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ACTPODOPMUM3INKA

TOM 63 MAH, 2020 BBITTYCK 2

3BE3JIOOBPA3SOBAHME B TOHKHUX AUCKAX
CITMPAJIbHBIX TAJTAKTHUK, BUANMBIX AH®DAC

B.E.KAPAYEHLIEBA!, U.1. KAPAYEHLEB?, O.I . KALLIMBAA3E?

[Mocrtynuna 17 asrycra 2019

IIpencrasnensl oneHky uHTerpanbHoro (SFR) u ynensHoro (sSFR) Ttemmna 3Be3mooGpa3oBaHumst
mast 181 ramakTuku mmo3gHMx TMIOB Sc, Scd, Sd, Buammoli nmoutu aHdac. 3HadeHuss SFR mis Hux
nonydeHsl mo FUV-norokam u3 063opa GALEX. Meanannbie BennunHbl SSFR paBHbL: -10.66 dex
st Sc, -10.44 dex mrst Scd m -10.40 dex mist Sd TuroB B emmMuax (rom)”. CpemHee 3HaueHMe
sSFR /17151 9TUX TaJlakTUK TUIABHO YMEHBLIAETCS OT MAJOMACCUBHBIX IMCKOB K TMTAHTCKMM JIHCKaM.
ITocne yueta ¢oTOMETpUUECKUX OIIMOOK yIEIBbHBIM TEMIT 3Be31000pa30BaHUs MMEET Malyl0 KOCMU-
yeckyio Bapuaiuio, 0.16 dex. YToObl BOCIIPOM3BECTH HAOIIIOAAEMYIO 3BE3IHYI0 MACCy 3a KOCMUYECKOE
Bpems 13.8- 10° JIET, TaJakKTUKKU 0e3 Oammkeit, BuanMble aHbac, TOKHBI ObUIM UMETh B MPOILUIOM
temnbl SFR B aBa-Tpu pasza Bblllle, 4eM HaOJofaeMble ceituac.

KitoueBble cioBa: chupasbubie earakmuku: OUCKU: 36e30000pa3oeanue

1. Beedenue. O630p Heba B FUV-monoce majsekoro yibrpaduonera
(A, =1539A, FWHM =269A ) Ha xocmuueckoM Teneckone GALEX [1,2] npusen
K obHapyxkeHH0 FUV-TIOTOKOB y AECATKOB ThICSIY TaJlaKTUK. DTO ITO3BOJIMJIO
OIPEIC/INTh COBPEMEHHBIN TEMIT 3Be31000pa30BaHIs B TAJIAKTUKAX HA XapaKTepHOMI
mkase BpeMeHu ~10° JIeT, COOTBETCTBYIONIEH CpeHEMY BO3PACTY MOJIOABIX TOMYOBIX
3Be3l. YACAbHBIM TeMn 3Be3nooOpa3oBaHusi, sSFR = SFR/ M"™, OTHECEHHBII K
eMHULIE 3BE3IHOI MACChl TAJJAKTUKU, MOHOTOHHO BO3pacTaeT BIOJIb Xab0JIOBCKOI
nocieaoBaresibHOCTH OT paHHuX TunoB S0, Sa (7=0, 1 mo wkane Bokysnepa) no
no3nHux TunoB Sm, Im, Ir (7=8, 9, 10) [3,4]. OcHOBHOII TPUYMHOI BO3paCTaHMSI
sSFR ¢ poctoM Mopdosioruueckoro tuna 7 IBisI€TCSI YMEHbIIEHUE JOJIM CTApOTO
3BE3MHOTO HACEJIEHNsI, COCPEIOTOUCHHOTO TTPEUMYIIECTBEHHO B CheponaaTbHOMI
noacucreme (6anmxke). Ocraercs moka HesicHbIM noBeneHue sSFR B 3aBucumocTtu
OT MOP(OJOTUUECKOTO THUIIA MU 3BE3THOM MAaCChl y TajakKTUK 0e3 BUIUMBIX
NpHU3HaAKoB Oammka. MenpHUK 1 Ap. [5] paccMmotrpenm BEIOOPKY ~500 yiIbTparuiocKmx
(UF) cniipabHBIX TalaKTHK, OPHUEHTUPOBAHHEIX ¢ pebpa [6], Y KOTOPBIX BKJIA
Oasmxa B 00LIYI0 CBETUMOCTD TaJJaKTUKU TIPEHEOPEXMMO Masl. ABTOPbI MPUILLITA
K 3aKJIOYEHMIO, YTO TpU mepexoae oT Sc K Sd TumaM yaeabHbI TeMIT 3Be3[10-
00pa3oBaHusI Bo3pacTaeT B JiBa pa3za. OIHAKO 3TOT BBIBOI HYXXIAETCSl B HE3aBUCHMOM
npoBepke, Mockojbky B UF-rajaktvkax, BUAMMBIX C pebpa, cuwieH 3¢ deKT
BHYTPEHHETO TIOIJIOLIECHS, KOTOPBINA C TPYIOM ITOIIACTCS KOMMUYSCTBEHHOMY YIETY.
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B pa6ote [7] O6buta copmupoBaHa BeiOOpKa 220 ciMpalbHBIX rajJakTuK Oe3
Oanmxeil, BUIMMbBIX MOYTU CTporo aHdac. B Hee BOLIIM rajiakTUku mMopdoJio-
rmyeckux tTamnoB Sc, Scd, Sd (7=5-7) ¢ yrmoBsM guameTpoMm a > 0'.8, OTHOIIICHIEM
oceit log(a/b) <0.05, 1 1y4eBOIl CKOPOCThIO OTHOCUTEIBHO LiIeHTpouaa MecTHoit
rpyrbl V), .<10000km/c B 30He cxinonenuit DEC>-30°. BHyTpeHHee nomioienue
B 3TUX OO0BEKTAaX HEBEJIMKO M IPAKTUYECKU HE BIMSIET HA BUI COOTHOIICHWUS
sSFR(T) mmm sSFR(M™). BaxxHoit 0COOGEHHOCTBIO 3THUX TAJIAKTUK SIBISIETCS WX
JIOKaJIM3alusl B 00J1aCTSIX HU3KOM KOCMMYECKOW TIJIOTHOCTHU [8], T/Ie HEeT 3aMeTHbBIX
CJIeIOB B3aMMOICHCTBHS C OJM3KUMHU COCEISIMH.

Huxe mbl oueHuBaeM wuHTerpaibHbiii (SFR) u ymenbnbiit (sSSFR) Temn
3B€31000pa3oBaHMsl Y TATaKTUK 0e3 OasiKeil, BUAMMbIX aH(pac, U paccMaTprBaeM
3aBUCUMOCTD 3THUX TTapaMeTPOB OT 3BE3THON M BOXOPOMTHON MAacChl TalaKTHK.

2. HUcxoonvie nabarwdamenvuvie dauuvie. Cpenu 220 Sc, Scd, Sd-
TaJIaKTUK Hallleil BLIOOPKM, BUINMBIX aHac, BHe 30HbI GALEX-0030pa oka3aioch
39 ranaktuk. OcTajibHbIe TaJaKTUKU ObLIM yBepeHHO AeTeKThpoBaHbl B FUV-
noJioce. JlaHHbIe O HUX MpeAcTaBieHbl B Ta0a.1. CiaenyeT OTMETUTD, UTO B psjie
cayyaeB FUV-u3o0pakeHusl raJakTUK pacliagalTcsl HA HECKOJIbKO (hparMeHTOB.
DT0 MoTpedOBaIO MHAMBUIYAIBLHOIO MOAXOAAa K OMpPENeIeHUI0 MHTErpaIbHOTO
MOTOKA KAXIIOU TaTaKTUKU.

B cronbuax taba.1 cogepxarcst: (1) - ums ranaktuku; (2) - MOophoI0ruYecKuit
TUII M0 1iKane Bokynepa, onpeneieHHbIi HaMy IO MHOTOLIBETHBIM M300pakKeHUSIM
B 0030pe PanSTARRS [9]; (3) - uHTerpanbHasi BUaMMasl BeJIMYMHA TaJaKTUKU B
B-nonoce u3 6a3nl maHHbix HyperLEDA [10]; (4) - INanakTuyeckoe TMOIIOLIEHUE
conmacHo [11]; (5) - Buaumas BemmumHa ranaktnka B FUV-nosioce; (6) - Buanmast
BeJIMUMHA B JUHUU HelTpanbHOro Bogopoaa 21 cM no gaHHbiM [10]; (7) - unHTer-
pajibHasl BeJIMYMHA TaJakKTUKA B K-mojloce, BBIYMCIACHHAs MO B-BeJUYUMHE U
MOPGhOJIIOrMYECKOMY TUITY KakK

Ky =B,—A;+T/4-4.60, (1
(COOTHOIIIEHNE TIOIYYEHO ITyTeM aIlMPOKCUMAILMM JTAHHBIX, TPEIACTaBIEHHBIX Ha
puc.19 B [12]); (8) - paccrosiHue A0 rajakTuku (B MIK), onpeaeseHHOE 0 JTy4eBoi
ckopoctu V, . ipu napamerpe Xabona H,=73kM/c/MIK; 1l OJIU3KUX TaTaKTUK
¢ V,;<2500km/c omeHKa paccTOAHMs clelaHa cormacHo monenu [13], kortopas
YUUTBHIBACT MaJeHUE TaJakKTUK K CKOruleHuIo Virgo W paciuvpeHue MecTHoit
KOCMUYECKOH ITyCTOTHI; ISl CAMbIX OJIM3KUX TaJIaKTUK MPUBEAECHbI MHAVBUIYaIbHbIE
¢oromeTprueckure paccrostHus n3 6as3el JaHHBIX CAO PAH misa ranaktuk MectHoro
obbema http://www.sao.ru/lv/lvgdb/ [14]; (9) - norapudmM UHTErPaTbHON CBETUMOCTH
rajlakTuku B K-mosoce npu abcomotHoi BeanuuHe ConHua Kg =3".28; (10) -
JoraprM BOTOPOTHOM MacChl TAJTAKTUKU

178 4/10/2020, 2:49 PM



3BE3IOOBPA3OBAHUME B CIIMPAJIBHBIX T'AJJAKTUKAX

179

Tabauya 1

NCXOJHBIE JAHHBIE OJIA Sc-Sd TAJTAKTUK, BUIMMbIX AH®AC

lanaktvka | T| B, Ay | my, | my, K, | D |logL,|logM,, |10gSFR |logSFR/L,|
1 21 3 4 5 6 7 8 9 10 11 12
NGC7816 511391 0.27 [16.31 | 14.58 |10.29 | 74 | 10.93 | 10.24 0.204 -10.73
UGC00044 | 7 [16.70 | 0.15|18.70 | 17.8013.70 | 89 | 9.73 | 9.11 | -0.685 -10.41
UGC00048 | 6 | 15.60 | 0.58 |16.91 | 14.89]11.92 |63 | 10.14 | 9.97 0.061 -10.08
NGC7834 61535]0.63 [17.22 | 15.96 |11.63 | 74 | 10.40 | 9.68 0.112 -10.29
NGC0039 5114.34 ] 0.35 [16.69 | 16.02 |10.64 | 70 | 10.74 | 9.61 0.061 -10.68
UGC00160 | 6 |16.50 | 0.21 | 17.56 | 15.97|13.19 |68 | 9.70 | 9.61 | -0.416 -10.12
PGC1075005 | 6 | 15.57 | 0.15|17.18 12.32 146 | 9.71 -0.654 -10.36
PGC002257 | 51541 | 0.11 |17.34 | ... |11.95|59 [10.07 | .. -0.528 -10.60
IC1562 5113.60 | 0.05 [15.24 | 15.02|10.20 | 52 [ 10.66 | 9.76 0.156 -10.51
NGC0198 5113.10 | 0.11 [16.12 | 16.16| 9.64 | 74 | 11.19 | 9.60 0.155 -11.04
1C0043 5113951 0.29 [16.70 | 15.40|10.31 | 70 | 10.88 | 9.86 0.014 -10.86
NGC0236 5114431 0.11 {16.08 | 16.02 {10.97 | 80 | 10.73 | 9.73 0.235 -10.49
NGC0255 5112411 0.15 {14.26 | 13.51| 891 |21 | 10.39 | 9.57 | -0.166 -10.56
1C0056 61515 0.12 [16.65 | 16.25|11.93 | 85 [ 10.40 | 9.69 0.072 -10.33
UGC00626 |5 (1497 | 0.21 |16.96 11.41 | 80 | 10.55 | ... -0.035 -10.59
ESO412-013 | 5 | 15.00 | 0.09 | 16.68 11.56 | 78 | 10.47 -0.037 -10.51
ESO542-004 | 7 | 15.00 | 0.06 | 1697 | .. |12.10 |78 |10.26 | .. -0.182 -10.44
IC1666 6|14.35] 0.27 [17.03 | 16.23|10.98 | 70 | 10.61 | 9.53 | -0.134 -10.74
PGC005023 | 6 | 15.78 | 0.14 | 18.76 | 18.44|12.54 |27 | 9.16 | 7.82 | -1.754 -10.91
UGC00929 |6 |14.82 | 0.15|16.43 | 16.23|11.57 [104 | 10.72 | 9.87 0.358 -10.36
NGC0575 5113721 0.27 [16.11 | 15.51|10.10 {46 | 10.59 | 9.45 | -0.134 -10.73
NGC0628 51 9.80]0.28 [12.20 | 11.56| 6.17 [ 10 | 10.84 | 9.71 0.118 -10.73
UGCO01148 | 51545 0.71 [18.02 | 16.48 [11.39 | 68 | 1042 | 9.41 | -0.216 -10.64
ESO543-021 | 51495 | 0.08 |16.63 | .. [11.52 |79 |10.50 | .. -0.014 -10.51
UGC01347 |5|13.50 | 0321597 | 15.65| 9.83 |79 | 11.17 | 9.86 0.431 -10.74
PGC007210 | 5| 1497 | 0.13 |16.12 | 14.88|11.49 [112 | 10.81 | 10.48 0.527 -10.28
UGC01478 | 5| 14.56 | 047 |17.21 | 16.1810.74 | 69 | 10.69 | 9.53 | -0.066 -10.76
UGCO01546 | 5|14.76 | 0.33 |16.75 | 15.63|11.08 |33 | 992 | 9.11 | -0.628 -10.54
PGC007942 | 6 | 15.00 | 0.12 | 16.83 | 16.50|11.78 | 73 | 10.32 | 9.46 | -0.137 -10.46
PGC008142 | 5 | 1491 | 0.10 | 17.30 11.46 |110 | 10.81 0.021 -10.79
UGC02043 |5|1496| 052 |17.88 | .. |11.09 |73 |10.60 | .. -0.243 -10.85
UGC02094 |5 |13.74 | 0.28 |16.26 | 15.37(10.12 | 73 | 10.99 | 9.91 0.214 -10.78
ES0479-022 | 5 15.39 | 0.13 |17.05 | .. |1191 |99 [10.54 | .. 0.053 -10.49
UGC02174 |5 |15.09 | 0.57 |17.11 | 14.86|11.17 | 72 | 10.56 | 10.10 0.091 -10.47
ESO546-011 | 5 | 14.52 | 0.15 | 16.27 | 15.23{11.02 | 62 | 1049 | 9.82 | -0.031 -10.52
NGCI1067 5114.5510.82 [17.57 | 16.12|10.38 | 64 | 10.77 | 9.49 | -0.005 -10.78
UGC02323 | 5| 15.66 | 1.08 |18.72 | 16.62|11.23 [111 | 1091 | 9.77 0.217 -10.69
PGC012008 | 5 [15.00 | 0.21 |17.33 | ... |11.44|129|10.96 | .. 0.232 -10.72
UGC02623 |7 (1559 | 1.02 |19.07 | 15.36|11.72 | 63 |10.22 | 9.78 | -0.467 -10.69
UGC02692 |5 |14.07 | 0.34 | 16.06 | 15.86|10.38 | 87 | 11.04 | 9.87 0.496 -10.54
UGCO02712 | 6 | 1550 | 1.26 {20.26 | 17.58 [11.14 | 97 | 10.83 | 9.27 | -0.380 -11.21
UGCO02721 |7 |16.40 | 0.58 [18.45 | 16.67 [12.97 | 89 | 10.02 | 9.56 | -0.253 -10.28
NGCI1325A | 7 | 1340 | 0.09 [16.03 | 15.87|10.46 | 15 | 948 | 833 | -1.214 -10.69
ESO548-035 | 5 (1349 | 0.27 | 15.77 | 14.82| 9.87 | 57 | 10.88 | 9.91 0.195 -10.68
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180 B.E.KAPAYEHUEBA 1 AP.

Tabauya 1 (npodoaxcerue)

1 21 3 4 5 6 7 8 9 10 11 12
NGCI1376 | 5]12.85|0.20|15.02 | 14.62| 9.30 | 57 | 11.10 | 9.99 0.438 -10.66
PGCO013714 | 6 | 15.10 | 0.35 (1741 | .. [11.65 |59 |10.19 | .. -0.371 -10.56
1C0342 5| 940 |241(1280 | 8.03| 3.64 | 3 |10.81 |10.07 0.470 -10.34
UGC02859 | 516.00 | 1.93 {19.88 |15.29(10.72 | 77 | 10.79 | 9.99 0.084 -10.71
UGC03051 | 6{16.00 | 0.97 [18.37 |16.13|11.94 | 95 | 10.49 | 9.83 0.131 -10.36
NGCI1599 |5 ]14.10 | 0.17 | 15.38 | 15.33|10.58 | 54 | 10.54 | 9.66 0.225 -10.32
1C0391 511298 | 0.56 |15.04 | 14.69| 9.07 |24 | 1044 | 9.21 | -0.046 -10.49
ESO552-047 | 51526 | 044 (17.59 | .. [11.47 |90 | 10.63 | .. -0.007 -10.64
PGCO017323 | 7 | 1349 | 0.34 | 14.92 | 14.59(10.30 | 30 | 10.14 | 9.45 0.024 -10.12
PGCO018031 | 5| 14.84 | 1.09 [18.30 | 16.69|10.40 | 96 | 11.11 | 9.62 0.262 -10.85
1C0441 511440 | 1.18 | 17.16 | 15.16 | 9.87 |30 | 10.32 | 9.22 | -0.224 -10.54
UGC03574 | 6 [13.20 | 0.25|14.66 | 13.74| 9.85 |24 | 10.13 | 9.59 | -0.134 -10.26
UGC03701 | 6 [14.80 | 0.26 {16.59 | 1529 |11.44 |42 | 9.98 | 9.46 | -0.409 -10.39
UGC03806 | 6 |15.26 | 0.44 [18.10 | 16.61|11.72 | 74 | 10.36 | 943 | -0.385 -10.74
UGCO03825 | 5 |15.06 | 0.37 |16.97 | 16.21|11.34 {114 | 10.89 | 9.96 0.394 -10.50
UGC03886 | 5|16.00 | 0.27 [16.57 | 15.67(12.38 | 69 | 10.04 | 9.74 0.041 -10.00
UGC03924 | 7 |15.66 | 0.13 [17.54 | 16.80|12.68 | 69 | 9.92 | 9.29 | -0.457 -10.37
UGC04074 | 5 (1375 | 0.18 {1654 | .. (102299 |11.21 | .. 0.295 -10.92
NGC2500 | 71222 ]0.17|13.80 [1395| 9.20 (12 | 9.79 | 891 | -0.450 -10.24
NGC2514 | 5|14.01 | 0.15|16.17 | 15.65]|10.51 | 65 | 10.73 | 9.70 0.051 -10.68
PGCO086610 | 7 | 16.40 | 0.20 [18.14 | 17.45|13.35 | 65 | 9.60 | 8.98 | -0.696 -10.29
PGC023378 | 6 | 14.49 | 0.21 | 17.19 | 15.59|11.18 | 60 | 10.39 | 9.65 | -0.380 -10.77
UGC04380 | 5]15.05|0.26 [17.39 |16.43|11.44 |104| 10.77 | 9.79 0.058 -10.71
UGC04445 | 5(15.06 | 0.29 |17.11 | 15.60 (11.42 | 88 | 10.63 | 9.98 0.044 -10.59
1C0509 5113.83 | 0.16 | 15.87 | 1549(10.33 | 74 | 10.92 | 9.87 0.290 -10.63
NGC2607 511495 |0.18 [ 16.09 | 15.02|11.42 | 47 | 10.09 | 9.67 | -0.173 -10.26
UGC04536 | 5 (1542 | 0411806 | .. |[11.66 [103|10.67 | .. -0.101 -10.77
NGC2661 6(13.86 | 0.13 [15.30 | 15.15]10.63 | 54 | 10.52 | 9.73 0.226 -10.30
UGC04853 | 61524 | 0.17 [16.34 | 1522|11.97 |34 | 9.59 | 9.30 | -0.559 -10.15
PGCO026687 | 6 | 14.72 | 0.13 {1640 | .. [11.49 |46 | 10.04 | .. -0.353 -10.39
UGC05015 | 6 [15.30 | 0.09 |16.69 | 15.85[12.11 |28 | 9.36 | 8.88 | -0.935 -10.29
UGCO05153 | 51565 |0.13 (16.82 | .. [12.17 |110]|10.53 | .. 0.236 -10.29
UGCO05169 | 7 (1544 |0.05]|1741 | .. [12.54 [106|10.34 | .. -0.099 -10.44
NGC2967 511228 | 0.44 | 1526 | 13.46| 849 |31 | 10.89 | 9.93 | -0.002 -10.90
UGC05274 | 614.92 | 0.18 [17.01 | 1597 |11.64 | 79 | 10.45 | 9.74 | -0.087 -10.54
ESO3566-019 | 6 | 13.99 | 0.21 [16.03 | 15.27|10.68 | 47 | 10.38 | 9.57 | -0.125 -10.51
ESO499-011 | 7 | 15.01 | 0.27 [17.50 | 15.80|11.89 |38 | 9.71 | 9.17 | -0.856 -10.57
PGC028556 | 5|14.84 | 0.19 [17.47 | 16.07|11.30 | 98 | 10.77 | 9.89 | -0.077 -10.85
ESO567-010 | 6 | 14.44 | 0.29 |17.09 | 16.43|11.05 | 38 | 10.05 | 8.92 | -0.672 -10.72
PGC029301 | 5 [15.24 | 0.21 |20.14 | .. |[11.68 [125|10.83 | .. -0.919 -11.75
UGC05474 | 6 |14.89 | 0.10 [16.16 | 15.37|11.69 | 80 | 10.44 | 9.99 0.197 -10.24
UGC05483 | 5 (15.13 | 0.17 {17.29 | 1642 |11.62 | 82 | 1049 | 9.59 | -0.181 -10.67
PGCO029882 | 51454 | 023 (17.19 | .. [10.96 |126|11.13 | .. 0.283 -10.84
PGC029929 | 7 | 14.30 | 0.34 [ 16.82 | 15.08 |11.11 | 44 | 10.15 | 9.59 | -0.400 -10.55
NGC3184 | 6 | 1041 | 0.07 |12.53 | 12.89| 7.24 | 11 | 10.50 | 9.26 | -0.092 -10.59
PGC030452 | 5|14.78 | 0.06 [16.64 | .. [11.37 |87 | 10.64 | .. 0.051 -10.59
PGC030830 | 5 (1491 | 0.08 | 17.01 | .. [11.48 99 |10.71 | .. 0.030 -10.68
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Tabauua 1 (npodoaxcerue)

1 21 3 4 5 6 7 8 9 10 11 12
NGC3344 | 51050 | 0.14 |12.60 {1220 | 7.01| 10 [10.51 | 945 | -0.149 -10.66
PGCO031979 | 7 | 14.05 | 0.16 | 14.97 | 14.61 |11.04 | 31 | 9.88 | 9.47 | -0.103 -9.98
PGC032091 | 6 |14.45 | 0.17 |16.00 |14.92|11.18| 37 | 997 | 9.50 | -0.353 -10.33
NGC3433 | 5 (1330 | 0.15[15.14 | 1426 | 9.80| 35 {1048 | 9.71 | -0.069 -10.55
PGC032817 | 6 [15.28 | 0.17 (17.06 | .. |12.01|110 [10.59 | .. 0.167 -10.42
NGC3506 | 5 [13.16 | 0.13 [15.73 | 15.34| 9.68| 86 |11.31 | 10.06 0.458 -10.85
UGC06130 | 5(15.02| 0.16 |17.20 |16.11 |11.51 {112 |10.80 | 9.99 0.119 -10.68
UGC06194 | 6 |14.62 | 0.07 | 1592 | 1543 |11.45| 35 | 9.82| 9.25 | -0.444 -10.26
PGC034006 | 5 [14.13 | 0.27 |16.46 |15.30 |10.51 {103 |11.13 | 10.24 0.429 -10.70
UGC06335 | 6 [14.91 | 0.02 [16.64 {1526 |11.79| 41 | 9.82 | 945 | -0.634 -10.45
UGC06429 | 5 [13.78 | 0.05|15.74 |15.14|10.38 | 53 [10.61 | 9.72 | -0.033 -10.64
1C0696 6 [14.50 | 0.22 |16.83 |15.58 |11.19 | 84 [10.69 | 9.95 0.062 -10.62
UGC06528 | 5 |14.12 | 0.05|16.19 |16.31(10.72 | 46 |10.35| 9.13 | -0.336 -10.68
PGC036269 | 5 |15.59 | 0.12|17.94 |17.10|12.12 | 88 |10.35| 9.38 | -0.415 -10.77
PGC036353 | 5 [14.14 | 0.32 [16.51 | ... |1047| 39 (1031 | .. -0.394 -10.70
NGC3938 | 5(10.87 | 0.09 [13.05 |13.08 | 7.43| 18 |10.85| 9.61 0.140 -10.71
ESO573-002 | 5 [15.50 | 0.31 [17.16 |15.86 |11.84| 76 [10.34 | 9.75 | -0.081 -10.42
NGC4136 | 5 |[11.70 | 0.08 {13.70 | 13.70 | 8.27| 17 |10.46 | 9.31 | -0.178 -10.64
NGC4195 | 6 [1529 | 0.08 |16.54 |15.82|12.11| 61 [10.04 | 9.57 | -0.205 -10.24
NGC4303 | 5(10.16 | 0.11 {12.24 |12.82| 6.70| 15 [10.98 | 9.56 0.322 -10.66
NGC4303A | 6 [13.53 | 0.16 [14.82 | 14.61 {10.28 | 15 | 9.55| 8.84 | -0.677 -10.23
1C3267 5 [14.12 | 0.09 [16.96 |16.79 |10.68 | 38 [10.20 | 8.77 | -0.774 -10.97
1C3271 5 (14.57 | 0.14 |16.81 |16.17 |[11.08 | 97 [10.85 | 9.84 0.137 -10.72
NGC4411B | 6 [12.98 | 0.12 [14.95 | 14.67 | 9.76| 28 [10.30 | 9.36 | -0.210 -10.51
NGC4535 | 51056 | 0.13 |13.46 {1291 | 7.08| 16 [10.89 | 9.57 | -0.099 -10.98
NGC4571 6 (11.92 | 022 |15.18 |14.94| 8.60| 15 (1022 | 871 | -0.771 -10.99
NGC4653 | 5 [12.77 | 0.14 [ 14.86 | 1430 | 9.28| 40 |10.80 | 9.81 0.150 -10.65
PGC042868 | 7 |13.03 | 0.13 | 1491 | 13.88|10.05| 17 | 9.75| 9.24 | -0.623 -10.37
ESO574-029 | 5 [13.67 | 0.26 [16.58 | ... |[10.06| 83 [11.13 | .. 0.188 -10.94
NGC4688 | 7 [12.60 | 0.10 [14.80 |13.60 | 9.65| 7 | 9.14| 8.58 | -1.371 -10.51
NGC4900 | 5 [11.89 | 0.10 [13.82 {1449 | 844 | 16 [10.34 | 8.94 | -0.264 -10.61
UGCO08153 | 6 1449 | 0.13 |16.07 | 1524 |11.26| 38 | 997 | 9.39 | -0.387 -10.35
PGC045690 | 5 [15.86 | 0.07 [17.53 | ... |1244|67 | 999 | .. -0.524 -10.51
NGC5068 | 6 [10.50 | 0.44 [12.80 |12.36| 6.96| 5 | 9.92| 8.78 | -0.605 -10.53
UGC08436 | 7 [15.03 | 0.11 | 16.60 |16.09 |12.07 | 41 | 9.71 | 9.12 | -0.548 -10.26
NGC5154 | 51473 | 0.07 {16.35 | 15.61 [11.31| 77 |10.56 | 9.86 0.064 -10.49
PGC048087 | 7 |14.45 | 0.32 [16.70 |15.17 [11.28 | 34 | 9.86 | 9.33 | -0.591 -10.45
ES0445-076 | 7 |14.73 | 0.29 |16.65 |15.51 [11.59| 34 | 9.74 | 9.19 | -0.591 -10.33
UGC08877 | 7 [15.18 | 0.02 (17.37 |16.82 |12.31| 37 | 9.52| 8.74 | -1.014 -10.54
NGC5405 | 5 [14.52 | 0.14 [16.42 | 15.58 [11.03 | 94 |10.85 | 10.05 0.269 -10.58
PGC049982 | 5 [16.00 | 0.09 [17.62 | .. |12.56|126 (1049 | .. 0.004 -10.48
NGC5457 | 5| 830 0.05({10.00 | 1041 | 490| 7 |11.04| 9.86 0.510 -10.53
UGC09008 | 6 {1529 | 0.09 |17.19 [16.34|12.10 | 73 |10.20 | 9.52 | -0.298 -10.50
NGC5468 | 5 {1294 | 0.12 {13.90 | 13.94 | 9.47| 37 |10.66 | 9.89 0.449 -10.21
NGC5476 | 6 [13.34 | 0.14 [15.71 | 14.86 {10.10 | 34 [10.34 | 9.45 | -0.330 -10.67
NGC5494 | 5|13.30 | 0.36 |15.13 {1440 | 9.59| 30 [1043 | 9.53 | -0.039 -10.47
UGC09144 | 6 [1595 | 0.06 [17.56 12.79 {108 | 10.26 -0.134 -10.39
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182 B.E.KAPAYEHUEBA 1 AP.

Tabauya 1 (oxonuaHue)

1 21 3 4 5 6 7 8 9 10 11 12
UGC09216 | 5 |14.51 | 0.08 | 16.78 | 15.88 [11.08 | 77 | 10.65 | 9.75 | -0.097 -10.75
NGC5660 | 5 (1238 | 0.10 | 14.22 | 14.34| 8.93 | 36 | 10.85 | 9.71 0.284 -10.57
UGC09317 | 6 |15.00 | 0.06 | 16.22 | 15.58 {11.84 | 61 [10.15 | 9.67 | -0.088 -10.23
ESO580-014 | 6 [14.55 | 0.39 [16.64 | 16.18 |11.06 | 82 | 10.71 | 9.69 0.254 -10.46
UGC09837 | 5|13.81 | 0.09 | 15.47 | 15.10 {10.37 | 39 | 10.35 | 947 | -0.154 -10.50
UGC09945 | 5|14.19 | 0.25|16.42 | 15.32|10.59 | 94 | 11.02 | 10.15 0.354 -10.67
NGC5989 | 6 |13.56 | 0.10 | 16.02 | 16.24 {10.36 | 42 | 10.41 | 9.08 | -0.305 -10.72
UGC10020 | 7 [14.44 | 0.22 [15.86 | 1525 |11.38 | 31 | 9.74 | 9.21 | -0.416 -10.16
PGC056010 | 6 | 1542 | 0.13|17.48 | 17.46 {12.19 | 63 | 10.03 | 8.94 | -0.514 -10.55
PGC056318 | 5 |15.33 | 0.08 |17.35 | .. |[11.90 |82 |10.38 | .. -0.269 -10.65
PGC056639 | 6 [15.77 | 0.10 {20.37 | .. |11.67 |115|10.76 | .. -0.480 -11.24
NGC6143 51392 | 0.10 | 16.18 | 15.38 [10.47 | 76 | 10.88 | 9.94 0.147 -10.74
PGC058201 | 5 [15.69 | 0.23 [17.38 | 15.76 |12.11 |117 | 10.60 |10.16 0.139 -10.46
UGC10427 | 5 [15.19 | 0.06 [16.88 |16.47 [11.78 {124 | 10.78 | 9.93 0.260 -10.53
ICI1221 6 14.59 | 0.05|15.58 | 15.75 [11.44 | 78 | 10.52 | 9.81 0.371 -10.15
UGCI10590 | 6 [14.06 | 0.13 {1642 | .. [10.83 |45 [10.28 | .. -0.385 -10.67
1C1236 5(14.23 | 0.35]17.02 | 16.22 [10.53 | 85 | 10.96 | 9.70 0.097 -10.86
UGC10956 | 5|15.64| 1.19{19.81 | .. |11.10 |94 |10.82 | .. -0.280 -11.10
NGC6493 | 6 1544 | 0.17 |16.63 | .. [12.17 |85 1030 | .. 0.115 -10.19
UGC11214 | 6 [15.00 | 1.01 [18.62 |15.61 {10.89 | 39 |10.14 | 9.27 | -0.710 -10.85
NGC6711 51371 | 037 |16.72 | 1644 | 9.99 | 68 | 10.98 | 9.42 0.045 -10.94
NGC6821 7 (13.62 | 1.39 [17.71 |14.52| 9.38 | 18 [ 10.07 | 9.03 | -0.726 -10.79
NGC6946 | 5| 9.60 | 1.48 |13.20 | 10.00 | 477 | 8 |11.21 |10.14 0.446 -10.76
PGC902799 | 5 [16.30 | 0.20 [17.16 | 15.44 |12.75 |49 | 9.59 | 9.53 | -0.547 -10.14
NGC7137 5 13.05| 0.60 |15.89 | 1532 9.10 | 23 | 10.39 | 893 | -0.392 -10.79
UGC11816 | 5 [14.83 | 0.61 [17.20 | 15.28 [10.87 | 68 | 10.63 | 9.88 0.032 -10.59
ESO532-008 | 5 11529 | 0.14 | 17.26 | .. [11.80 | 87 | 1047 | .. -0.136 -10.61
PGC068549 | 5 |14.23 | 043 |17.01 | .. (1045 |71 |10.83 | .. 0.011 -10.82
ES0602-027 | 5 [14.48 | 0.19 [16.62 | 16.06 {10.95 | 80 | 10.74 | 9.71 0.081 -10.66
NGC7309 | 5 |13.04 | 0251578 | 1543 | 9.44 | 57 | 11.05 | 9.67 0.174 -10.87
ESO603-011| 5 [{15.01 | 0.21 {17.18 | ... |11.45|114|10.85 | .. 0.185 -10.66
UGCI12192 | 7 [16.50 | 0.53 |18.24 | 16.44 {13.13 | 93 | 10.00 | 9.69 | -0.175 -10.17
1C5261 6 [13.88 | 0.19 [15.84 | 15.47 |10.59 | 46 | 10.40 | 9.47 | -0.086 -10.48
NGC7495 51376 | 042 |16.44 | 14.64 | 9.99 | 70 | 11.01 | 10.17 0.220 -10.79
NGC7535 | 6 |14.28 | 0.29 | 16.63 | 15.34|10.89 | 67 | 10.61 | 9.85 0.005 -10.60
UGCI12522 | 7 |15.41 | 0.46 |18.07 | 15.62 |12.10 |42 | 9.72 | 9.33 | -0.850 -10.57
UGCI12585 | 7 |14.63 | 0.31 | 16.64 | 15.52 (11.47 | 53 | 10.17 | 9.57 | -0.188 -10.36
UGC12635 | 6 [15.31 | 0.21 {17.71 |16.62 {12.00 | 74 | 10.25 | 942 | -0.401 -10.65
PGCO071751 | 5 |14.74 | 0.28 | 17.47 | 16.33 [11.11 |115|10.99 | 9.92 0.128 -10.86
ES0605-016 | 5 [13.23 | 0.14 {15.99 |15.70 | 9.74 {110 | 11.50 |10.13 0.575 -10.92
PGC072738 | 5 [14.82 | 0.23 [17.25 | 16.71 |11.24 | 83 | 10.65 | 9.48 | -0.106 -10.76
UGC12838 | 5|14.86 | 0.19 |16.73 | 16.18 [11.32 {101 | 10.79 | 9.87 0.241 -10.55
NGC7798 5 1295|028 |15.56 |16.03 | 9.32 | 36 | 10.70 | 9.03 | -0.113 -10.81

logM ;; =12.33-0.4m,,+ 2log D )

B eauHunax Maccel Comnua; (11) - morapudM MHTErpaJbHOIO TEMIIa 3BE3I0-
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00pa3oBaHUsl B Mg /ron, KOTOPBIi, cortacHO [3], BbIpaxaeTcs Kak
10g(SFR )= 2.78 — 0.4(mpyy —1.93 4; )+ 2log D ; (3)

(12) - norapudm ymejbHOro TeMma 3Be3n000pa3oBaHus B eauHMUAxX (rog)” B
npenronoxennu M /L, =1xMg/Lg [15].

PacnipeneneHue CrivipalbHbIX TaIaKTUK Halllel BBIOOPKU MO MHTErPATLHOMY TEMITY
3Be31000pa3oBaHMs U K-CBETUMOCTH MpeAcTaBieHo Ha puc.l. I'ajaktiky TMHoB Sc,
Scd u Sd n306pakeHbl, COOTBETCTBEHHO, KBajipaTaMi, TPEYrOJIbHUKAMU U KPYKKaMMu.
lanakTvku Ha AMarpaMme MoKasbIBaloT MOPMOIOTMYECKYIO Cerperaluio; MaKCMaIbHbIE
3HaueHus1 SFR~3 Mg /ron cOOTBETCTBYIOT MAacCHBHBIM Sc rajakTikam tura M101,
MMHUMaJbHbIE 3HaUeHUs SFR <0.1M g /rox XapakTepHbI Il KAPAMKOBBIX CIIMpaJIeit
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Puc.1. Temn 3Be3mooOpa3zoBaHust U K-CBETUMOCTh Yy TaJakKTUK MO3OHMX TUmoB (T=15, 6, 7),
BUIMMBIX aHac.

Puc.2 Bocipon3BOmMT pacmpeieieHre TaTaKTHK 110 MHTETPaIBHOMY TEMITY 3BE3I0-
00paszoBaHus U BogopoaHoi Macce. Bennunna SFR B auckax cnvpaneit mo3aHux
TUIIOB II0KA3bIBAaeT 00JIee TECHYIO KOPPEJALUIO ¢ M, , 4eM ¢ M * | IMes HAKJIOH
0.86 £0.04. DTOT HAKJIOH OKAa3bIBAETCH 3HAUMTEIBLHO MeHbIIEe HakioHa 1.4£0.1,
KOTOpBIA onuchiBaeT cooTHolneHue log(SFR) vs logM,,, st OTOENbHBIX OYaroB
3Be3n000pa3oBanud (3akoH LlImuara-Kennukara [16]).

CooTHOILIEHUST MeXy BOAOPOJHOIN Maccoii M 3Be3nHON maccoil (K-cBeTu-
MOCTEIO) IS 146 rajakThK paccMaTpuBaeMOil BEIOOPKM TTOKa3aHBI Ha pUC.3.
O0603HaueHUs1 MOP(POJOTMUECKUX TUIOB T€ XK€, YTO Ha MPEIbIAYIIMX PUCYHKAX.
Tpu 1MaroHaabHBIX NPAMBIX COOTBETCTBYIOT 3HAYEHUSAM M, /Ly , paBHBIM 1, 0.1
u 0.01. Menuana storo otHolueHus coctapisieT 0.15, Torna Kaxk sl OTAEIbHbIX
TUTIOB TaJlaKTUK MearaHHoe oTHoueHue paBHo: 0.10 (Sc), 0.17 (Scd) u 0.28 (Sd).
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1 T T T
log(SFR)=(-8.33£0.41)+(0.8620.04)log(M,,)

-2 I 1 I I I
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Puc.2. Temn 3Be3moo0pa3oBaHMsSI M BOAOPOIHAST Macca y TaJakKTUK MO3IHUX TUIIOB, OPUEHTU-
pPOBaHHBIX aHdac.
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Puc.3. CooTHOLIEHHE MEXIY BOIOPOAHOI Maccoil M K-CBETUMOCTBIO Y TalaKTMK ITO3IHUX
tunoB Sc, Scd, Sd, BuaMMBIX aHdbac.

HaHHble puc.3 oTpaxkaroT M3BECTHBIM (haKT, UTO OTHOCUTEILHOE COIepKaHue
HEUTpaIbHOTO BOAOPOAA B AUCKAX CIIUPATbHBIX TaJlaKTHK IMagaeT ¢ yBEJIUYCHUEM
Macchl (CBETMMOCTM) TajlaKTUKK. DTO B CBOIO OUYEpEeJb O3HAyaeT, YTO Ipoliecc
npeobpa3oBaHMsl ra3a B 3BE3[bl MPOMCXOAWI B MACCHUBHbBIX rajakTUKax OoJjee
WHTEHCUBHO, YeM B 00bEKTaX HU3KOW CBETMMOCTH.

Cpenu 181 rajakTtuky Haumeil BbIOOpKM uMeloTcs 13 ciyyaeB, Korga Temil
3Be3I000pa30BaHNs ObUT ompeneiieH 1o Ho -TIOTOKY, F(Hoc). Cornmacuo [16],
WHTErpaJibHbIA TEMIT 3B€31000pa30BaHusT BbIPAXKACTCSl COOTHOIIEHUEM
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log[SFR (Ha )] = log F(Hat)— 0.244 A+ 2log D+8.98 , )
e MOoTOK B JMHuUM Ho M3MepeH B eaMHULAx (apr/cM’c), a paccTosHue D -
B Miik. /laHHble 00 3THUX rajlakTUKax, B3sThie 13 0a3bl JaHHBIX NASA Extragalactic
Database = NED (http://ned.ipac.caltech.edu), mpencraBieHsl B Tab.2. O1ieHKN
noroka F (Ha) JIJISI HUX CAeJIaHbl pa3HBIMU aBTOpaMM Ha pa3HbIX Tejeckomnax. Tem
He MeHee, cortacue 3HaueHMid SFR nmo Ha -niotoky u FUV-noToKy oka3biBaeTcs

Tabauua 2
TEMIIbI 3BE3JJOOBPA30OBAHUA 110 JAHHBIM FUV U Ha ITOTOKOB

TamakTuka D, Mpc A, log[SFR(FUV)] | logF(Ha) | log[SFR(Ha)]
NGC628 10.2 0.28 0.12 -10.84 0.22
NGC2500 12.4 0.17 -0.45 -11.60 -0.39
NGC3184 11.1 0.07 -0.09 -11.12 -0.04
NGC3344 9.8 0.14 -0.15 -11.09 -0.10
NGC4136 17.0 0.08 -0.18 -11.82 -0.36
NGC4303 15.0 0.11 0.32 -11.03 0.32
NGC4688 7.0 0.10 -1.37 -11.90 -1.21
NGC4900 16.0 0.10 -0.26 -11.68 -0.27
NGC5068 5.1 0.44 -0.60 -10.83 -0.34
NGC5457 7.0 0.05 0.51 -10.22 0.45
NGC6946 7.7 1.48 0.45 -10.47 0.63
NGC7137 23.0 0.60 -0.39 -11.95 -0.11
NGC7798 36.0 0.28 -0.11 -12.13 0.03

BIIOJIHE YIOBJIETBOPUTEIbHBIM. CpeHsAs pa3HOCTh 1og[SFR(Hoc)]—1og[SFR(FUV)]
coctasigeT 0.08 = 0.04 mpu aucnepcun pazHoctu 0.12. Pe3yabTaT 3TOro cpaBHEHMS
MOKa3bIBAET, YTO HYJIb-ITYHKTBI UCIIOJIb3YEMBIX SMIIMPUYECKUX COOTHOLIEHUH (3)
1 (4) cornacylorcs Apyr ¢ APYToM B Ipelesiax TUITMYHOM MOrpeiHOCT U3MEPEHM
noTokos ~0.1dex.

3. Yoeavnoiii memn 36e30006pazoeanus 6 MoHKUX OUCKAX 2AN1aKmMukK.
Kak ObUI0 OTMEUEHO BbIlIE, TOHKUE CIUPATIbHBIE TaTaKTUKU MO3IHUX TUIIOB 6€3
OanmKel SBISIOTCS TOBOJIBHO O0OCOOIEHHBIMU OOBEKTAMU, IBOJIOLMST KOTOPBIX
MaJio TOABEepXKeHa BHEIIHEMY BJIMSHUIO: BCIBIIIKAM 3Be31000pa3oBaHUsI U3-3a
MPWIMBHOTO BO3MYIICHUSI MACCUBHOTO COCEA WU K€ MOMIOLICHUST CITYyTHUKA MPU
causHuu. [lo 3Toil MpuYMHE TakWe TaJaKTMKW BechMa YIOOHBI IS U3Yy4eHUS
ABTOHOMHOM 3BOJTIOIMM CIUPATBHBIX ArckoB. Hanbonee BaxXHOI XapakTepuCTUKOM
J100ATbHOM 3BOJIIOLIMU TATAKTUKU SBJISIETCS YAEAbHBIA TEMIT 3Be31000pa30BaHMS,
OTHECEHHBIN K eAMHULIE 3Be3AHOM Macchl, sSFR = SFR/ M" . Ing oueHKn M~ MBI
MCITOJIb30BAIM COOTHOLIEHHE M~ / Ly =1xMg/Le [15], rne cBeTMMOCTb L, ompe-
NeJIsi1ach MO BUAMMOM B-BeJIMUMHE U CPEAHEMY MOKA3aTesalo LBETa <B— K > ,
3aBUCALLIEMY OT Mopdosoruyeckoro tuma 7.
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Puc.4 nipeacrapisier pacnpeneieHue CMpaIbHbIX TUCKOB TATaKTUK 0e3 OamKeit,
OPUEHTHUPOBAHHBIX aHdac, MO yIeIbHOMY TeMITy 3Be31000pa30BaHUsI U 3BE3THOMN
macce. IlyHKTHpHaAs ropM3oOHTAIbHAS JIMHUS COOTBETCTBYET mHapaMeTpy Xab0ia
H,=(13.8x 10° 7eT)”’, Korma rajakTHKa ycleBaeT BOCIHPOM3BECTH HAOIIOLAEMYIO
Maccy ¢ HabmonaembiM TeMnioM SFR 3a kocmoniornyeckoe Bpems 13.8 Mipa. JieT.
Kak 1roka3bBaeT TMHMSA KBaIpaTHYHOUW perpecCHy (CIUTOIIHAS JIMHUS), CPEeITHUI
YIOENAbHBIA TEMIT 3Be31000pa3oBaHUsI B TOHKMX OMCKaX YMEHBIIAETCSl C POCTOM
CBETUMOCTH TaJaKTUKU. M3 3TUX JaHHBIX CJIEMyeT, YTO B MPOIILJIOM CPETHMI TEMIT
3Be3M0000pA30BAHMS Y MAJIOMACCUBHBIX TAJIAKTUK OBUT B [IBa Pa3a BHIIIIC HAOIIOOAEMOTO
ceiyac, a JUIsl CaMbIX MACCHBHBIX TaJJaKTUK TpPEeXHUN TeMn Obu1 B 3-4 pasza
WHTEHCHBHEE.

—9 T T T T
‘T:[ -10 + o o E
E log(H)=-10.16__a %o @& ool = b T g 77T
¥ + o
= o
~N
ot = 7 ;
7 A
8’ L i
- — _ 2 | o g T=5
12 F og(SFR/M,)=-0.13x"+2.31x-20.93 (o =0.20) A T=6
<log(SFR/M,)>=-10.58 o 1oy
8.5 9 9.5 10 10.5 11 11.5
IOg(M*), MG)

Puc.4. PacrpeneieHue rajiakThK ITO3IHUX THUIIOB, HabiomaeMbix aHdac, MO yaeJbHOMY
TeMITy 3Be31000pa3oBaHMsI W 3BE3MHOW Macce.

Pa30poc ranakTvk oTHOCHUTENIBHO JIMHUU perpeccun paBeH 0.20 B yjorapmgpmu-
yeckoil 1mkayne. CpenHsisl OrpeliHOCTh K-CBETUMOCTH M3-3a OIIMOOK U3MEPEHUS
B-semmaunet (0™.25) u mopdomormaeckoro tuma (0™.18) cocrasmsger 0™.31. Cuenas
KBaJIpaTUYHOE BbIUUTAHME OIIMOOK, MbI MOJyYaeM U UCTUHHON (KOCMUYECKOI)
Bapuauuu SFR Bennmumny 0.16 dex. DTo o3HauyaeT, YTO MpeoOpa3oBaHuUE rasa B
3Be3/IbI B TOHKMX AVCKAX CITUPATGHBIX TATAKTUK BEITJISTIAT JOBOJILHO €ITHOOOPa3HBIM
MPOLIECCOM.

Cnenyer otMeTuTbh, uTo 0a3a gaHHbIXx HyperLEDA [10] coaepXuT OLEeHKU
MHTETPaIbHOM BeIMYMHbI K 11 GOJIBIIMHCTBA O0BEKTOB HaLIEH BEIOOPKU. OUEHKI
K Obuti mostyyeHsl B OCHOBHOM U3 0030pa 2MASS [12]. OgHako u3-3a KOPOTKOTO
BpeMeHM akcrno3unuii (~8c) 2MASS 0030p cucTeMaTUueCcKy HETOYYUTHIBAET BKJIa
repreprUITHBIX 00J1aCTeil B MHTETPATBHYIO CBETUMOCTD TaJJAKTUK, OCOOCHHO TS
00BeKTOB TONyb0ro 1Bera. Prc.5 BOCIIpoM3BOAMT COOTHOIIEHHE Mexny K, u K
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BeJIMuMHaMu st 159 rajmakTuk paccMaTpuBaeMoii BbIOOpKM. JIMHUS perpeccuu
IU1st HAX BbIpaxaeTcs Kak K =0.58 +0.99K,. CpenHsisi pasHOCTb 3BE3AHBIX BEJTUYMH
COCTaBJISIET <K —K B) =0".49, Bo3pacTas B CTOPOHY CaMbIX CJIa0bIX TajlakThK. CpeaHee
KBaJIpaTUYHOE OTKJIOHEHHE OT JIMHUM perpeccuy paBHO 0M.59, TakKe yBEeIMUMBAsCh
OT SIPKMX K CJ1a0bIM rajlakTiKaM. TToCKobKy MO Hallleid OLeHKE CPeaHssl KBaapaTUyHas
norpenHocTh K, -BemmunHbl coctasseT 07,31, To Ha TOMIO HE3aBUCUMO U3MEPAEMOIA
K -BeMuMHBI IPUXOIMTCA OCHOBHAS TIOTPEILHOCTD, G(Kt)z 0™.50.

* — K'=(0‘.58i0.|33)+(0.|99J_ro.<l)3)|<B | | | |
K=K o
12
x“ L
8L
4

Puc.5. CoorHolueHue mexay uHTerpajibHoil K-penunuuHoit u3 HyperLEDA u Bunumoit K-
BEJIMUMHOM, OMpeneeHHON 1o mokaszatenio 1Bera (B - K) u MopdojgornueckoMmy Tumy, Iist Sc,
Scd, Sd ranakTMk, BHIMMBIX aHdac.
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<log(SFR/L, )>=-10.42 o 1oy
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Puc.6. PacnipemeneHue rajgakTMK TO3MHUX THUIIOB, BUAMMBIX aHdac, MO YICIbHOMY TEMITY
3Be31000pa3oBaHus M K-cBeTuMocTu mo naHHbIM HyperLEDA.
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B doromerprueckoii cucreme K, COOTHOILEHUE MEXIY YIEIbHBIM TEMIIOM
3Be31000pa3oBaHus U K-CBETUMOCTBIO TPUMOOPETAET BUJ, TTOKAa3aHHbIH Ha puc.6.
Kak crenryer u3 oTix TaHHBIX, repexon oT K, K K 3HauMTebHO YBETMYUBAET YUCIIO
MaJIOMacCHBHBIX TAJIaKTHK, PacIiolararoluxcs Boiie mpezena SSFR= H . Jlucriepcust
TrajlakKTUK OTHOCUTEJILHO JIMHUU PETPECCUM TAKXKE BO3PACTAET, cs(sSFR): 0.26 dex.
OTO 3HaYEHUE COMIACYETCS CO CHEIAHHOM OLIEHKOM G(K p ) =0".50 win G(L K ) =0.20
dex, ecim UCTUHHAST Bapvalusl YAEJILHOTO TeMIla 3Be3no00pa3oBaHus paBHa (.16
dex. JlaHHBIA TIPUMEDP IMOKA3bIBAET, YTO (HOPMAILHOE UCIIOIb30BAHUE LIKAJIbI K-
BEJMYMH MOXET MNPMBOAUTHL K CHUCTEMAaTMYECKOMY MCKaK€HWIO KapTUHBI
3BE31000pa30BaHUsI B AUCKAX CIMPAJbHBIX TJIaKTUK, OCOOCHHO B O0JIaCTU UX
HU3KUX CBETUMOCTE.

4. YoeavHnvii b6apuonubvili memn 38e30000pazosarus. Kak xopoiio
M3BECTHO, YeM MEHbIIIE CBETMMOCTb TaJIaKTUKU TO3IHErO TUIIA, TeM OOJIbLIAsS JOJIS
€€ Macchl IIpeObIBaeT B Ta3000pa3HOM COCTOSTHUM. Takasl 3aKOHOMEPHOCTh BUIHA
Y JUISI TOHKUX CIIMPAJIbHBIX TUCKOB (CM. pHUC.3). DTO CBUICTEILCTBYET O TOM, YTO
MpolecC MpeoOpa3oBaHus rasa B 3Be3[Ibl Y MaJOMACCHBHBIX TaJlaAKTUK MEHee
addexTiBeH, YeM B rajakTMKax BBICOKOW CBETUMOCTH. B TedyeHHMEe BeKOBOIA
SBOJIIOLIMM 3Be3IHAsl Macca TaJakKTHKM BO3pacTaeT, HO CyMMapHasi GaprMOHHast
Macca 3Be3[ M Ia3a OCTAeTCsl MOCTOSIHHOM, €C/IM TajJlaKTMKa M30JMpOBaHA U HE
TTOIITUTHIBACTCS] MEKTAJITAKTIUECKIM Ta30M. B 3TOM citydyae MOKHO BBECTU TOHSTHUEC
YIEJIbHOrO 0apUOHHOrO TeMIa 3Be31000pasoBanus sbSFR=SFR/M, , rne

MbarzM*+Mgas=T*KLK+T]MHI' (5)

J1o cux mop Mbl mojaraiu, uto [y =1 [15]. Onnako Makrayk u [lom6epr [17]
NPUBEIM BECKME apIYMEHTHI B IOJIb3y MEHbIIEro 3HayeHus1, 1" = 0.6 . CormacHO
[18], mpyroii mapameTp, 7, paBeH 1.85, yuuTbiBas BKJIaJ TeJusl 1 MOJEKYJISIPHOTO
BOJOpO/A B TMOJHYIO Maccy rasa. B neiicTBUTENbHOCTH, BETMUMHA TTapaMeTpa M
OCTaeTCs MOKa He BMOJIHE OTpPeAeIeHHOMN, MOCKOJbKY A0JIS1 MOJIEKYJISIPHOTO Ta3a
HE TMOCTOSIHHA, a MAJaeT B CTOPOHY MAJIOMACCUBHBIX TJIAaKTUK. C APYroil CTOPOHBI,
€CTb yKa3aHUs Ha TO, YTO JUCKU TaJIAKTUK MOTYT ObITh OKPY>KEHBI 3HAYNUTEIbHBIMU
MaccaMM Teruioro MOHM30BaHHOTO Ta3a.

IIpuanmas cootHowmenune M,,. =0.6 Ly +1.85M ,;, , MBI BEIYMCIIVUIN YIEJIBHBINA
OapvOHHBIN TEMIT 3B€31000pa30BaHUs IS TAJIAKTUK Hallei BbIOOPKU. Pe3yabTaThl
npeacraBieHbl Ha puc.7. Kak ciaemayeT M3 3TUX NaHHBIX, TUCIIEPCUS TaIaKTUK
OTHOCHTEJIBHO JIMHWY PETPECCUM YMEHBLLIACTCH IO BEJIMYMHBI KOCMAYECKON Bapyalni,
c(sbSFR): 0.15 dex. C TOYHOCTBIO 10 OLIMOOK (POTOMETPUHU BCE TaJaKTUKU TUIIOB
Sc, Scd, Sd nexar mon ropusoHTanbHOM JuMHuMeH sbSFR = H|, mokaspiBas, 4To
COBPEMEHHbBIE TEMIIbl 3BE3J000PA30BAHUSI 3TUX TATAKTUK HEAOCTATOUHBI [UIS
Ipeobpa3oBaHKs UCXOAHOM MAcChl ra3a B 3BE3/IbI 34 KOCMOJIOTUYECKOE BpeMs H '
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Puc.7. Pacnpenenenue ranaktuk Sc, Scd, Sd-tunoB, BuauMbIx aHdac, Mo yaeabHOMY
GaprOHHOMY TEMITYy 3Be31000pa3oBaHUSI U GapMOHHOI Macce.

5. 3akarwuumenvHole 3amedarus. Mbl paccMOTpes BRIOOPKY 220 criipaib-
HBIX TaJIaKTUK 0e3 Oanmkeil, opueHTUpoBaHHbIX aHdac. M3 Hux mis 181 ranakTuku
orpenesieHbl MHTEerpajbHble W YIOeJdbHble TeMIIbl 3Be3moobOpa3zoBaHusl 1o FUV-
notokaM u3 0630pa GALEX. Cpenu 31ux rajgaktuk 106 oTHOcSTCS K THIy Sc,
51 - x Tuny Scd u 24 - x Tuny Sd. IToayyeHHblE MeIMaHHbIE 3HAYEHUS YAEIbHOTO
TeMIia 3Be31000pa30BaHusl I HAX COCTABIISIIOT, COOTBETCTBEHHO, -10.66 dex, -10.44
dex u -10.40dex B enquHuuax (rom)”. 3a KocMonoruyeckoe Bpemsi 13.8 Miipa. jieT
IIPA COBPEMEHHOM TEMIIe 3Be3M000pa30BaHUs TUITMYHAS CITMpaIbHas TaJaKTHKa
MO3[IHEro TUIIA ycreBaeT BOCIpou3BecTU ToabKo (1/3-1/2) cBoeit Habmomaemoit
3Be3MHON Macchl. ClienoBaTeIbHO, B TIPOIIUIOM MX CPETHUN TEMIT 3Be30000pa30BaHus
JIOJIKeH ObLT ObITh B 2-3 pa3a Bblllle HaOmogaeMoro ceiiyac. HeobxonmMmMo oTMETUTD,
yto 1pu ¢akrope Ty =0.6 B COOTHOLIEHUH (5), BMECTO MCIOJIb30BAHHOTO HAMM
3HayeHus 1.0, paznuuue Mexmy MpoluibiM U coBpeMeHHbIM SFR ctanoButcs B 1.7
pasa MeHBbIIIE.

CoBpeMeHHBI YAEJbHBIN TeMIT 3Be31000pa30BaHMsI TEM HMXKE, YeM OOJIbliie
3Be€3//Has Macca CIMpajibHOM rajlakTuku. OgHako y 60j1ee MacCUBHBIX SC-TaJlaKTUK
Hab1101aeMoe OTHOLLIEHUE Macchl ra3a K 3e3aHoi macce (0.10) 3aMeTHO MeHblIIe,
yeM B Scd (0.17) u Sd (0.28) ramakrtukax. CruemoBaTeabHO, 3((EKTUBHOCTD
npoliecca MpeoOpa3oBaHus raza B 3Be3/bl ObLIa TEM BbIlIE, YeM OOJblle Macca
CIMPATTLHOTO AMCKA.

Hckirouas BKiaaa (oToMeTpuuYecKMX OIIMOOK, Mbl TTOJTYUYMIN I AUCTIEPCUU
sSFR mpu ¢ukcupoBanHoi macce 3HaueHue (.16 dex. Mablii pa3dpoc rajgakTuK
OTHOCUTEJIBHO JIMHUHK perpeccnu SSFR(M™) ykasbIBaeT Ha emMHOOOpa3ue mpolecca
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3Be31000pa3oBaHusl B JUCKAaX TOHKUX CITMPaJIbHbIX FATaKTUK, PACIIOJOXEHHBIX B
001aCTIX HU3KOM KOCMMYECKOM TVIOTHOCTH.

Temn 3Be3m000pa30BaHNS U OTHOCUTENIEHOE COMepKaHMe BOIOPOAa B AUCKAX
Sc, Scd, Sd ramakTuk, opMeHTUPOBAaHHBIX ¢ pedpa [5,19], xopollo cornacyTcs
¢ TTapaMeTpaMH, ITOJIYYEHHBIMU B HACTOSIIEH paboTe ISl CIIMPAIbHBIX TajlaKTUK
6e3 banmmkei, BUIUMBIX aHdac. M3 3Toro coriacus, B YaCTHOCTH, CJIEIYeT, U4TO
TOHKME JUCKM Sc-Sd rajakTuk IpakTU4YECKW ITpOo3payHbl B JMHUM 21 cM mipu
JIIOOBIX YIJIaX HAKJIOHA AUCKA K JIydy 3peHUS.

HanHas pabota BBITIOJTHEHa TpU momaepxkke rpantra PH® 19-12-00145. B
pabote ucnoab3oBaHbl 0a3bl AaHHbIX HyperLEDA u NED, a Takxke maHHbIe
cnytHuka GALEX u o63opa Heba PanSTARRS.

' TnaBHast actpoHomuyeckass obcepBaropusi HauuoHanbHON AKageMuu Hayk,
VYkpauHa,

2 CneunanbHasi actpodusuueckass obcepBatopusi PAH, HuxHuit Apxbi3,
KapauaeBo-Yepkecckass PecnyOnuka, Poccusi, e-mail: ikar@sao.ru

STAR FORMATION IN THIN DISCS OF SPIRAL
GALAXIES SEEN FACE-ON

V.E.KARACHENTSEVA!, 1. D.KARACHENTSEV?, O.G.KASHIBADZE?

We present estimates of integrated (SFR) and specific (SSFR) star formation rate
for 181 late-type Sc, Scd, Sd galaxies seen almost face-on. Their SFRs are derived
via FUV-flux from GALEX survey. The median values of sSFR are: -10.66 dex
for Sc, -10.44dex for Scd and -10.40 dex for Sd types in units of (yr)"'. The average
sSFR of the galaxies decreases smoothly from low-mass to giant discs. Being
corrected for photometric errors, the sSSFR for them has a low cosmic variance of
0.16 dex. To reproduce the observed stellar mass over the cosmic time of 13.8 Gyr,
the bulge-less face-on galaxies need to have in the past 2-3 times higher SFR than
their present rates.

Keywords: spiral galaxies: discs: star formation
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ACTPODOPMUM3INKA

TOM 63 MAH, 2020 BBITTYCK 2

THUIIbI AKTUBHOCTHU TAJIAKTUK, OTOBPAHHbIX M3
BbIBOPKN HRC/BHRC. II

I'"'M.ITAPOHAH', AM.MUKAEJIZIH!, A. B ABPAMAH!, I AMUKAEJIAH!

[Moctynuia 8 HosiOpst 2019
[Mpunsita x neuaru 11 mapra 2020

B pabote nmpuBeneHa neranbHas crieKTpaiibHas kiaccudukaims 198 kannunaro B AAD (akTBHBIE
siIpa TaakTMK) u3 oobenmHeHHoi BbiIoopkn HRC/BHRC, kortopasi npeactaBisieT co60ii KOMOMHALIMIO
HRC (I'amoypr-ROSAT Karamnor) 1 BHRC (Biopakan-I'am0ypr-ROSAT Karanor). Ot 00BEKTbI
ObLIM BBISIBJICHBI KAK ONTUYECKHME OTOXIECTBICHUS PEHTTEHOBCKMX UCTOUHUKOB ROSAT, omHaKo CrieKTphl
i 198 u3 Hux npuBeneHsl B SDSS 6e3 ompeneneHHON crieKTpajibHON kiaccudukaimu. JlaHHbIe
OOBEKTHl M3y4YeHBbI C MCMOJIb30BaHUWEM CIEKTpoB SDSS M i HUX BBISIBJICHB MOAPOOHBIE THITBI
akTMBHOCTH. 1151 Gosiee yBepeHHOM KilacCUUMKALIMK MCTIONB30BAIMCH TPU IUArHOCTUUYECKUX AUArpaMMbl
U TIpSIMbIe MCCIICIOBAaHUSI CHEKTPOB. DTH MCTOUYHMKM ObUIM OTOXICCTBJICHBI B JPYrMX AMAara3oHax
9JIEKTPOMATHUTHBIX BOJIH, & TAKXKe PAcCUMTaHbl MX (DUBMUECKUE TapameTpbl.

KotoueBblie ciioBa: AGN: penmeeHo6ckoe uziyteHue: CHeKmpaibHas KAACCUPUKAUUL:

HRC/BHRC: peumeenosckue AGN:ROSAT: HQS

1. Beedenue. B nepBoit yacti naHHOM paGoThI [1] ObLIM MPOBEAEHEI JETAIHLHEIE
crnekTpaibHble knaccudukauuu 173 kanaunaatoB AGN 13 o0beIMHEHHON BbIOOPKU
HRC/BHRC, xotopast nmpencrarisieT coboit komornHarmio HRC [2] (kataror 'amOypr-
ROSAT) u BHRC [3] (katanor bropakaH-I'amoypr-ROSAT). D11 00beKThl ObUIN
BBISIBJIEHBI KaK ONTUYECKUE OTOXKIECTRIEHUS] PEHTTEHOBCKMX UCTOUHMKOB ROSAT [4-
7] u3 oundpoBaHHBIX TUIACTUHOK ['amMOyprckoro o63opa kBazapoB (HQS [8]).

Brutn uzyuensl 173 obbekTa ¢ McHoJIb30BaHUEM CIIeKTpoB SDSS U BbISIBJICHBI
IIJIS1 HUX TIOAPOOHbBIE TUIBI akTMBHOCTEM. JIis 6ojee yBepeHHON Kiiaccudukaiuu
OBUTM MICTIOTB30BAHEI TPU TMATHOCTUYECKUE TUATPaMMbI M BU3YAIbHBIC MCCIICIOBAHNS
criekTpoB. CaenaHo OTOXAECTBICHWE STUX UCTOUHUKOB B IPYTUX AUana3oHax JIWH
BOJIH ¥ BBIYMCIIEHBI HEKOTOPBIE TTapaMeTpHhI.

B aroii pabote uzyyeHo 198 ncrounukoB HRC/BHRC, u3 ocrapuuxcs 711,
Yy KOTOpBIX ObLIM 0OHapyxeHbl crieKTpbl B SDSS. CaenaHa nonbITKa MOATBEPANUTD
nx Kak AAT (mis mpoBepku Ha yxe noarBepxxaeHHbIXx AAD mposeneHa Kpocc-
Koppensus ¢ karagoroMm Catalogue of QSOs and Active Nuclei (B manpHeiemM
- VCV-13) [9], u ¢ katanorom BZCAT [10]) 1 math AeTalbHYIO CHEKTPaIbHYIO
KJaccuukaimio. Takxke mpoBeneHa KPOCCKOPPEISILMS ¢ 0030pHBIMM KaTajoramu
IUTST X WACHTU(UKAIIMY B Pa3HBIX TWATa30HAX JIEKTPOMATHUTHEIX BOJIH.

YT1oOBbl OMnpeaeauTh NPaBUJIBHBIA paguyc MOMcCKa A KPOCCKOPPEIsUuid 1
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M36eXaTh OIMMOOYHBIX MACHTU(UKAIINIA, TTpOBeIcHA TpeIBapuTelIbHAs KpOCC-
KOppeSaLus ¢ OOJIbIIMM pagnlyCcoM, a 3aTeM IOCTPOECHO pacIipeAc/icHUe paguyca
UICHTUGUKALIMN. DTO MO3BOJIMIIO ONPENETUTh MPaBWILHBIN pagnyc moucka. Ha
puc.]l mpuBeneH MpuMep Takoro pacrpenesieHus aus kataiaora AIWISE. B atom
cllyyae paauyc MoucKa paBeH 2 yIil.C.
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Puc.1. Beluucinenue mnpaBwibHOro paauyca uneHtudukanuii aist Karamora AlIWISE.

Ecnu Bo Bpems1 uneHTUGhMKALWK ObLIO HECKOJIBKO OOBEKTOB, COOTBETCTBYHOIIIMX
JTAHHOMY MCTOYHUKY, TO JUISI HAEXKHOCTU ObUT BBIOPaH TOT UCTOYHUK, Y KOTOPOTO
paccTosiHMe 10 00beKTa B 3 pa3a MEHBbIIIE, YeM Yy BTOporo. Eciu oTHolleHue
pacCTOSIHUM ObUIO MEHbIIE, TO 3TOT UCTOYHUK MPUUUCIICH K HEHANEeXXHO UIEHTU-
(upoBaHHBEIM 1 0003HAaYeH 3HAKOM <:> B Ta0i.4 (MOeHTU(UKALINSI NCTOYHUKA
C ONTUYECKUM OOBEKTOM HE OJHO3HAYHA).

2. Habarwdamenvuoiii mamepuan. HabmonarenbHbIA MaTepUal COAEPKUT
cnektpel SDSS DR10-15 [11-15] mns 198 oobexkToB 13 HRC-BHRC. [Ins aTux
00BEKTOB JaHbl MHTEHCUBHOCTH CIIEKTPATbHBIX JIMHUM, a TAKXKe KPACHbIE CMEIICHMSI.

IMockombKy B HabmoaeHusax SDSS ucnonb3yeTcs onMH U TOT e pa3Mep OITH-
YECKOTO BOJIOKHA, TO OOJIBIITMHCTBO MPOTSDKEHHBIX TAJTAKTUK MMEIOT KOMITOHEHTBI
MOIVIOIIEHNS, U JIMILb OYeHb MaJblii MPOLEHT MOKA3bIBAET CIEKTP YMCTOIO sapa.
HawuGosee TMIMMYHBIMY JIMHUSMU TIOTTOLIEHNS siBystioTest imann Mgl 5175 A, Nal
5890 A u nmHMu cepum Bambmepa, cpeoy KOTOPBIX HamOoJee BAKHOM SIBISIETCS
KOMITOHEHTa TorionieHuss Hf , HajloxeHHas! Ha KOMIIOHEHTY M3TYyYeHUsI, UCXOISIIYIO
U3 sapa.

Yacro usMepeHust cnektpoB SDSS npoBeneHbl B JIMHUSIX Ha YPOBHE lllymMa U
HM3KOro KayecTsa. [103ToMy aBTOMaTMYeCK1e U3MEPEHUs Jal0T HEKOTOPbhIE UCKYCCT-
BEHHbIE YKMCJa, KOTOpPbIE YKa3bIBAIOT Ha HepealbHbIe NaHHbIE. TakuM 00pa3oM,
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HeOoOXOAMMO TILIATEIbHO MTPOBEPUTh CIIEKTPbI HA BCEX JUTMHAX BOJH U PEILUTh, KaKue
U3MEpEHUS CIIEMyeT UCTIONB30BATh IS JATbHEUIIMX ucciaenoBaHuit. OCOOEHHO BaXKHbI
T€ JIMHWUM, KOTOPbIE UCIMONB3YIOTCS B AMarHoctuiyeckux auarpammax (Hp, [OIII]

5007 A, [OI] 6300A, Ho, [NII] 6583 A wu [SII] 6716+6731 A ) [16]. TTprmepbt
crnektpoB SDSS DRIS5 wig pa3HbIXx TUIIOB OObEKTOB TPEACTABICHbI Ha pPUC.2.

3. Ilpunyunsr kaaccugukayuu. Mbl UCTIONB30BATIN HECKOJIBKO METOIOB
IS KJ1acCU(UKALUU HALIKUX CIIEKTPOB:

- BusyaibHbII MPOCMOTP CIIEKTPOB (C YUYETOM BCEX TOHKOCTEH U 3(h(HEeKTOB).

- JIMarHoCTMYECKMKE TUarpaMMbl ¢ UCITOJIb30BAHUEM COOTHOILIEHUIA [OIII]/HB
u [OI)/Ha, [OHI)/HP wu [NI]/Ho, [OHI/HB u [SII]/Ha .
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Puc.2. Tlpumepst cnektpoB SDSS DRI15 mis Hekoropwix o6bekroB HRC-BHRC. a) QSO,
b) S1.0, ¢c) NLS1.0, d) S1.5, e) NLS1.5, f) NLS1.8, g) S2.0, h) LINER, i) HII/NLS1.8, j) HII,
k) Em, 1) Abs.
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Puc.2. OxonuaHue

BusyanpHast kimaccudukamys Obljia ciejaHa ISl JOIOJHEHMS KilacCu(UKALT
10 IUATHOCTHYECKHUM JMarpaMMaM, TTIOTOMY UTO He BCe OOBEKTHI MOKHO HAHOCHUTD
Ha HuX. KpoMe Toro, Ha AMarHOCTUYECKMX AMarpaMMax He YUUTBIBAIOTCS LIMPOKUE
KOMITOHEHTBI SMUCCUOHHBIX JIMHUI, a 3TO MOXET MMETh Pellaloliee 3HAUCHUE ISt
KlaccupUKaMU MOIKIaccoB ceifdepToBckux Tramaktuk 1.0-1.9. C momolupio
JMATHOCTUYECKMX JTUarpaMM MbI OTJIMYAeM CeMepTOBCKME TAIAKTUKK OT JlaitHepoB
no [OII)/HB>4, a AT or HII mo [NIIJ/Ha>2/3 u [OI]/Ha>0.1.

4. HU3zyuenue cnexkmpos u ux kaaccugukayus. VIzyueHue CIEKTPOB
Ha4yaJIOCh C I/I,I[CHTI/ICbI/IKaL[I/II/I CIICKTpPaJIbHBIX JIMHUW. BeUtn MCIIoNnb30BaHbI TOJIBKO
T€ JMHWUM, UHTEHCUBHOCTh KOTOPBIX IpEBHIIIAT ypoBeHb IiymMa Ha 3c. Hf
IIPOABJIAACTCA B ITOIVTIOLICHUWM Ha 6OJTI)HH/IHCTB€ OTUX CIICKTPOB. BI)IJ'[O MN3Y4E€HO
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BJIMSIHUE aOCOPOLIMOHHON KOMITOHEHTHI JIMHUKM Hf3 Ha SMMCCHMOHHYIO, YTO BaXXHO
JIJIS1 VICTIONb30BaHUS YMCJIEHHBIX TaHHbIX, TpUBeAeHHbBIX B Tabnuuax SDSS. TTocne
HaXOXICHUS SMUCCUOHHBIX JTMHMI, OBUIM OIIpee/ieHBl Te, C TIOMOIILI0 KOTOPBIX
MOXHO TIOCTPOMUTH JuarHocThudeckue auarpaMmbl. st 105 oObeKTOB ¢ SMUCCHOH-
HBIMM JIMHUSMH, UMes 7 JIMHWNW Ui KaXIoro M3 HuX (B HaIIMX CITEKTpax
TTOJTyJaeTcsT Bcero 735 CeKTpallbHBIX JIMHMIT), MBI CMOIJIM MCITOJIh30BaTh TOJIBKO
575 manawii (95 HB, 95 [OIII] 5007 A, 76 [OI] 6300 A , 79 Ha., 79 [NII] 6583 A ,
77 [SI] 6717 A , 77 [SII] 6731 A ). B pesysbrate ObLIM MOCTPOEHBI AUATHOCTUYECKIE
JMArpaMMbI, MCTIONB3yst oTHowenus [OIN)/HB u [NII[/Ho mns 35 o6bekToB,
otHoweHnue [ONI)/HB u [OI]/Ha ans 35 o6bektoB u [OII)/HP n [SI|/Ha s
34 oOBEKTOB.

Kpome Toro mmeHTHGUIMPOBAHEI CICIYIONINE CIIEKTpaTbHbIC JIMHUM, BaXKHBIC
wia ASIT, Kotopele He TpuBeneHbl B Tabmuuax SDSS: [Nelll] 3869 A, [Nelll]
3968 A, [SII] 4069/76 A, Hel 4471 A, Hell 4686 A , NI 5198/5200 A , [NII]
5755A, Hel 5876 A , [FeVII] 6087 A , Hel 6678 A , Hel 7065 A , [ArIII] 7136 A ,
[ArIV] 7237 A, [OII] 7319A, [OII] 7329A .

Ha puc.3 npuBeneHbl AMarHOCTAYECKUE AMarpaMMbl: Ha 1-il IMarHOCTUYECKOM

1.6 1.6
1.2 1.2
0.8 1 0.8
% - -
T 047 0.4
N~
S 001 0.0
S ]
-0.4 1 -0.4
-0.8 1 0.8
20 -1.6 -12 -0.8 -0.4 00 0.4 24 20 -16 -12 0.8 -04 00
6583 /Ha 6300/Ha

Puc.3. JIuarHocTUYecKUe IUarpamMMbl
st oobektoB HRC/BHRC, mnocrpoenHbie
MO OTHOIIEHUI0 WHTECHCHUBHOCTEH 3MHUC-
cuoHHBbIX JuHUE. CneBa HampaBo: [Ol]/Ha
or [OIII]/HB, [NII]/Ha ot [OIII]/HB,
[SIT]/Ho ot [OIII]/HB.

-16 -12 -08 -0.4 0.0 0.4
(67174+6731) /Hat
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JMarpamMMe MCIoJIb30BaHbl OTHOLLUEHVSI MHTEHCUBHOCTEM JIMHUIA [OI]/ch u [OIII]/HB )
Ha 2-it - [NIIJ/Ha u [OHIJ/HB, u Ha 3-it - [SI]/Ho u [ONI}/HB [16].

B pesynbTate Kiaccu@uKkalmu Kak 1Mo AMarHOCTUUECKUM JuarpaMMamM, Tak U Tpu
BH3YyaJIbHOM OCMOTpE BceX CeKTpoB 198 obnekToB mromydeHsl 22 (11.1%) xBa3apa,
46 (23.3%) ceiideproBcKux ranaktuk, 6 (3.0%) naitHepoB, 3 (1.5%) o0bekTa ¢
cocTaBHBIM (composite) criektpoM, 10 (5.1%) HII, 1 (0.5%) ASIT, 17 (8.6%) ramaktuk
¢ JIMHYSIMU M3mydeHust 1 43 (21.7%) ranakTuky ¢ JIMHUSIMU TIOIJIOIIEHUS (BO3MOXHO
SABISAIOTCS CKpbITbIMU AATY). 28 00BEKTOB OKa3aiuch 3Be3naMu, a ele 22 u3-3a
HU3KOIO KayeCcTBa CIEKTPOB OCTAIUCh Oe3 orpeaesieHHON Kiaccudukauyu (tad.l).

Tabauya 1
PACITPEJEJIEHUE U3YYAEMBLBIX 198 OBBEKTOB
10 TUITAM AKTUBHOCTHU
Tun Yucao Tun Yucno
aKTUBHOCTH 00BEKTOB AKTUBHOCTH 00BEKTOB
QSO 10 NLS1.8 14
QS01.2 5 S2.0 1
NLQSO1.2 1 AGN 1
QSO01.5 4 LINER 6
NLQSO1.5 2 LINER/Sy 1
S1.0 3 HII/Sy 2
S1.2 7 HII 10
NLS1.2 6 Em 17
S1.5 8 Abs 43
NLS1.5 5 Star 28
S1.8 2 UnCl 2

Hano otMetuTh, 4TO TOMBKO 128 13 HalMX OOBEKTOB MMEIOT KiIaCCU(PUKALIIIO
B NED (NASA/IPAC Extragalactic Database). B pesynbrare kiaccudpukanuu
BBISICHWJIOCH, UTO TOJIbKO 9 13 128 00beKTOB ObLIM KiIaCCUMDULIMPOBAHBI MPAaBUIBLHO
WY TIoJTHOIIeHHO. Harra kimaccndukanms 6ojee HageXXHa, TaK KaK YIUTHIBAJIUCH
LIMPOKUE KOMITOHEHTHI CIIEKTPAJIbHBIX JIMHUI, YTO HEBO3MOXKHO Ha JUATHOCTUUYECKIX
JyarpaMMax.

Tab6i.2 comepXuT IMapaMeTpbl OCHOBHEIX JIMHUN M3Iy4eHUS] M3YUYECHHBIX 3IECh
raaktik HRC/BHRC. IpuBeneHbl TOBKO T€ TMHUM, KOTOPbIE MPEBBILLAIOT YPOBEHb
myMma Ha 3c. s Kaxnoro oobekTta B TabJ.2 TMepevyuciaeHbl MHTEHCUBHOCTH
CITEKTPAJbHBIX JIMHWUHI, OECIATUIHBIC JTOTapM(dMBbI OTHOIIECHWIT WHTEHCHMBHOCTEH
CMEKTPaTbHBIX JIMHUI [OIII]/HB, [OI]/Ha, [NII]/Hoc ] [SII]/Ha , TUTIbI aKTUBHOCTH,
OCHOBaHHBIE Ha 3TUX OTHOLIECHMSIX WJIM Ha MPSIMON KiacCU(pUKaAIUM CIIEKTPOB, a
TaKKe TUITBI aKTUBHOCTH, ocHoBaHHBIe Ha NED. Bce a1 mapameTpsl TIpuBeIeHBI
mng 105 oobekroB HRC-BHRC, nmig koTopbix M3MepeHbI ITapaMeTphbl JIMHUI B
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Tabauya 2

MAPAMETPBI IJITABHBIX DMUCCHUOHHbIX JIMHUN
TF'AJIAKTUK HRC/BHRC

N 1 2 3 4 5
WoHbl Jonvna | J111316.51J004949.3(J013051.8{J005617.3{J095427.6
BOJHBI | +480449 | +242707 | +012712 | +275349 | +301917
[O11] 3727 | 25.31 6.32 55.49 31.7 36.41
Hp 4862 20.4 5.14 66.87 33.79 25.48
[OIII] 4959 7.26 5.54 36.19 24.09 33.96
[OIII] 5007 13.11 5.84 47.07 33.23 60.58
BricoTa [OI] 6300 5.12 6.59 21.4 13.53 14.21
[NII] 6548 9.76 7.47 94.5 43.21 37.97
Ha 6563 64.29 8.33 130.56 65.08 40.98
[NII] 6583 23.71 9.74 97.17 52.78 44.73
[SII] 6716 12.76 9.24 21.73 19.99 21.48
[SII] 6731 11.92 8.18 20.51 16.67 19.15
CootHotuenue |log([OIII]/HB) -0.192 0.056 -0.153 -0.007 0.376
log([OI]/Ha) -1.099 -0.102 -0.785 -0.682 -0.460
log([NII]/Ha) -0.433 0.068 -0.128 -0.091 0.038
log([SII]/Ha) -0.416 0.321 -0.490 -0.249 -0.004
Tun HII LINER | NLSI1.5 |NLSQI.2| QSO1.2
AKTUBHOCTHU
NED n/a n/a n/a n/a n/a

SDSS DRI10-DR15. Ta6:1.2 nmojJHOCTbIO TpUBEAEHA B 3JIEKTPOHHOM BUE B 0a3e
JIaHHBIX aCTPOHOMUYECKHMX KaTajaoros Vizier.

s cpaBHEHMSI, pacCUMTaHbl CpeAHUE 3HAYCHMS (PM3UUECKUX MapaMeTpoB ISt
3TUX OOBEKTOB.

HaumeHbliiee 3HaueHue KpacHoro cmeleHus (13 SDSS, He BKIouast 3Be311)
cocrapisteT 0.002, a Hanbonblree - 4.366. CpenHee KpacHOE CMEIIEHUE COCTaBISIET
0.408. PacrnipeneneHue KpacHbIX CMELIEHWI MpUBENEHO Ha puc.4, rae KpacHble

Tabauya 3
JAHHBIE MHOTOBOJIHOBOM KPOCCKOPPEJISALIUU

Haszpanue karajora Pagnyc moucka (arcsec) Yuciao oOBEKTOB
GALEX 3 97
2MASS 2 120
AlIWISE 2 174

IRAS 60 8
NVSS 10 40
FIRST 3 29
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Puc.4. PacnpeneneHue KpacHbIX cMelleHWil st 198 peHTreHOBCKMX HCTOYHMKOB.

CcMellleHUsI OOJIBIIMHCTBAa 00BEKTOB Haxomdrcs B auana3oHe oT 0.03 mo 0.50.
CpenHue 3HauYe€HUS BEJIWYUH U, g, r, i, Z cocraBiswoT 20.33, 19.12, 18.33, 17.92
u 17.63, COOTBETCTBEHHO.

5. MHoeoeoanoevie darnnbie. Bee 198 0OBEKTOB GBIIM KPOCCKOPPETNPOBAHEI
¢ Karajorom yiabeTpaduoneroporo auanazoHa GALEX [17], uHdpakpacHEIMU
katanoramu 2MASS [18], AIWISE [19], IRASPSC [20], FSC [21] u IRASPSC/
FSC [22], a takke c¢ pammoxartaimoraMu NVSS [23] u FIRST [24]. B T1a6n.3
MPYBEACHBI Pe3YJIbTaThl KPOCCKOPPETUPOBAHUSI.

B Tabm4 mpuBemeHBI pa3IMYHBIE TTapaMeTphl Hallleif BBIOOPKM Ha OCHOBE
PE3YNIBTaTOB KPOCCKOPPEIMPOBAHMSI C MHOTOBOJTHOBBIMU Katajioramu. B moceayronmx
CTpOKax IepeunciaeHbl caenyromue gaHHble: ROSAT (Ha3BaHue oobekTa ROSAT,
CKOPOCTh cueTa, KO3(POUIIMEHT KECTKOCTH crieKTpa 1, KoadPUIHMEHT KeCTKOCTH
crnekTpa 2, peHTreHoBckuit motok), SDSS (RA 2000 u DEG 2000, u, g, r, i,
Z BeJIMYMHBI, KpacHoe cMmelieHre), GALEX (paccTossHue KpocCKOppeaupoBaHUS,
FUV, NUYV Bemuuunsl), 2MASS (paccrosiHue KpocckoppearpoBaHus, JHK BeTUUUHbI),
IRAS (paccrostHue KpocckoppenupoBanus, motoku F12, F25, F60, F100 fdn),
ALLWISE (paccrosinue kpocckoppeiaupoBaHus, W1, W2, W3, W4 BenuuuHbl),
NVSS (paccrosinue kpocckoppenaupoBanus, S1.4 mAH), FIRST (paccrosiHue Kpocc-
KOppeJIMpOBaHUS, Fpeak, F, MSH), panuManbHas CKOpOCTb, DPacCTOAHME (Ipu
H=72xm/c MIIK), peHTTeHOBCKasl U ONTUYECKAs CBETUMOCTb, M BEeJIMYMHA Y TUII
AKTMBHOCTH JIJTST KaXXIOro 00ObEKTa, BEIOpaHHBIX HaMU. Ta0i1.4 MOJTHOCTBIO MpUBEACHA
B 2JICKTPOHHOM BUJE B 6a3e JaHHBIX aCTPOHOMUYECKHUX KaTajaoros Vizier.

B 1a6:1.5 mpuBeneHsl cpeaHre napaMeTphbl I HalluX 148 0ObEKTOB, UMEIOIIMX
orpeesicHHbIC TUTTBI aKTUBHOCTH. B TTocenyommx cTonb1ax nepednciieHbl TUTTBI
AKTUBHOCTH, YUCJIO OOBEKTOB, CPEeIHEE KPACHOE CMEICHUE, CPENHsT abCOMIOTHAS
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Tabauya 4
PA3JIMYHBIE TAPAMETPbBI HALLIEN BBIBOPKHW, OCHOBAHHBIE
HA PE3VYJIBTATAX KPOCCKOPPEJIMNPOBAHHA C
MHOTI'OBOJIHOBBIMH KATAJIOTAMUA
N 1 2 3 4 5 6
1RXS JO11143.1 | J003455.6 | J004014.6 | J095246.6 | J095427.6 | J001740.9
+165238 | +300043 | +012625 | +515338 | +301917 | +082756
CR 0.0446 0.0461 0.0553 0.24 0.0479 0.0493
HRI1 0.85 0.7 0.39 0.2 -0.25 1
HR2 -0.17 0.56 0.27 0.18 -0.19 0.16
F, (MB1/M%) 5.72E-13 | 5.54E-13 | 5.74E-13 | 2.25E-12 | 3.35E-13 | 6.71E-13
RA 17.93848 8.74895 10.05634 | 148.19684 | 148.61592 | 4.42273
DEG 16.88632 | 30.02102 1.42953 51.88536 | 30.32027 8.46548
u 17.861 20.137 19.119 18.695 17.778 20.209
g 15.742 18.137 18.281 17.285 17.459 19.423
r 14.772 16.645 17.321 16.737 17.619 19.272
i 14.308 16.077 16.841 16.568 17.531 19.156
z 13.979 15.673 16.537 16.480 17.591 18.940
z 0.063254 | 0.230529 | 0.226316 | 0.215194 | 0.533459 | 0.678406
GALEX " 2.666 1.473 0.709 1.823 0.15 0.857
FUV 21.97 20.847 18.985
NUV 21.423 22.16 20.198 22.25 18.188 20.418
2MASS 1" 0.324 0.671 0.362 0.172 0.522 0.358
J 14.338 16.225 16.046 15.591 16.988 17.053
H 13.459 14.836 15.107 15.12 15.975 16.325
K 13.152 14.681 14.33 14.938 15.463 15.527
IRAS 1" 53.6
F12 (SIn) 0.0885
F25 (5In) 0.1548
F60 (sIn) 0.2171
F100 (sIn) 1.14
WISE 1" 0.176 0.279 0.202 0.302 0.155 0.25
W1 12.08 13.72 13.25 14.97 13.39 13.82
W2 12.16 13.45 12.36 14.89 12.32 12.59
W3 11.32 12.00 9.38 12.29 9.85 10.21
W4 8.99 8.70 7.25 8.87 7.70 7.75
NVSS " 2.76 1.08 3.09
S1400 (m5H) 12.1 16.2 208.1
FIRST " 0.308 0.133 0.392
F o (MSIH) 135.19 23.11 32.17
F, (Mdn) 150.83 23.06 33.44
v_r (km/c) 18377 61355 60369 57741 120975 142810
D (Mrk) 263 922 906 864 1978 2424
L _(Br) 5.36E+35 | 8.55E+36 | 8.49E+36 | 2.97E+37 | 3.69E+37 | 1.33E+38
L (Br) 1.78E+37 | 5.21E+37 | 2.68E+37 | 4.10E+37 | 1.52E+38 | 5.95E+37
M -22.37 -2341 -22.69 -23.17 -24.31 -23.17
Tun akTMBHOCTH Abs AGN HII LINER QSO01.2 S1.5
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Tabauya 5

CPEAHUE ®U3SNYECKUE IMAPAMETPbl OBBEKTOB HRC-BHRC

PA3JIMYHDBIX TUITTOB AKTUBHOCTHU

Tun Yucno KpacHoe HRI1 M u-g g-r |log(F/F,)
AKTUBHOCTH | OOBEKTOB | CMeEIICHUE
QSO+Syl 51 0.556 0.117 | -23.08 | 0.463 0.255 -0.20
Sy2+LINER 24 0.263 0.182 | -22.27 | 0.936 0.532 -0.35
Composite 3 0.131 -0.137 | -21.24 1.130 0.455 -0.57
HII 10 0.170 0.164 | -20.61 | 0.690 0.580 -0.53
Em 17 0.292 0.292 | -21.96 | 1.790 0.328 -0.15
Abs 43 0.216 0485 | -22.05 | 1.574 0.392 -0.47

BeMunHa M, cpeqHue u-g v g-r uBeta, U X-ray/opt OTHOLIEHHUS TIOTOKOB JUIS
AT (QSO+Sy+LINER), ranaktuk ¢ cocraBHbiMu criektpamu, HII, Em u Abs

raJlaKTUK.

Bce ASIT m ramakTuku ¢ COCTaBHBIMH CTICKTpaMU BMECTE B CpEAHEM MMEIOT
KkpacHoe cmeleHue 0.298, uro B 1.75 pasa 6osblie, yem y ranaktuk HII. Cpennsis
abcomoTHas BennurHa Becex ASI U rajakTuk ¢ COCTaBHBIMU CIIEKTpaMU BMECTE
paBHa M =-22.05, uto Gonbuie, yeM y ranaktuk HII nHa 1.44. Cpennumit user u
-g st Beex ASIT 1 TajmakTHK ¢ COCTaBHBIMU CITeKTpaMu cocTasisteT 0M.87 a mis
HIT - 0™.69. Cpennuii uBet g-r ansa Bcex AAD M rajakTWK ¢ COCTaBHBIMU
criektpamu cocrasisger 0M.36, a mra HII- 0™.37.

log(CR)+0.4r
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Puc.5. 3aBUCUMOCTb CYMMBbI CKOPOCTM CY€Ta PEHTTEHOBCKMX Jydeil (B JorapudMHUeCKOM
Maciutabe) u BenumumHbl 0.4r SDSS, or BemmumHbl r SDSS.
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PaguanbHbie CKOPOCTHM OOBEKTOB Hallleil BIOOPKU HAXOIATCSI B MHTepBaje
7200 279859 km/c, paccTosiHus - 102 <7388 MIIK, a abCOMIOTHBIE BEIMYUHBL M. -
—15.85+-29.33.

Ha puc.5 npusenena 3aBucuMoctb 00beKTOB 110 log(CR)+0.4r ot r. OcobeHHO
MHTEPECHO PACCMOTPETh 3TO COOTHOIIEHUE ISl TAJIAKTUK C JIMHUSIMU TOTIOIIEHUSI,
YTOOBI TIOHSITD, SIBJITIOTCSI T OHU CKPBITBIMKU ASIT, M mMeroT peHTTeHOBCKOE
U3JIy4YeHUE H3-3a MHTErpajibHOro M3Jy4eHHUs TaJaKTUUEeCKOro HaceJIeHUsI.
Pacnpenenenue AAD HaxomuTcsd B OMCKPETHOU 00JacTM MeXAYy JUHUSIMU A
(log(CR) +0.4r=4.9) u B (log(CR) +0.4r=6.4) [25].

Takum obpaszom, HaigeHbl 30 (Mexay JuHUsIMU A U B) 00BbeKTOB, KOTOpHIE
SIBJISIIOTCSL KaHauAaaTaMu B CKpbIThie AT

6. 3akarwuenue. Ha ocHOBe OIHOPOIHOIO Karajora OTOOPaHHBIX PEHTIe-
HoBckux AT npoBeaeHO CNEKTPOCKONMYECKOe UCCaenoBaHue AJi TeX OOBEKTOB,
KOTOpble MMeIoT creKTpbl SDSS. 198 00beKTOB BXOAAT B 3TOT CHUCOK, U OHU
K/IacCU(ULIMPOBAHBI MO TUIIAM aKTMBHOCTU C MCITOJIb30BAHUEM TpPeX TMAarHOCTUUECKUX
JIUarpaMM U TIHATEILHOIO MCCIIEIOBaHUS CIEKTPOB (VIS TIOJIHOM KilacCU(UKAIIN
wmpokux JuHuii AAIN). Caenana ToHKast KilacCM(bUKaIIUs CIIEKTPOB, YTOObI OTACIUTD
y3KHe U KJIacCUYeCKUe LIMPOKUE JTUHUM ceiipepTOBCKUX TaJaKTUK U OMpPeIeInuTh
MOATUIIBI ceipepTOBCKUX TanakTUK. [IpraaBast 0oJbliioe 3HAUEHUE 3TUM JETAJISIM,
Hainensl moatunbsl NLS1, a mmenno: NLS1.0, NLS1.2, NLSI1.5 m NLSI1.8.
JanbHeiillee HaKOIUIEHWE CTATUCTUKKU MOXKET JaTh BO3MOXHOCTh ITOHSITh HX
dusmueckre pa3nmnunsd. PaccumTaHBl Bce BO3MOXKHBIC (PM3MUYECKUE MTapaMeTphl
HCCIIeAYeMbIX OOBEKTOB: JIydeBble CKOPOCTHU, PACCTOSIHUS, aOCOIIOTHBIC BEIUUMHBI,
CBETUMOCTHU U T.[I.

OmHuM M3 HamboJlee MHTEPECHBIX KJIACCOB OOBEKTOB CPEeIM MCTOYHUKOB
PEHTIEHOBCKOTIO M3JTyYeHUsI SIBJISIIOTCS TAJTaKTUKU C JIMHUSIMU TToryioleHust. Camblie
SIpKUE M3 HUX MOTYT BOWMTU B KaTaJOT M3-3a UX BBICOKOM MHTErpaibHOM SIPKOCTH,
OIIHAKO MHOTHE TaKhe OOBEKTHI, UMes HU3KYIO SIPKOCTh, BCE K¢ HAOMOIA0TCs Kak
CUJIbHBIE UCTOYHMKHN PEHTIEHOBCKOIO M3JTy4eHUsI. Mbl paccMaTpriBaeM 3TU OOBEKThI
KaK BO3MOXKHbIEe CKPbIThIE ASIL", y KOTOPBIX ONTUYECKHE CIIEKTPhI HE MOKA3bIBAIOT
HUKaKUX MPU3HAKOB SMUCCHUU.

CriekTpockonuyecKkasi KiaccuguKalusl U UCCIeAOBaHUE TIPUBEIN K OTKPHITUIO
mHorux HoBbIx ASIIT m Starburst. B pesynbTaTe Halll KaTajor, ¢ y4eTOM paHee
U3BECTHBIX 00BEKTOB, coOpaHHbIX M3 NED, crtan Gonee monaHeiM. M3 4253
oobekToB HRC-BHRC, 3542 ncrounuka paHee ObUIM NoATBepKAcHBI Kak Al B
MNPeIbIAYLINX CIIEKTPOCKOMMYECKUX HAOMIOACHUSIX, U Mbl 100aBWIM K HUM 198
HOBBIX (XOTSI HEKOTOpPbIE ObLIN TepeKIacCu@uIIMpoBaHbl).

YToObl pa3IMuUTh CUIbHbIE UICTOYHUKN PEHTIEHOBCKOIO M3YyYEHUST U HAWTU
KaHauaaTel B cKpbiThle ASII, mocTpoeHbl AuarpaMMbl OTHOLUEHU#T X-ray/opt
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MoToKOB. 30 0OBbEKTOB BO3MOXHO SIBJSIIOTCSI CKPbIThIMU ASITT 13-3a X CUIIBLHOTO
PEHTIEeHOBCKOTO M3JIYYeHUsI OTHOCUTEJIBHO K CJIa00MY ONTHUYECKOMY IOTOKY M
OTCYTCTBUSI KaKMX-JTMOO OCOOCHHOCTEH JIMHUI MU3JTy4eHUS] B ONTUYECKUX CITEKTpaX.
BrImoHeHO Takke MHOTOBOJIHOBOE KPOCCKOpPpEeIpoBaHue st TToctpoeHuss SED
3TUX OOBEKTOB M M3YyYEHHUS MX MOBEACHUS B APYTUX AWAIA30HAX DJIEKTpOMar-
HUTHBIX BOJIH.

B pa6ote 6bun ucnosb3oBaHbl gaHHbIe U3 NASA/IPAC Extragalactic Database
(NED), a takxe mannubsie u3 SDSS-III http://www.sdss3.org/.

ABTODBI BBIpAXKAIOT OJIar0IapHOCTh AHOHMMHOMY PELICH3eHTY CTaThbH 3a IICHHBIC
3aMeyaHMs W TIPEIJIOKEHMSI, KOTOPhIe CITOCOOCTBOBAIM €€ YIYJIIICHHIO.

"HAH PA, BropakaHckasi actpodusuyeckasi o0cepBaTOpHsI
uM. B.A.AmGapuymsina (BAO), ApmeHusi, e-mail: gurgen paronyan@yahoo.com

ACTIVITY TYPES OF GALAXIES SELECTED FROM
HRC/BHRC SAMPLE. 11

G.M.PARONYAN!, AM.MICKAELIAN!, HV.ABRAHAMYAN!,
G.AMIKAYELYAN!

In this study we carry out detailed spectral classification of 198 AGN
candidates from the Joint HRC/BHRC sample, which is a combination of HRC
(Hamburg-ROSAT Catalogue) and BHRC (Byurakan-Hamburg-ROSAT Catalogue).
These objects were revealed as optical counterparts for ROSAT X-ray sources,
however spectra for 198 of them are given in SDSS without definite spectral
classification. We studied these 198 objects using the SDSS spectra and revealed
the detailed activity types for them. Three diagnostic diagrams and direct examination
of the spectra were used to have more confident classification. We also made
identification of these sources in other wavelength ranges and calculated some of
their parameters.

Keywords: AGN: X-ray: spectral classification: activity type: HRC/BHRC: X-ray
AGN: ROSAT: HOS
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KINEMATICS AND VELOCITY ELLIPSOID OF
HALO RED GIANTS

M.I.NOUH'2, W.H.ELSANHOURY?3
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Here, we aim to determine the kinematical properties, velocity ellipsoid and Oort constants
using a sample of halo red giants. The study is based mainly on the space and radial velocities of
1583 red giant stars collected from the SEGUE-1 and SEGUE-2 surveys. We divided the sample
into three subsamples: the inner halo, the outer halo and the stars near the galactic plane. The fitting
of the radial velocity equation gives a mean of Oort constants 4= 15.6 £ 1.6 km s” kpc™" and
B=-139+ 18 kms" kp"' and angular velocity |4 - B|=29.5+ 0.2 kms™ kpc”, which implies a
rotational velocity of 221.25 + 26.66 km s if we take the distance to the galactic center as 7.5 kpc.

Keywords: stellar halo: solar elements: kinematical analysis: Oort constants

1. Introduction. Stellar kinematics is an essential ingredient in the study of
galactic structure and evolution. Halo stars in particular may be exploited to probe
the formative phases of our galaxy [1].

Various studies have provided evidence that the Milky Way's halo may not
comprise a single population by analyzing spatial profiles (or inferred spatial
profiles) of halo objects [2-7]. A recent example of such an analysis is the
observation of two different spatial density profiles for the distinct Oosterhoff
classes of RR Lyrae variable stars in the halo [8]. Additionally, tentative claims
for a net retrograde motion of halo objects support the existence of a likely dual-
component halo [9-15]. Using astrophysical simulations, the galactic halo has been
divided into two components, the inner halo and the outer halo [16]. The inner
halo is dominated by stars that formed within the galaxy, where the outer halo
mainly comprises stars accreted through merger events.

Red giant stars are important because they are the most luminous of old stars
and so are particularly useful to study the early history of the Milky Way.
Therefore, researchers use these stars like fossils because in many cases their
chemistry and motions have been unchanged since they were formed more than
10 Gyr ago. According to the Sloan Digital Sky survey's SEGUE project, there
are over 5000 giant stars, some of them as far away as 100 kiloparsecs (kpc; for
comparison, the Milky Way's brightest satellite companion galaxies, the Magellanic
Clouds, are only 50 kpc away). In the present paper, we calculate the kinematical
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parameters and the rotational constants for a sample of halo red giants.

The structure of the paper is as follows: Section 2 describes the observational
data. Section 3 is devoted to calculating the kinematical parameters of the sample.
The galactic rotational constants are determined in section 4. The conclusion is
given in Section 5.

2. Observational data. The sample of halo red giant stars in the halo fields
is selected by [17] from the SEGUE-1 and SEGUE-2 surveys [18]; [19] and
SDSS-ITII/SEGUE-2 [20]; [21] surveys. Both SEGUE surveys were spectroscopic
extensions of SDSS, with the goal of acquiring broad-wavelength coverage,
moderate-resolution R~2000 optical spectra of stars in specific galactic populations.
Carollo [22] used proper motions in combination with distance estimates and
radial velocities to provide the information required to calculate the full space
motions (the components of which are referred to as U, V, W) of our program
stars with respect to the local standard of rest.

We retrieved data for 1444 stars including complete records of space velocities,
radial velocity, proper motion, distance and metallicity. The effective temperature
of the program stars ranges from 4266 K to 6330 K, the metallicity ranges from
-2.29 to -0.69 and distances are up to 40kpc from the Sun. Carollo [15] applied
the corrections for the Sun's motion with respect to the local standard of rest when
calculating the full space motions by adopting values from Mihalas & Binney [31]
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> »
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Fig.1. Distribution of observed radial velocities of the red giant stars at different galactic
longitudes.
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(U, V, W)=(-9, 12, 7)kms". Errors in the distances are taken to be 10% of the
stated distance, the average error in the proper motions is ~1 masyr" and the error
in the radial velocities ranges between 0.7 and 4.8 kms™.

We followed the procedure introduced by [15] and divided our sample into
three small samples, an inner halo of stars d <15 kpc away, an outer halo for
stars d=15-20kpc away and add another small sample for the stars near the
galactic plane; 7 <R <10 kpc. Fig.1 displays the distribution of the radial velocities
of the program stars with galactic longitudes. In Fig.2, we plot the space velocities
U, V, and W as a function of the metallicity.
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3. The kinematical model. We follow the computational algorithm de-
veloped by [23] to compute the velocity ellipsoid parameters for the above data
sample and solar elements. A brief explanation of the algorithm follows. The
coordinates of the i-th star with respect to axes parallel to the original axes, but
shifted to the center of the distribution, that is, into the points U, ¥ and W ,
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will be (Ui—l7 ), (Vi—17), (Wi—W) where U, V and W are the components of

the space velocities U , ¥V and W are the mean velocities. This is defined as:

o lN _ lN _ lN
vl N 22 (1)

where N is the total number of stars and the components U, V and W can be
computed by transformation formulae [24]. Then,

U =-0.0518807421V,—0.8722226427V,- 0.4863497200V , 2)
V'=0.4846922369 V', — 0.4477920852 V,+ 0.7513692061V_ , 3)
W =-0.8731447899V,—0.1967483417V,+ 0.4459913295V’, . 4)

Let & be an arbitrary axis, its zero point coincident with the center of the
distribution, and let /, m and n be the direction cosines of the axis with respect
to the shifted axis. The coordinates Q, of the point i, with respect to the & axis
are then given by:

0, =1U~T )+ m(y,~7 )+ nlw,~ 7). (5)
Let us adopt a generalization of the mean square deviation, as the measured of
the scatter components Q, defined by

=130 6
Ni:l L ( )

From Equations (1), (5) and (6), we deduce that
o’ =x' Bx, (10)

where x is the (3x1) direction cosine vector and B is (3x3) symmetric matrix
u; with element

1 0 L& =
Mg N,Z:l: i M2 NlZ:l:
1 & — 1 & _
Wi == 2 UW=UW ; MzzZ_ZViZ_Vz; (11)
N3 N3
—L%VW—VW' _Lin_Wz
Ho3 N > Hiz N& .
The necessary conditions for an extremum are now
(B-11)x=0. (12)

These are three homogenous equations in three unknowns, which have a nontrivial
solution if and only if

D(r)=|B-11|=0, (13)

where A is the eigenvalue and x and B are:
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Equation (13) is characteristic equation for the matrix B. The required roots (that
is, the eigenvalues) are

k o 0] k
A =2 l/30089——1; A, =—p"*dcosL +/3sin=p ——L;
TR e FVsing

(14)
k
Ay =— 1B{cosg—\/gsing}——l.
3P 3 3/73
where
ky = _(Hn + Uy t+ Has)a ky =1y + 1y s + Hogtas _(lez + H123 +H§3)a (15)
ky = H122M33 + u123},t22 + H%s“n — Hyitootss — 21k 5k05
1 1 1 1
q:§k2_§k12; rzg(klk2_3k3)_5kl3’ (16)
g (17)
x=p> -1, (18)

and

d):tan'l[ﬂ) (19)

r

Depending on the matrix that control the eigenvalue problem (9) for the velocity
ellipsoid, we establish analytical expressions of some parameters for the correlation
studies in terms of the matrix elements p; of the eigenvalue problem for the
velocity ellipsoid. The velocity dispersions o;; j=1, 2, 3 could be given by

o=, (20)

The center of the cluster can be derived by simply finding the equatorial
coordinates of the center of mass for the number N, of discrete objects, that is

N N N
X, :[Z’? cosocicoséS,}/N, V.= {Zr, sina,-cosSi}/N, z, ={Zri cosﬁ,}/N. (21)
i=1 i=1 i=1

The solar motion can be defined as the absolute value of the Sun's velocity relative
to the group of stars under consideration,

So =02+ 72+ 72)" kms. (22)

The galactic longitude /, and galactic latitude b, of the solar apex are
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1, =tan’ (-7/T), (23)

b, =sin" (-7 /S). (24)
These three parameters may be called elements of solar motion with respect to
a group under consideration.

We computed the kinematical parameters and solar motion for the three
subsamples (the inner halo, outer halo and stars near the galactic plane). The
results are listed in Table 1, in which row 1 is the total number of stars in each
class; rows 2, 3 and 4 are the average space velocities due to galactic coordinates;
rows 5, 6 and 7 are the eigenvalues; rows 8, 9 and 10 are devoted to dispersion

velocities; rows 11, 12 and 13 are the direction cosines and rows 14, 15 and 16
give the solar elements.

Table 1
VELOCITY ELLIPSOID AND SOLAR VELOCITY FOR THE THREE
SUBSAMPLES
Parameters Inner Outer Galactic plane
d <15 kpc d =15-20 kpc 10>R>7 kpc
926 stars 518 stars 160 stars

U (km/s) 15.05+3.88 -7.19+2.68 22.451+4.74

Vo (km/s) -212.20+14.57 -208.93+14.45 -210.36+14.50

W (km/s) 16.28 £4.03 21.31+4.62 32.93+5.74

A, (km/s) 70681.7 81799.7 79029.4

A, (km/s) 35148.0 47588.5 36182.6

L, (km/s) 19123.3 30402.6 19373.3

o, (km/s) 265.86 286.01 281.12

o, (km/s) 187.48 218.15 190.22

o, (km/s) 138.29 174.36 139.19
(1, my, n)y, 0.056, -1.00, 0.086 0.00, -0.990, 0.144 0.103, -0.992, -0.070
(L, m,, m),, | -0.92,-0.085, -0.390 -0.906, -0.062, -0.419 | -0.697, -0.021, -0.717
(4, my, ny)y, 0.40, -0.058, -0.917 0.423, -0.130, -0.897 0.710, -0.123, -0.693
Se (km/s) 213.36 £ 14.61 210.14+14.50 214.10+ 14.63

l, 85.94 -88.03 8391
b, -4.37 -5.82 -8.85

Table 1 shows that the velocity dispersions (c,,5,,05) obey the inequalities
o, >0, >0, and they behave in a radially-elongated velocity ellipsoid. Chiba &
Beers [25] obtained the same behavior in terms of the halo's kinematics. The
longitude of the vertex of the velocity ellipsoid [ calculated for our sample
indicates that the principal axis points toward the galactic center.

4. The galactic rotation constants. The Oort constants can be related
to circular velocity and thus the galaxy's potential is an axisymmetric approximation
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[26]. The first proof of the existence of the differential galactic rotation was made
by Oort [27,28]. Several calculations have since been made for the two Oort's
constants, A and B.

To determine the rotation constant A, we follow two methods. The first uses
the radial velocity V. to show a double sine-wave variation with the galactic
longitude with an amplitude that increases linearly with distance [29]:

V. =-2A(R-R,)sinlcosh+ K , (25)
where / and b are the longitude and latitude of the individual star, respectively;
R, is the distance from the Sun to the galactic center and K can be interpreted
as systematic motions of large stellar groupings and systematic errors in the radial
velocities due to gravitational redshift, motions within stellar atmospheres and
erroneous wavelength systems [30].

The radial distance of the star from the galactic center R (the cylindrical radius
vector) is given by

R*=Rj+d*~2Rydcosl. (26)
We calculated the Oort constant A4 for the three subsamples (the inner halo, outer
halo and stars near the galactic plane). The results are listed in Table 2, in which
column 1 is the first Oort constant computed from the least squares fit to Equation

(25), column 2 is the K term and column 3 is the second Oort constant computed
using the relation (o,/c,) =-B/(4-B) [31].

Table 2
ROTATION CONSTANTS FOR THE THREE SUBSAMPLES
Parameters A (km s kpc) K-term (km s') B (km s kpc) c,/c,
Galactic plane 16.723 +1.81 -2.30£0.37 -13.610 0.68
Inner halo 14.592+1.76 -2.861£0.37 -14.360 0.70
Outer halo 14.930+1.82 -2.78£0.37 -20.420 0.76

The Oort constants can be connected to the local angular velocity through the
relation |4— B|. According to the present result, |4—B|=29.5+0.2 kms™kpc™. This
result agrees with [31] for the red giants |4-B|=29.6+1kms" kpc" but differs
from the results in the works listed in Table 3. Table 3 lists the Oort constants
calculated by different authors. The rotational velocities in column 4 are calculated
assuming that R =7.5kpc. The negative K-terms for the three program stars do
not differ significantly from zero. These values differ from many authors' findings
for early-type stars and showed significant values of the K-term.

5. Conclusion. In this work, we calculate the kinematical parameters and
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Table 3
ADOPTED OORT CONSTANTS AND COMPARISON
WITH PREVIOUS WORKS
Origin A B |4 - B| Rotational velocity
kms'kpc! | kms!kpc! |kms!kpc! km s’!
Oort [27,28] 19 -24 33 247.5
Kerr & Lynden-Bell [33]| 14.4%+1.2 -12.0£2.8 26.4 198.5
Comeron et al. [34] 12.9+0.7 -169+1.1 29.8 223.5
Feast a Whitelock [35] | 14.82+0.84 |-12.3710.64 27.19 203.9
Olling & Dehnen [36] 15912 -16.9+2 32.8 246
R.Branham [37] 16.08+0.72 |-10.74 £0.65 26.78 200.8
R.Branham, [38] 14.85+7.47 |-10.85+6.83 2543 190.7
Bovy [39] 15.3+0.4 -11.9+04 27.2 204
Chengdong et al. [32] 15.1£0.1 -13.4+0.1 28.5 213.7
This work 156+ 1.6 -139+1.8 29.5 221.2

the Oort constants with a sample of 1444 red giants from SEGUE-1 and SEGUE-
2 surveys. We divided the sample into three subsamples: the inner halo, the outer
halo and the stars near the galactic plane. The velocity dispersions, projected
distances and solar velocities for each subsample are computed. The derived velocity
dispersions (o,,0,,0;) for the two halo components are as follows: inner halo
=(265.86, 187.48, 138.29)kms", outer halo =(286.01, 218.15, 174.36) kms™ and
stars near the galactic plane =(281.12, 190.22, 139.19) kms™. The solar velocities
in kms™ are 213.4+14.6, 210.14 £ 14.5 and 214.1 + 14.6 for the inner halo, outer
halo and galactic plane, respectively.

We adopt the Oort constants A=15.6+1.6km s kpc' and B=-13.9+1.8
kms'kpc! and angular velocity |A— B| =29.5+0.2 kms' kpc”, which implies a
rotational velocity of 221.25 +26.66 kms™ assuming the distance to the Galactic
center as 7.5 kpc. Our results indicate that the rotation curve -(A4 + B) equals

-1.7+£0.3kms" kpc™, which indicates that the gradient of the rotation curve is
negative and the circular velocity decreases in the galactic halo.
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KUHEMATUKA U BJIIUIICOUI CKOPOCTEU
KPACHBIX TMT'TAHTOB T'AJ1IO

M.N.HOVYX, B.X.9JIbCAHXYPU

B Hactosieil ctathe ompeneecHbl KMHEMATHMUYeCKME CBOWMCTBA, DJIIUIICOMI
CKOpoCTeil M KOHCTaHTBEl OQopTa ¢ TMOMOIIBIO BEIOOPKM KPACHBIX TUTAHTOB Talo.
HccaenoBaHre OCHOBaHO TJIaBHBIM O00pa3oM Ha MPOCTPAHCTBEHHBIX U JIYYEBBIX
CKOpPOCTSIX OKOJO 1583 KpacHBIX TMIaHTCKUX 3Be3l, OTOOpaHHBIX U3 0030pOB
SEGUE-1 u SEGUE-2. M#bI pazaenwin BbIOOPKY Ha TpY MOABBIOOPKU: 3BE3/bl
BHYTPEHHETO Iajio, 3Be3[bl BHELTHOIO Tajo U 3BE3Ibl OKOJO IIOCKOCTU TaIaKTUKH.
INoaronka ypaBHeHUSI JIy4eBOM CKOPOCTU JaeT CpelaHee 3HaYeHUE JJIsT TTOCTOSTHHBIX
Oopra, A=15.6+1.6xmc'knk' u B=-13.9+1.8 xkmc™ knk', yriosas ckopocTb
|A-B|=29.5+£0.2xMc" KK, 4TO COOTBETCTBYET CKOPOCTH BpameHus 221.25+
26.66 KM cC™', ecim Mbl TIpDUMEM pAcCTOSIHME N0 LieHTpa [anakTuku 7.5 KIK.

KitoueBble ciioBa: 36e30H0e 2ano: anemeHmbl CO/lHL(a.' KUHemamu4ecKull aHalu3:
NOCMOAHHbLE Oopma
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In the present paper we use a complete set of CCD observations to model the light curves
of the new W UMa systems, GSC 4835-1716 and USNO-A2.0_1275-10813091. The light curve
modeling is performed by means of the W-D code where Kurucz (1993) model atmospheres are
implemented. We treated the asymmetry of the observed curves using a spotted model. Physical
parameters of the accepted model revealed that primary components of the studied systems are
massive and hotter than the secondary ones. The components of the system GSC 4835-1716 are
found to be on or near the TAMS track while the components of the system USNO-A2.0_1275-
10813091, lie between the ZAMS and TAMS evolution tracks.

Keywords: eclipsing binaries: W UMa: evolution: light curve analysis

1. Introduction. Orbital solution and radial velocity of eclipsing binaries are
the main sources for studying the stellar properties of eclipsing binaries. Basic
physical properties and parameters for new discovery objects are estimated through
the orbital solution and light curve modeling using photometric and spectroscopic
observations. Light curve modeling of eclipsing binaries reveals some physical
parameters, which are used to establish and follow their evolutionary status. Light
curve analysis of new discovery systems has caught the attention of many authors
such as Haroon et al. [1] and Nouh and Elkhateeb [2].

In this paper, we present a continuation of a program started earlier to study
some newly discovered eclipsing binaries by Elkhateeb et al. [3-8]. The newly
discovered W UMa systems GSC 4835-1716 and USNO-A2.0 1275-10813091 are
the target of our present study. We performed their first light curve modeling to
estimate their absolute parameters and evolutionary status.

The structure of the paper is as follow: Section 2 presents basic information
about the studied system. Section 3 is devoted to light curve modeling. The results
and conclusion are presented in section 4.

2. Observations.

2.1. GSC 4835-1716. The system GSC 4835-1716 was classified as a new
discovery object of W UMa type by Liakos and Niarchos [9]. These authors
observed the system in V and [/ (Bessell) filters using a 0.4 m Cassegrain (F/5.1)

Elkateeb.pmd 215 4/10/2020, 2:57 PM



Elkateeb.pmd

216 M.M.ELKHATEEB

telescope from the Athens observatory (Athens, Hellas, Greece) with a focal
reducer attached with an SBIG ST-10XME CCD camera. The systems GSC
4835-1719 and GSC 4835-2180 were used for comparison and to check stars,
respectively. A complete set of CCD observations was obtained from January 12
to 23, 2012. The individual phases of all observed data were estimated using
ephemeris adopted by Liakos and Niarchos [9] as:

Min I = 2455939.383(9)+ 0.4245(1)E . (1)
Observed light curves are displayed in Fig.1 in V and [ (Bessell) filters.
' | ' | ' | ' |
0.3 Mv+0.2)

5 04 s
8 -l-'fr'_;l;‘-
N 0.5
5 0.6 =: 0
= ‘,':'_' a* :_"':.
0.7 T SEES
0.8 ! | I | ! | 1 |
0 0.4 0.8 1.2
Phase

Fig.1. CCD light curves of the system GSC 4835-1716 in V and I (Bessell) filters.

2.2. USNO-A2.0 1275-10813091. The variability of the system USNO-
A2.0 1275-10813091 was detected and classified as W UMa by Gazeas [10]. First
CCD observations for the system were obtained in V and R (Bessell) pass band
using a 0.4 m Cassegrain telescope from the Athens University observatory,
attached with an SBIG ST-10XME CCD camera from May 2 to 17, 2015. Using
the first ephemeris (equation 2) adopted by Gazeas [10], the individual phases
corresponding to observed data were estimated.

Min T =2457155.719(1)+0.2812(3)E . )
Fig.2 shows observed CCD light curves in V and R (Bessell) pass band.

3. Light curve modeling. Photometric solution and light curve modeling
for the systems GSC 4835-1716 and USNO-A2.0_1275-10813091 were performed
using the package by Nelson [11], who implemented Wilson and Devinney's
(2009) version. The code uses model atmospheres by Kurucz [12] and constructs
a theoretical model with absolute parameters and synthetic curves similar to the
observed ones. Initial values for the absolute parameters were adopted using Binary
Maker 3 code (BM3) (Bradstreet, Steelman [13]). The code allows one to
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Fig.2. CCD light curves of the system USNO-A2.0_1275-10813091 in ¥ and R (Bessell) pass band.

immediately see the effect of changing each parameter on the synthetic light curve.

We adopt gravity darkening and bolometric albedo exponents appropriate for the
convective envelopes Teﬁ,< 7500 K) of the late spectral type stars as g =g,=0.32
and A4, =A,=0.5 (Lucy [14], Rucinski [15]). Using the logarithmic law for the
extinction coefficients, we adopted the bolometric limb darkening (Van Hamme
[16]). Light curve morphology of the studied systems (continuous light variation)
shows that they were taken to be W UMa contact binaries (over contact). Mode
3 (over contact mode) of the W-D code was used and best matching between the
observed and synthetic curves was reached after several runs.

The observed curves of the studied systems show a difference in heights of
maxima. This is called the O'Connell effect and refers to the presence of spots
on the stellar surface. To treat this distortion of the curves, we tried to adopt a
model solution with a suitable spot position in parallel with a non-spot solution

2 T T T 5 T T T T
1.6 [ . 4+ _
~ = 4 3F —
&) 1.2 _ _
<) _ i 2+ |
N 0.8 _
04 - r .
0 . 1 ' 1 L | L @ (V8 P T T TP T lb
0.2 0.4 0.6 0.8 1 0 02 04 06 08 1
q q

Fig.3. g-search of the binary systems: a) GSC 4835-1716, b) USNO-A2.0_1275-10813091.
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to obtain a suitable match among the theoretical curves and the reflected points
observed.

Because of the lack of spectroscopic measurements (radial velocity) for the
studied systems, the initial value of mass ratio ¢ was determined using a g-search
method. The test solutions in this technique were done at a series of assumed
mass-ratios g with the values ranging from 0.10 to 0.90 using mode 3 for over-
contact. A convergent solution was obtained for each assumed ¢, and the resulting
sums of the squared deviations Z(O - C)2 for each value of g were plotted in Fig.3a
and b for both studied systems. Values of ¢ corresponding to the minima of
2(0-C) obtained for each of the binary stars were adopted as initial values in
the modeling.

The adjustable parameters during the photometric solution and best modelling
estimation are the mean temperature of the secondary star T, the orbital
inclination 7, the potential of the components (Q=Q, =Q,), the mass ratio ¢

Table 1

PHOTOMETRIC SOLUTION FOR THE SYSTEMS
GSC 4835-1716 AND USNO-A2.0_1275-10813091

Spot parameters of star 1
Co-latitude

Longitude

Spot radius

Temp. factor

Spot parameters of star 2
Co-latitude

Longitude

Spot radius

Temp. factor

2(0-C)°

125 assumed

200 assumed

25.17£0.61
1.7+0.02

125 assumed
170 assumed
24.51+0.16
1.58+0.03
0.2100

Parameter GSC 4835-1716 USNO-A2.0_1275-10813091
i () 54.67£0.23 61.56%+0.17
g =28, 0.32 0.32

A =4, 0.5 0.5

q (M,/M)) 0.6014£0.0012 0.5741+0.0015
Q =9, 3.0650 £ 0.0036 2.9325+0.0057
Q, 3.0659 3.0156

Qo 2.7141 2.6779

T, (K) 6210 Fixed 4410 Fixed
T, (K) 5290+ 5 4359+2

r, pole 0.3990 £ 0.0015 0.4162+0.0037
r, side 0.4223+£0.0018 0.4439 +0.0049
r, back 0.4512£0.0020 0.4787 £0.0072
r, pole 0.3146 £0.0041 0.3246 +0.0046
r, side 0.3288 £ 0.0051 0.3414£0.0058
r, back 0.3611 £0.0080 0.3833£0.0105

100 assumed
110 assumed
13.943+0.160
1.183£0.006

0.06602
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and the primary star luminosity L,. The relative brightness of a secondary star
L, was calculated using the stellar atmosphere model.

3.1. GSC 4835-1716. The observed light curves of the system GSC 4835-
1716 were analyzed using Mode 3 of the W-D code (Nelson [11]) in V and 1
(Bessell) filters. After a series of calculations, the best photometric fitting was
reached and the spotted model with the lowest £(0-C)* was estimated with two
hot spots. The first spot lies on the surface of star 1 (hot star) and the second
lies on star 2. The best photometric fitting of the accepted model shows that the
primary component is hotter than the secondary one with a temperature difference
of about 920 K.

Table 1 lists the estimated absolute parameters of the accepted model, while Fig.4
displays the synthetic light curves together with observed curves in V and I (Bessell)
pass bands. According to the estimated orbital parameters listed in Table 1, the

0.8
x
=2 L
9
N 0.7 —
©
£
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o
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Fig.4. Synthetic and observed curves for the system GSC 4835-1716.
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Fig.5. Synthetic and observed curves for the system USNO-A2.0_1275-10813091.
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primary and secondary components of the system GSC 4835-1716 are of spectral
types F8 and G8 respectively (Popper [17]).

3.2. USNO-A2.0 _1275-10813091. Photometric study for the observed
curves of the system USNO-A2.0 1275-10813091 was applied in ¥ and R (Bessell)
passband using Mode 3 (over contact) of the W-D code. A model with one hot
spot on star 1 was accepted after some trials, and a set of absolute parameters
describing the model was estimated and listed in Table 1. The parameters of the
accepted model show that the primary component of the system USNO-A2.0_1275-
10813091 is hotter than the secondary one with a temperature difference of about
51 K. The synthetic curves are displayed in Fig.5 together with the observed ones
in ¥V and R (Bessell) pass bands.

The adopted temperature of the primary and secondary components revealed
from the accepted model give their spectral types as K5 and K6 respectively
(Popper [17]).

The radial velocity curve is known as one of the main sources used to estimate
the physical parameters of the components of eclipsing binary systems. Because
the systems under study are new discoveries without any radial velocity curves,
we tried to estimate the absolute physical parameters for the two system components
using the empirical 7 e Mass relation of Harmanec [18]. According to the
estimated parameters, the primary component in both systems is more massive
than the secondary one. Table 2 lists the calculated physical parameters for the
system components.

Table 2

ABSOLUTE PHYSICAL PARAMETERS FOR GSC 4835-1716 AND
USNO-A2.0_1275-10813091

Element Star name
GSC 4835-1716 USNO-A2.0_1275-10813091

M, (Mgy) 1.253740.0512 0.6347%0.0259
M, (M) 0.7546+0.0308 0.3644+0.0149
R (Ry) 1.3429+0.0548 0.7194%0.0294
R, (Ry) 1.0425+0.0426 0.7001%0.0286
T (Ty) 1.0748+0.0439 0.7632+0.0312
T, (Ty) 0.9097+ 0.0371 0.7544+0.0308
L (Ly) 2.4029+0.0981 0.1754+ 0.0072
L, (L) 0.7431£0.0303 0.1586%0.0065

M, 3.7981% 0.1551 6.6400£0.2711

M, 5.0724+ 0.2071 6.7496+ 0.2756
Sp. Type (F8)!, (G8)? (K5)!, (K6)?

Note: !refer to primary and 2to secondary components.
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A three dimensional geometrical structure based on the calculated physical
parameters of the studied systems is displayed in Fig.6 and 7 using the software
package Binary Maker 3.03 (BM3) (Bradstreet & Steelman [13]).

Phase 0.40

Phase 0.10

Fig.6. Three dimensional structure of the binary system GSC 4835-1716.

i

Phase = 0.16 Phase = 0.68

Fig.7. Three dimensional structure of the binary system USNO-A2.0_1275-10813091.

4. Conclusion. The two systems GSC 4835-1716 and USNO-A2.0_1275-
10813091 were discovered in 2014 and 2015 respectively and classified as W UMa
systems. In the present paper we introduced the first orbital solution and light
curve modeling for both systems using the 2009 version of the W-D code. A set
of absolute and physical parameters were calculated which showed that the primary
components in both systems are more massive and hotter than the secondary ones.
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Spectral types for the systems components were adopted using their estimated
temperatures resulting from the accepted model for each system. A three dimensional
geometrical structure was constructed for both systems.

Based on the computed absolute parameters of the systems GSC 4835-1716
and USNO-A2.0 1275-10813091, we estimated the evolutionary status of the
systems using the evolutionary tracks (Zero Age Main Sequence (ZAMS) and
Terminal Age Main Sequence (TAMS)) given by Girardi et al. [19] with
metallicity z=0.019. The components of the studied systems (primary and
secondary) are plotted on the Mass-Radius (M - R) and effective Temperature-
Luminosity (7- L) diagrams (see Fig.8 and Fig.9). As is clear from Fig.8a and
b the primary and secondary components of the system GSC 4835-1716 lie closed

b
a
06 TAMS TAMS

0.4
o 0.2 . brimary— ZAMS ZAMS

econdar’
2 00 !
s g - Prim
_02 fCOn ary
-0.4
04 -0.2 0.0 0.2 0.4 04 -0.2 0.0 0.2 0.4
logM logM

Fig.8. The position of the components of the systems; a: GSC 4835-1716 and b: USNO-
A2.0_1275-10813091 on the mass-radius diagram.

4 | Main sequence Main sequence

logL

Primary

0 Secondary rimary|
Secondary
-2
20000 16000 12000 8000 4000 20000 16000 12000 8000 4000
Terr (K) Terr (K)

Fig.9. The position of the components of the systems; a: GSC 4835-1716 and b: USNO-
A2.0_1275-10813091 on the temperature-luminosity diagram.
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to TAMS, while the components of the system USNO-A2.0 1275-10813091 lie
between the ZAMS and TAMS evolution tracks. Fig.9a and b display 7-L
diagrams for the studied systems which show that the components of both systems
are in contact with the Main Sequence (MS).

! Physics Department, College of Science, Northern Border University, Arar,
Saudi Arabia, e-mail: Elkhateeb@nbu.edu.sa

2 National Research Institute of Astronomy and Geophysics, 11421 Helwan,
Cairo, Egypt

OPBUTAJIBHOE PEIIEHWE HEKOTOPBIX
KOHTAKTHBIX JIBOWMHbIX 3BE3/

M.M.OJIBXATUD

B Hacroseii cTaThbe MCIOJIb30BaH TMOJHBIN HaOop [13C-HabmomeHuin s
MOIEIMPOBaHUs KpUBBIX Ojecka HOBbIX cucteM Turma W UMa - GSC 4835-1716
u USNO-A2.0 _1275-10813091. MoaenupoBaHue KpUBOIi OieCKa BBITIOJHEHO C
ucnojib3oBaHueM Koaa W-D, B KOTOpoOM peaim3oBaHbl Moaeau atMocdepnl Kurucz
(1993). PaccmoTpeHa acMMMeTpHst HAaOTFOMAeMBIX KPUBBIX C TIOMOIIBIO "TISTHACTOM"
Monenm. Pu3ndecKre mapamMeTpsl MPUHITON MOJIEIM YKa3bIBalOT, YTO ITEPBUIHBIC

KOMITOHEHTBI M3Yy4Ya€MbIX CUCTEM MACCHUBHEE U ropsa4yec, 4€M BTOPUYHLIC.

KmoueBble cnoBa: 3ammennsie deotinbie: W UMa: s6omouus: ananus kpueoti necka
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ACTPODOPMUM3INKA

TOM 63 MAH, 2020 BBITTYCK 2

NSMEHEHUWA TTEPUOLA OTPULIATEJIbHbBIX
CBEPXI'OPBOB KAPJIMKOBBIX HOBbBIX THUIIA
SU UMa. I. MN Dra (2012-2017rr.)

A.C.CKJIAHOB!, E.I.ITABJIEHKO?, KA AAHTOHIOK?, H.B.ITUTb?,
B.II.MAJTAHYILEHKO?, A.B.IIIYPOBA*, A.-M.A.3AOCTPOXHDbIX',
C.I0.ILIIYTAPOB*5, A A.COCHOBCKMIT2, 10.B.BAB1HA?,
O.M1.AHTOHIOK?, A.O.CUMOHS, P.41.KYUKOB!, A.I.T'YTAEB!

[Mocrtynuia 25 asrycra 2019

[IpencraBaeHbl pe3yabTaThl (POTOMETPUUECKOTO MCCAeNOBaHUS KapaukKoBoili HoBoit MN Dra,
npoBeneHHoro B 2012-20171r. Ha AeBSATH TejecKomax B TedeHHMe 152-x Houeil. B oOiieit cioxxHocTu
HaOJMIOAEHUsT OXBAaTWJIM 4 CBEPXBCMBIIIKWA, 7 HOPMAJIbHBIX BCIIBIILIEK M CIIOKOWHOE COCTOSIHUE
Mexny HUMHU. MHTepBan Mexmy cocegHMMM cBepxBcmbliikamu 2017r. coctaBisii 65 CyT., a MexXIy
COCEIHUMM HOPMaJbHbIMU BCHbIIKaMu - 15 cyr. Bo Bpems cBepxBcmbiiek 2012 u 2017rr.
HaOJII0JaINCh MOJIOXUTEIbHBIE CBepXropobl co cpeaHum mepuomoM 0.10558(6) u 0.10500(2) cyr.,
COOTBETCTBEHHO, a B CITIOKOIHOM COCTOSIHMM - OTPULATEIbHbIE CBEPXTOPOBI CO CPEIHMUM MEPUOIOM
0.095921(3) cyr. IlokazaHO, YTO TMEPUON OTPULIATEIBHBIX CBEPXTOPOOB LMKIMYECKU W3MEHSIICS
MeXIy HOPMaJbHBIMU BCIBIIIKAMM: PE3KO YMEHbINAJCS BO BpPeMsl BCIBILKKA M TMOCTENEHHO
BO3pacTayl K Hauajly CJeylolleil BCMbIIKKA. Takoi xapakTep M3MEHEHMs Mepuoia OTPULIATeIbHBIX
CBEpXropbOB MOXKET COOTBETCTBOBAaTh OBICTPOMY YBEJIMUYEHUIO paauyca akKKpelHOHHOTO IUCKAa BO
BpeMsl BCIBILIKKA U TIOCIEAYIOLIEMY MEUICHHOMY €r0 YMEHbBILEHHIO, YTO HAXOAUTCS B COOTBETCTBUU
C Teopuell TePMOIPUJIMBHONW HECTAOMIHLHOCTU.

Kntouesbie cnoBa: MN Dra: kamakauzmuuecKkue nepemeHHbie: OmpuLamesnbHble céepx-

20p6bl.'36’0/l}0L4Llﬂ ompuuamebHbvlxX CGer80p606.' aKKpeuus

1. Bgedenue. KarakiuamMudeckue mepeMeHHbIE - 9TO TUI TECHBIX TBOMHBIX
CUCTEM, COCTOSIIIIMX M3 0eJIoro Kapjiuka (IJJaBHOTO KOMIIOHEHTA) U MPO3BOJIIOLIMO-
HUpOBaBIleil 3Be3nbl [JIaBHOU TMOCaea0BaTeIbHOCT (BTOPUYHBIM KOMITOHEHT),
3aroJIHUBILEN CBOIO MosocTh Poia. BelliecTBO co BTOPMYHOIO KOMITOHEHTA Tepe-
TeKaeT Ha IJIaBHBIN Yepe3 BHYTPEHHIO TOUKY JlarpaHxa, oopas3ysl aKKpelMOHHBIM
JIHMCK BOKPYT Oejtoro xKapnuka [1].

KapnukoBbie HOBbIE SBISIIOTCS TMTOATUIIOM KaTaKJIM3MUYECKUX MEPEMEHHBIX.
JlaHHBIE CUCTEMBI XapaKTEPU3YIOTCSl HATMINEM PETY/ISIPHBIX BCITBILIEK ¢ aMITIMTYIOM
2™-6" 1 XapaKTEePHOI MPOIOJLKUTEILHOCTBIO OT HECKOIBKMX CYTOK 0 HECKOJIbKHMX
Henmedb. B kauecTBe MexaHM3Ma BO3HMKHOBEHMSI AAHHBIX BCIIBIIIEK IPUHSITO
CUUTATh MOSIBJIEHUE TEIJIOBOM HECTAOMJILHOCTU B aKKpPELIMOHHOM aucke [1].

SU UMa - 310 moakiiacC KapjMKOBBIX HOBBIX 3Be3d. WX OTIMYMTEILHOM
OCOOEHHOCTBIO SIBJISIETCSl HATMYME IBYX TUIIOB BCIIBILLIEK: HOPMaibHbI€ BCIBILIKHU -

Sklyanov.pmd 225 4/10/2020, 2:58 PM



Sklyanov.pmd

226 A.C.CKJIAHOB 1 [JP.

MPOAOKUTEIBHOCThIO HECKOJIBKO CYTOK; CBEPXBCIBILLIKU - MPOAOIKUTEIBHOCTHIO
no 2-3 Henmenb. OpOutanbHble nepuonabl 3Be3n Tuna SU UMa Haxondrcs B
npegenax or 76 MuH. g0 ~3.18 gaca [2].

BosHuKHOBEHME CBEPXBCITBILLIEK CBSI3BIBAIOT C BOSBHUKHOBEHUEM B aKKPELIMOHHOM
JIMCKE TIPUIMBHOM HECTAOMJIBHOCTU, BBI3BAHHOM JOCTMKEHUEM BHEIIHUM PagyCcoOM
JIUCKa pe3oHaHca 3:1 Mexay BpallleHUSIMU JIMCKa U BTOPUYHOTO KOMITOHeHTa [3].
XapaktepHoe BpeMsi, TIpoXosiiiiee MeXIy MocaeA0BaTeIbHbIMU CBEPXBCIBIIIKAMMU,
Ha3bIBAIOT CBEPXIMKIJIOM JaHHOW cucTeMbl. [Ton Bo3aeiicTBMEM MTPUIMBHOM HecTa-
OMTBHOCTH aKKPEIIMOHHEBIN UCK CTAHOBUTCS JUTATITUIECCKIM M BOSHUKAET TIPELICCCHST
JIMHUM ancui. AnicuaanbHasl Mpeleccust MPUBOAUT K BOZHMKHOBEHUIO KoeOaHUI
OJsiecka 3Be3/bl C MeproaaMM Ha HECKOJIBKO TTPOLIEHTOB OOJIbIIIE, YeM OpOUTATbHBIA
Tepro cucTeMbl. [JlaHHBIe KoJiebaHMsI, KOTOpBle MOXHO HAOJIIOmaTh BO BpeMs
CBEPXBCIIBLIIIEK, HA3bIBAIOT MOJIOKUTEIbHBIMU cBepxropoamu [3]. Ilepuonsl cBepx-
ropOOB 3BOIOLIMOHUPYIOT B MPOLIECCE CBEPXBCIIBIIIKY M B OOIIEM CIy4ae MOTYT
npoxoguth 3 craguu A, B u C [4].

Kpome mostoxXuTenbHbIX CBEpXropOOB, Y HEKOTOPBIX KaTaKIM3MUUECKUX Tepe-
MEHHBIX ObUTM OOHApYKeHbI KojieOaHus Oyiecka ¢ MeproJaMKi Ha HECKOJIBKO TPOLIEHTOB
MEHBIIIe, YeM OpOMTAIBHEIN. JJaHHbIe KoIeOaHusT TIOMYJIA Ha3BaHUe "OTpUIIaTeTbHbIC
cBepxropObl” [5-7]. YIx mosiBIIeHME CBSA3BIBAIOT C BO3HUKHOBEHMEM HOMAILHON
MPELECCUM aKKPELIMOHHOIO AUCKA, TIPUBOIAILECH K TOMY, UTO CTPYs TIEPETEKAIOIIErO
BEIleCTBA OYIET CTATKMBATLCS ¢ aKKPEITMOHHBIM AVCKOM Ha Pa3HBIX PACCTOSTHMSX
B 3aBUCMMOCTHU OT HAKJIOHA JMCKA U €r0 OPUEeHTAllUM OTHOCUTEIbHO BTOPUYHOTO
koMmnoHeHTa [7-10]. Ha gaHHBIII MOMEHT HET OJHO3HAYHOIO OTBETA, UTO BhI3LIBACT
HAKJIOH aKKPELIMOHHOTO IMCKa. B KadecTBe BOZMOXHBIX MEXaHMU3MOB TIPEIIaratoTcst
cienyolme: B3auMOISHCTBUE MEXIY TUCKOM U CTpyei MepeTeKarollero BellecTBa
[11-13], npunauBHbIe 3(pdeKThI, BbI3BaHHbIE BTOPUUYHBIM KOMITIOHEHTOM [14-17],
M3Ty4eHE IJIABHOTO KOMITOHEHTA [17-24], MarHUTHOE IT0JIe BTOPUYHOIO KOMITOHEHTA
[25], MarHUTHOE TOJIE IJITaBHOTO KOMIIOHeHTa [18,26,27] 1 np. beuto mokaszaHo, 4To
JUUIST YCIIEITHOTO JETEKTUPOBAHUS MIEPEMEHHOCTH 0OjIecKa, CBSI3aHHOTO C HONAJILHOM
TIperieccreii, Hy>KHO, YTOOBI HAKJIOH aKKPEITMOHHOTO IMCKa COCTABIISIT He MeHee 4°
[28]. ¥V xapmukoBeix HOBEIX Thiia SU UMa oTpunatebHbIE CBEPXTOpObI OOBIYHO
HaO0JIIOJAIOTCI TOJILKO B CITOKOMHOM COCTOSIHUM M BO BpeMsT HOPMAIbHBIX BCITBIIIIEK.
HMckmouennem spistorcst Tpu obbekta: ER UMa, V1504 Cyg u V344 Lyr, y
KOTOPBIX OHM HAOMIOAAIMCh BO BpeMsl CBEpXBCHbIlIeK [29-32].

Pacripenenienrie opOUTAIBHBIX TIEPUOAOB KATAKIIM3MUUECKUX TTEPEMEHHBIX TTOKa-
3bIBACT 3HAYNTEILHO MEHbIIIEE KOJIMYECTBO CUCTEM C TICPHOAAMU, HAXOISIIMICS
B Auana3oHe oT 2.15 mo 3.18 vacoB. [JJaHHBIN MPOMEXYTOK MOJYy4YWI Ha3BaHUE
"mpoben (unu mposan) nepuomoB” (“period gap") m CBA3aH C TEepPEeKIIOYCHUEM
OCHOBHOTO MEXaHM3Ma TTOTePH YTIIIOBOTO MOMEHTa CUCTeMOIt [2].

3Be3ga MN Dra 6b11a 00HapykeHa AHTUITMHBIM Ha apXUBHBIX (DOTOILIACTUHKAX
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B 2001r. IlepBoHayaabHO eii ObLIO mpucBoeHO obo3HayeHue Var73 Dra. Ilocmeno-
BaBllIasl KaMIaHvsl HaOMIOAeHUI KilacCUUIIMpoBaia JaHHYIO0 CUCTEMY KaK KapiMKOBYIO
Hosyio Tiia SU UMa, ¢ opOUTabHBIM TIEpUOA0M, TOTAJAIOIIMM B "Tipo6est epronoB”
[33]. Tlepron MOIOXUTETBLHBIX CBEpXTOpOOB ObLT ompeneieH Kak 0°.0954, HO He
UCKJTIOUEH U BEPOSITHBII CyTOYHO-conpsikeHHbIil niepuon 0°.104. MHTepBan Mexuy
COCETHIMH HOPMAJIBHBIMU BCITBIIIKAMI OBbIT OTHOCUTETBHO KOPOTKUIT - OKOJIO 8 CYT.
[33]. Jdanee B 2002-2003rr. mocienoBaia eiie OmHa KaMITaHWS IO HaOIIONeHUIO
naHHoi 3Be3abl [34]. Tlepuon cBepxrop6oB 6b11 yTouHeH U coctau 0°.104885(93).
CBepXLMKI CUCTeMbl ObLT ompeneneH Kak ~60 gHeil. Takxke Obula OOHapy:KeHa
MEePUOINYHOCTb B MUHMMYyMe Oiiecka ¢ riepuonoM 0°.10424(3) [34]. Dto mocayXuio
OCHOBOI1 TIPEATIONIOXEHUIO O TOM, UTO Y JAHHOM 3Be3MIbI HAOMIONAIOTCS ITEPMAHEHTHBIC
MOJIOXKUTEIbHBIE cBepxropObl. B 2009r. mepuon konedaHuii 0jecka B CITOKOMHOM
coctosHIM ObIT yToyHeH 10 0.096 ITHS, YTO TTO3BOIMIIO MASHTU(MUIIMPOBATE €ro Kak
Mepuo OTpULIATEIbHBIX CBepXropboB [35]. OpOutaibHbIiA MEpPUOS CUCTEMBI OBLIT
oreneH IMasnenko u ap. [35] xak 0°.0998(2) u bakosckoii u ap. kak 0°.0994(1) [36].
ITaBmenko m ap. [35] BOepBbIe BHISIBWIM, YTO IIEPHO, OTPULIATEIBHBIX CBEPXTOPOOB
MOKA3bIBaeT TCHICHIIMIO K YBEJIIMUCHUIO MO Mepe MPUOMIKECHUS K HOPMAaTbHOI
Bemmbike. [IpomoimkeHne HAOMIONEHWIA B 5TOM K¢ TOAY TIOATBEPOWIO HAIMUIME
OTPULIATENILHBIX CBEPXTOPOOB, CPEITHNUIT TIepHoL, KOTOPBIX oKasaics paBHbIM 0°.095952.
ABTOpBI TTOKA3IX, YTO TEHJACHILIMS K YBEJIMUEHUIO MepUOa OTpULIATENIbHBIX CBEPXTOPOOB
K Havajly HOpMaJIbHOM BCIIBILIKM HAOMIOOANIACh, IO KpaliHeil Mepe, WIS IBYX LIUKJIOB.
[37]. 3ameTniM, 4TO MHTEPBA MEXAY HOPMaTbHBIMU BCIIBIIIKAMM IIPY 3TOM ObIT 15-
16 cyt., uto BaBoe Gojbie, yeM B 2001r. B 2014r. Kato u ap. [38] Boepsble manu
OLIEHKM OTHOIIEHUI0O MacC KOMIIOHEHTOB B AaHHou cucteme: g = 0.327 u
¢=0.258. B 2018r. 6pU1a oIyd;IMKOBaHa paboTa [36], menaroriast BEIBOI 00 YBETMICHIN
CBEpXLIMKJIA y AaHHOW 3Be3anl g0 74 + 0.5 mHeil.

Lenpro Harieit pabOTHI ABISETCS TTOAPOOHOE M3YYeHWE SBOJIOLNN OTPUIIA-
TeJIbHBIX CBEPXTOPOOB BO BpeMsl CBEPXLIMKJIA /IS HECKOJIBKMX C€30HOB HAOIIONEHUIA.

2. Habawoenus u pedykuyus dannwvix. Heckoabko KaMItaHUi 110 HaOJIiO-
neHusiM 3Be30bl MN Dra nipoBoguiuck B 2012-2017rr. B TeueHune 152-X Houellt Ha
JIEBITH TeJIECKOITax 0e3 MCIoNb30BaHUS cBeTOPMabTpoB. MHMOpManms o HabIo-
JIeHusix puBeneHa B 1a6i. 1. Kammanus 2012r. mpoxoauna ¢ 3 utoHs 1o 19 Hosiopst
Ha Tenieckornax A3T-11 (1.25-m, I13C ProLine PL23042) KpbiMcKoii acTpodu3nyeckoit
oocepsaroprm (KpAO), "Actporen” (30-cm, T13C Apogee Alta 9000) Kazamckoro
®enepansHoro Yausepcnuteta, ARCSAT (50-cMm, I13C APOGEE U-47UV) o6cep-
Baropuu Anauu-Iloitnt (CILA). [TonyyeHHble HAOMOAEHNUST OXBaTWIKN 82 Houu. B
2013r. oobekT Habmonaiacs B TedeHue ogHoit Hour Ha 3TII. B 2017r. HaGmoneHUst
MpOoXOIWIn ¢ 28 ampeiisa mo 25 Hos0pst B TeueHMe 63 Houell Ha Teneckomax K-380
(38-cm, matpuiia APOGEE ALTA E47), A3T-11(1.25-m, matpuiia ProLine PL23042)
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n 3T (2.6-m, marpuia APOGEE ALTA E47) KpAO, temeckorre CKAC (28-cMm,
Matpuia QSI 583wsg) Kazanckoro @enepaibHoro YHuUBepcureTa, Tejaeckomne A3T-
8 (70-cm, matpuuia FLI PL4710) nabmonatensHoit craHuuu B c. JlecHuku KHY
M. Tapaca IlleBueHko, Temeckonax Zeiss 60 (60-cm, marpuia Fli-ML3041) n 18-
cM Teneckone (18-cm, marpuiia SBIG ST-10XME) HabmonarebHOM CTaHLIMM B C.
Crapa Jlecna Cnopaukoit Akagemun Hayk, teneckonax Lleiice 60 (60-cMm, matpuiia
Ap47p), A3T-5 (50-cm, matpuia Apogee Alta U16M) u 3TE (1.25-M, marpuiia
VersArray-1300) B 1. Hayuynsiiit KpeiMckoit actpoHomMudeckoii cranuuu AW
MTIY. KavyecTtBo HabogaTeIbHbIX YCJIOBUI, OMpenessBIIeecs IO MOJyLIUPUHE
u3obpaxeHust 3se3nbl (FWHM), nng OonbliMHCTBA Houel Obuio Jydine 3".5.

Tabauya la
KYPHAJI HABJIIOJEHUN

Teneckon | Hauvano-koHen | Teneckorn| Hauano-konen |Teneckon| Hauvano-koHelr

HaOJII0IEHUIA HaOJIIoAeHUIT HaOJI0AEHUI
JD-2456000 JD-2456000 JD-2456000
2012 ron,

ARCSAT | 082.7316 | 082.8401| ARCSAT |109.7768 [109.9504 | A3T-11 |178.2494|178.3979
ARCSAT |085.7210 | 085.8464| ARCSAT |110.7863 [110.9442| A3T-11 |182.2387 | 182.3690
ARCSAT | 086.7039 | 086.8267| ARCSAT |111.7785 |111.8303 | A3T-11 [183.2742 | 183.4234
A3T-11 |087.3102 | 087.3940| A3T-11 |119.4392 |119.5305| A3T-11 |185.2174|185.3243
ARCSAT | 087.7101 | 087.8408| A3T-11 [121.3490 |121.4453| A3T-11 |187.2219|187.3224
A3T-11 |088.2977 | 088.3019| A3T-11 [130.3571 |130.5509 | Astrotel |203.2172|203.5897
ARCSAT | 088.7007 | 088.8477| A3T-11 |131.3008 |131.4682| Astrotel |207.3530|207.5909
A3T-11 |089.2874 [ 089.3920| Astrotel |133.2431 |133.3064 | Astrotel |208.3475 | 208.4648
ARCSAT |089.7107 | 089.8362| Astrotel |134.2402 |134.5267 | Astrotel |211.2989 | 211.4871
ARCSAT |090.6996 | 090.8251| Astrotel |135.2546 |135.5381 | Astrotel |214.2129 | 214.5197
A3T-11 |091.3086 [ 091.4468| Astrotel |136.2462 |136.3042 | ARCSAT|226.5878 | 226.8011
ARCSAT |091.8160 | 091.9415| Astrotel |138.2446 [138.3107 | ARCSAT|227.5816 | 227.7960
A3T-11 |092.3840 [ 092.5158| Astrotel |140.3192 [140.5225 | ARCSAT |228.5504 | 228.7897
ARCSAT |092.8231 [ 092.9437| Astrotel |142.2417 |142.5435 | ARCSAT|230.6901 | 230.8065
ARCSAT |093.8176 | 093.9442| Astrotel |143.3146 |143.5178 | ARCSAT|(231.6157 | 231.7939
A3T-11 |094.3191 | 094.3966| Astrotel |148.2870 |148.4000 | ARCSAT|232.5906 | 232.7725
A3T-11 |095.2971 | 095.3955| Astrotel |152.2330 [152.2852 | ARCSAT |233.5975 | 233.7693
A3T-11 [098.3308 | 098.4626| Astrotel |157.2709 |157.5404 | ARCSAT|235.5581 | 235.7875
A3T-11 [099.2821 [099.4140| Astrotel |160.3418 |160.5559 | ARCSAT|236.5718 | 236.7689
ARCSAT |099.7865 | 099.9457| Astrotel |162.4191 [162.5030 | ARCSAT|237.6026 | 237.7632
A3T-11 |101.2994 | 101.3999| Astrotel |163.3481 |163.5552 |ARCSAT|238.6125 | 238.7910
ARCSAT | 101.8009 | 101.9479| Astrotel |164.3272 |164.3730 | ARCSAT|240.6761 | 240.7696
A3T-11 |102.3026 | 102.3989| Astrotel |165.3199 [165.3783 | ARCSAT (241.6335 | 241.6479
A3T-11 [103.3278 [ 103.3990| Astrotel |166.3182 |166.5588 | ARCSAT|243.5402 | 243.7413
ARCSAT | 103.8369 | 103.9427| Astrotel |167.2770 |167.5416 | ARCSAT|245.5879 | 245.7663
ARCSAT | 105.7937 | 105.9410{ A3T-11 |172.2505 [172.3853 | ARCSAT|251.5368 | 251.7127
ARCSAT | 106.8030 | 106.9421| A3T-11 [174.3262 |174.4515
ARCSAT | 107.8002 | 107.9490| A3T-11 |177.2540 |177.3501
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Tabauya 1b
Teneckon| Havano-koHeu |Teneckon| Hauwano-koHen [Tenmeckon| Hauvano-koHely
HaOJIIoAeHUIT HaOJIOAEHUIA HaOJIoIEHUIA
JD-2456000 JD-2456000 ID-2456000
2017 ron,

A3T-11 |872.3866 |872.5187 | A3T-11 [917.3226|917.5159 | KFU |937.3274 | 937.5038
A3T-11 |873.3987 [873.5308 | A3T-11 |918.3310|918.3918 | 18cm SL | 937.4928 | 937.5441
A3T-11 |874.3920 |874.5283 | A3T-11 [920.2974|920.4001 | KFU |938.3639 | 938.5113
A3T-11 |875.4606 |875.5437 | A3T-11 |921.3837 |921.5033 | 18cm SL|938.4675 | 938.4675
A3T-11 |876.4163 |876.5442 | Zeiss 60 |923.4867 | 923.5589 | Zeiss 60 | 940.2881 | 940.2966
A3T-11 |890.2972 |1890.5071 | 18cm SL | 924.3025 | 924.4847 | A3T-11 | 945.3496 | 945.3581
STIHI [891.2792 |891.5451 | A3T-11 |925.3143 |925.5136 | A3T-11 | 946.3060 | 946.3124
3THI [892.2714 {892.5391 | K-380 |926.3344|926.5006 | A3T-11 |948.2775 | 948.2860
A3T-11 |893.3906 |893.5314 | 18cm SL |926.4129 | 926.5532 | Zeiss 60 | 969.5778 | 969.5787
A3T-11 |897.3600 |897.3702 | Zeiss 60 | 927.4650 | 927.4849 | Zeiss 60 | 982.5705 | 982.5956
A3T-11 |898.2945|898.5338 | K-380 |928.3890 | 928.3890 | Zeiss 60 | 983.5471 | 983.5879
A3T-11 |899.3637 |899.4376 | Zeiss 60 | 928.4927 | 928.5466 | Zeiss 60 | 984.5018 | 984.5833
A3T-11 |900.3718 |900.5125 | Zeiss 60 |929.4570 | 929.5459 | Zeiss 60 |1022.5852{1022.5870
A3T-11 |901.3487 |901.5141 | K-380 [930.4051|930.5297 | A3T-5 |1070.3568|1070.4636
A3T-11 |902.3702 |902.5075 | K-380 |931.3287|931.3820| A3T-5 |1071.3661(1071.3661
A3T-11 |903.2869 |903.4734 | A3T-11 |933.3498 |933.3964 | A3T-5 |1072.1438{1072.1835
A3T-11 |904.3219 |904.4486 | 18cm SL | 933.5089 | 933.5544 | A3T-5 |1075.2020{1075.2429
A3T-11 |905.3391 |905.5325 | A3T-11 |934.2986 | 934.3177 | Lieiicc 60|1080.3402{1080.4903
A3T-11 |906.2832 |906.5342 | Zeiss 60 | 934.4922 | 934.5597 | Lleiicc 60|1081.1864(1081.2381
A3T-11 |908.4299 |908.5108 | A3T-11 |935.3111 | 935.5047 | Lieiicc 60|1082.1528{1082.4748
A3T-11 |912.3773|912.4864 | A3T-11 |936.3388 | 936.3769 | Lieiicc 60|1083.2772{1083.4195
A3T-8 [915.3621 |915.4892 | 18cm SL |936.4961 |936.5517| 3TE |1085.1400(1085.2306
A3T-11 |916.3022 |916.3972 | A3T-11 |937.3211|937.3719 | A3T-8 |1101.3035{1101.3985

HabmonarenbHble JaHHBIE TIPOXOMIN CTaHIAPTHBINA MPOLIECC 00pabOTKM 1 KaTMOPOBKU
B nnporpamMMme MaxIm DL. B xauecTBe 3Be31bI cpaBHEHMSI, OTHOCUTEJIBHO KOTOPOM
MPOBOIMIACH (POTOMETPUS, UCTIONB30BANACH 3Be3/1a ¢ KoopauHatamu 20"23™35°.358,
+64°36'56".66 n3 karasora USNO-A2.0 [39]. /I Hee ObUTH TTOJIYYEHBI BETUYMHBL
V=16".33, R=15".58 [33].

3. Bcnviweunvie kpuevie 6necka 2012 u 201722. Habmonenus: 2012r.
MOKphIBaOT MHTepBas ¢ JD =2456082 mo JD =2456251 u conmepxaT B cebe 82
HOUYM HaOJIIoIeHUIi. 3a 3TO BpeMsl HaMy ObLIA 3aperMCTPpUPOBaHbI 4 HOpMabHbIE
BCIBIIIKH, OHA CBEPXBCIbILIKA U ONWH (DparMeHT, MPEaNOoI0XKUTEIbHO OTHOCS -
LIMICS KO BTopoit cBepxBerbiiike. B 2013r. HabmoneHUsT MpOBOAUIUCH B TEUEHUE
onHoit Houu. B 2017r. B untepBaie ot JD =2457872 no JD =2458083, conepxaieM
63 HouYM HaAOGIIOAEHUWIA, MBI 3apPETUCTPUPOBAIM 3 HOPMAaJbHbIE BCIIBIIIKU U 2
CBEPXBITBILLIKHU (CM. XXypHaJ HabmoneHuil B Taba.1a, b). ITonyuyeHHbIe BCIBIIEUHbIE
KpUBBIE TpeACTaBICHBI Ha puc.l.
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Puc.1. Benbliieunsle KpuBble Giecka 3Be3nbl MN Dra B 2012r. (BBepxy) u 2017r. (BHM3Y).
BbykBoit N 0003Ha4eHbl HOPMaJbHBIE BCIBIIMIKUA, S - CBEPXBCIBILIKHU.

K coxanennio, nmoxkpeitue 2012r. HaOMIOOEHUSMI HE TO3BOJIIET HAM CHENaTh
BBIBOJIBI O KOJIMYECTBE HOPMAIbHBIX BCIBIIIEK, 3aKIIOYEHHBIX B OJHOM CBEPXIIUKIIE.
MbI MOXEM TOJIBKO KOHCTaTUPOBAaTh, YTO MX HEe MeHee 2-X. Takke B JTaHHOM Tomy
HE TIPEICTARISICTCS] BO3MOXKHBIM OMNPEIeIUTD TPOIOIKUTETBHOCTD CBEPXILIMKIIA CUCTEMBI
M3-32 HEJOCTATOYHOIO KOJMWYECTBA HAOIIONEHUI CBEPXBCIBILIKU S2. Mbl Takxke
MOXeM cKazatb, yTo B 2017r. HabMOOaI0Ch HE MeHee 2-X HOPMaIbHbIX BCIIbIILLIEK
3a CBepXUVKII. BerumHa cBepXIMKIIa OmnpeIessuiach HaMy Kak ~65 CyT., 4To OoJbIlle,
yeMm omnpeneneHHoe B 2003r. 3HavyeHMe UIMHBI cBepximkia ~60 mHeit [34], HO
MeHbIlle, yeM 3HadeHue 74 * 0.5 cyr., momydyeHHoe B pabote [36]. Bo Bce rompl
HaOJIONEHWI LIMKJT JepxKaicst Ha ypoBHe ~15¢yT., kKak 1 B 2009r. ITponomkuTenbHOCTb
HOPMAJIbHBIX BCIIBILLIEK COCTaBUIA 3-4 AHS, aMIUIUTyaa 3-3.5 3Be3OHble BEIUYMHBI
JUIs1 00ouX rofoB HabmoaeHu. [TponoKuTenbHOCTh CBEPXBCIbIIKK S2 B 2017T.
coctaBMia 18 cyT., a aMIIMTyIa cBepXBCIbIeK mocturaia ~4™ B 2012 u B 20171T.

4. Kpuebvie Oaecka. [laHHble BceX HOUEH HAOMIONEHUI TTOKA3BIBAIOT KOPOTKO-
nepruoanYecKre KolebaHus GJiecka, HE3aBUCUMO OT BCIIBIIIEYHOW aKTUBHOCTH
cuctembl. [IpuMepsl MHAMBUAYAIbHBIX KPUBBIX OJECKA B Pa3HBIX COCTOSHUSX
CUCTEMBI TIPEACTABIEHBI Ha PUC.2. AMIUIMTYIbI KPpUBBIX U3MeHsoTcsa ot 0™.06 B
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Puc.2. [lpumepbl MHIMBHUOYaJIBHBIX KPWBBIX OJiecKa Ha Pa3HbBIX 3Talax BCIBIIICYHON aKTUB-
HOCTU. a) - B HeakTuBHOM coctosHuu 2012r.; b) - B HeaktuBHOM coctossHum 2017r.; ¢) - BO
BpeMsi HopMajbHOI Bcmbiiku 2012r.; d) - Bo Bpemst cBepxscmbiiiku 2012r.

HOPMAaJIBHBIX BCHBIIIKAX A0 2" B HEAKTUBHOM COCTOSTHMM MEXIY HUMMU.

Hamu 6bu10 3aMeueHO paHee, YTO MPOduib KPUBBIX OJIeCKa OTpULIATEIbHBIX
CBEpXTopOOB yallle BCEro MMEeT aCUMMETPUUYHYIO (popMmy: moabeM Ojiecka OoJiee
MeIUTEHHBIH, YeM ero TrageHne. B 1ol ¢BsaI3M mHTepecHa KpuBast OJiecka, TIoTyIeHHAsT
B 2013 1. (puc.3). 1151 Hee xapakTepHO pe3Koe yBeJMueHue 01ecka, ero KBa3roCTaHOBKA
IUTUTEJIEHOCTBIO TIPUMEPHO B MOJIOBUHY MEPUOAA U TAKOE K& CTPEMUTESTbHOE MafeHMe
osiecka (ocHOBHOI rop0). Pe3kue Bo3pactaHusi U ociabiaeHus Ojecka MPOUCXOIUIN
B cpemHeM 3a 12 MuH. co ckopocThio 0.06-0.08 3B. Ben./MuH. B mHTepBane mMexmy
COCEMHUMH OCHOBHBIMM TopbamMu HaboaasICs MEHbILWI BTOPUYHBIN Top0, aMIuMTyaa
KOTOPOTO BO3pacTajia OT IIMKJIA K MUKIY. JJaHHBIe, CBEPHYTHIE C TICPUOIOM OTPHIIa-
TeJbHBIX CBEPXTOpOOB, MOKA3bIBAIOT, YTO HAJIMYKME BTOPUYHOIO ropda B CpeaHEeM
dopMuUpyeT aCUMMETPUYHbBIN MTpoduib KpUBOM Osecka. 3aMeTUM, 4TO 3eMKO U .
[40] Takke COOOLIMIN O CHOPAIUYECKUX TTOSIBJICHUSIX BTOPMYHOIO Topda Ha KPUBbBIX
onecka kapimkoBoii HoBoif Tmma SU UMa ER UMa.

5. Yacmommuutii anaau3 0arHbix. J11g 4aCTOTHOTO aHAIN3a MBI pa3mesiviM
BCE JaHHbIE Ha HAOIIONEHUS, OTHOCAIIMECH K CBEPXBCIILILIKAM M HaOIIOLEHU,
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Puc.3. IIpumep HeoOBIYHOI KpuUBOM OjecKa OTpUIATeNIbHBIX cBepxropboB MN Dra (cieBa)
u (aszoBasi KpuBas I 3TUX AAHHBIX (cmpaBa). K3 KpUBBIX BHIHA ITOBTOPSIEMOCTH ITOSIBJICHMSI
BTOPMYHOTO Topba (HO ¢ pa3HOil aMIUIMTYIOI) OT LMKJIAa K IWKIYy B TeUYEHHE HOYU.

OTHOCSIIIMECT K CITOKOMHOMY COCTOSHMWIO M HOPMAaJbHBIM BCIIBIIIKAM. JaHHBIE
pazneneHus npousBognch g 2012 u mrsg 2017romos.
s yMeHBILIEeHUS BIUSIHUAS 3aBUCUMOCTH aMILIUTYObI KOJIEOAHUI OT SPKOCTU
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Puc 4. HepI/IOLLOI‘paMMI)I JUIA JAHHBIX BO CBCPXBCIILIIIKAX.
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CUCTEMBI Ha CTAaTUCTUYECCKUI aHAJIU3 BPEMEHHBIX PSAIOB, TAHHbIE ObLUT TICPECBCACHDbI
B OTHOCUTEJIbHBIC MHTEHCUBHOCTHU I COTJIAaCHO COOTHOILIEHMUIO:

I=10""*"x10",
Iae m - 3Be3dHasl BeJIWYMHA.
11 4aCTOTHOTO aHa/lM3a MCIOJb30BaJICsl pealM30BaHHbIN B nporpamme ISDA
meton CremuHreepda, SIBISIOIIMACS oqHOM 13 Moaudukaimii Metoga PDM (Phase
Dispersion Minimization) [41]. Pe3ynbrar misi cBepXBCIIbIILIEK MOKA3aH Ha puc.4.

5.1. Ceepxecnviuku 2012 u 20172e. Camblii CUIBHBIN MUK UT HAOJIIO-
JIeHUiT Bo BpeMs! cBepxBerbIKY 2012r. ykasbiBaeT Ha niepuon 0°.10558(6), a Bo Bpemst
ceepxBerbiuku 2017r. - Ha 0°.10500(2). MBI MHTEpHpeTUpYEM HX KaK CpeiHUe
MEPUOIbI MONOKUTEBHBIX CBEPXIOpOOB. PacxoxkaeHre B 3HAYEHUSIX MOXKHO OOBSICHUTD
KaK pa3HbIM ITOKpbITHEM cBepxBcrbiiiek B 2012 u 2017 rogax, Tak ¥ BO3MOXHBIMU
M3MEHEHUSIMU TTeproJia TTOJIOXKUTEIbHBIX CBEPXTOPOOB B TEUEHUE CBEPXBCITBIIIEK.

ITpu momo1M KOMOMHUPOBAHUSI METOJA COBMEIICHUST XOPOIIIO MPOIMMCAaHHOIO
npoduisi cBepxropda ¢ u3yyaemMoil KpuBoOi Ojecka M MeToda XOpA, HaMM ObLIN
omnpeneeHbl MOMEHThl MAaKCUMYMOB JIJISI BCEX HOUEM, rie 3TO ObLIO BO3MOXHO.
ITonyyeHHbIE MOMEHTBI M aMIUIMTYIbl MAKCUMYMOB TSI CBEPXBCHBILLIECK MPUBEACHbI
B Tab11.2. IToapoOHbIit aHanu3 uameHeHuit O-C Bo Bpems cBepxBcrbilku 2012r.
maH B pabore Kato m nmp. [38].

IlepuomorpamMmbl /1S CIIOKOMHOTO COCTOSIHMSI M HOPMAaJIbHBIX BCIHBIIIEK
MpeacTaBlIeHbl Ha pUC.S.

Tabauya 2

MOMEHTbBI MAKCUMYMOB CBEPXI'OPBOB (HJD) 1 UX
AMIUINTYbI IJIA CBEPXBCIIBIIHEK 2012 U 2017rr.

HJD-2400000 | Amruintyna kosebanusi | HJD-2400000 | Ammniutyna kosieGaHUsE
(3B. BEJIMUMHBI) (3B. BEJIMUUHBI)
2012 ron
56130.4398 0.0630 56135.4651 0.2015
56130.5278 0.0684 56138.2351 0.1738
56131.4242 0.0597 56140.4070 0.1695
56133.2965 0.1192 56142.5072 0.1787
56134.2773 0.1992 56143.4612 0.1074
56134.5012 0.1855 56148.3680 0.4903
56135.3535 0.1809
2017 rox
57872.4497 0.121 57924.4093 0.078
57873.5015 0.101 57925.3744 0.050
57874.4470 0.121 57926.4938 0.094
57875.4997 0.234 57929.5170 0.166
57876.4561 0.565 57935.4134 0.159

Sklyanov.pmd 233 4/10/2020, 2:59 PM



Sklyanov.pmd

234 A.C.CKIIAHOB 1 [IP.

204 [ T T T T : T T T T T T T T T T T T ]
N 0°.095921(3) 2012
200 o ; iy ‘ ]

1.96 .
192 .

188 | .

1.84 L R 1 . 1 A 1 . 1 . I A 1 . I . 1 A 1
2.1 [ T T T T T T T T T T T g T v T

0°.095919(4)

2x A66e cTaTUCTHKa

19 |
1.7 F

15 F

1.3 __ " 1 1 1 n 1 " 1 " 1 n ] n 1 ] _-
9.0 9.2 9.4 9.6 9.8 10.0 10.2 10.4 10.6 10.8 11.0
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Puc.5. TlepuonorpaMMbl JUlsSi JaHHBIX B CIIOKOMHOM COCTOSIHUM M HOPMAJIbHBIX BCIBILIEK ISt
2012r. (BBepxy) m 2017r. (BHU3Y). YacTOTHBINM aHaIM3 MPOBOIMIICS TIO BCEM WMEIOIIMMCS TaHHBIM.

5.2. Heakmuenoe cocmosiHue u HopmaavHvle ecnviiku 2012-20172e.
HawuGonee cunbHBIM CUTHAJIOM IJIsT JaHHBIX 2012r. B HEaKTUBHOM COCTOSTHUM
srisiercst iepron, 0°.095921(3), KOTOpBIit COBITANAET CO CPEIHEl BEMMUMHON Teprona
OTpHULIATEILHBIX cBepxropoos [35]. Ha nepuonorpamme mist 20171, JaHHBINA TTEpUOL,
takke goMuHUpYeT (MK Ha 0.095919(4) cyr.).

O6patnM BHMMaHWE, YTO Ha TepHOIoTpaMMax 00OMX Ce30HOB HaOIIOmeHUIA
VK, [EHTPUPOBAHHBINA Ha YaCTOTY MepHoIa OTPHUILATEIEHBIX CBEPXITOPOOB, pacIieruieH
Ha OoJsiee MeJIKMe MMKU. Takoe pacleruieHue MOXeT ObITh BHI3BAHO TE€M, YTO 3TOT
TIepHO TIpeTepIieBacT N3MEHEHMS Ha TITKajle HaOIOMeHMIA, 4TO OBIJIO 3aMEUeHO ISt
3TOro oobeKTa paHee [35]. AHaM3 BO3MOXKHBIX M3MEHEHWI Tieproaa ObUT ITPOBeIcH
Hamyu ¢ momoinbio MeToga O-C 11T MaKCMMyMOB KPMBBIX Ojecka.

[NoydeHABIE MOMEHTHI 1 AMITIUTYIBI MAKCUMYMOB TSI CITOKOMHOTO COCTOSTHUST
W HOPMAJIbHBIX BCITBIIIIEK TPUBEIEHBI B Tab1.3.

Hcnonb3ys neproasl OTpULIATENTBHBIX CBEPXTOPOOB ST KasKIO0ro roga HabJio-
JEeHUIT M MOMEHTHI MaKCMMYMOB OTPHIIATEIHLHBIX CBEPXTOPOOB, MBI TIOJIyYaeM
sHayeHnsT O-C mrg BceX HOYeH, Tie 5T0 BO3MOXHO. [loiydeHHBIE AuarpaMMbl
npeacTasieHbl Ha puc.6 (2012r.) u puc.7 (2017r.).

INoBemeHMe aMITMTYIBI OTPUIIATEIEHBIX CBEPXTOPOOB TTOKA3bIBACT OOMHAKOBYIO
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Tabauya 3

MOMEHTbBI MAKCUMYMOB (HJID) U UX AMIUIUTYAbI AJIA
CITOKOMHOTI'0 COCTOAHUA YU HOPMAJBHbBIX BCIIBIIIEK

HJD-2400000 | Ammaurtyna KojebGaHust HJD-2400000 | AMridtyna KoJjieGaHust
(3B. BEJIMYMHBI) (3B. BEJIMYMHBI)
2012 rox
56082.8057 1.5755 56166.4232 1.9924
56085.7851 1.603 56166.5226 2.0659
56086.7572 1.5024 56167.3866 1.4395
56087.3366 1.3617 56167.4853 1.4733
56087.8132 1.3337 56172.2681 1.1455
56088.7762 1.8237 56172.3579 1.3321
56089.3526 1.3331 56174.363 0.9531
56089.7418 1.7724 56177.3248 0.8035
56090.8022 1.1254 56178.2909 0.7344
56091.3811 1.6564 56182.3146 0.5904
56091.8646 1.602 56183.3875 0.9475
56092.4512 1.3854 56185.3043 0.9783
56092.9284 0.945 56187.3118 0.6497
56093.8955 0.9188 56207.5454 1.5859
56094.3935 0.0911 56208.3941 1.9989
56095.3345 0.0575 56211.3548 0.1811
56098.3968 1.3487 56211.4593 0.1979
56099.3538 1.0011 56214.2421 1.6874
56099.9182 1.2155 56214.3418 1.8994
56101.3552 1.1409 56214.4358 1.9076
56101.8384 1.1285 56226.6402 1.7186
56102.3178 1.37 56226.7439 1.7563
56103.3644 1.1843 56228.6464 1.4611
56103.9458 1.0341 56230.7577 1.6761
56105.8638 1.2887 56231.7222 1.5368
56106.8184 0.7398 56232.6745 1.7048
56106.9158 0.7398 56233.6411 1.7371
56107.8702 0.2943 56233.7341 1.72
56109.8816 0.0846 56235.6534 0.2014
56110.8403 0.175 56235.7546 0.177
56111.7921 0.4973 56236.6106 0.0729
56121.3466 1.0108 56236.7143 0.0757
56121.4377 0.9212 56237.6677 0.1045
56157.3838 1.4401 56238.7097 0.2086
56157.4779 1.4763 56240.7256 1.4948
56160.4536 1.9051 56243.5831 1.5963
56162.4716 1.2784 56243.6749 1.8094
56163.4396 1.9191 56245.6828 1.78
56163.5351 1.8327 56251.621 1.962
56165.3635 2.0625
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Tabauya 3 (oxonuaHue)

2017 rom

57890.3925 0.965 57917.4975 2.0597
57891.3516 0.06 57918.3525 0.778
57891.4551 0.147 57920.3693 2.535
57892.3102 0.154 57921.4194 1.175
57892.4107 0.127 57982.566 0.952
57892.5025 0.146 57984.5747 1.219
57893.4533 0.091 58070.4265 0.533
57898.3416 0.737 58072.1510 1.278
57898.4306 0.869 58080.4284 0.084
57899.3948 0.679 58081.1984 0.187
57900.4483 0.923 58082.2462 0.275
57901.4065 1.109 58082.3443 0.432
57902.4643 1.033 58082.4401 0.436
57903.3388 1.154 58083.2980 0.729
57904.3866 0.636 58083.3911 0.759
57905.4516 0.1055 58085.2119 0.693
57906.5018 0.1625 58101.3190 0.813
57908.4973 0.1893 58101.4015 1.045
57916.3363 1.2478

3aBUCUMOCTb BO BCEX CTAIMSX BCIIBIIIEYHOW AKTUBHOCTHU: POCT aMIUIMTYIbl B
CIIOKOHOM COCTOSIHUM, MaleHUue BO BPEeMs BCIIbIILIEK.

Huarpammbl O-C st 2012 u 20171T. moKa3bIBalOT HEMPEPhIBHOE U3MEHEHUE
TepHroIa OTPULIATEIBHBIX CBEPXTOPOOB BO BpeMsI BCETO CBEPXILIMKIIA. DTO U3MEHEHE
HOCHT UMKJIMYECKIHA XapaKTep MeXITy HOPMaJIbHBIMM BCIBIIIIKAaMU. 71T XOpoI1Io
OXBaYEHHBIX HAOMIOACHUSIMU LIMKJIOB B OKPECTHOCTUM HOPMAaJIbHBIX BCHBIIIEK Ha
JD 2456095, 2456211, 2456236, 2457891, 2457906 v, BepOSTHO, MPOMYILIEHHON
BCOBIIKU B mpoMexyTtke JD 2456167-2456172, BunHo, uto xon O-C pesko
M3MEHSIETCS BO BpeMsI HOPMAaJIbHBIX BCITBITIIEK. B CIIOKOWHOM COCTOSTHUM MEXIY
BenbilkaMu O-C MOCTENEeHHO YBEIMYMBAIOTCS, YTO COOTBETCTBYET YBEIUYCHUIO
reprona OTpUIIATEIbHBIX CBEPXTOPOOB, a BO BpeMsI CaMOil BCIIBILIKK TIepUO OBICTPO
yYMEeHbIIIaeTcd. 3aMeTuM, 4yTo Touku auarpaMMbl O-C, nexaiime Ha JD =2456121,
MOXHO TIEpEeHECTH Ha OOWH TICPHOI B BEPXHIO YacThb IMATrpaMMBblI, TaK Kak
CYLIECTBYET HEOJHO3HAYHOCTh, BbI3BAaHHASI BO3MOXHBIM MTPOCUETOM LIMKIIOB.

Takoil e xapakTep M3MEHEHUsI OTPULATEIbHBIX CBEPXTOpOOB ObLI OTMEUYECH
Ocaku u Kato [31] aig kapaukoBoid HoBo# V1504 Cyg no naHHbIM KOCMUYECKOTO
teneckona Kermtep. Kpome toro, O-C 1oka3pIBalOT TEHASHINIO K YMEHBILICHUIO
CpeIHEro rnepuoaa OTpUIIATEIbHBIX CBEPXTOPOOB B TEUEHME CBEPXLIMKIIA, KaK ObUIO
npoaemMoHcTpupoBaHo mist V1504 Cyg [31] u ER UMa [42]. Pesynsrarsl iepromorpam-
MHoro aHaim3a MN Dra Haxonsitcs B comiacuu ¢ BeiBonamu aHanu3a O-C. Ha puc.8
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IIJT1 TIpMMepa TIpeacTaBIeHbBI TIepUOIOrpaMMEI IS psimoB HabmoneHuii B 2017r. Bo
BpeMsI OHOM M3 BCIBIIIEK U B CIIOKOMHOM cocTosTHUM. COIJIacCHO TIepUOIOTpaMMaM,
MepuoJ, OTpULIATEIbHBIX CBEPXTOPOOB BO BpeMsl BCIbIIKK ObL1 0.0951 cyT., a K KOHILY
CITOKOIHOTO cocTosTHUs OH yBemmuwmics mo 0.0961 cyt.

ITo ynpoiueHHoi Monenuv JlapByyna [15] st peTporpaaHoii nmpeueccum HakIoH-
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Puc.6. CBepxy BHU3: o6liast KpuBasi 0jecka; auarpamma O-C; KpuBasi UBMEHEHHUsT aMILIUTYIbI
cBepxropboB miasa Tpex cetoB 2012r. Bousblnoit pa3dopoc MaHHBIX B MUHUMYME B OTHC/IbHBIE HOUU
00yCJIOBJIEH YMEHbLIEHWEM TOYHOCTM HAOJIONEHMI M3-3a Majoro pasmepa Tejeckona W/uiu
TMOTOAHBIX YCIOBUI.

HOTO JMCKa paavyc IVCKa OOpaTHO IPONOPIIMOHATCH IEPHOLY OTPUIIATEIBHBIX
cBepxropooB. B pamkax stoit Moaenu kaptvHa usmeHeHuidi O-C MN Dra cooTBeTcTByeT
PaCIIMPEHUIO aKKPEITMOHHOTO JMCKA BO BPeMsI HOPMAJTBHOM BCTIBIIIKHM 1 TIOCTENIEHHOMY
€r0 YMEHBIIIECHHIO B CIIOKOMHOM COCTOSTHUM. [py 3ToM CpeHIin pamiyc aKKpeIIMOHHOTO
JIACKA pacTeT ¢ pocToM ha3bl CBepXIMKiIa. Takye n3MeHEeHHUS KaK pa3 TpeacKa3aHbl
Teopuei TepMO-TPUIMBHON HECTAOMIBHOCTY aKKPELIMOHHOTO AucKa [43].

6. Bbi600bi. Buli TipoBeieHBI B KAMITAHUM 110 HAOIIOAEHUSM KapIUKOBOI
aHOoBO1 MN Dra B 2012-20171T. Ha IEeBATH TejleCKomax B TeueHMe 152-X Houel
¥ HabOmoneHus B TeueHUe onHoil Houu B 2013r. HabmoneHusaM ObITM OXBadyeHBI
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Puc.7. Cepxy BHM3: yacTh o01eit kpuBoil 6iecka 3a 2017r; quarpamma O-C 151 MAaKCUMYMOB
OTpULATEIbHBIX CBEPXrOpOOB; KpHUBask M3MEHEHHUs MX aMILUIUTYAbI.

YEThIPE CBEPXBCIBIIKUA M CEMb HOPMaJbHBIX BCIIBIILIEK, a TakXke CIOKOIHOe
COCTOSTHME MEXITY HUMMU.

Mbl rccenoBaiu BCIbIIEUHYIO aKTMBHOCTb CMCTEMbl U BBISIBUIM, YTO IS
2017r. MHTepBaJI MEXIY COCETHMMM CBEPXBCIBIIIKAMM COCTABUII 65CYT., a MeXIy
COCEIHMMU HOPMaJbHBIMU BCIIbIIIKAMU - 15 CyT.

Kak u B 2009r., 2012 1 2017rr. MN Dra Bo BpeMsl CBepXBCIIbIIIEK MOKa3bIBaja
TOJIOXKUTEJIbHbIE CBEPXTOpPObI, 4 B CIIOKOMHOM COCTOSIHUM M B HOPMAJTbHBIX BCITBIILIKAX
- orpuiatesibHble. CpeqHUi TIeproj MOIOXUTEIbHBIX CBepXropooB a1 2012r. okazaics
paBHbIM (.10558(6) cyT., a B 2017 -0.10500(2) cyT.

IlepuonorpaMmMHeblil aHam3 U aHam3 O-C MakCUMyMOB 0JiecKa OTpULIATETbHBIX
CBEpXTOpOOB TMOKa3ajl LUMKINYECKOe U3MEHEHNE Meproia CBEPXropOOB OT OJHOM
HOpMaJIbHON BCHOBILIKU K Apyroi. B crokoiiHoMm coctosiHun O-C mocTerneHHOo
YBEJMYMBAIOTCS, YTO COOTBETCTBYET YBEJIMUYECHUIO TIEPHOJA OTPUILIATEIbHBIX CBEPX-
ropboB, a BO BpeMs CaMOI BCIBIIIKM TTepUO OBICTPO YMEHBIIAETCS.

B pamkax ympollleHHOM MOJAENU HaKJIOHHOTO aucka [15], Takue udmMeHeHus
O-C MOTyT COOTBETCTBOBATh PACIIMPEHMIO aKKPELIMOHHOIO IYCKa BO BPeMsl HOP-
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Puc.8. [Mepuonorpammbl mis mpanHbix 2017r. Bo Bembike N1 (mBe Houm B uHTepBaie JD =

2457891.45-2457892.46, crutoliHasi JIMHUSI) U B CIIOKOMHOM COCTOSIHUM (YEThIpe HOYM B MHTEpBaje
JD = 2457900.45-2457903.49, ToyeuHasi JMHUSI).

MaJIBHOM BCIBIIIKY U IOCTEIIEHHOMY €TI0 YMEHBIIIEHUIO B CITOKOITHOM COCTOSIHUM,
YTO KaK pa3 HaXOIUTCS B COOTBETCTBMU C TEOPHE TepMO-TIPHIMBHON HECTAOMIBHOCTH
aKKpeLMOHHOro aucka [43].

Pabora BbImoIHEHA TIpY YaCTUYHOM (pmHaHCHMpoBaHuM TpaHTamMu PODIN18-32-
00371, APVV-15-0458 u 2/008/17.

Hannag pabota 6bUTa YacTUYHO TMoaaepxkaHa cyocuaueii [1pasurensctBa PO,
HarpaBJIeHHOM Ha MOBbIIIEHUEe KOHKYpeHTocrocobHocTh KazaHckoro genepanbHOro
YHUBEPCUTETA CPENU MUPOBBIX HAYYHO-UCCIEAOBATETbCKUX LICHTPOB.

PaGota yacTyHO BBINOJIHEHA 3a CUET CPEACTB CyOCcuauu, BeimeaecHHOM Ka3aH-
cKoMy (penepaaTbHOMY YHUBEPCUTETY IJIST BBITOJTHEHWS TOCYIAPCTBEHHOTO 3aIaHUs
B cepe HayuHOU medrenbHocTH (3.9780.2017/8.9).

Pa6ora BEITIONTHEHA C MICITOIB30BaHMEM HaAOJIONEHMI, TToTydeHHBIX Ha CeBepo-
KaBKa3CKOil acTpOHOMMWYECKOU cTaHImu KDY,
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VARIATIONS OF THE PERIOD OF NEGATIVE
SUPERHUMPS IN SU UMa-TYPE DWARF NOVAE. I
MN Dra (2012-2017)

A.S.SKLYANOV!, E.P.PAVLENKO?, KA ANTONYUK?, N.V.PIT?,
V.P.MALANUSHENKO?, A.V.SHCHUROVA* A.-M.A.ZAOSTROZHNYKH!,
S.Yu.SHUGAROV*, A A.SOSNOVSKIJ?, Ju.V.BABINA?, O..LANTONYUK?,
A.O.SIMON®, R.Ya.ZHUCHKOV!, A G.GUTAEV!

We present the results of photometric study of dwarf nova MN Dra, conducted
in 2012-2017 on 9 telescopes spanning 152 nights. In total, observations covered
4 superoutbursts, 7 normal outbursts and quiescent state in between them. Interval
between consequent superoutbursts in 2017 was 65 days, between consequent
normal outbursts - 15 days. During superoutbursts in 2012 and 2017 positive
superhumps were observed with mean periods 0.10558(6) and 0.10500(2) days
respectively, in quiescent state negative superhumps with mean period of 0.095921(3)
days were recorded. It was shown, that period of negative superhumps cyclically
changed between normal outbursts: sharply decreased during the outburst and
gradually increased until the beginning of the next outburst. Such pattern of
negative superhump period variation can correspond to quick increase of accretion
disc radius during the outburst and its gradual decrease afterwards, which agrees
with thermal-tidal instability theory.

Keywords: MN Dra: cataclysmic variables: negative superhumps: negative superhump
evolution: accretion
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NEW OPTICAL AND INFRARED PHOTOMETRIC STUDY
OF YOUNG OPEN STAR CLUSTER NGC 7790
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We present deep CCD photometry (V' ~ 21 mag) in BVR Johnson-Cousin filters supported
with 2MASS JHKs data set for the open star cluster NGC 7790. The cluster's parameters such
as reddening, distance, metallicity and age etc... are derived using two color diagrams in optical and
near-infrared bands. These parameters are E, ,=0.512 +0.006, E, ,=0.382 +0.005, E, , = 0.337
+0.001 and E,, = 0.505 £ 0.001 mag, the distance modulus (m - M), = 12.41 £ 0.001 mag, which
gives a distance of 3.035 kpc and the metallicity Z= 0.008. The age obtained by fitting the observed
CMDs with Padova isochrones is 63.95 Myr. From the analysis of 2MASS data, the limiting radius
of the cluster is found to be 9.7 £ 0.83 arcmin, it reflects that the cluster is a compact cluster. The
dynamical relaxation time of NGC 7790 is also determined and found to be 0.17 of its age, which
means that the cluster is dynamically relaxed. Moreover, luminosity and mass functions are also
investigated.

Keyword: NGC 7790: open clusters and associations: cepheids: CEa Cas; CEb
Cas; CF Cas

1. Introduction. The open star cluster NGC 7790 is near the Perseus arm
at (0typp00 = 23"58™18%, 9000 = 61°13'05".4 , [=116°.579, b=-0°.9969). Mermilliod
[1] classified NGC 7790 as an intermediate age star and Lynga [2] classified this
cluster as Trumpler Class I12m. NGC 7790 has been the subject of various studies,
motivated in large part by the presence of three cepheids CEa Cas, CEb Cas and
CF Cas (see [3]), making this cluster an important part in the cosmic distance
ladder. Romeo et al. [4] determined the reddening and distance modulus of the
cluster which turn out to be E, ,=0.54+0.04 and (m - M), =12.65 = 0.15,
respectively. They determined also it's age (5.0 +1.5)x 10" yr. Matthews et al. [5]
investigated the photometric and radial velocity variations of the cluster cepheid CF
Cas, and computed its distance of 3160 £ 160 pc (distance modulus 12.5). Gupta
et al. [6] observed the cluster in optical BVI photometric passbands and got the
E, ,=0.51+0.03 with distance of 3.3 +0.23kpc. Davidge [7] studied the cluster
and determined the color excesses 0.56 £0.05, distance modules 12.057 £0.01 and
an age 60-80 Myr. Almost all the previous studies had got the same results, in
addition, they are in the optical passband. So, due to the importance of this cluster
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we restudied it both in optical and infrared bands (for the first time) and compared
our results with previous studies.

The paper is organized as follows: the CCD optical observations and near
infrared data (2MASS) is described in the Section 2. In Section 3 the radial
density profile is presented. The field star decontamination algorithm is given in
Section 4. The analysis of the color-magnitude diagrams and the derived pho-
tometric parameters are given in Section 5. The luminosity function and mass
function are described in Section 6, while the mass segregation and dynamical
relaxation state of the cluster are described in Section 7. The last section presents
summary of our study and conclusion.

2. The CCD optical observations and near infrared data (2MASS).

2.1. The CCD optical observations. CCD BVR observations for the
open star cluster NGC 7790 were carried out with the 188 cm reflector telescope
at Newtonian focus (f/4.9) during one night on November 30, 2010. The telescope
is operated by Kottamia observatory, astronomy department of NRIAG, Egypt. It
was equipped with a 2kx2k EEV 42-40 CCD camera, its pixel size of 13.5 um.
The telescope and this CCD camera give us a square field of view of about
10x 10 arcmin® on the sky with a scale of 0.30arcsec per pixel, more information
about the capabilities of Kottamia telescope are presented in [8]. Table 1 lists the
observation log of 36 science exposures. Bias and twilight flat field frames were
taken in the three filters. The observations of the standard stars in the selected
area SA 107 [9] have been performed to calibrate the target observations.

Table 1
LOG OF OBSERVATIONS
Date Filter No. of exp. Air mass range Exp. time (sec)
Nov. 30, 2010 B 12 1.002-1.098 120
Nov. 30, 2010 4 12 1.009-1.094 120
Nov. 30, 2010 R 12 1.010-1.091 120

The standard CCD reduction processing was done under IRAF software for
the cluster and standard stars CCD frames. These processes include bias subtrac-
tion, flat field corrections, removal of cosmic rays, aperture and point spread
function photometry and magnitude transformation to the standard system.

We determined the calibration coefficients that transform the instrumental
magnitudes to the standard ones using the observation of the standard stars. The
transformation equations are in the following form:

b=B+z,+k,X+a,(B-V)
v=V+z,+kX+a, (B-V)
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r=R+z,+kX+a,(V-R)

Where B, V, R, and b, v, r are the standard and the instrumental magnitudes
respectively. X is the airmass, while z,, z, z and k,, k, k_are the photometric
zero points and the extinction coefficients in B, V, R filters respectively. The a,,
a, a, are the color coefficients. The values of extinction coefficients, the color
coefficients and the photometric zero points in their corresponding filters are given
in Table 2.

Table 2

THE ZERO POINT, COLOR AND EXTINCTION COEFFICIENTS
FOR EACH FILTER

Parameter k a z
Filter subscript

b 0.35 0.004 3.02
v 0.17 0.002 2.80
r 0.08 0.001 271

2.2. Near-Infrared Data (2MASS). The 2MASS photometric data on
near-infrared JHKSs filters were extracted from Vizier web page' for the star cluster
NGC 7790. Due to the small area of the optical field of view, we investigate the
cluster structure based only on the 2MASS data. Starting with determination of the
cluster center by constructing a rectangular strip around the cluster center (visually
determined) in o and & direction with a side of one degree wide, we count the
stars in each strip to build the frequency distribution in both directions. These
histograms were fitted by a Gaussian function, whereas the location of maximum
number of stars (peak) indicates the new cluster center, as illustrated in Fig.1 and
listed in Table 3. The 2MASS data are extracted again, for further investigation,
centered on the new coordinates with an aperture radius of 20 arcmin. The large

Table 3
THE CENTER COORDINATES COMPARING WITH PREVIOUS WORK
[10] [6] Recent work
RA 00 23"55"0°.9 23"54"12° 23"58"18°.0
DE,,,, 60°56' +60°57 61°1305".4
/ 116° 116°.6 116°.579
b -1° -1° -0°.9969

I http.//vizier.u.strasbg.fr/viz.bin/VizieR
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extraction area around each cluster enables us to determine statistically the surface
density distribution of the field stars in the cluster outskirt.

Bin center
358.5 359.5 360.5

600 -

400

No. of star

200

Right.ascension

61.6

\
w612

Bin center

s 60.8
0 400 800 1200

No. of star

Fig.1. The Gaussian fitting profiles of star counts across right ascension o and declination &
for the cluster. The peak's position of the profile gives the cluster's center.

3. Radial density profile (RDP). The stellar density distribution of a
cluster is a result of the internal and external dynamical process. The radial density
profile (RDP), the number of stars per unit area at different radius from cluster’s
center outward, is an observational tool that reflects the dynamical events acting
on the cluster and it enables us to determine the angular size of the cluster. The
radial density profile is determined through counting the stars in concentric rings
around the new cluster's center. We calculated the density of each ring by dividing
the number of stars in the ring by its area. The ring radius was chosen to be
ranged from 0.25 to 1.5arcmin; to avoid the smallest number of the stars in the
ring and then the density profile was chosen by visual inspection of the data for
each ring bin size. The density profile must represent the well exponential
decreasing of the cluster surface density outward from its center, as well as the
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constancy of the dense background after the cluster limit. We applied the empirical
King model [11] to fit the observed RDP. The King model of the density function
equation is in the following form:

plr)= fi +—"

2 2
r
1+ (J
rcore

where r,_, f, and /Zg are the core radius, the central surface density and background
surface density and their values of r  =2.036+0.167, f =8.606 % 0.415 and
fbg=9.899 *0.121 respectively. The core radius is the cluster radius at which the
central surface density drops to its half value. We suppose that the background
star density lies within the lines representing the standard deviation of the
background density level, therefore we define the cluster limits (cluster limited
radius; r, =9.7*0.83 arcmin) at the intersection of the King profile with the
upper limit of the density standard deviation line (see Fig.2). This value is larger
than the value obtained by [6] who had r, =3.7+0.2arcmin, whereas Lynga [2]
determined the RDP = 2.5 arcmin.

v T v T v T v
18 O  Observed density .
— King model fit
(\.‘E — = Avg+Std
§ Avg_Dens
S
~ 16 -
n
—
S
=
17 4
—
o
o] 14 -
£
>
=
)
) r. =9.7
© 12 -
)
Q
S
i 4
=3 -— e - - - e -
v 0. o0 ©7©
10 |~ A\~ (o) w_
1 1 R 1 .

Radius in arcmin

Fig.2. The radial density profile for the cluster. The solid curve denotes the fitting with King
model, while the dashed lines mark the level of the background density and its standard deviation.

4. Membership of star cluster. The field stars decontamination from a
star cluster is an essential task to obtain an accurate photometric study for star
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clusters. To decontaminate the field stars, we used the kinematic approaches based
on the availability of the kinematic data such as proper motion and radial velocities
[12,13]. We used the kinematical method because these kinematic data for the
cluster are available to determine the cluster membership and cleaning the clusters
from field star contamination. In this technique, we use TOPCAT? program (Tool
for Operations on Catalogues And Tables). Moreover, it is also interactive graphical
viewer and editor for tabular data. To summarize this process, by using the proper
motion component in o (pmRA) and & (pmDE), we build two histograms. In
respective histograms, the highest count of stars in both (pmRA) and (pmDE)
represents the range of the cluster star members [13]. These stars share almost
the same proper motion values. Then by selecting the range for both (pmRA)
and (pmDE) around the histogram peak, the star members are examined. To
confirm this range, a proper motion vector point diagram (PMVPD) which is a
plot of (pmRA) and (pmDE) [14] is employed in color-magnitude diagram Fig.3.

6

8 "
o 10
©
£
N
g 12
E

14

16

-1 0 1 2
J-H/mag

Fig.3. The NGC 7790 star members (light squares), while the field stars (dark squares).

5. The color-magnitude diagrams. The Color-Magnitude Diagram (CMD)
for a star cluster enables us to determine its age, reddening and distance. So, two
optical (V, B-V), and (V, V-R) and two infrared (J, J-H & Ks, J-Ks) CMDs
for the total number of the observed stars in the decontaminated cluster region
(r<r, ) are constructed for the cluster NGC 7790 and presented in Fig.4, 5. To
derive the fundamental parameters of this cluster, these CMDs were fitted with

2 http://www.star.bris.ac.uk/~mbt/topcat/
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12 NGC 7790 NGC 7790
Z=0.008 Z=0.008
3 . logage=7.8 b -] logage=7.8
. m-M=13.692 m-M=13.893
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Fig.4. Color magnitude diagrams a) (V, B-V') and b) (V, V-R), the solid curve represents the
best fitted Padova isochrones with Z=0.008 and age of 63.95 Myr.
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Fig.5. 2MASS CMDs; a) (Ks, J-Ks) and b) (J, J-H), the solid curve represents the best fitted
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several theoretical Padova isochrones® [15] in different metallicities and ages in steps
of 0.05 in the logarithm of age. This step was adopted as a typical uncertainty of
the log age. We got a good fit for all CMDs by visual inspection with the isochrone
of the metallicity Z=0.008, and the corresponding age of 63.95 Myr. The optical
and infrared color excesses are determined from CCDs fitting, and using the relations
of [16]. The optical color excess £, ,=0.512£0.006, E, ,=0.382£0.005 and the
absolute distance modulus (m - M),=12.41£0.001 mag, gives a distance of 3.035kpc.
These results agree well with that given by [6], £, ,=0.51£0.03mag and the distance
of 3.3+0.23kpc. In [16] were presented the color excess values for 2MASS
photometric system, which enable us to obtain the following results: E, ,=0.337 &
0.001, E,,=0.505£0.001 and A,=3.317 where R,=A,/E, ,=3.1 is adopted.

6. The luminosity and mass function. The number of stars in a cluster
with different absolute luminosities describes the stellar luminosity function (LF)
160
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0 : asisiza I-\. 7 u..).. ~1.\‘I5~|§E|-51' AL 1L
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Fig.6. The cluster luminosity function.

3 http.//pleiadi.pd.astro.it/
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of the cluster. So, we transformed the J apparent magnitude to absolute magnitude
using the cluster's distance modulus, then the frequency distribution of the J
absolute magnitude has been obtained, as shown in Fig.6. This luminosity function
is transformed to the mass function based on the dependence of the mass on the
luminosity given in the selected theoretical Padova isochrones [15].

In the present work, the absolute magnitude and the masses for the adopted
isochrone with metallicity Z=0.008 are used to construct the relation between
M/M g and absolute magnitude M, The relation is a polynomial function of the
second degree, used to determine masses of the cluster from the observed absolute
magnitude M, Then a histogram for the number of stars as a function of mass
interval is constructed and presented in Fig.7. The mass frequency distribution is
linearly fitted with the slope value of -2.36, this value is closer to that of [17]
obtained by study of the IMF for massive stars. Note that, the steep slope of the
IMF indicates that the number of low-mass stars is greater than the high-mass ones.
The masses are integrated to compute the total mass of the cluster M ~1316 M, .

2 T I T I T I T I T
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£ 044 -
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0.3 0.4 0.5 0.6 0.7 0.8

log(M/My )

Fig.7. The mass frequency distribution is linearly fitted with the slope value of -2.36.

7. Mass segregation and dynamical relaxation time. The dynamical
relaxation 7, is the time in which the individual stars exchange energies and their
velocity distribution approach a Maxwellian equilibrium. An examination of the
distribution of masses of the stars along the radius of the cluster showed a clear
segregation of mass in the cluster, with the massive stars located in the central
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part of the cluster. To check whether the existing mass segregation is due to
dynamical evolution or the imprint of the star formation process, we need to
estimate the dynamical relaxation time. Through the dynamical relaxation time,
the low mass stars in a cluster may possess the largest random velocities trying
to occupy a larger volume than the high mass stars (see [18]). Here, the relation
given by [19] is used to compute the dynamical relaxation time for the cluster.

_ 89x10° N'2R}?
: <m>l/210g(0.4N) ’

where R, is the radius containing half the cluster mass, N is the number of cluster
members and <m> =2.867+1.49M, is the average mass of the cluster stars.
Considering the R, is equal to half of the cluster radius in linear units, we have
calculated dynamical relaxation time (7,=10.5%+2.9 Myr). Comparing the values
of T, with the cluster ages, we find Age/7,=6.1%1.6. Since the values of the
T, are smaller than the estimated cluster ages, it may be inferred that the cluster
is dynamically relaxed and the mass segregation effect due to dynamical evolution
must be important. The cluster relaxation time is much shorter than its age (~0.17
of its age), that means the cluster is highly dynamically relaxed.

8. Conclusions. New CCD BVR observation and JHKs 2MASS data for the
open star cluster NGC 7790 are used to determine the cluster structure and
photometric parameters. The infrared dataset reveals NGC 7790 is a compact open
cluster, with the limited size of the cluster; its radius is limited to 9.7 £0.83
arcmin which is about 2.6 time more than [6], and its core radius by 2.036 +
0.167 arcmin. Our estimates of the cluster distance 3.035kpc, age 63.95 Myr and
poor metallicity of Z=0.008 are very close to that determined earlier (Table 4).
Both age and distance estimates for the cepheid variables are consistent with the
present determination. However, the interstellar reddening, £, ,=0.512%0.006
agrees well with the previous studied. In addition, we also found the infrared color
excess £, ,=0.505%+0.001 and E,,,=0.337+0.001 and the visual absorption

Table 4

DETERMINED PARAMETERS FROM CMD FOR NGC 7790
COMPARING WITH PREVIOUS STUDIES

[4] [6] [7] Recent work Recent work
Optical 2MASS
Z 0.01 0.008 0.019 0.008 0.008
Age 50 Myr 120+ 20 Myr | 60 - 80 Myr 63.95 Myr 63.95 Myr
E(B-V) [ 0.54£0.04 | 0.51%£0.03 0.56+0.05 | 0.512+0.006 1.07+0.27
(m-M), [12.65£0.15| 12.6£0.15 12.057 +0.01 12.41 12.211£0.005
d, kpc - 3.31+0.23 3.160x 1.6 3.035 2.768 £0.006
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A,=1.671£0.003.

From the investigation of the mass function within the cluster, we estimated
total mass of the cluster membership of ~1316 M. In addition, the cluster
dynamical relaxation time (7,= 10.5Myr) is about 0.17 of its age (63.95 Myr),
which means that the cluster is dynamically relaxed.
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HOBOE OIITMYECKOE U MH®PAKPACHOE
OOTOMETPUYECKOE UCCIEOAOBAHUE MOJIOAOTO
OTKPBITOI'O CKOIUVIEHHWA 3BE3[] NGC 7790

A.AAPYH'2, P.M.AJIPEXANIUN', X.A. UCMAWNJI'2

IMpencrarnensl riryookast [13C-potomerpust (V'~21mag) B punbrpax JxKoHCOHA-
Kysena BVR, a Takke 2MASS JHK naHHbIe [J11 OTKPHITOIO 3BE3IHOT0 CKOILICHUS
NGC 7790. Hcnonb3ysd ABYXLBETHbIE OUArpaMMbI B OITUYECKOM U OJIMKHEM
MHGbpaKpacHOM yara3oHax MoJay4eHbl TaKUe MapaMeTphbl CKOILICHUSI, KaK MOoKpac-
HEHMeE, pacCTOSTHUE, METAJUIMYHOCTh, BO3pacT U T. I. DTUMU MapaMeTpaMu SIBIISTIOTCS
E, ,=0.512£0.006, E,,=0.382£0.005, E,,=0.337+£0.001 u £, =0.m505+
0.001, momyb paccrosus (m-M),=12.410+001, 4TO COOTBETCTBYET PACCTOSHUIO
3.035knk u MetamanuHocTh Z=0.008. Bo3pacT, moayyeHHbIN MyTeM CpaBHEHMUS
HabonaeMoii auarpaMmsbl LBeT-BemurHa (CMD) ¢ uzoxpoHamu Ilanyu, coctaBisier
63.95 MrmmioHa JieT. AHaM3 TaHHBIX 2MASS TTOKa3bIBaeT, 4To MpeaeTbHBIA pamnyc
cKoruieHus cocTanisieT 9.7 £0.83 yIl. MUH., YTO yKa3bIBaeT Ha KOMITAKTHOCTb CKOILUICHUSL.
Bpems nuHamuueckoii penakcaimu NGC 7790 Takke ornpeneneHo v cocrasiser 0.17
€ro BO3pacTa, YTo O3HAYaeT, YTO B CKOIUICHUE MPOU30IILIa TMHAMMYECKAsT pelakcariysl.
Kpome Toro, 6butn mccienoBaHbl (GYHKIIMU CBETUMOCTU U MAcCChl.

Kntouesrie cnoBa: NGC 7790: omkpuimbie CKONACHUS U ACCOUUAUUL: Uedeubl:
CEa Cas; CEb Cas; CF Cas
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ACTPODOPMUM3INKA

TOM 63 MAH, 2020 BBITTYCK 2

OOTOMETPUYECKHUE UCCIEOJOBAHUA
[TPOMEXYTOYHOTI'O ITIOJIAPA DO Dra
B 2008 1 2019rr.

10.B.FABMHA!, E.I.INABJIEHKO', M.B.AH/IPEEB?*

[Moctynuna 2 oktsa6ps 2019
[Mpunsita x neuaru 11 mapra 2020

IIpencraBneH aHamu3 (HOTOMETPUUYECKUX HaOMIOACHUI MpoMexyTrouHoro moissipa DO Dra,
MOJIYyYeHHBIX B 3IOXY KapAMHAJIbHOTO YMEHBIICHMS €r0 BCIBIIIEYHONW aKTHUBHOCTU Ul Pa3IMYHOTO
cpenHero Gimecka cuctembl: 13™.6-12".8 (2008) u 14™.7-14".3 (2019). HaGromeHus: MPpOBOAMINCH
B 2008r. B monocax cuctembl [IxoHcoHa BVR u B 2019r. B uHTerpajibHoM cBete. Briepsbie 1o
KBa3UOAHOBPEMEHHBIM HaOMOAeHUsIM B Tosnocax BVR Oblna 3aperucTpupoBaHa OpOUTANIbHAS
MonyJisius 61ecka B BUie ABYropOoit KpMBOW B KaXIO0i M3 MOJIOC, MPEAIOJOXKUTEIbHO BbI3BaHHAS
SJUTUTICOUIATBHOCTBIO BTOPUYHOTO KOMITOHEHTa. B TeueHue miectu Houeit B mosocax BVR (2008r.)
U ONHOW HOYM B MHTerpajbHOM cBeTe (2019r.) Habmoganuch YCTOWYMBBIE KBAa3UIMEPUOIUYECKUE
konebanusi B okpectHocTssx 0.02 cyr. B Houb JD 2458575 (2019r.) Obuto 3aperucTpupoBaHO
yBeauueHne Onecka Ha 0™.7 3a 3 MUH, CMEHMBIIEECS SKCIIOHEHUMAIbHBIM 3aTyXaHWeM. Bcruieck
JUITMJICSI OKOJIO yaca, B TeUeHUe TepBO IMOJIOBUMHBI ObUIM OOHAPYXKEeHBI KOJIEOAHMSI C MEPUOIOM
okono 0.006 cyr., u amrmmrynoir 0™.1, KoTopbie MOIYT MMETh OTHOLIEHME JIMOO K IEPHOLY
BpallleHUsT 0eoro Kapimka, JM00 K KBasuIlepuoandecKuM kosnebaHusMm. [Ipupoga Bemiecka Imoka
HE BBISICHEHA, B CTaThe PACCMOTPEHbI BO3MOXHBIC MPUYMHBI 3TOTO SIBJICHUSI.

Knrouesbie cnoBa: DO Dra: kamakauamuueckiie nepemeHHble: nPOMedCymoUHblLl NOASD

1. Bsedenue. DO Dra - 310 TecHast JBOMHASI CUCTEMA, COCTOAIIAS M3 3BE3IbI
TMO3IHETO CHEKTPATLHOIO KJlacca, KOTopasl 3alojHsIET CBOIO NosocTh Pollia, BeiencTare
Yero MpOMCXOAMT TepeTeKaHne BellleCcTBa Yepe3 BHYTPEHHIOI TOUKY Jlarpamxka Ha
BTOPYIO 3BE3My - O€JbIif KapiiMK. B 3aBHCHMMOCTH OT BEJIMIMHBI MAaTHUTHOTO TIOJIST
0eJIoro Kapauka, Takue CUCTeMbl IEISIT Ha AMCKOBBIC, MOJSIPbl M TPOMEXKYTOUHbIE
nossapsl. DO Dra otHocutes K cucteMaM truna DQ Her - mpoMeXyTouHble MOSIpPbI.
B takux cuctemax Genble KapJaMKU MMEIOT JOCTATOYHYIO BEJTMYMHY MAarHUTHOTO
TOJIs1, YTOOBI Pa3pyLIUTh BHYTPEHHIOO YacTh aKKPELIMOHHOTO JUCKA, Te BEILECTBO
HayMHAeT TeYb BIOJb CUJIOBBIX JIMHUI MAarHUTHOTO TOJI, 00pa3ysl NCKPUBIICHHBIC
"3aHaBeCHI' CBeTsIIerocsd BelllecTBa ("aKKpEeIIMOHHBIE KYPTUHEI'), W BBIMagacT Ha
OebIl KapIMK B OKPECTHOCTM MAarHUTHBIX MOJIIOcoB [1].

DO Dra 6bu1 06Hapy>keH KaK UCTOYHMK PEHTTEHOBCKOIO mamydeHus 2A 1150+720
U no3xe Obl1 KinaccuduumponaH IMatrepcoHoMm 1 ap. [2] Kak KaTakjau3MuuecKast
MepeMeHHas. DTOT OOBEKT ObLT TaKXke OOHAPYKEH KaK KaTakKM3MUYecKasi [epeMeHHast
B 0030pe ITasiomap-I'puH u yka3zan Kak PG 1140+719 [3]. Torna ke 3TOT 0ObeKT
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MPEIIOXWIN UISHTU(PULIMPOBATh C paHee 3aperMCTPUPOBAHHON NepeMeHHOoN YY
Dra u3-3a 6mu3kux koopauHat. B.I1.IleceBuu obHapykuia YY Dra o MOCKOBCKUM
IDTACTUHKAM, KaK TIepeMeHHYIO 3Be3Iy THTTA AJIT0JTh, KOTOpast TIOTyJIIa TIPSaBAPUTETb-
HbIil HoMep SVS 504 Dra, ¢ KOOpIMHATAMH O jgss = 11"35™15° M 8,455 = +72°30'.4,
¢ apeMepunoit Tm,.n=2419852.4+4d.21 123 E u pKocThio B auamnaszoHe 12™.9-14".5
[4]. danee B obO1IeM KaTajore IepeMEHHBIX 3BE3 3Ta 3Be3da IMOJIy4Yriia Ha3BaHUE
YY Dra. Oowexkr YY Dra B Hacrogliuee BpeMsl JODKEH MMETh KOOPIWHATHI
Oygoo = 11"43™34°.41 1 8,0y =+71°42'9", HO TIO TUM KOOPIMHATAM BUIUMOIA
3Be3abl HeT. BeHuemo [5] He ymamoch, Mo onyOJMKOBAaHHBIM KoopauHaTtam Y'Y
Dra, naiitm 3Be3my 12", 3aTto oH Ha nByX M3 700 TUTaCTMHOK OOHApYXKWI
SPYNTUBHBIN 00beKT Ha Mecte PG 1140+719, m xiaccupuuupoBan ero Kak
KapJIMKOBYIO HOBYIO. DTO OBUIA OIIPEIeIeHHO He 3aTMEHHAS TIiepeMeHHasl ¢ YeTKIM
MepUOIOM, U, TAKUM 00Pa30oM, 3TOMY OOBEKTY Jajiu HOBoe Oo¢HUIIMAIbHOE HAa3BaHUE
DO Dra [6,7]. B craree Ilatrepcona u np. [8] mpuBoautcs obcy:KneHre Ha3BaHMs
aToit 3Be3npl. K coxayleHnto, 60JIblas 4acTh IIACTUHOK, IO KOTOphIM LleceBrmu
o0Hapyxun YY Dra, mnpomnana Bo Bpemsi Bropoit MupoBoii BOilHbI U MTO3TOMY
HUCTUHHOE nosioxeHue YY Dra go cux mop ocraercd 3arankoil. BoaMoxxHo, 4To
B KOOpAMHAaTaxX 00beKTa, MpuBeAeHHBIX B padote LleceBnua [4], Obu1a momyiieHa
ombka. B ctarbe BupHuHol [9] mpuBoaUTCS pe3yabTaT MOKUCKA 3TOM 3Be3bl MO/
Ha3BaHueM IpoekT "lleceBnua”.

DO Dra - B BbICILIEl CTeNEHN MepeMEHHbIN 00bEKT, MOKA3bIBAIOIIMI KojiebaHus
Oyiecka Ha ILKaje OT JeCATKOB JIeT 10 JAecsITKOB ceKyHA. CornacHo AAVSO, nosnro-
BpeMEeHHasl KpuBas 0jiecka, MOCTpOeHHas Ha UHTepBajie okoso 37 jeT (cM. puc.l),
cozepskajia M BCITBIIIKH, 1 HEpeTY/ISIpHBIC M3MEeHEHUs OJiecKa. BerbIkn aMrumTyaoi
1o 47-5™ Habmomamick 10 ~2007T., IpUYeM aMITIMTyIa WX TTOCcTelleHHO Tagana. C
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Puc.1. O6bmas xpusas AAVSO c 1982r. DO Dra. Crtpenku yka3bpIBaloT Ha MOMEHTBI HaIlUX
HaOJIIONEHUIA.
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MOMEHTa OTKpHITHS 00bekTa 10 2007T. mo maHHbIM AAVSO ObUTO 3aperuCTpUPOBAHO
11 BcmblIlIeK, M3 KOTOPBIX OMTHA B MAKCUMyMe OJiecka Joctumia 9™.6, MakKCMMaTbHBII
OJIeCK IIIeCTH BCIBIIEK ObUT B MHTepBae 10™-11", geTsipex - B mHTepBaie 11M-12",
IIBYX (BO3MOKHO, 6osblle) - B mHTepBate 13"-14". Haumnas ¢ 2008r. (T.e. mociemHme
10 7eT), BCOBIILIKY C aMILTUTYI0M OoJbiire 1™ He HaOmomatorcs. [1pu 3ToM MOXKXHO
3aMeTUTh, YTO CPEIHUI YpPOBEHb OJieCKa MOHOTOHHO TagaeT, a MUHUMAJILHBIN €ro
YPOBeHb (HIDKHSISI ormbatolast KpuBoit) gocturaeT 18™. BempliieuHyro akKTHBHOCTD
ucciaenoBany Takke AHApPoHOB U ap. [10] u umon [11]. IIumon [11] Haiuen
nepuon Benbiiek y DO Dra okosio 870 mHeil 1 mokasai, YTO OHM OTJIMYAlOTCS OT
BCIBIIIEK, MPOMCXOMASIIMX B HEMarHUTHBIX cucTteMax. ¥ AHapoHoBa u ap. [10]
MEPUOL BCIIBILLIEK COCTaBIIAeT ~ 311+422 1.

IMatrepcon m mp. [2] mepBbIMM JanM TpyOylO0 OLIEHKY OpOMTAJIBHOTO Iepuoda
o0bekTa 1o (oToMeTpuu M criekTpockonuu (3.9 yaca). 3atem IocjaemOBaId €ro
yrouHeHust. Matreo u ap. [12] onpenemwmu repuon Kak 3.964, a Xacsesut u ap. [13]
no l4-netHeMy psmy HaOMIONEHMWIA HAIUTM €r0 TOYHYIO BeJMYMHY 3.968976 u =
0.16537398(17) cyr. I1aTrepcoH u mp. [14] Mo onTUYECKNM HAONTIOOEHUSIM OOHAPY-
KWIM nepuoandHoct 265, 275 u 550 ¢ (=2-275c¢). OHM NpeAnoaoXuiau, 4To
IepUo BpallieHUsT 6eI0Oro Kapinka JOJIKEH coCTaBisaTh 529c¢ (~2-265c¢), a He
550c¢, yTo Ha 21 ¢ OoJbllIe IEprOAa BpallleHUs U CBSI3aH C MepepadOTKOM BHICOKO-
SHEPTeTUYECKOTO M3IYYeHUS B CTPYKTypaxX, (PUKCHUPOBAHHBIX B OPOMTAILHOM
IUIOCKOCTH (HarpmuMep, SIpKoe TISITHO Ha Kparo aKKpEITMOHHOTO arcKa). ['omoM mosxke
broepman n Tomac [15] mo peHTreHOBCKMM HaOmomeHusIM Ha Teneckorie ROSAT
ONpeAeNIVIIN TIepUo BpallleHUs 6esoro kapiauka kak 529.22(8)c, a IlatrepcoH u
IlIkomu [16] B pa3HBIX ceTax HAOIIOMEHHMI 3TOTO Xe TeJIeCKOITa HaIIM TIePBYIO
rapMOHMKY 3Toro Tiepuona (264.6(1.4)c). Hanbonee TOUHYIO BEIMUMHY TTeproaa
BpaileHus 6esioro kapauka 529.31(2) c nonyunsnu XacBesn u ap. [13] U3 aHanusa
HaOJTIOMeHUI B YIBTPapHOIeTOBOM KOHTHHYYME M B OINTHUKE. ABTOPHI TIPUIIUIN K
BBIBOJAY, YTO aKTHBHbI 00a MAarHUTHBIX Tojioca Oejgoro kapauka. OHU Takxke
3aperucTpyUpoBaIU Tiepros 273 ¢, Oau3KuMii K repuony, HaliaeHHoMy paHee Ilatrep-
coHoM. AHIpoHOB U ap. [10] mo gaHHBIM (POTOMETPUIECKIX HAOMIONEHWIA BCITBIIIKI
2006r. mokazanu CyIIeCTBOBaHWE KBa3UIIEPUOAMYECKUX KOJIeOaHUI C MEePUOIOM
okosio 30 muH (0.021 cyT.) ¥ MPEATIOIOXKWIM, YTO OHU CBSI3aHbI C Mppaavauuei
obJ1aka, KOTOpOe IBYDKETCS TI0 HAMPAaBICHHUIO K OSIIOMY KapJHKYy.

ITaTrepcon un ap. [14] xiraccnumpoBaIi 0OBEKT KaK KapJIMKOBYIO HOBYIO THTIA
DQ Her, a Hopton u ap. [17] nmomuepkHyau, yto DO Dra oTHOCUTCS eule U K
PEIIKOI TTOATPYIIIIE TIPOMEXKYTOIHBIX TIONSIPOB, Y KOTOPBIX €CTh BCIBIIIICYHAST aKTUBHOCTb.

2. Habarwoenus. B cratbe TpencTaBIeHBI pe3yIbTaThl (POTOMETPUUECKUX
I3C nabmoaenuit DO Dra B teueHue BocbkMu Houeit 2008r. (10 suBapst - JD
2454476, 1-5 deppans - JD 2454498-2454502, 14 mas - JD 2454601) u 1 ampens
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2019r. - JD 2458575. Hanubie 2008r. moaydeHbl B TepcKobckoii obcepBaTOpruu
Ha 60-cm Teneckomne ¢ I13C PixelVision B cucreme JIxXoHcoHa B moniocax BVR u
B Kpeimckoii acrpodpmsmyeckoii oocepBatopuu ¢ II3C Apogee 47 P Ha 38-cm
teneckore B 2019r. B uHTerpanbHoM cBete. OOl11ee BpeMsi HaOIIOACHUI COCTABUIIO
724. ITpu 0b6paboTke n3o00pakeHuit, moydyeHHbIx B 2008T., Ucnob3oBagach 3Be31a
cpaBHeHust Cl: o =11"42"58°9 u §=+71°40'27" u3 pabotsl bosma [18] (USNO
Bl: B=11".32, V=10"78, R=10".76), a ipu o6padoTke HabmoneHus 2019r. mis
KaJMOPOBKM IIKAJbI 3BE3IHBIX BEJIWYMH MBI MCIIOJIL30BAIM JaHHBIE M3 PaOOTHI
AnmponoBa u gp. [10] Cl: o=11"43m23°3 u §=+71°42'42" (B=15".082,
V=14"28, R=13".84). Cpemgnnit 6meck DO Dra B 3T0 BpeMs Kojebajcs B
npenenax V~13".3-14".

3. Kpuevte 6aecka. Hamm naGmonenuss DO Dra B 2008r. mpuininch Ha
BMOXy UCYE3HOBeHUs Bembllek (puc.l). JoaroBpeMeHHas KpuBas Ojiecka ISt
2008T. moka3aHa Ha pucC.2, a Ha pMc.3 IMpUBEIECHBI KpUBBIE OjecKa IS KaxKIon
Houn (KpoMme JD 2454501) B monocax BVR. ®opma KpUBBIX OjiecKa pa3idyHa OT
HOYHM K HOUM. 1o KpuBBIM OJiecKa BUAHO, YTO MOBEACHUE CUCTEMbI U3MEHSIETCSI

, 128 P S A
12.8 1 } o4 g $ 6
13.2 ;i 1 'g
: H . '3
; &ies] ¢
o 13.2 1 ! 54498 54500 54502
‘Z
#
13.6 1 .
.
r T i v T T T T T T T T
54500 54550 54600

JD 2400000+
Puc.2. OGuias kpuBas Oiecka HaGmomeHuit 2008r.
OIMHAKOBO BO BceX MMIbTpax B TeueHHMe Kaxmoil Houn. CrucTteMa sipue B IMOJIOCE
R. B Houb JD 2454498 u JD 2454500 BUAHBI INIyOOKME IIMPOKHUE U Y3KUE

MUHHUMYMBI 0J1eCKa COOTBETCTBEHHO, ¢ aMIumnTymoii 0™.6. Kpupble 61ecka moKa3bl-
BalOT MEPEMEHHOCTh HA Pa3HBIX BPEMEHHBIX IIKAajax.

4. Anaauz myabmunepuoduueckux Koaebanuil Onecka.

4.1. Opoumansrotii nepuod. Ha puc.4 Mbl IPUBOAUM IIEPUOLOTPAMMY B
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Puc.3. Kpusbie Onecka, momydyeHHble B 2008r. B mosocax BVR. Jlis Kaxmoil HOYM B TIOJIE
PUCYHKa YKa3aHa COOTBETCTBYMOLIAsl lojvMaHcKas AaTta (IMSITh MOCAEAHUX LUDD).

ob6yacTi OpOUTATLHOTO TIEPUOAA W €T0 TTOJOBMHHON BEIMYMHEI, TIOCTPOSHHYIO C
nomoltibio MeToga CresuMHrBepda, UCMob30BaB TakeT nporpamm ISDA [19] nnst
naHHbIx 2008r. Harbosee 3HaUMMBIA MEpUOJ, B OKPECTHOCTU OpOUTAJILHOTO Tieproaa
okazaics 4.14 (0.1714 cyt.), HO B obmactu 1/2 Tieprona Hanbojee 3HAYMMBIM
okazajcs nepuoa 0.08283 cyT., uTo oueHb OJU3KO K IOJOBUHE OPOUTATIBLHOTO
nepuona P_ /2.

Hcnonb3ys acdemepumy ist OMHOTO M3 MUHUMYMOB, COOTBETCTBYIOIIIETO BHEIII-
HeMy COoeIMHEeHUIO 3Be3nbI-noHopa, HID =2446863.4376+0.16537398 F n3 paboTHI
[13], HamMu ObUIM TIOCTpOEHBI (ha30Bble AMArpaMmbl [jisi Bcex Houeir 2008r. B
nojocax BVR. Ha puc.5 npuBeaeHbl COOTBETCTBYIOIIME cpeHUE (ha30Bble KPBbIE.

M3 puc.5 MOXHO BUAETb, YTO B TeUeHUE OpOMUTAILHOro Iepuona dazoBast
KpUBasi UMEET IBYropOblii BUI BO BCEX IMOJOcCax ¢ MMHUMyMamu okojo ¢da3 0
n 0.5 u ammurymoit 0™.1. OTMeTMM Xopolllee COBMaAeHNEe MUHUMyMa Ha (ase
0 ¢ acheMepuIHBIM 3HAYEHUEM. DTO MepBasi perucTpalusl AByropooit opOMTaIbHOMN
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Puc.5. Cpennue a3oBbie KpuBbie B mosnocax BVR mo manHbM 2008r.
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KpMBOI1 Ojiecka KBa3noIHOBpeMeHHO B monocax BVR. Panee Xacsemr u np. [13]
MOJIyYWJIN ABYTOpOblii mMpoduib KpMBOi B 1ojioce I, HO OAHOrOpObIi B Mosiocax
UBVR, a Metteo u ap. [12] coobumnu o aAByropoom mpoduie B mnojoce B (¢
aMIATynoi okoso 0™.2) 1 B KBasMMH(ppaKpacHOi Tmojoce (¢ aMIUTATYIOH OKOJIO
0™.4). ABTOpHI yKa3a Ha BO3MOXHbBIE UCTOYHUKU ITEPEMEHHOCTH, (hOPMUPYIOIITIE
MpoITh OPOUTATHLHON KPUBOH - SITUIICOMAATBEHOCTh BTOPUYHOTO KOMIIOHEHTA,
a3 heKT oTpaxkeHUsI U BKJIaJ aKKPELIMOHHOIO AMCKa, OJHAKO CaMU K& OTMETUIIH,
YTO OOBSICHEHUSI HE OUYEHb YIOBIETBOPUTENbHBI. JIByropObIii pocuib opOUTaTbHOK
KPUBOM BO BCEX IIBETOBBIX ITOJIOCAX MOXKET TOBOPUTHL O TOM, YTO OCHOBHBIM
UCTOYHUKOM ItepeMeHHocTH Ojiecka DO Dra B 2008r. 6611 3pdekT ammmricon-
JAJIbBHOCTU BTOPUYHOTIO KOMITOHEHTA.

4.2. Keazunepuoouueckue KoaeOaHUs ¢ XaApaKkmepHuoIM GpeMeHeM
0.02cym. Ha puc.6 mpuBefeHbI IIePUOIOrpaMMBI IS IIECTU HOuei (puc.3) B
nojocax BVR B obnactu yactoT oT 40 1o 70 cyr”'. OHM MoKa3blBalOT Haubosee
3HAUMMYI0 4acToTy okojo 50cyr” (P=0.02cyT.) BO Bcex Mojocax. DTa 4acToTa
O0JM3Ka K 4YacTOoTe paHee HaOJIoJaeMbIX KBa3WMEPUOAWUYECKUX KOJIeOdaHUid C
xapakTepHbIM BpemeHeM 0.021 cyT., HabmogaBuxcss ATpoHoBbIM U ap. [10].
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Yacrora (1/cyT.)
Puc.6. Ilepuonmorpammbl misi 1mectd Houed 2008r. B momocax BVR B jauama3oHe 4YacToT

KBa3UIMEpUOANUECKUX KoyiebaHuit, HaiimeHHBIX paHee [10]. IlommucaHbl Hamboyiee 3HAYMMBIC
nepuonbl (B CyTKax).
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4.3. Ilepuod eépaujenus. s uccaeqOoBaHUsT HATMYMSI [TEPUOIA BPAILCHUS
[0 HAIIUM JAaHHBIM, OBUIM MOCTPOEHBI TIEPUOJOIPAMMBI B IMAIIa30HE YAaCTOT OT
100cyt.” mo 325cyr.” [19] a8 Kaxaoit U3 1ecTU Houelt Haubosiee TUIOTHOTO psiia
HabmoaeHuit (puc.7). YacToThl, Ha KOTOPBIX JO/DKEH HAOMIOOATHCS TIEPUO/ BpallleHUsT
Genoro Kapnuka 529.31¢ u ero mepsast rapMOHMKa 265 ¢, HaOIIOAABILKMECS paHee
[13,14], Ha puc.7 0003HAYEHBI CILIOIIHBIMY JMHUAMU. [IyHKTUPHBIMM JTMHUSIMA Ha
puc.7 ormedyeHBbl KBasurepuonbl 550 ¢ M ero mepBast rapMoHMKa 275c, obOHa-
pyxeHHble IlaTtTepcoHom u np. [14].

M3 rpadmKoB BUAHO, YTO HM B OOHY M3 HOYEH TIepHOI BpallecHHUS OEIoro
KapJvKa 1 ero IiepBasl TapMOHMKA SIBHO He BUIHBI. A Tiepuon 550c¢ u 275 ¢ BUAHBI
TOJIbKO B HOub JD 54476. HemoctaTrouHo GoJibllasi aMILIMTYAa KOJeOaHUM C
MIEPUOIOM BpallleHWsI OeJI0ro Kapiauka - OTINYMTeIbHast ocooeHHocTh DO Dra.
CylliecTByeT HECKOJBKO MPEAIOI0XKEHUNM, OOBSICHSIOIIUX 3Ty OCOOCHHOCTh. B
pabote [16] oTcyTcTBUE KOJIeOaHUI, CBI3aHHBIX C BpallLlEHUEM B IIEPUOJ ITOKOSI

6 : :
JD 54476 |! JD 54500
a4 52931 |i 550 265 h73
2 E |
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g = | 5
4 :
3 z
S :
= :
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' Ik .
100 200 300 100 200 300
Yacrora (1/cyT.) Yacrora (1/cyT.)

Puc.7. Tlepuomorpammbl mist 1ectd Houeit 2008r. B auama3oHax 4acTOT IEpPHONIA BpallleHUS
0eJToro KapyivMka M HaOJIIONaBIIMXCSl paHee KBa3WIEPUOAMYECKUX KojiebaHuit. Ui Kaxmoil HOuu B
MoJie PUCYHKA yKa3aHa COOTBETCTBYIOIIAsl IONIMAaHCKas nata (MmsiTh mociaenHux mudp). CruronrHas
JIMHUST TTOKA3bIBACT MOJOXKEHKE Tieprona BpaieHust 52931 ¢ ¢ repBoil rapMOHUKOM 265 ¢, a MyHKTHPHAast
JuHUs - KBasumepuon 550 ¢ M ero mepBylo rapMoHuKy 275 c.
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DO Dra, o0BsIcHSIOT ero cielindrIecKoil reoMeTpreil, Tne HaKJIOH OCH BpallleHsI
paBeH 45°15° [12], 1 B cOYETaHUM C PACIIOJIOKEHUEM TIOJIOCOB B 9KBATOPHUATBHOM
IUTOCKOCTH OeJIoTo KapJnKa, IMPWBOIUAT K HETIPEPHIBHOM BUIMMOCTH MAarHUTHBIX
ITOJTIOCOB, KOT/IAa OOWH 3aXOOUT 3a JIMMO, MogBisercd apyroit [16]. YBemmueHme
aAMIUTATYIBI KOJICOAHWIA BpallieHUsT 0€10r0 KapJIMKa MOXET IIPOM30MTU B pe3yJibTaTe
aCMMMETPUH aKKPeLIMK Ha JABYX MOJIIOCaX, WM B pe3y/IbTaTe M3MEHEHUS BUIUMOCTH
0001X TMOJIIOCOB 3a CUET YBEJUUCHHUS BBHICOTHI aKKPELIMOHHON KOJOHKU, KOTOpast
BUIHA JOJIbllle, YeM aKKpelMOHHas 0b6jacTh Ha aApyroM mnostoce. B padore [17]
DO Dra npunmceBaoT c1aboe MarHATHOE TT0JIe, B pe3yJIbTaTe Yero akKKpemus B
00JIaCTU MarHUTHBIX TTOJIOCOB MIET HE B BUJAE aKKPELIMOHHOTO TOTOKA, a B BUIE
KYPTUH, 13-32 KOTOPBIX MOSBJISIOTCS KBa3UIIEpUOIUUECKHE KOoJiebaHust, Ha (oHe
KOTOPBIX He BUAHO KOJIeOAaHMIA, CBI3aHHEBIX C BpalllECHUEM.

5. Myavmunepemennocmo b6aecka 1 anpeas 20192. Ha puc.8 npuBeneHb!
ucxoaHble naHHble HabmoaeHuit 1.04.2019 (JD 2458575). ITockoabKy MakCUMyM
YYBCTBUTEIPHOCTH MATPULBI OJM30K K 3(PGEKTUBHOM JIMHE BOJIHBI ITOJIOCH R,
MBI IIPUIKMCHIBAEM HAOIIOACHUSIM, BbIIIOJHEHHBIM B MHTEIPAJIbBHOM CBETE, HYJIb-
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Puc.8. Kpusas Omecka, monyuenHast 1 ampenss 2019r.

IyHKT Kajgbl R. Ha KpuBOIi XOpOIlIo BUIHA MYJbTUIICPEMEHHOCTh B U3MEHEHUH
OJlecKka Ha IIKajie MUHYTBI-4ackl ¢ amruiutynoi 0™.2-0".25. Hanbonee Brmeyar-
JISTIOTIIAM COOBITHEM SIBJISIETCST KPAaTKOBPEMEHHEBIN BCIIECK SIPKOCTA B MHTEpBaJie
HID 2458575.41 - 2458575.44. 3a 3 MuH Oneck Beipoc Ha 0™.7, 1mociie 4yero oH
MeEJICHHO ITafajl 10 UCXOMHOTO COCTOSIHUS.

5.1. Opbumanvnas moodyasayus. Victionb3oBaB 3¢eMepyy Iisi OpOUTaIIb-
HOTI'O IIEPUOJIA, [JIe HY/Ib-ITYHKT COOTBETCTBYET BHELIHEMY COEAMHEHUIO BTOPUYHOIO
komrioneHTa HIJD =2446863.4376+0.16537398 F' [13] u, npeaBapurebHO yOpaB
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JAHHBIE, OTHOCSIIMECS K BBILICYITOMSIHYTOMY BCILJIECKY, MbI TOCTPOUIU (ha30BYIO
KpuBYy1o (puc.9). Pazdbpoc naHHBIX Ha KpUBOI 00yC/IOB/IeH 60Jiee KOPOTKOIMEpHOo-
JUYEeCKUMU KosiebaHUsSIMU (CM. HUXKE), a MUHUMYM BepxHeil orubarolieit KpuBoi
COBITaZAeT C pacyeTHLIM MMHUMYMOM, corjacHo 3demepune [13].
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®aza P_ =0.16537398 cyr.

Puc.9. Cgeptka mannbix JD 2458575 ¢ opbutambHbIM mepuomoM P

orb®

5.2. Kopomkonepuoouueckue koaebanus. s onpeneieHns Xapakrepa
KOPOTKOIEPUOINIECKIX KOJicOaHUIT BHE BCIUIECKA, BBIUTS "OpOUTAIbHYIO" KPUBYIO
13 JAaHHBIX, MBI ITIOCTPOMJIN ITeproporpammy (puc.10) ¢ ImoMoIbio Ipeodpa3oBaHMs
®dypre, Mcnonb3oBaB MmakeT mporpamMm ISDA [19].

Haubonee 3HauMMble MUKW Ha TEPUOAOTpaMME YKa3bIBAalOT Ha TIEPHOI
2P=0.042cyr. u P=0.02083 cyT. 3TO UMEHHO TOT MEPUOJ, KOTOPHII HabIIOANCS
B npenbiayire roapl [10] u ObUT onpenesieH Kak KBasunepuos. bosblias 3HAUMMOCTb
YIBOCHHOTO TIepvoja, BO3MOXHO, BBI3BaHAa CTaTUCTHMUSCKUMU 3dhdexrtamu -
Pa3IMYHON aMIUIMTYIOM KojieOaHUiA OT IIMKJIA K IIHUKIY.

5.3. KpamkoepemenHnwiii 6cnaeck. OnpeneanM XapaKTepUCTUKKA KPATKO-
BpeMeHHOTo Bcruiecka. Ha HukHelt naHenu puc. 10 npuBeaeHbl CBEPTKUA JaHHbIX
¢ nepuogoM P=0.02083 cyT. - OTHEABHO IJIsI KPaTKOBPEMEHHOTO BCILIECKa M
OCTaJIbHBIX HaHHBIX 3TOM HOYM. M3 KPMBOM BHUIHO, YTO IIPOAOLKMTEILHOCTh
KPaTKOBPEMEHHOTI'0 BCIUIECKA ObLIa COM3MEPHUMA C [UIMTEIIBHOCTBIO IBYX COCEIHMX
mmkiioB ("a" m "b") 0.02-cyT. KoMebaHMIA, TTOSTOMY OYyIeM CUMTATh, UYTO BCITICCK
ObUT NBYXKOMITOHEHTHBIN, T.€., MMeJ JIBa Makcumyma "a" u "b". AMmiutyna
MakcumyMa "a" cocraBwia 0".7, a makcumyma "b" - 0™.25. Taxke BUIHO, 4TO Ha

KPMBYIO BCIUIECKA HAKJIAObIBAIIUCh U 00JIee KOPOTKOIEPUOIUIECKIE KOJICOaHUSI,
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Puc.10. Tlepuomorpamma mo manHbiM 2019r. OTMedyeHbl Haubosiee 3HAUMMBblE Mepuoabl P u
2P u cBeptka maHHbIX ¢ mepuoaoMm P = 0.02083 cyr. OTKpBITBIMM 3HAYKaMM ITOKa3aHbl TaHHbBIC,
OTHOCSILIIMECS] K BCILIECKY.

aHaJIM3 KOTOPBIX OyIeT MPOBEICH OTIEIbHO. MBI IIPEIIOIOXKIIIN, YTO B TIPUCYTCTBUAN
KBA3UIMEPUOANYECKUX KOIEOaHUiA, KOTOPbIE HAaKIaAbIBAIMCh Ha BCILIECK, €ro Mpodib
OyaeT Jnyulle TpeAcTaBlieH HMXHEN ormbaroueir gaHHbIx (puc.l1). B ganHoit
MOJIEJIM BCIUIECK TIPEACTaBIISIET co00i OBICTpOe MHElHOe yBenmdeHue oaecka (0™.7
3a 3MUH.), OCJeaytoliee JMHEHHOe 0CNableHUe C HECKOJIBKO MEHbIIE CKOPOCThIO
(0™.2 3a 3MMH.) ¥ MeIJIeHHOE 3aTyXaHHe, OIM3KOe K DKCITIOHEHIIMAJTbHOMY.

5.4. Koaebanus 6aecka c¢ nepuodom 0.006 cym. Bbuta M3 DaHHBIX
HUCXOISIIEN BETBU BCILJIECKA TPEH[, COOTBETCTBYIOIIMI TMPOGUII0 KPUBOM, MbI
MMPOAHAM3NPOBAIM OCTAaTKM IS JacTe KpmBoi "a" m "b", mocTpomB cOOT-
BETCTBYIOIIME TIepuogorpammbl (puc.12). B pesynbrare Hamu ObUIM OOHAPYKEHBI
kosiebanus 6aecka ¢ mepuomoM 0.006 cyt. (puc.12) u amrmutynoir 0™.1 ToIBKO
B TeUYCHHME IIepBOIM TOJOBMHBI BCIIecKa (T.e., JyacTM KpuBoit "a"). M3-3a
HEIOCTAaTOYHOM CTAaTMCTUKU IUK Ha TIEPUOIOTpaMMe, YKa3bIBAIOIIMI Ha TaHHBIN

Iepuo, TOBOJBHO IMMPOK. OH ¢ PaBHOI BEPOSITHOCTBHIO OXBATHIBAET KaK IEPUOL
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Puc.11. Kpusas 6yecka Bcruiecka. TOUKM - TaHHbIe HAOMIOAEHUWM, CIUIOLIHAS JUHUST - HUKHSS
orubarlnas TaHHBIX KaK Mozeib Mpodwis BCIUiecka ¢ ABYMSI MaKCUMyMaMU, IyHKTUpHas JTUHUS
- MoIelb 3KCIIOHEHIUAIbHOIO 3aTyXaHMUSI.

BpaluieHus Genoro kapiauka 529 ¢ (0.006126 cyt.) [13], Tak ¥ OIU3KMII K HEMY
repuol KBasumepuomnuecknx konebanuwit 550 ¢ (0.006366 cyt.) [14]. B 1o ke
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Puc.12. Beepxy: nepuonorpamMma [uist yacTeil Beruiecka "a" (kupHast ivHus") v "b" (TOHKast JIMHUST).
ToyeuHbIMM JTMHUSIMA OTMEUEHBI TIOJIOKEHMS Tieprofa BpalleHust Oemoro kapnmka 529.31 ¢ (Pspin),

kBasunepuona 550 ¢ (Py, ) M UX NMEPBbIX TADMOHUK. BHU3Y: mepuomorpaMma Uil JaHHBIX BHE BCILIECKA.
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BpeMsI NaHHbIe BHE BCIIECKa He COAepKaT 3HAYMMBIX KOJIeOaHW C 3TUMM
MepUOIaMM, XOTSI MOXKHO 3aIO03PUTh He3HAYMTEIbHBIE KOJIeOaHUS C TIEPHUOIOM,
paBHBIM TIepBoil TapmMoHuKe 550 ¢ KonebaHUiA.

6. Kpamkoepemennvie Kkopomkonepuoouueckue Koiebanus y kama-
Kauzmuueckux nepemerHnvix 6 ueaom u DO Dra, ¢ uwacmumocmu. B
JIUTepaType OTMEUYEHBbI PErMCTpallM PEeIKO BCTPEUAIOIIMXCSl KPaTKOBPEMEHHBIX
(mecaITK MUHYT) 1 BBICOKOAMITIUTYIHBIX (OT HECKOJBKMX JECSATHIX 10 HECKOIBKHIX
3BE3[HbIX BEJWYMH) BCIbILIEK (MM BCIUIECKOB SIPKOCTM) Y KaTaKJIM3MMYECKHUX
MEepeMEHHBIX C Pa3IMYHON HAIPSIKEHHOCTbIO MATHUTHOTO MOJIs1 OeJI0oro Kapiuka
(TIOJIIPBI ¥ TIPOMEXKYTOUHBIE TIOJISIPHI), BIUIOTh JO OTCYTCTBHSI MAarHMTHOTO TIOJISI
(HOBOMOAOOHBIE CUCTEMBbI). DTU COOBITUSI MOTYT OBITh CBSI3aHBI JIMOO C aKKpe-
LIMOHHBIM JTMCKOM BOKPYT 0O€JIoro Kapjuka, JU0O0 cO BTOPUYHBIM KOMIIOHEHTOM
cuctembl. Tak, y uzBectHoro nosnsipa AM Her Illaxosckoir u ap. [20] B 1992r.
BHEpBble OOHAPYKMIM OecpelieICHTHYIO "TOMyO0yI0" BCIBILLIKY, IUBIIYIOCS 30 MUH
1 WMeBIIyIo amiuutymy 27.54, 27.36, 2™.14, 1™.71, 0™.84 B monocax UBVRI,
COOTBETCTBEHHO. Bocxomsiiasi BETBb BCIIBIIIKY JUTAIACH BCETO TPU MUHYTBL. ABTOPBI
CBSI3IM 3TO SIBJCHUE CO BCIBILIKONW KOMIIOHEHTAa-A0HOpa - KPAaCHOro KapjukKa
tumna UV Cet. Xemnuep [21] npuBOIUT OpUMepbl BCIIJICCKOB, HAOIIOAABIIMXCS Y
npomexyroyHoro nojisipa TV Col u nonsgpa QS Tel. B nepBoM ciydae Bcruieck
IJIMICS OKoJio 124 M Ul Hero HalaeHbl JOKa3aTelbCTBAa TOTO, YTO OH ObLT
BbI3BaH YBEJMUEHHBIM MEPEHOCOM BelllecTBa OT KpacHoro Kapiuvka. [Ipennomnaraercs,
YTO MPUYMHON ABYX BcruieckoB B cucteme QS Tel, mnuBuuxcsa 25-95 mun [22],
MOTIJIO OBITh TUOO YBEJIMYEHUE MEpeHOca BELIECTBA, JIMOO BCIbIIIKA Ha KPACHOM
KapJIvke.

HenaBro Ckapurku u np. [23] onmyOnmKoBaIyd aHaIM3 ONTHUYECKMX HAOMIOACHMIA
HOBOITOJAOOHOM KaTaKJIu3MUUYecKkoii repeMeHHoil MV Lyr B riybokoM MUHUMYME
Onecka, ToydyeHHBIX oocepBaTopueii Keriep. ABropbl 00HapyKuu 30 MUH BCITBILLIKU
C aMITIMTYHOM 10 ~2™, TIOBTOPSTIOIIMECS KaXKIble IBa Yyaca B MHTepBaJie HECKOJbKUX
cytok. ITogoOHoe siBneHue HaOmMomanoch U paHee [24] y MV Lyr B miybokom
MuHUMyMe 1995r. B TeyeHue omHoi Houu. KpuBas Onecka Ha TPOTSDKEHUU
IIPUMEPHO JIBYX YacOB TIPEACTABIISIIA COOO0I TTOCIIEI0BATEIbHOCTD BCITBIIIIEK C XapaK-
TepHBIM BpeMeHeM 20-40 MuH m amIuiuTymoit okojo 1™, Ckapuixku u ap. [23]
CUMTAIOT, YTO JaHHbINM (DeHOMEH yKa3bIBaeT Ha HAJIMYME HEIOCTOSIHHOM MarHUTHO-
PpETYIIMpyeMOit aKKpEeLIMOHHOI MOJIBI, YTO, B CBOIO OUYepelb, TTOApa3yMeBacT MAarHUTHO-
3amepThie LIMKIIbI aKKPELMA B MAarHUTHOM MOJie O€JI0ro Kapjauka, KOTopoe, Mo MX
OILIEHKAaM, COCTaBJsIeT 2 - 10* —=10° T'c 1 crULIKOM MaJjio, YTOObI €r0 MOXHO OBLIO
3apeTUCTPUPOBATh COBPEMEHHBIMU TTPUOOPaMI.

Y kapnukoBoit HoBoi B "mipoBaiie mepronoB” [1] V1006 Cyg B CITOKOWHOM
coCcTosiHMU OJiecka ObLIM OOHapyXXeHbl KBa3UIEpUOANYECKHE KOJIeOaHUs, 00Ib-
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IIMHCTBO KOTOPBIX MMEJIO XapakTepHoe Bpems 20-30 MyH, a aMIUIMTYAa B OTAEIbHbIE
Houn pocturama 0™.5 [25]. Dtu KonebaHus Ojecka He SBISUINCH PEOIKUMU IS
JAHHOM 3Be3bI, OMHAKO MX XapaKTepPHOE BPEeMSI COBITAIACT C XapaKTePHBIM BpeMeHEM
KoJieOaHUI, MPUBEACHHBIX BbIIIE IS PA3HbIX KaTaKJIU3MMUECKMX MEPEMEHHBIX.
ABTOpBI TIPETIOIOXUIN, YTO 3TU KOJIeOAHUSI MOXHO OOBSICHUTh B paMKax MOAEIN
HEOMHOPOTHOCTEH B aKKPELIMOHHOM AVCKe, onrcaHHbx dpruamanom n bricnkano
[26]. B coOoTBeTCTBMM C MOIEIBIO, €CIM B IBOMHOM CHUCTEME TIPOM3OIIIIO YBEIMICHIE
TEMITa aKKpely, B TUCKE MOXKET 00pa30BaThCsl CIYCTOK, ABIKYILUMCS CO CKOPOCTBIO
0.15-0.18 opOuTanpHOrO IIEpPMOIA, IPEICTABISIONINIT COOOM OMHOPYKAaBHYIO
CNUpajbHYI0 BOJHY ILIOTHOCTHU [27,28].

Yucro Mopdosiornuecku HabIIoAaBIIMKACI HAMU BCILUIECK UMEET HEKOTOPbBIE
00I1II1e XapaKTEPUCTUKHU C BBIIICYITOMSHYTHIMU SIBIICHUSIMH - TIOXOXas [UTUTETHHOCTD
(~60MmH), kKak y AM Her m MV Lyr, 1 Takoe e BpeMsI Bo3pacTaHus Oiecka
(3MuH), kKak y AM Her, onHaKo Mbl HUYETO HE MOXEM CKa3aThb O I[BETOBBIX
XapaKTepUCTHUKaAxX BeIutecka. [Ipodumias BeIiecka, MMEIONMNI 1Ba MaKCUMyMa U
SKCMOHEHIIMAIbHOE yracaHue, XapakTepeH a1 MHorux 3Be3n Tuna UV Cet [29].
B To Xe BpeMs MJIMTENLHOCTb 3TOTO COOBITUS TPUOIU3ZUTENIHLHO COBIAJNA C
XapaKTepHBIM BpeMeHEM KBa3UTICPHOANUECKIX KoJleOaHii (MK, TT0 OTpeAeIcHIIO
AHapoHoBa u ap., TT1O - TpaH3UEHTHBIX TepuoAnYecKUX KojaedbaHuii) okoso 0.02
CyT., KOTOpble HabI0aaIMCh AHAPOHOBBIM U Ap. [10] M MoaTBEepXXaeHbl HAMU B
JlaHHO# pabore. B 3TOM ciyyae peaKOCTblO SIBJISIETCSI BHe3alHOe ~4-KpaTHOe
YBEJMYECHUE aMIUTUTYAbl 3TUX KOJeOaHUIA MO CPaBHEHUIO CO CpeIHEN aMIUTUTYIO0M.
Ecnu, cornacHo Moaenu AHapoHoBa u ap. [10], 30 MuH KoJjiebaHUS CBSI3aHbI CO
CBETALIMMCS 00J1aKOM, KOTOPOe HaXOAUTCs BHYTpM TosiocTu Poiiia Gesioro kapiuka,
TO OBICTPOE yBEJMYEHHUE ero Ojecka MOXeT ObITb BbI3BAHO JIMOO OBICTPHIM
yBEJIMUEHNEM TeMIla MepeHoca BellecTBa, 160 Bcrnblkoid tuna UV Cet Ha
KpacHOM KapimKe. Belblif KapimK B 3TOM ClIydae MOT OTKIMKHYThCS Ha YBEJI-
YUBILYIOCS aKKPELMIO YBEIUYECHUEM U3YYeHHUS U3 ABYX MAarHUTHBIX MOJIIOCOB, a
repepaboTKa 3TOr0 U3IyYeHMSI HEKMMM CTPYKTYpaMH B aKKPEIIMOHHOM IHCKe (B
COoOTBeTCTBUU ¢ Mojelibio [TaTrepcoHa u np. [14]) Bbimsiaena Obl Kak MOSIBJIEHUE
KosiebaHuit ¢ nepuoaom 550 c. OTMETHUM, YTO MO HAILIMM JaHHBIM aMILIUTYAa 3TUX
KoJIeOaHWI B MHTETpaJIbHOM cBeTe cocTaBwia 0™.1, YTo HAMHOTO BBIILIE 3aPETUCT-
pupoBaHHbIX [latTepcoHoM u ap. [14] aMIuMTya B mojiocax ONTUYECKOro Juara3oHa:
0m.046 (U), 0020 (B), 0™.016 (V).

O4eBUIHO, HA TAHHOM 3Tarle MCCIIeIOBAaHUI HEIb3s CAENaTh BHIBOI O IIPUPOIC
HabogaBIIerocst Bermiecka sapkoct DO Dra: ¢cBsi3aH M OH CO BCIBIIIKON Ha
KpPaCHOM KOMIIOHEHTE CUCTEMbl, WIM C HEOMHOPOAHOCTSIMU B aKKpPELIMOHHOM
VUCKE, WX U C TEM U C APYIUM.

7. 3akawouenue. B pabote MpuBeneHbI Pe3y/IbTaThl MHOTOLIBETHO (hOoTOMETPHUI
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DO Dra B TeueHue 1iectd Houeil B moyiocax BVR, nmonyyeHHbix B 2008r., U omHOM
HOYM B MHTerpajibHoM cBeTe - B 2019r. B 3T0 Bpems cucteMa Haxomwaach B
COCTOSTHUM CYIIECTBEHHO MOHIVKEHHOM BCITBITIICYHON aKTUBHOCTH.

W3 anamm3a xpuBbix Ojecka 2018T. OBIIIO BBISIBJICHO HAJIMYKME OPOUTAIBLHOTO
rnepuoaa KBa3uOJIHOBPEMEHHO B Tosiocax BVR, B KOTOpbIX CpefHsisl KpuBas Oyiecka
uMesa IBYropOblid BuI. DTO TiepBasi perucrpaius AByropoboit opoOutaibHOM
KpuBo#1 Oiecka B monocax BVR. ChenaH BBIBOI, YTO NPUYMHONM OpOMTAIBHOM
MOMYJISIMKM OJiecka BO BpeMsl HallMX HabmoneHuid Obl1 3(hdeKT a/UIMInconaabHOCTI
BTOPUYHOTO KOMITOHEHTA.

B HOun JD 2458575 OBII 3aperucTprMpoBaH BCIUIECK SPKOCTH B MHTETPAILHOM
cBeTe, MPOGUIbL KOTOPOTO BBITJISIE KaK KpUBasi ¢ IByMS MaKCUMyMaMU M 3KCITO-
HeHIIMAJILHBIM 3aTyXaHueM. Bo3pacTtanme O1ecka IIMIIOCh TP MUHYTHI, aMITINTYIA
repBoro MakcumMyma mocturia 0™.7, Broporo - 0™.25. [IponomKuTeTBHOCTE BCIDIECKa
Obl1a oKoJio Yaca. M1 xoTd mpoduib BCIJIECKA, €r0 JJIUTEIbHOCTh U aMILIMTYyAa
HAITOMWHAIOT BCITBIIIKKA Ha KpacHOM Kapimke Tiima UV Cet, MBI He MCKITIOUaeM
BO3MOXHOTO HaJW4Usl UICTOYHMKA STOTO SIBJICHUS B aKKPELIMOHHOM JIHCKE.

Bce nabmoaenus 2008 u 2019rr. mokas3bIBalOT CyllIeCTBOBaHWE KBa3UMEPHO-
IMYEeCKUX KojebaHuii ¢ xapakTepHbIM BpemMeHeM (.020-0.021 cyt., 6au3kuM K
paHee HaitneHHOMY [10].

B TeueHue TmepBOIi MOJOBMHBI BCILIECKA ObUIM 3aperMCTPUPOBAHbI KOJEOaHUS
Onecka ¢ xapaktepHbiM BpemeHeM 0.006 cyt. u amrumurynoi 0™.1, KOTOpble MOIYT
ObITh MO0 TIepuOoaOM BpalleHus 6eoro kapauka 529.31c¢ [13], 1mbo nepuogom
550 ¢, cBsI3aHHBIM C TIpearojiaraeMoil NepepaboTKON BbBICOKOIHEPTETUUYECKOTO
WU3Jy4eHUsI B CTPYKTypax, (pUKCUPOBaHHBIX B OpOUTAILHON TIOCKOCTU [14].

Yacte nccnenoBanuii (HabmoaeHust 2019r. 1 aHaIM3 Bcex TaHHBIX HAOMIONCHUH,
BKJIIOYas mnoJjiyueHHbie B 2008r.) ObL1a BbINOJHEHA 3a cyeT rpaHTa Poccuiickoro
HayyHoro ¢oHma (mpoext No 19-72-10063). Apropsl GaromapHbl PELIEH3EHTY 3a
LIEHHbIE KOMMEHTapUH.

' ®I'BYH, Kpeimckas actpodusunyeckasi oocepBatopusi PAH,

Pecniy6iuka KpbiMm, e-mail: juliaradyga@mail.ru

2 I'naBHast actpoHoMmueckast oocepBatopuss HAH Ykpaunbel, Kues, Ykpauna
3 MexxnyHapOnHbIi LIEHTP aCTPOHOMUYECKUX, MEAMIMHCKUX M IKOJOTUUYECKUX
uccnenoBanuiit HAH Ykpaunsl, KueB, YkpauHa
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PHOTOMETRIC INVESTIGATION OF INTERMEDIATE
POLAR DO Dra IN 2008 AND 2019

Ju.V.BABINA!, E.P.PAVLENKO!, M.V.ANDREEV??

The analysis of photometric observations of the intermediate polar DO Dra
obtained in the epoch of a significant decrease in its outburst activity for various
average brightness of the system 13™.6-12™.8 (2008) u 14™.7-14™.3 (2019) is
presented. Observations were carried out in 2008 in the Johnson BVR system and
in 2019 in integral light. For the first time, quasi-simultaneous observations in
the BVR bands recorded the orbital brightness modulation in the form of a two-
humped curve in each of the bands, presumably caused by the ellipsoidality of
the second component. For six nights in the BVR bands (2008) and one night
in integral light (2019), steady quasiperiodic oscillations were observed in the
vicinity of 0.02 days. On the night of JD 2458575 (2019), an increase in
brightness of 0™.7 was recorded in 3 min, followed by an exponential decay. The
flare lasted about an hour, during the first half oscillations with a period of about
0.006 days and an amplitude of 0™.1 were detected, which can be related either
to the period of rotation of the white dwarf or to quasiperiodic oscillations. The
nature of the flare is not clear, the paper considers the possible causes of this
phenomenon.

Keywords: DO Dra: cataclysmic variables: intermediate polar
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ACTPODOPMUM3INKA

TOM 63 MAH, 2020 BBITTYCK 2

MACCHUBHAS IBOMHAS CUCTEMA RY Sct - HOBOE
PEILIEHUE KPHUBBIX BJIECKA

H.KOYNAIIBUIN!, U.KOYUAILLIBUIN', P.HALUBJIUILIBUIIN!,
C.BEPAA3E"?, M.BAPJOCAHUN/3E!?

[Mocrtynuia 15 Hosiopst 2019
[Mpunsita x neuaru 11 mapra 2020

RY Sct - yHukanbHasi MacCUMBHasl NBOIHAas 3Be3IHAsI CUCTeMa B KOPOTKOM IIE€PEeXOMHOM
9BOMIIOLMOHHON (ba3e. DTO 3aTMEeHHasl ABOIMHAsI, TAe o0e 3Be3dbl NMEPENOJTHUINM CBOM ITOJIOCTU
Poia, B pesynbraTe 4ero CUMCTeMa HaxXOAMTCS B "CBEPXKOHTAKTHOM" cocTostHMU. OHa OKpyXeHa
MOJIOJIOM OKOJIO3BE3IHOM TYMaHHOCTbIO. JIBOWHAsl CUMTAeTCsi PEAKUM TMPApOIUTESeM CUCTEMBI
unna WR + OB. RY Sct 6Gim3ka K mipeaeny CBETUMOCTH DIAMHITOHA, ITO3TOMY paavdallMOHHOE
JaBJIeHWE MrpaeT BaXHYyl0 poJib B moTepe Macchl. 1o KpaiiHelr Mepe, OIMH M3 KOMIIOHEHTOB
TECHOW JOBOMHOW MOXeT OBbITh CBSI3aH C peAKuM kiaccom 3Be3n LBV, wim Tak Ha3biBaeMbIMU
nepemMeHHbBIMA S Doradus. Mbl BBIYMCIWIN OpOUTAJIbHBIE 2JIEMEHTBI, MCIOJB3YysSl cTapbie (HoTo-
MeTpuyeckue naHHble 3akupoBa M KyMmcualllBUIM M HOBBIE CIEKTpaJibHbIC AaHHbIE BMECTE C
pe3ynbratamu aHanusa Habmogenuit HST. Bruta paccMoTpeHa Monesb, COMIAaCHO KOTOPOUM KOMIIO-
HeHThl RY Sct HaxomsTcssi B CBEpXKOHTAKTHOM COCTOSIHUM M 3alOJHSIOT cBou Tonoctu Pormia.
Bosnee sipkuii TepBUYHBIA KOMIIOHEHT MepegaeT Maccy 0ojiee MacCMBHOMY, HO MeHee SIpPKOMY
BTOPUYHOMY KOMITOHEHTY. [IBOiiHas cucTeMa OKpyXeHa oOuieil oGonoukoii. Jlasi HayaJbHBIX
MapaMeTpoB Mbl B3SUIM OTHOLIEHHe Macc ¢ = 4.42; opOutambHblii mepron P = 1112471, a s
HaKJIOHA OpOMUTBI MBI MCIONB30Bamu [ = 75°.6.

Kntouesnbie cnoBa: UBVRI-ghomomempus: mechvie deotinvie: RY Scuti

1. Beedenue. Hcmopusa uccaedosanus RY Sct. Tecnasa nsoitHas cucreMa
RY Sct nmonmsepraercs npolieccam Maccornepaayv 1 MaccooOMeHa U UMeEET CII0XKHYIO
CTPYKTYpY B CBOMX BHEILITHMX aTMOCHEPHBIX ClIosx. Bo3MOXHO, UTO OHa MpeTeprieBacT
9BOJIIOLIMOHHbIE U3MEHEHUSI B OTHOCUTEJIbHO KOPOTKHUE CPOKM, UTO BaxKHO IS
MOCTPOCHUST SBOJTIOLIMOHHON MOJENIU CUCTEMBI.

Kpatkas ucropus ucciienoBaHusl 3TO ABOMHON cucTeMbl TakoBa: Meppuiin [1]
ooHapyxun auHuto Hell 14686 B ciektpe RY Sct, koTopasi cieticpuyHa TOJIbKO
IJIS1 TUTAaHETapHbIX TYMaHHOCTEN M UX siaep. B crekTpe MpUCyTCTBYIOT CUJIbHBIC
ganpeuieHHble JuHUM [Felll] u [Silll], a Takke JUHUM U3JTydeHUS BOAOPOIA,
resmst 1 apyrux aieMeHToB. RY Sct Habmomaics kak pagronctoyHuk [2]. Hammuue
WHTCHCUBHBIX JIMHUI U3JTy4YeHUs] U paarousaydyeHus (kak B 3 Lyr) yka3biBaeT Ha
TO, 4TO BOKpPYr RY Sct MoxeT ObITh HeGosbIas oodaacts HIT [3]. 3Be3na cuiabHO
MOKpacHesa OT OKpYKarolllell Ta30BOM M MBIIeBOi 00010uKku [4]. Ha ocHOBaHUM
crheKkTpanabHbIX HabmoneHuit Kayam u XatyuHre [5] oOHapyXuiu, 4TO ABOMHAS
CHCTeMa COCTOMT U3 ABYX CBEPXTMTAHTOB PAaHHETO THUIIA C OTHOIIEHUEM Macc
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g=M,/M =1.25. Kunr u JIKeAMCOH [3] MPeMIOXMIN CIEAYIOLIYI0 MOIEIb IS
RY Sct: 6onee sipkas nepsuuHas (BOV) 3anosHsieT cBoio nojiocTh Poitia u 6bICTpo
ITEPEeHOCUT CBOIO Maccy Ha 060jiee MacCHBHYIO, HO MEHee SIPKYIO BTOPUUHYIO 3BE3Y.
Iuprcuy 1 MapmupoccstH [6] TIpeaIToaoKWIn, YTO BTOPUYHBI KOMITOHEHT JOJDKCH
OBITH OKPYKEH T€OMETPUUECKHU TOJICTHIM aKKPEIIMOHHBIM JAMCKOM, YTO OOBSICHSET
€ro aHOMaJIbHO HU3KYI0 cBeTuMOCTh. CornacHo [6], RY Sct mogoGHa meKy/spHOit
cucteme B Lyr 1 B HacTosiliee BpeMsi HaXOMUTCSl Ha IyTH cTtaHoBiaeHus Wolf-Rayet
(WR) cucrembl. Munano u ap. 7], T'upucun nu MapoupoccsiH [6] mpoaHanu3upoBaiu
(oromeTpuueckue kKpuBble Ojecka Yatu u ap. [8], mpearmnosarasi OTHOILIEHWE MacChl
KOMIIOHEHTOB ¢= M, /M =1.25 no Kaymu u Xaruunrcy [5]. [Tosxe psin aBTopos,
paboTaoluX B paMKax MeXIyHapomHON CKOOPIMHUPOBAHHON IIPOrpaMMBbI
(AbactyMaHckas acTtpodusnyeckasi obcepBaTopusl Oblla KOOPAMHATOPOM 3TOM
MpOrpamMMBbl), UCITOJIL30BAIM CIIEKTPOCKOMMYECKHE JaHHbIE, MonyyeHHble P. Bectom
1o 3arnpocy AbacTyMaHCKOH 0OCepBATOPMHU M MOJYYWJIM HOBOE COOTHOLIEHUE Macc
KOMITOHEHTOB g = M, /M, = 3.3 [9]. CnekrpanbHble HaOmonenuss RY Sct 6bun
BoINOJIHEHBI P. BecroM B obGmact AL 3450 —5160A ¢ mucmepcueit 12 A /mwm.
AHtoxuHa U KymcuamBwiu [10] mpuHSIM 3T0 HOBOE OTHOILLIEHWE Macc ¢=3.3 u
MIPYMEHIITA METO CUHTETUUECKOM KPMBOM OJiecKa I MHTepIIpeTaliuii (hOTOMET-
puyeckux HabmoaeHui, caeaaHHbix KymcuamBum [11]. Mopens (puc.l), koTopast
BKJTIOUAeT B ceOsl BTOPUYHBIN KOMITOHEHT B BUIIE TEOMETPUUECKHU TOJICTOTO IHCKa,
YIOBJIETBOPUTEIIEHO OMMCHIBACT KPUBEIE OJIeCKa M COTJIACyeTCs ¢ HAOII0MaeMbIMK
OCOOEHHOCTSIMM JBOIHOI cucTteMbl. bbul caeman BeIBoJ, uTo mapamMeTpsl RY Sct
JIeJIaloT ee O4YeHb IToXOoxXel Ha aBoitHyto Turna WR + OB, eciu npearnoioxuTh, 4To
MeHee MacCHBHAS 3Be3[a HAXOMUTCS B KOHIIE CTaANM MpeIBapuUTeILHOTO TTIepeHoca
Macc M oOHaxkaeT CBOe IeJIMEBOE SIAPO Ha IMyTH K IpeBpallieHuIo B cucteMy WR.
Bouti monydeHsl clieayiole mapaMeTpbl IBOMHOM: i= 85° & 2; 3KBaTOpPHUAIBHBIN
pammyc akKKpeLMOHHOro mcka a=0.6R , (MCK CWIBHO YIUIOIIEH M MMEET OTHOLLIEHHE

Puc.1. Mogens RY Sct mo AntoxunHoit m Kymcumampwiu [10].
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oceit b/a=0.2); skBaropuasbHag (19000 K) u nosnsipHas (43000 K) temnepatypbl
aKKPEIIMOHHOTO JIMCKA.

RY Sct 6bU1 MOBTOPHO MCCIEIOBAH HA OCHOBE CHEKTPAIbHBIX JAHHBIX, MOTYYEeHHBIX
B La Silla (ESO) u B CTIO, oxBatbIBaloLIMX crieKTpaibHbie oonacti 3400-5150 A
u 5700-6700 A , a takxe ¢ IUE [12]. B 271011 crarbe aBTOpbI MPULLIM K BBIBOLY,
yro RY Sct nipeacraBisier coboii B3aMMOIEHCTBYIOIIYIO JBOMHYIO, 00pa30BaHHYIO
nepsruyHbiM B0~ 10 M 1 BropnuHbM ~36 M ; KoMroHeHTamu. Cpen ee SMUCCHOH-
HBIX OCOOEHHOCTEN €CTh PSN JIMHUIM, KOTOPBbIE XapaKTEepPHBI IS TUIaHETAPHBIX
TyMaHHOCTe}. BTOPWYHBINT KOMITOHEHT CHUCTEMBI, OKPYKCHHBIM HEIIPO3pauHOM
obosoukoii, uanydaeT B Hell L4686 . ABTOpbI MpeanosararoT, YTO BOKPYT CUCTEMBbI
CYILIECTBYET TPOMHAsI TYMAHHOCTb.

Hxypamesuy u ap. [13] pemmnu kpuBble Onecka RY Sct, mojgydyeHHbIe
3akupoBbIM U DIIaHKyJ0Boi B MaligaHakckoii obcepBatopuu B 1979-1994rr.
OHU UCMONB30BAIM METOJ 00paTHOM 3agauM [14] u UcxoaHble TapaMeTpol ¢= 3.3,
i=84°.3. ComracHO 3TOMY PELIEHUIO, MOTEPST MACChl IMPOUCXOIUT Yepe3 BHELIHIO
JlarpaHxkeBy Touky L3, 1 3ToT npouecc "paccMaTpuBaeTcsl Kak BO3MOXKHbBIA MEXaHU3M
GopMUPOBaHUS OKOJIO3BE3AHON 000JOYKM TOpPOUAATbHON (POpMBI, Jexalleil B
IUTOCKOCTH OpOUTHI cucTeMbl” [13]. i 3BE3OHBIX MacC aBTOPHI TTOTYIWIN
M,, ~8Mgu M, ~26Mg. CornacHo 3TOMy pelleHuI0, Oojlee MacCUBHasA, HO

cool

0.0 L RY Sct

0.2 }

V-filter

0.4+

06F *rie

R-filter

Phase=0.75

Puc.2. R xpuBas Omecka u momenb RY Sct mo JIxypamesuuy m ap. [13].
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OoJiee XoJI0AHAs 3Be3[a MMEET JIBe TOPSUME TOUKM Ha MOBEPXHOCTU (CM. puc.2).
ABTOpbI Tipeanonoxunnd, uto RY Sct mpuHagiexut K accouuaunu Ser OBI.
"HoBasg spa" nccaenoBanmst RY Sct Havyanmachk CTaThsIMU aMEPUKAHCKOM TPYIIITHI
aBTopoB [15]. Pe3ynbTaThl B OCHOBHOM KacaroTcs (PM3MUECKMX XapaKTEepHUCTHK
KOMITaKTHON TyMaHHOCTM BOKpYr RY Sct (puc.3). ABTOpbI NMOJYYWJIM 1 ITpoaHa-
JIU3UPOBAIA OoTraThle BHICOKOKAUECTBECHHBIC MTaHHBIC HAOMIONCHW B Pa3TMIHBIX
CIIeKTpa/IbHbIX MHTepBaiax: BusyaabHoM, MK u panno. Mcronb3ys ciekrpaibHble
nanHbie, nonydeHHsie B ESO, HST, KPNO u CTIO, a takxke uzobpaxenus:t HST,
5-M Teneckomna obcepBaTopun Ilamomap, 10-m tenmeckona Keck m xaptel pammo-
KOHTUHYyMa paguroobcepBatopun VLA (Very Large Array), aBTopbl npeacTaBUIN
MOAPOOHBIN aHAIN3 MEKYJSIpHOW TyMaHHOCTU BOKpYr RY Sct B paborax [15-18].

.//

// polar anis

Puc.3. HST WFPC2 wuzo6paxenus RY Scuti [15].

ABTOpBI ONpeNeWIN MacChl 3BE31-KOMIIaHLOHOB (49 u 39 M) n obuiyio
6OJOMETPUUECKYIO CBETUMOCTb 3.4-10° Ly [19]. Jist 3Toil cuUCTeMbl JaHHOE
3HaYeHHE OJM3KO K TIpemey DOauHTTOHA. IS CIeKTpabHBIX KIIACCOB 3BE3II-
KoMmnaHbOHOB oHU Tonyummm 09.5 u 06.5, a I pacCTOSTHUSI MEXAY HUMU -
0.43 AU. Ha cuumkax HST u Keck oHu BriepBbie MmokKasajiud, YTO BOKPYT TECHOM
JIBOMHOM CYILIECTBYET TYMaHHOCTb C JAByMs Jernectkamu 1" x 2", cCOOTBETCTBYIOIIAs
pagudycaM B HECKOJIBKO ThICSIY a.e. Ha paccrosHuu 1.8 knk [15-18].

Haubonee monHoe uccienoBaHue KomIakTHoW TymaHHOcTU RY Sct ObL10
BBITIOJTHEHO TIOCJIe aHaJIM3a JaHHBIX HaOTIOACHWI, TTOJIYYSHHBIX HA pa3IMIHBIX
WHCTPYMEHTAaX B Pa3HbIX 00JacTsx crekTpa. OHU OLIEHUIM CUCTEMHYIO CKOPOCTb
-20+ 3KM/C; TIOTHOCTb JIEKTPOHOB 71, =2-10° cM™ U TeMIlepaTypy B TyMaHHOCTH
RY Sct - 9000°K < 7<10000°K [17]. CKopocTh paclIMpeHUs] TYMAHHOCTH Ha
I0ro-3amnajaHoil CTOpoHe B JBa pa3a OoJibllie, YeM Ha CeBEPO-BOCTOYHON CTOPOHE.
s 3TUX OLIEHOK OHU MCIOJb30BaIM pPa3HbIC METOIbI M TOJYYUIU CXOIHBIC
3HAYCHMSI, YTO YKa3bIBaeT Ha MPABMJIBHOCTD WX TToaxoaa. s Macchl TYMAaHHOCTH
OHM Toayuymwin M ~0.003M . ABTOPBI YCTaHOBWIMU, YTO "TymMaHHOCTb RY Sct
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6orara He 1 N, B To BpeMs Kak O n C, BEeposITHO, IMEIOTCS B MajJIOM KOJINYECTBE
110 CPAaBHEHUIO C COJIHEUHLIMU 3HAYEHUSIMHU, YTO YKA3bIBAET HA TO, YTO MaTepual,
obpaboTtaHHbIit B TeueHne CNO 11Ki1a, SKCIOHUPYETCS Ha TTOBEPXHOCTU 3BE3MIbI,
KoTopasi BbIOpocuiia TyMaHHOCTh" [17]. BTo oYeHb BaXKHO ISl IOHMMAHUST TEKYILIETO
SBOJIIOLIMOHHOTO CTAaTyca CUCTEMBL.

Ho wuszobpaxenune HST mokaspiBaeT O4Ye€Hb CIOXHYI HMOHU3UPOBAHHYIO
TYMaHHOCTb. BBISIBIEHO HECKOJILKO MHTEPECHBIX CTPYKTYp, B TOM 4YuUCJe mapa
KOHIIEHTPUYECKNX MOHU3UPOBAHHBIX KOJEI BBIINIE M HWXE 3KBAaTOPHAILHOI
TUTOCKOCTH CHCTEMBI, PACIIOIOKEHHBIX HAa BHYTPpEHHEM Kparto 0ojiee BBITSIHYTOTO
neuIeBoro Topa [15]. ABTOpBI HalUIM, YTO M300paXkeHNe ObUIO CHATO Mpu (dase
P=0.37 u paccuMTaiu HakKJIOHEHHE OPOUTHI cHCTeMHI i=75°6 (puc.3, [15]).

Bce 3Ti BEIBOIBI COIIACYIOTCS C TMIIOTE30i O TOM, 4TO TyMaHHOCTh RY Sct
obpazoBajach B pe3yjbTaTe MOTePU MacChl U3 BHELIHUX JarpaHXeBbIX TOUEK U3-
3a TIepeHoJIHEHUS TI0JI0cTU Polla, Korma oObEeKT 3BOJIOLMOHUPYET K JBOMHOMN
cucteme tuna WR + OB [17].

Ecnu umeTs B BUAy, YTO TYMaHHOCTb, IO-BUAMMOMY, ObLIa BbIOpOlIEHA
HemaBHO (~120 yiet Ha3am) Bo BpeMs B3pbiBa 3Be3bl [16] M CUIBHO acCUMMETpUYHA,
TO MOXKHO TIPEATIONOXHTD, UYTO 3Ta KOPOTKasl SBOMIOLIMOHHAS (ha3a XapaKTepu3yeTcs
CITopagJecKoil motepeit Macchl. MiMerommecs naHabie [16] ykaseBaioT Ha TO, YTO
RY Sct, Bo3MOXHO, nipeTepIie YTo-T0 aHaAJIOTMYHOE BerbllkaM S Doradus, sSipkux
cuHux nepeMeHHbIX (LBV), XOTS1 3TOT TUMN BCIBIIIKK MOXET Ka3aThCsl (peHOMEHO-
JIOTMYECKM OTJINYHBIM B KOHTaKTHOM IBOITHOI cucteme [17].

CoryacHo HOBBIM HMccliegoBaHMsIM cucteMbl RY Sct, "MaccuBHas 3aTMeHHas
JIBOiiHas1 ToiiMaHa B KOpOTKO# (asze meperojHeHMs: Tojoctu Poina, rae oHa
ymiaercd cBoeilt H-o6omouku, 4ToObl goctTyb (a3el 3Be3abl Bonbda-Paiie n, B
koHeyHoM cuete, SN tuma Ibc" (cm. [20]). OkoHUaTeIbHBIE Pe3y/IbTATHI, TOMTYYCHHBIC
JUUISI MacC M CIIeKTpajbHBIX TUITOB KOMIOHEeHTOB RY Sct: O9.7Ibpe - nmepBUUHBIN
KOMIIOHEHT ¢ maccoit 8 My u B0.51 Bropmunblil, ¢ maccoit 30 Mg [20].

2. Jlannvie, ucnoav3osannsle 6 3moii cmamoe. Ml uctonbzoBasn UBVRI
¢doromerpuueckue aaHHble 3akupoBa [21] u UBV ¢oroMerpuueckue AaHHBIE
KymcuamBuim [11]. Oba HabmrogaTesst UCIIOJb30BaIM CTAaHAAPTHYIO IIPOLEAYPY
00paboOTKM JaHHBIX.

UBVRI xpuBble Ojecka ObUIM ITOJTy4eHBI B MaiigaHakcKoii oOcepBaTOpUM B
teueHue 1979-1981rr. ¢ ucnonnzoBanueMm 40-cMm pedaektopa, 48-cm AZT-14 u
60-cM pedekropa Zeiss. BD-12°5036 1 BD-12°5049 mcrop30Bainch B KauecTBe
3Be3q, cpaBHeHMsT, a BD-12°5031 - B KayecTBe KOHTPOJILHOM 3Be3Ibl. BBUTO TIoTydeHO
408 otmenpHbIx HaOmogenuii B U-monoce, 413 - B B, 424 B V, 407 B R u 296
B [l-monoce [21].

UBV ®dotoanekTpuueckue HaOIIOAEHUS MNPOBOAUINCH B AOacTyMaHCKOM
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obcepBatopun Ha rope Kanoowmu ¢ ucrnonn3oBanueM 0.48-M pediiekropa AZT-
14 B Teuenne 1972-1985rr. BD-12°5049 ucronab3oBaiach Kak 3Be31a CpaBHEHUS,
a BD-12°5031 cayxwuiia atajoHHOoM 3Be3n0il. CymectByer 6onee 1000 mHAVMBU-
IyaJTbHBIX HAOMIONEHWI B KaXKIOM IIBETE B OTIEIHLHOCTH. DTO COOTBETCTBYeT 106
HabOogaTeIbHBIM HOUAM.

s oboux maHHbIX HabmoaeHuit [21,11] opouTanbHble (a3bl ObLIU pacCUUTAHBI
C TIOMOIIIBIO0 3eMepuaHON hopmyibl [8]:

Min [ = 2443342.42 +11%.12471E . (1

3. MooeabvHble pacuembi. Mbl BBIYUCIWIA OPOUTATIBHBIE 3JIEMEHTBHI C
ucnonb3oBanueM UBVRI (potomerpuueckux naHHbIX 3akuposa [21] u UBV ¢oto-
MeTpuueckux JaHHbIX KymcuamBuium [11] u paccMoTpend Molefb, COTJIaCHO
KOTOpoii KOMITOHeHTHI RY Sct HaxomsTcsi B KOHTAaKTHOM COCTOSTHUM - OHH
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Tabauya 1

BbIXOAHOW ®AMJ JAHHBIX BM3, V ®UJIILTP

BxonHoe otHomeHue macc = 4.200000
Omera 1 = 7.532593

Owmera BHyTpeHHSISI = 8.164964

C 1 = 1.488685

C BHyTpeHHui = 1.546594
3anonHeHue 1 = 1.000000
Jlarpanxuan L1 = 0.642611

AG = rl(zaguuit) = 0.603615

BG = rl(6okoBoit) = 0.565157

CG = rl(mmomtocHbiit) = 0.509609
Inowane nosepxHoctu 1 = 4.003030
O6bem 1 = 0.705732

Cpennuii pamnyc 1 = 0.559460
Cpenumii pamuyc 1 (06.) = 0.552311
Okcuenrpucurer = 0.00000

®aza nepuactpa = 0.00000

Yrnosoe BpauieHue F1 = 1.0000
®aza Hopmanuzanuu = 0.25000
Haxnonenne = 75.600

Temmeparypa 1 = 31000.00
Csetumocth 1 = (0.7864
Koappumuent rpaButauuu 1 = 3.000
IToremuenue x kpawo 1 = 0.200
Orpaxenue 1 = 3.000

Tperuit ucrounuk csera = 0.0000
K1 = 250.000000

V0 = -20.000000

OrHoireHne Macce <1 = 0.238095
Owmera 2 = 7.722304

Owmera BHeuHsst = 7.532593

C 2 = 1.506058

C HemrHmin = 1.488685

3anonHenue 2 = 0.700000
Jlarpamkuan L2 = 1.463698

AS = r2(zapauii) = 0.358150

BS = r2 (6okosoit) = 0.288131

CS = r2(nmomocHsiit) = 0.272477
Inomanp nmoepxHocty 2 = 1.141156
O6wem 2 = 0.107637

Cpennuii paguyc 2 = 0.306253
Cpennuii paguyc 2 (06.) = 0.295092
Honrora nepuactpa = 0.0000

®aza coenqunenus: = 0.00000
Yrinosoe BpauieHue F2 = 1.0000
Koadduimenr Hopmanuzamuu = 1.00000
Hnmuna BoaHsl = 5500.00
Temmeparypa 2 = 30000.00
Csetumocts 2 = (0.2136
Koadbduiment rpasuranuum 2 = 1.700
IToremuenue x kpawo 2 = 0.350
Orpaxenue 2 = 0.000

Tlepuon = 11.12471000

K2 = 59.000000

3aMoJTHSIOT ¢cBoM nosocTu Pomna. bosee sipkuii epBUYHBIN KOMIIOHSHT TiepeaacT
Maccy 0Oojiee MacCMBHOMY, HO MEHee SIPKOMY BTOPUYHOMY KOMIIOHEHTY. JList
BXOJIHBIX TTapaMeTpoB uMeeM oTHoleHue Macc g=4.2 [22]. Ilepuon obpalueHust

®aza=0.24

0.8 0.0 0.2 0.4 0.6

®Maza

Puc.5. 3D-momens m momenbHble RV kpuBeie RY Sct B V' ¢duibtpe.
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P=11°12471 ([21,11]). Jlnst HAKJIOHA OPOUTHI MBI UCIIOJIB30BAIM 75°.6, KOTOPBIiA
ObL1 TIOTyYeH nocie aHanuza uzoopaxeHuii HST [15]. Kon Bunbcona-/IeBUHHUS
(BM3) ucnonb3oBajics misi MOAEIbHBIX pacueToB [23] (cMm. puc.4 u puc.5).

JInaum Ha puc.4 NpencTaBlIgIOT TeopeTudeckue KpuBble Oiecka BM3. Touku
COOTBETCTBYIOT JAaHHBIM HaOMOneHUI. BEIXOOHEIE TTapaMeTphbl CUCTEMBI IIPUBOASITCS
B Ta6na.l (V ¢unsrp).

4. Abcoaromuovie napamempsl RY Sct. Kon takxke maer abCOTIOTHBIC
rnmapamMeTpbl CUCTeMbl (CM. TabJ1.2):

Tabauya 2
ABCOJIKOTHBIE TTAPAMETPHI RY Sct (V ®UJIBTP)

Macca 1 =7.171583 comHeunbie Macchl | Macca 2 = 30.388062 cosiHe4HBIE MaCCh

bonbmas nonyoch =48.799229 man km | Bonbiias nmosyoch = 70.113835 conHeuyHble
pagnychbl

Cpennuii panuyc 1 =27.301238 minH kM | Cpennuit paguyc 1 =39.225917 conHeuHble
pagunychl

Cpeanuii paguyc 2 =15.395562 mna kM | Cpennumii paguyc 2 =22.120060 comHeyHbIe
pamuychl

5. Hduckyccusa. Tlocne pewennss UBVRI xpusbix Onecka it RY Sct, ¢
HCTIONIB30BaHNeM Koja Buicona-J/leBUHHUS, MBI TIOJYYUIIN CIICAYIONIYIO MOIETh
CHUCTEMbl: MEHEe MACCUBHBII, HO 0oJyiee SIPKUl KOMIIOHEHT 3alloJIHSIET CBOIO
noJiocth Poia. IlepeHoc Macchl K 0osiee MaCCUBHOM 3Be3/i€ NMPOUCXOAUT YEPE3
JarpamxeBy Touky L1. CiemoBaTelbHO, MACCUBHBIN KOMIIOHEHT "CUAUT' B Ta30BOM
obosouke. KpoMe Toro, HaGiomaeTcss MHTEHCUBHBIA OTTOK MacChl M3 TpaHUIL
Poriia iepBMYHOTO KOMITOHEHTA, TTOCKOJIBKY OH TIePETIOIHSIET CBOO TTOJIOCTh Pora.
DTOT MpoIecc OTTOKAa MAcChl OT TPaHMII IOJOCTH Polla sBiIsieTcI OCHOBHBIM
HMCTOYHMKOM OOI111eil 000JI0UKHM. DTO MHEHUE MONTBEPKIAETCS Takke CIeKTpaTbHBIMU
HabOmoneHusIMU (cM. Harpumep [24]), Tae aBTOpbl COOOIIAOT 00 "MHTEHCHUBHOM,
TIepeMeHHOM OTTOKe BelllecTBa" M3 cucTeMbl. [1oTOKM Tasa m obimast 060ouKa
OKa3bIBaIOT JIMIIL c1aboe BIMSIHME HAa KpMBbIe Ojiecka. Mbl BOCITOJIb30BAIUCH
BHOBb OIIpeAcICHHBIMM TTapaMeTpaMU IS MCXOMHBIX NAaHHBIX, KOTOpPBIC ObUIM
TTOJTy9eHbI C MCIOTb30BAHMEM HOBBIX MHCTPYMEHTOB, W TIOJYUIIIM HOBOE MOIEITHHOE
pelieHne, KOTopoe HAMHOTO TIPOILE - OHO He COAEPXKMUT aKKPELIMOHHBIN AUCK WIN
ropsTYre TOYKH.

COOTBETCTBEHHO, MBI TIPUIIUIA K BBIBOAY, YTO MOXHO OIPEACITUTh CTPYKTYPY/
CTPYKTYPbI Ta30BOI 000JI0YKHM,/000/10UeK, UCTIOIb3YS CIIEKTPaIbHbIe JaHHbIE (MU
MU300paKEHUS ¢ BBICOKMM pa3pellieHeM) BbICOKOTO paspelieHus. Ho 3ti o6o1ouku
HE OKa3bIBAIOT CYIIECTBEHHOTO BIMSHUSA Ha KPUBBIE OJIecKa.
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DT1a padota ObUIa TTIonAepkaHa HarmmonamsHeM HayyHbIM oHgoM [lora Pycra-
Benu (SRNSF), rpant Ne 218070, "Cnenyroias Bo3MoxxHas Bembika P Cygni'.
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e-mail: nino.kochiashvili@iliauni.edu.ge

2 Camixe-IxaBaxetu, ['ocymapcTBeHHbII YyHUBepcUTeT, [py3ust

MASSIVE BINARY SYSTEM RY Sct - NEW SOLUTION
OF LIGHT CURVES

N.KOCHIASHVILI!, .KOCHIASHVILI!, RNATSVLISHVILI!,
S.BERADZE!?, M.\VARDOSANIDZE!?

RY Scuti is a unique massive binary star system in a short transitional
evolutionary phase. It is an eclipsing binary where both stars have overfilled their
Roche lobes causing the system to be in an "overcontact” state and it is surrounded
by a young circumstellar nebula. The binary is thought to be a rare progenitor
of a WR+OB system. RY Sct is near the Eddington luminosity limit, so radiation
pressure plays an important role in the mass loss. At least one of the components
of the close binary may be related to a rare class of LBV stars, or so called S
Doradus variables. We calculated orbital elements using old photometric data by
Zakirov and Kumsiashvili and new spectral data together with results of analysis
of HST observations. There was considered a model, according which the
components of RY Sct are in overcontact condition - they are filling their Roche
Lobes. The brighter primary component transfers mass to the more massive, but
less bright secondary. The binary system is surrounded by a common envelope.
For input parameters we used the mass ratio of g=4.2, the orbital period of
P=11°12471 and for orbital inclination we used i=75°6.

Keywords: UBVRI photometry: close binaries: RY Scuti
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TOM 63 MAH, 2020 BBITTYCK 2

MMPEABCIIBIINEYHAA ITUHAMUWKA MHWKPOBOJJIHOBOI'O
N VIBTPA®UOJIETOBOI'O MU3JIYYEHUA B AKTUBHDbIX
OBJIACTAX COJIHLA

N.A. BAKYHHWHA!, B.®.MEJIbHUKOB?, A.C.MOPI'AYEB?*?

IMoctyrmmna 6 centsiops 2019
[Mpunsita x neuaru 11 mapra 2020

B Hacrosiiieit paboTe MccienoBaHa MPOCTPAHCTBEHHASI IMHAMUKA MUKPOBOJTHOBOTO M3JTy4eHUsI
(manHble pamuorenuorpaga HobGesma) nyx aktuBHbIX obsiacteii NOAA 12673 u NOAA 11261 3a
HECKOJIbKO YacOB O MOIIHBIX BCHBILIEK PEHTITEHOBCKOro kKiacca M. YcTaHOBJIeHa CHJIbHAs
HECTallMOHAPHOCTb MPOCTPAHCTBEHHOTO PACTIPENCICHUSI PATUOSPKOCTU M MHTEHCUBHOCTU M3JTy4eHUSI
B OINpPEeAEJICHHbIX YJacTKaX aKTMBHOU oGyactu. ISl MccienoBaHMsI TOHKOM CTPYKTYPbl — aKTMBHBIX
WCTOYHUKOB M3JydeHUs MPUBJIEUEHBbI TakXke AaHHble B yabTpacduonetoBom (AIA/SDO) nuamnasone.
IMokazaHo, YTO MPOCTPAHCTBEHHAsI TMHAMMKA MMKPOBOJHOBBIX MCTOYHMKOB XOPOIIO KOPpPEIUpYyeT
C MOJNOXEHUEM W MOSBIeHUEM SPKMX yabTpaduonetoBbix (Y®) nerens B nuaun 94 A, Te., c
MarHUTHBIMM TI€DISAMH, IUIa3Ma B KOTOPBIX pasorpeBaeTcs 10 BBICOKMX Temmepatyp ~10" K. M3
COBMECTHOIO aHanu3a KapT Y@ u pamuousiydeHust ¢ Kapramu MaruutHoro mnojist (HMI/SDO) mis
akTuBHOI o0mactu NOAA 12673 BbISIBIEHO, YTO TOSIBJEHME CHUJIBHOI HECTALMOHAPHOCTU MUKPO-
BOJIHOBBIX MCTOUYHUKOB MPOMCXOIUT OJHOBPEMEHHO C BO3rOPAaHMEM CHCTEMbl MEPEeKPELIMBAOLLIUXCS
YO nerenp (X-cTpykryp). Takke mokazaHo, yTo sipkue Y® memim M MUKPOBOJHOBBIE MCTOYHUKHU
BOZHMKAIOT B O0JIACTHM BCIUIBITMSI HOBBIX MArHUTHBIX IOTOKOB.

KoroueBble ciioBa: COﬂHue.'aKmueHble 06flacmu:ecnwwxu:muxpoewmoeoe usny4enue

1. Beederue. V3BeCTHO, YTO IEPEN MOIIHBIMU COJHEYHBIMU BCIBILIKAMU
MPOUCXOAUT BCIUIBITME HOBOTO MAarHUTHOTO MOTOKA B aKTUBHBIX obnacTax [1-3].
Kpome toro, B mociaenHue roabl Mpu aHaau3e JAaHHBIX, MOJYYEHHBIX Ha TaKUX
KPYIHBIX KocMudecknx obcepBaTopusx kak GOES, RHESSI, SOHO/MDI, SDO
(uHcTpyMeHThI AIA and HMI), Gbut cesiaH BbIBO O TOM, UTO HanboJiee XapaKTepHbIM
MPU3HAKOM TMOATOTOBKU KPYITHOM BCIBILIKU SIBISIETCS (POPMUPOBAHUE CTPYKTYPhI
MarHutHoro 1oyst tuna "SHIL" (cuibHOe MarHUTHOE T0JIe ¢ BBICOKMM TPaaTueHTOM
Ha JUHUU pasjaeia MoysipHocreit) [4-6].

OfHUM U3 SPKUX MPUMEPOB MOAOOHOIO MOBEACHWSI MAarHUTHOIO IMOJST cTana
aktuBHas o06mactb (AO) NOAA 12673 (NOAA - National Oceanic and Atmospheric
Administration), KoTopasi 3BOJIOLIMOHMpPOBaja OT OAMHOYHOIO TISITHA CEBEPHON
MarHUTHOM TTOJIIPHOCTH IO caMmoil akTMBHOM AO 24 IMKIIa COJIHEYHON aKTUBHOCTH
CO CJIOKHBIM MarHUTHBIM TosieM JenbTa-koHburypauuu. C 4 no 10 ceHTI0ps
2017r. oHa npou3sBesa 52 BCIBIIKU peHTreHoBcKkoro kiacca C, M u X, B ToMm uucie
4 Benwimky kiacca Boie GOES X1 (Bkmouast Benbliku X9.3 6 cenrsiopst 2017r.
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u X8.2 Ha nuMbe 10 ceHTS6ps1), a Takke 8 BcrbllieK Kiacca Beiiie GOES M3.

B pabortax [7-10] coobiiiaeTcss 06 oueHb ObICTPOM BCIUTBITUM HOBOTO MarHUTHOTO
rmotoka B AO 12673, HaunHas ¢ 3 ceHrs1Opsa. [1pu 3ToM HabIIOmATIOCH BpallleHUE
OCHOBHBIX TISITEH TPYIIIbI TIPOTUB YaCOBOM CTPEJIKH, a TakKke 00pa3oBaHUE CIBUTOBOTO
JIBIDKEHWSI MEXITy TISITHAMUA U S-00pasHasi CTpyKTypa HEUTpaIbHOM JIMHUM MarHUTHOTO
mosist. Kpome Toro, oOHapy:KMBaeTCsI CYIIeCTBOBAHNE MArHUTHBIX KTYTOB MEXIY
OCHOBHBIMM MSITHAMU Tepe] HayaJloM Kaxaoil BCIbIIKUA. CUIbHOE CIBUTOBOE
JBIDKEHUE W BpallleHUe CIIOCOOCTBOBAIM IECTAOMIN3aIIMU CKPYYeHHOTO MAarHUTHOTO
ITOTOKA, YTO, CKOpEe BCEro, SIBUJIOCH MPUYMHOM Bembiiiek B AOQ 12673,

B Halem ucciaenoBaHUM pacCMOTPEHBI ABe aKTUBHBIX obacT: NOAA 12673
4 centa6ps 2017r., korna B Hel MPOU30LLLIa TiepBasi, JOCTATOYHO MOIIHAS BCIbILLIKA
(cpenHero peHTreHOBCKOro kjacca M1.2), a Takxke Apyras akTUBHas o0JacTh
NOAA 11261, koTtopas mosgBuiach Ha aricke COJHIIA ¢ YK€ Pa3BUTOM CIOXHOM
MAarHUTHOM CTPYKTYpoOii, U KoTopas, B orTiauure or AQO 12673, npoussena 27
BCIIbILLIEK PEHTreHOBCKOro Kiacca C u 4 BCHbIIIKK Kiacca M.

Ha puc.1 npencraBieHa fuHaMMKa pa3BUTHSI 00eux obJacTell 1o 3apucoBKaM
MarHUTHBIX TMOJIeH MaTeH, nMpoBeneHHbIX B oocepBatopun KpAO PAH. BribpaHHbie
aKTUBHBIC 00JACTM WMEIOT: a) pPa3IWYHyI0 IIPOCTPAHCTBEHHYIO OpPHEHTAIIUIO
dorocheproro MmarauTHOTO TI0JTT (AO 12673 BBITSIHYTA B HalpaBJIeHUN CEBEP-TOT,
a AO 11261 - ¢ ceBepo-BOCTOKA Ha I0ro-3aman); 0) pasHy JUHAMUKY BCILIbITHS
MarHUTHOTO TIOTOKA; B) pa3HYIO CTeTIeHb BCIBIIICUHON TTpoayKTUBHOCTH. HecMoTpst
Ha 3T OTJIMYMSI, B HACTOsIIIIEH paboTe cae/aHa MOMbITKA HAWTU OOLLME TIPOSIBICHUS
MIPEIBCIIBIIIEYHOM cuTyaru. st 3Toro ucciaenoBaHa MpoCTpaHCTBEHHAS JMHAMUKA

AO 12673 2,3, 4u 5 centabpsa 2017r.
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Puc.1. 3apucoBku msaTeH u ortochepHBIX MarHUTHBIX Toneit mis AO 12673 (52) 2-5
centssops 2017r. u gt AO 11261 (113) 1, 2 u 4 aprycra 2011r. mo manueim KpAO PAH.

284 4/10/2020, 3:09 PM



IMPEABCITBIINEYHAA ITUHAMHWKA B AO COJIHOA 285

MUKDPOBOJIHOBOTO M3TyYEHUs C UCTIONb30BAaHMEM JaHHbBIX panuoreiavorpada Hobesma
(NoRH) o6enx akTMBHBIX 00J1aCTel 32 HECKOJIBKO YaCcOB JI0 PEHTIEHOBCKMX BCIIBILLIEK
kiacca M. TTockobKy MUKPOBOJIIHOBOE U3yYEHUE SIBISIETCSI OYEHb UyBCTBUTEIbHBIM
WHAMKATOPOM M3MEHEHUS MapaMeTpoB aKTUBHOI 00JIaCTH, a UMEHHO: KOHLEHTpaLy
HETEIUIOBBIX 3JIEKTPOHOB, TEMIIEPATYPbl U TUIOTHOCTHU T1JIa3Mbl, HATIPSDKEHHOCTU U
MPOCTPAHCTBEHHOM CTPYKTYPbl MATHUTHOTO TMOJISI, UCTIONB30BAHKUE €TI0 HAOII0IAEMBbIX
XapaKTepUCTUK ISl AMarHOCTUKM MTPOLIECCOB, TPOUCXOSIIMX Mepe] BCIbIILKAMU 1
KOpOHaJIbHbIMU BbIOpocamu Macchl (KBM), mipeacrasisieTcs oueHb NEePCIEKTMBHbBIM.

2. Habawdenus u anaru3z O0anHbIX. AHAIU3 NPOCTPAHCTBEHHOW U
BPEMEHHOM TUHAMUKN MUKPOBOJTHOBOTO M3TyYeHUST aKTUBHBIX 00JIacTel BBITOJHEH
Ha ocHOBe pamurokapT CoJHIIa, MOJyYeHHBIX Ha paguorenuorpade Hobessma Ha
yacrore 17 I'Tu ¢ aByMepHBIM IIPOCTpPaHCTBEHHBIM paspelneHuem 10"-15", ¢
BpPEMEHHbBIM MHTEPBAJIOM MEXIy U300paxkeHUussMU 10c U BpeMeHeM yCpeaHEeHUs
Ipu cuHTe3e n3oopaxkeHuit 10c. s vccmemoBaHUs TOHKOM CTPYKTYPHI aKTHBHBIX
HMCTOYHMKOB M3Iy4eHUs1 B 06erx AO IpuUBJICUEHBl TaKXe TaHHbBIC HaOIIOICHUIA
AIA/SDO B kpaiineM yiabrpaduoneroom (KY®) nuanasone 94 A u paHHblE
HaOmoaeHuit porocepHoro marnutHoro nojss HMI/SDO.

2.1. Habawdenus AO 12673. B wHaieM uccleqoBaHUM PACCMOTPEHO
MOBeJeHIE MUKPOBOJTHOBOTO M3JTy4eHUs akKTUBHOM ob1act AO 12673 Ha cTaguu
€e aKTUBHOTO 00pa30oBaHMUs, 3a70JIr0 10 BCMbllek Kiacca X. Hac uHtepecoBana
MPOCTPAHCTBEHHAs] IUMHAMMWKA U3JTYYEHUS MOCJE BCIUIBITUS HOBOTO MarHUTHOTO
MOTOKA, KOTOPOE HAYaJIoCh 3 CEHTSOpsI, 8 UMEHHO, B MHTEpBajie HECKOJIBKO YacoB
Iepen IEepBOM MHTEHCUBHOM BCIbIKON B 3Toit AO kiacca MI1.2 (05:36) 4
ceHTs16ps 2017r.

B teuenue 6.54 10 Havata BCObIKu M1.2 MpocTpaHCTBEHHOE pacIipeneicHue
pamuosSpKOCTH KapAWHAIbHO WM3MEHSUIOCH OT IBYX IIOUTHM TapaleIbHBIX
TMeTIe00pa3HbIX CTPYKTYP, BBITSIHYTHIX B HAIIPaBICHUH "CeBep-10T" ¢ TTOIOXUTEIBHOM
MoJisIpu3aliueil I0XKHbIX OCHOBAaHUI U OTPULIATEILHOM - CEBEPHBIX OCHOBAHUI B
Havasie HaOmoaeHuit (22:50 UT) no nosiBaeHus 3a ~2.54 10 Hayajaa BCIbILIKU
SIPKOM TIeTJIeo6pa3HOl CTPYKTYPHI, BEITSHYTOM B HaIlpaBlieHWM "BOCTOK-3aman’.
DTa momepeyHasi CTPYKTypa B HajJbHEMHIleM IpojoJKajda YCUIMBAThCI U cTaaa
WCTOYHUKOM OTHOCHUTEJIbHO MOIIHOTO MUKPOBOJTHOBOTO M3TyYEHUS BCIBILIKU (pucC.2a,
b). 3aMeTiM, 4TO 3Ta HOBasl TOPU3OHTATBHASI MUKPOBOJTHOBASI CTPYKTYPa COCAUHSIET
cTapoe MarHUTHOE T10JIe CEBEPHOM MOJSIPHOCTU ¢ BHOBb BO3HUKIIIMM MarHUTHBIM
TMTOTOKOM FOXHOW MOJISIPHOCTH.

Comnocrasnenue ¢ nuHaMukon Y@ manydenus (AIA/SDO - 94A) (puc.3a, b)
nokasblBaeT, 4ro B Hauaje HaOmogeHuit (23:11) B KY® 4yeTko BUAHBI TpU
CUCTEMbI MeTelb (BO3MOXHO, CKPYYEHHBIX MAarHUTHBIX XXTYTOB). B 11e10M OHM
COBMANAI0T CO CTPYKTYPOUM MCTOYHMKOB, BUAUMBIX Ha panuorenurorpacde Hobesma
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(puc.2), KpoMe TOpU3OHTATLHOM, KOTOpasi B paAroarana3oHe MosiBUIach 3HAYUTETbHO
MO3Xe, 32 ~2.54 10 BCIBIIKA. MaKCUMyMbl SIpKOCTU B ABYX JAMaNa30HaX U3Ty4eHUS
HE COBIAJAIOT: PAAMOSPKOCTh MaKCMMaJlbHA B FOXKHOM OCHOBAaHWU BEpXHEl TeTIIH,
KY® spkocTh MakcMMallbHa B BepXHEH 4acTHU 3TOW TETIIU.
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Puc. 2 a) Crpykrypa panuoucrounrka (NoRH) (1eBasi maHenb) B MHTEHCUBHOCTU (I1TapamMeTp
Crokca 1) B nBa mMomenTta BpemeHu: 22:50 UT (Hauvano HaGmomenmit) u 05:40 UT (Havano
Benblik M1.2, 4 centa6pst 2017r.). Benbliika TporcXoauT BO BHOBb C(hOPMHMPOBAHHOM TOPU30H-
TaJbHOU CTpPyKType; b) BpemeHnbie mpodwan usnydenusi Ha 17 [T U3 pa3HBIX MeCT paguouc-
tounuka (1, 2 u 3, 4).

3a YO usnyuyenue B IMHUKA 94 A OTBETCTBEHHA I1a3Ma, HArpeTasl 0 OYeHb
BbIcOKuX Temmnepatyp 7~ 10" K. HabmoneHne B TeueHNe HECKOJIBKMX 4acoB B AO
SIPKUX TIETeJIb B 9TOM JMHUMU CBUIETEIbCTBYET O MPUCYTCTBUM B HMX ropsiuei,
T=10"K, mia3Mel. DTo 03HauaeT, uTo B AO 4acaMu MPOUCXOOUT 3HAUUTEIBHOE
BSHEProBblACIeHNE, MPEAIIECTBYIOIIEE BOBHUKHOBEHUIO MOIIIHOM BCITBILLIKU.

Hogas spkast nomnepeurast Y@ TeT/1si B TOPU30OHTAIBHON CTPYKTYPE TOSIBIISIETCST
B 01:42 UT panblile, yeM OKOHYATEIbHO CHOPMUPYETCS Tepe BCIBIIIKON TOpu-
30HTAJTLHBIN MUKPOBOJTHOBBIN MCTOUHUK. Bo3ropanue cructeMbl Y@ TepeceKarommxcst
netenb (X-cTpykKTyphl) npoucxoauT B 03:10 UT, omHOBpeMEHHO ¢ TOSIBIEHUEM
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CWJIBHOW BPEMEHHOM HECTALIMOHAPHOCTU M3JTYyYEHUSI MUKPOBOJTHOBBIX UCTOYHUKOB
HOBOW TOPU3OHTAILHOU CTPYKTYyphl (puc.2a). K Havany Bcrnbiku (04:10 - 05:40
UT) B 006;1acTH MUKPOBOJHOBOIO FOPUM3OHTAILHOIO UCTOUHMKA BO3HUKAET CHUCTEMA
TepeceKarIxcd APYyr ¢ APYTOM W aKTWBHO B3aMMOAEHCTBYIOINX SIpKNX YO
(MarHuTHbBIX) XTyTOB (puc.3c). I3 coBMecTHOro aHanu3a kapt Y® (apKocTh) U
pagno (KOHTYPHI) U3Iy4eHUs ¢ KapTaMW MarHUTHOTO TOJIA SICHO, 4TO sipkue Y®
METIM U MUKPOBOJIHOBBIE UCTOYHMKU BO3HUKAIOT B OOJIACTU BCIUIBITUAS HOBBIX
MarHUTHBIX TTIOTOKOB (puc.l).
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Puc.3. Crpykrypa ucrounuka B KY® 94
5250 A (AIA/SDO) ¢ HaJOXEHHBIMU KOHTYpaMu
o panroucrouHukoB (NoRH) B 23:11 UT 3a
% ~6.54 go Bcmbeiuku M1.2: a) B MHTEH-
Nt 300 CUBHOCTH, b) B mossipusanuu. ¢) CrpykTypa
> KY® ucrouynnka ¢ HaJIO)KeHHBIMA KOHTYpaMu
pPamuosSIPKOCTM B MHTEHCUMBHOCTM B Hauale
MakcuMasibHOM ¢a3nl Bembiku 05:38 UT.
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2.2. Habawoenus NOAA 11261. Mbl paccMOTpeNn Takke IUHAMHUKY
MUKPOBOJIHOBOTO U3JIYYEHUS B MHTEPBaJE HECKOJILKO YACOB IEPEM BCIBILIKON
ximacca M1.4 (05:19) 2 aprycra 2011r. B aktuBHoii obGmractu NOAA 11261,
KoTopas mosgBwiack Ha nucke COJHIIA ¢ yKe pasBUTOM CIIOXHOW MarHUTHOMN
CTPYKTYPOIl M IeNIbTa-KOH(MUIYpaLeil MArHUTHOIO TI0JIsI, HO He OTIMYAIach CTOJb
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CWIBHOM M SIPKOI TMHAMMKOI BCIUTBITHSI HOBBIX MAaTHUTHBIX ITOTOKOB, Kak NOAA
12673. 3a 6.54 no Havana Bcobiiky M1.4 (05:19) B ynbTpacdhroeTOBOM AMAIIA30HE
(94 A) rtakke BUOHA fApKasg IMONEpPeYHasl METAA (CUCTEMA IMETENb), KOTopas
COXpaHSIeTCs 10 MOMEHTa Havasia BCITBIIKY (pyrc.4). VIMeHHO B MecTe pacIioIoKeHMsI
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Puc.4. Crpykrypa ucrounuka B KY® 94 A (AIA/SDO) ¢ HajoXeHHbIMU KOHTYpaMU SIPKOCTH
paguoucrtounka (NoRH) B MHTEHCMBHOCTM B MOMEHT Havaja HaoOmomenwit 22:53 UT.
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Puc.5. Crpykrypa pamnoucrounnka (NoRH) B mHTteHcuBHOCTH (TIapametp Ctokca I) (BBepxy)
u B mongpusanuu (mapametrp Crokca V=R-L) (BHu3y): a) mepen BCHBILIKOI; b) B MOMEHT
MaKcUMaJIbHON ha3bl BemblIKU. KOHTYpBI Ha BEpXHMX PUCYHKAxX ITOKa3bIBAIOT paclpelesieHre
MpaBoii W JIEBOM KpYyroBoil mosspusaiuu (Oejble ¥ 4YepHble, COOTBETCTBEHHO). [IpaBasi maHeb:
BpeMeHHbIe MPOGUJIM TMOTOKOB MHTEHCUMBHOCTM (BBEpXYy) M IOJsipu3aliuy (BHU3Y).
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9TOM TIoTIepeyHoi Y® TreTi HauMHaeTCsT BCIbIIKa. B pammonara3oHe MCTOUHNK
C TIOJIOXKUTEJIbHOM KPYrOoBOM NOJSPU3ALMEN, APYroro 3HaKa, YeM OCHOBHbBIE
WCTOYHHMKM, TIOABISIETCS B MecTe momepeddoit Y® mernm 3a ~54 mo Havanma
nepBoii (ha3bl BCIBILIKKY, HO BeleT ce0sl HeCTaOUIbHO, TTOSIBSIETCS, MCUe3aeT, U
3aTeM MOsIBIISIETCs yCTounBO nepen Benbiikoit (~05:06 UT). Ha puc.5a nokasana
CTPYKTypa MCTOYHMKA 3a 2.54Y IO BCHBILIKM, a Ha pUC.5b - BO BpeMsT BCHBIIIKN.
Cama BCIBIIIKA MPOUCXOAUT B MECT€ BO3HMKHOBEHMSI WCTOYHHMKA HOBOW
nosagpusaumu (puc.5b), Tam, rae NOCTENeHHO YCUJIMBAETCS BO3TOpaHUE X-CTPYKTYpPbI
B YO Ha 94 A, yTo MOXHO BMIETh Ha puc.6a, b. TakuMm 06pa3oM, MOSBICHUE
roniepeyHoit Y@ meT 1o MosTBIeHNST HOBOTO MUKPOBOJTHOBOTO MCTOYHMKA STBIISICTCST
HEKMM MPEJBECTHUKOM MOCJIEAYIOLIe MHTEHCUBHOM BCIIBIIIKKY B JaHHOU AO, Kak
n B Tpenbiayueii. BpemenHble mpoduau Ha puc.6 IeMOHCTPHUPYIOT
HECTAallMOHAPHOCTh MUWKPOBOJHOBOTO M3JIYYeHUSI B TEUEHME BCEro BpPEMEHU
HabaomeHuit (6.54) mepen BembllKoOi. HecTallMOHApHOCTh XapaKTepu3yeTcs
KBa3UITEpPUOONIHOCTHIO ¢ iepronoM 20-30M1H, aHAJIOTUIHO TOMY, YTO HaOII0JaIOCh
nepen BCrbIkoit B AO 12673 4 centa6ps 2017r. (cm. puc.2b). Bmecte ¢ Tem
otMeTuM, 4to B AO 12673 mpuCyTCTBOBAIM TAKXKe KOJIeOaHus ¢ 6ojiee BbIPaXKEHHOI
JOJITOTIEPUOIUYECKON KOMIOHEHTOM (1.5-24).
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Puc.6. Crpykrypa nctounuka B KY® 94 A (AIA/SDO) ¢ HaloXeHHbIMU KOHTYpaMU pPaguo-
ncrounnka (NoRH): a) 3a 4 4 mo Bcmbiiku, B MomeHT 01:42 UT (B MHTEHCHMBHOCTH); b) BO
BpeMs Bembinki, B 05:40 UT (B kpyroBoit mossspusauun V=R-L, Genble u uyepHble KOHTYpHI
COOTBETCTBYIOT TMPABO M JIEBOW MOJISIPU3ALIAN).
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3. Bbi600bi. UcciieoBaHa MpoCTpaHCTBEHHAST AMHAMUKA MHKPOBOJHOBOIO
M3IydeHus: akTuBHOI obmacti NOAA 12673 Ha cTamuu ee akKTHBHOTO 0Opa3OBaHUs],
3aI0JITO IO BCITBIIIEK Kitacca X, a UMEHHO, B MHTepBajie HECKOJIBKO YacoB TIepet
BCITBITITKOM Kitacca M 1.2 (05:36) 4 centsiops 2017r. 1 muHaMMKa MUKPOBOJHOBOTO
mznydeHrss NOAA 11261 B vHTepBajie HECKOJIbKO YacOB Iepel BCIBIIIKOM Kiiacca
M1.4 (05:19) 2 aBrycrta 2011r. YcraHoB/IeHa CHJIbHAs HECTALIMOHAPHOCTb MPOCTPAHCT-
BEHHOTI'O pacnpeeseHus] paIiuosipKOCTH M1 MHTEHCUBHOCTY M3JIyYEHMST B OMpese-
JieHHbIX ydactkax AO 12673 u AO 11261 Ha mpoTspkeHUu 6.54 Iepes BCIIBIILKAMMY.

It mccaenoBaHWS TOHKOM CTPYKTYPBI aKTUBHBIX MCTOYHWKOB WM3TYyYCHMUS
npuBiedyeHsl Y® mannele AIA/SDO ¢ 6onee BBICOKMM ITPOCTPAHCTBEHHBIM
paspelieHreM, 4eMm obecrieunBaeT paguoreanorpad Hobesma (1".5 mporus 10"-
15"). IMoka3zaHo, YTO MPOCTPAHCTBEHHAs AUHAMMKA MUKPOBOJHOBEIX HCTOYHUKOB
XOPOIIO KOPPEIUPYET ¢ MOJIOKESHNEM 1 TOSIBIIeHUEeM sIpkuX Y@ merenb B TUHUI
94 A, T.€., C MATHUTHBIMU TIETISIMU, IIJIa3Ma B KOTOPBIX Pa30rpeBAETCs 10 OYEHD
BbIcoKux Temmepatyp ~10" K. M3 coBmecTHOro aHanmsa kapt Y® 1 paniousiydeHus
¢ kapramu MarauTHoro mnonsgt (HMI/SDO) BeigBieHo, uto sgpkue Y® memim u
MMKPOBOJTHOBBIE MICTOYHUKN BO3HMKAIOT B 00JIACTU BCIUIBITUS HOBBIX MAaTHUTHBIX
TTIOTOKOB. YCTaHOBJICHO, UTO TTOSIRJIEHNE CUJTHHON HECTAIIMOHAPHOCT MUKPOBOJTHOBBIX
HWICTOYHUKOB MPOUCXOAUT OJHOBPEMEHHO C BO3TOPAHMEM CUCTEMbI TIepEeKpEIIBAIO-
muxcsa YO merens (X-CTPYKTyp).

PaGoTta BrImoHEeHA ¢ MCIIOJB30BaHMEM NaHHBIX pamuorennorpacda HobGesma,
KoTopblit pyHkuoHupyet 1ipu coaeiictBun ICCON (International Consortium for
the Continued Operation of Nobeyama Radioheliograph). ICCON BkimouaeT the
ISEE/Nagoya University, NAOC, KASI, NICT, u GSFC/NASA. MbI npu3HaTebHbI
koMmaHge SDO 3a HaOmonmarenpHble maHHble AIA 1 HMI. BemonHenne pabor
OCYILIECTBIUIOCH TIpK YacTU4HOM momaep:kke PODU (rpanter Ne 18-02-00856, 17-
52-80064) u IlporpamMmsl pyHmaMeHTanbHbIX uccaeqoBanuii PAH 12 "Bomnpocsr
MPOMCXOXACHMUS U 3BoJIIolMy BeenmenHoit".

! HatimoHanbHbIN MccaenoBaTebCKU YHUBEpCUTEeT "Beiciiasi iikosa
skoHomukun", Huxuuit Hoeropoa, Poccusi, e-mail: rinbak@mail.ru
2 I'maBHas (ITynkoBckast) actpoHoMMueckasi obcepBaropusi PAH,
Cankr-Ilerepoypr, Poccust
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PREFLARE DYNAMICS OF MICROWAVE AND ULTRA-
VIOLET EMISSION IN ACTIVE
REGIONS OF THE SUN

[LA.BAKUNINA!, V.F.MELNIKOV?, A.S.MORGACHEV??

In this work we studied the spatial dynamics of microwave emission (data from
the Nobeyama Radioheliograph) of two active regions NOAA 12673 and NOAA
11261 several hours before X-ray class M power flares. The strong unsteadiness of
the spatial distribution of radio brightness and intensity of emission in certain parts
of the active region has been established. To study the fine structure of active sources
of emission, data in the ultraviolet (AIA/SDO) range are also used. It was shown
that the spatial dynamics of microwave sources correlates well with the position and
appearance of bright ultraviolet (UV) loops at the 94 A line, i.e., with magnetic
loops in which the plasma is heated to high temperatures ~10’ K. From the joint
analysis of UV and radio emission maps with magnetic field maps (HMI/SDO),
it was found for NOAA 12673 that the appearance of strong non-stationarity of
microwave sources occurs simultaneously with the ignition of a system of intersecting
UV loops (X-structures). It is also shown that bright UV loops and microwave
sources arise in the area of the emergence of new magnetic fluxes.

Keywords: The Sun:active regions: flares: microwave emission
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ACTPODOPMUM3INKA

TOM 63 MAH, 2020 BBITTYCK 2

ITNHAMUKA TTAPAMETPOB 3JIEKTPUYECKOI'O
TOKA B AKTHUBHbIX OBJIIACTAX COJIHLIA MU UX
CBA3b CO BCIIbIIHEYHBIM MHAEKCOM

10.A.®OYPCAK, B.U ABPAMEHKO, A.C. KYLHIEHKO

IMoctyrmmna 6 centsiops 2019
[Mpunsita x neuaru 11 mapra 2020

Ilo mannsiM mpubopa Helioseismic and Magnetic Imager (HMI) Ha Gopty Solar Dynamics
Observatory (SDO) o0 KOMIOHEHTax BEKTOpa MarHUTHOro mois B ¢ortocdepe mnst 39 aKTUBHBIX
obnacreii (AO) 24 muKia COJTHEYHONM AKTMBHOCTA BBIYMCIIEHBI IapaMETPhl 3JIEKTPUYECKOTO TOKa.
WM3yyeHbl BpeMeHHBIE M3MEHEHMsI IMapaMeTpPOB 3JIEKTpUUYecKoro Toka B AQO 3a BpeMsl HaXOXICHUS
obyacti B mipeaenaax +£35° oT LeHTpaIbHOro MepuaraHa. JleaeTcs MOoMbITKa CBSA3aTh MapaMeTphl TOKa
B (doTtochepe M MX TMHAMUKY C YPOBHEM BCIBIILIEYHOM aKTUBHOCTH oOjactu. IIpoBemeHHBIE MCCie-
JOBaHUS JalM CIeoyloliye pe3yabTaTtbl: 1) M3aMeHeHue BeIMYMHBI CyMMapHOTO 0Oe33HAaKOBOIO TOKa
B AO mpoucXomsiT CHHXPOHHO WM KBa3UCMHXPOHHO C M3MEHEHUSIMU MAarHMTHOTO MoToka; 2) CBs3b
MEXIy BEIMYMHONM CyMMapHOro 0e33HaKOoBOro ToKa M BembliedyHbiM uHAekcoM (Flare Index, FI)
CYyILIECTBYET, XOTSI M BbIpaxeHa cnabo (koppensuusi k = 0.48); 3) paszbanmaHc BepTUKaJIbHBIX
3JIEKTPUUECKUX TOKOB TS Beex 39 mccnenyeMbix AO okaszajicsi HU3KUM, He MPEBBIIIAIONIMM HECKOJIBKO
MPOIIEHTOB, YTO YKa3bIBaeT Ha 3aMKHYTOCTb TOKOBBIX CTPYKTYp BceX MaciuTaboB B mpenenax AO; 4)
Hawu6onee Bbicokast kKoppemsiuust (k= 0.72) co BCIBIIEYHBIM MHAEKCOM HaOTIOAAeTCs ISl YCPeIHEHHOM
10 BPEMEHM CpeIHeil aOCOMIOTHON BEJIMUYMHBI TUIOTHOCTY BEPTUKATIBHOTO SJIEKTPUUECKOTO TOKa; S)
MO Pe3y/IbTaTaM CTATHCTMYECKMX MCCJIENOBAHMI BBIABIEH KPUTMUECKUH ypOBeHb BeMMUMHB <|j_[>,
paBHbIA 2.7 MA M: TIDH MPEBBIIIEHNM 3TOro ypoBHSI B AO HaGMIONAIOTCS BCIIBIILKKA 0OJIee BBICOKUX
peHTreHoBcKMX KiaccoB (M u X), a mageHue TUIOTHOCTM TOKa HIMXKE MOPOrOBOrO 3HAUYEHMsI O3HayaeT
ocJ1abjieHre BCIBILIEYHOM TMPOAYKTUBHOCTA 00MacTH; 6) Ha TpUMepe ABYX 00JacTeil CO BCILUIBITHEM
MarHMTHOTO MOTOKAa MOKAa3aHO, YTO JJs HaKaykl MAarHUTHOM 3HEpPruM B KOPOHY HEOOXOIMMO
HEKOTOPOE BpEMsI; BPEMEHHOW MHTEPBAl MEXIY CKaYKOM BEJIMYUHBI <| J. [> u Havanom pasBuTUS
MEepPBLIX MOIIHBIX BCIBIIIEK PEHTICHOBCKMX KiaccoB M mmm X cocraBisier He MeHee 12-20 yacos;
7) xapaktep CBSI3M BPEMEHHBIX M3MEHEHWI CpeIHel BEIMYWHBI TUIOTHOCTM TOPU3OHTAIBHOTO TOKA
<|j, > u pasbamaHca BepTMKAILHOTO TOKA P, C YPOBHEM BCHBILIEYHO!N akTUBHOCTH AO sIBIIsIeTCs
0oJiee CIOXHBIM M TpeOyeT OTHENbHBIX, Oojiee METaIbHBIX MCCIIEIOBAHUIA.

KimtoueBbie cnoBa: Coanuye: akmuehble 004aCMU: COAHEUHbIE BCRbIUKU: MASHUMHbLE
n0As: INeKmpu1ecKue moku

1. BgedeHnue. Bpluncnenue 3JeKTPUUECKUX TOKOB B atMmocdepe CosHua
CTaJl0 BO3MOXHBIM T10CJIe TIOSBJIEHUS TEPBbIX MarHuTorpadoB U U3MEpEeHUs
MAaTHUTHBIX T0JIEfl COJIHEUHBIX MATeH. ACTpoHOMbI KpbhIMCKO#1 acTpodu3nyeckoi
obcepBaTopuM ObLTM B YMCJIE MEPBBIX UCCIENOBATENE, KOTOPBIE 3aHSUTUCh BOITPOCAMU
U3Y4YEHUS JIEKTPUUECKHUX TOKOB B aKTUBHbIX 00sacTsax Ha CosHle. YXe B MepBbIX
pabortax 1Mo JaHHoOU TeMaTuke [1] oTMeuaeTcsl psii BaXXHBIX CBOMCTB CHCTEMBbI
9JIEKTPUYECKUX TOKOB B aTMocdepe CojiHIIA - MX TOHKasl CTPYKTypa W TECHbII
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KOHTAaKT OOJBIIMX IO abCOMIOTHONW BEAUMYMHE TOKOB IPOTUBOIOJIOXHBIX
HAaTpaBJICHUNA.

B 1968r. B KpbiMckoit actpodmsndeckoit 00cepBaTopry ObUTH TTOJYYEHBI TTIEPBHIE
BEKTOP-MarHUTOrpaMMbl MATHUTHBIX TOJIEH B XpomMocdepe, YTO MO3BOIMIO BEIMUCIUTD
BJIEKTpUYECKHE TOKM Ha ABYX BbicoTax - B porocepe u xpomochepe ComHua [2].
brina HaiimeHa TecHast CBSI3b MECT BOSHMKHOBEHHSI BCIIBIIIIEK ¢ MECTaMH HanOOJIbIIeH
IUTOTHOCTU BEPTUKAJIBLHOTIO 3JIEKTpUUecKoro Toka [3]. B atnx ke paborax BrepBbIe
BBIUKMCJICHBI TIOTEpEUHbIC IeKTprYecKre ToKM Ha COJHIIe M TI0Ka3aHO, YTO IJIOTHOCTh
TIOTIIEPEYHOTO TOKAa MOXET 3HAYMTEHbHO IIPEBHIIATh TUIOTHOCTh BEPTHKAIHLHOTO
BJIeKTpUYecKoro Toka. IloyyeHo mepBoe ykazaHMe Ha TO, UTO BCITbIIIKA BOZHUKAET
B 00JIaCTM KOHTAKTa IIPOTUBOMOJIOXKHBIX 10 HAIPABJICHUIO JIEKTPUUECKUX TOKOB -
"Ha "HeNTpaabHON" JTWHUU 3JIeKTprdeckoro Toka" [3]. TecHas cBSI3b TOKOB CO
BCITBIIIKAMM OOYCJIOBJIEHA TEM, YTO TOKM SBIISIIOTCSI HOCHUTEJISIMU "CBOOOIHOI"
MarHuUTHOM 3Hepruu [4,5], 4acTb KOTOPOIi peaan3yeTcsl BO BCIIBILLIEUHbIX MTpolieccax
Pa3IMYHON MOILLIHOCTH.

BaxxHbIM sIBIsSIETCS BOIPOC O cOATAHCUPOBAHHOCTU 3JIEKTPUUYECKUX TOKOB U
MAarHUTHBIX ToJIe B akTUBHBIX objacTsax (AO). B ciayyae ¢ MarHUTHBIMU TIOJISIMU
MOXXHO HaOJTIONATh B3aMMOIEHCTBIE MEKIY OTICITBHBIMKM O0JIACTSIMU TTOCPEACTBOM
KOPOHAJIbHBIX MAaTHUTHBIX MeTedb. YacTh MarHUTHBIX MeTeb B AO MOTyT UMETh
OTKpPBITYI0O KOH(urypauuio. B Takux ciiyyasdx pazbajaHC MarHMTHOTO MOTOKa
MOXET JOCTUIAaTh HECKOJIBKMX JAECATKOB MPOLEHTOB, KaK I0Ka3aHo B [6,7].

IIpobGnema cOaaHCMPOBAaHHOCTH TOKOBBIX crcTeM B AQ sBisteTcs 6os1ee CI0KHOIA.
CornacHo pa6otam [8-11] siekTpuyeckuid TOK B XOpOIIO 3aMKHYTOU U
M30JIMPOBAHHOM CKPYYEHHON MAarHUTHOM TPYOKe OJDKEH OBITh CKOMIIEHCMPOBAHHBIM.
MHubiMu coBamu, 1000 MPSIMOI TOK JOJKEH OBITh OKPYKEH BJICKTPUUECKUM
TOKOM IIPOTUBOIIOIOXXHOTO 3HAKa, HENTPAIU3YIOLINM €TO.

B pabore [12] Obuta M3yyeHa B3aMMOCBSI3b MEXIY HECKOMIIEHCMPOBAHHBLIM
BJIEKTPUYECKMM TOKOM, BEJIMYMHON MAarHUTHOTO CIOBUTA U 3PYNTUBHBIMU COOBITUSIMU
B uetbipex AO. ABTOpPBI MPEATIONOXUINU, YTO BJEKTPUUECKUE TOKU MPOTHUBOIIO-
JIOXXHBIX 3HAKOB B TIpe/IeaxX OMHOM MAarHUTHOM TTOJISIPHOCTY TIPEACTABIISTIOT CO00M
npsiMbie U oOpaTHble TOKU. COOTHOILIEHUE TIPSIMOr0 U OOpPaTHOIO TOKa OBLIO
0JIM3KO K eAuHULIE (TOKM CKOMIIEHCUPOBAHbI) JIJIs1 00JIacTeld C HU3KOW BCIIbILLIEYHON
aKTUBHOCTBIO. B apyroii pabote [13] mpoaHaim3mMpoBaHO paclpenecHUE IeKTPU-
YECKOI'0 TOKAa BHYTPU T€HM U TIOJYTEHU TISITEH B MATHUTOM30JIMPOBAHHBIX 00JIACTSIX
NOAA 11084 u NOAA 11092. B o6oux COJIHEYHBIX MATHAX ObLT OOHapyKeH
CHJIBHBIN TIOJIOXKUTEIBHBIN TOK B LIEHTPAJBHON YacTH MATHA M TOHKOE KOJIBIIO
OTPULIATEILHOIO BJICKTPUUYECKOTO TOKAa B 0O0JACTU MOJYTeHU IMSITHA. ABTOPBI
MPEAIIOI0XWIN, YTO 3Ta OCOOEHHOCTh MOXET OBbITh CBSI3aHA C OOpAaTHHIMU TOKAMMU.

Hab6mromeHnst moKa3eIBalOT XOPOIIYI0 cOATaHCUPOBAHHOCTh MHTETPUPOBAHHBIX
1o Beeit romaay AO 31eKTpUYECKUX TOKOB [2,3,6,7,14-16], 4TO SIBHO yKa3bIBaeT
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Ha 3aMKHYTOCTb TOKOBBIX CTPYKTYp Bcex MaciuTaboB B npenenax AO. B 1o ke Bpemsl,
TOKM TIO OTHEIbHBIM MArHUTHBIM TIOJIIPHOCTSIM HE SIBJISIIOTCSI B TIOJIHOM Mepe
cOamaHcpoBaHHBIMH [15], 0COOEHHO B 00/IACTSIX ¢ BHICOKOM BCIIBIIIEYHONM aKTUBHOCTBIO
[15,17]. Beicokue 3HaYeHMsT HECKOMITEHCMPOBAHHOTO TOKa MOTYT SIBIIATBCS OJHUM U3
MPEeIUKTOPOB BHICOKOM BCIIBIIEYHOM MpoayKTuBHOCTH AO [18].
BroieynomsiHyTbie pa0boThl [15-18] ykasbIBaloT Ha TO, YTO BOMPOC O HEUTpaIu-
3alMM TOKOBBbIX cucteM B AO majiek OoT CBoero pelleHusl. Beicokue 3HaueHuUs
HECKOMITEHCUPOBAHHBIX TOKOB MOXHO OOBSICHUTh: OUEHb HU3KUMU 3HAYCHUSIMU
00paTHBIX TOKOB (HUXE IOopora oOHapy>XeHUs ), pacrpeaeIeHHbIX 10 OOIIMPHOMK
obmactu [11], pacmonoxeHueM oOpaTHBIX TOKOB Hike ¢oTtocdepsl [19], wim
aJIbTePHATUBHBIMU TEOPUSIMHU, COIIACHO KOTOPLIM M3 KOHBEKTUBHOI 30HBI MOTYT
BCIUIBIBaTh CKPYYEHHBIC TOKOHecylme MarHuTHble Tpyoku [20,21]. ITocimemnee
MPEANONOXKEHNE BIIISIIUT BITOJIHE PEATUCTUYHO, OCOOCHHO /151 00JIaCTeil CO CIIOXKHOM
KOH(UTypalueid MarHUTHOTO MOJII U BbICOKOI BCBILLIEUHON MPOAYKTUBHOCTHIO.
3mech MBI TIOBTOPSIEM YacTh MCCIIEOBAHM, BHITIOJTHEHHBIX paHee. Mcmonp3ys
JIaHHBIE COBPEMEHHBIX MHCTPYMEHTOB, MO3BOJISIIOIIMX MOJyYaTh MH(pOPMALIUIO O
napamerpax atMocgepbl CoJIHIIA ¢ XOPOIIMM BPEMEHHBIM U IMPOCTPAHCTBEHHBIM
paspelieHrIeM M B KPYIIIOCYTOYHOM peXXMMe, MBI CTaBUM TIepen coboif 3amady
YCTAHOBUTh XapaKTep CBSI3M MEXIY BPEMEHHBIMU WM3MEHEHMSIMU OCHOBHBIX
napamMeTpoB 3JIEKTPUUECKOrO TOKA M JMHAMUKONM KOPOHAJIbHOI akTuBHOCTH AQ,
a TaKkKe BBISIBUTH HAJIMYKE KOPPETSIIIMOHHON 3aBUCUMOCTH MEXIY YCPeTHEHHBIMM
napamMeTpaMu TOKa U YPOBHEM BCIIBILLIEUHON MPOAYKTUBHOCTU OOJIACTH.

2. Jlannvie Habarwdernuti. OCHOBHOI 00beM pabOTHI BLIMOJHEH HA JAHHBIX
nHctpyMeHTa Helioseismic and Magnetic Imager [22] Ha Oopty Solar Dynamic
Observatory (HMI/SDO) [23], noctynmHbIx Ha caiite Joint Science Operation
Center (JSOC) http://jsoc2.stanford.edu/ajax/lookdata.html. Mcrons3oBansl SHARP
(Spaceweather HMI Active Region Patch) [24] naHHbIe pacripeneiaeHuss KOMIIOHEHT
BEKTOpa MarHUTHOTO TOJIA B (poTochepe (MMIMHAPUIECKIIE KOOPAMHATEI, CEPHUS
CEA_720s). B manbHeiilieM paauaibHasg KOMIIOHEHTa B, WCIOIb30BaHa [UIA
BBIYMCIICHHUSI TOPU3OHTAIbHBIX TOKOB [25], @ By M B, KOMIIOHEHTBI TOJISI - JUIst
BBIYMCJICHUST BEPTUKAIBHBIX 3JIEKTPUUECKUX TOKOB B AQ.

1st aHaM3a CBSI3M BPEeMEHHBIX BapHallil MapaMeTPOB 3JIEKTPUISCKOTO TOKa
CO BCHBIIIEYHOM aKTUBHOCTBIO AQ HCIOB30BaHbBI TaHHBIE O TIOTOKE PEHTTCHOBCKOIO
M3JIy4EHUS B AMANA30HE UIMH BOJH 1-8 A Ha opbure 3emun, mosydacmble
kocmuueckuM anmapatom GOES-15 (Geostationary Operational Environmental
Satellite), nocTtymHble Ha cTpaHulie https://satdat.ngdc.noaa.gov/sem/goes/data/full.

1 moydeHsT TOTIOTHUATETEHOM MH(GOPMAILIN B paMKax BBITIOTHEHHON pabOTEHI,
TaKXe MCIIONb30BAHBI TaHHBIE MHTEPHET-PECYPCOB:

- http://tesis.lebedev.ru - maHHbIE 0 KoopaMHAaTaX uccaenayeMbix AQ;
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- http://solar.dev.argh.team/sunspots (pa3padotka P.K.Kurankuna, KpAO
PAH) - ungopmanus o BCIbIIIEYHOM MHAEKCE, cTaguu pa3Butus AQ;

- http://crao.ru/images/sun/catalog/ [26] (pa3pabotka A.B.2Kykosoii, KpAO
PAH) - undopMauusi o BCIBILLIEUHOM MHAEKCE, TUIIE UCCIeayeMOii 001acTu.

brutt MccnemoBaHbl MapaMeTpbl TOPU3OHTAIBHBIX M BEPTUKATbHBIX 3JIEKTPH-
yeckKux TokoB 39 AO 24 1uK/Ia COMHEUYHOW aKTUBHOCTU, 001aIalolX pa3InyHbIMU
XapakKTepUCTUKAMU W Pa3HbIM YPOBHEM BCIBIIIEYHOU akKTUBHOCTU. Bpems
MOHHUTOPVHTA KaXIOi 00JaCT COBITAAeT ¢ MepHUOIOM HAXOXICHUS €€ B Tpeeiax
+35° OT LIeHTpaTBLHOTO MEpHUINAaHA, YTO TTO3BOJIIET CBECTH K MUHUMYMY OIITMOKM
B BBIYMCJICHUSIX, BHOCUMbIE 3((PEKTOM MPOEKIINH.

3. BbivucaenHue napamempoe 31eKmMpu4ecko20 MoKa 6 AKMUBHOU
o00saacmu. BeluuciieHre BEPTUKAIBHBIX SIEKTPUYECKMX TOKOB B OTAEIBHBIX TTMKCETAX
MAarHUTOIPAMMBI BBIIIOJIHEHO MHTETPaIbHBIM METOIOM, BIIEPBbIE IPUMEHEHHBIM B
pabotax [6,27,28]. B ocHoBe MeTona Jiexxut dopmyia Crokca:

1
(]z)i,j :H_0§LBLdZ‘ (1)

s ipruOAMXKEHHOTO BBIYMCIIEHMSI MHTErpajia B MpaBoid 4yacTu BbipaxkeHus (1)
ucrnosb3yercs meron CumricoHa. ITprMeHsieTcs: TpsIMOYTOJIbHBIN KOHTYp pa3zMepamu
5x 5 MUKCeNel BOKPYT MUKcesa ¢ KoopauHataMu (i, j). BeiOOp KoHTypa o0yc/oB/IeH
XOPOILINM CIJIAXKMBAHUEM IITYMOB U OTCYTCTBUEM ITOTEPh MH(GOPMAIIUN O TOKOBBIX
CTpyKTypax. bojiee neTaqbHO CyTh METONA, BBIBOJ PACUETHOU (hOpMyJIbl 1 OCOOECH-
HOCTU BBIOOpa KOHTYypa OIMcaHbl B padorte [29].

g BBIYUCIEHMSI TOPU3OHTATBHBIX DIEKTPUUECKUX TOKOB HeoOXommma
uHdopMalMsl 0 BEKTOPE MAarHUTHOTO MOJISI 1O KpaiiHeil Mepe Ha JABYX YPOBHSIX
B atMocdepe CoHlia, 4ero noka He MOTYT 00eCeUuTh COBpeMEHHbIe Ha3eMHbIE
U KOCMHMYECKHEe HWHCTpyMeHTH 1 u3ydyeHus Connua. TeM He MeHee,
MPUOIVKEHHYIO OLIEHKY BEJIMYMHBI TOPU30OHTAJIBHOTO TOKA TMOJYYUTh BO3MOXHO.
MeToauka BeIUMCICHUS olmucaHa B paborte [25]. McxonHoit ¢hopMyIioil SBIsieTCs
3aKoH Amriepa B auddepeHimaibHoi popme:

iy j=VxB. (2)

BosBons BeipaxkeHus1 (2) B KBajipar, pa3jioX1B €ro Ha cjaraeMble U TipeHeoperast
MPOU3BOAHBIMU MO z , TIOJYYaeM PacUyeTHYIO (POpMYIy:

. _1|(aB, 2+ 0B,
55 o) | )

B nanbHeiilieM, Ha OCHOBE BBIYMCJIEHHBIX BEJIMUMH BEPTUKAIbHOIO U TOpU-
30HTAJILHOIO TOKOB B (hoTochepe HaMu ObUIM TMOJYYEHBI HEOOXOAUMBIE IS
aHaJIM3a MapaMeTphl JIEKTPUICCKUX TOKOB IJII Kaxmoi m3 uccieayeMbix AO:
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1) CymmapHblii 6e33HaKOBBIN TOK B AQ:

L =2 )|, ;- @)
2) Cpe,I[HHH 0e33HaKoBag BeJIMYMHA IIOTHOCTU BCPTUKAJILHOI'O TOKaA:

<J ZJZ ij

v 5)
3) CpenHss 6e33HaKOBasl INIOTHOCTh TOPU3OHTAILHOTO TOKA:

z

z
pix

() =—5— (©)

4) PazbanaHc BEpTUKAJIBHOTO 3JIGKTPUUYECKOTO TOKa 1o Bceit AO [7]:

pNTAEITA

O iy
LD

Joma MuamMmzanyy 3G ¢GEKTOB, CO3IaBaeMbIX CJIA0BIMU SJIEKTPUYECKUMI TOKAMU

. 0
; 100%. )

Puc.1. Beepxy cmeBa - kapra B, - KOMIIOHEHTHI MarHuTHOro mons obmactu NOAA 11890,
nonydeHHast npubopom HMI/SDO 07 nHosiopst 2013r. B 00:00UT. Kapra MaciirabupoBaHa OT -
2000 I'c (uepnoe) mo 2000 I'c (6emoe). Beepxy cripaBa - KapTa pacrpenesieHrsl TJIOTHOCTA BEPTUKATb-
HOTO 9JIEKTPUUYECKOIO TOKA B 06/1ACTH, Maclitabuposata ot -0.01 A m™ (uepnoe) mo 0.01 Am? (6emoe).
BHuzy - kapra pacnpenesieHus BeJIMUYMHBI KBaapara IUIOTHOCTM TOPU3OHTAIBLHOrO TOKa B 00JacTH,
Maciutabuposana or 0 (ueproe) 10 5- 10° A’ M™ (Genoe). JlaTa M MOMEHT BpeMeHHM, ISl KOTOPBIX
BBIUMCIICHBI 3JICKTPUUECKHE TOKM, Te Xe. BellbIMM KOHTypaMu TOKa3aHbl Macku bitmap (KupHast
muHust) u conf disambig (TOHKast JMHUS).
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nepudepuiitoii yactu AO Ha SHARP-MarauTorpamMme, nnpy BEIMUCIICHUH TTapaMETPOB
3JIEKTPUUYECKUX TOKOB (ypaBHEHUS (4)-(7)) YUUTHIBAJIUCH TOJIbKO MUKCEIbI, JIEXAIIUE
BHYTPY KOHTYPOB, OTpaHMYEHHBIX IBYMST CTaHIApTHBIMI MacKaMu it CEA maHHBIX
HMI/SDO (puc.1) - bitmap (ornpenensiet rpaHuiibl AO Ha SHARP-maraurorpamme)
u conf disambig (1T03BOJISIET BHIIEINTh HA MAarHUTOTPAMME ITUKCENBI, B KOTOPBIX
TOYHO OTIPEIe/IeH a3UMYT BEKTOpPa MarHUTHOTO TIOJIS).

J1s1 BBISIBJICHUSI XapakTepa B3aUMOCBSI3M MapaMeTPOB 3JIEKTPUUYECKOIo TOKA ¢
MarHUTHBIMM MOJISIMM TakxKe OBbLI MOCYMTAH MarHUTHBINA MOTOK AQ:

SR AR ®)

C 1eJibl0 MUHMMU3ALMKM BIMSIHUS 1IYMOB U JIOKAJbHBIX TTOJIel Ha nepudepuun
AQ, npy BBIYMCJICHUM MAarHUTHOIO MOTOKA ObUIM YYTEHBI TOJBKO T€ MUKCEJbI,
3HAUEHMSI HAMPSDKEHHOCTH I10JIE B KOTOPBIX 1O MoAy o mnpesbiinaor 600 c [30].

4. OcobeHHOCmMU 8peMEHHbIX U3BMEHeHUll Nnapamemposé MmMoKka U ux
C8A3b C YPOBHEM BCNblUleyHOU aKkmueHocmu. IlapaMeTphbl 3JeKTPUUYECKUX
TOKOB M MarHuTHoro mnojsi 39 ucciaemyembix AO mipenctaBieHbl B Ta6a.1. s
BEJIMYMH, ONMCAHHBIX popmysiamu (4)-(8) B TabaMile yKazaHbl YCpeIHEHHBIE 33 BpeMsl
HabmoneHus AO 3HaueHus (yCpeaHeHMe IO BpeMeHU B Tabi.l u janee B TeKCTe
0003HAYEHO TOPU3OHTATIBHOM YepTol CBEpXyY). B mocaeaHux Tpex crondiax OTMeUeHbl
cootBeTcTBeHHO BcmbliieuHblii uHAeKe AQO (Flare Index, FI [31]), peHTreHOBCKMit
KJTacC HanboJIee MOLITHOM BCTIBIIIKHM, aCCOLMMPOBAHHOMN ¢ mccmemyemoit AO, a Takke
v obmacty 1o [26] (U - yummonspHas AO, A - oumongpHasd ob6iactb 0e3
HapylLIeHWIA MpaBUJI 3aKOHA MOJISIPHOCTH, 3aKOHOB Xeiina u Ixxos1, B - obimactu, B
KOTOPBIX 3a(hMKCHUPOBAHO HAPYIIIEHNE XOTS ObI OMHOTO M3 BHIIICYITOMSIHYTBIX 3aKOHOB).

ITo manHbIM Taba.1 OBLIM MOCTPOEHBI KOPPEISLUMOHHBIE I'paUKU MEXKAY
BCIIBILLIEYHBIM MHACKCOM M MapameTpaMu djieKTpudyeckoro Toka B AO. Haubosee
BBICOKAST KOPPEJISIIIUST HAOIMIOMAeTCsT IS IBYX M3 MCCIIEAYeMBIX TTapaMeTpOB TOKa,
YCPEOIHEHHBIX B KaXIoM ciydyae 3a mnepuoa HaomoaeHus AO - cymMMapHOro

6e33HaKkoBOro Toka I.,, W CpemHeidl 0e33HAKOBOW TJIOTHOCTH BEPTUKAIBHOTO

DJIEKTPUYECKOTO TOKA < jz|> (puc.2).

Bce uccnenyembie AO ObLIM paszaeieHbl HamMu Ha aBe rpynnbl. Ilepsas - AO,
B KOTOPBIX 3aUKCHPOBaHbl TOJbKO BCIBIIIKMA PEHTreHOBckoro kimacca C
(0603HaYeHBI TPEYTOJbHUKAMU Ha puc.2), BTopas - 00JacT, B KOTOPBIX 3aperucT-
pupoBaHa XOTs Obl ofgHa Bcmbllika kKiacca M1.0 wiu Bbie (0003HAUYEHBI

3Be3noukamMu). Kak BUAHO U3 rpadMKoOB Ha puc.2, A1 BEIUUYUHbI [ YETKOTO

ztot
pasnesieHnss obJjlacTeil Ha JABE IOATPYMIIBI HE MPOMCXOAUT. MoxKHO HaOIomaTh
00JIaCTH C HU3KOM aKTMBHOCTBIO 1 J0CTaTOYHO BBICOKMMM 3HAYCHUAMU CYMMApPHOIO
ToKa. B TO ke BpEmMms, Ha6J'HOZ[aIOTCH n AO ¢ MOIIIHBIMM BCIIBIIIKAMHMN U OTHO-

CUTCJIbHO HU3KNMMU 3HAYCHUAMU BEJIMYMHBI CYMMAapHOT'O 0E€33HAKOBOIO TOKA. H]’IH

298 4/10/2020, 3:11 PM



Fursjak.pmd

JNUHAMUKA TTAPAMETPOB BJIEKTPUYECKOI'O TOKA

299

Tabauya 1
MMAPAMETPHI DJIEKTPUYECKHWX TOKOB MCCIEAYEMBIX AO
Ne | Homep Bpems D I .. <jz <|]L|> P FI | Max | Tun
n/m| o6nactu | MoHuTopunra|102 Mx| 102 A| mA m? |mA m?| % flare
(NOAA) AO

1 11261 | 31.07-03.08.11| 1.27 |489.19| 4.21 10.10 | 2.327| 1033 | M6.0| B
2 11263 | 02.08-05.08.11| 1.72 |433.58| 3.51 418 | 0.708| 55.03| X69| B
3 11283 | 04.09-07.09.11] 0.99 | 317.59| 3.13 398 | 5370 4234 | X2.1| A
4 | 11302 |27.09-30.09.11| 249 |666.32| 3.54 6.57 | 3461| 85.14| X1.9| A
S| 11339 | 06.11-10.11.11| 3.28 | 882.56| 3.00 7.84 | 1.141] 39.02 | X1.9| A
6 | 11391 |07.01-10.01.12] 098 |287.93| 2.76 934 | 4588| 031|Cl6| A
7 11429 | 07.03-10.03.12| 2.87 | 660.37| 3.47 1296 |-5.918(100.55| X54| B
8 11476 | 09.05-13.05.12| 3.00 | 892.31| 3.98 9.34 | 0.161| 38.07 |M5.7| A
9 11512 | 27.06-30.06.12| 0.82 |210.92| 2.90 9.55 |-1.633| 097|C42| A
10 | 11598 | 25.10-29.10.12| 1.04 | 273.55| 3.15 6.23 | 0.890| 27.55| X1.8| B
11| 11654 | 12.01-16.01.13| 2.82 | 723.33| 3.06 7.57 | 0.390| 1025 | M1.2| A
12 | 11711 | 04.04-07.04.13| 143 |273.02 2.09 6.51 |-0.753| 034 |CL7| A
13| 11748 | 18.05-21.05.13] 049 | 19143 3.40 728 | 2.221| 9897 | X32| B
14 | 11777 |24.06-27.06.13| 049 | 107.34| 2.27 507 |-1.726| 207 |M29| U
15| 11882 | 28.10-01.11.13| 0.86 |243.53| 3.03 8.07 | 4.023| 5476 | X2.1| B
16 | 11890 | 07.11-10.11.13| 2.41 | 66748 3.23 9.89 | 1460| 2324 | X1.1| A
17 | 11899 | 17.11-20.11.13| 2.03 |401.27| 2.55 6.37 | 6.830| 192 |MI1.0| U
18 | 12002 | 12.03-15.03.14| 1.14 |295.69| 3.01 7.71 | 0.602| 10.76 | M1.7| A
19 | 12109 | 07.07-10.07.14| 2.04 |492.02| 3.15 9.12 |-0232| 130|C64| B
20 | 12158 | 09.09-12.09.14| 1.45 |427.19| 3.29 743 |-1.389| 1330 | X1.6| B
21 | 12192 | 22.10-25.10.14| 9.53 |(2221.87 3.20 11.93 1.301 (12344 | X2.0| B
22| 12205 | 08.11-12.11.14| 1.23 | 427.23| 3.53 858 | 4.033] 2390 X16| A
23| 12222 | 30.11-04.12.14| 2.25 |493.19| 287 10.02 [-0.202| 19.13 |M6.1| A
24 | 12253 | 03.01-06.01.15| 2.02 |51041| 291 11.50 | 0.629| 9.38 | M1.3| A
25 | 12268 | 27.01-30.01.15| 1.65 |419.28| 2.84 6.52 | 4242 11.65|M2.1| A
26 | 12297 | 11.03-14.03.15| 1.58 |563.54| 4.62 440 | 3.588| 58.17 | X2.1| B
27 | 12305 |25.03-29.03.15| 144 | 326.14| 2.66 6.64 |-3.381| 256|C87| B
28 | 12339 | 10.05-13.05.15| 2.95 | 782.15| 283 6.86 | 2.551| 6.12|C55| B
29 | 12371 |20.06-23.06.15| 297 |679.66| 3.23 8.60 |[-2.553] 20.13|{M79| B
30 | 12381 | 07.07-10.07.15| 1.38 | 301.09| 294 584 | 3.345| 543 |ML7| A
31| 12396 | 06.08-09.08.15| 2.37 | 537.38| 3.15 922 [-1.500| 287|C54| B
32| 12403 | 22.08-25.08.15| 3.39 |917.63| 3.60 11.85 |-0.975] 29.95|M35| A
33 | 12470 | 17.12-21.12.15| 1.70 | 318.59| 2.34 498 | 4.091| 0.51|Cl17| U
34| 12480 | 10.01-14.01.16] 0.58 | 104.82| 2.26 6.84 | 1.057| 0.50|C28| B
35| 12494 | 05.02-07.02.16| 0.73 | 174.81| 3.00 9.68 |-2.318| 1.02|C3.0| B
36 | 12529 | 12.04-16.04.16| 2.87 |561.99| 274 876 | 3537 7.82|M6.7| A
37 | 12546 | 18.05-22.05.16| 1.77 | 340.71| 2.60 577 | 5206 025|Cl13| U
38 | 12644 | 27.03-30.03.17| 0.81 | 187.35| 2.88 3.09 | 3.638| 10.68 [M54| A
39| 12674 | 22.08-25.08.17| 247 |47529| 249 476 [-0.241| 076|C52| A

BBIABJICHNA 3aKOHOMCPHOCTHU ObUIN pacCunuTaHbl CPCAHNEC 3HAYCHNA BCINMYUHLBI

1., U1 COBOKYIHOCTU 0bJjacTeil, 0003HAYEHHBIX 3BE310YKAMU (OKPYXKHOCTb C
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YepHOI TOYKOH B LIEHTpPE Ha BepxHeM Ipacuke puc.2) u obnacreil, 0003HAYUEHHBIX
TpeyroJbHUKaMU (OKPY>KHOCTb C KPECTUKOM B LIEHTpe Ha rpaduke). B cpenHem,
I 00acTeld ¢ BBICOKOW aKTMBHOCTBIO XapaKTepHbI 00Jjiee BbICOKKME 3HAUYEHMSI
CYMMAapHOTO TOKa, YeM JJIs1 00J1acTeil ¢ HU3KOM aKTMBHOCTBIO. T10mMoOHBIM pe3ynbTar
yKa3blBa€T Ha TO, YTO OOJbIION TOK He 00s3aTefieH WIS HaluuMsl CUJIbHBIX
BernblieK. C apyroil CTOpOHBI, OOJBILION MO aGCOMIOTHON BEJTMUMHE 3EKTPUYECKUI
TOK - HE TapaHTUsl CWJIbHBIX BCHBILIEYHBIX MTPOLIECCOB. DHEPIusl, 3araceHHas B
3JIEKTPUUYECKOM TOKE, MOXET TPaTUThCS Ha MHBIE TIPOLIECCHI, M TOJBbKO Majlas ee
YacTh peaJM3yeTcsl B BUAE BCIBIIIEK Pa3IUYHON MOIIHOCTHU.
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Puc.2. KoppensaimonHble TpahvKy MeXIy BCHBIIIEYHBIM MHIACKCOM AO M BeJIMYMHAMU YCped-
HEHHOTO 3a BpeM:sl HaOJIONEHUs CyMMapHOro Oe33HaKOBOTO Toka [, (BBEPXY) M CpeaHeill Ge33HAKOBOM
IJIOTHOCTH BEPTUKAJIBHOTO 3JIEKTPUYECKOTO TOKa {J_ZQ 5 (BHM3Y), MOCTPOEHHbIE MO AaHHBIM TaoI. 1.
O6nacTi ¢ HU3KOW aKTUBHOCTBIO (TOJBKO BCIBILIKM PEHTreHOBCKOro kiacca C) o0o3HaueHbl Ha
rpacpuke TpeyroabHukaMu, AO ¢ BBICOKOI aKTUBHOCTBHIO (C 3aperMCTPUPOBAHHBIMU BCIBIIIKAMU
PEHTreHOBCKMX KylaccoB M u/unm X) - 3Be3noukamu. Ha BepxHeM rpadmke Takxke yKazaHO cCpeaHee
3HaYeHHEe BeJMYMHBI </ > 11 BCeX OoONacTeil ¢ HU3KOM aKTUBHOCTBIO (YEPHBIA KPYXOK C
KPEeCTMKOM BHYTPHM) U IJIsT 00JacTell ¢ BHICOKOW aKTMBHOCTBIO (YEPHBIN KPYXOK C TOYKOU BHYTPH).
Ha HuxHeM rpad¥Ke BepTHKATIbHBIM MYHKTUPOM OTMeueHa rpaHmua 2.7 MA M~ (Gosiee AETaTbHO
CM. TEKCT).
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Bri6op BemMuMHBI CyMMapHOTO 6e33HaKOBOTO TOKa [, BBIMUCIISIEMOTO 10 (4),
B KaueCTBE OMHOTO U3 MCCJIEMyeMBbIX IapaMeTpPOB, OOYCIOBJIEH TEM, UTO ITaHHas
BeJIMYITHA KOPPEJMPYET C 3aITaceHHOM B 3JIEKTPUIECCKOM TOKE "'CBOOOIHOM ' MAarHUTHOM
sueprueit, W, =Y W, ~ ZIi%j .

WNnag xaptuHa HaOmogaeTcs, eciaud U3yuyuTh CcBI3b Mexny FI u cpemgHei
0e33HAKOBOM TUIOTHOCTBIO BEPTUKAIBHOTO TOKa B AO (cM. puc.2). 31ech MOXHO
J. >, ~2.7 MAM” (BepTu-
KaJIbHbI MYHKTUP Ha HUXHeM rpacduke puc.2). Ciaea oT 3TO rpaHULbI OYIyT
HaxoauTcst AO ¢ HU3KOW aKTUBHOCTBIO (C KpaifHe MajlbIM KOJMYECTBOM BCITBIIIEK
peHtreHoBckoro kiacca C). VIckioueHreM SBIsIOTC Be 00J1aCTH, HaXOAs1IMeCs
cJieBa OT rpaHUIIBI, HO co BenblmkaMu kiacca M - NOAA 11777 n 11899. Ilpu
0oJjiee NeTaTbHOM UCCIENOBAHUM OKa3bIBAETCS, UYTO 00€ 3TU 00JaCTH K MOMEHTY
HAOIIONEHMS TIPOIIUIA CTAINI0 MAaKCMyMa CBOETO Pa3BUTHS U SIBJISTUCH 3aTyXaro-
IIMMHA. 3a BpeMsT MOHMTOPUHTA 3THX 00JIACTel CHITHHBIX BCITHIIIEK B HUX 3a(pUKCH-
pOBaHO He ObUIO, BEJIMYMHA < J. > Takxke Obla HUXKe MpeAesibHOro 3HayeHus. To
€CTb, IOBEIEHNWE MapaMeTpoB ToKa B AaHHBIX AQO He IIpOTUBOPEYUT OOIIEH
teHaeHMu. CripaBa OT rpaHULbl 2.7 MAM™ PacIOIOXeHBl 06JIACTH, B KOTOPBIX
3a(pKcrpoBaHa XOTsI Obl OHA BCIIBIIIKA PEHTTeHOBCKOro Kiacca M 1.0 wim BeIle,
a TakKe TpyIna obsacTeil ¢ HU3KOM aKTMBHOCTBIO. AHAJIN3 JAaHHBIX T10 TPyIIam
C HU3KOW aKTUBHOCTBIO, JIEKAIIUMM TIpaBee TPaHUIIBI, TTOKa3ajl, YTO BCE OHU
OTHOCATCS K rpyIe B 1o Kiaccuduxaiym, TaHHOU B [26], T.e., Y HUX HaOMIOmaIoTCsT
HapyllleHHe 3aKOHa ITOJIIPHOCTH, 3aKOHa Xeiina, 3akoHa [[XKos1, WM Xe HapylleHe
Ccpa3y HECKOJBKHMX M3 TIEPEUNCICHHBIX 3aKOHOMEPHOCTEIA.

Taxke cieayer oOpaTUTh BHUMaHKE HAa BOCBMOM CTOJIOEL] TaOJMIIbI, B KOTOPOM
yKazaHa CpeIHssI BeJWYrHa pa3dayaHca BEPTUKAIBHOTO 3JIEKTPUUECKOTO TOKA B
uccinenyembix AO. PazbayiaHc Toka Bo Bcex 39 ciydasix oKa3bIlBaeTcsl 10CTaTOYHO
HU3KUM (He GoJiee 7%), B OTJIMUME OT pa3basaHca MarHUTHOTO ITOJISI, KOTOPBIiA
MOXET JOCTUraTh HECKOJIbKUX NecsATKOB mpoueHToB [7]. g 11 AO cpenHee 3a
BpeMsl HAOMIONEHKsT 3HAYEHUE pa3balaHca BEPTUKATLHOTO TOKA COCTABIAET MEHbILE
1%. Taxoe mnoBeneHMe BEIUYMHBI P, YKa3blBaeT Ha 3aMKHYTOCTb TOKOBBIX
CTPYKTYpP Bcex mMaciTaboB B mnpenenax AO u XOpollylo 3JIeKTPOU30JMPOBAHHOCTD
obyacreil apyr or apyra.

IToMrMO ycpenHEHHBIX MTapaMeTpoB MEKTPUIECKOro Toka, A Beex 39 umccie-
IyeMbIX 00jiacTeil OBUIM MpPOaHAJIM3UPOBAHBI BPEMEHHBIC M3MEHEHUS BEJIMUMH,
onuceiBaeMbIX Gopmynamu (4)-(6), (8) 3a Bpemst HabmoaeHus Kaxaon uz AO (3-
5 cytok) (cMm. puc.3 u puc.4).

Ha puc.3 npencrapieHbl 0COOEHHOCTH MOBEIEHUST BEJIMUMHBI CYMMapHOTO TOKa
I B HeckonbKux u3 uccienyeMbix AO. Ha mpencraBieHHBIX TpadyKax BUIHO,

z tot

4YTO BCJIMYMHA Iztw BelIeT cebs CUHXPOHHO WJIM KBAa3UCUHXPOHHO C BEJIMYMHOM

IMPOBECTH TPAHUILY, COOTBETCTBYIOIIYIO BEIWYMHE
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Puc.3. BpemeHHble BapualMy BEIUYUHBI CyMMApHOro Toka [, mis 6 AO. Xopolllo 3aMeTHO

KBa3MCMHXPOHHOE C M3MEHEHMEM MarHWTHOIO MOTOKA (IBOWHAsI cepast JIMHUSI) U3MEHEHUE BeJIMYMHbI
cymMmapHoro Toka. Cepast KpyBasi - TIOTOK PEHTI€HOBCKOTO M3JIyYeHMsI Ha opouTe 3eMJIM B IUaria3oHe
1-8 A (nannbie GOES-15). TIyHKTUpOM C KOPOTKMMM ILITPUXaMU OTMEUYEH YPOBEHb IIOTOKA
PEeHTreHOBCKoro manyuerns B 10° Brm?, coorsercrsytommii Bembiiuke kiacca C1.0. JUist HanGosee
MOIIIHBIX BCITHIIIIEK, aCCOIMMPOBAHHBIX ¢ KOHKpeTHO AQO, Ha rpadukax ykazaHbl UX PEHTTEHOBCKUE
KJTaCChI.

MarHMTHOro ToTtoka. Takoe moBeAeHUe XapaKTepHO sl BceX 39 MccaenoBaHHbBIX
HaMM B paMKax AaHHoi padoTbl AO.

Ha puc.4 nmokazaHbl BpeMeHHbIE U3MEHEHUSI CpeHel 0e33HaKOBOI TIOTHOCTU
BEPTUKAJILHOTO < J. > 1 TOPU3OHTAIBHOTO <| j l|> 3JIEKTPUYECKUX TOKOB IS IIECTU
AQO. Ha neBoli nmaHenu puc.4 rpencrasieHbl rpaduku Juisi Tpex objacTeil ¢ HU3KOM
aKTMBHOCTBIO (TOJIbKO BCHBILIKM PEHTIeHOBCKOro Kiacca C), Ha MpaBoil MaHeau -
BPEMEHHbIE U3MEHEHUS BEJINYUH < jz> " <| j l|> IJ11 00J1acTeil ¢ BHICOKOM aKTUB-
HocThIO. [l HamboJiee CMIIBHBIX BCITBIIIEK, CBA3AHHBIX ¢ KOHKpeTHON AO, Ha
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rpauke OTMEUEH WX PEHTTEHOBCKUI Kjiacc.
I'pacduku Ha puc.4 NOATBEPXKIAIOT HAIMYKE MOPOTOBOTO 3HAYEHUS CpeaHeu
TUIOTHOCTH BEPTHKAIBLHOTO 3JeKTPUYECKOTO TOKa B 2.7 MAM™ (TOpU30HTANbHAS

IMyHKTUpHAS JTUHUS Ha Tpadukax). B ciaydae, ecam BeamumHa <

J:

303

> IPEBLIIIACT

3TO KpUTUUECKOE 3HaUeHue, B uccaenyeMoit AO Hab/onaeTcs BbICOKAs BCIIbIIIEYHAs

AKTNBHOCTD, a IMMaaCHNC BCINYMHDbI <

J:

Ha ocjlabJieHue BCIbILIEYHOM IPOAYKTUBHOCTU obnacTu.

> HM2KC ITOPOroBOro 3HaAa4YCHUA yKa3bIBacT
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Puc.4. BpeMeHHble M3MEHEHHUsI BEJIMYUH CpelHel Oe33HAKOBOW IIOTHOCTM BEPTUKAJIBHOIO
<| jz|> (XpHas yepHast KpUBas) U FOPUOHTANILHOrO <| j |> (KMpHas cepas KpuBas) 3/1EKTPUUECKOro
TOKa 3a Bpemsi MoHuTopuHra misa tex xe AO, uro m Ha puc.3. Ha Bcex rpadmkax oTMedyeH
KPUTUYECKUI YPOBEHb TUIOTHOCTU BEPTUKAIBHOIO ToKa B 2.7 MA M2 (ITyHKTHUP C JUIMHHBIMM IITPUXaMHU).
Cepasi KpuBasi - TOTOK PEHTTEHOBCKOrO M3TydeHUs Ha opbute 3emin B auanasoHe 1-8 A (qaHHble
GOES-15). [IyHKTHpPOM C KOPOTKMMU IITPUXaMH OTMEUYEH YPOBEHb ITOTOKA PEHTIEHOBCKOIO U3IyYeHUS
B 10° Br M7, COOTBETCTBYIOIIMI Bembilnke kKimacca C1.0. i Hambojiee MOIIHBIX BCIHBIIIEK,
aCCOLIMMPOBAHHBIX C KOHKpeTHOM AQO, Ha rpadumKax ykasaHbl MX PEHTIEHOBCKHE KJIAaCChI.
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C ¢usnyecKoi TOUKW 3pEHMST TaKOW Pe3ysIbTaT BIIOJIHE OOBSICHUM. DJIEKTpH-
yeckre TOKM B AO SABJISIOTCS HOCUTEISIMU CBOOOJHON MarHUTHOW 3SHEpPruu, a
IJIOTHOCTb TOKA - 3TO SKBUBAJICHT IJIOTHOCTU 3TOi 3Heprun. Yem OoJibliie TUIOTHOCTb
CBOOOMHOI SHEPIUU, TeM OOJIbIlIe BEPOSITHOCTb PA3BUTHSI BCIBILLIEYHOTO MpOLEcca.
ITpu KpaiiHe HU3KMX 3HAYEHMSIX TIJIOTHOCTU TOKA (IMJIOTHOCTM SHEPTMM) BCHBILLIKUA
He (PUKCUPYIOTCS, a caMa 3Heprusl TPaTUTCS Ha MHbIe NMCCUITATUBHbBIC TTPOLIECCHI.

KpaiiHe BaXKHBIM B 9TOM KOHTEKCTE SIBJISIETCSI BOMPOC O TOM, CKOJIbKO BPEMEHU
HEOOXOMMMO IIJISI HAKOIUIEHUsI SHEPTUU, pealin3yeMoii BO BCIbIIIKaX. [T oTBeTa
Ha 3TOT BOIPOC HaMU ObLIM MCCIIeI0BaHbI MapaMeTPhl SAEKTPUUECKUX TOKOB IS
IByx AO co BcrutblTHeM MarHUTHOTO motoka - NOAA 11158 mw NOAA 12673
(puc.5). Ha rpacdukax BUAHO, YTO MArHUTHbIA MOTOK B OOJIACTSIX HapacTaeT
JIOCTaTOYHO TUIAaBHO, a HapacTaHue BEJIWYWH < jz> u <| j l|> MPOUCXOIUT OoJsiee
obicTpo. [Tpu 5TOM BeaMYMHA IJIOTHOCTU BEPTUKAIBLHOIO TOKA MOCJIEe HapacTaHMS,
kak B AO NOAA 11158, Tak u 8 NOAA 12673, moutn B 2 pasa MpeBLILIAET
KPUTUYECKOE 3HAYEHUE < jz>
00J1acTSIX oIepeXkaeT HapaCTaHUs BEJIMYMH TUIOTHOCTH TOKa NMPUOIM3UTEIHHO Ha
5-6 gacoB. Bpewmst 3ama3npiBaHns MEXIy CKAYKOM TUTOTHOCTM TOKa B AO 1 HayaioMm
Pa3BUTHST BCIBILLIEYHBIX MPOLIECCOB PEHTTEHOBCKMX KJIACCOB M M BbIlLIE€ COCTABIISIET
okosio 18 wacoB mis NOAA 11158 u okosio 20 yacop mist NOAA 12673.

. PocT BenMuMHBI MarHUTHOrO IIOTOKa B OOEUX

- T T T T T T T C T T T T T 12
g 1o | AR 11158 M6.6 M2.2 X2.2 IF M12 M15M55M21 M42 M23 ]

- ] x
£ 8=
8« 8 8
+ R
S € 4 b Y M e 4e
& Ul 1) (WP — EOVNT AR 126731

& (| 1 L L L L e I I I ]

g 12.02 14.02 16.02 03.09 05.09 07.09

(@]

Data, 2011 Hata, 2017

Puc.5. lnunamuka BeJIMYMH CpefaHel 0€33HaAKOBOM TUIOTHOCTA TOPU30HTAIBHOTO 1 BEPTUKATIBLHOTO
3JICKTPUYECKOr0 TOKa JIIsi 00J1acTeil CO BCIUIBITMEM MarHuUTHoro rmotoka - NOAA 11158 (cieBa) u
12673 (cripaBa). OGoO3Ha4YeHUsT Te Xe, YTO M Ha puc.4. 3aMeTeH CKa4OK BEJIMYMH TUIOTHOCTH TOKa
u OoJsiee TUIABHOE HapacTaHWE MarHUTHOTO TOTOKA. [lepBble MOILIHBIC BCHBIIKK (PEHTIEHOBCKMIM
Ki1acc M) HaGmomalTcss B 000MX Cilydasix NMpuOauM3MTebHO 4depe3 18-20 yacoB mocie cKayka
BenauHbl <|j [> (3TOT BpeMEHHOW MHTEpBaN OTMEUEH Ha rpaduKax CephiMU TPSIMOYTONbHUKAMIM).

ITosrydyeHHBIE Pe3ybTaThl MO3BOJISIIOT CAEJATh BEIBOALI O TOM, 4TO: 1) cKauok
BEJIMYVHBI TUIOTHOCTY BEPTUKAJIBHOIO TOKA HE CBSI3aH HETIOCPEICTBEHHO ¢ HapacTaHUEM
MATHUTHOTO TIOTOKA M, CKOpee, SRISIETCST pe3y/IbTaToOM TiepepaciipeaeieHis] MAarHUTHOM
sHepruu BHYTpu AQO, M 2) HaAKOIUIEHWE 3HEPTUMU IS MOIIHBIX BCIBIIIEYHbIX
MPOIIECCOB MPOMCXOIMT Ha MPOTSDKEHMH, 10 KpaiiHeit Mepe, 12-20 yacos. IMocnemnmit
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pe3y/lbTaT XOPOILLUO COINACcyeTCsl C BbIBOJAMM, CAEIaHHBIMU B pabote [32] 1o
HCCIIENOBAHUIO TIPONOIBHBIX TPaIMeHTOB MarHUTHOTO Mojst B AO.

XapakTtep TTOBeICHUS BETMUMHBI <| Vi l|> B uccienyeMbix AO SIBISIETCS CJIOKHBIM
U TpeOyeT OoTHmenbHOro uccieaoBanus. Mcxoas M3 mofgydeHHBIX JaHHBIX, MOXHO
CKa3aTh, YTO KOPPEJISILIUS MEXKITY <| j l|> U BCIIBILIEYHBIM MHAEKCOM cinabast (k=0.42).
CBs13aHO 3TO ¢ OCOOEHHOCTSIMU BpeMEHHBIX U3MEHEHUI CpeIHel TUIOTHOCTH TOPH-
30HTAJILHOTO TOKa. B OOJMBIIMHCTBE CiyyaeB BeJIMUYMHA <| Vi L|> BeJeT ceOsl KBa3u-
CUHXPOHHO C BEJIMYNHOM < Js >, npeBocxoad ee B 2-5 pa3. Ho B psiae ciaydaeB (cMm.
puc.4) cpemHssI TUIOTHOCTb TOPH3OHTAJIBHOTO TOKA TI0 BEJIMYMHE MOXET OBITh
MEHbIIIe CpeIHEel TUIOTHOCTU BepTUKaJIbHOTO ToKa. I[IprunMHa TaKOro moBeneHMS
BEJIMYUHBI <| j L|> He yCTaHOBJIeHa 1 TpeOyeT OoJiee MeTaIbHOTO aHAIM3a KaXIon 13
uccineayeMbix AO.

5. Boi6o0bt u o6cyscoenue. ViccnenoBas BpeMEHHbIE U3MEHEHUS TTAPAMETPOB
9IeKTpUYecKUX TOKOB st 39 AO 24 1ukia COJTHEYHON aKTUBHOCTHU, MbI MOJTYYUIN
clieAylolue pe3yabTaThl:

1. TokoBbBIE€ CTPYKTYpPbI BCEX MACIITAOOB SBJSIOTCS 3aMKHYTBIMM B TIpeAeiax
AQ, 0 yeM TOBOPUT HU3KMIT (He 60jee 7%) pa3bataHC BEpTUKAIBHOTO JICKTPH-
YeCcKOro ToKa B MCCEAYEeMbIX 00JacCTsIX.

2. CB3b MEXIY BEJIMYMHON CYMMapHOTO 3JI€KTPUYECKOro Toka I,,,, Y ypOBHEM
BCIIBILIEYHON aKTUBHOCTU 0OJacTU cyllecTBYeT (KO3(hGULMEHT KOPPeIsuuu
k=0.48), xoTs1 1 BeIpaxkeHa ciabo. I[IpuumHoOii c1aboil CBI3M MEXIy TOKaMHU U
BCIBIIIEYHOU aKTUBHOCTBIO AO sBJISIETCS TO, YTO, MO-BUAMMOMY, TOJBKO Maiast
YacTb MarHUTHOM 3HEPIMH, 3allaCeHHON B 3JIEKTPMUYECKMX TOKaxX B aTMocdepe
CosHia, peaau3yeTcsl B BUJe BCIbILIEK Pa3IMnYHON MOILIHOCTH.

3. CTaTUCTUYECKUII aHAIM3 BCEX COOBITUI BBISIBISICT HAJIMYKME 3aBUCHMMOCTU
MEXJy YCPEIHEHHOW 3a BpeMsi HAOJIONCHUS CPENHEeH BEJIMYMHON IUIOTHOCTH
BEPTUKAJIBHOTO TOKAa B (poTocepe < J-|) u BcrbIedyHbIM uHIeKcoM AQO ¢ koapdu-
LIMeHToM Koppessuuu k=0.72. bonee BbICOKUIT YPOBEHb BCIBILLIEYHON aKTUBHOCTH
COOTBETCTBYeT 3HaueHMsIM  Oobliue 2.7 MAM™. TIpu Gosee HU3KUX 3HAYECHUAX

7]
a DHeprus, 3araceHHas B 3JCKTPUYECKOM TOKE, pealu3yeTcss B BUIE WHBIX
JMCCUTIATUBHBIX TTPOIIECCOB.

4. DekTprUecKre TOKH B (poTocdepe, OUeBUIHO, HECYT SHEPIUIO UTS BCITBIIIIEK,
HO OITocpeloBaHHO. BpeMeHHOI peXuM B3PBLIBHBIX IPOIECCOB B KOPOHE HE
3aBHCHUT OT TOTO, YTO TIPOMCXOIUT B potocepe. TOKM CO3MAIOT JINIITHL TTPEATIOCHITKI
HEIOTEHIIMAIEHOCTA B KOPOHE. A TTOCTOSTHHAS HAKOILIEHUST SHEPTUH IJIST BCIBIIIEK
cocTaBisieT He MeHee 12-20 yacos.

ABTOpPBI BBIPAXKAIOT MCKPEHHIOIO 0JIaTOMapHOCTh pPElIeH3eHTY 3a MHTepec K
CcTaThe M TOJIE3HBIE 3aMedYaHWsl, KOTOpble B 3HAYMTEJIBHOM CTENEHW MOMOTIHN

BCJIMYMHBI

HabmogaeTcs KpaliHe HU3Kasl BCIbIlIeYHas MpoayKTUBHOCTh AQ,
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VIAYYIIATh JaHHYO paboTy. PaGoTa BhITOHEHA TIPY YaCTUIHOM TOAIEPKKE TPAHTOM
PODU 17-02-00049 u MunuMcTepcTBOM 00pa3oBaHUs U Hayku Poccuiickoit
®epepaunu (HUP Ne0831-2019-0006).

Kpoimckas acrpodpmsudeckas obcepBatopusi PAH, Pecny6imka KpeiMm,
Poccust, e-mail: yuriy fursyak@mail.ru

DYNAMICS OF PARAMETERS OF ELECTRIC
CURRENT IN SOLAR ACTIVE REGIONS AND THEIR
RELATION TO THE FLARE INDEX

Yu.A.FURSYAK, VI.ABRAMENKO, A.S.KUTSENKO

Based on the data from Helioseismic and Magnetic Imager (HMI) on board
Solar Dynamics Observatory (SDO) on the components of the magnetic field
vector in the photosphere for 39 active regions (AR) of the 24 solar activity cycle,
the parameters of the electric current are calculated. The time changes in the
parameters of the electric current in the AR during the time the region was within
+35° from the Central Meridian were studied. An attempt is made to link the
parameters of electric current in the photosphere and their dynamics with the level
of the flare activity of AR. The carried out studies have given the following results:
1) The change in the value of the total unsigned current in the AR occurs
synchronously or quasi-asynchronously with changes in the magnetic flux; 2) The
relationship between the magnitude of the total unsigned current and Flare Index
(FI) exists, albeit weak (correlation £=0.48); 3) The imbalance of vertical electric
currents for all 39 investigated AR was low, not exceeding several percent, which
indicates the isolation of current structures of all scales within the AR; 4) The
highest correlation (k=0.72) with the FI is observed for the time-averaged average
absolute value of the vertical electric current density; 5) According to the results
of statistical studies, a critical level of < J. > equal to 2.7mAm™ was revealed: when
this level is exceeded, flares of higher X-ray classes (M and X) are observed in
the AR, and a drop in current density below the threshold value means a
weakening of the flare productivity of AR; 6) On the example of two AR with
the emerging of magnetic flux, it is shown that some time is needed to pump
magnetic energy into the corona; the time interval between the jump of the value
< jz> and the beginning of the development of the first powerful flares of x-ray
classes M or X is at least 12-20 hours; 7) the nature of the relationship between
the time changes in the average value of the horizontal current density <| j l|> , and
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the imbalance of the vertical current p, with the level of flare activity of AR
is more complex and requires separate, more detailed studies.
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TOHKAS BOJOKHUCTAS CTPYKTYPA CIIOKOMHOTO
COJIHEYHOTI' O ITPOTYBEPAHLA

0.A.KOPOJIbKOBA, A.A.COJIOBLEB

IMoctyrmmna 6 centsiops 2019
[Mpunsita x neuaru 11 mapra 2020

[peacraBneHa TeopeTMyeckask MOJENIb XOJOAHOTO M TIUJIOTHOTO HM30JMPOBAHHOTO COJHEYHOTO
npoTyoepaHia. TepMoguHaAMUYECKUe TTapaMeTphbl BOJIOKHA (Ta30BOE JAaBJIEHUE, TUIOTHOCTh U TEMIIepaTypa)
PacCYMTHIBAIOTCS T10 3aaHHOM CTPYKTYpe MarHUTHOTIO TToJisl. BomokHo pacrnosaraercst Han dotocdepHoit
JIMHUEW pasfesia TOJMSIPHOCTH, €ro MarHWTHOE ToJie ObICTPO YMEHbILIAETCSI C PACCTOSIHUEM OT OCH,
TO3TOMY TOJIHBIN 3JIEKTPUYECKMIA TOK BIOJIb OCH BOJIOKHA PaBeH Hyo. PaccmaTtpuBaeTtcst mpoTyGepaHelt
C BHMHTOBOI CTPYKTYpO MAarHUTHOTO TIOJIsI, Pa3leJeHHOM Ha OTHeJbHbIE TOHKHE BOJIOKOHIIA.
PacnipenenieHusi MIOTHOCTM M TEMIEpaTypbl IMPOTyOepaHIla, MOJTYyYEHHbIE M3 YCJIOBUSI PaBHOBECHSI
TAKOTO MAarHUTHOTO TIOJIsI, XOPOLIO COOTBETCTBYIOT WM3BECTHBIM HAOIIONACMbIM IapamMeTpaM.

KntoueBbie cioBa: Cosnuye: npomybepaniy: 6040KHA

1. Beedernue. IzyyeHue mpoTybepaHLEB - OQHA U3 BAXHBIX 3a1a4 (GU3UKU
ConHua. YaepxkaHue B TeYEHUE JA0JITOro BpeMEHU TMIAHTCKUMX 00pa3oBaHWii OYeHb
XOJIOMHOM U TUIOTHOM (IO CpaBHEHUIO C COJTHEYHOU KOPOHOI) T1a3Mbl MPOTUB CUJT
TSDKECTU B MArHUTHOM T10JI€ TIPEJACTABISIET COOOM CIOXHYIO Y MHTEPECHYIO 3aiauy
IJ1a3MeHHON u3nKu. MHTepec K CTPOeHUIO MPOTYyOepaHLIeB OOYCIOBIEH U TEM,
YTO UX DPYITUBHBIE (pa3bl OOBIYHO TECHO CBSI3aHBI C TAKMMU Ie03(hGEeKTUBHBIMU
MPOSIBJICHUSIMU COJTHEUHOW aKTMBHOCTH, KaK COJIHEUHbIE BCIIBIIIKW U KOPOHAJIbHbIE
BBIOPOCHI Macc.

Pusnyeckre XapakKTepUCTUKH TIa3MbI B TTPOTYOepaHIlaX Pe3KO OTIMYAIOTCS OT
KOPOHAaJIbHBIX: TEMIIEpaTypa B HUX HUXE TeMIlepaTypbl OKpyXalolleil cpeabl Ha 2
MopsiKa, a MIOTHOCTb, HA00OPOT, - BhILLIE, IPUMEPHO Ha Te ke 2 mopsaka. [1pu
5TOM MarHUTHOE TTOJIE COJTHEYHBIX BOJIOKOH MOXKET MMETh OYEHb CJIOKHYIO CTPYKTYpY,
XOTs OIpeneieHHasl UX KiaccuuKalys BCe-TaKu CYILECTBYET: MIPUHSITO BbIAESTD
CTPYKTYphl C apKagHOW MU BUHTOBON TreOMETpUEl MArHUTHBIX CWJIOBBIX JUHMIM, a
TaKKe pa3IyaTh BOJIOKHA C MPSIMON W MHBEPCHOM TOJISIPHOCTBIO TIPOHU3BIBAIOILIETO
WX MarHATHOTO IT0JIs (IT0 OTHOIIECHUIO K OpMEHTauMu (POTOCHEPHOTO II0JIS).

Hauunag ¢ 50-x rogoB mpolUIOro Beka, AeJaloTCsl MOMBITKU MOCTPOEHUS
MaTeMaTMJecKrX Mojiesieil poTyoepaHieB. OqHaKO KaKon-TMO0 MPU3HAHHON MOIEU
JI0 CHX MOpP He cylliecTByeT. MHOro paboT MocBsIleHO MeXaHU3My O00pa3oBaHUs
COJTHEYHBIX BOJIOKOH, aKTMBHO M3YyYaloTcsl KojiebaTebHble MTPOLECChl B HUX, HO
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MpU 3TOM 3ajJaya ONMUCAHUSI PAaBHOBECHUSI CIIOKOMHOIO AOJTOXKBYLIErO BOJIOKHA
3a4acTyio Nnpocto He ctaButcd. OOcyxaaeTcs JUlllb MarHUTHasE KOHMUIrypaius
(TIPYBOIUTCS PUCYHOK MAarHUTHBIX CHUJIOBBIX JIMHUIA), KOTOpasl, IO MHEHUIO aBTOPOB,
JIOJDKHA OOECIIeYUTh PaBHOBECHE, HO COOTBETCTBYIOIIUX PACYeTOB PAaBHOBECHBIX
3HAYCHWI TeMIIepaTypsl M IUIOTHOCTA He TPWUBOAUTCSA. MeXmy TeM, TOJIBKO
JIOCTAaTOYHOE COOTBETCTBME 3THUX XapaKTepUCTUK (HU3Kas T 1 BbICOKasl p) HabOJO-
JaTeJbHBIM JaHHBIM MOXET JaTh OCHOBaHWE MPUYUCIISITh OOCYXKIaeMYI0 CTPYKTYPY
K KJIaCCy COJTHEUHBIX MTPOTyOepaHIICB.

Kak mpuMep COBpeMEeHHBIX TEOPETUIECKUX MOAEIE CITIOKOMHBIX COMHEYHBIX
BOJIOKOH, MOXHO mpuBecTtu pabotwl [1,2]. B [1] paccumThiBaeTCsl MONMMTPOITHAS
MOjieJib TIJIOTHOTO BOJIOKHA, HO pacueThl TEeMIIepaTypbl OTCYTCTBYIOT, IO3ITOMY
HETMOHSTHO, SBJISIETCS JIM MTOCTPOEHHas KOHbUTypauus npotyodepaHiieM. B pabore
[2] mpoTyGepaHell yrnoaobseTcss MaTeMaTUuyeCKOMy MasTHMKY, U Bcs mpobsiema
pPaBHOBECUS CBEACHA K PABEHCTBY B OJHOM TOJIbKO TOYKE BEJIMYMHBI CUJIbI TSKECTU
M MarHUTHOTO HATSKEHUS CWJIOBBIX JIMHUMA, UMEIOIIUX B 9TOM MECTe HEKOTOPbIi
nporu0. ITpuBeaeHHbIE MPUMEPHI TTOKA3bIBAIOT, YTO MPO0IeMa PAaBHOBECHS COTHEYHbBIX
BOJIOKOH M Ha CErofHsI OCTaeTCsl BeChbMa aKTyaJlbHOMA.

2. Mooeauposanus npomybepaHueé npu HAAIUYUU 6 CUCHeEMe
MPAHCAAYUOHHOU CUMMEMPUU: YPABHEHUs U NOCMAHOBKA 3adauu.
CotHeuHBIE BOJIOKHA MMEIOT OOBIMHO JJINMHY, 3BHAYUTCIBbHO IMPEBOCXOIAIYIO paanycC
WX CECUEHWUSI, TIOITOMY TTPEIACTABIISIETCS BITOJIHE OIMPABIAHHBIM TPY UX TEOPETUYECKOM
OIMMCaHUMN BBOOUTD ITPEATTOTIOKECHHNE O TpaHCMHHOHHOfI CMMMCTpPHH, T.€C. I1OJIAraTb,
YTO ImapaMeTpbl JJIMHHOTIO BOJIOKHa BAOJIb €0 OCHM MCHAIOTCA HEC3HAUYUTCJIBbHO. B
JaHHOM CJ1ydac MCITIOJIL3YCTCA ACKAapTOBa CUCTEMA KOOPOUHAT, C OChIO Z , HaHpaBHC}H{Oﬁ
BECPTUKAJILHO BBE€PX, OCBIO X - IOIECPEK BOJIOKHA, MU OCbIO Yy - BIOJIb €0 OCH.
3aBUCHMOCTB JIIOOBIX MapaMETPOB BOJIOKHA OT ) OTCYTCTBYeT (5/0y =0 ). Cuctema
ypaBHeHI/Iﬁ MarHUTHOM TUAPOCTAaTUKU B TPAOIULIMOHHBIX 0003HaUEeHUIX UMEET BUAO:

1
VP=—I|rotBxB|-pge_,
S otBxB]-pge. ()
divB=0, (2)
nP
T (x, z)=——. 3
Rp )
3nech B - HanpskeHHOCTh MAarHUTHOTO T0JIs1, P - JaBjieHue raza, p - yaeJbHas
IUIOTHOCTh, T - TemIieparypa, [ - CpedHsI1 MoOJsIpHas macca rasa, ® -

YHUBepcalbHasl Ta30Basl IMOCTOSIHHAS, g - YCKOPEHWE CBOOOMHOTO IMafeHUs Ha
nosepxHoctu CosHua, g=2.74-10*cm/c’. TIpu HalMYMU TPaHCIALMOHHOM
CHUMMETPHUH, YCIOBHUS paBHOBECHUST IIPUHUMAIOT BUA [3]:

_l dB)% (A) _4n dP(A, z)
2 dA dA

AA=

; (4)
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1 0P(z, 4)
A z)=———""7T"2,
pld.z)=—— =77 )
B ypaBHeHusx (4), (5) BBeneHa A(x, z) - (byHKIMS MarHUTHOTO TTOTOKa, KOTOpast

- BC€pTUKaAJIbHasA COCTaB-

ornpezessieTcss UHTerpajioM A(x,z)z'[;BZ(x’,z)dx', B,
JIIOI1IAs] HAMTPSDKEHHOCT MarHUTHOTO TOJIsl. YpaBHEeHUE (3) - COCTOSIHUE UIEAIbHOTO
rasa, ypaBHeHue (4) orpeleisiecT paBHOBECHE BOJIOKHA, a YpaBHEHME (5) ONMUCHIBACT
TMIPOCTAaTUUYECKOE pacIpeaesieHre TUIOTHOCTU BAOJIb MAarHUTHBIX CHJIOBBIX JIUHUIA.

KommnoneHtel o B, M B_, BbIPAXaloTCd NPOU3BOAHBIMU OT (PYHKLMUU

noroka A:
- ©)
YTO TapaHTUpPYeET BbiMojHeHUe ycaoBust divB =0 . I[IpomonbHbIil KOMITOHEHT TOJIS
By, BBUY TPAHCASLUMOHHOW CUMMETPUM, HE 3aBUCUT SIBHO OT KOOpAMUHAT (X, Z)
Y OMPENENSIeTCST TOMBKO 3HaYCHUEM (YHKIIMU MarHUTHOTO MOTOKa: B, =B, (A)

Cucrema (1)-(3) Henoomnpeae/ieHa: B Heil OTCYTCTBYET ypaBHEHME TIepeHOCa SHEPIUH,
KoTopoe B xpoMoc(epe n kopoHe CoyiHIIa UMEET OYeHb CIOXHbINA BUA. [lo aToit
MpUYKMHE MPUXOIUTCS 3a7aBaTh HEKOTOPbIE JOMOJHUTEIbHbBIE YCJIOBUS. B KauecTse
TAKOBBIX Mbl OYJIEM CUMTATh U3BECTHOM (33AaHHOI) MarHUTHYIO CTPYKTYPY BOJIOKHA.

Takum ob6pa3oM, uIes TOCTPOSHUs MOJeieil paBHOBECHBIX COJIHEYHBIX
npoTydepaHiieB 3aKJIIOYaeTCsl B CAEIYIOLIEeM: 3aJ1aB pa3yMHYIO (C TOYKU 3peHUst
Ha0I10MaTeIbHBIX TAHHBIX) MAarHUTHYIO CTPYKTYPY BOJIOKHA, T.€. cuuTasi QyHKIUU
A(x, z) u B, (A) MU3BECTHBIMU, TPEOYeTCsl HAWTU pacnpeaesieHre ra30BOr0 JaBICHUS
B CUCTeMe MyTeM UHTErpUpPOBaHUS YpaBHEHUS paBHOBecUs (4), 3aTeM paccuuTaTh
pacripenesieHre MJIOTHOCTY 1O ypaBHEHUIO (5) W, HAaKOHELl, BBIYMCIUTh TeMIIEpa-
TypHBII NTpoWib MO ypaBHEHUIO COCTOSIHMS UAeabHOTO Tasa (3). BnepBbie 3TOT
MeToz, OBIJT peajan30BaH B [4] o1 onmucaHUS apKagHON Moaein nmpoTyoepaHna. B
TTOC/IEAYIOIIeM OH OBUT pa3BUT B paboTax [5,6]. B [6] ObUTO paccMOTpeHO BOJOKHO
C BUHTOBOM CTPYKTYpOW MarHUTHOTO MoJisd, B [5] Moka3aHo, KaK MOXHO MOJe-
JIMPOBaTh MPOTyOepaHIIbl MIPSIMOM M OOpPaTHOM TMOJSIPHOCTH.

[TpuHATH caeaylole rpaHUYHbIC YCIOBUS B 3aa4e€ MOJEIUPOBAHMS:

1. BoJlOKHO, B COOTBETCTBMU C JaHHBIMU HAOJIONEHW, paccMaTpuBaeTCs Kak
yeIAMHEHHasi MarHUTHas1 CTPYKTypa, T.€. TPUHUMAETCS, YTO MAarHUTHOE MOoJjie BOJOKHA
JIOCTATOYHO OBICTPO YOBIBAET C PACCTOSIHMEM OT €ro OCH.

2. VI3 HabmogaTeIbHbIX JaHHBIX U3BECTHO, YTO CIIOKOWHBIE MPOTYyOEepaHIIbl,
Kak MpaBuJjio, pacrojararotcsl Haj ¢oTocepHoOi TMHUeN pa3aena MnojsipHocTu. B
HalllMX MOJEJSIX 3TO YCJIOBHUE BBIMOTHSIETCS 3a CUET COOTBETCTBYIOIETO BbIOOpa
MAarHUTHOM CTPYKTYphI BOJIOKHA.

3aMeTUM TakXKe, YTO B CYILIECTBYIOIIMX MOJENSIX IPOTyOepaHLeB OObIMHO B
KayecTBe BHEIIHEH Cpeibl pacCMaTpUBAETCSl BAKYyMHas1 00JacTh ¢ MOTEHUMATbHBIM

B

Korolkova.pmd 311 4/10/2020, 3:16 PM



Korolkova.pmd

312 O0.A.KOPOJIbKOBA, A.A.COJIOBLEB

MarHMTHbIM TojieM. B HallMx Mozessix BHELIHSIS cpena MpeacTaBieHa Kak peaabHast
COJTHEYHass KOPOHA, MMeEIOIasT OTpeae/IeHHYIO IIOTHOCTD TUIa3MBbl U JaBieHre. OHa
OIMCBIBAETCSI COBPEMEHHON MMAPOCTaTUUECKON MOMEIbIO COJTHEUHOI atMocdepsl [7].
B sT0it MOmenmm TeMITepaTypa Tuta3Mbl Ha YpoBHe ¢otocdepsl paBHa 6583 K (ypoBeHB
C TEMIIEPATYpOii, KOTOPYIO OOBIYHO MPUHSTO CUMTaTh (poTOChEpHON, pacrosiaraercs
Ha 50 KM BBIllle), KOHLIEHTPALMS YACTHI] COCTAaBIsIeT okono 2-10'7 em™.

[IponosbHast COCTABISIOLIAs MATHUTHOTO MOJISt B, co3naroliast BMECTe ¢ IBYMS
IPYTMMU KOMIIOHEHTaMW BHUHTOBYIO CTPYKTYPY MATHUTHBIX CWJIOBBIX JIMHMH,
3aBUCHUT, KaK ye OTMeUaioch, BCJIEACTBUE TPAHCISILIMOHHON CUMMETPUM CHCTEMBI,
TOJILKO OT (PYHKIMM MarHUTHOTO IMOTOKa A, ¥ 3aBUCMMOCTb 3Ty MOXHO 3a1aTh
MpOU3BOJILHO. ECm mpuHSTS:

B}y— B} (4)=(ad), (7)

rne B,, - MakCHMaJlbHOE 3HAYCHUE MPOIOIBHOTO MOJIsi HA OCH MPOTYbepaHIa,
a o - HEKOTOpbIi KO3((UILMEHT, UMEIOLINNA pa3MEPHOCTb OOpPaTHOU JJIUHBI
(HMKe TpM pacyeTax mpuHUManock o =0.3 Mm'), To mose B, (A) OKa3bIBaeTCs
MUHUMAJIBHBIM Ha OCH XTyTa M MaKCHMaJbHbIM BHE. DTO O3HAYaeT, YTO BOJOKHO
MOTPY>XEHO B HEKOTOPBI MarHUTHBIN Xej00, 00ecrieunBaloIUi TOTIOTHUTEILHOE
yaepXaHue MUIOTHOM MIa3Mbl MPOTyOepaHlla B MATHUTHOM TI0JI€.

B otmuue ot u3BectHoro ypaBHeHus ['paga-Illadpanosa [8], onuceiBaoOIIEro
paBHOBECHUE pa3peKeHHOU ropsiueil Maa3Mbl, KOTOpas co3daeTcd s 3aIlycka
YIIPaBISIEMOI TEPMOSIACPHOMN PEAKIIMU Y OTAEISIETCS OT XECTKOTO METAJNTMYECKOTO
KOXyXa BaKyyMHO#1 00J1acTblo, B ypaBHeHUU (4), Oaarogapst y4eTy CUJIbI TSXKECTH,
ra3oBo€ JIaBJIEHUE 3aBUCUT HE TOJbKO OT (DYHKIMU A, HO U OT BEPTUKAILHOU
KOOpAWHATHI Z : P(A, z). BcienctBue aT0oro BO3HMKAET BO3MOXKHOCTb ITPOMHTET-
pYpOBaTh ypaBHeHUE paBHOBecHs (4) MO OJHON M3 IBYX MEPEMEHHBIX A, OCTaBIsIs
3HaYeHUE APYroi MepeMeHHOU z (PUKCHUPOBAHHBIM:

JBomB 1
8n 47
3nech Pex(z) - Ta30BOE€ JAaBJIEHWE BHEUIHEN CPEbl, 3a4aBacMO€, KaK YKa3aHO
Bhblllie, Moaeblo [7]. Hamo yuyects, uto B (8) moaHblil nuddepeHnan notoka

A

P(4,z)=P,(z) j AAdA . (8)
0

04
nmeer g dA(x, z)za—dx, ITOCKOJIbKY TIepeMeHHasl z (UKCcHUpyeTcs. 3amada
X

MHTCTPUPOBAHUA B (8) SHAaYUTCJIbHO YIpoacTcda, €CJIN B Q)YHKHHI/I TTIOTOKa
nepemeHHble pasgeteHsl: A(x,z)= X(x)Z(z). B sToM ciyuae MHTerpam aer:
A A2 2

0" XoX o0°Z

2 j ——dX + Z—

0 0x o0x 0z

B Z[aHHOﬁ CTPYKTYPC B BUIC:

10X
IX de , 1 MbI IIOJIy4acM pacCIIpCacJICHUC JaBJICHUA
0

312 4/10/2020, 3:16 PM



TOHKASA BOJIOKHUCTASA CTPYKTYPA MMPOTYBEPAHLA 313

2 p2 2 2
P(A,z):Pex(z)JrM—i (GAJ 424

8n 8|l ox oz | ©)
B kayecTBe KOHCTaHTHI MHTEIPUPOBaHUS 3[eCh OepeTcsl 3HaueHUe NaBJIEHUS B
yIAJIEHHOW TOYKE BHELIHEH cpeabl P, (z) ITocne BerunciaeHus mmpaBoit yactu (9)
ee HeoOXOAMMO MPUBECTU K TMEePEeMEHHbIM A U z IJIs pacueTa IJIOTHOCTH IO
dopmyne (5) myrem auddepeHIUPOBaHUS TI0 z TIpU (puKcupoBaHHOM A. Jlanee,
3Hasl JaBJI€HUE U TJIOTHOCTh, paCCUMThIBAEM TeMIlepaTypy M3 ypaBHeHUS (3).

3. Modeav npomybepanua c¢ MOHKOU CMPYKMYPOU MACHUMHO20
noaa. Kak m3BecTHO, IS MPOTYOEepaHIIeB XapaKTepHa TOHKas BOJOKHUCTAs
crpykrypa. [ToaToMy, Hapsity ¢ MoIeaMpPOBaHUEM OOLLIETO CTPOSHUS Tejla BOJIOKHA,
BO3HUKAET MpobjieMa OIMMCAHUS 3TOM TOHKOU CTPYKTYPhI, KOTOpasi B HallleM
cJIydae pelaeTcsi OTHOCUTEIBLHO MPOCTO.

Panee B [9] HaMu yxXe ObLI NpesIoKeH psil MoAeJel, YUUTHIBAIOLINX TOHKYIO
CTPYKTYpPY COJTHEUHBIX BOJIOKOH KAK B BBICOTHOM, TaK U B IONEPSYHOM HAIpPaB-
neansix. Ho B ykazaHHOIT paboTe He MCITOIb30BaJIOCh YCIOBUE pa3meIcHUs Tepe-
MEHHBIX B (DYHKIUM TMOTOKA, YTO 3HAUUTEJIbHO YCIOXHSJIO WHTETPUPOBAHUE U
MPUBOJUIIO K OTHOCUTEIBLHO CJIIOXHBIM, B TOM YHCJIE YMCIEHHBIM, pacyeTaM.

B nanHoii paboTte Mbl 3a0a1UM (PYHKIIUIO TTOTOKA C Pa3ACICHHBIMU MTEPEMEHHBIMU
TaK, YTO OHA OyIET OMUCHIBATH PABHOBECHYIO MArHUTOIUIA3MEHHYIO KOH(MUTYpaInIo
B (popMe CKPYYEHHOIO0 MATrHUTHOTO 3KTYTa, COCTOSILIETO M3 PSAAa IPOIOJbHBIX
BOJIOKOHETI;

A(x, z)= ByLexp (— kix*—k2z* )[1 +0.3cos(ax)]sin(bz+ ¢). (10)

3nech B, - eIMHMLA U3MEPEHMSI MATHUTHOTO MOJIsA; YPOBEHD (HOTOCHEPHI, OT
KOTOPOI'O OTCUMTHLIBAIOTCS BBICOTHI, UMEET HYJIEBYIO BHICOTY: z = 0 ; KO3 GULIMEHThI
a v b - mapaMmeTpsl, ONMpPENENSIOINe TOHKYIO CTPYKTYPY, k., k, - XapaKTepHBIA
0o0paTHBIM MacIITab JUIMHBI B COOTBETCTBYIOIIEM HAMpaBACHUM, @ - TTPOU3BOJIbHAS
HadanbHas1 daza. YucneHHbI napameTp L BBeAeH ISl COXPAaHEHUST Pa3MEPHOCTH,
npu pacuerax NMpuHUMaeM ero paBHbiM 1 MM. B dopmyne (10) skcnoHeHTa
OIMCHIBAET OCHOBHOE TEJIO0 BOJIOKHA, a TOOABKY 1O X U Z , B BUJE FAPMOHUYECKUX
cllaraeMbIX, 00€CIIeUMBaOT TOHKYIO BHYTPEHHIOIO CTPYKTYPY MAarHUTHOTO IOJIS.

Ha puc.1 npencrapieH TpeXMepHBIA BUI MATHUTHOM KOH(UTYpAINH, 3aIaBacMOM
ypaBHeHUueM A=const, tae A onuceiBaeTcst popmyioii (10). Booab ocu y BOIOKHO
OECKOHEUHO IJIMHHOE, a B BEPTUKAJbHOM HAIIpaBIeHUM OHO pacliajaercsl Ha
HECKOJIbKO MAaTHUTHBIX CJIOEB, KaXIBI M3 KOTOPBIX TOPPUPOBAH B TTOIIEPECTHOM
HampaBjieHuU. BepTukaabHoe moJie moj BOJOKHOM Ha (hoTocepe MEHsIeT 3HaK,
T.€. BOJJOKHO pacroJiaraeTcsl Hajl JMHUEH pasjesa MOJSIpHOCTEiA.

Ha puc.2, 3 nokasaHbl TepMOIMHAMIYECKHE TTapaMETPhI TIa3Mbl (KOHLICHTpAIIs
U TeMIlepaTypa) paccMaTpuBaeMoro pacmnpeaeneHusi. [Iuku Ha puc.2 o3HayaroT
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HaJIMYME CWIbHOMH KOHILIEHTPAIlMU IJIa3Mbl HA OCH OTAEAbHBIX BOJOKOHel. B
TeMIepaTypHOM TIpoduIie TOHKAs CTPYKTYpa BOJIOKHA TakKe BhIpasKeHa JOCTATOYHO

z [Mm]

0

10 0 0 o °
x [Mm] ‘!\N\M\

Puc.1. TpexMepHbIii BUI MarHUTHBIX CHJIOBBIX ITOBEPXHOCTEH, 3aaBacMbIX ypaBHEHMEM A = const,
rne A omuceiBaercsa dopmynoit (10). Bce mmmHbl msmepsiiorcss B MM. [lpu pacuetax TpuHSTO:
B,=34Tc, k. =1/8Mm", k. =1/9Mm", a=1Mu", b=2Mu", ¢=3.

OTYeT/IMBO. B HanboJiee XOJIOMHbIX YacTSIX BOJIOKHA TeMIlepaTypa JOCTUMTaeT 3HaYeHUI
4500 - 5000 K, cOOTBETCTBYIOIIME UM KOHLIEHTPALIMKA COCTABJISIIOT HECKOJIBKO €IMHMIL
Ha 10" cM™. MarHutHoe rose B Tejle BOJIOKHA Ha CPEJHUX BBICOTAX COCTABIISET
HECKOJIbKO Taycc. YKa3aHHbIe 3HAUCHMSI TTapaMeTPOB BOJIOKHA BIOJIHE COOTBETCTBYIOT

2)(1011 —]

— 1.5x10"
s
3}
~N

hah 1x10""
c

5% 100~

0_

Puc.2. KoHlleHTpalysi yacTull B BOJIOKHe. BepTukanbHasi oCh HaeT YMCJICHHBIE 3HAYCHUS
KOHUEHTpalMU Ha KyOudyeckuid cM. ['paaMeHTOM LiBeTa MoKa3aHbl 3TU 3HAUYEHUsI OT HAaMMEHBIIMX
(TeMHBII1) 10 HauOONBLIMX (CBETJIBIA) BEJIMYMH.
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Puc.3. TemnepatypHblii npodwuib Mar-
HUTHOU KoHpurypaunu (9): a) B TUIOCKOCTH
Xx—z ; b) B momepeyHOM HaIIpaBJICHUM; C)
B BEPTUKAJIbHOM HampaBJICHUMU.

T [kK]

z [Mm]

TOMY, YTO HaOIIOZAeTCsI B peaJlbHBIX MPOTyOepaHIiax.

4. 3axarouernue. IpencrapieHa HOBasi MOIENb CITOKOHOTO MPOTyOepaHia,
00JTafaIoIero TOHKOM CTPYKTYPOil KaAK MAaTHUTHOTO TOJISI, TaK M pacrpeaesieHui
TEPMOAMHAMUYECKUX XapaKTepPUCTUK. B MaHHOI MOAEeNIM MarHUTHOE IoJie Ha
ypoBHe (potocdepnl coctaBiseT okono 10Tc. ['eoMerprueckue pasmepsl ¥ (PU3NUYECKUE
MapaMeTphbl OTAEIbHBIX BOJIOKOHELL (TEMIIepaTypa caMbIX XOJOIHBIX YIaCTKOB OKOJIO
5000 K, HauGosblas KOHLEHTpalus yacTull - 3-10'" cM™) Xxopolo cooTBeTCTBYIOT
HaOTIOMaTeIbHBIM TAHHBIM.

XapakTepHOU 0COOEHHOCTBIO MPEICTABICHHOM MOIEH SIBISETCS TO, YTO BEPTH-
KaJbHblEe KOOPAWHATHI TEMIIEPATYPHBIX MUHUMYMOB U MaKCUMAaJIbHBIX CIYILIEHUI
IUIOTHOCTH TIIa3Mbl He COBITANAIOT (TOYKM ¢ MAKCMMAJIBHOM TUTOTHOCTBIO pacriojia-
raroTcs BhIle 1Mo BeicoTe Ha 0.5 -1 MM, yeM TemIiepaTypHble MUHUMYMBI). BbUTO
OBl MHTEPECHO B OYAYIIEM MMPOBEPUTH 3TO CBOMCTBO TEOPETUYECKON MOIEIN Ha
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COOTBCTCTBYIOLICM HabJ0aaTeIbHOM Mmarepualjic.

ABTOpPBI IIPU3HATEJIEHBI AHOHMMHOMY PELICH3EHTY 3a IT0JIe3HbIe KPUTUYECKUE
3ameyanus. Pabora nmogmepxana rpaHntom PODU 18-02-00168.

®I'BYH 'TnaBHas (ITynkoBckast) acTpoHomMuyeckasi obcepBatopust PAH",
Poccus, e-mail: korolkovaoa@gmail.com

FINE FILAMENT STRUCTURE OF
QUIESCENT PROMINENCE

O.A.KOROLKOVA, A A.SOLOV'EV

A theoretical model of an isolated solar prominence with cold and dense plasma
is presented. Thermodynamic parameters (gas pressure, density and temperature) are
calculated according to a given structure of the magnetic field. The filament is located
above the photospheric line of polarity inversion, the magnetic field of the filament
decreases rapidly with distance from the axis, therefore the net electrical current
along the filament is zero. The prominence has the helical structure of magnetic
field divided into many fine filaments. The plasma density and temperature derived
from the equilibrium condition of the given magnetic field correspond well to the
known observational data.

Keywords: Sun: prominence: filaments
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UCCJIEJOBAHUE NMEPUOANYHOCTEM
INOOEPEHIMAJIBHOI'O BPAILLIEHUA COJIHLUA

I JKATTAPUASE"?, T AVMBAJSE!, I. PAMUILIBUIIN ',
B.YAPTEMIIBUIIN!

[Mocrynuna 17 cenrsops 2019
[Mpunsita x neuaru 11 mapra 2020

J1ns1 M3ydeHusT XapaKTepHBIX TepruonoB arddepeHimanbHoro BpaieHuss ConHia ObUIM UCTIONb-
30BaHbl JaHHBIE O COJHEYHBIX BOMOPOIHBIX BOJIOKHAX, MOJydyeHHble B AOACTyMaHCKOW acTpo-
¢usnueckoit odbcepBaTopuu IS LIMKIIOB COJTHEYHON akTUBHOCTU 19-22. Jlnsa ckopocteit puddepen-
LIMAJIBHOTO BpAlLEHUs] BOJOPOAHBIX BOJIOKOH M KX YMCJIa, KpoMe M3BecTHoro ll-nmeTtHero mepuona
COJIHEYHOW aKTMBHOCTH, BBISIBJICHA KBA3WABYXJICTHSSI MEPUOAMYHOCTb, a VISl YMCJA BOMOPOTHBIX
BOJIOKOH W KBa3UISATWIETHSISA TMEPUOAUYHOCTD.

KntoueBbie cioBa: Bodopoousie eonokua: Keazuoeyxaemuuii nepuoo: Keasu-

namunemuull nepuoo

1. Bsedenue. BzanMmoneiicTBie MEXIY COTHEYHBIM BpalleHNEM, KOHBEKIIMEH
¥ MAaTHUTHBIMU TIOJIIMU SIBJISIETCS IPUYMHOM COJTHEYHOM aKTUBHOCTH. [ToaTomy,
m3ydeHne arddepeHIaTpHOro BpaireHus CoTHIIA 1 eT0 TIepUOIMIHOCTEN SIBIISIETCST
Ba)KHOM 4acThblO coHeuHoi du3uku. HecMoTpst Ha nccnemoBanust aBTopos [1-14],
cojiHeuHoe nuddepeHIMaIbHOE BpallleHUe BCe €llie MOJIHOCThIO He U3YyUYeHO.

CoyHeYHass aKTMBHOCTh BJIMSET Ha MPOIECCHI, IMPOUCXOMAIINE Ha 3eMHOMU
MTOBEPXHOCTH. B 4acTHOCTM aKTUBHOCTH, MOMYJIMpYyeMast KBa3WIBYXJIETHEH OCITVIIISI-
LMe, BIMSET Ha 30HAJIBHYIO CPEIHIOI TEMIIEPATYPy Ha BBICOKMX IIMPOTax B
HIDKHEM cTpaTocdepe, Ha CpemHUX IMMPOTax B Tporocdepe M Ha JaBJIcHUE Ha
YpOBHE MOpST BOIM3W ToJocoB. TaknmM o6pa3om, 3HaHMe cocTostHUs CoJTHIA U
¢a3bl KBa3UIBYXJIETHUX OCLIWLISIIMIA MOTYT OBITh ITOJIE3HBIMUA B TIPOTHO3UPOBAHUU
kmMata Ha 3emute [15].

KBasnnByxileTHre KoJIeOaHUS - XOPOIINO M3BECTHBIC BapHWallMM COJTHEYHOM
AKTUBHOCTH, MEXITJIAHETHBIX IMapaMeTPOB, TEOMAarHUTHBIX BO3MYILEHUI 1 KOCMHK-
yeckux Jydeit. HambombImast oTpuiiateabHass KOPPESIUsS CYIIECTBYET MEXKIY
KBa3UIBYXJICTHUMHU [UKJIMYHOCTIMU KOCMUYECKUX JIy4deil 1 TeTmoc(epHOro MarHmT-
Horo mois [16].

2. Habawdameavnvie dannvie. Ina M3ydeHUs XapaKTEPHBLIX IIEPUOIOB
COoJTHEeYHOro auddepeHINaIbHOr0 BpallleHUsI, Mbl MCIIOJb30BaIM OITHOPOIHBIE
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JaHHbIE O COJIHEYHBIX BOJAOPOMHBIX BOJOKHAX, IMOJYYEHHbIE C TMOMOIIbIO
xpomocdepHoro Teneckona AFR-2 B AbactymaHckoit AcTpoduznyeckoit obcep-
Baropuu 3a 1957-1993rr. (1151 LUMKIOB COJMHEYHOU akTUBHOCTU 19-22). U3 Bcex
BOJOPOMHBIX BOJIOKOH, HAOIIOAABIIMXCS 32 3TOT MEPUO, Mbl BIOpAIM OTHOCUTEIHHO
CTaOWJIbHBIE BOJIOKHA, OTAEbHbIE (PparMEeHTbl KOTOPBIX MOXHO ObLIIO MIEHTU(ULIN-
poBaTh B TEUCHNE BCETO BpeMeHU HabmromeHusI. BEIOpaHHBIE BOOOPOIHEIE BOJIOKHA
He ObUIM CBSI3aHbI C aKTMBHBIMU OOjacTssMu. BogopoaHble BOJOKHA, KOTOpbIE
CYILIECTBOBAJIM MEHEE TPEX CYTOK, CYMTAINCH HECTAOMILHBIMU M OTCEUBAJIMCH.

Bbut1 M3MepeHb! YIIOBBIE CKOPOCTU 716 BOOOPOMHBIX BOJOKOH M MX OTAEIBHBIX
dparmeHTOB TIpUOIM3UTEILHO B 14000 TOUKaX ¢ 5°-HBIMU IIMPOTHBIMU MHTEPBAJIaMU
B nuaras3oHe mupot 35° N - 35° S u 10o/arothl B npegesiax £60° oT LieHTPaJIbHOIO
MepHuaraHa. 3a STUMU Tpene/iaMid N3MepeHIsT He TTPOBOIMINCH, TaK KaK BO3HUKAIN
TPYAHOCTH M3-3a HEOMPEAEJICHHOCTH, BO3HUKAIOLIEH BOJIM3U Kpasi COJTHEYHOTO
nucka. CKOpoCTH BpallleHUsT ObLIM BBIUMCIEHBI U KaXKIOW Taphl TTOCIETYIOIINX
JHEN B TEUCHME BCE XM3HM IJISI KaXXIOro BOJOPOTHOIO BoJIOKHA [17].

3. @ypve-anasuz HabawdameabHblX OaHHbIX. JIns KMCCAeI0BaAHUS
nepuoauyHocTeil muddepeHiManTbHoro BpaiieHus CoHIa ¢ TTOMOLIBIO BOIOPOIHBIX
BOJIOKOH ObLT Ucnojib3oBaH Dypbe-aHanu3s [18]. [Tpu npumeneHun @ypbe-aHanuza,
HeIOCTaIOIIMeCs JaHHbIC ObITN 3aITOIHEHBl YCPEAHEHHBIMM 33 BeCh Iepro HabJro-
0.2

6 =20

o

MouHocTb

15
MNepuon (ropbi) MNepuon (ropbi)

0=0"° 103 0.5 g=—5° | 0.5 6=-20° 0.2 6=-25°

00.01

MouwHocT
MouwHocTb

5 10 15 5 10 15 5 10 15 5 10 15
Mepuvog (roapi) Mepuvog (roapi)

Puc.1. Pesynbratel @ypbe-aHanusa Uit ckopocTeii nubdepeHIInaTbHOTO BpallleH!sT BOTOPOIHBIX
BOJIOKOH.
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JIEHUI 3HAYeHUSIMU. BbIIM BBIYMCACHBI MEPUOAMYHOCTH KaK JJIs1 cKopocTeit audde-
PEHLIMAJIbHOTO BpallleHWs BOAOPOIHBIX BOJOKOH, TaK W JJIs1 UX KOJWYECTBA Ha
pa3HbIX reauorpacdudeckux muporax CoiHIa.

Pesynbratel, TmoydeHHBIe ¢ ToMmolnblo Dyphe-aHaan3a, MpeACcTaBICHbI Ha
puc.l U 2, rme Ha TOPU3OHTAJIbHOW OCUM HaHECEeHbl Mepuoabl (B romax), Ha
BEPTUKATBHON - MOILIHOCTb, & 0 - rejvorpaduyeckas mwvpora. JoBepuTeabHbIA
nHTepBas 95% ObLT paccunTad (ITYHKTUPHAS TOPU30HTAIbHAS JIMHUSI HA PUCYHKAX)
no ¢opmyie:

mean+t,. SE ,

rae . - KpUTUYECKas BEIMYMHA (B HALIEM CIy4ae f . COOTBETCTBYET 30 ); SE
- CTaHJapTHasl OLMOKA MPOTHO3a; mean - CpeHee 3HaUEHUE YIJIOBBIX CKOPOCTEH
BOJOPOJIHBIX BOJIOKOH M UX OTHEJIbHBIX (DPAarMEHTOB, & G - CPEeIHSST KBaIpaTUIHAs
olnbKa obpabaTbiBaeéMbIX JaHHBIX Ha 3adaHHOM 1mupoTe CojHIIA.

Kak BugHo u3 puc.l, mis ckopocteil nuddepeHINnaJIbHOIO BpallleH!sT BOTOPO/I-
HBIX BOJIOKOH, KpOM€ M3BECTHOTO |1-J€THEr0 nmepruoaa COMHEYHOH aKTUBHOCTU (B
nuanazoHe 10.3 roma), BbisIBlA€HA KBa3UABYXJIETHSIS TIEPUOAUIHOCTD (B AMaIra3oHe
ot 2.21 1o 3.44 meT) Ha BcexX TeamorpapuIecKuxX IMMPOTax, KpoMme 35° 105KHOTO
u 5° u 25° cesepHoro mnomyimapuit CojHia.

crit

x10° _ x10¢ x10* _ x10*

° ° N 10 Ao o
10=0 5.0=5" 103 10=20" 03 | 5/ 0=25
2.82 [ ]

4,

10

43

3 b
o-n pgfdR2

MowHocTb
MouwHocTb

5 10 15 5 10 15 5 10 15 5 10 15
Mepuoa (roabi) Mepuon (roabi)

MouwHocTb
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Puc.2. Pesynbratsl ®Dypbe-aHanmsa Ui 4YMcia BOAOPOAHBIX BOJIOKOH.
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Kaxk BumHO u3 puc.2, Wi 4YKuclia BOAOPOAHBIX BOJOKOH, KPOME M3BECTHOTO
11-neTHero nepuoja COJTHEUHOU akTMBHOCTH (B Auana3oHe 10.3 rona), BbISIBJIEHbI
KBa3MABYXJIECTHSIS TIEPUOAUYHOCTG (B auana3oHe ot 2.21 mo 3.44 jer) mis mmpoT
5°-10° m 35° roxHOTO M Mg Beex mmpot 0°-35° ceBepHoro monymmapuii CoHIla
Y KBa3UIISATWICTHSSI IEPUOIUYHOCTD (B AMana3oHe ot 5.17 mo 6.2 yieT) Wi IupoT
0°-10° m 35° mug 10XXHOTO M ceBepHoro mnojymapuii CosHIa.

4. Ob6cyncoenue u 3axaioverue. TIpuMeHUB BeilBIET-IPpeOOpa3OBaHKE
JaHHBIX CYTOYHOTro paguornoToka Ha 10.7 cM, oxBaThIBatolero mnepuos ¢ 1947 no
2014rT., MOJy4eHo cyllecTBOBaHUe TepruoaoB okoio 2.1, 3.0, 4.5, 6.6, 8.6 u 10.3
rojia BO BPAIlEHUM KOPOHBI. YCTaHOBJIEHO, YTO MEPHUOILI BPALLEHUS M3MEHSIOTCS
B 3aBUCHMOCTH OT (pa3bl COJTHEUHOTO LIMKJIA M OHU OTHOCHTENBHO IJTMHHEE BO
BpeMsi MUHUMYMa COJIHEUHOro Lukia [19].

IIpyMeHNB OOHOPOIHBIE JAHHBIE COTHEYHBIX BOTOPOIHBIX BOJIOKOH, IS LIMKIIOB
COJIHEYHOI aKTMBHOCTU 19-22, Kak mj1s1 cKopocTeil nuddepeHIIMaibHOro BpalleHMsT
BOJOPOJHBIX BOJIOKOH, TaK M JUIS MX KOJWYECTBA HA Pa3HBIX reJInorpaudecKux
muporax CosiHila, HaMM TioaydeH nepuon 10.3 roga masg oboux moJiyliapui
Comanla. Kpome atoro, it ymcia BOZOPOMHBIX BOJOKOH OOHapy:KeHa KBa3W-
MATUJIETHSAS TepruoandHOCTh it mmpoT 0°-10° m 35° 10XKHOTrO M CeBepHOTro
noaywapuii ConHua.

[pyMeHUB METON CIIEKTPaJEHOTO aHaln3a, B HapaBIeHUN OCHU BpalllcHUS
3eMI OTHOCUTEJTBHO MaHTHH, ObIITM OOHApPYKEHBI IBe KOMITOHEHTHI C ITIepUogaMu
11 1 5.5 ner, HECOMHEHHO CBSI3aHHbIE C COJTHEUHOI aKTMBHOCTHIO. ABTOPBI 3TO
WHTEPIIPETUPYIOT KaK pe3yyIbTaT 0OMeHa KMHETHUYECKIM YITIOBEIM MOMEHTOM MEXKITY
aTMoc(epoil, Tae U3-3a COTHEYHON aKTMBHOCTH MOXET OBbITh CTEeHEPUPOBAH TOTOK,
n MaHtuei [20].

Hnsa ckopocrei auddepeHINaIbHOro BpallleHUsT BOOOPOAHBIX BOJOKOH U UX
KOJINYECTBAa Ha pa3HBIX reiamorpadguueckux mupotax CoJHIA TakKKe MOJydeHa
KBa3WABYXJICTHSISI TIEPHOTMIHOCTD. st ckopocTeil muddepeHIMaIbHOTO BpallleHHST
BOZOPOIHBIX BOJIOKOH Ha BCEX IMPOTaX, KpoMe 35° 1oxKHOro u 5° u 25° ceBepHOro
nosyinapuii CoHIIA M JJTS YMCiIa BOTOPOIHBIX BOJOKOH, s mmpot 5°-10° n 35°
JOXKHOTO M 111 Beex mmpoT 0°-35° ceBepHoro moaymapuii CoJtHIIA.

HMcnonb3yst 3ToT Xe HabmogaTenbHbIA MaTepuand 3a 1957-1993rr., BOIU3U
MOMEHTa MePENOMIOCOBKI 00ILEero MarHuTHOro 1ot CoHIIa paHee ObIIO OOHAPYKEHO
pacripocTpaHeHe KBa3UIBYXJIETHETO MMITYJIbCa OCTATOYHEIX CKOPOCTEH OT Oolee
BBICOKHX IIHUPOT K 3KBATOPY B 00OMX IMOJYILIAPUSIX TTOUTH OAHOBpeMeHHO [21-23].

Kpome 11-7eTHEro LuKiIa, MHOTMMUA aBTOPaMM TOJIydeH KBa3WIBYXJIETHUM
TIepHoJ BO MHOTMX MHAEKCAX KaK Ha COJIHEUHON IMOBEPXHOCTH M IO HEM, Tak
U B rennocdepe M 3eMHOM aTMocdepe. B coiaHeyHOM aKTUBHOCTM HamboJjee
OTUYETJIMBO BBIIEJISIETCST TIEPMOJ KBAa3UIBYXJIETHIX KOjIebaHWil B quarma3oHe ot 1.5
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no 3.5 mer [24-27].

st u3yyeHus1 NepuoAMYECKUX U3MEHEHUI KpyrmHoMaciuTabHoro nojist ConHua,
WCTIOJB3Y$ JaHHbIE COJTHEUHOTO MarHUTHOTO T10JIs1, KBa3UTIEPUOANUYECKHE KOIeOaHus
¢ nepuoaoM 1.3 roga 6buM 0OHapyxkeHbl Ha CosHile B TeueHre 8 LuKioB. Konebanust
¢ nepronoM 1.3 roga TeCHO CBs3aHbI C KBAa3WABYXJIETHUMU KOJieOaHUSIMU, HO MHOTIA
OHM TMpoucxoasaT B mpotuBodaze [28]. CurHaia ¢ KBa3MABYXJIETHUM IE€PUOIOM
Habmonancs B KojiebaHUsSIX TaxokjauHa [29-30].

CylllecTBOBaHME KBa3UABYXJIETHEM MEPUOAUYHOCTU ObLJIO OTMEYEHO KaK B
MOTOKE COJHEUYHbIX HEUTPUHO, TaK M B YMCJE COJHEUHBbIX TsaTeH [31].

KBazuaByxjieTHUE NEPUOAMYHOCTU OOHAPYKEHbBI B PA3IMYHBIX TeIMOCHEPHBIX
napameTpax, TaKUX KaK CKOPOCTb COJIHEYHOTO BETpa, MEXITJIAHETHOE MAarHUTHOE
oJie, KOCMAYECKHE JIyUM M T€OMarHMTHas aKTUBHOCTH [32], a Takke B OOlIeM
collepKaHMM 030Ha B 3eMHOI atmocdepe [33-34].

Hcnonb3ys moKasaTeNy COTHEYHOM aKTUBHOCTH, TaKKe KaK IUIOIIAIN COTHEUHbIX
ISITEH ¥ KOPOHAJIbHASI AMUCCUS 3eIeHOU TuHur B niepuon 1974-20011T., moydyeHo,
YTO KBA3UIBYXJIETHSISI TIEPUOAMYHOCTD SIBISIETCST (hyHIAMEHTATBHON MOJON COJTHEYHOM
akTuBHOCTU [27].

PaboTa Oblna moamepxxaHa HaiMoHanbHbIM HayyHbIM (oHaom um. Illota
PycraBenm rpantamu Ne DI-2016-52 m PhDF2016_177.

! AbactymaHcKasi actpodu3ryeckass o0cepBaTOpMSI,
e-mail: darejan.japaridze@iliauni.edu.ge
2 TocymapcTBeHHbI yHUBepcuteT uMm. Mnuu, I'pysust

STUDY OF THE PERIODICITY OF THE
DIFFERENTIAL ROTATION OF THE SUN

D.JAPARIDZE'"?, G.DUMBADZE', G.RAMISHVILI'?, B.CHARGEISHVILI'

The periodicity of the differential rotation of the Sun was studied using the
data of solar hydrogen filaments obtained at the Abastuman Astrophysical Observatory
for solar activity cycles 19-22. For hydrogen filaments rotation rates and their
number, in addition to the known 11-year period of solar activity, a quasi-biennial
periodicity was revealed, and for the number of hydrogen filaments, the quasi-
five-year periodicity found also.

Keywords: Hydrogen filaments: Quazi-biennial periodisity: Quazi-five-year periodisity
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OPAKTAJIBHAA PASMEPHOCTb KOCMMWYECKOI'O
MHUKPOBOJJIHOBOI'O ®OHA KAK TECT
JNAHHBIX KA "PLANCK"

I[T.A.TAPAKAHOB, M.I0.EXKOB, M.B.KOCTUHA

[Mocrtynuia 4 HosOps 2019
[Mpunsita x neuaru 11 mapra 2020

HccnenoBaHbl (hpakTaJbHbIe Pa3MEPHOCTH KapT KOCMUYECKOI0 MUKPOBOJIHOBOTO (hoHa (CMB)
U JAPYTMX WMCTOYHMKOB HM3JIyYe€HMsI, MOCTPOCHHBIX B paMkax Muccuu "Planck”. IlokazaHo, 4rto
BBIOOp MogeJsiell pacrpele/eHus] MCTOYHUKOB, MCITOJNIb3YeMbIX MpU 0OpabOTKe HaHHBIX, MOXET
CYIIECTBEHHO BIMSITh Ha (pakTajabHylo pa3MmepHocth CMB.

KotoueBble ciioBa: Kocmuueckoe MUKPOBOIHOB0e (hoHOB0e LaAYHeHUe: (PPaKMAAbHOCHb

1. Beedenue. I'maBHoOI 3amadeir kocmmuueckoro Teiaeckoma "Planck” (KA)
ObLIO M3yYyeHUE KOCMOJOTMYECKOro MMKPOBOJHOBOTO (PEIMKTOBOro) ¢oHa.
ITonyyeHHbIE UM JaHHBIE 00 aHU3O0TPOIMKU (POHA B HACTOSLIEE BpEMS SBISIOTCS
OIHUM M3 OCHOBHBIX MCTOYHWKOB UTSI TIOCTPOCHUST KOCMOJOTUUECKIX Moeeit
(cm., Hampumep, 0030p [1]). KA npousBen monHbIi 0030p Heba ¢ UCTIONIb30BAHUEM
IIBYX TIPYEMHUKOB, PaOOTaBIIMX B HECKOJIBKUX YaCTOTHBIX KaHaIaX: HU3KOYACTOTHBIM
npuemHuK (Low Frequency Instrument, LFT): 30, 44 u 70 I'T1, BbICOKOYaCTOTHBIM
npueMHuk (High Frequency Instrument, HFI): 100, 143, 217, 353, 545 u 857 1T
[2]. TTockoabKYy TTOMMMO PEJIMKTOBOrO (pOHA Ha TeX XK€ YacToTax Habjomaercs
W3Iy9eHWe W APYTUX MCTOYHWKOB, B YAaCTHOCTU, MOJICKYJISIPHON KOMITOHEHTBI
MEX3BE3IHOro rasa ['ajJlakTMKU, TMOJYYeHHbIE JAHHbIE B Mpoliecce MEePBUYHOM
00pabOTKM OBUIM "MOYUIIEHBI TAKUM 00pa3oM, YTOOBI YCTPAHUTDL U3 HUX U3TydeHUE
WCTOYHHUKOB, HE CBSI3AHHBIX C PETMKTOBBEIM (DOHOM.

Mertoa ycTpaHeHUsT MOOOYHBIX UCTOYHUKOB OCHOBBIBAJICSI HA TOM, UTO CIIEKTPhI
peIMKTOBOTO (poHA M MHBIX MCTOYHUKOB HE COBITANAIOT, YTO MPUHIIUITHATIBLHO
MTO3BOJISIET OTAEUTH PETUKTOBEIN (DOH Oe3 MPUBICYCHUST pe3yIbTaTOB IPYIUX
HaOMoAeHUH. AHATOTMYHBIN MOaXoA ObUT MCIIOIb30BaH MPU 00paboTKe pe3yJIbTaToB
KA WMAP [3]. PaznuuHbIMU rpylinaMu ObLIA peai30BaHbl YETHIPE HECKOJIBKO
pasnuuamlmMxcsd Meroga obpaboTtku (cM. paszaen 3), MpuyeM o0KazalloCh, 4TO
pa3MyHble METOAbl JAlOT OJM3KHME, HO BCE K€ HE MIECHTUYHBIC DPE3YyJIbTaThl.
Takum o6pa3om, B pe3yibrate HabmomeHuii "Planck” momydeHbI He TOJIBKO KapThl
penmKToBOTO (hOHA, HO M KapThl pacIipeleIeHUs APYTMX NCTOYHUKOB (HaIpUMep,
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pacnpenenenre Moiyiekysn CO B [anakTuke), KOTOpble MOXXHO CPAaBHUTh C TaHHBIMU,
NOTYyYCHHBIMU IPYTUMUA MCTOMaMM.

OmHoIf M3 BO3MOXHBIX METOOWK CpaBHEHUS MAHHBIX C YKe WMEIOIIUMMUCS
pe3y/ibTaTaMu MOXET CIYXKUTb MPOBeleHUEe aHaln3a UX (PPaKTaaIbHON CTPYKTYPHI.
B yactHOCTH, onpeneneHre (ppaKTaATLHON pa3sMEPHOCTU TeX WIM MHBIX KOMIIOHEHTOB
(bOHOBOTO M3ITyYEHUST MOKET TTO3BOJIUThH OIICHUTH KAYECTBO METOIA VX BBIICIICHUS.
B pa6ote [4] Obn mpoaHamm3upoBanbl maHnHele WMAP 1 "Planck” ipn momMoim
IMOCTPOEHUST M30TEPM, UTO JAJIO OLIEHKY Ha (PpaKTaJIbHYIO Pa3MEPHOCTh PEIMKTOBOTO
(¢oHa okojio 1.8. DT0 3HAYUEHUE CIUILKOM BEJIMKO JJII MEX3BE3IHON Cpeabl WIn
JUIS1 KpYITHOMACIITAaOHOTO pacripeliesieHusl BelecTBa (CM. [5]), U3 4ero MoxeT ObITh
clejaH OOVWH M3 TPeX BO3MOXHBIX BBIBOAOB: JIMOO 3TO peajibHAsl aHU3OTPOIUS
peIMKTOBOTO (DOHA HESICHOW TIPUPOMABI, THOO pe3yabTaT HEeKOPPEKTHOTO ydeTa
JIPYTrUX UCTOYHUKOB M3Jy4eHUsI, TUOO ClIeACTBME HEKOPPEKTHOCTU BHIOPAHHOIO
MeTo/1a 00pabOTKM JaHHBIX, KOTOPbIA HEOOXOAMMO YIydlInTh. ITpOSCHUTL CUTYaLIUIO
MOXHO, TIOITBITABIINCH aHAJIOTUIHBIM 06pa3oM 00paboTaTh He TOJNBKO (DUHAIBHBIC
JaHHble "Planck”, HO 1 mpoMeXyTOUYHBIE TaHHbIE, OMUCHIBAIOLLIME paclpeacIeHe
JIPYTMX UCTOYHUKOB u3nydyeHMs. OCHOBHOU 3agauyeil JaHHOU paboThl SIBISIETCS
ompeneneHre (PaKTaTbHON PasMEpHOCTH Pa3TMUHBIX KOMITOHEHTOB (DOHA TT0 TAaHHBIM
"Planck" u cpaBHeHUe pe3yJbTaTOB C paHee U3BECTHBIMU 3HAYECHUSIMMU.

2. Opakmanrvnas pa3mepHocms. PpakTajibHOE MHOXECTBO OBLIO
M3HAYATEHO OMpeesieHo MaTeMaTnKoM beHya MaHmers0poToM [6] Kak MHOXKECTBO,
pasMepHocTh Xaycmopda-besnkosiya (oHa ke "xaycmopdona” wim "dgpakraabHas”
Pa3MEpHOCTb) KOTOPOIO CTPOro OOJIbIIE TOMOJOTMYECKOM.

st ornpeneneHus xaycaopoBoii pa3MepHOCTH, BBEAEM CIICAYIOIME 0003HAUCHUSI.
PaccmoTrpum mHOXecTBO G B mpocTpaHcTBe R”. Ecim pa3outs R” Ha n-MepHEBIe
KyOBbI CO CTOPOHOM 7 1 0003HAUYUTh KOJIMYECTBO KYOOB, "MOKPHIBAIOIINX MHOXKECTBO
G, kak N(r), To (ppakTanbHask pa3MepPHOCTb [ TOJKHA YIOBIETBOPSITH CJSAYIOIEMY
YCIIOBHIO:

limN (r)r 0- d>D
rjrt =
r—0 0, d<D. (1)
Ilpu r~0 dopmyny (1) MoxkHO mpeoOpa3oBaTh B
In N(r)
D~ —2,
Inr )

Ecnu D - uenoe u paBHO 1, TO MHOXECTBO - He (ppakTajbHO, B OCTaJbHbBIX
cIyJasix 9To (ppakTaJbHOE MHOXKECTBO C (bpaKTaJbHOM pa3MepHOCThbIO D.

VY100HBIM MeTOIOM oTmpeAeieHUs] (PpaKTaIbHOU pa3MEPHOCTU B IBYMEPHOM
cJly4yae SIBJISIETCS OMpeNeeHUe JUIMH U30JIMHUIA C UCTIOJb30BAHUEM COOTHOLLIEHMUS
nepuMmeTp-riomanb. OH OCHOBaAaH Ha TOM, 4YTO Y JBYMEPHBIX (bpaKTaJbHbIX
MHOXECTB M30JMHUM Takxke OymyT dpaxraabHbl. O003HauUM "(pakTaJbHBII
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nepumMeTp” 3aMKHYTON M30JIMHUM KakK P(r), roe r - IJWuHA eAUHULBl U3MEPEHUS
("sTamon"). Torma
limP(r) = co. 3)

r—0

B 10 Xe Bpems miomaab ob6nactv S(r), 3aKJIIOUEHHONH BHYTPU W3OJUHUM,
€CTeCTBEHHO, KOHeUHa. B TakoM cilydyae MOXHO TTOKa3aTh (CM., Harmpumep, [5,6]),
4yTO

P(r)=Cr'=P[s(-)}?, )
rae C - KOHCTaHTa (B OOLIEM cllyyae 3aBUCSIIAs OT TOUHOCTA U3MEPEHUIA C TEM
WIA WHBIM 3HaYCHUEM F).

IIpu Kcnonb30BaHUM U300paKEHU, MPEICTABIEHHbIX B BUE HAbOpa MUKCeNeH,
IUIOIIAMb M TIEPUMETP OOJIACTH JIIST STAJOHA F JIETKO BBIMMCIISIOTCS KaK CyMMapHOe
KOJIMYECTBO KIIETOK CO CTOPOHOM #, Yepe3 KOTOPBIE TTPOXOIUT W3OIMHUS (TIEPUIMETP)
U KOJIMYECTBO KJIETOK, KaKasi-TO OIpeAeJeHHAsT JOIs TUIOIIAAM KOTOPhIX (Harpumep,
MpeBBIIIAAs 1/2, XOTI MOXHO MCITOJIb30BAaTh 1 APYTOe COIIAIIEHEe) OTHOCUTCS K
00J1acTH, OrpaHUYEHHOM M30JIMHUEH. 3aTeM TTOoyYeHHbIe I Pa3TUYHbIX 3TAJIOHOB 7
pe3yabTaThl AnMpPOKCUMUPYIOTCSl 3aBUCUMOCTbIO BuAa (4), OTKyda OMpenessieTcs
dpaxTanbHag pasmepHocThb D. Takas Tporieaypa n3BecTHa Kak "Meron "box count™ [7].

Y peasbHO CYIIECTBYIOIINX (PU3NYECKUX CTPYKTYP WMEIOTCS (DU3MUECKU
00yC/IOBIEHHbIE MAKCUMATbHBII 1 MMHUMAJIbHBIA MaclITadbl, B TIpeaeaax KOTOPbIX
CYLIECTBYET CTpyKTypa. IToCKOJbKY (OpMallbHO OINpeAeseHHOe (paKTalbHOE
MHOXeCTBO He MMeeT MUHUMAJIBHOTO WJIM MaKCHMAJIBHOTO MacilTaba, TO OIMcaHue
TaKoW CTPYKTYpbI (B TOM YMCJIE U pacripefesieHue SIPKOCTHON TeMIIEpaTyphbl peJIuK-
ToBOro (hoHa), KaK (pakTtana (OymeMm Ha3bIBaTh €€ IJIsT ymoocTBa "(HU3MIeCKUM
dpakTaniom"), mMeeT CMBICI HWCKIIOUYMTEIIFHO Ha MaciuTabaxX, 3HAUYNTEIHHO
OTJIMYAIOIIMXCS OT MMHUMAJIbHOrO (r . ) ¥ MakcuMaiabHoro (r ). Orcioma, B
YaCTHOCTH, CJIEAYET, YTO IPU MPaKTUYECKON peaau3aiuyu MeTona "box count” mist
¢dusndeckoro paxrajia 3aBUCUMOCTD (4) BBIMOJHSIETCS TOJBKO MPUOIUKEHHO.

IToaToMy 11 HEKOTOPOIO KOHKPETHOIO MaciuTada » U3 COOTHOLIEHUS

P(r)= CrlfD(’)[S(r)]D(r)/2 , (5

MOXeT ObITh ompeeaeHa BemumunHa D(7), 115 KOTOPO, eciiv UcclienyeMasl CTpyKTypa
aBJIIeTc (PU3NYECKUM (PPAKTAJIOM, BEPHBI CJIEIYIOIINAE YTBEPXKICHUS:
L. pu r— ry, D(r)—>2;
2. IPU 7 > 7y, D(r)—) 2;
3. mpu r,, <<r<<r,, BBIIOJHAETCA YTBEPXKICHUE D(r) =D.
B takom ciyyae BennuuHa D aBisieTcsl (DpaKTaIbHOM Pa3MEpPHOCTbIO (DU3U-

YecKoro ¢pakTaia.

in

3. Ucnoavsyembie dannvie. OcnoBHas yacth muccuu (Nominal Mission)
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3aHs1a Bcero 472 AHs, 32 3TO BPEeMsl yAAIOCh BBIMOIHUTD JIMIIb 2 MOJHBIX 0030pa
Heba (5 0030poB 3a TMOJHOE BpeMsi paboOThl cHyTHUKA). PesynbratomM 3THMX
HaOJTIONCHWI CTaT KapThl Heba, KOTOPBIE CYIIECTBYIOT KaK CBOIHBIC, TaK M IUIS
pasHbIX 0030POB MO OTACALHOCTU. OMrH 0030p OTHOCUTCS K MPOMEXYTKY BPEMEHHU,
B Te€UEHME KOTOPOTO OCh BpallieH!sI CITyTHUKa noBopaumBaercs Ha 180°. IIpu stom
M3-332 0OCOOEHHOCTE! KOHCTPYKIIMHM CIYTHUKA HeOO MOKPHIBAETCS HE LIEJTUKOM, a
munib Ha 80%-90%.

ITpu o6paboTKe maHHBIX OBbLIM, HACKOJbKO 3TO BO3MOXHO, MCKJIIOUEHBI
M3BECTHBIE CUCTeMaTnueckre 3(P@EeKThl M AUIIOJIbHBIC CUTHAIBI, CBSI3aHHBIC C
JIBWXKEHHWEM KaK caMOro CnyTHHMKa, Tak U COJHEYHO CUCTEMbl OTHOCHUTEIbHO
MUKPOBOJTHOBOTO (hoHa. TakKe OTHeTbHO MPEIOCTaBISIOTCS KApThl ¢ BEIYUTAHUEM
MojelIeil 30AMaKaJIbHOTO CBeTa W JAITBLHNX OOKOBBIX JICTICCTKOB.

HAs1 YMCTKU BBICOKOYACTOTHOTO IIyMa CTPOSITCS AOMOJHUTENbHbIE KapThl,
HCTIONIB3YIOIINE TOJBKO TOJOBUHY MOCTYITHBIX MAHHBIX, U UX Pa3HOCTb MOXHO
CUYMTATh XOPOIIIeH MOIeIbio Takoro IryMma. OHM HaspiBaroTcs "ringhalf’ 1 Taxcke
JIOCTYITHBI 17151 U3ydeHus1. JIOMOMHUTENBHO MPeIOCTARIISIOTCS] "MacKM'" ralakTUIeCKOM
IJIOCKOCTH M TOYEYHBIX OOBEKTOB.

Hanubie HabmoneHmii "Planck nipeacTarineHsI ¢ ucnionb3oBaHreM cxeMbl HEALPix
(Hierarchical, Equal Area, and isoLatitude Pixelisation) [8]. BToT cioco6 pa3doueHus
cepbl Ha yyacTKu (MMKCEIW) PaBHOMW TLIOIIAIN, IS KaXI0ro U3 KOTOPBIX JaeTCs
WHTETpaJIbHOE 3HAUCHUE, 0OCCIICUNBAET TIPOCTOTY JIOKATIBHBIX OITepallvii Ha BRIOPAHHOM
Habope TMKCeIeld W XpaHeHWE NaHHbIX B MEepapXWUeCKOi CTPYKType, Aarouieit
BO3MOXHOCTD JIETKO BBIACNIATh pas3iMdHbie paspellieHus. Bce kapThl XpaHSTCS B
¢dopmare HEALPix ¢ N, =1024 mia LFI u N, =2048 ma HFI, npuuem s
vactotel 70 I'Tu (MakcumanbHo#M i LFI) takke nocrynna xapra ¢ N, = 2048,
YTOObI MOXHO OBLIO HEMOCPEeACTBEHHO cpaBHUBaTh naHHble ¢ LFI u HFI.

I[MoMmuMO maHHBIX, IPEIOCTABIIEHHBIX B IMMPAaKTHYeCKN HeoOpabOTaHHOM BHIE,
KakK 3TO CHeJaHO C KapTaMM YacTOT, TakxKe OOCTYMHBI M KapThl OTIAEIbHBIX
KOMITIOHEHTOB. B mepBylo ouepenb 3TO KapThl PEJIMKTOBOTO M3nydeHus. s mx
TTOJTyYeHMsI Ha KapThl YaCTOT HAKJIAIbIBAeTCS MacKa, OT(OMIETPOBBIBAIOIIAS TIIOCKOCTh
lanakTuku ¥ sSipKue TOYeUHbIE OOBEKTHI, MOCIE YEro MPOUCXOAUT CYMMUPOBAHUE
IT0 BCEM YaCTOTHBIM KaHaJlaM, HO C Pa3TMYHBIMU BeCaMU. DTO JENIacTCsl HECKOJIBKIMU
MeTOMaMU, M IS KaXXOOTO W3 HUX TPEIOCTaBIISICTCS CBOSI MTOTOBasl KapTa:

1. SMICA: Bce yacTOTHBIE KaHaJIbl JIMHEITHO KOMOMHUPYIOTCS C pa3IMYHBIMUA
BecaMU, 3aBUCSIIMMM OT MYJbTHIIONEH. BKiTo4yaloTcs MyJIbTUIIONU BILIOTH IIO
/= 4000.

2. NILC (Needlet-1LC): xomouHauus kaHaiaoB (kpome 30 I'T) nmpoucxoaut
C BecaMM B IPOCTpPAHCTBE HUJIETOB (MIJOBUIHBIX BelBIETOB). BxitouaroTcs
MYJbTUIIONU BIUIOTH a0 /= 3200.

3. SEVEM: MHorocrtymeH4yaTblii MeTOH, OCHOBAaHHBII Ha BIUChIBAHUU
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1IAOJOHHBIX pacTpeneaeHui.

4. COMMANDER-Ruler: mapamMeTpu30BaHHBIA METOJ, WCIIOJIb3YIOLIUMA
ceMIiMpoBaHue no I'mbocy.

Taxxke u3 HabmomeHuit Muccuu "Planck” MOXHO BbIICIUTh U3IYYEHUE,
MMOPOXICHHOE BpalllaTeIbHBIMU TIepexXodaMu B MOJIEKYJIE MOHOOKCHIA YIJIepona
(CO). OHo mpucyrctByeT Bo Bcex KaHanax HFI, 3a wuckmouenuem 143 I'Tw.
Oco0eHHO MoJIe3HBIMM 37IeCh OKa3bIBaloTCs JaHHbIe B KaHanax 100, 217 n 3531 T,
ITOCKOJIbKY Ha OJIM3KHME K MX IIEHTPaM YaCTOTHI TIPUXOISTCS TPU Hanbosee 3HaUMMBIX
BpalllaTeJIbHBIX nepexona B mojiekyie - 115TTu (mepexon 1—0), 230ITu (2—1) u
345TTu (3—2). Ytobnl BelaeauTh uzaydeHue CO, MCHONB3YIOTCS 3 pasIMUHBIX
roaxona. Hioke oHM pacriosioxeHbl B IIOPSAKE BO3PACTAHMST OTHOIIECHMST CUTHA/IIIYM.

boaomempuueckuti nooxoo. PaznuuHbie 00JOMETPhI, YCTAHOBJIEHHBIE Ha CITYT-
HUKE, UMEIOT CJIerKa pasinyHbie KO3hOUIIMEHThI MTPOXOXKAESHUS 11 OMHUX U TeX
XK€ JIMHUNA. DTU KO3((HULIMEHTHI MOXKXHO U3MEPUTDH B JJaOOPATOPHBIX YCJIOBUSIX, UTO
7 OBIIO TIPOMIENIaHo Tiepen 3armyckoM. Torma, 3HasT OTHOIIEHUS 3THX KO3(h(PHUIMEHTOB,
MOXHO TMpeAcKa3aTb OTHOLIEHME WHTEHCUMBHOCTEH B JUMHMAX. TakuM oOpasoM,
cpaBHMBAsI MHTEHCUBHOCTb M3IYYeHUsI Ha BCeX OOJIOMETpax, MOXHO C TOW WU
WHOM TOYHOCTBIO YCTAHOBUTH, MCXOMUT JIM OHO OT MOJeKyabl CO.

Myavmuuacmomubiii n00x00d. MOXHO HaJIOXUTh TaHHBIE B Pa3IMUHbBIX KaHaIax
IIJIS. U3BJIEYEHUSI KOHKPETHBIX JIMHUU ucciemyeMoil MoseKyabl. JIuauio 115 T
(1-0) moxxHO BbIIEAUTh, coBMecTUB KaHabl 100 T, 1431T1 u 353 1T, a tuHuUIO
230TTu (2-1) - xanansl 143 TTu, 217 Ty u 353 1T

Komburuposaruwiii nooxo0 (akTIECKN peaTU3YIOIIMiA 60IOMETPUISCKUIA TIOIXOI
C YTOUHEHHMEM JTAHHBIX B OTHCIBHBIX JIMHUSIX).

4. Obpabomka daHnHbix. TIpoBeneHHYI0 HaMK 00pabOTKY KaKIOi KapThl, C
LIEJIbIO HAXOXKACHUSI ee (PpaKTaIbHOM pa3MEepHOCTH, MOXKHO Pa3e/iTh Ha HECKOJIBKO
JTAIOoB:

- N3 FITS-@aitna, comepxKaliero pe3yabTaTbl HAOIIOACHWIA B ONIpeaeIeHHOM
kaHane, Belnensiercs HEALPix-kapTa B Buie omHOMEpPHOTO MacCHBa C ITMKCEISIMU,
npoHymepoBaHHbIMU 110 cxeMe NESTED.

- IlonydyeHHBIt MacCMB C JaHHBIMM pa30uBaeTcsd Ha 12 paBHBIX 4acTeid,
MPEACTaBISIONINX co00i 12 MepBUYHBIX IMUKCEICH.

- W3 nBonyHOro mpeacTaBieHUs] HOMepa KaxKIOro MUKCEsT BBICUMTHIBAIOTCS
€ro MCTUHHBIC TeKapTOBHI KOOPAMHATEI BHYTPY KBaApPAaTHOM CETKU TEPBUIHOTO
TUKCENS.

- I'mcrorpaMma 3HaueHU MOJyUYUBILIECS MATPULIbI BEIDABHUBAETCSI, YTOOBI
IMOJTYYUTh HamOOJIbIIIee pasHOOOpa3re peeBaHTHBIX M3OJMHUN (MU M30TEPM,
MOCKOJIbKY JaHHbIe "Planck” mpencTaBisitoT co00il SIPKOCTHBIE TeMIIepaTyphl), 1
JIMHEHO MaclUTaOMpPYyeTCs, YTOOBI BIIMCAThCSI B 3aJaHHBINA UAIIa30H.
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- Marpuiia KOHBePTUpPYETCs B U300pakeHUe, U1l KOTOPOro BO3MOXKHO U3MEPHUTh
JUTMHBI M30JIMHUM W TIIOIIAAM BHYTPEHHUX 0OJacTedl M3OJMHUNM METOIOM "bOoX
count”. TakuM 06pa3oM OTPEICIITIOTCS BETMIMHBI D(7) IS pa3IMyHbIX MacIITaboB
7 KapThl.

M3mepeHue LIMH U30JMHUN TTPOU3BOAMUIIOCH CAEAYIOIIMM 00pa3oMm:

- M306paxenne OWHapm3oBaioch (Ha "depHble" W "Oenble” TMWKCENTN) TIO
YPOBHIO, MOAOWPABIIEMYCSl K&X/bI pa3 OTIENBHO IS COXPAHEHUS MaKCUMAaIBHOTO
qyycia IeTajlei KapThl.

- Bxox/eHre U30JIMHUU B CKOJIB3S11IEE OKHO METOIA OMPEESIsIETCsl IO HATUYHMIO
B OKHE WJM Ha €ro rpaHulie Kak OeJbIX, TaK W YEPHBIX MUKCEJEH, TaK Kak
WCTUHHAS M30JIMHUS JOKHA MPOXOIUTh MEXIY 1000 nmapoid TaKuX MUKCEJIe.

5. Pe3yasmamul u 6b160061. Ha puc.1, 2 npuBeneHbl rpa@yKu 3aBUCUMOCTH
D(r) or macwuTaba (B nukcenax HEALPix wia N, =1024) it OTAeIbHBIX KapT.
B uneanbHOM ciyyae (rpyv OECKOHEYHOM YIJIOBOM PAa3pelieHUM U OTCYTCTBUM
CIyJaiHbIX (QIyKTyalrii, HaKJIaablBAIOIIUXCS Ha (pakTaIbHYIO CTPYKTYpY) D(r)
Ha MaJIbIX MaclluTadbax JOJIKHbI €1ab0 MEHATHCS (Ha KPUBOW MPU 3TOM TOJTYUYUTCS
MPUMEPHO FOPU3OHTAIBHBIN YYaCTOK), MOC/IE YEro pacTy U Ha OOJbIIMX MaciITabax
JNOCTUTaTh 3Ha4YeHus, paBHOro 2. OTCYTCTBUE OJM3KOIO K TOPU3OHTAIHLHOMY
y4yacTKa Ha MaJIbIx MacllTabax O3HayaeT HEyBepeHHOE OIpenesieHre (ppaKTaIbHOM
pPa3MepHOCTU TSI IaHHOTO CJIy4yasi, OMHAKO MUHUMaJIbHOE HalCHHOE 3HAUEHUE B
MOA0OHOM CUTYallMd MOXET CIY>KUTh OLIEHKOHN (hpakTaJbHOM Pa3MEpPHOCTU CHU3Y.

3aMeThM, 9TO Pe3ybTaT onpeaeacHNsT (PaKTATLHON pa3sMepHOCTH TSI KaXKIoi
KOHKPETHOMN KapThl, BOOOIE TOBOPS, 3aBUCUT B TOM UYHUCJIE U OT BbIOOpA YPOBHS
rccrienyeMoii M30TepMbl. TeM He MeHee TIPU BhIOOpe YPOBHEH, 3HaUeHWe SIPKOCTHON
TEeMITepaTyphbl KOTOPBIX OTKJIOHSIETCS OT CpedHETo 3HAUYCHUS I KapTel He OoJee
YeM Ha MOJIOBUHY MAaKCMMAaJIbHO BO3MOXKHOIO OTKJIIOHEHMSI, PE3YJIbTaThl ONPEACICHUS
(bpakTaabHOI pa3MEPHOCTU COXPAHSIOTCS C MOTPELIHOCThIO, HE TTPEBOCXOMSIIICH
AD=0.04 (B nogapfsiolleM O00JbLIMHCTBE ciydaeB - okosio 0.03). I1pu BeiGOpe
MPOU3BOJbHBIX M30TEPM, CYIIECTBYIOIIMX Ha KapTe, pa3dpoc pe3yJbTaToB
OKa3blBaeTcs OoJblle, HO U B 3TOM cllydyae HMKorma He rnpeBocxoauT 0.1.

Kak BumHO n3 puc.1, KaYeCTBEHHO 3aBUCHMOCTH OKAa3bIBAIOTCST TTOXOXKUMHU U
COOTBETCTBYIOT (hbpaKTaJbHOU pa3sMepHOCTU D ~ 1.6 , YTO HECKOJIBKO MEHbIIIE, YeEM
nojyyeHHoe B [4] s OTmeJbHbIX 0OJacTell M HECKOJbKO IPYIrUM METOIOM
3HayeHue (okoso 1.8). OgHako yxe 1Sl KapT, onuchiBarolyx pacnpeneneHue CO,
pe3yJbTar, MpeAcTaBJeHHbIA Ha pUC.2, OKa3blBaeTCs 0oyiee HEOXKUIAHHBIM.

BunHo, 4yTo KapThl, MOJY4YeHHbIC pa3IUYHbBIMU METOAAMHU BbIACICHUS
KOMITOHEHTBI, TT0 KPUTEPUIO (DPaKTaTLHOU pasMEPHOCTH CYILIECTBEHHO OTIMYAIOTCS.
BaxxHo 3aMeTHTh, YTO MOJYYEHHbBIE PE3YIbTaThl OTJIMYAIOTCS TAKXKEe U OT U3BECTHOM
110 MHOTOYMCJICHHBIM APYTUM JaHHBIM (bpaKTATbHON pa3MEpPHOCTH pacrpeneaeHus
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CO B l'anaktuke D, ~1.35 (cMm., HampuMep, [9]). Takum obGpa3om, yoansseMblii
MpU "9MCTKe" KapT KOMIIOHEHT MOXKET HE BIIOJIHE COOTBETCTBOBATH PEAIbHOMY
pacmpenenennio CO, 4TO MOXET cKa3aThCsl M Ha MTOroBeix Kaprax CMB, B
YaCTHOCTH, Ha (ppaKTabHOM pa3sMEPHOCTU aHU3OTPOMUM PEIUKTOBOTrO (hoHa.

OTOT BBIBOJ, MPEJCTABIISACTCS BAXXHBIM I10 ciienyromeil mpuunHe. [TocKoIbKy
(pakranpHasT pa3MepHOCTb KapT - 3TO (haKTUIECKU OIMMCAHWE YIJIOBOTO CITEKTpa
MOILLIHOCTA aHU30TPOIUHU U3TYyYEHUS C TIOMOLIBIO MPOCTOM CTENIEHHON MOIEIU, TO
OIIMOKA B OIpeaeeHN (PpaKTaTbHOM pa3MEPHOCTA B KOHEUHOM CUETE SKBUBAJICHTHA
OIIMMOKE B OIPEIEIICHAN CPEIHETO HAKIIOHA CITEKTpa MOIIHOCTH B JIOTapH(pMUIECKIX
ocsIX (IVIaBHBIM 00pa30M TSt MyabTUIoneit / ~ 10" | coOTBeTCTBYIOIINX MacIITadaM,
HauboJjiee CUJILHO BIMSIOIIUM Ha ompeaesieHne (pakTaabHON pa3MepHOCTH
HCITOJTb30BABIIIMMCS HaMU crtocoboM). [ToCKOBKyY BHI CIIEKTpa MOIITHOCTH SIBJISIETCST
yHKLMENH KocMonornyeckux napamerpos [10] u cpemHMii HaKJIOH paccMaTpUBacMOTo
YYaCTKA CYIIECTBEHHO 3aBUCUT OT BHIOPAHHBIX 3HAYEHUI TTAPAMETPOB (CM. Pe3yJIBTAThI
MoaenupoBaHus [11]), To u3MeHeHue (PpaKTaabHON pa3MepHOCTU (hOHA, CBS3AaHHOE
C 0COOEGHHOCTSAMU TPOLEAYPHl "UMCTKU" KapT, JOJDKHO BJIUSTH U Ha OMNpeaeeHue
KOCMOJIOTUYECKHMX TTapaMeTPOB IO JaHHBIM Muccuu "Planck".

Takum obOpa3oM, B Hamield pabore B ILieJIOM Ha OoJibllieM oObeMe HaHHBIX
MOATBEPKIECHbI Pe3yIbTaThl OLEHKU (ppakTanbHOi pasmepHocT CMR, caenaHHoi
paHee B pabote [4]. OnHako, caegaHHas HaMu, NO-BUAUMOMY, BIEPBbIE OLIEHKA
(pakTanbHOI pa3MepHOCTH BO3ZMOXKHBIX KOMIIOHEHTOB HabI0maeMoro (hOHOBOTO
U3JIydeHus1, "BBIYMCTKA" KOTOPBIX Mpou3BoauiIach mpu BeiaeaeHun CMR, cyiiect-
BEHHO OTJIMYACTCS OT IOJIyUEHHBIX paHee JaHHBIX O (PpaKTAIbHOM pa3MEepHOCTHU
IUTS TeX Ke MCTOYHMKOB M3ITYyJdeHMs. DTO YKa3bIBaeT Ha HEIOCTATOYHOCTh 0OpabOTKM
CTaHAAPTHBIMM MeTOJaMM AaHHbIX Muccuu "Planck”, yTo sBIsIeTCS CyllleCTBEHHBIM
B TOM YHWCJIE W JJI Pe3yJbTAaTOB, IMOJYUYEHHBIX MPU MHTEPIIPETALMN JAHHBIX O
CMR, nony4yeHHBbIX B paMKaxX JaHHOU MUCCUU.

ABtopbl OnarogapHbsl FO.B.BapelieBy 3a 1ileHHbIe 3aMedaHMsI, TTO3BOJIMBIINE
CYILIECTBEHHO YJIYYIIUTh TEKCT CTAThU MPHU MOATOTOBKE K IEYaTH.

Cankr-IleTepOyprckuii rocygapCTBEHHBIN YHUBEPCUTET,
Cankr-Iletepoypr, Poccusi, e-mail: peter@astro.spbu.ru
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FRACTAL DIMENSION OF THE COSMIC
MICROWAVE BACKGROUND AS A TEST OF
"PLANCK" SPACECRAFT DATA

P.ATARAKANOV, M.Y.YEZHKOV, M.V.KOSTINA

The fractal dimensions of cosmic microwave background (CMB) maps and
other sources obtained by the "Planck” mission are investigated. It is shown that
the choice of source distribution models used in data processing can significantly
affect the fractal dimension of CMB.

Keywords: microwave background radiation: fractality
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GENERALIZED KOMPANEETS EQUATION AND THE
CORRESPONDING HEUN FUNCTIONS
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In the present paper, we are developing an analytical method for solving the time-dependent
Kompaneets equation in its generalized form. The technique is generalizing the Dubinov and Kitayev
method. In the particular case of a low photon number density, for the corresponding linear
equation, the solutions are expressed in terms of Heun functions.

Keywords: Compton scatterings: Kompaneets equation: Heun functions

1. Introduction. As it is known, the original Kompaneets equation [1],

on kT 1 0 4 On 2
E:WX—ZE{GT Ncx (a+n+n H, (1)
describes the time rate of change of the photon occupation number, n, of an
isotropic radiation due to Compton scatterings by a non-relativistic Maxwellian
electron gas.

In the above relation, x is defined by x= hv/(kT), with Av representing the
photon energy and 7 the electron temperature, N is the electron number density
and o, is the Thomson cross section. With the dimensionless Comptonization

parameter
e kT .
mc2 ’
where t=0, Nct is the optical depth, the equation (1) gets the simpler expression
on 1 0| 4f0n 5
= A |X |z tntnT |, Q)
0y x° Ox Ox

where the three terms in the right hand side correspond to the diffusion of photons
due to the Doppler effect and the transfer of energy from electrons to the radiation,
the Compton effect and the induced Compton scatterings.

In the last sixty years, there have been a lot of attempts of finding analytical
solutions to the nonlinear equation (2) and only truncated or the time stationary
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cases have been successfully worked out [2-4].

As an example, in the approximation n?>>n, the well-known solution
obtained by Ibragimov [2] has been recently extended to wider classes of time-
dependent exact solutions arising from "non-classical symmetries” [5], each of
these solutions being expressed in terms of elementary functions.

In spite of the general conclusion that the nonlinear equation (2) has no time-
depending analytic solution, Dubinov and Kitayev have developed a method for
solving the equation (2), by separation of variables [6]. Even though the proposed
procedure is elegant and original, in the present paper we discuss its applicability
to more general forms of the Kompaneets equation, of interest in astrophysics and
cosmology, and the additional constraints that should be imposed for extracting
the actual solutions from the larger class of possible ones.

2. The non-linear generalized Kompaneets equation and the solution-
generating technique. Since the equation (2) is valid for hv << kT << mc* and
it fails to describe the down-Comptonization of high energy photons in hard X-
ray or y-ray astronomy, generalized forms of the original Kompaneets equation
have been proposed [7,8].

In order to include a wide range of possibilities, let us start with the general
differential equation

on 1 0 | 4 ©On

— = —+hnln+1)|;,

oL bt ®
where g and 4 are functions of x alone. One may notice that the terms » and

n* are multiplied by the same function, /(x), and this can be physically motivated

once one imposes the current of the general form

16)= 70) 52+ 1 )|

ox

to vanish for the well-known equilibrium solution
n, = [kex—l]71 .
For the extended expression of (3), i.e.

on o*n  on ,
oy~ Fat e (e i) axe]
“4)

+ n[xzh’+ 4xh]+ nz[xzh'+ 4xh]+ 2x2hn2—z,

by looking for a solution in the multiplicative form

n(y,x)= f(x)7(y). ()

one has to deal with the general expression
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ST =T{x2gf"+ [v(g'+ h)+ axg |+ [2n+ axn]f+ 12 {2 n+ axn] 24 2520g7), (6)

where "dot" and "prime" mean the derivatives with respect to y and x.
Considering the fully quadratic time-dependent contribution, i.e. 772, it is clear

that one can divide the above equation termwise by the last term and obtains [6]

T S _1 X" [+ 1)+ 4xg| '+ [xzh'+4xh]f+1
It [xzh'+ 4xh]f2+ 2xmyt T [xzh'+4xh]f2+ 252 hf! '

Next, by taking the y-derivative, one gets the following result:

d( T

dy[TzJ B ngf"+ [xz(g’—ir h)+ 4xg]f’+ [xzh'+ 4xh]f g

d(1) / - )
dy [T ]

where, the variables being separated, one can impose each side to be equal to the
same constant, k. Let us notice that if one is dividing the equation (6) by one
of the other two terms, the main results would be almost the same.

For the time-depending part, the differential equation

(1)1
is satisfied by the Bose-Einstein distribution
7(y)=lemo 1], ©)

where m is_an integration constant. If k is positive, the function (9) is decreasing
from |e"-1 - (for x — 0) to zero, when x goes to infinity. In the opposite case
of negative k, the function 7(y) is increasing, for y in the physically allowed range
0<y<Ya :n/|k| .
The equation for the function f, coming from (7), i.e.

xgf"+ [x2 (g'+h)+ 4xg]f’+ [xzh'+ 4 xh+ k]f =0, (10)
is a little bit more involved and its explicit form depends on the choice of the
functions g(x) and A(x).

At this stage, let us notice that the above procedure, proposed in [6] for
g=h=1, does not depend on the explicit form of the paranthesis multiplying
the function 77 in (6). Moreover, by replacing the function (9) in (6), a simple
calculation leads to the conclusion that not only the paranthesis multiplying 7
should be equal to -kf, but also the one multiplying 72> and this leads to the
additional constraint

[2h'+ 4xh]f 24 22 = —f . (11)
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As an example, let us consider the case corresponding to A(x) =1 in the
equation (3). The relation (11) becomes
2x*f'+4xf =—k, (12)
being satisfied by
k
fl)==- (13)
which, replaced in (10), leads to the following form of the function g(x),

o)=Srxe K (14)
x2 2

Thus, we have been able to construct a solution to the general Kompaneets
equation (3), for #=1 and the function g(x) given in (14), and this has the form

n(y,x)=+. (15)
2 x(l —eMh )
A similar expression, i.e.
O —

x(l — "t ) ’
can be obtained for #=1/4 and g an arbitrary constant.

In the case analyzed in [6], corresponding to g=h=1, once we impose the
condition (12), one may easily check that the solution (13) does not satisfy the
equation (10), with g=h=1, i.e.

x*f"+ [x2+4x]f'+(4x+k)f=0.
What happens is the fact that the function f{x) obtained by the method

proposed in [6], which is ignoring the constraint (11), is practically the solution
to the truncated Kompaneets equation, without the term »?, i.e.

0y x*0x g@x ' (16)

Indeed, its extended expression

Z—Z = ng%+% x*(g'+h)+ 4xg]+ n[xzh'+ 4xh],
with the variables separation (5), has the form
AT =T{x2gf"+[x(g+ h)+ 4xg| '+ [ 2h'+ 4] f
leading to the relation
T _X’gf"+ lxz(g'+ h)+ 4ngf’+ [xzh'+ 4thf
r A

=—k.
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The solution of the time-depending part is
T(y): Ce™ | (17)
while the function f{x) is satisfying precisely the equation (10). This has been
solved in [6], for the case g=h=1, the authors suggesting that their solution is
satisfying the whole original Kompaneets equation (2).
In the other particular case corresponding to dominantly induced Compton
scatterings (n? >>n), the extended equation
2
an _ nga—z + on x’g'+ 4xg]+ n’ [xzh'+ 4xh]+ 2x2hn@
oy ox° 0x Ox
leads to the relation

ST =T{x2gf"+ [ng’+ 4xg]f’}+ Tz{[xzh’+ 4xh]f2+ 2x2hﬁ”},
and one may apply the same variable separation technique described above.
For T{(y) given in (9), the essential relations (10) and (11) turn into the
simpler forms

x*gf"+ [ng'+ 4xg]f’+kf=0;

XRf+2x2hf"+4xhf+k =0.
Unlike the previous case, for k=2, one is able now to find a solution for the
particular choice g=h=1, and this is the Ibragimov solution [2]

1
”(x,J’)=ma (18)

which is also similar to our expression (15).
For arbitrary constants #=h, and g=g,, the solution
g , C
X)=—22+—,
f( ) hox x2
agrees (for k=2g) with the form obtained in [5].

3. Linearly generalized Kompaneets equations and their Heun
solutions. Let us focus now on the general equation (10), coming from the linear
Kompaneets equation (16) with the time-depending part given in (17).

In the simplest case corresponding to g=/h=1, it becomes

227 (x4 dx) £+ (dxe k) £ =0, (19)
its solutions being expressed in terms of the generalized Laguerre polynomials as

34

e
S(x)=Coex 2 2L (%), (20)
22
where u=+9-4%k and Cl’2 are integration constants. For the essential value

k=2, leading to n=1, the above functions are turning into the same expression
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r=cei-2,

X
and T(y)=Ce™ .
Following [9], let us move to the physically important case k7T << hv << mc*
by taking into account the contribution ax’n’, with

71 kT
_B_mcz ) 210
which plays a significant role for highly energetic photons.
Thus, the starting equation being now
511 1 5 4 2 dn
—=——<x"|U+ax" )| —+n|;,
oy x? 8x{ [( )dx }} (22)

one may identify the functions g and 4 as being: g=1+ax* and h=1. The time
depending part in the photon density is again (17), while the equation for the
function f{x) reads:

32 (14 ax?) 7+ (6ax+ x+ 4x) '+ (4x+ £) £ =0. (23)

Up to the normalization constants, the solutions are given in terms of Heun
general functions [10,11] as

F)=cli-l )W —ﬁm d
x Heun Gla, g, o, B, v, 0, —\/Mx],

where the parameters are:

1 5)

with the same notation p=+/9-4% . As it can be noticed, the argument of the
exponential implies automatically that OS\/H x <1, Inserting here the explicit
form of the parameter a, it yields that

hv /IOT*
0<x=—< |—2,
kT N7 T

where 7, = mc? /k stands for threshold temperature.

The Heun equation in its canonical form given in literature [10,11] has regular
singularities at z=0, z=1, z=a and z =o. The expansion of the Heun general
functions HeunG[a,q,a, B,v,0, z] around z=0 is given by
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Heun G z1+iz+ 0(22),

ya
i.e.
HeunG ~1--—2> 1 ofx?),
I+u
so that, for small x-values and k=2, the photon number density has the simple
expression

n(x, y)~ C[l —%j e,

X
Finally, for describing more general Compton scattering processes in the non-
relativistic energy regime (Ahv<<mc? and kT <<mc?) and with no comparison
between iv and kT, the original Kompaneets equation has been generalized by
Zhang and Chen to the new form [12]

2—; = :_zﬁ_a)c{x4 (1+ bx)[% +n(n+ 1)}} , (26)
where
p=1E AT 27)
5 mc

The general equation (26) has no analytic solution since, for g(x)=h(x)=1+ bx,
we could not find any function to satisfy both the equation (10) and the constraint
(11). However, in the approximation n>>n”, one has to deal with the equation
(10) alone, which becomes

x2(1+bx) f"+ (bx3+ 5bx2+x2+4x)f’+ (5bx2+4x+ k)f =0. (28)
Its solutions,

3nm

fi (x) = Cle’)‘x_?rE Heun C[oc, +B,v,0,- bx] ,
- (29)
5 (x) = Cze_"xigj Heun C[oc, -B.,v,9,- bx],
are expressed in terms of Heun Confluent functions of parameters
1 5 2 3
a:—’ = , :0’ 6:——, :——k——,
5 B=n, v 5 T3 (30)

with p=+9-4k .

A polynomial form of the Heun Confluent functions can be achieve once we

impose the condition
5= _O{,H w} ,
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which, in our case, means the same condition as the one for the Laguerre
functions in (20), namely

3_
2 2
For p=1, leading to k=2, the corresponding first degree polynomial is
HeunC ~1+ 3b-1 X+ O(xz),

while »n>3 imposes a negative value of &.
Thus, for small x values, the solution to the linear Kompaneets equation
coming from (26) is given by the simple function

1 3 1-3b _
)= L= 20-0)+ 1520 e a1

4. Conclusions. Even though intensive studies have been conducted onto
the features and properties of the Kompaneets equation (2), closed-form solutions
are rarely found in literature.

A method for building solutions in the multiplicative form (5), to the
generalized Kompaneets equation (3), in its explicit form (6), is discussed in the
present paper.

For the time-evolving part, we have found the quasi-Bose-Einstein distribution
(9), while for the differential equation depending on the photon energy, whose
general form is (10), one has to impose the additional constraint (11). This
approach is generalizing the procedure proposed in [6].

Thus, one may conclude by saying that some solutions to the timedepending
Kompaneets equation (3) can be found as the product between the function 7(y)
given in (9) and the function f{x) which, together with the functions g(x) and
h(x) should satisfy both the equation (10) and the constraint (11).

In the case of a low photon number density, the spontaneous scattering is
dominant over the induced one and, by neglecting the term n”, we have arrived
to the linear equation (16).

For highly energetic photons, it turns out that the solutions are expressed in
terms of Heun functions in their general or confluent forms. In the last two
decades, these have been been intensively worked out and there is a raising number
of articles on the Heun functions and their applications in theoretical and applied
science [13-17].

Faculty of Physics, "Alexandru Ioan Cuza" University of lagi Bd. Carol I,
Romania, e-mail: marina@uaic.ro
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HOBBI1 METOJ TEHEPALIMU PEH_IEHI/IPIU JUIA
OBOBUIEHHOT'O YPABHEHWA KOMITAHENLIA U
COOTBETCTBYIOLINX ®OYHKINUN TOMHA

M.A.JAPUECKY, YHJAPUECKY

B HacTosIeit ctaTbe MbI pa3pa6aTbIBaeM AHAIMTUYECKUI METOI peIICHUA

HecTallMoHapHOTO ypaBHeHMS KomraHeiia B ero o6o01meHHoM Buae. Metonnka
obo6maer meton JyouHoBa u Kurtaesa. B yacTHOM ciiyyae HU3KO# TIJIOTHOCTHU
yucja GOTOHOB TSI COOTBETCTBYIONIETO JUHEHHOTO ypaBHEHUST PEIlICHUS BbIpa-
KaroTes yepes dyHkuuu ToliHa.
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