71. Alferov O.1., Doctor of Engineering, Professor, Ukrainian State University of Railway Transport
DISTRIBUTION OF THE NUMBER OF LOADINGS TO FAILURE OF MACHINE ELEMENTS
At a deterministic constant limit level of bearing capacity of the element, an integer number of random
in magnitude loadings before sudden failure has a discrete one-parameter geometric distribution with a
probability function of the following form
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where R, - probability of failure-free operation; m - number of extreme loadings.

However, if the load carrying capacity of each element is a random variable fixed in time, the
distribution of the number of loadings to failure is not geometric under repeated random loading. This is
evidenced by the expression for the probability of failure-free operation (2), obtained under the assumption that
the load and load-carrying capacity are random and have a Weibull distribution or obey the Fréchet law [1, 2].
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where, K - safety factor calculated from the average values of bearing capacity and load; b — distribution scale
parameter.

It is also assumed that bearing capacity and load are independent but similar random variables, i.e. they
have the same distribution law and the same coefficients of variation.

It makes sense to consider the distinguishing features of the geometric distribution from discrete
distributions of the number of loadings to failure, which correspond to the cases of distributions of similar
values of load and bearing capacity according to the Weibull and Fréchet laws.

If there is a Weibull distribution, the probability of failure at the first loading is as follows
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Substituting this value into (2) gives an expression for the probability of failure-free operation under t-
fold loading in the form of

from where K b_

221



R, =— (1-0)"m! ; m=1,2... (4)
U[(l_Ql)i+Ql]

Using (4) we can obtain the probability function of the considered discrete distribution depending on
only one parameter (), :

0 -k g ~20-0)"(m-1)!
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This function determines the probability of failure specifically at a given extreme loading and is a
discrete analogue of the distribution density of the number of loadings to failure.

The discrete distribution (5) is not found in known references [4] and in [3] this distribution is called
hypogeometric.

The probability function of the hypogeometric distribution (5) differs from the corresponding
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characteristic of the geometric distribution [1, 2, 4] by the presence of a multiplier (m — 1)! , Which at
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small m >1 has a value less than unity, but with increasing m begins to exceed one and increase the probability
values (), compared to the geometric distribution.

An important characteristic of the hypogeometric distribution is the conditional distribution function
(risk function), which is defined as a ratio of
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This function allows for each successive t-th loading to determine the conditional probability of failure
of the object that, having withstood the preliminary m-/ loading, did not fail. As follows from (6), the risk
function of the hypogeometric distribution is a monotonically decreasing function of the number of loadings m
and thus fundamentally differs from the geometric distribution, which has A, constant ;. Reduction of the

(6)

risk of failures due to preloading in a number of cases justifies the expediency of using such a method of
ensuring the reliability of elements having random dispersion of bearing capacity.

Consequently, contrary to the previously accepted approach [4, 5], the use of geometric distribution
cannot be considered reasonable when predicting mechanical reliability by sudden failures under conditions of
random dispersion of the bearing capacity of elements.

Reference:

1. Alferov, A. I. Fundamentals of forecasting and reliability management in conditions of extreme loads
: amonograph / A. 1. Alferov, A. S. Grinchenko. - Kharkiv: Planeta-Print, 2017. - 135 p.

2. O. Grynchenko, O. Alfyorov. Mechanical Reliability. Prediction and Management Under Ex-treme
Load Conditions. Springer Nature Switzerland AG 2020.

3. Grinchenko A. S. Some applied models of strength reliability at sudden failures. Bulletin of the
National Technical University "KHPI". Thematic issue: Dynamics and Strength of Machines, Kharkov, 2003.
Ne 12. T. 1. C. 51-58.

4. Johnson N. L., Kotz S., Kemp A. V. One-Dimensional Discrete Distributions.: Binom. 2012. 559 c.

5. Upton G., Cook I. Oxford dictionary of Statistics. 2008. 453 p.

222



MIHICTEPCTBO OCBITU 1 HAYKHU YKPAIHA
KUTOMUPCHKNHN ATPOTEXHIYHUHN ®AXOBHUH KOJIEK

3bIPHUK TE3

XI Mixcuapoonoi naykoeo-npakmuunoi KoHghepenuyii
«IlepcneKTUBH i TeHACHIII PO3BUTKY KOHCTPYKIIIi

Ta TEXHIYHOI'0 CEPBiCy CLUIbCHLKOrOCNOAAPCHKUX MAIIMH i 3HAPAAb)»

https://doi.org/10.64165/proceeding-ptdstsamt.2025

11 kBiTHa 2025 poky

M. 2Kuromup


https://doi.org/10.64165/proceeding-ptdstsamt.2025

XI Mixcnapoonoi naykoeo-npaxmuunoi kongepenuyii «llepcnekTuBy i TeHIeHIiI pO3BUTKY KOHCTPYKILii
Ta TEXHIYHOI'0 CePBicy CUILCHLKOroCnoAapchbKUX MALIMH i 3HAPSAAb

https://doi.org/10.64165/proceeding-ptdstsamt.2025

YK 631.2:621.017:615.281:340(477)

30ipauk Te3 momoBimeld XI MikHapoaHOI HayKOBO-TpakTH4YHOI KoHpepeHmii «llepcriekTuBu 1 TeHACHI
PO3BHUTKY KOHCTPYKIIIM Ta TEXHIYHOTO CEPBICY CUIbCBKOTOCIOAAPCHhKUX MammH 1 3Hapsnb. PTDSTSAMT-
2025» 3 marogu 30-pivus 3anouyatkyBaHHs miArotoBkun OC «bakamaBpy 3a CHEHIabHICTIO «ATPOIHXEHEPIS.
11 xBiTHa 2025 poxy. MOH Vkpainu. )Kurtomupcbkuii arporexniyauidi ¢axoBuii konemk. Xuromup. 2025.
333 c. https://doi.org/10.64165/proceeding-ptdstsamt.2025.

Pekomenoosano 00 OpyKy memoouyHnorw paooio Kumomupcekozo azpomexuiunozo (axoeozo Ko.eoxncy
MOH Ykpainu (npomokon 6io 10.04.2025 p. Ne 6)

Proceedings of the XI International Scientific and Practical Conference "Prospects and Trends in Development
of Structures and Technical Service of Agricultural Machinery and Tools. PTDSTSAMT-2025." on occasion of
the 30th anniversary of the initiation of the preparation of the Bachelor's Entity in the specialty
"AgroEngineering". April 11, 2025. Ministry of Education and Science of Ukraine. Zhytomyr Agrotechnical
Professional College. Zhytomyr. 2025. 333 p. https://doi.org/10.64165/proceeding-ptdstsamt.2025.

B 30ipHuKy mpencTaBieHi Te3M JONOBIAEH HAyKOBO-NENAroriyHUX MpaliBHUKIB, HAayKOBHUX
CHIBPOOITHHUKIB, aCHipaHTIB Ta CTYJEHTIB JKUTOMHUPCHKOrO arpoTeXHIYHOTrO ()axoBOIO KOJEIXKY, MPOBIIHUX
BITYM3HIHUX 1 3aKOPJOHHMX 3aKJIaJiB BUILOI OCBITU T4 HAYKOBUX YCTAHOB, B SKHX PO3IJISIAIOTHCS 3aBEpIlEH]
eTanu po3poOoK.

The collection presents abstracts of reports by scientific and pedagogical workers, researchers,
postgraduates and students of the Zhytomyr Agrotechnical Professional College, leading domestic and foreign
higher educational institutions and scientific institutions, which consider the completed stages of development.

Ilepedpyx abo inwe 8iomeopents 8 6y0b-aKull hopmi 8 Yiiomy abo 4acmko8o mamepianis, onyoIiKO8aAHUX y
YboMY 8i0aHHI, 00360J1EHO TUlLe 3d NOCUIAHHAM HA 0X4Cepeo | OOMPUMAHHAM 8UMO2 3AKOHOO0ABCMEA

© JKutoMupchKuil arpoTeXHIYHUN (PaxoBuid Kok 2025


https://doi.org/10.64165/proceeding-ptdstsamt.2025
https://doi.org/10.64165/proceeding-ptdstsamt.2025
https://doi.org/10.64165/proceeding-ptdstsamt.2025

