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Evolution of reforming of the civil construction industry
management system in Ukraine

Sergei Bronevitski

PhD, Head of municipal enterprise
«Institute of the Master Development Plan of the City of Kyiv».
Hreshchatyk Str., 32, of. 306, Kyiv, Ukraine, 01001, e-mail: bsp@grad.gov.ua

Summary. Examined are the problems of thethese social tasks is the target for the man-
civil construction industry performance. Theagement system of construction industry.
main shortcomings of the management syste At the present stage of post-industrial de-
scrutinized. The factors had. been 'shaplng t‘velopment of the society, the main problem
Eﬂoinﬁggg‘i:‘; iay\fézre] dOf I;Jekégir;)‘iiocn'v:ls (;?Ces:]ruéis setting the comfortable living environment
elements and mechanisms of management Sfor populatlon and,. at the Same time, eco-

nomic use of tangible material and power

tem, advantages and disadvantages “administ i _ s
tive regulation”. Examined are the manageme "esources. This determines the necessity of

technologies of the civil construction industry irdevelopment of the innovative strategy for
the countries of market economy. Examples aréforming the management of the construc-
given of developing the housing programs in trtion industry.
USA. The summary is given on the mainstrea
trends in managing the civil construction industr
and on areas of optimization of the manageme PURPOSE OF WORK
system.
Key words: construction industry, manage-

. The information technologies for man-
ment, state regulation

agement of implementation of the innovative
projects, the education systems etc., were ex-
INTRODUCTION amined in the works of A.A. Beloshitskiy,
S.D. Bushuiev, N.S. Bushuieva, P.P. Lizunova.

Post-industrial development of the societ The authors provided proposals on develop-
in XXI century faced the global problems cment of innovative information technologies
the territory and power resources scantine:for designing in the heat and power engineer-
what turned into a mighty boost for develing industry, systems of water supply, as well
opment of innovative technologies in conas in higher education [3].
struction industry and stipulated the bran The administrative aspects of the man-
new systematic tasks in management of tlagement system were examined by A. Gal-
construction industry. chinskiy, V. Gaets, A. Kinakh, V. Seminoz-

The construction branch, in general, beahenko [6]. The main emphasis was put on
responsibility for realization of the nationaimplementation of an “e-government» con-
economy tasks, which became imminent atcept. Meanwhile, the comprehensive analysis

certain stage of social evolution. Solvin©of the management system’s evolution of
construction industry, in the context with
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strategic societies of national economy at class housing, corresponding to the require-
given historical stage, had not been made. ments of the population with income below

The areas of the housing and public utilthe middle level.
ties reformation were researched broadly. | A separate place in construction is taken
Mantsevich [8] studied the matters of thby the facilities of executive class: office and
housing cost reduction, as well as managcorporate buildings, the unique complexes of
ment of the housing resources, problems asocio-cultural purpose — theaters, museums,
prospects of the house building developmer exhibitions, sports arenas, and large transpor-

In the writings of A.M. Pleshkanovska anctation structures — motor roads, high-speed
E.D. Savchenko [JlOwere studied the as-electric transport lines, bridges and over-
pects of construction activities during thipasses, underground structures, etc.
various historical eras, the factors of the cu The tasks of the new system building are
rent building booms emerging, the long-terrquite normalized and limited.
forecasts for the urban future. Every listed construction category requires

Problems of management system of coliits own managerial models, innovative tech-
struction industry reformation, in the contexnological approaches, and organizational
of the strategic tasks of the national ecoipractices with substantial difference in pa-
omy, efficient mechanisms of management rameters of profitability, breakeven and re-
conditions of the market economy were le source intensity [3].
with no attention of mentioned studies. Under the resource-constrained condi-

tions, the emphasis now is on reconstruction

of degraded urban areas and development of
RESULTS AND EXPLICATION small-area sites, as a prevailing concept of

the volumetric and spatial development of

The dynamics and scale of the buildincities.
scope as well as the innovations necess: In this connection, the currency of organi-
for construction industry, first of all, are an-zation of large site coverage of systematic
ticipated in the master development plans ‘housing construction with scopes over 3 mil-
communities, where are defined demands lion sg. m, typical of the previous times, now
scope and quality of buildings and construds almost filed as a history. Place was given
tions, within the context of general concepito the concept of renewal of the small-block
of functional and spatial development. developing of environment with small en-

The key functions of the Master Develclosed courts-patios, instead of the principle
opment Plan of the city are provision of pogof micro-zoning with ‘transfluent’ spaces of
ulation with housing, social and communeresidential groups. Establishment of associa-
facilities, necessary domestic service faciltions of the apartment house co-owners
ties; establishment of the optimal system ((AAHCW) encourages development of face
labor application facilities, first of all, in thelifting of housetops and terraces for planting
public production, as well as in the areas the greenery, what requires innovative tech-
recreational activities [1, 2]. nologies.

At present and in the near future, there a The management structure of construction
two main types of the facilities in the housiniindustry appeared unprepared to solve all of
construction practice: building of largethese tasks.
scopes of quite comfortable, but power For understanding the tasks of reformation
efficient housing for provision of the bulk ofof the management structure of construction
the population and building the elite housingindustry, it is necessary to identify the main

The first type comprises two categoriesfactors of its shaping in the Soviet planned
business-class housing, which parameters iand command economy period, and at the
determined by demands of the middle cla:itransition stage of establishment of the mar-
economically active population and economy
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ket economy and management system, afsigns and estimates, all possible construction
gaining independence by Ukraine. costs and deadlines reduction
In the 30’s of the past century, the mai Approvals of individual designs and those
national problem was solving the tasks cof the high-rise buildings were performed by
industrialization of the country, what condi-the central agency, meanwhile, application of
tioned organization of the branch ministrieccustom designs if the typical ones were
specializing in training of personnel for conavailable, was excluded. The system im-
struction industry and provision of the conposed, consisting of the State scientific re-
struction basis for developing the enterpriscsearch and development, and design insti-
of the staple industry, rail transportationtutes, as well as the higher education and
large waterworks, defense-industrial sect(specialized secondary schools, made sure the
and some other major branches of nationdevelopment of typical designs of buildings
economy. and technical, engineering and production
Management of construction in this anwork force development for design and con-
later stages of the Soviet period had been struction organizations in Moscow with
ways performed with rigidly centralized allo-branches in Kyiv and administrative centers
cation of the budget, and material and techrof some other republics.
cal resources, accountability of the organizi The mechanism of command and adminis-
tions before overhead organization, unditrative management of the construction in-
regular periodic and running control. dustry shaped in this way was able to per-
During the first postwar period, the thormyform within the shortest deadlines the mass
problem emerged of recovering the ruinesystem construction of large residential dis-
infrastructure of the country within the shorttricts in all communities of the country.
est deadlines, what found its logical reflec The Industry-Specific Construction Norms
tion in the structure of management, estalnstruction ISCN 38-82 on composition, de-
lishing the mobile construction trust—sitesvelopment procedures, agreement and ap-
bridge construction parties, etc. proval of layouts and designs of the district
Upon completion of the main repairincplanning, planning and development of cities,
work in the 50-60’s, the displacement of citivillages and rural communities, set up the
zens from barracks, basements, and ccnecessary composition of the design and
gested shared apartments became the urgplanning specifications: the master develop-
political task. To meet this target, the corment plans of urban and rural communities,
struction industry had to secure the increadesigns of detailed planning, layouts of the
ing of the housing construction scope ardistricts planning. The system of the two-
reduction of construction deadlines, by se'stage design permitted to solve the problem
eral times. Solution was found in planniniof cost reduction and reduction of design es-
the large residential communities of the ma:timates development deadlines.
housing construction and its industrializatior ~The technical standards orders CN 531-80
This was the very problem the constructioon composition, development procedures and
industry’s management system was designapproval of the district heating system lay-
to solve. outs for communities with total heat demand
Under these conditions, the central matat up to 116 MW (100 Gcal/h), directed the
agement agency of the ex-USSR constructiiconstruction industry and community facili-
industry (Gosstroy USSR) [15] had to secuities of the cities towards construction of large
the uniform technical policies: developmerdistrict heat supply sources, having elimi-
and approval of the State construction normnated application of small local boiler plants.
technical data sheets, standards, typical ¢ However, yet in the 80’s the shortcomings
signs, approvals of design and planning spof such a management system became appar-
cifications and project estimating procedure ent. Moreover, although since 1987 the or-
exclusion of, so-called, «excesses» from dganizations in the structure of construction
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industry were converted into the selfbranch and territorial principles, covering as
financing ones, this did not provide the ofthe stages of district planning and planning
portunities of freedom to take decisions. the development of urban and rural commu-

Provisions on organization procedure:nities, industrial hubs, as well as design, per-
tasks and functions of the technical supenforming construction, assembly and special
sion teams and the contracted cuworks, manufacturing the construction ma-
tomer/developer of construction site, whiclchinery and special types of construction
defined the functions of the Department cwork.
capital construction within the executive At the same time the strictly centralized
boards of municipal councils as integrateallocation of technical and financial re-
construction customer, in fact, had blockesources, running control and regular report-
development of the competitive environmering was maintained for all subdivisions, edu-
in the construction industry. cational, and design and construction organi-

For solving this particular problem of re-zations before the overhead organizations
alization of the uniform technical policy, the[5].
central office established divisions of techn  Undoubtedly, the command and adminis-
cal rating and standardization, typical desigitrative principle of centralized management
ing, organizing design and survey works, eof the construction industry secured solving
timate rates and pricing in construction inthe large national economic tasks during the
dustry, structures, and new materials. corresponding historical period.

Thus, for construction management pe Nevertheless, the over-centralized man-
branch attribute, within the Gosstroy systetagement, leaving no space for freedom to
were established: the Ministry of special cortake decisions, impartially promoted devel-
struction and assembly works (Minspetscopment of typical uniform environment, in-
troymontazh) the Ministry of construction,sufficiently took into consideration the his-
road and community machine engineerintorical regional and local peculiarities of ur-
(Minstroydormash), the Ministry of railway ban and rural communities.
construction (Mintrans), etc [7]. It should be noted here, the very important

Minspetsstroymontazh managed construrole of implementation of certain forms of
tion and assembly works at the industrial arconstruction and assembly organizations for
civil construction sites. Subordinate to thsolving the corresponding tasks. The main
ministry were 224 trests, 274 industrial erform of construction and assembly organiza-
terprises and 37 education establishments ‘tions (CAO) were ‘trusts’ and independent,
technical engineering and production maror composing the ‘trust’ construction and as-
power development for construction organ sembly departments (CADs, CDs, etc.), as
zations, as well as scientific research and cwell as self-financing stations - the primary
sign organizations. independent production units, immediately

Minstroydormash managed the industri¢performing construction operations [6]. All
enterprises for design and manufacturing tithe State plans and allocation of material re-
construction machinery, including concretesources had been prepared for ‘trusts’. At the
mixing equipment, hoisting machines etc. ‘trusts’ level all the technical and economic

Mintrans secured setting the constructioplanning issues have been decided, as well as
basis and work force development for railcontractual relations, process control, prepa-
way construction. ration for operations.

For solving the problems of constructior At the same time, the tendencies remained
in Siberia, in the Far North and other regiorto pass a range of managerial functions at the
of the country were established the territorichigher levels (regional central authority, con-
and regional ministries. sortium, concern), the ‘trusts’ did not include

In this way, were secured the centralizesubsidiary production plants, transport facili-
management of the construction industry pities, utilities living teams, moreover, general



EVOLUTION OF REFORMING OF THE CIVIL CONSTRUCTION INDUSTRY
MANAGEMENT SYSTEM IN UKRAINE

procurement issues also were completely ding construction plants (HCP) — an organiza-
pendent from the overhead managemetional form of association of a construction
body. organization with an industrial enterprise,
Depending on the type of contractual releperforming construction operations by indus-
tions one may distinguish the General Coitrial practices. A revolutionary innovative
tracting ‘Trusts’ and the Subcontractincapproach of this period appeared to be the
‘Trusts’, moreover, by the type of the job:detailed specification of the construction de-
performed - there were general constructicsign series and typification of the series’ de-
‘trusts’ and the specialized ones. tails. At the same time, HCP were specializ-
General construction ‘trusts’, being th¢ing in construction by industrial practices
general contractors, were performing thwith details of own production (large-panel,
main types of general construction jobs (irapartments’ modules, etc.), residential and
stallation, stonework, concrete, etc.). Thadministrative and public buildings, struc-
specialized ‘trusts’ were performing, as tures of the certain series, multi-series details
rule, one type of job or a set of several simproduction, and, sometimes, in performing
lar jobs (foundation engineering, dress worlthe certain types of jobs (installation, fit-out
electric installation, plumbing, etc.). Alongworks, etc.) by regular teams.
with a technological specialization wa: It is to be noted, that the management
commonly used the branch specialization kstructure of construction industry and the
the types of construction, i.e., the ‘trusts’ cforms of construction and installation organi-
residential, industrial, railway and some othezations permitted in due time, to solve a
types of construction. Specialized organizithorny national economic and social problem
tions, as a rule, are subcontractors, but son— provision of the population with economi-
times act as general contractors (i.e., ‘trustcal, industrially erected housing. At the same
of foundation engineering for HCP) or pertime, management of the construction indus-
form the jobs according to the separate cotry, as mentioned above, had been performed
tract with a customer. using the rigid accountability of the subordi-
By the area of activities there may be disnate organizations before the overhead ones,
tinguished the ‘trusts’-sites, ‘trusts’ of urbaragreement of appointment and dismissal of
type, territorial ‘trusts’. Let us say, themanagers, the centralized allocation of finan-
aforementioned ‘trusts’-sites were estalcial, and material and technical resources.
lished for performing the large-scope cor Now the automated control of processes
struction and installation jobs at a site ofteproductions system at the level of build en-
in industrial construction, at the same timterprises using mashines on the industrial
the management of production operatiorbuilding is created [13, 14]. Power and re-
performed through construction stations. Ttsource-efficient innovative technologies are
‘trusts’ of urban type perform their jobs with-the main customer of the product of construc-
in the limits of one city, like, say, the ‘trest’tion industry [1, 9, 12]. Problems of
“Kyivgorstroy” which built, virtually, the municipal services from the ecological point
whole of postwar Kyiv. Territorial ‘trusts’ conditions and possibility of effective power
acted within the limits of certain districts. Bysaving up technologies use of view [11],
the scope of construction and installatio[20].
jobs with consideration of their complexity In the management structure of construc-
and labor intensiveness, were distinguish¢tion industry the feedback with population, as
the four groups of construction and installewas totally absent.
tion organizations by emoluments of man: In independent Ukraine the State commit-
gerial, and engineering and technical persotee of urban planning and architecture was
nel. established, transformed later into Gosstroy
During the period of mass system corof Ukraine, since 2004 — into the Ministry of
struction, the widespread were also the hoiregional development, construction, architec-
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ture, and housing and communal services framework, development of the urban plan-

Ukraine (Fig. 1) [16, 17]. ning paperwork, technical solutions for de-
The sphere of regional development regisigns of the high-rise buildings.

lates the issues of decentralization and thc The sector of housing and communal ser-

arising from administrative-territorial systemvices performs preparation of reforms in this
The issues in the sphere of constructicsphere.

and architecture comprise problems of pric

ing and expert examination of the regulator

COMNBTRUCTION AND HOUZING AND

EEGIONAL

DEVELOPMENT

ARCHITECTURE

COMMUNAL
RERVICER

Cooperation of
territorial
communities

The State housing
programs

Eeforms of
administrative
organization of the

Contest “The best
practices of local
governance’

Pricing, expert
examination and
construction
development

Eegister of contracts

ofl cooperation

Technical regulations
atd development

Eeformation of the
housing and
cominunal services

Drinking water and
water supply

Administrative-
territorial system of

Tleraine

Utban planning,
architecture and
landscape planning

Ezxpert Council on
decentralization

Large-scale ciwil
construction

>

Energy
conservation and
power efficiency

Utban landscaping

Economics and
tariff policy

Fig. 1. The scope of activities of the Ministry of regiomkgvelopment, construction, architec-
ture and housing and communal services in Ukraine
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In this way, the sphere of the Ministry acquirements to planning and development of
tivities, in general, covers the urgent nationicommunities, buildings and structures, pric-
economy present-day problems [18]. ing, requirements on working safety condi-

The integrated construction customer setions, consumption rates of fuel and energy.
vice has lost its significance and ceased o Still, an acute problem is lack of economic
eration. Accountability of the constructiorand legal mechanism of realization of the
organizations and centralized allocation (master development plans which tasks are
financial and technical resources is not rinot clear to the population. This had led to
quired. Does not provide accountability tthe excessive politicization of the issues of
higher construction companies facing organtheir development and using by dishonest
zations. political opponents as a slogan for their elec-

The formation of vertical and horizontation campaigns, contraposition of the urban
linkages is not regulated. Development cbuilding development tasks to the interests of
construction norms and standards, as well wide circles of population, what had led to
the urban planning paperwork of the Staiincrease of construction risks.
level is financed centrally. Implementation o There were established the construction
the State programs for comprehensive reccorganizations - general contractors with their
struction of obsolete housing resources, prmarketing and realty sales structures, but
duced by industrial process and constructicwhich are not interested economically in de-
of the new affordable housing failed. Homvelopment and implementation of innovative
loans not hedged against inflation, tick'technologies. In connection with opportuni-
tacky frauds caused the population’s distruties of realty sales, yet at the stage of the un-
to developers and banks. derground cycle of construction job, are

The management construction industrwidespread the ticky tacky frauds, what
mechanisms are limited to consideration (strengthens the population’s and construction
the issues at the ministerial boards and coLcompanies’ stand-off.
cils’ meetings, on the initiative of local archi- The postwar period countries with market
tectural bodies or developers (except fceconomy, have also faced the pungent social
drafts of the regulatory documents). Thproblems of housing unavailability to all the
hearing minutes serve as guidelines and ¢population strata, prompt solving of the hous-
not binding. The system of approval is suking problem in critical situations, rehabilita-
stantially simplified, approval of the urbartion of degraded urban areas and correspond-
planning and design as well as custom desiing tasks in management of construction in-
paperwork is cancelled, typical designs aidustry.
not allowed. For example, the Department of Housing

Reporting of local bodies is performed oiand Urban Development, USA [19], secures
development issues of urban planning pfinancing and administration of realization of
perwork. The results of consideration are alsa wide variety of nationwide federal pro-
not binding. The practice of compulsory outgrams, related to meeting the demands in
of-town consideration meetings for realizahousing. At the local level, the zoning plans
tion of the master development plans of citicand detailed plans are being developed,
in different districts of Ukraine is forbidden,which ensure their tridimensional realization.
as well as preparation of reports on develo The private sector is being encouraged,
ment of the urban planning, including analywhich is able to secure construction of af-
sis of issues on design and construction efordable housing, encouraged are establish-
tivities. ment of joint ventures (societies).

The technical policy of the Ministry is im- The special federal programs were allo-
plemented through the State norms and rcated especially to meet the demands in
tional standards, regulating the compositichousing of Indians and indigenous residents
of urban planning and design paperwork, riof Alaska, on recovery of the housing in the
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natural disaster stricken districts, etc. Thel Lacking of economic and legal mecha-
was created a secure legal and financinism of the master development plans reali-
mechanism of realization the constructiozation conditioned chaotic nature of devel-
programs at the federal and local levels. opment of the cities. The tasks of urban plan-

In Federal Republic of Germany, the rening paperwork remain obscure for popula-
novation system for the obsolete housing ttion, regardless of approval of national regu-
industrial series was developed and impldatory documents on conducting the public
mented with mobilization of financial re-hearings of the urban planning paperwork.
sources from the International Bank for Re The facts mentioned above brought to ex-
construction and Development. cessive politicization of the master Develop-

There are some other good practices ment plans of cities and their using by dis-
implementation of construction programshonest political opponents, as a slogan for
included into urban master developmertheir election campaigns. Unjustified con-
plans. struction risks emerged in the construction

industry, regardless of the efforts of the State
regulation of the processes of “public hear-
CONCLUSIONS AND ings”.
RECOMMENDATIONS In connection with opportunities of the re-
alty sales, yet at the stage of the underground

The management construction system cycle of construction job, are widespread the
Ukraine secured freedom to take decisionticky tacky frauds, what strengthens the
but appeared unable to solve the affordabilipopulation’s and construction companies’
problems of housing for population, imple stand-off.
mentation of innovative resource-savini The problem mentioned above condition
technologies, building up reserves of municthe necessity of reformation for construction
pal housing resources for prompt resettlindustry management system using efficient
ment of refugees during emergency situimechanisms for realization of the housing
tions, etc. Construction organizations agprograms, like, for example, in Federal Re-
peared to be out of the influence area of cepublic of Germany, Singapore, etc.
tral and local managing bodies. There is r To achieve decentralization and prevent
comprehensive analysis of construction ircorruption it seems necessary the innovative
dustry development. strategy to be developed for reforming the

In the absence of financial and econom management of construction industry. It is
incentives, construction companies are nnecessary to foresee in its composition a
interested in implementation of innovationscomprehensive mechanism of realization,
what conditions low innovative activity. including the following:

In the context of stagnation, the systemat - the system of hedging the construction
problems in construction industry manageand credit risks, benefits and subventions, the
ment appeared, namely: excessive constriratio of the sales price and estimated cost
tion risks, absence of the system of thel sq. m,
hedging and unavailability of credit resource - regulatory acts and standards, providing
for  construction  organizations, non-for innovative resource-saving policy,
transparency of their financial reporting - national programs of provision for hous-
large scope of incomplete construction aring of various social strata of the population;
lack of cash reserves for its completion, ric - financial mechanism of promoting the
in the cost of construction (estimated costinnovative technologies in construction in-
absence of State regulation of the sales pridustry,
of 1 sq. m with respect to the estimated cc - mechanism of realization of national
ratio, problems with connection of the houseprograms, providing for hedging the home
constructed to utilities supply lines. loans, leasing of municipal housing re-

10
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sources, redemption of the housing propert9.
right,

- electronic management, securing the ar
ti-corruption policy, popularization of the
urban planning paperwork, informing on fi-
nancial and social benefits for populatior
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. 12.

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 the13.

activities of construction industry.
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SERGEI BRONEVITSKI

OBOJIIOIINA PEOOPMUPOBAHUA
CHUCTEMBI YIIPABJIEHUA
CTPOUTEJIbHBIM KOMITJIEKCOM
B YKPAMHE

AHHOoTamusi. PaccMoTpeHBI TIpOOJIEMBI Tes-
TEIBHOCTH CTPOUTEIBHOTO KOMIUIEKCA U OCHOB-
HbIC HEJJOCTATKU CUCTEMBI ympaBiicHus. BrisBie-
HBl (akToOpbl, POPMUPOBABIIHE CHCTEMY YIIPaB-
JICHWsI CTPOUTEIHHBIM KOMILIEKCOM B YKpauHe, a
TaKKe MPEUMYIIECTBA U HEJOCTATKU aIMUHUCT-
paTHBHOTO MexXaHW3Ma yrpasieHus. lIpuBenena
COBpEMEHHasl CTPYKTypa CHCTEMBI YIIPaBIICHUS

12

CTPOMTENBHON OTpaciblo B YKpauHe. PacKphIThl
TEXHOJOTHH YTPABICHUA CTPOUTEIHHBIM KOM-
IJIEKCOM B CTpaHax C PHIHOYHOM 3KOHOMHUKOM.
[Tokazanbl mpuMeps! POPMHUPOBAHUS SKHITUIITHBIX
nporpamm B CIIA. Caenansl BEIBOABI 00 OCHOB-
HBIX HANPaBJICHHUSX YIIPABICHUS CTPOUTEIHHBIM
KOMILJICKCOM M MEXaHW3MaX ONTUMH3ALUHU CHC-
TEMBbI YIPABICHHUS.

KiawoueBble cJjioBa: CTPOUTENBHBIM KOM-
IUIEKC, CHCTEMa YIIPaBIICHUS, TOCYAapCTBEHHOE
peryaupoBaHue.
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Summary. To determine the principles andopment, after the UN Conference on Envi-
strategies of sustainable development the analy ronment, gained the characteristics of guid-
of general trends in human development in ecjng humanitarian activities of the interna-
physical sense of this phenomenon were mattjong| community. The problem is actual for
The foII(_)wing concepts were consi(_jered: etrUkraine, where the depopulation is taking
nogenesis, ~ecosystem autoregulation, Olemplace along with the further growth of urban

graphic and dynamics of urban development. Tt . .
comparative analysis of general trends in ethnic2'€as Today the sustainable development is

eco-, demo- and urbosystem testified that bas 9€nerally interpreted by the definition, pro-
thermodynamic model, results in successivvided in the report of the UN Commission of
changes of phases and phase transitions. The the Environment "Our common future" (H.
tions of ethnic homeostasis", "stable populatior Brundlandt, 1989): "... is a development that
and "balance in urban areas" expose the esse allows to ensure steady economic growth for
of the phenomenon of "ecological balance” ilong-term basis and that does not lead to de-
public and environment interaction. The consicgradation changes in the environment; the
ered development is an oscillatory process, Whéaccess to the level of sustainable develop-
the criterion of “best” is excluded, where only the o+ designed to meet the needs of both cur-

rhythm of change conditions, with more or Iesrent and future generations ..." [1 4]. The
intensity, speed and capacity development exi: ; re ger - 14 P-4l
economic orientation of the modern ideol-

It is established that the regularity of self : S i
regulation defines the development of urban a@9y Of sustainability is defined from the
eas as the environmental and urban systems. @bovementioned. However, there is another
this regard the development of these areas is p Opinion.

poseful and predictable and therefore is a ma According to the "Limits to Growth" (D.
ageable process with a given goal — the susta Meadows, 1972} first report for "the Ro-
able development in a range of ecological baman club", the world development is defined
ance. The equilibrium is described by a ratio (gitferently at different stages. Firstly - by the
1:1 between population size and demographggiaplished quantitative growth of system’s
capacity of the territory. f_parameters (population, consumption of nat-

Key words. sustainable development, sel | that i t d. food and
regulation ecosystem, ecological balance, demUra! resources that Is not renewed, 1ood an

graphic capacity, environmental and townCOMmodity industries, pollution), then — by

planning system. a global resource crisis and the inertia period
of population growth in a worsening eco-
INTRODUCTION nomic and environmental crises, and as like-

ly result — a global demographic collapse.
The achievements of conditions of susThe conclusion of the report is warning
tainability of environmentally sound devel- mankind about environmental constraints of
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economic growth because of the limits ofneed to ensure the survival of humanity as a
growth and the need to support (in these limbiological species in an environment that is
its) of global equilibrium, which is possible influenced by his activities and life support
only after stabilization ("zero" growth) of functions which due to depletion of natural
population and capital [2]. resources may be inadequate with the needs
And here the difficulties begin, becauseand possibilities of adaptation [3-5].
the terminological ambiguity of the concept The status defined in the social sciences
essence of "sustainability" nullifies the ef-of the early twenty first century resembles
forts of management in this area. As wethe situation in physics of the early twentieth
know from physics, some definitions havecentury when there was a change of its con-
made a great change to the meaning of thceptual frameworks and classical physics
theory. Enough to remember the famous exwas complemented by quantum one. In
ample of “simultaneity” definition in classi- these conditions the finding of appropriate
cal physics and relativity. Ambiguity in the conceptual foundations of the adoption of
concept of "sustainability" (quantitative national and regional sustainable develop-
growth — development within certain limits) ment programs becomes very important. To
is a consequence of the modern state in scdetermine the required principles and strate-
ence, where a change of paradigm thinkingies the comparative analysis of general
takes pace. In this respect, the Director ctrends of ecophysical development of ethnic,
the Institute of European Environmentalenvironmental, demographic and urban sys-
Policy Ulrich von Vaytszeker notes that "wetems of various levels of hierarchical integ-
live on the eve of a new paradigm, so thirity was conducted.
economic paradigm will soon give way to
environmental one” [3, p.27]. The ecological
crisis of depletion of planet resources make MATERIALS AND METHODS
the international community to abandon the
quantitatively oriented economic paradigmr The aim of the study is to develop a me-
of our time, which comes from the desire tcthodology for urban management for sus-
increase consumption of as many people ¢tainable development of the territory. The
possible and move to environmental, qualitmethod of analogy was used as the base,
oriented paradigm which is based on thwhich allows not to experiment with the sys-
tem, a part of which is the man himself.

regeneration of the ethnos

300 600 900 1200 years

Fia. 1. The ethnoaenes bvL. Humeloy: | — V - phase of ethnoaene
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ETHNO-, ECO-, DEMO- AND URBO- comes a depopulation during which the en-
GENESIS IN THE CONTEXT OF vironment gradually restores. His conditions
PHYSICAL THEORIES become favorableY) again, and as a result
the quantity rises\M). The population can
According to the ethno genesis concept (enter into a phase of stabilizatiowl — a
L. Humyelov, the life cycle of ethnic (Fig. 1),state of dynamic ecological equilibrium,
consists of the next sequence of stages: grovsubject to the slower growth in population.
(Phasd), strained stabilizationll(, decay l{I, In the equilibrium state (in balanced and en-
IV) and revival ¥). This cycle usually lasts for vironmentally sustainable development) the
1000-1200 years. However, in our accelerattexistence of populations in the area subject
time the USSR passed the stage for 74 yeeto fluctuations in its quantity in the proper
At the end of the cycle ethnicity either disagrange of ecosystem sustainability by self-
pear because of depopulation or divide inthealing resources environment is possible in
several ethnic groups, or enter the phase conventionally infinite time [4, 5].
homeostasisM), which can reach and ethnic This phenomenon, called "demographic
regeneration [6]. transition”, acknowledges our humanity.
The environmental theory. The regularityThis event firstly manifests in the sharp in-
of self-regulating ecosystems was expericrease of population, then in equally rapid
mentally established, according to which th«decrease and stabilization of its quantity
population of any species can quickly in-(Fig. 3).
crease their quantity in favorable environ- Demographic transition is accompanied
mental conditions (Fig. d)stage [7]. by economic growth, urbanization and aging
Due to the inertia the quantity exceeds thof population. This transition has already
environment capacityl(a), which causes culminated in developed countries and is
the ecological crisis and environmental degcompleting in developing countries nowa-
radation. During the crisidlj the environ- days. As a result of the transition a new
mental conditions become unfavorable fo mode of human development should appear
the quantity growth which causes its declin¢[8].
to a level lower than the capacityl §. There

—-opt-———— ,——f—v

VI

Fig. 2. The self-regulation ecosystem by V. Dolnyk:
I-VI — stages of ecosystem population capacity of the@ment range of equilibrium,
— — population,
- -~ — capacity of the environment,
T~ range of equilibrium,
* opt — quality of environment
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Fig. 3. Demographic transition, according to the UN:
1 —developing 2 —developed countries

The concordant development stages wer The comparative analysis of general trends
highlighted by Dzh. Forester in his investi-in ethnic-, eco-, demo- and urban systems
gation of dynamics of city development, asshowed that all models have the stages of rap-
the social system, located in the"... endlesid growth, resource crises, decline and stabili-
external environment” [9, p.13, 14, 26]. Ac-zation, accompanied by consistent changes in
cording to his results, the urban areas (a syterms of development and population. That
tem where people, business and housing ilmeans that the development based on single
teract) are a self-regulating system that tencthermodynamic model, which results in suc-
to the equilibrium [9, p.118, 139]. Thus, cessive changes of phases and phase transi-
when the city passes its 250 year cycle (frortions. The concept of such notions as "ethnic
growth and through stagnation to the balhomeostasis”, "stable population” and "bal-
ance) its structural and functional elementance in urban areas" expose the essence of a
will undergo qualitative and quantitative single phenomenor the ecological balance
changes (Fig. 4) [9, p.15, 16]. in the interaction between population and en-

vironment. The development of considered

Fig. 4. The city development by Zh. Forester
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systems is an oscillatory process, where tt The analogy of the relativism in physics.
criterion of “best” is missed but the rhythm of According to S. Kapitsa research, the world's
states’ change exist as well as more or less ipopulation grows in explosive, hyperbolic
tensity, speed and capacity development manner (Fig. 5) [8].

Concerning the quantification of the defi- In both cases the growth laws are non-
nite potential, which exists due to the naturdinear with escalation mode. The theory of re-
of interaction between population and envi-lativity covers the escalation of speed, and the
ronment, it should be noted that the total exphenomenological theory covers the escala-
tent of interaction is the energgngérgeia—  tion of time (2012 — 2025 years). The growth
action, activity,from the Greek). As known, of world population always follows the quad-
there are two "great formula" definitions of ratic law and at the late time period of explo-
energy in physics. The first one is Einstein'sive growth the critical period of changing pa-
formula, according to which the energy in-radigms and development strategies arose.
creases together with increasing body mas The transition to a new paradigm should lead
E = mC2 The second one is Planck’s for-to profound qualitative changes in outlook and
mula, according to which the energy in-a new strategy for human development [8].
creases together with increasing frequencThe similar results were obtained in the Insti-
radiation: E = hv [10]. And reference to tute of Applied Systems Analysis of Academy
physics here is not random [11-14]. If care of Sciences of Ukraine (Fig. 6) [15].
fully consider graphs on Fig. 1...4 one car According to M. Zgurovsky, in the period
notice that the dynamics of the initial stage:from the 705 year BC to the present, the world
of development of comparable systems idevelopment had six waves of system world
similar to the law of energy growtk = conflicts, the duration of which decreases and
mQC. The dynamics of the last stages can bintensity increases according to a hyperbolic
compared with the law of energy growh law. The ratio of wave length fluctuates
= hv. This inference coincides with the phe-around the "golden ratio" and their flow sub-
nomenological theory of S. Kapitsa [8]. ordinates to the law of element changes of Fi-

bonacci series [15]. The seventh wave, or "the

Population
20000
[ ]
10000 /1
1000 iz/l
/
100 ,,/
4—-'/
| |
10 | | | |
2000 -1000 PX 1000 2000 3000
T, years

Fig. 5. Mathematical model of growth of world population ByKapitsa
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Fig. 6. Wave of global system conflicts by M. Zgurovsky

conflict of XXI century" may have (if the time of humanity becomes asymptotically stable
will allow) the interval from 2010 to 2092 [8].
year [15]. However, when > 6 for C, the

conflicts waves, the Fibonacci sequence de- PHYSICAL PARALLELS
generates. Naturally the next question arisesOF URBANIZATION AS ECOLOGICAL
what might happen to humanity? Maybe, it's a PHENOMENON

final cycle of a series of evolutionary and
therefore "...the historical time is compressedrom the foregoing appears that quantitative
in an exceptionally short interval..." [8]. growth is peculiar only for early stage of de-
Concerning the quantum analogy it mustelopment of ecosystems on which they spend
be mentioned that the time “compressionalmost all available flow of energy [4]. These
during the demographic transition leads tdefine the coincidence of economic growth
“docking” of relativistic and quantum me-goals and interests of “young” ecosystems. The
chanics. By S. Kapitsa, the transition tetabilization of quantified growth and adapta-
guantum knowledge occurs when a contindion to development in the context of limited
ous change of the system is determined lsgsources is favorable for “mature” system. At
quantum conditions. In the case of “... inthis stage, which, as already mentioned, can
creasing population it happens when the tinast indefinitely time, the quantitative growth
of system change becomes a characteristicsifategy can be changed by the strategy of
the man ...” [8]. When growth rate for genimaximum preservation of ecosystem integrity.
eration is compared with the population oNow almost all available flow energy is ex-
the world, the growing self-similarity is vio- pended for the ecosystem support [4]. At this
lated, the demographic time-dependent sypeint the economical becomes environmental
tem acquires a critical condition and there i6]. Therefore the existence of two definitions
a transition from the hyperbolic mode of deef sustainability is not random. An economic
velopment with particular reference to theinderstanding of sustainability reflects the ten-
other (may be macro quantum). The mathelency of quantitative increase of ecosystems in
matical analysis of S. Kapitsa shows that atheir reserve capacity. An ecological concep-
ter the transition the stabilized developmeriion — is the tendency for transformation in de-
pletion capacity. Behind the ambiguity of ide-

18



PRINCIPLES AND STRATEGIES OF SUSTAINABLE
DEVELOPMENT OF REGIONS

ologies of sustainability and changes of thinkgoal —the sustainable development in a range
ing paradigms, the reversibility of stages in thef ecological balance [12-14].
oscillatory cycles of ecosystems is hidden. The equilibrium is described by the ratio
The management strategies. It should k€ symmetry — a ratio of 1:1 between popula-
noted that solving environmental problem$&ion size and capacity of the environment
today is complicated by the fact that “ecol{10% in the allowable range of deviation
ogy” is usually understood as “environmentdb]). Same 1:1 ratio is a fundamental dimen-
protection” and the avalanche of informatiorsionless constant of strong interactions in
concerning environmental pollution and degphysics [16].
radation hide the knowledge about how na- Concerning the weak interaction, which is
ture arranged and processes that make it sugsponsible for radioactive decay of nuclei
able for life. Consideration of general trendand moderate burning sun (the energy source
of ecosystem development at different leveland driving force of ecosystem) it must be
of their structural and functional integrity:mentioned that during the period of demo-
from individual cities and ethnic groups tographic transition the synchronization of hu-
humanity as a whole, showed some parallefsan time leads to growth breach. The exces-
with the processes that belong to “differengive nonstationary near the moment of esca-
physics” [11-14]. lation leads to stochastic “radioactive” decay
Within the subject-based knowledgecomplex structures threats [18].
Physics is the science of nature; biology — is The gravity. In the ecological theory the
the science of wildlife ecology, in the literalprocess of urbanization is similar with the
sense — the science of organisms that studsisategy of creation of safe settlement, ac-
the properties and establishes principles abrding to which, the gathering in a natural
joint interaction between living and inani-place covers its benefits in the form of in-
mate nature [4, 5]. That means that ecologyeased viability of the group (defined by co-
Is a “great union theory” of biotic and abioticoperation) and its disadvantages in the form
interactions [12-14]. Physical theory, whichof stress (caused by oversaturation, increased
seeks an unified basis to describe all folwompetition for resources protection, pollu-
fundamental physical interactions (strongjon and degradation) [4]. According to the
weak, electromagnetic and gravitational) wagrinciple of ecologically optimum density,
called as a theory of super symmetry, or “sube lack of population is unfavorable for the
per gravity theory” [16]. stability of populations, as well as his con-
According to V. Vernadsky, the globalgestion [4, 5]. Therefore, urbanization is fa-
ecosystem of Earth is in a state of dynammorable for the population only in a certain
equilibrium and is characterized by slowange, frames of which depend on the demo-
change of its system settings [17]. The sanggaphic capacity of the environment (accord-
postulates and modern physics, according bog to the Law of Ukraine “On Environ-
which “... the stability of the main structuralmental Protection” — Article 51, 59, a demo-
elements of the Universe — nuclei of atomgraphic definition of capacity is required in
stars and galaxies — are very critical regargdanning urban and regional development).
ing to the numerical values of constants”, This postulates the anthropological princi-
relatively small changes of which “could leacgple of modern physics, which requires the
to the formation of a qualitatively differentaverage density of matter in the Universe to
world in which, in particular, the formationbe close to the criticgl = p.. Whenp«p, the
of life would not be possible...” [16]. condensation of matter in stars and galaxies
As found, the pattern of self-regulation deeannot exist, and whemy., the lifetime of
termines the development of urban areddetagalaxy could be so small that it has no
[9, 11]. In this aspect, the territorial develtime to develop life [16]. Thus, the anthropo-
opment becomes focused and projected, ardgical principle and the principle of ecologi-
therefore, controlled processes with a givecal optimum are essentially identical.
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“Strangely enough, but the biological evoluehanical and electromagnetic waves are sub-
tion and the evolution of the Universe havgect to the same quantitative laws. The de-
much in common. The formation of biologi-termined fact comes to light when interested
cal species and the creation of planets — amet in thing that vary (spring-load, the elec-
the creation of new information... The comtric current in a circle or population of some
petition and natural selection are typical foregion) but in sense of fluctuations. Similar-
alive and lifeless nature. The gravity disconty refers not to the nature of values, which
tinuities that signal the formation of stars andhange periodically, but to the processes of
planetary systems compete with one anoth#reir changes [10, 18].
for condensed material” [16]. During the EUS stages development the
The surrounding areas compete with theatio of capacity and populatiolC{P) peri-
cities for the population in convergent manedically changes as well as the population
ner: “..when the city has more favorablelynamics AP) (see Fig. 2). The body
conditions than the environment then it willmounted on a spring) free of mechanical vi-
concentrate people and commercial activbrations periodically changes its coordinates
ties” [9]. The flow of people in the city “... (X) and projection speeds], while electro-
will continue until overpopulation appearsmagnetic — capacitor chargg) (and current
Being unable to cope with overcrowding, théntensity () (Fig. 7) [10].
city will lose its appeal...” [9]. And here the The inanimate physical systems are bal-
other cities, regions, countries begin t@anced. In equilibrium, they are displayed: in
“compete” for its people [14]. mechanics — through rejection; in electrical
In the environmental aspects the increasgrcuit — through the process of capacitor
of quantity reduction corresponds to the excharging. The living systems are not bal-
haustion — the restoration of the demographanced at first, but their goal is to achieve a
capacity. In urban plane, this process can balance through the development [4-7]. Re-
identified in increasing — decreasing of popuurning the body on spring to its equilibrium
lation density. In an ecological sense the fa&zaused by elastic forcéy(= -kx), which is
vorable conditions for economic recovery arproportional to the body displacement from
caused by environment capacity reserve amdjuilibrium position. The aspect ratio here is
“lack of territory populousness”; at the saméhe spring stiffnessk]. The capacitor dis-
time the unfavorable conditions are causetharge (current occurrence) is caused by the
by the exhaustion of capacity, its overpopularoltage (1) between capacitor plates, which is
tion. Some favourable conditions have a ceproportional to the chargej) Becausey =
tain “magnetism” that attracts people and/C), then the aspect ratio here is the recipro-
leads to more quantity (natural, mechanicalgal capacity (AC) [10].
Accordingly, the adverse conditions “push The development of some area leads to the
away” the population, which results in reducexhaustion of its demographic capacity and
ing of quantity [12, 14]. population growth, which can be compared
The electromagnetism. Exploring thewith the discharge capacitor and the advent
properties and mathematically describingf electric current in a circle. The population
trends in urban areas as environmentally ugrowth is caused by the reserve capacity
ban systems (EUS), some overlap in the fréavailability of resources opportunity in the
guency of changes of key parameters arhvironment to fit and feed a number of sta-
other physical wave natured quantities are elsle populations [6, 7, 11]). So the population
tablished [10, 12]. growth is caused by the kind of voltage — the
It may seem that the pendulum swings idifference of potentials between the possible
not similar with a capacitor dischargeecological (capacity) and implemented de-
through the coil inductance, and, especiallynographic (population) potential of the terri-
with ecodynamics of regional developmentory. The return to the EUS equilibrium can
However, the urboecological processes, mbe caused by resistance of environment
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+1

Fig. 7. The analogy between mechanical and electromagihatications

(1-P/C [4]). This resistance is generated by the growth-decline processes in favorable-
kind of inductive growth and increases whennfavorable environmental conditions is
the number of dimensions approach and egaused by the inertia of EUS. The above
ceed the dimensions of the container. The asientioned procedures delay is inherent for
pect ratio here presented as correlatil®), all populations with complex life cycles and
which defines the “tightening of environ-long-term individual development [4].
ment” [4]. The above mentioned appears as So circuit inductance L performs the
variability of small and relative constancy osame function as the body masg) n me-
large ecosystems [4, 5]. A gradual increase ohanics, in EUS its counterpart is the popula-
urban territorial boundaries of the objection (P). Accordingly, the kinetic energy of
(from city, urban area to the regions, theithe body fw%/2) corresponds to magnetic
groups and of countries’ territories) is a kindield energy supplyL{%2) and realized en-
of “regulatory mitigation” of Human Envi- ergy EUS (PAP%/2). The charging capacitor
ronment by town planning measures. corresponds to the message body, which is
Due to inertia, the body only gradually in-sealed with spring by a potential energy
creases the speed under the force and tii.2/2) at its shift from equilibrium position
speed is not immediately becomes equal & (k) distance. In the capacitor this energy
zero after the termination of the force. Simieorresponds to the energy of the electric field
larly, and electric current in the coil, through(g/2C) [10]. In the phenomenon of self-
the self-inductance, increasing gradually urmregulation the initial coordinatex{) corre-
der tension and does not disappear immediponds to the final — target parameters of en-
ately when the voltage becomes equal to zevoronmentally safe, balanced and sustainable
(see Fig. 7) [10]. Similarly, the population indevelopment of the EUS — the maximum
favorable environmental conditions thahumber of its stable populatioRy), which is
caused a stock tank, gradually increases addtermined by the demographic dimensions
decreases (stabilized) immediately when th&f capacity C). The considered compliance
capacity is low (see Fig. 4). The time delay irs listed in Tab. 1.
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Table 1. The analogy between indicators of environmentdl@ban systems (EUS),
echanical and electrical quantities

M echanical Electrical quantities Indicators of EUS
mass in) inductancel() population P)
capacity = maximum num;
coordinateX) charge @) ber of stable population
(C=Pn)
speed current population dynamics
(\=X) (i=q) (1P or P))
acceleration electromagnen(; waves in the growth-rate decline
(a= X" circuit (P’ or P")
@=-9q/LC) §
elastic force resistance circu(R) environment resistance
(Fy= -kx) (1-P/Q
. : reciprocal capacity stiffness of environment
spring stiffnessk) (1/0) (/0
potential energy electric field energy potential «electric» energy
(k X/2) (¢f/2C) (cr2)t
momentum e implemented «magnetic»
(MV2) energy magnetic field (£2) energy P,PY2)

Notes.
1. Agreed with data of Y. Odum: "Optimal maintenamapacity that can be stored for a
long time, despite the whims of the environmenipwethe theoretical limit, perhaps
by 50%" [4, part 1p.180].
2. May explain some mentioned attractiveness chudreas.

Therefore, the area is a kind of “naturatonditions become “rechargeable” and envi-
solar power capacitor”, which has a certaimonmentally unfavorable, the population’s
maximum chargeg,) or demographic capac-dynamics first becomes equal to zero
ity (C). The moment when the capacitor disi,P = 0), and then enter the negative values
charge § = 0) and reaches maximum(,P < 0) (see Fig. 2).
strength of currentif), corresponds to pas- If there was no loss of energy, the oscilla-
sage of the body that is sealed with sprinry process in electrical circuit would have
because of an equilibrium with maximumbeen a long term lasting and fluctuations would
speed V). Then the capacitor starts to rehave been undamped. The defined notion is
charge ¢ q — -g), and the body — rotates insimilar with the above mentioned definition
the opposite direction. After a half periodecological balance. In fact, the energy loss is
(T/2) the capacitor will fully rechargétgn, inevitable. They are caused by the resistance
— —(y) and the power supply will be equal tccircuit, in which the electromagnetic field of
zero (= 0). energy conversion in internal energy of con-

This condition corresponds to the deviaductor. In the absence of resistance, the total
tion of the limit in respect of the original,energy of the electromagnetic field can be
where his speed becomes equal to zekept[10]. And here is one more appropriate
(see Fig. 7). The overcharging capacitor coanalogy. It is known that electromagnetic
responds to changing parameters of stockwaves exist because the variable magnetic
exhaustion of capacities and characteristidield generates an alternating electric field
of area’s quality (£). When environmentalknd vice versa [10].
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PRINCIPLES AND STRATEGIES OF SUSTAINABLE
DEVELOPMENT OF REGIONS

As noted, each territory has a certain 3. The super complex ecosystems are stable.
demographic capacity, which causes growtho maintain its integrity and periodically over-
stock, and exhaustior population decline come the tendency to stochastic decay, they
(and it probably creates a kind of "wave ofmust exist in the vibrational mode, which al-
development" (see Fig. 1-6). For developlows the braking processes and establish the
ment purposes the territory’s capacity usuallgverall rate of development of components
exhausted — “the condenser is running outWithin these systems;
and population size, number and attractive- 4. In the ecodynamics of the region, in any
ness of cities increases (to a certain limit). Ascillatory process, the criterion of the “best” is
kind of conversion of potential energy of theabsent. There is only rate changes states, more
region occurs in the realized power of its citor less voltage, speed and capacity develop-
ies, which become "crystallized" over time irment, which is determined by its ecological age
space. So the "electric field" of the regiomnd environmental parameters of stock- deple-
generates the "magnetic field" for the netion of demographic capacitance;
work of its populated cities. By analogy with 5. In the ecophysical context the urbaniza-
a total energy of the electromagnetic fieldion phenomenon has some features of “super
(W= Li%2 + ¢%/2C = q,2/2C = Li4/2, Table 1 gravity", which also combine four fundamental
[10, p.28]), total energy of the EUS can bghysical interactions.

defined as follows: 6. The Strategies for sustainable spatial-
temporal development of urban areas (about
Wiuce = PAP?/2+ C/2= C= PyP,//2. 70% of Ukraine's population and over half of

the world's population lives in cities) are pro-
The foregoing is consistent with the mairposed to build on the principles of conformity:
postulate of relativity, according to which, inthe development phases (primarygrowing,
all inertial frames of reference all processese ultimate- that transformed) and the territo-
flow equally and in all such systems theial integrity of the ecosystem of the popula-
physical laws have the same form [10]. Th#ion-environment, which is regulated (region,
determined facts point to the possibility otountry); economic programs and environ-
scientific forecasting, planning and purposemental development strategies that vary in time
ful management of development in urban aand measurements of the capacity due to the
eas. territory; the rate of fluctuation of population-
environment ecosystem and its structural com-
ponents — territorial, economic, social, demo-
CONCLUSIONS graphic and urban systems.
Based on the abovementioned, the national
The above mentioned similarities show thaand local strategies of environmentally safe,
1. The self-regulation ecosystem, which ibalanced and sustainable development is pro-
similar to "self-inductance of space-time deposed to develop in view of potential of natural
velopment”, characterized to the developmeregions’ growth of "young ecological age”,
of urban areas as environmental and urban swhich have a demographic stock capacity [19].
tems; These regions were found during the study of
2. The environmental problems of urbanizzpossibilities, directions and parameters of sus-
tion is a natural stage of a life cycle of oscilletainable development of Ukraine (Fig. 8).
tory population of the ecosystem environment The ecological age and potential of "mosaic
that strives for equilibrium- the main condi- asynchronous development" of its regions, as
tions of sustainable development, goals and tkeeo-urban city systems, are defined on the ba-
final phase of a cycle that can last indefinitelgis of comparison with the population demo-
in time before a new cycle develop to anothgraphic parameters of their capacity (calculated
level of its hierarchical integrity; by the method of the author). These defined the
possible regionalization of the territory and
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Regions:
[ ] Froywh poles
([ Timited development

environmental relaxation

Parameters of stock-exhaust
capacity, (%)

Fig. 8. Eco-city planning regionalization of the territafUkraine

[ Regions — growth poles

mmm Main transport corridors
balancing urbanization

Fig. 9. A planning framework of the equilibrium zone of arfization
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Summary. The paper analyses the predictivitended domain of internal parameters, which

properties of Brown's adaptive model in the e>relates to the class of problems in parametric
tended domain of internal parameters, which rigynthesis of forecast models.

lates to the class of problems in parametric sy

thesis of forecast models, namely: evaluating tl REVIEW OF PUBLICATIONS
stability of model predictive properties to varia

tion of internal parameters by searching for fore R B ted hi dicti del
cast robustness domains. The approach sugges - Brown suggested nhis predictive mode
is illustrated by an example. [2] or exponential smoothing model in the

Key words: Brown's model, exponentia| late '50s of the last Century and found appll-
smoothing, parametric synthesis, forecast robu:cation in tens of engineering’s tasks [3-8].
ness. His concept was to use the exponential aver-

age value of a stationary time series:
INTRODUCTION

F=0A +a(l-a)A +
Among the key functions of systems for n _

controlling social and economic processes  +a(l-a)" A, =Y a(1-a) AL,
according to [1] are forecasting and process i=1
planning. Implementing this function with-
out advanced forecasting methods is imposfor short-term forecasts, wher is forecast
sible, and any attempts to manage withotat point of time t (exponential mean),
them in current conditions are foredoomed A_,, A_,, ..., A_, are series values at respec-
at least, to a financial failure. Underestimatjye time points,n is time series lengthy

ing the importance of forecasting and thejg smoothing factor (a constant).

quality of forecasts downplays the competi-  practical application of Brown's model
tive advantages of enterprises and organizirequires solving the model parametric set-
tions. This makes forecasting one of the ke ting problem, i.e. substantiate the choice of
tasks in controlling social and economiCsmoothing factor a. Many publications
processes. Proper usage of predictive MOihaye dealt with the problem of choosing this
els, a clear understanding of their internagyown's model factor, e.g. [9-15]; however,
workings, and a knowledge of the limits of 4 gate there is no single approach to this.
model adequacy are the necessary cONt The classical range of admissible values
tions for quality and well-grounded manage of the smoothing factor is the interval
rial decisions, and consequently, for eﬁec‘aD[o ]] This range is logically condi-

tive management as a whole. tioned bv th ity t
This paper analyses the predictive propel lonéd by the necessity 1o ensure conver-

ties of Brown's adaptive model in the ex-

(1)
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gence of the series of weight coefficients it
formula (1)

{a}, =a,a(l-a), ., a(1-a)"™" (2)

to unit.

At the turn of the Millennium,
S.G. Svetun'’kov in his studies, e.g. [10
demonstrated that the classical ranc
a0[0,1] could be extended tax0[0, 2]

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

variable-sign one in the interval0(1, 2].
Set a(1 2] 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 K, be a classical admissible sel
set K, be an out-of-limit admissible set,
and setK,, =K, OK,, be an extended ad-
missible set of smoothing factar:

K.={a: Osa<i,
Ko ={a: 1<a<2},
Keq ={a: 0sa<3}.

®3)

PROBLEM STATEMENT

The objective of this study is investigating
the predictive properties of Brown's model

on an extended s&t,,; of internal factora,

and ensuring stability of model predictive
properties to variations of internal factors b
searching for forecast robustness domains.

MAIN PART
Let us investigate the behaviour of th

sum of series (2) with an increasing numbe
of its terms n on extended setK,, of

smoothing factor :
S, =1-(1-a)". (4)

28

Fig. 1 shows dependencs, (o, n) 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.

5,(@)

Fig. 1. Sum of series of Brown's model weight
coefficients vs. smoothing facter and number
of series elements on extended s&f_,

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

S, =1-|1-a[". (5)

Fig. 2, besides showing dependence
S,(a,n), shows a plane at level
1-0,0A =095 where A is measure of
closeness to the exponential average value. It
intercepts the domain of parameters in plane
(a,n), within which the predictive value is
close to the exponential average one by less

than\ percent.
The boundaries of this domain can be

found from relationship

1-[1-a|">1-QO0A. (6)
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n-

Fa(0)=Sa(-0) A=Ay (©

0
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”

0:0,0
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1,0

(008
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S

Let us consider a situation when an equa-
tion of the (9) kind has been formed for one
time point (t-1) and has more than one real

20 root on extended admissible @ set
Kei ={a: 0sa<2. This means that there
are reala,, a,, .., a;, j=2, which being the
roots of retrospective equation (9), would en-
sure an accurate forecast at point of time

0,75

0
0
0
)
o0
)
.’
7

0,5

0,25

Fig. 2. Transformed sum of Brown's model

weight coefficients vs. smoothing factor and

number of series element® on extended (t_l)-

set K, Hence, one faces the problem of a well-
grounded choice amongx,, a,, .., a; of

Hence, smoothing factora values for forecasting at
time pointt.
1-a|" < 0,01, (7) Obviously, as to their retrospective accu-
racy, all valuesay, a,, .., a; are equivalent

or finally, by virtue of the concept of retrospective
analysis, i.e. ensuring absolute accuracy for
1-(0,02)""<as< 1+(Qoa)’" . (8) Past time points with respect to _
In this situation, the criteria for choosing
The domain satisfying (8) is shown irsmoothlng factora can be sensm\_/lty and
Fig.3. robustness of forecasts obtained for
ay, Oy, ..., & . The following method is sug-

a gested for choosing smoothing factor for
18 |0=1+(0.01A the above-stated conditions (Fig. 4).
16 ] Stage 1.Forming retrospective equation
of the kind (9) for time poinft-1) and a
sampling length oh elements.

Stage 2Searching for thereal roots of re-
trospective equation of the kind (9) by using
applied mathematical software packages (for
instance, Maple) or the graphical method.

Fig. 3.Domain in plane of factora,n) ensur- If no real roots exist on the extended ad-

ing closeness of Brown's model forecast to the mISSIb!e Set Keq :_{G_: OSO_(S 2} . then
average exponential value ofseries elements ~ Brown’s model (1) is inapplicable for pre-
by less tharh percent § =5) dicting the series being investigated and re-

quires a structural complication.
If on set K, there exists one real root, it
The parametric synthesis problem can tshall be accepted as the value of smoothing

solved analytically only 'retrospectively’, i.efactor a for forecasting at time point. Sen-
for time points(t-1), (t-2) and earlier ones sitivity and robustness of the forecast can be
[14]. This requires solving retrospective equévaluated according to the following stages,
ations of the kind: though in this case they cannot be the criteria

for parametric setting of the model.

14 -
12
10
0,8
0,6
0,4
0,2

la=1-(0.010)'

10 20 30

29



YURIY ROMANENKOV

1. Forming retrospective equation

2. Searching for the real roots of retrospective equation

no

no less one one real
real
real root | &, root |,
! roots
3. Ewvaluation of Choosing the Conclusion about
forecast sensitivity smo?thlng - factor inapplicableness
for forecasting & = a, of Brown’s model
4. Choosing the o Choosing the
least sensitive a =a" smoothing factor
forecast for forecasting
YES = =
5. Determining o o 7. Ranking criteria and
forecast a =a - adjusting the robustness
robustness NO evaluation range
6. The most a Y
robust forecast Choosing the
1s chosen smoothing factor

for forecasting
=0 or =&

Fig. 4. Method for choosing smoothing factar by the criteria of sensitivity and robust-
ness of retrospective forecasts

Stage 3Evaluation of forecast sensitivity For this, we shall substitute
is suggested to be done by calculating tt
sensitivity equal to the module of the deriva- a=a; +Aa,, i =1j, (11)
tive of forecast functionk;(a) in points
a=0y, =0y, .., 0=d;, j=2, where whereq; are real roots of equation (9), into
a, Oy, .., a; are real roots of retrospectivethe expression for the forecast relative
error ¢

equation (9).
Stage 4Choosing the least sensitive fore-
cast. This is done by solving the optimization

F_(a)—A_
problem: G =Falt)=Aa g, (12)

-1
a=a : ‘Ft’_l(cx* )‘zmiin|Ft’_1(cxi)|, i=1,j.(10)  Systematic errona; with respect to real
root a; can be expressed through the relative

Value a=a' ensures minimal forecast®Mor of choosing smoothing factar:

sensitivity to small variations of smoothing
factor a in the vicinity ofa’ .

Stage 5Determining forecast robustness. _ _ )
Forecast robustness can be evaluated gragWhere €, is relative error of choosing
cally by showing the sensitivity of the fore-smoothing factor in percent.

cast relative error to smoothing factorvar- With account of the symmetry of the func-
iations. tion of the sum of weight coefficients (4) in

Aa; =0,010¢, , (13)
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Brown's model on classicak, and out-of- All the curves in Fig. 5 corresponding to

limit admissible setK,,, expression (13) real roots of retrospective equation (9) pass
shall be used witha, D[O, ]] and with through the origin of coordinates because the

forecast relative error at=a;, i =1,j equals
o; 0[0, 1] Aa; shall take the form: ' I

zero.
The closer the curve approaches the X-
Aa; =0,01 2-a; g, (14)  axis the less sensitive is the forecast to varia-

tion of a, and hence, it possesses better ro-
Making all the substitutions (12) yields  bustness.

Analytically, it is suggested to be evalu-

g =100 ated by an inverse of the module of the defi-
F A, nite integral of functione. (¢,) over a con-
n- i1 crete interval. Let it be called the robustness
x> (1+0,0k, )( 1o~ 00, )~ A ~(15) parameter:
i=1
-100 o; [ 0
1
and i) R 17)
F:@x I‘SE(Sa)dSG
A P

n-1
xiz_;(ai +0,01( 2-a; )€, ) (16) wherer® is robustness parameter for the
i th forecast in the range-3;B), e (&4) is the

analytical dependence of the error of thth
a; O(L, 2]- forecast on the error of choosing the smooth-
ing factor.
If dependencies (15) and (16) for all ree Obviously, I’-(B)D(O,OO). Small values of
roots of retrospective equation (9) with a tc '
tal number of j shall be shown in a single

x(1-0,0 2-a;)e,) " Aio— 100

the robustness parameter mean significant
sensitivity or forecast instability to smooth-
plane of parametergec, £, ), then one can g factora variations. Big values of the ro-
easily evaluate the degree of robustness bustness parameter mean that, over the whole
forecasts obtained for different (Fig. 5).  interval (-B;B), 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 facter variations.

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

€p, %

T €y, 76 a=a": r.(B)(a**)zmaXI’i(B), [ =]Tj. (18)

In case of matching optimal values of
and a~ found by sensitivity and robustness
criteria, respectively, choosing the smoothing
Fig. 5. Sensitivity of forecast relative errag. to  factor for forecasting for the next time period

variation of smoothing factom by e, percent ~a=a =a seems well-grounded.

with respect to retrospective equation roots Stage 7.Ranking cri_teria and adj gsting
the robustness evaluation range. Fig. 6

shows the case whem za™ , and poses the
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problem of ranking sensitivity and robustnes Let us apply the suggested method of
criteria. choosinga for sampling from the 47to the
57" series elements.
€, % o _ SFage 1. The following retrospective equa-
tion is formed:

- F, =101 - 111261+ 55695°-

Aoy | e 9 -16726%° + 3349787 - 469696 + (19)
| /0

i ~ > +47052%° — 336738* + 168687 -

i -5630%% + 11246 = 10Q7

B ! Stage 2. The real roots of the equation are
located on the extended admissible set of
smoothing factorm :

Fig. 6. Arrangement of sensitivity curves of fore-
cast errors foo” za” a, =0,343¢; a, =1,1192; a, =1,5900.(20)

Sensitivity is @ moment or differential es-  Stage 3. Let us calculate the derivative
timate characterizing the sensitivity curwv

slope in pointa=a; or ¢, =0 (in Fig. 6,
P P A (in Fig . Fl'zzﬂzlllznlo— 111290° +
¢, <¢,). Robustness is an integral estimate da
characterizing the area under the sensitivity +50125%°® - 1338152 + 2344883 - (21)

curve (in Fig. 6,1 >r® for p<g and —281817&° + 2352635 - 1346963+

) <r® for g>p). +506061° — 112610+ 11246
Hence, the researcher is forced to deter-

mine one's subjective preference in regard in points (20):

criteria or determine such a range;B), for

which the solutions of the optimization prob- Fi(0,) =145 6646

lem for two criteria match. Fio(o,)=-7,7603 (22)
Example. As an example, let us consider F,(a15) = 48,0280

a series of climate data from the weather

conditions archive (http://meteo.infospace.r

namely: sea level atmospheric pressuge

recorded from 26.11.1998 to 2.02.1999 L | . R

the Kharkiv Weather Station daily at 12:0With smoothing  factor a =o, =1,1192

local time (Fig. 7). (Fig. 8).

Stage 4. The smaller by module derivative
indicates the least sensitive forecast obtained

By

A A -

O PR U AV N W AL
FASEMW VI TW N A

1000 v \v/ k\j

i 2o & & & £ Fig. 8. Real roots of retrospective equation (19)

HOMeEp usMepeHus

>
E
]
£
Q\
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Fig. 7.Climate data series Stage 5. Graphical evaluation of forecast

robustness is shown in Fig. 9.
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Fig. 9 shows that the forecast obtained fccurrent forecast to variations in sample
a=a, is the least sensitive to variation olengthn.

smoothing factora, and hence, is more ro-
bust. Note that the forecast obtained fcTable 1.Retrospective analysis of climate data

a=a, has the worst robustness of the thre%r;gceglsallsuating the sensitivity and robustness of

ones, though when the classical admissibie

set K. ={a: O<a <1 is used it is the onl i
c .{ } y series |y 5y 47-57 | 47-57
admissible one. elements
i 1 2 3
% “ Q, 0,3439 1,1192| 1,5900
03 %
F'(a;) | 1456646 | -7,7603 | 48,0280
N o1 i r (1) 0,1964 | 1,4731 | 0,4907
: . h ¢ | 01369 | 0,990 | 06816
o e | 0198 | 0,990 | 0,1990
CONCLUSIONS

Fig. 9. Graphical evaluation of forecast robust-

NEss Using an extended admissible set of

smoothing factora 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 seK, and the out-of-limit
admissible seK,, . Reducing the process of
parameter setting of Brown's model to simple
"smoothing factor choosing" often unduly
simplifies forecasting and results in loss of
Stage 6. The most robust forecast COMmodel adequacy, and hence, forecast accu-
sponds too™” =a, =1,1192. racy. A method has been suggested for
Stage 7. In this case, criteria ranking archoosing smoothing factar by the criteria
adjustment of the robustness evaluaticof sensitivity and robustness of retrospective
range is not required becausforecasts. It allows determining the setting
o =a” =11192. This value ofa will be Parameters of Brown's model ensuring max-
used for forecasting for the next time poinimum stability of forecasts to variations of
The forecast shall be calculated for two sarmodel internal parameters. The method sug-
ples with a length of 11 and 12 series el3ested is illustrated by an example using a set

ments, having compared them for relativOf real climate data.

accuracy €M and e*?). The simulation re-
sults are shown in Table 1.

As Table 1 shows, choosing smoothin
factor a=a" =a”" =1,1192 ensures not only 1.
the robustness of the retrospective forecast
variation of a, but also the robustness of the

Let us determine the robustness param
ters for three forecasts f@r=10%:

(10) 1

r} =0,1964

D
J [ers (e )| deq ;
-10

119 21,4731 r{*9 = q 4907

(23)
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Summary. This publication is devoted to struction for strength and stability involve
practical aspects of a new method of form correthe ability to import finite data from the spe-
tion of planar rod constructions. This metho cjalized software's environment for building
should be used after the initial shape of the frarof graphic models of these constructions.
construction is already defined. At the same tim yg\wever, models that are products of graph-
suggested method makes it possible to determ/; o programs created directly by the users
the components of the stress-strain state of t(architects, engineers, designers, etc.), while

construction and has the same mathemati(automated algorithms for morohogenesis of
foundation as a method of cutting out of nodes 9 phog

theoretical mechanics. Also, the article dem0|ConStrUCtIonS in the environment of these
strates the principle of applying the method cPrograms are nearly absent. Should be add-
the example of correction of form of elementar€d, that existing mathematical algorithms of
frame construction with hinge joint of rods. Armorphogenesis of building structures do not
example illustrates the advantages of this methhave sufficient variability to describe the
over methods of numerical simulation, because features of work of construction elements in
does not require changing of instrument base dithe process of loading and operation with
ing the transition from automated shaping of coirequired accuracy.

struction to determination of efforts in its rods. All the above mentioned points to the

Key words: geometric modeling, discreteneed to prepare a theoretical and tool base to
mqqlel, rod frame cqnstruptlons, differential regicreate a unified method of building struc-
larities, numerical simulations. 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-
tions. In the case, wher_1 before the_ Calcu."sign of beam coatings, trusses and covering
tions the morphogenesis process is Carme nampranes, bearing and self-supporting

out, it is hecessary to apply two distinct MEtrames of buildings, frame structures and
thods: the first one — to determine the actu: ’

form of construction, the second one — t
calculate the parameters of SSS.

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

INTRODUCTION

Most of the tasks of building mechanics
involve determination of certain component:
of the stress-strain state (SSS) of constru
tions. It is assumed, that the geometrical ps
rameters of structures are predetermined ai
represent the initial conditions for calcula-

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 system of equilibrium equations of arbitrary
node (taking into consideration equality (1)):
Basic principles of morphogenesis prob
lem solving and subsequent adjustment of (. _
mesh and rod constructions were presented Z( j S*)DD” +Hs =0, (2)
in a series of works [1-5]. The main idea o*

described in these works method is to appl,here:s — generalizing designation of coor-

the fundamental differential patterns be: dinates:n — quantity of uncommitted nodes
tween geometric and physical parameters ‘of construction.

networl; struptures_and e'xternall fields for |t \ye assume, that the rigidity parameters
systemic reQ|str|bgt|on of interaction for.cesOf rods 0;; and external load), is prede-

between their vertices [6]_. _At the same t'metermined, then system of equations of type
works have the gen.eralllzmg character ?‘Q(Z), composed for all free nodes of rod con-
dedicated to the realization of mathemat'ccstruction, can be solved relative to coordi-

ap_paratuls of dmlorpk;ogetnesi(s otn etxamples Inates of these nodes. In this way, the process
universal models of network structure (Sucls o morphogenesis of construction can

as discrete ?“”‘?‘CG& as in [5]). Obvious, thibe implemented. Having the coordinates of
for the application of the proposed metho‘nodes, and determining the length of rods, it

In th? tasks of structural ”?e‘?ha”'cs and MYs not difficult to calculate internal forces
chanics of rod systems it is necessary trom formula 1)

?hdeagtn Itir:gesr%mi eexéﬁcir:;té tgla'gﬁ ;r:]t(; daafct(;l;iz To make it possible to determine appro-
g gsp ' P priate rigidity parameters of rods;; during

's the main purpose of this work. 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:

sioi(;ro? tﬁ;a::;e\tl\r/li dprsejrir;:watzgega}i"[%{) rg\r/]: 1) for the rods, connecting two free nodes
' ' 7 "of construction § ands,):

simplified for two-dimensional case.
Suppose there is some two-dimensiona )

rod system with hinge joint in the free and 25; [, , +x B2, O

basic (reference) nodes. We shall assume, = ' 3)

that the known topological characteristics of =%,

the system (number and order of rods con-+25b,j M, = (6. +¢5)+ By, =0

nection) and rigidity (stiffness) parameters '™

of its rodsll;;, which are expressed by the

ratios of the absolute values of longitudina

efforts in rodsR;; and their lengthg;;:

=1

REVIEW OF PREVIOUS RESEARCHES

2) for the rods, that connect one free and
one basic node§(andSey):

m-1
Divj = I%J/éi,j . (1) zéi,i +X[6aref a,ref _¢a + (4)
i=1
It is known, that the equilibrium state of +( Reer Ber TR Ey,ef) B, =0,
each node can be described, using the pri
ciple of cutting out of units by replacing where:m andn — number of nodes adjacent
each rod, that connects to the node, on corTtg the a-th andb-th (or ref-th) nodes,x —
Spondlng resistance efforts. Omlttlng thfsome non- negat|ve Constama and ¢b -

projection of vectors of force§l, acting on nodal values of the scalar potential (of the
the node from the outside, and vectors of irfield of objective function)R.s — values of

ternal effortsR;j, which cut off rods, on the efforts in the rods that are connected to the
coordinate axes, we obtain the followingrocker bearingBap andBa et — general oper-
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ating constants of integration. If we need to move theelected set of
In a matrix form the process of forming nodes in the individual order, each of these

and subsequent correction of rod construcnodes will have the functions of the scalar

tion shape can be described by followin¢potential. Thus, in each node, which exposed

system: by moving, scalar potential value will be
represented by its objective function. Obvi-
[Sp]: [D p—l]‘l [ﬁ_[gp—l]_[mp])’ ously, the objective function value must de-

o cline to zero under the condition, that the
{D p}: [(5")2] [ﬁ{¢’9}—{¢P}+ (5)  coordinates of the node come near to values
set by the engineer. Therefore, objective
+[(6p)2][ﬁDp‘l}). function of an arbitrary-th node$S should
be presented in the form of its distance from

Here: | — matrix of coordinates (with di- & certain established poifit

mension kx2, where k — the quantity of _
nodes of the model),g] — matrix of the o =0(s) =c(x,y) =
boundary conditions (with dimensid2), =9 (% — %)%+ (y; — y)?)"2.
[O] — matrix of external influences (with di-

mensionkx2), [] — matrix of stiffness pa- Here: 9 — coefficient, entered to effect on

rameters of rod structure (with dimensiorspeed of convergence of the iterative calcu-
kxk), {J} — column vector of stiffness pa- |ation.

(6)

rameters of rod structured’] — matrix of The value of the expected node potential
geometric parameters of rod structure (witlwill be zero:¢’; = 0.
dimensionhxh, whereh — quantity of mod-  Let's consider the example of shape cor-

el's rods), $} — column vector of nodal rection of elementary rod construction in the

values of the scalar potentiaty’J — column  form of a planar frame, which consist of 2

vector of expected nodal parameters of throds and has 2 hinged-fixed reference node
scalar potentialp — index corresponding to (A andB) and only 1 free hinge nodéwith

the current step of the iterative calculation. the given loadly (see. Fig. 1a).

Solving the system (5) (if necessary usin
iterative calculation), we define values of
corrected parameters of rods rigidity and co-
ordinate of nodes of the model. 3)

CORRECTING OF THE SHAPE
OF ROD CONSTRUCTIONS b)

Changing the position of nodes, using
model systems (5), must be carried out byFig. 1. Therod framesa — frameAVB
replacing the current values of the scalar poy, - frameACVDBR obtained by adding nodes
tential ¢; on expected value$’i. It is as- ¢ andD to the frameAVB
sumed, that external influends,; is in gra-
dient connection with the current scalar po
tential. However, in [7] was founded that Thjs frame is statically undetectable. In
this relationship is not required. Moreover aqgition, it can not be corrected, using the
there is possible the variant of local correcgystem (5). The fact is, that in order to prop-
tion of construction. In this case the potentiagrly influence to the changes of rigidity pa-
¢i should be corrected only in certain pointirameters of rods, using nodal potentials, in
of the model. 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- Opc Ba+0cy & —
uations of rodAV andVB contain only po- (0, +0g, )& =0 (15)
tentialsdy of nodeV. These equations have AC Ty ’
the following form: ey & +0yp 55— (16)
) ) _(Dc,v"'Dv,D)st"'st:O'
XEBA,V l:D:'A,v"'év,B [D]V,B_¢V+ 7) O, 3 +0p 6 B —
' ' 17
+(R<AD(A+R/A[yA)+BA,V:O’ _(DV,D"'DD,B)E'BD:O- an
Ohy Muy + X8 o M, 5 — b, + ) Rewrite equation (15) — (17), taking into
-n. account the identities (13) and (14) and all
* (R‘B e+ Ryg EYB)Jr Bre =0 possible simplifications:
From equations (7) and (8) we see, that s, —2l[s. +5, =0, (18)

when we change potentigl,, then parame-
ters0ayv andOy g Will change in direct pro- Oav e +0y p 085 - (19)
portion. In this case, the trajectory of the —(DAM +DV’B)DBv +0,,/2=0,

nodeV can not be controlled.

To make control of rigidity parameters of S 720 5 =0. (20)
construction possible, we should halve rod )
AV andVB by additional node€ andD re- Now we compose system of parametric
spectively. We obtain the following rela- quBuatlons of state for rodsC, CV, VD and

tions:

Opc =0cy = 6A,\//2’ (9) X [62A,C M ac +6(2:,V My =0 + 1)
=0,5 = 2. 10 +(R<AD(A+RyA [yA)+BA,C:0’
,D D,B B ( )
Bi,c Mac +X mé\/ Mey + 29
The resulting structure is shown at Fig. 1.b. +82, M, 5 - (9 +b,) =0, (22)
Obviously, if any external forces will not , oo e T
act the additional nodes C and D, then inter- Ocy Mey +X18y,p My o + (23)
nal forces in a rod&C andCV, VD andDB +8 My 5 —(d, +9,)=0,
will be equal and in fact will remain in solid 2 o x2
: m, , + Mys—¢p +
segment@\V andVB. That is: %o Mo *X05e Mo = 0o (24)

+(Re D +R T+ éD,B =0.

e = o = R OD e shall add pairs of equati (21) with

_ _ e shall add pairs of equations wi
Rip=Ros =Ris: (12)  (22) and (23) with (24), given the identity
o . (9), (10), (13) and (14), setting the coeffi-
Considering the equation (9) — (12), wegjenty =2 (according to [2], since as quan-
rameters of rod&\C, CV andAV, as well as quantity of rods), and performing all possi-

VD, DB andVB: ble simplification:
DA,C :DC,\/ ZZDDA,V’ (13) 3[6'20\'V I:D]A,V +(]/2)|:6\2/,B DIIV,B_
Dv,D = DD,B = ZD:DV,B' (14) -(2 Ebc +¢v) + (25)

Let’'s compose the equilibrium equations * (&A X\ +R,, EVA)J’ Bac =0,
of type (2) for all free node£(V andD):
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2\ 32 . +3032 _ [ _ Now, on the basis of equations (25) and
v2) av Day +300y g My s (26) we can write the components of the
-(¢, +20d,)+ (26)  second expression of system (5). They will

+ (&B X + R, [yB)+ B, =0. have the following form:

1. The column vector of stiffness parame-

Using equations (18)-(20), we write theters of rod constructioni{}:

components of the first expression of syster.
(5). They will have the following form: {0y =[0,, O,.) (37)
1. The matrix of coordinates]{
2. The matrix of geometric parameters of

[s]=[x V], (27)  rod structure§?:
where: {X} and {Y} — column vectors of co-
ordinates of nodes, which have the form: 3E62 V2@,
)= : (38)
T 1o, 3%,
(X} =lx % x| (28)
(Y} =lye W Yol (29) 3. The column vector of expected nodal

potentials §'}:

2. The matrix of boundary conditiong]{ { }T [ ] [ ]
¢/ = ¢/A,v ¢\//,B =0 0Of- (39)

=9, , (30)
[g] [g QY] 4. The column vector of current nodal po-
where: {3 and {g} — column vectors of tentials @}
boundary conditions, which have the form:
=[0nr busl=
N (40)
{of =13, 0 -13¢], @) =[200 +0, @, +200,]-

.
{gv} =[-10y. 0 -10]. (32) Call attention to the elements of the col-
umn vector $}. If one follows an algorithm

3. The matrix of external force&T[: of application of the system (5) and choose
as an objective functions the distances of
0] = [D 0 ] 33) type (6), then in case of the unsuccessful se-

X yl?

lection of coefficient and low value of cal-
. culation error iterative calculation may be
where: {} and {L};} — column vectors of giyergent. This can happen, because at the

external forces, which have the form: stage close to achieving nodes of their
planned coordinates, displacement step of
=[0 va/z 0]. (34) one of the nodes will exceed a distance to
T —[O 0 /2 0] (35) the point of his appointment. At the same
- yv/ ' time algorithm (5) will try to shorten the dis-

tance of a particular node to the established
4. The matrix of stiffness parameter$]{ point by subsequent replacement of poten-
tials (objective functions) "without realizing
-2 1 0 a miss". This will only lead to further dis-
tancing of the node from its destination.
O={0, -0 +00s) Ovel| (36) To gvoid the described effect, should use
0 1 -2 as a coefficiend not a constant but logical
operator. The operatd®@ must analyze the
differencesA¢ between elements of the col-
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umn vector of potentialsf} on the current operator in the expression (44).

and previous steps of iterative calculation: For nodesC and D objective functions
can no longer be defined as the distances to
AP =P 0P (41) the centers of segmemd andTB, because
these distances are always equal (see.
Fig. 2).

Thus, the value of operatér should be

i . For the selection of objective functions of
determined by the expression:

scalar potential in node§ and D we will
_ use the following fact. Obviously, in case of
1 if AP, >0, coincidence of nod¥ with pointT, vertices
97, =c(AdP) =10 if APP, =0, (42) of tr'ianglesACT andBDT will be placed on
~1 if AdP <O s_tralght Iengths_AT(V) an_d BT(V) respec-
bl tively. Then will be valid the following

_ _ equations:
This character of dependence of functiol

from the values of the argument can be de-
scribed by hyperbolic tangent of the argu-
ment (such as logical operators used in neu- BT = AD+DT. (47)
ral modeling [11-13]). Such continuous
function will look like:

AT = AC+CT, (46)

97 =¢(09)) = tanh(a (Do /2) =
_1-expa@g)) (43)
l+exptadg’)’

where: o — coefficient, whose value deter-
mines the sharpness of the character chang-
ing of the function (43) during the transition

Therefore, the column vector of the cur- 1) atthe moment of formation (dashed);
rent potentials ¢ P}, which will take into 2) in corrected state (solid)
account the values of each component at tt
previous step of calculation, will have the
following form:

A

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

:
{or} =[00, 2, 00, 10,]=
=|gp PrdP) 9P ProdP )|

[ AV[GZEPC ¢V) Ve [(tbv @D)] the nodesC and D. The following differ-
ences will be serve by them:

Let us consider the objective functions
that make up the column vectap {}.

Obviously, for the nod¥ the functiondy , oy
is defined as a distance to a certain estab- =((% =Xa)"+(¥r =Ya))" =
lished pointT (using formula (6)): (% = %)%+ (Yo - yA)Z)J/Z -

(45) _((XT _XC)2+(yT _yC)z)]/zi

(44)

0. = AT —(AC+CT) =

(48)

¢v :((XT _Xv)2 +(yT - YV)Z)]/Z-

Here, we don’t have to use the coefficient
9, because it is already counted as a logical
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¢, =BT -(BD+DT) = ing on nodeV, the value the initial rigigli'gy_
_ v V4 (v — v )2)Y2 parameters of the frame, as well as rigidity
= (% =%)" +(¥r = ¥a)) (49) parameters, nodes coordinates and internal
~ (%o = %g)* *+ (Yo = ¥&))** - efforts after adjustment of position of node
—((% = %)%+ (¥ = ¥o)2)¥2. V, are shown in Table 1. The initial and cor-

rected frames are shown in Figure 3.

Should be added, that algorithmic imple-
mentation of the system (5) can be some
what simplified by excluding the coordinates
of fictitious nodesC andD from the calcu-
lating process. To do this we have to makg
two steps:

1) to bring the system (18) — (20) to the
static equations describing the equilibrium
of nodeV only:

Tablel

XB
_ (@] XT
Uy 84 +0y 5 35 (50) -§ Va
_(DA,V+DV,B)B5V+DSV =0, o | ¥s
- Y1
from where we can easily determine the co EC";
ordinates of nod¥. lterations 150 250
2) tg rewrite the formglas (48) and (49), o > 00001 300216
taking into account equations (18) and (20): Xy 3.00003| 4.00433
X 4.00001| 4.50216
be = (% = %) 2 +(¥r — Y)Y - 3 yE 3.49998| 4.4961
5 N12 Sl w 5.99995| 5.99219
XX H YatW _ : S [ yo || 3.49998| 3.4961
2 Xa 2 Ya (51) ) -0.35 | —0.46085
, N2 Ovg 0.15 0.07594
{2 o) Ak
2 2 B : -
¢D = ((XT _XB)2 +(yT - YB)Z)]/2 -
2 n\¥2
(X X% (W tYe _ _ CONCLUSIONS
o e o e (52)
" Demonstrated method allows not only to
X, +Xg 2 Y, + Vs 2 correct the shape of pre-formed structures,
T 2 R 2 ' but also to determine its internal efforts in the

rods. At the same time shown approach to
The values of internal forces in the rodsChOice pot_entiall ijective function; can .be
of construction can be determined from th‘greatly varied, giving scope for the Ingenuity
formula (1): of engineers and rgsearchers. In gddltlon, !t 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
Let's consider a few options of determin-jn tasks of theoretical and structural mechan-
ing the components of SSS of rod framejcs, but also in other fields of science and

ACVDB technology.
The values of the load vector, which act-

R;=0,0;. (53)
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MORPHOGENESIS AND CORRECTION OF PLANAR ROD CONSTRUCTIONS
WITH A SMALL AMOUNT OF FREE NODES

OOPMOOBPA30OBAHUME 1 KOPPEKIINA
TJIOCKUX CTEPXXHEBBIX KOHCTPYKIIWIA
C HEBOJIBIIMM KOJIMYECTBOM
CBOBO/IHBIX Y3JIOB

AnHoramusi. [lyOonmukanmss ocBemiaer Ipak-
TUYECKHUE aCIEKThI METOAa KOPPEKTUPOBKU (Hop-
MBI TUIOCKHX CTEPKHEBBIX KOHCTPYKIHH, KOTO-
pBI ClieyeT TMPUMEHSATh TOCIe WX TpeaBapu-
TeNbHOTO (hOpMOOOpa3oBaHUsI. MeTo 1 TO3BOJISET
OTIpEeTISATh KOMITOHEHTBI HaIpPsHKEHHO-
Je(hOPMUPOBAHHOTO COCTOSTHUS KOHCTPYKITUH H
UMEEeT Ty K€ MaTeMaTHYeCKyl0 OCHOBY, YTO H
METOJ BBIPE3aHHs y3JIOB TEOPETUUECKOW Mexa-

ukn. Taxke, B CTaThe MPOJACMOHCTPUPOBAH
MPUHIIAIT KWCIIONB30BAHUS METOJIa Ha TpHUMEpe
KOPPEKTHPOBKUA (HOPMBI DJICMEHTApHON KOHCT-
PYKIIMU C MIAPHUPHBIM COCTUHEHUEM CTEpIKHEH.
[MpuMmep mOKa3bIBACT NPEUMYIIECTBA JAHHOTO
METOAa HaJ METOJAaMH YHUCJICHHOTO MOJCIHUPO-
BaHUs, TaK Kak He TpeOyeT CMEHbl MHCTPYMEH-
TajgpbHON 0a3bl mpu mepexoae oT (popmoodOpazo-
BaHUsI KOHCTPYKIIUU K OIMPEIACICHUIO YCHIMU B
€€ CTEePKHSX.

KiroueBbie cj10Ba: TeoMETPUYECKOE MOJie-
JUPOBaHUE, JUCKPETHAas MOJEINb, CTEP)KHEBBIE
paMHbIe KOHCTPYKIIUH, TU((epeHInaIbHbIC 3a-
KOHOMEPHOCTH, YACIICHHOE MOJICTTUPOBAHHE.
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The influence of longitudinal slope of main road
carriage-way on the mass emission
from road transport in the atmospheric air
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~ Summary. Relevance: the issue of the oxidation and incomplete combustion of
impact of longitudinal slope of the street, ashydrocarbon or other fuels. Exhaust gases
geometrical parameter of carriage-way, on masgontain a certain amount (depending on a
emission of pollutants from motor transport isf,q| type of engine and its technical

raised. The tasks of research: consider the o itinn) of toxic and harmful components.

concepts of longitudinal street slopes, discharge, Sources of pollutants emissions — the

exhaust gas, mass emission, atmospheric a%r. ility wh the ai tami t it
The technique of research: the theoretical acliity where the air contaminant or mixture

technique of analysis for determining the role off these substances come from. _
longitudinal slope of a carriage-way on the Contaminant — substance of chemical or

adoption of engineering and planning decisiorPiological origin that is present or comes
of main roads intersection is impliedche into the atmospheric air and can directly or
results of research: the interdependence of the indirectly exert a negative impact on health
mass emission of pollutants into the atmosphericand the natural environment.

air from road transport and slope of a carriage- | ongitudinal slope— a tangent of

way was established.Conclusions: It was jncjination angle line of the street to the
established that with increasing slopeass horizontal plane at the given point
emission of pollutants may grow 3...15 times as '

many.
Key words: longitudinal  slope, mass

emission, atmospheric air. INTRODUCTION

Longitudinal street slopes, which form a
GLOSSARY part of transportation planning junction to
street and road network of the city,

the natural environment, which is a mixturedecisions and the geometrical sizes of
of natural gas, which is located outside oPVerpass and with all olther factors of placing
residential, industrial and other facilities. it in the plan. Depending on the nature of

Discharge — intake of pollutants or longitudinal profiles of the streets that are

mixtures of these substances into th&€ompounds of a conjunction, slopes
atmospheric air. directions and their rates, the question of the

Exhaust gas(gas that comes out of vertical planning of junction crossing of
substance in heat engine. This is a product 6fSo settled.
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Depending on the size and the negativesections, the radii of vertical curves that
zero or positive values of the longitudinalconnect these areas, high-altitude position of
slope of street, exit and flyover (when itits carriageway relative to the earth’s surface
comes to the junction crossing at differents characterized by longitudinal profile of
levels), mode of operation of the internalmain road.
combustion engine vehicle changes and Longitudinal profile describes the
consequently pollutant mass emission in thsteepness at each part of the street. The
atmospheric air from the road traffic innatural slopes of the relief may exceed
general changes too [1, 18]. permissible for streets. In this case, the relief

is changed by earth excavation.
Selection of a longitudinal profile of the
BASIC MATERIALS SUMMARY road affects the safety, speed, efficiency of
the vehicle and mass emission of pollutants

Longitudinal slope is determined due toin the atmospheric air. Therefore, technical
paragraph 2.27 of DBN V.2.3-5-2001 ofstandards should be kept during the
“Design standard of streets longitudinalconstruction of streets and intersectional
profile according to their categories and thgunctions of main road. These standards set
estimated speed of movement should bthe value of the largest slopes and determine
accepted according to Table 2.8” where théhe conditions of profile connection on the
biggest longitudinal slope is accepted fronfractures. Moreover, all the conditions for a
40 %o to 80 %0, depending on the estimatedmooth and safe traffic creation with
speed of traffic on the SRN of city streetaminimum construction cost are taken into
(Fig. 1) and due to paragraph 2.29 of DBNaccount. Street line is divided into the
V.2.3-5-2001 longitudinal slopes of streetkilometers and the hundred-metre areas
should be determined depending on the typeslled pickets for better orientation.
of road surfaces by the table 2. 9. According Longitudinal slope of the street may
to which slope varies from 5 %o, and for thecoincide with the curve in the plan, therefore
reconstruction conditions varies from 4 %o tot has a small radius. In this case, the
100 %o, exceptionally 110 % depending onconditions of the vehicular traffic get more
the type of road surface of the street [3, 4]. complex. The slope of the carriage-way of

Size of longitudinal slope of its individual street on the curves depends on the

20
8o
70 A
60 -
50
40
30 o
20
10 ~
0 T T T T T T

30 40 50 50 TO B0 100 120

T

km/hour

Fig. 1 The relationship between the calculated speedhantiirgest longitudinal slope in accordance
with paragraph 2.27 of DBN V.2.3-5-2001
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longitudinal and transversal slopes. Thelanning of exits the basic condition is to
slope of a steep turn favours transport slipgnsure optimal longitudinal slope. On the
which is slow-moving or brakes on slipperystraight sections the longitudinal slopes of
surfaces. exits must not exceed the maximum

When there are concave longitudinabllowable values of deviations for main
profiles of main roads that intersect, or atoads that intersect. If it is necessary,
least one concave profile, the construction dbngitudinal slopes of exits are allowed to be
intersectional junction of city main roads atl0 %o larger than the largest allowable slope
different levels would be most appropriateon main directions of the main roads. Within
In this case, the intersection is achievedounding of exits, starting with a radius of 50
compactness and reduced length approaches the boundary longitudinal slopes should
to artificial structures. As a result mileage ofbe reduced. With 50 m size of radius
turning traffic streams within intersection isboundary value is reduced to 10 %o, and for
reduced. The intersection with theevery additional reduction by 5 m in the
construction of an overpass with the concavealue of the radius of rounding, the boundary
longitudinal profiles requires considerablevalue of longitudinal slope should be further
lengths of approaches and increase of theduced by 5 %e.
total area of intersection. In this case Studying existing "methods of calculating
overpass in terms of architectural andnass emissions of pollutants into the
composite solution is usually inappropriateatmospheric air from automobile transport”
Concave longitudinal profile of main roadstheoretical studies were developed regarding
that intersect determine to a large extent thine influence of longitudinal slope of the
feasibility of using of tunnel solution street on mode of operation of internal
because the compactness of intersections gembustion engine and as a result on the
provided in so doing and, as a rule, it is alsmmass emission of pollutants into the
advantageous from technical and economiatmospheric air from car and motor stream
considerations. on the whole.

Overpass and tunnel may be created on According to existing methods of
the flat terrain. In this case, hydrologicalcalculating of mass emission of pollutants
conditions or technical and economicand greenhouse gases into the atmosphere
considerations can be crucial. from vehicles dependengg (V) on the

In some cases, it is allowed to change thslope §) is set by slope coefficiels =
standard value of longitudinal slopes (value€ix (S in tabular form for the range -6...0...+
higher than recommended for main roads ar@%. The product ofjj (V) * Csforms a part
taken) for reducing the area occupied by thef the general formula for determining the
intersection of main roads at different levelsnass emission. Type of cur@(S) is for the
and the radius of vertical curves (values lessame type of emission ingredients jlof
than recommended are taken) can also hehicles (except &1,) The function makes a
changed. So the rational values ofnity on a smooth roadS(= 0%), has a
longitudinal slopes and the radii of verticalrelatively gentle part on slopes and a
curves are determined by the selection. significant slope on rise of the road. Typical

After placing exits in plan the validation dependenceC (S for diesel vehicles is
of longitudinal slopes is made. In the verticashown in Fig. 2 [14-17, 19].
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Slope coefficient C (S)
=+=\lotor transport/Diesel

=8-=Freight transport/Diesel
=+=Passenger Transport/Diesel

Slope S, %

Fia. 2 Tvoical dependence opecific soot emissiol C produced bv diesel vehicles on the s C (S

With increasing of the slope from 0 to 5%at the distance of 7,5...30,0 m from the curb.
the emissions of Noand CO can be 3 ... 15
times as many. The increase of emissions of

hydrocarbons @4y on slopes is due to the o _
release of undeveloped fuel [5]. Table 1. Dependence of traffic intensity of

The increase of the slope from 0 to go4ransport stream on traffic conditions and

causes growth 5...7 times as many maximun?ng'm“nalI slope of the roadway
single  concentration,&ly, C, NO, with ) _
possible exceeding of hygienic norms. Vehicle traffic

Safe traffic intensity, units
hour

Neriticas = 500 cars/h with a slope of 3% due ~ terms slope 0% | slope of 3%
to the criterion the maximum singl€é zone pefore
boundary permissible concentration (BPC)ights 125...500 75...300
of NO;,, Free traffic

Influence on main roadside territory isbetween 250...1000 | 125...500
highly dependent on the slope of the roaéhtersections
where NQ emissions could increase 6 ... [7Free traffic on 2000...10000

times as many (Fig. 3, Tab. 1) [9-13, 19]. [OVverpass
Traffic intensity in two directions (two
lanes), when there is no excess of BPC. ms

Pollution of main roadside territiry, BPC.ms

2
Q0% ®3%
1
|—- 0,06 0,07 0,003
0 v v

NO2 CcO CxHy C

Fig. 3 Maximum single (MS) concentration of emission (hreters from the curb of the roadway when
there is a traffic of 1000 cars/h on a smooth @) and slope (3%)
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Pollution of the roadside territory from Due to the proposed model of dependence
the multilevel interchanges is due to thesef the mass emission from road transport on
factors: the level of traffic intensity; changegeometrical parameters of road junctions at
in speed limits and consequently change idifferent levels, such as slope and radius of
specific emission at different speeds; the riseurves in plan, maximum single mass
of one of the main streams on overpasgmission of Mjj i-th substance from j-th
slope at the expense of the difference ofehicles type with k-th engine type from the
heights 6...7 m between directions; oveone planar sourcP is determined in “rush-
mileage of the left-turning streams [1-2, 6-hour” using the formula (2):

8].

Specific emissions of pollutants into the NG IN 19, (V) [T (Vi) [CIC [C
atmospheric air are used for calculation of Mij = 360(C , (2)
emissions of pollutants from motor vehicles
from consumption of one ton of fuel and, a6 M.,— mass emission of i-th
influence coefficient of the technical state of ! _ _ _
vehicles on them, according to the Stat§ubstance from j-th type with k-th engine
Statistics Service Procedures. Calculation dyPe in “rush-hour”, @, N, — the total
air pollutants from fuel use from motor number of vehicles in one direction, natural
transports is made due to the formula (1):  units/“rush-hour”, N, — jk-share vehicles in

the flow, particle NO, g, - specific

emission of i-th substance from jk-vehicles,
a/s, 9 (V) — dijk dependence of the

Biin =M By Kjiis (1)
where: Bjixm — amount of j-th pollutant from .
i-th consumed fuel of k-th type of group ofcurrent speedVik, gfs, T; (V) — the
m-th vehicle of business entityMlym — duration of motor operation of a jk-vehicle
amount of i-th consumed fuel of k-th type ofin “rush-hour” at a fixed Vik, s,C, —
group of m-th vehicle of business enti6fi«  coefficient of influence of the road slope,

— J-th specific emissions of pollutant from ¢ _ coefficient of impact resistance of the
consumption of i-th fuel of k-th type by

group of motor vehicles of business entitymovement, C, — coefficient of technical
Kik — coefficient of the technical statestate of vehicles.
influence on specific emissions of pollutant The total number of vehicles in one
(except lead) from the use of i-th fuel type ofdirection No (natural units/“rush-hour”) is
k-th group of vehicles. determined separately for each souxeln
The proposed "Model of dependence oformulae No is only in physical units
the mass emission from road transport ofpatural  units/“rush-hour")gijk  (Vjk)
geometrical parameters of road junction aflependence is submitted in tabular form for
different levels, such as slope and radius dhe range 0..90 km / Nk (t) may be
curves in the plan," is compared withdifferent for D;... Dy sources.Tjk (Vjk) of

methodology currently in  force in one car during “rush-hour” at a fixedk is
accordance with the order Ne452, calculated separately for eabhsources with

13.11.2008. "On approval of thedifferent modes of motion. Coefficientss

methodology of the pollutants emission and@ndCs are specific to each source as slope

greenhouse gases calculation into thand road surface may vary. Coefficient of
atmosphere from vehicles "[State Statisticifluence of the technical state of vehicles
Service of Ukraine, 2008] intended for theand its control, the average age of the fleet
calculation of statistical data (tons/year) folCr are determined in the complex circuit of

the country on the whole, using software'City transport (CCT). For exampl€r = 1 to
EOL ". 2005, and thereaft&; = 0,689 are taken for

Kyiv [19-22].
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We apply the proposed model to optimize 2. Longitudinal slope of the streets are
the choice of the longitudinal slope oftaken mainly by 2.27 and 2.29 paragraphs of
intersectional junction elements of the mairDBN V.2.3-5-2001 depending on the type of
road at different levels in terms of traffic street category and road surface.
interchange at the intersection of bulvard 3. Longitudinal slope of the street
Druzhby Narodiv and Naddnipryanskohoaffects the operation of the internal
shose in Pecherskuy rayon in Kyiv usingcombustion engine of the vehicle and as a
mass dependence of pollutant emissiongsult the pollutants mass in the atmospheric
from longitudinal slope coefficient of eachair from stream of the vehicles in general.
individual source. We expect a decrease in 4. W.ith increasing slope from 0 to 5%
pollutants mass into the atmosphere fronthe emissions of Ngand CO can grow
road transport through optimal ratios of the3...15 times as many. The increase of
longitudinal slope. We get the following emissions of hydrocarbonsid, on slopes is
results on the total mass of pollutants in theue to the release of undeveloped fuel.
air in concordance with methodology in 5. Influence on the main roadside
force according to the orderNe452, territory is highly dependent on the slope of
13.11.2008. "On approving the methodologyhe road, where emissions could
for determining of pollutants and greenhouséncrease N@ 6...7 times as many.
gases emissions into the atmospheric air 6. The proposed "model of the
from vehicles" [State Statistics Service ofdependence of mass emission from road
Ukraine, 2008 ] intended for determinationtransport on geometrical parameters of
of statistic data (tons/year) for the country onntersection of main roads at different levels,
the whole, along with using the softwaresuch as slope and radius of curves" when
"EOL" and according to the proposed modeapplying it for traffic interchange at the
of dependence of mass emission from roaishtersection of bulvard Druzhby Narodiv and
transport on geometrical parameters of maiNaddnipryanskoho shose in Pecherskuy
road intersection at different levels, such asayon in Kyiv yielded results, such as the
slope and radius curves in plan (Tab. 2).  decline in the pollutants mass of NGO

and GxCyginto the atmospheric air from

road transport through optimal longitudinal
Table 2. Comparing the results of calculations slope coefficients corresponding to 0,35,
of pollutants mass into the atmospheric air 0,41 and 0,35% respectively. This makes it
possible to assert that only the optimization

_ EoL | Model | P'fer | of longitudinal slope rates of elements of
Ingredients | Mark eNC€ | main road intersectional junction provides

gls gls % | reducing pollutants emissions into the

gig;?ggn NO, | 0,8431|0,84008 0,35 | atmospheric air from vehicles. Even if the
Carbon rate of reduction of mass emission is small
monoxide CcoO 5,7384|5,71494 0,41 | not only when it comes to one main road

Hvdrocarbond Coa- intersectional junqtion,_ but also when it is a
Y CE 0,8086|0,8058 | 0,35 | matter of the entire city road network, the

Total 7.3901] 7.36082 effect will be much more considerable.
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Summary. Relevance: Issues of the concepting and subsidiary facilities, technical means
of the street and road network (SRN), the rolef traffic organization.
and place of transport planning junction in city Road junction — complex transportation
SRN and the intersectional junctions of maifyilities at intersection or furcating points of
roads at different levels in the SRN system aig a1 road transport, which together fulfll

raised. The tasks of researcdonsider the con- . . .
cepts of SRN, road junction and main roads jfpperations on transit, distant and local trans-

tersection at different leveld he technique of portat_lon Of_ passengers and cargo. At the
resear ch: the typological technique of theoreticalCr0SSINg points or junctions of two or more
analysis for determining the role and the pladyPes of urban transport focal points of the
of junction in the SRN system is impliefthe transport system are formed, where the in-
results of research: It was established that inter-teraction of these modes of transport is
sections are built at different levels for the immade.

provement of the traffic streams of vehicles and

reducing the number of conflict points at the

main _roads junctions.Cor.chusions' intersec- INTRODUCTION

tional junctions of the main roads in system of

city street and road network is a source of trans- The special feature of big cities is a high
port and ecological problems of the city. P 9 9

Key words SRN, transport-planning junc- MoPility ~of the —population, ~which is
tion, main road intersectional junctions at differ-2chieved through dynamic transport. At the
ent levels. same time the sections load of street and

road network of transport depends on the

local scale of individual districts as well, as

GLOSSARY their functional profile and planning struc-
ture. Main roads and local streets can be sin-

Sreet and road network (SRN)— de- gled out as part of Ukrainian cities SRN [1,

signed network of streets for vehicle traffic9-11].

and pedestrians, public roads, inter- Streets and roads categories are
nally quarterly and other driveways, sideSetaccording to the classification: main
walks, pedestrian and cycle paths, embankoads, where the main stream public trans-

ments, squares, street parking with engineeport moves - citywide and district; local
streets - the street, residential roads, indus-
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trial and storehouse and public utilities zonereasing the burden on the road network of
roads, driveways. the city. The growth of automobilization and
The degree of the road network developvolume of traffic results in the increasing in
ment is determined by its length and densitytraffic intensity, which favours the occur-
which is measured by the ratio of the roadsence of transport problems in a city with
length to the area of the urban area (km Historical buildings. Particularly problems
km2). This indicator shows the degree of thare shown at the focal points of the street
street and road network development in thand road network — junctions, where in-
whole city, and in separate districts. creased transport delays rise, jams appear.
While examining Kyiv SRN system it All these factors provoke decrease in speed
was ascertained that streets and road systemnnections, unjustified fuel overspending,
consists of main streets of citywide signifi-worsening of environmental conditions. The
cance — 8%, the streets of district importancproblem becomes more complex in city cen-
— 14%, and the streets of local significancetral areas, and in areas of old buildings that
representing about 78% of all roads combiare typical of narrow roadway, short quar-
nations. The total length of Kyiv street net-terly sections between intersections and con-
work is more than 1.6 thousand kilometerssiderable intensity of pedestrian traffic.
This indicates that the low development of Transportation planning system consists
main streets of citywide and district impor-of a number of interrelated elements such as
tance [2-4, 14]. street (citywide main roads of continuous
Main roads intersection is the most criti-motion, citywide main roads of controlled
cal element in the formation of traffic jams,movement, roads of regional importance,
because it is a major factor in reducing speegtsidential streets and roads in the industrial
and safety at SRN. Bandwidth of squareand storehouse and public utilities zone
and crossroads that form road and transporeads, driveways), traffic junctions (unregu-
tation junctions on main roads of the citylated traffic, forcibly controlled traffic, self-
eventually turns deflated. A need in theegulating traffic (circular motion) and the
search for a solution appears. Solution whiclraffic at different levels), bridges and tun-
ensures the correspondence of the bandwidttels.
to characteristics of streams that intersect at The most important indicator of main
the junction. At the main roads’ junctions theroad section as transportation planning sys-
intersections are built at different levels fortem is its capacity, which is determined by
the improvement of the traffic streams andngineering and planning structure of inter-
reducing the number of conflict points. Usu-section, road transport passing organization,
ally there are no vehicle streams interse@lanning scheme and its geometric parame-
tions at one level, only confluence maneuters, accepted traffic organisational chart.
vers are available, furcating and weaving of Choice problem of engineering and plan-
streams. Junctions at the one or differeming decision on intersections junction of the
levels should be designed in accordance wittnain roads is reflected in scientific publica-
the categories of streets and roads that atens, models of SRN, but remains extremely
intersected or adjoined, taking into accoundlifficult because of the specifics of each par-
prospective intensity of transport and pededicular group of urban intersectional junc-
trian traffic [8, 12, 17, 20]. tions formed historically and a great amount
of contradictory factors that should be con-
sidered while seeking optimal solution of the
BASIC MATERIALS SUMMARY problem. Despite the engineered methods
that are aimed at increasing traffic and de-
The rapid process of automobilizatiem gree of intersections’ loading, increase of the
including more and more cities every yearcapacity of SRN and traffic safety, the mul-
automobile fleet is growing, which is in- ticriterion problem can’t be solved by any of
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the known methods because of the signifijunctions which accumulates the stream of
cant weight of individual parameters forroad transport, which in turn leads to envi-
each junction. Capacity increase of urbamonmental worsening in surrounding areas of
SRN in most techniques can be achieved ethese main road intersections. Therefore, the
ther through construction and reconstructiostudy of the junction in the SRN system is
measures, or through the introduction of @e most productive because of reducing en-
number of organizational measures such agsronmental pollution of the city on the
the distribution of traffic, the introduction of whole. Traffic streams are concentrated at
intelligent traffic light control that acts on the junctions, traffic conditions change, and
the intersectional junctions of main roadsso the ecological load on the territory adja-
and so on. It is known that the use of archieent to the junction increases greatly [5-7,
tectural and planning measures requires, 19).
addition to significant investments, quite a Having regard to the fact that functional
considerable period of time to complete, s@ublic transportation and streets are unified
their implementation is part of general re-engineering and technical system, intersec-
construction of SRN. Arrangements are alstions of city streets and roads, where traffic
limited both the hardware and algorithmicand pedestrians’ streams are mainly concen-
aspects, but for some time they allow thdrated, should be considered as part of this
serious problem of junction overload in thesystem in the form of road and transportation
SRN to be reduced due to less costs. junctions.

Despite the low advancement of main The type of junction is selected depend-
streets system of citywide and district siging on its functional features, characteristics
nificance, Kyiv SRN has more than 100of communication lines in the junction, the

= T

T\ ¢ _

Fig. 1. Kyiv street and road network
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availability of free territory for the construc- In Kiev the most loaded road intersec-
tion of the intersection, the size and compational junctions of urban main roads are at
sition of the traffic streams due to drivingthe intersections of the main radial directions
directions and presence of pedestrians. and a large ring road. Other junctions are
Creating conditions that ensure the pedegoermed at the crossroads of citywide main
trians and public transport safety with trafficroads and streets of district significance (Fig.
organization at the intersection of streets antl) [9, 16].
roads (induced delays would be reduced as One might say that the formation of inter-
much as possible due to such organizatiorgection junctions of main roads is natural
represents a multifaceted problem that hasrocess of city development. Analyzing and
no clear solution. Its solution is achieved byprojecting them, we are able to operate with
the implementation of complex of planning,those city elements that are most significant
engineering, technical, organizational andor its development and above all
regulatory measures. should become the object of the study of ur-
Planning decisions include: planning ofban development and ecological perspective
the street and road network, tracing of streefd.3, 15].
and roads, their designing in plans and pro- Besides the obvious advantages for traf-
files, designing of intersections of streets anfic, intersectional junctions of city main
roads at the same and different levels, traffioads at different levels allow to reduce the
segregation due to driving directions, segremmpact on air pollution level 4...10 times. In
gation of pedestrian and traffic streamghe beginning of 21 century design solu-
among themselves and so on. tions for optimizing the intersections of main
Engineering and technical measures inroads are specified largely due to sanitary
clude: appropriate decision on road surfacegquirements. At low aeration properties of
drainage system, lighting, artificial structureghe territory comparison criteria of variants
that provide comfort and traffic safety. of engineering and designing of intersec-
Organizational measures should includetional solutions based on estimates of con-
efficient operation of all transport modes,ventional vehicles emissions are used. Pollu-
high operational characteristic of street antion of main roadside territory from intersec-
road network of the city. tions of main roads at different levels is due
The implementation of one or anothero the positive (change of speed limits, the
principle of the traffic organization of trans- elimination of downtime, lifting one of the
port and pedestrians streams at the junctiamain streams on the pier) and negative (over
coupled with planning conditions are spemileage of left-handed streams; slope due to
cialist's objective when searching for thethe difference of heights 6...7 m between di-
optimal solution of the given junction. rections) factors. Intersections of city main
Street and road network of the city is extoads at different levels are divided into sev-
amined not as separate junctions, but asral main types according to traffic organisa-
whole junction system of urban transportion of left-handed streams: cloverleaf; in-
intersections. By the example of Kyiv city complete cloverleaf; trumpet; roundabout;
street road network system with a graphicdbopback; combined. Their environmental
display of concentration of vehicle stream oreffectiveness depends on driving conditions,
the main road network and accumulation abut "cloverleaf" with the overpass is consid-
the intersectional junctions of main roads i®red as the best (Fig. 2).
shown [18, 19].
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Fig. 2. Intersection types of city main roads at différewels:
1 - “cloverleaf”,2 — “incomplete cloverleaf'3 — “trumpet”,4 — “roundabout”5 — “loopback”,

6 — “combined”
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Fig. 3. The impact of the construction of the overpassegiucing the level of maximum one-time
pollution of the surface atmospheric layer at @asise of 30 meters from the edge of the road at
4000 natural units / hour of traffic intensity

is accompanied by decreasing in mass emis-
During the reconstruction of transportsions by eliminating of maneuvers and their
junction decisions that involve the need imadditional scattering when lifting the main
repeat reconstruction in a given time are ofstream above the ground (Fig. 3).
ten made. Due to the positive impact on the The intersection of main roads at different
living conditions of the population the valuelevels provides a significant reduction of
of intersections of city main roads at differ-mass emissions and concentrations of con-
ent levels is not so great. taminants by eliminating maneuvers. It is
Rationally designed intersection of mainpossible, firstly, in proportion to reduction of
roads at different levels ensures compliancmass emissions, and secondly, due to the
with hygiene norms at traffic intensity to additional dispersion of pollutants by driving
10,000 natural units/hour. The traffic ofthe main stream at a certain height above the
transport stream on the intersectional ovemground.
pass of the city main roads at different levels
the city, and can be regarded as a separate
junction in the city system of street and road
CONCLUSIONS network.
4. The maximum concentration of traf-
1. Main roads junctions as part of thefic at the junctions of street and road net-
city street and road network is a center o#vork of the city arouses the largest concen-
transportation problems in the city, formedtration of environmental pressure on adja-
as a result of increase in automobilizatiorcent territory of the junctions.
and road haulage volume, which in turn re- 5. Main roads intersections are the most
sults in the increase in traffic intensity. critical element in the formation of traffic
2. Transportation planning system conjams. Intersections are built at different lev-
sists of a number of interrelated elementsls to improve the traffic streams of vehicles
such as streets, road junctions, bridges arahd reducing the number of conflict points at
tunnels. the intersection.
3. Street and road network is seen as a
system of individual driving and junctions of
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Summary. In the article it is looked at the algorithmization of tests structure listed in
method algorithmization of chosen tests for de¢the previous article.
velopment of spatial imagination, proposed con
bined algorithm for test of spatial imagination PURPOSE OF WORK
shown schematic use of auxiliary algorithm. Se

ting further set of measures. . . , ,
Key words: spatial imagination, testing, algo- The purpose of this article is 10 dete.:rmllne
rithmization, linear algorithm, branching algo-the_ a'go“thm'c part_s of t_he t_ESt of spatial im-
rithm, auxiliary algorithm, cyclic algorithm. agination (TRPU), identification of problems
of these tests. Combined TRPU algorithm

development with subject to certain criteria.
INTRODUCTION

The increasing number of subjects werc ~FORMULATION OF THE PROBLEM

closely linked to the computerization and _

programming that leads to change and trans- Modern testing technology allow not only

formation of educational system. Thesd €valuate testing results but also register all
changes are associated with parts of the coActions and time participant used for this ef-
stant improvement of educational systeni€Ct, that is why tests of spatial imagination
that enables to raise the level of science arghould be closely analyzed and improved.
technology. One of the key components opystematic consideration of the problem of
science is the control and verification ofgraphic technology allows us to explore and
knowledge. The most objective method ofmplement new methods of spatial imagina-
verification of knowledge and skills are tion[9, 15].

tests. Previous article reviews basic criteri

for tests of spatial imagination and theil

comparative analysis, through which were MAIN PART

found potential unaccounted criteria of ex _ _

isting tests [6]. This article guides us to im- Algorithms depending on the purpose of
prove the search quality of tests for spatiainitial conditions, problem and ways of re-

imagination, this can be achieved througt$0lving, determination and actions are di-
vided into: probabilistic, heuristic, linear,

branched, cyclic and support.
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After detailed analysis of tests of spatiasidered only in two types of algorithms, all
imagination and system rules for discretethers are not involved (Fig. 1).
process of each of the algorithms, it can be Algorithms of simple (linear) processes do
concluded that the use algorithmization strugiot contain any stages that has more than one
ture of tests of spatial imagination are corheir, i.e. algorithms implemented a simple

Linear algorithm

Task 1
1
Task 2
1)

Possible re- review
with the correction of the answers.
These tests are:

Paper Folding Test; Surface Development Test;
Differential Aptitude Tests; Spatial Reasoning
Aptitude Test; Space Thinking - Flags;
Modified Lappan Spatial Visualization Test;
Card Rotation Test; Punched Holes Test;
Raven's Progressive Matrices Test;

Revised Minnesota Paper Form Board Test;
Spatial Thinking Ability Test; Spatial Aptitude Test;
Mental Rotation Test; Mental Cutting Test;
Orthographic Projection Test; The Purdue
Visualization Of Rotation Test; Space Relations;
Tecm na possumox npocmoposoi yaeu;
Amthauer Intelligenz-Struktur-Test; Tecm
sueanvhux 30ionocmei nodunu (TSP-TEST);
Oizypu Pubaxosa; Tecm «Y3opony,

Spatial Orientation Test.

Embedded Figures Test (EFT);Hidden Figures Test;

Branching algorithm
(full form)

Yes No

Answer 2

Answer 1

Only at the end of one tytannya
You can switch to another execution ,
without feedback.
These tests are:
Visual-Spatial Intelligence Test; Gestalt Completion
Test; Test Of Applied Relations And Visuo-Spatial Abilities;
Cube Comparison Test; Hidden Patterns Test;
Spatial Ability Test; Maze Tracing Speed Test;Tecm na
siomeopenns (izyp; Benton Test De Retention Visuelle;

Fig. 1. Definition algorithmization structure of TRPU
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sequence of operations. An example of a limthms and branching algorithm. The system
ear algorithm of test of spatial imagination isvill help improve the efficiency of testing.
test on paper with ability to return to previ- For correct construction of combined
ous questions and redo them (in some teSi®RPU model it is necessary to consider the
corrected answers are counted for the mipriority of algorithms in terms of complexity.
take). In the above tests, the sequence of questions
Branching algorithm- the second of the is increasing or linear (all tasks of one form).
typical kinds of algorithms. Branching beginsAn essential criteria is mutually beneficial
with certain conditions, if the condition is sajosition of blocks in algorithm. Forms a se-
tisfied, the action or set of actions takes plasguence of test tasks of spatial imagination
— if not different. Computer tests can be inneeds improvement and logical structuring
cluded to tests with algorithm of branching[4, 7].
where it is impossible to return to the previ- To create final combined TRPU algorithm
ous questions without answers given (ndtis needed to determine what form of tests
necessarily true) on the previous one. Exardnd in what sequence will be used in the
ples are paper tests in which the rules do&gown tests. This knowledge base will allow
not allow transitions between question$o carefully prepare a platform for the crea-
[2, 3, 13]. tion of a combined test algorithm of spatial
As a result of the mechanism considerdmagination [12, 21].
tion of algorithms of tests for spatial imagi- During test creation open and closed
nation formation another test algorithm majorms of tests are used, that are recom-
be offered, such as combined. mended for use by SMC MES of Ukraine
Combined algorithm of tests of spatial im{16].
agination may contain several different func- Tests with open form allow to fill free an-
tions and supporting algorithms for better efswer or complement the answer. The tasks of
fectiveness of test. Thus, we can broaden thee open form are: tasks with gaps, tasks with
base of reach and qualitative level of testin@ddition, tasks with short answer, and tasks
Implementation of combined algorithm ofwith expanded answer [17]. The task of open
TRPU will allow to estimate not only theform evaluates the knowledge and skills in
testing participant’s level, but also his knowcalculation, knowledge of facts, rules, terms,
ledge of the structure and potential in learretc. Tests of open form with properties and
ing. characteristic belonging to tasks of branching
Based on previous studies of algorithmialgorithm.
zation TRPU basic schemes of algorithms The tasks of the closed form, with choice
(linear algorithm, branching algorithm) wereanswers include: the task with one or more
revealed. The result of this study allows téorrect answers. These tasks belong to linear
develop a model of combined algorithm bylgorithm, transition to the previous task is
using of different types of software algofossible between tasks this algorithm.
rithmic systems, depending on the purpose Also, the closed form tasks include tasks
and objectives of the test [8, 14, 22]. on restoring of compliance, tasks to establish
At the stage of requirements analysis fdihe correct chronological or logical sequence
testing process the purpose and goal of dethese are tasks of cyclic algorithm block.
velopment was defined. The purpose of com- In standardized academic performance
bined TRPU algorithm development is tdests most commonly used form is closed
create a quality product evaluation of spatidfsks, these tasks diagnose understanding and
imagination of students. The main goal ipplication of knowledge, sequence of
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-
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wrong answer

........ Auxiliary |...
tasks Taskd Linear
' I algorithm
(1st unit)
.............. Task N
wrong answer correct answer
Answer 1 Answer 2
...................... Algorithm
L ramification
..... Auxiliary (2nd unit)
: tasks wrong answer correct answer
Answer 1 Answer 2
.............................. —
v‘i
Task 1 2
T g
ks
wrong answer | 8
Cyclic
< algorithm
Y ( 3rd block)
Task N g
IS
g
®
wrong answer g
- Auxiliary
Auxilia
........................... taSkSry algorithm
(4th block)

Fig. 2. Block diagram of combined TRPU algorithm
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actions and operations. In tests of spatial im- scalar fields from 3D scans. Los Angeles,

agination primarily tasks of the closed form
2. Baranova E., Simonova |.,

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 th
fourth block of combined algorithm [11, 18].

This block is generated from similar ques

tions that student did not give the correct ai4.

swer. This optional feature of this algorithn

is to re-examine the level of knowledge 05

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 7.

combined TRPU it is needed to create a <

of measures: 8.

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

- Design of tests and practical tasks;

- Verification of tests for compliance with
the task;

- Implementation of testing process; 10

- Study and analysis of test results.

11.

CONCLUSION

Development of tests for spatial
imagination makes a substantial contributio

to the process of integration of educationay

courses for technical, architectural an

artistic disciplines [5, 19, 10]. The presence
combined algorithmization tests of spatial

imagination will significantly increase the

effectiveness of modern graphics technology.
14.
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Summary. The article gives examples of flatleading to a multitude of options for creating

and curved translucent, mirror walling. There arobjects with interesting mirror effects [6].
presented variations of their formation by com

paring with geometric transformations of form

Combinatorial technique is applied. THE RESEARCH RESULTS
Key words: Mirror effects, geometric trans-

formation, mapping, glass, facade, transluce:.

walling. Buildings of glass do not lose current

market position. The first "Glass House" was

built in 1949 by architect F. Jonson in New-
INTRODUCTION Keyne_n (USA). Hogses function was to b_e

aquarium because it does not protect the in-

Project design system involves form ma_ternal content of external factors. In a further

nipulating as an important element in theeffort to reduce the intensity of light and
initial stage of formation of integral object. ransparency began to use colored, frosted,
Architect, guided by specific conditions andM!"Or; polaroid glass (with one-sided visibil-

restrictions, enters a new constructive fothy) [10]. . . .
and gives it tectonics that generally deter- 1here are global practices buildings with

mines development projected [2]. Generafnirrored facades tectonics are fully fits into

classification of translucent enclosures in@nY €nvironment through its reflecting prop-
cludes a large number of items from win-8rti€s. The primary function of such projects
dows to special facilities. In this study, at-iS the viewer's interest in exotic arrangement
tention is given to facade systems with difOf the facade. For example "Mirror House

ferent types of glazing curved walling [9]. Peter I?ichler is located near Bolzano, Italy
[14]. Mirror glass, on the west facade of the

building reflects the panorama of nature,
PURPOSE OF WORK making house barely noticeable (Flgﬂ),
Laminated glass is covered and protected
from UV radiation [8].

Another example of interesting and un-
usual architectural projects is one of the hotel
gooms in Sweden [15]. The hotel consists of
four rooms located on one of the trees where
one of rooms is "Mirror Cube» ("The Mirror

Determine the variance of comparison o
simple geometric forms by transformation
for finding opportunities and formatting
their management tectonics. One of featur
of light-reflecting structures is their feature,
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cube™) with dimensions 4x4x4 m (Figh). a functional space for various cultural events.
Visually little cube is visible as reflected inThrough the use of the pavilion coating with
the mirrored walls surrounding. Windowsreflecting properties, it does not appear fa-
made by solid monolith of mirror glass, anadades but the mirrored space dynamics [3].
only in the night-time, they become notice- For the purpose and function of glass fa-
able from the light source located inside theade systems distinguish such key [9]:

cube.

Fig. 1. Global practices buildings with mirrored facades:
a — "Mirse"by Peter Pichlet) — "The Mirrorcube”, the
hotel room

Small architectural forms with a mirror e General-purpose,
basis are also in high demar&lch example e Shockproof,
is Normans Foster mirrored roof. Pavilion e Sun protection,
area of 1000 sg. m consists of rectangular e Energy Saving,
segments 22x46 m, which are supported by e Freeze proof,
eight thin columns. The basic idea is to create e Noise proof.
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Table 1.Types of surface objects
Straight Concave
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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 ctical for general image of the city or me-
this division are presented in the example itropolis as unique fantasy of architect. Build-
Kyiv in the Table 1. ings in the form of spheres or inverted cone

These five types of surfaces are translare the manifestation relevance as an institu-
cent structures with reflective properties thition venues, entertainment centers, libraries,
create mirror effects. etc. Glass structures add effects designed

The first type is outline mirror on the fa-display environment, providing insolation
cade of where no material deviations affeiand is easily perceived visually than such
the environment. A large area of glazing istructures in reinforced concrete design.
divided into segments to provide rigidity
design, distortion display factor is small.

The second type is a concave curve th CONCLUSIONS
becomes concave mirror effect, where tf
rays falling, by the light reflected law, form 1. Modern trends mirror glass architec-
the focus. In practice, there are negative coture of space to earn more than the creation
sequences of scorched grass from sunlicof architectural objects. [cubic city] Depend-
focused at some point. ing on the power of the variation is transpar-

The third type is convex front system opent glass mirror effect it is the main organiza-
posite scatters sunlight by reflecting the surtion of space and reflected the environment.
rays in a convex mirror, and the facade se 2. The accent is filling the internal space
ments the environment. into a dark time, accompanied by point

The fourth type is folded structures insources of light, or media facades that trans-
cluded the same overall mirror canvaseform plane as the category of information
different rotation is only reflected directionsspace.
of space, due to folded facade [4]. 3. In the organization of the city are set

The fifth type is parametric architectureclear limits of saturation of objects and build-
design formed by splitting planes of the sarrings. Trends of glass structures apply to the
type elements. This form is curvilinear ligh construction of many facilities, including the
reflection, which leads to interesting effectrestoration and reconstruction of historical
[13]. parts of the city, destroying the system, mak-

In Table 2 there are conducted a compaiing contradictory elements in the image.
son of simple shapes that create objects with
geometric transformations. This classifica-
tion allows more broadly understand th REFERENCES
variability in the forms through a combina:
tion of architecture and geometric propertie:1. Bar G.F., 2004.Aspects of Geometry and
developing morphogenesis [16]. Art. Journal for Geometry and Graphics.

Geometric transformation applied to the Vol.8, Ne 2, 231-241.
overall glass facades add showiness and ur- Bartel K., 1958. Perspektyva malarska.
formity and form new-combined effects [17]. Warszawa: Panstwowe wydawnictwo nau-

: . S kowe, 585. (in Poland).

Presented in the analysis facilities are
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functioning as character exhibits due to thei the example of Vieux Port revitalisation in
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Summary. Energy-efficient house is consid-relations between parts, of which the whole
ered as a structure consisting of individual elgs composed.
ments (volumes). To analyze their relationshig
with the architectural design of objects suggests
to use one of the methods section of mathemat PURPOSE OF WORK
— graph theory. There are basic principles of tt
theory, which can be used to generate functior,

and spatial structure of the energy-efficient The object of this article is to_highlight

building. the main principles of the individual ele-
Key words: graph theory; energy efficient; ments linked together in a single structure
construction design; geometric model. energy efficient building. The article exam-

ines how energy efficient building structure
with individual elements (volumes) and
INTRODUCTION highlights the main principles on which
these elements are linked together, which
So far, there was a steady region of intecan be used in the formation of functional-
action of architecture and mathematics hispatial structure of energy efficient building.
thus fairly clear structure: a certain numbe
of tasks of urban development and archite
ture bulk solved certain mathematical o MATERIALS AND METHODS
geometric methods. Currently developed va
ious methods of geometrical description ¢ Architecture and mathematics are stable
the building. They can be divided into fouinteraction region that has thus quite clear
main types- image by using the grid and lat-Structure: a range of tasks Urban Develop-
tice of identical cells, complex networks animent and Architecture bulk solved some ma-
grids, as polyhedral and polygons as graptthematical or geometric methods. Currently
Section mathematics "Graph theory" gives are developed various methods of geometric
large variety of methods to solve architecdescription of the building. They can be di-
tural problems. They allow you to adjust thvided into four basic types - image by using
functional relationships within objects, opti-the grid and lattice of identical cells, complex
mize search design solutions, perform connetworks and grids, as polygons and poly-
positional analysis on various aspects, ethedra, in the form of graphs. Mathematics
based on the models that can be put in tChapter "Graph theory" provides a large va-
language of graph theory, which is more alriety of methods to solve architectural prob-
stract, based on concepts that focus on bin:dlems. They allow you to adjust the functional
links within sites, search optimization design
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solution, to compositional analysis on varitured and, in particular, contains geometric
ous aspects etc. according to the modelspmponents that describe the structure of the
which can be summarized in the language object and the system of physical interactions
graph theory, which is more abstract, basethd influences.
on concepts that focus on the binary relation
between parts of which composed a whole.
GRAPH THEORY ANALYSIS
OF INTERCOMMUNICATION TOOL
RESULTS AND DISCUSSION AS ELEMENTS SPACE-PLANNING

STRUCTURE WITH PROJECTING EN-

Shaping is fundamental and primary step ERGY EFFICIENT HOUSING
in the design of energy efficient buildings,
which have different influences interaction. As you know, graph on the applied aspect
To streamline the process of spatial energy a mathematical model of the system in
efficient facility is necessary to investigatavhich the vertices are denoted its elements,
the structure of the object. The structure aind ribs-the presence of any binary relation
the architectural object can be represented lastween them. For various types of graphs
separate structures, which are combined witlsing orientation may vary, restrictions on
each other on different principles of their orthe number of links, and additional data on
ganization. the top or edges.

To optimize the design process at the When creating a geometric model of the
stage of formation is proposed to develop architectural design of the building, particu-
model of the internal structure of the objectarly energy efficient, you will need to take
its geometric shape model and its interactianto account both the energy influence over
with the environment in which you can manthe environment (climate zone temperature
age and optimize based on the total energynd humidity profile, wind conditions, inso-
evaluation model. lation regime, local microclimatic conditions)

The basis of the geometric model are thand all the internal interactions connections
structural elements of the object (a certaim buildings that formed space-planning, de-
amount, for example functional areas) and sign and engineering solutions. Consideration
their relationships with each other, formeaf these factors will help to dry the schematic
through interaction of technical parameters @raph to model object interactions, optimiz-
each element to each other, as well as the ing that, you can influence the quality indica-
teraction of elements of the environmentors of the architectural object (in particular -
Changing rates of individual elements othe energy balance), changing the model
changing relationships between them (spatialements (graph elements).
elements relative to each other) will lead to Based on geometric models of any build-
changes in the overall index of efficiency ofng (including energy efficiency) is its struc-
the building. Thus it is possible to control theural elements (certain amounts, "Thermob-
energy efficiency index object on the stage dbcks" - functional and spatial zones) and
a geometric model of the object their relationships with each other, formed on

To that end, at the stage of defining théhe basis of technical indicators each interac-
basic design tools and at the stage of th®n element with each other, as well as the
structural model is necessary to determinateraction of elements of the environment.
the parameters of each structural element ©he change of parameters of individual ele-
design and engineering solutions, as well asents or changing relationships between
the relative positions of each structural elghem (spatial elements relative to each other)
ment relative to each other. leads to changes in the overall energy index

Thus, the model which could be imple-of the building. Thus theoretically is possible
mented design technique is complex struc-
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to control measure energy facility at the sta¢  So, for the energy assessment of the build-
of the geometric model of the object. ing must be selected in the model building
Creating a geometric object model starspatial volumes ("Thermoblocks"), which are
with defining spatial relationships betweela set of closed or open spaces inside the
elements of the object (house) — Fig.1. building with a specific functionality and in-
In 1960 Henry Painter introduced the corternal microclimate (temperature and humid-
cept of "Count communication» («Boncity conditions).
graph»). Count communication is a graphici The next step in creating a geometric
representation of a physical dynamic systermodel of the building is the analysis of the
It is similar to a known block diagram anclist of border space between data volumes,
remotely on a directed graph, with the maitheir geometry, orientation and location rela-
difference that the arc relations graph are ktive zones. By spatial boundaries include -
directional exchange of physical energfoundation, floors, walls, floors, coatings. In
(Fig.2), while in block diagram and orientecthis list there are design and cuts with their
graphs they are a unidirectional flow of ingeometric, design and engineering and tech-
formation. In addition, the connection graplnical indicators that are essential for energy
can be valued. This means that the analy:simulation.
can be performed on several parameters The geometric model of energy efficient
different dimensions. building in completed form should be a tool
As a simulation tool, bond graphs can bthat will allow architects to monitor and con-
used for the conceptual design phase. Couitrol all the parameters architectural design
connection consists of variables (forcesthat have an impact on energy efficiency of
components and certain bonds. Bond grapthe building. Energy rating geometrical mod-
were used in many physical fields such ¢el in all stages of design will allow the archi-
mechanics, electronics and hydraulics fctect to make informed decisions concerning
modeling processes of energy transfer aienergy efficiency. The inclusion of this anal-
behavior change system. Similarly it can kysis workflow architectural design will facili-
used in architecture, as well as architecturtate the creation of projects that meet con-
composition is a system as a set of parts, tstruction standards in the field of energy effi-
tween which there are links from metaboliciency.
processes.
Each link connecting together certain
elements (nodes), submitted instant action STAGES OF FORMATION
energy (dE/dt) or force. The flow in each arc OF ENERGY EFFICIENT BUILDING
indicated by a pair of variables is called "va- SYSTEM MODELS
riable power", the result (the product) by the
instantaneous power connection. Variable Methods of creating residential building
power at each node can be divided into twprojectare a set of techniques or operations
types: "effort" and "flow". The effort is mul- concerning its design. Methods of designing
tiplied by the flow and gets the power that ignergy efficient architectural objects are re-
"variable power". Examples of force-forcelated to the need and characteristics of urban
torque, pressure or pressure; flow-speed, cwnion system, space-planning, architectural
rent and volumetric flow. design and engineering decisions that affect
Links with other features. One is thethe formation of energy-efficient facility.
"half-arrow" - signs convention. Provided Thus, the model, which could be imple-
they indicate the direction of positive energynented design technique is difficult struc-
flow. Choice of positive direction is arbi-tured and, in particular, contains geometric
trary, with the caveat that you need to beomponents that describe the structure and
consistent throughout the column to the seystem object physical interactions and influ-
lected destination. ences.
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For structuring the process of formation o€tyclical process, which alternates analysis
energy efficient buildings is proposed to diand synthesis.
vide it into three stages, with emphasis on As an instrument for analyzing, the rela-
the stage of forming a geometric model dfionships of the structural elements of the ob-
the object as a determining step. ject and their interaction with the environ-
1. Pre stage. ment are proposed to create a geometric
Pre-analysis is a phase formation of themodel as a graph.
target set for the design. Methodological As a result of the synthesis of data from
analysisis creating a certain view of the ob-all elements of object interconnections
ject of design from the perspective of the deemerging overall system energy balance of
sign goals. The methodological approacthe building, which is a measure of energy
provides a fundamental orientation predesigefficiency of the facility. Equalizing the fig-
analysis, creates conditions for the formatioare with the standards of energy efficiency
of ideas, basic concepts and building the taand, in the case of non-compliance with
get set. regulations, adjusting parameters of individ-
Pre-stage includes collection and analysisal elements and their interconnections, it is
of information (the study of theoretical mod{possible to adjust the degree of efficiency of
els of energy efficient housing design, analythe object.
sis of the environment and its effects on the Thus, we obtain the energy balance con-
object) and determine the means that will beol system object that can become the basis
used in the design (schematic diagrams of CAD construction projects on the criterion
space-planning structure of your design anaf efficiency.
engineering judgment). 3. Stage optimization and creative im-
2. Stage forming a geometric model of therovement project architectural object.
internal structure of the object and its interac- This stagels a comprehensive method of
tion with the model environment. architectural design, the essence of which lies
Step involves creating a geometric modeh the simulation, creating the design model
of the object based on the structural modedf the object in accordance with the practical,
its analysis and optimization. aesthetic and socio-cultural features as a ba-
The basis of the geometric model are thgs for the geometric model.
structural elements of the object (for example Spatial structure of the compounds in the
— functional areas) and their relationshipsecond stage of design can be represented as
with each other, formed through interactiom graph. Architect, coding in the graph struc-
of technical parameters of each element tare necessary references are manipulated by
each other, as well as the interaction of elehoosing different options.
ments of the environment. Changing rates of
individual elements or changing relationships
between them (spatial elements relative to RESEARCH OF FEATURES
each other) will lead to changes in the overall OF FUNCTIONAL AND SPATIAL
index of efficiency of the building. Thus itis  ENERGY EFFICIENT BUILDINGS
possible to control the energy efficiency in-
dex object on the stage of a geometric moc If we consider the house as a structure
of the object. consisting of individual elements, you need
To that end, at the stage of defining thto identify the main principles on which
basic design tools and at the stage of tlthese elements are linked together.
structural model is necessary to determir There are three principles of formation of
the parameters of each structural element functional-spatial structure of energy effi-
design and engineering solutions, as well .cient building.
the relative positions of each structural ele 1 principle. It involves differentiation vo-
ment relative to each other. This stagea lumes for functional and social factors. The
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nature of the use of space points to the ba: 3 principle of formation of functional and
requirements for housing - the number arspatial structure of energy efficient buildings
characteristics of functional processes in ttinclude the use of known techniques inherent
areas of domestic buildings. in energy efficient buildings.

If we consider individual housing, we car Maximum compact plan and volume,
distinguish major groups of premises, whicthermal zoning and planning functional
in turn are divided into individual cells ancgroups in the building, excluding technical

planning areas: premises with heating circuit, the color of the
- General family Group (living room, building surfaces, which improves heat flow,

kitchen, bathroom, office, etc.), placement techniques to improve planning
- Individual Group (bedrooms, bathroomsand reduce heat flow - partial hollow build-

closets, etc.), ing in the ground, placing Atrium premises,
- Group Service premises (boiler, etc.), installation of buffer zones (for heat accumu-
- Communications (Stairs, corridors). lation - built and added to the greenhouse

Synthesizing the internal structure of th.southern orientation, insulated to prevent
building on this principle is the main methocheat loss - unheated buffer areas of the north-
of designing all time. ern facade); features construction materials

2 principle allows for the connection of enclosing structures, ensuring minimal heat
internal and external spaces of the buildirtransfer coefficient, triple glazing of filling
with the influence of the environment. This i:sthe space between the panes with argon gas
about mutual dependence and planning funor low-emission glass, creating airtight build-
tional elements (quantity and quality of spacing shell inside the entire surface protecting,
inside the house) and climatic factors (cliensuring the tightness of connections of tran-
mate zone, temperature and humidity concsition (the exclusion of "cold bridges").
tions, wind mode, insolation, the presence « Based on principles proposed modeling
natural threats (seismic), local microclimatcan be found willing cooperation of combi-
conditions- surrounding construction, geol-nations of three-dimensional elements of dif-
ogy, soils, water resources, flora areas). Werent types of groups that can be classified
consider the organization of the site and irin terms of energy efficiency.
troduced its division into discrete units, gar Different combinations of elements inter-
den, elements of landscape design, and soaction groups planning buildings can be
temporary buildings and structures, extericsummarized in table ready geometric varia-
decoration, etc.). And, most importantly, thitions functional and spatial solutions. In oth-
interdependence of functional-planning eleer words, we can assume that under given
ments and climatic factors transformed tconditions based on the number of items can
create certain desired spatial organization be given in advance to identify all possible
receptions in the building. variants of their arrangement and the select-

For example- the minimum front enclos- ing are only efficient in terms of energy effi-
ing surfaces, elongated latitudinal orientatiociency.
of the building facade to the south, modelin  Using these principles of forming the
the internal structure taking into account pastructure of energy efficient buildings, you
sive solar insolation and heating, reducincan speed up and streamline the design proc-
the area of the northern facade using slojess and to create spatial relationships of
roofing, glass facades differentiation (maxicombinations of elements of a building under
mum windows on south facade, minimal — ospecified conditions. In further research is
north), consideration lifting height of sum-planned to create a geometric model of the
mer and winter sun protection from over- object by using the principles of formation of
heating southern facade (performances ofits functional and spatial structure.
roof, slats, extension), the use of passive s\
tems use solar radiation (direct radiation).
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CONCLUSIONS

1. It considered the possibility of usingl-

one of the methods branch of mathematic
Graph theory in architectural design of en
ergy efficient buildings as an analysis too

designed object relationships. There are higt,

lighted two main elements create a geometri
model of energy efficient buildings - spatial
cell ("Thermoblocks") and their relations
(constructions). Highlight geometric and en-

gineering source data and spatial structure3.

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.

. . 4,
2. The article was systematized stages ¢

the design of energy efficient buildings, as
well as allocated determining step simula
tion, which can carry out the management ¢

geometric model of the internal structure 05.

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 -
each other, which can be used in the formz7

tion of functional-spatial structure of energy

efficient buildings. Using these principles of

forming the structure of energy efficientsg,

buildings, you can speed up and streamlin

the design process and to create spatial rel9.

tionships of combinations of elements of ¢
building under specified conditions.

4. The geometric model of energy effi-
cient building in completed form should be
tool that will allow architects to monitor and
control all the parameters architectural desig
that have an impact on energy efficiency o
the building. Energy rating geometrical mod-

el in all stages of design will allow the archi-11.

tect to make informed decisions concernini
energy efficiency. The inclusion of this anal-
ysis workflow architectural design will facili-

tate the creation of projects that meet corl12.

struction standards in the field of energy effi-
ciency.
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Development of bell type water well
with wide gravel filter
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Summary. The purpose of this article is tobe constructed without the costly screen
present a new bell type water well constructioghich is called as filter less well. These wells
with a wide gravel filter and its application. Thepgye high unit discharge, and less operation
construction of the water well has been develyst |n this case the water intake is formed

oped and research has been conducted usiagqyer harg ground or rock which is above the

physical and electrical modelling as well as in the ) . . )
practical field. Researches in this work are o ater bearing aquifer. However, this con

analytical and experimental character. As the ré—tﬂ_mt'on can 0r_1|y be use_d i the well con-
sults of the research, optimal physical paramete?@lidated subsoil or rock is available. In the
of the constructions have been found and analytinconsolidated soil or sandy soil these con-
cal - empirical formulae have been derived t$tructions cannot be designed [1, 2].
calculate hydraulic parameters. Recommendation
for application has been presentdthe results
received in this work can be used for the applica- AIM
tion of well construction. Further research is re-
quired to improve the physical and the hydraulic The aim of the article is to illustrate the
parameters of the proposed construction. The,y pell type water well construction and its
work has SC|er1t|f|c and practical interest. efficiency which can be applied in any geo-
_ Key words: electrical ar_1d physical model- logical condition
ling, water well construction, ground water, ) ’
bell type water well, water supply, irrigation. Creatl_on of new type water \_Ne”' Col-
matage is the serious problem in the well of
traditional construction [3]. Wide gravel
INTRODUCTION packing contributes significantly to the dis-
charge of the well [4]. Considering these
In the context of widespread growth ofacts the study of the traditional wells con-
population, and industrial and agriculturaﬁthCtiOﬂS with screen and without it has been
production, water demand for drinking purconducted to find out not costly well con-
poses, irrigation, etc. has been constantly igtruction that is hydraulically efficient. This
creasing. Ground water is playing a majostudy led to the creation of the new bell type
role in meeting these needs. Groundwater Y¢ater well (BWW) with wide gravel screen
extracted through different types of wells. TdFig. 1). It has less hydraulic resistance, less
meet such needs, generally water wells areetal content and can be applied in a con-
constructed with steel screens which are vefjped as well as in non confined aquifer. The
expensive. If the geological condition of thdunnel of the bell type water well functions
construction site is of consolidated earth cts the intake. It is lowered into the well and
rocks above the aquifer, the water well can
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wide gravel is filled around it to act as a filtel
(Fig. 1).
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Fig. 2. Bell type Water Well Construction
(BWW): a-— Single Tier Constructiofn —

Fig. 1. Three-dimensional Model of Bell type Multi Tier Construction

Water Well Construction (BWW)

especially in the countries where the ground

_ The vast majority of remote area populay ater development is taking rapid speed like
tions consume low quality water and most q Nepal, India, and Bangladesh etc. [9, 10,
this population uses the traditional dug typg, 4 11].

open water well [5, 6]. These traditiona

ingle-ti It t I -
wells can be replaced with the BWW Whergt Singletier bell type water well con

ruction is designed to withdraw the

o d th q drill h rtjroundwater from unconfined and confined
tamination and the modern drilling techno aquifer of different level of water pressure.

ogy allows the construction of such wells IRrhe geology of the aquifer or the above the

different tyr;]eﬁ of subsall [7, 8]. ith el aquifer may be composed of loose sandy de-
Research has been conducted with eleCtio,qiis or compact soil and hard rock. Unlike

c_al ”.‘Ode"'”g’ physical modelling and in th n the traditional water well construction, in
field in order to study the BWW. These stud-he BWW well. the metal screen is not used

) ) L fic pipes or other local materials such as rein-
including the estimation methodology of thqorced cement, concrete, wood or bamboo.

well discharge and suffusion processes. Thlene hydraulic resistance of the construction

well might be of the single or multilayer anqs not high. The lower water intake part is

might be constructed in a confined or NONgade of cylindrical funnel type and filled

confined aquifer. From these wells an avelyih :
) gravel around the intake. The BWW
age discharge of 200 to 3007y can be Fig. 2, a) consists of one large diameter

obtained. The construction of the well can bg, -\ (600...1200 mm), gravel packing, cas-
made using cheap materials like PVC pip(lang 4, funnel 5 with z’a cylindrical edée 6

. . TWhich is descended below the ground water
strgctlon of the traditional wells, costlylevel 2, and waterproof packing material 3.
stainless steel and non-ferrous metals weyg,, gravel pack is filled around the cylindri-

required). It opens new perspectives in th&al intake. The form of funnel intake bears

design of water well for the drinking water agne \ngerground earth pressure and its ex-
well as irrigation in the agricultural systems
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tended lower part increases the area of infi
tration.

Gravel packe around the cylindrical por-
tion of the intake has sufficient mass resuli
ing in high filtration rate and increasing the
well discharge. The gravel pack stops th
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 tc
the well delivery pipe. The water is with-
drawn with the well pump that is fixed below Fig. 3. Bell type Water Well Construction:
the groundwater level 2. a — with perforated screeh— with perfo-

The multi-tier bell type water well con- rated co_nic paric — with perforated screen
struction is designed with a number of wide and conic part
cylindrical water intakes connected with simrials of the connecting pipes and the cylindri-
ple pipes and filled with packed gravekal intakes might be different. In this case,
around the intakes. Multi-tier well structuregshe water intake area is higher than in the
can be used in confined 11 or unconfined 8jmple BWW designs, and respectively has
single or multi layer water-bearing stratdess hydraulic resistance.

(Fig. 2,b). Fig. 3,b shows another updated construc-

The multi-tier BWW (Fig. 2,b) consists tion where the funnels are perforated 3 or
of one large diameter trunk (600...1200 mm}lotted 4. Fig. 3¢ is given another updated
gravel packing 6, casing 2, funnel 3 with anulti-tiered BWW where all the parts of the
cylindrical edge which is descended belowonstructions are perforated 3 or slotted 4.
the ground water level 1, and connectinghe wells of this design have maximum wa-
pipes 5 with openings 7, waterproof packinger intake surface area and flow rate. In this
material 8. The gravel pack 6 is filled aroundase the performance of the gravel pack is
the cylindrical intakes. The form of funnelincreased significantly. This is the most hy-
intake bears the underground earth pressuteaulically efficient construction.
and its extended lower part increases area of In the updated BWW, in place of perfo-
infiltration. rated or slotted connecting pipes 2, a porous

The cylindrical water intakes are placed itement concrete pipe can be used. The effi-
the water bearing aquifers (in these caseiency of the porous concrete pipes can be
multi layers aquifers) which allows water tcenhanced using multiply layers of properly
be withdrawn uniformly from the water bearselected gravels of different sizes. The size of
ing aquifers. The intakes are not placed in thtee gravels of concrete depends upon the size
impermeable layer 10. Ground water flowsf the sand particles in the aquifer.
through the gravel packing 6 to the flat bot- Application of bell type water well to
tom part of cylindrical intakes and is raisegurify ground water and to rehabilitate
to the well delivery pipe. The water is with-the well. Today many regions in the world
drawn with the well pump that is fixed beloware facing serious problems, due to the high
the groundwater level 1. content of iron in groundwater [12]. Back-

Methods of improvement of hydraulic washing methods have been using to remove
efficiency. Fig. 3 shows the further devel-iron from ground water [13]. The multi-tier
oped BWW in which hydraulic parameter8WW construction for wells with the wide
are more efficient. Fig. 3a shows a BWWjravel filter can be used to remove iron from
construction where instead of simple blindjroundwater directly in the aquifer by
pipes, perforated or slotted pipes 1 are usednchemical circulation methods (Fig. 4). In
to connect the cylindrical intakes. The matethis method the state of the iron content is
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water wells with large diameters. In the prac-
tice of deep water well drilling of large di-

a
| ~uacts 4
| OTKaueHHbIi

i BOIEI

K motpebneHiio

ameters, generally the well is drilled with a
v . small diameter just enough for casing pipe.
o | And the well is drilled widely only in the

Y 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
transformed from a dissolved state to an iren electrically conductive paper and fluid
soluble form by injection of aerated, oxygenmotion in porous media [14]. The Research
saturated in the circulation zone of aquifeworks of the BWW have been carried out
The insoluble forms of iron will be held un-using known methods of simulation of axis
derground by the porous rocks or gravel pagdymmetric filtration in electricity conductive
when pumping water. paper models (EHDA) proposed by P.F. Fil-

The basic idea of removing ground watechakov [15, 16]. Simulation of axis symmet-
iron with multi-tier BWW with gravel filter ric filtration in the electrical model can be
IS, one cylindrical intake is used for injectingoresented by the Laplace equation given be-
the oxidant and other intakes are used tow, which describes the stationary distribu-
pump out the treated water (Fig. 4). Théon of water pressure in the filter area and
same principle can be applied to remove ththe potential distribution in the electrically
chemical colmatages from the well and otheyonductive paper.
rehabilitation works.

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

Fig. 4. De-Ironing of Ground Water in Aquifer
with BWW:

a — injecting through upper intakie ~ injecting
through lower intake

i

!

Fig. 6. Three-dimensional Model of Foldable
BWW Construction1— Initial position,
2, 3— Middle positions4 — Final position

Fig. 5. Foldable Water Intake of BWW:

1 — Initial position of the conic parg— Middle
position of the conic parg — Final position of
the conic pa
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larger scale without distorting the picture of

0 oH) o0 oH Y axis symmetric filtration.
g(K rﬁj"’&(K rgj—o, (1) The construction parameters and simu-
lation options of the wells. To evaluate the
where H = H (r,z) - the filter headf ,Z — Eerformances _of well 90”?]””‘37'0“5_’ research
Cylindrical coordinates;K - Permeabilit 1as been carried out In the electric conduc-

yindr S O ive paper model using elektrohydrodynam-
coefficient of the aquifer. Then equation (1} s analogy method (EHDA) changing differ-

Qescrlies the ItWO dd!mer?smlnal flltratlog, aN@nt physical and hydraulic parameters of the
It can be simulated in the electric conductivy o construction and the aquifer (Fig. 8).
ity model. If we takd&k 'r as a variable coef-

fici ¢ filtrati he electrical ductivi The physical and hydraulic parameters of the
icient of filtration, the electrical conductivity construction are radii of the water intake and
should follow the laws:

gravel packing, the depth of immersion of
the upper water intake c, depth gravel pack-
0, =const o, = Kr, (2) ing h, the distance between the water intakes
b, and resistance gravel packii®y. The

Whera)'z, and O'r _ Speciﬁc electrical con- thickness of the aqUifen, is kept constant in

ductivity in the vertical and horizontal direc-ine model and was equal to 20(.) mm (see_ Fig.
tions, respectively. 7). All the experiments are carried out bring-

To set the electric conductivity accordinlc)rigg the relative parameters to the thickness of
e aquifer.

to equation (2), it is necessary to make t
model attach several sheets different length _ _

of electrically conductive papers. The length F=r/m h=h/m ct=c/m, b=b/m

of the lower sheet of paper must be equal to

the length of the entire model. The following In the experiment, the relative conductiv-
list is attached on the top of it and must bidy resistance of the gravel packing was

shorter than the value of: brought to the ratio of the conductivity resis-
tance of the aquifeRyg:
_ 1 1 1 _
Arz—M(E+E E] (3) R=R,/R,.

In the experiments the dimensionless pa-
Each subsequent sheet must be attaChr%%eters were changed, in the following

on the tpp of it and must be shorter than thr%nges:
value of:
F =0.05...0.015h=0...1;C =0...0.3;
. 1 1\ M B —
Ari :(—+_J —, (4) R =10...50.
Ri R) 2 Effect of the water intake positions and

the dimensions of the gravel packing on
Where M — coefficient of proportionality the well discharge. Optimal depths of the
which is selected as per the convenience wiftake for different,,, and differentr , were

on !

modelling and taken equal #d = 4000;R - experimentally determined. The experimental
resistance of théth sheet of paper on thedata was mathematically processed and the
square cmj = 3, 4, ...n; n- the number of following empirical formula was derived to
sheets. Basic research models for single-tidetermine the optimal depth of the intake as
and multi-tier BWW are shown in Figures 7the function of the radius of the intake.

a and 7,b. In order to reduce the model scale

errors the water intake area is made in the ¢ =0418+0146Igr, (5)
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To simulate gravel packing, conductivepacking. The experiment shows the signifi-
papers were used which have resistances tAnt effect of gravel packing on the well dis-
20, 30, 40 and 50 times smaller than the reharge (Fig. 9). The Fig. 9 shows the change
sistance of the paper simulating the aquifem the nature of the flow rate at different radii
Based on the experiments, the dischargd intake and the different resistances of

KRISHNA KAYASTHA

curves are plotted as a function of the watgravel packing.
intake radii, and the resistance of the gravel

To device EHDA ___
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Fig. 7, a. Electrical Modelling of Single-tier BWWO0...10— Pin Connectiond,1— Aquifer,
12 - Intake areal3— Connecting cabld,4 — Current receives — Ampermeter
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Fig. 7, b. Electrical Modelling of Multi-tier BWWQ0...10- Pin Connectiond,1 — Aquifer,
12 — Intake areal 3— Connecting cabld,4 — Panchishin Current receivét— Ampermeter
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Depending on the water intake position, Table 1. CoefficientsA, B, G on different
the formula for the optimal depth of graverelative resistances for the calculation of the op-

packing is determinet, :

timal depth of gravel packing

h, =Ar?+BrF +C, (6)

The coefficients for different values of the

relative resistances are given in Tab. 1.

Wil

'b/ ' d/ c/
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Fig. 8. Bell type Water Well Construction:

a — one tiered without gravel filtel;— two
tiered with gravel filterg — two tiered without
gravel filter
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Fig. 9. Current Flow depending upon different
resistance of gravel pack of the aquifer and
the radius of the water intake
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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-

H‘t"' \- qmpotenttal Lmes
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Gravel Pack
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f_H

Fig. 10. Electrohydrodynamic infiltration flow net
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crease in pressures (equipotential) at the c$0 is regulated by the valve 9. The discharge
lindrical intake and smoothly flattens to thas measured by the triangular weir of the
periphery of the well. measuring tank 14. The water levels in the

It should be noted that the main flow ofintake area are recorded using piezometers 6.
water goes through the perimeter side of th&ccording to the results of research, the
cylindrical part. The central part of the in-maximum the hydraulic resistance of the well
take, along the axis of the well has a smaditructure is within 5...8% of the total draw-
flow rate and is in the "dead" zone. This imdown.
plies that the flow rate will be maximum at Study of the discharge relationships in the
the wall of the intake cylinder and minimummulti-tier well is carried out in the hydraulic
at its centre. stand (Fig. 12).

Study of the well using the Physical Study of the wellsin field conditions. In
Model. A special physical model has beemrder to study in the practical field two wells
built with real sand, gravel, and non-pressuraf natural sizes were drilled on the northern
water head. The study of drawdown and disutskirts of the city of Cherkassy, in the
charge relationship has been carried ogbastal area of the Kremenchug reservoir,
(Fig. 11). The physical model consists of &kraine. The depth of the well is 15.85 m,
cylindrical filtration tank 1 with a diameter ofdrilling diameter is 720 mm. As the water
900 mm, a height of 1200 mm which repreintakes were installed two bell type intakes
sents the aquifer. The BWW construction igvith a diameter of 620 mm cylindrical por-
placed in the centre surrounded with graveion, connected by a pipe of 219 mm diame-
packing 3. The water is supplied to the tanter and a length of 15 m. The length of each
from the reservoir 12 through the pump 1Ifunnel is 650 mm and casing diameter 273
The flow energy dissipater 8 was installed toim. The bottom funnel was filled with a
maintain the laminar flow. The water level indepth of gravel 1.4 m and around the intakes
the tank is maintained by means of an oveand the connecting pipes also filled with the
flow pipe 15. The discharge of the well in thesame gravel. The total depth of gravel pack-
model is taken via siphon 13 and supplied tmg is 5.5 m. A piezometer was installed in
a measuring tank 14 installed a triangulahe well. Well discharge is obtained as of 6
weir. The siphon is charged using the vaan3 / h by draw down of level of 1.5 m, spe-
uum pump 7. The water flow in the pipelinecific yield — 4 n/h. Well depth of single-
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Fig. 11. Physical Model with sand and gravel Fig. 12. Hydraulic Stand
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tiered structure is 6 m, diameter 760 mm U
drilling. The length of the funnel is 1160 E=U—C- (8)
mm, diameter of the cylindrical part 620 mm. H

Since the lower, inside edge of the socket is HereU., U, are the voltages at the cur-
concave; the edge has a diameter of 520 m

The upper end of the funnel is welded angpq \jtage of the model was fixed as a con-
the casing has a diameter of 219 mm. T

funnel was installed at a depth of 12.67 %efant 20 V. Thereford). - U, and hence;

and fill up with gravel with a thickness of= 1- Then the equation (7) comes out as:
3.33m.

Gravel is also filled above the funnel in- Q, :|_HQC’ ©)
take part. The total length of gravel packing I
is 9.5 m. A piezometer of 50 mm diameter is
installed in the gravel packing. The discharge Discharge of the perfect well can be de-
10.1 n¥/h is obtained with the drawdown oftermined by the Dupii formula:
2.22 meters. The specific flow rates of 4.6
m*h noted with drawdown of 1.68 m. re- 27KmS
spectively 6.7 rith and 4 m. In both cases, Q:W’ (10)
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 For the relative values, the denominator
well at the distance of 10.7 m was observe kes the value for a perfect well, and the

with a noted drawdown of 0.07 to 0.08 m. umerator the value for imperfect well
M ethods of Discharge calc.ulation.s " (BWW) working in the same environmental
' conditions. This value is less than one and it

Considering the different natural condi-" . . .
tions and the 2omplex shapes of the well il dicates the reduction factor of the discharge
analysis of discharge is conducted base’d e to partial immersion of the well screen in
’ dfhe aquifer. To calculate the well discharge, it

electric analogy models in pressure con S necessary to know the discharge rate re
tions. To reduce these errors to a minimum y 9

the calculations were carried out in relativg::t'on . . ratio
terms. For the ratio, the measurement is tak Qc, det_ermlngd by modelling as the cur-
on the same model in the initial conditions' e reduction ratidy / lc. _
According to the theory of electro- The value of current of the well model:
hydrodynamic analogy, the relative discharge
of wells can be calculated by the following '« =f(r/m ¢/m b/m h/m),  (11)

equation:

nt receivers of perfect and imperfect wells.

Iy andlc are determined by conducting
Q, | experiments on EHDA models. The rest val-
Q="H ="Hg .
"o 1S (7)  ues can be extracted from Fig. 9.
cc In our case:

WhereQ,, and Q. are the flow of imper- '

fect and perfect wells respectively. In perfect Thea value of current as the function of the

wells, the relation of well screen length to the, 4tive radius of the perfect well can be ob-

depth of aquifer is equaly and Ic are the (4ineq by the following empirical equation:
value of current in the model of the imper-

fect ghd perfect wellsg is the. correction | =615 +172.
coefficient for voltage fluctuations on the
model current receiver:

(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 4. The discharge of the multi-tier wells in-
the well for the condition of confined aquifer:creases with the distance between the intakes
only up to a certain value, which is calculated
_ 27KmSI depending on the radius of the intake. The
_Ig(R/r) 615F +172) (13)  water well pump should be placed between
the upper and lower intakes.

wherel — value of the current in the modelsmil'II :zgri?l::lg:n L?'j;gc%rfge tcri]iic:]\l:r”elsu
mA; 61,5 and 17,2 conversion coefficients ge up

from model (prototype) to real well , mAR to 200 300 r¥day, in unconfined and con-

: . fined aquifers. Application of this well de-
~ radius of influence of the wellsn — depth jon a10ng with traditional wells will help

of aquifer; K — permeability coefficient of resolve the problem of ground water supply
the aquifer; values oK for Ukrainian aqui- to rural populations as a source of drinking
fers are given in the work of Olena Voloshwater as well as for irrigation.

kina [18]; S— drawdown of the ground water

level; water intake radius =r/m.
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Summary. The article considers the currentsources are characterized as weak and inac-
state of land-use in Kyiv. Considerable part ofyrate.
almost all the city's functional areas is used-inef
ficiently. To improve the economic efficiency of PURPOSE OF WORK
their exploitation, we propose an optimizing vari-
ant of land-use of residential and public devel-

opments by allocation of excess of residential teg ReVIe(\jN Lthe lrEeghanlsrr}SUEf T'”m% the
ritories. This will provide an opportunity to at->taté and Local budgets of Ukraine by im-

tract those land plots at auctions to increase-red@0Ving the efficiency of exploitation of

nues to the State and Local Budgets of Ukraine.built-up territories in current land market
Key words: land tax, land lease, houses adterms on the example of Kyiv.

joining, excess territories, investments.

THE MAIN MATERIAL
INTRODUCTION
According to the proposal "Development
Now, the land market of Ukraine is in itsStrategy of Kyiv till 2025", the capital of

formative stage. As the capital of the countrykraine will be developed the existing limits
and the most economically strong city ohs a compact city. The analysis showed that
Ukraine Kyiv takes the leading position inthe number of free land plots suitable for fu-
development of the market. Implementatiorure development of the city, are very limited
of transparent mechanisms for searching ar@.
optimization of land resources can greatly At the territory of Kyiv are defined main
stabilize economic reforms in the countrfunctional areas: public, residential and rec-
[11]. The State can significantly influence theeational zones, transport and engineering in-
economy by tax regulation, changing théastructure, commercial and industrial
amount of tax revenues, tax rates, tax formsnes, manufacturing, municipal services and
and methods. One way of filing the Statgpecial zones, operational areas, etc. Consid-
and Local Budgets of Ukraine is selling langérable part of city's functional areas is used
and (or) rights at land auctions. Thereforgnefficiently.
the problem of finding available land spots The volume of local resources is deter-
on the territory of largest cities in Ukraine isnined by necessity for residential and public
particularly relevant, because territoriafacilities, hospitals and educational buildings,
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shopping and entertainment malls, businessg the behavior of market participants and
buildings, hotels, sports complexes and othsrignificantly affect the price level of supply

types of public buildings and for solving traf-and demand. However, a crucial role in the
fic problems at some districts, constructiodifferentiation of prices for land in the city

and reconstruction of streets network, roadill play the following urban factors:

junctions, fire stations and other facilities. - transportation accessibility (accessibi-

More effective exploitation of built-up terri- lity to downtown, business centers,

tories can be resources for future develop- community centers, places of resi-

ment [4, 10]. dence, public entertainment,
Consider the options of improving eco- - the level of engineering equipment

nomic efficiency of land-use residential high- area,

rise buildings. According to urban settle- - its historical, cultural and natural

ments of regulatory areas of residential terri- landscape value,
tories there are always neighborhoods excess environmental condition,
(backup areas) adjoining to apartment build- socio-economic progress [4].
ings. Excess territory may be in districts
where planned construction and (or) land im- In other words, those factors in their to-
provements have not been implementelity determine the value of the urban terri-
eventually [9, 20]. The volume of excess tertory of separate districts of the city.
ritories at residential districts or groups of In the following years the capital of
high-rise buildings is determined by the difUkraine will develop more social, business
ference of values actual area of residentialand commercial buildings. This process will
purpose, without area of buildings and regwccur by increasing the level of business ac-
latory square, required to existing residentidivity in the city due to mastering of new ur-
buildings to meet the requirements of existan territories and intensification of existing
ing state building norms [18, 21, 23]. areas.
Excess territories can be used for new The most attractive for investments are
construction of different functions, if the aredhe following areas:
of excess territories and urban conditions arfid Citywide public and business centers cre-
restrictions permit to do so [11]. Further suchted in places of concentration of public,
land plots can be formed as real estate propusiness and commercial activities by the
erties and they or rights to them to be sold anain city arteries.
a competitive basis. At the moment one d. Multipurpose community facilities that in-
the most important tasks for Kyiv is to im-clude public facilities - shopping, cultural,
prove its investments attractiveness and firgintertainment, offices and hotels, sports, etc.
of all for capital investments. They provide3. Industrial and social complexes, that are
real development of the territories and shoulcreated typically in areas of outdated and in-
have a significant multiplier effects on over<fficient industries and are conglomerates of
all economic activity. social, commercial and business establish-
Capital investments are essential for uments, industrial and warehousing (logistics)
ban development - the evolution of its sociatompanies with high economic efficiency (so
industrial, engineering, transport and enviealled Technopark) .
ronmental infrastructure. In its turn, the levedl. Recreation and community facilities that
of infrastructure of the territories is an imporare created within nature conservation com-
tant determinant of investment attractivenegdexes and recreational facilities.
of the city in general and in its individual5. Detached investment attractive objects of
parts. perspective construction are placed usually
Price formation of urban land market ion relatively small land plots within the ex-
occurs under the influence by many factorssting residential, public, industrial and ware-
economic, social, political, cultural, govern-house area:
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- retail outlets, consumer services and In accordance with economic-planning

catering, zoning, land spot is included in the"3dco-
- hotels, offices, nomic-planning zone, where the base cost of
- facilities of culture, science and edu<l sq.m. land is 632,71 hrivnya. The coeffi-

cation, cient on the functional use of land spot ac-
- facilities of medicine, physical culturecepted at 2,50 (land commercial use).

and sports, The land spot is not provided by:

- warehouse, transport companies [4]. » Central heating- 0,95,
e gas supply- 0,95.
Now consider the dynamics of land leasgynthesis local coefficier@s equal to:
relationships in Kiev. In the city the first
lease land contract was registered in 1994. Cis = 0951095 = 090.
As of 01.14.2010 there were 7430 lease

agreements registered. Dynamics of leasge |and spot areaid 708 sq.m.
contracts, acquire land lease rights and reVRecordingly, monetary valuatioW, of the
nues from rent at 2062014 (Table 1). land spot with the peculiarities of the location

At the end of 2014 revenues from langy |and within the economic-planning zone
rent reached up to 1250 million hrivnya. is, UAH:

In total revenues from land use, payments
for land lease increased from 60% in 2008 to V, =17081632,710 250 090[1,028x
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- The position of land legislation to sell
lation. That makes it possible to take the lanplots of state and municipal property includ-
for the permanent use and pay land tax of 1#g business entities for development is that
of the normative monetary value of the landsuch a sale should occur only on a competi-
whereas under the current Land Code eatle basis, via the procedure of land auctions.
tenant (exclude enterprises, institutions, orfhe only case where the law allows not to
ganizations, state and municipal ownershigonduct auctions, is ransom of land for real
organizations of disabled people and reliestate owners of these objects ch. 2, Art. 127
gious organizations) should use the lanand Art. 134 Land Code of Ukraine [13].
spots on lease by paying rent, which at least Sale of land of state and municipal prop-
three times larger than the land tax [1, 20]. erty to citizens and legal entities on a com-

x115211,0590,2 = 3808720,25.

Tablel
Period Land lease agreements con- Proceeds from the land tax on Proceeds of rent
(years) cluded in the period leases, min. UK of the total reve-
nues from the land
tax,%
Quantity, | Land area, ha
pcs.
actual planned
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), excepand plots with total area of 113,6251 hec-
for land plots on which facilities of real es-tares in the amount of 1 001 578,032 UAH
tate owned by the buyers of these sites. Salggregate at a starting price of 869 994 066,9
of land plots of state or municipal propertyJAH on purpose: 1. for construction and op-
can also be made to foreign countries argtation of retail and catering, 2. construction,
foreign legal entities [4, art.129]. Sale of lanaperation and maintenance of retail and ca-
to foreign countries and foreign legal entitietering, 3. for construction, operation and
is carried out by the respective counsels imaintenance of residential houses and about
consultation with the Cabinet of Ministers ofFacilities of social and cultural purposes.
Ukraine and may be subject to registration i8014 sold 1 land plot area of 0,0788 ha for
a foreign entity permanent establishment ¢& 000 377,75 UAH with a starting price of
the right of doing business in Ukraine. 1 143 073 UAH earmarked for construction
The introduction of competitive methodsand operation and maintenance service sta-
of selling vacant land plots has clear advarions or car washes.
tages for the local community since success- Procedure of monetary valuation pro-
fully conducted land auctions are an effectiveides a comprehensive analysis of land plots
way to significantly increase local revenuescontained in the databases of state land ca-
Practice shows that the presence of competiastre. In the process of monetary evaluation
tion between buyers, the sale price exceedsed data: location of land plot, its area
land auction starting price by several times. (square), configuration and spatial orienta-
According to the Department of Landtion; nature of the relief of the plot; levels of
Resources during the period 260814 construction and land improvement; qualita-
years statistic of land plots sale at auction itive characteristics of soils; pollution level
Kyiv is as follows: 2003 sold 3 land plotsand noisiness; distance to the center of the
with total area of 2,3231 hectares in theity, transport links, etc. Of particular impor-
amount of UAH 10 306 482,19 in aggregatéance in the implementation of monetary
starting price of 9 545 482,19 UAH on purvaluation has information about the purpose
pose: 1. car wash, service station, 2. traad the land plot, the actual functional use, le-
center, 3. production facilities. 2004 sold al status, including information about the
land plots with total area of 0,4189 hectareswnership, use (including leasehold), mort-
in the amount of UAH 2 435 925 in aggregages, easements, prohibitions on alienation,
gate starting price of 1 755 925 UAH on purencumbrance and other restrictions on rights
pose: 1. construction and operation of theegulations and land use [2, 5, 6, 7, 14].
plant and vehicle maintenance, 2. a house, 3. As the most effective use of land plot in
construction and operation of a residenticddhevchenko district of Kyiv accept the
building with infrastructure Facilities, centergplacement of office center [22].
of retail and catering. 2005 sold 4 land plots To make an objective assessment and
with total area of 0,848 hectares in théaking into account the information collected,
amount of 5944 531,98 UAH in the aggremethod for the land balance is used.
gate starting price of 3 584 531,98 UAH purBalance method for land plots:
pose: 1. for construction and operation of thafter analyzing of 4 selected offers lease
administrative office building, 2. for con-rates for office space are calculated from the
struction and operation on the Facilities ohverage of which is 157,50 UAH. And aver-
trade and services, 3. construction and operage value excluding VAT (20%) which is
tion of retail and office center, 4. construci131,25 UAH.
tion and operation of a commercial complexTo calculate the revenue forecast to lease of-
2006 sold 1 land area of 0,3 ha 5 028 091, Tite space 2765,44 sq.m.
UAH with a starting price of 1248 091,11 1. Gross incomé, UAH:
UAH earmarked for construction and opera-
tion of retail and office center. 2007 sold 3
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| g =13125[27654412[D95= 41377896. The cost of building€, on 1 sq.m. is 9 041
UAH inc. VAT (7 534,17 UAH VAT ex-

2. The annual operating expendgsin- cluded), UAH:
clude administrative expenses, maintenance
and land tax. Cp = 75341784568 = 2604411886
Due to the fact that the premises have a
large area and are leased to multiple busineskere total expenditure on pay equity is
entities, in the management part property 825 190,40 UAH.
owners must have a manager, accountant, An investor expects to receive a return on

guards and cleaners. invested capital while investing in any busi-
The annual cost of managing the plannedess including construction [5]. In a market
property equal to 252 000 UAH. economy actual earnings relates more to the

For buildings located on the land plots, theompany's trade secrets, so it is too difficult
annual cost of routine maintenancg,, to determine the level of income that may be
(UAH/year) indexed on the valuation date, isconsidered typical for any variant of con-
struction. But features of doing business in
Cym =86[2341108(3456,8 = 75129815. Ukraine provide a high level of profitability.
Due to the lack of reliable information on

General Operating expensefog are, rate of return of inveStOI’S, appl’aisel’s con-

UAH/year: sider possible investors to take profits at
some minimal profit, which encourages in-
E,y = 252000+ 3049429+ 75129815 = 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
o could get when placing funds on deposit of
3. Net operating incomig, UAH: leading banks in Ukraine.
An investor's income has been taken as
lo =4137789,6 -1033792,44 = 3103997 16. 15 80 of the total cost of land improvements
Ci, UAH:

=103379244.

4. The rate of capitalizatidR.:
C, = (50000 + 2083529509 +
Bylsqm=310299716/276544=112242 1 182519040) [158/100 = 3588256, 7.

2 765,44- area of office premises leased,

If we consider the building process as a
sq.m.

business option, this option can be predicted
as some typical profit developer, which in
R, =112242/11669,791100= 96% this case is taken into account in the esti-
mated cost of the facility, which is designed
5. Capitalized net operating incorh&l, above the text.
UAH: In some cases development of conditional
large-scale facilities assumes the appropriate
NOI =310399716/9,6[100= 3233330375. credits, but the cost of credits seriously varies
and depends on several factors (policy of a

6. The cost of land improvements: the codthancial institution, the history of relation-
of land allocation and production of docuShip with the borrower, risks of project loans,
mentsC; [17] are based on estimates for lan§{C.), moreover consideration the value of

(excluding VAT). 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 agary value of land plot [8, 12]. The rental rate
sessment was not carried out. Today lend for the property is 10% from the normative
business in Ukraine is about 20-25%, whichssessment 3 808 720,25 - 10% = 380 872,03
iIs uneconomical for developers. Given th&AH/year.

above construction financing costs are nét the amount which spent on loan to share
counted the rent rate, we’ll find out how long the land

Determine the total cost of land irn_plot can be rented for these funds, years:

provement<sC;, UAH:
12 415988 64 / 380 872 03 = 32.

C, =50000+ 20835295,09+182519040+

To find out what option will bring more
+3588256,71= 26298742 20.

profit, we’ll use the following formula:
In case of buying land, the income will be

7. The cost of land pldZ;,, UAH: over 32 years, UAH:
Cjp =32333303,75- 2629874220 = 8(31039971-15519985) + 831039971 =
= 603456155. =3724796592.

If we consider an investor as a buyer o case of renting land for 32 years, the in-
real estate, the key issue for him is a busineg@me at the end of the period will be equal
that is better to invest and how profitable. 10, UAH:

When an investor buys a property in form

of building or structure, the question is whaB82(310399716-380872,03) = 8714000416.
Is better to do with land: buy or rent it when

an investor has its own funds. _ On the example is set that for buying a

Calculate the feasibility of redemption gand plot, a bank loan must be taken out in
land plot on the example a land plot locateghe amount of 6 034 562,00 UAH. The aver-
in the Shevchenko district of Kyiv. To buyage lending rate of commercial banks in

the land plot is necessary to take a bank loaskraine for businesses is 20%. At the annual
in the amount of 6034 562,00 UAH. The aVrepayment investor can spend 50% of in-

erage lending rate of commercial banks iBome, ie 1 551 998,58 UAH.

Ukraine for businesses is 20%. At the annual After calculations for loan repayment re-
loan repayments the investor can spend 508pires 8 years, and if the rent, then after 32
of income, ie 1 551 998,58 UAH. To deteryears of activity will profit more if rented
mine how many years borrower will repayand. This means that land leasing is more
the loan we will apply the following formula: profitable option for investors.

a

n=log , _, o CONCLUSIONS
a-PV-r (1)

where:a — annuity equal payments or contri:
butions are made with the same frequency,
PV — the present value of the loans- inter-
est raten — the number of charges (years).
Thus, under these conditions, the loan can

paid over 8 years. The amount spent on t ~5 ' gejecting of excess adjoining acreage

creditis equal to 12 415 988,64 UAH. of residential areas and forming them as fa-
To calculate the rent it is necessary to

multiply rental rate by the regulatory mone-

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.

100



PROPOSALS TO INCREASE OF ECONOMICS EFFECTS OF LAND-USE RESIDENTIAL AND
PUBLIC BUILDINGS ON THE EXAMPLE OF KYIV

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, sincé?
successfully conducted land auctions are an
effective way to significantly increase reve-
nues to local budgets.

10.
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13.
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[IPEJUIOXKEHNS [T0 VBEJIMYEHUIO
SKOHOMUYECKOI'O DODEKTA
OT UCTIOJIb30BAHUS 3EMEJIb XXUJION U
OBILECTBEHHO 3ACTPOVKH HA IIPU-
MEPE I'OPOJIA KMUEBA

AHHOTamusi. B crathbe paccMOTPEHO HbI-
HEITHEE COCTOSHUE HCHOJIb30BAaHUS 3€MENb TO-
pona Kuesa. 3HaunTenbHOE KOJIUYECTBO TEPpH-
TOPHI MPAKTUIECKU BCEX (QPYHKIIMOHAIBHBIX 30H
ropojia ucnonb3yercs HedddekrusHo. [Ipemmo-
JK€H BAapUaHT ONTHMH3ALMHU 3€MIICTIONB30BAHUS
JKAJIOW W OOIIeCT BEHHOH 3aCTPONKH C BRIUJICHE-

HUEM CBEPXHOPMATHBHBIX IUIOIIANCH IKHUIIBIX
TEPPUTOPUN U TIOBBIIMIEHUEM SKOHOMHUYECKOM
3¢ ()EeKTUBHOCTH HX MCIIOJIb30BAaHUSA, YTO JACT
BO3MOXKHOCTh BKITFOUHTHh UX B 00OpOT 3eMeNb Ha
KOHKYPEHTHBIX OCHOBAaHHSX. JTO, B CBOIO Ode-
penb, MO3BOJIUT YBETUYHUTh pa3Mep MOCTYIUICHUH
B COOTBETCTBYIOIIUE OIOKETHI TOCY1apCTBA.
KuarwueBbie cJjioBa: 3eMelbHBIM  HAJOT,
apeHgHas TUIaTa, TPHUAOMOBas TEPPUTOPHS,
CBEpXHOpPMATHBHAS TLIOIIAh, HHBECTHUIIHIH.
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Summary. This paper deals the consideratiol It should be noted that the majority of ob-
of the consequences of unjustified decision majects of engineering and transport infrastruc-
ing on the land development with the applicatiotyre are the linear objects of great length. It
of land compulsory purchase for the engineeriris the reason of specific features of their
and transport infrastructure construction. In thconstruction and development. At the same
article are considered the approaches to det‘time the traffic and engineéring loading

mine the efficiency of land development from th .~ . .
standpoint of needs of population life support arWlthln settlements and outside their bounda-

industry complex as well as investment interests"€S have fundamental differences. It is
Key words: social efficiency, economic effi- caused by the structural organization and
ciency, transport and engineering infrastructurfunctional differences of these areas [14,20].

land development, land compulsory purchase. The specific features of the construction
of engineering and transport structures with-
in settlements lay in necessity of their im-
INTRODUCTION plementation into the existing urban
planning structure of settlements which is
In the terms of active integration of Ukrainecharacterized by complex anthropogenic
into the world community special importanceconditions. It makes difficult to choose their
is given to sustainable development of ecdocations [13].
nomic relations. Integration with the Westeri  The large number of restrictions in exist-
European countries leads to increasing fing built environment requires searching of
trade turnover and passenger transportatialternative variants of decisions which are
volume between the countries. Transit Iclegally permitted as well as socially and
cation of Ukraine is one of the most imporeconomically efficient within established
tant factors of increasing the role of transpolimits.
industry in the international economic activ  Sijtuation is somewhat different outside
ity. borders of settlements. There are no restric-
Traffic flows plays significant role directly tions caused by the existing built environ-
both in social and economic life of the popument and at first glance it seems that the in-
lation and in the economy of the country as frastructure elements can be placed any-
whole, as well as regions and the cities. Ttwhere. But in this case there are limitations
efficiency of such traffic flows directly de- arising from the other reasons such as land
pends on the development of engineering aiquality, dispersion of settlements and nature
transport infrastructure. resources etc.
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Consequently speaking about the con Social efficiency reflects the immaterial
struction of new engineering structuresproduction spheres, which are aimed to im-
should be stressed approach based on mu prove the population living conditions such
ple-path analysis. Moreover the kind of lancas housing, health, medical and cultural ser-
use and property rights should be assessvices, etc. It can be evaluated for the whole
also. For example, a new road may be thcountry as well as for regions or cities [15].
shortest, but pass through the private lanc Economic component of land use effi-
with high prices or lands with special value ciency is directly related to local gross prod-
So, it is necessary to correctly model a decuct and local budget revenues. Total income
sion which will determine the feasibility and of local budgets consists of taxes, non-tax
efficiency of engineering and transport in-and other revenues on the irrevocable basis.

frastructure construction. Tax revenues, duties and other mandatory
payments and their rates are legally provided

[9, 18].
PURPOSE OF WORK Non-tax revenues are from property and

commercial income, administrative charges
The purpose of the paper is a justificatiorand payments, noncommercial sale income,
of the necessity of complex overview main-fines and financial sanctions revenues, etc.
streaming of consequences of land compul1, 12].
sory purchase in transport and engineerin  Economic efficiency from land use can be
infrastructure construction. 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-

THE MAIN MATERIAL opment costs (COSTS):
Modern approaches to determine the eft n
ciency of land developmenE (gen) should 2. ING;
be based on sustainable development, taki Eec=—11 (3)
. . . . m
into account two main components. First i S COSTS,

directed to population life support and ecor
omy efficiency (El.sup.).The second being

capital investments efficiency£{n .) [8, 16]. The article focuses on the study of the po-
Thus, the overall efficiency of land uséiential budget revenues on the basis of mod-
can be expressed by the relation: eling the consequences of transport structures
] and utilities construction. Special emphasis is
Egen = f(El.sup.;Ein) -~ max. (1) given to the problem of land use with differ-
ent types of land rights.

From the standpoint of population life The peculiarity of land resources as an ob-
support and economy the land use efficienject of management and development is the
is characterized by social and econom fact that they can not be additionally renewed
components with included implementatiolunlike other natural resources [17]. This is
costs: the basis for the management decision-

making. Some changes should be made for
El.sup. = f(Esoc, Eec;COSTS), (2) transformation process. For example, to
change the land owner it is necessary to

k=1

where: transfer the property rights. When changing
Esoc — social efficiency, land use, if we increase the residential area,
Eec — economic efficiency, the area of some other purposes should con-
COSTS - land development costs. sequently decrease.
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Any land use is characterized not only bincome contains the state duty and tax on in-
legal and physical characteristics but also tcome received from the sale of real estate [3,
kind of activity which conducted on it. The7, 18].
article deals with the following main kinds ol When transferring state or municipal pro-
the local budget revenues from: perty rights, basic income is generated on the

- transfer of land ownership or land use; auction sale. The purchase basis being mar-

- land ownership and land use charges; ket value dependable on market conditions

- economic activity taxes; and on demand on land plots of certain urban
- revenues from fines and financial sancvalue.
tions for the improper land use [5,18]. Income from land ownership and land use

Therefore, the sum of total incom&sC, contains the taxes on land and land use pay-
at the optimum land use will be as follows: Ment. The taxes are determined by the prop-
erty costs. And property’s cost depends on its

location and type of use [4].

Zn: INC = ZC: INCtax tran; + Income from taxes on economic activities
i=1 i=1 is considered in connection with their in-
a crease due to the optimal use of the land plot

+ > INCSown .usej + (4) in the existing urban planning environment.
i=1 For example, the owners of retail real es-
z e tate located in places of daytime population

+ > INCprof .ec.act.; + ) INCfines concentration have the potential possibility to
i=1 i=1 obtain more income than the owners of plots
with complicated transport access. As a re-

where: sult, the optimal location of the land plot in

' accordance with its function can assist of
INCtax.tran — tax income when transfer-profits increase and consequently increasing

ring land ownership or land use, revenues to the local budget.
¢ — the number of land plots on whict |n case of violations, the legislation sets
rights are transferred, scheme of prosecution and bringing to re-
INCown, use — land ownership or land usesponsibility by system of paying the fines.
incomes, Implementation of really effective methods

a— the number of tax payable land plots; of punishment, sanctions and fines for viola-
INCprof.ec.act. — income from taxes ontion of the legislation will encourage compli-

the profit from economic activities, ance with law and as consequence the inflow
z — the number of businesses liable to p¢in local budget. It can provide additional
a tax profit to the local budget, profitable opportunities in urban infrastruc-

INCfines — revenues from fines for viola-ture development. In both cases, the results
tion of the legislation or negative conseare both for the operation and development
guences of land use, of the whole city and also for every resident.

e — the number of land plots owners ¢ Let's consider the costs component in the
which pay fines or other charges for violatioiformula (2).
of the legislation or the negative conse Land development costs of settlements in-
quences of land use. clude construction costs of necessary resi-

Income from the transfer of land title badential and industrial objects purpose, name-
sically consists of the sale of ownership cly: objects of social infrastructure, objects of
use right. Income depends on the type residential real estate, public service objects,
ownership [3]. objects of industry, objects of engineering

When transferring private property rightsand transport infrastructure, etc.
basic income consists of revenues paid at

registration of contract of rent or sale. The
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Therefore, the sum of total implementa‘’dead’. A lack of transport connections leads
tion costs of land development could be e:to social and economic isolation of the struc-
pressed the following way: ture.

Different objects require various engineer-

m z ing and transport service. For example, for
2. COSTS = > COSTSes, + residential real estate it is necessary to pro-
k=1 i=1 vide them with water supply, sewerage sys-

| C tems, heating etc. for domestic use. While
2. COSTSsoc + 3 COSTSser. + (5)  industrial objects require more powerful en-

=1 i=1 gineering systems, which are determined by
u S i
i . production technology.
+ 2., COSTSInd p* 2 COSTSinf Firstly, the specific feature of engineering

i=1 i=1 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-
e 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].
_I — the number of the social infrastructur Unlike detached object, engineering and
objects, . transport infrastructure construction needs
. COSTSser — costs of construction of pub-jang compulsory purchase because of great
lic service objects, : . _ length and large areas which they cover.
¢ —the number of public service objects; compyisory purchase can be applied to for-
~ COSTSnd — costs of industrial construc-ggy |ands, agriculture land as well as in built-
tion, _ _ _ up areas [6].
u—the amount of the industrial objects,  \yjthin settlements compulsory purchase
COSTSinf. — costs of engineering ancig often due to the lack of free areas for city
transport infrastructure construction, - development. Outside the settlements major-
s — the number of the engineering aniwy, of |ands are in long term rent and in pri-
transport infrastructure objects. vate ownership.
_ The objects of engineering and ranspo  \when city development is planned on the
infrastructure should be considered in 2 d|gng of private property, for construction of

where:

COSTSes — costs of construction of resi-
dential real estate objects (houses, cottagy,
hotels etc.),

Z — the number of the residential real e
tate objects,

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

rections: engineering and transport infrastructure the
- as a significant component of land d€|ang can be voluntary sold and by use com-
velopment, _ _ pulsory purchased. Land plots are in private
- as the planning object. property and land purchase is effected with

It's very difficult to exaggerate the impor-he consent of its owner or  through a court
tance of the construction of abovementioneIomceeo”ng in accordance with the market
objects. Actually, construction object that iy,5,e [6, 11]. In the case of a court proceed-
not equipped with modern engineering facilij,g ocal community has to compensate for
ties don't meet the standards and réquir gamages, including lost profits, damages
ments of the market. from the temporary occupation of land plots,

Transport accessibility of objects provide |ang degradation; damages due to lost reve-
communication with employees, supplieryyes and also when existing use became
and customers. So, actually any structuygrse or impossible [11].

which is not connected to utility networks is
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Therefore we think it is necessary to corthe best. At first glance it seems that the
sider total amount of construction costs fcfewer land plots are to be purchased, the less
the engineering and transport infrastructuiwill be the sum of total costs and as a result
accounting the necessity of purchase larthe less money spent from the local budget.
plots from land owners and users. But it is only at first glance.

The sum of total construction costs fo Multiversion choice of route for the con-
engineering and transport infrastructure olstruction of future communication must take
jects could be expressed as follows: into account all the components of their fu-

ture performance efficiency. Moreover in-

s r creasing of the road length can make it pos-

2. COSTSinfg = > COSTScom. pur . + sible to provide more objects in different

i=1 i=1 kind of services, A similar situation can hap-
X pen in the case of compensation payment.

+ 2 COSTSpr des. + Moreover the presence of road or engi-
1=1 (6) neering structures increases the potential at-
P tractiveness of these lands and their market

i21COSTScomp.dam.p + 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-
e tax and land tax. Today in Ukraine there

t
+ ) COSTSconst . ,
i=1

where:
COSTScom.pur.— costs for compulsory tat

purchase of land (when necessary), is no real estate, only land tax [18]. In turn,
- the numbe_r of land plots that are SUI[as soon as a real estate tax is being intro-
ject of full or partial purchase, duced, it will depend on the market value, as

COSTSpdes — costs of purchase of thit s in majority European countries. The de-
rights to development and project desigyelopment of transport and engineering in-
costs, frastructure objects will encourage local rev-

x — the number of objects which need thenues by increasing the market value of the
permission and project design development |gnd.

COSTScomp.dam. — the costs of compen-  The analysis of the consequences of un-
sation for damages to land plot's owners, justified construction of transportation and

p — the number of landowners and lanengineering network and as a result land
users who should be paid compensation fcompulsory purchase and land quality dete-
the loss of lost revenues, rioration need special consideration.

COST<const. — construction costs, Sometimes land compulsory purchase

t — the number of objects for construction costs and compensation costs are equal or

In the case of compulsory purchase csignificantly higher than the common in-
land for public needs total costs for land devestment costs and have no visible economic
velopment are financed from the local bud¢and social effect. Present scheme neglects
ets. factors mentioned above.

The costs of project design and construr  According to the legally approved city
tion costs depend on the scale of the objeplanning documentation, the provision of ne-
and market pricing conditions. cessary in areas is effected. Other words, de-

Let’s focus our attention on the first twcsign decision is coordinated without all nec-
components of above formula that affect cessary compensation costs. In any case, there
the reduction of the local budget. As merare always serial alternative variations.
tioned above the shortest way is not always
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The costs for compulsory purchase shoupopulation living standard and economic
always be taken into consideration when egrowth, but also on investment climate.

timating comprising these variants.

City planning documentation is the basi
for the land compulsory purchase. The pre
sent land use in legal boundaries is necess:
to take into account for reasonable decisio
making when urban planning [6, 10].

CONCLUSIONS

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

When such aspects are missed, it is necipurchase method should be applied for effec-
sary to make changes of city planning docitive decision-making.

mentation. Currently legislation identified

2. If the comprehensive analysis and as-

two sources of financing city planning do-sessment of the impact of compulsory pur-
cumentation: local budgets and investmeichase is not applied, the outcomes can be as
funds. In most cases, these works are carrifollows:

out by municipalities. It leads to local budge
outflow.
Any chance to adopt unreasonable dec

- overall costs for land development

can be groundlessly increased;

- total investment attractiveness of land

sions can bring to new corruption schemes. as a result of the construction is not commen-
Taking into account all incomes and exsurable with negative environmental impacts;

penses formula (3) takes the following form:

- the necessity to make changes to ur-

ban plans which are funded by the local

Cc
D INCtax tranj +
i=1

a
+ > INCSown .use;

Eec = — =1 M -
> COSTScom .pur ., +
i=1
X 1.
+3 COSTSpr .des .,
i=1
YA
> INCprof .ec.act.; +
i=1 2.
e
+ > INCfines ;

P
Y. COSTScomp .dam., +
i=1

t
+ > COSTSconst .
i=1

For commercial investment of any busi
ness entity the quality of land plot is assess
in terms of its transport accessibility ant
availability of all necessary engineering sel
vices for the planned activity.

Transport and engineering infrastructur
development has direct effect not only or
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budget can be appeared,;

- the complication of bureaucratic co-

ordination schemes encourages the creation
and apply corruption schemes.
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Summary. In this article is briefly exposed INTRODUCTION
one of the main problem of civil construction of
nowadays — accessibility of pedestrian areas. Urban construction— one of the most im-
Were investigated normative documents Qhqrtant sciences of the modern urban society.

Ukraine connected with this question, were d he theory of urban construction is investi-
fined and classified main factors, that influenc

on the comfort of walker's move. Were also d:glatlng thte p(ljannlnglj to(rjgalnlzatlon Ofl. d!?
fined factors that are influencing on the planing acement and populated piaces, peculiarities

aspect of comfort of the movement- pedestrighf theirs formation, functioning and devel-
accessibility. opment in correlation with socio- economic
The given results of definition of the influenceand natural conditions. In urban construction
of such factors as type of attraction object, typdheory are being investigated regularities of
of the layout of site development and dilatationgbrmation and function of urban construction
slope of the track. The influence of the type ofievelopments, are being developed principles
the priority service object was made with pedeggnd criteria of project decision making [20].

trian audition. The grade of influence of the sitgyna of the main problem of urban construc-

development type was defined with misalign;’-On is arrangement of pedestrian flow in

ment coefficient, usual for several layout types of _ . . o .
pedestrian tracks. The influence of longitud esidential area. Accessibility for pedestrians

inclination is being defined through monitoring is the factorltha_t _mfluences on the de_}f'n"
of the changes in cardiovascular system and innéPn Of people’s living comfort, shopping,

body temperature during the movement witlifferent objects visiting, rest and time pass-
permanent speed on different slopes.as a resiitg on the territory [8].

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- MATERIALS AND METHODS
ing of new development and during the estima-

tion of one already existing. According 10 |y ykraine accessibility for pedestrians is
achieved results, the comfort radius can be boﬂéing regulated by the number or governing
smaller and bigger of the normative, that giveaocuments that have a long history. In 1955

corresponding economical benefits with the us- . .
age ofﬁhe megthod. In USSR were admitted several construction

Key words: accessibility for pedestrians, ra-N0rms and rules — SNIP 2-V.1 “Laying-out
dius, normative, type of site development, slop®f populated locality’[16], and in 1958 — SN
pedestrian audition, misalignment coefficient. 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 wasrangement of normative radius. Besides the
regulating the radius of accessibility for pegrowth of density of population, character of
destrians of 500 meters to the majority dfransport traffic and specificity of attraction
target places among people. After that, hgubints of last 50 years, the norms in [3] are
appeared several legislating documents, thiadising on norms in [12]. They are presented
replaced the previous, in which was changing the table 1. Appears the necessity of its
the radius of accessibility for pedestrians [1grounding or changeover.
18, 19]. Finally, when Ukraine has got Inde- There is a big amount of factors that are
pendence, was adopted a document thatimgluencing on the accessibility for pedestri-
active nowadays — Governmental Buildingins and they have to be investigated and
Codes DBN 360-92 [3]. classified. There are several factors that are
The brief analysis [6] of accessibility forbeing defined as impact causers on accessi-
pedestrians radius changes in this documenidljty for pedestrians: degree of street net-
showed, that the majority of numbers stayedork transmissibility, land-use management,
unchangeable from one to another documeniuilt-upends, trees and other plants presence,
There are no proves of investigations thantrances and another element alongside
caused the admission of noted radiuses front, visibility, free places presence around
area of accessibility for pedestrians in citieBouses, that can be visited, urban design etc
[12]. According to [13], they were deter-[5].
mined by 5-minutes walking accessibility,
but it can not be considered sufficient for the

Table 1. Definition of attraction object type coefficient the radius of accessibility
for pedestrians to them

Normative radius | Desirable radius of Attraction object
Attraction object | of accessibility for| accessibility for | type influence co-

pedestriansn) pedestriansn) 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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Factors that are influencing on the comfort of pedestrian traffic

[
! l
Factors, that are influencing

on the planning features of
the objects of priority I

service i 1
Characteristics of the o Other
Characteristics of

territol
Ad the walking way

Cther factors affecting on the placement of the object prionty senice

Longitudinal Type of
slope building
2
T o @ Type of the shoes =
3.5 85
Type of the object priority =8 23
service i = Permeability degree e
=
Pedestrian crossings e
Insolation
Aeration = Facilities for disabled
Microclimate ) Muminatian

i ik 67 the i el ‘

_,|
The volume of traffic flow
—-I Bicycle paths ‘
Population density ) Frsffic:dakty
Noise - Greenery
Building density ! Points of intersection
Pollution =  Cleanliness and attractiveness
Composition of the population — Cover type

Fig. 1. Factors that are influencing on the comfort of tden traffic

Infrastructural factors are: existence obuilt-upness, volume of transport traffic,
public transport stops, presence and qualitharacter of bicycle tracks placement, green
of walkways, presence of obstacles on tha@ants and pedestrian paths. Also was defined
walking way lines, insolation, aerification,the factors’ group, that is influencing on the
noise and speed of the traffic and so on [10jrst service objects placement, according to
This and other factors are divided into thevhat the investigation is being held (Fig. 1).
groups and are presented in the figure 1. Also In this work factors that are influencing on
was defined character of factors’ influenc@edestrian radius is look like a numbers indi-
on each other, the degree of the influence ands that characterizes each of them. Such
dependence of each factor (Tab. 2). Finalipdex is a coefficient that takes into consid-
were defined the most fundamental (mosration moving comfort according to one or
depended and most powerful) from the poirdnother factor. The presence of several coef-
of view of comfort movement factors. It isficients like this permits to make a model that
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will make the displacement of pedestrianstructure of Kiev [14], were chosen territories
more comfortable through optimization ofwith the most characteristic type of built-up.
first-service object placement. Moreover, thig\s perimetral — Podil, group-wide — Nykilska
model gives a possibility to appreciate builtBorchagivka, lainage — Rusanivka, free —
up territory from the point of view of theBatyev hill. Compound built-up combined
living comfort in any of its part. That is whyelements of other types, that is why the coef-
here are examined factors, that are influen@icient of nonlinearity, that is typical for it, is
ing on gravity objects. direct average of all other coefficients.

One of the most significant factors is the One of the most significant factors is the
territory planning lay-out of built-up. Thereterritory planning lay-out of built-up. There
are 5 types of this built-up kind — perimetralare 5 types of this built-up kind — perimetral,
group-wide, linage, free and compound builtgroup-wide, linage, free and compound built-
up [4]. Each of it has its own influence on theip [4]. Each of it has its own influence on the
movement track of pedestrian, that is why thenovement track of pedestrian, that is why the
coefficient of nonlinearity, that is commoncoefficient of nonlinearity, that is common
for each of them. Coefficient of nonlinearityfor each of them. Coefficient of nonlinearity
— measurement, that reflects the correlation measurement, that reflects the correlation
of length of the path between two points witlof length of the path between two points with
air distance. air distance.

In a result of analysis of the planning In a result of analysis of the planning

Table 2.The degree of influence and dependence of facttastimg the comfort of pedestrians
(whereM is the degree of effect) part 1

Factor 1 2
. Insolation 0
. Aeration
. Microclimate
. Lay-out type
. Attraction object type
. Built-upness
. Density of population
. Population composition
. Noise
10. Pollution
11. Traffic volume
12. Longitudinal slope
13. lllumination
14. Width of footpath
15. Bikeway presence ( D D D O |0 |0 |1 |0
16. Traffic safety 0] O o O 4 ( ( 1 D
17. Green space presence 1 1 1 /0 ([0 |0 |01 1 1| O
18. Flows cross point g ( ( D b 0O (O |1 |0 |0 (1 |0
19. Cleanness and attractivety o |0 |0 |[O |O O ]2 |1 ]0|@]O0
20. Coverage type Q ( 1 D D p [0 |0 1 |0 |0 |0
21. Conditions for disabled
22. The degree of permeability
23. Type of shoes
24. Type of pedestrian crossings
The degree of dependence
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structure of Kiev [14], were chosen territorieserritory lay-out.
with the most characteristic type of built-up. For evaluation of accessibility for pedes-
As perimetral — Podil, group-wide — Nykilskatrians there are several international internet
Borchagivka, lainage — Rusanivka, free +esources as Walkonomics, Walk Score,
Batyev hill. Compound built-up combinedRateMyStreer ets. They are evaluating and
elements of other types, that is why the coefreasuring accessibility for pedestrians
ficient of nonlinearity, that is typical for it, is trough making pedestrian audition. For ex-
direct average of all other coefficients. ample, RateMyStreet gives possibility for
For investigation was chosen one of thasers to rate any street in eight categories
objects type of attraction — school, as a bigpmmodity of road crossing, the width of
amount of permanent users that has the bigavement, driving risks, traffic organization
gest fixed radius, that is why margin of errocommodity, safety from the point of view of
will be the lowest. Every territory was di-criminality rate, cleanness and attraction,
vided into zones through the making a Voaccession for handicapped. In countries of
ronoy diagram [1], each part of that wasvestern Europe and Northern America, in
served by its own school. Afterwards wereontrast to Ukraine, this systems are being
made tracks of pedestrian ways from the faused intensively for evaluation of pedestrian
est entrances. For this tracks are defined caecessibility. Correspondingly to gather sta-
efficients of nonlinearity, the average meartistics about Ukrainian cities using this pro-
ing of which are coefficients of influences ofgrams is impossible.

Table 2. The degree of influence and dependence of faaféesting the comfort of pedestrians
(whereM is the degree of effect) part 2

Factor 13| 14| 15| 16 17 18 19 20 21 22 P3 24 |M
1. Insolation 1, 00 00 ¥ 1 0 1 O O p 0O |0 |5
2. Aeration 0O/ 0] 0 11 O Qq Q ( D O D 0 |3
3. Microclimate o, 0 0 14, 0 0 O O O O p | 1
4. Lay-out type 1/ o o 144 O 0 1 o 0O [ 0o |0 |9
5. Attraction object type ¥ 1 1 ¢ p o O 0 |1 |0 |0 |1 |8
6. Built-upness 1 13 1 12 o ¢ O p O 1 |0 |0 |13
7. Density of population O 12 1 1 0 o o |0 |0 |0 |0 |1 |9
8. Population composition ( 1 0 g O 0 (1 |0 |1 |1 |1 1|1
9. Noise o, 0 o 144 4 g 1 O 1 O D 0 |5
10. Pollution o, o 1 134 13 g9 1 O 1 O p 1 9
11. Traffic volume i 1, o 13 44 1 1 O O p |0 |1 1
12. Longitudinal slope O g 1 1 0 O p O |1 |0 [0 |0 |5
13. lllumination of O/ 11 o0 o 1 O 1 O O D b
14. Width of footpath 1 o 44 1 0 1 O o @1 |0 |0 |7
15. Bikeway presence 1 1 1 1 1 j1 |1 |1 (1 (0 |1 |11
16. Traffic safety 11 1] 1 1 1 ( ] 1 L 0 |1 a1
17. Green space presence 1 |1 |0 |1 0|1 0| 1| 0f 0] O 11
18. Flows cross point 1 1 ) 1 D o 0 (1 |1 |0 |1 |8
19. Cleanness and attractivety 1 |1 |1 |0 |1 |0 0] 0] 0| @)| 7
20. Coverage type 1 0 L1 L 0D [0 |1 1 |0 |1 (0 |8
21. Conditions for disabled 1110 1] 1| 1] 0] 1 1 0 1 13
22. The degree of permeability| 0 | 1| 1| 1| 0| 0] O 0O 1 a o 4
23. Type of shoes 0| 0| 0| 2| O] Of O O O O 0 2
24. Type of pedestriancrossings1 | 1| 1| 1| 1| 1| 0 0 14 1 ( 11
The degree of dependence 14| 13| 10 21 11 7 11 3 14 B R 9
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Taking into consideration the fact that foresults in urban construction conditions.
this article the evaluation of concrete territo- The moment of now is being held the in-
ries is less important then tendencies, lowgestigation of regime changes of pedestrian
and principles of accessibility for pedestrianserganism on different slopes, with condition
formation, there was held questionnaire dhat he moves always with one speed. The
Kiev citizens, with the aim to find out timeinfluence is being determined by next pa-
loses on movement to every first service olrameters: pulse, temperature and oxygen
ject. The reason why time was chosen as fitevel in blood. In this case are being used —
ure of merit — it is easier to define time, fopulse oximeter Kernel KN-601E, thermome-
the average person, then the distance, atet Microlife MT3001 and stop watch. Such
absence of strong dependence on the normyestigation permits to receive the coeffi-
with which the majority of pedestrians arecient of longitudinal slope of pedestrian way
unfamiliar. Citizens were divided into cate-on radius of accessibility for pedestrians.
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 Basing on results that we achieved during
made during questionnaire on Dixo@sest investigation, was made formula of computa-
[11] were defined correlations between desition of comfort radius definition service for
able and normative radiuses for every firstbjects of attraction:
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 alsQyere Rc — is comfort target radiusRy —
influences on comfort of motion. Usually,grmative radius from Building Code DBN
pedestrians are walking at sidewalk alonggn.go+ [3] (Tab. 3),K; — coefficient of

carriageway. At big slopes rises the amounfiraction object type formed according to
of oxygen that organism consumes, alonggits of pedestrian auditio, — coeffi-
with that rises the amount of harmful moiegjent of longitudinal slope ways — coeffi-

ties that come into lungs. In the Building:jent of lay-out territory type influence, that
Code DBN 360-92 [3] you can find a table ofya5 defined before with non-lineral coeffi-
radius change at accessibility for pedestriangent, This kind of correction of normative
in dependence of territory slope (Tab. 3). Ajyark gives possibility not only to create new
in case with normative radius, there are NBuilding-up with more comfortable life con-

links on inves'_[igations in t_his theme. It Pgitions, but to make right evaluation of com-
pears a question of benefit of usage of thig of already existing territories.

RESULTS AND DISCUSSION

K, %

R. =R, X

Table 3. Service radius reduction depending on territorypeto(Building Code 360-92,
application 6.3 Tab. 2)

Service radius reduction for different objects depeg

Slope(permille) on territory slide

0-5 300 500 750 1000 1500
10 180 300 450 600 900
20 90 150 225 300 450
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CONCLUSIONS 8.

. 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.
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 ar#1.

influencing on lay-out principles of citi-
zens objects of attraction.

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.

13.
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IIYTH OIPEJIEJIEHMS] KOM®OPTHbBIX
PAJINYCOB TTELIEXOHO JIOCTVITHO-
CTH JI0 OBBEKTOB ITEPBOOYEPEJTHOT'O

OBCJIY)KUBAHUS

AHHoTanus. B crathe KpaTko odepueHa oj-
Ha U3 OCHOBHBIX TPAJOCTPOUTEIHHBIX POOIEM
HaIIEr0 BPEMEHH — TMEMIEXOHAasi JOCTYIMHOCTD.
N3ydeHa HopMaTUBHAs JOKYMEHTAIMS Y KpauHbl
10 3TOMY BOTIPOCY, OIpeeNicHbl U KIacCU(HIIU-
pOBaHBl OCHOBHBIC (DAKTOPHI, BIHUSIONIME Ha
KOM(OPTHOCTh JIBIXKEHUS Tmemexona. Ormpene-
neHsl  (PaKTOpPHI, BIUAIONINE HA TUIAHUPOBOYHBIN
acTeKT KOM(OPTHOCTH JBIKEHHUS — TICMIEXO/I-
HYI0 JOCTYNMHOCTh. lIpencraBieHbl pe3yibTaThl
UCCJIEAOBaHUN O OMPEACICHUIO BIUSHUS Ha HEE
TakuxX (aKTOPOB KaK THUIT OOBEKTA TATOTCHUS,
TJITAHUPOBOYHBIM TUM 3aCTPOMKHA U TPOJOJILHBIN
VKJIOH MyTH. BnusHue Trma o0beKTa mepBooyYe-
PETHOTO OOCIY)XMBAHHSA OMPEIEIIEHO C TIOMO-
IGO0 TIPOBEACHUS MEIMIeXOAHOTro ayauTa. Bmus-
HUE THUIA 3aCTPOMKH TEPPUTOPUU BBIBEACHO C
MOMOIIIBIO ompeneicHus koedduimenta Henps-

MOJIMHEHOCTH, XapaKTepHOro JJIsl TEIIEXO0IHBIX
MyTed TOTO WM WHOTO TUIAHMPOBOYHOTO THIIA.
BrusiHue mpoaonsHOTO YKIIOHA OIMpPENeNnseTcs ¢
MOMOIIbI0 MOHUTOPHHTA W3MEHEHWH paboThI
CEpAEYHO-COCYAUCTON CHUCTEMbl U BHYTPECHHEH
TEMIIEPaTyphl TeJa P JABWKEHUH C TIOCTOSHHON
CKOPOCTBIO Ha pa3NUYHBIX YKIOHaX. B pe3ynbra-
T€ TMPEJICTABICH METOJ OMpeAcIeHUS KOMQOpPT-
HOM TeMEX0HOW JOCTYITHOCTH K 0OBEKTaM Iep-
BOOYEPETHOTO OOCITYKMBAaHUSA, KOTOPHIH MOXHO
WCIIONBb30BaTh KaK MNpU IJIAHUPOBKE HOBOU 3a-
CTPOMKHM, TaKk W TPU OLEHKE yXKe CYIIECTBYIO-
meil. CoriacHO MONydYeHHBIM JaHHBIM, KOM-
(OpTHBIN paguyc MOKET OBITh KaK MEHBIIE, TaK
1 0OJbIllE HOPMATHUBHOTO, YTO JAa&T COOTBETCT-
BYIOIIME SKOHOMHYECKHE BBITOABI TIPHU HCIIOJNb-
30BaHHUM METOA.

KuarwueBble cioBa: memexonHas AOCTYII-
HOCTb, PaJNyC, HOPMAaTHB, THI 3aCTPOHKH, YK-
JIOH, KOO PUIMEHT HETPSIMOJIMHEHHOCTH.
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Easement procedure and factors which defined it in Ukraine
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Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03680, e-mail: ivilit@ukr.net

Summary. In the article various factors defin-a lot of time, demands considerable efforts
ing procedure of a land easement establishmeand financial investments. The decision
when forming the new land plots are analyzetmaking of the formation of the land plot
All factors are combined into 4 groups. Théyith the need to establish an easement is
analysis of influence of each group of factors ojn.,enced by various factors, which act at
aland easemgnt_procedure in Ukraine is made. different stages of easements establishment.

Key words: right-of-way, utility, easement, . . ;
easement procedure, easement establishmeThIS art!CIe IS Qevoted to the study of the
factors. factors influencing the procedure of estab-

lishment of land easements in Ukraine.

INTRODUCTION PREVIOUS WORKS AND
PUBLICATIONS

In recent years the demand for the lar
plots for cottage construction has increased The problem of establishment of land
in the cities of Ukraine [7]. In land resourceeasements in Ukraine is studied insuffi-
constrained environment in the cities suitableiently, despite its relevance. The most nu-
for housing construction the new land plotsnerous publications are devoted to discus-
which aren't serviced with utility systems andion of legal and regulatory aspects: the con-
access roads are being created. It is possild@t of a land easement right of and its types,
to close this gap at the expense of the adjastablishment and force, termination condi-
cent land plots, which brings owners of th&ons [25, 26, 15]. Taking into consideration
plots to agreement. The agreements are nae unsettle procedure of easements estab-
always formalized, as a result, citizens appeidhment in Ukraine it is important to study
to court. Provision of utility systems and arand investigate international experience [16].
access to roads for new land plots is possibithe experience of Scandinavian and Euro-
by official establishment of land easements. pean countries where the easement right has

The procedure of establishment of landbeen successfully exercised for a long time
easements is not clearly defined by Ukrainwill positively influence on functioning of a
ian law. And there is no procedure for for-land easement in Ukraine [9, 17].
mation of the new land plots requiring estab ~ When establishing easement the ques-
lishment of easements. Despite the adoptictions arise of a monetary value of both the
of a number of laws [19, 12, 13, 14] in easement right, and the land plots under the
which the stages of establishment of laniaction of this right. Ukrainian specialists
easements are defined, the establishmehave published a number of works devoted
procedure is still difficult and unclear, takesto the study of theoretical aspects of ease-



IRYNA LYTVYNENKO

ment right monetary value [3, 4, 2]. In somefore such factors as planning characteristics
works the necessity of procedure of formaof the land plots, spatial structure and utility
tion and registration of a land easement focapacity and road location significantly in-
the cities of Ukraine is proved [6] and prac-fluence the decision making on establishment
tical experience of establishment and regisef a land easement. Besides, these factors
tration of land easements of different type innfluence a land easement cost and change of
Ukraine is generalized [10]. market value of all adjacent land plots in-
volved (table 1).
A set of factors influencing procedure of
PURPOSE OF WORK a land easement was defined as a result of the
analysis of domestic experience of a land

To analyze factors influencing the easeeasement establishment and considering con-
ment procedure in Ukraine when forming thelitions of its further functioning, as well as
new land plots which aren't provided withthe existing practice of new land plots forma-
utility service and an access to roads. tion. All of them were grouped into:

1. Legal, 2. Financial, 3. Planning, 4. Other.
The influence of the factors that are part

EXPOSITION OF BASIC MATERIAL of all groups can be considered as positive if

the procedure of a land easement establish-

While establishing easement several adnent is fast, inexpensive and clear for the
jacent land plots can be involved to removiand plot owners. Furthermore, planning
shortcomings. Further the land plot in favocharacteristics of the land plots involved in a
of which the land easement is establishddnd easement establishment don’t change for
will be the dominant one with adjacent plotshe worse and the market value of land is not
being servient plots. reduced or there is a slight decrease.

There is a large number of types of the The extent of the influence of factors is
land easement right which can have eithelifferent. Group of legal factors act on the
positive or negative character. An easementhole country, whereas other groups of fac-
is positive when the dominant plot owner hators have local influence on the residential
the right to do certain actions against serviedistrict where the land plots are located.
land plots (passage, driveway access, utilities Group of legal factors
laying, etc.). The easement forbidding servi- Easement establishment under Real Estate
ent land plots owner to do certain actions iBormation
negative (for example, not to prevent water Easement establishment procedure & Reg-
drainage from the adjacent plot). This articlestration in the Real Estate Register
focuses on the positive private land ease-Technical regulations for Easements estab-
ments. lishment

The new land plots for cottage housing Compensation procedure
with the need of easement establishment reDocuments for Easement establishment
sult from 2 main cases - creation of the new To date, Ukraine hasn’t adopted a spe-
land plots and division of existing mostlycific law on a land easement establishment
when receiving inheritance. and new land plots formation. The only at-

The establishment of a land easement beempt in this direction is the draft law "On
gins with a study of the legal, technical anthnd easements”, developed in 2004 [1]. But
financial conditions for the formation of ait hasn’t been adopted so far.
land easement, insufficient consideration of Procedure of formation of the new land
which may lead to negative consequences plots where land easement is needed isn't
further operation of property. When estabapproved in Ukraine. Certain parts of proce-
lishing easement through adjacent plots it dure and the process of the new land plots
necessary to choose the best option. Thefermation are stated in various legislative
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acts. In particular, in the Land and Civilcharacteristics and limitations specifically for
code, a number of laws, resolutions and otheasements.
acts. The Land Code contains the general When establishing land easement the
definition and the incomplete list of types ofjuestions of financial compensation and
land easements. Also here the general pringasement payment always arise between the
ples of establishment, action and cancellatiomwners of the dominant and servient land
of a land easement are given. In certain arfproperty. According to Ukrainian law, the
cles of the Land Code the formation of thewner of the servient land plot may claim
new land plots as a result of subdivision atompensation for the land easement and re-
amalgamation is defined in general. But theurrent fee. However, the legislation does not
process of establishment of a land easemargulate these questions. Compensation pay-
when forming the new land plots isn't dements are generally calculated by an inde-
fined. pendent appraiser on the basis of analysis of
According to Ukrainian law [18, 19], pri- prevailing prices for such land plots in the
vate land easement may be established by tteal estate market and by the appraiser’'s own
agreement between land owners, as well agperience.
the will and judgment. The contract is con- Different types of documentation are
cluded between the owners of land in acconecessary at each stage land easement estab-
dance with civil law by general rules. Thdishment (the formation and registration) [12,
standard form of contract for land easemenist].
has not been developed and approved. The The technical documentation is devel-
contract may contain a validity period of landped for utility and cadastral documentation
easement, a land plot plan with an indicatiois necessary to identify the limits of the right
of the easement area, the amount of monetarfyway. In order to establish various kinds of
compensation to the owner of servient landasement such as utility laying (water supply
plot, the periodicity of payment for the use ofystem, sewerage, gas pipeline, electrical
the land easement, the amount of paymentstwork, etc.) technical documentation for
and other items by mutual consent. each utility is developed. Types of docu-
A number of laws determine obligationments and their number may vary in different
of land easement registration in the registeegions and it is responsibility of the local
of rights [13, 14, 18, 19], but registrationutility companies.
procedure and a set of all the necessary Important component of a land easement
documents, isn't quite clear. establishment is geodetic surveying. Accord-
The most widespread type of the easeng to the legislation the following docu-
ments established for new land plots foments are necessary for registration of a land
housing construction is right-of-way and util-easement: the application of the owner of the
ity easement [8]. It is important to definedominant property, land easement agreement,
easement parameters according to buildingaterials of geodetic surveying, the elec-
codes. tronic exchange file, personal information of
The size of land plots when laying drive-owners of the land plots involved in a land
way or utility is determined by Building easement and some others.
codes. The size of the easement plot when Financial factors
laying utility is conditioned by the technical Residential district - related factors:
parameters such as the driveway width andChanging of Properties Market Value
size of sanitary protection zones. In Ukraine, The change of Tax payment
road and utility construction is regulated by Land plot-related factors:
building codes [5, 22, 24, 27] that define Construction expenses
their technical characteristics and certainBuilding materials expenses
limitations. The complexity lays in the fact- Expenses for project preparation
that the codes don't state clearly technical
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Some factors of this group have impadPlanning factors

on the residential district, and some of therResidential district - related factors:

influence directly on the land plots involved Panning structure of residential district,

in establishment of a land easement. - Road network density and spatial structure,
The effect of a land easement for the Utility capacity, density and spatial struc-

dominant property is the increase of markdtrre.

value, whereas for servient property market Land plot-related factors:

value decreases. The amount of the Stat®lanning characteristic of land plots,

Duty Tax depends on the amount of market Location of building and utility and their

value of the land plots. According to Re<characteristics,

stated Tax code [20] the State Duty Land TaxLocation of utility and their capacity.

comes to local budgets. Thus, change of The planning structure of the residential

market value of the land plots influences filldistrict where the land plot is located is of

ing of local budgets. great importance for decision-making on
In case of land plots the cost of construdermation of the new land plot with ease-

tion works and building materials are of greament.

importance for owners. For the dominant One of the important characteristics of

property owner of the expenses will increasine planning structure of a residential district

if utilities and roads are located far from thés roads and utility layout. [11, 23] The spa-

land plot and vice versa. In case of the optiial structure and density of roads and utility

mal land easement expenses for the owner adpacity is of great importance. If the roads

the dominant property have to be minimumare far away or have an uncomfortable loca-

It means that it is necessary to look for option, it will be difficult to establish right-of-

tions for a land easement with an access way and costs for construction work and ma-

the nearest available roads and utilities. lrerials, surveying will increase. This also

this case there will be a reduction of landonsiderably increases the technical docu-

easement costs and reduction of the amoumtgntation preparation costs. A similar situa-

of compensation payments due to reductidion occurs when you connect to nearby utili-

of the area of action of a land easement.  ties. The reasons for this may be a low den-
Easement documents preparation coss#ty and capacity of utilities.

should include costs of utilities technicaPlanning characteristics of the land plots are

project, preparation of cadastral map and theferred as to land plot related factors. Plan-

registration of easement in the State Registeing characteristics of servient property are

of Rights. of greater importance for the best establish-
Financial expenses also include surveynent of a land easement. The area, length of

ing after easement is established. It is survelerders, configuration, length of frontal bor-

ing to determine the areas of action of easder of the land plot with an access to roads

ment, geodetic coordinates, easement actiand utilities are essential for a land easement

planning and electronic exchange file creastablishment. A land easement area is lim-

tion containing geodetic information. ited in use for the land owner due to sanitary
Financial expenses when easement is gwotection zones round utilities and ease-

tablished in Ukraine are quite high, and thenents of other types. Thus one of the main

procedure for easement establishing takes tgguirements to land easement cancelling

a lot of time. The reason is the lack of legisaccording to Cadastral Registry of Ukraine is

lative regulation of procedure of land easampossibility to use servient plot as intended.

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.
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Thus, if the servient plot has insufficientlents with the persons involved in procedure
space, the narrow front border, or complegf a land easement establishment belong to
configuration, it will be extremely difficult to unforeseen circumstances too. These include
establish easement in the least burdensomecidents with land owners and contractors,
way. Easement area for right-of-way, or utilfinancial bankruptcy of land plot owners and
ity easement can occupy a significant part @ircumstances, resulting in the change of land
land and significantly complicate or makeowners and others. These factors and some
impossible the use of the land. other factors of political, economical and

Utilities location and capacity are also ofegislative origin are not considered in detail
great importance when establishing lanth the article but they should be taken into
easement. If the nearest utilities are of lowccount in the general approach to the ease-
capacity, it is impossible to connect new usnent formation.
ers to them. Solution to the problem can be
either new utility corridors of appropriate
capacity or connection to more distant utili- CONCLUSIONS
ties. Of course, the best option for a land
easement establishment is the location of The major factors influencing a land
utilities of sufficient capacity at the minimumeasement establishment procedure is the
distance from the land plot. In all other casegroup of legal factors.
the length of utilities will be bigger and more  Land plot related planning and financial

expensive. factors have considerable impact at a stage of
The group of other factorsincludes: decision making on a land easement estab-

- Land plots landscape, lishment and expediency of property forma-

- Private interests of owners, tion. Insufficient study can lead to the wrong

- Unforeseen circumstances. decisions when forming the new land plots

Geomorphologic characteristics of landind to considerable financial and moral dam-
are of great importance for the utilities layingge.
and driveway formation. Compound relief In easement establishment several plots
can cause technical difficulties in utilities anaf land and a large number of persons may be
roads laying. At best, compound relief camvolved. Improper new land plot formation
create additional difficulties for engineeringwith incorrectly established land easement
solutions and related to them additional fiean have significant consequences. The
nancial cost. At the worst, it will be impossi-adoption of economically viable and socially
ble to establish land easement due to coraquitable solution is possible only by study-
plex technical solutions and a significaning and considering all the factors that are
increase in the cost of work. not being considered currently when estab-

One of the factors having a major impadishing easement in Ukraine.
on the further procedure of land easement
personal interests of land owners.

If the owners of land fail to reach agree REFERENCES
ment this issue can be settled in court. The
decision on the easement establishment }s Draft of law “About land easement’2004.
taken by court on the base of alternatives, gﬁ%‘fgﬁ;‘;‘d”'y visnik, Kyiv, Vol. 3, 55-59.
developed by forensic experts. . o

During a land easement establishment u%i Drapikovskiy ©., Ivanova ., 2002, Assess-

f ! i f ) . ment of land ownership to development. Land
oreseen circumstances of various origin can ..yt Kyiv, Vol. 2, 38-43. (in Ukraine).
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OAKTOPEI, BIIMAIOILME HA TTIPOLUEAYPY
YCTAHOBJIEHUA 3EMEJIBHBIX
CEPBUTYTOB B YKPAUHE

AnHoTamusi. B pabore mpoaHanM3mpoBaHO
paznuygHble (PaKTOPHI, BIMSIONINE HA MPOLEAYPY
YCTAaHOBJICHUS 3€MEIBHBIX CEPBUTYTOB MpHU
(hopMHUPOBaHUHU HOBBIX 3€MEILHBIX YYaCTKOB JIJIS

KUIAITHOTO CTPOUTENILCTBA. Bee dakTopsl 00b-
eAVHEHBI B 4eThIpe Tpymmsl. [IpoBeneH aHamms
BIIMSTHUSL KaXIOH TPYNITBI ()aKTOPOB HA YCTAHOB-
JICHUE 3eMEIIbHBIX CEPBUTYTOB B YKpauHe.
KualoueBble cjioBa: mpaBo mMpoxojia U Mpoes-
7a, WHKEHEPHbIE KOMMYHHUKAIIUH, CEpPBUTYT,
YCTaHOBJICHHUE CEPBUTYTA, ()aKTOPHI.
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Summary. Models of work localization PURPOSE OF WORK
places originated in ancient towns and cities ¢
the Renaissance period. Regularities of geomet

cal dependences are traced in many theories . o P
the cities. An important criterion for the quality(l‘abor resources) in the district planning is

of the city planning structure is travel time-malnly based on the materials and conclu-
weighted average to the main places of work.  Sions collected, processed and formulated by
Key words: the labor skeleton frame forms,Planning and project organizations. Thus,
localization of places of work, labor links of thethe main objective has always been to reach
city, system of labor links. optimal proportions in the allocation of pro-
duction facilities and population.

Work on the problems of labor support

INTRODUCTION
WAYS TO REVEAL THE PRINCIPLES

It's not possible for researchers of city- FUNDAMENTAL FOR SPATIAL IN-
planning theories to find the single universa  TERACTIONS BETWEEN CITIES
decision how to denote all existing city-
planning problems neglecting specific con.  Since ancient times city development has
ditions of the country, its history and naturabeen a conscious process, conducted in ac-
features.At the beginning of 21 century we cordance with the particular needs of the
see historically developed system of urbaresidentsit can be assumed that at the very
environment. The city is not only roads, early stages of city development, people cre-
buildings, greenery plantindt is first of all ated an idea about the most convenient loca-
adaptive visual and time criterion of a citytion, major communications layout, location
development. of temples, palaces and other buildings.
— the visual criterion is characterized byThese principles were gradually imple-
modern perception of reality; mented and put to test, and can be fairly re-
— the time criterion is characterized by feel-ferred as to primary city development theo-
ing of lost time and space. ries. The main points of ideal utopias of the

City environment, image and entity arepast are characterized by the desire for sim
created on the basis of natural and social rplicity, convenience, "availability" of a city
quirements.From the point of view of an for its residents in different variable forma-
urbanization, the city has its social, spatietions. Architects and researchers sought to
and functional structure3he city is formed create new ideas of city—planning systems.
by its inhabitants, striving to satisfy the re-The ideas and developments in ideal city
quirements in the best way. creation were later transformed into utopian
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theories of cities. The main idea at that timminimum perimeter and equal access to the
was in the definition of the division of labor center met the requirements of defense in the
of city dwellers.Ways to reveal the princi- best possible wayThe main disadvantages
ples fundamental for spatial interactions beof city plan:
tween cities (movement of people, goods, ir - when increasing radius, functional con-
formation, diffusion of innovations, other re-nections of territories are violated,
lationships), led to the idea to use fundamer - Lack of the reserve area for the expan-
tal law of gravity, according to which any sion.
two bodies in the universe attract each otht Therefore, in modern design practice ex-
with a force that is directly proportional to pediency of use of round or polygonal radial-
the product of their masses and inverselring plan should comply with the following
proportional to the square of the distance b«conditions:
tween them, where population is taken as - The size of an urban area doesn't exceed
mass. The city has to carry out a leadingthe radius of walking accessibility from the
comprehensive social and economic rolcenter according to regulatory documents.
within the controlled aredhere is a variety Clear regulation of urban development
of different characteristics, one of which isbeyond designed outer fringes (for towns).
apparently inherent in the whole settlemerFunctionally, such a plan is simple and con-
system as a whole, and the other will charaivenient, and doesn’t require complex pedes-
terize individual settlement3.he population trians isolation from transport and provides
of the city has functional role which is char-urban residents with close accessibility of the
acterized, in particular by its activity (work), suburban environment.
life, and rest.It forms a vector of land use 2. The line, a strip, a row — develop in two
which is differentiated according to func-opposite directions, the function is a dynamic
tional grounds: residential areas, productioone;
areas, recreation areas, etc. Linear city plans are formed through his-
torical aspect of arrangement of the main
transport ways or settlements along the riv-
DEVELOPMENT OF PLANNING ers. General pattern of linear plotting is
GEOMETRICAL INTERPRETATION based on differentiation of city traffic —
lengthwise and crosswise.

The expression of the spatial distributior For simple primary form of linear city
of the main urban processes is rather corplan typical width corresponds to accessibil-
plex and controversialStreets and roadsity for pedestrians and length is longer if the
form planning structure of the cityThree speed of public transport increasésnsport
main forms of urban planning - centric, lineaaccessibility time between opposite points of
and lattice - were known in ancient timesa closed circuit is also reduced twice com-
when the first cities emerged. Various comrpared to the extreme points of disconnected
binations and modifications of these basiline segment of the same length. Primary lin-
forms can be seen in the plans of modern cear form of the plan can function properly
ies. Such integral city plans are of the greaand be kept until the city growth exceeds the
est city-planning interestDevelopment of limits of time proximity.
planning geometrical interpretation is con Being closed, linear-circular shape of the

ventionally represented as follows. plan can’t provide longitudinal growth. If
1. Point, center, circle — have no directiothere is a need of further territorial develop-
of growth, the function is a static one. ment, it can be achieved by adjunction of

The circular plan originates from the natunew rings.Thus, at the junction and intersec-
ral development of the city around the prition of rings the most expedient places for
mary core, which historically represented the city centers are recorded. The double
road intersectionCircle or polygon, having a planning ring— "eight" — having the same
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length as a simple ring allows to reduce kiIn square-shaped city map the diagonal grid
half trip time from the center to the suburb:of streets provides better accessibility be-
Application linear- circular forms of the city tween the center and its outer contour angles,
plan provides: than the grid parallel to a square sides.

- Intensity of high-rise development con
centrates in a radius of foot availability roun

stopping places of city public transport; FUNCTIONAL AND TERRITORIAL
- High-speed highways at the intersectio DIVISION OF THE CITY AREAS
with pedestrian walkways should be place FORMATION

out of earth levelLinear — branchy form of

the city plan is characterized by splitting o Quite often the territory in the toponimic

the main roads as they move away froiparts of the city is of monofunctional nature.

highways, and also by oblique-angled roacOther parts of the city, on the contrary, form

in respect of driveway junction with themultifunctional system, combining some

house surrounding blind pass parking’smain functions.

When joining the neighboring blind passe This is natural balance of the functional

into the continuous driveway, branchy fornand territorial division of the city areas for-

of planning turns into linearly loopback or mation.

lattice one.Linear — branched form of the For example, for the historically devel-

city plan has the following features: oped industrial areas isolation and mono-
- the absence of any crossing of transpcfunctional character allows to create the best

tation and pedestrian routes on the sarconditions both for production, and for work

level; and service of employed workers.
- compatibility with any natural condi- On the contrary, in residential areas of the
tions. city where everyday life and leisure of citi-

Simple linear city map can be transzens are concentrated, location of industrial,

formed, thus forming new, secondary linesmunicipal or other facilities is unacceptable.
perpendicular to the main line. It would be inadvisable, because noise
3. S quare, lattice - develop in several miand heavy freight traffic badly affect the ac-
tual directions, their function is either neutretivity of these zones.
or combines elements of statics and elemer  This area requires build-up of communal
of dynamics. facilities, places where other jobs can be ap-
The rectangular city planning grid has alplied (science, management, design, banks,
ways been the result of purposeful desigtechnology IT, etc.), as well as culture, lei-
but not intuitive spontaneous constructiorsure and recreation facilities.
The rectangular lattice-shape plan, unlik Therefore, as a rule, these residential areas
centric-circular, evenly duplicates all traffichave additional polyfunctional nature.
directions without overloading of the city The complex polyfunctional zone of the
center, which is provided with relative freecity is its community center social and
dom of spatial development. business zone.
Simple square — shaped city plan con City center concentrates the main func-
bines the convenience of a right angle wittions of social,
the maximum compactness. political, administrative, cultural life and
The increase in the size of the city, as service of people.
rule, deforms the square plan under the infli  Functional analysis of civil structure
ence of functional and transport and lancshows that all the functions of the center, as
scape factorsBesides, designed compositiorwell as the city as a whole, are divided into
change of a square shape of city map is althree groups:
possible by means of obtuse and acute ¢— activity (work) (social and political work
gles, curves or broken lines of its boundarie and management, education, science),
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— life (food, trade, public service, housing), less difference in indicators of intensity of

— leisure (culture and sport). land use planning and management cause an
Recreational area is a special functioniappreciation of its quality.

area, which is usually of monofunctional na An important criterion for the quality of

ture. the city planning structure is travel time-
But this division of a functional zoning of weighted average to the main places of work.

the city areas is a problem of planning inte¢ The quantitative assessment of the acces-

rity of the city. sibility of a certain site of the city is deter-
None of the functions of the city, takermined by the degree of its accessibility
alone, exists by itself. how much its accessibility is above (or be-

Alternation of life cycles of work, life and low) city average.
recreation is a basis of urban lifestyle.

Therefore the planning structure of th
city can't be reduced to the structural orgar THE DEFINITION OF THE CITY
zation of functional zones and their element: LABOR SKELETON FRAME

It is defined primarily by their mutual ra-
tional placement and the ability to create  Models of work localization places origi-
comfortable, constant and reliable intercornated in ancient towns and cities of the Ren-
nection of all parts of the city. aissance period.

The key to the unity of urban spatial struc  Regularities of geometrical dependences
ture is sustainable location of production arare traced in many theories of the cities.
workers resettlement taking into accour But to determine key parameters of emer-
technological requirements of industry, agence of models which could designate accu-
objective mechanism of social behavior crate gradation of existence of the specified
citizens in urban settlement, sustainable dwork localization places, it is necessary to
velopment and changes in intra-urban relidefine the concept "of the city labor skeleton
tionships in space and time. frame" at first.

To perform successfully city functions The labor skeleton frame is 3D design
about a half of the population has to be effconsisting of a combination of vertices and
cient and this part of the population constribs which create polygon, or tissue which is
tutes a city labor force. directed on workforce loading and ensures

Permanent population of employable agwork places permanency.
group in the general aspect of total populi This creates spatial and organizational in-
tion ensures its stable "labor balance". frastructure that supports employment stabil-

The basis of urban development is a proity, creates a constant and continuous move-
ess of concentration of the various activitiement, prevents disintegration and integrity of

throughout all historical eras. the working space.
So, concentration processes are at ti  To obtain stable working environment it is
heart of city growth and development. necessary to consider a number of factors

It should be noted here that it means nwhich influence its form:
only increase in volume of already existint 1) labor interest,
activities, but an emergence of new types ai  2) transport accessibility to work places,
industries and increase of their diversity. 3) prestige of the enterprises,
Appropriate use of urban environmen 4) sensual and emotional factor of the per-
gualities provides an increase in productivityson and others.
acceleration of scientific and technologice The labor skeleton frame forms the sys-
progress, new inventions in technology, distem of sets of working places localizations,
coveries in science, new trends in culture. interconnected labor links that interact with
Compactness of the city plan, the deveeach other and with the systems of urban en-
oped system of transport communicationvironment as a whole.
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The system of city labor skeleton frame ilinks which joins labor polygons according to
a set of objects united so that they exithe function and transport accessibility at all
(function) as a whole, creating new propeicity levels,
ties that are not available in these objec - A labor vector — the direction of devel-
taken separately.(Fig. 1). opment of functions of labor nodes in the la-

The structure skeleton of a labor city habor polygon.
complete system of labor links and consis There are several main features of the sys-
of (see Fig. 1): tem of labor links:

- Localization of places of work — a set of 1) integrity — city labor links should be
objects of application of work (labor forma- uniform and interconnected,
tions) of the city, at the municipal, district 2) structuring — each labor node should
and local levels, have its rank of the system,

- Labor polygon — a segment of localiza 3) coordination — a combination of labor
tion of places of work which has its functiorlinks of different type, which reinforce its ef-
and direction of a vector of development cficiency,

education, 4) subordination of parts to one purpese
- Labor node — a single object of employlabor links have one directional vector,
ment provision for the city, 5) an algorithmic character of activity (in

- Labor links of the city — a system ollogical sense) — an exception of illogical ex-

industrial and
service enterprises
and objects who
changed function

business centers
office centers

acting industrial
and service enterprises

Labour vector

Labour polygon of Labour polygon -
Labour node industrial office and business trading
formations formations enterprises

other

Labour node Localization places of Labour vector
work
Labour polygon of at municipality level city Labour node ﬁ

industrial
Labour polygon

Labour node

Labour vector

formations .
The structure skeleton of labor city private firms
acting industrial
and service enterprises
. and .objects Localization places of 2 Localization places of
industrial and work = work
service gnterprises at district level g ‘_ﬁ at the local city level
and objects who p L o=
changed function i 5
4 Labour polygon T Labour polygon § Labour polygon
office and 2 administrative administrative
business - formations formations
formations
Labour node
_ i administrative
[, —— business centers adrl;""l‘l's.trat"’e _ buildings
office centers __buitdings financial objects
financial objects

Fig. 1. The structure skeleton of a labor city
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istence of the city labor links. city planning concept, aiming professionals
Types of labor links: at search of new ways of city management.
1. Amalgamation — is characterized by in Democratization of society formally inva-

tegration of two or more nodes, maintaininlid city—dwellers into the process of im-

and supplementing stable functions. provement of living environment.
Change of rules of public activity and a
YI+ 2y =YY 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
3. Opposite— when labor links are inte- and desire to produce goods which in turn
grated their number increases exponentially stimulate market and economic relations and
comfortable climate in the country in gen-

2. Merger— more significant link takes
over less active one. Thus, the area and v¢
tors of movement don't change.

YI + I!}; — }H+”

v+ 1y = yryiytn

Nature of labor links:

1. Disintegration is defined as the rati
of the total area of concentration of all par
of labor nodes in their total volume.

2. The focus- generalization associate(
with anticipation of observations and ex
periments results on the basis of empiric
data. These empirical data "lead" to gener
there fore generalization is considered as ¢
pedient truth or empirical laws.

3. Orientation- a choice of one class sys
tem of coordinates interconnected, in son
sense, "positively".

Each system specifiess orientation, defi
ing a class to which it belongs.

It is described by the term "in and cour
terclockwise directions”. Dependence of
labor skeleton frame in urban space (Fig. 2)

Fig. 2. Dependence of a labor skeleton frame
in urban space

Depends on: eral.

- labor potential of population (Ipp), The labor skeleton frame of the city influ-

- multifunctionality of country employ- ences further orientation of development of
ment categories (mec), functional and planning structure of the city.

- finance (f). Each element of a labor skeleton frame

should maintain integrity in the urban space
and be connected to other elements of the ur-
CONCLUSIONS ban framework.
Each part of the city labor skeleton frame
The socio-political and socio- economicshould provide a special mode of use and,
changes in the country have led to changesthereby, to preserve the functionality and ra-
tionality against the city background.
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Summary. Summer overheated modern citywhile in 2008, according to the UN, 50% of
deteriorates living conditions in it. For this pur-the planet population lived in cities, about
pose, the climate formation is considered in threzgos - in Ukraine. In the said context, archi-
adjacent spatial levels: macroclimate of getiactyre and city development should con-
?raptr;]ical a:ea; m;etshoclimateto_f a (.:ertainuloca?;tribute to resolution of a problem to provide
southern slope of the mountain, river valley, :
sea coast); microclimate of two-meter Surfaccomfort for hgman eX|s'Fence. Here, of use
layer (at the level of the human body). These le€aN be a positive expe“rlence_ of mo_dern ar-
els of different spatial scale have similar mech:Chitecture — one of the “most illustrative and
nisms of climate formation. The radiation tem Materialized manifestation of the social spi-
perature and wind conditions of the area are tiritual life” [1].
main causes of the overheating. The specified i In the ambient environment, continuous
formation proposes to research the solar radiatiin time and space, residential areas and
and the surfaces to accumulate it. The urbzdwe||ing are formed influenced by interac-
landscape is predominated over by the surfaction of energy-mass systems, irregularly dis-
which significantly accumulate heat. Hence thyiputed on the land surface. This is primar-
surface layer of air in the city receives threessm ily the natural climate of a certain locality
more heat than in the natural environment. ThuCity development objects, transforming thé

microclimate is formed in the streets, squares, d f i .
a housing estate and city parks under the natu energy and mass flow, creale a new envi-

and city planning factors. The found that for bal’onment, where a local microclimate is

ancing and softening of microclimate conditionformed. In the course of vital activity, peo-
for living and of effective impact on the heatple move from one environment into an-
humidity and aeration regime of the modern cityother. Thereat, influenced by a beneficial ef-
it is desirable to achieve a ratio of 1:1 between ifect of a natural habitat, they try to regulate
planting and artificial surfaces. the urban environment accordingly, too.
Key words: climate, insolation, residential pegple’s reactions related to environmental
area, archltectgral and plannlng regulations, emchanges, especially when it's hot in summer,

ronmental barrierless environment. is mostly physiological. That's why almost
all countries — members of the World Mete-

INTRODUCTION 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

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,
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35 thousand people died due to the 2006on, wind flows, temperature etc. interact in
heat, a special action plan has been issuegban environment. Such agglomeration both
envisaging creation of special recreatiorcreates a protective system of human exis-
rooms for elderly people with comfortabletence within nature, providing its own form
microclimate, and propaganda of protectiveof a changed environment — city microcli-
measures during summer overheat [2, 3, 4].mate, and dissociates it from nature. Sur-
Climatic change becomes more and moreounded by buildings, people are affected by
appreciable adverse environmental factothe changed environment and city in gen-
significantly and negatively affecting the eral [7].
comfort of people’s stay in urban conditions Architecture and city development are
in summer. When it is hot, public mortality important landmarks of human develop-
rate is growing, especially among elderlyment. Public mental and physical health de-
population [2, 3]. According to Ukrainian pends on the coziness, broadly speaking, of
scientists’ forecasts, in 2010-2060, atmosa city, building or structure, on the extent of
pheric temperature during the warm semesharmony in their connection with the natural
ter in Ukraine will rise, while the amount of habitat. Under conditions of climatic
precipitations and humidity factors will re- changes this issue becomes especially cru-
duce [5]. Ukrainian legislation defines city cial.
planning as activities to create and maintain In terms of architectural and city devel-
a sound human living environment, provid-opment ecology, this matter is connected to
ing permanent, social, economically and enthe Sun and solar radiation, being the first
vironmentally balanced development of in-and the most important climate-forming
habited localities and adjacent territories, naffrom Greek "klima" - land surface inclina-
ture conservancy and rational nature martion towards the Sun [8]) factor and deter-
agement. Therefore, of especial significancenines the nature of the artificial environ-
is search of the corresponding architecturahent. A.l. Voyeikov, prominent Russian me-
and planning measures enabling local alleteorologist noted than the Sun is the first
viation of microclimate within limits percep- cause of all processes forming the climate
tible for a man [6, point 10.31]. In this con-and it has a decisive influence on formation
text, there emerges a necessity to generalizé¢ a comfortable environment for human ex-
microclimate formation factors for residen-istence, and architecture [9]. Historical and
tial areas and warmth-sensing indicators thatulturological background confirm that urban
would allow assessing the degree of thermallimate and microclimate issues have long at-
discomfort. tracted the attention of architects and city
It should be mentioned that as regardglanners.
formation of a comfortable and ecologically Vitruvius's works paid great attention to
barrier-free environment, traditional micro- effect of climate and recommendations on its
climate division into "external” — of residen- recording. It started with stating the place se-
tial areas and "internal” — indoors, is not eslection principles and city planning in order
sential as people move freely from oneo avoid wind funnel formation, take into ac-
space to another. Yet, while indoors or incount southern winds and heat, air humidity.
vehicles the said matter is to some extent reéA full chapter was dedicated to climate as a
gulated by technical climate control meansgdeciding factor in determining the building
in terms of near-house areas this issue stiityle. Thoroughness of climate accounting is

remains topical confirmed by his phrase that "...cities and
buildings in the south should be designed and
PROBLEM FORMULATION built according to warm climate, doing this

quite differently in the north" [10]. He warns
Groups of buildings, underlying surfaceof solar radiation, reflected from dry land or
(verdured, paved, inundated), sunlight, radiavater, due to which in a hot climate a build-
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ing will be subject to “double sun”, speak:climate to another, there are often incorrect,
against building cities in valleys due to inin terms of climate, constructions and space.
creased humidity, decreased aeration and sSpace language should provide basic notions
rays reflection, creating excessive heat [of external and internal environment and
11, 12]. should reflect their non-separability. In this

A direct consequence of climatic condi-context, scientific analysis of climate is of
tions are architectural peculiarities of cities iigreat importance. However, today architec-
southern dry regions, which always were tural developments and planning still lack
kind of "self-shading structures”, and build scientific methods of using academic cli-
ings — of original "thermoses" with solid matic data [7].
walls, scarce small windows, enclosed contxternal climate, internal environment of
pact planning of courtyard and narrow lanesuildings and structures, and human response
Damp regions, on the contrary, are marketthereto are interconnected. The main means
by free planning, “breathing” translucentof people’s adaptation to environmental
walls, well-ventilated areas [10]. changes, depending on location — in- or out-

Alberte and Palladio believed thatdoors — is clothes, while the space of their
"...width of streets, height of buildings andstay is integral. Among other changing char-
sizes of windows should be determined talacteristics, such space has thermal ones. As
ing into account the orientation and depth ahfluenced by energy and mass, certain con-
premises...”. Corbusier undertook a seriouditions are created in any point of space, de-
research of design issues and wrote of a ngending on radiation and convectional char-
cessity to use solar and wind influence aacteristics of the area. Radiation conditions
forming factors when planning cities, statingf residential areas is determined by climatic
that "sun is an important material for an arfactors and nature of landscape, presence of
chitect..." [10]. natural or artificial objects, type of develop-

Wright used solar geometry in designing anent [7].
number of buildings. Thus, in Sturges’'s Due to Galileo having invented the ther-
buildings, eaves’ sizes depended on degreerabmeter (1593) and Torricelli — the barome-
sun rays’ inclination. Climate also rankeder (1644), it became possible to measure two
first in Gropius’s design concept. Many ofmain microclimate parameters - temperature
his works take into account degree of suand pressure. Results of measurements initi-
rays’ inclination in various periods of theated in 1806 in cities around London and
year. published by Howard in 1818 showed mate-

Today, all cities of the world have glassial dissimilitude of urban microcli-
facades with light curtain walls, taking nomate [7, 10].
account of local climatic manifestations. Lat- As previously mentioned, prominent ar-
er, Corbusier himself ascertained that ichitects Vitruvius and Alberte not only had a
summer one should fight "...disastrous inprofessional command of methods of assess-
rush of sun". He persuaded the committee ofg microclimate, insolation and sunlight
architects in 1933 in Athens to approve citprotection, but also improved and enhanced
development principles with regard to thesuch skills. Suffice it to remember Vitru-
fact that "urban planning materials are: suwvjus’s famous “Sun’s analemma”, forming
space, vegetation, steel and concrete, justtime basis of all modern graphics for insola-
this strict order and hierarchy" [5, 11]. tion and sunlight protection estimation [10].

A major part of Rapoport’s works is ded- Key climatic factors affecting a city de-
icated to consideration of natural surroundvelopment solution are radiation-temperature
ings, climate and social technology as decidand wind pattern of the area. Analysis of ra-
ing factors in selecting a building shape. Heliation-temperature conditions envisages re-
highlights that when forms and even strucsearch of direct solar radiation intensity giv-
tures are transferred unchanged from one
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en various atmosphere transparency, and stion is somewhat greater. Thus, at western
faces having various orientation [13]. orientation it reaches 15-16 m [11; 12, 10].
An important factor of microclimate for- An idea of insolation standardization
mation is insolation (from Latin — put to sun)emerged in late 19th century. It was con-
which in turn is total solar radiation of surfirmed in Erisman’s research findings - bac-
faces and spaces. Insolation has dual effdaeticidal effect of direct solar radiation on pa-
on the man and the environment. It is benefihogenic bacteria’s reactivation depending on
cial on a sanitary-hygienic viewpoint, andultraviolet radiation doses accessing residen-
thus economically profitable. Then, it is nectial premises. Due to this research, insolation
essary to provide sunlight access to urbatandards were first set in Russia in the 1940-
development. Yet, it causes light discomfors (VK. Belikova, NM. Dantsig) — starting
and overheat as well [13]. with 3 hours of direct solar insolations, this
Radiation and insolation patterns are destandard was later differentiated depending
termined by total solar radiation, consistingn a geographical latitude of the area [14].
of direct solar radiation produced immediThe first principle of the previously men-
ately by the sun, diffused - produced by thgoned “Athenian Charter”, setting forth the
whole horizon; shortwave solar radiation refundamentals of city development, was full
flected by surfaces, and long-wave (thermaprovision of healthy dwelling for people,
radiation of heated surfaces [13]. Intensity afiamely, space, fresh air and sun [15].
radiation emitted and reflected by the sur- Direct solar radiation is much more inten-
face, radius of its effect are determined bgive than diffused and reflected so it has the
the quantity of received solar radiation, andecisive role in assessing insolation distribu-
this surface’s ability to reflect it (albedo). In-tion in qualitative and quantitative indicators
tensity of vertical surface radiation is deterin built-up areas and premises. Direct solar
mined by its orientation. Thus, if we take raradiation in urban development is regulated
diation of a south-oriented surface as 100 %y existing sanitary norms for insolation and
for east and west surfaces it will be 130 %he relevant paragraphs of the State Con-
east northwest and west northwest - 128 %truction Norms (SCN) [6].
east southeast and west southeast - 137  According to the sanitary and zoning
northwest and northeast - 106 %; north nortlstandards valid in Ukraine (Sanitary Rules
east and north northwest - 85%; north - 65‘and Norms (SRN) 2.2.1/2.1.1.1076-01, SCN
[12]. Therefore, the walls facing east soutl360-92**), location and orientation of resi-
east and west southeast are subject to mdential and public buildings, preschool insti-
radiation. tutions, comprehensive schools should pro-
In southern cities, less favorable condivide insolation duration in residential prem-
tions exist for walls turned to the west anises and areas, determined by sanitary stan-
southwest, as great intensity of their radiaticdards for a certain period of time in hours, in
is usually connected with the highest dailaccordance with regulatory requirements for
atmospheric temperatures. Therefore, theeach category of objects and areas for the
walls have the highest surface temperature period from 22 March till 22 September [6,
well. A difference between surface temperepoint 10.30]. Standardization is performed
tures of the south- and west-oriented walls with regard to climatic peculiarities of the
the time of their maximum radiation may b¢design area and nature of development.
up to 6. The effect of surface-reflected ra-Normative requirements are achieved by
diation in southern cities develops on 4-5 rcorresponding location, orientation, plan-
of the distance from the surface at southeening of buildings and areas. For the purpose
and south orientatior: 7-8 m at southwest; - of insolation accounting in architectural de-
9-10 m at west- 5-6 at northwest. The reachsign and city development planning, it is de-
of heated surfaces’ thermal long-wave radi:fined using various graphical methods,
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physical simulation, analytical estimationthe necessary insolation indicators according
and computer programs [14]. to SCN [16].
Radiation condition assessment includes
background characteristics as well: flow in-
METHODS OF EVALUATION tensity of direct and diffused radiation affect-
ing horizontal and vertical surfaces, as well
Valid insolation standards are based on ras analysis of radiation flow transformation
search of insolation length for premises, connside the city - solar radiation influencing
forming to the mean annual dose of total senaclined surfaces of various orientation, mu-
lar radiation. As regards territory, such retual radiation of development elements. Near
searches are few and they are mostly samisolated planes temperature and radiation
tary-hygienic and engineering-oriented, aimeonditions in summer become much worse,
ing to ensure a necessary minimum of solancreasing the urban environment overheat.
radiation in residential areas. Their architedntensity of emitted and reflected radiation
tural planning standardization should bend distance of its adverse effect is deter-
aimed at providing comfort of human exismined by the quantity of received solar radia-
tence in modern cities and regarding regula&ion, these surfaces’ albedo [12].
tion of summer overheat — at preventing tem- Territorial radiation image may also be
peratures crossing the admissible maximuntbtained by drawing an insolation map using
But what is this maximum? B. Dunayev’s insolation line [9]. The said
Works by B. Dunayev, D. Maslennikov,method is as follows: a mesh of check points
L. Orlova, O. Sergeychuk made a great coms set on a square grid in the residential de-
tribution in methods of insolation assessmenelopment area; insolation duration value is
[10, 12]. At the Chair of City Construction ofdetermined for each of them and “shade en-
Kazan University L. Orlovska conducted avelopes” are built from buildings for each
research regarding determination of radiationmour of the day, followed by tracing insola-
conditions assessment indicators in residetion duration isoline. There is a method of
tial development territory in terms of the nepresenting insolation graphical image in the
cessary minimum provision. These were erarea by D. Maslennikov, based on use of
ergy indicators based on accounting of tot&dM-55 light surveyor, that allows determin-
radiation doses. It was determined that img insolation duration for any month and
shielding development spaces a reliabl@mount of energy received for a certain time
comparative assessment of the built-up ar@aterval, by applying a device with a corre-
radiation conditions may only be receivegponding scale on the development drawing
based on analysis of yearly and season rad[a2]. Based on obtained maps, the place and
tion doses. Regularities of solar radiation exdegree of the territory thermal pattern’s regu-
posure in annual cycles allowed us determitation are determined.
ing a formation mechanism of zones with Heretofore, greater attention has been paid
various degrees of area shielding, limit (byo residential insolation conditions and lesser
technical-economic indicators) gaps betweento insolation of areas. Main attention has
tower blocks - 1h and lengthy - 2h (where been drawn to shape, construction and sizes
is building height), limit of insufficient inso- of area lights in buildings, their orientation
lation zone by shielding degree isolige0,5 according to sides of the horizon, location
(n - shielding degree) as estimated value, andth respect to windows of buildings ele-
determining corresponding astronomicallynents (balconies, loggias, eaves, protrusions,
possible yearly and season radiation dosesreens, venetian blinds), surrounding resi-
for the area. The examined method of limitdential and communal buildings. However,
determination for insufficient insolationunder summer overheat conditions, the issue
zones allows obtaining a graphical image aif sunlight protection of territories, building
area insolation for the year and to implementalls, and structures from excessive insola-
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tion becomes more topical. Especially imporfor residential areas. When tracing pedestrian
tant here becomes the problem of shadingutes, locating children's playgrounds, other
planes and spaces in residential developmespatial elements used by the public, it is nec-
This requirement to arrangement of a conessary to take into account proximity of sur-
tinuous yet variable in time and space singléaces, reflecting or emitting solar radiation.
environment for human existence in the citynder environmental overheat conditions in
though contradictory at first sight, should becombination with low wind speed (still-air
taken into account both at planning organizaconditions), there is a problem of ventilation
tion of residential areas in general and antensification - "wind capture”. Under such
planning, landscape gardening and rehabilconditions, the development planning organi-
tation of its separate functional elementszation should ensure optimal ventilation
Norms and rules for insolation provision atterms for the residential area by rational or-
residential areas primarily concern places diganization of street and pedestrian route ar-
rectly used by the public: children's play-rangement (orientation, profile), observing
grounds; sidewalks and alleys; swimmingoptimal correlation between built-up, paved,
pool locations, gaming facilities, recreationverdured and inundated surfaces. A variety of
benches etc. Normative insolation dose gblanning solutions as well as difference of
separate space elements, as well as timimgtural climatic conditions of cities deter-
and necessary shading area under summmine a necessity to search for optimal insola-
overheat conditions should be determined ition and sun protection pattern for the resi-
accordance with these elements’ functionallential area in each specific case [12].
purpose and operating mode [6, 12, 17]. As noted previously, besides direct sun
rays (insolation), radiation reflected and
emitted by surfaces is of great importance
ACTIVITIES REGULA during planning arrangement of residential
areas. Its role grows during hot season of the
For the purpose of children UV irradiationyear due to high intensity of direct solar ra-
children's playgrounds should be insolatediation. Limited access of sun rays to sur-
during morning hours and in the afternoorfaces and spaces is reached due to corre-
especially during summer overheat, requirgponding use of development elements and
sufficient shading. Therefore, the structure a§mall forms, microrelief, planting, aquatic
such sunscreening facility should create comreas, fountains, special structural devices -
ditions preventing overheat of the body antorizontal sun breakers along facade, vertical
at the same time providing maximum use djlinds, screens, eaves, balconies, preventing
solar energy for medical purposes [10]. Theall surface overheat [12, 18, 19]. Thus, for
said insolation pattern should also determinastance, swimming pools located at maxi-
tree planting procedures along sidewalks deaum insolation area absorb up to 5400
pending on their orientation towards sides dfcal/m2/day, and only about 600 kcal remain
the horizon. In observing the insolation patto increase atmospheric temperature [13]. An
tern standards, subject to provision of surexpedient means to reduce duration and
light protection of a sports ground, located iguantity of house area insolation and de-
a residential development, one should takgease heat on underlying surface becomes
into account hours of its use after studies @eparation of yard space with screens of
work. Usually tree planting is envisaged withwining plants or stripes of high-leafage
regard to ground shading in the afternoororoadleaf trees.
Planting sites and sorts of trees should | Architectural-planning measures of inso-
specified subject to leafage shade projectiolation regulation unite means related to de-
during hot hours [12]. velopment composition on the residential
Nowadays, these factors are especialbuildup general layout, planning of buildings
significant in developing planning solutionsand 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 mo4.
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 cit
development it is more expedient to take into
account the nature of bioclimatic conditions,
typical of daytime. The said assessment me-
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Summary. The systems of raising of hardprocedures for the use of other systems,
minerals are considered from the sea-bottorgubsystems and complex as a whole.
taking into account characteristics of the deposit, The system of recovery of solid minerals
condition of the environment, technological an‘éjepends strongly on the depth of water, is

technical parameters of extracting of concretion.z.l.ssociated with lifting height range transport
The given classification of the pipeline, wire- nd vertical rock mass. and is the primar
rope-bailer, off-line and combined systems of ’ P y

raising on the type of stream, mobility of theChOice in the type and capacity of the drive

system of raising of concretions, amount ofveightand size and design of load funds, and
parallel streams of mountain mass and structuf@@nce displacement craft [1].

break of technological chain. It is advisable to subdivide lifting systems
K ey words: hard minerals, systems of raisingaccording to specific areas of the
deep-water concretions, mountain mass. hypsometric curve, reflecting the

geomorphological features of the structure of
the ocean floor: shallow and coastal zone
INTRODUCTION (depth 50 m); small depths and shelf
(200...600 m); average depth, continental
Research, survey and survey work carrieslopes (2000 m); greater depths and areas of
out over the past decade in the oceamid-ocean ridges (4000 m); and lodges deep
allowed to establish the prospects shelf zorgean (4000...6000 m).
and open ocean areas to detect deposits ofThe choice of lifting is also determined by
solid minerals (SSM): Ore liquid dispersedhe type and properties of underwater mineral
noble metals and building materials. Specifideposits corresponding to the characteristic
role of water that covers the field and is depth of the occurrence. The deposits are
source of many valuable chemical elementgjvided into: sand and gravel alluvial marine
called liquid ore. shelf areas in the seas and oceans (depth
The peculiarity of the conditions 0f200...600 m); metalliferous muds and brines
occurrence of TCC deposits characterized yottom depressions (up to 2000...2500 m);
type of minerals and ore bodies, genesisortical ore guyot (3000 m); sulphide ore
deep water layer, and the distance from thmaid-ocean ridges (4000 m); deep-sea nodules
shore or industrial developed areas. Und¢4000...6000 m).
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
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PURPOSE OF WORK interaction of raising remain the same for any
given performance.
Purpose of work — systematizatior The structural type and main technical and

schemes of lifting nodules during theiileconomic indicators of IBS various designs
extraction. The most difficult to select anwith discrete flow rock mass is stored in the
justify is the is lifting system for nodules thaspecified range for which the system can be
occur under conditions of high pressure ardivided into small portions (with unit weight
aggressive  environment  countervailindifted load, up to 1 ton), tonnage (1...100
currents, low temperature, low water claritton) medium-duty (100...1000 ton) and large-
with a typical multilayer deposition of ore(> 1000 ton). These ranges roughly
fines particle size of several centimeters [2determine the limits of rational use of
The basis of the scheme of systematizaticdiscrete flow and characteristic structural
lifting nodules (SEC) is their technologicafeatures. For example, for the extractive
properties. complexes of autonomous type (with
submarine pop-up vehicles) a transition from
low-tonnage to the middle-tonnage systems
SYSTEMS OF LIFTING NODULES of getting up is possible at creation
fundamentally of more mighty energy
The main technological properties of IBSsources, and to large-tonnage after the
include: type of rock mass flux, spatiaradical improvement of the systems of
mobility of lifting, the number of streams ancbuoyancy.
constructive dissolubility technology chair Concept of continuity and discreteness in
apparatus. The combination of thescombined lifting systems applied separately
properties quantitatively characterizes thto each of the processing chain formed by
opportunity to achieve specifiedaggregates of one structural type.
performance, depth, height, raising the lev. 2. The mobility of lifting nodules — the
of energy and capital costs, loss of mineralmost important technological feature that
the stability of the process in operatiordepends on the combination of the properties
production flexibility and agility of recovery. of other elements ocean technological
1. By the type of flow; diagrams of lifting complex and the adopted excavation of
nodules are divided into systems witlnodules. The distinctive featurethe speed
continuous and discrete flow of the roclof the lifting system as a whole with respect
mass, which lift (Fig. 1). to the bottom during removal. Increase speed
Continuous — flow pipeline IBS type is undesirable as rising energy costs, the
(pump, airlift, ejector, the empty recessecomplexity of managing transient conditions,
element double piped with floating stream cthe mechanical load on the structure of
stimuli of different modifications) have aggregates that are operative strength close to
fundamental limitations in performance wittthe boundary. In addition, the increased
a range of values 4...5 million tons per year speed of movement ocean technological
for one set. Such performance can kcomplex usually difficult navigation safety
achieved Dby increasing the quantitativand increases loss of extraction.
characteristics of the system: the diameter @he degree of mobility of lifting nodules can
the pipe, flow rates, pump power or théye divided into still in the process of
performance of compressors etc. The limitemoving, slow-moving (up to 0,3 m/s) and
specifies the technical characteristics dhst moving (0,3...3 m/s). Quantification of
lifting units and other systems andmobility limits driven by strong growth in its
subsystems, such as the fact that it Isydrodynamic resistance.
impossible to achieve the specified
performance collection nodules. In this
design, the number of units and the order of
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Fig. 1. Lifting schemes of solid minerals:

1 - pipe,2 — rope,3 — autonomous4 — unit fee,5 — direction of the flow of the rock mass,

6 — chassis7 — intermediate tankd — the capacity of the balla®,- flexible pipe,10 - rope,
11 - buried an empty elemertt2 — with gas-filled container and cargo compartmést-
drum pump,14 — up, 15 - craft, 16 — chemical element of the fillet,7 — the capacity of the
pulp, 18 — wave energy,19 — bunker,20 — Mechanical grippers21-22 — capacity,21 -
loaded,22 — blank
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The mobility of lifting in aggregate form combination as lifting devices connect
reflects the level of energy, loss of mineral:different structural types. Systems of lifting
reliability and stability of exploration and unbroken chain units can also be combined if
development activities. All these parameteiunits include lifting of different structural
vary in inverse proportion to the speed ctypes.
movement of frontal lifting and ultimately  Dissolubility processing chain increases
meets the changing aggregate costs its flexibility and production flexibility, but
removal, that the criterion of choosing thiin the cases involving temporary connection
optimal technological IBS. Therefore,of underwater units (i.e., their docking),
analysis of mobility can be used for rapitsignificantly complicates the design and
qualitative operation of such systems and reduces the

assessment, comparison and selectistability of the process.
lines of development schemes and facilitie
ocean technological complex.

3. Number of parallel streams of rock DISCUSSION AND REFERENCES
mass in the technological scheme reflects it
compliance with safety requirements As part of the ocean technological
production flexibility, mobility , stability complex lifting scheme can be used as
during temporary worsening conditions annodules with ground gear (or machirelinit
suitability of the system to build (if cleaning (Chart 1.2- 4.2 on Fig.1) and
necessary) performance. Obviously, thwithout (Chart 1.+ 4.1 on Fig.1).
lifting system with several structurally Economic indicators rise SEC using
decorated rock mass flows will SatiSfy theSdifferent agents of flow in p|p|ng Systems or
requirements in the best way, but have a hildevices of discrete flow systems, such as

cost and other disadvantages. A part forjight liquids, gases, light elements, ballast
single-threaded and multi-threaded streamitmaterial (Chart Fig. 1.3 4.3 on Fig.1).

potential site flow diagrams, Multithreade( Techno-economic performance of

efficiently perform only in areas with thegjfferent technologies of lifting nodules can
most difficult conditions with reducedpe significantly enhanced by the energy of
performance or reliability units. . the sea (classified important features), such
4. Constructive dissolubility processing  as: pressure drop across the system with
chain aggregates characterizing compliance empty recesses element of wave energy in
of the scheme marine operating conditionthe chair of container lifting systems, the
An important feature here is the presence potential energy of inert materials being
continuous mechanical coupling betweegypstituted for utility deposits in the
aggregates processing chain, which has 5ggregate collection of discrete flow systems,
negative - Impact _on  operating Systeljiting (Chart Fig. 1.4- 4.4 on Fig.1).
reliability and stability of the process ant  gucrural classification features of deep
makes it difficult to ensure the safety of th,qqjes lifting scheme is closely related to
system. Quantitatively, the joint effect O'technological parameters, causing the

threading and constructive gaps express gnnearance of lifting and ocean technological
value of the coefficient of efficiency of complex as a whole and, to a large extent, the

working time ocean technological complex. n,mher and characteristics of major units and
Lifting schemes of nodules can be divide (gchnical-economic  indicators  of  the

into inseparable with permanent meChan'Ccomplex.
connection between the aggregates extracti

and craft, and discontinuous, having no sut
connection in all or part of depth recovery
Discontinuous system in the first case relate

to autonomous, the second to the
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CONCLUSIONS

1. Promising useful raw material for

extraction of manganese, nickel,
cobalt and others. Polymetal oncretion

ores occur in the central regions of the ocee

floor. The terms of their occurrence at

depth of 4000...6000 m are complex aniqq

~

[

unique. Therefore, the most important this i
the raising of nodules floating in intelligence

or operational enterprise.
2. Lifting systems are divided
pipeline, chair scoop,

combined with the unit picking up without it.
Their effectiveness is enhanced by the use

different pathogens flow and seas.

3. Signs of systematization schemes lifting
nodules are: continuity (in hydraulic) and
discrete (in the rope-scoop and autonomou:

flow of raw material; degree of mobility of 14

the complex system recovery and the numbt

of concurrent
dissolubility technology chain apparatus.
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TEXHOJIOTHYECKUX M TEXHUYECKUX MapaMeTpoB
moObprYM  KoHKpennid. JlaHa kimaccudukanus
TpyOOIPOBOJIHBIX, KaHaTHO-YePITaKOBBIX,
ABTOHOMHBIX W KOMOWHHMPOBAHHBIX CHCTEM
nogpeMa 1O BHAY TIOTOKA, MOJBIKHOCTH
CHUCTEMBl TOJbEMa KOHKpPEIUH, KOJMYECTBY

napajieIbHBIX IMOTOKOB TOPHOM Macchl U
KOHCTPYKTHUBHOW Pa3phIBHOCTH TEXHOJIOTHYEC-

KOH IICITH.

KualueBble cioBa: TBepAble IOJE3HBIC
HCKOIIaeMEbIE, CHCTEMBI MoJIbEMa,
TyOOKOBONHBIE KOHKPEIMH, TOpHas Macca.
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Defining the basic parameters of vibration settings
for sealing horizontal surfaces

Mykola Ruchynskyy, Andriy Zapryvoda

Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03680, e-mail: ustylug@i.ua

PURPOSE OF WORK
Summary. Are examined and defined pat-

tern vibratory motion to form horizontal sur- Of surface compaction devoted a number

faces on thedbsas of tlhe acco(t;nt of wave phel- of works [2-4]. In [2, 3] considered a dis-

C;{Sggzc?el s ;?% %Oet;gei%al C'%’zpac?é’r?;‘aggif crete model of the concrete mix. Significant
9 theoretical research based on wave theory

sealing concrete. C i it . f i
Based on the analysis of the energy balance, oncrete mixture ramming surtace vibra-

motion qualities limits are defined. Analytical 0N are given in [4, 5], which revealed the
dependences for the estimation of main parame- basic laws of motion of this class of ma-
ters of the effective vibroimpact mode are sug- chines. The results [4, 5] is much deeper
gested as well as the motion stability layout of insight into the process of consolidation.

the analyzed system is cite_\d. Soil compaction over Vibration rammer
_ Key words: concrete mix, resonance, seals, dedicated works [6, 7]. Based on the results
vibration. of the cited studies [Z], a similar problem

is solved based on the model of the envi-
ronment, taking into account the shear
INTRODUCTION stress [8, 9], which is one of the effective

_ compaction.
In modern construction fate cast-frame

method is increasingly used [1]. A large

proportion of the implementation of this RESULTS AND DISCUSSION

method is accompanied by the formation of

horizontal surfaces where there is a problem  \ethodology provides premise that the
of sealing. Of particular importance is the concrete mixture, which is under the lining
formation of horizontal surfaces in the ar- for the device horizontal surfaces are quasi
rangement of underground garages, units, homogeneous body. It is assumed that the
installations and maintenance of the build- ¢gncrete mixture is modeled flexible rod

ing etc. In this paper we solve the problem length h. Consider that at the core of the

to study the dynamics of surface vehicles of tgrce of gravity, which causes it to longitu-

considerable length & 2...3 m) in terms of  (inal oscillations.

interaction with the manufacturing envi- If we denote byu(x, t) displacement of

ronment. the rod cross-section of abscissat timet,
then the differential equation of forced os-
cillations of "lining - a layer of concrete
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mix" considering energy dissipation is as Indeed, we introduce a supporting role:
follows:
. . X
W(X,1) = Xg sin(wt) — Xg sin(wt) — =
2u(xt) 1 d2u(xt) ra @ (1) = X sinfwt) = xo sin(t) @
2 24 2 ; :
ox°  c(+iy) ot = Xg sm(cot)(l—%)

62u 62u . ; .
where — and — - under acceleration Itis clear that:

dt? ox?
mixture and the second derivative of strain W|y=0= Xg Sin(wt), WwW|y=h=0 (5)
s=%;i =,/—1 c- velocity of longi-

X

. . The problem is now looking as the sum
tudinal waves propagating in a layer of .

concrete mixture having elastic modulks

and density p,c:\/E;y - loss factor, u(xt) =v(x.1) +wx.t), 6)

P
which characterizes the energy dissipation; Where v(x,t )- new unknown function. Due
y= AW AW - energy absorbed by the to the boundary conditions (2), (5) and the

21T W initial conditions (3), the functionv(x,t )
basic layer of concrete mixture over period; must satisfy the boundary conditions:
W —potential energy of deformation of this
layer; g — acceleration due to gravity. Vlx=0=0; V[x=h=0, (7)
Assuming that the concrete mix is an en-

vironment in which the generated elastic and initial conditions:
shear wave, and the surface of the lining is

not separated from the surface layer of the Vh-o=Ubk-o ~W==0. (8)
concrete mix, the boundary conditions can
be represented as follows: ov|  _ou _ow  _
Otlo Otlio Ol
Uler=OU o= X sin@),  (2) ©

X X
==X + WXg — = —WXg (1 ——).
. _— h h
where: x, = A- the amplitude of oscillation

of the working body lininge- circular fre- Substituting now equation, we get:
quency of its oscillations. 2 2 2 2
We assume that the initial displacement a—; =a’ a—;/ +g+ a® 0_\2N - 6_\2/v (10)
and initial velocity is zero, then the initial ot oX [0)4 ot
conditions can be summarized as follows: or by virtue of (4),
G 2 v
Uleo=0.2] =0 © OV_a2%Vigixy, @)
Otli=0 ot ox
To address the problem (1)2) can not where:
apply the Fourier method, since the bound- ~ _ 2 . X
ary conditions (3) uniform. But this prob- g(xt)=g-wxo sm(oot)(l—ﬁ). (12)
lem is easily reduced to a problem with zero , )
boundary conditions (in which you can ap- In (10) and (11) introduce the notation:

ply the Fourier method).
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(13) that occur under external exciting force, if
the initial perturbations are absent.

Decision v, (x,t),is the free oscillation

layer of concrete mixture, and fluctuations
which occur only as a result of the initial

a2 = C2 (l+ Iy)

Thus, we obtain the problem for the
function v(x,t):

a_ZV =a? a_ZV +G(x.1) perturbation.
ot 2 Ox2 Y Using [3], we have tor,(x,t),
Vlx=0=0; V[x=h=0, (14)
N0 kmat
Vli=0=0; Lo/ —WXq (1—5), va (1) =2 o (ak CO{T} +by
Otli—o h
. kmat |, . | kmnx
We will seek a solution to this problem  [*SIN h )sin h )
as the sum of: (22)
VD= HR(60, (15) |4 =0 by :éx
where v,(x,t) is a solution of the inhomo-
. h Xy | .| kX
geneous equation: XJO{— WX (1—3)} sm{T}dx.
92 % | -
\;1 =a? \;1 +g(x,1t). (16) For v,(x,t) can find a solution in the
ot 0x form of the following series:
Satisfying the boundary conditions:
o) . knx
V1 Ix=0=0; V1Ix=h=0, (17) V(X 1) =3 Tk (t) SIIr1(T).
and initial conditions: (23)
ov where,
vik=0=0 —F =0, (18)
t=0
Te() = 2
and v,(x,t),is a solution of a homogeneous k hooy
equation: x[ar [} Gx)sinfo(t-r)]x  (24)
0%v, 0%, KTE kma
= . 19 xsinC=)dg, W =——.
ikl (29) CodE, ==
Meets the boundary conditions: © KX
v(x,t) = Zklek (t) S'”(T) +
V2 |x:O= O’ V2 |x:h= O’ (20)
and initial conditions: + Zk:]_{ak CO{T} +y SIH{T}} x (25)
15
X sin T .
V2 lt=0=0,
ov| X (21) The first term in (25) is a layer of con-
tho = ~0Xo ﬁ)' crete mix fluctuations, caused by the pres-

ence of gravity and magnitude of the effect

Decision v, (x,t) is the forced oscillation of the working body surface lining for

layer of concrete mixture, and oscillations
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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 valuesk,s_1 for

k = 1,2,3 and different values &f m, a,
m/s.

In the case of resonandeo=wy ) the
time during which an increase of the ampli-

-2 (26)
yw
For typical values ofwc (see Tab. 1) and
y(y = 01...03)ti,r is (0.01..0.02) s.

As a result of solving the problem of sur-
vey was requested and made scrded® m,
| =3 mand = 4 m, are put into production.
Specifications of screeld= 3 m andl = 4 m
are shown in Tab. 2.

tincr.

tude of the movement in the layer of con-
crete mix is determined by the approximate
relation:

Table 1.The numerical values

a=20m/s a=40m/s a=60m/s
h, m k k k
1 2 3 1 2 3 1 2 3
0,1 228,3 125,7 188,5 125,7 251,3 377,0 188,59 377,0 565,5
0,15 218,99 237,8 125,7 237,8 167,6 251,3 125,71 251,3 377,0
0,2 314,2| 228,3 242,6 228,4 125,7 188,5 242, 188,5 282,8
Table 2. Specification screeds
Perfomance, Oscil- Mass, kg
3 H 1 1
Para- m'/h Ie]};[gn m%tr?]t;% ¢ Power, Dimensions,
meter [=2m |1=3m| quency kgxm kW Ixbxh [=2m|1=3m
rad/s
The nu- gggg
merical | 60- 180 | 90-270 314 0’0721 0,6 2(3)x0,4x0,2f 52 72,8
values 0.092
For determination of the energy is neces- T .
. A= +C +cC xdt +
sary to make the equation of energy balance, IO (C"e eq.post. * *eq. p-) (27)

for this work A, performed by external force , (7_ RZ)Ak + As
F(t) at timeT, equivalent to the total dissipa-

tive energy losses in the system at the samdereR - factor recovery rate when hitting
time [10]. These losses consist of. viscouge limiter of oscillations;A - kinetic en-
losses in the nodes of the machine; dissipgrgy of the form with concrete mix before
tion of energy when hitting the limiter Ofpitting of the limiter of oscillations;

oscillations; the energy lost to seal the con- 2 ,
: : At A =[mg +ms|x2(11)/2; - equivalent
crete mix for the period of oscillatiof. M M X"\T1)/ 4 Cve

Based on these assumptions, we can write tBéffness losses in viscoelastic vibration
expression for work: nodes of machinefy - average height mix

work for the periodrl, which lost in the con-
solidation of this mixture.
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-2z
Assume designations: ng = 2Ry V&€ (1( Z . 1}(
[1+e_zz] | 2li2rh  h
n = Cve * Ceq.post. * Ceq.p. (28) (33)
Find work A, in accordance with the equ- x (ezz - e‘zz)»_zi}
ations of motion of the mixture and expres- 12
sion for the contact force [10]. Elementary
work F, ¢ of friction in the mix: z= h(al + i[31)
—==—C0 arctg
a2u(y,t { }
dAg = Feq fric.du =5 —ayg,t Jaw 9 v1+v

1
where ys - coefficient characterizing energy B1 :%S'n{z arctg( V)}
loss in the mixture, \/1+ Y5

u(y,t) -moving in layers of mix. ' _ _
The formula (33) is much simpler if you

Because -,
du du accept some conditions. For example, for
du=—dy +—dt, |z|>>1:
dy dt
then (29) can be written: |
ﬁ 1
2 N3 =Ys : (34)
da, =Y U pdu g Uyl () 21
oy[ot |dy dt

for |z| << 1:in general termgy = f(h ).

The first term that depending brackets Thus the energy balance equation can be
(30) describes work in elementary layer ofolded in a way that limits the possible vibra-
concrete mix, which is connected with itgion amplitude will be determined by the up-
deformation, and the second ternwith the per — viscosity effects, and bottom the
movement of a single layer. The averagshock dissipation. In the case under consid-
value of losses on the height of the product ieration, vibration resistant operation will be
one period of the movement (30), we obtaiyvhen w,, = w:

the expression:
! dmrm) o

(6)
e
oy | ¢

8r[(nI +Ng )(1+ R 2

11 hy56 u du
h.[ody.[o {[O aya dy

2
N IT Y50 “u(y,t) du dt}_

(35)

0 dyot dt In the case of abruption vibrator and mix-

e £>1/2 is selected from those provi-
ions, leading to shoekibration mode in the
system and then had realized one hit in one
T ) period of movement.

As :Jo ngX“dt, (32)  When conditions (35) the average of the
amplitude of vibration will be determined
where: from the following relationship:

In consideration of equivalent (averagei
values of amplitude after simple transforma=
tions (31) we have:
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2 0 Fig.1), built for a wide range of parameters,
__Fo 1—\/1—4q (N5 + in) € < gor?firr)ns the possible exigtenceIO of several
2(ng + oo w zones (at least three for installation of form-
<Ay < (36) ing units) of stability.
In Tab.3 are shown numerical values of
< Fo {1 + \/1— 4q2(n5 + nm)ECD} performance parameters of vibratisinock
" 2(ns + Ny Jw w process to determine their effect at the time

of impacttimy .

O_
wherec —_2”(1‘ R)/[my(L+ R)} ' Calculations that are made for resulted pa-
~ Calculations by the formulas (35) in relarameter values (see Tab.1) show that for the
tion machines for seal concrete mix giv§cceleration coefficientayay = (4..5)g at
range for values: 0,& q < 1’5. _and coefficient of restoration of spee&,=
14<8<25 [7]. Thus for the criteria G, 53 04 time of impact is equal to

which determines the balance of po.we'r, th?lmp. - (0,015__0101)& that is for the fre-
valueq = 1,0...1,5 corresponds criteria

which has the valué = 0,8..1,3. This is the quency, w=157s"1 ratio e 0,358..0,238
first (Fig. 3) zone of stability, which in terms . , T ,

of selection parameters more suitable in cefNich determines the effect of intense accel-
tain accurately mass characteristics. This arE§2tion on the process of compaction. An
is sensitive to changes of mass in the procgdPortant characteristic that affects the pa-
of movement of the shock-vibration installaf@meterK; =t/T, as at the time of contact
tion. The zone of stability ag=06... 07 is coefficient of stiffness.

which corresponds t¢ = 20... 25requires

less power loss, but the amplitude spectrum
may decrease, which follows from the analy-
sis of the formula (36). Map of stability

Ty
AW
1 \ §/>>>x

Fig. 1. Map stability of motion of the shock vibration sms:1 — first zone 2 — second zone,
3 - third zone
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Table &. Limits change of parameters of vibration-shoabcesss

. Dimensionless .
Accelgéesl'::g; in the coefficient Coeffrlgl:eor:/te?;speed Time of blow,
] H 1 -2
Al of res:sstance, K, t,, 107, s
3...10 0,045...0,3 0,3...0,8 1,5...1,95
CONCLUSIONS REFERENCES

. In the case of application of vibration im-1-
pacts are commonly used to determine tl
dependence of the calculated viscosity r
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to account for vibration, and in some case
the inertial forces of resistance fluctua
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. To ensure that the products of good que
ity (horizontal surface), where the pres
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by myxomycetes
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Summary. The assessment of heavy metéactions of a living organism associated with
accumulation by myxomycetes (slime mouldsthe toxic effects of excess elements are:
has been made. The importance of these orgichanges in cell membrane permeability
isms for environmental safety monitoring wa'(au, Ag, Cd, Cu, F, Hg, |, Pb); competition
specified. Ecological and physiological mechafor vital metabolites (As, Sb, Te, W, F); a
nisms of ability of myxomycetes to concentrat'high affinity with the phc;sphz;lte g;rou’ps énd

metals and other elements from their substrat .
were analyzed. For five common myxomycetethe active centers of ATP and ADP (Al, Zr,

species with relatively big fruiting body were@nd probably all of the heavy metals); sub-
compared chemical elements concentratigns. Stitution of vital ions (Cr, Li, Pb, Sr); cap-
ligo septica (L.) Wigg. was proposed as perspecture molecules positions held important
tive bioindicator for the detection of Zn on thefunctional groups [13].
grounds of the ability to accumulate this meteé The proportionality between content of
and by reason of this species have widespreelement in soils and their removal to living
distribution in terrestrial ecosystems. Prospetts organisms is direct not for all heavy metal. It
using slime molds as objects for bioremediatiojs the case for Ni and Cr. but for Zn. Mn and
of leg;avrcg:zt:d :r?\'/lifovr‘]“zgnigrss'g?éfyd' sk as.Cd was shown limited transition metals in
sessment, heavy metal, myxomycetes. phytocenosis blomass: qu ex'ample, In-
creases Zn concentration in soils in more
than 20 times, will give its removal in 1,5
INTRODUCTION times only. The restriction of transition met-
als in the aboveground part was observed for
- : Fe, Cr, Pb. For fungi the highest transition
in environmental ;. =’ >
index is for Hg, Cd, Cu, Zn and Se [13].
Living organisms involved in all of the
elementary soil and biological processes that

An important place
safety has problem of heavy metals accumt
lation in nature. Heavy metals in soils anc

forest litter are derived from anthropogenicd. i indirectlv affect th bility of
pollutant and natural soil weathering Irectly or indirectly aftect the mobiiity 0

sources. [14]. There are 4 level of danger fctrace elements. In different trophic levels are

heavy metals: high (As, Cd, Hg, Se, Pb, Zn]actively involved in the stabilization me-

tempered (Co, Ni, Mo, Cu, Cr, Sbh), low (Ba,gium’ actindg both as ori?inﬁl gleo;:h?mical
V, W, Mn, Sr) and unknown (Ge, Sn, Ce,Parriers and as storage of chemical elements

La, Bi, Y, Rb, Cs, and others) [9] Accord.- iN trophic chains ecosystems. The deforma-
ing to modern concepts, living organismt'on of the biogeochemical cycles with

forms and controls in the biosphere flows O.chemical environmental pollution can desta-

matter and energy, ensuring consistency (ilize many processes in ecosystems [1].

environmental parameters [6]. The main re-



TETIANA KRYVOMAZ

Myxomycetes have been documented timpact for study patterns of myxomycetes
occur virtually all types of terrestrial ecosys-distribution. A series of monitoring plots
tems, and extend geographically from thewere established in an affected area and ad-
Polar Regions to the tropics, wherever detrijacent unaffected sites for compere myxo-
tus is present. Even 1¢rof soil can contain mycetes developed under natural conditions
to 20,000 individual myxomycetes cells [2]. in the field and on polluted urban areas.

One of ecological role of these organisms it The analysis of heavy metal concentra-
utilizing organic matter from various micro- tions have been made with utilizing of litera-
habitats. This suggests that myxomyceteture data [8, 10, 12, 16, 18]. In these studies
are important in nutrient cycling as member«fruiting bodies of slime molds were analyzed
of the detritus food chain [11Plasmodia of by atomic absorption (Pb) or inductively
slime molds (myxomycetes) obtain nutrientscoupled plasma emission spectrometry (Fe,
by ingesting bacteria, protists, fungal hyphaiMn, Cu, Zn, Al) to determine heavy metal
and spores, and particles of organic matteconcentration. Individual mature fruiting bo-
from their immediate environment [15]. Be- dies were prepared for light microscopy
cause myxomycetes are ubiquitous in terre<(LM). Additional specimens were prepared
trial ecosystems and accumulate materiefor electron microscopy (TEM) and X-ray
only from their immediate environment, microanalysis (EDX) to determine location
they can be using in biomonitoring heavyor accumulation of heavy metals in various
metal contamination at different locations inregions of the fruiting body. [3, 8].
environmental safety [8]. Some myxomy- For assessment of heavy metals accumula-
cetes appear to be tolerant of high levels dion in myxomycetes fruiting body and plas-
heavy metals and apparently accumulatenodium the transition index using:
them vigorously [14].
K=, M
PURPOSE OF WORK °

L . . where:K; - transition index of heavy metals;
The objective of this study is to make s, heavy metals concentration in s&}; -

sessment of heavy ”?eta' gccumulatlon b¥|eavy metals concentration in myxomycetes.
myxomycetes. According with this purpose It is suggested to use the total risk sum-

was planed to 1.) analyze data abou.t hea\mary, while the influence of several factors:
metal accumulation by myxomycetes; 2) ex

amine ecological and physiological mecha N

nisms of ability of myxomycetes to concen- j s :ziir , (2)
trate metals and other elements from the =

substrates; 3) determine potential of thes

organisms for environmental safety monitor-where: n — number of risk factorig; — risk
ing for bioindications and bioremediation of performance for the i-th factor [17].

heavy metal. The analytical methods used demonstrate
bioaccumulation of heavy metals in myxo-
MATERIAL AND METHODS mycetes.

Material for this study is result of myxo-
mycetes research for more than 20 years RESULT OF RESEARCH
their native habitats in Ukraine [5], and als:
in forest, forest-steppe, desert, mounting, Preliminary compere of myxomycetes as-
tropical vegetation over world. Samples osemblage on protected nature territory and on
myxomycetes were collected from protectedontaminated areas didn’t reveal reduction of
areas and from territory with anthropogenispecies abundance, but it find of change of
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species composition, which can be caused times even more). High Ilevel Ca
pollution. Both the biodiversity and relative(4800...1120 mg/kg based on dry matter) is
abundance of the myxomycetes determinetypical for species from order Physarales
in field show that distribution of these organ{Fig. 1). Calcium is essential element for
isms depends on the availability of suitablbuilding thick lime cortex and other struc-
substrates and climate. Also there are sortures of fruiting body. This is why mobile
correlations between the densities of myxcegetative stage plasmodium contained much
mycetes and various environmental paramé&ss Ca, than generative stage of its life cycle.
ters. Thus feasibility of utilizing these organ-The presence of high concentrations of the
isms to assess the accumulation of heawwildly toxic metals strontium (237-2190)
metals in the environment has been reporteshd Ba (294-15190 mg/kg based on dry mat-
in several researches. ter) is surprising. These metals are belonging
For study of environmental pollution ef-to the same chemical group and could, there-
fect to myxomycetes in south-west Finlandore, be simultaneously absorbed with the
the following metals were selected: Al andalcium from the soil. The element radium
Fe (major soil constituents), Zn and coppealso chemically rather close and with gamma
(essential plant nutrients), and mercury amgpectrometry found indeed evidence of a low,
cadmium (notoriously toxic metals) [12].but significant concentration of Ra 226 (670
Then fifteen collections from Australia, Can-Bg/kg).
ada, New Mexico and Switzerland were ana- Even more amazing is the presence of a
lyzed for about 60 chemical elements. Som&aggering amount of Mn (116-4570 mg/kg
myxomycetes species demonstrate tolerate based on dry matter) compared with a rela-
incredibly high levels of heavy metal accutively low Fe (232-478 mg/kg based on dry
mulation. The results of this research wermatter) content. These metals are chemically
processed and present on graphs (Fig. 1-8pse, but in most organisms, efgngi, iron
for five myxomycetes specieBuligo septica  predominates over.
(L.) Wigg., Reticularia splendens Morgan,R. As it was shown in several study, sep-
lycoperdon Bull., Tubifera ferruginosa tica has an enormous affinity for zinc Zn
(Batsch) J.F. Gmel. andlycogala epiden- (395-3600 mg/kg based on dry matter)][16
drum (L.) Fries. This species have relativelyit contains on the average 240 times more
big fruiting body and three of thenf.(sep- than theVaccinium (10-160 mg/kg in blue-
tica, L. epidendrum, T. ferruginosa) are in Dberry leaves). The high amount of zinchn

many habitats around the world. septica is rather intriguing, since it is much
% more than ever encountered in macromycetes
10 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-
6 / \ reas Zn concentrations in plasmodia Faf

4 septica ranged from 8400 to 23000 mg/kg (-

5 / \ ~ 1) dry wt. It is remarkably, that forest litter
1 V LEIN é on which this species was found had Zn con-
0 T T T T T T H
K Ca Mg Ba St Ma Fe Cu Zn Cd Cr Ni Su Bi centrations o_f only 25 to 130_mg kg (-1_) d_ry
wt. [18]. A higher concentration of Zn is in

Fig. 1. Concentrations of metals iRuligo sep- hypothallus regions of. septica near the

tica: total contain on the average 16,39% on d ase of the fruiting structure than in other ar-
matter of fruiting body ' as of the fruiting body. These metals ap-

peared to be “complexed” and thus may not

F. septica (Physarales) produces the larg2fféct myxomycete growth or reproduction.
est plasmodium and aethalium of any slim&olerance to high levels of heavy metals may
mold (from 2 to 20 cm in diameter and some?€ related to the ability to sequester them in
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regions where reproduction is unaffected [8}rations of Tubifera (28—61 mg/kg based on
They suggested that the metal probably afiry matter), are less than kb septica, but
fords protection from some more dangerousignificantly higher than those measured in
factor by acting as an enzyme activator in denacromycetes. In fungi the non-metal phos-
toxification systems. This hyperaccumulatiophorus plays a key role in the intracellular
ability of Zn inF. septica seems to be uniquetransport of many metals (as soluble complex
to this species. The mechanism of this metphosphates), and its level is indeed positively
resistance is now understodélseptica pro- correlated with the heavy metal concentra-
duces a yellow pigment called fuligorubin Ations present. These observations do not
which has been shown to chelate metals asdem to apply to slime moulds, since the
convert them to inactive forms [7]. phosphorus content ofubifera ferruginosa

In addition, in lesser but still significant[16].
amounts, Ba, Cd, Fe, Mg, and Sr were found Two species genuReticularia (Liceales)
in F. septica in amounts much greater than irare not so common &s septica, T. ferrugi-
macromycetes and micromycetes. The iromosa andL. epidendrum, but they especially
and cadmium content are also higher than tlamalyzed for showing distinguish in metal
amounts measured in the substrate, but themposition for related slime molds (Fig. 3,
concentration rates are much smalle[16 4). Both have rather large pulvinate fruiting

Fruiting bodies ofT. ferruginosa crowded bodies (from 1 to 8 cm in diameter), bRt
together and compressed, forming raspberrsplendens usually forming a white hypothal-
like forms. Individual fruit bodies are lesslus ring about the base of the aethalium.
than 0,5 mm wide and are up to 3-5 mm
high, but compressed clusters can be upto .
cm or more in length. 1

% 0.8 A

0,3 A

0,6
0.25 ‘ / \

A

L\ NAVA
0,15 \ 02 Y
0.1 0 *ﬁﬁr\—*rmv—ﬁ—m
0.05 \.’A A /\ K CaMgBa Sr Mn Fe Cu Zn Cd Cr Ni Sn Bi
0 -

K CaMgBa Sr Mn Fe Cu Zn Cd Cr Ni Sn Bi Fig. 3. Concentrations of metals iReticularia
splendens total contain on the average 1,56% on
Fig. 2. Concentrations of metals iFubifera fer- ~ dry matter of fruiting body.
ruginosa: total contain on the average 0,58% on
dry matter of fruiting body %
0,3
Tubifera ferruginosa (Liceales) seems to o, §
be poor in metals (Fig. 2 fruiting body of \
this specieX contains in the highest concen- . \
tration (210-290 mg/kg based on dry matte © /\ =
in compare with other metal, but it is less AN [\ /\
then inF. septica (220390 mg/kg based on ™ ed Y \ sy =
dry matter) andR. lycoperdon (380-480 O e
mg/kg based on dry matjeiThis species ap-
&a;szgl-)é)onzll}; g?giﬁgg)atzﬁ dhrenae\llgnr;s%arf (Igig-‘g 4. Concentrations of metals iReticularia

K CaMgBa Sr Mn Fe Cu Zn Cd Cr Ni Sn Bi

coperdon: total contain on the average 0,89%
68 mg/kg based on dry matter), but the leve per g °

X dry matter of fruiting body
are far less spectacular. The calcium concen-
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Most significant deferens between species It is worth noting that in the five slime
of same genus is high concentration Mg (80%o0lds the essential element Mn is present at
mg/kg based on dry matter) in fruiting bodythe same concentrations as those generally
of R. splendens, while R. lycoperdon contains observed in macromycetes. The magnesium
only 78 mg/kg (based on dry matter) of thisontent of mushrooms is subject to little vari-
element. In contrast to other species of thation. The metal K, the principal cation in
genus R. splendens demonstrate a bibwer green plants and mushrooms is very low in
level of K (380-480) and Ca (150 mg/kgslime moulds. The concentrations even lower
based on dry matter); in case Rflycoper- than those of the Polyporaceae which contain
don, these data take the meaning 270 and 1g@nerally about 1% of potassium on dry mat-
mg/kg (based on dry matter) respectively. Iter [16].
turn R. lycoperdon has high content of Fe Other slime mold speciesSymphytocar-
(188), Zn (119), Ba (32) and Mn (27 mg/kgous flaccidus (Lister) Ing & Nann.-Bremek.,
based on dry matter), while as R splen- Amaurochaete atra (Alb. & Schwein.) Ro-
dens these elements have a concentrabn staf.,Ceratiomyxa fruticulosa (O.F. Mull.) T.

78, 69, 5-6 and 5-7 mg/kg (based on dry maMacbr, Semonitis sp.) apparently only con-
ter) in accordance with the order of citatiorcentrates zinc, cadmium and, perhaps copper,
elements [16]. but the levels are far less spectacular, then

L. epidendrum is most well known and present data [12].
most common species of slime mold. It has In some stalked myxomycetes species of
carmine-pink plasmodium, which developinggenusHemitrichia, Physarum, Trichia heavy
into a grey-brown crowded aethalium 3-10netals were detected only in the stalk region.
mm in diameter. The analytical methods suggest that metal

precipitation in the stalk region may provide

% tolerance to high metal levels. By EDX, met-

0.4 als (Fe, Cr, Mn, Si, Al) were detected as
0,35 /A\ crystalline precipitates in the stalks of fruit-
03 T\ ing bodies. Viewed by TEM, clusters of bac-
0022 [\ teria were observed in stalk and hypothallus
e regions. The bacteria and individual spores in
0.1 \\ /’\\___\ sporangia contained polyphosphate bodies
0»0(5) N~ N\ Py (including P, Ca, K) in their cell cytoplasm.

EDX analysis showed the electron-dense
precipitate inPhysarum comprises Fe, Si, Al,

Fig. 5. Concentrations of metals Lycogala epi- Mg, Cl, Cr, and Mn. By contrast, regions of

dendrum: total contain on the average 0,98% oﬁhe I—_Iemitrichi_a stalk V.Vith deteriorated plas-
dry matter of fruiting body modial material contained only P and Cl. The

most common metals detected in stalk sedi-

L. epidendrum (Liceales) seems to bioac-Ment were Fe, Al, and Cr. Precipitates of Al,
cumulate copper (52—-84 mg/kg based on d§,|, K, and Cl on outer _stalk or pe_rldlum Wa_llls
matter), whereas the four other slime mould¥ere seen frequently in all species examined
appear to exclude this metal (Fig. 5). In mo&nd possibly represent minute soil particles.
L. epidendrum specimens was observed not all analyzed stalked species, the polyP bo-
less than 20 mg/kg tin (19-30 mg/kg basegies seen in spores W!thln sporangia and in
on dry matter), a metal that usually occuyrgacteria frpm stalk regions contained P, Ca,
only in traces (<1 mg/kg) in plants, animal@nd occasionally K [8]. _
and fungi. It is noteworthy that no accumula- FOr determine the accumulation of heavy
tion of elements from the same group such &€tal, myxomycetes were assessed from for-

arsenic and antimony could be found [16]. est pqt.ch(.es on volcanic and ultramafic .s.oils
of Philippines. Collected substrates, fruiting

K CaMgBa Sr Mn Fe Cu Zn Cd Cr Ni Sn Bi

161



TETIANA KRYVOMAZ

bodies, and plasmodia of selected myxomynce that exists between bacteria and other
cetes tested for heavy metal were all positivail organisms. The myxomycetes seem es-
for Cr and Mn. Interestingly, Cr and Mn con-pecially well suited to serve as biological in-
tens of tested myxomycetes were equal dlicators in environmental safety for assessing
higher than that of its leaf substrate. The bidhe fundamental differences that exist for the
absorption of Cr and Mn by myxomycetesoil microbial system among selected study
has been assessed, and the heavy metal csites p].

tent of substrates and fruiting bodies deter-

mined for selected species [10]. /\/\/\/\/\

=
£

myxomycetes [y cerarion

DISCUSSION 23 fruiting body

[11] m

_ £ K,(m/d)f 2 § DETRITUS
For environmental safety would generate®s
. . . =

a body of novel information relating to the $ soit

ecological effects of targeted analytes on ter o A
restrial community of living organism dy-

plasmodium
. . bacteria P
namics. The concentration of metals depend%

not only on the biological characteristics of Org;nic funga”}\,phae
the species and the phases of their develop- matter and spores

ment, but also on the environmental situation
in the area of their occurring. The resistancz .

Fig. 6. The scheme of heavy metals accumulation
of myxomycetes to overage heavy meta

h it hani . ) myxomycetes: heavy metals concentration (K
may have different mechanisms. It is possibl€y ansition index of heavy metals) increases in

that myxomycetes have tolerance to thesge direction from substrates to myxomycetes,
chemical elements or make some effectivgnd it decline from the forest floor to the trees

barrier for protection physiological functions.
At present, little is known about the chemical
forms in which the metals occur in the myx- |n perspective environmental ground pol-
omycetes. Transport of heavy metals depenfiion may be remediated by myxomycete
from pH of environmental. It is consideredruiting bodies and plasmodia. The results for
that true tolerance based on such complgx septica proved to be most remarkable.
mechanisms of metabolic protection asThis specieshyper-accumulate and concen-
change of metabolism; differences in memrate highly toxic levels of Zn several thou-
brane structure and function; selective ionsand fold greater than site vegetation and
absorption; removal of ions from metaboligesser significant amounts of Ba, Cd, Fe, Mg,
processes by deposition or a fixed insolublgnd Sr. The massive, cushion-shaped aethal-
forms in different organs and organelles, etum of this species has a large yellow plas-
[13] modium that may serve as an experimental
The concentration of heavy metals in thénodel to study the uptake and concentration
forest litter is higher than in living plantsof heavy metals. The biochemical detoxifica-
[13]. On the other hand, the concentration qfon mechanism of highly toxic levels of zinc
some heavy metals in fruiting bodies studiegh F. septica and the cloning of the genes in-
myxomycetes is higher than in their subyolved could be used in plants with greater
strates and soil (Fig. 6). biomass for bioremediation of polluted soils
The myxomycetes merit recognition in the4]. Also F. septica may be useful as an indi-
scientific community as organisms of specialator of pollution, and further examination of
significance that can answer basic biologicahis species (to determine the location of Pb

questionsThese organisms apparently play & the fruiting body) should be pursued.
major role in maintaining the ecological bal-

umulat
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Moreover, the considerable variation in 4. The concentration of metals depends
metal concentrations between the tidigo not only on the biological characteristics of
collections from low elevation indicates thathe species and the phases of their develop-
additional collections of all myxomycetesment, but also on the environmental situation
species are needed to determine whether a irethe area of their occurring, in this connec-
lationship exists between metal concentratidion the resistance of myxomycetes to over-
and site elevation [8]. Tree canopy researcge heavy metals may have different mecha-
has shown that aerial pollution results in theisms.
decrease of myxomycete species richness 5. Fuligo septica (L.) Wigg. was proposed
higher elevations. When more environment.as perspective bioindicator for the detection
parameters are better known myxomycetiof Zn on the grounds of the ability to accu-
may one day serve as the basis for evaluatimulate this metal and by reason of this spe-
the impact of pollutants on living tregj. cies have widespread distribution in terres-

Ultimately, a better understanding of thiitrial ecosystems.

entire system could lead to the developme
of methodologies utilizing myxomycetes tc
assess remediation efforts at spill sites.
addition, these methods could be used
monitor the conditions associated with vari
ous storage operations such as the leeching
selected analytes [11].

CONCLUSIONS

Living organisms involved in all of the
elementary soil and biological processes th
directly or indirectly affect the mobility of
trace elements. The myxomycetes are orge
isms of special significance that can answ:
basic biological questions. Myxomycete:
seem especially well suited to serve as bi
logical indicators in environmental safety fo
assessing the fundamental differences tr
exist for the soil ecosystem.

1. The assessment of heavy metal acce,

mulation by myxomycetes shows the impol
tance of these organisms for environment
safety monitoring.

2. Myxomycetes have undiscovered pc
tential for bioindications and bioremediatior
of heavy metal and environmental manag
ment.

3. The scheme of heavy metals accumul
tion by myxomycetes was make to demor

strate that heavy metals concentration iig.

creases in the direction from substrates
myxomycetes, and it decline from the fores
floor to the trees.
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in trickling biofilters
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Summary. On the basis of the analysis of exbiofilms has some significant advantages and
isting models and methods of calculation, pras widely used in practice and the research of
posed a general mathematical model of the progiofilm wastewater treatment processes was
ess of removal of organic contaminants in afeyeloped quite extensively. Unlike flooded
aerobic biological wastewater treatment in trickg o< “in trickling biofilters effluent liquid
ling biofilters with sufficient support bio- EOWS ’down as a layer over the surface of the

oxidation by oxygen. Results of comparison o . :
theoretical calculations with experimental dat eed material that can be run in the form of

obtained by different authors in trickling biofil- Plates made of polymeric materials or of par-
ters with different loading are presented. As thiicles of different rocks [1, 2, 6, 7]. In addi-
results, the theoretical calculations are in gdnertion, the air enters the natural way at the top

well correlated with the experimental data. or bottom of the filter with flat flow.
_ Key words: biofilter, waste water, biological  EXxisting researches on the basis of which
film, model, treatment was developed and proposed the methods of

calculation have been mostly empirical in
nature and were developed using simplified
INTRODUCTION approaches (models) and simple theoretical
, , approaches (models). So as a result of the
An important aspect of environmentabnaysis of existing models and methods of
problems is to develop a reliable, efficientqcyjation of treatment parameters of trick-
and economic facilities for treatment_ of do“ng filters [3], and taking into account also
mestic wastewater. In accordance with regypq shortcomings of existing research in [8]
latory requirements it is necessary to condugta most comprehensive and advanced three-
a more advanced biological wastewatelhase mathematical model consists of hydro-
treatment. Recently becoming more COMMOR\ namic block and dynamics block of or-
in p'ractice the biological reactors pf differenbamiC contaminants and air (oxygen) in trick-
designs, due to the formation of high concerq fiiters was formulated and proposed. The
tration of microorganisms in the form of atyyeneral scheme of this model is presented in
tached biofilm on the material loading of thq& 9]. The mathematical model is described
blorea}ctor, which is effe.ctlve in removingpy 5 system of interrelated equations the so-
organic and other contaminants [1, 2, 3, 4, Sjtion of which determines the changes in the
Biological wastewater treatment in StruCeoncentration of contaminants and oxygen in
tures with attached biomass in the form Qfyers and in a trickling filter as a whole. The
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analysis of the mathematical model showesis thickness of the biofilm filter will de-
that for use in practical calculations, the gererease due to the decrease in the concentra-
eral model can be simplified, namely considion of contaminants that are extracted, and
ering the flow of contaminants in the biofilmwith the increase in the specific surface of
and their removal at a constant conditionshe material load. The proposed models and
This takes into account that the aerobimethods in general allow us to consider this
treatment process in sufficient quantity profact.
vided with oxygen, that is not limited by A comparative analysis of theoretical cal-
oxygen, as well as a number of other condeulations with experimental data, which indi-
tions, which are generally valid and do notates that the proposed model and developed
introduce significant errors in the calculaon the this basis the methods of computation
tions [1, 4, 5]. for adopted the averaged constant values of
On the basis of implementing the modetickness of the biofilmd sufficiently reli-
the engineering methods of calculation ohble and adequately describe and show the
technological and design parameters gfrocesses in these cases [1, 4, 13, 14, 15].
treatment trickling filters were proposed [10,
11]. Dependences for determining the varia-
tion of contaminant concentration on the JUSTIFICATION OF THE MODEL
thickness of the biofilm and the height of the AND METHOD OF CALCULATION
biofilter under different possible speeds (ki-
netic) reactions remove organic contaminants In this article we discussed the basic posi-
are proposed too. The criteria and recontions and the results of theoretical studies of
mendations to determine the feasibility anderobic biological wastewater treatment of
optimal thickness of the active biofilms,organic contaminants in trickling biofilters.
within which there is an almost complete puSo, to determine changes in the concentration
rification from entering contaminents takeof organic contaminants (OQ) within the
place are presented. In [11] to perform thkiofilm thicknesss (Fig. 1) it is necessary to
calculations the necessary recommendationbtain the solution of the following equation:
on the choice of parameters and coefficients
that appear in equations and dependencies 92L
are given. The overall biofilm is a heteroge- D — -R =0, 1)
neous structure and the study of the processes OX
occurring in the biofilm devoted a lot of . . :
work [4, 5, 12, 13, 14]. So an important p which is perf(_)_rmed under the following
rameter in the calculation is determining th oundary conditions:
calculated thickness of the biofilm, which in
this case is an active thickness, consisting of
heterotrophic microorganisms, and the for- I
mation of its basic parameters largely de- | =°
pends on the load and hydraulic conditions ir \

the biofilter with attached biocenosis. In Ls

works [1, 11] on the basis of the implementa- | { | I ar 1
tion of the general equations for determining

the formation of the thickness of the biofilm I

are given specific dependencies to determin

it active part taking into account the pro- . - Z
sesses increasing the biofilm thickness, thi s g o "
disintegration of the biofilm and the speed ofig. 1. Concentration profiled in the biofilm
detachment from its surface. Moreover, weand the liquid film:I — fluid flow, Il — liquid
note that in biofilters with attached biocenofilm, Il — biofilm, IV — element load
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L . , -
N=-D_ g_x = K,_(Le - L|X:0) when x=0 Y :Z—i — the stoichiometric coefficient of

oL _ _ the biomass, g/qg,

X =0 when x=5. (2) X _ the concentration of biomass in the bio-

It is known [1, 8] that if the process offilm, BOD(g/m®), COD(g/nf).
waste recovery is not limited by the oxygen AS @ result of solving equation (1) with
that is provided by the oxygen in sufficienfoundary conditions (2) for first order reac-
quantity and the reaction rate in the absentiens R, (4) we get the following relation-
inhibitory effect is expressed by the knowrship for the changes concentratibron the

equation of Monod: thickness of the biofilmx :
__PmlL _Hm X Va(2-%) 4 Vo
TR Ty B ®)=e c . (6
m °( 2V 2Ja
(@20 1)+ &2/ 1)
Considering that at comparing low con- 5 Iy
centrations of contaminants often can be takwhere o = ki A= KD . X= X
en K, >>L, and at significant concentrations D Ki o

K,<<L and in these cases the reaction ki-

netics can be respectively the first and ze
order terms, namely:

, Dependence to determine the concentra-
{fon of contaminants on the outer surface of
the biofilm will get from equation (6) when
the valuex =0:

Ry=kl, k=Ltm, 4)
m L(0)=L; = AL, (7)
Ro=wL, W :Hme 1+e?

, (5) whereA = (

1+ e_¢)+ k(l—e“")’q) = 2/e.(®)

In the above equations and dependencies .
the following notation of some of the pa- On the basis of the dependence (8) for de-

rameters and coefficients are given: termining the parametek built design chart
L, Ls, Ly — the concentration of organic A= f(®.2) (Fig. 2). Using the dependence

contaminants in the biofilm in the filter and(?) €auation (6) can be simplified to this:

in the input liquid respectively, BOD(gfn

CoD(g/n?), Ls 10 -

6, 8, — the calculated thickness active’e 0 — -

(aerobic) biofilm and liquid film (boundary \\\___ 0 A

layer) respectivelym, 0.6 — A

D — the coefficient of molecular diffusion in ’

the biofilm, nf/h, &

K. — the coefficient of mass transfer of or- ,

ganic contaminants in the liquid film, m/h;

K, — the saturation constant (halfsaturation %° .
0,0 2,0 4,0 6,0 8.0 10

for organic  pollutants, BOD(g/Mh

COD(g/r’r?)_, i H ¢ Fig. 2. A graph of the dependench= f((l),?»).
Hm = m§X|muT specific growth rate o ml'Graph for determining the parameteifor pris-
croorganismsi~, matic download1 —3§ = 0,0001 m,

2-6=0,0002 m3-6=0,0003 m
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2x  X°
o L(x)=Ls| 1-— - : (14)
L(X):mLs, whereva = 2. (9) ) { pd ([38)2]
chva 2
LW d
Solving equation (9), we can estimate the L. = ° KL (15)
.. . . 5 — .
efficiency of treatment in this case by estab- D,
lishing a full or partial penetration of OC in 1- SK
the biofilm. -

The solution of equation (1) for a zero or- b
der reactionR_(5) considers the following If in many cases the ratie—=—<<1 then

two cases with different boundary conditions. oKL

In the first case, which corresponds to th& both cases of the valye we can use the
complete penetration of organic contamidependence (11) that to determine the con-
nants in the biofilm §=>1), the solution of centrationL;.

equation (1) is performed with the boundary To determine fluxes using equation (2) in
conditions (2), as a result, will receive thg11] lists the order of calculation first order
following relationship to determine the conkinetics and zero order at the condition of

centrationL in the biofilm: partial and full penetration of organic con-
taminants in the biofilm. Also, the graph of
w (8D x2 the concentration profiles for the kinetics or-
L(x)=Le ‘D—L{K—L”’SX‘—} (10)  der zero in the middle of the biofim at dif-
L L

ferent values offi<l andp>1 was provided.

_ _ Profiles constructed with a constant thickness
The value of concentration at the biofilmyt the biofilm § and correspond each to a

surface =0) will be: specific value of the concentratidn which
changes along the height of the filter.
L =L, w3 _ 11) The above sqlutions are o.btained for the
K. kinetics of reaction$_ of the first and zero

orders of magnitude, which corresponds to

With (11) equation (10) may be write for faJow and high concentrations of organic con-
ther analysis in the form: taminants. According to [15], in practical

calculations this corresponds to the relations
_ 2X X2
L(x) = L{l—(&S—Z— 2 BZJ
2LsD 2L
B= 8 2" or p5= |
WL 6 WL . . . .
culations of the reaction kineti¢g take the
) known Monod equation (3). In [15] to deter-
In the second case, which corresponds fgine the concentration df in the biofilm,
the partial penetration of organic c:ontam|mme|y on the surfade;, a method for solv-
nants in the biofilm {<1) the solution of jng equation (1) at given kinetic response of
equation (1) is provided &0 on the border R, according to equation Monod was pro-
posed. The nature and sequence of the pro-
posed iterative method of calculation are giv-
case: 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.

— Km .- .
} , (12) B _L_o>2 and B, <0,25. In addition in
D,

wastewater treatment by biofilters in some
cases we get the ratf within the bounda-
ries of 0,25 B < 2. In these cases, the cal-

(13)

x=96 Instead ofg—L:O in the previous
X
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According to [8] for determining the _ L, /(= _ = _ Lo _ o=
change in concentrations on height of bio- e L f(Q.z) and L, LT f(2),
filter is used the equation of conservation of _ 1 0 °
mass of contaminants in the fluid flow of thevhere: Q=="=—_.
biofilter in the form of: B AS

ole Ole i
n—=-Q—-FKK_ (Lg—Ls). (16
eat Qaz S L(e 8) ( ) LY
0.8 —
In stationary conditions, which occurs \ ¢
. . . . 0,6
very quickly, in a result of solving equations \\ )
oLe oo 0.4 0,75~
(16) at neF =0 and when taking into ac- ~—_
0’2 nj{
count the dependence (7) fag and bound- — | o025
0,0 — _ =z
ary conditionsL, =L, at z=0 for practical 0 02 04 06 08 )
calculations for the reaction of the first order
- - Lo
L=eB=e? A=K Fs(1-A),
(A7) 7 w0
Here: L, =—¢%, z=%, =is, Lo
LO S Q 45 \
F=pz="0;. Es
: \
0,4
To determine the concentration at the outle | \
of the filter (in filtrate)z= S we obtain: ’
0,0 \"‘"‘ . Az
. 0,0 1,0 2,0 3,0 4,0 500 0

L =Le®, 8252%8, (18)

Fig. 4. Graph of dependency, _Le
and to determine the working height of the Lo
filter S at a known predetermined parameters

L,, Q, ¢, Lg, and A, we obtain:

1
—_
—~
Nl
~

As a result of solving equation (16) for the
zero order reaction (5) with relation (11) for
S:gmi _ (19) determining the change in concentratibp

Les along the height of the filtee we may re-

ceive a dependency:
In following dependencies:

F; — the surface area of biofilm per unit Lo=L Fs 5 20
height of the filter, m, e=logWoz. (20)
S-— the working height of the filter, m,

Q — flow rate (volumetric flow rate), ?fh ~ The concentration at the outlet of the filter
On the basis of dependence (17) in Fig. 3z=s) will be:

4 built estimated graphs
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a Fs height of the biofilter based on valid reaction
Le(s)‘ Lo _EWL 58S, (21) rates in the biofilm for this case. In Fig. 5
shows a comparative graph when the input
concentration

#, = 0,160 kg COD/M Additionally note
that when performing calculations to con-

taine following equation: struct the theoretical curvk, = f(z) in par-

ticular according to [18], the flow rate value
s=_Q (Lo -Le(S). (22) was takenQ = 0,024 ni/h and the specific
Fsw & surface of the feed material
Fsn = 1160 ni/m®, and due to the relatively
large surface arels,, according to [14], the
DISCUSSION OBTAINED thickness of the biofilm adopteil= 25...30
RESULTS microns. Other necessary input data are ac-
cepted on the basis of the guidelines de-
Below some of the results of verificationscribed in the known literature. Thus accord-
and comparative analysis of the proposedflg to [17] the concentratioh,, was meas-
models and methods of calculation using exired in units of COD and BOD, and the
isting experimental studies are presented. BOD/COD relation was taken of 0,45 for the
Quite reasonable laboratory study on ej¥ncoming stream and 0,20 for the effluent
traction of organic contaminants in sewagfiltrate). On the chart Fig. 5 calculated con-
treatment biofilter under conditions sufficienicentrations are slightly below the experimen-
supporting of aerobic process by oxygen wasl one, but there has generally been a good
carried out in [17]. The reactor (biofilter) wasenough match between them.
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, 2
air is fed through the holes in the base of thes*
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. 0,5
Concentrations of dissolved oxygen varied
from 5.2 to 8.6 mg/l. The researches have 07/ o's i s 27 M
shown that these oscillations are not a limit- '
ing factor. The researches were carried oglt
for different input concentrations of COD
which varied betweerL, = 80...200 mg/|
(0,08...0,2) kg/m. In more detail the meth-

ods of researches and their processing are _
described in [17]. To assess the dependencies (18) the ex-

For comparative analysis of the results erimental data was used that given in [18]

theoretical calculations with experimentaI at allow us to cor_1duct a comparative as-
data has been used the above method of cSgssment of theoretical calculations with ex-
culation. According to this technique Withperimenta! data. The ca_lculations were per-
using given and accepted in the literatur@'Med using dependencies:
source of data the determination of the in-

termediate parameters,(A+) was conducted L = Le — B2 -2
and then on the proposed dependencies w © Lo

defined changes in the concentration on the

and to determine the height of the filter at
predetermined concentratioh,(S) we ob-

g. 5. Chart of changes in concentration along
'the height of the filtel, = f(2).
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Les/ Lo
B:%S’ Aq= KLFSS(]-_A)’ 0,4
Fys = Fs [S Z:é, (23) s
0,25

which in the determination of the concentra- 0,2
tion at the outlet of the biofilter (filtrate) take
the form: 01-

Ls=Loe B =LyeS, B=S= % 24) 00

herel, is the input concentration of organicF'g' 6. The dependendg, on the paramete

contamination, mg/; for the gravel biofilter loading, which oxidize
S— working height of the filter, m; urban wa§tewater: _

F; is the surface area of the feed material per— experimental data- — estimated curve

unit height of the filter, m;

KL — coefficient of transfer in the liquid film,

m/h; Some additions to the calculations.
A — the parameter which is determined ac- 1. When considering equation (16) the
cording to [10]. performance of suspended biocenosis in sew-

For the calculation of the paramefrwere age is not taken into account due to its insig-
taken out the data used in [18] and data takéificance effect.

from the literature. Though the some diver- 2. In accordance with the adopted general
gence presents of the experimental data witAodel [18], OC receipts from the waste lig-
the calculated, especially for large valuedid in the biofilm through the liquid film

L., in general, it can be considered a gOoquoundary layer) which is formed on the sur-

coincidence of the experimental data with thface of the biofilm. The analysis showed that
calculated P ¥ is necessary to consider the OC mass trans-

The results of the comparative evaluatiofner through the boundary layer that imple-

. P mented in the model in the equation (2) for
is shown in Fig. 6. It shows that although fo{he flux N as the boundary conditions on the

large valuesls there is some divergence Ofgytace of the biofilm. In [11] there are pre-
the experimental data with the calculated, bgented and considered recommendations for
in general we may count on their good coirnthe implementation of this equation when
cidence. solving specific problems.

In the literature, in particular [2, 5, 19], on 3. When removing contaminants by at-
the basis of analysis of existing research reached biocenosis (biofilm) on the biofilters
sults suggested a number of empirical def different designs their concentration along
pendences for calculation of parameters @fe height of the filter will decrease and ac-
wastewater treatment by biofilters. The basisording to accepted models will lead to the
of this research is a known functional degverall reduction in the thickness of the bio-
pendence of the concentration of the wastm on the height of the filter. The proposed
water outletL.s (BODs) in depending of a model and calculation methods allow to con-
number of factors, which with some modifi-sider this fact in principle. In addition, a nu-
cations depend of the type of load and othefierical comparative analysis of theoretical
factors used by different specialists fotalculations with experimental data that was
treatment [21, 22, 23]. carried out shows that the proposed model

and methods for calculating, based on the
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average weighted constant values of thicld. Oleynik A. Y. Kolpakova O. A., 2011.Calcu-
nesss is sufficiently reliable and adequately lation of wastewater treatment by biofilters
describe and show the process of treatment (trickling filters). Problems of watersupply,
in these cases [1, 4, 13, 15, 23]. sewerage and hydr_aullc. Kyiv, KNUCA, Nr
4. Extraction of organic contaminants in %/\?ar?r?e%og (Irll\luﬁragt?g'rt Rittman B. E
the biofilm under aerobic conditions is con-" S, ' e

. o 2006 Mathematical Modeling of biofilms.
trolled by the flow of oxygen in the biofilm. Scientificand Technical report, Nr 18, 208.

Organic matter may be present throughou! gjeynik A. Y., Vasilenko T. V., Rybachenko
the thickness of the biofilms, but cannot be s A Ihab Hamid Ahmad., 2006 Modeling

extracted on the section where oxygen is ab- of processes of purification of domestic

sent. In biofilters with attached biocenosis wastewater on the filters. Problems of water-

(biofilm) at the aerobic process of recycling supply, sewerage and hydraulic. Kyiv, KNU-

of organic contaminants it is necessary to CA, Nr7,85-97. (in Ukraine).

provide a dissolved oxygen concentration df- Logan B.E., Hermanowicz S.W., Parker

at leastC > 5 mg/l throught the all active D_.S.,' 1987Engmeenng implications of a new

thickness of the biofilm [1, 4, 11, 16]. The trickling filter model. WPCF, Vol. 39, Nr 12,
. : 1017-1028.

speed (limiting) of process will be deter-

: - /. Logan B.E., Hermanowicz S.W., Parker
mined by that substrate that penetrates mZo D.S., 1987 A fundamental model for trickling

biofilm at a shallower depth. filter process design. WPCF, Vol. 39, Nr 12,
1029—1042.
8. Oleynik A. Y., Kravchuk A. M., Kolpakova
CONCLUSIONS O.A., 2012. The theoretical justification of

wastewater treatment in trickling biofilters.
1. Implementation of the proposed model Annuals of NASUY Nr 3, 179-183. (in
with appropriate boundary conditions allows Ukraine).
to determine the changes in the concentrati®@ Kravchuk A. M., Kolpakova O. A., 2011.

of contaminants in the biofilra(x) and in the Modeling biological processes of removing of
filter L(2). organic contaminations on trickling filters.

2. It helps more securely and reliably to Bulletin ODABA, Odessa, No 13, 120-126.

R ; : (in Ukraine).

Justify the technological and constructive pag, % o ehuic’ A M., Kolpakova O.A., 2014,

rameters of b'Of'lterS that conflr_ms the_ evalu- Practical recommendations to calculations of

ation testes in laboratory and industrial con- \yastewater treatment on trickling biofilters.

ditions. Scientific-technikal journal, Kyiv, KNUCA,
3. The comparative results and their anal- 2014, Nr 24, 147-155. (in Ukraine).

ysis suggests that the proposed model aad. Oleynik O. Y., Kolpakova O. A., 2014.

developed on the basis of their calculation Modeling and calculations of the biological

methods to describe and show the process oftreatment on the trickling filters. Ecological

wastewater treatment in trickling biofilters ~Saféty and make use of nature, Nr 16, 68-86.

with sufficient adequacy in general. (in Ukraine).
12.1. Wimpenny, W. Manz, U. Szewzyk., 2000.

Heterogeneity in biofilms. FEMS Microb.
Rev. Vol. 24, 661-671.
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