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Urgency of the research. To overcome the image of one
of the most energy-intensive countries in Europe, to reduce
gas consumption in Ukraine, the need for compensation from
the state budget the difference in tariffs for communal heat-
generating and heat supply companies may decrease if the
cost of services, to take into account and eliminate heat loss.
The priority of the Government of Ukraine has been the intro-
duction of new mechanisms to promote energy efficiency on
the consumer side (in particular, the payment of the loan,
which the inhabitants of the house take for its thermo-or to go
to alternative heating, etc.), while according to experts 80% of
heat loss it occurs in areas generating and transporting. Tasks
relating to the modernization and reorientation of the country's
heating systems in order to reduce consumption of natural gas
are those that actually increase national, primarily the energy
security of Ukraine and are highly relevant and important
state.

Target setting. Creating application of economic and
mathematical tools for decision support in the process of
modernization and renewal of generating capacity of thermal
generation, construction of replacement facilities using mod-
ern technologies to achieve European standards for emissions
of pollutants and the use of other fuels, renovation of trunk
and distribution heat networks allow perform analysis of alter-
native management actions and will boost the development of
energy-efficient, technically reliable and safe operation of
heating systems of society with minimal economic burden on
end users.

Actual scientific researches and issues analysis. Sci-
entific, methodological and applied aspects of economic and
mathematical modelling of power system development pro-
cesses are devoted to the study Y. Bakhshan, S. Motadayen
Aval, F. Kamel and A. Hajhossini, J. Okrajni, K. Mutwil and
M. Ciesla, B. Yakovlev, A. Sapuhina, V. Kurochkina and
S. Novikov, S. Orlovsky, V. Volkov and O. Timofeenko,
B. Polovnikova and V. Huzeeva, V. Klimenko and Y. Orlov,
D. Chernikov, A. Aleksakhina and A. Boblovskogo, A. Bujak,
O. Havrysya, K. Mahkotilo and other domestic and foreign
scientists.

Uninvestigated parts of general matters defining.
However, until now no one has proposed to apply the models
and methods of the theory of planning and network manage-
ment, as well as still have not developed a science-based
system of economic and mathematical models of decision
support with respect to the modernization of communal heat
power.

The research objective. The main objective of this work
is to systematize and review of scientific works of foreign and
domestic scientists, containing analogues and prototypes,
which are the basis for further improvement of the concept of
rational functioning of the market of energy materials and
products based on the creation of a complex of economic and
mathematical models of resource management and costs in

and mathematical modeling of thermal power
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CYYACHWWU CTAH PO3POBOK B FrAny3l|
EKOHOMIKO-MATEMATUYHOI'O
MOZAENIOBAHHA PO3BUTKY
TEMNNOEHEPIrETUKN

AkmyanbHicmb memu AocnidxeHHsi. [1odonaHHs imi-
Oy OOHiei 3 Halbinbw eHepeoiHMeHcusHUX KpaiH y €aporii,
CKOPOYEHHS1 CrioxusaHHs1 2asy 6 YkpaiHi, HeobxiOHocmi y
rnokpummi 3 6100emy pisHUyYi 8 mapucghax Ornisi MernsI0KoMy-
HeHep20 MOXHa docsizmu, KOnu 3MeHwysamu cobieapmicme
nocnye, obnikogysamu i npubupamu empamu menna. Kno-
4osum npiopumemom Ypsidy YkpaiHu cmarno 3anposadKeHHs
HOBUX MeXaHi3Mi8 CcmuUMysI8aHHs Mid8UUEeHHS] eHepeoege-
KMmUHOCMI Ha CMOPOHI CMOXUBAHHSI (30Kpema, Ue KOMIeH-
cayisi yacmuHu Kpedumy, Ky MewkaHUyi b6yduHkie 6epymb
Onsi (lo2o mepmMomodepHisauii yu nepexody Ha anbmepHamu-
8He orasieHHsl, ma iH.), y mou 4ac fiK 3a OuyiHKamu ekcriepmis
80% empam menna eid0bysaembcs 8 Micusix (020 2eHepy-
8aHHS | mpaHcropmyeaHHsi. 3ag0aHHs w000 ModepHisauii ma
rnepeopieHmaujii cucmem mernornocmayaHHs KpaiHu 3 Memoro
CKOPOYEHHS CIIOXUBaHHSI MPUPOOHO20 2a3y € makuMu, Wo
ghakmuy4HO nidsuwyoms HauioHanbHy, 8 rnepwy yepay eHep-
2emuyHy besneky YkpaiHu, i € ekpal akmyanbHUMU ma Oep-
JKaBHO 8aXIIUBUMU.

lMocmaHoeka npobnemu. CmeOpeHHsT MpuKIadHO20
EKOHOMIKO-MamemMamu4Ho20 iHcmpyMmeHmapito 0ns niémpu-
MKU npuliHAMMS piweHb y npoueci MoOepHi3auii ma oHO8-
JIEHHST 2EHEPYIOYUX TomyxHocmel mennosoi 2eHepayii, 6y0i-
gHUUMBa 3aMilyroqux rnomyxHocmel 3 8UKOPUCMAaHHAM
cyyacHux mexHornogit, siki 0o3eonstomb docsszamu esporiel-
CbKux cmaHOAapmig no sukudax 3abpyOHIOKYUX PeYOBUH ma
guKopucmaHHs iHWuUx eudie nanuea, OHOBIEHHSI Mazicmpa-
JIbHUX | po3r100inb4Yux Mepex mernnornocmayaHHsi, 00380UMmb
BUKOHy8amu aHarni3 arnbmepHamueHUX eapiaHmig yrnpaeriiH-
cbKux Oill ma cripusmume akmusizauii eHep2oegheKkmueHo20
pO38UMKY, MexHiYHO HadiliHo2o ma 6e3rneyHo2o (hyHKUIOHY-
8aHHs1 cucmeMm mernno3abesneyeHHs1 cycrinbcmea 3 MiHima-
JIbHUM €KOHOMIYHUM HagaHMaxeHHsIM Ha KiHUesux crioxuea-
yie.

AHani3 ocmaHHix docnidxeHb i ny6nikayil. Haykosum,
MemoOuyHUM | npuknadHUM  acriekmam — eKOHOMIKO-
Mamemamu4Ho20 MOOEsII08aHHS NPOUECi8 PO3BUMKY mernsio-
eHepzemuku  npucesideHi  docnioxeHHs Y. Bakhshan,
S. Motadayen Aval, F. Kamel ma A. Hajhossini, J. Okrajni,
K. Mutwil i M. Ciesla, b. 5lkosnesa, A. CanyxiHa, B. KypoukiHoi
U C. Hosikosa, C. Opnoscbkoeo, B. Bornkosa i O. TumogheeH-
ka, B. [llonosHukosa | B. Xyseesa, B. KnumeHka ma
1O. Opriosa, []. YepHikosa, A. AnekcaxiHa i A. bobroscbkoeo,
A. Bysika, O. laspucs, K. Maxomuno ma iHwux 8imyu3HsiHuxX i
3apybiXHUX HayKosUuis.

BudineHHs1 HedocidXeHuUx YacmuH 3a2anbHoi npo-
6nemu. [Mpome Ooci HiXMO He MpPoroHysas 3acmocosysamu
modeni i Memodu meopii nnaHysaHHs i yrnpassniHHs Mepexa-
Mu, a makox doci He po3pobrieHo Haykogo o0bzpyHmoeaHoi
cucmemu €eKOHOMIKO-MameMamuyHux modenel nidmpumKku
npulHamms piweHb w000 MOOepHi3auii KoMyHanbHOI mern-
JI0eHep2emuKu.

MocmaHoeka 3aedaHHs1. [0r108HOK Memoro yiei pobomu
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the process of modernization of communal heat energy in
Ukraine.

The statement of basic materials. The paper systemati-
cally analyses and scientific works of foreign and domestic
scientists, containing analogues and prototypes, serve as the
basis for further improvement of the functioning of the concept
of sustainable market for energy materials and products
based on the creation of a complex of economic-mathematical
models of management of resources and costs in the process
of modernization municipal power system in Ukraine. It is
proved that the idea of adapting the methods of graph theory,
as well as deterministic and probabilistic network models tak-
ing into account the time, cost and resources for planning and
management practice, modernization, reconstruction and
replacement of process equipment heating stations and ther-
mal networks enterprises of power in Ukraine, characterized
by scientific novelty and is a tool inform decisions heat gener-
ating and heat supply companies, investment companies, the
legislative bodies regarding the technically reliable and safe
functioning of the energy supply company systems.

Conclusions. The use of modern information technology
and network of economic and mathematical models and
methods to simultaneously consider all the economic and
physical conditions and to determine the best option in the
process of modernization of communal thermal power will
become one of the components forming a system of support
for the introduction of new management systems to the inno-
vative development of the energy sector of Ukraine , will pro-
vide decision-making in favour of the power supply systems,
which are the most beneficial to the safety position, the relia-
bility (continuity), the quality of energy supply and the provi-
sion of affordable and attractive for the environmental conse-
guences of energy services.

Keywords: heating; energy efficiency; economic and
mathematical modeling; methods and models of project man-
agement; network planning and management.

€ cucmemamu3ayisi i 025190 HayKosux npaub 3aKopOOHHUX i
8IMYU3HAHUX 84EHUX, W0 MICMAMb aHaoau ma npomomunu,
€ 0CHOB010 051 Modarbwo2o 800CKOHaNeHHs KOHUenuii paui-
OHarlbHO20 (hYHKUIOHY8aHHS PUHKY eHep2emuyHuUX mamepia-
nie ma npodykmie Ha MidrpyHMi CMeopPEeHHsI KOMIIIEKCY eKo-
HOMIKO-MameMamuyHUx Modenel peayrniosaHHs pecypcis i
sumpam y npoueci MoOepHizauii KOMyHanbHOI menmnoeHep-
2emuKu 8 YKpaiHi.

Buknad ocHoeHo20 Mmamepiany. Y cmammi cucmema-
musoeaHi ma npoaHanizosaHi HayKosi npaui 3akopOOHHUX i
8IMYU3HAHUX 84EHUX, W0 MICMAMb aHanoau ma npomomunu,
€ 0CHOB010 051 Modarbwo2o 800CKOHaNeHHs KOHUenuii payi-
OHarlbHO20 (hYHKUIOHY8aHHS PUHKY eHep2emuyHuUX mamepia-
1nie ma npodykmie Ha MidrpyHMi CMeopPEeHHsI KOMIIIEKCY eKO-
HOMIKO-MameMamuyHUx Modenel peayrniosaHHs pecypcis i
sumpam y npoueci MoOepHizauii KOMyHanbHOI mernsnoeHep-
eemuku 8 Ykpaiti. ObepyHmosaHo, wo idesi adanmauii me-
modie meopii epaghie ma OemepmiHogaHUX i UMOBIPHICHUX
mepexesux modesniel 3 ypaxysaHHsIM 4acy, eapmocmi U pe-
cypcie 0o npakmuku nnaHyeaHHs | yrpaeniHHs MoOepHizauy-
€10, PEKOHCMPYKUiE0 ma 3aMiHO MexHON02i4Ho20 obnal-
HaHHS mernosux fyHKMI8 i mernnosux Mepex nidnpuemMcms
mernnoeHepaemuku YKpaiHu, Xxapakmepu3yembCs HayKo8ow
HOBU3HOI i € iHCMpyMeHmom obrpyHmyseaHHs piweHb mern-
f102eHepyoYuUMU i mernonocmayanbHUMU nidnpuemMcmeaamu,
iH8eCMUUItHUMU KOMNaHIAMU, a MmakoX 3aKoHOM8opYUMU
opeaHamu, w000 mexHi4Ho HadiliHoeo ma 6e3ne4yHo20 hyHK-
UioHysaHHs1 cucmem eHepao3abe3rnedyeHHs cycrinbcmea.

BucHoeku. 3acmocysaHHsi Ccy4YacHux I[HghopmauitiHux
mexHosozili ma Mepexeeux eKOHOMIKO-Mamemamu4yHUX Mo-
Oeneli i Memodis, wWo 00380/1510Mb 0OHOYACHO 8paxysamu yci
EKOHOMIYHi ma bi3uy4Hi ymosu i 3Haxo0umu Halkpauwul eapi-
aHm i@ 4ac MoOepHi3auii KOMyHarbHOI mernnoeHepaemukKu,
cmaHe 00Hieto 3i cknadosux ¢hopMysaHHs cucmemu nmiompu-
MKU 8r1pogadxeHHs1 HO8IMHIX cucmem yrpassiHHA 3 Memoto
iHHOBaUIlIHO20 PO38UMKY eHep2emu4yHo20 cekmopy YkpaiHu,
3abeanedyysamume npulHIMMS pilleHb Ha Kopucmbe cucmem
eHepzorocmayaHHsi, sIKi € HalueueiOHiwumu 3 ro3uyit besne-
Ku, HaditiHocmi (6e3nepebiliHocmi), skocmi nocmayaHHs1 eHe-
paii i HaGaHHA eHepeemuyHUX riocsye, 60CmyrnHUX 3a UiHOH
ma rpueabnueux 3a eKosioeiYHUMU Haciokamu.

Knro4doei cnoea: mennornocmadaHHsi; eHepaoeghekmus-
Hicmb; eKOHOMIKO-Mamemamuy4He MOOeso8aHHs, Memoou i
modeni ynpaeniHHs npoekmamu; Mepexege rnaHysaHHs i
yrpaersiHHs.

Relevance of the research topic. Modernization and reorientation tasks of the heat supply sys-

tems of the country for the purpose of reducing natural gas consumption are those which actually im-
prove the national, first of all, energy security of Ukraine, and are extremely urgent and of the utmost
importance to the state [1]. A key priority of the Government of Ukraine is an implementation of new
mechanisms for the stimulation of energy efficiency on the demand side (in particular, it is a compen-
sation of a credit part which the householders take for the thermal modernization or conversion to the
alternative heating, etc.) while according to the experts 80% of heat losses arise in places of its gen-
eration and transportation.

Image overcoming of one of the energy intensive countries in Europe, reducing a gas consumption
in Ukraine, need for a covering from the budget of a difference in rates for district heating companies
can be reached via reducing costs of services, accounting and control of heat losses that make possi-
ble the modernization of boiler stations and heating systems, moreover, the International Energy
Agency declares that each dollar invested in an energy efficiency will become 4 dollars of economy,
and such project will completely pay off approximately in four years [2].
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Problem statement. Creation of applied economic-mathematical tools for the decision making
support in the course of modernization and renovation of the generating capacities of the thermal gen-
eration, a construction of replacement capacities with the use of modern technologies which allow to
reach the European standards on pollution emissions and use of other types of fuel, renovation of the
transmission and distribution heat supply networks, will allow to analyze the alternative types of man-
agement activities and promote activation of the energy efficient development, technically reliable and
safe operation of the heat supply systems of society with the minimum economical impacts on final
consumers.

Analysis of the last researches and publications. The researches of Y. Bakhshan,
S. Motadayen Aval, F. Kamel and A. Hajhossini [3], J. Okrajni, K. Mutwil and M. Ciesla [4], B. Ya-
kovlev [5], A. Sapukhin, V. Kurochkina and S. Novikov [6], S. Orlovsky, V. Volkov and O. Timofeenko
[7], V. Polovnikov and V. Khuzeev [8], V. Klimenko and Y. Orlov [9], D. Chernikov [10], A. Aleksakhin
and A. Boblovsky [11], A. Buyaka [12], A. Havrys [13], K. Makhotilo [14] and other domestic and for-
eign scientists are dedicated to scientific, methodical and applied aspects of economic-mathematical
modeling of the heat power industry development.

Open parts of a shared problem. However nobody still suggested applying models and methods
for network planning and management theory, and also the scientifically-based system of the econom-
ic-mathematical models of decision making support regarding municipal power system modernization
isn't developed yet.

Problem definition. A key objective of this research is a systematization and a scientific works
overview of foreign and domestic scientists containing analogs and prototypes, is a basis for further
enhancement of the concept of the rational functioning the energy materials and products market on
the basis for creation of a economic-mathematical model complex for resources and costs regulation
in the course of municipal power system modernization in Ukraine.

Statement of the main material. Ensuring energy security and transition to energy efficient and
energy saving use and consumption of energy resources with implementation of innovative technolo-
gies, infrastructure modernization of the fuel and energy complex and introduction of modern power -
and ecologically effective equipment and technologies for the loss reduction of fuel energy resources
are by Strategy on Sustainable Development ,Ukraine — 2020” [15] in preference manner determined
as a top-priority within implementation of the power reform and the energy efficiency program accord-
ing to the vector of development and programs of energy independence and preservation of the envi-
ronment according to the safety vector. Thereby the task of the effective analysis methods develop-
ment using modern information technologies is critical in case of decision making for the municipal
power system modernization in Ukraine.

District heat supply system of the residential and public facilities in Ukraine, which generally were
created during mass housing construction in the 60s - the beginning of the 80s of the past century and
since then were practically not renovated, cover heat requirements of about 55% of the population.
The main and auxiliary equipment of many boiler rooms was used up the allowable working period;
low-efficiency and obsolete boilers, obsolete automatic equipment and burner devices operate there
that causes considerable fuel consumption, unacceptably high environmental pollution and results the
loss in reliability and quality of the heat supply.

Total length of heat pipes in Ukraine makes about 47 000 km in two-pipe calculation; there are 20,8
thousand km of heat distribution networks on balance of the enterprises of the municipal heat power
industry. There is one of the highest in the world saturations of heat distribution networks in the cities
in Ukraine. According to the different data more than 80% of the heat distribution networks are amor-
tized, and more than 40% are worn-out in service. The specified circumstances are substantially the
fact that in Ukraine the heat consumption for heating of facilities of the same area exceeds the level of
WEC by 2-3 times [16].

Over many years the housing and communal services enterprises and first of all heating supply en-
terprises performed and still perform a function of ,the social buffer”. In the last 15-20 years almost all
internal technical reserves of systems and the equipment were used, they are technically obsolete.
Investments in a modernization of the existing heat supply systems make only a part from the neces-
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sary and are insufficient not only for energy efficient modernization, but even for the maintenance of
systems in good repair [1].

The use of economic-mathematical models and methods is rational in the performance of tasks of
the resources sharing and using necessary for the modernization, reconstruction and replacements of
the equipment of heat points and heat distribution networks of the enterprises of heat power industry
of Ukraine, the reduction of time for the performance of work items for reduction of a general duration
of the project and determination of admissible delays for further coordination of the project execution.

The most complete and significant researches of network planning and management models by
means of which it is possible to determine duration of works, intensity of the resource consumption,
rationally and in a balanced way to allocate labor, material and financial resources by each type of the
interconnected works which performance requires the compliance with a specific technological se-
guence, belong to the American scientists, to D. Phillips and A. Garcia-Diaz [17].

The British scientists Y. Bakhshan, S. Motadayen Aval, F. Kamel and A. Hajhossini for the purpose
of heat characteristics improvement investigate the use of various types of nanoliquids in heat pipes
[3] analytically and numerically.

The Polish scientists J. Okrajni, K. Mutwil and M. Cies$la developed models for the description and
calculations of strength and durability of steam pipes under the conditions of mechanical and thermal
influence [4].

Scientific activities of the Belarusian researcher Yakovlev B. V. are connected with creation of the
new theoretical and practical approaches and bases promoting increase in functioning of district heat-
ing and heat supply systems [5]. Methods and models generalization of the graph theory as the bases
of network planning and management is performed by Sakovych V. A. [18].

Based on mathematical models the Russian researchers Sapukhin A. A., Kurochkin V. A., Novikov
S.0. analyze the efficiency of polyethylene and steel pipes use from the point of view of economic and
other components [6], Averyanova O. V. studies thermodynamic processes and interrelation regulari-
ties [19], Akhmedov A. M. investigates the condition and quality of capital repairs of main pipelines
[20], Orlovsky S. Y., Volkov V. N., Tymofeyenko A. P. calculate in terms of quantity the pipeline corro-
sion control methods of heat networks and various increases of pipe wall thicknesses [7], Kocheshko-
va L. G., Kocheva M. A. - sufficiency of the pipeline cathode protection [21]. Skapyntsev A. Y., Pota-
pov O. D., Lavrusevych A. O. developed the mathematical model of the hazard evaluation of pipeline
erosion [22]. Polovnykov V. Y. carried out the mathematical modeling of the heat transfer in a trench-
less pipe laying zone in case of earth freezing and the analysis of heat losses in similar conditions [8].
Klymenko V. A. and Orlov Y. N. constructed an optimization mathematical model allowing to analyze
the market of heat and quality of services provided to consumers [9]. Chernikov D. M. developed an
information technology for the support of planning processes and carrying out repair of heating mains
which component was a synthesized simulation model for the factor evaluation, which is essential in
reaching the decision about modernization and reconstruction of the existing sites of heat networks for
the increase in their operational reliability [10].

The Energy strategy will be in effect till 2030 in Ukraine [23], regional and town programs of design-
ing, construction and reconstruction in the sphere of heat supply taking into account implementation of
energy-saving technologies and the principle of an optimal combination of the centralized, moderate
and centralized, decentralized and autonomous systems of heat supply were approved. The body of
scientists headed by Havrys O. M. of the National Technical University «Kharkiv Polytechnic Institute»
improved an economic-mathematical model for stabilization of the existing rates for heat energy on the
basis of optimization of the fuel resources use, developed an economic-mathematical model of a cost
optimization for the service provision in the centralized hot water supply for the big city [13]. A complex
of economic-mathematical models for the power development of the region of Buyak A. E. [12], a
mathematical model and corresponding technique for evaluation of damages of heat pipelines of
Lobko O. N. [24], an analysis model of the relationship of heat losses values by pipelines of the micro-
district heat network from a method of their laying, heat insulation parameters, a length and an ar-
rangement of weatherproof houses relative to the central heat supply station of the residential district
of Aleksakhin A. A. [11], a neuro-fuzzy model of the return temperature of the combined heat and
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power station of Makhotylo K. V. [14], and other developments are of current interest. Due to the dec-
laration of 2012 by the United Nations General Assembly as the International year of the sustainable
energy for all, Bondar O. V. offered the overview of scientific publications, professional literature, the
legislation concerning power and energy saving [25].

At the same time, the development of theoretical and methodical approaches to the network growth
of heat and hot water supply in the process of the municipal heat power system modernization of
Ukraine on the basis of creation of a economic-mathematical model complex which will become the
instrument of grounds for decisions by the heat generating and heat supplying entities, investment
companies, and also legislative bodies regarding technically reliable and safe functioning of supply
systems of society are necessary. The economic-mathematical modeling based on the graph theory
and the network analysis of the technical modernization system of heat supply facilities for the pur-
pose of increase in energy efficiency of the energy-consuming equipment, decrease in the loss value
of energy resources in supply networks, decrease in specific expenditures per unit of output (the gen-
erated energy unit) and increase in efficiency of final energy consumption positively differs from the
existing in Ukraine and foreign analogs. Novelty of approach resides in adaptation of graph theory
methods and the determined and probabilistic network models taking into account time, cost and re-
sources to the practice of planning and management of modernization, reconstruction and replace-
ment of processing equipment of heat points and heat networks of the heating enterprises in Ukraine.
Such economic-mathematical models will allow to plan work on a project and to foresee the possible
sources of problems and delays of its execution in time, to establish probabilistic time rates in the con-
ditions of uncertainty; to regulate resource consumption; to plan the completion of works in the neces-
sary terms according to the necessary sequence of task performance for the purpose of the fastest
project implementation; to coordinate and control performance of works with observance of the sched-
ule for timely project completion [26].

Conclusions. Application of the modern information technologies and network economic-
mathematical models and methods allowing to consider at the same time all economic and physical
conditions and to find the best option during modernization of municipal heat power industry will be-
come one of components of support system forming of the latest management system implementation
for the purpose of innovative development of the energy sector of Ukraine, will provide decision mak-
ing for the benefit of power supply systems which are the most profitable from the point of view of
safety, reliability (continuity), quality of energy supply and provision of energy services, which are
budget-friendly and attractive on ecological consequences.
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