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MODELING THE RELIABILITY OF UNITS AND UNITS 

OF IRRIGATION SYSTEMS 
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Boltianska N., 
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Dmytro Motornyi Tavria State Agrotechnological University, Ukraine 

 

Low level of maintenance of irrigation systems leads to frequent repairs. The 

irrigation system can be represented in the form of several subsystems. Such 

subsystems that perform independent functions include: main submersible pump, 

centrifugal surface pump, solenoid valve, fertilizer preparation unit, primary converter 

of water pollution, primary converter of soil moisture, drainage centrifugal pump, 

auxiliary. The reliability of the unit depends on the reliability of each of the subsystems, 

and the failure of any of the subsystems leads to the termination of its normal operation. 

Each of the subsystems can be in two fixed states - working and non-working. The 

presence of systems in a given state is quantified by the corresponding probability. And 

it is impossible to predict at what point in time which of the subsystems may fail, and 

requires diagnosis and repair work. From the point of view of mathematical 

description, such a process is convenient to consider as Markov, and illustrate it with 

the corresponding state graph. Since the flows of events associated with transitions 

from one state to another are simple Poisson, which have intensities i.j  і 1.0. 

Therefore, the equipment of the irrigation system system may be in a limited number 

of possible discrete states [1-3]. 

We believe that all transitions of the system from the state Si  в  Sj    occur under the 

influence of the simplest streams of events with intensities  λij (ij = 0,1,2,3); yes, the 

transition of the system from the state S0 в S2 will occur under the influence of the 

failure flow of the first node, and the reverse transition from the state S2 в S0  under the 

influence of the flow of "repairs" of the first node, etc.  

The irrigation system has eleven possible states: S0 – the irrigation system (IS) is 

working and working; S1 –  IS working but not working (simple); S2 – IS faulty, and 

does not work (there is a diagnosis of failure); S3 – IS faulty, due to failure of the main 
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submersible pump; S4 – IS faulty, due to failure of the surface centrifugal pump; S5 – 

IS faulty, due to solenoid valve failure; S6 – IS faulty, due to failure of the fertilizer 

preparation unit;  S7 – IS faulty, due to failure of the primary converter of the degree 

of water pollution; S8  – IS faulty, due to failure of the primary soil moisture converter; 

S9  – IS faulty, due to failure of the drainage centrifugal pump; S10 – IS faulty, due to 

failure of the auxiliary centrifugal pump. A random process of transition from one state 

to another can be performed by determining the probabilities of the state, which are 

functions of time 𝑃0(𝑡), 𝑃1(𝑡)… 𝑃10(𝑡). 

Or 𝑃1(𝑡)=Р{𝑆(𝑡) = 𝑆𝑖}, где 𝑃1(𝑡) - the probability that at time t the system S is in 

the state Si.  We obtain a system of Kolmogorov differential equations for the 

probabilities of states: in the left part of each of them there is a derivative of the 

probability of the i-th state [4, 5].  

 

{
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

dP0(t)

dt
= μ1μ0 (t) + λ3.0P3(t) + λ4.0P4(t) + λ5.0P5(t) + λ6.0P6(t) +

λ7.0P7(t) + λ8.0P8(t)λ9.0P9(t) + λ10.0P10(t)− λ0.1P(t) − λ0.2P0(t)

dP1(t)

dt
= λ01P0(t) − μ1.0 P1(t)                                                                          

dP2(t)

dt
= λ02P0(t)(λ2.3 + λ2.4 + λ2.5 + λ2.6 + λ2,7 + λ2.8 + λ2.9 + λ2.1)

dP3(t)

dt
= λ2.3P2(t) − λ30P3(t)                                                                           

dP4(t)

dt
= λ2.4P2(t) − λ40P(t)                                                                          

dP(t)

dt
= λ2.5P2(t) − λ50P5(t)                                                                          

dP6(t)

dt
= λ2.6P(t) − λ60P(t)                                                                          

dP(t)

dt
= λ2.7P(t) − λ70P7(t)                                                                         

dP8(t)

dt
= λ2.8P2(t) − λ80P(t)                                                                         

dP9(t)

dt
= λ2.9P(t) − λ90P9(t)                                                                         

dP10(t)

dt
= λ2.1P(t) − λ100P10(t)                                                                     

         

In the right part - the sum of the products of the probabilities of all states (from 

which the arrows go to this state) on the intensity of the corresponding streams of 

events, minus the total intensity of all flows that bring the system out of this state 

multiplied by the probability of this (i-th state) [6, 7]. 

Obviously, for any moment t the sum of the probabilities of all states is equal to 

one: 

 ∑ 𝑃𝑖(𝑡) = 1

𝑖=10

𝑖=0

 

 

To solve the system of equations we set the initial conditions. In this case, the 

system is in state S0 with probability P1(0) = 1.  
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Then according to the normalizing condition, other probabilities of states are equal 

to: 
𝑃1(0) = 𝑃2(0) = 𝑃3(0) = 𝑃4(0) = 𝑃5(0) = 𝑃6(0) = 𝑃7(0) = 𝑃8(0) = 𝑃9(0) = 𝑃10(0) = 0    

Using Kolmogorov's equation it is possible to find the probabilities of states as a 

function of time. Thus, using the obtained dependences, it is possible to reliably assess 

the degree of reliability of the irrigation system. 
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