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Abstract. \\'е rерогt the геsults of сlyпtrпtir: sl)ectгos(]opy of thc: iпtегпiсdiаtе роlагs (IPs)

BG CNIi, YY Drа and GIt Реr clbttrint:cl at tlre б trr telt:sсope rvitlr thc lrelp of tlre plroton-

counting вуstепl kпоwп as the sctrntter of ВТА. Тhе splcctral study of variability, of BG CN,Ii апd
YY Dга геl,еаlеd Nаггоw-Ваrrd Oscillations (NI3Os) оr sti]tisticalh, si8nificalrt fЪаtrrrеs in tireir

роwег spectra in соIltгаst to GK Рt:г ц,}ltlгt-, tlrtl cls<lillations wеге rrot fourrcl. Thc NBOs rvertl

detectetl ill the sрtlсtrа of BG C},ii at the s1llrr регiоd of the white du,аrf (913 s) in the ргоfilсs
of the BalrTier arrci НеII -1886 А emissiorr lirres, T}rc ц,idtlrs of tlrc: fеаtuгеs irr thс роwеr sресtrа
чагiеd frorn 2-3 Д to 8 ],U А. Тhс рr-l$,еr sресtrzr crf YY Drа rечеаlеd the feaituгes at the spin
period of tlre рrirпаrу and its lrаrmопiс. То сtlrrlраге t}re NBOs irr the sресtга of di{Iеrепt IPs
we har,e courrtecl fогrпtrllу thc ttutпЬеr of evtltlts of ticltcctiotr of the NBOs (NRO-evetits) irr tln
ехрOsurе irr the sаmс rl',avelengtlt ralrgc. As il, гtlsrilt,, tlrc. nurrtber оf tlre NBO-(]vclrts in tlre powcэT

spectra of BG CNti is rrclticcably grоаtег tharr tlrat of YY Drа irlrcl GK Рег. It has bcerr for:rrd

that tlre rturпЬеr of the NBO-evclrts irr tlte рttwс:г spectl,a rlf t}re irrttэгrrrecliate роlагs BG CN'Ii,

V405 Дuг tind PQ Gепi is about tlre satnc. Tltesr:l olljccts fоrпr а grorrp witlr poltir-likc trltrgtreticl

fields (8-20 N{G). wirсrеаs YY Dга апс1 Gl( Реr trге attributec'l to the objects rvitlr rvea,k tnaglretiс
fields. T}iis rclationslrip betrveen tlrc stгerrgth cif tlrc rnagnetiс ficld of thс objec:t zrпtl t}re tturrrbeг

of I\iBo-everrts iп tireir porver sptэctra is arl acldititlrr:rl ilr8lrlncnt in fачсtuг clf tlrcl ргсsеtrсlе оf stгопg

magnetic ficlcls irr the гegioris of fclгrnatiorr of thc гаdiаtiоlr causing tlrc: NRO-er.c:nts in ttre роwеr
sресtrа of t}re IPs.

Кеу words: Ьiпагiеs: close - stars: irrcliviclrrirl: BG CNIi stагs: iridiviclual: YY Dга stагs:

individual: GK Реr - stars: rTragrretic ficlcls catac:lysпiic чаriаЬlеs

1" Introduction

Cataclysrnic чаriаЬiеs (СYs) аrе tlre clostl biItarl,staгs
in ivtrich а Roclre lobe filling late*type sесоttdагy
trапsfегs tnatter to а ц,hite drvarf ргiпiагу. Nlagrreticl
CVs аrе tlre systerrrs with su{ficierrtly rriagnetized
white dvrarfs wlrich forrn two srrbclasses. poltirs оr
AN{ Неr stars include syttclrrorrous systetns in wlric}i
the spin реriоd of the wirite drмаrf is equal оr close to
the огЬitаI регiосl (Сrоррсr, 1990) . Irrterrneditrte ро-
lаrs (IРs) оr DQ Нег stars (Раttсrsоп. 1994) c:orrtiiirr

rapidl1, arrcl asynchrorrously гotatirrg wltite dlr,aгfs.
One of the ргiпсiраl сritегiа fоr пterrrberslrip irr tliis
clirss (IPs) of stars is thе рrеsепсе of а гарid, lrig}rly
с:оhеrепt peгiodicity iri t}re liglrt сuгче, ttsually at thcl

optical оr Х-rау rval,elettgths. Irr additiolr to tiris реri-
odicity some interrnediatc: роlаrs rnarrifest etrrissiorl ,

liпе рrоfilе variations очег tlie spirr регiоd (Patter-

scln, 1994; PenIring, 1985: НеIiеr ct а1., 1987, 1990,

1991: Bucklcy and Tuoliv, 1989, 1990). Spectral оЬ-
serr,,ations гечеtilес] laгiatiotls оl,еr t}rc spirr period or
its ltarrrronic of the ratios V/R, гаdiаl l,elocities ог
cquivaiellt widt}rs clf eпrissiorr 1iпсs. Оur optic:ill spec-
t,rаl anci spc(jtгopolaгirrrctгic оЬsегl,аtiопs (with the
сiгсulаr апс1 1iпеаг polarizatiorr апаlуzегs) of PQ Gепr
(RE 0751+14) (Soпrov et а1., 1997, 1998а, 19981l) and
V.105 Аrrr (RXJ0558.0+5353) (Soпlov et al., 2[JOOti,

2000Ь) detec:ted rnortotllrгornatic qrrasi реriоdlс oscll-
ltltions ог statistically signific:arrt fсаtuгеs in thе роwег
slltэсtга itt tlarrow v,,avelengtlr passbarrds (2 3 А).

}"BOs as pheriorrlerta wеrе iletectc:d цоt olrly irr

tlrc optical spectrtr of IPs. pulstrtiorts (ampiitutle в
15%) rl'itiriп it паггоw (0.25 А) seglr}ciit of the lэгоаd

12-12..З А tl u cornporteltt iп the ultгaviolet spectrurTr

tlf tlrc Неr Х,1 systcrrr u,еrе fbund too (Вогоsоп ct
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а1..1996).
Tlrc рurроsе of our рарег is to sеаrсlr Гог the

\BOs in the spectra of ot}rer IPs arrd to filrd геlа-
lorrship Ьеtп,ееп рrеsепсе of t}re Nl]()s irr tlre sреt:-

-t,a atrci phl,sical сhагасtеristiсs of t}re tlbjccts. Elel,t:
,,,,,е героrt tlre results of а study of the NBOs in tlre

I)tical sресtга оf BG CN{i, YY Drа ancl GK Рег. А
.:tогt ollserr,atiorral iristoгl, of ttrc ob.jects fоllоц,s.

2. Observational history
].1. BG Canis ]\.t[iпоris

ЗG CN{i. as arr optic:;rl соrttttегрirгt оf tlrc }rагd Х
.:.\, sоtlгс€ 3А 0729+103, is а 15tlr-rrragrritlrcle Ь]uе
-:l,iг ,,r,ith strictly регiоdiс. 913 s ancl 3.23 }rг. optit:al
,:lr1 Х'.гау vaгiatiorrs (NlсНагсiч et irl., 198"1, i987).
_irc: оrЬitа] alrd spin ерltепrеris irs rvell a,s the sllir; tr1.,

. ..tc, of tlre whitc: сlrчагf rvere сlеriчеd frotrt the opt,ic:al
:,оtоlпсtгу (Augrrsteijn et tri., 1991,). Tlre геsults of
, LC чг photorrretric рrоgrаIII fоr ]]G C\'li shtlrvecl tr

t-:,ictly colrererrt 91З s wa:r,e irr lts light сurvtl (Pat-
.l,sort and Tltolrias, 199З). The cltэtec:ticlrr оf сiгсulаr
-,laгizatiorr irr tlre optica,l irrrcl iпfrа,гс:сl otlseгr,lrtitltrs
rs thcj stroligest arglrl]Iellt irl fачоur of tlIC ргсrsсIIсе
: а stгоrrg rltagrretic ficlci (Perrrrirrg et ;r1,, 1986; \\Ъst

al., 1987). Tire results of thr: Gillgir Х гач obser-
.liolt гсr,еаlе<l tlrc: preserlc:e crf tr 8.17 s rrrodrrltrtlorr

-. ad<litic-in to thc: kriclrvrr огЬitаl arrcl spitr реriосls of
]j hг arrd 913 s (Nогttltr et ai., 1992). It rvas frэttlrrl

_ spcctrop}rototTttэtгic obseгlirtlotts t}rirt t}rc ctttissiutr
,:_,. \i/R гаtiоs ц,еrс. чаr,lаЫе o\rcl tlrc 913 s рс:ritltl
:irr'lick ct al., 1994). Photonretric altcl spectгr-lscollit,

st,t,l.atiorrs lltrve rеl,еаlесl а strtltlg r,:rгitr}lilitv i.lГ thc
. lttittitnt light pulsatiorrs, гotatittrrirl (913 s) iilrd ttr-
.:al (З.23 hг) , oTr а tiпresc;ale of yеtrгs. Vaгitititlrrs
. irtlrplitutle of tile spin pulsation ц,ith epoclr gerr-

- .,ilr, арреаr to Ье trnti-corrclirtcld rvltlr tlrose of t,lrr.l

.,it;ll rrlodlllation wltlr tlre fсlrrпеr clecгeasirrg, whilt:
., iаttег iItсгсэаsеs. Neither stable pc:riodic siglrtrls at
-i.ег fгеqlrепсiеs trоr iIrdication cif pt:гiodirlitv irt tlt<l
,-i s X-ra,y регiоd hаче bec:ri fourrcl (tle \Iагtilrо et

1995).

:.2. YY Dгасопis
l_ 16th rnagnitucle cataclysпric: l,irrialllc:, ргеsulrlаЬi1.

.-*,irгf nova, was cletectecl as aitt tli>tic:tll cclurrterpart
.llie hагd (2 10 keV) Х rаl,sоuгсс,3А 1148+719.

_:-t, optical alrd UV sресtrа of YY Dга а,rе typitlal tlf
.:асlчsmitl r,аriаЫеs, exccpt tlurt tlie TiO absoгption
.:lt_ls оf а М dwагf rvhiclr can Ье seerr at wal,e]engtlrs
:_gег tlran 5000 А. The raclial vcloclities of the errris-

. :i line Hct indicattэcl а 4.0 }iг orbital регiоd, aticl
IR light сurче shorvs а "double huпtpt d" rTave-

l,;it Гrопr tlre c]istortecl sесопdаry. Higlr-speed pho-
::Lеtгl,iп tlrc U barrcl rеl,еаjs а stable peгiclclicitv of

about 1% srlrrriatrrplittlde at а pcriocl of 27Гl s. l,n,it}r

soll}e powel, also ili t}re suЬhагпrопiс: at aborrt 550 s

(Раrttегsоп et а,1., 1992).
Тirrrе-гсsоlчеt1 пеаг-irrfгаrеd (8100 8600 А) sllec-

trорlltlt,оrпеtгу arrd,Johtrsorr B-barid CCD plrotorrrc:-

tгу оf YY Drа slrow t}re рrсsспссl of tire NaI doublet
irr absciгptiorr frorrr tire stэcclrtdaг1,, as well iis slrаrр alld
lэгоаd CarII cirtissiorr lincs. The гаdiа1 r,eloc:ity чzrгiа-

t.it;ns of the NaI пс:аг-iпfгагесl dolrblet yiclltl an orbital
р<lгitlсi of 0.16.1988 + 0.00023 citiys. Tlre slltэс:tгаl type
of d\I4 * 1 ftlr tlre sec:orrdaly stаг }ras bec:rt сlегir.tlсl.
Т}ri: cllstaticcl of YY Dга is 155 * 35 рс: (\,{ateo et а,1.)

1991 ).

11OSAT obscrvatiotrs of YY l)r:ir revealetl p,ulses

with ir регiосl of 26-1.6 * 1.2 s, cottfir,lnirrg t}re pI()sellcc)

of tr l'trpidl1, гotatilrg пiagnetic: rvlrite cli,r,arf. Соrrrраг-
istln .,l,itlt thc регiсl<ls clbservc:d iп the ultraviolet апсl
blrrc, lig}rt irtclic:ates tlrat lire 275 s ultгirviolet sigrrtr,ls

arisc frclnr tite гергоt:r:ssirrg of Х-гtrч prrlstl,ti<-ltis irr t,hcl

stI,11(]tLlres {ixecl iп tlre Ьiriагч гtlftlгеrttlе fгаrrrtl. ()rllr,

]tarlttoltic:s tlrrd огЬit,а1 sir_lebarrds of tlrc rvlrittl <1ц,агf

spirr ft,e<lrletrcy аrе оЬsегr,ес1, rrclt t}re spitr fгеqtttlпс1,
itsclf (Patteгsort tlrtd Szkildy, 199З).

Flrst ttltlirviclltlt. sllcctгc-lscclllv of YY Dга rr,itit tlt_l-

oгdirr;rte<l tI, В, V, [t ancl I1l}rototrtetry, tlnci EIrr spec-
tгоsс()I)y Ibrrrrd 16% scпriarrr1llitucltl pulscs lvith а ре
гitld of 261.7(1) s irr tlre UV ct-intiltrrrtlrt. Тltс:ге r,vtls

tto rlviciclrlc:c: fЬг 1lсlrчег irt tц,,it:tl 1,1ris peritlc1. Tlrc LIB\"
1ltliscls rr,crc: irI p}rtlse lvit}r tlrrl UV colrtirrtlttrtt 1ltll-*a-
tiorr. T}rc: ц,hitе clwirгf sllirr рtlriо11 }tas tltlc.'n гcfirrcr1

arrci is 529.31 * 0.02 s. Optical 1lrrlscs at 273(i ) ,s ltavr:
trlso bcctt cltltectcd. \Ъгiаtiоrrs irr t]tc С I\,' 1irre 1-lrо-

filtэ п,с.ге scell о\rег tlre spirr регiоd. Falrrt. 'llt,clac.i 
lirrt:

rviltgs extettclirlg to *3000 krTl/s ap1_1c.tlг siIlrttltatltl-
cltlsly rvit}r tlre contintrutrr pttlsaticllt trraxittta ( Htrslvc.'ll
et trl., 1997).

Tlre clirtir clf lorrg ROSAT HRl ollsclгl,irtiolts sltorr,

thrrt YY Dгti exlriblts а cloublc -ptlakcrl Х гаr, pLrlse

ргоfilе. It htrs becir агguесl tha,t t}re slroгt spin рс:гltlс1
оf tlrc li,irite tlrr,ttгГ iп tirc olljc:ct irrtllt:attls tliat it 1rirs

tr rvcak rrtagtrc:tic fic:ld (Nогtоrr et trl.. 1999).

2.3. GK Реrsеi

GK Регsсli is arr olci ltova (Nclvtl Регsсli, 1901) u,hiclr
егuрtеd irr 1901 li,itlr l" - 0,2 rrrag at tt tlt.txittrutlt,
atlcl поrл,, tltc,l systcrn is at its пrinirrrutTt bгig}rtness,
1'ry 1З llrirg. Its liglrt сrrгчс sliows 2 3 trrag outbuгsts
l,vhiclr last sc:r,eгal morrtlrs a,tlci гсltluг сiuаsirсlgul;rгl1,
0\lегч ll,.,1[J0 days (Subbaclirr a,rrd Bltlrrt:hini, 1983).

T}rc spe<:trttrrr of GK Реr slroц,s trbsorption atrd
eпtissiort lines \rаryiпg with trli оrlritаl periocl of 1d.997
irr alrti-pliasc: (Cra,rriptorr et а1., 1986). The Х-rау lig}rt
сurlе obsc:rr,ell clurirrg arr o1ltica1 оut,Ьuгst ге,,,еаlесl
l,t:гу strong prrlsatiorrs (modulatiorr dt:ptir to rrti.r,xi-

пrurli f]ux - 50%) wit}i а 351 s pulse регiосl п,lrich lvirs
trttrillrrtecl to ttre slliri pc:гicld of tltc: пr:rgnetic rvlritt:
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drnarf (Watson et а1., 19В5).
Tin,o Х-rау rэЬsеrчаtiопs of GIt Реr irr quicscelice

rnade wit}i EXOSAT confirrrrcd t}re 35i s puise рс-
riоd first discovered duritrg the еаrliег ouibul,st. А
substarrtial variability of the rrrodulation depth, and

possibly the рulsе ргоfilе, in the obseгr,atiori orr tilпе-
scales of hоul,s was o'bserved (}iortorr et а1-, 1988).

Тhе 35i s pulse period }ras also Ьееп f'ourid iri tlrc-,

ultraviolet light сurче of GK Per: (Pattcrsorr, 1991).

Ginga оlэsеr\,аtiопs of t}re old поча GK Рсlrsеi irr

quiescerrce, as well as а Ьriеf scanltitrg obsclr-atit,,tr

during an оutЬurst detected t}re 351 s spirl rnod,,r-

lation, which сопfirпrs ihe results оf tirc ргеr,iоirs ЕХ-
OSAT o'oservatioIis (Ishida et а1", 1992).

А соhеrепt S *,avtl modulatiorr r,r,itlr ttrc: 351 s spirr

period in tlrc optical etnissiorl iirres of GK Реr has
lэeerr found. Тhе puised fi:action of the Ваlпrеr апd
НеII line fluхеs lvtrs 496 апО 8%, respectivei1, (Гtеiп-

sch, 1994). The sресtгорlrоi,оrttеtг1, of GK Реr. 1lег-

fогmеd during the 1996 сlц,агf riova otrtbr:гst, геr,еаlеd

tlre wlrite dlчагf spiri period iп litle fluxes, V/R rtrtios,

and Dоррlег-Ьrсаdеrrе<] errlissiorr profiles (\,Iorales

Rueda et al., 1999).

3" otlservations and data yeduction

Spectrai observatiorrs ъ,еrе саrriеd out at the Spc:-

cial Astrophysical ОЬsеrл,аtоrу Ьсtц,ееп Nlliiгсll 1996

and DесеmЬеr 199В usirrg the sресtгоgrарh SP 12,1

placed at t}re Nasrrryth sесопdаrу focus of tlrc б rri Bip,;

Telescope AziTnuthal (ВТА) (Ioanriisiarii et ai., 1982).

The spectrograph eqtiipped ivith а 120U lirles7/rnln
gгatirrg ga\re а rесiрrоса1 rlispe,гsiorl of 50 A/rnnr. А
mu]ticharrnel photoir-corrnting svstern оr а tclevision
scallner with two liries of 1024 c:hanneis rесогdеd two
spectra sinrultatreously (Somova et а1., 1982; DrаЬеk
et al., 1986; Afanasiev et а1., 1991). The obseгvatiorrs
of GK Рег wеrе реrfоrmеd with tlie arralyzer of с:iг-
сulаr апd linear polarization (Najdeirov & Panchuk,
1996), whictt was irlstalled irr frorrt of tlre slit of
the sресtrоgгарh. А 2 arcsccond s]it r,vas used. Tlre
spectra rvere оЫаiпеd irr а rvavelerrgtlr passbarrd of
ry 1000 А wittiin the rarrge 3900 5i00 АА wit}r а
dispersiori оf 1 A/c}raririel (spectra1 геsоlutiоп х 3 А)
and а temporal resolutiori of 32 ms. The sресtга wеге

гесоrdеd corrtirruously, апd а Не Nе,Аr 1аrпр lvas оЬ-

served between the ехllоsurеs for ,лачеlепgth саliЬга-
tion. Iire log of оur оЬsеrчаtiопs iB ргеsепtеd iri 'ГаЬlе

1.

Роwеr sресtга rvere calculated rvitir the heip of
а special algoritlrrrr. Its mathematical justifiсatiorr is

ргеsепtеd in Appendix of the Solntlv et al. (199Ва)

рареr. The rапgе of periods fоr analysis чаriес] de-

pending оп the object. }'оr BG C\,Ii the period of
interest is 913 s, апd tlie гапgе of tho irivestigatecl ре-
riods frопr 300 s to 2000 s ъ,аs clrosett. Tire гesolrrtiorr

alorrg the period was 5 s irr the rarrge fгorrr 300 s to

600 s, 10 s irr ttre rапgе 600 1200 s arrd 50 s in the
rairge 1200 2000 s. Fог YY Drа апс1 GK Рег the ре-
гiоds of iпtегеst аге 265 275 s, 530 s anc] З51 s and
thc: rаtrgе of t}ie invcstigated регiоds ll,as fгorri 100 s

to 666.6 s. оr t}re sca]e of регiоds fоr BG CN'Ii was di
vidcd Ьу zr scale fасtог of 3. То study the oscillations
arourrcl 530 s irr YY Dга, rvc usесl а scale fасtоr of 1.5,

irr t}iis case tire реriоd of irrtercst was ili t}re rrricidltl

of tlre рсгiоdоgl,аm. The роwеr, aпrplitude and plrase

of tlie tlscillations iii relative uuits (tlie lечеl of the

corrtinurlus sllectгttttt is etlrral to 1) fЬг еl,еrу ctrannel
(iva,velength) rчсrе calculated.

The гc:ltrtivc intcrrsity of enrissiclrt lirres irr tlre spcc-
tга of YY Drа is sigrrific:alrtly gгеаtеr tiran iri those of
BG CN,ii апсl GK Реr. It 1eads to clistortion of роwеr
sptlc:tra iti t}re war,elerigtlr rarrges соrгеstrlопdirrg to t,he

t-.lrrission litles. То c:onrpensate t}ris effect we lrаче поr-
iriarlizeci cver1, scction of ttre роwеr sресtга along the

рсгiоd so thtrt tlte rTreatr values clf tire sections irr the
гаrtgе tlf perio<ls fг<lrrr 300 to 500 s rrге equal. \\Ъ will
trarrrc suсh рt;lчег sllectrtr as normalized oltes.

То estirnate tlre tirnc of со]rеrепсе tlf t}re NBOs, an
adclitional tеIIIрогаl геsоlutiоlr fог tlre роrчеr spcctra
rvas iпtгосluс:еd 1п t}re сurгепt stuciy trs rve did irr tlre

stirdy, of \"405 Аur (Sorrrov et al., 2000а, Ь).

Тhtэ п,avelettgths rчеrе calilrratecl (Kopylov et al.,
i986) ъ,it}r the lrelp of al He-Ne Аr lашр. То check
possible itrstгurtrelrta1 effects,,"vt: оllsегr,еd staTrdtrrcl

stагs. }io significarit fсаturеs iTr tlre роwеr spectra of
tlre stапdагd stars rvere folrird.

4. Results
4.]". BG Canis N4irroris

T}re rеsrrlt of the рlоrчсг sресtгuпl calculation fЬг tire

ехроsurе |2127 l9S 1,0, see Table 1, is рrеsепtсd iп
Fig. 1 as а 8rеу, sc:ale irrlage. The ievel of the gгсу

irrtensity is ргороrtiопаl to t}re роwеr of spectral os-

ciliations in агЬltгаrу rrnits. Tlre blackest fеаturеs iп
ttre роrчеr spectrum аге seen at tlre реriоds iп t}re

l,.icinlty of tlre реriоd 91З s согrеsроrrdiпg to the spin

регiоd of t}re niiite drп,,агГ.

T}re section of thc: роwег sресtгuпr along the wave-

lerrgtlr согrеsроrrdirrg to the 910 s регiоd (bottom)
trrrd relatlr,e irrterrsity (поrmаlizеd to the corrtinuum)
spectruпr (top) illustrate this рrореrtу iп Fig. 2.

T}re scales of ttie ролчег and relative interrsity ilr

1,his figure аrе oxpl,essed irr аrЬitrаrу units, but the
zего level for t}re uрреr sресtгrrlп is shifted and сог-

rеsропds to 60 units. The lvaveiengths of the fеаturеs
in the роrчеr sресtгurп аrе mairrly inside the prclfiles of

t}ie Ваlпiег arrd НеII 4686 А emissiolt lines. It is eas-

ily seen tlrat the роrчеr of oscillations is concentrated
сlnly in tlre гесl оr Ьluе v,,ing of the ernission lirres.

Tlre rnorroc}rrorrtatic роwеr sресtгuш оr thc: sectiotl
of tire роwег spectгitln over the реriоd соrгеsропd-
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7,) Son1()\,,, Son,fo1,:4

Tirbie 1: Jоur"rtul of the ob.se,r"urltiort,s

ject Date (mm/dd/yy) umЬеr of
CN,Ii 03l|T l96

ехроSuге Stагt (UT tirrrt:) Ехроsuге (s) NIoclc:

BG C\,Ii
YYDга
YYDга
GK Рег
GK Per

12l27l98
12l27ls8
12l28/98
|2l2E l98

03
1t)

|2
ll

03
t]6

17:31:30
о'] . l l.)..f:

02:18:{l]
02:06:1Гl
17:,{ l :.15

21:18:()()

539L)

6375
5082
6320
3037
40.12

Sl)e(]t1,1 11lI

sресtгuttr
sllecltгtltrr
Sl)ectгtlrIl

сirt:rrlаг 1)оlагizаtii-':
lirreilr poltrгizatitlr.12 /28/98

irrg to the lvarrclcrrgt}r 3966 А irr the рго{ilс of tlre Нс

etttission iiire is displaycd in Fig. 3. Tlre с:оiпс:iсlепсе rlf

the rnaxiniurn of tirtl stгопg fеаtttге itr t,lrtl rtltltto<:ltro-

tltatic porr,er sресtrum ц,ith tlre 913 s рсlгiоtl (rrррег

аrгtlw) is гсасlilу seerr.

Тhе rviclths of tlrc tЪаrtuгеs itr tlrtl ро\тсг s1)()ctrll1rl

а,lге also сlifГегеrrt. Cotrrllaгisotr of tire ц,icitlrs t,rf tlrc,

fЪаtuгtэs iri Eig. 2 tnirkcs eviclertt t}ro 1lгс:stlttсе rl{' гr:lа-

tilKlly w-idc fеtitltгсs (S 1UA), f,,г exartt1ll". irr tlrc Ilc
ertrission iirltэ, arrd of l,егу llаrго\\r (2 3А), liktl the tlrrcl

irr tlre Н1 ргоfilе. \\ro lttrve аlгеаrсlу оllst:гчс:сl sirпilirг

r,vidi: featurcs iri thtl poп,el spcctra of PQ Getn (Scltrrtlv

et irl., 1998а) , irrrd it 1s irlteгestilrg 1,tl cxatrtilte tltt:nt

itr пlоге cletai}" Tltc seclrletlc:e of t}rt-, rtrcltlotlhгolrrill.i<,

роwег s})cctrtr irr tlre rvavc,lerrgt,lr r:ittgtl fi,tlltl 396I.\
(Llottorrr) to 3970i\ (top) lvitlr zr st,t:p of 1А is shcllvrr

irr F'ig, -1. Tlrc рсilчсlг sllr,сtга \\,L]ге calclulirtcэc1 rrsing

tlte ц,lrсllе 0хроsur,(]. Irr tKltlitiorr. tve lrilvt] ccltrtl;ute<l

sirrriiirг роwсг sресtга fог t,}rc suiltlxposuгtls () 3000 s.
1000 .,1000 s airrd 2000 5000 s, rvltere tlrtl fiгst ttrrtl t,irc

sec:orld rtuпlЬсгs r:огrсsропсl to t}re t,itnc:s tlf tlrc llc-
ginrrirlg atrcl tlre ericl ctf tlie suЬсхр<lsuгс.s rvitlritr tlrc
lvhole exposurc:. Ttlc геsirlts of tlrc ctrlc:rtlzltiolts {Ьг

the srrbtэxpclsuгcs 0 3000 s arrri 2000 5000 s itгt: clc-
pictecl irr Figs. 5 arrd 6, гtlsресtivtllу. lt is seerr llt tlrtlst:
figuгtls tlrat tlie trtaxilrtitrn of роrчег irr tlrc sttl-1t:xprl-

suге 0 3000 s is sigrrific:zrrttlv гcdslrift,cld геlаtll,tl ttl tlre
suЬехроsurе 2000 5000 s. Tlris illL,alls tlrat tlre Ьгоirс1-

erring of thc features calllrot Ье attrillrrtcltl to t}rc: spirr

гоtаtiоп of tlle wirit,o tlrчirгf. atld otrc slroulrl sеtrгсh {сlг

ari explarratiorr iri оthег 1l1rvsical ргосеss()s in tlre svs-

tem. Fоr соrпрагisоrt tltc: seqrrerrce of tlie rrtоtlос:ltгсl-

rtttrtic: pclwer sресtга irr t,lic wal,eli:rrgt}r гаrrgе fi,otrl

4341А (tlottorii) to .1350А (top) rTitlr а stt,p oI 1,\

is slrorvri irr Fig. 7. 'Iire sitrluitarneotts ргеsсrlс,е оf t}rt,l

rvidc (Fig. 4) and llаггоlч (Fig. 7) Гtlаturеs сlttп bt:

explairied Ьу t}re sltогt tirrrc of соltсrс:rir:tl clf t,lie os-

cillatiorrs and tlreir transierrt сltаrtlсtсг. \Vc srrp1lostl

tlrat t}re hoadeniIrg of ttre fetrtltгcs is tlre rсsult of
t}le orbital rottitiott of t}rc rvtritt: сllчtiгf. Ап irnalysis
of the роwеr sl)есtга of tlre srrllexposuгes 1-ields arr c,s-

titrurte оf tlre tirrre of соlrегеrrсс of tlre trtottclc:liгorrtirtic

oscillatiorrs оf arbotrt 3000 s.

Tlre tirrlplitude of tlie osс:iilations wtrs 1rp to 5()%

duгirig the 3000 s subexprrlsrrгcs.

'l]1re stir,tisti<:aI sigrrificirrtr:tl ог thtl 1.,гоЬаЬilitч оf
ratttlotrr origirr of tlrc NI]Os is cstitrrtittld tlt - l0-8.

4.2. YY Dracorris

А gгtlv sc,:rlc irnagcl clf t;1кl tto1,ln;rlizcci р()\vOг sp(:)c-

tгttttr tbt, tirr, сl-чllсlsttгс 12l2T l98 12 is 1lгеsrэrrtес1 iri
l'ig. 8. Tlrc 1cr.el of tlre gгсr, irrterrsity is рrорогtirllrirl
to thtl tloгrnlrlized 1ltlrvt:r clf sllt:ctгal tlsc:illiltitlrrs itr аг-

llitгzrrv tttiits. Trr,o st;rtistictrlly sigrrificarrt ftltttuгtls itl

thr.- 1lоri,сlг sl)с(]irulп t:lrtt lle sccn. Tlrc first, is loclrtcd
irr tlrc Hi9 ргоfilе irt, thc 1lcriotl rlf 530 s, cot,l,clsllt-rttclitrg

to tire ц,lritе cirvarf spirr 1leгitid, lГhtl st:c:ond rria,nifr:sts

itsclf irr t.lre Нс 1lгоliltl at tllc} 1lегlсlсi of 265 s! согt

гc:slэtlttdittg ttl thc: lt:rгtrtc.lttic: of tIrtl wlritt: tiц,trг[ sIlitt

[ir:clrrr:l i c;1..'I ltc: stlt:t ioI rs t>l t ltc: tttlгtrrlLliztlci р оп,t:г sllt-,c-

tгtittt trlorrg tltt: rl ttr,c:lerrgt,lr t,c-lгl,tls1lottdirrg to tirt: 53() s

регlrl<1 (bclttorrr) alrd tcl i,lrc 2б5 s 1lcriotl (rtrirldlc) u,il,il

1.lrc: геlirtir,е in|llrrsitv sI)ectl,ullt (top) :rre 1lгt:sеtrttlсi iп
Eig. 9. '1'1rc stlirlcs of tlttl 1ltlr.vtlt, trrrc1 гtllаtiчtl itltetrsit1,

irr this figurt: агt: t,xpl,t]ssi:]d irr агЬitг;rгl,utlits. btlt ztr
гоs toг t.lre top t.r,rit] rtricldlcl SJ)есtгtI аrе slriltcci irrrtl

t:оггсsропd tо 6(.l alrtl 2[') rirrits, гtlspectir"t:i1,.

Tlre {i,tigrrrerrt of t}rtl scctitltt of tlrc: trclгtltirlizoc1

1)о\\.ег spcc]tl,rtnt alottg tllt, rvavclengtlr сlоrгсsllоlrdillg
t,o the 530 s 1lсгiоt1 (bott,clrn) ц,itir tlre гclir,tive itt-

tertsitl, sреtltгutrl (top) irгс prtэscltltecl irr Fig. ]0. 'I']rtl

sr::rltls of tlrc: polvcll, tttlcl rсlаtlчtl irrterisitr, 1rl tiris fig-

llг() аrе expresstlcl irr агЬitгi:lrч uttits, 1ltlt zегсl 1оr tlre

top sllcctгrttrr is slrifttэti tttt<1 ctll,reslltlrrcls to 60 rrrrits.

It is гt:aclilr,sш:tt itt Fig. 1() |lrzl,t t.ltсl 1сirtrtгt: in tlre
роrr,ег spet:t,ru]lI (jiltillot lle irttriblttc:tl to tlrc: rr,lrolc,

c:ttlissicltt }irrc but siroulcl lle :rssigned to its scgrrrclrtt

ог (:olllpollelrt, Sut,lr c:orrt1lolrettts sltt;lv tllc:ittstllves tt1-1

extlltrsive11, itt tltrr 1lorver sl)()(]tгil.

Higlr relirtive irltcrrsit.v of c:rttissiort liпеs iTr thc,

spet:l,гrtttr lt::r<ls tc-r ir lrotic:eall1e сlitГсlгспt:сl bc:trvtlcrt

tltt: 1>tlrver of tlrc rtoise tlscillatiorls irr the ctrrrtinri-

otts sllccltгlttrr atlcl t:rrtissittlr 1irles, Tiris i-lгорr:rtу rvas

с()II lpellsiltc(I Ь1, adciitiortirl troгrrtaliztrtiorl w}ric}r rva-,

tlt:sсгiЬсr1 irlltlve. T}rc c:stlrrrirtc сlf t}rc sttitistictil sig-

lrifitlittrtt оf t,lrc: fЪаtruеs is 10 6 - 10 8.

Tlit: alnplil,rrcicl tlf tlre os<.:illations was lltr) to 70Cl

сluгirrg the 20()0 s subc:xlltlsuгes, It shorrld Ье rrclted

tlrat, rvc пrеirsrrгеrl tlre ilrn1llitudcs of os(]iliations гt:ltr-

L
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tive to the continuous sресtrum. Thc rectilculation of
гlrе amplitudes relative to tlre nteart intotlsity notice-
аЬlу decreases t}re lаttег arrd iп the case of YY Dга
the 70% aпrplitude сопчегts tcl а 16% clrre.

The rnclrtocliroпratic роwеr sресtгuп} ог tire scc*
tion оГ the роwеr spectrurTt очеr the реriоrl согrс:-

.pondirig to the wavelerrgth 397t] А in thс рrоfilс
,lf tlre Нс emissiorr line is shown in Fig. 11. А sirTri-

.:rr rrronochromatic роu,,ег spectrrrm at ttie wavclengtlr
]85,1 А irr t}re ргоfilе of the НВ ernission line is slrou,tt

.lr Fig. 12. То see Ьеttег tile coiric:iclerrce of thc rrrax-
_irrlrtn of tlre fсаtuге in t}re sрссtr1llп rvitlr tlt.: 530 s

:lегlосl (uрреr аrгоrч) , wc rccalculate tlre роlчег spec:-

:r,urn adjustlrrg the scale of tlic trlcriod so t}rat t}ie spirr
,leriod is close to thc micldle in tirc: figurt:,

T}re coiliciderrce of tlre lпахiпruпi оf tlre strollg
:i_,ature iп the rrrortoc:hгornatic роwег spectrunr with
-пе 530 s period ls ге:ldilу soerr. Using the tlсsсгlllесl-
_,:lOve tnethod of subcxposures, We estirrratecl t}re tirtte
i cil}rerence of the NBOs, rvtriclr is about 3000 s fЬr
re osci]latiotrs irl tlre рrоfiIе of the Hl] епtisslоп 1irre

,itc] about 2000 s fоr tlre oscillatiorrs irr ttre ргоfilс оf
-:.с Нс eпlission line.

lt is iпrportallt to llote t}rat in the sccolrcl ехроsltгс
:,r: NBOs wсге detected orrly iri thc profile rll tllc: Нd
:rtisslotr line at the spirr pericicl.

].3. GK Реrsеi

-л gгеу scale imagtl of tlre lэower sресtrtrпt fоr t}rtl

...роsllге 12l28l98 3 is preserrtecl iп Fig. 13. Tire it:r,сl
: tirc: gгеу intcrrsity is proportionirl tr.l t,}ie роп,ег of

-,,ес:tгаl osciliatiorrs iп агЬitгtrrу, urrits. No statisl;ically
-..,Irific:tint features irr t}rc ров,еr spectrllп} itre seen,

- ]lс satne result was оЬtаiпесl irr bot}r ехроsuгсs itl
.._ polarizatiott chatrneis.

5. Discussion

rrlрагisоп of tlre variaticlrrs оl,ег spirt pleriocis irl
::.issiotl lines in оthеr obseгvatiorrs ц,itlr ошг results

-...,r,,,s that the ргеsепсе of the NBOs iп ernissiclrr 1irres
- , oIrrpatible with the oscillirtiorrs of tlie \r/R гаtiо.
, iivalent width ог radial velocitl. of elrrissiolr littes
,-:г thе spilr period оr its }tarrtlonic. Tlie coll\rell-

, , lral iпtегргеtаtiоп of t]rese чагiаtiопs оr alt "it(:t:г(l-
lL сuгtаiтt" пlоdеl ln п,hich the disk feeds gas to the

:.ito dwarf сап Ьс fourrd iTr Раttс:гsоп (199-1), R,oserr
- а1. (1988), Fеrгагiо et al. (1993). Tlrtl NBOs rчегtл

-,:ected irr thе роrчсr spcctra of PQ Gerrr (Sorrrov
, irl., 1997, 1998а, Ь). Оп tilc basis of the оЬsсr-
. ional ргореrtiеs of t}re NBOs, wе have cclnc:luciec]

,.-.l поt t_lnly ап "ac:cгeticlrr сuгtаiп" rTroclcl is insrrf-
, .eIrt, but tlreir irrterpretation irr the fгапlс of corr-

:.tional plrysics is iTrrpossiЫe arrd, as а colrsequencc)
ilave proposed alr advartced lrypotlresis (Sorrrov et

а}., 1998tr, Ь). Basing olt tire additional sресtгаl оЬ-
scrr,atiorts of Y405 Аur rvitlr tlte сiгсulаг аrrr1 liltеаг
polarization t}lalyzers, we sllggest, ?rs а dе\,еlорпrепt
of tlre }rl,potlresis, t}rat t}rc NBOs carr Ье corrsiclered
as signtrtuгes of elernerrtary ptirticles (Sornov et ir,l.,

2000tr, Ь).

Тсl с:rltпрtl"гсl tlre NBOs in роrчег sресtга" of rliflЫ-
clrt IPs rvc: }tave ct-ltlttted forrnaliy tlre пtrlrrЬег of tlre
events clf detectiorr of tlre NBOs irt опе ехроsuге ancl

ilsýunrL. t}re sarrle rvavelengl,h rarrge and есцrаl ехро-
stires. It lras Ьееп fourrcl that t}re пulпЬег оf NBO-
events 1rr t}rtl роwеr sptlc:tra of PQ Gепr, \1405 Аrrr
апd BG CN,Ii is gгеаtсг (,1 5 evc:nts) tlran irr thtl

1loпKll spectra of YY Drа (1 2 t:vcrrts) and GK Рег (0

t:verrts).

Tlrc rrragrletic ficlcl stгепgtlr of tlrc п,lrite clrvarf
in PQ Gern, \"405 Аuг and BG C\4i is соtriраrаЫе
lvitlr t}rat of роlаrs (8 18 I,IG, Plirolar еt а,1,, 1993; 9

21 N{G, \'actlr et а1., 1996; НаЬегi ancl l{otclr, 1995;

Pcrinirrg ct al., 1986; \Vest et rrl., 1987), ()tr t}re оtlrt:г
}ratr<l, YY Drа arrd GK I'ег have а wc:ak trragtletit,
ficlcl (Noгtclrr et ai". 1999). Tiris гelatiorrship }lctil,c:etl

t,}re stгerrgth of tlre trrtigrlct,ic field trnd thc: ttuttlbeг of
t,}re NBO-events is arl adcliticlrral агgutrrепt iTt fal-ilur
оf thc ргсlsсlпссl of strotrg tnagnetlc fields (Sr-irrrol et

а1.. 1998а) irr the rcgiclrts of foгrrraticlri of the t,acli-

аtiоrt catrsirtg tire NBO-evel}ts ill t}rcl 1ltilvel 5I)(,(,1f а.

Ноr,,.еl,ег, tlte tttrtnbcr of the NBO-cvL,lIts ltt t}tl, 1;il,*,еr,

s1-1еtltга of PQ Gc:rli arrcl \1405 Аuг rr,;rs ltrlticL,llilir
vaгiiibie, arrcl tlris ргсlllа,Ые сlсrггсlаtiоlt ltt,eLis .rlr l,....--

tiопа,1 oilservational сtlnfirttiatioti.

Sonre porr,cг sllсlсtга of PQ Genr shorтct1 t,elr,il-,,t,,,,

Ыоzrсl {Ъtrtuгеs (8 1rJA) (Sorrrov c:t :r1.. 199StL]. aIrri ,,rc

оЬstlгчt:d tlrtэnr agaitl 1rr tirc sрес:tга of ВG C\Ii, .\r,
:rdditiorra] investigt,ltiolr nrtrdc in t}ris рtrрег 1Fig., {

7) sliows tlrat t}re rпахiпrа of роwеr irr tlrc tllrrc attcl гt,сl

parts of tlre ft:аtuгс:s ttге rioticeallly sерагаtес1 irl titrt, .

l'}ris рrорегtr, оf t}rc Ьгоtrd Iеаtuгсs cioes 1I()t I)tг]llit
аtt,гiЫrtirrg ttrtlir llroatlt:rrirrg to tlre spirr Iotiltioll of
tlitl white clrvtirf. Wc: suggt:st t}rat t}rtэ огllitа} lrr()tioll of
tirc п,}rite dwirrf is rеsропsiЬlс {'оr tlris еl}Ъсt, Нсlrr,сr,ег.

t}re broacleriilrg of I'eatul,es ill роrчег sрссtга clatt Ье

соirsiсlсгес1 fогtrrаllу trs sulleгpclsition of t,wo ог sеl,егtrl

NBO-evcrits rvlric:h аrс: close itl tirrre artd itr optical
wilvt:lerrgt}r.

Olr tiic basis of оuг оЬsсгr,аtiопs of IPs (PQ Gc:rrr,

\",105 Atrr, BG C\,Ii. GIi Рег and YY Dга), rvc: Ье-
lieve tlrat оп а titrrc-scale сопrрtrrаi_llе ъ,itlr thc tirrre of
colrerertccl оIIе call оЬs(lrr,е thc NBOs iir tireir optical
sресtга ог thtэ NBO-events irr the porvcr spectгir. Оп
а tirrre-scale gгсаtеr ог lttlrc:lt grеаtеr th:irr t}rr: tiпrе
tlf tlrэheгerrce we strorigiy suggest tlrat опlу statistical
cles<:riptiotr of thc: NB()-evellts is pctssible. Тhс strrdy
of statisticls of the NBO-events is orre of irrterestirig
problerlrs of future obseгr.atioris.



78 SOMOV, SОМОVД

400
Period (s)

рrеsепtеd iп Fig.

aл,Е бооэ
дj
б
ь
Ф

а 400
cL

00
0
1

Figurе |l: The sесt,iоп oJ the ро,uеr sресtr-urп,,
ulauelength 3970 А.

8, аlопg the period соrrеsропd,,iпg to the

400 600 800 1000 1200
Period (s)

oJ the роwеr sресtrurп, presented i,п Fi,g. 8, аlопg th,e period соrrеsропdi,пg to

о,Е бооэ
дi
(d

Ф

а 400
{L

Figure 12 The section
wauelength /tS5,1| А.

,265 
s YY Dro, 12/27/9В* 12, 3970 А

YY Drо, 12/27/9в-12, 4в54 д

200

0
200

1000

800

ь_



EVIDEN СЕ FОR ЛIАRRОI4/-ВАЛID О S CILLЛTION S

GK Per, 12l2Вl9В-з

4400 4600
W€tve|ength (Angstroms)

79

600

500

з00

200
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6. Conclusions
-,\'е lrave preserited the results of dynarnic spec-
,_,jscopy of the intermediate роlаrs BG CMi, YY Dга
.:;d GK Реr obtained at the б rп telescope witlr the
,.=1р of the photon-counting system knorvn as the
- .]ппеr of ВТА. А spectral study of variability of
]G CN4i and YY Drа rечеаlеd rrarrow band oscii-
.,,:ions (NBOs) ог statistically sigriificant features in
-._еiг роwеr spectra in contrast to GK Реr in w}iich
-:.t oscillations wеге not fourrd. T}rc: NBOs irr the
- _,.сtга of BG CMi wеrе detected at the spirr реriоd of,,.: lr,hite dwarf (913 s) irr ttie profiles of Ва]mеr and
, _.II 4886 А ernissiorr lines. The widths of t}ie featrrres
.. lire роwеr sресtrа varied frоm 2 3 А to s 10 А.
_-.е роwег spectra of yy Dra rечеаiеd the fеаtuгеs
-": :he spin реriоd of the ргiпrаrу and its harTrronic.
- . е \BOs in the spectra of GK Реr wеrе not found.
_ ._е fогmаl соmрагisоп of the пumЬеr of the NBO-

.nts in the роwеr spectra shows that t}ris пurrtьег
- 5 events) is grеаtеr iп BG CMi than that in the

,],-ег sресtrа of YY Dra (1-2 events) arrd GK Реr (0
-,Ilts). The пumЬеrs of the NBO-everrts in the роч;сlг

-" -:.lrа of BG CNIi, V405 Аuг and PQ Gеm аrе about,.-. same, and these objects fоrm а grоuр witli роIаr-
:.-: Inagnetic fields (8 20 \4G), while YY Dга and,r Рег аrе attributed to the objects with weak rTrag-

_с fields. The relationship between the strength of
, - пtagnetic field of the wliite dwarf апd the num-
,: of the NBO-events in t]re роwеr sресtrа is ап

Ф

! 400о,=
Ф
0-

4800

obta,ined iп the right c,il,cular
oscillat,iorls i,п аrЬitrаrу tl;llits.

о| GK Реr ulhich ,шаs

to th,e роuеr oJ spectral

additiclnal геаsоп fоr the ргеsепсе of strorrg InaglictlL]
fields irr the rеgiопs of fогmаtiоп of the radlatiotr catts-
irig the NBO-events. On the basis of оuг оЬsегr.а-
tiorrs of IPs (PQ Gеm, V405 Аuг, BG C\Ii, Gii Реr
and YY Drа), we conclude that orr а tinre-scale пruc]r
greater than tlre tirne of соhегепсе orrlJ, а statistical
descriptiorr of the NBO-events is possible.
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