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ANALYSIS OF LIGHT CURVES OF THE WHITE DWARF

Abstract. The results of the analysis of the time series of observations of the white dwarf WD1145 + 017,
obtained on the 1 meter telescope at the Tien-Shan Observatory on the night of 26/27 March 2017 are presented. The
spectral analysis was carried out by the FAMIAS and GATSPY packages. The results of the analysis show that the
main periodicity is due to the passage through the disk of a white dwarf planetoid with fragments. The average
frequency is 5.7912 cycles per day, which corresponds to a period of 4.1442 hours. Three modes of oscillations with
frequencies from 27 to 48.7 cycles per day, which are not natural vibrations of a white dwarf, are also found. The
modes of natural oscillations of a white dwarf with frequencies 169.0450, 196.4138, 385.4307 and 546.1339 cycles
per day are revealed.
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AHAJIN3 KPUBOM BJIECKA BEJIOI'O KAPJIMKA WD1145 + 017

Annortauust. [TpeacrapieHsl pe3yIbTaThl aHATH3a BPEMEHHOTO PAaa HabmoAeHuH Oemoro kapmuka WD1145 +
017, BemoaHeHHbIC HA 1-M Teneckone THIAO B Houb 26/27 mapra 2017 roga. CriekTpaibHBINH AHATH3 MPOBOIHICA
naketoM FAMIAS u GATSPY. Pesyabrarhl aHamn3a MOKA3BIBAKOT, YTO OCHOBHAA NEPHOAHYHOCTH OOYCIIOBIICHA
MPOXO>KICHHEM IO JUCKY OCTIOT0 KapiuKa IUNIAHETOUAA C OcKoakaMu. CpenHee 3HaYCHHE YacTOThI 5.7912 1UKIIOB B
CYTKH, UTO COOTBETICTBYET mepuoay 4.1442 vaca. OOHapy>keHbI Talke 3 MOIBI KoJeOaHuil ¢ yactoramu oT 27 10
48.7 UMKJIOB B CYTKH, HE SIBJLIFOLIMECCS COOCTBCHHBIMHU KOJIECOAHMAMM OE/IOr0 Kapiuka. BhIABICHBI MOIBI COOCT-
BCHHBIX KoJeOaHui 6enoro kapymka ¢ yactotamu 169.045, 196.414, 385.431 u 546.134 nuxioB B CyTKH.

Kmouessle ciioBa: Ocblif KApIUK, OCKOJIOYHBIN JUCK, IIAHCTOUABL, TPAH3HUT, HEPHOIbI OCIHIILIIIH.

Beenenne. 3se3na WD 1145 + 017 (o =11"48™ 34°, & = +01° 28’ 59", V =17.24™) siBistercs GembiM KapIHKOM
C renueBoi 00OIOYKOHM, COINACHO HAOMOACHMAM KocMuueckoro teneckoma Kemnep Bo Bpems muccuu HACA,
xotopyro HaseiBaroT K2. Tlocie obpadorku gamHbiX K2 mms WD 1145 + 017 mosiyyeH TpaH3WTHBIN CHIHAN C
nepuogoM 4,5 yaca. C momompro ®@ypre anammza gaHHbIX K2, B pabore [1] ompeaemmmm marh Oonee crnadbIx
JOMOJTHUTCIBHBIX MEPUOAOB, HO CTATUCTHICCKU 3HAYUMBIX, BCC MCPHOIBI JIC)KAT B AUAMA30HEC OT 4,5 a0 5 vacos.
OO0HapyskeHO, YTO TIIyOHHA B ()OpMa TPAH3UTOB 3HAUMTEILHO PA3IHYAIUCH B TeucHUE 80 qHEH HaOmoaeHuH. TakuM
00pa3oM, OKOJO 3TOM 3BE3Abl TPAH3UTHBIM METOAOM B 2015 roay oOHapy»eHa IUIaHETa ¢ IEPUOAOM OKOIO 4.5
yacoB [1]. CymecTBoBaHHE TEIJIOTO OCKOJOYHOTO JHCKA BOKPYT 4% OCNIbIX KApIHKOB MO3BOJLIIOT MPEIIIOJIOKHTS,
YTO CKAJHCThIC OOJOMKH ILTAHETHBIX CHCTEM MHOIJA 3arpA3HIOT aTMOC(epsl OeIbIX Kapaukos. OTHAKO IO CHUX IIOP
IIPOLIECC CPbIBA IIAHETAPHOTO MAaTepHAa EIIe He HabMoaancs.

B pabore [2] ¢ HeOonpmuMu TeneckomaMu ¢ HosOps 2015 mo suBaps 2016 © mony4eHB! OOLIHPHBIC
(poromeTprueckue HaOmroaeHUS Oeoro kapauka WD1145+017, koTopsiii 00/1a1a€T OTHHM H, BO3MOYKHO, HECKOJIb-
KAMH KPYIHBIMH aCTCPOUAAMHU C BI)I6POCB,MI/I IbLUTH. HepI/IO,I[OI"paMMI)I BBIIBWIH 3HAYUTCIBHYI) MEPHOAUIHOCTD C
nepuogoM 4.5004 yacos. HalineHbI Taxke MHOTOYHCJICHHBIC IPOBANIBLI HA APYTHUX OpOMTANBHBIX (azax, apeidyro-
IHE OTHOCHUTCIBHO OCHOBHOIO mepuona. VX Hammume OOBACHAETCS NPUCYTCTBUEM (DParMEHTOB aCTEPOHIOB,
JABHKY IIUXCS 10 MCHBITUM 0p6I/ITaM.
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Hamu ObLTa IOCTABJICHA LETIb. IO HAOOACHUSIM B TCUCHHUE OTHOM HOYH C BHICOKMM BPEMCHHBIM PA3peIICHHEM
MPOBECTH YACTOTHBIH aHAIH3 KpUBOH Oecka Oemoro kapiauka WD1145+017. B pe3ynbTrare yaaaoch ONpEACIHTD He
TOIBKO OPOHWTANBHBIA TMEPHOX (PPArMEHTOB ILIAHCTOWAA, HO W MPEAMOJIOKHTCIBHO YACTOTHI COOCTBEHHBIX
KosieOanuit O€I0T0 KapiHKa.

Ha6moaaressHablii MaTepnai. Habmoaenus Oenoro kapmka WD1145+017 nposoammuce 26/27 mapra 2017
roaa ¢ TeneckomoM Zeiss-1000 («Bocrounstity), quamerp 3epkana 1000 MM, GoKyCHOE pacCTOSHHE CHCTEMBI 6650
mM. Ucnonbszosamace CCD kxamepa Apogee U9000 D9 ¢ konecom (GHIBTPOB, KOTOPBIC 00pa3yroT (poTomMeTpuucc-
KYI0 CHCTEMY OJM3KYKO K cTaHaapTHoi cucteme /xoHcoHa BVR. O6paboTka monyueHHBIX H300paskeHud u (poTo-
METpHsI 00BEKTOB MPOBOAMINCH C HCIOJIB30BaHHEM mporpamMel MaxIm DL5. BpemeHHoi#t psa npeacraBiaseT coboi
3HAUCHUS OTOKOB OCJIOr0 Kap/IMKa W 3BE3/bI CPABHEHUS AJII ONPEACICHHBIX MOMCHTOB BpeMEHH. [1poI0/bKuTEIh-
HOCTb HaOmoxeHuit 7°28"04°. MeauaHHOE 3HAYCHHE 1Iara BHIOOPKHU 1o BpeMeHu 70.194 CeKyH, YTO COOTBETCTBYET
yacrote HaiikBucra ~ 615.44 uuKiI0B/CyTKH.

Omnpejesienne nepuoIoB (YaCTOT) OCHMJIISIMIAL. [ MOMCKA MEPUOAOB OCHIJULILIUH, MPUCYIIUX CAMOMY
00BCKTY - OCIOMY KApIHKY, HCOOXOAMMO HCKIIFOYHMTH BIHSHHC BHCINHHX (DAKTOPOB: HM3MCHCHHC MPO3PAYHOCTH,
CTaOUIPHOCTh MHCTPYMEHTA U APYTHX. [ 3TOro 3HaYCHHUA MOTOKA OOBEKTA ACTATCA HA 3HAYCHHA NMOTOKA 3BE3MbI
pedepenrta. Bynem 0003Ha4aTh 3TY BEIMYMHY B JanbHeHmeM kak Amag. Pe3ynbTupyromuid BpeMEHHOH P,
MPEACTABILIOIMI co00# Bapuanmuu Amag co BpeMEHeM, mokazaH Ha Pucynke 1. KpacHoll mmHHEH Ha pUCYHKE
MOKA3aHO MPOXO’KACHUE CKOB3AMIETO CPETHETO.
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Pucynok 1 - BpeMeHHO# psii OTHOCHTENHHBIX IIOTOKOB OETIOT0 KapiInKa

CrexrpansHbiid aHamm3 (Amag, t) mpoBoamiaca maketoM FAMIAS [3] u wezasucumo maketom GATSPY [4]. B
makete FAMIAS wCnonp3yeTcss aarOpuT™M TOCTPOCHHSA CICKTPA MOIMHOCTH MeEToaoM Obictporo ®Dypse
npeodpasoBanusa. B makere GATSPY mcnonb3yercss alropuTM MOCTPOCHHS IEPHOJOTPAMMBI METOAOM OBICTPOTO
npeodpazosanms Lomb-Scargle [5.6]. Bux mepmomorpamMMsl moka3aH Ha PucyHke 2. Pe3ymsrarhl 4acTOTHOTO
aHaH3a MPUBEACHEI B TadmuIie.

Pesymprarel aHanmm3a MOKA3BIBAIOT, YTO OCHOBHAS MEPHOAMYHOCTh OOYCIOBJICHA TPEHIOM, BBI3BAHHBIM
MPOXOKICHAEM IO AUCKY KapINKa IIAHETOWIA C OCKOJKaMu. CpeaHee 3HAUCHHUE YacTOTHI 5.7912 (UHMKIBI/CYTKH),
YTO COOTBETCTBYET mepuony 4.1442 vaca. PesynpTarhl anmmpoKCHMAIMU 3HAYCHUH Amag CyMMAapHBIM CHTHAJIOM
(BKITIOUAS BCe OOHAPYIKEHHbIC MO/IbI OCIILLIIHH) 1Mo pe3yasrataMm FAMIAS nokasausl Ha Pucyhke 3.

Tabmuta - YacToTsl, 06Hapy keHHbIe ITakeTamyu FAMIAS u GATSPY

YacToTa (IAKIBY/CYTKH) FAMIAS GATSPY
f1 5.8168 £0.0272 5.7656
2 27.0755+ 0.0167 27.4138
f3 21.3634 +£0.0146 21.5839
4 48.3806 +0.0112 48.7150
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GATSPY Lomb-Scargle Fast Periodogram

aad

0.40 4

0.35 1

0.30 A

0.25 4

o
i~
o
[ AL

0.15 A

0.10 o

0.05

0.00 4

10° 10

Nepuod (Yace)

1071

PucyHok 2 - IlepuogorpaMma BpeMEHHOTO psijia, ITOKa3aHHOTo Ha PucyHke 1,

TIEPUOIBI TTOKA3aHBI B IOTapHPMITIECKOH IIKaje
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Pucynok 4 - IlepuogorpaMmsl ¢ nocieoBaTebHbIM "oTOeIBaHHEM"
OT KOMITOHEHT € COOTBETCTBYIOMUMHU OOHAPY KEHHBIMU YaCTOTAMH

Ha pucyHke 4 nDpHBOOUTCS pPe3yJabTal ONPEACICHUSA INEPHOAOB OCHMULILUH C IOCICAOBATECIbHBIM
“orOenmBaHHEM~ BPEMEHHOM cepmu, moiay4eHHbI B GATSPY.

OxHako BH3yalbHAs IMPOBEPKA CBEPTKH BPEMECHHOU cepmu ¢ mepuoaoM 4.1442 yaca moOKa3hIBacT HATHYHC
CMCIICHUA B JIOKATH3alMA OCHOBHOTO W BTOPUYHOTO MHWHHMyMad, YTO MOXKCT YKa3blBATh HA HCTOTHOCTH
ONpEICICHHA NEPHOAA (M3-32 MIOXOH CTATHCTHKH, MOCKOJBKY BECh BPEMEHHOH DsAA NMPOAOJDKHTEIBHOCTBEO 7.5
YacOB COACPXKUT JHINb OJUH IIEPHOX), MO0 HA peanpHOe pasnuuue mepuonoB. CpaBHeHHE (Da30BBIX KPHBBIX,
MOy UYCHHBIX € IEPUOAOM 4.1626 yaca ¥ HOBOTO, IPOOHOTO NMEpHOAA, 4.62 yaca MOKA3AHO HA PUCYHKE 5.

Mepuon: 4.16264079983 4. Mepuop: 4.62 u.
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Pucynok 5 - ®a30Bble KpUBbIE, IOy YeHHbIE CBEPTKOM BPeMEHHON CEpHH C MePHOIOM, 0003HAUSHHBIM Ha PHCYHKE.
CrieBa - pe3yJbTaT CBEPTKH C BBIYHCICHHBIM NeprofioM. CripaBa - ¢ MPoOHBIM MEPHOAOM



ISSN 1991-346X Cepus Qusuxo-mamemamuyecxas. Ne 4. 2017

W3 cpaBHCHHSA BHIHO, YTO BO BTOPOM CIIyYac MHHHMYMBI IMPOMHICHIBAIOTCSA 00JIeC KAYCCTBCHHO. JTOT (PakT
MOXKET YKA3BIBATh HA TO, YTO CIICKTPAIBHBIA AHAN3 BPEMCHHON CEPHH C TAKHM CHTHAJIOM MOJKET OBITh HEC COBCEM
AICKBATCH U BHOCHTH JIO’KHBIC TAPMOHHKH IPH BEIMHTAHAH TOTO WM HHOTO MEPHOIHYCCKOTO KOMIOHCHTA. UTOOB
HCKJIFOYHTH 3TO, HCOOXOIUMO NMPABHIGHO BBIACIUTH W3 CHTHANA BapHAIMH OJCCKA, BBI3BAHHBIC TPAH3HTOM H YIKC
3aTeM BHOBb IIOBTOPHTH YACTOTHBIN aHAM3. [IpHyueM KaXKIBIH H3 MHHUMYMOB HEOOXOMMO UCCICAOBATH OTACIIBHO,
MOCKOJMBKY HX ()OpMAa W MOMEHTHI HACTYIUICHHS MHHHMYMOB OTIHYAOTCSA (MOTYT H3MCHATHCA C TCUCHHEM
BpEMCHH). B kauecTBe mepBOTO MPHOTIKCHUS MOYKHO HCIIOJIB30BaTh METOJ BBHIMHTAHMA W3 HAYAJIBHOTO CHIHAINA,
CKOIB3SIICTO CPeaHEro mo 18 Toukam. JTO O3HAYACT, YTO B PE3YJIBTHPYIOLICM OCTATOYHOM BPECMCHHOM PIIC BCC
nepuosI Oostbine 0.351 yaca OyAyT yTEPSHBL.

OOHapy KCHHBIC TCPHOABI KOJICOAHHH, YKA3aHHBIC B TAOMHMLC, HE SBJHIIOTCH COOCTBCHHBIMH KOJCOAHWSAMH
Oeyoro kapimka (MepHOAbl KOMeOaHUH OSNbIX KapIUKOB JiekaT B mpeaenax ot 100 no 1000 cexkyHa, TO €CTh 1o
gacToTe oT 86.4 10 864.0 mukioB/CyTkH). BpeMeHHAsT BRIOOPKA HAMICH BPEMCHHOW CEPHH TO3BOJIICT UCCIICIOBAThH
MCPHOAOTPAMMY 10 YacTOTHI MpHOMM3HTCIbHO 600 IHUKIOB/CyTKH. [y OOHAPYKCHHS BO3MOKHOTO IPHCYTCTBHUSI
COOCTBCHHBIX KOJICOAQHMH O€IOro KapiaMka MbI HCCICIOBANIM OCTATOUHBIH BPEMEHHOM Psi, MOCIE BBIUUTAHUSI
CKOJIB3SIICTO CPEAHETO, TMOKA3AHHOTO HA PHUCYHKE | KpacHOW ymHMECH. OCTaTOUHBIA BPEMCHHOW P IMOKA3aH HA
PHUCYHKE 6.
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GATSPY Lomb-Scargle Fast Periodogram
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Pucynok 7 - IleprogorpaMma 0cTaTOYHOTO Psfia, TOKA3aHHOTO HA PUCYHKE O, ¢ MHAWKAIHei 06HaPY KEeHHBIX TePHOJIOB

UacToTHBIH aHATH3 OCTATOYHOM BPEMECHHOW CEpPHH MPOBOIWICH B auama3oHe OT 150 mo 600 HMKIOB/CYTKH.
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IlepuomorpamMma COOTBETCTBYIOIIETO YACTOTHOTO JUANIA30HA MOKA3aHA HAa pUCYHKE 7. Ha pHCyHKe Take MOKa3aHbl
BO3MOJKHBIC OOHApPYKCHHbIE MOJbI COOCTBEHHBIX KoJcOaHuit Oenoro kapimka ¢ 4Jacroramu g; = 169.0450, g, =
196.4138, g5 = 385.4307 u g4 = 546.1339, uro coorBercTByeT NMepuogam I1; = 511.10644 cexk., I, = 439.8876 cek.,
Tl; = 224.1648 cek. u I1, = 158.203 cek. cooTBeTCTBEHHO. Jlns 00Jce HOCTOBEPHOTO OMPEIACIICHHS 3HAUCHHSA
NEPHOJOB U TOATBEPKACHHSA HX HAMHYUS B CIEKTPE MOIMHOCTH OEIOro Kapimka HEoOXomuM aHamm3 Ooiee
JUIUTCIIHBIX PSIA0B HAOIOACHUH.

Pabora BBIMOJTHEHA TMPH MOAACPKKE MPOTPAMMBI TPAHTOBOTO (DPHHAHCHPOBAHHUS MO mpoekty Ne 0075/T D4
Komurera Hayku MOH PK.
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O0X: 524.38
A.B. Cepeopsackmii, JI.]. llecrakosa, U.B. Pesa
B.I'. ®ecenkoB aThiHaarsl ACTpou3HKa HHCTHTYThI, AMath K., KazakcTan
WD1145 + 017 AK EPTEXKEHIIH YKAPKBIPAY KHUCBIF BIHBIH TAJITAYbI

Annoramust. 2017 sxeuraerH 26/27 HaypepasiH TyHiEze THIAO 1-m teneckoObHma WDI1145 + 017 axk
epreskeiiain OipkaTap yakbITTHIK OaKbLIayIapbIHBIH Tanaay HoTmwkenepi kepcerimreH. FAMIAS xone GATSPY
MAKETTEPi apKbUIBI CIICKTPIIK aHATH3ACP KYPTrisiami. TamgayIblH HOTHOXKENCPI, HETi3ri TMCPHOATHIK aK CPreyKeHIiH
JACKI OOMBIHINA TUIAHSTOUATHIH CHIHBIKTAPMEH OTyl Ke3iHae Oafikananpl. Toymirine oprama >KHiTKTiH MoHi 5.7912
ik, o 4.1442 caraT mepmoIbIHA Colkec Kenedi. AK eprekeHaiH MeHIKTi TepOerici 0ombim TaOBLTMANTHIH,
ToymiriHe ckuimiri 27 meH 48.7 mukmami 3 TepOemic MOAACHl TAOBUINBL AK SpreskKeHmiH MEHIIIKTI TepOemcTepi
ToymiriHe 169.045, 196.414, 385.431 sxone 546.134 UHKIIIK )KALTIKIICH AHBIKTAIIIBL.

Tyiiin co31ep: aK epreskeii, CHIHBIK AMCK, TNIAHCTOUI, TPAH3HUT, TEPOCITIC.
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