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Abstract Hybrid numbers, whose components are defined as real numbers, are a mixture of complex numbers,
dual numbers and hyberbolic numbers. These structures are frequently used both in pure mathematics and in
many areas of physics. In this paper, by the help of the Fibonacci divisor numbers, we introduce the Fibonacci
divisor hybrid numbers that generalize the Fibonacci hybrid numbers defined by Szynal-Liana and Wloch. We
obtain miscellaneous algebraic properties of the Fibonacci divisor hybrid numbers. We also give an application
related to the Fibonacci divisor hybrid numbers in matrices. Finally, using the character of the Fibonacci divisor
hybrid numbers, we show that these numbers are spacelike.
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1 Introduction

The well-known Fibonacci and Lucas sequences are defined by the following recurrence relations: for n > 0,

Fn+2=Fn+l + Fy,
Lyy2 = Lpt1+ Ly, (L.D)

where Fp =0, F1 = 1, Lo = 2 and L| = 1, respectively. The Binet formulas for the Fibonacci numbers and
Lucas numbers as

ot — ﬂn

F, = e (1.2)

and
L, =ao"+p", (1.3)

where « and § are the roots of the characteristic equation x> — x — 1 = 0.
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280 C. Kizilates, T. Kone

Table 1 Multiplication table for K

1 i € h
1 1 i € h
i i -1 1-h €e+i
€ € h+1 0 —€
h h —€—1i € 1

Many generalizations of Fibonacci and Lucas numbers have been examined by many mathematicians in
the literature. One of these generalizations is the Fibonacci divisor, conjugate to Fy (or-higher order Fibonacci
numbers) defined by Pashaev and Ozvatan (see, for details, [1,2]; see also the closely-related earlier works cited
therein). The Fibonacci divisor, conjugate to F are defined for k > 1 integer, as follows:

F, kyn __ kyn
R = T = Ly =) O)[k _fﬁ iy (14)

Since Fyy is divisible by Fy, the ratio FFka is an integer. Thus, all Fibonacci divisor, conjugate to Fy, namely,

Fn(k) are integer. For example when k = 1, higher order Fibonacci number F,El) , turns into ordinary Fibonacci
number. The Fibonacci divisor numbers Fn(k) give factorization of Fibonacci numbers with factorized index nk :

Fux = Fr. F0. (1.5)
Fork=1,2,3,4,5andn =1, 2, 3,4, ..., the first few numbers of the Fibonacci divisor F,,(k); as follows:

k=1, FV=F, =1,1,2,3,...
k=2 F = F, =1,3,8,21,...

@ _ 1
k=3 B =-F=1,41772,...
@ _ L
k=4 F¥ =2 Fiy =1,7,48,329, ...
1
k=5 F® = SFon=1,11,122,1353, ...

Pashaev [1] gave some important properties of Fibonacci divisor numbers and also applied to some physical
examples for these numbers. For more details related to Fibonacci (or-Fibonacci like numbers), please see [2-7].

Complex, hyperbolic and dual numbers are well known two dimensional number systems. Geometric, math-
ematical and physical applications of these numbers have been studied by many researchers. For the first time
Ozdemir [8] defined the set of hybrid numbers denoted by K which contains complex, dual and hyberbolic
numbers. He also gave miscellaneous theorems, properties and matrix form regarding to hybrid numbers. A
hybrid number is defined as

K:{a+bi~|—ce+dh:a,b,c,deR, 2=_1 =0 hn=1, ih:hi=e+i}.

We can perfom some properties and operations with the hybrid numbers. Namely, taking two hybrid numbers
Z, =a) + b1i+ cre +dih and Zy = ar + bi + c2€ 4+ dyh, we get

(1) Z1 = Z2, if and only if, a) =dap, b] = bz, cl1 =, d] = d2 (Equality),

(2) Zy +Z; = (a1 + a2) + (b1 + b2) i+ (c1 +¢2) €+ (d] +dr)h  (addition),
() Z) —Z; = (a) — az) + (b1 — b2) i+ (c; —c2) €+ (d] —dz)h  (subtraction),
(4) kZ) = kay + kbii + kcie + kdih ~ (multiplication by scalar k € R).

The hybrid product is obtained by distributing the terms to the right, preserving the order of multiplication of
the units and then writing the values of the following substituting each product of units by the equalities i> = —1,
€’ =0, h> = 0, ih = —hi =e+i. From these equalities, we can obtain the product of any two hybrid units. The
multiplication table of the basis of hybrid numbers are given as in Table 1.
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Let Z = a + bi+c €+ dh be any hybrid number. The conjugate of Z is defined by

7Z = a — bi—c e— dh.
The real number
CZ)=77 =27 =a* + (b —c)? — 2 —d* = a® + b* — 2be — d2,

is called as the character of the hybrid number Z. According to character of Z, hybrid numbers are classified
as spacelike, timelike and lightlike. That is, a hybrid number Z is spacelike, timelike or lightlike if C (Z) < 0,
C(Z) > 0 or C (Z) = 0, respectively. Additionally, the multiplication operation of the hybrid numbers is not
commutative, but it has the property of associativity. The set of the hybrid numbers form a non-commutative
ring with respect to the addition and multiplication (see, for details, [8]).

Recently, the hybrid numbers whose components are special integer sequence have been studied by many
researchers. For example, in [9], for the first time, Szynal-Liana and Wloch defined the Fibonacci hybrid numbers
and obtained some properties of this numbers. In [10, 11], the authors also introduced and examined the Jacosthal
and Jacosthal-Lucas hybrid numbers and the Pell and Pell-Lucas hybrid numbers respectively. In [12], Szynal-
Liana generalized their results and defined the Horadam hybrid numbers. In [13], Kizilates defined the another
generalization of hybrid numbers which called the g —Fibonacci hybrid numbers and g —Lucas hybrid numbers.
Moreover, the author gave some important algebraic properties of these numbers. For more information related
to hybrid numbers whose components are special numbers and polynomials, please refer to [14-21] and closely
related references therein.

Motivated by some of the above-cited recent papers, in the present paper, we introduce new Fibonacci divisors
hybrid numbers whose components are Fibonacci divisor, conjugate to Fy. With this definition, we generalize
the Fibonacci hybrid numbers defined by Szynal-Liana and Wloch [9]. According to special values of k and
n, new hybrid numbers with integer coefficients can be obtained. We obtain various results for the Fibonacci
divisor hybrid numbers included Binet formula, generating function, exponential generating function, Vajda’s
identity, Catalan’s identity, Cassini’s identity, d’Ocagne’s identity respectively. Moreover, we give an application
of Fibonacci divisor hybrid numbers in matrices. We also prove that Fibonacci divisor hybrid numbers are
spacelike.

2 Fibonacci divisor hybrid numbers

In this part of the paper, we introduce the Fibonacci divisor hybrid numbers and obtain some new identities
related to Fibonacci divisor hybrid numbers such as Binet formula, generating function, generalized generating
function, exponential generating function and recurrence relation.

Definition 2.1 The Fibonacci divisor hybrid numbers are defined by
k) . k k
FHP = F® + FX i+ FY.e + F*h. 2.1)

where F,Ek) is the n—th Fibonacci divisor, conjugate to Fy.

Note that for & = 1, Fibonacci divisors hybrid number turns into Fibonacci hybrid number defined by
Szynal-Liana and Wloch [9].
The conjugate of the Fibonacci divisors hybrid numbers F H,Sk) is denoted by F H,Sk)as
k k) . k k
FHY = F® - Fn(—i-)ll - 1[7;1(+)2€ - Frg—i-)Sh'

We shall give the Binet formula, generating function, exponential generating function and the recurrence relation
for the Fibonacci divisors hybrid numbers.

Theorem 2.2 The Binet formula for the Fibonacci divisors hybrid numbers F H,gk) is

a(ekyn — B(pry

ok F , 2.2)

FH® =
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where & = 1+ (f) i+ (eX)* € + (eX) hand f = 1+ (B4)i + (8%)° € + (8*) h.
Proof By using the (2.1) and (1.4), we have

k k (k) (k) k)
FHP = FP + F2 i+ F, e + F,2h

(ak)n _ (ﬂk)n N (ak)n—H _ (ﬁk)n+l o (ak)n—l—Z _ (lgk)n+2 N (Olk)n+3 (lgk)n—l—?)
ok — gk ok — gk ! ok — gk € ’3k

=~ ! o [(o/‘)" (1 +(aF)i+ (ak)ze + (ozk)3 h) — (Y (1 +(B)i+ (ﬂ") )}

_ Gy — BBl

— Bk
O
Theorem 2.3 The generating function for the Fibonacci divisors hybrid numbers F Hf,k)is
o . . ~
Z FH® " — @— B) —x@p’ — pa*) . 2.3)
! ak — gAY (1 = Lgx + (=DF x2)
Proof Let
[ee)
g™ () =) FHPx"
be the generating function of F Hﬁ,k) . Using (2.2) and (1.3), we find that
gW () = ﬂk Z«ak)"
_a 1 B 1
— Bkl —akx ok —pk1— Bkx
B & —apkx — B+ Bakx
©(@F = g —akx)(1 - Brx)
__ @—p)—x@p" - pot
(ak — BIY(1 = Lix + (=1 x?2)
0
Theorem 2.4 Form € Z* andn € N, the generating function of the Fibonacci divisors hybrid numbers F Hg:)_m

is
H(k) +x( 1)k+1FH(k)
1 — Lix + (—1Fx2

Z FHY,x"
Proof Using (2.2), we have
© e @y — gghytm
ZFHn—i-m zg( ak—ﬂk X
1 o0 o0 B
ak — ﬂk (Z &(ak)m-H’lxn _ Z ﬂ(ﬂk)m+nxn)

n=0 n=0

1
= (a(ak> Z(ak>" "— BB >'"Z</3")" )

n=0
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. 1
- <“(“) 1—ﬂkx>

R &)™ (1 — BEx) — BB (1 — afx)
B (1 —akx)(1 — prx)

— BgoH™

1 —akx

1 (é(akw —a(ah)" prx — B(BY" + B(ﬁ")’”a"x>

ak — gk 1— Lix + (= 1F x2
I I @@ - BH" Y
B ak =gk 1 — Lix + (=D*x2 (@ — A1 — Lix + (=DF x2)
— 1 @@yt = BHmh (—=D*x
"1 — Lgx + (= 1)F a2 (ak — k) (1= Lex + (=¥ x?)
FHY FHY | (—1)kx

1—Lix +(=DFx2 1= Lpx + (—kx2
FHy, +x(=DMFHT |
1 — Lyx + (=1Fx2

Theorem 2.5 The exponential generating function for the Fibonacci divisors hybrid numbers F H;k) is
i FHOY = —&eakz - Bfﬂkx
o _
= n! ak — B
Proof Using the Binet formula for the Fibonacci divisors hybrid numbers, we have

o X" o0 &(ak)n _B(ﬁk)n X"
ZOFHSC)E:Z( ok — BE >_.

n=0

So the proof is completed. O

Theorem 2.6 Recurrence relation for Fibonacci divisors hybrid numbers as

FHY

k
W= LeFHP + (-1 FHP,

Proof By using (2.2) and (1.3), we have

FH(k) &(ak)n-‘rl _ B(ﬂk)n-‘rl
n+1 ok — /3"

1 ~ n 2 n
= o (@t = geetyst)
1 ~ ~ ~
- [@@hy = Bghymat + Beshyra — By 8]

ak—,Bk
1

ak_lgk

1 -
= = @@")" = BB +

o (Beghyrat — Beshy'st)
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= PHP + ——— ﬁk (Bghyat 5(5")"/3")
= FH{P @ + ) - FHp* + ﬁk BB at - sy
= FHP Ly + ﬂk (A" 8t — gt + B(Bhy ok - Bshy6Y)
= L FH® + [B(ﬂk)”ak - &(a")”ﬂ"]
=L F]H[(k) (o ﬁ)ﬂk [,3(/3 )y 1 &(ak)nfl]

kyn—1 _ a/pkyn—1
- [ ]

= L FHY 4+ (1) FEHD |
O

Now, we get some identities involving Fibonacci divisors hybrid numbers such as Vajda’s identity, Catalan’s
identity, Cassini’s identity, d’Ocagne’s identity. To derive these identities, we will give the following lemma.

Lemma 2.7 The following identities hold for:

Gf=6—A ((—1)’%0 — e) , (2.4)
and

fa=0+A ((—1)% - e) , (2.5)

where & =1+ (=¥ Ly + Lii+ Loge 4+ Lagh, A = of — ¥ and 0 = F¥i+FFe — h.

Proof We first prove the Equation (2.4). Due to Table 1, after some calculations, we have

&f = ((1 + (ak> i+ (ak)ze + (ak>3h) <1 + (ﬂ") i+ (ﬂk)ze + (,8")3h>>
=1+ (=D BF o (—DF a4 (B 4o+ (—DF B = (—DF )i
n <ﬂ2k F(—D)k 2K o2k — gk (—1)k g2 +ak> €+ (,3 — (1) BE 4 (=) ok +a3k>h
— 14 (=D + (Lk T (=Dt (a2k . ,32k>)i+ (sz T (=t (a2k _ '321() ( )) €
n <L3k (=1 (ak - ﬂk)) h.
So, we get
Gf=6-A ((—1)’%0—5).
Equality (2.5) can be obtained similarly like (2.4). O

Theorem 2.8 (Vajda’s identity) For any integers n, m, and r, we have

n—+m

FH, FHY, - FAOFEY,, |, = 0" FO [0 + ((-Dfo - €) Ly |
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Proof Using Binet formula for the Fibonacci divisors hybrid numbers, we have

FHY), FHY, — FEO FHY),, .,

B | [ (&(ak)n+m _ B(ﬂk)n+m> (&(ak)n+r _ B(,Bk)n+r)
- (ak _ ﬁk)2 __ (&(ak)" _ B(ﬁk)l’l) <&(ak)n+m+r _ B(ﬂk)n+m+r)
) (aTlﬁk)z [—aB@) (B — By (B @By (BT By (Y]
B (aTlﬁk)z :<°‘k’3k)n (—5‘5 @)"(BY) = Ba@) (8" +aB(BY" + B&(a")’””ﬂ
= ﬁ [—aBBh (@ = BY") + pahy (@ - BY")]
= o Lttt ety )
= % Baty — @By |
- % :(9 +A <(_1)kw - f)) Co (9 —A ((—l)ka) - e)) (ﬂk)’]

(=™ F”(ik) [ k k k k k

-l (@ =) + & (Do —€) (@) + @ )]
( O;()n_k gék) :GAFr(lo + A ((—l)kw — e) Lkr]

— (—1* F0) [9F,<k> n ((—1)% - e) Lk,] .
So the proof is completed. O

From Theorem 2.8, we get the following results.
If we set m — —r,we get Catalan’s identity for the Fibonacci divisors hybrid numbers as follows:

2
P, FEY, - (FEP) = 0™ F9 [0F0 + (<Dho - €) L |
If we set r = —m = 1, we obtain Cassini’s identity for the Fibonacci divisors hybrid numbers as follows:
2
FEP FHY, — (FEP) = 04 [0+ (Dfo - €) L]

If wesetr — j —n,and m = 1,we have the d’Ocagne’s identity for the Fibonacci divisors hybrid numbers
as follows:

FE®

(k) k (k) k (k) k
© P — FEOFHY, = )™ [0FD, + (Dko —€) Lign ]

We shall derive the matrix representation of the Fibonacci divisors hybrid numbers. We first introduce two

matrix Q% and P® as follows:
@ _ [ Lk (=DF!
Q - ( 1 O k]

o - (128 150
FHY FH]

and

where Ly are the Lucas numbers. Now we give the following theorem regarding our result.
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Theorem 2.9 Forn > 0, the following equality holds:

(k) (k)
(Q(k)>” po — (FHn+2 FH ) ) (2.6)

) 75y
FHY, FH!

Proof For the proof, we use induction method on n. The equality holds for n = 0. Assume that our assertion
holds for n. Namely,

p (k) (k)
(@) P = (7 T ).
FH, n F Hi,
Then for n 4+ 1, we have

n+1 (k) k)
(Q(k))nHP(k) = (L" (_1)k+1> (FH%k) FH%k))
0 FH" FH,

(k) (k)
0 FH, ), FH,

(k) (k)
_ <FH%3 FH?]:gz).
FH, FH, Y
So the proof is completed. O

We give the another type Cassini’s identity for the Fibonacci divisors hybrid numbers in the following
theorem.

Theorem 2.10 Forn > 1, we have

FE®

2 2
K FER, - (FEP) = (—nk <FH§">FH3") ~ (P > . @7

Proof If we take the determinant of both sides of Equation (2.6), we find that

= (det (Q<k>))"_1 det ()

n—1

FHS% (x) FA® (x)

FHP (x) FH®, (x)

> k1 ® )
© FE®, - (FEY)’ = Li(x) (=1 FH® FH
FHY, FHY, - (FH ‘ 2 FE sl

2
PR R — ®
= (=D (FH2 FH —<FH1 ) )

O

e¢]

Remark 2.11 Note that, by virtue of [ F, ,fk) } 1 is an increasing sequence, the character of the Fibonacci divisors
n=
hybrid numbers are as follows:

2 2 2
0 — (FHk ) ® ® ®
c(FEP) = (FEP) + (FEY,) =2 (FEY, ) (FES,) - (FE,)
FE®) + (FE®,) —2(FE®,) - (FEY,)’
< n n+1 n+1 n+3
2 2 2
= (FE®) - (FEY,) - (FEX) <0, 2.8)

Thus, from (2.8), Fibonacci divisors hybrid numbers are spacelike.
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3 Conclusion

In our present research, we defined and examined Fibonacci divisors hybrid numbers which are defined by dint
of the Fibonacci divisor, conjugate to F;. We also derived several fundamental properties of these Fibonacci
divisor hybrid numbers. All results obtained in the article can be varied according to the different integer values
of n and k. For example, in the main results we have obtained, the special case of k = 1 gives various results
about Fibonacci hybrid numbers defined and studied by Szynal-Liana and Wloch [9]. On the other hand, recently
Polatli [22] defined hybrid numbers with Fibonacci hybrid number coefficients as follows:

F, = FH, + FHy1i+ FHyy2€ + FH, 3h,

where FH, = F, + F,i + F,€ + F,h. Indeed, for the interested readers of this work, results presented here
have the potential to motivate further researches of the subject of the hybrid numbers with respect to k parameter
whose coefficients are Fibonacci divisor hybrid numbers.

References

1. Pashaev O. K., Quantum calculus of Fibonacci divisors and infinite hierarchy of bosonic-fermionic golden quantum oscillators.
Internat. J. Geom. Methods Modern Phys., 18(5), 32 pp, (2021).
2. Ozvatan M., Generalized golden-Fibonacci calculus and applications. Master of Science thesis, Izmir Institute of Technology,
(2018).
3. Falcon S., Plaza A., On the Fibonacci k-Numbers. Chaos, Solitons Fractals, 32(5), 1615-1624, (2007).
4. Kocer E.G., Tuglu N., Stakhov A., On the m-extension of the Fibonacci and Lucas p—numbers. Chaos Solitons Fractals, 40
(4), 18901906, (2009) .
5. Horzum T, Kocer E. G., On some properties of Horadam polynomials. Int Math Forum., 25(4), 1243-1252, (2009).
6. Koshy T., Fibonacci and Lucas Numbers with Applications. John Wiley and Sons, Proc., New York-Toronto, (2001).
7. Vajda S., Fibonacci and Lucas Numbers the Golden Section. Ellis Horrowood Limited Publ., England, (1989).
8. Ozdemir M., Introduction to hybrid numbers. Adv. Appl. Clifford Algebras, 28(11), (2018).
9. Szynal-Liana A., Wloch I., The Fibonacci hybrid numbers. Utilitas Math., 110, 3-10, (2019).
10. Szynal-Liana A., Wloch I., On Jacosthal and Jacosthal-Lucas hybrid numbers. Ann. Math. Sil., 33, 276-273, (2019).
11. Szynal-Liana A., Wloch L., On Pell and Pell-Lucas Hybrid Numbers. Commentat. Math., 58, 11-17, (2018).
12. Szynal-Liana A., The Horadam hybrid numbers. Discuss. Math. Gen. Algebra Appl. 38(1), 91-98, (2018).
13. Kizilates C., A new generalization of Fibonacci hybrid and Lucas hybrid numbers. Chaos Solitons Fractals, 130, (2020).
14. Catarino P., On k-Pell hybrid numbers. J. Discrete Math. Sci. Cryptography, 22(1), 83-89, (2019).
15. Cerda Moreles G., Investigation of generalized hybrid Fibonacci numbers and their properties. Appl. Math. E-Notes, 21, 110-
118, (2021).
16. Sentiirk T., Bilgici G., Dasdemir A., Unal Z., A study on Horadam hybrid numbers. Turkish Journal of Mathematics, 44(12),
1212-1221, (2020).
17. Szynal-Liana A., Wloch L., On Special Spacelike Hybrid Numbers. Mathematics, 8(10), 1671, (2020).
18. Szynal-Liana A., Wloch I., Introduction to Fibonacci and Lucas hybrinomials. Complex Var. and Elliptic Equ., 65(10), 1736-
1747, (2020).
19. Liana M., Szynal-Liana A., Wloch I., On Pell hybrinomials. Miskolc Math. Notes, 20, 1051-1062, (2019).
20. Kizilateg C., A Note on Horadam Hybrinomials. Fundamental Journal of Mathematics and Applications, 5(1), 1-9, (2022).
21. Kocer E.G., Alsan H., Generalized Hybrid Fibonacci and Lucas p-numbers. Indian J Pure Appl Math., (2021). https://doi.org/
10.1007/s13226-021-00201-w
22. Polatli E., Hybrid Numbers with Fibonacci and Lucas Hybrid Number Coefficients. Preprints (2020).

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2023-02-06T17:32:38+0530
	Preflight Ticket Signature




