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TypoyaenTnoe MI JI-nuHamo

Teoprsi MarHMTHOTO JWHAMO OMNHCBHIBAET IPOLIECC T€HEpALUH
MAarHATHOW SHEPTUU B KOHBEKTHBHBIX INMPOBOIAIIMX cpenax. B
paboTe paccMaTpuBaeTCs OAWH U3 PEKUMOB TAaKOW TeHEpaluu,
Ha3bIBa€MbIN MEJIKOMACIITAOHBIM TYPOYJICHTHBIM JUHAMO.
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ba3oBbIM MOIXOIOM JIMHAMO-TEOPUM SIBIISIETCS YCPEIHECHUE
YPAaBHCHUA  MAarHUTHOM  MHAYKIUMA 1O  CIy4YallHOMY,
CTOXaCTUYECKH  CTAlMOHAPHOMY, IIOJK0  CKOpocTH. Tak
MOJYYEHUE TIEPBOTO MOMEHTA NACT MOJIENIb CPEAHEro MOJis, a
MOJIy4Y€HHUE BTOPOTO — MOJIEJIb TyPOYJICHTHOTO JUHAMO.

OcHoBHas CJIOKHOCTH B U3y4YEHUU
TypOyJEHTHOTO JAWHAMO — 3TO HEJIOCTATOK
SKCIICPUMEHTAJIBHBIX ~ JAHHBIX,  KOTOPBIU
OOBSICHSETCSI TEM, UTO B IIPOIIECCE TeHEPAIIUU
CpeAHEe MAarHUTHOE TOJIE HE PACTET, a PACTET
TOJIBKO  CpPEIHSA  DHEPrus,  KOTOPYIO
HaOII0AaTh CYIIECTBEHHO CIIOXKHEE.
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Laboratory evidence of dynamo amplification of
magnetic fields in a turbulent plasma

P. Tzeferacos'?, A. Rigby® ', A. F. A. Bott!, AR. Bell', R. Bingham>#, A. Casner®, F. Cattaneo?, E.M. Churazov®7,
J. Emig® F. Fiuza®, C.B. Forest'0, J. Foster™, C. Graziani?, J. Katz'2, M. Koenig'3, C.-K. Li¥#, J. Meinecke',
R. Petrasso'#, H.-S. Park8, B.A. Remingtons, J.S. Ross8, D. Ryu® 15 p. RyutovB, T.G. White!, B. Reville® 6,

F. Miniati'”, A.A. Schekochihin!, D.Q. Lamb?, D.H. Froula'? & G. Gregori(® 12

Magnetic fields are ubiquitous in the Universe. The energy density of these fields is typically
comparable to the energy density of the fluid motions of the plasma in which they are
embedded, making magnetic fields essential players in the dynamics of the luminous matter.
The standard theoretical model for the origin of these strong magnetic fields is through the
amplification of tiny seed fields via turbulent dynamo to the level consistent with current
observations. However, experimental demonstration of the turbulent dynamo mechanism has
remained elusive, since it requires plasma conditions that are extremely hard to re-create in
terrestrial laboratories. Here we demonstrate, using laser-produced colliding plasma flows,
that turbulence is indeed capable of rapidly amplifying seed fields to near equipartition with
the turbulent fluid motions. These results support the notion that turbulent dynamo is a
viable mechanism responsible for the observed present-day magnetization.
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MO}I CcJIb KaB aHHeB a-Kp ei/illH AHA ENHANCEMENT OF A MAGNETIC FIELD BY A CONDUCTING FLUID

A. P. KAZANTSEV
Monens KK omnuceiBaeT AMHAMUKY KOPPETALUOHHONW (DYHKIUA Semiconductor Physics Institute, Siberian Division, USSR Academy of Sciences
Submitted June 29, 1967
MarHuTHOTO MoJjisi M(r), a COOTBETCTBEHHO W DJHEPrUM, B o a5, A8 1S N 190
KOPOTKO-KOPPEJIMPOBAHHOM IT0JIE€ CKOPOCTH. BriepBrie oHa ObLia

noaydeHa B 1967 romy A.Il. KaszanuessiM 19 JA€IbTa Cui(k, t)us(k',t)> = u(k, |t —V]|)os(k)d(k + k'),
KOPPECIMPOBAHHOIO BO BPEMCHHM 3€pPKAJIbHO CHMMETPHUYHOIO 0ij(k) = 8i; — kik; | k2.
TypOYJIEHTHOIO TEUEHHUS, CTal[MOHApPHBIE CBOMCTBA KOTOPOIO u(k,t) = v(k)6(t)

OMUCHIBAIOTCS KOppemaiuoHHon pyHkuuen F(r).

Moaens TypOyJIEHTHOIO JMHAMO IYTEM 3aMEHbI CBOAUTCS K cTallMoHapHOMY ypaBHeHuto Illpenunrepa mis
OCHMJIISITOpA B MOTCHIUAIBHOM siMe V (1), IyOrHA KOTOPOU OnpeAessieTcss MarHUTHBIM YnciioM PeliHombca.
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HOpOF AUHAMO I'CHCPpalnuu Kinematic dynamo in a reflection-invariant random field

V. G. Novikov, A. A. Ruzmaikin, and D. D. Sokolov

B cnydae gocratodHo rimyOOKoM MOTEHIUAIbHOM siMbl V(T), 3a Applied Mathematics Institute, USSR Academy of Sciences
v o (Submitted 11 March 1983)
IITyOMHY KOTOPOM OTBEUAaeT PyHKIUS TypOyJIeHTHOU auddy3uu, Zh. Eksp. Teor. Fiz. 85, 909-918 (September 1983)
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FIG. 4. Rate of exponential growth of magnetic field as a function of the
magnetic Reynolds number for F, and F, with different values of Re.
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Kackaaubsiu MI'J1-moaxon

dopManu3M KaCKaJHOrO TMOJIXO0Ja, pa3padOTaHHOIO ISl ONUCAHUSA
TPAHCIIOPTAa SHEPIUU M CHHUPATBLHOCTH TYpPOYJIEHTHBIX (IyKTyallud Ha
KOHEYHOM YHCJIE CHEKTPaJbHBIX 000JIOYEK, ObUI MPEIJIOKEH aKaJEMHUKOM
OOyXOBBIM JIJISI CUCTEM THJIPOAUHAMUYECKOTO THIA:

1. B Oe31MccCUNIaTUBHOM IIpEJeIie CUcTeMa COXpaHsaeT (pa30BbIi 00bEM;

2. B 0€3AMCCUIIaTUBHOM CHCTEMa 00JIaIaeT 10 MEHBIIIEH MEPE OJTHUM
KBaJpaTUYHBIM UHTETPAIIOM JBUKCHUS;

3. ypaBHEHUS COJEPKAT KBAAPATUIHYIO HETMHEHHOCTB;

4. pu pacCMOTPEHHH LIETIOYKH YPABHEHUN OOMEH YHEpruei P ————

HpeI[HOJIaFaCTCH TOJIBKO MG}KI[y COCCIHUMHA OGOJ’IO‘IK&MI/I. B.A. MarHuukmii u A.M. O6yxoB Ha 3acefaHum
YyeHoro CoBeTta otaeneHus reopmnsnkm

KBaI[p ATHUYHbIC HHTEI'PAJIbI IBUKCHUS

be3pasmepnas MI/l-cuctema TUOWYHBIN TPUMEDP  CUCTEMBI

E=FEy+ Eg— / (V2 1+ B2 \dV TUAPOJMHAMUYECKOTO THIIA C TpeMs 3aKOHAMH COXPaHCHHUS B
0€3IUCCUITAaTUBHOM TTPUOITHNKECHUH.
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Yucaenuasg Mmojaelib
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MO}]CJIBHI)IQ 3AKOHbI COXPpAHCHUA

ET =% (U +Bul)/2

Hp =) ik, ((B})? - Ba)/A

H =) (U.B}+ B,Uy;)/2

Pacyer peanusyercs Ha 41-oii ciekrpansHoi obomouke k <[k|<k_
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pacupesieIeHHbIX PAaBHOMEPHO M0 JIOTAPU(PMUYECKOM  IIKaje
k =1/A". Kaxnmas 000704YKa XapakTepU3yeTCs KOJUICKTHBHBIMU
KOMIIIEKCHBIMH MIEPEMEHHBIMU TOJIsI CKOPOCTH U ¥ MarHUTHOTO
moist B . B OesnuccunatuBHOW (QopMe 3amich COXPAHSIOTCS TpH
MOJICJIBHBIX 3aKOHA COXPAaHCHHUA, a CHCTEMa MPEACTABIAET COOO0M

cucremy O/1Y, pemaembix merogoM PK 4ro nopsiaka.
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February). The cross-helicity effect on cascade

processes in MHD turbulence. In Doklady physics
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IlocTaHOBKA YKCIIEPUMEHTA

HavanbHble JaHHBIE JISI YHUCJICHHOTO JKCIEPHMEHTA TOTOBITCS B OTCYTCTBUU
MarHuTHoro moiisi. J{ng paznuuHbix Re B mporecce CBOOOAHOIO BBIPOXKICHUS
(GOPMUPYIOTCS MHEPIMOHHBIC MHTEPBAJIbl, HA (POHE KOTOPBIX W J00aBIISICTCS
HUCXOHO Majioe MarHutHoe mnoje. [Ipu gocratouno Oonbmmx Rm HaOmromaeTcs
pOCT MArHWTHOM DSHEPruM Ha MaJlbIX MaclTabax B TEUEHHE BPEMCHHU
HEOOXOJUMOI0 JIJIsl BBIPABHMBAHHWS DHEPTrUMl M IEpEXoja B HEIUHEHHYIO (ha3y
pocTa, KOTOpasi B TEKYILEW OCTAHOBKE HE paCCMaTpUBAETCS.
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CxkopocTh 1 MacITad reHepanumu

CkopoCTh poOCTa CpeIHEW MarHUTHOM SHEPrMM W MaciTad eé
MakcuMyma (UKCHUPYIOTCS NpH pa3znndHbix Rm u Re. U eciim Re
CYIIECTBEHHOIO BIIMSIHUSI HE OKA3bIBACT, TO C yBEIWYEHHEM Rm
pacTeT KaK CKOpPOCTh I'€HEpalluM, TaK W MacuTtad K Jokamuzanuu
pacTylie  MarHUTHOM  JHEPIruU.  XapakTep  MOJYYEHHBIX
3aBUCUMOCTEM TIOYTM B TOYHOCTH COOTBETCTBYET YHCJIEHHBIM M
AHAJMTUYECKUM pesyinbraraM aHanusza wmozemu KK, omHako
a0COJIIOTHBIE 3HAYCHUS UMEIOT CYIIIECTBEHHOE PA3JINYHE.
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ConocraBieHue MoaeJien

HauanpHbple  CHEKTpaJIbHbIE  IUJIOTHOCTU  KUHETUYECKOU
OHEPTUHU, MIOJIYYECHHBIE B pamMKax KACKaJIHOTO
MOJICIIMPOBAHUS,  HMCIIOJB3YIOTCSA Il PEKOHCTPYKIMHU
KOPPEJSIMOHHBIX (PYHKIMN 110751 cKkopocTH it Mojenu KK.
A paccuMTaHHbIE KOPPEISIMOHHBIE (PYHKIIMHM MarHUTHOTO
noJist, mojrydeHHbie B Moaenu KK, MoryT ObITh NepeBe/ICHBI B
CIIEKTPaJIbHbIE I[UIOTHOCTU MAarHuTHOM dHepruu. llpu
COIOCTABJICHUM MOJEIIEN CPABHUBAIOTCA CKOPOCTH POCTa
MarHUTHOW SHEPTMM W HMX MAaCIITaObl JIOKAJW3alUu OT
KOPPEIALMOHHOTO BpeMeHH tau, oT Rm u ot Re.
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KpaTkue BbIBOABI 10
2 102 = ==
L
B pamkax kackagHoro MI/[-MonenupoBanuss mpu TOCTATOYHO _5 101 Bee——e——o——o—o—s
OOJIBIIIMX 3HAYCHUSIX MarHUTHBIX 4Mcell PelHonbaca Hamu “é ”
3a(hMKCHPOBaH Mpolecc TeHEePAli MArHUTHOM dHepruu Ha Mampix @ 10° p T
MaciITadax u ¢ dKCIIOHEHIIMAIbHOMN CKOPOCTBIO pOCTA. % - —_: g::gig :2
WccnenoBanbl 3aBUCMMOCTH  CKOPOCTH pocTa MW MaciiTada ° . 0<|g(k)< A

Ir€HEpaluyd OT MapaMeTPOB KACKaJHOTO MOJICTUPOBAHMS, KOTOPHIC 102
POAECMOHCTPUPOBAIN YAUBUTEIBHOE COBNAJICHUE C KJIACCUUYECKOM
mozenpto KK B o00mmux deprax, pasaddyaromieecs OJHAKO B
aOCOJTIOTHBIX 3HAYEHUAX.

Bapuanus uncen PeliHonb/aca mokasaia, 4To B ciydae 0oJbIiux Re
WUJIW TIPU BBIOOpE KPYIMHOMACIITA0OHOM YacTH TUAPOAMHAMUYECKOTO
CIIEKTpa, BO3MOXKHO ITOA00paTh TaKOE KOPPEIIIMOHHOE BpeMs, IPU
KOTOPOM COBIAJAlOT KaK CKOPOCTH, TaK M MaciiTaObl pocTa W B
aOCOJTIOTHBIX 3HAYEHUAX.

Ha ocHOBaHMH TIPOBEJICHHOIO MOJCIUPOBAHUE, BBIJBUHYTA
TUIIOT€3a O IpoOJeMe  DKCIEPUMEHTAJILHOTO  HaOIIOICHUS,
CBsI3aHHAs C CUJIBHOM XaoTH3alieil HabIrogaeMoro mpoiecca.
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