OrpoMHbIN CNOXHbLIU MUP, BKIKOYas
TOKamMaku, no3HaBaeM dnarogaps NpPoCTbIM
aTTpakKTopam

The success iIs due to reduction of number of
parameters around 10723

yankov@yahoo.com

Examples of attractors: energy minima, Boltzmann distribution,
solitons and wave collapses, vortices, measurements in quantum
mechanics, brain and Al, Life, turbulent attractor in tokamaks.

[TosicHeHne TepMUHaA: TpaKTop TAHET, a aTTPAKTOP TAHET K cebe



YacTHOe pelueHne BaXXHO, eCqiu OHO aTTpaKTop,
TO eCTb MPUTArMBaeT TPaeKTOpPUMU

[1lpocTeniunmn aTTpakTop U3BECTEH AaXe KOTATaM, 3TO MUHUMYM SHEPTUMN.
BpolweHHbIM NpegMeT, BKoYas KOTEHKA, nagaeT Ha noJsi, He Ha MOTOJIOK UNn
cTteHy. [lponutaa Ha nos Boga TeyeT eule Huxe. Kotdarta He 3HaloT O
CTabuUnNbLHOCTU SA4EepP aTOMOB, HO g4pa CTaburbHbI N3-3a JTOKaNbHOro
MWUHUMYMa SHEPTUMN.

[lepBoe XxOpoLLO JOKYMEHTUPOBAHHOE YNOMUHAHME aTTPaKTOPOB
npuHagnexmnt ApuctoTtento: «Bce aBmxeTcs, Noka ToNKatT.» ITO
doopmynupoBKa npuHUmMna MUMHUMyMa KUHETUYECKOU 3HEPTUN.

*ECTb aTTpakTOpbl M MOCNOXHEE MUHMMYMA SHEPINK, 3TY UAEK S U NPOABUTraK
BCIO HAY4HYH XXN3Hb.

*TypbyneHTHbIE paBHOpacnpeaeneHusi, HanpuMep, caxap B kode unu
agnabaTa B aTMocepe, 3TO YaCTHbIN Crydan aTTPaKkTopoB.

*TypbyneHTHble paBHOpacnpeaeneHns B TokaMmakax ellie bonee YacTHbIN
crnydan. M ero oTKpbIny 3KCnepuMeHTaTopbl, a A TONbKO YTOYHUI.



Solitary waves are important, because they are attractors.
A statistical theory predicted that linear waves will
condensate in them and solitons will merge. Simulations
confirmed the prediction, see below. W=T/(f+f"). Similar
attractors should be seen in MM Optical Fibers
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FIG. 1. Fragments of the evolution of the solution of the equation
i, + ¥ + ||y =0 with the parameters ¥, = 1 and L = 60; the time
t=17.4 (a), 365.4 (b), and 730.8 (c).



Condensation in 2d solitons

Dyachenko, Zakharov, Pushkarev, Shvets, Yankov, 1982

FIG. 3. Fragments of the evolution of the solution of
the equation i), + ¢, + ¥,, + |¢|'*¢ =0 with the
parameters ;=1 and L=37.7: a—r=13 and
[¥]% max = 33.2; b—t =277 and |¢|?,... = 63.9; and,
c—t = 2681 and |¢|? ... = 137.3.




Other
source

of energy,
the same
attractor




Thin vortex attractor is defined by
conservation of vorticity (Poincare invariant!)







First satellite launched by US was stabilized

by energy maxima, like a rifle bullet




The chaotic world is knowable and predictable due to
causality (Newton), time arrow (Boltzmann), invariants
(Poincare), and attractors (Aristotle, Boltzmann,
Arnold, Lorentz, Zakharov)

sImportance of causality, time arrow, and invariants is
evident, while importance of attractors is not.

*Tynuk dnsnkn Ha Sm Kypce.
« My current applications are tokamaks and Al.

*To release power of attractors simulate your own
attractor!

/lHBapMaHTbl N MHBAPUAaHTbI Kpenye ypaBHEeHUN
LB/KEHUS.



ITER is a $100B beast, therefore we must study it.
Tokamak attractor is Turbulent EquiPartition of angular
magnetic momentum

* Experimenters observed similar profiles of plasma in tokamaks
beginning 1962. The puzzling feature of profiles is a maximum of
plasma density in center and minimum at boundary, while the
source of particles is at boundary! Central maximum is natural for
temperature, not density! We must change the attractor, not
coefficients.

 The hint; what set of invariants leads to a turbulent attractor with
maximum at the center?

« The hunt has started from Poincare invariant application to drift
Vlasov equations, which resulted in new set of frozen-in invariants,
relatives of frozen-in invariants of magnetic field and adiabatic
Invariants.

« Finally, a simple invariant lead to the central maximum, angular
magnetic momentum



ATTpakTop B TOKamMake Ans JIMHIBUCTOB

ATTpakTop B BuAae ropba nyioTHOCTU B LieHTpe BO3HUKAeT Npwu
apende nnasmbl BHYTPb, MNOTHOCTb NagaeT Kak n~1/v,

34ecb N NJIOTHOCTb YacTul, V yaesibHbIU 00beM.

O61beM v yMeHbLuaeTcs K LLeHTPY, MOTOMY 4YTO nonoupanbHoe
nosie yCUriMBaeTcsi U CUNIOBble JIMHUM YKOpaYuBaroTCA.



KpaTkum Kypc ToKkamakoB ANA HaYanbHUKOB

*TypOyrnieHTHbIVN NepeHOC 3TO NPUYNHA BbICOKON CTOMMOCTHU
TOKaMaKoOB M UX rnaBHas 3aragka. [laHHble 4eCATKOB TOKaMaKoOB U
COTEH TeOpPeTUKOB NOXOPOHEHbI B 6a3ax AaHHbIX U XXypHanax.
U3Bneyub AaHHble, NpeBpaTUTb B MH(hOPMaLUIO N YMEno
NPUMEHUTL K Xerne3y OAO0JIKHO TenepellHee HavyarbCTBO, HY U Mbl.

*TypOyneHTHbIN aTTPaKTOP B TOKaMake Oblf1 HanaeH N 0CO3HaH
akcnepumeHtatopamum B 60x 70x Kak KaHOHUYeCKne npodomnn
OaBneHust n 3arago4vHbli MakCUMYM MNIIOTHOCTU B LLEHTPE.

B 93Mm s gan um domnsmndeckoe oObSCHEHME U aHANMUTUYECKOE
onuncaHue, NOATBEPXOEHHOE MNO3AHEE 3KCNEPUMEHTASBHO.



ATTpaKToOp B TOKaMake oka3sarica nogobeH
pacnpegeneHunto caxapa B kope n agnabare
B COJIHUE

« PaBHOMepHOe pacnpenernieHme caxapa He 3aBUCUT OT geTtaneu
nepemeLllmBaHns n onpeaenseTca AByMs MHBapnaHTamMu:
COXpPaHAEeTCs YMCIO YacTuL, caxapa U COXpaHSAEeTCs HeCXKMMaeMbIU
obbeM. B Tokamake nepBbI MHBAPUAHT TOT XKE, COXPaHSETCH
4ymcno yactuu (e, i), a 21 NOXoX: ABMXKEHUE B TOponaansHOM U
pagnaribHOM HarnpaBJiEHUN 3TO HECXKMMaEMBbIN dda30BbIN NMOTOK

(PUCYHOK).
* [AaMUNbTOHOBBLI NEPEMEHHbIE TOpOMAanbHaa KoopanHaTta u

TOpOI/Iﬂ,aJ'IbeII7I UMMNYJibC Q ,



OaHopoaHoe pacnpeneneHme B
[[@aMUIbTOHOBBLIX NEPEMEHHbIX
npeBpaLlaeTcs B HEOQHOPOAHOE B OObIYHbIX

Kak n ¢ caxapom, B XOpoLLO nepemMeLLlaHHOM ToKamMmake
KOHLEeHTpaLma YacTuL, He 3aBUCUT OT TopouaarbHOW KoopanHaTbl U
TOopouaasribHOro UMMyJsibca, BO3HUKAET aTTPaKTOP, Ha3BaHHbLIN MHOW,
Kak u B Kodpe, TEP (Turbulent EquiPartition)

f(p)=dN/dp=const

Ecnn 3ameHnTb FaMUNbTOHOBbLI KOOPAUHATLI HA NPUBbLIYHbIE
JKCcnepumMeHTaTopam, TO BO3HUKHET ddopMyna

n(r)=Lq(r)



TyT nokaszaHa npoueaypa 3aMmeHbl

B nMmnynbce coxpaHeHa TOfIbKO MarHUTHas
yacTtb! IMeHHO MarHuTHaga nHepumng

OTBETCTBEHHa 3a Npobou Npu paspbiBe
TOKa, HO el He NPUBLIKIN NONb30BaTbLCA

f (p)=dN/dp=const

p=eA/C dA/dr:Bp dN/dr=2xrn

n(r)r:Bp(r) n(r)=1/q(r)



Comparison with experimental
data

TEP Is an idealized profile, so Baker and
Rosenbluth generalized formula by
Introduction of fitting parameter, alpha

n(r)=1/q(r)

This approximation has been tested and |
am very grateful to the authors
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Weisen coordinates.
Integrated normalized particle content versus normalized poloidal flux

in an OH TCV data set. 226 density profiles from Weisen et al. (2002) Best fit
alpha =1. TEP is confirmed experimentally.



JET L-mode, Reversed shear, H-mode

Shear dependence in qualitative agreement with
Turbulent EquiPartition / curvature pinch

Due to invariance of LL and J, turbulent diffusion causes trapped electrons to spread over poloidal flux
(dN/dV'=const):

[neav =N, | [(b) — w(a)

corresponding to Cq=1 ( & C¢=0). Fair agreement with L-modes (normal shear) and low Vg H-
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PaclumpeHune HapyXy npu HOpManbLHOM LUMpe,

n~1/q, cpa3y npegnornaraeT cXaTue nnasmbl Npu
oTpuuaTenbHOM LUMPE U TPAHCMOPTHbLIN bapbep

« OTO npeackasaHue 95 conpoBoXxaaeTcs ANCKYCCUEN O
TOM, Kak 0bnactb YCTOMYMBOCTU 3arie3aeT B
NONOXNUTESbHLIN LLNP, XOTA U YMEHbLLUEHHbIN, N POIb
pauMoHanbHbIX NMOBEPXHOCTEN Ha rpaHuLe

* [lpealLuecTBEHHMKM 3TOro MexaHnama MMHUMym B un
nankun Modpde

« EcTb, BUOUMO, 1 gpyrue npuyuHel BT, dyay
brnarogapeH 3a MHEHUSA U CCbISTKA



YnyJweHue yaepxaHua ocrnabneHuem
nononaanbHOro MarHUTHOIro NMOJSi Ha rpaHuLe.

AdhekT ocCHOBaAH Ha pacLUMpeHUU nna3mbl Npu apende Hapyxy,
NMAOTHOCTb NapaeT Kak n~1/v, a aaBneHue Kak p~1/vA3. YaenbHbIN
00beM V MOXXHO 3aMeHUTb Ha NPUBLIYHbLIU (. B pe3ynbTaTte npwu
TOM XXe AaBNeHUU B LeHTpe ynageT AaBreHue Ha rpaHuue, a ¢ HUM
ynagyT u 3HepreTu4eckume notepu.

[IBa meToAa:
ocriabrneHuem Toka, current rampdown, MupHoB 70, JET 99

UM MHOMMMU yrnamMmum, MOXHO AnBepTopamMu, HeaaBHAA
oTpuuaTtenbHasa TpeyrosnibHOCTb Ha DIll-D ¢ otogBuraHunem X To4yek
OT OCU



YpaBHeHUS nepeHoca NpoTuB
aTTPaKToOpoOB

* [lepeHocbl 3TO cneacTBUA NMUHEUHbLIX OTKNOHEHUU OT
aTTPaKTopoB

« TypbyneHTHaa BnekTpoHHas TennonpoBOAHOCTb 3TO
KO3(pPULMEHT B HEBEPHOM YpaBHeHUN. HeBepHO
onpeneneH aTtTpakTop.

« [1Ba knyba



| =(pd
Poincare Invariant is integral form of Hamilton Equations
I =[pdq
Adiabatic Invariant
I =[pdq
Generalized frozen-in law

P=mvV+eA/c



Hypothesis of attractors

*Hypothesis: The World or Simplified Models of the World can be
approximated as a set of attractors with several variables plus a huge number
of chaotic perturbations.

Attractor is a structure with several variables which appears as result of
evolution of almost any complex nonlinear system. Invariants of motion are
shared between attractors and chaos in comparable proportions. It means
that attractors have much more energy and/or other invariant per variable.

*ApHonba: «..pn3sunyeckoe npearoxeHue, T. €. pacnbiB4aTo
cdpopmynumpoBaHHOE N, CTPOro roBopsi, HEBEPHOE YTBEPXKOEHMEY



