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4.3.1. TexHOIOTHH, MAIINHBI 1 000PYIOBAHUE IS
arporpOMBIIIIICHHOT0 KOMILIEKCa

HCMOJb30BAHME SI3bIKA
MMPOrPAMMUPOBAHMUSI PYTHON JIJISI
PA3PABOTKHU ITIPOTPAMMBbI
BBIMOJTHEHHSI IEPBOT'O DTAIA
CTATUCTHYECKOI OBPABOTKH U3HOCA
JETAJIEN IIJIMIEBOTI'O COEIUHEHUSI —
COCTABJIEHUSI CTATUCTHYECKOI' O
PSIJIA
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CraTbs MOCBSIIEHA pa3paboTke KOMIBIOTEPHOH
MpOrpaMMBIl, KOTOpasi Ha 06a3ze HHpopMaluu 0o
U3HOCAX, I03BOJIAET PEaN30BbIBATh METObI
KOMIIBIOTEPHOT'O CTATHCTHYECKOTO MOJIEIUPOBAHHS.
Jis n3ydyeHus npolecca U3HOCa, Ha MPUMeEpe
COMPSITa€MBIX NOBEPXHOCTEN KOHMYECKOTO PEAYKTOpa
MeXaHHu3Ma NpuBojaa MacissHoro Hacoca KIIIT
TpakTopa «Kuposer, OB COCTAaBIEH aITOPHUTM,
nepBasi 4acTh KOTOPOTO CITYXKUT Il CTATUCTUYECKOI
00pabOoTKN MOTY4YEHHBIX B pe3yiIbTaTe SKCIIepUMEHTa
JIaHHBIX. /IaHHBIN aIrOPUTM II03BOJIIET CTPOUTH
CTaTUCTHYECKHUH PsIZl C pa3bUeHHeM ero Ha
HMHTEPBAJIBL, OIIPECIICHIEM CePeIUHBI HHTEPBAJIOB,
ONBITHOW YacCTOTHI M;j, ONIBITHON BEPOSTHOCTH Pj U
HAKOIUIEHHOH ONBITHOH BeposiTHOCTU 2;.. 1o
MPE/ICTaBICHHOMY aJlTOPUTMY pa3padoTaHa
nporpaMma Ha si3blke mporpamMmupoBanus Python.
ANropuTM U KOMIIBIOTEPHAS IPOrpaMMa MO3BOJIAT B
JalbHENIIEM TPABUIBHO YCTAHABIUBATH U
BBIJICP)KUBATH ONITUMAJIBHBIE CPOKH CITY>KOBI TpaKTOpa
1 €T0 COCTaBHBIX YaCTei, a 3T0 3HAYUT 00ecIeunBaTh
HHU3KYI0 ce€0eCTOMMOCTh IPOTYKIUH, IPH 3TOM OyneT
yITy4IlIeHa 3KOHOMHUYHOCTh HCIIOJIb30BaHUS
CEeNbCKOXO35MCTBEHHOU TEXHUKU B XO35UCTBaX U
oOecrieyeH OBICTPHIN TEMIT TEXHUYECKOTO TIporpecca B
CEJIbCKOM XO3HCTBE

Kirouessie cnopa: IHIJIMOEBOE COE/IMHEHUE,
KOHWYECKMI PEJJYKTOP, TPAKTOP, U3HOC,
CTATUCTHUYECKASA OBPABOTKA, PACYET,
AJITOPUTM, ITPOTPAMMHOE OBECITIEYEHMUE,
S3BIK TTIPOTPAMMMPOBAHNWS PYTHON
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This article is devoted to the development of a computer
program that, using wear data, enables the
implementation of computer statistical modeling
methods. To study the wear process using the mating
surfaces of a bevel gearbox of a Kirovets tractor's oil
pump drive mechanism as an example, an algorithm was
developed. The first part of this algorithm is used for
statistical processing of the experimental data. This
algorithm allows for the construction of a statistical
series, dividing it into intervals and determining the
interval midpoint, the experimental frequency mi, the
experimental probability pi, and the cumulative
experimental probability Zpi. A program in the Python
programming language was developed based on the
presented algorithm. The algorithm and computer
program will enable the correct establishment and
maintenance of optimal service life for the tractor and its
components, thereby ensuring low production costs,
improving the efficiency of agricultural machinery use
on farms, and ensuring the rapid pace of technological
progress in agriculture
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Introduction. Most research on the durability and wear resistance of ma-
chine parts, as far as we know, is narrow, sometimes even speculative. It's not
particularly dynamic, in the sense that it's almost completely unrelated to the
practical methods of designing, manufacturing, and testing machines. Designers
and engineers who create tractors and agricultural machinery pay little attention
to the results of such research. Only this can explain the lack of proposals for
producing simple, convenient, and durable agricultural machines to replace ma-
chines with poor reliability and durability characteristics, as well as inconven-
ient and unsuitable maintenance and repair requirements.

Increasing the wear resistance of machine parts is a critical issue for both
machine builders and users. Wear is considered to be the result of interactions
between mating parts, with the workpiece (for working elements), and with the
environment in general. Typically, during wear, external and internal changes in
the part are observed. External changes include geometric changes (size, shape),
color changes (gloss, surface color, etc.), as well as microgeometry and other
changes. Internal changes include changes in the elastic and plastic properties of
the material's surface layers, structural transformations, and so on. Research into
the wear resistance of parts is also schematically reduced to these two areas. In
the first case, based on practical needs and reproducing, to some extent, the op-
erating conditions of the part, researchers have obtained valuable data and rec-
ommendations for selecting materials for rapidly wearing pairs. The influence of
mechanical and thermal treatments, as well as surface hardening and lubrication
conditions, on the service life of working pairs has been established. In this case,
wear is characterized by external changes: the dimensions of the part, the clear-
ances of mating pairs, the yield of wear debris, etc. This type of research pro-
vides a very definitive answer in each specific case regarding the resistance of
the part to wear without explaining the nature of the phenomena. Work in the
second category concerns studies of the internal changes of the part, partially or

fully accounting for external changes, and aims to understand the physical na-
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ture of friction and wear phenomena. The goal here was to obtain fundamental
data for the development of a theory for calculating the wear resistance of met-
als. Naturally, both approaches, mutually complementing and correlating each
other, together contributed to the development of a general theory for calculating
the wear resistance of machines.

Their downside is the recognition of the impossibility of mastering the
phenomenon of wear to the point where long-term wear resistance calculations
can be made, relying as a first approximation solely on empirical data. On the
other hand, numerous researchers point to patterns in the wear process. This tacit-
ly acknowledges both the possibility and necessity of establishing general princi-
ples, with a certain abstraction of the process, that allow for the predicted service
life of machine parts.

When a researcher understands, navigates, and applies the theoretical rela-
tionships developed by this theory, they are able to solve many theoretical and
applied problems facing today's science. These problems may have completely
different focuses, but they are closely related to the reliability of machinery and
equipment. Furthermore, solving problems related to the durability of technical
objects is straightforward, requiring minimal mathematical analysis and scien-
tific effort, and achieving maximum benefit for companies developing methods
and techniques for increasing the durability of equipment [1-7]. This theory is
closely linked to probability theory, so its results are applicable to a wide range
of practical probabilistic problems.

Among other things, it's essential to be familiar with the basic tasks of tech-
nical diagnostics, which are designed to maintain agricultural machinery in good
working order [1-7]. Diagnosing possible or probable technical conditions of a trac-
tor is essential to predicting its service life, ensuring timely commissioning, and en-
suring trouble-free operation. Therefore, it's essential and important to have special-

ized staff knowledgeable in the basic methods of ensuring equipment maintainabil-
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ity, as using "intuitive" methods to diagnose the technical condition of complex
tractor models is ineffective and even unsuitable.

Purpose of the study. Using the PYTHON programming language and
based on an algorithm, develop a program for performing the first stage of statisti-
cal processing of wear of splined connection parts — compiling a statistical series.

Materials and methods. The following research methods were used: mi-
crometric analysis of parts, variation analysis and statistical processing.

Micrometric measurements of the components were taken using a LIIIIII-
[-150-0.01 caliper, brand "GRIFF" (GOST 166-89), after its adjustment and cal-
ibration using the KMD No. 1 end gauge block set, accuracy class KI-1 (GOST
9038-90). Prior to micrometric measurements, the splined parts of the compo-
nents were cleaned by immersing them in an ultrasonic cleaning bath with a La-
bomid detergent solution for 5-10 minutes, wiping them, and drying them with
acetone.

Preliminary statistical data processing, construction, and visualization of
the variation series were performed using Microsoft Office Excel 2003 software.
The Microsoft Visual Studio development environment, Python Tools extension,
Community version 3.11.3, were used to write and debug the Python code.

Python programming language was chosen due to its openness, availabil-
ity of libraries for statistics, and ease of integration.

We examined the wear of all splines on eight pairs of mating components
from tractors operated during the 2024-2025 season and received for repair at
ZAO RTP Zernogradskoye. A total of 48 splines were examined for width mi-
crometric measurements. We also ensured that the shafts exhibited wear within
the tolerances for mating with both previously used and new components (see
technical charts, maintenance and repair manuals, and defect cards supplied with
the Kirovets tractor).

Figures 1 and 2 show the mating worn surfaces of the bevel gearbox of

the oil pump drive mechanism of the Kirovets tractor gearbox.
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Figure 1 — Bevel gear of the oil pump drive mechanism assembly
700A.17.01.290 (a) and splined section of the pump drive shaft 700A.17.01.191
(b)

L)

1 — splined part of the shaft, connected to the gear of the bevel gear;
2 —splined part of the shaft, connected to the pump drive sleeve
Figure 2 — Worn surfaces of the splines of the roller 700A.17.00.038-3

To study the wear process of roller splines, an algorithm was developed,

the first part of which serves for statistical processing of the data obtained as a
result of the experiment (Figure 3).
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Figure 3 — Wear of the splines of the roller 700A.17.00.038-3
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Results and discussion. After preliminary statistical processing of the
micrometric results, it was discovered that the data on spline wear by thickness
obey one of the probability laws: normal distribution (ND); Weibull, etc. [9].

For a more detailed study of the wear process of roller splines, an algo-
rithm was developed, the first part of which is used for statistical processing of
data on the measured thickness of one spline in several places (n.m. 3..5); the
second - determines the range of data in the experimental sample and constructs
an interval variation series; the third - calculates the experimental frequencies
and probabilities of the occurrence of quantities in the intervals of the series;
and, finally, the fourth - calculates the cumulative probabilities, which makes it
possible to restore the differential and integral distribution function for the con-
structed series. The block diagram of the algorithm is shown in Fig. 3. This al-
gorithm makes it possible to construct a statistical series by dividing it into in-
tervals, determining the midpoint of the intervals, the experimental frequency
mi, the experimental probability pi and the cumulative experimental probability
2pi.

Modeling of technical and technological wear processes can be accom-
plished using a variety of mathematical packages and application programs [9].
A program in the Python programming language was developed using the algo-
rithm presented above. To test the functionality of the developed program,
measurements of 48 splines on eight rollers operating in conjunction with a bev-
el gear were used (Table 1).

The program performs statistical data processing: a variation series is ob-
tained, providing a preliminary statistical analysis of the experimental data. This
variation series will subsequently allow for the construction of a frequency his-
togram and an accumulation curve, as well as the determination of the data dis-
tribution law. The program displays a normalized variation series (from 0 to 1)

on the PC screen, providing a preliminary understanding of the probabilistic data
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distribution law. The program interface, with an informational message about

the parameters of the obtained variation series, is shown in Figure 4.

Table 1 — Results of spline wear measurements (fragment)

roller Slot Average spline Amount of wear, mm
Item No. thickness, mm
1 1 3.08 0.442
2 3.07 0.458
3 3.00 0.525
4 3.03 0.500
5 3.03 0.492
6 3.03 0.500
2 1 3.11 0.417
2 3.12 0.408
3 3.13 0.392
4 3.18 0.350
5 3.20 0.325
6 3.17 0.358
8 1 2.09 1.433
2 2.13 1.400
3 2.13 1.400
4 2.14 1.383
5 2.13 1.400
6 2.13 1.392

Table - Statistical series

e e L e L T fommmmmmmmmmmmem e eeeemeeo Fommmmmme e B L e e T +
| | Intervals | The middle of the interval,si |Experimental frequency.mi |  Experimental probability, Pi | Accumulated experience probability, Npi |
F====4 +: +: + + +
| 1] 0-0,15 \ 0.075 | 2 | 0.04 | 0.04 |
et S e e Fommmm e Fommm e B e +
| 2] 0,15-0,30 | 0.225 | 3] 0.06 | 0.1 |
B e Fommmm e B e e L B i +
| 3] 0,30-0,45 | 0.375 | 4 | 0.08 | 0.18 |
e dommmmmmmmm e e Fommmmm oo B e e +
| 4] 0,45-0,60 | 0.525 | 14 | 0.28 | 0.46 |
e et e e e e B e et B e e +
| 51 0,60-0,75 | 0.675 | 19 | 0.38 | 0.84 |
et e Fommmmm e e oo +
| 6] 0,75-0,90 | 0.825 | 6 | 0.12 | 0.9% |
R e oo oo e e L +
| 7] 0,9-1,05 | 0.975 | 2 0.04 | 1
e e EE P E T e et e Fommmmm e e e L +

Figure 4 — Results of the Python program
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The algorithm and computer program we developed will enable us to correctly
establish and maintain optimal service life for tractors and their components, ensuring
low production costs, improving the economics of agricultural machinery use on
farms, and ensuring rapid technological progress in agriculture. The same applies to
maintenance and repair intervals. Until farm managers and all agricultural specialists
develop the right attitude toward machine maintenance and repair, and until parts and
components are replaced within optimal timeframes, significant progress in reducing
the cost of mechanized agricultural work will be impossible.

Conclusions. As follows from the data presented in Table 1, the observed
values of linear wear of the roller splines by thickness (taking into account the
standardized tolerances for the dimensions of new and/or used parts) are located
within the range from 0.325 to 1.433, i.e., they can differ by a factor of 4.4. Nev-
ertheless, after statistical processing and construction of an interval variation se-
ries, it turned out that 66% of the observed experimental wear values are located
in the middle of this series, i.e., the distribution of this parameter in the studied

sample was close to the law of normal distribution.
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