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6. Kapunuonnt B.E. Oororarpurecrd ryo$rar lpary.ur r tolrroos-
Ta.[bEne npotsDolge apnocruo[ Bexnel]arypn r {paryrs-
[nr. - CorF.Iggure, I98[, I I, c.8B-9I.

Ilarraa acrpoBouf,rlecra.E
odoepearoBEa AE CCCP gE"ffiir$ry

fiooaelorame rpyrrnrruu r,ore6asrt aome@il rfirer
A. A.IIeBqos, 11. C. 0arrapon

A StudJr of Hellca] OsclllatLons in Sunspots
A.A.Pevtsov anal I.S.Sattarov

.Abstract

On tbe basis of observatioas and published datq oa I/ eunepots
he]lcar oscilratLons of different t;pes have been detectect: close to
harnon:ic, endl lncreasl.ng artd decreasing witb tJ.ae (Flgure Ia). tbe
resJx perlod of oecillations ie t=f.I t /.O clays, p6sn entr'ILtudb A =
= 40 g 2J', mean rate of rotatlon c--I| !I5"/deJ. The dgpth of the

lnuetratioa of tbe sunspot under t.he pb.otosphere bas been g-val-uated
as ?5OO kn and tbe ma,ss of osclllating substans€ as. W=2.tO2tg using
a si.mple natheuatical nodel. The klnetic energy of rotatlon of the
sunspots atuains IxIOS+erg.

Had.mfiaeuoe Bpaqeme conresmx tlflren uorno paslsnnrr Ea fa
pulernfi; I) spaqeue rr.EtHa aas reouerpErreoxoro q€roro, 2) ap+

IaSa B CAilOi! UrIrEe, BHsBaffiOe rEteHreu Bsqecttsa BIoJIE CIItr -

BOrroBoE troqrTeB!. Torya taHreHlEanDEa.fi coctasn@aE oKopocTf
BeqecrBa 3 a06esTe gneptela, uo cJ|IIIecESy, sB.EfieTo8 olnoloft

EaBBaEnHr rEtroB Epaqema. Taxmil odpasou, &rrfi EBIFTeHBa trF[femfi
Ertra Helocrarotmo onFtrx oEea,rpaJrbHEx sad.mneEd, aeodxo;gruo

Bpaqenue IIsrEa EaB qenoro. Iloc.reffiee, B cnotr os€pelFr rGEo lc-
arB ryrsil aEaJr!8a nocfieloEatenDcHr Qororpai[nfi rrfiIEa. sanoe EBF
Esy.tra.lrE P.C.henEmeaa [f], C,]t.Iouac* [ru] tr S)yrtre [ffi] .

Blnqerne connequoro ttarna riaft qeJroro drmaer Hecraq5osaprrHlr: ttarsa
spyruJrlEne ro.redarms [g-4]. ucc*erosa.Etre rarux rcotredaFrft tro-

oq€Hurb r.nydrny rrfiTda tg] u crpynrypy er,o uo$oro@eproro ua:n-
nonr [ro]. IIoJsrseErEe oqerfrx rlrydrror trsrna crJrbr{o paarrr.lasrcs

saBEctrrr{ocrtr or nu6pannoro Merola pacqera. A.A. Corosrea [S] trcucrrbsyfi
gguauuntr roredand tttrren n dnno.rrpnofi rpyue tr trsaecrxoe Eg

uaxHrBHoft rEs)otr@8rfiRu cooTsollleEtre IJ[aBpaqaqeloc.E uoMsETa
rryduny n 3200 aM. 0qerura r4rdrnp, cI€.[aEEa.E C.]l.Iouacurou trc-

xB otrf,casrfi t(pyrnrrtrofi nonnr xan aJrrlenoBcnofi, paoqpocspaqrueficfi
(poro@epu, ga.ua rrydray B I00 ruc.Kn.

qersp lallaoro trcqrreloBasu.E dr.no axdparo tralrrentre xapasrsptrcra apy-
roredarurft co.llgeqgrrx nfirgg.

Comregrue ,qanssre J.,lb S
65
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Mareprarou 4tn padotH troc.i{ftuna cepuff cEEuKoB rrarna, uorqrgerua.sA.A.
Ilerqosg Ha roBtrsograJrbrrou cqrrnesnou ralecrotre (IUT) s lly.latose (nrema
"[{uxBar-200", caer@r.rrrp 0C-f2, Bpelrfi gBctroBErFE 0.002 ce:c, uqcurad
usodparems 3 "'ma-I), (porore.ruoq)arelg Acrlnnormvecroro mcrrryra AH Xa.

CC?, uorlnreEErre ll.C.Qarrapoarna (uacura6 uao6parem,E 24".am-t ), tr IaEEHe
ruyrrx aBropoB L2-BJ. Bcero dnro odBadoraso I? cepd qadmteHrrft ro sEe-
nrqeft MeroJFre.

Ha csnace nn6rpa.toca EecaoJrlr(o $etrepuux toser (or 2 lo b), xapan -
lEpEEr &tls cspJrftrylE reIIE tr Eo.4mem U3y'lraeMoro rrfrEa tr rx Eoopmias,E
r$repErEcs Ha l{trKpocaoue Y!1tr[-23. Sareu trsMepessa trcrrBaBrrf,mcb 3a 96 -
ilenru npoeq@ u otrpeIeJrfi,tcfi yroJr (asroryr) Met$r cyrornoft trapaJrJrengp tr
qpmaofi ntrHuet, npoxoggeft sepea re petreBxue roqntr (saaaamoft HBMtr pe-
ueprofi .mrueft). B nagecnBe peuslloB rndrparrca roqxs, EoropBo trpocners-
Ea,mcb aa clte5rl[gr cnxtrrax, co{pasEJIE caon rol$rr.5pa4rs tr Dganum€
Ilaccrosmfi. B tra$sefueu rayva.rocs trsMeEerrEe asxgrsa peuepuoft .ucuu.Ec-
rf, peuepnHx JgrrIl{ft Ea cEuMEe 6r.ro necxo.nbno, BlrTItrcJIEIacE cp€mEg BeJm![s-
Ea yFnoBoro rroBopola rr.ErEa.

-Agafitrs Beaynbtaror odpadorxa (cu.ra6.ruq{f) uoraga[ EaJrErrRe BpaEeffis
y 6o.rrmucrna Had.rftranurtrxos rrsres. X rmorux Es Etrr Ea$Ilasreme BlaEe -
Exa MeEEJtocE co EpeueHeM. ,[a![fesufi rafioro lrua C.]I.Ionacm [S,a] pac-
crarptrBae? raa rtpyrl.lrbme rare6ams. Ha prc.Ia.uaanpnrep rpa$moa trB-
FHemfi asfirdma (A) peuaproft;sm co Bpeueaeu (xouep rpa$ma coorn€r-
ctayer Eouspy s r€druqe). llasecrso FI] , sro san&cndoclr ranoro BI'IF
orrrcEBarrr ro;redare.rrnre qpoqeocE. ttls T7 paccuorl)elurrx IIaleB fl)n rarEa
coBelxnaJrtr raIxoxrtrecrue rotedams (lF 9,I2,I4), zpr Earra ro.neda.rscr c
sar]rrasxeu (fi 8,16,17), oFo c napacrarilreu (lt I3), y olForo EFrEa Bo-
redasf,s rrpatrrrrecxf, orcyrcrBolanr (Jt rr). Kolredanxa oorarrsux Ilsreu
l6a.rocr uaccr(@ponarr Jrunb uprd.maure.muo, uocaolluqr qpolferglon
qp€ueEtr, orgaqernrFft Hadalleatrfim, dgtr,tro-Bqplol6r, cyqecrtegno MeEbuIe
rr IIepEoIA roredaffi. Bosrorso, raanoe rrfi?Eo E caoeu IlABBtrrm qpoxogr
l3p€a ECO saaaalrlrre rlrlu aqrsdaFrfr3 cnaqa,lla troxogrc.E, Bareu rored.nercg
o aapacraqefi alumrygof;, nexoropoe Eperrfi ralxoEnlecrtr tr, Eanorsqr c sa-
Itlearer.

[ .Us ncer f? ILETeE 6ruu onpeleaeEu cpeFne cnopocm ( C ) epaEenrr,
! fr f4 us Etrr - trepro.ry (T) u aw,mry'tr (A) ro,redarrrfi (reyrepeqFns BEa-
J -e Essru B cnodrs, alesgowofi onreqexu trepuog ro.redarrrfi, uoryqerrure

I C.ffouacmou [S]1. Cpe@ usptrog soss(aFrfr cocraB.rf;er Z.I$B.O clrror,

I nuna 40 a23-, cp€rar cropocrb BI]aEeEla I? g I5" /cw.
I &ryrrnrme rorsdarrns r duuotapur fpfnnar [sEeE nad.rmlartr C.lI.Iona-

c [g] r Anra.zosa [5]. B uel]Box 
"ry*"" 

cooraaJnrm&e qpynny trfiraa Bpa -
tFrrcD cuai[aano (psc.Is trocrpo€E Eo xssglnr C.]l.Iouacna[S] I, Bo aro -
rrt - a uporrao(pase (prc.I6) s ehtrsrtlnail usptronsm (tO r lg cyror coor -
rrcrnesgo).

Kpyrrnme noredasx.E fiaren rludrcmo uomo orucatE ypaaxexf,Br

o'/
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T=J(4etz+d ' ) t ,

rIe T - trgploA rq1srdarnfi, d. - .rorapsCreCxni lerpeuerts sar''''strs,
I - roretr IEoIE@ roredarsrlnol crcrsuf, K - xpVrnlrxafi recnnocrr..llga
ralxotrqecBf,r noledarrtr nrc€lr

T =2ng7rc1 ' / " (r)
Ilomayaor ETrr ypalrentrsx, oqeErot uacoy r rrydqr rot saoru lrrrrarroro-
pas r1mrae! yllaorrs a roaedagrr. EYlu ostrrarE uarno tTr.nrqlFou paF
mrca R , BBoorB ho , roropufi colelluaer xore6asa aa oses trEuipoo-
rtr uannxrnoro uorf;. Morenr qe;lw rasoro qIlmnpa paleE

MR2 9R1  ro : - , ,  )
r - ; =  2  / ? (h )dh '

rre M - uacca gEErca (iaraa), 7 - Ilnornocrb Beqecrna. C gerou
aroro r lpaBEeExE (I) eanmeu

o o

,=(#)"f ;
iha oqemu Es.[trqxm K nocnolrayeucfi ]rqpotqemofi MoIeJTED mrnurnoro

uG[s usrsa

Ilycrr crloBus nEEtrtr uarngrno o IIorfi BHroIEr ua ocnoaasut qEJIrlT&)a
E eanpesregs a& paocrosgntr I s orpyraqet (!oro@epe. (pnc.2,A3 - sa-
trpaBreutrs c&troBrrx aruufi, I - xapanrepud paarlep duuotqxofi rpryum I =
g Id= I.2.IOt"cu). Ms uonopora uEtrug&)a Ea yror q seodromro rpuro-
erb sarpysunaq[fi uouesr Kr. Ec.rn F(r) - Mouegr ctrJItr r]rLE o#ofi c[no-
Bofi .rtrEnn, a Jf(r) - strc,ro 

Ealnouax 
.lruxrfi c Mouexrou F*(r) , ro

x,= /r-{r)tf(r) as = 
//r(r).rftr) dr dE =zn 

/frntvadn,

tN f (r) - raureq4anEnafi cocrarJlqar cairx Earnielufi MarrtrTnoro uorrr.

Iiocrorrry f(n). $f ,ira( Hz - Beprmanbraa cocfaatl@as uots), a
?r  t ,st n a! t ' lcw.Pnc.Z),^r1

Kr ' i  /  n r 'cn t , td , .

.tlra pacupererrerma aaarmr?oro uotts 2
tla ( r) = Ho ezp (- 2.'l 

'/ 
aa ) ,

Esrroro Es ctrpasosnnra .A.z,resa l-rzl, uorywnr

Kr'# ' : ; ' ,
H o - Harrp.E;errxoc[B uarntrTnoro flotrE E q,exTpe narxa. Kpyuanrran frecr-

tocrr paBaa garcpJqnaarrqer4r MoMeHTy, neo6xomlo!ry g'tlx lloBopora lena Ha
I 1n;pax, cJle.qoBarqtlbgo,

OY



'  KM= *  ,?  ^ r .
Ororqarearco uoJryqa€u 

,

M = ( r-al )"J , ["or r) dh = tzL. )" /
\  t i  /  f faz ,  / r - ,  L r  I  tFf f i

puc.2

Bocnolrlgonagnrcb pacnpereregtreu rulorsocuu p trs tr3necrrofi ruogenn ar-
uo@epu Colsla (nanpnrep, l.nner [tZ] ) u Qopcynalm (Z), oqer.ou r.ny_
6ung r Maccy co.lrgesgoro rr.Ftga. Torla Lrrs II,= Z0@ Ic u T = ?.I cyror
IrydEEa trfi884 oT trpolgg t sooo =I ooc?a3tr1' 2500 ru. Macca Beq€c1ga ,
upmruaqero lnacrtre Bo EpaqeHEE, psaga (ws.A =ZI,') \ll = Z .I023t.
Tanru odpasou, ury6ma Eanr'a uo npqftHefi Mepe B 4 paaa ue*Hrre ero Ea-
MerBa. Itnserrsecna"E aEeprufi EpaqeE[E rrffrrra cocraBJr,Eer r.ro36pr, qro
cBaBHtrMO C aAeprrefi consewoft BclrErrRtr..0ruerm, sro olmdRa arr{x oqe-
BoR, BoggtrEailta.E trg-Ba sa!,reffi 2 sin 

q/2 
Ea q B coorgor[eutrf Ir'Ig.

slno(Es trIleguuaet 51l' Wn q 4A 728".
Ilpegmraemffi Harm Merol oqexrtr r.llydrqp rrrrxa rrptrMeEEM (s ornrse

or npettrErErx pador [e,ioJl rre fo,rrbBo & ralMoHnlec&nf, Eo tr B,rryrr-
qnr (uapacrerrqnu) roaedpryrna, ecJrtr Buecro (r) ucnq,rraoBarb BalnfeEue

(2)



AIIE nepi{o,qa ronedad g lenpeueErorl sarlrrautrg. 3auerru gaJree, rro (pop -
ryna (2) c rowocrED lo xoa@mpexra coEualaer c arra,rorrrlgul{ coorxorle-

EEeu, BrrBereEEHu Conoarenru trB E)yrnr coo6parerrrfi [O] . nam netro.,rE3o -
B€uscr ruyrtre, qeu B ero padoee ilolenl amo@ep Cotqa E pacqpeleJre -
Exe uarrEtfloro troJra B rrarue. Cpasaeuue Besy.[Eraroa raffiot peforn c [s]
troxa8HBaer, gro lctroJlbsoDame paSi[trfiIrr uolarrDHnx qpe.[ctaBrreffi ne 4o.rr-
Eo qpmoltrr r dosruna paatrrrm.Hlr s oqgffis rnfdrrm trpoEEKEoEeEtrfi [trrsa
uol @ro@epy.

B eaa.mseme aBTopH cgnrarr clotru qpffrn{i{ Iolrrou arpa3nrb daarogap
Bocrb 9.3.Kax4nnoay sa odqee pyBoBoIcEEo Badorofi, I.E. Ie.m([petrU tr
A. A. ColosreBy sa troJreauoe o6cyqenue.
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