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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 Kkinetic 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 kinetics 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
1|8
Determine whether the risks exceed the permissible
levels

1

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 ) ent of
workplace risks in the i 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
of the enterprise risk assessment and management system.

Implementation of a risk assessment and
management system

N

Why? Why?
\ N
Pass OHSAS certification Increase safety in
the workplace
v
Why?

Facilitate >~
cooperation Reduce the ~ Prevent
with foreign frequency of 'n_JIlIJ“eS and
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Social
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the SSF of Ukraine
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the victims worked

Economi
c effect

Prevent material losses |

Fig. 3. Socio-economic orientation of measures
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

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

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

— _J
e
Machi » Perso » Enviro
ne [¢ n ~ > nment
A 4 \ 4 A\ 4
Ensuring Prevention of Reduction
strength and injuries and of negative
reliability deterioration action of
parameters of health of mechanized
during the tractor agricultural
design, drivers and technologie
commissioning support son the
and operation of environmen
agricultural
A 4 \ 4
Risk Qualitative and
\ 4 y theory quantitative
Theory of Theor aspects of the
strength y of man-machine-
and reliab environment
durability ility analysis
systems
A 4 A\ 4
Forecastin || Evaluati | Y
g of ng the Constru Quantit
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resource of ity of an event descript
component node tree and ion of
s and units failure a operator
of (system decision errors
aggregate s) table
7'y A A
Probabilit Non-destructive
y theory methods of control

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

U

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 |47
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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OBIPYHTYBAHHS PU3NK-OPIEHTOBAHOI'O
MIIXOY EKCIUTY ATALIII MOBUIBHOI
CLJIbCBbKOI'OCIOJIAPCHKOI TEXHIKU,

HA TIPMKJIAJII JIETAJIEM OKPEMMX BY3JIIB

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

Anoranis. ITokazaHo, mo s oOrpyHTYBaHHS MPO-
JIOBKCHHS TEPMIHIB €KCIUTyaTallii MalliH{ 1032 BCTAHO-
BIICHUH PO3POOHHKAMH pecypc HEOOXiTHO OpiEHTYBATHCS
Ha JIOIYCTHMIi PU3WKH IIOJI0 HACTAHHS aBapiiHUX CHUTya-
i, SKi MOXYTh NPU3BECTH OO HEIIACHUX BHUIAJKIB.
AJpKe HWHI 71 MOOITBHOI CiJIBCHKOTOCIIONAPCHKOI TeX-
HIKH, eKCIUTyaTallisl K01 HAICKUTH A0 POOIT HiABHUIEHOT
HeOe3MeKH, MOHATTS AOIYCTUMOTO (TIPUHHSATHOTO) PU3H-
Ky HE 3aCTOCOBYIOTH, 1[0 HE JTO3BOJISAE OLIHUTH Hebesme-
Ky nepeOyBaHHS Ha MOJAIX, epMax i moporax MammH 0e3
TEXHIYHUX 3aCc00iB O€3MeKH, 3 BUUCPIIAHHSIM BCTAHOBIIE-
HOTO pecypcy.

Merta gocnimpkeHs — OOTpyHTYBaTH AOIYCTHMHUHN pH-
3UK eKCIDTyaTalii MOOUTBHOI CUTBCHKOTOCIONAPCHKOL
TEXHIKH, Y MAacHBi JeTajedl Ta eJIeMEeHTIB KOHCTPYKIIiH
SIKOT HAKOITWYHITHCS Je(eKTH (TIOIIKOIKCHHS).

VYV nmaniif poOOTI poaHaTi30BaHO KiHETHKY HAaKOITH-
YeHHSl eKCIUTyaTallifHuX nedeKkTiB y MacuBi jaeTanel
OKpEeMHX BY3IiB (CHCTEM) TpakTopiB. Sk 00’ekT mocii-
JokeHo Oyio BuOpano Tpaktopu MT3-80(82), sk omHi 3
HalOlIbIn mommpeHux B YKpaiHi. Jns BusBNeHHS Tpi-
IIMH BUKOPUCTAHO PO3POOIEHUH BHUXOPOCTPYMOBHH Jie-
(beKTOCKOI, UYyTIMBICTH SKOTO JIO3BOJISUIA 3HAXOIUTH
TPIIIUHU JTOBKUHOK KiJlbKa MITIMETpIB Ta OUThIN 0Oe3
MiATOTOBKY ITOBEPXHI KOHTPOJILOBAHUX JIETaJIeH.

TTokazaHo, 110 KIHETHYHI 3aJIEKHOCTI HAKOITMYEHHS
eKCIUTyaTallifHuX Ne(eKTIB y NeTalsIX By3JiB TPAKTOPIB Y
MIPOaHaIi30BaHOMY Jlialla30H1 TPUBAJIOCTI €KCILIyarallii €
MOHOTOHHO 301JIbIITyBaHUMH, SIKI MOYKHA OIHCATH €KCIIO-
HEHIIIHHUME (YHKIISIMA 3 TOCTATHHO BHCOKOKO JIOCTOBI-
pHicTio. BinmmiueHo, 1110 OTprMaHi 3ae>KHOCTI OiI0H1 10
KIHETUYHUX 3aJIeKHOCTEH HAKOIWYEHHS CTaTUYHOIO 1
JMHAMIYHOTO (BTOMHOTO) TOHIKO/DKEHHS, OTPHMaHHX B
pe3yabpTaTi JJabOpaTOPHUX BUIPOOYBaHbL 3pa3KiB KOHC-
TPYKLIHHUX MaTepialliB, 10 J03BOJIIE BUKOPUCTATH TIijI-
XOAM WIOZ0 KPUTEPIIB TPAHUYHOTO CTaHy JabOpaTOPHUX
3pa3kiB BHACJIJOK CHJIOBOTO HaBaHTA)KyBaHHs JJIsI BCTa-
HOBJICHHSI TPaHUYHUX TEPMIHIB eKcIuTyaTarii MoOiIbHOT
CLIIBCHKOTOCIIOIAPCHKOT TEXHIKH.

PazoM 3 THM KIHETHKa IHTCHCHBHOCTI 3apODKCHHSI
eKCIUTyaTalllfHUX TPIIIMH y MacuBi JeTajell TPakTopiB He
€ MOHOTOHHOIO 1 Ma€ MaKCUMyM Yy Aiana3oHi 6mu3pko 11-
13 pokiB ekcrutyaranii. Jlanuii TepMiH excrutyararii Mo-
ke OyTM BUKOPHCTaHWH SIK KPUTEPIiH Ui MPUIIMHEHHS
eKCIUTyaTallii TpakTopa, MpOBENeHHS Ae(eKTOCKOMii Je-
TaJieil Ta 3aMiHu Ae(eKTHUX JeTalieil. 3a Takol TPHBaIoCc-
TI eKCIUTyaTalil TpakTopa iCHye HaiOijIblIa HMOBIPHICTb
PaITOBOTO 3pyHHYBaHHS BY3JIB TPaKTOpa Ta CTBOPEHHS
aBapiitHUX CUTYaIliil.

KarouoBi ciioBa: JiarHoCTyBaHHS TEXHIYHOTO CTa-
HY, eKCIuTyaTaliiHi JedexT, pu3uK eKcruryaTaiii, Mooi-
JIbHA CUTLCHKOTOCIOAPChKa TEXHIKA, HEIACH] BUTIAIKH.

OBOCHOBAHME PUCK-OPUEHTHUPOBAHHOI'O
OJIXOIA DKCIUTY ATALIMA MOBWJIBHOM
CEJIbCKOXO3SMICTBEHHON TEXHUKU
HA TIPUMEPE JIETAJIEW OTJIEJIbHBIX V3JIOB
TPAKTOPOB
A. B. Botinanosuu, C. H. I'ononypa

AnHoTtanus. [Tokazano, 9to 11 0600CHOBAHUS TPO-
JUICHHUS CPOKOB SKCILTyaTallM MAIIMHBI BHE YCTAHOBJICH-
HBIIA pa3paboTYKaMu pecypCchl HEOOXOANMO OPHUEHTHPO-
BaTh HAa JOIMyCTUMBIE PHCKH HACTYIUIEHHUS aBapUiTHBIX
CUTYaLli, KOTOPbIE MOTYT MPUBECTH K HECUACTHBIM CIIy-
qasMm. Benp ceifyac mist MOOMIJIBHOM CEJIBLCKOXO3SIIICTBEH-
HOW TEXHUKH, SKCIUIyaTalusi KOTOPOH OTHOCUTCS K pado-
TaM TOBBIIIEHHOM OIACHOCTH, IIOHATHE JOITyCTHMOTO
(mpuemiieMoro) prcka He MPUMEHSIOT, OH HE TO3BOJIIET
OIICHNUTH OIACHOCTH NpeObIBaHWS HAa TOIX, pepMmax u
JIoporax MamiiH 0e3 TeXHHUYECKHX CpPEeACTB Oe30macHoc-
TH, C HCYEPIIaHNEM YCTaHOBJICHHOTO pecypca.

Lenr wuccrenoBanmii — 00OCHOBATH JIOITYCTHMBINA
PHMCK DKCILTyaTallid MOOWMIIBHON CEITbCKOXO03SHCTBEHHOM
TEXHUKH, B MAaCCHUBE JIETAJIECH U 3JIEMEHTOB KOHCTPYKLMA
Yy KOTOpOH HaKOMMINCH Te(EKTHI (TIOBPEKICHII).

B nanHO# paboTe mpoaHaMM3UpPOBAaHBI KWHETHKA Ha-
KOIIJICHUS KCIUTyaTallMOHHBIX JE€(EKTOB B MAacCHUBE Jie-
TaJIell OT/IeNBHBIX y3JI0B (CHCTEM) TpakTopoB. B kadecTse
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00BeKTa HCCITeIOBaHMA OBLIO BBIOpaHO TpakTopa MT3-80
(82), xak onHM U3 Hanboee PacIpoOCTpaHEHHBIX B YKpa-
nHe. J[J1s BBIABIGHHS TPEUIMH MCIOIB30BaHO pa3padoTaH
BHUXPETOKOBBIH JI€(PEKTOCKOII, TYyBCTBUTENEHOCTH KOTOPO-
ro TMO3BOJISUIA HAXOJWTh TPEIIMHBI JUIMHOH HECKOJBKO
MUJUIIMETPOB M OoJjble 0e3 MOATOTOBKH TOBEPXHOCTH
KOHTPOJIUPYEMBIX AeTalneil.

[TokazaHo, YTO KMHETHUYECKHE 3aBHCHMOCTH HaKOII-
JICHUsI DKCIUTyaTallMOHHBIX JIe(PEeKTOB B JETalsX Y3JIOB
TPaKTOPOB B IPOAaHAIM3HPOBAHHOM JHANa30HE IMPoJI0JI-
KUTEIBHOCTH HKCIUTyaTalluy SBJSIETCS MOHOTOHHO YBe-
JIMYUBAIOUINICS, KOTOphIE MOXKHO OIHCATh HSKCIIOHEH-
IUATBHOW (YHKIMHU C JOCTATOYHO BBHICOKOM JJOCTOBEPHO-
cThi0. OTMEYEHO, UTO MONyYEHHBIE 3aBUCHMOCTH T0J00-
Hble KHHETHYECKHX 3aBUCHMOCTEW HAKOIUICHUsI CTaTHYe-
CKOT'0 ¥ IMHAMUYECKOTO (YTOMUTEIBHOTO) MTOBPEXKICHHS,
MOJIyYEHHBIX B pe3yJbTaTe Ja0OpaTOPHBIX HCIBITAHUN
00pa3oB KOHCTPYKIMOHHBIX MaTEPHUAJIOB, YTO ITO3BOJIS-
€T WCIIOJIK30BaTh IOJXOJbl OTHOCHTENBLHO KpUTEpUEB
MIPEeIbHOTO COCTOSHHUS J1abOpaTOpHBIX 00pa3IoB BCiE-
CTBHE CHJIOBOW HArpy3KH /ISl YCTAaHOBJICHUS TIPEIEIIbHBIX
CPOKOB 3KCIUTyaTallid MOOWIIBHOW CEIIbCKOXO3SMCTBEH-
HOM TEXHUKH.

Bmecte ¢ TeM KMHETHKAa WHTEHCHBHOCTH 3apoOiKie-
HHUA OSKCIITyaTalMOHHBIX TPEUIMH B MAacCCHUBE zleTaneﬁ
TPAKTOPOB HE SABJIACTCA MOHOTOHHOM U UM€EET MaKCUMyM
B jauamnazoHe okoio 11-13 mer skcmnmyartanuu. JlaHHBIH
CPOK 3KCILTyaTallul MOXET 6I>ITI> HUCIIOJIB30BaH B Ka4YE€CT-
BE KPUTEPUs [UIA MPEKPALICHHs SKCIUTyaTallui TPaKTopa,
MpOBeJIeHUs IePeKTOCKOIUK JeTalleldl 1 3aMeHbI Ae(eKT-
HbIX JgeTtaynei. Ilpy Takoil mpoaoIIKUTENIBHOCTH KCILTya-
Tallu¥ TPaKToOpa CYLIECTBYET HauOONbIIas BEPOATHOCTD
BHE3aIHOTO Pa3pylCHUs] y3JIOB TpPaKTOpa W CO3/JaHUsA
ABAPUMHBIX CUTYALIUH.

KnroueBble cji0Ba: IUarHOCTUPOBaHUE TEXHHUE-
CKOTO COCTOSIHHUS, DKCIUTyaTallMOHHBIE He(EeKTHI, PHCK
9KCIUTyaTallid,  MOOWIbHAas  CENbCKOXO3SICTBEHHAs
TEXHHUKA, HECYACTHBIE CITydau.
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