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PEKOHCTPYKUUA PABHOBECHUA MNMITA3MbI B
TOKAMAKE UTEPAUUOHHBLIM METOAOM NMUKAPA
WU NOCTPOEHME NUHEWMHON AUHAMUYECKOM
MOAEN

Kopenes II. C.
(Mockosckuii cocyoapcmeennulii yHugepcumem
um. M.B. Jlomonocosea, @usuueckuti ghpaxyromem, Mockea)

Jlnst a¢hhexmuenoeo ynpasnenusi niasmou 8 mokamake, Heooxooumo
UMemsb OUHAMUHECKYI0 MOO0elb CUCTHEeMbl  «NIA3MA-MOKAMAKY.
3adaua ocnodcnsemes biCOKOU MeMnepamypoil niasmvl, Oenaro-
well HeBO3MOMICHLIM NPSIMOe UMepeHUue pacnpedeneHus napamen-
P06 niazmuvl 6 mokamaxe. B ooxnade npedcmasnen umepayuonmwiil
MEMOO 80CCMAHOBNIEHUsI PACHpedeNeHUull MOKa U NOAOUOATbHOO
NOMOKA NIAAMbL NO USMEPEHUIM MASHUMHOU OUACHOCIMUKU MOKA-
MaxKa @He NAA3Mbvl U MemoO NOCMPOEHUs. TUHEUHBIX OUHAMUYECKUX
MoOenell niazmvl HO NOAYYEHHbIM pachpeldenenuam. Daxmuyecku
pewiaemcs 3a0a¥a uoeHmupuKayuu, m.e. N0 HAKONIEHHbIM IKCHe-
PUMEHMATILHBIM OAHHBIM CIPOUMCSE MOOETb PAGHOBECUSI NAA3MbL 8
moxamake, a mMakce OUHAMUYECKAS] MOOelb NIA3Mbl C YYemom
OUHAMUKU 83AUMOCBSI3AHHBIX MACHUMHBIX KOHMYPO8 — KAMyulex
NOAOUOATBHO20 MASHUMHO20 NOJSL U NIA3MEHHO020 eumka. Taxoil
nooxo0 6 sapybexcnoll aumepamype npuHamo uazvieamo «first
principle equationsy.

[Tna3ma, TokaMak, BOCCTAHOBJICHWE pPABHOBECHS, JIMHEHHbBIC
MOJIE/IH, UACHTU(UKALINS.

1. BeedeHue

Tokamak (TopomaanbHas Kamepa ¢ MarHUTHBIMH KaTyIIKaMH)
MIPEeCTaBIsIeT COOOW BBHIMONIHEHHYIO B BHJIE TOpAa yCTAHOBKY LIS
yAEp)KaHUS TJIa3Mbl C LENbI0 JOCTW)KEHUS YCIOBUM MPOTEKaHMS
yIpaBisieMoro sinepHoro cuHresa [14]. Ha ocu Tokamaka pacmoio-
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XKeH meHTpanbHbii coneHonus (CS), KOTOpBIHA, BBICTYMask B POJIH
MepBUYHON 0OMOTKH TpaHc(]opmaropa, co3aeT B KaMepe BUXPEBOE
anekTpudeckoe moie. [lone BbI3pIBaeT mpoboil rasa, U B Kamepe
oOpasyeTcs M1a3Ma ¢ MPOXOAALIMM 10 HEH TOPOHJABHBIM TOKOM.
[Tma3zma ynepxkuBaeTcsi KOMOWHAIMEH TOPOUAATBFHOTO U TTOJOUIATb-
HOTO MarHUTHBIX TIOJIEH, CO3/1aBaeMbIX KaTyIIIKaM1 TOKaMaka.

[Tna3ma B BBITSHYTHIX IO BEPTHKAIM TOKAMaKax SIBISICTCS BEp-
TUKAJIFHO HEYCTOWYMBOW M TpeOyeT MPUCYTCTBUS CHCTEMBI yIpaB-
JIEHUS sl CTaOWIM3aIii BEPTHUKATBHOTO M TOPH30HTAIBHOTO TIO-
JIOKEHUS, & TAKXKE TOJJICPKaHUs 3aJaHHBIX (GopMmbl U TOKa. Jlms
pa3pabOTKU peryisTopa OOpaTHOW CBS3M, HEOOXOJAMMa MOJECIh
IJ1a3MBbl, KOTOpasi, B CBOIO OYepelb, 3aBUCHT OT pacIpeelIeHUs] TOKa
W TOJIOWAAFHOTO MarHUTHOTO TOTOKa B TiazMme. JlaHHBIE pacmpe-
JICJICHUSI HE MOTYT OBITh U3MEPEHBI HEMOCPEACTBEHHO BHYTPH Ija3-
MBI ¥ JIOJDKHBI OBITH BOCCTAHOBIICHBI 110 JaHHBIM MAarHUTHOM auar-
HOCTHKU BHe Tuiasmbl [4]. JlnarHocTHka BKIIOYaeT B cebs mosica
PoroBckoro st M3MepeHus: MOJIHOTO TOKA IJIa3Mbl U TOKOB B 00-
MOTKaX YIpaBIIEHUs, MAaTHUTHBIE MTETIIH JIJIS U3MEPEHUS TTOJIOUAaIh-
HBIX MAarHUTHBIX ITOTOKOB M MAarHUTHBIC 30HMBI IS W3MEPEHHS
COCTaBJIAIOMMX MoJst. [l perreHus TaHHOW 3amadu pa3paboTaHO
MHOX€ECTBO aaroputMoB [1,2,6,12], caMBIM H3BECTHBIM M3 KOTOPBIX
spisercsa kox EFIT [7].

B pa3n. 2 npuBOOUTCS MaTeMaTHYeCKas IMOCTAHOBKA 3aj[auu
BOCCTaHOBJIEHUS PAaBHOBECHA IUIa3Mbl U MOCTPOEHUS €€ JIMHEWHOU
Mozaenu. Meron pemieHus 3aJaddl BOCCTAHOBJICHHS PaBHOBECHS
MIPENICTABISIETCS B pa3jl. 3, a MOCTPOSHHE JIMHEHHBIX MOJIENeH Omu-
caHo B pazn. 4. Taxke B JIOKJIa/ie IPUBEJCHBI PE3yJIbTAaThl IPHMEHE-
HUS Pa3pabOTaHHBIX METOAOB K Tokamaky [mo0yc-M (®dusuko-
TexHnueckuil nHCTUTYT uM. A.®D. Nodde PAH, Canxr-IlerepOypr),
KOH(UTypammsi KOTOPOro rmokas3aHa Ha puc. 1.
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Puc. 1. Kongueypayus moxamarxa I'nobyc-M
2. MocmaHoeka 3adayu

Pacnipeniesienrie 1miasmMbl B TOKaMake IPUHSATO OIKCHIBATh
GYHKIMAME TIOJIOMIAIBHOTO MArHUTHOTO IMOTOKA Y M TUIOTHOCTH
topougansHoro Toka J, [10]. ITononnanbHbIil MAarHUTHBIN TTOTOK B
Touke (r,Z) B LMIMHAPUYECKOW CHCTEME KOOPAMHAT ONPEACNISeTCS
KaK MarHUTHBII MIOTOK Ha PajiiaH 4epe3 OKPYKHOCTh C LIEHTPOM Ha
OCH CHMMETpPHH TOKamaka, Mpoxojsmieid depe3 Touky (r,z). U3
ypaBHeHHMI MakcBeiuia BBIBOAUTCS AU PepeHInaIbHOe YpaBHEHHE,
OIMCHIBAIOIIEE pACHpE/ICIICHHE ITOJIONAAIBHOTO TOTOKa B IUIA3Me
TOKaMaKa:

TJie [o — MarHUTHas MOCTOSIHHAs. BpIpakas IUIOTHOCTh TOKa TPHU
MOMOIII ypaBHEHUs OanaHca cwll, ToiydaeTcs ypaBHenue [ 'pana-
ladpanosa [11]

23, ®).

3MeCh P — JMaBliCHHWE TMJa3Mbl, a GYHKIUS F mpomopiiMoHansHa mo-
JTOUAAIBHOMY TOKY IIa3MBbl |0 =27F/ 1o

) d
(2) ANy =—pr? 30 PW) -
W
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TpeOyercss HaiiTm (DYHKIIUH pacmpenesieHui MOJIOUAaTEHOTO
MIOTOKa ¥ TOPOMAATBFHOTO TOKA, yIOBIETBOpAONIue ypaBHeHuto (1) u
OTpaHUYCHHSIM

v(n.z) =y i=1..K,

B(rj,zj) =B;, j=1..L,

[3,ds=1,,
S

rne K n L — konnyecTBO M3MEPEHUH MOJOUIATFHOTO MarHUTHOTO
MOTOKA W, W TIONsL B; COOTBETCTBEHHO.

[Ipu momomy HalAEGHHBIX paclpeAeieHuil aanee HEOOXOAMMO
IMOCTPOUTH HHHCﬁHy}O MOZCJb IJIa3Mbl B TOKaMake B IMPOCTPAHCTBC
COCTOSTHUH

X = AX+ Bu,

y=Cx,
rae U U Y — BXOABI M BBIXOABI MOZENH, & X — BEKTOP COCTOSHHS
MOJIEJIH.

3. YucneHHoe eoccmaHoeneHue pacnpedeseHull
nonoudanbHO20 MOMoKa u mopoudasnbHoLU
nomMHoOCmMuU moka nna3mbl

st BOCCTAaHOBJIGHUSI PaBHOBECHS TUIa3Mbl HaMH ObLT CO3/1aH
gyuciennsiid kox FCDI (Flux and Current Distribution identification)
B mporpaMMHO-BerarciuTensHoi cpeare MATLAB. B xoxe npume-
HseTCsl uTepannonHblil metox [Tukapa. Ha xaxmoit utepamuu ¢pyHK-
wan p'(y) n F?(y) B ypaBueHuu (2) anmpoKCHMHPYIOTCS TTOTHHOMH-
IBHBIMU (YHKIHAMU

Np
k
pr: (l//n—l) = z akn Xn—l’
k=1

Fnz, ((//n—l) = Z ﬂln Xrl1—1’
1=1

IJIe X, — HOPMaJIM30BaHHEIN MOJIOUAATBHBINA MTOTOK HA N-H UTepaIu,
paBHBIH 1 Ha MarauTHOHM och 1 0 Ha rpaHuIE mwia3Mel. KommdecTBo
K02(OULMEHTOB Np+Ne BEIOMPAETCS UCXOAA M3 KOJIUYECTBA AOCTYTI-
HBIX HE3aBUCUMBIX M3MEPEHHI MAarHUTHOU JTUArHOCTHKHY.
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B pesynprare pemenus ypasHerus | 'pana-Illagpanosa nomyga-
eTcsi BBIp@KCHHE ISl PACHpENeNICHHS MAarHUTHOTO IOTOKa Kak
TUHEHHON QYHKIUH OT KO3()OUIIHEHTOB Gy, Pin

AUEDWRTIGES WRTAGED N (AN

rne G — usBectHas ¢ynkuus ['puna [3] mnst ypaBuenus (1) u I, —
TOKH B 0OMOTKAX ITOJIONTAIIBHOTO MO TOKaMaKa.

08

06|

04

Rm

Puc. 2. Boccmanosnennvie pacnpedenenust noioudaIbH020 NOMOKA 6
moxamaxke I'nooyc-M u mouxu uzmepenus popmor niazmul: (a)
HONOUOANLHO20 NOMOKA HA cenapampuce u (6) 3a30po6 mexncoy

nepeotl CMeHKoU U cenapampucotl

Koaddumentsr oy, fin HAXOMATCS HA KXKIOH UTEpaAIK B pe-
3yJIbTaTe MUHUMH3AINUN QYHKIIHOHAIA

Zﬂzzi[mﬁ)—% Ly BB, {In—llp]{ j

- o’ = of o lo

T

N

rie 6”, 6° M ¢' — HOTPEIIHOCTH U3MEePEHHS T10JTOMIATEHOTO MATHHUT-
HOTO IMOTOKA, MOJIS M MOJHOTO TOKA IJIa3Mbl COOTBETCTBEHHO, F, —
BepTHKANbHAsl CHIIA, NCHCTBYIOIAS HA MTA3MY, & 0 — MOOHpaeMbIit
kod(durment. [ perymspusaluy 3aJaud HCIONB3YETCS CHHIY-
JsIpHOE pasznoxeHue [5].
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Koa FCDI 0bu1 nprMeHEH K 3KCIIEPUMEHTAIbHBIM JaHHBIM TOKaMa-
ka ['moOyc-M. [IpumMepsl BOCCTaHOBJICHHBIX B pe3yJIbTaTe paBHOBE-
CHi1 Ipe/ICTaBJICHBI HA pHC. 2.

4. JluHelHble MOOesiu nna3mMbl 8 mokaMake

4.1. IOCTPOEHHUE JIMHEHHOW MOJEJIH I1JIA3MBI B
TOKAMAKE

[Ipenebperas mporeccaMu TEpPeHOCA HAa MajlOM BpPEMEHHOM
HpOMe)KyTKe, ,I[I/IHaMI/IKy IIJ1a3MBI B TOKaMaKe MOXXHO OIITMCAThb ypaB—
HeHUsMH Kupxroda mis MarHUTHO B3aWMOCBSI3aHHBIX KOHTYPOB
KaTyHIeK TOKaMaKa M BUTKA INNIA3MCHHOI'O TOKa. IIHSI HOJIy‘IeHI/Iﬂ
HI/IHCfIHOfI MOJCJIN 1JIa3Mbl B TOKAMAaKE 3alluIlIeM HI/IHeapI/BI/IpOBaH-
Hble ypaBHeHUs Kupxroda

. . ov . . . oY,
(3) MI+Mplp+RI+aTFp:U,M;I+MppIp+ = =0,

r ar,
M cc M c RC 0 Uc
M = v y R = ’U = '
M (2 M 1222 0 RU ON“ <1
oY oY, /arp a\Pcp/azp F = 'y M. a\PPC _ a\PPC/arp

or, |9, /or, oY, /0L, |7 |z, M, = M,, | or, |0, /0,
raie M — OmodHass marpuna WHIYKTHBHOCTEH, R — nuaroHanpHBIE
MaTpULbl CONPOTUBNEHUM, ¥ — MaTpuLbl CO34aBa€MbIX KOHTYpaMu
MarHUTHBIX TMMOTOKOB, U — HampshKeHUs Ha KaTyIIKax MOJIOUIATBHO-
'O TIOJIS, UHACKCHI C, 0, P 0003HAYAIOT KaTYIIKH, BAKYYMHYIO KaMepy
TOKaMaka W IIa3My, COOTBETCTBEHHO. B pabote nmemarorcs ¢usu-
YECKHE TOMYLICHUS:
® mpeHeOperaeTcs Maccoi M COMPOTUBICHUM ILIa3Mbl
®  CUMTAETCs, YTO IJIa3Ma HEe MEHSCT CBOIO (POPMY IPH CMeEIe
HAU 10 BEPTUKAIM W TOPU3OHTAIN (KOHIICTIIIHS <OKECTKOU
MOJICITHY ),
e H3MCHEHHUE TOKA IJIa3Mbl HE COMPOBOXKIAETCS U3MECHECHUEM
npouiIs pacupeaeNeHus MIIOTHOCTH TOKA.
Tak kak IUIa3Ma CYMTACTCS HE HMEIONMIEHM MacChl, CHIIBI,
NEHCTBYIONINE Ha TUTa3My B JFOOOH MOMEHT, JOJDKHBI OBITh PaBHEI
HyJII0. 3aliIlIeM ypaBHEHHE OaiaHca CHJI
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4) F,f,+F1=0,
. _[oRjor, oF e, [oRjal. oFjal,
P an/arP 6FZ/6ZP e aFZ/alc aI:Z/alu .
[oncrasmnsst (4) B (3) moyunm

MI+RI =U ,
M =M —g—:’ FF -M M| M] —% F'F |,
p p
B KOHCYHOM BH]IC JIMHEHAs CUCTEMA 3alUIIIETC KaK
I = Al +BU,
y=ClI,

I7Ie BEKTOp TOKOB B KaTylIKax M BaKyyMHON Kamepe TOKaMaka
BBICTYIIa€T B KaueCTBE BEKTOpa COCTOSHHM, a HaIpsDKEHUS Ha Ka-
TyILIKaX SBJSIFOTCSA BXOAaMH cucTeMbl. Matpuusl A u B Bbipaxkarorcst
Yyepe3 MaTpUIbl HHAYKTUBHOCTEH M COMPOTHUBICHUN IO GopMyiaM

A=-M"R, B=M7[1,, 0. ]-

B Ka4eCTBE BBIXOJI0B CHUCTEMbI I/ICHOHL:‘}YIOTCH TOKH B KaTyIH-
Kax, IIOJOXKCHUC MAarHuTHON OCH IJIa3Mbl, TOK IIIa3Mbl U IpHUpaIlC-
HUA ITOJOUAAJIBHOI'O ITIOTOKA B Ha60pe Touek [ Ha TpaHUIIC IJIa3MBbl.
Ctpoku matpuiibl C MOTyT OBITh MOJYYEHBI KaK CIEAYIOIIHE BbIpa-
KECHUA

5‘//1' =i Mrl _% FrilFI - MFPM;; M; _a;yrpc I:r71|:| )

p p

P - —
p
4.2. MOJEJIU JJIAI TOKAMAKA I'JIOBYC-M

Hunst Tokamaka ['moGyc-M HaMu ObIITH MOTYYEHBI JBa THIIA MO-
Jieel, OTIMYAIOIIMECs] IIPEICTAaBICHUEM BaKyyMHOH Kamepsl. B
MEPBOM Cilyyae KaMmepa pa3OuBajiach Ha MHOXECTBO HE3aBHCHUMBIX
KOHTYpOB TOKa ((puimamento) [9], BTopoli Meron 3akiroyaercss B
3aJJaHUU paclpeliesieHHs IVIOTHOCTH TOKa Ha KaMmepe Kak JIMHEHHOM
KOMOWHAIM{ HECKOJIBKHX Oa3WCHBIX pachpeaeieHuil (MpocTpaHCT-
BeHHbIX Mox) [8]. Mopenun, moiydeHHbIE METOIOM (DHUIIAMEHTOB
0oJiee TOYHBI, HO UMEIOT OOJIBITYI0 Pa3MEepPHOCTh — OKOJI0 75 co-

o
-1 T pc —-1 o -1
81y ==M| M} ——=FF, | oF, =—F'F, .
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CTOSIHHHM, MOJIEIH ¢ MOJaMH HMEIOT pa3MepHOCTh — okono 10 co-
crosanii. B 00omx crmydasx, MOJTydeHHbIE MOJEIH WMEIOT OIHH
HEYCTOMYUBBIN IEUCTBUTEIBHBINA MOJIFOC MOPSAAKA 103 C'l, qTO CcOrJja-
CYeTCs C IKCIICPUMEHTAIBHBIMY JJAHHBIMU TOKaMaka [ 1o0yc-M.
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Puc. 3. I'paguk usmenenus Heycmouuuo2o nonwca mooenei 6
meuenue aumumeprot (a) u ousepmopnoti (b) gpaswr pazpsoa

V3MeHeHnsT HEeYCTOWYMBBIX IMOJIOCOB MOJCIM B TCUCHHE BbI-
OpanHoro razmMeHHoro paspsiga Ne 31648 mokasansl Ha puc. 3, 00a
TUIA MOJEJNEN AT MOYTH OJMHAKOBOE 3HAYEHHE HEYCTOHYMBOIO
MOJTIOCA, 32 MCKJIFOUEHUEM KOHIA pa3psjaa, Korjaa MOJEb ¢ MOJIaMU
JlaeT 3aMETHO HETOYHOE 3HaueHHe Moiroca. MoxkeT ObITh BHEcEHa
KOPPEKTHPOBKA TOCPE/ICTBOM Y4eTa MAacChl MJIa3Mbl B €€ ypaBHEHHU-
ax [13].

Pa3psig npuHATO pa3nensaTh Ha JMMUTEPHYIO (asy, Korja mias-
Ma KacaeTcs JUMHUTEpa U 00Jiee HEYCTOMYUBYIO TUBEPTOPHYIO (a3y
MpU KOTOPOH CONPUKOCHOBEHUs HE Mpoucxoaut. Ha nuBepTopHOi
(aze oOpasyercsi cemapaTpycHas MarHUTHAas MIOBEPXHOCTb, BHYTPH
KOTOpOI pacrioyio’keHa mia3ma (puc. 2).

B xone nuBepTopHOI YacTH paspsiga MOJENH MEHSIOTCA Ciiabo,
YTO JaeT BO3MOYKHOCTH MOCTPOUTH 3(PPEKTUBHBI MHOTOMEPHBIN
perynsTop Ui 3aMKHYTOH CHCTEMBI YIpaBlieHUsT (OPMOH IIa3MBbl.
Cnaboe M3MEHEHHE MOJEICH IPOAEMOHCTPUPOBAHO HA pHC. 4, e
O0TOOPaXEHBI MaKCUMAJIbHBIE U MUHUMAJIbHBIC CHHTYJISIPHBIC YHCITA
nepenaToyHbIX (QYHKIUI MOJIeNel ¥ TaHKEJICBbl CHHTYJISIPHBIC YnCIia

XI BCEPOCCUMCKA S IIKOJIA-KOH®EPEHIUS MOJIOJIbIX YUEHBIX
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cOaTaHCHPOBAHHOMN PeAT3aI[MU CHCTEMBI JUIS Pa3IMIHBIX MOMEHTOB
IUBEPTOPHOM (aser [11].

150 10
1: ms — 180 ms
ms
100 — g ] 185 ms
2 195 ms > gt —— 190 ms
g 50 ] g — 195 ms
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= o g 10’
A |
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Frequency, Rad/s
(a) (0)

Puc. 4. Makcumansroe u munumanvroe cunyisiprole yucia (a) u
2ankenesvl cuneynsapule yucia (6) 01 noiyueHHvIx mooeetl.
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Puc. 5. Bosmywennvie 3HaueHus HeyCmouuugo2o noaoca 0isk Mooe-
netl ¢ punamenmamu (a) u mooamu (6)

Taxxe HaMu OBLIO TIPOBEJICHO UCCIICAOBAHKE MOYICHHBIX MO-
neneld Ha poOacTHOCTh OTHOCHUTENBHO BO3MYIICHHNA paclpeaeIeHHs
TOKa IUia3Mbl. Bblin creHepupoBanbl Habopel u3 100 momenei, B
KOTOPBIX TOK IJIa3Mbl ObLT BO3MYINEH B mpezaenax 3-x %, a BepTu-
KaJbHasl KOOpAMHATa MAarHUTHOM OCH CMEIICHa B mpenenax 2,5 cMm.
M3meHeHusT HEyCTOMYMBOTO MOJIOCAa MOJENCH C HCIOJIb30BAaHUEM
(humaMeHTOB M MOJI TTOKa3aHo Ha puc. 5. [Ipum 3TOM OTHOCHTETHHOE

XI BCEPOCCUMCKA S IIKOJIA-KOH®EPEHIUS MOJIOJIbIX YUEHBIX
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W3MEHEHUE HEYyCTOMYMBOrO IOJIOCA MEHbIIE Uil MOXEIEH C uc-
TT0JTh30BaHUEM (HHITaMEHTOB.

5. 3aknroyeHue

Monenu, nosydyeHHbIE NPECTABIEHHBIM B JOKIAAE€ METOJIOM,
IUIAHUPYETCsl TIPUMEHATh Ha TokaMake | mobyc-M. Ceituac BemeTcs
pa3paboTKa PEeryisTOpoB IOJIOKEHHs, TOKa U (HOpMBI IIIa3Mbl Ha
OCHOBE 3THUX MoOfeNeill. AJTrOpUTMBI, MO3BOJISIONINE BOCCTAHABIIH-
BaThb paBHOBECHE IUIa3Mbl, OyOyT B JaJbHEHIEM pealu30BaHbI B
TeMIIe HaOMoAeHUH.
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PICARD ITERATION METHOD OF EQUILIBRIUM
RECONSTRUCTION AND CONSTRUCTION OF LINEAR
DYNAMIC MODELS FOR TOKAMAK PLASMA

Pavel Korenev, Moscow State University, Moscow, Faculty of
physics, student (pkorenev92@mail.ru).

Abstract: A dynamical model of tokamak-plasma system is required
in order to effectively control plasma in the tokamak. The problem is
complicated by high temperature in the tokamak which makes im-
possible to directly measure the plasma state. The paper presents
iterative method of plasma current and poloidal flux distributions
reconstruction on the base of magnetic diagnostics measurements
and the method of further linear model construction with obtained
distributions. The problem can be considered as an identification
problem where one must find a model of the system by its outputs
and inputs. The methods employed in the paper are based on the
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basic physical laws of electric circuits’ dynamic; this approach is
known as «first principle equations» abroad.

Keywords: Plasma, tokamak, equilibrium reconstruction, linear
models, identification.
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