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AHHOTanusA. Boutn mpoaHanu3upoBaHBE! UIMHHBIC KBa3HIIEpHOAMYCCKUE KOJIEOAHWS MEIKOMAacmTaOHBIX MarHUTHBIX
CTPYKTYp, ¢ mepuomamu B nuamna3zoHe 100-200 muH HaOmogaeMblXx Ha conmHewyHOi dotocdepe, a Tarke B Tpex YO-
chexTpanbHEbIX duEAAX (1600, 1700 u 304 A). IIposeseHo uccneoBaHNe B3aUMOCBA3H MEKIy 3HAYCHHSAMH MATHUTHOTO HOJS,
BPEMEHU JKU3HM U MEPHOJOB JITMHHBIX KBAa3UIIEPUOANIECKHUX KOIeOaHWH MEITKOMACIITa0HBIX MAaTHATHBIX CTPYKTYp. OCHOBHOM
HENbl0 paboThl OBLT MOAPOOHBIN aHANU3 CTPYKTYpHOH M BPEMEHHOW 3BOJIIOIMH MEIKOMACIITaOHBIX MAarHUTHBIX CTPYKTYD,
HaOJII0aeMBbIX B COJIHEUHOH armMocdepe. CTPyKTypHas 3BONIONNS 0OBEKTOB IIPOCIIEKUBAIACH B TEYEHHUE UX JKU3HU. Bpems sxu3-
HH KaXJOM CTPYKTYypHI ObLIO pa3zesieHo Ha TpH (a3sl: pas3a pocra, kBa3ucradbwibHas ¢asza u ¢pasza pacnana. JmHHbBIE KBa3uIIe-
puoanYecKue Koiebanus ¢ nepuoaamu B quanasone 100-200 muH ObLIH 00HAPYKECHBI B TCUCHUE KBa3UCTAOMILHON ()a3bl )KU3HH
cTpykTyp. IlomydeHs! 3aBHCHMOCTH MEX]y BPEMEHEM JKH3HH U MaKCUMAaIbHBIM 3HAY€HHEM MAarHUTHOTO MOJISL UCCIETyEeMBIX
00BEKTOB, a TAKXKE MEXKTy BPEMEHEM JKH3HU U IIeproaMu Konebanuil. OGHapyKeHbI CBS3U MEX/y MarHUTHBIMH 0Opa30BaHUs-
Mu B (oTocdepe u APKUMH CTPYKTypaMu — (aKeIbHEIMH 00pa30BaHHUAMH B yIbTpaduoneToBsX muHEHIX 1600, 1700 u 304 A.
Te ke mepros! KonedbaHnii ”HTEHCUBHOCTH OBLIN ONPEEIEHbI B aHATN3€ BPEMEHHBIX PSAN0B 3TUX JIMHUMH.

KiroueBble ciioBa: marautHoe nosne ConiHua, KonebaHus, COHEUHbIE MATHUTHBIE CTPYKTYPBI, COTHEUHbIE (haKebl.

Abstract. Long quasi-periodic oscillations of small-scale magnetic structures observed on solar photosphere as well as at
three UV spectral lines (1600, 1700, and 304 A) are analyzed. The study of the relations between the values of the magnetic field,
the lifetime, and the period of long quasi-periodic oscillations of small-scale magnetic structures was done. The detailed analysis
of the structural and the temporal evolution of small-scale magnetic structures observed in solar atmosphere was the main goal of
this work. Structural evolution of small-scale magnetic formations was traced during the life-time. The lifetime of each structure
was divided into three phases: the growth phase, the quasi-stable phase, and the destruction phase. Long quasi-periodic oscilla-
tions with periods in range of 100-200 minutes were found during the quasi-stable phase of the lifetime of structures. The de-
pendencies between the lifetime and the maximum value of the magnetic field of small-scale magnetic structures, as well as,
between the lifetime and the periods of oscillations were obtained. The relations between the magnetic formations at the photo-
sphere and the bright structures at 1600, 1700, and 304 A UV lines were found. The same periods of oscillations were defined in
time-series analysis of these lines.

Keywords: solar magnetic field, oscillations, solar magnetic structures, solar faculae.

Beenenune o uHCTpyMeHToB HMI u AIA, ycraHOBneHHBIX Ha

CoJlHeuHas aKTHBHOCTh TECHO CBS3aHA ¢ Cymge- ~ KOCMMHYECKOM ammapare SDO. Bpems HaOmoneHuii:
CTBOBAHHEM MATHHTHBIX Tojell u mx muHammueckmx  00.07.201323:00-07.07.2013 12:00 UT. Ha nepsom starie
CBOMCTB. MHOXECTBO paboT TOCBSIILEHO MOUCKY U UHTep- ~ OTPCACIBUIOCh BPEMS JKM3HM MCCICIYEMbIX  CTPYKTYD,
TIpeTaLy KoNeOAHUil CONHEUHBIX TATEH ¢ TepHofamu or ~ KOTOPOE ObLIO BU3YATbHO Pa3/ElieHo Ha TP CTA/Wu:
3-5 MuH 10 Heckonbkux yacoB [Bogdan, 2000; Nago- — Ha9alo (opmupoBanus, KBasucrabuiabHas ¢asa u dasa
vitsyn, 2017]. BpemeHHble BapHaLuy seMeHToB (akens- — Pacraza. Ha prc.l 4acTidHO rokasaHa CTpYKTypHast 9B0-
HBIX TOJIEH TaKKe M3YHalich B PAsHBIX CIEKTpaibHbX —HOUMA OOBEKTA C HAYAIBHBIMU KOOpIMHATAMH X, y [41,
masmsix [Chelpanov et al., 2016]. Oxako koneGarenbupiii ~ 004] B MAKCUMAIILHBIM 110 MOJTY IO 3HAYCHNUCM MarHUTHO-
CTICKTp Me/KOMACIITAGHBIX MATHHTHBIX CTPYKTyp (mop, 'O 1ois 688 I'c. Bpems su3HU IaHHO CTPYKTYpbI Orpe-
W30/MPOBAHHEIX (DAKelOB) C XapakTepHBIM pasMepom ~ ACISIOCH BH3YalbHO, KOIJA 3HAYCHUC €C MATHHTHOIO
0KOJIO 5-10 yIUL. CeK. ¥ 3HAYEHHEM MArHUTHOrO nojs B 01 Ha MarHUTOTPaMME XOT OBI B /1Ba pa3a MPEBBIIIANIO
nwmarnazode 200—1000 ['c u3yyanich 3HaUYNTENBHO MEHBIIIE or. OHo cocrapuiio 27 4. Iepsbie 1Ba n300paxenHs Ha
[0 CPAaBHEHHIO C COJHEYHBIMU IATHAMHU M CBS3aHHbIMH ¢ PYC. 1 nokaspiBator (asy QopmupoBanusi 00beKTa, Ciie-
HUMH (paKeabHBIMA MoJssMd. OCHOBHOM LENbo ganHoro — AYIOUIME JiBa — KBa3uCTaOWIbHYIO (asy, Koraa He ObL10
HCCIIE/IOBAHMUS SIBISIETCS W3YYCHHE CTPYKTYPHOM dBoyfo- — SAMETHO SHAUHTCIBHBIX CTPYKTYPHBIX H3MEHCHUH,  I10-

UMM M KBA3UIIEPUOIMYECKMX BapHalMil Menkomacmrad- — CICAHHC JBa H306Pa"<ef}m JICMOHCTPHPYIOT HAY/IO (hasbl
HBIX MATHUTHBIX 3EMEHTOB. pacra/a, 1ocje KOTopoi 00beKT cauBaercs ¢ ponom. s

30 mccrmenoBaHHBIX OOBEKTOB BpeMs JKH3HH OBLIO OTIpe-
OGpaGoTKa JaHHBIX M OCHOBHBIE Pe3yJbTaThl  JIEJIEHO B Auanasoue ot 8 10 33 u.
B pabote ucrnonb3oBaHBl MarHUTOIpaMMBbI I10 o AGHHBIM O CTPYKTYPHOH SBOIIONAH ObL1 110~
JIy4y 3pE€HMs U KapThl PACIPENEICHUS NHTEHCUBHOCTU B CTPOCH BPEMEHHOM PAJ MaKCUMAJIBHON HAIIPSY)KEHHOCTH
Y@ muanax 1600, 1700 u 304 A, momyuyaemele ¢ moMo-  MAarHUTHOTO HOJs 00beKTa ¢ maroM 45 ¢ (puc. 2). Ksa-
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Puc. 2. BpeMCHHOﬁ pAd MaKCUMAJIBHOTO 3HAYCHUSI MAaIrHUTHOT'O ITOJIA 3JIEMEHTA I IIOJIHOT'O BPEMEHU KU3HU. KpaCHLI-

MH PHUCKaMH OTMe4eHa KBa3uCTaOmIbHas (a3a )KU3HU

3ucTabWiIbHAS (ha3a CTPYKTYPHOU SBOJIIOIIH IIEMEHTOB
U3yYasach Ha TpEeIMeT BBIABICHHS KBa3HIEPHOIHYE-
CKHMX KoJIeOaHMH MakCUMAJIbHOTO 3Ha4YeHHs MarHUTHO-
TO TIOJIS, a TaK)Ke,  HHTCHCUBHOCTH B Y ® JMHUAX, TIe
Iar 1mo BpeMeHH cocTaBisul 48 c¢. Bpemennoit psin ana-
n3upoBaiicst MeronoM Empirical Mode Decomposition
[Huang et al, 1998] um ¢ mnomomplo BeiBieT-
npeoOpa3oBanus. JaHHBIH aHanu3 ObLT MPOBEIEH IS
30 BbIOpaHHBIX 00BEKTOB. BBUTH BBISIBICHBI IEPHOABI OT
18 mo 200 muH. Hambonee WHTEPECHBIM AJIS HHTEpIpe-
TaIMU SIBJISIETCSI MaJIO MCCIIEIOBAaHHbIH paHee uana3oH
neprono 100200 muH. 3HaYeHHST TEPHOAOB Kojeba-
HHUH 17151 MATHUTHOTO TOJISI ¥ HHTCHCHUBHOCTHU B JIMHHSX
OKa3aJIUCh CXOXKH, YTO YKa3bIBaeT Ha B3aMMOCBS3b (H-
3MYECKHX IPOLECCOB, BIUAIONIMX Ha TUHAMUKY JaHHBIX
00BEKTOB Ha pa3HbIX YPOBHIX COJHEYHOH atMocgepbl.
HawuGosee X0pomo npociexuBaeTcst CBsi3b MarHUTHOTO
NOJIsI U UHTEHCUBHOCTH B Y® JMHHAX OOBEKTOB INpH
COIOCTABJICHUH OJIMHAKOBBIX II0 IMPOCTPAHCTBY ceve-
Huii (puc. 3). Ha puc. 3 npencrasieH npuMep MrHOBEH-
HBIX MpoQUIeld CeUeHUH AJSl OJHOTO U3 HCCIIeyeMbIX
00bEKTOB. 31€Ch JONOJHUTEIBHO HCIIOIb30BAINCH
JaHHble 00 MHTEHCUBHOCTH W3JIyYCHHS B KOHTHHYYME,
nosiyyaemble ¢ uHCTpymMeHta HMI. MoxHO BHIETh
HaJIMYMe MarHUTHOTO ITOJABJICHHUS M3TyYeHUS B KOHTH-
HyyMme. OToT 3 dekT OblT 0OHAPYKEH HaYMHAs CO 3Ha-
yeanid MarHuTHOTO Moy 200 I'c. Takxe 3amMeTHO ycH-
JeHHe MHTEHCHBHOCTH B JIMHUSX HaJ MAarHUTHOM

CTPYKTYpOH.
77
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ITo moy4yeHHBIM pe3yibTaTaM ObLIM MOCTPOCHBI
3aBUCHMOCTH BPEMEHH >KU3HH M TIPOAOJDKUTEIBHOCTH
KBa3UCTaOMJIBHOW (ha3bl OT MaKCUMaJbHOW HaIpsKeH-
HOCTH MAarHMTHOTO TIIOJISi MCCIIEyEeMBbIX MarHUTHBIX
cTpykTyp (puc. 4, a). Bugna 3aBUCUMOCTb MEX[IY I10JI-
HBIM BPEMEHEM >KH3HU CTPYKTYP M UX MaKCHMaJIbHbIM
3HAQUYEHHEM MarHUTHOTO NOJIsl. 3aBUCHMOCTh KBa3WCTa-
OubHOMN (ha3kl OT MarHWTHOTO TI0JISI BEIpaXKeHa ciiabee.
Ha puc. 4, 6 nokazaHo pacrpeeieHie MaKCHMAITbHBIX
MEpHOA0OB KoJeOaHWH BO BCEX HCCIEAYEMBIX IHamaso-
Hax OT HANpsHKEHHOCTH MarHUTHOTO nois. BuaHo ort-
CYTCTBHUE KECTKON 3aBUCUMOCTH.
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Puc. 4. 3aBUCMOCTD TIOJIHOTO BPEMEHH XH3HU (Uep-
HBlE KPYXXKH) M KBa3UCTaOMIBHON (ha3bl (Oenble KPy>KKH) OT
MaKCHMAaJbHOTO 3HAYeHUs MAarHUTHOTO HOJS  TPUILATH
CTPYKTYp (a); 3aBUCHUMOCTh IEPHOIOB KOJEOaHUH OT MaKCH-
MAaJIbHOTO 3HAYEHUSI MAarHUTHOTO TIOJIS (6)
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3akiouenue

[Ipoananu3upoBaHa CTPYKTYpHas 3BOJIOLHS
30 MmenkomaciITaOHBIX MAarHUTHBIX DJIEMEHTOB. YCTa-
HOBJICHO BpeMs JKU3HH JJIA Kaxaoro siaemenrta. [loka-
3aHa B3aUMOCBSI3b MEXKAY MAarHUTHBIM TOJIEM 3JIeMeH-
TOB U YCWJIEHHEM SIPKOCTU B YD JIMHUAX HAA HUMH.
[okazaHo, 4To TpH OOJIBIIEM 3HAYCHUU MAKCHMAIIBHOTO
MarHUTHOTO TIOJIS BpeMs ku3HH Oosbiie. OOHAPYKEHO
MarHUTHOE TIOAABIICHUE W3TYYCHUS B KOHTHHYYME IUIS
HCCIIeIOBAaHHBIX 00BEeKTOB. lccnenoBaHbl BpeMEHHEIC
BapHalliil MaKCHMaJIbHOTO 3HAYEHUS MAarHUTHOTO TOJIS
JIIEMEHTOB W 3HAUYE€HUH WHTEHCUBHOCTH HW3JIy4YCHHUS B
JUHUSX Ha KBasucraOwibHO# (aze. IlonyueHsl aiuH-
HbIC KBa3HIICPUOIUYECKUEC KOJIcOaHMs B JUANa30HE Iie-
puogoB 100200 muH. [JaHbl yKa3aHUs Ha TO, YTO COO-
CTBCHHBIC KOJICOAHUS MAarHUTHOTO MOJIS MCCIIEAYEMBIX
CTPYKTYp HE SIBJISIIOTCS OCHOBHOM MPUYUHON BO3HUKHO-
BEHUS JUIMHHBIX MEPUOIOB.
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