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2 Clarivate

Analytics

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.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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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

X(t) = Ax(@) + Bu(t) + f(t) y(t) = Cx(t) + V(t), x(¢,) = x,, t 2 ¢, . (1)

Here x(f) € R" the state vector of the object, u(¢) € R”, y(t) € R' input and output vectors, 4,B,C -
respectively, the matrix of the object of control and observation. The object is subject to disturbances
f(t)and "noise (error) measurements" S(t). It is believed that when the system is available to measure

the processes u(t), y(t), a x(t), f(2), S(t) - not available. The problem of obtaining an assessment of
the state of the object is considered x(¢) . A process x(¢) obtained with the help of some algorithm must
in a certain (for example, in an asymptotic) sense approach the process x(¢) (x(z) = X(¢) on t — ©)
regardless of the initial state of the object x,, .

Let the matrix of the control 4 object of dimension nxn and the matrix b and ¢ - respectively
control and output have the form.

0 1 0 0
0 0 ... 0
0
A= ... el b=: ; c=Hc1 0 ... OH
0 0 0o ... 1 '
bl’l
-a, —a,, —a,, .. —q

For stationary systems the observer is described by the equation
3(1) = AR(1) + Bu(t) + L(y(1) = 5(1)),
(1) = Cx(1), x(1) = Xy, t 2 1,. ()
Here x(¢) € R" - the state vector of the observer, which serves as an assessment of the state of the object;

y(t) e R'- the output vector; L - the feedback operator on the residual between the outputs of the object
and the observer.

— 302 =——
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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

&(1) = (x(1) = x(1))
Subtracting from (1) equation (2), we obtain the equation for the error
E(t)=Ae(t)— LCe(t)+ f(t)— Lv(?), 3)
s(t)=6y=xy—X,, t 21t,.

As can be seen from this equation, the sources of error £(f) are the initial mismatch &, = x, — X,
perturbation and interference measurements $(¢) . The dynamics of the transient error £(¢) is determined
by the operator ¢(t) = A— L(¢)C.

It is necessary to investigate the behavior of the process £(¢) '

The synthesis of the observer lies in the choice of the operator L . Select the operator L in the form:

L(t)=¢& —kel —k,; (4)
& )=¢,(0)
&, () =¢&,(1)
: 5)
én(t):_%c@f _%Clklglz +e(ky—a,)e —a, & —...—a¢, —aE,

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

L _ _ _ _
ng - O’ 82s - 0’ . ‘gn—l,s - O’ gns - O

1 1 (6)
_chgfs _Eclk2gl2s +c(ky, —a,)e, —a, &, T T A8, 418 = 0
4 2
fey,Cr.k a,,k)=—cé&; +cke +c(k,—a,)e =0 (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

- 401511 +2c¢kg, +c,(k,—a,)=0 ®)
and
—12¢,& +2¢c,k, =0 ()]

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

(k, =6’ = a, +k, =-8¢,, (10)
If the position of a twice-degenerate critical point is denoted by &,,, then formula (10) gives the

values of the control parameters k and a, +k,, which describes a function with a twice-degenerate

critical point &,

— 303 ——
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Equation (10) defines a parametric representation of the relationship between k; and a, + k». A more
direct expression for the relation between ki and a, + k> can be obtained by excluding &, from (10):
1

1
6 8 or 3 =& = > | 3 7
3 2
K N a,+k, 0
3 o) (1)

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

LS}

k
6 =0+, 8 =0 =2 (12)

n

k .

et=-3la, +—=, &,=0, i=2,...,n (13)
' 2

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
ie.

dr(e) _ < - V() \de;
dt g‘(; os )dt 0

" 1 1

_ 4 2 2

= —Z {_chﬁ +§c1klg1 —c/(ky—a,)e —a, &, —a, & —...—a,E, | +..a,8, ]
i=1

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:

OF), oF, oF, ,
=g,, =&, | ——| =¢,
o€, ), oey ), oe, ),

oF oF oF oF
1 =a,, L =a,,, 1 = @, s L =2(a, + ck,) +
o€, ), \des ), oe, ), 0, ),

+3(a, +cky,)+(a, +ck,)+ (a, +ck,)=6(a, +ck,),

? 2
[%;ZIJ = [_ 301512 + 2¢,k, ]53,4 = -5¢,3 (MJ
PR

2¢,

°F
[% T T o A
& . ¢,
3
aizO,i;«r&j;tk, i=2,...,n, j=1....,n, k=1,...,n
d¢,0¢ ;0¢,
‘F
(6 S |=-6¢c,i=12,.,n
oeg, ’

—— 304 =——=



ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2019

Equations of state (4) in deviations relative to the stationary state (13) is written:

&(1) = &(1)
& (1) = &(t)

2
£(1) =&t (0)+ 4clg/%clkzei (0)-9¢,: (“;—c"] £2(0)+6(a, +c.k)e, (1)~ a, 16,
G ¢

—a, &=~ AE

n

(15)

The full time derivative of the Lyapunov vector functions VV,(¢), taking into account the equations

of state (15), will be equal to:

dV(e)__l ) 1,
d 27 27 727 !
Ta,.16 ~ 0, 38 0E,

2

A sufficient stability condition will always be satisfied. We find the gradient components of the
Lyapunov vector functions VV,(&) by the components of the velocity vector, i.e. by the equation of state.

o N, o,

=0,—=¢,,...,—2=0
851 os, oe,
ov, _o, ov, ZO’GVZ e, .’EWZ _0
os, os, os, oe,
ov, ov,
P =a, 282,——an 3635
&

Vo gt _ac /“ taks / % +Ck e —6(a, +ck)e . T = —ag
831 &,

The potential function has the form:
a, +k,

o ek . R R U
Ne)= caff G & +3 » ]# 3a, +ck,)e 25 26?---- 2a«sf 2%65 (17)

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.

4 0 0 0
) 0 4 0 0
&
P RSN iy [ 1)) 0f,
" (651.65‘/}5“ %
0 0 0 A
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where
A =-3(a, —ck,)
A, =—(a,, +1)
Ay =—(a,, +1)
A, =—(a, +1)

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:

—3(a, —cky,)>0
—(a, ,+1)>0
—(a,,+1)>0 (18)

—(a,+1)>0

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

g,(i=12,...,n). 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.

A. CeiitmypatoB, A. JlayroaeBa, K. M. bepkumo6aes, H. TypuayryJioBa, J. TeJierenoBa

KopksIT ATa ateiHnarsl Kei3smiopna MmeMiieeTTik yHuBepcuTeTi, Kaszakcras,
Koxxa Axmer Scaym aTeiHarsl XambsIKapaiblK Ka3ak-Typik yauBepcureTi, Kenray, Kasakcran

KOC MAPAMETPJIIK K¥PBUUIBIM/IBI-TYPAKTBI KECKIHJAEPAI TYPFBI3Y

AnHOTanusi. bepuireHn >xyMbICTa aHbIKTaJIMaraH Mapamerpiiepi 0ap Kyl TeHIEyiH CHIATTAHTBIH ChI3BIKTBIK
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HOCTPOEHME JIBYXINAPAMETPUYECKHUX
CTPYKTYPHO-YCTOMYHUBBIX OTOBPAKEHUI

AnHoranusi. PaccmarpmBaercss INWHEHHas CTanmMOHApHAas 3aMKHyTas CHCTEMa YIpaBJICHUSA, KOTOpas
OTIHMCHIBACT YPABHEHUE COCTOSHHS C HEONPEACICHHBPIMU MapaMeTpaMy. JTa CHCTeMa IMOMOXKET PelIaTh 3a/1ady Ipu
MTOCTPOCHHH JIMHEHHOW CTAIIMOHAPHON CHCTEMBI HAOIIOAATENs B Kacce ABYXIapaMeTPHUECKUX CTPYKTYPHO-YCTOM-
YHUBBIX OTOOpaKEHHUH A1 0OBEKTOB C OJHUM BXOJOM M OJHUM BBIXOZOM, a TAK)KE€ IOIYyYaTh YCIOBHUS aCHMITOTH-
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YECKOW pOoOaCTHOW YCTOMYMBOCTH YCTAHOBHUBIIHMXCS COCTOSIHMM CHUCTEM YTMpPaBJICHHs, COOTBETCTBYIOIINUE KPHUTH-
4EeCKUM TOYKaM Mopca U3 Teopuu KaracTpod.

KiroueBble ciioBa: craipioHapHas, 3aMKHYTash CHUCTeMa, KPUTHYECKas TOYKa, MaTpuila OOBEKTa, YCTOHYH-
BOCTb.
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