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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология және 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index Expanded, 
the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді 
геология және техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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CONSTRUCTED TWO-PARAMETER STRUCTURALLY  
STABLE MAPS 

Abstract. In this paper we consider a linear stationary closed control system, which describes the equation of 
state with undefined parameters. This system will help to solve the problem of constructing a linear stationary 
observer system in the class of two-parameter structurally stable maps for objects with one input and one output, as 
well as the conditions of asymptotic robust stability of steady-state control systems corresponding to the critical 
points of Morse from the theory of catastrophes.  

Key words: stationary, closed system, critical point, object matrix, stability. 

Consider a linear stationary closed control system, describing the following equation of state with 
undefined parameters 

)()()()( tftButAxtх  000 ,)(),()()( ttxtxtVtCxty   .                     (1) 

Here nRtx )( the state vector of the object, lm RtyRtu  )(,)(  input and output vectors, CBA ,, - 
respectively, the matrix of the object of control and observation. The object is subject to disturbances 

)(tf and "noise (error) measurements"  t . It is believed that when the system is available to measure

the processes  ttftxatytu ),(),(),(),(  - not available. The problem of obtaining an assessment of

the state of the object is considered )(tx . A process )(tx  obtained with the help of some algorithm must 

in a certain (for example, in an asymptotic) sense approach the process )(tx  )(ˆ)(( txtx  on )t  

regardless of the initial state of the object 0x . 

Let the matrix of the control A  object of dimension nn  and the matrix b and c  - respectively 
control and output have the form. 

121

1000
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0010

aaaa

A

nnn 



 






;    

nb

b

0

0

 ; 001 cc 

For stationary systems the observer is described by the equation 

)),(ˆ)(()()(ˆ)(ˆ tytyLtButxAtх 

000 ,ˆ)(ˆ),(ˆ)(ˆ ttxtxtxCtу  .               (2) 

Here nRtх )(ˆ  - the state vector of the observer, which serves as an assessment of the state of the object; 
lRtу )(ˆ - the output vector; L - the feedback operator on the residual between the outputs of the object 

and the observer. 
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The synthesis of the observer lies in the choice of the operator L. We will consider an observer whose 
dimension of the state vector is the same as that of the object (the so-called full-order observer, or Kalman 
observer). 

To construct an observer consider the estimation errors 

))(ˆ)(()( txtxt   

Subtracting from (1) equation (2), we obtain the equation for the error 

),()()()()( tLvtftLCtAt                                                 (3) 

00000 ,ˆ)( ttxxt   . 

As can be seen from this equation, the sources of error )(t  are the initial mismatch ,ˆ000 xx   

perturbation and interference measurements )(t . The dynamics of the transient error )(t  is determined 

by the operator CtLAt )()(  . 

It is necessary to investigate the behavior of the process )(t . 
The synthesis of the observer lies in the choice of the operator L . Select the operator L in the form: 

2
2

11
3
1)( kktL   ;                                                           (4) 
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 (5) 

The stationary state of the system is determined by the solution of the equation 





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1,1221121
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nssnsnsnss

nssnsS

aaaakckcc 
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
               (6) 

0)(),,,,( 121
2
111

4
112111  snssns akckcckakCf 

                        (7) 

The critical, twice-degenerate and thrice-degenerate critical points of the assembly (7) are determined 
by equating the first, second and third derivatives (7) to zero, respectively. Condition (7) is satisfied at 
critical points 

0)(24 21111
3
11  nss akckcc                               (8)  

and  
0212 11

2
11  kcc s                       (9) 

The points of the control parameter space that parameterize functions with twice degenerate critical 
points are determined from equations (9) and (8) 

3
12

2
11 86( sns kak                                          (10) 

If the position of a twice-degenerate critical point is denoted by s1 , then formula (10) gives the 

values of the control parameters 1k and 2kan  , which describes a function with a twice-degenerate 

critical point s1  
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Equation (10) defines a parametric representation of the relationship between k1 and an + k2. A more 
direct expression for the relation between k1 and an + k2 can be obtained by excluding s1  from (10): 

3

1

2
2

1

1

86



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is  or 
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
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

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

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                                                                                     (11) 

Hence, given (11), equation (7) has the solution: 

2
1s  = 3 2

2

k
an  ,  niis ,,2,0                                  (12) 

4,3
1s = - 3 2

2

k
an  ,   0is , ni ,,2                              (13)  

The full time derivative of the Lyapunov )(V  vector functions taking into account the equations of 

state (3) is defined as the scalar product of the gradient of the Lyapunov function on the velocity vector 
i.e. 
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It follows from equation (14) that the full time derivative of the Lyapunov function will always be a 
sign-negative function, i.e. a sufficient stability condition will always be satisfied for any stationary state.  

We investigate the stability of the stationary state (13). Equation of state (4) in deviations relative to 
the stationary state (13). To do this, calculate: 
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Equations of state (4) in deviations relative to the stationary state (13) is written: 
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The full time derivative of the Lyapunov vector functions )(iV , taking into account the equations 

of state (15), will be equal to: 
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A sufficient stability condition will always be satisfied. We find the gradient components of the 
Lyapunov vector functions )(iV  by the components of the velocity vector, i.e. by the equation of state. 
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The potential function has the form: 
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According to Morse's Lemma, the potential function (17) can be carried out by replacing the variables 
to a quadratic form with a Hess matrix of diagonal form. 
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where 
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The conditions of positive definiteness of the Lyapunov function or the stability conditions of the 
Hess matrix will be expressed by a system of inequalities: 
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Thus, the observing device constructed in the class of two-parameter structurally stable mappings will 
be stable within an unlimited range of changes in the undefined parameters of the control object 

),...,2,1( nii  . The stationary state of the observing device (6) exists and is stable when the undefined 

parameters of the object in the region (2) change, and the stationary states (12) and (13) appear when the 
state (6) loses stability. These stationary states do not exist simultaneously and among stationary states 
(12) and (13) is stable. It should be noted that the stationary state (13) in the region (18) does not exist. 
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