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АЬstгасt. А nodel of tiro rrlagrretic ficic] of HD 37776 has beerr c:tlItstгuctc:d orr tlrc basis of phase

relatiorrships Д"(Р) and В"(Р) . А lnir,p of distгibutitlrt clf trtagrretir: ficlcl intensitv оr,сг tltc: surfltцl
has Lleen obtainecl. This distribritiorr is гtrtlrеr сtlпtрlех, liorvc:l.er, l1te stгuсturс: сhаlrirс,t.егistiс of а
dispiaced dipole is сlеаrlу seen. The cliptlle axis is allproxirrratc:ly 1lаrirllеl to thc axis clf гоtаtiоп.
Tlre magrletic fielcl is ц,с1l siпrlrlated bv а systtlrTr cif б rrragnetlc lrtonclpolcs.

Кеу wоrds: stars: с:hсrпiсаIlу ресuliаг sttrгs: triargrietic ficlcls stirгs: iltclilirlual: HD 3777б

1. Intгoduction

T}ie study of the rnagrretic: fitllcl struсttrге of tlrc clrenr-
ically ресuliаг (СР) stars is clf intc:rest iп solvirrg tlrtl

рrоЬlепrs of tlre origin of ficlcis, of гс,lаtiопsliiр Ьс:-

tween пIaglletic field alrd c}tetnical artotllalics. of t}rtl

effect tlre magnetic fie}ci lrars ort tire origirr arrci evrllir-
tiorr of stars, ettl. 'Ihese cluestiolls aгe ргеsеrrtlч lleirrg
extensively tiiscrissec1 in tlre litегtrtuгс. T}re stгirr:tuгt,

of tlic rnagnetic fieltl of HD 37776 is likelv to Ье t,iie
most colripiex of а11 tlle kпоwп CI' stirгs, titrlгс,fогс
а detailed stud1, ,эf this st,аr wit}r ali available teclr-
пiсluеs is quite urgerrt. T}re liistoгi., of irrvestigatiorr of
this stаг itas beerr tlt:scгibed iir sotlre detall Ьу li.i-l-

lrtartyuk et al. (1998), The чагiаti(;tt curt,e of t}rtl t:f-

fective rrra,gnetic fieid В" wit}r p}rase оf tlrt,: регiоtl Р
is ргеsепtеd in tlre ptrper bv TitotTtpsorr, Lапdstгс:сt
(1985). Tlie пtеаsurеtпепts h:rче beert rtrade fгtltrr ir1,-

drоgеп lirrcs, arrtl as expeгictrce sitolr,s. tliey nrtlst trot
Ье distorted Ьу inlromogelleoLls clistгibutiorr of оthtlг
cherтiic;rl eleпrertts очеr thc suгfасе. Ва,st--сl olr thcsc:

ciata, t}re аuthоrs ha,ve at,t;tltll1lted to соrrstгuсt а пIаg-
rretic field rnodel ancl dralTn а corrclusiolt tlra"t its colt-
figuratiolr is quаdгuроlс rаtlrеr than ciipolc:. Bohlerr-
dеr (1988) and Bolrlcrlcleг, Lапdstгеiэt (1990) lrave оЬ-
tairied а шlоrе ассurаtе result Ьу usil}g а пtосlсl cif irn
axially sуmmеiriс rrrultipole rliagrrc:tic ficld. One lias
to assunte in this пrосlе1 thirt tlie а\Iега8е suгГасс tnarg-

netic field В" rеасhсs 60kG irr sorrre 1l}tasc:s, rr,hiс:lt

mеапs that tlie fieid strerrgtlr itt sorrre irrclividual гс-
giolrs of thc: suгfасс is substarrtitrll1, lагgег thalr tiris
value. Depuldirrg orr t}re fielcl corrfigrrгatiott, tittl tlitlx-
imuпr strengths rrtav exceed this l,trluc Ьу а ftl,сttlг of
l 2. Irrdeed, Kopyl<lva arrd Rorrratryuk (1992) }rave cic:-

tcctcd а rioticeabIe splitting cif sресtга1 iirrt:s оп 1lhoto-
gгарhiс Zeenratr sрссtгаJ which irrdic:ates tlle tr)геsс)псе

of а strorlg rtragnetic field of соmрlсх corrfigurat,iorr.

Tlrr: rnodclirtg ргсlstlrrtсrl irr t}rc: 1lttрсг t;y Khoklrlova
et а1. (2000) lras sltoц,lt tlurt tlre <li1lole-qrrtrclrupole
lrroclel is bcst, suitec1, bltt , llt;rvevclг, t}ris ttrodel clclcs

rrot сltlstlгillс: tlle l,агlаl,itlrt (]uг\.е of tlre cfftlclti\le пrаg-
rrctic: field cilrгirtg the реritl<1 0f rotirtiol} В"(Р). hl
с_,tlг lчtlгk (Gегtlr ct al., 1997) rve alstl rпаtlе ttrt a,t-

tспlilt ttl rrtclclt:1 rtitrgrtetlc firэlri of [}ris starr, irtrd it rvirs

ftlurrd thtrt tlrtl сurче В,.(Р) is ric1l герrеsеlrtеd ll1, t}rc,

tlorrfigltrat,iori tliроlе*цrасlrtlроIе* stэxt,ltpolc locatec,l

ili tlte sallte 1llirtitl, 1.itt, scxtttpclle 1ltlilig pгe<iclrTtiriirt-

irlg iri stгcrrgtlr irr tiris c;tlltfigura,tlcln. Tlrtl irrclirriltiorr
a.rlglc of the stirг ttlгttсd out to lrcl 82О, rvlrir:lr is closc
Lo tlre zrпglс: 1ilrrncl Ь1, Bohlerrdcr (90').

Ihc strttc:tttlc оf tlic lrtagtreti<; iici<l is rrot coti-
t:lrrsively clefinct1. Fог this гс.lsоIl1 :rrl irclclitiorral at-
1,crlrpt of rrrtlclt:lirrg tlre rnagrlctir: fic:lcl Ьу tlic rrretlrod
clescri}leci Ьl,Gс:rt}r et irl. (1997: 1998), Gеrt,lt.
Gltrgolclr,sltij (200{j) is ulrdouiltt:clly а pressing ttrsk.

2. N4odeling

'1'hе iclc:a of tlre шlet}Io(l <:tlttsists irr tlitr1, irrsicle tirc
star trragnotic "trtotio1loles" t!гс sprcc:ified arrcl tlrc ге-

sult of ircltlit,iclrr of t}rc:ir Itragncltit: ficlds at tlrc: strгfаr:t

is (]()mputecl. lrr scl cloirrg. it is rесluirе<1 tlrat thсэ оЬ-
sc:l,r,ecl irnc1 t}rcoretical relations of В"(Р) airrd В"(Р
hlrcl tlrcэ llc:st fit. Selt:cticlrr оf рirгаtrrеtеrs il,nd of tlr,,
rtutttber clf rrrotropoles is 1lеr{сlгrrlсс1 Ьу the lrrr:tlrod cli'

iteГatiorrs itrrd thtl fitltil verslorr is chosen Ьу tlre ]eir",t

sqltilгсs rrletlrocl. 'Гlrе fielcl stl,uс:ttlгtl is cleterrrrinccl br

thc. t:cllicctiott сlf tttagrtctic rnclnopolcs lvith пlоIпсIIt:
}1, bv tltc, c<-llэгtlittirtes of eac:lr пttlrtopole iп ltllrgitud,.
,\, latitucle rI. anc] Ьу the clistance of ttrorto1lo1cs fгоtl.
tlrc: star celrtre rr (in {i,ar:tiorls of thc sttrг rirc,lius). T ht
slrape of tlte сuгr,еs В"(Р) and В"(Р) clc:perrcis tltt tlr,.

st,аг irrclirrartiorr iiIrgle i to ihe lirrtl of siglrt, its огigi-
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па1 value slrould tlrerefore llc clcternritlt,d ii,oin i,sirr i.
Sirrce tlris чаluе fог thc stаr uпdег stutly is сlсtеrrrliпе<l
ехtrеmеlу uпrеliаЬlу (Klroltlrloi,a et al.. 2000), rvc esti-
пiаtе its value as ргеlimilrаrу. Rornatiy-uk et а1. (i998)

ргсsеrrtеd thc value rlf о sin ir. : 80 krn/s, tlie stаг telti-

рсгаtrrrе fгоrп Giagclievskij (1994) i, 7" = 23350К.
C]omez et al. (1998) prcserrted ,Д.1,. - -2.2. Llslrrg
tlre ilо]оmеtriс crlrrectiorrs fгоrrr Strtryzis, Krrrilielre
i 1981) obtain i16 - 2']'4 aTlcl lrerrce tlю stаг rасlitts
is Л/Лб : 1.58. Tlre 1ltэriod tlf rotation clf tlrc stаг
ilcirrg Р - 1']54. its rottrticlrtirl vclocity at t}rc cclua-
iоr is,t., = 50.6,RlР :57kпris. T}ris triea;rs tlrat
t}ro l,altle of usirr,j is too iагgе, tlris is r,vlil,rve have
tirken t}re atlgle i t 90О. rvlriclr is close to tlrtl olte wt-,

эlltairrecl ргсчiоuslу atitl clonsistent ,,l,it}r the riatil of
Bohlerrder (1988).

The ol;scrvationa,l clzrtir ilге })геsсutссi in Figs.
1 ancl 2. Tliey wеrе iltlrгоrr,еtl fi,clrrr tLre рароrs Ьу
Т}iопrрsоп, Landstreot (1985) iltld R,olttatryrrk et al.
1998). Tlre rclationslrips В"(Р) ;,irrr1 В"_(1') eriablcs

]lIоге ассllгаtсэ cstintation of the sttlr int:liriatiotr illt-

_.le t] tlrarr ,u siTt,j cloes. Exatlritrirtitltr о{ tlre 1;hirscl
,uгr,е В.(Р) s}rorvs tlrat irr the с()ursе of star гоttг
-itlrr the геgiсlпs of пtagntltic fiel<l п.itlr pretlcltrlitrirtiotr
,f nclrT positive now negativc 1lсllагitr. pass аltегпа-
-ilelv across tire сеlltгitl iric,lгiclizrrt. Iti оttr 1ll,eviorts
.,арег (Gегth et а1., 1997) tltis lecl to trrt ittlr:rc:tlt:tl

lrat thc stаr is clriefly dorrritratc:d Ьу tlre tlfli:ct of t,trt:

.i,xtulltlle. То illustгate tlris, Fig. З displirys thc: pltast:
,rгr,е оf В"(Р) fог tlrc пrtlst sirnplc c:ase wlterc: irli

-:te rrrorropolc:s lic irr tlre есцrаtог рiапс. It is ъ,е]1 secri
ilat t}re ехtrепli.l clf tlre cotrrputerl сuгчс. <:<-litttliclc п,itlr
:ltlse of tlre оЬsеrчесl гelaticlnsirip, but опly iu t}re l:rt-
;,г case the сrrгче is dсfогrтiеd. Irl оur plaper (Gегl.h et
,: . 1997) the clefbгrrratiott ч,аs tirki:n irrto :lcccltltit Ьy
:rtrrlductiort of tlre configuration dipoie*cltiaclгrtpole.
ilоiчечег, t}iis rергсsепtаtiоrr сIrагасtсrizеs tlre shtilltl
: tlre с:urче гаt}rег t}rarr tilc tгuс itlttlгrrаl stгuсltuге of
lltl tliagnetic field. Ву nranipltlatitrg srrcli раrаlllеtегs
.s the cooгdirrates of tlragrretic irtonopoles ttttcl thсir
.l_;1ang. frorrr t}re сепtrе (assurriilrg the с}rагрiеs to Ьс

1rral), rve soug}rt fiгst оf all fоr c:oinciclcncc оf the
,rrrputcd artd оЬsегчеd геlirtiопs В.(Р). In соtrtгаst

, , оuг ргечiоus rnodelirig (Gert}r et irl., 1997), irr tiris
_tрег t}Ie ciata of пtсi}Sllгсrlпепl of t}rt: suгfасtl trtag-

- tic fie]d аrе takett into acc:ourrt (Fig. 2) (Rornalryuk
: al., 1998). Utrfoгturratc:ly. tlre rrrrпtЬег of Д" rrtea-

-,lгеrriспts is irradequtlte to coпIpute the exact shape
: tlre relatiorr, atrd iп the rnode]lrrg ш,е took intcl con-

-.dегаtiоп its mеап value, whiclt sufficed f'ог пraking
1:, itccurate enough estirtrirtc of t}ic arrgle i.

If wc calculate the plrase с:uгr,е В" (Р) for thcl
.sc of clispositiclrr of trronopoles in the equtitor plalle
:lic}r rvc use (Gсгth et а1., 1997), t}re пrосlеl геlаtiоп

-.iP) lviil turп out to Ье а }rorizorltal line, alrcl irr
: .ц. 2 а пtахilпuп is оЬsеrl,еd iп the гtэgiorr of plrases

r * 0.7. Тliегеfоrе tlre rnociel rnust also girK: а relti-
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Figrrrс: 1: Tlte lTloc],el (solid liпе) апd оЬsеruеd
(sq,u,o,res) r,elatiort,sLtills betlLleerl th,e пlc.t,r-trlitlt,de of the.

effectiue rTlagnetic Iield В" a,rtd Llte plt,ase Р of the
ylrlriorl oJ rotat,iort of HD.97776.
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Figiire 1: TJte distrlbtl,tiort ot' trlagTtetic fieltl ,irltertsi,t,y

очеr, the surt'асе oJ tllc ,star НD 37776.

tion witlt а tпахiпruпr at ttrose phases,
Using the rrtethod of step Ьу step appr()xi1lla-

tions, suc}r а configuгation of пragnetic rrronopoies п,аs
fourrd lvhicir led to an excellerrtly coltsisttltlt plrascэ гс-
latiorl В"(Р) arrd to art аррrохiпlаtе relatiotl Д"(Р).
Tlre coпiputed crrrves агс displaved in Figs. 1 arrti 2

wittr scilid lines. Tlre anrpllitride of tlre trrodcl clirr.e
В"(Р) differs fгоm the tэbserved otre, althouglr thc:y
аrе similаг irr s}ra,pe, It is evident that to obtairr а

corrclusive resu}t, additioпai measurell}ents of В" аrtl
urgerrtly needed. It slrould Ье Ьоrпе in пiirrd tlia.t t}ie
availatэie пlеаsul,еп}епts of В" lrave been rTradel frottt
tllc hеIiurп lilres wltose distribution is inhcrniclgc:tttlotts
aricl the relationship Л"(Р) is sottrewitat distогttlсi.

Fig.,1 slrows а пiар clf tlre magnetic field irrterr-
sity distribution очсr the stаг suгfасtl. Tlrc сlгсlеs
with pius ог mirrus sigrls sholv tlre position of rrrag-
netic monopoles, The isolines аrе drац,,rr so tirtrl. t}rc
maxirrrurn field strength is divir]ed into 20 levels. The
field strelrgth at tlre rnagnetic роli:s is До(+) = ,17kG
atid Во(-) = 45kG, tlre coordirrates of the poles rrrе
):235о, d = *65о (+) апd ):205о, d = -65" (*).
The coordirrates alid the distarrces of thtэ пlorttэpolcls
froin the сепtrе аrе gil,err in ТаЬlе1. Tlre positivc
rnoliopo}es аrе prcdorninantly irr опе hеmisрhеrс, t}re
negative ones irr the otlrcr. They аге rlist,ribtrte<l
inhoпrogeneously in latitrrde, althouglr irr lorrgiirrclc

Table 1:
\,Iorropolc (sigri) r.r, Lorrgitudo Altituclc:

1(+) 0.180 0о 0о

2 ( ) t].182 58 0

3 (+) 0.1б7 120 |2
4 ( ) 0.176 181 -22
5 (+) 0.176 21а 28
6 ( ) 0.176 300 -15

thеч trrс st:liагаtеd L-ly 60О. Tltc 1lаrаtтttltег о is the
sallle оII t}re al,erirge fоr rr1l rltclnoptrles alrd is eclual tc_l

about 0.18R.. lrorver.el,, ttic: ас:сuгасу of В" rrtсаsurе-
lIlellts was srrclr thirt it lrad tcl Ье с:lrtlsc:tl r,vltlr а step of
0.001 R.. Rec]rrctltln of tlrtl аr.егаgе tttiut: of the рагаrrr-
еtсг rr causes "1;luггiltg" (dirrtirrisirirrg of tletails) of ttre
pltase crrt,r,e artd clcc:r,t-.;l.sc: tlf the arriplitrtde аuсi r.ice
r.егsа. Suc:h ;r iагgrl r,ailre of tlrc рагапlеtеr о slrows
tlrirt tirtl fir:icl strrrt,tuге is lrrorcl clistorted rtеаг the srrг-
fаt:r_.. Fiгst оГ ali rle stlrrglrt to ohaiir сoincidettcc of
tlrc r:tll,r,cs Д, (Р) atlci otrly, tlrcrr tif B"(l'). \\'е failed
irr сlсгiчiпg tlrtl ;rrrr1llitrrcle of Д., fi-clrlr 2() to 60kG,
tht,l rrroclel crtl,r,e r:}t;ltrgecl оl,сlг strrtrlleг iirrrits. Ttris is
likely tirre to tlrc cfttlc:t of 1lllrolrrogerrc:orts distributiorr
rlf lrclirrrrr оr,ег t,lrt: strrlЬсе.

Арilгохliп:rttl cstittt:rtr:s s}iorv that a,sslttttiitдJ }tcl-

littrlt, Ii,tltlt tlre lint:s clf rvhiclr thc {ielcl Д" is dc:ter-
triirred, t0 сt)rl<:еrtt'гtlt,с lleill, tlrc Itta.grrctic: pclles 1п а
сiгсlt: of iiilorrt 100О, tlte rrrclcicll гel:rtiotrslii1l В"(Р)
rvill t}terr t;e cottsistettt with the obstlrl,ecl orre. Оllsег-
rratit_lttal ciata. ltorvevtэr,, poirit tcl аttоthег clisposltiolr
rlf lrc:lirrtlt i's1lOtS".

'rlre lirttсг ttotcl is c:i_lttcertrecl ,"r,itlt the btlLr itt-
clinatiorr irrrglc: ti. 'l'irc rlloclelirrg lras с:оrrfiгшеd tliat
i = 90'* 1'. (its t-:hirlt8e evcn Ьу 1'rvill clratlge tlie
slralle of tire 111rasc: сurl,с Ьy а r,trltle c:xceedilrg tlrc:
с:ггогs ) .

3. Conclrrsions
It is secrr in Fig. ,1 tlrat the struсtuге of t}ic rrragrretic:

fielcl is г;ltltс:г t:t.ttttplex, trtt<i rro lvorrclcг that diffic:ul-
ties агlsе irr irrtегргеtirrg tlrc ýресtгаl lilre ргоfilеs arrd

1ltlliirizirtiorr ill tlrerlr. 'Io гсlfiпе tire tlroclel, arlciitiorral
nleasurelllents rlf В" аге cluite irrdispcrrsirble.

\\Ъ геgаrс1 thc гc:srrlts of rlroclelillg tlrc пtаgпеtiс
fic:lrl of the stаr HD 37776 :rs ап alterrrative rvhich has
to bt-. lrrrproved irr tire futrrгс. brrt it is difficult to
ргсstlрроsе tlrat t}re tteв, alteгtratil cl l,vill Ье esserltiallr,
tliflllгerrt.

It is s}rorTrr in tlrH paptr Ь1, Lr,rrslrin et aI.
(2000) that tire star HD 37776 is loc:atecl оп the
Негtzsргurrg Rrrsse1 ditrgranl псаг tlrc iriitiai rnain se-
(luence. 'Ihus it lias eittrer fогшtlсl recerrtly zrs а mаg-
netlc сhепliсlаllу pccrrliar stal,, ol, is beirrg fогпrесl at
pres()tlt, (Glagoler.skij, C}rourtttltror., 1998). The сопr-
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рlех stгuсtttге of the magltetic fielrl is likely to iltэ

associated wit}r the heterogerreity of the physical соrг
clition очеr t}re surface irr the top lауегs rlf the stаг,

with age its strrrcture wili get rпогс siпlрk: llet:ausc:

of the rapid ohrnic dissipatiorr of corrrplex stгuctures,

As а result the stаr rvill prove to havcl а dipole field
rvlrose axis vlill Ье riеагlу раrаllе1 to tire axis of гоtа-

tiоri. The diроlаг comportetrt is rve11 r,isilэle even n()w

оп the rrrap of the field distributiorr очсг tile suгfаtltl,

It is п,оrth пrerrtionirig }rсrе otle trrore fascirratirrg

stirг, HD 126515 (Glagolevskij, Gегtlr, 2000) in wlrich

tlre rrragrretic ficld арреагs in а сеrtаiп lirrrittlcl rс:-

giorr of tlre surfасе. Tlre corrfiguгation of the rTragtictit:

neld is extremely lionsyllllnetric. Tlris is also а young

rrragrretic stаг located tlrr the Hertzsprurrg Russel cli-

iigгаrп пеаr tlre initial rrrairr Sequellce. It iS IIot (:lеаг

at present what kind of ргtlсеssеs callse so сliагас-

:егistiс fеаturеs of the struc:ture of nragnetic: fielcls of

:lervl1, fогrrrесl stаrs. Possibly, tlrt: inhornclgcneous fa1l

lf ассrс:tiпg пlаSsеS at t}rc: "рrе-lпаirr sequerltlt-"' stag(l

lf evolutiort distorted the field liеаг t}rc stаг surfbce.
Acc:urntilatiorr of cltrta оп пrodeliTig trragrletic fields cl{

:lre СР stars will certairriy rrrake tlre solutitlrr to tliis
..,t,olllenr possible.
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