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Periods of activity deles in late-type stars, by
N.I.Kleeorin, A.A.Ruanaikin and D.D.Sotoloff.

ABSTRACT

Period of stellar activity versus the angular velo-

city of late-type star with an extended coovective shell

is estimated by mean field dynamo theory. The period

dependence on the star spectral type is discussed.



I. BBEHEHHE

sapaamift HOTOKE B H H J\
OflHOKpaTHO HOHHSOBaHHOrO KaHBLCHfl, BUnOJIHeHHHe

HaOopa 3B63fl nosaHHx cneKTpanBHHX KJiaccos, HanBHan c
(BiuiicoH, 1978; BoraH H flp., 1981). odHapysjum
aKTHBHOCTH CyiUeCTBeHHOtt AOJH! 3THX 3B634. OTKpUTBe 3B63flHUI

UBKJIOB ododmaer anoxHB-imecH npe^CTaaneiuiH o conneMHOM qmuie.
HaxoflHT ofitHCHesHe B Teopira ntflpouarHHTHoro jiHHaMo,

E KOHseKTHBHo8 odoJioMKe Bpamaraieitcfl SBCSAU. flo-
STOMJ, ecTecTBeHHo, pacnpocTpamiTB 3Ty Teopan Ha flpy™e sseajiu
c KOHBeKTHBHHMH odanoMKauH. B BacTOflqeK saMBTKe B paMKax npoc-
TeKuieii MOfl&m OTHaMO MU npaucKasHBaeM KanecTBeHnyio
aepHOfla SBesflHoro naiuia OT yrjiosofl CKOPOCTH (CM. 8, 10)
3B&3K aaHHoro cneKipaJiBHoro toiacca MaBHo

3roT pesyJiBTax MOXBT OUTB aposepea HadJiKmeHHHMH nyxeM oa-
aepnonoa UHIUIOB aKTHBHOcTH aaeam

wiaccoB rjiaanoA nocuieflOBaTeJibHocTH,
rjIOBHMB CKOpOCTHMJd.

2. MOJIEM. 3BE£HHOFO JHHAMO

Mu OTomecTBBH aepHOfl 3B63£Horo miRjia c nepHOflOM
cpennero (KpyoHOMacuiTadHoro) uanuiTHoro ncuiH SBCSAU. OCHOBHUMH
HCTO'JHHKaMH H63aTyXaJCLtHX H3MeH6HHa IlOJIfl CJiyiaT

spameHHe (J(l,9) z cpeflaan cmipajiiHocTi> TypdyjieHTHiix
O((l,^). HTO&I HsOexaTB reoMerpaqecKHx ycJiosBeHnfl MU aanpoKCH.
MHpyeM KO HJIOCKHM cJioeM, opaeHTHpOBaHHUM BJOJIB ncuuipHoro yraa
^ , H orpaHH'JHMCH paccMOTpeiuieM ocecHMMeTpniHoro

mero OT ̂  ) nojw. Toraa B JioKajiiHux fleKapioBmc

reHepannH HMeoT BBA (Uo$$aT, 1980; Oapicep, 1982)

:OL& (I)

^7 - aaHMyTaJiBHafl KOMaoneHTa BeKTOp
onpemenanuafl opeflHee noJibaiianBHoe none



= D a ~ cpe^aee asHMyreuiBHoe nojie, urapax oaHaiaer
ao i . B KanecTBe ecTecTBCHHOfi esnmiap flTOHH MH

6M TOJIIUBHV KOHB6KTHBHOrO CJ10K fl , B KaHeCTBO 6HHHBUH BpeM6HH

reHepauaa cmpajiBHocTB H OT$$epeHunajiBHoro BpameHHH COOTBCTCT
B6HHO, B BBOflHM C5e3pa3MepH06 OTHOMO-'Dl CJIO I

r^e cX,0 - MaKCHNiajiBHoe sHaneHne cnHpanBHOcTH ,
Ha (co 3H3KOM) nepenajta yrjioBofl CKOPOCTH, KOTOPHH MH sfla npoc-
TOTH (5y^eM cHHiaiB pajwaflBKhiM (dtJ/dZ = Sw-U/ ), ^
BHyipeHHeft rpaHaua KOHBeKTHBHoH ocinacra. BMecroTOHHax
HHX ycxnoBHM MH OyaeM npocTO npeflnojiaraiB, HTO $yHKiniHyi^j;>*>*-'
H Q(Xj2,4-) jiocTaTOHHo fiHCTpo cnaflaBT BHB otaacreft renepa-
UHH. JlM peuieHBA CHCTCMH (1,2) HeoOxoOTMO soAaTb pacnpeaaneHH
(B npocTeftueM oiyqae no pajwycy ssesflH) HCTOHHHKOB reHepamiH

ByaeM HCKaiB geaieHHe B Biute OTHaMO-Bcum eJipLjt+«.(ilt."kX

c aMtuniTyjiaMH Q,, r> , aaBHCHmnwH OT 3t . 3ro aKBHBaneHTHO
npeflnoJioseHHio o MejpeHHOM n3MeH6HHH napaMeTpoB no OC. . B pe-
3yJIBT3Te HaXOflHTCH 3aBBCHMOCTB laCTOTH 3B63flHOrO UHKJia •*! OT

OTHaMO-iHcyia a TO KpHTHiecKoe 3HaieHne, npn KOiopoM BHH8MO-
BCUIHE cTaunoHapna.

MH orpaHHTOMCH paccMoxpemieM JiHHeBHoK no HOJIB KapiWH B
npejinoJioxHM, TTO naciOTa «ojie6am& HennHeflHoro pememiH dnosKa
K lacTOTe HaHfiojiee dHCTpo pacTymeft jmneflHoM MOOT, i.e. MOJDI c

BHKpeMeHTOM. Buxofl Ha HenBHeitHoe pemeHHe co cTar
omTyjioH npoacxoOTT B pesyjiBTaie odpaiHoro BJIHH-

HBH MaraHTHoro nojiH na cpeflHHJD cnHpaJiBHocTB BJIH ( H ) OT$$epen-
spameHBe. CuenaHHoe Burne npeAnojioxeHHe corjiacyercn c

pacneroB HennHeibiHx Moaeaeft c.JioKajiH30BaHHHMV»
reHepaiQiB (MsaHOBa, PysMaBKHH, 1977; iOmopBH, Pys-

MaftKHH, 1 981), B KOTOpHX nOK33aHO, HTO HeaHHetoOCTB CJia60 BJffl-

Her Ha nepHOfl UHKJIS.
QocKOJiBKy sasa^a o pacnpeueneHHH spaqeHBH B cpejmea cira-

paHBHOCTH HO ROHBeKTHBHOK 30H6 3B63BH nOK8 H6 peilieHa, MH HC-

ABS rpydux Kpaitazx oayian: a) HCTOIHHKH pacnponejieHu



no pamiycy npnGjmsHTenBHO OAHOPOAHO mm atiem MaKCHMyMH, pac-
cTOflmie Meswy Koroputoi MeHBiae xapaKTepHux ompHH HCTOIHHKOB;
6) CX H CO jioKamsosaHu B paammux. HeaepeKpuBanqHXCfl OTOHX.
CymecTBeHHO, qro SEBHCHMOCTB nepaofla OT AHHaMo-racJia paamiHa
B Asyx 3THX anyiaflx.

a) OepeKpusaEimiecfl HCTOIHHKH renepamiH.

XapaKTepHue 3Ha<ieHHfl flHRawo-HHCJia (3), oneHHBaeuue flJifl
3B63AHUX KOHB6KTI1BHUZ 0(50JIOHeK B6JDIRH (>ID3). A KBK UOKa3b>Ba-

er acBMOTQTBMecKBa anajiHS ypaBHeHHtt reHeparwa (HcaKOB n flp.
1981), opn COJIHIIHX ABRauo-MBCJiax pemeHBe KOHueBTpnpyercH B npo-
CTpaHCTse H Ann ero HaxoKflemaH HOXHO BocnojiBSOBaTBCH KOPOTKO-
BOJIHOBOa (BKB) aCHMHTOTHKOa.

•«• K2 H 6yfleM HCKSTB peuieHHe B Bime

E-e - cAOfl Bdnn3H KOTOporo JioKajiHSOsaHo
noflCTaBJMfl arc B ypaBHeHHe (1-2) H npupaBHBBafl nnemi npn

OflHHaKOBHX CTenCHflX ?);HaXOOTM nOCTOHHHUe P H Q.(=0) ,

xy B BBKpeMeBT

r«e ''$0
s(<*tJ') "Mue onpeaeaflerca nanoieHHeM BTOTO

Ma. OrHomeHHe aMOioiTyA do /&0 . Kan H Bejm^HHa 3te , onpefle-
KOHKperHofl CTpyKTypofl BCTO^HHROB B Tame Mover CHTB

Hafts CHO ooBcaHHUM uerojaoti. QmiaRO AM uanefl Hacroamea padoTH
MOSHO OrpaHHHHTBCfl peayJIBTBTOM (4).

QpH AaHHOM AHHauo-Hiiuie cyiqecTByeT HaaOoJiee ducipo pacry-
maa rapMoiouca, onpesaiweMaH ycnoBBeM dfi/dk. - O . AM nee

MOAS c TaKHU K B03C5y«AaziacB ("yMemajiact'*)B



Hofl otfonoiKe

^ 1 H upasaH lacxB aroro HepaseHCTBa WLH 3Bes«
cneKTpantHHx miacooB £0~*ft2. HSMeimeTCH B npe^enax 5O »5OQ
a Jiesafl - npeBumaer I03, ycJiOBHe (6) EuacuiheHO jyui asean 0034-
HHX cneKTpanBHHx iwaccoB.

BbumoieM B pasimepHOM BH^e nepnofl 2ji/^fl OTHaMO-sojiHti, co-
rjiashoft rapMOHHKe (CM. (5)) , H noroMy

2/~
t, ov -_/,/ vy-

' /0' % ̂ . 173F(F00 % ̂ . 17(0 - HHCJIO, aaBHCflmee OT crpoemiH HCTO^HH-
KOB. PesyjiBTET (7) He coBnanaer c oueHKoa flapm B PodHHCona
(1982), aoJiyneHHOft n^Teti HcaantsoBaHBH coofipaxeimK pasMepHoc-
Tefl H npaBflonofloclHHx paccyutemia.

<5) HenepeKpUBamoiecH HCTOHHHKH reHepauHH.

OTOTH6H OT ny^a BdimaH AHB SOHH, a odnactB Jio-
CX cxufiHHyTa K aoBepxHocm. Moaeiib Taxoro TRoa juia
(1,2) no^poCHO nccJieaoBaHa B padore KmopHHa, Pya-

(1981), me noKasano, TTO aepnoA mnua GJiado
MHieCKH) SaEHCHT OT

A.f -

(8)
' • x n. / '

paccroHHHe Mesay

3. 3ABMCMMOCTB OEFHOJIA UHKJIA OT TTJlOBOtt CKOPOCTH
3BB3JI AAUHOPO CO£KTPAJILHOrO KflACCA.

MTSR, Teopaa nuipoMarHBTHoro AHHaHO nosBOJiaer Haftra
CHMOCTB nepHOfla SBeajmoro igiiua OT AHHauo-HHOia, crpyRrypu
HCT01HHKOB H paCCTOHHHH MeVQ HHMB (aapaMCTpH 7?-7? )• iV

c HatiJtmeHHflMH HyiHO BHpasHTB ̂ *^7 ^ lepea yrao-
CKOPOCTB B spyrHO xapaicrepHCTHKH sseanH. 3ra napaMerpu



BpaujeHHeM H cipyKTypoft KOHseKTHBHOfl OCJOJIOIKH. Ta-
KHM odpasoM, BCTaer aajtana pacnera MOOIHOCTH ( <X0 H ScJ ) H
CTpyKTJpH HCTOMHBKOB TeHepEUHH flpH pa3JIH<fflHX CJ

KOHB6KTHBHHX OdOJIOHeK BpamatOUlHXCfl 3B63fl flOSflHHX

KJiaccoB. floKa MO«HO BHCKasaiB JIHIUB HeKOTOpae KanecTBeHHHe co-
odpaxeHHH. Ecum C5a cpeflEJM crmpanbHOCTB cSuna pacnpeaejiena B
KOHB6KTHBHOK 30H6 OBHOpOflHO, TO OMeBHffHO ( CM. (3) ) £) ~ <^}&CJ

(T.K. CV0 ~- tU ) H T^^CcJ^Ci))' ,JnpHHeM acaMnTOTHKa (7) dana
du nparoflHa npa scex yrjiOBHX cKopocTHX 6J . fl
pacnpeflaneHne cpeflHeft cimpaJiBHOcTH ao rjiydHHe HMeeT

. (9 )

H flp. 1980), rae x. - jyiHHa nyra
(amana BUCOT), if - KOHBeKTUBHaH CKOPOCTB. HocKoaBKy
3B63fl n03flHHX CHeKTpaJIBHHX KJI3CCOB if ydUBaCT C WiydHHOft B

6cwiB!neft vacra KOHBeKTHBHoa SOHH, TO pacnpeaejeioieCX HMeei man-
KOodpasHyB $opMy c MaKCHMyMOM, onpeBeJifleMHM ycjiozTnewtQCJ/tfCt)*!
Tax KaK Bem'mHa -£/\r pacier B rjiydHHy, TO aoJiosteHHe
MaO^Clt) TOM ojmxe KO say SOHH, HCM Haste yrJiosaH CKOPOCTB
3B63flH.

OPKHHTB, KEK 9TO OdU^HO 56JiaeTCH B COJIHeiKHX

TOO JtH$$epeHunaJiBHoe epameHHe JioKanHsyercfl B(5rai3H
KOHSeKTUBHOit 30HH, TO MOXHO CA6JiaTB BUBOfl: flJlfl OuCTpO

mHxcfl 3B63S aepnoA UHiuia dyaer oimciiBaTBCH (8), i.e. opaKTimec-
/ iKH nepecTaHer saBHcerB OT uy . AJIH MeiyieHHo BpauiaxxqtixcA

flojisHa 6HTB xapaKTepHa aaBHCHMOcTb tuna (7). &/IH OUSHKH
SaBHCHMOCTH nepHOfla (7) OT CU flOCTaiOHHO 3HBTB &o(<<j) =

Ma ycjioBHH -tf&CiJ/lSCe-JA// , ynnHBaa npHMepHoe DOCTOHHCT^
BO vy <v C If C nOMOHBB (9) HaXOAHM O^'

ECTCCTBeHHO OMWHTB, 1TO flpH M8JIHX yTJIOBHX CKOpOCTHX HH$$ep€

UHaiiBHoe BpaiqeHKe 3B63A JiaHHoro cneKTpanBHOro imacca
c KoaJxJnnaeHTOU, onpea&nHeMM KOHBeKTBBHUMH
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ne saBHCfflKHM or spaiuemiH (npH Oojitumx HHcuiax Pocda).
MH npuxoflBM K npocrofl

T * 71 a-*
B npoMexjTOHHoii o&iacTB Mesmy (8) B (10) nepaofl, no
pacTer c POCTOM yrjiOBoa cKOpocra. 3ro HCHO, HaopaMep, za xpro,

"72 ~ (& Cj') ^^ pacTer c yBemieHHeM paccTOHHBH Mewty
jroKamaanHB HCTO^RHKOB reHepamua - cmpanBHOCTH a

flH(|)$epeHUHaJiBHoro spameHBA. Ha aro xe yKasuBaer H ytteHBuieHiie
MHoraTeJtfl 77=^Af/A.2' c yMeHHoeHHeM yraoBofl cRopocTH,
I.e. CO COJfflXeHHeM HCTO'UfflKOB.

4. OBCySHEHHE.

Buioe MH paccMOTpeJia saBHCHMOCTL nepnoja ujiioia OT yrjioBofl
CKOpOCTB BJIH 3B63fl (jMKCHpOBaHHOrO KJIECCa. £0X66 CJIOS6H, H3 Ham

Bsmax, y^er saBiicuMocTH nepHoaa uaioia or cneKTpaatHoro imacca
H nocTpoeioie noBepxHOCTH T^fw^Sp) . CiHTaercH (BeibBeaep E
flp. 1980), WTO reopufl flHHawo npaacKaanBaer aauerHHM poor nepao-
^a npa nepexoae K <5cuiee UOSAHHM cneKTpaaBHHM icnaccaM.

CEMOM aeie, npa nepexo^e OT wiaccoB (arO-g. A1
(10) H A2/vV B (8) pacryT as-aa
^jiysHE, oOnaaHHoro noraweHHB cBemuocra.

KO, MH noKa He anaeM Kan HSMeHHerca npn TanoH nepexoae
Typa HCTOHHHKOB (MHOIfflTeaH 77 H ^7 )• ^POM6 TOPO,

paccMOTpeHHoK ame MOfl&ra He yiHTHBaacH TypdyneHTHHft
TH3M, KOTOpHi5 COTJiaCHO paCICTaM COJIHe^HOft flHHEMO MOflaHH (KB8-

Hosa B PysMaftKBH, 1976) Bjmfler Ha aepaoji uawia. QocxoJibKy, opn
nepexofle K aosjvwu cneKTpaniHHM KJiaccaw TypdyjieHTHan npommae-

^^pacTeT, TO OTOT 3$$eKT cnocoOoTByer
IIBKJIOB.

saBHCHMOcrL T^fCj) , pflK asean
cneKTpajibHoro imacca (CM. (8), (10)) aonycKaer npHwyc

aposepxy. MtiemiHecfl Ha6JiionaTejii.Hue AaHHue noKa He«mo-
OHB ae npOTHsope^aT OCHOBHUM pesyjibTaTaii (8, 10)

(CM. Ta&mny), XOTH H HejiocTaToiHH HJIH BX noOTBep«fleHBji. UH
HaaeeMca, TOO B jjeftcTByimBX B anaHBpyeuux HaojiiwaTenbHHX npo-
rpaMMax dysyt nojiyqeHH dcuiee odompHue aaHHHe no nepHoaaM
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3B634, (5JQI3KHX no cneKTpantHOMy KJiaccy, HO otaaflararoix pas-
oEUMB cKOpocrfflra.

BnaroaapHM H.B.S&nwioBHia sa ueHHHe aaweqaHafl, M.M.Kauosy
3.B.3pruy 3a noJiesHoe odcysmerae pesy^biaTOB

KOHB6KTHBHHX OCSOJOH6K.
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