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Abstract. Farm workers are faced with a task of not only growing agricultural products, but also delivering 

them to consumers as a result of transportation and technological processes. At the same time, while 

performing transportation processes, the situations may arise that will lead to the death of people, 

damage, and destruction of transported agricultural products, for example, as a result of a road accident. 

In this sorrowful situation of accidents in the country, agro-industrial complex accounts for its portion. 
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According to the research results of scientists of the state scientific institution Research Institute for Rural 

Social Development, Federal State Budget Institution of Higher Education "Orel State Agrarian University", 

10-12% of the total number of road accidents in the country per year occur in agricultural production. To 

solve the problem, it is proposed to conduct comprehensive studies of the “Driver–car–road–environment” 

system and the influence of the system's links on safety of transportation processes in agricultural 

production. The conducted research studies allowed us to pay considerable attention to the "driver–car" 

link, the results of which enable us to state that quite often failures and malfunctions of motor vehicles are 

the causes of complex and sometimes dangerous road situations leading to a road accident. It is suggested 

that safety of transportation processes should be increased by installing technical devices on motor 

vehicles, that enhance the reliability of automobile systems through improving faultless operation of 

automobile systems and reducing the risk of failures in the systems. 

 

Keywords: automobile, driver, transportation process, safety of transportation processes, motor vehicle. 

1. Introduction 

Road accidents (RAs), resulting in deaths of people and inflicting significant material damage, are 

among the adverse effects arising from transportation processes in agro-industrial complex (AIC). 

According to the latest statistics, there are 7 main reasons for road accidents (RAs), including 

failures (malfunctions) in the elements of functional systems of motor vehicles. In 2019, technical 

malfunctions in motor vehicles caused 571 road accident on the country’s roads, with 86 persons 

died and 760 persons suffered from injuries of different degree of severity, with that, the 

scientific research has shown that numerous RAs occur in agricultural production sector. 

Although statistical data indicate that the number of RAs due to technical malfunctions is not 

very high, their consequences are often more severe than those occurred by other reasons 

(Nikulinetal., 2017; Baranov et al., 2018; Bystrovaetal., 2019; GazvanandAsp, 2006; Galyanov, 

1995; STOP_newspaper, 2006; GOST, 2016; EvtyukovandVasiliev, 2005; BODIASRTSID, 2015; 

Khyarkanen, 2007; RFG (RFGovernment), 2018; Chvanov, 2000; Kupreenko et al., 2020; GIBDD.rf, 

2020).  

Safety of transportation processes in agro-industrial complex (AIC) is defined by the properties 

of “driver-car-road-environment” (DCRE) system and shows up only when transportation 
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processes are underway in practice, hence, let the main stages of the activity of agricultural 

production auto transport companies (ATC), transporting agricultural cargoes, be considered. 

Figure 1 demonstrates three main stages in the activity performed by auto transport companies 

to deliver agricultural products. 

 

Fig. 1. Stages of the activity of auto transport companies in ensuring safety of transportation 

processes 

Organization of transportation processes is a preliminary and most labour-intensive stage, 

involving making a decision to perform transportation processes, plan and prepare for them 

(Khristoforovetal., 2015; Pilipovich, 2007; RFG, 2014, 2018; RedkinandBorisov, 2006; Chvanov, 

2000; Kupreenko et al., 2019; Melnikova et al., 2020). 

The head of an enterprise makes a decision to implement transportation processes, based on 

the tasks facing ATC, availability and readiness of motor vehicles, means of control and assurance 

of safety of transportation processes, drivers’ training and time available for preparation to 

perform these processes. Transportation trips are planned by the ATC management personnel, 

including compilation of orders, assignment of tasks for engineers and technicians to prepare 

motor vehicles (MVs) and make all trips. Preparation for transportation processes, organised by 
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transportation department, implies preparation of drivers, dispatch service, motor vehicles, 

means for controlling and ensuring safety of transportation processes. 

Assurance of safety in transportation processes is the main stage of ATC activity, when drivers 

make transportation trips as such. This stage involves control and management of transportation 

processes and their provision. Management of transportation processes involves actions of the 

chiefs of columns and departments on planning, coordinating, and facilitating these processes. 

Dispatch service on strict, reliable, and continuous regulation of MV traffic supervises the trips to 

make them successfully and ensure safety of transportation processes. 

To ensure reliable operation of motor vehicles, to employ it effectively when transportation 

processes are underway, to prevent undesirable (dangerous) road situations and ensure safety of 

transportation processes, when they occur, engineering, meteorological, medical methods are 

used to enable trips. Of special importance is an engineering support provided by a company’s 

engineering department. Engineering services are known to include motor vehicles’ upkeep 

operations, adequate operation and maintenance, timely preparation of cars to setting out and 

their proper preservation. Chief engineer is in charge of calculating resources to prepare motor 

vehicles and ensure transportation processes. Foremen and chiefs of columns directly supervise 

the work of maintenance staff when preparing and operating motor vehicles. 

Summarising (traffic safety day) is the final stage of performing transportation processes, 

when the results of ATC activity are summed up, the quality of work and safety of transportation 

processes are estimated, the problems are posed to enhance safety of transportation processes. 

Summarising is an important stage in the ATC activity (Pilipovich, 2007; RFG, 2018; Syschikovet 

al., 2017). 

2. Material and methods 

Properties of the DCRE system, which has been an object of studying safety of transportation 

processes, define their degree of safety. In general, DCRE system incorporates the following 

systems interacting with one another: 
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• the system of creating and manufacturing motor vehicles; 

• staff training system; 

• system of organising and performing transportation works and ensuring their safety. 

Since safety of transportation processes and efficiency of using MVs show up only in the 

course of transportation trip, it is commonly supposed that DCRE system is a system of organising 

and performing transportation processes and ensuring their safety, namely, an independently 

functioning ATC. In this case, it should be clearly understood that safety level of transportation 

processes is specified when designing a MV, and, according to the quality of staff training, 

complexity of fulfilled tasks, can be better or worse implemented during the DCRE system 

functioning. Transportation process implies a successive transition from one road situation 

(characterised by traffic pattern, operation modes of individual systems, external conditions, and 

psychophysiological state of a driver) to the other. A set of road situations contains two subsets: 

normal (regular) and dangerous (special, non-routine) situations. When special (dangerous) 

situation, caused by some unfavourable factor, arises, a driver tries to eliminate the 

consequences of this impact. In some cases, arisen dangerous situation can stepwise alternate 

between one dangerous situation and another, until the process has its favourable or 

unfortunate outcome. Road accident is a result of MV reaching the extreme values of key 

parameters due to development of a dangerous situation. Since the incidence of reaching these 

values characterises safety of transportation processes, regularities in occurrence and 

development of dangerous situations, reasons for them, and measures taken for prevention and 

diminution of their effect are the subject of studying safety of transportation processes. 

Ensuring safety of transportation processes involves working-out of a methodology for 

revealing regularities in occurrence and development of dangerous situations, development of 

criteria and methods for estimating their effect on the level of safety with the ultimate aim to 

control this level. In this regard, safety of transportation processes is primarily a practical theory. 

The DCRE system, being a subject of studying safety of transportation processes, is a complex 

man-machine system. Hence, the theory of ergatic systems represents a scientific basis for safety 
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of transportation processes. The properties of these systems are defined by not only the 

properties of particular technical devices and persons, that form this system, but also a 

correspondence between machinery properties and human capabilities, coordination between 

them, and social aspects of interaction among people. Hence it follows that to examine the 

quality of the DCRE system functioning, an in-depth study of properties of individual elements of 

this system is first needed, second, the methods for studying a combined operation of all the 

DCRE system elements must be developed, factors decreasing the stability of such operation 

have to be identified, and efficient measures to ensure safety have to be designed thereupon. 

When analysing functioning of the DCRE system, its specific features as follows must be taken 

into consideration: 

1. When the DCRE system operates, the structure of connections among its certain elements 

can constantly change, forming new functional subsystems. 

2. Hierarchical nature and variable structure of the DCRE system and changes in its 

parameters while functioning make it impossible to constantly control the system, requiring its 

ongoing correction. To ensure safety, this correction is made when prevention measures are 

developed and implemented, including efficiency of equipment, methods of its operation and 

use. 

3. Complex hierarchic structure of DCRE system, active human involvement in its 

management, stochastic behaviour of functioning give rise to its properties, not inherent in 

isolated subsystems and elements contained therein. 

As the main method for studying safety of transportation processes, there has been used a 

system-based method that implies comprehensive consideration of available interrelations 

between certain subsystems and links of the DCRE system, an in-depth study of cause and effect 

relationship between them. Taking into account stochastic behaviour of the DCRE system 

functioning, and, hence, randomness of dangerous situations, applying the probability theory and 

methods of mathematical statistics is seen as inevitable to study safety of transportation 

processes.  
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The use of system-based approach requires a unified description of parameters of various 

subsystems since output parameters of some subsystems are input parameters for others. In this 

case, not all relationships between subsystems can be described analytically. Some 

(predominant) of them have a logical connection, what adds some specific features in 

descriptions of the DCRE system properties and studies of its functioning. Not only quantity-, but 

also quality-related assessment of high-dimension traffic safety is made due to numerous 

parameters that define safety of transportation processes. Dimension reduction of the general 

DCRE system requires division of it into several subsystems. Such a solution makes it possible to 

single out the main subsystem (link), which performance influences the level of traffic safety. 

Potential successful completion of transportation processes depends on the properties of the 

“driver-car” link, the main chain in the DCRE system Hence, when evaluating safety of 

transportation processes using probabilistic parameters, the central problem is in describing 

mathematically the driver’s actions to intentionally control a motor vehicle and eliminate the 

consequences of unfavourable factors. This is because the driver’s actions are discrete, variable, 

random, depend on the problems solved and psychophysiological state of a driver. Sometimes 

Delphi methods have to be employed to evaluate traffic safety due to the difficulties in providing 

a mathematical description of driver’s actions. 

Since, with the existing accident incidence rates, RA is a frequent event, to accurately evaluate 

the safety level of transportation processes, a large array of statistical RA data is needed, 

obtainable only over some period of operation. Thus, to enhance the reliability of evaluating the 

safety level of transportation processes, the methods should be developed, which would allow 

using statistical data about not only RA, but also dangerous situations, which array is several 

orders higher than the RA array. To that effect, for each occurred dangerous situation its danger 

should be known, i.e. the probability of transforming it into a road accident, what requires an in-

depth study of regularities in the development of dangerous situations. 

Current situation of road accidents in the Russian Federation transport system shows that the 

approaches employed to solve the problem of ensuring safety of transportation processes have 
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not been adequately studied. Large scale and complexity of this problem, taking into account 

present-day development rates of vehicles, require improvement of methods to analyse the 

reasons for road accidents and selection of efficient measures to reduce severity of their 

consequences. 

Safety of transportation processes is affected by different factors: vehicle malfunction, a 

driver’s error, poor road conditions, unusual nature phenomena, and others. When a motor 

vehicle makes a trip, situations arise along its route that can be divided into normal and special 

(dangerous) (Fig. 2) (Porkhacheva, 2017; Khristoforovetal., 2017; Belous et al., 2019; Tokunaga et 

al., 2020; GIBDD.rf, 2020). 

Special situation is a condition created when motor vehicle moves under the influence of an 

unfavourable factor. Depending on the degree of danger, special situations are divided into 

catastrophic, emergency, dangerous, and situations complicating traffic conditions. 

Catastrophic situation is a particular situation when it is almost impossible to prevent people 

from dying. 

Emergency situation is a special situation that requires specific emergency actions of a driver, 

whose professional skills are essential not to let this situation be transformed into catastrophic. 

Emergency situation requires terminating movement immediately. 
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Fig. 2. Outcomes of transportation trips 

 

Dangerous situation is a particular situation, to prevent which from transition to emergency or 

catastrophic timely and adequate actions of a driver are needed. Significant deterioration of 

traffic conditions can accompany dangerous situations, although, no immediate termination of 

movement is required. 

 

3. Results and discussion 

Motor vehicle movement parameters change in the course of dangerous situation. Those 

parameters that have constraints due to conditions of ensuring safety, are called the key 

parameters. Threshold value of the key parameter is the value of this parameter such that 
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that, while moving, key parameters didn’t reach their threshold values, i.e. some margin remains. 

The maximum value of a parameter, allowable when operation is in progress under conditions of 

ensuring traffic safety, is called a permissible value of the key parameter. A key parameter, which 

in a given special situation first reaches its threshold value, is called critical. 

Key motor vehicle movement parameters have specific limit values: speed, longitudinal or 

lateral stability angle, critical rollover speed, stopping distance, and others. When one or several 

key parameters exceed threshold values, it will lead to a road accident, i.e. unfortunate outcome: 

rollover, collision, auto-pedestrian accident, or obstacle encounter (BorschenkoandGuselnikov, 

2016; DidmanidzeandVarnakov, 2007; Porkhacheva, 2017; Khristoforov et al., 2017; Reshnyak, 

2011;  Belous et al., 2019; Tokunaga et al., 2020 ). 

The road accident progress can be seen on the curve plotted in Figure 3. 

 

 

Fig. 3. Road accident progress curve 

Figure 3 presents a graph of dependence of some movement parameter Xi on the time of a 

driver’s intervention in motor vehicle driving tI. With ill-timed intervention in operating MV, 

parameter Xi will exceed its threshold value Х iLim (curve 2), what can cause RA; with timely 

intervention in driving, parameter Xi will not exceed its threshold value Х iLim. In the first case, 
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parameter Xiwill only reach the limit but will not exceed it (curve 3), and, finally, withtI< tILim 

parameterXiwill not reach the threshold value (curve 4).  TimetILim= tAis called an available time 

of driver’s intervention. 

The studies have shown that when dangerous situation occurs, to prevent RA, the time of 

driver’s intervention in operating MV amounts to 1.2-2.0 sec (EvtyukovandVasiliev, 2005; 

Porkhacheva, 2017; Khristoforovetal., 2017; Razmi et al., 2020). 

In practice, several ways exist to increase safety of transportation works, determined by the 

MV reliability: 

The 1st way is associated with decreasing the risk of MV failures and malfunctions, i.e. 

reducing the probability of a driver’s inability to prevent the consequences of these failures and 

malfunctions. 

The 2nd way is associated with the need for improving such operating parameters of MV as: 

reliability, trouble-free operation of agricultural motor vehicles in transportation processes. 

The 2nd way is the most acceptable, being a principal one in increasing safety of transportation 

processes. It is to ensure reliable operation of motor vehicles utilised in agricultural sector that 

major efforts of companies responsible for design, production, operation and repair of vehicles 

are directed. All engineering and technical measures taken by transport equipment maintenance 

staff are first intended to keep MV reliability high (Khristoforovetal., 2015;GazvanandAsp, 2006; 

DidmanidzeandVarnakov, 2007). 

To estimate the efficiency of technical measures proposed to decrease the intensity of 

malfunctions in the elements of technical MV systems, we suggest that the following criterion 

QК be adopted 

1

2

Т

Т
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
,      (1) 
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where 
1Т

Q  – level of risk prior to taking technical measures; 

2Т
Q – level of risk after taking technical measures. 

To determine ТQ , the following formula is used: 
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where i  – intensity of the ith unfavourable factor occurrence. 

Suppose i  is an intensity of malfunctions in the elements of MV systems prior to taking 

technical measures: 

i
Кi  /  – intensity of malfunctions in the elements of MV systems after taking technical 
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i

К  and assuming that t
t

00100 
−

− , the formula for the 
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where m – number of elements in the considered system; 
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

 – specific contribution of the ith element malfunctions to the level of risk, due to 

potential failures in the considered technical system. 
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Result (3) is supported by the fact that the measures to enhance reliability of MVs should primarily 

be taken for those functional systems of motor vehicles, which significantly affect the level of safety 

of transportation processes. The efficiency of technical measures for enhancing reliability of the 

most “alarming” j th element in the MV system is determined by formula:  

j
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Substitution of the values into formula (2) jj
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Changes in 
j

QК 
 depending on

j
K  at various 

jTQ are presented in Figure 4, whence it 

follows that an increase in
j

К leads to the increased safety of transportation works, the greater, the higher 

the 
jТQ  values. 
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Fig. 4. Dependence of efficiency criterion of 

measuresondifferentspecificcontributionsofmalfunctions in vehicles 

 

Ifthe element implies theentiresystem 1=
jТQ , formula (5) takestheform: 


ККQ =      (6) 

i.e. the risk level decreases as many times as the intensity of malfunctions in MV system elements 

decreases.  

Expressions )16.2()13.2( −  (3 – 6) are used to define the efficiency of engineering measures 

aimed at reducing probabilities of failure to prevent the consequences of malfunctions. 

To make sure that this conclusion is valid, ratio
1

2

T

T
Q

Q

Q
К

S
=  is taken as а criterion of efficiency of 

engineering measures, and probabilities of failure to prevent consequences of malfunctions after 

taking measures as being equal to
ii SТ КS / , where 1

iSК . 
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Hence it follows that at equal values of 
QК and 

SQК , in terms of quantity it makes no 

difference, in what direction the measures intended to enhance safety of transportation 

processes should be taken:  

• increasing reliability rates of motor vehicles used in agricultural sector; 

• decreasing the risk of malfunctions. 

At that, if the MV malfunction causes, among other things, disruption in fulfilling a production 

task, the measures to increase reliability of equipment must first be taken under the above-

mentioned conditions. Such measures must also be taken in cases when prevention of the 

consequences of malfunctions is difficult or impossible. If the equipment malfunction impedes no 

safe continuation of transportation processes, decreasing the degree of their danger becomes 

principal for such malfunctions. 

Let the measures aimed at decreasing the degree of malfunctions danger be considered. 

These measures can be divided into two groups: technical and operational. 

Technical measures are primarily related to the use of the means on MVs that decrease the 

time of driver’s intervention and increase his available time in case of malfunctions.  

To decrease the time for driver’s intervention in operating the MV and to increase his 

available time, the systems of various signalling to a driver for malfunctions in technical systems 

need to be utilised on an automobile. 

Operational measures are mostly related to training for drivers in identifying malfunctions and 

preventing their consequences, done on simulators or within training areas. 

Note that when malfunctions occur, which cause conditioned intervention of a driver in 

driving, the time of his intervention almost defies training. When such malfunctions occur, 

drivers master their skills of recognising the source of malfunction by the MV behaviour and 

making decision on preventing the consequences of malfunctions. 
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Operational measures also imply recommendations to drivers in abrupt deceleration, 

deceleration in poor weather conditions. Therefore, an intense activity is recommended to a 

driver while operating the MV – in the simplest case, for instance, to hold on a steering wheel 

with two hands, not with one. Curves (Figure 5) illustrate practicability of such a measure. 

The curves are constructed for the required levels of accelerative stimuli. Р  on these curves 

is the probability of a driver’s intervention in operating over a given time t after a failure had 

occurred. It follows from the curves that when the available time is 1sec, a driver with probability 

of 0.58 timely intervenes in driving, if he held on a steering wheel with two hands, and with only 

0.25 probability, if he did that with one hand. 

 

 

Fig. 5. Curve of distributing probabilityof intervention in driving: 1 – using two hands; 2 – using 

one hand 

One of directions for ensuring safety of transportation processes suggests installation of technical 

devices on MVs that enable a driver to prevent or reduce consequences of failures in motor 

vehicle systems. 

Technical devices that are responsible for enhancing safety of transportation processes, must 

have the following functions: 
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• to signal to a driver for malfunctions of MV systems; 

• to control functioning of MV systems in operation; 

• when failures and malfunctions in MV systems are identified, to automatically turn them off; 

• to automatically connect fault-free standby systems or elements of systems; 

• to automatically define the values of critical parameters of MV movement at different stages 

of transportation processes, and to signal to a driver for approaching a dangerous value. 

The employed technical devices to enhance MV safety are divided into active and passive. 

Active technical devices for enhancing safety of transportation works involve those devices 

that, by acting on controllable systems, MV controls, automatically prevent possible 

consequences of failed system.  

Passive technical devices for enhancing safety of transportation works are those devices that 

only signal to a driver for arisen malfunction or when the parameters of automobile systems 

approach dangerous traffic condition, without elimination of consequences. A driver prevents 

consequences of malfunction and arisen dangerous situation by himself. 

It is suggested that a partial criterion be applied that will allow evaluating the effect of 

technical devices installed on MV, on safety of agricultural transportation processes, taking the 

influence of efficiency of these technical devices into consideration (DidmanidzeandVarnakov, 

2007; Syschikov et al., 2017; Khristoforovet al., 2017; Razmi et al., 2020). 

Researchers face the following hypothetical problem. A technical device is installed on a 

motor vehicle to control the efficiency of a certain system. For example, a system of controlling 

the amount of service fluid in the brake system is installed on a motor vehicle; it, when the 

service fluid level lowers below permissible, automatically switches the engine ignition system off 

(Khristoforovetal., 2015, 2017; Orudzhova, 2017).  

There is a need to evaluate the effect of the in-built control system on an increase in the 

probability of unfavourable completion of transportation process, related to the brake system 

malfunction due to lowering of the level of service fluid below permissible. 
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To evaluate the effect of the built-in control system on safety of transportation processes, the 

theory of Markov chains will be applied. The graph of potential system states is presented in Fig. 6.  

 

 

Fig. 6. System state graph 

where λC– intensity of control system failures; 

λBS – intensity of brake system failures; 

rBSC – conditional probability of preventing consequences of malfunction of brake system, 

with control system in operation; 

rBS– conditional probability of preventing consequences of the brake system malfunction; 

rC – conditional probability of preventing consequences of the brake system malfunction, 

with control system out-of-operation. 

Conditional probabilities of failure to prevent consequences of malfunctions will be equal to:  

SBSC = 1 − rBSC;     SBS = 1 − rBS; SC = 1 − rC 

In calculations, the assumption is used that the control system is out-of-operation, when the 
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brake system fails. 

Favourable completion of transportation process is denoted by STi(i=0.3) and unfortunate 

completion of transportation process, i.e. a road accident, by RA3 (j=1.3). States ST1 and RA1 

correspond to traffic outcomes when there are malfunctions in the brake system with the control 

system in operation, ST2 and RA2– when the control system fails, and ST3 and RA3 – when there 

is malfunction in the brake system with out-of-operation control system. 

Let the probabilities of remaining in the STi safety state (safety traffic) be denoted by iР , 

and in the RA state - jQ . 

Probabilities of favourable and unfortunate outcome of transportation work are determined 

by formulas:  


=

=
3

0i

iPP
,   

=

=
3

1j

jQQ     (7) 

Let the system of differential equations for probabilities of the system’s remaining in various 

states be composed:  

dP1

dt
= λBSrBSCР0; 

dQ1

dt
= λBSsBSCР0;                      

dP2

dt
= λCrCP0 − λBSP2; 

DQ2

DT
= ΛCSCP0

DP3
DT

= ΛBSRBSP2 

DQ3

DT
= ΛCSCP2, 

where λ0 = λBS + λC 

;00

0 P
dt

dP
−=
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On integrating this system of equations with initial conditions 1)0(0 =Р , 

0)0()0( == ji QР  for 3,1, =ji  and substituting the expressions found for jQ  in formula (2.9), 

the formula is obtained: 

 

Q =
λBSsBSC + λCsC − rCsBSλBSC

λ0
(1 − ℓ−λ0t) + rCsBS(1 − ℓ−λBSt) 

 

The degree of risk, when there are malfunctions in the brake system according to the formula 

of total probability will be equal to:  

Q0 = (1 − ℓ−λBSt)SBS 

Usually 10 t  and λBSt << 1, thus, t
t

0)1( 0 
=−

− and(1 − ℓ−λBSt) = λBSt can 

be assumed. 

The efficiency of the control system action on reducing the probability of unfortunate 

outcome is estimated using the following formula: 

 

KQ =
Q0

Q
≈

sBS

sBSC+
λC

λBS
sC

     (8) 

 

Expression (8) proves that highly reliable efficient control system, as compared to controllable 

systems, decreases the probability of unfavourable outcome of transportation work in proportion 

to the ratio SBS/SBSC, i.e. reduction in the risk of malfunctions.  

If the control system is less reliable itself λC > λBS, and its malfunctions are as dangerous, as 
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the brake system malfunctions SC>SBS, the control system will become ineffective, and it increases 

the degree of risk. It is clearly shown in Figure 7, where there has been depicted a dependence 

KQ = f (
S

SBS
;

λC

λBS
;
SC

SBS
), at λBS = 1 × 10−3, 1/h, SBS = 0.2. To enhance safety of transportation 

processes, the system and devices, intended to do this, should be more reliable themselves than 

the systems they control. 

When there are failures in functional systems of an automobile, drastic changes in parameters 

of its movement are possible, which may create emergency or catastrophic situation. The driver’s 

task involves prevention of such a dangerous change in parameters. If this task is difficult for a 

driver to handle, the automobile needs to be equipped with special technical devices to increase 

safety of transportation processes (Hudson and Hudson, 2020). 

 

Fig. 7. Dependence of ratio QК  on intensity of malfunctions and probabilities of failure to 

prevent their consequences 
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The effect of technical devices on safety of transportation processes can be evaluated using 

analytical criteria. It will be demonstrated with an example of failure in the automobile engine 

cooling system pump (ECSP), leading to engine overheating and failure, what may change the 

automobile movement and, finally, cause a road accident. Cooling system is equipped with an 

active technical device in the form of automatic controller (AC, Figure 8). 

 

Fig. 8. Diagram of cooling system with automatic controller 

The signals from the cooling system go to a back-up (emergency) pump and automatic controller, 

which, when there is a failure in the main cooling system pump, connects the back-up pump and 

disconnects the main pump. It will be assumed that no consequences of failure in the main pump 

of the automobile engine cooling system, when the back-up pump is fault-free, show up (they are 

prevented by switching the emergency pump on). Hence, the failure in the entire cooling system 

will occur when the back-up pump fails. At that, it can fail with the fault-free main pump or after 

its failure. Taking this in account, the following states of the system are possible (Figure 9). 
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Fig. 9. Graph of the system states 

А  – all the system is fault-free with probability рs; 

А  – failure in the main cooling system pump occurred with probability дq ;  

В  – failure in the main pump occurred with fault-free with probability рc automatic 

controller;  

В  – failure in the main pump occurred with failed with probability qcautomatic controller.  

 

рc + qc = 1 

 

where рc − probability of favourable completion of road traffic with failed automatic 



Nat. Volatiles & Essent. Oils, 2021; 8(4): 7795-7829 

 

7818 

 

controller;  

qc − probability of unfavourable completion of road traffic with failed automatic controller;  

rc − probability of driver’s preventing the consequences of failure in automatic controller;  

sc − probability of driver’s inability to prevent the consequences of failure in automatic 

controller. 

ST1and ST1– favourable and unfavourable outcomes of road traffic with driver’s prevention 

and inability to prevent the consequences of failure in the main pump with automatic controller 

in operation with probabilities rcand sc respectively. 

ST2and ST2 – favourable and unfavourable outcomes of road traffic with driver’s prevention 

and inability to prevent the consequences of failure in the main pump of engine cooling system, 

with fault-free automatic controller with probabilities Тr and Тs respectively. 

The probability of unfavourable outcome (risk level) of transportation process can be 

determined by formulas: 

1. With automatic controller 

Qд+C = qi(рCsC + qCsТ),     (1)(9) 

2. Without automatic controller 

Qд = qдsТ,     (2)(10) 

 

The efficiency of using an automatic controller can be evaluated by relatively changing the 

level of risk: 
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Q =Qд+c/Qд = Sc (1-qc)+qc,     (3)(11) 

 

where Sc = Sc/ ST 

The results of calculations given in Figure 10 show that the risk level markedly decreases with 

highly reliable and efficient automatic controller. 

 

 

Fig. 10. Calculation results 

Safety of transportation processes can be increased by enhancing the reliability of MV systems. In 

designing, there are scheme-based and constructive methods of increasing reliability. Scheme-

based methods involve improvement of old and development of new schemes of creating 

technical devices. Scheme-basedmethodsimply: 
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• creation of simplest schemes with as low as possible number of elements; 

• redundancy of elements and systems;  

• development and use of in-built control means;  

• creation of schemes withwider tolerances for changes in characteristics of 

elements. 

Constructivemethodsinvolve:  

• development and use of highly reliable elements;  

• provision of elements and systems with more simplified operation modes; 

• creation of highly advanced and serviceable structures; 

• use of structural materials of a higher quality. 

The main methods to increase reliability when manufacturing automobiles are as follows: 

• improvement of technology and fostering production culture;  

• automation of production, facilitating highly uniform process of manufacturing the 

elements of systems;  

• training of elements and systems to stabilise the level of intensity of failures until 

operation stage; 

• enhancement of methods for controlling the quality of manufacturing the elements. 

The following measures are taken during operation to increase reliability:  

• improvements to organisation and introduction of scientific methods of maintenance 

and operation;  

• collection, record, and analysis of failures in automobiles, generalisation of experience 

learnt in operation;  

• strengthening of relations with production facilities, design bureau, and scientific 

institutions;  

• upgrade training of drivers and maintenance staff;  

• enhancement of technology and quality of operation, maintenance, and repair works;  



Nat. Volatiles & Essent. Oils, 2021; 8(4): 7795-7829 

 

7821 

 

• introduction of means for controlling and forecasting the state of automotive 

equipment;  

• enhancement of effectiveness of measures for preventing failures in the equipment. 

Safety of transportation processes can be increased by decreasing the risk of failures in motor 

vehicles.  

To do this, mostly practical measures can be taken:  

• practical configuration of automobiles; 

• restriction of speed and acceleration of controls movement; 

• use of safety technical devices, and others. 

For this purpose, technical devices need to be widely used on the present-day automobiles to 

control the efficiency of equipment and to inform drivers about its failures. 

Agricultural motor vehicles are designed for transportation processes. Safety of transportation 

processes for such an equipment is not an end in itself, but a means to fulfil a production task, a 

condition for increasing operating efficiency. A need to take safety of transportation processes 

into account when evaluating the efficiency of utilising motor vehicles used in agricultural 

production stems from the fact that more intense production activity causes more accidents and 

crashes. This is due to, on the one hand, a necessity to utilise all MV capabilities in production 

when reaching higher velocities, on the other — a substantial increase in psychophysiological 

driver’s load (BorschenkoandGuselnikov, 2016; Khristoforovetal., 2015, 2017; Syschikovetal., 

2017; Reshnyak, 2011; GIBDD.rf, 2020).  

Interrelation between safety of transportation processes and production efficiency is obvious 

in selecting traffic modes, type of safe manoeuvre and in other cases. Thus, for example, 

sometimes, to have a successful transportation process, an off-road movement is needed. 

However, here the probability of the MV stopping due to external conditions (terrain obstacles) 

increases. If the probability of fulfilling production task РTP is taken as an indicator of efficiency of 

using MV considering safety of transportation processes, the following can be written 
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PPT=PSTPSTP 

 

where PST– probability of fulfilling a production task, computed on condition that there is no 

road accident (safe task); 

PSTP – probability of no RA by the reasons not related to the direct effect of external factors. 

Interrelation between safety of transportation processes and production efficiency is more 

noticeable when restrictions are imposed on, e.g. speed, critical radius of turning, critical rollover 

speed and others, intended to prevent agricultural motor vehicles’ reaching hazardous traffic 

modes. The probability of RA occurrence depends on the MV behaviour when approaching the 

hazardous mode (for instance, critical rollover speed) and driver’s actions when reaching this 

mode. The less the dynamic properties change in hazardous mode, the more the probability is 

that a driver is able to control the MV properly, prevent the consequences of reaching this mode. 

It is evident that in such cases a closer approach to the considered hazardous mode can be 

admitted, what expands production capabilities of motor vehicles utilised in agricultural sector. 

But if, when reaching such modes, a sharp deterioration of dynamic MV properties, e.g. loss of 

stability or steerability, is seen, a driver faces problems when operating the MV, and he can 

prevent RA with less probability. In this case, when imposing restrictions, it is necessary to make 

a provision for a greater margin of the parameter, that characterises the hazardous mode, to 

make a constraint more “tight”, what, naturally, will decrease production capabilities of 

agricultural transport equipment. 

Let the problem about imposing a restriction on the critical rollover speed be considered as an 

example. Suppose that certified studies have provided the dependence of probability РSTP on the 

value of critical rollover speed, depicted in Fig. 11. 
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Fig. 11. Dependence of probability of fulfilling the production task on the value of critical rollover 

speed 

It is seen that when the value of speed VR increases, starting from some value thereof, a decline 

in probability РSTP is seen. To ensure safety when performing turning, the movement speed 

should be reduced, what may cause manoeuvrable, and, respectively, operational MV 

capabilities, characterised by the probability of fulfilling a production task РPT, to become 

unsatisfactory. 

Maximum probability of successful completion of production task РPT should be a criterion for 

specifying the VR constraint. The production task will be successfully fulfilled, if two events occur 

simultaneously: fulfilment of the production task and absence of the RA. If the probabilities of 

fulfilling the production task РST  and the RA absence РSTP are curves plotted in Figure 11, the 

probability of fulfilling a production task PPT=PSTPSTP will be maximum at the VR1 speed. It serves 

no purpose to specify a permissible value of critical rollover speed VR, that differs markedly from 

VR1. 
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4. Conclusion 

The following conclusions can be drawn from the conducted studies of theproblem of ensuring 

safety of transportation processes: 

1. It has been identified that the problem of ensuring safety of transportation processes in AIC 

is important and requires a particular attention since RAs cause deaths and injuries to persons, a 

significant material damage is inflicted on agricultural enterprises. 

2. The “Driver–car–road–environment” system plays a big role in the system of ensuring 

safety of transportation processes in AIC. The “Driver–car” link occupies a central place in the 

system: more than 50% of RAs in agricultural sector occur through a fault ofdrivers and out-of-run motor 

vehicles. 

3. It has been found that in AIC companies no methodology exists on ensuring safety of 

transportation processes, there are no methods, pursuant to regulatory documents, for 

evaluating the efficiency of developed measures for ensuring traffic safety, decreasing the 

number of road accidents, reducing severity of their consequences. 

4. It has been established that the reasons for road accidents in AIC have a stochastic 

behaviour, however, insufficient attention is given to the use of probability theory in analysing 

safety of transportation processes. 

It can be inferred from the conducted studies and drawn conclusions that: 

1. The study is relevant since there are worrisome rates of accident incidence and road traffic 

injuries in AIC, injuries of operators of transport and mobile power-operated vehicles, employed 

in agricultural production, most accidents occurred due to design-manufacturing defects of 

equipment, automobiles, in particular, dump trucks, dump trailers with hydraulic truck tippler. 

Hence, the article aims at increasing safety of transportation processes in AIC, revealing the 

reasons for, factors, and circumstances of road accidents, reducing severity of their 

consequences. 

A system-oriented approach became leading in studying the problem, involving scheme-based and 
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constructive methods that enable systematic consideration of the questions related to enhancing 

safety of motor vehicles used in agricultural sector, an increase in reliability of which facilitates 

reduction in the number of road accidents for technical reasons and decreases severity of their 

consequences in agricultural production. 

The article reveals certain reasons for having RAs, specifically, due to failure to use technical 

devices of motor vehicles, which finally make it possible to enhance safety of transportation 

processes. A criterion has been developed that allows evaluating the efficiency of technical 

measures, proposed to decrease the intensity of failures in the elements of MV technical 

systems. A partial criterion has been developed appropriate for estimating the effect of technical 

devices installed on MV, on safety of agricultural transportation processes, considering the 

influence of efficiency of these technical devices. 

Recommendations. The article materials are of practical value to the vehicle manufacturing 

industry, officers of research institutions and higher educational institutions, heads of agricultural 

enterprises and all concerned (masters, postgraduates, engineers). 
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