T.C.
SAKARYA UNiVERSITESI

FEN BILIMLER I ENSTITUSU

HELYUM BENZERi BAZI AKTINIT ATOMLARININ
ATOMIK YAPI HESAPLARI

YUKSEK L ISANS TEZI
Murat ARSLAN

Enstitil Anabilim Dall : FizikK

Tez Dansmani : Yrd. Dog. Dr. Gildem URER

Temmuz 2017



T
SAKARYA UNIVERSITESI

FEN BILIMLERI ENSTITUSU

HELYUM BENZERi BAZI AKTINIT ATOMLARININ
ATOMIK YAPI HESAPLARI

YUKSEK LISANS TEZI

Murat ARSLAN

Enstitii Anabilim Dah : FizikK

Bu tez 27 / 07 /2017 tarihinde asagidaki jiiri tarafindan oybirligi ile kabul
edilmistir. .
0

Prof. Dr. #ﬁ)g/\\ ¢DY.
Erdogan TARCAN Leyla OZDEMIR Giildem URER

Jiiri Baskani Uye Uye




BEYAN

Tez i¢indeki tiim verilerin akademik kurallar ¢ergevesinde tarafimdan elde edildigini,
gorsel ve yazili tiim bilgi ve sonuglarin akademik ve etik kurallara uygun sekilde
sunuldugunu, kullanilan verilerde herhangi bir tahrifat yapilmadigmi, bagskalarmin
eserlerinden yararlanilmasi durumunda bilimsel normlara uygun olarak atifta
bulunuldugunu, tezde yer alan verilerin bu iiniversite veya baska bir iiniversitede

herhangi bir tez ¢aligmasinda kullamlmadigin1 beyan ederim.

Murat ARSLAN
19.07.2017



ONSOZz

Bu calsmada helyum benzeri Ac, Th, Pa, U ve Np atomlan iek ve cift pariteli
konfigurasyonlara ait enerji seviyeleri, geenerjileri, &irlikh salinicisiddetleri ve
geck olasiliklari hesaplangtir. Bu hesaplamalar icin ¢ok konfigirasyonlu Heetr

Fock yontemi kullanilmstir.

Bu surecin her gamasinda dgerli bilgilerini, tecriibesini ve zamanini esirgerapy
bana her firsatta yardimci olan saygetehocam Yrd. Dog. Dr. Gildem URER’e ve

hayatimin her evresinde bana destek olan ailemsugdgekkir ederim.
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OZET

Anahtar kelimeler: Enerji seviyeleri, gecparametreleri, dalga boylarigidikli
salinicisiddetleri, gegi olasiliklari, MCHF yontemi

Bu calsmada, cok konfigurasyonlu Hartree-Fock yontemiylelyam benzeri
aktinyum, toryum, protaktinyum, uranyum ve neptimyun seviye enerjileri bu
seviyeler arasindaki elektrik dipol (E1) ge@arametreleri (dalga boylarigidikli
salinicisiddetleri ve gegi olasiliklarl) hesaplanmaktadir.

Incelenen helyum benzeri aktinit atomlariyla ilgililasilabilir kaynaklardaki
calismalar birinci bélimde Ozetlengi hesaplamada kullanilan MCHF ydntemi
ikinci bolimde kisaca anlatilimive son bolimde elde edilen sonuclarsugdilir
kaynaklardaki teorik ve deneysel verilerle tabldiatinde kagilastirilarak sunulms
ve yorumlanmytir.
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ATOMIC STRUCTURE CALCULATIONS OF HELIUM LIKE
SOME ACTINIDE ATOMS

SUMMARY

Keywords: Energy levels, transition parameters, elewgths, weighted oscillator
strengths, transition probabilities, MCHF method

Energy levels, and electric dipole (E1) transitparameters (wavelengths, weighted
oscillator strengths, transition probabilities) dalveen calculated for helium like
actinide, thorium, protactinium, uranium and nepiunby using multiconfiguration
Hartree-Fock method.

Works in available literature for mentioned actsidns have been given in the first
chapter, multiconfiguration Hartree-Fock method endween summarized in second
chapter and obtained results have been tabulatddcampared with available
theoretical and experimental works in the last tdap

Vii



BOLUM 1. GIRIS

Atom numarasi Z=89-103 argindaki elementlere (sirasiyla; aktinyum, toryum,
protaktinyum, uranyum, neptinyum, plitonyum, amemnk, kiriyum, berkelyum,
kaliforniyum, ayntaynyum, fermiyum, mendelevyum, nobelyum ve lavigng)
aktinitler denir. Periyodik tablonun en alt sirakanyer alan bu atomlar 5f atomlari
olarak da adlandirlirlar. Tamami radyoaktif olandiir metallerin sadece ilk dérdi
dogada ¢ok az bulunur, ger on biri kolaylikla bozunan yapay elementlerdirgecs
metallerinin bir alt gurubudurlar. Biutln izotoplan radyoaktif olmasi nedeniyle
aktinitler, nukleer enerji Uretiminin gelegieacisindan blyuk dnemstdar. Grubun
plitonyumdan sonraki dah&ia elemanlari termontkleer 1s1 ve nétron Uretini gi

bilimsel aratirmalarin yani sira kanser tedavisinde kullarfirl

Atom fiziginde enerji seviyeleri ve gacozelliklerinin detayl bilgisi, kuantum bilgi
doninl icin atomik ve iyonik manipulasyonlar kadar dedtuar incelemeleri,
astrofiziksel plazma tanisi, yenik kaynaklarinin yapisi ve atomik saatler gibi bir
cok alanda gereklidir. Ancak radyoaktiflikleri akitierin bu 6zelliklerinin deneysel
olarak incelenmesini kisitlamaktadir. Bu atomlandtral hallerinde bulunan 5f
yorungesi teorik hesaplamalari oldukca zgrtenaktadir. Cakilmasi kismen daha
kolay olan 5f yoéringesini icermeyen iyonlari haldahi teorik camalar gecmiten
guinimuize gunceflini korumaktadir. Bu iyonlarin buyuk bir kisminidnojen ve

helyum benzeri iyonlar olturmaktadir.

Gunumuze kadar aktinitler ve bunlarin iyonlari hakla bir cok cabima yapilmgtir.
Sadece aktinit atomlarini veya iyonlarini ele ajak az sayida ¢gma bulunurken,
biyuk Z'li atom veya iyonlari konu alan gahalara aktinitler kismen de olsa dabhil
edilmistir. Aktinitlerin enerji seviyeleri ve gegiparametreleriyle ilgili bugline kadar
yapilan teorik ve deneysel gahalarin bir derlemesi NIST (National Institute of

Standards and Technology) Atomic Spectra Datalddske[yer almaktadir.



Atom fiziginde, seviye yapilarini ve gér dénemli gozlenebilirleri elde etmek igin
genellikle merkezi alan ve pensiz parcacik yakfakligina dayanan yontemler
(Ornezin yaygin olarak Hartree-Fock veya Dirac-Fock ydmide kullanilir. Bu
calsmada, helyum benzeri ilk beaktinit atomunun (AY*, TH*®*, P&%, U™ ve
Np°!*, Z=89-93) Breit-Pauli relativistik diizeltmeleriigeren cok konfigiirasyonlu
Hartree-Fock  (multiconfiguration  Hartree-Fock—MCHF)yaklasikligi  [2]
cercevesinde Fischer tarafindan hazirlanan MCHFmiatoyapr paketi [3]
kullanilarak seviye enerjileri ve bu seviyeler andski elektrik dipol (E1) gegleri

icin, dalga boylari, @rlikli salinicisiddetleri ve gegi olasiliklari hesaplanmaktadir.



BOLUM 2. COK KONFIGURASYONLU HARTREE-FOCK
YONTEM

2.1. Cok Elektronlu Atomlar i¢in Relativistik Olmay an Hamiltonyen ve Dalga
Fonksiyonunun Ozellikleri

Kuantum mekarginde N-elektronlu bir sistemin kararli hali,
Hy(a,,....dy) = E¢(dy,-...0y) (2.1)

Schrddinger denklemindekiy toplam dalga fonksiyonu ile tanimlanir ve sistemin

halini belirleyen bu dalga fonksiyonunun belirligbzleri vardir.

Y(r;t) ile tanimlanan bir parcagin t aninda birdr = dxdydz hacimde herhangi bir

yerde bulunma olasgi
[lw(r:f*dr=1 2.2)

seklinde 1'e normallgr. Elektronlar ayirt edilemez parcaciklar olduklagin
hamiltonyen glemcisi, elektronlarin koordinat ggimlerinden bg&msiz olmalidir.
Bir atomik sistemin dgru tanimi, tamamen antisimetrik olan 6z fonksiyomaineer

birlesimi ile yapilir. Boyle bir antisimetrik 6z fonksiyan mamkin gosterimi

ﬁZ(—DPD W (Tl (2.3)



ile verilir. (2.3) ifadesindel] iki elektronun koordinatlarini gestiren islemci
(toplam tim N! desisimleri Uzerindendir) p ise permutasyonun, geim

islemcisinin, paritesidir. Buradan

Y772 (S FRTRN HOP e PR N Ry 7/ (RS [N« PR ¢ 1N (2.4)
A:LZ(—ND (2.5)
JYNI'S

seklindeA antisimetri glemcisi tanimlanir. Antisimetrik dalga fonksiyorkgnum ve
spin olarak 6zdeiki elektron durumunda sifirdir. Uzaysalgikkenlere gore dalga
fonksiyonunun sirekliiinden dolayi, dalga fonksiyonun mutlakgee, ayni spinli

iki elektron birbirlerine yakin olduklarinda kugiiit

Relativistik olmayan hamiltonyen, toplam ydringeisat momentum slemcisi

N N
L= ZI. ve toplam spin agisal momentugtemcisi S= Zs ile sira dgistirir:

i
i=1 i=1

[H, L]=[H, §]=0. (2.6)

Buna goreH, L, L, S ve Saralarinda sira ggstiren islemciler takimi olur. Bu ise

bahsi gecensiemcilerin & zamanl olarak ortaya ¢ikini gosterir:

Hy(a,....ay) = E¢(q,,....y) (2.7)
L (G Oy) = LD @(y,0) (2.8)
Lzg(qp,...0y) =M (0. 0y) (2.9)
S (yeonsUy) =SS+ (oo, ) (2.10)

Szw(qll""qN)zMsl//(qll""qN)' (2'11)



Bu islemcilerin g zamanl 0zfonksiyonlari, ¢ (LM SMg;q,,...,d, ) olarak

gosterilebilir. y , hali tam olarak belirlemek icin gerekli ek kuamtsayilaridir.

L, M., S ve Mg acgisal momentum kuantum sayilarina ek olarak, Hamnyen

islemcisinin 6z fonksiyonlari bunlarin paritelerie josterilir:
M (ay,ay) = () @(a,-,0y) - (2.12)

Parite §lemcisinin tanimindan M? =1 ve 6z dgerinin +1 oldugu aciktir. Parite
islemcisi, Hamiltonyen ve ac¢isal momentugiemcisi ile sira dgistirir ve bundan
dolay!r atomik 6z fonksiyonlaf1’'nin 6z fonksiyonlari olarak da alinabilir. Parite
islemcisinin +1 ve —1 0z gerlerine ait 6z fonksiyonlar sirasiyla cift ve telarak

adlandirilr.
2.2. Cok Elektronlu Sistemler

Dalga denklemi (2.1) bir 6z der problemidir ve ¢oztumleri yalnizca belitt
degerleri icin mevcuttur. Bu dgrler slemcinin 6z dgerleridir ve sistemin toplam
enerjisinin - mumkuin deerini  gosterirler. Schrddinger denklemi yalnizcar bi
elektronlu sistemler igin tam olarak ¢ozulebilirolC elektronlu sistemler igin 6z
fonksiyonlarin gercekekilleri bilinmemektedir. Bu nedenle cok elektro@tomlarin
veya iyonlarin incelenmesi icin bazi genel yontenigeyaklaik dalga fonksiyonlari

elde edilir.

Cok elektronlu bir atomun merkezi alan yakikh gindaki gibi ayrintili incelenmesi
cok zor oldgu icin bu yaklaikhktaki tim kicuk etkiler inmal edilir, spin-yonge
etkilesimleri ise bir dizeltme gibi incelenir. Bir gdialan yokkenN elektronlu bir

atomun hamiltonyeni atomik birimlerde

H :i(—%mf -%}ii (213)

i>] r‘|]



dir. Buradaki ilk terim kinetik enerjiyi, ikinci t@m potansiyel enerjiyi, i¢lnci terim
elektronlar arasi Coulomb itmesim, i. elektronun bgl koordinatini, rj i ve j
elektronlar arasindaki uzagligosterir. Hamiltonyen.?, L, S* ve S, toplam agcisal
momentum glemcileri ile sira dgistirir. Bu nedenle hamiltonyenin 6zfonksiyonlari,
bu islemcilerin de 06z fonksiyonlari olarak secilebiliDiger taraftan (2.13)
hamiltonyeni, pertirbe olmamwve pertirbe kisim olmak tzere iki kisma ayrilarak

yeniden yazilabilir:

H=H. +H, (2.14)
N 1, N 1

H, =Z(‘§Dn +V(ri)j=2hi o hESHEVE) (.15)
i=1 i=1

N 1 Z N 1
Hl:zr_-z[TV(n)}Zr—-ZSﬂ) _ @1

i<j i i<j Ui i

Hamiltonyen terimlere ayrilabildi igin 0z deser ve 0z fonksiyonlar

E=)E, (2.17)

P (G- 0n) = [ Aaia) (2.18)

seklinde yazilabilirler.¢ ile temsil edilen bireysel spin yoriingemsileri;-biektron

denklemlerinin ¢ézumleridir:
1
[—EDZ +U(r)]¢la,q) = Eg(a,q) . (2.19)

BuradaU (r) potansiyelin vel'nin her ikisine de bgidir ve



u(r) =-%+V(r) (2.20)

seklinde tanimlanir.

Hamiltonyen elektron koordinatlarinin yergi@minden b&msiz oldgu icin (2.4)
koordinat dgisimi ile bir 6z fonksiyon elde edilir. Oz fonksiyan birlestirilerek

antisimetrik bir fonksiyon olgturulur:

ooy = Yo
— s q) — 1 q(GZin) q(azqu) 2 2
qJ(ql""’qN)_An ®(a;,q) - (ql""'qN)__N (2.21)
Qava) = Yoo

(2.21)'in sa& tarafindaki Slater determinantiyla verilen dalgankisiyonu

antisimetriktir ve Pauli darlama ilkesini sglar. Buradaki her bir yériingemsinin

(spin-yoriinge) paritesf-1)', Slater determinantinin paritesi ise

2
m=(-D)"(-)"...cD" =(-1)" (2.22)

dir. Parite, acisal momentum kuantum sayilarinpiaiminin tek veya cift okuna

gore tek veya cifttir.

Merkezi alan yaklgkliginda, yaklaik enerji seviyeleri ve tamamen relativistik
olmayan Hamiltonyenin yakjg&k 0Ozfonksiyonlari elde edilir. Genelde, Slater
determinantlariseklindeki bu yaklaik 6zfonksiyonlar, toplam acisal momentum
islemcilerinin gercek 6zfonksiyonlari giddirler. Ayni elektron konfiglirasyonuna ait
determinantlarin lineer bigemi ile agisal momentunglemcilerinin 6zfonksiyonlari
olusturulur. Busekilde elde edilen fonksiyonlar, Slater determitenmidan daha iyi
bir sekilde relativistik olmayan Hamiltonyenin gercelf@zksiyonlarina yaklgr. Bu

0zfonksiyonlar, konfigiirasyon hal fonksiyonlari (@iguration State Function—CSF)



olarak adlandirlir. Konfigurasyon hal fonksiyonlarCD(yLMLSMs) veya

| yLM  SMy) ile gésterilir.

Merkezi alan yaklgkliginda, belirli bir konfigirasyona ait tim Slater
determinantlari ve bu determinantlardan stlwulan CSF’ler de ayni enerji

seviyesine karlik gelir. Elektron etkilgmesinin merkezi olmayan kismi

-ZV(ri)+Zri 23)

i<j lj

dikkate alindginda, toplam acgisal momentum kuantum sayilarirgh ldan farkl
CSF'ler, farkli enerjilere karlik gelecektir. Bu enerji seviyelerine ‘konfiglsasun
LSterimleri’ denir. Farkli CSF’lerin beklenen glerleri

E =(D(M_ SM)|H|d()M  SM)) (2.24)

seklinde verilir. Beklenen dgr, M, ve Mg ’den b&imsizdir ve her biLS terimi

(2L+1)(2St+1) kat dejeneredir.

LS terimleri M ve Mg kuantum sayilarindan pemsiz oldgundan dejenerlik
cogunlukla ihmal edilir. M| ve Mg kuantum sayilarinin 6nemli olmgd

durumlarda CSFler kisac®()L.S) veya tD(yZS”L) olarak gosterilir. Buradha

L=01234567 ..
SPDFGHIK ..

seklinde spektroskopik gdsterimle verilir v&2L terimin ¢oklgu olarak adlandirilir.

Tek parite halleri icin, bir® tst indisiL'yi gosteren sembolden sonra eklenir.



2.3. Hartree-Fock Ydntemi

Relativistik olmayan yakkklikta, c¢ok elektronlu sistemlerin Schrédinger
denkleminin ¢ézumd, elektronlarin elektrostatikilettme terimi nedeni ile zordur.
Merkezi alan yaklgikligina gore her bir elektron, gir elektronlarin ayniZfr+V(r))
potansiyelinde hareket diti icin V(r)’'nin secimi 6nemlidir. Hartree her bir
elektronun, cekirdgn cekici alani ve djer elektronlarin itme etkifgmlerinin
olusturdugu, bir etkin potansiyelde hareket edesiiticesi ile yola cikarak Hartree
denklemlerini tUretnstir ve ¢6zUmu igin 6z uyumlu alan denilen tekrarddurbir
yontem Onerngtir. Hartree dalga denklemi, radyal fonksiyonlagarpimi olan
kiresel simetrik bir dalga fonksiyonunu verir. Fdok denklemleri Pauli garlama

ilkesini salayacaksekilde dizenlemstir.

Hartree-Fock potansiyeli ve Hartree-Fock denklgugekilde ifade edilir:

V(@) =-Z+ TV 1) V@) (2.25)
[_%Drzi +V(qi):|U/1(qi): EU,. (2.26)

V¢ her kabuktan gelen simetrik katkilarin toplamwdirkiiresel simetriktir:
d d — * 1 — * l
Ven) =2V, () = [u, (@), (0)dg, = fu, () =u, () (2.27)
u i i
v (a) = ZV;“ (a) (2.28)
U

ile tanimlanir.V® ise Fock’'un Hartree denklemlerine katki olarak giedligi degis-

tokus ( takas) potansiyelidir. ¥gs-tokus islemcisi sadece uzay koordinatlarina etkir.
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Hartree-Fock denklemlerinin en goze garpan dgelli, spin yoringemsilerinin her

birinin ayri ayri Schrodinger denklemi gérinimiraealaridir. Bununla birlikte
bunlar gercek 6z ger denklemleri dgllerdir. CunklV potansiyeli Hartree-Fock
VY veV® islemcileri yoluyla spin yériingemsilerine @adir. Hartree-Fock integral-

diferansiyel denklemler sistemi yakilk bireysel spin yoéringemsileri olan

Ug,Uj,...U; den balayarak tekrarlama ile ¢ozilir. Once bunlaraskdr gelen

Hartree-Fock potansiyelinin yali& ifadesi V® hesaplanir. Sonra Hartree-Fock

2
v

denklemleri yeni u;,uz,...u; spin yoringemsilerini elde etmek icin bu®

potansiyeli ile ¢6zuliir. Bunlar da yeli® potansiyelini verir. Spin yoriingemsileri
bundan 6nceki doéngide elde edilen™™® potansiyeli ile 6zde olan V™
potansiyelini (belli bir yaklgklikla) verinceye kadar tekrarlanir. Bu yolla boén

Hartree-Fock potansiyeli atomun (veya iyonun) éaraly alani olarak bilinir.
2.4. Korelasyon Enerjisi

Hartree-Fock yontemi Schrdodinger denkleminin tamigdu icin bir yaklaikliktir ve
bu yaklgiklik uygulanirken elektronlarin ger elektronlar tarafindan belirlenen bir

alanda hareket ettikleri kabul edidicin enerjide bir fark olgur:
EKor — ETam _ EHF ) (229)

Hamiltonyenin tam enerjisiE™™ ile Hartree-Fock enerjisiE™ arasindaki bu

enerjiye ‘Korelasyon enerjisi’ denir.

Farkli korelasyon tiplerini siniflandirmak icin,rivici mertebe korelasyon yapisina
ve duzeltmeyi goOstermek icin kullanilan konfigirasy hal fonksiyonlarina
bakilmalidir.

Ayni parite ve b@ kuantum sayili CSF’lerin seti bir kompleks glurur. Z ye bali
perturbasyon teorisine goére kompleks, atomdaki Ibpagkorelasyon etkilerini
tanimlayan sifirinci mertebe dalga fonksiyonunun garcasi olmalidir. Bu teori
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biyukZ'ler icin gecerlidir ve diiiik iyonizasyonlar veya notral atomlar igin kullgini
olmayabilir. Bu durumda kompleksin onemli katkiglsemayan Uyelerini sifirinci
mertebe dalga fonksiyonunun bir parcasi gilitcimek gerekli dgldir.

Sifirinci mertebe dalga fonksiyonu baskin CSF’leermelidir. Bazi amaclar igin
sifirinci mertebe dalga fonksiyonu yeterli olmaskaasin bircok durumda yuksek
mertebeden dizeltmeler 6nemlidir. Sifirinci mertetsga fonksiyonu, sifirinci
mertebe dalga fonksiyonlarindaki tim CSF’lerdenUypge yer dgistirmeleri ile

uretilen CSF'leri icerecek hale getirilirse birlagtirme elde edilir.

Elektronlarin kagilikli etkilesmeleri genel olarak ¢ farkgekilde siniflandirilir. a ve
b iki yoringe olmak Uzere, ab yoringelerinden etgkt uyariimalar
gerceklgtiginde, ab yoringelerinin ikisi de gerlik (Valans—V) ydriingesi ise bu
korelasyona deerlik-degerlik (Valance-Valance-VV) korelasyonu, yoringekd
biri 6z, digeri dezerlik yoriingesi ise bu korelasyona 6zddik (Core-Valance—CV)
korelasyonu ve ydriingelerin her ikisi de 6z yorigsigee bu korelasyona da 6z-6z

(Core-Core—CC) korelasyonu denir.

2.5. Cok Konfigurasyonlu Hartree-Fock (Multiconfiguration Hartree-Fock—
MCHF) Yaklasikli g

Cok elektronlu sistemlerde varyasyonel dalga fopksu W =®(LS)
konfigurasyonu olarak segcilir. Buradaki radyal dakgnksiyonlari belli dgldir ve
varyasyonlardaki kararllilgarti Hartree-Fock denklemlerine géturir. Varyasgonl

yerine
YL =Y 0, (1LS) 2:30

¢cok konfigurasyonlu acilim secilirse, radyal forjksilardaki varyasyona gore
kararlilik sartt Hartree-Fock yontemlerine benzer diferansgehklemler takimina
goturar. Diferansiyel denklemler, kaim (acilim) katsayilarinin ggiminden ortaya

ctkan matris 6z dgr denklemine genir ve bu iki yontem gzamanl olarak ¢ozuldr.
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Bu varyasyonel fonksiyonu temel alan yontem, cokfigiirasyonlu Hartree-Fock

yontemi olarak bilinir.

Cok konfigurasyonlu Hartree-Fock yonteminde dalgaksiyonu ortonormal hal

fonksiyonlarinin lineer kombinasyonudur:
3 2

WOLS) => Ay LS); > c?=1. (2.31)
i=1 i

Enerji ise

e(Ls )= ZM: ZM: cc(p(yLs YH oy Ls ) = )y Z ciciH

i=1 j=1 i=1 j=1

M M
=>c’H,; +2> GcH; , (2.32)
i=1

i>]

seklindedir. H, Hamiltonyen matrisi, c=(C1,Cz,...,Gn)' Kkarisim Katsayilarinin

1)

olusturdugu bir stitun vektorudir. Bu durumda enerji
E=c'Hc (2.33)

seklinde vyazilabilir. Etkileme matris elemanlart radyal fonksiyonlara
(P,[P(a,b),P(b,r)...]t sutun matris) bgi oldugu igin enerji fonksiyoneli henf? ye
hem dec ye bal olur. MCHF denklemlerinin tiretiimesinde, enegiaha da

indirgenmg olur ve radyal fonksiyonlas cinsinden ifade edilir.

Hamiltonyen matris elemanlari agisal momentum sewen elde edilirler:

H ij = Z a)gb I (a, b) + Z ngcd;k Rk (ab' Cd) (234)
ab

abcd;k

Bu durumda eneriji
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g(J'LS) = Z wabl (a, b) + Z I/abcd;k Rk (ab! Cd) (235)

abcd;k

olur. ab ve abcdtizerinden toplam, her bir konfigtirasyon halindeuban yéringeler

Uzerindendir. Burada

m M M M

Wy, :zzchaj;b V abedk :ZZClcjvgb (2.36)

=1 j=1 i=1 j=1

dir. 1(a,b), R*(abcd;k) integrallerinin simetri 6zelii kullanilarak toplam en aza

indirilebilir, 1(a,b) icin a<b, a<c veb<d oldugu varsayilir.

Hartree-Fock denklemlerinin tlretilmesi icin, kah&l sarti Lagrange carpanlarini

iceren bir fonksiyona uygulanmalidir:
M
F(P.O)= (kS +> ., Ap{alb)—ED c’. (2.37)
a<b i=1

c’'deki varyasyonlara goére kararlilgartinin tiretiimesindeg()LS Jc¢in en uygun

sekil (2.32) denklemidir. Bu denklem kokli bir deakie oncilik eder:
HCc=EcC. (2.38)

(2.38)'deki A, Lagrange carpani VE sistemin toplam enerjisidif(a;r) radyal
fonksiyonlardaki dgismelere gore bir kararlilikarti gergi her bir radyal fonksiyon,
bir denklem sistemine 6nculik ede.(2.6) kararliliksarti icin degistirilecek radyal

fonksiyon olursa,

i) w,,|(a a) nin desisimi, —waajdb(a,r)HdD(a,r)dr,
0

1) > V.pan R (ab,ab) 'nin degisimi, Za)aaj'db(a,r)EY(a,r)P(a,r)dr
b 0 r

jk
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iii) Di ger integrallerin dgisimi, Zwan'dP(a, r)lx dr
r
0

dir. Bazi katkilar 1(a,b) kosegen olmayan integrallerinden meydana gelir. Bu

integrallere Slater integralleri denir. Ortonormalnirlamalar ile beraber bu

varyasyonlarin toplami

20, j HP(a,r)d(r)dr =0 (2.39)
0

seklindedir. dP & r ) tim kacuk dgisimler icin bu dgisim &(r) = 0 sartini ve

( i +§[Z ~Y(nl;r)] LD (Ir-zl) —em;mjp(nl; r :%X(nl; M)+ &umPOlT)

2
dr n#n

(2.40)
esitli gini gerektirir. Buradaa, yoringemsi kuantum sayilag,, ise
2/]nl,nl . 2/]nl,nl
‘snl;nl i Enl;n‘l
nl,nl wnl,n‘l (241)

dir. Bu tanimlamalardan kégen ve kfegen olmayan enerji parametreleri matrisinin
simetrik olmadgl gorulir. Buna rgmen
a‘nl,n‘lg = a‘n'l ,n'lg

nl,n’l

i (2.42)

dir.

i) Doluluk sayilarini  « tam sayi kabul edilirler, bunlar aslinda beklenen

nl,n''

doluluk sayilaridir.
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i) X(nl;r) fonksiyonu, bir konfigirasyon halindeki elektronfayer deisiminin

yani sira konfiglrasyonlar arasindaki etytiteden meydana gelir.

2.6. Breit-Pauli Hamiltonyeni ve Dalga Fonksiyonu

Agir iyonlarda ve c¢ok iyonkanis sistemlerde relativistik etkinin énemi buyuktdr;
hatta hafif atom veya iyonlar icin yapilan hesa@éarda da deney sonuclari ile iyi
uyusan detayl bir teori icin relativistik etkiler hdsa katilmalidir. Bunun igin
Schrédinger denklemine en dik mertebeden relativistik katkilari almak yetdrlid
Bu dizeltmelera (a =1/c, a ince yapi sabiti ve gk hizidir.) kuvvetlerinde bir

acthmla relativistik ¢cok elektronlu denklemlerdemetilebilir.

a’ mertebesinde bir dizeltme icin ortaya cikan hamylen Breit-Pauli

Hamiltonyenidir. Bu hamiltonyen relativistik olmayamiltonyen igin birinci §?)
mertebe dizeltmedir. Ancak yiksek mertebe pertiydraseorisinde yandl sonug

verebilir. Breit-Pauli Hamiltonyeni
HBP:HNR+HRS+HFS (243)

seklinde yazilir. BuradaH ,; relativistik olmayan (Non-Relativistic) hamiltoer,
H,s relativistik kayma (Relativistic Shift),H. ince yapi (Fine Structure)
islemcisidir. H ;5 islemcisiL ve S ile sira dgistirir ve H,,. kltle dizeltmesi (Mass
Correction),H, ve Hy, sirasi ile bir ve iki cisim Darwin terimleri,, yoringe-
yoriinge (Orbit-Orbit) terimiH ¢ spin-spin (Spin-Spin Contact) terimi olmak tzere

bes terimden olgur,

HRS=HMC+HD1+HD2+HOO+HSSC' (244)

_ o e
Hye = SZ(Di)+Di (2.45)
i=1
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- a8Z Z(D?)(E) (2.46)
i=1 ri
—Z( (2.47)
PP
——Z{ i { e iy } (2.48)
Hssc:_%i(s S5;)a(rr;) (2.49)

i<j

H . terimi, spin ve yoOriinge agisal momentumlari axen etkilgimi tanimlar.
H s bir etkilesme terimi oldgu icin L ve Sile sira dgistirmezkenJ =L + S toplam
acisal momentumla sira @gtirir. Cekirdek spin-yoéringe (Spin-Orbit} .., spin

diger yoringe (Spin-other Orbit) d ¢ Spin-spin terimlerinden odur.

Heg =Hgo+Hgoo T Hss (2.50)
o= 23 (s (251)
-—; L : P (s +25)) (2.52)
Hes —azg : { R USE ::S’ r")} (2.53)

Breit-Pauli HamiltonyeniJ ile sira dgistirir ve 6z fonksiyonlarJ® ve J;nin 6z

fonksiyonlari olmalidir. Dalga fonksiyon® p-SJM,, LS ciftlenimli konfiglrasyon

hal fonksiyonlari olmak tzere;

YOLM,) = Y e 0y L§IM,) (2.54)



17

O(LSIM,) = > (LM SM,

LSIM, JO()M, SM) (2.55)

ile verilen ¢ok konfigurasyonlu lineer bigiendir. L ve S farkl LSIli konfigtirasyon
hal fonksiyonlarinin iyi kuantumlu sayilari olmadiicin farkl LS terimlerinin
karisimi alinir, dalga fonksiyonu ara ciftlenime tabuol Relativistik olmayan ¢ok
konfigurasyonlu Hartree-Fock yonteminden konfigiiaas hal fonksiyonlari, Breit
Pauli yaklgikligindan kagim katsayilari elde edilerek matris 6zgde problemine

ulastlir:
H; =<yi L-FSJMj‘HBP‘;/ijSjJMj>. (2.56)

Boylece Breit-Pauli Hamiltonyeninin 6z gler ve 6z fonksiyonlarini bulma problemi,
LSJ ciftlenimli konfigrasyon hal fonksiyonlari aradeki matris elemanlarinin

bulunmasina ve her Jghki icin matris kgegenlgtirmesine indirgenir.
2.7. lsimah Gegcsler

Bir atomik sistemin enerji seviyeleri genelliklery@mri sonsuz olan haller olarak
kabul edilir. Bir elektromanyetik alan vatinda bu durum dgsebilir. Sgurulan
foton, atomu veya iyonu yuksek seviyelere uyaryarudmis iyon elektromanyetik

alan yokligunda kendilginden yayma ile bozunur.

iki hal arasindaki elektromanyetik ggciacisal momentum ve fotonalik eden
parite ile tanimlanir. Surulan veya yayimlanan fotonun pariteBE(-1)¢ (k acisal

k+1

momentum) ise geg elektrik multipol gegi, paritesi 77=(-1)""" ise manyetik

multipol gec§i denir. Her gegi paritesi 77 ve ranki k olan O™ kiiresel tensoér

islemcisi ile tanimlanir.
2.7.1. kimal geck 6zellikleri

Bir Ust seviyeden bir alt seviyeye georani (veya olasgi);
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A*(y3',30) = 2C,[a(E,,, ~ E, )]Zk“w (2.57)

ile verilir. Burada S*(J',)d) indirgenmi matris elemaninin karesi olan cizgi

siddetidir, g ;. ise Ust seviyenin istatistiksetidi gidir:

s (@,y3)= 3 [<Kl10f 11 A . (2.58)
g,=2J'+1 (2.59)
(2k +12)(k +1)

(2.60)

k

k(@k +1)1)*

Agirlikli salinicisiddeti sgurma ya da yaymadaki gectemsil eder. Diik haldeki

bir atom foton sgurarak Ust seviyeye uyarifginda (ciktginda) salinicsiddeti

-1 Srk(}'diyl‘]l) (261)

J

%,y 3") :ick[a(Eyu- ~E,)*

dir. Yayma salinicsiddeti icin sadecesaret dgistirilir. Bu 6zellik ¢izgi siddeti gibi
iki seviye arasinda tamamen simetriktigiAkli salinicisiddeti

of *(),y'3) =g, t*(a,y'3) (2.62)
ile verilir.

2.7.2. Kesin ve Yaklaik Secim Kurallar

Kesin secim kurallari tim konfiglrasyon hal fonksilari icin uygulanir. Bir atomik

hal fonksiyonunun acilimindaki tim konfigtrasyom feaksiyonlari ayni paritelidir.
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Manyetik dipol klemcileri (-1}, elektrik dipol §lemcileri (-1, paritelidirler. iki
halin paritesiz ve 7' ile gosterilirse

(). 7T _ ()¢
S (-1) (2.63)

M 0 7L = (g (2.64)
71

seklindedir. Bir atomik fonksiyonun ger bir 6zellgi toplamJ ile ilgilidir.

A =J-J'=041,...xk k<J+J' (2.65)
J =J'=0 ise izinli degildir.

Uzay acisal momentumlarin segim kurallari i(;IE{k) islemcisine kagilik gelen

tensorin rankk ise secim kurallari

=0k AS=0
AL = 0+1,... K K<L+L' (2.66)

dir. Uzay tensoraMAY | k ranki ve MBY, k-1 rankli ise uzay ve spin

momentumlari igin kurallar;

MAK - AS=0 AL = 0+1,...k K<L+L'

mBY; AS = 01 AL = 0z1,...K k-1<L+L' (2.67)

seklindedir.



BOLUM 3. SONUCLAR VE TARTI SMA

Bu calsmada helyum benzeri aktinit atomlarinin ilksligzesinin (aktinyum, toryum,
protaktinyum, uranyum ve neptinyum) seviye yapilae incelenen seviyeler
arasindaki izinli elektrik dipol (E1) geterine ait bazi parametreleri, relativisitik
Breit-Pauli dizeltmelerini iceren ¢ok konfigurashoidartree-Fock yontemi [2] ile
hesaplanmgtir. Hesaplamalarda kullanilan MCHF atomik yapi gtaK3] ile elde
edilen sonuclar tablolar halinde gilabilir kaynaklar ile kagilastiriimis ve

yorumlanmgtir.

Yapilan hesaplamalarda, tim iyonlar icin cift parihsn's (n=1-4 ve n'=1-9), 1snd
(n=1-7), npn'p (n=1-4 ve n'=3-9), 5pnp (n=6-8)% HWs6s, 1s5g, 1s5g 2p4f ve tek
pariteli nsn'p (n=1-8 ve n'=2-9), npn's (n=2-9 ve3rd, n<n’), 1snf (n=4-9), 2snf
(n=4-9), 2pnd (n=3-6), 3dnp (n=4-9), 4dnp (n=58Jnp (n=6-9), 2p5g, 4p4d, 4p5d,
5p5d konfiglrasyonlari kullanilgtir. Helyum benzeri atomlarin taban halinde iki
elektron da 1s yorungesine yarigas olduklari icin secilen konfigirasyonlar 6zden

tekli ya da ciftli uyariimalar yani 6z-6z (CC) kdéaisyonu ile elde edilrgiir.

Buayuk Z'li agir atom ve iyonlarin fiziksel 6zellikleri hala tanolarak
bilinmemektedir. Gec¢ngien gunimuize gilncelini koruyan ve hesaplama
yontemleri icin de bir test nitgi tasiyan helyum benzeri iyonlar icin yapilan
calsmalarda aktinit atomlari ¢ok az yer agm. Var olan cakmalardaki
incelemeler, n=1 ve 2 seviyeleri ile sinirli kagtm Seviye enerijileri icin yapilan
calismalarda gunumizden gegmitarih sirasina gére ¢ok konfigtrasyonlu Dirac-
Fock, (MCDF) [4, 5, 6], konfigtrasyon etksleni (Cl) [7, 8], iki kez Green
Fonksiyonu (TTGF) [9] yontemleri, relativistik timmertebelerden c¢ok parcacik
yaklasikhigr (MBPT) [10], varyasyonel yontemin Dirac denklemibir uygulamasi
[11] ve relativistik rastgele faz yakikhg (RRPA) [12] yontemi kullanilingtir.
Enerji seviyeleri iceren deneysel gatalarda ise sadece®tJ iyonunun 1s2gP; [13,

14] seviyesi ile 1s2pP; seviyesi [14] yer almaktadir.
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Yapilmis teorik [4-12] ve deneysel [13, 14] gahalarda, sadece 1snl (n=1, 2 ve
I=0, 1) seviyelerinin bilgiler bulunmaktadir. Eniesgviyeleri verilerine gore daha az
sayida olan teorik gegiverileri calsmalarinda [4, 11, 15-19] yine ayni seviler
hakkinda kisitli bilgi mevcuttur. Wdabilir kaynaklarda gegiverilerine ait deneysel
calisma mevcut dgildir.

3.1. Helyum Benzeri Ac, Th, Pa, U ve Np’nin SeviyEnerijileri

Helyum benzeri aktinyum, toryum, protaktinyum, wam ve neptiinyum (&¢,
The®*, P&%, U ve Np**, z=89-93) icin MCHF yontemiyle yukarida belirtile
konfigirasyon takimi ile yapilan hesaplamalardee etdilen seviyelerin enerjileri
Tablo 3.1.’de, dier teorik ve deneysel c¢gna sonuglariyla karastirmali olarak
sunulmaktadir. Enerji gerlerini elde etmede kullanilan y6riinge yaricapiar
beklenen dgerleri [20]'de yer almaktadir. Tablodaki enerjigeeleri helyum benzeri
iyonlarin temel hali olan #s'S, seviyesine gore veriimektedir. Bu gaha
sonucunda elde edilen enerjiler Enbirimindedir. Kaynaklarda eV ve atomik
birimlerde olan bazi sonuglar cre cevrilerek kagilastirma yapilimg bu kaynaklar
tablo altinda belirtilmgtir. Tablo 3.1.’de iki sUtun seviyenin ait olgu
konfigirasyonu ve terimini belirtmektedir. gir situnlarda ise atom numarasi
sirasiyla helyum benzeri aktinyum, toryum, protajaim uranyum ve neptiinyumun
enerji deerleri yer almaktadir. Ayrica tablo yukaridagag@ya konfiglrasyonun
artan enerji dgerlerine gore siralangtir. Tabloda tek pariteli seviyelef™lst indisi

ile belirtilmistir. Diger ¢algma sonuglari, bu ¢cama sonucunun hemen altina ilave

edilmis, kaynakca numarasi ust indis ile belirtigti

Ac®* iyonunun bu cajma sonucunda elde edilen seviye enerjilerifiedicalsma
sonugclariyla kaslastirmak i¢in ylzde hata (@scaismaEpigercaisma)/Epigercaisma)*100)
hesaplandiinda 1s2s3S, seviyesinin 0,7; 1s2¢S, seviyesinin 0,9; 1s2pP%
seviyesinin 1,4°P°; seviyesinin 1,3°P°, ve 'P°; seviyesinin 1,9 oldgu gorulmistir.
Benzer hesaplama gir iyonlar icin de yapilngtir. TH®* iyonunun 1s2s°S;
seviyesinin yiizde hatasi 0,8-1,5; 1$3s seviyesinin 0,9-1,6; 152}/, seviyesinin
1,4-2,1;°P°; seviyesinin 1,4-2,2°P°%, seviyesinin 2,0-2,8'P°; seviyesinin 2,0-2,7
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olarak hesaplanmtir. PZ%* iyonunun 1s28S; seviyesinin yiizde hatasi 0,8-0,9; 1s2s
'3, seviyesinin 0,1; 1s2pP% ve *P°; seviyesinin 1,52P% seviyesinin 2,2 véP°;
seviyesinin 2,1 oldgu gorilmitur. U iyonunun 1s28S, seviyesinin yiizde hatasi
0,9-2,4; 1s28S, seviyesinin 0,1; 1s2}P°% seviyesinin 1,6°F%; seviyesinin 0,07-2,8;
3p°, seviyesinin 5,5-2,3'F°; seviyesinin 1,1-2,3 olarak bulungtur. Ng** iyonunun
1s2s°S, seviyesinin yiizde hatasi 1,0; 158 seviyesinin 1,2; 1s2pP% ve P

seviyesinin 1,7°P°, seviyesinin 2,4-2,5F°; seviyesinin 2,4 olarak hesaplargtm

Hesaplanan ylzde hatalara balgidda, atom numarasi arttik¢ca ve her bir iyonun st
seviyelerine gidildikge hafifce arttiklari gorulntekir. Ancak kagilastirmasi olan
tum deerlerin dger calgma sonuclariyla ¢ok uyumlu oldu gorilmektedir.
Ozellikle tek deneysel katastirma deerine sahip &* iyonunu bu dgerlerle ¢P%
seviyesinin ylizde hatasi 1,8, seviyesinin yiizde hatasi 2,3) de cok uyumludur.
Buradan hareketle kalastirma degeri olmayan daha Ust seviyelerin enerjgeideri

de kullangh oldugu soylenebilir.



Tablo 3.1. Helyum benzeri Ac, Th, Pa, U ve Np igiviye enerjileri (ci).

Seviye Enerijiler
Konf  Terim Ac®™ (z=89) Th%* (z=90) Pa™* (z=91) u* (2=92) Np™** (z=93)
1< s, 0,00 0,00 0,00 0,00 0,00
1s2p P, 708927513,38  726607659,23 744560182,57 762787691,13 781292897,74
718804918 737403018 756357489 785089256,05 795302740
718850447,20  737854875,8% 756409166,67 785436641,9 795361127,52
737440485,% 763354967,8
74302980% 775640794
740525398, % 7757011904
775659997,5%
7756847958
7756710478
% 709504970,28  727212502,86 745193213,24 763449723,84 781984758,70
719581903 738221528 757219323 776547832 796256954
719607720,76  738249119,43 757248789,3Y 776543416,1% 796290197,0%7
738238187,% 776568444, %
743457280,8
1s2s 33, 712173025,71  730148202,08 748413810,97 766973338,16 785830334,99
717662312 736252538 755198201 786246664,04 794134580
717713931,97  736307582,64 755256842,97 786607919, 794200889,59
736296802,% 774477957
7413199125 74508399,72
774529590,8
s, 712870264,14  730848461,01 749116909,20 767679093,47 786538564,16
719567945 738215740 757221009 7766071813 796283066
719594735,2%4  738247748,29 757251289,70 776562479 796316732,69
738238955,% 776564628,51

7427636441

776589731,

[4-6], [9], [11] ve [13] kaynaklarindan alinan gler eV biriminden, [8], [10] ve [12] kaynaklariad alinan dgerler

a.u. biriminden cnt-birimine cevrilmitir.



Tablo 3.1. (Devami)

Seviye

Enerijiler

Konf

Terim

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1s2p

1s3s
1s3s
1s3p
1s3p
1s3p
1s3p
1s3d
1s3d
1s3d
1s3d
1s4p
1s4p
1s4s

3P02

1P01

734070872,19
748790295
748847730,99

734913147,41
749411850,99
749357936

849871075,52
850002766,47
850158502,07
850267759,40
856175748,19
856403065,03
861354939,79
861420286,01
863701842,37
863752093,65
896046518,11
896081687,84
896305810,50

752977553,09
769048534
769109827,33
7690956402
7747515758

753839260,34
769626340
769683948,60
769673933 .Y
7751871144
772744274 %

871414557,86
871545890,98
871711597,55
871825005,24
877986819,00
878219091,89
883503804,54
883571616,98
885962530,29
886014423,95
918727690,42
918763964,68
919005461,56

772202312,54
789744448
789809777,64

773083821,00
790332557
790394021,1%

893307398,71
934383385,66
893614924,23
893732536,95
900155447,06
900392754,69
906028351,90
906098694,98
908602964,07
908656538,27
941774291,65
941811668,66
942071104,75

791749009,10
750215315,9
810886646,77
810853643
810908893,%

792650693,65
749267614,9%
749614755,8
791761799,6
811452197
8115215565
811481157,73
811507971,%
8113771928
81160302%

91555356
9158824
9138739
9159083
9225831
0224182
928HB8S
9291064
9363283
93168594
9631632
9655287
9655083

811621564,45
832430980
832504955,60

812543805,37
833040113
833109871,10

938157314,80
938287366,66
938488503,54
938614691,24
945582115,11
945829733,76
952224256,01
952299857,86
955043251,88
955100303,75
988979885,72
989019466,98
989316801,48

[4-6], [9], [11] ve [13] kaynaklarindan alinan geler eV biriminden, [8], [10] ve [12] kaynaklariad alinan dgerler

a.u. biriminden cn-birimine cevrilmitir.



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

896348960,87
898154511,70
898239152,48
901456718,05
901469686,19
901938732,16
901948182,86
904389553,34
904414295,42
905328712,22
905350382,37
917138047,52
917152972,00
917255779,71
917274888,12
918085678,99
918125335,05
920880805,07
920887292,57
921124897,77
921127850,25
921129749,15
921131568,78
921273154,56
921276116,06
924308426,82
924319863,09
924758795,23
924769659,55
928382755,56
928390153,74
928445600,17

919048344,12
920914928,34
921001134,34
924416472,17
924429902,70
924921212,65
924930995,36
927566660,30
927592271,97
928548640,43
928570982,53
940338802,69
940354152,00
940464881,11
940483913,30
941319481,47
941359784,28
944292097,33
944298809,03
944547502,78
944550625,98
944552522,04
944554471,22
944702587,40
944705649,91
947960567,11
947972372,80
948430388,42
948441568,32
951855706,92
951863297,85
951923158,76

942113712,90
944042238,54
944130020,84
947753118,31
947767022,60
948281396,50
948291519,12
951133315,62
951159815,25
952159539,39
952182567,70
963912193,65
963927963,57
964046779,26
964065744,27
964926341,36
964967291,03
968085753,36
968092694,33
968352862,19
968356170,95
968358053,23
968360145,76
968515015,66
968518181,43
972008568,66
972020749,75
972498421,08
972509922,41
975704975,37
975712753,67
975776975,11

9655493
9683153
9665298
971748
9714169
97BY290
973H82
9733936
973849
976164
9761901
9858620
9873763
98888
0881244
9889106
9889589
9932662
992%/84
998313a
9973189
9925508
9985530
99232138
9923163
99645783
99@8/20
996EL99
996387
99WIBE3
999723
100567

989358844,09

991413819,29

991504791,02

995575015,03

995589901,71

996152883,86

996163710,71

999455399,22

999483730,28

1000574493,23
1000598937,36
1012192879,93
1012209486,53
1012345462,61
1012364326,12
1013275565,27
1013317817,39
1016838142,33
1016845557,41
1017129865,76
1017133593,21
1017135412,24
1017137835,82
1017306903,29
1017310282,51
1021312421,07
1021325370,75
1021844103,47
1021856265,13
1024548156,78
1024556306,50
1024629908,89



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

928456159,26
928872685,35
928893907,84
931454526,19
931458165,24
931592967,67
931595752,58
935074240,98
935078290,01
935091119,80
935097103,47
935105522,01
935112186,63
935334179,34
935340253,22
935352008,92
935364430,94
937830038,13
937832254,92
937915284,00
937917018,82
939393568,33
939397886,76
939420172,23
939422536,79
939588013,00
939595766,67
941568852,98
941572202,54
941709932,83
941713604,73
941964869,39

951933717,00
952361581,03
952383106,15
955112122,83
955115882,46
955256819,12
955259697,86
958707026,67
958711176,40
958999145,99
959005206,04
958740840,29
958747499,40
959252043,39
959258279,66
958993437,27
959006016,92
961636102,71
961638389,29
961725077,90
961726869,12
963129978,64
963134378,91
963110902,64
963113309,05
963282803,23
963290611,51
965630007,91
965633440,83
965776226,96
965779983,70
965867125,72

975787537,87
976226814,71
976248637,64
979155089,56
979158972,27
979306246,29
979309220,94
982718476,06
982722717,07
983306356,14
983312692,98
982754127,06
982760994,08
983569346,87
983575748,01
983013187,34
983025911,75
985829345,79
985831703,44
985922165,54
985924014,29
987245797,94
987250290,33
987225937,51
987228387,25
987402180,44
987410053,14
990092305,29
990095821,94
990243771,31
990247613,72
990157727,73

100G®R%3
10627
100340as
10085803
10088928
100393
l10@&384
10@A11,a0
10G8BL67
10CEIBLE7
10CE0BR43
100/R3194
100/BE69
100851023
10082386
lo@aa.67
lo0wBE87
1015844
10183866
10106122
101367123
101142435
10178897
101B22a7
10BIR66
1010580
10181823
10819627
104495288
1053091
10884
10143451

1024640497,70
1025102585,98
1025125006,41
1028415152,56
1028419288,85
1028579863,56
1028583036,25
1031892037,10
1031896460,13
1033138650,25
1033145346,98
1031931914,91
1031939048,58
1033422602,00
1033429340,14
1032203729,33
1032216745,71
1035395405,64
1035397909,11
1035496267,97
1035498235,21
1036632185,24
1036636894,80
1036610110,66
1036612652,82
1036795564,97
1036803577,72
1040240676,12
1040244361,11
1040402958,90
1040406975,20
1039879358,51



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

941966305,15
942020750,60
942021902,60
942317972,76
942319063,59
942350123,98
942351507,07
942452959,14
942457947,17
944796725,62
944797705,36
944835589,31
944836406,94
1425566850,56
1428941489,93
1429312164,11
1433742916,50
1451070285,08
1451255856,13
1454717575,61
1455625947,37
1476947459,61
1477640242,85
1566574785,53
1566843591,35
1567608365,25
1567615270,39
1571871229,64
1572124656,24
1572172471,79
1572190313,15
1572759359,42

965868603,66
965925345,72
965926533,26
966123380,98
966124321,60
966109647,37
966111054,12
966214753,14
966219760,13
968764768,15
968765773,02
968805122,14
968805962,40
1461043974,68
1464716944,38
1465092311,16
1469833119,39
1487785789,56
1487971203,73
1491735367,99
1492656319,70
1514907037,49
1515610044,43
1605864193,87
1606134087,81
1606965291,12
1606971857,31
1611531785,33
1611792782,34
1611843242,21
1611861067,07
1612303776,42

990159248,48
990218352,94
990219576,69
990309055,55
990309832,01
990345480,15
990346916,00
990453486,43
990458537,93
993121954,82
993122985,06
993163835,42
993164698,59
1497066342,76
1501056380,72
1501436429,16
1506505535,68
1525092869,04
1525278033,07
1529363047,90
1530296664,96
1553504322,07
1554217674,90
1645773188,63
1646044062,30
1646945198,05
1646951414,81
1651829655,11
1652101951,75
1652154803,17
1652172582,88
1652474733,33

101783186
1069025
10565083
101488760
10148797
10D8m61
1019199
10BZR®85
10388
10173729
10833734
102185
101729179
GIERH9,11
AEEBB0,23
3BERI0,31
78439,59
ORI 5,74
15588%54,83
671,53
SEEr89,98
951,87
A3BY 4,04
ABRH2,79
5888A 1,90
SEEE5P8,41
5R81560,48
7889%58,52
(0BEB3,24
1MeED1,70
13389 3,54
217388 1,90

1039880840,05
1039922018,04
1039923626,20
1039837734,11
1039838134,63
1039987656,45
1039988954,49
1039992292,82
1039997398,49
1043021817,32
1043022899,02
1043066861,01
1043067771,04
1570768144,61
1575451728,42
1575841109,86
1581625037,05
1601507938,27
1601692315,93
1606477626,82
1607436832,59
1632643080,69
1633377496,77
1727476411,74
1727748936,20
1728800616,94
1728806118,41
1734350842,68
1734673625,18
1734730253,28
1734747844,73
1734722973,03



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1572793542,03
1578272909,19
1578345229,80
1587517486,07
1589207407,84
1592602241,57
1592607557,43
1593480245,58
1593557838,70
1598510424,49
1598517451,81
1598775486,37
1599047338,47
1599089036,06
1601075035,73
1613763102,89
1613835019,43
1615933113,93
1615938139,58
1616088871,19
1616106705,36
1618249800,18
1618258545,01
1618520143,80
1618571458,51
1620276986,27
1620288364,55
1620350390,08
1620378349,54
1620753269,32
1620760333,43
1624147688,76

1612346047,98
1618205001,85
1618277893,55
1627776384,49
1629554022,71
1633140069,64
1633144810,43
1634081510,62
1634159813,13
1639301379,68
1639308533,47
1639568724,42
1639844223,22
1639892118,29
1641968455,62
1654252279,53
1654324448,00
1656503772,55
1656508413,31
1656732319,88
1656750460,10
1659057037,57
1659065988,88
1659345061,25
1659396433,82
1661110403,71
1661121838,97
1661236172,70
1661264338,95
1661608288,89
1661615518,58
1665239659,47

1652528853,14
1658785457,08
1658858919,81
1668689249,64
1670557867,03
1674343696,37
1674347840,52
1675351669,55
1675430678,59
1680765121,38
1680772407,19
1681034720,37
1681313889,76
1681368263,52
1683538173,28
1695379832,36
1695452270,04
1697714509,64
1697718778,18
1698022292,07
1698040739,69
1700521395,20
1700530555,89
1700827650,51
1700879062,71
1702597076,71
1702608566,66
1702780518,52
1702808894,53
1703117296,81
1703124694,85
1706998808,77

3E$N0,01
QBB 4,42
QUBEBS,07
26BBD0,56
20BK213,90
200931,69
2DP57,43
20B61.3,84
3VBBR7,51
ADREA 8,13
AR 1,46
1B12312,09
A6729)5,58
SPBZ3I7,36
70021516, 64
16231D3,77
2DEZP3,20
Br28%2,50
SVED59,28
9FEEY0,40
OB7REB6,63
650825,91
65RTD5,41
WHD8,95
QBEB5,00
TURRR7 63
7EB69,95
Ao0965,97
B4, 74
2B7831,91
205191,08
432925, 41

1734828771,97
1741921907,94
1741996512,38
1752506668,11
1754567369,51
1758779706,92
1758782592,21
1759930367,62
1760010784,05
1765742556,37
1765750122,75
1766016575,47
1766303156,07
1766371363,39
1768738452,93
1779577097,61
1779650146,88
1782083228,38
1782086781,99
1782569637,55
1782588731,50
1785451574,66
1785461180,44
1785796321,95
1785847768,43
1787559190,76
1787570783,12
1787875215,14
1787904019,67
1788126345,13
1788134088,20
1792549925,14



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

2p4d
2p4d
2paf
2paf
2paf
2paf
2s5f

1624150187,53
1624620070,31
1624642690,28
1630357829,99
1631031490,27
1634939232,66
1634998013,11
1635909799,48
1635911008,87
1637097300,04
1637100876,34
1639382726,14
1639383035,51
1639502038,76
1639527472,60
1639718270,01
1639723356,63
1640181688,42
1640203218,63
1640333526,39
1640346123,70
1641817500,98
1641820727,39
1641887342,62
1641984756,18
1642125989,16
1642892898,59
1643173499,96
1643194991,18
1643199934,56
1643236620,62
1643575067,16

1665242453,13
1665734632,09
1665757740,37
1671638504,74
1672344876,40
1675951206,44
1676012721,91
1676955209,49
1676956310,23
1678252395,15
1678255981,13
1680709353,93
1680709450,17
1680840538,61
1680862418,89
1681455669,29
1681457120,92
1681959353,91
1681981767,04
1681684804,13
1681696467,36
1683635841,32
1683639001,63
1683706020,74
1683804141,30
1683955935,47
1684756074,12
1685051300,61
1685063912,28
1685080843,48
1685118141,61
1685118615,41

1707001907,58
1707517183,39
1707540788,41
1713586809,82
1714326975,49
1717609012,70
1717673462,68
1718647002,53
1718647993,48
1720060971,62
1720064561,52
1722700089,42
1722700131,28
1722840499,59
1722861730,39
1723877661,82
1723878442,03
1724413461,63
1724435720,77
1723710501,25
1723722423,99
1726140506,60
1726143631,83
1726211009,49
1726309924,77
1726472790,62
1727307193,09
1727576294,47
1727724066,46
1727650509,72
1727688426,46
1727334814,30

AB6839,78
ArEEB3,27
9oREAN 3,48
250,37
9BEH 2,53
MER1,72
aB/AAL7,70
907IB5,89
9oxg15,64
5P88m9,46
5B3504,83
3bBEBH2,97
3BBW7,48
SN7Z4%0,87
5BA3H14,13
9oBM9,02
9oEP8,15
562986,77
5BBP14,83
AV 3,92
2B389,38
3BEBB7,75
XN 7,93
2070918,96
S1meA 2,20
68A45D9,40
56A722,39
8o7BN4,14
WMN7TB4,94
qNBHA8,88
Iab5490,64
2B17456,82

1792553665,65
1793117617,97
1793142242,01
1799516445,26
1800327526,25
1802889305,12
1802960270,85
1803996868,66
1803997635,64
1805666416,83
1805670017,58
1808704254,32
1808704326,22
1808863106,02
1808884112,21
1810807351,03
1810807964,92
1811414991,97
1811437243,86
1809783608,86
1809795886,05
1813240694,72
1813243802,88
1813311797,77
1813412436,21
1813599170,26
1814505251,29
1814866136,97
1814904660,06
1814888297,32
1814927469,68
1813816503,25



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1643575141,80
1643646149,82
1643649080,47
1643661624,96
1643710005,07
1643813225,21
1643825904,48
1643834975,47
1643840949,67
1643983064,95
1643994980,56
1646198481,09
1646229039,10
1646707305,46
1646707856,25
1648297849,47
1648299152,39
1649506852,64
1649644392,77
1650212651,41
1650528890,21
1650646364,45
1650648231,63
1650713380,17
1650728544,43
1651134894,29
1651140469,02
1652902425,62
1652919362,62
1653191718,04
1653191944,51
1654150826,31

1685118816,65
1685640629,28
1685597791,84
1685565538,83
1685613048,23
1685368003,43
1685380933,89
1685391482,42
1685404259,95
1685464595,96
1685502193,54
1687481945,13
1687514006,56
1688007741,47
1688008241,87
1689721198,33
1689722497,93
1691238705,79
1691382565,38
1691965315,15
1692296206,07
1692244798,09
1692247610,00
1692316359,34
1692331893,16
1692749640,39
1692754895,17
1694346406,56
1694364134,15
1694644703,33
1694644895,66
1695940772,12

1727335146,79
1728181000,74
1728157737,14
1728156931,91
1728205585,83
172759582271
1727609008,33
1727664623,54
1727543347,45
1727767660,75
1727751089,16
1729414739,93
1729448428,99
1729957809,48
1729958261,25
1731801526,97
1731802815,75
1733644385,26
1733794779,32
1734389340,48
1734737356,12
1734511217,12
1734517512,89
1734587234,83
1734603161,23
1735032826,45
1735037330,16
1736441799,64
1736460377,62
1736749237,89
1736749394,99
1738406377,40

2B31A35,32
A61AR0,73
LPTUA, 63
J4BPB3,93
AOBRU8,53
S0A795,06
BI7E39,77
SITBE7,03
BOIZ56,26
6B6E51,26
8/AED3,50
QDBEBS5,01
(BBOB7,04
SEA7B0,16
SEAEB7,00
SUBE8S,18
SUBRAL6,49
TB1262,76
88BrL1,17
SIBAB1,67
85BIB7,75
ABDO.2,42
44100 3,83
SBBE1L8,34
BUBIB0,89
BEB1,80
BB2,60
196880,85
217ET 2,80
BIZ0®7,68
51779.8,30
SEERIU2,06

1813817112,51
1815453785,04
1815437968,26
1815441310,84
1815491383,82
1814101959,76
1814115667,60
1814119188,99
1814107543,56
1814292906,04
1814283991,34
1815255501,05
1815292866,34
1815834025,25
1815834397,53
1817960763,22
1817962029,68
1820507625,81
1820671753,27
1821305896,50
1821688507,16
1821077685,06
1821074381,37
1821163248,51
1821180031,02
1821617771,75
1821636623,67
1822614026,87
1822634500,60
1822940159,65
1822940242,09
1825395939,13



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1654151022,41
1654285819,74
1654293274,14
1654968147,90
1654968798,86
1657249930,44
1657279165,15
1657345885,55
1657346149,78
1657379767,22
1657388580,79
1657435720,82
1657435810,84
1657621778,60
1657625444,90
1659259365,19
1659259711,21
1660228245,74
1660312121,87
1660482207,33
1660492031,71
1660527683,96
1660527875,54
1660610757,18
1660615437,61
1660744590,35
1660753990,14
1661167382,36
1661175804,61
1661515245,63
1661674587,51
1661690549,75

1695940901,48
1696081904,66
1696089496,68
1696549669,05
1696550318,30
1698799065,41
1698878775,79
1699104107,19
1699104373,11
1699139810,00
1699100746,48
1698990331,66
1698990742,23
1699388654,77
1699392344,96
1700941686,28
1700942047,42
1701849981,33
1701938980,50
1702005917,70
1702006375,74
1702466084,98
1702466236,88
1702552818,06
1702557578,58
1703116289,50
1703116314,59
1703446603,83
1703454042,76
1703566525,50
1703534291,41
1703511948,87

1738406437,56
1738553852,22
1738561583,73
1738790294,31
1738790932,14
1741000290,27
1741033018,87
1741532676,57
1741532930,20
1741567673,20
1741581335,06
1741197934,07
1741201386,59
1741825515,98
1741829224,47
1743284932,71
1743285282,13
1744125645,44
1744220016,97
1744282910,01
1744283062,74
1745081952,72
1745082063,65
1745172459,61
1745177301,14
1746071282,49
1746070612,57
1746419150,73
1746428424,87
1746291735,27
1746067659,64
1746044204,43

S56A3163,49
0B 7,87
7177860,83
6OAEP6,68
697265,11
861BF 1,27
89a851,13
638503,38
6383419,17
GraB03,78
6BEBR9,84
U65299,25
Ub78AL4,49
IBEBO3,14
WMEHP8,51
20852,45
2053204,74
b62RP 8,04
162686,13
201¥8B2,33
208821,85
3B3AD3,24
3BRAF 1,85
4777889,86
487883,32
TP 6,45
3,41
(O29®0,25
101RB?7,83
08822,04
27885 3,34
267898,26

1825395853,64
1825556724,52
1825564740,89
1825275945,39
1825276564,00
1827389024,94
1827426538,73
1828429445,13
1828429684,22
1827599306,75
1827599364,36
1828472351,57
1828483515,14
1828739281,08
1828743021,02
1829979200,18
1829979535,29
1830666026,67
1830771945,28
1830832810,44
1830832869,96
1832377480,03
1832377505,05
1832475884,26
1832480890,59
1834081998,01
1834082176,55
1834475069,59
1834483673,36
1833812283,56
1833176764,74
1833151544,50



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

2s8p
2s8p
2p5d
2p9s
2p9s
2p5d
2p5g
2p5g
2s9s
2s9s
2s9p
2s9p
2s8f
2s8f
2s8f
2s8f
2s9p
2s9p
2s9f
2s9f
2s9f
2s9f
2p6p
2p7p
2p6s

1661691507,67
1661693734,02
1661696710,54
1661802967,28
1661804070,69
1661832941,46
1661860470,87
1661862496,89
1661863667,94
1662046992,80
1662298289,26
1662299061,85
1662420976,22
1662874916,17
1663012208,58
1664603697,41
1664606893,78
1664628236,71
1664628472,47
1664663363,67
1664663514,20
1664717770,86
1664720890,61
1664729324,81
1664730847,00
1667495752,43
1667495867,26
1667533527,46
1667535741,94
1672127112,34
1672127253,18
1672365127,01

1703511197,65
1703540610,27
1703752620,04
1704096209,25
1704097448,87
1704125205,92
1704168422,50
1703681010,27
1703684964,59
1704351522,08
1703934440,77
1703934747,66
1704738293,84
1705217750,93
1705361340,32
1706535023,99
1706538255,28
1706512542,82
1706512621,98
1706697950,42
1706698075,48
1706754652,56
1706757820,42
1706617229,03
1706618753,68
1709596123,40
1709596220,75
1709635361,11
1709637602,44
1714658532,16
1714658632,57
1714912677,15

1746043852,22
1746073399,96
1746484302,17
1747080839,05
1747082218,82
1747109960,15
1747154010,94
1746218352,62
1746220600,83
1747349397,67
1746398008,95
1746398170,83
1747750068,09
1748255119,60
1748405220,22
1749138294,27
1749141562,56
1749165631,74
1749165855,89
1749411170,54
1749411269,26
1749470233,28
1749473449,95
1749271679,27
1749273232,67
1752375925,64
1752376005,13
1752416662,11
1752418930,47
1757885487,33
1757885546,57
1758156617,07

250533, 20
2BBM3,11
ABPS,82
THTED6,38
T6BH28,42
7050 3,96
8B30%30,83
ABEBD7,70
ABERIB3,56
QUERDS, 22
ABIB26,65
487871 3,45
A6BB56,90
9UADE6,50
15I%B7,08
401924,30
207984, 10
ABTEB7,94
A02D2,05
SITE212,79
S8 4,47
8IZEB2,75
SAED9,28
SEEE3,22
BETH29,89
SUTIH 9,86
SUTER1, 11
8BBF51,38
SB7516,95
SIEB63,23
SIFBB0, 70
1TRER14,23

1833151601,89
1833183841,89
1834018028,88
1835160925,48
1835159564,97
1835188935,45
1835233581,86
1833335414,29
1833338201,27
1835456901,45
1833240923,76
1833240524,84
1835887606,72
1836445716,61
1836609499,01
1836391258,04
1836394619,91
1836421940,31
1836422109,55
1836904913,90
1836904957,58
1836968898,15
1836972217,42
1836532790,04
1836534459,48
1840005234,23
1840005276,86
1840049077,35
1840051400,32
1846458064,73
1846458039,76
1846765802,92



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

2p9s
2p9s

1672369255,23
1672611315,81
1672611942,43
1672625898,95
1672648285,64
1672955587,21
1673145181,94
1678825790,11
1678825874,21
1679034648,10
1679036888,63
1679099882,08
1679100230,63
1679108144,98
1679121013,18
1683135897,64
1683135952,25
1683300041,35
1683300251,89
1683305893,98
1683313779,76
1683325240,79
1683326535,43
1686074242,68
1686074278,19
1686170719,44
1686170850,55
1686182475,48
1686187546,67
1686259322,13
1686260107,21
1709428571,53

1714916800,42
1715158603,52
1715159241,07
1715173240,59
1715195794,98
1715524898,97
1715721498,16
1721517343,92
1721517405,64
1721740418,86
1721742651,56
1721799765,34
1721800120,25
1721808049,49
1721820990,17
1725929891,78
1725929933,39
1726098569,90
1726098784,11
1726104522,09
1726112433,18
1726132138,26
1726133424,51
1728937960,14
1728937988,04
1729036594,75
1729036727,75
1729048902,49
1729053973,00
1729123845,41
1729124597,03
1752561801,10

1758160739,68
1758401635,32
1758402284,19
1758416327,65
1758439047,93
1758791204,45
1758994972,43
1764906473,40
1764906512,53
1765144562,73
1765146790,58
1765197305,72
1765197667,15
1765205612,56
1765218624,20
1769422750,57
1769422779,14
1769595987,94
1769596205,90
1769602049,09
1769609984,43
1769638703,25
1769639984,48
1772501421,03
1772501441,31
1772602203,77
1772602338,66
1772615093,50
1772620162,89
1772705158,92
1772705919,49
1796388913,65

1TBWB4,59
3VWEDO, 77
WEIB1,39
3AHI1210,10
3P4, 41
THIEB8,58
10,41
QrBa%7,19
QCBAB3,47
2HSI%58,57
2E5IB0,60
3RRIBS, 16
ARBH6,26
30BHL 9,36
3LBEM0,47
BURYB 4,76
GURYBO,24
SIRIPB3,83
SIRED5,58
8B 4,07
gIBWR2,56
8HPEB9,53
8EBIIA 4,79
TR 8,04
TIB30,72
SISER7,52
SISBY 4,34
SERIBI0,83
SEBIIMS, 66
IERIR0,86
IR 6,12
NFAD4,32

1846769920,91
1847006968,72
1847007641,41
1847021777,16
1847044823,62
1847447057,58
1847665659,18
1853809526,31
1853809533,07
1854080057,45
1854082273,67
1854117416,84
185411779177
1854125774,43
1854138923,39
1858537144,43
1858537146,73
1858719565,18
1858719790,82
1858725875,35
1858733855,96
1858782716,81
1858783986,18
1861759663,11
1861759668,22
1861864706,37
1861864845,14
1861878856,14
1861883921,97
1861991476,99
1861992227,05
1886156455,56



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1711126294,23
1711303837,67
1711498493,21
1715364709,90
1715479145,13
1717166714,19
1717569562,31
1721467871,60
1721734351,58
1756784770,06
1756891638,67
1757868319,96
1757886477,61
1758143017,68
1758292139,24
1758958956,11
1758966757,00
1759979673,80
1760015653,39
1762894009,99
1762904255,91
1763544058,59
1764875712,58
1764953342,05
1764958257,94
1765052053,76
1765203607,96
1765554430,52
1766964402,20
1778051062,70
1778161424,32
1779024761,60

1754372943,55
1754552866,89
1754758454,06
1758748481,93
1758864307,82
1760667683,48
1761075110,03
1765106580,41
1765376072,01
1801118917,65
1801227383,93
1802267971,18
1802286432,82
1802562501,69
1802712205,59
1803373701,29
1803382035,43
1804459659,85
1804496185,08
1807482840,63
1807493143,90
1808135323,72
1809529716,43
1809622115,53
1809626995,50
1809721526,69
1809874638,58
1810241361,70
1811715325,65
1822908070,21
1823021886,22
1823916059,00

1798318724,55
1798501019,39
1798718534,52
1802833172,24
1802950389,78
1804874746,09
1805286764,18
1809453184,46
1809725713,88
1846165829,56
1846275862,43
1847383547,72
1847402317,27
1847698585,04
1847848968,87
1848502919,26
1848511862,69
1849657198,70
1849694275,00
1852791410,45
1852801768,09
1853444902,15
1854904167,44
1855012344,65
1855017191,61
855112441,23

1855267117,86
1855650041,64
1857190145,38
1868485207,45
1868602690,53
1869528127,78

aasD5,81
18585P54,96
3BEIB7,59
620,80
TU5B81,04
7TE59%53,99
2Ne75B7,19
Sn®82,43
TBRY5,63
9EEP5,83
QUsIPD 8,66
2R 3,32
2¥ea4,78
SHOEB2,29
ThEE52,79
IBBHL2,96
IBR62,41
SRt 4,76
6l 7,86
aBa®8,44
SRR 7,50
48R0 2,82
aaB7,72
113010,84
13801 7,54
BARBB,61
3BWIN 6,77
7BREBR5,99
3PRYF 0,16
7emBP4,61
anaBo1,15
8B3IH 2,99

1888339701,47
1888526717,59
1888771394,38
1893137191,60
1893257195,62
1895439528,95
1895860770,35
1900302193,72
1900580876,51
1938430152,76
1938543243,49
1939794662,90
1939814060,34
1940153132,12
1940305207,64
1940936950,40
1940947385,67
1942237390,11
1942275585,78
1945600206,71
1945610664,10
1946251034,78
1947846619,39
1947989577,24
1947994366,45
1948091001,88
1948248828,11
1948665031,72
1950344030,07
1961832197,49
1961957706,59
1962946885,03



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1779064501,88
1779103333,06
1779108730,72
1779191576,12
1779245955,53
1780040884,15
1780053937,43
1784115863,68
1784119043,06
1784409583,41
1784954612,52
1785039216,71
1785041056,90
1785065401,66
1785129623,56
1786498898,08
1787067835,77
1789348187,49
1789387599,14
1789848904,89
1789857793,45
1790395171,56
1790397552,20
1790453048,87
1790487254,91
1790876353,47
1790882734,13
1795403980,43
1795405537,45
1795514419,06
1795788883,00
1795878483,38

1823960447,38
1824024893,82
1824030340,83
1824117067,98
1824176948,99
1824995472,36
1825008684,36
1829226693,57
1829229870,50
1829521606,96
1830088794,62
1830182864,59
1830184688,49
1830209288,11
1830274118,85
1831709730,53
1832301023,35
1834477842,48
1834519239,39
1834995163,95
1835002087,53
1835589319,87
1835591714,58
1835653598,63
1835686270,97
1836086361,26
1836092807,35
1840787470,44
1840788998,68
1840895131,57
1841179819,88
1841277554,56

1869578104,21
1869669707,46
1869675204,08
1869765062,94
1869831413,55
1870673783,00
1870687154,80
1875064583,87
1875067756,32
1875360113,56
1875949996,48
1876054130,76
1876055939,52
1876080803,36
1876146242,44
1877650595,20
1878264776,56
1880331220,36
1880374705,93
1880865411,06
1880870756,77
1881510389,54
1881512798,85
1881580642,35
1881612195,70
1882023364,07
1882029876,00
1886901618,70
1886903109,25
1887006010,29
1887301120,46
1887407492,32

HEB1,08
QUE&18,88
BEn®4,62
1VRUR4,68
2nyuB4,32
(BBB05,55
QeyYB7,68
63yAau2,01
GUIIBD7,96
BRI 3,28
5UE788,37
68122 3,92
66280 8,63
GEBT2 7,19
7BI®4,04
3PWB62,17
aB265,31
IMIERY 8,49
9IBH0,14
48¥509,97
A327770,79
185284,16
167,69
21228 0,92
25,35
GOBAR7,99
TI22R 5,59
7TBER5,80
TBERF 6,65
8BE3312,66
1/IBY0,21
2I/3106,46

1963012007,72
1963161314,78
1963166909,31
1963260085,60
1963343423,37
1964234101,36
1964247794,56
1968954097,83
1968957255,22
1969248977,62
1969885861,50
1970012034,76
1970013816,48
1970039241,54
1970105895,41
1971755184,28
1972416742,05
1974241499,56
1974289488,77
1974810209,74
1974813243,41
1975565322,82
1975567760,42
1975647242,07
1975677481,79
1976110860,31
1976117503,60
1981354450,72
1981355825,47
1981450737,61
1981767275,58
1981892528,71



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

3p7p

1795878883,13
1795889713,13
1795920769,59
1796065754,51
1796087253,97
1796345940,42
1796347650,33
1797106689,60
1797107762,33
1797144614,90
1797158027,04
1797377684,21
1797381365,31
1797634258,91
1797919269,69
1800405964,04
1800430099,21
1800581050,51
1800582011,94
1801440964,49
1801448114,81
1801448683,05
1801448814,41
1801610865,20
1801612948,61
1802113081,02
1802113607,89
1802134490,72
1802288577,53
1802381403,87
1802382062,03
1802387174,24

1841277909,16
1841288939,23
1841320066,62
1841356049,37
1841378694,32
1841644918,02
1841646664,21
184246082277
1842461910,40
1842501258,22
1842515084,80
1842740399,00
1842744067,98
1843114897,42
1843410206,15
1845799966,82
1845825612,32
1845980426,69
1845981374,34
1846898881,54
1846874635,77
1846906868,00
1846875323,25
1847041562,83
1847043642,75
1847656664,74
1847657211,48
1847673292,04
1847832698,26
1847933208,62
1847933843,58
1847939072,11

1887407789,68
1887419040,72
1887450137,05
1887372147,89
1887396078,47
1887669811,01
1887671601,27
1888544144,38
1888545244,43
1888586735,55
1888601005,14
1888832052,10
1888835731,43
1889329314,31
1889635096,01
1891921101,02
1891948339,62
1892107014,54
1892107949,54
1893086869,50
1893061501,47
1893095139,51
1893062189,68
1893232844,16
1893234943,00
1893932949,31
1893933510,40
1893944324,89
1894109127,48
1894217793,95
1894218408,28
1894223758,47

275522 ,56
2883426,21
MBHB1,65
179322,58
Wasr8,37
APFHB5,20
439581,81
3IWED8,14
3BEW8,07
A¥RD5,11
AUBPR6,94
6BI8E 0,09
6REB8,67
285871,99
6rA 2,17
T93E81,83
80ERRN9,13
IBBBY 8,42
IBEED 1,73
(NeOY 8,45
IBE3B3,00
QrasA17,50
aFER2,11
18286,90
113,87
9BN53,02
9BME23,78
9B5HEY 8,67
1P%966,22
2URPT5,20
2VRBI70,94
2VmBN9,23

1981892601,73
1981904424,23
1981934506,53
1981614195,87
1981641705,02
1981929736,46
1981931658,53
1982929641,84
1982930759,92
1982976910,59
1982992154,80
1983234551,66
1983238273,82
1983992265,44
1984319551,34
1986377149,72
1986407834,11
1986574208,05
1986575120,45
1987685783,74
1987657627,23
1987694667,34
1987658317,37
1987838221,35
1987840355,51
1988716216,12
1988716792,49
1988715568,12
1988891397,45
1989017889,67
1989018468,47
1989024082,33



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1802406021,53
1803372745,80
1803430095,80
1803499620,74
1803500134,80
1803831031,20
1803928931,45
1804268719,22
1804379146,68
1804383702,26
1804383750,74
1804387265,48
1804428457,38
1804482609,48
1804484104,98
1804562155,69
1805320951,96
1806397432,50
1806430731,18
1806430732,15
1806489868,72
1806590176,66
1806590488,86
1806600524,64
1806605671,24
1806631676,15
1806691165,00
1806738525,49
1806920072,36
1807435589,81
1808030960,19
1808540233,74

1847958001,48
1848838206,25
1848898505,78
1848968962,04
1848969471,44
1849330722,46
1849430273,18
1849907978,45
1849906517,25
1849879149,01
1849879431,23
1849914963,40
1850073119,17
1849980363,94
1849981482,06
1850106128,10
1850904185,51
1852037277,76
1852077084,49
1852077830,68
1852132624,37
1852240760,54
1852241064,20
1852245659,59
1852256484,85
1852252699,17
1852319417,44
1852370066,19
1852552860,66
1853065733,26
1853691538,92
1854280855,77

1894242772,97
1895031765,95
1895095125,03
1895166462,96
1895166968,79
1895559935,08
1895661123,96
1896284332,62
1896164832,88
1896169534,53
1896169854,15
1896173620,96
1896453629,78
1896272437,51
1896274796,98
1896381664,98
1897220741,54
1898410629,97
1898461411,22
1898457709,40
1898508918,21
1898625360,14
1898625658,94
1898630186,77
1898641328,57
1898604529,03
1898675322,09
1898735203,65
1898919054,23
1899428227,87
1900085342,03
1900758596,17

2BB1150,93
9FMID4,60
QEBO25,20
1TBID3,34
1TDEDG,84
SDHEN0,78
GUBEB5,98
AE59,20
1BRT3I3,45
1843 4,70
1B¥EDS,23
18RS, 38
SRBPR7,76
2B 4,68
2R 9,52
30HE26,59
27/B813,33
SOHER5,52
629,14
SFIPRS,23
BUHEBI5, 16
TER4,29
7TERER9,27
TEIIB1,64
TEBER2,21
6EREB!1,80
TR, 72
SYER(BI2,28
WHR9,24
SEMIB9,53
20BH59,94
689,51

1989043272,28
1989635587,22
1989705403,20
1989778348,42
1989778851,08
1990238707,31
1990343163,47
1991274012,19
1990907024,22
1990912202,78
1990912543,20
1990916541,29
1991455235,92
1991021013,74
1991022421,19
1991160198,47
1992086718,87
1993390362,38
1993483330,48
1993458359,62
1993494621,54
1993629203,88
1993629495,56
1993634399,31
1993645707,54
1993520650,25
1993614488,80
1993698856,95
1993884125,85
1994382785,05
1995105104,56
1995958293,67



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1808634920,56
1808689434,68
1808779036,78
1808926194,31
1809304292,60
1809360866,52
1809373923,26
1809374230,97
1809466301,30
1809466450,19
1809479580,63
1809487043,86
1809567802,52
1811451102,55
1811510175,12
1825069109,49
1825079838,94
1825883342,08
1826020804,71
1826026767,06
1826167868,70
1826328834,98
1826365492,06
1826916142,57
1826917384,67
1827111860,43
1827145682,12
1827463157,83
1827786678,86
1827993026,95
1827995961,41
1828015147,81

1854378415,41
1854381950,61
1854481719,31
1854630478,81
1855012795,30
1855070858,33
1855089911,92
1855090217,19
1855184356,47
1855184504,00
1855198344,87
1855205814,92
1855294745,29
1857260537,74
1857321182,46
1871080544,73
1871091400,73
1871949456,77
1872094514,86
1872100275,47
1872240350,01
1872424820,53
1872460280,33
1873020316,93
1873021471,13
1873227545,14
1873261808,23
1873568294,21
1873905851,28
1874136141,44
1874139094,69
1874158491,76

1900859034,14
1900808842,56
1900919420,12
1901069793,44
1901455678,25
1901515221,46
1901540776,24
1901541079,09
1901637275,97
1901637422,23
1901652010,05
1901659487,12
1901757152,20
1903807943,17
1903870171,05
1917828225,65
1917839186,05
1918754506,70
1918907619,76
1918913176,80
1919051974,57
1919260962,82
1919295147,80
1919864289,65
1919865368,94
1920083377,82
1920118058,23
1920411919,65
1920763752,71
1921019661,40
1921022639,85
1921042334,66

QERWS5,94
ABPP4,30
1TDEB3,26
2FRUB2,16
BLOMBI5, 34
TIR052,85
TIRVEBO, 64
7IR1BI0,08
SEBIB1,53
8EBE26,62
SUBED,22
8EHIB3,52
IBBIH5,96
1T8%D7,10
1BERDPS,43
309EH0,08
36 3,34
3AWET 8,69
ABFABI6,84
AIRHEA.9,90
BI9KEBI 1,41
SYERB 4,25
SIHED4,16
ABEFE0,58
ABY58,68
GEFRID8, 15
770,25
656,93
36 1,98
6EIE 4,76
65,49
GIREB3,28

1996064479,78
1995898331,41
1996032575,66
1996186211,72
1996577124,52
1996639570,63
1996679747,59
1996680045,63
1996780316,98
1996780460,96
1996796657,51
1996804149,18
1996921011,17
1999149540,21
1999214964,63
2013564129,39
2013575316,95
2014614284,19
2014784454,59
2014789658,69
2014925573,44
2015186651,70
2015218083,44
2015804513,70
2015805485,10
2016048222,72
2016083638,12
2016347259,99
2016728382,17
2017040712,65
2017043763,40
2017064107,44



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1828038957,82
1828410586,91
1828905674,25
1828923955,73
1828929736,41
1828948520,49
1828975402,45
1829081207,68
1829176888,35
1829248299,68
1829766324,28
1836323104,35
1836327204,39
1837253575,09
1837308480,78
1837496527,53
1837496907,18
1837626989,37
1837675536,06
1837746249,39
1837754433,96
1838039303,14
1838050572,41
1839262098,47
1839271472,88
1839344695,65
1839346269,28
1839543954,83
1839810744,53
1839813644,87
1839815492,57
1839824855,46

1874183196,26
1874563447,12
1875077037,96
1875102509,94
1875108237,85
1875123966,96
1875154460,29
1875261218,90
1875364450,90
1875433334,97
1875976367,21
1882602749,70
1882606886,25
1883593295,44
1883651419,97
1883851108,95
1883851358,89
1883990772,08
1884039385,51
1884103130,07
1884111351,10
1884413068,12
1884424363,49
1885674825,31
1885684245,20
1885763653,27
1885765242,84
1885966342,34
1886245156,51
1886248027,79
1886248164,70
1886259665,28

1921067828,41
1921456741,93
1921989113,86
1922022253,88
1922027932,08
1922040391,10
1922074712,95
1922182430,84
1922293560,49
1922359433,61
1922928516,30
1929622116,17
1929626269,93
1930675589,59
1930736972,44
1930949073,32
1930949190,04
1931098037,66
1931146799,54
1931202843,77
1931211104,64
1931530400,70
1931541715,98
1932831356,57
1932840822,15
1932926830,21
1932928434,69
1933132849,09
1933423994,25
1933426838,05
1933425156,47
1933438928,64

TI9RE 1,70
QEBEB2,83
GEIRLO,66
LG5S, 69
GEFED0,09
TI9R55,10
TYEB1,81
SEBER 4,67
ED9,61
QRL6,91
653,77
3BBOT8,28
3OBNB5,44
BIBE5 1,00
SIREABS, 62
TEBED2,39
TEBD1,63
oFF®1,31
QBB 7,47
QBBBB0,80
QFABB4,92
30B7BY, 74
M9V 8,93
7E9ED5,45
TUE16,49
8YERM1 3,55
SYRRIB1,87
QEIS64,23
3FRIBY,06
369P66,85
3MHU5,00
3MABD8,43

2017090914,44
2017497404,84
2018068115,27
2018118118,59
2018123706,03
2018128943,93
2018171611,32
2018281264,56
2018409274,26
2018467548,23
2019091984,74
2025911619,50
2025915820,67
2027100797,23
2027168843,02
2027407346,65
2027407477,22
2027576002,30
2027625282,65
2027663655,53
2027672006,37
2028028528,94
2028039893,77
2029408468,08
2029418024,57
2029518713,45
2029520344,61
2029731060,29
2030047795,27
2030050588,48
2030044930,59
2030063670,60



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1839876474,44
1840337293,35
1840624122,11
1843015479,74
1843017384,11
1843985871,05
1844021042,75
1844260130,59
1844267853,65
1844268021,04
1844272258,36
1844328464,06
1844348290,84
1844567261,99
1844572883,25
1845955607,21
1845959738,30
1846067323,01
1846068242,78
1846175926,20
1846327831,36
1846332065,72
1846333393,21
1846335241,37
1846363062,54
1846980636,79
1847139709,81
1847167879,32
1847223733,23
1847317794,02
1847319173,05
1847605302,65

1886311741,91
1886795120,41
1887092324,53
1889453226,06
1889455162,48
1890486758,19
1890522956,56
1890769865,71
1890785011,24
1890785238,99
1890782279,02
1890850123,31
1890870631,67
1891094445,25
1891100075,99
1892526579,41
1892530740,54
1892646524,86
1892647449,29
1892756610,04
1892913824,08
1892919508,48
1892920820,07
1892922696,01
1892950740,57
1893597238,35
1893761624,14
1893752650,73
1893809047,38
1893856310,92
1893858295,06
1894211463,68

1933491464,50
1933998206,66
1934305986,05
1936632817,53
1936634758,32
1937732300,19
1937769492,56
1938024347,04
1938047888,65
1938048171,35
1938037062,28
1938117202,63
1938138496,78
1938367196,53
1938372825,93
1939843356,03
1939847533,32
1939971980,22
1939972908,79
1940083470,72
1940246074,68
1940253299,41
1940254595,83
1940256496,48
1940284764,14
1940961169,05
1941130715,62
1941083396,04
1941148945,06
1941138779,22
1941132875,56
1941564377,90

AUHBD 4,99
9RFE2,55
2IEED5,10
SFRIBP5,29
SR 7,17
794,95
TEEES4,94
QHgF 0,45
Q36,45
QR 2,66
REBD5,03
B8R 7,67
1BI8R7,20
32,92
3R 4,87
QIRIDG,44
NFPD2,15
QY 8,86
QF2A 1,10
189,01
32,81
ADER5,92
AEM7,89
ARER9,31
3AFEH9,75
QETEB5,31
2FHD7,12
1FBE9,95
20IREP5, 36
1T3B1,03
1TER5,12
I8, 25

2030117129,24
2030673081,80
2031002603,08
2033248580,96
2033250543,90
2034490264,42
2034529371,79
2034800455,87
2034842473,66
2034842861,25
2034813828,31
2034920607,81
2034943768,07
2035181994,42
2035187629,90
2036746838,42
2036751052,42
2036894533,59
2036895469,04
2037008573,17
2037182193,75
2037192798,49
2037194066,68
2037196004,01
2037224716,90
2037963966,97
2038145024,10
2038017604,33
2038077854,23
2037962020,68
2037963018,00
2038543486,58



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1848276949,22
1848323950,39
1848385422,39
1848389928,74
1848497415,28
1848513803,15
1848628202,04
1848628300,52
1848632621,41
1848654783,56
1848744253,88
1848805916,67
1848809562,53
1848969948,76
1849207015,88
1849636204,01
1850257755,67
1850260080,40
1850348251,40
1850349024,00
1850393441,26
1850394161,32
1850448183,11
1850537462,71
1850549164,42
1850549786,91
1850553628,65
1850570522,34
1851256071,00
1851283763,79
1851324745,10
1851350810,13

1894904483,73
1894928223,35
1894992544,80
1895018963,54
1895107233,11
1895124465,87
1895226826,62
1895227075,20
1895254971,41
1895278407,88
1895377634,17
1895408739,48
1895412902,18
1895615802,75
1895862361,78
1896305779,22
1896853377,31
1896853749,45
1896929848,35
1896932163,13
1897075412,44
1897076134,14
1897128276,18
1897221568,55
1897235475,78
1897236088,62
1897240213,52
1897257224,24
1897974020,15
1897958881,86
1898001795,13
1898071637,82

1942278995,12
1942278457,78
1942345677,29
1942394951,27
1942463076,12
1942481235,98
1942594422,53
1942594689,19
1942623924,49
1942648758,31
1942757970,56
1942781524,55
1942785935,34
1943008802,48
1943265034,43
1943723070,21
1944251439,13
1944251531,69
1944349073,91
1944351373,45
1944504943,87
1944505666,80
1944557486,82
1944653761,72
1944669370,33
1944669973,93
1944674402,16
1944691529,62
1945440587,10
1945380868,77
1945425769,43
1945541157,99

ABBBH4,12
3BFRB4,12
483020,28
SPARB 0,89
517301 3,84
50PE?3,28
TMBE53,58
TMBH56,28
TYFBB7,85
7IRE9,06
SOEIB7,56
aA%0,67
qnem1 0,53
1BMB3,85
40BPP9,51
8e821r 1,07
3BF®Y 5,56
3B¥%EB8,82
SPBR63,79
SPBEG5,32
6oI228,90
GoIw52,64
rP22,18
8MI%E55,95
8B91B9,04
8B9H33,80
8mERB6,57
83I%3R0,48
1,81
5B87®928,16
GIREBY 2,09
7BRB8,97

2039301827,90
2039249736,98
2039322897,96
2039420685,55
2039445759,82
2039466063,17
2039602082,25
2039602418,34
2039634590,80
2039662618,68
2039791020,12
2039800016,92
2039805807,42
2040069119,74
2040345266,63
2040833705,24
2041223586,75
2041223625,49
2041461071,74
2041463376,84
2041639583,93
2041640308,11
2041690963,31
2041793361,92
2041812795,94
2041813382,27
2041818481,77
2041835841,89
2042652509,07
2042498387,69
2042547431,11
2042758973,54



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1851398783,85
1851400652,36
1851578703,97
1851579651,89
1851601605,00
1851608689,02
1851684891,44
1851686451,56
1853206098,50
1853207905,37
1853339966,57
1853340457,91
1853355117,50
1853410552,96
1853430246,83
1853430657,90
1853441539,82
1853452111,45
1854169814,96
1854227718,63
1858535362,69
1858546053,23
1858775943,68
1858785508,42
1858896936,31
1859311124,31
1859328025,84
1859355673,92
1859660104,90
1859680720,21
1859918722,11
1860178600,24

1898077291,39
1898079106,29
1898245331,06
1898245821,59
1898294212,49
1898301516,79
1898354834,01
1898356686,16
1899927775,54
1899929031,35
1900091734,53
1900092229,87
1900105537,78
1900162545,75
1900184089,94
1900184494,90
1900196030,30
1900206650,00
1900956554,85
1901016023,43
1905390468,39
1905401177,47
1905643660,91
1905652940,32
1905774924,65
1906197884,91
1906214962,99
1906248197,54
1906557953,29
1906578656,44
1906822266,42
1907092520,03

1945502700,83
1945504467,21
1945709702,76
1945710790,19
1945734365,89
1945741891,56
1945821585,52
1945823077,42
1947425264,74
1947427000,52
1947591940,36
1947592439,69
1947604280,49
1947662866,75
1947686363,51
1947686762,60
1947698981,56
1947709649,15
1948492776,11
1948553827,93
1952995323,97
1953005973,33
1953261560,79
1953270491,12
1953404371,51
1953835021,69
1953852246,46
1953867930,57
1954206219,32
1954227030,71
1954476286,53
1954757118,27

6B 5,49
GEREB7,99
AREB7,37
AEEB5,31
B0, 34
RS, 60
QUBER7,11
Q902,07
GIAER0,16
62 5,01
SYFI 9,16
5848282,50
8EBER0,26
MBED7,76
WEFH1,22
W54, 70
OFFERS, 20
IFBED3,46
TEBBY 6,25
SYBR 9,61
3BNTB6,96
IEFAD1,03
6EIBR7,85
6BPB6,30
762,31
2BE59,65
207,97
2ZABE53,05
GARIBO, 15
GEEYB2,77
SEED4,00
1BIED6,26

2042627162,72
2042628845,58
2042864084,79
2042865323,51
2042890294,81
2042898266,91
2042981592,41
2042983051,20
2044680060,36
2044681834,97
2044870569,14
2044871076,50
2044879573,14
204494135191
2044969099,85
2044969487,95
2044983167,80
2044993930,55
2045846591,74
2045910836,85
2050486277,35
2050496859,00
2050780263,21
2050788557,59
2050953628,49
2051393191,68
2051410722,77
2051346516,06
2051786847,52
2051807863,24
2052068726,11
2052371318,71



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1860248343,84
1860542240,48
1865255370,40
1865259403,86
1865568585,71
1865574072,77
1865797765,35
1865863100,58
1865873524,37
1865946713,05
1866377013,32
1866383720,23
1866560694,93
1866709121,07
1866905973,22
1867066064,87
1869570496,09
1869571753,05
1869934731,05
1869936960,89
1870052782,42
1870095395,00
1870108947,85
1870114393,20
1870162009,35
1870171914,59
1870596099,45
1870686056,57
1870689934,96
1870714707,74
1870835181,36
1870923704,74

1907165727,22
1907470220,69
1912268857,09
1912272905,24
1912599168,85
1912604516,60
1912879435,82
1912903557,66
1912913996,57
1912974268,13
1913433376,65
1913440101,08
1913622877,33
1913776650,85
1913982323,81
1914147844,17
1916684430,50
1916686037,54
1917050229,09
1917052610,24
1917189059,67
1917230985,28
1917228725,67
1917235896,82
1917258145,75
1917271592,17
1917751736,24
1917843368,44
1917847518,49
1917871667,43
1917998554,40
1918090015,54

1954833962,35
1955149261,34
1960034178,33
1960038162,09
1960382228,57
1960387384,74
1960697270,38
1960696387,89
1960706814,78
1960736071,35
1961242151,13
1961248899,46
1961437594,38
1961596800,39
1961811595,98
1961982630,30
1964552330,93
1964553888,06
1964938008,27
1964940289,62
1965079178,17
1965122310,67
1965121686,55
1965128302,97
1965106966,69
1965128708,94
1965661180,68
1965754405,76
1965758805,77
1965782563,48
1965915761,71
1966010189,84

2812%56,00
5BY&Y 7,37
5RWIRI1,30
SBAWB3,18
IARHY 0,67
ABWHES5,96
215852,01
219870,32
280093,54
251097,00
A00BH4,96
SABXB4,80
(AROBS5,45
1IAB7,46
mrpm 2,47
5MBBEN4,83
1RIBH8,31
B’ 1,71
5BYP¥ 8,23
5R1¥ 6,09
7310839,03
TZB0,44
72D 6,64
TBYED4,74
728693,10
322,09
APBEY0,99
200%63,17
431BP7,05
4BEBRN6,60
588001,92
68PUB1,53

2052455978,82
2052793507,05
2057851900,00
2057855802,84
2058237623,04
2058242443,78
2058535592,50
2058571782,63
2058582203,77
2058536925,57
2059149673,63
2059156464,91
2059357633,48
2059527953,17
2059761920,02
2059944232,59
2062578640,22
2062580171,10
2063006567,99
2063008685,96
2063152582,00
2063197574,38
2063200972,36
2063207069,61
2063122727,94
2063156401,20
2063774268,01
2063870276,58
2063874979,29
2063898394,99
2064044622,19
2064145086,12



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1871185355,48
1871279871,03
1872577470,28
1872578282,60
1872890219,41
1872891069,33
1872994130,99
1872996501,92
1873642412,96
1873645158,00
1873747766,29
1873801806,63
1874101049,67
1874158246,54
1876831683,52
1876845741,60
1876932447,17
1876949172,02
1877220588,79
1877238871,25
1877401185,28
1877419163,93
1881163753,41
1881168025,84
1881310669,08
1881319202,35
1881480563,71
1881491721,00
1881720217,74
1881725234,37
1883644147,58
1883673542,13

1918363137,14
1918460599,91
1919690427,50
1919691252,79
1920073134,95
1920074012,21
1920180742,58
1920183901,57
1920850718,92
1920852227,22
1920979775,71
1921035419,73
1921347597,74
1921406347,01
1924127707,19
1924141874,30
1924233087,71
1924249663,98
1924530977,03
1924549429,34
1924716477,80
1924734411,37
1928559016,30
1928564714,13
1928697698,75
1928707499,67
1928871834,19
1928883733,42
1929136841,45
1929141362,22
1931103301,13
1931133247,42

1966295126,80
1966395573,44
1967657394,01
1967658527,01
1968054368,27
1968055525,17
1968164036,42
1968166081,58
1968839323,55
1968842108,23
1968966560,23
1969023757,57
1969349290,35
1969409643,08
1972179735,51
1972193749,58
1972289664,04
1972305864,15
1972597214,75
1972615735,00
1972787522,82
1972805489,07
1976713854,98
1976719361,42
1976859093,05
1976868603,60
1977038389,51
1977050215,70
1977310584,77
1977315128,52
1979320334,22
1979350757,96

9BREM5,15
(QBEIEO,32
IR, 13
IEBF'8,88
TB4,05
TBD7,77
SERIG5,33
SEIIBI5,98
SERPA3,71
SEBO77,81
TABP00,43
7ROB7,78
10W52,08
1RBIR0,17
OEEAL 5,20
(HEAB4,86
BBU0,03
1ABEP1,86
4AVAN 8,88
LABRB2,46
629,87
6MIRI51,89
6BBZA5,64
6EBE9,73
TERD5,99
TEED7,95
TER4, 24
9BII2,55
209R138,87
2BHED5,37
JH5 1,89
TWHEBO,68

2064454741,77
2064561259,20
2065828594,33
2065829760,29
2066269147,61
2066270416,18
2066384429,62
2066386345,51
2067098153,26
2067101038,37
2067237077,55
2067297465,55
2067650852,30
2067714406,38
2070582663,83
2070596488,28
2070702358,45
2070717926,30
2071029685,05
2071048393,29
2071229716,43
2071247716,78
2075325777,14
2075331082,16
2075485171,24
2075494251,53
2075675117,24
2075686870,43
2075961806,70
2075966376,19
2078059882,76
2078091293,15



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1883940554,29
1884023765,32
1884172155,55
1884174946,50
1884273502,78
1884273566,59
1884374428,98
1884379353,80
1884675542,29
1884680574,00
1888014587,25
1888023104,17
1888081746,75
1888096642,74
1888245644,41
1888259345,94
1888333437,02
1888349564,74
1891036049,23
1891040380,68
1891058626,40
1891062782,09
1891153321,50
1891161694,34
1891298273,65
1891307656,69
1892405215,61
1892425727,18
1892575700,04
1892640025,77
1895419349,32
1895422327,62

1931409569,98
1931493650,85
1931574881,79
1931577344,46
1931724980,26
1931729588,98
1931831700,03
1931838483,28
1932142097,99
1932144078,47
1935569637,62
1935583226,59
1935627338,93
1935646926,39
1935796111,23
1935812901,12
1935903455,53
1935917261,06
1938599133,78
1938607126,27
1938672989,58
1938659068,92
1938766890,95
1938779860,78
1938915164,00
1938916872,66
1940044580,04
1940065896,05
1940221184,03
1940287535,49
1943116644,92
1943109700,16

1979636339,97
1979721315,05
1979824083,54
1979827320,53
1979980749,82
1979981854,04
1980088103,56
1980091791,77
1980392718,92
1980398212,56
1983890646,33
1983904008,63
1983950152,68
1983969379,41
1984124002,16
1984140766,72
1984233683,80
1984247547,54
1987014036,19
1987021709,52
1987085224,51
1987083639,44
1987188102,75
1987191931,96
1987321752,08
1987333607,96
1988470278,38
1988491918,75
1988651740,99
1988718703,89
1991654969,23
1991668621,98

6By 1,19
720320,59
SABERI6,66
PABBY 8,47
DA 5,18
IBIBR5,71
0B®BB4,45
BR358,10
pB27,81
RAA8,04
PRB9,23
WINB5,05
BP35,86
(5B8316,93
ZIB8%59,01
2Z8537%8,53
BIRB7,92
201m313,57
1203898,04
1R13R85,66
278%0,71
2158613,87
BEB25,73
3B 1,63
oIR%6,01
50234 3,45
6BRYB5,59
GREYB7,41
SHIB’3,17
PARRD8,42
AMB0,84
IBBERB7,94

2078395835,32
2078482561,55
2078580088,47
2078583510,96
2078752842,20
2078754292,91
2078865928,10
2078869285,69
2079186705,74
2079192456,57
2082841026,51
2082854309,73
2082904899,99
2082923733,60
2083089203,44
2083106118,90
2083203764,36
2083217614,29
2086108369,29
2086116758,24
2086186886,91
2086184394,29
2086294878,71
2086297953,79
2086434708,82
2086447278,15
2087633852,99
2087656215,11
2087825891,64
2087894201,31
2090967590,63
2090982345,98



Tablo 3.1. (Devami)

Enerijiler

Ac®™ (z=89)

Th%* (z=90)

Pa™* (z=91)

u*" (2=92)

Np™** (z=93)

1895518655,94

1943240401,52
1943113557,88
1943114593,89
1943290191,49
1943295470,85

1991746887,00
1991613165,01
1991636290,41
1991798237,50
1991836683,58

(A®»8b1,93
2040878446,21
2040902059,59
2041068640,59
2041108203,72

2091062361,03
090221232,75
090245291,36
091716632,72
091157328,61




3.2. Helyum Benzeri Ac, Th, Pa, U ve Np’nin Elektt Dipol Gegisleri

Tablo 3.1.'de enerijileri verilen seviyeler arasikidainli (elektrik dipol, E1) ve
yasakll gegiler (elektrik kuadrapol, E2, manyetik dipol, M1 meanyetik kuadrapol,
M2) incelenmg ancak elde edilen verilerin ¢oldu nedeniyle ¢cajma elektrik dipol
geckleri ile siirlandinimgtir. Secilen konfiglirasyon takimi ile her bir iyagin
122544’er E1 gegine ait dalga boylar, @rlikli salinici siddetleri ve gegi
olasiliklari elde edilmstir. Sunum kolaylg acisindan tablolarda sadecé 1% taban

haline yapilan E1 geger sunulmutur.

Ulasilabilir kaynaklarda A%*, ThH®* P&%, U ve Np** iyonlarinin sadece
1s2p 3P°-18° 1S ve 1s2p3P°-1¢° 'S, elektrik dipol gegilerine ait dgerler
bulunmaktadir, Tablo 3.2.'de bu gglerinin kasilastirmasi yapiimaktadir. R,
Th®* ve P& iyonlarinin taban hale yapilanger (kasilastirma deeri olmayan) E1
gecileri Tablo 3.3'de, 8”* ve Np** gecileri ise Tablo 3.4."de sunulmaktadir. Bu
tablolarda ilk situnda gexin gerceklstigi tst seviye, sonraki sutunlarda artan atom
numaralari ile dalga boylari (A)galikli salinicisiddetleri ve gegi olasiliklar (8"
sunulmaktadir. Gegiverisi tablolarinda parantez iclerinde verilergelter ise 10'un
kuvvetlerini, A.1#=A(B), gostermektedir Tablo 3.2.deki dort speve altinci
sutundaki kagilastirma deerlerinin  bir kismi salinicisiddetidir (-degeri). f-
deserindengf-degerine dongiim yapilirken alt seviyenin (2J+1) ghi ile carpilir.
Tablodaki dgerler J=0 olan £s'S, taban haline yapilan gslgr oldusu icin f-degeri
ile gf-degeri sayisal olarak birbirinin aynisidir. Bu nedehbrhangi bir dongiirme
yapllmams ve tabloda ayrica belirtiimestir. Ulasilabilir kaynaklardaki gegi
degerleri bu cagmada hesaplana gerin hemen altina yegtrilmis ve kaynakca

numarasi Ust indis olarak belirtilgtir.

Bu calgmada incelenen iyonlarin deneysel gegerileri ulailabilir kaynaklarda
mevcut dgildir, teorik deserlerse yalnizca 1s2}°; ve 'P°; seviyeleri icin vardir.
Elde edilen dgerler dger ¢calsma sonuclariyla karastirildiginda dalga boylari 0,0
(Th®* iyonunu 1s2p'P°; gecii) ile 2,7 (P& iyonunu 1s2p'P° gecki) araliginda;

agirhkh salinicisiddetleri 0,8-2,3 ve gegiolasiliklari 1,1-3,4 arglinda hata payina

sahiptirler. Dalga boyu ksitastirmalarinda sifir olan hata paygidikl salinici



siddetlerinde bir miktar artmaktadir. Bunun sebabisalinicisiddetlerinin farkl
formulasyonlarla hesaplangnioldusu disunidlmektedir. Benzer durum geggci
olasiliklarinda da s6z konusudur. Enerji geiderinde oldgu gibi gecs

parametrelerinde de Z'nin artanggelerinde fark hafifce artmaktadir.



Tablo 3.2. Helyum benzeri Ac, Th, Pa, U ve Np iyomin 1s2pP°-1¢ 'S, ve 1s2p'P°-15° 'S, E1 gegii parametreleri.

Ust Seviye Dalga Boyu (A) of-degeri A(sh
Ac®™ (z=89) Th®*'(z=90) P& (z=91) A" (z=89) Th®™' (z=90) Pa™™ (Z=91)  Ac®*(z=89) Th® (z=90) Pa®" (z=91)
1s2p *P°, 0,14 0,14 0,13 1,75(-1) 1,73(-1) 1,71(-1) 1,96(16)  2,03(16) 2,11(16)
0,13911%"  0,13560 0,132217 2,270(-1}" 2,260(-1}"  2,249(-1}’ 2,608(16)° 2,801(16) 2,861(16Y
0,13504963% 2,248(-1)® 2,754(16¥°
2,779(16)°
2,741(16)°
2,732(16)"
1s2p 'P°, 0,14 0,13 0,13 3,58(-1) 3,54(-1) 3,49(-1) 4,30(16)  4,47(16) 4,64(16)
0,13344"  0,12993’ 0,12652' 3,549(-1}" 3,504(-1}*  3,460(-1}’ 4,432(16)" 4,685(16}"  4,806(16Y"
0,12940748% 3,505(-1}’ 4,614(16§°
3,493(-1}® 4,642(16§°
4,616(16}’
4,638(16}°
U™ (2=92) Np™™* (Z=93) U™ (2=92) Np™™* (Z=93) U (2=92) Np™™* (Z=93)
1s2p P 0,13 0,13 1,67(-1) 1,69(-1) 2,26(16) 2,19(16)
0,12892’ 0,12573’ 2,238(-1}" 2,227(-1}" 5,005(16f 3,132(16)’
2,345(16"
3,006(16%°
2,994(16§"
1s2p P, 0,12 0,13 3,40(-1) 3,45(-1) 5,00(16) 4,82(16)
0,12323' 0,12004’ 3,415(-1}" 3,370(-1}’ 4,342(124 5,200(16§"
8,264(12
5,041(16)°

5,001(16)"




Tablo 3.3. Helyum benzeri Ac, Th ve Pa iyonlarifigf *Sy) taban hale yapilan elektrik dipol gggarametreleri.

Ust Sevive Dalga Boyu (A) gf-degeri A (sh)
y Ac®™ (z=89) Th®*(z=90) P&" (z=91) Ac®™ (z=89) Th®™ (z=90) Pa™* (z=91)  Ac®"* (z=89) Th** (z=90) Pa™* (z=91)

1s3p P, 0,12 0,11 0,11 1,32(-2) 1,26(-2) 1,20(-2) 2,81 2,13(15) 2,13(15)
1s3p P% 0,12 0,11 0,11 4,97(-2) 4,85(-2) 4,73(-2) 81E)(  8,32(15) 8,52(15)
1s4p °P% 0,11 0,11 0,11 1,22(-3) 1,06(-3) 9,12(-4) 204j( 1,99(14) 1,79(14)
1s4p P° 0,11 0,11 0,11 9,49(-3) 8,97(-3) 8,46(-3) 1B)(  1,69(15) 1,67(15)
1s5p °P% 0,11 0,11 0,10 1,32(-6) 1,09(-5) 3,00(-5) 248(  2,15(12) 6,21(12)
1s5p P% 0,11 0,11 0,10 1,19(-3) 1,01(-3) 8,52(-4) 2124(  2,00(14) 1,76(14)
1s6p °P% 0,11 0,11 0,10 5,98(-4) 7,06(-4) 8,24(-4) W 1,42(14) 1,74(14)
1s6p P’ 0,11 0,11 0,10 4,68(-5) 9,30(-5) 1,55(-4) 812y(  1,87(13) 3,29(13)
1s7p P, 0,11 0,10 0,10 2,07(-3) 2,28(-3) 2,50(-3) 4(  4,66(14) 5,36(14)
1s7p P° 0,11 0,10 0,10 1,88(-3) 2,15(-3) 2,45(-3) 31H(  4,41(14) 5,28(14)
1s8p P, 0,11 0,10 0,10 5,38(-3) 5,76(-3) 6,16(-3) 1185(  1,18(15) 1,33(15)
1s8p 'P° 0,11 0,10 0,10 8,06(-3) 8,74(-3) 9,45(-3) 1153(  1,80(15) 2,05(15)
1s9p P, 0,11 0,10 0,10 1,95(-2) 2,06(-2) 2,16(-2) 3NW(  4,27(15) 4,72(15)
1s9p 'P% 0,11 0,10 0,10 3,99(-2) 4,22(-2) 4,45(-2) 7189(  8,76(15) 9,71(15)
2s2p P 0,07 0,07 0,07 1,09(-8) 7,32(-9) 4,44(-9) 495(  3,49(9) 2,22(9)
2s2p P 0,07 0,07 0,07 1,82(-7) 1,66(-7) 1,50(-7) 8160(  8,22(10) 7,81(10)
2p3s P 0,06 0,06 0,06 1,24(-7) 1,29(-7) 1,34(-7) 6183(  7,41(10) 8,10(10)
2s3p P, 0,06 0,06 0,06 6,66(-8) 7,21(-8) 7,75(-8) 3165(  4,16(10) 4,70(10)
2s3p P 0,06 0,06 0,06 4,87(-8) 5,58(-8) 6,27(-8) 21M)(  3,25(10) 3,83(10)
2p3d P, 0,06 0,06 0,06 1,77(-8) 1,70(-8) 1,64(-8) 9%95(  1,00(10) 1,01(10)
2p3s P, 0,06 0,06 0,06 5,76(-8) 6,00(-8) 6,21(-8) 31Z5(  3,56(10) 3,87(10)
2p3d P 0,06 0,06 0,06 8,92(-9) 8,52(-9) 8,01(-9) 508(  5,10(9) 5,05(9)
2p4s P, 0,06 0,06 0,06 3,38(-7) 3,47(-7) 3,56(-7) 196(  2,11(11) 2,28(11)
2s4p P 0,06 0,06 0,06 4,56(-8) 4,60(-8) 4,74(-8) 2165(  2,81(10) 3,05(10)
2s4p P 0,06 0,06 0,06 5,57(-8) 5,66(-8) 5,89(-8) 31Z5(  3,47(10) 3,79(10)
2p4d P 0,06 0,06 0,06 3,11(-8) 3,04(-8) 2,93(-8) 189(  1,88(10) 1,91(10)
2p5s P’ 0,06 0,06 0,06 3,11(-7) 3,15(-7) 3,19(-7) 1185(  1,97(11) 2,09(11)
2s5p P 0,06 0,06 0,06 9,08(-8) 9,43(-8) 9,73(-8) 5149(  5,92(10) 6,42(10)
2s5p P 0,06 0,06 0,06 1,16(-7) 2,10(-7) 1,90(-7) 6199(  1,32(11) 1,26(11)
2p4s P 0,06 0,06 0,06 1,98(-7) 1,02(-7) 1,23(-7) 11m8(  6,45(10) 8,13(10)
2p4d 3P 0,06 0,06 0,06 1,22(-8) 1,15(-8) 1,07(-8) 7B3( 7,26(9) 7,10(9)

2p6s P 0,06 0,06 0,06 3,40(-7) 3,41(-7) 3,42(-7) 2105(  2,17(11) 2,28(11)



Tablo 3.3. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A (sh)

y Ac®™ (z=89) Th®*(z=90) P&" (z=91) Ac®™ (z=89) Th®™ (z=90) Pa™* (z=91)  Ac®"* (z=89) Th** (z=90) Pa™* (z=91)
2s6p P, 0,06 0,06 0,06 3,50(-8) 2,83(-8) 1,85( 2,12(10) 1,80(10) 7,81(9)
2p5d P’ 0,06 0,06 0,06 1,86(-7) 1,93(-7) 2:09( 1,12(11) 1,23(11) 1,40(11)
2s6p P’ 0,06 0,06 0,06 2,84(-7) 2,88(-7) 2:9)( 1,72(11) 1,83(11) 1,95(11)
2p7s P’ 0,06 0,06 0,06 4,12(-7) 4,08(-7) 4;1)( 2,51(11) 2,61(11) 2,76(11)
2s7p P’ 0,06 0,06 0,06 2,43(-7) 2,42(-7) 2:20( 1,48(11) 1,55(11) 1,64(11)
2s7p P’ 0,06 0,06 0,06 4,29(-7) 4,27(-7) 4:3)( 2,62(11) 2,74(11) 2,90(11)
2p8s P’ 0,06 0,06 0,06 5,93(-7) 5,87(-7) 5:8%( 3,63(11) 3,78(11) 3,95(11)
2s8p P, 0,06 0,06 0,06 1,97(-7) 1,19(-7) 3,24 1,21(11) 7,69(10) 2,20(11)
2s8p P, 0,06 0,06 0,06 3,57(-8) 1,25(-7) 1;79( 2,19(10) 8,11(10) 8,09(10)
2p9s P, 0,06 0,06 0,06 4,42(-7) 3,97(-7) 3;:8)( 2,71(11) 2,56(11) 2,58(11)
2p6d P, 0,06 0,06 0,06 7,93(-7) 8,13(-7) 6:3)( 4,87(11) 5,24(11) 4,61(11)
2p5s P’ 0,06 0,06 0,06 1,33(-6) 1,29(-6) 1,85( 8,21(11) 8,35(11) 8,53(11)
2p5d P, 0,06 0,06 0,06 3,81(-8) 2,84(-8) 2:8)( 2,34(10) 1,83(10) 1,63(10)
2s9p P’ 0,06 0,06 0,06 1,29(-6) 1,24(-6) 1,85( 7,95(11) 8,03(11) 8,57(11)
2s9p P’ 0,06 0,06 0,06 2,79(-6) 2,69(-6) 2:83( 1,72(12) 1,74(12) 1,85(12)
2p6s P’ 0,06 0,06 0,06 2,64(-7) 2,59(-7) 2:35( 1,64(11) 1,69(11) 1,76(11)
2p6d P’ 0,06 0,06 0,06 2,94(-8) 2,83(-8) 2:38( 1,83(10) 1,85(10) 1,91(10)
2p7s P’ 0,06 0,06 0,06 3,38(-7) 3,31(-7) 3.2)( 2,12(11) 2,18(11) 2,23(11)
2p8s P’ 0,06 0,06 0,06 5,09(-7) 4,97(-7) 4.8%( 3,20(11) 3,29(11) 3,39(11)
2p9s P, 0,06 0,06 0,06 1,21(-6) 1,16(-6) 1:63%( 7,69(11) 7,71(11) 7,97(11)
3s3p P, 0,06 0,06 0,06 6,29(-8) 6,43(-8) 6:82( 4,10(10) 4,40(10) 4,76(10)
3s3p P 0,06 0,06 0,06 7,18(-8) 7,39(-8) 7-88( 4,71(10) 5,10(10) 5,49(10)
3s4p P, 0,06 0,06 0,05 4,01(-8) 3,98(-8) 4:8)( 2,75(10) 2,87(10) 3,03(10)
3s4p P, 0,06 0,06 0,05 4,57(-8) 4,51(-8) 4:8%( 3,15(10) 3,26(10) 3,45(10)
3d4p P 0,06 0,06 0,05 6,53(-10) 6,30(-10) 46,00) 4,52(8) 4,58(8) 4,61(8)
3d4p P 0,06 0,06 0,05 7,22(-10) 6,87(-10) 56,70) 5,01(8) 5,01(8) 5,18(8)
3s5p P, 0,06 0,05 0,05 3,67(-8) 3,63(-8) 3;88( 2,58(10) 2,68(10) 2,82(10)
3s5p P 0,06 0,05 0,05 5,05(-8) 4,99(-8) 4;98( 3,55(10) 3,70(10) 3,87(10)
3dsp P 0,06 0,05 0,05 1,42(-10) 1,32(-10) 5(;20) 1,01(8) 9,82(7) 9,84(7)
3dsp P 0,06 0,05 0,05 2,27(-10) 2,21(-10) 02,10) 1,61(8) 1,65(8) 1,64(8)
3s6p P, 0,06 0,05 0,05 4,51(-8) 4,46(-8) 4:8%( 3,21(10) 3,34(10) 3,57(10)

3s6p P 0,06 0,05 0,05 7,29(-8) 7,28(-8) 7:88( 520(10)  5,46(10) 5,81(10)



Tablo 3.3. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A (sh)

y Ac®™ (z=89) Th®*(z=90) P&" (z=91) Ac®™ (z=89) Th®™ (z=90) Pa™* (z=91)  Ac®"* (z=89) Th** (z=90) Pa™* (z=91)
3dép P, 0,06 0,05 0,05 5,16(-8) 5,03(-8) 4;0%5( 3,70(10) 3,80(10) 3,92(10)
3s8p P, 0,06 0,05 0,05 9,24(-8) 9,04(-8) 8:8)L( 6,64(10) 6,83(10) 6,99(10)
3s8p P 0,06 0,05 0,05 3,11(-10) 2,76(-10) 52-80) 2,23(8) 2,08(8) 1,86(8)
4s4p °P*, 0,06 0,05 0,05 7,47(-8) 7,35(-8) 7-85( 5,39(10) 5,57(10) 5,87(10)
3s9p P 0,06 0,05 0,05 1,45(-7) 1,45(-7) 1,23( 1,04(11) 1,09(11) 1,14(11)
3d7p P’ 0,06 0,05 0,05 5,83(-8) 5,87(-8) 6-88( 4,21(10) 4,46(10) 4,86(10)
4s4p P 0,06 0,05 0,05 2,03(-7) 1,75(-7) 1;93( 1,47(11) 1,33(11) 1,55(11)
4p4ad P, 0,06 0,05 0,05 1,10(-10) 3,01(-9) .08) 8,03(7) 2,29(9) 6,44(8)
4p5s P 0,06 0,05 0,05 4,58(-7) 3,92(-7) 43 3,31(11) 2,99(11) 3,47(11)
4s5p P 0,06 0,05 0,05 4,65(-8) 4,53(-8) 4:8%( 3,38(10) 3,45(10) 3,63(10)
4s5p P 0,06 0,05 0,05 1,65(-8) 1,63(-8) 1,89( 1,19(10) 1,24(10) 1,35(10)
4p5d *P°, 0,06 0,05 0,05 4,34(-9) 4,02(-9) 3;9)( 3,16(9) 3,08(9) 3,14(9)
4dsp P, 0,05 0,05 0,05 4,57(-8) 4,48(-8) 4:8)( 3,38(10) 3,49(10) 3,76(10)
4p6s P 0,05 0,05 0,05 2,74(-8) 2,69(-8) 2:8Y( 2,03(10) 2,10(10) 2,27(10)
4s6p °P°, 0,05 0,05 0,05 3,02(-8) 2,96(-8) 3;8P( 2,24(10) 2,31(10) 2,46(10)
4s6p P 0,05 0,05 0,05 4,64(-9) 4,74(-9) 5:92( 3,44(9) 3,70(9) 4,20(9)
4p6s P 0,05 0,05 0,05 5,53(-8) 5,43(-8) 5-8%( 4,11(10) 4,24(10) 4,46(10)
4dep P 0,05 0,05 0,05 4,38(-9) 4,05(-9) 3;9¥( 3,25(9) 3,16(9) 3,26(9)
4dep P, 0,05 0,05 0,05 3,22(-9) 3,15(-9)  3,06(-9) 2,40(9) 2,47(9) 2,52(9)
4p7s P 0,05 0,05 0,05 3,26(-9) 3,04(-9) 2,92(-9) 2,43(9) 2,38(9) 2,40(9)
4s7p P 0,05 0,05 0,05 4,57(-8) 4,50(-8)  4,59(-8) 3,42(10) 3,55(10) 3,80(10)
4s7p P 0,05 0,05 0,05 2,52(-8) 2,53(-8)  2,54(-8) 1,89(10) 1,99(10) 2,10(10)
4p7s P 0,05 0,05 0,05 4,09(-8) 4,14(-8)  4,06(-8) 3,07(10) 3,27(10) 3,37(10)
4d7p P, 0,05 0,05 0,05 4,89(-8) 4,91(-8)  4,82(-8) 3,68(10) 3,88(10) 4,01(10)
4p8s *P 0,05 0,05 0,05 1,01(-9) 9,81(-10) 9,39(-10) 7,61(8) 7,75(8) 7,80(8)
5s5p P 0,05 0,05 0,05 1,10(-9) 1,08(-9)  1,01(-9) 8,32(8) 8,58(8) 8,41(8)
4d7p P, 0,05 0,05 0,05 5,02(-8) 4,96(-8)  4,99(-8) 3,79(10) 3,94(10) 4,16(10)
5s5p P 0,05 0,05 0,05 2,39(-8) 2,28(-8)  2,29(-8) 1,81(10) 1,81(10) 1,91(10)
4s8p P 0,05 0,05 0,05 4,34(-8) 4,13(-8)  4,12(-8) 3,28(10) 3,28(10) 3,44(10)
5p5d P 0,05 0,05 0,05 5,31(-8) 5,02(-8) 5,08(-8) 4,02(10) 4,00(10) 4,25(10)
4s8p P 0,05 0,05 0,05 2,18(-10) 1,93(-10) 1,66(-10) 1,65(8) 1,54(8) 1,39(8)
5p5d P’ 0,05 0,05 0,05 3,39(-10) 2,05(-10) 2,39(-10) 2,57(8) 1,63(8) 2,00(8)



Tablo 3.3. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A(sh

Y Ac®™ (z=89) Th® (z=90) P&" (z=91) Ac®*(z=89) Th*® (z=90) Pa™* (z=91)  Ac®" (z=89) Th®* (z=90) Pa™* (z=91)
4p9s P, 0,05 0,05 0,05 1,28(-8) 8,48(-9) 7,07(-8) 9,77(9) 6,76(9) 5,92(10)
4p8s P’ 0,05 0,05 0,05 6,95(-8) 7,28(-8)  1,17(-8) 5,27(10) 5,81(10) 9,84(9)
4d8p °P*, 0,05 0,05 0,05 2,13(-8) 2,11(-8)  2,09(-8) 1,62(10) 1,68(10) 1,75(10)
4s9p P’ 0,05 0,05 0,05 2,89(-8) 2,75(-8)  2,81(-8) 2,19(10) 2,19(10) 2,35(10)
4s9p 'P° 0,05 0,05 0,05 3,97(-9) 3,12(-9)  1,97(-9) 3,02(9) 2,49(9) 1,66(9)
4p9s P’ 0,05 0,05 0,05 6,49(-8) 6,28(-8)  6,40(-8) 4,93(10) 5,02(10) 5,37(10)
4d9p °P°, 0,05 0,05 0,05 3,34(-9) 3,31(-9)  3,04(-9) 2,54(9) 2,65(9) 2,55(9)
4d9p ‘P’ 0,05 0,05 0,05 6,39(-8) 7,10(-8)  6,83(-8) 4,86(10) 5,68(10) 5,74(10)
5p6s °P° 0,05 0,05 0,05 1,36(-7) 9,56(-8) 1,21(-7) 1,03(11) 7,65(10) 1,02(11)
5s6p °P° 0,05 0,05 0,05 2,71(-9) 1,45(-9)  1,15(-9) 2,06(9) 1,16(9) 9,69(8)
5p6s P’ 0,05 0,05 0,05 7,61(-8) 5,64(-8)  7,28(-8) 5,80(10) 4,52(10) 6,13(10)
5d6p °P° 0,05 0,05 0,05 1,60(-7) 1,19(-7)  1,53(-7) 1,22(11) 9,57(10) 1,29(11)
5d6p ‘P’ 0,05 0,05 0,05 1,52(-7) 1,28(-7)  1,44(-7) 1,16(11) 1,02(11) 1,21(11)
5p7s °P% 0,05 0,05 0,05 2,68(-10) 2,24(-10) 2,16(-10) 2,05(8) 1,80(8) 1,82(8)
5s7p °P% 0,05 0,05 0,05 5,74(-10) 4,99(-10) 4,98(-10) 4,39(8) 4,01(8) 4,20(8)
5s7p ‘P% 0,05 0,05 0,05 1,69(-8) 1,63(-8) 1,64(-8) 1,30(10) 1,31(10) 1,39(10)
5p7s P% 0,05 0,05 0,05 1,35(-8) 1,33(-8) 1,33(-8) 1,04(10) 1,08(10) 1,13(10)
5d7p °P% 0,05 0,05 0,05 2,08(-8) 2,07(-8)  2,09(-8) 1,60(10) 1,67(10) 1,77(10)
5d7p 'P% 0,05 0,05 0,05 3,34(-8) 3,28(-8)  3,30(-8) 2,57(10) 2,65(10) 2,81(10)
5p8s °P% 0,05 0,05 0,05 4,52(-9) 4,39(-9)  4,18(-9) 3,47(9) 3,54(9) 3,55(9)
5s8p °P% 0,05 0,05 0,05 2,49(-9) 2,42(-9)  2,37(-9) 1,92(9) 1,96(9) 2,02(9)
6s6p P 0,05 0,05 0,05 1,80(-8) 1,77(-8)  1,77(-8) 1,39(10) 1,44(10) 1,51(10)
5s8p ‘P° 0,05 0,05 0,05 1,17(-8) 1,12(-8)  1,12(-8) 9,08(9) 9,12(9) 9,59(9)
5p8s ‘P’ 0,05 0,05 0,05 2,55(-8) 2,40(-8)  2,37(-8) 1,98(10) 1,96(10) 2,02(10)
6s6p P 0,05 0,05 0,05 3,12(-8) 2,91(-8)  2,88(-8) 2,42(10) 2,37(10) 2,46(10)
5d8p °P° 0,05 0,05 0,05 1,49(-9) 1,42(-9)  1,26(-9) 1,15(9) 1,15(9) 1,08(9)
5d8p ‘P’ 0,05 0,05 0,05 1,50(-9) 1,35(-9)  1,22(-9) 1,16(9) 1,10(9) 1,04(9)
5p9s °P° 0,05 0,05 0,05 2,12(-8) 1,98(-8)  1,99(-8) 1,64(10) 1,61(10) 1,71(10)
5s9p °P% 0,05 0,05 0,05 1,32-8) 1,20(-8)  1,25(-8) 1,02(10) 9,84(9) 1,07(10)
5s9p ‘P% 0,05 0,05 0,05 4,09(-9) 3,90(-8)  3,98(-8) 3,18(9) 3,18(10) 3,42(10)
5p9s 'P° 0,05 0,05 0,05 3,80(-8) 4,38(-10) 1,83(-10) 2,96(10) 3,58(8) 1,57(8)
5d9p °P° 0,05 0,05 0,05 8,38(-9) 8,04(-9)  7,39(-9) 6,52(9) 6,58(9) 6,35(9)



Tablo 3.3. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A (sh

Y Ac®™ (z=89) Th®'(z=90) P& (z=91) A (z=89) Th®™ (z=90) Pa* (z=91) A’ (z=89) Th®* (z=90) Pa™* (z=91)
5d9p P, 0,05 0,05 0,05 4,89(-8) 4,68(-8) 4,73(-8) 3,80(10) 3,83(10) 4,06(10)
6p7s P’ 0,05 0,05 0,05 1,19(-9) 1,13(-9)  9,72(-10) 9,30(8) 9,25(8) 8,35(8)
6s7p P’ 0,05 0,05 0,05 1,16(-9) 1,18(-9)  1,03(-9) 9,07(8) 9,73(8) 8,91(8)
6s7p P’ 0,05 0,05 0,05 3,48(-8) 1,97(-8)  3,22(-8) 2,71(10) 1,62(10) 2,77(10)
6p7s P’ 0,05 0,05 0,05 3,00(-8) 1,72(-8)  2,78(-8) 2,34(10) 1,41(10) 2,39(10)
6p8s P’ 0,05 0,05 0,05 6,38(-8) 3,69(-8) 5,87(-8) 4,9710) 3,02(10) 5,05(10)
6s8p P’ 0,05 0,05 0,05 6,71(-8) 4,65(-8) 6,17(-8) 5,24(10) 3,81(10) 5,32(10)
6s8p P’ 0,05 0,05 0,05 7,72(-10) 5,24(-10) 6,30(-10) 6,02(8) 4,30(8) 5,43(8)
6p8s P’ 0,05 0,05 0,05 1,29(-9) 9,35(-10) 1,09(-9) 1,00(9) 7,67(8) 9,43(8)
7s7p P’ 0,05 0,05 0,05 8,72(-9) 8,05(-9)  8,68(-9) 6,83(9) 6,63(9) 7,51(9)
7s7p P’ 0,05 0,05 0,05 6,73(-9) 5,97(-9) 6,62(-9) 5,27(9) 4,91(9) 5,73(9)
6p9s P’ 0,05 0,05 0,05 1,18(-8) 1,10(-8)  1,21(-8) 9,32(9) 9,11(9) 1,04(10)
6s9p P’ 0,05 0,05 0,05 2,98(-8) 2,79(-8)  2,95(-8) 2,34(10) 2,29(10) 2,55(10)
6s9p P’ 0,05 0,05 0,05 9,90(-9) 8,85(-9) 9,41(-9) 7,79(9) 7,31(9) 8,17(9)
6p9s P’ 0,05 0,05 0,05 7,40(-9) 6,71(-9)  6,96(-9) 5,82(9) 5,55(9) 6,05(9)
7p8s P, 0,05 0,05 0,05 1,94(-8) 1,81(-8)  1,80(-8) 1,52(10) 1,50(10) 1,57(10)
7s8p P, 0,05 0,05 0,05 2,50(-8) 2,34(-8)  2,35(-8) 1,97(10) 1,93(10) 2,05(10)
7s8p P’ 0,05 0,05 0,05 5,34(-9) 4,93(-9)  4,92(-9) 4,21(9) 4,08(9) 4,29(9)
7p8s P’ 0,05 0,05 0,05 1,43(-8) 1,44(-8)  1,31(-8) 1,13(10) 1,19(10) 1,14(10)
7p9s P’ 0,05 0,05 0,05 1,18(-8) 3,90(-9) 1,10(-8) 9,34(9) 3,23(9) 9,63(9)
7s9p P’ 0,05 0,05 0,05 2,32(-8) 9,54(-9)  2,17(-8) 1,83(10) 7,92(9) 1,89(10)
7s9p P’ 0,05 0,05 0,05 4,77(-8) 1,92(-8)  4,40(-8) 3,76(10) 1,59(10) 3,84(10)
7p9s P, 0,05 0,05 0,05 4,76(-8) 2,47(-8)  4,34(-8) 3,76(10) 2,05(10) 3,78(10)
8s8p P, 0,05 0,05 0,05 5,12(-9) 4,05(-9) 5,03(-9) 4,06(9) 3,37(9) 4,40(9)




Tablo 3.4. Helyum benzeri U ve Np iyonlarinin{i%,) taban hale yapilan elektrik dipol ggigharametreleri.

Ust Sevive Dalga Boyu (A) gf-degeri A(s)
Y U™ (z=92) Np”™ (Z=93) U%" (z=92) Np°T (z=93) U (z=92) Np°~ (z=93)

1s3p P, 0,11 0,11 1,08(-2) 1,14(-2) 2,11(15) 2,12(15)
1s3p P, 0,11 0,11 4,48(-2) 4,60(-2) 8,91(15) 8,72(15)
1s4p 3P, 0,10 0,10 6,45(-4) 7,73(-4) 1,40(14) 1,60(14)
1s4p P, 0,10 0,10 7,47(-3) 7,96(-3) 1,63(15) 1,65(15)
1s5p 3P, 0,10 0,10 9,75(-5) 5,88(-5) 2,22(13) 1,27(13)
1s5p P, 0,10 0,10 5,60(-4) 6,99(-4) 1,27(14) 1,52(14)
1s6p P 0,10 0,10 1,09(-3) 9,52(-4) 2,54(14) 2,11(14)
1s6p P, 0,10 0,10 3,32(-4) 2,35(-4) 7,75(13) 5,23(13)
1s7p P, 0,10 0,10 2,97(-3) 2,73(-3) 7,04(14) 6,15(14)
1s7p P, 0,10 0,10 3,12(-3) 2,78(-3) 7,40(14) 6,27(14)
1s8p P, 0,10 0,10 7,01(-3) 6,58(-3) 1,67(15) 1,49(15)
1s8p P, 0,10 0,10 1,09(-2) 1,02(-2) 2,62(15) 2,32(15)
1s9p *F°, 0,10 0,10 2,39(-2) 2,27(-2) 5,75(15) 5,22(15)
1s9p P, 0,10 0,10 4,94(-2) 4,69(-2) 1,18(16) 1,07(16)
2s2p P, 0,06 0,07 8,42(-10) 2,27(-9) 4,65(8) 1,19(9)

2s2p P, 0,06 0,06 1,21(-7) 1,35(-7) 6,98(10) 7,40(10)
2p3s P, 0,06 0,06 1,44(-7) 1,39(-7) 9,58(10) 8,82(10)
2s3p P, 0,06 0,06 8,89(-8) 8,31(-8) 5,95(10) 5,30(10)
2s3p P, 0,06 0,06 7,83(-8) 7,04(-8) 5,28(10) 4,52(10)
2p3d P 0,06 0,06 1,51(-8) 1,58(-8) 1,03(10) 1,03(10)
2p3s P 0,06 0,06 6,66(-8) 6,45(-8) 4,58(10) 4,23(10)
2p3d P, 0,06 0,06 7,24(-9) 7,69(-9) 5,04(9) 5,09(9)

2p4s P 0,06 0,06 3,74(-7) 3,65(-7) 2,64(11) 2,45(11)
2s4p P, 0,06 0,06 4,87(-8) 4,81(-8) 3,45(10) 3,25(10)
2s4p P, 0,06 0,06 6,16(-8) 6,03(-8) 4,37(10) 4,08(10)
2pad P, 0,06 0,06 2,75(-8) 2,84(-8) 1,98(10) 1,95(10)
2p5s P, 0,06 0,06 3,25(-7) 3,23(-7) 2,36(11) 2,23(11)
2s5p P, 0,06 0,06 1,00(-7) 9,87(-8) 7,28(10) 6,84(10)
2s5p P’ 0,06 0,06 1,32(-7) 1,28(-7) 9,61(10) 8,92(10)
2p4s P, 0,06 0,06 1,83(-7) 1,86(-7) 1,33(11) 1,29(11)
2p4d P 0,06 0,06 9,53(-9) 1,01(-8) 6,98(9) 7,09(9)

2p6s P, 0,06 0,06 3,45(-7) 3,43(-7) 2,53(11) 2,40(11)



Tablo 3.4. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A(sh
y U™ (z=92) Np™ (z=93) U™ (z=92) Np”** (z=93) U (z=92) Np°** (z=93)

2s6p P’ 0,05 0,06 1,60(-7) 9,61(-8) 1,18(11) 6,75(10)
2p5d P’ 0,05 0,06 5,83(-8) 1,25(-7) 4,30(10) 8,79(10)
2s6p ‘P’ 0,05 0,06 3,01(-7) 2,95(-7) 2,22(11) 2,07(11)
2p7s P’ 0,05 0,06 4,07(-7) 4,10(-7) 3,01(11) 2,89(11)
2s7p P’ 0,05 0,06 2,46(-7) 2,46(-7) 1,82(11) 1,74(11)
2s7p ‘P’ 0,05 0,06 4,32(-7) 4,32(-7) 3,21(11) 3,06(11)
2p8s P’ 0,05 0,06 5,76(-7) 5,80(-7) 4,29(11) 4,11(11)
2s8p P’ 0,05 0,06 3,77(-7) 3,84(-7) 2,81(11) 2,73(11)
2s8p P’ 0,05 0,06 8,96(-7) 5,31(-7) 6,70(11) 3,78(11)
2p9s P’ 0,05 0,06 1,13(-6) 1,50(-6) 8,45(11) 1,07(12)
2p6d P’ 0,05 0,06 6,96(-8) 7,28(-8) 5,21(10) 5,18(10)
2p5s P’ 0,05 0,06 2,11(-7) 2,22(-7) 1,58(11) 1,58(11)
2p5d P 0,05 0,06 1,59(-8) 2,04(-8) 1,19(10) 1,46(10)
2s9p P’ 0,05 0,06 1,24(-6) 1,26(-6) 9,34(11) 9,01(11)
2s9p P’ 0,05 0,06 2,70(-6) 2,73(-6) 2,02(12) 1,95(12)
2p6s P’ 0,05 0,06 2,49(-7) 2,50(-7) 1,88(11) 1,81(11)
2p6d P° 0,05 0,06 2,62(-8) 2,63(-8) 1,99(10) 1,90(10)
2p7s P 0,05 0,06 3,09(-7) 3,17(-7) 2,36(11) 2,31(11)
2p8s P’ 0,05 0,06 4,61(-7) 4,74(-7) 3,54(11) 3,46(11)
2p9s P’ 0,05 0,06 1,06(-6) 1,10(-6) 8,23(11) 8,10(11)
2p3d P, 0,06 0,06 7,24(-9) 7,69(-9) 5,04(9) 5,09(9)

3s3p P’ 0,05 0,05 6,90(-8) 6,80(-8) 5,47(10) 5,13(10)
3s3p P’ 0,05 0,05 7,92(-8) 7,76(-8) 6,33(10) 5,90(10)
3s4p P’ 0,05 0,05 4,02(-8) 4,01(-8) 3,36(10) 3,20(10)
3s4p P’ 0,05 0,05 4,47(-8) 4,52(-8) 3,75(10) 3,61(10)
3d4p P’ 0,05 0,05 5,78(-10) 5,96(-10) 4,87(8) 4,78(8)

3d4p 'P* 0,05 0,05 6,13(-10) 6,49(-10) 5,18(8) 5,22(8)

3s5p P’ 0,05 0,05 3,57(-8) 3,55(-8) 3,06(10) 2,90(10)
3s5p ‘P’ 0,05 0,05 4,85(-8) 4,85(-8) 4,16(10) 3,96(10)
3d5p P, 0,05 0,05 1,16(-10) 1,14(-10) 1,00(8) 9,43(7)

3d5p 'P% 0,05 0,05 1,98(-10) 1,91(-10) 1,71(8) 1,58(8)

3s6p P, 0,05 0,05 4,55(-8) 4,54(-8) 3,95(10) 3,75(10)



Tablo 3.4. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A(sh
y U™ (z=92) Np™ (z=93) U™ (z=92) Np”** (z=93) U (z=92) Np°** (z=93)
3s6p P’ 0,05 0,05 7,38(-8) 7,37(-8) 6,41(10) 6,10(10)
3s7p P’ 0,05 0,05 4,87(-8) 4,93(-8) 4,26(10) 4,11(10)
3s7p P’ 0,05 0,05 8,71(-8) 8,85(-8) 7,61(10) 7,37(10)
3dép P’ 0,05 0,05 1,84(-10) 2,13(-10) 1,61(8) 1,77(8)
3s8p P’ 0,05 0,05 6,98(-8) 7,10(-8) 6,13(10) 5,94(10)
3s8p P’ 0,05 0,05 1,35(-7) 1,38(-7) 1,19(11) 1,15(11)
4s4p P, 0,05 0,05 6,25(-8) 6,13(-8) 5,50(10) 5,14(10)
3s9p P’ 0,05 0,05 1,90(-7) 1,93(-7) 1,67(11) 1,62(11)
3s9p P’ 0,05 0,05 4,26(-7) 4,32(-7) 3,75(11) 3,63(11)
3d7p P’ 0,05 0,05 3,16(-10) 4,56(-10) 2,79(8) 3,83(8)
4s4p P, 0,05 0,05 4,39(-8) 4,48(-8) 3,88(10) 3,77(10)
4pad °P°, 0,05 0,05 1,76(-8) 1,70(-8) 1,55(10) 1,44(10)
4pad *P°, 0,05 0,05 3,71(-9) 3,81(-9) 3,29(9) 3,22(9)
4p5s *P°, 0,05 0,05 4,62(-8) 4,68(-8) 4,16(10) 4,02(10)
4s5p *P°, 0,05 0,05 2,75(-8) 2,81(-8) 2,48(10) 2,41(10)
4s5p P, 0,05 0,05 2,86(-8) 2,96(-8) 2,58(10) 2,55(10)
4p5d P, 0,05 0,05 5,83(-9) 5,56(-9) 5,27(9) 4,79(9)
4p5s P 0,05 0,05 5,28(-8) 5,37(-8) 4,78(10) 4,63(10)
4dsp °P°, 0,05 0,05 3,62(-9) 3,87(-9) 3,28(9) 3,33(9)
2p3d P°, 0,06 0,06 7,24(-9) 7,69(-9) 5,04(9) 5,09(9)
4p5d °P°, 0,05 0,05 2,92(-9) 2,91(-9) 2,65(9) 2,51(9)
4dsp P, 0,05 0,05 2,63(-9) 2,76(-9) 2,38(9) 2,38(9)
4p6s *P°, 0,05 0,05 4,60(-8) 4,57(-8) 4,20(10) 3,97(10)
4s6p *P°, 0,05 0,05 2,54(-8) 2,53(-8) 2,32(10) 2,21(10)
4s6p P, 0,05 0,05 4,00(-8) 4,08(-8) 3,66(10) 3,56(10)
4p6s P, 0,05 0,05 4,71(-8) 4,83(-8) 4,31(10) 4,21(10)
4deép *P°; 0,05 0,05 8,42(-10) 8,72(-10) 7,71(8) 7,61(8)
4deép P, 0,05 0,05 9,24(-10) 9,90(-10) 8,47(8) 8,65(8)
4p7s *P° 0,05 0,05 4,98(-8) 5,01(-8) 4,58(10) 4,39(10)
4s7p P, 0,05 0,05 2,32(-8) 2,29(-8) 2,14(10) 2,01(10)
4s7p P, 0,05 0,05 4,12(-8) 4,05(-8) 3,80(10) 3,55(10)
4p7s P, 0,05 0,05 4,91(-8) 4,85(-8) 4,53(10) 4,26(10)



Tablo 3.4. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A(sh
y U™ (z=92) Np™ (z=93) U™ (z=92) Np”** (z=93) U (z=92) Np°** (z=93)
4d7p P, 0,05 0,05 1,28(-10) 1,43(-10) 1,18(8) 1,25(8)
4p8s *P°, 0,05 0,05 5,83(-8) 5,29(-8) 5,38(10) 4,65(10)
5s5p P’ 0,05 0,05 2,27(-8) 2,74(-8) 2,10(10) 2,41(10)
4d7p P, 0,05 0,05 6,38(-10) 1,14(-9) 5,89(8) 1,00(9)
5s5p ‘P’ 0,05 0,05 2,07(-8) 2,10(-8) 1,91(10) 1,85(10)
4s8p P, 0,05 0,05 2,72(-8) 2,72(-8) 2,52(10) 2,39(10)
5p5d P° 0,05 0,05 1,65(-10) 6,09(-10) 1,53(8) 5,37(8)
4s8p P, 0,05 0,05 6,29(-8) 6,33(-8) 5,82(10) 5,58(10)
5p5d *P° 0,05 0,05 2,77(-9) 2,94(-9) 2,57(9) 2,60(9)
4p9s *P°, 0,05 0,05 1,21(-7) 1,18(-7) 1,12(11) 1,04(11)
4p8s P, 0,05 0,05 6,41(-8) 6,69(-8) 5,94(10) 5,91(10)
4d8p *P°, 0,05 0,05 7,09(-10) 8,64(-10) 6,57(8) 7,63(8)
4s9p *P°, 0,05 0,05 6,83(-8) 7,03(-8) 6,33(10) 6,21(10)
4s9p P, 0,05 0,05 1,42(-7) 1,48(-7) 1,32(11) 1,30(11)
4p9s P, 0,05 0,05 1,35(-7) 1,39(-7) 1,26(11) 1,23(11)
4d9p *F°, 0,05 0,05 1,99(-10) 1,86(-10) 1,85(8) 1,65(8)
4d9p P, 0,05 0,05 4,41(-10) 4,43(-10) 4,10(8) 3,92(8)
5p6s P’ 0,05 0,05 1,63(-8) 1,67(-8) 1,52(10) 1,48(10)
2p3d °P% 0,06 0,06 7,24(-9) 7,69(-9) 5,04(9) 5,09(9)
5s6p P’ 0,05 0,05 1,33(-8) 1,35(-8) 1,24(10) 1,20(10)
5s6p ‘P’ 0,05 0,05 2,02(-8) 2,05(-8) 1,89(10) 1,83(10)
5p6s ‘P’ 0,05 0,05 3,16(-8) 3,20(-8) 2,96(10) 2,85(10)
5d6p P’ 0,05 0,05 3,92(-9) 4,12(-9) 3,67(9) 3,67(9)
5d6p ‘P’ 0,05 0,05 2,16(-9) 2,22(-9) 2,02(9) 1,98(9)
5p7s P’ 0,05 0,05 1,75(-8) 1,68(-8) 1,64(10) 1,51(10)
5s7p P’ 0,05 0,05 1,10(-8) 1,08(-8) 1,04(10) 9,76(9)
5s7p 'P°; 0,05 0,05 2,25(-8) 2,31(-8) 2,12(10) 2,08(10)
5p7s ‘P’ 0,05 0,05 2,72(-8) 2,79(-8) 2,56(10) 2,50(10)
5d7p *P° 0,05 0,05 1,21(-9) 1,14(-9) 1,14(9) 1,02(9)
5d7p P° 0,05 0,05 1,13(-9) 1,17(-9) 1,06(9) 1,05(9)
5p8s P’ 0,05 0,05 2,00(-8) 2,07(-8) 1,89(10) 1,87(10)

5s8p P, 0,05 0,05 1,25(-8) 1,25(-8) 1,18(10) 1,13(10)



Tablo 3.4. (Devami)

. . Dalga Boyu (A) gf-degeri
UstSeviye  —(mor7-92) Np®* (z=93) U™ (7=92) Np°® (Z=93) U™ (7=92) Np°® (Z=93)
6s6p P° 0,05 0,05 2,18(-9) 1,30(-9) 2,07(9) 1,17(9)
5s8p P, 0,05 0,05 3,63(-8) 3,74(-8) 3,44(10) 3,37(10)
5p8s P, 0,05 0,05 6,77(-9) 6,56(-9) 6,41(9) 5,91(9)
6s6p P 0,05 0,05 4,54(-8) 4,70(-8) 4,30(10) 4,24(10)
5d8p F°; 0,05 0,05 9,28(-10) 9,99(-10) 8,79(8) 9,02(8)
5d8p P°; 0,05 0,05 9,99(-10) 9,75(-10) 9,47(8) 8,80(8)
5p9s P, 0,05 0,05 3,12(-8) 3,08(-8) 2,96(10) 2,78(10)
5s9p P, 0,05 0,05 2,67(-8) 2,71(-8) 2,53(10) 2,45(10)
5s9p P, 0,05 0,05 5,49(-8) 5,70(-8) 5,21(10) 5,16(10)
5p9s P 0,05 0,05 5,74(-8) 6,04(-8) 5,45(10) 5,47(10)
5d9p F°; 0,05 0,05 5,86(-10) 6,02(-10) 5,57(8) 5,45(8)
5d9p P° 0,05 0,05 9,52(-10) 1,06(-9) 9,05(8) 9,65(8)
6p7s P 0,05 0,05 8,36(-9) 8,86(-9) 7,97(9) 8,04(9)
6s7p P 0,05 0,05 6,37(-9) 6,71(-9) 6,07(9) 6,09(9)
6s7p P 0,05 0,05 1,08(-8) 1,14(-8) 1,03(10) 1,04(10)
6p7s P, 0,05 0,05 2,59(-8) 2,71(-8) 2,47(10) 2,47(10)
6p8s P, 0,05 0,05 9,61(-9) 8,90(-9) 9,20(9) 8,12(9)
2p3d ", 0,06 0,06 7,24(-9) 7,69(-9) 5,04(9) 5,09(9)
6s8p P, 0,05 0,05 7,41(-9) 6,58(-9) 7,10(9) 6,00(9)
6s8p P 0,05 0,05 1,82(-8) 1,73(-8) 1,74(10) 1,57(10)
6p8s P 0,05 0,05 2,26(-8) 2,31(-8) 2,16(10) 2,11(10)
7s7p P, 0,05 0,05 4,87(-9) 5,18(-9) 4,68(9) 4,74(9)
7s7p P 0,05 0,05 1,36(-8) 1,45(-8) 1,31(10) 1,32(10)
6p9s *P°; 0,05 0,05 9,80(-9) 1,07(-8) 9,41(9) 9,86(9)
6s9p *P° 0,05 0,05 1,98(-8) 2,21(-8) 1,91(10) 2,03(10)
6s9p P° 0,05 0,05 4,03(-8) 4,46(-8) 3,87(10) 4,08(10)
6p9s P°; 0,05 0,05 4,03(-8) 4,30(-8) 3,87(10) 3,94(10)
7p8s P, 0,05 0,05 4,24(-9) 4,99(-9) 4,09(9) 4,58(9)
7s8p P, 0,05 0,05 4,98(-9) 5,60(-9) 4,80(9) 5,15(9)
7s8p P, 0,05 0,05 8,77(-9) 9,75(-9) 8,46(9) 8,96(9)
7p8s P, 0,05 0,05 2,46(-8) 2,82(-8) 2,38(10) 2,59(10)
7p9s P, 0,05 0,05 6,21(-10) 5,80(-10) 6,01(8) 5,34(8)



Tablo 3.4. (Devami)

Ust Sevive Dalga Boyu (A) gf-degeri A (sh
y U™ (z=92) Np°™* (z=93) U (z=92) Np°~ (z=93) U (z=92) Np°F (z=93)
6s6p P, 0,05 0,05 2,18(-9) 1,30(-9) 2,07(9) 1,17(9)
7s9p P°, 0,05 0,05 1,76(-8) 1,71(-8) 1,71(10) 1,57(10)
7s9p P 0,05 0,05 2,66(-8) 2,59(-8) 2,58(10) 2,39(10)
7p9s P, 0,05 0,05 3,50(-8) 3,35(-8) 3,39(10) 3,08(10)
8s8p P, 0,05 0,05 4,66(-9) 5,09(-9) 4,52(9) 4,70(9)
8s8p P’ 0,05 0,05 1,90(-8) 2,06(-8) 1,84(10) 1,90(10)
8p9s P, 0,05 0,05 7,60(-9) 7,65(-9) 7,38(9) 7,08(9)
8s9p P, 0,05 0,05 1,25(-8) 1,19(-8) 1,22(10) 1,10(10)
8s9p P’ 0,05 0,05 2,80(-10) 3,26(-10) 2,72(8) 3,01(8)

8p9s 'P°; 0,05 0,05 1,39(-8) 1,32(-8) 1,35(10) 1,22(10)




3.3. Tartisma

Helyum benzeri ilk bgaktinit atomunun seviye yapilarini belirlemek igepilan bu
calismada enerjilerin yani sira E1 ggderi icin dalga boyu, @rlikli salinicisiddetleri
ve gecs olasiliklar hesaplanmi Ulasilabilir kaynaklarda yalnizca alti seviye (1s2s
33, 1Sy, 1s2p3P% 15 P%), dort geg (1s2p3PP12 P - 1€ 'Sy icin deserler
mevcuttur. Dger calsma sonugclari ile yapilan kalastirmada, elde edilen sonuglarin
cok az sayidaki deneysel ve teorik galalarla cok uyumlu oldtu Z'nin azalan

degeri icin uyumun daha da agtigozlenmgtir.

Kaynaklara ilk defa gececek olangdr verilerin, bundan sonraki cghalar icin

faydall olacgl disiincesindeyiz.
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