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1. Problem statement

Now, essential increase of intensity of dynamic
processes occurs in modern conditions. Also the
problems solved at control of mobile objects become
more and more difficult and various.

Synthesis of reliable algorithms of control of
difficult mobile objects and difficult dynamic
nonlinear processes is an actual problem of the
present. Real systems are so difficult, that the general
method of creation of the controlling systems
guaranteeing necessary quality and efficiency of their
functioning in modern conditions does not exist
today. It causes importance of the given problem.

Creation of civil aircraft control systems is based
on the concept of creation of CNS/ATM Systems
(Communication, Navigation, Surveillance and air
traffic management system) and the concept of
transition from Managed Airspace to zones of free
flight accepted by the International Civil Aviation
Organization.

2. Analysis of researches and publications

The difficult nonlinear systems dynamically
controlled in “big” are a new class investigated in the
dynamic systems and processes control theory [10,
11]. Natural tendencies of complication make active
new requirements of maximum use of all potential
control possibilities of purposeful systems, including
extremely possible on dynamics and on the states
space size.

In the control theories such type processes
occurring on the verge of possible and providing
control of an object state in maximum big area of its
states are called marginal or control processes in
“big”.

Heart of the problem is absence of a regular
complex system research method of difficult
nonlinear systems. Today it means, that researches
and synthesis in ”big” each concrete system are

necessarily carried out by combination theory
methods, methods of the theory of linear differential
systems with constant factors [1, 2, 6, 15], heuristic
methods, that for considered type systems are not
effectively.

Practical insistency of control of processes in
“big” demands the decision of the given problem.

The analysis of scientific publications and
researches (on materials of 10th IFAC
International Symposium on Dynamics and
Control of Process Systems, December 18-20,
2013, IIT Bombay, Mumbai, India; 9th IFAC
Symposium on Nonlinear Control Systems,
September 4-6, 2013, Toulouse, France; 19th
IFAC Symposium on Automatic Control in
Aerospace, September 2-6, 2013, University of
Wiirzburg, Wiirzburg, Germany) has shown the
absence of the works devoted to analytical
methods of the analysis of all possible process
states as close, and far from simple, special and
critical points and system manifold and also
devoted to synthesis of controlling functions for
expedient change of evolution and a process state.

3. The object of paper

Article purpose is the solution of a problem of
difficult nonlinear object control in the greatest
possible its states area at complex use of all
possibilities of an aircraft design.

4. Problem solving

The reconfiguration technology based on a method
of absolute invariance and autonomy of essentially
nonlinear multidimensional systems, V.V.Pavlov’s
Functional Homeostasis law [9] and McR&C&D
law [3, 7] is offered.

These laws meet the optimum ergatic systems
requirements and define a choice of virtual object
and its property.
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This technology for automatic and piloted modes
of aircraft control uses homeostatic strategy of
synthesis of algorithms and structures of functioning
of system “pilot — control system — aircraft”.

That is especially important at such unusual
control modes as flight on modes: subcritical, critical
and supercritical.

In article the kinematic equations of spatial
aircraft motion relative to the flat earth in semi-
stability coordinate frame at neglect centrifugal
Coriolis forces are considered [4, 5, 8, 13, 14]:
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where m — the aircraft mass;

V — the speed of mass center;

P — the engine force;

o — the angle of attack;

@, —the angle of engine setting;

B — the sideslip angle;

X,,Y,,Z, — the projections of complete aero-
dynamic force R to the axes OX ,0Y,0Z;

G — the gravity force;

0 — the flight path angle;

7. — the stability roll angle;

Y — the track angle;

X — the flight range;

H — the flight altitude;

Z — the lateral displacement.

The forces are given by

P = SgPO(Sg,oc,(px,H,M) .

X,=C4qS;

Y, =CqS;
Z,=C.4S
where Sg — the sector of thrust;

Fy- the altitude-speed characteristic of the
engine;

M — the Mach number;

S — the wing area;

g — the aerodynamic force parameter;

Cy, C,,C, — the aerodynamic coefficients of
similarity.

The general model of aerodynamic coefficients
of similarity in the form of modified Newton polar
[4, 5, 8, 13, 14] is used most aerobatics,emergency,

 for the generalized research problem on modes:

normal, critical:
C,=C.(M)+B,(M)C;,

1 2
B, =|—+0,01|[(C%?",
(L eomer
at 0O<M <5...7;

C,=C, (M)+C. (M)|sin’ &r| +
+Cy (M)|sin® B,

C,=+Cy (M )sincos o | sin |,
at M >5...7; 3)
C.=1Cl(M)sin fcos f|sin 3.

Reliability domain of model:
0, :{M =(0,10);6 = (0°,360°);.
v =(0°,360°); H =(0,15000m)} ; @)
U {a =(0%360°); 4 = (0°360°)};
7. =(0°;360°); ¢, =(0%360°);6, =(0;1)}, (5)
where Q, - the set of object state parameters,

U — the set of object control parameters.

Use of modified Newton polar (3) allows to carry
out researches in the expanded range of speeds without
boundary conditions on an angle of attack o . It is
supposed that the aircraft acrodynamic scheme allows
to create thrust on any angles of attack o .

The problem is solved in two stages.

At the first stage the direct problem is solved. It
is necessary to synthesize virtual object with the
independent organization of controls, its virtual area

of states Q,!:I and virtual area of controls PI-EI on
real object (1) — (5):
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daz — —VcosOsinW. Then, if the decision of the given probé‘em

dt exists, the virtual object exists in states space O

At the second stage the inverse problem is solved.
It is necessary to synthesize the real controls ou(¢),

) ¢ () and () of real object (1) — (5) on virtual object
(6) and virtual controls p;(¢), p,(t) and p3(?).

Solvers of direct and inverse problems taking
into account conditions of the problem correctness
are based on the functional equations of absolute
invariance:

{Pr(H,M,6,8,)cos(a+,)cosp—
-X,(H,M,0,0)—Gsin6} =mp, ;
{Pr(H,M,0,0,)(sin(a+ ¢, )cosy, +

+cos(a+ @ )sin Bsiny,)+Y,(H,M,6,0)cosy, —
+cos(a+@, )sin Bsiny, )+Y,(H,M,6,a)cosy, —
-Z,(H,M,0,y)siny,. —GcosO} =mbp,;
{P.(H,M,0,6,)(sin(a+¢,)siny, —

—cos(ot+ ¢, )sinfcosy.)+Y,(H,M,0,0)siny,. +
+Z,(H,M,0,y)cosy, } =—Vmcosbp;.

These absolute invariance equations in a direct
problem are the mapping operator of the space of
real controls (o0 ¢ Y.)E (A,B,I) in the space of
virtual controls P(p, p, p3) over the space of real
object states (V,0,H )e Q, and in a inverse problem
are the mapping operator of area of virtual object
controls (p,,p,,p;)e P7 in area of real object

dv

—=py, € Apq;
di )4 P1E AP

do

— =Py, € Apy;
di P2 P2 € Ap)
a¥

—=pa, € Aps.
i P3 P3 € Ap3

and the corresponding real object (1) — (5)
exists with real controls (0.,84,7.) -

The complete structure of the closed system is
shown on Fig. 1.

Results of modeling of algorithm of aircraft
kinematics control in “big" by means of given
reconfiguration technology are shown on Figs 2-5.

Figs 2-5 show that the object (1) — (5) is controlled
at any definition (generator) of virtual controls in the
expanded control area. System coordinates change

according to virtual programs p,(t), p,(t) and
p5(t) without features. The object is controlled in all

area QE| , in a wide values range of Mach numbers and
in values of angles of attack outside of usual boundary
conditions. The bifurcation property of object (1) — (5)
shows that virtual single-valued controls (p,, p,, p;)
generate bifurcation of values of real controlling

variables O, 8, and 7y, on two sets ((xl,ﬁlg,yi,) and
(0,85, 72) (12,

g
_- -7 u x
Xset | Operator o p The reconfiguration .
— _-"Control —— ——  Aircraft >
- computer complex
- unit

+

Fig. 1. Integrated structure ergatic multidimensional reconfiguration systems
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Fig. 2. Modeling of algorithm of aircraft kinematics
control in “big” by means of given reconfiguration

technology ainitial conditions H, =7000 m; 6, =0°;
V., =350 m/s:

a — the definition of virtual controls (p,, p,,p,);

b — the received first set of real controls (o, Sg AN

¢ — the received second set of real controls (o, Sg Y.

d — the parameters of aircraft state (X,H,Z) ;
e — the parameters of aircraft state
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Fig. 3. Modeling of algorithm of aircraft kinematics
control in “big” by means of given reconfiguration

technology at initial conditions H, =7000 m; 6,=0";
V, =270 m/s:

a — the definition of virtual controls (p,, p,, p,) ;
b — the received first set of real controls (OL1 S 5; s yi) ;

¢ — the received second set of real controls (OL2 R 62 s yi) ;

d — the parameters of aircraft state (X,H,Z);
e — the parameters of aircraft state (V,6,¥).
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Fig. 4. The example of logical-dynamic control of
aircraft kinematics with symmetric virtual areas of

control PD(I) and PD(z) , Where PD(D merges 3.

a - the definition of virtual controls ( PsPys p3) ;
b - the received first set of real controls (0(1 ,6; s yl) ;

¢ - the received second set of real controls (oc2 ) 6; ) Yi) ;

d — the parameters of aircraft state (X,H,Z) ;
e — the parameters of aircraft state (V,6,¥)
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a

Controls are constructed in the form of Lissajous
figures in phase spaces (p,,p,,p;) and (,8,,7,)
visually to see bifurcation effect.

Figs 2-5 show that two sets of controls (o', Slg )

and (ocz,Sz,yf), two figures in phase space of real

controls correspond to one set of the controlling forces

H 7005
7000+
6995
6990+

6985 J
100

Fig. 5. The example of logical-dynamic control of
aircraft kinematics with symmetric virtual areas of

control PD(l) and PD(z), where PD(I) and
02)

a — the definition of virtual controls ( PPy p3) ;

intersect:

6 — the received first set of real controls (OL1 R S}g , Yz) 5

. 2 2 2
6 — the received second set of real controls (o™, d Py Yo)s

2 — the parameters of aircraft state (X,H,Z) ;
0 — the parameters of aircraft state (V,0,V)

(pl, Das p3), one figure in phase space of virtual

controls. Both sets of real controls are equivalent in
sense of maintenance of a uniform dynamic behavior
image of controlled object (1) — (5). They use one or
other part of object characteristics. State parameters of
controlled object are shown on figures in phase spaces

(X JH,Z ) and (V, 9,‘1’). On Figs. 4-5 transition
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from one set of virtual controls (p,, p,, p;)1 to other
set of virtual controls ( Py>Py> p3) 2 is shown. The two

sets of real controls correspond to each of these sets.

Figs 2-5 illustrate that the virtual object meets
requirements of the V.V. Pavlov’s Functional
Homeostasis law [9] in the form of the properties
defined by McR&C&D law [3, 7]. It allows instead of

the definition generator for p,, p, and p, to use the

operator or the computer.
5. Conclusions

The bifurcation property of object results in
bifurcation controlling variables

(0L8g.7e) = (0,8 7%), i=1,2 with two sets of

controlling forces equivalent action on dynamic
behavior of object. It is important that the object is
controlled without any features in all area
AQE despite a critical point.

The application reconfiguration technology
for the decision of a problem of difficult
nonlinear object control in the greatest possible
area of its states will allow to use as much as
possible the technological resource which has
been put in pawn in its design.

This technology contains direct and inverse
problems.

These problems solution is searched by a
computer method. The algorithm of these problems
solution is search recurrent procedure of all solutions
of essentially nonlinear algebraic equations system
for each time moment.

The analysis has shown that the number of solutions
providing set virtual controls P( P> Py p3) of nonlinear

object (aircraft) has at least two sets of solutions (for
unimodal characteristics of aerodynamic coefficients)

(ocl,Slg,yé) and (0(2,?5%, 2), and in case of -

modal is equaled 2",
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C.B. [1aBjaoBa. CUHTe3 KepyBaHHS KIHEeMATHKOIO MOBITPSIHOr0 KOPadJifl y «BeJIUKOMY»

Hamionaneauit aBianiitauit yHiBepcuret, mpocn. Kocmonasta Komapoga, 1, Kuis, Ykpaina, 03680

E-mail: psv@nau.edu.ua
Po3risiHyTO akTyalibHy MpOOJieMy CY4acHOCTI — CHHTE3 HAIIHHUX aJTOPUTMIB KEPYBAaHHS CKIAJHUMH DPYXJIHMBHUMHU
00’eKTaMu Ta CKJIQJHUMHU JWHAMIYHUMH HEJiHIHHMMH mporecamu. [lokasaHo, IO 3aCTOCYBaHHS PEKOHQITrypyrodoi
TEXHOJIOTIT JUIsl BUPILICHHS 3aBAaHHs KEPyBaHHs CKJIQJHUM HEJTIHIHHMM 00’€KTOM Y MaKCHMaJIbHO MO>JIMBIH oOsacTi
HOro cTaHiB J03BOJIMTH MakCUMaJIbHO BUKOPHCTOBYBATH TEXHOJIOTIYHHMH pecypc, 3aKiIaIeHHH y HOro KOHCTPYKIIIO.
Omnmcano mpsMe 3aBAaHHS, KOJNW BIiAMIOBINHO IO MOMAET PEaTbHOTO 00’ €KTa CHUHTE3YETHCS BIpTyaldbHHH 00 €KT 3
ABTOHOMHOIO OpraHi3ali€lo KepyBaHb, HOTO BipTyalbHA OOJIACTH CTaHIB i BipTyaibHa 00NACTh KEPyBaHb Ta 3BOPOTHE
3aBIaHHs, KOJIU BiJIOBITHO IO BipTyallbHOTO O0’€KTy Ta BIpTyaJlbHHX KEpyBaHb CHHTE3YIOTHCS peallbHI KepyBaHHS
pealbHUM 00’€KTOM (JTiTalbHUM amapaToM). HaBeaeHO BHpIlIEeHHS MPsSMOTO Ta 3BOPOTHOTO 3aBJaHb, SKi 3
ypaxyBaHHSM YMOB KOPEKTHOCTI 3aBJaHHs 0a3yroThCsl Ha (DYHKIIOHAJIBHUX PIBHSIHHSIX aOCOJIFOTHOT IHBapiaHTHOCTI Ta
LIyKaIOTbCS KOMIT FOTEPHUM METOJOM. 3a3HAueHO, 110 aIrOpUTM BHUPIIIECHHS [aHUX 3aBAaHb € PEKyPEHTHOIO
OPOIIEIYPOO TOIIYKY BCiX PO3B’SI3KIB CHCTEMH iCTOTHO HENHIMHMX anreOpaldHUX PIBHSHB JJI KOXXHOTO MOMECHTY
Jacy.
Kaw4oBi cioBa: aBTOHOMHICTB;, Oidypkamis; iHBapiaHTHICTh; JITAJbHHHA amapar, HEIIHIHHUNA 00’ €KT;
peKOH(HUTYPYIOYA TEXHOIOTsI.

C.B. I1aBjaoBa. CuHTe3 ynpaBJjieHHs KHHEMATUKOH BO3IyUIHOIO Cy/IHA B «00JIBILIOM»

HaunonansHbIi aBUaliMOHHBINH YHHBEpcUTeT, pocn. Kocmonasta Komaposa, 1, Kues, Ykpauna, 03680

E-mail: psv@nau.edu.ua
PaccmoTrpena akryanmpHas mpoOiieMa COBPEMEHHOCTH — CHHTE3 HAJCKHBIX aJTOPUTMOB YIIPABICHHS CIIOKHBIMU
MTOJIBMKHBIMH OOBEKTAMH W CIOXHBIMH JTUHAMHYCCKIMH HEJIWHCHHBIME Tpoleccamu. [10ka3aHo, 4TO MpHMEHCHHE
PeKOHDUTYPHPYIOMIEH TEXHOJOTHH sl peIIeHUS 3aJadd YIPABICHUS CIIOKHBIM HEJIWHEHHBIM OOBEKTOM B
MaKCHMAaJIbHO BO3MOYKHOHM OOJIACTH €r0 COCTOSHHN MO3BOJHT MaKCHMAaJIbHO HCIIONB30BaTh TEXHOJIOTHUECKUI pecypce,
3aJI0KCHHBIH B €ro KOHCTpYKIio. OmMCaHBl IpsMasi 3a/ada, KOTra 10 MOJENH PealbHOr0 OOBhEKTa CHHTE3UPYETCS
BHUPTYaJIbHBIA OOBEKT C aBTOHOMHOM OpraHM3alliel yIpaBICHUH, €r0 BUPTyalbHast 00J1aCTh COCTOSIHUN M BHPTYalbHAs
oOmacTe ympaBieHui, W oOpaTHas 3amada, KOTJa [0 BUPTyaJbHOMY OOBEKTY M BHUPTYaJbHBIM YIIPABICHUSIM
CHHTE3UPYIOTCSl pEalbHBIE YIPABICHUS pPEaTbHBIM OOBEKTOM (JIeTaTeNbHBIM ammapatoMm). IlpuBemeHbl pemeHus
npssMOM M 00paTHOM 3a/av, KOTOPhIC ¢ YYETOM YCIOBHH KOPPEKTHOCTH 3aJadd 0asMpYIOTCS Ha (PYHKIMOHAIBHBIX
YpaBHCHUAX a0CoIOTHOM WHBAPpUAHTHOCTHU U UINYTCA KOMIBIOTCPHLIM MCTOJOM. OTMe‘ieHO, 4TO aJITOPUTM PECUICHUSA
JMAHHBIX 3a7a4 MPEJCTABIIICT COOOM PEKYpPPEHTHYIO MPOLEAYPY IMOUCKA BCEX PEIICHHHA CHCTEMBI CYIICCTBEHHO
HEJIMHEHHBIX areOpandecKuX YpaBHEHUM I KaXKIOTO MOMEHTa BPEMEHHU.
KiaroueBble cJI0Ba: aBTOHOMHOCTH, OU(YpKalWs, WHBAPUAHTHOCTD, JICTATCIFHBIA amliapar; HEIWHCHHBIA OOBEKT;
peKOH(UTYpHpPYIOIast TEXHOJIOTHUSL.
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