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OZET

YUKSEK LiSANS TEZi

BAZI INTEGRASYON ALGORITMALARI iLE LPD MODELINE OPTIK
SOLITONLAR
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Bu calisma ilk olarak Kerr yasasi nonlineerligi i¢in Lakshmanan-Porsezian-Daniel
denkleminin koyu ve tekil optik soliton ¢éziimlerini iki entegrasyon semasi kullanarak elde
etmektedir. Bunlar Jacobi’nin genisletilmis eliptik fonksiyon yaklasimi ve exp(—q,')(n))—
genisleme yontemidir. Bu solitonlar i¢in kisitlama kosullar1 olarak sunulan varolus kriterleri
de elde edilmistir. Bir yan {iriin olarak, periyodik tekil ¢oziimler elde edilmis ve bunlar da
calismada listelenmistir. Daha sonra vektdr baglantili Lakshmanan-Porsezian-Daniel
denklemini genisletilmis Jacobi eliptik fonksiyon acilim semasi yardimiyla ¢ift kirilimh
fiberlerde entegre etmektedir. Jacobi ¢ift periyodik dalga ¢oziimleri elde edilmistir. Bu
entegrasyon mekanizmasi ile elde edilen ¢ozlimler, sinirlayict durumda, karanlik solitonlara
veya tekil solitonlara veya periyodik ¢éziimlere yol acar.
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ABSTRACT

MASTER THESIS
OPTIiK SOLITONS TO LPD MODEL BY SOME INTEGRATION ALGORITHMS
YASEMIN KORKMAZ BESCANLAR

YOZGAT BOZOK UNIVERSITY
SCHOOL OF GRADUATE STUDIES
DEPARTMENT OF MATHEMATICS

SUPERVISOR: PROF. DR. ABDULLAH SONMEZOGLU

This study first obtains the dark and singular optical soliton solutions of the Lakshmanan-
Porsezian-Daniel equation for Kerr's law nonlinearity by using two integration schemes.
These are Jacobi's extended elliptic function approximation and exp(-¢(n))-expansion
method. Existence criteria, which are presented as constraint conditions for these solitons,
have also been obtained. As a by-product, periodic singular solutions were obtained and
these are also listed in the study. It then integrates the vector-linked Lakshmanan-Porsezian-
Daniel equation in birefringent fibers with the help of the extended Jacobi elliptic function
expansion scheme. Jacobi double periodic wave solutions were obtained. Solutions obtained
by this integration mechanism lead to dark solitons or singular solitons or periodic solutions
in the limiting case.
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SIMGELER VE KISALTMALAR LISTESI

Bu calismada kullanilmis simgeler ve kisaltmalar, agiklamalar1 ile birlikte asagida

sunulmustur.

Simgeler Aciklamalar
a Alpha

B Beta

2] Theta

y Gamma

F) Delta

€ Epsilon

n Eta

K Kappa

A Lambda

& Xi

P Rho

o Sigma

T Tau

¢ Phi

w Omega

l q nun modili
q” q nun eslenigi
Kisaltmalar Aciklamalar
LPD Lakshmanan-Porsezian-Daniel

STD Uzaysal-zamansal dagilim
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JEF Jacobi Eliptik Fonksiyon

sn Eliptik siniis fonksiyonu
cn Eliptik kosiniis fonksiyonu
dn Ucgiincii tip eliptik fonksiyon
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1.GIRIS

Optik solitonlar, giinlimiiz elektronik iletisim sisteminde devrim niteliginde bir etki yaratan
telekomiinikasyon miihendisliginin temel dokusunu olusturmaktir. Facebook, Twitter,
elektronik posta, internet, cep telefonu ve benzeri diger iletisim araglari soliton yayilimi
kavrami olmadan diisiinlilemez. Bu nedenle, bu soliton dinamiklerini biitiinlesebilirlik
sorunu, korunum yasalari, pertiirbasyon semasi, stokastiklik ve digerleri gibi ¢esitli agilardan
incelemek zorunludur (Abdou ve Elhanbaly, 2007; Bhrawy vd., 2013; Algahtani vd., 2018;
Bansal vd., 2018; Biswas vd., 2018; Guzman vd., 2017; Hubert vd., 2018; Jawad vd., 2018;
Huiqun vd., 2007; Khan vd.,2013; Lakshmanan vd., 1988; Liu vd., 2016; Manafian vd.,
2017; Ekici, 2018; Mirzazadeh vd., 2016 ; Roshid vd., 2014; Sonmezoglu, 2015; Taghizadeh
vd., 2017). Bu ¢alisma, Lakshmanan-Porsezian-Daniel (LPD) denklemi olarak adlandirilan
iyi bilinen bir modelin integrallenebilirlik yoniinii incelemektedir. Bu model ilk olarak 1988
yilinda Heisenburg spin zinciri baglaminda ortaya ¢ikmistir (Lakshmanan vd., 1988). Daha
sonra bu model fiber optik de dahil olmak iizere cesitli baglamlarda yaygin olarak
calisilmistir. Bu, iki entegrasyon kullanilarak Kerr yasasi nonlineerligi ile ele alinmistir. Bu
model i¢in koyu ve tekil soliton ¢oziimler elde edilmis ve bu ¢oziimlerin kisit kosullar1 olarak
sunulan varlik kriterleri de elde edilmistir. Ayrintilarin tiimii sonraki bdliimlerde

siralanmastir.

Optik solitonlar, dogrusal olmayan fiber optik alanindaki en 6nemli arastirma alanlarindan
biridir (Abdou ve Elhanbaly, 2007; Sonmezoglu, 2015). Bu baglamda optik fiberler ve PCF
tizerinden darbe iletiminin dinamiklerini yoneten Lakshmanan-Porsezian-Daniel (LPD)
modeli son birkag¢ yilda olduk¢a popiilerlik kazanmistir. Bu modele solitonlar1 ve soliter
dalgalar1 ortaya ¢ikarmak i¢in uygulanan bir¢ok giiclii entegrasyon algoritmast oldugunu
belirtmek gerekir (Algahtani vd., 2018; Bansal vd., 2018; Biswas vd., 2018; Guzman vd.,
2017; Hubert vd., 2018; Jawad vd., 2018; Lakshmanan vd., 1988; Liu vd., 2016; Manafian
vd., 2017; Ekici, 2018). Bu ¢alisma, ¢ift kirilmay1 tanimlayan vektor bilesenli LPD modeli
ile polarizasyon modu dispersiyonu (PMD) fiberleri icin soliton ¢ézlimlerinin ¢aligmasini
ele alacaktir. Son zamanlarda, LPD’nin bu birlesik formu, belirlenmemis katsayilar yontemi,
exp (—¢(§))-genisleme yaklasimi ve genisletilmis deneme denklemi semasi gibi birkag
giiclii entegrasyon algoritmasi kullanilarak ¢alisilmistir (Arshed vd., 2018; Biswas vd.,2018;

Guzmanvd., 2018). Ancak bu ¢calismada, yonetim modeli i¢in tam solitonlar1 elde etmek i¢in



eski Jacobi eliptik fonksiyon (JEF) genisleme semasi benimsenecektir. Detaylar ilerleyen

boliimlerde gosterilmektedir.



2. BAZI INTEGRASYON ALGORITMALARI iLE LPD MODELINE
OPTIK SOLITONLAR

2.1. Ana Model

Bu caligmada ele alinacak olan Kerr nonlineer ve uzaysal-zamansal dagilim (STD) iceren
LPD modelinin boyutsuz formu (Algahtani vd., 2018; Lakshmanan vd., 1988; Biswas vd.,
2018; Guzman vd., 2017; Manafian vd., 2017) tarafindan verilmistir.

iqe + Aqxx + b + €1q1°q = 0qarx + @(q:)*q" + Blax|*q + ¥191* @x + 210° G
+6lql*q 2.1)
Bu sistemde bagimli degisken q(x, t) karmasik degerli dalga fonksiyonunu temsil ederken
bagimsiz degiskenler sirasiyla uzay1 ve zamani temsil eden x ve t dir. Sol taraftaki ilk terim
dogrusal olmayan dalganin zamansal evrimini temsil ederken, a katsayis1 grup hizi dagilimi
ve b, STD’dir. Sag tarafta, o dordiincii mertebeden dagilim ve &, iki-foton emilimidir. Bir

sonraki boliim, (2.1) modelinin nonlineer dalga c¢oéziimlerini olusturmak icin temel

mekanizmay1 saglamaktadir.
2.2. Matematiksel Analiz

(2.1) denkleminin integrallenebilirlik semasina baslamak i¢in, baslangi¢ hipotezi (Alqahtani
vd., 2018; Biswas vd., 2018; Guzman vd., 2017) tarafindan verilen hareket eden dalga

arglimanidir.

q(x,t) = P(§)e!rextwt+o) 2.2)
Dalga degiskeni v solitonun hiz1 olmak {izere,

& =B(x—vt) (2.3)
seklindedir. Burada P(§), dalga profilinin seklini temsil eder ve faz bileseni ¢(x,t),
asagidaki gibi tanimlanir;

¢(x,t) = —kx + wt + 6, (2.4)

Burada k soliton frekansi, w solitonun dalga sayisi, 8, faz sabitidir. (2.2), (2.3) ve (2.4)

denklemleri kullanilarak (2.1) denkleminde bulunan q;, Gxx» Gxts 191% Qe (@x)?
|2

q*,1qx1?, 4%, @ix, |q|* terimleri asagidaki gibi hesaplanabilir:

q; = _valei(—lcx+wt+90) + inei(—Kx+wt+60)

3



q; = (—BUP' + iwP)ei(-rx+wit+6o)

iq = (_tip' — wp)ei(—}cx+wt+90)

g, = BP'el(-rxtwt+6o) _ iy poi(-kx+wt+bo)

qx = (BP' — ikP)ei(-rx+wt+o)

Gy = (B2P" — ikBP)ei(-ixtwt+60) 4 (BP’ — jkP)(—ik)e (-rx+wt+6o)

Gxx = (B*P" — ikBP' — ikBP' — K2P)el(-Kx+wt+6o)

Qux = (B2P" — 2ikBP' — k?P)e!(-1x+wt+6o)

aQyy = a(B%P" — 2ikBP’ — k?P)el(-rx+wt+bo)

Gt = [B(=Bv)P" — ik(—Bv)P'|e!rx+wt+60) 4 (BP’ — jgP)(iw)e ! (rx+wt+bo)

Gyt = (—B2vP" + ikBUP' + iwBP' + wkP)e!(-rx+wt+6o)

bqy: = b(=B?VP" + ikBvP' + iwBP' 4+ wiP)ei(-ix+wt+6o)

lql = IPl]e]

lgl = |P|

P >0 iken |q| =P

lqI? = P?

clql?q = cP2Pei(-Kx+wt+o) — . p3pil-kx+wt+6p)

Quxx = (B3P — 2ikB2P" — k2BP")e!(-rx+wt+6o)

+(B2P" — 2ikBP’ — k2P)(—lK)e!(-rx+wt+6o)

Qxxx = (B3P — 2ikB?P" — k?BP' — iB?kP" — 2k?BP’ + i3 P)el(-rx+wt+0o)

Gexx = (B3P — 3ikB2P" — 3k2BP' + ix3P)el(-rx+wt+o)

Axxxx = (B4P(4) — 3ikB3P"" — 3k?B?P" + iK3Bp')ei(—;cx+wt+90) + (B3P" — 3ikB2P"
—3K2BP’ + ik3P)(—iK)el(-Kxtwt+6o)

Goxe = (B*P® — 3iKcB3P" — 3k2B2P" + ix3BP' — ik B*P"" — 3k2B2P" + 3iK3BP'
+l'K4P)ei(—Kx+wt+90)

Axxxx = (B4P(4) — 4ikB3P"" — 6K%B%P" + 4ix3BP' + iK4p)ei(—Kx+wt+90)

4



Oqxxxx = 0(B*PW — 4ikB3P"" — 6Kk2B%P" + 4ik>BP' + ik*P)el 71X+ wt+bo)
(4x)? = [(BP' — ixP)ei(-rx+wt+00)]?

(qx)? = (B2(P")? — 2iBKP'P — k?P?)e?i(-rx+wt+6o)

q* — Pe—i(—;cx+wt+90)

a(qx)%q" = a(B%(P')? — 2iBkP'P — k2P%)e2i(-rxtwttbo) po-il-ixtwi+by)
a(q,)%q" = a(B%(P")2P — 2iBkP’'P? — k2P3)ei(-kxtwt+6o)

|qx| = |BP' — l'K.Pllei(—Kx+a)t+90)

x| = /B2(P")? + Kk2P?

|qx|* = B*(P')* + k*P?

Blacl?q = B(B2(P")? + k2P?)Pei-rextottbo) — p(B2(P")2P + k2 P3)ei(-rx+wi+bo)
v191%qyy = yP?(B?P" — 2ikBP’ — sz)ei(—lcx+wt+90)

Y191?qux = y(B?P""P? — 2ikBP'P? — k2 P3)ei(-rx+wt+6o)

Qix = (B2P" — k2P + 2iKxBP")e~{(-Kx+wt+6o)

q= pel-Kx+wt+6o)

2 PZeZi(—Kx+wt+90)

q

Aq2 Qe = A(P2e2i(-1x+wt+60)) (B2p!" _ 2P 4 2 BP" )~ (-Kx+w+60)

1q%qiy = A(B?P""P? — k?P3 + 2ixBP' P%)ei(-rx+wt+6o)

lgl=P = |q|*=P*

Slql*q = §P*Pei-rx+wt+bo) — §pSeil-Kx+wi+bo)

Bulunan sonuglar,

iqr + aqxx + Dqy + €1q17q = 0Qxuxx + @(q:x)?q" + Blax*q + ¥1q1? @rx + 29° @x
+61ql*q

denkleminde yerine yazilarak;

(—iBvP' — wP)el(-rx+wt+bo) L q(B2p" _ 2P _ 2jxBP’)el(-Kx+wt+o)

+b(—B2?vP" + ikBvP' + iwBP' + wkP)e!(Zx+wt+bo) 4 cp3gil-Kkxtwi+bo)

5



= o(B*P™ — 4ikB3P"" — 6Kk*B*P" + 4iK>BP’ + ix*P)e'(7xx+wt+0o)

+0((BZ(P')2P — 2iBkP'P? — K2P3)ei(—rcx+wt+90) + ﬁ(BZ(P')ZP + K2P3)ei(—rcx+wt+90)
+y(B2P"' P2 — 2ikBP'P? — 2P3)ei(-Kx+wt+bo) 4 ) (B2p!'p2 _ ;2p3
+2iKBP/P2)ei(—xx+wt+90) + 6P56i(—xx+wt+90)

bulunur.

(=iBvP' — wP + aB*P" — ak?P — 2iaxBP' — bB?vP" + ibkBvP' + ibwBP' + bwkP
+cP3)eirx+wt+bo) — (gB4*P™ _ 4igkB3P"" — 60K2B2P" + 4ick3BP' + iok*P
+aB?(P')?P — 2iakBP'P? — ak?P3 + BB?(P')?P + Bk?P3 + yB?P" P? — 2iyxBP'P?
—yK2P3 + AB2P"'P% — Ak2P3 + 2iAkBP'P? 4 §P>)e!(-rx+wt+6)

denklemi diizenlendiginde,

(—=iBv — 2iaxB + ibkBv + ibwB)P' + (aB? — bB*v)P" + (—ak? + bwkx — wP) + cP3
= (6BYPW + (—4iokB3)P"" + (—60k2B2)P" + (4iok3B)P' + (aB? + BB?)(P')%P
+(iok®)P + (—ax? + Br? — yk? — Ax?)P3 + (—2iaxB — 2iykB + 2iAkB)P'P?
+(yB? + AB?>)P""P? + §P°

elde edilir. Bu denklemdeki ifadeler esitligin bir tarafinda toplanirsa,

oB*P™ — 4igkB3P"" + B%(—60Kk? — a + bv)P" + iB(40k> + v + 2ax — bxv
—bw)P' + B?(a + B)(P")?P + (iok* + ak? — bwk + w)P + [(—a + B —y — D)K?
—c]P® + 2ikB (—a —y + A)P'P? + B>(y + )P""P?> + §P°> =0

elde edilir. Bu denklem reel ve imajiner kisimlarina ayrilarak yazilirsa,

oB*P® + B2(—60k% — a + bv)P" + B%(a + B)(P")?P + (ax? — bwk + w)P
+[(—a+ B —y — DK% —c]P? + B%(y + )P""P%? + 6P> + i[—40KkB3P""

+B(40Kk3 + v + 2ax — bkv — bwP’) + ok*P + 2kB(—a —y + A)P'P?] = 0

elde edilir.

Bu denklemin reel kisma,

oB*P®W 4 B2(—60k? — a + bv)P" + B%(a + B)(P)?P + (ax? — bwk + w)P



+[(—a+ B —y— DK% —c]P>+B2(y + )P"P2+6P>=0 (2.5)
ve imajiner kismi,

—40kB3P"" + B(40k® + v + 2ax — bkv — bw)P' + ok*P

+2kB(—a —y + A)P'P?2 =0 (2.6)

olarak bulunur. Denklemin imajiner kisminda, {P'"", P’, P, P'P?} kiimesi lineer bagimsiz

oldugundan katsayilarinin sifira esit olmasi asagidaki kisitlama kosullarini verir,

e 0=0 (2.7)
. —a—y+A1=0
a=A-y (2.8)

ve sonu¢ olarak soliton hizi, s6z konusu nonlineer olma durumundan bagimsiz olarak,

asagidaki esitlikler ortaya cikar,
e v+ 2ak—bkv—Dbw =0

v(1 — bk) = bw — 2ak

Y= bw—2ak (2'9)

1-bk

burada
bk #1 (2.10)
dir.

Sonug olarak (2.7) ve (2.8) kisitlamalarin her ikisi de (2.5) denkleminde yerine yazilarak,
reel kisim

B%(—a + bv)P" + B*(a + B)(P')?P + (ax? — bwkx + w)P + [(=24 + B)x? — c]P3
+B2(y + )P"P2 +6P>=0 (2.11)
seklinde elde edilir.

Elde edilen bu adi diferansiyel denklem, bundan sonraki alt bdliimlerde, LPD modelinin
parlak, koyu ve tekil soliton ¢oziimlerini bulmak i¢in genisletilmis Jacobi eliptik fonksiyon
genisleme yaklagimi (Algahtani vd., 2018; Bhrawy vd., 2013; Biswas vd., 2018; Ekici vd.,

2017; Guzman vd., 2017) ve exp(—qb(n)) genisleme semast (Huiqun, 2007; Khan ve
Akbar, 2013; Lakshmanan vd., 1988; Liu vd., 2016) ile analiz edilecektir.



2.3. Genisletilmis Jacobi Fonksiyon Genisleme Semasi

(2.11) denkleminin ¢6ziimiiniin sonlu bir seri olarak ifade edildigi varsayilirsa (Biswas vd.,
2018):

N

P(&) = z (a snté + b—E> (2.12)

i=0

Burada sné , k modiiliine sahip Jacobi eliptik siniis fonksiyonudur. (0 < k < 1) ve a, a;, b;
sabitleri i = 1,2, ..., N icin belirlenecek sabitlerdir.

(sné)' = cnédné
(cné)' = —snédné
(dn&)' = —k?snécné
cn§ = /1 —sn%¢
dné = /1 — k2sn2¢
Burada

F(k, @) = OW 0<k<1)

birinci tip eliptik integraldir.

N
b;
P(¢) = Z <alsn‘5 +— >
L nt§
=0
fonksiyonunda;

o(P)=N, o(P?)=2N, o(P®)=3N, o(P*)=4N, o(P5)=5N

olarak bulunur. Béylece

P(&) =i(a snt bf)
i=0
fonksiyonu

P(¢) = Z(aisnif + bisn‘if)
i=0

olarak diizenlenebilir. P(¢) fonksiyonunun 1. mertebeden tiirevi alindiginda,
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P'(&) = XX o(a;isn'™1&cnédné + by(—)sn~"1Ecnédné)

N

P'(§) = Z(aiisni_lf — bisn™71¢) cnédné
i=0

olarak bulunur.

cné = /1 —sn?é¢

dné = /1 — k?sn?¢

esitlikleri alinan tiirevde yerine yazilirsa;

N
P16 = 3 snit5 — hisnei45) T T
i=0

N

= z(aiisni‘lf — biisn™18) 1 — k2sn2& — sn2& + k2sn*é

i=0

N

= z(aiisni‘lf — biisn™1E)J1 — (k2 + 1)sn2¢ + k2sn*¢

=0

bulunur. Buradan;
o(P)=N-14+2=N+1
olarak bulunur.

P(&) fonksiyonunun 2. mertebeden tiirevi alinirsa,

N

P"(§) = ) lai(i — Dsni2¢engdng

i=0

— bii(—i — 1)sn~"2¢&cnédnéJ1 — (k2 + 1)sn2& + k2sn4¢

N [—2(k? + 1)sn&cn&dné + 4k?sn3&cn&dné]
2y/1 — (k% + 1)sn2& + k2sn*&

N
P"(§) = Z [(aii(i — 1)sni=2E + bii(i + D)sn™728)y/1 — (k2 + 1)sn2§ + k2sn*é
i=0

[—2(k? + 1)sn& + 4k?sn3¢&]
2y/1 — (k2 4+ 1)sn%& + k2sn*¢

cnédné




elde edilir. Benzer sekilde,

cné = /1 —sn?¢ vedné = /1 — k?sn?¢

esitlikleri yerine yazildiginda;

N
P" (&) = z l(aii(i — D)sni=2E + bii(i + 1)sn™728)y/1 — (k2 + 1)sn2& + k2sn*&
i=0

[—2(k? + 1)sn& + 4k?sn3¢&]
2y/1 — (k2 4+ 1)sn2& + k2sn*¢

V1 —sn2&\J1 — k2sn2¢

elde edilir. Buradan

o(P")=N—-24+2+2=N+2

elde edilir.

Boylece devam edilirse

o(P"")=N+3

bulunur.

o(P?*) =2N, o(P)?=2N+2, o(PP")=2N +2
dir. Balans metoduna gére, (2.5) denkleminde P2P" ile P> in dengelenmesi sonucunda
o(P%) = o(P?P")

esitligi yazilabilir.

o(P®) = 5N

o(P?P'")=2N+N+2=3N+2

esitlikleri,

o(P®) = o(P?P")

esitliginde yerine yazilirsa;

5N = 3N + 2 (2.13)
2N =2
N=1 (2.14)

elde edilir. Bulunan N = 1 degeri;
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N
P = Z(aisn‘f + bysn~i€)
i=0

fonksiyonunda yerine yazilirsa,

1

P(§) = Z(aisnif + bisn™'€) = ag + a;sné + by + bysn1E

i=0
= ay + a;sné + bysn1& (2.15)
sonucu elde edilir.
dn?& = 1 — k?sn?¢
cn?é =1 —sn%¢
esitliklerini kullanarak;
(cnédn&)’ = —sn&dn?& — k?snécn?é = —[dn?& + k?cn?&]sné
= —[1 — k?sn?& + k?(1 — sn?&)]sné
= —[1 + k? — 2k?sn?¢&]sné
bulunur.
(2.2) de verilen
4G, 0) = PelCrrrerttn
denkleminde,
P(&) = ay + a;sné + bysn~1&
olarak elde edilmis olur.

Bunun sonucu olarak, (2.11) denkleminde bulunan P”, P(P")?, P3, P"P? ve P° terimleri

asagidaki gibi hesaplanabilir,

P’ = (a;cné — bysn~2&cné)dné = (a; — bysn™2&)cnédné

P" = 2b;sn™3&.cn?&dn?E + (ay — bysn™28)[—snédnédné — cnék?snédné]
P" = 2by;sn~3&cn?&Edn?& — (a — bysn™28)[dn?E + k?cn?&]sné

P" = 2b;sn3&[(1 — sn?&)(1 — k?sn?&)]

—(a; — bysn™28)[1 — k?sn%& + k?(1 — sn?&)|sné
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P" =2b;sn3&[1 — (1 + k?)sn?& + k?sn*&] — (a; — bysn™28)[1 + k? — 2k?sn?&]sné

P" =2b;sn3& — 2b; (1 + k?)sn™1& + 2b k?sn& — a, (1 + k?)sn& + 2a,k?sn3&
+b,(1 + k?*)sn™1¢& — 2b k%sné

P" =2a,;k?sn3¢ —a;(1+k?)sné —b;(1 + k?)sn™1& + 2b;sn~3¢&

P(&) = ay + a;sné + bysn~1&

P? = (ag + a;sné)? + (bysn™18)? + 2(ag + a;sné)bysn~1¢

P? = qy? + 2aga;sné + a;2sn?¢ + by *sn™2¢ + 2aobysn~E + 2a,b;

P? = qy? + 2a,b; + a;2sn%¢ + 2aga,sné + 2agbysn~1é + b, 2sn~2¢

P3

(ag + a;sné)® + 3(ag + a;sné)?bysn~1é + 3(ay + aysné)(bysn~1&)?

+(bysn~1&)?

P3 = ay® + 3ay?a,sné + 3aga,?sn?é + a,3sn3& + 3ay°b;sn~ 1€ + 6aga b,

+3a,2b,sné + 3aghy*sn~2& 4+ 3a,b;2sn1E + by >sn3¢

P3 = ay3 + 6aga by + a3sn3& + 3aga,?sn?€ + 3[ag?a, + a;b,|sné

+3[a02b1 + alblz]sn‘lf + 3ayby*sn"2¢& + by 3sn3¢

P2P" = [ay? + 2a1by + a;2sn?E + 2aga,sné + 2agh;sn1E + by2sn2E]
[2a,k?sn3& —a (1 + k?)sn& — by (1 + k?)sn™ & + 2b;sn™3¢]

P?P" = 2aq%a.k?sn3& — ap?a,;(1 + k?)sné — ay?b, (1 + k?)sn™1& + 2ay?b;sn™3¢&
+4a,2b,k%sn3¢& — 2a,2b,(1 + k?)sné — 2a,b;*(1 + k*)sn~1& + 4a, b, *sn~3¢
+2a,3k?sn%¢ — a,3(1 + k?)sn3& — a;?b,(1 + k?)sné + 2a,%bysn™ ¢
+4aga,%k?sn*€ — 2a9a,%(1 + k?)sn?é — 2aqa,b; (1 + k?) + 4aga,b;sn~2&
+4aga b k?sn2é — 2aga; by (1 + k2) — 2aob, 2 (1 + k2)sn2& + 4agh,*sn™*¢
+2a,b,2k2sné —a by 2 (14 k2)sn™ 1 — b > (1 + k¥)sn™3¢& + 2b,>sn~5¢

P?P" = —4aya,b; (1 + k?) + 2a,3k?sn°¢ + 4aya,2k?sn*&

+[2a4%a,k? + 4a,°bk? — a;3(1 + k?)]sn3¢&

+[—2aga;%(1 + k?) + 4aya b k?|sn?&
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+[—ag?a, (1 + k%) — 2a,%by (1 + k%) — a,?by (1 + k2) + 2a,b,*k?]sné
+[—ao?by (1 + k) — 2a;b,*(1 + k?) + 2a,2by — a;b,*(1 + k?)|sn~1¢
+[4aga.b; — 2ayb,*(1 + k?)|sn=2¢
+[2ag?b; + 4arb,” — by°(1 + k?)]sn~3¢
+4agh,>sn~*¢E + 2b, sn=5¢
P2P" = —4aya,b; (1 + k?) + 2a,3k?sn>¢ + 4aya,2k?sn*&
+a,[2a¢%k? + 4a; b k? — a2(1 + k?)]|sn3&
+2aga;[—a; (1 + k?) + 2b,k?]sn?¢
+a,[(—ay? — 2a,b; — a;by)(1 + k?) + 2b,k?]sné
+bi[(—ay? — 2a;by — a;b;)(1 + k?) + 2a,%]sn"1¢
+2aobi[2a; — by (1 + k)]sn2¢ + by[2ay? + 4a,by — by *(1 + k?)|sn3¢
+4ayb,>sn~*¢ + 2b,sn5¢
P?P" = —4aya,b; (1 + k?) + 2a,3k?sn>¢ + 4aya,2k?sn*&
+a,[2ay%k? + 4a; b1 k? — a2(1 + k?)|sn3&
+2aga,[—a;(1 + k?) + 2b,k?]sn?&
—a,[(ag? + 3a,b)(1 + k?) — 2b k?*]sné
—b1[(ag? + 3a.b) (1 + k?) — 2a,2]sn™1¢
+2agby[2a; — by (1 + k?)]sn2¢ + by[2a,? + 4arby — by *(1 + k?)|sn3¢
+4agb,>sn~*E + 2by sn=5¢
(P")? = (a; — bysn™28)%cn?&dn?é
(P")? = (a; — bysn™28)2(1 — sn?&)(1 — k?sn?é)
(P)? = (a;% — 2a,bysn72E + by 2sn™*E) (1 — k2sn?¢ — sn?& + k?sn*&)
(P)? = (a2 — 2a;bysn™2%¢ + blzsn“*f)[l — (1 + k?)sn?& + k?sn*&]
(PY? = a;% —a2(1 + k?)sn?& + a,%2k?sn*E — 2a,bysn™2%& + 2a,b,(1 + k?)
—2a;byk?sn*¢ + by’ sn*E — by *(1 + k?)sn™2& + by *k?
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(PN? = a % + 2a,b, (1 + k2) + by %k? — [a,2(1 + k?) + 2a, b, k?]sn?¢ + a,2k%sn*¢
—[2ayb; + b, (1 + k?)|sn=2 + by *sn~4¢

P(P")? = (ay + aysné + bysn™1){a 2 + 2a,b, (1 + k?) + b *k? + a,2k2sn*é
—[a,2(1 + k?) + 2a,b, k?]|sn?E — [2a1by + by (1 + k?)|sn2& + by >sn™*¢}

P(P")? = aga,? + 2aga,b; (1 + k?) + agh,°k? — ap[a;2(1 + k?) + 2a, b, k?]sn2¢
+aga,2k?sn*é — ag[2a;by + by *(1 + k?)|sn™2E + aghy*sn™*¢ + a,3sné
+2a,2b; (1 + k?)sné + a, b, *k%sné — a;[a;2(1 + k?) + 2a,b,k?]sn3¢
+a,3k?sn5¢ — aq[2a1by + by 2(1 + k?)|sn™'E + a by *sn~3E + a;2bysn™1E
+2a,b,%(1 + k?)sn™ 1 + by *k2sn~1& — by[a,2(1 + k?) + 2a,b, k?]|sné
+a,2bk?sn3E — by[2a,by + by *(1 + k)|sn=3E + by °sn™5¢

P(P")? = aga,? + 2apa,b; (1 + k2) + agh;°k? + a,3k2sn5¢ + aga, 2k?sn*é
—ai[a;?(1 + k?) + 2a,b1k?]|sn3¢ + a,?b k?sn3¢
—apla,2(1 + k?) + 2a,b, k?]|sn?& + a,3sné + 2a,%b, (1 + k?)sné
+a,b,%k%sné — by[a,2(1 + k?) + 2a, b, k?]sné
—a;[2a1by + by *(1 + k?)]sn™1E + ay2bysn~YE + 2a;b, (1 + k)sn™1E
+b,°k2sn~1E — ag[2a.by + by ?(1 + k?)|sn2¢ + a; b, *sn~3¢
—by[2a1b;y + by ?(1 + k?)]|sn™3¢ + agh,*sn~*& + by *sn5¢

P(P")? = aga,? + 2aga; by (1 + k2) + agh,*k? + a,3k2sn°¢ + aga,2k2sn*é
—a,[a.?(1 + k?) + a; b k?]sn3& — apla,?(1 + k?) + 2a, b k?]|sn?é
+ay[a;? + a;b (1 + k?) — by *k?]sné — by[a,? — ayby (1 + k?) — by k?]sn™1&
—ag[2a1by + by ?(1 + k?)]|sn™2& — by[asby + b *(1 + k?)|sn™3¢
+aghy*sn™*& + by >sn5¢

P5 = (ag + a;sné + bysn~1§)°

P5 = (ag + a;sné)® + 5(ay + a;sné)*bysn™1& + 10(ay + a;sné)3(bysn~18)?
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+10(agy + a;sn&)?(bysn~18)3 + 5(ay + aysné)(bysn~8)* + (bysn~18)°

P5 = ay® + 5ap*a;sné + 10ay3a,2sn?& + 10ay2a,3sn3¢ + 5aya,*sn*€ + a,°sn°¢
+5[ay* + 4ay3a,sné + 6ay2a,?sn?€ + 4aga,3sn3& + a;*sn*é]bysn~1é
+10[ay® + 3ay2a;sné + 3aga,2sn?é + a,3sn3&]by>sn2¢
+10[ay? + 2apa;sné + a,2sn2&]b,3sn3¢& + 5[ay + aysnélb,*sn*& + by sn~5¢

P5 = ay® + 5ap*a;sné + 10ay3a,2sn%& + 10ay2a,3sn3¢ + 5a,a,*sn*E + a,%sn>¢
+5ay*bysn™1E + 20a,3a,b; + 30ay%a,?bysné + 20aya,3bsn?E + 5a,*b;sn3é
+10ay3b,>sn™2& + 30ay2a, by *sn~1& 4 30aya,2b,* + 10a,3b,*sné
4+10ay2b,>sn3¢& + 20aya, by sn2& + 10a,2b;>sn~1¢& + 5agh, *sn=*¢&
+5a,b,*sn3¢E + b, sn5¢

P5 = ay® + 20ay3a, by + 30aga,2b,® + a,5sn°¢ + (10ay2a,® + 5a,*b,)sn3¢
+5aga,*sn*é + (10a3a,? + 20aga,3b;)sn?é
+(5a0*ay + 30ay%a,%b, + 10a,3b,?)sné
+(5a9*by + 30ap2arby” + 10a;,2b,*)sn~ & + (10ay3h,” + 20a,a,b, > )sn=2¢
+(10ag?b,® + 5a1b;,*)sn™3E + Saghy *sn™*¢ + by *sn~5¢

Elde edilen P”, P(P")?, P3, P"P? ve P> esitlikleri daha dnce ad1 gecen asagidaki (2.11)

denkleminde

B?(—a+ bv)P" + B*(a + B)(P')?P + (ak? — bwk + w)P + [(—24 + B)k?* — c]P3
+B%(y + )P"P? + 6P° =0

yerine yazilirsa,

B%(—a + bv){2a,;k?sn3¢ —a,; (1 + k?)sné — b, (1 + k?)sn™1& + 2b;sn™3& }

+ B2(a + B){apa;? + 2aga; b, (1 + k2) + aghy *k? + a,3k2sn®¢ + aga,2k2sn*é
—ai[a;?(1 + k?) + a b k?]sn38 — agla?(1 + k?) + 2a, b k?|sn?¢

+a;[a,? + a;hy (1 + k?) — by *k?|sn& — by[a,? — a;by(1 + k?) — byk?|sn™1¢&

—ao[2a;b; + by *(1 + k?)|sn=2& — by[asby + by (1 + k?)]|sn™3& + aghy *sn™*¢
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+b,°sn5¢} + (ax? — bwk + w)(ag + a;sné + bysn~1E)

+[(=22 + B)x? — cl{ay® + 6aya b, + a;3sn3& + 3aga,?sn?é

+3[ag?ay + a,?by]sné + 3[ag?by + arb,*|sn~1é + 3agh, *sn~2& + +by sn~3¢}
+B2%(y + D){—4aya,b;(1 + k?) + 2a,3k?sn°¢ + 4aya,%k?sn*¢

+a,[2ay%k? + 4a,b k? — a;?(1 + k?)]|sn3¢ + 2apa,[—a,; (1 + k?) + 2b, k?]sn?&
—ay[(ag? + 3a,b1)(1 + k?) — 2b,k?]|sné — by[(ay? + 3a,b,)(1 + k?) — 2a,%]sn™1&
+2aob;[2a; — by (1 + k?)|sn™2E + by[2a? + 4a;b; — by *(1 + k?)]|sn=3¢
+4agb,>sn*E + 2b,°sn~5&} + 6{a,® + 20a,3a, by + 30aga;2b,® + a,°sn5¢
+5aga,*sn*é + (10ay%a,® + 5a,*by)sn3é + (10ay3a,? + 20aya,3b;)sn?é
+(5a0*a; + 30a9%a, by + 10a,3b,*)sné + (5a4*b; + 30ag2a,b,” + 10a,2b,*)sn~1¢
+(10a9®b,* + 20aga by )sn~2& + (10a?b,® + 5a1by*)sn=3¢ + 5a,by *sn~*¢
+b,°sn75¢ =0

ifadesi elde edilir. Bu ifade diizenlenirse,

—2a,k*aB?sn3¢ + a;(1 + k?)aB?sné + b, (1 + k?)aB?sn™ & — 2b,aB?sn™3¢
+2a,k*bvB?sn3¢ — a; (1 + k?)bvB?sné — b, (1 + k?)bvB?sn~1& + 2b,bvB%sn™3¢
+aga,2aB? 4 2aga.b; (1 + k2)aB? + agb,*k2aB? + a,3k*aB%sn¢
+aga,?k?aB?sn*¢ — a [a;?(1 + k?) + a, b k?|laB?sn3¢

—aola 2(1 + k?) + 2a,b,k?)aB?sn?E + ai[a,? + aby (1 + k?) — by *k?|aB?sné
—by[ay? — a;by (1 + k?) — byk?]aB?sn™ & — ap[2a.by + by *(1 + k?)|aB?sn~2¢
—by[asby + by (1 + k?)]aB?sn™3¢ + agh,*aB?sn™*¢ + b’ aB%sn™5¢ + aya,%fB?
+2apa,b; (1 + k2)BB? + agh,*k2BB? + a,3k*BB%sn5¢ + aga,2k*BB2sn*é
—a,[a2(1 + k?) + a;b1k?]BB?sn3¢ — apla, (1 + k?) + 2a,b,k?]fB?sn?¢
+ay[a;? + a;b (1 + k?) — by *k?|BB%snE — by[a;? — ayby (1 + k?) — b k?]fB%sn™ &
—ag[2a1by + by *(1 + k?)|BB%sn™2¢ — by[asby + by °(1 + k?)|BB%sn~3¢

+agh,2BB2sn*& + b, > BB%sn™5¢ + agax? + ajarx?sné + byax?sn~¢ — aghwi
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—a,;bwksné — bibwksn & + agw + a;wsné + bywsn™1é + a3 (=21 + B)K?
+6aga, b, (—21 + B)k? + 3aya,2(—22 + B)k?sn?¢

+3[ag2ay + ay?b1](—24 + B)r?sné + 3[ag?by + ayby*[(—24 + B)rZsn~1E
+3apb, 2 (=24 4 B)k2sn=2& + by (=24 + B)Kk2sn=3& — ay3c — 6agabic — a;3csn3é
—3aga,2csn?é — 3[ag?ay + a ?byJesné — 3[ag?by + asby*Jesn~1E — 3agh,*csn2E
—b2csn™3& — 4aga by (1 + k¥ AB? + 2a,3k2AB%sn°¢ + 4aya,2k?AB%sn*é
+a,[2ay%k? + 4a,b,;k?* — a;?(1 + k?)]AB?sn3¢

+2aya;[—ay (1 + k?) + 2b;k?]AB%sn%E —ay[(ay? + 3a;b)(1 + k?) — 2b,°k?|AB%snE
—by[(ap?® + 3a,by)(1 + k?) — 2a,2]AB?sn™ & + 2ayb,[2a; — by (1 + k?)]AB?sn™2%¢
+b,[2a4? + 4a,b; — by > (1 + k?)|AB2sn=3E + 4aob,*AB%sn™*& + 2b,°AB%sn™5¢
—4aga,b; (1 + k?)yB? + 2a,3k?yB?sn5¢ + 4aya,*k?*yB?sn*¢

+ay[a;? + a;b (1 + k?) — by *k?|aB? +a,[2ag?k? + 4a,bik? — a,2(1 + k?)]yB%sn3¢
+2aya;[—ay (1 + k?) + 2b,k?lyB2sn?é —ay[(ao? + 3a1b;)(1 + k?) — 2b,*k?|yB2sné
—by[(ap? + 3a.by)(1 + k?) — 2a,2)yB?sn™ & + 2ayb,[2a; — by (1 + k?)]yB?sn™2%&
+b,[2a4? + 4a,b; — by > (1 + k?)|yB2sn™3¢ + 4aob,’yB2sn~*& + 2b,*yB2sn=5¢
+ay58 + 20ay3a, b, 8 + 30aya,2b, %8 + a,°8sn3¢ + 5a,a,*6snt

+(10ag2%a,3 + 5a,*b;)8sn3& + (10ay3a,? + 20aya,3b,)5sn?¢

+(5a0*a; + 30ag%a,%b; + 10a,3b;*)8sné

+(5a9*by + 30ap2arby” + 10a,2b,%)8sn~1E +(10ay®b,” + 20apa,b,*)Ssn=2¢
+(10a¢2b;* + 5a,b,*)8sn~3E + 5agby *Ssn*é + by °sn5¢ = 0

bulunur. Gerekli diizenlemeler yapilirsa,

{aga,2aB? + aga 2BB? + 2aga,b; (1 + k2)aB? + 2aya,b, (1 + k¥ BB? +ayb,*k2aB>
+agh, 2k2BB? + agak? — aghwk + agw + a3 (=24 + B2 + 6aga by (=21 + B)k?

_a03C - 6a0a1b1C - 4‘a0a1b1(1 + kz)ABZ - 4‘a0a1b1(1 + kZ)yBZ + a055
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+20ay3a b8 + 30a0a,%b, %8} + {a,3k?aB? + a,*k?fB% + 2a,°k?AB? + 2a,°k?yB?
+a,°6}sn5¢
+{aya,?k*aB? + aga,*k?*BB? + 4aya,%°k*AB? + 4aya,°k*yB? + 5aya,*6}sn*&
+{—2a,k*aB? +2a,k*bvB? — a;[a,*(1 + k?) + a; b, k?*|aB?
—a;[a?(1 + k?) + a;b1k?]BB? + a3 (=21 + B)k? — a,3c
+a,[2ay%k? + 4a, b1 k? — a,2(1 + k?)]AB?
+a,[2a9%k? + 4a,b1k? — a,;?(1 + k?)]yB? + (10ay%a,3 + 5a,*b,)6}sn3¢
+{—ag[a;?(1 + k?) + 2a,b,k?*]aB? — ay[a,?>(1 + k?) + 2a,b,k*|BB?
+3a9a,%(—2A + B)k? — 3aga,%c + 2a4a,[—a, (1 + k?) + 2b,k?]AB?
+2aga,[—a; (1 + k%) + 2b,k?]yB? + (10ay3a,? + 20aga,3b,)6}sn?é
+{a;(1 + k®*)aB? — a;(1 + k?*)bvB? + a,ax? — a;bwk + a,w
+3[ag?a; + a;2b1](—214 + B)k? — 3[ag?a, + a,%by]c
—a;[(ag? + 3a1b,)(1 + k?) — 2b,*k?|AB?
—ay[(ao? + 3a;b) (1 + k%) — 2b,*k?]yB?
+(5ap*a; + 30a9%a,2by + 10a,3b,*)8}sné
+{b;(1 + k*)aB? — b;(1 + k*)bvB? — by[a,%? — a;b; (1 + k?) — b, k?]aB?
—by[a,%? — a;b;(1 + k?) — b;k?|BB? + byak? — b;bwk + byw
+3[ag?b; + a;b,*] (=22 + B)x? — 3[ag?b, + arb,’]c
—by[(ao? + 3a.by) (1 + k) — 2a,2]AB? — by[(as? + 3a;b)(1 + k2) — 2a,2]yB?
+(5a0*b; + 30a42a.b,” + 10a,%b,°)S}sn1¢
+{—ao[2a;b; + b;*(1 + k?¥)]aB? — ap[2a,b, + b, *(1 + k?)|BB?
+3agb, 2 (=24 + B)Kk? — 3agh,*c + 2ayb;[2a; — by (1 + k*)]AB2
+2agby[2a; — by (1 + k?)]yB? + (10ayb,” + 20aea, b, *)8}sn=2¢
+{—2b;aB? + 2b;bvB? — by[a,by + by*(1 + k?)]aB? — by[a; b, + b, *(1 + k?)|BB?
+b,° (=22 + B)K? — by *c + by[2ae? + 4asby — by *(1 + k?)]|AB?
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+b,[2a,? + 4arby — by > (1 + k?)|yB? + (10ay2b,° + 5a.b,*)}sn3¢
+{agh,*aB? + agh,’fB? + 4ayb,°AB? + 4ayb, *yB? + 5ayb, *8}sn~*¢
+{b,>aB? + 2b,*AB? + 2b,*yB? + b,*§}sn~5¢ = 0

elde edilir. {sn°&,sn>&, sn*&, sn3&,sn%&, sné, sn™1E, sn™2E,sn"3&, sn~*E, sn~>¢ }

kiimesinin elemanlar1 lineer bagimsiz oldugundan katsayilari sifira esittir. Buradan,
apa;2aB? + aya;2BB? + 2aya; b, (1 + k?)aB? + 2aya, b, (1 + k?)BB2+ayb,*k2aB?
+agh, 2k?BB? + agak? — aghwk + agw + a3 (=21 + B2 + 6aga by (=22 + B)k?
—ay3c — 6aga,b;c — 4agab; (1 + k?)AB? — 4aya b, (1 + k?)yB? + a,°8
+20ay3a,b,6 + 30aya,2b,°5 = 0

a,3k*aB? + a,;%k?BB? + 2a,%k?AB? + 2a,%k*YyB*> + a,°6 = 0

aoa,2k*aB? + aga,;’k?BB? + 4aya,°k?AB? + 4aya,°k?*yB? + 5a4,a,*6 = 0
—2a,k?aB? + 2a,k*bvB? — a;[a,%*(1 + k?) + a, b k?*]aB?

—as[a;?(1 + k?) + a;b,k?]1BB? + a.3(—21 + B)x? — a,3c

+a,[2ay%k? + 4a,b k% — a,?(1 + k?)]AB?

+a,[2a4%k? + 4a,b,k? — a;2(1 + k?)]yB? + (10ay%a,® + 5a,*b,)5 = 0

—apla;?(1 + k?) + 2a,b,k?*|aB? — agla;?(1 + k?) + 2a, b, k?*]BB?

+3a9a,%(—21 + B)k? — 3aga,%c + 2apa,[—a, (1 + k?) + 2b,k?]AB?
+2aga;[—a; (1 + k?) + 2b k?]yB? + (10ay3a,? + 20aga,3b,1)6 = 0

a;(1+ k?»aB? — a;(1 + k?)bvB? + a,ax? — a;bwk + a,w

+3[ag?a; + a;?b, (=24 + B)k? — 3[ay?a, + a;?by]c

—a;[(ag? + 3a1b1)(A + k?) — 2b,°k?|AB? — ay[(ao? + 3a;b,)(1 + k?) — 2b,*k?|yB?
+(5a0*a; + 30a9%a;%b; + 10a,3b,%*)5 = 0

b,(1+ k?»)aB? — b;(1 + k*)bvB? — by[a;? — a;b;(1 + k?) — b k?]aB?

—b;[a;? — a;b;(1 + k?) — b k?|BB? + byak? — b;bwk + byw

+3[a02b1 + alblz](_Z/’{ + ﬁ)KZ - 3[a02b1 + alblz]c
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—by[(ap? + 3a,by)(1 + k?) — 2a,2]AB?*—b;[(ag?® + 3a;b,) (1 + k?) — 2a,?]yB?
+(5a0*b; + 30a42a.b,” + 10a,%b,°)8 = 0

—ao[2a,by + by *(1 + k?)]aB? — ag[2a,by + by *(1 + k?)]| B2

+3agb, 2 (=24 + B)Kk? — 3agh,*c + 2ayb;[2a; — by (1 + k?)]AB?

+2ayby[2a; — by (1 + k?)]yB? + (10ay3b,” + 20aea;b,%)8 = 0

—2b,aB? + 2b;bvB? — by[asby + by (1 + k?)]aB? — by[a,by + b, (1 + k?)|BB?
+b,° (=22 + B)K? — by c + by[2ae® + 4asby — by *(1 + k?)]AB?

+by[2a0? + 4a;by — by *(1 + k) ]yB? + (10ay2b,* + 5a,b,*)8 = 0

aob,>aB? + agh,*BB? + 4ayb,*AB? + 4ayb,°yB% + 5ayb,*6 = 0

b, 2aB? + b,®BB% + 2b,2AB% + 2b,*yB% + b,°6 = 0

esitlikleri elde edilir.

Bu denklem sistemi ¢oziilerek asagidaki ¢6zliim setlerine ulasilir (Biswas vd., 2018):

(1) Parametrelerin ilk seti asagidaki gibi verilir:

a, = +kB /_%(V”)

w = 8B?(1+k?)(a-bv)+adi?—k?B*(a+B)(a+B+2(y+1))

S Ge—D) (2.16)
26(a-bv)
c= Kz(ﬁ—ZA)—BZ(1+k2)(a+ﬁ+y+/1)+ﬁ
(11) Parametrelerin ikinci seti asagidaki gibi verilir:
Qg = a, = 0 s
b. = +B |— a+p+2(y+1)
1= = 8
w = 8B2(1+k?)(a-bv)+adk?—k?B*(a+p)(a+B+2(y+A)) 2.17)
§(bk-1)
26(a—bv)
c= KZ(,B—2/1)—32(1+k2)(a+ﬁ+y+l)+ﬁ
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(ii1))  Parametrelerin ti¢iincii seti agagidaki gibi verilir:

. _atp+2(y+4d)
a, = +kB f —

. _atp+2(y+A)
b, = +B / —

w = 8B?(1+k(6+k))(a-bv)+adx?—4B*k(1+m)?(a+B)(a+B+2(y+21))
- 5(bk—1)

(2.18)

_ 28(a—bv)—(a+B+2(y+A)[B2(1+m(6+m))(a+f+y+A)—Kk2(f—21)]
€= a+B+2(y+1)

Bu sonugclar yardimiyla, Jacobi eliptik fonksiyon ¢oziimleri asagidaki gibi elde edilir:

0050 = 245 [T [ (- ) )

N 8B?(1+k?)(a-bv)+adx?—k?B*(a+B)(a+B+2(y+21))
X exp [l{ Kx+( 30D )t+00}] (2.19)

aCx,0) = |~ P2 [ (- (e )

N 8§B?(1+k?)(a-bv)+adk?—k?B*(a+B)(a+B+2(y+1))
X exp [l { KX + ( 5D ) t+ 90}](2.20)

05 = £8 [~ o (- (29 )| s [ e 1222 )]

N 8B2(1+k(6+k))(a—bv)+adk?—4B*k(1+k)?(a+B)(a+B+2(y+1))
X exp [l{ KX + ( 5D )t + 90}] (2.21)

Coziim setleri, & (a +p+2(0 + A)) < 0 kisitlama sart1 saglanmasi durumunda mevcut

olacaktir.

(2.19)-(2.21) denklemleri k modiilii 1’e yaklastiginda koyu ve tekil soliton ¢6ziimler
asagidaki gibi ortaya ¢ikar (Biswas vd., 2018) :

005 = 55 [ ST g [ o i) )

N 26B2(a—bv)+adk?—B*(a+pB)(a+B+2(y+1))
X exp [l{ KX + ( 5D )t + 90}], (2.22)

a6 = 28 [T o 5 - )
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X exp [i {—Kx n (2532(a—bu)+a5xzz::o§ﬁ)(a+ﬁ+z(y+/‘1))) - 90}]' (2.23)
q(x,t) = +2B /— %Mcothz [B (x - {bi)__;zk} t)]
xexp [i {—Kx N (8582(a—bv)+a61c2;2§:j§?+ﬁ)(a+ﬁ+2(y+/l))) t 4 00}] (2.24)

Bununla birlikte, (2.20) ve (2.21) denklemlerinde k — 0 ise, periyodik ¢oziimler asagidaki

gibi tiiretilir:

005 = 58 [T e [ o (i) )

xexp [i {—Kx + (W) t+ 90}] (2.25)

2.4. exp(—®(§)) agihm metodu
Bu agilim ile baglamak igin, (2.5) denkleminin ¢éziimiine asagidaki baglangi¢c varsayimi

alinir (Biswas vd., 2018):
N N '
P(x,t) = P(§) = ZAje‘fq’(f) = EAj[exp(—QD(f))]]
j=0 j=0

Bu esitlikte ®(§),

denklemini saglamaktadir.

N
P(§) = Z Ae™i®
=0

esitliginde;
o(P)=N
dir.

N
P(§) = z Aje I
=0

ifadesinin 1. mertebeden tiirevi alinirsa
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N
PO = ) A(=De O (§)

J

N
P'(§) = Z A (—=)e IO (e=© 4 pe®® 4 7)
=0

N
P'(&) = Z A, (=) TOE-0E© 4 pe-i®©O+0© 4 1o-i*@)]
j=0

N
P'(§) = z A, (=)[e"UDO® 4 pe=U=DE 4 7o-10@]
=0

elde edilir. Buradan
o(P)=N+1

olur.

N
P(&) =) AeI®@

J

esitliginin 2. mertebeden tiirevi alinirsa;

N
PU(§) = Y A(-D[-G + De IO ()] + 4 (=Pp[ - ~ De UD* O/ (©)]
j=0

]
+ A;(=DT[(=)Ne TP’ (§)]

P (E) = ZA].(_J-){[—(,- T 1)eUHDO® (o=0@) 4 pe®® 4 7)]
7=0

+p[-( - 1)]6—(j—1)d>(f)(e—<1>(€) + pe®® 4 T)

N
P/ (§) = Z A, (=[G + De"UrDPE-PE) _ p(j 1 1)e=U+DO+0@)
j=0
—1(j + 1)e"U+D®E) _ p(j — 1)e~U-DPEO-2©)
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N
P"(§) = Z Aj(—j){[—(j + 1)6—(j+z)d>(€) —pG + 1)e—jq>(g) — (G + 1)8_(,-“)4,@
j=0

+ 1(=j)e"UtD®E@) 4 7p(—j)e~U-DPE) 4 72 (_j)e—jcb(s‘)]}

elde edilir. Buradan;

o(P")=N+2

olur. Balans metoduna gore, (2.5) esitliginde P?P" ile P° in dengelenmesi sonucunda;
o(P>) = o(P%P")

esitligi yazilabilir.

o(P®) =5N

o(P?P")=2N+N+2=3N+2

bulunur. Bu esitlikler, o(P®) = o(P?P"") esitliginde yerine yazilirsa,

SN=3N+2
2N =2
N=1

elde edilir. Bulunan N = 1 degeri

N
P(&) =) Ae /@

]

esitliginde yerine yazilirsa,
1
P(§) = Z Ae™i®
j=0

P(§) = A+ Ae™®® .26
elde edilir.

P'(§) = —A,e~®© ' (8)

P'(§) = =A@ (=@ 4 pe®® 4 1)

P'(&) = —A;(e72%®) + p + 7e72®)
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P"(§) = =4y (~2e72*© /() —1e D' (}))

P"(§) = —A;(—2e72*® —7e~*E)'(§)

P(§) = — Ay (—20-29@) _ 76=0@) (¢=0® 4 pe®® 4 7)

P(E) = —Ay (=203 _ 2pe=0®) _ 270200) _ 5o=206) _ g _ 52-0®)

P"(&) = —A;[—2e73%®) — 37722@) — (2p + 72)e @) — 7]

P"(&) = A1[2e73%®) + 37e72%®) + (2p + 12)e @ + 1p]

P? = Ay® + 240A1e7 %@ + A,%e720@)

P? = Ag® +340°A1e7%® +34,4,%e72%®) 4 4,7 73¢®

P5 = Ay° + 54, 4,67 %@ +104,°4,7e72P®) + 104y°4,°e 3@ + 54,4, e~ +*@)

+4,°e75%©)

(P2 = 4,2(e722@) 4 p + 1e~2@)"

(P)? = A,? [(e‘zq’(f) + p)z + (Te_‘b(f))z +2(e72%@ + p)(re“b(f))]

(P2 = A% (e7*®®) + 2pe72%C) 4 p? 4 12722%) 4 27 73%@)  2p7e~P©))

(P)? = A% [e7*P®) + 27730 + (2p + 12)e2%@) + 2p1eP@) + p?|

P(P)? = (Ag + A1e=®®) A *[e 74P 4 27e73%C) 4 (2p + 12)e 2@

+2pte®© + p?)

P(P")? = A,*[Age™*®®) + 2471e 3% + A;(2p + 12)e2%®) + 24 p1e= @) + Ayp?
+A4,e75%®) + 24,7 74P 4+ A, (2p + 12)e3%®) + 24, pre2*®
+A,p2e @]

P(P")? = A *{A1e75%C) + (4g + 24,7)e ™% + [24,7 + 41 (2p + )] 3@
+[Ay(2p + T2) + 24, pt]e 2% + (24,07 + A1p)e~ P + Ayp? }

P(P")? = A%e75%®) + [4,% A0 + 24,%1]e~**® + 24,4, %t + A* (2p + 12)|e73¢®)

+[A1240(2p + 12) + 24,3 pt]|e 2@ + [2404,%pT + A3 p?|e=P©)

+A0A,%p?
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P2P" = (Ay® + 240A1e7%®) + A7 224, [2e73PC) 4 377201
+(2p + 12)e~®® + 1p]

P2P" = A;[24,°e73%® + 34,2122 + 4,2(2p + 12)e~*® + 4,%1p
+4A,A,e 4@ 4+ 64,4;7e 3% 4 24,4,(2p + 72)e72%E 4 24,4, 1peP®
+24,°e75%®) + 34,2142 + 4,2(2p + 12)e3%C) + 4,%1pe20@)]

P2P" = A1{24,°e75%®) + [44,A; + 34,%T]e *®©)
+[240% + 640417 + A *(2p + T2)]e3%©)
+[340%T + 2404, (2p + T2) + A, *1p|e2*®)
+[A* 2p + 12) + 240A17p]e P + Ay*1p}

P2P" = 24,%e75%®) + [440A,% + 34,°1]e**®)
+[240° A1 + 64041 *T + A (2p + T2)]e730@
+[340%A1T + 2404,°(2p + T2) + A, P1ple20©)
+[A?A1(2p + T2) + 2404, *1ple @) + A% AsTp

Elde edilen ifadeler

B?(—a+ bv)P" + B*(a + B)(P')?P + (ak?* — bwk + w)P + [(—24 + B)k?* — c]P3

+B%(y + )P"P? + 6P° =0

denkleminde yerine yazilirsa,

B?(—a + bv)A,[2e73%©) + 37e72%@) 4 (2p 4+ 12)e=®® + p]

+B%(a + p){A 275 4+ [A, %4, + 24, °1]e 4@

+[2404:%T + AP (2p + T2)]e 3% + [4,%40(2p + 12) + 24, pr]e 2@

+[2404:°p + AP p?le®® + AA,%p?} + (ak? — bwk + w)(4y + Are~P®)

+[(—=22 + B)r? — c][A® + 3402417 P©) + 347A,%e72%@) + 4 3e73%@)]
+B2(y + 1){24,°e75%®) + [44,4,% + 34, °t]e~**®

+[240°A; + 64041 *T + A3 (2p + 12)]e730@)
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+[340%A1T + 2404,°(2p + T2) + A, P1ple20©)

+[Ao2 41 (2p + T2) + 240A,%1p)e @ + A2 Artp} + 8(Ao° + 54, A1~ PE)
+1040°4,%e72%® + 104y°4,°e73%@) 4 54,4, *e4*C) 1 4,5 75*D)) = 0
elde edilir.

—2A,B%ae~3%® — 34, B%are 2®*® + A,B?a(2p + 12)e~®® — A, B%arp
+24A,B?*bve~3®® + 34, B?bvre 2@ + A, B2bv(2p + t2)e~®® + A, B%bvtp
+4,°B2ae5%®) + [AyA,% + 24,°1]B2ae**®)

+[240A41%T + A > (2p + 12)|B2ae—3%©) + [4,4,°(2p + 12) + 24,%pt|B2ae22®)
+[2404,%pT + A p?|B2ae=®®) + AgA,*p?B2a+A,* B2Be~5P®)

+[ApAL? + 24,°T]B?Be~**®) + [24,A,°T + A®(2p + 12)|B?Be 3@

+[A0A1*(2p + T2) + 24, pt|B2Be~2%®) + [240A,%pt + A, *p?|B2pe~*®)
+A0A1%p?B%B + Agar? + Ajax?e ®® — A bwk — Ajbwke @ + Ajw + A;we™*®
+A40> (=24 + B)K? + 340°A1 (=24 + B)rc2e®®) + 344, % (=21 + B)K?e2®®)

+A4.° (=24 + B)r?e3%C) — A3c — 34,2 A1ce™®®) — 3404, %ce2P®) — 4,3 ce 3P
+24,°B*ye~5%®) 4 [44,4,% + 34,%t|B?ye~**®

+[240% A1 + 6404 *T + A (2p + T2)|BPye3%©)

+[340%A1T + 2404,°(2p + T2) + A, *1p|B2ye~2%®)
n

A 1(2,0 + TZ) + 2A0A12Tp]Bzye_¢‘(f) + A02A1TPBZV + 2A13BZA€_5¢(€)

[
[
[
+[4404,% + 34,%7|B2Ae 4@ + [24,° A1 + 640A,°T + A1 (2p + 12)|B2Ae—3P©)
+[340° AT + 2404,°(2p + 12) + A, *1p|B2Ae2%©)

+[Ao2A1(2p + T2) + 249A,*1p]|B?Ae=®®) + A A;TpB?A + A8 + 54, A, 5P
+104,°A4,%6e72%©) +104,24,35e 73 + 54,4,*5e 74P + 4,°6e75*®) =0

denklemi diizenlenirse,

{A’B%a + APB2B + 24,°B%y + 2A,°B?A + A,°5}e 5% + {[A,4,% + 24,%t|B%a
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+[AoA1? + 24,°T|B2B + [440A1° + 34,°T|B?y + [44,A,% + 34,°1]|B2A
+5404,*63e**®) + {—24,B%a + 24,B?bv + [240A,*T + A,*(2p + 1¥)|B%a
+[24041°T + AP (2p + T2)|B2B + A3 (=22 + Bk — A c

+[240° A1 + 64041 °T + AP (2p + T2)|B?y + [240° A1 + 64041 °T + A (2p + T2)|B2A
+104,°A,°83e3%®) + (=34, B%ar + 34, B%bvt + [AgA,*(2p + 12) + 24, %pt|B%a
+[A0A1?(2p + T2) + 24,%pt| B2 + 3404, * (=22 + BIK? — 3404, c

+[340A1°T + 2404,°(2p + 12) + A *pt|B?y + 3404, %c

+[34041%T + 2404,°(2p + T2) + A ®pt|B?A + 104,°4, %5} 22®)

+{—A1B%a(2p + 72) + A B?bv(2p + 12) + [24,4,°pT + A p?|B2a

+[24041°pt + A p?|B2B + Ajax? — Ajbwk + Ayjw + 34¢° A1 (22 + B)K?
—340%Asc + [Ag®A1(2p + T2) + 2404, pT|B?y + [A0® A1 (2p + T2) + 24,4, *pt|B2A
+5404,%63e"®® + {—A,B?apt +A;B?bvpt + ApA,°p?B?a + AyA,*p?B%B + Ayax
—Agbwk + Agw+A3 (=21 + B)k? — Ay3c + Ay?A;ptB2y + Ag?A1ptB2A + A,°86} = 0
elde edilir.

D'(§) = e~ 2@ 4 peﬂb(f) 47

Riccati diferansiyel denkleminin bazi sartlar altinda ¢oziimii incelenirse,

d®($)

it — e—q’(f) + peq’(f) +7T

do($)
e_q:'(f) + peq)(f) + T

4o (§)
| =y ped® 17 J 4

e®®do(¢)
f 14 pe2®@ 4 7e®@

=d¢

=¢+c

=&+
20 3 1 (f>+1

f <I>(E)dq)(§)
| z
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IJ‘ e‘b(s)dd)(f) fy
p) (Lo L TV 1 T2
IJ‘ e‘b(f)dcb(f) fy
- _ .
Pl (Low . L) 40 —T?
(e +2p) + 77
1) 4p — 12> 0 ise,
4p — 12
o 4 b _ .
e +2p 157 gu
4p — 12 5
757 (1 +tg*wdu
*Odo(E) = [T 1+ tgPu)du = J :
4p? g 4p?
= %fdu =&+
o T
2
———=u=<¢+c
Jap =<7
®@) 4 T
2 e®® + 5
————arctg =f+c
Vap —t 4p — 12
4p?
*© 4 L
arctg ’ +2'D =(€+C)V4'D_T2
2
4p — 12
4p?
®© 4 L
- 2
4p — 12
4p?
b0 _ _ L [, (€ +0)fap — 12
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®(¢) = In
|

2p

(¢+0) Jap-T2
. r,_,ztg[“_ fror H

bulunur.

ii) 4p — 12 <0 ise,

1 e®@ddp(§)
/ (

T\2 4p— 12
e¢(s‘)+$) + '04p2

lf eﬂb(f)dq)(g) —ftc

p o 1 T _ (TZ - 4.0)
(e + Zp) 4p?

T T2 — 4
e®® 1 & &

2 17 thu

2 —4p

e‘b(f)dcb(f) = 4‘,02

(1 — th?w)du

72 —4p
4p?

_f 2 _ 2 _ -
g T4p24pth2”_<T 4p)

(1 — th>uw)du

———argth| ———[|=¢ +¢c
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argth
2 —4p
4p?
o 4 L
e®® + " (& + )12 — 4p]
B 2
2 —4p
4p?

/ 24
o L L [T,
e + 20 407

o) L T 2 —4p (E+c)JT2—4p
e +—=- th
2p 4p? 2

B (& + )12 — 4p]
2

—T — /T2 — 4‘pth (f + C)VZTZ - 4P

(&) —

e 2
T2 — 4
—T7 — /1% — 4pth €+o) ZT P
®(¢) =In
2p
(+0) T2-4p
B(§) = In| -
2p

bulunur.

iii) 4p—12=0, p#0, T+#0 ise,
1 e®*@do
TEN
D) 4L
(e J +2p)

2p
olsun.

e®@dd (&) = du

olur.
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1
pu — p(E+0)
@4 o1
2p p(+o)
T 1

o - _ Y
2p p(E+o)

@) = n[- -~ ]
=nl-——-
2p pE+o)
4p = 12 oldugundan,

®(§) = In|-2 - 2] = In |- EEO = g {2EEO2) (2.29)

T T2(8+0) 2(8+¢) 1~ 12(&+¢)

bulunur.

ivy p=0,7t=0, t2—4p =0 ise,

f e*®do(§) 47, .

1+ pe2®® 4 7e®®)
f e®OdopE) =&+ ¢

e®® =¢+¢
@) =In(¢+c) (2.30)
bulunur.

V) p=01t#0, 72—4p >0 ise,

J eq’(f)ddb(f)

T+ pe?®® 4 7e®® o 1€

e®Edop
1+ 7e®®

1+7e®® =y
olsun.

7e®@dd (&) = du
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Inu=1t(&+c¢)

u= et(€+c)

1e®® — pT(E+0) _q

T(§+c) _
po ¢ 1
T
w(E+0)_q
*©) = In[——] = ~tn | 7] 231
bulunur.

P(§) = Ao + Ae™®®

ifadesinin indirgenmis (2.11) denkleminde yerine yazilmasi, exp(—cl)(f))’nin her
kuvvetinin katsayilarinin diizenlenmesi ve elde edilen sistemin ¢oziilmesiyle asagidaki

¢Oztiimler elde edilir:

Ay = +—
)

rB\/_a+/j’+2(y+/1)
)

+B+2(y+2
A1=iBj—a p 2y

. 8a5(2K2+Bz(12_4p))+32(4p—1-2)[8bvé‘—Bz(0£+[i’)(a+ﬁ+2(y+l))(4p—‘fz)] (2.32)
168(bk—1)

_ 48(a—bv)+(a+B+2(y+)[2k%(B-2)+B% (a+B+y+N)(4p-1?)]
€= 2(a+B+2(y+1))

Burada p ve T keyfi sabitlerdir. (2.32) denklemini (2.26) denkleminde yerine koyarak
¢oziim formiilii (2.26) denklemi asagidaki gibi yeniden yazilabilir:

P(E) = ig\/_w{f + 260} (2.33)

Bu sonuglar 1s181nda hareket eden dalga ¢oziimleri su sekilde elde edilir:
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( |

q(x, t) _ ig ’_a+/3’+;(y+/1) I — 4p

JT2=4p tanh[ T22_4p (B (x—{b(f__;gx}t)+f)l tT

) { (8a6(2x2 +Bz(r2—4p))+BZ(4p—rz)[8bv6—B2(a+ﬁ)(a+ﬁ+2(y+/1))(4p—rz)]) }
iy —kx+ t+6,
xe 166(bk—1)

q(x' t) _ iE ’_a+ﬁ+2(y+l) I+ 4p
2 6 \/4p—12

somtan| oo 55

4

{ <8a5(2K2+BZ(T2—4p))+32(4p—‘r2)[8bv8—B2(a+ﬁ)(a+l3+2(y+/1))(4p—1'2)]) }
—Kx+ t+6,

‘e 168(bk—1)
_ B | _atpt2(y+d) i
q(x,t) = £- \/—5 {T + exp[T(B(x—{b‘;’_‘jfj"}t)+f)]—1}

] { <8a6(21c2+BZ(1:2—4p))+BZ(4p—12)[8bv5—Bz(a+[?)(a+ﬁ+2(y+l))(4p—rz)]) }
iy —Kx+ t+0y
xe 168(bk—1)

B at+f+2(y+4) 2T
=42 |- E
q(x ) ) \/—5{T(B(x—{b?_;:’€}t)+f)+2}
. Sas(zkz+BZ(T2_4p))+32(4p_‘r2)[8b178_32(a+,8)(a+ﬁ+2(y+l))(4p_.[2)]
Xel{_Kx+< 168(bk—1) >C+60}
B a+pL+2(y+A1) 2
) =+2 |- 2
q(x ) -2 \/—5{1- + B(x—{b(f_lfzk}t)*'f}

{ (8a6(2k2+Bz(‘rz—4p))+32(4p—1’2)[8bv6—32(a+B)(a+ﬁ+2(y+A))(4p—‘L'2)]) }
iy —Kx+ t+6,
168(bk—1)

xe
Bu solitonlarin asagidaki kisitlamalar i¢in var oldugunu gozlemlemek 6nemlidir

S(a+B+2(r+1)<0
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3. GENISLETILMIS JACOBI ELiPTiK FONKSIYON ACILIM
SEMASI ILE LAKSHMANAN-PORSEZIAN-DANIEL MODELI ICIN
CIFT KIRILIMLI FIBERLERDE OPTIiK SOLITONLAR

3.1. Yonetim Modeli

Kerr Yasasi nonlineerlige sahip LPD denklemi boyutsuz yapisiyla asagidaki gibi verilmistir

(Ekici, 2018):

iqe + aQxx + bqyt + €lq17q = 0Quxxx + @(q:)*q" + B |q + V191 Gxx + 197 Qx
+81ql*q (3.1

(3.1) denkleminde a ve b katsayilar1 sirastyla grup hizi dagilimini ve uzaysal-zamansal
dagilim1 ifade etmektedir. Daha sonra, ¢ Kerr yasasi nonlineerlik katsayisidir ve o dordiincii
dereceden dagilimdir. § ise iki foton emilimini agiklar. Geri kalan terimler diger dispersif
fenomen bic¢imlerinden kaynaklanmaktadir (Bansal vd., 2018). Solitonlar, dagilma ve
nonlineerlik etkiler arasindaki hassas bir dengenin sonucudur. Bu nedenle, ¢ift kirtlimh
fiberler icin model LPD’nin ¢ift vektdr formuna yol acan iki bilesene ayrilir. 4WM’nin
etkilerini g6z ardi ederek bu birlesik sistem (Arshed vd., 2018; Biswas vd.,2018;
Guzmanvd., 2018) asagidaki sekli alir:

iqe + a1qxx + b1Gye + (c11q|? + di|717)q = 01 Qurnx + (@15 + B178)q"
+(1laxl® + 811 g + (Aalql® + 011712 qux + (§10° + 1172 Gy
+(filql* + g1lal?Ir1? + hyIr1*)q (3.2)
iry + AaTyx + barye + (C2I71? + da|q)T = OpTipnx + (21 + B2G3)T"
+(12l1|? + 821qx 1) + Ao |71? + 621911 + (§27% + 120°)70x
+(f2lrl* + g2 |7 1%1q1? + halql*)r (3.3)

(3.2) ve (3.3) denklemlerinden j = 1,2 i¢in ¢; ve f; self-faz modiilasyonunu agiklarken

dj, g; ve h; katsayilar ¢apraz faz modiilasyonel etkiden gelir.
3.2. Matematiksel Onbilgiler
Bu birlesik sistemin entegrasyonuna baslamak i¢in hipotez,
q(x,t) = Uy (r)e'? (3.4)

r(x,t) = Uy(7)e'® (3.5)
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seklinde segilir. Burada [ = 1,2 i¢in U;(7) soliton genlik bilesenini temsil eder. v soliton hizi

olmak tizere,
T=x—vt (3.6)
faz kism1 ¢ su sekilde tanimlanir,
¢=—-kx+wt+0 (3.7)
Burada k soliton frekansini, w soliton dalga sayisin1 ve 8 faz sabitini gosterir.

(3.4) ve (3.5) denklemlerini (3.2) ve (3.3) denklemlerinde yerine koyarak, reel ve imajiner

kisimlara ayirarak sirasiyla reel ve imajiner kisimlar asagidaki gibi olusur,
qr = _lelei(—Kx+a)t+9) + Uliwei(—xx+wt+9) = (—vU] + inl)ei(_Kx*'“’“'e)
Gy = Ul'ei(—lcx+a)t+9) - iKUlei(—;cx+wt+6) = (U} - iKUl)ei("Cx*""“'@)
Qux = (U] — iKUl')ei(—rcx+wt+9) + (U] - iKUl)(—iK)ei(_Kx"'“’t"'g)
Qux = (U}' — iU} — ikU] — K2U))e Rt ot+6) — (" — 2ikU] — k2U,)e'(rr+ot+6)
Qe = [—vU] — ik(—v)U]]e T+ @t+0) (] — ijxclU)) (iw) e (¥ +@t+6)
Qxe = (—vU]" + ixvU] + iwU] + kwU))e (Trx+ot+6)
Gexx = (U] = 2ixU]" — k2U}) e rx+ot+0) L (gl — 2ixU] — k2U;) (—ik)el(-rx+wt+d)
Qxx = (U] = 2ixU] — K2U] — ixU]' — 22U} + ix3U;)ei-rx+wi+6)
Guxx = (U] = 3ikU]" — 3k%U] + iK3Ul)ei(—rcx+wt+6)
Axxxx = (Ul(4) — 3ikU]" — 3k2U]" + iK3Ul’)ei(—Kx+wt+9)
+(U]" = 3ikU]" — 3K2U] + ik3U)) (—iK)elTrx+wt+6)
Qorox = (U{‘” — 3ikU;" — 3k2U;" + ik3U; — ixU}" — 3K2U;" + 3ix3U]
+K4Ul)ei(—xx+wt+9)
Qxxxx = (Ul(‘” — 4ixU]" — 6K2U]" + 4ik3U] + K4Ul)ei(—1cx+wt+9)
(g)? = [(U)? = 2ikU, U, — k2UR]e2i(-rxtwt+6)
|q| — |Ul||ei(—1cx+wt+6)|
lal =101, U >0 iken |q| =U,
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lq|? = U}
lql* = U

i(—kx+wt+8)

lq.| = |U] — ixU||e
lqx| =V (U)? + K2U7
19,12 = (U)? + K2U?
Grx = (U] — KU, + 2iKU])e~{(rxtot+0)

2 = UlzeZi(—KX+wt+9)

q

q* — Ul(.[)e—i(—xx+wt+9)

T = _le_’ei(—Kx+a)t+9) + Ul_iwei(—xx+wt+9)

1. = (= —vUj + ioUp)e!Crex+ot+o)

T, = Uliei(—;cx+wt+9) _ iKUl_ei(—xx+wt+9) — (Ul_' i L-KUl_)ei(—;cx+wt+9)

Tex = (U] — ikUp)elCrtot+0) 4 (Ui — jxeUp) (—ik) el Trxtot+6)

e = (Uf' — ikU] — iU — k2U7)e!Crex+ot0) = (U1 — 2iklU; — k2Up)el (i tot+o)

Tee = (=vU] + ivkU})elTex+ot+0) 4 (Ul — i) (iw) e CHr+@t+)

Tyt = (—lef' + ivkU; + iwU; + Ka)Ul—)ei(—Kx+wt+9)

et = [-vU] + i(vk + 0)U] + koUf|elFx+et+0)

Texx = (Uf" = 2ikU;" — k2Up)eiCrxtot6) 4 (Ui — 2ikU; — Kk2U7) (—ik) e (Trxtwt+6)

Texx = (Ul—'" — 2ikU; — k*U; — ikU;' — 26%U; + L'K3Ul_)ei(—icx+wt+9)

Toex = (U7 = 3ikU]' — 3k2U] + ixc3Up) e (rxtat+o)

Trernx = (UL‘(4) — 3ikUY" — 3K2U + iK3U{) pi(—Kx+wt+0)
+(Uf" = 3ikU;' — 3k2U; + ik Up) (—ik)el(Trx+wt+6)

Texxx = (Ul—(4) — 3ikU;" — 3k2U; + ik3U; — ikU;" — 3k2U; + 3ixk3U;
+K4Ul_)ei(—xx+wt+9)

Texxx = (Ul—m — 4ikU;" — 6K2U; + 4ik3U; + K4Ul—) el(-Kxtwt+6)
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(r)? = [(Ul!)z - ZiKUl—Ul—' — KZUI—Z] e2i(-Kkx+wt+6)
|r| = |Ul_||ei(—1cx+wt+9)|

|r| = |U;zl, U;>0 iken|r| = U;

Ir|? = Uf

Ir|* = U7

r* = Ul_e—i(—lcx+wt+9)
|rx| = |Ul_’ — iKUl-l

N2
Inl? = (Up)” + k2U7?
Tex = (Ul-” — Kk2Ur + ZiKUl—’)e_i(—Kx+wt+0)

re = Ul_ZeZi(—Kx+wt+9)

2 2

Elde edilen qt ’ qxx ) th ? Iqlz 2 Irlz b Qxxxx ) q.% s rxz ’ q* L |CIx|2 ] |Tx|2 , e,

Gix , lql*, |r|* ifadeleri (3.2) denkleminde yerine yazilirsa,

> Qxex » 4

i(—vU] + iwl))e!T+ot+0) 4 q (U] — 2iklU] — K2U,;) e T1x+wt+)

+b(—vU]" + ikvU] + iwU] + kwU))e!Cx+ot0) 4 (¢ U2 + d,UF ) U el-rx+wt+6)
= 01(U1(4) — 4ixU]" — 6K2U]" + 4ik3U] + K4Ul)ei(—Kx+wt+6)

+{a’l[(Uz')2 — 2ikU,U; — KzUlz]ezi(—xx+wt+6)

+Bi [(Uli)z — 2ikUU] — KZUI—Z] g2ilzrxtttO)}y o —il-rxtwt+)

+{nlWn? + 12021 + 5, |(U7)” + K2UE| Ui Crextor®)

+(QUE + 0,UF) (U] — 2ikU] — k2U))eTrex+wt+6)

+(§UR I 0HO) 4 g 22RO (' — 12U, + 2iK U] )~ IHHOEHO)
+(fU} + g URUE + hUF)Uellrextot+)

elde edilir. Bu ifade diizenlenirse,

(—ivU] — wU; + qU]" = 2iaq;kU] — a;k*U; — byvU]’ + ib;xkvU] + ibjwU] + bikwU,
+q U + d U UF )el(Trextwt+6)
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= [ U — 4iokU)" — 60,62U}" + 4ioyi3U; + oyt U, + ayUy(U})? — 2iakUZU;
—aiPUR + BU(UD = 2iBcU UV — Bic?UU? + yUy(UD? + yik2U?
+51U1(U{)2 + 8,k2U, U + ZURU] — 2iA,kURU] — L,2U + 6,UF U] — 2i0,kU U]
—0,k2U U + §URU]" — §kPUE + 21§ kUEU] + mURU]" — iU UF + 2in kU U]
+AUP + giURUE + hU U} |eiCrex+t+6)

bulunur. Buradan e!(=*¥+®t+6) nin carpanlar birbirine esitlenerek

—ivU] — U, + qU]" = 2iqkU] — a;k*U; — byvU|' + ib;kvU] + ibjwU] + bikwU,

+qUE + dUUE = U — digcU]" — 60,12U;" + 4icic3U] + oy U, + ayUy (U)?

—2ia;kURU] — ayic®UE + [)’ZUZ(U{)Z — 2iBUUU; — Bix*UUE + v,U (U)? + v U}

+51U1(Ul—’)2 + 8,k2UUF + LURU] — 2i,kURU] — L,k2UE + 6,U U] — 2i0,xU U]

—0,k2UUF + §UEU] — §k2U + 21§k ULU] + nURU] — mk?U U7 + 2inkUF U]

+A,U7 + g,URUE + h U U

elde edilir. Bu ifadeler diizenlenirse,

U™ — 4ioikU)" — 60,k2U]" + 4iokc3U] + oc*U, + a,U,(U})? — 2iacURU]

—a U + BU (U = 2iBcU UL} — BuctU U + y,Uy(U)? + yuc2UR + 8,U,(U2)°

+8,K2UUf + LURU,' = 2i,kURU] — L UE + 0,U U] — 2i0,U2 U] — 6,k2U,U?

+EURU] — §K2UR + 2i§kURU] + nUFU]" — mik®UUF + 2imkUZU; + f,U}

+g,URUF + hUUF + ivU] + U, — qU]' + 2iqikU] + aik?U, + bvU;' — ibjxvU;

—ibjwU] — bikwU, — qUE — d,U, U =0

bulunur.

(o™ + w + ai? — bikw)U; + (—ay? + v, — k2 — i — ¢ )UR + iU}

+(=BiKk? + 6Kk — B,k — K2 — d)UUZ + guURUZ + U U + (a; + BYU, (U

! 2 n n n
+(By + 6D U (U7)" + (601K — ay + b)) U + (A, + EDUEU;" + (6, + n)UEU]
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+o, U™ + i(—4oykU]" + 403U} — 2a,kURU; — 2BykU,UUS — 22,k URU; — 260,kURU;
+2&KURU] + 2nkUF U] + vU] + 2akU] — bixvU; — bwU]) = 0

Elde edilen bu ifade diizenlenirse,

(oik* + w + ai? — bikw)U; — [¢; + k?(a; — v, + A, + E)IUR + f,U7

—[d; + k2B, — 6, + 6, + n)IUUF + U UF + U U + (ay + ﬁl)Ul(Ul",)z

+(B, + 8)U, (U = (60,62 + a; — b) U} + (A + EDURU + (6, + n)UPU]' + o,U?
+i{[40yK® + v + 2a;6 — by(vK + W)U} — 2(ay + A — EIUEU; + 2k(n;, — 6)UFU]
—2B kU, UtU;—40,kU;"} = 0

Buradan reel kisim,

(ok* + w + ai? — bikw)U, — [¢; + k%(a; — v, + A, + EDNUE + /U7

—[d; + k*(B — 8, + 6, + DIV UF + q,UPUE + hUUT + (o + ﬁz)Ul(Uf)z

+(B + 51)U1(U11)2 — (601k% + a; — by)U]" + (A, + EHUEU" + (6, + n)UE U]’

+a, U™ =0 (3.8)
ve imajiner kisim,

[v + 2a;k — b (vi + w) + 40k3]U; — 2K (a; + A, — E)UEU] + 2k(n, — 6,)ULU;
—2BkU VUL — 4aycU)" = 0 (3.9)
olarak bulunur.

Elde edi]en rt’ rxx’ rxt’ |T'|2, |q|2I rxxxx ) (rx)z' (Qx)z, |rx|2I |Qx|2; |r|2r |CI|2, TZ; qu r;x:

1% 1q1*

ifadeleri (3.3) denkleminde yerine yazilirsa,

i(—vU; + iwU;p)el et 4 q (U] — 2ikU] — k2U;)el(-rxx+wt+6)

+bi(—vU] + ikvU} + ioU} + koUp)e T +ot+0) 4 (c:y2 4 diU7 ) Urel(-rex+ot+6)

=07 (Ul_(‘*) — 4iKUlju _ 6K2Ul_ﬂ + 4iK3Ul—' + K4Ul‘) el(-Kx+wt+6)

+Hog [(U{')z — 2ikUU; — KZUZ—Z] e 2i(—Kx+wt+6)
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_l_Bl_[(Ulr)z _ ZiKUlUl' _ KzUlz]ezi(—xx+a)t+9)}Ul_e—i(—rcx+a)t+9)

+{r|(UD)" + K2UE| + 8l(W)? + K2V Ul et erto)

+(4UZ + 6;U2)(Uf' — 2iKU; — k2Up)e (Trextwt+6)

+(€l_Ul_ZeZi(—;cx+wt+9) + 77l_Ulz6,21'(—;cx+cut+t9))(Ul_" _ KZU[ + ZiKUl_')e—i(—rcx+wt+9)
+(fiU7 + giUF U} + hU})Upe Tt ot+0)

elde edilir. Bu ifade diizenlenirse,

[—ivU; — wU; + a;iUf' — 2iaxU; — aie?Us — bpoU;' + ibj(vk + w)Ur + bikwU
+eU2 + diURU]elCRtett®) = (5.0 — digueU]” — 607Uy + 4iop3U; + opcUy
+al—Ul—(Ul—')2 — 2iacUEU; — agkU3 + BU(U))? — 2iBcU,UU] — Br?UEU;
+yUr(U)D? + yic?U3 + §tUr(U))? + 812 URUL + LURUT — 2iAicUE UG — A2 U3
+OURUL — 20 URU; — 0P URUT +&UF UL — Ec?US + 2i&cUF U; + niURUT
—mik2URU + 2inicURU; + fiU7 + giURUE + kiU U] efCrextot+0)

i(—kx+wt+6)

bulunur. Buradan e nin ¢arpanlar birbirine esitlenerek

[—ivU; — wU; + a;Uf' — 2iakU; — ai?Us — bioU;' + ibj(vk + w)Ur + bikwUs
+ciUR + diURU] = [07US — diopcUy" — 60pctUY + 4iopc U + opcUs + agUy(UL)’
—2iaURU; — ark®U; + BrU(U))? — 2iBpcU,UU] — Brc?URUL + yiU(U))? + y kU3
+8;Ur(U)? + 612U UL + AU U = 2iAicURU; — AicU7 + 0;URU; — 20U U;
—0k2URUL + §UIU; — Ec2U7 + 2i& UL U + niURUL — nc?UR UL + 2imcUE U}
+f1U7 + giUF UE + U U

elde edilir. Bu ifade diizenlenirse,

o U™ — diopcUl" — 60U} + 4iopc UL + oyt Uy + aqUp(UL)” — 2iageU2 UL
—ap? U7 + BU(U))?* = 2iBpcU, U0} — BpcP UL U + yiUr(U)?* + v Uf + 8:U1(U})?
+8c2URUT + AUFU; — 2iAUEU; — U7 + 6;URU; — 210k URU; — 01> UR U
+EUIUT — E?UL + 2iEc U U + qURUL — i URUL + 2imcURU; + U7
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+giUF U + iU U + ivU] + wUp — aiUf' + 2iaU; + apcUy + bpoUy'

—ib;(vk + w)U; — bikwU; — ;U3 — diUEU; = 0

elde edilir.

oU®P — 6032 UY + opc*Up + aiUi(UL)” — age®U2 + BiU(U))? — B URU;
+yUH(UD)° + yiUR + ;U (U))? + 8P URUL + AURUY — Ac®U? + ;U2UY
—0pPURUr + §URUY = §pcUF + iU U = ni®UPUr + f1U7 + giU7 U + hUUg
+wUr — aiU;’ + ai?Ur + bpoU;' — bikwUy — ciUs — diURUT + i[—40orcU;" + 4opc3U;
—2a7kUFU; — 2BV, UU; — 24U UL — 20k URU; + 28U Ut + 20 URU; + vU;
+2a;xU; — bi(vk + w)U;] = 0

Bu ifade diizenlenirse,

(o7c* + w + aic? — bikw) Uy — [cp + k2(a; — v + A + EDIUF + f1U7

—[dr + K2(B; — 87+ 6; + qDIURUr + giUFUE + hiUt Uz + (ar + v Ur(U})°

+(Br + 8PU(U))? = (607x* — ap + bp) Uy’ + (Ap + EPUEU; + (67 + +np)UEUY
+al—Ul—(4) + i{[(407K® + v + 2a5%) — br(vk + w)]U; — 2k(ag + A; — EPULU;

+2k(nr — ) URU; — 2BV, UU; — 40U} = 0

bulunur. Buradan reel kisim,

(w + aix? — bikw + oc* H)Up — [c; + kK2 (a; — y7 + A7 + fl-)]Ul—3 + fl-Ul—5

—[d; + k*(Br — 87 + np + ODIUUL + giUF UE + iU U + (ag + VI)UI(U{)Z

+(B; + 6DU(U)* = (a; F by + 60U} + (A7 + EPUL UL + (np + 0)UL UL
+oUP =0 (3.10)
ve imajiner kisim,

(v + 2a;k) — bi(vk + w) + 4oc31U; — 2k (a; + Ap — EDUEU; + 2K(n; — ODUZU;
—2BcU, Ul — 4o kUL = 0 3.11)
olarak bulunur.

42



Buradal = 1,2 ve [ = 3 — [ dir. Dengeleme ilkesi yardimiyla,
Ur=U, (3.12)

sonucunu verir ve daha sonra (3.8) ve (3.9) denklemleri, (3.12) esitligi yardimiyla sirasiyla

asagidaki (3.13) ve (3.15) denklemlerine dontistir.

(w + ayx? — bikw + k*o)U; — [¢; + d; + kK*(H; + R)IUE + J,U7 + L,U,(U})?

—(a, — by + 6K20) U}’ + RUAU] + U™ = 0 (3.13)
Burada;

hh=fita+h

Hi=a+p—vi—6

Li=aq+Bi+y+8

Ri=m+0,+A4+& (3.14)
ve

[v + 2a;k — b(vk + ) + 40,k3]U] — 2k(a; + By — i + 6, + A, — §)UEU]

—4okU]" =0 (3.15)
Boylece (3.15) denkleminin 3. mertebeden terimi,

0, =0 (3.16)

Bu, LPD sistemi i¢in ¢dziimlerin dordiincii dereceden dagilimin ortadan kalkmasiyla var

olmasini gerektirir. (3.15) denkleminin diger lineer bagimsiz fonksiyonlari,
r)l+fl=a’l+ﬁl+91+/11 (317)

kisitlamasimi saglar ve soliton hiz1 v asagidaki gibi bulunur. Gergekten U] ve UZU; lineer

bagimsiz oldugundan katsayilari sifira esittir.

e v+ 2a;k—b(vk+w) =0
v+ 2a;k — bjvk —bjw =0
v(1 - bk) = bjw — 2a;k

_ bjw—2a;k

v=———, bk #0 (3.18)

1-b;k

(3.18) esitligindeki soliton hizinin iki degerinin esitlenmesi ile yani [ = 1,2 igin;
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byw —2a1k  byw — 2a,k
1 - b1K N 1 - sz

(1 —bix)(byw — 2a,k) = (1 — byk)(byw — 2a,k) (3.19)
sonucuna varilir.

Sonug olarak (3.13) denklemi,

(w + aik? — bikw)U; — [c; + d; + K2(3;, + RDIUE + J,UP + LU, (U])?

—(a; — b)U]' + RUFU; =0 (3.20)
denklemine indirgenir.

3.3. Genisletilmis Jacobi Eliptik Fonksiyon A¢ilim Semasi

Bu boliimiin odak noktasi, genisletilmis JEF a¢ilim semasi ile vektor bilesenli LPD modeline
tam solitonlarin elde edilmesi olacaktir. Jacobi agilim semasi (Abdou vd.,2007; Abdou vd.,
2018; Bhrawy vd., 2013; Ekici vd., 2017; Huiqun vd., 2007; Sonmezoglu, 2015). (3.20)
denkleminin snt Jacobi fonksiyonu cinsinden agagidaki gibi bir ¢oziim yapisina sahip

oldugunu varsayilirsa,
M M
U = z ej(l)snjr + z E}l)sn‘jr (3.21)
j=0 j=1

Burada j = 1,2,..M igin &”,&”, & sabitlerdir. Simdi esitlik (3.21) denkleminde M

parametresini tespit etmek i¢in U2U]" ile U} balans edilerek M = 1 elde edilir. Boylece

uygulanan algoritma sonlu ac¢ilimin kullanilmasina izin verir.
U =& + ePsnt + ePsn 11 (3.22)
(3.22) denklemini (3.20) denkleminde yerine yazarak,

3
)? = (E(()l) + sl(l)snr + fl(l)sn‘lr)
3 2
U)? = [(E(()l) + sil)snr) + 3(880 + Sf)snr) 1(l)sn‘1‘r
2 3
+3(£(§D + sfl)snr)( fl)sn‘lr) +( fl)sn‘lr) ]

U)3 = (eél))g + 3(881))2851)5111' + 3881) (egl)snr)z + (sfl)snrf + 3(8(()1))2 fl)sn‘lr
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2 2
+6£(()l)8£l)sn‘r§£l)sn_1‘r + 3(£§l)sm') El(l)sn_l‘r + 3881)(51(1)) sn%t
0) O\, -2 O\ 3
+3¢; sn‘r(f1 ) sn r+(f1 ) snt

(U)? = (e(()l))g + 3(831))2££l)snr + 3¢V (sf))zsnzr + (£§1))3sn3r + 3(531))2§§l)sn‘1r

+6e0e0e0 4 3(e0) esnr + 360 (69) sn2e + 360 (60) sn1e
+(50) o3

* = () +6ePe0e® +3(e0) e snr + 3(e0) eVsme +36P(20) smie
+(e0) 537+ 3(e0) e0sn17 + 360 (50 sntr + 360 (60) sn e
+(50) o3

0 = () +6ePee® +3[ (o) el + () 6] sma + 36 () sme
+(e) st 4+ 3] (o) 60 + P (60) sn e + 360 (60) s
+(50) sn=3r

W)* = (e + eWsnr + ¢Von-1r)

)% = (e + ePsmr) +5(e0 + eVsnr) ¢0sn 1
#10(e0 + eVsne) (60sn717)” + 10(e + elome) (6Vsn71x)’
+5(e0 + Vs (£Psm17)” + (§0sn1e)

)* = () +5(el?) ePsmr + 10(e) (e0snr)” + 10(e0)” (0smr)’
+5e)(e0smz) "+ (e0smz) + 5[ () + 4(e?) ePsme

+6(£(§D)2(e§1)snr)2 + 4581) (eg)snr)g + (ef”snt)j ffl)sn‘lr
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+10[(e8) +3 () elsnr + 36 (e0smr)” + (e smr) | (60sne)
+10[(e)" + 2605 + (e0sne) | (60sn712)’
+5(ef? + Pt (sPsm1e)” + (§Psno1e)”

)5 = (&) +5(e) esnr + 10(e0) () sn?r + 10(e0) (e9) smix
+560(e0) sntz + (20) snt+ 5(e0) e Psn 1t + 20(0) V6

D

2 3 4
sf Efl)snr + 208(()1) (ef)) El(l)snzr + 5(81(1)) fl(l)sn3r

)
2 -2 O\ O} 1 OO ()
)sn T+30(80 ) £ (El )sn T+ 30¢g, (31 ) (El )
)anr + 10(851))2(51(0)3571‘31 + 205§l)s£l)(§”1(l))ssn‘zr

)

4 4
ffl) sn it + 5881) (El(l)) sn 4t + 58§l) (51(1)) sn73t

0 = () +20(e) eP® + 306 (e0) (60) +5(e") ePsme
#30(e0) () ¢Psnr + 10(eX) (69) snr + 10(eQ) (e0) sn2e
12060 (60 eVsmir +10(e) (60 snt + 5(e0) e Vsner
+560(0) snir + (20) st + 5(e0) e Vsn1r
#30(e0) e(60) sn1z + 10(e0) (69) smte + 10(e0) (60) sn-2e
120600 (0) sno2e 4+ 10(e) (59 'sn~7 + 560 (60) “sn-c
+5£(§”(§§”)4sn-4r + (El(l))ssn‘sr

005 = ()" + 20(e) 6062 + 300 (o) (60
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U/
Ul
U/

Ull !

"
Ul

"
U

"
U

"
U

"
U

+5[( (()z)) (z)+6( (z)) ( fl)) (z)+2( (z)) (l(z))z] st

+10[(7) (e7)" + 260(e”) € smze + 512(e”) (&)’
+(e0) €0 sn3t + 560 () smte + (e0) s
O E R CU RN CURECONCOIE S
+10[(e) (60 + 266 (60) | sm-2e

+5[2(£(§l))2( 1(1)) + f”( fl)) ]sn T+5£(D( fl)) sn- T+( ()) sn”°t

= ( O 4 eWOsnr + Efl)sn‘lr)

= sf )entdnt — ()sn 2zentdnt
= (sl(l) (l)sn T)Cn‘l,'dn‘l,'

(2{ W sn‘3tcn1dnt) cntdnt
+(S§D (Dsn T)[—sm'dntdm' + cnt(—k?)sntent]
= Zf(l)sn ten?tdn®t +( o _ (Dsn ‘L')( sntdn?t — k?sntcn?t)
= 2€(l)sn 31(1 — sn?t)(1 — k?sn?t) + ( O (l)sn T)( dn?t — k?*cn?t)snt
= Zfl(l)sn_3r(1 — k?sn?t — sn®t + k?sn*1)
+(s§l) (Dsn r)[—(l — k?sn?t) — k?(1 — sn?t)]snt
= ZEl(l)sn_3r[1 — (1 + k?)sn?t + k?sn*t]
+(s§l) (Dsn T)[—(l + k? — 2k?sn?1)snr]
= ZEl(l)sn_3r - 251(0(1 + k?)sn~ 1t + 251(l)k25n‘r D(l + k?)snt + 2£(l)k25n3r
+EV (1 + k2)snt — 26Pk2snr

= -1 + k) snt + 2ePk2sn3t — EP (1 + kD) snt + 28Psn31
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U)?* = :(sfl) Ogn- T)cn‘rdnr]z

U)?* = :(sfl) Ogn- T)]Z cn®tdn?t

U)H? = :(eil))z 251”5(1)511‘21 + (E l)) (1 — sn?1)(1 — k?sn?t)

U)?* = :(eil))z —2ePeWsn27 4 (E l)) (1 — k?sn?t — sn*t + k*sn*7)
U)? = :(eil))z 2£fl)f(l)sn_2‘r + ( (l)) snT4t [1 — (1 + k?)sn?t + k?sn't]

U)? = (efl))z — (efl)) (14 k*)sn?t + ( (l)) k2sntt — 26 PP sn27
+2£11)€1(D(1 + k%) — Zefl)fl(l)kzsn T+ ( (D) sn~4t — ( 1(1))2(1 + k?)sn?%t
( (l)) k2
U)? = (efl)) +2ePeP 1 +k2) + ( (l)) k? — [(ef)) (1+k2) + 2e¢! l)kz] sn’t
+(e§l)) kZsn*t — [Zsfl)f(l) ( 1(1)) 1+ kz)] sn‘zr+( (l)) sntt
UpU)H? = ( O 4 eOsnr 4 Efl)sn‘lt) {(sf)) +2ePeP 1+ k) + ( (l)) k?
— [(ef”)z(l +k?) + ZSS)Efl)kz] sn?t + (eil))zkzsn‘*r
[Zefl)f(l) ( fl)) 1+ kz)] sn™2t + ( (l)) sn*7}
WIWD? = (L) +26LePeL A+ i) + e (60) 1
—s((,l) (efl))z(l + k?)sn?t — ZSSZ)ef)ff)kzsn T+ eél) (efl)) k?sn*t
280 l)f(l)sn‘zr - eél)( fl))z(l + k?)sn™?t + e(()l)( 1(1)) 4T
+(££D) snt + 2( (D) DA+ kD)snt + e(l)( fl))zkzsnr

—( ) (1+ k?)sn3t + 2( (D) E(Dkzsn T+( (Z)) k?sn°t
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~2(e0) e0sn1r — eP(60) (1 + kst + 6D (50) sne
+(e0) ePsn 17+ 260(50) (1 + k2snir + (60) k2snie
(e (”) £+ kst - 2e7( f”) K?snt + (e (”) £D2sn3t
~26P(60) sn37 = (50) (1 + kDsm3r + (50 sn5t
WUYU)D? = 330(83)) +2eLee (1 + k) +( (”) K2+ (e f))ssm
( (”) V(1 + kz)snr+e(l)( §l))2kzsnr ( (”) £V + k2)snt
~2e0(60Y k2smr - eD(£0) @ + kD)sne - 26PePePkzomr
—( ) (1 + k?)sn3t +2( (”) £V k2sn3 r+( (”) £V k2sn3t
+el(0) k2sntz + (20) k2snst - 2(e0) eV e
—eD(¢0) (1 + k2snir + (60) ¢ Vs e
+2eP(60) (1 + k2)snir + (69) k2snie - 260D e Psn 2
—e0(9) (0 + ksn 2t + £P(60) snve - 260(60) sn3
~(EO) @+ k)sn3e + 60 (50) snotr 4 (60) snS
UDW? = (1) + 26PePEP (1 + 12) + P (50) 2
() + 2(e0) 60 + 12 + 0 (60) k2 - () 601+ 1)
~20(50) k2lsnr = [0 () 1 + k) + 266800 o
—[( (”) (1 +k2) - 2(ef ”) Pk = () 5(”k2] sn3t

+eél)( fl)) k2sn T+( (l)) k2sn5t — [2(€§l)) ® +s§l)( fl))z(l + k?)
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() 60 2P (60) (1 4 kD) — (60 K2snte — [260 £V

+e(60) (1 + kDlsn2e + [0 (60) — 260 (0’

~(EO) @+ k) len2e e (60) sntr + (£0) snose
W = &0 |(°) + 2660+ + (5°) 12|

+e0[(e0) + 060 +12) - (60) K2sne

e [(e) @+ k) + 260k

~(e0) [P + k2) - 360k sm3r + £P(e0) K2smte

+(e9) k2snst

~[(e0) 60 - e0(e0) @+ k2 = (60) 2o

—e0[2e” + €01 + kD) |2

~[e0(6°) + (6) @+ k2sne

+£(§D( fl))zsn“*r + ( 1(0)3571‘51

Ut = (sgl) +ePsnr + fil)sn‘lt)z

Ut = (eél) + sg)snr)z + 2(8(()1) + efl)snr) Oen-17 + (El(l)sn‘lr)z

UZ = (eél))z +2ePePsnr + (sfl))zsnzr +2ePePsn17 4 2:VeW 4 ( 1(1))2571‘21
Ut = (eél))z + 2851)51(1) + Zeél)efl)snr + (eg))zsnzr + 2£él)§§l)sn‘1r + ( fl))zsn‘zr

2 2
UEU[' = [(eéo) + 260 4 26PeWsnr + (sfl)) sn2t + 2ePePsn 11
2
+( 1(1)) sn™27] [—el(l)(l + k?)snt + Zefl)kzsn% - 1(1)(1 +k?)sn" 1t
+2€1(Dsn‘3r]
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ULU[' = ( ((,l)) D1+ k2)snr + 2( (l)) Or2en37 - ( (D) eV + k2)sn1r
+2(£(§D) (l)sn T— 2( ) Ef)(l + k?)snt + 4( (D) f(l)kzsng’r
—Zel(l)( fl)) (1+k®)sn 1t + 48(1)( 1(1))2571‘% - Zsél)( (D) (1+ k?)sn’t
+4eél)(e£l))2kzsn4r 280 fol)(l + k) + 48(()1) l)ffl)sn‘zr
( (l)) (1+ k*)sn3t + 2( (D) k?sn°t — ( (l)) fl(l)(l + k?)snt
+2(£§1)) (l)sn T— 2881) l)él(l)(l + k%) + 4eél)e§l)$§l)kzsnzr
—Zsél)( fl)) (1+k®)sn™ 2t + 48(1)( 1(1)) sn”4t — (D( fl))z(l +k?)sn™ 1t
+2£(l)( (D) k?snt — ( 1(1)) 1+ k¥Hsn 37+ 2( (D) sn~°tT
UEU) = —2ePePeP 1 + k2) — 26PePeP (1 + £2) — ( él)) DO+ k)snr
—2(81(1))2 fl)(l + k?)snt — (ef)) l)(l + k?)snt + 28(1)( fl))zkzsnr
—Zsél)( fl)) (1+ k?)sn’t + 48(()1) l)ff)kzsn T+ 2( (l)) l)kzsn3r
(s l)) E(l)k25n3t — (sfl)) (1+k*)sn3t + 4-8(1)( (D) k?sn*t
+2(£§l))3k25n51 - (eé”)z 1(1)(1 + k?)sn™1t — 289( fl))z(l +k?)sn™1t
+2(£fl)) (Z)STL T— (Z)( 1(0)2(1 + k¥)sn~1t + 480 Df(l)sn_zr
—28((,0( fl)) (1+k®sn™ 21+ 2( (l)) (l)sn‘3‘r + 46(1)( 1(1))2571"37
—( 1(1)) (1+ kz)sn‘3r+4e(l)( fl)) sn4T + 2( (l)) snt
v2U) = —4elPePeP (1 + k)
—efl) [( (Z)) (1+k?)+ 3¢ Dfl(l)(l + k?) — 2( f))zkz]snr
Zeol) (l)[ l)(l + k?) — Zfl(l)kz]snzr
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+8§D [Z(SSD)ZkZ + 4£fl)ffl)k2 — (efl))z(l + k?)]sn3t
+4£él)(e§l))2kzsn4r + 2(e§l))3kzsnsr

—El(l) [(eé”)z(l + k%) + 38§l)f§l)(1 + k%) -2 (ef))z] sn~it
+2£él)€£l) [239 - El(l)(l + k?)]sn2t + Efl) [2(850)2 + 4s§l)fl(l)

—(ffl))z(l +kD)]sn 37 + 4" (Efl))zsn“*r + 2(51(1))3571‘51
Elde edilen bu ifadeler daha 6nce ad1 gegen (3.20) denkleminde
(w + aik? — bikaw)U; — [ + d; + K2(3; + RDIUE + J,U7 + LU, (U])?
—(a; — bw)U]' + RUEU] =0
yerine yazilirsa,

(@ + e = ba) (68 + el + §sn717)

o+ dy+ 20+ RO () + 6660 + 3] () e + () €] sme
+360(e7) sn2e + () smir + 3[(0) €0 + 60 (60) | sne
+3eP(60) sn2e + (50) 'sn3 1 + g, {(53”)5 +20() D¢

() (87) 5[ (o) ) () +2(e?) () e
+10[(ef) e + 26 () 60 sne + 512(e) (0) + () 6 sme
4560 () smte + (&) st + 5| (7)€ + (o) e (e)

(e} () oo o[ () (1 2l () o
+512(e0) (69) + & (59)4] sn=37+ 560 (£0) sn-tr + (69 sn57)

o [(0) + 260600 + k2 + (60) 7]
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2
+€£l) [( f)) + ell)ffl)(l +k?) — ( fl)) k?]snt
2
0|0 1417 4 2060k
2
o & + — snit+¢ sntt + sn°t
gl) gl)(l kZ) 3€£1)k2] (()l) g) k (l) k 5
2 2
- [(efl)) 1(1) —efl)( fl)) (1+k?) — ( (l)) k?lsn~ 't
3
—ePe0]26P +£0 (1 + k?)|sn2e - [g ( @ +(£9) @ + kD)l
+£él)( 1(1)) snTiT + ( (D) sn~>t} — (a; — bjv){—=¢ D(l + k?)snt + Zs(l)kzsn?‘r
—ffl)(l + k?)sn~1t + ZEl(l)sn‘3r} + Rl{—4eél)e§l)€1@)(1 + k?)
—& £ + + 3¢ + snt
1(1) él) (1 kZ) 3 :El) 1(1)(1 kZ) 2 (l) kZ]
—Zsél)sfl) [sfl)(l +k?) — E(l)kz]snzr
2
+££l) [ ( (l)) k? + 4¢ (l)f(l)kz - (efl)) (1+ k?)]sn3t + 48(1)( (l)) k?sn*t
2 2
+2( (l)) k?sn°t — 1(1) [(eé”) (1+k%) + 3851)51(1)(1 +k?) -2 (eil)) ]sn‘l‘r
+2€Ol)ffl) [28(0 fl(l)(l + k?)]sn™%t
2
+€(D [ ( él)) + 48105(0 — ( fl)) (1+k?)]sn 3t + 48(1)( 1(1)) sn”tt

+2( (l)) sn3t} =0

elde edilir. Bu denklem sistemi ¢oziilerek,

a)s(gl) + weg)snr + a)fl(l)sn T+a Kze(gl) +a Kzef)snr + al}czfl(l)sn‘1r b, Kwe(l)
—blkws( dsnt — blkwfla)sn‘lr - cl(sél)) — 6¢C eél) DE(Z) ( (Z)) eil)snr

—3cl(s§0) (l)snr 3c s()( fl)) sn T—cl(ei)) sn3t — 3cl( (l)) (l)sn T

3cl£(l)( 1(1))2571‘11' 3cl£(l)( fl))zsn‘zr—cl( fl))gsn‘g’r dl( (l))
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—6d1el eV — 3d () eVsmr — 3y () ¢V smr — 3yl (e0) smie

4 () sm3e - 3dy(e0) eV sn1r - 310 (£P) snote - 31l (50 st

4 (50) sno3r - k23 + R (e = 6236, + RYeLe VY

—3K2 (%1, +Rl)(e(()l)) eDsnt — 312 (3, +:Rl)(e§”) Dsn

—3K2 (36, + Re (e f)) sn?t — k(I +Rl)(e§”)3sn3r

—3K2(H, +:Rl)(s§”) Psn it - 3123, + R ( f”)zsn-lr

—312(3 + R (80 sn-2r — 2@, + RY(6P) sn-r + ()’

+2031(e§”)35§051(” +307,¢5" (e (”) ( f)) +57,(e (”) eDsnt

+3ogl(s(§”)2(g§”) Dsnr +107,(e (”) ( 1(”) snt +107,(= (”) (e f”) sn?t

+207,5" (e (”) Osn?t + 10, (e “)) € f”) sn’t +57,(e (”) Dsn3g

50,60 () s + (e (”) st +57,(e0) €0sn 17

+307,(e (‘)) e ( f”)zsn—lw 10,(= (’)) ( f”)3sn-1r+ 107,(e (”) ( }l))zsn-zr

+20g1e " 1(”) sn~2z + 109, (e (”) ( f”) sn=31 + 57,60 ( 1(”)4sn—3r

50,60 (50) snote + 3, f”) sn=St+ £e)” (e §”) +2£,eePeP (1 4 k2)

+L,e( (”) K2+ 1ye “) snt+£(e (”) 0 + k?)snr — £, “)) k2sn
—Lie (e f”)z(l + k2)sn2t — 2£,ePeP P k2gn27 — Ll(eil))3(1 + k?)sn3t

+3£,(e “)) Pr2sndt+ £iel (e (”) k2sntc + £ (”) k snST—Ll(ef”) Ogn-17

+Le (”( 1(”) 1 +k2)sn‘1T+Ll( “)) k2snit — 2£,ePePePsn-2¢

Lle(l)( 1(1))2(1 + k?)sn~2%1 — Lle(l)( f))zsn‘%’ Ll( (l)) (1+ k?»)sn™37
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+Lls(l)( 1(1)) sn*t 4+ L ( (D) sn™57 + a;e P (1 + k2)snt — 2,6V k2sn3t
O] 2 -1, _ 0.,-3 )] 2 D7,2,,3
+a;§,7 (1 + k*)sn™'t — 2a;&,"sn°t — byve;” (1 + k*)snt + 2bve;, " k“sn°t

—bvé; W1+ k2)sn 1t + 2blv§(0sn—3‘r 4Rle(l)e§l)ff)(1 + k?)
-R ( él)) l)(l + k?)snt — 3R ( (l)) Efl)(l + k?)snt + ZRle(D( fl))zkzsnr
ZRls(D( il)) (1 + k2)sn?t + 4R,V ePePk2sn?r 4 2R ( (1)) ePk2sn3t
)Zfl(l)kzsn3t —-R ( (D) 1+ kH)sn3t + 4Rl£(l)( (D) k%sn*t
+2R,; efl))3k25n5r - R ( (Z)) Efl)(l + k?)sn~11 — 33318(1)( 1(1))2(1 + k?)sn~ 1t
fl))z Osn17 + 4R,ePePeWsn—27 — 27218(()1)( 1(1))2(1 + k?)sn™2t
sél)) Wen- T+4Rl£(l)( 1(0)2571_31' le( (l)) (1+k?*)sn™3t

+4Re"( 1(”) sn™4T + 2R, (”) sn~St =0
bulunur. Bu esitlik diizenlendiginde,

wel® + apcted) — bwel — o (ef’) - 6cePePe® — (e — 6diePe Ve
k236 + R)(e) = 6126 + RV ePED + 9y (0) + 200, (0) 06D
300,60 (0) (69) + £ieP(e2) + 2£,6P P60 (1 + k) + £, (60) k2
4R PP O+ 12 + {wed + apcel® - bcwe® — 3¢(e7) el

34 (e0) e = 3d,(e07) £ — 3126, + R) (L) e? - 31230, + () €0
150 300 (0 (60 00 () 6 26

+Ly(z (”) £01+#2) - LeP(60) k2 + @1 + k) — e (1 +k?)

—Ry(e 30) D1 +k2) - 3331(59) D+ k) + 2R, “)) k2}snt
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+{-30e0(eL) — 3, () = 32t + RS (60) + 109,(e) ()
+207,” (e} ) & — L= “)) (1+k?) — 2,68 eV EPk?
~2Re® (1) (1 4+ k) + 4RV e Pk omie
Fra(e?) - a(e0) - e+ R)(0) + 103, (0) (0)°
+50,(e0) 60 — £,(e0) (1 + k) +3£,(e0) £Pk? - 20,60k2 + 2byweli?
2R, (0) e 0k? + 4R, (20) £0k? - R, () (1 + kD)}sm3
{5968 (e0) + £0(e) k2 4 4R, 0 (o) K2hsmite
+ {Jl(s§l))5 +2,(e0) k2 + 2R, () K255t + {wE® + apcte® — brwe
~3a(e’) 60 - 30e(60)” - 3a (") 60 = 3 ()
~3k2, + R () 60 — 3620, + RYL(60) 4 57,(e) €Y
+309,(”) e (67) +100,(e°) (6°) - £a(£°) 6 + £,£0(60) (1 + k)
+L(60) K2 + a0+ k) — breP @+ 1) - Ry () €0+ k2)
~3Re0(60) 1+ k) + 2, () €0 Jon e + {30 (60) - 3, ()
32, + RV (60) 4109, (1) (60 + 200,600 (60) - 2,60V
Ll (60) @+ k) + 4R,ePePED — 2R,e(60) (@ + kD2
H-a(6) - a(6) - 206+ R)(60) + 100,() (60 + 50,0 (60)
~LeP(60) — £(50) (1 + k) — 20,60 + 2bE® + 2Ry (o) £

+ariel(60) = R (60) 1+ ks + 5360 (60) + £e0(60)
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+4Rls(l)( fl))z}sn_“r + {JZ( (D) + Ll( (l)) +2R ( (D) }Sn_ST =0

-2 -4

elde edilir. {snt,sn?t,sn3t, sn*t, snt, sn~1t,sn~2t,sn~3t,sn"*1,sn~>t} kiimesinin

elemanlar1 lineer bagimsiz oldugundan katsayilari sifira esittir.

wel + apel’ — bcwe® — (e - 6ceLePe® — dy(e0)” - by
k236 + R)(e0) = 61206 + RV ePED + 9y (0) + 200, () 060
300,60 (0) (69) + £ieP(29) + 2£,6Pe P60 (1 + k) + £, (60) ke
—4ReePeP (1 + k%) =0
wel + apel — bcwe® = 3¢,(eP) e = 3¢, () e - 3d,(e0) ¢
323, + R)(e0) &P = 3236, + R (L) £ + 5,(e0) 60
ss0a (4 (' 100 ) ) ) 0 00
g0 (EP) 2 + g1+ k2) = bed (1 +k2) - R () £0 (1 + k)
3R () €01 + k) + 2R,eP (50) k2 = 0
306 (e0) —3die® () — 3126 + RYeP () + 105, () ()
200,60 (e0) §0 — £,e0 (1) (1 + k) - 26,6000k
2R (e0) (14 k2 + 4RV E0k? = 0
e ) e mo () 1o () () s ) 6
—£,(0) (1 + k) +34,(e) £Pk? - 20,602 + 2bywel? + 2R,(e0) eV
+4Rl(s§”)2§§”k2 - Rl(ef”)3(1 +k2) =0,

5916 (20)" + e (X)) k2 + 4Ry (e0) k2 = 0
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Jl(sf))s + Ll(sf”)gkz + zyel(sf”)gkz =0

wE” +ar2e? — bt - 30, () €0 ~ 30l (60) - 3d, () €V
3,0 (60) ~ 3206+ R (e0) €0 — 320, + RYL(60) 4 59,(eL) €Y
+30(71(e(§”)2<s§”(5§”)2 + 1031(39)2(&”)3 - L, (gf))sz) + £,e0 (51(”)2(1 +k2)
+£,(60) k2 + g1+ k) - be® (1 + k) - Ri(eP) £0( + k)

—3R,eP (51(”)2(1 +k2) + 2:Rl(s§”)2§§” =0

3060 (50) =3P (60) = 362096 + RYeP(60) + 100,(e) (6)
+200,e0eP(60) — 226l eP e — L0 (60) (1 + k) + 4R, PP
~2ReP(60) @ + k) = 0

~(80) - a(50) = k2 + RO(E0) + 100,(e7) (62) + 50,60 (60)
—£eP(£0) = £,(50) (1 + k2) - 20,69 + 2bwE® + 2R, (L) €Y
+aRe?(60) — =y (60) A+ k) = 0

50,6 (67) + LieP(60) + 4m, el (60) = 0

a(e%) + (60 +2m,(67) =0

Bu sistem ¢oziilerek asagidaki parametreler elde edilir.

Set-1
s((,l) =0
& =0
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—m2L12+Jl(al(1+m2+K2)—blv(1+m2))—2m2L1Rl
w =

Ji(bir—1)
o = ZJl(al—blU)—(Ll+2le)(dl+K2(H1+Rl)+(1+m2)(l:l+fkl)) (323)
L1+2R;
Set-2

8(()1) =0
eg) =0

() -+ _Ll-l-ZRZ

1 - di

_ —mlez+Jl(al(1+m2+K2)—blv(1+m2))—2m2LlRl
Ny Ji(byx—1)
Cl _ ZJl(al—blU)—(Ll+2le)(dl+K2(}fl+721)+(1+m2)(£l+731)) (324)
L1+2R;
Set-3

s((,l) =0

()] r L1+2R,;
S tm [= Ji

(l) L1+2R;

= 4 [—E=n
1 - Ji
4m(m—1)2L12+Jl<al(1+}c2+m(m—6))—blv(1+m(m—6)))+8m(m—1)2Lﬂ€l
w= Ji(bye—1)
2J1(a;=bw)—(Ly+2R)D (K2 (H+R)D+(14m(m-6))(L;+R))

¢, = —d, + ila;—by ! z( R +( m-6))(L; l) (3.25)

L1+2R,;

Sonug olarak (3.23)-(3.25) ¢oziim setleri yardimiyla (3.2) ve (3.3) LPD sistemine JEF

cozlimler asagidaki gibi listelenir,

L+ 2R biw — 2a,k
q(x,t) =+m ~ 2" [x—{;}t]

1 1_b1K

_ ZLZ (7 2 2 -b 2 -2 ZLR
X exp Ii {—Kx + ( i l(al(Hm )b (t4m )) il l) t+ 9}] (3.26)
Ji(bir—1)



L, +2R by,w—2
0 =t [ e P

-m2L2+3J 1+m2+x2)-bw(1+m?))-2m2L;R
X exp [i {—Kx +< T l(al( Hm ) buoli4m )) il l>t + 9}] (3.27)
Ji(bix—1)

L+ 2R, biw —2a;k
=+ ’_— R
CI(x’ t) - (71 ns [x { 1 - b1K }t]

_ ZLZ 2 2 -b 2)\_ ZL R
X exp Ii {—}cx + ( m l+Jl(al(1+m +Kk2)-bw(1+m )) 2m?L; l) - 9}] (3.28)

Ji(bi—1)

Ly, + 2R, b,w — 2a,k
=+ /_— -
rnt) =4 J2 s [x { 1-byk }t]

-m2L2+J 1+m2+x2)-bw(1+m?))-2m2L;R
X exp [i {—Kx +< " l(al( ") ouflCm )) R l)t + 9}] (3.29)
Ji(bik—1)

L+ 2R, biw — 2a,k biw —2a;k
=4 [-—— ] | - _
q(x’ t) - ‘_71 (m sn [x { 1 - b1K }t] ns [x { 1 - b1K }t:l>

am(m-1)2L2+7J;(a;(x?+m)—bvm)+8m(m-1)2L;R;
Ju(byx—1)

x exp [i{—xx + ( )e+6}] 330

Ly, + 2R, ( [ {bzw - 2a21c} ] [ {bzw — Zazx} ])
=4 |- == S S ——— -y
r(x,t) =+ % msn|x 1= byx t| —ns|x 1= byx t

am(m-1)2L7+J;(a;(k?+m)-bwm)+8m(m—-1)2L;R,
Ji(bjk—1)

x exp [i{—xx + ( Je+6}] G3

Burada m = 1 + m(m — 6) dir. Burada bu ¢6ziimlerin var olmasi i¢in

J1(L1+2R) <0 (3.32)
ve

Jo(Ly +2R;) <0 (3.33)

esitsizliklerinin saglanmasinin gerekli oldugu bahsedilmelidir.
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F(m, ¢) _.f\/1—m 2s5in%6

Jacobi eliptik fonksiyonlar m — 1 oldugunda asagida verildigi gibi hiperbolik

fonksiyonlara indirgenir
= sné - thé

= cné - seché

= dné - seché

m modiilii 1’e yaklastiginda (3.26)-(3.31) ¢ozlimleri asagidaki koyu solitonlara,

q(x, ) = £ |- Ll;ml tan h[ {bllw-_%}t]

x exp [i{—Kx + ('le *‘71(“l(;;:jzjj’l”)'“”“) t+6]] (3.34)
r(x,t) =+ f—b;—?ztanh [x — {bzlw__%} t]
X exp [i {—Kx + (_le+‘71(al(;;;z}zj)blv)_nlkl) t+ 9}] (3.35)

ve asagidaki singiiler solitonlara

aCe,0) = £ [~ 2R copp [ — (22t

X exp [i {—Kx + (_le+Jl(al(;;:lz’z::flv)_nlkl) t+ 9}] (3.36)

_ L2+2:R2 {bz(})—zazk} ]
r(x,t) =+ / —, co th[ b t

x exp [i {—x + (A +‘71(“l(;;;‘;z:ff’”)'“&) t+0}| (337)
q(x,t) = +2 ’—Ll;—fﬁlcschZ [x - {%} t]
x exp [i{—xx + (‘71(“3(;;‘:3;“””)) t+6}| (3.38)

r(x,t) = +2 ’ LZEZRZ csch?2 [x — {bzlw__%} t]
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x exp [i{—rex + (LA . g} (3.39)

doniisiir.

Jacobi eliptik fonksiyonlar, m — 0 oldugunda asagida verildigi gibi trigonometrik

fonksiyonlara indirgenir,
sné - siné, cné - cosé, dné -1

Bununla beraber m — 0 ise (3.28)-(3.31) ¢oOzlimleri asagidaki periyodik singiler

¢Oziimlere indirgenir

q(x’ t) — i _ L14+2Rq csc [x _ {blw—Zalk} t]
\} J1 1-bik

x exp|i {—rx + (‘71(“55(1; f_)l')bl”)) t+ 9}] (3.40)
r(x,t) =+ \/—T%Rz csc [x - {—bzf’_;zzizk} t]
x exp [i{—wox + (2LUB0)) ¢ )] (3.41)

Uyar1: Modele diger Jacobi katli periyodik dalga ¢oziimleri elde etmek i¢in  sné ve dné

Jacobi fonksiyonlarinin agilimlar: asagidaki gibi gz oniine alinmalidir:

U =X, sj(l)cnjr +X0 C}Dcn‘jr (3.42)
veE
Uy =3Moednit + 30, ¢ Pdn it (3.43)

(3.42) ve (3.43) denklemleri yardimiyla (3.2) ve (3.3) denklem sistemi i¢in {liggensel
fonksiyon, diiglimsel dalga, dnoidal dalga ¢6ziimlerini igeren non solitonik ve ek soliton

¢Oziimler elde edilir. Ancak bu agilimlar kolaylik i¢in ihmal edilmistir.
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4. SONUC

Bu calisma, iki entegrasyon semasini kullanarak koyu ve tekil optik soliton ¢dziimlerini
giivence altina almistir. Jacobi eliptik fonksiyon semasi ve exp(—c])(n)) genisleme yontemi,
bu soliton ¢oziimlerini, kisitlama kosullar1 olarak listelenen varlik kriterleriyle birlikte
basariyla elde etti. Bu ¢alismanin sonuclar1 gergekten de bu modelle daha fazla aragtirma
faaliyeti ylriitmeyi tesvik etmektedir. Gelecekte, deterministik ve stokastik tipte
pertiirbasyon terimleri dahil edilecek ve bu, mevcut ¢alismadaki ¢oziimlerin genisletilmesi
ve genellestirilmis versiyonu olarak hizmet edecek ek bir ¢6ziim setine yol agacaktir. Ayrica
solitonlara ve diger ¢oziimlere ulasmak icin ek entegrasyon planlar1 uygulanacaktir. Bunlar
Kudryashov'un yontemi, Lie simetri analizi ve digerleridir. Bu sonuglar ilerleyen siirecte

kademeli olarak ve sirayla rapor edilecektir.

Bu calisma, PMD fiberler i¢in LPD modeline Jacobi eliptik fonksiyon ¢oziimlerini ele
almistir. Bu ¢oziimleri gdstermek icin bu calismada kullanilan matematiksel arag, giiglii
genisletilmis JEF genisleme yaklagimidir. Sinirlayici durumda, m modili m -1
oldugunda, etkili ¢oziimler fotonik calismalarinda c¢ok yararli olan koyu ve singiiler
solitonlara yaklasir. Ancak m — 0 ise, ¢oziimler periyodik singiiler ¢oziimlere doniisiir. Bu
sonuclar 1s181inda, benimsenen semanin, yoneten model igin ilging ve anlamli olan

¢ozlimlerin yayginligina neden oldugunu belirtmek gerekir.
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