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Abstract: The article deals with the basic of evaluation and indicators of operational safety of
buildings and structures. The authors focuses on aspects such as the ability to predict the probability
of further operation of buildings on the basis of data about the indicators of reliability, on the
methods used in determining these indicators. The article studies the advantages and disadvantages
of each method. Particular attention is paid to the urgency of the problem, identify its causes,
among which the growth needs of many buildings in the reconstruction and rehabilitation, and
the features of the building as complex objects. The paper describes the step by step construction of
basic mathematical model, which is used in calculating the reliability of complex systems. Identify
the most important problems encountered in the construction of the mathematical model, suggests
some existing solutions to these problems. Evaluation of reliability of complex systems is carried out
by methods involving the use of data failure and recovery elements obtained during the operation
of systems. The scientific novelty is research of reliability, ensure uptime and minimal investment of
time and money on technical maintenance and repairs of the building of the specified service life.
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AHHomayusa:06sekmom ucc1e008aHus 8 0aHHOU pabome A8/1510MCs OCHOBHbIE Memo0obl OUeHKU
u pacyema nokasamesieli 3KCNyamayuoHHoOU HadexxHoCcmu 30aHuli u coopyxeHuti. ABmopbl noo-
pO6HO paccmampusarom makue acnekmsl KK 803MOXHOCMb NPO2HO3UPOBAHUA 8epOAMHOCMU
OasnbHeliwel 3Kkcnayamayuu 30aHuli Ha 0CHoge OaHHbIX 0 NOKA3aMesiaxX UX HA0eXHOCMU, Memoobl,

npumeHsaeMble npu onpedesieHuU 0dHHbIX Nokazamersel. V3yuatomca OCHOBHble npeuMyuwecmasa
U Hedocmamku Kaxo0020 u3 Mmemodos. Ocoboe 8BHUMAHuUe yoenaemca akmyasabHocmu npobsiemsl,
8bIA8/1EHUIO €e NPUYUH, Cpedu KOmopbiX pocm nompebHOCMU MHO2UX 30aHUU 8 peKOHCMpPYKUuU
U 80CCMAHO8/1eHUU, CIOXHOCMb 30aHUU Kak 06bekmos. B pabome onuceleaemcsa nowazosoe
nocmpoeHue 0CHOB8HOU Mamemamuyeckol Mooesiu, Komopas UCNo/ib3yemcs Npu pacyeme Ha-
0eXXHOCMU CJIOXHbIX cucmem. Boiasnatomca Hauborsiee 8axiHvle NpobieMbl, 803HUKAloujue npu
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MporpamMmmHbie KOMMJIeKCbl KOMIMbIOTEPHOM peanu3auum
YUCJIEHHbIX METOA0B U MaTeMaTUYECKUX Mo eJiei Ha NX OCHOBe

nocmpoeHuu 3mou Mamemamuy4eckol MoOesu, NpedsIazarmcs HeKomopeble cywecmasyouue
nymu peweHus 0aHHbIx npobiem. OueHKa Ha0eXHOCMU C/IOXHbIX CUCMeM 8bINOJIHAEMCS C
NOMOUWbIO MEemMo008, CBA3AHHbIX C UCNOIb308AHUEM OAHHbIX 06 OMKA3aX U 80CCMAHOB/ICHUSAX
3/71eMeHmMo8, NoJTyYeHHbIX 8 Npoyecce SKCNJTyamayuu cucmem. HayuyHas Hosu3HA 3ak/o4aemcs
8 U3yyeHue HaoexHocmu, m. e. obecneyeHue 6e3omka3HoU pabomel, a Makxe MUHUMAJIbHbIX
3ampam gpemeHU U Cpedcme Ha MexHUYeCcKyto 3KCnJlyamauyuto U peMoHMel 30aHUA 3a ycma-
HOBJ1eHHbIU CPOK CI1yXObbl.

Knrouyeeable cnosa: cmamucmuueckue XxapakmepucmuKu, C/IOXKHbIE CUCMEMbl, PEMOHMONPU200-
HOCMb 30aHUL, HA0eXXHOCMb 30aHUU, MemMo0obl OUEHKU, MamemMamuuyeckas Mooe b, OUa2HOCMUKA,
3Kcnlyamayus 30aHul, cmpoumesibHble KOHCMPYKYUU, MexHUYecKoe CoCmosHue

Introduction

The problem of assessment the possibility of extending the service life of buildings on the
basis safety of structures is one of the topical problems of the modern state of many buildings
exploitation.

Every year increases need renovation and recovery of the housing fund in the country. Since
the obsolescence of buildings is added to the physical deterioration of structural components
and engineering systems, which speeds up the overall aging process [7]. At present time, our
country has accumulated quite large fund of buildings and structures. They are in completely
different conditions, and this leads to the fact that the level of technical state also varies from
good to emergency [6]. There is a problem of security in buildings. Safety of buildings and
structures, extending their service life and lower operating costs are very important and
topical problems, both for our country and for most other countries. The solution of all these
problems is impossible without knowledge of the methods of evaluation and calculation of
operational safety. Except, most modern buildings and structures are complex objects, different
in specific personality. This adds significant challenges for the development of the theory of
this calculation [8].

Redevelopment of premises carried out without the necessary need or without regard
to the building project. The demolition of part of the load-bearing structures, and the load
is unevenly distributed. This can lead to an emergency and the collapse of the building [9].
Avoiding such situations - a very important issue in our time.

In connection with the above factors, the issue of assessing the operational reliability of
buildings is became especially important. Accordingly, it is important and necessary to study
the complex methods for the diagnosis and assessment of residential buildings.

Main part

The object of research in this work is methods of evaluation and indicators of operational
safety of buildings and structures.

As a rule, the reliability of the objects associated with failures of inadmissibility. That is
they define it as the property of an object to safe a usable state for a certain time or a certain
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operating time. This reliability is closely associated with the various parties operating process.
Regarded as a complex property, which is determined by such indicators as reliability, durability,
maintainability and safety [4].

The main modern safety theory is a statistical approach to the study of events such as the
failure and recovery [5, 10]. For the application of methods of mathematical statistics, important
moment is the possibility re-implementation of a random event in virtually identical conditions.
Currently static data volume is small. Static data is characterized by the safety elements of the
building. It is making difficult to determine their reliability parameters.

Another approach to the study of safety in the building structures it is the physical approach.
In this case, the estimated reliability of the final element and it is possible with the help of some
special instruments and methods to quantify and control the safety of building structures. The
main disadvantage of a physical approach is that it does not allow to take into account the
time factor. Which is fundamental when reliability calculations. Therefore, you need to know
what types of failures are the greatest danger to the particular design and how soon normal
design parameters of the work will begin to change, threatening failure. All should know when
evaluating the safety of the element.

In assessing the reliability of any complex system, in particular, building structures and
buildings used general mathematical model. The construction of the model consists of two
steps and involves consideration of reliability as the probability of failure-free operation of the
system for a concrete interval of time.

The first step is to build a model of a complex system partition into components. The
second step is to specify the probability-statistical characteristics.

To describe the condition of the building at any time through the process
X(t) = X,(@®), ....X,(t)). Each vector component can also be in different states. It can take on
different values. For practical purposes, it suffices to assume that the number of these values
is finite.

Letit X —isthe set of all process values. Itis called a phase space. This phase space is a finite
set. This space consists of points K, , K, ...,K,, .Letit e;,, ..., e;. - is possible value i component
of the vector. It means that it takes the value of the first coordinate el,;;,etc.Next,a subset of
the states Q in the phase space X'is allocated. If X(t) process wasin QQ and then this suggests
the possibility of a situation of failure. Pay attention all the above, you can find the reliability
of the system P(T)intime T - itis probability that the process X (t) intime T, coming from
a fixed point, does not fall into the variety Q. Thatis-«(T) = P{X(t) ¢ Q,t € [0,T1} ».

Now we can consider the second step of constructing a mathematical model. It defines a
probability and statistical characteristics of the process.

We introduce two assumptions:

1. Thatin a short time you can change coordinate of only one process.
2. Thatin a short time you can pass only in the neighboring state.

Letit a (x)Dt - the probability that the system for the time Dt from the state x=(x,..., x ) is
transformed into a state ¥ = (xi, ..., X;41, Xj+1, --» X). If we introduce a suggestion that the
transitions from one state to a neighboring state depends only on the current state of the
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process, then the set of functions {a(x), i = 1,2,...,n} - is fully determines the probabilistic
properties of the process.

However, there are two major problems. At first is the function obtain a (x) on the
basis of experimental data. Secondly is determination of the probability P(T), if the
functiona (x) (i=1,...,n) has already been found.

Both of these problems are quite difficult mathematical problems. Which are related
to the subject side of research. In our time, there are only solutions for some specific cases.
Nevertheless, research and development of new methods are conducted. Moreover, there
are ideas that allow to obtain an approximate value of P(T). Calculation of constructions
reliability is often based on the assumption that the uptime and recovery time elements have
exponential probability distribution. This approach has a place to be. However, it does not
cover all aspects of the problem being studied. Since the assumption of exponential physically
means that we consider only the sudden failure, not associated with aging buildings. On the
other hand, the interest of reconstructed buildings are just phasing. They are related to changes
in the properties of materials in continuous operation, differential settlement of the building,
the destruction of the brickwork, the loss of the bearing capacity of the slab - for corrosion of
bearings, beams, etc. Some researchers believe that the timing of the visit in any state close
to a normal distribution.

Conclusion

In this way, evaluation of reliability of complex systems is carried out by methods involving
the use of data failure and recovery elements obtained during the operation of systems. In this
case there are no general methods and versatile. In that, each building requires an individual
review and assessment. Nevertheless, there are some ideas and approaches, the mathematical
model used in the evaluation of complex systems. In this moment, researchers have different
points of view. You can study them in more detail in [1]. However, it is clear that these issues
require in-depth analysis and study.
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