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Abstract. An analysis of literary sources has shown
that the methods used to evaluate occupational risk are
mostly attempted to take into account the risk of erroneous
actions by workers (operators), neglecting the technical
condition of machines and the criticality of accumulation
of defects during prolonged operation, which could lead to
emergencies and accidents. In the given work the complex
method of estimation of occupational risk is offered taking
into account the influence of "organizational" and "tech-
nical" factors as the basis for forecasting the residual, safe
for employees of the resource of machines, in particular
method of calculating occupational risks for various types
of mechanized work in agriculture using wheeled tractors.

The basic events considered the organizational causes
of occupational injuries, in particular violation of the re-
quirements of occupational safety and health by mechanics
and job managers, and technical malfunctions of tractor
units due to the emergence and spread of operational frac-
tures in responsible parts. The total probability of the basic
events should be equal to one.

Probabilities of basic events for organizational rea-
sons were asked according to the known statistical indica-
tors of occupational injuries in the agro-industrial complex,
and probability of occurrence of technical malfunctions de-
pending on the duration of operation of the tractor in ac-
cordance with an increase in the relative number of cracks
in the total mass of the research parts of the tractor.

An example of using the developed method in this pa-
per is the calculation of the probability of a traumatic situ-
ation occurring on mechanized works in the agriculture —
as a result of the sudden lowering of tractor hinged imple-
ments, the details of which may cause and spread opera-
tional cracks. The calculation is made for cases of subcrit-
ical and critical accumulation of operational cracks in the
array of investigated critical parts of the tractor.

Key words: professional risk, operational cracks, de-
fectoscopy, mechanized works.

Introduction
Currently, most scientists and experts in the field of

occupational safety argue that the methods of assessment
of occupational hazards do not allow objectively evaluate

risk performance of work using machines and mechanisms,
including those that are of high risk [1-3].

Formulation of problem

The methods used mostly take into account the risk
erroneous actions by workers (machine operators), leaving
out the technical condition of the machines and the critical-
ity of accumulation of defects during prolonged operation,
which can lead to emergencies and accidents. Therefore, it
is important to develop a method for assessing occupa-
tional risk taking into account the influence of "organiza-
tional™ and "technical” factors as the basis for forecasting
the residual, safe for workers, the resource of machines.

Analysis of recent research results

The methods available for assessing occupational (in-
dustrial) risk are based on sufficiently close approaches to
identifying and comparing risks [4].

Yes, the methods of analyzing a “fault tree” or an
“event tree” involve drawing up logic-simulation models
(which can be schematically represented as a branching
tree) of previously identified possible dangerous factors
and their relationships that may cause a dangerous event to
occur. The advantages of these methods are the clarity of
the presentation of the interconnections of the underlying
and intermediate events and the relative ease of calculating
the probability of a final dangerous event (if the values of
the probabilities of the initial events leading to a malfunc-
tion of the work of the technical system and accidents are
correctly indicated) [5].

A certain problem of these methods lies in the lack of
objectivity in determining the probabilities of the initial
events, the failure to take into account the hidden causes
and the complexity of representing all interactions in the
tree, which may lead to erroneous results of estimating the
probability of the occurrence of a final dangerous event [6].
Especially difficult to involve in logic-simulation models
are "hidden" failures (malfunctions) machines, which may
manifest itself in certain modes of operation [7]. In the
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method of the problem tree, as a rule, only simplified states
and operating modes of the machine are analysed: "capa-
ble" ("normal™) or "not functioning™ (“emergency"), which
is often insufficient.

Markov analysis [8] is implemented in the form of
certain block diagrams of transitions (Markov diagrams),
which allow to visualize the process of damage and recov-
ery of the system, taking into account that the sum of all
probabilities of the system should be equal to units. But
with the increase in the number of elements in the research
system, the number of its probable states and transitions
between them increases, and thus the error of the final re-
sults of the assessment of occupational risk increases [9].

From the analysis of recent studies [10], it can be
noted that the use of one or another method to determine
the risk of an emergency state of the car (the danger of its
operation) is quite subjective [11], since the probability of
the basic events in the calculations is based on the conclu-
sions of the expert or group of experts [12], that is, there is
a "organizational factor" associated with possible mistaken
estimates by experts [13].

Purpose of research

To develop of a comprehensive method for evaluating
occupational risk for the long-term exploitation of mobile
agricultural machinery taking into account the influence of
organizational (errors of mechanics and job managers) and
technical (presence of operational damage of parts of ma-
chine parts) factors.

Research results

In the given work the method of calculation of profes-
sional risks for various kinds of mechanized works in agri-
culture with use of wheeled tractors is offered. The basic
events considered the organizational causes of occupa-
tional injuries, in particular violation of the requirements
of labour protection by mechanics and job managers, and
technical malfunctions of tractor units due to the emer-
gence and spread of operational fractures in responsible
parts. The total probability of the basic events should be
equal to units.

Probabilities of basic events for organizational rea-
sons were asked according to known statistical indicators
of occupational injuries in the agro industrial complex [14],
and probability of occurrence of technical malfunctions —
depending on the duration of operation of the tractor in ac-
cordance with an increase in the relative number of cracks
in the total array of the studied tractor parts [15].

With the help of a specialized portable eddy currents
current defectoscope (Fig. 1), the presence of cracks in the
details of nodes of more than 50 MTZ-80 (82) tractors with
different operating periods (up to 17 years from the date of
release) was estimated. On the basis of the received data on
the number of detected cracks, kinetic diagrams of the ac-
cumulation of cracks in the details of the MTZ-80 (82) knot
systems (systems) were constructed and the relative dura-
tion of operation was established, after which the intensity
of cracking significantly increases. In case of exceeding
this value, the probability of sudden destruction of tractor

units and the creation of emergency situations on mecha-
nized or transport works with the participation of tractors
increases [16].

Fig. 1. Portable eddy currents pulse defectoscope (be-
side to the cut piece of tractor engine sleeve with the main
crack on the inner surface).

In this paper, the relative number of cracks in the total
array of investigated tractor parts for a certain length of op-
eration was considered as a probabilistic value [17] in the
proposed method for calculating occupational risks for var-
ious types of mechanized work in agriculture using
wheeled tractors. The development of models for creating
hazardous situations in the form of a structural scheme
(wood) involves identifying connections between the basic
and intermediate events (erroneous actions of workers, ex-
ploited by defects and failures of technology, adverse ex-
ternal influences of the production environment), forming
the main event with a certain risk injuries or accidents. Cur-
rently, there is not an exhaustive procedure for creating a
tree of events or malfunctions, which would indicate how
to logically combine the relationships between the basic
and intermediate events, taking into account their signifi-
cance and the degree of completeness of the analysed set
of initial events. There is also a controversial issue to jus-
tify the probabilities of the underlying events. It is im-
portant to develop logic-simulation models for a large
number of various mechanized works in agriculture, which
will allow comparing the levels of occupational risk during
their implementation in the presence of violations and es-
tablish the most significant.

As an example of the use of the developed logic-sim-
ulation models in this paper, the calculation of the proba-
bility of a traumatic situation occurring in mechanized
work in agriculture — as a result of the sudden lowering of
tractor hinged implements, in which details of which oper-
ational cracks may occur and spread, is presented. The
logic-simulation model of the onset of such a traumatic sit-
uation is presented in Fig. 2.

In the present work, SAPHIRE computer program
[16] was used to analyse the logic-simulation model of the
onset of a traumatic situation and to determine the risk of
injury to workers who are in the zone of sudden downsizing
of tractor hinged implements. The description of separate
elements of the developed logic-simulation model is given
in the Table 1, which also specifies certain values of the
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basic events, in particular for the subcritical and critical ac-
cumulation of cracks in the details of the tractor units (ele-
ment J). The probabilities of basic events in logic-simula-
tion models of hazardous situations are given as those that
are consistent with the statistical indicators of occupational
injuries in agriculture in Ukraine, averaged over the past 5
years. They were taken from the annual statistical bulletin
"Traumatism in the production" of the State Statistics Ser-

The calculation was performed for two lifetime trac-
tors, namely 6 and 13 years old when the relative number
of cracks in the overall array studied Tractor amounted to
0.2 and 0.45.

Changes in occupational risk indicators for a certain
element of the logic-simulation model of a dangerous situ-
ation show how the risk of injury increases in the case of
an intermediate and full impact of a dangerous factor (Ta-
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Fig. 2. Block diagram of the logic-simulation model of a dangerous situation "the sudden lowering of tractor hinged

guns".

Table 1. Description of elements of the logic-simulation model of a dangerous situation.

Designation of ele- Description of elements (basic and intermediate events) Default
ments (basic and in- probability
termediate events) of basic

events
E The agrarian enterprise has not created a labour protection service 0,15
F The company does not establish effective work on occupational safety (in partic- 0,25
ular, it does not conduct training and instruction on occupational safety issues,
does not control the technical condition of machinery and equipment from the
standpoint of their safety, do not assess the professional suitability of workers,
etc.)
EF Control over occupational safety at the enterprise is considered unsatisfactory
G Insufficient skill level and skills of mechanics 0,15
EFG Violation of normative terms of technical inspection and maintenance of tractors
J The presence of cracks in the details of the site 0,2/0,45
EFGJ Operation of a tractor with a defective hinged system
I The necessity of carrying out technological operations and inspections to elimi- 0,25
nate defects in the work of the hinged system or other reasons that make the
worker (machine operator) remain in the danger zone of lowering the tractor's
hinged implements
PERVNZ Occupation of a worker in a dangerous area of lowering a hinged gun
OPUSKAN Sudden lowering of the hinged gun




124 0. V. Voinalovych, O. A. Hnatiuk, L. L. Titova, O. G. Polischuk

Table 2. Risk Indicators for the logic-simulation model of a dangerous situation "the sudden lowering of tractor

hinged guns".
Dangerous factor (action, Conditional characteristic of a dangerous Calculated Change in the risk indi-
event, situation) factor - the relative number of cracks in the | risk score, P | cator in the presence of
total array of investigated tractor parts danger, times
J (presence of cracks in 0,2 2,998-1073 —
node details) 0,45 6,739-1072 2,25

From Table 2 shows that the risk of injury to workers
as a result of the sudden lowering of the tractor's hinged
gauge increases 2,25 times after reaching the critical frac-
ture depth of the operation cracks in the details of the trac-
tor hinged system.

The proposed method of assessment of danger pro-
longed use of mobile agricultural machinery can be used to
develop professional risk classifier for mechanized agricul-
ture. In contrast to the method of expert assessments and
other qualitative methods of assessment of occupational
hazards developed a quantitative method based on objec-
tive ratios that correlate to statistics of occupational injuries
in storage and data on operational damage in a common set
of parts unit. Especially important is not only the absolute
values of statistical indicators, but their change in relative
terms, as illustrated by the Table 2.

However, the proposed method will provide an objec-
tive assessment of changing occupational risk only when
used defectoscopic modern equipment that allows you to
find hidden defects (cracks) which can lead to sudden fail-
ure equipment and emergency situations that lead to acci-
dents. Visual inspection applied to detection of visible
damage and cracks, and instrumental control with a ruler
or calipers to determine changes configuration and size
(curved, torsion beating, warping, not perpendicular and
other violations of mutual accommodation and surfaces of
the axes) must recognize insufficient to detect all poten-
tially dangerous defects in the array of parts agricultural
machine.

The data on the increase of professional risk mecha-

nized work can be used how for about acceptable level of
risk using mobile agricultural machinery operating with
damaged parts and structural elements, and for predicting
the residual life of the unit after prolonged use.
The calculation results to assess the importance to create
an emergency (dangerous) situation as machine operators
erroneous actions of his level of training and physical and
psychological state, and technological factors. Analyzing
the importance of technical factors in the mechanism of
dangerous situations, it is necessary to distinguish its two
components — the constructional and operational directly
affect the technical safety of the machine. Therefore, it is
necessary to implement the logic simulation techniques at
the design stage and testing of agricultural machinery, con-
sidering these methods as an important tool for reducing
occupational risk mechanized.

Conclusions

1. A comprehensive method for assessing occupa-
tional risk for long-term exploitation of mobile agricultural
machinery has been developed, taking into account the or-
ganizational (mechanics and machinery mistakes) and

technical (presence of operational damages of parts) fac-
tors. It has been shown that the construction of models of
hazardous production situations should be based on the iso-
lation of one (main) event, a truly dangerous situation and
many prerequisites - erroneous actions of workers, techno-
logical failures and unfavourable external influences of the
production environment.

2. Results of the calculation of the elements of the
logic-simulation model of the process of traumatic situa-
tion allow to estimate the risk of injury to workers who op-
erate mobile agricultural machinery, in particular as a re-
sult of accumulation of operational damage in the respon-
sible parts of the nodes. The obtained values, which corre-
spond to unacceptable occupational risk, should be the ba-
sis for observance of normative terms of passing of mainte-
nance of mobile equipment and replacement of damaged
parts.
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IMOBIPHICHUI METOJ] AHAJII3Y CTYIIEHIO
HEBE3IEKU EKCIUTYATAILIIl TPAKTOPIB HA
3ACAJIAX JIAHUX JE®EKTOCKOIIIT JETAJIEM
O. B. Botinanosuy, O. A. I'namioxk, JI. JI. Timosa,

O. I'. Iloniwyx

Amnoranis. Buxonanuit aHaxii3 nitepaTypHHUX IKepel
MIOKa3aB, [0 BUKOPHCTOBYBaHI METO/U OILIIHEHHS Mpode-
CIHHOTO PH3WKY 3[e0iIbIIOT0 HAMaraloThCS BpaxyBaTH
PHU3UK ITOMIUTKOBUX [Iiii TIPamiBHUKIB (OmepaTopiB), 3au-
IIAl0YHX 11032 YBAaroxo TEXHIYHUH CTaH MAaIIWH Ta KPUTHI-
HICTh HAKOTTMYEHHS NePEKTIB MPOTITOM TPHUBAIOI EKCILTY-
aTarii, o MOJKe TMPU3BECTH 10 aBapiHUX CUTYAIIii Ta He-
IIACHUX BUMANKIB. Y HaHiii poOOTi 3aIpOIIOHOBAHO KOM-
IUIEKCHUN METO[T OIiHCHHS MPOQEeCiHHOrO PU3KKY 3 ypa-
XYBaHHSIM BIUIMBY «OpraHi3alliiHOro» Ta «TeXHIYHOTO»
YMHHHKIB, SIK OCHOBH JJIsl TPOTHO3YBAaHHS 3aJIMIIKOBOTO,
0e3MeyHoro JUIs MpaliBHUKIB pecypcy MallKH, 30KpeMa.
METOJUKY PO3paxyHKy Npo(deciiHIX PU3UKIB JUIS PI3HUX
BHIB MEXaHiI30BaHUX POOIT ¥ CUTECHKOMY TOCIIOIAPCTBI 3
BUKOPHCTAHHIM KOJIICHUX TPaKTOPIB.

Sk 6a30Bi moAii po3risAAaNy opraHizamiiHi MPUIHHA
BUPOOHHYOTO TPaBMAaTHU3MYy, 30KpEeMa MOPYIICHHS BHMOT
OXOpOHH TIpalli MeXaHi3aTopaMHu 1 KepiBHUKaMH poOiT, Ta
TEXHIYHI HECIPaBHOCTI BY3JIiB TPAaKTOPiB, 3yMOBJICHI BU-
HUKHEHHSIM 1 TIOIIMPEHHSIM eKCIUTyaTaliiHUX TPILIMH Y
BIJINOBIJAIbHUX JETaJIAX. 3arajibHa cymMa HWMOBIPHOCTEH
0a30BHUX MOl Ma€ TOPIBHIOBATH OTUHHIII.

VIMoBipHOCTI 6a30BHX MO, 1110 BiANIOBiAAIOTH Opra-
Hi3al[ifHUM TPUYUHAM, 337aBajIH 3TiJHO 3 BIIOMHMH CTa-
TUCTUYHUMU MOKa3HUKAaMH BUPOOHHUYOTO TPaBMaTH3MY B
arpoInpoMHCIOBOMY KOMIUIEKC], a HMOBIPHOCTI HACTaHHS
TEXHIYHMX HECIIPABHOCTEH — 3aJIS)KHO BiJl TPUBAJIOCTI EKC-
IUTyaTtalii TpaKTopa BiIIOBIAHO 10 301IBIIEHHS BiTHOCHOL
KUTBKOCTI TPIIIUH Yy 3araJlbHOMY MacHBi TOCIIIKyBaHUX
JieTajiell TpakTopa.

SIK mpuKIan BUKOPUCTAHHS pO3pOOJICHOTO METOAY B
JlaHiil poOOTI MpeACTaBIeHO PO3paxyHOK HMOBIPHOCTI Ha-
CTaHHs TpaBMOHeOe3MeYHol cuTyallii Ha MeXaHi30BaHUX
poboTax — BHACIIIOK PAaNTOBOrO OIyCKaHHsS HABICHOTO
3HaApSAIS TPAKTOPA, B ACTASX SKOTO MOXKYTh BUHHUKHYTH
1 IOIIUPUTHUCS eKCIuTyaTaniiHi TpituHu. Po3paxyHok Bu-
KOHAHO JJISl BUI/IKIB IOKPUTUYHOTO 1 KPUTHIHOTO HAKO-
MMUYEHHS eKCIUTyaTallifHIX TPIIIUH y MacHBi JOCIIKyBa-
HUX BIJIIOBIIaNBHUX JIeTalel TpaKkTopa.

KoarouoBi cioBa: npodeciitHuii pus3uk, exciuryara-
LiitHI TpimuHK, JedekTockoris, MexaHi30BaHi poOoTH.

BEPOSITHOCTHbII METOJ AHAJIM3A CTEIIEHU
OITACHOCTHU OKCIITTYATALMU TPAKTOPOB HA
OCHOBE JIAHHbBIX JJEOEKTOCKOITUU JETAJIEN
A. B. Bounanosuy, O. A. I'namiok, JI. JI. Tumosa,
A. I'. Honuwgyx
AHHOTanus. BeIONHEHHBI aHaMU3 JIUTEpaTypPHBIX
HCTOYHHKOB ITOKAa3aJl, YTO UCIIOJIb3yEMbIE METO/IbI OLIEHKN
IpodeCCHOHANBHOTO PUCKA B OCHOBHOM IIBITAIOTCS YUECTh
PHCK OIIMOOYHBIX JIEWCTBUH PaOOTHUKOB (OIEpPAaTOPOB),
ocraBisisi 0e3 BHUMaHHs TEXHUYECKOE COCTOSIHHE MalluH

W KPUTHUYHOCTh HAKOIUICHUS Ae()EKTOB IMpPU UIUTEIbHON
IKCITyaTally, YTO MOXKET MPUBECTH K aBAPUIHBIM CHTY-
aIisiM ¥ HECYACTHBIM CcITydasiM. B maHHO# paboTe mpezro-
JKEH KOMIUICKCHBIH METO]] OLEHKH MPOodhecCHOHATHHOTO
PHCKa C YU4ETOM BIIHSHHS «OPTaHU3AIHOHHOTO» U «TE€XHU-
4ecKoro» (akTopoB, KaK OCHOBBI JJIsI IPOTHO3UPOBAHHUS
OCTaTOYHOTO, OE30MACHOTO Ui paOOTHHUKOB pecypca Ma-
IIMH, B YAaCTHOCTU. METOJUKY pacyeTra MpoQecCHOHANb-
HBIX PHUCKOB JUIS Pa3IHMYHBIX BUIOB MEXaHHU3UPOBAHHBIX
paboT B CEIBCKOM XO3SICTBE C HCIOJIB30BAHUEM TPAKTO-
pOB.

Kak 6a30BbIc COOBITHS paccMaTpUBAIKA OpPraHU3aIlH-
OHHbIE TIPHYUHBI IPOU3BOACTBEHHOIO TPABMATU3Ma, B TOM
YHCiIe HApyIIeHUs] TpeOOBaHMI OXpaHbl TPYy/Ja MEXaHU3a-
TOpaMHU U PYKOBOAMUTEISIMU pabOT, U TEXHUYECKHE HEUC-
MPaBHOCTHU Y3JI0B TPAKTOPOB, O0YCIIOBICHHBIE BO3HUKHO-
BEHHEM M PACIPOCTPAHEHHEM SKCILTYyaTAlUOHHBIX Tpe-
IIMH B OTBETCTBEHHBIX JieTasix. O0Iias cymMMa BepOsITHO-
CTeii 6a30BbIX COOBITHI HOJKHA OBITH paBHA CAMHUIIC.

BepostHOCTH 0a30BBIX COOBITHII, COOTBETCTBYIOIIMX
OpPraHU3aI[HOHHBIM TMPUYUHAM, 3aJaBAIA COIJIACHO W3-
BECTHBIM CTATHCTUYECKUAM IOKA3aTeNIsIM MIPOU3BOJICTBCH-
HOTO TpaBMaTH3Ma B arpoONpPOMBIIIJICHHOM KOMIUIEKCE, a
BEPOSITHOCTH HACTYIUICHHS TEXHUYECKUX HEHCITPABHOCTEH
— B 3aBUCHMOCTH OT MPOJOJIKUTEIBHOCTH IKCILTyaTAI[HUH
TPaKTOpPa B COOTBETCTBUHU C YBEIHUUCHHUEM OTHOCHUTEIIb-
HOTO KOJIMYECTBA TPEIIMH B OOIIEM MAacCHBE HCCIEIye-
MBIX JI€Taliell TPaKkTopa.

B kadecTBe mpuMepa HCHOJB30BaHUs pa3paboTaH-
HOTO METOZIa B IAHHOW paboTe NpeCTaBIeH pacyeT Bepo-
SITHOCTH HACTYIUICHUS TPaBMOOIACHOW CHUTYaIlMM Ha Me-
XaHU3MPOBAHHBIX PaboTaX — B pe3yJbTaTe BHE3AIMHOTO
OMYyCKaHWsS HABECHOTO YCTPOWCTBA TPAKTOpPAa, B AETAISX
KOTOPOrO MOTYT BO3HHKHYTh U PaCIPOCTPAHHUTHCS IKC-
IUTyaTalMOHHBIC TPEIIMHBL. Pacder BBIMOJIHEH A CITy-
4aeB JOKPUTHYECKOTO U KPHUTUYECKOTO HAKOILICHUS JKC-
TUTyaTalMOHHBIX TPEIHH B MACCUBE UCCIIEYEMbIX OTBET-
CTBEHHBIX JIeTaJell TpaKkTopa.

Kawuesbie ciioBa: mpoecCHOHATBHBIN PHUCK, IKC-
[UTyaTallMOHHAsT TPEIIMHA, Ne()EeKTOCKOIHS, MEXaHU3UPO-
BaHHbIE pabOTHL.
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