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Summary. This paper presents examples of currently operating
complex multiproduct systems of continuous engineering structures.
Principles of synthesis of such systems are given in the sense of
reduction of series-structure subsystems as well as series-parallel
structure subsystems. The paper provides principles of taking into
account the geological structure of mined rocks (mineral, overlay)}
ways of determining spaces of technically possible operatlng states
of systems are discussed, particular attention being paid to an
algorithmic method adapted for _a digital computer} and furthermore,
the problem of system control in actual time is discussed. On account
of the limited length of this paper, some important problems have
been omitted, eg: conditions of start-up in the algorithmic method,
the principle of system decomposition (Fig. 12), the principle of
averaging the mineral properties in stacking yards.

1. INTRODUCTION

Currently, in open pit and underground mines, as well as in raw mate-
rial processing plants, machine systems with conveyors and wheel trans-
port are used. Figs. 1-5 show examples of machine systems being currently
employed in mines. Fig. 1 represents a constructional-functional diagram
of a system operating in one of lignite mines. Fig. 2 represents a dia-
gran of the main conveyor transport in one of underground mines with which
wheel transport (Fig. 3) cooperates in particular flats, and - possibly -
belt transport with heading machines (Fig- 4) or scraper-buckets.

As far as machine systems with belt transport are concerned, until the
60 s there was no theoretically correct method of calculating systems
with belt transport of mixed reliability structures. In the case of sys-
tems with wheel transport, (1) presents a technique of solving cyclic
single systems of bulk handling; another solution in this respect is gi-
ven in (2), and the applicability: to the calculation of this type of sy-
stems in mining is presented in [2, 3] « Both solutions did n: t take into
account the fact that exploitation in mines involves hierarch: jal, multi-
ple (at least-duplex) systems of winning and transport. The p: inciples
of solving such systems as well aa a general method of calculating cyclic

systems arc given in [32le
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~ working face

O— direction oftraffic of loaded vehicle»

O—direction of traffic of empty vehicleS.

0— drlvmg_ station_of conveyor —
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— v unloading station of conveyor.
push-plat* armoured conveyor.

—Q>belt conveyor

CJ drill truck jog e Jz
£53dump. - a
d ore L >

Q unloading point
a support lining.

Pig. 3. a) Diagram of breast-and-pillar system with wheel transport in
a flat; bj calculation diagram of wheel transport in a flat

Rys. 3. Schemat: a) systemu komorowo-Ffilarowego z oddziatowym transportem
oponowym, b) obliczeniowy oponowego transportu oddziatowego
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Pig. 4. Constructional-functional diagrams of wall equipment

a) with one mechanical miner; b) croas-section with non selective exploi-

tation; c) cross—-section with selective exploitat!onj dj in graph xoxtn,

with non selective exploitation; e) in graph form, with selective exploi*

tationi with two mechanical miners operating of the same direction of

mining; h) in graph form, with two mechanical miners cooperating with dif-

ferent sections of lining; i) in raﬁh form, when two mechanical miners
cooperate with the same section of lining

Rys. 4. Schematy konstrukcyjno-funkcjonalne uzbrojenia éciany

a) jednym kombajnem, b) przekrdj poprzeczny z eksploatacja nieselektywna,
c?( przekroj poprzeczny z eksploatacjag selektywng, dl w formie graru z
eksploatacjg selektywng, e) w formie grafu z eksploatacja nieselektywng,
) z dwoma kombajnami o tym samym kierunku urabiania, g) z dwoma kombaj-
nami o przeciwnych kierunkach urabiania, h) w formie grafu w wypadku pracy
dwéch kombajnow wspédpracujacych z réznymi sekcjami obudowy, i; w £ rm
grafu w wypadku praoy dwoc kombajngwdwspél—pracujqcych z ta samg sekcja
obudowy
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This problem is only mentioned hpre and it will not ba discussed in
this paper.

In view of the increasing application of machine systems with belt and
wheel transport, and their growing complexity, engineering practice has
called for the development of normally correct theories and calculating
methods of these systems.

2. DEVELOPMENT OP THEORIES AND CALCULATING METHODS OP SYSTEMS WITH
iCONTINUOUS ENGINEERING STRUCTURES

Operation of any element of a machines system is a random process. By
an element for a system we understand, for example, an exavator, any type
of conveyor, a dumping conveyor, etc. (for the needs of a more precise
analysis of a system, depending on the degree of precision of analysis,
by an element one can understand a unit or a part of machinery included
in the system). It has been established on the basis of investigations
and their analysis that a stationary random process of a Markov type E]
can be adopted as a formal model of each element of a machine system;
hence system operation is such a process.

The following problems arise during the development of analytical and
simulation methods of calculating machine systems:

- establishing the operational characteristics of system elements in order
to calculate them by meane ofanalytical methods(transition rates between
operational states of system elements) and simulation methods (distri-
bution functions of the duration of elementary states). This problem
was solved in [4], and then successively improved in time (quality im-
provements ana application of new types of machinery);

- establishing a calculation model of the system andestablishing opera-
tional characteristics of respective elements taking into consideration
the fact that the internal structure of these elements changes in time,
and that deposit is one of the elements;

- establishing the way or ways of identifying technically feasible opera-
tional states of systems taking into account specificity of deposit win-
ning (selective, non-eelective, etc.), as well asthe specifity of sy-
stems - mainly systems without stacking yards, andwith them;

- establishing techniques, of deriving equations for boundary probabilities
of technically possible operational states of a system in the case of cal-
culating systems by means of simulation methods;

- establishing methods of system control in actual time with simultaneous
optimization of utility parameters of mineral (calorific value of coal,
composition of ores and their mineralization, etc.).
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As already mentioned, the operational characteristics necessary for the
calculation of systems have been determined in [4] and in subsequent pa-
pers. The principles of determining taese characteristics are given in

5, 6, 7, 8] . When determining a calculation model of a system, we have
to deal with three problems:

- the way of system modelling without talcing into account deposit)

- the way of deposit modelling as an element of the machine system;

- methods of determining operational characteristics of the elements of
the calculation model, henceforward referred to as reduced elements.

Pig. 5» Example of group nodes
a) chute; b) reversion; c¢) draftage

Rys. 5. Przykdtady wezdéw grupy
a} zsyp, b) rewersja, c) rozsyp

An analysis of complex machine systems shows that each of these systems
consists of a finite set of subsystems with a series structure. The divi-
sion of the system into subsystems is determined by engineering and con-
structional reasons, and it is accomplished by the nodes of the syBtem.

We can distinguish three basic kinds of nodSs [9] (Fig. 5)« Hodes are lo-
gical categories [7] , two of them, namely nodes of the group ''‘chute™ and
"reversion" are non-material objects, whereas nodes of the group "drafta-
ge'" are material objects (Fig. 5c).

In determining a calculation model of a aratem, a node of the group
mdraftage.” can he treated as formally indivisible or aiyisible element
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Fig. 6. Diagram of a system with node of group draftage (element 3)

a) constructional-functional diagram} b) in graph form, without division
of the distributor, c¢) in graph form, with division of the distributor}
6} calculation diagram

Bys. 6. Schemat systemu z wezdami grupy rozsyp (element 3)

a) konstrukfyjno—funkc onalny, b) w formie ?rafu bez podziatu rozdzielacza,
ormie grafu z podziatem rozdzielacza, d) obliczeniowy

of a system. In the former case (individual object), in order to determine
operational characteristics for the elements of the calculation diagram
(reduced elements), we have to make use of the general principle of system
reduction [7, 10] ; in the latter case (divisible object), we employ Glta-
dysz’s second principle of reduction [5]. The procedure in the latter
case is described in [7, 10]. Most frequently we adopt procedure as in

the second case. Without formulating the second principle of reduction,
Fig. 6 shows a representative technique of building a calculational model
of the system. It can be seen from an analysis of procedure resulting

from Fig. 6 that in the case applying Gltadysz’s second principle of re-
duction, the reduced elements of the calculational model (Fig. 6d) are
made up of the following elements, respectively (including part of ele-
ment 3), namely! 1=> {1;2J3. 1}, 2-»{6.3; 475}6}, 3=»{3.2;7;8}9}, whe-
reas when applying a general principle of redaction, we shall have, res-
pectively: 1=»{1,2,3), 2=>{4,5,6}, 3=»{7,8,9}. The aim of G>adysz’s
second principle of reduction is to transform the operational characteris-
tics of elements included in the subsystem of series structure into the
operational characteristics of a respective reduced element. Therefore,
let M be a set of characteristics (corresponding to this system) of a
reduced element, than
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A sM-—»L (1)

where A ie a set of functions or algorithms that transform M Into L.
Dependence (1) holds for the application of either analytical or Simula»
tion methods. Functions A for analytical methods, when the number of ele-
ments in a system of series structure does not change in time, have been
derived in [5] and they have the form:

X32 A- (2)
i*1l
- ®
1*1
where: and job* are intensi-

ty rates of transition of the
1th element (Fig. 7) of b system
of series structure from opera-
- ting conditions to failure clea-
ring (flj), and from failure clea-
ring to operating conditions
F is a relative failure
rate calculated from formula:

Rys. 7. Illustration of Giadysz’s se- Noa When the number
cond principle of reduction of elements changes in time,

Rys. 7. llustracja drugiej zasady re- which is exemplified in Figs. 8
dukcyjnej Gladysza B
and 9, functions A have been de-
rived in [11, 12], and they have
a form: _

At,A(<5<v) => \,RB

m
X. 2 mk A i @
k=1

-1
w <2 mk~kN ®)
k=1

in which: k is an identifier of changes in the number of opes iting ele-
ments in a system of series structure, eg in the case as show: in Fig. 8b
and c, 1£k< r-1; and jb™ are intensity rates OF change s in opera-
tional states calculated from formulae <2) and (3)j mk is a relative
worlctime rate i* the kth situation of a séries structure system, therefore:
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fig. 8. Diagrams representing changes in the number of elements iIn time
in a system of series structure in the case

a) changes of position of stock-feeding device in relation to collecting
(conveyors) devices; b) exploitation of deposit in a parallel way; c) ex-
ploitation of deposit In a fan-like wey; d®, d2) changes in the number of

belt conveyors in time in exploitation fields; in the fan-like way; elte2)

changes in the number of belt conveyors on lateral haulage levels and in
the exploitation fields in the parallel and fan-like ways

Rys. 8. Schematy ilustrujgce zmiany ilosci_elementéw w czasie w systemie
o0 strukturze szeregowej w przypadku

a) zmian podtozenia urzgdzenia podajacego w stosunku do urzadzen (przenos-
nikéw) odbierajacych, b) eksploatacji ztoza sposobem wachlarzowym, d-)»d2

zmian liczby przenosnikow tasmowych w czasie w polach eksploatowanych
sposobem wachlarzowym, el(e2) zmian liczby przenosnikéw tasmowych na

bocznych poziomach transportowych i w polach eksploatowanych sposobami
rownolegtym 1 wachlarzowym
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»here:

In the case of simulation methods when the number of elements does not

change and/or changes In time, algorithms A are given in [7, 13].
In engineering practice, we have to do with a definite lithological
structure of roots (deposit, overlay) which brings outi
- shutdown of excavators (caused by inclusions of rocks, with exavation
resistance greater than maximal forces of cutting; rock slices, etc);
- transition of the excavator to winning the solected kinds of rocks
along the direction of winning (selective winning, Figs. 10, 11) with
simulations caused by reasons as previously given.

Fig- 10. Examples of the geological structure of deposite
Bys. 10. Przykdady budowy geologicznej z46z

Functions A for both cases are derived in [14, 7], and have a simpli-
fied forms

in the first case:

r-T D
mn in the second case:
« nik Q, nlk
*Wi * hj sTiJ (8)

where: lik + tij is a joint time of rock winning by the excavator in the
ith area including stanstill times caused by reasons aa in the first case)
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11k is the time of winning of

a particular mineral including
standstill times caused by rea-
sons as in the first oasa in the
ith area; T1J is the time of
winning of other minerals inclu-
ding standstill times caused by
reasons as in the first case.

IT the excavator mines mors
than two selected rocks (mine-
rals, overlay) then we must de-
termine the geological structu-
re of the deposit, sequence of
rock occurrence: therefore, the
sequence of applying quantities

?ig. 11. Diagram of deposition of mine- and Also in this ca-

rals in the case of selective winning se algorithms A for simula-

Rys. 11. Schemat zalegania kopalin w tion methods are given in
przypadku selektywnego urabianie [7, 13]. It should be noted

that in the first case the de-

posit can be treated as an element of a series system structure, whereas
in the second case it must be treated as a reduced element of the system
(Pig- 12). In this figure reduced elements 1, 1*2 are mapping the depo
sit.

Having a determined calculation model of the machine system and kno-
wing the operational characteristics of reduced elements of the system,
we can determine the boundary probabilities of the occurrence of the ope-
rational states of systems. These probabilities make the basis for the
calculation of effective running time of the basic elements of the system
(eg excavators, heading machines, dumping conveyors), throughput, etc, and
for the determination of the weak elements of the system due to a specific
feature. In this procedure we can distinguish machine systems without and
with stacking yards. Kxample8 of such systems are given in Pigs. 1 and 13.

Methods of analytical and simulation calculation have been developed
for both kinds of systems. In the case of analytical systems, particularly
in the case of systems with the number of reduced elements greater than
four, it is essential to determine the technically possible states of ope*
ration. Pour techniques of determining the technically possible Btates
of operation have been developed:

- diagrams of transitions [15] }
- graphs [16, 71 F 8
- positional systems of digital numeration and symbolism [18, 19, 20, 7] |
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Pig. 13. Diagram of machine system with stacking yard

a) constructional-functional diagrams b) calculation diagram (SW) coal
stacking-yard, (E; area of power plant

Rys. 13. Schemat systemu maszynowego ze skkadowiskiem

a) konstrukcy3no-funkcjonalny, b) obliczeniowy, (SW) sk#adowisko wegla,
(ei/ teren elektrowni
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The first three techniques can he effectively applied in the case when
the number of reduced elements is not greater than four; for greater sy-
stems these techniques are ineffective. The further technique is adjusted
to determine technically possible states of operation by means of a digi-
tal computer; adequate algorithms are given in []-

Now, proceeding to a synthetic discussion of the fourth procedure for
the determination of technically possible states of operation, let’s note
that each theoretically possible state of operation (in the system of in-
dependent operation) can be identified by means of upper square triangu-
lar matric Am = {awic], where 1 wSn; 1< k<n; 1<o« |m }n
is the number of reduced elements; |M] is the number of theoretically pos-
sible states of operation, and M iB the set of those states in which

imi = n i awi n Ktig * k * {9>
w=1 g=1
r = 0,5(n-Dn. (€0))

In (9), the terms a identifythe technicallypossible states of ope-
ration of reduced elements, while afftk (w * K)identify the states of
cooperation between reduced elements with numbers W end k; moreover,

n

a

tion, each of the classes having the power J kgklg*

is the number of the theoretically possible classes of opera-

In C19. 20, 7] are given the techniques of identifying classes of the
states of operation taking into account the lack of cooperation between
reduced elements, which is determined by the construction of the system
[7]1- In this case, on the basis of the calculation diagram, one builds
upper square triangular matrix W of the cooperation of reduced elements.
This matrix is built according to the following formal considerations:

Let N be an n-element set and letN x N bea set of all ordered
pairs <w,k> which fulfil the condition wvk £N, w«k. Then let’s
think of two subsets A and B of set N x N. Substet A will include
such elements of set K x Nfor which w<k;subset® B will include
such elements of set 3Fx Nfor which w= k; nowlet subset A, which
is a binary relation, identify the transmitted medium (solid, liquid or
gaseous matter, electric or thermal energy, signals, and so on) between
the elements of set N. Therefore, if pair <w,k> £A, then dependence w
A k holds. On the other hand, if <w,k>£A, then{ * 0, hence
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B is a subset of reverae relations which identify the states of opera-
tion of reduced elements. Condition (11) is a basis for the construction
of matrix W 19, 20, 7] ; talcing it into consideration reduces substan-
tially the number of theoretically possible states of operation of the
system given by {a”} meM.

From the set of steady states allowing for condition (11), we
separate subset "{Am]” of such states in which at least one of the re-
duced elements is either in the state of operation or start-up. Subset
fAm} o is al3dected to three- (multi-product systems) or two-fold (one-
product system) reduction, in consequence of which we remove successively,
from this subset the technically impossible states. Reduction is accompli-
shed according to the following principles*

- continuity of medium transmission through the system;

- transmission through the system of more than one kind of medium (multi-
product systems);

% compatibility of the amount of medium transmitted by a reduced element
with its throughput.

As a result of such a procedure, we obtain a set |Am] go of techni-
cally possible states of operation thanks to which the system works.
Using the algorithm given in [19] and using so* we obtain a set

{Am} sl oi ctlilita}ly possible states of operation thanks to which the
system is in the state of failure clearing. In consequence, the set

M t - I' M souN }
is a basis for the determination of equations of boundary probabilities
of the occurrence of operational states and also for a further analysis

of the system. Respective algorithms are given in [19, 7]. Assuming that*

state of operation

state of failure clearing ( ZY
1
state of forced standstill
state of start-Up
i lack of cooperation between w and k
awk = as

cooperation

and also that: c N is a subset of sources; 1® a 6 b88* of In~

ternal elements; H c H 1is a subset of outletB, we obtain th following
conditions of continuity of medium haulage through the system
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LENAV * @Vl >

2 awk B0i for w <Kk, P

[2 awk 3
" 1

rc Aaw=@V3l+

=m [2 ank =0 A2 awk * U for w <Kk, 15)
w k
1" e\ Aaw =° *°
[2 awks 2 awk >1  for w< Kk, 16
w k
[*Clfw Aaww3 3]
=*[2 awk3 0 A2 swk>d TForw<k, an
w k
€ Hya ey s oy =>
N [2 awk 81A 2k awk 3 “] for w < ** a3
w
fvenN,aa, =3 =
n [2awk= 2awk3°] for w< Kk , 19
W k

Uaing conditions (14)-(19) and the algorithm given in {jI9, 7], as a
result of an analysis of the set of states {”e} ko’ we set

{Ae} do £oT furtiie™ analysis.
When we deal with multi-product systems, we build a matrix of multi-

produo tivity for each dQ. Let U be a set for discriminated
media} u = |u| power of set O, and let u» HUa , be a code that will
identify a concrete medium, then we determine the matrix of multi-produc-
tivity » of a definite state of operation of the system using the fol-
lowing dependences!
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jw€ HAa™ a@ v 2] u™ noO 0)
[we Haafflk3 0] => u”™ bo, QD
[*£ NzAaw m (0 V3] =* “kka ti” (@)

[we (Hzv \wW)A ~ 3 uj -*

N [Crke © uin (@t * ] iorl " < k»
k-1
[*e (\WwvVv Ha)] => [ur =3 (u» F0)] for w <Kk, (€Z))

The sets of states <[Amj g0, which are taken for further analysis, do
not include those for which Iu”l >1» therefore

[<VIuwd > U€A.]- (a6 i~} go* (25
w

On account of transfer capacity of reduced elements, we go on to analyse
sets of states |ko} o in the case of one-product systems "aM Te"ts of
states l)-{ m } g0 in the case of multi-product systems. For that purpose we
build matrix of capacity k~ for each of states S#l which belongs to
one of the given sets. The principles of construction of these matrices
are slightly different for a system with nodes of the group "draftage"
and without those nodes} they are described for both cases in [7, 19] =
Here, we shall synthetically present only the principles of building ma-
trix Sm for systems without nodes of the group "draftage*. Let be
a nominal throughput of a reduced element w€H, then, for w < kt

il * 1
wk "™ JO <=> awk 3 0. <26)
r <=> a,_ « (OV 5
[w € szl ¢ - ¢ )

aw a v 2)> (€19
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2 sw swk*~aww * 0
Ws1

[ii (28)
w <=>afffr a3

<=x>a*w = (1 V 2)

States for which sw (28) fulfils the condition

m< u (29>

proceed to the set of technically possible states of operation (M SO
thanks to which the system works.

For known BO* using the algorithms given in [19], set jAmj el
of the technically possible states of operation, in concequence of the
occurrence of states iIn which the system does not work, we obtain set
{Am} t of "k technically possible states of operation of the system

{M t =i A} e°u s->'

Proceeding to systems with stacking yards, Iet’s note that in practice
we deal with systems with direct and indirect stacking yards (Fig. 14),
and with systems in which both Casas occur simultaneously. The formal fun-
dstions of calculating systems with stacking yards are given by ftladyse
in [21, 22 and are subsequently developed in [23, 24, 25].

In view of the fact that analytical solution of the system is reduced
to the solution of the system of differential-integral equations, it is
essential to minimize the number of those equations, and hence the states
of operation of the systems. This problem is thus reduced to the substitu-
tion of subsystems of complex series-parallel structures (Fig. 14a and b)
by reduced elements (Fig. 14a., b”, which is possible by using a general
principle of system reduction [1Q, 16,7] . The idea of this procedure is il-
lustrated in Fig. 15 where are represented two stages of reduction in Fig. 15b
and 150, respectively. Stage one consists in reducing series-structure sub-
systems, and thus the following sets of the system elements (Fig. 15a)
correspond to the reduced elements! 1=>{12_.2f 15}, 2=~{l12.2; 16},
3=>{17} 18}, 4=*{1;2;3), 5=*{4}5}6f11;12.1], 6=~{7;S;9?13S14*1},
7=*-{10;28_.1}. Stage two consists iIn reducing series-parallel structure
subsystems (Fig. 15c) and thus the following sets of the system elements
(Fig. 15a) correspond to the reduced elements) =**j12_2{15}, 2-#>|14.2)16},
3=>{17}48}, 4 {13}2;3)4]5)6;718)91T10]11;12*1)13j14.1F28_1}. In order t#
determine the operational characteristics of reduced elements obtained
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Fig. 15» Diagrams of subsystems oflpreparing power coal iIn processing
plant

a) constructional-functional diagram, b) first calculation variant; e) se-

cond calculation variant

Rys. 15. Schematy podsystemu przygotowania wegla energetycznego w zakida-
dzie przerébczym

a) konstrukoyjno-funkcjonalny, b) obliczeniowy pierwszy wariant, e) obli-
czeniowy drugi wariant
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Pig. 16. Representative diagram of procedure during the application of
a general principle of reduction

a) calculation diagram of subsystem before reduction; b) graph of process
of subsystem operation; c) calculaglon_dlagram (reduced element) after
reduction

Rys. 16. Przyktadowy schemat postepowania przy stosowaniu ogélnej zasady
redukcji

a) schemat obliczeniowy podsystemu przed redukcja, b) graf procesu eksploa-
tacji podsystemu, c) schemat obliczeniowy (element zredukowany) po reduk-
cji

as a result of a general principle of reduction, we establish a set of
functions A (1) according to the following procedure:

- we exclude from the calculation diagram of the system (eg Pig. 15b) a
subsystem (eg Pig. 16a) which is to be reduced;

- by means of the known methods we establish for this subsystem
(eg Pig. 16a) the operational characteristics of the reduced elements
Of the subsystem and boundary probabilities of technically possible sta-
tes of operation of the subsystem (Pig. 16b);
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— we establish, the operational characteristics of a reduced element
{"BkBr}» where Bk and Br are subsets of set B of technically pos-
sible states of operation of a subsystem that is the subject of reduc-
tion.

We shall obtain these characteristics as a result of the following
considerations let B be a set of technically possible states of a sub-
system that is the subject of reduction (eg Pig. 16b); depending on the
purpose of the system calculation (throughput, worktime, etc.) this set
is divided into subsets B~ (Hk<t) that fulfil the conditions:

T Tt
(JBk =B ; ) Bk=0, @30)
k=1 k=1

then, according to [10, 16, 7] , we obtain

ieBk JjeBk
ABKB = pBC BN ———--—- G
where
tB&* ~_ < Pi <32)
i €Bk

Simulation methods of calculating systems with stacking yards have
also been developed, and the interested Header is referred to [7, 24, 25,
26, 27, 28]

3. CONTROL OP ENGINEERING SYSTEMS IN ACTUAL TIME

In engineering practice we most often deal with the exploitation of
deposits whose geological structure is as shown in Pig. 10, with minerals
of high variability of relevant properties, (eg calorific value of ligni-
te in one of the mines varies from 800 koal/kg to 2800 kcal/kg, which is
due to mineral ballast (Pig. 17). Converters of coal into secondary ener-
gy (power plants, heat and power plants) work most economically if coal
(or generally - mineral) is supplied with a definite value of a relevant
property (q£ Op”)» otherwise considerable losses of primary energy
(Pig. 18) may result.
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Pig. 17. Dependence of calorific value of coal upon the content of hallaat
according to P.W. Lautenschlager

Rye. 17. Zaleznos¢ wartosci opatowej wegla od zawartosci balastu wg
P.V. tautensohlagera

calorific value

Pig. 18. Consumption of primary fuel per unit of produced seccadary
energy

Rye. 18. Zuzycie paliwa pierwotnego na jednostke wyprodukowanej energii
wtoérnej
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Fig. 20. Schematic diagram of machine system as shown in Fig. 13}

(K) mineral, (z) dumping ground, (SIC) mineral yard in mine, (SE) mineral
yard in power plant, (MS) milling plant and wood coal separation, (B) bun-
ker, (e) power plant

Rys. 20. ldeowy schemat systemu maszynowego jak na rys. 13

k) kopalnia, (z) zwaktowisko, (SK) kopalniane skkadowisko kopaliny, (SE)
sktadowisko kopaliny elektrowni, (MS) mdynownia i seperacja lignitow,
(B) bunkrownia, (E) elektrownia

Fig. 21. General schematic diagram of machine system

() mine, (@ dumping ground, (SE) mineral yard in mine, (SE) mineral

yard in power plant, EMS) milling plant and wood coal separation (b) bun-

ker, (E) power plant, (r) distributor, (ZK) loading station and classifi-
cation, (Zt) loading station

Rys. 21. Ogolny ideowy schemat systemu maszynowego
(k) kopalnia, (z) zwatowisko, (SK) kopalniane skfadowisko kopaliny, (SE)

sktadowisko kopaliny elektrowni, (MS) miynownia i separacja lignitow,
(b) bunkrownia, (E) elektrownia, (F? rozdzielnia, (ZK) zaktadownia i kla-
syfikacja, (&) zatadownia

Mineral is mined by means of complex machine systems (Fig. 19). In view
of that, in order to supply a mineral of definite properties to the recei-
vers, one must have a possibility of controlling winning and hf llage sy-
stems in actual time. Fig. 20 represents a schematic diagram t[ systems
as shown in Figs. 13 and 19. In practice we may have to deal »ith more
complex systems (Fig. 21). Methods employed so far even with the help of
modern automation and computer techniques prove to be ineffective as far
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as systems in Pig. 19 are concerned, even when the methods discussed in
section 2 are employed. This results from the fact that the methods dis-
cussed in section 2 are based on an analysis of state space, and for
example, for the system as shown in Pig. 19 the power of space of theore-
tically possible states of operation before taking into consideration ma-
trix W of the cooperation between reduced elements is | = 3~.2»
without account of the start-up state, and if this state is taken into
account, then M = 44~ . 21176. Naturally, we are unable to control the
system in actual time when we have such a high power of state spaoe even
though it can be significantly reduced by using matrix W. Solution to
thi6 problem is sought in [29, 30, 31] and other papers. Its practical
application, as can be seen in Pig. 18, may substantially cut down prima-
ry energy consumption.
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ROZWOJ TEORI1 EKSPLOATACJI GORNICZYCH SYSTEMOW MASZYNOWYCH
O CIAGLYCH STRUKTURACH TECHNOLOGICZNYCH - PODSTAWOWE WYNIKI PRAC

Streszczenie

W pracy podano przykdady aktualnie pracujacych ztozonych wieloproduk-
towych systeméw o cigglych strukturach technologicznych: podano zasady
ich syntezy w rozumieniu redukcji podsysteméw o strukturach szeregowych,

a takze o strukturach szeregowo-réwnolegdych; podano zasady uwzglednie-
nia w procesie obliczen systemow struktury i budowy geologicznej urabia-
nych skat (kopalina, nadk#ad); oméwiono sposoby ustalania przestrzeni
technicznie,Imozliwych stanow eksploatacji systeméw ze szczegolnym uwzgled-
nieniem metody algorytmicznej przystosowanej do stosowania na m.c; oméwiono
problem sterowania systemami w czasie rzeczywistym. Z uwagi na objetosc
pracy ograniczono sie do syntezy wynikéw odsykajgc zainteresowanych do
prac zréddowych.

Réwniez z uwagi na objetosS¢ pracy nie oméwiono niektérych istotnych
zagadnien, jak np. warunki rozruchu w metodzie algorytmicznej, zasady de-
kompozycji systemow (rys. 12), zasady usredniania cech kopalin na skdado-
wiskach.

PA3BHIHE TEOPHH UKCILIyATAIMH TOPHHK MAIIHHHHX CHCTEM
CO CILIOIUHIMH TEXHO0JIOrH4ECKHMH CTPYKTYPAMH - OCHOBHHE PE3YJIBTATH PAEOTH

Pe3ume

B paSoTe npeACTaBjieHhr npuMepu aKTyajn.no pa6oTajomnx cjioxhux MHoronpo-
AyKTKEDc CHdeM 0O cnjiomHhix TexHojiorH*iecKHx CTpyKiypax, npeAciaBJieHH itphhuh-
rh! HX CHHTe30B B I110HKMaHKH peAyKUHH 1I0ACHCTeM O nOCJieAOBaTejIBHHVH CTpyKTy—
miffi h Takr.e co cipyKiypaMH nocjieAOBaiejitHO - napaluiediLHtiMH. npeACTasjiena
Toxe npHHUHNnu y~HTUEaHHa b npouecoe paccaeioB CHCiea oipyKTypu h reojioru-
vecxoro crpoeiiHH paspaSaiHBaeMHA ropHHZ nopoA (zcKonaeMoe, BCKpmna). lloKa-
3aHil CnOCOSbi $HKUHpOBaHHH 1ipOCTpaBCTBa TeXHHTieCKH BO3MOXHUX COOTOHHHa
SKcnjiyaiaidKH CHdeM c¢ ocoCeiiHUM yaeTOM armoparuH”ecKoro Meio*a npacnoood-
aeKHoro aah npHMeHeHHH BId. IlpeACTaBJieHa npodJieMa ynpaBJieKHH CHCTeMaMH b
pea.TLEOK cpeKeKHK. Ks-3a Toro, htc pafioia o6mKpHaa, ne npeACTasjieHa h6koto-
pne cymecTBeKHae npoOjieRa, Hnp. ycjioBna nycna b ueTOAe arjiopnTMnaecKoM,
npHHUHUu AeKOMnosHUHK crcreM (pac. 12) , npHHUHim ycpea.HeHHa cboMctb hcko-
naeMMx Ha CKjianoBofl naomasKe,



