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Abstract. The article deals with the general mathematical approaches and basic information about the forecasting
of modern aircraft systems development. In particular, it considers the dynamic model of determining the optimal
characteristics of the aviation system, which are intended for evaluation of reliability and development of the
forecasting technology of the aircraft modernization possibility. Dynamic models of optimal development of aviation
systems forecasting also allows to evaluate the conditions of these aviation systems’ competitiveness and to be defined
with the program for their implementation in the transportation system of a particular state.
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1. Introduction

Dynamic models are divided into variational and
gaming, direct and inverse ones [Smith 1991]. In its
turn, these models are divided into a number of
variations. Variant of the model is determined by the
view of the forecasting Aviation Systems (AS) and
the aims of their development. In the general case a
few variants for setting the variational problems of
the AS forecasting can be considered. First of all the
variational direct tasks of the AS development
forecasting will be considered.

General formulation of the task. Suppose in some
moment of time ¢ = 0, when it is necessary to make
the forecast of the AS development on the interval of
the future time, the following is known:

1. The purpose and objectives of the AS, the

main E,° and support E;, v=1N, effectiveness

criteria and their scalar composition E°.

2. Tactical-technical and economic structure of
the existing and prospective AS; (Il;, E;, C;, Cf —
respectively characteristics, the criterion of combat
effectiveness, the industrial value of the creation and
the annual cost of operation (the intensity of the
operational costs)), of which on the interval 0 <¢< T
the AS can be formed. The criterion of effectiveness
E; of each aircraft (AS), as the criterion of the
aviation system effectiveness E°, can be a scalar
convolution of private criteria.

3. The number of the serial AS

X" ={x"},i=1,n" at 1,=0.

The number of new AS; (i =n’ + 1, n), which can be
implemented in the transport system,

X' ={x"} =0 at o=t ,
where # — the time of the development of the
i-th AS;.

The definition of # of the promising AS is an
important task. The analytical formulaec for
calculating ¢, in functions of the AS parameters, like
the formulae determining the cost of the future AS
according to its parameters, were developed. It
should be emphasized that the development of new
AS has been growing continuously.

The main reason of this growth is due to the
complexity of the radio-electronic equipment and
aircraft engines development.

4. Integral assignations for the creation and
operation of AS:

C(t)=Ci(¢),0<t<T.

In static models specified assignations for the
development of AS only at the point 7 are known:
Ci“(d).

5. Tactical-technical ~ characteristics of AS,,
j=1m, and the development trajectory of
»(t) = {y(t)} ASy competitive side «Y», opposed to
the predicted ASy = AS of side «X». It is required to
determine the optimal trajectory of ASy
development

xopt = {x[(,pt (t)} 4 i= 1’7 ’

on the interval 0<¢< T.
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The second task to be solved in forecasting of the
AS development is the formulation of variational
direct tasks of the AS development. There can be
two models.

2. Problem solving

The first model. The purpose of this model is to get AS
with maximum efficiency at the period t=T — the
beginning of the AS application. Functionality is the
criterion of the AS efficiency at the point ¢ = T E*(T).
Formulation of the task. To define the optimal
trajectory (forecast) of the AS development

Xope () = {Xiopt (t)} L0<t<T,

ensuring the maximum value of the
effectiveness criteria when ¢t = T

By = max E°(x(T), y(T'))

max

system

on condition that the quantity vector of AS;
x(t) = {x{¢)} is subordinate to the restrictions (the
determination of the variable x(¢)) X. In this case, the
differential equations of the AS development is

B _ i~ o),

dy
where u(f) = {u(?)} is the vector of development control
of the AS; x(¢) > 0; g(x(?)) <0.

It should be noted that, if the scalar composition
of the AS efficiency criteria E° (Eg ,E C) is not

v /]2
optimized, and the main E, characterizing the
effectiveness of the implementation system of the
main tasks set before it, then the set of restrictions
g(x(#)) includes, in particular, restrictions on
auxiliary efficiency criteria.

ES(f)> EL(¢), v=1,N .

The maximum value of the criterion £, (x,,(?))
is reached at the point ¢ = T.

In the second model the aim of development is to
get the AS with the necessary effectiveness for the

minimum time. The functional is the time T of the
system output of the given efficiency level of £} .

Formulation of the task. To define the optimal
trajectory (forecast) of the AS development xy(?),
0 <t<T, ensuring minimal time of output of the
system at a given efficiency level:

Ty = min7(x(e).3(1)

in the domain of the variable x — X:
E(Ty,)=Ef s ¥ = Qx,u);
x(t)=0; g(x(¢))<0.

Besides the direct variational problems one
should also consider the inverse variational
problems of AS forecasting development.

In this case, the aim is to get the AS with a
certain efficiency

Elc(t):Ec(t)a OStS Ta

and minimum assignations for its creation and
operation. Functional is the total cost of the system
C*(T) to the moment of time when ¢ = T.

Formulation of the task. To determine the
optimal trajectory of the AS development,

xo ()= b, ()] L052<T,

providing minimum system costs with a given
efficiency

: rdc () ,,

min — 1)21)1;1.([ dl
in the domain of the variable x — X:
E¢(x(0) (1)) =Ef (), 0<t<T;

X = Q(x,uo) ;x(6) 2 0; g(x(1) <0,

where uy — the vector of AS development control in
the inverse task of forecasting.

The inverse and direct tasks of forecasting of AS
development are equivalent: their solving gives the
same answer about the optimal trajectory of the AS.
However, with limited conditions of the assignation
for the AS development in more natural way is a
direct problem of forecasting. Moreover, its solution
is more simple and elegant.

Another problem that arises in the forecasting of the
AS development is the variational direct task of
forecasting of the AS development on the time interval

0<t<T.

The purpose of this task is the creation of the
system, capable to give the greatest impact not in the
long term at the time 7, as it was considered in the
previous models, but for the entire interval of time
0 <t < T. Functionality is the total result of the AS
functioning on the interval 0 < ¢ < T

B = [ o).

where fy(x(¢)) — the result of the AS functioning in a
unit of time (the intensity of the functioning).

Formulation of the task. To determine the
optimal trajectory of the AS development,

x(0)= e () L0si5T,
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for the maximum result of the AS functioning to
0<t<T:

T
Epx = max { Solale))ar

in the domain of the variable x — X
i = O, u); x(t) 2 0; g(x(1)) < 0.

Let’s also consider the gaming model of
forecasting of the AS development of the side «X»
ASy and the side «Y» ASy (differential games).

In strict competition the aim is to create ASy,
able to achieve the best results in the future moment
of time ¢ = T at the worst development of the ASy.
Functional is the difference between the criteria of
effective systems.

Formulation of the task. To determine the optimal
development trajectory of the ASy

t(0)= b, () 7= 1

and ASy,

Vo) = (O} 2 =1m,

which ensure the maximin result of functioning
systems at the moment of time ¢t = T

max mi)l/l(E)c( (x(7), (7)) - Ey (T ). x(T )))

xeX ye
in the domain of the variable x — X:

¥ = Ox,u), x(2) 2 0, g(x(1)) < 0;
in the domain of the variable y — ¥

3= 0y (1,v), 1) 2 0, gx(y(1) < 0.

In non-strict competition the aim is to create A4Sy
and ASy, able to achieve maximum results in the
future point in time ¢ = 7. The functionals £ and

E; are criteria for combat effectiveness of ASy and

ASy measuring the outcome of their rivalry.
Formulation of the task. To determine the optimal
trajectory of the ASy development

5o (0) = e ()]

and ASy

Vo) = 1, ()

which provide maximum results of the system
functioning at the point of time ¢ = T:

EY . = max B (x(T), y(T'):

E} o = max 7 (v(7),x(T')

both in the same domains X and Y determining
variables x(f) and (), and that the strict
competition.

Solution of the task. The dynamic models of
forecasting the AS development are based on the
differential equations of AS development:

X = Q(x,u).
We get them for the direct problem of
forecasting.

We assume known:
— assignation for the system development

C(t), O<t<T,

— the cost of 4S; creation

C.=CrPyC | i=1n;

—the intensity of operating costs (annual

operating cost) AS; C;, C;and C; generally depend
on the number of AS; x; and future time ¢;

— the intensity of waste AS; from the system due
to natural losses of ®? (t);

—the intensity of waste AS; from the system due to
their sales abroad ! .

Let’s introduce several assumptions:

— suppose the basic assignations AC® , allocated
for small time Az for the creation and operation of
AS, can be implemented at this time;

— the function x(¢) = {x,(f)} is continuous;

—natural losses and sale AS; abroad is an
ongoing process.

Assumptions allow to obtain the equations of
development in the differential form [Boyce 2009].

The change in the AS amount in the transport
system is determined by the rate (intensity) of AS;
supply in this transport system from the x/”
production and the rate of AS; loss from it at the

expense of their natural losses x? :
dx, dx!” dx}
dt  dr dt
But as far as

dxf” dx!"  dx}

>

dt dt dt
pr dx?
where —— and 7; respectively the rate of AS

production and the rate of AS sale abroad, then

dx, dx!" dx! dx?

dt dr dr dt
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or
ax; - dx_ipr _ stm i=ln
dt dt dt’ o
where
dx"  dx! N dxf
dt dt dt

is the total rate of AS loss on the account of the AS
sale abroad and natural losses.

We assume that the rate of AS; loss on account of
their sales and natural losses are proportional to their
amount in the system:

P g
B op (1 (0): B = o (O 1),
dt dt
Then
ot
B 0,050,
dt
where  o,(f)=0/()+of(t) - the summery

intensity of AS; loss.

Now let’s find the intensity of production AS; —
dx!”

dt
development of AS is allocated AC® assignations and

AC; from the sale of AS abroad, so that the total
basic expenditures on the AS development are

ACs =AC* +AC; .

For the eclementary time A¢ on the

Part of these costs AC}, is used for the AS

production, the other part AC; — in the operation.
Therefore

AC; =AC,, +AC; .

The quantity of the producing AS depends on
AC,, . Therefore, we find

AC,, =AC; —AC; =AC* + AC, —ACY.

To determine AC® we use information about
integral assignations on development of AS C().
Approximately:

ACC = tgBAr = f(t)At,

where
dce(t)
t)=1tgph =
fl)=1gp=""
is the intensity of assignations on the AS

development.

The income from the AS sale abroad at the time
At will be:
ACys = CPAx!
i=1
where C/ — the cost of the sales of i-th AS;;
Ax? — the amount of sold ones for Az; AS,. But of

this income on the AS development is allocated only
a certain amount 0 < a < 1. Therefore

ACE = aACS; =aY CPAYY .
i=l
or
ACE =Y CPo (1) (1)Ar
=l

where x;(f) — the amount of AS in operation in the
moment of time .

The operating costs for AS maintenance during
the time A¢ depend on the annual costs (over-
spending per unit of time) on the operation of each
AS and their amount and are as follows:

ACE = Z Cex,(t)At .
i=1

Having made the corresponding substitution we’ll
find the assignations for the AS production in the time

interval Az:
ACS, = A{ 7= (¢t —acrer )x} .
i=1
Of this sum on the AS; production AC,.(¢) is

spent. Therefore:
ACS, =D AC, (t).
i=1

We divide the left and the right part of equation
into AC,, (t). Then

1:ijlui(t),

ACS, (t)

in the moment of time ¢ in the production of the i-th
part of AS,, it is limited on the left and on the right:
The function of the uff) is logically called the
controlling one (control), as it characterizes the
distribution of resources (in this case financial). It
should be noted that the management of any process
always comes down to the choice of a share of the

— the share of funds allocated

where ,(t)=
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resources available. The actual meaning of resources
can be different. For example, the resources for
transport aircraft, in particular, are the limiting value
of load carrying capacity at different flight range,
and its control is to change the loading of the aircraft
within these limits. As the resources can also be
considered the limited angles of the stabilizer
rotation. And their control is to change the angle of
the stabilizer deflection in the limits of the available
resources.
Now we find the amount of AS; produced within Az
AC,, _AC;

pro_ pri
MO T

1 1

where C; — the cost of i-th AS; creation.
Using the above mantioned, we get:

AxP"
At

(103 ertan)-ater or ) 0)

i=1

ui(t)

Ci(xi’t).

X

pr
i

= qiu[(t) , where

Turning At — 0, we find

S350

q; =

Ci(xi’t)

maximum intensity of the i-th AS; revenue into the
transport system (u;(¢) = 1);

Cy =C;/ —aCl/ow? — the annual value of the
costs of AS; operation.

We emphasize that, in general C; and C; are

functions of the AS; x; amount and the time ¢.
dx}” X"
and

Knowing that , it is easy to write the

system of differential equations of AS development:

B g o) 0,05 0= Q). 1=

with restrictions on the control functions
0<u(t)<l, > ult)=1
i=1

and coordinate variables

x(#) 20, g(x(1)) <0
and with initial conditions:

x, =x"(0), i=1,7,at t=0
and

X; =xi(t1’_)=0, i=n,n at t=t .

If the functions u(?), izl,_n, are selected, then

the integration allows you to find the trajectory of
AC x,(t) development.
Optimal control

o (1) = b1, (0]

gives the optimal trajectory of the AS development

5o 0)= (O]

Uope (t) and Xopt (t) are determined by solving the

variational task.
3. Conclusions

Thus, it should be noted that in the inverse task of
forecasting the equation of AS development has a
different view. As a control, you can select the intensity
of AS; production

dx/"(¢)

()= 410

To achieve the given system effectiveness

E°(x(¢))= E(¢), it provides the necessary rate of AS;
dx;

system R

dt

and also

revenue into transport

compensation of AS; waste, at the expense of natural
g »

dx; . 4
losses - = ®fx; and sales abroad o o’x,(t):
dt dt
dx]” dx; dxf dx}
=u, =—L+—+ .
dt foodt dt dt
Thus, the equation of the AS; development has
the form

dx; A,
dtl =y, — OX; =Qi(uol_,xi), i=1ln,

where o, =of +®’

— the total intensity of the
aircraft waste, at the expense of their destruction !
and sale o/ .
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LI Jinnix', M.B. Oaer’, K.B. Boraiicbkas’. Ba30Bi NpHHUMIN NPOrHO3YBAHHSI ONTHMAJIBLHOIO PO3BHUTKY

aBianiiHuX cucreM
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Po3risiHyTO 3aranbHi MaTeMaTH4HI MiIXOAX Ta OCHOBHI BiIOMOCTI IPO IPOrHO3YBaHHS PO3BUTKY CYYaCHHX aBiallliHUX
cucteM. 30KpeMa, HABEACHO JWHAMIYHI MOJENI BHU3HAYCHHS ONTHUMAIBHOIO BHIIALY aBiallifHOI CHCTEMH, SIKi
MPU3HAYCHI [UIA OIIIHKHM JIOCTOBIPHOCTI Ta BINMpAIOBAaHHS TEXHOJOTii MPOTHO3YBAHHS MOXMIIMBOCTI MOJEpPHI3aLii
niTanpHOTO amapata. [loka3aHo, IO AWMHAMIYHI MOJENi MPOTHO3YBaHHS ONTHMAIBHOTO PO3BUTKY aBiallifHUX CHCTEM
JO3BOJISIFOTh  OLIHUTH YMOBH KOHKYPEHTOCIIPOMOXXHOCTI IIMX aBiallifHUX CHCTEM Ta BH3HAYUTHCSA 3 MPOTPAMOI0
BIIPOBAKEHHS iX Y TPAHCIIOPTHY CHCTEMY KOHKPETHOI IepKaBH.
Kuro4oBi ciioBa: aBiamiiiHa cuctemMa; MaTeMaTHYHA MOJETH; IPOTHO3YBAHHS; TPAHCIIOPTHA CUCTEMA.

Hn.N. JII/[HHI/IKI, M.B. O.Herz, E.B. Boraiickas’. Ba3oBbie NPUHUMILI MPOrHO3MPOBAHUSA ONTHMAJILHOIO
a3BUTHSA ABHALHMOHHLIX CHCTEM

KpuBoposxckuii koyuepx HanmoHansHOTo aBHalliOHHOTO YHUBEpCHTETa, yiI. Tymonesa, 1, Kpusoit Por, Ykpauna, 50045

23 HanuonansHpIi aBHALHOHHBL yHuBepcurer, npoci. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mails: 'ivanlinnik@hotmail.com; *avia_icao@mail.ru; *katemol-69@mail.ru
PaccmoTpeHs! o0mye MareMaTH4eckue MOAXObI M OCHOBHBIE CBEICHHS O MPOTHO3UPOBAHUU PA3BUTHS COBPEMEHHBIX
ABUAIIMOHHBIX CHUCTEM. B 4YacTHOCTH, TPUBEACHBI IUHAMUYCCKHE MOJCIH OIPEACICHUSA ONTUMAILHOTO OOJIHKa
ABUAIIMOHHOM CHCTEMBI, MPEIHA3HAYCHHBIC JJIs OIICHKU JOCTOBEPHOCTH U OTPAOOTKH TEXHOJIOTHH IPOTHO3HPOBAHUS
BO3MOKHOCTH MOJEPHU3ALIMK JIETaTeNbHbIX anmnaparoB. llokazaHo, 4yTO AMHAMUYECKHE MOJEIU IMPOTHO3UPOBAHUS
ONTUMAIIFHOTO Pa3BUTHsI ABHAIIMOHHBIX CHUCTEM II03BOJIIIOT OIICHUTH YCIOBHS KOHKYPEHTOCHOCOOHOCTH JTHX
ABUALMOHHBIX CHUCTEM U OIPEAEIUThCS C MPOrpaMMON BHEAPEHUSI UX B TPAHCIOPTHYIO CUCTEMY KOHKPETHOTO
rocyzapcraa.
KuroueBble ci1oBa: aBUallMOHHAs CUCTEMa; MaTEMATHYECKas MOJEIb; IPOrHO3UPOBAHKE; TPAHCIIOPTHASL CUCTEMA.

Linnik Ivan. Candidate of Engineering. Associate Professor.

Deputy Chief of Academic Work, Krivoy Rog College of the National Aviation University, Krivoy Rog, Ukraine.
Education: National Aerospace University, Kharkov, Ukraine (1999).

Research area: maintenance and repair of aircraft systems.

Publications: 56.

E-mail: ivanlinnik@hotmail.com

Oleg Mikhail. Postgraduate student.

Department of Technology Airports, National Aviation University, Kyiv, Ukraine.
Education: National Aviation University, Kyiv, Ukraine (2009).

Research area: transportation systems.

Publications: 10.

E-mail: avia_icao@mail.ru

Bogayskaya Ekaterina. Engineer.

Department of Technology Airports, National Aviation University, Kyiv, Ukraine.
Education: National Aviation University, Kyiv, Ukraine (2009).

Research area: maintenance and repair of aircraft systems.

Publications: 19.

E-mail: katemol-69@mail.ru



