O0T3biB HAYYHOI'0O PYKOBOAUTENSA

Ha Aucceptauyuw AKyHuHa Nnbu AHppeeBuya
"Mouck un uccnepgoBaHue MarHUTHoiX Bp-3Be3n MnaBHOM
nocnenoBaTeNslbHOCTU"

AcTopus uccnenosaHum 3BE3[AHONO0 MarHeTuM3Ma HacuyuTbiBaeT yxe 6onee 60
ner, nepuodsl OypHOro pa3BUTUA U MOJIYYEHUA HOBBLIX [OAHHLIX CMEHSAJIUCH
OTHOCUTENbHbLIM 3aTullbeM. Kak npaBuno, o4YepenHoOM B3NIeT UHTepeca CBA3aAH C
BHEJpEHWEM HOBOW TEeXHWUKU B npouecc HabnwogeHun m ux obpabotkm. Tak 6bino
nocsie co3faHua aHanu3atopa ba306koka, npuBefWwero K OTKPbITUO MarHUTHbIX
nonen CP-3Be3f, nocne co3faHua ¢OTO3NIeKTPUYECKUX MarHMTOMETpoB, Mnocne
BHeapeHus [13C-MaTtpuy B HaOnwopgeHns wn LSD MeTonoB, MO3BOJIMBWWUX UCKATh
OYeHb Ccnabble W CNOoXHble MoNAg, NocCae HanuCaHusg HOBbIX MOWHbIX KOMMbIOTEPHbIX
nporpaMM obpaboTKM U UHTepnpetTaumm AOaHHbIX.

3TO0 B MOJSIHOM Mepe OTHOCUTCA K MOUCKAM U UCCNEed0BaHUSM Marl HUTHbIX

Bp-3Be3[. b56kKOK CcO0 cBoeun @oTOorpapuyeckom MeTOOMKOM U3MEePEeHUU CMor
U3MEPUTb MaArHUTHbIE MNMONA TOJIbKO Yy CaMblX XOJIOOHbIX U MeO/leHHO Bpallalumxcs '
3Be€3[1 CNeKTpasbHOro Kinacca B € aHOMaNbHbLIMU JIMHUAMWU KPEMHUA U [OPYTUX
3JIEMEHTOB, TUNUYHLIX [Ons Ap-3Be3[. N3-3a ObICTPOro BpaweHus u Manoro
KonmyecTtBa HabnwogaemMblX JIMHUW B CNekTpe, bonee ropsiyne B-3Be3ab ObiyU
HEQOCTYNHbI A1 U3MEpPeHUM C 3eeMaHOBCKMM aHa/iM3aTOpPOM OKOJI0 YeTBEepTU BekKa
nocne nepsBbix pabotr b3bkoka. W TOoNbKO nocne co3faHna (GOTOINEKTPUYECKUX
MarHUTOMeTpoB, wu3aMepsawuwmx V-napaMetrp CTOKCa B KpbbAX JMHUMA Bopopoaa,
CTallo BO3MOXHbIM pPE3KO pacumputb Kpyr Habnwopgaembix o06bekToB. O0TMETUM
30eCb, 4TO Haubosiee ycneuwHsIMM oKa3anucb 2 npubopa - MarHutometp [Ix.
JlaHgcTpuTta B KaHage u BopopoaHsit MarHutometp B.[. lltona, paboTaBwuin B
CAO PAH. C wux nomMmowbio OblIM OOHapyXeHbl MarHWUTHbie nong Oenbix KapauKoB U
OLICTPO Bpawawumuxcs 3Be3[. KpynHoMacuwTabHble MarHUTHbIe nong  3Be3[
CneKTpanbHbiX KnaccoB B2 - BY oka3anucb He MeHbuimMum, 4yeM y Ap 3Be3f. Y
3Be3[] ropsiyee B2 MarHuTHble nong ObNWM HaWOeHbl COBCEeM HepaBHO, okono 10
IeT Ha3a[, HO OHW cyuwecTtBeHHO bonee cnabdbbie.

C BBOAOM B DJ3KCcrJiyatauumw 6-M Tefneckorna. COBeTCKMe, a 3aTeM WU
DOCCUUCKME, aCTPOHOMbI  MOSIYYUIM  MOWHbIK  UHCTPYMEHT /19 UCCe0oBaHus
3B€3JHOr0 MarHeTu3Ma B pa3HoobOpa3HbIX ero npoaBneHuax. Pe3ynbTaTtbl 3TUX
MCCNefoBaHMM XOpoWo WU3BECTHb. Hawnm 3eeMaHOBCKME CMNeKTpbl noay4anTtcsi C
NOCTATO4YHO BbLICOKMM cChnekTpanbHbiM pa3peweHneM (R=15000). 3710 no3Bonger
NCNOSIb30BaTb WX  HE  TONbKO A1 MaArHUTHbLIX  M3MepeHuMn  (KakK  Ha
cnektpononapumetTpe FORS1 8M Teneckona VLT (R=2000)), HO gng uccnenoBaHus
KWHEMaTUKKU, BpaleHns M XUMUYECKOro cocTaBa 0OonbwWOro KosM4ecTBa HOBbIX

MarHUTHbIX 3Be3[l], B YaCTHOCTMH, YI1eHOB pacCCesiHHbIX CKOMJeHUN pa3Horo
BO3pacTa.

[lepen gucceptaHToM ObiIM NMOCTaBJIEHb Cleayoume 3apayu.

1. llpoBectn HabnwgeHns KaHOQMOaTtoB B MarHUTHble Bp-3Be3[bl.

2. (CoCTaBUTb KaTanor MarHuTHeiX Bp 3Be3[, wucnonb3ys cobCTBEHHbIe
HabnwaoeHnas U OaHHble nuTepaTypsbl.

3. [lpoBectn craTucTuyeckoe WUCC/IefjloBaHne XapaKTepuUCTUK MArHUTHOIO
nons W Bo3pacTa BbOOpPKKM Bp-3Be3f.

4. [lpoBeCTn aHanM3 MarHUTHLIX XUMUYECKU nNeKyNapHbIX 3Be3d MOIoaoun
accounauum OpumoH OB1.




5. [JetanbHO wuccnegoBatb  0CODEHHOCTWM  CTPYKTYPbl M TOMONOTI UM
MarHuTHOro nonsg wu3bpaHHbiX Bp-3Be3[j.

llenu paboTsl ObinM JOCTUrHYTHI, nNNaH paboTbl BbINONHEH MOJHOCTLIO.

bbino npoaHanu3upoBaHo COBpPEeMEeHHOe COoCToAHMe npobnemMsl MarHUTHBIX
Bp-38Be3n. Ha ocHoBaHuM Hawux  COBCTBEHHbIX  [AaHHBIX W CBE[leHMM U3
NATEPaTypHbIX MCTOYHUKOB, W.A. HKYHMHBM Obin  cobpaH Katanor marHuTHbIX
Bp-3Be3n, HacuuTbiBawumn 125 obbektoB. B nurtepatype HaupeHsl Bo3pacta t
bonbWMHCTBA 3Be3[ B Kartanore W CpaBHEH. C BO3pacTaMuM MarHUTHBIX Ap-
3ge3n. Oka3anocb, 4710 Ap-3Be3nbl Haweun BbOOPKM — 3TO, B OCHOBHOM,
0bLEeKTb Mong, WX BO3pacT onpegenseTcs CAoKHBM obpa3oM nNo  3BONKOLUWMOHHLIM
TpekaM, owubku onpepeneHvs Bo3pacTa fgocturawt 100 %. HawgeHHble B craTthe
KoyyxoBa u  baHblono (2006) Bo3pacTta  bHonbuwou  BboibOpkM  Ap-3Be3[]
CKOHLEeHTpupoBaHsl B uHTepBane log t = 8.2 — 8.9. OtcyrcrBue 00bLEKTOB C
BO3pacToM MeHee 100 MiAH neT cpean HUX MOXeM ObiTb MeTOAUYECKUM SQDEeKTOM.
Tak kKak BenuvyumHa lLlog t pns Ap-3Be31 CKOHUEHTpUpOoBaHa B [O0OCTaTO4YHO Y3KOM
WHTEepBane, ™Mbl He MOMEM WUCMoSb30BaTh Ap-3Be3fbl /19 M3YUYeHUs IBOSIIOLUK
MarHATHbLIX Moneu.

bonbwMHCTBO wKWccnenosBaHHbix W.A.  HKYHUHbLIM Bp-3Be3n BXOOAT B
pa3nvyHble 3Be3[Hble CKonneHna u accouumauyun. Bo3pacTt 4YIEeHOB CKOMNeHusd
onpefendaercs 3HAUYUTENbLHO HaflexHee U To4yHee, 4yem y 3Be3f nons. Ouwnbku
Bo3pacTa pocturawt 30-50%. [lonydyeHo Oonee-MmeHee ofHOpoOHOE pacnpepeneHuns
Bp-3Be3a, u3ydYaemblx B aucceprauud, No BO3pacTaM B UWWMPOKOM WHTepBane log
t = 6-8. Mo3TOMy OHM MOrYyT WCNONBL30BATLCA QN1 U3Yy4YeHUd SQPEeKTOB SBONOLUUK
3BE3QHbIX MarHUTHbLIX TNOJEN.

C uenbi nNoucKa HOBbIX MarHWTHeIX Bp-3Be3n ©Obn npoBenn aHanus
nuTepaTtypHeiX faHHbix. [lo aHanorum ¢ paHee HaUQEeHHOW 3aBUCUMOCTbLIO MeX[y
MHTEHCUBHOCTbK [Aenpeccunm B HEnpepbiBHOM CMNEKTpPe U BefUYUHOW MarHUTHOr O
nons (Kyapssues wu ap., 2006) npoBefeHa nMOMbITKa HauMTW HOBLIE CBA3KM MexAy
0CODEHHOCTAMU B CrnekTpe W BenuyduHow nons. B uHTepBane 3dPpeKTUBHbLIX
Temnepatyp Teff o1 8000 K po 14000 K 300eKTUBHOCTbL KpuTepua OKoJlo /5 %.
[lpn 3dPpeKTUBHLIX TemMnepatypax Bbile 14000 K penpeccuu B CNeKTpe ucye3awnT u
NO3TOMY 3TOT KpUTEepun MOXeT TMNPUMEHATHLCH TONbKO A1 CaMblX XOJofAHbIX Bp-
3Be3[l.

K coXaneHuw, He y[aanocb HauTu CTOoNb-Xe 30PEeKTUBHbIX ChexkTpanbHbiX
KpMTEpUEB, KOTOpble YKa3biBanu Obl Ha CcywecTBOBaHWE MarHUTHLIX MONEnW y 3Be3)
c Teff > 14000 K. Habmopenusn 6onee 100 Bp-3Be3n ¢ aHoMalbHbIMWA  JIMHUAMM
renvs U KpemMHus (Mbl pewnnin B KayecTBe KputepueB oT1bopa KaHAMAaATOB B3ATh
cTeneHb aHOManbHOCTU 3TUX JIUHWUW) noKasanau, 4YT0 MarHUTHOE TMNOoNne MoXeT
cywecrtBoBaTtb He b6Honee vem y 1/4 U3 Hux (N0 cpaBHEHUW ¢ 3/4 MarHUTHBIX
cpean bBonee  XONOOHBIX  MEeKYJIAPHbBIX 3Be3[1 C  CUNbHBIMKM  aHOManNUAMKU B
KOHTUHYyMe) . HaumpeHo 12 HOBbIX MarHuTHbIX 3Be3j] cpean 98 Bnepsbie
HabmogaBuwmnxcd C 3€eeMaHOBCKMM aHanuM3aTopoM Bp-3Be3f, ele Yy HeCKOo/bKUX
0b6bLEeKTOB Nnosie 3anofo3peHo.

Ocoboe BHMMaHWe B pAuUcCcepTauuKM YAeneHo TMOoUCKY ¢ UCCNnegoBaHuio
nekynapHeix 3Be37 B accouumauum Opuon OB1. B Heu Bwinennnu 85 CP-38e3n
pa3HblX TWUNOB W3 KOTOPbLIX 59 - 370 Bp-3Be3nb. llo-BuguMoMy, Bce 23

HauOoeHHble Am-3Be3[bl ABAAKTCA obbekTaMu nepeaHero rJlaHa um accouuauumu He
npuHannexat. B Ori OBl HawpeHbl 23 MarHuTHole Bp-3Be3fbl, 4 W3 KOTOPbLIX
HaugeHsl B xone paboTehl Hag guccepTauuven.



NccnepnoBaHma nekynspHsiX 38e30 B8 accounaunym OpuoH OBl nokazanu, 410
nona Bp-3Be3Q N0 OTHOWEHWW K HOpMasbHLM B 2 pa3a Bblle aonu Ap-3Be3f no
OTHOWEHU K HOPMaJibHbIM A-3Be30aM accouuauumn. PacnpepeneHue MarHMTHbIX
nonen 38e3n accoumaumm OpuoH OBl no BenuyuMHe He oTNM4YaeTcd OT OHOro [N
Bcex Bp-3Be3n. Kakonm-nubo 3Ha4YMMOM  KOHUEHTpauuM B  rpynrsl  BHYTPY
accouunaumm unu ocobeHHOCTen pacrnpefgeneHns NeKynapHbX 3Be3[] pa3HbiX TUMOB
B accoumaunmm He Habnwpaertcs.

OpHa w3 3Be3n accouwnauuum - HD 37776 (C yCUNEHHBMW NUHUSMU Trenus)
obnagaet CUNbHLIM NOJIEM CJIOKHOWU CTPYKTYPbI. Ob6bekTy nMOCBSAWEHbH AECATKM
nybnukauunu, pe3ynbTaThl NOJNy4eHHble paHee yKa3biBalwT Ha HeobxogumMocTb
NMPOBECTH HabnoneHns NTIMHEUHOWN nongapu3launmn C NOCTaTO4HO BblCOKUM
pa3pewleHneM, TaK KakK Ooxuaanacb CWIbHas JNWMHEUMHas nonspuM3auuMa B JIMHUAX.
Takne HabnwopgeHus HamMu Brepsble ObNM  BLIMOMHEHHI Ha 6-M Teneckone. OHuU
NoKa3sajih OTCYTCTBUE OXWAABWEUCH JNIUHEUHOW nonspusauunm Ha yposHe 0.5% BO
BCeX HabniopaBwmxcsa ¢asax nepuofa BpaweHus 3Be3apl. Wcnonb3ys ykasaHHble
NlaHHbie W pe3ynbTaThl HabnogeHun Kpyrosou nonapusauuu, Ko4vyxoB u fap.
(2011) nocTpounu HOBYW MoOfenb nNOJs 3Be3[bl. TONonorua nons CroXHas,
HEOWNONbHad", Be/IMYMHA NOJSIg Ha NOBEPXHOCTU B MaKCuMyMme pocturaet 30 klc.

Bropaa 3Be3fna u3 accoumaumun OpumoH OBl - 370 06bekT ¢ ocnabneHHbMU
nuHuaMu HD 35298. Mbl npoBenu uU3MEpeHus e€ MarHUTHOro Mons C [0CTaTOYHbIM
NOKPLITMEM 10 ¢a3aM rnepuofla BpaueHus. bbino HawgeHo, 4YT0 W3MeHeHusd
NPOAOSbLHON KOMMOHEHTB  Be  MOXHO  onucaTthb rNapgKown CUHYCOMlanbHOW
3aBUCUMOCTbI C 3KCTpemMyMamMu OT 3 a0 +3 kKl C., 3T0 0O3Ha4daeT, 4TO0 B OT/uMyue
0T npeasiayuen 3ge3gpl HD 37776, none y HD 35298 wumMeeTr [AUNONbHYK
CTPpyKTypy. [llocTpoeHa MarHutHas ™Mofenb 3Be3abl. Mbl BUOUM, TakuMm o06pa3om,
4TO HecMoTps Ha 710, 410 obe 3Be3fb ABNANTCA 4ieHaMmum accounaumm OpuoH
OBl, uMeT aHOManuuM B CNeKTpe U No4vYTu OfaMHaKkoBbie nepuofbl spauweHus (1.53
cytr HD 37776 n 1.85 cyt HD 35298) - a¢dektumBHbie Temnepatypsl (22000 K u
16000 K) ¥, COOTBETCTBEHHO, MacCChl — pPa3/InYHbI. CoBepuweHHo pa3nvyHa wu
TONONOrUA MarHUTHLIX MONen.

MexgyHapoaHas nporpamMa  MIMES (MarHeTu3M  MacCUBHbBIX  3Be3[1)
npepnonaraeT KOMNMeKCHoe WCCnefoBaHue HeCKOSIbKUX [OecCiATKOB 3Be3[] BCeMu
BO3MOXHbIMW METOfAaMM [ANA NOCTPOoeHUs [OeTallbHbiX MOofenen yKa3aHHbiXx 0ObLeKToB.
OpHa w3 Hux HD 184927 - 3Be3ga C CWIbHLIM [OSIEM W YCUIEHHBIMU JIMHUSAMU
renua, Mbl €e M3y4daem CcoBMecCcTHO. [locTpoeHa Kaprta pacnpepgeneHus XUMUYeCcKux
3N1EMEHTOB W MarHUTHOro roJsia MeToaOM MAarHWTHOro KaptupoBaHua. [loka3aHo,

4YTO HabNgeHUss MOXHO 00bLACHUTL TONBLKO HanMuMeM MATHa C aHoMalnbHO
BbICOKMM COflEpXaHMEM renua, rnpesbiwawwuM BofopoaHoe. Pa3Mep renuesoro
naTHa okono 90 rpagycos. [locTpoeHa M™Mofgenb aTMocepbl 3Be3b U ee
MarHUTOCHEpPSHI.

3a BpeMsi y4ebbl B acnupaHType couckaTesb OCBOMI METOAUKY MNpOBEAeHMSs
HabropeHun Ha Teneckonax CAQ, caMOCTOATENbHO BBINOMHAET MX, HEOAHOKPaTHO
BbIMONTHAS 0093aHHOCTH PYKOBOAUTENS HabnpaTenbHbIX nporpamMm Ha
cnektporpage O03C[1 BTA w©u Ha 1-M Teneckone. OH obnapaer XopowuMu
no3HaHuaMMU B 00NacTu  MHGOPMATUKM W BLIYUCNUTENBHOM TEXHUKU, Blageer
COBpeMeHHbIM MeToflaMu o0b0paboTkK HabnwpgaTenbHbiX AOaHHbX (aHanu3 HabnogeHun
npu NOMOWM CUHTETUYECKUX CNeKTPOoB, pacyeTb Mofenen atMochep npu oMo
pa3nuyHbix nporpaMMm U Aap.) OH yMeeT TakKxe aHanu3umpoBaTb XUMMYECKUM COCTaB
3Be3f.




N.A. AKYHUH OCBOW pa3/iMdHble cnocobbl U3MepeHun 3BEe3AHbIX MarHUTHbIX

nonew W nokasan, 4T0o B cliydyae MarHutTHeix Bp -3Be3Q HauMeHblee
paccesHue faHHbIX Noay4aeTcd NpuM  UCNONb30BaHWKM  MeTofa  perpeccuu,
npennoxeHHoro bBaHbino. Merton, npeanoxeHHsin bB3OKOKOM B criyvyae  CJIOXHbIX
HECUMMETPUYHLIX Npoduiend JUHWUA MOXEeT TMPUBECTU K HeBEepHbiM pe3ynbTaTaM.
[aHbl pekoMeHaaumu Mo Y4eTy BO3MOXHbIX WCKaxeHuu. BbeiBoAab pucceprauLum B
3TON 4acTU WUMEKT HEeCOMHEHHYID NPakTUYeCcKyw UEeHHOCTb.

ucceprtaums WN.A. SKyHUHA  SBASETCH CaMOCTOSATENbLHO MOArOTOBJIEHHOW
Hay4HoW paboTom. Pe3ynbTaThl ee OCHOBaHb Ha [aHHLIX, TMONYYEHHbBIX Ha ©O-M
Teneckone. Pa3ymeeTrcsi, coBpeMeHHble HabMofeHus M KUX aHanu3 - 3T0 CJIOKHbIN
npouecc. Kak npasuno, Takas paborta BbINONHAGTCA KOJUIEKTMBOM aBTOpOB. TeM
HEe MeHee, /NUYHLIKW BKA[ couckatena B pe3ynbTartax, npeacrtaBifieMslX B
auccepTauumn aBnseTca onpenensguouMM: OoH NpUHUMan  HernocpefacTBeHHOe y4vacTtue
8 HabnwopgeHuax u obpaboTke pAaHHLIX, BbLINONHAN aHalu3 XUMUUYECKOro coCTaBa W
M3MEPAN MarHUTHbIE MO WMCCNeflyembix 3Be3[].

Yyactue N.A. AKyHUHA B MeXAyHapoOHOW KoonepaTtuBHoM nporpamme MIMES
NO3BONIMNO nNepeHsTb W BHeaputb y Hac B CAO pa3nuyHele HOBbLIE METOOUKMW
06paboTKM [aHHbLIX, YTO WUMEEeT HECOMHEeHHYI0 MEeTOAMWYECKYID W NPaKTUYECKYH
LLeHHOCTh .

N.A. AKYyHUH NoCcTOfHHO paboTaer C nNUTEepaTypHbiMA [OaHHbLMW, CleguT 3a
HOBOCTAMUM Hayku B obnacrtu uccneposaHuu 3Be3[HOro MarHetusma. KMMeet onbiT
BLICTYMNIEHUW € HayyHbiMM  [JOKNapgamu, JIMYHO  y4aCTBOBaJl B  HECKOJIbKWX
MEeXOyHapoOHbIX U poccunckux KoupeperHumax (B 17.4. Ha Cwmnosunyme MAC 307 BO
OpaHumMn, U  KOHdepeHuumu no MarHuTHeM 3Be3faMm B [lotcpame (lepmanua)). OH
BLICTYNAN C YCTHbIMU [OKMafaMM Ha MEeXOYHapoOHbIX KOHOepeHLMSX no MarHUTHbLIM
3pe3naMm B CAO m no cnektpockonuu 38e3n B [AO PAH.

Cyutaw. 4yTo padbora WN.A. fAkyHuHa "llomck M wuccnepgoBaHue MarHUTHBIX
Bp-3Be3f (naBHOM nocnefoBaTenbHOCTH i NONHOCTBI COOTBETCTBYEeT
rpeboBanusm, npepbsBnsemsivy BAK K pguccepraumaM Ha COMCKaHue y4eHoM
cTeneHu KaHpguparta ¢éu3.-mart. HAYK, a CcoucKaTtefle 3acNyxuBaeT npucyxgeHus
eMy WCKOMOW cTeneHun no cneyunansHoctun 01.03.02 — acrpod¢msanka u 3Be3fHas
acTPOHOMUSA .

Hay4uHblM pyKOBOOUTESb,
OKTOD ®U3.-MaT. Hayk e N.N. PomMahiok
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