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Method for modeling hyperplain problems and model evaluation 

Dragan Knežević, PhD (Eng)1) 

A definition of a hyper plane class problems, modeling methods and model assessment have been given. Methods for 
modeling valves as well as hyper plane problems and model assessment are defined on the example of modeling of the 
similar valves shutting time under the effect of nuclear explosion. The paper defines methods of modeling shutting 
times of blast-controllable valve systems as well as methods of evaluating model 1 2 3 4 5 6

ga b c d e
zi fT Ar pγ δ ϕ α=  in accordance 

with the results of experimental research. The analytical expressions of multiple correlation coefficients have been de-
fined for the qualitative model evaluation. Algorithms are the basis of a program for devising analytical expression-
model of valve shuting times, numerical values of coefficients of partial as well as multiple corelation of the 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  functional relation for the model qualitative evaluation. An original way defined methods pre-

sented here are useful in some other  technical areas (hydraulics, pneumatics, aerodynamics, automatic control, etc.) 
for defining and solving the problems which can not be exactly described by laws of physics, what among other things, 
adds to the scientific dimension of this work. 

Key words: Pneumatic valve, shuting times, modeling, algorithms, model, model evaluation, correlation coefficient, 
method application 
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Symbols: 

izT  − shuting time under direct effects of nu-
clear explosion air-blast waves (ABW)  

VUT  − air-blast wave (ABW) 
, , ,
, , ,

A a b
c d e g

 − constants 

1 1 2 3

4 5 6

, , , ,
, ,

A g g g
g g g  − equation system solutions 

r  −  valve fin semi-radius  
γ  − valve fin material density  
δ  − valve fin thickness  
ϕ  – valve fin rotation angle  
α  – fin rotational axis inclincation angle with 

respect to vertical plane  
fp  – direct shock wave front pressure  

ε  – experimental errors 
N  – experimental units number 

123456iR ⋅  – multiple correlation coefficient functi-
onals relationships in the form 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  

2 1ir ⋅  – partial corelation characteristics coeffici-
ent functionals relationships in the form 

1 2
a b

ziT Ar γ=  

3 12ir ⋅  – partial corelation characteristics coeffici-
ent functionals relationships in the form 

1 2 3
a b c

ziT Ar γ δ=  

4 123ir ⋅  – partial corelation characteristics coeffici-
ent functionals relationships in the form 

1 2 3 4
a b c d

ziT Ar γ δ ϕ=  

5 1234ir ⋅  – partial corelation characteristics coeffici-
ent functionals relationships in the form 

1 2 3 4 5
a b c d e

ziT Ar γ δ ϕ α=  

1 23456 2 13456

3 12456

, ,i i

i

r r
r

⋅ ⋅

⋅

– partial corelation characteristics coeffici-
ent functionals relationships in the form 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  

4 12356 5 12346

6 12345

, ,i i

i

r r
r

⋅ ⋅

⋅

 

– partial corelation characteristics coeffici-
ent functionals relationships in the form 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  

rn  – level number of the valve fin semi-radius 
nγ  – level number of the valve fin material 

density  
nδ  – level number of the valve fin thickness  
nϕ  – level number of the valve fin rotation angle

nα  – level number of the valve fin rotational 
axis inclincation angle with respect to 
vertical plane  

fpn  – level number of pressure in the direct 
shock wave front (number of resistance 
valves level).  

Introduction 
ROBLEMS and phenomenons class of hyper plane 
problems.  

 
P
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Plain analytically define multiple correlation coeficients 
between the obtained models and experimental results re-
search. Hyper plains are adequate. 

For the need of the multi-criteria analysis and optimiza-
tion process it is necessary to define the probabilities of 
transmitting ion-reduction of hyper plain models into the 
plain models. 

These probabilities are defined thought partial correla-
tion characteristics coefficients functional relationship pa-
rameters problem that researched, and relevant system pa-
rameters. 

The probabilities of transmitting ion-reduction of hyper 
plain models into plain models simultaneously define the 
probability of influence of a relevant system parameter to 
that research problem parameters, in case the other charac-
teristic system parameters are constant. 

Multi-dimensional models are also considered hyper 
plain models. Because of their multi-dimensionality, they 
are not “perceptible” to humans. 

This is the reason why it is necessary to transmit hyper 
plain models into the plain models. Special plain hyper 
plains cross, and the section curve become plain curves. 

Analitically defining the probability of transmitting ion-
reduction of hyper plain models into the plain models, the 
correlation between the hyper plain models the and plain 
models are estabilished. 

Models for the parameters problem-phenomenon can be 
obtained by mathematical statistic, utilizing the least sqare 
method as well as experimental research data. 

The physics of the problem is in the results of experi-
mental research, primarily. 

In case of high corellation between the hyper plain mod-
els and experimental results, the obtained models with the 
same corellation represent the physics of the problem. 

Establishing correlations between the hyper plain models 
and the plain models the correlations between the plain 
models and experimental results research i.e. the correlation 
between the plain model and the physics of the process, is 
established. 

Estimation of the agreement level between the hyper 
plain models and the experimental results is made on the 
basis of the numerical values of the overall multiple corre-
lation coeficients. 

Estimation of the agreement level between the model in 
the plain and the experimental results is made on the basis 
of the numerical values of the partial correlation character-
istics coefficients, or the model in the plain and the hyper 
plain model. 

Estimation of the effect of one o the relevant system pa-
rameters on the parameters of the investigated problem is 
made on the basis of numerical values of the partial correla-
tion characteristics coefficients, when the other relevant pa-
rameters are constant. 

The given modeling and model evaluation methods can 
be applied to the problems that can be solved using analyti-
cal or numerical method, for the purpose of transforming in 
qualitative and quantitative the results into hyper plains 
based on which the necessary analysis can easily be per-
formed, model evaluation, multi-criteria analysis and the 
process optimization. 

Very often it is necesssry to introduce shift and ap-
proximation into solving (differential) equations describing 
the phenomenon. 

Any simplification leads further away from solving the 
problem, i.e. physics of the problem. Very often the results 
of theorethical research differ from the experimental re-

sults, the amount being 30% or more. 
How to relate the theory and exeprimental results so the 

physics of the phenomenon remains preserved is a question 
that impose itself. 

Since, it is necessary to define: 
– method of mathematical modeling of the phenomenon, 
– experimental reserch, 
– methods for the qualitative model evaluation and ex-

perimental research data, 
– methods to analytically define the probability of the in-

fluence of the system characteristics parameters which 
make phenomenon parameters optimal.  
Before modeling it is necessay to: 

– determine the phenomenon physics, 
– identify the system characteristics values, 
– identify the parameters to investigate, 
– draw up a global plan of the experimental research, 
– define the system for measuring and experimental re-

search methods of the parameters phenomenon that is 
being researched. 
Mathematical modelling of the parameters is done in the 

following way: 
– utilizing the classical method of mathematical statistic, 

and 
– the least square method. 

Estimation of agreement between the model and the ex-
perimental data is based on: 
– the Fisher criterion (compare coefficient of the disper-

sion relation with Fisher criterion for selecting adequate 
level, 95 do 99%), 

– the numerical values of the interdependence of multiple 
correlation coefficients of multiple-dimensional func-
tional relationship parameters problem and relevant sys-
tem the parameters, 

– the numerical values of the partial correlation character-
istics coefficients of multiple-dimensional functional re-
lationship parameters problem and relevant system the 
parameters, 
In the evaluation of models suitability, based on the 

Fisher criterion when a model happens to be inadequate, it 
is necessary to define methods of the analytical-qualitative 
assessment of the obtained models adequacy level and the 
testing results agreement. 

Multicriteria analysis, and optimization problem-
phenomenon parameters is extracted on the basis of the ob-
tained model and the partial correlation characteristics coef-
ficients system numerical values, i.e. the propabylity of in-
fluence on the characteristic parameters on the problem-
phenomenon parameters being researched. 

Therefore it is necessary to define the probabilities of 
transmitting of the hyper plain models into the plain mod-
els, i.e. the probabilities level of agreement between the 
plain model and the experimental results. 

The experimental research creates a data bank containing 
the parameters of the phenomenon, that is being investi-
gated in order to find the model parameters of the problem 
phenomenon, the model adequacy estimation, using algo-
rithms and software devised. 

On the example of modeling of the similar valves shut-
ting of time under direct effects of nuclear explosion air 
blast waves, of the working and dimensional characteristics 
( , , , , , )fr pγ δ ϕ α  of the valves, the modeling methods of 
the valves as well as hyper plane problems and the model 
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estimation are defined. 

Goals and structure of the research 
In designing valves an important requirement is for the 

valve construction to prevent the penetration of air-blast 
waves (ABW) into the interior of special purpose buildings 
thus preventing a possible damage to parts of ventilation 
and air-conditioning systems. 

The conception and design of the valves has to ensure 
their resistance and operation ability under the circum-
stances of high impulsive loads, meaning, they must shut 
down under the action of an air-blast wave, and open up 
when the action is ended in order to enable the polluted air 
to leave the building. 

Figure 1, [1], gives a schematic view of the valve. 
When the air-blast wave approaches a shelter building, 

the directed wave, through the vane fitted anti shock valve 
channel, acts by its pressure on the surface of the vanes, 
causing the sudden closure of the exhausting passage. 

While the valve is closing, a small amount of the air-
blast pressure impulse will pass through the vane. 

The valve is closed until the outer atmosphere is over 
pressurized. At the moment when the air-blast wave stops 
its action, the inside air flow through the valve vanes brings 
them into opened position. 

Within the spectrum of the ventilation it is always im-
perative to maintain some overpressure inside the building 
with respect to the surrounding atmosphere. 

The overpressure is necessary to prevent nuclear, chemi-
cal or biological contamination of the buldings inner space. 

Furthemore, it is also necessary to maintain overpressu-
ration between the rooms inside the building. 

In order to keep that overpressure within desirable limits, 
the overpressure control valves are fitted up to the air ex-
hausts. 

The task of valves is to control the mass of the used air 
to be exhausted to control the level of overpressure as well, 
because the air flow through the valves is conditioned by 
the overpressure itself. 

To perform the specified functions, the valves have to 
satisfy a number of technical requirements. 

It is of utmost importance that the valve closing time un-
der the effect of blast waves, in case of automatic mode 
failure, should be as short as possible, and that resistances 
flow of an through valves in the conditions of ventilations 
of building be as small as possible. 

The goals of the research is to define the methods of 
modeling of closing time of blast-controllable pneumatic 
similar valves, closing due to the effects of blast waves as 
functions of the geometry and working characteristics 
( , , , , , )fr pγ δ ϕ α  as well as evaluation of model 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  accordance with the bank experi-
mental results of the research. 

In other words, the goals of the research are to define: 
– modeling methods of shutting time izT of similary valves 

under the action of the air-blast waves explosion,  
– multiple correlation coefficient relationships in the 

form 1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α= , and  

– the presentation plain of experimental results. 
For the functional relationship in the form 

1 2 3 4 5 6i
ga b c d e

z fT Ar pγ δ ϕ α=  the best approximate plane coeffi-

cients least square for the method, of the appropriate re-
gressive plane can be obtained by regression analysis using 
experimental data for izT . 

Based the least sqare method, regression analysis, de-
fines analytical expressions partial correlation coefficients 
and multiple correlation coefficient functional relationships 
in the form 1 2 3 4 5 6i

ga b c d e
z fT Ar pγ δ ϕ α=  by the following ex-

pression, algorithms, for finding the following are defined: 
– model closing times of the similar valves under the ac-

tion of the air-blast waves, 
– numerical values of partial correlation coefficients and 

multiple correlation coefficients, applied in the evalution 
of the qualitative model 1 2 3 4 5 6i

ga b c d e
z fT Ar pγ δ ϕ α=  with 

experimental data for izT . 

Method for defining the shuting times of the 
similar valves modeling method under the action of 

the air-blast waves explosion 
In general, pneumatics valves shuting timesTzi

is a func-
tions consisting of six parameters, which can be expressed 
as following [1-15]: 

 ga b c d e
zi fT Ar pγ δ ϕ α=  (1) 

Models for the pneumatic valves shuting time izT  de-
pending on ( , , , , , )fr pγ δ ϕ α  can be obtained by regression 
analysis, utilizing the least sqare method as well as experi-
mental data for Tzi

. If we find the logarithms of equations 
(1): 

 1 1 1 1 1 1 1 1iz fnT nA a nr b n c n d n e n g npγ δ ϕ α= + + + + + + (2) 

introduce the substitutions: 

 

0 1

1 2 2 3

3 4 4 5

5 6 6

1 ; 1 ; ;
1 ; ; 1 ; ;

1 ; ; 1 ; ;
1 ; ; 1

ii z

i i

i i

i i f

Y nT a nA a a
X nr a b X n a c

X n a d X n a e
X n a g X np

γ

δ ϕ
α

= = =
= = = =

= = = =
= = =

 (3) 

take into acconnt the test error ε , we will get the linear re-
gression equation: 

 0 1 1 2 2 3 3 4 4 5 5iY a a X a X a X a X a X ε= + + + + + +  (4) 

Constants 0 1 2 3 4 5( , , , , , )a a a a a a  determination could be 
done by processing the experimental data using the least 
sqare method [15-21]. The method minimizes the test re-
sults dispersion from the regresion polynomial: 

 
(

) ( )

0 1 1 2 2 3 3

2
4 4 5 5 6 6 min min

i i i i

i i i

Y a a X a X a X

a X a X a X

ε

ε

− − − − −

− − − =
 (5) 

The minimal dispersions can be obtained by polynomial 
(5) derivation with respect to the parameters needed, and by 
equalizing derivatives to zero. After this we will have the 
linear regression equations system represented in the matrix 
form: 
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When the experimental data is sorted according to table 
1, we get analytical expression for the pneumatics valves 
shuting time in the form: 

 61 2 3 4 5
1

gg g g g g
zi fT A r pγ δ ϕ α=  (7)  

The adecuacy of the analytical expressions (7) for the 
similar pneumatics valves shuting time under the action of 
the air-blast waves explosion has be checked. 

Similar valves shutting time model adequacy check 
method 

The adequacy check of shuting times of the similar 
valves model cold be done using the numerical values of 
the multiple correlation coefficients 123456iR ⋅  between func-
tional relationship (1), which have to be analyticaly de-
fined. 

To do this, the following subscripts were introduced into 
expression (1): valve vane semi radius r  got subscript 1, 
valve vane material density γ  got subscript 2, valve vane 
δ  thickness got subscript 3, valve fin rotation angleϕ got 
subscript 4, valve vane rotation axis inclination angle with 
respect to the vertical plane α  got subscript 5 and the pres-
sure fp in front of the nuclear explosion direct air-blast 
wave got subscript 6.  

 1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  (8) 

Multiple correlation coefficients 12345iR ⋅  for relation 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  

Multiple correlation coefficient 123456iR ⋅  is defined by 
the following expression:  

The partial correlation coefficients which exist within 
expression (9) need to be analytically defined. 

Partial correlation coefficient 2 1ir ⋅  
A partial correlation coefficient 2 1ir ⋅  is defined by 

expression: 

 
( )( )

2 1 21
2 1

2 2
1 211 1

i i
i

i

r r rr
r r

⋅
−=

− −
 (10) 

Partial correlation coefficient 3 12ir ⋅  
The partial correlation coefficient 3 12ir ⋅  is defined by 

expression, from [4]: 

 
( )( )

3 2 1 2 31 2
3 12

2 2
1 2 31 21 1

i i
i

i

r r rr
r r
⋅ ⋅ ⋅

⋅

⋅ ⋅

−=
− −

 (11) 

The partial correlation coefficients 3 2 ,ir ⋅ 1 2ir ⋅ , and 31 2r ⋅ , 
can be defined by the expressions: 

 
( )( )

3 2 32
3 2

2 2
2 321 1

i i
i

i

r r rr
r r

⋅
−=

− −
 (12) 

 
( )( )

1 2 12
1 2

2 2
2 12

 

1 1
i i

i
i

r r rr
r r

⋅
−=

− −
 (13) 

 
( )( )

31 32 12
31 2

2 2
32 12

 

1 1

r r rr
r r

⋅
−=

− −
 (14) 

Partial correlation coefficient 4 123ir ⋅   
The partial correlation coefficient 4 123ir ⋅  is defined by 

expression, from [4]: 

 
( )( )

4 23 1 23 41 23
4 123

2 2
1 23 41 23

 

1 1
i i

i
i

r r rr
r r

⋅ ⋅ ⋅
⋅

⋅ ⋅

−=
− −

 (15) 

The partial correlation coefficients 4 23ir ⋅ , 1 23ir ⋅  and 41 23r ⋅ , 
existing in expression (15) can be defined by the expres-
sions: 

       
( )( )

4 3 2 3 42 3
4 23

2 2
2 3 42 3

 

1 1
i i

i
i

r r rr
r r
⋅ ⋅ ⋅

⋅

⋅ ⋅

−=
− −

                    (16) 

        
( )( )

1 3 2 3 12 3
1 23

2 2
2 3 12 3

 

1 1
i i

i
i

r r rr
r r

⋅ ⋅ ⋅
⋅

⋅ ⋅

−=
− −

                    (17) 

 
( )( )

41 3 42 3 12 3
41 23

2 2
42 3 12 3

 

1 1

r r rr
r r
⋅ ⋅ ⋅

⋅

⋅ ⋅

−=
− −

 (18) 

The partial correlation coefficients 4 3ir ⋅ , 2 3ir ⋅  and 42 3r ⋅ , 
existing in expressions (16), (17) and (18), can be defined 
by the expressions: 

1 2 3 4 5 6
2

1 1 1 2 1 3 1 4 1 5 1 6
2

2 1 2 2 2 3 2 4 2 5 2 6
2

3 1 3 2 3 3 3 4 3 5 3 6
2
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Σ Σ Σ Σ Σ Σ
Σ Σ Σ Σ Σ Σ Σ
Σ Σ Σ Σ Σ Σ Σ
Σ Σ Σ Σ Σ Σ Σ
Σ Σ Σ Σ Σ Σ Σ
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( )
( )
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( )

0
1
2
3
4
5
6

B
B
B
B
B
B
B

⎡ ⎤
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⎢ ⎥⎥
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≡ ⎢ ⎥⎥
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⎢ ⎥⎥
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   (6)

( )( )( )( )( )( )2 2 2 2 2 2
123456 1 2 1 3 12 4 123 5 1234 6 123451 1 1 1 1 1 1i i i i i i iR r r r r r r⋅ ⋅ ⋅ ⋅ ⋅ ⋅⎡ ⎤= − − − − − − −⎣ ⎦  (9) 
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The partial correlation coefficients 1 3ir ⋅ , 12 3r ⋅  and 41 3r ⋅ , 
can be defined by the expressions: 
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Partial correlation coefficient 5 1234ir ⋅  for relation form 

1 2 3 4 5
a b c d e

ziT Ar γ δ ϕ α=  

The partial correlation coefficient 5 1234ir ⋅  can be defined 
by the expressions:  
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Partial correlation coefficients 5 234ir ⋅ , 1 234ir ⋅  and 51 234r ⋅  
The partial correlation coefficients 5 234ir ⋅ , 1 234ir ⋅  and 

51 234r ⋅ , existing in expression (25) can be defined by the ex-
pressions: 
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Partial correlation coefficients 5 34 ,ir ⋅ 2 34ir ⋅  and 52 34r ⋅ , 
The partial correlation coefficients 5 34 ,ir ⋅ 2 34ir ⋅  and 52 34r ⋅ , 

existing in expression (26) can be defined by the expres-
sions: 
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Partial correlation coefficients 1 34ir ⋅  and 12 34r ⋅  
The partial correlation coefficients 1 34ir ⋅  and 12 34r ⋅ , exist-

ing in expression (27) can be defined by the expressions: 
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Partial correlation coefficient 51 34r ⋅  
The partial correlation coefficient 51 34r ⋅ , existing in ex-

pression (28) can be defined by the expression: 
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Partial correlation coefficients 5 4 ,ir ⋅ 3 4ir ⋅  and 53 4r ⋅  
The partial correlation coefficients 5 4 ,ir ⋅ 3 4ir ⋅  and 53 4r ⋅ , 

existing in expression (29) can be defined by the expres-
sions:  
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 (37) 

Partial correlation coefficients 2 4ir ⋅  and 23 4r ⋅  
The partial correlation coefficients 2 4ir ⋅  and 23 4r ⋅ , exist-

ing in expression (30) can be defined by the expressions: 
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⋅
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 (39) 

Partial correlation coefficient 52 4r ⋅  
The partial correlation coefficient 52 4r ⋅ , existing in ex-

pression (31) can be defined by the expression: 
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 (40) 

Partial correlation coefficients 1 4ir ⋅  and 13 4r ⋅  
The partial correlation coefficients 1 4ir ⋅  and 13 4r ⋅ , exist-

ing in expression (32) can be defined by the expressions: 
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Partial correlation coefficient 12 4r ⋅  
The partial correlation coefficient 12 4r ⋅ , existing in ex-

pression (33) can be defined by the expression: 
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 (43) 

Partial correlation coefficient 51 4r ⋅  
The partial correlation coefficient 51 4r ⋅ , existing in ex-

pression (34) can be defined by the analytical expression: 

 
( )( )

51 54 14
51 4

2 2
54 14

 

1 1

r r rr
r r

⋅
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 (44) 

Partial correlation coefficient 6 12345ir ⋅  for relation form 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  

The partial correlation coefficient 6 12345ir ⋅  of the func-
tional relationship (1) and (8), defines the level of agree-
ment between the dependent variable ziT  and independent 
parameter p f , when the other independent parameters 

( , , , , )r γ δ ϕ α  are presumed to be constant. The partial cor-
relation coefficient 6 12345ir ⋅  of the functional relationship 
(8), defines of the probability of transmit ion-reduction of 
model (8) into the plain f zip T  models, when the other inde-
pendent parameters ( , , , , )r γ δ ϕ α  are presumed to be con-
stant. The partial correlation coefficient 6 12345ir ⋅  can be de-
fined by the expressions:  
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 (45) 

Partial correlation coefficients 6 2345ir ⋅ , 1 2345ir ⋅  and 61 2345r ⋅  
The partial correlation coefficients 6 2345ir ⋅ , 1 2345ir ⋅  and 

61 2345r ⋅  existing in expression (45) can be defined by the 
expressions: 
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Partial correlation coefficients 6 345ir ⋅ , 2 345ir ⋅  and 62 345r ⋅   
The partial correlation coefficients 6 345ir ⋅ , 2 345ir ⋅  and 

62 345r ⋅ , existing in expression (46) can be defined by the 
expressions: 
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Partial correlation coefficients 1 345ir ⋅  and 12 345r ⋅  
The partial correlation coefficients 1 345ir ⋅  and 12 345r ⋅  ex-

isting in expression (47) can be defined by the expressions: 
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 (53) 

Partial correlation coefficient 61 345r ⋅  
The partial correlation coefficients 61 345r ⋅  existing in ex-

pression (48) can be defined by the expression: 
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Partial correlation coefficients 6 45ir ⋅ , 3 45ir ⋅  and 63 45r ⋅  
The partial correlation coefficients 6 45ir ⋅ , 3 45ir ⋅  and 63 45r ⋅ , 

existing in expression (49) can be defined by the expres-
sions:  
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Partial correlation coefficients 2 45ir ⋅  and 23 45r ⋅  
The partial correlation coefficients 2 45ir ⋅  and 23 45r ⋅ , exist-

ing in expression (50) can be defined by the expressions:  
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Partial correlation coefficient 62 45r ⋅  
The partial correlation coefficient 62 45r ⋅ , existing in ex-

pression (51) can be defined by the expressions:  
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 (60) 

Partial correlation coefficients 1 45ir ⋅  and 13 45r ⋅  
The partial correlation coefficient 1 45ir ⋅  and 13 45r ⋅ , exist-

ing in expression (52) can be defined by the expressions:  
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Partial correlation coefficient 12 45r ⋅  
The partial correlation coefficient 12 45r ⋅ , existing in ex-

pression (53) can be defined by the expressions:  
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 (63) 

Partial correlation coefficient 61 45r ⋅  
The partial correlation coefficient 61 45r ⋅ , existing in ex-

pression (54) can be defined by the expressions 
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Partial correlation coefficients 6 5ir ⋅ , 4 5ir ⋅  and 64 5r ⋅  
The partial correlation coefficients 6 5ir ⋅ , 4 5ir ⋅  and 64 5r ⋅ , 

existing in expression (52) can be defined by the expres-
sions:  
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Partial correlation coefficients 3 5ir ⋅   and 34 5r ⋅  

The partial correlation coefficients 3 5ir ⋅  and 34 5r ⋅ , exist-
ing in expression (56) can be defined by the expressions:  
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Partial correlation coefficient 63 5r ⋅  

The partial correlation coefficients 63 5r ⋅ , existing in ex-
pression (57) can be defined by the expressions:  
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Partial correlation coefficients 2 5ir ⋅ and 24 5r ⋅  
The partial correlation coefficients 2 5ir ⋅  and 24 5r ⋅ , exist-

ing in expression (58) can be defined by the expressions:  
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Partial correlation coefficient 23 5r ⋅  

The partial correlation coefficient 23 5r ⋅ , existing in ex-
pression (59) can be defined by the expressions: 
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Partial correlation coefficient 62 5r ⋅  

The partial correlation coefficient 62 5r ⋅ , existing in ex-
pression (60) can be defined by the expressions: 
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Partial correlation coefficients 1 5ir ⋅  and 14 5r ⋅  
The partial correlation coefficients 1 5ir ⋅  and 14 5r ⋅ , existing 

in expression (61) can be defined by the expressions: 
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Partial correlation coefficient 13 5r ⋅  

The partial correlation coefficient 13 5r ⋅ , existing in ex-
pression (62) can be defined by the expressions: 
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Partial correlation coefficient 12 5r ⋅  
The partial correlation coefficient 12 5r ⋅ , existing in ex-

pression (63) can be defined by the expressions: 
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Partial correlation coefficient 61 5r ⋅  

The partial correlation coefficient 61 5r ⋅ , existing in ex-
pression (64) can be defined by the expressions: 
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Partial correlation coefficients 1 2 3 4 5, , , ,i i i i ir r r r r and 6ir  
The partial correlation coefficients 1 2 3 4 5, , , ,i i i i ir r r r r  and 

6ir  can be defined by the expressions: 

 
( )( )

1
1

2 2
1

(1)
(1,1) (0)

i i
i

i i

Y X Br
X CX Y

= =∑
∑ ∑

 (80) 

 
( )( )

2
2

2 2
2

(2)
(2, 2) (0)

i i
i

i i

Y X Br
X CX Y

= =∑
∑ ∑

 (81) 

 
( ) ( )

3
3

2 2
3

(3)
(3,3) (0)

i i
i

i i

Y X Br
X CX Y

= =∑
∑ ∑

 (82) 

 
( )( )

4
4

2 2
4

(4)
(4, 4) (0)

i i
i

i i

Y X Br
X CX Y

= =∑
∑ ∑

 (83) 

 
( )( )

5
5

2 2
5

(5)
(5,5) (0)

i i
i

i i

Y X Br
X CX Y

= =∑
∑ ∑

 (84) 

 
( )( )

( )
( ) ( )

6
6

2 2
6

6
6,6 0

i i
i

i i

BX Yr
X CX Y

Σ= =
Σ Σ

 (85) 

Partial correlation coefficients 12 13 14 15 16, , , andr r r r r  
The partial correlation coefficients 12 13 14 15 16, , , andr r r r r  

can be defined by the expressions: 
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Partial correlation coefficients 23 24 25 26, , andr r r r  
The partial correlation coefficients 23 24 25 26, , andr r r r  

can be defined by the expressions: 
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Partial correlation coefficients 34 35 36, andr r r  
The partial correlation coefficients 34 35 36, andr r r  can be 

defined by the expressions: 
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Partial correlation coefficients 45 46andr r  
The partial correlation coefficients 45 46andr r  can be 

defined by the expressions: 
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Partial correlation coefficient 56r  
The partial correlation coefficients 56r  can be defined by 

the expressions: 

   
( )( )

6 5
56 65

2 2
6 5

(6,5)
(6,6) (5,5)

i i

i i

X X Xr r
X XX X

≡ = =∑
∑ ∑

 (100) 

Presentation plain of experiment results 
For the purpose of performing experiments and defining 

the model of similar valves shutting time izT  under the ac-
tion of the air-blast waves explosion of the working and 
dimensional characteristics ( , , , , , )fr pγ δ ϕ α  of the valves, 
presentation plain of experiment results is defined. 

Presentation plain of experimental research functional 
relationships in the form 1 2 3 4 5 6

ga b c d e
zi fT Ar pγ δ ϕ α= , is given 

table 1. 

Experimental investigation description 
For the purpose of discovering the analytical expression 

    Table 1. Plan for experimental investigation of the functional relationship 1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α=  

Direct shock wave front pressure [ ]kPafp   

1fp  2fp  ... npffp  
Valve fin 

semi-radius 
[ ]mr  

Valve fin 
material density 

3kg/mγ ⎡ ⎤⎣ ⎦  

Valve fin 
thickness 
[ ]mmδ  

Valve fin rotation 
angle 
ϕ [o] 

Valve fin rotational axis 
inclination angle 

α [o] 
Closing time of the valve [ ]msziT  

α1      
...     1ϕ  
α

αn      

...      

1α      
...     

δ1  

nϕϕ  

nαα      
...       

1α      
...     1ϕ  

nαα      
...      

1α      
...     

γ 1  

δ
δn  

nϕ
ϕ  

nαα      

1α      
...     1ϕ  

nαα      
...      

1α      
...     

δ1  

nϕ
ϕ  

nαα      
...       

1α      
...     ϕ1  

nαα      
...      

1α      
...     

rnr
 

γ
γn  

δ
δn  

nϕ
ϕ  

nαα      
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so shuting times izT  of the valves model, it is necessary to 
determine the influence of the working and dimensional 
characteristics ( , , , , , )fr pγ δ ϕ α  of the similar design 
valves, (with optimum aerodynamic-characteristics), on the 
valve shuting time under the action of the air-blast waves 
explosion. The aim is to determine the valve shuting times 

izT  under the action of the air-blast waves, for levels 
( , , , , )rn n n n nγ δ ϕ α  of characteristic values ( , , , , )r γ δ ϕ α  of 
the system with the resistance valve level pfn . We are deal-
ing with the six-factorized experiment. The number of the 
experimental units is: 

 fr pN n n n n n nγ δ ϕ α=  (101) 

Where: 
rn  - level number of the characteristic parameter r, 

nγ  - level number of the characteristic parameter γ , 
nδ  - level number of the characteristic parameter δ , 
nϕ - level number of the characteristic parameter ϕ , 

nα  - level number of the characteristic parameter α  and 

fpn - level number of characteristic parameter fp   
The experiment is performed according to investigations 

the choice has been the plan given in table 1. 
Numerical data of the valve shutting time is entered in 

the plan of the experiment, table 1. 
The experimental research creates a data bank containing 

the similar valves shutting times which, could also be used 
for the valves shuting times under the action of the air-blast 
waves modelling and the model adequacy estimation, in ac-
cordance with the algorithms presended above. 

Model for the similar valves shuting time izT  under the 
action of the air-blast waves can be obtained by regression 
analysis, utilizing the least sqare method as well as experi-
mental data for izT . 

Model for the similar valves shuting time izT  under the 
action of the air-blast waves can be obtained by regression 
analysis, utilizing the least sqare method as well as experi-
mental data for izT . 

Estimation of agreement between the model and 
experimental results 

Estimation of agreement between the shuting times of 
the similar valves model with experimental data for izT  is 
made on the basis of the numerical values of the multiple 
correlation coeficients 123456iR ⋅ . 

Estimation of agreement between the models in the plain 
if zp T  with experimental data for izT is made on the basis 

of the numerical values of the partial correlation character-
istic coefficients 6 12345ir ⋅ . 

Conclusion 
On the example of modeling the similar valves shutting 

time under direct effects of nuclear explosion air blast 
waves, the modeling methods of the valves as well as hyper 
plane problem and the model estimation are defined. 

The methods for modeling closing times of similar 
valves, closing due to the effects of air-blast waves, have 

been defined, as well as evaluation of model accordance 
1 2 3 4 5 6i

ga b c d e
z fT Ar pγ δ ϕ α=  with experimental results. 
In an original way, the analytical expressions of charac-

teristic partial correlation coefficients 6 12345ir ⋅  and multiple 
correlation coefficients 123456iR ⋅  has been defined for the 
qualitative model evaluation. 

Using partial correlation coefficient 6 12345ir ⋅  for func-
tional relationship (1) the probability of influence of the 
system characteristic parameter fp  to the valve response 
time izT  is defined for the case when the system other char-

acteristic parameters ( ), , , ,r γ δ ϕ α  are constant. 
On the basis of the originally developed analytical expres-

sion for characteristic partial correlation coefficient and origi-
nal research plan, an algorithm for calculation of the numerical 
values of characteristic partial correlation coefficients and mul-
tiple correlation coefficients, is formed, in order to enable mak-
ing the qualitative estimation of the order of harmony between 
the model and experimental data for izT . 

The qualitative analysis of the system (1), i.e. (7,8), 
characteristic parameters ( ), , , ,r γ δ ϕ α  influence upon the 
(parameters phenomenon) valves closing times izT , under 
direct effects of nuclear explosion air blast waves, is made 
on the basis of analytical expressions of the partial correla-
tion characteristic coefficients 1 23456ir ⋅ , 2 13456ir ⋅ , 3 12456ir ⋅ , 

4 12356ir ⋅  and 5 12346ir ⋅  of the functional relationship 

1 2 3 4 5 6
ga b c d e

zi fT Ar pγ δ ϕ α= . The coefficients 1 23456ir ⋅ , 2 13456ir ⋅ , 

3 12456ir ⋅ , 4 12356ir ⋅  and 5 12346ir ⋅  have to be analytically defined. 
In other words it is necessary to define the probability of 

trasforming models 1 2 3 4 5 6i
ga b c d e

z fT Ar pγ δ ϕ α=  into in the 

plane izrT , izTγ , izTδ , izTϕ and izTα  models. 
The contribution of the author is in the orginality of de-

fining: method of the similar valves shutting timce model-
ing, of the qualitative estimation model, analyticall expres-
sion of partial corelation characteristics coefficient 6 12345ir ⋅ , 
and multiple correlation coefficient 123456iR ⋅  functionals re-
lationships in the form 1 2 3 4 5 6i

ga b c d e
z fT Ar pγ δ ϕ α=  after qualita-

tive estimation of the model agreement level with the ex-
perimental results for izT . 

Singular contribution of the author would be in defining the 
probability of transmitting ion-reduction 1 23456 2 13456( , ,i ir r⋅ ⋅  

3 12456 4 12356,i ir r⋅ ⋅ , 5 12346ir ⋅  and 6 12345)ir ⋅  of seven-dimensional 
models form 1 2 3 4 5 6i

ga b c d e
z fT Ar pγ δ ϕ α=  into plain models. 

Due to the excessive length, this analysis has been left out 
and will be the subject of another paper. Based on the obtained 
model of the valve shutig  time and numerical values of 
characteristic partial corelation coefficients 1 23456 2 13456( , ,i ir r⋅ ⋅  

3 12456 4 12356,i ir r⋅ ⋅ and 5 12346 )ir ⋅  functionals relationships in the 
form 1 2 3 4 5 6i

ga b c d e
z fT Ar pγ δ ϕ α= , characteristic systems values are 

being chosen ( ), , , , , fr pγ δ ϕ α  so as to produce (phenome-
non parameters) optimum (minimum) valve shutting time. 

The described modeling and model evaluation methods 
can be applied in analytical or numericall solwing problems 
for the purpose of transforming the derived into appropiate 
hyper plains from which the necessary analysis, qualitative 
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and quantitative model evaluation, multi-criteria analysis 
and the process optimization can easily be derived. 

Algoritms presented here are useful in some other  technical 
areas (hydraulics, fluidic, pneumatics, aerodynamics, automatic 
control, etc.) for defining and solving the problems which can 
not be exactly described by the laws of physics, which is one of 
the things that adds to the scientific dimension of this paper. 

The topic of this paper has been treated es hyper plane 
problem. 
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Metode modeliranja hiperravanskih problema i ocene modela 
 

Data je definicija klase hiperravanskih problema, metode modeliranja i ocene modela. Na primeru modeliranja vremena zatva-
ranja ventila usled dejstva udarnih talasa definisane su metode modeliranja ventila kao hiperravanskih problema i ocene mode-
la. Definisani su algoritmi matematičkog modeliranja vremena zatvaranja ventila, ocene saglasnosti modela 

1 2 3 4 5 6
a b c d e g

zi fT Ar pγ δ ϕ α=  i eksperimentalnih rezultata istraživanja.Za kvalitativnu ocenu dobijenih modela definisani su analitički 
izrazi karakterističnih koeficijenata parcijalne korelacije i koeficijent višestruke korelacije.Na osnovu algoritama, plana ekspe-
rimenta, može se izraditi program za pronalaženje analitičkih izraza vremena odziva ventila, numeričkih iznosa koeficijenata 
parcijalne i koeficijenta višestruke korelacije funkcionalne veze, oblika 1 2 3 4 5 6

a b c d e g
zi fT Ar pγ δ ϕ α= , za kvalitativnu ocenu modela. 

Originalno definisane metode primenjive su i u drugim oblastima (hidraulika, pneumatika, aerodinamika, pneumatika, auto-
matsko upravljanje, obrada rezanjem itd.) u definisanju i rešavanju problema koji ne mogu egzaktno da se opišu direktnim ko-
rišćenjem zakona fizike, što između ostalog, daje naučnu dimenziju ovom radu.  

Ključne reči: hiperravanski problem, ventil, vreme zatvaranja, algoritam, matematičko modeliranje, model, koeficijent ko-
relacije, ocena modela. 

Metodw modelirovani} giperrovnwh problem i ocenki modelej 

Zdesx privedeno opredelenie klassa giperrovnwh problem, metoda modelirovani} i ocenki modelej. Na primere modelirovani} 
vremeni vwkly~eni} klapana vsledstvie dejstvi} ska~ka uplotneni} opredelenw metodw modelirovani} klapana kak giperrovnwh 
problem i ocenki modeli. To`e opredelenw algoritmw matemati~eskogo modelirovani} vremeni vwkly~eni} klapana, ocenki 

sootvetstvennosti modeli 1 2 3 4 5 6
a b c d e g

zi fT Ar pγ δ ϕ α=  i opwtnwh rezulxtatov issledovani}. Dl} ka~estvennoj ocenki polu~enwh modelej 

opredelenw analiti~eskie vwra`eni} harakternwh ko&fficientov ~asti~noj korrel}cii i ko&fficient mnogokratnoj kor-
rel}cii. Na osnovanii algoritma, plana opwta, vozmo`no vwrabotatx programmu dl} razwskivani} analiti~eskih vwra`enij 
vremeni, vwkly~eni} klapana, cifrovwh razmerov ko&fficientov ~asti~noj korrel}cii i ko&fficienta mnogokratnoj kor-

rel}cii funkcionalxnoj zavisimosti formw 1 2 3 4 5 6
a b c d e g

zi fT Ar pγ δ ϕ α= , dl} ka~estvennoj ocenki modeli. Originalxno opredelennwe me-

todw primen}emw i v drugih oblast}h ( gidravlika, pnevmatika, a&rodinamika, avtomati~eska} sistema upravleni}, obrabotka rez-
koj i.t.d.) v opredelenii i razre{enii problem kotorwh nevozmo`no to~no opisatx pr}mwm polxzovaniem zakonov fiziki, ~to 
me`du pro~im, &toj rabote daet nau~new razmerw. 

Kly~evwe slova: giperrovna} problema, klapan, vrem} vwkly~eni}, algoritm, matemati~eskoe modelirovanie, modelx, 
ko&fficient korrel}cii, ocenka modeli. 




