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ONSOZ

Bu galigmada altinci mertebe Casimir invaryantlarimn agik kurulugu,
egdegerlik siniflar1 olarak adlandirilan 6zel gruplandirmalardan yola -
karak geligtirilen bir yontemle ele alindi. Bu yontem kullanilarak altinc
mertebe Casimir invaryantlarmmn agik kurulusu A; ve Ag cebirleri igin

elde edildi.

Bu tezin gerceklesmesinde biiyiik yardim ve ilgisini gordigim Sayn
Hocam Prof. Dr. Hasan R. KARADAYT'ya tesekkiir eder, saygilarimi

sunari.
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OZET

Bu calismada altinci mertebe Casimir invayyantlarinin agik kurulugu
As ve Ag cebirleri igin ele alindi. Altinci mertebe icin Casimir kat-
sayilarinin degerleri en genel olarak hesaplandiginda ayni degere sahip
olan katsayilarin varhigs gozlendi. Ayni degere sahip olan bu katsayilarin
olugturdugu climleler egdegerlik simiflar1 olarak adlandirildi. Bu 6zel
gruplandirmalardan yola ¢ikarak altinc: mertebe Casimir invaryantlarim
kurmak icin bir yéntem geligtirildi.

Egdegerlik simiflarimin varhig: bizi, bu smiflarin hangi olglitlere gore
ayirtedilmesi gerektigi problemi ile kars: karsiya getirdi. Bu siiflar: bir-
birinden ayirtetmek i¢in katsayilar tizerinde etkili dort gosterge tanimlan-
di. Sozkonusu gostergeler esdegerlik simiflarini tamamen belirlememizi
sagladi. Casimir katsayilart arasinda var olan esdegerlik simiflarini be-
lirledikten sonra ayni simifa ait olan katsayilara ayni sayisal deger verildi.
Bunun sonucunda altinc: mertebe Casimir invayyantlarinin katsayilan
say1sal olarak biiyiik 6lgiide azaldi. As cebiri igin 12300 katsay: 661, Ag
cebiri igin ise 37184 katsay1r 1301 katsay: ile ifade edildi. Indirgenmisg
katsayilarinin dort parametreyve bagh olarak ¢oziilmesi ile altinci mertebe
casimir invayyvantlarimin agik kurulusu elde edildi.

Bu calismada geligtirdigimiz yontem sayesinde teknik ve zaman aci-
sindan neredeyse imkansiz gibi goziken Ay cebirlerinin altinci mertebe
Casimir invaryantlarimi kurma imkanina erisildi.
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EXPLICIT CONSTRUCTION OF SIXTH ORDER CASIMIRS
AND THE EXISTENCE OF EQUIVALENCE CLASSES

SUMMARY

The Casimir operators are elements which are commutative with all
their generators of an algebra.With this definition a Casimir operator
is determined as the multiple products of an algebra.For this reason all
Casimir operators of an algebra form a basis Universal Enveloping Alge-
bra which is connected with this algebra.

At this work sixth order general construction for A5 and Ag Lie algebras
are formed with a special method below

Let T,, A=1,2.... N(N +1)/2 be the generators of a Lie algebras of
dimension N defined by

{TAfTB] = FABC TC

where the F' |, 5 C are structure constants. The structure constants are
completely antisymmetric as in below,

The determining structure constants help us to match with metric
tensor ¢, 5

9un EFACDF ¢
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T, generators will be assumed:

fo. = T;+N(N+1)/z

h.‘ [ea‘- ’fa‘.] = Ti+,\'(,v+1)

il

and we choice a convenient basis as in below,

€a;, = Ciin
faz. = ef+1,i
h,=c¢€,;,—e¢€

1,4 i+1,i41
A sixth order Casimir invariant can be defined as
— A1 A9AgAy4AdAgA
I[6]=g 17 2 Q00 {TAlTAzTAsTA4TA5TA6}
A14243444546 coeflicients of Casimir invariants are completely sym-

metric. And here by using

[I[6],T,] = 0 relation we will have the equation

F lex 90203040506}3 =0
AB

For to determine the coefficient of sixth order Casimir invariant, the
solved equations above have formed the starting point.

This gives a general solution of the Casimir operators which are solved
in terms of a number of free parameters.

In the solution of p.order Casimir invariants for A, Lie algebras, all
partitions number formed by p’s positive integers except 1, will give us
the number of linearly independent elements.

When we examine the general solutions of sixth order Casimir invari-
ants it was seen that some of the coefficients have the same value.Ilt is
called as equivalence classes. We developed a method of solving for sixth
order.

We defined a covenient criteria for the coefficients which have same
values for equivalence classes.

For this reason we defined four indicators IND1,IND11,IND2,IND3 act
on coefficients g4142--4»,
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IND1, IND2, IND3 are in order as

INDl[gAlAz...AqA,H.l...AP] = P[f‘&] [6_.11 , eA:]a

K1 [6‘41 . 6,43]7

Kiles,ea,]s

K1le,, €45,

h:l [6-"7— 1°* 6-’1:7]]

IND2[i, g4t Az AcAetiA] = [kylhyeq,],

h’g{hi. 6_42],

K2 [hia 6‘47]]

I‘N?D3[gAl.-12....4q.4q+1 4,:

I

[(lig[hAq+I,hAq+2,...,]lAp,eAl].fig[hAq+l,}2_4q+2,...,h‘4p.6_42]),

(Iig[hAq+l,hAq+2,. ..,hAp,eAz],li3[h‘4q+1,h_4q+2,. . ..h,;p,e,;s]),

(53 [hAq+1 ’ hAq+2v ey hApv eAq_lL K3 [h.4q+1 s h.—lq_‘_gv ceey hAp- eAq])]

At here k1, K9, k3 are in order as

Kl[eaAyeaB] = (Q’A,OZB)

and
K1lhisea,] = (Nisay,)

Kolhispk — ] = -1, i<k
Iig[hi,yk—ul]:—z, k—1<i. 1<l
Kolhiypr —il=1, I—-1<1.

"73[hAq+17hAq+2,---hA,,;eaA] =

()\Aq+1’ a,)o, + (’\Aq-l-za )a, + ... (’\Ap y O, )o,
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IND11 is defined as in the following

IND11[gArAz-Ad] = B[PgAra2-A4]]
and also
PlgAtteAd] = gPlAIPLAz]- PLA,]
The P operator is defined via relations

Pldi] =i , i< NN +1)/2+1
PlA]=i—N(N+1)/2 , i> NN +1)/2

A is given by

A[Au’A;z’ Ais] Oy T 04, = QA

tl

1,
AMAa Al =1, aa, oy, =aa,
1,

Ala,,, A AL gy, Fag, =g,

and IND11 defined as in the following:

@[P[gA‘Az”'A"]] =
A4, A, A+
Al4,A,,A ]+
Al4,A,,A ]+
Af4,A4,,4, ]+

A4 _,,A

A2

Al

q=—1?
The Casimir invariants of sixth order have six types coefficients as

(Z) gA1A2A3A4A5As
(zz) gA1A2A3A4A5-’1
(ZZZ) gA1A2A3A41112
(iv) g
('U) gA1A2I112[3I4

A1AsAsI I ]

viil



(m’) g1112131415I6

The equivalence classes for types of coefficients identified with different
indicators as in below,

(i))IND1,INDI11,(ii)IND1,IND2 IND3
(i) IND1,IND21, IND22,IND3
(iv)IND21,IND22, IN D23, (v)IND21,IN D22, IND23, [N D24

Some values was given to coefficients which are in the same equivalence
classes. By this all coeflicients are reduced as a result sixth order Casimir
invariants that seems to be technical impossible became possible to solve.
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BOLUM 1. CASIMIR INVARYANTLARININ GENEL KURULUSU

A, Lie cebirleri

[T,.T,]=F ¢ T, . A4B.C=12,...(N?+2N) (1.1)

AB

komiitasyon bagintis1 yardimuiyla ifade edilir.

Burada T,’lar , Ay cebirinin doguraylar1 , F, A ¢’ler yapisabitleridir.

F, ¢ yapisabitleri biitiniiyle antisimetriktir.

A, Lie cebiri, boyutu dim(4, )=N(N + 2) olmak {izere N(N + 2)

tane T, dogurayindan olusur.

A, Lie cebirine ait elemanlar Jordan ayirisimina gore L = H + N
seklinde yazlabilir.Cebirin nilpotent kismina tekabil eden N ciimlesi

N = Ny & N_ olmak {izere

N, =)L,
fa
ve

No= )L, (1.2)

seklinde pozitif ve negatif iki kisima ayirilir.

Burada cebirin birlikte kosegenlestirilebilen elemanlar1 h; olarak ad-
landirlir. Bu elemanlar cebirin Cartan alt cebirini olugturur. Cartan alt

cebirinin boyutuna rank denir.

Cebirin nilpotent elemanlarinin pozitifleri e, negatifieri ise f, olarak
adlandinlir. Bu elemanlarin climlesi kok uzayim olugturur. Bu uzayin

herbir elemanina tekabiil eden « ogeleri kok diye adlandirilir.
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o=

A, Lie cebirine ait kok sistemi i¢inde cebirin rang: sayisinda «; basit

kokil , diger tiim kokler onun cinsinden yazilacak sekilde

Rank=N
o= Z na,, n, €ZF (1.3)
=1

olmak tizere tanimlanir.

Burada o, kokleri pozitif, negatif ve sifir kokleri olarak {ice ayrilir.
Pozitif kokler icin
.4. = 1."',;V(.’N+ 1)/2.

negatif kokler i¢in
A=N(N+1)/24+1,--- . N(N+1)
ve sifir kokleri icin
A=NN+1)+1,--- NN +2)
seklindedir.

T, doguraylar: agagidaki siralamaya gore

e, =T,

Fuy = Troniwanya (1.4)

hi = [6ai afa'.] = T£+N(N+1)

seklinde tanimlamr.

T, doguraylar1 Chevalley bazina [1,2,3] gore kurulursa,

ea .= ei,i+1

3

fa‘. = €, (1°5)



h,=e,; — €irlit1

i i,

seklinde tanimlanir. Burada matris elemanlar: e notasyonunda yazilmig-

tir.

Bu tamimlar altinda
lea,, fu, 1= 6ij
[hire. ]= Cijeaj (1.6)
[ fo, 1= =Clisi o,
olmak {izere komiitasyon bagntilar saglanmalidir.
Burada
[eij. ext] = O reqt — uek; (1.7)
seklinde tamimlamir. C;; ise Cartan matrisidir.
T4 doguraylarim Chevalley bazina gore { €a, Jas R .} formunda ku-
rulduktan sonra F, _ ¢ yap1 sabitleri bu baz segimi altinda hesaplanir. Bu

baz se¢imi, hesaplanan yap: sabitleri F, ¢ 'lerin g,, metrik tansori ile

mukayese edilmesine miisaade eder.

9. = F,PF, ¢ olmak lizere g,, metrik tansorii blok diagonal

matris formunda olur.
g = diag[X, (2N + 1)C] (1.8)

Burada X , N(N + 1) x N(N + 1) boyutlu alt matristir.

Sifirdan farkh elemanlar X4 a1 n(N41)2 =14 =1,2,... N(N+1)/2

degerini alir. C ise Ay Lie cebrinin Cartan matrisidir.

Casimir operatorleri bir cebirin tim doguraylar ile komiitatif olan

elemanlaridir [4].Bu tanim altinda bir Casimir operatdrii cebirin ¢oklu
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carpimlar ile ifade edilir.Bu nedenle bir cebirin tiim Casimir operatorleri

bu cebirle ilgili olan evrensel ortme cebirinin bir bazim olustururlar.

Bir p. mertebe casimir invaryanti

Ip] = g41#2-4» {T, T, .T, } (1.9)

seklinde ifade edilebilir.Burada tekrarlanan indisler {izerinden toplam
vardir. Casimir invaryantininin g4142--4» katsayilar: tamamiyla simetrik-
tir.

I|p] operatorii , [I[p],T,] = 0 bagmtisinda yerine koyulursa

F {c1 gC?-NCP*l}B =0 (1.10)

AB

deklemler: elde edilir.

Burada p=6 i¢in (1.10) deklemleri acik olarak hesap edilmek istenirse
ilk once

I[6] = g*1424asersas (T, T, T, T, T, T, }

tanimlanar.

[I[6],T,] = 0 bagintisina gore
[ gAlAZASA‘lASAG {TAI TA2 TA3TA4 :Z-;-\s TAG }7TB] = 0

seklinde yazilir.

Yukaridaki ifadede [T,, T} = F, ¢ T, bagmtis1 kullamlirsa,

gA1A2A3A4A5As{

F, 7T.T, T, r,T,T, +
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FAzBCTAITCTﬁaTA4 TAsTAs +
F, ¢T, T, T.T, T, T, +
FA4BCTA1TA2 TA:’TCTASTA6 +
F, ST, T, T, T, T.T, +

FASBCTAI TA2 TA3 TA4 TA5 TC } = O

denklemleri elde edilir.

Yukaridaki ifadede indisler uygun sekilde degistirilirse

gAsAzAaA‘lAsCFAs};Al TAI TA2 T.“‘a TA«; T‘“‘s T“‘s +
ghidetassdsc BT, T, T, T, T, T +
g-nrlesA«tAsCFAs;h’ _TA1 TAz TAs TA4 TA5 Tf‘s +
ghitatseasC F AT T, T, Ty, T, T, +
9A1'42A3A4A6CFA6;5TA1 TA2 TA:; TA4 T"a TAs o
gAtAzAsdqdsde FAGBCTA1 TA2 TA3 TA4 TA5 TAa =0

denklemleri elde edilir.

Buradan

AgAgAgAgAsC A1
g F, o'+

A1AgAgA4A5C Az
g F, 27+

A1ApAgA4A5C As
g F st

AgAgAgC A
gAlAz 346As FAB4+

AjAyAzAsAgC Asp
g F, 2°+



-6 —

A1AgAg3A A5 Ag c —
g FAGB 0

elde edilir.

Yukaridaki ifade

F {c1 gczcscqcsc‘s}B =)
AB

seklinde vazilir.Bu denklemlerde tekrarlanan indisler tizerinden toplam

rardir.

AN cebirleri igin (1.10) denklemlerini ¢oziip g4142-4» katsayilarim
belirlemek bu asamada baslica problemimizi olusturur . Bu katsayilarin
kag lineer bagimsiz parametre ile ifade edilecegi hakkinda éngdrimiiz
Casimir invarvantinin mertebesi p olmak izere. p'nin 1 hari¢ tiim pozitif
partisyonlar: kadar lineer bagimsiz parametre cinsinden tim katsayilar

¢oztilebilecegi seklindedir.

Altinc: mertebe Casimir operatori igin 6rneklersek 6 = 4 4+ 2 = 3 +
3 = 24 2 4 2 seklinde dort farkh partisyon elde edilir . Buna gore
altinc: mertebe Casimir operatdriintin g414243444s4¢ katsayilari 4 serbest

parametre cinsinden ¢oziliir.



BOLUM 2. ESDEGERLIK SINIFLARININ VARLIGI VE OLCUTLER

Bir p.mertebe Casimir invaryantiun g*:"2+» katsayilarimmn degeri

F {c1 gCZ"‘Cp-—l}B =0 (21)

AB

denklemlerinin ¢6zimi ile elde edilir. Altinci mertebe icin Casimir kat-
sayilarinin degerleri hesaplandiginda ayni degere sahip olan katsayilarin
varlig1 gbzlenir. Bu katsayilar arasinda aym degere sahip olanlarin olus-
turdugu ctimleler egdegerlik simiflan diye adlandinlir. Burada esdegerlik
smuflarinin hangi olglitlere gore birbirinden ayirtedilecegi baglica prob-
lemimizi olugturur. Altici mertebe i¢in asagida tanimlanacak géstergeler

sayesinde bu simiflama yapilir.

g2 katsayilan tizerinde tamml fi¢ gosterge IND1.IND2,IND3
olarak tanimlamir.Aym: zamanda T, doguraylar: tizerinde tanimh k3, &g

and k3 olmak iizere ii¢ tip ¢arpim fonksiyonu tanimlanir.

K1lea,  ea,] = (o, ap) (2.2)

seklinde tamimlanir.Bu tamm cebirin tim agirhk orglistinde tamimlidir.
Skalar carpim «; , (i=1,2, ... N) olmak {izere basit kokler arasinda olur.Bu
garpim ise (a;, a;) = Cj; seklinde Cartan matrisine gére tanimlamr.Bu-
rada ey sifirdan farklh kék indislerine tekabiil eden doguraylardir. Bu
carpimla ilgili gosterge



IND1[gArAzAcderiAe] = Tk [ea,, ea,],

K1 [eA] s eAg]v

r1lea,,ea,l; (2.3)

K1 [6:121 eAg]:

rifea, irea,l]

seklinde tanimlanir.

Burada ilk q indisi sifirdan farkli kéklere son (p-q) kadar indis ise
sifir koklerine tekabiil eder. s skalar ¢arpim fonksiyonu sifir koklerine
karsilik gelen e, doguraylar: i¢inde tanimlamir.Bu doguraylar h; olarak

adlandirilirsa

’gl[hi’ea,a] = (/\i7a.4)' (2.4)

seklinde (A;.aj) = 65, for i . j=1,2, ... N bagntisina goére tamumlanir.

Ai'ler cebirin temel baskin agirlik fonksiyonelleridir.
Ikinci skalar carpim ise

Kolhiypr — ] =—-1, i<k
Kolhispe — ] =2, k—1<4, i<l (2.5)

Kalhispr —p] =1, 1 -1<4.
geklinde tanimlanir.

Burada p’lar temel agirlik fonksiyonelleri olmak {izere e, dogurayla-

rina tekabil eden kékler bunlar cinsinden yazilir.



Bu carpimla ilgili gosterge
I.VDQ[i,gAlAz”'Aqu'*'l“'Ap] = I‘[fizz[hi,em],
K2 [hia 6.4;]3

(2.6)

Kalhiseq,l]

seklinde tanimlanir. Burada i indisi sirasiyla A1, ... Ap degerlerini

alir.
Uclincti skalar ¢arpim
lfg[]lAq+1, h‘qq_*_z, e hAp' 6QA] =

()‘Aq+1 s Oy )aA + (/\Aq+27 a, )aA + ... (’\Ap s Gy )O‘A (2'7)

seklinde tanimlamir.
Bununla ilgili gosterge ise
I‘ND3[gA1Az...Aqu+1...Ap] =

[(&3 [h-4q+17 hAq+27 A hAp’ e--'11]7 K3 [hAq-H ) hAq-|-2 10y hAp’ eAz])a

(k3 [hAq-[-l ’ hAq+27 SRR hAp’ 3A2]7 K3 [hAq-i-u hAq+2’ AR hAp y€4s))s

(/‘93 [hAq-l-l ’ hAq+27 ceey hApa eAq—l]’ K3 [hAq-Ha hAq-|-27 ceey hAp, eAq])] (2'8)

seklinde tanimlamr.
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gA142--A4q katsayilar tizerinde tamimlinan diger gosterge ise IND11

olarak tanimlanir.

I.\'Dll[g.-h.{z...Aq] = (b[P[gAIA2~~Aq]]

seklinde tammbidir.

Burada P operatori
Pl4]l=i ., i< NN +1)/2+1

PlA]=i—N(N+1)/2 . i> NNV +1)/2

olmak lizere
P[g.‘ll:&g....{;‘! = P[:L]P[.—i'_)]P[.‘iq]

seklinde ifade edilir.

Sifirdan farkli kok indisleri igeren katsayilar tizerinde tamimh olan P

operatori negatif koklere karsilik gelen indisleri pozitife gevirir.

A operatort ise

A[Au s Ao —4;'3] = 1’

Alay, 4,401 =1,
A[A,‘NA;N .—1;3] =1,

olmak lzere

Gy T 04, =g,

Gy T QA = @Ay,

QA T = ay;,

@[P[gAlAz“'AqH =

A[Aquv‘ 3] + A[A1’A27A4]+
A[Aw*’lz’As] + A[AquaAs]"*'

e+ AA LA LA

q—17?
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seklinde tanimlanir.
Ai1, Aip. A43 ler 4; den 4,'ya kadar bitiin degerleri alir.

Burada tanimlanan IND1,IND11,IND2, IND3 gostergeleri yardinuyla

altinct mertebe icin egdegerlik siniflarini ayirtetmek mimkindir.

Casimir Invaryantimn g2 Ae a4 Latsayilarn agagida belirtilen

baz1 6nemli 6zelliklere de sahiptir. Bunlar;

(1) gArdeAsdatids Latsayilan ay, +ay, +...a4, = 0sarn disinda

kalan tim durumlarda sifirdar.

(2) gArdz-AsdariAr karsayilar parite donfigiimii altinda invaryanttir.

Parite donfistunii a ,= — «, olmak lizere
g-“il—'12~~~-’1q-‘\q+ln-~“p = gAlAg...Aqu.}_l...Ap §ek1indedir.

(3) glidzAsderi A karsayilan arasinda bir dualite iligkisi vardir. A,

cebirlerinin diagram otomorfizmi altinda o 4 'min duali «,4 ise
g.-h‘—lz....-lq‘-lq.}.l...A,, — (_1)(p—q) gAlAz...Aqu.*.l...Ap §eklindedir.
A, cebirlerinin basit kokleri Dynkin Diagrami yardimi ile elde edilir.
A, cebirine kars: gelen Dynkin Diagram
0——0——0——0+--0——~0——0
(2.9)

seklinde tamimlamir. Bu diagramin otomorfizmine gore bir a, kokii-

niin duali a,_, seklinde olur.



BOLUM 3. ALTINCI MERTEBE CASIMIR
INVARYANTLARININ KURULUSU

Altinc: mertebeden bir Casimir invaryanti

Ij6] = gratstarsts (T, T, T, T, T, T, }

seklinde ifade edilebilir.

Burada altinci mertebeden casimir invaryantlar: 4; ve Ag cebiri igin

kurulacaktir. gAi424s444546 katsayilan
Qg tog, to,ta,Fata,, =0

sart1 diginda kalan tim durumlarda sifirdir. As cebiri i¢in sifirdan
farkli g41424s444546 katsayilar: indislerine gore alt1 tipe ayrilir. Bunlar

sirasiyla

(TO) gA1‘42A3A4A5As , (Tl) gAlA2A3A4A5I1 , (T?,) g.41A2A3A4I112 , (T3)

gAlAzAgIlIzIa . (T4) gA1A2111213_[4 , (’I‘5) 911121314I516 §ek1indedir.

Burada 4; = 1,2,...N(N + 1) ve Iz = N(N + 1) + 2, olmak tizere
ikinci ifadede iy = 1,2,...N ve k = 1,2,...6 seklindedir. N=5 icin
‘41,‘42, Ag, .44,145, ‘4-6 = 1, ...30 ve il,iz,i3,i4, i5, ie = 31, ... 35 dir.

gArAzAsdsdsde Latsayilarmin herbirini g(i) seklinde numaralandirir-
sak ¢ = 1,...12300 seklinde olur. Katsayilarinin numaralandirilmas: tip-

lerine gore yapilirsa, sirasiyla
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(T0) i=1,...2770

(T1) i=2771,...6490
(T2) i=6491,...9640
(T3) i=9641,...11040
(T4) i=11041,...12090
(T5) i =12001,...12300

geklinde olur.

INatsayilar arasinda varoldugn bilinen esdegerlik siniflar1 yvukanida ta-

niunlanan her tip i¢in farkli géstergeler kullanilarak ayirtedilir.

(TO) tipine dahil olan katsayiiar sifirdan farkh kok indisleri icerir. Bu
katsayilar arasindaki egdegerlik simflarim ayirtetiek i¢in IND1 gostergesi

A

g hAzdsdsdsds Latsayilan fizerinde uygulamrsa

K1 [eAsv eAe]]

seklinde elde edilir. Burada s1[eqy,,ea5] = (@a,ap) ve (a;,a;) = C

dir.

i
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IND1 gostergesiyle

r[-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, 2, 2,
r[-2,-2,-1,-1,-1,-1,-1,-1, 0, 0, 0, 0, 1, 1, 2]=A(3)
r[-1,-1.-1,-1,-1,-1,-1.-1,—-1.=1, 0, 0, 1, 1,
T[-2,-2,-2,-2,-2,-1,-1,—-1,-1, 1, 1, 1, 1, 2,
[f-2,-2,-2,-2,-2. 0. 0. 0, 0, 0, 0, 0, 0, 2, 2]=A(6)
r[—2,-1,-1.-1.-1.-1.—1, 0, 0, 0, 0, 0, 0, 1, 1]=A(7)
I[-1,-1,-1.-1,—-1.-1,-1,=1, 0, 0, 0, 0, 0, 1, 1]=A(S)
I[-2,-1,-1,-1.—=1, 0. 0. 0, 0, 0, 0, 0, 0, 0, 0]= A(9)
I[-2,-1.-1,-1,-1.-1.-1,-1,—=1, 0, 0, 1, 1, 1, 1]= A(10)
I[-2,-2,-2,-1,-1,-1.=1, 0, 0, 0, 0, 1, 1, 1, 1]=A(11)
I[-2,-2,-2,-1,—-1, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1]= A(12)
If-2,-2,-2, 0, 0, 0. 0, 0, 0, 0, 0, 0, 0, 0, 0]=A(13)
r[-1,-1,-1,-1,-1,—1, 0, 0, 0, 0, 0, 0, 0, 0, 0]= 4(14)

I[-2,-2,-2,—1,-1,-1.—-1,-1,=1, 1, 1, 1, 1, 1, 1]= A(13)

olmak tizere 15 farkli durum olusur.

Burada sozkonusu her duruma karsilik gelen katsayilarin aym egde-
gerlik siifina ait olmasi beklenir. Fakat bu gosterge ile elde edilen 15
farkh durum egdegerlik simiflarim ayirtetmekte yeterli olmaz. Bu simflan

tam olarak ayirtetmek icin IND11 gostergesi burada kullanilir.

INDll[gA1A2A3A4A5A6] = (I)[p[gA1A2A3A4A5As]]
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Ay Ao Az Ay ;s

burada P operatort ¢ 4¢ katsayilan iizerinde

Pid;]=i. i1<16
P4]]=1i-15, i>15
olmak lzere

P[g‘41.'{2‘43A4A5"16] = g

seklinde tanimhdir.

A\ operatort ise

‘\[“4‘1'1 ’ Aiz : "1;3]

1. Qg Taa,

11 O"A‘l oy =
T

.\.[:1;1 b) :1(2 b "-11'3]

i

-\[*'1;11"1;‘27’1;3] = 1. A, + Gy, = a4

olmak tlizere

(b[g.—11.42A3.44A5.43]

AlAq, Az, As] + A4y, Ao, Ag+
A[A1, Ao, A5] + A4, Ao, Ag]+
AlAs, Az ]+ AJAL 43, 4]+
AlAr, As. ] + Al4y, Ay, As)+
AlAy, Ag A6] + A4y, 45, A+
Alds, As, Ay] + A4y, A3, A5]+
AlAz, As, As] + AlAs, Ay, As5]+
A[Az, Ay, Ag] + A[Ay, A5, Ag]+
A[As, Ay, As] + A[A4s, Ay, Ag]+

A[Ag, As, Ae] + A[A4, As, Ae]

P[A]P[A2]P[A3] P[A4] P[As] P{A¢]
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seklinde tanunlanir.
Burada 4,,, 4,,, A, indisleri 1,...6'ya kadar tiim degerleri alir.

IND11 gostergesini de kullanarak katsayilar arasinda varolan tiim
egdegerlik siniflar ayirtedilebilmektedir.Béylece (T0) tipine ait olan 2770

katsay1 arasinda 17 egdegerlik simifimin varligy gézlenir.

Sifirdan farkli kok indisleri iceren gti424s444s4¢ katsayilar icin asil

vurgulanmasi gereken onlarin Weyl siinetrilerine sahip olmasidir.

W Weyl grubu olmak tizere
W:iaj— aj~(a;.q;)q,

seklinde Weyl yansimalan tammlanir. Bu tanim bize, Weyl yansimalarim

katsayilar tizerinede de uygulayabilme sansini verir.

Weyl yansimalar
Uli.aj) =a; —(a,.q; ),
seklinde ifade edilerek katsayilar {izerinde uygulanirsa
\:[;('i’gAIAgA:;A‘;Ag,Ae) — g‘If(i-OAl)‘I’(i,aAz)‘I’(i»OAa)\I’(i,aA4)‘I’(i,aA5]‘I/(i,aAs)

geklinde olur.

Burada i, sifirdan farkl koklere kargilik gelen indislerin degerlerinden

herhang birini alabilir.

Weyl yansimalar: katsayilar lizerinde yukarida izah edildigi sekilde
uygulanirsa bu yansimalar altinda invaryant kalan siniflar gozlenir. Bu-
rada asil dikkate deger bulunan invaryant kalan simiflarin egdegerlik si-

niflar1 olmasidir.Egdegerlik simiflart Weyl yansimalar: altinda tamamem
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ayirtedilir. Burada IND1 veIND11 gostergelerinin kullanilmasinin sebebi
hesaplamalar agisindan daha pratik ve uygulanabilir olmasidir. Weyl
vansimalariyla esdegerlik simiflarini ayirtetmek hesaplamalar agisindan
oldukca zordur. Ajs cebiri igin drneklenirse, Weyl yansimalar 2770 kat-
saymin herbirine uygulandiginda teknik ve zaman agisindan gok kullanigh
olmayacag agikardir. Keza 9051 tane sifirdan farkh kok indisine sahip As
cebirinin katsayilar: icin de bu gecerlidir. Bu yiizden (TO0) tipine dahil olan
katsayilar arasindaki egdegerlik simflarimi ayirtetmek igin IND1,INDI1

gbstergelerinin kullamlmas: tercih edilir.

(T1) tipine dahil olan g-itA2-s444sDt katsayilar: 3720 tanedir. Bu kat-
savilar arasindaki egdegerlik simiflarim ayirtetmek igin IND1I.IND2.IND3

gostergeleri kulanilir.

IND1 gostergesi gt1A2-sAsdsIi Latsayilar fizerinde uygulanirsa
IND1[gtiAzdedsdsh] = Tk ey, e4,]), k1(ea, 5 €4,),
K1lea, e, w1lea; s eqls
Kiled,.€45)s K1leAs, €Al
riled,, ea)s K1leass eyl
Kileass€as], K1]eay, €45l

seklinde olur.

IND1 gostergesi ile
[ —2,-2,-1,-1,-1,—1,—1, 1, 1, 2] = A(1)
1= A(2)

Pt

I[-2,-1,-1,-1,-1,-1, 0, 0, 1,

r[-1,-1,-1,-1,-1, 0, 0, 0, 0, O]

A(3)

I[-2,-1,-1,-1, 0, 0, 0, 0, 0, 0]= A(4)

olmak tizere dért farkli durum olusur.A(1),A(2),A(3),A(4) durum-

larini olugturan katsayilarinin duallerine IND1 géstergesi uygulanirsa yine
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vukarida hesaplanan 4 farkh durum elde edilir.Dualite sart: altinda so6z-

konusu durumlar ayn: kalir.Dolayisiyla bu durumlar reeldir.

IND2 gostergesi katsayilar tizerinde uygulanirsa
IND2[I, gAtA2dedsds ) = Tl Thy ey ],
Ralh1,e.4,].
ralhi, 6A3],
ralhy,eq,l,
ralh1, e, ]l

sek.inde olur. Burada Iy = 31....35 olmak {izere hy = I; — 30 dir.

IND2 gostergesi ile elde edilen durumlar

T[ -1, 2. 2, 2, 2]=B(1)

-

19
S
If
g
1

[ 1. 1. L
T[] 1, 1, 1, 1, 1]= B(3)
T[-1,-1, 1, 2, 2]=B(4)
I[-1.-1, 1, 1, 1]= B(3)

ve bunlarin duallerinden ibarettir.

IND2 gostergesi ile elde edilen durumlar arasmdaki dualite kosulu n

sayilar uizerinde etkili bir operator olmak Gzere
n(2) =2, n(1) = -1, n(-1) = 1 geklinde tamimlamir. Buna gore
I'[- - -Jlar arasindaki dualite kogulu

DUAL [r[ll s 2, i3a i, 5, 16]] = P[U(ll)a 77(7:'2)’ ’I(i3), n(i4)’ 77(i5), U(is )]

seklinde ifade edilir.IND2 gostergesiyle elde edilen tiim durumlar kom-
pleksdir. Burada duallere karsiik gelen durumlar B(—:) seklinde numa-

ralandirilir.
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IND3 gostergesi katsayilar {izerinde uygulanirsa

seklinde olur.

IND3[gHiA2sdsdeh] =

Tl(k3[h1.ea,]. 63[h1.e4,]),
(k3lh1,€4,], k3lh1. e4,])s
(k3[h1sea,], w3lh1.€4,]).
(k3lhi.eq,], k3 h1.e4.])
(K3[h1.€4,] - Rath1 €4, )
(k3lhy.€.4,]-m3ih1.eq,]).
(k3ih1.€a,], Fsihieq;])
(r3lhi.ea,) - ms hiceq, )
(k3lh1.e4,]s F3 h1.€a,0)

(h‘g{hl. 6_44], K3 ihl-, 6_.15j)]

IND3 gostergesi ile

I 0,0,0,0,1.1,1.2.2.2] = C(1)
I[0,0,0,0.1,1,1,1,1,2] = C(2)
I 0,0,0.0,0,0,0,0,0,1] = C(3)
I 0,0,0,0,0,0,0,0,0,2] = C(4)

T[0,0,0,0,0,0,0,0,0.0] = C(5)
I]0,0,0,0,0,0,1,1,1,2] = C(6)
I[0,0,0,0,0,0,0,0,1,2] = C(7)
I(0,0,0,0,0,0,0,1,1,1] = C(8)

8 farkh reel durum olugur.
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gArAzAsdadsl fatsavilan lizerinde sézkonusu fi¢ gbsterge birden uy-

gulanirsa
{I.\,’Dl[gAlAzAathsh]’ I.’\?DQ[(/AIA:AaA“AE’Il],

IND3[ghietodsdsh)] = S[A(2), BUj), C (k)]

olmak fizere ii¢ indisli durumlar olugur.
Bu durumlar S[A(2), B(j), C(k)] = S[i, j, k] seklinde ifade edilir.

Burada gt A24s444si katsayilarina fig gésterge uygulamrsa tium du-

rumlar

S[ 4,-4, 3]= S[15]



S| 4, 5, 5]=S17]
S[ 4,—1, 7] = S[18]
S[ 3,1, §]= S[19]

ve bunlarin duallerinden ibarettir.

Bu ¢ indisli durwmlar arasindaki dualiteyi ifade etmek i¢in o geklinde

bir operator tammlamr. o(/) = —7 olmak {izere
DUAL[S}, j, k] = S[i. o(§). &

seklinde ifade edilir. Dualite sart: altinda 19 farkli durum daha olugur.

Ttm S durumlan kompleksdir.

Duallerine karsilik gelen durumlar S[—:] seklinde numaralandirilir.

Vi AsAsdshy karsayilan I indisleri I; = 31....35 ve hy =

Burada g¢-
I, —30 olmak tizere 5 farkli deger alir. I; indisinin her bir deger araliginda
S(2)ler farkli egdegerlik sinifina karsihik gelirler.Boylelikle egdegerlik si-

niflarini ayirteden durumlar

K[h1.S(1)] = K[hy,] olmak {izere tammlamr. Bu tamim S[—:] Tler

i¢in
Klhy,S(=0)] = —K[DUAL[h,],7] seklinde tanimlanir.

Sifir koklerine tekabiil eden h; indisleri arasindaki dualite Ay ce-
birinin diagram otomorfizmine gore tamimlanir. Bu sekilde elde edilen
durumlar

K1,1] = K[1]

k2,1 = K[2]



K'2,16]) = K[5]
KI[3,1] = K[6]
K13.9] = K[7]
K73,3] = KT8]
K3,5] = K9]
K7'3,6) = K[10]
L'3.9] = K[11]
£73.13) = K19]
K3.14] = K[13]
K13.15] = K[14]
K{3.16] = K[15]
K[3.17] = K[16]
K[3.18] = K[17]
K(3,19] = K]18]
Ki4,1] = K[19]
K4,2] = K[20]
K[4,3] = K[21]
K[4,4] = K[22]
K[4,5] = K[23]
K[4,6] = K[24]

K[4,7) = K[25]



olmak tizere 46 tanedir.

93 —
K[4,8] = K[26]
K[4.9] = K[27]
K[4,10] = K|[28]
K[4,13] = K[29]
K[4,14] = K[30]
K[4.15] = K[31]
K[4.16] = K[32]
K[4.17] = K[33]
K[4.18] = K[34]

K[4.19] = K[33]

K[5,4] = K[38]
K[5.5] = K[39]
K[5,6] = K[40]
K[5,7] = K[41]
K[5,8] = K[42]
K[5,9] = K[43]
K[5,10] = K[44]
K[5,11] = K[45]

K[5,12] = K[46]
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Burada elde edilen her duruma kargihk gelen g4142-4sA44sni Latgayr-
lar aym esdegerlik simifina aittir.(T1) tipine ait 3720 katsay1 arasinda 46
esdegerlik sinifi elde edilir. Her egdegerlik sinifina ayni numaralar verilerek

3720 katsayi, 46 katsay: ile ifade edilir.

(T2) tipine dahil olan gArdedsdshila ateayilarn 3150 tanedir. Bu
katsayilar arasindaki esdegerlik simflarim ayirtetmek igin IND1.IND21,

IND22 ve IND3 gostergeleri kulanilir.

IND1 gostergesi g-t1-424844/1 /2 Latzayilar {izerinde uygulanirsa

IND1ghtAsdedailsl = Tl Te (le ] ke, eas)-
Ry [eAl . 6-’14]7 H1[€A2, 6;13]3

K1 [6-42 . 6-44]7 K1 [6-437 eA4]]

seklinde olur.

IND1 gostergesi ile
[ -2.-2,-2,-2,

o

2l = A1)
I[-1,-1.-1,—1. 0, 0]= A(2)
T[—2.-2.-1,-1, 1, 1]= A(3)

I[-2,-2, 0, 0, 0, 0]=A4(4)
dort farkli durum elde edilir.Burada I'[- - | lar reeldir. IND2 gdstergesi Iy
ve I igin IND21,IND22 geklinde tamimlanir.

Burada I;,I, = 31,...35 ve hy = I; — 30,hy = I, — 30 olarak

tanimlanir.

IND21 gostergesi katsayilar izerinde uygulamursa

IND21[I,, g4 AsAalila] = Ty, eq, ]
’§2[hla 6A2]7
KZ[hla 6A3]7

52[h1a 6A4]]



seklinde olur.

IND22 gostergesi katsayilar tizerinde uygulamrsa

IND21[I,, gt A2AsAshile] = Plkalhg, €4, ],
ralhs, ea,],
kalha, €4,

2

R h25 €A4]]

seklinde olur.

IND21.IND22 gostergeler: ile
If 2, 2. 2, 2= B(1)

Il -1, 1. 2, 2]=B(2)
Il -1,-1. 1, 1]= B(3)
T[ -1,-1. 2, 2]=B(4)

T[—1,-1.-1,—1] = B(3)

olmak tizere beg farkli durum ve hunlarin dualleri elde edilir.

IND21,IND22 gostergeleri ile elde edilen durumlar arasindaki dualite
O S

kogulu 7 sayilar tizerinde etkili bir operator olmak iizere
n(2) =2.9(1) = =1.n(—1) = 1 seklinde tammlanir.

Buna gore I'[- - -]'lar arasindaki dualite kosulu

DUAL[T[éx, 22, 4, 44]] = Tn(ir), n(i2), n(és), n(2a)]
seklinde ifade edilir.Burada elde edilen B(1), B(2), B(3) durumlar reel
B(+4), B(5) durumlar: kompleksdir.

IND3 gostergesi katsayilar tizerinde uygulanirsa,

II\"D3[9A1 A2A3A4I1I2] =



seklinde olur.
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F[(K?» [hle h'2~. e.-h]a k3 [hl . h27 6.42])

(k3h1, ha.ea, ], k3lh1, R, ea,)),

(h’g[hl,hg.
(w3lh1, o,
(h’,;;[hl, ]22.

(Iig[h],hg.

IND3 gostergesi ile

I[ 8, 8
I[ 0, 0
I[ 0, 0
T[ 4, 4
I[ 0, 0
T[ 2, 2
I[-1, 0
I[-1,-1
T[ 0, 0
[ 2, 2,
I[ o, O,
T[ 1, 1,
T[ 0, 0,

e4,], 83[h1

€A2], f3 [hh
e.—lz]a K3 [hl )

6‘4‘3], K3 Ull .

7]72: 6.44] )7

h27 6.—13] }a
.
ha,eq,!),

ho,eq,11]

81=C(1)
i =C(2)
8] =C(3)
8] = C(4)
0] =C(5)
2] = C(6)
2] = C(7)
2]=C(8)
9] = C(9)
8] = C(10)
1] = C(11)
2] = C(12)
8] = C(13)
4=C014)
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T[ 0. 0, 0, 0, 2, 2]=C(13)
I[-1.-1,0, 0, 1, 1]=C(16)
[ 0.0 1, 1, 1, 1]=C@7)
T[ 0. 0, 0, 0, 8 8 =C(18)
T[ 0. 0, 4 4, 4, 4=C(19)

olinak tizere 19 farkl reel durum elde edilir. Bu durumlar dualite kogulu

altinda ayni kalir.

gArdaAsAshils Lateavilan tizerinde INDLIND21.IND22.IND3 goster-
gelerinin hepsi birden uygulanirsa
S[I.\’Dlygﬁl_-\g.—l;;.-\.;fl 13]’ I.\’Dgl[g;‘l .42.43A4]1 [3]’
I.\’DQQ[gA:A:AsA“I I 12]’ I‘\’D3!:g.41-42-43.44 I 12}]
= S[A(i). B(j), B(k).C(1)]

olmak fizere 4 indisli durumlar olusur.

Bu durumlar S[A(:1. B(j), B{k).C'(1)] = 5. j. k.1] seklinde ifade edi-

lir. Bu suretle elde edilen tiim durumlar



5] = 5(28)
5] = S(29)
9] = S5(30)

5] = S(31)



S[ 2, 1, 1, 19] = 5(43)

ve bunlarin duallerinden ibarettir.

Dort indisli durumlar arasindaki dualiteyi ifade etmek i¢gin icin o gek-
linde bir operatér tammlanir. o(1) = 1,0(2) = 2,0(3) = 3. o(4) =

—4,0(3) = —35,0(—4) = 4.0(=5) = 5 olmak iizere dualite
DUA.L[S[Z] ) i2, 2'3, 24]] = S[il, U(ig), 0‘(i3), 24]
seklinde ifade edilir.

Duallerine kargilik gelen durumlar S{—i) geklinde numaralandinlir.

Esdegerlik siniflarim1 ayirteden durumlar

K[hy, ks, S(?)] = K[h1, ha, i] seklinde tamimlanir. Bu tamim S(—1) 'ler

icin
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K[hy. ho. S(—3)] = K[DUAL(hy), DUAL(h3), ] seklinde ifade edilir.
Burada hy.hy = 1,---5 ve hy > hg olmak iizere 15 farkli h;.hs cifti
olugur. hi. by ler arasindaki dualite kogulu Ay cebirinin diagram otomor-

fizmine gore tanimlanir. Bunun sonunda 190 tane durum elde edilir.Bu

durumlar EX[1]’de verilmigtir.

(T2) tipine dahil olan 3150 katsay: arasinda 190 tane esdegerlik siufy
olugur. Her bir duruma karsilik gelen katsayilara ayni numara verilerek

3150 tane katsay1 190 tane katsay ile ifade edilir.

(T3) tipine ait gdi424a/il2ls katsavilar 1400 tanedir. Bu katsayilar
arasindaki esdegerlik sumflarin ayirtetmek icin 7N D21.JN D22, IN D23

oostergeleri kulamlir.

IND2 gostergesi Iy, I. I3 icin IND21.IND22.IND23 geklinde tammla-
nir, I1. . I3 = 31.---35 olmak tizere hy = I; —30.hy = [, — 30.}3 =
Iy — 30°dir.

IND21.IND22.IND23 gostergeleri katsayilar tizerinde sirasiyvla uygu-

lanirsa,
IND21[Iy, gt A2 ilals] = Tliy[hy, e a, ],

K?[hlreAg}-,

Ka2[h1.€4,]]

IND22[I,, g4r42As i l2Is] = Ty Ry, e4, ],
KZ[hZ? 6.42}1

K2 [h27 e.Ag]]

IND23[I;, gArAzAshilals] = Tlio[hs, e4, ],
K2 [h3a eAz]a

Kalhs, e4,]]
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seklinde olur.

Bu gostergelerden elde edilen durumlar I'[1,1,1] = A(1), I'1.2,2] =

4(2) ve bunlarin duallerinden ibarettir.

Bu durumlar arasindaki dualite kogulu n sayilar izerinde etkili bir
operator olmak {izere n(2) = 2,7(1) = —1,n(—1) = 1 geklinde tanimlamr.

Buna gore I'[- - -] lar arasindaki dualite kogulu

DU AL 5. 13]) = Tin(i1),n(i2), n(is)] seklindedir. Burada A(1)

ve A(2) durumu kompleksdir.

Bu gostergelerden hepsi birden katsayilara uygulamrsa
SUIND21[IL. gt A2dstds i TN D23[I, ghrdedsdads ],
IND23[I5. gtetedetads ) = ST 4()). B(j). C(k)]

olmak {izere ti¢ indisli durumlar olusur. Bu durumlar
S{A(D). B(7).C(k)] = S[i. j. k]

seklinde ifade edilir. Bunun sonucunda elde edilen durumlar
S[-2,-2,-2] = S(1)
S[-1,-1,-1] = S(2)
S[-2,-2, 2]=5(3)

_9,-2, 1] = 5(5)

[

S[-1,-1, 2] =5(6)
[—1,-1, 1]=S(7)
[1,-2,—2] = S(8)

S[-2, 2, 1= 5(9)

S[-1,-2, 1] = S(10)
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ve hunlarin duallerinden ibarettir.

LQ indisli durumlar arasindaki dualiteyi ifade etmek i¢in igin o gek-

linde bir operator tanimlanir. ¢(i) = —¢ olmak tizere dualite

DL,AL[S[MLQ.UH = S[O’(l‘;)O’(lg).O’(ll )]

Duallerine karsilik gelen durumlar S(—:) seklinde numaralandirilir. Bu-

rada elde edilen tiim durwumnlar kompleksdir.
Egdegerlik suuflarint ayirteden durumlar
Khi. by hg. S(@)] = Khy. ha. by ]
olmak tizere taimnmlanir.
Bu tanmim S(-:) 'ler igin
Klhyi,ha, k3, S(—i)] = —K[DUAL(hy), DUAL(hy), DUAL(h3).1]
seklinde ifade edilir.
Burada hy,hg,hs =1,---5ve hy > hy > h3
olmak tzere 35 farkli hy, ho, hs liclisii olusur.

hi,ha,hs ’ler arasindaki dualite kosulu Ay cebirinin diagram oto-
morfizmine gore tanimlamir. Bunun sonucunda 108 farkli durum elde
edilir.Bu durumlar EK[2]'de verilmigtir. Herbir egdegerlik sinifina aym
numara verilerek 1400 katsay: 108 katsay: ile ifade edilir.

(T4) tipine ait gA142lil2lsls katsagilar: 1050 tanedir. Bu katsayilar
arasindaki esdegerlik simiflarim ayirtetmek icin IND21,IND22,IN D23,
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IN D24 gostergeleri kulanilir.

IND2 gostergesi Iy. I>. I3, Iy i¢in IND21,IND22,IND23.IND24 geklinde
tanimlanir.Bu gostergeler katsayilar arasinda sirasi ile uygulanirsa
IND21[Iy, gt A2l la 1] = Tky[hy, e4,],
Kalhi.e4,],

ralh1s €]

II\YDQQ[Iz.,gAlAle[zIsI'*] = r[/{g [712, 6,11],
'C‘Z[h'Z: 6.42]3

Ko [hQ . 6,\3]]

IND23[I5, g1 A2 li2lels) = Tk, [h3, €4, ],
"‘:2[}1‘3~, 6.42]3

K2R3, €.4,]]

IND24[I, g4 28 ls] = Dy Ry, e4,],
K2 [h4, eAz],

Ka [h4a eAaH

seklinde olur.

Bu gostergelerden elde edilen durumlar
T[L.1] = A1)
I'[2,2] = A(2)

ve bunlarin duallerinden ibarettir.

Bu durumlar arasindaki dualite kogulu n sayilar {izerinde etkili bir
operator olmak tizere n(2) = 2,7(1) = —1,n(—1) = 1 geklinde tanimlanir.
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Buna gore I'[--]'lar arasindaki dualite kogulu
DUAL[T[ix.i2]] = T[n(ir). n(32)]

seklindedir. Burada A(1) durumu kompleks A(2) durumu reeldir.

grA2Dil2Ials katsavilan {izerinde IND21,IND22,IND23.IND24 goster-
gclerinin hepsi birden uygulanirsa
S[I.\'D.?l [9_41.42.—13A411 13]’ IA,TD?:Z[gAlAgAgA.;I; Ig}.
IN D23[gr Aedsdsh I2), IN D24[g 41 Az 4o s a2
= S[A(2), B()). B(k),C(1)]

olmak iizere dort indisli durumlar olusur.

Bu durumlar S[A(:). B(j). B(k).C(I)] = S[i.j. k,]] seklinde ifade edi-

lir.

Bu sekilde elde edilen tiim durumlar
S[1, 1, 1, 1]=5(1)
S[-1, 2, 2, 2]=5(2)

ve bunlarin duallerinden ibarettir.

Dort indisli durumlar arasindaki dualiteyi ifade etmek icin i¢in o

seklinde bir operatér tamimlamir. o(:) = —¢ olmak fizere dualite
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DD’AL[S[iI,iQ, ig, 24]] = 5[0'(24) U(ig), O’(ig), O'(il )]

seklinde ifade edilir.

Duallerine karsihk gelen durumlar S(~i) seklinde numnaralandirilir.

Esdegerlik simflarimi ayirteden durumlar
K[hy, ho.hs. hy, S(i)] = K[hy. ha, hs,. hy.1] olmak tizere tanimlanr.

Bu tamm S(—¢) ’ler i¢in
Khi. hachg, hy, S(=0)] =

—K[DUAL(hy). DUAL(hy). DUAL(Ry). DUAL{hy). 7]

seklinde ifade edilir.

Burada hy.hy. hg,hy = 1.---5 ve hy > hy > h3 > hy olmak tizere 70

farkli hy, ha. h3, hy dérthist olusur.

hy.ha. hs. by ‘ler arasindaki dualite kosulu Ax cebirinin diagram oto-
morfizmmne gore tammlamr. Bunun sonucunda 190 farkli durum elde

edilir.Bu durumlar EK[3]’de verilmistir.

(T4) tipine ait 1050 katsay: arasinda 190 tane egdegerlik sinifi bulunur.
Herbir egdegerlik simifina giren katsayilara aym numara verilirse 1030

katsay1 190 katsay1 ile ifade edilir.

(T5) tipine giren gftf2falslsls latsayilan sifir kok indisleri igerir.Bu
katsayilarin herbiri bir egdegerlik simfidir. Bunlar: daha az sayiya indirge-

mek i¢in sadece dualite kogulu kullanilir.

Katsayilar arasindaki dualite kogulu
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g_»hAg...AqA,,.‘_l...A,, — (_1,(})—7) gAlAz...A,Aq.(,l...A,, §eklindedir.
Buna gore DUAL[gltl21alslsle] = glil2TalalsTs geklinde tanimlanir.

Burada sifirdan farkh kék indislerine kargilik gelen I;’ler arasindaki
dualite Ay cebirinin diagram otomorfizmine gore tamimlanir. Bu kogul

vasitasiyla 210 katsayr 110 ‘a indirgenir.

Casimir invarvantim olusturan katsayilar vukarida izah edilen iglemler
sonucu 12300°den 661 e iner. Katsayilariu bu 6lglide azalmas: (1.10)denk-
lemlerini ¢6zmeyi oldukca kolaylastirir.Bu katsayilarin ¢ozimii daha énce
ongordiigiimiiz tizere dort serbest parametre cinsinden elde edilir.Bu kat-

sayiarin degeri EK[4]'de verilmistir.

Benzer gekilde 4¢ cebiri iginde ayni gostergeler kullanilirsa katsayila-

rin indirgenmesi

(T0) i¢in 9051 katsay: 17 . (T1) igin 11844 katsay1 65 . (T2) igin 9261
katsay1 318 , (T3) icin 3920 katsay:1 210 . (T4) i¢in 2646 katsay: 455 ,

(T5) icin 462 katsay: 236
seklinde olur.

Bunun sonucunda 37184 tane katsay1 1301 katsay: ile ifade edilir. As
ve Ag cebirleri igin (1.10)denklemleri MATHEMATIC ATM paket pro-
gramu [5] yardim ile ¢dziiliir. Ag cebirleri icin de tim katsayilar dort

bagimsiz parametre cinsinden ifade edilir.



SONUC VE ONERILER

Bu tezde altinci mertebe Casimir invaryantlarinm acgik kurulugu, ge-
listirdigimiz 6zel bir yontemle A5 ve Ag cebirler icin elde edilmistir. Bu

vontemin temelini esdegerlik sumflarimin varligi olugturmustur.

Egdegerlik siniflar1 Casimir katsayilar: arasinda ayni degere sahip olan
elemanlann olusturdugu ciimlelerdir. Katsayilar arasinda var olan egde-
gerlik smuflarim belirlemek bu tezin baglica amaglarindan birini olustur-
mustur. Bu suuflar belirlemek icin dort tane gosterge tanimlanmugtir.
IND1,IND11.IND2,IND3 olarak adlandirnlan sézkonusu gostergeler al-
tinct mertebe Casimir katsayilar arasindaki egdegerlik simiflarim belir-
lemekte tamamen basariya ulagmigtir. Aym esdegerlik siifina dahil olan
katsayilara ayni numara verilerek katsayilar biiyiik ol¢iide indirgenmistir.
Indirgenmis katsayilar daha énce 6ngdrdiigumiiz sekilde dort serbest pa-

rametreye bagh olarak ¢ézulmiigtiir.

Gelistirdigimiz bu 6zel yontem sayesinde altinc: mertebe Casimir in-
varvantim kurma imkamna kavusulmustur. Bu yontem olmaksizin Casi-
mir invaryant: kurmak teknik olarak neredeyse imkansizdir. Elimizde bu-
lunan komputer imkanlar: bu problem agisindan oldukga sinirhdir. Hatta
komputer problemi agilsa bile daha yiiksek mertebelerde kolaylagtirici ve

pratik bir yéntem bulma zorunlulugu bizim i¢in kaginilmazdir.

Bundan sonraki amacimiz altinci mertebe i¢in buldugumuz gésterge-
lerin daha yiiksek mertebelerde egdegerlik simflarimi belirlemekte yeterli

olup olmayacagini incelemektir.
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K[ 2,
K[ 2,
K[2,
K[ 2,
K{2,
K[2,
K[ 2,
K[ 2,
K[2,
K[ 2,
K[2,
K[ 2,
K[2,
XK[2,
K[2,
K[ 2,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K3,
K[ 3,
K[ 3,
K[ 3,
K[3,
K[ 3,
K[ 3,
K[3,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K[ 3,
K[3,
K[3,
K[ 3,
K[ 3,
K[ 3,
K[3,
K[ 3,
K[4,
K(4,
K[4,
K[ 4,
K[ 4,
K[4,
K4,
K[ 4,
K[4,
K[4,
K[ 4,
K[4,

18]=K][
197=K][
20 ]1=K{
211=K][
22 ]=K|
23]1=K[
24 1=K]
26 1=K[
27 1=K
28]=K[
29 ]=K[
30]=K][
31]=K[
32]=K]
33]=K[
34}1=K][
1]=K[
3]1=K|
41=K[
7 1=K[
10]=K][
11]=K][
12]=K[
13]=K[
14 ]=K][
15]=K[
17]1=K[
18]=K[
191=K[
20]=K][
22]1=K[
23]1=K[
24 1=K[
26 1=K|[
27]=K[
28 1=K[
29 1=K[
30]1=K[
31]=K][
32]=K][
33]=K[
341-K[
35 ]=K[
36 1=K[
371=K]|
1]=K][
10]=K[
12]=K|
14 1=K
15]=K[
20 ]=K[
22]=K[

48]
49]
50]
511
52 ]
53]
54 ]
55]
56]
57]
58]
59]
60]
61]
62)
63]
64]
65]
66 ]
67
68]
69]
70]
711
72]
73]
74]
75]
76 ]
77]
78]
79]
80]
81]
82]
83]
84 ]
85]
86 ]
87]
881
89
90]
91]
92
93]
94 ]
95]
96
97]
98]
99 ]

23]=K[100]
24]1=K[101]
26 ]=K[102]
27]=K[103]
281=K[104]
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K[ 4,
K[4,
K[4,
K[ 4,
K[ 4,
K[ 4,
K[ 4,
K[5,
K[5,
K[5,
K[5,
K[5,
K5,
K[5,
K[5,
K{5,
R[5,
K[5,
K[5,
K[5,
K[6,
K[ 6,
K[6,
K[ 6,
K[6,
K[6,
K6,
K(6,
K(6,
K[ 6,
K[ 6,
K[ 6,
K[ 6,
K[6,
K[ 6,
K{G,
K[6,
K[ G,
K[ 6,
K[6,
K[ 6,
K[ 6,
K[ 6,
K[ 6,
K[6,
K[7,
K[7,
K[7,
K[7,
K[7,
K{7,
K[7,
K[7,
K[7,
K[7,
K{7,
K{7,

30]=K[105]
32]=K[106]
35]=K[107]
36]=K[108]
37]=K[109]
38]=K[110]
39]=K[111]
1]=K[112]
2]=K[113]
3]=K[114]
4]=K[115]
51=K[{116]
61=K[117]
7]=K[118]
8]=K[119]
9]=K[120]
40]=K[121]
41]=K[122]
421=K[123]
43]=K[124]
1]=K[125]
2]=K[126]
3]1=K[127]
4]1=K[128]
6]=K[129]
7]1=K[130]
8]=K[131]
10 ]=K[132]
11]=K[133]
12]=K[134]
13]1=K[135]
14]=K[136]
15]=K[137]
16 1=K[138]
17]=K[139]
18]=K[ 140}
19]=K[141]
20]=K[142]
21]=K[143]
22]=K[144]
26 ]=K[ 145]
40)=K[146]
41]1=K[147]
42]=K[148]
431=K[149]
11=K[150]
3]1=K[151]
41=K[152]
71=K[153]
10]=K[154 ]
11]=K[155]
12]=K[156]
13]=K[ 157}
14]=K[158]
15]=K[159]
17]=K[160]
18]=K{ 161}
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K({7,
K[7,
K(7,
K[7,
K[ 7,
K[7,
K[7,
K[7,
K[7,
K[7,
K[7,
K[7,
K[7,
KL7,
K[7,
K{7,
K[7,
K[7,
K[9,
K[9,
K[ 9,
K[9,
K[9,
K[ 9,
K[9,
K[ 9,
K[9,
K[9,
K[9,

191=K[162]
20]=K[163]
22]=K[164]
23]=K[165]
241=K[ 166 ]
26 1=K[ 167
27)1=K[168]
28]=K[169]
29]=K[170]
30]=K[171]
31]=K[172]
32]=K[173]
33]=K[174]
34 1=K[175]
40]=K[176]
411=K[177]
421=K[178]
43]1=Ki179]

1}=K[180]

2]1=K[181]

3]=K[182]
4]=K[183]

6]=K[184]

7]=K[185]

8]1=K[186]
40]1=K[187]
411=K[188]
421=K[189)
431=K[190]
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K[0, 1]=K[1]
K[0, 2]=K[2]
K[1, 1]=K[3]
K[1, 2]=K[4]
K[1, 3]=K[5]
K[1, 4]=K[6]
K[2, 1]=K[7]
K[2, 2]=K[8]
K[2, 3]=K[9]
K[2, 4]1=K[10]
K{2, 5]=K[11]
K[{2, 6]=K[12]
K[3, 1]=K[13]
K[3, 3]=K[14]
K[3, 4]=K[15]
K[3, 5]=K[16]
K[(3, 6]=K[17]
K[3, 7]=K[18]
K[4, 3]=K[19]
K{4, 5]=K[20]
K[4, 6]=K[21]
K[{4, 7]=K[22]
K[5, 1]=K[23]
K[5, 2]=K[24]
K[5, B]-K[25]
K[6, 1]=K[26]
K[6, 2]=K[27]
K[{6, 3]=K[28]
K[6, 4]=K[29]
K[6, 8]=K[30]
K[6, 9]=K[31]
K[7, 1]=K[32]
K[7, 3]=K[33]
K[7, 4]=K[34]
K[7, 5]=K[35]
K[7, 6]=K[36]

K[7, 8]=K[37]
K[{7, 9]=K[38]
K[7,10]=K[39]
K[8, 3]=K[40]
K[8, 5]=K[41]
K[(8, 6]=K[42]
K(8, 7]=K[43]
K[8, 9]=K[44]
K[8,10]=K[45]
K[9, 1]=K[46]
K[9, 2]=K[47]
K[9, 8]=K[48]
K[10,1]=K[49]
K[10,3]=K[50]
K[10,4]=K[51]
K[10,8]=K{52]
K[10,9]=K[53]
K[11,3]=K[54]
K[11,5]=K[55]
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K{11,6]}=K[56]
K{11,9]=K[57]
K[11,10]1=K[58]
K[12,1]=K[59]
K[12,8]=K[60]
K[{13,3]1=K[61]
K[13,9]=K[62]
K[15,1]=K[63]
K[15,2]=K[64]
K[16,1]=K[65]
K[16,2]=K[66]
K[16,3]=K[67]
K{16,4]=K[68]
K{17,1]=K[69]
K[17,3]=K[70]
K[17,4]=K[71]
K[17,5]=K[72]
K[17,61=K[73]
K[18,3]=K[74]
K[18,5]=K[75]
K[18,6]=K[76]
K{18,7]=K[77]
K[19,1}=K[78]
K{19,2]=K[79]
K{19,8]=K[80]
K[20,1]=K[81]
K[20,3]=K[(82]
K[20,4]=K[83]
K[20,8]=K[84]
K{20,9]=K[85]
K{21,3]=K[86]
K[21,5]=K[87]
K[21,6]=K[88]
K[21,9]=K[89]
K[21,10]=K[90]
K[22,1]=K[91]
K[22,8]=K[92]
K[23,3]1=K[93]
K[23,9]=K[94]
K[25,1]=K[95]
K[25,2]=K[96]
K[26,1]=K[97]
K[26,3]=K[98]
K[26,4]=K[99]
K[27,3}=K{100]
K[27,5]=K[101]
K[27,6]=K[102]
K[28,1]=K[103]
K[28,8]=K[104]
K[29,3]=K[105]
K[29,9]=K[106]
K[31,1]=K[107]
K[32,3]1=K[108]



EK-3

K[ 0,
K[O,
K[1,
K[1,
K[1,
K{1,
K[ 2,
K[2,
K[ 2,
K[ 2,
K{2,
K{3,
K[ 3,
K[ 3,
K[ 3,
K{3,
K[ 4,
K[ 4,
K[ 4,
K[4,
K[5,
K[5,
K[5,
K[6,
K[ 6,
K[6,
K[ 6,
K| 6,
K(6,
K[7,
K[7,
K{7,
K[{7,
K(7,
K[7,
K[7,
K[ 8,
K[ 8,
K[ 8,
K[ 8,
K[8,
K[8,
K[9,
K[9,
K[9,
K[9,
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K[10,
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K[11,
K[11,
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K{11,
K{11,
K[11,
K[11,
k{12,
K[12,
K[12,
K[12,
K[13,
K[13,
K[13,
K{13,
K[13,
K[ 13,
K[14,
K[ 14,
K[14,
K[15,
K[ 15,
K[15,
K[15,
K[ 16,
K[16,
K[16,
K[16,
K[ 16,
K[17,
K[17,
K[17,
K[17,
K[17,
K[17,
K[18,
K[ 18,
K[18,
K[18,
K[18,
K[19,
K{19,
K[19,
K[19,
K[19,
K[19,
K[ 20,
K[ 20,
K[ 20,
K[ 20,
K[ 20,
K[ 20,
K[ 20,
K[ 21,
K[21,
K[21,
K[21,
K[ 21,
K[21,
K[21,
K[22,

51=K[57]
6]1=K[58]
7]1=K[59]
8]1=K[60]
11=K[61]
5]=K[62]
7]=K[63]
8)=K[64]
2]=K[65]
3]1=K[66]
5]=K[67]
6]=K[68]
7]1=K[69]
81=K[70]
5]=K[71]
7]=K[72]
81=K([73]
11=K[74]
2]=K[75]
3]=K[76]
7]=K[77]
1]=K[78]
2]=K[79]
3]=K[80]
7]=K[81]
9]=K{82]
1]=K[83]
2]1=K[84]
3]7K{85]
4 |=K[86]
7]1=K[87]
9]=K[88]
2]1=K[89]
3]=K[90]
41=K[91]
7]1=K[92]
91=K[93]
1]=K[94]
2]=K{95]
3]=K[96]
51=K[97]
6]=K[98]
7]1=K[99]
11=K[100]
2]=K[101]
3]=K[102]
5]=K[103]
6]=K[104]
71=K[105]
9]1=K[106]
2]=K[107]
3]1=K[108]
41=K[109]
5]=K[110}
6]=K[111]
7]=K[112]
9]=K[113]
1]1=K[114]
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K[ 22,
R[22,
K[22,
k{22,
K[22,
K[22,
K[ 23,
K[ 23,
K[ 23,
K[ 23,
K[ 23,
K[ 23,
K[23,
K[ 25,
K[ 25,
K[ 25,
K[ 25,
K[ 25,
K[ 26,
K[ 26,
K[ 26,
K[ 26,
K[ 26,
K[ 26,
K[27,
K[27,
K[ 27,
K[27,
k{27,
K[28,
K[ 28,
K[28,
K{28,
K[ 28,
K[ 28,
K[ 28,
K[31,
K[31,
K[31,
K[31,
K[31,
K[ 35,
K[ 35,
K[ 36,
K[ 36,
K[ 36,
K[ 36,
K[37,
K[ 37,
K[ 37,
K[37,
K[ 37,
K[ 39,
K[ 39,
K[ 39,
K[ 40,
K[ 40,

2]1=K[115]
3]1=K[116]
5]=K[117]
6]=K[118]
7]=K[119]
81=K[120]
2]1=K[121]
3]=K[122]
5]=K[123]
6]=K[124]
71=K[125]

8]=K[126]

9]=K[127]
1)=K[128]
2]=K[129]
3]=K[130]
41=K[131]
7]=K[132]
1]=K[133]
2]=K[134]
3]1=K[135]
4]1=K[136]
7]1=K[137]
9]=K[138]
2]=K[139]
3]=K[140]
41=K[141]
7]=K[142]
9]=K[143]
1]=K[144]
2]=K[145]
3]=K[146]
41=K[147 ]
5}=K[148]
6]1=K[149]
71=K[150]
1]=K[151]
21=K[152]
31=K[153]
4)=K[154]
7]=K[155]
1]=K[156]
7]1=K[157]
1]1=K[158]
2]1=K[159]
3]=K[160]
7]1=K[161]
1]1=K[162]
2]=K[163]
3]=K[164]
41=K[165]
7]1=K[ 166 ]
1]=K[167]
5]=K[168]
7]=K[169]
1]1=K[170]
2]=K[171]
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K[40,
K[ 40,
K[ 40,
K[ 40,
K[42,
K[42,
K[42,
K[42,
K[45,
K[45,
K[ 45,
K[ 45,
K(46,
K[ 46,
K[ 46,
K[46,
K[ 46,
K[55,
K[55,

3]1=K[172]
5]=K[173]
6]=K[174]
7]=K{175]
11=K[176]
5]=K[177]
7]=K[178]
8]=K[{179]
1]=K[180]
21=K[181]
3]=K[182]
7]=K[183]
1]=K[184]
2]=K[185]
3]=K[186]
7]=K[187]
9]1=K[188]
1]=K[189]
71=K[190]
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‘EK-4

g[li=g[1l]
g[2]=g[2]
g[3]1=g[3]
gl41=g[4]
g[5]1=g[1]1/3
.g[61=g[1]/3-2*g[3]
gg[7]—g[4]/2
;g[8]‘g£3]/2
.g[91=g[2]/4
.g[10]=g[3]/2-g[4]
g[11]=qg[2]/4+g[3]/2
g[12]=g[1]/6-g[3]/2
g[13]=g[1]/6-g[3]
'g[l4]=g[l]/6+g[2]/4
g[1l5]=g[l]/6~- (3*g[3])/2+g[4]
g[16]=g[2]/4~-g[4]
Ig[17]=g[1]/6
g[18]=g[2]/3+g[3]/2
g[19]=-g[2]/6+g[3]/2
g[20]=g[2]/6-g[3]/4
g[21]=-g[2]/12+g[3]/4
g[22]=g[2]/6+g[3]/4
g[23]=-g[2]/6~-g[3]/2
g[24}=g[3]/12-g[4‘]/6
g[25]=-g[2]/12+g[3]/6+g[4]/6
g[26]1=g[2]/6-g[3]/3+g[4]/6
g[27]=(-5*g[3])/12+(5*g[4])/6
g[28]=-g[2]/12-g[3]/4
g[29]=-g[2]/12+g[3]/6-(5%g[4])/6
g{30]=-g[2]/6+g[3]/3+g[4]/3
g[31]=g[2]/3-(2*g[3])/3+g[4]/3
g[32]=g[2]/12-g[3]/6+g[4]/3
g[33]1=g[31/6-g[4]/3
g[34]=g[2]/6+g[3]
g[35]1=(2*g[2])/3+g[3]
g[36]1=g[2]/12+g[3]/2
'g[37]—-g[2]/6+g[3]/2
g[38]=-g[3]/3+(2*g[4]1)/3
g[391=-g[2]/6+g[3]/3~(2*g[4])/3
g(40]=g[2]/12-g[3]/6-(2*g[4])/3
g[41]}=-g[2]/6-g[3]/2
g[42]=-g[3]/2
g[(43]=-g[3]/4
g[44]1=-g(3]/4+g(4]/2
gl45]=g[2]/4~g[3]/4
gl46]=-g[2]/4+g[3]/2~g[4]/2
g[471=g[{2]1/4~g[3]/2~q[4]/2
g[48]=-g[4]/2
g[49]=-g[3]/4+g[4]/2
g[50]=g[3]1/2
19{51]“9[2]/2+g[3]/2
g[52]=(3*g[3])/4
g[53]=g[2]/4+g[3]/4
tg[54]1=g[3]1/4
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gl35]=g[2]/2+(3*g[3])/2
g[36]1=g[3]/4-g[4]/2
g[37]=-g[2]/4+g[3]/4
g[38]=g[2]/4-g[3]/2+g[4]/2
g[39]1=-g[2]/4+q[3]/2+g[4]/2
g[60]=g[4]/2
g(61]=g[3]1/4-g[4]/2
g[62]=(4*g[3])/9-qg[4]1/18
g[63]1=(5*g[1])/36-g[2]/9-g[3]/6
g[641=(5*g[1]1)/36~g[2]/9-(11*g[3])/18+g[4]/18
g[65]=(5*g[1]1)/18+g[2]/9-(4*g[3])/3
g[66]1=(5*g[1])/36+g[2]/18-(2*g[3])/3
g{67]=(5*g[3])/18+(5*g[4])/18
g[68]=(5*g[1])/36+g[2]/18~(17*g[3])/18~(5*g[4])/18
g[69]1=(5*g[1])/18+(4*g[2])/9+(2*g[3])/3
g[70]=(5*g[1])/36+(2*g[2])/9+g[3]/3
g{71]=(2*g[1])/9+(2*g[2])/9-(2*g[3])/3
g[72]1=g[1]/9+g[2]/9~-g[3]/3
g[73]1=(2*g[1])/9+(8*g[2])/9+(4*g[3])/3
g[741=(7*g([3])/18-g[4]/9
g[75]1=g[1]/9-(5*g[2])/36-g[3]/12
g[76]1=(2*g[1])/9-g[2]/9-(5*g[3])/3
g[77]=g[11/9+g[2]/36-g[3]/3
g[78]1=(5*g[3])/9-(4*qg[4])/9
gl791=g(11/9+g[2]/9-(8*q[3])/9+(4*g[4])/9
g[80]=(5*g[3])/36+(7*g[4])/18
g[81]=g[1]1/9+g[2]/36-(13*g[3])/18-(7*g[4])/18
g[82]=(11*g[3])/36+g[4]/18 i
g[83]1=g[1]/9-(5*g[2])/36-(7*g[3])/18-g[4]/18
g{841=g[1]/9-g[2]/18-g[3]/12
g(85]=(2*g[1])/9+(2*g[2])/9+g[3]/3
g[86]1=g[1]1/9+g[2]1/9+g[3]/6
g[87]=g[1]/6+g[2]/3

g[88]=g[1]/12+g[2]/6
g[89]1=g[1]/6+(2*g[2])/3+g[3]

g[90]=g[3]/4

g[91]=g[1]/12-g[2]/4
g[921=g[1]1/12+g[2]/6+g[3]/4
g[93]1=g[1]/12+g[2]/12~-g[3]/4
g[941=g[1]1/12-g[3]/2

g[95]=g[1]/12-g[3]/2

g[961=g[31/4

.g[971=g[1]/12-g[2]/6
'g[98]=g[1]/12+g[2]/12-g[3]/4

g[991=gf41/2

g[100]=g[1]/12~g[31/2-g[4]/2
g[101]=g[1]/12-g[3]/2-g[4]/2

g[102]=g[4]/2

g[103]=g[1]/6-g[3]

g[1041=g[1]/12~-g[3]/4
g[105]=g[1]/12+g[2]/3+g[3]/2
gl106]=g[1]1/12-g[2]/12-(3*g[3])/4
g[107]1=(5*g[3]1)/12~g[4]/3
g{108}=g[1]/12+g[2]/12~(2*g[3])/3+g[4]/3
.g[109]=g[3]/6+g[4]/6
g[110]=g[1]/12-g[2]/6-g[3]/6-g[4]/6
g[1l1l1i]=g[l]/12-g[2]/12
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g[ll2j=g[1]/6

g[113]=g[1]/12

g[114]=g[3]1/3-g[4]/6
g[115]=g[l]/lZ-g[Z]/lZ-g[3]/3+g[4]/6
g[l16]=g[1]1/6-g[2]/3-2*g[3]
g[ll7]=g[l]/12+g[2]/6—(5*g[3])/6+g[4]/6
g[l18]=g[1]1/9+(4*g[2])/9+(2*g[3])/3
g[1l13]1=g[1]/9+(4*g[2])/9+(2*q[3])/3
g[l20]=g[3]1/9+g[4]1/9
g[121]=g[1]/18—(5*g[2])/18+(2*g[3])/9—g[4]/9
g[122]=g[1]/18+g[2]/18+g[3]/12
g[123]=g[1]1/18+(5%g[2])/36+g[3]/12
g[124]=g[1]/18+g[2]/18-g[3]/6
g[125]=g[1]/18-g[2]/36-(5*g[3])/18~-g[41/9
g[126]1=g[3]/9+gf41/9-
g[127]=g[1]/18-(7*g[2])/36+g[3]/12 .
g[128]1=g[1]/18+g[2]/18-g[3]/6
g[129]=(5*g[3])/18~(2*g[4]1)/9
g[130]=g[1]/18+g[2]/18-(4*g[3])/9+(2*g[4])/9
g[131]=g[1]/18+g[2]/18-(4*g[3])/9+(2*g[4]1)/9
g[132]=(5*g[3]1)/18~(2*g[4])/9
g[133]1=(5*g[3])/18~(2*g[4])/9
g[134]1=g[{1]/18+(2*g[2]1)/9+g[31/3
g[135]=g[1]1/18-g[2]/36~-(5*g[3])/12
g[136]=(-5*g{3])/36+(11*g[4])/18
g[137]=g[11/18-g[2]/36-(5*g[3])/18-(11*g[{4]1)/18
g[138]=q[1]/18-g[2]/9+g[3]/12
g[1391=g[1]/9-(2*g[2])/9-g[3]/3
g[140]=g[1]1/18-g[2]/9~g[3]/6
g[141]=(7*g[3])/36-g[4]/18
g[142]=g[1]1/18-g[2]/9~g[3]/9+g[41/18
g[143]=g[1]/9-(2*g{2])/9-(4*g[3])/3
g[l44]1=g[1]/18+(5*g[2])/36-(11*g[3])/18+g[4]/18
g[145]=g[1]1/18~g[2]/9~(2*g[3])/3
g[146]=(4*g[3]1)/9+(4*g[4])/9
g[147]}=(2*g[1]1)/9-g[2]/9-(2*g[3])/3
g[148]=(2*g[1])/9-g[2]/9-(10*g[3])/9-(4*g[41)/9
g(149]1=(4*g[1])/9+(4*g[2])/9~(4*g[3])/3
g[150]=(2*g[1])/9+(2*g[2])}/9~(2*g[3])/3
g[151]=(2*g[1])/9+(2*g(2])/9+g[3]/3
g[152]=(4*g[1])/9+(16*g[2])/9+(8*g[3])/3
g[153]=(10*g[31)/9-(8*g[4])/9
g[154]1=(2*g[1])/9+(2*g[2])/9~(16*q[3])/9+(8*g[4]1)/9
g[155]=(4*g[1])/9+g[2]/9-(4*g[3])/3
gl156]=(2*g[1])/9+g[2]/18-(2%g[3])/3
g[157]=(7*g[3]1)/9~(2*g[4])/9
g[158]=(2*g[1])/9~(4*g[2])/9-(4*g[3])/9+(2*g[4])
g[159]=(2*g[1])/9+g[2]/18~(13*g[3])/9+(2*g[4])/9
g[160]=(7*q[3])/9~(2*g[4])/9
g[161]=g[1]/3+(2*g[2])/3
g[l62]=g[l]/6+g[2]/3
g[163]=g[1]/3+g[2]/3-g[3]
g[l641=g[3]/4+g[4]/2
g[165]=g[1]/6-g[2]/4-g[3]/2-g[4]/2
g[166]=g[1]/6+g[2]/12-q[3]/2
g[l67]=g[1]1/6+g[2]/6-g[3]/2
g[168]1=g[1]1/6-g[3]

g[169]1=g[11/6-9[3]-g[4]/2

|
|
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g[170]=g[3]/4+g[4]/2
g[1l71]1=g[{1]1/6-g[2]/12-g[3]/4
g(172]1=g[1]/3+(4*g[2])/3+2*g[3]
g[l173]=g[1]/3-2*g[3]
g[174]=(2*g[3])/3-g[4]1/3
g[175]=g[1}/6-g[2]/6~(2*g[3])/3+g[4]/3
g[176]=g[1]/6-(3*g[3])/4
gll77]=g[1]/6+(5*qg[2])/12+g[3]/4
g[178]=g[1}/6+g[2]/6-g[3]/2
g[179]=g[1]/6+g[2]/12~(7*g[3])/6+g[4]/3
g[180]=(2*g[3])/3-g[4]/3
g[18l]=g[1]/6+g[2]/12+g[3]/4
g[182]=(5*g[3])/6-(2*q[4])/3
g[183]=g[1]/6+g[2]/6~(4*q[3])/3+(2*g[4])/3
g[184]=(7*g[3])/12-g[4]/6 .
g[185]1=g[1]/6-g[2]/12-(5*g[3])/6+g[4]/6
g[186]=g[1]/6-g[2]/6-(3*g[3])/4
g[187]1=g[1]/3-g[3]

g[188]=g[1]/6-g[3]/2

g[189]=g[1l]/6-g[2]/2

g[190]=g[3]/2

g[1911=g[1]1/6-g[3]

g[192]=g[3]/2
g[193]=g[1]/18+(2*g[2])/9+q[3]/
g[194]1=g[1]/36-g[2]/18-g[3]/12
g[195]=g[1]/36+g[2]/36-g[3]/12
g[196]=(5*g[3])/36-g[4]/9
g[1971=g[1]1/36+g[2]/36-(2*g[3])/9+g[4]/9
g[198]=g[1]/36+g[2]/9+g[3]/6
g[199]=g[1]/36+g[2]/36-g[3]/12
g[200]=(5*g[3])/36~g[4]/9
g[201]=g[1]/36+g[2]/36-(2*q[3])/9+g[4]/9
g[202]=g[1]/36-(5*g[2])/36+g[3]/6
g[203]=g[1]/18-(4*g[2])/9-(2*g[31)/3
g[204]1=g[3]/18+g[4]/18
g[205]=g[1]/36-(5*g[2])/36+g[3]/9-g[4]/18
g[2061=g[1]/18-g[2]/9~(2*g[3])/3
g[207]=g[1]1/36+g[2]/9~-(7*g[3])/18-g[4]/18
'g[208]=g[1]/36-g[2]/18-g[3]/3
g[209]=(-5*g[3])/18+(13*g[4])/18
g[210]=g[1]/36-g[2]/18-g[3]/18~(13*g[4])/18
g[211]=(2*g[1])/9+(2*g[2])/9~(2*g[3])/3
g[212]=(7*g[3])/18-g[4]/9
g[213]=g[1]1/9+g[2]/36-g[3]1/3
g[214]=g[1]/9-g[2]/18-(5*g[3])/6
g[215]=(2*g[1])/A9+{8*g[2])/9+(4*g[31)/3
g[216]1=(7*g[3]) /L8»g[4]/9
g[217]=g[1]/9-(2*g[2])/9-(2*g[3])/9+g[4]/9
g[218]=g[1]/9+(5*g[2])/18+g[3]/6
g[219]=g[{1]1/9+g[2]1/9-g[31/3
g[220]=g[1]/9+g[2]/36-(13*g[3])/18+g[4]/9
g[221]=(7*g[3])/18-g[4]/9
g[222]=g[1]/9-g[2]/18+g[31/6
g[223]=(5*%*g[3])/9-(4*g[4])/9
g[224]=g[1]/9+g[2]/9-(8*q[3])/9+(4*g[4])/9
'g[225]=g[1]/9+g[2]/9-(8*g[3])/9+(4*g[4]1)/9
g[226]=(5*g[3])/9-(4*g[41)/9
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g[227]=g[1]1/9-(5*g[2])/36-9q[3]/3
g[228]=(2*g[1]1)/9-g[2]/9-(2*g[3])/3
g[229]=g[1]1/9-g[2]/18-g[3]/3
g[230]=g[3]1/18+(5*g[41)/9
g(231]1=g[1]1/9-(5*qg[2])/36-(7*g[3])/18-(5*g[4])/9
g[232]=(2*g[1])/9-(4*g[2])/9-(8*g[3])/3
g[233]=g[1]/9+g[2]1/9-(8*g[3])/9-(5%q[4])/9
g[234]=g[1]/9-(5*g[2])/9+(4*g[3]1)/9-(2*%g[4])/9
g[235]=(2*g[3])/9+(2*g[4])/9
g[236]1=g[11/9-9[2]/18~(5%g[3])/9-(2*g[4])/9
g[237]=(2*g[3])/9+(2*g[4])/9
g[238]=g[3]-g[4]/2

g[239]=g[1]/4~-g[3]/2
g[240]=g[1]/4-(3*g[3])/2+g[4]/2
g[241]=g[1]/2+g[2]

g[242]=g[1]/4+g[2]/2
g[243]=g[1]/2-2*g[3]

g[244]=g[1]/4-g[3]

g[245]1=g[3]/2+qg[4]/2
g[246]1=g[1]/4-g[2]/2-g[3]/2-g[4]/2
g(247]=g[1]/4-(3*g(3])/2-g[4]/2
g[248]1=g[3]/2+g[4]/2
g[249]1=(5*g[2])/18+(23*g[3])/36-g[4]/36
g[250]=(5*g[2])/18-(25*g[3])/36+(5*g[4])/36
g[251]=(2*g[2])/9+g[31/3
g[252]=(2*g[2])/9-(13*g[3])/18~g[4]/18
g[253]=(2*g[2])79+(7*g[3])7/9-g[4]/18
g[254]1=(2*g[2])/9-(4*g[3])/9+(2*g[41)/9
g[255]=g[2]/6+g[31/36+g[4]/36
g[256]=g[2]/6-(3*g[3])/4-g[4]/4
g[257]=g[2]/6+(17*g[3])/36~-g[4]/36
g[258]=g[2]/6-(17*g[3])/36+g[4]/36
g[259]=g[2]/6+(11*g[3])/12~-g[4]/12
g[260]1=g[2]/6~(7*g[3]1)/36+(11*g[4])/36
g[261]=g[2]/9-(5*g[3])/18+g[4]/18
g[262]=g[2]1/9+g[3]/6
g[263]=9g[2]/9-g[3]1/2-g[4]/6
g[264]=g[2]/9+(11*g[3])/18-g[4]/18
g[265)=g[2]/9-(2*g[3])/9+g[4]/9
gL266]1=9(2]/9+g[3]/18+(7*g[4])/18
'g[267]=9g[2]/18-(5*g[3])/36+g[4]/36
Ig[268]=g[2]/18+(11*g[3])/36-g[4]/36
ig[269]=9g[2]/18~g[3]/4~g[4]/12
ig[270]=g[2]/18+g[3]/36+(7*g[4]1)/36
g[271]1=g[2]/9+(5%*g[3])/18+g[41/9
'g[272]=g[2]1/9~(7*g[3])/9-(4*g[4])/9
g[2731=g[2]1/9-g[3]/2+g[4]/3
g[274]1=g[2]/9+(19*g[3])/18-g[4]/9
g[275]=g[2]/12+g[3]/18+g[4]/18
gl[276]=g[2]/12-g[3]
g[277]=g[2]/12+(13%*g[3])/36+g[4]/9
g[278]=g[2]/12-(4*g[3])/9~(4*g[4])/9
g[279]1=g[2]/12-(4*g[3])/9+g[4]/18
g[280]=qg[2]/12+(13*q[3])/12-g[4]/6
g[281]=g[2]/12+(25*%g[3])/36-g[4]/18
g[282]=g[2]/12-(11*g[3])/36+(4*g[4])/9
'g[283]=g[2]/18-g[3]/6



~54=

g(284]=9g[2]/18+(5*g[3])/36+g[4]/18
g[285]=g[2]/18—(2*g[3])/3
g[286]=g[2]/18+(4*g[3])/9+g[4]/9
g[287]=9g[2]/18-g[3]/9-(4*g[4])/9
g[288]=g[2]/18-(7*g[3])/18~(2*g[4])/9
g[289]1=g[2]/18+(13*g[3])/18-g[4]/9
g[290]=g[2]1/18-g[3]/9+(5*g[4])/9
g[291]=g[2]/18+g[3]1/3
g[292]=g[2]/18-g[3]/4+g[4]/6
g[293]=g[2]/36-g[3]/12
g[2941=g[2]/36+(2*g[3])/9+g[4]/18
g(295]=g[2]/36-g[3]/3
g[296]=g[2]/36+(2*g[3])/9-(4*g[4])/9
g[297]=g[2]/36+(13*g[3])/36-g[4]/18
g[298]=g[2]/36-g[3]/18+(5*g[4])/18
g[299]1=g[2]/36-g[3]/36+g[4]/18
g[300]=g[2]/36-(7*g[3])/36-g[4]1/9 "
g(3011=g[3]1/12+g[4]/12
g[302]=(-5*g[3])/4+g[4]/4
g[303]=(-5*g[3])/12-(5*g[4])/12
g[304]1=(7*g[3])/12+g[4]/12
g[305]1=(-5*g[3])/12+(7*g[4])/12
g[306]=(5*g[3])/4-g[4]/4
g[307]=-g[3]1/18-g[4]/18
g[308]=g[3]/9+g[4]/9
g[309]=(-5*g[31)/6+g[4]/6
g[310]=(-5*g[3])/9-g[4]/18
g[311]=(5*g[3]1)/9+g[4]/18
g(312]=(11*g[3])/36+g[4]/18
g[313]=(-5*g[3])/18+(2*g[4]1)/9
g[314]=(5*g[3]1)/6-g[4]1/6
g[315]=(-5*g[3])/36-(7*g[4])/18
g[316]=(—5*g[3])/18+(l3*g[4])/18

g[317]1=-g[2]/18+gf331/18=gF4}/9
g[318]=-9g[2]/18-(13%g[3])/18+g[4]/9
g[319]1=-g[2]1/18+(5*g[31)/18+g[4]/9
g[320]=-g[2]/18-g[3]/6-g[4]/3
g[321]=-g[2]/18+(2*g[3])/3
g[322]=-g[2]/18-(4*g[3])/9+(8*g[4])/9
g(323]=(2*g[2])/9-(2*g[3])/9+(4*g[4])/9
g[324]1=(2*g[2])/9~(14*g[3])/9~-(8*g[4])/9
g[325]=(2*g[2])/9+(19%g[3])/9~(2*g[4])/9
g[326]=g[2]1/6~(7*g[3]1)/18+g[4]/9
g[327]=g[2]/6-2*g[3]
g[328]=g[2]1/6+g[3]/18+(5*%g[41)/9
g[329]=g[2]/6-(8*g[3])/9-(8*g[4])/9
g[330]=g[2]1/6+(25*g[3])/18-g[4]/9
g[331]=g[2]/6+(13*g[3])/6-g[4]/3
g[332]=g[2]1/9-(5*g[3])/9~(2*g[4])/9
g[333]1=g[2]/9-g[3]1/9+(2*g[4])/9
g[3341=g[21/9-(4*g[3]1)/3
g(335]1=g[2]/9+g[3]/3+(2*g[4])/3
g[336]=g([2]/9~-(2*g[3])/9~(8*g[4])/9
g[337]=g[2]/9+(2*g[3])/3
g[338]=g[2]/9+(13*g[3])/9-(2*g[4]1)/9
g[339]=-g[3]/3-g[4]/3
g[340]=(~-5*g[3])/2+g[4]/2




g[341]=(-5*g[3]1)/6-(5*g[4])/6

'g[342]=(7*g[3])/6+g[4]/6

g[343]=g[3]1/6+(2*g[4])/3

g[344]1=(5*g[3])/2-g[4]/2
'g(345]=(5*g[31)/36+(5*g[4])/36
g[346]=(5*g[3]1)/18+g[4]/36

g[347]1=g[3]/36+g[4]1/36

g[348]=(-5*g[3])/36-(5*g[4])/36
g[3491=(5*g[3])/12-g[4]/12
g[350]=(-5*g[3])/36+(13*g[4])/36
g[351]=-g[3]17/36-(5*g[4])/18
g[352]=(5*g[3])/18+(7*g[4])/9
g[353]1=(11*g[3])/18+g[4]/9

g[354]1=g[3]/36+(5*g[4])/18

g[355]=(5*g[3])/3-g[4]/3
g[356]=(10*g[3])/9+g[4]/9
g[357]1=(-3*g[3])/4-(3*g[4])/4
g[358]=(3*g[3])/4+(3*g[4])/4
g[359]1=(15*g[3])/4-(3*g[4])/4
g[360]=(25*g[1])/72-(10*g[2])/27-(35*g[3])/27+(5*g[4])/54
g[361]=(25*g[1])/72+(20*%g[2])/27+(34*g[3])/27-g[4]/54
g[3621=(5*g[1])/18-(11*g[2])/27-(41*g[3])/54+g[4]/54
g[363]=(5*g[1])/18+(22*g[2])/27+(41%g[3])/27-g[4]/27
g[364]1=(5*g[1])/18-(7*g[2])/54~(157*g[3])/108+(17*g[4])/108
g[365]=(5*g[1])/18+(29*g[2])/54+(95*g[3])/108-g[4]/108
g[366]=(5*g[1l])/24-(4*g[2])/9~-(2*g[3])/9-g[4]/18
g[3671=g[1]1/6+g[2]/27-(5*g[3])/54+g[4]/54
g[368]=g[1]/12+(7*g[2])/54+(13*g[3]1)/108+g[4]/108
g[369]=g[1]1/12-(11*g[2])/54+(5*%g[3])/54-g[4]/54
g[370]1=g[1]1/12+g[2]/54-(17*g{31)/27-(2*g[4])/27
g[371]=g[1]/12+(5*%*g[2])/27+(23*g[3])/54~-g[4]/54
g[372]=g[1]/12+(2*g[2])/27-(65*g[3])/108+(13*g[4])/108
g[373]1=g[1]/12-(4*g[2])/27-(17*g[3])/108-(11*g[4])/108
'g[374]1=g[1]/12-(5*g[2])/54-(23*g[3])/108+g[4]/108
Ig[375]1=(7*g[1])/24-g[2]/3-(2*g[3])/3-g[4]/6
'g[376]1=(7*g[1])/24+g[2]/3+g[3]/2
g[377]=(7*g[1])/24-(29*g[3])/18~-g[4]/9
g[378]=(7*g[1])/24-(4*g[3])/9+g[4]/18
gl379]1=(7*g[1])/24+g[2]/3~-2*g[3]+g[4]/2
g[3801=(7*g[11)/36~-g[2]1/3+g[3]/18+g[4]/18

«g[381l]=(7*g[1])./36+9[2]1/9-(5*g[3])/18+g[4]1/18
g[382]=(7*g[1]1)/36-g[2]/6-(25*g[3])/36-(7*g[4])/36
g[383]=(7*g[1])/36+(2*g[2])/9+g[3]/3
g[384]1=(7*g[1])/36+g[2]/9-(25*g[3])/18-g[4]/18
g[385]=(7*g[1])/36-g[2]/18-(11*g[3])/12~-g[4]/12
g[3861=(7*g[1])/36-g[2]/18-(11*g[3])/36+g[4]/36
g[387]=(7*g[1])/36+(2*g[2])/9-(4*g[3])/3+g[4]/3
g[388]1=(7*g[1]1)/72+g[2]/18-(5*g[3])/36+g[4]1/36
g[389]1=(7*g[1])/72-g[2]/6+g[3]/36+g[4]1/36
g[3901=(7*g[1]1)/72-g([21/9-(2*g[3])/9-g[41/18
g[3911=(7*g[1]1)/72-g[2]/9-g[3]/6
g[392]=(7*g[1])/72+g[2]/9-(2*g[3])/3+g[4]/6
g[393]1=(2*g[1])/9-(7*g[2])/27~-(2*g[3])/27+(4*g[4])/27
g[394]1=(2*g[1])/9+(2*g[2])/27-(5*g[3])/27+g[4]/27
g[395]=(2*g[1])/9-g[2]/27-(29*g[3])/27-(5*g[4])/27
g(396]=(2*g[1])/9-(4*g[2])/27~(14*g[3])/27+g[4]/27
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g[397]=(2*g[1])/9+(5*g[2])/27-(41*g[3])/27+g[4]/27
g[398]=g[1]/9-g[2]/54-(43*g[3])/108+(5*g[41)/108
g[399]=g[1]/9—(7*g[2])/54—g[3]/27+(2*g[4])/27
g[400]=g[1]/9+g[2]1/27-(5*g[3])/54+g[4]/54
g[40l]=g[l]/9+g[2]/27-(85*g[3])/108-(19*g[4])/108
g[402]=g[1]/9—(2*g[2])/27—(31*g[3])/108—g[4]/108
g[403]1=g[11/9-(7*g[2])/54-(13*g[3])/108-g[4]/108
g[404]1=g[1]/9+(5*g[2])/54-(41*g[3])/54+g[4]/54
g[405]=(4*g[1])/9~(8*%g[2])/27-(46*g[3])/27~(16*g[4])/27
g[406]=(4*g[1])/9+g[2]1/27-(173*g[3])/54+(11*g[4])/27
g[407]=(4*g[1])/9+(16*g[2])/27+(56*g[3])/27-(4*g[4])/27
g[408]=(4*g[1])/9+(7*g[2])/27-(59*g[31)/54+(5*g[4])/27
g[409]=g[1]/3~(5*g[2])/18-(8*g[3])/9-(2*g[4])/9
g[410)=g[1]/3+(5*g[2])/18-(11*g[3])/18+(2*g[4])/9
g[411]=g[1]/3-g[2]/6-(5*g[3])/3-(2*g[4])/3
g[412]=g[1]/3~(41*g[3])/18+(2*g[4])/9
g[413]=g[1]/3+(4*g[2])/9+(14*g[3])/9-g[4]/9
gl[414]1=g[1]/3+g[2]/6-(8*g[3])/9+g[4]1/9
g[415]=g[1]/3+g[2]/9-(25*g[3])/9+(5*g[4])/9
g[416]=(2*g[1])/9~(7*g[2])/27-(2*g[3])/27+(4*g[4])/27
g[417]=(2*g[1])/9+(5*%g[2])/27-(11*g[3])/27+(4*g[4])/27
g[418]=(2*g[1])/9~(4*g[2])/27-(23*g[3])/27~(8*g[4])/27
g[419]1=(2*g[1]1)/9~-g[2]1/27-(44*g[3])/27-(20*g[4])/27
a[420]1=(2*g[1])/9-g[2]/27-(73*g[3])/54+g[4]/27
g[421]=(2*g[1])/9+(8*g[2])/27+(28*g[3])/27-(2*g[4])/27
ig[422]=(2*g[1])/9+(2*g[2])/27-(37*g[3])/54+g[4]/27
'g[423]=(2*g[1])/9+(2*g[2])/27-(50*g[3])/27+(10%q[4])/27
lg[424]1=g[1]/9+(5*%g[2])/54-(11*g[3])/54+(2*g[4])/27 '
g[425]=g[11/9-(7*g[2])/54-g[31/27+(2*q[4])/27
g[4261=g[1]/9-g[2]/54-(22*g[3])/27-(10*g[4])/27
g[4271=g[11/9-(2*g[2])/27-(23*g[3])/54~(4*g[4])/27
g[428]=g[1]/9+(4*g[2])/27+(14*g[3])/27-g[4]/27
g[429]=9g[1]1/9-g[2]/54-(13*g[31)/27-g[4]/27
g[430]=g[1]/9+g[2]/27~(25*g[3])/27+(5*g[4])/27
g[431]=g[11/3-g[2]/6-(5*g[3])/6+g[4]/6
g[432]=g[11/3+g[2]/6-g[3]1/4+g[4]1/4
g[433]1=g[1]/3-(77*g[3]1)/36-(5*g[4])/36
gl434]1=g[1]/3+g[2]/6+g[3]
g[435]=g[1]/3-(31*g[3])/18-(13*g[4])/18
g[4361=g[1]/3+g[2]/6-(11*g[3])/4+(3*g[4])/4
g[437]=g[1]1/3-(35*g[3])/36+g[4]1/36
g[438]=(2*g[11)/9-g[2]1/6+g[3]1/9+g[4]/9
g[439]=(2*g[1])/9+g[2]/18-(11*g[3])/18+g[4]/18
g[440]1=(2*g[1])/9-g[2]/12-(8*g[3])/9+g[4]/9
g[441]=(2*g[L1])/9+g[2]1/9-g[3]/6+g[4]/6
g[442]=(2*g[1])/9+g[2]/18-(13*g[3])/9-(7*g[4]1)/9
g[443]=(2*g[1])/9-g[2]/36-(23*g[3])/18-g[4]/9
g[444]1=(2*g[1])/9+g[2]1/9+(2*g[3])/3
g[445]=(2*g[1})/9~-g[2]/36-g[3]-g[4]/3
g[446]=(2*g[1])/9+g[2]/9-(11*g[3])/6+qg[4]/2"
g(447]=(2*g[1])/9~g[2]/36-(2*g[3])/3
g(448]=(2*g[1])/9+g[2]/18<(31%g[3])/18-g[4]/18
g[449]=g[1]/9+g[2]/36-(11*g[3])/36+g[4]/36
g(450]=g[1]1/9-g[2]/12+g[3}/18+g[4]/18
gl451]=g[11/9-(17*g[3])/18+g[4]/18
gl452]=g[1]/9+g[2]/18-g[3]/12+g[4]/12
g(453]=g[11/9+g[{2]/36-(13*g[3])/18-(7*g[4])/18
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4541= -
g[456]=g[1%/9 q[é]/18+g[3]/3
IRl A e E R RS I .
g[4ss]=g[1]/9-§Ez}§i§:§}§23§§§;§§§+gt41/4
g[4597=g[1]/9+g[2]/36-(31* ~g[41/36
e in g ) A ia i3 1) 2T 2ha41) /27
g[4523=(2*g[1])/9-3%2%§gz_§ég:g%g}§§§Z+(2*g[4])/27
g[463]=(2* - N -(7*g[4
9[224%=§2*3Ei%§§3+éf§?}§%l{§giéﬁg?g3;;4§;+?5*532§§/27
g[465]=(2* *gl4
gE466%=Ez*gEi§%53f(3ig[2])/54‘<46*9[31>/27ggzl§fz§>/27
g[268]=(3*g[1])/8—é[3?£§gi§3;_(34*g[3])/27‘(22*9[4])/27
St G e e e et v
ST s st
g%i;i%zgfi]§4+g[3]/6+g[4]/s
9[475]=3El]/2‘(17:g[3])/18+g[4]/18
g[476]=g[1]/4_(i3*g[3])/12+(5*g[4])/12
g[477]=g[1%/4;é[g]3giégi§§g(13*9[4])/36
R e TN
g s i ey SR ST P
ST4811=(2+G1173/9+a121/94 (2413113

4821= (2*g[3])/3
stes2 aEean lnc ey T T
g[484]=(2%g[1])/9-g[2]/6+g[31/9
9[485]=(2*g[1])/9_(17*9[3?[/%+ +gl41/9
g[486]=(2*g[1])/9+g[2]/9- ) gl41/9

4877= g[3]+g[4]/3
AP Ea L D ard S Nt Fodd 150 Ve L Bl i
g[4891= A -g[4]1/9
St AT e e
g[491]=(2*g[1])/9_(7*g[2])/27— o +(7*g[4]1)/27
g[492]=(2*g[l])/9_g[2]/27 44;( g[3])/27+(4*g[4])/27
g[493]=(2 C = g[3]1)/27-(20*g[41)/27 >
gE494%=§8:g%}%;;g_%izg[z])/54—(49*g[3])/54-(%*;%4])/27
g%igg]=(s*g[13)/9+(32*g£§}gf%;;gii;géﬁg%gﬁzy(?g*g[4])/27
g[496]=(8*g[1])/9+(8*g[2])/27-(116* =(8*g[4])/27
g[497]1=(2*g[1])/3-(5*g[2])/9 £6* gl[3]1)/27+(16*g[4]1)/27
g[498]=(2*g[1])/3+(7*g[2])/15( 2[3])/9-(4*g[4])/9
g[499]=(2*g[1])/3_g[2]/3_(10*‘(61 g[31)/18+(7*g[4])/9
9[5003=(2*g[1])/3+(8*g[2])/9+9521)/3-(4*9[4])/3
g[501]=(2*g[l])/3+g[2]/6_(19*( gl31)/9-(2*g[4])/9
g[502]=(4 _ g{31)/6+g[41/3
et P R N e A S TER L LU ST R
agt5°41=<4*gt11>/9-§s*3€z%§5§3‘§2éI§E§}§5§3+(ig*9[4])/27
GI505]=(4*g[1])/9-(2%q[2])/27-(88* ~(16%g[4])/27
| ) - 31)/27-(40%g[4
g[506] (4*9[1])/9+(16*g[2])/27i gt gr41)/27
g[507]= (56*g[3])/27-(4
Eﬁso§%=§313{i}3§§i§{§§§§2;gig;gg3}%423233;g[i]§3£3])/27

[509]1=(2*%g[11)/3+g[2 /3=3%q gLl

[51°1=(%*9[11xzaigxzi/3+zng§%+g[4]

|
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g[511]=(2*g[1])/3-(31*g[3])/9-(13*g[4])/9
g[512]=(2*g[1])/3-(28*g[3])/9-g[4]1/9
g[513]=(4*g[1])/9-g[2]/3+(2*g[3])/9+(2*g[4])/9
g[514]1=(4*g[1])/9+g[2]1/9-(7*g[3])/3
g[515]=(4*g(1])/9-g[2]1/6-(16*g[3])/9+(2*g[4])/9
g[516]=(4*g[1])/9+(2*g[2])/9-2*g[3]+(2*g[4])/3
g(517]=(4*g[1])/9+g(2]1/9-(26*g[3])/9-(14*g[4])/9
g[518]=(4*g[1])/9+(2*g[2])/9+(4*g[3])/3
g{519]1=(4*g[1])/9-g[2]/18-2*g[3]-(2*g[4])/3
g[5201=(4*g[1])/9-g[2]/18-(35*g[3])/18-g[4]/9
g[521]1=(3*g[1])/4-2*g[3]+g[4]
g[522]=(3*g[1])/4+g[3]/2+g[4]/2
g[523]=(3*g[1]1)/4-(9*g[3])/2-(3*g[4])/2
g[524]=(3*g[1])/4-(13*g[3])/4+(5*g[4])/4
g[525]1=(3*g[1])/4-(15*g[3])/4-(3*g[4])/4
g[526]=g[1]/8-g[2]1/27-(19*g[3])/54+g[4]1/27
g[527]=g[1]/8-(4%g[2])/27-(2*g[3])/27-g[4]1/54
g[528]=g[1]/8+(2*g[2])/27-(23*g[3])/27-(7*g[4])/54
g[529]=g[1]/9-g[2]/27-(11*g[3])/27-g[4]/54
g[5301=g[11/9-g[2]1/108-(5*qg[3])/27+g[41/27
g[531]=g[1]/9-g[2]/27+(4*g[3])/27+g[4]/27
g[532]=g[1]/9+(5*g[2])/108~(23*g[3])/27+g[4]/27
g[533]=g[1]/9-(5*g[2])/54~(13*g[3])/54-g[4]/54
g[534]1=g[11/9+(2*g[2])/27-(17*g[3])/27-(11*qg[4])/27
g[535]1=g[1]/9+g[2]1/54-(43*g[3])/54-(13*g[4])/54
g[536]=g[1]1/8-(17*g[3])/36+g[4]/36
g[537]=g[l]/8+g[3]/12+g[4]/12
g[538]=g{1]/8-(7*g[3])/6+g[4]1/3
g[539]=qg[1]/8-(5*g[3])/9-g[4]/18
g(540]=g[1]/8~(8*g[3])/9-(7*g[4])/18
g[5411=(4*g[1])/9+(2*g[2])/27-(56*g[3])/27+(4*g[4])/27
gl542]=(4*g[1])/9~-(4*g[21)/27+(16*g[3])/27+(4*g[4])/27
g[543]=(4*g[1])/9~(4*g[2]1)/27~(50*g[3])/27-(8*g[4])/27
g[544]1=(4*g[1])/9+(8*g[2])/27-(68*g[3])/27-(44*g[4])/27
g[545]=g[1]/2-(49*g[3])/18-(13*g[4])/18
g[546]=g[1]/2+g[3]/3+g[4]/3
g[547]1=g[1]1/2~-(13*g[{3])/6+(5*g[4]1)/6
g[548]1=g[1]/2-(43*g[3])/18-(7*g[4]1)/18
g[549]1=g[1]/2-(32*g[3])/9-(14*g[4])/9
g{550]1=(9*g[1])/8-3*g[3]+(3*g[4])/2
g[551]1=(9*g[1])/8-6*g[3]-(3*g[4])/2
‘g[552]=(625*g[1])/432+(250*%g[2])/81+(125*g[3])/24+(25%g[4])/32
'g[553]=(125*%g[1])/108+(200*g[2])/81+(25*g[3])/6+(5*%g[4])/81
g[554]=(125*%g[1])/144+(50%g[2])/27+(25*g[3])/8+(5*g[4])/108
g[555]=(125*g[1])/216+(100*g[2])/81+(25*g[3])/12+(5*g[4])/162
g[556]=(125*g[1])/432+(50*g[2])/81+(25*g[3])/24+(5*g[4])/324
g[557]=(65*g[1])/54+(136*g[2])/81+(7*g[3])/3-(2*g[4])/81
g[558)=(65*g[1])/72+(34*g[2])/27+(7*g[3])/4~-g[4]/54
g[559]=(65*g[1])/108+(68*g[2] Y/ 81+ (7*g[3] y/6-g[4]1/81
g[560]=(65*g[1])/216+(34*g[2] )/81+(7*g[3] y/12-g[4]/162
g[561]=(15*g[1])/16+(2*g[2])/3+(3*g[3])/8-g[4]/12
g[562]=(5*g[1])/8+(4*g[2])/9+g[3]/4-g[4]/18
g[5631=(5*g[1])/16+(2*g[2])/9+g[3]/8-g[4]/36
g[564]=(35*g[1])/54+(4*g[2])/81-(2*%g[3])/3-(8*g[4])/81
g[565]=(35*g[1])/108+(2*g[2])/81~g[3]/3~(4*g[4])/81
g[566]=(145*%g[1])/432-(14*g[2])/81-(19*g[3])/24-(23*g[4])/324
g[567]=(38*g[1])/27+(92*g[2])/81~g[3]/3-(22*g[4])/81
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g[568]=(19*g[1])/18+(23*g[2])/27-g[3]/4-(11*g[4])/54
g[369]=(19*g[1])/27+(46*g[2])/81-g[3]/6-(11*g[4])/81
g[570]=(19*g[1])/54+(23*g[2] )/81—g[3]/12-—(11*g[4] )/162
g[371]=g(1]+g[2]/3-(3*g[3])/4~-g[4]1/6
g[572]=(2*g[1])/3+(2*g[2])/9-g[3]/2~-g[4]1/9
1g[573]1=g[1]1/3+g[2]/9-g[3]/4-g[4]/18
rg{574]=(17*g[1])/27-(10*g[2])/81-(5*g[3])/6—(7*g[4])/81
9g[575]=(17*g[1])/54~(5*g[2])/81-(5*g[3])/12-(7*g[4])/162
g[576]=(8*g[1])/27-(19*g[2])/81~-(7*g[3])/12-(5*%g[4])/162
'g[5771=(17*g[1])/16~-(15*g[3])/8-g[4]/4 -
g[578]=(17*g[1])/24~-(5*g[3])/4-g[41/6
Ig[579]=(17*g[1])/48-(5*g[3])/8-g[4]/12
g[580]=(11*g[1])/18~-(8*g[2])/27~g[3]-(2*qg[4])/27
g[581]=(11*g[1])/36~(4*g[2])/27-g{31/2-g[4]/27
g[582]=(37*g[1])/144-(8%g[2])/27-(3*g[3])/8+g[4]/108
g[583]=(16*g[1])/27~(38*g[2])/81-(7*g[3])/6-(5*g[4])/81
g[584]=(8*g[1])/27-(19*%g[2])/81-(7*g[3])/12-(5*g[4])/162
g[585]=(47*g[1])/216-(29*%g[2])/81-g[3]/6+(4*g[4])/81
g[586]=(77*g[1])/432-(34*%g[2])/81+g[3]/24+(29*g[4])/324
g[587]=(52*g[1])/27+(88*g[2])/81-(14*g[3])/3~(68*g[4])/81
g[588]=(13*g[1])/9+(22*g[2])/27-(7*g[3]1)/2-(17*g[4])/27
g[589]1=(26*g[1])/27+(44*g[2])/81-(7*g[3])/3~-(34*g[4])/81
g[590]1=(13*g[1])/27+(22*g[2])/81-(7*g[3])/6-(17*g[4])/81
g[591]=(4*g[1])/3+9[2]/3-(7*g[3])/2-g[41/3
g[5921=(8*g[1])/9+(2*q[2])79-(7*g[31)/3~(2*g[4])/9
g[593]=(4*g[1])/9+g[2]}/9~(7*g[3])/6-g[4]1/9
g[5941=(22*g[1])/27-(8*g[2])/81-(7*g[3])/3-(2*g[4])/81
g[595]1=(11*g[1])/27-(4*g[2])/81-(7*g[3])/6-g[4]/81
g[596]1=(10*g[1])/27-(17*g[2])/81-(7*g[3])/6+(7*g[4])/81
g[597]}=(11*g[1])/8-(9*g[3])/2

g[598]1=(11*g[1])/12-3*g[3]

g[599]=(11*g[1])/24-(3*g[3])/2
g(600]=(7*g[1])/9-(7*g[2])/27-(7*g[3])/3+(2*g[4])/27
g[601]=(7*g[1])/18-(7*g[2])/54~-(7*g[3])/6+g[4]/27
g[602]=(23*g[1])/72-(7*g[2])/27~(5*g[3])/6+(2*g[4
g[603]=(20*g[1])/27-(34%g[2])/81-(7*g[3])/3+(1ld*qg
g[604]=(10*g[1])/27-(17*g[2])/81-(7*g[3])/6+(7*g]
g[605]1=(29*g[1])/108-(25*g[2])/81l-g(3]1/2+(5*%g[4])
g[606]1=(47*g[1])/216-(29*g[2])/81-g[3]/6+(4*g[4])
g[607]=(27*g[1])/16-(57*g[3])/8+g[4]/4
g[608]=(9*g[1])/8~(19*g[3])/4+g[4]/6
g[609]1=(9*g[1])/16-(19*g[3])/8+g[4]/12 ‘
g[610]=(17*g[1])/18-(2*g[2])/9-(11*g[3])/3+(2*g[4]1)/9
g[611]=(17*g[1])/36-g[2]/9-(11*g[3])/6+g[4]/9
g[612]=(55*g[1])/144-(2*g[2])/9~(31*g[3])/24+(5*g[4])/36
g[613]=(8*g[1])/9-(10*g[2])/27-(7*g[3])/2+(11*g[4])/27
g[614]1=(4*qg[1])/9-(5*g[2])/27-(7*g[3])/4+(11*g[4])/54
g[615]=(23*g[1])/72-(7*g[2])/27~(5*g[3])/6+(2*g[4])/27
g[616]=(37*g[1])/144-(8*g[2])/27-(3*g[3])/8+g[4]1/108
g[617]1=(28*g[1])/27-(26*g[2])/81-(14*g[3])/3+(52*g[4])/81
g[618]=(14*g[l])/27-(13*g[2])/81—-(7*g[3] y/3+(26*g[4])/81
g[619]=(10*g[1])/27-(17*g[2])/81-(7*g[3])/6+(7*g[4])/81
g[620]=(8*g[1])/27-(19*g[2])/81-(7*g[3])/12-(5*g[4])/162
g[621]=(145*g[1])/432-(14*g[2])/81-(19*g[3])/24~(23*g[4])/324
g[622]=(80*g[1])/27+(80*g[2])/81~(40*g[3])/3~-(160*g[4])/81
g[623]=(20*g[1])/9+(20*g[2])/27~-10*g[3]-(40*g[4])/27
g[624]=(40%g[1])/27+(40*g[2])/81-(20*g[3])/3-(80*g[4])/81
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g[625]=(20*g[l])/27+(20*g[2])/81-(10*g[3] /3~(40*g[471)/81
|g[626]1=2*q[1]+g[2]/3-9*q[3]-(2*q[4])/3 /- (40%ate)
[9[627]=(4*9[1])/3+(2*g£2])/9-6*9[3]-(4*G[4])/9
ig[628]=(2*g[l])/3+g[2]/9-3*g[3]-(2*9[41)/9 .
:g(629]=(32*g[l])/27—(4*g[2])/81—(16*g[3])/3+(8*g[4])/81
¢g[530]=(15*g[1])/27-(2*9[2])/81-(8*9[31)/3+(4*9[4])/81
g[631]=(14*g[l])/27—(13*g[2])/81—(7*g[3])/3+(26*g[4])/8l
g[632]=2*g[1]-(39*g[3])/4+g[4]/2
g[633]=(4*g[1])/3-(13*g[3])/2+g[4]/3
g[634]1=(2*g[1])/3-(13*g[3])/4+g[4]/6
g[635]=(10*g[l])/9—(5*g[2])/27—5*g[3]+(10*g[4])/27
QE6361=(5*9[11)/9—(5*9[2])/54-(5*9[3])/2+(5*g[4])/27
g[637]=(4*g[1])/9-(5*g[2]1)/27-(7*g[3])/4+(11*g[4])/54
g[638]=(28*g[1])/27~(26*g[2])/81~(14*g[3])/3+(52*g[4])/81
g[639]=(14*g[1])/27=(13*gF2])/81~(7*g[3])/3+(26*g[4])/81
g[640]=(10*g[1])/27~(17*g[2])/81~(7*g[3])/6+(7*g[4])/81
g[6411=(8*g[1])/27-(19*g[2])/81-(7*g[3])/12-(5%qg[4])/162
g[642]1=(9*g[1])/4-12*g[3]+2*g[4]
g{643]1=(3*g[1])/2-8*g[3]+(4*g[4])/3
g{644]1=(3*g[1])/4-4*g[3]+(2*g[4])/3
g[645]=(11*g[1])/9~-g[2]1/9~(35*g[3])/6+(T*g[4])/9
g[646]=(11*g[1])/18~g[2]/18-(35*g[3])/12+(7*g[4])/18
g[647]=(17*g[1])/36~-g[2]/9~(11*g[3])/6+g[4]/9
g[648]=(10*g[1])/9-(5*g[2])/27-5*g[3]+(10*q[4])/27
g[649]=(5*g[1])/9-(5*g[2])/54~(5*g[3])/2+(5*%g[4])/27
g[650]=(7*g[1])/18-(7*g[2])/54-(7*g[3])/6+g[4]/27
g[651]=(11*g{1])/36-(4*g[2])/27-g[31/2-g[4]/27
g[652]=(32*g[1])/27-(4*g[2])/81-(16*g[3])/3+(8*g[4])/81
'g[(653]=(16*g{1]1)/27-(2*g[2])/81-(8*g[3])/3+(4*g[4])/81
g(654]1=(11*g[1])/27-(4*g[2])/81-(7*g[3])/6-g[4]/81
g[655]=(17*g[1])/54-(5*g[2])/81~(5*g[3])/12~(7*g[4])/162
g[656]1=(35*qg[1])/108+(2*%g[2])/81-g[3]/3~(4*g[4])/81
g[657]=(45*g[1])/16-(135*g[3])/8+(15*g[4])/4
g[658]=(15*g[1])/8-(45*g[3])/4+(5*g[4])/2
g[659]1=(15*g[1])/16-(45*%g[3])/8+(5*g[4])/4
g(660]=(3*g[1])/2-8*g[3]+(4*g[4])/3
g{661]1=(3*g[1])/4-4*g[3]+(2*g[4])/3
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