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AFIN LiE CEBIiRLERININ KARAKTERLERINDE PERMUTASYON
AGIRLIK FONKSiYONELLERI

OZET

Klasik olarak Weyl grubu iizerinden toplam yaparak, ranki yiiksek sonlu Lie
cebirlerinde karakter, sonsuz cebirler olan Afin Lie cebirlerinde ise string
fonksiyonlarin1 hesaplak zordur. Bu zorlugun yam sira, Afin Lie cebirlerinde, hangi
uzunluktaki Weyl grup elemanlarinin string fonksiyonlarinin kacinci mertebesine
katkida bulundugu bilinmediginden, permiitasyon agirlik fonksiyonelleri kullanilarak
yeni bir bakis acisiyla hesaplamalar yapilmustir. ilk olarak permiitasyon agirlik
fonksiyonellerini ortaya koymamiz icin gerekli olan temel agirlik fonksiyonelleri

asagidaki gibi tanimlanmustir.
m=A . m=A->a i=23,..N
Bu tanimdan yararlanarak, permiitasyon agirlik fonksiyonelleri su sekilde tanimlanir:

N-1
D kA kA, ., keZ,, keZ

i
i=1

Bu elemanlar (A7) adimi verdigimiz kiimenin elemanlari olup tek bir ortak formun

permiitasyonlar1 olarak yazilabildiginden bu kiimeye permiitasyon agirlik

fonksiyonelleri kiimesi denir. Karakterleri hesaplamak icin yoriingelere ve isaretlere
ihtiyacimiz vardir. Her bir yoriinge, ¢2(A") kiimelerinin direkt toplamindan olusur ve

su sekilde gosterilebilir:
a)(A++) = (?pi(/\++) Ep(A++)

Ayrica bir permiitasyon agirlik fonksiyonelini
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N
A= Z apl — nﬂ’N
i=1
seklinde ifade edecek olursak, £(q,,a,,...,a,) =1 olmak lizere bu elemanin isareti,

No2a +nl
eAN)=¢€(2a,+nl2a,+nl,..I12a, +nl —t
(A)=e(12q, ) v 150,

seklinde tanimlanir.

Artik karakter esitliginin sol tarafini

AN = D e e

uew(A™)
olmak iizere,

AA" +p)

ChR(A") = A(p)

seklinde tanimlayabiliriz.

Karakter esitliginin sag tarafi da, yoriinge karakteri tanimi1 agsagidaki gibi yapildiktan

sonra verilebilir.

Cha(A)= D e

Hea(Ah)

Bu tanim altinda karakter esitliginin sag tarafi,

ChR(AH= Y e+ > (m.(A") D, )

ueP(AT) Aresub(A") HeP(AT)
olarak tamimlanir.

Bu tanimlar kullanilarak 6nce sonlu A, Lie cebirinin R(24, +4,) temsilinin, sonra
sonlu B, Lie cebirinin R(A4, +4,) temsilinin gerekli olan permiitasyon agirlik

fonksiyonel kiimeleri, isaretleri, karakterleri ve karakterlerin sonucunda bu temsillere

karst gelen ¢ok kathliklar agikca hesaplanmistir. Bu hesaplamalarda, (A")
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kiimelerinin isleri nasil kolaylastirdig1 goriilmiistiir. Daha sonraki boliimlerde, sonlu
cebirlerine bazi1 kavramlar ekleyerek olusturulmus Afin Lie Cebirlerinin yapisi, Weyl
karakter formiiliiniin, Weyl-Kac karakter formiiliine ve sonlu cebirlerdeki ¢ok katlilik

probleminin de Afin cebirler icin string fonksiyonlarina doniistiigii anlatilmistir.

Afin Lie cebirlerinin yoriinge elemanlarinin belli ortak formlarda yazilabildigi ve bu
formlarin icinde sonlu cebirlere ait agirlik fonksiyonellerinin oldugu ayrica
gosterilmistir. Ayrica, yoriingeye girebilme sartlar1 da yardimci teorem ile birlikte
verilmistir. Sonlu Lie cebirlerindeki ¢ok kathiliklarin Afin Lie cebirlerinde string

fonksiyonlarina doniisiimii su sekilde ifade edilir:

=

S, (A= Y

M=My(A" ,A")

(M) e

AT AT

Bu tanimdan dolayida karakter esitliginin sag tarafi su sekle doniisiir:

ChRA)= Y (S (A7) Y e
A*yemax w(AY) He a)(A*' )
Karakteri hesaplamak icin ihtiyacimiz olan isaretler ise; A ve B’ Afin Lie

cebirleri i¢in sirasiyla agsagidaki gibi tanimlanmustir ve 6rnekler acik¢a verilmistir.

N+1

W) = £(5p, 83,0 80) ([T D™

N
Yi
eM)y=e(y, Ly, L.y, D[ TP ™
i=1

i

En son olarak, hesaplanan string fonksiyonlarinda, permiitasyon agirlik

fonksiyonellerinin, String fonksiyonlarinin istedigimiz mertebeye kadar olan
kistmlarini bulmamiz igin kesin ¢6ziim oldugunu gostermek icin A" Afin Lie
cebirinde ornek olarak verdigimiz R(2A,) temsilinde onceg@(A") kiimesinden

derinligi maksimum 5 olan elemanlar1 alip string fonksiyonlarin1 8. mertebeye kadar

bulmak istedigimizde katsayilarin sadece 5. mertebeye kadar tamsayi olarak

ciktigini, fakat ¢(A") kiimesinden derinligi maksimum 8 olan elemanlar1 alarak
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string fonksiyonlarmi yine 8. mertebeye kadar seriye actigimizda bu sefer tiim
katsayilarin tamsay1 oldugu ve bu sayede (A") kiimelerinden istedigimiz derinlige

kadar olan elemanlar1 alarak string fonksiyonlarinin o merbeye kadar olan seri

acilimlarini elde edebilecegimiz acgikca vurgulandi.

Bulunan string fonksiyonlar1 su sekildedir:

Son, (2A) = 1+4q+244g" +1004" +390q" +13284° +42084° +123444" +342604" +...
Son (A, +A,)=q+8¢> +43¢" +186¢" +693¢" +2316¢° +7115¢" +20418¢" +...
Son, (A, +A)) =2¢" +164° +83q" +344¢° +12364° +4000g" +119484" +...

Diger bir 6rnek olarakta Afin Lie cebirlerinden B)” segilerek bu cebirin R(A,)

indirgenemez temsilinin string fonksiyonlari, maksimum 7. derinlikteki permiitasyon

agirlik fonksiyonelleri kullanilarak, 7. mertebeye kadar asagidaki gibi hesaplandi.

S, (Ay) =1+5¢+19¢" +59¢° +165¢" +421¢° +1010¢° +2295¢” +...

S, (A)=1+4g+15¢* +45¢" +125¢" +3164° +758¢° +1720¢" +...



PERMUTATION WEIGHTS IN AFFINE LIE ALGEBRA CHARACTERS

SUMMARY

Using the classical way, Weyl group summation, it is very hard to calculate character
for higher rank finite Lie algebras or string functions for Affine Lie algebras which is
a member of infinite dimensional Lie algebras. With this hardness, also in Affine Lie
algebras we could’nt know which Weyl group elements contribute to which degree
of string functions. Because of this we calculate the characters and string functions
with a new approach which is named “permutation weights”. Before constructing

permutation weights, firstly we must define fundamental weights as below.
m=A . m=A-ya ., i=23..N
By using this definitions, we can define permutation weights as below.

N-1
D kA —kAy ., kelZ,, kel

i
i=1

These are elements of a set which we show with g(A") . The elements of g(A") can

be written with permutations of common forms. Because of this common forms we
call this set, permutation weight set. To calculate characters we need Weyl orbits and

signatures of weights. Each of the Weyl orbits could be written as a direct sum of

@(A") and shown like this:
a)(A++) = g_)p[(A++) Ep(A++)
If we show any permutation weight as below,

A= ﬁ‘, ait; —niy
i=1
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with the normalization £(qa,,a,,...,a, ) =1, the signature of this weight is defined as:

N12a +nl
eN)=¢€(2a, +nl2a,+nl,...12a, +nl —t
(A)=é(124, : e 150

Now we can define the left hand side of the character equation by using the

definition,

AANT)= D e e

uew(A™)

AAT+p)

ChR(A") = A(p)

Character equation is defined with this formula above. The right hand side of the
character formula could be defined after defining the character of a Weyl orbit like

this:

Cha(AT)= D e

Hea(Ah)

With this definition the right hand side is:

ChR(AH= Y e+ > (m.(A") D, &)

HeP(AT) Aresub(A") HeP(AT)

By using these definitions firstly we calculate the character of R(24,+4,)
irreducible representation of finite Lie algebra A, and secondly the character of
R(A, + 4,) irreducible representation of finite Lie algebra B, . After this we find the
multiplicities of these representations. In this calculations we show that how the sets

of (A7) make our work easy. In the other chapters we deal with Affine Lie

algebras and we calculate their characters. We show how the Weyl character formula
turns to Weyl-Kac character formula and the multiplicities turns to string functions in
Affine Lie algebras. Also the Weyl orbits of Affine Lie algebras could be written in
some comman forms and we show that in this forms there is finite algebras’ weights.

In addition we show the conditions to become a member of any orbit in Affine Lie
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algebras and we define a Lemma for this. The transform of multiplicities of finite Lie

algebras to string functions of Affine Lie algebras can be shown as below.

=

S, (A= Y e

M=My(A" ,A")

(M) e

+ A+
A

Because of this definition the right hand side of the character formula turns to this:

ChRA)= Y (S, (A7) Y e™Me
A emaxw(AT) pew(A”)
For calculating the string functions we also need signatures of Affine A and B’ .

For A() the signature are defined as

N+1

E(U") = (5,855 ([TCD™Y
i=1

For B)’ the signatures are defined as

N
eN) =&(y, L1y, 1ol v, I)Hpi%
i=1 i

Finally we show that how the depth of permutation weights contribute to string

functions’ degree. We need them to calculate a string function at any degree we
want. For this we give an example from A{” Affine Lie algebra and find string
functions for R(2A,) irreducible representation. When we take the permutation

weights up to depth 5 and want to calculate string functions up to 8. degree we see
that we find only the first five terms integer, but when we take the permutation
weights up to depth 8 and calculate the string functions up to 8. degree we see that all

terms are integer. These three string functions are seen as below.

Sya, 2Ay) =144q+244° +1004° +390¢" +13284” +42084° +123444" +342604" +...
Son, (A +A) =g +8¢" +43¢" +186¢" +693¢” +2316¢° +7115¢" +204184" +...

Son, (A +Ay) =24 +164° +83q" +3444° +12364° +4000g" +119484" +...
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And another example is for Affine B". We calculate string functions up to 7.degree

for R(A,) irreducible representation as below.
Sa,(Ny) =145 +19¢° +59¢° +1654¢" +421¢” +1010g° +2295¢" +...

S, (A)=1+4g+15¢> +45¢* +125¢" +3164° +758¢° +1720¢" +...
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1. GIRIS

Bu calisma temelde iki kisimdan olusmakta olup bunlardan ilkinde sonlu Lie
cebirlerinin karakterleri ve cok kathiliklarinin, ikinci kisimda ise sonsuz Lie
cebirlerinin bir tipi olan Afin cebirlerin karakterlerinin ve string fonksiyonlarinin
nasil hesaplandig1 incelenmistir. Bu iki kisim arasindaki geciste karakter formiiliiniin
nasil degistigi ve sonlu cebirlerdeki ¢ok katliliklarin Afin cebirlerde nasil string
fonksiyonlarina doniistiigii gosterilmistir. Tiim bu hesaplamalar yapilirken, uzun bir
zaman Once temelleri atilmig [1,2] fakat literatiirde [3] yeni yeni kullanilmaya
baslanan temel agirlik fonksiyonelleri ve yoriinge karakteriyle birlikte permiitasyon
agirlik fonksiyonelleri kavramlart temel alinmistir. Gerek cok katlilik hesaplarinda,
gerekse string fonksiyonu hesaplarinda kullanilan Weyl yoriingeleri, her bir agirlik
fonksiyonelini belli ortak formlarda yazabildigimizden, permiitasyon agirlik
fonksiyonelleri cinsinden acik¢a ifade edilmistir. Afin cebirlerde karakterleri ve
dolayisiyla string fonksiyonlarini bulmak i¢in gerekli olan ve yeni gelistirilen isaret
fonksiyonlartyla ilgili 6rnekler de acikca gosterilmistir. Klasik olarak Weyl grubu
kullanilarak hesaplanan string fonksiyonlarinda her bir mertebeye nasil ve hangi
coklu carpimlardan katki gelecegini bilemememize karsin permiitasyon agirlik
fonksiyonellerini kullandigimiz yontemde, her bir derinlige ait permiitasyon agirlik
fonksiyonellerinin, string fonksiyonlarinin o derinlikteki mertebesine yaptigi, tam

katki agik¢a gosterilmistir.

Yaptigimiz hesaplarda, 6zellikle Afin cebirlerde yoriingeler sonsuz olmasina ragmen,
her bir derinlige sonlu sayida permiitasyon agirlik fonksiyonellerinin katkida

bulundugu vurgulanmalidir.
Permiitasyon agirlik fonksiyonellerinin ortaya atilmasinin temel sebebi ise, ranki N
olan G, gibi bir Lie cebirinin karakterlerini A, _, alt cebirinin karakterleri cinsinden

ifade etmektir.

Afin Lie cebirlerinde tartismasiz olarak Onem kazanan permiitasyon agirlik

fonksiyonellerinin onemi, yiiksek ranka sahip sonlu Lie cebirlerinde daha da agikca
1



goriiliir. Ornegin, Weyl gruplarinin boyutu sirasiyla 2.903.040 ve 696.729.600 olan

E, ve E; Lie cebirlerinin karakterleri ve dolayisiyla ¢ok kathliklarimi hesaplamak

icin bu cebirlerin Weyl grup elemanlar iizerinden bir toplam gerekecektir, fakat
permiitasyon agirlik fonksiyonelleri sayesinde ortak formlarda yazilabilen bu
elemanlar cok az sayida elemanla temsil edilebildiginden, yapilacak olan hesaplarda

kolaylasir.

Teorisini anlatarak orneklemeler yaptigimiz Afin Lie cebirlerinin karakterlerinin ve
string fonksiyonlarinin, sicim kuramlarinda partisyon fonksiyonlari ile alakali

olmasi [3] da bu yaptigimiz hesaplarin 6nemini ayrica ortaya koymaktadir. Tabii bu
konuda Afin Otesi sonsuz Lie cebirlerinin karakterlerinin sonucunda ortaya
cikabilecek fonksiyonlarin, fizikte nasil bir karsilik bulacagi da ilgin¢ bir arastirma

konusudur.

Calismamiz toplamda alti boliimden olusmustur. Ikinci boliimde, Lie cebirleriyle
ilgili genel tamimlar verilmis, {iclincii boliimde permiitasyon agirlik fonksiyonelleri
kullanilarak, ikinci boliimdeki tanimlara yeni bir bakis acis1 getirilmis, dordiincii
boliimde ise sonlu A ve B, cebirlerinden birer indirgenemez temsil 6rnek olarak
aliarak bu indirgenemez temsille ilgili karakter ve ¢ok kathiliklar hesaplanmistir.
Besinci boliimde, Afin Lie cebirleriyle ilgili genel tanimlar verilip altinci boliimde

ise bu tanimlar altnda A\ ve B{ Afin cebirlerinden birer temsilin karakteri ve

string fonksiyonlar1 6rnek olarak hesaplanmaistir.



2. LiE CEBIiRLERINDE GENEL TANIMLAR

2.1. Weyl Basit Yansimasi (Simple Weyl Reflection)

Q ve P sirasiyla bir cebire ait kok ve agirlik orgiileri olsun. e P ve ae Q olmak

tizere P agirlik orgiisii iizerinde tanimlanan skaler carpim (4, ) yardimiyla yapilan

<y, >=2YD 2.1.1)
(a,a)
tanimi altinda,
o,()y=pu—<uo>x (2.1.2)

seklinde tanimlananan isleme Weyl basit yansimasi1 ve o, operatorlerine de basit

yansima operatoril denir [5].

2.2. Weyl Grubu (Weyl Group)

A, herhangi bir Lie cebirinin basit kok sistemi olmak {izere birbirinden bagimsiz
Weyl yansima operatorlerinden olusan gruba Weyl grubu denir ve W ile gosterilir.
Temel baskin agirlik fonksiyonelleri, cebire ait agirlik fonksiyoneli orgiisiiniin bir
baz sistemini olusturduguna gore, birbirinden bagimsiz Weyl yansima operatorlerini
secerken, bunlarin bu baz sistemi iizerindeki etkilerine bakmamiz yeterli olacaktir.
Weyl grubu tanimi, sonlu ve sonsuz olan Afin ve Afin Gtesi cebirler icin de

gecerlidir. Her bir o, grup elemani, basit kokler cinsinden [5,6] su sekilde

gosterilebilir.
o,=0, .0, ..0, Q.0 ,...0 € A 2.2.1)

Burada Weyl yansimasinin uzunlugu, o, elemanim basit yansimalarin ¢arpimlari

olarak ifade ettigimizde, bu c¢arpimdaki minimal basit yansima sayist olarak

3



tanimlanir ve /(o) ile gosterilir. Weyl grubunu olusturmada bizim ic¢in énemli olan

da bu minimal carpimla olusturulan elemanlardir. Bir Weyl grubunda maksimum
uzunluga sahip elemanin uzunlugu, ilgili Lie cebirinin pozitif koklerinin sayisina

esittir [5,6].

2.3. Weyl Yoriingesi (Weyl Orbit)

Weyl grubu elemanlarinin herhangi bir A" baskin agirlik fonksiyoneli iizerindeki
etkisi ile elde edilen agirlik fonksiyonelleri, A" ’nin Weyl eslenikleridir ve bunlarin
olusturdugu ciimleye de A" 'min Weyl yoriingesi denir ve @(A") ile gosterilir. Bir
A" baskin agirlik fonksiyonelinin Weyl yoriingesinde sadece tek bir baskin agirlik
fonksiyoneli vardir, o da A" ’nmin kendisidir. Ayrica Weyl yoriingesindeki tiim
elemanlarin boylart aynidir.

Weyl yoriingeleriyle ilgili iki onemli teorem:

i) Iki baskin agirlik fonksiyoneli birbirlerinin Weyl eslenikleri olamazlar.

ii) Birbirlerinin Weyl eslenigi olan iki agirlik fonksiyoneli ayni temsilde ayni1

cok katliliga sahiptirler [5].
2.4. Temel Baskin Agirlik Fonksiyonelleri (Fundamental Dominant Weight)

G, Lie cebirinin Cartan matrisi C(G,) , &, € A ve (i, j=1,...,N) olmak iizere,

<a,a;>= C(Gy )U. (2.4.1)

esitligi altinda,

<A.a;>=0,

(2.4.2)

seklinde tanimlanan 4; elemanlari cebirin temel baskin agirlik fonksiyonelleri olarak

tanimlanirlar ve bu agirlik fonksiyonellerine basit koklerin dualleri denir.



2.5. Temel Baskin Agirlik Fonksiyonelleri ile Basit Kokler Arasidaki liskiler

G, ,herhangi bir Lie cebiri, ¢, ve A, sirasiyla bu cebirin basit kokleri ve

temel baskin agirlik fonksiyonelleri olmak iizere basit kokler,

a,=C(Gy); 4, (2.5.1)
seklinde ya da tam tersi olarak temel baskin agirlik fonksiyonelleri,

A =C(Gy) ", (2.5.2)

seklinde yazilabilirler.

2.6. Ozellestirme (Specialization)

e” gibi herhangi bir formel iistel’e e” = x seklindeki gibi bir parametrik deger atama

islemine Weyl karakter formiiliiniin bir 6zellestirmesi denir.

2.7. isaret (Signature)

o, Weyl grubunun bir elemant ve /(o) ’da bu elemanin uzunlugu olmak iizere,

o ’nin isareti
£(0)=(-1)"? (2.7.1)

seklinde tanimlanir [6].

2.8. Baskin Agirlik Fonksiyoneli (Dominant Weight)

(A,a,)=20 kosuluna uyan her A, bir baskin agirlik fonksiyoneli [5] olarak

tanimlanir.
2.9. Alt-Baskin Agirhik Fonksiyoneli (Sub-Dominant Weight)

AT ve A" baskin agirlik fonksiyonelleri olmak iizere, aralarinda

A=A =D e, nely (2.9.1)



seklinde bir iliski varsa A", A" ’min alt-baskin agirlik fonksiyonelidir denir.
(2.9.1) yardimiyla bulunan A" alt-baskin agirlik fonksiyonellerinin olusturdugu

kiime de sub(A™) ile gosterilir.
2.10. Tam-Baskin Agirlik Fonksiyoneli (Strongly Dominant Weight)
A’ler herhangi bir G, Lie cebirinin temel baskin agirlik fonksiyonelleri olmak

uzere,

N
AT =D mA, , m e Z* (2.10.1)
i=1

olacak sekilde tanimlanan A™" agirlik fonksiyoneline tam-baskin agirlik fonksiyoneli
denir [5]. Tam-baskin agirliklar fonksiyonellerinin Weyl yoriingelerinin boyutu, o

cebirin Weyl grubunun boyutuna esittir, yani
dimo(A™) =dimW(G,) (2.11.1)
seklinde yazilir.

2.11. indirgenemez Temsil (Irreducible Representation)

Bir grubun temsili, eger bagka herhangi iki temsilin direkt toplami seklinde

yazilamiyorsa, o temsile indirgenemez temsil denir [5].

2.12. Cok Kathlik (Multiplicity)

R(A") indirgenemez temsili, A" yoriingesi ve A" ’mmn tiim alt-baskin agirhk
fonksiyonellerinin yoriingelerinin birlesimidir. Bu birlesimde, her bir yoriinge genel
olarak 1’den fazla katkida bulunacaktir. Bu katkilar ifade eden katsayilara,alt-baskin
agirlik fonksiyoneli kiimesindeki her bir baskin agirlik fonksiyoneli A ’nin, A" ’ya

karst gelen indirgenemez temsildeki, ¢ok katlihigi denir [5,7] ve m,, (A7) ile

gosterilir. Kisaca ifade etmek istersek,



RADY= oA+ Y m. (A" a(A) (2.12.1)

Atesub(A™)

Burada en temel problem m . (A7) katsayilarinin hesaplanmasidir. Goriildiigii gibi

A" orbitinin ¢ok katlilig 1 olarak tanimlanmigtir.

2.13. Yoriinge Karakteri (Orbit Character)

A" baskin agirlik fonksiyonelinin Weyl yoriingesindeki elemanlarin iistel toplami
A" ’min yoriinge karakteri olarak tanimlanir ve

ChaAH)= ), & (2.13.1)

dew(Ah)

seklinde ifade edilir [8].

2.14. Temsil Karakteri

A" ve R(A"), sirasiyla sonlu  bir cebirin baskin agirik fonksiyoneli ve
indirgenemez temsili olmak {izere bu indirgenemez temsilin karakteri,

ChR(A")= Cha(A") + z mA+(/1+) Chax(A") (2.14.1)

Atesub(A")

seklinde tanimlanir [7]. Asagida tammlayacagimiz Weyl karakter formiiliiyle birlikte

kullanilmak {iizere, bu ifadeye “karakter esitliginin sag tarafi” diyelim. Sonug¢ olarak
R(A") temsilinin karakteri, A" ve bunun tiim alt-baskin agirlik fonksiyoneli
kiimesindeki baskin agirlik fonksiyonellerinin yoriingelerinin karakterlerinin bir

toplamidir. Burada (2.12.1) tamimina yoriinge karakteri kavramini da ekleyerek A*

indirgenemez temsili i¢in karakteri tanimlamis olduk.

2.15. Weyl Karakter Formiilii (Weyl Character Formula)

(2.14.1)’de tanimladigimiz temsil karakterindeki ¢ok katliliklarin bulunabilmesi icin

klasik teoride gecerli olan temel formiil Weyl karakter formiiliidiir. A* ve R(A"),



sirastyla sonlu ya da sonsuz bir Lie cebirinin bir baskin agirlik fonksiyoneli ve

indirgenemez bir temsili olmak iizere, A™ = A" + p seklinde ise genel olarak,

AN =D e(0) ™) (2.15.1)

oeW

olmak iizere, en genel Weyl karakter formiilii su sekildedir [9]

A(A++)

ChR(A") = A

(2.15.2)

Bu ifadeye de, “karakter esitliginin sol tarafi” diyelim. Burada p, ®" pozitif kok

sistemi olmak iizere,

Z o (2.15.3)

ae<I>+

seklinde tamimlanir ve Weyl vektorii adimi alir. (2.13.1), (2.14.1) ve (2.15.2)

ifadelerinden,

ChR(A*)—A(A +p) > e Z m. (A D eh) (2.15.4)

Aew(A") *esub(AT) dew(Ah)

elde edilir. Burada vurgulamamiz gereken nokta, karakter esitliginin sol tarafinda
Weyl grubu {iizerinden, sag tarafinda Weyl yoriingesi iizerinden bir toplam
oldugudur. Her ne kadar Weyl grubu iizerinden olan toplamlar sonlu toplamlar

olsada ranki yiiksek cebirlerde bunlari hesaplamak ¢ok fazla zorlasir. Ornegin, E,
ve E, Lie cebirlerinin Weyl gruplarinin boyutlar: sirasiyla 2.903.040 ve 696.729.600

diir. Bu kadar eleman iizerinden toplam yapmak yerine, bu elemanlar1 daha basit bir
sekilde ifade edip yeni bir forma sokarak daha basit toplamlar yapmak i¢in yeni bir

yola ihtiyacimiz vardir.



3. LIE CEBIRLERINE FARKLI BiR BAKIS ACISI

3.1. Temel Agirhik Fonksiyonelleri (Fundamental Weights)

2. boliimde belirttigimiz gibi ¢ok sayida elemani, daha az sayida ortak formlarda
yazabilmek i¢in temel agirlik foksiyonellerini tanimlamaliyiz. Ranki N olan bir

cebirde A ve ¢, sirasiyla, temel baskin agirlik fonksiyonelleri ve basit kokler olmak

tizere temel agirlik fonksiyonelleri,
=4 . u=A-a i=23,..N (3.1.1)

seklinde tanimlanir [1,2,10].

3.2. Permiitasyon Agirlik Fonksiyonelleri (Permutation Weights)

Herhangi bir baskin agirlik fonksiyoneli 4™’ nin Weyl yoriingesi @(A"), her zaman

bir agirhk fonksiyoneli alt kiimesi icerir. (A7) adim verdigimiz bu agirlik

fonksiyoneli alt kiimeleri genel olarak;

fki/li —kA, , kel,, keZ (3.2.1)

i=1
formunda olurlar [10,11]. Her bir g2(A") kiimesi birbirinin permiitasyonlari seklinde
tek bir ortak formda yazilabilen elemanlardan olustugu i¢in bu kiimeye permiitasyon
agirhik fonksiyonelleri kiimesi denir. Genel olarak A, Lie cebirlerinin baskin agirlik
fonksiyonellerinin yoriingelerinde tek bir @(A") kiimesi olmasina karsin diger
cebirlerin baskin agirlik fonksiyonellerinin yoriingelerinde birden fazla (A7) alt
kiimesi olacaktir, yani yoriinge elemanlar1 birden fazla ortak formun direkt toplami

olarak yazilabilirler. A™ baskin agirlik fonksiyonelinin Weyl yoriingesinin



permiitasyon agirlik fonksiyonel kiimeleri cinsinden ifadesi, @ sembolii, bu

birlesimi belirtmek iizere,
o(A™) = 6?80,» (A™)=p(A™) (3.2.2)
seklinde yazilabilir [10].

3.3. Permiitasyon Agirhik Fonksiyonellerinde Isaret

(3.1.1) ile (3.2.1)’in sonucu olarak yazabilecegimiz bir permiitasyon agirlik

fonksiyoneli,
N
A=Y au—ni, a€Zly, , neZl (3.3.1)

olmak iizere a, 2 a, >... 2 g, sart1ile tanimlanan tamamen anti-simetrik tensor,
&ay,a,,...,a,)=1 (3.3.2)

normalizasyonu altinda,

e(A) = e(12a, +nl,12a, +nl,...| 2a, +nl) H'i“ i"' (3.3.3)
a n

seklinde tamimlanan &(A)’ya bir permiitasyon agirlik fonksiyonelinin igaret
fonksiyonu denir.
3.4. Weyl Karakter Formiiliine Yeni Bir Bakis

(3.1.1) ifadesindeki temel agirlik fonksiyonellerini kullanarak (2.13.1) ve (2.15.1)

ifadelerini sirasiyla tekrar yazarsak,

Cho(A)= D e (3.4.1)
uew(Ah)
ANTY= D &) e (3.4.2)
pHew(A™)

ifadelerini elde ederiz [11].
10



Goriildiigii gibi bu bakis acisiyla (2.15.1) ifadesinde Weyl grubu iizerinden olan
toplam yerine temel agirlik fonksiyonelleri cinsinden yazilmis Weyl yoriingesi
tizerinden bir toplam vardir. (3.4.1) ve (3.4.2) ifadelerini kullanarak (2.15.4)’deki

Weyl karakter formiiliinii yeniden yazarsak,

ChR(A" =28 *P) Do+ D (m (A D e (343)
A(p) uew(A") Atesub(A") uew(A)

karakter esitligi elde edilir. Bu esitlikte artik her terim temel agirlik fonksiyonelleri

cinsinden yazilmis oldu. Artik Weyl yoriingesi elemanlarini temel baskin agirlik

fonksiyonelleri A ’ler yerine temel agulik fonksiyonelleri g ’ler cinsinden

diistinecegiz.

3.5. Permiitasyon Baskin Agirlik Fonksiyonelleri ile Karakter Gosterimi

Karakter hesaplarimizi permiitasyon agirlik fonksiyonellerini kullanarak yapmak

icin, (3.4.2) ve (3.4.3)’ ii (3.2.2) ifadesini diisiinerek yeniden tanimlarsak;

AN= D ewe' = Y e e” (3.5.1)

Hew(A™) HePA™)

ChR(N):M: Do+ D (m (A D €) 3.5.2)

A(p) He@(AT) Atesub(A") He@(Ah)

ifadelerini elde ederiz. Burada vurgulanmasi gereken nokta, (2.15.1)’de klasik olarak
tanimlanan karakter formiiliinde Weyl grup elemanlar: iizerinden bir toplam olmasi,
fakat yeni bir bakisla tanimladigimiz (3.5.1) esitliginde ilgili temsile ait Weyl
yoriingesi elemanlari iizerinden, yani permiitasyon agirlik fonksiyonelleri iizerinden

bir toplam oldugudur.
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4. SONLU LiE CEBIRLERI iCIN KARAKTER VE
COK KATLILIK HESABI

4.1. A, Lie Cebirinde Karakterin ve Cok Kathhklarin Acik Hesabi

Bu boliimde, 2. ve 3. boliimlerde verdigimiz tanimlart A, Lie cebirinde bir temsilin
karakteri ve ¢ok katliliklarini hesaplamak igin kullanacagiz. {lk olarak genel A Lie

cebirleri icin, basit kokleri ve temel baskin agirlik fonksiyonellerini, (3.1.1)’de

tanimladigimiz temel agirlik fonksiyonelleri cinsinden yazarsak,

O = — My (4.1.1)
A= u, (4.12)
j=1

ifadelerini elde ederiz. Ayrica temel agirlik fonksiyonellerinin i¢ ¢arpim bagintisi
Ay Lie cebirleri igin,
1

(,Up/lj)=5g—m (4.1.3)

seklinde olup sadece A, Lie cebirleri i¢in gegerli olan

N+1

Zﬂf =0 (4.1.4)

bagintis1 vardir. (4.1.2) ve (4.1.4)’den dolay1 (3.3.1)’i

N+1

A=Dlay, . ael, (4.1.5)
i=1

seklinde yazabiliriz ve bu sonugla birlikte (3.3.3)’de tanimladigimiz isaret
fonksiyonu da,

EN) =€(ay,a,,....ay,ay,,) (4.1.6)
formuna indirgenmis olur.

Simdi A, Lie cebiri i¢in karakter ve ¢ok kathilik hesabim acik olarak gosterelim.

12



A, Lie cebirinin Dynkin diyagramu:

Sekil 4.1.1: A, Dynkin diyagram

seklindedir ve buna kars1 gelen Cartan matrisi,

2-100
-1 2-10
0-1 2-1
0 0-12

C(A) =

olarak tamimlanir.

i=1,2,3,4 olmak iizere basit kok ¢, ler
<a,a;>=C(A); 4.1.7)
ile tanimlanip, ¢, ile A temel baskin agirlik fonksiyonelleri arasinda:
a,=C(A); 4, (4.1.8)

<A.a;>=0, (4.1.9)

iliskileri vardir. Temel agirliklar i¢inse,

1
(,ui,,uj):ﬁl.j—g (4.1.10)

> 4,=0 (4.1.11)

iliskileri vardir [10]. Temel baskin agirlik fonksiyonellerinin temel agirlik

fonksiyonelleri cinsinden ifadeleri de su sekildedir:

13



2’1:/11

A=+ i,
A=+ 1+ 1y

Ay =+ 1y + 1+

4.1.12)

Simdi ornek olarak, R(24 +A,)temsilinin karakterini ve buna karsi gelecek ¢ok
katliliklar1 hesaplayalim. Ik olarak, A(24, +A4, +p) ve A(p) hesaplanmalidir. p

Weyl vektorii burada, temel baskin agirlik fonksiyonelleri ve temel agirlik

fonksiyonelleri cinsinden,

,022-1"‘22"‘/13"‘/14 :4ﬂ1+3ﬂ2+2ﬂ3+:u4

seklindedir. (2.15.2)’den dolay karakter esitliginin sol tarafi,

ChRQ2A, + 1) = A(MAX; *p) 4.1.13)

seklinde olur. Bu karakteri hesaplamak i¢in (3.5.1)’1 kullanmamiz gerektiginden, ilk
olarak @024 +A4, +p) ve (p) permiitasyon agilik fonksiyoneli kiimelerini

bulmaliyiz. i# j#k=1,2,3,4 olmak iizere, 24, +A4,+p ve p baskin agulik

fonksiyonellerinin Weyl yoriingeleri, (3.2.2)’deki gibi bunlari olusturan permiitasyon
agirlik fonksiyonelleri kiimelerinin direkt toplami ile ifade edilip (4.1.15) ve

(4.1.17)’de acikc¢a verilmistir.
O2h+4+p)=0p,2h+4+p)=pQ2h+ 4, +p) (4.1.14)

QA+ A4 +p)={ 64, +3u, +u, + 1, }

90,4+ +p) ={ T, +4u,+ 241, ~ 2, )

0;QA+ L+ p)={ T +4u, + 1, =22, ) (4.1.15)
P,QA+L+p)={ T +2u; + 1, —44, }

OsQA+L+p)={4u +2u + 1, -T2, )
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w(p) = gé@i (P)=p(p) (4.1.16)

20(0) ={ 344, + 2, + g, + A, }

§,(p) ={ 4u, +3p, + 24, — A, )

$5(p) ={ 4, +3u; +p, —24, } (4.1.17)
0,(0)={ 4u, +2u; +p, —32, }

5(P)={ 3, +2u, +p, -4, }

Her iki tam-baskin agirlik fonksiyonelinin de S’er tane permiitasyon agirlik
fonksiyoneli var gibi goziikse de, (4.1.11) ve (4.1.12) ifadeleri diisiiniildiigiinde, her
birinin tek bir ortak formda yazilabilecegi goriiliir.

i#j#k#t=1,2,3,4,5olmak iizere,
QA+, +p)=PQRA+ A, +p)={ Ty, +4u, +2u, + 11, } (4.1.18)
o(p)=@(p) ={ 4t + 30, + 2, + 44, } (4.1.19)

seklinde tek formda yazilabilirler. Ayrica (3.5.1)’de goriildiigii gibi A fonksiyonelini
hesaplamak i¢in 1ilgili agirlik fonksiyonelinin isaretine ihtiyacimiz vardir.

Permiitasyon agirlik fonksiyonelleri icin (4.1.6)’daki isaret tanimindan yararlanirsak,
e(Tp +4u, +2u,+u,)=€(7,4,2,1,0)=1
E@u +3u, +2u,+ 1) =€(4,3,2,1,0) =1

olacak sekilde , antisimetrik tensorleri normalize etmis oluruz. (3.5.1) tanimi

kullanilarak, (4.1.13) hesaplanir ve e" =x, ozellestirmesi yapilirsa,

P 3 3 3 3 3 3 3 3 3
ChRQ2A, + A,) = X[ X, + X, X5 + X[ X3 + X5, + X, X5 + X, X; + X, X, + X5, +X3X, +X,X, +
3 3,43 3 3 3 3 3 3 3
XXy XX, + X Xs + X5 X + X3X5 + X X5 + X X5 + X, X5 + X0 + X, x5 +
2 2 2, .2 2 2 2 2
202, X325 X, X5 X5+ X, Xy X5+ X XX, + X X5 X, X XX, + X XX, + XXX, +
2 2 2 2, 2 2 2 2
Xy X3, + X, X, + X0, + XX, + X XX + XX X + X X X + X XX + (4.1.20)
2 + 2 + 2 + 2 + 2 + 2 + 2 + 2 +
XXy Xg T Xy X3 X5 T X Xy Xs T X, Xy Xg T X3 Xy Xg T Xy Xy Xy T X, Xy Xg T Xy X, X
2, 2y 2, 2, 2, 2)+
XXy X5 + X X3 X5+ Xy X3 X5+ XX, X5+ Xy X, X5+ XX, X5
2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
XUXy XXy + XX+ XX XX, Fx5x XX X0 xg +xgxg g xg +

33,2, X, X, + X, 2,25 X5 + X, X, X, Xg + XXX, X + X, XX, Xs)
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sonucu ile birlikte karakter esitliginin sol tarafin1 bulmus oluruz. Ayrica karakter
esitliginin sag tarafina, yani yoriinge karakterine bakmak istersek oncelikle baskin
agirlik fonksiyonelimizin, alt-baskin agirlik fonksiyonellerini bulmaliyiz. Bunun icin

(2.9.1)’den yararlanirsak, 24, + 4, ’in alt-baskin agirlik fonksiyonel kiimesi

(A+4 .24, 4} (4.1.21)
elde edilir. (4.1.21)’1 kullanarak (3.5.2)’yi yazarsak,
AQRA+ A, +
ChR(24, + 1) = ACA T4 +P) = my,, QA+A) Y e+
A(p) Hew(2A4+7,)
m24+22(/1,+13) z e’ +
Heo(h+h;) (4.1.22)
My 2A) D e+
Hew(24)
Myyr(A) D €
pe(Ay)
elde edilirr Burada hesaplamada kullandigimiz  Weyl yd0riingelerinden

@(24, +A,) 'nin 20 eleman1 da 6rnek olarak (4.1.23)’de verilmistir. Diger yoriingeler

oA +4), w2A4)ve @(4,) ’de temel agirlik fonksiyonelleri cinsinden EK1’de

verilmistir.

2A+A =3+ 4,
—2A4+34, = 1 +3u,
3h—A+A = 3u+u,
A=34+34 = u+3
BA+24+ A, = 3, + 1
3A-A,+A, =3 +u,
—A=24,+34, = u,+34,
A =34, +34, = 1, +3u,
BA+3L A+ A, =3, +u,
34 =4, = 3+ s
Sonuglardan  da

goriildigt  gibi

—h+A =34 434, = 1,134,
A =34, = 1 +3u

B4 +24+A, = 3u,+u,
34434, - A, = 3, + 4
—A, =24, +34, = 1,434,
—Ah+4, =34 = 1, +34
=34, +34, -4 = 3u,+ 4
—Ah+ A4 =34, = 43U
=34 +24, = 3u, + i

—A =24, = g, +34

(4.1.23)

bu elemanlar tek bir ortak formun

permiitasyonlarindan ibaret oldugundan tek bir permiitasyon agirlik fonksiyoneli

kiimesi ile,
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QA+ ) =pBu +u;) i,j=12345 | i#j (4.1.24)
seklinde ifade edilebilirler. Simdi (4.1.22) esitliginin sag tarafindaki her bir toplami
hesaplayarak et = X;  Ozellestirmesini yaparsak;

V7 3 3 3 3 3 3 3 3 3
D =X XX XX XX F XX XX XX+ XX, + XX, F X
Hew(24+7,)

3 3 3 3 3 3 3 3 3 3
XXy + X X, + X[ Xg + X5 Xs + XX + XX + X X5+ X, + XX + X, X

u _ 2 2 2 2 2 2 2 2
e" =X XX XXX, H XXX XXX, XXX, XXX, XXX, XXX, +
He(h+4)
2 + 2 n 2 + 2 + 2 + 2 + 2 + 2 n
Xy Xa Xy + XX, X, + XXX, + X, XX, + X X, Xs + X X5 Xg + X X3 X5+ X5 X3 X
2 + 2 n 2 n 2 + 2 n 2 + 2 n 2 n
X X5 Xg + X X5 Xs + X Xy X + Xy Xy Xs + X5 X, X5+ XX, Xg + XX, Xs + X300, X
z+ 2+ 2+ z+ z+ 2
XXy X5 + XX X5 + X, X0 X5 + X X, X5 + X, X, X5 + X;X, X

u _ 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
e” =X X, F XXy XX XX XX, XX, XX X XS XX XX
Hew(24)

oo
z € =X XXX, + X Xy X3 X5 +)C1X2X4)C5 + X X3 X4 X5 +)C2)C3X4X5
He(Ay)

sonuglart elde edilir. Bu sonuglar1 (4.1.22)’de yerine koyarak (4.1.20) ile
karsilastirirsak, ¢ok kathiliklar,

my, . QA4+ 4)=1
My 44, (h+4)=2
my, ., (24,)=1
mzzl+zz(l4):3

olarak bulunur.
4.2. B, Lie Cebirinde Karakterin ve Cok Kathhklarin Acik Hesab:

Bu kisimda, 2. ve 3. boliimlerde verdigimiz tammlar1 B, Lie cebiri i¢in uygulayarak

bir temsilin karakteri ve ¢ok katliliklarin1 hesaplayalim. ik olarak genel B, Lie
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cebirleri i¢in, basit kokleri ve temel baskin agirlik fonksiyonellerini (3.1.1)’de

tanimladigimiz temel agirlik fonksiyonelleri cinsinden yazarsak,

ai :ﬂi _ll'li+l 4 aN :/’lN (l:1’2’-’N_1) (42.1)
i 1 N

A=24 s A=y (=12.N-D) 4.2.2)
Jj=1 j=1

ifadelerini elde ederiz [10]. Ayrica temel agirlik fonksiyonellerinin i¢ carpim

bagintis1 B Lie cebirleri i¢in,
(. 1) =0, (4.2.4)

seklindedir.

B, Lie cebirinin Dynkin diyagramu,

Sekil 4.2.1: B, Dynkin diyagram

seklindedir ve buna kars1 gelen Cartan matrisi,

2-100
-1 2-10
0-12-2
0 0-12

C(B,)=

olarak tanimlanir. i = 1,2,3,4 olmak iizere basit kok ¢, ’ler i¢in
<a,a;>=C(B,), (4.2.4)
temel agirliklar iginse,

(1) =0, (4.2.5)
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4
Do =24, (4.2.6)
i=1

iliskileri vardir. Temel baskin agirlik fonksiyonellerinin temel agirlik fonksiyonelleri

cinsinden ifadeleri de (4.2.2)’den dolay1 su sekildedir:

ﬂl =H
A=+ 1,
A=+ + i (4.2.7)

1
A=ttty + s+ 41,)

Ornek olarak, R(A4, +A,) temsilinin karakterini ve buna kars1 gelecek ¢ok katliliklari
hesaplayalim. 1k olarak, A(A, + 4, +p) ve A(p) hesaplanmalidir. p Weyl vektorii

burada temel agirlik fonksiyonelleri cinsinden;
7 5 3 1
P=ghF ST+ (4.2.8)

seklindedir. R(A,+4,) temsilinin karaktesini hesaplamak icin (2.15.2)’de
tanimlanan karakter esitliginin sol tarafi, yani Weyl karakteri su sekildedir:

AL +4,+p)

ChR(A, + A,) = Ao

(4.2.9)

Bu karakteri bulmak i¢in (3.5.1)’i kullanmamiz gerektiginden, ilk olarak

P +A4,+p) ve (p) permitasyon agirhk fonksiyoneli kiimelerini
hesaplamaliyiz. i# j#k=1,2,3,4 olmak iizere, 4, +4,+p ve p baskin agilik

fonksiyonellerinin Weyl yoriingeleri, bunlar1 olusturan permiitasyon agirlik
fonksiyonelleri kiimelerinin direkt toplami ile ifade edilip (4.2.11) ve (4.2.13) de

acikca verilmistir.
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O+ 4+ ) =8, + At ) =L 4 At p) (42.10)

0,4+ A, +p)={ A +3p, + g1, +24, }
0, + A+ p)={ 64, +511,+3, =22, }
(L + A, +p)={ Ty, +64,+31, 44, }
0, A+, +p)={ T, +64,+ 1, —44, }
95 (A + 2+ p) ={ Ou, + 641, +5u, -84, }
96+ A, +p)={ Opt +641,+3p1, —82, )
0, (A + A, +p)={ Ou, +5u,+2u, —82, }
Ps (A + A+ p) = { O +3p1,+ 241, =82, )
(A + A, +p)={ O, + T, + 644, =104, }
2104+ 4, +p)={ 9#,-"‘7#‘,-"‘4/1,(—10/14 }
P+, +p)={ T, +641,+ 1, —104, }
00+, +p)={ O, +64,+31, —104, }
O+ A +p)={Tu+4p; + 1, —104, }
P+ A4 +p)={ 94 +4u, +3u, —104, }
05+, +p)={ 64 +3u, + 1, —104, } 4.2.11)
016 (A + A+ p)={ 4u,+31,+ 1, —104, }
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£(31, 491, +241,-81, )=e(12x 3-81,12%9-81,12 2-81,12 X 0-8])

AP =8,(p) =9(p)

£,(0)={ 34, +2u; + 14, + 4, }
$,(p)={ 44, +3p,+24, — 4, }
£,(p) ={ Sp, + 4, +24, —34, }
9,(p)={ 54, +4u;+ 1, —34, }
©s(p)={ 61, +4u, +3p, =54, }
$6(P)={ 64, +4u; +2u, —54, }
$,(p)={ 64, +3p, + 4, =54, }
©5(P) ={ 61 +2u, + 4, =54, }
$o(p) ={ 64, +541, + 44, =74, }
£10(P) ={ 64, +5u,+31, =74, }
On(P)={5u +4p, +u, =74, }
P (P)={ 61 +4u,+2p, =74, }
©u(P)={ 50, +3p;+ 1, =74, }
£,(P)={ 64, +3u,+2u, —T4, }
©i5(P) ={ 4 +2u; + 1, =74, }
£16(P)={ 3+ 20, + 1, =74, }

hesaplayalim. Bunun i¢in (3.3.3)’den yararlanirsak,

(4.2.12)

(4.2.13)

(4.2.11) ve (4.2.13)’de goriildiigii gibi hem A, +A,+p hem de pbaskin agirlik

fonksiyonellerinin Weyl yoriingeleri 16 tane alt permiitasyon agirlik fonksiyoneli
kiimesine, yani alt-yoriingeye sahiptir. Her bir alt kiimenin boyutu da 24 oldugundan,
Weyl yoriingesinin boyutunun 16x24 =384 oldugu ve Weyl grubunun boyutuna esit
oldugu goriilmiis olur.Y6riingeleri bildigimize gore (4.2.9)’u yani karakter esitliginin
sol tarafim1 hesaplamak icin isaretlere ihtiyacimiz vardir. Burada ornek olarak

@, (4, + A, + p) alt-orbit kiimesinden A =3u, +9u, +24, —84, elemaninin isaretini

12x3-8112x9-8I 12x2-8| 12 x0-8|

2x3-8 2x9-8 2x2-8 2x0-8

£t + 94, + 241, ~84,) = £(2,10,4,8)(—)(+1)(=1)(~1)

£(2,10,4,8) =+£(10,8,4,2) oldugundan,
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EQBu, +9u, +2u,—84,)=—1 olarak bulunur.

(4.2.9)’u hesaplayarak et = X, ve e = Ozellestirmelerini yaparsak;

.
N XX X3 Xy
karakter esitliginin sol tarafin1 bulmus oluruz [EK?2]. Karakter esitliginin sag tarafini

bulmak icin 6nce A, +A4,” tn alt-baskin agirlik fonksiyonellerini ve bunlarin

yoriingelerini permiitasyon baskin agirlik fonksiyonelleri cinsinden bulmaliyiz.

A, +A,” un alt-baskin agirlik fonksiyonel kiimesi agagidaki gibidir.

A+4, .4} (4.2.14)

Oy +4) =0, (4 + 1) = Uy +4,) (4.2.15)

oL+ A)={ g +u,+ 4, )

2, +A)={ 20 +2u;+ 1, -4, }

5L+ A4)={ 24, +2u;,— 4, }

P, +A4)={2u+2u,-34, }

05+ A)={ 2p,+u, -3, ) (4.2.16)
(L +A) ={ g, +p;, =34, }

2,4+ A)={ 3y, +2u, +2u, —34, }

§5(A+A) ={ 3, +2u, +u, =32, }

(A +A)={ 30+ p; + 4, =34, }

O+ 1) = O, + 1) = 9y + 4,) (4.2.17)

oA+ A)={ i+ 4, }

£, (A +A)={ 2u+p;+ -4, )
oA +A) =21 +u, -4, }

P Ah+A)={2u-4, }

P54 +A,)={ 20, +2u, +2u, =34, }
Pe(A+A)={ 20 +2u, + 4, —34, }
0, (A +A4)={ 20+ p; + 1, =34, }
Py(h+A)={ g+ u;+p, =34, }

(4.2.18)
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(A,) = é(&) =0(4,) (4.2.19)

501(/14):{ /14 }

P, A)={ -4, }

oA ={ 1 +u, -4, } (4.2.20)
P,A) = +u+ -4, }

Ps(A)={ -4, }

Bu sonuglar1 (4.2.21)’de kullanarak karakter esitliginin sag tarafini [EK2] da

hesaplariz.

ChR(A4 +A,)=m, ., (4, +4,) ChaX A, + 4,) +
m,., (A +2) ChaxX A +2,) + (4.2.21)
my, ., (A,) Chax(A,)

Karakter esitliginin sag ve sol taraflarnt karsilagtinldiginda A, + A4, baskin agirlik

fonksiyonelinin temsilindeki ¢ok katliliklar

my ., (L+4,)=1
m ., (A+4,)=3
My (A) =9

olarak hesaplanir. Goriildiigi gibi aym bir yoriingedeki tiim permiitasyon agirlik

fonksiyoneli kiimeleri aynmi ¢ok katliliga sahiptirler.
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5. AFIN LiE CEBIRLERI

Afin Lie cebirlerinde Cartan matrisinin tersi olmadigindan, temel baskin agirlik
fonksiyonelleri (2.5.2)’den dolay1 tanimlanamazlar. Bu nedenle Afin Lie cebirleri

icin sonlu Lie cebirlerine ek olarak bazi kavramlar gereklidir.

5.1. Derinlik (Depth)

Afin Lie cebirlerinde, sonlu Lie cebirlerindeki tanimlamalarimiza ek olarak giren
“derinlik” kavrami, kendisi sifir olmayan fakat boyunu sifir olarak segecegimiz ve &

ile gosterecegimiz bir sanal kok olarak tanimlanir. Tiim Afin Lie cebirleri i¢in o ’y1,

1

N
dea=6 , ¢ #0 (5.1.1)
i=0

olacak sekilde tammlariz [7,12]. Burada ¢, katsayilari Kac Isaretleri (Kac Marks)
olarak bilinir. Bu katsayilar (d,0) =0 kosulu altinda her Afin cebir i¢cin minimum

olacak sekilde secilmelidir. Derinligin, cebirin diger elemanlariyla skaler ¢carpimi da

su sekildedir:
(6,0)=0
(0,0)=0 (5.12)
(A,,0)=1 o
(4;,6)=0

i=12,.,N olmak iizere A, ve A,’ler, Afin cebirin, A4 ’ler ise bu Afin cebiri

olusturan sonlu cebirin(horizontal algebra) temel baskin agirlik fonksiyonelleri

olmak tzere,

A, =mA,+2, (5.1.3)
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seklinde bir tanimlama yapmak miimkiindiir. Burada m, katsayilant (J,a,)=0

kosulunu saglayacak sekilde her Afin cebir i¢in farkli olacaktir. Ayrica derinlik

katsayisi, genel bir agirlik fonksiyonelinde, (A,A,) =M i¢ ¢carpimiyla da tanimlanir.
Burada M ’ye A’nin derinligi denir.

5.2. Seviye (Level)

Sonlu Lie cebirlerindeki tamimlara ek olarak Afin Lie cebirlerinde kullanilacak olan
bir diger kavram da “seviye” kavramidir. A, Afin cebirin en genel bir agirlik

fonksiyoneli olmak iizere,
(A,0)=k (5.2.1)

seklinde yazilan ifade de k’ya A ’nin seviyesi denir.

5.3. Afin Lie cebirleri’nde Baskin Agirlik Fonksiyonelleri

M derinlik, k seviye ve " sonlu cebirin bir baskin agirlik fonksiyoneli olmak

izere, Afin Lie cebirlerinde en genel bir baskin agirlik fonksiyoneli,
A=—-MOo+kA,+u" (5.3.1)

formunda yazilabilir [13].

5.4. Affine Lie Cebirleri icin Karakter Hesabi ve String Fonksiyonlari

Sonlu Lie cebirleri i¢in anlattigimiz Weyl karakter formiilii ve ¢ok katlilik problemi
Afin Lie cebirlerinde Weyl-Kac karakter formiilii ve string fonksiyonlar1 olarak ifade
edilir. Afin cebirleri, sonsuz cebirler oldugundan Weyl grubu da sonsuz boyutludur.
(2.15.2)y’deki Weyl karakter formiiliinden dolay1 string fonksiyonu hesabinda bir
mertebeye en fazla hangi uzunlukta Weyl grup elemanindan katki gelecegini
bilemeyiz. Fakat sonlu cebirler i¢in isin icine kattigimiz permiitasyon agirlik
fonksiyonelleri, string fonksiyonlarimi istedigimiz mertebede hesaplamamiza

yardimci olacaktir.
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5.5. String Fonksiyonlari (String Functions)

Afin Lie cebirlerinde baskin agirlik fonksiyonellerinin Weyl yoriingeleri sonlu
olmadigindan, sonlu cebirler i¢in kullandigimiz ¢ok katlilik tanimi burada tek basina
gecerli olamayacaktir ve dolayisiyla yeni bir tanima ihtiyacimiz vardir. Sonsuzlugu
isin i¢ine katmak i¢in ¢ok katlilik katsayilarindan olusan sonsuz bir seri olan string

fonksiyonlarini,

o

S (A= Y

M=My(A" ,AY)

(M) &M (5.5.1)

AT A

seklinde tanimlariz [7,12]. Burada M, (A+',A+), A"’nin bir maksimal agirhik

fonksiyoneli olan A* ’niin sahip oldugu minimum derinliktir. (5.5.1) ile amacimiz

sonlu cebirlerde oldugu gibi o (M) c¢ok kathiliklarin1 hesaplayarak string

fonksiyonlarin1 elde etmektir. Burada, sonlu cebirlerdeki gibi her bir yoriinge
karakterine karsi gelen tek bir cok kathilik yerine bir fonksiyon hesaplayacak
olmamizin nedeni maksimal agirlik fonksiyonellerinin Weyl yoriingelerinde sonsuz

sayida permiitasyon agirlik fonksiyoneli olmasidir. . (M) katsayilar1 da aslinda

her bir derinlikte bulunan sonlu sayidaki permiitasyon agirlik fonksiyonellerinin,

temsile kag¢ kez katkida bulundugunu gostermektedir.

5.6. Weyl-Kac Karakter Formiilii (Weyl-Kac Character Formula)

Sonlu cebirler i¢in (2.14.1)’de tanmimladigimiz temsil karakteri formiiliindeki ¢ok
katliliklari, (2.15.4)’deki Weyl karakter formiiliinii kullanarak hesaplayabiliyorduk.
Afin cebirlerde ise, (3.5.2)’deki Weyl karakter formiilii, Kac’in yaptig1 katkilarla
birlikte Weyl-Kac karakter formiilii adim1 alarak yeniden tanimlanmistir. Karakter
formiiliiniin sol tarafi aynen kalmasina ragmen, sag tarafta artik cok kathiliklar yerine

string fonksiyonlar1 tanimhidir. (5.5.1)’de tanimladigimiz string fonksiyonu ifadesi
S (A+' )’y1 (3.5.2)’de yerine koyarsak, Afin Lie cebirleri i¢in karakter formiilii olan

Weyl-Kac karakter formiiliinii elde etmis oluruz, yani Afin Lie cebirlerinde karakter

esitliginin sag tarafi,

26



ChRA )= > (S (A D ™) (5.6.1)
A* emax w(A") pea(A*)
olarak yeniden tamimlanmus olur [13]. Burada, maxw(A"), A"’nin maksimal

agirliklarinin kiimesini belirtiyor. A™ ve A" sirasiyla, bir Afin ve bir sonlu Lie

cebirinin baskin agirlik fonksiyonelleri olmak iizere,
A =kA,+ A" (5.6.2)

formundadir. ©,, bir basit yansima operatorii ve g sonlu bir cebirin agirlik

fonksiyoneli olmak iizere genel bir Afin agirlik fonksiyonelinin goriiniimii
o,(AN)=kA,—-M5+ (5.6.3)

seklindedir. Weyl yoriingesindeki her elemanin boyu ayni olmasi gerektiginden,

yoriingedeki elemanlarin sonlu cebire ait olan kistmlar1 g ’lerin hepsi, M € Z olmak

uzere,
(u, 1) — (A", A7) =2kM (5.6.4)

denklemini ¢ozerler [13]. Goriildiigii gibi bu denklemi baskin olmayan bir p’de
cozebilir. Fakat her p, bir 4" ’min permiitasyonu oldugundan, sadece u"’lari
bulmamiz yeterli olacaktir, yani her bir agirlik fonksiyonelini bir permiitasyon agirlik

fonksiyoneli ile temsil etmis oluyoruz. Fakat bu denklem g*’ lari bulmamiz i¢in
yeterli degildir. Burada "’lar1 bulmak igin (2.9.1)’de tamimladigimiz alt-baskin

agirlik fonksiyoneli kavramindan yararlanmamiz gerekir. A", A"’mn Weyl
yoriingesi icinde buldugumuz tiim permiitasyon agirlik fonksiyonellerinin bir alt-
baskin agirlik fonksiyonelidir. Alt-baskin agirlik fonksiyoneli A* olan sonsuz tane
baskin agirhik bulmanin miimkiin oldugu diisiiniildiigiinde ki, bu bilgi Afin Weyl
yoriingelerinin sonsuz boyutlu olmasiyla da ortiisiir, asagidaki alt-baskin agirlik

fonksiyonellik iliskisini kullanabiliriz [13].

u=1+> na, (5.6.5)
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Burada n,’ ler negatif olmayan tamsayilardir. Goriildiigii gibi bu esitlikten sonsuz
sayida {n,,n,,...,n } kiimesi ve dolayisiyla sonsuz sayida x* bulunur. Fakat burada
buldugumuz x4 ’lardan, (5.6.4) denklemini ¢6zenleri alirsak, her bir M derinligi i¢in

sonlu sayida " bulunacaktir ve dolayisiyla Weyl-Kac karakter formiiliine de her bir

M derinligi i¢in sonlu sayida katki gelmis olacaktir. Burada dikkat etmemiz gereken
nokta, bu iki esitlikle, sadece temel baskin agirlik fonksiyonellerinin Weyl yoriinge-
lerini bulabileceg§imizdir. Herhangi bir baskin agirlik fonksiyonelinin Weyl

yoriingesini bulmak i¢in ise asagidaki yardimci teoremi kullanmamiz gerekir.

5.7. Baskin Agirlik Fonksiyonellerinin Weyl Yoriingelerine Yardimci Teorem

Afin cebirin herhangi bir
AN =a, N, +alN +a,A, +...+a,A, (5.7.1)

baskin agirlik fonksiyonelinin Weyl yoriingesinde bulunan bir #* sonlu cebir agirlik

fonksiyonelinin (5.6.4) denklemini ¢dzebilmesi i¢in,
U =0,+0,+..+0, (5.7.2)
sart1 saglanmalidir [13]. Burada,
O,e Pp(A.M,) , O,ep(A,,M,) , ..., O,ep(A,,M,)

seklinde permiitasyon agirlik fonksiyonel kiimelerinden secilmis ® elemanlarindan

(5.7.1)’1 saglayanlar ayn1 zamanda,

M=M+M,+..+M, (5.7.3)

sartt altinda (5.6.4) denklemini de coziiyorsa, A" baskin agirlik fonksiyonelinin
yoriingesine girerler. Afin Lie cebirlerinde, permiitasyon agirlik fonksiyonel
kiimeleri, son-lu cebirlerdeki gibi sonlu sayida ortak formlar yerine sonsuz sayida
ortak formlardan olustugundan, isin icine sonlulugu katmak i¢in, bu kiimelerde belli

derinlige kadar olan elemanlar1 almay1 tercih ediyoruz, yani (A, M) kiimesi ile

kast olunan, A baskin agirlik fonksiyonelinin yoriingesindeki, M derinliginde ve

M’den daha kiiciik derinlige sahip olan elemanlar toplulugudur.
28



5.8. Afin Lie Cebirlerinde Isaret

£(s,,$,,....5,), asagidaki normalizasyon ile birlikte tamamen antisimetrik bir tensor

olsun.
(8, 8,,....8,)=+1 , s§=s5,2..25, (5.8.1)

5.8.1. A{ Afin Lie Cebirlerinde Isaret

n,€{0,1,2,..}, s,€{0,1,2,...,k —1} olmak iizere, k seviyesine sahip bir baskin agirlik

fonksiyonelinin Weyl yoriingesinin eleman1 4" 'nin,

N+1
w=Y (s, +kn) 1, (5.8.1.1)
i=1
seklindeki bir ayrisimu ile birlikte,
N+1 N+1
D(s+kn) g, o D s 4 (5.8.1.2)
i=1 i=1
dontigiimii olur ve 4" ’nin isareti:
N+1
E(U) = (55300 5y) (LTED™Y (5.8.1.3)
i=1

olarak tanimlanir.
5.8.2. B Afin Lie Cebirlerinde Isaret
A" =kAN,+ndy, +au +a i, +..+ay iy,
A=-MS+kA,+mA, +b, +bu, +...+ by,

A, A" baskin agirlik fonksiyonelinin yoriingesindeki bir agirlik fonksiyoneli ise,

i=1,2,..,N olmak iizere yapilan

u=2a+n , v,=2b+m , A={-u,u,) (5.8.2.1)
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tanimlar1 altinda,

vo=vi=2kp, . y€A  i=j=12,,N (5.8.2.2)

olacak sekilde segilen p,’lerle birlikte A ’nin isareti,

N
e(A) = &0y, Ly, Ll vy D] | pi% (5.8.2.3)
i=1

i

olarak tamimlanir.

5.9. Maksimal Agirlik Fonksiyoneli (Maximal Weight)

Sonlu Lie cebirleri i¢in (2.9.1)’de tammladigimiz sekilde A" ’nin alt-baskin agirlik

fonksiyoneller kiimesi sub(A") ise, ve
V Aesub(A") igin A+0¢& sub(A") (5.9.1)

ise, A’ya A" ’nin bir maksimal agirlik fonksiyoneli denir [7].
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6. AFiIN LIiE CEBIiRLERINDE KARAKTER VE STRING FONKSiYON
HESAPLARI

6.1. A" Afin Lie Cebirinde Karakterin ve String Fonksiyonlarmm A¢ik Hesab1

Bu boliimde, 5. boliimde verdigimiz tanimlari Aff) Afin Lie cebirinden bir temsilin

karakteri ve string fonksiyonlarin1 hesaplamak icin kullanacagiz. A\’ Afin Lie cebiri

icin Dynkin diyagrami ve Cartan matrisi su sekildedir:

>
1 2 3 4

Sekil 6.1.1: A'” Dynkin diyagrami

2-100-1
-12-100
C(A")=]0-1 2-1 0
0 0-12-1
-1 0 0-1 2

Burada R(2A,) temsilinin karakterini ve buna karsi gelen string fonksiyonlarini

hesaplayalim. Ilk olarak (2.15.2)’yi kullanarak karakter esitliginin sol tarafim

hesaplamak i¢in 2A,+ p ve p baskin agirlik fonksiyonellerinin Weyl yoriingelerini

ve bunlara karsilik gelen isaretleri hesaplamaliy1z.Weyl yoriingelerini hesaplamak
icin yardimci teoremde belirtildigi gibi temel baskin agirlik fonksiyonellerinin Weyl

yoriingelerinin hepsi teker teker bulunmali ve bunlarin birlesimiyle birlikte 2A, + p
ve p Weyl yoriingeleri hesaplanmalidir [EK 3]. Karakteri hesaplamak i¢in ayrica
isaretleri hesaplamamiz gerekir. Bununla ilgi bir 6rnek vermek icin, ®(2A,+p)

yoOriingesinden bir agirlik fonksiyoneli
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A=-60+TA,+131, +10, +9, + 81,

secersek, (5.8.1.1)’e gore A 'nin sonlu cebire ait kisminin,

130, 4104, +9ut, + 811, = (6 +TXD g, + B+TXDp, + 2+ TXDpy + (1+7Xx1) p,

seklinde bir ayristmi vardir. Gortildiigii gibi n, =n, =n,=n, =1 , ny=0 dir.

Bunlari (5.8.1.3)’de yerine koyarsak,
£(A)=£(6,3,2,1,0) (-1)*)* =+1

seklinde A ’nin isaretinin +1 oldugu goriiliir. Karakter esitliginin sag tarafin1 bulmak

icin ise (5.6.1)’i hesaplamaliyiz [EK4]. Bunun i¢in once 2A, baskin agirhk

fonksiyonelinin alt-baskin agirlik fonksiyonellerini bulmamiz gerektiginden,

asagidaki SUB fonksiyonundan olusan programi [14] kullanirsak,

SUB[2A,, 0, 3] :=

For[10 =0, 10 < 4, 10++, For[il =0, 11 <4, 11++,

For[i2 =0, 12 <4, i2++, For[i3 =0, i3 < 4, i3++,

For[i14 =0, 14 < 4, i4++, For[M =0, M < 4, M++,

sonuc = Expand[ 2A, - (0* A + il* A +12*¥ A, + 3% A, +i4*A,- M*J)];

If[(pro[ 2A,,0]1- (10 +il +i2 +i3 +i4 )) == 0 &&
Coefficient[sonuc, ¢, ] >= 0 && IntegerQ[Coefficient[sonuc, ¢, ]] &&
Coefficient[sonuc, ¢, ] >= 0 && IntegerQ[Coefficient[sonuc, ¢, ]] &&
Coefficient[sonuc, &, | >= 0 && IntegerQ[Coefficient[sonuc, &, ]] &&
Coefficient[sonuc, ;] >= 0 && IntegerQ[Coefficient[sonuc, ;,]] &&
Coefficient[sonuc, ¢, ] >= 0 && IntegerQ[Coefficient[sonuc, &, ]]
Print[Expand[i0* A, +11* A, +i2* A, +13* A, +14* A, - M* S 111111111

2A,’1n alt-baskin agirlik fonksiyonel kiimesini su sekilde buluruz:

(A, +A, =28, Ay+A, =35 , A\ +A, -8 , A, +A,-25 ,
A +A, =38, 2A 20, —8 , 2A, =28 , 2A, =35 , ..}

Goriildiigi gibi alt-baskin agirlik kiimesi sonsuz eleman icermektedir. Bu yiizden
sonlu cebirlerden farkli olarak Afin cebirlerde, alt-baskin agirlik fonksiyonelleri
kavrami yerine (5.9.1)’de tamimladigimiz maksimal agirlik fonksiyoneli kavramini

kullanarak, bu alt-baskin agirlik fonksiyoneli kiimesinden maksimal olan agirlik
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fonksiyonellerini almaliy1z. Bu sonuca bakarak ve (5.9.1) tanimim kullanirak 2A,

baskin agirlik fonksiyonelinin maksimal agirlik fonksiyonellerinin ciimlesi su sekilde

olur:

maxw(2A,) = {A, +A,—28 , A, +A, = , 2A,}
yada, M, (A+' LAY, A" "niin derinligi olmak iizere,

M,(2A,.2A,) =0
M(A, +A,.2A,) =1 (6.1.1)
My(A, +Ay,2A,) =2

seklinde de gosterilebilir. (5.6.1)’1 hesaplamak icin, A, +A;, A, +A, ve 2A, baskin
agirlik fonksiyonellerinin yoriingelerini bulmamiz gerekir. Bu yoriingeler EK3’de

acikca verilmigtir. 2A, baskin agirhik fonksiyonelinin i{i¢ tane maksimal agirlig
oldugundan R(2A,) indirgenemez temsiline karsilik ii¢ tane string fonksiyonu

bulmaliyiz. e M = qM Ozellestirmesi ile birlikte, (5.5.1) denklemi de kullanilarak

tic tane string fonksiyonu da su sekilde gosterilebilir:

SZAO (2A,) = z qg" Con, 20, M) =c, +c1q+c2q2 +c3q3 +...

M=0

Son, A HA) =D q" ¢ oo, (M) =bg+b,g° +b,q +... (6.1.2)

M=1

SZAO (A, +Ay)= z q" Ca,+A, 20, M) = azqz +a3q3 +...

M=2

e =x M = qM , et =1 ozellestirmeleri ile birlikte, bulmamiz gereken ii¢ tane

string fonksiyonu oldugu i¢in, (4.1.4)’e de uygun olacak sekilde ii¢ farkli say1

atamasi takimi su sekilde segilebilir:

x1=2,x2=15,x3:% , X, =

| =

x1=2,x2=35,x3=% Xy =

S
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1
x=2,x,=55,x,=— ,x,=— , X, =—
1 2 3 5 4 1 1 5 2
Bu atamalar yaparak, her biri icin karakter esitliginin sag ve sol taraflarim1 [EK4]
5. derinlige kadar olan permiitasyon agirlik fonksiyonellerini [EK3] kullanarak

hesaplariz ve elde edilen ii¢ farkli denklem sistemini kullanarak, string fonksi-

yonlarini1 8.mertebeye kadar su sekilde bulunur.

Soa, 2Ay) = 1+4q+244° +1004" +390¢" +1328¢° —
202507357836365162639329826381
4406630546379600000

521703502753797527208999967339517478811 ;
18754178942336939640000000

110833859454882871408903195690536982113891303500407 .
8799704095216268900879829000000000 1

Son, (A +A,) = g+8¢” +43¢” +1864" +693¢” +
141054966337976734354894633
220331527318980000

3413302807699393320961803836113411 , N
7501671576934775856000

380016806878016152817196397698596884025063005781 )
1759940819043253780175965800000000 -

Son, (Ay +Ay) =2q" +16¢° +83q" +344¢° +
844790109607325483456977 4
13770720457436250

2430104186552257919423819982010243 ;
46885447355842349100000

353578334400008681840923975253405238855040759 )
13749537648775420157624732812500 -

Karakter esiliginin sag ve sol taraflarini, 8.derinlige kadar olan permiitasyon agirlik
fonksiyonellerini [EK3] de hesaba katarak bulmak istersek [EKS5], string fonksiyon-

larin1 bu kez:
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Syn, 2Ay) =1+4q+244° +100¢° +390g" +13284" +42084° +123444" +342604" +...
Son, (A +A,) = q+8¢” +43¢" +1864" +693¢” +2316¢° +7115¢" +204184" +...
Son, (Ay +Ay) =2¢" +164° +83q" +344¢° +12364° +4000g" +119484" +...

seklinde dogru olarak elde ederiz. Goriildiigi gibi, string fonksiyonlarin1 kaginci
mertebeye kadar dogru olarak bulmak istiyorsak, o derinlige kadar olan tiim

permiitasyon agirlik fonksiyonellerini hesaba katmamiz gerekecegi aciktir.

6.2. B{” Afin Lie Cebirinde Karakterin ve String Fonksiyonlarimn Acik Hesabi

Bu boliimde, 5. boliimde verdigimiz tanimlari Bil) Afin Lie cebirinden bir temsilin

karakteri ve string fonksiyonlarini hesaplamak igin kullanacagiz. B{” Afin Lie cebiri

icin Dynkin diagrami ve Cartan matrisi su sekildedir:

Sekil 6.2.1: B{” Dynkin diyagrami

20-1 00
02-1 00
CBM)=[-1-12-10
00-12-2
000-12

Burada R(A,) temsilinin karakterini ve buna karsi gelen string fonksiyonlarini

hesaplayalim. (2.15.2)’deki karakter esitliginin sol tarafi ve bunu hesaplamak i¢in
gerekli olan Weyl yoriingeleri permiitasyon agirlik fonksiyonelleri cinsinden EK6’da

verilmistir. Ayrica gerekli olan isaretleri bulmak icin bir 6rnek olarak, ®(A,+p)
yoriingesinden,
A=-30+8A,+34, +64,+2u, + 1,
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elemaninin isaretini inceleyelim. w(A,+p) yoriingesinde,
A =8A + A, +4u + 20, + 1,

oldugundan, (5.8.2.1)’deki tanimlar1 kullanirsak,

u,=2x4+1=9 v, =2X6+3=15 A ={-9,9}
u,=2x2+1=5 v, =2X2+3=17 A, ={-5,5}
u,=2x1+1=3 Ty, =2x1+3=5 T A ={-33)
u,=2x0+1=1 v, =2x0+3=3 A, ={-11)

sonuglarini elde ederiz. Ayrica (5.8.2.2) tanimini kullanirsak, k=8 oldugundan,

y,=v,—1l6p =15-16X1=~1€ A,
v, =v,—16p, =7-16x1=-9€ A
y;=v,—16p, =5-16X0=5€ A,
v, =v;—16p, =3-16x0=3€ A,

yy=-1Ly,=-9,y,=5,y,=3
p=Lp,=1Lp,=0,p,=0
olarak bulunur. Bu degerler (5.8.2.3)’de yerine koyulursa,
eN)=-1

olarak bulunur. A, agirlik fonksiyonelinin 2 tane maksimal agirligi oldugundan
R(A,) temsiline karsilik iki tane string fonksiyonu bulmaliyiz. A, ’in alt-baskin

agirlik fonksiyonel ciimlesi su sekildedir:
{A,, Aj—0, A, =20, A ,A\\—-F,A-25,..}

Bu sonuca bakarak (5.9.1) tanimimi kullanirsak, A, baskin agirlik fonksiyonelinin

maksimal agirlik fonksiyonellerinin kiimesi su sekilde bulunur.
maxw(A,) ={A, , A}

yani, diger bir gosterimle:
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M,(Ay,A)=0
My(A,,A)=0

(6.2.1)

seklindedir. (5.6.1)’1 hesaplamak i¢in, A ve A, baskin agirlik fonksiyonellerinin
yoriingelerini bulmamiz gerekir. Bu yoriingeler EK6’da acikca verilmistir.
e M = qM ozellestirmesi ile birlikte, (5.5.1) denklemi de kullanilarak iki string

fonksiyonu su sekilde gosterilebilir:
SAl Ay = z q" Ca, A, (M)=a, +a1q+a2q2 +a3q3 +...
M=0

S (M) =Dq" ¢y o (M)=by+bg+b,g" +byg’ +... (6.2.2)

M=0

S S ozellestirmeleri ile birlikte,

e
XX XX,

bulmamiz gereken iki tane string fonksiyonu oldugu i¢in, (4.2.6)’ya da uygun olacak

-oM M A
fi=x , e =qg" , =1,

sekilde iki farkli say1 atamasi takimi su sekilde secilebilir:
x=4,x=9,x,=16, x,=25
x=9,x=16,x=25, x,=36

Her bir say1 atamasi takimi i¢in, karakter esitliginin sag ve sol taraflarim [EK7] 7.
derinlige kadar olan permiitasyon agirlik fonksiyonellerini de hesaba katarak bulur-

sak, (6.2.2)’deki string fonksiyonlarinmi su sekilde elde ederiz

Sy, (M) =145 +19¢” +59¢° +165¢" +421¢” +1010¢° +2295¢" +...

Sy, (M) =1+4q+15¢" +45¢° +125¢" +3164° +758¢4° +1720¢ +...
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7. SONUCLAR VE ONERIiLER

Bu calismada, klasik olarak Weyl karakter formiiliinde yiiksek mertebelerden ¢oklu
carpimlara sahip Weyl grup elemanlar1 iizerinden yapilan toplamin temel agirlik
fonksiyonelleri yardimiyla tamimlanan permiitasyon agirlik fonksiyonelleri
kullanilarak yeniden tamimlanmasi ve grup elemanlarinin ortak formlarda
yazilmasiyla birlikte cok katliliklarin ve string fonksiyonlarinin daha kolay bir
sekilde hesaplandigr goriilmiistiir. Ayrica klasik yontemi kullanarak, hangi
uzunluktaki Weyl grup elemanlarinin string fonksiyonlarinin kag¢inci mertebesine
katki sagladigi bilinememesine karsin, permiitasyon agirlik fonksiyonellerini
kulladigimizda, string fonksiyonlarinin istedigimiz mertebesini elde edebildigimizi
gordiik. Ik boliimde verilen genel tamimlarin 2. ve 3. béliimlerde yeni bir bakis
acisiyla Weyl grup elemanlar1 toplamindan Weyl orbit elemanlar1 toplamina
doniistiigii ve bu elemanlarinda temel agirlik fonksiyonelleri cinsinden belli ortak

formlarda yazildig1 anlatilmistir. Ornek olarakta, A, Lie cebirinden R(24 +4,) ve
B, Lie cebirinden R(A4,+4,) temsillerinin Kkarakterleri hesaplanarak ¢ok

katliliklarin tamsayilar ¢iktigi goriilmiistiir. 5. ve 6. boliimlerde ise sonsuz cebirlerin
bir tipi olan Afin Lie cebirleri tanimlanarak, bu cebirlerin karakterlerinin ve bunlara
kars1 gelen string fonksiyonlarinin, permiitasyon agirlik fonksiyonellerini ve bunlar

icin ayrica tanimlanan isaretleri kullanarak istenilen mertebeye kadar rahatca

hesaplandigi gosterilmistir. Ornek olarak A{" Afin Lie cebirinden R(2A,)

temsilinin ve B}’ Afin Lie cebirinden R(A,) temsilinin string fonksiyonlari

hesaplanmistir. Sonlu ve Afin Lie cebirlerinde kullandigimiz bu yeni yontemi, daha
ileriki calismalarimizda, Afin Otesi cebirler olan hiperbolik cebirlerde de
uygulayarak, buradan elde edecegimiz fonksiyonlarin yapilar1 hakkinda ¢alismalar
yapmay1 amaclamaktayiz. Su ana kadar hiperbolik Lie cebirlerinde karakterlerin ve
bunlara kars1 gelecek fonksiyonlarin hesaplanmamis olmasi da bu ¢alismayi orijinal

yapmaktadir.
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EK-1

A, sonlu Lie cebirinde:

A+ A, baskin agulik fonksiyonelinin Weyl orbitinin temel baskin agirlik

fonksiyonelleri ve temel agirlik fonksiyonelleri cinsinden dokiimii:

20— A = 2+ py + s
24424 =4y = 2+, + s
A+A =2+, +
20, + Ay = 2+t s

A+ A+ A = A2+,
—A 420 = 24,

A =24 =+ + 24
—h+ A4 =24, = W+ i+ 24
A=A+, =24, = p+ s+ 24
—A = Ay = M+ 20

A+ =Ry = 20+ 1y + s
—A+2A, - A = g+ 20, +
A=A =Ry =+ py, + 24
A+ A=A A = W+ 2
2h =+ A=A = 2+ s+

24, Dbaskin agulik fonksiyonelinin  Weyl

24+ A+ A=A = 20+ s+ U
A =24 +20, = A =+ 20+ U
A=A A 2h = Ay =y 24+
QA=A+ A = 2+ s+,
A+ 4+ A = 2+ s+ 4
A=24+A, = W +20,+ Uy
A+ A =20+ A = gy 20, + U
—A =+ A, = 20+
A+h =2+ A, = 2+, +
—A+24, -+ A = 20, +
A=20,+ A+ Ay = g+ 2+ 4,
A=A A = 2+
A =24 +24, = i+, +24,
—A =24, = py+ s+ 24,
A=A =2 +24, = p+u;+24,

orbitinin temel baskin agirhik

fonksiyonelleri ve temel agirlik fonksiyonelleri cinsinden dokiimii:

24, = 2u,+2u,

=24 = 244, +24

24 +24 = 24, + 24,
2, =24, 424, = 24+ 24,
24 =24, = 2u,+2u;

40

DA 424,24, = 2u,+2u,

24, +24,-24, = 24, +2u
20,424, = 2u,+2u,

24 =24, 424, = 2u,+2u,

DA 424, 24,424, = 2u,+2u,



A, baskin agirlik fonksiyonelinin Weyl orbitinin temel baskin agirlik fonksiyonelleri

ve temel agirlik fonksiyonelleri cinsinden dokiimii:

—A = 1+ L
A=A =+ s+ + U
A=Ay =+ [+ U+
A=Ay = 1+ + L
Ay = My + s+ 4
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EK-2

Sonlu B, Lie cebirinde R(A,+4,) indigenemez temsilinin karakterinin sol ve sag

taraflar1 agsagida sirasiyla verilmistir.

Sol(ChR(A, + A,)) =

1

X, XXX, 1] X, X, X5 X,

2 2 2
(X, X, + X, + X, X5 + X, XX + X, X5, X, + XXX + XX, + X%, +

(1+x)(1+x,)(1+x,)(1+x,)

2 2 2 2 2.2
X, X, X, + X050 X, + XX, + XXX, +3X,X,X,X, + X, XX, + X X, XX, +
2 + 2 + 2 2 + 2.2 + 2 + 2 + 2 +
XXX, + X,X5 X, + X Xy XX, + X X)X X, + XXX, + XXX + X, XX,

2 2 2 2 2.2
X[ Xy X3 Xy + X, X5 X, X, + X, X,X5 X))

Sag(ChR(A, +4,)) =
1

Xy Xy X3 X, o) X, Xy XX,

2 2
(A, X%, + A, X, X5 + Ay X, X — 30,X, X, X, + A3 X, X, X5 + Ay X Xy Xy + Ay X, X5 X, +

(1+x)(1+x,) (1+x,) (1+x,)

2 2 2
A, X, X, X; + Ay XX, + Ay X, X, —30,X,X,X, + A3 XX, X, + Ay X; X, X, + A%, X5 X, +
2
Ay X3 X, =30, X,X5X, + A3 X, XX, + Ay X; X, X, — 30,X,X,X, + A, X, XX, + 4, X,X, X%, +
2 2 2 2
6a,x,X,X,%, —4a,X,X,X,X, —30,X; X,X,X, + A X, X, X, X, + Ay X5 XX, — 30,X,X5 X, X, +
2 2.2 2 2 2 2
A%, X, XX, + Ay X, Xy XX, + ) X, X5 X, + Ay X, X5 X, — 30, X,X,X,X, + a,X,X,X; X, +
2 2 + 2.2 + 2 + 2 + 2 _ 3 2 + 2 +
Ay X, X X5 Xy F Ay X, X5 X5 Xy + Ay X, X, X + Ay X XX, + Ay Xy XX, — 30, X, X, XX, + A%, X, XX,

2 2 2 2 2.2
Ay X, X, XX, + A, X, X5 XX, + Ay X, X, X, X))

Sol ve Sag taraf karsilastirilirsa ¢cok katlhiliklar @, =9, a, =1, a, =3 olarak bulunur.
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EK-3

Burada A{" Afin Lie cebirinde A baskin agirhk fonksiyonelinin yoriingeleri 8.

derinlige kadar ¢@(A,8) formunda
A, yoriingesinde @(A,,8)

A()

=0+ A+ 2+l + s+ 1
20+ A, 20, +2u, + U,
=30+ A, +3u, + 1, + 1,
=30+ A, +3u, +30, + 20, +24,
—40+ Ay +A4p 20, + 20, + 24,
—40+ A, +3u,+24,
—40+ A, + 30, +30, + 30, + 1,
=50+ Ay +4u +30, + 24, + 1,

A, yoriingesinde (A,,8)

Ay + 44
=0+ N+ 24+ 20, + 1 + 1
_25+A0 F3+ s+
20+ A, +24, + 20, +24,
=30+ A, +31, +241, + U,
=30+ A, +3u, +3u, +30,+2u,
—40+ A, +4u +30, + 20, +24,
=50+ N+ A4+ 1, + 1
50+ Ay +4u, +30, + 341, + 4,

verilmistir.

—60+ A, +4u, + 1,

—60+ A, +4u +4u, +4u,+3u,
—TO+ A, +5u, +20, + 21, + 1,
=70+ A, +5u, +4u, +3u,+3u,
=T+ A, +4u, +3u, +31,
T+ A, +4u, +4u, + 1, + 1,
—80+ Ay 50 +30, + 1y + U,
—8O0+ A, +5u +4u, +4u,+2u,
—80+ A, +4u, +4u, +2u,

=50+ A, +3u,+3u,

—00+ Ay +5u,+24, + 2, +24,
—60+ A, +4u, +2u,

—60+ A, +4u +4u, +2u, + 1,
=70+ A, +5u, +30, +2u, + 1,
T+ A, +5u, +4u, +4u, +3u,
—80+ A, +5u, +5u, +3u,+34,
—80+ A, +4u +4u, +31,
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A, yoriingesinde ¢(A,,8)

Ao+ 1+ 1y
—0+A,+24,
—O0+ A, +24, + 20, + 24, + U,
20+ A 30 +20, + 1+ 1,
=30+ A, +31, 21, +24,
=30+ A, +31, +3u, + 31+ 31,
—A0+ Ny + A+ + s+
—40+ A, +4u + 30, 30, + 24,
—46+ A, +3u,+341, + i,

A, yoriingesinde @(A;,8)

Ao+ + iy +
—0+A,+2u + 1,
—0+ A, +20, + 20, + 24, + 24,
20+ A, +30 +20, + 20, + U,
-30+A,+34,
=30+ A, +30, 30, + 1, + 1,
—40+ A, +A4p 20, + 1+ 1,
—40+ A, +4u, +30, +30, +34,
—40+ A, +3u,+3u, + 24,

=50+ A, +4u +2u, + U,

S50+ A +4u +4u, + 20, +2u,
—60+ A, +5u, +31, +21, +2u,
—60+ A, +4u, +4u, +30, + U,
—TO+ A, +5u, +3u, +3u,+ 1,
—T0+A,+4u, +3u,

—8O0+ A +5u +4u, +2u,+ 1,
—80+ Ay +5u,+5u, +41,+31,

=S50+ A +4u +2u, +2u,
S50+ Ay +4u +4u, +3u,+2u,
—60+ A, +5u, +30, +30, +24,
—00+ A, +4u, +3u, + 1,
—TO+ A, +5u, +4u, +20, +2u,
T+ A, +4u, +4u, +4u,+u,
—80+ A, +5u +24, + 1,
—80+ A, +5u +4u, +31+ 1,



A, yoriingesinde @(A,,8)

Ao+ M+ + fy + 4,
=0+ A 21 + 1, + 1,
20+ A, +30 A2, + 20, +24,
—20+A,+21,+2u,
=30+ A, +3u, + 1,
=30+ Ay +31, +30, + 20+ 4,
—40+ Ay +A4u 20, + 20, + 1,
=S50+ AN,+4u +30, + 1+ 1,
=S50+ A +4u +4u, +3,+31,

A, + A, yoriingesinde (A, +A,,8)

20+ 204+ 24y + 4y
—O0+2A, +30, +341, + 30, + 4,
—0+2A,+3u, +2u,
20+ 2A,+4u +4u, +4u, +3u,
—20+2A,+4u, + 1,
=38 +2A, + 50 30, + 1y + U,
—30+2A,+5u +4u, +4u, +2u,
—40+ 2N, + 51, +51, + 50, + 51,
—40+2A,+ 64, +4u, +3u,+24,
—40+2A,+54,
—50+2A,+6u, +4u, +4u,+ u,
—50+2A,+ 64, +5u, + 20, +24,
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=50+ A, +3u,+3u, +31,
—60+ A, +5u +341, +31,+3u,
—60+ A, +4u, +3u,+2u,
—600+ A, +4u, +4u, +4u,+2u,
T+ A, +50 + 20, + 1, + 4,
=70+ A, +5u +4u, +3u,+2u,
—80+ A, +5u,+2u, +2u,
—80+ A, +4u, +4u, + 1,

—600+2A,+ 71, +51, + 50, +3u,
—600+2A,+ T, + 40, + 244, + 24,
—TO+2A,+ 64, +6, +24, + 1,
—TO+2A,+ T4+ 1y + 1, + 1,
—TO+2A,+ T, +64, +64, +61,
—TO+2A,+ 64, +5u, +44,
—80+2A,+ 71, + T, +30,+31,
—80+2A,+64, +64, +31,
—80+2A,+ 81, + 64, +644,+54,
—80+2A, +8u +31, + 21, +2u,
—80+2A,+ 71, +4u, +44,



A, +A, yoriingesinde @(A, +A,,8)

2N+ 24+ iy + s+
—O0+2A, +3u, +31, + 20, + 21,
—0+2A,+3u, + 1, + 1,
—20+2A,+4u +30, + 21, + 1,
=30 +2A,+4u, +31, + 31,
—30+2A,+ 50, +2u, + 20, + 1,
30 +2A, +4u 44, + 1+ 1,
—30+2A,+5u +4u, +31, + 31,

—40+2A,+5u1, +31, +24,
—40+2A,+ 64, + 31, +31, +34,
—40+ 2N, + 51, 54, +31, +2u,
—50+2A,+64, +5u, +51, +4u,
—50+2A,+5u, +4u, + U,
—50+2A,+5u, +5u, +4u, + 1,
=50 +2A,+ 64, + 24, + f, + 1,

2A, yoriingesinde @(2A,,8)

2A,
20+ 2N, + 4 A2, + 20, + 24,
—40+ 2N, +4u +4u, +2u,
—60+2A,+ 64, +64, +4u, +4u,
—60+2A,+ 6, +2u, +24,
—80+2A,+ 64, +64, +64, +24,
—80+2A,+64, +44,
—80+2A,+8u +4u, +4u, +4u,
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—60+2A, + 71, +51, +4u, +4u,
—60+2A,+ 64, + 64, +5u, +3u,
—60+2A,+6u, +5u, +3u, + 1,
—60+2A,+64, +3u, + 1,
—60+2A,+ 71, +30, +30,+ 21,
—TO+2A,+5u,+5u,

—TO+2A,+ T, +64, + 44, +3u,
—TO+2A, + T +4u, +31,

—TO+2A,+5M1, +5u, +51,
—8O0+2A,+ 71, +64, +5u,+24,
—80+2A,+T 1, + 20, + 1,
—80+2A,+8u, +5u, +4u, + 31,
—80+2A,+ T, + T, +64, +54,
—8O0+2A, + T +501, + 24, + 1,



p yoriingesinde §(p,8)

SAg + 4 + 3, + 24 +
—O0+5A,+64, +40, +31,+24,
—20+5A,+ T, +64, +4u, +31,
—20+5A,+ T, +4u, +3u, + 1,
—30+5A,+8u, +64, +4u, +2u,
—30+5A,+8u, + T, +64, +4u,
—30+5A,+8u, +4u, + 21, + 1,
—40+5A, +8u, + T, +4u, + 1,

—40+5A,+9u, + T, + 64, +3u,
—40+5A,+9u, + 64, +341, + 24,
—46+5A,+9u, + 8, + 71, +64,
—40+5A,+9u, +30, + 20, + 1,
—50+5A,+9u, +8u, + 64, +24,
5 +5A,+9u, + T, +30, + 4,
—60+5A,+9u, + 8, + T, + 1,
—60+5A,+9u, + 81, + 21, + 1,

2A, + p yoriingesinde @(2A, + p,8)

TG +Ap + 34, + 20+ 4,
—30+TA,+101, + 64, +5u, +4 4,
—40+TA,+ 11, +64, +51, +31,
—40+TA,+ 114, +8u, + 644, + 51,
—S50+TA,+12u, + 64, +44, + 31,
—50+TA,+121, +9u, +81, + 64,
—50+TA,+12u, +8u, + 64, +4 4,
—60+TA, +131, +5u, + 4, +3u,
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—60 +5A, + 11, +9u, + 814, +7 1,
—60+5A, + 11y +4u, +3u,+24,
—60+5A, + 11 +7u, +4u,+34,
—60+5A, + 110, +8u, + T, +4u,
—TO+5A, + 11, +8u, +4u, +2u,
—TO+5A,+110, +9p, +7 14, + 31,
—TO+5A,+ 121, + 64, + 4, + 31,
—TO+5A,+ 120, +9u, + 81, + 61,

—TO+5N,+124, + 81, + 644, + 41,
—80+5A, +124, + 114, +9u, + 81,
—8O0+5A, +12u, + 4, + 31, + 1,
—80+5A, + 114, +9u, +31, +24,
—80+5A, +11y, +9u, +8u, + 24,
—80+5A, +1244, +9u, + 644, + 31,
—8O0+5A, + 13, +T 1, +64, +44,
—80+5A, + 1304, +9u, +7 1, + 61,

—60+TA,+131, +104, +9u, + 81,
—60+TA,+131, +81L, +51, +4u,
—60+TA,+131, +9u, + 81, + 54,
—80+TA, +151, +104, +9u, + 614,
—80+TA,+15u, +9u, +64, +51,
—80+TA, +151, +64, +5u, +4u,
—80+TA,+151, + 11, +104, +9u,
—80+TA,+120, +110, + 644, + 11,



EK-4

Af) Afin Lie cebirinde R(2A,) indirgenemez temsilinin karakterinin sol ve sag

kisimlar1 permiitasyon agirlik fonksiyonellerinin 5. derinlige kadar olan elemanlari
kullanilarak hesaplanmis ve her bir atama takimi icin asagida sirasiyla verilmistir.
1 1

x1:2,x2=15,x3:§ s X ==

1 ..
S X =5 atamalari icin:

Sol(ChR(2A,)) =

+ 170597¢q + 18258923389¢° + 1284850338594 + 16678461158093¢" + 249027542690287134°
900 810000 405000 4050000 729000000

1

Sag(ChR(2A,)) =

7104195769¢°a, = 460815076694 a, 7104195769¢°a, 460815076694’ a,
a,+ + +qa, + +
810000 135000 810000 135000
» 7104195769g%a, = 46081507669¢°a, =~ 5 7104195769¢°a, 46081507669¢ a,
a, + + +qa,+ +
810000 135000 810000 135000
. 7104195769q%a, 46081507669¢°a, =~ s  7104195769¢’a; 46081507669 a;
qa,+ + +q’as + >+ -
810000 135000 810000 135000
1669974b; 44461369¢°h, N 18513925717¢°h, W3 1989997308634 b, N 32064742360406334°h, N
900 4500 135000 4050000 729000000
903880863761009¢°h, . 1669974°b, N 44461369¢°b, N 18513925717¢°b, N 51989997308634°b, N
24300000 900 4500 135000 4050000
3206474236040633¢°b, N 903880863761009¢ b, N 1669974°b, N 44461369¢°b, N 185139257174°b, N
729000000 24300000 900 4500 135000
5198999730863¢°b, N 3206474236040633¢b, . 903880863761009¢°b, . 1669974"b, . 44461369¢°b, N
4050000 729000000 24300000 900 4500
185139257174°b, N 5198999730863¢b, N 32064742360406334°b, N 903880863761009¢°b,
135000 4050000 729000000 24300000
1669974°b, N 44461369¢°b, N 185139257174’ b, N 5198999730863¢"b, . 3206474236040633¢°b,
900 4500 135000 4050000 729000000
903880863761009¢'°b, N 1786914°c, N 87396313¢°c, | 426735375 lg'c, N 9789610469471¢°c, N
24300000 150 4500 27000 4050000
1003181254875539¢°c, N 3133612963549679¢ ¢, N 178691q’c, . 87396313¢"c, . 4267353751q°c, N
121500000 121500000 150 4500 27000
97896104694714°c, N 1003181254875539¢ ¢, . 3133612963549679¢°c, . 178691g"c, .
4050000 121500000 121500000 150
87396313¢°c, . 42673537514°c, | 978961046947 1q’c, . 1003181254875539¢4°c,
4500 27000 4050000 121500000
3133612963549679¢°c, N 1786914’ c; N 87396313¢°c; N 4267353751q ¢, N 978961046947 1g°¢;
121500000 150 4500 27000 4050000
1003181254875539¢°c, . 31336129635496794"c,
121500000 121500000
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1 1 .
x1:2,x2:35,x3:§,x4: ’XSZE atamalar1 i¢in:

7

Sol(ChR(2A)) =
1, 2689133 47836983807494> N 427074045827394° | 65918621437061 163¢4* | 1067731 163759562602574° .
4900 24010000 12005000 840350000 117649000000
Sag(ChR(2A,)) =
- 23095109264094°a, . 134591847263614"a, raa + 23095109264094’4, . 134591847263614°q, N
0 24010000 1715000 : 24010000 1715000
,2309510926409¢°a, 13459184726361¢°a, 5  23095109264094’a,
a, + + +q’a;+ +
24010000 1715000 24010000
13459184726361q"a,  ,  2309510926409¢°a, 13459184726361¢%, 5  2309510926409¢ a,
+q'a,+ + +qas+ +
1715000 24010000 1715000 24010000
13459184726361¢°a, | 2669533qh, | 1517563751 14°b, N 23238249945231¢°h, N 30669170501872953¢°h, N
1715000 4900 171500 12005000 840350000
23419100537368853617¢°h, N 325371888524897310994°b, . 2669533¢°b, L 1517563751 1¢°b, .
117649000000 11764900000 4900 171500
232382499452314"b, N 30669170501872953¢°h, . 234191005373688536174°b, N
12005000 840350000 117649000000
32537188852489731099¢ b, N 2669533¢°b, N 15175637511¢"b, N 232382499452314°b, N
11764900000 4900 171500 12005000
30669170501872953¢°b, N 23419100537368853617¢b, N 325371888524897310994°b, N
840350000 117649000000 11764900000
2669533¢°b, . 15175637511¢°b, N 23238249945231¢°, . 306691705018729534 ", N
4900 171500 12005000 840350000
234191005373688536174°b, N 32537188852489731099¢°b, N 26695334°b, N 15175637511¢°b, N
117649000000 11764900000 4900 171500
2323824994523 1¢b, . 306691705018729534"b, . 234191005373688536174°b, .
12005000 840350000 117649000000
325371888524897310994"b, N 12468177¢°c, N 363702492874°c, N 10302381719157¢%¢, N
11764900000 2450 171500 2401000
78758156467379241¢°c, . 25577221868929753233¢°c, . 98631230532500452293¢c, N
840350000 58824500000 58824500000
12468177¢ ¢, N 363702492874 c, N 103023817191574’c, N 78758156467379241¢°c, N
2450 171500 2401000 840350000
25577221868929753233¢ c, . 98631230532500452293¢°¢, . 124681774"c, . 363702492874°c, .
58824500000 58824500000 2450 171500
103023817191574°c, . 78758156467379241q c, . 255772218689297532334°%¢, .
2401000 840350000 58824500000
98631230532500452293¢°c, N 124681774 ¢, N 363702492874°c, N 103023817191574’c; N
58824500000 2450 171500 2401000
7875815646737924 14", N 25577221868929753233¢°c; N 98631230532500452293¢"c; N
840350000 58824500000 58824500000
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x=2,x,=55 ,x3:§ , x4=% ) Xs =% atamalari igin:

Sol(ChR(2A)) =

12937109¢ + 1171603406242214° + 1141991044242371¢° + 38406764145993198874" + 11738719070824705008569¢
12100 146410000 73205000 8052550000 1771561000000

Sag(ChR(2A,)) =

0t 66638228292761¢°a, N 3371258035284639¢"q, oat 66638228292761¢’a, N
0 146410000 73205000 : 146410000
33712580352846394°a, ria,+ 66638228292761¢"a, N 3371258035284639¢°a, g
73205000 : 146410000 73205000
66638228292761¢’a, N 3371258035284639¢ a, rda+ 66638228292761¢°a, N 3371258035284639¢%a, N
146410000 73205000 ! 146410000 73205000
S+ 66638228292761¢  a; . 3371258035284639¢°a, | 12888709gh, 2083193985634°h, N
’ 146410000 73205000 12100 665500
691799982416319¢°h, N 2139528468007930437¢°h, | 32961 17133019969707529¢°h, N
73205000 8052550000 1771561000000
27552874767920933942319¢°, . 12888709¢°b, N 208319398563¢°h, N 691799982416319¢°b,
885780500000 12100 665500 73205000
21395284680079304374°b, | 32961 17133019969707529¢°b, N 27552874767920933942319¢b, .
8052550000 1771561000000 885780500000
128887094°P, N 208319398563¢°D, N 691799982416319¢°b, . 21395284680079304374°b, N
12100 665500 73205000 8052550000
3296117133019969707529¢ b, N 275528747679209339423194°D, N 12888709¢b, N 208319398563¢°h, N
1771561000000 885780500000 12100 665500
691799982416319¢°D, N 21395284680079304374b, N 3296117133019969707529¢°b, N
73205000 8052550000 1771561000000
27552874767920933942319¢°b, N 12888709¢°b, N 2083193985634 °b; N 691799982416319¢ b, N
885780500000 12100 665500 73205000
21395284680079304374°b, N 3296117133019969707529¢°b, N 275528747679209339423194" b, N
8052550000 1771561000000 885780500000
71088921¢°c, N 5294109147874’c, N 18783119578722814"c, N 5896146960550112373¢’c, N
6050 665500 73205000 8052550000
44642702526289942413214¢°c, N 17776440066925130486589¢ ¢, N 71088921¢’c, N 5294109147874"c, N
885780500000 885780500000 6050 665500
1878311957872281¢°c, . 5896146960550112373¢°c, N 4464270252628994241321¢ ¢, .
73205000 8052550000 885780500000
177764400669251304865894°¢, N 71088921g"c, N 5294109147874’c, N 18783119578722814°c, N
885780500000 6050 665500 73205000
5896146960550112373¢ ¢, N 44642702526289942413214°%, N 17776440066925130486589¢°c, N
8052550000 885780500000 885780500000
710889214’ c; N 5294109147874 ¢, N 18783119578722814 ¢, N 58961469605501123734"¢; N
6050 665500 73205000 8052550000
4464270252628994241321¢°c, N 17776440066925130486589¢" ¢, N
885780500000 885780500000

a, +
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EK-5

Af) Afin Lie cebirinde R(2A,) indirgenemez temsilinin karakterinin sol ve sag

kistmlar1  permiitasyon agirlik fonksiyonellerinin 8. derinlige kadar olan
elemanlari[EK3] kullanilarak hesaplanmis ve her bir atama takimi icin asagida

sirastyla verilmigtir.

x=2,x,=15,x, :l . X, =l ) Xs =l atamalari icin:
3 5 2
Sol(ChR(2A,)) =
1+ 170597¢q + 182589233894° + 1284850338594 . 16678461158093¢" . 24902754269028713¢° .
900 810000 405000 4050000 729000000
48827533828418863¢° 4 14903715755240807394’ N 594941935595675674848 14"
182250000 911250000 656100000000
Sag(ChR(2A,)) =
a 71041957694, + 460815076694 a, + 94623218223949¢°a, + 147594147898455366361¢%a,
0 810000 135000 4860000 656100000000
71041957694, + 460815076694 a, + 94623218223949¢ a, + 147594147898455366361¢°q,
: 810000 135000 4860000 656100000000
‘0, + 7104195769q4a2 + 460815076694]6112 + 94623218223949q8a2 + 14759414789845536636 1q'°a2 +
810000 135000 4860000 656100000000
3, 7104195769qsa3 + 460815076694]%13 + 9462321822394961%13 147594147898455366361qlla3
} 810000 135000 4860000 656100000000
iy 7104195769¢°a, + 460815076694°a, + 94623218223949¢"°a, + 147594147898455366361¢"°a,
¢ 810000 135000 4860000 656100000000
S+ 71041957694 a, + 460815076694]9a5 + 94623218223949¢4" a, + 1475941478984553663614]”(15
’ 810000 135000 4860000 656100000000
5 7104195769q8a6 + 460815076694]'%6 + 946232182239494}'2116 + 1475941478984553663614]'4(16
o 810000 135000 4860000 656100000000
0+ 7104195769qga7 + 460815076694"'a, + 94623218223949q‘3a7 + 147594147898455366361¢" a,
7 810000 135000 4860000 656100000000
5, 71041957696]10(18 + 460815076694]'%18 + 946232182239494]“‘&8 + 14759414789845536636lc]“"cz8
’ 810000 135000 4860000 656100000000
166997 gb, + 44461369q2b1 + 18513925717q3b1 + 5198999730863q4b1 + 32064742360406336]51)1 +
900 4500 135000 4050000 729000000
903880863761009¢°h, + 727831350689198701¢" b, + 764758045773085351¢°h,
24300000 3645000000 1822500000
3105707309218858701 13‘19191 + 1669974]2192 + 444613696]3172 + 185139257 17q4b2 + 5198999730863¢°b,
109350000000 900 4500 135000 4050000
3206474236040633¢°b, + 903880863761009¢"b, + 727831350689198701¢°b, + 7647580457730853514°b,
729000000 24300000 3645000000 1822500000
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310570730921885870113¢'°b, + 166997¢°b, + 444613694°b, + 18513925717¢°b, + 51989997308634°b, +
109350000000 900 4500 135000 4050000
3206474236040633¢b, N 9038808637610094°b, + 727831350689198701¢°b, + 7647580457730853514'%, N

729000000 24300000 3645000000 1822500000
310570730921885870113¢"'b, N 166997¢'b, = 444613694°b, N 185139257174°b, N 5198999730863¢ b, .
109350000000 900 4500 135000 4050000
32064742360406334°D, . 903880863761009¢°b, N 727831350689198701¢"b, N
729000000 24300000 3645000000
7647580457730853514"'b, N 310570730921885870113¢"b, N 1669974, N 44461369¢°D, N
1822500000 109350000000 900 4500
185139257174’ b, . 51989997308634"b; N 32064742360406334°b; . 903880863761009¢'°b; N
135000 4050000 729000000 24300000
727831350689198701¢"'b, . 764758045773085351¢"b, . 310570730921885870113¢" b, . 1669974, .
3645000000 1822500000 109350000000 900
44461369¢ b, N 185139257174°b, N 5198999730863¢°b, N 32064742360406334'°b, .
4500 135000 4050000 729000000
903880863761009¢''b, N 727831350689198701¢%b, N 764758045773085351¢" b, .
24300000 3645000000 1822500000
310570730921885870113¢" b, N 1669974’b, N 44461369¢°b, N 185139257174°b, N 51989997308634'°b, N
109350000000 900 4500 135000 4050000
3206474236040633¢'"'b, . 903880863761009¢"°b, . 727831350689198701¢"b, .
729000000 24300000 3645000000
764758045773085351¢"b, . 310570730921885870113¢"b, N 1669974°b, N 44461369¢°b,
1822500000 109350000000 900 4500
185139257174 b, N 5198999730863¢''b, N 32064742360406334", N
135000 4050000 729000000
9038808637610094" b, N 727831350689198701¢"b, N 764758045773085351¢ b, N
24300000 3645000000 1822500000
310570730921885870113¢4'D, . 178691q°c, . 87396313¢°c, . 4267353751¢"c, . 97896104694714°c, .
109350000000 150 4500 27000 4050000
1003181254875539¢°c, . 3133612963549679¢ ¢, . 4973232676911517274°¢, .
121500000 121500000 3645000000
1228489501542778511¢’°c, . 7385115683914961363¢"c, . 178691¢°c, . 87396313¢"c, .
3645000000 4374000000 150 4500
4267353751¢°c, N 9789610469471¢°c, N 1003181254875539¢ ¢, N 31336129635496794°c, N
27000 4050000 121500000 121500000
4973232676911517274°c, . 1228489501542778511¢"c, . 7385115683914961363¢''c, . 178691¢%c, .
3645000000 3645000000 4374000000 150
87396313¢°c, | 426735375 1¢°, N 9789610469471¢ c, N 1003181254875539¢"¢, N
4500 27000 4050000 121500000
3133612963549679¢’c, . 4973232676911517274"c, . 1228489501542778511¢"'c, .

121500000 3645000000 3645000000
7385115683914961363¢'*c, N 178691¢’°c; N 87396313¢°c, N 4267353751q ¢, N 978961046947 1g°c, N
4374000000 150 4500 27000 4050000

1003181254875539¢°c, N 31336129635496794'°c; | 497323267691 151727g"¢,
121500000 121500000 3645000000
12284895015427785114"%c, . 7385115683914961363¢" ¢, N 178691¢°¢, . 87396313¢c, .
3645000000 4374000000 150 4500
4267353751¢"%c, N 9789610469471¢°c, N 1003181254875539¢"c, N 31336129635496794"'c, N
27000 4050000 121500000 121500000
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497323267691151727q”q§+1228489501542778511q”c6*_7385115683914961363q”q§+178691q7c7+

3645000000 3645000000 4374000000 150
87396313q807+_4267353751q9c7*_9789610469471qmc74_1003181254875539q”c7*_

4500 27000 4050000 121500000

313361296354967941'%7+49732326769115172741%7+1228489501542778511q'4c7+

121500000 3645000000 3645000000
7385115683914961363q”c7+178691q8c8+87396313q"’c8+4267353751q1°c84_9789610469471q“c8+

4374000000 150 4500 27000 4050000
1003181254875539q‘2c84_3133612963549679(1%8+497323267691151727q“‘c8+

121500000 121500000 3645000000
1228489501542778511q‘5c8+7385115683914961363q‘6c8

3645000000 4374000000

1 ..
, X, =— atamalar i¢in:
2

x1:2,x2:35,x3:§ ,x4:%

Sol(ChR(2A,)) =

+ 2689133¢g + 4783698380749¢° + 42707404582739¢4° + 65918621437061163¢*  106773116375956260257¢
4900 24010000 12005000 840350000 117649000000
3443625281745953515274° + 94258168258076858402421¢” + 384610150064168194209591521¢"
29412250000 1029428750000 576480100000000

Sag(ChR(2A,)) =

. 4_2309510926409q2a0+_13459184726361q4a04_5477049697230902703q6a0+
0 24010000 1715000 2352980000
19776343871150332252780281q*a(,+ 614_2309510926409q3a1+13459184726361q5a1+
576480100000000 ! 24010000 1715000
5477049697230902703q7a1+19776343871150332252780281q9ay+q2a +_2309510926409q4a2+
2352980000 576480100000000 : 24010000

13459184726361q6a2+_5477049697230902703q8a24_19776343871150332252780281qma2_Fq3

1715000 2352980000 576480100000000
2309510926409q5a34_13459184726361q7a34_5477049697230902703q9a34_

24010000 1715000 2352980000
19776343871150332252780281q”a3_Fq4a *_2309510926409q6a44_13459184726361q%h N

576480100000000 ! 24010000 1715000
5477049697230902703qma4_F19776343871150332252780281q”a4_+q5a +_2309510926409q7a5+
2352980000 576480100000000 ’ 24010000

13459184726361q9a54_5477049697230902703q”a54_19776343871150332252780281q”a5_Fqé

1715000 2352980000 576480100000000
2309510926409q*a64_13459184726361(11"(16+5477049697230902703«;%6_F

24010000 1715000 2352980000
19776343871150332252780281q”a6_Fq7a +_2309510926409q9a74_1345918472636151“617_F

576480100000000 7 24010000 1715000

a, +

ag +

53



5477049697230902703¢" a, . 19776343871150332252780281¢ " a, rdat 23095109264094"a,
2352980000 576480100000000 ’ 24010000
13459184726361¢"a, N 5477049697230902703¢" a, | 1977634387115033225278028 14'°a,
1715000 2352980000 576480100000000
2669533gh, | 1517563751 1g°b, | 2323824994523 1¢’b, N 30669170501872953¢ b,
4900 171500 12005000 840350000
23419100537368853617¢°h, . 325371888524897310994¢°h, | 925234731970132561 10019¢’b,
117649000000 11764900000 4117715000000
142899339152381947786729¢°h, N 179292405367755396452277219¢°h, . 2669533¢°b, .
2058857500000 288240050000000 4900
15175637511¢’b, | 2323824994523 1g*b, N 30669170501872953¢°b, N 23419100537368853617¢°b, N
171500 12005000 840350000 117649000000
32537188852489731099¢ b, . 92523473197013256110019¢°b, N 142899339152381947786729¢°b, .
11764900000 4117715000000 2058857500000
179292405367755396452277219¢'°b, N 2669533¢°b, N 15175637511¢"b, | 2323824994523 1¢°b, N
288240050000000 4900 171500 12005000
30669170501872953¢°b, . 234191005373688536174 b, N 32537188852489731099¢°b, N
840350000 117649000000 11764900000
92523473197013256110019¢°b, . 1428993391523819477867294'"°b,
4117715000000 2058857500000
1792924053677553964522772194"'b, . 26695334, . 15175637511¢°b, | 2323824994523 14°b, .
288240050000000 4900 171500 12005000
30669170501872953¢ b, . 234191005373688536174"b, N 32537188852489731099¢°b,
840350000 117649000000 11764900000
92523473197013256110019¢'°b, N 142899339152381947786729¢''b,
4117715000000 2058857500000
1792924053677553964522772194 b, . 2669533¢°b, . 15175637511¢°b, 2323824994523 19b,
288240050000000 4900 171500 12005000
30669170501872953¢°b, N 23419100537368853617¢°b, N 325371888524897310994 b, .
840350000 117649000000 11764900000
92523473197013256110019¢"'b, N 142899339152381947786729¢"b, N
4117715000000 2058857500000
179292405367755396452277219¢"b, . 2669533¢°b, . 15175637511¢b, . 23238249945231¢°b, .
288240050000000 4900 171500 12005000
306691705018729534°b, . 234191005373688536174¢"°b, N 32537188852489731099¢"'b, N
840350000 117649000000 11764900000
92523473197013256110019¢"°b, . 142899339152381947786729¢"b, .
4117715000000 2058857500000
179292405367755396452277219¢"b, N 26695334 b, N 15175637511¢"b, , 2323824994523 1¢°p, N
288240050000000 4900 171500 12005000
306691705018729534"p, . 234191005373688536174''b, .
840350000 117649000000
325371888524897310994'°h, . 92523473197013256110019¢"p, N 142899339152381947786729¢"b, .
11764900000 4117715000000 2058857500000
179292405367755396452277219¢"b, N 2669533¢°b, | 1517563751 14°b, . 2323824994523 14", .
288240050000000 4900 171500 12005000
306691705018729534" b, . 234191005373688536174'*b, N 32537188852489731099¢" b,
840350000 117649000000 11764900000
92523473197013256110019¢"b, . 142899339152381947786729¢" b, N
4117715000000 2058857500000
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179292405367755396452277219¢'°b, 12468177q°¢c, 363702492874°c, 10302381719157¢"c,
+ + +

288240050000000 2450 171500 2401000
78758156467379241q5c2+25577221868929753233q6c2+98631230532500452293q7c2
840350000 58824500000 58824500000
75435690096710721294273q8c2+191280473564483619596769q9c2
4117715000000 4117715000000
27536890545643945491298269q”&5_F12468177q3c34_36370249287q4c3*_10302381719157q5c3
57648010000000 2450 171500 2401000
78758156467379241q6c34_25577221868929753233q7c3+_98631230532500452293q8q
840350000 58824500000 58824500000
75435690096710721294273q9c34_191280473564483619596769qmc3
4117715000000 4117715000000
27536890545643945491298269q”c34_12468177q4c4 36370249287q°c,  103023817191574°,
57648010000000 2450 171500 2401000
78758156467379241q7c4+_25577221868929753233q*q44_98631230532500452293q9c4
840350000 58824500000 58824500000
75435690096710721294273q”2h_F191280473564483619596769q”c4
4117715000000 4117715000000
27536890545643945491298269q”c4_F12468177q5c54_36370249287qﬂ% +10302381719157q7q
57648010000000 2450 171500 2401000
78758156467379241qﬂg_F25577221868929753233q9%_+98631230532500452293qmc5+
840350000 58824500000 58824500000
75435690096710721294273q“c54_191280473564483619596769q”c5
4117715000000 4117715000000
27536890545643945491298269q”c54_1246817751%6+36370249287q7c64_1030238171915751%6+
57648010000000 2450 171500 2401000
787581564673792414’c, N 25577221868929753233¢' ¢, N 98631230532500452293¢"'¢,
840350000 58824500000 58824500000
75435690096710721294273q‘2c6+191280473564483619596769q”c6
4117715000000 4117715000000
27536890545643945491298269q”c64_12468177q7c74_36370249287q8c74_10302381719157q9c7
57648010000000 2450 171500 2401000
78758156467379241q”c7+25577221868929753233q“c7+98631230532500452293q‘2c7
840350000 58824500000 58824500000
75435690096710721294273q‘3c7+191280473564483619596769q”c7
4117715000000 4117715000000
27536890545643945491298269q”c74_12468177q8%_+36370249287q9c8+
57648010000000 2450 171500
10302381719157(1%84_78758156467379241(1“%+25577221868929753233q'2c8
2401000 840350000 58824500000
98631230532500452293q”c8+75435690096710721294273q”c8+191280473564483619596769(1%8+
58824500000 4117715000000 4117715000000
27536890545643945491298269qmc8+
57648010000000
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x=2,x,=55 ,x3:§ , x4=% ) Xs =% atamalari igin:

Sol(ChR(2A)) =
120371099 , 117160340624221¢° | 1141991044242371¢° | 38406764145993198874* , 11738719070824705008569¢"

12100 146410000 73205000 8052550000 1771561000000
52462224957228939220879(]6_I_25723169776427844479902617:]7+194433883209128971880873752961:]8+

442890250000 24358963750000 21435888100000000

Sag(ChR(2A,)) =

; +_66638228292761q2a04_3371258035284639q4a04_29732175998971472771391q“ao+
0 146410000 73205000 885780500000
12571260862901417784709652121q8a04_qa +_66638228292761q3a1+3371258035284639an1+
21435888100000000 1 146410000 73205000
29732175998971472771391q7a1+12571260862901417784709652121q9%_+q2a +_66638228292761q4a2+
885780500000 21435888100000000 : 146410000
337125803528463941%12+29732175998971472771391q8a2+12571260862901417784709652121ql°a2+
73205000 885780500000 21435888100000000
i +6663822829276161%43+33712580352846395/643+29732175998971472771391519(13+
’ 146410000 73205000 885780500000
12571260862901417784709652121q”a34_q4a +_66638228292761q6a44_3371258035284639q8a4+
21435888100000000 ¢ 146410000 73205000
29732175998971472771391qma4*_1257126086290141778470965212lq”aA_Fqsa +_66638228292761q7a5+
885780500000 21435888100000000 ’ 146410000
3371258035284639q9a5+_29732175998971472771391q”a54_12571260862901417784709652121q”a5_Fqﬁa N
73205000 885780500000 21435888100000000 ¢
66638228292761q$aﬁ+337125803528463961‘“(16+297321759989714727713915,”(16+
146410000 73205000 885780500000
12571260862901417784709652121q”a6_Fq7a +66638228292761q,°a7+337125803528463941“617+
21435888100000000 ! 146410000 73205000
29732175998971472771391q”a7_F12571260862901417784709652121q”a7_Fqga .
885780500000 21435888100000000 s
66638228292761qma84_3371258035284639q"a84_29732175998971472771391q”a8+
146410000 73205000 885780500000
125712608629014177847096521Zlqmag*_12888709qb]+_208319398563q2b]+_691799982416319q3h .
21435888100000000 12100 665500 73205000
2139528468007930437q4h_+3296117133019969707529qsh_+27552874767920933942319q“h N
8052550000 1771561000000 885780500000
33086534030934637212025983471;1+65612353832647507226491037q8b,+
97435855000000 48717927500000
146026875109476868132951751619¢°h, +12888709q2b2+_208319398563q3b24_691799982416319q4b2+
10717944050000000 12100 665500 73205000
2139528468007930437451;2+32961171330199697075294%2+27552874767920933942319q7bZ+
8052550000 1771561000000 885780500000
33086534030934637212025983q*b2+656123538326475072264910374%Z+
97435855000000 48717927500000
1460268751094768681329517516195,“’1;2+12888709q3b3+20831939856341‘%3+_69179998241631947;3+
10717944050000000 12100 665500 73205000
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2139528468007930437¢°b, + 3296117133019969707529¢ b, 4 275528747679209339423194°h,

8052550000 1771561000000 885780500000
330865340309346372120259834°b, N 656123538326475072264910374"b, N
97435855000000 48717927500000
146026875109476868132951751619¢''b, N 128887094 b, N 208319398563¢°b, | 691799982416319¢°b, N
10717944050000000 12100 665500 73205000
21395284680079304374b, L 32961 171330199697075294°b, N 27552874767920933942319¢°b, N
8052550000 1771561000000 885780500000
330865340309346372120259834'p, . 65612353832647507226491037¢""'b, .
97435855000000 48717927500000
1460268751094768681329517516194'°b, N 128887094’ b, N 2083193985634, N 691799982416319¢ b,
10717944050000000 12100 665500 73205000
21395284680079304374°b, N 3296117133019969707529¢°b, N 275528747679209339423194'°b, N
8052550000 1771561000000 885780500000
330865340309346372120259834"'b, N 656123538326475072264910374"b, N
97435855000000 48717927500000
146026875109476868132951751619¢" b, N 128887094 °b, N 2083193985634 b, N 691799982416319¢°b, N
10717944050000000 12100 665500 73205000
21395284680079304374°b, L 32961 171330199697075294'°b, N 27552874767920933942319¢"'b, N
8052550000 1771561000000 885780500000
330865340309346372120259834"b, N 656123538326475072264910374"b, N
97435855000000 48717927500000
146026875109476868132951751619¢" b, N 128887094 b, N 2083193985634'b, N 691799982416319¢°b, N
10717944050000000 12100 665500 73205000
21395284680079304374"b, N 3296117133019969707529¢"'b, N 27552874767920933942319¢"b, N
8052550000 1771561000000 885780500000
33086534030934637212025983¢"b, . 656123538326475072264910374" b, .
97435855000000 48717927500000
146026875109476868132951751619¢"b, . 128887094°h, . 2083193985634, . 691799982416319¢' b, N
10717944050000000 12100 665500 73205000
21395284680079304374" b, N 3296117133019969707529¢'*b, . 275528747679209339423194" b, N
8052550000 1771561000000 885780500000
330865340309346372120259834"b, . 656123538326475072264910374'°b,
97435855000000 48717927500000
146026875109476868132951751619¢'b, N 710889214°c, N 529410914787¢°c, . 1878311957872281¢"c, N
10717944050000000 6050 665500 73205000
5896146960550112373¢’c, N 44642702526289942413214¢°c, N 17776440066925130486589¢ ¢, N
8052550000 885780500000 885780500000
329819573054708634961657174'c, N 74709176834416340230859253¢°c, .
97435855000000 97435855000000
140996313452198743860847497201¢"°c, . 71088921¢°c, . 5294109147874"c, . 1878311957872281¢c, .
10717944050000000 6050 665500 73205000
58961469605501123734°c, . 44642702526289942413214c, . 17776440066925130486589¢°c,
8052550000 885780500000 885780500000
32981957305470863496165717¢’c, . 74709176834416340230859253¢"c, .
97435855000000 97435855000000
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140996313452198743860847497201q'"'c, . 71088921g"c, . 5294109147874°c, L 187831 19578722814°c,
10717944050000000 6050 665500 73205000
5896146960550112373¢ ¢, . 44642702526289942413214°c, . 17776440066925130486589¢°c,
8052550000 885780500000 885780500000
32981957305470863496165717¢"c, . 74709176834416340230859253¢''c, .
97435855000000 97435855000000
1409963134521987438608474972014"c, . 71088921¢°c; . 5294109147874°c, L 187831 19578722814 c;
10717944050000000 6050 665500 73205000
5896146960550112373¢ ¢, . 4464270252628994241321¢°c, . 17776440066925130486589¢"c;
8052550000 885780500000 885780500000
329819573054708634961657174"'c, . 747091768344163402308592534 ¢,
97435855000000 97435855000000
1409963134521987438608474972014" ¢, . 71088921¢°¢, . 5294109147874 ¢, . 1878311957872281¢°c, .
10717944050000000 6050 665500 73205000
5896146960550112373¢°c, . 44642702526289942413214"c, . 17776440066925130486589¢" ', .
8052550000 885780500000 885780500000
329819573054708634961657174" ¢, . 74709176834416340230859253¢ "¢, .
97435855000000 97435855000000
140996313452198743860847497201¢" ¢, . 71088921¢’c, . 5294109147874, . 18783119578722814’c,
10717944050000000 6050 665500 73205000
5896146960550112373¢"c, . 4464270252628994241321¢'"'c, . 17776440066925130486589¢ "¢,
8052550000 885780500000 885780500000
329819573054708634961657174"c, . 74709176834416340230859253¢"c,
97435855000000 97435855000000
1409963134521987438608474972014" ¢, N 710889214°¢, N 5294109147874°c, N 1878311957872281¢"c, N
10717944050000000 6050 665500 73205000
58961469605501123734"'c, . 44642702526289942413214'*c, . 17776440066925130486589¢"c, .

8052550000 885780500000 885780500000
32981957305470863496165717¢" ¢, + 74709176834416340230859253¢" ¢, + 140996313452198743860847497201¢'c, +

97435855000000 97435855000000 10717944050000000
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EK-6

Burada B" Afin Lie cebirinde A baskin agirhk fonksiyonelinin yoriingeleri 7.

derinlige kadar @(A,7) formunda

A, yoriingesinde (A, 7)

AO
_5+A0 T T,
—0 =24, + A, +2u +u, + 1,
—0 =24, + A, + 1+ U,
—20+A,+24,
—20—44,+ ANy + 20, +2u, + 24,
—20+21,+A,
2024, + Ay +2u, + 21, +24,

2024, +A,+2u,+24,
—20-24,+ A, +24,
—20-24,+A,

30+ A,+ 24+ 1, + 1,

=30 -2, + A, +31, +2u, + i,
=380 -2, + A, +3u, + 1,
—30—-44,+ A, +3u, +3u, +2u,
=30 -4, + A, +31, +2u, + i,

30 -4, + A, +2u+ 1, + 1,
—40+ A, +21,+ 24,

—40—4A, + Ay +4u +2u, + 24,
—40 -4, + Ay + 21, + 24,
50+ A, +3u, + 1,

=50 =24, + A, +4u +u, + 1,
—50—64, + A, +4u +3u, +3u,
=56 -6, + A, +3u1, +31, +24,

—S50+24,+ Ay + 1 + U,

=50 =24, + A +3u, +3u, +24,
=50 =24, + A, +3u, +3u,
—50—44, + A +4u +3u, +3u,

verilmistir.

—50—44, + A, +4u +3u, + U,
=504, + Ay +4u + 1, + 1,
=50 44, + A, +3u, +3u,
—50—-44,+ A, +3u, + 41,
5044, + A+ u + 1,
—60+ A, +24, + 21, +24,

—60 —44, + A +4u +4u, + 24,
—60 -4, + A, +4u, +2u,

—60—44,+ A, +2u4,

—60+24,+ A, +24,

—60 =24, + A +4u + 21, + 24,
—60—24,+ A, +4u,+2u,

—60 24, + A, +44,

—60—64, + A, +4u, +4u, +4u,
—60—64, + A, +4u +4u, +2u,
—60—64, + Ay +4u, +2u, + 24,

—60—64, + A+ 2, +2u, +2u,
=70+ A, +3u,+2u, + 1,

—TO =24, + Ay +4u, +3u, + 1,
—T0 -4, + ANy +5u, +3u, + 24,
—T—44, + Ay +5u, +2u, + 1,
—TO—6A4, + Ay +5u,+4u, +31,
—70 -6, + A, +5u, +3u, +2u,
—TO—64, + Ay +4u, +31, + 1,
=70 -6, + A, +34, +2u, + U,
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A, yoriingesinde @(A,,7)

A+ 44
_2/14""/\0 T T
=0+ Ao+ M+ + 1
—0 =24, + A, +2u, +2u, + U,
—0 =24, + A, +2u + 1,
—0 24, +A,+ 4
20+ A, +2u, + 1,
2024, + A, +3u, + 1, + i,

2044, + A +3u, +2u, +24,
2044, + A+ 21, +2u, + 1,
—30+24, + A, + 4,

=30 =24, + Ay +31, + 21, + 24,
—36 24, + A, +3u,+24,
—30-21,+A,+34,

—30—44, + A, +3u,+3u, +3u,
=30 -4, + Ay +31, + 31, + 14

30 -4, + A, +31, + 1, + 1,
—30—44,+ Ay + 1 + 1, + 1y
—40+ A, +34,

—46—-64, + A, +3u, +3u, +31,
—40+ A, +24, + 21, + 1,

—46 =24, + A, + 3, +3u, + 1,
—40—4A,+ Ay +4u +3u, +2u,
—46 -4, + Ay +4u, + 21, + 1,

—40 -4, + A +3u, +24,

—46 -4, + Ay +2u + i,
=50+ AN, 30+ 1, + 1

=50 =24, + A, +4u +2u, + i,
=50 =24, + A, +4u + U,

50 -6, + A, +4u +4u, +31,
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—60+A,+3u,+2u,

—60 —4A4, + Ay +5u, +2u, +2u,
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—60—64, + A, +3u, +3u, + 1,
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—60 =24, + A, + 3, +3u, + 31,
—60—4A, + A, +4u +4u, +3u,
—60 —44, + Ay +4u, +4u, + 1,

—60 -4, + A, +4u, +31,

—60 —44, + A, +4u, + 1,
—60—44,+ A, +34,

—60—44, + A, + 4,

—TO+2,+ Ny + 24, + 1,

T8 =24, + A, +4u, +3u, +2u,
=70 -2, + A, +4u, +3u,
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—T0—44, + A, +5u,+3u1, + 1,
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—T0—64,+ A, +5u, +4u, +4u,
T -6, + A, +5u, +4u, +2u,
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—T0—6A4,+ A, +4u, +2u, + U,
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—0 =24, +2A, 31, + 20, + 1,
—0 =24, +2A,+3u, + 1,
—0—4A, +2A, +3u, +3u, + 24,
—0— 44, + 2N, +3u, +2u, + 1,

—0—4A, + 2N, +2u, + 1, + U,
—20+2A,+3u, + 1,

2024, + 2N, + 4 + 1, + 1,
—20—-64, +2A,+4u, +3u, +31,
—20—-64, +2A, +34, +341, +24,
20424, +2A,+ 1, + U,
2024, +2A,+3u, +31, +2u,
—20-24,+2A,+3u, +34,

2044, +2A, +4u, +3u, +31,
2044, +2A, +4u, +3u, + 1,
—20—44,+ 2N, +4u, + 1, + 1,
—20—-44,+2A,+3u,+34,
—20—-44,+2A,+3u, + 1,
2044, + 2N, + 1, + U,

=38 +2A, + 34, + 24, + 1,

=30 -2, +2A,+4u, + 31, + 1,
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—30 -6, +2A,+5u, +4u, +31,
—30—64, +2A,+ 541, +31, + 24,
—30 -6, +2A,+4u, +3u, + 1,
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—40+ 2N, +4u, + 1, + U,
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—46 =84, +2A,+ 51, +5u, + 41,
—40 -84, +2A, +5u, +4u, + 34,
—46 =8, +2A, + 4, +31, +3u,
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—46 =24, +2A, +4u, +3u, + 31,
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—46—44, +2A, +5u, + 31,
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—40—64, +2A, +5u, +4u, + 1,
—46—64, +2A, +5u, +2u, + 1,
—40—64, +2A, +4u + 1, + 1y
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—46—64, +2A,+64, +3u, +31,
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—60+2A, + 44, +31, + U,
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—60 -84, +2A,+ T, +4u, + 31,
—60 =84, +2A,+ 51, +4u, + 1,

—60 -84, +2A, +4u, +3u, + 1,
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—60—4A4, +2A,+5u,+5u,
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—60—64, +2A,+5u,+ 54,

—60—064, +2A,+5u, + 1,
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—T10 -4, +2A, + 64, +5u1, + 1,
T =64, +2A, +T 1, +5u1, +44,
T =64, +2A, +7 1, +51, + 24,
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—0 =24, +2A,+3u, +2u,
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—0—4A4, +2A, +3u, +31, +3u,
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—0—4A4, +2A, + 1, + 1, + 1,
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=302, +2A, +4u, +3u, +2u,
-3 -2, +2A, +4u, +34,
—30—44,+2A,+5u,+3u, +31,
—30—4A4, +2A, + 51, + 31, + 1,
=30 —44, + 2N, 50+ 1, + 1y

—30 -6, +2A,+5u, +4u, +4u,
—30 -6, +2A,+51, +4u, +2u,
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—30 -6, +2A, +4u, +4u, + i,
—30—64, +2A, +4u, + 21, + 1,
=30 -6, +2A,+ 2, +2u, + U,
—40+24,+2A,+34,

—46 =24, + 2N, + 50, + 20, + 24,

—46 =24, +2A, +5u, +2u,
—46 =24, +2A,+54,

—40 =84, +2A,+ 50, + 51, + 54,
—46 =84, +2A,+ 51, +5u, + 31,
—40 -84, +2A, + 54, +3u, + 34,
—46 -84, +2A,+31, + 31, + 34,
—40+2A, +3u, +3u, + 1,

—46 =24, + 2N, +4u + 4, + 1

—46—64, +2A,+ 64, +4u, +3u,
—46—64, +2A,+64, +31, + 24,
—40—-64, +2A, +4u,+3u,
—46—-64, +2A,+3u,+2u,
—50+24,+ 2N, + 24, +2u, + U,
=50 =24, +2A, +4u, +4u, + 34,
—50—44,+2A,+5u, +5u, +3u,
=50 —44, +2A,+50, + 51, + 1,

—50 -6, +2A,+64, +51, +4 4,
—50 -6, +2A,+64, +51, +24,
—50—64, +2A,+ 64, +4u, + 1,
—50 -6, +2A,+64, +2u, + U,
—50—64, +2A,+ 51, +4u,

—50 -6, +2A,+5u,+2u,
—50—64, +2A, +4u, + U,
—50—-64,+2A,+21, + 1,

—00+2A, + 50, + 1, + 1

—60 =24, +2A, + 64, + 21, + U,
—60 -2, +2A,+64, + U,

—60 —104, +2A, + 64, + 644, + 51,
—60—104, +2A, + 64, + 54, + 44,
—60 —104, +2A, + 54, + 41, + 41,
—60+24, +2A, +3u, +2u,

—60 — 24, +2A, + 54, + 41, + 24,



—60 =24, +2A, +5u, +4u,
—60—64, +2A, + 71, +4u, +44,
—60—064, +2A, + T, +4u, +2u,
—60—64, +2A, + 71, + 21, +24,
—60 -84, +2A,+ T, +5u, +51,
—60 -84, +2A,+ T, +5u, +3u,
—60 —8A, +2A, + T, + 31, + 34,
—60 —8A4, +2A,+ 51, +5u, + 1,

—60 -84, +2A,+51, + 31, + 1,
—60 -84, +2A, +31, + 31, + 1,
—60+2A,+3u,+3u, +3u,
—60—64, +2A,+64, +64, + 31,
—60—64, +2A,+64,+3u,
—65—64, +2A, +34,
—TO+24,+2A,+4u, + 1,
—T8—-24,+2A,+ 64, +3u, + 24,

T8 -2, +2A,+ 64, +3u,

—TO =44, + 2N, + T, +3u, + 31,
=70 -4, +2A, +T 1, +31, + 1,
—TO—4A4, + 2N, + T, + 1, + U,
—70—104, +2A, + 71, + 61, + 61,
—T0—104, +2A,+ T, + 64, +4 1,
=70 —104, +2A, + 71, +4u, +4 4,
—T78—104, +2A, + 6, + 644, +31,

—T0—-64,+2A,+54,
—TO—64,+2A,+ 4,
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—T78—-104, +2A, + 6, + 41, +31,
—T0—104, +2A, +4u, +4u, +31,
—TO+44,+2A, + 1, + 1, + 1,
—TO—4A4, +2A,+51, +51, + 51,
—70 -6, +2A,+64, +64, +51,
—T—64,+2A,+64, +64, + U,
—70 -6, +2A,+64, +54,
—T—64,+2A,+64, + 1,
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A, +A,

—Ay N+ 1+ 1+ U
_/14+Ao+:u1 T4,
A+ N, U

-4, +A,

-0+, +A,+ 4
_5_/14"'/\0 F20+ p, + 4y
—0— A, + A, +2u + 1,

—0—-A,+A,+24

—0 =34, + A, +2u, +2u, +24,
—0 =34, + A, +24, + 20, + 1,
=0 =34, + A, +2u + 1, + U,
—0 =34+ Ao+ + 1y +
20+, + A+ 1,
204, + N 20+ 21, + 1,
20—, + A, +2u,+2u,

2034, + A, +3u, +2u, +2u,
2034, + A, +3u, +2u, + 1,
203, + A, +3u, + 1, + 1,
2034, +A,+2u,+24,
2034, + A, +24, + 1,
2034, +A,+ 1, + 1,
30+ A4, +A,+24,
—30—A, + N, +30 + 1+ 1L

—30-A,+A,+3u, + 1,
—30-A4,+A,+34,

—30 =54, + Ay +31, +31, +31,
—30 54, + A, +3u, +3u, + 24,
=30 =54, + Ay +3u, +2u, + 24,
3054, +A,+2u,+2u, +24,
30+, + A, + 4+ 1, + U
—30—A, + A, +20 + 24, +24,

=30 34, + A, +3u, +3u, +2u,
=30 34, + A, +3u,+3u, + 1,
—36-34,+ A, +31, +2u,
3034, +A,+3u,+ 1,
-36-34,+A,+24,
—30-34,+A,+ 4
—40+ A, + Ay +2u + 1,
—46— A, + Ay +31, + 24, + U,

—46 -, + A, +31, + 24,

—46 =34, + A, +4u +2u, +24,
—40 =34, + Ay +4u, +2u, + 1,
—46 =34, + A, +4u, + 1, + i,
—40 =54, + A, +4u, +31, + 31,
—46 =5, + Ay +4u, +3u, + 24,
—40 -5, + A, +4u, +2u, +2u,
—46 =51, + Ny +341, + 31, + 14

—46 =54, + A, +341, + 21, + i,
—40 =54, + Ny +24, +20, + 1y
—40+34, +A,

—46 -3, + A, +3u, +31, +3u,
—40 -3, + A, +3u,+34,
—46-34,+ A, +34,

45 -3, + A,

S50+ A, + Ay + 20+ 1, + 1

—50—A,+ A, +30, + 21, + 24,
=50 34, +A,+4u, +3u, +2u,
=50 =31, + Ay +4u, +30, + 1,
5034, +A,+4u, +2u,

50 -3, + A, +4u + 1,

=50 54, + A, +4u, +4u, +3u,
=50 =54, + A, +4u, +4u, +2u,
=50 54, + A, +4u, +3u, + 1,



—50 =54, + N, +4u +2u,+ 1,
—50 =54, + N, +3u, + 1, + 1y
50 =5, + Ay + 24, + 1, + 1,
—60+ 4, +A,+34,

—60— A, + A +4u + 1, + 1,
—60— A, + A +4u + 1,

—60 -4, +A,+4u,

—60—TA, + Ay +4u, +4u, +44,

—60—TA, + A, +4u, +4u, +31,
—60—TA, + A, +4u, +3u, +3u,
—60—TA, + A, +34, +31, +31,
—60+34,+ A, + 4,

—60 -3, + A, +44, +31, +34,
—60 34, + A, +4u,+3u,
—60-31,+ A, +44,

—60 -5, + A, +4u +4u, +4u,

—60 =54, + A, +4u +4u, + 1,
—600 =54, + A, +4u, + 1, + 1,
—60 -5, + A, + 1, + 1, + U,
—60+ A, + A, +2u,+2u,
—60—A, + A, +3u,+3u, + 1,
—60 -4, +A,+31, +31,

—60 -5, + A, +5u, +3u, +3u,
—60 -5, + Ay +5u1, +31, +2u,

=70 -54,+ A, +4u,+34,
—T6—=5A,+ A, +4u, +2u,
T8 =54, + A, +31, + 1,
=710 —54,+ A, +2u, + 1,
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T8 =34, + A, +51, + 21, + 1,
T8 =3, + Ay + 51, + 1, + 1,
—TO=TA, + AN, +5u, +4u, +44u,
—TO—=TA,+ A, +5u +4u, +31,
—T10=TA, + N, +5u,+3u, +3u,
—TO—=TA+A,+4u, +4u, +2u,
—T10=TA, + A, +4u, +31, +24,
—T8—=TA,+ Ay +3u, +341, + 24,

T+ A, + Ay +2u, + 21, + U,
—TO—A, + Ay +3u, +3u, +2u,
=70 =34, + A, +4u, +4u, +2u,
T =34, + N, +4u +4u, + 1,
=710 —5A, + A, +5u, +4u, +3u,
—TO =5, + Ay +5u, +4u, +2u,
=70 =54, + A, +5u, +31, + 1,
—T =5, + Ay +51,+24, + 1,

—60 =54, + Ay +501, + 21, + 24,
—60—54,+ A, +3u, +34,

—60 -5, + A, +3u,+24,

—60 =54, + A, +2u,+24,
10+ A, + A, +31, + 1,
—TO—A, + A +4u, +2u, + 1,
—T10—-A, + A +4u,+2u,
=T34, + Ny +501, + 24, + 24,
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—TA,+TA,+64, +31, +24,
—TA+TA +4u, +2u, + 1,
=S4, +TA,+6u, +4u, +2u,
—TA,+TA,+64, +51, +31,
=34, +TA,+5u, +4u, + 1,
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=54, +TA,+64, +3u, + 1,
—TA,+TA,+64,+4u, +2u,
—A,+TA +4u, +30, + 24,
54, +TA,+64, +41, +31,
—TA,+TN,+64, +5u1, + 41,
34, +TA,+5u, +4u, +24,
A +TA+30 +20, + 1y

—0 =9, +TA, +4u, +31, + L,
—0—9A, +TA,+6u, +4u, + 1,
—0—TA,+TA,+8u, +31, +24,
—0 =94, +TA, +8u, +4u, +3u,
—0—9A, +TA, +5u,+3u, + i,
—0—=TA,+TNA,+8u, +5u, +3u,
—0—9A, +TA,+8u, +64, +44,
—0 34, +TA,+64,+5u1, + i,

—0—9A, +TA,+64, +51, + 11,
—0—TA, +TA,+8u, +4u, +2u,
—0 =94, +TA,+8u, +5u, +34,
00—, +TA,+5u,+4u, +2u,
—0—=TA,+TA,+8u, +5u, +4u,
—0—9A, +TA,+8u, +64, +51,
—0 =34, +TA,+ 64, +5u, +2u,
—0+ A, +TA, +4u, +3u, + 1,

20114, +TA, +5u,+3u, +24,
—20-114, +TA, +9u, + 51, + 34,
20114, +7A,+8u, +51, +24,
—20-TA,+TA,+9u, +3u, + U,
20114, +7A,+6, +3u, +2u,
20114, +TA,+9u, + 81, + 54,
205, +TA,+8u, +64, +24,
20 —-TA+TA,+9u, +64, +31,

20114, +TA, +9u, + 61, +3 1,
20114, +7A, +8u, +64, + 24,
20-TA4,+TA,+9u, +4u, + i,
—20-A, +TA,+64, +4u, +31,
20114, +7A,+9u, +8u, + 64,
—20 -5, +TA,+8u, +64, +31,
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20+ A, +TA,+5u,+31, +24,
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—30—134, +TA,+5u, +4u, +3u,
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=30 —114, +TA, +64, +24, + 1,
30T, +TA,+10, + 2, + 1,
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—30-TA, +TA,+9u, +8u, +3u,
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—30-TA, +TA,+10, +5u, + 1,
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30—, +TA,+6, +5u, +4u,
—36—-114,+7A, +104, +91, + 6,

30T, +TA,+9u, +8u, +4u,
—30-94, +7TA, +104, + 81, +5u,
—36 -5, +TA, +9u, + 64, +4Lu,
—30-TA, +TA,+104, +64, +51,
—36 =34, +TA,+8u, +5u, +44,
—30 134, +7A,+104, +91, + 81,
=30+, +TA +5u, +4u, +3u,
—30+34, +TA,+51, + 241, + i,

—46 154, +TA,+ 64, +5u, +4u,
—46 =154, +TA,+9u, +5u, +4 4,
—40-154, +TA,+ 11y, +64, +5u,
—46—154,+TA,+10y, + 64, +4 4,
—46—15A, +TA, + 110, +9u, + 54,
—46—154, +TA, +10g, +9u, +4u,
—40—154, +TA, +11, +104, + 64,
—46 154, +TA, + 11, +104, +911,

—40=TA,+TA,+ 110, + 20, + 1,
—46—TA, +TA, +11u +5u, + i,
—46 =54, +TA,+104, + 64, + 1,
—40-TA,+TA,+ 111, +64, +24,
—46 =54, +TA, +104, + 64, + 44,
—40-TA,+TA,+ 11y, +64, +5u,
—46 =34, +TA,+9u, + 51, +44,
—46+3A, +TA, +64,+2u, + 1,

—46 =134, +TA, + 51, +3u, + 21,
—46 -9, +TA, + 11y, +3u, + 1,
—40 —134, + TA, +8u, +3u, + 24,
—46 =134, +TA,+ 11y, +5u, +34,
—40—134, +TA,+104, +54, +24,
—46 -9, +TA, + 11y, + 64, + 1,
—40-TA, +TA, +104, + 84, +24,
—40 -9, +TA, + 114, +8u, +3u,

—46 134, +TA,+ 11y, +8u, + 31,
—46 134, +TA,+10u, +81, + 24,
—40—134, +TA, +11, +10u, +54,
—46 T4, +TA, +104, +8u, + 54,
—46—-94, +TA, + 11, +8u, + 64,
—46 =34, +TA,+8u, +64, +51,
—40—134, +TA,+11, +10u, +8u,
—46+3A, +TA,+50 +3u, + 21,

=50 154, +TA,+64, +4u, +31,
50174, +TA,+8u, +64, +51,
—50 154, +TA, +9u, +4u, +31,
=50 —154, +TA,+ 121, + 61, + 41,
=50 —154, + TA, + 114, + 64, + 31,
50174, +TA, +124, +8u, + 64,
50174, +TA, + 11, +8u, +5u,
50174, +TAy+9u, + 644, +54,

—5 154, +TA, +124, +9u, + 441,
=50 154, + TA, + 114, +9u, + 34,
=S50 154, +TA,+ 121, + 11y, +64,
50174, +TA,+12u, +114, + 81,
=S50 —1TA4,+TA,+124, +9u, + 644,
50174, +TA,+ 111, +9u, +5u,
=50 154, +TA,+ 120, + 11, +9u,
50174, +TA,+12, +114, + 94,



=50 -9, +TA,+12u, + 31, + 1,
—S50=TA, +TA,+124, +3u, + 11,
—50 -9, +TA, +124, + 641, + 1,
—S50-TA, +TA,+ 11y, +8u, +2u,
—50 -9, +TA, +12u, +8u, + 34,
—50 54, +TA,+11, +64, +2u,
—50-TA,+TA,+12,+ 64, +3u,
=50 —-TA, +TA,+120, +41, + 11,

—50—TA, +TA,+ 114, +8u, +54,
—50 =94, +TA, +12u, +8u, + 64,
—50 =34, +TA,+9u, + 64, +5u,
50 -4, +TA,+9u, +4u, +31,
=50 =54, +TA, +114, + 64, + 31,
—S50=TA, +TA,+12u, + 6, +44,
—50+34, +TA, + 64, +31, +24,
=50+ A, +TA,+8u, +3u, +2u,

—50—134, +TA, +4u, +3u, + 1,
=50 —114, +TA, + 12, +3u, + 241,
=50 —134, +7TA, +10u, + 41, + 1,
=50 —134, +TA,+9u, +3u, + 1,
=50 —134, +TA, +12u, + 44, +3 4,
=S50 —114, +7A, +124,+9u, + 34,
50114, +TA, + 12, + 81, + 24,
—50-TA4,+TA,+104, +9u, + 1,

58 —134, +TA, +104, +9u, + 11,
=50 134, +TA, +12, +104, + 44,
=50 —134, +TA,+12, +9u, + 31,
=50 -114, +TA, + 124, +9u, + 84,
—50 =54, +TA,+9u, +8u, + 64,
56 =TA, +TA, +10, +9u, + 64,
—50—134, +7TA, +12u, +104, + 94,
—S50+5A, +TA +4u, +3u, + 1,

69

—60 =154, +TA, +5u, +4u, + 24,
—60—194, +TA, +9u, +81, + 64,
—60—17TA4, +TA, +8u, +5u, +4 4,
—60 =154, +TA,+ 11, +5u, + 24,
—60—154, +TA, +104, +4u, +2u,
—60 —154, +TA, + 13, + 51, + 41,
—60—194, +TA, + 114, +91, + 641,
—60—194, +7TA, +134, +9u, + 81,

—60—174, +7A,+131, +8u, + 51,
—60 174, +7TA, +12u, + 81, + 44,
—60—194, +TA, +10u, + 81, + 64,
—60 174, +7A,+9u, +5u, +4Lu,
—60—154, +TA, + 11, +104, +24,
—60 —154, +TA, + 134, + 11y, +5u,
—60—154, +TA, +13u, +104, +4 4,
—60—194, +TA, + 134, + 114, +9u,

—60 174, +7A,+13u, +12u, + 81,
—60—194, +TA, +11, +10u, + 64,
—60—194, +TA, +13, +104, + 81,
—60 174, +7A,+131, +9u, +5u,
—60—1TA4, +TA, +1214, + 9, + 44,
—60 —154, +TA, +131, + 111, +104,
—60—194, +TA, +13, +114, +104,
—60— 174, +TA,+13p, +124, +911,

—60—114, +TA, + 130, +3u, + 24,
—60—TA, +TA,+131, + 31, +24,
—60 -9, +TA, + 13, +4u, + 1,
-6 — 114, +TA, +131, +9u, + 34,
—60 114, +7TA, +13y, +8u, +2u,
—60—TA, +TA,+11, +9u, + 1,
—60—TA, +TA,+131, +51, + 34,
—60 =34, +TA,+11u, +5u, + 1,



—60—TA, +TA, +124, +8u, + 31,
—60 -9, +TA, + 130, + 8, +44,
—60—TA, +TA,+ 130, +4u, +2u,
—60 -9, +TA, + 134, +5u, + 1,

—60 — 114, +TA, +131, +9u, + 81,
—60 -5, +TA, +104, +8u, + 64,
—60—TA, +TA,+ 114, +9u, + 64,
—60— A, +TA,+10, +44u, + 24,

—60—A, +TA,+9u, +5u, +44,
—60—TA, +TA, +131, +5u, +4u,
—60 =34, +TA,+11g, +5u, +24,
—60—TA, +TA, +124, +8u, + 44,
—60—9A4, +TA,+130, +8, + 51,
—60+5A, +TA,+5u,+3u, + 1,
—60+ A, +TA,+9u, +3u, + U,
—60+ A, +TA,+8u, +4u, +31,

—60 =134, +TA, +30, +24, + 1,
—60 —114, +TA, + 124, + 24, + p,
—60 —134, + TA,+ 114, +3u, + 1,
—60 131, +TA,+ 104, + 21, + i,
—60 — 134, + TA,+ 120, + 31, + 2.4,
—60 —114, +TA, + 12, + 104, + 2,
—60 114, +7TA, +121, + 9, + U,
—60—94, +TA, + 11, +10u, + 4,

—60—134, +TA, +11, +10u, + 1,
—60 — 134, +TA, +121, + 111, +34,
—60 — 134, +TA,+ 121, +10p, + 24,
—60—114, +TA, +124, +104, +94,
—60—TA, +TA, +101, +9u, +81,
—60—9A4, +TA, +11u, +10u, + 84,
—60 —134, + TA, +124 + 111, +104,
—60+T7A, +TA,+31, + 21, + 1,

70

TS =154, +TA, +4u, +3u, +2u,
—T76 =214, +TA, +104, +9u, + 814,
=70 =154, +TA,+ 12, + 44, +24,
T =154, +TA, + 11, +3u, + 24,
=70 —154,+TA,+ 131, +4u, +34,
=70 =214, +TA, +12, + 104, + 81,
=76 =214, +TA, + 134, + 104, +94,
=70 =214, +TA, + 114, +9u, + 81,

—TO =154, +TA, +124, +11u, + 21,
—TO =154, +TA, +131, +12u, +4 4,
=70 —154,+TA,+ 130, +11u, +3u,
=70 =214, +TA,+ 131, +1241, +10,
=70 =214, +TA,+124, + 11, + 81,
—T0—=214,+TA,+ 13, +111, + 94,
=70 —154,+TA,+ 130, +12, +114,
18214, +TA, +13p, +120, + 114,

—TO—114, +TA,+ 130, +2u, + 1,
T =5, +TA,+ 130, +2u, + 1,
=70 114, +TA,+131, +104, + 24,
T —-114, +TA,+ 131, +9u, + 1,
70 =9A, +TA, +124, +10u, + 11,
T =5, +TA,+ 13, +4u, + 24,
=70 =34, +TA, +12u, +4u, + 11,
=T =54, +TA, + 130, + 31, + i,

=70 —114, +TA, + 131, +104, +941,
=710 =TA,+TA,+ 11y, +9u, +8u,
T80 -94, +TA, +12u, +10u, + 81,
10 —-A,+TA,+ 11 +3u, +24,
T =5, +TA,+ 13, +4u, + 31,
=70 =34, +TA,+ 120, +4u, + 21,
—TO+TA,+TA +4u, +2u, + 1,
—TO+ A, +TA,+100, +2u, + 1,



A, + p yoriingesinde (A, +p,7)

—9A, +8A, + 71, + 64, +5u,
94, +8A, + 71, +5u, +31,
—9A, +8A, + 64, +5u, +2u,
94, +8A, + 71, + 64, +44,
—9A, +8A, +5u, +3u, +24,
94, +8A, + 7w, +4u, +3u,
—9A, +8A, + 64, +4u, +24,
-9, +8A, +4u, +3u, +2u,

A, +8A, +4u +2u, + 1,
=34, +8A, + 64, +4u, +2u,
5S4, +8A, + T, +4u, +3u,
—A, +8A, +5u, +31, + 24,
=S54, +8A, + T, +31, + 1,
—34, +8A, +6u, +4u, + 1,
5S4, +8A,+ T, +4u, +2u,
—5A,+8A,+ T, + 241, + U,

—0—114, +8A,+9u, + 71, +64,
—0—114,+8A,+9u, + 61, +44,
—0—114, +8A, + 71, + 61, +24,
—0—114,+8A,+9u, +Tu, +5u,
—0—114, +8A, + 61, +4u, +24,
—0—114, +8A,+9u, +5u, +4u,
—0—114, +8A,+ 71, +5u, +24,
—0—114,+8A,+5u, +4u, +2u,

—O0+ A, +8A,+51, +3u, + 1,
—0—34, +8A,+ T, +5u, +2u,
—0—TA, +8A,+9u, +5u, +4u,
—0— A, +8A,+ 64, +4u, +2u,
—0—=TA, +8A, +9u, +4u, +24,
—0—3A,+8A,+ 71, +5u, + 1,
—0—TA, +8A,+9u, +5u, +34,
—0—TA, +8A,+9u, +31, +2u,

—20—134,+8A, +104, +9u, + 7,
20131, +8A, +9u, + T, + 34,
—20—-134, +8A, +104, + 71, + 44,
—20—134,+8A, +104, +9u, + 644,
—20 134, +8A, + T, +4u, +3u,
—20—134, +8A, +9u, + 644, + 31,
—20—-134, +8A, + 104, + 61, +4 4,
—20—134,+8A, + 64, + 41, +3u,

20+ A, +8A,+ 61, +3u, +2u,
—20—TA4, +8A,+10u, + 64, +4 1,
26054, +8A, +9, + 644, + 31,
20—, +8A, + T, +4u, +3u,
—20-TA,+8A, +10y, + 41, + 1,
—20—-TA4,+8A,+10u, + 64, + 31,
2054, +8A, + 9, + 64, + 24,
—20—TA4, +8A,+104, + 31, + 4,

—30—154, +8A, + 11, +10u, + 9,
—30—154,+8A, + 11y, +104, + 64,
—30 154, +8A, +10, + O, +4 4,
—30—154, +8A, + 114, +9u, +5u,
—360—154, +8A, +104, + 64, +4 4,
—30—154, +8A, + 11, + 64, + 51,
-3 —154, +8A, +9u, +5u, +4 4,
—30—154, +8A, + 64, + 51, + 41,

—30+34, +8A,+64, +2u, + 1,
—30 -3, +8A, + 9, +5u, + 44,
—36—-TA4, +8A, + 11y, +64, + 54,
—30 54, +8A,+104, + 64, +4 1,
—36—TA4, +8A, + 11y, +64, +2u,
—30—54, +8A,+104, + 64, + 1,
=30 —TA, +8A,+ 11y, +5u, + 1,
—30-TA, +8A, +11u +2u, + 1,



—46 =131, +8A, + T, +24, + 1,
—46—131, +8A, + 644, + 24, + 1,
—40 114, +8A, + 124, + 644, + 11,
—46 134, +8A, + 114, + 710, + 1,
—40—134, +8A, + 124, + T, + 2.4,
—40 114, +8A, + 12, + 51, + 1,
—40—134, +8A, + 11, + 64, + U,
—46 131, +8A, + 124, + 644, + 24,

—46 114, +8A, + 121, +10, + 644,
—46 -9, +8A, + 114, +104, + 54,
—40—134, +8A, + 12, + 114, + T,
—46 114, +8A, +12, +10u, + 54,
—46 -9, +8A, + 114, +10u, + 44,
—46—131,+8A, +124, +11u, + 611,
—40+ A, +8A,+ 64, +5u, +4u,
—46— A, +8A, + T, + 64, +51,

—40 174, +8A, +124, + 11, +104,
—40—174, +8A, +12u, + 11, + T,
—40—174,+8A, +114, +10, +5u,
—46—174, +8A, +124, +104, + 64,
—40—17T4, +8A, +11u, +7 1, +5u,
—46 174, +8A, +12u, + 71, + 64,
—40—174,+8A, +10u, + 64, + 54,
—46—17A4, +8A, + T, +64, +51,

—40+34, +8A, + T, +2u, + U,
—46 -3, +8A, +10, +5u, + 4L,
—46—TA, +8A, +124, + 641, + 51,
—40 -5, +8A, +11u, + 64, +44,
—46—TA, +8A,+12u, + 64, + 24,
—40 -5, +8A, +11u, +64, + U,
—46—=TA, +8A, +12u, + 51, + 1,
—46—=TA, +8A, + 12, +2u, + 1,

—50 =154, +8A, +9u, + 31, +24,
—50 154, +8A, + 64, +3u, + 24,
—50 —154, +8A, +124, + 9, + 211,
=50 =154, +8A, + 13, +9u, + 31,
=560 114, +8A, +134, + 71, + K,
=50 154, +8A, + 124, + 644, + 24,
—50 —154, +8A, + 131, + 64, + 31,
=50 114, +8A, + 13y, +4u, + 1,

=50 154, +8A, + 131, +12u, +91,
—50—114, +8A, + 131, +104, +7 1,
—50 -9, +8A, +124, +10u, + 6,
=50 =154, +8A, + 131, + 121, + 644,
=560 —114, +8A, +131, +10u, +4 4,
—50 -9, +8A, +124, +10u, +3 4,
—50+34, +8A, + 64, +4u, +3u,
—56 34, +8A,+9u, + 71, + 64,

=50 194, +8A, + 131, +124, +104,
—50—194, +8A, +1244, +10u, + 611,
—50-194, +8A, + 134, +10u, + 7 i,
=50 —194, +8A, + 131, +124, + 91,
=50 —194, +8A, + 104, + 71, + 6,44,
=50 194, +8A, + 1244, +9, + 644,
—58—194, +8A, + 131, + O, + 71,
—50—194, +8A, +9u, +7 1, + 64,

—50+ A4, +8A, +9u, +3u, +24,
—50 T4, +8A, +131, + 644, +44,
—50 54, +8A,+12u, + 64, + 31,
—50 -4, +8A, + 104, + 44, +34,
—50—TA, +8A, +13u, +4u, + 1,
—50—-TA4,+8A, +13u,+61, +31,
—50 54, +8A,+ 121, + 61, + 21,
—50 T4, +8A, +13u, +3u, + 1,



—60 —154, +8A, +104, + 31, + 1,
—60 =154, +8A, +5u, +3u, + 14,
—60—174,+8A, +10u, +4u, +3 4,
—60 174, +8A,+ 71, +4u, +31,
—60—154, +8A, + 141, +104, +34,
—60 — 154, +8A, +124, +104, + 1,
—60—134, +8A, + 141, +9u, + 24,
—60 — 154, +8A, + 144, + 541, +3u,

—60 — 154, +8A, + 1244, + 54, + 1,
—60 134, +8A, + 141, + 41, + 24,
—60—114, +8A, +14u, + T, + 1,
—60 114, +8A, + 141, +4u, + 1,
—60—174, +8A, +13, +10u, + 34,
—60 174, +8A, +14u, +10u, +4u,
—60—174, +8A, +13u, + T, +3u,
—60— 174, +8A, +14u, + T, +44,

—60 — 154, +8A, + 144, +12u, +104,
—60 -9, +8A, +124, + 114, + 7 1,
—60—134, +8A, + 14, + 114, +9u,
—60 — 154, +8A, + 144, +124, + 54,
—60—94, +8A, + 124, + 114, + 24,
—60 —134, +8A, + 141, +11u, + 41,
—60—114, +8A, + 144, +104, +7 1,
—60—94, +8A, +131, +104, + 64,

—60—114, +8A, +14u, +104, + 44,
—60—94, +8A, + 134, +10, + 34,
—60 174, +8A, + 141, + 131, +104,
—60—174, +8A, +14u, +13u, +7 1,
—60+54, +8A, + 541, +4u, + 24,
—60—54, +8A, +104, +9u, +7 1,
—60+34, +8A, + 71, +4u, +3u,
—60 34, +8A, + 10, + 71, + 644,

—60 —214, +8A + 144, +12u, + 114,
—60 214, +8A, + 141, + 11y, +9u,
—60 —214, +8A, + 124, + 111, + 7,
—60 —214, +8A, + 141, +12u, +104,
—60 — 214, +8A, + 11, + O, + 7,
—60 214, +8A, + 141, +10u, +9u,
—60—214, +8A, +124, +10u, + 7 i,
—60—214, +8A, +104, +9u, + T 1,

—60+ A, +8A, +104, +3u, + 1,
—60 -3, +8A, + 121, +5u, + 21,
—60—TA, +8A,+14u, +5u, +4u,
—60— A, +8A, + 11y, +4u, +2u,
—60—TA, +8A,+14u, +4u, +2u,
—60 34, +8A, + 121, +5u, + 1,
—60—TA, +8A,+14u, +5u, +3u,
—60—TA, +8A,+ 144, +31, +24,

—TO =154, +8A, + 11y, + 21, + 1,
—TO =154, +8A, +4u, +2u, + 1,
—760—194, +8A, +104, + 54, +4 1,
7174, +8A,+ 11y, +4u, +2u,
—760 =194, +8A, +9u, +5u, +4 1,
—T0 174, +8A,+64, +4u, +2u,
=70 —154, +8A, + 141, +11u, + 24,
=78 —154, +8A, + 131, + 114, + 1,

—70—134, +8A, + 141, +10u, + 4,
=78 —154, +8A, +14u, + 41, + 2,
—TO =154, +8A, + 13, +4u, + 1,
=70 —134, +8A, + 144, +3u, + 1,
—T8—114, +8A, + 154, + 64, + 11,
=70 —134, +8A, + 154, +9u, + 21,
—TO—114, +8A, + 154, + 51, + 1,
=78 —134, +8A, + 150, +4 1, +24,



—T0—194, +8A, + 141, +10, +4 4,
—T6—194, +8A, +154, + 104, + 54,
=70 —1TA, +8A, +15u, + 11, +4 1,
—70 174, +8A, +131, + 11, + 24,
76 —194, +8A, + 14, +9u, + 44,
—T70—194, +8A, + 154, + 91, + 51,
=70 —17A, +8A, +154, + 64, + 44,
—T8—174,+8A, +134, +64, + 2,

78 —154, +8A, + 141, +13u, +11p,
—T0—114, +8A, + 134, +12, + 9,
78 —134, +8A, +14u, +124, +104,
—TO—154, +8A, +14u, +13u, + 44,
=70 —-114,+8A,+ 13y, + 121, + 21,
—70—134, +8A, + 144, +12u, + 31,
—70—114,+8A, +154, +10u, + 64,
=70 -9, +8A, +141, +104, + 54,

—T8—-94, +8A, + 13, +11u, + 71,
=70 —134, +8A, + 154, +11u, + 9,
=70 —114,+8A, + 154, +10, + 54,
—76-94, +8A, +141, +10u, +4 1,
760 —94, +8A, + 13, + 114, + 2,
—T70—134, +8A, + 154, +11u, +4 1,
=70 —194, +8A, + 154, + 14, +104,
T8 —172, +8A, +154, +13u, +114,

—70—194, +8A, + 154, + 144, +9u,
—T8 174, +8A, + 154, +13u, + 64,
—TO+TA, +8A,+4u, +3u, +24,
—70-TA, +8A,+114, +10u, +9u,
T+ A, +8A, +9u, +5u, +4u,
—T0+54, +8A, + 64, +4u, +24,
70—, +8A, +104, + 64, + 51,
—T8 =54, +8A, + 114, +91, +7 1,

74

78 —234, +8A, +14u, +1311, + 1241,
—T78—234, +8A, +144, +12, + 104,
—760 =234, +8A, + 130, + 124, + 91,
76 —234, +8A, +14u, +1311, + 1141,
=76 =234, +8A, +124, +104, + 9,
—78 =234, +8A, +14u, +11u, +104,
=760 -234, +8A, +13u, +114, +94,
=70 -234,+8A, + 11y, +104, + 9,

T+ A, +8A, +11u, +2u, + 1,
—T70 -3, +8A, + 134, +4u, + 24,
=70 -5, +8A, +14u +4u, +3u,
70— A, +8A, +124, +3u, +2u,
=70 -5, +8A, + 141, +3u, + 1,
—76 -3, +8A, + 13, +4u, + u,
—70 -5, +8A, +14u +4u, +2u,
—T8 =51, +8A, + 141, +24, + 1,



Ek-7

Bf) Afin Lie cebirinde R(A,) indirgenemez temsilinin karakterinin sol ve sag

kisimlar1 permiitasyon agirlik fonksiyonellerinin 7. derinlige kadar olan elemanlari

kullanilarak hesaplanmis ve her bir atama takimi icin asagida sirasiyla verilmistir.

x=4,x,=9,x,=16, x, =25 atamalar i¢in:

Sol(ChR(A))) =

199669 N 117769573 p + 4297643189881p° N 4817164561909 p° + 246677823107278817 p* +

3600 14400 51840000 3240000 23328000000
11488948627843258153p° . 280529879073944015657 p° | 37454188844810870347 p’
186624000000 746496000000 18662400000
Sag(ChR(A,)) =
o, 44752491 pa, | 214518478561 p’a, | 1352626633027 pla, | 17060722701227 pla, N
0 4800 12960000 4320000 69120000
960694114447919051p°a, | 1485959156572377797 pla, | 9245871468207812579 pla, tpat
62208000000 46656000000 62208000000 :
4752491 p*a, | 214518478561 pa, | 1352626633027 p'a, 17060722701227 p’a,
4800 12960000 4320000 69120000
960694114447919051p°a, | 1485959156572377797 pa, | 9245871468207812579 rla, pa
62208000000 46656000000 62208000000 :
4752491p°a, | 214518478561 pla, | 1352626633027 pPa, | 17060722701227 pla, N
4800 12960000 4320000 69120000
960694114447919051pa, | 1485959156572377797 pla, | 9245871468207812579 p’a, fpat
62208000000 46656000000 62208000000 ’
4752491 p*a, | 214518478561 pa, | 1352626633027 pla, | 1706072270127 pla, .
4800 12960000 4320000 69120000
960694114447919051p°a, N 1485959156572377797 p’a, N 9245871468207812579 p'a, tptat
62208000000 46656000000 62208000000 !
4752491p°a, | 214518478561 pla, | 1352626633027 pla, | 17060722701227 pia, N
4800 12960000 4320000 69120000
960694114447919051p°a, | 1485959156572377797 P a, | 9245871468207812579 p'a, ot
62208000000 46656000000 62208000000 °
4752491 p°a, . 214518478561p’a; | 1352626633027 pla, | 17060722701227 pla, N
4800 12960000 4320000 69120000
960694114447919051p"a, | 1485959156572377797 pa, | 9245871468207812579 pa e+
62208000000 46656000000 62208000000 ¥
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4752491p7a64_214518478561pxa6 13526266330271fa6_F17060722701227p“k%
4800 12960000 4320000 69120000
960694114447919051p“a6_F14859591565723777971f2a6+_9245871468207812579p‘%%
62208000000 46656000000 62208000000
" +_4752491p*a7+214518478561p9a7 1352626633027 p"a, +17060722701227p“a7
! 4800 12960000 4320000 69120000
960694114447919051p"*a, 1485959156572377797p”a74_9245871468207812579p“%@ 1960695,
62208000000 46656000000 62208000000 3600
8358583ph)+565078585079p2h,+10812529148213;ﬁh)+197863688468752309pﬁ%
1200 17280000 12960000 46656000000
92652724112495863p°h,  27147663655844099063 p°b, mnwﬁ%mmﬂ%mﬂ%+ww@ﬂa
15552000000 248832000000 62208000000 3600
8358583p2q_+565078585079p3q +1081252914821319“191 +197863688468752309175191
1200 17280000 12960000 46656000000
92652724112495863p“h_+27147663655844099063p7h +30782951997960313679;:"171 196069 p°b,
15552000000 248832000000 62208000000 3600
8358583pﬁ5_+565078585079p4b2+10812529148213pﬁ5_+197863688468752309p6@
1200 17280000 12960000 46656000000
92652724112495863p7b2+_27147663655844099063pﬁ5_+30782951997960313679p9h2+196069p3h
15552000000 248832000000 62208000000 3600
8358583p4b3+_565078585079p5b3+10812529148213p6b3+197863688468752309p7b3+
1200 17280000 12960000 46656000000
92652724112495863pﬁ5_F27147663655844099063p9@_+30782951997960313679pmb3+196069pﬁa
15552000000 248832000000 62208000000 3600
8358583p5h1+_565078585079p6h1+10812529148213p7h1+197863688468752309p8h1+
1200 17280000 12960000 46656000000
92652724112495863p9b4+_27147663655844099063pmb4+_30782951997960313679p”b4+196069p5h
15552000000 248832000000 62208000000 3600
8358583,:%5+565078585079p7b5_+10812529148213p"z;5+197863688468752309p9b5_+
1200 17280000 12960000 46656000000
9265272411249586317‘01;5+27147663655844099063117‘‘bs+30782951997960313679,:‘217:.,+196069pr6+

15552000000 248832000000 62208000000 3600
8358583[:71;6+5650785850791981;6+108125291423213pgz76+197863688468752309]7“’;76+
1200 17280000 12960000 46656000000
92652724112495863,;“&»6+27147663655844099063,:‘21)6+30782951997960313679p‘3aa+
15552000000 248832000000 62208000000
196069p7b7+8358583pgb7+565078585079pgb7+10812529148213p“)b7+19786368846875230919‘‘1;7+
3600 1200 17280000 12960000 46656000000
92652724112495863p”b74_27147663655844099063p”b7+_30782951997960313679p”b7
15552000000 248832000000 62208000000
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x=9,x,=16,x,=25, x, =36 atamalar i¢in:

Sol(ChR(A))) =

314069 N 4481937893p + 187862914955513p* + 147966943903877 p’ + 23305871715850192753 p*
3600 129600 466560000 9720000 209952000000
1388255635193316558473p° N 492310071110448033964073 p° N 126780583175568588132577 p’
1679616000000 60466176000000 2519424000000

Sag(ChR(A))) =

4 335116993pa, 580102781387 pla, | 255540442128329 pla, | 24827261574024961 pla, N
0 129600 4320000 116640000 16796160000
190713831130241311691p°a, | 85438075731351515959 pla, | 36954778273580152566953 pa,
559872000000 139968000000 15116544000000
335116993 p°a, | 580102781387 pla, , 255540442128329 pla, | 24827261574024961 Pa, N
129600 4320000 116640000 16796160000
190713831130241311691p°a, , 85438075731351515959 pa . 36954778273580152566953 rha, N
559872000000 139968000000 15116544000000
2, 4 335116993 pla, | 580102781387 pla, | 255540442128329 pa, | 24827261574024961 pla, N
: 129600 4320000 116640000 16796160000
190713831130241311691p"a, | 85438075731351515959 pla, | 36954778273580152566953 pla, tpla+
559872000000 139968000000 15116544000000 ’
335116993 p*a, | 580102781387 pPa, , 255540442128329 pla, , 24827261574024961 pla, N
129600 4320000 116640000 16796160000
190713831130241311691p°a, N 85438075731351515959 p’a, N 36954778273580152566953 p'’a, pta+
559872000000 139968000000 15116544000000 !
335116993 p°a, | 580102781387 pla, | 255540442128329 pla, | 24827261574024961 pha, N
129600 4320000 116640000 16796160000
190713831130241311691p°a, N 85438075731351515959p"a, . 36954778273580152566953p''a, N
559872000000 139968000000 15116544000000
pa+ 335116993 p°a; 580102781387 plas | 255540442128329 pla; | 24827261574024961 p’a; .
g 129600 4320000 116640000 16796160000
190713831130241311691p"a, . 85438075731351515959 p" a, . 36954778273580152566953 p*a,
559872000000 139968000000 15116544000000
o, 4335116993 pla, | 580102781387 pla, , 255540442128329 prla, | 24827261574024961 p'a, N
¢ 129600 4320000 116640000 16796160000
190713831130241311691p"a, | 85438075731351515959 P a, | 36954778273580152566953 p a,
559872000000 139968000000 15116544000000
Do+ 335116993 p°a, | 580102781387 p’a, , 255540442128329 pa, | 24827261574024961 r'a,
7 129600 4320000 116640000 16796160000
190713831130241311691p"a, . 85438075731351515959 p"a, N 36954778273580152566953 p'*a,
559872000000 139968000000 15116544000000
3104695, | 1025366341pb, , 59506191074117 p’b, . 1320682989600533 p’b, N
3600 32400 466560000 116640000
19832180950992993181p°h, | 25211914963340311301 p’b, | 251754583813078135053509 p°b, .
419904000000 419904000000 60466176000000

+ pa, +
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252212731105360054307597 pb, N 310469 pb,  1025366341p°h, L 39506191074117 b, N
15116544000000 3600 32400 466560000
1320682989600533 p*h, | 19832180950992993181 b, | 25211914963340311301 P°h, .
116640000 419904000000 419904000000
251754583813078135053509 p"h, , 252212731105360054307597 A | 310469 p’b, | 1025366341 p’b, N
60466176000000 15116544000000 3600 32400
59506191074117 p*b, , 1320682989600533 p’b, . 19832180950992993181 p°b, N
466560000 116640000 419904000000
25211914963340311301p"b, , 251754583813078135053509 p°b, . 252212731105360054307597 p’b, N
419904000000 60466176000000 15116544000000
310469 p’b, | 1025366341 p'b, | 5950619107417 p’b, . 1320682989600533 p°b, N
3600 32400 466560000 116640000
19832180950992993181p"b, | 25211914963340311301 P°b, , 251754583813078135053509 p’b,
419904000000 419904000000 60466176000000
252212731105360054307597 p'’b, | 310469 p'b, 1025366341p°b, | 59506191074117 p°b, .
15116544000000 3600 32400 466560000
1320682989600533pb, . 19832180950992993181 P°b, | 25211914963340311301 p’b, .
116640000 419904000000 419904000000
251754583813078135053509p'"b, , 252212731105360054307597 p'b, | 310469 p’b, N
60466176000000 15116544000000 3600
1025366341 p°b, N 59506191074117 p’b, . 1320682989600533 p°b, . 19832180950992993181 p°b, .
32400 466560000 116640000 419904000000
25211914963340311301p" b, . 251754583813078135053509 p''b, N 252212731105360054307597 p'*b,
419904000000 60466176000000 15116544000000
310469 p°b, | 1025366341 p’b, | 59506191074117 P°b, N 1320682989600533 p°b,
3600 32400 466560000 116640000
19832180950992993181p'°h, . 25211914963340311301p''b, . 251754583813078135053509 p"*b, N
419904000000 419904000000 60466176000000
252212731105360054307597 p"b, | 310469 p'b, | 1025366341 p'b, | 39506191074117 p’b, N
15116544000000 3600 32400 466560000
1320682989600533 p'’b, N 19832180950992993181p''b, . 25211914963340311301p"p, N
116640000 419904000000 419904000000
251754583813078135053509 p"b, N 252212731105360054307597 p"b,
60466176000000 15116544000000
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EK-8

Eklerde verdigimiz sonuglart bulmaya yarayan Mathematica kodlarmin bir kismi

burada verilmistir.

B4:={{2,-1,0,0},
{-1,2,-1,0},
{0,-1,2,-2},
{0,0,-1,2} }

AB4:={{2,0,-1,0,0},
{0,2,-1,0,0},
{-1-12,-1,0},
{0,0,-1,2,-2},
{0,0,0,-1,2}}

For[i=0,1<5, i++,
alf[i]=lam[O]*AB4[[i+1]][[1]]+lamA[1]*AB4[[i+1]][[2]]+lamA[2]*AB4[[i+1]][[3]]
+ lamA[3]*AB4[[i+1]][[4]] + lamA[4]*AB4[[i+1]][[5]]

lamA[1]:=lam[1] + lam[O]
lamA[2]:=lam[2] + 2*]lam][0]
lamA[3]:=lam[3] + 2*lam][0]
lamA[4]:=lam[4] + lam[0]

atLamMu:= { lam[1]-> M[1],

lam[2]-> M[1]+M]2],
lam[3]-> M[1]+M[2]+M[3] }
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OrbitBul[lamda_, imin_, imax_] :=
Do[Dosya = OpenWrite["C://Dosya.m"];
For[m1 =imin, m1 <imax + 1, m1++,
For[m2 = imin, m2 < imax + 1, m2++,
For[m3 = imin, m3 <imax + 1, m3++,
For[m4 = imin, m4 < imax + 1, m4++,
Coef = Coefficient[lamda, lam[O0]];
lamdafunc = lamda - Coef*lam[0];
ustdom = m1*lam[1] + m2*lam[2] + m3*lam[3] + m4*lam[4];
sonuc = Expand[(ustdom - lamdafunc) /. atLamAlIfJ;
If[(Coefficient[sonuc,alfa[1]] >= 0 && IntegerQ[Coefficient[sonuc, alfa[1]]])&&
(Coefficient[sonuc,alfa[2]] >= 0 && IntegerQ[Coefficient[sonuc, alfa[2]]])&&
(Coefficient[sonuc,alfa[3]] >= 0 && IntegerQ[Coefficient[sonuc, alfa[3]]])&&
(Coefficient[sonuc,alfa[4]] >= 0 && IntegerQ[Coefficient[sonuc, alfa[4]]]),
ktsy = ((pro[ustdom, ustdom] - pro[lamdafunc, lamdafunc])/(2*Coef));
delta = ktsy*del;
netice = Expand[(ustdom)] - delta + Coef*lam[0];
If[IntegerQ[ktsy], [Expand[netice /. atMuLam /. atLamMu]]]]]]1];
Close[Dosya]; DeleteFile["C://Dosya.m"]]
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KarmaOrbitBul[ XX _, YY_] :=
Do[ilmax = DiziBoyut[XX];
i2max = DiziBoyut[YY];
kat = Coefficient[ XX[ 1], lam[0]] + Coefficient[YY[1], lam[O0]];
mmm = XX[0] + YY[O];
Dosya = OpenWrite["C://Dosya.m"];
For[il =1,11 <ilmax + 1, i11++,
For[i2 =1, 12 <i2max + 1, i2++,
CC4 =Coefficient[| XX][11], lam[4]] + Coefficient[ YY[i2], lam[4]];
CCD = Coefficient| XX]i1], del] + Coefficient[ YY[i2], del];
CC1 = Coefficient[ XX[il], M[1]] + Coefficient[YY[i2], M[1]];
CC2 = Coefficient[ XX[11], M[2]] + Coefficient[ YY[i2], M[2]];
CC3 = Coefficient[ XX[il], M[3]] + Coefficient[ YY[i2], M[3]];
lamda = CCD*del + kat*lam[0] + CC1*M[1] + CC2*M]2] +
CC3*M[3] + CC4*lam[4];
KK = CC1*M[1] + CC2*M[2] + CC3*M[3] + CC4*lam[4];
If[pro[KK, KK] - prolmmm, mmm] == 2*kat*(-CCD),
Write[Dosya, lamda]]]];
Close[Dosya]; Sirala]

Isarett[dizi_, w_] := Do[kb = 0;
vvb = Expand[dizi[0] /. atLamMul];
uul = Coefficient[vvb, M[1]];
uu2 = Coefficient[vvb, M[2]];
uu3 = Coefficient[vvb, M[3]];
I:

rr = Coefficient[vvb, lam[4]

1al0 = Coefficient[dizi[w], lam[O]];

b

rn = Coefficient[dizi[w], lam[4]];
aa = Coefficient[dizi[w], M[1]];
bb = Coefficient[dizi[w], M[2]];
cc = Coefficient[dizi[w], M[3]];
dd = Coefficient[dizi[w], M[4]];
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aal =2*aa + rn; aa2 = 2*bb + rn; aa3 = 2*cc + rn; aa4 = 2*dd + rn;

kk=Sort[{ Abs[aal],Abs[aa2],Abs[aa3],Abs[aa4]} ,Greater];

yt=eps[Abs[aal],Abs[aa2],Abs[aa3],Abs[aad]]*
Sign[aal]*Sign[aa2]*Sign[aa3]*Sign[aa4];

aal =KkKk[[1]]; aa2 = Kk[[2]]; aa3 = kk[[3]]; aa4 = Kk[[4]];

bbl = 2*uul + 113

bb2 = 2*uu2 + 113

bb3 = 2*uu3 + rr;

bb4 = 2*0 + rr;
While[aal !=bbl && aal !=bb2 && aal !=bb3 && aal !=bb4 && aal !=-bbl
&&

aal !=-bb2 && aal !=-bb3 && aal !=-bb4, aal = aal - 2*]al0; kb = kb + 1];
While[aa2 !=bbl && aa2 !=bb2 && aa2 !=bb3 && aa2 !=bb4 && aa2 !=-bbl
&&
aa2 !=-bb2 && aa2 !=-bb3 && aa2 !=-bb4, aa2 = aa2 - 2*1al0; kb = kb + 1];
While[aa3 !=bbl && aa3 !=bb2 && aa3 !=bb3 && aa3 !=bb4 && aa3 !=-bbl
&&
aa3 !=-bb2 && aa3 !=-bb3 && aa3 !=-bb4, aa3 = aa3 - 2*]al0; kb = kb + 1];
While[aad !=bbl && aa4 !=bb2 && aa4 !=bb3 && aa4 !=bb4 && aad !=-bbl
&&
aad !=-bb2 && aa4 !=-bb3 && aa4 !=-bb4, aad = aa4 - 2*1al0; kb = kb + 1];
k1 = Sign[aal]; k2 = Sign[aa2]; k3 = Sign[aa3]; k4 = Sign[aa4];
isrtt = eps[k1*aal, k2*aa2, k3*aa3, kd*aad];
tiss = yt*((-1)"kb)*k1*k2*k3*k4*isrtt;
Return|[tiss]]

Sol[XX_,M_,atal_,ata2_,ata3_,atad ] :=

Do[Pay = Expand[yazro[M, XX] /. ul ->atal /. u2 -> ata2 /. u3 -> ata3 /. u4 -> ata4];
Payda = Expand[yazro[M, BBB] /. ul -> atal /. u2 -> ata2 /. u3 -> ata3 /. u4 -> ata4];
SOL = Collect[Series[Pay/Payda, {p, 0, M}],p]; Return[SOL]]
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SagPer[a_,b_,c_,d_]:=
Sum[ul”Permutations[{a, b, ¢, d}[[i]][[1]]*
u2”Permutations[{a, b, ¢, d}][[1]][[2]]*
u3~Permutations|{a, b, ¢, d}J[[i]][[3]]*
ud*Permutations[{a, b, c, d}][[i]1[[4]] , {i, 1, Length[Permutations[{a, b, c, d}]]}]

Sag[XX_, depth_,atal _,ata2_,ata3_,atad_] :=
Do[ k=1;j=1; sonuc =0;
While[Coefficient[ XX[k], del] >= -depth,

a0 = Coefficient[ XX[k], del];
alam = Coefficient| XX[k], lam[0]];
al = Coefficient| XX[k], M[1]];
a2 = Coefficient| XX[k], M[2]];
a3 = Coefficient| XX[k], M[3]];
a4 = Coefficient| XX[k], M[4]];
alm= Coefficient| XX][k],lam[4]];
k=k+1;
sonuc = sonuc + (p-a0)*( ((ul*u2*u3d*ud4)N(1/2))"alm )* SagPer[al, a2, a3, a4] ;

1,
1,
1,
I,

sonuc = sonuc /. ul -> atal /. u2 -> ata2 /.u3 -> ata3 /. u4 -> atad ;

If[XX[k]==0,Return[sonuc]]; j=j + 1]; Return[sonuc]]
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