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Annotation. The methods for designing the process of gross product output of an enterprise, based on the stochastic method of
dynamic programming for continuous deterministic systems was created. The selection of weight factors of quadratic quality
functional was substantiated, the dependence between parameters of design and weight factors was established, and the region of
optimum values of design parameters was determined, the optimal filter of the process of gross product output of an enterprise was
obtained. Modeling of the process of gross product output with optimum values of coefficients of growth and retirement of basic
production assets. Production capacity is determined by the output at the achieved level of organization and production technology.
The shape of production capacity graphs changes noticeably even with minor changes in parameters, i.e., capacity is sensitive to
changes in the state of a firm. Design parameters are determined by the matrix method of dynamic programming. Based on the
concepts of observability and controllability, it has been established that the process of producing a gross product of an enterprise is
subject to management. By modeling and calculations, it was proved that using the matrix method of dynamic programming, one can
obtain analytical dependencies for growth and retirement coefficients, as well as calculate the regions of their optimal values, i.e. The
production capacity of an enterprise can be the main indicator of the characteristics of the life cycle of an enterprise. The technique
should be used when designing the process of producing a gross product of enterprises, its implementation will reduce the design
time and ensure the stability of the process of producing a gross product.
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AnoTanisi. CTBOpEHO METOJMKY MPOEKTYBaHHS IPOLECY BUIYCKY BaloBOI MPOAYKIIIi MiAMIPUEMCTBA HA OCHOBI CTOXaCTHYHOTO
METOJy IUHAMIYHOTO MPOTPaMyBaHHS IS HETEPEepBHHUX JEeTepMiHICTHUHHX cucTeM. OOrpyHTOBaHO BHOIp BaroBuUX (akToOpiB
(YHKIIOHAJIBHOCTI KBaPAaTUYHOTO SIKOCTi, BCTAHOBJICHA. 3aJIeXHICTh MIXK IapaMeTpaMy KOHCTPYKIIi Ta BArOBUMH KoedilieHTaMH,
BH3HAYCHO O0OJIACTh ONTHMAIBPHHX 3HA4YeHb IMPOCKTHUX MapaMeTpiB, ONTUMAIbHUH (iNBTp Tpolecy BanoBOi MPOIYKIIl
mignpueMcTBa OyB OTpUMaHHil. MoJIENIOBaHHS MPOLECY BUITYCKY BaJOBOI MPOAYKIi 3 ONTHMAJbHUMH 3HAUYCHHSIMH KoedillieHTiB
3pOCTaHHS Ta BUXOJY Ha IEHCII0 OCHOBHHMX BHUPOOHHYMX (oH[iB. BUpoOHMYA MOTYXHICTh BU3HAYAETHCS MO BUIYCKY MPOAYKLIT Ha
JOCSITHYTOMY piBHI opraHizauii i TexHosorii BupoOHunTBa. ®opma rpadikiB BUpOOHNUUOI MOTYKHOCTI HOMITHO 3MiHIOETHCSI HaBiTh
IpH HE3HAUHHMX 3MiHaX mapaMerpiB, T. €. [IoTyXHICTh uyTiHuBa 0 3MiHM cTaHy dipmu. [lapamMeTpu NpOeKTyBaHHS BH3HAYAIOTHCS
MaTpUYHUM METO/IOM AMHAMIUYHOTO MporpamyBaHHs. Ha OCHOBI MOHSATH CHOCTEPEKIUBOCTI i KEPOBAHOCTI BCTAHOBJICHO, 110 MPOLEC
BHUITYCKY BQJIOBOTO NMPOJYKTY MiANPHEMCTBA € 00'ekTOM ympaBiiHHA. IIII1XOM MOJENIOBaHHS Ta PO3PaxyHKIB JIOBEACHO, IO 3a
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JIOTIOMOT'0F0 MaTPUYHOTO METOLY AUHAMIYHOTO MPOrpaMyBaHHS MOXKHA OTPUMATH aHAIITHYHI 3aJIe)KHOCTI Ut KoedilieHTiB pocTy i
BUOYTTS, a TaKoXX pO3paxyBaTu oOJacTi IX ONTHMAIBHHX 3HA4eHb, TOOTO BHPOOHHMYA MOTYKHICTH MiANPHEMCTBA MOXKE OYyTH
OCHOBHMM IIOKa3HHKOM XapaKTEPUCTHKH JKUTTEBOrO IMKIY MiANPUEMCTBA. METOIMKY [OLIJIBHO BHUKOPHCTOBYBAaTH IIPU
MPOCKTYBaHHI MPOLECY BUITYCKY BAIOBOTO MPOJYKTY IMiAIPHEMCTB, 1i BIIPOBa/UKCHHS CKOPOTUTH Yac MPOCKTYBaHH i 3a0e3meunTh
CTa0IIBHICTH IIPOLIECY BUITYCKY BAJIOBOTO IPOIYKTY.

Kniouosi crnoea: BanoBuil NPOIYKT, TUHAMIYHE IIPOrpaMyBaHHs, KBaJAPaTHIHUH (YHKIIOHAT SKOCTI, BaroBi ()akTOPH, MPOEKTHI
TapaMeTpH, ONTHMAIBHUHA QUIBTP.
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AnHoTamus. Co3gaHa MeETOJMKAa IPOCKTHPOBAaHMS IIPOLECCa BBITYCKa BaJlOBOM IPOAYKIMU HPEANpPUATHS Ha OCHOBE
CTOXaCTHYECKOT0 METOJIa TMHAMUYECKOTO IIPOrPaMMHUPOBAHHUS JUIS HENPEPBIBHEIX JIETePMUHUPOBAHHBIX cucteM. OG0CHOBaH BEIOOD
BECOBBIX KO((HIMEHTOB KBaIpaTHYHOTO (DyHKIIMOHAA KayecTBa, YCTAHOBJIECHA 3aBHCHMOCTh MEXIy MapaMeTpaMy pacdyeTHOTO U
BECOBOTO KO3((MHUIMEHTOB, ONpezeneHa 00NacTh ONTUMANBHBIX 3HAYCHHH PACUETHBIX MapaMeTpoB, ONTHUMAIBHBIM (HIBTPOM
Iporecca BalOBOH MPOLYKIMN MPENPUATHS SABIAETCS MOIydeH. MoenupoBaHue Mmpouecca MpOU3BOACTBA BAIOBON MPOTYKIUH C
ONTHMAJbHBIMH 3HAY€HUAMH KO3((UIMEHTOB pocTa M BBIXOJAa Ha OCHOBHBIC HPOU3BOJICTBEHHBIC AKTHBBHL I[IpOM3BOICTBEHHAs
MOIIHOCTh OMpEeAeNseTcs MO BBIITYCKY HMPOAYKIHMH Ha JOCTHTHYTOM YPOBHE OpTaHM3allMM M TEXHOJOTHH Ipou3BoacTa. dopma
rpauKoB TPOM3BOACTBEHHONH MOIIHOCTH 3aMETHO HW3MEHSETCS JaKe NPU HE3HAUYUTENbHBIX HM3MEHEHMSIX I[apaMeTpoB, T. €.
MOIIHOCTh YYBCTBHTENIbHA K W3MEHEHUIO COCTOSHMS (UpMbL. [lapameTpbl MPOEKTHPOBAHUS ONPEEISIOTCS MAaTPUYHBIM METOIOM
JIMHAMUYECKOTO MpOorpaMMHUpoBaHus. Ha ocHOBe MOHATHI HAOJIIOIaEMOCTH U YIPABIIIEMOCTH YCTaHOBIICHO, YTO MPOIECC BBITYCKa
BAJIOBOTO MPOJYKTA HPEIPHUATHS SBISETCS 00OBEKTOM yIpaBieHus. [lyTeM MOAeIUpOBaHUs M pacyeToB J0Ka3aHOo, YTO C MOMOIIBIO
MaTpUYHOTO METO/A JUHAMUYECKOTO MPOTPAMMHPOBAHUS MOXHO IOTYYHTh AHATHTHYECKHE 3aBUCHMOCTH U KOI(PQUIHUEHTOB
poCTa M BBIOBITHSA, a TAKXKE PACCUNTATh OOJACTH MX ONTUMANBHBIX 3HAYEHHH, T.€. MPOM3BOACTBEHHAS] MOIIHOCTH MPEINPUSTHSI
MOXeT OBITh OCHOBHBIM ITOKa3aTelIeM XapaKTePUCTHUKH KU3HEHHOTO IUKJIA MPEATpUsITHs. MeToANKY IenecooO0pa3Ho NCTIOIb30BaTh
MY TPOEKTHPOBAHHUH IIPOIECCa BBIMYCKAa BAJOBOTO MPOMYKTA MPEANPHUSITHH, €e BHEAPEHHE COKPATUT BPEMs NPOEKTHPOBAHHS H
obecreunT cTabMIBHOCTD MPOLIECCa BBITYCKa BaJOBOTO MPOAYKTA.

Kniouesvie cnoea: BanmoBOW TNMPOLYKT, AWHAMHYECKOE MPOTPaMMHPOBAHUE, KBAaJPAaTUUHBIH (YHKIMOHAJ KauyecTBa, BECOBHIC
K03 (GUILMEHTHI, TPOSKTHBIE ITapaMeTPhl, ONTHMAIBHBIN QUILTP

Introduction stochastic method of dynamic programming for

The process of gross product manufacturing is the continuous deterministic systems.

basis of any enterprise. It must be continuous in time, i.
e. it can be described by an ordinary differential
equation. Production of gross product is impossible The goal of the present research is to create a
without investment of the basic production assets (BPA). technology of design of the process of gross product
Therefore, parameters of the process of manufacturing of manufacturing by an enterprise, the parameters of which
gross product must include coefficients of growth and are determined wusing the method of dynamic
retirement of BPA. This model is constructed in [2]. The programming for continuous stochastic systems.

Research goal and objectives

problem arises: how to determine the values of these To accomplish the set goal, the following tasks were

parameters so that the process of gross product to be solved:

manufacturing could be sustainable. This problem has — to prove that the process of gross product

not been solved, although it is rather urgent. manufacturing by the company is a control object;
This paper proposes the procedure for designing the — to determine analytical dependences for design

process of gross product output of an enterprise, based on parameters using the matrix method of dynamic

programming;
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to substantiate the choice of weight factors of the
quadratic functional of quality;
to determine the region of optimal values of design
parameters;
to obtain the optimal filter of the process of gross
product manufacturing;
to perform mathematical modeling of the process of
gross product manufacturing with optimum values of
coefficients of BPA growth and retirement.

Development of mathematical models and methods of
design

1. Determining of analytical dependences for design
parameters with the help of the matrix method of
dynamic programming

The result of production activity of an enterprise is
the gross product. Mathematical model of the process of
manufacturing of gross product is [2]:

2
OI—Y+(o¢ s)—Y+cY—iv Y(t)=Y,; 1)
dt? am
dm
=-sm, m(t )=m_.
dt Y 0
Here m is the capital ratio of BPA for

manufacturing of given products; £ =am is the
coefficient of BPA retirement; S is the generalized

technical and economic indicator of reflection of the
level of scientific and technical development of an

enterprise; C is the coefficient of BPA growth; Y is the
gross product; V (t) is the instantaneous value of basic
assets; u, ( are the coefficients of depreciation and

proportionality (parameter of the model). Model (1) can
be used to analyze the process of gross product
manufacturing at different values of its parameters. The
model includes a large number of parameters. There
arises the problem how in the process of design to
determine a range of a change in parameters, in which
the process of manufacturing gross product will be
sustainable. Sustainability is an internal property of a
process independent of instantaneous values of basic
assets. An enterprise and a process are only created, so it
is not possible to judge about their level of scientific and
technological development. As an assumption, we will
take capital ratio as constant. Then the mathematical
model of the process of gross product manufacturing will
take the form:

mY + 4Y +cY =0 )

This model can be accepted as the model-analogue in
optimization of parameters by the methods of the optimal
control theory [8].

We set the goal to define calculation formulas for
design parameters: coefficients of BPA retirement and
growth at constant capital ratio.
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In the matrix method of dynamic programming the
differential equation of the designed process is written
down as

mY=—F or Y=—F/m=— €))

where U is the unknown synthesizing function,

representing acceleration of the process of gross product
manufacturing. Let us introduce  designations:

X, =Y;X, =Y , then we have

=X,
n (4)
X, =—U.
Let us write down system (4) in the matrix form
X = AX +BU, ®)
where y _| % |_|Y U =[u];A= 0 1lg_ | 0]
x| |[Y] ’ 0 of -1

As the optimality criterion, we will accept quadratic
functional of quality:

J = [Vdt=[(aX +yXx; +uu®)dt orin the matrix
0 0

form

= Jvdt =] (X PX +U'GU)dt, (6)
0 0

where o, y, 1 are the weight factors of the functional.
Matrices P, G of functional (6) have the form:

o o

The problem is stated: to determine synthesizing
function of equation (3), which will minimize the
functional of quality. The physical sense of the functional
is monetary costs to maintain stability of the process of
gross product manufacturing [4].

A necessary optimality condition is solution of the
nonlinear algebraic Riccati equation

P+A-S+SA-SBG™'B'S =0. @
We will write down equation (7) in the expanded
form
a 0 0 01| S, 812+S11 S, |0 1
0 y 1 0]|S, S, S, S, ||0 O

S, S,

s M

Hence we will obtaln the system of non-linear equations
for determining the elements of the symmetric matrix S.

11
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a-S5lu=0;
7"'2812_8222/#:();
Sy =515, [ 1 =0.

®)

Then the elements of matrix S taking into account its
positive certainty are:
Sp =N, Sy =y +2S,); S, =5,5,/u. (9)

Synthesizing function is determined by matrix
expression

U=-a8'sx = ¥ ][0 71][; }[2

After substituting elements S,,, S,, , synthesizing
function has the form

U = (7 +2Jou) | )Y +(af 1)*?Y,

If we substitute synthesizing function (10) into
equation (3), we will obtain

Sl?

1
S }:7(Slz&+322xz)'
22 H

(10)

Y+aY+aY =0, (12)

where &, = (7 +2\au) 1 1)'%; @, = (al 1)

We will write characteristic equation down for (11)

r’+ar+a, =0, (12)
Characteristic equation of the differential equation of
the model-analogue (2) has the form

r’+ar+a, =0, (13)

where & = f/m; a,=c/m.
From comparison of a,,a, in equations (12) and

(13), we obtain analytical dependences for determining
of design parameters — coefficients of BPA growth and
retirement;

c=mlal )% f=m((y+2ap)l w.

As it is seen, design parameters are determined
through weight coefficients of the quadratic functional of
quality.

2. Substantiation of selection of weight factors of
quadratic functional of quality [9].

Selection of weight factors of quadratic functional of
quality is a complex problem, the elements of matrices
P and G are often selected by trial and error method,
which significantly impedes the synthesis of optimal
systems by this criterion.

In economic systems, aperiodic law of development
is close to optimal. Synthesizing function must be
physically realizable. To verify this, it is necessary to
have dependences between weight factors of the
quadratic functional of quality and the range of their

(14)
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changes. Dependences are established from formulas
(14) in view of the fact that coefficient of growth of BPA
is normally by two orders of magnitude lower than the
coefficient of retirement.

a=uc’Im’;, y=10"a—2\au. (15)

Let us associate weight factors of functional of
quality with parameters of the process of gross product
manufacturing. The range of a change of parameters of
the model of the enterprise’s lifecycle, providing for
sustainable  operations of an enterprise is:
£=0,08+0,3, m=0,2+4,9; s=0,002-+0,052 [3]. In
this case, values of weight factors of the functional of
quality change in the range:

4 =10000+20000; & = 0,005+0,045; y =10+70.

Requirement for positive certainty of matrix S
allows establishing of an additional dependence between
weight factors. Let us have
a =0,005; y=10; x=10000.

Then

S, =Jau=7,07%; S, =u(y+2S,) = 491,347;

S, =S,,5,/1=0,347.
Sll S12

s {
Su Sy

‘0,347 7,071

} A, =[S,|=0,347>0;

2:

=120,498 > 0.
7,071 491,347

All minors are more than zero, therefore, matrix S is
positively determined. For positive certainty of the

matrix, it is necessary to satisfy conditions S,;S,, > S>
or S, > uS,,, which is possible at the following

dependence between weight factors y > —\fot .

Table 1 shows calculation of optimal values of
coefficient of BPA growth from formulas (14), Table 2
shows the values of coefficient of BPA retirement.
Original data include: capital ratio m=1,5; x =10000;

15000; 20000; y =10; 30; 50; 70.

Table 1
Region of optimal values of coefficient of BPA
growth
A B C ol

28 'm 1,5

29 'mu 10000 15000 20000

20 | alta 3

31 0,005 000105 000027 0,00075

32 0,01 00015 000122 000105066

23 0015 a00124 00045 000129904

34 0,02 000212 000173 0.0015

25 0,025 000227 000194 000167705

36 0,03 00026 000212 000133712

27 0,035 000221 000229 000192424

38 0,03 0,003 0002495 000212132

20 0,045 000212 00026 0,00225
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Table 2
Region of optimal values of coefficient of BPA
retirement
A B C ] E

41 'm 15

47 'mu 10000

43 |gama 10 20 a0 J0

44 | alfa beta

5 0,005 00737 009966 012013318 013759

5 ao0q 003215 00507 0, 125499 0,1423

47 0,015 00331 011073 012945564 0,14531

3 002 009251 011452 01327176 0,14871

44 0,025 009677 041775 013551799 0,15121

S0 o0z 040022 00,1206 013200022 00,1534

51 0,025 0,10229 0412316 01402494525 0,15546

5 004 040607 0,1255 014230248 015732

53 0,045 0108541 042766 014420798 0,15905

The data of Table 2 indicate that the values of the
coefficient of BPA retirement are less than 0.3. The value
of the coefficient of BPA growth (Table 1) is by two
orders of magnitude less than the values of the
coefficient of retirement, i.e., optimal parameters provide
for physical implementation of the process of gross
product output.

Fig. 1-2 show dependences between design
parameters and weight factors of quality functional [3]

¢ 00035 4 mu
— 20000

0,003 4 <
m=15

o 5000
0,0025 4 . 1500

10000
0,002 4
00015 4

0,001 4

0,0005 4

0 alfa
0,005 0,01 0,015 0,02 0,025 0,03 0,035 0,04 0,045

Fig. 1. Dependence of the coefficient of BPA growth
on weight coefficients of quality functional

beta
0,18
0,16
0,14
0,12
0,1 gl
0,08 o
0,06
0,04

0,02

0

alfa

0,005 001 0015 002 0025 003 0035 004 0045

Fig. 2. Dependence of the coefficient of BPA
retirement on weight coefficients of quality functional

3. Algorithm of optimal filters of Kalman-Bucy
The state of the studied process is described by
equations:

dX(t) _

FOX ) +LEON(), (16)
Y(t)=H@E®)X{®)+V ().
Kalman proved that the solution of the problem of

optimal filtration is assessment X (t) — output vector of

the dynamic process, which is described by differential
equation

155

%(: FOXO+COIYO-HOX®] X(t) =X,

a7

Expression (17) is called a differential equation of the
filter, which is «disturbed» by observed signal Y (t) and

at the output gives the best linear assessment X (t) of
vector of state X (t) of the dynamic process. Matrix

C(t) is called matrix coefficient of strengthening of the
optimal filter and is determined by expression

Ct)=K({)H (t)R™(t), where R the
reverse matrix in relation to matrix R(t); K(t) is the
correlation matrix of the error of optimal assessment [1].

Matrix K(t) is symmetric by size nxn, its each
element is  represented in the form  of
Ky ) =ML, O -% 14 0 %13 (5.1=12,...,n)

R. Kalman obtained the nonlinear differential equation to
determine matrix K (t)

is

dK

at
K@OH OROHOK O +LOQML()
which is called a correlation or a dispersion equation.

It is system n(n+1)/2 of differential equations of the

Riccati type. Thus, solution of the optimal filtration
problem is derived from the system of equations (18),
(17), (16), which form the Kalman algorithm. In this
case, original conditions must be assigned in the form of

initial assessment X (t,) = X,  of the state of the

FOK (1) +K(t)F () 18)

process and original value of correlation matrix K(t;) .

Matrix of parameters of the optimal filter is formed from
equation (17)
Fo = F®) -CO)H (1) =F - KH R™H. (19)

When implementing the Kalman filter, it is important
to provide for its stability. R. Kalman and R. Bucy
showed that the optimal filter is a uniformly
asymptotically stable dynamic process. In this case,
solution of a correlation equation represents a stable
computation process, not sensitive to insignificant errors.

Research results

1. The process of gross product output of an
enterprise as a control object

To prove that the process of gross product
manufacturing by an enterprise is a control object, the
concepts of controllability and observability of dynamic
systems are used. In paper [7], the methods of obtaining
controllability and observability criteria of linear
dynamic systems are clearly presented.

Research into observability of the process of gross
product manufacturing was conducted on the
mathematical model



CTPOUTEJIBCTBO, MATEPUAJIOBEJJEHUE, MAINMMHOCTPOEHMUE. BBIII. 106-2018

ISSN 2415-7031

Y+aY +aY +u(t)=0.
Record of the original process in the matrix form
X =AX +BU; Z = HX,
1

where
{3 o
—a, -1 01 X,

0
Record of the conjugate process

A{_az }u ~l
X =—AX —HU™

7 =BX".
where

A':{O _az}; B=[0 -1; H {1 0}; *:{Xi
1 -a 01 X,

Controllability matrix of the conjugate process is referred
to as the matrix of observability of the original process, i.

e. QH:Q;.
Rank Q;: Rank [H‘ A'HI}
0 -a,

10
=2.
{Ol 1—a1}

The highest order of the minor of this matrix that is

different from zero is equal to the size of vector X"
Therefore, the conjugate process is fully controllable, and
the original process is fully observable, i. e. the studied
process of gross product manufacturing by an enterprise
is a control object [5].

2. Determining the parameters of the process of gross
product output of an enterprise

Analytical dependences for determining of design
parameters — coefficients of growth and retirement BPA:

c=mlal )% f=m((r+2\au)l 1)*.
Dependences between weight factors of quadratic
functional of quality and the range of their change:

X

Rank

a=uctim’; y=10"a-2Jou; y>—Jau.

The range of the change in parameters of the model
of the life cycle of an enterprise, providing for
sustainable functioning of an enterprise [3]:

$=008+0,3;, m=0,2+4,9; s=0,002+0,052.

In this case, values of weight factors of the functional
of quality change in the range:

4 =10000+20000; & = 0,005+ 0,045; y =10+ 70.

Selection of design parameters from the region of
optimal values is performed by analysis of the steady law
of the process development [10].

Let us verify the stability of the process of gross
product manufacturing by the roots of the characteristic
equation. The process is steady under the aperiodic law
of development. In this case, the roots of the
characteristic equation must be negative and different.
We select [£=0.1086 from Table 2, €=0.00106 at
M =15 from Table 1, then the roots of equation (13)

r=-0,0117; r,=-0,0607= 0.1086, from table 1-=

}: U= @l
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0.00106 if = 1.5, then the roots of the equation (13) =
0.0117; = 0.0607.

Therefore, the process of
manufacturing of the enterprise is steady.

3. Obtaining of the optimal filter of the process of
gross product manufacturing

We will determine the matrix of the parameters of the
optimal filter for gross product manufacturing by an
enterprise

gross  product

mY + BY +cY =N(t),
Y +aY +a,Y =n(t), (20)

where
a=p8/m; a,=c/m; n(t)=N()/m; N(t) are the
volume of external investments of an enterprise.

Let us present equation (20) in the Cauchy from,

accepting X, =Y, X, =Y
X =X,

T

Let us assume that during the process of gross
product manufacturing, motions and velocities are
measured, that is, all components of the vector of the
process state are “observed”. In this case, the dynamic
process will be presented by differential equations

dX (t)

(21)

=FX(t)+ LN (t); (22)
dt
Z(t) = HX (t)+V (1),
where X = [Xl} is the vector-column of the process
X2
state; F = is the matrix of the process
-4, —a

0
parameters; N = is the wvector-column of
n(t)

10f. .
is the identity

01

1 0 o
the identity

01

matrix characterizes relations of the observed vector with

L

external investments; =

matrix at vector N(t); H

state vector; V ={Vl} is the wvector-column of
V2
measurement errors.
To determine matrix K (t) of the matrix coefficient
of strengthening of the optimal filter, we will use the
Riccati equation
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Z—f:FK(tH K()F - K(@®H RTHK () + LQL, (23)
where
KZl K22 O q 0 r2

4 |Yr O
" {o ]/rj-

Substituting matrices in equation (23) and performing
matrix operations, we will obtain the system of the
Riccati equations

Ky =2K, -K2/-K: /Iy,

KIZ = K22 —& K11 7a'1K12 - K11K12 / nh- K12K22 / I

Kzz =—2(a,K,, +a,K,,) - Klzz I — K222 Ir,+q

The expression for the filter misalignment factor is

Kll/r;l KlZ/r2:| . (24)
I<21/r1 K22/r2

Them the matrix of parameters of the optimal filter
will take the form

C(t) = K(t)H'Rl{

_Kll/rl 1- Klz/rz
—& - Klz/r1 —a - Kzz/rz
Analyzing the matrix of parameters of the optimal

filter, we conclude that in this case coefficients of BPA
growth and retirement must change [5]. If the values of

the correlation functions K,,, K,,, K,, approximate or

are equal to zero, the original process will be close to
optimal.

We will write down the matrix of parameters of the
optimal filter as

{A&Az
A A

Characteristic equation of the optimal filter
A-4 A
A A4
22— (A+A)A+AA - AA =0,

Therefore, coefficients of growth and retirement of
BPA can be determined form formulas

c=m(AA - AA);
b=-m(A +A,).

F, = F~C(OH =[ } (25)

opt

D= =0 or

(26)

To obtain numerical values for parameters, it is
necessary to solve the system of Riccatti equations on a

computer and substitute values K, K, K,,,
corresponding to the established process, in (25).
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Analysis [7] of the matrix of the optimal filter
parameters (25) shows that the values of coefficients of
growth and retirement of BPA must change over time,
i.e. coefficients of retirement and growth of BPA should
not be constant at the stages of the lifecycle and an
enterprise must develop intensively.

Conclusions

Thus, as a result of the conducted research:

Based on the concepts of observability and
controllability, it was proved that the process of gross
product manufacturing by an enterprise is a control
object.

Analytical dependences for coefficients of growth
and retirement of BPA were determined using the
matrix method of dynamic programming|[6]

Selection of weight coefficients of quadratic quality
functional was performed. The selection was based
on the requirement to get aperiodic law of
development of the process of gross product output
and the physically implemented synthesizing function
[11].

The regions of optimal values of design parameters
were determined (Table 1 and Table 2). The data of
Table 2 indicate that the value of the coefficient of
BPA retirement is less than 0.3. The values of the
coefficient of BPA growth (Table 1) are by two
orders of magnitude less than the values of the
coefficient of retirement, i.e. the optimal values of
parameters provide for physical feasibility of the
process of gross product output.

Selection of design parameters from the region of
optimal values, which is provided by the steady law
of process development, was substantiated. The
growth coefficient is 0.00106 and BPA retirement
coefficient is 0.1086 at fund capacity of 1.5.

Optimal filter of Kalman-Bucy for the process of
gross product manufacturing by an enterprise was
constructed. The values of coefficients of BPA
growth and retirement of the filter matrix can change
over time, i.e., these coefficients should not be
constant at the stages of the lifecycle and an
enterprise must develop intensively.

Modeling of the process of gross product output with
optimal values of coefficients of BPA growth and
retirement was performed in modeling system MVTU
3.7. The diagram of the process of gross product
output without external investments (Fig. 5) and
transitional characteristic (Fig. 7) prove the
sustainability of the process.
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