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ANALYTICAL MODELING EVALUATION AND MANAGEMENT
OF OPERATIONAL STATE OF POWERFUL DRUM MILLS
AS INTELLIGENT AGENTS

The use of intelligent multi-agent systems in the technological processes of mining and processing enterprises,
taking into account the complexity and power of the units used here, requires research and analytical justification
for the functioning of assessment and management systems in this environment. A promising approach is the abil-
ity to present each technological unit, namely a powerful drum mill with a control system, as an intelligent agent in
the whole set of technological and technical processes actually existing here.

The aim of the work is to study the possibility of analytical modeling of evaluation and management of the oper-
ational state of powerful drum mills as intelligent agents using an observer.

The methodology for ensuring the solution of the presented problem is to apply the reflection of the operational
state of a powerful drum mill through the internal state of the agent in state variables, which to minimizes the resourc-
es for the formation of initial assessment and control solutions.

The scientific novelty is in the application of analytical modeling in state variables, using the principle of dynam-
ic programming by R. Bellman to present the internal technical and technological state of the drum mill through
the state of the agent, using a discrete observer for operational evaluation and control. This allows optimization
according to a given criterion for the accuracy and energy consumption of the initial solutions that are formed in
the system.

Conclusions. The justified application of equations in state variables written in the normal Koshi form
to represent the internal state of the agent of a powerful drum mill presents an opportunity to more effectively
work out the formation of optimal laws of decisions made according to a given criterion for accuracy and energy
consumption.

Key words: multi-agent systems, intellectual agents, drum mill, dynamic programming, state variables,
optimization of evaluation and management.
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AHANITUWYHE MOOEJIIOBAHHA OUIHIOBAHHA
TA YNPABJIIHHA ONEPATUBHUAM CTAHOM NMOTY>XXHUX BAPABAHHUX MJTUHIB
AK IHTENEKTYAJNIbHUX ATEHTIB

BacmocysaHHs1  iHMenekmyanbHUX MyIbmua2eHmHUX CcuCmeM 8 MEeXHOMo_IHHUX fpoyecax eipHUYo-
36aecadysarnbHUX MiONpUEMCME, 8paxosyloyu CKadHICmb ma MomyXHicmbs agpesamis, WO mym 8UuKopucmo-
gyrombcsi, eumazae OOC/OXeHHT ma aHanmimu4yHo20 0obrpyHmyeaHHs hyHKUIOHy8aHHS 8 UbOoMy cepedo-
8UWi cucmeM OUjHI8aHHS ma ynpaesiHHSA. [lepcrniekmusHUM MidXo000M npu UbOMY 8uCmyrnae MOXI/UGICMb
npedcmasumu KOXHUU MEXHOO02iYHUll agpeaam, a came nomyxHul 6apabaHHUlU MIIUH 3 CUCMEMOK Ke-
py8aHHs1, K iHmenekmyanbHUll azeHm y 6Cili MHOXUHI peasibHO ICHYYUX Mym MeXHOMN02IYHUX ma MEeXHIYHUX
npouecis.

Memoro pobomu € O0CrniOXEHHSI MOXNIUBOCMI aHalimu4yHo20 MOOEM08aHHSI OUiHIO8aHHS ma yrnpaesiHHs
orepamusHUM CmaHoOM romyxHux OapabaHHUX MIIUHI8 SIK [HMeneKkmyasnbHUX a2eHmie 3 BUKOPUCMAaHHSIM
criocmepieaya.

Memodonozis 3abe3neqyeHHs piweHHs npedcmaeneHo20 3ae0aHHsI ckrnadaembcsi 8 3acmocysaHHi 8idobpa-
JKEHHS 0ornepamueHo20 cmaHy nomy»xHo2o bapabaHHO020 MIIUHa Yepe3 8HYMPIWHIU cmaH ageHmy 8 3MIHHUX cmawHy,
w0 00380719€ MiHIMI3y8amu pecypcu ¢hopMy8aHHsI BUXIOHUX PilieHb OUIHIO8aHHS ma yrpaessiiHHS.

Haykoea Hoeu3Ha. CkralaembCsi 8 3acmocy8aHHi aHanimuyHo20 MOOenoeaHHs 8 3MIHHUX CmaHy,
3 8UKOpUCMaHHSIM MpuHYuUiy OuHamid4Ho20 rpozpamysaHHs P. bennmana 00 npedcmasneHHs 8HYympiWHb020
MEeXHIKO-MeXHOM02iYyHo20 cmaHy bapabaHHO20 MIuHa 4Yepe3 cmaH azeHmy, 3 BUKOpucmaHHs Ouckpem-
HO20 crniocmepieaya Ornisi onepamueHOi OUiHKU | yrpaerniHHs, wo 003eonse 30iUcHUMU  OnMmMuMisaujio
8i0noeiOHO 3adaHo20 Kpumepito Mo MoYHOCMi ma eHepaosumpamam BUXIOHUX PileHb, sKi hopMyombCs 8
cucmenmi.

BucHoeku. ObrpyHmosaHe 3acmocy8aHHs pigHsiHb 8 3MIHHUX CmaHy, 3anucaHux 8 HopmarsbHil ¢opmi Kowu,
0ns npedcmasneHHs1 BHympillHb020 cmaHy a2eHmy nomyxHo2o bapabaHHO020 MiUHa npedcmassise MOXausicms
binbw eghekmusHO sidnpaurosamu ¢hopMysaHHsI onmumMasibHUX 8i0rnosioHo 3adaHoe0 Kpumepio Mo MmMoYyHoCmi
ma eHepzosumpamam 3aKoHy pileHb, Wo npuimaemscs.

Knrouosi cnosa: mynbmuazeHmHi cucmemu, iHmenekmyarnbsHi azeHmu, nomyxHul 6apabaHHul mauH, OuHa-
MiYHe npoepamysaHHs, 3MiHHI CmaHy, OnMmumi3auyisi OUIHIO8aHHS | YrpaesniHHs.
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Urgency of the problem. If we consider
every single powerful drum mill as an agent of min-
ing and processing enterprise, and there are doz-
ens of them located in the shops parallel to each
other, then it is quite possible to introduce such
an enterprise as a complex multi-agent system.
Moreover, each drum mill that unites a whole stack
of various technological, physical and chemical
processes, taking into account automatic con-
trol systems is essentially an intellectual agent.
Depending on the physical and chemical proper-
ties of the ore, which comes to the grinding, and
the current technical condition of the mill units is
carried out the operative intellectual adaptation of
the control system according to the formed con-
trol criteria (is carried out). This is where applica-
tion of analytical modeling to the estimation and
management of the operational state of powerful
drum mills as intellectual agents is a perspective
approach with the purpose to increase the accu-
racy and reliability of functioning of technological
process of grinding.

Analysis of recent research and publica-
tions. A wide study of existing sources revealed
examples of the use of multi-agent systems for
planning the work of various production complexes
(Griffin, 2001; Meshcheriakov, 2018; Doudlya,
2004; Parunak, 1997; Karaboga, 2005). The main
advantages of such systems are respectively: a
clear formalization of decision-making points in the
form of agents; basic scheduler, which accordingly
operates in real time; the formed network of agents
that is connected by specific relationships and
independently coordinate their functional actions.

In general, the most significant practical results
of the use of modern multi-agent systems include
the solution of a number of problems of forming
an apparatus of needs and capabilities (PM net-
works). Software-implemented in the form of
MAGENTA technology, this apparatus of PM net-
works (developed by V.A. Vittikh, P.O. Skobeleyv,
G.A. Rzhevsky (Meshcheriakov, 2018)) has found
wide use in applied intelligent planning systems for
various technological processes and distributed
throughout network of objects.

The simulation modeling apparatus also uses
a multi-agent approach to formalize the behavior of
objects as agents. Currently, there are approaches
and appropriate models of multi-agent planning
on active and passive converters (developed
by B.l. Klebanov and I.M. Moskalev (Parunak,
1997; Karaboga, 2005))), as well as approaches
implemented in the AnylLogic environment and
when modeling the technological processes of
resource transformation (Meshcheriakov, 2018;
Doudlya, 2004).
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In the identified existing directions of applica-
tion of modern multi-agent systems and, accord-
ingly, intelligent agents, no significant attention
has yet been paid to the operational internal state
of powerful drum mills as agents, the assessment
of this state and the management of the first on
the basis of observers. Obviously, in the future this
is one of the promising areas of consideration of
generally complex powerful technological units as
intelligent agents.

The purpose of the article is to explore the
possibility of analytical modeling of evaluation and
management of the operational state of powerful
drum mills as intelligent agents using a discrete
observer.

Presentation of the main material. Solving
the problem of identification and optimal joint
control of the technical and technological condi-
tion of powerful drum mills is an important task,
and practice requires such a comprehensive
approach. Therefore, considering the architecture
of a powerful drum mill on the examples of a mill
of the MMS 90 * 30 type, as a single closed
technical and technological system, it is quite
acceptable to carry out its presentation with a
block diagram presented in fig.1, where typical
links with unknown values of coefficients reflecting
the actual inertia of the corresponding functional
technological channels are taken (Meshcheriakov,
2009; Meshcheriakov, 2015).

The control algorithm is formed in the following
form. It is necessary to form such control actions
U,,U,,U;,U,, to ensure optimal stabilization at
the specified levels of the total friction value in the
support bearing units of the drum mill, the total
friction value of the ore filling mass in the drum and
the timely stop of the powerful drum mill before the
emergency (on the supports and lining).

Based on Fig. 1, differential equations
describing the operational dynamics of the state
variables of a powerful drum mill will be presented
in the technological state as following:

.k * * %k *
X +ox =bU,, X, =x +x, =x +kU,

(1)

.k * * *k *
X, +o,x, =bU,, X, =X, +x, =x,+kU,,

*

N
And according to the technical condition

X +X,.

X tapx; =bU,, x;=x;+x; =x; +kKU,,
X, +aux, =bU,,
X, =x,+x, =x,+kU,,, y;=x+x,..
After replacing x, with zZ; expressions (1) on
the technological and technical conditions, respec-
tively, will look like
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(2)

. )
z, +o,z, =bU,

{ z,+a,z, =bU, {23 +a,z, =bU,
. y
Z, +a,z, =bU,

W=z +z,+kU,+kU,, vy, =z +z,+kU,+kU,.

U, b,

U, b5
P+ s

Uy

- ky

b5
pr + 3

Fig. 1. Complex technical and technological
architecture of a powerful drum mill
in regular mode

As a result of combining the equations (1) and
(2), the complete system for displaying a powerful
drum mill in state variables with this representation
will be presented in the following form

z, =—a,z, +bU,, z,(0)=2z,;

Z, =—a,z, +bUs, 2,(0) =z, ; (3)
zZ, =—a,z, + bU,, 2,(0) =z,
z, =—a,z, +bU,, z,(0)=z,;

Accordingly, the output equations will have
the form

nw=z+z,+kU,+kU,, y,=z,+z,+kU, +kU,,
y=yty, =z +z, +z+z,+(k +k)U, + (k, + &)U, (4)

Or in vector-matrix form

z, -2, 0 0 0 z, b 0 0 0| |z
d|z|_ 0 -a, O 0 NEAN 0 0 b O e ’
dt| z, 0 0 -a, O Zy b, 0 0 0| |z

z, 0 0 0 -a z, 0 0 b 0Of |z

Z U,
2 2
y=[l 11 1]x +[0 k+k 0 K +k,]x

3

SICES

N

Z4

Transients in the mathematical model of the
system for evaluating and controlling a powerful
drum mill as an intelligent agent will be absent at
the following values of controls

U =Uy: U,=Uy; Uy=Uy; U,=U,,
where U, , U,,, U,,, U,, — are constant values,
and respectively
Z = blUIO : Zyy = b2U30 : Zy = bSUIO; Zo = b4U30 .

al aZ a} a4

Because it is required to stabilize the values
of controls y =¢,, y; =c,and y=c, where ¢, ¢
i ¢, —are taken as constant values, then the initial
control levels can be found from the relations

_ bl UIO b2 U30

€ =2+ 2y + KU,y + KU, = +—=—=+kU,, + kU,
Q a,
bU,, bU
€ =2z + 2y + Uy + KU, = % + 406 2+ kU + kU (5)
3 4

c. = blUIO 4 b2U30 + b3Ul() + b4U3O

2

+(k, + k)Uy + (ky + kU
Q a, a, a,

When changing control actions by the amount
of magnification, the mathematical model of the
system of equations (3) and (4) can be written as

z, =—a,z, +b (U, + AU)) 2 (0)=z
Z, = -z, +bU,, y l 1’
bU
2,,(0)= L0 ;
o
{z’z =-a,z, +b,(U,, + AU,) £ (0) =z,
Zyy ==z + DU,
bU
Z,0(0) =23
2
{2'3 =-a,z, +b,(U,, + AU)) £ (0)= 2,
Zyy = —QZy + b3U10
b.U
23(0) = 10
a;
{2'4 =-a,z, +b,(U,, + AU,) 2 (0)=z
. ) 4\VU) =2y,
Zy == Zy +bU;,

Z40 (0) — b4U30

4

{yl =z, +2, +k U,y +AU,) +k,(U,, +AU,)
Vip =2y + 2y T Uy + U,

{yz =z, +2,+k (U, +AU,) +k,(U,, +AU,) (6)

Yoo =230 + 2y T 15U, + KU,

{y=zl +2z,+2, + 2, +(k + k) Uy + AU, + (ky + k,)(U,, + AU,)
Yo =Zig + 2y + 23y + 2y + (K +H6)Us + (ky + kU
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When subtracting from the upper equations of
the lower equations of the systems (6), you can get
the corresponding expressions

. bU
& =-a,g +bAU,, ()=, — 12

. bU
&, =—a,&, +b,AU,, £,(0) =z, — 22 ;

2

b3U10

& =—a,8, +b,AU,, (7)

&0)=1z, - ;
a,
bU

£,(0)=z, _%;

4

&, =—a,6, +bAU,,

Vi =&+&+kAU, + kAU,
V=& + &+ kAU, + kAU,

y=¢& +¢& +e+e +(k+k)AU, +(k, +k)AU,

he & =2z;,%+2z,, (i:L_4)-

To determine the unknown coefficients of the
system (7), it is possible to conduct a compar-
ative analysis of it with other normal systems of
equations in state variables [2, 3, 5, 6, 8]. Then the
systems in the state variables in general can be
represented as follows:

— model of electromechanical system of power-
ful drum mill in vector-matrix form

y=Cx+DU, x(0)=x,; (8)

— adopted technical and technological model of

a powerful drum mill in vector-matrix form

p=Mp+ NU ,

y=8p+RU, P(0) =%, . (9)

Then using the Laplace transform we get for
the system (8)

(pE - A)x(p) =BU(p) +x,
x(p)=(pE - A)"'BU(p)+(pE—-A)"'x

Y(p)=Cx(p)+DU(p)=
=[C(pE - 4y B+ D]U(p)+C(pE - A)'x,.

(10)

And accordingly for the system (9)
(PE —M)op(p) = NU(p) +X,
@(p)=(pE~M)'NU(p)+(pE-M)"'%,
Y(p)=Se(p)+RU(p)=
=[S(pE-M)"'N+R|U(p)+S(pE-M)"%,.

(11)

Based on the supposed identity of the systems
considered in comparison, it can be assumed that

C(pE-A)'B+D=S(pE-M)"'N+R (12)

56

C(pE—A)flx0 = S(pE—M)fly_CO.

And then respectively
(ki) + gy + ks + keg) p +
[(kyy + sy + ko)) + ks o) — ks —
i\ 0tyy = k) — kyy = kg3 1p? +
H(—hsy = kyz)ayy + (kys + Ky )y, +
H(kyy +ky3)a) + (kyy = kg )y + ks +ky3]p +
oy + ko3 + kyjasy + (kyy + ks + ks ) oty —
—kgy +koy +koy +koy =(by + by + by +by) pP +
H—oy (b, +by+by)—ay (b + by +b,) -
—as (b +by +by)+ay (b +by +b;)]p” +
Haya, (by +by) + oy (by + by ) +
+oqoy (by +by) + a0 (b + by ) +
+aa0y (b +by )+ aza, (b + b, )lp—
-boyoz0, — byoyon,an — byayasa, — byononas. (13)

By equating the coefficients at the same
degrees of the complex variable, we obtain a sys-
tem of nonlinear algebraic equations, the solution
of which in this case the consideration leads to the
following values of unknown coefficients

@, =0.7720389-10” b, =-6.286364-107",
k/ =3.066031-10"
a, =0.741194-10" , b, =0.923272-10*,
Kk} =1.0203-10°
o, =0.119998-10°, b, =1.726575-10%,
k; =1.034001-10™"
a,=0.0, Bh,=0207001-10",
k; =0.2114031-10°.

Checking at the obtained values of the condition
of recoverability through the standard matrix of
recoverability.

C 1 1 1 1

CA4 -, -a, -0, -,
Q= ca |~ -a} -0 -ai -a B
cAL| |- -a& -ai -a
1 1 1
—-0.77204 -10% —-0.7412-10" —-0.11999-10%

-0.0143976-10""
—0.001627-10"

-0.549377 -10%
-0.407199 -10*

1

0
-0.596046-10°* 0
—-0.460171-10" 0

The matrix is not singular due to the fact that
detQ =-0.7629752-10* 20 and rangQ=4=n.
Therefore, in this case the object is renewable.
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To ensure maximum accuracy of management
and minimization of energy costs, management
in the analytical design of the evaluation and
management system uses the functionality of
the form

[:j:[%(yl _J’m)z +45 (7 _yzo)2 +45(U; _Ulo)2 +

+CI4(Uz —U20)2 +CI5(U3 —U30)2 +qs(U4 —U40)2Jdt~ (14)

If the numerical values of controls and controlled
variables are brought to standard unified signals, it
is permissible to equate them

4=9=9=9=9;=q,=1.
Taking into account (7), the functional (14) will
receive the following expression

1 :J(:O[glz +522 +g32 +gf +2(86, +6584) +
+AUT + 20U, (gky + &,k + &3k + £4k3 ) +
+AU3 (kl2 +hey + 1) +AUZ +
+2AU, (glk2 + &k + &3k, + £4k4) +
+AU§(1{22 +k, +1)+
+2AU,AU, (K, + Kk, ) | dt

Drawing up
R. Bellman

(15)

the functional equation of

gl+e +e +e +2(g6, +66,)+AU +
20U, (gk, + &,k + &k, + £,k,) +

+AU; (k12 +k, +1)+AU32 +

20U, (&, + &,k, + £k, + £,k ) +

+AU; (K +k, +1)+ 20U, AU, (kk, + ki, )+
+(—a¢, +b1AU1)j—Z+(—a2£2 +b2AU3)j—i+
a5 _

&,

+(—ays, +b3AU1)j—j+(—a4g4 +b,AU;) 0

3

280, +5, 5 5, B g
de, de,

(16)
k(& +¢)+k (s +€4)+AU2(k12 +k; +1)+
+AU, (K, + ke, ) =0

28U, +5, 9 4 p, B
d de,

2
k(& +&)+k, (& +¢)+
+AU, (K +k, +1)+ AU, (kk, + kk,) =0
Denote accordingly
a=(kk, +kk), f=(k +k +1), o=(k +k +1).

=0
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From the second, third, fourth and fifth equations
of the system (16) it turns out

AU] =—l[bld—S+b3d_S]
2\ ds de,
AU = |:_k1 (a1+6) k(e +34)}(0‘2 —ﬂz) ~
2 ﬂ(a2—ﬂ2)
_a[(el +&,)( Bk, —ak)+ (& + &, )( Bk, — aky) |
ﬂ(a2 —,52)
AU; =—1[b2d—s+b4d—sj (17)
2\ “ds, &,
o, et~k (s ) )

aZ_ﬂZ

Accordingly, from the first equation of the
system (16) after substituting the expression (17)
into it, it turns out

g+el+el+eg +2(6‘182 +g3g4)+
ds

2
+l b, s +
4\ ' d de,

+2(ek, + &,k + &k, + £,k G +
ds

+l b, —
4 de

2
+2(ek, + &k, + &k, + £,k ) K +

+ b,
&

2
ﬂ} +pG +

+b
Yde,

+0K* +2aGK - ¢, a5 _

51

by dS,, dS\ds _  dS
2\ dg de, |ds, ds,

by, dS , dS\dS _  dS _
2\ “de, de, )ds, de,
b

_bf,ds,, ds\ds _ ds_
2\ deg de, )de, de,
b ds ds | ds

-2 b,—+b,— |—=0 (18)
2 ds, de, Jde,

To find the laws of control (17), it is necessary to
find a function S in the form of an expression (19)

4 A A A
"2 2 2
A, Y Ay Ay | |
22 a
S =[ay, 0, 05,0, ] x 2 202 | |%| (19)
Ay Ay, A |
2 2 P 2| e,
14 A24 A34
De D Tuy
L2 2 2 %]
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From the expression (19) it is determined ds
s ﬁ = A130(1 + A23a2 + A330.’3 + A340.’4 . (20)
—— =24, + Ao, + A o, + 4,0, ’
da The last equation substituting in (17) is obtained
as = 4,0, + A,a, + Ao, + Aya,; AU, =—| 4,b + Asby & - Aob + Aisby &, =
da, 2 2 2
ds Ab, Ab  Ab
da, =A,o + 4,0, + Ao, + 4,0, ( 1; + Ayb, j ( 1; 1 +%]g4
U [ (1=72)+ (rky = k) | =[ K (1= 77) + (ke = k) |2, =[ e (1= 77) + (ks = ) [y [ e (1= 77) + (ks = ) ]2,
2 ﬂ(a2 ﬂZ
N T R R N EX SET A Sy
AU vk, —k)& +(rk, =k )&, +(rk, —k 36 +(vk, —ky)e, 21)
4 = .
a(i-7")
Substituting (20) in (18) and grouping the mem- U, =—0.1323491-10z, —0.1291547-10 2, +

bers with &,¢,,6,,6,,6,6,,68,6,6,,6,63,6,6,6,€,

51 39
and equating the coefficients with zero for them, +0.105171-107 2, —0.2166968 - 107z, +

we get a system of nonlinear equations of the form +0.1513307-10*U,, —0.160182-107"U,,
V(A Ay Ao Ay Aoy Aoy Ay Ay Ay, A,,) =0, U, =—-0.5082528-10 'z, —0.5182528 10 'z,
i=1,2,3,.10. (22) —0.2499975-10% z, —0.2499975-10 > z, +
Solving a system of equations (22), we find +0.3597226-102U,, —0.6331076-10°U,,  (25)
the desired coefficients 4; , which in this case are
equal accordingly U, =-0.1560788 10z, —0.2597863-10" z, —
4,=0.1533-107 4, =0.1508-107 ~0.2597863 107z, — 0.5195725-10" z, +
4, =02510 4, =02511 +0.37380701-10¥U,, —0.323604-10"" U,
4,=0.1533-107 4, =0.1510-107 U, =0.4998983-102z, +0.4998983 10z, +
Ay, =0.6091-10" (23) +0.4999995 107 z, +0.4999995-107° z, +
4,=0.1533-10"  4,,=0.1496-10" +0.7194502-107°°U,, +0.6227008-10"'U,,
4, =02510 When using in the control circuit of the

Substituting their values into expressions (18) it ~ calculator and the expression of the law of control
can be obtained of the complex system in the state variables (25), it
w0 w0 is advisable to restore the state vector of the drum

AU, =-0.1323491-10™" 5, —0.1291547 10", + mill with the help of a discrete observer. In this
+0.105171-10™ &, = 0.2166968-10" ¢, case, the structure of the control system will look

AU, =—0.5082528-10 5, —0.5182528-10 "¢, + like the one preseqted in Fig. 2, gnd the discret.e
10.2499975-10 ¢, —0.2499975-10 % ¢, ng’ f;f’?gl?ouiagee?gg::igi equations of state will

AU, =-0.1560788-107 ¢, —0.2597863-10™ ¢, +

y 3 100 0 0 0 0
+0.2597863-10" &, —0.5195725-10" ¢, i 01 0 of 0 m 0 . (26)
U, =-0.4998983-10 ¢, —0.4998983-10 ¢, + D= o oF P 0 0 oV @
+0.4999995 10 ¢, —0.4999995-10 " ¢, (24) 00 01 0 0 m O
Replacing variables &,&,,&,,&, with their With the corresponding replacement of z(¢) by
values from (7) AU, to U -U, expressions z(i), and accordingly U(t) by U(i) it tuns out
of control actions have the form that the output variable y(r), which is canted at
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U = const

- - - |
Fig. 2. Block diagram of a multidimensional optimal evaluation
and control system with a discrete observer when operating a drum mill
moments of time ¢, where i =0.001,0.002,0.003,... 1-k -k —k, —k,
will be determined as o ke —k, 1-k, —k, —k, (28)
+ () _ + [ y a =
G (I Y O bk mlok)
+[my L+ my+my L+1]U (i) —k,  —k, ~k, 11—k,
where z*(i+1) is replaced by " (i) for numerical This matrix has the following characteristic
values polynomial
n,=0.4314-10", m, =0.1490-107, 2 N
-6
m,=-0.9233-10",  m, =0.207-107, +nk ko, kel —nk ke +nk kel —ngk, —
b=k, L=k —nk, — nyk, — nik, +nkk, +2n.k k,

The given above proves that the formed
evaluation and management system is fully
renewable and we can find

+nk, ke, —nk k, +n ki ko ky, —nk kik,
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=3mk,kik, | p—mk; + 2mk ke +
+nkk, ke —nk kil +nkk; —nk, —
-k, —nk, —nk, +nk k;, + 2nk k, +
+nk, ke, —n.k,k, + nkk,k, —nk kk, +
+3mk, k. k, —2n.k k,kk, +n, =0

The corresponding discrete observer is found
from a system of equations

k +ky +niky + k, —(ny +3)=0
nk; —(ny +2)k, — 2k, —4nky —(ny +2)k, +
+2k ke, +(2n, — 1) kky + 2k k, +
+n,k, ke, +3(n, +1)=0

(29)

ny (2k, =k, ) k5 +(2n, + 1)k, +
+(2n, +1)k, +3n.ky +(2n, +1)k, —
—(5n, + 1)k ky = 2n,k,k; + nyk,k, —

—(ny = 1) kheyke, — ke, —

+2n,kk, +nk,ky, —nyk,k, +
+mk k,k, —n,k k.k, +3n,k,k.k, —
—2n,k k,kk, +n, =0

where n, =0.4314
The solution of the system (27) determines
the matrix of observer coefficients

k, —3.4314
P k| 12.6373
k| 141.29

w

. ~0.443307-10° (31)

The resulting discrete observer reduces any
initial recovery error to zero value in a maximum
of four steps.

Conclusions. The presentation of technologi-
cal units, namely powerful drum mills, in conjunc-
tion with optimal control systems as individual
intelligent agents can be analytically justified in
structure. Accordingly, modeling through the vari-
ables of the state of the complex internal opera-
tional state of the mill as an agent of a multi-agent
system presents an opportunity to more effec-

—nkkk, —3nk,kk, =0 (30) tively VYOI'k out th(_a forma_tior_1 of optimal decisions
according to a given criterion for accuracy and
—n3k32 - 2n3k1k32 + n3klk2k32 + energy consumption of the law of decisions made.
5 5 The use of a discrete observer in this structure
+mkiky ke + mskoks —ngk — increases positive outcomes of evaluation and
—nk, —nk, —nk, + nkk, + management.
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