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Abstract

Purpose: The paper focuses on problems of design of robust precision attitude and heading reference
systems, which can be applied in navigation of marine vehicles. The main goal is to create the optimization
procedures for design of navigation and stabilization loops of the multimode gimballed system. The
optimization procedure of the navigation loop design is based on the parametric robust Hy/H.-optimization.
The optimization procedure of the stabilization loop design is based on the robust structural H.-synthesis.
Methods: To solve the given problem the methods of the robust control system theory and optimization
methods are used. Results: The kinematical scheme of the precision gimballed attitude and heading
reference system is represented. The parametrical optimization algorithm taking into consideration features
of the researched system is given. Method of the mixed sensitivity relative to the researched system design is
analyzed. Coefficients of the control laws of navigation loops are obtained based on optimization procedure
providing compromise between accuracy and robustness. The robust controller of the stabilization loop was
developed based on robust structural synthesis using method of the mixed sensitivity. Simulation of
navigation and stabilization processes is carried out. Conclusions: The represented results prove efficiency
of the proposed procedures, which can be useful for design of precision navigation systems of the moving
vehicles.

Keywords: attitude and heading reference system; method of the mixed sensitivity; precision navigation;
robust parametrical optimization; robust structural synthesis.

1. Introduction 2) precision stabilization of navigation sensors
(gyroscopes and accelerometers) in the mode of
precision alignment in the horizontal plane
(precision levelling);

3) initial alignment in the meridian plane;

Operation of precision attitude and heading
reference systems is implemented in conditions of
uncertainties caused by both inaccuracies of the

mathematical description of the real system and
influence of the internal and coordinate disturbance.
Mainly, the systems designed for operation at
marine vehicles are subjected to influence of the
disturbances caused by sea irregular waves. The
modern approach to these systems design is creation
of the robust systems able to operate in conditions of
both the parametrical structured and the external
(coordinate) disturbances.

The precision attitude and heading reference
systems of marine vehicles must carry out following
functions:

1) preliminary stabilization of navigation sensors
(accelerometers) in the mode of preliminary
alignment in the horizontal plane (preliminary
levelling);

4) joint stabilization and precision determination
of heading in the mode of the gyroscopic compass.

The precision attitude and heading reference
system can be designed based on the triaxial
gimballed platform (see Fig. 1). Such a system
includes two dynamically tuned gyros (DTGs), three
accelerometers and servo systems. The gyroscopes
carry out functions of the vertical gyroscope and
directional  gyroscope respectively. Such a
combination provides determination of the vehicle
attitude and heading.

The scheme represented in Fig. 1 has some
features [1]. The axis of the external gimbal of the
platform to be stabilized is directed along the vehicle
longitudinal axis. Stabilization of the platform is
implemented by means of DTGs. In its turn, the
gyroscopes are corrected by means of
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accelerometers using the integral correction. The
accelerometer mounted at the gimbals vertical axis
allows to compensate an error caused by the vertical
acceleration and to improve accuracy of alignment
in the horizontal plane.

Design of attitude and heading reference system
by means of such a scheme provides modelling of
the true horizon plane. The system becomes
undisturbed by external accelerations. This is
important for operation of the system in conditions
of sea irregular waves and the marine vehicle
manoeuvring.
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Fig. 1. The scheme o the attitude and heading reference
system based on the triaxial gimballed platform: x,y,z are
axes of the body-axis reference frame; 1, 12, 14 are angle-
data transmitters; 4, 6, 11 are torque sensors; 5, 9 are
external and internal gimbals frames; 10, 16 are current
contacts; 7 is the platform; 3, 13, 15 are the
accelerometers; 2, 8 are DTGs

16

To design precision attitude and heading
reference systems it is necessary to solve two basic
problems. In the first place, it is necessary to create
navigation laws, which are different for various
modes of system operation. In the second place, it is
necessary to design stabilization loops. The first
problem can be solved by means of robust
parametric optimization using great experience on
designing of systems of such a class. In this case, the
structure of navigation laws is believed to be known.
Coefficients of navigation laws can be determined

based on robust parametrical optimization. The
second problem lies in design of controllers of

stabilization loops using the robust structural
synthesis.
2. Analysis of the latest researches and

publications

Problems of the robust control systems design are
considered in many papers, for example, [2]. These
achievements can be useful for creation of the
design procedures of robust gimballed attitude and
heading reference systems. The latter problem has
not been studied at the necessary level to nowadays.
The newest achievements of design of the inertially
stabilized platform and the gimballed inertial
navigation systems and areas of their application are
given in the papers [3, 4]. The full mathematical
description of the researched system necessary for
creation of the design procedures is represented in

[5].
3. Research tasks

The main goal of this research is to represent design
procedures of the robust precision gimballed attitude
and reference system including its navigation and
stabilization loops. The proposed procedures will be
implemented and the design results will be shown in
the form of simulation of navigation and
stabilization processes.

4. Robust parametrical optimization

To increase efficiency of the robust parametric
optimization it is possible using the mixed H,/H
approach.

It is convenient to implement robust parametric
stabilization using the complex criterion, which
takes into consideration performance indices of both
accuracy and robustness. Such a criterion can be
determined based on H,-, H_-norms of the

functions of sensitivity of the closed loop system.
Influence of every component is regulated by means
of weighting coefficients depending on system
features.

For the above mentioned class of systems, the
complex criterion must include indices of nominal
and disturbed system accuracy. Moreover, the
complex criterion must include index of nominal
system robustness. Taking into account these
considerations, the complex optimization criterion
becomes [6, 7]
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complementary sensitivity function of the nominal
system; AY™¢, A™S A™ are weighting coefficients
of the above stated norms; PF is the penalty
function, which provides conditions of stability
during optimization process; K is the vector of the
control law coefficients.

Presence of performance indices both for
deterministic and stochastic cases in the expression
(1) is explained by the conflict situation between the
necessity to satisfy requirements to system
performance in conditions of stochastic coordinate
disturbances and deterministic control signals. On
the one hand, to improve reaction on deterministic
control signals it is necessary to increase gains of
open-loop system. This increases bandwidth of
closed loop system. On the other hand, increasing
bandwidth decreases filtering properties and the
ability of attenuation of the high-frequency noise
and disturbances.

Choice of coefficients AY™¢, Y™  allows
achieving the required accuracy of the system in
conditions of stochastic disturbances (irregular sea
waves). Usage of H_-norm of the function of
complementary sensitivity of the nominal system
with the weighting coefficient A"

achieving the compromise between system accuracy
and robustness.

So, search of compromise during optimization
procedure execution is providing by the optimization
criterion (1) wusing variations of weighting
coefficients. Such approach to optimization problem
solution is called multi-purpose [6], because it
provides search of compromise between different
conflicting goals.

To develop procedure of parametric optimization
it is necessary to take into consideration the system
features. These features for researched system are as
follows.

1. Optimization procedure of the researched
system requires minimal realization. It can be done
based on state space model. Rosenbrock algorithm is
the most acceptable in this case [8]. As result the

(1

allows

researched system can be reduced to observable and
controllable one. The minimal realization of the
system model can be implemented based on function
mineral, which belongs to Control System Toolbox
[9].

2. The state space model of the researched system
is ill-conditioned as components of the state matrix
A are characterized by great range of numerical
values. Usually such matrices are ill-conditioned in
practical problems relative to procedure of
eigenvalues determination. To eliminate this
disadvantage it is necessary to determine balanced
realization of the system model. Such realization is
characterized by equal gramians of observability and
controllability. It can be implemented by MATLAB
function obalreal [9].

3. The procedure of the parametric optimization
is carried out in two stages. The parametric
optimization in essence is carried out at the first
stage. It is based on the state space models created
by means of Control System Toolbox. Checking
obtained results is carried out at the second stage.
Such a check is implemented by means of
mathematical model, which as much as possible
takes into consideration all nonlinearities inherent to
real systems. Usually Simulink Toolbox is used for
creation of such models.

Coefficients of control laws are parameters to be
optimized in the procedure of optimization of
navigation loops of the precision attitude and
heading reference system. The interactive procedure
of navigation loop design consists of the following
stages.

1. Determination of the kind of a control law
depending on the system operating mode based on
experience of design of the researched type system.

2. The choice of coefficients of control law as
optimization parameters.

3. Determination of restrictions on the control
laws coefficients in order to simplify the
optimization procedure.

4. Development of the full mathematical model
of the navigation loop (control law) depending on
operating mode taking into consideration all the
nonlinear components. To simplify the mathematical
model of the navigation loop, equations of the
gyroscopes motion are believed to coincide with
equations of the platform motion. Accuracy of this
supposition is defined by error of the system
stabilization.

5. Linearization of the developed model taking
into consideration typical nonlinearities, first of all,
trigonometric  functions, which describe the
kinematics of the system.
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6. Creation of the mathematical description in the
state space taking into consideration features of
operating mode.

7. Determination of minimal realization.

8. Model scaling based on algorithm of balanced
realization.

9. Determination of initial values and usage of
the genetic algorithm with cycling execution of the
following steps:

— determination of the systems poles and their
location on the plane of the complex variable and
determination of the respective penalty function;

— calculation of the complex optimization
criterion.

10. Analysis of the synthesized system including
following steps:

— calculation

synthesized system;

— analysis of indices of the transient processes
using models with nonlinearities inherent to real
systems.

11. Conclusion about stopping procedure of the
parametric optimization or its continuing with new
initial values or weighting coefficients of the
complex optimization criterion (1).

of H,,H_-norms of the

5. Robust structural synthesis

In the general case, the robust structural synthesis of
the control system is based on solution of two
Riccati equations, checking some conditions [10]
and minimization of H_-norm of the mixed
sensitivity function of the system which includes the
plant G and the controller K. This system is
characterized by the vector of outputs z, which
defines the system quality, by the vectors of inputs
r, controls u and observations y .

The modern approach to solution of the robust
structural H_ -optimization is based on shaping of
the desirable frequency characteristics of the
designed system (loop-shaping). Such approach is
implemented by means of forming the augmented
plant using the weighting transfer functions.

H_ -norm of the mixed sensitivity function of the
augmented system is used as the optimization
criterion [10, 11]

W,S
J H., — W,R | , ()
W,T ||
here W,,W,,W, are the weighting transfer

functions, S, R, T are the sensitivity function, the

control sensitivity function and the complementary
sensitivity function.

The statement of the structural H_ -synthesis by

the method of the mixed sensitivity can be explained
by the structural scheme which is represented in
Fig. 2.
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v

Fig. 2. H_ -optimization by the method of the mixed

sensitivity

Such instrument of the computer-aided design as
the Robust Control Toolbox includes functions for
the structural synthesis by the method of the mixed
sensitivity. These functions (augtf, hinfopt) provide
creation of the augmented model and execution of
the H_ -synthesis design procedure based on the

optimization criterion (2) [11]. Efficiency of the
H_ -synthesis by the method of the mixed

sensitivity essentially depends on the choice of the
weighting transfer functions. In many cases, the
choice of these functions is carried out by the
empiric methods taking unto account experience of
the similar systems development.

Weighting function used for loop shaping of the
researched system look like

W, = 1200 0,07s+1 0,05s+1 O,ls+1 ,
0,0155+1 s+0,01 0,1s+0,01
W, =0,01,, W, =s".

As a rule, the controller synthesized by the
method of the mixed sensitivity represents a system
of the high order. There are some approaches [11] to
reduction of the synthesized controllers such as
reduction of the system model before the H._ -

synthesis procedure, reduction of the system model
after the H_ -synthesis procedure and use of the

special methods which provide creation of the
system with the reduced order.

The comparative analysis had been shown that
the reduction of the synthesized controller is
convenient to carry out after the H_ -synthesis

procedure termination. The reduction of the
controller of the studied system can be carried out by
means of the function balmr [11].

The studied gimballed system for the marine
vehicle navigation by its principle of operation
represents the indicated or indirect inertially
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stabilized platform. In such systems the gyroscopic
devices do not implement direct stabilization of
some object, for example, the platform but represent
indicator units, which control by the servo drive
providing object’s stabilization [12].

In such systems compensation of disturbances
that influence on the stabilized platform is
implemented due to moments created by actuators
mounted at the gimbals axes. Control by the
stabilization loops is carried out by the gyroscopic
devices signals, which, in its turn, are corrected by
the accelerometers signals.

In the researched system control loops can be
divided into navigation and stabilization ones that
allows creating separate procedures of their design.
Division of control functions is implemented in the
following way. The stabilization engines provide
agreement of the stabilization plant and gyroscopic
devices positions and the torques sensors implement
correction of the rotor motion by the computing
device based on accelerometers signals and data
about the Earth and object motion.

If angles of the roll and pitch are small, it is
possible to neglect by the mutual influence of
gimbals and consider stabilization process on
example of one channel.

As the dynamically tuned gyro is used as the
sensible element of the inertially stabilized platform,
it is necessary to take into consideration that it
operates in the indicated mode.

Such a mode does not require the high stability of
the transfer coefficient but the sensitivity is very
important. It means that the large slope of the static
characteristic curve near zero and the low threshold
of sensitivity must be provided.

These factors lead to small angles of the rotor
turns and correspondingly to the small operation
range. Therefore to improve stabilization accuracy it
is necessary to use the units which sufficiently
increase the stabilization loop gain. Moreover,
taking into consideration the operation principle of
the dynamically tuned gyro it is necessary to use the
selective filter [13].

For the studied system the basic disturbance
moment can be described by the expression

My =M, +M ;sign(sinot) + M sinot ,

here M, is the constant disturbance moment caused
by the construction defects; M , is the moment of

dry friction; M is the amplitude of the moment due

to sea regularities; @ is the frequency of the sea
regularities.

6. Results of design procedure execution

Results of robust parametric optimization of
navigation loop are given in Table 1.

Table 1
Coefficients of control laws in navigation loops
Coefficient Value Mode Correction
k 4,5 Preliminary | Accelero-
levelling meters
k2 4’5 ‘6_6‘ “_66
k3 3’5 ‘6_6‘ “_66
k4 3’5 ‘6_6‘ “_66
ks 0’3 ‘6_6‘ “_66
ké 0’3 ‘6_6‘ “_66
k7 1’2 ‘6_6‘ “_66
kS 1’2 ‘6_6‘ “_66
k9 1’2 ‘6_6‘ “_66
ke 3,2 Precision Accelero-
levelling meters, log,
DTGs
kHV 3’1 ‘4_6‘ “_46
kHMX 0’3 ‘4_6‘ “_46
HMy 0’34 “_4‘ “_LG
kx 0’2 EQ_‘G CE_G‘
k-y 0’4 ‘6_6‘ “_66
k. 5,2 Gyroscopic | Accelero-
compass meters, log,
DTCs
- 5’1 €_ce
kHMX 0’35 6‘_4‘
HMy 0’33 6&_46
kx 0’27 6&_46
ky 0941 c_ce
k 0,0003 e
k2 0,001 6&_46

It should be noted that expressions of control
laws in navigation loops are given in the paper [5].

The transient processes in the modes of
preliminary alignment in the horizon plane and the
mode of the gyroscopic compass are given in Fig. 3.

The synthesized navigation loop in the mode of
levelling is characterized by norms H_ =0,1224
and H, =0,0054
navigation loop in the mode of gyroscopic compass is
characterized by norms H..=0,0081 and H,=3,8-10™.

Results of stabilization loop synthesis are as
follows.

respectively. The synthesized
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Fig. 3. Transient process in the mode of precision levelling by the pitch for nonoptimized (a) and optimized (b) systems;
transient process in the mode of gyroscopic compass by the heading for nonoptimized (c) and optimized (d) systems
and by the pitch for nonoptimized (e) and optimized (f) systems

The synthesized controller can be described by
state space matrices reduced from 10th to 7th order

[ 136 5417 LIl =989 10,75 -0,07 3,55 ]
78,7  —2219 1242 5123 -1455 96,18 —0,76
1,62 2872 158 -5017 -054 7,06 3,29
A=]-1984 1624 —68,61 —5511 1401 —1948 —401 |,
84,63 1921 5936 —2935 59,6 17,05 20,66
-42 -1253 -1033 2241 -5215 -3682 -—5,11
| 552 2263 391 1729 1162 1579 -1058]
BT :{ 023 077 -032 -104 03 -007 057 }
-733 -1044 -1336 2088 —5592 14,23 —87,19(
C= [0,88 448 084 -831 2,68 —0,53 0,22] ;
D=[0 0].
The platform srabilization processes are

represented in Figures 4, 5.
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Fig. 4. The stabilisation dynamic error due to influence
of friction moment

Angle, arcmin

-] 5 10a 15 k-] 25 an as [1-] 5 -]
Time, s

Fig. 5. The stabilisation dynamical error due to influence
of irregular sea wave (3 points)

Influence of the irregular sea waves was
simulated by means of the forming filters taking
into consideration information about spectral
densities of these disturbances [14]. Analysis of the
obtained results shows that the synthesized system
is resistant to the coordinate disturbance in
comparison with the non-optimized system (Fig. 3).

Results represented in Figures 4, 5 show that the
synthesized system provides high speed of
operation and accuracy of stabilization. The small

dynamic errors in conditions of disturbances prove
the high dynamic characteristics of the designed
system.

7. Conclusions

The design procedures of navigation and
stabilization loops based on robust parametric
H)/H..-optimization and robust structural H..-
synthesis are developed. The coefficients of
navigation laws and robust controller structure are
obtained. The results of simulation of synthesized
navigation and stabilization loops are represented.
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O.A. CymeHnko

IIpoexTyBaHHs1 poOACTHMX HaBiramwiiiHmx Ta cradidi3aniiiHUX KOHTYPiB BHCOKOTOYHOI cHCTEMH
BU3HAYEHHSI IPOCTOPOBOI Opi€HTANLl

Hanionansuuii aBianiiinuii yHiBepcutert, np. Kocmonasra Komaposa, 1, Kuis, Ykpaina, 03058

E-mail: sushoa@ukr.net

Meta: Y crarTi po3risiHyTO NpoOJIeMHM HPOEKTYBaHHS pPOOACTHUX BUCOKOTOYHUX CHCTEM BH3HAYCHHS
MIPOCTOPOBOi Opi€HTAIlil, SKi MOXYTh BHUKOPHUCTOBYBATHCSI y HaBiraiii MOPCHKHMX pPYXOMHX OO0’ €KTiB.
['o10BHOIO METOIO € CTBOPEHHSI ONTUMI3aLiHUX MPOLEAyp NPOEKTYBaHHs HaBirauiiHUX Ta cTaOLIi3aliiHUX
KOHTYpiB  OararopekuMHOi  tuaropmuoi  cuctemu. OnTHMmizamiiiHa —mpoueaypa IPOEKTYyBaHHS
HaBIramifHOTO KOHTYPY 3acHOBaHA Ha IapaMeTpWuHid pobactHi H,/H.-ontuMizarii. OnruMizariiitna
nporeaypa NPOeKTyBaHHS KOHTYpY cralOimi3aiii 3acHoBaHa Ha poOacTHOMY CTPYKTYpHOMY H,.-CHHTE3I.
Metonu pociimkennsi: s po3s’sa3aHHs AaHOI MpoOieMu OyJl0 BUKOPHUCTaHO TEOPil0 poOAaCTHUX CHUCTEM
yIOpaBIiHHS Ta onTuMizamiiHi meromu. Pe3yabraTm: I[lpencraBieHo KiHEMaTHYHY CXEMy CHCTEMH
BU3HAUCHHS MPOCTOPOBOi opieHTawii. Haganuii anroputM mnapameTpudHOl ONTHMi3amlii 3 ypaxyBaHHIM
0c00IMBOCTEH TOCIIKYBaHOT cCHCTeMU. BU3HAYeHO 3aKOHU YIPaBIiHHS HaBirauiiHMX KOHTYPIB Ha MiJICTaBi
ONTHMI3aliiHOI TIpoleaypu, mI0 3abe3lmeuye KOMIIPOMIC MK TOYHICTIO Ta pOOACTHICTIO CHCTEMHU.
Po3pobneno pobacTHuil perymsaTop cTabiulizamiifHOro KOHTYpY Ha MiACTaBi METOAY 3MIIIaHOI UyTJIMBOCTI.
BukoHaHo iMiTalliiiHe MOJEIIOBaHHsS MPOLECIB Hapiramii Ta crabumizaiii. BucHoBkm: IIpencrasieni
PE3yJIBTAaTH MiATBEPKYIOTh S(PEKTUBHICTD 3aIPOIIOHOBAHHUX IMPOLEAYP, SKi MOXKYTb OyTH KOPUCHUMH JUIS
MIPOCKTYBaHHS HaBITAIIITHUX CHCTEM PYXOMHX 00’ €KTIB.

KiouoBi cjoBa: BHCOKOTOWHA HaBiramis; METOJ 3MIlIaHOI YYTJIMBOCTI; poOacTHa mapaMeTpryHa
ONTUMi3awis; poOACTHUH CTPYKTYPHUH CUHTE3; CUCTEMa BU3HAYEHHS MPOCTOPOBOI Opi€HTAL]].

0.A. Cymenko

I[IpoexTHpoBaHNE POOACTHLIX HABUTANMOHHBIX M CTA0MJIM3ANMOHHBIX KOHTYPOB BBICOKOTOYHOI
CHCTEMBI ONpe/ieJIeHUsI MPOCTPAHCTBEHHOH OPHEHTAI[HH

HannonanpHBIN aBUaIHOHHBIN YHUBEPCUTET, ITp. KocmonaBTa Komapoga, 1, Kues, Ykpanna, 03058

E-mail: sushoa@ukr.net

Henb: B crarbe paccMOTpeHbI TPOOIEMBI MPOSKTUPOBAHUS POOACTHBIX BBICOKOTOYHBIX CHCTEM
OIIpeJIeNICHHs POCTPAHCTBEHHOMN OPHEHTAIINH, KOTOPhIE MOTYT OBITh UCIIOJIb30BAHBI B HABUTAIIMH MOPCKUX
MOJIBIKHBIX OOBEKTOB. [ JTaBHOM LIENbIO SBISIETCS CO3IaHHE ONTUMH3AIMOHHBIX TPOLIEAYP MPOSKTHPOBAHUS
HAaBUTAIIMOHHBIX W  CTAOMJIM3AIMOHHBIX KOHTYPOB MHOTOPEXHMHOM IUIAT(OPMEHHOH  CHCTEMBI.
OnTUMHU3aIMOHHAS MPOIIeypa MPOSKTUPOBAHUS HABUTAIIMOHHOTO KOHTYpa OCHOBaHA Ha MapaMeTpUYecKOom
pobactaoit Hy/H,-onrtuMm3arui. ONTAUMA3ANMOHHAS TPOIeaypa MPOCKTUPOBAHUS KOHTYpa CTaOMIH3aIldN
OCHOBaHa Ha pPOOACTHOM CTPYKTypHOM H,-cuHTe3e. MeToabl HCCJIEAOBAHUSA: IS PCIICHHUS JTaHHON
MpoOIeMbl ObIITM HMCIOIb30BAHBI TECOPHS POOACTHBIX CHUCTEM YIPABJICHHUS W ONTUMHU3AIMOHHBIC METOJIbI.
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Pesyabrarer: [lpencraBneHa KuHemaThdyeckass CXEMa CHCTEMbl OMNPEICIICHUS POCTPAHCTBEHHOU
opueHTanuu. [IpeicTaBieH anropuT™M MapaMeTPUYECKOW ONTHMH3AIMK C YYE€TOM OCOOCHHOCTEH
uccineayeMoit cucrembl. OmpeaeleHbl 3aKOHBI YNPaBICHHS HABUTALIMOHHBIX KOHTYPOB Ha OCHOBAaHHHU
ONTHMHU3AIMOHHON MPOLEAYPhl, O00ECICUMBAIONICH KOMIIPOMHUCC MEXJIYy TOYHOCTHIO U POOACTHOCTHIO
CHCTEMBI. pa3paboTaH poOACTHBIN PEryJsITOp CTAOMIM3AMOHHOTO KOHTYpa Ha OCHOBAaHMHM METOJa
CMEIIAaHHOW YyBCTBUTEJILHOCTH. BBINOIHEHO HMMUTAILIMOHHOE MOEIUPOBAHHE IPOIIECCOB HABHUTAllMA H
crabuim3anuu. BeiBoabl: [IpencraBieHHble pe3ysibTaThl MOATBEPKIAIOT 3(PPEKTUBHOCTL MPEATIOKEHHBIX
MPOLEAYP, KOTOPbIE MOTYT OBbITH TOJE3HBIMHU JIJISl MPOCKTHPOBAHUS HABUTAIMOHHBIX CHCTEM TMOIBHIKHBIX
00BEKTOB.

KioueBble cjioBa: BBICOKOTOYHAS HABWTAlMs; METOJ CMEIIAHHOW YyBCTBHTEJIBLHOCTH, poOacTHas
napamMeTpuyeckas — ONTUMH3auusi;  poOacTHBIH  CTPYKTYpHBIH  CHHTE3; CHUCTeMa  ONpeAeieHUs
MIPOCTPAHCTBEHHOW OPUEHTALINH.
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