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Fixed point theorems for generalised contractions
in altering JS-metric space with graph

Alshammari 1.1, Ozel C.2, Gnanachandra P.3, Varunnya X.M.J.3

Throughout this article, we propose an extension of the metric space due to M. Jleli and B. Samet
(JS-metric space). This extension is made using the altering distance function, hence the name
altering JS-metric. The idea of fixed points for the contraction mappings endowed with graph was
first introduced by J. Jachymski in 2008. After that many researchers followed this idea and pro-
posed various contraction mappings endowed with a graph. Motivated by these ideas, we have
generalised some well-known contraction mappings in the literature that are endowed with a graph.
Additionally, we have provided some fixed point results concerning these contractions in an altering
JS-metric space.
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Introduction

Fixed point theory is a prominant branch of non linear analysis having a broad range of
applications in wide disciplines. The raise of theory of fixed points dates back to 19th cen-
tury thereby gaining the attention of many researchers. Metric fixed point theory is a division,
which deals with the fixed points of functions in metric spaces. Through the years, many re-
search works were carried out concerning this discipline. S. Banach proposed Banach contrac-
tion principle to assure unique fixed point of continuous contraction map in complete metric
space. Enormous amount of results have been given by generalising the contraction condition
and the underlying metric space. M. Jleli and B. Samet [8] gave a generalised metric space and
showed that Banach type contraction has only one invariant point in their generalised metric
space. In 2005, J.J. Nieto and R. Rodriguez-Lépez [11,12] obtained a result that ensured the
tixed point for a non decreasing function in a partially ordered complete metric space and
A. Petrusel and L.A. Rus [13] upgraded that result. In 2008, J. Jachymski [7] introduced the
idea of contraction mappings endowed with a graph. He studied theorems concerning the
fixed points in metric spaces endowed with a graph. Following him many researchers worked
on the area of various contraction mappings endowed with a graph. For more ideas one may
refer to [1,2,9,15]. Motivated by these ideas, in this paper we have introduced the generalised
contractions endowed with a graph and have given examples for such contractions. We have
also proved fixed point theorems for such contractions.
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1 Preliminaries

Generalisation of metric space, made by M. Jleli and B. Samet, is one of the notable exten-
sions prevailing in the litrature. They made the generalisation by introducing a converging
sequence in an axiom. The generalised metric due to M. Jleli and B. Samet [8] is given below.

Definition 1 ([8]). Consider a non-void set S and a mapping J : S x S — [0, 00]. For every
s € S, let us define the set

ClJg S 1) = {{jn} S+ lim Jo(ju ) = 0}.

A non-void set S with the map Jy : S x S — [0,00] is a JS-metric space if it satisfies the
following axioms:

(D1) Joliop) = 0= j = p for (j,p) € S x 5,
(D2) Jp(j, p) = Jp(p,j) for (j,p) € S xS,
(D3) {ju} € C(Jp,S,j) = Jp(j,p) < klimsup,,_, ., Jo (ju, p) for (j, p) € S x S and some k > 0.

The idea of altering distance function was proposed by D. Delbosco [5] and F. Skof [14].
Succeeding them, M.S. Khan et. al. [10] utilized the idea to prove many results in fixed point
theory. Following the definition of altering distance function given by M.S. Khan in 1984, we
give a new generalisation of the JS-metric.

Definition 2 ([10]). Let i be a function from non-negative reals to itself. Then 1 is an altering
distance function if

(1) n is monotonically non-decreasing and continuous,

) n(t)=0&1t=0,

(3) h.t" <y(t) fort > 0 and some constants h,r > 0.
Let ¥ denote the set of altering distance functions.

Example 1. Define 7 : [0,00) — [0,00) by 1(t) = 5't. It is obvious that (t) is contionuous and
non-decreasing in the interval [0,00). Also, it is observed that the value of 17 is 0 only at the
pointt = 0. Also, t < 1(t) for every t. This implies that n is an altering distance function.

Let us now introduce the altering JS-metric space utilising the function ¢ € 7 as follows.

Definition 3. Let S be a non-void set and ], : S x S — [0,00] be a map. We say that |, is an
altering |S-metric on S if:

(A1) Jp(j,p) =0=s=tforj,p €S,
(A2) Jo(j,p) = Jo(p,j) forj,p €S,

(A3) {jn} € CUpSj) = ¢Up(p) < limsup, . [@(kJy(jn, p))] for jp € S and
some¢p € ¥, k > 0.

The pair (S, J) is an altering |S-metric space.
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It can be observed that in an altering JS-metric space if ¢(t) = t, then it becomes a
JS-metric space. Suppose the set C (], S, j) is empty for every element of S, then (S, J,) be-
comes a JS-metric space iff the axioms (A1) and (A2) are satisfied.

Example 2. Let S = R and let J; : S x S — [0,00] be defined by J4(j,p) = (j — p)*>. Then
(S, Jp) satisfies the axioms of an altering JS-metric space. Thus (R, J,) is an altering JS-metric
space.

It can be noted that a metric space is always an altering JS-metric space.
Definition 4. A sequence {j,} in an altering JS-metric space (S, J¢) is:
(i) Jp-convergent tos € S if nh_r>ro10 Jo (Gu,j) = 0, ie. {ju} € C(Jp,S,]),
(i) Jp-Cauchy if for given e > 0 there exists s € N such that [y (ju,jm) < & forallm,n > s,
ie. n,grgoo Jo (jns jm) = 0.
The altering JS-metric space (S, ]y) is Jy-complete, if every Jp-Cauchy sequence in S is
Jp-convergent.

2 Contractive mappings endowed with a graph

In 2008, the concept of showing fixed points of a contractive map in a metric space endowed
with a graph was initiated by J. Jachymski [7].

Consider a non-void set S and a mapping J, : S X S — [0, o], which is an altering JS-metric
onS. Let ® = S x S, G be a graph, which is directed having no parallel edges determined by
the vertex set V(G), that corresponds to S, i.e. S = V(G) and the directed edge set E(G) C
V(G) x V(G) containing all loops, i.e. ® C E(G). The amount of distance joining the end
vertices is allocated as the weight of every edge. Let the directed graph acquired by flipping
over the edges of G be indicated by G~! and the graph acquired by neglecting the directions
of edges be indicated by G.

Definition 5 ([3]). A sequence {j,} of vertices in V(G) is G-increasing if
(jn,jns1) € E(G) forall n € N.

Example 3. Let S = IN be defined with the usual metric and G be a directed graph whose
vertex set concur with N and the edge set is defined to be E(G) = {(j,p) : j < p}. Let {j.} be
a sequence in V(G) given by j, = n®. Then {j,} is G-increasing.

The sequence {j, } is not G-increasing, when S = Q.

Definition 6. Let S be a non-void set and G be a directed graph such that S = V(G). Then G
is transitive provided (j,r) € E(G) whenever (j, p), (p,r) € E(G) forj, p,r € V(G).

Example 4. Let the vertex set of the directed graph coincide with the set of natural numbers
IN and the edge set is defined to be E(G) = {(j,p) : j,p € N and j|p}. Then G is transitive.

The graph defined in Example 3 is also transitive.
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J. Jachymski [7] used the property that was proposed by ].J. Nieto and R. Rodriguez-
Loépez [11] for metric space equipped by a graph. This property is also mentioned as the JNRL
property by many researchers.

Property 1 (JNRL property). The directed graph G complies the [NRL property, whenever a
G-increasing sequence {j, } is Jp-convergent to s, then (jy, j) € E(G).

The following is the J. Jachymski’s definition of graph contraction.

Definition 7 ([7]). Consider the metric space (S,d) and the directed graph having the vertex
setS. Amap T from S to itself is a G-contraction if :

(i) the edges of G are preserved by T, i.e.j,p €S,(j,p) € E(G) = (T}, Tp) € E(G),
(i) (j,p) € E(G) = d(Tj, Tp) <rd(j,p) forj,p € S and some r € (0,1).
The following definition of Kannan graph contraction was given by F. Bojor [4].

Definition 8 ([4]). Consider the metric space (S, d) and the directed graph G having the vertex
setS. Amap T from S to itself is a G-Kannan mapping if:

(i) (j,p) € E(G) = (T}, Tp) € E(G) forallj,p €S,
(ii) there exists0 <r < % such that
d(Tj, Tp) <r[d(j, Tj) +d(p, Tp)]
for (j,p) € E(G).

In 2016, K. Fallahi and A. Aghanians [6] introduced the G-Chatterjea mapping using the
Jachymski’s idea of contraction endowed with a graph for Chatterjea’s contraction.

Definition 9 ([6]). Consider the metric space (S, d) and the directed graph G having the vertex
setS. Amap T from S to itself is a G-Chatterjea mapping if:

(i) (j,p) € E(G) = (T}, Tp) € E(G) forj,p €S,
(ii) there exists0 <r < % such that
d(Tj, Tp) < rld(j, Tp) +d(p, Tj)]
for (j, p) € E(G).

3 Generalised graph contractions

The contractions that have been proposed in the literature so far work in the case of exis-
tence of edge between the vertices that we consider. Now, here we have replaced the existence
of edge with existence of path between the vertices, which gave rise to the idea of generalised
contractions endowed with a graph.

Definition 10. Let us consider the altering JS-metric space (S, ]y) and the directed graph
G = (V(G),E(G)), whose vertex set corresponds to S. A sequence {j},_, of m + 1 dis-
similar vertices from jy = j to j,, = p is a path of length m in a graph G if (ju, ju+1) € E(G)
forn=0,1,2,...,m—1.
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The distances of each edge involved in a path adds up to give the distance of the path. For
any j,p € V(G), let P(j, p) denotes the collection of all paths between s and ¢ in the undirected
graph G.

Definition 11. Consider the metric space (S,d) and the directed graph G having the vertex
setS. Amap T from S to itself is a generalised G-contraction if :

(i) the edges of G are preserved by T, i.e. (j,p) € E(G) = (T}, Tp) € E(G) for (j,p € S),
(ii) for somer € (0,1) and for every j, p € S, such that P(j, p) is non-void, we have
d(Tj, Tp) < rd(j, p)-

Example 5. Consider the non-void set S = IN endowed with the usual metric and the graph G,
whose vertex set coincides with S. The edge set is defined as E(G) ={(j, p): j,p € N and j | p}.
Let the mapping T : S — S be given by Tj = 4.

I~.[NoIs

Now, (j,p) € E(G) = j| p. Consider TT’; =< = ?. Since j | p, it follows that Tj | Tp, which

gives (Tj, Tp) € E(G). Thus the edges of G are i)reserved by T.

Letj,p € E(G) be such that P(j, p) is non-void. Thus, there exists a path {j,},_, from j
to p, where jo = j and j,, = p. Since the edges of G are preserved by T, there exists a path
{Tju},_o from Tj to Tp, where Tjy = Tj and Tj,, = Tp. We have

d(Tj, Tp) = d(Tjo, Tjm) = d (Tjo, Tjr) +d (Tj1, Tja) + -+ d(Tjm—1, Tjm)
= |Tjo — Ti1| +|Tj1 — Tja| + -+ + |Tjm—1— Tjm|

o _jif, |h_J
2 2|72 2

jm—l N ]ﬂ

+ 2 2

(P .

= 5{lio =l +1jt = j2l - + ljm-1 = il }
1, - .

= 5{dGoj1) +d (i j2) + - +d (1 jm) §

1., . 1.
= 5d (jo jm) = 54(j, p)
Hence, T is a generalised G-contraction.

Definition 12. Consider the metric space (S,d) and the directed graph G having the vertex
setS. Amap T from S to itself is a generalised G-Kannan mapping if :

(@) (j,p) € E(G) = (T}, Tp) € E(G) forj,p €5,
(i) there exists 0 < r < % with d(Tj, Tp) < r[d(j, Tj) +d(p,Tp)] for all j,p such that
P(j, p) is non-void.

Example 6. Let the set S = {1,2,3,4} is endowed with the usual metric d(j,p) = |j — p|.
Let the directed graph G be defined with the vertex set S and the edge set be given by
E(G) ={(1,1),(2,2),(3,3),(44),(1,2),(1,3),(3,4) } . The self map T is defined by

, if j is even,

j+1
2 7

Tj={ 2

=N .

if j is odd.
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Now, (T1,Th) = (To, T2) = (T, T2) = (L), (T3, T3) = (Ty, Tu) = (T3, Ta) = (2,2);
(Ty, T3) = (1,2). Thus the edges of G are preserved by T. In this graph, all the edges form a
path of length 1. Apart from that, P(1,4) is non empty. So all these paths satisfy the condition

d(Tj, Tp) < r[d(s, Ts) +d(t, Tt)]

2
with the constant r = —.
Let us check the contraction condition for these cases:

2

d(T, 7)) =d(1,1) =0 and Z[d(1,Ty)+d(1,T1)] = =[d(1,1) +d(1,1)] =

~

d(Ty, 7)) =d(1,1) =0 and Z[d(2,Ta)+d(2T)] = =[d(2,1) +d(2,1)] =

~

GINGaINNAINDINGgioava o gl

~

d(T5,T3) =d(2,2) =0 and Z[d(3,T3)+d(3,T3)] [d(3,2) +d(3,2)] =

d(Ty,Ty) =d(2,2) =0 and Z[d(4,Ty) +d(4Ty)] = Z[d(4,2) +d(4,2)] =

d(T, T) =d(1,1) =0 and Z[d(1,T2)+d(2T)] = =[d(1,1) +d(2,1)] =

d(Ty,T3) =d(1,2) =1 and =[d(1,T3)+d(3,T1)]

[d(1,2) +d(3,1)]

~

d(Tl,T4) :d(1,2) =1 and [d (1,T4)+d(4,T1)]

[d(1,2) +d(4,1)]

Gaulloul Tl "Gl ul kGl &l O

~

GIINUGIINCIINOIINGIIN OGN N O

d(T5,Ty) =d(1,2) =1 and =[d(3,Ty)+d(4,Ts)] = Z[d(3,2) +d(4,2)] =

Thus, T is a generalised G-Kannan mapping.

Definition 13. Consider the metric space (S,d) and the directed graph G having the vertex
setS. Amap T from S to itself is a generalised G-Chatterjea mapping if :

(i) (j,p) € E(G) = (Tj,Tp) € E(G) forj,p €S,

(i) there exists 0 < r < % with d(Tj, Tp) < r[d(j, Tp) +d(p, Tj)] for every j, p such that
P(j, p) is non-void.

Definition 14. The map T is a G-continuous map with respect to the altering JS-metric [y over
the non-void set S, if for the given G-increasing sequence {j,} in S ands € S, ]y (ju,j) — 0
implies [y (Tju, Tj) — 0.

Proposition 1.

(i) A G-contraction mapping is a generalised G-contraction mapping and a G-Kannan map-
ping is a generalised G-Kannan mapping. The same holds for G-Chatterjea mapping.

(i) If T is a generalised G-contraction, then T is also a generalised G~!-contraction and a
generalised G-contraction.

(iii) If T is a generalised G-Kannan mapping, then T is also a generalised G~!-Kannan map-
ping and generalised G-Kannan mapping.

(iv) If T is a generalised G-Chatterjea mapping, then T is also a generalised G~!-Chatterjea
mapping and generalised G-Chatterjea mapping.
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Proof. (i) The fact that an edge is a path of length one makes (i) hold true.

(i) If (j, p) € E(G), then (p,j) € E(G™!). Since the edges of G are preserved by T,
(Tj, Tp) € E(G), which implies (Tt,Ts) € E (G™!). Hence the edges of G~! are preserved
by T. Again, G is a graph obtained by neglecting the directions of edges, so the edges of
G are preserved by T. Further, the symmetric axiom of the metric space ensures that T is a
generalised G~ !-contraction and a generalised G-contraction.

Items (iii) and (iv) can be proved by similar way. O

Throughout this section, we consider (S, J) to be an altering JS-metric space endowed with
a directed graph G = (V(G), E(G)), whose vertex set coincides with the set S, i.e. S = V(G).

Theorem 1. Let (S, J5) be a complete altering JS-metric space endowed with G such that G
satisfies the INRL property. LetT : S — S be a map satisfying:

(1) (j,Tj) € E(G) forallj € V(G),
(ii) T is a generalised G-Kannan mapping.
Then T has a fixed point.

Proof. Consider sy € S. Define an iterative sequence {j,} by Picard’s iteration defined by
Tsy = sp41 for every n € IN. Suppose for some n € IN we get s, = 5,41, then s, = Ts, and
hence the claim. So, let us consider the case s,; # 5,41 for every n € IN.

By the hypothesis (i), we get (ju, Tjn) € E(G) forevery n € IN, which gives (ju, j,+1) € E(G)
for every n € IN. Therefore {j,} is a G-increasing sequence in S and P (jy, j,+1) is non-void for
all n € IN. Hence,

Jo G ns1) = To (Tin-1, Tin) < 7 [Jo Gt Tin-1) + Jo Gins Tiir) |
= [Jp Gu130) + T G 1) | (L= 1T Gins i)
< g Gt i) Jp G fost) < T a1 i)
Continuing in this way we obtain

r

Jo (nsjns1) < (1_r> Jo (o, j1)

foralln € N. If n — oo, then J (ju, ju+1) — 0. Let ju, jm € V(G) with n < m. Now, we get
(s Jn+1) s Gnttsns2) o+ os Gm=1,jm) € E(G).
Hence, there exists a path from j, to j, in G. We have
Jo Gins i) = T (Tjn1, Tjur1) < ¥ [Jo Gnt, Tjn-1) + i G2, Tjm 1) |
=7 []fp (n=1,Jn) + Jo Gm—1,jm) ]

Letting n,m — oo, we obtain [y (ju,jm) —+ 0. Thus, {j,} is a Cauchy sequence in S. Com-

pleteness of S gives that j, Jo, jfor j € S. Since G satisfies the JNRL property, (ju,j) € E(G).
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Now,
Jo (Tins TJ) < 7 [Jo Gins Tin) + Jo G T
Jo Gns1, Tj) < 7T Ginojun) + T G TH) |
Lettingn — oo, we get J(j, Tj) < r]y(j, Tj), whichis possibleiff J4(j, Tj) = 0= j=Tj. O

Corollary 1. Suppose (S, J,) is complete and endowed with a graph G. If T : S — S isa
G-Kannan mapping such that G is either complete or transitive, then T has a fixed point.

Theorem 2. Suppose (S, Jy) is a complete altering JS-metric space with a graph G satisfying
JNRL property. Let T : S — S be a map such that:

(i) (j,Tj) € E forallj €S,
(ii) J¢ (jo, juw) < oo for every G-increasing sequence {j, }, , and for allw > 0,
(iii) Jo(Tj, Tp) < r.Jp(j, p), withr € (0,1), for every j, p such that P(j, p) is non-void.
Then the mapping T has a fixed pointin S.

Proof. Let jo € S and the sequence {j,} be defined as j,y1 = Tj,, n € N. Let ju # jni1
for all n € IN. By the hypothesis, (j,Tjn) € E(G) for all n € IN, which implies
(ju,ju+1) € E(G), n € IN. Hence, {j.} is a G-increasing sequence in S and P (jy, ju+1) is
non-void for all n € IN.

Note, that

Jo Gnrjns1) = Jp (Tjn—1,Tjin) < v.Jp (jn—1,jn) = 7Jp (Tjn—2, Tjn-1)
< 7’2]¢ (jn—ern—l) . -]4) (jn/jn+1> < 7’”]41 (jO,jl) :
Asn — oo, we have [y (jus ju+1) — 0. Consider n, m € IN such that n < m. Now, to ensure that
{jn} is a Jp-Cauchy sequence, consider
](P (jn;jm) = ]tp (Tjn—ll ij—l) < 7’-]45 (jn—lfjm—l) = 1’.]4, (T].nle T]‘mfz)
< 7’2]4) (jn—erm—Z) s ]¢(jnrjm) < 7’”]49 (jOrjm—n) .

Since {j,} is a G-increasing sequence, [y (jo,jm—n) < oo. Letting n — oo, we obtain that
{jn} is a Jg-Cauchy sequence. Completeness of S implies that {j, } is Jy-convergent to a point j
in S. By the JNRL property of G, (ju, j) € E(G).

Hence, J (Tju, Tj) < 1.Jp (jn,§) + Jo Gng1, Tj) < 7.Jp (ju, j). Asn — oo, we get J4(j, Tj) < 0.
This is possible iff j = Tj. O

Corollary 2. Suppose (S, Jy) is a complete altering JS-metric space with graphGandT : S — S
is a G-continuous map such that:

(i) (j,Tj) € E forallj €S,
(ii) J¢ (jo, jw) < oo for every G-increasing sequence {j, },,_, and for allw > 0,
(iii) Jo(Tj, Tp) < r.Jp(j, p) withr € (0,1) for every j, p such that P(j, p) is non-void.

Then the map T has a fixed point in S.
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Proof. As in the proof of Theorem 2, completeness of the space (S, J5) yields j, ]i> jforjes,
i.e. Jy (jn,j) — 0. Since T is a G-continuous map, we obtain

Jo (Tjn, Tj) =0

i.e. ]‘P (jn+1/ T]) — O, SO ]‘P(]’ T]) =0.
Hence, Tj = j. So, j is the fixed point of T. O

Theorem 3. Suppose (S, J4) is an altering JS-metric space with a graph G that satisfies JNRL
property. Let T : S — S be a map such that:

(i) there exists a G-increasing sequence {ju},_o With o (ju, jm—n) < oo for every m,n > 0
such thatn < m,

(ii) T is a generalised G-Chatterjea mapping.
Then the map T has a fixed point in S.

Proof. Consider the G-increasing sequence {j,},_, satisfying Jo (Su,Sm—n) < oo for every
m,n > 0 such that n < m. First we show that {j,}, _, is a Jo-Cauchy sequence. Since {j,}, _,
is a G-increasing sequence, (ju, ju+1) € E(G) for every n € IN. Hence, there exists a path from
jn to . So, we have

I Gnsjm) = Jo (Tin-1, Tjm—-1) < V{Lp (n—1,Tim-1) + Jg (J'mferJ'nfl)]
=r []4, (1, jm) + T Gm—1, jn) ] = [Lp (Tjn-2,Tjm=1) + Jop (Tjm—2, Tjn-1) ]
< P {Up G2 Tjm—1) + I G, Tin-2)} + {p G2, Tnor) + Jp Gt Tj—2)} |
=7 :{Lp (in—20jm) + Jg Gm—1,jn-1) } + {Jp (m—2, ) + Jo (jn,l,jmfl)}}
= I G20 jm) + 2Jp a1, 1) + Jp Gins jin—2) |
= {Jp (Tjn-3, Tin-1) + 2.Jp (Tjn-2 Tjn-2) + Jo (Tjn-1, Tjn-3) |
< [ {p G-, Tim-1) + Ip (i1, Tjn-3)}
+2.{Jp Gn—2, Tjm—2) + Jp G2 Tjn—2)} + {p Gnr, Thin—s) + Jo (=3 Thn-1)}
= P [ Uy Gz ) + Jo G-, jn-2) )
2. {Jp G- 1) + Jg G-, u1)} + {Jp Gn-in2) + T G- )} |
=7 T G- jim) +3Jp G20 j—1) + 3T Gt jon—2) + Jp G =) |

Jo (nsjm) <7 {Z”C ]47 Jir Jm—i) }

Letting n — oo, we obtain ] (ju, jm) — 0. Since S is complete, {j,} is Jy-convergent to a point
jin S. By the JNRL property of G, we get (jx,j) € E(G).
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Note, that

Jo (Tjn, Tj) < r{]rp (n, TJ) + Jo (j, Tjn)] = Jp (jusr1, Tj) < V{LP (n, T7) + Jo (r Tin) ]
Asn — oo, we get

ToGo Ti) < oG Ti) + TG T = To (i Ti) < 2r[Jo( T = Jp(i, Tj) = 0 = j = Tj.
Thus, T has a fixed point. O

Example 7. Consider the complete altering JS-metric space with the set S = R™ and [y defined
by

3,  ifeither j or p isirrational,

1
5/
V3, otherwise.

JoG,p) = if either j or p is an integer,

Let the graph G be defined with the vertex set S and edge set
E(G) = {(j,p) : j = p*, wherek is real }.

Let the map be given by Tj = \/j. The map T is a generalised G-contraction and hence it has
a fixed point.

4 Conclusion

We have conferred the generalised contractions endowed with graph and have examined
fixed point results for these contractions under the frame of altering JS-metric spaces. We
have defined several new notions of fixed point theory by introducing altering JS-metric space.
We proved some fixed point theorem using generalised G-contraction mapping, generalised
G-Kannan mapping, generalised G-Chatterjea mapping. Further, in the future we can extend
the applications for the proposed results.
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Y miit craTTi MU MPOMOHYEMO PO3IIMPEHHs] MeTPUMYHOIO MPOCTOPY, BBeaeHOro M. Axaeai Ta
b. CameroM (JS-MeTpuarmi mpocTip). Lle posmmpeHHs 3AiICHIOETCS 3a AOIIOMOTr'OI0 3MiHEHOI (PYH-
Kuii BiacTaHi, TOMy 110ro Ha3BaHO “3MiHeHa JS-MeTpuxa”. Iaess HEPYXOMMX TOUOK AASI CTUCKAKOUMX
BiaOb6paxkeHb, HapireHMX TpacpoM, byaa Brepirte npeacTaBaeHa S1. SIxmmcpkum y 2008 pomi. ITicas
LIBOTO 6araTo AOCAIAHMKIB PO3BMBAaAM IO iA€IO Ta 3alpOIIOHYBaAM Pi3HOMaHITHI cTmcKaroui Bip-
obpakeHHsI, HapiAeHi TpadpoM. HaTxHeHHI IMMU iAesSIMU, MM y3aTaAbBHMAM AesIKi BiaoMi cTmckaroui
BiAOGpa’keHHSI, OIMCaHi B AiTepaTypi, siki HaainreHi rpadpom. KpiM Toro, Mu HaBeAU pe3yAbTaTH IIO-
AO HEPYXOMMX TOYOK AASI IMX CTMCKaHb Y 3MiHEHOMY JS-MeTpUYHOMY IPOCTOPi.

Kntouosi cnosa i ¢ppasu: JS-meTpuxa, 3MiHeHa JS-meTpuka, y3araabHeHMit G-CTUCK, y3araAbHeHe
BiaobpaxenHs: G-KaHHaHa, y3araabHeHe BiaoOpakeHHsT G-HaTTepaxi.



