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Abstract:

Introduction/purpose: Chemical structures are conveniently represented by
graphs where atoms are nodes (vertices) and chemical bonds are branches
(lines) in the graph. A graphical representation of a molecule provides a lot
of useful information about the chemical properties of the molecule. It is
known that numerous physical and chemical properties of molecules are
highly correlated with theoretical invariants of graphs, which we call
topological indices. One such theoretical invariant is the dominance
number. The aim of this research is to determine the k-dominance number
for cyclooctane chains COCL, COC?, COC32 and COC}, fork € {1,2,3}, n€ N.

Methods: The cyclooctane chain is a chain of octagons connected by a
single line. The vertices of the octagon are treated as nodes of the graph,
and the sides and the line connecting them, as branches in the graph. Using
mathematical methods, k-dominance was determined on one octagon,
ke{1,2,3}. Then, by representing the cyclooctane chains COC}, COC2, COC2
and COC}, in a convenient, isomorphic way, we determined their k-
dominance number, ke{ 1,2,3}.

Results: Determining k-dominance, ke{1,2,3}, for 4 cyclooctane chains
CoCt, COCE, cOoC3 and COC;, we obtained 12 different formulas to
calculate their k-dominance number. All formulas are composed of several
alternative algebraic expressions, the selection of which is conditioned by
the divisibility of the number n by the number 2, 3 or 4, depending on the
type of cyclooctane chain and k-dominance to be determined. The results
of the research are fully presented in the paper through mathematically
proven theorems and graphical representations.

Conclusion: The results show that the k-dominance numbers, ke{1,2,3}, on
cyclooctane chains COCY, COC2, COC2 and COC}, are determined and
explicitly expressed by mathematical expressions. They also indicate the
possibility of their application in molecular graphs of cyclooctane rings, in
computational chemistry, chemical and biological industry.
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Introduction

Graph theory occupies an important place in many fields of science.
Among them are chemistry and biology. Chemical structures are
conveniently represented by graphs, where atoms are nodes (vertices) in
the graph and chemical bonds are lines (branches) in the graph (Trinajstic,
1992). Graphical representation of molecules provides a wealth of useful
information about the chemical properties of molecules (Gupta et al, 2001,
2022). It has been shown that numerous physical and chemical properties
of molecules are highly correlated with theoretical invariants of graphs,
which we call topological indices or molecular descriptors (Todeschini &
Consonni, 2000). Topological indices are extremely useful in calculating
the physicochemical characteristics of large chemical structures, which are
otherwise difficult to calculate for large networks (Baig et al, 2018).

One of the latest concepts that represents a combination of chemistry,
mathematics and informatics is chemical informatics (Ahmed et al, 2021).
In computational chemistry, cyclooctane chains are an imperative class of
cycloalkanes, which has led to the investigation of their structural
characteristics with basic graph parameters (Raza et al, 2023). The
authors of the mentioned paper derived the mathematical expected values
of topological descriptors of cyclooctane. They also performed a
comparative analysis for different descriptors and pointed to special
classes of cyclooctane chains with exact values.

In the paper (Raza & Imran, 2021), the expected values of some
molecular descriptors in a random cyclooctane chain were investigated.
The authors of the paper (Wei et al, 2018) determined the exact formulas
for the expected value of the Wiener index in a random cyclooctane chain.
Research was also carried out on the expected values of three types of
Kirchhoff indices (Liu et al, 2021), Gutman and Schultz indices (Liu et al,
2023) in the cyclooctane chain. In the previous period, other research
studies were also carried out on cyclooctanes and cyclooctane chains
(Bharadwaj, 2000).

It is known that the dominance number is one of the theoretical
invariants of graphs (Vuki€evi¢ & Klobucar, 2007). In the previous period,
dominance research was carried out on various graphs. Cactus graphs,
as a special type of connected graphs in which no branch is found in more
than one cycle, have been investigated in numerous works. Dominance on
rhomboidal cactus chains (Carevi¢ et al, 2020), pentagonal (Carevic,
2022), hexagonal (Majstorovi¢ et al, 2012, 2016) was investigated.
Research was also carried out on linear benzenoids (VukiCevi¢ &
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Klobucar, 2007), hexagonal network (Klobuc€ar & Klobucar, 2019), and
icosahedral hexagonal network (Carevi¢, 2021).

In this paper, we deal with k-dominance on cyclooctane chains COC},
COC?, COC3 and COCE, for ke {1,2,3}.

Cyclooctane chains

A cyclooctane chain is a chain of octagons in which each node is in
only one octagon. The octagons are connected to each other by a line that
joins two nodes from two adjacent octagons, thus forming a cyclooctane
chain (Figure 1).

Figure 1 — Cyclooctane chain length 4

The nodes in the octagon joined by the connecting line are called cut
(intersected) nodes. The minimum distance between two cut nodes in one
octagon is denoted by p. In the cyclooctane chain in Figure 1, the distance
between two cut nodes in each octagon is p = 4. We denote the
cyclooctane chain of the length n formed in this way by COC;¥, where the
length of the chain n is determined by the number of octagons in the chain.
The minimum distance between two cut nodes can be p = 3 (Figure 2); it
can also be p = 2 (Figure 3) or p = 1 (Figure 4), whereby we denote the
corresponding cyclooctane chains, respectively, with COC3, COC? and
CcocC}.

Figure 2 — Cyclooctane chain COC2
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Figure 3 — Cyclooctane chain COC2

Figure 4 — Cyclooctane chain COC}

Research results

Preliminaries

At the beginning of this section, we will consider k-dominance on one
octagon Og, k € {1,2,3}. We denote the set of nodes (vertices) in each
graph G by V(G). A set D cV(G) is said to be a k-dominant set in the graph
G if for every node y outside the set D there is at least one node x € D
such that d(x, y) < k where with d(x , y) labeled distance between the nodes
x and y. The number of elements of the smallest k-dominant set is called
the k-dominance number and is denoted by yy.
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Lemma 1: The 1-domination number for the octagon is y,(0g) = 3.
Proof: Let us denote the nodes of the octagon with x,,x,, . . ., xg (Figure 5).

Xg X5

7
i N .

‘Q—/
x_I xE

Figure 5 — 1-dominant set on an octagon

One node of the octagon dominates two neighboring nodes. Let us take
the node x;. It dominates the nodes x, and xg. There are 5 nodes left in
the octagon. Based on the proof of Lemma 2.1 presented in the paper
(Carevi¢, 2022), the 1-dominance number for 5 nodes is 2. Let these be
the nodes x, and x, in the given octagon. Thus, the set D = {x;, x4, x,} is
a 1-dominant set for the given octagon, but it is not the only one. They are
also sets containing any 3 nodes of an octagon with the mutual distance d
=2 and d = 3. Based on the proof of Lemma 2.1 in the mentioned paper,
there is no 1-dominating set D’ of lesser cardinality. Therefore, the minimal
1-dominant set on the octagon is a three-membered set, so the 1-dominant
number for the octagon is y;(0g) = 3.

Lemma 2: The 2-domination number for the octagon is y,(0g) = 2.
Proof: Let us denote the nodes of the octagon with x;,x,, . . ., xg (Figure 6).

Xg

o5

X 3‘\ X3
"—/
xl x.?

Figure 6 — 2-dominant set on an octagon
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The node x; has 2-dominance over the nodes x, and x3, on the one hand,
and over the nodes xg and x- , on the other hand. For the remaining nodes
X4, X5, Xg, it IS Nnecessary to determine one 2-dominant node. Let it be a
node xs. So the set D = {x, x5} is a 2-dominant set for the given octagon,
but it is not the only 2-dominant set whose cardinality is equal to 2,
analogous to the previous consideration, where the distance between the
dominant nodes must be 3 or 4. Let us prove that there is no set D’ of
lesser cardinality which is a 2-dominating set on the octagon. Assuming it
exists, its cardinality would be 1. But one node cannot 2-dominate the 7
remaining nodes in the octagon. Therefore, the minimal 2-dominant set on
the octagon is a two-membered set, so the 2-dominant number for the
octagon is y,(0g) = 2.

Lemma 3: The 3-domination number for the octagon is y;(0g) = 2.

Proof: Let us look at Figure 6. The node x; has 3-dominance over the
nodes x, x3 and x4, on the one hand, and over the nodes xg, x; and x4, on
the other hand. The node x5 is not dominated. So the set D = {x;, x5} is a
3-dominant set for the given octagon, but it is not the only 3-dominant set
whose cardinality is equal to 3, analogous to the previous consideration.
Analogous to the proof of Lemma 2, there is no set D' of lesser cardinality
which is a 3-dominating set on the octagon. Therefore, the minimal 3-
dominant set on the octagon is a two-membered set, so the 3-dominant
number for the octagon is y;(0g) = 2.

Let us now define the coverage index of the nodes of the graph by the
dominating node:

Definition 1: The node coverage index by the dominating node is the total
number of nodes covered by the dominance including the dominant node.
For k-dominance, we denote the coverage index by index;,.

Based on what was stated in Lemma 1, Lemma 2 and Lemma 3, in
the octagon there is: index;= 3, index, =5, index;=17.

In the next part of the presentation, we consider k-dominance, for
ke{1,2,3}, on cyclooctane chains COCL, COCZ, COC2 and COC}, n€ N, n
> 2.

It is known that two isomorphic graphs have equal dominance
numbers (Vuki¢evi¢ & Klobucar, 2007). Based on this, we will present
cyclooctane chains COC}, COCZ2, COC3 and COC; in a convenient,
isomorphic way and determine the k-dominance, for ke {1,2,3}.
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Cyclooctane chain €cOC}

Theorem 1. The 1-dominance number on the cyclooctane chain COC} is

I{ 8-2 , forn=3k, k€N

yicociy=18-[2] +6, forn=3k—1ken
Ls-[§]+3, forn=3k -2k €N

Proof: We observe the isomorphic graph of the cyclooctane chain COC} in
Figure 7:

& & & s * @ L]
[ ] b b
4 L ] ®
' 3 L b L

Figure 7 — 1-dominance on COC}

Based on Lemma 1, the 1-dominance number in the first octagon is 3. Let
us assume that the third dominant node is a cut node. Since in COC} the
distance between cut nodes is p = 1, the third dominant node of the first
octagon will dominate over the first cut node in the second octagon. In the
same way, the first cut node in the third octagon will dominate the second
cut node in the second octagon. Therefore, in the second octagon, two
nodes will be enough to dominate the remaining 6 nodes because the
coverage index of one node is index;= 3. In the third octagon, 3 nodes
are necessary for dominance, and based on Lemma 1, they cannot be
adjacent. Therefore, in the fourth octagon we must have 3 dominant
nodes, one of them will be a cut node as in the first octagon. In this way,
we have a periodic repetition of the position of the dominant nodes with a
period of w = 3 octagons. If n = 3k — 1, kEN, the last octagon cannot have
only 2 dominant nodes because index;= 3, so it will have 3 dominant
nodes. Based on Lemma 1 and everything presented, we get that:

8-2 , forn=3k,k €N
n
yi(cochy=1{8-[5| +6 forn=3k—1,ken
\8-5]+3 forn=3k-2ken
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Theorem 2. The 2-dominance number on the cyclooctane chain COC} is

3.0

2

3-[5|+2 forn=2k-1keN

) forn =2k,k €N
¥2(COCy) =

Proof: We observe the isomorphic graph of the cyclooctane chain COC? in
Figure 8. As the coverage index for 2-dominance is index,= 5, in the first
octagon one node will dominate over five nodes while 3 nodes remain
without dominance. Let us choose a suitable dominating node so that the
nodes not covered by dominance are the intersected node and its
neighboring nodes.

Figure 8 — 2-dominance on COC}

In the second octagon, we take the dominant node so that it dominates the
uncovered nodes of the previous octagon. In this octagon, we must have
one more dominant node that will dominate the remaining nodes of that
octagon. In the first two octagons, we have a total of 16 nodes dominated
by 3 nodes (marked in red). The dominance repeats with a period of w =
2 octagons. If n is an odd number, the last octagon will have one more
dominant node (marked in green in Figure 8) because index,= 5. Based
on Lemma 2 and everything presented, we get that:
. 3-%, forn=2k,k €N
cocy) =
¥2(COCx) 3-[5|+2 fon=2k-1keN

Theorem 3. The 3-dominance number on the cyclooctane chain COC} is

s



(5.
5-15|+4 forn=4k-1ken

]

, forn =4k, k € N

ys(COCL) =
T s B 43, forn=4k-2keN

5[5 +2 forn=4k-3keN

Proof: As the coverage index for 3-dominance is index;= 7, in the first
octagon one node will dominate all nodes except one. Let us choose a
suitable dominating node so that the node that is not covered by the
dominance is the intersected node (Figure 9).

o
=
-

=
=
v

Figure 9 — 3-dominance on COC}

In the second octagon, we take the dominant node so that it dominates the
uncovered node of the previous octagon. Analogously, this applies in the
third and fourth octagons. In four octagons, there are a total of 32 nodes
where index;= 7, so it follows that there must be 5 dominant nodes. These
5 dominant nodes completely cover the first 4 octagons with dominance,
so from the fifth octagon there is a repetition of dominance. The dominance
repeats with a period of w = 4 octagons. If n is not divisible by 4 in the last
octagon, we must have another dominant node (marked in green in Figure
9) because index;= 7. Based on Lemma 3 and everything presented, we
get that:

( 5-%,forn=4k,kEN
1 5-15| +4 forn=4k-1ken
y3(COC"):<5-E]+3, forn=4k -2,k €N
5-[5]+2 forn=4k-3ken
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Cyclooctane chain COC?

Theorem 4. The 1-dominance number on the cyclooctane chain COC2 is
y1(COC2) = 3n.

Proof: We observe the isomorphic graph of the cyclooctane chain COC?2 in
Figure 10:

Figure 10 — 1-dominance on COC?

By Lemma 1, the 1-dominance number in the first octagon is 3. Let us
assume that the third dominant node is a cut node. As the distance
between the cut nodes in COC? is p = 2, the third dominant node of the
first octagon will dominate over the first cut node in the second octagon,
but not over its neighboring nodes. In the second octagon, there are 7
nodes left, for which 2 dominant nodes are not enough, which would
dominate over 6 nodes because index;= 3. Therefore, in the second
octagon, we must have 3 dominant nodes, where one of them will be a cut
node as in the first octagon. In this way, we have a periodic repetition of
the position of the dominant nodes in each subsequent octagon. Based on
Lemma 1 and everything presented, we get that y,(COC2) = 3n.

Theorem 5. The 2-dominance number on the cyclooctane chain COC?2 is

3-%, forn=2k,k €N
¥2(COCF) =
T3 [B+ 2 forn=2k-1ken

Proof: We observe the isomorphic graph of the cyclooctane chain COC? in
Figure 11. As the coverage index for 2-dominance is index,= 5, in the first
octagon one node will dominate over five nodes while 3 nodes remain
without dominance. Let us choose a suitable dominating node so that the
nodes that are not covered by dominance are the cut node and its
neighboring nodes.
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Figure 11 — 2-dominance on COC?

This cut node will dominate the first cut node in the second octagon and
its adjacent nodes. In the second octagon, we must have another
dominant node that will dominate the remaining 5 nodes. As index,= 5,
this node will complete the dominance in the second octagon. In the first
two octagons we have a total of 16 nodes dominated by 3 nodes (marked
in red). The dominance repeats with a period of w = 2 octagons. Based on
Lemma 2 and everything presented, we get that:

3-5, forn=2k,k €N

yo(COCZ) =
T3 B+2 forn=2k-1ken

Theorem 6. The 3-dominance number on the cyclooctane chain COC? is
¥3(COC2) =n + 1.

Proof: As the coverage index for 3-dominance is index;= 7, in the first
octagon one node will dominate all nodes except one. Let us choose a
suitable dominating node so that the node that is not covered by
dominance is a cut node (Figure 12).

Figure 12 — 3-dominance on COC?

In the second octagon, we select the dominating node so that it dominates
the intersected node in the first octagon (Figure 12). This node, similar to
the previous one, will dominate all the nodes of the second octagon except
the second cut node in it. In this way, the previously described dominance
is repeated, so it follows that in each octagon we have one dominant node,
except in the last octagon in the chain, where we must have two nodes

=
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(the node marked in green in Figure 12). Based on Lemma 3 and
everything presented, we get that y3(COC2) =n + 1.

Cyclooctane chain cOC3

Theorem 7. The 1-dominance number on the cyclooctane chain €COC2 is
y1(COC3) = 3n.

Proof: We observe the isomorphic graph of the cyclooctane chain COC2 in
Figure 13.

Figure 13 — 1-dominance on COC3

By Lemma 1, the 1-dominance number in the first octagon is 3. Assume
that the third dominant node is a cut node. Since in COC3 the distance
between intersected nodes is p = 3, the third dominant node of the first
octagon will dominate over the first cut node in the second octagon, but
not over its neighboring nodes. In the second octagon, there are 7 nodes
left, for which 2 dominant nodes are not enough, it would dominate over 6
nodes because index;= 3. Therefore, in the second octagon, we must
have 3 dominant nodes with the mutual distance of d = 2 and d = 3 as
proved in Lemma 1. In the same way, we must have 3 dominant nodes in
each subsequent octagon. Based on everything presented, we get that
y1(COC3) = 3n.

Theorem 8. The 2-dominance number on the cyclooctane chain COC3 is:
3-%, forn =2k, k €N
3-[5|+1 forn=2k+1keN

Proof: We observe the isomorphic graph of the cyclooctane chain COC2 in
Figure 14:

y2(COCR) =

Figure 14 — 2-dominance on COC3

As the coverage index for 2-dominance is index,= 5, in the first octagon
one node will dominate over five nodes while 3 nodes remain without
dominance. Let us choose the first intersected node of the second octagon
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as the dominant node. It will dominate the remaining 3 nodes of the first
octagon and a total of 5 nodes of the second octagon because index,= 5.
In the second octagon, we must have another dominant node that will
dominate the second intersected node and the remaining 2 nodes.
Assume that the dominant node is the second cut node. It will also
dominate 3 nodes in the third octagon, so one dominant node will be
enough in the third octagon. The dominance repeats with a period of w =
2 octagons. Based on Lemma 2 and everything presented, we get that:

5 3-%, forn=2k,k €N
Y2(COCR) =
? " 3-[§]+1, forn=2k+1,keN

Theorem 9. The 3-dominance number on the cyclooctane chain COC3 is
¥3(COC3) =n + 1.

Proof: We observe the isomorphic graph of the cyclooctane chain COC3 in
Figure 15:

Figure 15 — 3-dominance on COC3

As the coverage index for 3-dominance is index;= 7, in the first octagon
one node will dominate all nodes except one. Let us choose a suitable
dominating node so that the node not covered by the dominance is the
intersected node. In the second octagon, we select the dominating node
so that it dominates the intersected node in the first octagon (Figure 15).
This node, similar to the previous one, will dominate all the nodes of the
second octagon except the second intersected node in it. In this way, the
previously described dominance is repeated, so it follows that in each
octagon we have one dominant node, except in the last octagon in the
chain, where we must have two nodes (the node marked in green in Figure
15). Based on Lemma 3 and everything presented, we get that y3(COC2)
=n+1.

Cyclooctane chain COC%

Theorem 10. The 1-dominance number on the cyclooctane chain COC}
is:

<D
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8-2 , forn=3k,k €N
yi(coch)=1{8-[5| +6 forn=3k-1,ken
\8-5]+3 forn=3k-2ken

Proof: We observe the isomorphic graph of the cyclooctane chain COC} in
Figure 16:

I || | | | | | | | | |

Figure 16 — 1-dominance on COC}

By Lemma 1, the 1-dominance number in the first octagon is 3. Assume
that the third dominant node is a cut node. The third dominant node of the
first octagon will dominate the first cut node in the second octagon. In the
same way, the first cut node in the third octagon will dominate the second
cut node in the second octagon. Therefore, in the second octagon, two
nodes will be sufficient to dominate the remaining 6 nodes because the
coverage index of one node is index;= 3. In the third octagon, 3 nodes are
necessary for dominance, and based on Lemma 1, they cannot be
adjacent. Therefore, in the fourth octagon we must have 3 dominant
nodes, one of which will be a cut node as in the first octagon. It will
dominate the first cut node of the fifth octagon. Also, the first cut node in
the sixth octagon will dominate the second cut node in the fifth octagon.
Therefore, in the fifth octagon, 2 nodes will be enough to dominate the
remaining 6 nodes. In the sixth octagon, 3 dominant nodes are necessary.
In this way, we have a periodic repetition of the position of the dominant
nodes with a period of w = 3 octagons. If n =3k —1, k €N, the last octagon
cannot have only 2 dominant nodes because index;= 3, will already have
3 dominant nodes. Based on Lemma 1 and everything presented, we get
that:

( 8-2 , forn=3k,k €N
yl(COC,‘{):!S-E]+6, forn=3k—1k€eN
8-[§]+3, forn=3k—-2,kEN

Theorem 11. The 2-dominance number on the cyclooctane chain COC; is

V2(COCH =n + 1.
480



Proof: We observe the isomorphic graph of the cyclooctane chain COC} in
Figure 17.

I || | | | | | | | | |

Figure 17 — 2-dominance on COC;

As the coverage index for 2-dominance is index,= 5, in the first octagon
one node will dominate over five nodes while 3 nodes remain without
dominance. Let us choose a suitable dominating node so that nodes that
are not covered by dominance are a cut node and its neighboring nodes.
In the second octagon, we take the dominant node so that it dominates the
uncovered nodes of the previous octagon. This node will dominate over 5
nodes of the second octagon, leaving 3 nodes without dominance (as in
the first octagon). Therefore, in the third octagon, we take the first cut node
as the dominant node. It will dominate the remaining 3 nodes of the second
octagon and the 5 nodes of the third octagon. In this way, the previously
described dominance is repeated, so it follows that in each octagon we
have one dominant node, except in the last octagon in the chain, where
we must have two nodes (the node marked in green in Figure 17). Based
on Lemma 2 and everything presented, we get that y,(COC;) =n + 1.

Theorem 12. 3-dominance number on the cyclooctane chain COC; is
Y3(COCH) =n + 1.

Proof: We observe the isomorphic graph of the cyclooctane chain COC;: in
Figure 18.

| | | || | | || LT

Figure 18 — 3-dominance on COC}

As the coverage index for 3-dominance is indexs;= 7, in the first octagon
one node will dominate all nodes except one. Let us choose a suitable
dominating node so that the node not covered by the dominance is the cut
node. In the second octagon, we select the dominating node so that it
dominates the cut node in the first octagon (Figure 18). This node, similar
to the previous one, will dominate all but one of the nodes of the second
octagon. In the third octagon, we take the first cut node as the dominant
node. It will dominate the aforementioned node of the second octagon and
the 7 nodes of the third octagon. In this way, the previously described
dominance is repeated, so it follows that in each octagon we have one
dominant node, except in the last octagon in the chain, where we must
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have two nodes (the node marked in green in Figure 18). Based on Lemma
3 and everything presented, we get that y3(COC}) =n + 1.

Conclusion

Numerous physical and chemical properties of molecules are highly
correlated with graph theoretical invariants. One of the theoretical
invariants is the dominance number. In this paper, we determined k-
dominance numbers, ke{1,2,3}, for cyclooctane chains COC}, COC2, COC3
and COC}, n> 2. The obtained results have a potential practical application
in molecular graphs of cyclooctane rings containing saturated
hydrocarbons. In computational chemistry, cyclooctane chains are an
important class of cycloalkanes. There are numerous applications of
cyclooctane in the chemical and biological industry.

Also, the obtained results can be applied in the manufacturing
industry, transport and other branches of industry where series of
connected elements are present.
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Resumen:

Introduccién/objetivo: Las estructuras quimicas se representan
convenientemente mediante graficos donde los atomos son nodos
(vértices) y los enlaces quimicos son ramas (lineas) en el grafico. Una
representacion gréfica de una molécula proporciona mucha informacion util
sobre las propiedades quimicas de la molécula. Se sabe que numerosas
propiedades fisicas y quimicas de las moléculas estan altamente
correlacionadas con invariantes teéricas de las graficas, que llamamos
indices topolégicos. Uno de esos invariantes teéricos es el nimero de
dominancia. El objetivo de esta investigacién es determinar el nimero de
k-dominancia para las cadenas de ciclooctano COC}, COC?, COC2y COC},
forke{1,2,3},neN.

Métodos: La cadena de ciclooctano es una cadena de octagonos
conectados por una sola linea. Los vértices del octagono se tratan como
nodos del grafico, y los lados y la linea que los conecta, como ramas del
grafico. Utilizando métodos matematicos, se determiné la k-dominancia en
un octagono, ke{1,2,3}. Luego, al representar las cadenas de ciclooctano
Ccoct, coc?, coc? y coct, de una manera conveniente e isomorfa,
determinamos su nimero de k-dominancia, k& 1,2,3}.

Resultados: Determinando la k-dominancia, k&1,2,3}, para 4 cadenas de
ciclooctano COC}, COC2, COC2 y COC;}, Obtuvieron 12 férmulas diferentes
para calcular su nimero de k-dominancia. Todas las férmulas se
componen de varias expresiones algebraicas alternativas, cuya seleccién
esta condicionada por la divisibilidad del nimero n por el nimero 2, 3 o 4,
segun el tipo de cadena de ciclooctano y k-dominancia a determinar. Los
resultados de la investigacion se presentan integramente en el articulo a
través de teoremas matematicamente probados y representaciones
gréficas.

Conclusion: Los resultados muestran que los nimeros de k-dominancia,
k&1,2,3}, en las cadenas de ciclooctano COCL, COC2, COC2y COC;}, estan
determinados y expresados explicitamente mediante expresiones
matematicas. También indican la posibilidad de su aplicacién en gréaficos
moleculares de anillos de ciclooctano, en quimica computacional, industria
quimica y bioldgica.

Palabras claves: ciclooctano, cadena de ciclooctano, numero de

dominancia.
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Yuncno AOMUHUNPOBAHNA B LUKIOOKTAHOBbLIX LieNOoYKax

Mupocnasa Muxannos Llapesuy

YHusepcuteT «Anda BK», hakynbTeT MaTeMaTvKu 1 KOMMNbIOTEPHBIX HayK,
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B[O CTATbW: opurmHanbHas HaydYHas ctaTbsl

Pe3some:

BeedeHue/uenb: Xumudeckue cmpykmypbl yOobHO rpedcmasnsimb 8
gude epaghos, NMpuyem amombl S6MISMCH y3rnamu (eepwuHamu), a
Xumudeckue ceas3u — eemesMu (nuHusmu) rtpadpa. [paghuyeckoe
npedcmaesieHue MoseKyrbl pedocmasrigsem fnone3Hyo UHGopMayuo o
XUMUYecKux ceolicmeax Morekynbl. Kak n38ecmHo, MHO204YUCEHHbIe
gusudeckue u Xxumudeckue ceolicmea MOJIEKyl CUSIbHO KOpPesupyom ¢
meopemuyecKuMU UHeapuaHmamu 2paghos, KOmopble Mbl Ha3bieaem
mononoaudeckumu uHOekcamu. OOHUM U3 MaKux MmMeopemuyecKux
UHeapuaHmos senssemcs  qucno OomuHuposaHus. Llenb daHHo20
uccriedosaHusi - onpedenume k-uncna OOMUHUPOBAHUSI
UUKITOOKMaHoebIX yerovek COCY, COCE, COC? u COC}, npuyem ke
{1,2,3}, neN.

Memodebi. LjuknookmaHogasi yerodka rnpedcmasrsem cobol Uernoyky
B80CHMUY20/bHUKO8,  COEOUHEHHbIX  O0HoU  fuHued.  BepuiuHbi
80CbMUY20/IbHUKA paccMampuearomcsi Kak y3nbl epagha, a CImopoHbI U
coeduHsirowass  ux JIUHUS - Kak eemeu 2padgpa. Mcrionb3ys
Mamemamudeckue memoolbl, 6bi10 onpedesieHo k-GoOMUHUpoBaHUe 8
O0HOM  80CbMUY20JIbHUKE, ke(1,2,3). 3amem,  npedcmaensisi
UUKIooKmaHossie uenu COCE, COCE, COC2 u COC), coomeememeyrowium
u3omopbHbIM obpasom bbiio onpedenieHo ux k-yucrio oOMUHUPOBaHUS,
ke{1,2,3}.

Pesynbmamei:  Onpedenue k-OomuHuposaHue, ke {1,2,3} no 4
UUKITOOKMaHoskIM uernodkam COCY, COC2, COC? u COC;, nonydero 12
pasHbIx opmyrnn Ons ebiMucreHuss ux k-yucra OomuHuposaHusi. Bce
¢opmyIibl COCMOSIM U3 HECKOJIbKUX allbmepHamueHbIX anzebpaudyeckux
8bipaxkeHuUl, 8bI6op KOMOopbIX 0bycrioeneH AeuMocCmbio Yucna n Ha
qyucna 2, 3 unu 4, 8 3asucumocmu om mura UUKIoOOKmaHos8oU uernu u
onpedernsiemoeo  k-OomuHuposaHusi.  Pesynbmamsi  uccrnedogaHusi
rosrtHocmbelo rpedcmassieHbl 8 CmMambe C MOMOWbI0 MamemMamu4ecKu
OoKa3aHHbIX meopeM U epaghudeckux usobpakeHudl.

Bbi800nbi: Pe3ynbmamel noka3sbigarom, 4mo k-yucra domMuHuUposaHusi ke
{1,2,3}, 8 uuknookmarosoli uernodke COCE, COCZ, COC: u COC}
fonyyYyeHbl U SKCIIUUUMHO  8blpaXeHbl  MameMamuyeckumu
ebipaxeHusiMu. OHU makxke yKasblgarom Ha B03MOXHOCMb  UX
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NPUMEHEeHUs 8 MOJIeKYIIAPHbIX epacpax UUKITOOKMaHo8bIX Korsieu, 8
8bI4UCIIUMESNIbHOU XUMUU, @ makxe 8 Xumu4deckol u buonoaudyeckol
rpoMbIWIIeHHOCMU.

Knroyesble crosa: UUKIIOOKMaH, UUKIIOOKMAaHo8asi yeroyka, 4Yucrio
OOMUHUPOBAHUSI.

HomunHaumjckn 6poj 3a LIMKIOOKTaHCKe NnaHLe

Mupocnasa Muxajnos Ljapesuh

Anda BK YHusepsautet, ®akynteT 3a matemaTuky U padyHapcke Hayke,
Beorpag, Penybnuka Cpbuja

OBJIACT: maTtepujanu n xemujcke TEXHONOrMje, MaTemaTtuka
KATETOPUJA (TUM) YITAHKA: opyruHanHu Hay4Hu pag

Caxemak:

YBo0/yurb: Xemujcke cmpykmype ce Hajrno2odHuje rnpukasyjy epagosuma
fpu Yemy Cy amomu 480pOo8U (8pX08U), a XeMujcKe ge3e epaHe (ruHuje) y
epaqpy. [pachuydko npedcmasrbabe MOSEKyna rnpyxa MHO200pojHe
KOpucHe uHgbopmayuje 0 HUX08UM XeMUjCKUM cgojcmeuma. TosHamo je
Oa cy MHO200pojHa ¢husuyka U Xemujcka ceojcmea MOJEeKyrna y 8UCOKOf
Kopernauyuju ca meopujcKuM UH8apujaHmama 2paghosa Koje Ha3ueamo
mononowku uHOekcu. JedHa 00 makeux MmEOPUJCKUX UHBapujaHmu je
domuHayujcku 6poj. Ljurb osoe ucmpaxusaH-a jecme odpehusar-e k-
domuHayujckoe 6poja 3a YUKIOOKmaHcke naHue COCY, COCE, COC3 u
COC}, 20e je ke {1,2,3}, neN.

Memode: L{uknookmaHcKu naHay, je naHay, ocMoyarioea roge3aHux ro
jedHom nuHujom. TemeHa ocMmoyaria Cy mpemupaHa Kao 4eoposu epagha,
a cmpaHuue U JlUHUja Koja uUx criaja kao epaHe y 2pagy. [NpumeHom
Mamemamuuykux Memoda odpeheHa je k-OomuHaluja Ha jeOHoOM ocMmoyerny
ke {1, 2, 3}. 3amum je, npedcmasrbar-emM LUKITOOKMaHCKUX faHaua COCL,
COC?, COC2 u COC; Ha rnozodaH, usomMopchaH HauyuH, odpeheH Hbuxos k-
domuHauujcku 6poj ke {1, 2, 3}.

Pesynmamu: Odpehyjyhu k-domuHauujy ke {1, 2, 3} 3a 4 yukrookmaHcka
naHua COCL, COCZ, COCE u COC, dobunu cmo 12 pasnudumux ¢hopmyna
3a uspadvyHaearbe HUx0802 k-OoMuHayujckoz bpoja. Cee ¢hopmyrne cy
cacmaesrbeHe 00 euwe anmepHamueHux aneebapckux uspasa 4Yuju
0dabup je ycrosrbeH derbusowhy 6poja n 6pojem 2, 3 unu 4, 3a8ucHo 00
epcme UUKNooKmaHcKkoe naHua U k-OomuHauuje Koja ce odpehyje.
Pesynmamu ucmpaxuearsa Cy KOMIIEMHO U3JI0XKeHU y pady rymem
meopema, Koje cy Mamemamuyku OoKa3aHe, U 2paghuyKux rpukasa.

Sakrbyyak: Pesynmamu nokasyjy 0a cy k-OomuHayujcku 6pojesu ke
{1,2,3} Ha uuknookmaHckum naHuuma COCY, COCZ, COC3 u COC}
odpeheHu u eKcrnuyumHo uckasaHu MameMamuuykum uspasuma. Takohe,
ynyhyjy Ha moayhHocm HuUxo08e rpuMeHe y MoneKynapHuMm epagosuma
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UUKITOOKMaHCKUX [pcmeHosa, y padvyHapCKoj Xemuju, XeMujckoj u
buornowkoj UHGycmpuju.

KrbyyHe peyu: YUKIOOKMaH, UUKTOOKMAaHCKU saHay, OOMUHauujcKu
6poj.
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