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ABSTRACT

In order for superconducting materials to be used in technologyinipisrtant that they

have a high critical current density. Many studies have been carried out on increasing the
critical current density in superconducting materials. In these studies, raanti@inial

pinning centers were formed by adding partial displacements, adding effects -or non
superconducting secondary structures of rare earth elements to increase the critical current
density. Studies have shown that the creatioartficial pinning centers ishe important
parameter for increasing the critical current density. In this study, YBCO tapes were
prepared using sajel and dip coating technigsieThe Ni5 %W t apes of 75 &m
were coated with (Gd0,9H00,1)203 buffer layeand characterized. TheiyBCO
superconductor layer was coated and characterized on the buffer layer. Regular defects were
formed on the YBCO thin films with AR and psUV lasers to determine which laser is
suitableto defect formationRegular pulse, line, and circular defswere created with the

psUV laser to check that the deformations created could nottifieial pinning centers

andbr where they could béagnetization measurements of defective samples were taken
between & T. Jc valueswere calculated from thabtained MH cycles. The most important
difference between the work presented and the studies in the literature is the detailed
examination of the lasarontrolled artificial pinning centers on the superconducting surface.
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SKMGELER VE KI SALTMALAR

Bualékmada Eumbahet mévke kéesaltmal ar , a- ekl

sunul muktur .

Simgeler A-ékl amal ar
Frekans
H Dé manyetik alan
Hc .LTip s¢periletkenlerde kritik
Hci I.LTi p s¢periletkenl erde alt kr
Hc2 I.LTi p s¢periletkenl erde ¢st kr
I Ak ém
Jc Kriti¥ojakeimuij u
K Kelvin
M Manyetizasyon
T Secakl ék
Tc Kritik sécakl ek
o Sézdnar i nl i J i
3 EK uyum wuzunl uju
e Enerji
C Manyeti k al énganl ek
Késaltmal ar A-ékl amal ar
BCS BardeenrCooperSchrieffer eorisi
CSD Ki myasal -%zel ti biriktirme
EDS Enerji dajéel em spektroskopi si
HTS Y¢ksek sécakl ek segperiletkenl
LTS D¢kek sécakl ek seperil etkenl e
PIT Powder in tube
PVD Fiziksel buhar biriktirme
SEM Taramal & el ektron mikroskobu

XRD X ékéné kéréneémé



1. GK RK k

Malzemelem s & czaokrl, é kbea slewnn| ariarn efkankit led d e ki et kil €
f ar‘kzlesg? s ke mel @rin ¢ kK ¢ m¢ €oH aazrlaakr éand | da°nndéekr ¢enh¢ n d
t emel etkenler sécakléeék ve basén-teér. Bu p
gelebilir. Ferroelektrikparaelektr k (el ektri ksel Ppaamanydtile r ) f
(manyetik ge-i Kher mal isl¢éeptekreinleitkk e @i i et kenl i
martensite (yaheas @jar (pkeg-ei-ki)kelrg)e 4 vt erdi° n ¢ K ¢ m

te¢erl erinden bazél aréedéer .

20. yézyeél bakl ar énda d¢ K¢k sécakl ek fizi]
S¢peeinl ekk kavrame Sgpéeayhbhetlekmléikk ek aAlusundak
y € | &Hn Kamerlingh Onnedéin, 42 Kdale, cévanéen &elektriksel di
ol dujunu ghb,a! mMmBesébul uktan sonra yapélan ar ack
bilekijin s¢periletkenli] &pee-iiletkéohbhk] ehk
sonrg 1933 yeél éndachsavrefi slsch e s ¢ pneizaGenenmdoyetk aléni r
etkisindcaeakkejeink asé&émangejf ukulad @ajnuarakaz gi | er
diamanyetik® z el | 1 kinidWQdslarEBr Bm j] genel t ané mgkyttkka s¢pe
s é ¢ dTk)lvekiitik manyetikalanHc)d ej er bét Enda, mal zemel er i n
dékarl ayép, séefér el ekMarlizkesneel| eddeens-¢spg? st
s¢e¢rder ¢l ebsdoreeksliek krkrtiikkir kt mangkemkyal anl ugu
.- paramet.r eKyrei thiakjnllackdgama [y d ¢ meni n di tbierm- g° st
al antéeankdéay abi | eceJ i noerkBae parameatiel@eR eernangi bitkriskd e e

dejinmg zerine -ékarsa mal zeme nor mal il et ken

1986 yeéeléna kadar nkaekge-med esg @eca Kla8Cm@3 ek iy
bileki Ji nde ge30Kk tsa@&lkiak-Be&@u®mby élekYjinde ge-i K
92 K bulunmaseée, s¢periletkenli k konusunda d
ge-i K snelbOakl le& jeé rdeseldnasr, d W ¢ kk Is@lkc as ¢peri |l et kenl e
ye ksek sécakl ek s¢periletkenl eri (HTS) ol ar a
yapél maseéna néerth eaksineo HiT@erin s LISl yum yeri ne S €\
sécakl ] éndal rka budmateinélemebolah ilgiyi ve teknolojik uygulama

potansiyeline k onomi k y°nden arteéerdéeé
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Géengmegzde ©°zelli kle sajlek sekt°r¢gnde LTS
geré¢nt gl eme sistemlehel wywamdielr e réadjSouamall mgegne&in,
fiziksel vV e manyetjkolPazyel l k kéreebinli inr lyiakn é v e
nedeniyle teknol oj i de Kk enaldemelaseliT®malzenelere b ul ma k
oranladahy ¢ k sek akém takéma kapmesk armamnme&k skaihn pkr
yapéyalervy@higpteitn ml er i daha ¢zroertdiummi. iHTISn nbail rz-e
geliktirilmekte ve kullan®bhpei anrbujiahbheéckmalk
ticaril eken s¢petelvelae tkkeen t mehlad @ malleergr et i | me k t
Bilim insanl ar e, si¢lpeetrii th ek ektelna nrieanrédzadem édmesrki n -
cretim maliyetdi d¢keéek ve daha yeé¢ksek kritik

cret meyi ama-|l amaktadeéerl ar .

HT SO lkerkifn nden i tibaren bi(BSCOQ)v e ay iétkrmay wm ptéd
mal zemel er (YBCO) ¢zerimure -yol unadlakieé maxs &m

nedeni , yéeksek krigidirkrapleémnt dké mal emamas atr e
tekni kl er i geliktirilerek hem s¢periletkenl
mal i yetinin d¢gkegr ¢l mesi ama-|l anmaktadeéer .

S¢peri lmarkeetliek al andaki davranéxl aréna g°r

ayrlal elr. Tip s¢pekrriilteitkkeeap ek b atlkg @mgk manyet i k
al anl ar da bozul abidndi¢,syapglear éuygul amal ar a
s¢periliselckveHildoeé mak ¢zere, i ki kritikTmanyet.i|
se per i | etckveldketik damyettHalard e er | eryi¢ zagyadse2 nadkaé gi r o
ol ukmakuturam® | bgusm Imanyatile alan malzemeygirmektadir. Normal ve

s¢é¢peril et ken bfazangalr ek é kdeschndmmabuedi mda Kar éxk
malzemeuygul anan dégsmakyeti lkdajamyieni kgad iamcey

s¢periletkenl i k °2zelliJini s¢rdegrmektedir .

Kristal yapedaki k udirwrel agri,r dagiprl daa pglna rieanr erkesrt k
Hareketi engellenen yanii vi | enen girdapl ar, akemla daha
ge-enémkaem acaj é Bykbaijl aned éée«gmk .y-agigdir m&lk v e
toprak elementlerininya i - i nde késweyaeg pefiilketkkend iol m
yapé i-elhededajp®ltenaepay -ivil emelonmeartkadz | er i

saj |l an#exaEal an -al ekxmal ar , -ivil eme mer k e :
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yojunl ajuepueP madépaia-ment re ol duj u[fBlu g°ster mek

S¢per imadtzkeere |l erin teknol oj ¢ddee] eyreirn eb ud artaispe a
° ne mlKorylarilgilili t er at ¢r jgnécnee ne¢gnzdel jki anddeer pek - ok
ve mi kro yapel ar én, -1 vil eme drehikle zelouioll chirjaik
- al é kamaMl rair tgji okj uankl éart @@ @m ¢ | fb:14.tBaur - alda,k ma k & &
cretim tekarkadaekeéedawd raol s yap oy ar akkezlere me me
ol ukturul mak uk$ ue nimia Rt ibkerpd raerkezlgrakpstay a p @de/ii - i n

rastgeledj él em g°stermektedir.

Mikroboyutta mal zeme 1 kKl eimggl i wmigimkiclnmé&£i wine | ag
ar al emakzemé kesme gibi makro boylita Kk | eml er i n yanénda, ato
kopar ma veya ahouboyuttkr im | egndleir ymap el abi | mesi
kel enmékt ér. edaktenl earekemnr eamlkd e , t e ksahip,az | e,
daj el makpanrwvwé edilebilen dkg&arelndril &,usmal od m«

meé¢ mke¢ender

Genegmaszperiletkmgr el memal eyetl erinin yg¢kse
mal zemel erin kull aném al anl ar éne sénérl and
mal i yetlerin d¢gker gl mesi ama-|l anmaktadeéer .

Bu -al ékmada, YBCO s¢ipontilgpetrilednireae dkgeirtly
oranla daha ag r et i m oma soljgfe ¢ i dal dér ma tke kgqrigtii |kmelyle
-alexBCOe keri tjlmirkrepz elrd ynutet a kontroll ¢ Kus.
kusurl ar én Ki mdiye kaddanmaysaéb anvega ayeml aregr
ol ukturulan rastgele =-ivildgéerae amark €z léd rdieni 1
kontroll ¢ kKekilde olkikittuirkul alkmérkupgajrdmul bj°d ge&

incelendi.






2. KURAMSAL TEMELLER

2. 1lpeSigl etkenlijin Ta

200y ¢zy el

°czdiren-

roi

h-esi

hagklo&kr &redca k1 é Kk °fniezr g ii Gaknatremdsrin n d a
dejerl eri nama rksbeeceaekE ré.] a1l 9oiadjindhy € | 0é nadr e

Onne® i, 42 Ka e , cévada diren- himheeéey hpakenikef &r o]

kavr amé orttéeayndanBso@domeé k ok el ementld¢ chejveer | Birli e

bulumu Kk tGy,m.;, m¢ ze kadar ykRpetak satekmblkagdper |

el ement vtei zbe |ladeseril@ektbslir.

¢i zel.dle S¢periletkenlije ge-ik séecakl ékl ar &
[19]

Malzeme Tc(K) Yéel

Hg 4,1 1911

Pb 7,2 1913

Nb 9,2 1930

NbNo,06 15,2 1950

NbsSn 18,1 1954

NbsAl 3.Ges 20i 21 1966

NbsGa 20,3 1971

NbsGe 23,2 1973

BaxLasi xCusOy 30i 35 1986

LapdBa 1 Cu( 1 GPa basén-ta) 52 1986

YBa,CusOy 95 1987

Bi>SrCaCu010 110 1988

TI2Ba:CaCu:O10 125 1988

TI-BaCaCwOw ( 7 GPa basén-ta) 131 1993

HgB&CaCusOs 133 1993

HgBaCaCwOs( 25 GPa basén-ta) |155 1993

Hgo,sPhy,.Ba:CaCusOx 133 1994

HgBaCaCwOs(3 0 GPa basén-ta) 164 1994

MgB: 39 2001

LaFeAs 26 2008

SmFeAs 55 2009

1933 yéléenda Mei,sgperi vet Ocrlseegudfcexiadhd jag B €1 k

g° z | een[BekdeikRil(a)d a

nor mal dur umd a ol

up,

g°r ¢l dyeyadtdgeijbeir,i nTi n

déKk

iczerinde

manyetiKk al an -
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Seperidertkmaa ( keldiéglk 2nah etebiyekalzadeasnzeyi nde deé
manyetk al ané dealgigliegggcakémé ol ukmakt a, dék
itiimekte vemalzeme - i nde maméded makk taal daenr . S¢perui | et ken

di amanyeti k C°tkiseolatakald | Menid€g.red mae&k t ad é

(@) (b)

T>Tcveya H¥Hc T<Tcve H<Hc

kekRilS¢peril et ken maMeizseanakisier de g°r ¢l en

1935 yeléenda London kardexkxl er Meiss.Ber etki
teori il e ,masgypedmialkl zeetlnkeesnre@ n i ne ne kala[dd. gi r ebi

1950 yeéelénda Ginzbur g wikulldnaraksdl@amuer iLloemtdloean da wunl
sonuve®ihin ¢(zerinde séfér olan d¢zen parametr
s¢periletken elektronlarén ort aslgpma idaeltdkanf
makroskobilolaraka - € k I[E/]dAeyl naét eyoérli k ol araktEdp Kg®hlkeisch:
ge-i K sécakrnéepPpagdm Hzeevecocpjetkisi ol arak adl ¢
ol arak ayneée[l9,20. &KZolteml endi si , -fsognpoenr ieltekti ki eerxl

mekanizmasé i-in destek sajlaméxkteér.

S¢peri | wdrikadammka § @ k lia-myagkp €1 an - al élkOnda7zl ay é | seonndua
Bardeen, Cooper ve Schifert ar af éndan, s¢c¢parielke mmaglab hi n d
el ekt r otlenlerekrhareket t+ it fi | i nBCS tearigidrtaye konuldu Bu teoriyle;

el ektron fonon eteklielketkriomi( Csalmn e daliktednficketi g k

ve s¢per akéemlarén ortaya -ékmasé, bunun ya
araseéendaki e ne[21j22]. g9 5 X iy al- é&rod denkienderipder d Lor

-iftl enen el ekt r ondkaruwamlda § &nadvar kdi memed@td e ol at



1957 vyise Aléxei dAbrikosov,s¢, p e r | mazerkeeenmu y gul anan dék ma
alandaki @&daad@fleal ar én

S¢peril etkenl er uygul an dame ndaé kgtip weslntip elarak k al an
ikigruba aTirpl®¢gperli.l eéldMedpkBke]j @k plel Tpahi pti
sé¢peril etkenkemanyeti k alan dejerinin alteén
mal zeme s¢pecdéeekieni mkgner Hnde nfaklezkeinhe 2n o2r
@).11 . Tip s psorsdk Jeeke§ egahigirevek e KRi2I(b)deg®r ¢ d¢J ¢
gibi Hc1 ve Heool mak ¢ z ermea niykeit i kr iatliakn Uggpuéranhani dee
manyetik alanHci1d e J e r i nyken maldemmed nar dirl Uygulknamd émanyetik

alan,Hcive Hecd e ] er | e ryken malzenee npar i | sed keerni lveet ken ol
bel gel er i -erir fakat s¢peril et kendhenk ©zel |
normal faz i-eren bu dur makt bDgaaanaenknyalikui r um o
alanHcod e ] er i n iise mgzemes,onrdnea | hal e d°ner.

H 4 Ha

Normal durum

Normal durum

{ N LIS NAMder@ni (\Sy

R y
Tc VT Tc VT
(a) (b)
k e R2.D é kanyrtikalanded avr anékéna g°reap¢lperTilptkemen
(b)) 1l .eken p s¢peril

Karékék durcuveddadeijyamni dMr asénmdandék gma myneatei
malzemedek e k i (a)@&g9.°3r ¢ d¢j ¢ gi bi, har e k eMetkezi ak & gi
nor mal bel gel er ol an bu girdapl ar dék many
ol makBadggirr dapnlyaert idké kalmnl a ve dijer girdapl
2.3. (b)) ve (c)b6de girdabehagezegr kkemekt abar
alan girdabén merkezinde maksi mum ol up mer

Uygul anmmamyecé&k k alan artteék-a olukan girdap
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arttéjéndan ve girdaplar hareketli ol dujund

manyetik alanildlod ej er i nden fazl a ol dujunda, mal zeme

N4\
i
g

kekilagDBE k3 .manyeti kl.tpsapeet ko hglhddega&éddapl!l ar
Gi rdabyginzey lgegjlch@ mgdabeéen yag® ryinzéenye kesit

S¢peril etkenl i k konus un gla9 8ybagpyed laeha rd eqnee-yiske | s é
23 Ka e n yé¢ksek s¢peril et ken bonad goerucwe olarad d e e (
s¢periletkenlijin 30 K ile séné@nlbBaCoOduj u d
bil ekkrjiitnidke s e c a k | lEfrlénesi-30@kkk&t- e k cthw ik duanim k €és a s ¢
sonraYBaxCwsOzbi | exki J i nde n@®2K- iokl dsug cuakkbjaeBAeded i K

sécakldjne ¢detelrim mal zeme)l esé&wné bluée luynummaas éor anl ¢
kolaye |l de edi | e bs djewnt nsaé vseiksatlzdoralmerrai ni digko@am,é d oj u

s¢peri |l et kaenilligki kaorntunséuknt € r .

Sraddpl8Bayél eBrI-6aCh-@ gistemiddas ¢ pleertik enl i k ge-i1 kK sé
KveTl-BaCaCu-O si st emi nd el25Kelarakibouradg28-8C% 1963y € | é nd a

HgBaCaCuO si stemietdkeslpprn bulow®mmasd ghadme 20 n |
ge-i K s &-BaCECu®] ési g emi nde y¢ksek basén- al t
edi | @BLBZLBU bilexkiklerin hepsi oksit bilexkikl

2001 yeéeléndd ¢X8B8KK &l mmés ahkpyé&jkastgehejnkr i wlan sahi p
MgBbi l ekiJinin s¢peaf uhef3BkBuwibikl @wiejfliln Jiyil ek

kull aném al anénén geni kKl et i | nBédesise Fet-aibna np ek -

bil ekiklerde de s¢peril[3#tkenli k °zelli]i g° .
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Mal zemel erde sgpegrn d ledaTidn veelsgparametre er i ne bajl

ol dujundan, ku i pakamdetreeller,i n alténfdza bul urt
devam =eder. Her hangi birinde meydana gel ¢
etkil emektedir. Bu nedenle s¢periletken mal
i -in sadece -al ékacajée sécaklek dejil ayne

younl uj u da g°z Yrapred amal & rarhigélk eand & ra.sdhiphkelne r e
mal zemel erin bul unmasé, hem de uygul amal ar c

cretim maliyetinin de¢egkerél mesi y°n¢égndedi r .

2.2. AbrikosovGirdap Yapeeg & vi | Menkneeni z mas é

Alexei Abrikosov,ll. tips ¢ per i |l et kenl erin uygulanan deék n

a- ékyaaalaékmeéek, yapmé&kmal dljeu 2003 yg35€enda No

Homoj en Kusursuz cibinr ¢aoeparmidded rmenmnyyegtdll kand é]j
manyeti k alanén mal zemeye gi kekBddeményeskaj | ay a

al an etkisinde olukan girdap g°r ¢l mektedir.

A -‘\\__z—‘—
M /7
ns \\ II
— JeT—— 2V
\ ]
\ [}
\ ]
N J
\\ ,I >
A P s 4
/ AN
B / \
) N—— <
/ AN 2
/ \,
,/, \\\
’
-~ \\‘~ >
>

kelkkRdADé k man yeettkiiks iayllaeb éon uykaapné sgé r d a

Olukan gird&wlopreen -ydnté eapé araséndaki uzakl
ekKittir ve s¢perelektron ol ag giklap mekezned ér €1 2
gidildi k-e azal maktadeéer. Manyeti k alan (B),
merkezindefnrdéebatérl i Mhirilse zaat ateerkbilrddiadki 4

-evred®wanae rdap akémlar é, komku girdapl ar t e
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et kil eki me gigrierdap3oanru-aroalsarnadka, kar kel ekl & i
et kil exki m nie-deernnileyyliegn Is ¢ mekigirdadpkartuygelanamanyetik

alan etkisyle periyodikolarak diziirBu ©°r g¢, Abri kosov girdap °r
ve hk zagonal Gyjapédgadkaf.es parametresi ol ar ak
mesafau ygul anan dék manyeti k al anén genelidklbet i ne
10’'mdendahaatéBi.r ka- mal zemede, girdap kafesinin

anizotropi nedeniyle kare ol duju bilinmekte:

Yapél an -al ékmalarl a Abri kosov nyiapB&42E bir - o
kekideuy2g.udl anan dék amd magtiyk cha | aahpad krnamk tgailradr € n
ar t 2XKede VS i °rnejinden al énan taramal é t¢ine
belr gi n bir «kekikedkei (a-&ragdamedkftdeagnitlblendas énda
dék manyeti k almamyey gkl and deajéean daar,t mawéeyl a g1
aral aréendaki me s a f e rkekih2.54ey dehellizagormal igrrd g g mekdg &<
geré¢negr ken, manyeti k én aéssé&Emgn € ar tamastegyjléa veoei r

mesafenin azalarakgkzagona? r g¢y¢ neredeyse karetye -evird

ke RbR3KADeV:Si ©°rnejinden al@@d&er 85TMdgZeyntdpser
il et kenl i k ldaprkafesga®l ra¢r nétlepdhpddygulgriam manyetik
alanen bir fioilgeiryoade | elrar ak

S¢periletken mal zeme ¢zerinden manyeti k al a
Lorentz kuvveti etki edet Ak éml a girdapl ar areasyampadka (

el ektri ksel diren- ol ukur ve bu dirence baj
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dir,gapénén s¢periletkenli k °Hied l kpsarni kaym
bir s @gmarei |l-eotkk Kk ¢ - ¢ kle dirdaplar lsakeléeetmedethilenpkeedidd] y
Ancak yapé i-inde bulunan Kkusurlar olukan

engellemektedir.

kekida2g86r ¢l -di¢gggi sgelbi (¢ msndelkiumsluir)l,ard ¢vzel yea
deki kl er poktualngaruum s¢peril etken ol npkssahn  nan«
y a plkekdisut arMearmryeti Kk alan uygul andéjénda bu kus

olur ve girdaplarén hareketini engel |l er.

. P < Yidi ~
41 1St GATANIT € Sy BT L SYRS 81yt SYRANAC VSUAGE LINNNT € & NA
‘ APYPNI SN YSE SN ¢S Oty /a'PY'P’\bIelksé‘hﬁde taneler

B oy

gé;‘ Q_% " oksen

e aa | X m— —
| — |
! b L 26¢ dz
Noktasal 5NI £ SYa S fUyumsuz 5N L&Y
kusurlar kusurlar kaymalar »LPG FIET| ol f3

RPSPYRE g _
31yt Sy RANIPYEP NI | INP
YAS GFySt SN

kelk6. S¢gperiletken fiklumugzanriéemeea ddeumadn ky gp &

Kusur |l ar atraerkaeftéindeanngehl | enen yani -ivilenen g
kuvvetinden (F) b ¢y ¢ k L or edciBruygkuul vavnentais é( E§ e e lgiim d a p |
hareket. e n glektrdnlargi rdapl asrglpeerdaha az et kil ek
daha y¢ksek akém yojunlujuna sahip ol acakt et
girdap °rg¢se¢ yerine ake yojunluju deji ki mi
Girdapl drjignadedmpinar én hareketinden kaynakl a
akém yojunl uju ad°tnagg.esninahyet iveakywdrcé manye
nedenle kritik akéem yojunluju ile s¢gperilet

v

- il emezma&k@a dojrudan al akal eder .
. Ti p s¢peril etkenl erde kritik akém vyojunl
belirlendijindendcdeluwsur -k&ntdraohla;, vi¢lkessek ol a

mal zemel er deki gi bi yé¢zeyden dejil mal z e me
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s¢peril etkendeki kushw. . cENgEIr ¢naesbéll idevreye g

n 6 0 OAUA- 0 (2.1)

Her hangiéalkiérk éakéeema ak@en i uad é judgelmekiddr. [Bar Kk é |

Tip s¢periletkende, direntisde mhémemadgegeeyp
Kar ékék durumdaki I t i p sgyqaelarla madzémeyen d e 0 ¢
girdi J i e dbeu vgiyr¢dzaepyl agreagfné hEmj unda deji kim ol du]j
kar kel ak malgbgunca akabilirKk e mer suz bir s¢periletkend

°rg¢se¢meé dausgginpamp yojunlukuondmadehgkedaphbhuo
-1 vi lkeuyseur | ardéer . eKkuswyagondwytul ave girdabén
kar Kk éalbaikltiérr éoll duj ydlda daha et kil idir

2.3. Bean Modeli

Kusur i -letmpyesggperiletkenl eaygulanantfaamye tgi°k e° ze
b°l gedenkekli7zide W2rtip s ¢ pé et ken i mangetizasyopeijk i bBi r
gP ¢l mektedir.

Uygulanan alan )

Hey He He2
7 7

Y | NR@® |
{ NLISNR f i

durum \11 Kl.ormaldurum

kekRi7l I . Ti p segaitmanyelizasyorgni er

Il. tip s¢per &€ HaG k e m Intaénnydeat i k alandayvgahama ejléen
S ¢ p ekreinlient aMalzeansMeidsaar etkisine sahipwre akée -1 zgil erini
B=006dér. Uygul anHaid nd gez emalmpejt & agowdapsléegl av
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aké - imadizleameiye meyktuzbaoeélr mal zsémeédekde] Bl di
manyetizasyofM) azaE Uy gul anan d é kKci<dHAaHwp ¢ tdiu Kguarldmsanp | ar én
sayeéesamazme eaki, dapérdmpbbaamne araséndaki kar kel
alanén be¢gyekl ¢ ¢ i1 r d@d & k U ecadyied , dvodfl r Alb rairkt ot sé
girdaplarb i r bi r i ne yrilketkendeBG@ir n ver tsglpamatir. Hedire r i ni y
¢ S t ¢mattememeredeysenanyetik olmayan normal haldedir

Kusur llitpeagaeear i | sekkranli ekt eaegk *imn mez mEkmay entaikle k° z €
mekani z malA& g F + e gnaltemeyenngifnu z eetsinmeez nnanyetik

davranéka¥mneejememntbamagnett e, her atom, d°ng,
Her atom ayné spini@ddagaketdef élndiajni, dielkii | rda |

spinler szerindenblrgadd @imhaasr € i goktean mae di ¢ onkrl aw
g°st amety d zmkyé mé¥rakedrli,anné i | e - arna@étlemomeng zey ak
(m) belirler. Manyetizasyon (M)b i r i m h a d ¢ rneabyatik @momenti r . 2.8 e ki |
(b)ade malzemey ¢ zeyi wlarak i lkal ané 8y pat ekhearnikesitnn

g°r ¢l meketnegta @y i ngekiunlaHdjeas ek it ol mal akdé r . B
- 1 z gki el egsenine paralel alak malzemeyairer.

Atomikspin . N1 Sa t 1 P Y @irdaplar Diamanyetiki N LIS NJ

keki |Ak2Z. 8-.1i zgi |l er i ni (a) Feremaayetik knalzgries (b)e tipi mi
s¢éper idblet ken

Ak eé -1 zkguisluerrlianrirme h 2 émagéyhgfuz et mew-Buy bir a
nedenleb © | gegisred a p farkmanyetixt mélzemedelgibi iptal o | ma girdgp ,

yojunl uj unsonucuthay i Kb ki ark car ugyusctue raBd eem@émo | uk ur
y°ng, my qqu laanraa kar K éé ppalr z anmoanreinit  iy-arlka@é@ s méné e

koruma k tiernsn yEjnar dddBdydx ,ak@r sa, akéegiéndapkané:
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hareket ettirerell nde ki akleémeeinnel ve azkd meedddaral uj unu
Bu s¢re- | s @lflyeec ee kd B/ daxl, d u@iuvnidlae neu Lowentzkweez | e r
kuvvetini dengelerUy gul anan al abar| @gg ajku i aijdjlmewm mi
kKeklinde meegalkaén ay ogjeudnrelnuj ¢lcd Ye ] ik istry rrigdam u O u
model inin te[@ed8ini olukturur

Beanmanyeti zasyon ejrilerininetremekmenkeizk i § k &@m
yojunl uj uryabilmeh e saml abasit bibimodeampigreil k Kkt i rnm
Manyetizasyon, akée girdaplarénén hem hareke
bilgi sajlayan ve s¢periletkenlerin en -o0k

Bean kritik durum modeling ° r en émk feu z Leotnndeosni denkl|l eml eri nde

d elj lineerdir. Ek olarak, dBix uygulananmanyetk al ana bajl é dejil d
sé¢peri |l et Kamamemigrf u%zr mejte i London model inin
vasétaséeyla ger-eklekmektedir. Bean model in
il erl emesi, d°ng¢ etkilerini ve dol Buwéseéeyl a
model , kusur i-eren I1. tip s¢periletkenloer

sezgisel muaikrt dglcelr dajl a

S¢peril et ken mialklegi eolare Tc,eHci ve H3Gkren f ar klilg;é ol ar
mal zemedeki kKusurl ar taraféendan kodptraokée edi
s ¢kleg me s | ve éseél aktivasyondan etkilenir. I
°czelli klemiyd&jrunli k] wmki | e k o mlanrBedn krigkddurtm r v e
modeli i | e a-[#kAOavzel | i kil e, t er mal et kil er vV e
s¢periletken teorisinde devrim yapmék ve U\

etkisiol mukt ur .

Konuyu anl amanén dijer vyolEx. he&verke) haciciselp ¢ z er
akéem yoj wnzluunjluunkd abak é na(F)leoimeaht akBvivge s el

otd ama manyeti k 60i algl jakkséi y-oinz gailsaonrép ot emdadguy | &8
n birim alan bakénko akké-tzggl beri sfgagadeér

y°n¢gng¢g belirten bir vekt©or ol arak al éner

0 0 B 0B i QF — 2.2
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Ek. dRivektor il i kkisi saj el kurltamaf Eakap
tanéemlanan d¢,dileE me adE k ddadivilensekudveteorl mak ¢ zer e,
aké yojunl uj-ui Jdmedrdteda R>F@ir. g Du h ameairo ] auknd@dom j u

a K a giglaplar hareketderve Lenz yavsodstéana ¢grlerte ritvVer . Sér
ejrisi, kritik bir akéema kadar séfér voltaj
-ubuju gibi gor ddm. hBimojeal mdamaWiesikidresj @ i
bozar [51]. Prati k wuygulc@mmal &rndeani yagkEsrmedke hlg né a , b
-al dahemd ar k1 & t ¢ r dledkniteork olarak belirlemmednemdeni r dapl ar é
kuvvetl K&kt i dekusurl amen denelggaE@ima&l adak
[48-52]. k e k i | &@a,X.ad]ééd, Igee nji invlolan kK e rmaryetik alan etkisinde

go°r ¢l mektedir . .mawsy>edt idku reuzneulnidiakt er skeal t égdad

(a) )

7 H
._//_;///
787 -M
£«
H H
1 B(x)
d 0 d
X
(c) (d)
: - M
+ Cd/J
H
B(x) ¥ —J.d/4
;, ’ [ J -J a2
+M :
H
0 d

kekilagH2 .®anyeti k al ané uygul anéandsogkuoi kil rjJ1
KerHtvei d0kgfmatekienan rmddelB ne gkeaee H
sézmal ar énén nkdeer idie)Kbarldépmk ImeE & il €€ z mal ar é
dej i j@pve,(cid e ki H deji kimiyle ol[#kan many
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Uygul anan manyet i k éalsaénz matl kair £i ylee aokléunx ayn° na k
go°r ¢l mektedir. Ampere yasaseénchdmujwegéeygd (9

0 — (2.3)

Ek. sd8] Bandkég ée-nidzag,i laeri MmMenttpepmamemduh ygkaz a&kder
s¢periletkenin hacminde aktéjeée i-1in, topl a
d°ngg¢ lrrnenkk nk enar éndan konumlarénén bir fonk
ManyetizasyorMdy i B (x) ¢zeri nBod dHI gjréentmekeé ikulnl avn

Ak é iyenemalpeenede M ()i n sonucu kK°yledir:

0 — Oh0 — (2.4)
Aké mal zeme i -erisinseMtamamen n¢gfuz etti]jin
0 —h0O — (2.5)
ke kl i ndediMhinlcEke @r 8nt él@®i obdlUj uhemek i -in
kull anélan manyeti k bir y°ntem ol dujunu or"
deneysel yapél andeér malguldaan méx yad taemdlaamr adea (&

azalteldejénda, y¢izaedagkRistRrejlidmij] i kagkibli 2 .e9
g°re ters akem akéké ,yedzewnrghé&rdandads;get p ki
manyetizasyotM= QJed / 4 , d exkeik atl amallaén g°r ¢l ece] | gi bi,
da azaltél maseé Manyetizasypd 2 ngi 6 ¢v kGdaabeadir K dol a
gesteril mektedir. Bununla birlikte, deneye
gerekir. An c anemli%lanb ¢t ¢ n HTS m&abirzaelmena&r daj éml €1 é&] ¢
baj ekml BlE® ygdkvmmHHnndad®o nge¢gsende bir zirve ol

ani zotr opi kangetizdsygd® mygrs,, uygul anan al anén y?©°

Teorik ve deneyselolargka p € | an -Y8BCCgiiriaS naalzeinaleri de dahil olmak
¢ Z etriec armalzeamelenny ¢ k akléem yojunl ukl aré takémaseée
kaydedi[58.mi ktir
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Literategr iMatsumotoy red iajrikmpddea,k & mé & kK naal [ tgleéeka i n e
Y20snano pagce&kc@kliade y° nlireafiningy g, e mmyk n¥BAGOk ol
daj eltampPde Kri t i k akém yoded#®d!| 0 vamruwm!|l €7 éda many
fonksiyonu ,0/IKOTE kR Kbt gaeyd e B¥egOIk,at kel & °rnej
JdejerinderbTdaklas &lelsiglzd & jrigieMA/cntikenk at kél & °rnefj
Jde] @FNMA/cnfde vy ¢ ks Blamikkat ibri.r -Sa&I0é karhd Il 2:0€ neozae r i r
adac &llpdrng ¥BCOdyua kap,3ageaydael et dMi 26denl 8 MA/ ¢
0,3 MAlcntdye vy ¢ k it [55md ka ve aYB@Q@Aakhae éfil m ol uk:
i - er i s izBaZrOB hadsiSelsMnOs ve SrTiO;, yapeéel aré ekl eme sur
mer kezl earak k roil tuikk uesldtignma r d ¢ B 9 2 Inn@ind lee[56&b9].r .
Goswami ve axEKBEa®biamee (fYi | minde yitriyum i |
Eu atomunun Kke&smi yer defkrkti ki bmesi ylog ual u
77K, 0 To @ 3 MA/cn?dden, 5 MA/Icm?’d e ] ey d knee |l t meyi 6Blakar mékl ar

Yapay -ivileme merkezlerinin olukturul maseéeé

kat kel anmasé veya farkle atomlar én byaazpee d ak i

bilim 1 nsaeéd ax ieknikielet deléok ledemrek, b u yapél ar én et |
araktermMmaksar dere. ar kadaxkl!l ar &, edllen ¥BCO i yonl a
filmlerde olukan - ukurdlegrerve ¢ra@samlddar teoede

-al ekxmal ar[6lyBgmé khmnkdeéakt he& LAOr i nBTO30 nm |
nano noktal ar Ko0 Tide dcw re fn e 4,80 Wa/cnfidén 8,42 MA/cnt

dej erkiammema-yée [BZikar dél ar

! leknizdedeyapay =-ivileme mer kezlyef undoaijjuakrt!|uerrairnaik
artérma konusunda -al ékmal ar2%2adéeyagpxsenma In
par a c e kdli af r¢éznysoéncuankul € 7 a incedehil € bwd & a &rkiétniekn a k e m
yojJ undeujjeurdteerrd @i amn®@ind le3]. &P nmezavkadakl!| are, ¢
NdBaCuwO ince filmlerde NdOs kontrol ¢ nano adac®¥bananéehdat kbrat
akem dajrdreirmjedk | ar dér

2.4 Y¢e¢ksek Secakl ék S¢gperiletkenl eri

S¢periletkenl i Jin k eTgahin 2720 e K gpar ana zuak amd!
s¢periletken magabhvameaeméunmyr SHBIKB ge&dienndaé dNbk
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23 Kbul unmag®wlral et ken ge-i K sécakl ekl ar énd
dekKenegl meat3g Kadd e 19 8B erziel | eld itkleerkdePk]f i eLd-BaCe-@

bil elkerfi i Tc d28Kéeni gizer i,man de ekkitiba d & ki kilkkr e s ah
s¢periletken ol mas éy anreadtdfdf ky®l 8T byyBhEleOdkae y e c a n
bilekijinde geéeéeeakmasakhh £¢le n®erc DOl aKko ISy rpek i |
bilinen yenima | z e me | draimkE & B e Kk & Bi&yTa@u-O ve TIBa-CaCu-O

bil eki k gr upbigrean dreizenpetxbe K f e # 28301 Kg¢per il et ken
mal ze mel ersiérc akd g éanad@dt - al ékma i hti malinin o
s¢periletken malzemelerin endg¢gstrivyel ve te

gi derek yaygénl akméexkt ér .

Bu bul ukl Iatipdsa,n es dmhizegndteeiktemel grubay r € | sah setal ve

met al al akélddKaalkt Eapgaaganimalzesae€ dDigkegke S@caahi
S¢peri | eltok8ebn | ye&liddondanbadakéaérbagleRirtplriditYk keskeekr d e
Sécakl ek S¢mplearidke takdelnd48daroél mékl ar deéer

1986 ygdreadand0kadgrerinde HTS mal zeme bul un
2223, YBCO ve MgB, gé - uygul &mal ane k| éiolmrgkpkabuli | et k e
edilmektedif66].Uy gul amal arbaz &S IvaeanTAns¢sgperil et kenl
°©zel ICii kled Geeserilthekt2dir.

¢Ci zelRgeUygul amal apgparkdblet kegd7Z@emin °zellikler
Malzeme Kristal Y g Anizotropi| Tc Hco & 3 Jo
(K) (4 K) nm | nm A cm'?
Nb47wt%Ti | Hacim merkezlk ¢ b i k - 9 12T 240 | 4 4x10° (5 T)
NbsSn Al5 k¢gbik - 18 27T 65 3 ~1C¢
MgB. P6/mmm hegzagonal 2127 39 15T 140 | 6,5 | ~1C°
YBCO Ortorombikk at manl & 7 92 >100T | 150 | 1,5 | ~10
Bi-2223 Tetragonal ~501100 | 108 | >100T | 150 |15 |~1C
¢i zelge 2.2 incelendi JLiTnSd ema |l ¢zreemeil neir dbaahsa tk o
sahifken,¢, r et i ml eri Hidéherzion kbéaamakék @JLHTSkri st a
mal zemel eri n, met alcidke jmali 7e me lyesrkes ek é yod srlaas €T
kull anéméné i -inHAS adretaojr osnebjilka nvaek ttaedt€ratg o n a l

veyaklaedkme el ement i1 -erebilirler ve katmanl é
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yapé nedeniylk,°geltl i Baugfthatderkokilerr.in ortak

oksit d¢zl emleri, sé¢peril etkenl i kten sorum
kristalografik biri0Od:cdzlceani, id-eqriikdesnz IBeamiatedek
el ektronnyoflkamttmuglu et mek i -in b¢gye¢k oranda Kk

d ¢ Kk gnekgetlir [65]. B u mal zemel erin dezavantaj é nemc

oksitl enmel eri ve d¢kegk mekani k °zell i kl eri
HTS mal zemel er °ncel ikl e -keokrmuey uce Yuv arniaalnz
deformaspn y°nteml ePowdeeren Pubhe) y°ntemi Il e

tell er ol]-aokaknagiretyialpiepda uygul anfeicaribedankbul a
tellerl. NesiiHTSo | ar ak ad| aRiTdyérnétlemma kntdaedné r-butkarya ar k1 €
da - °zel ttekniker ek lat mgmeé €i liernd exe kb bi r olami mar i y.
Ker isd A NsilHTSol ar ak adl andeéer él maktadeéer .

Geneg mkud énaHhTeS as ¢ p e tBSCE@Q, XBEQLUTEs ¢ per i |NbSnkenl er
ve Nb47wt%Tive MgBtn i n yekip2€l@de ker i | mi ktir .

2YSz  CeO,or Y,0,

: 4
i T 1 B
: i i |

€

—

e

keRi1IATi c ars d e«reimblzmdtiean a p (&) Ne47wit%Ti tel (b) NbsSntel,
(c) MgBz tel, (d) (Bi,PbpSrCaCusOx tel, (e)YBaxCuwsOx K e [67] t

kekil 2kbobugyaradédak®dr, 8i mmne agp®emglag ~3000 ad
-okl u damar I -er ekeHliOl (nh2). Bldoe p € nNb&nive die
karékéménén sékéexkterélmase ve -ekilmesi ile

20 mmosBnks ppekdKidqltck2dnr,e bak@oziuniumde ey B me s i

edilen ~0,2 mm kal énl ékjeekn d@)oz2d. elnbgne megri mht Ji 8
55 (Bi,Pb»SrCaCwsOx (Bi-2223) damardan ol ukan 0,224 mm

kesitivek e k i 1( €2 .61d0e s e ¥l@0sma)yde@/Y ki(10 i, ¥SZ (300 nm),
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Ce® (10 nm) ve YBaCwOx (0,32 O m) kat manl alreémdiarni lomiukk akna py
s¢peril etken Ker iktekg?® r ;2erideOROB@adK a rdidtkeé/n d a k i

s¢é¢perilgelendkeehéker s ekme ve/ veyag¢eylevarnimamd itrekni

LTS malzemelerd ¢ K Jk dej ersahip® | mal armemgr etaijml er i ni n
s¢periletkenli k ©°zelliklerinin iyi 2001 maseé r
yél énda baxlednaen M@EB K gi bkl dpep&d bHahi geol mas
vo ksek akéem takéma ve y¢kse&khikptitn k mMamged i Kk
kol ay, derejoranfatel& B|-ianddbaks € daha kol ay ol an mal .

Bi-t abanl & M&BICDe rkealdearr akéem takéma kapasitesi:!
yaskscéel ay sédaglzemabi temeci kl ere sahiptir ve
yuvarlama gibi deformgson y°nteml ¢t nt e mierielne Pk dr it hal i
ol arak ¢r ataimairalp@& ca -wkd wl aimat ar & lesilgeteoru it u N.
uzunboyutl arda ¢reti mi niyrguyl aapmall aalriél nedredgih sveen ab a
kapl ama teknolojisine dayanan «kKkeri t[68re il g
2 . Nesil Keritl er de tadelhrasil tliere grankensakh ak uyl ¢l kasneékl
manyetik alanlarda e daha vy ¢ kse&kl & kethijcBlak | ar d a

Gel i kmekt eHTl®sleame Ka n ink sdad yl aarmaath a Kk éarhd @mpdn

katmanv e s ¢ p ekatindrdeatnk eanl u kK2middsittkaitte@nre, r et i g pad g i n
kristalografik olarak hizalanmékx bir «xekild
Bu ilerdeemal i yeti vy ¢ éssHISderimre krmheaeldiiyet i2nieNd &1k 4r m
yont egalik eir r iBuni x3mtreml er | e tmarhihyattli ardé, Ki¢g-ri¢gm ¢

uzun ®Ir+Helkl i¢gretil mesi ama-l anmaktadeéer .

25. Yitriyum Tabanl @& Y¢ ksek Sécakélzeld | S kperriil et kenl |

Yitriyum HISHL QB[ e y¥BhEwOda(x=0,0/) f a Zced2 Kalarak

bul unmrkBubiir | e Kk iak Imamxierk i r kr Busldrda® veyplagpred ar é
kadar e | e ment i -erebierioovskiet kwgpappélagdhk gomaghi ptir
el ementl erinin - obilw[70.Yi t ri ywmudea YBBWHL@i HIISa
(Y123) YBaoCwOs (Y124)ve Y-BausCuO15(Y247)o | mak ¢zere ¢- temel f
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Y123 ol ar ak ax@uwOa fadzéernéelna ns ¢Ba i | et k@ KI i J e g
ci var §/7a.dasgeami kt ar éna ddagjleér io | dadupaMBadedes e
faz® dd s ¢ per YlR3stikpeemrdilret kenl erin i -erdifji o |

buna yaree orveyambetkr agonal y[&82p € Yap &l loirjtior @ %r
i se mal zeme s ¢lpedsit[at.kevidap & & ededddigeo ymadl  (

i -inde oksijen yojQ nkaut]ma nalzaarl émalka zau kkear alku, m
°©zel |l i jtmektedirkalible 2. 11 (a)dda gOrkaemanleanr amg
O b°l gel eri rastgele veyda° rogenkdi k Obibrokk @k iul, d
h¢cre<bi mlanasé i-in hafif-e sékékhakgrkgrinede

2.11 (b)ae CuO/BaO/Cu@Y/CuG Ba O/ CuO kat manwl2a ortérontbikn ol uKk
fazéeneéen kgroirsétlam ©kyttaepaéicsmab O0kd y alpeemdiande k° nl endi
adetCu® k at man éKatamadrélra r k°ke payl akémégsyakl ak
d¢zl e mCudrkia tvvreadeki@ureesnt ¢nde ve alténdab®nrRIinég end
piramidinin tekYapbdyhaz@yllcaobbhuallCuwd!| andeéer
at omd ar & Cahzncirlerinin,s ¢ peri |l et kenl i k mamnal maekle&k |

birlikte, y a @ éadladaroksijene izin vererek Culkatmahn ar éné ok s i tclée me k i
ol ar ak g° rdeblinmekaediti78]k | ar &

Cuos NT f SY

\»Cuqsm £ 8

o
‘Ba

¢ .Cu
a
b ® o

kelkRillY123 kr i st la)yapé&séagonal yapé, (b) ortor

YBasCuwO15, Y123 ve Y12 4 bil egé& kdldea, i1rli bng y ¢ maasak
(YBa2Cw07+YBaCwOs=Y 2BayCuyO15) g°r ¢ [V4e bYill2i4r v e Y247 fazl
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s¢periletkenlije ge-ik sécaflyeldl7Taadnp28&8r aséy
k & :1@@u-0 zincirlerinde oksijermi k tf amr &d °ésl téekiBe medehley a p €Ta € n
deefi,30 K ve 95 K afréarglenda dejikebilir

YBCO s ¢ per atrhaa ték eynalpeér, nliggdelindg yarebkbt k(opgekgil er
>>Jc).YBCOMun d¢zensi z tanelerinin zakerfi tblagrl laen
-al éxodumBunegdente t aneci kl erin °rtg¢kKmesi ve akeéen
Kekil de peéktimk 9 nhe th Negskolaiakadi nmd d ime ffidist n r .
cretim y°ont emYBE®GIUN & H e] & IE7tkd yeank | akAckn®> 10

ci var anndaal dzéerme d grgakyetié klanlardg4,2 K de 200 T)s ¢ per i | et ker
kalabilir [78].

26 YB@OeKFi | M°ntetmlnmari

HTS malzemelerint i car i |l ekt i ri |l mesi ni nbu°malzemelesik i en
uygul amal ar i -in ger,kleiv epnkrufinthligenadngs;ek syekk al a
ol masZ dslrker i gleéi kmi Pinlermé 3 i nndoekt a, , dYéBkCiOk k at i
maliyeti vey ¢ k s ek el ekt r i k soell mapseagerdklosrineaynPsnat esmd mii m
se-il mesidir. HTS ®smahzamel erairn| eaeebi hoe si
bajl anma, ake S €z mas € iklev gibi malzgneef probiemlermin i k s e |

-0 z¢l mesi [7T9er ekmi Kt ir

Gel i kK mlank 2. eNesil teller; a | t ta@pon katman v e S ¢ p ekatmarann k e n

ol ukmakkaede&d (e)2Al t;Ikéekr i t 1l er e mekani k dayaneée

kull anéel makh adézl. emdinde kak@mén engell enmeder
kristal kyap&danl i y°nlendiril mik, tek fazl é
Ancak é s e | i Kl em séras@amadnat eff80z Budgeiekliliklérik | i 7 i
karkeéel ayabimmeknt eimhegRAlet E EkKE e tiybndéeme nt e ml ¢
destekli biriktirme(IBAD),- ek me dest ekl i i ki gRABIES) Vel yonl e
y°nel i mli al(iSD) &K mbak r i¢gketeirreBg¢ IBAD va RABITISE r
y°ntemlerindeaknly@&pnémhdreniolkreeasikd isr . I,SD y°n
altlyé&mnémendi ri | me s itamponkgtmankaanabiemektedifd% HBAD
y°nteminde -ift akthaki yyghnnbte mblicer déelmbex e di |

RABITS y°ntemindé¢ ababaRiemyayaghil eneksel defor
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Ker it haline getirilip é&séAl tilk&YBEkaimare y° nl
araseéena t a;ngpsoénl kiedllindaiml@d rsd¢ p katmad e tmlee mhi ge- i K
°nl egmeX%kr g¢ uy umgmak veurjetnad anradlz e meni n -0 ft €
YBCOG@ja aktarmak - i n k[B.] anél ér

YBCOvetampork at noal nuék tiurimm kpek - ok y°Kirtcean fbiull m ngmraek
yentemligreiti m “rerfedrkdk ul hdeéma hazéer ol arak -ék
gerektirmesi g,%xsitu°veips et ml eharak [23]. Buruba a
gr upl akndlkeir fidea?e ma2t i k odktadrak veri |l m

Knce Film jretimY°ntemler:

Ex-si tu Y°ntem Insitu Y°ntem
Ki myasal ¢ozelti Bli r i kt i r Fz&selBGharBjiktirme (PVD)

— 1. ¢cozel ti Hazéfl ama — El ektron Demeti il el Buharl akt

Sokjel | — P¢skert me

Metalorganik Biriktirme (MOD) |

— At émlé& Lazer Biriktjlrme (PLD)

Hibrid |

— 2. Kaplama — Metalorganik Buhar Biriktirme (MOCVD)

—|D°ndg,r me | i Kapl a}na

—| Spreyleme |

—|Da| dérmal & Kapl ah]a

—|Ka|ép Kapl ama |

—1 3. ¥n Kurut ma

— 4. Y¢ksek Sécakl pkt a Kristall ekme

kekRil2Knce fiyamt,emlte mi

Ki my as al biriktifme eyl °tnit e niikilksel ibuhar biriktrmey ° nt end er i
keyasl|l gpddéependa ve mal zeme @3Dyi°ynetteivakumaha d¢
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ortamé ger ekt imanieinyeestii nepftl edegeiyB ke 9P ahemde Y,
ve Cu k stdkigneetrik omanl@&daygun- ° zlgergp, Kkulilsareélidreank yoj un
karek¥rerbbarelratécel ar ve stokiyometri i1 e YE
kolayca kontroledilir Haz ér Paeamni nin tamdmd ef&lmlka n éliezre yu
kapl B84.6&CSD tekniajieyilma oy ul analatsvé &dplama n - %27
kokul |l ar @éna dKakkaatl ée doiilrme-I%i zdeilrt i ol ukt ur mak
t amamen -0 zs¢enilmeldl k|1 evie seér as forkdsa j eprhakmanhbr 2
aréhmalr ed&rur ud mai s ekeséedan kristadérexktA ril
katmang zerh omej en daj el eml & kapl ampaametrelermap él ab
dojayar | agnemmaeskéme kt edi r . ya ¥ni skakkéeéemdia veatl ak
o | mama&e jimve altkatmarb i Inlerk @i n en az d¢ kaplgnbee rda § grzda n
al t méjné mum bsoazjull amdBspet € d € i tkaplarhag 2 h & efnd teajir af

kajedeée vweydullamagliarn i -in bakarél e bir kKekilc
HTSk er i t | arkeislnoenket rel i k y¢zeyl er ¢ zigenibnde dg¢z

uygul a8ladér |

2.7. Lazer Teknolojileri ve Uygul amal ar é

Lazerler met al vV e alakeml ar én, serami k v e caml :
| aboratuvarl arda hem de end¢stgenyiek DIt aklia
ara-ter. Lazerl er, dahekalWayuy wlitcrravissgo Ime d e nwv

seviyelerinde at eml &€ v eyeak éqng markeltie bdlpdzreacld @&rcémar | &1 €

(uzamsal ve zamansal), monokromati kl ik, d¢k
sahiptrBu ©°zel |l i kl er, °1 - ¢ m, hol ografi, veri d
uygul amal arén temel i ni ol uktur maktadeéer.

Bir |l azerin -al eékmase i .-IKMeE, rde’tretb i § enm& | i bBii Ine

uyar él acak mal zeme, stugym,r éd unary éi Isgtridmrgir eiceikn s

EREENEN ener ji siledde myalrdasyrerk Ballsatr eark |, uyar el a
sojutma sistemi ve kull aBém I azemr keenéd walya&y m
sistemleriveyd i ber kabl o il e iletilmektedir. Lazer

ve kerénémleée optik sistemler kullanél arak k.
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Lazeneattaml ar , i yonnyark sveek meel edkieklé¢lkerener j i S ¢
ge-ixdreucunda a-¢é] Atomlaekwpanleanareryedimol ekg¢l | er
seviyeleri ile karakterize ediledurumlarda bulunutar, Kuant um mekani i,
par -acékl ar én, -ekirdejin ve elfe&itdndojiym| ar €én
duruml aréna sahi pMpmidayag unbanfade degdegk. ener
dur umududurumladisep g ar €l mé w | d o a i mladabaa dwuendakil € r

el ektronlar enerji il e uyar &l a.rEaktonlaribelli ¢ st s e

bir zaman semra | aiyie ggledryijn gde® bunike dnerji seviyesir v e

araséndakienefiya ek é kamat e mel par -acéfEmeriol an f

e
seviyelerinin dejerlerine ekr ol akakhandbnu za&
s

dojaséene etkiler

Lazetg¢réektenme K 1 - i nmakeméer fainzéil kdsheil & k°tezigflaze ¢E®wve v
kat ol arak gruplandeéer el abridea rk ulBlua ngékusddi dmeadleéz ¢
21Fever i | mi ktir
| Kull anélan aktif malzemeye|g°re lazerlerin seéeneéef
I
Atom | |M0|e|<(;| Kyor‘ |Eksimer| |Boya| |Ya|ét|kalYaréi|Ietken
HeNe |H Co, |H A |H afF ] Rodamin | H NdYAG | H GaAs |
I |H co |H Kr  |H KF ] Kumarin | H NdGlass | H InGaAs |
Serbeste |H  HF | H__ArKr | ™ vakut | H InGaAlAs |
xe |H DOF JH Xe |H XeF ] H Alexandrite | H GaN |
H HCl ] cu |H F ] HKurkun] tuzlare
-| N, H Au Xe, ErYAG

H Organk |H HeCd | Y XeBr | ErYLF

HO:YAG

X ékene Ho:YLF

Yb:YAG
Nd:YLF
Nd:YAP
Nd:GGG

Tm:YAG

T
Py
8 =
o ¢
3 =]
2 S
) 5
N —J

k e KRil3.Lazerlerin ékén ¢krueltlnmaenké lia-ni nmal zemepBd g°re s
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| K&émet mek i -in kullanélan malexemeé&lnerenelrazern
veet kil ekigii Bgresel|ln&«tlielreméabudzei fd kdemen i se
kull anél abi |l ece] iBualbarjd abraltaé rblaezmiiestet Tzud Il Lainkelme

alanhag®re g¢- ve kdkbhdlgdebopwui makékbkrare

Mal zeme Kkl eme

10 1] ('3
5 () 9
v : |
3

Ort. Gug (kW)

0,1 1

ékékyaken kézéllpteuiiak k éz

Dalgaboyu (nmm)

mor otesi goer¢éngr

k e Rild.Ticarilazerlerink ul | anéel dej é& a[87ana g°re °zell ikl

kekil 2.14 incel endi0Pk W deer,altdjcéamrda |ialtkestril keirm |
102k W ar al efj énda °©°1 - Zm kiiasrtae néljeérnidnad ei svee niall z
sistemlerinde ZXKarlll eam el uralka mé&léan dkat i f mal zen
sahiptirler.lazer |l erin kul |l anall dejme b «dledmea (Kelstnfer, |

akéndsamanma teknollajtiolgeraif,i , i luetaiywlatale Kk no |l 0|
senéfl arkKdidrl @alna@&bn lail raind akw e&mé&teikk | ol2arledk ver i | mi

Mal zemel erin atom ve mol ekg¢gl yapeéese, bafj er
kaynakl anan ©°zellikleri ve | azeederi gmenohul
mi kroyapésal dej i ki klikler, l azer éKéne

mekani zmasénée etkiler. Bu nedenle | azer ma |

hangi atéem aral éjéne sahip lazerin kullanel
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Lazerlerin Uygul ama Al gnl ar &

D¢kek Enerji Uygul amal ar 8 Yéksek Enerji Uygul amal ar é
I I
[ I I 1 [ I I 1
Kl et { kil Metroloji Reprografi EJ | ephd Askeri Kimyasal Medikal Il sé& Klaynafj e
| | Optik Fiber | || ||| ¢exiltl] Laserl k [ Silah ][] U p 1L . .
Kl et ik Holografi Bask&ll o st d Ni k a n|MSpektroskodi HAnjiyoplasti kekilllendir me
[Tel ekomuzunl i 1 || Atomik ||| Kzot p Temepll Kk erme
yon ¥1 - ¢ mfg Tarama Kkar et F¢zyp Ay r & mg Tedavisi Birlektirme
Optik Veri | | Veri | | Ses Akustik [{ <o | [Fotokimyasal [[Ci | t / D|i| Hezl g
L DeBolamave Muayene Depolama KaydLTé G°zet|l Biriktirme Cerrahisi Prototipleme
Hesaplama
Knterferomet Ll Kirlilik | J
H re Kont rlo Dermatoloji Kmal &t
L | | Kaplama/
Hizalama Biriktirme
L Yézey
M¢hendi slifJi
kekRi15. Lazerl eri[8 uygul ama al anl ar e
Lazerl er il e yapél an uygul amal ar ter mal v

mi kroskopi k °1| -Terkmdletr Idiel greirme& | lexa er. éKéneée vy
yoj unl uj u atarma @otonikpetkiex i. ml er de i se éeéxkeén keéesa d
enerji) ve keésa Atearrbreal s ¢vree stienremasirmemeripkeiilre.k i m

et ki | ex ikekil2slgfdaled rexk 81 akt ér ma ama-1é& veril mekt e
210" . . .
c
=}
= 4 Foto-kesme
< 10" -
>
Buhar fazl
! asindirma
N0k Foto-agindirma ]
()]
c e T T T T Sso
© . ~.
c 10°F / N
@ A PN
_ \ ¢CSNYI § 901\\7\ N
=}
(2] 0
10 -
o) . R B N Tmmmeem
aNKSYRAGE AT Fotoelektrik
malzemeleri 91 Af S
10-3 1 1 u 1 1 1
10" 10" 10° 10° 10° 10° 10°

Etkilekim s¢gresi (s)

k e Ril@ Lazermal zeme eteékmalvekiamiemimalt et ki |l eki m mek
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Lazer mal zeme etkilekimi atermal ol arak; f ot
czere ¢- d¢zeyde dejerlendirilebilir. Fotoel
tarafendan sojluamnmlbunallzeek yaz@c&k verileb
|l azer éxkénéenéen fotonlaré ile kimyasal baj | e
bajl ar yapeéelabilir veya bozulabilir. Bajl ar
olarakvei ebi | i r. Ki myasal bajlaré par-al amak i -
kull anélabilirler. UV eksimer | azerlerin da
ve kontrol edil mel eri m¢ mk ¢n ol dujiuyned akna tma k
hal lazerleris)aiégm aohk&jé! €00 ar?de®s) et ki | e
-ok késa oldujundan, kl asik ésée iletim ya:
ger -ekl exkir. Lazer EKEéne i | e-uyao € ma na lkar ekl
adlandeéeréel maktader . Bu y°ntemle t¢emerlerin o
Fotofiziksel et kil eki m; foto akéendeéer ma, b u

gr upl an déteaékl éanbd élzemelerin yrk s e k e ner jlialzieru létkréanM iay
tabi tutuarak mol ek ¢l er bajl arén dménmiudamark-oplmarsma
Eksmer lazerler, 1810° Wimm?ar al éjJ énda bi rn0%40is yojas®eindjau b
atéem nsahiep eEeck énrjeivriesiime ziasrtaern ivl ear améebdtiebeng end e
y ap &l Bebki | imetalik olmayan malzemeultrav i yol e ékéj e -ok i N
kat méa@&1l Osd ] urid-ubunazerler,g® z a menba pplanerlede ve
seramiklede, malzemenim | t b°l gel erine zarar vermeden i
Buhar fazlée khateadmamadmemnise do¢ v éochawralbrak ge - me
yé¢zeyden uzakLazekantaésneé asrdajdléspneé rk.é sader ki, - ev
€sé vyayngétadizzan@mn yokturG¢ -  y o] u0MW/mn?, d00ém Ba al é] e
5x10%-1x10%s ar aa&md a&k iNd: YAG, Nd: YL Fakvéen dTé r: nsaa fii-ri
tercih edi | erotokésmg makt amdleer i n me k anm k kKuvyv
par - al ayakesilmesidirv@ -y o] u nlICufotttW/mm?veat é m 2xt0&| e é
1x10®s ar aastémd a Nd: YAG, Nd: YLF veiTin saf

uygundur.

Bi yomedi k al ve mi kroelektroni k end¢strilerdi
k@és méene y°nlleanzdeirr mk bt edné me, -0k sageéedaki
nanoteknol oj i uygul amal aArréd age Iniamtoit rerhkendbd o¢ ti k

nano °| -ekte ikleyebilen [ azer sistemlerine
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i klem i-in uygun °zelliklerde ¢retilerek, fii
malzemel e kul mektede.Talbmdl oj i nin geli Kmesi il e de

-oj al maktadeér .
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3. DENEYSEL METOTLAR

3. LXIk é n eEK&@Teomdelm ¢ my¢

Kristal, bir arayagelenatomlaé n bel i rHgzbRrFniperyluekiumuzayda
ol ukKurekéenée kéeréenéemé analizi, kristal yapé|
yomtide r. Bu y°nt eémi anasmmelnia Rraaygpg€lég n € G® mrdek ti
yansér ve bir deadneékrt.? rY aynasrédnéaméxyil cad eatlignéd Kk ar
elde edilirKr i st al oP anmnekzieenl e Hiidhd eyen keskin ve

g ° z | ®esendeki bu piklerindislenerek, k i st al tespitaguirlAayrr ec@¢ °

parametrelerive piklerin g e ni k | kristal rbdyatim hesaplabilr X ek én é kereéer
desenindeA r nek |l er deki faz te¢rlemdeu]l aeémakt Arkar é
Bu -al ekxmada -%ewi xkeeddienaiNali zinde ve i n

akamasénda Xlekamerkadememarar | an&ésmekt ér .
3. 106de BgKer marke B8 Advance model toz difraktomekrau | | a n &llemé k't ér .

edi |l en X éKeéne keréném desenlerinden °r g,

hesapl anméxkt eéer .

Resm3.1XRD ci hazénén g°°r¢nt ¢s ¢
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3.2 Konfokal Optik Mikroskop

Konfokal mikroskopy ¢ k sek ékék veel imMé&ma so§pétann &k gahigmt ¢ |
mikroskobudur¥r nekl erin yg¢zeylZariamgiozand ali emelsi t e 6
Bilimi En s t ihtlesbslgnan Sensofar PLu 230&konfokal mikroskopk ul | anél mée kKt
Cihazéen g°m3zazde¢,g¢r Remektedir.

Resim3.2Konf ok al mi kroskop g°°r¢é¢nt ¢syg

Ci haz 50 nmoéden d¢KeéKk di key tekrarlanabi i

-%zeéen¢grdgrkgzs ok y¢ezeylerde 0,1 nmdédye kadar d

em yanal -%z¢éenegrl ¢je sahiptir. Konf okal mi
péereéezl ¢l ¢k, ejimlerin ve y¢é¢zey Kkusurl aréner
ger¢é¢ntrgdleirli madtéedi r . Konf okal mi kroskop il e

g°r ¢l mektedir.

Bu - al, korfokal mhikroskopile,] azer | e i kK| e m,yy,azpeéyl a no pyoigzr eayf
@), ¢ - boyut | u(b) g€profilerit (¢) la ¢aeak, kusut a rb@yuatsal analizleri

yapeéel mékt ér .
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o
& \ /ﬂ R /
B 5SS EERLY BN

v,

Nln.\w,,\,ﬂJﬂ,.vW‘

;h“ stw W’ i W ';«f\w\
il

|

() | (b) | | ©

k e IBil.Konfokalmikroskopi | e y¢zey aynadeywy tolmedrbdiagi | u
analiz (c) profil analizi

33Taramal & El ektron Mi kroskobu

Taramal & el e k(®8BMY organmikiinorgamik,kerbaimi k , met al v b. |
mal zemeni n yéizey g°r¢nt ¢l eamerseitnndeenve®r aehl
i ncel enmesi Gazi i niversitesi Fen @RI t esi
LV il e, l azer i le kusui olsekResulmarR. 8étiet Igé
iniversitesi Mal zeme Bil i mi Enstit¢gsegbnde

yapél mékter.

Resm33.Taramal é el ddkng?topnmi &¢ osko
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¥rnek8BEMrilenncel enehbivbikesmi ortiaménda bozul mama
ol mal aré& gerekir. Altl ek il etken ol dujundan

il etken mal zeme il e kaplanarak incelenmi«kti
3.4. Lazer Sistemleri

YBCOkepEzerinoéeé ukumwmakRof i n P &vbdordlaikn eé19 Pi¢cso;, 1
On)psUV | azer &uwétiameéepdeamsA)frekaes 30B00&HzE m ( 4

vetaramah @&zér . Lazerin odak | ed.d2 Gerdnektquit.i kK ol up ©

15pm

13pum

kelBi2pbsUVilazerinodak ©°1I - ¢1 er i

Bu | azerthramah @ E mekans parametrel eri kul | an
noktasal, -1 zgi sel¢ fveer kdlaéi rdessdn od ymawkl agnzaebriel
mer kezi yerine ge-ebil ecek fkiulsmmrd aeréi nd eukkit u
g°rmek ve kullanél abilecek parametre aralé

dej eelahipkiuinsur | ar 0| it luarrud Imaukxitluerc.ek par ametr

sonra kKeritl erdekigikusurdederlr k e loil uk3 u3 ul muxkt ur .

.
AW
AN

., NT Slazd¥l& f dzo (G dzNHzf 'y FIF Ny f Ry | S&aAd C
geometrilerdeki kusurlar

— YBCO Katman

kekBl Y3 zeyde | azer léan &lematturkulg&@mstleusur | ar
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35 DC-SQUID¥!l - ¢m Si st emi

DC-SQUID (Superconducting Quantum Interference Devinglzemelerin manyetik alana
kar ke jg©° stteeprkdiyi ° | d avialzemeys dc emanyebkialarygalandrak z
manyetikmo me nt i naldaenjéenr if onksi yonu ol arak ©°1-¢1 ¢
d ° n g glde ¢edilir. Elde edilen MH d°ng¢s¢nden mal zemenin di

takéyabil ecej i fteorikdarkih eslagprm aynoakr lawdjéu .

Manyeti zasyozarlalg-oizna; |in-iivhner si t e sdde butuhamn e me B
Quantum DesighMiPMS-X L 5 S QU Dnékk(Resim3niée |

Resim3.4. SQUID manyetometmeing °© r ¢ nt ¢ s ¢

Manyetizasyon °1| - ;ddierras el- a’réen e3k | nemm -offlaazré r | a |
arasénda °rnek d¢zlemine di k manyeti k al an |
Tc¢zerindeki et kliosO nk agrParlneejké nnda nmabny et i k al ¢

36.Dal dérmal & Knce Film | retim Sistemi

¥neklerin kaplHmodelpé& ogr aml &d7dbi | i ristamal d ér ma
kul |l anél mé°krtnéerk.l eSiiksetkesni,d 8 d krath Eanrkaosnd r ot i ne
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motori ze- d@dlkhae és mat emintwe |l $ gc adklkéeky K ¢p f ér é
Kapl ama si stemini n 58ee ngelr ¢gl°megknttesdsi¢r .Resi m 3.

Resim35 Dal dér mal & kaplama sisteminin g°re¢nt g

¥rnekl er kapl anér ken, -%zel ti at mosfer or t
dal dérél dektan sochpopautianébehirtiendekhéktaad:
¥rnek, ferénén i-inden ge-irilerehkl tInéjkéunr u

tampon katman ve YBCO katman il e kapl anmaseée
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4. DENEYSEL BULGULAR VETART I k MA

Yapél an; YBGD €a&miat,Ir et ii h enre is tlazee iledkeo n t rboyull¢a, r €
belirl enmik«ktkwrswlrrkaséa n v arl &n -ivil eme mer ke
al amadmieyneétni zasyon °1 - ¢bmdeamakillae éadaxt éorl éul

kekidledi d1 em kWwematmaké alr&mak t i r .

Al t 1 & k(XRDy8EM) 7 i

Tampon Katman
Tampon KatmarK a p | a nemre—s—&>» Ol uktur ma

i Al t 1 ék Te|mi
Tampon KatmarAnalizi i
(XRD,SEM)
l tozel ti H}s—z
YBCO Katman v
Ol ukt ur > YBCO KatmanKa pl anmas & Dinlendirme
¢tozel ti Hazér | _ama i Altl aie K
¢ YBCO Katman Analizi €l e a
_ ) (XRD, SEM) l
Dinlendirme i Dzk:k Sécla
I Kurutma
Tampon Kafmanl|é keritlerin ¢gzerine Laizer
idi U ul anmagé
[ keridi Kaplama y gi lsel Kkle
. . A A k—tno
Dc,;((u:,ml:naSecakle "Cazer | i Anizieyl er i ’
(Konfokal Mikroskobu, Analiz (XRD, SEM)
SEM)
Il seéel Kkl em i
Manyeti k ¥I|-¢mloer
(dc-SQUID)

kel diLYBCOKkegrevem azerl e bkasamalbl axé ué make mat i

l'retilen YBCO keridin wwemagtl imerBGOxatireiNitImar ;k e k
%5W a | t (Gé oo 1)20s tampon katmarv e YBCO k at makitddBGOro.l u K
Keritl dakaengdlear ark gHaz &k | elkdann a k%3d¥ md enr iedlii n ,e
kristalografik OXR®IVa kIS&EMi gV de ;anelizizedigliri |
(Go,gHD0,1)203t ampon kat man N&bBMalr mlzéekr | mlearkaakp | anép
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anal i zi ve SEM g°re¢ntlderi Tampaoaar &kt manakt e
dal d-m mhu-eséimanal em -bekertekmr hanmaseé il e ger -
Elde edil en «kxeritleyryinzerdiadn e éYBn@O ék aottlmamk ka
edi | di . YBCO kat man -%on ukKktuu ud Immaaysde kdzeana Ind @

ger-eklexktirilmesi sonraséenda ésél I Kl em ve

( dU.9H°0.I)203>\

75 prn Ni-%5W

kekil 04H03)203 Tagpon katman ve YBCO katman ile kaplamifo5Wk e r i di n
Kemati k g°steri mi

Lazer il e «kerit czerindke Keag«rléed uestiedidihE U at a k
Yézeyde kontroll ¢, dé¢zgen dajéel émbkigemk usur |
parametrel er.i belirlendi. ker it yézeyinde,
kusurl ar olukturuldu. ¥rneklerden manyeti za:

yojunluju ¢zerindeki eMlarkyetizagyorti | -ag mlk@mm e | d é .
-apenda dai, tazedeekesilerekh a e B F @lanndtéeur ul an kusurl ar

merkezinin yerini alép alamadékl aré manyet. .

41.YBCO Knce Film | reti mi

4.1.1.A1 t dnadik

i retfiilleeml erin °zelliklerinalhdle&l d&j-é nmda - foikl
[43. Yapénén el e&hci kskbl ayl eélslea kKelki Iflagnh &i rod
i Kl emden e,tkd 2 eynime me g izilg gksénly ¥ ¢ n | veen dkristal | mi K

y a p € sdeonl daagn®Neh5W k itk u |l d Resind.1).RABITS y°ntemi yl e ¢r
olanNi-%5Wk e, ,jEivti co f icyfansednddn ol acak «kekil de ha
10 mm geniklijinde 7&®Omk &rkiladndardnjméarikdeax echl@are N
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ker eleasenmSEM go°r ¢nt ¢\eezdyiand éyatarcealhismngskél nggirel,ar é

vey ¢ zeayeimm z 1| idi.i i ncel en

“YII

Resim 4.1(a)Ni-%5W kKer i di n(b)yikapbamasi-in kesil mi k te
gereéent sy

Ni-%5W «keri de-7@aAt aral=6] eqdéan éa ldeseEnake kXnéie 4. 3
veril mektedir. 20®&rledt@Addgs eer kee ki002pkibi k ya

elde editli. Bu pikin elde ediimesc y°n¢nde kristalografik yo°nl
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-060000
©
-
40000
20000 |
Ni - %5W keri't J
O L
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2q

k e K4i3.Ni-%5Wa | jtal #Eaietk éné kérénem deseni

Eldeedilerk ér eném ,desemi mdd&m st d Inacegerl eefniek §ka g anec

544nmk ¢ bi kO rygacp ép ain=3,f8et o Elae sa&pl| ande.
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Resim 4.-3%vd &leir i Ng°nr ¢;ShnEM, | er i incelendijinde,
ol arak g°r¢l mektedir. Tanecdiuk | kYl e | fear rdkelka
y°nel inmlhe kil @l é] éndan kaynakl|l anmaktadér. Yap

vV e yézeyin uhamogemne | Alletkitéeekdi v ¢ zeyi nde tane
derinlekmeler ve taneci k boyutu vyapél acak Kk
boyutu k¢-¢l degk-e, taneciek |l aagasda v& keédnér ®
kaplam@a n € n sk a ldigtkeme]lk.t eRlu rnddiébnl e y¢zeyin d¢gzgeén

sénérl arénén belirgin ol mamasé istenmektedi

Resim 4.2. NBb5Wa | jtal 8&EMd° r ¢ nR)g2A5%0 ibgy¢t me, (b)) x500

4.1.2. Tamponkatmané n kapl anmasé

Ni-%5W ker sgpeéarliel et ken rkeaatknsainy oamnya s®emigigameksu s u r |
azal tNn@33Veker i tte meydana gelebilecek oksitl
kristalograbi k g8 ntl gahitmesa n,a nk etamponl katman ile

kapl ameHe)0{o&d i t kat man sae-tidYEBkEO i amii asl@aeda nuy
bir tampon kat[@®399. ol uktur maseéedeér

Kapl amada k 6k ke bohjed lax ayRin tee mhdaézSeH ean y°nt emi,

organomet ainjuwky ghuinl e-k®izkgcegy i - eri si n-dezed 2 nn enr
hazér | apB6haBaekd éarn g é - mal zemesi ol ar ak Gadol

(Gd(CH:COCHCOCH)3) ve Holmiyum 2, 4 pentadionat (Ho(GEIOCHCOCH)3), © z ¢ C ¢
olarak metanol (CEDH), kilasyon malzemesilarak glasiyel asetik asit (GBOOH) ve

asetil aseton (§HsO2) kuda.anmeéeltide kull anél an mal zemel e
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de verilmektedir¢ © zel t i de kul |l anél an °n bakl atécél ar
Ci zel GeboHo,)D3- °zel ti si hazérl amak i-in kull an
Kkl ev Malzeme Miktar

Gadolinyum (lll) 2, 4pentadionat hidrat s a f | @ k| 2,7 gr
Holmiyum (lll) 2, 4 pentadionat s af | €k %9| 0,3¢gr

Bakl angeé-

¢C°z¢cCg Metanol 90 mi

Glasiyel asetik asit s a f 10@ k % 1,2 9gr
Kilasyon Malzemesi | Asetilaseto{ safl ék O %99, 9) 3,6 gr
¢c°zeltiye -°9z¢c¢ ve kilasyon mal zemel er i ek

6-8 saat ar asseérnedzae lher remlkde edi (Resmed4d3fk)adar k a
¢°zlerinpiH de] érile 5 narda,sénda ol masée g%z ©°n¢gnde
hazérl adéktan sonra dinlekhéedkirli | ér kbt &aphmpa

ol uktur ma akkt lae@ WWagamgramé g°r ¢l mektedir.

%4 H,-Ar gaz akeéwk&Eddbak 1150
ésel i kKl em
gEITITITY LN
¥n bakl at écél ar én tartélmaséﬁ /
‘ O o A Bt YT Y 28
0 ®a e _—_go -~
¢° z ¢ c ¢ eklenmesi ~
Kaplama sonrasé N
‘ p A v
Kilasyon malzemelerinin _ _
eklenmesi ‘\ Fer en
| .
‘ | 475 AC
Manyetik karexktereceda 4 \J
saat kareéktér ma l
3
—]
>

- Dinlendirme
-
10 dk. metanolde, 10 dk. asetonda ultrasonik
temizleyicide temizleme ve kurulama

kekil 4.4. dlampbownr kat imadiieyna dbrasménak | ar é

Kapl amarogiaml anabilir dak dlelr aNa®Bdi€lea p It d ma
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kapl ama kabéna g°re 80 mmodlaacsa&lc alkasdaik Ede ak e
temizleyiciile 10 dk. aseton ve 1@k. met an o | i -inde temizlendi

kurul anép kad\phdVmay &# zeell&ndéa .- erd asli dnésistenmdl &d € r € |
sabi tyutkaele&ledienéea @&c akCoarpkay 4 7.b alnedtéz ¢ 1 t i den
yukar é dojr ? z-ed kiilndinj] ivn dse&k,0 z-ietne dii me kleasjmée yelr
kuvvetinedenip akaj éya dojru akmaktne#adar.° z¥erlna kd efké |
- 9z ¢ c ¢kilasyon makemelerin b i r késmé buhar | amaakrtaakd éar.t a
¥rnek féreén iiseerganamegal dk} eedi@dddai)p@k °r nelk
kal makt adé&ré.r é¥ameksst b°bgesesitnekagebdépiéende
ger - ekedieResimky a) 6da altl éjen kaplanmaseée, (b)

(c)b6de kapl ama s oweninektairk eri din g°r ¢ng¢mg

Resim4.3. (@)Al t | kéd pélna n midusl €l, a n(éd )da) Ka-p°l zaerat ksedimir a s é
g°rénemg

Kapl amada aknhé&ml ehredrend alidér, madahe sésaéh ikl er
gerekl Hdri jkikaplramadan sonr a ¢€ sl@aplamaakriaesngd nydeagké |
bajl anma kéndveen i- atritakéljar ol uk mama &mpand ér . K
katmara aité s € | I K| ekne b eobtgera &ll me let edilr cm¥uz ekl @f ur
11 mm -apénda Dlapdksgelr seénteg slatbk tf srecra&k | é k
yer | @ikt it s Brieklein kddh& fazla olsitlenmemesi- | n »-A%4 HK agaz K € m

ortamasodéde 15 dk. bekl elnseéle ki kglaeeideegddh rerkad 9 & |

sécakl ejéna gelinceye kadar gaz ortaménda k.
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1200 F 1150 oC

%4H-! NJ Y I NPOtRIK) DIFT P 0o

0 50 100 150 200 250 300 350
Zaman (dk)

k e K4i5.Tampon katmamaitss €1 i Kl em basamakl!l ar é

4.1.3.Tampon katmané analizi

(Go,gHO0,1)203- ©zel ti siyle yapél an h,érnekledenlXéd&ema v e
keramami zi ve SEM g°r¢nt ¢l erpl ahaé naa ya&ks a ylguwl
Dal dérma sayéséna g°re ésé&lkkiakléenm ms adrerseesnd e%
46dag°®r ¢l mektedir

Dal d

.

Dal ¢

ki d dKeyti Birim)

g

Dal ¢

e
7

2 Dal ¢d

L

30 40 50 60
2q

k e k4i6. (GdboH0o,1)20s tampon katmana afla | d € r ma s ay éXs éénkaé ngé® rkee raél r
desenleri
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X EKEeéne

klérir € n @ m e |d @qsaBjaFlendd0e pikinino r t a yt & Jee € k

dal désranygEné art maséwnhat @ji ki g° Kdiadkkesk tipeidk r - € Bma

ol maseé

desenlerind

Tanp o n

b ¢y ¢ k|eikzl eel2Gjecverinektedir.¢ i zel2gacdl endi Jinde

smyletsEd drg.
o Indgukjtug rg.© r ¢ |

kapl ama

uyuml u

kat mana

kristalografik

en her

bir

dal déer ma

y°nEbdmemidn | ehdX] lerker

i ndéekri st a

aitleshderehésapranagm Yegegnpar ar

krist

pat anmaéettreelae GiH0T48037318 D

b¢eyeéekl ¢kl er i

¢i z el2g ®@ampdn katmana aiX ek éné k lermdem é@easaplasha?sregne,
parametreleri ve kristal
2.Dal dér|3. Dal d4. Dal d5. Dal d
¥r ggametres{ j ) | 10,82 10,84 10,82 10,85
Kristal B¢ y ¢ k (n@)] ¢ 3,086 3,600 3,988 3,987

Kapl amanésayaestBnasiegn a

-ékmakt adda@ek.a pk eakmal

k é r @esénieriimektedir.

kertaekl ey @tmpikldrd ;ml er e

i&k.l7em basamidkihai & Ka&linteé Xk e
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30 2q
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kekil 4.7 RpcB8lBe@dirPiaga -eékan,2d=R®B, {@e7ldAi ne e
222d ¢z emipné&i ai tort aya - eN-BWe abP kejyddenlatnaddei r
y°nl enmenin YBCO katmana aktarélabil mesi -

ol maseée ger enkendeekntleed,i rX éeBkuédni ék kkaétr etamgebndatdeensaekn | e r
k apl ambaeadasalbelisiendi.

Tampon katman, altl ek et ken sgagpas &n ka kii malgzd he mg s
YBCO& u n yézeyde d¢zgeéen esiir, pgalkpizlsadtel,alkrsiezt av «
yenl endi rliéldmirk edlymbae ¢ a klat man é ni kkladpnisenrama s € v
kaplanacalkk at manén kal i t Resimdidier4ves | lkeene kk ®mli a ma vy s
°rneklex2580t x5000 ve x10000 b¢y¢tmmeril e a

2SKU L X2y588 « T8um. L BUEEF

b
P A
. , s A I L S o A,
GUFEF ) | T ‘v iaBeats Thm B SBUFER
L) ’ ! b & .

»

Resim 44.Dal dér ma s ay @ £GaipHno, 1)L tangpon katmaa ait SEM

glr ¢nt)lcegrigal dérma sonrasé al é@énan sér e
b¢yet m(BDe r(td)dal déer ma s onr axb@O0, aR1IDBh an s é |
b¢e¢yet mM{Bexklagl)deo mad €em@amaséeyl a x2500, x5

b¢gyeéet me
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Resim 4.4 ijdh&zledeéemmaj sagesénén artmaségla or
art,yétéyde matéhomoé¢en bir y¢ izey mdektpde.l é méné
Resim 4.%ieise5 . kapl ama sonrasé x1000 ve x10000 b
go°r ¢l meRlketsedn r4.. 5 i ncelendi,fjaendeséhéer kapténaamna
fakat- ok bel i rgypzelhadapajodleeambdlrukt uju g°r ¢l

mm Signal = 10000 Signal A= Inlens 553 s 20 mm Signal= 10000 Signal A= InLens 531 uew
2 000 e= LOOKX  PaelSue=1ll6mm  SipaB-am AL UT (a) 000 - WOKX  PixelSkze=1l16uwm  SigiB=Ac® AL [ (b)
IProke = 75pA ate 31 May 2017 File Name = GdHeO 6A Original L 0Ll IProbe=  75pA Date :31 May 2017 File Name = GdHo( 6A Original L 02.60

Resim4.5. Kap | a ma e ik Kk beleatinan (d,sHoo 1)203 tampon katmaa ait SEM
ger¢é¢ntag) exi0O0O0 begyeéetme, (b)) x10000 beye

El de edi lLLleemkislon4.-4@tre yer alan id&éijeghh-dba s ama
%5W kerit(Gdgodoe)Qzhdempon katmanén bakareéel é ke

gestermektedir.

414 YBCO kat manén kapl anmaseée

Ni-%5W «kwea i YBCO kat man tampenkagmardye® nd yyummli w i | mi K
bakaré i | El deuegdul ahdWBEDkK atlnan é&nz eoliumkdteur ul ma
jel ve dardermal é& kaplama tekniji kull anél d

Kapl amada kul lrmnieérina t-y@Eigam(ly disalae hidPat (6HoOsY

xH20), baryum asetat (Ba(OOCGH) ve bakér asg)®tz-, c(,Cudq|00rCLl
metanol(CH30OH), kilasyon malzemesi olarak glasiyel asetik asit3@POH), jelasyon

mal ze mesi vV e pH d¢zenl eshisNO3) kLubhit@keltdd .de ar
kull anél an mal ze mel xdvtedmektedii kt ar |l aré ¢i zel ge



47

Ci zel YECO4 °2 elaziesi amak i-in kullanél an mal ze
Kkl ev Malzeme Oran
Yitriyum (111) asetathidrat( s a f 99,8 k| 0,3325 gr
Bakl angé- mal zen Baryumasetat( s a f 99.898) % 0,6386 gr
Bakeéer (aattak %99, 90,6811gr
¢°z¢cCg Metanol 20 ml
Kilasyon Malzemesi Glasiyel asetikasit saf | é k %1 15ml
Jel asyon mal ze me|l Trietanolamin( saf |l ék O %9 8ml

cozeltiler hazeérl|l anér ken %n b atkéd lactéé.c ét @z e |1t

uy gun kilasyopwe jlasyon malzemesi ilawglildikten sonra - °22 saat berrak

ma v i -%zel ti el de edi |l kaeéeknédneél(@etrizRet stk mk 4

hazéeérl adéktan sonra dinlekéedkirli | dr8khd&apBeda

oltukr ma i kKl em basamakl|l aré diyagramé g°r ¢l mek
ArveO,gaz akékénda ésél ikl em

¥n baklateécél arén tartélmasé‘ I MET

¢° z ¢ c ¢eklemmesi Kaplama sonrasé
‘ A A A 4
Kilasyon malzemelerinin
eklenmesi

Phayar | ayelmsyén e
malzemesinin eklenmesi

Manyeti k karéktéerécéda 24 ll l
saat kareéexteéer

na
—

Dal dér ma
Kaplama Sistemi

-
—

k e 4iBIYBCO katmaro | ukt urbmas d md khag & a meé

YBCO katmanf ardckdlédéer ma sayéesé ve -ekme h8zéna ¢
cm/ dk. ve 20 cm/ dk. -lolvmelolarddzz kr e f aekbhééeyle&m
kul | aTnaénhpdoén. KkNa-%5wWa rklegé& i ztel t i | -dea ktsanyeskadmread é r

doj ru -4e7k5i |RMmoéedkaur ut M8 Cpa pak cwdan kapl anér ken |
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= A

sonra ésél i kKl emdgpepmdamgerk&at kl €] dabd eaama
hazéerl anarak, Has ¢gli hetremeyhpalgde .daygahér ma s
ol dug uekenée keéeréeném anal itegditedidi.Resine 4.68)E g°r ¢ n
hazeéerdearnrammk YBCO -°zel ti, (b)déde kapl ama ©°n

kapl ama sonr as évenneektedir.| er i n g°r ¢nt ¢s ¢

Resim4.6(a) YBCO,(bRazpdlatmak e ncebker i(@Kag®l ragmat ¢sso¢gnr as
Keritlerin g°r¢é¢nt sy

Far kl edaleae vma sCryreslelneac s athz pnl ujunda 11 mm
t ¢pl eraer akkonwd ksek sécakl| ¥k n dekebpeerveerBed  yAeCr | e k
sécaklfeakrlkalradrand mdéns &l g a g leenk ). He r#rgR z or t aménd:
7 8 0 y & Cadr@gR0 dk. bekletilerek 5 0y0e AsCalj.5ul Qu | Ogpadzeé ,Arer i | i p
g a kesildive 150dk. bekletilereké s € | t a mbh mhsaanikl Eem sonjyodas & ©°r ne

sécakl ejénaganenrt krm@mda Okendidéa.jinden sojur

1000

780 cC

{POFDE P (&

IS
o
o

200 / 1 NJ D1litid® 6
> O,DI 1 Plt/dkp = p
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Zaman (k)

k e MO IYBCOkatmaraaité seél bagshmak!| ar é
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4.1.5. YBCO katmare analizi
| s él i Kl em XeonkEasen imsSERh lgiP 7 derkdrakteriee edildi.

Kapl ama sayési®@ beliek@dheRhécacasXea&ealeadar®an
desenl er dagkPerkéillmedk.tleOd i r .

S
o N
=}
e
— = 12 Daldér|m
= U A A,
>
()]
X J 8 Dal deér e
_ A A M A\ NS\

8 Dal deéer mi

6 Dal dér e

M

5 Daldérm

k4 Dal dérm
6

0

BCQ (103)
GdHaO (400)

ki ddet

{> 001

\ 002

—

003

004

Y

g 005

; NiO

L L 006
3

:

10 20 30 40

6]
o

kelkdildYBCO «kKer ialldeérremaaistay éds € aleéX aakknéen émézmé n a

desenleri
kekil 4. 10 iértc @lrenredki X< ent@lireré edds@Enlerédg @akseninde
YBCO pikleri5.ch | dér madary asnakeka@deérdér ma il e el de ed
daha keskin ve kKiddet]l:] ol dukl aré g°r ¢l mekt

yapésal 00log/l°anred k ml i(001l)p 1(083),] (003), (004), (005) ve (006)

d¢zl edal eyanséyanahipp k b &lehd. ¥ mnekldr, eitorombik YBCO
fazenBlg°wende yotnFeddil dérFrtakedi her Kkeér éeném
eridin kristalografik yas&8amorhoebmhekela
al beircg)¢e parametreshesadHaw®eajr aomearalsi i -in
ayesée 8 oldujundagprk!l mektdet| gapkdnod & @mé&
zal thed zaaralk&n anr nte & 2Xe ré knéen édeskinéerindeé nd al dér mada

< oo u —~ X

apeénéen ol ukmaya Ikadli a ke&djeé od me diegtéeenH al der m
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dal dérma yapeéelan °rnektedir.Byreegeglh @ pl b ma80i d U g mi
cmidk.- e k me h é z ey &kpud K kaenkdi. Lide Ml&@d8BWa | t thnpdn katman ve

YBCO katmara ait20=10-6 0dAr a | @jl@&mdan X ékéné kéreéeném de:
20=3307A de hem Y BethOde (GloHo3))0:t a mp on  k(400) mikin & n
bul unmakt aydd@trenk | MBb@@&d i2d=22, 7A de yer alan 0C
at X exkeéne keréenéem dedd@gPael i-win¢ edNlenldé K i e r
ol ukt tampohkatman €00l y° nel dmfiu t@almpon kat man ¢zer.i
YBCOOnWhydPanelbl mriak ol ukturulduju g°r ¢l mekted

>
X < Y
- S g = s
YBCO
- P, W
)
©
° 8
<

-

(Gdongooyl)ZOS-Tampon Katman

Ni - %5 W kerit N

>
10 20 30 40 50 60

2q

k e IK4i1ll Ni-%5Wa | tthmpdn katman ve YBCO katmamitX ék éné kéer éném d

Resim 4. 76de, yedi kez kaplanan YBCO kat man
al énan SEM g°re¢nt ¢l eri veril mekt edi de. Gor ¢
taneci kl erydemne Yvd a1 kh awwpauj,en bir dajél éem ol duj u
ol ukmadéijier gteizll egne diBBACGrin y¢s¢zeyinden al énan

n

sonu-|l aréenénlubil dej alt{P™2.i;ll e uyum
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Resim4.7. YBCO katmaa aitSEMg ° r ¢ n(@)g 0 860D b¢egyeéetme, (b) x50040
X10000 bg¢gyet me

Belirlenen ¢ rekuiml apmsBCanxertlerietk et i | di . Bu K e
s¢periletkenli ink n®° aelakitdedrédlTmaasréa sié-nidrm Imani et
o1 - ¢ mlag@ilr et i 1l en YBMO wWémigdes (2a&terdmektedid . 1
Manyetizasyond © n gn¢dse¢, f err omanyet i k © z eéBunun redeb,as k € n
atlék ol ara%b5Wuadl aneiman MNManyetiuve yapeilranmal z
manyet i z anggooununultkilemgsidirLazer il e kusmekleriim|l ukt ur
s¢peril etkemhniylketd zalslyiokil é€dji-eamaknubar anakené ma
°zelliklere etkisi konusunda ¢retilen kKeri't
°rnelkdzer i kKl emlerinmdhad ékmlaind malaamanéek tlrukt t
kontroll ¢ vV e d¢zenli kus wrzlear éard e k g, p eert ikli esti k
ol duj undan, gédriplana atabikedelk mdlzemeden gdlelirsizlikleri azaltmak

i -in ticarileken standart YBCO kKeri't t emi n
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0,3

0,2}

0,1}

M (emu)
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0,1}

0.2}
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-4 -2 0 2 4 6
H (10* Oe)

k e 4il2 l'retilen YBICO°wkegrisdge ait M
4.2.Standart YBCOker i din Anal i zi
Ticaril eken standa®uperFp adwedrs5 Of iYrBneDskéBRedraint t e

12050 s¢per i |5e0t Koearl ehhdsmléyC akw &S intb pl akn kal énl é
nda

—>

20m ol ma k20g ¥@s,rMgO V& LMOtampon katman, 1.6m kal énl ] é
ve en ¢stOmakambhandajl @indiamaylktmg ké re.n

YBCO ¢ z e r iaredeekusu ol ukturabi | mé&g katmani- 8 z ylcergk e |
t emi zI| e @°neE kct g rBI0ANHaKI0 HO2- © z ek t li Isa rAg kaamam k

- %z 41 mGkatnedra.r t YBCO «kKkerAdgi Ratgrhanéan ¢s g z yleme s
ge°ré¢nResiemi lerBodkmagk tkeadtétmandan aréndér él an

yapesé SEM gl°r¢é¢nt gl eri ve X mMk@&neag . kéréneém d.
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(a) (b)

Resim4.8.a)H a zteminedilers ¢ per i | @)k kKr\gk alp infma lAg - °z ¢ 1 mg
gere¢nt sy

keki ldevérien =570 A ar al éfJ énda al énan X é&kéné k.
yonl endi r d&d am0OkiklefigC © ¢ | medlatze& dd ryernie | i(06d), i ol up
(002), (003), (004), (O0d@d ) yar O@d\ Fahiprei k(I 0elr 7e
YBCOdya ait enk i d ik, 22 [048,5%de yer alan 006 pikidrX €k éné keéréeném d
Agoboyel aigtebi | cherlmhgibgpks uly edmamakt adeéer
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keldildSt and aeraitX kéekréinde keér eném deseni

El de edilen kéréenéem deseninden,anweer ikdibrg yk kil ¢
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4,14 nm, ortorombikyal{ al bl c) ©°rg¢ parametresikerilde 71
ait x1000, X2500 SBNyY gt meRretis§ lere r ddril®ekiada.

Geor¢ntegler i ncelendijinde, yé¢zeyd&apemapen
EDSanalizidey ap é i -eri si nde,yAge g8 e péyam&nt -aadal@ak | ar
CuveO mi kt ar é. alittmarkdtaglreri ncel endi jinde, el de
i -in karakteristiktir. Literate¢grl e uyumlu o

akémen akékéna et ki 493,94l madéej é d¢kenegl mekt e

Signal=10000  Signal A =ST2

¥ z
e FSRGrd- 1000V Mag= 100KX  BxelSie=1Il6mm  SignalB=Asp  AAL o (a) b— FSRGrid= 1000%  Mag= 250KX  PoolSie=4466nm  Signal B= AsB L i (b)
= 218pA_ Daw:l4Feb 2017 TPrabe= 18pA_ Date :L4Feb 2017

Resim4.9.St and araitS ExkMe rgi°dred rat) ¢ Ixedr0i0 0 b¢y¢t me, (b)) x

4.3.YBCO k e eerinde Lazerle KusurO ukt ur ul masée

YBCO g periletken Keritler szerine -eki t i
geometril erde kusar hat é nZeal ygnacgkét téarb. i|Iniirvieirjsii t e
Uygul ama Labor at dR eerps8lh\d al abzuel rul nearry BkGusl | kaenréil ta r

czerminker,o ,° |d-¢dzketsnel ri | aurl maulkd witru r

S¢periklebekkegaeymeé nener jsahipmbldgsakusuteari nyaikiél ar ak
|l azerin et kmél kePriB a zkearrikhéd gagket i éfl r e & lazer;n®ir ol ma k
atéeménéef@ ©Ber, #iodliumokiasalkusuaun toplam enerjigB- 7 ) EK
42veAlaza i n et ki |l edi J,iherhirl-a nz gloussad rortalgraaemerg
yoJjunbiudhy L,)Ek Kul3l anél améakkt éhre.sapl an

(4.1)
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B- 5 - N 60 YW i (4.2)
v B
0idd , 5 3 (4.3)
Ek. 4.1, E kk.u 14 .a2n évl ea r Eakk. hde.s3anpIR & psUW lazemle r | | de

yapéel an kusur |l ar éva k u sawzrdowisg®mlr a pleieareel Ideer | 4 . 4

verilmektedir.

¢i zethogsdRvepsUV | azer i | eaalymanaietraare hdsaplanam ehegjir
dejerl eri
ns IR i ps UV r(aAtegm A 00

At e At é] &tem| xa@exi| Deki| [At & Batem| x@exi| Deki] Deki
Say|A rnsa | 10°%J 104J tapé Say 1067 104J Deérml M¢ a®an

3 oo dae T i3 Fisver] |100| 13t | 13 | o 0

4 21510 jf{g i;g ig;g? 50 | 3,54 1,77 | 0,098 | 108

5 21;0 jf{g ;% iggsg 44 | 5,08 223 | 1,152 | 2372

6 21510 jf{g 212411 133131 150 | 1,83 2,74 | 1,637 | 17,9

7 21510 jf{g g:gg gfg? 250 | 1,31 328 | 1,314 186

10 21510 j:ig j:ig igi:ig 125 | 3,56 445 | 2,183 | 249

12 21(;10 jf{g ggé igggg 150 | 3,56 534 | 2,046 | 26,3

14 21510 j:ig 2:(1)2 gg;g 175 | 3,56 6,23 | 2,475 | 28,7

16 21510 j:ig S:gi 12;;2 200 | 3,56 7,12 | 3,058 | 27,5

18 21510 j:ig ;Sg ggég 225 | 3,56 8,01 | 3,473 | 28,2

20 21510 j:ig g:gg ﬂé:gg 250 | 3,56 8,90 | 2,716 | 28,1
nsIRve psUV | azerin ateéem enerjisi ve atéem say:¢
ol ukt ur ul ma yHer iki lazerie &,80k1h€8B0xe0f J d exn &r j i ar al &]
kusurl ar ylap éll mZ2xntlee . anrsé enerji seviyesi i

aynée atéem sayéseéndaolvuek teunreurdjmo gat ruael €j0e0n dnas kau
i I e ol kusdtuarrdelngn er i ierkcuesluern d-i glpgdlGadr @m 12r6al €] é



o1l - ¢l m¢ K, yézeyde d¢é¢zgeén deki k Keklinde
- ¢l emelMlagarier .y aP€ | an k u-8u rQna raérna | -éaj pél nadragé °0l -
Ayné ener jnsiRdegdgséVriazer iley ia p énbkemsalkusurlara ait konfokal

mikroskopg ° r ¢ NnRegdiemi g%t @gddekt edir

ns-IR (200 ns)-Edesik=1,76x10"1 | ns IR (14 ns)-E desik=1,74x10%

ns-IR (200ns)-E desik= 2,20x10%) | ns-IR (14 ns) -E desik=2,17x10*)

ns-IR (200 ns)-E dosik=2,64x1045 | ns-IR (14.ns) -E desik=2,61x10~)

R D) ¥

ns-IR (200 ns)-Edesik= 3,08x10-4f ns-IR (14 ns)-E desik= 3,04x10%

)

Resim 4.10Ay né e ner jn&IR de@$U¥ faier iley- a pnérdkiasal kusdara ait
konfokalmikroskopg © r ¢ nt ¢ 1 er i



ns-IR (200 ns)-E desik= 4,40x10%)

ns-IR (14 ns)-E desik=4,35x10*)

ps-UV - Edesik= 4,45x10%)

ns-IR (200 ns)-Edesik= 5,28x104]

W71

ns:iR (14ns) % Edesik= 5;21x10*

ps-UV - E desik=5,34x10%]

J

ns-IR (14 nis) ‘Edesik= 6,08x10°4)

A
“"( \\k,

“ps-UV - Edesik= 6,23x10")

y )
}

ps-UV - E desik= 7,12x10]

ps-UV - E desik= 8,01x10%)

ns-IR (200 ns)-Edesik=8,80x10*

Resim4.10. (devam)Ay n €

ns-IR (14 ns)-Edesik=8,69x10*)
| o \ |

ps-UV - E desik= 8,90x10%)

éeeperi-IRivepsdV nsazer

kusurlara ait konfokamikroskopg © r ¢ nt ¢ 1 er i
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Resim 4: Rty hszer ile yapélan kusur g°°r¢n
enerji séras€Rilazeeri F mnkUM4ringms ZOO® mps w4 €
il e yapeéelan kusurlar incelendijinde, ateéem a
artteje ge°r ¢l mektedir. Atém araléejeée azal de

aktareéeldejéndan | az Rresé knmé iié Mndn ,ipstid/daiterila da [ ti mal
1,31x10°J / derniekj i ,degf ebyoldyaudtdl agleebi | i r ,k7axdur ol uxk
4)/ demeijil e] eryi¢gnzdeey de der i nlli-j¢il edoegzlgepann i ckdjigliér
kusurl ar nelRlazeriey a pa@t an 14 ns ve 2RuBurlanda at ém
yé¢zeyde erime meydana gel mi k, ener jais@ina art
raj meanzgen | cajkéulseumm | a rHeraki lazerind mé kotl émektasalr ul an
Kusurlphrdamr isleamreelf i yve- hgraikledik € le Kk Gevde.ri4d mi Kkt i r .

B  ns-IR (200 ns)
180 ® ns-IR (14 ns)
A ps-UV
~— 160
1) L <
o 140 s ® e . e « - -
s 8
%i 120
100
x
'~ 80}
N4
()
a 6ot
401
A A A A A
20 A 4 a 4
A
0 A
0 2x10* 4x10™ 6x10™* 8x10™ 1x10°

kekiild nsiRvepsUV | azer Kkul Inektasakusurlam kiteynwap ¢li ye kar
deki k -apé grafifji

nsl R | a z eturulam kusuk @d @amé Icd 6/ a®@ldprecheer j i nin art mas
135146 Om aarreélkétjdédié ms ve 200 ns atém aral éeje
-aplare deji ki mi ayné ejediikmdedpenéenrEnariia
dejerden sonra det. ipsWedligzerg?®irlegd me&mpaérndan de
enerjinin taptdid sdéewdvigksiralentsonra 250 Om ar al é]J énda
g°r ¢l mgIRlbzgriley apél an kusurl arda y¢zeyde eri me
t er mal etkilekim oHarujuku pgaseer meélet egydbizre.y e

ol maseéna raj men, mal z e me vV e |l azer et kil ek
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yézeydeki emkK tAkreim bhawvmkEgeéokbn azal maséyl a,
homojen kusur ol uknsiRlLanerilegrzemngéed ga rkt maekktl a cnédre. b
ol turd a ma mewV darerle ise 180 Om -apénda derinlifji C
dajel emlé& kusurl aBuneldewntl wr ukluashuirlpsod Hazeetdu rrma k
kul | anpslUwmleagetii@nokia s al , -izgobmhkvegzdanergseflar k
Kusur ramlimekmg mk ¢ nd-JyvY . | #53er kull anél arak YBCO
mer kezleri yerine ge-ebilecek d¢zenli Kkusur

431.psUV | azer il e noktvaeanaliti kusur ol uktur ma

Nokt asal kKusur ol ulazereaitdned ki Kile¢i Bnmgkeud 4 ,a nagd eam, f
ve olukturulan dekdé&] ek k ahlas®e lpermakl ede r . f 8u
enerji dejerleri i -Alymék uwskwerm arejcelruktiuriwnl eyt
sayéseéena ¢ %satkusygdergagkiordokal mkmskopg © r ¢ nRegirh £ Ifde

verilmektedir

LU ETHISCR D il 100atim  E desik=1,31x10) | 180 atim  Edesik=1.97x10:)| 250 atim E desik=3,28x10%)

Etki yok

50atim E desik=9,14x105)

Etki yok

S50atim E desik=1,27x10-%

Etki yok

50atim E desik=1,77x10-%) | 100atim . E desik=3,56x10%J( 150atim E desik=5,34x10"J | 250atim E desik=8,9x10-%)

: L ) )

Resim4.11 Ayné akeéem dejeri i -

dejiken frekan:
kusutara aitkonfokalmikroskopg © r ¢ nt ¢ [

D S
—
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Yukaréedan akajéya ayné atéem sayésé i-in enei
atem sayésénén artt ée] eRekirdslli rn cge®l regdndtios] | eenrdienlyée r
1,31x10°J ener j i seviyedioydenhn agibvedd g t gglzieydokt a
kusurl ar ol ukt um 8 a W& g & enrydkebkpmdrjea afehgkla ave

deki kl ¢diamébae(i Kmeld épdirka KFree troakta e e d pk 6§ K a
boyuattamakt adeér .

Resim 4.1&de verilen & nfiekans veat é m s dg E 5 R e v eyaakpéém ain- inno kt a
kusutara aitkonfokal mikroskopg © r ¢ nt ¢ 1 er i, 5i0n ched)&xioti /T d enkdi ek

enerji dejerinde y¢zeyde bRdsimadp@ @ kKesiurkeol a)
frekans ve akém i-in dejiken at émkoskgpéséna
gor ¢nit gt @lmden3dsi jdi1,8xib*d/ deki k de] edigimkdisur y ¢z ey
olmxkt ®@dé@kt urul an kusur |élrogans &mog | raan] neenre,r ja K ée
vcat ém sayésé dejikkegnepgpdenifarkkegi et kil £meme
Yézeye verilen enerji mi kt ar & a malzemedakema s € n a

et ki |l emeébnajslcéer eoslide] endalaé&t agl@ir at m

on rdPY N ol GPY 9 R&| S0 GPY ol S0 PY 9 RS@A

Etki yok

Resim4l12Ayné frekans ve atém sayéseé i-lamm deji K
aitkonfokalmikroskopg © r ¢ nt ¢ | er i

36l G PY i “ - g i ¢ Qﬁ SHBIA 48|L}'PY ‘ S &7 |

Resim4.13Ayné frekans ve akém i-in deji daean at ém
ait konfokalmikroskopg © r ¢ nt ¢ er i
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Yapeéel an noktasal lknushedsapl anép daimgeeyndiekdeijjaik a
ve derinli Noktashi ¢ kmgrt ¢ idaeaewmapetn-emeji iny e j kagk af
keki i ed4 .gl°5 ¢l mektedir.

(

Deki k ¢tapeée Deki k Derinlifi

45 — 6

40 -
- 5l
o B - .
[=% — 4t
Py sor 0’ - * * E 4 .
§ 25 o~ ‘: 3 o 3 °
~ 20 3 ‘00
- LN = L
: 15t * : ; 2 . o .3 °
O 10t ’ ot .o

¢ o1t °®
5+ ¢ -~
OF owes (013 .--‘
0 2x10* 4x10™ 6x10™ 8x10™ 1x10° 0 2x10° 4x10° ox10° 8x10° 1x10°
ed e KQJ)K ed e KCJ1<

k e l4il5 Noktasal kusdaraaite ner j i dyeek ikkar-ka&p é€ ve derinlifji

Grafikler i nce?tJe/nddeikjiikndeenelr,j3i1xdle( eri ne kadar
ol ukmamaktadeér . Deki k boyudé2x10%J /edreexri jki nd me r:
dejerinidewgishpEh@ eOm auladkg@naart ekDgRisk er me
derinlifji i se ener jli2nnmn aantl i &mylkae abit ma kdt
ol ukmaktader . YBCXbmkadomdungundckan élaimanth@z | ¢ ] ¢ n
ge-i kKten kaynakl andeéej e dg¢Kk,YmBgLlOmekkattenda nr . s éBrué
i -inde noktasal kusur vy,dgmekexi0*-Ji/dege ke lolliar

tespit edilnk t i r .

432.psUV | azer il e -i zygeiasabzi kusur ol uktur ma
psUV lazer ilei st eni l en y°nde ve a-éeda, -1 zgi K e k
Y¢zeyde -1 zgi sel kusur ol yktakrema k fireikrmanlsuyl lc

-1 zgil er ayr¢azsety iaakéaafdblgreenodak® | - glsigpt i k ol duj ur
tarama a-éséna (g° ekeedir:-Biuz gno dgean ifkalrikjlie dyejnilkem
dejerl eri i dar ol wkitzugri Toshenha mkauusau-ré s € x Adeseni nd
135A ol arak se-il mi kéVeékh eseelle nkeurgjeiar g dadrjiegni i rnve
derinliji R&m4ddemymtiesp.arametrelAvel3b5Ai a- ®@lAar I
yapeél amkusgrlad ait konf okal owerilkektede.k op go°r ¢nt ¢l e
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Resimd.14Far kl e tardmA, hepA vgapeBAna-largati sal kK
konfokal mikroskopg ®© r ¢ nt ¢ 1 er i

Resm4.%i ncel endirjainrad ea,- €és éma ghh djelre nolgeamalk, i k v
farkl e olduju g°r¢l mektedir. X ekseniyle O0A
az, derinliji en fazla olan kusurl ardeéer. 45,
ile yapeéel arenkuwsuiglareni §demzg@ a, der i Résimj i en
4153everilenayné par amet rtmdmahr&zi y & gme ldeen i -kKeeangti s e | k

konfokal mikroskoy © r ¢ ng %1l &lrme kt edi r

igsommis | ot ey T L AR

i 1000 mmish e e 2000 :rﬁ.m’/sl ;SOOQ mm/s-

VAN ot
\ .

W sooommis e gstomms [T 6000 mime

Resm4.15 Ayné parametreheamayhdpzéd anl & tama gti s e | k
konfokal mikroskomy ® r ¢ nt ¢ 1 er i
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Resim 4. 15 incel enditaramahdéez iadrOkOu stumr/ sb % lsg e snidred
alténda boyut | ar dtaujnuo kg ars Rbsimekklibdauded r&.ar b1 @ K

ener j i kdaerjkekryirgrieer a ma  hyeazpd élra&én iKuwesur lAayrnég®°r ¢ |
parametreler-i itatameh @@ar t maséyl a deki KAguwaimak &k | er i 8
a éem enermdasédknlisasurd aalén geni kl i kleri azal makt

91 (i BYBXI0P) 1500mm/s - | 9 14 B YA 1500 mmis '9'7|-"'gi|12,,¥3|$<‘1’0f5‘3‘ 1500 mm. |

91 19.,/B,UBK103 /2000 mmis: | o'F /(i B.EAK1PI 2000mmls. i | 9F G BEIKINT  2000mmis

9§ B EEKL0PY B00 mmis 911 BYIKIOT 2500 mmis' | 6} REIKI0CT | 2500 mmis

Resim4.16 Ayn@&r ama- ihrez€ej i ken atém enerfaraati ne g?°|
konfokal mikroskopg © r ¢ nt ¢ 1 er i

X ekseniyle D3A5A 48 Ag 4 @eOkAg nvsee|l kusurl aréen er
kar gell @ k uslr- bloeykugRlazde.€1i | mi kt i r. Tar ama a-

grafikler i ncel endi Ji nde, enerjinindogrumadeydlaar
d e jnektedir izgis el kugamnmil @kiéjni2isn Om5 9-8B Omvyen 43 A

135A i -i30 iOsme az@mdiej ginldadiém ganEegsEnphi moaeralr
derinlijin ar tBnéjna atgas&gylmekt edgrl erin geni

ar al ek t,derikidelri®&mr tkmankt adér .
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Yéezeyde degzgen dajél éemlé kusurlar el de et me
tarama a-élaré kulmarébaraBukssanulbaarokbueie
n

sénérlarée i-inde -izgisel k 2@ Mcn? olgrak ppespét kK i - i
edi |l mi ktir.
433.psUV | azer il e dai wveaaidi kusur ol uktur ma

Dairesel kusuilet ¢ m y ¢ zeyde, degenlgod nu kd aujréull émpireselme k't e d
kusur ol uktur mak i raikné nk ulflaaenkénl aaskhueszesf -y Kk B pal &
eksenindekiFarzkalkd éeeknlearrjdié rdej erl erine msahip Kk
daj &€kuvsuare | de e di | me yDaireselalarak eldel edilernk kiusairfarait
konfokalmikroskopg ° r ¢ nR g 9 ie mdedrerithéktédir.

9t i PY "I wopmsi”| 9 150 P YT wE @spiEns| 9 F U P Y[ I @0pEMST

g1 P FeE a0 | oF G P YT I asommist | 9 1 O'PY ILH T ACOEM ST

I G PYT #I 00BN
| & - ¥ »,

Resim4.17.Far kl € atem enerjisi i -dainesel kysuam@ aitt ar a ma
konfokal mikroskopg © r ¢ nt ¢ 1 er i

Resim 4.17 incelendijinde, uygun parlaametr el ¢
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oo ukturul abil ecleajery ¢ gy ¢ lemme&kk tl etdaiirma maly gayg &kin é v e
ol duj ,ematlaenner j i ye s adhireselkdswdarur ke k| i

Lazerle éde edilenno k't as al , -izgi sel vV e ; psadV lazersile | kusu
YBCOkegizeri nde wuygun parametreler se-ilerek,
gor ¢l megktgr . Y¢zeyde -ivil eme merkezi yerin
ger ekl i |l azer parametrel er.i tespit edi | mi kKt
ol - ¢ml er i i -in °rnekler hazérl anméxkteér

44Manyeti ko¥u-}t mr$8

Lazer ile olukturulan d¢zenl i Kusurmmekr én kr
amaceéegktaas al , -izgisel ve dairesel ol mak ¢ z
orerkl er hazeéer !l anmé,g3xad, 1,78Nkd0k 1,688xEMJ) / exuk ol ma
czere ¢- farkgeseimdkmveasBliceol mak ¢zere i ki fa
ile olukturul muktur. Dairedg.élhziusamaaneérijie kd

isimlendirme vékusurp ar amet r e | @everilmektezrie| ge 4. 5

¢ci zelbylanyet i zasiy-oinn °H a z énrglaigparamretrefer ne k| er

¥rne Kusur | At é| Yatay | Dkey | dat &| O x 4d«id{ Y¢zeyd
Ade say|Uzak|{Uzak| (10%) | &ojuni{ (10*J) kusur
mm mm (Jlen?)

R-1 Referan|- - - - - - -

¢ i z g(ids5ed - 0,07 0,07 3,93 4,83 - %64
C-1 ¢i z g(ils3ef - 0,07 0,07 3,93 4,83 -
D-1 Dairesel - 0,025 0,025 1,60 25,60 - %2100
R-2 Referansé r n { - - - - - - -
C-2 ¢i zgi se|- 0,1 - 2,00 1,54 - %28
N-1 Noktasal 100 0,1 0,1 1,83 - 1,83 100 de¥%xi
N-2 Noktasal 50 0,1 0,1 3,56 - 1,78 100 de¥%xi
N-3 Noktasal 50 0,05 0,05 3,56 - 1,78 400 deXi
N-4 Noktasal 50 0,1 0,1 3,56 - 1,78 100 deX i
R-3 Referan|- - - - - - -
N-5 Noktasal 46 0,026 0,03 3,56 - 1,63 1282 d@éjy
N-6 Noktasal 46 0,086 |0, 3,56 - 1,63 116 deXi
N-7 Noktasal 46 0,03 0,03 3,56 - 1,63 1111 déjy
N-8 Noktasal 46 0,1 0,1 3,56 - 1,63 100d e ki k/
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¥rnekl er hazérl anér ken her bir °rnek grubu
ol abil ecek herhangi bir homoHansilzandwnbernal
k us ur bkonjokat nhikeoskép ileanaliz edilerekkusurlara aitkonfokal mikroskop

g°r ¢nRegim&lge veril miktir.

Uy IR VA

1,78 x10% )/desik " |

AL ' VR g " Y ‘ ."‘ 33 \
‘1,_54J/c‘m2‘ IR ' }.4,83 lfem?

Resim 4.18Ku | | aemegjild® i er g eke@sar | u © komakdthileoskep a i t
goer¢é¢nt el eri

1,63x10*J / deki k enerjili noktasal kusur ol uktur
iz keklinded?XY/ dE&Emiek jol dr, kB xsled-i I di Jinde boy
kusurl ar ol ukmuktplr4l 3Bm, kdiesruBod tarjsin] ¢ sea @& 0.
1,83x10°J / deki k ener j iélnia pea@Xk2tda s@rhd e k70&EBAMinjna r
aral @éj énda®deaerjl.i 19l5a&r alk cynapél an - i zgdlupel kus
olaik iz y¢zeyseldir ve bellicitebeéer | idleirileabA] ee s
ol ukt-uirad iashealg eknuiskulrOkl er up 24y ¢ zeydeelO®nmuk an -
derinlijindedir. ¢i z ga50 nenrdérinliktetig2p,g0dVcrenekiit al ar é
il e ol ukturul an dgaierye sted makmesurtdaar ainsde&j & i -
yapél amamexkt éer .

Hazeér InaklkeenBEM g°r ¢nt ¢l eri ve EDS Rdsim499% zey a
veResim426de noktasal ve -izEBDOSsehukblbauvueéel g°®Pghme
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s 1 ! 50 dot_01x3000 s ! 100 dot_01x3000

O Cu Y Ba O Cu Y Ba S Cr Fe

a

1 52,40 [ 1994 | 4,41 | 14,38
2 52,14 | 20,76 | 4,47 | 14,60
3 57,98 | 17,85 | 4,45 | 11,48

52,58 | 14,28 | 3,48 | 9,16 1,07 | 3,10 | 0,89

50,29 | 19,00 | 5,47 | 16,06

w (N |k |T

52,22 | 20,93 | 4,54 | 15,23

Resim 4.19No kt as al kusur o EDBkanalizi, )l 178x10°Jd e &k ker i n
enerjfiye s a hi, () 183x10%e)k denerjyk sahip °rnek

EDS sonu-larénda YBCOO6yu ol uktResimhl9@iae met | er
verilen1,78x10*J / deki k eneBEDS |sofwmalel eakiiiftindb® |l ges
ol arak i karetlenen 1 b°l gesi ve YiBklOeny ag ari me |

el ement oranlarénda deji ki mg o1 okyemsekiasalr . Anc
b°l gel erde Ba ve Cu ar ama aResuién kde.nl O (nmd)kd cae
183x10°J / deki k enerjili °rneje ausurEDSB°Ispavi-| @
i karetl eneru fveBal gesanedazal mekteéer . Bu b°l ge

der i n,lYiBJCiOn ikra laénn 1 1egi5e non z o | md sa&rea i majemekn si y |
veya tamponkatmarm a n mal z e me ge-i Ki ol dujunu d¢Keén
b°l gebuluman2e b °,lkguessuir ol mayialhe 3k éyasgleasiud €] € nd a
oranl|l aréméa ol sa bir azglPmg,)| m&kBNCe&d Bagaeygi ade
bul unan -ubuk Kekl i nd®kimi khteayraé&z ftaaznlea)i k ke s

go°r ¢l memektedir.

154 Jicmdve4,83J/cthh azer enerjisi ile -izgisapaliz kusur
sonu-I| ar éd&®Reveéem 4mi2Ot i r .
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- o e— T 7 w0HoE.a
(e} Cu Y Ba O Cu Y Ba

50,84 21,73 4,85 14,98 51,93 20,66 4,76 14,93
53,00 21,02 4,57 15,23 50,21 21,22 4,70 15,31
61,59 15,69 4,04 11,06 49,82 20,94 4,81 15,37
56,28 15,79 7,15 12,32 49,85 21,53 4,96 15,58

A |w v [P e
AN lw v P |m

Resim 4.20¢i zgi s el kusur ealED dnalizj (@)184n)/cift enarjgek | e r
sahi p, (Y488 ¥ckieneriye sahip °rnek

Resim 4.20 ((®Jedanerjver °lrevie]j ee adt hyhgeésande
analizlerde element miktadare f ar k|l él eé k Bg ° & taekruisaakrtddud i b° | ge
megdana gelen beyaz nokYgit@eyrdamr kngeag? apmak
bl gelmrkdaeat@r ken Cu ve B&Resmi420(b)éde erilem#Ba |l makt a

Jenfener jil i -izgi sel kusur b°l geleri ve i KI e
g°stermektedir. Lazer etkisiyl &lhbhdakialh &duesmuj
noktasal kusurlu °rnek haricinde belirgin f
Bu enerji dej erdlaegreir iulyd@punhaanzyaeltbiekd athz el | i k1 e
ar akt e Resiankd.2)b)adien g° st errinaelk  hagéebl anarak MPMS
°czell ikl eMPIMS nic-eilne nhdaiz.8r manamap&nu alkdedlea cak Ke
kesilerek hazeérl ande. Hazér |l anan K&@eG5™r nekl e

araseée y¢zeye di k maPM@raanyetametrd (Quantumpesign MPM& r a k
XL5)ilemanyeti zalsgroin &I € rgdné .
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(b)

Resim4.21a)l zer i nde Kk usuue,biManyatzasyorPul l-piunki n hazeéer | ar
°rnek

Elde edilenM-Hd° ng¢ | ¢grairmdaérmnarak kritik durum mod
°rnek-lagpreightH d ° n gh¢dseen el de edi l en pozitif ve

om&k ¢zer & uEdk adélledeakeri hesapl anméxkter
- y

v 0O —— (4.4)
ReferansR-1, R2 ve R3° r nanke laieM-H d © nlegik e ki | , M-HId7? dldge;,

kul | ahesdplanadadcr ak € ki | vérilmkel@edird e
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1,0x10°

T

8,0x10"

T

6,0x10"

T

4,0x10"

T

& 2,0x10°
IS

L
3 0,0}
S
2
=

T

-2,0x10"

T

-4,0x10"

T

-6,0x10"

-8,0x10* .
-4 -2 0 2 4 6
H (10* Oe)

k e K4il1.ReferandR-1, R2veR-3 ° r n eat M-eld P nlagi¢

1,8x10°
—5—R-3

——R-1

T

1,6x10°
1,4x10°
1,2x10°

1,0x10°

o

o
o
x

H
o

6,0x10°

Jc (emu/cm2 15K)

4,0x10°

2,0x10°

1 1

N

2 . 3
H (10" Oe)

k e k4il8 ReferansR-1, R2 ve R-3° r n anke kiegw-H d ° nlegigden hesaplanadc
dejerl eri
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Manyeti zassyoomu-°%la-rém i ncel endijinde; referan:
farkl ele@alkni ktng&kker standart ¢retilip homoje
°l - ¢m sonu- | ar @apudkaekrii tflaerrkd eé | be°kl Igaerséenl; f ar k| él

séraseéenda kenar b°l gel er dedame yldayraakd alnarb i

de¢kKegnegl mektedir .

R-2 R-3

Resim4.22 ReferanR-1, R2 veR-3  ° r n eait kodokal mikeoskopg ° r ¢ nt ¢ | er i

Resim 4.22de verilen konfokal mikroskop g°®r ¢nti plcet enay i & n ke, s me
parametrel er.i kull anél maséna hasak@d meno!|l yrgtzeijy!
g°r ¢ | meButkesdrlaryM-H d ° nlaggigden Jc d e | e hdsaplad r kgeonz arde
edi | mVl-lH dP nlgeer i s¢peri | emtikketnar @alad ebpagviien n
d°nlgesr i ndeki farkl él ej én k @éasank a ysnearkaldeejnud a n
d¢kKen¢ |IRefgran® grmeekazer uygulPameaskée yeamngédemné n b?°
ayne k es me paramebr élaendan | & aykneaskillaenraenk et k

-al exél méxkteéer .

4.4.1. Noktasal kusur® | - omu sl ar é

Noktasal kusurliN-1, N-2, N-3, N-4 ve referans R° r jnieaitdl-Hd ° nl ge¢r i kekil 4 .
M-H d ° nlegigden hesaplanancdd ej er | er Ode ¥ e ki | Mi4Ne2) N4

° rkiendex ve y eksenindhN3 10mdefme a5 & | @Grk | aarrd laé k | :
ol uktur ul muknejfi niNnlL88keok]j Nk2, Ne3nNedr jCirsniek | erinin
enerjileri1,78x10* Jadir.
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k e 419 Noktasal kusurliN-1, N-2, N-3, N-4 ve referan®R-2° r nne @it MHd ° nlagi¢,

k e k4.20 Noktasal kusurluN-1, N-2, N-3, N-4 ve referansR-2 ° r nne jait M-H
d ° nlegigden hesaplanacd e er | er i













































































http://aip.scitation.org/author/Warnes%2C+W+H
http://aip.scitation.org/author/Larbalestier%2C+D+C
https://journals.aps.org/rmp/



javascript:void(0)
javascript:void(0)
















