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DETERMINATION OF READINESS FUNCTION OF  
NOZZLE FOR OPERATION 

The article describes determination of readiness function  of nozzle for operation 
that based on the charts of conditions and mathematical modeling of transitions of 
nozzles of automated control systems for temperature and humidity parameters of air 
in the area of cultivation of plants under protected ground into various possible 
conditions. To clarify the form of total three-expositional and graphical representation 
of results, developed a flowchart calculations that establish values, which ultimately 
provide the function of readiness. Block diagram of the calculation is shown in 
articale. Function preparedness is a dynamic characteristic of reliability, the 
considered technical system. Probabilty for non-failure operation for nozzles is 
represented by a coefficient of readiness that changes the dynamics of operating time 
seems function of the technical system readiness for operation. The function of 
readiness is descending exponential nature of the system is completely ready to start 
working to its asymptotic value, which reflects the steady availability factor. 

Key words: Nozzle, operation condition, probability of non-failure operation, 
intensity of failures, failure.  

A problem statement 

This nozzles for spraying liquid under 70 Bar pressure, which the intergral part of 
an automatic system for controlling humidity and temperature parameters of air in the 
area of plants cultivation under the terms of protected soil. The system is designed to 
produce a necessary microclimate in the premises of industrial greenhouses. 
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Review of recent researches and publications 

Work [1] describes the problems of ensuring the reliability of process equipment 
during the growth of production in agriculture protected ground Ukraine. Work [2] 
describes the the model of the use of nozzle for liquid sprayer and generation of 
microclimate in the premises of greenhouses. Work [3] based on the researching 
indexes of reliability of systems of microclimate control onto productivity of products 
of protected soil. The [4] was describes charts of conditions and mathematical 
modelling of transition of nozzles into various possible conditions. 

Purpose, objects and methods of research 

The task of work is determination of readiness function  of nozzle for operation 
that based on the charts of conditions and mathematical modeling of transitions of 
nozzles of automated control systems for temperature and humidity parameters of air in 
the area of cultivation of plants under protected ground into various possible 
conditions. 

The paper based on the theory of mathematical modeling of  nozzles transition in 
various possible states. 

Research results 

A probability of condition of nozzle in operation condition «0» [4] can be set in 
Laplace, according to Cramer rule, by the following correlation: 

  0
0 ,S 




     (1) 

where 0  – is matrix to position «0» - of operation condition of system, 

 – main matrix of equasion system describing possible conditions and 
transitions of nozzle (13) [1]. 

Matrix to working condition can be written from the main determinant (6) [4] by 
replacing the first column to free parts. Then we have: 

10 20

10
0

2 '2 20

1 0

0 0 0

1

0 0

S

S S S

S

 


 

 


 

 

 

We lower ranking matrix. For this purpose it is reasonable to divide it on the 
second line of the elements: 
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  
20

2 2

0 10

2'2 20 2'2

1 0 1 0

1 1 1

0 0

S S S S

S




  




   

  
 

 
Using the rule Sarryusa decision matrix is written as follows: 

          0 10 20 20 2'2 2'21 1 1 1S S S S                     
 

   0 10 20 20 2'2 2'2S S S S               

 
After algebraic manipulations, simplification and describing to degrees of  

unknown S we shall have: 

   0 10 20 20 2'2 2'2S S S S               

3 2 2 2
0 20 20 2'2 2'2 10 10 20 10 20 2'2 10 2'2S S S S S S S                      (2) 

   3 2
0 20 2'2 10 20 2'2 10 20 10 2'2

10 20 2'2.

S S S        
  

        


 

Returning to determining the probability of failure of the nozzle and substituting 
the expression (1) of the matrix (2) and (13) [4] we shall write: 

 

     
 

 
 

3 2
20 2'2 10 20 2 '2 10 20 10 2'2 10 20 2 '2

0 4 3
01 02' 20 10 2'2

2
01 20 01 2'2 10 20 2'2 10 20 2'2

02' 10 20 02' 2 '2 10 20 01 2'2 20 2'2 10

.
S S S

S
S S

S

S

           


    

         

           

      


     

     

   

 (3) 

 
Presented equation is too big and makes it possible to perform inverse Laplace 

transform, i.e. the transition from the original image    0 .S P t   To this 

transformation possible, it is necessary to spread the denominator of (3) at multipliers. 
It is necessary to find the roots of the polynomial fourth degree. 
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Inserting indexes: 
4

3
01 02' 20 10 2'2

2
01 20 01 2'2 10 20 2'2 10 20 2'2

02' 10 20 02' 2'2 10 20 01 2'2 20 2'2 10

; 1;

; ;

; ;

; .

S a

S b

S c

S d

    

         

           



    

    

   

 (4) 

 
We shall write an equasion (13) [1]  in shorter form: 

4 3 2 .aS bS cS dS         (5) 
To find the roots we shall have: 

 3 2 0.S aS bS cS d     

 
The obtained equasion shall be divided into two, one of which has a solution S1=0, 

and the second represents an equasion of the third degree: 
3 2 0.S bS cS d     

By changing: 

,
3

b
y S        (6) 

after algebraic simplification should form the reduced equation [2]: 
3 0,y py q       (7) 

where   

23
;

3

c b
p


      (8) 

32
.

27 3

b b c
q d


       (9) 

The number of real solutions (roots) equation (7) depends on the sign of 
discriminant that is defined by the formula: 

 

3 2

3 2

p q
D        

        (10) 
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Preliminary assessment of the sign discriminant can be made by substituting 
components of formula (10), and the components included in the formula (8) and (9). 

The final component represented by equation (4) and includes ,   - characteristics 

of states and transitions nozzles in various possible states. Is legitimately assume that 
periods of normal operation of the nozzle to failure greatly exaggerated periods of 
recovery. Moreover, this corresponds to reality, as the recovery comes to cleaning the 
valve or replacing the filter. And both operations are fast enough compared to the 
normal term of the nozzle. Then you can take the following condition: 

  

where t   average opeation time of the nozzle before failure; 

       average resoration time of the nozzle. 
 

Taking into consideration that 
1

,t


  and 
1


  we shall have:  

 
Putting the obtained condition of intensity ratios of failures and restorations, as 

well as neglecting λ in the second and higher levels as low values, the values of 
variables analyzed p and q. The more real it appears that the case is considered an 
option p takes a negative value, that is, p<0. On this basis the quantities and ratios p 
and q we can assume that also has negative discriminant value D<0. In this case, the 
solution of equation (7) is in the field of real roots.  

Cubic equations can be solved by Cardano formula. To do this, type the following 
replacement: 

3

;
27

cos .
2

p

q






 

 
 

 
At the root of the equation (7) is in the form: 
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3
1

3
2

3
3

2 cos ;
3

2
2 cos ;

3 3

4
2 cos .

3 3

y

y

y



 

 



   
 
   
 

    (11) 

 
By flip replacement from (6) we shall have: 

1 1

2 2

3 3

1
;

3
1

;
3
1

.
3

S y b

S y b

S y b

 

 

 

    (12) 

 
Thus all the components of the initial decision right equation (5) and found it can 

be presented in the schedule obtained by the roots. Then in general expression for the 
likelihood of working condition nozzles can be represented by an equivalent equation 
and write it as the following amounts: 

 

  0 0 0 0
0

1 2 3 4

,
A B C D

S
S S S S S S S S

    
   

  (13) 

where: 0 0 0 0, , ,A B C D   some unknown fixed values that can be determined 

from the condition of equivalence of polynomials (3, 8). 
For further algebraic manipulations we rewrite equation (8) given that the root 

1 0S   

  0 0 0 0
0

2 3 4

.
A B C D

S
S S S S S S S

    
     (14) 

 
then: 
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 

        
      

   

0 2 3 4 0 3 4

0 2 4 0 2 3
0

2 3 4

A S S S S S S B S S S S S

C S S S S S D S S S S S
S

S S S S S S S


      

     


  
    (15) 

 
Expanding the brackets after algebraic manipulations and simplifications in the 

expansion in degrees of unknown (S), the numerator (10) is represented as: 
 

 
 
 

3
0 0 0 0

2
0 3 0 2 0 4 0 4 0 3 0 4 0 2 0 3 0 2

0 2 3 0 4 3 0 4 2 0 3 4 0 2 4 0 2 3 0 4 2 3

S A B C D

S A S A S A S B S B S C S C S D S D S

S A S S A S S A S S B S S C S S D S S A S S S

   

         

      

 

In case of equal denominators represented by formula (13) [4] and in expansion 

for the roots of the denominator of the formula (10), values 0  (2) and the numerator 

(2) may be equal under the condition that the coefficients of equal powers of unknown 
S will also be equal. On this basis, and comparing these expressions can write the 

following additional system of equations for determining a constant 0 0 0 0, , , .A B C D
 

 

 
0 0 0 0

0 3 0 2 0 4 0 4 0 3 0 4 0 2 0 3 0 2 20 2 '2 10

0 2 3 0 4 3 0 4 2 0 3 4 0 2 4 0 2 3 20 2 '2 10 20 10 2 '2

0 4 2 3 10 20 2 '2

, , , 1;A B C D

A S A S A S B S B S C S C S D S D S

A S S A S S A S S B S S C S S D S S

A S S S

  
     

  


           


       
 

(16) 

 

Unidentified fixed values  0 0 0 0, , ,A B C D  Therefore, we shall find a method 

of successive substitutions. To do this, the last equations define sustainable (А0). 
 

10 20 2'2
0

4 2 3

.A
S S S

  
      (17) 

 
We shall put the value (А0) into the third equasion of system (16): 
 

 10 20 2'2
2 3 4 3 4 2 0 3 4 0 2 4 0 2 3

4 2 3

20 2'2 10 20 10 2'2

S S S S S S B S S C S S D S S
S S S

  

     

     

  
 

From which we obtain (В0): 
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 10 20 2'2 2 4
0 2 3 4 3 4 2 0

4 2 3 3 4 3 4

2 3 10 20 10 2'2
0

3 4 3 4

S S
B S S S S S S C

S S S S S S S

S S
D

S S S S

  

   

     


 

 (18) 

 

The obtained values  0A  and  0B  we substitute into the second equation of 

(16): 

 
 

     

10 20 2'2
2 3 4 3 4 22 2

4 2 3 3 410 20 2'2
3 2 4

10 20 10 2'22 24 2 3
0 0

3 4 3 4

4 3 0 4 2 0 3 2 20 2'2 10

S S S S S S
S S S S S

S S S
S SS S S

C D
S S S S

S S C S S D S S

  
  

   

  

     
     
  
   
 

        
 

Select the equation derived from sustainable  0C : 

 

       

   

 

2 4 3 2 4 3
0 4 2 0 3 2 20 2'2 10

3 4

10 20 10 2'2 4 3 10 20 2'2
3 2 4

3 4 4 2 3

10 20 2'2
2 3 4 3 4 22 2

2 3 4

.

S S S S S S
C S S D S S

S S

S S
S S S

S S S S S

S S S S S S
S S S

  

      

  

    
            

   
 

    

  

 
After shorting and reforming we shall have: 
 

 
 

 
 

 

 
 

 

3 2 3 20 2'2 10 3 10 20 10 2'23
0 0

4 2 4 3 2 4 3 4 2

10 20 2'2 3 2 4 10 20 2'2 2 3 4 3 4 2
2 2 2

4 2 4 3 2 3 4

.

S S S SS
C D

S S S S S S S S S

S S S S S S S S S

S S S S S S S

      

     

    
        

   
 



  (19) 
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We use the first equation of the system (16) for determining sustainable  0 .D  

Substituting the values  0 0 0,A B i C , presenting the first equation follows: 

0 0 0 01 ;D A B C     

 

 
 

 
 

 

 
 

10 20 2'2 10 20 2'22
0 2 3 4 3 4 22 2

4 4 2 3 4 2 3

3 2 3 20 2'2 10 3 10 20 10 2'2 23 2
0 2

4 2 4 3 4 2 4 3 4 2

10 20 2'2 3 2 4 2 10 20 2'2 2 3 4 3 4
2

4 2 4 3 4

1 1
S

D S S S S S S
S S S S S S S

S S S S SS S
D

S S S S S S S S S S

S S S S S S S S S

S S S S S

     

      

     

 
       

 
    

       
   

 


 2 2
2 2
2 3 4 4

.
S S

S S S S

 

 

Solving equations relatively regarding to the searched unknown  0D  after 

algebraic manipulations eventually have a: 
 

 

 

 
 

 

 
 
 

10 20 2'2 10 20 2'2
2 3 4 3 4 22 2

4 2 3 4 2 3

3 20 2'2 10 10 20 10 2'2
2

4 4 3 4

0
3 2 3 22 10 20 2'2 3 2 4

2 2
4 4 4 3 4 4 2 4 3

10 20 2'2 2 3 4 3 4 2
2

2 3 4

1

1

1

S S S S S S
S S S S S S

S

S S S S
D

S S S SS S S S
S S S S S S S S S

S S S S S S

S S S

     

      

  

  

     

   
           


 













 (20) 

The flip substitution in (19) we obtain sustainable values  0C  via ,    

Technical characteristics of the system (injectors). Further substituting values (D0) i 

(C0) into (18) we shall find sustainable value  0B . Constant  0A  is known from 

equasion (17). 
Due to the large equasions of formulas those substitions are not availale, but their 

performance does not represent mathematical difficulties. 

Note that all got fixed values  0 0 0 0, ,A B C i D  in end view expressed directly 

or through ,    technical characteristics of the system, or through the roots 
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2 3 4,S S i S , having in its composition as well. Thus, despite hromistkist 

calculations, oshukuvani constants to represent equation (14) unfolded on a 
denominator polynomial roots, obtained . So, back to equation (4), which 
defines probability in the Laplace transform nozzle can apply the reverse transition 
from the original image. Then get dependent probability of failure of the system (non-
stationary readiness coefficient) of operating time. It has the following view: 

 

         0 0 0 2 0 3 0 4exp exp expГP t K t A B S t C S t D S t          (21) 

 
In this case, the probability of technical systems and functions the same readiness 

as well as behavior in operating model is seen as such, allowing recovery in the event 
of damage [3]. Marked chart of states and transitions, as the equation of dynamic 
equilibrium probabilities into account not only the parameters of normal work, but also 
options to restore it if damaged. 

The function has four components: one fixed  0A  and three, depending on the 

time and vary according to the exponential law. Depending analysis shows that at the 
beginning of operation at 0t   function of readiness obtains: 

  0 0 0 00ГK t A B C D      

 
However, according to the first equation of (16) the amount equal to one constant. 

That is, at  0; 1Гt K t  , corresponding to the physical nature of the technical 

state of the system (nozzles). 
The second extreme case occurs when time equals infinity .t   Then by 

substituting into equasion (21), we obtain: 
 

  0 ,ГK t A   

or 

  10 20 2'2

4 2 3

.ГK t
S S S

  
      (22) 

Thus the function of readiness  ГK t  when time goes to infinity asymptotically 

approaching a constant value and gaining its value known as fixed rate tender. 
In general, the function of readiness, analysis shows that by changing 

exponentially complex and within: 
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 10 20 2'2

4 2 3

0ГK t
S S S

  
   

To clarify the form of total three-expositional and graphical representation of 
results, developed a flowchart calculations that establish values, which ultimately 
provide the function of readiness. Block diagram of the calculation is shown in Fig.1. 

The data of expositional function of readiness preparedness function and its 
importance in the extreme points at 0t i t  , and the ability to calculate the 

present interim results in accordance flowchart (Fig. 1), enabled with the initial values 

,    plot characteristics change preparedness functions depending on time of 

operation of the nozzle. 

 
Fig. 1. Block diagram of the calculations to determine the function 

 of readiness  ГK t  of nozzles 
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Function preparedness is a dynamic characteristic of reliability, the considered 
technical system (Fig. 2). 

As shown in the graph of readiness has descending character of the maximum 

cooked   1ГK t   at the beginning of the operation to its asymptotic approximation 

to its stationary value (22). 
 

 
Fig. 2. Changes of readiness of nozzles work depending on the time of its 

operation. (λ01 ≈ 0,001 1/h; μ10 ≈ 1,7 1/h; λ02’ ≈ 0,0008 1/h; μ20 ≈ 0,5 1/h) 
 

Findings and prospects of the further researches 

Probabilty for non-failure operation for nozzles is represented by a coefficient of 
readiness that changes the dynamics of operating time seems function of the technical 
system readiness for operation. The function of readiness is descending exponential 
nature of the system is completely ready to start working to its asymptotic value (22), 
which reflects the steady availability factor. 
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