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Chapter 1
x@

1.1 O8aK1908/K*is@N+ajs&*sM9 (Kamerlingh-Onnes),=l^GJW
$NG"kHM(ilF$?Xj&`NU=KiaF.y7"=lrQ$Fv

~GbcYNb+C?b0G"kedKKc9GNq3,j~KM3<mq3

HJk6A3-r/+7?N, 1911/G"k#=lJh"M9J1Nb0"g
bd=g*JIK6A3-,'ail"6A3N/=!=KX9k&f,Ja

ilF-?#7Pi/NVOhj*J}@O=lJ+C?,"1957/K6A3
/=!=rb@9k3HNG-kBCS(Bardeen Cooper S
hrie�er)}@,Pl
7"=N}@KhkH"6A3N,6A3uV+ioA3uVXH>\9k9

YG"kW&9YO"b930 KxY,BYG"m&HM(ilF$?#
7+7"1986/KYINkD (Johannees G.Bednorz)H_e<i< (KarlAlex M�uller)KhCF"@=*O*AN (La-Ba-Cu-O)G 30 Ki6A3NN

D=-,(5l"=Ne"Y-Ba-Cu-OdBi-Sr-Ca-Cu-OJINUNbGN(@(77.3 K)rg-/6(kW&9Yr}D@=*6A3N,/+5l?#3li
$ofkb96A3NO=NW&9YNb5+idQ39HNo:,M(il"

~Q=Kg-J|T,s;il"b96A3NrQ$?~`N+/,Tol?#

7+7"/++i 20/a/PH&7F$k=_Gb"BQ=^GKO~1]j
,DCF*j"6A3!oXN~QN?aNlXNC-~1,aailF$k#

6A3!oXN~QH7FO"6A3uVGOE$q3J7KgFLNE.

r.93H,G-kH$&-A+i"(Mk.<N;:J/gEOrwEG-k

wE~d6A3(Mk.<y_uV SMES(Super
ondu
tive Magneti
 Energy1



Storage)d6A3His9 [1℄JI,s2ilk#̂ ?"Bj7Fb'&r/85

;ilk3H+i'$be0sVQ6A3^0MCH [2℄"%udJQb<?< [3℄
JI,M(ilF$k#3liN!oO~`C)7?6A3N+i=n5lF$

k3H+i"~Q&fNJ+Gb~`C)Og-J&'$HrjaF$k#^?"

8g;U=s\gN'+NLR=NC'r8+7F"SQUID(Super
ondu
tingQUantum Interferen
e Devi
e : 6A3LR3DGR)JINb6Y'$;s5
,=n5lF$k#eEQGO'$&DG|GGuV (MRI)JIN!o,s2
ilk#

=_BQ6A3~`H7FxQ5lF$kbNO"NbTidNb3Sn~`G"
j"b96A3NrQ$?~`O3li 2DN6A3~`KOBQ-NLG^
@ZPJ$#7+7"3lib06A3NO"HQG-k9Yhd'&KBj

,"j"UNXj&`+iUNbGGNdQ^G-$9YhGHQD=G"k

b96A3NN~`NBQ=,TA>^lF$k#1.2 b96A3N

b96A3NG"k@=*6A3NO;i_C/9G"j"soKH$#?h

j6A3uV~KE.,.ld9$}~,h^CF$k?a"gFLNE.r

.9?aKOE.Q9HJk Cu-OLrE.}~KDJ.go;"k=N[~
r7(Fdk,W,"k#=N?a"~`N_WHC),q7$H5lF-?#

3l^GgKYdGd"DyJINuZ`@=*6A3NRE-1233<H~`H"BiO@=*6A3NN 2o`,&f5lF-?#Y-Ba-Cu-OdGd-Ba-C-OJINuZ`5GrQ$?3<H~`NW&9YT
O8.roK8&5lk,"b$bNGOY-Ba-Cu-OG 92 Kr-?7F$
k#^?"BiOKfY[}-,.5/"TsO,BiOKfYF/$#=N?
a"b'&hGNW&E.)YJ
C-Nc<,^(il"-OON9YhGx
QG-k6A3~`H7F~Q;QN&f,JailF$k#7+7 IBAD!
dPLD!JIKhjk=r[~5;k?aNbAJ!`r,WH9k#l}BiO6A3NO 
4}~KfYF"6A3E.NQ9HJkCu-OL}~N.
9,soKa/"v$?DuNk=,nilk#?DuNk=O5L5lkH

VmC/X,ul"#jjr/37d9$H$&-Arw(F$k?a"dr

o~QNI`H7FbtK6A3NN`AHJk4vrm~7".h}H!#2



*J5dr+jV9PIT(Powder In Tube)!H$&}0GJ1K 
4}~K[
~7"REOKfYFFWK9\J~`,=nG-k#=_GOkm*<@<N
~`,L:G-kh&KJCF$k,"P9kREObt/bKO9\~`,
=nD=KJkH5lF$k#BiON@=*6A3N@,"W&9YT
,30 KG"kBi2Sr2CuO6(Bi-2201)
H"95 KNBi2Sr2CaCu2O8(Bi-2212)"110 KNBi2Sr2Ca2Cu3Ox (Bi-2223),8
_9k#3N&A"Gb-QG"kNOW&9YNb$Bi-2223XG"j"Bi-2212Oc9b'&GNC-,b06A3Nr#+K?03H+i"d`!GN
dQ,D=G"j"+Db$W&E.rbCF$k20 KGNxQ,M(ilF
$k#l}"Bi-2223O=Nb$W&9Y+ic9h+iUNbG9Y<^GN
-$9YhGN~QrknK$l&f+/,JailF$k#^?"Bi-2223OBirt,*KPbGV99k3HKhCF.*JBj-,@ilkH$&3H
,NilF$k?a"B]O (Bi,Pb)-2223H$&AGQ$ilk3HKJk#
3Nh&K"9\~`H7FOYO"GdOb96A3NHfYFBiO@=*
6A3N,6AN39Hd~`C),FWH$&@G~`~QK,7F$kH

$("^?BiON6A3NNfGO~QK]7F~QOO"?Q39HH$&
@G=J,GOBi-2223,6A39\~`N`AH7F,7F$kH$(k#BiO@=*6A3NNC'H7F"EL(Mk.<)Y,.5/"TsK
s0O,e$H$&3H,s2ilk#=N?a"Bi@=*O6A3NO'&
NFAru1d9$#CKb9b'&<K*$FN'+/j<W [4℄NFAO
g-/"W&E.)YJ
O+J'&fGNbNHfYkHx7/c<7F7^
&#^?"E-JJ~N)Ae,j,"b06A3Nd"18@=*6A3NNYOJIHfYFKd+G"k3H,NilF$k,"3lOE-JJ~rE = E
� JJ
�n (1.1)
H=7?H-N nr6A3NNBQ-r=G9kX8N 1DG"knM,b9
b'&fGOCKc$H$&C-r(7F$k#J*"3NH-NE
OE&p
`"J
OE
rQ$FjA5l?W&E.)YG"k#nM,c$6xO'+/
j<WNFA,hjg-$3HKC("W&E.)YNM,-/,[7F$k

3HG"kHM(ilk#33+i6A3NbNTsONTQl5,A(k,"

3lOk=btNC-N9dk=VNekgN8_d"~`bN6A3U#i3



asHN=<;<8s0JI,FA7F$kHM(ilF$k#0R7?PIT
!rQ$FBiO~`O=n5lF$k,"2!FkNJ,GC5Fk!r3~
9k3HG~`N I
,~e9k3H,o+CF*j"=_OC5Fk!NG,
=,J5lkh&&f5lF$k#1.3 Bi-2223~`N=n}!BiO6A3NO[}-,x7/"
4N3R<ls99,;$?a"v$?D
k=r 
4[~5;"k=VNkgr/ak,W,"k#3l,B=G-lP
b$ J
r}DBiO~`,=nG-kh&KJkHM(ilF$k#0R7?
H*j"3lr!#*KB=D=JN,PIT(Powder In Tube)!G"k#1.3.1 PIT!BiO~`N=n}!O"/+vi+iPIT!,Q$ilF-?#PIT!HO"
dINfKBi6A3NN`AHJk@=*N>F-4vr<67"-~"5d
r+jV7FF<WuKC)7?e"8..h}rT$"dIGo~5l?~

`rn=9kH$&bNG"k#3N?aL>d7<9!HbFPl"~`+

Hbd7<9~`HFPlk#3Nh&K7F1D~,nilk,"~`N6

A3uVNBj=N?aKO?D~=,,WG"j"=N?aKPIT!GO8
..h}rT&0K"kxYC)7?]~r+MFFYdINfK^~7"1

D~1MN)xr+jV7F$/#

!KPIT!Khkd7<9~`NlL*Jn=Wm;9H=N5Wr(9#
@=*N>F-4v iL5l?@=*d:=*r>F-KhCFFk5;"=

NeU$FG-k4vKOBi-2212rgjH7F"Ca"Cu"PbJIr^
`=g*,8.5lF$k#

4vN<6&C) dIK>F-7?4vr<67"]@$9rQ$FN~z

-"Bm<kGN5dJIrT$Y~=rT&#3lG1D~,Phe,

j"?D~=rT&?aK"dINfK1D~rgLK+MF^~9k#

3lr?Y++jV7?D~=,0;9k#

4



^ 1.1: PIT!5W^
5dHFk ^K"kh&K"FkWm;9H5dWm;9O?Yb+jV5

lk#1Y\N5dGOF<WuK7?~`r 1!Fk7"Bi-2223k=
r.95;"FS5drT&#Fk~K6A3H%N)Y,c<7F$k

,"5dKhjF<WbNk=,)KJkH&K"5LKhCFk=[~

,=m&H$&BiONC'N?aK"k=[~N~ebTolF$k#
3Ne 2!FkrT$Bi-2223k=31NNkgr/ak#3liN)x
r+jV7F$-"b J
N~`,@ilk#

.h}KD$F Bi-2212GO"t,O;,/3k 880n+i 900n^G9Yr
e:5;"10A1n/~VN.YG9Yr<_5;F$/3HG~`N95
}~Kk=,[~7kg-Nb$H%,@ilk#Bi-2223O1MN}!
GOO;,/3kH1~KH%N,r,/3CF7^&?aTg,-$#PIT!GO4vuN6A3N`ArQ$WNfKMakH$&)x,"k,"

3lO BiO6A3N,;i_C/9G"k?a"x7//YKg1k#=N
?a!#*/YN~edDH&-r~`K?(k?aNd/`H7FNU#r

}CF$k#|,l6A3uV,ulF7^C?~"E.Q9H7F//3H

+i~`NBj-N~eKbW%7F$k#7+7"Fk~KBiO,Bj=9
kb9"b;Y@G7O$NroKQ("@Gr)a9k`ANbNGJ1l

PJiJ$#33GI`KdrHQ7F$kNO"P3*K:-C)-dQ@5



=-"@G)a-"b$E$A3(JINLG%l?G`G"kH1~K"F

k~KbtN6A3N`AH?~7F7^&H$&dj,J/"1MNroK

vFO^k< (Cu)db (Au)HfYFFWKC)G-"39HLG!CF$k
?aG"k#7+7B]NH3mOd@1GO/YKTB,Dk?a"~1N

?aKdgb,Q$ilF$k#?@7:Cb0OBi-2223H?~9kh&J
bNO|07"Mg"Sb"Mn"CuJI,udHJCF$k [5℄[6℄#
^?"~`r?D=9k3HKhCF1D~KfYF~`N/YN~e"D

H&-dhKRY?LjBj-N~e"r.E.rwE9k]K/3kr.;

:Nc:JI,s2ilk#7+7~`bK*1k7<9`Nf(,e,k?

aJ
Nc<Or1ilJ$#=N?a7<9`H6A3XNf(rM(FC)
7J1lPJiJ$#

3Nh&K7FBi-22239\~`,=n5lku@,"PIT!KhCF)n
5lk~`Kdj,J$o1GOJ$#5dWm;9G~`bNU#iasH

K/iC/,~j"FkrTCFb04K$|,5l:"=N^^DCF7^

&#^?"5d~KabL,:l?k=V,FkG)KJC?~Kud,88k#
3liNU#iasHbK88kuVO~`NC-"CKJ
rc<5;k6x
HJk#^?"U#iasHbOBi-2223jKC(F"Bi-2201jdBi-2212j"
>N@=*,.g7?uVHJCF*j"04JBi-22231jH$&o1GO
J$#U#iasHVG_Fb=NAudg-5,TQlJuVG"j"J
N
c<N6xHJCF$k#1.3.2 C5Fk!:CT-OP(ConTrolled-Over Pressure)
0aGRY?Lj"Bi-22239\~`=nK*1kPIT!KOG,=N>O,
"j"Bi-22236A3~`NC-~eN>OO^@^@D5lF$k#PIT!
K*$FC-Nh$Bi-2223~`r=n9k?aKEWJ)xO5dHFkW
m;9G"k,"3NH-/iC/,FkG$|G-kxYK 2!5drT$"
k=r)JuVKaE1U#iasHbN)Yrc<5;:K 2!FkrT&
,W,"k#3N 2!FkN]KFkfK,9 (Th-,9\@G)Khk05
r~`Ky}*KuC9k}!r3~9k3HG"5d~K88k/iC/N

$|H"FkKhCF88kudNCGrlYKT&3HNG-kC5Fk!(CT-OP:ConTrolled-Over Pressure)[7℄,+/5lF$k#3NH-N,95O6



15 MPaA30 MPaG)f5lF$k#1.3.3 CT-OPNzLBi-22236A3~`=nK*1kPIT!NFkWm;9KCT-OPr3~9k3
HKhCFqN*K@ilkzLKD$FRYF$/#

!

^ 1.2: FkeN SEM| (a)g$5J>hKFk~` (b)CT-OP~`
U#iasHbN)Y Bi-2223N}@)YO 6.3 g/
m3G"k#3lHfS7

FU#iasHjP)Yr+kH">hNPIT!G=n5l?~`O"2
!5dN]KO93%NjP)YG"C?,"2!FkrT&3HG83%x
YKc<7F$?#l}CT-OPr3~9k3HGjP)YO[\100%
N~`,=n5lk#3lhj"/iC/dudNdj,rC5lF$k

H$(k#Bi-22231j= 2!FkeN~`NU#iasHGLr SEMGQ!9kH"
>hN}0G=n5l?bNKOudd>NBiOjdCa-Sr-Cu-O"Ca-Pb-OJIN[j,?/^^lF$k#CT-OPr3~7?U#iasHO
ud,4/+il:"Ca-Sr-Cu-O"Ca-Pb-Ojb88J$#3lOU#
iasHBi-2223jP)Y,[\ 100%G"kH$&kLHblW9k#
7+7"S'(N9YM8-N4:KhjBi-2201jO+ilJ/Jk,Bi-2212jN^^lkdgO 33%[I+i 28%xY^G:/7F$k3
Hhj"Bi-22231j=O3~0HfYFc3~15l?H$(k#7



[~- X~s^NmC-s0+<VKhj,j7?Bi-2223k=NF<WL+
iNk=[~N:lr+kH">hN[~N:lO 10Ye@C?NKP
7F"CT-OPr3~9k3HG9.7YxYHJj")YN}CKhjU#
iasHN|_,v/Jj"hj[~7?uVGk=,.97d9/JC

F$kH$(k#

k=3kg MO(Magneto-Opti
al imaging)!KhkkLhj"CT-OPN3~
Khj/iC/yNdj,rC5lF$k@1GOJ/"U#iasHb

Nk=31NNkg,//JCF$k3H,o+k#

W&E.C- ;\~`G_?>h!KhCF=n5l?~`HCT-OPr3~
7?~`NU#iasHGLQ"?jNW&E.)YO"df 1.5N~`
G 26.0 kA/
m2+i 37.0 kA/
m2K"df 2.2N~`G 32.3 kA/
m2+
i 40.0 kA/
m2K~e7F*j"30%JeNW&E.C-N~e,+~
ak#

!#*/Y zC%jn3Khk~`N!#*/YN>AKhkH"W&E.C

-,t=7OakzC%j~OO>h!G=n5l?~`HCT-OPr3
~7?~`HGO"df 1.5N~`G 85 MPa+i 144 MPaK"df 2.2
N~`G 106 MPa+i 167 MPaK~e7F$k#df 1.5NCT-OP~
`NzC%j~O,df 2.2N>h!~`NzC%j~Ohjb$3H+
i"U#iasH)YN~eN_Ji:"=lKhCFzC%jKhki

Y,++C?]Kud"/iC/JIN~UKfYFe$t,,J/J

j"e$t,K~ON8f,/3j4NNzC%j~Orc<5;k3H

,J/JC??a@HM(ilk#3N3H+iCT-OP3~KhjU#
iasHN/Y+N,~e7?HWolk#2!Fk)xKCT-OPr3~9k3HG"e-Nh&J~`NQ=,sp5l

F$k [8℄[9℄#
^HakH"� J
"I
N~e (jP)YN~e"
4[~-N~e"ekgN~1)� nMN~e (W&E.)YJ
N~e"U#iasHNAN~eKhkTs
ONPiD-N~1) 8



� TDU'&BiN~e (TsONPiD-N~1KhkTsON~e"W&
E.)Y J
N~e)� !#*/YN~e (U#iasH/YN~e"jP)YN~e)

JeNh&JzL,@ilF$k#

^?"9\J~`NW&E.C-b;\~`HfS7F">h!G=n5l

?~`bCT-OP~`b^/m*K_kHC-Ot=9k,"CT-OP9\~`
NC-O;\~`HfYFb='J$bNHJk#3lO4NNTQl5,~

15lF$k3HrU#7F$k#Bi-2223~`OUNbGfGN0n,[j5lF$k,"U#iasHbK
uV,"kuVGUNbGKhkdQr*3J&H"uVbKUNbG,/~

7"9Y,e:7?H-KfG$=7F7^$"~`,D%7F7^&3H,

"k (Ballooning)#3lKhCF~`NC-Og-/c<9k3HKJkN@
,"CT-OPr3~9k3HG/iC/dudN|n,T(k?aK"3Nh&
Jdjb1~Krh5lk3HKJk#

3Nh&K"CT-OPr3~9k3HKhCFBi-22236A3~`NC-O
g-/~e7?H$(k,"Bi-22231j=KD$FO04GOJ/"C-N~
eN>OOD5lF$k#$rhN`\r~19k?a"CT-OPNroG,=
KD$FO=_b&f5lF$k#1.4 Bi-2223~`N6A3!oXN~QBi-22236A3~`N=n)xKCT-OP,+/"3~5l?3HKhCF"=
NW&E.O#GO 200 Ar-?7F*j"W&E. 150 ANBi-2223~`,
L:D=JH3m^GhF$k#^?"b1jb20%+i90%Hg-/~15
l"5gYG1500 mN9\~`,)H*KL:D=HJj"viO6A3^0
MCHXN~Q,g@C?,"=_GO=N>N,nXN~QKb//|T5

lF$k#33GO"BQK=,Q(&k^GKC-~15l?Bi-2223~`
Nn3?Qcr$/D+s2F_k#

9



1.4.1 6A3wE1<Vk

;'E$)H=NBi-2223~`,""aj+Ke<h</#N#T*kPK<
N 2DNQEjVNltrDJ0 350 m9N6A31<VkH7F 2006/ 6n
vK__,/)5l"1/ 8nKW)7?#3N1<VkO 7 kmN~`rHQ
7?350 m"34.5 kV-800 AN04lg?N1<VkG"j"dQ~N}Ld<
9HUNbG9YVN.5$/kKQ(ilk@1NQWYr-7"^?>h

N~`KfYkHsoK3sQ/HG"k#"aj+GO"2001/N 1nK+
jU)kK"#GN-hdEd"2003/N 8n 14|KOLFgdE,*-",
Ordo:"w[E~N;}dO<1<Vkd/EjNPRJIKhjdEN

dj,erd?J$H$&XJ,"C?#=_GO=lr'^(F"*6Jj

KJCF$?(Mk.<djrrh9k?aK2030/^GK6A31<VkK
hkbz("b.j-"b$B4-rbC?EO!kr4FKB=7h&H$

&WhNhn1H7F"Gbs9Hl<7gsNU#r3aF>/Nn3?Q

,Tol?#>hN1<VkKfYF3A5\NEOr?YkeK;:,^(i
l":5&b5His9rH&3HJ/E.rwEG-"B4LGO1<Vk

NPRybI03H,G-kHM(ilF$k#^?"1<VkVNfV8g

$sH;Qb3~5lF*j"3lKhCF5iK9$~)KbP~9k3H

,D=G"kH$&3Hr(7?#1.4.2 '$be0sV (JR0^0lV)Q^0MCHJRl$,3|B3~G&f+/rJaF$k'$be0sVNjK"b<?<
dJ&Fb&beKsQ9kb96A3^0MCHN~`KBi-2223~`,H
Q5lF$k#2005/ 11n 22|+i 12n 9|K+1FTC?vTn3GOB
j7?e'-=r/x7"sVN.YOGgG553.9 km/hr-?7?#3l^
G^0MCHN`AH7FONbTi,Q$ilF-?,"39H@&sH'$
be0sVN.j-N9Jk~eN?aK"1998/hj 20 KGN?Qrkn
K$lBi-2223~`rQ$?6A3^0MCHN+/,TolF$?#Bi-2223
6A3^0MCHNAuO"12XNQs1<-3$kr9Fsl9=N3$k
1<9KH_~s@bNG"k#e'E. 536 AG 8~VNJWE.b<IK
*1k'lj`(O 0.407%/dayxYG"j"Bi-2223~`rQ$?^0MCH
H7FO-oaF%l?C-r}C?^0MCHG"C?#10



1.4.3 v&f<GNn_

v&f<Gb"Bi-2223~`rQ$?6A3!oN_W"+/,anKTol
F$k#;'E$)HH&1G"1998/KUNbG9YG I
, 45 ANBi-2223
~`rX~7"=lrQ$F.?N6A3His9N=nrTCF$k#v~"

O;!Gn=5l?Y-123;\~`Nr.LE~N;:N,jrT*&H7F
$?,"E.M,g-/JkKDlFE;bg?=7"X~K?gJqbr,

WH7F$?#=3GNbTirQ$?UNXj&`fG0n5;k6A3Hi
s9N=nN3rbHKBi-22236A3His9,_W"=n5lk3HHJC
?#6A3His9N 1!&O<~,>B,s 50 mmN\SsK 300s,-K
5lF*j"P9k 2!&GOBi-2223~`r 10\BsK\37F 15s,$F
$k#3lO 2!&N,-tr.5/7F"_59keojKE.rg}K}
}9k@$,"k#UNbGfGN0nn3KhCF"1!&K 9.28 A"~H
t 35 HzNr.E.r~O7?H-"2!&GGg 841 ANE.,.l?H-
?5lF$k#^? 35 Hz+i 2000 Hz^GN~HthNr.E.r.7?H
-b"\)C?b4HON'5lJ+C?#3lO"300 ANr.E;uVN
AJ, 1000|_G"C?H$&3HrM(kH"Bi-22236A3His9N=
nO">hNbNKfYFc39HG"jsoK3sQ/HG"k"?QN_

o,c/JkJI"h|*Jn_G"C?#

d`!GdQ9kHM(kH"2!&G 1000 A.93HbTD=GOJ/"
^?"=_GO~`+HN-=,g-/~e7F$k3H+i6A3His9

NBQ-OKaFb$#

=7F#s"FS;'E$)HH&1H$&AG"W&E.147 AH-=,
g-/~e7?Bi-2223~`rQ$?6A3^0MCHN_W&=nrv&f
<GTC?#0R5l?H*j"6A3^0MCHO"Bj7Fb'&r/8

5;ilkH@&3H+i"'$be0sVrO8aH7FM9J6A3!o

K~Q5lDD"k[+"`AN'=C-N,jrFWKT&3H,G-kh

&KJkJI"&fN,nKb~QN}O-$#Ga"IBAD-PLD!KhCF
n.5l?Gd3<H~`rQ$?6A3^0MCH,_W&=nH>A,T
ol? [10℄#=lKhkH 77.3 KGW&E. 74.2 A"=NH-Nf4/8'&
O 0.48 TG"C?Hsp5lF$k#3lO1AuN<^0MCHHfS9k
HsoKg-JtMG"k#7+7J,i"3$k=nKQ$?Gd3<H~
`N95O?C?N 60 mG"j"=lf(^0MCHN\">BO 28 mmH11



soK.5/"BQ*Jg-5r}C?6A3^0MCH,>^lF$k##

sv&f<H;'E$)HG=n7?bNO"Bi-2223~`r 270 mHQ7F
*j"=Ng-5Oh[Is2?Gd3<H~`6A3^0MCHhj2\xY
g-$#1.5 \&fN\*

0`^GKRY?H*j">h+iNBQ~`G"kNbTidNb3SnNgb6A
3~`KC("C-~ed)H;QN&fNkL"Bi-22237<9~`dY-123
rO8aH9kRE-1233<H~`ib96A3~`, 3V\NBQ~`H7
FBYilk|bs/OJ$##s"v&f<H;'E$)HG&17FW&

E. 147 ANBi-2223~`rQ$?6A3^0MCHr_W&=n7?#18
@=*6A3NG"kGdBCO3<H~`dYBCO3<H~`G1MK6A3
^0MCH,=n5lF$k,"Bi-2223~`N6A3^0MCHXN~QcH
$&3HG=N0nC-r>A7"sp9k#

12



Chapter 2
B3

2.1 6A3^0MCH

^ 2.1: Bi-22236A3^0MCH
#s><&.Dt&f<H;'E$)HNg1G=n5l?6A3^0MC

HO"10XN@VkQs1<-3$k+iJCF$k#1DN@VkQs1<-
3$kO<=NkgoGkg5lF*j"3Nt,+iq3r88k#^0MC

HNAuH7FO=lN$I3$kJIbs2ilk,"=uGOQs1<-

3$kH7F=n9k[&,"=lN$I3$kKfYF39HQU)<^s

9K%lF*j".j-K%lF$k#^0MCHB}~GLNO0^O^ 2.2
Nh&KJk#^?"^0MCHNt5r= 2.1K"^0MCHKHQ5lF
$kBi-2223~`Nt5O= 2.2Nh&KJCF$k#
^ 2.1K"k (A)"(B)"(C)O"=l>l6A3^0MCHNf4Gg'

& (A)"GgP3'& (B)"~`KP7Fb>K++k'&NGg., (C) H13



^ 2.2: B}~GLO0^#(A):f4Gg'&t, (B):GgP3'&t, (C):
~`KP9kb>'&NGgHJkt,

14



= 2.1: Bi-22236A3^0MCHNt5
Uis8B 122 mm
\"B 54 mm
^0MCHNb5 124 mm
^0MCHNEL A3 kg
Qs1<-3$kN0B 98 mm
Qs1<-3$kNbB 70 mm
Qs1<-3$kt 20 D
Qs1<-3$kNgWNb5 100 mm
m,-t 1040 s
$s@/?s9 32 mH

= 2.2: ^0MCHKHQ5l?Bi-2223~`Nt5
W&E. (77.3 K"+J'&f) 147 A
~`N} 4.4 mm
~`N|5 0.22 mm
HQ7?95 267 m

JCF$k#2.2 LEn3

=n7?6A3^0MCHK">.E.NLE"r.E.NLEZSr.E.

EvLENn3rT$">.M<R!"r.M<R!KhCF"E.MHE5

Mr-?9k#3lKhCF6A3^0MCHNW&E.Md^0MCHNr

.E.LE~N6kq$rNk3H,G-k#J*"W&E.MNhjKOE

&p`MrQ$"=NMr 100 �V/m H9k#
>.M<R!"r.M<R! >.M<R!O"E5,jQN<RrE.<RH

OLK_1k,j}!G"k#,j9kP]Nq3.,,\(q3hj

Ok+K.5$~KQ$ilk#,j9kP],6A3uVN6A3N

Nh&KK<Kq3,.5$bNNlgO"s<R!GO,jnAHE15



KNVK88k\(q3d[~Nq3JINFAru1F7^&?a,

jK~+J$#7+7M<R!GO"E5,j<RrE.P)HLK_1

k?a"\(q3,NE5_<rhj|-"hjnA\hN}Dq3Ka

$Mr,j9k3H,G-kh&KJk#r.M<R!b}!H7FO

1MNbNG"s)K.9E.Or.E.HJk#2.3 f4Gg'&N9YM8-

6A3^0MCHKE.rLE9k3HG"f4t,GOBj7?'&,/8

9k#B]K^0MCHrxQ9kH-KEWJ3HO"f4t,GN/8'

&N/5d"/8'&,Bj7?/5HJkuV,INxYJN+H$&3H

G"k#33GO"f4/8'&N9YM8-raak#FEM(Finite ElementMethod : -BWG!)rxQ7F"6A3^0MCHNbGkrn.7"^ 2.2
K"kh&K>.E.rLE7?]Nf4Gg'& (A)"GgP3'& (B)"~
`Kb>J'&.,NGgM (C)rW;9k#Bi-2223~`O=N[}-N/
5hj"k=N 
4K?TJ'&"D^j~`NLKP7Fb>J'&fGN
C-,\HkMC/HJk#=N?a (C)@GNW;kLrHCF^0MCH
KQ$ilF$k~`NF9YhGN I
-B(B//
)C-Km<Ii$srC("
^0MCHN I
HB(B//
)rhj9k3H,G-k#9YLK I
HB(B//
)
rhj7F$1P"f4/8'&H9YNM8-r+k3H,G-k#FEM(Finite Elements Method : -BWG!) -BWG!HO"rO*K

r/3H,q7$y,}x0NawrrtM*K@k}!NlDG"k#

W;P]r-BNOOGbGk=7"=NbGkr-BOON.NhK

,d7F$-"F.Nh4HG-&ror~?9h&=NC-r}x0

rQ$F==7"4Nh,r-7go;F")}x0rD/j"=Nrr

aakH$&j!G"k#gKAu,#(G>A,$qJP]N>Ad"

6A3!oJINh&Knn&n3rT&?aKg-J39H,++kb

Nr>[*K>A9kJIKQ$ilF$k#

16



2.4 f4tGN'&,[

33GO"6A3^0MCHK>.E.rLE7?]K/89k'+)YN,

[r,j9k#0aGRY?h&K"^0MCHNxQN]KObtGN'&

N,[rNk3H,EWG"k#'&N,jKO,&9a<?< (F.W.BELL
R="4048?)rQ$?#^0MCHNf4t,+iB}~H"4}~N'&
,[r,j9k#^?"B,MN>ANU#H7FQs1<-?H=lN$I

?NbGkrFEMrO7?'&N,[HNfSbT&#

17



J*"FEMGNrOKO|\mg&fjN JMAG studio version 8.4rQ
$F$k#^?"rOKQ$?bGkO^ 2.3"2.5Nh&KJCF$k#^N
PNuVOu$X"f{ND$t,O6A3^0MCHt,HJCF$k#b

Gkn.~KO^0MCHt,O3N3$kH7F7CF_jrJ,=7F*

j"u$XO^0MCHN0&K-/hCF"k#

^ 2.3: Qs1<-?3$kNrObGk

18



^ 2.4: =lN$I?3$kNbGk5W^

^ 2.5: =lN$I?3$kNrObGk19



Chapter 3
kL*hSM!

3.1 LEn33.1.1 >.E.LEn3

>.E.r6A3^0MCHKLE7"=NH-NV -IC-r,j7?#^0
MCHrGeo<K~l"Geo<brUNbGG~?7"UNbG9Y(77.3 K)
KdQ7?uVG,jrTC?#kLO^ 3.1NLjG"k#

0 20 40
0

0.05

0.1

I (A)

V
 (

V
)

45.2A
10−4 V/m

^ 3.1: 77.3 KGN^0MCHNV -IC-20



E&p`O100 �V/mG"j"̂ 0MCHKQ$ilF$k~`N95O267mG
"k#3lhj"E5Np`r 0.0267 V H9k3H,G-k#^ 3.1Kp`~
r_1F"j"3NH-NW&E.O 45.2 A G"k#^?"W&E.MrLE
7?]Nf4'&O 0.45 T G"C?#
!K"^0MCHr 65 K ^GdQ7F1MK,jrTC?#kLO^ 3.2

Nh&KJC?#65 K GNW&E.O 78.4 A G"C?#M<R!G,j7"

0 40 80
0

0.05

0.1

I (A)

V
 (

V
)

78.4A

10−4 V/m

^ 3.2: 65KGN^0MCHNV -IC-
6A3uVN6A3^0MCHKLE7?Kb++oi:"W&E.K$?k

^GK~AJE5,88F$k3H,^ 3.1"3.2+io+k#3lO"6A3
^0MCH,Qs1<-3$kr#t"k5;F=n5lF$k3Hhj""

kt,KQ$F$k<=N"ko,/x7F$kHM(ilk#3.1.2 r.E.LEn3

>.E.r6A3^0MCHKLE7"=NH-NV-IC-r,j7?#>.
E.LENH-H1MK"Geo<bK^0MCHr~l"UNbGGdQ7

?uV (77.3 K )G,jrTC?#6} 10 A "~Ht 10 Hz Nr.E.rLE21



7?#=NH-N,jkLO^ 3.3Nh&KJk#^ 3.3GO",j7?E5N

0.5 0.6 0.7

−10

0

10

−20

0

20

 t  (s)

 I
  

(A
)

 V
  

(V
)

10 Ap−p, 10 Hz

^ 3.3: r.E.LE (6} 10 A"~Ht 10 Hz)
HAO-l$J59HrA$F$k3H,o+k#3$kKr.E.rLE7

?]KO<=3M/?JI,}Djoq3N[+K"j"/?s9,88"E

.N.lr82k,"#sN6A3^0MCHGO"3M/?t,yNjoq

3O 93 �
 HsoK.5/"^0MCHN$s@/?s9 L O 32 mHG"j"10 Hz Nr.E.GO^0MCHNj"/?s9O 2 
 xYG"k#$sT<
@s9Nb"[HsI,^0MCHNj"/?s9GjailF*j"^?=

Nj"/?s9bc$#r.E.rLE7?]KO^0MCH+HN$s@/

?s9 L KhCF"59HrA/E5,/89k#V = L dIdt (3.1)
E5N/8Oe-N0Nh&KJk?a"E5OE.HfYF �=2@1Lj,
Yl?HAHJCF=lk#^ 3.3+ibE5, �=2@1E.NLj+iYl
F$k3H,I_hlk#

22



3.1.3 r.EvLEn3

>.E.Kr.E.rEv7F"6A3^0MCHKLE7?]NV -IC-r
,j7?#>.LE"r.LENH-H1MK 77.3 K ^G^0MCHrdQ7
F,jrTC?#>.E. 15.2 A KC(F"6} 0.2 A "~Ht 300 Hz Nr
.E.rEv7FLE7?#=NH-N,jkLO^ 3.4Nh&KJk#

2 2.01
12

13

14

15

0

10

DC 15.2 A + 0.2 Ap−p’ 300 Hz

V
 (

V
)

I 
(A

)

t (s)

^ 3.4: r.E.EvLE (>.E. : 15.2 A "r.E. : 6} 0.2 A "~Ht300 Hz)
~Ht 300 Hz Nr.E.,NLEKhj88kj"/?s9O 60 
 G"

j"dOjjoq3KfYFg-JMHJj"^0MCHN$sT<@s9N

bN[HsI,j"/?s9G"k#=N?a"3Aib0aH1MK"^0

MCHN$s@/?s9KhCF"r.E.NLjhj �=2Yl?E.,,j
5l?#^?"=NE5NHAO-l$J59HrA$F$k3H,o+k#

r.E.n3"r.EvLEn3rL7F",j7?E5NHAKD_,J$

3H+i"#s)n7?6A3^0MCHOr.E.rLE7Fb0nKYc

OJ$H$(k@m&#

23



3.2 f4Gg'&N9YM8-

^:"GiK JMAG studioeG^ 2.3NbGkNrOrTC?#bGkN6A
3^0MCHt,K 1 A N>.E.rLE7?H>j7FbGkN'+)Y,
[rW;7?#=NkLO^ 3.5NLjG"k#

^ 3.5: ^ 2.3NrOkL
'+)YNbc,yb~=(G=5lF$k,"^3.5N&&K"kH*j"

H'G"lP"k[I'+)Y,g-/"V$t,,'+)YNlVg-Jt

,G"k#B]K6A3^0MCHKE.r.7?]O"3Nh&J'+)Y

N,[KJkHM(ilk#3NkL+i^ 2.2Nf4Gg'& (LV A)"G
gP3'& (LV B)"~`Kb>J'&.,NGgM (LV C)r+kH"=
l>l= 3.1Nh&KJCF$k#^?"f4Gg'&Hb>'&NGgMN
fO 1.54:1 HJk# 24



= 3.1: 1 A LE~NgWUjN'+)Y
f4Gg'& (LV A) 9.56 mT
GgP3'& (LV B) 10.7 mTB==
Gg'& (LV C) 6.19 mT

H3mG"0OGRY?H*j"Bi-2223~`O=N[}-N/5hj"k
=N 
4K?TJ'&"D^j~`NLKP7Fb>J'&fGNC-,\H
kMC/HJk3H,NilF$k#D^j"bCHb~`NLKP7Fb>

J'&.,,g-/Jk (C)@GNB~`N6kq$H#sNrOkLrxQ
7F"3N6A3^0MCHNB-IC-r=,9k3H,G-k##s6A3
^0MCHKHQ5lF$kBi-2223~`O 147ANW&E.MNbNG"k
,"=lH1yNW&E.Mr}D~`N 77.3 K A 45 K N9YhGNB-IC
-N,jkLrQ$F"6.19 mT / A Nm<Ii$sHHbK0iU=9k#77.3 K A 45 K N9YhGNB-IC-Hm<Ii$sN0iUOJ<NLjH
Jk#

0 0.2 0.4 0.6 0.8
0

100

B (T)

I c
(A

)

Load Line

35.5 A, 0.220 T

B//c

147A

77.3 K

^ 3.6: 77.3 K K*1kB-IC-Hm<Ii$s (I
 = 147 A NBi-2223~`)25



0 1
0

100

200

300

I c
 (

A
)

B (T)

Lo
ad

 Li
ne

70 KB//c

54 A, 0.334 T

^ 3.7: 70 K K*1kB-IC-Hm<Ii$s (I
 = 147 A NBi-2223~`)

0 1 2
0

250

500

B (T)

I c
 (

A
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ine

65 KB//c

73 A, 0.452 T

^ 3.8: 65 K K*1kB-IC-Hm<Ii$s (I
 = 147 A NBi-2223~`)26



0 1 2 3
0

200

400

I c
 (

A
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B (T)
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ad

 L
ine

60 KB//c

78.7 A, 0.49 T

^ 3.9: 60 K K*1kB-IC-Hm<Ii$s (I
 = 147 A NBi-2223~`)

0 1 2 3
0

100

200

300

400
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B//c 55 K

105 A, 0.65 T

^ 3.10: 55 K K*1kB-IC-Hm<Ii$s (I
 = 147 A NBi-2223~`)27



0 2 4
0

250

500

B (T)
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 (

A
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 L
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e

50 KB//c

126 A, 0.78 T

^ 3.11: 50 K K*1kB-IC-Hm<Ii$s (I
 = 147 A NBi-2223~`)

0 2 4
0

250

500

I c
 (

A
)

B (T)
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ad

 L
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e

45 KB//c

142 A, 0.88 T

^ 3.12: 45 K K*1kB-IC-Hm<Ii$s (I
 = 147 A NBi-2223~`)28



3NAuN6A3^0MCHN~`Kb>J'&.,NGgMH=NH-

NW&E.MO,:m<Ii$seNI3+K"kH_J93H,G-k#^

?"F9YhGNB-IC-N0iUO"~`NW&E.H0tuC'&NX8
r=7?bNG"k#D^j"m<Ii$sH~`NB-IC-N0iUHNr
@,"=N9YGN6A3^0MCH,HkG"m&~`Kb>J'&.,N

GgMH"W&E.M@H$(k#bGkNAuOQ=7J$NG"(A)@H(C)@N'&Nfb=N^^]?lF$kHM(ilk#=N?a"f4Gg
'&HB==
Gg'&Nf 1.54 : 1 rxQ7FF9YhGNf4Gg'&r3
/3H,G-k#3l^GNkLr^HakH= 3.2Nh&KJk#

= 3.2: F9YhGNf4Gg'&=,
9Y (K) W&E. (A) B==
Gg'& (T) f4Gg'& (T)77.3 35.5 0.220 0.33970 54.0 0.334 0.51665 73.0 0.452 0.69760 78.7 0.486 0.75055 104.7 0.648 1.00150 125.7 0.778 1.20145 142.0 0.877 1.355

^?"3NkL+i"6A3^0MCHNB-T C-O"^ 3.13Nh&KJ
kH=,G-k#

33^GN0n=,+i"UNbGNadQuVN9YG"k 65 K ^Gd
Q9k3HG"Gg 0.7 T a/N'&r^0MCHf4t,G/85;ilk
G"m&H$&3H,@(k#7+7"77.3 K H 65 K GN,jkLr+kB
jGO"77.3 KGNW&E.H65 KGNW&E.NB,MO=l>l45.2 A"78.4 A G"j"&KrOM+i3$?kLhjg-$MHJCF$k#33+
i"bGkNrOkL+iNW&E.N=,MO?/.5/JCF$kNGO

J$+H=GG-k#3lO"^0MCHKQ$ilF$k~`H"#sm<

Ii$srn.7F0n=,KQ$?~`,1lNbNGOJ$H$&3H,

M(ilk#^?"^0MCH+i88k'+)YO.lkE.Ng-5KF

A9kNG"W&E.,.5/+QbilF$krOkLK*1kf4GNG29
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^ 3.13: ^0MCHNB-T C-
g'&b<}$55lF$kHWolkNG"^0MCHK>.E.r.7?

H-Nf4GN'+)Yb3NkLHfYFg-/JCF$kHM(ilk#

3N?a"65 K G0n5;?H-KOf4'+)YO 0.7 T reskMKJk
HM(ilk#3.3 '+)Y,[

0nror9Y77.3 K "+J'lfH7?H-"6A3^0MCHK1 A LE
7?]K/89k"^0MCHN\SsbIbN'+)Y,[r,j7?#^

0MCHNf4t,N4}~e<50 mmNOON'+)Y,[H"^0MCH
Nf4t,+i^0MCH\SsbI^GNB}~OON 2o`N'+)Y,
[KC(F"0aGTC?^0MCHNbGkr FEMrO7F@il?'+
)Y,[N>}r0iUK7?N,^ 3.15"3.16G"k#J*"FEMrOKh
k^0MCHN'+)Y,[KX7FO\hNQs1<-?HOLK,[NM

RrfYk?aK=lN$I?NbGkGNFEMrOkLb0iUK(7F
"k#=lN$I?NbGkGNFEMrOO^ 2.5NrObGkrrO7"=30



NkLO^ 3.14Nh&KJCF$k#

^ 3.14: ^ 2.5NrOkL
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^ 3.15: ^0MCHN4}~N'+)Y,[
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^ 3.16: ^0MCHNB}~N'+)Y,[32



^fN7s\kG=5l?0iUO"^0MCHKLE7?]NB,MG"

j"VNB~G=5l?0iUO"10XN@VkQs1<-3$kNbGkr
rO7?]NW;Mr(7F$k#DNB~G=5l?bNO2MH7FbB"

0B"b5r6A3^0MCHN#!K7(?=lN$I3$kGNFEMrO
kLr(7F$k#B,MHQs1<-?bGkNrOkLN,[rfYkH"

4}~ZSB}~&KB,M,rOkLreskAHJCF$k#3lO"0

aGNB,W&E.N},FEMGNbGkrOrxQ7F@il?W&E.
hjg-$H$&kL+i3Nh&KJCF$kHM(ilk#7+7"B,

MHQs1<-?"=lN$I?N'+)Y,[N9O=l[Ig-/OJ/"

,jGNm9NOObH$CFbh$HM(ilk#^?",[NAur+k

H"B,MHQs1<-?bGkNrOkLKP7F=lN$I?bGkNr

OkLGOCK4}~,[NAu,[JCF*j"f4t,GN'+)Y,Q

s1<-?KfYFg-/JCF*j"=NQ=NYg$bg-$#3lO"=

lN$I?HQs1<-?NE.N.lkuVNc$Khkf{UaG/89

k'+)YNs?,[Jk3H,6x@HM(ilk#E.O6A3~`b4

NrLE7F$ko1GOJ/"1OK"C?h&Kd7<9bNBi-2223U#
iasHrLCF$k3Hd4NKP9kE.Q9HJkU#iasHNdg

,g-$H$&o1GOJ$3HrM(kH"#sn=7?Qs1<-?ZS

=lN$I?NbGkO+JjJ,=5lF$kH$(k,"^ 3.15"3.16N
kLr+kBjGO"g^+J,[Aud'+)YNMrI_hkKO=,J

:Y@HWolk#=N?a"Qs1<-?bGkH=lN$I?bGkN:

Y+i88?,[AuN9GOJ/"Qs1<-?'+)YNs?t,HJk

E.Q9,b5}~Ku41Nh&J=$KJCF$kH$&^0MCHNA

uN9,"Qs1<-?H=lN$I?N'+)Y,[AuN9HJCF$k

H$(k#

^?"'+)YNQlJuVr+F_kH"B}~KX7F"^0MCH

Nf4+i3$kbIK,j@,\09kKDlF'+)YOg-/JCF$

/,"f4+i 24 mm N@Gs 3% Nm9HJCF$k#5iK,j@r^
0MCHbIKaE1F$/H"FEMbGkrONkLK"kh&KQs1<
-3$kNAuKhj'+)YNQ=,g-/JCF$kNGm9O5iKg

-/Jk#l}"4}~KX7FO^0MCHNf4+i'+)Y,[Nm95% NOOOf{rf4H7?e< 28.7 mm xYNuVG"k#3N3H+33



i"^0MCHf4tKnAr*$F=NnAN'-r,j9kJIN]Nn

ANLVNf4+i:lO"B}~N:lhjb4}~N:lKR6G"kH

$&3H,$(k#=lN$I?N'+)Y,[HfYF_kH"B}~GO

=lN$I?Nf4+ibIhj 24 mm N@GOf4GN'+)YHfYF
s 5% g-/JCF$k#^?"4}~G+kHf{N'+)YHm9 5% N
OOO"e< 18.3 mmNuVHJCF*j"CK^ 3.15K"kh&K"4}~
KX7F"Qs1<-?O=lN$I?NAuKfYFf4Gg'&O.5/

JkbNN"'+)YNQl-H$&@GO%lF$kH$&3H,o+k#
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Chapter 4
^Ha

#sNBi-22236A3~`rQ$?^0MCHO"77.3 K"+J'lfK*$F147 A NW&E.r}DBi-2223~`rQ$F 10XN@VkQs1<-3$k
H7F=n5l?#77.3 K "+J'lfGN^0MCHNW&E.O 45.2 A "
=NH-^0MCHNf4tGN'+)YO0.45 THJC?#̂ ?"+J'lf

K*1kUNbGNadQuVG"k65 KGN0nGO"W&E.O78.4 AH
JC?#^?"10 A"~Ht10 HzNr.E.ZS15.2 AN>.E.H0.2 A"300 Hz Nr.E.NEvE.rLE7?H-"59HAuNE5r,j9k
3H,G-?#3lO$sT<@s9,<=3M/?Nq3 93 �
 KP7F300 Hz Nr.E.LE~K^0MCHNj"/?s9, 60 
 HJj"[\$
sT<@s9,j"/?s9Gjailk3H+i3Nh&JkLKJC?H

M(ilk#=n7?^0MCHOr.E.GN0nKP~7F$kH$(k#

l}"=n7?^0MCHNt5r5K7?rObGkrn=7"-BWG!(FEM)rQ$FbGkrrO7">.E. 1 A rLE7?]N'+)Y,[
r3P7?#f4GN'+)YO 9.56 mT"3$kr=.9k~`KP7Fb
>K++k'+)YNGgMO 6.19 mT G"C?#Bi-2223~`rO8aH7
F"b96A3~`O=Nk==$+i 
4}~rS/'+)Y"9JoA~
`NLrb>KS/'&fGNW&E.KhCF0nB&,hj5lk3H+

i"3NkLrQ$F 6.19 mT / A Nm<Ii$srn.7"^0MCHK
Q$ilF$k~`H18W&E.r}D~`NB-IC-rHCF"^0MC
HN+J'lfK*1kF9YGN0n=,rTC?#77.3 K GOW&E.O35.5 A "=NH-N~`NLrb>KS/'&O 0.220 T "f4'+)YO0.34 T HJkH=,G-k#^?"65 K GNW&E.O 73.0 A "f4'+)35



YOs0.7 TKJC?#7+7"W&E.NB,MHfYF=,M,.5/JC
F*j"B]KOW&E.Ng-$B,GO=,JeNf4'+)Y,/87

F$kHWolk#

>.E.LE~N^0MCHbtN'+)YN,[N,jrTC?#77.3 K<
G 1 A N>.E.rLE7?]N^0MCH4}~"B}~KP9k'+)Y
H"Qs1<-H=lN$INbGk+i-BWG!rQ$FW;7?'+)

YN,[O^3Nh&KJCF$k#,[+i"f{GN'+)YOQs1<-
?N[&,=lN$I?hj4}~NQlY,b$3H,@(k#3lOQs

1<-?N^0MCHN=.,"E.Q9HJk3$kX,V,41?uVGQ

_EJCF$k?a"f4UaXN'+)YNs?,.5/JCF$k?a@H

Wolk#̂ ?"'+)YNQ=r_kH"B}~r+kH"f4+i24 mmN
@Gf4'&+iNm9Os3%HJCF$k#4}~GO"^0MCHNf4
t,N'+)YNm95%NOOOf{rf4H7?�28.7 mmNOOHJCF
$k#3lHfS7F=lN$I?NbGkrFEMrO7?kLN'+)Y,
[r+kHCK4}~GNf4HNm9 5%NOOOf4+i�18.3 mm NO
OH"f4UaGN'+)YNQlY,Qs1<-?KfYFc/JCF$k#

#s=n7?Bi-22236A3~`rQ$?^0MCHO">hN6A33$
kKfYF"0nK39HNb$UNXj&`rH&3HJ/"FWKb'&

rBj7F/85;ilkH$&x@,"j"*-&fJIN,nXN3~N

_orz-<2kbNKJkbNHM(ilk#GaGO20 KxY^GdQ9
k3HNG-kd`!bPl7F*j"/'&r,WH9klLK*$F"3

Nh&Jb96A3~`rQ$?^0MCHOEu9k8_KJCF$/@m

&HWolk#^?"^0MCH+NN0n-=r~eH7F"#sNh&K

Qs1<-?NAuNbNNlgO"~`KGb/$b>'&,iY5lk^

0MCHe<<NQs1<-3$kNC-r~e5;kH$&jJ,M(il

k#?T'&fGOhjg-J'&KQ(ilk?a"<N3$kN_C-N

h$~`rQ$F=.9k3HG39Hr^(F^0MCHNC-r~e5;

k3H,D=G"kHWolk#=7F"^0MCHKQ$ilF$kBi-2223
~`KbC-N~eN>O,"j"=lKhCF^0MCHN.?=dlXN

-=~eb+~^lk#
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U-

\&frT&K"?j"><HK5xK?gJk4X3"u@r:-"</6

U7F*j^9#^?"M9Ju@d4X3"4(Or7F:$?.DtqJ

Z5x"Zb!u5K</6U$?7^9#=7F"&f<b0G*$CKJ

j^7?><&f<".Dt&f<j0N'MKb</6Ur$?7^9#

GeK"\&fKHQ7?Bi-22236A3^0MCHN=nrTCF$?@
$?;'E$)Ht0qRN}9K</6U$?7^9#
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