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Knowledge of the evolution of the total magnetic and kinetic energy in the convective
zone of a star allows us to assess the global dynamics, stability, magnitude, and characteristic
times for these energies. This study examines the energy balance in the convective zone,
which includes the specific power of Archimedean forces, viscosity, and magnetic Lorentz
forces, as well as the magnetic field evolution equation, which takes into account magnetic
diffusivity and advection. The chosen variables are the root-mean-square velocity and mag-
netic field. Our two-parameter system of two ordinary differential equations is nonlinear. The
Stationary points of the system, their types, and stability were studied. Analytical and numeri-
cal solutions were obtained for different initial conditions. It was shown that there are two
Stationary points — one with a zero magnetic field and one with a non-zero magnetic field. The
first stationary point is a stable node if buoyancy dominates over magnetic field diffusion;
otherwise, it is a saddle point. The second point can be a stable focus or node depending on
the ratio between buoyancy and the timescales of magnetic diffusion and viscosity. In the case
of a focus, even initial velocity and magnetic field values close to zero eventually reach their
stable values. If the initial velocity is non-zero and the magnetic field is zero, a solution with-
out a magnetic field is realized. It was found that, regardless of the initial conditions, the
root-mean-square magnetic field and velocity tend to non-zero stationary points. Relative to
the initial conditions, this can manifest as either strengthening or weakening. A cycle of stel-
lar activity does not arise when both parameters of our system are constant as it is in this
study.
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3HaHWe O Mmpoleccax 3BE3THOrO AMHAMO HE TOJIBKO pacIIUpseT MpeicTaB-
JICHUSI YeJIOBEYECTBA O MHOrooOpa3uu siBaeHud B mpupoge. OHO MO3BONISET
Jydiie NOHATH npouuioe u Oyaymee ConHila — Mbl HE UMEEM MalllMHbl BpeMe-
HU, HO HAO0JII0/1ast TOXOKHUE 3BE3IBI M MOJCIUPYS IPOLIECCHI HA HUX, MBI MOXKEM
onucarb BO3MOXHbIe cocTossHusl ConHIa B pasHble snoxu. Kak mpaBuio, Tex-
HUYECKUE BO3MOKHOCTH HE IMO3BOJISIIOT MOJYYUTh paclpeielieHue mapaMmeTpoB
IJ1a3Mbl IO AUCKY 3Be3/bl. BMECTO 3TOro MbI OJIy4aeM B KaXIblii MOMEHT Bpe-
MEHH OJIHO MJIM HECKOJIbKO YMCEN, XapaKTEPU3YIOIINX MarHUTHOE MOJIE€ U CKO-
POCTh BpaIlleHUs 3BE3/Ibl KaK 11es10r0. B mogo0HOM cuTyanuu eCTeCTBEHHO Mpu-

161



«Conneynas u coaneyno-semnas gusuxa — 2024y, Cauxm-Ilemepbype, Ilyikoso, 7 — 11 okmsabps

MEHSITh MOJICJIM, OIHUCHIBAIOIIUNE YCPEAHEHHBIE MO O00BEMY XapaKTEPUCTUKU
3BE3Ibl.

JaHHbIi MoXx01 paHee ObLI pa3BUT B TEOPUU MAarHUTHOTO JIMHAMO TUIAHET,
cM., Haripumep, [1]. PaccmaTpuBaercst ypaBHeHue MoMeHTOB win HaBre-CTokca
¢ mMarHuTHou cuiior JlopeHua. JIBuKyuiass KOHBEKIMIO, a YEPE3 HEE AUHAMO,
CUJIa TUIaBYYECTH OMHMCHIBAETCSI OJHUM CJaraéMbIM BUAA pa, TNI€ @ — YCKOPEHHUE,
BbI3BAHHOE CUJIOW ApXHUMeEJa, p — IJIOTHOCTh BeIleCTBA. TakyKe yYUTHIBACTCS
YpaBHEHUE HWHAYKIMH MarHuTHoro mnoss. Ilocne ckajaapHOrO yMHOXKEHUSA
IIEPBOr0 YPAaBHEHUSA HA CKOPOCTbh U BTOPOTO — HA MArHUTHOE I0OJIE, UX MOXHO
MPOMHTETPUPOBATh 1O 00BEMY. [lomydeHHBIE IOCIE ATOr0 ypaBHEHUS MOTYT
ObITh 3aMEHEHbl Ha YNPOUIEHHBIE, B KOTOPBIX BMECTO MPOCTPAHCTBEHHBIX
MPOU3BOJIHBIX COJEpKATCsl WX OIEHKHM B BHUAE JApoOel, coaepKamimx
MPOCTPAHCTBEHHO-BPEMEHHBIE MAacIITaObl KOHBEKTUBHON 30HBI 3Be3lbl. [lpu
CHEJIaHHBIX NPEANOJOKEHUAX B [2] sl CpeIHEKBAaApPATHUHBIX MO O00BEMY
3HAYEHUN CKOPOCTU M MATHUTHOTO TOJIs ObLIa MOJyYeHa CUCTEMA C YEThIPhMSI
napamerpamu. He orpannuuBas 0OIIHOCTH, CBOJUM 3Ty CUCTEMY K CHUCTEME C
JIBYMSI TTapaMeTPaMU:

db b
@ "y
, 1
du ) ) ( )
u—=a-u" —ub
dt

I7ie t — BpeMs B €IMHUIIAX CPEAHETO BSI3KOro BpeMeHH 7, u — CpeIHEKBagpaTHY-
Hasi CKOPOCTb M3MepsieMasi OTHOIIEHHEM BHemHero macmraba L k 7, b — cpen-
HEKBAPaTHYHOEe MarauTHOE mone B (pu)’L/T, T — OTHOLICHHE XapaKTEPHOTO
BpeMeHN MarHuTHO# auddysun k T, a — yaeabHas miaBydects B L>/T°.

Hccnenyem crauroHapHble TOUKU cUcTeMBI (1) 1 ux ycTronuuBocTh. MiMeem
JIB€ CTAllMOHAPHBIX TOYKHU: (u=a"?, b=0) u (1/7, ar—1/7). Tlocie JIMHeapu3aIuu
BOJIM3M NIEPBOTO MOJIOKEHUS paBHOBecHUs cucteMa (1) npuHuMaeT BUA:

4o _ Jasp-2L
dt T (2)
dou Y ’
dt

rae ou U 0b — OTKJIOHEHUsl OT MOJoXeHus paBHoBecus. Cucrema (2) MOXKeET
ObITh JierKo pemieHa. I[lpu o<1/t CTallMOHapHas TOYKa (o'?, 0) sBstercs
YCTOHYHBBIM Yy3J10M. B MPOTHBOMOJIOKHOM Cily4ae MOJy4yaeM Ceaa0 — BO3MY-
IIEHUE CKOPOCTHU YOBIBAET A0 HYJISI, @ MArHUTHOE TOJI€ PACTET U MEPECTACT OBIThH
MaJibIM.

BOnu3u BTOporo nosjoxxeHusi paBHOBecHs JinHeapuzoBanHoe (1) umeer BU

@zz(ar—l/r)é'u
dt

i (3)

= (az* +1)ou=ob
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XapaKkTepUCTUYECKOE YypaBHEHUE cucTeMbl (3) siBisercs KBaapaTHbiM. OHO
MMEeT KOMIUIGKCHBIC PEIICHHS, eCIH ero muckpuMuHant D = (ar” + 1)° —
—8(ar — 1/7) < 0. IIpu 9TOM peanbHas 4acTh pemeHuii pasHa —(ar” + 1)<0, mo-
sToMy nipu D<0 paBHOBecue siBiisieTCS ycToM4uuBbIM (pokycom. Eciiu D>0, To
npu ar™>1 Bce COOCTBEHHBIC 3HAYCHHS BEIIECTBEHHBI H OTPHUIIATEIbHBL. JIaHHbIIT
cilydaii COOTBETCTBYeT ycToiumBomy y3uy. IIpu o<l gaHHAs CTalMOHApHas
TOYKA OTCYTCTBYET.

Wtak, Mbl paccMoTpenu Bce rpyObie paBHOBecusi cuctemsl (1). HerpyObie
paBHOBeCHUS MOTYT OBITh pacCMOTpEeHBI B OyaymieM. B 3aBucumoctu OT mapa-
METPOB pELICHUs] CUCTEMBI (1) OCTUrarOT OAHON U3 YCTOMYUBBIX CTal[MOHAp-
HBIX TOYeK. Ecim BBIMOTHEHO o> < 1/z, TO CyIIECTBYET TOIBKO IepBas 0cobast
TOYKa, UMEIOIIasi TUI YCTOMYMBOrO y3Jia. DTO O3HAYaeT, YTO BHE 3aBUCUMOCTH
OT HayaJbHbIX 3HAYEHUIN, MAarHUTHOE MOJI€ 3BE3]Ibl MPU JAHHBIX HapameTpax
MCYE3aET, a CKOPOCTh B KOHBEKTUBHOW 30HE OCTAETCS KOHEUHOM U ONpeesieT-
cs 1uiaByudecTbto. IIpM MPOTHUBOIONOKHOM HEPABEHCTBE JOCTUIAETCS BTOpAs
oco0asi TOUKa, UMEIOIIAsi TUIl YCTOMYMBOIO (POKyca WM y3J1a B 3aBUCUMOCTH OT
3HaKa JUCKPUMHUHAHTA, MOCKOJIbKY CEIJI0 SIBIsieTCs HeycToM4YuBbIM. JlroOoe
CKOJIb YTOJIHO MaJIO€ MarHUTHOE IOJIE B 3TOM CJIy4ae JOCTUTaeT KOHEUHbIX 3Ha-
YEHUH, 3aBUCAILLMX OT IUIABYYECTH U COOTHOLICHUS BpEMEH KOHBeKIuU. Cko-
POCTh B KOHBEKTHBHOU 30HE TAKXKE JIOCTUTHET KOHEYHON BEIUYUHBI. OTIIETBbHO
CTOUT OTMETUTH Clly4yal, KOrja HayaJdbHOE MarHUTHOE IOJIE€ PaBHO HYyt0. Toraa
MBI BCeT/1a OyJIeM UMETh JIEJI0 C IMEPBOM CTallMOHAPHOW TOYKOM. VIHBIMU ciioBa-
MU, €CJIM 3BE€3/1a HE MMeEJIa MarHUTHOIO MOJII COBCEM, TO OHO U HE MOSBUTCA B
JTAHHON MOJENU.

[Ipu pacCMOTpPEHHBIX MOCTOSHHBIX 3HAUYCHUSX MapamMeTpPOB B 3BE3JI€ HE
BO3HUKAET MEPHOAMYECKOE WM KBA3UIIEPHOJUYECKOE H3MEHEHHE, MOoJ00HOoe
nukiy [IBade Ha ConHue. Mbl UCKITIOUMIIU U3 PACCMOTPEHUS ClIy4au epeMeH-
HBIX TTapaMeTPOB U/WIHM OTpUIIATEIbHOM MaBydecTu. OHAKO HET MOATBEPXKIe-
HUH, YTO TaKas CUTyalus C IUIaBy4yeCThIO BO3MOKHA B TEYEHHUE JOJTOro Bpeme-
HU. B aTOM cityuyae pemienus cuctembl (1) CTaHOBSTCS HEYCTOMYMBBI K MaJlbIM
Bo3MyuieHusIM. Ciydail mepeMeHHBIX MapaMeTpoB OyJeT paccCMOTpeH B Oyny-
HIEM.

Huxe Ha pucyHKe NMpUBEAEHO YUCIEHHOE peuieHue cucteMsl (1) mis ma-
pametrpoB o = 32, 7 = 1/2 npu HavaneHbix ycnoBusax (0.1, 0.1), 9yto cooTBet-
CTBYET yCTOMYMBOMY (DOKYCy HJisi BTOPOW CTAIlMOHAPHOW TOYKH U CEIUTY IS
nepBor. UuncieHHble pemeHus nosnydeHsl meroaoM Pynre-Kyrra werséproro
nopsiaka. PHCYHOK WimoCTpupyeT NPUBEIEHHBIM BbIIE aHanu3. BuaHo, 4TO
CKOPOCTH (PUCYHOK @) M MAarHUTHOE T0JIe (PUCYHOK b) JOCTUTAIOT PaBHOBECHBIX
sHaueHnii. Ha (a3oBom moptpere 3ameTeH BUTOK (pokyca (PUCYHOK C), MEHEe
OJIHOTO 000poTa.

163



«Conneynas u coaneyno-semnas gusuxa — 2024y, Cauxm-Ilemepbype, Ilyikoso, 7 — 11 okmsabps

a) p . . . . b) . . . . c) 5
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Pucynok. be3pasmepnsie pemenus cuctemsl (1) mpu oo = 32, = 1/2, u ipu HAYAJIBHBIX yCIIO-
Busx (u = 0.1, b =0.1). a) — ckopocTh, b) — MAarHUTHOE TIOJIE, C) UHTETPAIILHBIC KPUBBIC, 3aBU-
CHMOCTh MAarHMTHOIO MOJIA OT ckopocTu. be3pazmepHoe Bpemsi Mensierca ot 0 go 10, uncio
maros — 50000.
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