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Abstract. In most industrialized countries fixed assets dominate in the structure of national wealth. As elements 
of fixed assets, the authors of this article consider industrial and non-industrial buildings as part of enterprises of 
the agroindustrial complex. The study of the effectiveness of building restoration shows that the criteria for 
effective repair and reconstruction of a building are the maximum reduction in physical wear and minimum 
capital investments. Based on the analysis of defects in building structures found during the determination of the 
technical condition of buildings of enterprises of the agroindustrial sector, the article formulates the classification 
of the most frequent defects that reduce the performance properties of fixed assets of enterprises and sets the 
mathematical dependence of the physical deterioration of fixed assets from the period of their operation 
correlation regression equation. Based on the carried-out modelling of the intensity of wear, a system for 
monitoring the technical condition of buildings based on the so-called “controlled operation” of buildings is 
proposed in order to effectively use depreciation charges to eliminate physical deterioration of buildings. Based 
on the results of the study of methods for calculating depreciation and regulatory documents governing the 
respective service life of buildings, a method was developed to optimize the planning of capital investments to 
eliminate the physical deterioration of the enterprise’s buildings as elements of fixed assets. The application of 
the developed method allows to increase the efficiency of management decision-making by the management of 
the enterprise, which has an impact on the effectiveness of the finished product output by enterprises of the 
agroindustrial complex. 
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Introduction 

Many scientists agree that fixed assets occupy dominant positions in the structure of the national 
wealth of the Russian Federation, they account for about 70 %, while the share of this category has 
remained almost unchanged over the past 25 years [1]. 

At the same time, according to information for 2011, Russian federal agencies estimated the level 
of depreciation of fixed assets in Russia at 45-65 % [2]. Research across the country showed that at the 
current stage the increase in the depreciation of fixed assets in all major types of economic activity 
from 2005 to 2016 was 5.2 % and reached 48.7 %, while for some types it exceeded 55 % [3]. 

As elements of fixed assets, the authors of this article consider industrial and non-industrial 
buildings as part of the agroindustrial complex (AIC) enterprises in the Russian Federation. 

The analysis carried out showed that for certain types of activities the cost of buildings as 
elements of fixed assets is 45 % of the total value of fixed assets of an enterprise. An analysis of the 
performance of work by type of economic activity by organizations of various forms of ownership 
showed that the volume of work performed by organizations of private form of ownership 
significantly exceeds the amount of work performed by state and municipal enterprises (93 % vs 7 %). 
The conducted researches showed that 4122.2 thousand enterprises are organizations of private form 
of ownership against 311 thousand enterprises of state and municipal forms of ownership. 

The study of the reconditioning experience of industrial and non-industrial buildings as elements 
of fixed assets of enterprises shows that the preservation and renovation of fixed assets is carried out 
through current or capital repairs, modernization, reconstruction and new construction [4-9]. At the 
same time, preference is given in favor of new construction in the absence of the economic viability of 
carrying out repairs and reconstruction with significant levels of the development of physical 
deterioration of buildings [7;9-12]. However, a number of researchers point to the fact that in Russia 
not a single reproduction cycle at industrial enterprises ended with the replacement of the worn-out 
active part of fixed assets at the expense of depreciation funds of enterprises [2] at a time, when the 
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calculations of the Institute of Economics of the Russian Academy of Sciences show that amortization 
is the most effective investment resource. 

The study of the effectiveness of building restoration shows that the criteria for effective repair 
and reconstruction of a building is the maximum reduction in the level of physical deterioration with 
minimum capital investments [5;7;9;13-15]. 

The problem of buildings technical condition determines the relevance of the task of developing 
an effective scientific and methodological decision-making apparatus for choosing a strategy for the 
reproduction of fixed assets [7;9;16-19]. One of the stages of solving this task is to prevent the 
occurrence of emergency situations, the validity of the choice of the complex of engineering measures 
to prevent them, which will ensure the proper reproduction rate of fixed assets. Obviously, the control 
of the technical condition of the building structures should be systematic and allow the assessment of 
the changes taking place on the basis of quantitative criteria, that is, be based on the procedures for 
identifying the compliance of the actual strength, rigidity and stability of structural elements with the 
regulatory requirements [7;9;16;20-23]. At the same time, the analysis of a significant amount of 
statistical material carried out by the authors shows that, as a result of aging and deterioration of 
existing buildings of enterprises in Russia, there is a progressive increase in the volume of necessary 
restoration work, and the dynamics of changes in the technical condition of the buildings in question 
lead to that every year the category of the technical condition of fixed assets in the Russian Federation 
significantly deteriorates. The deterioration of the technical condition of the buildings of enterprises is 
explained by insufficient financing, non-observance of standards and operating rules. 

In the course of a study of a number of buildings at Russian enterprises [24;25], it was determined 
that most of the buildings need timely maintenance, major repairs, and in some cases reconstruction. 
The lack of timely maintenance, the need to make informed management decisions on the 
reproduction of fixed assets, as well as the long service life of buildings in the enterprise lead to the 
accumulation of considerable physical deterioration. 

Thus, the objective and scope of the current work is to propose the advanced scientific and 
methodological decision-making apparatus for management and choosing a strategy for the 
reproduction of fixed assets. 

Materials and methods 

Analysis of the technical condition of AIC enterprises fixed assets in Russia showed that at 
present most of the buildings were commissioned before 1990, and the volume of reproduction of 
fixed assets through new construction is not significant (Figure 1). 

 

Fig. 1. Distribution of analysed enterprises buildings in Russia by year of construction 

Analysis of defects in building structures during the determination of the technical condition of 
enterprise’s buildings in Russia allows us to formulate the following classification of the most 
common defects that reduce the operational properties of fixed assets of enterprises (Figure 2). 
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Fig. 2. Fault classification for buildings to be monitored 

After analysing the years of AIC enterprise’s buildings commissioning on the territory of the 
Russian Federation (Figure 1), the authors constructed a histogram of the distribution of the average 
year of construction (Figures 3, 4) according to the law of normal distribution. 

 

Fig. 3. Histogram of distribution of buildings as elements of fixed assets of enterprises in the 

Russian Federation by year of construction 

 

Fig. 4. Histogram presenting distribution of year of construction  

and its fitting to normal distribution 

The analysis of statistical data prepared by the authors during the determination of the enterprise’s 
buildings technical condition in the Russian Federation is presented as a correlation field (Figure 6), in 
which the average values can be distinguished and set as a function of physical wear. Physical wear 
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levels were evaluated by the expert committees as complex deterioration figure mainly based on a 
visual inspections result. 

 

Fig. 5. Relationship (based on polynomial regression) between physical depreciation depending 

and period of operation of fixed capital buildings at enterprises of the Russian Federation 

As a result of the conducted study of the dependence of physical depreciation on the service life 
of AIC enterprise’s buildings in the Russian Federation, the mathematical dependence of the physical 
depreciation of fixed capital buildings on the period of their operation was set in the form of a 
correlation-regression equation (1): 

 
20.0159 2.353 20.301,y x x= − + −

 (1) 

where  y – physical deterioration of the building; 
 x – period of operation of the building. 

The calculated correlation coefficient r = 0.5914. The obtained value of the correlation coefficient 
shows the average dependence; therefore, the relationship is significant for the buildings in question 
on the balance of enterprises in the Russian Federation. 

The authors view the structure of the process of monitoring the technical condition of buildings as 
elements of fixed assets as a set of information gathering and decision-making operations (Figure 6). 

 

Fig. 6. Structure of AIC enterprise’s buildings technical condition monitoring 

Results and discussion 

The authors determined that the reproduction of fixed assets in the form of repair and 
reconstruction of the enterprise’s buildings is carried out through the stages of formation, 
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capitalization and use of a depreciation fund. At the same time, at the first stage, the enterprise carries 
out the transfer of fixed assets to finished products, at the second stage, in the course of product sales, 
the transferred part of the cost of finished products forms a depreciation fund, and the third stage is 
characterized by the transfer of capital investments to the depreciation funds [26]. 

The study conducted by the authors allows to solve the problem of applying modern technical 
documentation for rationing the service life of buildings in order to optimize the use of depreciation 
estimates for the reproduction of fixed assets considering the full design life [27] and determine the 
recommended minimum service life of building elements presented in Table 1. 

Table 1 
Recommended minimum service life of building components (DLC), years 

Group j 

project 

life 

Full design 

life of the 

building 

Unavailable or 

main building 

elements 

Items which 

replacement is 

technically difficult 

or costly 

Items to 

be mass 

replaced 

Items and parts 

that are replaced 

during 

maintenance 
1 Not limited Not limited 100 40 25 
2 150 150 100 40 25 
3 100 100 100 40 25 
4 60 60 60 40 25 
5 25 25 25 25 25 
6 15 15 15 15 15 
7 10 10 10 10 10 

Notes 
1. Easily replaceable items may have a service life of 3 to 6 years. 
2. The value of unlimited service life is rarely used in practice, since it significantly 

limits the design capabilities 

The design of significant volumes of fixed assets of enterprises that are in operation at the present 
stage was carried out based on the regulatory technical documentation in force at the time of 
commissioning, which has undergone numerous changes now. This provision significantly 
complicated the rationale for the distribution of capital investments for the reproduction of fixed 
assets, which required scientific study, since one of the main starting points for planning the 
restoration of buildings as elements of fixed assets in an enterprise is the standard term of service for 
buildings. 

The results of investigations provided by the authors [24, 25]show that in general development of 
physical depreciation of buildings as a type of fixed assets is non-linear in time and proceeds in 3 
stages, in which the value of the development of physical wear quickly increases after entering the 
facility into operation and then stabilizes for a considerable period of time, called the period of normal 
operation, with the subsequent deterioration of the technical condition of the building (Figure 7). 

The values of funds allocated to each of the categories of buildings are determined by the 
calculation of the corresponding distribution coefficients. The objective function in general will be (2): 

 1 1 2 2 ...
n n all

K S K S K S S⋅ + ⋅ + + ⋅ = , (2) 

or 

 1

( )
n

n n all

i

K S S
=

⋅ =∑ , (3)
 

where  i = 1, 2, 3…n– number of building categories in accordance with the accepted 
classification of fixed assets in the enterprise; 
Si – number of capital investments for each ith category of buildings in accordance with 
the accepted classification of fixed assets in the enterprise; 
Sall – total number of capital investments allocated from the depreciation fund of the 
enterprise to eliminate physical deterioration of buildings; 
Ki – distribution coefficient of capital investments determined empirically by each i

th 
category of buildings of the enterprise. 
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Fig. 7. Development of physical deterioration in operation of buildings:  T1 – period of running-in; 
T2 – period of stabilization; T3 – period of increase in the rate of development of physical wear;  

Ta – total life of the building 

The decision-making process on the allocation of capital investments for the reproduction of fixed 
assets is carried out in accordance with the algorithm presented in Figure 8. 

At the 1st stage the company management in order to reasonably distribute capital investments 
from the depreciation fund to eliminate physical deterioration of buildings is organized on the terms of 
contracts for building inspection with substantiation of the technical condition group. The building’s 
survey results serve as a basis for project documentation development and determining the type of 
restoration work (current repair, major repairs or reconstruction). 

At the 2nd stage the enterprise management determines the number of categories of buildings that 
require an appropriate type of restoration work. Classification of buildings by category as elements of 
fixed assets can be performed depending on the attitudes of the officials who make decisions. 

At the 3rd stage the enterprise management determines the capital investments amount sent from 
the depreciation fund to the corresponding type of restoration work. This decision is made based on 
the analysis of the technical condition examination results and the corresponding estimate 
documentation for each building from the fixed assets. In case of absence of the necessary amount in 
the depreciation fund, it is advisable to forward part of the profits to eliminate buildings physical 
deterioration. 

 
1 2 3

... 1i i i i

i i i i p

а а а а

а а а а+ + + +

+ + + + = , (4) 

where  ai – coefficient of the building category, which is the most significant and taken as the 
base; 
ai + p – coefficient of subsequent category in the presence of n categories of enterprise 
buildings. 

At the 5th stage the management analyses design documentation for the elimination of physical 
deterioration in order to classify the cost of carrying out restoration work by groups of design service 
life of buildings. In each group the arithmetic average value of the restoration work cost is determined 
depending on the group of design service life of buildings. 

At the 4thstage the management determines the most significant and accepted for the basic 
category of buildings from the composition of fixed assets that need to be carried out for restoration 
work. Next, pairwise comparison of the significance of the remaining categories of buildings from the 
composition of fixed assets is performed in such a way that condition (4) is fulfilled: 
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Fig. 8. Algorithm for deciding on planning of reproduction of fixed assets 

At the 6th stage the enterprise management calculates the empirical coefficients for the distribution 
of capital investments by building categories according to the formula (1), ranking by their 
significance according to agreed building Key Performance Indicators (KPIs) [20].In the case of 
assigning the category of buildings No. 1 as the most significant and accepted as the basic category, 
the empirical coefficient is assumed to be 1. The categories significance distribution is well 
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represented in [11]. Then the empirical coefficients of the subsequent categories of buildings for 
formula (1) are determined by (5): 
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where  ai – coefficient of the building category, which is the most significant and taken as the 
base; 
ai + p – coefficient of subsequent category in the presence of n categories of enterprise 
buildings. 
bj – arithmetic average value of restoration work cost for buildings of the 1stproject life 
group; 
bj + m – arithmetic average value of restoration work cost for buildings of each subsequent 
group m of the design life. 

At the 7th stage the enterprise management distributes the volume of capital investments among n 
categories of buildings as follows. The value of the number of capital investments for category 1 of 
buildings in accordance with the accepted classification of fixed assets at the enterprise is taken as the 
only variable in formula (1) and expression (6) becomes fair: 

 
1 2 3 1( ... ) S

n all
K K K K S+ + + + ⋅ = . (6)

 

After determining the number of capital investments for category 1 of buildings, the calculation of 
the number of capital investments for each subsequent category of buildings is performed as: 

 
2 1 2K S S⋅ = ,  (7)

 

 
3 1 3K S S⋅ = , (8)

 

…  

 
1n n

K S S⋅ = . (9)
 

If there are buildings in the enterprise that need to carry out a different type of restoration work, 
distribution of capital investments for the corresponding type of restoration work is carried out 
similarly with the implementation of actions of the stage 2 (Fig. 8). 

Conclusions 

In the course of the study it was determined that the development of physical depreciation of 
buildings as elements of the company’s fixed assets is non-linear in nature, and the existing methods 
for calculating depreciation deductions for the purpose of reproducing fixed assets do not allow to plan 
the complex implementation of restoration works for buildings of various purpose with elevated 
physical values of wear in an optimal way. 

Based on the results of the study of methods for calculating depreciation and regulatory 
documents governing the respective service life of buildings, a technique was developed to optimize 
the planning of capital investments to eliminate the physical deterioration of AIC enterprise buildings 
as elements of fixed assets. The proposed functions and dependences in the methodic could be solved 
with accumulated calculation errors not exceeding 7-10 %, which allows the use of the proposed 
model for engineering calculations.The application of the developed methodology allows to increase 
the efficiency of management decision-making, which has an impact on the AIC enterprises 
effectiveness. 
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