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Application of the economic-mathematical
model to determine the efficiency of residential
renovation projects and to choose the optimal
strategy for their implementation

Implementation of the residential renovation programme is one of the most important programmes aimed at im-
proving the socio-economic well-being of the Russian regions. The implementation of this programme involves
the restoration and renovation of existing residential buildings in order to provide citizens with comfortable and
safe housing conditions. In order to reduce the number of emergency and dilapidated dwellings, a set of meas-
ures is envisaged to restore the technical condition, reduce physical deterioration or, if restoration is not feasible,
to carry out works on liquidation of existing dwellings and implementation of new construction projects. The ex-
perience of the residential renovation programme in the Moscow region, where the programme has been in ef-
fect since 2017, shows that the choice of project implementation strategy does not always fully take into account
all the initial parameters of the land plot or object included in the targeted renovation programme. This peculiarity
may lead to a decrease in the efficiency of project implementation and increase the risk of project cost increase,
increase in construction time and other negative consequences.

Due to the fact that the residential renovation programme is implemented at the expense of the federal budget,
and the programme assumes timely planned wave resettlement of citizens, the reduction of the probability of oc-
currence of a delay in the implementation time and exceeding the initial budget are among the most significant
negative aspects in the implementation of the residential renovation programme. In order to assess the initial pa-
rameters of the objects, as well as to determine the resulting efficiency of the project, the application of the eco-
nomic-mathematical model will allow to sufficiently form a number of estimated parameters that are of the great-
est importance for the renovation projects being implemented, to analyze them and on their basis to calculate
the resulting indicator of the project efficiency, which will subsequently form the basis for determining the most
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he development and application of economic
I and mathematical models is directly related to
efficiency assessment. When considering
the construction industry, the assessment of project
efficiency can be carried out when considering or-
ganizations, management methods, implementation
of construction projects. The development of an eco-
nomic-mathematical model implies, among other
things, the assessment of parameters and factors
that determine a particular object (organization, con-
struction project and so on). The main task of apply-
ing an economic-mathematical model is to consider
the processes, as well as interrelated with them initial
parameters and factors that affect the efficiency of
the processes, which can be determined on the ba-
sis of the calculated resulting indicator.

The development of economic and mathematical
model is carried out by applying the method of sys-
tem analysis'. The analysis allows determining
the processes to be evaluated, as well as the factors
that have the greatest influence on them. Application
of the method of system analysis allows to evaluate
processes that involve a large number of initial pa-
rameters. This method allows to evaluate factors
when considering from general to particular, which

differs from the inductive approach. Application of
the system approach within the framework of build-
ing an economic-mathematical model makes it pos-
sible to evaluate and analyze all the factors affecting
the subject under consideration at all stages of sys-
tem research and building its model. The system ap-
proach means that each system is an integrated
whole even when it consists of heterogeneous sub-
systems?.

The use of the system approach in building
an economic and mathematical model under a large
number of initial conditions also requires determining
the necessary amount of control information in
the real system, estimation of the considered indica-
tors. This method will subsequently allow us to deter-
mine the most effective variant of construction and
the optimal mode of functioning of the model' 2.

The content of the modelling method is the con-
struction of the model on the basis of preliminary
study of the object and selection of its essential
characteristics, experimental or theoretical analysis
of the model, comparison of the results with the da-
ta on the object, adjustment of the model result-
ing — efficiency. In this regard, economic and
mathematical models describing the impact of

1 Programme for Renovation of Housing in the City of Moscow : Decree of the Government No. 497-PP.

2 Consideration of Public Opinion on Housing Renovation Project in Moscow : Decree of the Government No. 245-PP.

3 Approving the Addressed List of Neighbourhoods (Territories) : Government Decree No. 708-PP.
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individual factors (parameters) on the final results of enterprises
(objects) are used*.
Additive computational model has linear constraints:

q=>a, (1)

where n — number of analyzed parameters; a, — weight of i — pa-
rameter.

The adaptive model under consideration is expressed as an al-
gebraic sum of deterministic summands, which are the estimated
factors affecting the performance of the assessed entity. In this re-
gard, the adaptive model can be used only if the considered factors
(summands in the algebraic sum) are represented and belong to
a single economic nature®.

Multiplicative models of economic and mathematical modelling
are written as follows:

n
q:Za,.:al+az+...+a,, (@)
i=1
where g is the resultant indicator; a, a, and so on — factors affect-
ing the resultant indicator.

Thus, in multiple models, the resulting indicator is a relative
value reflecting the ratio of factorial indicators. Most often multiple
models are used to develop various ratios. When working with mul-
tiple models, it is necessary to take into account that although they
allow calculating the ratio of factorial indicators that have different
nature and dimensionality.

The basis for the construction of an economic-mathematical
model that allows the evaluation and choice of strategy for the im-
plementation of a particular project of renovation of residential
buildings is the construction of the factor space, which can deter-
mine the basic initial parameters of the considered object in order
to select the most appropriate strategy and will allow a more accu-
rate calculation using the developed economic-mathematical mod-
el*5[1].

In order to carry out further calculations to determine the effi-
ciency of the land plot considered for construction and within
the framework of building an economic and mathematical model, it
is necessary to determine the limit values for each of the parame-
ters under consideration, which should subsequently serve as a ba-
sis for calculating the resulting indicator for the assessment of
the land plot under consideration and the subsequent choice of
the project implementation strategy based on the calculation. For
this purpose, it is proposed to determine the limit values of the pa-
rameters under consideration on the basis of the minimum and
maximum values of each of them [2].

Thus, after determining the factors, it is possible to assess
the land plot under consideration for the construction of a residen-
tial building within the framework of the residential renovation pro-
gramme and to determine the efficiency of the land plot use. Also,
the proposed assessment of the land plot according to the factors
described above will allow further analysis in order to choose
the most optimal strategy for the implementation of the residential
renovation project [2, 3]. Based on the obtained values of the result-
ing indicators of project efficiency, the efficiency of the planned for
implementation project of residential development renovation will
be determined.

The construction of economic-mathematical model is a universal
mechanism that allows to make a calculated assessment of the initial
data of the project. The result of building an economic-mathematical
model should be a calculated index of project efficiency, varying in
the range of certain and individual values [2, 4]. As part of the appli-
cation of the economic-mathematical model, each evaluated project
should receive a calculated efficiency index, which will subsequently
serve as a basis for choosing a project implementation strategy.

Thus, it is logical to assign additional indices and symbols to
the factors and parameters, namely: the initial parameters of the ob-
ject are determined by the parameter a,, the project performance
indicators are determined by the value f,, where f is the calculated
value based on the assessment of the initial parameters.

In order to more accurately calculate the final indicators of pro-
ject efficiency, it is proposed to introduce the following formula for
calculating the forecast indicator of the evaluated factor:

D inax * (100 % —ay), ®3)

where f; is the value of the evaluated performance indicator; a; is
the value of the initial parameter of the project.

k (anmax - anfuct) (kmax_ krm'n) ) (4)
(anmax7 anmin)

calc

=1+

In order to add the values of the initial parameters of the evalu-
ated project, it is suggested to use the method of interpolation,
thanks to which it is possible to evaluate all kinds of parameters in
different values on a single evaluation scale. Then, the parameter
will be rationally defined by the following calculation formula:
where k., — estimated estimator of the estimated parameter;
a,max — Maximum estimated value of the parameter (determined
empirically); a,.; — actual values of the estimated parameters;
Kmax — Maximum estimated value of the parameter; k,;, — mini-
mum estimated value of the parameter; a, ., — estimated value of
the parameter (determined empirically).

It is proposed to use the above formula when calculating each
actual a, parameter as part of the evaluation of the project under
consideration [5]. Evaluation of the forecast indicator will show
the calculated percentage deviation of the maximum (best project
indicators) indicators of project efficiency and will allow to deter-
mine the forecast value of the efficiency indicator, which, in turn, will
help in the construction of economic and mathematical model to
calculate the resulting indicator of project efficiency [4, 5].

To assess each parameter, it is proposed to use a scale from 1
to 100. To obtain the value for each of the parameters, an interpola-
tion method is used depending on the value in the range of values
for each parameter being evaluated.

The formula for assessing the effectiveness of each separately
taken parameter is defined can be presented in the following gen-
eral form:

K:iﬁ&, (5)
i=1

where K — evaluation coefficient of parametric efficiency of the pro-
ject; P; — evaluation weighting coefficient of the evaluated param-
eter; K; — efficiency coefficient of the evaluated parameter.

4 Approval of the Basic Requirements to Improvement of the Residential Development Territory during the Implementation of the Programme for Renovation of the Residential Stock

in the City of Moscow : Government Decree No. 515-PP.

5 Approval of the Requirements for Improved Finishing of Equivalent Residential Premises Provided in Replacement of Residential Premises in Multifamily Buildings : Government

Resolution No. 516-PP.
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In order to calculate the estimated indicator of project efficien-
cy, which is dependent on a certain initial factor with the reduction
of this indicator to a single evaluation scale, it is proposed: based
on the efficiency coefficient of the renovation project obtained by
the calculation method, it is possible to determine the possible and
most effective strategy adopted for the implementation of the pro-
ject [6, 7]. The choice of the project implementation strategy is
made taking into account the calculated project indicator K and on
the basis of the project baseline data, which are individual for each
of them. Determination of the exact estimation of each parameter
takes place using the interpolation method within the specified
range [8]. This value is proposed to be determined as follows using
the estimated formula:

y :[1+ (anfact - anmm) (kmax - kmm)]/ (6)

(anmax - anm\’n)

where y — calculated estimated indicator of the estimated param-
eter; a, ;o — actual values of the estimated parameters; a,,i, —
minimum estimated value of the parameter (determined empirical-
Iy); @,max — Maximum estimated value of the parameter (determined
empirically); k.., — maximum estimated value of the parameter;
Knmin — Minimum estimated value of the parameter (from 1 to 100).
In turn, the estimated value of the estimated parameter of project

(anf0517 %, ) ) (kmax - kmm)

efficiency is proposed to be determined by the following formula:

A e =(Fro = Foio )1, (7)
where Af,

max — absolute maximum deviation by indicator; f ., —
maximum estimated value of the evaluated indicator; f,,, — mini-
mum estimated value of the estimated indicator; t — coefficient of
influence of the considered factor on the estimated indicator.

Then, the estimated projected project performance indicator
will be presented in the form of:

Afcoie =Moo (100 % =), (®)

where Af, — estimated value of the assessed indicator in abso-

ncalc
lute values.
Based on the above developed formulas for calculating actual
and forecast indicators of project efficiency, it seems possible to
form a formula for calculating the resulting coefficient of project ef-
ficiency, which will be able to show a universal value, showing

the effectiveness of the project based on the values obtained:

< (flca/c_ flmin)(kmax_ kmin)
K=Y |1+ k.. 9)
¢ Z[ (flmax - flmm)

i=l

Consequently, combining the above, the general calculation
formula can be summarised as follows:

((fmaxifmin)t)' 100 % —| 1+
Koe=> |1+

(anmax - anmm)

- fnmm (kmax - kmin )
k. (10)

cale

After parameter estimation is determined, the project indicator is
calculated according to the specified formula in order to find the ex-
act value corresponding to one of the specified ranges for the choice
of strategy for the implementation of the residential renovation object,
which, in turn, determines the set of methods and means necessary
to improve the overall efficiency of the project [9, 10].

In order to build an economic-mathematical model for projects
implemented within the framework of the renovation programme, it
is necessary to develop a mechanism for parameter estimation.
The initial parameters will help to assess the potential of the project
and the degree of risks in its possible implementation [9, 11, 12].

The main objective is to reduce the level of risks in order to in-
crease the efficiency of implementation of residential renovation
projects. According to the author's conclusion, the application of
the economic-mathematical model of choosing the most optimal
strategy for the implementation of the residential renovation project
contributes to the reduction of the risk level, which can increase
the predictability of the object, as well as reduce the probability of
exceeding the established terms of the project implementation and
exceeding the established budget, and thus increase the overall
efficiency of the implementation of residential renovation projects.
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NpuMeHeHNe 3KOHOMUKO-MaTeEMaTU4ECKOMN
MoOAenu ¢ uesnbio onpeaesneHus
3atpcheKTUBHOCTU NPOEKTOB peHOBaLUU
XXWJI0M 3aCTPOMKMU U BbIGOpa ONTUMaSIbHOM
cTpaTerum ux peanusauum

Peanunsauums nporpaMmmMbl peHoBaLmMm XWUomn 3acTponkmn SBnaeT-
€l O4HON M3 BaXXHENLLMX NPOrPamMM, OPUEHTUPOBAHHBIX Ha Yry4-
LLeHNe coumanbHO-9KOHOMUYECKOro 61aroCOCTOHUSA peruo-
HoB Poccunckon ®epepaumn. Peanusaumsa gaHHon nporpamMmbl
npegnonaraeT BOCCTAHOBMEHNE U OGHOBMIEHUE CIIOXUBLLENCSA
XKNIOM 3aCTPOVKM C Lienblo o6ecneyeHuns rpaxxaaH KoM@OopTHbI-
MU 1 6€30NaCHbIMU XUNULLHBIMK YcrnoBusiMU. C Lienbio cokpa-
LLIeHNS KOIMYEeCTBa aBapuUMHbIX N BETXMX XWUJbIX OMOB Npeg-
YCMOTPEH KOMMJIEKC Mep MO BOCCTAHOBIIEHUIO TEXHUYECKOrO
COCTOSIHWSA, COKPALLEHMI0 hM3N4EeCKoro M3Hoca Ui B criyyae,
€CNnv BOCCTaHOBIIEHNE He ABNSETCA LienecoobpasHbiM, TO Npo-
BefleHVe paboT Mo NMKBMAALMN CYLLLECTBYIOLLINX XUIbIX JOMOB
W peanusaunv NPOeKTOB HOBOro ctpouTenscTea. OnbIT peanu-
3auMm NporpaMMbl peHoBaLuKn XUIoW 3acTPONKN Ha TEPPUTO-
pU1 MOCKOBCKOIO pernoHa, rae gaHHas nporpaMmma gencteyet
¢ 2017 r., nokasbIBaeT, 4TO BbIGOP CTpaTernv peanuaaumm npo-
eKTa He Bcerga B MOJSIHON Mepe y4nTbliBaeT BCE NCXOQHbIE Ma-
pameTpbl, KOTOPbIMW 06n1afaeT 3eMesbHbIN Y4acTOK Un 06b-
eKT, nonagawLLuii B aApecHyto nporpamMmmy peHosauun. [laHHas
OCO6GEHHOCTb MOXET NPUBOAUTL K CHUXXEHUIO 3(PPEKTUBHOCTH
peann3aumu NpPoeKTa 1 NOBbLILLEHNIO PUCKOB YBENUYEHUS CTOU-
MOCTW NPOEKTA, YBENMNYEHNIO CPOKOB CTPOUTENLCTBA U UHBIM He-
raTMBHbIM MOCNEACTBUAM.

B cBfi3n ¢ Tem, 4TO NporpamMmma peHoBaLMK XXUNON 3aCTPONKMN
peanusyeTtcsa 3a cyeT deaepanbHOro 6104xeTa, a Takxe npo-
rpamMma npegnonaraet CBOEBPEMEHHOE NIaHOMEPHOE BOJSTHO-
BOE NepecenieHne rpaxkaaH, To COKpalLleHMe BEPOSTHOCTM BO3-
HUKHOBEHUS OTCTaBaHWsA B CPOKax peanunsauuun 1 npesbiLLeHUE
nepBoHa4yanbHOro 6roaxeTa ABAAIOTCA OQHUMW U3 CaMblX CyLLe-
CTBEHHbIX HEraTMBHbIX acCMeKTOB NpW peanu3auuu nporpaMmsl
peHoBaLMK Xunown 3acTporikn. C Lenblo OLEeHKN MCXOOHbIX Ma-
pameTpoB OO6BLEKTOB, a TakXe OnpefeneHns pesynbTpyoLLen
3(PPEKTUBHOCTM MPOEKTA NPUMEHEHNE SKOHOMUKO-MaremaTu-
YeCcKOM MOAEeNV MNO3BONUT B fOCTATOYHOW Mepe chopMMpoBaThb
PS4 OLEHMBaEMbIX MapameTpoB, KOTOPbIE NPEACTABASAOT Hau-
60nbLUYI0 3HAYUMOCTb ANS peanu3dyeMbix NPOEKTOB PeHoBaLMMK,
NPOBECTN UX aHaNM3 N Ha UX OCHOBE CCDOPMMUPOBATL PACHETHBLIM
06pa3oM pe3ynbLTUPYIOLLINIA NoKasaTesnb 3PHMEKTUBHOCTU MPOEK-
Ta, KOTOprI7I BMnocneacTesmmn NsaXKeT B OCHOBe onpepaesieHnsa Hau-
6051ee oNTUManbHOW CTpaTerMn peannsalmm NpoekTa ¢ y4eTom
€ro 0CO6eHHOCTEN.

KnrodeBble cnoBa: nporpamMma peHoBauynm XnIiovn 3acTPoViKu,
KOMIIJIEKCHOE pa3BUTUE TEPPUTOPUI, IKOHOMUKO-MaTemaTuye-
cKoe MogenvpoBaHue, nporpamma peHosauymm ropoga MockBb!
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