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Abstract:

Introduction/purpose: The aim of this paper is to present the concept of
a universal hypermetric space. An n-dimensional (n > 2) hypermetric
distance over an arbitrary non-empty set X is generalized. This hyper-
metric distance measures how separated all n points of the space are.
The paper discusses the concept of completeness, with respect to this
hypermetric as well as the fixed point theorem which play an important
role in applied mathematics in a variety of fields.

Methods: Standard proof based theoretical methods of the functional
analysis are employed.

Results: The concept of a universal hypermetric space is presented. The
universal properties of hypermetric spaces are described.
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Conclusion: This new version of the results for U, -hypermetric spaces
may have applications in various disciplines where the degree of clus-
tering is sought for.
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Introduction

The role of distance in understanding the world is undeniable. Our in-
tuitive understanding of the concept of distance in the real world, however,
is different from the one proposed in mathematics. Some of the proper-
ties that belong to our understanding of distance from the real world, such
as symmetry and single-valuedness, are not necessarily established within
certain abstract distances.

This will, in fact, be our main motivation for presenting a generalized

concept of distance as a set-valued function in this paper.
The notion of 2-metric spaces, as a possible generalization of metric
spaces, was introduced by Gahler (Gahler, 1963), (Gahler, 1964), (Gah-
ler, 1966). See also (Diminnie et al, 2017), (Ha et al, 1990) for further
developments. The 2-metric d(z, y, z) is a function of 3 variables, and Gah-
ler geometrically interpreted it as an area of a triangle with the vertices at
x , y and z, respectively.

This led B. C. Dhage, in his PhD thesis in 1992, to introduce the notion
of D-metric (Dhage et al, 2000) that does, in fact, generalize metric spaces.
Subsequently, Dhage published a series of papers attempting to develop
topological structures in such spaces and prove several fix point results.

Most of the claims, however, concerning the fundamental topological
properties of D-metric spaces, are incorrect. In 2003, Mustafa and Sims
demonstrated that in a strong remark (Mustafa & Sims, 2003). This led
them to introducing the notion of a G-metric space (Mustafa & Sims, 2006),
as a generalization of metric spaces. In this type of spaces, a non-negative
real number is assigned to every triplet of elements.

In an attempt to generalize the notion of a G-metric space to more than
three variables, Khan first introduced the notion of a K-metric, and later the
notion of a generalized n-metric space (for any n. > 2) (Khan, 2012), (Khan,
2014). He also proved a common fixed point theorem for such spaces.

G-metric spaces were generalized to universal metrics in (Dehghan
Nezhad & Mazaheri, 2010), (Dehghan Nezhad & Aral, 2011), (Dehghan
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Nezhad & Khajuee, 2013), (Dehghan Nezhad et al, 2017). The interpre-
tation of the perimeter of a triangle is applied, but this time on G-metric
spaces. Since then, many authors have obtained fixed point results for
G-metric spaces.

The main purpose of this paper is a generalization of universal metric
spaces into universal hypermetric spaces of the n-dimension (see (Kelly,
1975) for a discussion on hypermetric spaces). In the first part, we ge-
neralize an n-dimensional (n > 2) hypermetric distance over an arbitrary
non-empty set X. This hypermetric measures how separated all n points
of the space are. The hyperdistance function is defined in any way we like,
the only constraint being the simultaneous satisfaction of the three pro-
perties, viz non-negativity and positive-definiteness, symmetry and triangle
inequality. In the second part, we discuss the concept of completness,
with respect to this hypermetric, and the fixed point theorem, which play an
important role in applied mathematics in a variety of fields. Examples show
a fundamental difference between our results and the well-known ones.
This concept is the first view of novel methods for selecting the clusters by
hypermetric. The purpose definition is applicable for engineering science
(for example, the theory of clustering).

By a strict order relation of a set X, we mean a binary relation 7 < 7,
which is transitive (¢ < g and g < ~ implies a < «), such that o <
and 8 < « cannot both hold. It is a strict total order relation, if for every
«, 3 belonging to X, exactly one and onlyone of o < 3, 8 < aora = f3
holds. Agroup G is called left-ordered, if endowed with a strict total relation
” < ” which is left invariant, meaning that o < 5 implies v + o < v + 3,
for all o,5,y € G. We will say that G is bi-ordered, if it admits the left and
right invariant properties simultaneously (historically, this has been called
simple-ordered). We refer to the ordered pair (G, <) as an ordered group
(Cohen & Goffman, 1949). From now on, we assume that 1 denotes the
identity element of G. It should be noted that, for abelian additive groups,
the identity element may be denoted by 0. This is common to an ordered
group with the symbol 7 < ” that has the obvious meaning : a <  means
a < Bora = . We denote GT a set of non-negative elements of G,
namely G* := {g € G|le < g}. Two positive elements, z,y, of an ordered
group are relatively Archimedean if there are positive integers m,n such
that mxz > y and ny > z. If every two positive elements of an ordered
group are relatively Archimedean, then the ordered group is Archimedean.
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Every Archimedean ordered group is isomorphic to an ordered subgroup
of the additive group of the real numbers. An ordered group G is order
complete if every non-empty subset of G that has an upper bound has a
least upper bound.

Universal hypermetric spaces of the dimension n

The goal of this section is to describe a few properties of the universal
hypermetric spaces.

Definition 1. Let G be an ordered group. An ordered group metric (or OG-
metric ) on a non-empty set X is a symmetric non-negative function d¢
from X x X into G such that dg(x,y) = 0 if and only if x = y and such
that the triangle inequality is satisfied; the pair (X, d¢) is an ordered group
metric space (or OG-metric space).

Now we first recall and introduce some notation. For n > 2, let X"
denote the n-times Cartesian product X x ... x X and G be an ordered
N——
n—times
group. Let P*(G) denote the family of all non-empty subsets of G. We
begin with the following definition.

Definition 2. Let X be a non-empty set. Let U, : X" — P*(G") be a
function that satisfies the following conditions:

(U1) Up(x1,...,2n) = {0}, ifz1 = ... = xp,

(U2) U, (z1,...,2,) D {0}, forall x1, ..., z, with x; # x;, for some i, j €

{1,...,n},

(U3) U,(x1,...,2) = Up(ag,...,zs, ), for every permutation
(7‘(’(1), 77T(n)) of(1,2, ...,TL),
(U4) U, (x1,22,...,2pn-1,2n-1) < Up(x1,22,...,20-1,2,), for all

T1,...,Tn € X,

(US) U,(x1,22,...,20) < Up(z1,a,...,a) + Upla,z2,...,zy,), for all
T1,...,Tp,a € X.

Let A; be subsets of X, i=1,...,n. We define
Un(A1,...,A,) = U{Un(aﬁl,...,xn) |z € A, 1= 1,...,n}, and

Ai—s—Aj:{wi—i—xj]:cieA,-,xjeAj;lgi,jgn},
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We will use the following abbreviated notation: The function U, is called
a universal ordered hypermetric group of the dimension n, or more speci-
fically an UO,-hypermetric (or U,,-hypermetric ) on X, and the pair (X, U,)
is called an U,,-hypermetric space. For example, we can set G = Z‘i or
RY, where Z8 := NU {0} = {0,1,2,...} and R} := [0, +o0).

In the sequel, for simplicity we assume that G+ = R%. The following
useful properties of a U,,-hypermetric are easily derived from the axioms.

Proposition 1. (example) Let X = {aq, ... a;} be an (-element set and N, =
{1,...,¢}. Define
Fo: X x X — P*RY)

with,

{0}, gy 5 i<y
FQ(ai’aj) = {{0}71{1_1}} pl=] ) (fO’F all 4,5 GN@)
(bt} i

and also assume A+ B = AU B, forall A,B C P(R%). Then F, is a
Us-hypermetric space.

Proof. It is sufficient to show that [F, satisfies all the properties
[(UD)],[(U2)],...,[(U5)] . The proofs of [(U1)],...,[(U4)], follow immedi-
ately from the definition of IF5. We only need to show that [F, satisfies the
following relation

Fa(ai, a;) = Fa(ai, ar) + Fa(ak, aj) ; (for all i,j,k € Ny),

so we prove that in the following cases.

(i) (i = j)
We have {{0},....{j — 1}} < {0,...,k}, if j < k and also,
{{o},....{j — 13} = {{0},....{k — 1}}, if j = k. Finally we have

(i) (i < 5)
We have {{0},....{j}} < {{0},....{4}}, if j > K, and
{{o},....{4}} < {{o},....{k}}, if & > j, and at last the equality
holds if i = j.

(iii) (i > j)
The same reasoning applies to this case, with j replaced by i in (ii)
and the proof is completed.
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Proposition 2. Let (X,U,) be a U,-hypermetric space, then for any
r1,...,Tn,a € X it follows that:

(1) If U, (21, ..., 2,) = {0}, then T1 = ... = Tn,

(2) Un(l'l,. L ) - Z] (1'1,...,1'1,:6]'),

(3) Un(z1, s vp) € 327 Un(y, a, ...y q),

(4) Uy (21,2, ...,29) C (n — DUy (21, ..., 21, x2).

Proposition 3. Let (X,U,) be a U,-hypermetric space, then {0} C
Up(z1,...,xy,) forall zi, ..., xz, € X.

Proof. By the condition (U4) of the definition of a U,,-hypermetric space,
we have {0} = U, (x1,...,21) C Upy(21, ..., Tn). O

Proposition 4. Every U,-hypermetric space (X,U,) defines a Us,-
hypermetric space (X, U,) as follows:

Us(z,y) = Un(z;y,...,y) + Un(ys 2, ..., 2);  forall z,yec X.

Proposition 5. Let e be an arbitrary positive real value number, and (X, d)
be a metric space. We define an induced hypermetric,

Us: X x X — P*RY)

(d(z,y) — e d(x,y) +e) U{0} ; z#y, dlz,y) >e
Us(z,y) =< (d(z,y) —e,d(z,y)+e)NRYL 5 z#y, dlz,y) <e
{0} ; T=y.

Then (X, U$) is a Us-hypermetric space.

Main results

Let (X,U,,) be a U,-hypermetric space and X be a partition of X. For
each point p € X, we denote p a point in X containing p, and we denote
the equivalent relation induced by the relation by ~.

Definition 3. Let (X,U,,) be a U,-hypermetric space. Let pi,...,p, € X,
and consider p,...,pn € X. A quotient U,-hypermetric of the points of X
induced by U, is the function

U, : X" —s P*(R") given by U, (1, ..., ) = Np.ez, Un(P1;- -, 0n)-
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Proposition 6. The quotient U,,-hypermetric induced by U, is well-defined
and is a U,-hypermetric on X.

Proof. U, satisfies all the properties (U1) — (U4).

Un(@1s-->0n) CUn1, G-, Q) + Un(@ P2y - - - D)

() Unpr,....on) € <Un(p1, ¢,---,q) + Un(g;p2, . .. ,pn)>
piEﬁi piEISi
q€q

= () Unpr,ds--:0) + () Unlg,p2,---,pn)
pieﬁi pz‘Eﬁi
q€q q€q

= ﬂ (Un(plaqa o 7q) + UTL(Q7p27 o 7pn)> .
sz]Si
q€q

O

Let (X,U,) be a U,-hypermetric space of a dimension n > 2. For any
arbitrary a in X, define the function U,,_; on X"~ ! by

Up—1(x1,...,2p—1) = Up(x1,...,20-1,0).
Then we have the following result.

Proposition 7. The function U,,_1 defines a U,,_1-hypermetric on X.

Proof. We will verify that U,,_, satisfies the five properties of a U,_1-
hypermetric. O

Proposition 8. Let f : X — Y be an injection from a set X to a setY. If
U, : X" — P*(RY) is a U,-hypermetric on the set Y, then U, : X" —
P*(RY), given by the formula Un(z1, ... 20) = Up(f(21), ..., f(zn)) for all
x1,...,o, € X, is a U,-hypermetric on the set X.
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Proposition 9. Let (X,U,,) be any U,-hypermetric space. Let \ be any
positive real number. Then (X, U)) is also a U, -hypermetric space where
UN(x1,. .. 1) = {AN[0,N)|A € Up(x1,...,7,)}

So, on the same X many U, -hypermetrics can be defined, as a result
of the procedure in which the same set X is endowed with different metric
structures. Another structure in the next proposition is useful for scaling the
U,-hypermetric, so we need the following explanation.

For any non-empty subset A of R?, and A € Rt we define a set \.A to
be \.A:={Xa|ac A}

Proposition 10. Let (X,U,,) be any U,-hypermetric space. Let A be any
positive real number. We define UM (21,...,20) = NUy(21,...,2,). Then
(X, U))is also a U, -hypermetric space.

Asequence {z,,} in a U,-hypermetric space (X, U,,) is said to converge
to a point s in X, if for any ¢ > 0 there exists a natural number N such that
forevery my,...,my,_1 > N,

Un(xm17 (RS mmn717 S) g [07 6)7

then we write,

lim Un(@mys ooy T, 5 8) = {0}

M yeeeyMpy—1 ——+00
We say that a sequence {z,,} has a cluster point x if there exists a
subsequence {x,,, } of {z,,} that converges to x.

Proposition 11. Let (X,U,,) and (X', U},) be two U,-hypermetric spaces.
Then a function f : X — X' is U,-continuous at a point x € X, if and only
if it is U,,-sequentially continuous at x; that is, whenever sequence {x,,} is
Un-convergent to « one has { f(x.,)} which is U,, convergent to f(x).

Definition 4. Let (X,U,,) be a U,-hypermetric space, and A C X. The
set A is U,-compact if for every U,-sequence {z,,} in A, there exists a
subsequence {x,, } of {z,,} such that U,-converges to x, € A.

Proposition 12. Let (X, U,,) and (X', U),) be two U,,-hypermetric spaces and
f: X — X" aU,-continuous function on X. If X is U,-compact, then f(X)
is Up-compact.
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Definition 5. Let (X, U,,) be a U,,-hypermetric space, then for o € X, r > 0,
the U,,-hyperball with a center xy and a radius r is

By, (xg,7) ={y € X : Up(z0,y,...,y) C[0,7)}.

Proposition 13. Let (X,U,,) be a U,-hypermetric space, then for zy € X,
r >0,

() If Uy (x0, x2, ..., zp) C [0,7), then xa, ..., z, € By, (xo,1),

(i) If y € By, (xo,7), then there exists, 6 > 0 such that By, (y,d) C
BUn (.%'0, 7“).

Proof. The proof of (i) is trivial. In (ii) it suffices to show that for every U,,-
hyperball By, (z,r) and every y € By, (z,r)), there exists § > 0 such that,
y € By,(y,6) € By, (z,r). Solety € By, (z,r). Then Uy(z,...,z;y) —
Up(z,...,z;2) C[0,r). Set

[0,0) :=1[0,7) = Up(z,...,z; y) + Up(x,...,x; z).
then § > 0, and hence y € By_,(y,9).

Now let z € By, (y,9) , i.e, Un(y,...,y; 2) — Un(y,...,y;9) € [0,0),
then

Un(z,...,z52) € Uplz,...,z;9) +Unly,...,y;5 2) = Unl(y,...,¥: y)
- Up(z,...,z; 2)
C Up(z,...,z;y) —Up(z,...,x; x)+[0,0)
c [0,7).
Thus, z € By, (z,r), and hence By, (y,0) C By, (z,7). O

Proposition 14. The set of all U,,-balls, B, = {By,(z,r) : © € X,r > 0},
forms a basis for a topology T (U,,) on X.

Definition 6. Let (X, U,,) be a U,,-hypermetric space. The sequence {z,} C
X is Uy-convergent to x if it U, -converges to x in the U, -hypermetric topo-
logy, T (Up).

Proposition 15. Let (X,U,,) be a U,-hypermetric space. Then for a se-
quence {x,,} C X, and a point z € X the following are equivalent:

(1) {zn} is U,-convergent to x,

(2) Up(@iy vvy Ty x) — 0,

(3) Up(xm, z, ..., x) — 0.
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Definition 7. Let (X,U,,), (Y,V,,) be universal hypermetric spaces of the
dimensions n, m, respectively, a function f : X — Y is U, ,,-continuous
at a point xg € X, if f~Y(Bv, (f(x0),r)) € T(Uy), forall r > 0.

We say f is U, n,-continuous if it is U, .,-continuous at all points of X;
that is, continuous as a function from X with the T (U,,)-topology to Y with
the T (V,,,)-topology.

In the sequel, for simplicity we assume that n = m. Since U,-
hypermetric topologies are metric topologies, we have:

Definition 8. Let (X,U,,) and (Y,V,,) be two U,-hypermetric spaces and
f:(X,U,) — (Y,V,) be a function. The function f is called U, -continuous
at a point a € X if and only if, for given ¢ > 0, there exists 6 > 0 such
that xi,...,z,—1 € X and the subset relation U, (a,z1,...,xn—1) C [0,0)
implies that V,,(f(a), f(x1),..., f(zn-1)) C [0,€).

A function f is U,-continuous on X if and only if it is U,-continuous at
alla € X.

Proposition 16. Let (X,U,,), (Y,V,,) be U,-hypermetric spaces, a function
f X — Y is Uy-continuous at point x € X if and only if it is U,-
sequentially continuous at z; that is, whenever {z,} is U,-convergent to
x we have that (f(x,)) is U,-convergent to f(z).

Proposition 17. Let (X, U,,) be a U, -hypermetric space. Then the function
Up (21, 22, ..., 2n) is jointly U, -continuous in all n of its variables.

Definition 9. Amap f : X — Y between U, -hypermetric spaces (X,U,,)
and (Y,U),) is an iso-hypermetry when U,,(z1, ..., z,,) = U, (f(x1), ..., f(zn))
for all z1,...,z, € X. If the iso-hypermetry is injective, we call it
iso-hypermetric embedding. A bijective iso-hypermetry is called an iso-
hypermetric isomorphism.

We discuss now about the concept of completeness of U,,-hypermetric
spaces.

Definition 10. Let (X,U,) be a U,-hypermetric space, then a sequence
{z} C X is said to be U,-Cauchy if for every ¢ > 0, there exists N € N
such that U, (2, , Tmys -y Tm,, ) < € for all my, ma, ..., m, > N.
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The next proposition follows directly from the definitions.

Proposition 18. In a U,,-hypermetric space, (X,U,,), the following are equi-
valent.

(1) The sequence {z,,} is U,-Cauchy.

(17) For every € > 0, there exists N € N such that U, (z;, T, ..., zm) <&,
foralll,m > N.

(13i) {xm } is @ Cauchy sequence in the metric space (X, dy).

Corollary 1. (i) Every U,,-convergent sequence in a U, -hypermetric space
is U,-Cauchy.

(ii) /If a U,,-Cauchy sequence in a U,-hypermetric space (X,U,,) contains
a U,-convergent subsequence, then the sequence itself is U,,-convergent.

Definition 11. A U,,-hypermetric space (X, U,) is said to be U, -complete if
every U,-Cauchy sequence in (X,U,,) is U,-convergent in (X,U,,).

Proposition 19. A U,,-hypermetric space (X,U,,) is U,-complete if and only
if (X,dy) is a complete metric space.

Definition 12. Let (X,U,,) and (Y, U,') be two U,-hypermetric spaces. A
function f : X — Y is called a U,,-contraction if there exists a constant k €
[0,1) such that U, (f(x1),..., f(zn)) = kUp (21, ..., x,) forall zy, ..., z, € X.

It follows that f is U,-continuous because U, (z1,...,z,) C [0,6) with
k#0and ¢ := e/k implies U, (f(z1), ..., f(zn)) C [0, €).

Theorem 1. Let (X, U,,) be a U,-complete space and letT : X — X be a
Uy-contraction map. Then T has a unique fixed point T'(x) = x.

Proof. We consider x,,,11 = T(z,,), with xy being any point in X. We
have, by repeated use of the rectangle inequality and the application of
contraction property, the following:

Un (i, Tty - -« Tmt1) C E™Up (20, 21, - - ., 21),
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for all m, s; € Nwhichm < sy and k € [0,1).

[Un(wm;xslw--:ws]) g Un(mmaxm—l—lw-'?xm—s—l)

+ Un($m+17 Tm4+25 - - - ,fIfm_i,-Q)

+ Un(xm—&-% Tm+3y--- 7$m+3)
km (1—ks—m

+ %Un(ﬂcojxh ey T)

- (kim+k3m+1+...—|—k81_1)Un(l‘0,IL‘1,...,ZE1)
km (1—ks1—m

== %Un(xo,ml,...,xl).

Then we have

hm Un(xm7x517"‘7x51) = {0}’

m, 81 — 400
since
R O
T el i
m, s — 400 1—-k

Form < s; < sy € Nand (U5) implies that

Un(xo, Tlye-- ,.2131) = {O}

Un(@m, Ts, sy -+, Ts,)  © Un(@m, Tsys -5 Ts,)
+ [[Jn(xslg$sl,---,$s2),

now taking the limit as m, s1, ss — +00, we get
Up(zm, s, , Tsy - -+, Ts,) — {0}
Now form < s1 <s9 <...<s,_1 €N, we will have
Un(Xm, s,y -, 2s,) = {0};  whenever, m,s1,...,8,-1 — +00,

then {x,,} is a Cauchy sequence. By completeness of (X, U,,), there exists
a € X such that {z,} is U,-convergent to a. The fact that the limit z,, is a
fixed point of T" follows the U,,-continuity of 7', and

Ta=T lim z,= lim Tz,= lim =z, =a.
m——+00 m——+00 m—-+00o

Finally, if « and b are two fixed points, then

{0} CUp(a,b,....b) = Un<T(a),T(b),...,T(b))
C kUn(ab,...,b).

Since k < 1, we have U,(a,b,...,b) = {0}, so a = b and the fixed point
is unique. O
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Conclusions

In this article, we have put forward a development of the results of U,,-
hypermetric spaces, covering a variety of topics relevant for understanding
their properties including completeness and the fixed-point theorem. We
believe this work may be relevant from both the theoretical standpoint and
the point of view of applications in contemporary problems such as those
of clusterings which often appear in practice.
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Pesome:

BeedeHue/uenb: Llenbio 0aHHOU cmambu sierisiemcs npedcma-
erieHuUe KoHuenuuu yHueepcarnbHoeo U, -aurnepmempuyeckozo
npocmpaHcmea. O6obweHo n-MepHoe (n > 2) aurnepmempu-
Yyeckoe paccmosiHUe Ha rpou380IIbHOM HEryCcmoM MHOXecmee
X, npu amom 0aHHasi maK Hasbleaemasl a2unepMmempuka eblyLc-
nissem paccmosiHue Mex0y ecemMu N moykamu rnpocmpaHcmea. B
cmambe obcyx0aemcsi KOHUEenuuUs rnosiHoOMmMbsl 8 OMHOWEHUU au-
rnepMempuKuU, a makxe meopema o Herod8UXXHOU Mo4YKe, KOmo-
pble usparm 8aXKHyH POJib 8 Pa3HbIX HanpasneHusIX npuknao-
HOU MamemMamuku.

Memodsi: B cmambe npuMeHsinuce meopemuyeckue memoobl
PyHKUUOHaNbHO20 aHarnu3sa.

Pesynbmamei:  [lpedcmasneHa KOHUenuusi yHUBepCasibHO20
U, -eunepmempudecko2o rnpocmpaHcmea. OnucaHbl yHUEep-
carnbHble ceoticmea U,,-eunepmMempu4ecKux npocmpaHcms.

BbigoObi:  Hoeasi eepcusi pesynbmamose & obnacmu U,-
2unepMempuyYeckUux MpocmpaHcma MoXem PUMEHSIMbCST 8
pasfuyHbIX QUCYUMNIUHax, 8 Komopbix mpebyemcsi cmerneHb
Krnacmepusauuu.

Knouesbie cnosa: U, -2urniepmempuyeckue npocmpaHcmea,
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OBJIACT: maTemaTtuka
BPCTA YJTAHKA: opurnHanHu HayyHu pag

Caxxemak:

Yeod/Lurs: Y pady je npedcmaerbeH KOHUenm yHugep3ari-
Hoe U,-xunepmempudykoeg rnpocmopa. [eHepanusyje ce n-
OumeH3uoHasnHo (n > 2) xurnepMempuyko pacmojarbe Ha npo-
u380S/bHOM Heripa3Hom ckyny X. [lpumom, osa ms3e. xurnep-
Mempuka u3paxaea KoJlUKo je mefjycobHO pacmojare ceux n
mayaka rpocmopa. AHanu3upa ce rojam KOMraem-{ocmu, y 00-
HOCY Ha XurepMempukKy, Kao U meopema HernoKkpemHe mauke,
Koja uma 3HayajHy yrnoay y npuMeH-eHoj Mamemamuuyu Ha pa-
3HUM rosbUMa.

Memode: [lpumereHe cy cmaHOapdHe meopujcke memode
yHKUUOHaIHe aHanuse.

Pesynmamu: lNpedcmasrbeH je KoHuenm 2eHepanuisosaHoa U, -
xunepmempudkoe npocmopa. OnucaHe cy U yHUeep3asHe 0co-
buHe U,,-xurnepmempuy4Kux rnpocmopa.

Bakrpyuyu: Hoea eepsuja pesynmama U, -xunepmempuykux
rpocmopa Moxe umamu rpuMeHy y pasHopOOHUM OuCyunIuHa-
Ma y Kojuma je 3axmeeaHo 0a ce KeaHMUGUKYje cmereH apyriu-
camba.

KrbyuHe peyu: U, -xunepmempuyku ripocmopu, OG-mempuka,
G-mempuka.
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