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Abstract. The guaranteed-and-adaptive algorithm of motion control of aerostatic vehicle are synthesized. It’s based
on differential transformation of initial mathematic model of differential game of airship motion and is more
complicated in comparison with other algorithms. The obtained algorithm has the adaptation properties to turbulences
and provides a guarantee of aerostatic vehicle translation to the given states during the worst combination of
turbulence factors. The point of given algorithm is the achievement of lowest terminal errors during the process of

airship motion control at the action of turbulences.
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1. Introduction

The motion of aerostatic vehicles, such as airships,
is multimode and is characterized by different
engine operating conditions, aerodynamic control
movements, practically by sudden change of vehicle
mass at the moment of ballast drop (if it is
necessary) and potential engine failures [4]. Motion
optimization of multimode aerostatic vehicle allows
realizing of maximum possible flight characteristics,
and improves reliability due to increased flight
stability of control algorithms to external
turbulences. For this reason, the airship control
system should be build with the fullest accounting of
all operation features.

Control algorithm synthesis of aerostatic vehicle
under turbulences is a complex problem.

The high order of nonlinear differential equations
of airship motion complicates the problem solution.

At that, there is no a priori information regarding
components of external turbulences.

At the same time, the requirements for terminal
parameters during takeoff and landing require
consideration of the impact of unpredictable
turbulences to achievement the control aims.

One way for evaluation of indeterminate form
associated with the unpredictable influence of
external turbulences, is the concept of guaranteed-
and-adaptive approach to the control algorithms
synthesis of trajectory airship motion.

This concept uses the principle of maximum
guaranteed result as the control process is seen in the

most adverse conditions that may occur when
exposed to turbulences.

The problem of guaranteed-adaptive control
synthesis under uncertain impact of turbulences
requires transformation from optimization tasks to
tasks of bidirectional optimization, as discussed in
the theory of differential game [5].

In such circumstances, to consider the terminal
control task is appropriate in the form of
mathematical model of differential game of two
players, whose research is based on the principle of
maximum guaranteed result [2, 6].

The first player forms the vehicle control and the
vector of turbulence is formed specifically by second
player.

The control aims of first and second players are
opposed.

The task of the first player is the vehicle transfer
from the initial state to a given final in which the
quality control criterion is minimized by its
maximizing by the other player.

The game approach ensures the terminal
conditions achievement at any allowable realizations
of vector of turbulences as well as the terminal
control algorithms synthesis focused on the most
adverse conditions of influence of turbulence.

The paper in [1] presents the method of terminal
control algorithm synthesys of dynamic objects
under influence of turbulents on the basis of
differential transformations of the model of
differential game.
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The approach does not require for its realization
of numerical integration of differential equations of
dynamic object motion, using the mathematical
apparatus of differential transformations of functions
and equations [6].

At that, the synthesis task of optimal adaptive
algorithm reduces to the solution of nonlinear
equations for its free parameters.

The paper [3] this method has been modernized
for solving of the synthesis task of guaranteed-and-
adaptive algorithms for motion control of multimode
dynamic objects under influence of turbulence on
the basis of differential transformation of
mathematical model of differential game.

The objective of this paper is a guaranteed-and-
adaptive control algorithm synthesis of multimode
aerostatic vehicle using the above modernized method.

2. Synthesis of guaranteed-and-adaptive control
algorithm — statement of problem

All controllable aerostatic vehicle motion is
conditionally divided into r given time frame, inside
which the parameters of the vehicle have no sudden
changes and control switching.

All changes in the form of given springs happen
at boundaries of selected intervals

T=t;—ty,, i=Lr, 2T, =T,

i=1
where T — a duration of controllable motion of
aerostatic vehicle.

The deferential game model of multimode
aerostatic vehicle motion at each motion segment at
undefined turbulence we shall present as the vector
differential equation:

%:fi(l‘,xi,u[,vl.),xi(li1)=X?,i=1,_7”, &)

where x; = x;(#) — n-measurement of state vector;

u; =u,(t) —m-measurement of control vector;

v, =v,(t) — ¢ -measurement vector of turbulence;

f; — continuous and continuously differentiable
on plurality variable #,x,,u;,v, the vector function
of generalized force;

te [ti—lati ]

The conjugation boundary and starting conditions
of segments of the process of control motion are set
in the form of given border of requirements [7]:

Ol (T)xin (Ml T =0, i=1r. @

i+1> 5

The task of first player consists in the vehicle
translation from the given initial state x,(¢,) to final

(terminal) statex, (7"), which is determined in the
point of time ¢t=7 by ¢ - measurement (g <n)
vector equation [8]:

S[x,(1).7]=0. 3)
The control aim consists in such control selection
u;(t), which in the process of vehicle motion
ensures minimization of the functional:
T
[=Glx, (D), T]+Y [@,(t,x;,u;,v,)dt,
50 @)
i=123,..r

upon condition of its maximization during vector
of turbulence selection v,(¢) by second player.

Assume, that given functions G and ®; have
continuous partial derivatives on x,,u;,V;.
Functions u,;(¢) and v,(¢) are termed as program

strategies of players.
Restriction on player strategies is taken into account
during the selection of the functional type (4).

Pair of player strategies u,o and V? is termed as
optimal, if there is the ratio:

I, v) < T V7)< I(u,vy). (5)

The necessary criterions of strategies optimality
u) and v are [4]:

Lo Lo, (6)
U; i
0°1 01
WEO’ WSO’ (7)

and sufficient criterions are the ratio (6) and
criterion (7), which has the strict inequality.

and v!, that satisfy the
sufficient criterions, ensuring the existence of saddle
point (5) of differential game (1)-(4).

The control process we shall consider within the
frame of such mathematical models of differential
games, which satisfy conditions (6) Ta (7).

From ratio (5) follows, that random law of vector
of turbulence variation, other than optimal V?,

doesn’t impair the quality of object process control,

Player strategies u

which is achieved under the optimal control u, .
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Therefore, the control u ,0 is guaranteed the quality of

control process no worse of definition (x”y]) at
conditions of restricted random turbulences.

Taking into account, that control u

;, ensures
obtaining of guaranteed assessment of control

quality and adaptability to the specific type of
turbulences action, we will call the control u’ as

1
guaranteed-and-adaptive control [2, 6].

Simulation of multimode dynamic object motion
control in the form of differential game removes the
uncertainty caused by the influence of turbulences.

Evaluation of indeterminate forms comes at the
cost of loss of simplicity of the mathematical model
and simulation process, as a result, in addition to

optimal control u? , it is necessary to determine the

law of vector of turbulence v! wvariation that

describes the maximum opposition of purposes of
terminal control.

3. Method of control algorithm synthesis

For control algorithm synthesis of multimode aerostatic
vehicle motion under undetermined conditions of
turbulences influence we will use the mathematical
apparatus of differential transformations [6].

The differential transformations allow to replace
the function x(¢) continuous argument ¢ by their

spectral models in the form of discrete functions
X(k) of integer argument £ =0,1, 2, ....

The differential transformations are the
functional transformations of the type:
K| d¥x()
x(t)=X(k)=— , 8
) =X(k) k!{ drt* ®)
1=t

where x(#) — the original, which represents the
continuous and bounded together with all its
derivatives function of real argument ¢;

X(k) — the discrete function of integer argument
k, which is termed as a differential spectra of
function x(¢) in the point # =% ;

h — the scale stationary value
dimensionality of argumant ¢.

The line below is the transformation character.

The mathematical models, which are obtained
from initial mathematical model by application of
differential transformations (8) to them, are termed
as spectral models.

having

Later on, we assume that the time functions,
describing the control processes in task (1) - (4)
within each motion segment are analytic.

Synthesis of guaranteed-and-adaptive control
algorithms we will realize in two stages.

At the first stage will perform a synthesis of
optimal gaming algorithms of program control u,o @)

and maximum opposing turbulence V'(¢) which
satisfy the conditions (6) and (7), in the middle of
each control segment in the class of analytic
functions  u;(1,4,) and  v,(7,B;), where
A =(a;,a,,..a;) and B =(b,,b,,..b,,) are vectors
of free parameters, 7T is a local time argument.
Differential transformations (8) of functions
u;(7,4;) and v,(t,B;) are determined at h =17, and

assume T=0 its differential spectra as:

k k
(e ) U =y PR )
=0

Ek dkvi(ti—l+T:Bi)
F{—dtk TZO. (10)

Diffenetial equation (1) in the image field on the
basis of transformations (8) is written as the
following spectral model:

)([(k+1714jaBjaX[0)=

X,(0)= X)(4 1y A0 A B, B ysrns B;
X,(0)= X =x;i=Lr.

3T 4) =¥k, B) =

(11)

Recursion expression (11) allows to find the
differential spectra X,(k,A.,B,,X.) of state vector
x;(¢) in the differential spectra (9) and (10).

Let’s take advantage of the property of the

differential transformations, according to which the
algebraic total of all discretes of differential spectra

of any analytical function in point ¢ =¢,, is equal to
zero doscrete of a differential spectrum of function
in point #,,=t,+h or value of the original of
function in the same point [6]:

Y X, (k) = X, (0) = x(t, +1). (12)
k=0

From the obtained relation (12) at £, =¢,_; and
h=T. we determine a state vector at the end of each
control segment:
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[ty i

x(T,4,,B,x")=> X.(k,4,B,,X"),
o C13)

i=1r

Than the equation of the final state (3) in view of
the expression for conjugation of boundary and
initial segments (2), and also the expressions for a
state vector at the end of each segment (13) is
conversed as followed [3]:

S[4,,4,,..,4.,B,,B,,...,B.]=0. (14)

The given terminal condition in the implicit shape
define g-components of vectors of free parameters
4; and B,, i=1,r as functions 7, and x; .

Remaining M+N-g components of vectors of free
parameters are determined from the stationary
conditions (6) of the functional (4).

The differential transformations (8) of functional
(4) allow presenting functional (4) as the function of
vectors of undetermined parameters 4; Ta B;:

1(4,A,..4,B.B,...B)=
=G[A1,Az,...A,,Bl,B2,...,Br]+§2;><

. BT, X (k,A,B, X0, Uk, 4).V(k,B) |
Xk=0 k+1 )

(15)

The stationary conditions (6) of function (15)

enable to receive combined equations for
determining remaining M+N-g of unknown
components of vectors of free parameters

A, 4y,..., A, and B, B,,...,B,:

(4, A4,...A,B,B,,...B)
aa,.j

=0, g+1<i<N, (16)

I(4,A,..A,B,B,...
db

"B’)=0,1SjSM. (17)

Solving the systems of nonlinear algebraic
equations (14), (16) and (17), in the case of their
consistency allows to find the components of vectors
of free parameters A=(4,4,,...,4,) and
B=(B,,B,,..,B.) of program strategies of both
players as functions from a vector of an arbitrary
initial state x, = x,(¢,) .

Then can be verified sufficient conditions (6), (7)
of player strategies optimality at strict inequality in
the expression (7).

When system of equations (14), (16) and (17) is
inconsistency, the differential game (1)—(7) has no

solution in selected function types u(t,4) and
v(¢,B) and than, the type of functions with free
parameters should be changed or expand the
dimension of vectors of free parameters [1].

As a result of execution of the first stage of
synthesis of the control algorithms in the implicit
form, the nonlinear communication of program
strategies of both players u(¢,4) and v(¢,B)with a

vector of the initial state x, = x,(#,) is established.
These strategies can be utilized only in initial instant
t, and do not account changes of state during motion.

To take into account the current state of the
control process is necessary to synthesize control
algorithms and maximum counteract turbulences in
the form of positional strategies of the players

u=u(x,t),v=v(x,t).

At the second stage of synthesis we shall make
the following assumption.

We will consider only such models of control
process in which there are player strategies and
allow to associate an arbitrary initial condition
within a given region of state space with given
terminal conditions (3).

The strategies synthesis beyond a given region of
state space is not considered.

The solution of combined equations (14), (16)
and (17) for current instant ¢ for each current state
of game x(¢) sets pair of player strategies
u’[t, A(T,x)] and v°[¢, B(T,x)], linking current state
of game with terminal requirements (3).

If organize a time continuous process of
calculating parameters 4 and B of players strategies,
then on the set of solutions can be formulated player
strategies on each motion segment as u[t, A(T,x)]
andV[t, B(T,x)].

The first player who realizes a potential strategy
u(t,A(T,x)], which continuously determined from
combined equations (14), (16) and (17), ensures the
aerostatic vehicle control with achievement of the
given terminal conditions (3) at the maximum
counteract of turbulence which action is modeled by
a strategy of second player V[t, B(T,x)].

If necessary to find the optimal trajectory
x(t,4,B), its components can be identified as a
Taylor series or wusing inverse differential
transformation in the form of polynomials of
Legendre, Chebyshev, Fourier series [6].
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At that, free parameters of approximating
functions are determined from comparison of the
differential spectra of the state vector components
and differential spectra of approximating functions.

The constraint equation between free parameters
of some approximating functions and discretes of
differential spectrum of an unknown time function is
given in [6].

4. Synthesis of guaranteed-and-adaptive algorithm

As an aerostatic vehicle we shall consider the
airship.

Synthesis of guaranteed-and-adaptive control can
be executed on mathematical model of differential
game which contains a description of the trajectory
airship motion with taking into account the effects of
turbulences.

The corresponding spectral model of airship
motion is given in the paper [8].

A scheduling of the airship thrust vector angle
sets as a sum of two components:

¢o=u+0,

(18)

where u — motion control in the absence of the
influence of turbulences;

6 — increasing of thrust vector angle required for
counteracting of the influence of external turbulences.

Component ¢ is a combined characteristic of the
effects of various turbulences in motion airship control.

In contrast to stochastic models, description of
the trajectory airship motion control in the form of
differential game does not require a priori
information about stochastic models of external
turbulence and ensures the achievement of given
terminal conditions in the worst case of turbulence
factors combination.

Assume, that a control component u; has first

player, and additional control component ¢ (18) is
determined by effects of turbulence factors to be
considered from the standpoint of second player who
has the opposite control aims.

Program strategies syntheses of both players
perform in the class of analytic functions [1]:

u, =e,t+et,

(19)

G, =b,+bt, (20)

where ¢, ¢, ,b,,b, - parameters to be determined.

Then the scheduling of thrust vector angle is
written as following

0=aq, +d1t,

(21)
where
a,=e,+b,, a,=e +b.

The task of first player consists in airship
translation from given initial state:

Vi) =Vy ., Vy(0) =V ,H(0)=H,
to given terminal:

H(T)=Hy Vy(T)=Vy  V(T)=Vy,  (22)
with a minimum value of the quality functional,
provided to maximize its second player that mimics
the effect of the most unfavorable combination of
turbulence factors. Introduced symbols correspond
to the symbols in the spectral model of trajectory
airship motion [8].

We will consider the most important airship
motion stages - takeoff and landing.

Let us introduce for consideration the functional
in the form:

I :%[HTI_ ~HT)P +%2[Vyrl_ V@ +
+7;3i(u?—V6f)d’»

where A;,A,,A; and v —additional weight coefficients.

The first two expressions (23) are characterizing
the terminal errors in altitude and vertical speed
component.

Integral component of the functional (23) limits
the airship control selection and influence of
turbulence factors in trajectory motion control.

For determination of guaranteed-and-adaptive
control algorithm, calculated discretes of differential
spectra of variable of airship trajectory motion [8]
express as a function of the initial values of the
variables of the mathematical model (1), free
parameters a,, a, of thrust vector angle control @

. (23

of propulsion system that is predicted, and the
duration 7'; i-segment of airship motion control.

Using the property of differential transformations
(8), obtain an equation linking the control
parameters (a,,a,) and trajectory airship motion
parameters with given at the end of each selment
altitude H;, , vertical speed VYT,- and flying speed

Vy, »respectively:
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H(T)=H,+TV, +£[q§ +R sina0]+

2

s B
5(G+ GV P cosay
1

AP G+ G ) -

1
—5(G+C) 1 CIE +

1
i3

ﬁ;~al~cosa0

V) =V;, +T| & +B sing, |+

(GG P cosay—

LGB sing, -

Il
ﬂ"<‘

0
o

L= -H@) [+ 2% -] +

s | & O +T(ee —Vhh)+ (27)
+2-(§ ~vB)
(24) . . .

Differentiating equation (27) for the free control
parameters €, ¢,,b,,b,, we find the derivatives that
are required under the terms of the extremum of
function (27) are equal to zero:

o= [~ H D]

AH(T)
de,

Ny (T) , (28)
de,

|V = Vi (D) |-

A, T2
+%(2e0 +eT)),

aa—lf;= N[ Hy - H(T) ]

OH (T)
a5,

AV, (T, 29

“ha [V =V (D) ] E)Yb(ol)_ e

_ AT

2

(25)

(26, +BT;),

81,.__ B aH(T,.)_
ErS )\’l|:HT,~ H(T,-)] Je,

. 30
| Wiy —VY(TI-)]—a?e(IT’H (30)

2
+ kf’ (eo + %EIT,),

al, _

a1, OH (1) _
b, -

3b,

, 31
_}\'2|:VYT,‘ - Vy(T;):| anlflT;) - ( )

2
- }“32T" (bo + %bITl).

[y - ]

(26)

Analysis of the expression (24), (25) with taking
into account the expression (21) suggests making
conclusion:

OH(T,) _oH(T}) . IV, (T)) _oVy(T).

; (32)
de, ob, de, b,

Differential transformation of expression (21) gives

the differential spectrum of thrust vector angle as:
P(k) = (g +by Jo(k) + (e, + 5, )Tu(k —1).

Substituting the differential

spectrum

OH(T)) _ OH(T) . IV (L)) _ oVy(T)

; = . (33)
de, ob, de, ob,

The difference of expressions (28) and (29) at the
performance of ratios (32) gives the equation for the

of

functions (19) and (20) into expression (23), which  jetermination of free parameters:

applied differential conversion, can provide the

functional (23) in the form

2(ey +v,by )+ T.(e, +Vv,b,)=0. (34)
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Subtracting (31) from expression (30) and taking
into account the relation (33), obtain the second
equation:

2

(e +Vibo)+§Ti(91+Vib1):0- (35)

Solving the equation system (34) and (35) to set

the ratio between the optimal values of the control
parameters and turbulences [5]:

ey =—Vby. (36)

e =—V.b. (37)

From an analysis of expressions (28) - (31)
follows that the second derivatives of the function

(27) with respect to parameters e, and e, are
positive, and with respect to parameters b, and
b, are negative at zero terminal errors on altitude and
vertical speed.

This confirms the existence of the saddle point of
the function (27) with the exact airship translation to
the given terminal conditions.

Expression (36) and (37) between the control
parameters and turbulences allows to reduce the
problem of control synthesis to determination
parameters e, ,e, , and the duration 7; of i-segment
of airship takeoff / landing, which can be found from
equation (26) obtained from the boundary condition
(22) taking into account the expression (21).

Thus, for determination of three unknowns,
e,,¢, and the duration 7, of i-segment of airship

takeoff / landing there are three equations (28) and
(30) and (26).
From these equations exclude on the basis of

expressions (36) and (37) turbulence parameters b,
and b, .

From equation (30) explicitly define the control
parameter e,

A
AMN;N, +7‘2M3M4+73(Pi
e =——- ,

L rT,.(?»le +k2Mf)+7;3’

TP~ ~ .
Ny=H,—-H; +TV;, +?[<Di +F sinrp; |+

1 _
E(Cé +G )VYORZI- cosY; —

_+_
=

1 ~
_g(cé +CWVy, R, sinr @, —

1 ~ 1
_g(c6 +C7)Vx0(pf _E(CE +G )VYOC4V02
M, =V, —V, +T|®,+B, sivrg |+

o ~
5(C6 +C7)VYOP; cov;Q; —

+7;2 _% (G +C7)VX01327- sinz; @, —

1 ~ 1
_E(Cs +C7)VXO@1‘ _E(Cs +G )V}@C4V02

Eliminating the parameter e, from expressions
(28) and (26) and substituting arbitrary initial
conditions by current values of variables of
trajectory motion and control parameter e, by
current value of thrust vector angle @,, receive the

guaranteed-and- adaptive algorithm of airship
motion control in the following form:

() B
I A

(3%)

i
- — ¢

2 b
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dy=(Co+Cy)Vy, R, sinre, —

—[(C6 +Cy )V, Ps, +7- -f’zi}cosr(pi +
+(Co+ ), CVE:
dy=—(Cy+C;)Vy R cosrg, -

~[(Ce+ )Wy Py, + 74 B, |-sinro;

T (~ T
8, =—=| B cosre, +—+d, |;
1 2(2, O, 3 2)

~

T.
8, =P, cosrg, +?’d2.

Duration 7.

l

of i-segment of airship takeoff /

landing with taking into account introduced symbols
is determined from equation (26):

i :
Ti—z—%[—m@ +a(r, —on)dg},

where

D, =P, cosr,; ~ Cly |

C —
d, = —[75 Wy, +CVy, )P}:,- cosr,, +

C ~
+ 75on -CJy, jPZ,- sinr@, +

C ~
+ ?SVXO -CJV, j@" +

C 1 .
+ ?5C4VYO +CVy, jV(f —EPZi -r-a, -sinrQ,

Weighting factors  A;,A,,A; selection in

expression (38) is determined by the requirements to
terminal errors in the airship motion control on the
stages of takeoff and landing, and also sufficient
conditions for an extremum of function (27).

The guaranteed-and-adaptive algorithm (38),
synthesized on the differential-gaming model of
control process is more complex compared to other
algorithms [8].

At the same time the complicated algorithm (38)
provides a guarantee of airship translation to the given
terminal conditions when an action of turbulences is
bounded by functional component (23).

From equations (36), (37) follows that for
rejection of worst combination of turbulence factors

and airship motion control the level of parameter
components for thrust vector angle has to be in v —
time bigger than the impact of turbulence
parameters.

Therefore, the guarantee of airship motion
control at the worst combination of turbulence
factors can be realized only in the presence of
control resource, sufficient for rejection of the
turbulence action and airship translation to the given
terminal conditions.

The feature of synthesized guaranteed-and
adaptive algorithm compared to other algorithms is
the achievement the smallest terminal errors at
action of turbulences on the airship motion control.

Existence of saddle point of the functional (23)
reduces terminal errors if in the real process of airship
motion control on takeoff and landing stages a
combination of turbulence factors are not the worst.

Gains of feedback on disagreement on altitude
and vertical speed of the algorithm (38) are variable,
depending on the trajectory parameters of the airship
motion control on the takeoff and landing stages,
airship characteristics, and also from parameter v, of

limiting the influence of turbulences in the

functional component (23).
5. Conclusions

The guaranteed-and-adaptive algorithm of airship
thrust vector angle based on differential
transformation of mathematical model of differential
game is synthesized.

The algorithm not only has the properties of
adaptation to the action of turbulences, but also
ensures realization of airship translation to the given
terminal conditions on takeoff and landing stages at
effect of limited turbulences.
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A.B. T'ycunin', O.M. Tauunina’. AJIrOpUTM rapaHTOBAHO-aIANTHBHOIO KePYBAHHS AePOCTATHYHUM JHTAILHHM

anapaToM B yMOBaXx Jiil HeBU3HAYEHHX 30BHIlIHIX 30ypeHb
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CuHTEe30BaHO rapaHTOBAHO-aJANITUBHUI QJITOPUTM KEPYBAaHHS PYyXOM a€pOCTaTHYHMM JTAJIBHUM arapaToM Ha OCHOBI
IuepeHIianbHuX IepeTBOPEHh MaTeMaTHdHoi Moneni mudepeHuiansHoi rpu. I[lokasaHo, mmo rapaHTOBaHO-
aJIalITUBHUI AJITOPUTM, CHHTE30BaHUH 3a TU(epeHIiaIbHO-IrPOBOI0 MOJIEIUTIO NIPOLIECY KepyBaHHS, € OUIbII CKIaJHUM
NOPIBHSHO 3 IHIIMMU ajroputMaMu. Bu3HayeHO, W0 YCKJIQJHEHUH anropuTM 3abe3ledye rapaHTiio NepeBeIeHHS
IUprKalIis B 33/laHi TEPMiHAJIbHI YMOBH y BUNAAKY il 30ypeHb. 3a3Ha4yeHO, L0 OTPUMAaHUN JITOPUTM KEepPYBaHHs
BOJIOJIi€ BJIACTUBOCTSIMHU afanTamii 1o 1ii 30ypeHs Ta 3a0e3nedye rapaHTilo MepeBeieHHs] aepOCTaTHYHOTO JIITaJIbHOTO
armapary B 3aJlaHi TepMiHaJIbHI YMOBH IIpH HaWTipIIoMy crioiy4eHHi Xii ¢akTopiB oOMexeHnXx 30ypeHb. PosrisHyTo
0COOJIMBICTh CHHTE30BAHOTO TapaHTOBAHO-3aJAalTHBHOIO aJIrOPUTMY — JOCSTHEHHS HaWMEHIIMX TEePMIHAIBHUX
ITOMMJIOK TIpH Aii 30ypeHb Ha MPOLEC YIPABIIHHSI PYXOM JUPIKAOIIS.
Kuro4oBi ciioBa: aepoCTaTHYHUI JITaNRHUNA amapar; allfOPUTM KepyBaHHS; NMUHAMiKa pyxy; Au(epeHiiaibHa rpa;
IudepeHIiaabHi MepeTBOPEHHS.

A.B. I'ycomnn', E.H. Taunnuna’. AIropuT™M rapanTHPOBAHHO-aJANTHBHOTO YIPABJICHHsI A3POCTATHUCCKHM

JIETATeJIbHBIM ANNAPATOM B YCJIOBHSIX JAeliCTBUSI HeoNpeIeJIeHHBIX BHELITHUX BO3MYLICHUIA

'Harimonanpsusiii TexHAUECKHIT Yunsepcurer Ykpauns! «KIIW», mpocn. ITobexsr 37, Kues, Ykpanna, 03056
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E-mails: 'gusynin@gmail.com; tachinina@rambler.ru
CHHTE3MpOBaH TapaHTHPOBAHO-TANTUBHBIA AITOPUTM TIPABIICHUS ABIDKCHHEM a’pPOCTaTHYECKUM JIeTAaTSIHHBIM
ammaparoM Ha OCHOBe muG(epeHIMaIbHBIX MPeoOpa3oBaHUil MaTeMaTHUECKOW mopean aupepeHIHaTIbHON UIPHI.
[Toka3zaHo, 4TO rapaHTUPOBAHHO AJANITHBHBIN aJTOPUTM CHHTE3UPOBAH Ha OCHOBE JHddepeHInanIsHO-UrPOBOIi MoAeH
TpoIiecca yIpaBIeHus], SIBISIETCS O0Jiee CI0KHBIM IT0 CPAaBHEHHIO C IPYTHMH aITOPUTMaMH M 00ECTIEYNBAET TAPAHTHIO
nepeBojia QUpKaOJsi B 3a/JlaHHbIE TEPMHHAIIBHBIE YCJIOBHMS B Cly4ae JEWCTBHs Bo3MmylueHud. OmmcaHo, 4TO
NOJIyYEHHBIH QJITOPUTM YIIPaBJICHUs 00JaJaeT CBOWCTBaMM aJanTaldd K JIEHCTBUIO BO3MYILIEHHH UM oOecrieuuBaeT
TapaHTUIO IIEPEBOJA a3POCTATUYECKOrO JIETATENbHOIO aNapaTra B 3aJaHHbIE TEPMUHAILHBIEC YCIOBUS IIPU HAUXYALIEM
COYETaHWM JeicTBUS (PakTOPOB OrpaHMYEHHBIX BO3MYyILIEHWH. PaccMoTpeHa 0COOEHHOCTh CHHTE3WPOBAHHOTO
rapaHTHPOBAaHHO-aIaITHBHOTO AJITOPUTMA — JOCTIDKCHHAE HAUMCEHBIINX TEPMUHAIBHBIX OMMMOOK TpH JEeHCTBHU
BO3MYILEHHUH Ha MPOLIECC YIPaBICHUS IBIKSHUEM IUPHKAOIIS.
KiroueBble c¢JI0Ba: anropuTM YIPABJICHUS; adpOCTATUUECKUM JIETATENIbHBIM anmapar; JUHAMHKA JBUKECHMS,
muddepeHnnranpHas urpa; auddepeHnnanbHee IpeoOpa3oBaHUs.
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