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PROBABILISTIC-PHYSICAL APPROACH TO DESCRIBE
AND DETERMINE THE RELIABILITY OF CARS

Purpose. The article aims to develop an algorithm and a sequence of description and determination of car reli-
ability to predict certain quantitative indicators of the studied elements, parts and units, or a car as a whole on the
basis of probabilistic-physical approach. Methodology. For the calculation of the indicators of reliability, durability
and safety of cars the probabilistic-physical method was used, which takes into account the resources consumption
inevitable in the operation of cars. The methodology of quantifying the reliability is based on the study of the physi-
cal-mechanical and physical-chemical properties and parameters of various elements, with the identification of prin-
ciples of the aging processes of the elements or parts (with operating time) to determine the analytical dependencies
of these processes from the indicators of cars reliability. Findings. On the basis of probabilistic-physical approach it
was developed a model to describe and determine the reliability of the cars. At this the method of calculation based
on probabilistic-physical model is fundamentally different from all known rigorous probabilistic methods by the fact
that it considers a continuous set of states of the elements, parts and systems of the car during continuous time. If
there exists or (if it possible to find) the information parameter about the resource consumption of the car element
with evaluation of its change speed, and knowing its limit, based on the built car reliability model with the involve-
ment of probabilistic-physical approach, one can predict all the necessary quantitative indicators of reliability of the
studied elements, parts and units or a car as a whole. Originality. The methodology of the reliability construction
with the use of probabilistic-physical model with DN-distribution was further developed in the article. The specific
physical interpretation of the constants of DN-distribution of failures makes it possible to evaluate them according to
the results of the study of certain parameters characterizing the technical condition of the car. On the basis of prob-
abilistic-physical approach the algorithm and the sequence of description and determination of cars reliability to
predict certain quantitative reliability indicators of the studied elements, parts and units, or a car as a whole were
developed. Practical value. The results make it possible to calculate in practice the quantitative indicators of reli-
ability of cars or their individual elements for further prediction of the overall reliability during operation.

Keywords: probabilistic-physical approach; reliability; technical condition of cars; failure model; development

Introduction the framework of the probability theory and math-
ematical statistics, which is without involvement
physical models of failures and the physical phe-
nomena that cause and accompany the emergence
of failures.

The origins of the physical theory of reliability
can be found in earlier works on statistical inter-
pretation of assurance factor when calculating en-
gineering structures [3, 4]. A distinctive feature of
the physical theory of reliability lies in the fact that
the system survival and the possibility of failure
initiation are considered as the result of interaction
between the system and external influences (opera-
tional loads, environmental conditions, etc.), as
well as mechanical, physical and chemical proc-
esses that occur in the system components during

In the reliability theory coexist two directions
related in ideology and general system of concepts,
but different in approaches [5-8, 11, 13-16].

The first direction includes the systemacity, sta-
tistical character, i.e. mathematical theory of reli-
ability, the second one can be called the physical
theory of reliability. The object of the system (sta-
tistical, mathematical) theory of reliability is the
system of elements interacting in terms of survival
in logical schemes: graphs, fault trees, etc.

Background information in the system reliabil-
ity theory usually form the indicators of elements
reliability that are determined by statistical analysis
of the test results and (or) operational data. The

task of system reliability theory is solved within

its operation. The models and methods of natural
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and technical sciences in the physical theory of
reliability are widely used together with the means
of probability theory and mathematical statistics.
Physical reliability theory indicates that first of
all the car reliability is provided by consistency or
little change in physical-mechanical and physico-
chemical properties (within the permissible limits)
of each element. That is it should be provided the
safety of the physical-mechanical and physical-
chemical properties of each element of the car in
the original (initial) form or with of minor change
that will not lead to a significant deterioration in
the internal state of element materials, parts and
units. First of all, it concerns the safety of such
properties as microstructure, chemical and phase
composition of materials that directly influence the
change in hardness, strength, plasticity, wear, cor-
rosive, and erosive resistance and other properties.
In turn constancy or a small change (within the
permissible limits) in these properties provides
long and reliable operation of the elements and the
car as a whole, which is based on physical reliabil-

1ty.

Purpose

The article aimes to develop an algorithm and
a sequence of description and determination of car
reliability to predict certain quantitative reliability
indicators of the studied elements, parts and units,
or a car as a whole on the basis of probabilistic-
physical approach.

Methodology

Physical reliability of various kinds of materials
is the foundation of any reliability (operational,
local, integrated, etc.) of certain elements, parts
and units, and the car in general. However, if to the
material of the elements, parts and units of the car
one applies only the concept of physical reliability,
to the construction of various cars along with the
physical reliability the concepts of constructive and
technological reliability can be applied.

The technical literature and regulatory docu-
ments in principle does not contain such concepts
as constructive and technological reliability. But
the introduction of such terms is always dictated by
production necessity, especially at the stage of de-
signing and manufacturing of cars. Furthermore, it
should be noted the existence of operational reli-

ability of cars, which has a direct link with the
physical reliability including with constructive and
technological. Moreover, it should be noted the
existence of operational reliability of cars, which
has a direct communication with the physical reli-
ability including the constructive and technological
ones.

When designing cars, in accordance with the
regulations [12], the constructive reliability in-
cludes the probability of reliable operation with
certain (necessary) value. That is, at this stage
a mathematical tool of reliability theory without
taking into account possible (during manufacturing
and operation) changes in physical-mechanical and
physical-chemical properties of certain elements,
parts, etc.

In the production process of cars (the initial
time) parts and units are made of different materi-
als, which have certain (projected) design, and
which will operate in a car. Reliability and ulti-
mately failure-free operation of this part will be
determined not only by the initial properties of ma-
terial, but also by the way in which, the assembly
of elements and parts will influence the loss of the
physical-mechanical and physical-chemical prop-
erties in the interaction of these elements during
operation of cars. For example, if the element or
part of the car is designed in the way that there are
stress concentrators (sharp corners, irrationally
located holes, etc.), then as a result of static and
dynamic loadings during operation in the areas of
stress concentration the cracks will be formed with
subsequent destruction of the system of certain unit
or car in general. If one projects the design of these
elements or parts with fillets, the above mentioned
destruction processes will not take place that is the
overall reliability of the car assembly will be high-
er.

Another feature of constructive reliability of
cars is the preservation of the initial (projected)
design of the elements or parts during operation in
its original form. For example, if during operation
of different types of cars the assembly of elements,
parts or units does not undergo significant changes,
the survival and reliability of such system is guar-
anteed.

If during operation of car a random displace-
ment of its elements in relation to the others be-
yond the permissible limits took place, or there
was a loss of certain elements (due to prolonged
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vibration there occurred screw detwisting, loss of
bolts or certain elements, parts, their skewing took
place, etc.), then ultimately such system will be
unworkable and unreliable. Consequently, non-
compliance of the original (initial) form preserva-
tion of the relative orientation of elements or parts
of the system or the change of its completeness can
cause failure. That such failure is a sign of low
level of constructive reliability and, in some cases,
of technological reliability of car.

Paramount importance of reliability is con-
nected with the fact that its level largely deter-
mines the development of automation of produc-
tion processes, intensification of working proc-
esses, materials and energy saving.

The urgency of reliability increases due to the
complexity of modern machines and the impor-
tance of the functions they perform [4, 7, 10].
Modern hardware consists of many interacting
mechanisms, machines and devices. Failure of
even one element of a complex system leads to the
failure of all system.

One of the problems of modern reliability the-
ory based on classical probabilistic methods is the
inability of adequate accurate prediction of the
moment of failure emergence as a random event.
Since, the moment of the object (especially durable
one) failure usually preceded by the complex in-
ternal changes, these changes in freight cars may
appear in different ways depending on the location
and nature of the failure.

Recent studies of reliability, conducted for var-
ious products, machines and components [7, 8,
10-12] show that for the calculation of the values
of reliability, durability and safety of cars one can
apply probabilistic-physical method that takes into
account resources consumption inevitable in the
operation of cars.

The methodology of quantifying the reliability
is based on the study of the physical-mechanical
and physical-chemical properties and parameters
of various types of technical means. On the basis
of this study one can identify the principles of the
aging processes of the elements or parts with oper-
ating time (during resource consumption), as well
as determine the analytical dependencies of these
processes with the indicators of reliability of cars.
When studying the aging processes of cars, i.e. the
degradation processes, one can apply the mathe-
matical methods of studying the internal changes

in the physical-mechanical and physical-chemical
properties involving the theory of stochastic proc-
esses and using stochastic equations and physical
modeling of the use of resource of the elements,
parts and units of the car conducting the reliability
tests.

The use of degradation models based on ran-
dom processes and stochastic kinetic equations
makes it possible to find dependences of the prob-
ability of reliable operation (or failure) and physi-
cal-mechanical and physical-chemical properties
(or certain parameter) that led to the car failure.
The obtained results of solutions of stochastic
equations that describe the internal properties of
the elements or parts of different technical means
are repeatedly confirmed by long tests of the de-
signed physical models that make it possible to
make reliable adequate conclusions involving sta-
tistical tool [1, 2, 9]. This, in turn, opens the possi-
bility to perform the calculations of physical reli-
ability of different types of cars in the process of
aging and using the resources, taking into account
the degradation processes in materials of their ele-
ments and parts, in the case when the failure rate is
acting as a function of operating time. This ap-
proach provides solution of many practical prob-
lems existing in the modern theory of reliability.

As it is known [7, 12], the state of reliability of
cars during manufacture and maintenance of this
reliability at a sufficient level during operation is
greatly influenced by the processes of aging, fa-
tigue and fracture of metals and alloys. The suc-
cessful solution of these problems first of all lies in
the development of new technology, methodology,
physical theory of aging, fatigue and fracture of
materials instead of outdated one. In the second
place is the generalization of disaggregated ex-
perimental data on the mechanism of aging and
fatigue in order to create a general physical theory
of «aging-fatigue-destruction» of all sorts of mate-
rials from the beginning of their production to the
total destruction. And then is the search and devel-
opment of new technologies for production of
parts, which reduce the level of fatigue and aging
of materials at the stage of their processing.

Findings

Let us consider provision of the probabilistic-
physical approach to the problems of reliability
theory. The technical condition of cars depends on
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the values of the internal parameters D, , which will

be unchanged during operation. With the accumu-
lation of operating time and resource consumption
these parameters that will determine the technical
condition of the cars are changing (dropping from
the reliability position), thereby approaching to the
appropriate limit values: D, (1) — D,,.

Initial technical condition of the car according
to some information about the internal parameters
will be determined by the following vector:

D,=(D,,D,,,...D,), 1)

where D,; — is the value of defining parameter that

was obtained for the i-th element in the initial mo-
ment of monitoring the technical condition of the
car.

According to some information the following
vector will correspond, to the limit condition re-
spectively and, thus, to the working limit 7,, of

the car:

D,=D,,D,;,...0,,). 2)

Components of vectors of the obtained infor-
mation (1) and (2) differ. This fact can be de-
scribed by the parameter of changing the technical
condition o for the i-th period of the operating
time (mileage) of the car. According to its content
this value is a random one and characterizes the
change of determining parameter for the unit of
operating hours (mileage), which can be defined as
a unit of measurement of the technical state pa-
rameter divided by the unit of operating time of the
car.

Similar to (1) and (2), the parameter of techni-
cal condition of the structural elements of the car
for some operating moments can also be repre-
sented as vectors:

oy = (0, 0y, Oy, 5 (3)

aep = (a‘ a azp[ ’ (4)

epl> Pep2os

where o, o, — are correspondingly the para-

meters of changing the technical state of structural
element of the car for the first and boundary
periods of the operating time (mileage).

At the moment when the determining parameter
of the components of the car structural elements
achieves the boundary value there occurs its fail-

ure. The condition of the car failure can be written

as follows:
D.(t
[—’( )j =1. (®)]
Di(t)*)DRp(t) D .

lim
epi

If we imagine that we can «observe» the degra-
dations and «fix» the moments when the determin-
ing parameters D, achieve their boundary values

D,,;, then we will obtain time interval to obtain an
array of operating hours (mileage) {¢, } in the time

interval from ¢, to 7, {t }. After we processed

max

the array {t, } with the known method, that is, di-
viding the interval ¢, ...t . by / of the intervals

with the length Az and counted the number of fail-
ures n( At) for each interval, we obtain the distri-
bution density of failures in the specified interval
of the operating hours (mileage). During mathe-
matical modeling of the processes of degradation
of «observation» and «fixing» are made on the ba-
sis of decision on the solution of (5) at the given
initial and boundary conditions.

The obtained conditional co(t, D) density of

the implementation probability of one or another
trajectory has simple relationship with the distribu-
tion density of operating hours (mileage) of the car
to the failure:

f(t)=—j aoa(Do(to),D(t))dD‘ ©

The degradation of properties of the structural
elements of the car can have both monotonous and
non-monotonous nature. Solution of the probability
density equation (6) for monotonous and non-
monotonous processes of degradation of structural
elements of the car should differ only by different
boundary conditions.

Changing the determining parameters of the car
elements during operation is described by the sto-
chastic Markov process, when the transition of
physical parameters from the one value to another
(from one state to another) has probabilistic nature,
i.e. it is the Markov process of diffusion type.

At this the conditional probability density of

transition from the one state to another (7, D)

can be determined using the following equation in
partial derivatives, which is similar to the diffusion
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equation in the theory of mass transfer in the solid
state physics:
oo(t,D
(D) ,
ot

do(1,D)

e do(1,D)
oD

200>

a 0, (7
where ¢ — is the operating hours (mileage) of the
car; a — is the average rate of change of the deter-
mining parameter of structural element (in other
way — drift coefficient); D = D(¢) is the
determining parameter of structural element that
determines its technical condition; b — is the flow
coefficient of the probabilities of technical
condition of the structural element, at that »° is the
average speed of dispersion change of the deter-
mining parameter of the structural element.

Then the expression for the law of distribution
of the service life of the car to the failure, i.e. the
mathematical model of failures, according to the
fact that the change of the technical state of the car
as a whole can be described by an exponential pat-
tern will look like:

(1—at)2
2% |

f(t)= (®)

1
exp| —
bt~ 27t P

The equation (8) will represent the mathemati-
cal model of change of the car technical condition
according to the determining parameters of struc-
tural elements or DN-model (DN-distribution) [2].

The above-mentioned distribution in the scien-
tific literature [2, 4, 10] was named as the DN-
distribution or diffusion non-monotonous distribu-
tion, because it results from the solution of the
flow equation (diffusion) of probabilities.

In addition, the probability diffusion coefficient
of the technical condition of the car b will be equal
to:

_0, _oNa _o, -
SN Nl

The ratio o,/a acts as a coefficient of varia-

b

©)

a

tion ¥V, of the process of changing the technical

condition of the car. In the DN-model of failures
the variation coefficient of operating hours (mile-
age) to the failure J of any element, part or unit of
the car coincides with the variation coefficient of
the speed of change taking place in the internal
processes of changing the technical condition of
the car V, .

For the flow coefficient of probabilities of the
technical condition of the car b the following rela-
tionship can be written:

b=V+a. (10)

Experience of theoretical estimates according
to the specified mathematical model shows that it
is more convenient to avoid the use of the average
speed of technical state changing? , but to use the
value reduced to it:

n==. (1)

a

Then, taking into account the above mentioned
relationships, the distribution density (8) will take
the following form:

N
f([)_V,t\/Z_nteXp

where p — is a scale parameter of distributon; V' —

is a variation coefficient of operating hours (mile-
age) to the failure — the parameter of the
distribution form.

Let us find out the content of parameter of the
scale distribution parameter p from the standpoint

()

- 2V ut

. (12)

of the reliability theory. To make this let us show
that it nothing else but the average value of the
operating time (mileage) of the car ¢, i.e. the math-
ematical expectation of the operating time to the
failure.

According to the works [2, 10] — the mathe-
matical expectation of a random variable ¢ is the
first initial statistical moment. Since the operating
time (mileage) of the car ¢ is a continuous random

variable in the range of deﬁnition(O,oo), then the
expression for the mathematical expectation oper-
ating time (mileage) of the car to the failure 7,
will take the following form:

(13)

Let us apply the expression (12) to the last ex-
pression (13) and, as a result, after simplifications,
we obtain operating hours (mileage) to the failure
in the following form:
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T = \/H exp(V[Z)2 IR

’ VA2n
xV /—nexp(—l/_z)zu.(M)
t 2 t

Thus, in the DN-model of the scale parameter
of failures distribution p have physical meaning of
the average operating hours (mileage) of car to the
failure.

Using the results of the works [2, 4, 10] one can
determine the statistical parameters of DN-model:

— operating hours (mileage) dispersion of the
car ¢ to the failure:

o; =i(t—u)2f(t)dt, (15)

— statistical moments of failures:
M, =u; ol =w’V>; A, =3V,; E =15V (16)

On the basis of the constructed model let us
provide an example of the DN-distribution for sta-
tistics on failures of the freight cars (Fig. 1).

40

J

Fig. 1. DN-distribution of failures of structural elements
of the freight cars at p=const and p=100 thous. km:
1 —body structure; 2 — bogies and spring suspension;
3 — braking equipment; 4 — wheel sets

. fith %

The density distribution of refusals

\—_..

50 100

Mileage, 1, thous. km

Analyzing the main characteristics of the DN-
distribution, the following facts should be noted:

— Skewness A, and kurtosis £, of thee ob-
tained distribution are positive, and the mathemati-
cal expectation M, shifted to the right relative to
the median, that is the DN-distribution density is
asymmetric single-mode curve with extended right
branch line (all the given curves 1-4 in the Fig. 1);

— at the fixed scale distribution parameter (ex-
pectation of operating hours (mileage) to the car
failure pn=100 thous. km) with the shift of the

form parameter V, the maximum distribution den-
sity f(¢) is shifted to the right clockwise with the

simultaneous decrease in the distribution amplitude
(curves 1, 2, Fig. 1) and its subsequent increase
(curves 3, 4, Fig. 1). At this, all the central statisti-
cal moments of distribution (dispersion, skewness
and kurtosis) are decreased;

— at the fixed form parameter (variation coeffi-
cient ¥, ) with increasing in the scale parameter of
distribution p, i.e. with the distribution shift to the
right clockwise, it is deformed in a way that the
dispersion increases and the coefficients of skew-
ness and kurtosis are constant. The example of the
given case is shown in the Fig. 2.

]

1

The density distribution of refusals, fit), %

0 10 20 a0 40 50 60 70 ’.iﬂ l.;II I(‘KI =
Mileage, ¢, thous. km
Fig. 2. DN-distribution of failures of structural elements
of the freight cars at ¥, =const and V, =1:
1 — wheel sets; 2 —braking equipment;
3 —bogies and spring suspension

Originality and practical value

The methodology of reliability construction
with the use of the probabilistic-physical model
with the DN-distribution was further developed in
the paper. The specific physical interpretation of
the constants of DN-distribution of failures makes
it possible to evaluate them according to the results
of the study of certain parameters describing the
technical condition of the car.

Based on the probabilistic-physical approach it
was developed the algorithm and the sequence of
description and determination of the car reliability
for predicting certain quantitative indicators of the
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reliability of investigated elements, parts and units
of the car in general.

The research results make possible practical
calculation of the quantitative indicators of reliabil-
ity of the cars or their elements for future forecast-
ing of the general reliability during operation.

Conclusions

The method of calculation based on the 6DN-
distribution as the probabilistic-physical model is
fundamentally different from all known rigorous
probabilistic methods by the fact that it considers
the continuous (continual) set of states of the ele-
ments, parts and systems of the car with continu-
ous time. Undoubtedly, this is a high-quality repre-
sentation of car elements behavior that consumes
their resources over time — with operating hours
increasing. Specific physical interpretation of the
constants of probabilistic-physical models of fail-
ure distribution makes it possible to estimate them
according to the research results of the determined
parameters describing the technical condition of
the car. If one can find the parameter that informs
about the consumption of the car element resource,
then after estimation of its change speed and know-
ing its limit value based on the constructed model
of the freight car reliability involving the probabil-
istic-physical approach, one can predict the neces-
sary quantitative reliability indicators of the inves-
tigated elements, parts and units and the car in
general.
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WMOBIPHICHO-®I3MYHUMN MIAXIJI JJI OMIUCAHHS
TA BUSHAUEHHSA HAJIIMHOCTI BAT'OHIB

Merta. Y po0orti nependavqaeTbcsi Ha OCHOBI IMOBIpHICHO-()I3MIHOTO MiAXOAY PO3POOHUTH aITOPUTM i TIOCITiTOB-
HICTh OINMUCAHHS Ta BU3HAYEHHS HAIiHOCTI BaroHiB JJIs MPOTHO3YBAaHHS OKPEMHX KiIBKICHHX TOKa3HUKIB IOCITi-
JUKYBaHHX €JIEMEHTIB, IeTalleil Ta By3miB a0o BaroHa B niiomy. MeTtoauka. st po3paxyHKy NOKa3HHKIB 0€3BiqMO-
BHOCTI, JJOBIOBIYHOCTI i 30€peXyBaHOCTI BaroHiB 3aCTOCOBAHO WMOBIpHICHO-(i3WYHNI METO/, 10 BPaXOBYE HEMU-
Hydl i1 9ac eKCIuTyaTallii BaroHiB BUTPATH pecypcy. MeToaiKa BCTAHOBIICHHS KUTbKICHUX TIOKa3HUKIB HAIIITHOCTI
I'DYHTYETBCSl HA BUBYEHHI (i3MKO-MEXaHIUHUX Ta (Hi3MKO-XIMIYHUX BJIACTHBOCTEH 1 MapaMeTpiB Pi3HUX €JIEMEHTIB,
i3 BUSIBJICHHSIM 3aKOHOMIPHOCTEH TPOLECIB CTapiHHS €JIEMEHTIB YW JeTaned (3 4acoM YW HalpallOBaHHIM) IS
BU3HAYCHHS aHAIITHYHUX 3aJIE)KHOCTEH 3a3HaYeHUX MPOLIECIB Bijl TOKa3HUKIB HaAiiHOCTI BaroHis. Pe3ynsTaTn. Ha
OCHOBI WMOBIpHICHO-(DI3MYHOTO MiAXO0AY PO3POOJICHO MOAENb Ul ONMCAHHS Ta BU3HAYCHHS HAJIMHOCTI BaroHis.
[Tpu 1boMy MeTOZ pO3paxyHKy Ha OCHOBI HMOBIpHICHO-(pi3MYHOT MOJIENi IPHHIIUITOBO BiAPI3HAETHCS BijL yCiX BiJ0-
MHX CTPOTMX HMOBIPHICHHX METOIIB THM, IIO BiH PO3IJISaEe HENepepBHY MHOXHHY CTaHIB €JIEMEHTIB, JieTainei
1 cHCcTeM BaroHa BIPOJOBXK HerepepBHOro dacy. Ilpu icHyBaHHI (Y1 MOXKITMBOCTI 3HAXODKEHH:) iH()OPMAIIIfHOTO
mapamMeTpa Ipo BUTPATy PECypcy elIeMeHTa BaroHa 3 OIIIHKOK MIBHAKOCTI HOTO 3MiHH i, 3HAIOUM HOTO TpaHWYHE
3HAYEHHS, HA OCHOBI MOOYAOBaHOI MOJIENi HAIIHOCTI BaroHa i3 3aIy4eHHsIM HMOBIpHICHO-()I3HYHOTO MiAXOIy MO-
JKHA TIPOTHO3YBATH BCi HEOOXiAHI KiJIbKICHI MOKa3HUKHN HAIIMHOCTI JOCHIIKyBaHUX €IEMEHTIB, JeTalel Ta By3IiB
abo Barona B nitomy. HaykoBa HoBH3HA. Y po0OTi Halyia MOJANBIIOrO PO3BUTKY METOMOJIOTIS MOOYIOBH
HAJIHHOCTI BaroHiB 13 BHKOPHCTaHHSIM HMOBIipHICHO-(bi3muHOi Momeni 3 DN-posmominom. Konkperna ¢izuuna
iHTepnpeTaliss KoHcTaHT DN-po3momiiy BiIMOB Ja€ MOMJIMBICTh OIIHUTH 1X 3a pe3yJbTaTaMH JOCIIIKCHHS
OKpEMHX IapaMeTpiB, 0 XapaKTepU3yIOTh TEXHIYHMH cTaH BaroHa. Ha ocHOBi WMOBipHiCHO-(hi3MYHOTrO MiAX0my
PO3pOOJICHO aNrOpuTM 1 MOCIJOBHICTE ONKMCAHHS Ta BU3HAYCHHS HAMIHHOCTI BaroHIiB JJisi MPOTHO3YBaHHS
OKpEeMHUX KUTBKICHAX TIOKa3HHKIB JOCTI[UKYBAaHMX €JCMEHTIB, JeTajield Ta BY3JIiB 1 BaroHa B I[JIOMY.
IIpakTnyna 3HaymMmicTb. Pe3ynbraTé poOOTH J1O3BOJIIIOTH NMPAKTHYHO PO3PaxyBaTH KUIBKICHI ITOKa3HUKH
HAJIHHOCTI BaroHiB YW iX OKPEeMHX EJEMEHTIB IS MOJANBIIOTO IPOTHO3YBAHHS 3arallbHOi HAMIHHOCTI Mia Yac
eKCIUTyaTaii.

Kniouosi  cnosa: WMOBipHICHO-(DI3MYHMIA MiAXiM;, HANIAHICTB, TEXHIYHUN CTaH BaroHIiB; MOJETh BiJIMOB;
HaIpaltoBaHHs

J. A. MYPAJISIHY

1*Ka(p. «BaroHsl 1 BaroHHoe X03s11cTBO», JIHEPONETPOBCKUI HALIMOHATIBHBIN YHUBEPCUTET JKEIE€3HOA0POKHOTO
TpaHCIOpTa UMeHH akanemuka B. JlasapsnHa, yi. Jlazapsna, 2, {aunpo, Ykpauna, 49010, ten. +38 (056) 373 15 19,
a11. moura leon59@bk.ru, ORCID 0000-0003-1781-4580

BEPOSATHOCTHO-®U3NYECKHN MOAXO/ A5 ONUCAHUS
N ONNPEJAEJEHUA HAAEXKHOCTHU BAT'OHOB

Heab. B pabore mpeamosnaraercs Ha OCHOBE BEPOSITHOCTHO-(DM3UUYECKOTO MOAXO0Ja pa3paboTarh aliropuTM
1 TIOCJIEIOBATEIFHOCTE OIMCAHUS U OINIPEAeNICHHS HaZeKHOCTH BaTOHOB JUTSI POTHO3UPOBAHMS OT/ICIBHBIX KOJIHYe-
CTBEHHBIX ITOKa3aTeJel UCCIenyeMbIX 3JIEMEHTOB, eTajel U y3J10B WIM BaroHa B nenoM. Meroguka. J{is pacdera
rokasaTesiel 6e30TKa3HOCTH, JOJITOBEYHOCTH U COXPAHHOCTH BaroHOB MPHUMEHEH BEPOSITHOCTHO-(ODU3MUYECKUN Me-
TOJl, YUUTHIBAIOIINI HEM30EXKHBIE MTPU IKCIUTyaTalliy BaroHOB pacxoibl pecypca. MeToinKka yCTaHOBJICHHST KOJIH-
YEeCTBEHHBIX MTOKa3aTeJel HaJIe’)KHOCTH OCHOBBIBACTCSl HA M3YyUCHUHU (PU3MKO-MEXaHUYECKUX U (PU3MKO-XMMHUUECKHX
CBOICTB M NapaMeTPOB PA3IMYHBIX AJIEMEHTOB, C BHISBICHHEM 3aKOHOMEPHOCTEH IPOLIECCOB CTAPEHUS HIIEMEHTOB
WM ietaneit (Co BpeMeHeM WM HapaOOTKOMN) [UIsl ONpe/IeNIeHHs] aHAJIUTHYECKHUX 3aBUCHMOCTEH yKa3aHHBIX IpoLec-
COB OT MOKa3aTenel Halle)KHOCTH BaroHoB. Pe3ynbTaThl. Ha ocHOBE BEepOATHOCTHO-(OM3NIECKOTO IMOAX0a pa3pa-
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0oTaHa MOJIENb Ul OMMCAHUS U ONPE/ICTICHUS HAaJIeKHOCTH BaroHoB. [Ipu 3TOM METO]| pacuera Ha OCHOBE BEPOSIT-
HOCTHO-(DM3UYECKOI MOJENN NPUHIUITHAIBLHO OTIMYACTCS OT BCEX M3BECTHBIX CTPOTHUX BEPOSITHOCTHBIX METOJIOB
TEM, YTO OH pacCMaTPHUBAET HEMPEPHIBHOE MHOXKECTBO COCTOSHHUIN DJIEMEHTOB, JIeTaJieil U CUCTEM BaroHa B TEUCHHE
HenpepbIBHOTO BpeMeHu. [Ipu cyliecTBOBaHMM (MM BO3MOXKHOCTH HAXOXK/AEHHS) WHPOPMAIMOHHOIO Mapamerpa
0 pacxojie pecypca dJIEMEHTa BaroHa ¢ OLIGHKOW CKOPOCTH €ro M3MEHEHHs M, 3Has ero npeieibHOe 3HaueHue, Ha
OCHOBE MMOCTPOCHHON MOJEN HaJIS)KHOCTU BaroHa C MPHUBJICYCHUEM BEPOSTHOCTHO-(PU3MYECKOTO MOAX0a MOXKHO
MPOTrHO3UPOBATh BCE HEOOXOIUMBIC KOJMUYCCTBEHHBIC MOKA3ATEIN HAJACKHOCTH UCCICIYyEMbIX 3JICMEHTOB, JeTalci
W Y3JI0B WM BaroHa B neinoM. Hayunas HoBu3Ha. B paboTe nosydmiia nanpHeliliee pa3BUTHE METOHOJIOTHS I10-
CTPOCHHUS HAJIS)KHOCTH BaroHOB C HCIOJBh30BaHHUEM BEPOATHOCTHO-(puU3MUeckoir Monenu ¢ DN-pacnpeneneHueMm.
Konkpernas pusmyeckas naTepnperanys KoHctaHT DN-pacrpeieieHus: 0TKa30B JaeT BO3MOXHOCTh OIICHUTH UX IO
pe3yapTaTaM HCCICIOBaHUS OTICIBHBIX MMapaMETPOB, XapaKTEPU3YIOIINX TEXHUYECKOe COCTOsSHHE BaroHa. Ha oc-
HOBE BEPOSTHOCTHO-(PH3MYECKOTO MOJX0a pa3paboTaH alrOpPUTM M MOCIEAOBATEIILHOCTh OMUCAHUS U ONpeiese-
HUSI HAJISKHOCTH BArOHOB JJISI IPOTHO3UPOBAHUS OTICIBHBIX KOJMYECTBEHHBIX MMOKA3aTeNlell MCCIeIyeMbIX 3Je-
MEHTOB, JIeTaJeH, y3/I0B U BaroHa B nenoM. Ilpakruyeckasi 3Ha4UMMOCTb. Pe3ysbTaTsl paboOThI MO3BOJISIOT MPAK-
THUYECKH PaCCUMTATh KOJMYECTBEHHbIC MOKA3aTENIM HAJIE)KHOCTH BarOHOB WIIM UX OT/ENbHBIX JJIEMEHTOB IS Jajlb-
HEeWIIero MporHo3uPOBaHuUs OOIIel HaIeKHOCTH MIPU IKCILTyaTalluH.

Kniouegbie crosa: BepoSTHOCTHO-(DU3MUYECKUIN TIOAXO;, HAJACKHOCTh; TEXHUUIECKOE COCTOSIHAE BArOHOB; MOJIEIb
O0TKa30B; HapabOTKa
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