 

b 

Fig. 1. Global practices buildings with mirrored facades: 
а − "Mirse"by Peter Pichler; b − "The Mirrorcube", the 

hotel room 
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Table 1. Types of surface objects 
Straight Concave 

  

Convex Fold system 

  
Curvilinear 
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Table 2. Variants of transformation form 
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Table 2 (Continuation). Variants of transformation form 
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The shape: flat and curved. Variants of 
this division are presented in the example of 
Kyiv in the Table 1. 

These five types of surfaces are translu-
cent structures with reflective properties that 
create mirror effects. 

The first type is outline mirror on the fa-
cade of where no material deviations affect 
the environment. A large area of glazing is 
divided into segments to provide rigidity 
design, distortion display factor is small. 

The second type is a concave curve that 
becomes concave mirror effect, where the 
rays falling, by the light reflected law, form 
the focus. In practice, there are negative con-
sequences of scorched grass from sunlight 
focused at some point. 

The third type is convex front system op-
posite scatters sunlight by reflecting the sun's 
rays in a convex mirror, and the façade seg-
ments the environment. 

The fourth type is folded structures in-
cluded the same overall mirror canvases, 
different rotation is only reflected directions 
of space, due to folded façade [4]. 

The fifth type is parametric architecture, 
design formed by splitting planes of the same 
type elements. This form is curvilinear light 
reflection, which leads to interesting effects 
[13]. 

In Table 2 there are conducted a compari-
son of simple shapes that create objects with 
geometric transformations. This classifica-
tion allows more broadly understand the 
variability in the forms through a combina-
tion of architecture and geometric properties 
developing morphogenesis [16]. 

Geometric transformation applied to the 
overall glass facades add showiness and uni-
formity and form new-combined effects [17]. 

Presented in the analysis facilities are 
functioning as character exhibits due to their 
originality in the perception of spatial and 
visual qualities. [1] By competing in the 
championship of the world market eccentric 
architectural forms and objects set a trend 
dominance of simple geometric shapes based 
on complex tectonics [12]. 

Structures made in such extraordinary 
style shaping objects are usually not as prac-

tical for general image of the city or me-
tropolis as unique fantasy of architect. Build-
ings in the form of spheres or inverted cone 
are the manifestation relevance as an institu-
tion venues, entertainment centers, libraries, 
etc. Glass structures add effects designed 
display environment, providing insolation 
and is easily perceived visually than such 
structures in reinforced concrete design. 

 
 

CONCLUSIONS 
 

1. Modern trends mirror glass architec-
ture of space to earn more than the creation 
of architectural objects. [cubic city] Depend-
ing on the power of the variation is transpar-
ent glass mirror effect it is the main organiza-
tion of space and reflected the environment. 

2. The accent is filling the internal space 
into a dark time, accompanied by point 
sources of light, or media facades that trans-
form plane as the category of information 
space. 

3. In the organization of the city are set 
clear limits of saturation of objects and build-
ings. Trends of glass structures apply to the 
construction of many facilities, including the 
restoration and reconstruction of historical 
parts of the city, destroying the system, mak-
ing contradictory elements in the image. 
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ЗЕРКАЛЬНЫЕ ЭФЕКТЫ СВЕТОПРОЗРАЧ-
НЫХ ПЛОСКИХ И КРИВОЛЕНЕЙНЫХ 
ОГРАЖДАЮЩИХ КОНСТРУКЦИЙ 

 
Аннотация. Приведены примеры плоских 

и криволинейных светопрозрачных и зер-
кальных ограждающих конструкций. Вари-
анты их образования при сопоставлении с 
геометрическим преобразованием формы. 
Применено комбинаторную методику. 
Ключевые слова: Зеркальные эффекты, 

геометрические преобразования, сопоставле-
ние, стекло, фасад, светопрозрачные ограж-
дающие конструкции. 
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Summary. Energy-efficient house is consid-
ered as a structure consisting of individual ele-
ments (volumes). To analyze their relationships 
with the architectural design of objects suggested 
to use one of the methods section of mathematics 
– graph theory. There are basic principles of the 
theory, which can be used to generate functional 
and spatial structure of the energy-efficient-
building. 

Key words: graph theory; energy efficient; 
construction design; geometric model. 

 
 

INTRODUCTION 
 

So far, there was a steady region of inter-
action of architecture and mathematics has 
thus fairly clear structure: a certain number 
of tasks of urban development and architec-
ture bulk solved certain mathematical or 
geometric methods. Currently developed var-
ious methods of geometrical description of 
the building. They can be divided into four 
main types – image by using the grid and lat-
tice of identical cells, complex networks and 
grids, as polyhedral and polygons as graphs. 
Section mathematics "Graph theory" gives a 
large variety of methods to solve architec-
tural problems. They allow you to adjust the 
functional relationships within objects, opti-
mize search design solutions, perform com-
positional analysis on various aspects, etc. 
based on the models that can be put in the 
language of graph theory, which is more ab-
stract, based on concepts that focus on binary 

relations between parts, of which the whole 
is composed. 

 
 

PURPOSE OF WORK 
 

The object of this article is to highlight 
the main principles of the individual ele-
ments linked together in a single structure – 
energy efficient building. The article exam-
ines how energy efficient building structure 
with individual elements (volumes) and 
highlights the main principles on which 
these elements are linked together, which 
can be used in the formation of functional-
spatial structure of energy efficient building. 

 
 

MATERIALS AND METHODS 
 

Architecture and mathematics are stable 
interaction region that has thus quite clear 
structure: a range of tasks Urban Develop-
ment and Architecture bulk solved some ma-
thematical or geometric methods. Currently 
are developed various methods of geometric 
description of the building. They can be di-
vided into four basic types - image by using 
the grid and lattice of identical cells, complex 
networks and grids, as polygons and poly-
hedra, in the form of graphs. Mathematics 
Chapter "Graph theory" provides a large va-
riety of methods to solve architectural prob-
lems. They allow you to adjust the functional 
links within sites, search optimization design 
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solution, to compositional analysis on vari-
ous aspects etc. according to the models, 
which can be summarized in the language of 
graph theory, which is more abstract, based 
on concepts that focus on the binary relation 
between parts of which composed a whole. 

 
 

RESULTS AND DISCUSSION 
 

Shaping is fundamental and primary step 
in the design of energy efficient buildings, 
which have different influences interaction. 
To streamline the process of spatial energy 
efficient facility is necessary to investigate 
the structure of the object. The structure of 
the architectural object can be represented as 
separate structures, which are combined with 
each other on different principles of their or-
ganization.  

To optimize the design process at the 
stage of formation is proposed to develop a 
model of the internal structure of the object, 
its geometric shape model and its interaction 
with the environment in which you can man-
age and optimize based on the total energy 
evaluation model. 

The basis of the geometric model are the 
structural elements of the object (a certain 
amount, for example –  functional areas) and 
their relationships with each other, formed 
through interaction of technical parameters of 
each element to each other, as well as the in-
teraction of elements of the environment. 
Changing rates of individual elements or 
changing relationships between them (spatial 
elements relative to each other) will lead to 
changes in the overall index of efficiency of 
the building. Thus it is possible to control the 
energy efficiency index object on the stage of 
a geometric model of the object 

To that end, at the stage of defining the 
basic design tools and at the stage of the 
structural model is necessary to determine 
the parameters of each structural element of 
design and engineering solutions, as well as 
the relative positions of each structural ele-
ment relative to each other. 

Thus, the model which could be imple-
mented design technique is complex struc-

tured and, in particular, contains geometric 
components that describe the structure of the 
object and the system of physical interactions 
and influences. 

 
 

GRAPH THEORY ANALYSIS 
OF INTERCOMMUNICATION TOOL 
AS ELEMENTS SPACE-PLANNING 

STRUCTURE WITH PROJECTING EN-
ERGY EFFICIENT HOUSING 

 
As you know, graph on the applied aspect 

– a mathematical model of the system in 
which the vertices are denoted its elements, 
and ribs – the presence of any binary relation 
between them. For various types of graphs 
using orientation may vary, restrictions on 
the number of links, and additional data on 
the top or edges. 

When creating a geometric model of the 
architectural design of the building, particu-
larly energy efficient, you will need to take 
into account both the energy influence over 
the environment (climate zone temperature 
and humidity profile, wind conditions, inso-
lation regime, local microclimatic conditions) 
and all the internal interactions connections 
in buildings that formed space-planning, de-
sign and engineering solutions. Consideration 
of these factors will help to dry the schematic 
graph to model object interactions, optimiz-
ing that, you can influence the quality indica-
tors of the architectural object (in particular - 
the energy balance), changing the model 
elements (graph elements). 

Based on geometric models of any build-
ing (including energy efficiency) is its struc-
tural elements (certain amounts, "Thermob-
locks" – functional and spatial zones) and 
their relationships with each other, formed on 
the basis of technical indicators each interac-
tion element with each other, as well as the 
interaction of elements of the environment. 
The change of parameters of individual ele-
ments or changing relationships between 
them (spatial elements relative to each other) 
leads to changes in the overall energy index 
of the building. Thus theoretically is possible 
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to control measure energy facility at the stage 
of the geometric model of the object. 

Creating a geometric object model starts 
with defining spatial relationships between 
elements of the object (house) – Fig.1. 

In 1960 Henry Painter introduced the con-
cept of "Count communication» («Bond 
graph»). Count communication is a graphical 
representation of a physical dynamic system. 
It is similar to a known block diagram and 
remotely on a directed graph, with the main 
difference that the arc relations graph are bi-
directional exchange of physical energy 
(Fig.2), while in block diagram and oriented 
graphs they are a unidirectional flow of in-
formation. In addition, the connection graph 
can be valued. This means that the analysis 
can be performed on several parameters of 
different dimensions. 

As a simulation tool, bond graphs can be 
used for the conceptual design phase. Counts 
connection consists of variables (forces), 
components and certain bonds. Bond graphs 
were used in many physical fields such as 
mechanics, electronics and hydraulics for 
modeling processes of energy transfer and 
behavior change system. Similarly it can be 
used in architecture, as well as architectural 
composition is a system as a set of parts, be-
tween which there are links from metabolic 
processes. 

Each link connecting together certain 
elements (nodes), submitted instant action 
energy (dE/dt) or force. The flow in each arc 
indicated by a pair of variables is called "va-
riable power", the result (the product) by the 
instantaneous power connection. Variable 
power at each node can be divided into two 
types: "effort" and "flow". The effort is mul-
tiplied by the flow and gets the power that is 
"variable power". Examples of force-force, 
torque, pressure or pressure; flow-speed, cur-
rent and volumetric flow. 

Links with other features. One is the 
"half-arrow" – signs convention. Provided 
they indicate the direction of positive energy 
flow. Choice of positive direction is arbi-
trary, with the caveat that you need to be 
consistent throughout the column to the se-
lected destination. 

So, for the energy assessment of the build-
ing must be selected in the model building 
spatial volumes ("Thermoblocks"), which are 
a set of closed or open spaces inside the 
building with a specific functionality and in-
ternal microclimate (temperature and humid-
ity conditions). 

The next step in creating a geometric 
model of the building is the analysis of the 
list of border space between data volumes, 
their geometry, orientation and location rela-
tive zones. By spatial boundaries include - 
foundation, floors, walls, floors, coatings. In 
this list there are design and cuts with their 
geometric, design and engineering and tech-
nical indicators that are essential for energy 
simulation. 

The geometric model of energy efficient 
building in completed form should be a tool 
that will allow architects to monitor and con-
trol all the parameters architectural design 
that have an impact on energy efficiency of 
the building. Energy rating geometrical mod-
el in all stages of design will allow the archi-
tect to make informed decisions concerning 
energy efficiency. The inclusion of this anal-
ysis workflow architectural design will facili-
tate the creation of projects that meet con-
struction standards in the field of energy effi-
ciency. 

 
 

STAGES OF FORMATION 
OF ENERGY EFFICIENT BUILDING 

SYSTEM MODELS 
 

Methods of creating residential building 
project are a set of techniques or operations 
concerning its design. Methods of designing 
energy efficient architectural objects are re-
lated to the need and characteristics of urban 
union system, space-planning, architectural 
design and engineering decisions that affect 
the formation of energy-efficient facility. 
Thus, the model, which could be imple-
mented design technique is difficult struc-
tured and, in particular, contains geometric 
components that describe the structure and 
system object physical interactions and influ-
ences. 
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Fig. 1. Plan-story building and an undirected graph connections between elements 

 
 

 
 

Fig. 2. Variables (power) elements and relationships defined in the "Bond graph" [5] 
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For structuring the process of formation of 
energy efficient buildings is proposed to di-
vide it into three stages, with  emphasis on 
the stage of forming a geometric model of 
the object as a determining step. 

1. Pre stage. 
Pre-analysis is a phase formation of the 

target set for the design. Methodological 
analysis is creating a certain view of the ob-
ject of design from the perspective of the de-
sign goals. The methodological approach 
provides a fundamental orientation predesign 
analysis, creates conditions for the formation 
of ideas, basic concepts and building the tar-
get set. 

Pre-stage includes collection and analysis 
of information (the study of theoretical mod-
els of energy efficient housing design, analy-
sis of the environment and its effects on the 
object) and determine the means that will be 
used in the design (schematic diagrams of 
space-planning structure of your design and 
engineering judgment). 

2. Stage forming a geometric model of the 
internal structure of the object and its interac-
tion with the model environment.  

Step involves creating a geometric model 
of the object based on the structural model, 
its analysis and optimization.  

The basis of the geometric model are the 
structural elements of the object (for example 
– functional areas) and their relationships 
with each other, formed through interaction 
of technical parameters of each element to 
each other, as well as the interaction of ele-
ments of the environment. Changing rates of 
individual elements or changing relationships 
between them (spatial elements relative to 
each other) will lead to changes in the overall 
index of efficiency of the building. Thus it is 
possible to control the energy efficiency in-
dex object on the stage of a geometric model 
of the object.  

To that end, at the stage of defining the 
basic design tools and at the stage of the 
structural model is necessary to determine 
the parameters of each structural element of 
design and engineering solutions, as well as 
the relative positions of each structural ele-
ment relative to each other. This stage is a 

cyclical process, which alternates analysis 
and synthesis. 

As an instrument for analyzing, the rela-
tionships of the structural elements of the ob-
ject and their interaction with the environ-
ment are proposed to create a geometric 
model as a graph. 

As a result of the synthesis of data from 
all elements of object interconnections 
emerging overall system energy balance of 
the building, which is a measure of energy 
efficiency of the facility. Equalizing the fig-
ure with the standards of energy efficiency 
and, in the case of non-compliance with 
regulations, adjusting parameters of individ-
ual elements and their interconnections, it is 
possible to adjust the degree of efficiency of 
the object. 

Thus, we obtain the energy balance con-
trol system object that can become the basis 
of CAD construction projects on the criterion 
of efficiency. 

3. Stage optimization and creative im-
provement project architectural object. 

This stage is a comprehensive method of 
architectural design, the essence of which lies 
in the simulation, creating the design model 
of the object in accordance with the practical, 
aesthetic and socio-cultural features as a ba-
sis for the geometric model. 

Spatial structure of the compounds in the 
second stage of design can be represented as 
a graph. Architect, coding in the graph struc-
ture necessary references are manipulated by 
choosing different options. 

 
 

RESEARCH OF FEATURES 
OF FUNCTIONAL AND SPATIAL 
ENERGY EFFICIENT BUILDINGS 

 
If we consider the house as a structure 

consisting of individual elements, you need 
to identify the main principles on which 
these elements are linked together. 

There are three principles of formation of 
functional-spatial structure of energy effi-
cient building. 

1 principle. It involves differentiation vo-
lumes for functional and social factors. The 
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nature of the use of space points to the basic 
requirements for housing - the number and 
characteristics of functional processes in the 
areas of domestic buildings. 

If we consider individual housing, we can 
distinguish major groups of premises, which 
in turn are divided into individual cells and 
planning areas: 

- General family Group (living room, 
kitchen, bathroom, office, etc.), 

- Individual Group (bedrooms, bathrooms, 
closets, etc.), 

- Group Service premises (boiler, etc.), 
- Communications (Stairs, corridors). 
Synthesizing the internal structure of the 

building on this principle is the main method 
of designing all time. 

2 principle allows for the connection of 
internal and external spaces of the building 
with the influence of the environment. This is 
about mutual dependence and planning func-
tional elements (quantity and quality of space 
inside the house) and climatic factors (cli-
mate zone, temperature and humidity condi-
tions, wind mode, insolation, the presence of 
natural threats (seismic), local microclimate 
conditions – surrounding construction, geol-
ogy, soils, water resources, flora areas). We 
consider the organization of the site and in-
troduced its division into discrete units, gar-
den, elements of landscape design, and some 
temporary buildings and structures, exterior 
decoration, etc.). And, most importantly, the 
interdependence of functional-planning ele-
ments and climatic factors transformed to 
create certain desired spatial organization of 
receptions in the building. 

For example – the minimum front enclos-
ing surfaces, elongated latitudinal orientation 
of the building facade to the south, modeling 
the internal structure taking into account pas-
sive solar insolation and heating, reducing 
the area of the northern facade using slope 
roofing, glass facades differentiation (maxi-
mum windows on south facade, minimal – on 
north), consideration lifting height of sum-
mer and winter sun –  protection from over-
heating southern facade (performances of a 
roof, slats, extension), the use of passive sys-
tems use solar radiation (direct radiation). 

3 principle of formation of functional and 
spatial structure of energy efficient buildings 
include the use of known techniques inherent 
in energy efficient buildings. 

Maximum compact plan and volume, 
thermal zoning and planning functional 
groups in the building, excluding technical 
premises with heating circuit, the color of the 
building surfaces, which improves heat flow, 
placement techniques to improve planning 
and reduce heat flow - partial hollow build-
ing in the ground, placing Atrium premises, 
installation of buffer zones (for heat accumu-
lation - built and added to the greenhouse 
southern orientation, insulated to prevent 
heat loss - unheated buffer areas of the north-
ern facade); features construction materials 
enclosing structures, ensuring minimal heat 
transfer coefficient, triple glazing of filling 
the space between the panes with argon gas 
or low-emission glass, creating airtight build-
ing shell inside the entire surface protecting, 
ensuring the tightness of connections of tran-
sition (the exclusion of "cold bridges"). 

Based on principles proposed modeling 
can be found willing cooperation of combi-
nations of three-dimensional elements of dif-
ferent types of groups that can be classified 
in terms of energy efficiency. 

Different combinations of elements inter-
action groups planning buildings can be 
summarized in table ready geometric varia-
tions functional and spatial solutions. In oth-
er words, we can assume that under given 
conditions based on the number of items can 
be given in advance to identify all possible 
variants of their arrangement and the select-
ing are only efficient in terms of energy effi-
ciency. 

Using these principles of forming the 
structure of energy efficient buildings, you 
can speed up and streamline the design proc-
ess and to create spatial relationships of 
combinations of elements of a building under 
specified conditions. In further research is 
planned to create a geometric model of the 
object by using the principles of formation of 
its functional and spatial structure. 
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CONCLUSIONS 
 

1. It considered the possibility of using 
one of the methods branch of mathematics 
Graph theory in architectural design of en-
ergy efficient buildings as an analysis tool 
designed object relationships. There are high-
lighted two main elements create a geometric 
model of energy efficient buildings - spatial 
cell ("Thermoblocks") and their relations 
(constructions). Highlight geometric and en-
gineering source data and spatial structures 
of cells that bind them are required for en-
ergy analysis of the geometric model build-
ing. In further studies will be conducted 
analysis of all possible links between verti-
ces, edges are planned scheme. 

2. The article was systematized stages of 
the design of energy efficient buildings, as 
well as allocated determining step simula-
tion, which can carry out the management of 
geometric model of the internal structure of 
the object to improve the overall energy effi-
ciency. 

3. The article deals with energy efficient 
building as a structure of individual elements 
(volumes) and highlights the main principles 
on which these elements are connected to 
each other, which can be used in the forma-
tion of functional-spatial structure of energy 
efficient buildings. Using these principles of 
forming the structure of energy efficient 
buildings, you can speed up and streamline 
the design process and to create spatial rela-
tionships of combinations of elements of a 
building under specified conditions. 

4. The geometric model of energy effi-
cient building in completed form should be a 
tool that will allow architects to monitor and 
control all the parameters architectural design 
that have an impact on energy efficiency of 
the building. Energy rating geometrical mod-
el in all stages of design will allow the archi-
tect to make informed decisions concerning 
energy efficiency. The inclusion of this anal-
ysis workflow architectural design will facili-
tate the creation of projects that meet con-
struction standards in the field of energy effi-
ciency. 
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ПРИМЕНЕНИЕ ТЕОРИИ ГРАФОВ В 
СТРОИТЕЛЬНОМ ПРОЕКТИРОВАНИИ 

 
Аннотация. Энергоэффективный дом рас-

смотрен в виде структуры, состоящей из от-
дельных элементов (объемов). Для анализа их 
взаимосвязей при архитектурном проектиро-
вании объектов предложено применить один 
из методов раздела математики − теорию гра-
фов. Показаны основные принципы теории, 
которые могут быть использованы для фор-
мирования функционально-пространственной 
структуры энергоэффективного здания. 
Ключевые слова: теория графов, энерго-

еффективность, энергоэффективная архитек-
тура, структура архитектурного объекта, про-
ектирование, геометрическая модель. 
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Summary. The purpose of this article is to 
present a new bell type water well construction 
with a wide gravel filter and its application. The 
construction of the water well has been devel-
oped and research has been conducted using 
physical and electrical modelling as well as in the 
practical field. Researches in this work are of 
analytical and experimental character. As the re-
sults of the research, optimal physical parameters 
of the constructions have been found and analyti-
cal − empirical formulae have been derived to 
calculate hydraulic parameters. Recommendation 
for application has been presented. The results 
received in this work can be used for the applica-
tion of well construction. Further research is re-
quired to improve the physical and the hydraulic 
parameters of the proposed construction. The 
work has scientific and practical interest. 

Key words: electrical and physical model-
ling, water well construction, ground water, 
bell type water well, water supply, irrigation. 
 
 

INTRODUCTION 
 

In the context of widespread growth of 
population, and industrial and agricultural 
production, water demand for drinking pur-
poses, irrigation, etc. has been constantly in-
creasing. Ground water is playing a major 
role in meeting these needs. Groundwater is 
extracted through different types of wells. To 
meet such needs, generally water wells are 
constructed with steel screens which are very 
expensive. If the geological condition of the 
construction site is of consolidated earth or 
rocks above the aquifer, the water well can 

be constructed without the costly screen 
which is called as filter less well. These wells 
have high unit discharge, and less operation 
cost. In this case the water intake is formed 
under hard ground or rock which is above the 
water bearing aquifer. However, this con-
struction can only be used if the well con-
solidated subsoil or rock is available. In the 
unconsolidated soil or sandy soil these con-
structions cannot be designed [1, 2]. 

 
 

AIM 
 

The aim of the article is to illustrate the 
new bell type water well construction and its 
efficiency which can be applied in any geo-
logical condition. 

Creation of new type water well. Col-
matage is the serious problem in the well of 
traditional construction [3]. Wide gravel 
packing contributes significantly to the dis-
charge of the well [4]. Considering these 
facts the study of the traditional wells con-
structions with screen and without it has been 
conducted to find out not costly well con-
struction that is hydraulically efficient. This 
study led to the creation of the new bell type 
water well (BWW) with wide gravel screen 
(Fig. 1). It has less hydraulic resistance, less 
metal content and can be applied in a con-
fined as well as in non confined aquifer. The 
funnel of the bell type water well functions 
as the intake. It is lowered into the well and 
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wide gravel is filled around it to act as a filter 
(Fig. 1). 

The vast majority of remote area popula-
tions consume low quality water and most of 
this population uses the traditional dug type 
open water well [5, 6]. These traditional 
wells can be replaced with the BWW where 
the well is protected from surface water con-
tamination and the modern drilling technol-
ogy allows the construction of such wells in 
different types of subsoil [7, 8]. 

Research has been conducted with electri-
cal modelling, physical modelling and in the 
field in order to study the BWW. These stud-
ies included an assessment of the hydraulic 
and physical parameters of the wells with 
one, two and three tiers of bell type intake 
including the estimation methodology of the 
well discharge and suffusion processes. The 
well might be of the single or multilayer and 
might be constructed in a confined or non-
confined aquifer. From these wells an aver-
age discharge of 200 to 300 m3/day can be 
obtained. The construction of the well can be 
made using cheap materials like PVC pipe, 
concrete pipe, gravel, etc. (while in the con-
struction of the traditional wells, costly 
stainless steel and non-ferrous metals were 
required). It opens new perspectives in the 
design of water well for the drinking water as 
well as irrigation in the agricultural systems 

especially in the countries where the ground 
water development is taking rapid speed like 
in Nepal, India, and Bangladesh etc. [9, 10, 
and 11]. 

Single-tier bell type water well con-
struction is designed to withdraw the 
groundwater from unconfined and confined 
aquifer of different level of water pressure. 
The geology of the aquifer or the above the 
aquifer may be composed of loose sandy de-
posits or compact soil and hard rock. Unlike 
in the traditional water well construction, in 
the BWW well, the metal screen is not used, 
and the use of metal is minimized. All the 
construction can be made with low cost plas-
tic pipes or other local materials such as rein-
forced cement, concrete, wood or bamboo. 
The hydraulic resistance of the construction 
is not high. The lower water intake part is 
made of cylindrical funnel type and filled 
with gravel around the intake. The BWW 
(Fig. 2, a) consists of one large diameter 
trunk (600...1200 mm), gravel packing, cas-
ing 4, funnel 5 with a cylindrical edge 6 
which is descended below the ground water 
level 2, and waterproof packing material 3. 
The gravel pack is filled around the cylindri-
cal intake. The form of funnel intake bears 
the underground earth pressure and its ex-

 

Fig. 1. Three-dimensional Model of Bell type  
Water Well Construction (BWW) 

 
 

Fig. 2. Bell type Water Well Construction 
(BWW):  a – Single Tier Construction, b – 
Multi Tier Construction 
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tended lower part increases the area of infil-
tration. 

Gravel packe around the cylindrical por-
tion of the intake has sufficient mass result-
ing in high filtration rate and increasing the 
well discharge. The gravel pack stops the 
sand particles from entering the water, deliv-
ery pipe, and pump. Ground water flows 
through the gravel packing 7 to the flat bot-
tom part of cylindrical intake and is raised to 
the well delivery pipe. The water is with-
drawn with the well pump that is fixed below 
the groundwater level 2. 

The multi-tier bell type water well con-
struction is designed with a number of wide 
cylindrical water intakes connected with sim-
ple pipes and filled with packed gravel 
around the intakes. Multi-tier well structures 
can be used in confined 11 or unconfined 9, 
single or multi layer water-bearing strata 
(Fig. 2, b). 

The multi-tier BWW (Fig. 2, b) consists 
of one large diameter trunk (600...1200 mm), 
gravel packing 6, casing 2, funnel  3 with a 
cylindrical edge which is descended below 
the ground water level 1, and connecting 
pipes 5 with openings 7, waterproof packing 
material 8. The gravel pack 6 is filled around 
the cylindrical intakes. The form of funnel 
intake bears the underground earth pressure 
and its extended lower part increases area of 
infiltration. 

The cylindrical water intakes are placed in 
the water bearing aquifers (in these case, 
multi layers aquifers) which allows water to 
be withdrawn uniformly from the water bear-
ing aquifers. The intakes are not placed in the 
impermeable layer 10. Ground water flows 
through the gravel packing 6 to the flat bot-
tom part of cylindrical intakes and is raised 
to the well delivery pipe. The water is with-
drawn with the well pump that is fixed below 
the groundwater level 1. 

Methods of improvement of hydraulic 
efficiency. Fig. 3 shows the further devel-
oped BWW in which hydraulic parameters 
are more efficient. Fig. 3a shows a BWW 
construction where instead of simple blind 
pipes, perforated or slotted pipes 1 are used 
to connect the cylindrical intakes. The mate-

rials of the connecting pipes and the cylindri-
cal intakes might be different. In this case, 
the water intake area is higher than in the 
simple BWW designs, and respectively has 
less hydraulic resistance. 

Fig. 3, b shows another updated construc-
tion where the funnels are perforated 3 or 
slotted 4. Fig. 3, c is given another updated 
multi-tiered BWW where all the parts of the 
constructions are perforated 3 or slotted 4. 
The wells of this design have maximum wa-
ter intake surface area and flow rate. In this 
case the performance of the gravel pack is 
increased significantly. This is the most hy-
draulically efficient construction. 

In the updated BWW, in place of perfo-
rated or slotted connecting pipes 2, a porous 
cement concrete pipe can be used. The effi-
ciency of the porous concrete pipes can be 
enhanced using multiply layers of properly 
selected gravels of different sizes. The size of 
the gravels of concrete depends upon the size 
of the sand particles in the aquifer. 

Application of bell type water well to 
purify ground water and to rehabilitate 
the well. Today many regions in the world 
are facing serious problems, due to the high 
content of iron in groundwater [12]. Back-
washing methods have been using to remove 
iron from ground water [13]. The multi-tier 
BWW construction for wells with the wide 
gravel filter can be used to remove iron from 
groundwater directly in the aquifer by 
nonchemical circulation methods (Fig. 4). In 
this method the state of the iron content is 

 
Fig. 3. Bell type Water Well Construction: 
a – with perforated screen, b – with perfo-
rated conic part, c – with perforated screen 
and conic part 
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transformed from a dissolved state to an in-
soluble form by injection of aerated, oxygen-
saturated in the circulation zone of aquifer. 
The insoluble forms of iron will be held un-
derground by the porous rocks or gravel pack 
when pumping water. 

The basic idea of removing ground water 
iron with multi-tier BWW with gravel filter 
is, one cylindrical intake is used for injecting 
the oxidant and other intakes are used to 
pump out the treated water (Fig. 4). The 
same principle can be applied to remove the 
chemical colmatages from the well and other 
rehabilitation works. 

Foldable bell type water wells. It is diffi-
cult and sometimes impossible to drill deep 

water wells with large diameters. In the prac-
tice of deep water well drilling of large di-
ameters, generally the well is drilled with a 
small diameter just enough for casing pipe. 
And the well is drilled widely only in the 
portion of where the water well screen is 
placed. Similarly in the case of drilling of 
deep well the foldable BWW well can be ap-
plied where the water intake cylindrical part 
is unfolded into the aquifer. After lowering 
the intake of well to a point where the diame-
ter of the well is wide enough for the con-
struction, the water intake is unfolded (Fig. 
5, 6). 

Study the BWW with the method of 
elektrohydrodynamics analogy (EHDA). 
The method is based on the analogy of dif-
ferential equations for potential distribution 
on electrically conductive paper and fluid 
motion in porous media [14]. The Research 
works of the BWW have been carried out 
using known methods of simulation of axis 
symmetric filtration in electricity conductive 
paper models (EHDA) proposed by P.F. Fil-
chakov [15, 16]. Simulation of axis symmet-
ric filtration in the electrical model can be 
presented by the Laplace equation given be-
low, which describes the stationary distribu-
tion of water pressure in the filter area and 
the potential distribution in the electrically 
conductive paper. 

 
 

Fig. 5. Foldable Water Intake of BWW: 
1 – Initial position of the conic part, 2 – Middle 
position of the conic part, 3 – Final position of 
the conic part 

 

 
 

Fig. 6. Three-dimensional Model of Foldable 
BWW Construction: 1– Initial position, 
2, 3 – Middle positions, 4 – Final position 

 
 

Fig. 4. De-Ironing of Ground Water in Aquifer 
with BWW: 
а – injecting through upper intake, b – injecting 
through lower intake 
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where H = H ( r , z ) – the filter head; r , z  –  
Cylindrical coordinates; K  – Permeability 
coefficient of the aquifer. Then equation (1) 
describes the two dimensional filtration, and 
it can be simulated in the electric conductiv-
ity model. If we takeK . r  as a variable coef-
ficient of filtration, the electrical conductivity 
should follow the laws: 
 

,,const Krrz =σ=σ  (2) 

 
where zσ , and rσ  – specific electrical con-
ductivity in the vertical and horizontal direc-
tions, respectively. 

To set the electric conductivity according 
to equation (2), it is necessary to make the 
model attach several sheets different length 
of electrically conductive papers. The length 
of the lower sheet of paper must be equal to 
the length of the entire model. The following 
list is attached on the top of it and must be 
shorter than the value of: 
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Each subsequent sheet must be attached 

on the top of it and must be shorter than the 
value of: 
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Where M – coefficient of proportionality 

which is selected as per the convenience of 
modelling and taken equal to M = 4000; Ri − 
resistance of the i-th sheet of paper on the 
square cm, i = 3, 4, ... n;  n − the number of 
sheets. Basic research models for single-tier 
and multi-tier BWW are shown in Figures 7, 
a and 7, b. In order to reduce the model scale 
errors the water intake area is made in the 

larger scale without distorting the picture of 
axis symmetric filtration. 

The construction parameters and simu-
lation options of the wells. To evaluate the 
performances of well constructions, research 
has been carried out in the electric conduc-
tive paper model using elektrohydrodynam-
ics analogy method (EHDA) changing differ-
ent physical and hydraulic parameters of the 
well construction and the aquifer (Fig. 8). 
The physical and hydraulic parameters of the 
construction are radii of the water intake and 
gravel packing r, the depth of immersion of 
the upper water intake c, depth gravel pack-
ing h, the distance between the water intakes 
b, and resistance gravel packing Rgr. The 
thickness of the aquifer m, is kept constant in 
the model and was equal to 200 mm (see Fig. 
7). All the experiments are carried out bring-
ing the relative parameters to the thickness of 
the aquifer. 

 
./,/,/,/ mbbmccmhhmrr ====  

 
In the experiment, the relative conductiv-

ity resistance of the gravel packing was 
brought to the ratio of the conductivity resis-
tance of the aquifer Raq: 

 
./ graq RRR =  

 
In the experiments the dimensionless pa-

rameters were changed, in the following 
ranges: 

 
r  = 0.05…0.015; h = 0…1; c  = 0…0.3; 
R  = 10…50. 
Effect of the water intake positions and 

the dimensions of the gravel packing on 
the well discharge. Optimal depths of the 
intake for different

оп
c , and different r , were 

experimentally determined. The experimental 
data was mathematically processed and the 
following empirical formula was derived to 
determine the optimal depth of the intake as 
the function of the radius of the intake. 
 

,lg146,0418,0 rc
оп

+=  (5) 
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To simulate gravel packing, conductive 
papers were used which have resistances 10, 
20, 30, 40 and 50 times smaller than the re-
sistance of the paper simulating the aquifer. 
Based on the experiments, the discharge 
curves are plotted as a function of the water 
intake radii, and the resistance of the gravel 

packing. The experiment shows the signifi-
cant effect of gravel packing on the well dis-
charge (Fig. 9). The Fig. 9 shows the change 
in the nature of the flow rate at different radii 
of intake and the different resistances of 
gravel packing. 
 

 
Fig. 7, a. Electrical Modelling of Single-tier BWW: 0…10 – Pin Connections, 11 – Aquifer, 
12 – Intake area, 13 – Connecting cable, 14 – Current receiver, A – Ampermeter 

 
Fig. 7, b. Electrical Modelling of Multi-tier BWW: 0…10 – Pin Connections, 11 – Aquifer, 
12 – Intake area, 13 – Connecting cable, 14 – Panchishin Current receiver, A – Ampermeter 
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 Depending on the water intake position, 
the formula for the optimal depth of gravel 
packing is determined

оп
h : 

 
,2 CrBrAh

оп
++=   (6) 

 
The coefficients for different values of the 

relative resistances are given in Tab. 1. 

Table 1. Coefficients A, B, C, on different 
relative resistances for the calculation of the op-
timal depth of gravel packing 
 

R  A  B  C  
10 97,14 -2,88 0,101 
20 91,43 -2,66 0,124 
30 62,86 -0,514 0,109 
40 109,14 -2,87 0,148 
50 120,57 -3,12 0,165 

 
 

Electro hydrodynamic flow net analy-
sis. Analysis of the influence of the nature of 
filtration to the discharge of the well of un-
traditional type is very important. EHDA ex-
perimental setup is used in teaching and re-
search purposes to obtain flow nets for se-
lected groundwater flow situations with dif-
ferent boundary conditions using the electri-
cal analogy concept [17]. 

The hydrodynamic flow net from electri-
cal analogy gives a visual presentation of the 
flow process in the aquifer and it gives a 
clear understanding of the processes occur-
ring near the intake (Fig. 10). The overall 
picture of the flow of water to the intake area 
is a hemispherical-radial with a sharp de-

 

 
1 – R = 10; 2 –R = 20; 3 – R = 30; 4 – R = 40; 

5 – R = 50; 6 – R = 0; 
оп

h  = 0 

 
Fig. 9. Current Flow depending upon different 
resistance of gravel pack of the aquifer and 
the radius of the water intake 

 

 
 

Fig. 10. Electrohydrodynamic infiltration flow net 

 

 
 

Fig. 8. Bell type Water Well Construction: 
a – one tiered without gravel filter; b – two  
tiered with gravel filter; c – two tiered without 
gravel filter 
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crease in pressures (equipotential) at the cy-
lindrical intake and smoothly flattens to the 
periphery of the well. 

It should be noted that the main flow of 
water goes through the perimeter side of the 
cylindrical part. The central part of the in-
take, along the axis of the well has a small 
flow rate and is in the "dead" zone. This im-
plies that the flow rate will be maximum at 
the wall of the intake cylinder and minimum 
at its centre. 

Study of the well using the Physical 
Model. A special physical model has been 
built with real sand, gravel, and non-pressure 
water head. The study of drawdown and dis-
charge relationship has been carried out  
(Fig. 11). The physical model consists of a 
cylindrical filtration tank 1 with a diameter of 
900 mm, a height of 1200 mm which repre-
sents the aquifer. The BWW construction is 
placed in the centre surrounded with gravel 
packing 3. The water is supplied to the tank 
from the reservoir 12 through the pump 11. 
The flow energy dissipater 8 was installed to 
maintain the laminar flow. The water level in 
the tank is maintained by means of an over-
flow pipe 15. The discharge of the well in the 
model is taken via siphon 13 and supplied to 
a measuring tank 14 installed a triangular 
weir. The siphon is charged using the vac-
uum pump 7. The water flow in the pipeline 

10 is regulated by the valve 9. The discharge 
is measured by the triangular weir of the 
measuring tank 14. The water levels in the 
intake area are recorded using piezometers 6. 
According to the results of research, the 
maximum the hydraulic resistance of the well 
structure is within 5…8% of the total draw-
down. 

Study of the discharge relationships in the 
multi-tier well is carried out in the hydraulic 
stand (Fig. 12). 

Study of the wells in field conditions. In 
order to study in the practical field two wells 
of natural sizes were drilled on the northern 
outskirts of the city of Cherkassy, in the 
coastal area of the Kremenchug reservoir, 
Ukraine. The depth of the well is 15.85 m, 
drilling diameter is 720 mm. As the water 
intakes were installed two bell type intakes 
with a diameter of 620 mm cylindrical por-
tion, connected by a pipe of 219 mm diame-
ter and a length of 15 m. The length of each 
funnel is 650 mm and casing diameter 273 
mm. The bottom funnel was filled with a 
depth of gravel 1.4 m and around the intakes 
and the connecting pipes also filled with the 
same gravel. The total depth of gravel pack-
ing is 5.5 m. A piezometer was installed in 
the well. Well discharge is obtained as of 6 
m3 / h by draw down of level of 1.5 m, spe-
cific yield − 4 m3/h. Well depth of single-

 
 

Fig. 11. Physical Model with sand and gravel 
 

Fig. 12. Hydraulic Stand 
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tiered structure is 6 m, diameter 760 mm 
drilling. The length of the funnel is 1160 
mm, diameter of the cylindrical part 620 mm. 
Since the lower, inside edge of the socket is 
concave; the edge has a diameter of 520 mm. 
The upper end of the funnel is welded and 
the casing has a diameter of 219 mm. The 
funnel was installed at a depth of 12.67 m 
and fill up with gravel with a thickness of 
3.33 m. 

Gravel is also filled above the funnel in-
take part. The total length of gravel packing 
is 9.5 m. A piezometer of 50 mm diameter is 
installed in the gravel packing. The discharge 
10.1 m3/h is obtained with the drawdown of 
2.22 meters. The specific flow rates of 4.6 
m3/h noted with drawdown of 1.68 m. re-
spectively 6.7 m3/h and 4 m. In both cases, 
the pumping was conducted for 5 hours and 
the water levels were stabilized after 20 min-
utes. In this case the water level in another 
well at the distance of 10.7 m was observed 
with a noted drawdown of 0.07 to 0.08 m. 

Methods of Discharge calculations. 
Considering the different natural condi-

tions and the complex shapes  of the well, the 
analysis of discharge is conducted, based on 
electric analogy models in pressure condi-
tions. To reduce these errors to a minimum, 
the calculations were carried out in relative 
terms. For the ratio, the measurement is taken 
on the same model in the initial conditions. 
According to the theory of electro-
hydrodynamic analogy, the relative discharge 
of wells can be calculated by the following 
equation: 
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Q ==  (7) 

 
Where HQ  and  CQ  are the flow of imper-

fect and perfect wells respectively. In perfect 
wells, the relation of well screen length to the 
depth of aquifer is equal. IH and  IC are the 
value of current in the model of  the imper-
fect and perfect wells; ξ  is the correction 
coefficient for voltage fluctuations on the 
model current receiver: 
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Here CU , HU  are the voltages at the cur-

rent receivers of perfect and imperfect wells. 
The voltage of the model was fixed as a con-
stant 20 V. Therefore, CU = HU  and hence, ξ 

= 1. Then the equation (7) comes out as: 
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Discharge of the perfect well can be de-

termined by the Dupii formula: 
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For the relative values, the denominator 

takes the value for a perfect well, and the 
numerator the value for imperfect well 
(BWW) working in the same environmental 
conditions. This value is less than one and it 
indicates the reduction factor of the discharge 
due to partial immersion of the well screen in 
the aquifer. To calculate the well discharge, it 
is necessary to know the discharge rate re-
duction ratio 
QH /QC, determined by modelling as the cur-
rent reduction ratio IH / IC. 

The value of current of the well model: 
 

),/,/,/,/( mhmbmcmrfI H =  (11) 
 
IH  and IC  are determined by conducting  

experiments on EHDA models. The rest val-
ues can be extracted from Fig. 9.  

In our case: 
I = HI . 

 
The value of current as the function of the 

relative radius of the perfect well can be ob-
tained by the following empirical equation: 

 
2,175,61 += rIc . (12) 

 
Solving the equations (9) and (10) and 

substituting them to the equation (12) we ob-
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tain an equation for discharge calculation of 
the well for the condition of confined aquifer: 

 

 ,
)2,175,61()/lg(

73,2

+
=

rrR

KmSI
Q  (13) 

 
where I – value of the current in the model 
mA; 61,5 and 17,2 − conversion coefficients 
from model (prototype) to real well , mA; R 
− radius of influence of the wells, m – depth 
of aquifer; K  – permeability coefficient of 
the aquifer; values of K for Ukrainian aqui-
fers are given in the work of Olena Volosh-
kina [18]; S – drawdown of the ground water 
level; water intake radius mrr /= . 

Considering the suffusion processes, the 
permissible discharge of the BWW can be 
determined by the equation: 

 

 ,67,0 2rQ permperm πϑ=        (14) 

 
where 0.67 − coefficient taking into account 
of the uneven inflow, permϑ  – Permissible 

flow velocity which depends on the size of 
gravel package and radius r of water intake. 
 
 

CONCLUSIONS 
 

1. Bell type water wells of single tier can 
be used with gravel packing, and without it. 
The multi-tire wells must be used only with 
gravel packing. 

2. The discharge of the wells mainly de-
pends on the size of gravel packing, not on 
the number of intakes. Therefore, during the 
development of this design it is advisable to 
start with single tier intake with gravel pack-
ing of the depth of 3…5 meter for the small 
discharge. 

3. The discharge of the single-tier well in-
creases with the increase of the intake radius, 
size of gravel packing, and the immersion 
depth of the intake up to one third of the 
depth of the aquifer. Velocity for the inflow 
increases from the axis to the edges of the 
cylindrical intake (almost from zero to a 
maximum). 

4. The discharge of the multi-tier wells in-
creases with the distance between the intakes 
only up to a certain value, which is calculated 
depending on the radius of the intake. The 
water well pump should be placed between 
the upper and lower intakes. 

5. Hydraulic resistance for the well is 
small and it can be used for the discharge up 
to 200 300 m3/day, in unconfined and con-
fined aquifers. Application of this well de-
sign along with traditional wells will help 
resolve the problem of ground water supply 
to rural populations as a source of drinking 
water as well as for irrigation. 
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РАЗВИТИЕ СКВАЖИНЫ С  
ГРАВИЙНО-ЗОНТИЧНЫМ  
ФИЛЬТРОМ УШИРЕННОГО  

КОНТУРА 
 

Аннотация. Представлен новый тип 
водозаборной скважины с гравийно-
зонтичным фильтром уширенного контура. 
Проведены исследования с использовани-
ем физического и электрического модели-
рования, а так же в полевых условиях. 
Найдены оптимальные физические пара-
метры конструкций. Введены аналитиче-
ские (эмпирические) формулы для расчёта 
гидравлических параметров, представлены 
рекомендации по применению скважин с 
гравийно-зонтичным фильтром уширенно-
го контура. 
Ключевые слова: электрическое и фи-

зическое моделирование скважин, водоза-
борные скважины, подземные воды, гра-
вийно-зонтичный фильтр, водоснабжение, 
орошение. 
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Summary. The article considers the current 
state of land-use in Kyiv. Considerable part of 
almost all the city's functional areas is used inef-
ficiently. To improve the economic efficiency of 
their exploitation, we propose an optimizing vari-
ant of land-use of residential and public devel-
opments by allocation of excess of residential ter-
ritories. This will provide an opportunity to at-
tract those land plots at auctions to increase reve-
nues to the State and Local Budgets of Ukraine. 

Key words: land tax, land lease, houses ad-
joining, excess territories, investments. 

 
 

INTRODUCTION 
 

Now, the land market of Ukraine is in its 
formative stage. As the capital of the country 
and the most economically strong city of 
Ukraine Kyiv takes the leading position in 
development of the market. Implementation 
of transparent mechanisms for searching and 
optimization of land resources can greatly 
stabilize economic reforms in the country 
[11]. The State can significantly influence the 
economy by tax regulation, changing the 
amount of tax revenues, tax rates, tax forms 
and methods. One way of filling the State 
and Local Budgets of Ukraine is selling land 
and (or) rights at land auctions. Therefore, 
the problem of finding available land spots 
on the territory of largest cities in Ukraine is 
particularly relevant, because territorial 

sources are characterized as weak and inac-
curate. 

 
PURPOSE OF WORK 

 
Review the mechanisms of filling the 

State and Local budgets of Ukraine by im-
proving the efficiency of exploitation of 
built-up territories in current land market 
terms on the example of Kyiv. 

 
 

THE MAIN MATERIAL 
 

According to the proposal "Development 
Strategy of Kyiv till 2025", the capital of 
Ukraine will be developed the existing limits 
as a compact city. The analysis showed that 
the number of free land plots suitable for fu-
ture development of the city, are very limited 
[3]. 

At the territory of Kyiv are defined main 
functional areas: public, residential and rec-
reational zones, transport and engineering in-
frastructure, commercial and industrial 
zones, manufacturing, municipal services and 
special zones, operational areas, etc. Consid-
erable part of city's functional areas is used 
inefficiently. 

The volume of local resources is deter-
mined by necessity for residential and public 
facilities, hospitals and educational buildings, 



MYKOLA MALASHEVSKYI, POLINA BEROVA, YURIY MOSIYCHUK 

 96 

shopping and entertainment malls, business 
buildings, hotels, sports complexes and other 
types of public buildings and for solving traf-
fic problems at some districts, construction 
and reconstruction of streets network, road 
junctions, fire stations and other facilities. 
More effective exploitation of built-up terri-
tories can be resources for future develop-
ment [4, 10]. 

Consider the options of improving eco-
nomic efficiency of land-use residential high-
rise buildings. According to urban settle-
ments of regulatory areas of residential terri-
tories there are always neighborhoods excess 
(backup areas) adjoining to apartment  build-
ings. Excess territory may be in districts 
where planned construction and (or) land im-
provements have not been implemented 
eventually [9, 20]. The volume of excess ter-
ritories at residential districts or groups of 
high-rise buildings is determined by the dif-
ference of values – actual area of residential 
purpose, without area of buildings and regu-
latory square, required to existing residential 
buildings to meet the requirements of exist-
ing state building norms [18, 21, 23]. 

Excess territories can be used for new 
construction of different functions, if the area 
of excess territories and urban conditions and 
restrictions permit to do so [11]. Further such 
land plots can be formed as real estate prop-
erties and they or rights to them to be sold on 
a competitive basis. At the moment one of 
the most important tasks for Kyiv is to im-
prove its investments attractiveness and first 
of all for capital investments. They provide 
real development of the territories and should 
have a significant multiplier effects on over-
all economic activity. 

Capital investments are essential for ur-
ban development - the evolution of its social, 
industrial, engineering, transport and envi-
ronmental infrastructure. In its turn, the level 
of infrastructure of the territories is an impor-
tant determinant of investment attractiveness 
of the city in general and in its individual 
parts. 

Price formation of urban land market is 
occurs under the influence by many factors: 
economic, social, political, cultural, govern-

ing the behavior of market participants and 
significantly affect the price level of supply 
and demand. However, a crucial role in the 
differentiation of prices for land in the city 
will play the following urban factors: 

- transportation accessibility (accessibi-
lity to downtown, business centers, 
community centers, places of resi-
dence, public entertainment, 

- the level of engineering equipment 
area, 

- its historical, cultural and natural 
landscape value, 

- environmental condition, 
- socio-economic progress [4]. 

 
In other words, those factors in their to-

tality determine the value of the urban terri-
tory of separate districts of the city.  

In the following years the capital of 
Ukraine will develop more social, business 
and commercial buildings. This process will 
occur by increasing the level of business ac-
tivity in the city due to mastering of new ur-
ban territories and intensification of existing 
areas. 

The most attractive for investments are 
the following areas: 
1. Citywide public and business centers cre-
ated in places of concentration of public, 
business and commercial activities by the 
main city arteries. 
2. Multipurpose community facilities that in-
clude public facilities - shopping, cultural, 
entertainment, offices and hotels, sports, etc. 
3. Industrial and social complexes, that are 
created typically in areas of outdated and in-
efficient industries and are conglomerates of 
social, commercial and business establish-
ments, industrial and warehousing (logistics) 
companies with high economic efficiency (so 
called Technopark) . 
4. Recreation and community facilities that 
are created within nature conservation com-
plexes and recreational facilities. 
5. Detached investment attractive objects of 
perspective construction are placed usually 
on relatively small land plots within the ex-
isting residential, public, industrial and ware-
house area: 
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- retail outlets, consumer services and 
catering, 

- hotels, offices, 
- facilities of culture, science and edu-

cation, 
- facilities of medicine, physical culture 

and sports, 
- warehouse, transport companies [4]. 

 
Now consider the dynamics of land lease 

relationships in Kiev. In the city the first 
lease land contract was registered in 1994. 
As of 01.14.2010 there were 7430 lease 
agreements registered. Dynamics of lease 
contracts, acquire land lease rights and reve-
nues from rent at 2008–2014 (Table 1). 

At the end of 2014 revenues from land 
rent reached up to 1250 million hrivnya. 

In total revenues from land use, payments 
for land lease increased from 60% in 2008 to 
66% in September 2014. 

One of the limiting factors for growth of 
concluded land lease agreements and reve-
nues to the city budget is loopholes in legis-
lation. That makes it possible to take the land 
for the permanent use and pay land tax of 1% 
of the normative monetary value of the land, 
whereas under the current Land Code each 
tenant (exclude enterprises, institutions, or-
ganizations, state and municipal ownership, 
organizations of disabled people and reli-
gious organizations) should use the land 
spots on lease by paying rent, which at least 
three times larger than the land tax [1, 20]. 

In accordance with economic-planning 
zoning, land spot is included in the 34th eco-
nomic-planning zone, where the base cost of 
1 sq.m. land is 632,71 hrivnya. The coeffi-
cient on the functional use of land spot ac-
cepted at 2,50 (land commercial use). 
The land spot is not provided by: 

• Central heating – 0,95, 
• gas supply – 0,95. 

Synthesis local coefficient Cls equal to: 
 

.90,095.095,0 =⋅=lsC
 

 
The land spot area is –1 708 sq.m. 
Accordingly, monetary valuation Vn of the 
land spot with the peculiarities of the location 
of land within the economic-planning zone 
is, UAH: 
 

.25,72080832,1059,1152,1

028,190,050,271,6327081

=⋅⋅×

×⋅⋅⋅⋅=nV

 
 

The position of land legislation to sell 
plots of state and municipal property includ-
ing business entities for development is that 
such a sale should occur only on a competi-
tive basis, via the procedure of land auctions. 
The only case where the law allows not to 
conduct auctions, is ransom of land for real 
estate owners of these objects ch. 2, Art. 127 
and Art. 134 Land Code of Ukraine [13]. 

Sale of land of state and municipal prop-
erty to citizens and legal entities on a com-

Table 1 
 

Land lease agreements con-
cluded in the period 

Proceeds from the land tax on 
leases, mln. UAН 

Period 
(years) 

Quantity, 
pcs. 

Land area, ha 

actual planned 

Proceeds of rent 
of the total reve-

nues from the land 
tax,% 

2008 698 1315,66 934,3 200,0 62,95 
2009 772 1215,40 1063 230,0 60,0 
2010 674 1072,43 1137 260,0 60,6 
2011 379 230,06 1124,48 290,0 60,0 
2012 218 216,93 1195,40 320,0 60,0 
2013 166 152,90 1140,40 305,0 60,0 
2014 168 174,10 1250,90 420,0 66,0 
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petitive basis (auctions, competitions), except 
for land plots on which facilities of real es-
tate owned by the buyers of these sites. Sale 
of land plots of state or municipal property 
can also be made to foreign countries and 
foreign legal entities [4, art.129]. Sale of land 
to foreign countries and foreign legal entities 
is carried out by the respective counsels in 
consultation with the Cabinet of Ministers of 
Ukraine and may be subject to registration in 
a foreign entity permanent establishment of 
the right of doing business in Ukraine. 

The introduction of competitive methods 
of selling vacant land plots has clear advan-
tages for the local community since success-
fully conducted land auctions are an effective 
way to significantly increase local revenues. 
Practice shows that the presence of competi-
tion between buyers, the sale price exceeds 
land auction starting price by several times. 

According to the Department of Land 
Resources during the period 2003–2014 
years statistic of land plots sale at auction in 
Kyiv is as follows: 2003 sold 3 land plots 
with total area of 2,3231 hectares in the 
amount of UAH 10 306 482,19 in aggregate 
starting price of 9 545 482,19 UAH on pur-
pose: 1. car wash, service station, 2. trade 
center, 3. production facilities. 2004 sold 3 
land plots with total area of 0,4189 hectares 
in the amount of UAH 2 435 925 in aggre-
gate starting price of 1 755 925 UAH on pur-
pose: 1. construction and operation of the 
plant and vehicle maintenance, 2. a house, 3. 
construction and operation of a residential 
building with infrastructure Facilities, centers 
of retail and catering. 2005 sold 4 land plots 
with total area of 0,848 hectares in the 
amount of 5 944 531,98 UAH in the aggre-
gate starting price of 3 584 531,98 UAH pur-
pose: 1. for construction and operation of the 
administrative office building, 2. for con-
struction and operation on the Facilities of 
trade and services, 3. construction and opera-
tion of retail and office center, 4. construc-
tion and operation of a commercial complex. 
2006 sold 1 land area of 0,3 ha 5 028 091,11 
UAH with a starting price of 1 248 091,11 
UAH earmarked for construction and opera-
tion of retail and office center. 2007 sold 3 

land plots with total area of 113,6251 hec-
tares in the amount of 1 001 578,032 UAH 
aggregate at a starting price of 869 994 066,9 
UAH on purpose: 1. for construction and op-
eration of retail and catering, 2. construction, 
operation and maintenance of retail and ca-
tering, 3. for construction, operation and 
maintenance of residential houses and about 
Facilities of social and cultural purposes. 
2014 sold 1 land plot area of 0,0788 ha for 
2 000 377,75 UAH with a starting price of 
1 143 073 UAH earmarked for construction 
and operation and maintenance service sta-
tions or car washes. 

Procedure of monetary valuation pro-
vides a comprehensive analysis of land plots 
contained in the databases of state land ca-
dastre. In the process of monetary evaluation 
used data: location of land plot, its area 
(square), configuration and spatial orienta-
tion; nature of the relief of the plot; levels of 
construction and land improvement; qualita-
tive characteristics of soils; pollution level 
and noisiness; distance to the center of the 
city, transport links, etc. Of particular impor-
tance in the implementation of monetary 
valuation has information about the purpose 
of the land plot, the actual functional use, le-
gal status, including information about the 
ownership, use (including leasehold), mort-
gages, easements, prohibitions on alienation, 
encumbrance and other restrictions on rights 
regulations and land use [2, 5, 6, 7, 14]. 

As the most effective use of land plot in 
Shevchenko district of Kyiv accept the 
placement of office center [22]. 

To make an objective assessment and 
taking into account the information collected, 
method for the land balance is used. 
Balance method for land plots: 
After analyzing of 4 selected offers lease 
rates for office space are calculated from the 
average of which is 157,50 UAH. And aver-
age value excluding VAT (20%) which is 
131,25 UAH. 
To calculate the revenue forecast to lease of-
fice space 2765,44 sq.m. 

1. Gross income Ig, UAH: 
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.6,789137495,01244,276525,131 =⋅⋅⋅=gI

 
2. The annual operating expenses Eo in-

clude administrative expenses, maintenance 
and land tax. 

Due to the fact that the premises have a 
large area and are leased to multiple business 
entities, in the management part property 
owners must have a manager, accountant, 
guards and cleaners. 

The annual cost of managing the planned 
property equal to 252 000 UAH. 
For buildings located on the land plots, the 
annual cost of routine maintenance Crm, 
(UAH/year) indexed on the valuation date, is: 
 

.15,2987518,456308,134,286 =⋅⋅⋅=rmC
  

General operating expenses Eog are, 
UAH/year: 
 

.44,7920331

15,29875129,49430000252

=

=++=ogE

 
 

3. Net operating income Io, UAH: 
 

.16,997103344,79203316,7891374 =−=oI

 
4. The rate of capitalization Rc: 

 

42,122144,7652/16,9971023.1 ==msqBy
 

2 765,44 − area of office premises leased, 
sq.m. 
 

%6,910079,66911/42,1221 =⋅=cR
 

 
5. Capitalized net operating income NOI, 

UAH: 
 

.75,303333321006,9/16,9971033 =⋅=NOI
 

6. The cost of land improvements: the cost 
of land allocation and production of docu-
ments Сi [17] are based on estimates for land 
surveying work and equal to 50 000 UAH 
(excluding VAT). 

The cost of buildings Сb on 1 sq.m. is 9 041 
UAH inc. VAT (7 534,17 UAH VAT ex-
cluded), UAH: 
 

86,118044268,456317,5347 =⋅=bC
 

 
where total expenditure on pay equity is 
1 825 190,40 UAH. 

An investor expects to receive a return on 
invested capital while investing in any busi-
ness including construction [5]. In a market 
economy actual earnings relates more to the 
company's trade secrets, so it is too difficult 
to determine the level of income that may be 
considered typical for any variant of con-
struction. But features of doing business in 
Ukraine provide a high level of profitability. 

Due to the lack of reliable information on 
rate of return of investors, appraisers con-
sider possible investors to take profits at 
some minimal profit, which encourages in-
vestors to invest in the facilities to measure 
up to a bank deposit rate. Investing in build-
ing seeks to profit no less than what investors 
could get when placing funds on deposit of 
leading banks in Ukraine. 
An investor’s income has been taken as 
15,8% of the total cost of land improvements 
Cil, UAH: 
 

.7,2565883100/8,15)40,1908251

09,2958352000050(

=⋅+
++=ilC

 
 

If we consider the building process as a 
business option, this option can be predicted 
as some typical profit developer, which in 
this case is taken into account in the esti-
mated cost of the facility, which is designed 
above the text.  

In some cases development of conditional 
large-scale facilities assumes the appropriate 
credits, but the cost of credits seriously varies 
and depends on several factors (policy of a 
financial institution, the history of relation-
ship with the borrower, risks of project loans, 
etc.), moreover consideration the value of 
credit resources requires determination of 
weight of the credit in development costs that 
must be justified. That is why forecasting the 
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cost of financing for the purposes of this as-
sessment was not carried out. Today lend to 
business in Ukraine is about 20-25%, which 
is uneconomical for developers. Given the 

above construction financing costs are  not 
counted. 

Determine the total cost of land im-
provements Ci, UAH: 

 

.20,7422982671,2565883

40,190825109,2958352000050

=+
+++=iC

 

 
7. The cost of land plot Clp, UAH: 
 

.55,5610346

20,7422982675,30332333

=

=−=lpC

 

 

If we consider an investor as a buyer of 
real estate, the key issue for him is a business 
that is better to invest and how profitable. 

When an investor buys a property in form 
of building or structure, the question is what 
is better to do with land: buy or rent it when 
an investor has its own funds. 

Calculate the feasibility of redemption a 
land plot on the example a land plot located 
in the Shevchenko district of Kyiv. To buy 
the land plot is necessary to take a bank loan 
in the amount of 6034 562,00 UAH. The av-
erage lending rate of commercial banks in 
Ukraine for businesses is 20%. At the annual 
loan repayments the investor can spend 50% 
of income, ie 1 551 998,58 UAH. To deter-
mine how many years borrower will repay 
the loan we will apply the following formula: 

 

,  (1) 
 

where: a – annuity equal payments or contri-
butions are made with the same frequency, 
PV – the present value of the loan, r – inter-
est rate, n – the number of charges (years). 
Thus, under these conditions, the loan can be 
paid over 8 years. The amount spent on the 
credit is equal to 12 415 988,64 UAH. 

To calculate the rent it is necessary to 
multiply rental rate by the regulatory mone-

tary value of land plot [8, 12]. The rental rate 
for the property is 10% from the normative 
assessment 3 808 720,25 · 10% = 380 872,03 
UAH/year. 
If the amount which spent on loan to share 
the rent rate, we’ll find out how long the land 
plot can be rented for these funds, years: 
 

.3203,872380/64,98841512 =  
 

To find out what option will bring more 
profit, we’ll use the following formula: 
In case of buying land, the income will be 
over 32 years, UAH: 
 

.92,96524737

1,99710338)5,99855111,9971033(8

=
=⋅+−

 

 
In case of renting land for 32 years, the in-
come at the end of the period will be equal 
to, UAH: 
 

.16,00414087)03,87238016,9971033(32 =−
 

On the example is set that for buying a 
land plot, a bank loan must be taken out in 
the amount of 6 034 562,00 UAH. The aver-
age lending rate of commercial banks in 
Ukraine for businesses is 20%. At the annual 
repayment investor can spend 50% of in-
come, ie 1 551 998,58 UAH. 

After calculations for loan repayment re-
quires 8 years, and if the rent, then after 32 
years of activity will profit more if rented 
land. This means that land leasing is more 
profitable option for investors. 

 
 

CONCLUSIONS 
 

1. Proposed mechanisms of search and 
optimization of land resources on the exam-
ple of Kiev will largely can stabilize State 
transformations that are associated with the 
transition to market-based forms of man-
agement. 

2. Selecting of excess adjoining acreage 
of residential areas and forming them as fa-
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cilities of immovable property, will involve 
them for sale on a competitive basis. 

3. The introduction of competitive ways 
of selling vacant land plots has undeniable 
advantages for the local community, since 
successfully conducted land auctions are an 
effective way to significantly increase reve-
nues to local budgets. 
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ПРЕДЛОЖЕНИЯ ПО УВЕЛИЧЕНИЮ  
ЭКОНОМИЧЕСКОГО ЭФФЕКТА 

ОТ ИСПОЛЬЗОВАНИЯ ЗЕМЕЛЬ ЖИЛОЙ И 
ОБЩЕСТВЕННОЙ ЗАСТРОЙКИ НА ПРИ-

МЕРЕ ГОРОДА КИЕВА 
 

Аннотация. В статье рассмотрено ны-
нешнее состояние использования земель го-
рода Киева. Значительное количество терри-
торий практически всех функциональных зон 
города используется неэффективно. Предло-
жен вариант оптимизации землепользования 
жилой и общест венной застройки с вычлене-

нием сверхнормативных площадей жилых 
территорий и повышением экономической 
эффективности их использования, что даст 
возможность включить их в оборот земель на 
конкурентных основаниях. Это, в свою оче-
редь, позволит увеличить размер поступлений 
в соответствующие бюджеты государства.  

Ключевые слова: земельный налог, 
арендная плата, придомовая территория, 
сверхнормативная площадь, инвестиции. 
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Summary. This paper deals the consideration 
of the consequences of unjustified decision mak-
ing on the land development with the application 
of land compulsory purchase for the engineering 
and transport infrastructure construction.  In the 
article are considered the approaches to deter-
mine the efficiency of land development from the 
standpoint of needs of population life support and 
industry complex as well as investment interests. 

Key words: social efficiency, economic effi-
ciency, transport and engineering infrastructure, 
land development, land compulsory purchase. 

 
 

INTRODUCTION 
 

In the terms of active integration of Ukraine 
into the world community special importance 
is given to sustainable development of eco-
nomic relations. Integration with the Western 
European countries leads to increasing of 
trade turnover and passenger transportation 
volume between the countries. Transit lo-
cation of Ukraine is one of the most impor-
tant factors of increasing the role of transport 
industry in the international economic activ-
ity. 

Traffic flows plays significant role directly 
both in social and economic life of the popu-
lation and in the economy of the country as a 
whole, as well as regions and the cities. The 
efficiency of such traffic flows directly de-
pends on the development of engineering and 
transport infrastructure. 

It should be noted that the majority of ob-
jects of engineering and transport infrastruc-
ture are the linear objects of great length. It 
is the reason of specific features of their 
construction and development. At the same 
time the traffic and engineering loading 
within settlements and outside their bounda-
ries have fundamental differences. It is 
caused by the structural organization and 
functional differences of these areas [14,20]. 

The specific features of the construction 
of engineering and transport structures with-
in settlements lay in necessity of their im-
plementation into the existing urban 
planning structure of settlements which is 
characterized by complex anthropogenic 
conditions. It makes difficult to choose their 
locations [13]. 

The large number of restrictions in exist-
ing built environment requires searching of 
alternative variants of decisions which are 
legally permitted as well as socially and 
economically efficient within established 
limits. 

Situation is somewhat different outside 
borders of settlements. There are no restric-
tions caused by the existing built environ-
ment and at first glance it seems that the in-
frastructure elements can be placed any-
where. But in this case there are limitations 
arising from the other reasons such as land 
quality, dispersion of settlements and nature 
resources etc. 
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Consequently speaking about the con-
struction of new engineering structures 
should be stressed approach based on multi-
ple-path analysis. Moreover the kind of land 
use and property rights should be assessed 
also. For example, a new road may be the 
shortest, but pass through the private lands 
with high prices or lands with special value. 
So, it is necessary to correctly model a deci-
sion which will determine the feasibility and 
efficiency of engineering and transport in-
frastructure construction. 

 
 

PURPOSE OF WORK 
 

The purpose of the paper is a justification 
of the necessity of complex overview main-
streaming of consequences of land compul-
sory purchase in transport and engineering 
infrastructure construction. 

 
 

THE MAIN MATERIAL 
 
Modern approaches to determine the effi-

ciency of land development (E gen) should 
be based on sustainable development, taking 
into account two main components. First is 
directed to population life support and econ-
omy efficiency ( .sup.Еl ).The second being 
capital investments efficiency (Еin .) [8, 16]. 

Thus, the overall efficiency of land use 
can be expressed by the relation: 
 

max).;sup.( →= ЕinЕlfЕgen . (1) 
 

From the standpoint of population life 
support and economy the land use efficiency 
is characterized by social and economic 
components with included implementation 
costs: 

 
);,(.sup. COSTSEecEsocfЕl = , (2) 

 
where: 
Еsoc – social efficiency, 
Ееc – economic efficiency, 
COSTS  – land development costs. 

Social efficiency reflects the immaterial 
production spheres, which are aimed to im-
prove the population living conditions such 
as housing, health, medical and cultural ser-
vices, etc. It can be evaluated for the whole 
country as well as for regions or cities [15]. 

Economic component of land use effi-
ciency is directly related to local gross prod-
uct and local budget revenues. Total income 
of local budgets consists of taxes, non-tax 
and other revenues on the irrevocable basis. 
Tax revenues, duties and other mandatory 
payments and their rates are legally provided 
[9, 18]. 

Non-tax revenues are from property and 
commercial income, administrative charges 
and payments, noncommercial sale income, 
fines and financial sanctions revenues, etc. 
[1, 12]. 

Economic efficiency from land use can be 
evaluated as a ratio of the sum of local budg-
et revenues from land ownership and land te-
nure (INC) to the sum of overall land devel-
opment costs (COSTS): 
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The article focuses on the study of the po-

tential budget revenues on the basis of mod-
eling the consequences of transport structures 
and utilities construction. Special emphasis is 
given to the problem of land use with differ-
ent types of land rights. 

The peculiarity of land resources as an ob-
ject of management and development is the 
fact that they can not be additionally renewed 
unlike other natural resources [17]. This is 
the basis for the management decision-
making. Some changes should be made for 
transformation process. For example, to 
change the land owner it is necessary to 
transfer the property rights. When changing 
land use, if we increase the residential area, 
the area of some other purposes should con-
sequently decrease. 
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Any land use is characterized not only by 
legal and physical characteristics but also by 
kind of activity which conducted on it. The 
article deals with the following main kinds of 
the local budget revenues from: 

- transfer of land ownership or land use; 
- land ownership and land use charges; 
- economic activity taxes; 
- revenues from fines and financial sanc-

tions for the improper land use [5,18]. 
Therefore, the sum of total incomes iINC  

at the optimum land use will be as follows: 
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where: 
  
INCtax.tran – tax income when transfer-

ring land ownership or land use, 
c – the number of land plots on which 

rights are transferred, 
INCown, use – land ownership or land use 

incomes, 
a – the number of tax payable land plots; 
INCprof.ec.act. – income from taxes on 

the profit from economic activities, 
z – the number of businesses liable to pay 

a tax profit to the local budget, 
INCfines – revenues from fines for viola-

tion of the legislation or negative conse-
quences of land use, 

e – the number of  land plots owners of 
which pay fines or other charges for violation 
of the legislation or the negative conse-
quences of land use.  

Income from the transfer of land title ba-
sically consists of the sale of ownership or 
use right. Income depends on the type of 
ownership [3]. 

When transferring private property rights, 
basic income consists of revenues paid at 
registration of contract of rent or sale. The 

income contains the state duty and tax on in-
come received from the sale of real estate [3, 
7, 18]. 

When transferring state or municipal pro-
perty rights, basic income is generated on the 
auction sale. The purchase basis being mar-
ket value dependable on market conditions 
and on demand on land plots of certain urban 
value. 

Income from land ownership and land use 
contains the taxes on land and land use pay-
ment. The taxes are determined by the prop-
erty costs. And property’s cost depends on its 
location and type of use [4].  

Income from taxes on economic activities 
is considered in connection with their in-
crease due to the optimal use of the land plot 
in the existing urban planning environment. 

For example, the owners of retail real es-
tate located in places of daytime population 
concentration have the potential possibility to 
obtain more income than the owners of plots 
with complicated transport access. As a re-
sult, the optimal location of the land plot in 
accordance with its function can assist of 
profits increase and consequently increasing 
revenues to the local budget. 

In case of violations, the legislation sets 
scheme of prosecution and bringing to re-
sponsibility by system of paying the fines. 
Implementation of really effective methods 
of punishment, sanctions and fines for viola-
tion of the legislation will encourage compli-
ance with law and as consequence the inflow 
in local budget. It can provide additional 
profitable opportunities in urban infrastruc-
ture development. In both cases, the results 
are both for the operation and development 
of the whole city and also for every resident. 

Let’s consider the costs component in the 
formula (2). 

Land development costs of settlements in-
clude construction costs of necessary resi-
dential and industrial objects purpose, name-
ly: objects of social infrastructure, objects of 
residential real estate, public service objects, 
objects of industry, objects of engineering 
and transport infrastructure, etc. 
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Therefore, the sum of total implementa-
tion costs of land development could be ex-
pressed the following way: 
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where: 

COSTSres  – costs of construction of resi-
dential real estate objects (houses, cottages, 
hotels etc.), 

z – the number of the residential real es-
tate objects, 

COSTSsoc  – costs of construction of so-
cial infrastructure objects (schools, hospitals, 
stadiums etc.)  

l – the number of the social infrastructure 
objects, 

COSTSser  – costs of construction of pub-
lic service objects , 
с – the number of public service objects; 
COSTSind – costs of industrial construc-

tion, 
u – the amount of the industrial objects, 

.infCOSTS  – costs of engineering and 
transport infrastructure construction, 

s – the number of the engineering and 
transport infrastructure objects. 

The objects of engineering and transport 
infrastructure should be considered in 2 di-
rections: 

- as a significant component of land de-
velopment, 

- as the planning object. 
It’s very difficult to exaggerate the impor-

tance of the construction of abovementioned 
objects. Actually, construction object that is 
not equipped with modern engineering facili-
ties don’t meet the standards and require-
ments of the market. 

Transport accessibility of objects provides 
communication with employees, suppliers 
and customers. So, actually any structure 
which is not connected to utility networks is 

'dead'. A lack of transport connections leads 
to social and economic isolation of the struc-
ture. 

Different objects require various engineer-
ing and transport service. For example, for 
residential real estate it is necessary to pro-
vide them with water supply, sewerage sys-
tems, heating etc. for domestic use. While 
industrial objects require more powerful en-
gineering systems, which are determined by 
production technology. 

Firstly, the specific feature of engineering 
and transport infrastructure objects as part of 
the planning structure is that they pass 
through cities, regions and even countries.  

The engineering and transport infrastruc-
ture objects are very versatile. Many of them 
have different kind of negative effect on en-
vironment (road, airport, port). But there are 
some objects that need to be protected from 
anthropogenic impacts (water supply ob-
jects). In both cases, it requires additional 
area to arrange buffer zones [2,19]. 

Unlike detached object, engineering and 
transport infrastructure construction needs 
land compulsory purchase because of great 
length and large areas which they cover. 
Compulsory purchase can be applied to for-
est lands, agriculture land as well as in built-
up areas [6]. 

Within settlements compulsory purchase 
is often due to the lack of free areas for city 
development. Outside the settlements major-
ity of lands are in long term rent and in pri-
vate ownership. 

When city development is planned on the 
land of private property, for construction of 
engineering and transport infrastructure the 
land can be voluntary sold and by use com-
pulsory purchased. Land plots are in private 
property and land purchase is effected with 
the consent of its owner or    through a court 
proceeding in accordance with the market 
value [6, 11]. In the case of a court proceed-
ing local community has to compensate for 
damages, including lost profits, damages 
from the temporary occupation of land plots, 
land degradation; damages due to lost reve-
nues and also when existing use became 
worse or impossible [11]. 
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Therefore we think it is necessary to con-
sider total amount of construction costs for 
the engineering and transport infrastructure 
accounting the necessity of purchase land 
plots from land owners and users. 

The sum of total construction costs for 
engineering and transport infrastructure ob-
jects could be expressed as follows: 
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where: 

..purCOSTScom – costs for compulsory 
purchase of land (when necessary), 

r – the number of land plots that are sub-
ject of full or partial purchase, 

des.COSTSpr – costs of purchase of the 
rights to development and project design 
costs, 
х – the number of objects which need the 

permission and project design development, 
..damCOSTScomp  – the costs of compen-

sation for damages to land plot’s owners, 
p – the number of landowners and land 

users who should be paid compensation for 
the loss of lost revenues, 

.COSTSconst  –  construction costs, 
t – the number of objects for construction . 
In the case of compulsory purchase of 

land for public needs total costs for land de-
velopment are financed from the local budg-
ets.  

The costs of project design and construc-
tion costs depend on the scale of the object 
and market pricing conditions.  

Let’s focus our attention on the first two 
components of above formula that affect on 
the reduction of the local budget. As men-
tioned above the shortest way is not always 

the best. At first glance it seems that the 
fewer land plots are to be purchased, the less 
will be the sum of total costs and as a result 
the less money spent from the local budget. 
But it is only at first glance. 

Multiversion choice of route for the con-
struction of future communication must take 
into account all the components of their fu-
ture performance efficiency. Moreover in-
creasing of the road length can make it pos-
sible to provide more objects in different 
kind of services, A similar situation can hap-
pen in the case of compensation payment. 

Moreover the presence of road or engi-
neering structures increases the potential at-
tractiveness of these lands and their market 
value. In addition, it is necessary to mention 
about potential and possible improvement of  
the proximately engineering service to resi-
dents of remote villages. At the same time, it 
can have a positive impact on economic effi-
ciency of industrial objects. 

Local budget is filled both with  real es-
tate tax and land tax. Today in Ukraine there 
is no real estate, only land tax [18]. In turn, 
as soon as a real estate tax is being intro-
duced, it will depend on the market value, as 
it is in majority European countries. The de-
velopment of transport and engineering in-
frastructure objects will encourage local rev-
enues by increasing the market value of the 
land. 

The analysis of the consequences of un-
justified construction of transportation and 
engineering network and as a result land 
compulsory purchase and land quality dete-
rioration need special consideration. 

Sometimes land compulsory purchase 
costs and  compensation costs are equal or 
significantly higher than the common in-
vestment costs and have no visible economic 
and social effect. Present scheme neglects 
factors mentioned above. 

According to the legally approved city 
planning documentation, the provision of ne-
cessary in areas is effected. Other words, de-
sign decision is coordinated without all nec-
essary compensation costs. In any case, there 
are always serial alternative variations. 
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The costs for compulsory purchase should 
always be taken into consideration when es-
timating comprising these variants. 

City planning documentation is the basis 
for the land compulsory purchase. The pre-
sent land use in legal boundaries is necessary 
to take into account for reasonable decision-
making when urban planning [6, 10]. 

When such aspects are missed, it is neces-
sary to make changes of city planning docu-
mentation. Currently legislation identified 
two sources of financing city planning do-
cumentation: local budgets and investment 
funds. In most cases, these works are carried 
out by municipalities. It leads to local budget 
outflow. 

Any chance to adopt unreasonable deci-
sions can bring to new corruption schemes. 

Taking into account all incomes and ex-
penses formula (3) takes the following form: 
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For commercial investment of any busi-

ness entity the quality of land plot is assessed 
in terms of its transport accessibility and 
availability of all necessary engineering ser-
vices for the planned activity. 

Transport and engineering infrastructure 
development has direct effect not only on 

population living standard and economic 
growth, but also on investment climate.  

 
 

CONCLUSIONS 
 
The follow conclusions can be made: 
1. Complex approach to land compulsory 

purchase method should be applied for effec-
tive decision-making. 

2. If the comprehensive analysis and as-
sessment of the impact of compulsory pur-
chase is not applied, the outcomes can be as 
follows: 

- overall costs for land development 
can be groundlessly increased; 

- total investment attractiveness of land 
as a result of the construction is not commen-
surable with negative environmental impacts; 

- the necessity to make changes to ur-
ban plans which are funded by the local 
budget can be appeared; 

- the complication of bureaucratic co-
ordination schemes encourages the creation 
and apply corruption schemes. 

 
 

REFERENCES 
 

1. Calinescu Т., 2010. Moral aspects of mod-
ernization the tax policy in the conditions of 
existence the depressed territories. TEKA: 
kom. Mot. Energ. Roln., OL PAN, Vol. XA, 
57-63. 

2. Composition and content of construction de-
sign documentation. State building standards 
SBS A.2.2.3-2012. (in Ukraine). 

3. Dehtyarenko Y.F., Lyhohrud M.G., Mant-
sevych Y.M., Palekha Y.M., 2007. Methodo-
logical foundations of monetary valuation of 
land in Ukraine, Kyiv, 624. (in Ukraine). 

4. On approval of expert money estimation of 
land. Procedure for expert money assessment 
of land, approved by the State Committee for 
Land Resources of Ukraine from 09.01.2003 
and registered by the Ministry of Justice of 
Ukraine, 23.05.2003. No 396/7717. (in 
Ukraine). 

5. On approval of the imposition of penalties 
for violations in the field of urban develop-
ment. Resolution of Cabinet of Ministers of 
Ukraine. 06.04.1995. No 244. (in Ukraine). 



THE ROLE OF LAND COMPULSORY PURCHASE IN ENGINEERING 

AND TRANSPORT INFRASTRUCTURE DEVELOPMENT 

 109 

6. On Compulsory Purchase of Land Plots and 
Property Located On Them in Private Owner-
ship for the Social Needs and on the Grounds 
of Social Necessity. The Law of Ukraine. 
17.11.2009. No 1559-VI. (in Ukraine). 

7. On expert valuation of land. Methodology 
expert money assessment of land, approved 
by the Cabinet of Ministers of Ukraine, 
11.10.2002. No 1531. (in Ukraine).  

8. On investment activity. The Law of Ukraine, 
18.09.1991, No 1560-XII. (in Ukraine). 

9. On Local Government. The Law of Ukraine, 
21.05.1997. No 280/97. (in Ukraine). 

10. On Regulation of urban activity. The Law 
of Ukraine, 17.02.2011. Nr 3038-VI. (in 
Ukraine). 

11. On the order of compensation determination 
for damages to land owners and land users. 
Resolution of Cabinet of Ministers of 
Ukraine, 19.04.1993. Nr 284. (in Ukraine). 

12. Petrakovska O., 2007. The methodology of 
management of land use system at urban terri-
tory. Dissertation of the Dr. Sci. Tech. Kyiv, 
KNUCA, 270. 

13. Petrakovska O., Tatsii U., 2015. Real Estate 
development and sustainable cities develop-
ment. Kyiv, Ukraine, 504 (in Ukraine). 

14. Polischuk V., Lanovoy A., 2012. Practical 
methods of efficiency evaluating of function-
ing and necessity in the road network devel-
opment. Motrol: kom. Mot. Energ. Roln., OL 
PAN, Vol. 15, 69-78. (in Russian). 

15. Prusov D, Badakh V., 2013. Principles of 
municipal facilities objects reconstruction on 
the basis of assessment methodology the 
grounds sustainability. Motrol: kom. Mot. En-
erg. Roln., OL PAN, Vol. 15, 31-35. (in Rus-
sian). 

16. The concept of sustainable territory devel-
opment. Resolution of Cabinet of Ministers of 
Ukraine, 24.12.1999. No 1359-XIV. (in 
Ukraine).

17. The Land Code of Ukraine, Revision of 
12.03.2015. (in Ukraine). 

18. The Tax Code of Ukraine, Revision of 
01.04.2015. (in Ukraine). 

19. The Water Code of Ukraine, Revision of 
28.12.2014 (in Ukraine). 

20. Urban planning. Planning and development 
of urban and rural settlements. State building 
standards SBS 360-92**, 2002. Kyiv, Archi-
tecture and housing policy of Ukraine. (in 
Ukraine). 
 
 
РОЛЬ ПРИНУДИТЕЛЬНОГО ИЗЪЯТИЯ 

ЗЕМЕЛЬ ПРИ СТРОИТЕЛЬСТВЕ 
ОБЪЕКТОВ ИНЖЕНЕРНОЙ И 

ТРАНСПОРТНОЙ ИНФРАСТРУКТУРЫ 
 
Аннотация. В статье обоснована необхо-

димость учета последствий от необоснован-
ного принятия решений при развитии терри-
торий с применением принудительного изъя-
тия земельных участков  для строительства 
объектов инженерно-транспортной инфра-
структуры. Рассмотрены подходы к опреде-
лению эффективности развития территорий с 
точки зрения обеспечения жизнедеятельности 
населения и нужд экономического комплекса, 
а также инвестиционных интересов. 
Ключевые слова: социальная эффектив-

ность, экономическая эффективность, объек-
ты инженерно-транспортной инфраструкту-
ры, развитие территорий, принудительное 
изъятие. 
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Summary. In this article is briefly exposed 
one of the main problem of civil construction of 
nowadays − accessibility of pedestrian areas. 
Were investigated normative documents of 
Ukraine connected with this question, were de-
fined and classified main factors, that influence 
on the comfort of walker's move. Were also de-
fined factors that are influencing on the planing 
aspect of comfort of the movement- pedestrian 
accessibility. 

The given results of definition of the influence 
of such factors as type of  attraction object, type 
of the layout of site development and dilatational 
slope of the track. The influence of the type of 
the priority service object was made with pedes-
trian audition. The grade of influence of the site 
development type  was defined with misalign-
ment coefficient, usual for several layout types of 
pedestrian tracks. The influence of longitude 
inclination is being defined through monitoring 
of the changes in cardiovascular system and inner 
body temperature during the movement with 
permanent speed on different slopes.as a result, 
was given a method of definition of the comfort 
of accessibility for pedestrians to the object of 
priority service, that can be used during the plan-
ing of new development and during the estima-
tion of one already existing. According to 
achieved results, the comfort radius can be both 
smaller and bigger of the normative, that gives 
corresponding economical benefits with the us-
age of the method. 

Key words: accessibility for pedestrians, ra-
dius, normative, type of site development, slope, 
pedestrian audition, misalignment coefficient.  

 

INTRODUCTION 
 

Urban construction — one of the most im-
portant sciences of the modern urban society. 
The theory of urban construction is investi-
gating the planning organization of dis-
placement and populated places, peculiarities 
of theirs formation, functioning and devel-
opment in correlation with socio- economic 
and natural conditions. In urban construction 
theory are being investigated regularities of 
formation and function of urban construction 
developments, are being developed principles 
and criteria of project decision making [20]. 
One of the main problem of urban construc-
tion is arrangement of pedestrian flow in 
residential area. Accessibility for pedestrians 
— is the factor that influences on the defini-
tion of people's living comfort, shopping, 
different objects visiting, rest and time pass-
ing on the territory [8]. 

 
 
MATERIALS AND METHODS  

 
In Ukraine accessibility for pedestrians is 

being regulated by the number or governing 
documents that have a long history. In 1955 
in USSR were admitted several construction 
norms and rules – SNIP 2-V.1 “Laying-out 
of populated locality”[16], and in 1958 – SN 
41-58 “Rules and norms of laying-out and 
site development of cities” [12], that com-
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pleted the one published before [16] and was 
regulating  the radius of accessibility for pe-
destrians of 500 meters to the majority of 
target places among people. After that, had 
appeared several legislating documents, that 
replaced the previous, in which was changing 
the radius of accessibility for pedestrians [17, 
18, 19]. Finally, when Ukraine has got Inde-
pendence, was adopted a document that is 
active nowadays – Governmental Building 
Codes DBN 360-92 [3]. 

The brief analysis [6] of accessibility for 
pedestrians radius changes in this documents, 
showed, that the majority of numbers stayed 
unchangeable from one to another document. 

There are no proves of investigations that 
caused the admission of noted radiuses in 
area of accessibility for pedestrians in cities 
[12]. According to [13], they were deter-
mined by 5-minutes walking accessibility, 
but it can not be considered sufficient for the 

arrangement of normative radius. Besides the 
growth of density of population, character of 
transport traffic and specificity of attraction 
points of last 50 years, the norms in [3] are 
basing on norms in [12]. They are presented 
in the table 1. Appears the necessity of its 
grounding or changeover. 

There is a big amount of factors that are 
influencing on the accessibility for pedestri-
ans and they have to be investigated and 
classified. There are several factors that are 
being defined as impact causers on accessi-
bility for pedestrians: degree of street net-
work transmissibility, land-use management, 
built-upends, trees and other plants presence, 
entrances and another element alongside 
front, visibility, free places presence around 
houses, that can be visited, urban design etc 
[5]. 
 

 
 
 
Table 1. Definition of attraction object type coefficient on the radius of accessibility 
for pedestrians to them 

 

Attraction object 
Normative radius 
of accessibility for 

pedestrians (m) 

Desirable radius of 
accessibility for 
pedestrians (m) 

Attraction object 
type influence co-

efficient 
Kindergarten 300 600 2,00 
School 750 800 1,07 
Market 500 510 1,02 
Workshop 500 640 1,28 
Polyclinic 1000 810 0,81 
Pharmacy 500 440 0,87 
Sport 1500 850 0,57 
Stops 500 350 0,70 
Garages 1000 330 0,33 
Parking 150 230 1,96 
Bank 500 600 1,21 
Post office 500 580 1,16 
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Fig. 1. Factors that are influencing on the comfort of pedestrian traffic 

 
 

Infrastructural factors are: existence of 
public transport stops, presence and quality 
of walkways, presence of obstacles on the 
walking way lines, insolation, aerification, 
noise and speed of the traffic and so on [10]. 
This and other factors are divided into the 
groups and are presented in the figure 1. Also 
was defined character of factors’ influence 
on each other, the degree of the influence and 
dependence of each factor (Tab. 2). Finally 
were defined the most fundamental (most 
depended and most powerful) from the point 
of view of comfort movement factors. It is 

built-upness, volume of transport traffic, 
character of bicycle tracks placement, green 
plants and pedestrian paths. Also was defined 
the factors’ group, that is influencing on the 
first service objects placement, according to 
what the investigation is being held (Fig. 1). 

In this work factors that are influencing on 
pedestrian radius is look like a numbers indi-
ces that characterizes each of them. Such 
index is a coefficient that takes into consid-
eration moving comfort according to one or 
another factor. The presence of several coef-
ficients like this permits to make a model that 
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will make the displacement of pedestrians 
more comfortable through optimization of 
first-service object placement. Moreover, this 
model gives a possibility to appreciate built-
up territory from the point of view of the 
living comfort in any of its part. That is why 
here are examined factors, that are influenc-
ing on gravity objects. 

One of the most significant factors is the 
territory planning lay-out of built-up. There 
are 5 types of this built-up kind – perimetral, 
group-wide, linage, free and compound built-
up [4]. Each of it has its own influence on the 
movement track of pedestrian, that is why the 
coefficient of nonlinearity, that is common 
for each of them. Coefficient of nonlinearity 
– measurement, that reflects the correlation 
of length of the path between two points with 
air distance. 

In a result of analysis of the planning 

structure of Kiev [14], were chosen territories 
with the most characteristic type of built-up. 
As perimetral – Podil, group-wide – Nykilska 
Borchagivka, lainage – Rusanivka, free – 
Batyev hill. Compound built-up combined 
elements of other types, that is why the coef-
ficient of nonlinearity, that is typical for it, is 
direct average of all other coefficients.  

One of the most significant factors is the 
territory planning lay-out of built-up. There 
are 5 types of this built-up kind – perimetral, 
group-wide, linage, free and compound built-
up [4]. Each of it has its own influence on the 
movement track of pedestrian, that is why the 
coefficient of nonlinearity, that is common 
for each of them. Coefficient of nonlinearity 
– measurement, that reflects the correlation 
of length of the path between two points with 
air distance. 

In a result of analysis of the planning 

 
Table 2. The degree of influence and dependence of factors affecting the comfort of pedestrians 
(where M is the degree of effect) − part 1 

 
Factor 1 2 3 4 5 6 7 8 9 10 11 12 

1. Insolation  0 1 0 0 0 0 0 0 0 0 0 
2. Aeration 0  0 0 0 0 0 0 1 1 0 0 
3. Microclimate 0 0  0 0 0 0 0 0 0 0 0 
4. Lay-out type 1 1 1  0 1 0 0 1 0 0 0 
5. Attraction object type 0 0 0 0  0 0 1 0 0 0 0 
6. Built-upness 1 1 1 1 0  1 0 1 1 1 0 
7. Density of population 0 0 0 0 0 1  0 1 1 1 0 
8. Population composition 0 0 0 0 1 0 0  1 1 1 0 
9. Noise 0 0 0 0 0 0 0 1  0 0 0 
10. Pollution 0 0 0 0 1 0 0 1 1  0 0 
11. Traffic volume 0 0 0 0 1 0 0 0 1 1  1 
12. Longitudinal slope 0 0 0 0 0 1 0 0 0 0 1  
13. Illumination 0 0 0 0 0 0 0 1 0 0 1 0 
14. Width of footpath 0 0 0 0 0 0 0 1 0 0 0 0 
15. Bikeway  presence 0 0 0 0 0 0 0 1 0 0 0 0 
16. Traffic safety 0 0 0 0 0 0 0 1 0 0 0 1 
17. Green space presence 1 1 1 0 0 0 0 1 1 1 0 0 
18. Flows cross point 0 0 0 0 0 0 0 1 0 0 1 0 
19. Cleanness and attractivety 0 0 0 0 0 0 1 1 0 1 0 0 
20. Coverage type 0 0 1 0 0 0 0 0 1 0 0 0 
21. Conditions for disabled 0 0 0 0 0 0 1 1 1 1 0 1 
22. The degree of permeability 0 0 0 0 0 0 0 0 0 0 0 0 
23. Type of shoes 0 0 0 0 0 0 0 0 1 0 0 0 
24. Type of pedestrian crossings 0 0 0 0 0 0 0 1 0 1 1 0 
The degree of dependence 3 3 5 1 3 3 3 12 11 9 7 3 
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structure of Kiev [14], were chosen territories 
with the most characteristic type of built-up. 
As perimetral – Podil, group-wide – Nykilska 
Borchagivka, lainage – Rusanivka, free – 
Batyev hill. Compound built-up combined 
elements of other types, that is why the coef-
ficient of nonlinearity, that is typical for it, is 
direct average of all other coefficients.  

For investigation was chosen one of the 
objects type of attraction – school, as a big 
amount of permanent users that has the big-
gest fixed radius, that is why margin of error 
will be the lowest. Every territory was di-
vided into zones through the making a Vo-
ronoy diagram [1], each part of that was 
served by its own school. Afterwards were 
made tracks of pedestrian ways from the far-
est entrances. For this tracks are defined co-
efficients of nonlinearity, the  average mean-
ing of which are coefficients of influences of 

territory lay-out. 
For evaluation of accessibility for pedes-

trians there are several international internet 
resources as Walkonomics, Walk Score, 
RateMyStreer ets. They are evaluating and 
measuring accessibility for pedestrians 
trough making pedestrian audition. For ex-
ample, RateMyStreet gives possibility for 
users to rate any street in eight categories − 
commodity of road crossing, the width of 
pavement, driving risks, traffic organization 
commodity, safety from the point of view of 
criminality rate, cleanness and attraction, 
accession for handicapped. In countries of 
western Europe and Northern America, in 
contrast to Ukraine, this systems are being 
used intensively for evaluation of pedestrian 
accessibility. Correspondingly to gather sta-
tistics about Ukrainian cities using this pro-
grams is impossible.  

 
Table 2. The degree of influence and dependence of factors affecting the comfort of pedestrians 
(where M is the degree of effect)  − part 2 

 
Factor 13 14 15 16 17 18 19 20 21 22 23 24 M 

1. Insolation 1 0 0 1 1 0 1 0 0 0 0 0 5 
2. Aeration 0 0 0 1 0 0 0 0 0 0 0 0 3 
3. Microclimate 0 0 0 1 0 0 0 0 0 0 0 0 1 
4. Lay-out type 1 0 0 1 0 0 1 0 0 1 0 0 9 
5. Attraction object type 1 1 1 0 1 1 0 0 1 0 0 1 8 
6. Built-upness 1 1 1 1 0 0 0 0 0 1 0 0 13 
7. Density of population 0 1 1 1 0 1 0 0 0 0 0 1 9 
8. Population composition 0 1 0 1 0 0 1 0 1 1 1 1 11 
9. Noise 0 0 0 1 1 0 1 0 1 0 0 0 5 
10. Pollution 0 0 1 1 1 0 1 0 1 0 0 1 9 
11. Traffic volume 1 1 0 1 1 1 1 0 0 0 0 1 11 
12. Longitudinal slope 0 0 1 1 0 0 0 0 1 0 0 0 5 
13. Illumination  0 0 1 0 0 1 0 1 0 0 0 5 
14. Width of footpath 1  0 1 1 0 1 0 1 1 0 0 7 
15. Bikeway  presence 1 1  1 1 1 1 1 1 1 0 1 11 
16. Traffic safety 1 1 1  1 1 0 1 1 1 0 1 11 
17. Green space presence 1 1 0 1  0 1 0 1 0 0 0 11 
18. Flows cross point 1 1 0 1 0  0 0 1 1 0 1 8 
19. Cleanness and attractivety 1 1 1 0 1 0  0 0 0 0 0 7 
20. Coverage type 1 0 1 1 0 0 1  1 0 1 0 8 
21. Conditions for disabled 1 1 0 1 1 1 0 1  1 0 1 13 
22. The degree of permeability 0 1 1 1 0 0 0 0 1  0 0 4 
23. Type of shoes 0 0 0 1 0 0 0 0 0 0  0 2 
24. Type of pedestrian crossings 1 1 1 1 1 1 0 0 1 1 0  11 
The degree of dependence 14 13 10 21 11 7 11 3 14 9 2 9  
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Taking into consideration the fact that for 
this article the evaluation of concrete territo-
ries is less important then tendencies, lows 
and principles of accessibility for pedestrians 
formation, there was held questionnaire of 
Kiev citizens, with the aim to find out time 
loses on movement to every first service ob-
ject. The reason why time was chosen as fig-
ure of merit – it is easier to define time, for 
the average person, then the distance, and 
absence of strong dependence on the norm, 
with which the majority of pedestrians are 
unfamiliar. Citizens were divided into cate-
gories according to their age, and during the 
investigation was estimated their speed of 
walking. That gave a possibility to turn time 
results received from the questionnaires into 
the distance. After cancelation of mistakes 
made during questionnaire on Dixon's Q-test 
[11] were defined correlations between desir-
able and normative radiuses for every first 
service objects [7]. This correlation is coeffi-
cient of the first service object type influence 
and presented in table 1. 

Longitudinal slope of pedestrian way also 
influences on comfort of motion. Usually 
pedestrians are walking at sidewalk along 
carriageway. At big slopes rises the amount 
of oxygen that organism consumes, along 
with that rises the amount of harmful moie-
ties that come into lungs. In the Building 
Code DBN 360-92 [3] you can find a table of 
radius change at accessibility for pedestrians 
in dependence of territory slope (Tab. 3). As  
in case with normative radius, there are no 
links on investigations in this theme. It ap-
pears a question of benefit of usage of this 

results in urban construction conditions.  
The moment of now is being held the in-

vestigation of regime changes of pedestrian 
organism on different slopes, with condition 
that he moves always with one speed. The 
influence is being determined by next pa-
rameters: pulse, temperature and oxygen 
level in blood. In this case are being used – 
pulse oximeter Kernel KN-601E, thermome-
ter Microlife MT3001 and stop watch. Such 
investigation permits to receive the coeffi-
cient of longitudinal slope of pedestrian way 
on radius of accessibility for pedestrians. 

 
 
RESULTS AND DISCUSSION 

 
Basing on results that we achieved during 

investigation, was made formula of computa-
tion of comfort radius definition service for 
objects of attraction: 

 

, 
 

were RC − is comfort target radius, RN — 
normative radius from Building Code DBN 
360-92** [3] (Tab. 3), K1 — coefficient of 
attraction object type formed according to 
results of pedestrian audition, K2  — coeffi-
cient of longitudinal slope way, K3 — coeffi-
cient of lay-out territory type influence, that 
was defined before with non-lineral coeffi-
cient. This kind of correction of normative 
mark gives possibility not only to create new 
building-up with more comfortable life con-
ditions, but to make right evaluation of com-
fort of already existing territories. 

 

Table 3. Service radius reduction depending on territory slopes (Building Code 360-92, 
application 6.3 Tab. 2) 

 

Slope(permille) 
Service radius reduction for different objects depending 

on territory slide 
0-5 300 500 750 1000 1500 
10 180 300 450 600 900 
20 90 150 225 300 450 

    



WAYS OF COMFORT RADIUS DEFINITION OF ACCESSIBILITY FOR PEDESTRIANS TO THE FIRST SERVICE OBJECTS 

 
 

117 

CONCLUSIONS 
 

1. Analysis of normative base showed that 
actual normative radiuses don’t have 
enough objectivations for being consid-
ered comfortable in actual urban con-
struction situation.  

2.  Were defined and classified big amount 
of factors that influence on pedestrian 
traffic, that caused the necessity of taking 
those of them into consideration,  that are 
influencing on lay-out principles of citi-
zens objects of attraction.  

3. Investigation results usage in urban-
construction and lay-out activity will rise 
the comfort of living territories from the 
point of view of accessibility for pedes-
trians.  
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ПУТИ ОПРЕДЕЛЕНИЯ КОМФОРТНЫХ 
РАДИУСОВ ПЕШЕХОДНОЙ ДОСТУПНО-
СТИ ДО ОБЪЕКТОВ ПЕРВООЧЕРЕДНОГО 

ОБСЛУЖИВАНИЯ 
 

Аннотация. В статье кратко очерчена од-
на из основных градостроительных проблем 
нашего времени — пешеходная доступность. 
Изучена нормативная документация Украины 
по этому вопросу, определены и классифици-
рованы основные факторы, влияющие на 
комфортность движения пешехода. Опреде-
лены  факторы, влияющие на планировочный 
аспект комфортности движения — пешеход-
ную доступность. Представлены результаты 
исследований по определению влияния на неё 
таких факторов как тип объекта тяготения, 
планировочный тип застройки и продольный 
уклон пути. Влияние типа объекта первооче-
редного обслуживания определено с помо-
щью проведения пешеходного аудита. Влия-
ние типа застройки территории выведено с 
помощью определения коеффициента непря-

молинейности, характерного для пешеходных 
путей того или иного планировочного типа. 
Влияние продольного уклона определяется с 
помощью мониторинга изменений работы 
сердечно-сосудистой системы и внутренней 
температуры тела при движении с постоянной 
скоростью на различных уклонах. В результа-
те представлен метод определения комфорт-
ной пешеходной доступности к объектам пер-
воочередного обслуживания, который можно 
использовать как при планировке новой за-
стройки, так и при оценке уже существую-
щей. Согласно полученным данным, ком-
фортный радиус может быть как меньше, так 
и больше нормативного, что даёт соответст-
вующие экономические выгоды при исполь-
зовании метода. 

Ключевые слова: пешеходная доступ-
ность, радиус, норматив, тип застройки, ук-
лон, коэффициент непрямолинейности. 
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Summary. In the article various factors defin-
ing procedure of a land easement establishment  
when forming the new land plots are analyzed. 
All factors are combined into 4 groups. The 
analysis of influence of each group of factors on 
a land easement procedure in Ukraine is made. 

Key words: right-of-way, utility, easement, 
easement procedure, easement establishment, 
factors. 

 
 

INTRODUCTION 
 

In recent years the demand for the land 
plots for cottage construction has increased 
in the cities of Ukraine [7]. In land resource-
constrained environment in the cities suitable 
for housing construction the new land plots 
which aren't serviced with utility systems and 
access roads are being created. It is possible 
to close this gap at the expense of the adja-
cent land plots, which brings owners of the 
plots to agreement. The agreements are not 
always formalized, as a result, citizens appeal 
to court. Provision of utility systems and an 
access to roads for new land plots is possible 
by official establishment of land easements. 

The procedure of establishment of land 
easements is not clearly defined by Ukrain-
ian law. And there is no procedure for for-
mation of the new land plots requiring estab-
lishment of easements. Despite the adoption 
of a number of laws [19, 12, 13, 14] in 
which the stages of establishment of land 
easements are defined, the establishment 
procedure is still difficult and unclear, takes 

a lot of time, demands considerable efforts 
and financial investments. The decision 
making of the formation of the land plot 
with the need to establish an easement is 
influenced by various factors, which act at 
different stages of easements establishment. 
This article is devoted to the study of the 
factors influencing the procedure of estab-
lishment of land easements in Ukraine. 

 
 

PREVIOUS WORKS AND 
PUBLICATIONS  

 
The problem of establishment of land 

easements in Ukraine is studied insuffi-
ciently, despite its relevance. The most nu-
merous publications are devoted to discus-
sion of legal and regulatory aspects: the con-
tent of a land easement right of and its types, 
establishment and force, termination condi-
tions [25, 26, 15]. Taking into consideration 
the unsettle procedure of easements estab-
lishment in Ukraine it is important to study 
and investigate international experience [16]. 
The experience of Scandinavian and Euro-
pean countries where the easement right has 
been successfully exercised for a long time 
will positively influence on functioning of a 
land easement in Ukraine [9, 17]. 

When establishing easement the ques-
tions arise of a monetary value of both the 
easement right, and the land plots under the 
action of this right. Ukrainian specialists 
have published a number of works devoted 
to the study of theoretical aspects of ease-
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ment right monetary value [3, 4, 2]. In some 
works the necessity of procedure of forma-
tion and registration of a land easement for 
the cities of Ukraine is proved [6] and prac-
tical experience of establishment and regis-
tration of land easements of different type in 
Ukraine is generalized [10]. 

 
 

PURPOSE OF WORK 
 

To analyze factors influencing the ease-
ment procedure in Ukraine when forming the 
new land plots which aren't provided with 
utility service and an access to roads. 

 
 

EXPOSITION OF BASIC MATERIAL 
 
While establishing easement several ad-

jacent land plots can be involved to remove 
shortcomings. Further the land plot in favor 
of which the land easement is established 
will be the dominant one with adjacent plots 
being servient plots.  

There is a large number of types of the 
land easement right which can have either 
positive or negative character. An easement 
is positive when the dominant plot owner has 
the right to do certain actions against servient 
land plots (passage, driveway access, utilities 
laying, etc.). The easement forbidding servi-
ent land plots owner to do certain actions is 
negative (for example, not to prevent water 
drainage from the adjacent plot). This article 
focuses on the positive private land ease-
ments. 

The new land plots for cottage housing 
with the need of easement establishment re-
sult from 2 main cases - creation of the new 
land plots and division of existing mostly 
when receiving inheritance. 

The establishment of a land easement be-
gins with a study of the legal, technical and 
financial conditions for the formation of a 
land easement, insufficient consideration of 
which may lead to negative consequences of 
further operation of property. When estab-
lishing easement through adjacent plots it is 
necessary to choose the best option. There-

fore such factors as planning characteristics 
of the land plots, spatial structure and utility 
capacity and road location significantly in-
fluence the decision making on establishment 
of a land easement. Besides, these factors 
influence a land easement cost and change of 
market value of all adjacent land plots in-
volved (table 1). 

A set of factors influencing procedure of 
a land easement was defined as a result of the 
analysis of domestic experience of a land 
easement establishment and considering con-
ditions of its further functioning, as well as 
the existing practice of new land plots forma-
tion. All of them were grouped into:  
1. Legal, 2. Financial, 3. Planning, 4. Other.  

The influence of the factors that are part 
of all groups can be considered as positive if 
the procedure of a land easement establish-
ment is fast, inexpensive and clear for the 
land plot owners. Furthermore, planning 
characteristics of the land plots involved in a 
land easement establishment don’t change for 
the worse and the market value of land is not 
reduced or there is a slight decrease. 

The extent of the influence of factors is 
different. Group of legal factors act on the 
whole country, whereas other groups of fac-
tors have local influence on the residential 
district where the land plots are located. 

Group of legal factors  
- Easement establishment under Real Estate 
Formation 
- Easement establishment procedure & Reg-
istration in the Real Estate Register 
- Technical regulations for Easements estab-
lishment 
- Compensation procedure 
- Documents for Easement establishment 

To date, Ukraine hasn’t adopted a spe-
cific law on a land easement establishment 
and new land plots formation. The only at-
tempt in this direction is the draft law "On 
land easements", developed in 2004 [1]. But 
it hasn’t been adopted so far. 

Procedure of formation of the new land 
plots where land easement is needed isn't 
approved in Ukraine. Certain parts of proce-
dure and the process of the new land plots 
formation are stated in various legislative 
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acts. In particular, in the Land and Civil 
code, a number of laws, resolutions and other 
acts. The Land Code contains the general 
definition and the incomplete list of types of 
land easements. Also here the general princi-
ples of establishment, action and cancellation 
of a land easement are given. In certain arti-
cles of the Land Code the formation of the 
new land plots as a result of subdivision or 
amalgamation is defined in general. But the 
process of establishment of a land easement 
when forming the new land plots isn't de-
fined. 

According to Ukrainian law [18, 19], pri-
vate land easement may be established by the 
agreement between land owners, as well as 
the will and judgment. The contract is con-
cluded between the owners of land in accor-
dance with civil law by general rules. The 
standard form of contract for land easements 
has not been developed and approved. The 
contract may contain a validity period of land 
easement, a land plot plan with an indication 
of the easement area, the amount of monetary 
compensation to the owner of servient land 
plot, the periodicity of payment for the use of 
the land easement, the amount of payments 
and other items by mutual consent. 

A number of laws determine obligation 
of land easement registration in the register 
of rights [13, 14, 18, 19], but registration 
procedure and a set of all the necessary 
documents, isn't quite clear. 

The most widespread type of the ease-
ments established for new land plots for 
housing construction is right-of-way and util-
ity easement [8]. It is important to define 
easement parameters according to building 
codes. 

The size of land plots when laying drive-
way or utility is determined by Building 
codes. The size of the easement plot when 
laying utility is conditioned by the technical 
parameters such as the driveway width and 
size of sanitary protection zones. In Ukraine, 
road and utility construction is regulated by 
building codes [5, 22, 24, 27] that define 
their technical characteristics and certain 
limitations. The complexity lays in the fact 
that the codes don’t state clearly technical 

characteristics and limitations specifically for 
easements. 

When establishing land easement the 
questions of financial compensation and  
easement payment always arise between the 
owners of the dominant and servient land 
property. According to Ukrainian law, the 
owner of the servient land plot may claim 
compensation for the land easement and re-
current fee. However, the legislation does not 
regulate these questions. Compensation pay-
ments are generally calculated by an inde-
pendent appraiser on the basis of analysis of 
prevailing prices for such land plots in the 
real estate market and by the appraiser’s own 
experience. 

Different types of documentation are 
necessary at each stage land easement estab-
lishment (the formation and registration) [12, 
14]. 

The technical documentation is devel-
oped for utility and cadastral documentation 
is necessary to identify the limits of the right 
of way. In order to establish various kinds of 
easement such as utility laying (water supply 
system, sewerage, gas pipeline, electrical 
network, etc.) technical documentation for 
each utility is developed. Types of docu-
ments and their number may vary in different 
regions and it is responsibility of the local 
utility companies. 

Important component of a land easement 
establishment is geodetic surveying. Accord-
ing to the legislation the following docu-
ments are necessary for registration of a land 
easement: the application of the owner of the 
dominant property, land easement agreement, 
materials of geodetic surveying, the elec-
tronic exchange file, personal information of 
owners of the land plots involved in a land 
easement and some others. 

Financial factors 
Residential district - related factors: 

- Changing of Properties Market Value 
- The change of Tax payment  

Land plot-related factors: 
- Construction expenses 
- Building materials expenses 
- Expenses for project preparation 
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Some factors of this group have impact 
on the residential district, and some of them 
influence directly on the land plots involved 
in establishment of a land easement. 

The effect of a land easement for the 
dominant property is the increase of market 
value, whereas for servient property market 
value decreases. The amount of the State 
Duty Tax depends on the amount of market 
value of the land plots. According to Re-
stated Tax code [20] the State Duty Land Tax 
comes to local budgets. Thus, change of 
market value of the land plots influences fill-
ing of local budgets. 

In case of land plots the cost of construc-
tion works and building materials are of great 
importance for owners. For the dominant 
property owner of the expenses will increase 
if utilities and roads are located far from the 
land plot and vice versa. In case of the opti-
mal land easement expenses for the owner of 
the dominant property have to be minimum. 
It means that it is necessary to look for op-
tions for a land easement with an access to 
the nearest available roads and utilities. In 
this case there will be a reduction of land 
easement costs and reduction of the amounts 
of compensation payments due to reduction 
of the area of action of a land easement. 

Easement documents preparation costs 
should include costs of utilities technical 
project, preparation of cadastral map and the 
registration of easement in the State Register 
of Rights.  

Financial expenses also include survey-
ing after easement is established. It is survey-
ing to determine the areas of action of ease-
ment, geodetic coordinates, easement action 
planning and electronic exchange file crea-
tion containing geodetic information.  

Financial expenses when easement is es-
tablished in Ukraine are quite high, and the 
procedure for easement establishing takes up 
a lot of time. The reason is the lack of legis-
lative regulation of procedure of land ease-
ment establishment and a large number of 
participants involved in the procedure from 
government agencies, private companies, 
individuals whose authority isn’t clearly de-
fined. 

Planning factors 
Residential district - related factors: 
- Panning structure of residential district, 
- Road network density and spatial structure, 
- Utility capacity, density and spatial struc-
ture. 

Land plot-related factors: 
- Planning characteristic of land plots, 
- Location of building and utility and their 
characteristics, 
- Location of utility and their capacity. 

The planning structure of the residential 
district where the land plot is located is of 
great importance for decision-making on 
formation of the new land plot with ease-
ment. 

One of the important characteristics of 
the planning structure of a residential district 
is roads and utility layout. [11, 23] The spa-
tial structure and density of roads and utility 
capacity is of great importance. If the roads 
are far away or have an uncomfortable loca-
tion, it will be difficult to establish right-of-
way and costs for construction work and ma-
terials, surveying will increase. This also 
considerably increases the technical docu-
mentation preparation costs. A similar situa-
tion occurs when you connect to nearby utili-
ties. The reasons for this may be a low den-
sity and capacity of utilities. 
Planning characteristics of the land plots are 
referred as to land plot related factors. Plan-
ning characteristics of servient property are 
of greater importance for the best establish-
ment of a land easement. The area, length of 
borders, configuration, length of frontal bor-
der of the land plot with an access to roads 
and utilities are essential for a land easement 
establishment. A land easement area is lim-
ited in use for the land owner due to sanitary 
protection zones round utilities and ease-
ments of other types. Thus one of the main 
requirements to land easement cancelling 
according to Cadastral Registry of Ukraine is 
impossibility to use servient plot as intended. 
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    Thus, if the servient plot has insufficient 
space, the narrow front border, or complex 
configuration, it will be extremely difficult to 
establish easement in the least burdensome 
way. Easement area for right-of-way, or util-
ity easement can occupy a significant part of 
land and significantly complicate or make 
impossible the use of the land. 

Utilities location and capacity are also of 
great importance when establishing land 
easement. If the nearest utilities are of low 
capacity, it is impossible to connect new us-
ers to them. Solution to the problem can be 
either new utility corridors of appropriate 
capacity or connection to more distant utili-
ties. Of course, the best option for a land 
easement establishment is the location of 
utilities of sufficient capacity at the minimum 
distance from the land plot. In all other cases 
the length of utilities will be bigger and more 
expensive. 

The group of other factors includes: 
- Land plots landscape, 
- Private interests of owners, 
- Unforeseen circumstances. 

Geomorphologic characteristics of land 
are of great importance for the utilities laying 
and driveway formation. Compound relief 
can cause technical difficulties in utilities and 
roads laying. At best, compound relief can 
create additional difficulties for engineering 
solutions and related to them additional fi-
nancial cost. At the worst, it will be impossi-
ble to establish land easement due to com-
plex technical solutions and a significant 
increase in the cost of work. 

One of the factors having a major impact 
on the further procedure of land easement is 
personal interests of land owners. 

If the owners of land fail to reach agree-
ment this issue can be settled in court. The 
decision on the easement establishment is 
taken by court on the base of alternatives, 
developed by forensic experts. 

During a land easement establishment un-
foreseen circumstances of various origin can 
happen. They can be of natural and anthro-
pogenic origin, affecting the physical charac-
teristics of land plot. Among them there are 
landslides, landslip seams and others. Acci-

dents with the persons involved in procedure 
of a land easement establishment belong to 
unforeseen circumstances too. These include 
accidents with land owners and contractors, 
financial bankruptcy of land plot owners and 
circumstances, resulting in the change of land 
owners and others. These factors and some 
other factors of political, economical and 
legislative origin are not considered in detail 
in the article but they should be taken into 
account in the general approach to the ease-
ment formation. 
 
 

CONCLUSIONS 
 

The major factors influencing a land 
easement establishment procedure is the 
group of legal factors. 

Land plot related planning and financial 
factors have considerable impact at a stage of 
decision making on a land easement estab-
lishment and expediency of property forma-
tion. Insufficient study can lead to the wrong 
decisions when forming the new land plots 
and to considerable financial and moral dam-
age. 

In easement establishment several plots 
of land and a large number of persons may be 
involved. Improper new land plot formation 
with incorrectly established land easement 
can have significant consequences. The 
adoption of economically viable and socially 
equitable solution is possible only by study-
ing and considering all the factors that are 
not being considered currently when estab-
lishing easement in Ukraine. 
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ФАКТОРЫ, ВЛИЯЮЩИЕ НА ПРОЦЕДУРУ 
УСТАНОВЛЕНИЯ ЗЕМЕЛЬНЫХ  

СЕРВИТУТОВ В УКРАИНЕ 
 
Аннотация. В работе проанализировано 

различные факторы, влияющие на процедуру 
установления земельных сервитутов при 
формировании новых земельных участков для 

жилищного строительства. Все факторы объ-
единены в четыре группы. Проведен анализ 
влияния каждой группы факторов на установ-
ление земельных сервитутов в Украине. 
Ключевые слова: право прохода и проез-

да, инженерные коммуникации, сервитут, 
установление сервитута, факторы.  
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Summary. Models of work localization 

places originated in ancient towns and cities of 
the Renaissance period. Regularities of geometri-
cal dependences are traced in many theories of 
the cities. An important criterion for the quality 
of the city planning structure is travel time-
weighted average to the main places of work. 

Key words: the labor skeleton frame forms, 
localization of places of work, labor links of the 
city, system of labor links. 

 
 

INTRODUCTION 
 

It’s not possible for researchers of city-
planning theories to find the single universal 
decision how to denote all existing city-
planning problems neglecting specific con-
ditions of the country, its history and natural 
features. At the beginning of 21 century we 
see historically developed system of urban 
environment. The city is not only roads, 
buildings, greenery planting. It is first of all 
adaptive visual and time criterion of a city 
development. 
– the visual criterion is characterized by 
modern perception of reality; 
– the time criterion is characterized by feel-
ing of lost time and space. 

City environment, image and entity are 
created on the basis of natural and social re-
quirements. From the point of view of an 
urbanization, the city has its social, spatial 
and functional structures. The city is formed 
by its inhabitants, striving to satisfy the re-
quirements in the best way. 

 
PURPOSE OF WORK 

 
Work on the problems of labor support 

(Labor resources) in the district planning is 
mainly based on the materials and conclu-
sions collected, processed and formulated by 
planning and project organizations. Thus, 
the main objective has always been to reach 
optimal proportions in the allocation of pro-
duction facilities and population. 

 
 
WAYS TO REVEAL THE PRINCIPLES 
FUNDAMENTAL FOR SPATIAL IN-

TERACTIONS BETWEEN CITIES 
 

Since ancient times city development has 
been a conscious process, conducted in ac-
cordance with the particular needs of the 
residents. It can be assumed that at the very 
early stages of city development, people cre-
ated an idea about the most convenient loca-
tion, major communications layout, location 
of temples, palaces and other buildings. 
These principles were gradually imple-
mented and put to test, and can be fairly re-
ferred as to primary city development theo-
ries. The main points of ideal utopias of the 
past are characterized by the desire for sim-
plicity, convenience, "availability" of a city 
for its residents in different variable forma-
tions. Architects and researchers sought to 
create new ideas of city–planning systems. 
The ideas and developments in ideal city 
creation were later transformed into utopian 
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theories of cities. The main idea at that time 
was in the definition of the division of labor 
of city dwellers. Ways to reveal the princi-
ples fundamental for spatial interactions be-
tween cities (movement of people, goods, in-
formation, diffusion of innovations, other re-
lationships), led to the idea to use fundamen-
tal law of gravity, according to which any 
two bodies in the universe attract each other 
with a force that is directly proportional to 
the product of their masses and inversely 
proportional to the square of the distance be-
tween them, where population is taken as a 
mass. The city has to carry out a leading 
comprehensive social and economic role 
within the controlled area. There is a variety 
of different characteristics, one of which is 
apparently inherent in the whole settlement 
system as a whole, and the other will charac-
terize individual settlements. The population 
of the city has functional role which is char-
acterized, in particular by its activity (work), 
life, and rest. It forms a vector of land use 
which is differentiated according to func-
tional grounds: residential areas, production 
areas, recreation areas, etc. 

 
 

DEVELOPMENT OF PLANNING 
GEOMETRICAL INTERPRETATION 

 
The expression of the spatial distribution 

of the main urban processes is rather com-
plex and controversial. Streets and roads 
form planning structure of the city. Three 
main forms of urban planning - centric, linear 
and lattice - were known in ancient times, 
when the first cities emerged. Various com-
binations and modifications of these basic 
forms can be seen in the plans of modern cit-
ies. Such integral city plans are of the great-
est city-planning interest. Development of 
planning geometrical interpretation is con-
ventionally represented as follows. 

1. Point, center, circle – have no direction 
of growth, the function is a static one. 

The circular plan originates from the natu-
ral development of the city around the pri-
mary core, which historically represented a 
road intersection. Circle or polygon, having a 

minimum perimeter and equal access to the 
center met the requirements of defense in the 
best possible way. The main disadvantages 
of city plan: 

- when increasing radius, functional con-
nections of territories are violated, 

- Lack of the reserve area for the expan-
sion. 

Therefore, in modern design practice ex-
pediency of use of round or polygonal radial-
ring plan should comply with the following 
conditions: 

- The size of an urban area doesn't exceed 
the radius of walking accessibility from the 
center according to regulatory documents. 

Clear regulation of urban development 
beyond designed outer fringes (for towns). 
Functionally, such a plan is simple and con-
venient, and doesn’t require complex pedes-
trians isolation from transport and provides 
urban residents with close accessibility of the 
suburban environment. 

2. The line, a strip, a row – develop in two 
opposite directions, the function is a dynamic 
one; 

Linear city plans are formed through his-
torical aspect of arrangement of the main 
transport ways or settlements along the riv-
ers. General pattern of linear plotting is 
based on differentiation of city traffic – 
lengthwise and crosswise. 

For simple primary form of linear city 
plan typical width corresponds to accessibil-
ity for pedestrians and length is longer if the 
speed of public transport increases. Transport 
accessibility time between opposite points of 
a closed circuit is also reduced twice com-
pared to the extreme points of disconnected 
line segment of the same length. Primary lin-
ear form of the plan can function properly 
and be kept until the city growth exceeds the 
limits of time proximity. 

Being closed, linear-circular shape of the 
plan can’t provide longitudinal growth. If 
there is a need of further territorial develop-
ment, it can be achieved by adjunction of 
new rings. Thus, at the junction and intersec-
tion of rings the most expedient places for 
the city centers are recorded. The double 
planning ring − "eight" – having the same 
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length as a simple ring allows to reduce by 
half trip time from the center to the suburbs. 
Application linear − circular forms of the city 
plan provides: 

 - Intensity of high-rise development con-
centrates in a radius of foot availability round 
stopping places of city public transport; 

- High-speed highways at the intersection 
with pedestrian walkways should be placed 
out of earth level. Linear – branchy form of 
the city plan is characterized by splitting of 
the main roads as they move away from 
highways, and also by oblique-angled roads 
in respect of driveway junction with the 
house surrounding blind pass parking’s. 
When joining the neighboring blind passes 
into the continuous driveway, branchy form 
of planning turns into linearly − loopback or 
lattice one. Linear – branched form of the 
city plan has the following features:  

- the absence of any crossing of transpor-
tation and pedestrian routes on the same 
level;  

- compatibility with any natural condi-
tions. 

Simple linear city map can be trans-
formed, thus forming new, secondary lines, 
perpendicular to the main line. 

3. S quare, lattice - develop in several mu-
tual directions, their function is either neutral 
or combines elements of statics and elements 
of dynamics. 

The rectangular city planning grid has al-
ways been the result of purposeful design, 
but not intuitive spontaneous construction. 
The rectangular lattice-shape plan, unlike 
centric-circular, evenly duplicates all traffic 
directions without overloading of the city 
center, which is provided with relative free-
dom of spatial development. 

Simple square – shaped city plan com-
bines the convenience of a right angle with 
the maximum compactness. 

The increase in the size of the city, as a 
rule, deforms the square plan under the influ-
ence of functional and transport and land-
scape factors. Besides, designed composition 
change of a square shape of city map is also  
possible by means of obtuse and acute an-
gles, curves or broken lines of its boundaries. 

In square-shaped city map the diagonal grid 
of streets provides better accessibility be-
tween the center and its outer contour angles, 
than the grid parallel to a square sides. 

 
 

FUNCTIONAL AND TERRITORIAL 
DIVISION OF THE CITY AREAS  

FORMATION 
 

Quite often the territory in the toponimic 
parts of the city is of monofunctional nature. 
Other parts of the city, on the contrary, form 
multifunctional system, combining some 
main functions. 

This is natural balance of  the functional 
and territorial division of the city areas for-
mation. 

For example, for the historically devel-
oped industrial areas isolation and mono-
functional character allows to create the best 
conditions both for production, and for work 
and service of employed workers. 

On the contrary, in residential areas of the 
city where everyday life and leisure of citi-
zens are concentrated, location of industrial, 
municipal or other facilities is unacceptable. 

It would be inadvisable, because  noise 
and heavy  freight traffic badly affect the ac-
tivity of these zones. 

This area requires build-up of communal 
facilities, places where other jobs can be ap-
plied (science, management, design, banks, 
technology IT, etc.), as well as culture, lei-
sure and recreation facilities. 

Therefore, as a rule, these residential areas 
have additional polyfunctional nature. 

The complex polyfunctional zone of the 
city is its community center − social and 
business zone. 

City center concentrates the main func-
tions of social, 

political, administrative, cultural life and 
service of people. 

Functional analysis of civil structure 
shows that all the functions of the center, as 
well as the city as a whole, are divided into 
three groups:  
– activity (work) (social and political work 

and management, education, science), 
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– life (food, trade, public service, housing), 
– leisure (culture and sport). 

Recreational area is a special functional 
area, which is usually of monofunctional na-
ture. 

But this division of a functional zoning of 
the city areas is a problem of planning integ-
rity of the city. 

None of the functions of the city, taken 
alone, exists by itself. 

Alternation of life cycles of work, life and 
recreation is a basis of urban lifestyle. 

Therefore the planning structure of the 
city can't be reduced to the structural organi-
zation of functional zones and their elements. 

It is defined primarily by their mutual ra-
tional placement and the ability to create a 
comfortable, constant and reliable intercon-
nection of all parts of the city. 

The key to the unity of urban spatial struc-
ture is sustainable location of production and 
workers resettlement taking into account 
technological requirements of industry, an 
objective mechanism of social behavior of 
citizens in urban settlement, sustainable de-
velopment and changes in intra-urban rela-
tionships in space and time. 

To perform successfully city functions 
about a half of the population has to be effi-
cient and this part of the population consti-
tutes a city labor force. 

Permanent population of employable age 
group in the general aspect of total popula-
tion ensures its stable "labor balance". 

The basis of urban development is a proc-
ess of concentration of the various activities 
throughout all historical eras. 

So, concentration processes are at the 
heart of city growth and development. 

It should be noted here that it means not 
only increase in volume of already existing 
activities, but an emergence of new types and 
industries and increase of their diversity. 

Appropriate use of urban environment 
qualities provides an increase in productivity, 
acceleration of scientific and technological 
progress, new inventions in technology, dis-
coveries in science, new trends in culture. 

Compactness of the city plan, the devel-
oped system of transport communications, 

less difference in indicators of intensity of 
land use planning and management cause an 
appreciation of its quality. 

An important criterion for the quality of 
the city planning structure is travel time- 
weighted average to the main places of work. 

The quantitative assessment of the acces-
sibility of a certain site of the city is deter-
mined by the degree of its accessibility − 
how much its accessibility is above (or be-
low) city average. 

 
 

THE DEFINITION OF THE CITY 
LABOR SKELETON FRAME 

 
Models of work localization places origi-

nated in ancient towns and cities of the Ren-
aissance period. 

Regularities of geometrical dependences 
are traced in many theories of the cities. 

But to determine key parameters of emer-
gence of models which could designate accu-
rate gradation of existence of the specified 
work localization places, it is necessary to 
define the concept "of the city labor skeleton 
frame" at first. 

The labor skeleton frame is 3D design 
consisting of a combination of vertices and 
ribs which create polygon, or tissue which is 
directed on workforce loading and ensures 
work places permanency. 

This creates spatial and organizational in-
frastructure that supports employment stabil-
ity, creates a constant and continuous move-
ment, prevents disintegration and integrity of 
the working space. 

To obtain stable working environment it is 
necessary to consider a number of factors 
which influence its form: 

1) labor interest, 
2) transport accessibility to work places, 
3) prestige of the enterprises, 
4) sensual and emotional factor of the per-

son and others. 
The labor skeleton frame forms the sys-

tem of sets of working places localizations, 
interconnected labor links that interact with 
each other and with the systems of urban en-
vironment as a whole. 
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The system of city labor skeleton frame is 
a set of objects united so that they exist 
(function) as a whole, creating new proper-
ties that are not available in these objects 
taken separately.(Fig. 1). 

The structure skeleton of a labor city has 
complete system of labor links and consists 
of (see Fig. 1): 

- Localization of places of work – a set of 
objects of application of work (labor forma-
tions) of the city, at the municipal, district 
and local levels, 

- Labor polygon – a segment of localiza-
tion of places of work which has its function 
and direction of a vector of  development of 
education, 

- Labor node – a single object of employ-
ment provision for the city, 

- Labor links of the city – a system of 

links which joins labor polygons according to 
the function and transport accessibility at all 
city levels, 

- A labor vector – the direction of devel-
opment of functions of labor nodes in the la-
bor polygon. 

There are several main features of the sys-
tem of labor links: 

1) integrity – city labor links should be 
uniform and interconnected, 
2) structuring – each labor node should 

have its rank of the system, 
3) coordination – a combination of labor 

links of different type, which reinforce its ef-
ficiency, 

4) subordination of parts to one purpose − 
labor links have one directional vector, 

5) an algorithmic character of activity (in 
logical sense) – an exception of illogical ex-

 
 

Fig. 1. The structure skeleton of a labor city 
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istence of the city labor links. 
Types of labor links: 
1. Amalgamation – is characterized by in-

tegration of two or more nodes, maintaining 
and supplementing stable functions. 

 

 
 

2. Merger − more significant link takes 
over less active one. Thus, the area and vec-
tors of movement don't change. 

 

 
 

3. Opposite − when labor links are inte-
grated their number increases exponentially. 

 
 

 
Nature of labor links: 
1. Disintegration is defined as the ratio 

of the total area of concentration of all parts 
of  labor nodes in their total volume. 

2. The focus − generalization associated 
with anticipation of observations and ex-
periments results on the basis of empirical 
data. These empirical data "lead" to general, 
there fore generalization is considered as ex-
pedient truth or empirical laws. 

3. Orientation − a choice of one class sys-
tem of coordinates interconnected, in some 
sense, "positively". 

Each system specifiess orientation, defin-
ing a class to which it belongs. 

It is described by the term "in and coun-
terclockwise directions". Dependence of a 
labor skeleton frame in urban space (Fig. 2). 

Depends on: 
- labor potential of population (lpp), 
- multifunctionality of country employ-

ment categories (mec), 
- finance (f). 
 
 

CONCLUSIONS 
 
The socio-political and socio- economic 

changes in the country have led to changes in 

city planning concept, aiming professionals 
at search of new ways of city management. 

Democratization of society formally inva-
lid city–dwellers into the process of im-
provement of living environment. 

Change of rules of public activity and a 
choice of homogeneous direction of vectors 
of city development, led to conservation of 
systems and immersions of the city in the 
closed trajectory with cycle being repeated 
regardless of geopolitical changes in the 
country. As we see, labor is very important 
factor in formation of urban environment. 
Thanks to a labor force, the population has 
work places which allow to realize talents 
and desire to produce goods which in turn 
stimulate market and economic relations and 
comfortable climate in the country in gen-

eral. 
The labor skeleton frame of the city influ-

ences further orientation of development of 
functional and planning structure of the city. 
Each element of a labor skeleton frame 
should maintain integrity in the urban space 
and be connected to other elements of the ur-
ban framework. 

Each part of the city labor skeleton frame 
should provide a special mode of use and, 
thereby, to preserve the functionality and ra-
tionality against the city background. 

Fig. 2. Dependence of a labor skeleton frame 
in urban space 
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ТРУДОВОЙ КАРКАС КАК ФУНКЦИО-
НАЛЬНО-ПРОСТРАНСТВЕННАЯ 

СИСТЕМА ОРГАНИЗАЦИИ ГОРОДА 
 

Аннотация. Модели мест локализации 
труда зарождались уже в античных городах и 
городах периода возрождения. 

Закономерности геометрических зависи-
мостей прослеживаются во многих теориях 
городов. Важным критерием качества плани-
ровочной структуры города является крите-
рий среднего время поездки к основным мес-
там работы. 
Ключевые слова: трудовой каркас города, 

локализация мест работы, трудовые связи го-
рода, система трудовых связей. 
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Summary. Summer overheated modern city 
deteriorates living conditions in it. For this pur-
pose, the climate formation is considered in three 
adjacent spatial levels: macroclimate of geo-
graphical area; mesoclimate of a certain location 
(southern slope of the mountain, river valley, the 
sea coast); microclimate of two-meter surface 
layer (at the level of the human body). These lev-
els of different spatial scale have similar mecha-
nisms of climate formation. The radiation tem-
perature and wind conditions of the area are the 
main causes of the overheating. The specified in-
formation proposes to research the solar radiation 
and the surfaces to accumulate it. The urban 
landscape is predominated over by the surface, 
which significantly accumulate heat. Hence the 
surface layer of air in the city receives three times 
more heat than in the natural environment. Thus, 
microclimate is formed in the streets, squares, in 
a housing estate and city parks under the natural 
and city planning factors. The found that for bal-
ancing and softening of microclimate conditions 
for living and of effective impact on the heat, 
humidity and aeration regime of the modern city, 
it is desirable to achieve a ratio of 1:1 between its 
planting and artificial surfaces. 

Key words: climate, insolation, residential 
area, architectural and planning regulations, envi-
ronmental barrierless environment. 

 
 

INTRODUCTION 
 

A modern stage of global development is 
defined by hastily growing cities, population 
conurbation, agglomerating transport, indus-
try, noxious emissions in the environment. 
Climate warming and the said global ten-
dencies impair the urban living conditions, 

while in 2008, according to the UN, 50% of 
the planet population lived in cities, about 
70% - in Ukraine. In the said context, archi-
tecture and city development should con-
tribute to resolution of a problem to provide 
comfort for human existence. Here, of use 
can be a positive experience of modern ar-
chitecture – one of the “most illustrative and 
materialized manifestation of the social spi-
ritual life” [1]. 

In the ambient environment, continuous 
in time and space, residential areas and 
dwelling are formed influenced by interac-
tion of energy-mass systems, irregularly dis-
tributed on the land surface. This is primar-
ily the natural climate of a certain locality. 
City development objects, transforming the 
energy and mass flow, create a new envi-
ronment, where a local microclimate is 
formed. In the course of vital activity, peo-
ple move from one environment into an-
other. Thereat, influenced by a beneficial ef-
fect of a natural habitat, they try to regulate 
the urban environment accordingly, too. 
People’s reactions related to environmental 
changes, especially when it’s hot in summer, 
is mostly physiological. That’s why almost 
all countries – members of the World Mete-
orological Organization (WMO) – have pre-
pared National reports regarding climatic 
changes, including on peculiarities of these 
changes’ effects on public health. These 
countries have also prepared National action 
plans to reduce risks related to effects of the 
said changes. Thus, in France, where over 
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35 thousand people died due to the 2006 
heat, a special action plan has been issued 
envisaging creation of special recreation 
rooms for elderly people with comfortable 
microclimate, and propaganda of protective 
measures during summer overheat [2, 3, 4].  

Climatic change becomes more and more 
appreciable adverse environmental factor, 
significantly and negatively affecting the 
comfort of people’s stay in urban conditions 
in summer. When it is hot, public mortality 
rate is growing, especially among elderly 
population [2, 3]. According to Ukrainian 
scientists’ forecasts, in 2010-2060, atmos-
pheric temperature during the warm semes-
ter in Ukraine will rise, while the amount of 
precipitations and humidity factors will re-
duce [5]. Ukrainian legislation defines city 
planning as activities to create and maintain 
a sound human living environment, provid-
ing permanent, social, economically and en-
vironmentally balanced development of in-
habited localities and adjacent territories, na-
ture conservancy and rational nature man-
agement. Therefore, of especial significance 
is search of the corresponding architectural 
and planning measures enabling local alle-
viation of microclimate within limits percep-
tible for a man [6, point 10.31]. In this con-
text, there emerges a necessity to generalize 
microclimate formation factors for residen-
tial areas and warmth-sensing indicators that 
would allow assessing the degree of thermal 
discomfort. 

It should be mentioned that as regards 
formation of a comfortable and ecologically 
barrier-free environment, traditional micro-
climate division into "external" – of residen-
tial areas and "internal" – indoors, is not es-
sential as people move freely from one 
space to another. Yet, while indoors or in 
vehicles the said matter is to some extent re-
gulated by technical climate control means, 
in terms of near-house areas this issue still 
remains topical. 

 
PROBLEM FORMULATION 

 
Groups of buildings, underlying surface 

(verdured, paved, inundated), sunlight, radia-

tion, wind flows, temperature etc. interact in 
urban environment. Such agglomeration both 
creates a protective system of human exis-
tence within nature, providing its own form 
of a changed environment – city microcli-
mate, and dissociates it from nature. Sur-
rounded by buildings, people are affected by 
the changed environment and city in gen-
eral [7].  

Architecture and city development are 
important landmarks of human develop-
ment. Public mental and physical health de-
pends on the coziness, broadly speaking, of 
a city, building or structure, on the extent of 
harmony in their connection with the natural 
habitat. Under conditions of climatic 
changes this issue becomes especially cru-
cial. 

In terms of architectural and city devel-
opment ecology, this matter is connected to 
the Sun and solar radiation, being the first 
and the most important climate-forming 
(from Greek "klima" - land surface inclina-
tion towards the Sun [8]) factor and deter-
mines the nature of the artificial environ-
ment. A.I. Voyeikov, prominent Russian me-
teorologist noted than the Sun is the first 
cause of all processes forming the climate 
and it has a decisive influence on formation 
of a comfortable environment for human ex-
istence, and architecture [9]. Historical and 
culturological background confirm that urban 
climate and microclimate issues have long at-
tracted the attention of architects and city 
planners.  

Vitruvius’s works paid great attention to 
effect of climate and recommendations on its 
recording. It started with stating the place se-
lection principles and city planning in order 
to avoid wind funnel formation, take into ac-
count southern winds and heat, air humidity. 
A full chapter was dedicated to climate as a 
deciding factor in determining the building 
style. Thoroughness of climate accounting is 
confirmed by his phrase that "…cities and 
buildings in the south should be designed and 
built according to warm climate, doing this 
quite differently in the north" [10]. He warns 
of solar radiation, reflected from dry land or 
water, due to which in a hot climate a build-
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ing will be subject to “double sun”, speaks 
against building cities in valleys due to in-
creased humidity, decreased aeration and sun 
rays reflection, creating excessive heat [7; 
11, 12]. 

A direct consequence of climatic condi-
tions are architectural peculiarities of cities in 
southern dry regions, which always were a 
kind of "self-shading structures", and build-
ings – of original "thermoses" with solid 
walls, scarce small windows, enclosed com-
pact planning of courtyard and narrow lanes. 
Damp regions, on the contrary, are marked 
by free planning, “breathing” translucent 
walls, well-ventilated areas [10]. 

Alberte and Palladio believed that 
"…width of streets, height of buildings and 
sizes of windows should be determined tak-
ing into account the orientation and depth of 
premises…”. Corbusier undertook a serious 
research of design issues and wrote of a ne-
cessity to use solar and wind influence as 
forming factors when planning cities, stating 
that "sun is an important material for an ar-
chitect…" [10]. 

Wright used solar geometry in designing a 
number of buildings. Thus, in Sturges’s 
buildings, eaves’ sizes depended on degree of 
sun rays’ inclination. Climate also ranked 
first in Gropius’s design concept. Many of 
his works take into account degree of sun 
rays’ inclination in various periods of the 
year.  

Today, all cities of the world have glass 
facades with light curtain walls, taking no 
account of local climatic manifestations. Lat-
er, Corbusier himself ascertained that in 
summer one should fight "…disastrous  in-
rush of sun". He persuaded the committee of 
architects in 1933 in Athens to approve city 
development principles with regard to the 
fact that "urban planning materials are: sun, 
space, vegetation, steel and concrete, just in 
this strict order and hierarchy" [5, 11]. 

A major part of Rapoport’s works is ded-
icated to consideration of natural surround-
ings, climate and social technology as decid-
ing factors in selecting a building shape. He 
highlights that when forms and even struc-
tures are transferred unchanged from one 

climate to another, there are often incorrect, 
in terms of climate, constructions and space. 
Space language should provide basic notions 
of external and internal environment and 
should reflect their non-separability. In this 
context, scientific analysis of climate is of 
great importance. However, today architec-
tural developments and planning still lack 
scientific methods of using academic cli-
matic data [7]. 
External climate, internal environment of 
buildings and structures, and human response 
thereto are interconnected. The main means 
of people’s adaptation to environmental 
changes, depending on location – in- or out-
doors – is clothes, while the space of their 
stay is integral. Among other changing char-
acteristics, such space has thermal ones. As 
influenced by energy and mass, certain con-
ditions are created in any point of space, de-
pending on radiation and convectional char-
acteristics of the area. Radiation conditions 
of residential areas is determined by climatic 
factors and nature of landscape, presence of 
natural or artificial objects, type of develop-
ment [7].  

Due to Galileo having invented the ther-
mometer (1593) and Torricelli – the barome-
ter (1644), it became possible to measure two 
main microclimate parameters - temperature 
and pressure. Results of measurements initi-
ated in 1806 in cities around London and 
published by Howard in 1818 showed mate-
rial dissimilitude of urban microcli-
mate [7, 10]. 

As previously mentioned, prominent ar-
chitects Vitruvius and Alberte not only had a 
professional command of methods of assess-
ing microclimate, insolation and sunlight 
protection, but also improved and enhanced 
such skills. Suffice it to remember Vitru-
vius’s famous “Sun’s analemma”, forming 
the basis of all modern graphics for insola-
tion and sunlight protection estimation [10]. 

Key climatic factors affecting a city de-
velopment solution are radiation-temperature 
and wind pattern of the area. Analysis of ra-
diation-temperature conditions envisages re-
search of direct solar radiation intensity giv-
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en various atmosphere transparency, and sur-
faces having various orientation [13]. 

An important factor of microclimate for-
mation is insolation (from Latin – put to sun), 
which in turn is total solar radiation of sur-
faces and spaces. Insolation has dual effect 
on the man and the environment. It is benefi-
cial on a sanitary-hygienic viewpoint, and 
thus economically profitable. Then, it is nec-
essary to provide sunlight access to urban 
development. Yet, it causes light discomfort 
and overheat as well [13]. 

Radiation and insolation patterns are de-
termined by total solar radiation, consisting 
of direct solar radiation produced immedi-
ately by the sun, diffused - produced by the 
whole horizon; shortwave solar radiation re-
flected by surfaces, and long-wave (thermal) 
radiation of heated surfaces [13]. Intensity of 
radiation emitted and reflected by the sur-
face, radius of its effect are determined by 
the quantity of received solar radiation, and 
this surface’s ability to reflect it (albedo). In-
tensity of vertical surface radiation is deter-
mined by its orientation. Thus, if we take ra-
diation of a south-oriented surface as 100 %, 
for east and west surfaces  it will be 130 %; 
east northwest and west northwest - 128 %; 
east southeast and west southeast - 137 %; 
northwest and northeast - 106 %; north north-
east and north northwest - 85%; north - 65% 
[12]. Therefore, the walls facing east south-
east and west southeast are subject to most 
radiation. 

In southern cities, less favorable condi-
tions exist for walls turned to the west and 
southwest, as great intensity of their radiation 
is usually connected with the highest daily 
atmospheric temperatures. Therefore, these 
walls have the highest surface temperature as 
well. A difference between surface tempera-
tures of the south- and west-oriented walls at 
the time of their maximum radiation may be 
up to 6°С. The effect of surface-reflected ra-
diation in southern cities develops on 4-5 m 
of the distance from the surface at southeast 
and south orientation; − 7-8 m at southwest; - 
9-10 m at west; − 5-6 at northwest. The reach 
of heated surfaces’ thermal long-wave radia-

tion is somewhat greater. Thus, at western 
orientation it reaches 15-16 m [11; 12, 10]. 

An idea of insolation standardization 
emerged in late 19th century. It was con-
firmed in Erisman’s research findings - bac-
tericidal effect of direct solar radiation on pa-
thogenic bacteria’s reactivation depending on 
ultraviolet radiation doses accessing residen-
tial premises. Due to this research, insolation 
standards were first set in Russia in the 1940-
s (V.К. Belikova, N.М. Dantsig) – starting 
with 3 hours of direct solar insolations, this 
standard was later differentiated depending 
on а geographical latitude of the area [14]. 
The first principle of the previously men-
tioned “Athenian Charter”, setting forth the 
fundamentals of city development, was full 
provision of healthy dwelling for people, 
namely, space, fresh air and sun [15]. 

Direct solar radiation is much more inten-
sive than diffused and reflected so it has the 
decisive role in assessing insolation distribu-
tion in qualitative and quantitative indicators 
in built-up areas and premises. Direct solar 
radiation in urban development is regulated 
by existing sanitary norms for insolation and 
the relevant paragraphs of the State Con-
struction Norms (SCN) [6]. 

According to the sanitary and zoning 
standards valid in Ukraine (Sanitary Rules 
and Norms (SRN) 2.2.1/2.1.1.1076-01, SCN 
360-92**), location and orientation of resi-
dential and public buildings, preschool insti-
tutions, comprehensive schools should pro-
vide insolation duration in residential prem-
ises and areas, determined by sanitary stan-
dards for a certain period of time in hours, in 
accordance with regulatory requirements for 
each category of objects and areas for the 
period from 22 March till 22 September [6, 
point 10.30]. Standardization is performed 
with regard to climatic peculiarities of the 
design area and nature of development. 
Normative requirements are achieved by 
corresponding location, orientation, plan-
ning of  buildings and areas. For the purpose 
of insolation accounting in architectural de-
sign and city development planning, it is de-
fined using various graphical methods, 
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physical simulation, analytical estimation 
and computer programs [14]. 

 
 

METHODS OF EVALUATION 
 

Valid insolation standards are based on re-
search of insolation length for premises, con-
forming to the mean annual dose of total so-
lar radiation. As regards territory, such re-
searches are few and they are mostly sani-
tary-hygienic and engineering-oriented, aim-
ing to ensure a necessary minimum of solar 
radiation in residential areas. Their architec-
tural planning standardization should be 
aimed at providing comfort of human exis-
tence in modern cities and regarding regula-
tion of summer overheat – at preventing tem-
peratures crossing the admissible maximum? 
But what is this maximum? 

Works by B. Dunayev, D. Maslennikov, 
L. Orlova, O. Sergeychuk made a great con-
tribution in methods of insolation assessment 
[10, 12]. At the Chair of City Construction of 
Kazan University L. Orlovska conducted a 
research regarding determination of radiation 
conditions assessment indicators in residen-
tial development territory in terms of the ne-
cessary minimum provision. These were en-
ergy indicators based on accounting of total 
radiation doses. It was determined that in 
shielding development spaces a reliable 
comparative assessment of the built-up area 
radiation conditions may only be received 
based on analysis of yearly and season radia-
tion doses. Regularities of solar radiation ex-
posure in annual cycles allowed us determin-
ing a formation mechanism of zones with 
various degrees of area shielding, limit (by 
technical-economic indicators) gaps between 
tower blocks - 1h and lengthy - 2h (where h 
is building height), limit of insufficient inso-
lation zone by shielding degree isoline ŋ=0,5 
(ŋ - shielding degree) as estimated value, and 
determining corresponding astronomically 
possible yearly and season radiation doses 
for the area. The examined method of limits 
determination for insufficient insolation 
zones allows obtaining a graphical image of 
area insolation for the year and to implement 

the necessary insolation indicators according 
to SCN [16]. 

Radiation condition assessment includes 
background characteristics as well: flow in-
tensity of direct and diffused radiation affect-
ing horizontal and vertical surfaces, as well 
as analysis of radiation flow transformation 
inside the city - solar radiation influencing 
inclined surfaces of various orientation, mu-
tual radiation of development elements. Near 
insolated planes temperature and radiation 
conditions in summer become much worse, 
increasing the urban environment overheat. 
Intensity of emitted and reflected radiation 
and distance of its adverse effect is deter-
mined by the quantity of received solar radia-
tion, these surfaces’ albedo [12]. 

Territorial radiation image may also be 
obtained by drawing an insolation map using 
B. Dunayev’s insolation line [9]. The said 
method is as follows: a mesh of check points 
is set on a square grid in the residential de-
velopment area; insolation duration value is 
determined for each of them and “shade en-
velopes” are built from buildings for each 
hour of the day, followed by tracing insola-
tion duration isoline. There is a method of 
presenting insolation graphical image in the 
area by D. Maslennikov, based on use of 
DM-55 light surveyor, that allows determin-
ing insolation duration for any month and 
amount of energy received for a certain time 
interval, by applying a device with a corre-
sponding scale on the development drawing 
[12]. Based on obtained maps, the place and 
degree of the territory thermal pattern’s regu-
lation are determined. 

Heretofore, greater attention has been paid 
to residential insolation conditions and lesser 
- to insolation of areas. Main attention has 
been drawn to shape, construction and sizes 
of area lights in buildings, their orientation 
according to sides of the horizon, location 
with respect to windows of buildings ele-
ments (balconies, loggias, eaves, protrusions, 
screens, venetian blinds), surrounding resi-
dential and communal buildings. However, 
under summer overheat conditions, the issue 
of sunlight protection of territories, building 
walls, and structures from excessive insola-
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tion becomes more topical. Especially impor-
tant here becomes the problem of shading 
planes and spaces in residential development. 

This requirement to arrangement of a con-
tinuous yet variable in time and space single 
environment for human existence in the city, 
though contradictory at first sight, should be 
taken into account both at planning organiza-
tion of residential areas in general and at 
planning, landscape gardening and rehabili-
tation of its separate functional elements. 
Norms and rules for insolation provision at 
residential areas primarily concern places di-
rectly used by the public: children's play-
grounds; sidewalks and alleys; swimming 
pool locations, gaming facilities, recreation 
benches etc. Normative insolation dose of 
separate space elements, as well as timing 
and necessary shading area under summer 
overheat conditions should be determined in 
accordance with these elements’ functional 
purpose and operating mode [6, 12, 17]. 

 
 

ACTIVITIES REGULA 
 

For the purpose of children UV irradiation, 
children's playgrounds should be insolated 
during morning hours and in the afternoon, 
especially during summer overheat, require 
sufficient shading. Therefore, the structure of 
such sunscreening facility should create con-
ditions preventing overheat of the body and 
at the same time providing maximum use of 
solar energy for medical purposes [10]. The 
said insolation pattern should also determine 
tree planting procedures along sidewalks de-
pending on their orientation towards sides of 
the horizon. In observing the insolation pat-
tern standards, subject to provision of sun-
light protection of a sports ground, located in 
a residential development, one should take 
into account hours of its use after studies or 
work. Usually tree planting is envisaged with 
regard to ground shading in the afternoon. 
Planting sites and sorts of trees should be 
specified subject to leafage shade projections 
during hot hours [12]. 

Nowadays, these factors are especially 
significant in developing planning solutions 

for residential areas. When tracing pedestrian 
routes, locating children's playgrounds, other 
spatial elements used by the public, it is nec-
essary to take into account proximity of sur-
faces, reflecting or emitting solar radiation. 
Under environmental overheat conditions in 
combination with low wind speed (still-air 
conditions), there is a problem of ventilation 
intensification - "wind capture". Under such 
conditions, the development planning organi-
zation should ensure optimal ventilation 
terms for the residential area by rational or-
ganization of street and pedestrian route ar-
rangement (orientation, profile), observing 
optimal correlation between built-up, paved, 
verdured and inundated surfaces. A variety of 
planning solutions as well as difference of 
natural climatic conditions of cities deter-
mine a necessity to search for optimal insola-
tion and sun protection pattern for the resi-
dential area in each specific case [12]. 

As noted previously, besides direct sun 
rays (insolation), radiation reflected and 
emitted by surfaces is of great importance 
during planning arrangement of residential 
areas. Its role grows during hot season of the 
year due to high intensity of direct solar ra-
diation. Limited access of sun rays to sur-
faces and spaces is reached due to corre-
sponding use of development elements and 
small forms, microrelief, planting, aquatic 
areas, fountains, special structural devices - 
horizontal sun breakers along facade, vertical 
blinds, screens, eaves, balconies, preventing 
wall surface overheat [12, 18, 19]. Thus, for 
instance, swimming pools located at maxi-
mum insolation area absorb up to 5400 
kcal/m2/day, and only about 600 kcal remain 
to increase atmospheric temperature [13]. An 
expedient means to reduce duration and 
quantity of house area insolation and de-
crease heat on underlying surface becomes 
separation of yard space with screens of 
twining plants or stripes of high-leafage 
broadleaf trees. 

Architectural-planning measures of inso-
lation regulation unite means related to de-
velopment composition on the residential 
buildup general layout, planning of buildings 
and structures, land improvement. Architec-
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tural-structural measure cover shading ele-
ments of buildings, sun-protective glass-ware 
and films, sun-protective stationary and mo-
bile devices for territories. We may also dis-
tinguish a group of technical means provid-
ing artificial microclimate [10]. 

 
 

CONCLUSIONS 
 

In all terms (sanitary-hygienic, functional- 
planning, structural, esthetic, economic) sun-
light protection is an integral and effective 
architectural element. In bioclimatic aspects 
of environmental factors important is comfort 
of human heat sensation. Vigorous activity of 
a man mainly occurs at daytime, so for city 
development it is more expedient to take into 
account the nature of bioclimatic conditions, 
typical of daytime. The said assessment me-
thods and insolation regulation measures are 
crucial for daytime under summer overheat 
conditions. 

Under existing conditions, requirements 
regarding improvement of human ambient 
environment returned methods and means 
based on efficient use of useful properties of 
natural components: sun, wind, water, vege-
tation. The above-mentioned meets environ-
mental tasks and forms “new ecological ar-
chitecture” (architectural bionic, solar archi-
tecture, climate forming architecture). 

Now, when the urbanization process cap-
tured the world, the issue of harmonization 
between the society and nature for the pur-
pose of preserving ecological balance and 
creating a favorable living environment for 
people becomes extremely topical. 

 
 

REFERENCES 
 

1. Bilokon Y., Fomin I., 2006. Science and 
creativity in architecture. Kyiv, Logos, 6-8. 
(in Ukraine). 

2. Revich B., 2006. Climate, air quality and 
health of Muscovites. Moscow, 5-8, 102-141. 
(in Russian). 

3. Vetrova N., 2013. Ecological audit and 
ecological monitoring in environmental 

safety of a region. Motrol: kom. Mot. En-
erg. Roln., OL PAN, Vol.14-1, 80-85. 

4. Voloshkina O., Bereznitska J., 2014. Devel-
opment of Ukraine Territory Flooding Proc-
esses; Its Parameters and the Influence on the 
Environmental Safety Level. Motrol: kom. Mot. 
Energ. Roln., OL PAN, Vol.16-8. 

5. Sokolov I., Dolgikh E., Sokolova E., Mosto-
voy O., 2008. The age-long cyclic main natu-
ral variability of environmental factors in the 
southeast of Ukraine. IV Int. Scientific Practi-
cal Conf. Environmental Security: Problems 
and Solutions. Kharkov, UNDIEP, 98-102. (in 
Russian). 

6. The state building code 360-92 **(SBC360-
92 **), 2002, City Planning. Planning and de-
velopment of urban and rural settlements. 
Kyiv , 60-67. (in Ukraine). 

7. Markus T., Morris E., 1985. Buildings, cli-
mate and energy, translated from English. St. 
Petersburg, Gidrometeoizdat, 24-60. (in Rus-
sian). 

8. Kucheryavyi V., 2001. Ecology of the cities: 
the textbook. Lviv, Svit. 239-241. (in 
Ukraine). 

9. Obolensky N., 1988. Architecture and sun. 
Moscow, Stroiizdat, 10-11, 57-137. (in Rus-
sian). 

10. Litskevich V., Makrinenko L., Migalina I., 
2007 Architectural physics, a textbook for 
higher education degree in Architecture. Mos-
cow, Architecture-S, 7-10, 205-242. (in Rus-
sian). 

11. Bunin A., Savarenskaya T., 1979. Urban art 
history, in 2 volumes. Moscow, Stroiizdat:, 
Vol. 1, 6-8, 23-95. (in Russian). 

12. Chistyakova S., 1988. Protecting the envi-
ronment, a textbook for higher education de-
gree in Architecture. Moscow, Stroiizdat:, 
210-217. (in Russian). 

13. Belousova, V., 1978. Reference designer. 
Moscow, Stroiizdat, 42-59, 341-345. (in Rus-
sian). 

14. Ustinova, I., 2008. Urban Environmental 
measures of microclimate inhabited areas, ob-
jectives and guidelines. Kyiv, KNUCA, 1-16 
(in Ukraine). 

15. Repin, U., 2009, Spatial city. Theory and 
Practice. Kyiv, "Phoenix", 80-83 (in Russian). 

16.  Orlova, L., 1985. The method of energy as-
sessment and management of insolation in 
residential areas: summary of the thesis. Mos-
cow, 1-24. (in Russian). 

17. (SRN) 2.2.1/2.1.1.1076-01, valid from 
02.01.2002. Hygienic requirements for insola-



IRYNA KOZIATNYK 

 142 

tion and sun protection residential and public 
buildings and areas: Sanitary Rules and 
Norms. Moscow , Information and Publishing 
Center of Ministry of Health of Russia Nr 
2002, 1-9. 

18. Kulikov T., Kazmina A., 2014. Methods of 
arhitektural and construktion solutions and 
thermal effectIvenesi of buildings. Motrol: 
kom. Mot. Energ. Roln., OL PAN, Vol.16-5. 
(in Russian). 

19. Dvoretsky A., Klevets K., 2014. Heat loss 
reduction of energy-efficient home by buffer 
areas. Motrol: kom. Mot. Energ. Roln., OL 
PAN, Vol.16-5. 

 
 

СОЛНЕЧНАЯ СОСТАВЛЯЮЩАЯ 
В КОНТЕКСТЕ РЕГУЛИРОВАНИЯ 

МИКРОКЛИМАТА ЖИЛЫХ 
ТЕРРИТОРИЙ 

 
Аннотация. Летний перегрев современно-

го города ухудшает условия проживания в 
нем человека. Формирование климата города 
рассматривают сегодня на трех смежных про-
странственных уровнях: макроклимата гео-
графической зоны (лесостепь, полесье); мезо-
климат определенного региона или места 
(морское побережье, долина реки, южный 

 склон горы); микроклимат на уровне орга-
низма человека (в двухметровом приземном 
слое). Эти уровни различной пространствен-
ной шкалы имеют схожие механизмы форми-
рования климата. Основными факторами пе-
регрева является радиационно-температурный 
и ветровой режим территории. 

Предполагается исследование солнечной 
радиации и поверхностей, которые ее аккуму-
лируют. Наземный слой воздуха в городе по-
лучает втрое больше тепла, чем в естествен-
ной среде. На улицах, площадях, в жилой за-
стройке и парках города под влиянием при-
родных и градостроительных факторов фор-
мируется свой микроклимат, а микроклима-
тические условия могут регулироваться и ар-
хитектурно-планировочными средствами. Для 
балансировки микроклиматических условий и 
эффективного воздействия на инсоляцион-
ный, тепловой, влажностный и аэрационный 
режимы современного города, желательно 
достичь пропорции 1:1 между его искусст-
венными и озелененными поверхностями.  
Ключевые слова: климат, инсоляция, жи-

лая территория, архитектурно-планировочное 
регулирование, экологически безбарьерная 
среда. 
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Summary. The systems of raising of hard 
minerals are considered from the sea-bottom, 
taking into account characteristics of the deposit, 
condition of the environment, technological and 
technical parameters of extracting of concretions. 
The given classification of the pipeline, wire-
rope-bailer, off-line and combined systems of 
raising on the type of stream, mobility of the 
system of raising of concretions, amount of 
parallel streams of mountain mass and structural 
break of technological chain. 

Key words: hard minerals, systems of raising, 
deep-water concretions, mountain mass. 

 
 

INTRODUCTION 
 

Research, survey and survey work carried 
out over the past decade in the ocean, 
allowed to establish the prospects shelf zone 
and open ocean areas to detect deposits of 
solid minerals (SSM): Ore liquid dispersed 
noble metals and building materials. Specific 
role of water that covers the field and is a 
source of many valuable chemical elements, 
called liquid ore. 

The peculiarity of the conditions of 
occurrence of TCC deposits characterized by 
type of minerals and ore bodies, genesis, 
deep water layer, and the distance from the 
shore or industrial developed areas. Under 
these conditions, the system is particularly 
important lifting the rock mass composed of 
floating exploration or exploitation ocean 
technological complex. The type of lifting 
determines the choice of design and 

procedures for the use of other systems, 
subsystems and complex as a whole. 

The system of recovery of solid minerals 
depends strongly on the depth of water, is 
associated with lifting height range transport 
and vertical rock mass, and is the primary 
choice in the type and capacity of the drive 
weight and size and design of load funds, and 
hence displacement craft [1]. 

It is advisable to subdivide lifting systems 
according to specific areas of the 
hypsometric curve, reflecting the 
geomorphological features of the structure of 
the ocean floor: shallow and coastal zone 
(depth 50 m); small depths and shelf 
(200...600 m); average depth, continental 
slopes (2000 m); greater depths and areas of 
mid-ocean ridges (4000 m); and lodges deep 
ocean (4000...6000 m). 

The choice of lifting is also determined by 
the type and properties of underwater mineral 
deposits corresponding to the characteristic 
depth of the occurrence. The deposits are 
divided into: sand and gravel alluvial marine 
shelf areas in the seas and oceans (depth 
200...600 m); metalliferous muds and brines 
bottom depressions (up to 2000...2500 m); 
cortical ore guyot (3000 m); sulphide ore 
mid-ocean ridges (4000 m); deep-sea nodules 
(4000...6000 m). 
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PURPOSE OF WORK 
 

Purpose of work – systematization 
schemes of lifting nodules during their 
extraction. The most difficult to select and 
justify is the is lifting system for nodules that 
occur under conditions of high pressure and 
aggressive environment countervailing 
currents, low temperature, low water clarity 
with a typical multilayer deposition of ore 
fines particle size of several centimeters [2]. 
The basis of the scheme of systematization 
lifting nodules (SEC) is their technological 
properties. 

 
 

SYSTEMS OF LIFTING NODULES 
 

The main technological properties of IBS 
include: type of rock mass flux, spatial 
mobility of lifting, the number of streams and 
constructive dissolubility technology chain 
apparatus. The combination of these 
properties quantitatively characterizes the 
opportunity to achieve specified 
performance, depth, height, raising the level 
of energy and capital costs, loss of minerals, 
the stability of the process in operation, 
production flexibility and agility of recovery. 

1. By the type of flow; diagrams of lifting 
nodules are divided into systems with 
continuous and discrete flow of the rock 
mass, which lift (Fig. 1). 

Continuous − flow pipeline IBS type 
(pump, airlift, ejector, the empty recesses 
element double piped with floating stream of 
stimuli of different modifications) have 
fundamental limitations in performance with 
a range of values − 4...5 million tons per year 
for one set. Such performance can be 
achieved by increasing the quantitative 
characteristics of the system: the diameter of 
the pipe, flow rates, pump power or the 
performance of compressors etc. The limit 
specifies the technical characteristics of 
lifting units and other systems and 
subsystems, such as the fact that it is 
impossible to achieve the specified 
performance collection nodules. In this 
design, the number of units and the order of 

interaction of raising remain the same for any 
given performance. 

The structural type and main technical and 
economic indicators of IBS various designs 
with discrete flow rock mass is stored in the 
specified range for which the system can be 
divided into small portions (with unit weight 
lifted load, up to 1 ton), tonnage (1…100 
ton) medium-duty (100...1000 ton) and large- 
(> 1000 ton). These ranges roughly 
determine the limits of rational use of 
discrete flow and characteristic structural 
features. For example, for the extractive 
complexes of autonomous type (with 
submarine pop-up vehicles) a transition from 
low-tonnage to the middle-tonnage systems 
of getting up is possible at creation 
fundamentally of more mighty energy 
sources, and to large-tonnage − after the 
radical improvement of the systems of 
buoyancy. 

Concept of continuity and discreteness in 
combined lifting systems applied separately 
to each of the processing chain formed by 
aggregates of one structural type. 

2. The mobility of lifting nodules − the 
most important technological feature that 
depends on the combination of the properties 
of other elements ocean technological 
complex and the adopted excavation of 
nodules. The distinctive feature − the speed 
of the lifting system as a whole with respect 
to the bottom during removal. Increase speed 
is undesirable as rising energy costs, the 
complexity of managing transient conditions, 
the mechanical load on the structure of 
aggregates that are operative strength close to 
the boundary. In addition, the increased 
speed of movement ocean technological 
complex usually difficult navigation safety 
and increases loss of extraction. 
The degree of mobility of lifting nodules can 
be divided into still in the process of 
removing, slow-moving (up to 0,3 m/s) and 
fast moving (0,3...3 m/s). Quantification of 
mobility limits driven by strong growth in its 
hydrodynamic resistance. 
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Fig. 1. Lifting schemes of solid minerals: 
1 − pipe, 2 − rope, 3 − autonomous, 4 − unit fee, 5 − direction of the flow of the rock mass, 
6 − chassis, 7 − intermediate tank, 8 − the capacity of the ballast, 9 − flexible pipe, 10 − rope, 
11 − buried an empty element, 12 − with gas-filled container and cargo compartment, 13 − 
drum pump, 14 − up, 15 − craft, 16 − chemical element of the filler, 17 − the capacity of the 
pulp, 18 − wave energy, 19 − bunker, 20 − Mechanical grippers, 21−22 − capacity, 21 − 
loaded, 22 − blank 
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The mobility of lifting in aggregate form 
reflects the level of energy, loss of minerals, 
reliability and stability of exploration and 
development activities. All these parameters 
vary in inverse proportion to the speed of 
movement of frontal lifting and ultimately 
meets the changing aggregate costs of 
removal, that the criterion of choosing the 
optimal technological IBS. Therefore, 
analysis of mobility can be used for rapid 
qualitative  

assessment, comparison and selection 
lines of development schemes and facilities 
ocean technological complex. 

3. Number of parallel streams of rock 
mass in the technological scheme reflects its 
compliance with safety requirements, 
production flexibility, mobility , stability 
during temporary worsening conditions and 
suitability of the system to build (if 
necessary) performance. Obviously, the 
lifting system with several structurally 
decorated rock mass flows will satisfy these 
requirements in the best way, but have a high 
cost and other disadvantages. A part form 
single-threaded and multi-threaded streaming 
potential site flow diagrams, Multithreaded 
efficiently perform only in areas with the 
most difficult conditions with reduced 
performance or reliability units. 

4. Constructive dissolubility processing 
chain aggregates characterizing compliance 
of the scheme marine operating conditions. 
An important feature here is the presence of 
continuous mechanical coupling between 
aggregates processing chain, which has a 
negative impact on operating system 
reliability and stability of the process and 
makes it difficult to ensure the safety of the 
system. Quantitatively, the joint effect of 
threading and constructive gaps expressed 
value of the coefficient of efficiency of 
working time ocean technological complex. 

Lifting schemes of nodules can be divided 
into inseparable with permanent mechanical 
connection between the aggregates extraction 
and craft, and discontinuous, having no such 
connection in all or part of depth recovery. 
Discontinuous system in the first case related 
to autonomous, the second − to the 

combination as lifting devices connect 
different structural types. Systems of lifting 
unbroken chain units can also be combined if 
units include lifting of different structural 
types. 

Dissolubility processing chain increases 
its flexibility and production flexibility, but 
in the cases involving temporary connection 
of underwater units (i.e., their docking), 
significantly complicates the design and 
operation of such systems and reduces the 
stability of the process. 

 
 

DISCUSSION AND REFERENCES 
 

As part of the ocean technological 
complex lifting scheme can be used as 
nodules with ground gear (or machine) − unit 
cleaning (Chart 1.2 − 4.2 on Fig.1) and 
without (Chart 1.1 − 4.1 on Fig.1). 

Economic indicators rise SEC using 
different agents of flow in piping systems or 
devices of discrete flow systems, such as 
light liquids, gases, light elements, ballast 
material (Chart Fig. 1.3 − 4.3 on Fig.1). 

Techno-economic performance of 
different technologies of lifting nodules can 
be significantly enhanced by the energy of 
the sea (classified important features), such 
as: pressure drop across the system with 
empty recesses element of wave energy in 
the chair of container lifting systems, the 
potential energy of inert materials being 
substituted for utility deposits in the 
aggregate collection of discrete flow systems, 
lifting (Chart Fig. 1.4 − 4.4 on Fig.1). 

Structural classification features of deep 
nodules lifting scheme is closely related to 
technological parameters, causing the 
appearance of lifting and ocean technological 
complex as a whole and, to a large extent, the 
number and characteristics of major units and 
technical-economic indicators of the 
complex. 
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CONCLUSIONS 
 

1. Promising useful raw material for 
extraction of manganese, nickel, copper, 
cobalt and others. Polymetal is concretion 
ores occur in the central regions of the ocean 
floor. The terms of their occurrence at a 
depth of 4000...6000 m are complex and 
unique. Therefore, the most important this is 
the raising of nodules floating in intelligence 
or operational enterprise. 

2. Lifting systems are divided into 
pipeline, chair scoop, standalone and 
combined with the unit picking up without it. 
Their effectiveness is enhanced by the use of 
different pathogens flow and seas. 

3. Signs of systematization schemes lifting 
nodules are: continuity (in hydraulic) and 
discrete (in the rope-scoop and autonomous) 
flow of raw material; degree of mobility of 
the complex system recovery and the number 
of concurrent streams and constructive 
dissolubility technology chain apparatus. 
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СИСТЕМЫ ПОДЪЕМА 
ГЛУБОКОВОДНЫХ КОНКРЕЦИЙ 

 
Аннотация. Рассмотрены системы 

подъема твердых полезных ископаемых из 
морского дна, с учетом характеристик 
месторождения, условий окружающей среды, 
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технологических и технических параметров 
добычи конкреций. Дана классификация 
трубопроводных, канатно-черпаковых, 
автономных и комбинированных систем 
подъема по виду потока, подвижности 
системы подъема конкреций, количеству 

параллельных потоков горной массы и 
конструктивной разрывности технологичес-
кой цепи. 
Ключевые слова: твердые полезные 

ископаемые, системы подъема, 
глубоководные конкреции, горная масса.
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Summary. Are examined and defined pat-

tern vibratory motion to form horizontal sur-
faces on the basis of the account of wave phe-
nomena and bias voltages. Given numerical 
values screeds and rheological characteristics of 
sealing concrete. 

Based on the analysis of the energy balance, 
motion qualities limits are defined. Analytical 
dependences for the estimation of main parame-
ters of the effective vibroimpact mode are sug-
gested as well as the motion stability layout of 
the analyzed system is cited. 

Key words: concrete mix, resonance, seals, 
vibration. 

 
 

INTRODUCTION 
 

In modern construction fate cast-frame 
method is increasingly used [1]. A large 
proportion of the implementation of this 
method is accompanied by the formation of 
horizontal surfaces where there is a problem 
of sealing. Of particular importance is the 
formation of horizontal surfaces in the ar-
rangement of underground garages, units, 
installations and maintenance of the build-
ing etc. In this paper we solve the problem 
to study the dynamics of surface vehicles of 
considerable length (l > 2...3 m) in terms of 
interaction with the manufacturing envi-
ronment. 

 
 

PURPOSE OF WORK 
 

Of surface compaction devoted a number 
of works [2-4]. In [2, 3] considered a dis-
crete model of the concrete mix. Significant 
theoretical research based on wave theory 
Concrete mixture ramming surface vibra-
tion are given in [4, 5], which revealed the 
basic laws of motion of this class of ma-
chines. The results [4, 5] is much deeper 
insight into the process of consolidation. 
Soil compaction over Vibration rammer 
dedicated works [6, 7]. Based on the results 
of the cited studies [4�7], a similar problem 
is solved based on the model of the envi-
ronment, taking into account the shear 
stress [8, 9], which is one of the effective 
compaction.  
 
 

RESULTS AND DISCUSSION 
 

Methodology provides premise that the 
concrete mixture, which is under the lining 
for the device horizontal surfaces are quasi 
homogeneous body. It is assumed that the 
concrete mixture is modeled flexible rod 
length h. Consider that at the core of the 
force of gravity, which causes it to longitu-
dinal oscillations. 

If we denote by u(x, t) displacement of 
the rod cross-section of abscissa x at time t, 
then the differential equation of forced os-
cillations of "lining � a layer of concrete 
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mix" considering energy dissipation is as 
follows: 
 

    ,
),(

)1(

1),(
2

2

22

2
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dt

txu

icx

txu +∂

γ+
=

∂
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   (1) 

 

where 
2

2

dt

u∂
and 

2

2

dx

u∂
 � under acceleration 

mixture and the second derivative of strain 

;1;
),( −=∂=ε i

dx

txu
 c � velocity of longi-

tudinal waves propagating in a layer of 
concrete mixture having elastic modulus E  

and density γ
ρ

=ρ ;,
E

c  � loss factor, 

which characterizes the energy dissipation; 

W
W

W ∆
⋅π

∆=γ ;
2

� energy absorbed by the 

basic layer of concrete mixture over period; 
W  −−−−potential energy of deformation of this 
layer; g  −−−− acceleration due to gravity. 

Assuming that the concrete mix is an en-
vironment in which the generated elastic 
shear wave, and the surface of the lining is 
not separated from the surface layer of the 
concrete mix, the boundary conditions can 
be represented as follows: 

 
),sin(|;0| 00 txuu xhx ω== ==          (2) 

 
where: Ax ≡0 � the amplitude of oscillation 

of the working body lining, ω� circular fre-
quency of its oscillations. 

We assume that the initial displacement 
and initial velocity is zero, then the initial 
conditions can be summarized as follows: 
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To address the problem (1) � (2) can not 

apply the Fourier method, since the bound-
ary conditions (3) uniform. But this prob-
lem is easily reduced to a problem with zero 
boundary conditions (in which you can ap-
ply the Fourier method). 

Indeed, we introduce a supporting role: 
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It is clear that: 

 
0|),sin(| 00 =ω= == hxx wtxw    (5) 

 
The problem is now looking as the sum 

of: 
 

),,(),(),( txwtxvtxu +=              (6) 
 
where ),( txv  - new unknown function. Due 
to the boundary conditions (2), (5) and the 
initial conditions (3), the function ),( txv  
must satisfy the boundary conditions: 
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In (10) and (11) introduce the notation: 
 



DEFINING THE BASIC PARAMETERS OF VIBRATION SETTINGS 

FOR SEALING HORIZONTAL SURFACES 

 151 

).1(22 γ+= ica                 (13) 
 

Thus, we obtain the problem for the 
function ),( txv : 
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We will seek a solution to this problem 
as the sum of: 

),,(),(),( 21 txvtxvtxv +=          (15) 

where ),(1 txv  is a solution of the inhomo-
geneous equation: 
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Satisfying the boundary conditions: 
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and initial conditions: 
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and ),,(2 txv is a solution of a homogeneous 

equation: 
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Meets the boundary conditions: 
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and  initial conditions: 
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Decision ),(1 txv  is the forced oscillation 

layer of concrete mixture, and oscillations 

that occur under external exciting force, if 
the initial perturbations are absent. 

Decision ),,(2 txv is the free oscillation 
layer of concrete mixture, and fluctuations 
which occur only as a result of the initial 
perturbation. 

Using [3], we have to ),,(2 txv : 
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For ),(1 txv  can find a solution in the 
form of the following series: 
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The first term in (25) is a layer of con-

crete mix fluctuations, caused by the pres-
ence of gravity and magnitude of the effect 
of the working body surface lining for 
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placement of horizontal surfaces with zero 
initial conditions.  

The second term in (25) is a layer of 
concrete mix fluctuations, caused by the 
presence of non-zero initial conditions. 

Table 2, 3 presents values 1, −ω sk  for 

k = 1,2,3 and different values of h, m, а, 
m/s.  

In the case of resonance ( )kω=ω  the 

time during which an increase of the ampli-
tude of the movement in the layer of con-
crete mix is determined by the approximate 
relation: 

 

 

γω
= 2

.incrt  .                          (26) 

For typical values of ω  (see Tab. 1) and 
( ) .,3,0...1,0 incrt=γγ  is (0.01…0.02) s. 

As a result of solving the problem of sur-
vey was requested and made screeds l = 2 m, 
l = 3 m and l = 4 m, are put into production. 
Specifications of screed l = 3 m and l = 4 m 
are shown in Tab. 2. 

 
 

Table 1. The numerical values 
  

a = 20 m/s a = 40 m/s a = 60 m/s 
k k k h, m 

1 2 3 1 2 3 1 2 3 
0,1 228,3 125,7 188,5 125,7 251,3 377,0 188,5 377,0 565,5 
0,15 218,9 237,8 125,7 237,8 167,6 251,3 125,7 251,3 377,0 
0,2 314,2 228,3 242,6 228,4 125,7 188,5 242,6 188,5 282,8 

 
 

Table 2. Specification screeds 
 

Perfomance, 
m3/h 

Mass, kg 
Para- 
meter 

l = 2 m l = 3 m 

Oscil-
lation 
fre-

quency 
rad/s 

Static 
moment, 

kg×m 

Power, 
kW 

Dimensions, 
l×b×h 

l = 2 m l = 3 m 

The nu-
merical 
values 

60- 180 90-270 314 

0,046; 
0,058; 
0,072; 
0,092 

0,6 2(3)×0,4×0,27 52 72,8 

 
 

For determination of the energy is neces-
sary to make the equation of energy balance, 
for this work  A , performed by external force  
F(t) at time T, equivalent to the total dissipa-
tive energy losses in the system at the same 
time [10]. These losses consist of: viscous 
losses in the nodes of the machine; dissipa-
tion of energy when hitting the limiter of 
oscillations; the energy lost to seal the con-
crete mix for the period of oscillation T. 
Based on these assumptions, we can write the 
expression for work: 

( )
( ) δ

ν

+−+

+++= ∫

AAR

dtxcccA

k

T
peqposteqe

2
0 ....

1

 &
      (27) 

where R � factor recovery rate when hitting 
the limiter of oscillations; kA  � kinetic en-

ergy of the form with concrete mix before 
hitting of the limiter of oscillations;  

[ ] ( ) ek cxmmA νδδ τ′+= ;2/1
2
&  −−−− equivalent 

stiffness losses in viscoelastic vibration 
nodes of machine; δA  � average height h mix 

work for the period T, which lost in the con-
solidation of this mixture. 
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Assume designations: 

.... peqposteqe ccc ++=η νµ             (28) 

Find work δA  in accordance with the equ-

ations of motion of the mixture and expres-
sion for the contact force [10]. Elementary 
work .. friceqF  of friction in the mix: 
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where δγ  � coefficient characterizing energy 

loss in the mixture, 
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The first term that depending brackets 
(30) describes work in elementary layer of 
concrete mix, which is connected with its 
deformation, and the second term − with the 
movement of a single layer. The average 
value of losses on the height of the product in 
one period of the movement (30), we obtain 
the expression: 
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In consideration of equivalent (average) 
values of amplitude after simple transforma-
tions (31) we have: 

∫ δδ = T
dtxnA

0
2 ,&                     (32) 

where: 
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The formula (33) is much simpler if you 

accept some conditions. For example, for  
| z | >> 1: 
 

;
2

1

π
β

⋅γ= δδn                     (34) 

for | z | << 1: in general terms ).(hfn =δ  

Thus the energy balance equation can be 
folded in a way that limits the possible vibra-
tion amplitude will be determined by the up-
per −−−− viscosity effects, and bottom −−−− the 
shock dissipation. In the case under consid-
eration, vibration resistant operation will be 
when ω=ω .av : 
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In the case of abruption vibrator and mix-
ture 21>ξ  is selected from those provi-
sions, leading to shock-vibration mode in the 
system and then had realized one hit in one 
period of movement. 

When conditions (35) the average of the 
amplitude of vibration will be determined 
from the following relationship: 
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where ( ) ( )[ ].1/12 1 RmRc +−π=∗  
Calculations by the formulas (35) in rela-

tion machines for seal concrete mix give 
range for values: 0,6 ≤ q ≤ 1,5  and 

5,24,1 ≤ξ≤  [7]. Thus for the criteria q, 
which determines the balance of power, the 
value q ≈ 1,0...1,5 corresponds criteria , 
which has the value ξ = 0,8..1,3. This is the 
first (Fig. 3) zone of stability, which in terms 
of selection parameters more suitable in cer-
tain accurately mass characteristics. This area 
is sensitive to changes of mass in the process 
of movement of the shock-vibration installa-
tion. The zone of stability at 7,0...6,0≈q , 
which corresponds to 5,2...0,2=ξ , requires 
less power loss, but the amplitude spectrum 
may decrease, which follows from the analy-
sis of the formula (36). Map of stability 

(Fig.1), built for a wide range of parameters, 
confirms the possible existence of several 
zones (at least three for installation of form-
ing units) of stability. 

In Tab.3 are shown numerical values of 
performance parameters of vibration-shock 
process to determine their effect at the time 
of impact .impt . 

Calculations that are made for resulted pa-
rameter values (see Tab.1) show that for the 
acceleration coefficient ( )ga 5...4max =  at 

coefficient of restoration of speed Kv= 
0,3…0,4 time of impact is equal to 

( )stimp 01,0...015,0. = , that is for the fre-

quency, 1157 −=ω s  ratio 238,0...358,0=τ
T

 

which determines the effect of intense accel-
eration on the process of compaction. An 
important characteristic that affects the pa-
rameter TK t /τ= , as at the time of contact 

is coefficient of stiffness. 
 
 
 
 

 
 

 
 

 
Fig. 1. Map stability of motion of the shock vibration systems: 1 − first zone, 2 − second zone, 
3 − third zone 
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CONCLUSIONS 
 

1. In the case of application of vibration im-
pacts are commonly used to determine the 
dependence of the calculated viscosity re-
quire considerable refinement: necessary 
to account for vibration, and in some cases 
the inertial forces of resistance fluctua-
tions. 

2. To ensure that the products of good qual-
ity (horizontal surface), where the pres-
ence of cavities and shells kept to a mini-
mum, you must set the mode vibro-
formation concrete mixes, which are in-
herent limitations to the vibration ampli-
tude. 

3. The basic laws of motion of a concrete 
mixture is compacted surface lining in the 
process of improvement of concrete hori-
zontal surfaces, methods of mathematical 
physics, and held valid in terms of ma-
thematics, the procedure for obtaining 
general solution of equations, allowing 
full use of the Fourier method. 

4. Dependences should be used in the im-
provement and refinement of engineering 
calculations such systems in order to op-
timize them and to improve the quality 
furnished horizontal surfaces. 

5. Formulated energy balance, realizing the 
impact-vibration mode mixed discrete-
continuous system of movement. 

6. Getting analytical dependences for defini-
tion of rational parameters of workflow 
and new different from main resonance, 
movement stable zones of contribution of 
higher harmonics. 
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ОПРЕДЕЛЕНИЕ ОСНОВЫХ ПАРАМЕТРОВ 
ВИБРАЦИОННЫХ УСТАНОВОК ДЛЯ 
УПЛОТНЕНИЯ ГОРИЗОНТАЛЬНЫХ 

ПОВЕРХНОСТЕЙ 
 

Аннотация. Рассмотрена и определена за-
кономерность движения виброустановки для 
формирования горизонтальных поверхностей 
на основе учёта волновых явлений и напря-
жения сдвига. Приведены числовые значения 
параметров виброрейки и реологических ха-
рактеристик уплотняемой бетонной смеси. На 
основании рассмотрения энергетического 
баланса энергии определяются ограничения 
на параметры движения. Предложены анали-
тические зависимости для расчёта основных 
параметров эффективного виброударного 
режима и приведена карта устойчивости дви-
жения исследуемой системы. 
Ключевые слова: бетонная смесь, резо-

нанс, уплотнение, вибрация. 
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Summary. The assessment of heavy metal 
accumulation by myxomycetes (slime moulds) 
has been made. The importance of these organ-
isms for environmental safety monitoring was 
specified. Ecological and physiological mecha-
nisms of ability of myxomycetes to concentrate 
metals and other elements from their substrates 
were analyzed. For five common myxomycetes 
species with relatively big fruiting body were 
compared chemical elements concentrations. Fu-
ligo septica (L.) Wigg. was proposed as perspec-
tive bioindicator for the detection of Zn on the 
grounds of the ability to accumulate this metal 
and by reason of this species have widespread 
distribution in terrestrial ecosystems. Prospects of 
using slime molds as objects for bioremediation 
of contaminated soils were considered.  

Key words: environmental safety, risk as-
sessment, heavy metal, myxomycetes. 

 
 

INTRODUCTION 
 

An important place in environmental 
safety has problem of heavy metals accumu-
lation in nature. Heavy metals in soils and 
forest litter are derived from anthropogenic 
pollutant and natural soil weathering 
sources. [14]. There are 4 level of danger for 
heavy metals: high (As, Cd, Hg, Se, Pb, Zn), 
tempered (Co, Ni, Mo, Cu, Cr, Sb), low (Ba, 
V, W, Mn, Sr) and unknown (Ge, Sn, Ce, 
La, Bi, Y, Rb, Cs, and others) [9]. Accord-
ing to modern concepts, living organism 
forms and controls in the biosphere flows of 
matter and energy, ensuring consistency of 
environmental parameters [6]. The main re-

actions of a living organism associated with 
the toxic effects of excess elements are:  
changes in cell membrane permeability  
(Au, Ag, Cd, Cu, F, Hg, I, Pb); competition 
for vital metabolites (As, Sb, Te, W, F); a 
high affinity with the phosphate groups and 
the active centers of ATP and ADP (Al, Zr, 
and probably all of the heavy metals); sub-
stitution of vital ions (Cr, Li, Pb, Sr); cap-
ture molecules positions held important 
functional groups [13]. 

The proportionality between content of 
element in soils and their removal to living 
organisms is direct not for all heavy metal. It 
is the case for Ni and Cr, but for Zn, Mn and 
Cd was shown limited transition metals in 
phytocenosis biomass. For example, in-
creases Zn concentration in soils in more 
than 20 times, will give its removal in 1,5 
times only. The restriction of transition met-
als in the aboveground part was observed for 
Fe, Cr, Pb. For fungi the highest transition 
index is for Hg, Cd, Cu, Zn and Se [13]. 

Living organisms involved in all of the 
elementary soil and biological processes that 
directly or indirectly affect the mobility of 
trace elements. In different trophic levels are 
actively involved in the stabilization me-
dium, acting both as original geochemical 
barriers and as storage of chemical elements 
in trophic chains ecosystems. The deforma-
tion of the biogeochemical cycles with 
chemical environmental pollution can desta-
bilize many processes in ecosystems [1].  
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Myxomycetes have been documented to 
occur virtually all types of terrestrial ecosys-
tems, and extend geographically from the 
Polar Regions to the tropics, wherever detri-
tus is present. Even 1cm3 of soil can contain 
to 20,000 individual myxomycetes cells [2]. 
One of ecological role of these organisms is 
utilizing organic matter from various micro-
habitats. This suggests that myxomycetes 
are important in nutrient cycling as members 
of the detritus food chain [11]. Plasmodia of 
slime molds (myxomycetes) obtain nutrients 
by ingesting bacteria, protists, fungal hyphae 
and spores, and particles of organic matter 
from their immediate environment [15]. Be-
cause myxomycetes are ubiquitous in terres-
trial ecosystems and accumulate material 
only from their immediate environment, 
they can be using in biomonitoring heavy 
metal contamination at different locations in 
environmental safety [8]. Some myxomy-
cetes appear to be tolerant of high levels of 
heavy metals and apparently accumulate 
them vigorously [14]. 

 
 

PURPOSE OF WORK 
 

The objective of this study is to make as-
sessment of heavy metal accumulation by 
myxomycetes. According with this purpose 
was planed to 1) analyze data about heavy 
metal accumulation by myxomycetes; 2) ex-
amine ecological and physiological mecha-
nisms of ability of myxomycetes to concen-
trate metals and other elements from their 
substrates; 3) determine potential of these 
organisms for environmental safety monitor-
ing for bioindications and bioremediation of 
heavy metal. 

 
MATERIAL AND METHODS 

 
Material for this study is result of myxo-

mycetes research for more than 20 years in 
their native habitats in Ukraine [5], and also 
in forest, forest-steppe, desert, mounting, 
tropical vegetation over world. Samples of 
myxomycetes were collected from protected 
areas and from territory with anthropogenic 

impact for study patterns of myxomycetes 
distribution. A series of monitoring plots 
were established in an affected area and ad-
jacent unaffected sites for compere myxo-
mycetes developed under natural conditions 
in the field and on polluted urban areas.  

The analysis of heavy metal concentra-
tions have been made with utilizing of litera-
ture data [8, 10, 12, 16, 18]. In these studies 
fruiting bodies of slime molds were analyzed 
by atomic absorption (Pb) or inductively 
coupled plasma emission spectrometry (Fe, 
Mn, Cu, Zn, Al) to determine heavy metal 
concentration. Individual mature fruiting bo-
dies were prepared for light microscopy 
(LM). Additional specimens were prepared 
for electron microscopy (TEM) and X-ray 
microanalysis (EDX) to determine location 
or accumulation of heavy metals in various 
regions of the fruiting body. [3, 8]. 

For assessment of heavy metals accumula-
tion in myxomycetes fruiting body and plas-
modium the transition index using: 

 

s

m
t C

C
K = ,                            (1) 

 
where: Kt - transition index of heavy metals; 
Cs - heavy metals concentration in soil; Cm - 
heavy metals concentration in myxomycetes. 

It is suggested to use the total risk sum-
mary, while the influence of several factors:  
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where: n – number of risk factors, iiri – risk 
performance for the i-th factor [17]. 

The analytical methods used demonstrate 
bioaccumulation of heavy metals in myxo-
mycetes. 
 
 

RESULT OF RESEARCH 
 

Preliminary compere of myxomycetes as-
semblage on protected nature territory and on 
contaminated areas didn’t reveal reduction of 
species abundance, but it find of change of 
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species composition, which can be caused by 
pollution. Both the biodiversity and relative 
abundance of the myxomycetes determined 
in field show that distribution of these organ-
isms depends on the availability of suitable 
substrates and climate. Also there are some 
correlations between the densities of myxo-
mycetes and various environmental parame-
ters. Thus feasibility of utilizing these organ-
isms to assess the accumulation of heavy 
metals in the environment has been reported 
in several researches. 

For study of environmental pollution ef-
fect to myxomycetes in south-west Finland 
the following metals were selected: Al and 
Fe (major soil constituents), Zn and copper 
(essential plant nutrients), and mercury and 
cadmium (notoriously toxic metals) [12]. 
Then fifteen collections from Australia, Can-
ada, New Mexico and Switzerland were ana-
lyzed for about 60 chemical elements. Some 
myxomycetes species demonstrate tolerate to 
incredibly high levels of heavy metal accu-
mulation. The results of this research were 
processed and present on graphs (Fig. 1-5) 
for five myxomycetes species: Fuligo septica 
(L.) Wigg., Reticularia splendens Morgan, R. 
lycoperdon Bull., Tubifera ferruginosa 
(Batsch) J.F. Gmel. and Lycogala epiden-
drum (L.) Fries. This species have relatively 
big fruiting body and three of them (F. sep-
tica, L. epidendrum, T. ferruginosa) are in 
many habitats around the world. 

 
 
Fig. 1. Concentrations of metals in Fuligo sep-
tica: total contain on the average 16,39% on dry 
matter of fruiting body 

 
F. septica (Physarales) produces the larg-

est plasmodium and aethalium of any slime 
mold (from 2 to 20 cm in diameter and some-

times even more). High level Ca 
(4800…1120 mg/kg based on dry matter) is 
typical for species from order Physarales 
(Fig. 1). Calcium is essential element for 
building thick lime cortex and other struc-
tures of fruiting body. This is why mobile 
vegetative stage plasmodium contained much 
less Ca, than generative stage of its life cycle. 
The presence of high concentrations of the 
mildly toxic metals strontium (237–2190) 
and Ba (294–15190 mg/kg based on dry mat-
ter) is surprising. These metals are belonging 
to the same chemical group and could, there-
fore, be simultaneously absorbed with the 
calcium from the soil. The element radium 
also chemically rather close and with gamma 
spectrometry found indeed evidence of a low, 
but significant concentration of Ra 226 (670 
Bq/kg). 

Even more amazing is the presence of a 
staggering amount of Mn (116–4570 mg/kg 
based on dry matter) compared with a rela-
tively low Fe (232–478 mg/kg based on dry 
matter) content. These metals are chemically 
close, but in most organisms, e.g. fungi, iron 
predominates over.  

As it was shown in several study, F. sep-
tica has an enormous affinity for zinc Zn 
(395–3600 mg/kg based on dry matter) [16]. 
It contains on the average 240 times more 
than the Vaccinium (10-160 mg/kg in blue-
berry leaves). The high amount of zinc in F. 
septica is rather intriguing, since it is much 
more than ever encountered in macromycetes 
which contain on the average 100 mg/kg on 
dry matter [12]. In other study the biomass 
collected ranged from 305 to 968 mg, whe-
reas Zn concentrations in plasmodia of F. 
septica ranged from 8400 to 23000 mg/kg (-
1) dry wt. It is remarkably, that forest litter 
on which this species was found had Zn con-
centrations of only 25 to 130 mg kg (-1) dry 
wt. [18]. A higher concentration of Zn is in 
hypothallus regions of F. septica near the 
base of the fruiting structure than in other ar-
eas of the fruiting body. These metals ap-
peared to be “complexed” and thus may not 
affect myxomycete growth or reproduction. 
Tolerance to high levels of heavy metals may 
be related to the ability to sequester them in 
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regions where reproduction is unaffected [8]. 
They suggested that the metal probably af-
fords protection from some more dangerous 
factor by acting as an enzyme activator in de-
toxification systems. This hyperaccumulation 
ability of Zn in F. septica seems to be unique 
to this species. The mechanism of this metal 
resistance is now understood: F.septica pro-
duces a yellow pigment called fuligorubin A, 
which has been shown to chelate metals and 
convert them to inactive forms [7]. 

In addition, in lesser but still significant 
amounts, Ba, Cd, Fe, Mg, and Sr were found 
in F. septica in amounts much greater than in 
macromycetes and micromycetes. The iron 
and cadmium content are also higher than the 
amounts measured in the substrate, but the 
concentration rates are much smaller [16]. 

Fruiting bodies of T. ferruginosa crowded 
together and compressed, forming raspberry-
like forms. Individual fruit bodies are less 
than 0,5 mm wide and are up to 3-5 mm 
high, but compressed clusters can be up to 15 
cm or more in length. 

 
 
Fig. 2. Concentrations of metals in Tubifera fer-
ruginosa: total contain on the average 0,58% on 
dry matter of fruiting body 

 
Tubifera ferruginosa (Liceales) seems to 

be poor in metals (Fig. 2). In fruiting body of 
this species K contains in the highest concen-
tration (210–290 mg/kg based on dry matter) 
in compare with other metal, but it is less, 
then in F. septica (220–390 mg/kg based on 
dry matter) and R. lycoperdon (380–480 
mg/kg based on dry matter). This species ap-
parently only concentrates heavy metals iron 
(67–115), zinc (74–83) and magnesium (61-
68 mg/kg based on dry matter), but the levels 
are far less spectacular. The calcium concen-

trations of Tubifera (28–61 mg/kg based on 
dry matter), are less than in F. septica, but 
significantly higher than those measured in 
macromycetes. In fungi the non-metal phos-
phorus plays a key role in the intracellular 
transport of many metals (as soluble complex 
phosphates), and its level is indeed positively 
correlated with the heavy metal concentra-
tions present. These observations do not 
seem to apply to slime moulds, since the 
phosphorus content of Tubifera ferruginosa 
[16]. 

Two species genus Reticularia (Liceales) 
are not so common as F. septica, T. ferrugi-
nosa and L. epidendrum, but they especially 
analyzed for showing distinguish in metal 
composition for related slime molds (Fig. 3, 
4). Both have rather large pulvinate fruiting 
bodies (from 1 to 8 cm in diameter), but R. 
splendens usually forming a white hypothal-
lus ring about the base of the aethalium. 

 

 
 
Fig. 3. Concentrations of metals in Reticularia 
splendens total contain on the average 1,56% on 
dry matter of fruiting body. 
 

 
 
Fig. 4. Concentrations of metals in Reticularia 
lycoperdon: total contain on the average 0,89% 
on dry matter of fruiting body 
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Most significant deferens between species 
of same genus is high concentration Mg (805 
mg/kg based on dry matter) in fruiting body 
of R. splendens, while R. lycoperdon contains 
only 78 mg/kg (based on dry matter) of this 
element. In contrast to other species of this 
genus, R. splendens demonstrate a bit lower 
level of K (380-480) and Ca (150 mg/kg 
based on dry matter); in case of R. lycoper-
don, these data take the meaning 270 and 110 
mg/kg (based on dry matter) respectively. In 
turn R. lycoperdon has high content of Fe 
(188), Zn (119), Ba (32) and Mn (27 mg/kg 
based on dry matter), while as in R. splen-
dens these elements have a concentration 65-
78, 69, 5-6 and 5-7 mg/kg (based on dry mat-
ter) in accordance with the order of citation 
elements [16]. 

L. epidendrum is most well known and 
most common species of slime mold. It has 
carmine-pink plasmodium, which developing 
into a grey-brown crowded aethalium 3-10 
mm in diameter.  
 

 
 
Fig. 5. Concentrations of metals in Lycogala epi-
dendrum: total contain on the average 0,98% on 
dry matter of fruiting body 
 

L. epidendrum (Liceales) seems to bioac-
cumulate copper (52–84 mg/kg based on dry 
matter), whereas the four other slime moulds 
appear to exclude this metal (Fig. 5). In most 
L. epidendrum specimens was observed not 
less than 20 mg/kg tin (19–30 mg/kg based 
on dry matter), a metal that usually occurs 
only in traces (<1 mg/kg) in plants, animals 
and fungi. It is noteworthy that no accumula-
tion of elements from the same group such as 
arsenic and antimony could be found [16]. 

It is worth noting that in the five slime 
molds the essential element Mn is present at 
the same concentrations as those generally 
observed in macromycetes. The magnesium 
content of mushrooms is subject to little vari-
ation. The metal K, the principal cation in 
green plants and mushrooms is very low in 
slime moulds. The concentrations even lower 
than those of the Polyporaceae which contain 
generally about 1% of potassium on dry mat-
ter [16]. 

Other slime mold species (Symphytocar-
pus flaccidus (Lister) Ing & Nann.-Bremek., 
Amaurochaete atra (Alb. & Schwein.) Ro-
staf., Ceratiomyxa fruticulosa (O.F. Müll.) T. 
Macbr., Stemonitis sp.) apparently only con-
centrates zinc, cadmium and, perhaps copper, 
but the levels are far less spectacular, then 
present data [12].  

In some stalked myxomycetes species of 
genus Hemitrichia, Physarum, Trichia heavy 
metals were detected only in the stalk region. 
The analytical methods suggest that metal 
precipitation in the stalk region may provide 
tolerance to high metal levels. By EDX, met-
als (Fe, Cr, Mn, Si, Al) were detected as 
crystalline precipitates in the stalks of fruit-
ing bodies. Viewed by TEM, clusters of bac-
teria were observed in stalk and hypothallus 
regions. The bacteria and individual spores in 
sporangia contained polyphosphate bodies 
(including P, Ca, K) in their cell cytoplasm. 
EDX analysis showed the electron-dense 
precipitate in Physarum comprises Fe, Si, Al, 
Mg, Cl, Cr, and Mn. By contrast, regions of 
the Hemitrichia stalk with deteriorated plas-
modial material contained only P and Cl. The 
most common metals detected in stalk sedi-
ment were Fe, Al, and Cr. Precipitates of Al, 
Si, K, and Cl on outer stalk or peridium walls 
were seen frequently in all species examined 
and possibly represent minute soil particles. 
In all analyzed stalked species, the polyP bo-
dies seen in spores within sporangia and in 
bacteria from stalk regions contained P, Ca, 
and occasionally K [8]. 

For determine the accumulation of heavy 
metal, myxomycetes were assessed from for-
est patches on volcanic and ultramafic soils 
of Philippines. Collected substrates, fruiting 
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bodies, and plasmodia of selected myxomy-
cetes tested for heavy metal were all positive 
for Cr and Mn. Interestingly, Cr and Mn con-
tens of tested myxomycetes were equal or 
higher than that of its leaf substrate. The bio-
absorption of Cr and Mn by myxomycetes 
has been assessed, and the heavy metal con-
tent of substrates and fruiting bodies deter-
mined for selected species [10]. 
 
 

DISCUSSION 
 

For environmental safety would generate 
a body of novel information relating to the 
ecological effects of targeted analytes on ter-
restrial community of living organism dy-
namics. The concentration of metals depends 
not only on the biological characteristics of 
the species and the phases of their develop-
ment, but also on the environmental situation 
in the area of their occurring. The resistance 
of myxomycetes to overage heavy metals 
may have different mechanisms. It is possible 
that myxomycetes have tolerance to these 
chemical elements or make some effective 
barrier for protection physiological functions. 
At present, little is known about the chemical 
forms in which the metals occur in the myx-
omycetes. Transport of heavy metals depends 
from pH of environmental. It is considered 
that true tolerance based on such complex 
mechanisms of metabolic protection as: 
change of metabolism; differences in mem-
brane structure and function; selective ions 
absorption; removal of ions from metabolic 
processes by deposition or a fixed insoluble 
forms in different organs and organelles, etc. 
[13] 

The concentration of heavy metals in the 
forest litter is higher than in living plants 
[13]. On the other hand, the concentration of 
some heavy metals in fruiting bodies studied 
myxomycetes is higher than in their sub-
strates and soil (Fig. 6).  

The myxomycetes merit recognition in the 
scientific community as organisms of special 
significance that can answer basic biological 
questions. These organisms apparently play a 
major role in maintaining the ecological bal-

ance that exists between bacteria and other 
soil organisms. The myxomycetes seem es-
pecially well suited to serve as biological in-
dicators in environmental safety for assessing 
the fundamental differences that exist for the 
soil microbial system among selected study 
sites [6]. 
 

 
 
Fig. 6. The scheme of heavy metals accumulation 
by myxomycetes: heavy metals concentration (Kt 
- transition index of heavy metals) increases in 
the direction from substrates to myxomycetes, 
and it decline from the forest floor to the trees 

 
 
In perspective environmental ground pol-

lution may be remediated by myxomycete 
fruiting bodies and plasmodia. The results for 
F. septica proved to be most remarkable. 
This species hyper-accumulate and concen-
trate highly toxic levels of Zn several thou-
sand fold greater than site vegetation and 
lesser significant amounts of Ba, Cd, Fe, Mg, 
and Sr. The massive, cushion-shaped aethal-
ium of this species has a large yellow plas-
modium that may serve as an experimental 
model to study the uptake and concentration 
of heavy metals. The biochemical detoxifica-
tion mechanism of highly toxic levels of zinc 
in F. septica and the cloning of the genes in-
volved could be used in plants with greater 
biomass for bioremediation of polluted soils 
[4]. Also F. septica may be useful as an indi-
cator of pollution, and further examination of 
this species (to determine the location of Pb 
in the fruiting body) should be pursued.  
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Moreover, the considerable variation in 
metal concentrations between the two Fuligo 
collections from low elevation indicates that 
additional collections of all myxomycetes 
species are needed to determine whether a re-
lationship exists between metal concentration 
and site elevation [8]. Tree canopy research 
has shown that aerial pollution results in the 
decrease of myxomycete species richness at 
higher elevations. When more environmental 
parameters are better known myxomycetes 
may one day serve as the basis for evaluating 
the impact of pollutants on living trees [4]. 

Ultimately, a better understanding of this 
entire system could lead to the development 
of methodologies utilizing myxomycetes to 
assess remediation efforts at spill sites. In 
addition, these methods could be used to 
monitor the conditions associated with vari-
ous storage operations such as the leeching of 
selected analytes [11]. 

 
 

CONCLUSIONS 
 

Living organisms involved in all of the 
elementary soil and biological processes that 
directly or indirectly affect the mobility of 
trace elements. The myxomycetes are organ-
isms of special significance that can answer 
basic biological questions. Myxomycetes 
seem especially well suited to serve as bio-
logical indicators in environmental safety for 
assessing the fundamental differences that 
exist for the soil ecosystem.  

1. The assessment of heavy metal accu-
mulation by myxomycetes shows the impor-
tance of these organisms for environmental 
safety monitoring.  

2. Myxomycetes have undiscovered po-
tential for bioindications and bioremediation 
of heavy metal and environmental manage-
ment. 

3. The scheme of heavy metals accumula-
tion by myxomycetes was make to demon-
strate that heavy metals concentration in-
creases in the direction from substrates to 
myxomycetes, and it decline from the forest 
floor to the trees. 

4. The concentration of metals depends 
not only on the biological characteristics of 
the species and the phases of their develop-
ment, but also on the environmental situation 
in the area of their occurring, in this connec-
tion the resistance of myxomycetes to over-
age heavy metals may have different mecha-
nisms.  

5. Fuligo septica (L.) Wigg. was proposed 
as perspective bioindicator for the detection 
of Zn on the grounds of the ability to accu-
mulate this metal and by reason of this spe-
cies have widespread distribution in terres-
trial ecosystems.  
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ОЦЕНКА НАКОПЛЕНИЯ МИКСО-

МИЦЕТАМИ ТЯЖЕЛЫХ МЕТАЛЛОВ 
 
Аннотация. Осуществлена оценка накоп-

ления тяжелых металлов миксомицетами 
(слизевиками). Определена важность этих ор-
ганизмов для мониторинга в сфере экологиче-
ской безопасности. Проанализированы эколо-
гические и физиологические механизмы по-
глощения миксомицетами металлов и других 
элементов из субстратов. Для пяти распро-
страненных видов миксомицетов с относи-
тельно крупными плодовыми телами прове-
дено сравнение концентрации химических 
элементов. Fuligo septica (L.) Wigg. предло-
жен в качестве биоиндикатора Zn на основа-
нии способности накапливать этот металл и 
по причине широкого распространения этого 
вида в наземных экосистемах. Предполагает-
ся, что миксомицеты могут стать перспектив-
ными объектами для ремедиации загрязнен-
ных почв. 
Ключевые слова: экологическая безопас-

ность, оценка рисков, тяжелые металлы, мик-
сомицеты. 
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Summary. On the basis of the analysis of ex-

isting models and methods of calculation, pro-
posed a general mathematical model of the proc-
ess of removal of organic contaminants in an 
aerobic biological wastewater treatment in trick-
ling biofilters with sufficient support bio-
oxidation by oxygen. Results of comparison of 
theoretical calculations with experimental data 
obtained by different authors in trickling biofil-
ters with different loading are presented. As the 
results, the theoretical calculations are in general 
well correlated with the experimental data. 

Key words: biofilter, waste water, biological 
film, model, treatment 
 
 

INTRODUCTION 
 

An important aspect of environmental 
problems is to develop a reliable, efficient 
and economic facilities for treatment of do-
mestic wastewater. In accordance with regu-
latory requirements it is necessary to conduct 
a more advanced biological wastewater 
treatment. Recently becoming more common 
in practice the biological reactors of different 
designs, due to the formation of high concen-
tration of microorganisms in the form of at-
tached biofilm on the material loading of the 
bioreactor, which is effective in removing 
organic and other contaminants [1, 2, 3, 4, 5]. 

Biological wastewater treatment in struc-
tures with attached biomass in the form of 

biofilms has some significant advantages and 
is widely used in practice and the research of 
biofilm wastewater treatment processes was 
developed quite extensively. Unlike flooded 
filters, in trickling biofilters effluent liquid   
flows down as a layer over the surface of the 
feed material that can be run in the form of 
plates made of polymeric materials or of par-
ticles of different rocks [1, 2, 6, 7]. In addi-
tion, the air enters the natural way at the top 
or bottom of the filter with flat flow.  

Existing researches on the basis of which 
was developed and proposed the methods of 
calculation have been mostly empirical in 
nature and were developed using simplified 
approaches (models) and simple theoretical 
approaches (models). So as a result of the 
analysis of existing models and methods of 
calculation of treatment parameters of trick-
ling filters [3], and taking into account also 
the shortcomings of existing research in [8] 
the most comprehensive and advanced three-
phase mathematical model consists of hydro-
dynamic block and dynamics block of or-
ganic contaminants and air (oxygen) in trick-
ling filters was formulated and proposed. The 
general scheme of this model is presented in 
[8, 9]. The mathematical model is described 
by a system of interrelated equations the so-
lution of which determines the changes in the 
concentration of contaminants and oxygen in 
layers and in a trickling filter as a whole. The 
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analysis of the mathematical model showed 
that for use in practical calculations, the gen-
eral model can be simplified, namely consid-
ering the flow of contaminants in the biofilm 
and their removal at a constant conditions. 
This takes into account that the aerobic 
treatment process in sufficient quantity pro-
vided with oxygen, that is not limited by 
oxygen, as well as a number of other condi-
tions, which are generally valid and do not 
introduce significant errors in the calcula-
tions [1, 4, 5].  

On the basis of implementing the model 
the engineering methods of calculation of 
technological and design parameters of 
treatment trickling filters were proposed [10, 
11]. Dependences for determining the varia-
tion of contaminant concentration on the 
thickness of the biofilm and the height of the 
biofilter under different possible speeds (ki-
netic) reactions remove organic contaminants 
are proposed too. The criteria and recom-
mendations to determine the feasibility and 
optimal thickness of the active biofilms, 
within which there is an almost complete pu-
rification from entering contaminents take 
place are presented. In [11] to perform the 
calculations the necessary recommendations 
on the choice of parameters and coefficients 
that appear in equations and dependencies 
are given. The overall biofilm is a heteroge-
neous structure and the study of the processes 
occurring in the biofilm devoted a lot of 
work [4, 5, 12, 13, 14]. So an important pa-
rameter in the calculation is determining the 
calculated thickness of the biofilm, which in 
this case is an active thickness, consisting of 
heterotrophic microorganisms, and the for-
mation of its basic parameters largely de-
pends on the load and hydraulic conditions in 
the biofilter with attached biocenosis. In 
works [1, 11] on the basis of the implementa-
tion of the general equations for determining 
the formation of the thickness of the biofilm 
are given specific dependencies to determine  
it active part taking into account the pro-
sesses increasing the biofilm thickness, the 
disintegration of the biofilm and the speed of 
detachment from its surface. Moreover, we 
note that in biofilters with attached bioceno-

sis thickness of the biofilm filter will de-
crease due to the decrease in the concentra-
tion of contaminants that are extracted, and 
with the increase in the specific surface of 
the material load. The proposed models and 
methods in general allow us to consider this 
fact. 

A comparative analysis of theoretical cal-
culations with experimental data, which indi-
cates that the proposed model and developed 
on the this basis the methods of computation 
for adopted the averaged constant values of 
thickness of the biofilm δ  sufficiently reli-
able and adequately describe and show the 
processes in these cases [1, 4, 13, 14, 15].  

 
 

JUSTIFICATION OF THE MODEL 
AND METHOD OF CALCULATION 

 
In this article we discussed the basic posi-

tions and the results of theoretical studies of 
aerobic biological wastewater treatment of 
organic contaminants in trickling biofilters. 
So, to determine changes in the concentration 
of organic contaminants (OC) L  within the 
biofilm thickness δ (Fig. 1) it is necessary to 
obtain the solution of the following equation: 

 

0
2

2

=−
∂
∂

LL R
x

L
D ,              (1) 

 
which is performed under the following 
boundary conditions: 
 

 

 
Fig. 1. Concentration profiles L in the biofilm 
and the liquid film: I – fluid flow, II – liquid 
film, III – biofilm, IV – element load 
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It is known [1, 8] that if the process of 

waste recovery is not limited by the oxygen 
that is provided by the oxygen in sufficient 
quantity and the reaction rate in the absence 
inhibitory effect is expressed by the known 
equation of Monod: 
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Considering that at comparing low con-

centrations of contaminants often can be tak-
en mK >> L , and at significant concentrations 

mK << L  and in these cases the reaction ki-

netics can be respectively the first and zero 
order terms, namely: 
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In the above equations and dependencies 

the following notation of some of the pa-
rameters and coefficients are given:  
L , eL , 0L  – the concentration of organic 

contaminants in the biofilm in the filter and 
in the input  liquid respectively, BOD(g/m3), 
COD(g/m3), 
δ , pδ  – the calculated thickness active 

(aerobic) biofilm and liquid film (boundary 
layer) respectively, m,  
D – the coefficient of molecular diffusion in 
the biofilm, m2/h,  

LK  – the coefficient of  mass transfer of or-
ganic contaminants in the liquid film, m/h; 

mK  – the saturation constant (halfsaturation) 

for organic pollutants, BOD(g/m3), 
COD(g/m3),  

mµ  – maximum specific growth rate of mi-

croorganisms, h-1,  

dL

dX
Y =

 
– the stoichiometric coefficient of 

the biomass, g/g,  
X – the concentration of biomass in the bio-
film, BOD(g/m3), COD(g/m3). 

As a result of solving equation (1) with 
boundary conditions (2) for first order reac-
tions 1LR  (4) we get the following relation-
ship for the changes concentration L on the 
thickness of the biofilm x : 
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Dependence to determine the concentra-

tion of contaminants on the outer surface of 
the biofilm will get from equation (6) when 
the value 0x = : 

 
( ) eALL0L == δ ,           (7) 

where ( ) ( )ϕ−ϕ−

ϕ−

−++
+=

e1e1

e1
A

λ
, .α2=ϕ (8) 

 
On the basis of the dependence (8) for de-

termining the parameter A built design chart 
( )λ,ϕ= fA  (Fig. 2). Using the dependence 

(7) equation (6) can be simplified to this: 
 

 
 

Fig. 2. A graph of the dependence ( )λ,ϕ= fA . 
Graph for determining the parameter A for pris-
matic download: 1 – δ = 0,0001 m,  
2 – δ = 0,0002 m, 3 – δ = 0,0003 m 
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( ) ( )
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Solving equation (9), we can estimate the 

efficiency of treatment in this case by estab-
lishing a full or partial penetration of OC in 
the biofilm.  

The solution of equation (1) for a zero or-
der reaction LR  (5) considers the following 
two cases with different boundary conditions. 
In the first case, which corresponds to the 
complete penetration of organic contami-
nants in the biofilm ( 1β ≥ ), the solution of 
equation (1) is performed with the boundary 
conditions (2), as a result, will receive the 
following relationship to determine the con-
centration L in the biofilm: 
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The value of concentration at the biofilm 

surface (x=0) will be: 
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With (11) equation (10) may be write for fa-
ther analysis in the form: 
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In the second case, which corresponds to 

the partial penetration of organic contami-
nants in the biofilm (β <1) the solution of 
equation (1) is provided at L=0 on the border 

δ=x   instead of 0
x

=
∂
∂L

 in the previous 

case: 
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If in many cases the ratio 
L

L

K

D

δ
<<1 then 

in both cases of the value β  we can use the 
dependence (11) that to determine the con-
centration δL . 

To determine fluxes using equation (2) in 
[11] lists the order of calculation first order 
kinetics and zero order at the condition of 
partial and full penetration of organic con-
taminants in the biofilm. Also, the graph of 
the concentration profiles for the kinetics or-
der zero in the middle of the biofilm at dif-
ferent values of β<1 and β>1 was provided. 
Profiles constructed with a constant thickness 
of the biofilm δ and correspond each to a 
specific value of the concentration Le which 
changes along the height of the filter. 

The above solutions are obtained for the 
kinetics of reactions RL of the first and zero 
orders of magnitude, which corresponds to 
low and high concentrations of organic con-
taminants. According to [15], in practical 
calculations this corresponds to the relations 

0

m
L L

K
=β >2 and Lβ <0,25. In addition in 

wastewater treatment by biofilters in some 
cases we get the ratio βL within the bounda-
ries of 0,25 < βL < 2. In these cases, the cal-
culations of the reaction kinetics RL take the 
known Monod equation (3). In [15] to deter-
mine the concentration of L in the biofilm, 
namely on the surface Lδ, a method for solv-
ing equation (1) at given kinetic response of 
RL, according to equation Monod was pro-
posed. The nature and sequence of the pro-
posed iterative method of calculation are giv-
en in [11, 13, 15]. 

In [11] provides guidance for determining 
flows OC in the case of the reaction kinetics 
according to the equation Monod. 
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According to [8] for determining the 
change in concentration Le on height of bio-
filter is used the equation of conservation of 
mass of contaminants in the fluid flow of the 
biofilter in the form of: 
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In stationary conditions, which occurs 

very quickly, in a result of solving equations 

(16) at 0
t

L
n e
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and when taking into ac-

count the dependence (7) for δL  and bound-

ary conditions 0LLe =  at z=0 for practical 

calculations for the reaction of the first order 
we obtain a following dependency: 
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To determine the concentration at the outlet 
of the filter (in filtrate) z = S, we obtain: 
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and to determine the working height of the 
filter S at a known predetermined parameters 

0L ,  Q , ε , eSL , and ∗A  we obtain:  
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In following dependencies:  

δF  – the surface area of biofilm per unit 

height of the filter, m,  
S – the working height of the filter, m,  
Q – flow rate (volumetric flow rate), m3/h. 

On the basis of dependence (17) in Fig. 3, 
4 built estimated graphs 
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Fig. 3. Graph of dependency
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Fig. 4. Graph of dependency ( )zf
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As a result of solving equation (16) for the 
zero order reaction (5) with relation (11) for 
determining the change in concentration eL  
along the height of the filter z  we may re-
ceive a dependency:  

 

     
zw

Q

F
LL L0e δδ−= .      (20) 

 
The concentration at the outlet of the filter 
(z=S) will be: 
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( ) Sw

Q

F
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and to determine the height of the filter at a 
predetermined concentration ( )SLe  we ob-

taine following equation: 
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DISCUSSION OBTAINED 
RESULTS 

 
Below some of the results of verification 

and comparative analysis of the proposed 
models and methods of calculation using ex-
isting experimental studies are presented. 

Quite reasonable laboratory study on ex-
traction of organic contaminants in sewage 
treatment biofilter under conditions sufficient 
supporting of aerobic process by oxygen was 
carried out in [17]. The reactor (biofilter) was 
built with PVC 2m high and with a diameter 
of 0,2 m. Domestic waste water was supplied 
from below to the central part of the column, 
air is fed through the holes in the base of the 
column. As download the elements of waste 
of polypropylene were used with a diameter 
of 2,3…2,7 mm, a length of 4…6 mm, the 
porosity was 0,42.  

Concentrations of dissolved oxygen varied 
from 5.2 to 8.6 mg/l. The researches have 
shown that these oscillations are not a limit-
ing factor. The researches were carried out 
for different input concentrations of COD, 
which varied between L0 = 80…200 mg/l 
(0,08…0,2) kg/m3. In more detail the meth-
ods of researches and their processing are 
described in [17]. 

For comparative analysis of the results of 
theoretical calculations with experimental 
data has been used the above method of cal-
culation. According to this technique with 
using given and accepted in the literature 
source of data  the determination of  the in-
termediate parameters (A, A*) was conducted 
and then on the proposed dependencies were 
defined changes in the concentration on the 

height of the biofilter based on valid reaction 
rates  in the biofilm for this case. In Fig. 5 
shows a comparative graph when the input 
concentration 
L0 = 0,160 kg COD/m3. Additionally note 
that when performing calculations to con-
struct the theoretical curve ( )zfLe =  in par-

ticular according to [18], the flow rate value 
was taken Q = 0,024 m3/h and the specific 
surface of the feed material 
Fδn = 1160 m2/m3, and due to the relatively 
large surface area Fδn, according to [14], the 
thickness of the biofilm adopted δ = 25…30 
microns. Other necessary input data are ac-
cepted on the basis of the guidelines de-
scribed in the known literature. Thus accord-
ing to [17] the concentration Lеn was meas-
ured in units of COD and BOD, and the 
BOD/COD relation was taken of 0,45 for the 
incoming stream and 0,20 for the effluent 
(filtrate). On the chart Fig. 5 calculated con-
centrations are slightly below the experimen-
tal one, but there has generally been a good 
enough match between them. 
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Fig. 5. Chart of changes in concentration along 
the height of the filter ( )zfLe = . 

 
 

To assess the dependencies (18) the ex-
perimental data was used that given in [18] 
that allow us to conduct a comparative as-
sessment of theoretical calculations with ex-
perimental data. The calculations were per-
formed using dependencies: 
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which in the determination of the concentra-
tion at the outlet of the biofilter (filtrate) take 
the form: 
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here L0 is the input concentration of organic 
contamination, mg/l;  
S – working height of the filter, m;  
Fδ is the surface area of the feed material per 
unit height of the filter, m; 
KL – coefficient of transfer in the liquid film, 
m/h;  
A – the parameter which is determined ac-
cording to [10].  
For the calculation of the parameter B were 
taken out the data used in [18] and data taken 
from the literature. Though the some diver-
gence presents of the experimental data with 
the calculated, especially for large values 

eSL , in general, it can be considered a good 

coincidence of the experimental data with the 
calculated. 

The results of the comparative evaluation 
is shown in Fig. 6. It shows that although for 
large values eSL  there is some divergence of 

the experimental data with the calculated, but 
in general we may count on their good coin-
cidence. 

In the literature, in particular [2, 5, 19], on 
the basis of analysis of existing research re-
sults suggested a number of empirical de-
pendences for calculation of parameters of 
wastewater treatment by biofilters. The basis 
of this research is a known functional de-
pendence of the concentration of the waste 
water outlet Lеs (BOD5) in depending of a 
number of factors, which with some modifi-
cations depend of the type of load and other 
factors used by different specialists for 
treatment [21, 22, 23]. 
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Fig. 6. The dependenceesL  on the parameter B 

for the gravel biofilter loading, which oxidize 
urban wastewater: 

◦ – experimental data, —  – estimated curve 
 
 
Some additions to the calculations. 
1. When considering equation (16) the 

performance of suspended biocenosis in sew-
age is not taken into account due to its insig-
nificance effect. 

2. In accordance with the adopted general 
model [18], OC receipts from the waste liq-
uid in the biofilm through the liquid film 
(boundary layer) which is formed on the sur-
face of the biofilm. The analysis showed that 
it is necessary to consider the OC mass trans-
fer through the boundary layer that imple-
mented in the model in the equation (2) for 
the flux N as the boundary conditions on the 
surface of the biofilm. In [11] there are pre-
sented and considered recommendations for 
the implementation of this equation when 
solving specific problems. 

3. When removing contaminants by at-
tached biocenosis (biofilm) on the biofilters 
of different designs their concentration along 
the height of the filter will decrease and ac-
cording to accepted models will lead to the 
overall reduction in the thickness of the bio-
film on the height of the filter. The proposed 
model and calculation methods allow to con-
sider this fact in principle. In addition, a nu-
merical comparative analysis of theoretical 
calculations with experimental data that was 
carried out shows that the proposed model 
and methods for calculating, based on the 
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average weighted constant values of thick-
ness δ is sufficiently reliable and adequately 
describe and show the process of treatment  
in these cases [1, 4, 13, 15, 23]. 

4. Extraction of organic contaminants in 
the biofilm under aerobic conditions is con-
trolled by the flow of oxygen in the biofilm. 
Organic matter may be present throughout 
the thickness of the biofilms, but cannot be 
extracted on the section where oxygen is ab-
sent. In biofilters with attached biocenosis 
(biofilm) at the aerobic process of recycling 
of organic contaminants it is necessary to 
provide a dissolved oxygen concentration of 
at least С > 5 mg/l throught the all active 
thickness of the biofilm [1, 4, 11, 16]. The 
speed (limiting) of process will be deter-
mined by that substrate that penetrates into 
biofilm at a shallower depth. 

 
 

CONCLUSIONS 
 

1. Implementation of the proposed model 
with appropriate boundary conditions allows 
to determine the changes in the concentration 
of contaminants in the biofilm L(x) and in the 
filter Le(z). 

2. It helps more securely and reliably to 
justify the technological and constructive pa-
rameters of biofilters that confirms the evalu-
ation testes in laboratory and industrial con-
ditions. 

3. The comparative results and their anal-
ysis suggests that the proposed model and 
developed on the basis of their calculation 
methods to describe and show the process of 
wastewater treatment in trickling biofilters 
with sufficient adequacy in general.  
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ТЕОРЕТИЧЕСКИЕ ИССЛЕДОВАНИЯ 
И РАСЧЕТЫ ОЧИСТКИ СТОЧНЫХ ВОД 

НА КАПЕЛЬНЫХ БИОФИЛЬТРАХ 
 
Аннотация. На основе проведенного ана-

лиза существующих моделей и методов рас-
чета, предложена общая математическая мо-
дель процесса удаления органических загряз-
нений при аэробной биологической очистке 
сточных вод на капельных биофильтрах при 
достаточном обеспечении биоокисления ки-
слородом. Приведены результаты сравнения 
предложенных теоретических расчетов с экс-
периментальными данными полученные раз-
ными авторами на капельных биофильтрах с 
разной загрузкой. Как показывают результа-
ты, теоретические расчеты в целом хорошо 
сопоставляются с экспериментальными дан-
ными. 
Ключевые слова: биофильтр, сточные во-

ды, биологическая пленка, модель, очистка. 
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