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The series of papers entitled algebraic descrip-
tion of technical chemical systems has the following
chapters: .

material systems and transformations,

combination and projection of material systems,

technical chemical operators,

-compositions of technical chemical operators,

generalizetion of the set of technical
information.

The poésible applications of systems theory,
systems|engineering’ and modern algebra in technical
chemistry are discussed in the introcductory paper, and
the position, assignments and expected results of the
algebraic treatment are defined. The following tasks
are encountered in the study and optimalization of
technical chemical systems:

1. Qualitative description and study of technical

chemical systems. )

2. Study of the functions interpreted on techni-
cal chemical systems and of the connections of
these functions with one another.

3. Optimalization of static systems.

4. Description, control .and optimalization of
dynamic systems.

Modern algebraic methods of treatment are adequate
for the solution of the first task, a fact that will be
confirmed by later papers to be published in this series.
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INTRODUCTION

The task of every technical science, and also of technical
chemistry is the study of material (or energetical) systems, which
- directly or indirectly - serve to satisfy some sort of demand.
Accordingly, the task of technical chemistry is the study of sys-

tems, which permit the production of a product or final product of

the desired properties from the raw material.

Prior to their design, the systems have to be vigorously stud-
ied. The claims defining the final product and the transformations
producing it must be defined and a theoretical model must be con-
structed in this manner. The elements of the theoretical model must
be scrutinized with regard to the conditions of their realization.
When, during the analysis of the theoretical model, the '"building
bricks" of the system are reached, the physical entities corre-
sponding to these must be found,i.e. the system that is found to be
adequate from a theoretical point of view, must be "questioned",
bearing in mind the problems of practical realization. The next
step is the task of synthetizing, building up the complex physical

system and its study while in operation.

In the study of both the theoretical model and the actual
operating system as a whole, the treatment based on systems theory

is of considerable assistance.

General systems thecry was introduced by the Jjustified
endeavour towards uniform science. There is no intention here to
describe *the individual trends, but a few basic concepts taken from
the introduction to the selected essays on systems theory,published
in 1971 are quoted [11: k

"... Operation research deals with the operation of existing
systems, whereas systems engineering is the totality ¢f methods used
for designing systems. The two approaches cannot be sharply separa-
ted in practice, and from a theoretical point of view they converge

tc the general systems theory.

- The first step of systems engineering is: specifization  of

what is demanded, and the definiticn cf the claims.
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- This is followed by modelling and identification of the
given parts of the system. The variables should be chosen
and the equations describing their connections should be

established.

~ The next step after analysis of the equations is the syn-
thesis,i.e. a description of the model of the whole system
in accordance with the previously established specifi-
cation. Systems synthesis mainly consists of the theory of

optimalization.

- Finally, the last step of systems engineering is the de-
signing, i.e. the decomposition of the model obtained dur-

ing synthesis to its physical components".

It is apparent from the foregoing that the formulation of the
problems 1in accordance with systems engineering and the level of
demands, which at the present time is a necessity in the study of

technical chemistry, have to conform to each other.

The idea of applying the results of systens theory and sys-—
tems engineering in technical chemistry seemed self-evident, be-
cause the results obtained in this way are of general validity and

can be utilized in other fields of science.

In order to be able to characterize the technical chemical
systems and their characteristics, their mathematical models must

be established.

The totality of physically or mentally encompassed elements,
in which the elements are in a direct or indirect relation to any

of the others, may be defined as a system.

It is an unequivocal fact that technical chemistry deals
with materials. These materials in themselves can be regarded as
They represent the manifestation of a number of material
relations between these properties

of the material

systems.
properties, there are certain
and accerdingly they can be regarded as elements
systems. The totality of these material systems - including also

raw materials and final products - comprises the set of material

szstems .
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Chemical technology produces different materials (products)
from the given elements of a set of material systems, i.e. it pro-
iects The set of material systems upon itself. In mathematics such
a system is termed an operator, and accordingly, in the following a
system producing a final product from a raw material is termed a .
chemical technological operator. A system of operators possesses a
definite internal structure. In a similar manner to that applied in

the case of material systems, a set of technical chemical operator

systems can be defined.

a of a concrete technological process, a
connection 1is estabiished betwesn the individual elements of the
cribed in the foregoing. The system produced in this manner

whizh includses

- ——

c(t)
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T existential parts. (1) is the totality - of the elements of the
system which are necessary for the operator function, whereas T
represents those necessary for the existence of the éystem. {t) can
be resolved to two operators: P1 and py. The systems are regarded
as function systems, so that A corresponds to a(t), B to b(t) and
C to c(t). Any changes in a(t) act upon c(t) through operator P1s
and upon b(t) through operator p, (where t is time). 1In general,
when studying a system, it was only the function systems and their
connections which were studied, and very rarely the structure of
the system. However, in our opinion, the latter is the first step.
It must be known first, what sort of an operator is adequate to
transform system A into system B; knowledge of the concrete func-

tion connections comes only after this.

With regard to the foregoing, the main points of view and
characteristics of technical chemical systems theory can be summa-

rized in the following.

1. Algebraic description

The process of the satisfaction of the demand can be regarded
in the following manner: a system of r, initial state (state of
unsatisfied demand), upon the aetion of the final product Av - as
an operator - becomes state T (state of satisfied demand):

Ay Ero-_J = I, (1)

A demand can be e.g. the depression of the temperature of a patient

in a feverish state. In this case

r, - is the feverish state,

r, - is the normal state, .

operator A - is a pharmaceutical product,an antifebrile medicine.

A quantitative and economic description of the satisfaction
of the demand can be expressed by the expenses of the satisfaction

of the specific demand:
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Nroo= Ga)) . Nt(a,) (2)
where
Nr - is the expense of satisfaction of the specific
demand,
G(Av) - is the amount of product needed for satisfaction

- of the specific demand,
NI(AV) - 1is the expense of the final product.

Accordingly, the task is to design an Av material system
which is capable of bringing the passive system from the state r.

to state T with a minimum expense.

The final product Av’ which satisfies the demand, is produced
from the raw material Ao by the action of the technical chemical

operator T:

T[a,]= A ‘ (3)

Consequently, the process in which a demand is satisfied can
also be regarded in the following manner: the passive system in
state T is brought to state r, by the joint action of the raw
material Al and the technological operator T. Accordingly, the

following is gained by uniting Equations (1) and (3):

t{allr] = 1, ()

It is apparent that the expenses of the satisfaction of the
demand depend on the raw Mmaterial and on the technological process
used. If the A, raw material is given - and this is the most
frequent-case - the technological process involving a minimum of
expense can be found.

Technological processes are built up of technological stages
and accordingly the technological (technical chemical) operator
can be resolved into part-operators.

. The operator Rj;, which carries out the first technological

stage, transforms the raw material Al into an intermediate product

A1:
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Rl[AO] = AI (5)

In the second technological stage, material Ay is transformed to

material A, by the action of operator R,:
Rz[AIJ = Az (6)

and in the n*P stage:

RIA .1 = A (7)

n 'n-1 v

Accordingly, the total technological process can be described by:
I R.[A T = A (8)

It follows from the foregoing that the technological process is
defined by the following facts: operators that realize the techno-

logical stages to be employed and in what order they are employed.

Technical chemical operators - as opposed tc mathematical

operators - possess a unique structure, which can be characterized

by the following formula:

R [v, A, R]
where
V - is the transformation realized by the cperator,
A - is the material supply of the operator,
R - is the totality of the operator elements necessary for

the operator to exist, i.e. existential structure
(e.g. apparatus).

This form of representation differs from the usual methemat-

ical representation, but it seems reasonable to immediately write

after the operator its structure in brackets, rather than the

material system upon which it acts. This form of representation

will be used in the following. The transformation of the material
System upon the action of the operator will be designated in the
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followiﬁg manner:

or

A+ Ry = A (10)

These equations express the same facts as equations (3) and
(5), written in the conventional form.

The transformation of the material system may proceed in
time:

A, + Ry = A ' (11)

where

Ao ~ is the material system introduced at the beginning,
Atv - is the material system taken away after the transforma-
tion,

or it may proceed according to place:

Ayy * 31 = Ayv (12)
where

Ayo - is the input material flow,

Ayv - is the output material flow.

If changes occur with respect to both time and place (unsta-
tionary system), the following can be written:

Ay +'Ayo tRO= AL AL (13)
By studying their structure, the operators that realize the
technological stages can be resolved to further components.

Operators which bring about one single elementary change
- upon whose action only one property of the material system 1is
changed - are termed elementary operators.
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Technological stages that include more than one elementary
change can be realized by a composition of elementary operators.
Operator systems constructed in this manner can be classified into

two main groups:

1. The two or more operators which form the operator system
- and whose existential structure is identical - act jointly in

space and time.
Ra EYa’Aa’R;]A Rb [yb’Ab’R;] = R[Ya A Vb’Aa A Ab’R;] (14)

This group comprises:

operators of total change,

composite operators.

l.a) Operators of total change are encountered if an elemen-
tary operator - due to the permitted single--change - would lead
to production of a non-existent, fictive material system and
consequently the action of further eleﬁentary operators is neces-
sary to obtain a real, existent material system. The operator of
total change is the combination of the minimum number of elementa-
ry coperators which permit production of a non-fictive material sys-

tem as a final product.

For example, the preparation of solid crystalline material
from a solution may be regarded as the result of four elementary
changes:

separation of material from the solution,’

attainment of the crystalline structure, .

attainment of form,

attainment of dimensions.

The first operator, which makes the material to be separated from
the solution, 1leads to a fictive system, since there is no solid
matter without form and dimensions. Accordingly, in this case the
operator of total change comprises four elementary operators.
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l.b) If there is no fictive material system among the pro-
ducts of the elementary operators acting together, a composite

operator is encountered.

2. The existential structure of the elementary operators is
different, the action of the operators is separated in space or
time, and any connection between the operators can be vrealized
only through the material system. Depending on the fact, whether
the material system ensuring the connection is variable in time or
space, we can speak of an

operator block and,

an operator series.

The continually more sophisticated systems, ranging from the
elementary operator to the operator series, can be resolved to

elementary operators.

Such a resolution of the technological stages and the defi-
ning of the possible types of operator structure represents the
qualitative description of technical chemical operators.

2. Analytical description and optimalization

The quantitative description is obtained if the X1s X250 -X)
functions =~ their total number being np - are interpreted in
connection with the elements of the operator structure, and the z

function in connection with the change V. The number of the connec-

tions between the functions is n -

The number of free functions is:

ng - oMy (15)

The solution of the ny functions for a system of elementary
change is

£i[Zs xus Xas eew x, AT, AT, R (16)
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where
At - is the auxiliary material,
A'''" - is the packing material.

In the case of any type of systems of composite change the follow-

ing is gained:

RF.[REy, R £5, ... z, A Al (17).
where
Ar -~ is the recirculated material,
At - is the block auxiliary material.

The expense function will now be consideped in connection

with the system of elementary change:
Nfi EZO) 2,9 X115 X235 ... xna A, A”'5R] (18)

by defining the auxiliary materials R", 1% and the structure ﬁ,
the optimal values of the free functions can be obtained:

NE; (205 2,0 R1s Raw e ko R00, R, €] (10

If the most preferable auxiliary materials and structures are
chosen, the optimum function of the system of elementary change

will be

ﬁf.(z s Z_) (20)
i‘%e? v

The expense function, considered for a system of composite change,
is

NF (N £, Nfa, .. 2, 2, A,y A) (21)

When the preferable values for Av and At are chosen:

N 22
NFi(zo, zv) (22)
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The permutations of the isomorphous operator systems are the fol-
lowing:

e,i

N . = ﬂFl(zo, zy) + ﬂFz(zl, Zp) + ... ﬁFJ+1(zJ, Zv) (23)

When the most preferable permutation and optimal zl-zJ values are
chosen:

N (2,5 2,) | (24)

The permutation of the operators of different changes gives the
expense of the technological system:

D s N (P A A o (28)

where PM represents the permutations, the various permutations

being the technological procedures. When the most preferable are
chosen from among these:

NT(AO’ AV) . (26)

and an adequate starting material is chosen:

a

Nt(A)) : (27)

Returning to equation (2) and taking (27) into consideration, the
expense of satisfying the specific demand is obtained:

NT = G(Av) . Nt (Av) ' (28)

To find the Av pertaining to the minimal NT; this is

-

NT

which was the original task.
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So far it was not mentioned that part of the functions inter-
preted in connection with qualitative elements does change or
fluctuate in time, even in the case of systems of continuous opera-

tion (e.g. the temperature of input cooling water).

The task of process control is to change a second input
signal, 1in the case of variations in a first input signal, in such

& way as to have an unchanged output signai.

If there are fluctuations in the input signal - to keep these
fluctuaticns between given limits is the controlling task - the
optimum defined in the foregoing, together with the expense pertain-

ing to the oprimum, will also be changed. The smaller the fiuctua-

Tion, the lower the original expense of the system; at the same
pe 3

ratiocn, intended tc decrease the fluctua-

Time, the contrelling o

D]

zions In the input signal, acts as an expense-increasing facto

the preferable contrel degree must be faunc pw

regarded as

e
to attain minimal total

t important gu

in connecticn with

2. Study of the functions

Technical chemiczal systems and of the connections of these ‘unc-

of dynamic svstenms.
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PE 3OME

B cepun cooBueHui noj 3arnasvem”AnrefpanyeCcHOe O0MUCaHWe Cuc-
TEM TEXHWYBCHON XWMHM" NPELNOAOKMEHO ABTOPOM 33HWMaATBCH CABAYOWHAMH
pazaenamu: .

MaTepHanbHbe CUCTEMH H NPEBPILEHHA,

06bE8AHUMEHHE METepuanbHuX CHCTEM W WX MPOEHUHWA,

0NepaTops TEeXHMHYECHOW XHUMHM,

HOMMNO3HUMA ONePaTOpPOB8 TEXHWHECHOW XHMHUH,

FEeHEpUPOBAHHE MHOMEBCTB HHOOPMAUMH TEXHWUYECHOW XHMUH,

B 8804HOM Ny6AMHKAuWW NOHA3aHH BO3IMOMHOCTH NPUMEHEHWA TeopemMs
CHCTEM, CUCTEMOTEXHWHW W COBPEMEHHOW anreGpo B TEXHHYBCHOW XUMHW,
w onpeaeneHs MECTO, 3ajadYd W OHMMAEEeMbe Pe3yncTaTu anrebpanyecHoro
cnocoba nogxofa. [(Ipy M3y4EeHHM M CATHMUIAUWM CUCTEM TEXHHUYBCHOMN
XMMHK NPEACTOAT Cheaywude 3afaHHA:

1. Ha4ecTeseHHOE OMMCaHWe CHCTEM TEXHWYECHOM XHUMHH H MX HCNET3HHE.

2. M3y4eHue OQyHHUHH, AENCTBYOWMX B AAHHOW CHCTEME TEXHWYECHOW
XUMHUH, @ TAHWE M MX B3aWMHLX CBA3EH,

3., ONTuMH3aAUHMA CTATHHECHMX CHCTEM.

4, OnucaHue [UHEMUYECHHX CHCTEM, WX YNpasneHWe W ONTHMU3AUHWA.

Ongs peweHWA NEpBON M3 YHAZAHHEX 33434 HCHAKYUTENLHO NPHUIOABLM
ABnAeTCcA anrefpand4ecKuin cnoco6 nogxoga, Hak 3To O6yAeT nNpeacTasBAeHO
8 CnejywoumMx COOOIEHHAX CEePHH.
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