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Abstract. It is shown that in order to justify the
extension of the service life of the machine beyond the
resource set by the developers, it is necessary to focus on
the allowable risks of accidents that can lead to accidents.
After all, today for mobile agricultural machinery, the
operation of which is associated with high-risk work, the
concept of acceptable (acceptable) risk is not used, which
does not allow to assess the danger of being on fields,
farms and roads without machinery, with exhaustion of
installed resources.

The purpose of researches is to justify the
permissible risk of exploitation of mobile agricultural
machinery, in array of details and elements of
constructions which have accumulated defects (damage).

This paper analyzes the kinetics of accumulation of
operational defects in the array of parts of individual
components (systems) of tractors. MTZ-80 tractors (82)
were chosen as the object of research, as one of the most
common in Ukraine. To detect cracks, a developed eddy
current flaw detector was used, the sensitivity of which
allowed to find cracks several millimeters or larger in
length without preparing the surface of the controlled
parts.

It is shown that the Kinetic dependences of the
accumulation of operational defects in the parts of tractor
units in the analyzed range of service life are
monotonically increasing, which can be described by
exponential functions with a sufficiently high reliability.
It is noted that the obtained dependences are similar to the
kinetic dependences of the accumulation of static and
dynamic (fatigue) damage obtained as a result of
laboratory tests of samples of construction materials,
which allows to use approaches to the criteria of the limit
state of laboratory samples due to the power load to
establish the boundary life of mobile agricultural
machinery.

However, the Kkinetics of the intensity of the
occurrence of operational cracks in the array of tractor
parts is not monotonous and has a maximum in the range
of about 11-13 years of operation. This service life can be
used as a criterion to stop the operation of the tractor, to
carry out defectoscopy of parts and to replace defective
parts. With such a long service life of the tractor, there is

the greatest probability of sudden destruction of the
tractor components and the creation of emergencies.

Key words: technical condition diagnostics,
operational defects, risk of exploitation, mobile
agricultural equipment, accidents.

Introduction

According to the current regulations on Occupational
safety and Health [1-3], the employer must monitor and
assess the technical condition of production equipment
(machines, mechanisms, high-risk equipment), ensuring
their safe operation. In particular, it is necessary to adhere
to the assigned service life (resource) of machines
(mechanisms) of increased danger, in case of which they
are decommissioned, conduct an expert examination to
decide on the establishment of a new service life with or
without repair.

Formulation of problem

It is important not only to establish the degree of
efficiency of the machine (mechanism), but also to
determine the magnitude of the risk of its operation for
the operator or other employees, which should not exceed
an acceptable level. Currently, acceptable levels of risk
are generally established for industries and subsectors of
the economy on the basis of statistics on occupational
injuries, as well as for large high-risk facilities for nuclear
energy, chemical and metallurgical industries [4-6]. For
mobile agricultural machinery, the operation of which
also belongs to high-hazard works, the concept of
permissible (acceptable) risk is not applied, which does
not allow to assess the danger of being on the fields,
farms and roads of machinery without safety equipment,
with exhaustion of the installed resource.

Analysis of recent research results

Currently, the issue of assessment and management
of production risks in various sectors of the economy of
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Ukraine is given considerable attention [3, 4]. These
issues were and remain the main ones at conferences,
seminars and round tables, where there were issues of
improving Occupational safety and Health [5, 6].

Among Occupational safety and Health professionals
(scientists, managers of large enterprises with foreign
capital, etc.) it is already generally accepted that the
recommended measures to prevent occupational injuries
and occupational diseases should be based on a risk-based
approach.

Extremely important issues of reducing production
risks to the level of "zero injury" for exporting companies,
because the quality management system, which is crucial
for the prospects of promoting the product to consumers
in Europe and America, must include an integral part of
the production risk management system [2].

However, in many industries, including the agro-
industrial complex, the development and implementation
of a system of production risk management is in its
infancy, and employers consider them too complex and
costly [7]. This can be largely explained by the high
degree of formalization of basic documents on risk
management, both international and domestic.

Trying to cover all types of economic activity in the
country and translate international documents as close as
possible to the original text, the developers of risk
management strategy highlight and enhance the concepts
such as "enterprise policy"”, "process approach”, "goals",
"analysis and improvement"”, etc. are abstract for many
business leaders.

Also in many aspects, the risk assessment procedure
remains unclear for contractors, where it is proposed to
determine the significance of existing hazards, predict the
severity of losses from possible accidents and incidents,
adjust accident prevention plans without clear criteria for
individual stages [8].

Risk assessment in the workplace, if this procedure
is not carried out formally, involves the involvement of
managers of all levels of the management vertical and
employees of the enterprise [9].

They also need to explain the interaction of all actors
in the production risk management system, the validity of
each of the elements, that is to make the production risk
management system a clear and effective tool for
preventing occupational injuries and diseases [10].

To initiate work on risk management by order of the
Director, a working and expert group on risk management
is created, which includes leading specialists with high
qualifications, experience in building and managing a
quality management system and able to perform work on
developing a management system and continuous risk
control [11].

In this aspect, it is important to illustrate the training
of employees on the implementation of the production
risk management system - that is, along with the dry text
of legal documents, employees should use flowcharts,
comparative tables, formalized figures, which will
highlight and clearly describe the basic and auxiliary
concepts, to present the general course of executive
operations, to systematize documents, etc [12-15].

Purpose of research

To substantiate and present in the form of block
diagrams the main procedures for assessing and managing
production risks to increase the level of perception by
employees (students, listeners) of the principles of risk-
oriented approach in Occupational safety and Health.

Research results

In accordance with the principles set out in Annex D
of the British Standard BS 8800, the procedure for
assessing industrial risks can be presented as block
diagram (Fig. 1). The block diagram shows the main
stages of the procedure for assessing production risks and
proposes as a final result to develop a plan of appropriate
occupational safety measures with its necessary
adjustment in case of changes in the parameters of the
production environment and conditions of work.

The procedure for assessing the
production risks in the workplace

{

Classify production activities

I

Identify dangers

I
Identify risks
I
Determine whether the risks exceed the permissible
levels
I

Develop a plan (measures) for risk management
(reduction)

l

Improving the plan in accordance with the existing
conditions of work

Fig. 1. The procedure for assessing industrial risks in
the workplace.

The same algorithm can be represented visually in a
slightly modified form (Fig.2).

Stage 1. Stage 2. Stage 3.
Detection of Identification of Developm
hazards in the j occupational j ent of
workplace risks in the preventive
workplace measures
Step 5. Reassessment Stage 4.

Monitoring the
implementatio
n of planned
activities

of risks after
implementation of
measures and their

adjustment

(=

Fig. 2. Algorithm for assessing industrial risks in the
workplace.
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Indicative is the block diagram in fig. 3, which
presents two different approaches to the implementation

especially relevant for forecasting the technical condition
of long-term units.

of the enterprise risk assessment and management system.

management system

Implementation of a risk assessment and H
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Fig. 3. Socio-economic orientation of measures y theory methods of control

within the system of risk assessment and risk management
of the enterprise.

In the block diagram of fig. 4 shows the directions
(reliability of equipment and Occupational safety and
Health) of the modern methodology of analysis of the
system "machine - man - environment", based on the
same probabilistic models for assessing the risk of failure
or the risk of accidents [12]. Therefore, to assess the risk
of accidents, it is necessary to use developed
methodologies of the theory of reliability, based on
statistics of machine or equipment failures, in particular
obtained by defectoscopic control methods, which is

Reducing the risk of injuries and morbidity
of machine operators during the operation
of agricultural machinery

Fig. 4. Methodology for reducing the risk of injuries
and occupational diseases of machine operators during the
exploitation of mobile agricultural machinery.

Repair shops and maintenance departments of
agricultural enterprises, inspections of state technical
supervision over the condition of tractors and other
agricultural machines must be equipped with such flaw
detectors. Based on the results of the inspection, it is
necessary to compile and constantly update the database
of places of potential defects in the details of the units of
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agricultural units. Separate correctly formed databases
can be generalized, which will allow to quickly assess the
risk of further operation of mobile agricultural machinery
after detection of cracks of critical or subcritical length.

The given examples of block diagrams allow to
reveal the basic directions of stages of the process
approach in an estimation of industrial risks.

The procedure for assessing the degree of
serviceability of mobile agricultural machinery is
presented in fig. 5. Such procedures must be performed in
stage 1 (Fig. 2), identifying hazards in the workplace.

Managers of agricultural enterprises must organize
proper control over the technical condition of mobile
agricultural units. In particular, this applies to units that
have been in operation for a long time [13].

To control the defects of parts and structural
elements of agricultural units (to detect visible damage,
dents and cracks) are now mostly used visual inspection.

Instrumental control is to determine with a ruler or
caliper changes in configuration and size (magnitude of
the surface, curvature, twist, beating, warping, non-
perpendicularity and other violations of the mutual
arrangement of axes and surfaces) parts. At the same
time, in the practice of maintenance and repair of
agricultural machinery it is important to introduce modern
defectoscopic devices that allow to find hidden defects
(cracks, sinks, unboiled places, etc.), which can cause
sudden equipment failures and emergencies that lead to
accidents.

Ensuring the safety and injury safety
of mobile agricultural machinery

Control cards of safety

4

indicators of mobile
agricultural machinery

Tracking the serviceability of mobile
agricultural machinery

The list of details which
are subject to
defectoscopic control

Daily Technical
Overview

Overhaul

Visual control of parts and
elements of structures of mobile
agricultural machinery

Assessment of the risk of
injury in the case of
operation of mobile

agricultural machinery in

the presence of defective
parts

Defectoscopic control of details
of units and systems of mobile
agricultural machinery

—

Rejection of parts

Rejection of parts

T~

Replacement of (4]
defective parts

Database on the presence of

y

cracks of dangerous length in
the details of nodes and systems

V

Continuation of the service life of
mobile agricultural machinery

of mobile agricultural machinery

Fig. 5. Algorithm for assessing the serviceability of mobile agricultural machinery

The study of the principles of the system of
assessment and management of industrial risks at the
enterprise is aimed not only at acquainting employees
with the practical aspects of risk-oriented approach, but
also at mastering a high level of knowledge and skills in

occupational safety. All employees of the enterprise must
ensure compliance with occupational safety and health
standards, guided by current regulations on Occupational
safety and Health, being able to develop and implement
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them taking into account the existing hazards and residual
risks in the workplace.

Conclusions

1. One of the conditions for the effectiveness and
efficiency of risk management in the enterprise is the
establishment and maintenance of an appropriate system
of implementation, control and evaluation of this process.
The function of organizing the risk management process,
providing it with the necessary resources, including
qualified personnel, systematic monitoring and evaluation
of risk management activities is the responsibility of
senior management. The risk management process is
integrated into the overall system of interacting processes
of the agricultural enterprise.

2. Block diagrams of basic procedures for assessing
and managing production risks allow increase the level of
perception by employees (students, listeners) of the
principles of risk-oriented approach in Occupational
safety and Health.
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OBIPYHTYBAHH: PU3UK-OPIEHTOBAHOT' O
MIAXOOY EKCIUTY ATAIIT MOBIJIBHOI
CIbCBKOTI'OCTIOAAPCHKOI TEXHIKH,

HA TIPUKJIAJII IETAJIEW OKPEMUX BY3JIIB

TPAKTOPIB
O. B. Botinanosuuy, C. M. I'ononypa

Anotanis. [TokazaHo, mo 118 OOTpYHTYBaHHS TIPO-
JIOB)KEHHSI TEPMiHIB €KCIUTyaTallil MallMHK 110338 BCTaHO-
BJIEHUH pO3POOHUKAMHU pecypc HEOOXiIHO OpiEHTYBATHCS
Ha JIOIyCTUMI PU3MKHU LIOJ0 HAaCTaHHS aBapiiHUX CUTya-
i, sIKi MOXYTh NPU3BECTH [0 HEIIACHUX BHIIAJIKIB.
AJoKe HHHI JUIS MOOITBHOT CLIBCBKOIOCIIONAPChKOT TeX-
HIKH, €KCIUTyaTallisl K01 HaJeXXHUTh 0 POOIT IMiIBUIICHOT
HeOe3MeKkH, NOHATTS TOMYCTHMOTO (IIPUHHATHOTO) PU3U-
Ky HE 3aCTOCOBYIOTH, III0 HE J03BOJISIE OIIHUTH Hebe3me-
Ky nepeOyBaHHS Ha MOJIX, pepMax i Joporax Mamiue 0e3
TeXHIYHHUX 3ac00iB Oe3IMeku, 3 BUUEPIaHHSIM BCTAHOBJIE-
HOTO pecypcy.

Merta nocinijKeHb — OOTPYHTYBATH JIOIYCTUMHUN pH-
3MK eKcIulyaTanii MOOUIBHOI  CUIBCHKOTOCIIONapChKOT
TEXHIKH, Y MacuBi JieTaJieil Ta eJIEeMEHTIB KOHCTPYKIiH
SIKOT HAKOTTUYMIIHCS 1e(DeKTH (TTOMIKOKCHHS).

VY nmaHiii poOOTi NMpoaHaTi30BaHO KiHETUKY HAKOIIH-
YeHHS eKCIUTyaTaiiHuX nOedeKTiB y MacuBi JeTanei
OKpeMHuX BY3JiB (cucTeM) TpakTopiB. SIk 00’ekT mocii-
JokeHo Oyno BuOpaHo Tpaktopu MT3-80(82), sk omHi 3
HaOUTPII TIOmMpeHNX B YKpaiHi. Jnsd BHUABICHHA Tpi-
IIMH BUKOPHUCTAHO PO3pOOJICHUN BHUXOPOCTPYMOBHH Ie-
(heKTOCKOI, YYTJIHMBICTH SKOTO J03BOJIUIA 3HAXOAMUTH
TPIIUHKA JIOBXKHHOI KibKa MUTIMETpIB Ta OuhImi 0e3
MATOTOBKY ITOBEPXHI KOHTPOJIHOBAHUX JETaJIeH.

[TokazaHo, 110 KiHETHYHI 3aJE€XKHOCTI HAKONMUYEHHS
eKCIUTyaTallifHuX Je(eKTiB y JeTasixX By3JiB TPAKTOPIB y
MpOaHali30BaHOMY Jiana3oHi TPUBAIOCTI eKCILTyaraii €
MOHOTOHHO 30UTBIIYBaHUMH, SIKI MOXKHA OIICATH EKCIIO-
HEHIIIHHUMHU (QYHKITISMHA 3 JTOCTAaTHHO BHCOKOIO TOCTOBI-
pHicTIO. BigmiveHo, 110 oTpuMaHi 3aJeXKHOCTI TIOII0HI 10
KIHeTHYHUX 3aJIOKHOCTeH HAaKONMMYEHHS CTATHYHOIO 1
JMUHAMIYHOTO (BTOMHOTO) IOIIKO/KCHHSI, OTPUMAaHUX B
pe3ynbTati TabopaTOpHUX BUNPOOYBaHb 3pa3KiB KOHC-
TPYKUIHHUX MaTepiaiiB, 10 J03BOJISE BUKOPUCTATH IIiJI-
XO/IM HIOJO KPUTEPIiB TPaHUYHOTO CTaHy JIaOOpaTOPHHUX
3pa3KiB BHACJIIZIOK CHJIOBOIO HABaHTa)KyBaHHS Ul BCTa-
HOBJICHHSI TPaHUYHUX TEPMIHIB eKciutyararii MoOiIbHOT
CUIBCHKOTOCIIONAPCHKOT TEXHIKH.

Pasom 3 TMM KiHETHKa IHTEHCHBHOCTI 3apOKCHHS
eKCIUTyaTallifHuX TPIIIUH Y MacHBi AeTalei TPaKTOpiB He
€ MOHOTOHHOIO 1 Ma€ MaKCHMyM Y Jiama3oHi 61au3pko 11-
13 pokiB ekciuryaramii. JlaHuil TepMiH eKcIuTyaTamnii Mo-
e OyTH BHUKOPUCTaHUH SK KpUTepiil Uil NpUIAHCHHS
eKCILTyaTallil TpakTopa, MPOBEACHHA AC(PEKTOCKOIMl ae-
TaJeil Ta 3aMiHU Ie(eKTHUX AeTalieid. 3a Takoi TpUBAJIOC-
Ti eKCITyaralii Tpakropa icHye Haii0inbIia HMOBIpHICTH
panToBOro 3pylHYBaHHS BY3JIB TPakTopa Ta CTBOPEHHS
aBapiHUX CHUTYaIlii.

KaouoBi cioBa: jgiarHoCTyBaHHsS TEXHIYHOTO CTa-
HY, eKCIUTyaTaliiiHi AeeKTH, pU3HUK eKCILTyartarii, Mooi-
JIbHA CiTbCHKOTOCIIOAAPChKa TEXHIKa, HEIaCHI BUMAIKH.

OBOCHOBAHUE PUCK-OPUEHTHUPOBAHHOI'O
[IOXOJIA DKCIUTY ATALIMA MOBUJIBHOM
CEJIbCKOXO3SI1ICTBEHHON TEXHUKU
HA TIPUMEPE JIETAJIE OTJIEJIbHBIX Y3JI0B
TPAKTOPOB
A. B. Bounanosuu, C. H. I'ononypa

AnHoTanus. [TokazaHo, 4TO 11 000CHOBAHUS MPO-
JUIEHUS] CPOKOB IKCIUTyaTalluy MAIIWHBI BHE YCTaHOBJICH-
HBIH pa3pabOTYHKaMU peCypchl HEOOXOAUMO OPUECHTHPO-
BaTh Ha JONYCTHMBIC PHUCKHA HACTYIUICHHUS aBapUIHBIX
CUTyallUd, KOTOPbIE MOTYT NMPUBECTH K HECUACTHBIM CITY-
qasiM. Benp ceifuac it MOOMIBHON CEITBCKOXO3SIHCTBCH-
HOW TEXHHKH, SKCILTyaTaIusl KOTOPOH OTHOCUTCS K pado-
TaM TMOBBILIEHHONW ONAaCHOCTH, MOHATHE JOMYCTHUMOIO
(TIpuremMiIeMoro) pucka He MPHUMEHSIOT, OH HE IMO3BOJISET
OIIGHUTHh OIACHOCTh NPEOBIBaHMSA HA MOJIX, (pepmax H
Jloporax MamIMH 0e3 TEeXHHYECKHX CPEeICTB Oe30macHoC-
TH, C UCYEPIIaHIEM yCTaHOBJIEHHOTO pecypca.

Iens wuccnemoBaHnii — 00OCHOBATH JOMYCTHUMBIN
PHUCK DKCIUTyaTallud MOOWJIBHON CeJIbCKOXO3SICTBEHHON
TEXHUKH, B MacCHUBE JIeTaJlell U 3JIEMEHTOB KOHCTPYKLUN
Y KOTOPOH HaKOMMINCH Ne(eKTHI (OBPEXKICHUS).

B nanHO# paboTe mpoaHATH3UPOBAHBI KHHETHKA Ha-
KOIUICHUSI JKCIUTYaTallMOHHBIX NEe(EKTOB B MAaCCHBE Jie-
TaJNel OTICIBHBIX Y3JI0B (CHCTEM) TPaKTOpoB. B xauecTBe
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00BeKTa HCCIIeAOBaHMiA ObLTO BEIOpaHo TpakTopa MT3-80
(82), xak omHW W3 HanboJiee pacIpOCTPaHEHHBIX B YKpa-
nHe. J{7s BBIABICHUS TPEIINMH HCIOIB30BaHO pa3paboTaH
BHUXPETOKOBHIH A€()EeKTOCKOI, TYBCTBUTEIEHOCTE KOTOPO-
IO TO3BOJISUIa HAXOAWTH TPEUIMHBI JIMHON HECKOJIBKO
MUJUTAMETPOB W Ooubie 0e3 IMOATOTOBKH ITOBEPXHOCTH
KOHTPOJHUPYEMBIX ICTAJICH.

IToka3aHO, YTO KMHETUYCCKUE 3aBHCUMOCTH HAKOII-
JICHHUS SKCIUTYaTAllMOHHBIX Je()EKTOB B ACTANAX Y3JIOB
TPaKTOPOB B IMPOAHATU3UPOBAHHOM JHAMA30HE MPOJIOJI-
JKUTENBHOCTU SKCIUTyaTalldH SBJISIETCS MOHOTOHHO YBe-
JINYUBAIOIIUNACS, KOTOPhIE MOXKHO OIKCATh 3KCIIOHCH-
OUATFHON (PYHKIIH C JOCTaTOYHO BBICOKOH JOCTOBEPHO-
cThio. OTMEUYeHO, YTO MOJTy4YCHHBIE 3aBUCHMOCTH TOH00-
HBIE KHHETHYECKIX 3aBHCUMOCTEH HAKOIUICHHS CTaTH4e-
CKOTO ¥ TUHAMUYECKOTO (YTOMHUTEIHHOTO) MTOBPEXKICHHS,
MONMYYCHHBIX B pe3yJbTaTe JaOOpaTOPHBIX HCITBITAHHHA
00pa3IoB KOHCTPYKIMOHHBIX MaTepHAIOB, YTO IMO3BOJIS-
€T HCIOJIB30BaTh IOJAXOJAbl OTHOCUTCIBHO KPUTCPUCB
MIPeeIHLHOT0 COCTOSIHUS JIA0OPATOPHBIX 00Pa3IOB BCIIEI-
CTBHE CUJIOBOM Harpysku [Jjid yCTaHOBJICHUA NPEACIbHBIX
CPOKOB 3KCIUTyaTallud MOOWIBHON CEIbCKOXO3SHCTBEH-
HOM TEXHUKHU.

Bwmecre ¢ TeM KMHETHKAa WHTCHCHBHOCTH 3apO’KIc-
HUSl DSKCIUTYaTAaI[MOHHBIX TPEIIMH B MAacCHBE [eTajlei
TPAKTOPOB HE SIBIISICTCS MOHOTOHHOM M UMEET MaKCHMYM
B auamnaszoHe okosno 11-13 ner skcmnyarauuu. JlaHHBIA
CPOK JKCILTyaTallid MOXKET OBITh MCITOJB30BaH B KadeCT-
BE KPUTEPHUS IS MPEKPAISHHUS KCIUTyaTallii TPaKTopa,
MpoBeAeHUS Ne(SKTOCKONHHU JeTalici U 3aMEHBI e(EKT-
HbIX getanei. IIpu Takoil NpOIOJIKUTEIBHOCTH JKCILTya-
TallUd TPaKTOpa CYIIECTBYET HamOOJbIas BEPOSTHOCTDH
BHE3AIMHOTO PAa3pyILICHUs Y3J0B TPAKTOpa M CO3JaHUS
aBAPUMHBIX CUTYaIIM.

KiwueBble cJjoBa: JAMArHOCTUPOBAHHE TEXHHUYE-
CKOTO COCTOSIHUSI, 3KCIUTyaTallHOHHBIE Ie(EKTH, PHCK
SKCIUTyaTallud,  MOOWIBHAsT  CEIbCKOXO3SIMCTBEHHAS
TEXHHKa, HECYACTHBIC CIyYau.

O. B. Boitnainosuu ORCID 0000-0002-9321-2672.
C. M. I'osiomypa ORCID 0000-0001-9531-5344.



180 0. V. Voinalovych, S. M. Holopura




