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MarautHsblii -3¢ deKT “IpodHo BoIIeJI B HAIy >KW3Hb:

® LICIIOJIb3YeTCsI JIIs “00'bsICHeHUsT NPUPOIHBIX JTIMHAMO, HAIIPUMED, COJTHETHOIO

(HO HE reoUHAMO);

® 00CYZKJIaIOTCsI €ro CBOICTBa, HAIPUMED, CBSI3b C KHHETUYECKON CIIMPAJIbHOCTHIO TeUeHH
(ee mer);

® IIpeJIIIoJIaraeTcst ero 3aTyxanue pu O60JIbIIOM MarHUTHOM dncjie PeiiHosbica

(T.H. a-quenching), aro cauTaeTCs CJIOKHOCTBIO JIJIst O0bSICHEHUST TIPHPOJIbI
acTpOPU3NIECKUX JINHAMO;

® AHAJIOI B BBIYNC/INTEIBHON MaTeMaThKe — MeTo 1 “‘cuMysisitun 60sibinux Buxpeit” (LES);
e ero (M He TOJIbKO MATHUTHOIO) CyIECTBOBaHME (KaK M BUXPEBBIX MArHUTHON nuddysnn
1 BSI3KOCTHU) JIOKA3aHO MaTeMaTudecKn!



Jlunetinaa MIJT yemotivusocms
Ypasuenusi craionaptoro cocrosius (V(x), B(x)):
VWV 4+ VX (VxV)+(VxB)xB-VP+F =0,
nV’B +V x (VxB)+J =0,
V- V=V-B=0.
Vpasnenus sosmymiennoro pexuma (V(x) +V/(x)e, B(x) + B'(x)e, P(z) + P'(x)eM) B
JIMHEHHOM [PUO/IHKEHIN:
VWV V' X (VXV)+ VX (VXV)+(VxB)xB+(VxB)xB —VP =)\V/
nV?B' +V x (V' xB+V xB)=)\B/,
V-V =V-B =0.

Omepatop cieBa, neiicrsytomuit Ha (V/(x), B'(x)), oboznatum . .



Mazrummnas 2udpodunamura cpednux noreti: a-, B-, ..., C-addexmo

criotia (Vraonion] oo A oo a () A o o o oo
S O 7 v

“Many calculations are based on the "second-order correlation approximation" (SOCA), sometimes
also called "first-order smoothing approximation"(FOSA).”

e Ridler K.-H. Mean-field dynamo theory: early ideas and today’s problems. In: Magnetohydrodynamics.
Historical evolution and trends. Eds. Molokov S., Moreau R., Moffatt K. Fluid mechanics and its applications,
80. Springer, 2007, 55-72.

e Steenbeck M., Krause F., Radler K.-H. Berechnung der mittleren Lorentz-Feldstiarke v x b fiir ein elektrisch
leitendes Medium in turbulenter, durch Coriolis—Kréfte beeinfluifiter Bewegung. Z. Naturforsch., 21a, 369—
376, 1966. Engl. transl.: A calculation of the mean electromotive force in an electrically conducting fluid
in turbulent motion, under the influence of Coriolis forces. In Roberts P.H., Stix M. The turbulent dynamo:
A translation of a series of papers by F. Krause, K.-H. Rédler, and M. Steenbeck. Tech. Note NCAR-TN /TA-60,
Boulder, Colorado, 1971, 29-47. http://nldr.library.ucar.edu/repository/assets/technotes/ TECH-NOTE-000-
000-000-045.pdf

e Krause F., Radler K.-H. Mean-field magnetohydrodynamics and dynamo theory. Academic-Verlag, Berlin,
1980.



Q-apperm npu 3HAYUMENLHOM PA30eACHUU MACUUMADO0E:
acumnmomueckuti nodroo

MarauTabIil a-3pdekT:

e Roberts G.O. Spatially periodic dynamos. Phil. Trans. Roy. Soc. Lond. A266, 535-558 (1970).
e Roberts G.O. Dynamo action of fluid motions with two-dimensional periodicity.
Phil. Trans. Roy. Soc. Lond. A271, 411-454 (1972).

e Bumuxk M.M. Ilepnomnueckoe auaamo. Maremarnieckue MeTOAbI B CEIICMOJIONIH

1 reojmHamuke (Boraucs. ceitemosiorust, Bein. 19). M.: Hayka, 1986, 186-215.

e Bummk M.M. Ilepuomgnueckoe muHamo. II. Hucaennoe moenpoBaHue U aHAII3
reousnaecknx nporeccoB (Beramest. ceiiemosiorust, Beit. 20). M.: Hayka, 1987, 12-22.
Anusorponubiii kunerudeckuii a-apderr (AKA-sdbdekr):

e Dubrulle B., Frisch U. Eddy viscosity of parity-invariant flow.

Phys. Rev. A, 43, 5355-5364 (1991).

MarauroruapoanHaMuYecKnii KOMOMHIPOBaHHBIN -3¢ deKT:

o Kemurosekuit B.A. O ymHelinoil ycToMIMBOCTH CTAITMOHAPHBIX
[IPOCTPAHCTBEHHO-TIEPUOMIECKUX MArHUTOIUIPOINHAMUIECKITX

CHCTEM K JJIMHHOIEPHOAHBIM Bo3MyIeHusM. Quaukra Semau, Neb, 2003, 65-74.

e Zheligovsky V.A. Large-scale perturbations of magnetohydrodynamic regimes: linear
and weakly nonlinear stability theory. Lecture Notes in Physics, vol. 829,
Springer-Verlag, Heidelberg, 2011.



x — 6pictpas nepemennas (B T3), X = ex — meiennas (B R?). Yepeauenne 1o x: {-).
Paccmarpusaem mipesien € — 0 (¢ pasjie/ieHue MAaCIITab0B’ )
0

=) Vi(x,X)e", B'= ZB;(X, X)e", ZP’ (%, X)e A= i Ane”
n=0 n=0 n=0

= %(V;NB’IH) — Fn( ! ! >\n_17 n—1 Vo, 0’ )\O,Pé)

n—1 “n-1

ConeHonia/IbHOCTL: Yy - (V!) =0, Ve -V +Vx-V, | =0,

Vx-(B,)=0, Vi<B,+Vx-B, ;=0
Vn > 0 (canrag V], = B], = 0 upu n < 0).
VX 0003Ha4aCT I'PaJueHT 110 6bICprIM IIEepeMEHHBIM, VX — II0 MEJ/IJICHHBIM.
1. Vpasuenne npu n = 0: 4 (V(, Bj) = A(V(, By) = A =0.
Anpo A (“meiirpanbable MObI”) KaK MUHUMYM 6-MepHO (0OBITHO 6-MEpHO).
Ecs ¢.B. nMeeT HeHyJeBoe cpefree o T3, To OHO IPUHAJIEXKUT sIpy. Basuc B ker 4 :

SE(x) = (S1Y(%), S (%), 5}"(x));  SR(x) = (SP¥(x), Sp°(x), 5 (x)), Kk =1,2.3,

(S)) = (e, 0,0), <SE> = (0,e,0) mig 1 <k <3 (Hopmasm3anus),
YV, SyP SPv SPP costenoupasbubL. )
- Vo =2 (v + (BY), SE(x))
k=1

(-),, obosHauaeT k-yio KOMIOHEHTY BEKTOPA, yCPEJIHEHHOIO 10 X.



Anpo #* cocrour u3 BekTOpoB-KOHCTAHT. = (fV) = <fb> = 0 — HeoOXOoAMMOEe U JIOCTATOYHOE
yeiosue paspermvoctu 4 (v, b) = (£Y,fP) (rue see £, fP, v, b conenonganbuni).
ii. YcsoBue paspenmMocT ypaBHenus npu n = 1:

3

(AYY Vx (Vi) + AP Vx (B)),) — Vx Py = Ay (V)),
k=1 3
Vx x Y (AP (Vi) + APP (Bh),) = A (BY).
k=1

v bv
1 APV — cuMMeTpudHble 3 X 3 MaTpPUIIbI

W = (=ViSyy = ViSy% + BySyo 4+ BiSib)),
ARV = (=ViuSPY = ViSp% 4 BySpo + BiSphy),

A}C’b u A}gb — TpexXMepHbIe BEKTOPbI
AP =(VxSPP-BxSy), APP=(VxSP»-BxSP).

Omepatop ciieBa, neiicrBytonuit Ha BekTopst ((V(), (B()), nasbisaercsa

onepamopom Komounuposarrozo MI/] a—apperma.

MakcumasibHbIe TI0  HHKPEMEHTBI MO/ B 3 33/[adaX YCTOHINBOCTH (KMHEMATUIECKOTO UMHAMO,
rupouHaMuaeckoit 1 MI'JL yeroitansocTi) 0603HadaeM 72, Yy U fyg" (9T0O, COOTBETCTBEHHO,
maxq Re \p).



Ecmn V/(x, X)), B/(x, X) canrtarorcst nepuoguaeckuMu 1mo X, (Tak caurarh He 0bsg3aTesbHO! ),
= (Cy, Cp)e'?™, e Cy u Cp — 3-MepHbIe BEKTOPBI-KOHCTAHTHI, q = €.

o ((Vy,By)) =
CostenonianbHocThb. OpTOHOPMAILHBII Oasuc:
1 = (sinf cos ¢, sinf sing, cosh),

1V = (cos b cos p, cosf sing, —sind), 1% = (—sing, cosyp, 0).

(Bg) aKBMBaﬂeHTHa Cy-q=Cp-q= 0 OTKY/1a

Costenonianbiocts (V) u
Cy, = Csl 10 + 04

C, —01( —|—02 )

ITpoermpys ypasuenust 3ataan na c.3. ma 1) 1 1?)| comum €6 k 3a1aue Ha ¢.3. s MATPHUILI

ZAkJJ

ZA ! z
| k.j

—ZAz,‘;lé”l

2)
J

ZAk J'5°k
ZA (2)
>

k.

1 3aT€M MAKCHMU3MPYeM WHKPEMEHT 110 6 u ¢
(T.e. HAJIO HAWTH €.3. ¢ MAKCHMAJIbHONH MHUMOI! dacTbio (mox)MaTpuier A).

ZAkJJ

ZA
ZAbbl z

k.j

(2)

ZAkJJ

k,j".j k,j".j k,j".j k,j".j
ZAkJJ ZAkJ] ZAkJJ ZAkJ]
k,j'.3 k.3'.3 k,j'.3 k.3'.3

ZA
ZA ¢ z>
k.j




Basaua. HaiiTi 3aMKHyTble BBIPAZKEHNs JJIs 9STHX MAKCUMYMOB, Y2, 4¥ u PV,
Jist kunematuieckoro aunamo (tosbko APP £ 0) sra sanaua pemena:
by _ L bb /b b _ sAbby (sAbby—1
/\1i(l)——§ E kjmAf lm £ VaP, a” =1-(det *A"") (|A”") 71,

kj)j’m

= A= max ReAP(6, ¢) = /max(aias, azas, ayasz),

rie €gjm — Teusop Jlesu—dusurer, SAPP = (APP 4 (APP)Y) /2
Qi — TPU JIeHCTBUTEILHBIX ¢.3. MaTpuIbl *APP.

JLs1 3a1a9u rUIPOAMHAMUYIECKON YCTONINBOCTH (TOJIBKO A"V # 0, n.u. AKA-sddexr):

l
=3 D ani(6 — il + \/a_v
k7j

rie 0y, — cumBos Kponekepa, agj = E yoriln,

v/

J

& = (Cewmnstn) — (S — 121 = (@1 21,

k7.77m k?] k?]

= 7y # 0 TOJIbKO, ecjii aHTHUCUMMETPUIHAsA 110 k U j 4acThb Tenzopa AYY, . nemysienasi.

k,j'j



Buxpesas duppysus
A Bipyr A =0 = A\ =07 (Hanpumep, tax npu V(x) = —=V(—x) u B(x) = —B(—x).)

iii. n = 2. Obo3HaYaeM MaKCUMaJIbHBIE 10 ( THKPEMEHTHI POCTa, 75’ , Yo u 7('3", COOTBETCTBEHHO.

3 N (v DV O(BY)

(VB P) = D7 (Vi) S{(x) + (BY) +ZZ( "X, TG Tx )
k=1 =1 m=1 "

Grp(x) = (G, b, Ghn) and GP(x) = (GRY, GRR, Gyl — TP-neproguseciie petenus

C HYJIEBBIM CPE€IHUM BCIIOMOI'aTE€JIbHBIX 3aJa4
MG, = (—2008]Y 0z + ViuSYY — BpnSI® + (S{? = V- S}V + B - S}P)e,,
— 2n0S)" )0z, — VSy» 4+ V,,Si” + BSYY, — B,S}Y),
VX ) mk - Sk ms

MGP = ( 2008 0z, + V,,SPY — B,,SPP + (S]‘:P V.S 4 B.SPe,,
= 208 0 = VS, + VS + BSLS, — BuSYY),



YeJi0BHS pa3pelrmMOCT 3a/1a9 B OBICTPBIX IIEPEMEHHbIX:

2 V! 2 (B!
Vv%( <V(/)>—|— Z ( vv M+va M) —prl* :)\2 <V6>7

A\T0X,,0X; T T"M0X,,0X;
k.m,j
0 (V| 0 (B
05 B0) + Vo 30 (DT - DI ) o, ),
ke m m

Obo3HauYeHO

(=V;Gyy. — VG i+ B;Gon. + BGYS Y,

= (=V;G — VG 4+ B;GPh + BG ),
D =(Vx G —Bx G,

= (Vx G —B x GY).

OrmepaTop 2ro nopsijka cjaeBa Ha3bIBaeTCs 0nepamopom kombounuposarnoti MIJ[ euxpesoti
Jupysuu (i S-3bdexT B TepMUHOIOTHE MATHUTHON IHJIPOIMHAMUKI CPEJTHUX TIOJIEit ).
D naswiBaercss menzopom maznummoti xomouruposannot MIJT dugpdysuu.



Ecmu V', B’ nepuogmiaeckne dynkmun X (Tak cauTtarh He 00s13aTe/1BHO!), TO
<(V(,)7 B )> = (CW Cb)eiq'xa
=1 + Cl®, Cy = C51Y + yl@

rie C; — KOHCTAHTEI, (Cl, 02, C3,Cy) —cB., a )\2 — C.3. MATPUIILI

E )7(1) E ’ vv(2);(1) E : bv;(1);(1) E , bv;(2);(1)
k.j k.j k.j
vv(2)7(2 vi 1);(2 v 2),(2
Zd . V+dej ;i)lﬁ) Zdb, (072 Zdb' 2
k,j

D, ¢) = —
2 —Zd"bl il Zdbbl Zdbbl
k?j
Zd 1SN IR Zd bl +Zd2fl§f)l§1)

Lk kg kg k.j A
vV bv vb bb __
kj _Z jmk]l lm? dkj _ZD] mk]l lm? dk:j _ZDmk‘]le dkj _ZDmkjl

jlvm j/,m m m

Basiada. HailTi 3aMKHyThIe BbIpazKeHns i MAKCHMYMOB c.3. 110 6 1 ¢ (Y2, ¥ u 4PY).
He pemiena.




3ajiaua 00 ycTORUMBOCTHU ¢ “pazjie/ieHneM MaciiTaboB”: YNC/IeHHbIH 110X0/]

(V'(x), B'(x)) = ¢ (v(x), b(x)),

P'(x) = ¢ p(x),

BiioxoBckue Mo/ibr:

npuuéM sueiika nepuopuunoctu (v, b) raxas xe, kak y (V,B): T? = [—x, 7]

Koryia Mbt panee canraiun V'(x, X), B'(x, X) nepuoguueckumu 110 X, hakTHIECKH
MBI paccMaTpuBajn 0JI0XOBCKUE Mojibl 1 mipejien |q| = e — 0. Teneps |q| mpousBoiien.
C npyroit cTOpoOHBI, paHee He 00sA3aTe/IbHO TPeboBajach MEPUOJIUNIHOCTD 110 X,

a Telepb B IBHOM BHJIE pACCMaTPUBaeM rapMOHUKY Dypbe.

CosteHon TasIbHOCTD T10J1st € 9%f st £ (x) => £ e sxpupanenTHa f, - (n+q) =0 Vn.
Onpejie M TPOEKITNIO

+q) in-x
fHZ W(H+Q) ™, q#0,
e e fn'n in-x
%:fo0+2 fn—Wn X (q = 0).
n#0

Torpa 9% P f — conenoupanbias Komnonenta e 9*f(x), a e'4%(F — P, )f — norennmanbnas
(rpajuent); & — roxaectBenHblil onepatop. Ouesujno, P f = Z_f.




[Tocste cokparenus e'9% 3a1aua CBOIUTCS K 3a/1a4e Ha COOCTBEHHBIE 3HAUCHIS (c.3.) B T3:
M(v,b) = Aa) (v, b),
My : (V,b) — <VAqv+<@q<v>< (VXV)4+V x(Vxv)+iV x (g X V)
+(V><b)><B+i(q><b)><B+(V><B)><b>,
nAgb + V x (v x B+ V x b) +iq x (v><B+V><b)>,
Aq: v =V +2i(q- V)v — |q*v

— caMOCOIIPsIzKeHHbIi onepaTop B npocTpancTse JleGera Lo(T3).

<<f1,f2>> = <f1 . f_2> = (271')_3/ fl(X) . fQ(X) dx.

T?)
My(v,b) = e VX (9%(v, b)) = M = M.
KoMILIeKcHoe colpszkenne ypaBHeHns Ha C.3.; THKPEMEeHThI POCTa MOJL /I ¢ U —q OJUHAKOBDI.

OueBniHO: M3MeHeHHe ¢ Ha JII00Oil 11eJI0UNC/IeHHBI BeKTOP He MeHseT MHKPEMEHT POCTa,
= MaKCUMaJIbHbIE 110 ¢ 1 —( C.3. JIOCTATOYHO UCKATh B IapaJljie/ienuie/ie

Q={ql0<q<1/2, —1/2<¢<1/2, —1/2<g3<1/2}.



Borwucaernue epaduenmos c.3. no gy,

M (v,b) (quv+(V><V) X PV +V x (Pqv x V) +iq x (Pgv x V)

q
—(Vxb+iqxb) x B,
NAgb +V x (B X Zqv) +iq x (B x Pqv) — (V x B) x Pyv

~V x (be+iq><b)).
Ecmm A — ¢.3. Mg, TO A — C.3. COIPSIZKGHHOTO OMEpaTopa My
(v*, b*) nopmasmsyem ycsiosuem (v, b), (v, b*)) =1
[Tycts A — mpoctoe c.3. (coydait obmiero mojozxkenuns jijist q 7 0).
Huddepennnposanne pasencrsa Aq(v,b) = A(q)(v,b) 1o ¢, gaer

(=) (GeD)) (€6 = (D),

¢' =2 (—qmv—ki%)+i£zq(V><(emxv)+(em><b)><B)—|—%@q (vx(VxV)
+V><(va)+iV><(qxv)+(V><b)><B+i(q><b)><B+(V><B)xb),

b
¢P=2p <—qmb+i%>+iemX(VXB+VXb),




f -(n+q) fo-em fo - (n+q) -
f m ) ———————— - — e, | ™"
((’9%) HZ( P+ dm) In+ q|* (n+a) !n+q|2(n+q) In + q]? em | ¢

CkaJIIPHO YMHOKIM 9TO ypaBHeHne aa (v*, b*) u BosbMeM JeiicTBuTesibHy 0 9acTh. [lomyanm

vy

e Re (¢, ¢"), (v, b))

= e<<— %@q(vx(VXV)—l—VX(va+iqxv)—|—(be—|—iqxb)><B
dm

+(V xB) x b)aV*>> —Im<<2ua% +P4(V % (e % V) + (€% b) x B),v*>>

— 2nguRe(b, b)) — Im <<2n§7b fenx (vXBAV x b>,b*>>.

Teopema. Ilycrs (i) c.3. A oneparopa smueapusanuu Z (V' B') = A\(V', B’) neiictBuresnbHo,
i (44) BOZMYIIAEMOE COCTOsTHEE IEeHTPATBLHO-CUMMETPUIHO, T.e. V(X) = —V (—Xx)

1 B(x) = —B(—x). Torna na “nosynensix” q (¢ kommonenTamu 0, £1/2) BBITOIHEHBI yCJI0BHS
skcrpemyma ORe A(q) / 0¢,, = 0.



rak, MmaronTabie a-3QpQeKT 1 BuxpeBas anddy3ns “ObBaioT’ .
Yro He Tax?

Borancimmresbabie OKCIIEPUMECHTDBIL:

e 3ajlada KUHEMATHIECKOIO JIMHAMO

e 3aJiava JIMHEHHON I'MAPOJINHAMUYIECKO yCTONINBOCTH

e 3ajlava JIMHENHHOW MarHUTOTHIPOIMHAMUYECKON YCTONINBOCTI

Bosmyiaembie cTaiimoHApHBIE COCTOSIHUSI CHHTE3MPOBAHbI KaK psjbl Pypbe
co cay4aiinbiMu kodddurmenramu. OHU COOTBETCTBYIOT PA3HBIM JIMATIA30HAM
IIPOCTPAHCTBEHHBIX MACIITa00B:
® DKCIOHEHIMAILHO yObIBAIONMil sHepreTuaeckuii crektp ¢ ~ 47K (Viscous)

— b PY3MOHHBIN JIUaa30H
e Komoroposckmii sneprerudeckuii ciektp ¢ ~ |k|~1/¢ (Inertial)

— JIMHAMUYCCKUIl auara3on
e [apMOHUKE ¢ BOJIHOBBIME dnciamu (110 Kaxk ol koopqunare) we 6ojee 2 (Eddies)

— HeperyJsipHbIil CIIEKTD B €ro Havajie, OOJIbIIIe BUXPU



Tudpoduramuveckasn 3adava, IKCNOHEHUUANLHBIT CNEKMP, HEM CUMMEMPUT
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Puc. 1: Maximum growth rates of the Bloch hydrodynamic linear stability modes (a) and maximum slow-time growth rates due to the action of the
AKA-effect (c) for a sample non-parity-invariant flow of type V. Wave vectors q (b), for which the growth rates are shown in (a), and directions of the
wave vectors (d), for which the growth rates are shown in (c).



Tudpodunamueckas 3adaua, KOAMO20POSCKUT CNEKMP, HEM CUMMEMPUT
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Puc. 2: same as in Fig. 1, but for a sample non-parity-invariant flow of type I.



Tudpoduramuveckasn 3adava, borvuLue 6UTPU, HeM CUMMEMPUT

(172,1/2,1/2)

(C) 0.1 '

C))
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05 0 5 0.5 ©-1/2-172) -0.5 0 4, 0.5

Puc. 3: For v = 0.1, isolines of the dominant growth rates 7V(q) of the Bloch hydrodynamic stability modes in the cross-section g1 = 0.32 of the
parallelepiped Q (a), isosurfaces of the growth rates (b) and the dominant growth rates as a function of g2 on the line g1 = 0.48, g3 = 0.3 (c) for a
sample non-parity-invariant flow of type E. The isolines are drawn for the growth rates that are integer multiples of 0.011 (the minimum and maximum
~V in this plane are 0.0128 and 0.0950). The width of the isolines and dash length increase with the constant values along the curves. The isosurfaces are
shown in Q at the levels of 75%, 80%, 90% and 95% of the maximum over Q value vV (q) = 0.0951 for q = (0.3110,0.4967,0.2967). The axis ¢1 points
inside Q, the g2 axis to the left, and the ¢3 axis is vertical.



Tudpoduramuveckasn 3adava, borvuLue 6UTPU, HeM CUMMEMPUT
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Puc. 4: Same as in Fig. 1, but for the sample non-parity-invariant flow of type E.



Tudpodunamuveckas 3adaua, KCNOHEHUUANOHBLT CNEKMP, UEHMPAALHAA CUMMEMPULL

(0,-1/2,1/2)

Yv(Q)

05 0 g, 05 (1/2,172,-172)

Puc. 5: Forv = 0.1, dominant growth rates vV(q) of the Bloch hydrodynamic stability modes as a function of g2 on the line g1 = 0.44, g3 = 0.16 (a),
and isosurfaces of the growth rates in Q at the levels of 70%, 80% and 90% of the maximum over Q value vV (q) = 0.1283 for q = (0.4615, 0.3878,0.0175)
(b) for a sample parity-invariant steady flow of type V. The axis ¢1 points towards the reader, the frontal vertical plane is g1 = 1/2, the ¢2 axis points

to the right, and the g3 axis is vertical.
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Puc. 6: Panels (a), (b) and (d) same as in Fig. 1(a), (b) and (d), but for the sample parity-invariant steady flow of type V, and maximum slow-time
growth rates due to the action of the eddy viscosity (c). In intervals I and IV, the growth rates vV(q) are globally maximum over Q for q = (0,—-1/2,1/2)
and (1/2,—1/2,0), respectively.
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Puc. 7: same as Fig. 6, but for a sample parity-invariant steady flow of type I. In interval IV, the globally maximum over Q growth rate is vV(q) =0
for q = 0.
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Puc. 8: Forv = 0.1, dominant growth rates vV(q) of the Bloch hydrodynamic stability modes as a function of g2 on the line g1 = 0.34, g3 = —0.36
(a), isosurfaces of the growth rates at the levels of 60%, 70%, 80% and 90% of the maximum over Q growth rate vV (q) = 0.1356 for q = (1/2,—1/2,0)

(b) for a sample parity-invariant steady flow of type E. The axis g1 points towards the reader, the frontal vertical plane is ¢1 = 1/2, the ¢ axis points
to the right, and the g3 axis is vertical.
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Puc. 9: Ssame as F ig. 6, but for the sample parity-invariant steady flow of type E. The growth rates in interval I are globally maximum over Q for
q=(1/2,-1/2,0), and vV(q) = 0 for q = 0 is globally maximum in interval IV.
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Puc. 10: Maximum growth rates of the Bloch magnetic modes (a) and maximum slow-time growth rates due to the action of the magnetic a-effect
g g g g

(c) for a sample non-parity-invariant steady flow of type V. Wave vectors q (b), for which the growth rates are shown in (a), and directions of the wave

vectors (d), for which the growth rates are shown in (c).
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Puc. 11: For n = 0.1, isosurfaces of the dominant growth rates vP(q) at the levels 0 and a half of the maximum over Q growth rate (the internal darker
structures) for a sample non-parity-invariant steady flow of type I. The maximum over Q value vP(q) = 0.0097 is located at q = (0.3333, —0.1805, 0.1742).
The axis ¢q1 points inside Q, the g2 axis to the left, and the g3 axis is vertical.
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Puc. 12: same as Fig. 10, but for the sample non-parity-invariant steady flow of type I.
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HcC. . Panels (a)— same as (a)— in Fig. 10, but for a sample non-parity-invariant steady flow of type E. In interval I, the growth rates are
Puc. 13: panel d d) in Fig. 10, but f 1 dy flow of E. In i 11, th h

globally maximum over Q for q = (0, —1/2,0). Eigenvalues of the symmetrized a-effect tensor (e). The insert in (c): a zoom of the plot (c) near the point
of singular behavior of ¥2. The cusp is located at n (shown by the right thin vertical line in (c) and (e)), for which the intermediate eigenvalue of the

symmetrized a-effect tensor vanishes.
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Puc. 14: panels (a), (b) and (d) same as in Fig. 10(a), (b) and (d), but for a sample parity-invariant steady flow of type V, and maximum slow-time
growth rates due to the action of the magnetic eddy diffusivity (c). In interval III, the growth rate vP(q) = 0 for q = 0 is globally maximum over Q.



Omeemenenue cemeticmea mazHUmMHbLL Mod om mod das q = 0.
6 3a4004E KUHEMAMUYECKO20 QUHAMO OAS UEHMPANDHO-CUMMEMPUUHO20 MEUEHUS

V(x) = =V(-x)

OTBeTBJISAIONIEECs] CEMERCTBO PA3JIOKEHO B ACUMITOTHYECKHI psiji 10 ¥ = (g — 77)1/ 2:

b= ibﬂw’, b* = ibjﬁj, A= iwﬂ', q= iqjﬂj
j=0 j=0 J=1 J=1

(q — onrumasibaoe). Tlokazano, uro A\; = 0, Re Ay = Re A3 = 0. Pasjioxkenne nHKpeMeHTa HAUNHAETCS C A4.

Sasaga. [TocTpouTh aHaJIOrUIHbIE ACUMITOTUYECKHE PA3JIOKEHUsT JI/IsT

® C/IyvYaeB OTBETBJIEHUS OT CEMEMCTB JIOMUHUPYIOMNUX MoJL, it = 0 B JIpyrux 3aJjiadax O JIMHEHMHON yCcToIn-
BOCTH;

® CJIyYaeB OTBETBJIEHHsI OT CEMEHiCTB JOMUHUPYIOIIX MOJL jiist moytenbix q # 0 (Kak wa puc. 157)

e B0o3MOXKHO /I OTBETBJIEHHE OT CEMENCTB JIOMUHUPYIONIUX MOJI, He OTBEYAIONINX MOy bIM (7

(Kak na puc. 2, 207)

e Bysier jin npumbikanue Ha puc. 12, 13 K cemeiictBy moj st q = 07
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Puc. 15: same as in Fig. 14, but for a sample parity-invariant steady flow of type I. In interval I, the growth rates are globally maximum over Q for
q=(1/2,-1/2,0), and v°(q) = 0 for q = 0 is globally maximum in interval III.



Kunemamuueckoe dunamo, bosvuiue UTpu, UeHMPAILHASL CUMMEMPULL

(a) ! ' ' (b) ai |
0.1f 1 I g ! :
]
" i ost | ! ]
| |
oost | : |
| |
| |
! o ! 1
] ]
or | |
| |
| I
] ]
i 05 -
0051 ) . ! . .
0.1 02 n 03 0.1 02 M 03
T T 1 T E—— —
b ( ) 1 2 —
(C) ¥e 1 2 d L
20+ 1
osf p
"
0
10F g /
05+ 4
ok J
. ) 1 . :
0.1 02 n 03 0.1 0.2 m 0.3

Puc. 16: same as in Fig. 14, but for a sample parity-invariant steady flow of type E. In intervals I and II, the growth rates are globally maximum
over Q for q =(1/2,1/2,1/2) and q = 0, respectively.
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Puc. 17: For v = n = 0.1, dominant growth rates vVP(q) of the Bloch MHD stability modes as a function of g2 on the line ¢1 = 0.2, g3 = —0.15 (a)
and isosurfaces of the growth rates for a sample non-parity-invariant MHD steady state of type V shown in Q at the levels of 75%, 80%, 90% and 95%
of the maximum over Q value vYP(q) = 0.1762 (b) for q = (0.4888,0.2536, —0.2075). The axis g1 points towards the reader, the frontal vertical plane is
q1 = 1/2, the g2 axis points to the right, and the g3 axis is vertical.
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Puc. 18: Maximum growth rates of the Bloch MHD linear stability modes (a) and maximum slow-time growth rates due to the action of the combined
MHD «-effect (c) for the sample non-parity-invariant MHD steady state of type V, for v = 1. Wave vectors q (b), for which the growth rates are shown
in (a), and directions of the wave vectors (d), for which the growth rates are shown in (c). Slow-time growth rates of large-scale MHD stability modes
constituting branch 2 are globally maximum in two disjoint intervals of v = n; in the intervening interval of dominance of branch 3, branch 2 and the
respective components of the wave vectors q are shown by dashed lines in (c), (d).
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Puc. 19: Same as in Fig. 18, but for a sample MHD non-parity-invariant state of type I. In interval II, the growth rates are globally maximum over

Q for q = (1/2,0,1/2).
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Puc. 20: same as in Fig. 18, but for a sample non-parity-invariant MHD state of type E.
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Puc. 21: Panels (a), (b) and (d) same as in Fig. 18(a), (b) and (d), but for a sample parity-invariant steady MHD state of type V, and maximum slow-
time growth rates due to the action of the magnetic eddy diffusivity (c). In interval III, the growth rates are globally maximum over Q for q = (0,0, —1/2).
Growth rates of the Bloch MHD stability modes constituting branch I are globally maximum in two disjoint intervals of v =7 (a), (b).
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Puc. 22: Same as in Fig. 21, but for a sample parity-invariant steady MHD state of type I. In intervals I and III, the growth rates are globally
maximum over Q for q = (—1/2,0,0) and q = (0,0, 1/2), respectively, and in interval IV 4VP(q) = 0 for q = 0 is globally maximum.
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Puc. 23: Same as in Fig. 21, but for a sample parity-invariant MHD state of type E. In interval I, the growth rates are globally maximum over Q for
q=(0,0,1/2), and in intervals II and V for q = 0 (vY?(q) = 0 in interval V).



BuiBoIbI

e Ha paccmarpuBaemoMm mHTEpBajie M3MEHEHHs MapaMeTPOB MakKcUMaJjbHble B (Q MHKPEMEHTHI JTOCTUTAIOTCS
IPA TaKUX (, KOTOpble HUKAK HE MaJIbl.

e IIpu ymenbiennn muddy3noHHOrO mapaMeTpa HaOJIOIAeTCs YMeHbIIeHne |q| ToJbKo B 4 ciaydasx (ruj-
poJIMHAMUYECKas 3ajlada, HeT cuMmeTpuii, V u nenrpasbHag cuvmmerpud, [; u ML/ 3amada, nerrpaabHas
cummerpust, V 1 I), HO OHO HeCyIIeCTBEHHO.

e Taxum 0Opa3oM, HU B OJTHOM U3 PACCMOTPEHHBIX C/IydaeB HanboIee HEyCTONInBast MOJIa He OTBedaeT TpeboBa-
HUIO BBICOKOT'O pa3jesieHus MacIiTaboB, P KOTOpoM pabortaeT (opmaan3m a-3dpdekra. Iloaromy a-adderr
He OyjeT BujieH Ha (oHe pocTa JOMUHUPYIOIEH MOJIbI OJIOXOBCKOTO THIIA, XapaKTepU3yIoIeiicss HU3KUM pas3-
JIeJICHHEM ITPOCTPAHCTBEHHBIX MAaCIITabO0B.

e B crienapun JI.JI. Jlanmay passurtus TypOyJI€HTHOCTH MPEJIIOIAraaoCh MOCTEIIEHHOE YCIOKHEHEe TeUeHUs C
MOsIBJICHUEM B ITOCJI€/IOBATETILHOCTH OudypKAIWil 6pemerHbiT TIEPUOIMIHOCTEN, HECOM3MEPUMBIX C YK€ ITPUCYT-
CTByIOIUMHU B Tedenuu. Vlcciie[oBaHHbI MEXaHU3M PA3BUTHUS HEYCTONYNBOCTEN aHAJIOTHYEH STOMY CIIEHAPHUIO,
XOTS OH CBOJUTCS K KACKAIHOMY IOSBJIEHUIO JOMOJTHUTETBHBIX NPOCMPAHCMEEHHHLT TACTOT. KCIn B KaKOW-TO
MOMEHT BPEMEHU M 00pa3yeTcs CYIIECTBEHHOE Pa3/ie/IeHre MTPOCTPAHCTBEHHBIX MaCIITa0OB, 9TUM KaCKa IHBIM
MEXaHU3MOM OHO yHUYTOXKAETCH.

e Takum o6pazoM, a-3HdEKT — MO-BUIUMOMY, CJIUIIKOM IIPOCTON MeXaHH3M, YTOOBI PEATM30BBIBATHCA B Pe-
aabHbIX npupomabix MIJI win rugpommHaMudecknx crucremax. HeoOXommMo BBISIBUTH 0oJiee peauCTUIHBIE
MeXaHU3MbI TeHePaIlln MarHUTHOTO IOJIA U PA3BUTHUS HEYCTOWINBOCTEN.

e Hamporus, npu 6osbinux (JokagbHbIX) Koadbdurmenrax quddysun |q| nveer Tenaennuio yobsaTh. [losromy
passuTue Buxpepoil muddy3un IpeacTaBIsIeTcs COBMECTUMBIM C MOy YCHHBIMU PE3YJILTATAMA.



