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Abstract

Abstract

The field-reversed configuration (FRC) is one of the compact toroid, which is a toroidal
plasma confinement system without material structures linking the plasma, and is formed, in our
case, by a theta pinch. The FRC has an axially elongated separatrix shape. It consists of poloidal
magnetic field and has no toroidal field.

The FRC has as high volume averaged [ value <> as 0.9 or larger. The plasma with high
pressure is efficiently maintained in the external solenoidal field. The external magnetic field
has mirror field at both ends to contain the FRC axially. The intensity of the mirror field can be
changed easily, and in this way the axial force balance is modified. As <> of the FRC is deter-
mined from the axial force balance, therefore, it is affected by the strong mirror field. Simulta-
neously, the structure of the magnetic field inside the separatrix is changed.

In this thesis, the two-dimensional equilibrium calculation code, which can deal with wide
range of mirror strength, is developed to investigate FRC equilibria under the strong mirror
effect. This equilibrium code is based on the Grad-Shafranov equation which is derived from the
ideal magneto-hydrodynamics (MHD) model; With this code, the equilibrium solution as ob-
served in the actual experiment can be obtained in the strong mirror condition. It is shown that
the equilibrium shape is dramatically changed by increasing the strength of the mirror field. The
separatrix length of the FRC is limited by the strong mirror field, which signifies that the FRC
equilibrium is controlled by the mirror field. In the strong mirror field, narrow and sharp spike
appears in the toroidal current profile. This makes the equilibrium calculation difficult. In this
code this problem is overcome by using the boundary fitted curvilinear coordinate system to
attract the calculation grid points in the current peaking region.

The actual equilibrium observed in the experiment has the edge layer plasma in the open
field region. To investigate this observation, effects of the magnetic mirror field on the profile of
the edge plasma pressure are also examined. Without the mirror field, the separatrix opens up in
the axial direction when the edge width is larger than a certain critical value. When the mirror
field is applied, the critical value of the edge-layer thickness increases and the 6 (edge layer
width) domain in which the closed configuration is obtained is expanded. When the mirror ratio
is larger than 2, closed configuration is obtained for any value of the edge layer thickness. The
region in which closed separatrix solutions exist is obtained on the R -6 (mirror ratio and edge
layer width) plane. This result is useful to determine mirror field strength in designing the FRC

apparatus.
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HRESHFOANDIX0EEETH DM, 21 i FEICIIWI0RBITET S TH S S
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ERZBIZEDRKSINDDH D, NEOXLOEBEO—DELT, T—F 700
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F—ROHERTHD. BERLRHLWVEEOI XN F—ENRARBINDDDH 50,
ZOHFTHHRHINZIDRIZEALEEBRRE NS TEWERBIE LRI F—(1]THS.

BEREIEE, EEOHR L TEENTRI > TWIEREKTH 5. EREITZEM
BICK ERERZ H5D, FOBEIEERICRERZO THOEN S OIRFERMNE &
A EZN2. > THEOHLEBTRETHEEL WS HERNEWRE TERENB C
5. UM LUHER ETHIB SN -BRS2ERT 5855, BRSRIGEE CT2EM O
B 5N 27201, USEREICHRS TE R SHEResHc & 2 RMSEENEME
WWEBTRIINF—K0 D ERDEMEFSMMEF LIz, 20X D12 E TG 21T
H7EDITEBE S NZERMOLBNIFEITERO I XTEACADDZIHENHD, £
DD BERELBRRO TS B UADEBE R NHEINTNS,

BRG D075 AR UADEITHOEE & UTHREOERIL b~ 7 B35
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D+T — “*He+n+17.6MeV (1.1)
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BERHBMREL, BREHF LU TOREZERLCTWVW D THS. WEMITY
BE & UTIIETHA]RTFTR[5]) 2 S 2 REOKMAE R N2/ I WEoTWwWS, -8
FEERR AL RS IF (ITER) [6] W T ERET OBRFE X TITEL TH D B EI MG DR %
FEEE LTS, ZOXSRITERIZE DRGSR OERIIEMEITL 2 TXINF—0
HROE—HLLTEETHS. LMALIOEDI RN IIIFITIXRO & D 7 fEMN
HDHDBEETHS. (1.)RITRT LD TERS IR 2EFRICHHETFNEENTED,
NI KB FEEOEEEBEENB 5. £ MAIRIIFEOXR—45#E WHEEHITH
THTIAREDL) 1323% EFEFEITNIL, EEITHENE CIADRBNNE L
5. ZOFEDICEBENERNDODERML, JAMINCHIEBITES DOMESREN
H5.

—F M ARIIZE DD TRIGEREF2E—H#REEZ L& &, EoHROZKEE
ELTRDESREKFED) EANY T L 3 CHe)IC KBRS RIS[7.8)AHERIN TN S.

D+’He — p+ *He+18.4MeV (1.2)

COBRMESTI, BREERMELTTO R > ) EANY T LA He) NEEXKTTH D,
MEZR T BHFEFOERRL DDy U —agia s LU THRIB N
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HB. ZHIFIF100% ORBRIAREERL, FECBVWEADO TSI XEIIND
FeEETHEBEEERDZEZEBERLTWS. U EOXDEHENSFRCT I X7I3D-
HeRIGZREITORREESZ 5N, FRCT 5 A7 2 AN D-"He R E FF DS
e EBiThbi TS, £/EFRCT I XTIEFOARICEANW IR ERZH->TH
DEHREYAN—FE2HR LTS, D HeRIFIZE D TR F—DOHEWFREEICPT
HV, FRCT I XXIIBIBERBY AN Np 2B Z LICLXDEEIRINF—
B 2B L TENEZEDWRERDZEZISNTNVS. ZOXDITFRC 7 I AXIF
REROZKEEHELE LU TENETREEAL T 5.



EHFEOE R, HEKRUHERK

FRC 7J X< OERIIEN TIIEFTAZ12], BAKFE13], KBRKK#[14], #HT
XOXZ -7 JFZESIBFERR(15], 7 > b O RZBG] TEIITHON TS A, BIEFRC
TIAICET BRI N /M EZEOMOEE LR TENTHSORERTH
%. FHUI—M T FRC OB IR R O F ROEE & B L THEIEBN T &1
ERLTWS. RO FRCERE TIRREEMEFHREHZ & T39I, FRCEZ4ERT S
AN S, FRCOEEEHCADZITHI DD, KEBODSERH THERINSH
CADEEMINDEHAERET 2 HEMRAIN TN HONHS. TOHEICK
0 BEALFF R F D 8T psec i S B psec IZHEN B 72912, B UIADRERA THE & 7l
EWITABDEDITIRo T,

DX IEBEBDOFRC 75 X< UADEEITIE, Washington KFDTCSEE
K 11IRT XD RARKFOFIXEBTMHS. TS OEEFZHUCAHERIIBN
TR IC BB IC R BRE 2L H TE DRV T—HBRENM 2REDE, ZOIT—W
SR 2 Z O THEREBRIIVBRAD TEEE TE LRI BBEICHRFINTHBD, 5
X TITD T EMHR M- TeHBEIMER P TZ 5. FRCT I XY DEHIIHE2ET
BRBEDIZ, BT MUV I ARNDT T XEEINTEHIBESTEDOEIFDENIC
Ko TRESTHD, ANFHBLMOLEIIKNUTFRCAY 7' XIIEEITHEEIC
HEBERTHEEZOND. Mo TINEDNBEBLIHEERTELEBIIBNT,
FRC /I XX OEEIL, WRETORB LR L TE-AHERFE OO T RN &
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£ RRER B CiA 0B
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HEORDENBDT, I 5 —WBTLOFRCRAFOENDHORESHIIEEIN
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2R EEZEL MO D ENWRKESER>TNWADT, SETHRRENT
EV 2R EEIFOREBBEDNRVEBEINTNSEHDEEZILND.
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Z5NE<IR0, #Ey=0 (y3ERER TERINDZENT MUy I AHEAM
WWHAWTLUES [0 ENSHEREIME SN TS, 20K D RERIEIYERNITE, AL
FARBMNEL o786, a7 7S AROEBENHACADEEN S FNHLTLUE
W fERELUTFRCEL T UAD ENBEENFEETERSRDILEZRLTNS.
UM UFIXEBIZBW TR, TENEETERVWEEDLDNEEUTS ATBOEAIC
HLTH, 2REOEHEVRERINTBY, ZOXIBEHENEDOLDITUTED
D THBENRARDZIBHEND 3.

UEDLSITHRNI 5 —BOPREZIEED, 37 75 X< ORIERICEWN
JALE%FFDFRC ORBEEICDWTIR, EREGVEEBE-ZEINDTHD, K
BERNZ . ZOKDTEFEHITDNWTHRBER D20, EREBICBWNWTHS
TO-T7sEOEEEEAVWTERRERTIONREROFETHS. L LEEH
ERFH LU ANBRBEICHE T 0—TS2EBEL LD L LERE, 77 AVEKICE
FEEEX, AIEEEEEMNMEMNEZELED, TIXTOMEZEATLESRE
OEBEHZEENTTL 5. EBMZBEE LT, FRCT I AT HENBH UADE
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BANTMEZZEATLEIENS S I 7 MIYIOBEDH 5. F-BlEIcL D/
AXBEBRELBETHD, BELZEBEAET K DVBEBEREDOREMTAIZN
DRERTH 5.

INSOBERZHETA-DICEBAINS QT TO—FNEZLS5NS. FRCTFX
T O, IR RS 258\ 5 72 D 11X B AEMHD (magneto-hydro-dynamics) 5 2%
[21]/ 58 & X 15 Grad-Shavranov HEEK[22] B EARIN 5 K <EHLNTHD, TDE
BIND ZETED 2RIEFEBCONVWTOAMEG D ORBEEZEZA SNAHFEOHF T
BHbEWVWHED 1 DTHS. FRC 75 XRICMHD FEETIN 2HES 2 024 I
DNWTI, BREINEFKAETIRBIT2EBHERE EENTZEENRGR LT IR NT
5. Grad-Shavranov FERSEHHRAOA S « 75X OBIEEEZTRT 2H
BRTHO, FRCTSITICEL T, chzRAWe 2 R EEBETNICBNTHEE
TIRRDODK DR AFFEEZRANTRARLNTE.

£ IR TH B, Grad-Shavranov HFER D FRC fi# & U T Hill D (Hill’s vortex)
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EBRERZ KBTS XD RENE S NIUTFER ISR LI WD, ZOF KTz
RBEEOXEL DEESREESATNS,

‘NEBEENERE L Z HHERITBNWTHER I B S00NEHITEH L. (ZZTHHE

FRIEA U= TR EE O, SMERRIIRWERTRER OB TH 5. )
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BETHD.

« 2 TWBOK D BTN REBITHIRTE /RN,
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USRI R TRO L S I FEmnid 5.

- ENFHMELVTERERBRT DLW EZBIRTE 5.

- 2 S—WBEMAMT DL BFHENMTZS.
ZOX S BERNSBEZRNTIE. BIFOL D7 FRCHERFARSNTNS.

(OWHBERICB I ZERZ R L 2L 57 < TEWRE[24].

QTN FT—ET (I 5—HAN1.215) TOENS M) w7 AEENHL T, &

N MY I ZAEOEWR(25).

QRN TR (I 5208 E) OIS MY v 7 (RN LE R

[26].
ZDEIIZ, LTS ETOFRC T I AV IIHBIOEZEERNICEHUAD S N-ER
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H B BIEIZ DOV T BB S,

TNZ R YT A =0 B W - T 7R O fEIER,
Ezsgaﬁ\% \ B L - R O G \ 35—
\

1 Oy By A,

rw _/ 1
re e

2w RTL—2(z=0)

SKilio-point) N ¥ B

"

Is

2.1 FRC7IXYO#L&R. KIZFRCT S XTOMERO®O LESE2FRLTNWS.
CDEMIZ BN U THBICE 2 TS



E2F FRC 75X~V
2-2 FRC 7S XRDHEE

FRCT I X=[9,101iXa> /N7 b+ b—F A CRADTIXID—FETH 5. 2N
b b= RER, TOMBEMNIEHNHFTHD, S 5ICHUTRIFOEBICH
CIADHADOHBBRAEIAIN I EORBEYMNEZ LIBRNEIBRIBRDIETH 3.

ZDFRCEM DX AR 2-112RT. KIRTELDICFRC I XRIZTENEHED
hOA SNEBRICEBE B ABEEERD. £ OAFICEEFRIBI 1L
L DBWREITREEN A U IR ER 2 BA TN, £/ ZOBRWERIBROE
HTIHEEMMENI 7B THRD, FIXATOMNERZEZBEELTWY
5. BAUEHEERICBNT, BEEHLE TR IRORENTEL TBD, 20k
SIS LOFEMN S FRC (BRERM) EEENhTWS. ZOKSICFRCT S X
NI 2EOHREGBEER> TH 5.

Bl RT &S ICH U R ER ERW R TREEOEREZENT NIy I X &
FRLTED, T RTL—2 =0) TBWTHEESHE (&) N5t/ S Y vy
AETCOEREE r, LROTHY, THLAIICTS XX OEEERL TS, FRC
TIRARCBN TR r 2 BEERRBETOEETr BRI LZDOREERICY &K
U, ZARTIRZOEEEZZHAL TN S,

2y R =B THEERHEN ST MU v 7 AT TREITREE> T
W< &, BBNHIEL TNDZENSNELIIC, BERENELRIWB PR
NEETD. ZORBBABOBRESARNITHD, o-point E7E3WEKE & XN T
5. BEHNSHEHE COEREREFHTS. BT NIV I ARIv RS L—
>M 5 FRC O N\E> TW< &, FRCHmEICEEMERET 2 RNEET S, 20
ROBENEELLRIHFESLTHAN, 26 53WHMBKEI[2TITH D, x-point & T
NTWS. FRCHEHGD x-point BIDHEEEZENT MU v I ARk EEET D. KBIET
BILRITARTr, &> THBILEINZEZANTWS ZEREELTELW. o-point
B x-poimt® Z DD TR EDOHMICOHIBBEIERL, ZOFLITKTIHEREIN
5. UL x-point I ORFRATH D, BAFEIWIRE LW EEZRF> T
W, HRBEICKSIEEZEROIEICELD, RTFHEENSIZEEIINTHNSO T
IRNMENDFER28] BRI NT NS,

BROTIXRIBEDIFEEAENENT M) v 7 ANORRUEEICEHACAD BN
TW5. LML I ATHFOFIZIEE/NT MY v o ZEET]- THRL, Wk
THROEBITBH L, BWREARIIR > TEHSHL T30 H5. ZOKI 7k
FIIENT M) w7 AEEHRADE DR T I ATEEEZHRL ZhEHE

-10-



WT5 X291 EXATNS.

ERRETBNWTIEETEEL T, BWERIRERORIROME 2, 5 EIE
DEE E—FIVTTNWS. o TENT M v I ANOBRER wr)BETHD, &
INT BU Y I AN OBRBEROMBIZETH D Z EITERLTEL L.

2-3 Grad-Shafranov A12R

Z O HiTid MHD(magneto-hydrodynamics ) 5 F230%[21,30]9) SE# 7'5 X< D
# % 50ih 9" B Grad-Shafranov HFER 2 < [22,31]. MHD FRERITEIEMIEAEA TN
BT EAF 224 OHEELUTERD 2RAEMHD SRR E, B F L1 F 2 E2R—D
FiRE UTHRD 1 REMHD FERANS 20, ZZ TRIFREETINEERS. ZOMHD
FRERRIET T X ORBHLREECZEROREZELRT2DICH > EHEARM:
ETNTHB. TIXAREBRMHDETINELUTHDITE, (1) ¥HETHTIX
T DEFEIA 7 —)VIN TR FOBEREEFEEN IR EL, (2) BRI r—IVnAF >
DIT—I¥ELDBTHITREL, ) EWHICXIDELHBZEHRL TENWZFEDOT X
THD, ENIRENERINS. FRCTIAIRBSLTLHINSOEBEBRL T
W3 EREARBNWA, FRC 77 XY OFEEHDORKMAEHIR T S5 DIC MHD £E57)VIZE A
BFETHD, BRIZINEFTOMRELDBISANSNTNS. 1 MEMHDERESE
RREEEAROL S ICEiih I 5.

-a£ . =
v +V.(pv)=0 (2.1)
oav
p{—é—;+(v~V)v}=—Vp+JXB (2.2)
(2+v-9)mp)=0 23)
ot '
E+vxB=nJ (2.4)
oB

VXE—__87 (25)
VxB=p,J (2.6)

V-B=0 (2.7)

-11-



#2E FRC /I XX DEE
2.5)2.6) 2.0 1EMaxwell FEERTH 3. 25 DHFEXRTEBIRENETNT I X<
DER, i, BREETHO, pyvpREFNTNTIXATOEBREE, HE, £HT
&5, Flenhpdehth” s X< OESESIR, Lt BEZOFERETH 3. (2.1)
RIIEEFBEICET3EHHEOR, 2.2RE0—1 >V H(0xB) 2S5O EERAOES HiE
ARTHD. ZITTIARIEBESHNTHLEKEL, pBANT—BOENTH 5.
RARB T bPOP—REOREFERTHS. £-24HRE0OmOEATHD Z =
TIREEMHD E5)V 25 O TEKRENERZERL n=0 L7 3. |
75 AR OEERER TR T B HERIT, 2.1)27) RCBNWTHr=0EBL T &I
Lo THLND. FEARETEI FHERBENBEETHZDT, 75 XATOEER
TEL Tv=0EBL. FHTBHE21)QN OFBRIIROL > B HRRICEEINS.

JxB-Vp=0 (2.8)
VxB=pu,J (2.9)
V-B=0 (2.10)

(2.8)°(2.10) 132 EEZ KR T MHD ARBRRTHD, BBEBLTIXEIpD/ID
FIDENVDBERERLTNS. S XXREZOLHIRBEMHDET NV TEROIBETS
ARBET EBEE n L p=nkT & S EIfR (kX Bolzmann FE) TH /1 p OHFITHA
RARENTBD, BREDHAEBREELSHRITNSOBETHE I XATEIOHMAICL >
TRESINS. Lo TEAMHDE TSI TRIBES i & E 0w I HK b/
WZ EIERELTIZEL W, FRC 7 XX BE B E#BEMN E2F> TWBDT, 22
TIIMRBEER (r,6) ZAN5, £/ 05ROEKGFHENZNEL T dds=0&T 5. i
SMFREBEALIC BN TIIR OA VNS ZRNBERyE AN TRO K S ICET & EF
Th5.

B=--2¥ p--9% (2.11)

ZORITR10) BT Z EMDN D, 21)ROFNEE w(r.o) BREREK & HiEh,
RY MVEF 2L v O R OA TS ERD& S 2R S 5.

Y(r,z) =rAy(r,2) (2.12)

-12-



595 EWBEFAEKEANTROXDITET 5.

B=VyxVo+B,(rVe) (2.13)

ZIZTBRNOAMTNHEBETHS. £595L,

VxB=—(Ay)VO+VFxVO (2.14)

LFEIND. ZITF=B,&EBWr. Fk

. afl1d 0’
4 ?(F)a_ 21

TH5.(28)RiT(2.9),2.13),21XZ2RATH &
(VXB)xB= —(—EZ—A*I//)VI// -—-ITFVF+ [(VFxVy) - V6]VO = u,Vp (2.16)
r r

2.16)RD ORI EEA DL, FLITBNWT Pld6=0TH D, (VFxVy)id 0D 72T %
RO END, RADRDILZRTEIRS a0,

VExVy=0 (2.17)

Poisson @ #EAL[32]12 AW TET &, 2.17)RiT

{w.F}=0 (2.18)
ZRERT D, U FAS y=const DHIFRICE D THRETSHEERT. £595LKK
DEDTFIRyDEREBICE S TRT Z E0HHKS.

F(r,z)= F(y(r,2))

dF

ay

(2.19)2(2.16)ITfRAT B &
-13-



28 FRCTIARDOYE

1( .. dF
_T(A v+ FE]VW = U, Vp (2.20)

7

L123. ZZTHAR Vy 2B TAREE LD &, VpxVy =00 RDILD. £5 93 &
RIDHROBEELFAFKICp Iy OERERELTERITZENTES.

p(r.2) = p(y(r,2))

dp
Vp=-2£Yy 29

INZEQRANARATEE, V20D EZATYIRAROK I R yr) ITDWTD 2 FE
DR AFRREH - IRITE SN ENbM 5.

. d; dF
At//=—,uor2£— F (2.22)

(2.22) 13 Grad-Shafranov 2R (G-SHER) EMEEINTH D, EHFFLBEEER
DTS AT DBV E 2R T HFERXTH 5. LZATFRCT I XA Oq
INBOATERIN O ﬁ)bwi%mﬁﬁbf;w FHF B EF=02DT(2.22)7
¢ '

2 dp(y(r,2))

dy (2.23)

A*l//(r, )=~

Ll £-029)REQCINREZHRBRLUQQRREZFHTBDE, YIXTENpLERE
EJEORITROBEBRIANENMNNS.

)
J= Jeee = r-‘z—(l;i/—)-es (224)

ZITIRMOAMYINEREEEZRT. £ize ld0FRADENMNT MLERL, RO
LI BIRNZ AW,

-14-



ve=1e, 2.25)
-

(2.23)RIIFRC 7'Z AR IZFAL I N GS HFEAXTH 5.

(2.23)RDE S5 17 G-S FERZBERER vt I DWW TOHBRTH D, BRI
CRRTRINDEICTHWREEB LEVPDNTNS. yw EIBOBERIIOWVWTHID
LELLHEAETSE, 213XRKDB.-Vy=0TH D, Bidy=constant DEICHET 5. D
T BMNEX DAL y=constant DEICEKBIND 2 EITRD, vEEEHEERRT
5E&, TOHEEENMEIRERT. DD G-SHERZMITIEFRC 7'I XX OHEHE
BIZOWTERZEONS. £2GSHEROAHADEIpER2N)AITREND KD
WCyDERBEETH D, yr)3ZERIUKEL TWA D Tp(Urz) b ZERBRITKFS
0 EFESERTH A EIERELTIELWL.

ZZTGSHERQ)DHEITDOWTEET 5. G-SHENIMMAR SR & X
RBERROMEOHE33] 25, I OPRHELFERATHS. ZOHERITHNT
FAOENSHOBEEEZ2H 5N CHEATBITIE, NifEICTHXT 2 R
(Chauchy7—#)[34] &5 2 7= Z &12iz D, G-SHERIZIEFE M F HEURM T HER(35]
Lo T, BRIZES DONRB L k5. TNTHZOHFERIIUTOL S BHER
RO TN 5.

WD ZDFBERICEMEZ S Z 5T TIIRIIEBBICFELEESRW. DXDE
HEETHDICHESTERAFELT TERE S0,
QBEEEDD=DITRG-SHERDODEULEZRET DHIET —FBEH > TWRlT
52, LMALBZRETS yldHFERDETHS. LS I
5.
B) ZOFERXNZM< MBI AL ICEHER BEERIMET 2. ZZTH
HERTIENT N v X2RL, TOEBHERBENRATDH D, FEAXOHE
BRICE> THREINS. DEDEEBGVEHERZRET 5.
UEOEERVG-SHFEREZIEEICMEIISVHDIILTNS. BARIIELELTH
NTL 3NS5 OMES, BEFEZA WS OBRIERETE IETHL BN
5.

2-4 FRC7SAVTOFEHDRENEH
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$82FE FRC 75XV

CDEHTIIAHF TUEIT/RBFRCT I XD 2 KT EOFEMEIZ DWW THEIC
WRD. ZZTRRZDIXFRC AL E ERIC zBA IO L 2B EOHEETIIT
H5. o TH SRR OBHORD TR IETTH O, 2B FOEKEFET 0D
DETS. 2)RICCIRERAL THYBLERZITD ERREES.

V(p+—2%;)= ﬁl;(B-V)B (2.26)

2R 2 WO THEB OBINTR<, G210 &7z,

d Bl ) _
E:P+2m)_0 (2.27)

2725, RSN LT p=p, KBE FTB-B ETBE,

prlep =L (2.28)
2 T 21 '

p.B*21, (a.u.)

0.0 0.2 04 0.6 0.8 1.0

K22 TIARELBIJEDOEKR. TOXEINEMT D EHBKIENTFES.
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L0, BEFAOEASDEVOBEFRREZRS. CZOBEKRAZRRTSE, 220K
HT72B. DED, TIXRENGHET S E A TREKENTED, BITHEHZEITE
722 LBEENBRBIELZRLTWS. I AINEET ZBFICBWTRIER
ENFGHEND I LRBICESBECRIZERRETISKAVNLGNSZEZX S THS.
RICHEZEEEREENT M v I A¥E r ORBRZRT. 228 X015

B, =£\2pty(Prex — P) (2.29)

THD, CZZTEADOFBIIBIBROMIEZERL TS, IR OMEIIIZ0<<R T
@Ebf@%@'@ﬁ@ﬁ%%ﬂ?@ , Rar<rs TIEOF B ZHS. iz (2.11)RITRAT
5 &

4V
V2 Pasx — P)

= rdr (2.30)

ERBD.R3NITDNVNTRD2DDEREEZS.

i dy = I;dr

J-o | \/zﬂo(pmax _p) .[0 (2.31)
1 ay ="
LJMMAW—M_L‘# (232)

r=0& r=r Ty=0 L7250 T, (231) & 232 DELIIEFELL2S. T5T5L23)&
232 DEDITNETNFLLI 2D,

r

R= «/{i (2.33)

ZOEREr N Mo TR EETHIM LD TS AREORKMED, boA S5V E
MEEDEZRDDDIEFTHS.

217 -



$2% FRC 75 AYOFH
RZENS Uy 72 TS IRPFELBWEGZREL, T DHE QMM

FADENZEEZR, FHBE<P &x OBIRICDOVWTIRND. Q2N SEF RS D &

WOz FRIIRITRTEBDTHB.
(VT"‘)Z = (VIp), (2.34)

CZTTERBEOIR 152V, BN T VIV TH D, ZHE2EEEEKIChz-
THERESL, HUAOEBREZHNWD L, EEREZATOEESICEDLD, XADLD

Wig5.
(2.35)

i(T"‘ — Vip) dS

=0TDENS bU v T ASNORIEE B, =0 TOWHZB_EL, (2.35)ZF/BHATH

HEAITET L,

T B2 Ty Bz Tw Bz
——3i—+ p 27rdr +( ~—= 27u*dr) +( -LZanr) =0 (236
[J‘O { Z‘UO } ]z=0 jr: 2#0 =0 jO 2#0 e ( )

E12%. T Tr=o TT I XARBEFARTEERBOALL TS, —FHENT M v

DAND T XXPRET DI END

("B, -2nrdr=["B.-2ardr (2.37)
NV,
B,(1-x7)=B. (2.38)
ENSBERKEED. (2.36)%(2.28),2.38) ZFHWNWTEET S &,
(2.39)

1 rS 2 rS
<B>= pm jo B(2ardr) = - fo M

- 18-



EWSERREES. ZhEN— 2 XOBEFRR[36] EEEN, AEETIVTERENE
FRC 75 AR D BEEx WEDREEINDENIDBOTHSD. T THERLTIE
LD, FRC 75 AR O B BIX T I XAENTH T2 ERERE TORBEIO
l:l:z:ckj'ci%éh‘(mé:&'@&gé. INEHBLUTHRARIBRETHWLNELIEX
T XRENZFDME TORBENTHBIEL TS, FRCIZBWTZDL S
T AREDHEBALEITS DX, BT M v 7 ANCHEBFHLANFEL, Bz
BARESEN E TEBKIZRDNE TH B, BI)AXNENBELIIC, FRCTIIXID
<P lEDIEK EBOSLUETHD, REBVN<EHERDIENZOANLRINDS. £
BRDEBRTII0IU LD <SDBAIBNIEN TS, ZHUIFRC 7'I X DERKXDHEE
Th.

ZZTRUEEARASIDEVWTRAEL Y AT BOFIRD, 2 7 —HBOPRIEE
BINTWARW., TS5 E2ZR LMD ENOROIERIC DN TIRE 5 EITH
L<iBRTW3.

2-5 Rk

FHRXTIEREFAETHNWS NS BB DV THEMEMTONERTTELIN TN S,
B, ZBBEE, ICDWTIRROE DIy R L —ic BT 2EBEOFEr, THELN
IO TN 3.

=zlr, (2.40)

(a1}

r=rir,,

BORBIBUIEE R L TORRBEBTHBEL TN 5.

v=vly, (2.41)

KT IAESN, buAFINEREBEDSHIIROL D THBEENS.

PV 242)
. J

J=—t

R0 243)

-19-



¥2E FRC 75 XDEHE
(3.40)°(3.43) ZAHWVWA & G-S HFER2.23)IBE LR TILEIN, ROLDIT/RS.

_z2 W (7, 2)

v (2.44)

INTGRIE
3.4 RIFEATAL E N G-SHRERT, FFEICBW TR I e 2 KT EE s8I A

WTWS, SRBIZBICHSTTWEDEBLINEZEZAN, Zhs oI ns&
BIZBWTE, LI NEZRT EAED BEALLZEITT S,

2-6 1 RILFEEHE

FHFETIE, 2RTOBIEFE 2G5 DI @8S 2OE2HEL Tz sk
V. ZRUT2-3 BT, IERBAEREO G-SHERMINAT IHESRD D EOWN
KOMZBRHETHDITRILD. 2RTFHEFHETIE, 1 RTOVEFEZ2HESL T
FALTED, T0 1 KO BERIIZNTNHNT U= @i/ ik S BUESF BN
FHEO2EDOFEZHANTHETWS.

ETHRITHRFRICDOVWTHATS. 1 RTOVERZB/DOIITET2.449)RIC
BNWT, Fh=0LEBNTRKEHEZEILERROE D2 1 KT G-SHRERAEZHNS.

d ldw) 2 dp(y)
dr(r dr - dy (2.45)

BRAREFIROLITKET 5.

vO)=y)=0, vy@)=vy, (2.46)

1 RFTTEEITEI L TIX, S.V.Bozhokin D%k & 2 E 0 HEEZ B W TRITR2ETWY
B[38], T TRERBROENSFEIBERTES Z &L, B TIZ(2.45)
ROFEIDHELU THRBERIETH S

ey ws0
p(w)—{ 0 w0 (2.47)
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ERAVTNS. ZCT3EYRERTH . (2.45) % (2.46),24T) EVWIRHETHL &,
EFOKD78 1 RILOVERE2ED.

%UZ—ﬁH4JZ£;+cU”—fﬁ O<rsr—y<0)
y(r)= P 2 2.48
p?max(r -r7) (r>r.—>y>0) (248)

72720 (2.48)iICBW T rep DRI BRI

cr} =42p,, (2.49)

THD. FEQREZEDI y, &p  LORDRD L S RERER V.

v, = =(s 7)) (2.50)

AR E/NT MY w7 AN TS AIBNEELRWETINTH D, 2 KT FEEDT
DEOIBETNOMHEEL THEZA NS, COBBETEIEHERTH D ENT H
U w27 X EOBEBOEGEIIFRTE TETNDY, BERBEEOMSEOEGEEII /NS
MUY A ETREINTNREVNEWSIRENRHS. LML, B85 MU v o 250
TIRXAROBEELBVW2RTETNIRMUT, fIiEE L TORET—5 425254
BRI THFIATE 3.

KT LRI HEROBIERE T DONWTIRNRS. 1 KL PEMEED & ZITIEG-SH
BRAZYHEREELTELS. ZORRH)RIIRODEDIIZERINS.

dB.(r) _ __dp(y)

dr dy
Mzrg r) (2.51)
dr ‘

2.50) 3B N,y T 5 1 BOEMNMAHENTH D, KITRT K S0 GZH
WTHEL.
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% 2E FRC 7T X~ DOV

B(0)= B,
{ (2.52)

y(0)=0

ZIZTB, B yr )=y, 725 KD IES.

ZOMERERR 2307 0—F vy — MIRTLIRFIETHENMNDS. £TE
I B ML L TH <. 2 L TEnEHORE DK w(0)=0,B(0)=B," &\ 3 #JH
BTN 7w FEERWTB (). Y0 2KD 5. Tho DFENSRD 515 ¢ ()
5 Newton-Raphson #:ic k> T B 2#HT 2. ZOREZE v'(r)=y, /x5 EThiT
5O THD. ZZTHWZ Runge-Kutta E B ISK] AFITIIR[391 L THD, BOR
BRI L TH B TED LI RFEI—RiTii>oTWa,

242D 1L RIEEI— RiCk> TESNFERERZRT. K2.4@),0)1EZ
NEIVERBIE wir) OB F RS, ERBEED 5.5 Bz(r) OBEF RS ZERT. I
S5OMIZE/NT MUy I ANTHERIZEASH, £R5 U v I 2 THEREBIRR
KT I AREARBDSTHETINEANTNS, KE2R2 EHREE, BEREESIC

Y%(0)=0
B, (0)=B,
THHIL

»
<

h A
Runge KuttaiZiZ & Newton Raphsoni%

O<rer, DFIFE T °f ap!
RTTG-SHER# ML IZ& 2B, O)DRE

A

()W 3 no

Yo

lws

V'@),B, )V

23 1XRETEFRCEEMEEGS-OHOFEI—RFOTO—Fv—h.
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(a)

08¢
0.6
04¢
02¢

02 04 06 08 1

(b)
3

02 04 06 08 1

K24 1REFEHEI-RICKZBEHROB. (a) 3R wr) DB F RN
ERY. EZ(b) BEHREEB() OBRARIHTHS.
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#2% FRC 79I XX DFHE
ENT Ry I ADBERITEBNWTHENE S NEENESNTH O, FIEEESEIT
BN TRIFZEBEROBNRELSNTNS.
ZD1RTEHEFEI— R, ERLETHLNDZ DO LK IFENTEEN =252
EZRVWED, KEQOEZBAZENSHICH LT IR HERE2EB? LNTES.
ZOBERE 2 R EERONHEE L TEAS I LE2EZ D L, BTREEST,
BT — Y 252 2R 5 BN ENWD RENH 508, BRELEBRERFDESR
AFICHMBRTEREND JNS, ZOI—RIZX2WHAEOERIIFEEICENTH
5. ZOO— RN T I XAIVFEET DHEOENFHICEZITHBETES &
M5, BAE, ES5ETRRBINE T I AOEET S 2 KT EEOFIHAME A R
AELTHWLRTNnS.

2-7 ¥E

ZOETIEFRCT I ARITDNTOEAZITY, FRCT I XD & 5 728t #r b —
I AR DEBEALOFEZFELIR T 2 G-SHFERITDONWTH MHD FEXFZNSEHZE
To/z. £Z2REOGSHEREZMSBRITHELRZRICTONTHIERICHER %
L7z, =5 EFBFCFRC 79 XX % 2B 5 AN EBIC O LAZMABEET N2 H &I
L TMHD 5ERZHY, FRCOEBIZBWTEERHEZRLZ. £OHFTH FRC
TS5 X TIIFE BEMN 0.5 L ETHEITE W< 2HFDENS, FRCHEDI=—
JREE T DOWTHRULE. SRS OFRCOEEET VL, LTOREIRY, B T—
MBEOFEEZIFRC, Aill7 I X EDFEEZI7-FRCO¥H & O HEIZHB
TEEEES>TLS. TN SHEICBVWTITORBEIZTDODWTIANR, 2K EHEET
BOMHMEE L TAVNS LRITEERITOWTD, MATHIRE & B fRE O 512 B
UTHEICHR Nz, 2O TRITNARBIEIENT M) v 7 AN TS5 XTI BEFEL
BRNBFITOWTHWS N, BEMSBER TS Xie/8T MU v 7 ANCEET
BEBAEMCHATES L 2RUE. ChE 0 1 R EEROFHEICEL T,
EIEIZBWTRRSNS.
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—REE RO 2 RITEE D 7= OEE G HEiE

3
w
i
11
\Jf

FRC 75 X DEHEIZDWTHANRD D121, 56 2 ETEW = Grad-Shafranov H 2
R (G-SHER) 2RNTHEEREED LWHSEERVLETH 5. G-SHERTHFER
DEADBVS R OBEREEDRBVFICE > THBITHERBHENR 2D KD hHE
RTH3. GSHERIZDWTI, bARIEMNZED MOAYIVRENH 5HED
AR LT, R BENRA0CRER 4N ENS LSS N TV S, bAT
PEAIZEL TV, FRCT I AR OEERIZE L THEL BHENza TN
%. ULMWUFRC 7S XX OV, RO YN BBOSZTHRIN, P—FARDT
FARELTREECREENBVEVNSIHEEZD S, XHERITEWEE SEZE
DZENSENT MUY I RIEETOEARAENEFICREN. BLERBRRZEET
£V, FRCTIARDVEREBD LMD N—FARDTIAILDDBHETDH
B2 EDNLRIN SIS TS, FRC 79 XX OEE OBRIZ DN TN DI
B [42-4413B B, ENNT DU v I A L TEREFHEEZHI-TEARETHS. N
5 MYy AL TOEREEZHZ LSO TRENZ D OH Hill D (Hill’s vortex)
fR(23]TH 3. ZORIG-SHERDELDOENNFHICELT, ©/X5 M) 7 ANT
75 XIERE p(y)=p, EEETBE, ENTPUY I ANTp(Y=0 LEEZEET S
ZERXE>TRADES T/ ENS.

[ 3 ) r’ z’ l
. 1_ —F 2 2
4'”{ (rf (ls/2)2j L2 <1
W(r, Z) =1 _31 rs (ls /2)
ll// r2 1- i+ zz 2 > 12_+ Z2 >1 (3'1)
277 rro (1,12 112

: :‘CS, rsc‘i-{z/\‘“?]\ l) \y 0X£{£%, lsbit/\oﬁ ]\ ]J ‘7 ﬁXE‘—C“%%. if: wobirx’ls&
Up, ERDE D I2BHRICH 5.
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EIE ITHETD 2 RAFED D ORIEEE

1 1 _ p,

7L 6y,

BRI/ T FY v 7 ANHEESNRBIER /T )y 7 ABER ETHES TS
XOBTH . ZOHINDOMEDH & U Tr=0.5,=8,p=5507 EBNHEEDFRCF
EE2X31IRT. 20K RENRIILERZANSIHRICHAT 20ITHSNE N
DTH BN, UFICBERD &S5 EESRS 5. HIlOFFEIIENT MUy I A EDOE
REMGEWHETH, BR¥Er 2O DEERERNOEEHETINELTEADLE,
EEEE FOBERLERE-T 2 ENTERN[45]. 7o 5 BT, EEEE Tl
RBIEL v ,2)=const. /2 T RETH 5 DU, Hill DifFE TR 2BIG ENT 7347 245D
NS THD. £z Hill DRI ENS U v 7 ABKRBFBHBRICERS NS, BN
NU w7 ABIRE, HIBRERETESZLIRBLEET DNEBIHE - BROBEELL
T, BEREBEEITDESRIERBENSHREAL TS XEZFARICHIZL, X
DEETHZDI T —WEOMREBOD AN LRI N EEEZEZLZ5E, TOD
KD R M2TRTHD AN TLERZED ORI E A ERATREICEN. &
AN TRERBRERRTSL D7, KD —BRPUCHESI N EEFEZEDT-DITHK
BRI fRIEE RS D.

FRCT' I XX OREREZ RS> HFRIISETIT 1 0 BB HS. N5 DM TH
b= HiEOREGNL, FRESVE6)], BRERIEA7.48], FEEHED FERES
J—EBEOHBEDLEERWEFEM)END 5. BRI FERNZ AW-#
JEIXR.L.Spencer et al.[49] iICL > TITHNTH O, HEOEAZHETTENST MUy Y
AEBORKNEERZE TS, £72D.E. Shumaker[47 48]13B BB EREZ AW ik
T, FRCZEDI NI N b= XA LROVEEREZETNS. BHEFEOFT—FL
LN TNBFERBEREDETHS. BEETRERESEEH - M T,

1r
08 ¢
w 0.6
04— — —
02 ¢t
0 £
0 1 2 3 4 5 6

B 3.1 FRC ¥ Hill's vortex ##. r,=0.5,1=4,p,=55.01 DH G
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EBRHRICEETT 2L TEVWFRCHEZEZ L ZEDOMERNBRENTNS.
FREROFTEERLZBDIZ, GSHERAZHEIGIITHEN—BENITREST, &Kl
TERPBEIZRDENS ZETHSD. ZHIEIBOPBRERES0,51] EFEN TR, Z
OEEZERT 272D DN DNOERNEE L TOMR TR ETNTVS. FIXIE
Marder & Weitzner @ X F— 2 [52]13 SOR (successive over-relaxation) [53] & &AL T, n
BEIHORESEIZ, n2BBORREZAVDZEIZE> T, AREREBEZLEERZHDIT
L TW3. E7=Hewett & Spencer[46]IXEHEERAD b O ¥ IVERDEF 2 KEH /2
RELZHEELTEALTED, fiIK TEWFRCHZ2/B2 ZEITRRIIL TS, K.
Suzuki et al. [54]1Z TN ER= L DS FEEZRAY, 28T M) v 7 ANOHEEZRESR
HELTEALTWS., ZEXTREAELIEGEREEEWSFEANS, BERTEZAL
ZERESEEZRAL, HFRBRGC-SHFEXEHEIBRICHENZFIETH D REMZ
REBEGEHEI—RRNICBATIHFEZANTVS.

BRIEE TOFRCEEREDIZ & A EOBUERE TIIEI EEENBEENZAREARTH
D, EBOEREBICHNWSN TS LSRRI S—HBEOHREEWD ANZEESTD,
TR NEVNIINS IS5EBETHS. FARIIOERICEDEEHINTVNS
TNT Ry I ANDT T IREDFHRDTHICEBINTND EEFTNEW. &5
ZDOEHBDO—DEFRCOMMIZIAI 5 — BRI % S DFIXEBICB W TERNICE
BENDLOFEZREFEICLX>THELZIETHS. ZOETIIERBREZRBR
THLIIT, BNIT—HBELALTSATOPDRZTHICTRDANSGNEL D,
F ORI N EEREZES-DICREINZEEHI — RIZDWTEXRTWY
<.

_ I;uﬂ
r=ry,
=0 on th trix
r =0 on the separa r
1 0 2
4 FRC
l Z
r= r
z=0 axis =]

3.2 BEMiaMBERICBTDEREN.
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HIE I S5—RETD 2 KTEEEDE D ORESEE
3-2 FAEARICBITAHERE

3-2-1 BEREH

X9 ZOH TREFNZABERCBITZMEC DN TR RS, FHEERIZF3.2I1C
AT EODBEETHD, LEEN RO z8ICHHBTHH2OZ2FHA LT, 20200
BIEICHIRL T3, CNIEFHEREZERT 2 EOEBENS TH S, HRASKHEE
UFOXDITR>TNWS. FHEEROERDED I,T, T oyloz=0. ZIUIFIEMKR
DWH CREABRD T TH D ZEERL TN, FTl EENXT MUy AL
Ty=0. RBICEBEELT, TRRBEBN—-EDy=y, TH2. ZHIIEERELTE
EEEAZFRELTVD. DEVENSEBANRNHI 2N T Sy 7 A2 —N\%
KELTWEDIFTTHS. EREOHETE v Ry, THELLTBD y=y, =1 &
2o T3, HITRTEDCEBREITOFYENE, (MAMOFEEAROKRZ =2,
LTS, IERDBEETOTIAREDOHEF L2 LD BT HITEILTBL, &8
B2 5 FERVHERROED dyor=0 IRZZFIIKTDLEDTHS. RN T
Wr Gz BRI r, THEILESINTED, r=1£LTNWS

3-2-2 G-SHEROBERIL

K32ICBF2BEREENSTNDED, SHEBFELLULTREESEERETFZRANN
W, G-SHERZEBRILT 288, EFREVHHEZRS, 2ROBEZF TR
FNEEZ 2. UTEENRPLESORRZANVWZRAD K 5 2@ 21T /2.

K WH—I,j - ll’i,j _ Wi,j - lI/i—l,j + '/’i,jn - 2‘/’1‘,;’ + Wi,j-l - —r.2 dP(Wi,j)

Ar? r, r, AZ ' ody

i+ -
2 2

(3.2)
T T Ty, I IBEBUL S N EARALE (r,z) EOBRBEOETSH 0, Ar, A XENT N1z
HREO#TFHERERT.

3-2-3 FEMMEA MEHE

B, WEORAMAERORMEME, fRIT 77 AHRR TS ORERZR
DBHE I, MHILE N 5% SOREOREHETRTIEL V. LALGSHE
ROBIEMZES B 70121, 3.2 RITR LB S hiz FERE B SORE TR <
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EITIIEED KWRNES TRV, YR SRR TRET 2 A IR PR
HFEATLADEHERMEFREZEONSTH S, FHI— R T, HREXRD
DITRINS.

<6 (3.3)

Z ZCHBINRFE LUTGCSHEROALOEASHZEZENT NI IV ANTTIX
SEZEp(y=p, (B EBE, BT M) v I AN Tpy)=0 (BEZ) LIKELEEE
BEZD. COEHETHERXZSORICK > THL &, BI)RTRIHIEREE 10412
EITRELEES, —ROIRENMESNS. Ll ZOREOHMBRETE, +4
ISAEEZFRE > f:ﬁ@'@%é XN AN, RITHITERZE 2 =10 E IR E L2545,
33@ITRT LD BIGRITREMITIGRE T, REZHIT TN EK3.3(b) DRRITIUR
TAREME D BEHAOENE CROBOER) TICRZED 2. IS5ICRERET
H5LIGICEVWVROBEMTIGRLES ET5. ZNEZBEDERLERIIRI3CQDKDIT
FRCfRIZHEL, BHTHDEERIIKTSZ. ZOLIBIENEZZDIF, Fil
DNFA—FZRICICREL TH, TNZWHETLIOBRENRNT NIy I AEZS O
FRCENEIKICHELET 2NSTHD. ZOREEMRT B IS MO KRR &
FUHEREL, TOREREZHEZTIOIRBERDONIIE N, ZZTRZOLS 7%

R NEfE R DR DIER
/
Mt ;"ww( SOR&‘:JQ 9] Efg%ﬁ 5 / iR
@RI NERE b)ROBDBEFHDEZAET
B U= STROES RS

PAU 7= #RfES (FRCAB) Dif%k

\ ‘(////////
\5‘“\\ S IREERS

.
( R il
¥

(OFRARENC EZE MR (BB AR)
IR Y 3

X33 BEREMECLISHAVSNSSOREZAWVW-EEOMES. HRE%
10 RREICRELRIEZTS &, FRCAEIZHEE L B EZHRICIET 5.
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EIE I5—RET O 2RTEFED D ORIEREE
KRB F B ZHEAT B0, G-SHERITH U TR EH @855 2%
T2, BLETRINEZGSHERIROESTEZET I ENTES.

ANy =cF(y,r) (3.4)

Z TRy

2 dp(y)
cF(y,r)=-r —d? (3.5)

THD. %> Tdp(y/dyiZROKDBHDODZRINENRDS.

ap(y)
o W) (3.6)

GONEFBER w0 (TN TDIRBWEEFESERXTHY, cCREFETHS. 20
EHEcERET 220 GCHRZ BV RERE TR LDERHS. T35 hidc
EENUTHIET D W) WRETS. K3 LTREINSHERROERSEHE THEEE
FEREZBZDOEEI—-FOT70—F vy— b 2H34ITRY. ErnBHOREIC
BN, BHRERD LS ITERINS.

Ay =c"F(y",r) (3.7)

CORFTLEAEZDONEIENBHORETHAILERT. BRAEZBHORKEICH
WTRNRICETHERMEMEZEL. £595& ! ARDODEND. RITHBEERMH
EANWTEn 1 BHORKEDODDEEFE 2RDD. TOFBEIRLUTOEDTH
3. EBEER HEREIC L S FRCEEOMBE TR RENRREEALLTROM )L
BREEOBIIDPENT MUy IV ZARNOEBERL<AVSNTHD, ZOovO—
Fv— FOFTRABHIBRERELELT, BT Ny 7 ARNOHEBE—FICT D
XHICLTWS. DFED, BEFAEONILORICRERALLT, 5, 2REL, K
RTCREINDZEnBHORBEIBIIZE/NT N vV ANOHEBEEET 5.
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SORIZ X B EHE

wn+l@y%t/\"E‘

cn+1HE

'

Cn+1 %& }EH WT
Sn+1 - drdz

n+l
QP

ZIRTE

n+1—S0|<(5

Yes

AL DEH

cn+ 1 F(wn+1 ,I')

No

K34 2RXKTFRCEEHEI—ROI7O—Fv—b. H32ICRINI2HABEROER

ZBEDEDDOLDTH 5.
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E3E IS—REFTDO2RTEHDO-DOEMEFELE

g = fgcgg;dz (3.8)

ZZTM B3 2HFITREINDEOIBEABHOREIZBITZENRT M) v 7 AR
DEBERL TS, BoBHORBIZBNT o EBINLENS o+ BFEL S =5
EBRBEIBEBEERDD. M ERRET HRFICIIEREHFEXOROERICAH
T & %5315 & Newton-Raphson ¥ [56] 2l A S bR FEEZRANTWS. T LT
FELZ e 2> TERNROELE A Fy ! D ICEHFL, RORECHEZZDTTH
5. ZOREHAR B & w ENMRTHETHRITOND. BEOXS I EFEEZRHNT
HESMBICIERST 202X, 22— R FRCEEESNDI LD Tz .

CZTHEELUTHIEDE A F T DONTBRRTHE L. THEFHE THHX K EE:
WETTIAINEETDLIBREINSHFVANSNTNA A 720y IR EDFE
EFE T, WRZFETED 2D, STEEHSEZF CEETHEEL THEEN
Bohsd. UNLFRCOBEIRBEEREENT M v 7 AORIEZITIEWERN
FETZH2OTZEOXDISRITIENNT, FIHES L THS M U RES & B
WEBTTROERZ S - 2y 23 EEENCRE L iudka s ian., 28 d
ZEEITRDDEEHGENEEREAR L TBL &, FFEREOERRENS —B X
W, LL, TOXDRFEICEL ZTERFEELRVWEERICE, HENGRICES
N5 1R EEREANDS. 1 RoFERZ B MICES B E, FlAERDELD
ET DD LAHE E T2BF IR, TN OEREEZLFE TRz L, FIHEE
LTHIAYTS. $EREBEAHOS, ELTE, 5EX208EVZAVTERIRNASHS
N5ENT MUy I ANOEBEZEEL, 2HUTEWEZS, ELTEATHEL. 20D
KO ES LU TIIAERBRSBEL TBSENH D, £LIhs 2ETNIGRR
B K- THREIEEHENTZ DR TH 5.

3-3 EherHm
FRCT I A OEHIROAM I NEB OB THEREINDZENS, EARHOEN
FEoTREEERZITS. ZWETIE, ERERZEBRTIOICKREREND

MERRDEDIEBEOEARHFITONWTHAN . FEAEERSZOEEITUT
DADDEYATDEAFHTHS.
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-cy  (y<0)
dmw{o (v >0) 3.9)
—cw+leyty W<0)
dP(ll’){ ey (yvj >0) (3.10)
—-c(l+ey) (y<0)
ES%Qz{ﬂ* O<y<y,) (3.11)
0 (Yo <v)

dP(y) _ {l +by?

dy  |_]_a _ _
C{Hby/z%xp( w)} (v >0)

+(1+ sy/)} (w<0)
(3.12)

IS ORHFT, ekyaby, MEROERTH D, MREK wr) BEOEEITE/NS
FU w2 ZROBCRITRESRICB T EANSMERL, BCEOHSEIENT b
Uy 7 ANDBNWEHITROBERTOZTNERYT. £ cBRBERETHD, EREE
BEREICER T 57201, ThThOo2HIZR.)ROBEMIZE DL IITEALLD
EIEFELTIELN.
REENTNDOHHTEDE D BFENELNDINICDNWTRT. XTS5 ETOH)
TEL<ANSNTELERHOROEADHTEANVWEZRE, K3.50)D & 575 2 Kc L E#
NESND. KERoA ¥ NVERER yr) DFEHEERTHS. ZOVFERSzr S5
MIZENETNOROEFREANTS225 CEE LEBEORRTHS. ZORZER
NEFN2ELIT, BIREANWEZFEETIEX 08 DERERES XTHEIRWENS k
Uy 7 Z2RDORERLMESNEL. Ko TIOEADBETING, HEOHM T
BWT I AR ERBRT 2L D7 EREZEDDIEIARELETHS. KIZB.10XRDOK S
72ENT MU I ANTHBRROENFHEEZD. BT ROTER, RigERHEZEG.9)
ROBEEFUCLTESNAEHREERISOIORT. Hide=11.00FETHD, 20D
FED x DIEIZKI065THD. &NT M) v I ARLEFTTULNT I AREDFEEIRE
LTV, ZOXIRIEBHENTHREZRBIIEICES> T, EXT MYy I R
BOMWEERENAESNS. LML, ZOEAFHETEENT M) v I 20N
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separatrix

(a)So=2.5 and 40x40 mesh

0.0l i | ] i i

- -
I
5 6
z
W, = 0.06
(c) S6=2.5, e=11.0, k=0.5, 10=0.06 and 40x40 mesh /

e

3.5 (3.9),(3.10),3.11)KZEH W EEOEH. GI0RPLBINRDO K S 2R E
EHDTHERNERE, FEROENT N v 7 REEMED L THWD I EITEER.
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SARDHENVEF I N TV W, RIFDFIXEBEICBIT HEE TT. Ohttsuka et al.[19]
BEBTS AOEIUEZIT>TED, BUTIARENEHTELRNWVEEORE
TEFE O TVWRELRZPFET—FITEDRLTWS. AR TEERBEREZRMT S X
SRR I N EET N 2B 2 2 ENENTHBOT, BT XIDR)
BEWOANZBENDSD. ZZTRINRPLEI)REZZELLENAH/ETIIN 2R
A GINRZRAWTEEHEZTo M 2K350QICRY. COXEEZFHELZEE
DT IR, REERFEERRKIS@QOBELEFACTHS. Kike=11.0k=0.5y,=0.06 D
BORETHD. BT MUY ZEFIF06 LATITARD, 5D x-point IEE TOF
RIIXDEL > TS, ZOBEZRENIZNDE DI, eDEIXKE3Z50),TRU
THBDED, BT NI I ANCT I XRENFEL, BT S5 X< OFTEHEE
2y, =0.06F TILT NI B2 ANTZZT T, K DERITEWM < TEWFERK
KRS TV, Z0X3ItE/NT MUy & AONERE 5% EANERE 15376 2B Y0
HAEDOEBZEW, FRCTIARD 2R EDOHRERE T SDICHECEET
H5. GINRZANWRITROBERICBNT, y,OEERET S L& > THREI
TOXRIVEET DEEEEEERE L E2H0BNTHIENHRS. LI HEIRX
0, ZOEIRFETINERANEEIRBFEEMHED 2 2L —2 a Y OFEES L
TEMFRAINTVS. LMALZOEAETIVIEROK DBREANRDS. K(3.11)
BENRS M)y IR ED 0L y=y, TREHTH D, Lo T OFEZIELET X
SREBERBESMICNSDMETAEFHETHSD. ZODI L& T. Kanki et al. D MHD
T3 al—3alOEEOT TRRASNTNB[G7]. TN T I X DEIDFHRIXT.
Ohttsuka et al. DEBFER[1ITRIND LD ITHEEBERMIRET 2ET IO FHNE
RTHD, ERED—FHTS.CLDARBTOLOIBEFZ2HELESHTHSD. £z
B.I)RIFapDEZBELICERIEICE>TENT M) v I REBEOEIZHE LD
BEHNICRETES LS HHEEZE> TV, ZRXTIEREI1DRICASN S, &8
SR w7 ZRNTOEADHORAEHEDN, ERTEHASINDIL IR FEEED
DITHEYITHDEEZ, FEABLEESBECBW T ZONGZBERIELIZETIVERW
7.
KIZEINREGIDRFICENBZER I OVWTER, 25 ORLIZ L > TESE
HEOBRICEDEIREEEZDBESTHME, fIZHWTRY. K3.61E3.11)KZEH
WT, e 2R LI VEBETOFEFAEOHERTHS. =240DHE, =1000D
XL D HEHEOBRIIMAL TEWERICAE S, ERICRA T cDEZEML TN
EENT MYy I ABREK LS TEWEBRNS, MIK TRWEBRICEMLL ThIHER
NEOLNTNS. ZOBEMEEI12DRICBITI 223 B FICORUENTAS.
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FIE IT-RETO2ARTFEODOREHERE

(@ £=10.0

3.6 ABERLBECBVLTBINREZEAVWTESNE-LER. cDfE%
(2)10.0,(0)24.0 EELL TW3. EERIER 0 YN REREKERT. eDfiEizL-
THENT RN w7 XEBENELTS.

() y=1000.0

3.7 ARERRKAECBVWTB.I))RZAVWTESNEFERE. yOEZ
(2)1000.0,(6)20.0 L L T 5. EEEIIR O ¥ EEERZERT. yDOEICL-
TENT NI ABRIELTS.
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ZOEIITEID,GCIDRITBIFZeIENT NI I AERZREBTHDIMEZ 5. K
3.7 TCTIREBIDRD yZ T 2R LT BB EOBRIZDVWTIRLTNS. 100000 LD
Wy DENRKRERBATIIENT MU ADOERN TL—A Sy 78] OEEIT
25, £/ E200E0WS XS yOERNELTEEENT MUy 7 ABRE THEH
Bl OF#EIZ/2B. £ yDEZE =100000 5 =200 IR Z ICEILS BT 25 E,
SEERRD TL—ZA RS9 o8 S TREAB NERLATERIETOI/RNELNT
Wa. ZOEITENT M) v I ANOENSFHERIELEALT S ARORHEER
52L& TENT M) v I ZAORERIRDBIETED2EN Mo 72, THEAR) KX
R TL—2A T 78] OFEIDOWTIRELABETHELRBRS., FEFADTI X7
MEFRC V"I AXFEKICRIFITHEBIZIONWTIRESEICH LIRS, UEDXDIZ
BI)RIZBEND yEVNINTA—FRFRCT T XD ENT MU v I ABRERE
TEHDICEETHDENTMoT.

3-4 =S —WishlA

I TRAFRLTEERERE 27272 5 —EHEMII DN TIREICHAT S.
3BITHPI S—RBBEALICDOVWTRT. 2 T —HGRA EBHDO K S72E#xdHTH D,
BB D 72NN DR ANz 5 0 T2z 8iH AN ZEE BN IR NER, BT 5 K D72k
MTHS. MTHBHDIEDH AT ITHE> THREBENEL TS, ZOX D70
BHPTORFOEHZEZS. NTFOIXRINF—ZUTOLSITREFT 3.

—;-mvi + %mv,"; = const. (3.13)

25— B

By =

) s,
Z
=
\_—/
—> Z

(3.8 B S —REBEML OB
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EBIE IT-WEPO2RTEEOED OREREE

2 CTmIEK T O'E, v, v, RENTHBICEE, KESAORTORETHS.
o3 T —RABTTIIE | RRARE L TROES KEEIN WG E— A FIUR
BIND.

1my, 3.14
5 (3.14)

Mz2R5EMNBLIITB B, IBOT, FREHFELIATHI T MITAZ L
GLORMEEINBZENS, y BT 5. 257 5 EGI)RD 5 BRENT v, 13
DS, BERSLTIE, FREEMEICBIT IHBREOENEZRITHERELLTROK
IBIT—LZEET 2.

Bzm
R, = B—zo (3.15)

HLUI 7 —BBEKTI I — AT 2R ETNIE Y, 1301273 D RFIEE5 G s
KREINS. ZOXSRXUTHRTFIRI I-—HENCHACADSNEDITTHS. T
DEOBHEZFDOI ST—HFEEZMHDHICEA D ERDKLSI/2%. B<B, 72DT
BBEAOBRRITRDL DTS,

B> B’
L 3.16
21y 21y (3.16)

ZDEICRTRIPFRMEIMHICBNWTEAENELHOT, BRHICT I XRE
pMMIT—WHBRNCEHACADEND I LN 5.

FRCEBIZBVW TR ZIOX DRI F—HBOMEEZHWTFRCOIY 7I X DAL
BEEEEZMEFEL TN EEZEZONS. FLFIXEEIIBW TR T I AT E Z R
TEHEEBEKIZ, BCADEANDFRC 79 XY OBEDOEIZ, I XETHREB TR
HITDEDITBNIT—Z2H DI T—HBEMANSNTNS. ZOETRUTI
FRC &2 5 —BBOEEHSEM 2 BERICHK D FETDOWTRT. FRXTHES
S—lELUTRIRDED CEZRBICB T 2MEREDEZ Lo TVWE I E2HE
LTHL.

3-5 —HRHIREBERIZEIT S Grad-Shafranov FFER

T-WMBEERBLIEREH

7y
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FARXOENZI 5 —RBEMOMb o 72, & D —REIVZFRCT 5 XX DRZHS
ZETHD. ZOEDIII T—HBEORNITDNTHRRTHL. 391X -2
ZELUIZFRCEE DD DEREEERT. EROGFE TR 205G & FKIC &
BErBAZEXr THRBELTHD r, =1 THD. BHSABEROES LRI, 5
BAEROBWMOEO I, EToyo=0. £/=I LN M)V IALETy=0TH%.
@R P TREAEAERRELTHD, I, THRERD—ED y=y,, TH5.
3208E EFRRIC yr,2) iy, THRBIEL TED y=y, =1 L2 TS, ZORITE
WTz=z, & 2=z, DI DEBEEIEZ 2 DI T, 257, TBWTHLHOEEFEr, &KV
LEBEBFBEEZHDr LTS I EITERELTRLWN. T I Tz=¢, &z=, DHOKE
ERERO THBMA LB T— NEREIERZ LTS, ZORERRFICHBNTE
BRI 7Ty A3 —/NER> TBOBARBEBRNCRENHT Z L,
WoTHUr, >r 1T DL =z, & 2=z MIDBBMED =0 & z=7, HOMEFREL D B
WM<RD, TNERICBNWTENSZEONTER TS FICL > T TR
ZEOHT IENHRS. ZOLTHFRX THERARMFEOREZTLRTDH LK
D, ITBEOPREANDS ZLETO>TNS.

3-5-2 —REEEL#H

3YICBNTHAMABHROBE LA XS CEA OB TFREIZHNWTHRE

r

A r Tw2STwl

wall
r=rywi
r=ry2 | — — — — — — - = =
—— - — _
TI.

r=0 r <

z=0 axis z=2] z=22 z=z]

X399 IT—HWEOEFEEZERL 2 RLFRCEEOEHOERLE. = 5 —KiE
WBror, ET2BILL>TEREINSD.
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SHEZITODEHEE LW, BERS F—NERICBNTHRY A OB TRBEZHANTE
FIAY P a DR TFHREEDEZOR TS LDI—F 4 27 LM FI2I 5—
FEEDOEE 2 Bzt UTFREHEN 2N, £ 75— NERICBWTHEREZH T =D
X OHPNEF S ENNELRD, KDZEOCPURMZEREND Z LTz,
ERPEN, 2T, K310DKDREEEH9,60125 A 5. ZOXIRERBR
EEICB T 2 BEEHIEL, ZOBTORDEERTEREEOHESEDOETII704F
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EITKD, FRESZEOBMICEEANOESNEEINTEY, KEREIFRED
DPEHTRESEELTNWELDTHS. K310E3MWEBED (z,n) EBEZMNSHERD
ENEREZRNDO—ROBIEERTH 5. ZOX D ICEMEERN S HEEOEFME
BABEREMEZETE, YEHETOERRITHNO S TEHEFREESEHERm TOR
REFEA Y2 L TEDOSND. T nBERNS (ENBERNOEBRIIEDK
SITEBEOTONTHEL, IT—HOBITHTARNETERRK 2O —F 4 >
KD, FREL IO EZBEFAE THVWA IR FROERZSD T SOty
P2 (RILE) DELNET—YEYBRENEZETRA N Oy 3 00 (B0
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