8N EEQ

P Eo] 197380 AT 1 AALET) 23.2K

o €3ttt ey, 1% 10d0] AUEE dAlex
o 35 olFolA A ke 19863 4
Perovskited T XE z'+ ((La,A), CuOAASHE
(A=Ca,Sr.Ba)) & AZIZ 3t 2ATA 9] AL
T w4 deslt. 53] 19873 o|EF, v,
T-e|ARstEAl 2HTA o] WA s AN DLF 0|
A ZREA] dojA e 2= Azl deiA
=it o]% LaBaCuO7) 2 YBaCuOZ) High-Tc 4+3}
Bl tisted 71284, 2T X, 499 T B
g A7t o]FAH L, YA LEI}F 100KE ¥
BiSrCaCuOAl ¥ 120KE d+& T1BaCuOA)7} slgo}
LHEE 5 S 43 B3| o] Fojx| 1 Q=uh
7} 10T o)4+e] 3123 8 oA] 10°A/m? o)Ake] o1
AFLEES 2 BiSrCaCuO A A7}t 283} & 4= gl

A= 'oli AztEo] 1 2geEdoz B
3] &&= Ao g Hol)

J_%WHE lt PARE ol¢d= oY 72| 44
o] FHe| TE2ALA o= HolshA o Aoz &

A . Aletg o] 5420 FTEE dste] o

20 #A e 47

1ol &3/ MEY HAHESLE

Jou

AL
RPN

7HA EElH 3R, A71A", dARE, 3], ¢l
A 747 Fo) A ofAde vehlin] 2x27] dx
dohs Bgo g vteet ofggol . aEu &
23 AL e 2AERA FA FL dpAzRe
EFE B AA AF R AAELE PR &
A7) Bl ARz mA| 2 vas) B o 93
GEe A vlge] AW ot AAHA v
A3 ZrEe Reloh oldd A wid] ez
LAY S88 B BokdM Al=Hn glor aF

714 Agstel 2= ol AT xHw ¥a ¥

o7t FEE W ik, o, AT Hejolr] et
pinning force& ©]-83te] z}7] wjolHe] Ftoz &
48 4 7] wiEo|c) whA] LREZACAE F
ol®, 2% Wloj3) R E 43 st 2AE
Fdske M s 3] S83t oulE et

2. P& HofF

= Wojge dutgos J7AE ¥t
33 }9} AezAE Iz 7Y IPAR o Fo
Ak, 32 AP Ao F1 nexH=Ae
WA oA St A Aol meaH
EA el A 2o, S3A HE Ao

NFY A% WS HAgog wolhozAe o
g 3l .



A22AE A0 WY IR Hee, A

&S WS XYAA AREIRE kAol o3k Ak
[2E o] 83 o= 9ol sy 2dwR o =}
14 285Eo 2 1 5 o}, mexdx
o TS Z7ATE e dEg e o
0 =

o]

NI
)

O

<

= &
Al = T U7 eATZE 58 e
At 2p& 148 A7) ol gl
A s} ofgt Sz 2Rl AFE= A7
T3] 4 BY Fo TYRPFe] gEH ] A
73l mlEetH, ol23 A A E 5 e AN
2AEA 9] F WHo| 25 u] FAY | w7 ¥
#5HA He A o2 dgd & olrt. o frejsior & A
o ZAEAE 2xgH o 2 B o) 2AEA Y 3l A
Ao A& T Aol 7] Wkl 2AEA <
Fo] vzAE Jztel Azlof wet A Hoks Aol
o} g vl 2dE o] 2HE g Y] o &A1
8-l B3718H 2 (opological) o2 o] W%
o] ASUEr) TYe shte] & A nggo g Hop
of & Zolrt, AL FuldM= APHL gl o F
Zbel] ofgh thHZ 2R AT Yo 22 EAe T
ol&ate] F2 B} 1} & Aolztal 7w},
T, L2 HEA Y A 7Y g o3t &
H= 22 v dEAME o & TIRFL
F o Aoz, 53] wold Az} 273
AT 31 -R e 25 Foll 93] dAE= 271
wH3}ol| ofgh ZHEA 5o A&olF-g S o
o] 54& o $A & 5 dvks Foloh, 2dxA4
5ol Apgol5-e 2HTA oA s vlrheds
Al(hysteresis loss), 3] &=}e] H& 9|2 o] % (levitation
drift) & $¥AZIT}. Hikihara®t Moong &%
A ] 8|7} 28t Ao o) HAYE 2T o]y
o] EEA(chaotic) F5AE 53 £4% »} it
Hikihara 52 F% 456 g9l A8 3]HAE MPMG-
YBCO $JollA] 3] A1A HE 9 x]o)F 54L& 3 vl 3l
o}, o] Ae] A Fasle] P Q) Zalo|d H)
ofFol| tia] F3F3t714 v|Fe Ho] Bou, HId)
AZEI Q= DEFH e GEAEL Fd3] A3 A
LREE 7HAIAL Jlo] Zefo]d wjoy ol HAsA AL

Lo ofv IN rE

-]

—

¢

i1

.

£ 7Fsdteet 2ot

A2RAE HoH A Sz} JEAe =
2 Nd-BFe A& ARg3T}, o] 279 AR e
AU EB7F 1.1~1.3 T AEo)1, BAZ(Ho)L 4
294 14 kOe Axo| 2% W3l u}2 B39
H3lE Ar 40 C HTolA] 24 kOeol] E3}A] Hr},
ey o] AP0 2 o]Foizl UubA Q] wloly 3[A}
oM 22 T2 EATA A 7Fh= A7 1L 271 A
3H(magnetic resistance)ol] &3k Zka} A9 <l 44
TH-E AER S EA Ft o] Axe] AL ¢
A4 YBCOQ] A% Al £ mx g 1LxAE o
o9 3tF AR H AP Astsl= E 820l =
3 ot webA] G A& A2E g4HeR
T/38te] 2HTA ) 7 A= APEE ek W
Qto] =R utHGTE o] HIEL A FHo s
A o] 5 v g g3t A1) e AsAe}
o] F3 28 Foislshs W, A A2 E AR
QAR FA3S 2] S Sole ML ¢
Ao E Hg U<l Fetold A e T4 et o
S-S Btk AT ZEgtold oA A9
Y 2HEA Hogelt), I SNz FZAE
wREX)HA vlats A4k ©a 2AEA e At
o] oz FHasjr} 7|E9 =r|H|o]de HAA
£ o] &3 Yo 2 A7t HF dPan 9
2Ao}7]ee] ofggog Qs AAA gick A ¢
H o] o] desl, BAG 58 23 Al 2AE Ho
28 YBCO ¥3 2AxA 9] 7ido] yHolo} HA
AAIHLE 2H% Sefo|HE vexdeAAzre
L YE, Y=, FHe] 2 Vet Bt glon 3=
AXe R AT} A AT Yo Ea ZHEA
A zol gk MAH] V&S 28353 ek = 7]
=< &3 HIA Az} Ex14 2AHE Hlojr)E
£ Z83H 1EE 2AE YA ARRRE Aol
7538t

ZHAx Wyl ANA YBCO 2AEAE F
2 FAEAAY R AzxE), FAEZAGHe
2 Azd 2H=A 9 7L ol 3 cml BHY ¢
734 10092009 1A =2 S Qi) o)

=

=
=

T

2007 A5653 Aes 21



= A 4592k o] RopdTel Ui BAZ Sx
4 2A% WIAE AZE F U= J)ee Sus
o gk,

22 B4 2AeA Axres ZulE 2Ae
Zeho|E AUR] A o E-8-0] 753t AR
Hlo] ol AR EE= YBCO 2AEA 9] EAL A7t
2 gE A ARG E FEsich e
o] 7|&e AV RY Bt olE} THF ZAEAE
g8d F 3lorz o AZRokl 2ATAA, A
FoYAEe AF Solw 7xHA JAFE 4 Qich
Il 7)&o] A= vims)] Hojx|x] &) v
T8} 7lee F AlAE g0l dcth. Ztold oy
A A7 AAHHo s g8E F JeE wEy A3
A RV E 100% AT & ek AL wo) g
£ 2ATA T IF7PHA] ASo|ng RELAL] =
AEE 3 S 71y gE e s =
t} ol gt &= Q)

3. ¥k 93 9H

dut A ollM ZElRE AZNURE ZA T2
vHo] 7|7le] F&E AlFshey AR Ea Aoy
g 7ANIRAZ vlo] 71Ale BHe AFsh=]
ARE-E 2 i}, v]F ol R AJ(Department of Energy)
o) 2 vl AIAP Gl AT R 9] AR 70%
£ REZF SR 1 F AUy A9 55%3 2E

7b AREERAL Qlohan o), F4% e} Abgdadnl e
TYOZA 9 B|52 te3] F0, 1000 KW th&
FREE & A7) AR 2508 428817 Yt} &
Az g ZolA &deolE el AZEx glon
ek 2321 Fo & 5 dEn 453 g A
£ 2= 2H9) 4835 M E AT Ve, 3
7le, L A7, A7) 71€ 5 s §%
shoof gitt, ol & B0, WAl 2E Y W
AEEE BT TFE REE & d HPFY Hz g
SEI7F ARE Fol, 2A% ¥3 REE dukEE o)
H]3) EQ F(torque)7} 248 A0 & FAF o)
3u7F Hog REjo] RAel BuE grizow £
F o}, Ad 3218 24 FHATE 23 5 A4S
o] &3t 3t kw F9 ZE/NEE 9F Fo|t}, 2
AAA A WA S ALeE AS 84 AV v
AAA A kW kwF e F, 48 ZE/fdo] 4
Feict. 3% 23% BHE 100 KW 39 £Y =
Boll 2gstn WA g o) ZEE Al2std E80)
E11 Y7z}t Fo] AARE] des A= Ao k.
12 2AEEF ARG AEI Y HeE Y9
Institute of Physics High Technology(IPHT) Jena$%} &
Alo}2} Moscow State Aviation Institute (MAD7} E%
S YBCO @ 3 3)xH| 2] d57)|e deekx AT
718 73t gtk S OswaldAlell= @A) 100
kw Ho] 338 REE it Solt}, dE FED T
A Bidl 2ASAE o] &3 AFAE /N Folt},

Convenonal Conventional
100 W [2W

TSI0W

t

e el . —
HI tysleresis motor HIY hysteresis motor

L

LKW (30 Hz)

LKW (S0 Hz)

22 @719 A7)



HAZA L E A% HAE o] &8 ZEE 3]
2B gl A| 2~ B E(Hysteresis motor), BHEA: R E
(Reluctnace mortor)8} 271X 38 ATz x$ 2~ WE}
(Trapped magnetic field synchronous motor)&] 4| 7}
A7} ik, F2HEA A BEE T2} o) g st

LS IASE M & A EQ T QFF A o]
3 F37t ARE o 273 o] olgitt 1ge T+
2ld oz ZhotA e DA AKstaton)9} 2 AL WIS
AHEEE TR EEFY Bl 2E glA 2 ZE o] Abzlelrt, 4
Ad o IAAE nFARf o HAAF| 2 A
2Pge] 2AA ) AFE Rl = 23] 34
2H& 2RI}

A 2AEAE I AA7 SAHYAE ATE B
o]7] wiof o] HFe)o] B o] H-83lc} 53] YA
Aol & 2AEA Y B¢ EY2 9ol o3 &
7] 827} A6l o)F3ER R3luz 3P
= A3} (magnetization)7} HI LA x}e] 23L&
misalign SA Hoj A3 Avtel WA ETE UHEA|
e}, 328 A2 BE o] AFE RdAT= vHE)
g A AAZE FAHor 58S PP F 9L
& AA FT}, o B0, AdEHE 9 E A3
se{d gk 2Ax FHI/F H83ta FRE Hol
Fo 2 o A& wixstd "ok, o) A= 275
© 2AA Y ¢S dE d F Jtt oY 24EL
LG el 719] 2EH A Fo| E I AAZ e
o}, ZE oA dste Eo Il 3Haly F7 e

AAFl w3, FAZE 7PE 3 o] & REIE 4
A e 5 3

dex Tt A9 2AEA 9 Ao whika}
NAE AL REE TFAA F7] 74
o] 3t ZATAE ARSI, vhd o] 9=
ZAEAEE G2 AFFFE BREAE
CO Z2ATAE o}, EE 3dA} o] ol 2Ax
E5S od 2o wlgsl=tol we} x}e vy
o] EtA]7] whiEell S Fgtixlelel thgk AlF-d o]
A AP AHE ui o2 I AAE AAsloo}
g} Zgo] 2 AR HA TEHe g A
Al 28 okl sj= Fedo] opd Aot} £
Oswald Elektromotoren, GmbH, Germany o+
YBCO B&& 33zl A/|AHEZ 02 ARty
20kW F 2% ZEE /g v ¢l Al 100
kw3 ZE1E A ghgstolc). A5 7)o nyAte} 3
AR} B Zp7]ge] 3ol ot 2E 9] 2t &
&< A F ot o]AL AP ol AR
22 3|HAe AHE Alo] FH shssict e 7
S AdAE AR Fo) AEe Hojslsieiof 3
o}, F7AR Q) B9 1.5 Hl 22} o) Aol A
2AEY A olEg & A¥e XY H7) ujio
3| AR AES s  Qvk AstE A=A
£ AR A71dRy) P estx] ofy] g S| F28
s & & e F7HEQ o] o] Utk A=A o)
Qo A7) 7lslAA Wzhe AlFE 2AE
Aol e AH e ¥ & ot A A
#e AANE 2HEA A W8] Ags}
F27] q&d A &AL AFo] 1o
2 AQE}, AP0) 2P AFE I
A F Ao, AEE TEHATE E g
M 2Ax el e AR 2 &
g B2FEH R sk el g
o] BEta ¢ ol AL 2AEA
o THE A= FolgA Hrt. oz A
2 FYEAE FUAT AFE AL v
29 2AEA 9 o}F E #}E-& Folgol

Oy

5

SIAEZ|AIA 2H

Aoz GETE ARUST} i 2 B

2007 As6A Aoz 23



33k} A2 Algdold A 2t
2 3Aze] ¢ dEetx BEFE FA A A=A
£ A3A7] A3} o)&F o g 97} 108 = A&
o] melg AT Y= REV} AL E: )
ofgf 12 g2 TE 9] 3)Hate} nAA}e] AL
o2 27] dEAT N oot BH F &) 50%2] 4
3k gt
olAlE EUEtE AT AE/NET 2e YR 2
opol i AAIZRI FEolgt F 4 UL, EHE T8
A A otz MAI BAE 3L St olAlE ¢
gt FE3 23E o]8% &8717] Aol i
kg 71gteold wojt}, 53] 2A® AT 2ol
Z7] AFMEE T71H Q] ALl 2| LgF ok
Ae A g A7t A&H 07 ol FolH7] wiiE
o] £&o did F7HEAYE o= FFololEl &
g ok, wEbd 2= AR el g 57 A3
EAZ At 27 A" 9 e go] RIWLA| &
Ae e 5 g 2AEE 843 24 2E )
&e AnFs}, )AL, 2788} Sof thakgl 87
9 $¥71eR MEe] ettt 4% BE V)&
& 3 RphA|, 3 837 |eR 2A% TE 7 gelA
HAEE AR A E BE7IE, A=) B2 o)

24 279 AA

&, A7) 2A 4 ARiee Hd 7ile ER
AN FFE vl £ gl S7H o' Hala §4
dtofob & Hok Al o2 Al €t

o
2

fnsg

1. AW Sleight, J.L Gillson and P.E Bierstedt, Solid
State Comm, , Vol.17, p.27, 1975. '
2.].G.Bednorz and K. A Muller, Z Phys, B64,

p.189, 1986,

3. M.K.Wu, J.Ashburm, C.J Trong, P,H.Meng,
L.Gao,Z.J.Huang, U.Q.Wang and C W _Chu,
Phys. Rev, Lett., Vol 58, p.908, 1988,

4, Z.Z.Sheng and A M Hermann, Nature, Vol,332,
No.55, p.138, 1988,

5. R.J.Cave, B Batlog, J.J.Krajewski, R Farrow,
L. W.Rupp, Jr., A E. White, K Sort, W.F Pect, and
T.Kometani, Nature, Vol.332, p.814, 1988,

6. T.D.Thanh, A Koma, and S Tnaka, Appl. Phys.,
Vol.22, p,205, 1980,

7. M.Suzuki, Y.Enomoto and T Murakami, J, Appl.

Phys., Vol. 56, p.2083, 1986,

8, T.Itoh, K Kitazawa, and S Tnaka,
J.Phys, Soc. Jpm\n., Vol.53, p.2668,
1984,

9. V.Ambegaokar and A Baratoff, Phys.
Rev, Lett., Vol. 10, p.4806, 1963,

10, D.E.McCumber, J. Appl. Phys.,

Vol.39, p.3113, 1968,
11. A.Rothwarf and B.N.Taylor, Phys,
Rev. Lett,, Vol, 19, p.27, 1967,

12. 5.G.Han, Z.V.Vardeny, K.S,Wong,

and O.G,.Symko, Phys, Rev. Lett.,
Vol.65, p.2708, 1990.



