MANAS Journal of Engineering
ISSN 1694-7398 — e-ISSN 1694-7398

Volume 11 (Issue 1) (2023) Pages 158{165]
https://doi.org/10.51354/mjen.1233063

The Solution and Dynamic Behaviour of Difference Equations of
Twenty-First Order

Burak Ogul'*, Dagistan Simsek?, Tarek Fawzi Ibrahim?

! Department of Management Informations Systems, School of Applied Sciences, Istanbul Aydin University, Istanbul
34295, Turkey, burakogul@aydin.edu.tr, ORCID: 0000-0002-3264-4340

2Department of Engineering Basic Scieneces, Faculty of Engineering and Natural Sciences, Konya Technical University,
Konya 42250, Turkey, dsimsek@ktun.edu.tr, ORCID: 0000-0003-3003-807X

3Department of Mathematics, Faculty of Sciences and Arts (Mahayel Aser), King Khalid University, Saudi Arabia,

tfoze@kku.edu.sa, ORCID: 0000-0002-6895-3268

ABSTRACT

ARTICLE INFO

We explore the dynamics of adhering to rational difference formula

Ym-20

Research article

Received: 12.01.2023
Accepted: 30.03.2023

/R

1 £ Yo m—s¥m-s¥m—11¥m—-14¥m—-17¥m-20

where the initials are arbitrary nonzero real numbers. Specifically, we examine
global asymptotically stability. Additionally, we provide examples and solutions

graphs of some special cases.
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1. Introduction
Our objective in this paper is to check out the actions

of the solution of the adhering to nonlinear difference
formula

Ym-20

Y+l =

m € Ny, where the initials are real numbers. Additionally,
we obtain these types of solutions.

Just recently there has been an expanding rate of interest
in researching rational difference equations and also their
qualitative properties.

Ahmed et al., in [2] discovered a collection of first order
sine-type difference equations that are constructively solv-
able in closed form, and they provided a general solution
to each of the equations.

1+ wm—Zwm—Swm—Swm—l1¢m—14¢m—17¢m—(210)’

Alogeili, [6] has actually gotten the solutions to

_ ‘/’m—l
lﬁm+1 a_l//mlﬁm—ll
Elsayed [[14] got the solution of
_ Ym-5
Yt -1+ Ym-2¥m-5 -

In [[17] Ibrahim et al., explored the boundedness and global
stability of a nonlinear generalized high-order difference
equation with delay.

Khan et. al. in [18], investigated the second-order
nonlinear difference equation’s local stability, attractor,
periodicity feature, and boundedness solutions. Finally,
the resulting findings are quantitatively validated.
Rahaman et. al., In light of Zadeh’s expansion princi-
ple, they gave a new perspective on the fuzzy difference
equation in [22].
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Stevic et. al., [26] investigated a nonlinear second-order
difference equation that significantly extends several previ-
ous equations. Their primary finding is that the difference
equation may be solved in closed form. There are also
several applications of the main result provided.

Yalcinkaya, [29] studied the existence, boundedness, and
asymptotic behavior of positive solutions to the fuzzy
difference equation,
W _ Awm—l
m+l = 5
L+y,, ,
where (¥,,,) is a sequence of positive fuzzy numbers, A
and the initial conditions i _; are positive fuzzy numbers
and p is a positive integer.

,mENo

Soykan, et al., the binomial transform of the generalized
third-order Jacobsthal sequence is established in [27]].
They also describe the binomial transform of four special
cases of third-order Jacobsthal sequences: the binomial
transform of the third-order Jacobsthal, the binomial trans-
form of the third-order Jacobsthal-Lucas, the modified
third-order Jacobsthal-Lucas, and the binomial transform
of the third-order Jacobsthal-Perrin. Furthermore, they
investigated their characteristics in greater depth.

2. First Equation
In this part we give the solutions of

Ym-20
L+ ¥ 2¥m-5¥m-8¥m-11¥m-14¥m-17¥m-20

Uil = m € Ny, 2)

where the initials are arbitrary real numbers.

Theorem 1. Let {x,,}__,, be a solution of Eq. |Z| Then
for m € Ny

Ao TG (147iAy AsAg A || A4 A 7A)
M2, 1+ (Ti+ 1) Ay AsAgA | A3 A 7 Ay)

Y21m+1 =

A [I7251 (147141 AgA7A19A 134 16A19)
M2, (1+(Ti+1)A|AgA7A10A13A16A9)

Y21m+2 =

A TG (147140 A3A6Ag A A sA g)
72,1+ (Ti+1)AgA3AgAgAp A 5A g)

Y21m+3 =

Ay 2y 1+ (Ti+ 1) Ag A5 AgA 1 A14A17A2))
77, (1+(Ti +2) Ay AsAgA || A14A17Ay))

Y21md =

A 21+ Ti+ DAL A4A7A19A 134 16419)
72, (1+ (Ti+2) A1 A4 A7A10A 134164 19)

Y21m+s =

A5 T2, 1+ (Ti+1)AgA3AgAgA A 5 A g)
M2 (1+ (Ti+2)AgA3AcAgA 1A 15A18)

*21n+6 =

A I (1+ (Ti+2) Ay AsAg A 1 A1 A 17420)
T2y (1+ (Ti+3) Ay AsAg A 11 A14A17A20)

Y21m+7 =

A1+ (Ti+2) A1 AgA7A 10A13A16A19)
2, (1+ (Ti +3) A1 AgA7A1gA13A16A 19)

Y21m+8 =

Ap [P (1+ (Ti+2) AgA3AcAg A3 A 5 A g)
7 (1+ (7i +3)AgA3Ag AgA |2 A 5A 1g)

Y21m+9 =
A T (1+ (Ti+3)Ag A5 AgA |1 A4 A17A%))
17, (1+ (Ti +9) Ay AsAgA |1 A14A17A2))

Y21m+10 =

A T2, (1+(Ti+3) A1 AgA7A10A|3A16A19)
itg(L+(Ti+4) A1 A4A7A10A13A16A19)

¥21m+11 =

Ag [T72) (1+ (Ti +3)AgA3AcAgA 12 A15A g)
72,1+ (7i +4)AgA3AgAgA | A|5A g)

Y21n+12 =

AT (1+ (Ti +4) Ag A5 Ag A1 A4 A 7 Agg)
T (14 (Ti +35) Ay A5 AgA || A14A 7 Ag)

Y21m+13 =
" A7, (1+ (Ti+ 9 A1 AgA7A10A 134164 19)
md T T (1 (76 +5) AL AgA7A 10A 13A16A 19)

ALy (1+(Ti+4)AgA3AgAgA 2 A|5A g)
M2, (1+ (71 +5)AgA3A6AgA 12 A 5 A 18)

Y21n+15 =

’ As T2 (1+ (Ti+5)Ap A5 Ag A1 A4 A 7A%0)
2im16 = T (14 (70 +6) Ay AsAgA 1 A4 A 17 A%0)

" Ag L (1+ (T +5) A1 A4 A7A19A13A16A19)
2m T TR (L4 (76 +6) A1 AgA7A1gA3A 164 19)
AL (1+ (Ti+5)AgA3A6AgAp A 5 A g)

Y21m1s = 72, (1+ (Ti+6)Ag A3 AgAgA A 54 g)
’ A [T (14 (7 +6) Ay AsAg A1 A4 A 7A20)
2m19 = T (U (Ti+7) AgAs Ag Al A4 A7 Az)
AT (1+ (Ti+6) A AgA7A 10 A 134164 9)
Y21m+20 = 72, (L4 (Ti+ A1 A4A7A 10 A 3A16419)
AT (1+(Ti +6)AgA3AgAgA |2 A5 A g)
Y21ms21 =

7, (1+ (Ti+ 1) AgA3AGAgA 2 A 5Ag)

where, _20 = A, Y19 = Ay, ..., Y1 = Aj,

Wo = Ayp.

Proof Suppose that m > 0 and that our assumption holds
for m — 1. That is,

Ago TT7252 (1+7iAy A5 Ag A 1 A14A17A0)

Y21m-20 = T ’
TG (14 (Ti+ 1) Ay A5 Ag A Ajg A7 Ag))
. A9 TG (1+TiA 1 AgA7A19A 134164 19)
20m-19 = — = - g
M 1+ (Ti+ DA A4A7A 1A 134164 19)
" ARTIG2(147iA0A3AgAg A2 A 5A g)
2lm-18 = = A ’
72511+ (Ti+ 1) AgA3AgAgA A5 A g)
v A TG+ (T + DAY A5 AgA | ALy A7 Ag))
2m-17 = - -
2511+ (7i+2) Ay As Ag A 1 A4 A17A20)
A TGN (1+ (Ti + 1) A A4 A7A gA 34 16A 19)
Y21m-16 = m—1 -
N225 11+ (7 +2)Aj Ay A7 A 1pA 13416 A 1)
’ Aps TIG (14 (Ti + 1) AgA3AgAgA A 5Ag)
2lm-15 = _ N
TG (1+ (7 +2)AgA3 A6 Ag A A 5 A 1g)
’ AT+ (7 +2) ApAs Ag A A4 A 7 Ag)
2m-14 = = -
TG (L4 (76 +3) Ag A5 AgA | A g A7 Ax)
’ A TG 1+ (T +2) A1 Ay A7A 1pA 34164 19)
2m-13 = - -
72511+ (i +3)A1 A4 A7A19A 134 16A 19)
’ A [T+ (7 +2) AgA3AgAg A2 A 5 A )
2m-12 = - -
725 (14 (T +3) A9 A3 AgAg A | A 15 A g)
A TG N1+ (7 +3) Ay As Ag A A4 A 7A90)
¥21m-11= m—1 -
22511+ (T +4) Ay AsAg A1 A4 A 7A0)
v A TG (1+ (T +3) A1 A4A7A10A 13 A 16A19)
2m-10 = - -
MG (4 T+ 4) A AgA7A 19 A 13A A 9)
AT (14 (7 +3)Ag A3 AgAg A A5 A1)
Y2Am-9= — 1 -
25" (1+ (7 +4) AgA3AcAgA A 5A18)
’ Ag TIPS (14 (T +4) Ag As Ag A A4 A 17 Ag)
2m-8 = = -
TG (4 (70 +5) Ay As Ag AT  Ajg Ay Agg)
A7TIPG 1+ (Ti+ ) Aj A4 A7A g A3 A 6A 1)
V2Am-7= ~ o] -
M2y 1+ (7i+5)A1A4A7A410A 134164 19)
Ag IS (1+ (7i +4)AgA3AgAgAp A 5 A g)
Y21m-6= — -1 -
25 (1+ (Ti +5)AgA3AgAgAp A5 ALg)
AsTIGT(1+ (7 +5)AgAs AgA 1 A4 A17A))
¥21m-5 =

M7 1+ (Ti+6)AyAsAgA|1 A14A 17 A%0)
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x(n)
3t
. AGTIST 1+ (7 +5)A] A4 A7A10A13A16A 19) ’ _
7511+ (Ti+6) A1 A4A7A19A 134 16A 1) e
P AT (14 (7 +5)AgA3AgAgA1p A 5 A ) 1
175 (1+ (70 +6) AgA3 AgAgA 1 A 5 A g) M
g 2 17551 (1+ (76 +6) Ay AsAg A A4 A17A2) 10 20 20 S 505 |
MG 1+ (Ti+7)AgASAgA || A4A 17 Agg) ik
— Ay ]'[:':‘al(l+(7i+6)A1A4A7A|0A13A16A]9)’ i
25T+ (Ti+T) A1 AgA7A10A 13A 1A 9) 2
P AOH:Z(;](1+(7i+6)A0A3A6A9A12A15A18). _al
72511+ (7i + 1) AgA3 A6 AgA 13 A 15 A 1g)
—4

Now, using the main 2, one has

Y21m-20
L+ ¥21m-2¥21m-5921m-8¥21m-11%21m-14%21m—-17%21m-20

Figure 1

Y2lm+l =

Hence, we have Example 2. Assume that,

Ag l‘l;’;(jl (1+7iAAsAgA 1 A14A17A9)

Doimsl = i ) W_p0=0.5, W_19=03,  @_1g=042, ¥_;7=083, y_;5=08l,
T2y (1+ Ti+ DAz A5 Ag A1y A4 A17420) W_15=085,  Y_i4=184,  y_;3=091, y_1p=081, y_;y =0.84,
Other relations can be proved similarly way. V_1p=0342 W g=079,  y_g=078,  y_7=171,  4_g=0.T6,
W_5=0.75, W_4 =09, W_3=0.73, W_p =072, w_y =091,
. . . L vp =0.7.
Theorem 2. Egq. 2| has unique equilibrium point which is
the number zero and this equilibrium isn’t locally asymp- See figure
totically stable. Also  is non hyperbolic.
Proof For the equilibrium points of Eq. 2} we can write 3;(")
_ 3
Y=—-
1+ ¢7 25
Then
AR A AR 20}
Thus the equilibrium point of Eq. is v =0. "
So,
fl,o,t,w,a,B,y) = T+lotwagy 10F
_2
fillotw.aoy) = ——— ' follotw.a.fy) = — WY 05
(1 +lotwa,8y)2 (1 +lotwaBy)2
_ 7120w<yﬂy _ 7120ta,8y X3 A L : I & AL A )
frllotow. e B.7) = ey Tt B ) = e e 20 40 60 80 100 0 "
7120wt,6y 7lzotawy .
Lot,w,a,f.y)= — WPV Lo.t,w,a,By)= — 0
fa(l.0.t.w, 0. .7) (1+lotwa,6y)2 fﬁ( ot w.@f5.7) (1+lotwaBy)? Flgure 2
. —lzot(zwﬁ
Lot,w,a,B,y)= —————.
fy( ot @ fy) (l+lurwaﬁy)2
We have 3. The Equation .1 = L=

Fa (00,0, 0.0, 9.9) = -1,
fyW U359, 9, 9) =-1.

Tp s g, g, ) = -1,

We confirm our results with the following numerical

examples.

Example 1. Assume that

Wo0=03,  W_j19=035 w_1g=04,  w_17=087, y_j5=0.86,
W_15=085,  y_j4=184  y_13=096, w_1p=0.82, y_j; =08,
w_10=0.3, W_g=079,  Y_g=078,  w_7=1T71,  y_g=0.76,

W_5=075  y_4=00, W_3=0T3,  W_p=072,  y_; =009l
Wy =0.7,
See figurel[l|

We deal with the difference equation

Ym-20
L= ¥m2¥m-5¥m-8¥m-11¥m-14¥m-17¥m-20

Theorem 3. Let {y,},__, be a solution of Eq. |3| Then
form € Ny

Ym+l = meNy. @

-1 .
v A [T (1-TiAyAsAgA | A4 A 7A2))
2m+l = - .
M (1= (Ti+ DA AsAgA 1 AjgA 7 Ag)

-1 .

’ A 7Ly (1-7iA| AyA7A g A13A16A19)

20m+2 = - R
m [72,(1 = (Ti+1)AjAgA7A19A13A16A19)

v A 751 (1-7iAgA3AgA9 A2 A 5Ag)
21m+3 = 172, (1= (71 +1)AgA3AgAgA [ AsATg) |

A7 T2 (1= (Ti+1) Ay AsAgA | A4 A 7AY)
(1= (Ti+2)A3AsAgA 1 A4 A17Ay)

V21m+4 =
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y A2, (1= (Ti+1)AjAgA7 A 9A13A16A19)
2SI (1= (Ti+2)A 1 AgA7A 19 A 13A 16A 19)

A5 T (1= (T + 1) AgA3 AgAgA 12 A 54 1g)
Y21m+6 = T (1 = (7 +2)AgA3AgAgA 1A 3ATg)

i=0
” AR (1= Ti+2)AyAsAgA 1 A1A 174y)
2lm+7 (= (Ti+3)AyA5AgA1 A 4A 7 A%)
A3 T (1= (Ti+2) A1 AgA7A g A 13 A 164 19)
Y21m+8 =

7, (1= (7i+3)A| AgA7A 10A 3A 164 19)
’ A [, (1- (71 +2)AgA3AgAgA A 5A18)
im0 T TR (1= (7i43)AgA3AgAgA A5 ALg)

A T2 (1= (Ti+3)Ap AsAg A1 A3 A17 A7)
7, (1= (Ti+HAyAsAg A1 A4 A 7 Ax)

¥21m+10 =

AT (1 = (T +3)A{ Ay A7A1pA 134 6A 1)
72, (1= (Ti+ 9 A1 A4A7A10A 134164 19)

Ag I, (1 - (Ti+3)AgA3A6AgA 1A 5A 3)

Y21m+12 = 72, (1= (7i+H)AgA3AgAgA A5 A g)

Y2lm+11 =

Ag [T, (1 = (Ti+4)Ap A5 Ag A1 A14A17A2)
T (1= (Ti+5) Ay A5 AgA | A4 A 74A00)

Y21m+13 =

A7, (1= (Ti+H A1 AgA7A19A 134164 19)

Y21m+14 = ;
m N7, (1= (7i +5) A Ay A7A g A13A 16A 19)

Ag ﬂi:0(1 = (Ti+4)AgA3AgA9A 2 A5A18)
i2o(1= (Ti+5)A9A3A6AgA|2A 54 8)

’ AT, (1- (7 +5)Ag A5 AgA 1 A4 A 7A20)
2m+16 = T (U= (70 + 6)Ag AsAg A1 A4 A 7 Ap)

¥21im+15 =

’ ALTI (1= (Ti+5) A1 AgA7A1gA13A 1A 9)
2m T T (1= (Ti+6) A1 AgA7A1gA 3A16A 19)

A3 I (1= (Ti+5)AgA3AgAgA 12 A 5A )
2 (1= (Ti+6)AgA3AcAgAp A5 A g)

¥21m+18 =

A T2, (1= (Ti+6) Ag A5 AgA 11 A14A17490)

Y21m+19 = ;
m 72, (1= (Ti+7) Ay AsAg A1 A14A17A20)

AT (1= (Ti4+6) A AgA7A|gA3A 164 19)
M2, (1= (Ti+7) A1 AgA7A19A13A16A19)

Y21m+20 =

A [T}, (1= (Ti+6)AgA3AcAgA 12 A 5A 18)
2 (1= (Ti+7)AgA3AcAgA 2 A5 A R)

LYo = Ay

¥21n421 =

where, Y_oy = A, Y_19 = Ay,
Yo = Ap.

Proof Theorem 3 proof can be obtained similar way to
Theroem 1.

Theorem 4. Egq. has a unique equilibrium point = 0,
which isn’t locally asymptotically stable.

Proof Theorem 4 proof can be obtained similar way to
Theroem 2.

For confirming the outcomes of this section, we take
into consideration mathematical instances which stand for
various kind of solutions to (3).

Example 3. Figure 3| gives the behavior when,

W_p =0.4, Y_19=042, y_1g=043, Y_17=044, Y_15=045,
W_15=046, @_14=047, y_13=048, @_1p=049, y_j =05,
w_19=0.51, Y_g =052, Y_g =0.53, Y_7=0.54, Y_=0.55,
W_5=0.56, W_4 =057, W_3=0.58, Y_p =059, y_1=0.6,
Y =0.61

RE VV o

Figure 3

Example 4. Figureld|gives the behavior when,

Y_29=028 ¥_19 =0.65, Y_1g =0.43, Y_17 =044, Y_16=0.45,
W_15=046, W_14=047, Y_13=048, Y_i5=049, y_;; =0.5,
W_10=0.51, W_g=0.52, W_g=0.53, w_7=0.54, W_g=0.55,
w_5=0.56, W_4=0.57, W_3=0.74, w_p =0.75, w_1 =0.76,
Wy =0.77
x(n)
3 .
2 .
1 \,_/./\1 N\
, N :
10 20 0 \ 40
1L
—oL
_3 .
4L
Figure 4
4. The Equation i/, = Y20

1+ m-2Wm-5¥m-8¥m-11¥m-14¥m-17¥m-20

In this part, we study

Ym-20
=1+ Yy 2 W -5 Wm—8¥m—11¥m—14¥m—-17%m-20

Yiel = m e Ny, “)

where the initial conditions are arbitrary nonzero real
numbers with
Ym—2Ym-5Ym-s¥m-11Ym-14¥m-17¥m-20 # 1.
TheOI"em S. Let {Ym},,__,, be a solution of difference
equationd) Then for, m = 0,1,2, ...

Ao
Yarm+1 =
LT ST ApAsAgA Ay A7 Ay
Alg
Ya2m+2 = »
ST —1+ A AgA7A10A13A 16419
Alg

Vaame3 = TR Ay AgAg A ALs ALy
Vaoma = A17(=1+ AgAsAgA 1 A14A17A0),

Y4rmss = Ale(~1+ A1 A4A7A10A13A416A19),
X42n+6 = A15(-1+AgA3A6A9A|pA|5A ),
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v _ Al
42meT T T A AsAg A AsA Ay

A3
Va2me8 = LA Ay ArAgA 3 A6AT

A1
Vaams9 = TR Ay AgAg A A s ALy
Y42m+10 = A11 (-1 + AgASAgA |1 A4 A 17A),
Yarm11 = A10(-1+ AL A4ATA|0A13A 1A |9),
X42n+12 = Ag(=1+ AgA3A6A9A A 54 g),

Ag
Ya2m+13 = —1+A)A5A5A 1A 14A 174"

A7
Yaameld = A A AT A A 3 AL A

A
Yaamels = A AT AgAA A ALy

Yarm16 = As(—1+A2A5AgA | A14A 7A),
Y4rm+17 = A4 (-1+ A1 A4A7A10A13A416419),
X42n+18 = A3(-1+A9A3A6A9A 1A 5A18),
_ A
Ya2m19 = T AL A AGA  AgA Ay

Al

. = >
42m20 T TI AT AGATA 1gA 3A 164 9
Ao
Y4rm21 = >
~1+A9A3AcA9A12A 5418
Vaom+22 = A2, Y42me23 =A19:  Y4om+24 = A18s Y4om+40 = A2,
Yaom+41 = Al Y4om+42 = Ao»
Proof Suppose
Yarm-41 = 22
M S+ AgAsAgA 1 A4 A 7 A
Yaom-40 = Ao
M S+ A1 A4A7ApA13A6A 9
Alg

Yaam=39 = A A AgAg A A5 A TS|

Vaom-38 = A17(-1+A2A5A3A 1 A14A17A0),

Vaom-37=Al6(-1+ A1 A4A7A10A13A16A19),
Yarm-36 = A15(-1+AgA3A6A9A A 5A ),

B _ Alq
42m-35= T A, AsAgA | A A 1A%
Az
Y42m-34 = ’
m —1+A]A4A7A10A3A16A g
Al

Va2 =33 = TR A A AgA R A5 Ay

Yarm-32 = A11 (-1 + AgAsAgA |1 A14A17420),

Yarm-31 =A10(-1+A1A4A7A10A13A16A19),
X42n-30 = Ag(=1+ AgA3A6A9A12A 54 3),

Ag
Yarm-29 = 7 +AyA5AgA 1A 14A 174y
Ay
Yaom-28 = ’
—-1+A1A4A7A10A13A16A 9
- A6
Yam=21 = 1A A AGAgA A s ALy

Vaom-26 = As(=1+A2A5AgA 1 A14A17A20),
Yarm-25 = A4(=1+A1A4A7A10A13A16A19),
Varm-24 = A3(-1+A0A3A6A9A12A|5A ),

A
Yarm-23 = 74 +A2A5A3A211A14A17A20'
Al
Yaom-22 = —1+A|AgA7A|0A13A16A 19
Ao
Y4rm-21 = “1+AgA3AgAgA 1A 5A g

Ya2m-20 = A20-
Y42m-19 = A19,
Yaom-17 = A17,
Yaom-15 = Alss

Yaom-5 = As»

Y4om-18 = Als>
Y42m-16 = Ales
Yaom-14 = A4,

Y4om-4 = Ag»

Yarm-3 = A3s Yaom-2 = A2,
Yaom-1=Als Yaom = Ao

Now, it follows from [4] that

Y42m-20
1+ Y4m—2¥42m-5Y42m-8¥42m—11¥42m-14¥42m-17¥42m-20

Ya2m+1 =

Then, we have

A2
¥2lm+1 = -
m -1+ A2A5A8A11A 14417420

Other relations can be given by the same way.

Theorem 6. Eq. [{] has three equilibrium points which
are 0, +V2, and these equilibrium points aren’t locally
asymptotically stable.

Proof Theorem 6 can be obtained similar way to proofs
Theorem 2.

Example 5. Figure[3]gives the behavior with

W_0=08,  Y_j9=0.065 « y_jg=043, Y_j7=044, y_;5=045,
W_15=046, w_14=047, ¢_13=048, Y_1p=049, y_j =05,
W_10=051,  @_g=052,  ¢_g=053,  Y_7=054,  y_g=0.55
W_5=0.56, W_y =0.57, W_3=0.74, W_p =0.75, w_1=0.76,
Y =0.77
x(n)
3+
2+
1L
b .
10 20 30 40 50
1L
Figure 5

Example 6. Figure[6]gives the behavior with

W_90=0.79,  Y_19=0.65  w_jg=04l, Y_;7=044,  y_j5=045,
U_15=0.465, y_14=0.472,  Y_j3=048, Y_j2=0494, y_j; =05,
Y_19=0513,  ¢_g=0.52, Y_g=0.53,  y_7=054, W_g=0.55,
Y_5=0953,  y_4=094, W_3=074,  Y_p=0.75, w_y =0.76,
v =0.77
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x(n)

3 L

2 L

1 L

b . |

10 20 30 40 '\a
-1
—20
Figure 6

5. The Equation Ym=20

—l=¥m—2¥m-s¥m-8¥m-11¥m-14¥m-17¥m-20"

In this section, we find the solutions of

Ym-20

=1 = Ymo¥m—s¥m-s¥m—11¥m-14¥m-17¥m-20

&)
where the initial conditions are arbitrary nonzero real
numbers with

Ym—2Um-sWm-s¥m-11¥m-14¥m-17¥m-20 # —1.

Theorem 7. Let {y,},,__,, be a solution 0

v _ —A20
4amel T T A ASAgA A 4A 1Ay

~Alg
Va2 = TR A A A A3 ALgALy”

-Arg
V2% = .
M3 T T4 AgA3AGAGA A5 A g
Vaomsa = —A17(1+ ApA5AgA 1 A14A17A20),
Yaomes = —A1e(1+ A1 AgA7A10A13A16A19),
Yaome = ~A15(1+AgA3A6A9A12A|5A13),
v _ ~Al4
42maT T T A ASAgA A 4A A
Ya2m+8 = “Ais
T T+ A1AgATAgA3A6A 19

p _ ~A1
42mE9 T T AgA3AGAgA R A 5A g

Yarm10 = ~A11 (1+ AgASAgA |1 A14A17A)),

Yarm11 = —A10(1+ A1 A4ATA|0A13A16A |9),
X4on+12 = ~Ag(1+A9A3A6A9A 1A 5A1g),
,AS
Yam13 = T A, ASAg AL Ay Ay

_A7
Yaameld S A A AT A A A e AT

VaamelS = TR AT AgAg A A s ALy

Yarm16 = ~As(1+A2A5AgA 1 A14A17420),
Y4rm+17 = ~A4(1+ A1 A4A7A10A 134164 19),
Yarm18 = ~A3(1+A9A3A6A9A2A|5A8),
,Az
Ya2m19 = TR, AS A AL A s A7 Ay

Ya2me20 = TR AL AT A A3 A ATy

, mENU,

Va2l = A A A Ag Ay A5 Ay

Yarm+22 = A20-

Y4om+23 = A19s Yaom+24 = Algs

Yaom+25 = A17> Yaom+26 = Ales

Yaom+27 = Alss Vaom+28 = Al4s

Y4om+36 = A6 Yarm+37 = As»

Yarm+38 = A4 Yarm+39 = A2,
Yarm+41 = Als Yarm+42 = Ao»

where the initial conditions are arbitrary nonzero real
numbers with

Um—2Wm-s¥m-sWm-11¥m-14¥m-17¥m-20 * —1.

Proof Theorem 7 can be obtained similar way to Theorem
5.

Theorem 8. Eq. [ has three equilibrium point which
are 0, V=2 and these equilbrium points aren’t locally
asymptotically stable.

Proof Theorem 8 can be obtained similar way to Theorem
2.

Example 7. See[7]for the initials

W_p0=08,  W_19=0.65 w_jg=043, y_17=044,  y_j5=0.45,
W_15=046, W_14=09,  Y_;3=091, Y_;3=092, y_;; =05,
w_19=0.51, Y_g=0.52, W_g =0.53, W_7=0.54, W_g=0.55,

W_5=0.95, W_y =094, W_3=0.74, W_n =0.75, w_1 =0.76,
v =0.77
x(n)
10}
05
L .
10 20 30 40 50
-0.5F
—1.0F
1.5¢
—20}
Figure 7

Example 8. We consider
W_20=08,  w_19=0.65  w_jg=043, y_;7=044, y_j5=0.45,
W_15=046,  W_14=09,  y_;3=091, Y_15=092, y_j; =05,
W_10=051,  Y_9=087,  y_g=0.53,  Y_7=054  y_g=088,
W_5=095,  w_4=094,  y_3=074,  v_,=096  y_;=0.76,

v =0.77
See figure|§]
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x(n)

151

10 20 30 40 5

Figure 8

6. Conclusion

We study the behavior of the difference equation

l//m+1 =

Ym-20
1+ Y oW m—sWm-s¥m-11¥m—-14¥m-17¥m-20

where the initials are positive real numbers. Local stabil-
ity is discussed. More- over,we get the solution of some
special cases.Finally, some numerical examples are given.
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