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Approaches to statement of the optimal synthesiblem for the control systems of the wide
kind vehicle are analysed and the formalized statgnof the optimal synthesis problem for
autonomous high-accuracy resistant to disturbartediszation and course system is formulated.
The optimum criterion for the formulated problemdisfined. The structural and non-structural
uncertainties of the stabilization systems are wased.

IIpoananizosano nioxoou 00 nOCMaHosKU 3a0a4 ONMUMATLHO2O CUHME3Y CUCMeM YRPAGIiHHA
pyxomumu 00’ ekmamu wupokozo kuacy. Cgopmynvosano gopmanizoeany nocmamosky 3a0avi
ONMUMATLHO20 CUHME3) CMIUKOT 00 30ypeHb A8MOHOMHOI BUCOKOMOYHOI cucmemu cmabinizayii ma
gusHauenHs  Kypcy. Busnaueno — kpumepiii  onmumanvHocmi  cpopmynrboeanoi  3a0aui.
IIpoananizosano cmpykmyposaui ma Hecmpykmypo8aHi HeGU3HAUEHOCMI CUCEMU.

IIpoananusuposanvl no0xo0sl kK NOCMAHOBKe 3a0ay ONMUMAILHO20 CUHME3d CUCEM YRPAGIeHUs
NOOBUMNCHBIMU 0Ovbekmamu wupokozo kiacca. Cgopmynuposana hopmanuzo8annas noCmaHosKka
3a0ayu  ONMUMANBLHO20 CUHME3A YCMOUYUBOU K BO3MYWEHUIM ABMOHOMHOU 6blCOKOMOYHOL
cucmemsl cmadbunuzayuu U onpeoereruss Kypca. Omnpedenen Kpumeputi ONMUMATLHOCU
cpopmynuposannou 3aoavu. Ilpoananuzupoamnvi cmpyKmypupoeanHvlie U HeCmpyKmypuposanHvle
HeonpeoeleHHOCMU CUCTEMbL.

Statement of purpose Now the matrix norms of the

Today the strapdown stabilization and courd@ulti-dimensional — closed  system  transfer
systems are the most widespread. This situatiffictions are the widespread measure of the
iS Caused by presence of the Satisfactog;a“ty fOI’ the Contr0| pl‘OCGSSGS In genel’a| and
accurate gyroscopic devices based on the n stabilization processes in particular [1].
operation  principles (laser, fiber-optic,Values of the matrix transfer function norms
micro-electro-mechanical ones), computingllow to estimate the output signals for the
devices of the high speed and the GP&efinite class input signals.
correction possibilities. Now principles of the |f the external disturbances are considered to
inertial stabilization platforms are used only fope sych signals, the stabilization processes

the autonomous high-accurate stabilization a'gbality will improve with growth of these

course systems. Such systems include t :
measuring unit mounted at the platform in thefg.?ﬁles Sugﬁ;?:ist;ir\];trene%;'rsgﬁtgﬁ Syztfem.the

three-frame gimbals and the computing unit. In_ "~ . :
turn, the measuring unit consists of threatabilization processes may be carried out based

accelerometers with the measuring axes directel the norms of the closed system matrix
along the platform axes and the gyroscopf&ansfer function.

devices, which provide determination of the So, the problem of the optimal stabilization

vehicle complete attitude. For the domestiand course system creation may be formulated
instrument engineering the most actual ias a problem of the system parametrical and
creation of the autonomous high-accuratgructural-parametrical optimization. At that the

stabilization and course systems intended f@finimum of the closed system matrix transfer
exploitation at the marine vehicles. function certain norm will be achieved.
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Analysis of the last researches At the represented chart:

and publications W(s) is the transfer function of the
bilization object;

P(s) is the regulator transfer function;

is the vector of reference signals of

The general approach to the formalizeata
statement of the resistant to disturbance

stabilization systems synthesis problem is. Wk o :
presented in the paper [1]. dimension k,, which in this case represents the

The detail review of approaches to creatio}ﬁehide angular rate, that is the relative angular
of the wide class stabilization systems ank te of the object, at which the studied system is

. vsis of th T ounted;
comparative analysis of théi,-optimiaztion, —, i5 the vector of controls of dimension;

H., -optimization and mixecH, / H,, -optimization  f is the vector of disturbances of dimensign
is given in the paper [2]. Features of the optimal z is the vector of the system output signals,
synthesis of the systems for control by motiowhich are used for observation of dimensiqn
of the aircraft and approach to creation of the v is the vector of the system output signals,
complex quality criterion “accuracy-robustnesstvhich are used for stabilization of dimension
are presented in the paper [3]. The optimal y s the vector of the measured output
synthesis formalization for marine vehiclegjgnals of dimensiork ;
resistant to disturbance stabilization and course ¢ is the vector of measurement noise of
systems is problem of today. dimensionk
The concepts of the robust quality and the 6 , e
robust stability are considered in the paper [43) .The'mathematlcal model of the stablllzatlon.
: i bject in the state space may be represented in
The analysis of the typical for control systemg,q following form:
uncertainties including multiplicative, additive, %= Ax +BU + Ff -
inverse multiplicative and division uncertainties o
is given in the paper [5]. v=Cx+ Dy ()
The goal of this paper is to formulate z=C,x+D,u,
statement of the optimal synthesis problem f%here AB,F,C,,D,,C,,D, are the matrices,

the _marine vehicle resistant to CIISturban(\\ﬁ"/hich describe features of the system, controls,
stabilization and course system. disturbances and measuring system;
Theformalized statement x is the vector of the system state of

of the optimal synthesis problem dimensionn. = L L
for the stabilization and cour se system Under zero initial conditions the stabilization

object model in the state space (1) may be
To formalize statement of the studiedepresented by means of the matrix transfer

problem in accordance with the approacfunction
represented in the paper [1], the linear v f
time-invariant stabilization system, the structure [ }=W(s)[ }
chart of which is represented in fig. 1, may be u
used. where

f R 0 D,
—> W(S) L’ q) W(S)_|:C2i|(ls A) 1[F B]+|:0 D2:|s

herel is the identity matrix.

P(s) y w To formalize the statement of the optimal
synthesis problem the structure chart

represented in fig. 1 may be given in the more

Fig. 1. The structure chart of the stabilizatiostssn generalized form as it is represented in fig. 2.
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The Vectord:[f ¢ W]T in fig. 2 represents it is possible to pass on to the generalized

the formalized vector of the input signals whicifyStém, the structure chart of which is
act on the system. represented in fig. 3.
d z
d y — AN
O(s) @ (s, P(9))

>
»>

Fig. 3. The structure chart

u P(s) | for the formalized statement
(€) 1« of the stabilization system synthesis problem
Fig. 2. The generalized structure chart Based on the expression (3) the closed

Taking_into consideration the__mo_del (1) and y =0,(5)d +0,,(u;
the equationy =v + ¢ +g the stabilization object _
. . 2=0,4(5)d +0,,(9)u.
model in the state space may be represented in
the following form: Based on the first equation of the set (5) and
the relationship (4) it is possible to write

y =0,,(s)d + O, (s)P(s)y .

(5)

X=AXx+Bu+Ff;

y=Cx+Du+d+g; (2)

Hence, taking into consideration the equation
z=Cyx+Dyu. (1.4) it is possible to write the expression fa th
Based on the expression (2) the stabilizatiofFeto" of controls

object model becomes: u=P(s)[l —0,,P(s)] 0, (s)d.
f Now the second equation of the set (5) may
y o be represented in the form
u =004 2=04,(9)d + O, (IP(I[I - Qu,P(I] 0,,(9)d
u The obtained expressions may be used for
where representation of the transfer function
T(s,P(s)), which corresponds to the structure
C . - . .
0(s) :|:Cl:|(IS_A)—1[F 0 0 B]+ chart shown in fig. 3, in the following form
2 T(s,P(s)) =02 (8) + O (s)P(s)
+{O T Dl:| X[I =Q1,P(9)] "0y (9).
0 0 0 D This transfer function connects the

For the formalized vector of the input signal§isturbance vector with the system output
the matrix transfer function may be represent&ffCtor- At that the goal of decrease of

in the following form: disturbance action on the system may be
achieved due to decrease of the gain of the

[Y} {011(3) 012(3)}{0'} 3) transfer functionT(s,P(s)). To solve this task it

z| [0u(9) On(s)fu] is convenient using the matrix norm concept.

So, the formalized statement of the optimal
t'synthesis problem for the stabilization system
resistant to the external disturbances may be
u=P(s)y, (4) represented in the following form:

If to supplement the stabilization objec
equations (3) by the regulator equation
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P :argKJSED||‘I’(S’P(S)) Il (6) In the first case the theory of the Lebesgue

_ _ ~space is used. In the second case the
where D is the set of the transfer functions W|tibr0babi|istic approach is considered.

the fractional rational components, for which The requirements to the computational

the closed system characteristic polynomigdrocedure in the first case include finiteness of
satisfies the Hurwitz criterion. the H,-norm of the matrix transfer function for
The formalized problem statement must tak@e closed system. In the second case it is
into consideration the specific features of thRecessary to take into consideration the
system to be studied. For the marine VehiC"?équirements to the disturbandgt), which

stabilization and course system the_ 9oefﬁCie%presents the white noise with the covariance
of the accelerated setting to the meridian is Ve atrix

important. If to denote this coefficierk, the
formalized problem statement may be MIf(L)f(t,)" 1=V (t)a(t, -t,),

represented in the following form: where M is the symbol of the mathematical

P =arg inf [[®EP(9)ll (7) expectation;
KD Kk V(t,) is the matrix of the white noise
wherek,,, is the permissible coefficient. intensity.

Optimization of the linear control systems Use of theH,,-norm of the transfer function

may be based on the, and H,,-norms of the W as the optimality criterion is possible

. . because it represents the accurate upper bound
Hardy space, that is the space of the function 9 ihe square root of the gain betwedn-norm
the complex variable analytical in the left half- q 9 5]

plane of this variable. of the input signalsu and H,-norm of the

There are different types of the optimizatio®utput signalsy, that is [2]
tasks [1] depending on the concrete norm choice _ _ )
in the problem statements (6) or (7): ”W”°° —supﬂ|y||2 _”WUHZ bl [0 OO)’HUHZ <.

1) theH,-optimal synthesis, when thei,- Therefore in the physical interpretation the
norm of the closed system transfer functiomd -norm of the transfer function is the square
®(s,P(9) is minimized; root of the energy of the output signals under

2) theH_ - optimal synthesis, when thig_- condition that the disturbance with the unit

norm of the closed system transfer functiofN€rgy enters to the input. So, minimization of
@ (s P(9) is minimized:; this norm means minimization of the error

3) the mixedH,/H. OptIIT'IIZ'atIO'I’l. | | %r;)eurtgéli;gjrrggﬁc\évsrét]'case of the studied class
Problem of the H,-optimization lies in  optimization by the mixecH,/H,, -criterion

determination of the regulator belonging 1o thgnites advantages of the different approaches.
permissible set, for which thel,-norm of the From this point of view it is possible to believe
closed system transfer function achievesat the mixedH,/H, -approach may be used
minimum. It is known that the squared,- for the synthesis of the optimal quality system
norm under the definite conditions is equivaleninder condition of its capacity for work under
to the quality functional of the LQG-problem. Itconditions of the worst disturbances. So, the
is worth noting that the computationabest approach to the synthesis of the studied
procedure of the system synthesis based on gystem is the mixedi,/H, -approach.

H,-norm may be more simplified in  Specific features of the system to be studied
comparison with the similar procedure of th@re the significant variations of some its

LQG-synthesis, as approaches to theffarameters and variable conditions of its
organization are different. exploitation. Therefore it is convenient to carry
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out the synthesis of the studied system from the The single limitation is that the uncertainty
point of view of its robustness provision. Suchelongs to some given satiD.

approach ~allows to keep the certain 14 gefine the robust stability concept it is

performances of the system in conditions of ﬂ.ﬁ"ecessary to consider the closed system
disturbance action. Taking into consideration - . .
paracterlstlc polynomiald(s, P(s),A), which

the features of the studied system the optim% _
synthesis problem may be solved as the proble#gPends on the kind of the regulator and the
of the robust system optimization uncertainty.

Roots of the stable system
kazkper [®@6E.P(ES)A) I

P =arg i
K (jw)D, o, =9,(P(s),4), i=1n,

whereA is the system uncertainty. . . .
Concepts of the robust stability and thgvhen n is degree of polynomial must lie in the

robust quality are given in the paper [4]. Foleft half-plane of the complex variabe" .

these concepts analysis the studied system wasThe closed system is the robust stable relative to

believed to correspond to the structure chatite uncertaintyrA D, if the conditions

represented in fig. 4. L
________________ ] 0 =0 (P(s),A)0C, i=1n

z are satisfied.
| The closed system has some robust quality, if
| it is robust stable relative to the uncertaimty

y : and the conditiorF OR is satisfied, where is
|
|

P(s) [« the quality functional; R is the set of the
G permissible quality functionals for the studied
a system. The regulaton =P(s)y is believed to

----------------- y provide the robust quality of the closed system.

7 Such definition of the robust stability and the

T (s, A.(9) — > robust quality may be widened due to presence
— ! of the different kind uncertainties in the

| mathematical  description of both the

|

|

stabilization object and the regulator.
Uncertainties of the time-invariant systems
""""""" b are divided in the structured (parametrical) and

. . non-structur non-simulat namics).
Fig. 4. The structure chart for analysa ( on-structured (non-simulated  dynamics)

and for definition ) of the robust stability Correspondingly, to take into consideration

and the robust quality these uncertainties it is possible to use the
yariations of the system matrix or some
For = the represented structure Chara{dditional linear fractional link as the feedback
W(s,4), P(s), ®(s,P(9A)are the transfer
of the system.

functions of the stabilization object, the F tical licati i timal
regulator and the closed system. or many practical applications the optima

In accordance with this structure chart thgynthesis of the control system for the regulator

system may be described by the equation with the given structure is the actual problem.
At that the structured and non-structured
Z=d(s,P(9,A) ,

uncertainties of the transfer functions of both

where A is an uncertainty in the stabilizationthe stabilization object and the regulator take
object representation. place.

P(s, A, ()
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The structure chart of the closed system It is known that RH, is the space of the

which may be used for definition of the robusty gy proper fractional rational functions
stability and the robust quality and takes mtglhich have not peculiarities in the left

consideration the different kind uncertainties Ogalf | q he i . R is th
both the stabilization object and the regulator {$2/-Plane and at the imaginary axit, Is the

represented in fig. 4. space of the proper fractional rational functions
In the represented scheng(s),A,(s) are which have not peculiarities in the left half-

the structured uncertainties of the stabilizatioplane and at the imaginary axis. This implies

object model and the regulator in the generghat RH, 0 RH,.

form. Then the robust stability and the robust It worth noting, that in accordance with the

?gfg&}{ngcxgie[gis may be defined in th%efinition these spaces can not include some

The closed stabilization system described Nough widespread control systems such as the
the equation astatic systems.
: To carry out synthesis of such systems it is
Z=D(SP(9A, (94, (9 necessary to implement some transformations,
is the robust stable relative to the uncertaintiesthat is pass on to the systems, which have not

A, (s)0D,, A,(s)OD,, the above stated peculiarities but keep in full the
where D,, D, are the sets of the permissibldasic performances of the studied system.
transfer functions, if the condition So, the procedures of the robust system

optimal synthesis may use norms of the

3, =5, (P(s),A,(s),8,(8)OC™, i=1n .
| =0(P(9).84(9).8,(9) '=1n transformed closed system transfer function

is satisfied.

At that the set of regulators @, (SP(9A (94, (9)=

u="P(s,A,(s))y =F[®(sP(9.4,(9.4,(9)]
is considered to provide the robust stability of Uncertainties of the synthesized system
the closed system. mathematical description have many sources

The closed stabilization system has certasuch as [5]:
robust quality, if it is robust stable relativette 1) the errors in determination of the linear
uncertainties A(s),A,(s) and the condition model parameters;

FOR takes place, where= is the quality  2) the unsuspected non-linearities and
functional; R is the set of the permissiblechanges in operation conditions;
functionals. 3) the unsuspected time delays and energy
The regulator L _
dissipation processes;
u=P(s)y 4) imperfection of the measuring

chosen from the set of regulatoPgs,A,(s)) is instruments; '

believed to provide the robust quality of the 5) use of the reduced models, that is models

closed system. of the reduced order for the synthesis procedure
Now it is possible to define the formalizedsimplification;

statement of the studied system optimal 6) the unsuspected features of the model

synthesis problem finally. As stated above, it igynamics at the high frequencies;

c?nyenle?ttgo solve df:“S/ Hproblem fro[]n g\]tetk?otmt 7) reduction of the regulator order and

of view ot the mixedH, /., approach. a imperfection of its implementation.

it iIs necessary to take into consideration that Above stated sources of the mathematical

transfer functions of the stabilization object an - . o )
the regulator must belong to the spac escription uncertainties may be divided into

RH,, RH, . three groups [5]:



46 ISSN 1813-1166. Proceedings of the NAU. 2028.

1) the parametrical or structured There are some forms of the unstructured
uncertainties, when parameters of the modehcertainties such as multiplicative, additivegirse
with the determined structure and order changpmultiplicative and division. Correspondingly they
in some given space of parameters; may be described in the following way [5]:

2) the uncertainties of the unsuspected and 1) multiplicative:
nog)SIml:Laéted ollamméllorgg > or  non-structured Cn(S): G (8) = Grom(S)L+ Win (S)Am (S]],
uncertainties, caused by the parametrical |8, <1.

uncertainty and non-simulated dynamics unite\ﬁh . o .
. ! : ere G is the set of permissible linear
in the single lumped disturbance of the n(S) P

preassigned structure time-invariant models with the multiplicative

It worth noting, that in the scientific anduncertalntl_es;h bilizati bi ;
technical literature the second and the third Gn(s) Is the stabilization object transfer

groups are often united into the single group d#nction; _
the unstructured disturbances. Gy, (9) the set of the disturbed models of the

The parametrical uncertainty is defined fostabilization object;
the set of parameters bounded by the some G, (s) is the nominal model of the
bounds[ p,, Pmax] - The set of parameters maystabilization object;
be described by the expression [5] w,,(s) is the weighting function;

P= Py, (L+1A), A, (s) is the multiplicative unstructured

uncertainty;
r= Prmax = Pmin : |A| <1, 2) additive:

+p .
Prmax * Prin G,(9):Gyy(S) = Gror(8) + W, (90,(9) 0,
where p,, is the average value of the parameter. ||Aa|| <1,

For A=1 value of the parametep will be . o ]
maximal. and for = -1 — minimal where G,(s) is the set of permissible linear

The mathematical description of thdime-invariant models with the additive
parametrical uncertainties for the real systems {§icertainties; _
significantly complicated due to large quantity Wa(S) IS t.he weighting fu.”.Ct'Om
of the undetermined parameters. To create such2,(s) is the additive unstructured
description it is necessary to have the modehcertainty;
with the well-defined structure. Usually the non- 3) inverse multiplicative:
simulated dynamics is not taken into _ 3 4
consideration in such models. Therefore it is Cm(3)*Cao(S) = Cuom(SL+ Win (A (ST
convenient to carry out estimation of such ||Aim||m51’
system robustness tak_lng into consideration t.r\}\%ere G, (s is the set of permissible linear
unstructured uncertainties after parametric . . , :
optimization termination time-invariant models with the inverse
The  unsuspected and non-simulate@umpl'ca.t'vtiunce.rtﬁ'tm'e?; tion:
dynamics is more complex for the mathematical Wi (5) 'S_ € welg 'r.'g unction, o
representation and usually for this it is necessary Am(S) 1S the inverse — multiplicative
to use the frequency domain. At that thenstructured uncertainty;
disturbanceA is believed to be normalized by 4) division:

the H,,-norm, that is the conditiofny|_ <1 will Gy (): Gy (S) = Goor (YL Wy (9D (9Gror]
be satisfied, wherfA|  =sugA(jw) . ”Ad”p <1,
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where G,(s) is the set of permissible linear The sensitivity function is defined by the
time-invariant models with the divisionexpression [6]

uncertainties; 1
- - - - . S S = i
w, (s) is the welghtlng. fgr'lctlon, (s) WP
Ay(s) is the division unstructured
uncertainty. The complementary sensitivity may be
All the listed uncertainties are represented Biefined by the relationship [6]
the stable transfer functions with the magnitude _ W(9P(S)
less 1 at all the frequencies. —1+W(S)P(S) .

Obviously, the unstructured uncertainties of
the regulators will correspond to the same The quality and the robustness of a system
gualification. are connected by the known relationship

The multiplicative and additive uncertainties S(8)+T(9) =1
are equivalent if the condition '
Based on the sensitivity function the

jw
Wi, (o) =|V(V3a(—.J)| condition of fulfillment the requirements to the
| (Jw)| system quality may be defined in the following
is satisfied at all frequencies. way [6]

The conditions are known, for which the
. ! . S 1,
system is stable for all the disturbances which qu(s) (S)Hm <

belong to the above stated set. These conditiojfere w_ is the weighting coefficient, which

define the robust stability and may be describeéll d ’ th t f
by the following expressions [5]: BRENLS O e SYSTET Pl ormences:

1) the additive unstructured uncertainty: Tgklng Into con5|c.jerat|.on' the senS|t!\/_|ty
function and the Nyquist criterion the condition
W, ()P(8)S(9)],, <1, of the system nominal quality may be defined as

the i lit
where P(s) is the transfer function of the € Inequatty

regulator; [, (jod)| <fi+ K (jo)], Dw.
S(s) the sensitivity function;
2) the multiplicative unstructured
uncertainty:

Based on this condition the robust quality
may be defined by the same condition with its
fulfillment for all the disturbed systems transfer
W (ST ()|, < 1., functions K, (s). Then the above stated

where T(s) is the function of the condition becomes

complementary sensitivity; W, (je) <[+ Kgp(jo)], DK ,g(je), Dw.
3) the inverse multiplicative unstructured
uncertainty: In the simplest case of the multiplicative
disturbance the condition of the robust quality
[Win (9)S(9)]., < 1 looks like

4) the division unstructured uncertainty: H‘W (jw)S(jw)‘+|wdb(jw)T(jw)|H <1
A <L

[w, (9K (9)S(9)]_ <1, _ N .
® From this condition follows that to provide

K(s) =W(s)P(s) the robust quality it is necessary to decrease the
where W(s) is the transfer function of thefunction of the complementary sensitivity
stabilization object. T(jw) .



48 ISSN 1813-1166. Proceedings of the NAU. 2028.

To achieve the system nominal quality it is After substitution of the expression (10) into
necessary to decrease the sensitivity functidhe relationship (8) it is possible to find

S(jw) . .So, problems qf the robust sysj[er.ns 2= Wy, (9)f +W,,(P(S)(V +0 +3). (12)
synthesis are characterized by the conflicting o . . )
objectives and require to use the complex Substituting the relationship (11) in the
quality index taking into consideration botHPbtained expression (12) it is possible to define
aspects. 2= W,y (9)f +Wi,(9)P(9)g + Wy, ()P(s)0 +

It worth noting, that the synthesized regulator
must belong to the class of the permissible *Wi(SP(S)I = W,P(9)] ' [Wyy(S)f +
regulators that is regulators which provide the +W,,(s)P(s)g+ W.,,(s)P(s)¢]
internal stabilization of the object which .
corresponds to the condition or after transformations

@, (sP(9A,(94,(3)0 RH. z={W,,(9 +W { 9P(9[I ~W P( 3] x
In accordance with approach represented in XW,,(S)ff HW { ¥P( 5+

the paper [2] and fig. 4a the matrix transfer _ -1
function of the stabilization object may be FWoo(S)P(S) = WP (9] Woo( 9P( 919+

divided into four block matrices HW (9P(9 + W, ( 9P(9x
wg=| Wu® Waol® I =W, P ()] "W, 9P(3}0. (13)
B W,i(s) Wy,(s) ’

Introducing the generalized vectors of the
where W,; is the transfer function from theoutput

vector of signalg to the vector of signals; x=[zv]"
W,, is the transfer function from the vector,q the input
u to the vectorz; d=[f go]"

W,, is the transfer function from the vector h i _ for § )
f to the vecton : an_dt e genera ized matrix trans er functidn
it is possible to represent the studied system in

W,, is the transfer function from the vectot following form
u to the vectorv.

According to fig. 4,a the output signals of x=ad
the stabilization object and the regulator on ther

basis of the above stated transfer functions may f
be defined in the following way {z} ~ {q)11 D, q)m}
z=Wy,(s)f +Wy,(s)u; (8) v D, P, D, o ’

V= Wy (S)f +Wop(s)u; (®) where the matrix® components according to
uU=P(S)(V+0+Q). (10) the ex_pressions (11), (13) may be defined in the
following way

After substitution of the expression (10) into _ _ -1 :
the relationship (9) it is possible to obtain Py = Wiy (8) + Wi (SP(IL ~WeoPCH W

V=W, (S)f + Wy, (S)P(s)(v+ ¢ +0) D, =W, (S)P(9+W,,(9P( $x
or after transformations 1 =W,P(9] "Wy(9P( 3 ;
V=[1 = W,,P(8)] Wy (9)f + W, ()P(S)g + D, =W, (S)P(9+W,,(9P( 3[I —W,,P( ¥ x

+ Wy, (s)P(s)6]- (11)  xWy(9)P(9;
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(1)21 = [I _WZZP(S)]_1W21( 3 : J — )\;mmHznom_}_)\oonorrl_lmnom_i_)\2 de dk')|'
D, =[1 —W,,P(9)] _1W22(3P( 3, +é)\zarH;ar + é)\mpiaer?ar,
@, =[I =W,P(9] "W,,(3P( 3. where A" AACATAY are the

The system is inherently stable, if all thaveighting coefficients for the corresponding

components of its matrix transfer function ar@0'ms of the nominal, disturbed ana
stable parametrically disturbed models of the system.

Taking into account the above stated
®@,(s):ij=13, ®E)ORH,. considerations the formalized statement of the
studied system synthesis problem becomes:
To calculate the quality indexes of the robust .« _ :
control systems theH,-norm of the closed J —arg%mpmflekper\](q)F (SP(9A, (94, (9)).

system transfer function is used. THg-norm  Thjs approach to stabilization and course

is a measure of robustness that is stability &ystem synthesis allows to achieve compromise

both the external and parametrical disturbancebetween such conblict objectives as accuracy
In other words, theH _-norm is the effective and resistance to disturbances.

characteristic of the system reaction to the Conclusion
external disturbances of the different kind in

conditions of uncertainties in the SySterrE)roblem for the marine vehicle resistant to

mathema.tlcgl descrlptlon.Hz-no.rr.n_ IS th? disturbances stabilization and course systemirsedef
characteristic of the system sensitivity function.

H_-norm is the characteristic of the

complementary sensitivity function. The above 1.Bepemeii E. H. Beenenue B COBpeMEHHBIC

stated relationship allows to achiev@!€TOAbl ONTUMHU3AMUH CUCTEM YIPABJICHHA /

compromise between the quality and thg: UW. Bepemeil. - Pexum joctyny:

robustness of the system. Therefore {ittp//matlab.exponenta.ru/optimrobust/book1/
synthesize the studied system it is convenient Il%dex.php.

Lo S 2. Ezynoe M.I1. MeTtonsl poOdacTHOTO, HEUPO-
choose the complex criterion which includes the Y AbL D P
HEYETKOI'O u alalITUBHOI'O YIpaBJICHUA. —

H, and the H,-norms with the weighting . M1y . H.?3. Baymana, 2002. — 744.
coefficients change of which allows to achieve 3. Tunik A. A. Parametric Optimization

compromise between the quality and thprocedure for Robust Flight Control System
robustness of the system. As the robustness i®asign / A.A. Tunik, H. Rye, H. C. Lee //
measure of the system parametric uncertainty,KSAS International Journal. — 2001. — Vol. 2,
is convenient to use thed. -norms of the N.2, Nov.—P.95-107.

nominal and the parametrically disturbed 4= Bepewei E.M. BBenenue B aHams u
models as components of this criterion. Wit§#HTe3 POOACTHbIX cucteM  ynpapnemns [

) : . W. Bepemeir. — Pexum gpocrymy:.
respect to theH,-norm the CorreSpond'ng_http//matlab.exponenta.ru/optimrobust/bookl/

norms of the deterministic and stochastif,gex php.

systems it is necessary to use as components 0§ paraskevopulos P.N.Modern control

this complex criterion. At that it is necessary tengineering / P.N. Paraskevopulos. — New
take into consideration disturbances, which angork: Marcel Deccer, 2002. — 736 p.

the most important and specific for the 6. Kwakernaak H. Robust Control and
synthesized system. Then the complex criterioH _-Optimization / H. Kwakernaak // Automatica. —
may be described by the expression [3]: 1993. — Vol. 29, N 2. — P. 255-273.
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