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In this paper an attempt towards elaborating adequacy description of mathematical
models of technical mechanical systems considering vague adequacy problems has been
presented. For this purpose the notions of L. A. Zadeh’s fuzzy sets [2], fuzzy measure
and fuzzy integral [18] have been applied. A hierarchical arrangement of fuzzy sets on
the level of physical variables, sets of physical variables, system relations and sequences
of relations has been formed. The method presented here enables carrying out adequacy
estimations of mathematical models both comparative and aiming at a goal in a formal
way.

1. Introduction

¢

Mathematical modelling technical mechanical systems (t.m.s.) requires adjustment of
formal mathematical apparatus to the description of actual reality on one hand, and to the
replacement of which would be possible describe in a formal way on the other. Throught
the last twenty years strong tendencies to search for mathematical formalism would be
useful in the description of some vague (not precise) properties of physical reality can
be noted. One should mention here, among others, the theory of fuzzy sets [2+7], and
among conceptions of great importance in mechanics, the conception of tolerance spaces
[8, 9, 10]. The theory of fuzzy sets initiated by L. A. ZADEH [2] in 1965 undergoes intense
development [11+15]. This has been expressed, among other things, in a large number
of publications of basic and applicable significance since the time of the first publication,
the bibliographic specifications for the ten year period recorded 1150 items which was
incomplete list [14]. Fuller specification from a latter period (1979) contains 1799 items [15].
At the present stage periodicals to dealing exclusively with theory and applications of
fuzzy sets are edited, for example: ,,An International Journal Fuzzy Sets and Systems”
and ,,Fuzzy Mathematics”.

The idea of fuzzy sets comprises many fields of knowledge and technique. Here are
some of them: :
— technique: control engineering (power plants, beilers, heat exchangers), inexact mea-

surement, fuzzy control algorithms, fuzzy robots,
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— physics: fuzzy spin spaces, scattering particles in fuzzy phase space, localizability of
relativistic particles in fuzzy phase space, measurement in quantum mechanics as
stochastic processes on spaces of fuzzy events,

— mathematics and cybernetics: topology, algebra, graphs, functions, differential equa-
tions, groups, relations, category theory, fuzzy information theory, fuzzy simulation
of processes, classification theory, fuzzy sets, pattern recognition, clustering,

— philosophy and logic of imprecision and vagueness,

— linguistic and language sings,

— social sciences, e.g. psychology of human behaviour,

— biology and medicine, e.g. model of brain tissue,

— behavioral geography,

— air pollution, e.g. fuzzy programmiag to air pollution regulation problem.

The paper refers to the interpretation and application of the fuzzy sets theory notions
and methods for the mathematical models adequacy description of t.m.s. with modelled
mechanical object while taking into account vague problems of this adequacy. Justification
of this problem from the pragmatic point of view has been analysed in the paper [1].

2. Mathematical modelling of technical mechanical systems

2.1. Real system. We notice the investigated technical mechanical object as consisting
of certain parts which are ,,essential elements”. The way of division and the number of
separated elements depends on the aim of investigating an object, kinds of examined
properties as well as the level of thoroughness of the analysis. In order to formalise these
facts let’s introduce the following assumptions and definitions. Let’s have:

(i) finite set X, x. € X, k € K, K is a finite set of indices,

(i) mapping o: X3 x — a(xx) > (X1, X2k, ---» Xjin), Where xj, = R, jeJy, Ji is afinite
set of indices, and R is a set of real numbers,

(iii) set of relations R = {R.,, Rys, ..., R.,} on Cartesian products: R., < Xjx X,
Ry X x’).(,,,‘, XXy ey Rep © Xjpx ..ox X5, where £k, K, Kk", ..., ke K, jel,

J €Je, ..., jEJR. Ryp is a p™ product, whereas p = D) card J,
kekK

(IV) sequence of relations R, = (Rxn,) where i € I, I, is a finite set of indices, and Ry, 3
3 (X1, Xay eoer Xn); Xy, Xay ooy Xn, € X = UX) for k € K and j & Ji.

Definition 1. The pair

S, =X, R, @.1)
we shall call a real system.
In o« mapping we attribute to elements (,,essential elements™) sequences of sets of real
numbers which have been given physical meaning (physical quantities).
Relation R, constitute all kinds of actual (real) relationship among physical quantities.
In mechanical objects these are spatial relationships, relationships of hierarchy (constituting

a part) and of interactions of a mechanical nature (acting of forces, mass and energy
flows).
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2.2. Tdeal system. A mathematical model of a technical mechanical object is created
by simplifications and idealization of mental ,,picture” of an object [1]. Simplifications
result from complexity of object on one hand, and from possibilities of mathematical
physics methods on the other and are compromise between the destiny of the model,
possibilities of mathematical formalism anp the complexity of reality, Simplifications
consist in leaving out components of quantities attributed to them, weak couplings,
weak reactions, etc. The simplified object is replaced by an ideal substitue (physical
model) consisting of ideal components such as particles, undeformable bodies, deformable
mass zones, massless connecting links: rigid, elastic, viscous, etc.

In order to formalise these facts let’s have:

(i) setY = kJQ Y,, Y,<=R, Q is a finite set of indices,
qe

(ii) set of relations R, = {R,;, R,s, ..., R,,} on Cartesian products: Ry, = Y;xY,;
Ryy < Yy, xYyuxYp; ... Ry, = Yyx ... xY2, whete q,¢',q", ..., §€Q; R, isanr”
product, r is a maximum element of Q,
(iii) sequence of relations R, = (Rym), i€ I,, where Rym 3 (¥, V2, ..., Vm); V1> Vas -
..., ¥m, €Y, 1, is a finite set of indices.
Definition 2. The pair

S, =Y, R (2.2)
we shall call an ideal system.
Definition 3. An ideal system S, will be called a mathematical model of a real system S,
if there exists a mapping I' = X'x ¥ such that when Run, 9 (x;, X2, ..., % )& ((x1, y)) € I
&((x2, y2) €I ... &((Xn,s Yy ) €)= Ryynys @ (315 V25 oovs Ymy)> Where Xy, X, ooy Xy €X;
Vi Yar s Ympm € Y30 €, i" €1,

The formed ideal system .Sy, (mathematical model) is a mathematical description of
the real system Sx. Forming of an ideal system S, may be carried out in many ways, not
only by means of a mathematical description of the so-called physical model; it is an
activity a priori in character and it is chracterized by an action of diverse meaning. The
diversity of meaning asserts itself in the possibility of constructing many reasonable models
describing the investigated properties. The formed a priori system S, to be a model the
mapping I" between S, and S, must take place. This mapping means that a few relations
R, may by ,,modelled” by the relation R,,, or that one relation R,, may by ,,modelled”
by a few relations R,,,. Besides, the relations R., and R,, may differ from each other in
the number of variables and usually n > m.

3. Adequacy of mathematical model

3.1. Physical aspects of the adequacy of a mathematical model. By the adequacy of a mathe-
matical model S, in relation to the examined object S, we shall understand measurable
property of mapping I" (,,degree” of mapping) which we shall assign from comparing R,
and R,.

Anideal case of adequacy of the object S, and the model S, takes place when the mapp-

ing I becomes isomorphous mapping I". This means there exists a bijection I': S, < S,
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such  that: Run, 3 (¥15 X2, -5 %a) = Ryn, 9 (I'(x0), I'(x2), s I(%a))s Rom, (¥4, ¥, ...

o+ Ym) = Ram, 2 (F 1), F 'B2) .- I'"1(¥m)), where m; = n; and x,, x,, ..., Xn, €
eX Y1, Y2, -» ¥m, € Y. In the practice of technical mechanical systems modelling the
mathematical model is not an isomorphous mapping of the investigated object and the
problem of adequacy becomes more complex. Phys1ca1 quantities, determined by measu-
rement on the object ,,in concreto”, forming set X differ from X, the difference resultmg
from measurement errors possible or impossible to determine (R different from R,, R -
sequence of relations determined within the same spaces as R,). Numerical sets X are
discrete sets and can be replaced by a continuous ,,representation”. Incomplete measu-
rement investigation of a technical object (a finite number of point of measurements
and readings) requires ,.extending” of the empirically established compatibility between
R, and ﬁx to R, and R, which, in turn, requires the usage of unreliable empirical infe-
rence [1]. Co

The idea of the presented concept is an attempt at such an adequacy description based
on the notions and methods of the fuzzy set theory which would be ,.extending compa-
tibility measures R and R,” to ,the reality R, and R,”.

3.2. Adequacy of a mathematical model of the level of physical variables. By a physical variable
we shall understand each set ¥, y, € Y, < R, g € Q, if Y, has physical meaning (physical
dimension has been attributed).

Lets have:

(i) metric space (Z, o) where Z = XuY; 0: ZxZ — R,
(ii) subset M of Cartesian product M <= Xx ¥ such that (x,y)e M = (x, el M =
= I" when n; = my;, (see Def. 3),
(iii) function op: Xx ¥ — R, such that for z,, z, € Z, [or(z1, z) = 0(z1, 23)] <
< [(z1,2z) el = Xx Y],
(IV) function f,: I's (x, ») = f4(x, ») € [0, 1] such that:
1° for (x, ) e M, [fu(x,y) = 1] & x =y,
2 for (¢, ), (", 3") € M, [or(x, ¥) < on(x", )] < Lfa('s ) = fulx, ),
3° for (x,y) e I'\M, [fu(x,») = O}
Let 4, denote a fuzzy set:

Ay = graphfys {(y, fa)ly € I'}, (€BY

where y = (x, y) e I, function f;(y) is 2 membership function of the fuzzy set A,.
The requirements put forward for f, are general and determine membership function
family £, :

F Al = {falx, p)fa:T = [0, 1]}

An example of the f, function meeting the above requirements may be f; = %%
when (x, ¥) e R, or (x, y) e R_, A(x, y) and V(x, y) denote a choice of a smaller or a larger
element respectively. This function resambles proportional determining of deviations.
Membership degree of pairs (x, y) in a fuzzy set, determined by values of the so selected
membership function f,, may be interpreted as an indicator of what we understand by
the notion of adequacy of a mathematical model.
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It can easily be noticed that if for V (x, y) € I" takes place f,(x, y) = 1 then from the
condition 1° and 3° for f, results that I' = M, (n; = m;) and for V (x, y) € M holds x =
= y and Rum, 3 (X1, X2, -.+» Xm) < Rym,3 (¥1, Y2, ..., ¥m), for Vie I, and Vi€ I,. Hence
isomorphous mapping S, to S, takes place, relations R,m, are ,,fully adequate”.

From the condition 2° for f, results that with the increase in value of gp(x, y), the
values of membership function f; decrease which we interpret as diminishing ,,adequacy
degree” of a mathematical model. The fuzzy set 4, is a ,,picture of adequacy” of a mathe-
matical model on the level physical variables.

3.3. Adequacy of a mathematical model on the level of sets of physical varlables ¥,. Le’ts pick
out for Rym, 3 (1, Y2, --.» Ym,) in set I" subsets I', such that (x,, y,) € I, and x, € X,, yu €
eY,, where u = 1,2, ..., m;. Let’s denote fuzzy set A4, on I', by:

A, = graphf s {(v,fu())ly € I}

Let’s make cuts I',, of set I',: »

-Pna= {‘)’GPulfA()’)> a} for Voze[O,l].

Let distance specification be given: 9,: ¥ x ¥ — R,
Let’s denote diameter of set I', as D,:D, = supoy(y’, ") while diameter of cut I, as
YI

Dy = sYUPey(y', V).
Let’s form fuzzy measure [16, 17] of set I',,:

max {D
s = 22 D)
Additionally, let it satisfy condition: if D, = 0 and D,, = 0 then g(I's) = 1. Let’s perform
fuzzy integration [18] of membership function f,(y) over set I', to regard of fuzzy measure

gl'w):

(32)

O = Fr.fu(») 08w =asel[xg”[a A g(T) (3.3)

where A denotes choice of smaller element. Let’s notice, that
O,=0,I):I'>[0,1].
Fuzzy set Ag will be defined as:
A = graph®,s {(I,, ) (I))IT, < 27}. (34)

It can easily be seen that the fuzzy mesaure (3.2) has the following properties:
1°g(l'y) =0when 'y =¢p or Dy = 0, D, # 0
2°g(ly) = 1whena =0
Let the cuts: Iy, < Ly, Lo = I, be given.
If I'y = Iy then g(Ia) < g(lle) which may be interpreted that the ,,range” of mapping
of variable Y, on the level s for the ,,model I, smaller than for the ,,model I',,”’. Measure
g(I,;) assigns relative mapping range of variable Y,”’ on the level ain the considered mathe-
‘matical model. From the properties of a fuzzy integral results that:
1°I1f I', c I, where I, < I,, I/ =T, then O,(I}) < 6,(,") which means that
together with enlargement of ,,scope” of physical variable in model the value @,
increases.
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2° If fi(y) 2 fa(y) then [rfitYog(:) = [rfa(*)Yog(+), which means that with

increase of membership function value, the value @, increases.

3° O, = 1 when [forVy eI, fu(y) = 1],

4° @, = 0 when [forVy e [y, f4(y) = 0],

5° 0, (IOl OuTL) +0uI%).

Membership function 6, of a fuzzy set 4o maps to each pair of sets (X,, ¥,) a number
from the interval [0, 1]. This number is the closer to one the greater values the membership
function f,(x, y) assumes and the greater the diameter of the subset I',, on which f,(x, y)
reaches these values (e = f4(x, y)). So the membership function &, may be interpreted
as ,,adequacy measure” of particular sets of physical variables Y, whose elements are
in the investigated relation Ry, .

3.4. Mathematical model adequacy on the level of relation Rym,. Let’s assume that we are
given a fuzzy set for i* relation R,,,, whose membership function @, assumes values:
0,,0,, ...,0,. We attribute for 0,,0,, ...,0,, weights u,u,, ..., Um, such that
O py<1foru=1,2,..,m. Let’s form a sequence &; = (u,0,) where u = 1,2, ...
..., my, and set

0= {0,)icl,}.

Let’s form a functional :

$4:050, > ¢ (O)e[0,1], (3.5)

satisfying conditions:
1° ®,(®) =1 when [foru=1,2,..,m, g0, = 1],
2° @,(0;) = 0 when [foru = 1,2, ..., m, u,0, = 0],
3° @ (0)) = ¢p4(0)') when [for u = 1,2, ..., my, 1,0, > u,0,]
Fuzzy set Ag is expressed as

Ay = graph® .5 (G, ,(6)))|6, € 2}, (3.6)

where ¢,(* ) is a membership function.

Weights u;, g,, ... attributed to particular physical quantities ocurring in the investi-
gated relation R,m, enable us to give these quantities subjective meaning in the description
of the adequacy of a model. As a functional (3.5) we may take in particular

d)A(@l) = /‘1@14‘[‘2@2"‘ +,um,@m,a (3'7)

where weights satisfay an additional condition g, +p,+ ... +um, = 1. Values of the fun-
ctional ¢ ,(€);) mapped to particular relations R;m,, may be interpreted as ,,adequacy in-
dices™ of particular relations of a mathematical model. Fuzzy set A¢ is then an ,,adequacy
picture” of a model on relation level.

3.5. Adequacy of a mathematical model on the level of relation sequences RY. Let’s assume we
are given a fuzzy set Ap whose membership function assumes for the sequence R, =
= (Rym,), i € I, values ¢, , 5, ..., ¢;, . We attribute for ¢;,¢,, ..., ¢, weightsu, ., 7
such that 0 < gy < 1fori= 1,2, ...,1,.
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Let’s form a sequence @, = (@), i = 1,2, ..., iow.
Let’s assume that a sequence (R}), w = 1,2, ..., w,, is given whose elements are
sequences R,. Let’s form set of sequences:

¢ = {D;w=1,2,....w1},
and a functional:
paih €Dy - pu(@,) €0, 1], 3.3)

satisfying conditions:
1° wa(Dy) = 1 when [for i = 1,2, ..., g, s = 1],
2° wa(Py) = 0 when [for i = 1,2, ..., igw, s = 0],
3° pu(@D,) 2 pa(Py) when [for i = 1,2, ..., 1q,, o > ¢l
Fuzzy set 4, will be defined by:

Ay = graphy, {Fu, va@.))IBy €2°), (39
where y,4(* ) is a membership function of set A4,,.
A fuzzy set A, has been formed in a similar way to the set A4s. Weights z; attribut-

ed to particular relations R, enable us to give them subjective meaning in the description
of the adequacy of a model. In particular we can define as a functional:

1I)A(éw) = ﬁl (j)l +/72 d)2+ +ﬁwo (pwu (310)

where weights u, satisfy the condition zi, +,+ ...+, = 1

We shall interpret values of the functional y,(®P,) mapped to particular sequence of
relations R, = (R,m,) as ,,adequacy indices” for particular sequences of relations. In
particular, if for a given mathematical model, we present the examined relations as one
sequence, y, will attribute for this sequence a number from the interval [0, 1] which be
an ,,index of the adequacy” of the model. Fuzzy set 4, is then the ,,picture of adequacy”
of the model on the level of relation sequences (the level of a mathematical model).

4. Example

In order illustrate the presented concept of forming fuzzy sets ,,a describing adequacy”
of a mathematical model we shall consider the problem of inducing vibrations of collecting
electrodes of an electrical precipitator [19, 20]. A physical model of the considered system
has been presented in fig. 1. A movable rod the lenght / strikes a stationary fixed rod with
the speed v,. The induced wave of stresses in the rod influences particular solids linked
with the immobile base by a spring. Let’s introduce the following notation:

I— [m] — length of the striking rod,

:

Vo— [? — speed of the striking rod,

7~ [s] — duration of the collision,
m— [kg] — mass of harmonic oscillator,

k— [E — rigidity of spring,

20 Mech. Teoret. i Stos. 1—2/84
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Fig. 1. Mode! of induction of vibrations to electrostatic precipitator collection electrodes

o— [%ga_] — density of material,

S— [m?] — cross-section area of the rod,
P,, P,—[N]-—force of acting of the rod on harmonic oscillators, x = [, x = I,,
I, ,IT,— [N] — ,,pression” in front of the wave reaching the cross-section of the rod
x, =1l,x=1,
a— [%] — speed of longitudinal wave in the rod.

’ 2
In appropriate assumptions are satisfied [19, 20] together with T’;— < h? = 02"2%? =

= p%a28? > km the investigated mechanical system is defined by interrelations:

Rys, 1 Po(t) = pave S for 0 <7< 7vas well as P(fp) =0 for 1 > 7,

Ry, Py(t) = 2Po(1) —4h [ Po(s)expl— 2h(t—s)]ds,
0

Ry, Py(t) = 2P, (1) —4h [ P (s)exp[—2h(t—s)lds,
0

Rys,:0%a%5% » km
So we investigate the relations Ry, I = 1,2, 3, 4:
Ry, 2 (Po, 0, 49,7,5, 1),
Ry, 3 (P, Po, Q; a,S,m,t),
Ry7,5 (P2, Py ,0,a,8,m,1),
Rys,2 (0,48, S, k,m).

Lets assume we have at our disposal empirical data for the modelled object i.e. physical
quantities which are in the following relations:
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§x735 (I;Z, ﬁl’é, a, ‘§; fh, ;))
R, (6,4, S, k, m).

Relations Rye,, Ry7,, Ry7,, Rys, and Iix(,l, 1'{;7,, IS,-,,, 13,5. are of course defined
within the same spaces but between the physical quantities which are in these relations
mapping I" takes place, and mapping I', takes place in distinguishing particular variables,
where u = Py, Py, Py, 0,a, Vy, S, 1, m, k, (sce Def. 3). For simplification sake we assume
that the subsets I', are the same for the given variable ,,u” irrelevant of the fact in which
of the examined relations this variable appears.

In order to form a set A, lets denote y, = (X, ), y, € I, while ypy = (P:,, Py, ...

ey Vi = (I}', k). Let’s define membership function as follow f,(y,) = %((;l}}% , (see p. 3.2)
where y, = (¥, ) € R, or y, €R_ and for ¥ = y = 0 takes place f,(y,) = 1. We shall

denote the fuzzy set A, over the subsets I', as:

A, = graphf,3 {(7uafA('}’u))|7u el,},
whereas the set 4; over I’ as:

A, = graph f49 {(v, L))y €T},
where y = (%, y).
In order to form the set 4g we perform fuzzy integration over the sets I', of appropriate
physical variables which are in the relations Rys,, Ry7,, Ry7,, Rys,:

0. = Privdog(la) = b.,
I‘ll

where: u = Py, Py, Py, 0,a, Vo, S, t,m, k.

For the shake of physical motivation it seems reasonable for 8, =1, d,=1, & =1,
dm = 1, 6, = 1. A detailed example of calculating the fuzzy integral &, has been presented
in paper [1]. The sets Ag, corresponding to particular relations Ry, Ry7,, Ry7,, Rys,,
we shall put down as follows:

Ao, = {(I'y, 8)|u = Po, 0,8, 9, S, t},
Ao, = {(Ly, 8)|4 = Py, Po,0,a,S,m, 1},
Ag, = {(I'y, 8)|u = P,, Py,0,a,S,m,t},
4s, = {I,, 8)lu=¢,a,S,k,m},
whereas sét Ag for all considered relations as follows:
Ag = {I,, 8)\u= Py, Py, Py,p0,a,%,S,t,mk}.

In order to form set As let’s attribute particular weights u, to the physical variables
which are in the relations Rye,, Ry7,, Ry155 Rys,. For physical variables in the relation
Rys, let it be: pup, = 0,5; u, = 0, ptg = 0, pty, = 0,5; y, = 0.

This signifies that it is of vital importance for us to determine correct values of the
force P, as well as the speed of striking v,. Weights u, satisfy the condition pp,+ 4, +
+ i+ tyo+ py + g = 1. For physical variables in the relation Ry, let’s assume in an

{10
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analogous way that: up, = 0,5; pp, = 0,5; s, =0, pa =0, py =0, p, =0, g =0;
for physical variables in relation Ry7,: pip, = 0,5;¢p, = 0,54 = O, 1y = 0, pts = 0, p,,, =
= 0, y, = 0; for physical variables in relation Rys,: g, = 0,25 po = 0,2; p, = 0,2; y; =
=0,2; u, = 0,2. '

Appropriate sequences 0, expressed as:

O, = (0,50p,; 08,; 00,; 0,58y,; 05,; 05,),

6, = (0,50p,;0,50p,; 03,; 0d,; 03,; 03,,; 08,),

B, = (0,50p,; 0,58p,; 08,; 08,; 03,; 06,,; 08,),

O, = (0,28,,0,28,; 0,23,; 0,28, 0,24,,),
Accepting the membership function in the set 4q, given by the proposition (3.7), we shall
write down the following:

(O = 0,5(6p,+ 0,) = £,;(0,) = 0,5(8p,+ 0p,) = £3;
$4(@3) = 0,5(3p,+0p) = 655 h(00) = 0,2(8,+0,+d,+8) = .
The fuzzy set 4, assumes form:
do= {6, &)li=1,2,3,4}.

Values ¢,, &,, £;, &4 of the membership function of the set 4, are adequacy indices for
particular relations Rym, .

In order to form the set 4, let’s attribute the following weights: g, = 0,25; #, = 0,25;
#s = 0,25; gy = 0,25 to the particular relations Rys,, Ry7,, Ry7,, Rys,. This means that
each the investigated relations has the same significance in the investigated mathematical
model. Let’s formulate a sequence

Dy = (ui¢y) = (0,25¢,;0,25¢,; 0,2525;0,25¢4).

Accepting the membership function of the set 4,, given by the proposition (3.10), we can
put down: p,(D,) = 0,25¢, +0,25¢,+0,25¢;+0,25¢, = p,. The fuzzy set 4, will be as
follows: ‘

A',u = {(¢w1 ‘Pw)|W = 1}

Value ¢, of the membership function constiutes a fuzzy index the investigated mathematical
model. '

5. Final remarks

The considerations presented above constitute a modification of the problem of iden-
tification of mathematical models of technical mechanical systems including the problems
of vagueness. In order to describe the adequacy of a mathematical model of technical
mechanical system a hierarchic arrangement of fuzzy sets has been formed on the level
of physical variables, sets of physical variables, system relations and sequences of relations.
The presented formalism enables a description of adequacy on various level of minutenes
of detail analysis and for models having various degree of mathematical complexity.
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This description may serve the purposes of making comparative evaluations as those
aiming at a goal of the adequacy of the model when the aim of the model has been pre-
sented in the form of a fuzzy set of type 2 [21]. A relevant algorithm of the adequacy
evaluation of the model, resolving the problem into inclusion of fuzzy sets has been presen-
ted in paper [1].

6. Basic notions and properties concerning fuizy sets

When fuzzy sets are given:

A = graphf, s {(xfo(x))lx e X, fa(x) €0, 1]},
B = graphf,3 {(x, fa(x))|x € X, fu(x) € [0, 11},
hence their sum AUB = C is a fuzzy set:
C = graph fco {(x, fc(x))|x € X}, where,
Je(¥) = max(fu(x), fa(x))-

The fuzzy set D = graphfp 3 {(x, fo(x))|x € X} is the product of AnB = D when
So = min(f4(x), f5(x))-

Inclusion of fuzzy sets A = B means that f4(x) < fz(x) for Vx e X.

If the set X and Borel field § of set X are given then function g(-) defined on § and
satisfying the following three conditions will be the fuzzy measure of the set:
1° g(¢) =0,2(X) =1,
2° If A, Be ff and A < B then g(4) < g(B),
3 f4,efforl < n< ooand 4, is monotonic in the sense of inclusion then lim (4,) =

n— o0

= g(lim 4,).

n—o

Given a fuzzy set A4, cut F, of set A: F, = {x|{f,(x) 2 a € [0, 1]} and F, € 8, where
- B is Borel field, by a fuzzy integral of the f,(x) function over the set £ = X to regard

of the fuzzy measure g(-) we shall understand: 'f'f,,(x)Og( - ) = supfadg(EnF)], where
E a0, 1}

/ denotes the choice of a smaller element.
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Peswome

PASMBITHUE MHOXECTBA B OIIMCAHHHN AIEKBATHOCTH MATEMATHYECKHX
MOJIENEY TEXHWYECKUX MEXAHWUYECKUX CUCTEM

B pa60‘re IIPOBENEHO OIMUCAHAE 4JEKBATHOCTH MATEMATHUECCKUX MOJENCH TEXHIYWECKIX MEXauJecKIx

CHCTEM, KOTOPO€ IPHHMMAET BO BHUMaHME HeYeTKUe NpodNeMel aieKBaTHOCTH. M crions30BaHO NIOHATAA
pasmbrrex muoXkeers JI. A, 3agme, pasmbrroli Mephl M pasmbiToro mETerpana. Coo6pasoBar0 Hepapxy-
YECKYIO CHCTEMY DPasMBITBIX MHO)KECTB Ha yPOBHE (DHSHUECKHX IEDEMEHHEIX, MHOMKECTB (QHSHYECKHX
TIEPEeMEHHEIX, OTHOMIEHMI CUCTEMBI M KOPTEMXel oTHomenwmii. IIpencraBieHHbil METOR ONACAHMS aNeK-
BATHOCTH JIENaeT BOSMOKHBIM (POPMANTEHOE IIPOBEACHHE CPAaBANTENFHBIX M HANPABJICHLIX Ha 1eJIh ONEHOK
ANCKBATHOCTH MATCMAaTHUYECKHX MOJieJiell O PasiIMIBEON CTEeHeHr MaTeMaTHYECKOIO YCIIOKHEHHA.

Streszczenie

ZBIORY ROZMYTE W OPISIE ADEKWATNOSCI MODELI MATEMATYCZNYCH
TECHNICZNYCH SYSTEMOW MECHANICZNYCH

W pracy przedstawiono prébe opisu adekwatnoéci modeli matematycznych techriicznych systemow

mechanicznych uwzglgdniajacego nieostre problemy adekwatno$ci. Wykorzystano do tego celu pojecia
zbioréw rozmytych L. A. Zadeha [2], rozmytej miary i rozmytej calki [18]. Utworzono hierarchiczny
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uklad zbioréw rozmytych na poziomie zmiennych fizycznych, zbioréw zmiennych fizycznych, relagji sy-
stemowych i ciagbw relacji. Przedstawiona metoda opisu adekwatno$ci umozliwia formalizacjg dokonywa-
nia ocen poréwnawczych i docelowych adekwatnosci modeli matematycznych o réznym stopniu zioZo-
noéci matematycanej.

Praca zostala zlozona w Redukcji dria 2 maja 1983 roku



