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Abstract. Research in the area of dynamic programming in optimization of comprehensive housing
stock modernization has shown that there are a number of important issues that require effective and
rapid solutions. The purpose of research is the organization of repair and construction works by modeling
the organizational and technological solutions to the use of energy-saving technologies for the
comprehensive modernization of the housing stock. The proposed method of an integrated approach to
the modernization of the housing stock and, accordingly, the implementation of energy saving measures
will reduce the cost of homeowners to pay for housing and communal services by improving the thermal
performance of buildings. Formulated and discussed the theoretical aspects of dynamic programming for
solving problems of optimal allocation of allocated funds having minimal losses, which allows calculating
the conditions for the implementation of energy-modernization. The mathematical model of optimization
of process of energy-modernization. Is executed economic assessment of energy saving decisions in the
course of complex energy-modernization, are given results of calculations of distribution of the allocated
funds and payback periods on of holding actions for increase in indicators of energy saving.

AHHOTaumA. ViccnegoBaHnss B obnact AMHaMUYECKOro MnporpaMMUpPOBaHUs B ONTUMM3ALIUM
KOMMJIEKCHON MOAEpHM3aLMN KUNUWHoro ¢oHaa nokasanu, 4To UMMeeTcsl pan BaxHbIX npobrem,
Tpebyowmx 3ddeKkTMBHOrO U GbicTporo pelueHus. Llenbto uccnenoBaHua sIBRsSIETCS opraHu3auus
PEMOHTHO-CTPOUTENBHBIX PaboT NyTeM MOAENMPOBaHUSA OPraHN3aLMOHHO-TEXHOMNOMMYECKUX PELLEeHUi C
MCMoNb3oBaHMEM 3HeprocGeperawlmMx TEXHOMOMMIN MPU  KOMMMEKCHOW MOAEpHU3auun XUIULLHOTO
doHaa. MpennoxeHHas MeToAMKa KOMMMEKCHOrO MNoAXoda K MOAEepHU3auun XUnuwHoro doHda u,
COOTBETCTBEHHO, peanusaumn sHeprocbeperarowmx MeEpPONPUATUA  MO3BONUT CHU3UTb  PacXofbl
COOCTBEHHUKOB  XWIbSt Ha  OMnaTy  KAMMULLIHO-KOMMYHAalnbHbIX  YCNyr 33 cyYeT  YnydlleHus
TENNOTEXHNYECKUX XapaKTepucTuK 3gaHuit. CopMynmpoBaHbl U paccMOTPEHbI TEOPETUYECKME acneKTbl
OMHAMMYECKOro NporpaMMmMpoBaHmns AN pelleHus 3aaady onTMMarbHOro pacrnpeneneHns BoblaensieMblx
OEHEXHbIX CpeacTB, MMEIOLLEro MWHMMAarbHble MNOTepu, KOTopasi MO3BONSIET paccyMTaTb YCIOBUS
peanusaumMm SHepreTMyeckon moaepHusaumun. [locTpoeHa MaTemaTuyeckass MoAenb ONTMMM3aLuu
npouecca aHepreTUyecko MopepHm3auuun. BoinonHeHa 3KoHOMMYecKasi oueHka dHeprocbeperatoLmx
peLLIeHnit B NpoLecce KOMMIIEKCHON SHEpPreTMYeckon MoaepHU3aLUmm, NpuBeAeHbl pesynbTaTbl pacyeToB
pacnpefeneHuss BblOEMEHHbIX CPeACTB UM CPOKOB OKYMaeMOCTU MNPOBEAEHUS MeponpusaTuid Mo
MOBbLILLIEHWIO NoKasaTenen aHeprocGepexeHusl.

Introduction

One of the most important tasks of the state level and the level of regional public authorities is the
development and implementation of effective programs to upgrade the housing stock in order to solve
major social problems connected with availability and comfort of housing [1]. The housing sector should
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be regarded as a complex system, the development of which depends on the final number of factors.
Identification of the most significant factors affecting the dynamics of the housing stock is of fundamental
importance. A clear definition of the relationship within the system in question leads to a correct or
adequate accounting and forecasting the state of the housing stock.

At the present stage, it is possible to allocate the following main problems of the housing sphere in
general:

e Shortage of housing;

¢ A high percentage of the moral and physical deterioration of buildings;

e Low quality of housing and communal services and maintenance of residential buildings;

¢ Rising prices for housing and communal services;

e Low and very low class’s energy-efficiency housing [1, 2].

It should be noted the need to develop a comprehensive approach for the organization of an
integrated mechanism for the modernization of the housing stock, taking into account energy- and
resource-saving in the first place, using a variety of innovative technologies that improve the level of
development of the city and the territory [1]. For the organization of the control method it is appropriate to
use elements of computer mathematical modeling, numerical methods, which allows a certain accuracy
to optimize the process of modernization. This process cannot be comprehended within static
representations, as its sense is always connected with the future, with forecasting [3]. Therefore, task of
complex modernization can be considered as a problem of dynamic optimization, the analysis tool that is
a dynamic programming [3].

The need to systematization and maximize the cost-effectiveness of energy retrofit as part of a
comprehensive modernization of housing stock led to the choice of the theme of scientific work.

Research problems in the housing and communal services, energy issues and resource
conservation, the development of methods to solve them were engaged in domestic and foreign
scientists: V.Ya. Mishchenko, V.S. Bogolyubov, S.G. Sheina, P.G. Hornbeam, L.B. Zelencov, O.N.
Popova, T. L. Simankina, N.G. Selyutina, E.B. Smirnov, A.K. Schreiber, V.V. Klimenko, A.N. Dmitriev,
V.G. Gagarin, A.S. Bolotin, I.A. Bashmakova, L.N. Chernyshov, G. Arman, A. Thumann, C.M. Carol, T.
Goven, J.M. Clapp, G. Payne, A.D. Russell, A. Shtub, S. Selinger, J.F. Bard, B. Cheong-Hoon, J.M.
Clapp, S. Globerson, K. Davar, M. Kataoka, H. Kim et al. [1, 4-9, 24].

Methodological issues of dynamic optimization of multistage processes, which include the
possibility of different processes and a fundamental principle of optimality system control, have been
proposed and investigated further by R. Bellman, R. Kalaba, I. Glicksberg, O.A. Gross, S.E. Dreyfus, R.
Aris, G.L. Nemhauser, D. Wilde [10-13].

Foreign and domestic scientists S.V. Chukanov, O.A. Shcherbina, M.V. Lewis, D. Coen, K.D.
Kuhn, A. Flint, C. Mei, D. Murray, Z.C. Lin, Y. Zhao, W.T. Ziemba, J. Doucette and others analyzed the
possibility of using the dynamic programming method to solve the economic problems and modeling of
economic systems [14-19].

The cycle of articles is earlier published by us was devoted to development of techniques of the
description of a problem of complex updating of housing stock with application of methods of linear and
dynamic programming [1, 14, 20, 21]. On the basis of these researches, and also the idea of the
integrated application of methods of mathematical and information modeling in management of
processes of the organization of construction, repair construction works and in general housing stock we
offer the scheme of optimization of processes of complex modernization of housing stock.

Methods

Updating of conceptual structure of the theory of reproduction of the real estate.

Housing sector includes a number of methods of reproduction, depending on the degree of comfort
under consideration specific property [2]. For the most complete review and study, the issue of housing
modernization is necessary to update the conceptual structure theory. Any abstract theory is considered
on some set of elements. A set is called set of elements, distinguishable among themselves and
imaginable as a unit. In the theory of reproduction is explored the set of buildings, constructions and
accompanying them the engineering infrastructure. We will call a set of residential buildings the city or
country the housing stock.

On a set of residential objects, we will set various functional representation, which transform the
given object in object with the minimum level physical and obsolescence. For any object of a given set is

Bayramukov S.H., Dolaeva Z.N. Dynamic programming in optimization of comprehensive housing stock
modernization. Magazine of Civil Engineering. 2017. No. 8. Pp. 3-19. doi: 10.18720/MCE.76.1.



NuxeHepHO-CTPOUTENBHBII KypHaJI, Ne 8, 2017

determined the number of parameters that can be divided into certain groups according to the degree of
similarity. Let us allocate the main functional displays:

e new construction;

e reconstruction;

e modernization;

e Overhaul;

e current repair;

e sanitation;

e restoration;

e Renovation.

Analysis of the above types reproduction of objects of housing facilities was given in the works of
V.Ya. Mishchenko, E.P. Gorbaneva, A.P. Prokopshina, V.V. Buzyrev, V.l. Tavina, E.B. Smirnov, A.l
Deeva and other scientists. In the studies of E.P. Gorbaneva an overview of these concepts and their
definitions was given. Based on the results of the studies and an attempt to further formalize these terms,
we proposed their understanding of both functional mappings; the concept of complex modernization of
the housing stock has also been introduced.

New construction - function, domain of definition of which is housing stock, through which happens
the compensation of physical and moral deterioration of old and obsolete assets, and increases the main
index fund - the total area. This display is an old dilapidated facility assigns a new building with a
completely new qualitative and quantitative indicators, it remains only invariant construction site with a
number of fixed parameters.

Reconstruction - the display object with the old qualitative and quantitative indicators in
themselves, but updated. Here, the update is meant reorganization, a change in the basic technical and
economic indices of the building: the total area, the number of apartments, the area of apartments,
capacity, bandwidth, construction volume (outbuilding, superstructure, remodeling), the provisions of a
functional purpose in whole or in part (in this case, this area will not be included in the set under
consideration). As the differences between the new building reconstruction of a partial refund of wear and
tear can be distinguished [2, 22].

By upgrading is meant a functional image of the subject in itself, in which there is a qualitative
improvement in the housing using the latest technologies and innovative materials, improving its comfort,
partial or total compensation of moral and physical wear and tear. From the reconstruction is
characterized in that the total value of the volume and area of a building, the appointment object remain
unchanged.

Overhaul — a display object, the functional value of which is to reduce the percentage of physical
deterioration by replacing or restoring the structures of the building or its parts, engineering equipment.
The level of comfort of the building, however, the overhaul does not provide a change of its volume, the
total area of rooms and spaces. [7]

As many authors have studied the literature, include the process of overhaul and redesign of the
building, which leads to a decrease in the degree of identification of the concepts of modernization and
overhaul. This is a significant disadvantage in the design of computer mathematical process model [2,
11-12].

Object Maintenance work is a map in which there is a restoration of working capacity of structural
elements and systems engineering equipment facility. Maintenance work includes a partial reduction for
deterioration by keeping the operational performance of the building. Allocate by type of construction
work scheduled (planned on the implementation of the time, volume and value) and unscheduled
maintenance overhaul (identified in the operation and made a matter of urgency, is random) [18].

Remediation — a functional image of the subject, providing for the rehabilitation of the technical
condition of the building, improvement of hygiene and living conditions, improvement of intra territories.
Decompression development and improvement of intra-area can be carried out by demolition of
inefficient buildings for different purposes and using them to build underground, surface parking lots,
recreation areas and a variety of modern sports and cultural complexes. That is, in the application of the
reporting function display must be considered multi-criteria indicator of the quality of intra territories.

Restoration — is a functional image of the subject in itself, and its functional significance — it
recreated the ancient appearance of the building. When the restoration is carried out a complex range of
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repair and construction works aimed at restoring the cultural heritage. It consists of the following
operations:

o Reconstruction of the object by removing later distorting its parts;

e Recovery of lost items;

e Elimination of physical deterioration.

Renovation of housing — functional display, including a general, a sequence of transformations:
new construction, capital repairs, modernization, restoration, reconstruction, demolition of buildings,
sanitation. Thus, a housing renovation is understood one of the above functional maps for a particular
object of the housing stock.

We introduce the concept of a comprehensive modernization of housing. Comprehensive
modernization of housing — a functional domain that serves a variety of functions (reconstruction,
modernization, repair, maintenance, restoration, rehabilitation, renovation), thus reverses the physical
and moral property of wear, that is, improvement of qualitative and quantitative indicators. Here it is
obligatory to carry out energy modernization of housing stock and taking into account the funds allocated
for this purpose. Under the modernization of energy, we mean an element of a comprehensive
modernization of the housing stock, which is carried out in the course of repair and construction work
using energy-saving technologies, leading to an increase in comfort and property owners a significant
reduction of costs for housing and communal services [1].

Effective management of the modernization process in the public financial support would solve the
problem of ensuring the proper use, maintenance and repair, reconstruction of the facility; preservation in
the required state of the technical and operational characteristics of the property; creation of comfortable
living conditions for the citizens; resource; a phased increase in energy systems engineering; reduce the
size of obligatory payments.

The economic situation in the country is usually characterized by local instability. Examining the
growth and development of the housing stock in general, we concluded that it was necessary to develop
methods for strategic planning of all spheres with a view to more effective management. There have
sharp differences in growth, while at the same time, there are no clear long-term development prospects.
If we introduce the assumption that the more distant future will be stable, that is stationary or quasi-
stationary, it can be divided into a model for the current period and the period of "steady-state" of the
future. For the model of "steady-state" of the future ask Bellman function, which has developed in non-
stationary model of the current phase [3]. This will allow responding to emerging changes in the housing
sector. The method will be to address the dynamic functional Bellman equation [10]. Next, we consider
an element of a comprehensive modernization of housing — the modernization of energy, in which the
following
energy-saving technologies have been introduced:

¢ Installation of curtains from PVC film into space windows (ET 1);

¢ Automation of lighting in the common areas (ET 2);

e Organization of the automated thermal points (ET 3);

e The use of automatic door closers on the doors (ET 4);

e The use of automatic sensor faucets (ET 5);

e Improving the thermal insulation properties of the building envelope (walls) (ET 6);

e Improving the thermal insulation properties of the roof (ET 7);

¢ Insulation of external doors (ET 8);

e The use of motion sensors (ET 9);

¢ |Installation of heat-reflective designs for radiators (ET 10) [7,20].

Application of methods of dynamic programming in solving this problem is conditioned by the fact
that it allows controlling both energy-saving efficiency and implemented energy-saving technologies. This
methodology has a complex character and allows us to investigate the economic effect of the
implementation of ET in the renovation of the housing stock as a whole, rather than individual objects.

The composition and structure of the so-called energy modernization can be changed depending
on the types of buildings and their technical properties.

When carrying out repair and construction works that have a complex nature, the main criterion for
their implementation or non-performance is the restriction in financial resources. Proceeding from this, in
our article it is offered in parallel with carrying out of various repair-building works to realize energy-
saving measures with the optimum distribution of means leading accordingly to the maximum economic
effect.
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Statement of research problem

Let the volume investments (C) it is allocated for carrying out for energy action the modernization
of housing stock. As the input data is set the volume of funds allocated for holding n energy-saving
measures.

Consider the generalized scheduling problem for an energy modernization using two types of
energy saving measures | and Il for a period of m years.

The quantity of means X, enclosed in an action of | yields revenue in one year

f(x)=A-x 1)
and at the expense of it decreases to
p(x) = A"-x. )
The quantity of means y, enclosed in an action of Il yields revenue in one year
g(y)=B-y &)
and decreases to
w(y)=B"-y. (4)

It is required distribution is of resources Z, between the carrying out of action I and Il for each

year of the planned period. Income is understood here as an economic effect from the introduction of
energy-saving technologies in the process of modernization of housing stock.

Decision. Conditional optimal control X;] in the last step (quantity of the funds allocated in action
of 1) is defined as value Xy, at which the income reaches maximum on the last step:
W, (Z m—l) = MaX {Wm (Z m-1+ Xm )}’
0<Xn<Zp 1
where

Wy (Zna Xm) =A Xy +B-(Zg —Xm) =(A-B)-X,+B-Z,;, A#=B[15] (5)

The graph of the function Wy, =Wy, (Z,,.1, X ), depending on the argument X, for a given
Z 1, will be a straight line. The maximum value can be reached only at the boundaries of the gap

(0,Z,,,_1) - To define on what border, let's substitute in formula (5) X, =0 and X, = Z,_;. Proceeding
from the submitted schedules, obvious that in case of the decreasing function the maximum value
Wy, =B-Z,, 4 at X, =0. In the second case at Xy, =Z,_1, is reached the maximum value of

function W, equal to the value A-Z,,_; [23].

Consequently, the maximum income for the last step is independent of Zm—l and its value

depends on the values A and B, and it means that at the beginning of the final year, all available
investment must be invested in action of I, if B<A or in Il, if B>A. It is natural as the income from the
chosen action is more, and expenses of means does not interest us any more (last stage).

At this optimum control of final year will bring us income W, =B-Z,,_1 or Wy, = A-Z 1.

Let us pass to distribution of funds for (m-1)-th year. Let we approached it with a stock of means
Z_o . Let us define the conditional maximum income in the last two years:

Wn:—l,m (Zm—z) = MaX {A' Xm-1 +B- (Zm—Z - Xm—l) +Wr: (Zm—l)}-
0<Xm-1=Zm_2
But Zpmq =A"Xpq+B"-(Zn_2 —Xm) , consequently,
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Wr; (Zm—l) =B- (A" Xma t B’ (Zm—2 - Xm—l)) or
Wr: (Zm—l) =A- (A’ “Xpg + B’ (Zm—2 - Xm—l))-

From here we will receive

Wr:—l,m (Zm—z) = maX {A' Xm-1 + B- (Zm—z - Xm—l) +A- (A, “Xma t+ B (Zm—z - Xm—l))}

OSXm_]_SZm_Z
or
Wm—l,m (Zm—z) = maX {A' Xm-1 +B- (Zm—2 - Xm—l) +B- (A" Xm-1 + B'- (Zm—2 - Xm—l))}
0<Xm_15Zm 2
[23-25].

Expression in braces represents a polynom of the first degree relatively xm.1, and its schedule — a
straight line, function, proceeding from the received parameters can be increasing or decreasing:
Xm—l = 0 and Xm—l = Zm_z.

In the first case (at Xy =0) we receive Wr;—l,m (Zm2)=(B+A-B)-Z,_, or
Wg_lym (Zm2)=@A+B")-B-Z,_5; in the second case (at Xma =Zm-2)
Winam(Zm-z) =@+ A)- A Zp g ot Wiy (Zi-2) = (A+ A" B) - Z_z.

From the given expressions clearly that the maximum of the income depends on values:
A B,A'B"

We turn to the (m - 2)-th step. Here it is necessary to maximize value of Wn:—z,m—l,m (Zm_3) ona
similar principle [23].

Thus, the optimal control is found. Let us notice, that this solution will be obtained regardless of
any number of steps, and any of the initial stock of assets Zo.

Results and Discussion

The results calculations of economic efficiency (the economic efficiency from introduction of the
energy saving technologies (ET) within one year), of considered energy saving actions are presented
graphically in the form circulars charts in the figure 1. Values of the coefficients used in calculations were
chosen from normative documents, statistical data on the Karachay-Cherkess Republic and other reliable
data [26-31].
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)

Figure 1. The cost-effectiveness of the introduction of ET
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a. ET 1 (depending on an indicator of the area of a glazing), rub.

b. ET 2 (depending on the number of glow lamps in places with temporary stay of people),
thousand rubles.

c. ET 3 (depending on the number of completely heated days in the heating period and an
indicator of annual consumption of thermal energy on heating of the building), thousand rubles.

d. ET 4 (depending on the volume of the thermal energy consumed during the heating period in
the base year), rub.

e. ET 5 (depending on volumes of consumption of hot and cold water), rub.

—h

ET 6 (depending on the surface area of walls), rub.

g. ET 7 (depending on the area of a roof), rub.

h. ET 8 (depending on the total area of surfaces of external doors), rub.

i. ET 9 (depending on the electric power of lamps), rub.

j- ET 10 (depending on the total area of projections of heating devices on of wall), rub.

On basis of the received results, it is visible that energy-saving actions not only increase technical
comfort of a residential facility, but also make it possible to optimize parameters of internal temperature
background. So ET 3 assumes to maintain the required temperature schedule in the heating system
installation of regulators for heating with sensors for external and internal air. Under the appropriate
program, the regulator can reduce the temperature of the air in the rooms. Automated control of the
heating load allows you to save in the autumn-spring period. Figure 1, c) shows the graphs of financial
savings, depending on the number of heated days in the heating season, with different annual heat loads
for the heating system of the building.

Introduction of energy saving technologies of economy increases of thermal and electric energy.
So at change of heat-shielding properties of a roof the percent of economy of thermal energy increases
by 8-12%, 6—15% — due to increase in a heat-shielding of windows and external doors; 15-20% — at the
expense of the device of the automated knot of management of system of heating and installation of
thermostats on the heating devices; 10-25% (electric energy) — due to application of energy saving
lamps and motion sensors. The received values will be applied for realization of a problem of optimum
distribution of investments in processes of complex modernization housing stock.

The given pie charts are the input material for modeling the system based on the methods of
dynamic programming. The task is to carry out repair work in such a way to the results of their
performance lead to a significant increase in the savings that have been spent on them taking into
account the introduction of energy-saving technologies.

The task to distribute the specified amount of money between n actions so that in general the
maximum effect of economy of money was gained is set. The solution of this problem must be divided
into several stages. Generally we considered a problem of scheduling of carrying out energy-
modernization with use of two types of energy saving actions for m of years, it can be generalized also
prior to a final set of actions. But since the state programs for renovation (for example, the program
"Capital repairs of common property in apartment buildings in the territory of Karachay-Cherkess
Republic for 2014-2044 years") is carried out over a certain object at a time, we consider m = 1 year, And
the criterion for splitting into stages is not a time factor, and the solution of the problem of allocation of
funds at the 1st stage — between 2 measures, in the second stage it is necessary to optimally distribute
between activities 1 + 2 and 3, etc.

If modernization works are planned in a residential building, they can be profitably combined with
energy-saving measures. Additional costs for energy-saving investments are often a smaller amount. So,
when updating the facade, the framework of the woods has to be established anyway. Then the
surcharge for thermal insulation becomes comparatively less. In the future, this same event can cost
much more expensive only because you will again need to install the framework of the woods. Saving
energy pays off: additional investment will pay off due to lower energy costs.

A number of measures of the program "Capital repairs of common property in apartment buildings
in the territory of the Karachay-Cherkess Republic for 2014-2044 years" can be combined with
appropriate energy-saving actions, so repair of in-house engineering systems of electricity, heat, gas,
water supply, water disposal — with ET2 , ET3, ET4, ET5, ET9, 3T10; repair of the roof, including the
conversion of an unventilated roof to a ventilated roof, the device of exits to the roof — with ET7; repair of

Bayramukov S.H., Dolaeva Z.N. Dynamic programming in optimization of comprehensive housing stock
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the facade with ET1, ET6, ET8. Financing of complex modernization is made by the saved-up funds of
implementation of the state and regional programs of updating of housing stock of updating of housing
stock of the housing stock and additional funds for energy modernization, collected own means of
tenants, or taken on credit.

Using the results of the energy survey, numerical experiment and scientific research in the chosen
direction, it is possible to estimate the investment potential of introducing energy-saving technologies with
relatively consolidated indicators.

Using results of a numerical experiment and scientific research on the chosen direction, it is
possible to estimate the investment potential of introduction of energy saving technologies with relatively
enlarged parameters.

Let for carrying of actions energy modernization housing stock is allocated volume of money of
C =100 000 rub. Let us allocate 4 types of energy saving technologies with relatively enlarged indicators
(n = 4). Types of energy saving technologies, which are established systemically, will be considered as a
uniform measure. Actions, which can be interchangeable, are considered separately. Basic value has
Selection of the major limiting factors. To them concern Amounts of works, financing restriction, the
accounting of system of a variation of cost indexes of materials of works. As the most important
information for development of model and its decision, we will choose a number of properties: types of
actions, specific costs of their carrying out, tariffs for payment of utilities, energy saving and economic
efficiency. In addition, we will plan creation of fund of reserve means, which will be used, on carrying out
the repair construction works, which are not providing energy-savings, such as finishing works and works
on updating of the territory around the considered objects and other works. Accumulation of means will
go to the created fund as percent of means from economic effect of energy modernization of housing
stock. And additionally, if the result involves the partial implementation of energy-saving measures, then
the funds for their implementation are collected in this special fund.

Results of calculations are given in a type of schedules in the Figure 2.

120000
. 1 2 _ 3 [ 4
= The economic effect 70654.6 25758 21192 4566
Deposits 100000 50000 40000 10000

Figure 2. Distribution of funds between with 4 ET

From these tables and graphs it is clear that any process of the energy modernization consisting of
different quantity and quality of energy-saving measures can be based on indicators of the amount of
investments by optimizing the allocation of funds that provide the maximum economic effect.

To carry out or not to hold these or those events solves the given management algorithm (figure 2),
in the conditions of shortage of funds and relatively low efficiency, an event cannot be conducted. The
use of methods of dynamic programming makes it possible to identify those measures that most
effectively reduce the cost of housing and utilities and at the same time regulate the available funds for
their joint implementation. Calculations were carried out on the basis of a survey of the technical
condition of residential buildings in the city of Cherkessk (Table 1) and their energy-saving potential.
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Table 1. The main characteristics of survey objects

issioni Type of wall material
Ne Address e e o Class of energy efficiency
Property (House type)
Dovatora street, house .
1 number 72 1977 Brick D
Dovatora street, house .
2 number 74 1974 Brick E
3 Dovatora street, house 1979 Claydite concrete D
number 76 panels
4 Dovatora street, house 1974 Brick E
number 78
5 Dovatora street, house 1973 Brick E
number 80
Dovatora street, house .
6 number 82 1980 Brick D
7 Lobodina street, house 1976 Claydite concrete E
number 57 panels
Lobodina street, house Claydite concrete
8 number 59 1975 panels E
9 Lobodina street, house 1986 Brick D
number 59a
i Claydite
10 Lobodina street, house 1981 y D
number 61 concrete panels

The Figure 3 given the calculated indicators of payback periods of energy saving measures.

mET] ET2 ®WET3 ®™ET4 ET5 ®=ET6 ET7 ET8 ®WET9 ETIO

Figure 3. The payback period of energy-saving measures, year

The figure shows that the greatest payback period has kind of a comprehensive modernization
housing — warming of external walls. For other technologies, we introduce a reserve fund in charge for
the subsequent control, further updating and carrying out other construction works.

The above method of calculation is adequate, and at the expense of computer, technology has the
property of efficiency. Dynamic programming techniques allow a certain error to calculate the maximum
version of the "income" of the implemented technology.

Conclusions

1. The offered technique of assessment of efficiency of energy saving actions allows to increase
quality of decision-making on restoration of housing stock, increase in its energy efficiency; application of
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methods of mathematical modeling allows to realize the project of distribution of financial means in such
a way that implementation of organizational-technology solutions of consecutive performance of actions
will result to maximum possible positive socio-economic effect.

2. Executed economic evaluation of energy saving solutions in the process of a comprehensive
energy-modernization, are given results of calculations of distribution of the allocated funds and
deadlines of recoupment of holding actions for increase in indicators of energy saving which make 1-3
years for ET1-5, ET 7-10, for ET 6 up to 10 years.

3. Is offered the mathematical model allowing to maximize the number of quality housing due to
realization of energy saving and other actions at complex modernization of housing stock.

4. Formulated and considered the theoretical aspects of dynamic programming for solving
problems of optimal allocation of allocated funds with minimal loss, which allows calculating the
conditions for the implementation of energy-modernization.

5. Is offered the multi-step procedure evaluating the economic efficiency of resource allocation
when implementing of energy saving technologies in the process of updating the housing stock. The
integrated use of information technology and mathematical descriptions of the processes allows obtaining
complex information about the property at different stages of their life cycle, their actual condition and the
necessity of modernization and reconstruction. Their joint use during the entire life cycle of buildings will
lead to the optimal management of objects, maximizing an economic benefit and, respectively, to social
effect.
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