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BBenenue

1 cents6pa 1859 r. anrnmiickue actpoHombl P.Ksppunrron u P.Xomxcon
BIIEPBHIE B MCTOPUU YesoBeuecTBa HaOmonanu BenblKy Ha ConHue. CoBpeMeHHbIe
OLICHKH TO3BOJISIIOT YTBEPKJIATh, UTO 3TO ObLJIa CAMOE MOILHOE SIBJICHHE 332 BCE BpPEMsI
HaOJIOICHUM, BIUIOTH JI0 HACTOSILIETO BpeMEHU. BCmbIlIKa COMPOBOXKIANACH PSIOM
CWIBbHBIX Teopusndeckux 3¢ ¢pexkToB Ha 3emiie. CunTaercs, 4To NoJOOHbIE SBJICHUS HA
Counnne Habmogarotes pas B 800 — 1000 net [86; 102].

Kappunrronosckoe coObiTe 1859 r. OTHOCHIIOCH K pEIKOMY KJacCy Tak
Ha3bIBa€MbIX O€JIbIX BCHBIIIEK, KOTOpPble HAOIIOAIOTCS B HWHTErPajJbHOM CBETE
CPaBHHUTENIBHO PEIKO — KaK MpaBWIIO, HE 00Jiee HECKOIBKUX CIy4aeB 3a JIECATUIICTHE.
B XX Beke, mo Mmepe  pa3BUTUS TEXHUKH ACTPOHOMUYECKHX HAOIIOJICHUH,
BBISICHWJIOCh, YTO BCHBIIMIKKA SIBISIOTCS JOCTaTOYHO YaCThIMU COOBITHUSIMH, TECHO
CBS3aHHBIMM C TpYNIAMH COJHEYHBIX TSATEH (aKTUBHBIMU O0OJIACTAMH), A,
CJIeI0BaTENbHO, UX YUCIIO MOJYJIUPYETCS XOAO0M coiiHedHoro Iukia Bonbda-I11IBade
[32]. Hauwmnas ¢ 1926 T, BCHOBIMIKA MEPHOAMYECKHA HAOIOMAINCh B AKTHBHBIX
00JacTsIX ¢ MOMOIIBIO CIIEKTPOrennockonoB. B cepenune XX Beka B pacHopsKEHUU
reJuo(U3NKOB TOSBUIUCH Y3KOMOJOCHBIE HHTEPGEPEHIIMOHHO-TIOISIPU3AIUOHHBIC
buasTpHI, Mo3BOJIABIINE HaOMOAaTh COHIIE B CBETE XpOMOC(EPHBIX JIMHUH, MPEKIC
BCEr0 JIMHUKA  BOAOpoJa. B  53m0oXy  BBINOJHEHUS  HAYYHOHM  IPOrpPaMMBbI
Mexnaynapognoro reodusudeckoro roma (MIT, 1957-1958 rr. [13]), ymauno
COBMABIIETO C MaKCMMyMOM CaMOTO «BBICOKOTO» B HWCTOpUHM HaOmoaeHuil 19-ro
[IUKJIA COJTHEYHOW aKTUBHOCTH, COJTHEUHBIMU OOCEPBATOPUSMU OB BHITIOJHEH ITHKII
CUCTEeMaTHYeCKUX (HempepbiBHBIX) HaOmoneHuit Comnma. B atoT mepuosn Oblia
pa3BepHyTa MpOJOJDKAIOIIasi CBOIO paboOTy MO HAcTosllee BpeMsl CeTh CTaHIUil
HaOmroIeH (0OcepBaTopuil), BEAYIIUX HEMPEPHIBHBI MOHUTOPHWHT COJTHEUHOM, U B
YaCTHOCTH, BCIBIIIEYHOW aKTUBHOCTU. B pe3ynbrare 3TOr0 MOHUTOPHHTA,
OCYIIECTBIIABLIETOCS MO €AUHOM mporpamme, yxke B 1960-pie TOIbI CTano sCHO, YTO
BCIBIIIKY MPOUCXoasT Ha COJHIIE MOCTOSIHHO — UX KOJIMYECTBO HAa BUJUMOM JUCKE

CBETHJIA MOXKET JOCTUTATh JeCATKOB B CyTKH [38]. IIpu 3TOM BCIBIIIKHU CYIICCTBEHHO
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pa3nIuyaloTcs MO MHOTMM TMapaMeTrpaM. bbUTM TpeasioxKeHbl MEepBbIE BapHAHTHI
KJ1Iaccu(UKaIMy BCIBIIIEK, B YACTHOCTH, BBEJICHBI ONTUYECKUE Oalibl, YYUTHIBABIIINE
KaK MJIOIab, TaK U SIPKOCTh BCTIBIIIEK MO HAOIIOEHUSIM B CBETE JIMHUU Bojopojaa H-
anbpa [39]. Muorue wuccrnegoBaHus ObUIM TMOCBSIICHB Kak (EHOMEHOJIOTHU U
CTAaTUCTUKE BCIBIIICK, TaAK U MOUCKaM (U3UYECKUX MEXAaHU3MOB, MPOUCXOMSIINX BO
BembImkax [15;7].

Hogsast smioxa B mccnenoBaHusiX Bemblliek Hadanach B 1970-bie  T0/BI, KOTIA
ObUTM pa3BEepHYTHI CHayYasla dMHU30JMYECKHUE, a 3aTeM U PEryJspHble HAONIOACHUS B
yIbTPaQUOJIETOBOM W  PEHTICHOBCKOM  JHWala3oHaX Ha  BHEATMOC(EPHBIX
obcepBaTopHsX. N3mepenus WHTEHCUBHOCTH JIOKaJIbHBIX HUCTOYHUKOB
PEHTIEHOBCKOTO M3JIy4YeHHMs, HaOJI01aéMOTO BO BpPEMsl BCHBIIICK, ITO3BOJIHIIH
UCIIOJIb30BaTh X KaK OCHOBHOMW mapameTp Ui onucanus Benbimiek Ha Comrie [34].
Kpome Toro, aeTektopsl, pa3MelieHHbIE HAa CITyTHHUKAaX, OOECIEUHUINM BO3MOXKHOCTH
HEMOCPEJCTBEHHO (PUKCUPOBATh TOTOKHM 3apsHKEHHBIX YacTHI], BBIOPACHIBAEMBIX B
resrocepy Bo BpeMmsi, MO0 KpaliHeH Mepe, HEKOTOPBIX BCHbIIIEK [32] U U3MEpATh UX
napameTphl.

HccnenoBanne CONHEUHBIX BCIBIIMIEK MPEICTABISET OONBIION MHTEpEC — Kak
dbyHIaMEHTaIbHBIN, TaK M MPUKIAJAHOW. M3BECTHO, YTO B OCHOBE BCIHBIIICK JIE)KAT
MarHUTOTHAPOJAMHAMUYECKUE U DIEKTPOJAMHAMHYECKHE IPOIIECChl, B pe3yJbTaTax
KOTOPBIX BBICBOOOXKIIA€TCS DHEPrus, 3allaceHHass B MATrHUTHBIX MOJISIX AKTUBHBIX
obmnacreii [40], oqHAKO MHOTHE JI€TaIu ATUX MPOIIECCOB OCTAIOTCS HEBBIICHCHHBIMH. B
CBSI3M C ITHM YCJIOBUS, NMPUBOMASAIINE K TC€HEPAIMHU BCTBIIIEK, TPEOYIOT yTOYHECHHUS.
[loaToMy, HecMOTpss Ha BBIAEICHHE IENOr0 psga MOpPQHOJOTHYECKUX U
KOJIMYECTBEHHBIX MPU3HAKOB BCIBIINIEYHOW OMACHOCTH, [0 COCTOSIHUIO Ha
CErOJIHSIIIIHUI JI€Hb KayeCTBO MPOTHO3a COJHEYHBIX BCIBIIIEK, KAK U JECATUIICTHUS
Ha3aJ, OCTaBIIACT KeJaTh Jrydmiero [32].

Urto Kacaercsi TPaKTUYECKOM Ba)XHOCTM H3YUYEHHS] BCHOBIIIEYHBIX U
COMYTCTBYIOLIUX SIBICHUN, TO OHA CBSI3aHA C CWJIbHBIMU MPOSIBICHUSAMU MOCIEICTBUI
BCIIBIIIIEK B 3¢MHBIX 000JI0UKaX, BKJIKOYas r€OMarHuTHbIE Oypu U cyOOypH, MOJISIPHBIC

CUSIHMSI, Bapualld MapaMeTpoB aTMOCHEPHOTO SJIEKTPUUECKOTO TMOJs, a TaKkKe
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s dekThl B TexHOCcPepe 3eMHON HUBUIU3AIMU (HAPYUICHUS PaAuOCBS3U, HaBEICHUE
TOKOB B 3JIEKTPONPOBOMSIINX CHUCTEMaX, COOM B D3JEKTpOHUKE U T.1.). MMerorcs
JTAHHBIE O BO3JCHCTBUSIX COJIHEUHBIX BCIBIIIEK U CBSI3aHHBIX C HUMHU BBIOPOCOB
KOPOHAJILHOTO BEIIECTBA HA KUBBIE OPTaHU3MBbI.

Taxkum oOpaszom, mepea renuodu3MKaMyd CTOMT HEMaJI0 HEPEIICHHBIX 3aj1ad.
3amada, KoTOpas peniaisach B HaCTOAIICH paboTe, CBOAMIACK K CIETYIOIIEMY.

Kak wu3BecTHO, BCHBIIIKM MPOUCXOMAT B AaKTUBHBIX OO0JACTAX, BOIU3H
conHeunbix mATeH [10]. HemHorowucneHHble ciiydan OOHapy»EHHUs BCIIBIIIIEK BHE
TPYII MATEH (Tak Ha3bIBaeMble OecHsITeHHBbIE BCIBIIKK) [64; 41; 14; 19] B nienom He
U3MEHSIOT TOT BBIBOJ, MMOCKOJIbKY Ja)e B OCCISTEHHBIX BCIBIIIKAX 33JICCTBOBAHbI
MarHUTHBIE TIOJIS CTapPbIX (pacIa aroIuXCsl) aKTUBHBIX 00JIaCTEeH.

Tem He MeHee, HcClieI0BaHus MOKa3alld, YTO aKTUBHBIE 00JIaCTH CYIIIECTBEHHO
pa3IuyarTCs MEXIy COOOH IO YPOBHIO BCIBIIIEYHON aKTUBHOCTU. CyIIeCTBYIOT
TPYIIIBI MATEH, TJe BCIBIIIKA COBCEM HE MPOUCXOAT. B TO e BpeMs eCTh aKTHBHBIE
o0JylacTu, CrocOOHBIE T€HEPUPOBATH IIEJbI€ MOCIEI0BATEILHOCTH MOIIHBIX BCIIBIIIEK
CaMbIX BBICOKMX PEHTTCHOBCKHMX KJIAcCOB. YOEIWTENIbHO TMoOKazaHo [42], 4TO, Kak
IIPaBUJIO, CHUJIbHBIE BCIBIIMIKK MPOUCXOJNUT B TPYyMIaXxX IMATEH, KOTOPhIE Pa3BUBAIOTCS B
cocTaBe KOMIUIEKCOB akTMBHOCTH Ha ComHie. Ilenpro HacTosmel paboThl SBHIOCH
HCCJICJOBAHNE CBSI3M KOMILJIEKCOB aKTUBHOCTH Ha COJIHIIE C CHIIBHBIMH COJTHEYHBIMH
BCIIBIIIIKAMU Ha MaTepuasie 24 1HKJIa COJHEYHOM aKTHBHOCTH, JIOIOJHEHHOM

JaHHBIMHU O JPYIUX IMHUKIIAX.

AKTVAJILHOCTH TEMbI

AKTyanbHOCTh pabOTHI CBs3aHA C HEOOXOIUMOCTHIO YTOYHEHUS (DU3UUECKHUX
MEXaHM3MOB BCIHBIIIEK, a TAK)KE MOBBIIICHHS KaueCTBa MPOTHO3a KPYMHBIX COTHEYHBIX
BCIbIIEK. ['PYIIbI COTHEUHBIX MATEH, OTHOCSIIMECS K OJIMHAKOBBIM KJIaccaM C TOYKH
3peHUs KJIACCHUYECKOM IIopuxcKoi kinaccupuraruu [39; 11], MoryT mposBIATh ceOs
MO-pa3HOMY C TOYKHM 3PEHUSI MHTEHCUBHOCTHU T€HEpAllUd KPYIMHBIX BCIBIIIEK — OT

HYJIEBOM /10 O4Ye€Hb BBICOKOW. Bricokas auddepeHunanuisi ypoBHS BCIHBIIICYHOM
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AKTUBHOCTU TPYII MSTEH, CXOJHBIX C TOYKU 3pPEHHUS LIOPUXCKON Kiaccudukaiuu,
MO3BOJIAET CJlieNlaTh BBIBOJL O TOM, YTO HEOOXOJAMMO HAWTH M YYUTHIBATh, Kak
MUHHMYM, €Ill€ OJWH HEU3BECTHBIN MOMOJHUTENBHBIN (PakTop, BO3ACHCTBYIOMINI Ha
BCHBIIICYHBIN MOTEHIMAN TPyNnbl MATEH. B KadyecTBe TaKOro TUIIOTETUYECKOTO
¢dakTopa B paboTe pacCMOTpeHa MPUHAIICIKHOCTh (MM HEMPUHAJIEKHOCTD) TPYIIIBI
MATEH K KOMIUIEKCAM aKTUBHOCTH.

[lo cytu, peub uaer o0 HCCIENOBAHUM U TMOCIEAYIONIEM HCIOJIb30BAHUU
HOBOI'O TMPOTHOCTUYECKOrO TMPHU3HAKA, KOTOPBIA MPOSIBISAETCS B MOBBIIICHHOU
CIOCOOHOCTH aKTUBHBIX 0OJlacTed, pa3BUBAIOIIMUXCS B COCTaBE KOMILUIEKCOB
AKTMBHOCTH, K T€HEpAIIMU CUJIbHBIX COJIHEYHBIX BCIBIIICK. B pamkax pemieHus 3Tou
3a1aud  OKa3ajoCh aKTyaJlbHBIM  ONpEJeiCHHUE alIropuTMa  HACHTU(UKAIIUH
KOMIUIEKCOB aKTUBHOCTH, TMO3BOJISIIOIIETO Pa3/efisiTh MOMYJISLIHUI0 TPYHI COTHEYHBIX
IATEH Ha MPUHAJIeKAIME K KOMIUJIEKCAM aKTUBHOCTH M HE MPUHAJICKAIIUE K HUM.
[IpoGnema 3akitoyaeTcs B TOM, YTO IMOHSATHE KOMIUIEKCA aKTUBHOCTH, HECMOTpS Ha
00JIBIIIOE KOJTUYECTBO padOT pa3HBIX UccieoBaTeNel (a BO3MOXKHO, KaK pa3 03TOMY)
OCTaeTCsl HE YCTOSIBIIMMCS OKOHYATEJIbHO, — pPa3HbIE aBTOPHl BKJIAABIBAIOT B 3TO
IIOHATHE Pa3HBIM CMBICI. [103TOMY aKTyallbHBIM Il pELIEHUs [OCTAaBICHHOU 3aJa4u
SBWJIOCH YTOYHEHHUE OMpEJEICHUs] KOMIUJIEKCa aKTHMBHOCTH, WICHTHU(UKAIUS BCEX
KOMILUIEKCOB aKTUBHOCTM Ha TMPOTSHKEHUM 24 [HMKIAa COJIHEYHOW aKTHUBHOCTH,
COCTaBIICHHE COOTBETCTBYIOIIMX Karajora u 0a3bl JaHHBIX JJs1 JajdbHEHIIero
CPaBHUTEJIBHOIO AHAJIM3a BCIBILIEYHOW AaKTUBHOCTU TIpyNN IIATEH B Ipeaeax

KOMIIJICKCOB aKTUBHOCTH U 3a UX IIPCACIIaAMMU.

Heab padoThI

Ilens paboThl 3akmioyanach B TPOBEPKE THIOTE3BI 00 0coboi poiu
KOMILIEKCOB aKTUBHOCTH Ha COJIHIIE B MPOLIECCE TeHEePALIMK KPYITHBIX BCTIBIIIEK.

JIs1 TOCTHXKEHUS 3TOU 1ETM OBUIH PEIICHBI CISAYIONINE 3a/1auH:



1. CocraBieHre CUHONTHYECKUX KapT MATEHHOM aKTHMBHOCTH 3a MEPHOJ
2009 — 2019 rr (24 UMK COTHEYHON aKTUBHOCTH) C MCIOJB30BAHHUEM MHUPOBOI CETH
JAHHBIX U IAaHHBIX aCTpOHOMHUYECKOM obcepBaTopun UT'Y.

2. HWnentuduxanus KOMIUIEKCOB aKTUBHOCTU IO CHHONTHYECKUM KapTaM
MPOCTPAHCTBEHHOI'O paClpeesieHus TMSITeH Ha COJHEYHOW MOBEPXHOCTH, CO3JaHUE
Karajora KOMIUIEKCOB AaKTUBHOCTH, BKJIIOYAas HMX BCIBIIIEYHYIO aKTHMBHOCTb, U
COOTBETCTBYIOIIEH 0a3bl JAHHBIX.

3. AHaiM3 B3aUMHOTO MPOCTPAHCTBEHHOI'O PACMOJOXKEHUS KOMILIEKCOB
AKTUBHOCTU M COJIHEUHBIX BCIBIIIEK PAa3HbIX THUIOB (CHUJIbHBIE MPOTOHHBIE COOBITHSA,
CWIbHbIE PEHTIC€HOBCKME BCHBIIIKH, T'aMMa-BCHBIIIKH, BCIHBIIIKUA C JJIUTEIbHBIM
cnagoM uznydenus (LDE-coObiTus) Ha comHEYHON MOBEPXHOCTH).

4. CpaBHEHUE BCHBIIICYHOTO MOBEJICHUS aKTUBHBIX obOsiactedl B 24 1UKIE C
IPYTUMH [UKIaMHU.

5. AHaiM3 DNpPUYMH BBICOKOW BCHBIIIEYHON AKTHUBHOCTH B OTAEIBHOMN
HEMHOTI'OYHMCIIEHHOM MOMYJISAIUN aKTUBHBIX 001acTell BHE KOMIIEKCOB aKTUBHOCTH.

6. AHaiIM3 pOMM KOPOHAJIBHBIX JbIp BOJIM3M KOMIUJIEKCOB AaKTHBHOCTH B
IIPOLIECCHI T€HEPAaLUH BCIIBIIIEK.

/. ®opMyIupOBaHUE TMIIOTE3bl, 0OBACHSIONIEH MOBBIIICHHYIO BCIBIIICYHYIO

AKTUBHOCTH aKTHMBHBIX 00JIaCTEl B COCTaBE KOMIIJIEKCOB aKTUBHOCTH.

HavuyHas HOBHU3HA

1. BriepBoie naeHTHGUIIMPOBAHB KOMIUIEKCHI AKTUBHOCTH B 24 IUKIe
COJIHEYHOM AKTUBHOCTH B COOTBETCTBUM C OPUTHMHAIBHBIM alTOPUTMOM, COCTABJIEH
KaTaJlor, co3JaHa 0a3a JaHHbBIX, BBIYUCIIEH BCIBIIIEYHBIN UHACKC JJISl BCEX aKTUBHBIX
o0macTeil, BXOASIIHNX B COCTaB KOMIIJIEKCOB aKTHBHOCTH.

2. YcraHoBieHo, 4YTO 3HauuTenbHas dacTth (Oonee 80%) comHEYHBIX
BCOBIIIEK pa3HbIX TUINOB B 24 IUKIE€ NPOUCXOAWIM B aKTUBHBIX 001acTsX,

Pa3BUBAOIIUXCA B COCTABC KOMIIJICKCOB dKTUBHOCTH.



3. Boigenen penkuil kjiacc 0coObIX aKTUBHBIX 00JIaCTEH, pa3BUBAIOLIUXCS
BHE KOMIUIEKCOB AKTUBHOCTH, OTJIMYAOLIUXCS BBICOKOM BCHBIIICYHON AKTHUBHOCTBIO.
[lokazaHo, 4TO Takue OOpa30BaHMs CBS3aHbl C KOPOTKOKMBYIIMMHU KOMILIEKCAMU
aKTUBHOCTH, (OpMaIbHO HE MNOANAAAIOUIMMHU TMOJ] ONpElIeJeHue KOMIUIEKCca
AKTUBHOCTH.

4. Iloka3aHO, YTO BCE€ KOMIUIEKCHI aKTUBHOCTH, I'JI€ MPOUCXONUIIN CHUIIbHBIC
OPOTOHHBIE  BCHBIIMIKKA, a TakKKe TIaMMa-BCOBIIIKK, HAXOAWIUCh PAIOM C
KOPOHAJIBHBIMU JBIPAMH.

5. VY CTaHOBIIEHO, YTO MOIIHOCTh KOMIUIEKCOB AaKTUBHOCTH MOHOTOHHO

cHmkaercd ot 21 k 24 HUKIy COMTHEYHON aKTUBHOCTH.

HavyHasi u npakTHYeCcKasi 3HAYUMOCTh

B xome paboThl BBISIBIEH P 3aKOHOMEPHOCTEM CTPYKTYpPhl M JBOJIIOIUHU
KOMILUIEKCOB aKTUBHOCTH, a TAKXE€ WX BCHBIILIEYHON AeATrenbHOCTH. CO3JaHHBIA U
npojokaronuiics katanor sigep KA moxker ObITh HUCIONB30BaH CIECIMATMCTAMU B
o0nmacT renroGU3UKU IS aHalIM3a IMPOSIBICHHN COJHEYHOM aKTMBHOCTH U
COBEPIIEHCTBOBAHUSI METOAMKU TPOTHO3a KPYMHBIX re0d(P(EeKTHBHBIX BO3MYIICHHUIN
Ha Comnie. Pe3ynbTaThl, MOTyYeHHBIE B TUCCEPTAIMH, MOTYT OBITH MPUMEHEHBI IS

MOJIEPHU3ALMH CYIIECTBYIOMMNX MOJICIIEH U MEXaHU3MOB COJIHEYHOW aKTHBHOCTH.

Ilo10:keHMsI, BLIHOCUMbIE HA 3ALIUTY

1. . 3aKOHOMEpPHOCTh BOZHUKHOBEHHUSI BCIBIIICK, BHIPAKEHHAS! B MOBBIIIEHHON
BCIIBIIIEYHON aKTUBHOCTH KOMIUJIEKCOB AKTUBHOCTU. Y AEIbHOE YHCJIO BCIBIIIEK B
anpax KA B 2,5 pa3a npeBblllaeT COOTBETCTBYIONIMHN MapaMeTp B BeTBix KA u 3a
npeaenamu KA. C KA cBsazanbl 87% LDE-Bchbiex ykazaHHbIX Ki1accoB, 82% Bcex
CUWJIBHBIX MPOTOHHBIX BCIIBIIIEK, T€HEPUPYIOIUX MOTOKA SHEPTrUYHBIX MPOTOHOB HA
opbuTte 3emiu, a Takxke 74% Bcex raMma-BCIIBIIIEK B 24 ITHUKIIE.



2. 3aKOHOMEPHOCTH Pa3BUTHUSI KOMIUIEKCOB AKTUBHOCTHM B TEUEHUE YETBIPEX
(21-24) uwmkIOB, pacmpeeieHHe MPOIAOKUTEIBHOCTH CYIICCTBOBAHUS, BapHaIlMH
yucna KA B Teuenwe nukina. B Bapuanusx WHAEKCOB, onuchiBaromnx KA,
nposiBisiercs mnpaBwio ['HeBwimieBa-Onst (B HEYETHBIX IUKIAX 3HAYEHHUE HTUX
napaMeTpoB 0oJiblie, 4eM B YE€THBIX). OTMEUYEH CUCTEMATUYECKUI Craj BCIBIIICUHON
akTUBHOCTU KA B TeueHUE YEThIPEX LIUKIIOB.

3. ®akT 00s3aTeNBHOTO NPUCYTCTBUS KOPOHAIBHBIX JbIp BOJM3U MeCT
JOKAJIM3allMM TMPOTOHHBIX M Tamma-Benbiliek B KA B 24 1ukine, KOTOpBIH
paccMaTpuBaeTCsl KaK BaXKHbIM (€ciau He o00s3aTebHbIN) MPU3HAK IMOBBIIICHHOTO
BCIIBIIIICYHOI'O ITOTEHIMAJIa aKTUBHOM o0jactu. OOOCHOBaHA THIIOTE3a O TOM, 4YTO
BBIXO/I BCHBIIICUHBIX YACTHUI[ U3 KOMIUIEKCOB aKTUBHOCTH B Tenrocdepy oOyCIoBIICH
CYILIECTBOBAHUEM JIOJITOKUBYIIMX MArHUTHBIX KaHAJIOB, MO3BOJSIOMINX 00ECTICYUTH
NEPEHOC YCKOPEHHBIX BCIIBIIIKOW 4YacTUIl B TOTPAaHUYHYK OOJACTh OTKPBITOU
MarHMTHOM CTPYKTYPbl KOPOHAJIBHBIX JIBIP.

4. @eHomeHOJIOTHYECKAas MoJendb CBI3M KA, CHJIBHBIX BCIBIIICK U
KOPOHAJIBHBIX BBIOpOCOB Macchl Ha CoJIHIIE, OCHOBaHHAs Ha BJIMSHUU CIIOXKHOUN
KPYITHOMACHITAa0OHO! CTPYKTYpbl MarHuTHOTO ToJist KA.

5. ba3pl JaHHBIX KOMIIJIEKCOB aKTUBHOCTH, BCIIBIIIEK B KOMIIIEKCAX aKTUBHOCTHU
B 24 IMKJIE€ COJHEYHOM aKTUBHOCTH, BKJIIOYAIOIIME JaHHBIE 00 aKTUBHBIX 00JIACTIX B
cocTaBe KOMIUIEKCOB aKTUBHOCTHU (KA) M X BCHBIIIEUHYIO AEATEIBHOCTD.

JIOCTOBEPHOCTH PE3VJIbTATOB

[lonydyennsie B Xoae pabOThI pe3yiabTaThl COTJIACYIOTCS C pPe3yJIbTaTaMH,
MIOJy4YEHHBIMHU IPYTUMU METOJIaMH, COOTBETCTBYIOT TEOPETUYECKUM
MPEIOI0KEHUSIM U BBIBOJAAM JIPYTUX UCCIEIOBAHUN.

Anpooanusi padoTbl

OcHOBHbIE  pe3ynbTarbl  pabdOThl  JOKIAJbIBAIUCh  HA  CIEAYIOLIUX
MEXIYHAPOIHBIX U BCEPOCCUNUCKNX KOH(DEPEHIIUAX:
1. Bceepoccmiickas  actpoHommueckas — koH(pepenuus «Hebo wm Bemisy,
MOCBAIlIeHHas: 85-leTuio actpoHomuueckoil obcepatopuu UI'Y, UT'Y, Upkytck,

2016.
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2. MexnyHaponHas ~— balikanbckass ~— MOJOZEXHAas ~ HayyHas  IIKOJa IO
¢ynnamenranbnoil puzuke, MC3® CO PAH, Upkyrck, 2017

3. X1l Poccuiicko-MoHroibcKasi MexayHapoaHass koHdepeHuus «CoaHedHo-
3eMHBIE CBSI3M M TeoAMHaMuKa balKkamo-MOHIOJIbCKOTO PEruoHa: pe3yibTaThl
MHOTOJIETHUX MCCJIEIOBAaHUA W Hay4yHO-OOpa3oBaTelbHas MOJUTHKa», WMHCTUTYT
reousuku u actrponomun MAH, Ynan-barop, 2018

4. X1 Poccuiicko-MOHTOJIBCKAsE MexayHapoaHas kKoH(pepeHuus «ColHeuHo-
3€EMHBIE CBA3M W IeoJMHamMuKa balikano-moHroiasckoro perunona», MC3® CO PAH,
Upxyrck, 20109.

5. Bceepoccuiickas — actpoHoMuueckas — koHpepenuus «Hebo wu  Bemusy,
nocesiiieHHas 90-netuto actpoHomuueckoi obcepsaropun UI'Y, UI'Y, HUpkyrck,
2021.

6. Bceepoccuiickas actpoHoMuueckas KoH(pepeHIUs «ACTPOHOMHUSI B DIOXY

MYJIBTUBOJIHOBBIX HCCe0BaHui, 2021.

JIMYHBIN BKJAJ1 aBTOPA

Bce mnpencraBineHHble B AMCCEpPTAllMH  PE3YNbTaThl IMOJYYEHBI aBTOPOM JIMYHO.
Conepxanue JUCCEpTAlMM W OCHOBHBIC IIOJIOKEHHWS, BBIHOCHMBIC Ha 3allUTY,
OTpaXKalOT MEPCOHANBHBIA BKJIaa aBTOpa. IloATOTOBKA MOJNYYEHHBIX PE3YyIbTATOB K
MyOMUKaIMK MPOBOAMIACH COBMECTHO C COABTOpaMH, MPHYEM BKJIaJ JHCCEPTaHTa
OB OTMpeNeNIomUM. ABTOp MIPUHUMANIA Y9aCTHE B MOHUTOPUHTE COJIHEUHBIX TISITEH,
MPOBOJUMOM acTpoHOMHUYEeCcKoi obcepBartopueit UI'Y, IUYHO TPOBOAUT TMOJHYIO
00paboTKy ¢oToremrorpamMm, BeIET KaTajor NMPOSBICHUN COJHCYHOW aKTUBHOCTH B
24-25 nukiax, SBISETCS OCHOBHBIM COaBTOPOM KaTajora KOMILJIEKCOB aKTUBHOCTH U
WX BCHBIIIEYHOW aKTUBHOCTH. ABTOPOM OBUIM CO3/aHBl CHHONTHYECKUE KAPThI IS
MCCJIeIOBAHUS JIOKAIM3AIMH BCIIBIIIEK 1TO0 OTHOIIEHUIO K PACIIONIOXKEHUI0 KOMIIIIEKCOB

AKTHBHOCTH N KOPOHAJIbHBIX ABIP.
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Hvﬁ.}mxaunn 110 TEME JUCCepTalluH

Marepuansl auccepranuu onyOJMKOBaHbl B 16 medaTHwIX padoTax, W3 HUX UYETHIpPE
CTaTbl  OMyOJMKOBaHBI B  PEHEH3UPYEMBIX  IKypHalaX, BKIIOYCHHBIX B
oubnorpaduueckyro 06asy nanHeix Web of Science, ogna crathst B KypHaie,
BKJIIOUEHHOM B Oubnuorpaduyeckyro 6a3y ganueix SCOPUS, onHa cTaThs B )KypHaie,
BKJIFOUEHHOM B poccuiickyto Oubnmorpaduyeckyto 6a3y nanubix PUHLI, uetbipe
CBUJIETENIBCTBA O TOCYJIAPCTBEHHOM perucTpanuu 6a3 JaHHBIX, a TAKXKE LIECTh CTaTel

U TE3UCOB B COOPHUKAX TPYJA0B KOHpepeHui. B Tom uncne:

1. E.C. UcaeBa, C.A. ‘3eB KoMmmiekcel akTUBHOCTH B 24 1mukie: CBHIETENLCTBO O
roCyJapCTBEHHOMU peructpaiuu 6a3sl 1aHnHbIX Ne 2014621721 Poccuiickas
Odeneparnus, ngata peructpauuu 11 gexadps 2014 r.

2. E.C. UcaeBa, B.B. Kamnenko, B.1. Kpacos, C.1. Pacuetun, C.A. f3eB «baza
JTaHHBIX «JlaHHBIE O COJHEYHBIX TMATHAX IO HAOMIOACHUSM aCTPOHOMUYECKOMN
obocepBatopun UI'Y»», CBUAECTENBCTBO O TOCYAAPCTBEHHOW PETUCTpalMU 0a3bl
naHHbIX Ne 2012620247, 28 dbespans 2012 r.

3. E.C.UcaeBa, C.A.SI3eB «PEHTTeHOBCKHE BCIBIIIKM M KOMIUIEKCHI aKTUBHOCTH Ha
Comnrie B (pase pocta 24-ro nukiay, ComHedno-3eMHas pusuka. Beim. 22 (2013) c. 3—
11.

4. E.C.UcaeBa, B.B.Kamnenko, C.N.Pacuernn, C.A f3eB
HaGmronennst conmHeyHBIX TsATeH B AcTpoHOMHYecKo oOcepBatopuun HWI'Y
/M3bpannbie mpobnembl actpoHomuu: Mat-nel |V Bceepoccuiickoii acTpoH. KoH®.
«He6o u 3emusi» mon pen. C.A.f3eBa. — Hpkyrtck, u3a-so «Ottuck», 2016., C. 158-
165.

5. E.C.HcaeBa, C.Af3eB ba3a nannbix «IIpOTOHHBIE BCHBIINIKM B KOMIUIEKCaX
aKTUBHOCTH», CBHUIETENbCTBO Toc. peructpanuu Ne 2017620340 ot 24 mapta 2017 .
6. E.C.Ucaesa, B.M.Tomo30B, C.A.f3eB «O npoCTpaHCTBEHHO-BPEMEHHOM

PACIIOJIOKCHHUHM IIPOTOHHBLIX BCIIBIIICK HaA COJIHEYHOM IIOBCPXHOCTH. Te3ucel

noknagoB, bBIIIOD-2017 C.18.
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7. E. C. UcaeBa, B.M.Tomo30B, C. A. f3eB, «IIpoTOHHBbIE BCHBIIIKA B KOMIUIEKCAX
akTUBHOCTHU Ha COJIHIIE: TPUYHUHBI U CIEICTBUSN», ACTPOHOMUYECKUM KypHaJ, BBITYCK
3, Tom 95, 2018, c. 256-264.

8. E.C.UcaeBa, C.A.jI3eB «PeHTreHOBCKHE BCIBIIIKH B KOMIUIEKCAaX aKTMBHOCTHU Ha
Comane». / ColHEYHO-36MHBIC CBSI3M W T'eOJWHAMHMKa baiikaabCko-MOHTOIBCKOTO
peruoHa: pe3yJbTaTbl MHOTOJETHUX WCJIEAOBAaHUNW UM HAyYHO-00pa3oBaTelbHAS
nonutuka (xk 100-neruro UI'Y) : te3. pokn. XIlI Poc.-monr. mexnaynap. koud./ PAH,
Cub. Otn-uue, Upkyt. Haydu. uentp, UH-T 3emHoI kopbl, H-T comH-3eM. QU3MKH. —
Upkyrck, U3n-so UT'Y, 2018, C. 17-18 .

9. E.C.HUcaeBa, B.M.Tomo30B, C.A. fI3eB CTtaTUCTHKA COJHEYHBLIX BCIIBIINICK B 24
ke aktuBHocTU. XIII poccuiicko-MOHTONIbCKAasT MEXIyHapoiHas KOH(GEpPEHIHUs Mo
actpoHoMuu u Teodusnke «CoHEUYHO-3€MHBIE CBS3M M TreoAuHaMuKa baiikaio-
Mownromnsckoro peruona» 15-19 uronsa 2019. Upkyrck, UC3® CO PAH, 2019, C. 10.
10. E.C.UcaeBa, B.M.Tomo30B, C.A.fI3eB, «PEeHTreHOBCKHE BCIBIIIKHA U KOMILJIEKCHI
akTUBHOCTH Ha CousHIe B 24 1UKIE», ACTPOHOMUYECKUH KypHal, BbIYCK 1,ToM 97,
2020, c. 64-72.

11. B.M.Tomo3oB, C.A.M3eB, E.C.HcaeBa «l'aMMa-BCHBIIIKHM M KOMIUIEKCHI
akTuBHOCTH Ha CosHIe» AcTtpoHOoMHMuYeckuil xxypHai, 2020, tom. 97, Ne 8, C. 722-
730.

12. C.AI3eB, M.M.VipsanoBa, E.C.UcaeBa «Kommiekcsl aktTuBHOCTH Ha ColHIle B
21 nmKie coaHeYHOM aKTHUBHOCTH». — ConHeuHo-3eMHas ¢usuka, 2021, 1. 7, Ne 4, C.
3-10.

13. C.A.3eB, E.C.UcaeBa, 10.B.MmmyxameroBa AxtuBHBIC 00actn Ha COJHIE C
MOBBIIIEHHON BCHBIIICYHONW aKTUBHOCTBHIO B 24 HHKJE.» ACTPOHOMUYECKHUH KypHA,
2021, Tom 98, Ne 6, C.506-517.

14. E.C.HUcaeBa, C.A.f3eB «25-11 IMKJ COJIHEYHON aKTUBHOCTHU: MepBbie 20 MecsIeB
pazButusa.» M30paHHble mNpoOiieMbl acTpoHOoMuU: MaTepuanbl V Bcepoccuiickoit
acTpoHoMuueckoit koH(pepenmuu «Hebo u 3emnsi», mnocesieHHoW 90-1eTHIO
actpoHoMuueckoi oocepBaropuu UI'Y. Upkyrck, 23-25 Hos6ps 2021r. / @I'BOY BO

«UT'Y»; mox pen. C.A.S3eBa.— Upkyrck : U3marenscTtBo UT'Y, 2021.— C. 87-93.
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15. S. Yazev, V.Tomozov, E.lsaeva "Activity Complexes on the Sun in cycle 24",
Astronomy at the epoch of multimessenger studies, the VAK-2021 conference, Aug
23-28, 2021 — Moscow: Janus-K, 2022, - p. 343-344.

CTpYKTYPA ¥ 00LEM JTUCCEePTAIIUN

JluccepTaliis COCTOUT U3 BBECHUS, MATH TJ1aB, 3aKJIFOUCHUSI U CIIUCKA JINTEPATyPhl U3
114 wnaumenoBanuii. OO6mmit o6bem mguccepraruu 135 crpanui, Bkioudas 49

pucyHkoB u 15 Tabnu.
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I'nmaBa 1. MeToauKa U HCNOJIL30BAHHLIE JaHHBIE HAOJIIOAEHUH

1.1 BBeaenmue

B Hacrosmed r1iiaBe M3J0KEHBI JaHHbIE ACTPOHOMUYECKHUX HAONIOACHUIM
COJIHCUHBIX TISITEH M MPUMEHSBIIAsCA B pabOTe METOAWKA HU3YUEHHS BCIIBIIICYHBIX
nposiBJICHUN KOMIUIEKCOB akTuBHOCTU (manee — KA) na ConHile, ocHOBaHHasi Ha
aHaJu3e JaHHBIX HaOMrofeHuN. M3/I0)KeH METOI MJIOMAaI0K JJIUTEeIbHON aKTUBHOCTH,
npemioxeHHbii B Mucturyte conmHeuHo-3emHou ¢usuku CO PAH B.I'.banunbiM u
C.AS3eBbiM [8] ¢ MOMOIIBIO KOTOPOTO OCYIIECTBIISIETCS WIACHTU(UKAIUS SIEp
koMIuiekcoB akTuBHOCTH (KA) — oOnacreld MOCTOSHHOTO MATHOOOPa30BaHUS, HE
CMEIIAIONINXCSI B KIPPUHITOHOBCKOW cHUCTeME KoopAauHaT. OnucaHbl Hay4yHO-
METOJIUYECKUE OCHOBbI MOHHUTOpHUHTa KA, BBINOJIIHSIBIIETOCS, B YaCTHOCTH, C
MOMOIIBI0 COJHEYHOTO TeJIEeCKoNa acTpoHOMHUYecKoi obcepBatopun HpKyTcKoro
rocynapctBeHHoro yHusepcurera (MI'Y) B Teuenue 24 nukia COMHEYHOW aKTUBHOCTH.
Bess  oOpaborka HaOmoneHuil  BhIMONHEHa aBTOpoM. [lpuBeneHbl JaHHBIE O
NPUMEHSBIIEHCS METOAMKE OOpaOOTKM JaHHBIX HAOMIOACHUN U TociIeayronen
uaeHtupukanun KA, peanmnsyeMod ¢  aKTHUBHBIM  y4aCTHEM  aBTOpa B
acTpoHoMuueckor oOcepBaropun UMI'Y. IlpencraBieH cOCTaBICHHBIH C aKTHBHBIM
ydqactueM aBTopa katajor KA B 24 1ukie COJTHEYHONW AaKTMBHOCTH, IPUBEACHO
OMMCAHWE YKA3aHHOTO KaTajlora, a Takke 0a3 JaHHBIX W pab04YuX CHHONTHYECKUX
KapT COJIHEYHOM aKTUBHOCTH, CO3JaHHBIX aBTOPOM. /laHHBIE, CUCTEMATU3UPOBAHHBIEC B
KaTajiore, HCIOJb30BaHbl ISl HCCJENOBaHUS 3aKOHOMEpHOCTeW pa3Butus KA B

KOHTEKCTE MX BCIIBIIICUYHOM AKTHMBHOCTH, U3JIOKCHHBIX B ITOCIICAYIOMINX I'JIaBaX.
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1.2 JlanHble HAOII0AeHH I

Jlns vccienoBaHusl BCIBIIIEYHOW aKTMBHOCTH KOMILIEKCOB akTUBHOCTH (KA)
Oblla TIEpBOHAYAIBHO BBINMOJIHEHA 3ajada BblaeneHus (uaeHtudukanmun) KA, u ux
noclienyronieil cucremarusanuu. [1ockobKy aKTUBHBIE 00JacTH, BXOJSILINE B COCTaB
KA, sBastorcss yacteio oOmed nonynsiuu AO (rpynn mnsteH) Ha CouHile,
HE0OX0IMMO NIEPBOHAYATILHO UMETh MOJHBIN HA0OP TaHHBIX O TPYMIAX MSATEH.

Jlist paGoThl OBUIM MCMOJIb30BaHA JAaHHBIE HAOIIOJEHUS COJIHEUHBIX MSTEH U3
pa3HbIX HMCTOYHUKOB: JaHHbIe U3 OrosuieteHel «CoJIHEUHbIC aaHHbBIe» W «Solar
Geophysical Data» 3a 1976 — 1991 rr, nannbie kocMudeckux obceparopuit SOHO u
SDO, a Takxke [aHHble HAOJNIOACHUI COJIHEYHBIX TISATEH, BBIMIOJHEHHBIX Ha

actpoHomuueckoit oocepBatopun UI'Y B Upkytcke.

1.2.1 HaO.uoneHusi CoJTHEYHbIX ATeH B UpKyTCKe

HaGmronenusi colHeUHBIX MITEH OBbLIM HayaThl ACTPOHOMHYECKOUW oOcepBaTopueit
Ury (mamee — AO HUI'Y) B 1940 romy ¢ HCHOJB30BAHUEM HCTOPHYECKOTO
IATHIONMOBOTO Teneckona-pedpakropa lleiicca [29]. IlepBeiM HabmomaTesneM 1o
NOPYYEHUIO JUpeKTopa oocepBaTopun, Oyaymiero akagemuka AH YCCP u nupexropa
I'maBno#t (I"'onoceeBckoit) actpoHoMuyeckoir oocepBatopuu Ykpaunsl E.IT.Denoposa
cranm wWpkyTckuid actpoHom A.A.KaBepun [22]). HaOmrogeHwsi OCYIIECTBISIINCEH
BHU3YaJIbHO; BBITIOJIHSINCH KapaHJAlIHbIE 3apPUCOBKU COJHEYHBIX MSATEH, IO KOTOPHIM
OTIPEJIEISIIOCH KOIMYECTBO TMSATEH U PACCUUTHIBATIOCH Yyncio Bombda.

Hauwnnas ¢ 1950 roma, cinyx6a ConHia ObUTa BKIIOUCHA B 00s3aTEIBCTBA IISATH
actponomuueckux odcepparopuii CCCP. B wutone 1950 r. obcepBaTopus monyuuia
dotoremorpad PI'-1 cucrembr MakcyToBa C MPYXUHHBIM 3aTBOPOM U KaCCETHOM
gacTeio ((ororpadupoBanne CoJHIIA BEIOCh HA CTCKISIHHBIE (OTOIUIACTHHKHU
dbopmaTtom 9 Ha 12 cm ). Ha nporsskenun Ttex netr HaOmonenuss CoiHIA BEIUCh
napaienbHo Ha pedpakrope lleiicca u dororenuorpade. us ¢ororennorpada B

1950 roay OBLT MOCTPOEH CIENMAIBHBIM JIEPEBIHHBIN MaBUJIBOH C Pa3JaBUTAIOIICHUCS
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KpBIIICH Ha actporuiomazake obceparopun  [43]. HaOmromeHus NTpoaoOKaInuCh
BILTOTH 70 1972 rona.

B 1972 r. pa®oTel MO COJHEYHOW TEMATHKE OBUIM MPEKPALIEHBI, MOCKOJIBKY
aHAJIOTUYHbIE HAOJIONCHUs] YK€ JaBHO BelUCh B CHUOUPCKOM HHCTUTYTE 3€MHOTO
MarHeTusMa, noHocepsl u pacnpoctpanenust paauoBosnn (CuoMI3MUP) AH CCCP
Ha Teneckone APP — cHayana B nmocenke 3yd moa AHrapckoM, 3aTeM B balikaiabCKOU
actpodusmnueckoit oOcepBaTopun B moc. JlucrtBsiHka Ha Oepery osepa baiikain.
®orochepnsbiii  Teneckon ADP Obu1 Takke CHaOXeH NPYKUHHBIM 3aTBOPOM U
anajoruuHoi ororenmuorpady ®PI'-1 KacceTHOM YaCThIO, HO KAYECTBO M300paXKEHUS
Ha ¢oTomIacTuHKax ObLJI0 0o0Jiee BBHICOKMM — OTYACTH U3-32 XapaKTEPUCTHUK
TEJIECKOIa, OTYACTH M3-3a Pa3IMuuii B aCTpOKIMMAaTe (acCTporuiomagka oocepBaTopuu,
rje Obul ycTaHoBIEH (oTorenrorpad, HaXOJUIACh B UepTe rOpoja).

HaGmronenust conHeuHbIx maTeH ObLTu npoaoibkeHbl B AO UT'Y cmyctsa Gonee
yeM Tpu jecsatwietus. HaOmrogenusiObin Havatel Ha Teneckomne lleiicca,
BBIIIOJIHEHHOM  TI0  ONTHYECKOM  cXeMe  Kyad. Pedpakrop  cHabGxeH
NOJyaroXpoMaTHuieckuM o00bekTHBOM AS € ameprypoir 150 MM u  (okycHbIM
paccrosiuueM 2250 MM; oTHOcuTenbHOe oTBepcTue — 1:15. Jlnsa nabmonenuit CoitHila
UCIIONIB3YETCS anepTypHbI (GUILTp Ha 0Oa3ze IUIOCKOIApauIeIbHOW CTEKISHHOU
IUIACTUHBI C AIFOMUHHUEBBIM HAIlbUICHUEM.

Teneckon mepeBe3eH u3 TYHKMHCKOH pPaJaroacTpPOHOMHUYECKOW 0OCEpBATOPHU
NC3® CO PAH wu ycraHoBieH Ha acTpOHOMHYECKOM MOJHroHe BocTroyHo-
Cubupckoro ¢punmnana OI'YIT « BHUUDTPUy» Bomu3u MpKkyTCcKOro BOJOXpaHHIUIIA
3a 4geproil ropoma (mmpora — 52°17’c.mr., momrora — 104°20° B.m., BbICOTa HaA
ypoBHeM Mopst 460 M) B JEpeBSIHHOM MaBUJIBbOHE C IUIOCKOM pa3aBuUTraromieics
KpBIIIEH, MPEIOCTAaBIEHHOM acTpoHoMmuyeckor oOcepBatopuun HIY. 3nmech oH
pabotan B 2006 -2019 rr. B 2006-2007 rr Benuch pabOTHI MO CO3/IaHUI0 HA OCHOBE
ATOrO Telieckona HU(PPOBOro aACTPOHOMUYECKOTO KOMILIEKCAa U OTPabOTKE METOIUKH
Haomonenuit [1;43;76;23]. B 2007 r. xomiuiekc ObL1 BBemeH B crpoi (puc.l.l).
Coemku aucka CoJiHIIa C MOMOUIBIO COBPEMEHHBIX HHU(PPOBBIX KaMmep MO3BOJIUIIU

BO300HOBUTH PETYIAPHBIC Ha6J'IIOI[eHI/I$I COJIHCYHBIX IIATCH.
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ITocne pacnaga CCCP mnpekpatuiia CBOE CYHIECTBOBAHME W HAllMOHAJIbHAA
ciyxx0a Connua. PerynspHble HaOMIOEHUS COJHEYHBIX MATEH, OIpEAeNIeHue HX
KOJIMYECTBA, reIMorpauuecKux KOOpAMHAT M IUiomaneid B Poccuu ocymiecTBisioT,
HACKOJIbKO M3BECTHO aBTOpaM, TOJBKO Tpu obcepBaropun: KucioBoackas cTaHuus
I'AO PAH, VYccypuiickas actpodusuyeckas odcepsaropus IBO PAH (ocnanienHas
TEJIECKOIOM, aHaJIOTMYHBIM HPKYTCKOMY), a Takke ¢ 2007 roma acTpoHOMHYECKas
obcepatopus UI'Y. B HnHauanme HyneBbix romoB Tteneckon A®DP baiikanbckoi
actpodusmnueckoit ooceparopun UC3® CO PAH Obl1 1€eMOHTHPOBAH, PETyJspHBIC

HaOmoieHus hoTocdepsl MPeKpaIieHbI.

Puc.1.1 Teneckon actpoHomMuuecko obceparopun UI'Y Ha monurone B
BHUU®DTPUH, 2012 r
B 2020 r.Teneckon ObUT IEPEHECEH HA HOBYIO TUIOMIAKY B OOTAaHMYECKOM CaTy
UT'Y. Takum o6pazom, B TedeHue moiHoro 24 mukma (2009 — 2019 rr) comuneuyHoi
AKTUBHOCTH Ha TEJIECKOIE PEryJspHO MPOBOJAUINCH HAOIIONCHUSI COTHEUYHBIX MSATEH,

HaunHas ¢ 2013 r ¢ akTUBHBIM y4aCTHEM aBTOPA.
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Metoauka HaOIIOIEHUI CBOJIUIIACH K CleAyolieMy. B TeueHre cBeTOBOrO JiHS,
IPU XOPOILIMX MOTOJAHBIX YCJIOBHSX (TeMIEpaTypa OKpy»Karouleid cpenbl Bblie —15
rpanycoB Llenbcusi) BoimosiHANAck cepus CHUMKOB ¢oTtochepbl Connua. I{udpossie
M300paKEeHUs MEPEHOCHINCh ¢ UU(POBOM (POTOKaMepbl HA KOMIBIOTED, MOCIE YEro
aBTOPOM BBINIOJIHSJIACH MIpeABapUTETIbHAs 00pa00TKa N300PAKEHUN.

JanpHenmas o0paboTka MIOJIYYEHHBIX CHHUMKOB IIEPBOHAYaAJIbHO
OCYIIECTBIISIACh C MOMOIIBIO CIHEHUATBHOrO MaKeTa MNporpaMm, pa3paboTaHHOTO
J.B.EpodeeBbiMm B Ycecypuiickon acTpou3nueCcKon o0OcepBaTopuu
HanbueBoctounoro Otnenenuss PAH u  nepegaHHoro st MCHOJIB30BaHUS
acTpoHoMmuueckon obcepatopueit UI'Y [76;23]. B 2012 roay oOpaboTka CHHUMKOB
Hayaja OCYHISCTBIATHCS IO mporpamme SolarVew, mpeaocTaBieHHOWKESHHON

A.I'.TnatoBbiM, puc.1.2.

Puc. 1.2 Yacts uarepdeiica mporpammsl SolarV, B KoTopoit mpoucxoaut oopadboTka

cuumkoB CouHIla

B cooTBeTcTBHHM C TPUHATOW METOIMKOH, C TMOMOIIBIO Tporpammbl SolarV
OMPENIEIIIUCh KIPPUHTTOHOBCKUE reauorpaduueckue KOOpAUHATHI I[EHTPOB TPYMIl
COJIHEUHBIX MSTEH, IJIOIIA/IN TSITEH, BEIPAXKEHHBIE B MUJUTMOHHBIX JOJISIX MOTyC(epsl

U uchpaBieHHble 3a 3(PQGEeKT MNepCrneKTUBHOro cokpaiieHus.  [loacuuTeiBasioch
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KOJMYECTBO OTHAEJBHBIX ISATEH, HaOMonaeMblx Ha aucke. COOTBETCTBYIOIIME YHCIA
3aHOCWJINCh B creuuanbHble (aitnbl ¢opmara .grp, puc. 1.3, Ha OCHOBE KOTOPBIX
MporpaMma BbIUKCIISIA €KEeTHEBHOE 3HaueHue uncia Bonbda

W = 10g+f
r7i€ § — YUCJIO0 TPYNI COJIHEYHBIX MATEH, HA0II01aeMO€e OJJHOBPEMEHHO Ha COJTHEYHOM
nucke, T — oOIliee KOIUYECTBO OTICIBHBIX IISITEH, BKJIIOYAsh OTACIbHBIC sApa B

npejaenax oo1iei moayTeHrn KPyImHbIX MSATEH.

7| 202110270744.grp — Boksor | B
®aiin MMpaska ®opmar Bug Cnpaska
p:\AaHHble no conHuy\SUN_MAIN\ZOH grp\lO grp\202110270744 grp 2021/10/27 07:44 parameters: -10,0 15 0,30 Observer: e ~
R: 1646 xc: 1680 yc: 1685 0 (25.1)

N | q | fi | L | r,R ] Smhm | pr | dq | dfi | Int | cntr | Perim | Ind
Ngr: 2886 Nsp= 1 fi=44.3 : 44.3 (332.5 : 332.5) q=-19.4 : -19.4 umb: 1 wg: 11

px1=1593 5=145.0 Smx=145.0 r=0.76 : 0.76 (0.76) qs -19.3 fis=44.2

1 -19.36 44.28 332.48 0.764 145 0 1593.0 2.1 140.6 0.14 1.084 1
um 1 -19.37 44.23 332.43 0.763 25.8 284.0 O 7 1.0 65.7 0.60 0.406 1
Ngr: 2887 Nsp= 27 fi= -17.7 : -10.4 (270.5 : 277.8) g=-30.0 : -23.0 umb: 20 wg: 42

px1=6909 S=489.0 smx 194.4 r=0.50 : 0. 61 (0 56) qs=-26.0 fis=-14.3

1 -24.19 -10.43 277.7 0.511 189.9 2778.0 252 2.8 150.2 0.08 1.213 1
um 1 -23.22 -11.60 276.60 0.503 0.7 11.0 0.1 0.1 131.3 0.20 0.039 1
um 2 -24.15 -10.33 277.87 0.510 38.8 568.0 1.1 1.3 90.5 0.45 0.504 1

2 -28.67 -16.29 271.91 0.601 194.4 2643.0 3.3 2507 156.9 0.04 1.940 2
um 1 -28.01 -16.07 272.13 0.592 14.4 197.0 0.7 0.7 130.6 0.20 0.308 2 £
um 2 -28.27 -16.80 271.40 0.599 1.0 13.0 0.2 0.1 137.1 0.16 0.050 2
um 3 -29.49 -16.30 271.90 0.611 22.3 300.0 0.6 1.6 124.6 0.24 0.477 2

3 -26.15 -15.04 273.16 0.562 20.7 291.0 0.7 0.9 15551 0.06 0.316 3
um 1 -26.20 -15.00 273.20 0.563 9.5 133.0 0.4 0.7 136.4 0.17 0.219 3

4 -22.97 -12.21 275.99 0.503 12.2 179.0 0.6 0.7 176.7 0.08 0.343 4
um 1 -22.96 -12.41 275.79 0.504 1.7 25.0 0.3 0.2 167.8 0.02 0.090 4

5 -23.05 -14.55 273.65 0.519 10.7 155.0 0.7 0.4 174.5 0.06 0.244 5
um 1 -22.95 -14.59 273.61 0.518 1.4 20.0 0.3 0.2 167.7 0.02 0.075 5
um 2 -23.34 -14.47 273.73 0.522 0.5 7.0 0.1 0.1 168.7 0.03 0.027 5

6 -26.71 -13.34 274.86 0.560 Z:7 109.0 0.5 0.5 3 7 KX B 0.04 0.186 6
um 1 -26.78 -13.41 274.79 0.561 0.9 13.0 0.1 0.2 158.8 0.03 0.046 6

7 -24.76 -14.96 273.24 0.544 7.6 108.0 0.4 0.6 171.4 0.04 0.183 7
um 1 -24.77 -15.07 273.13 0.545 1.0 14.0 0.2 0.1 158.2 0.04 0.051 7

8 -28.95 -14.07 274.13 0.593 74 100.0 0.4 0.5 166.4 0.01 0.157 8
um 1 -28.95 -14.07 274.13 0.593 2.8 39.0 0.2 0.3 157.7 0.04 0.116 8

9 -27.51 -11.55 276.65 0.562 6.8 96.0 0.5 0.5 163.8 0.00 0.169 9
um 1 -27.49 -11.56 276.64 0.562 323 47.0 0.3 0::3 153.6 0.06 0.113 9
10 -25.23 -12.98 275.22 0.538 a.5 64.0 0.4 0.4 176.0 0.07 0.154 10

Puc. 1.3 ®parmenT Tabnuisl popmara grp, moJiydeHHON ¢ TOMOIIBIO TPOTPaMMBbl
A.I'.'Tnarosa

[TomMuMO BBIIICONTMCAHHBIX MMAPAMETPOB, C MOMOIIBIO YKa3aHHOM MPOTrpaMMBI
OTIPEJIEISUIUCH OTACIBHO IJIOMIA b HAUOOBIIIETO MATHA B JAHHOM TPYIIE MATEH U €ro
renuorpaduueckre KoopAauHaThl. Kpome sToro, HaOmomaTtenb Ompenemsia KIacc
TPYIIIHI TSTEH B COOTBETCTBUY C IIIOPUXCKOH Kitaccudukamnuei (cM., Harpumep, [33]).

Ha ocHoBe mpemBapuTenbHOTO aHadW3a €XKEIHEBHBIX JaHHBIX (HOPMHUPOBAIICS
Katajor (CBOJKA) C pe3yIbTaTaMu HAOIOICHH, B KOTOPOH CONEPKAIKCH CICTYIONTNE
ANIEMEHTHI: TOM;, MECAll; KaleHmapHas mgara; BcemupHoe Bpemsi UT; Bpewms,
BBIPKEHHOE B JIOJISIX CYTOK; KOJTMYECTBO OTCHATHIX KaJpoB (HEe MeHee 12 Ha KaKIyro
naTy); HoMep rpymisl naTeH, coriaacHo HomeHknatype NOAA CIIIA; dwucno nisteH B
JAHHOW TPYIIEe, BKIIOYas OTACIBHBIE SApa BHYTPH MOJYTCHH OOJBIIOTO TSTHA
OTJICTIBHBIC SIIpa BHE MOJYTEHU (TIOPHI); CyMMapHas IUIONIAlb BCEX IMATEH, BXOSAIIUX

B JJaHHYIO TPYIIYy, BBIPA)KEHHAS] ¢ MUJUTMOHHBIX JOJIAX MOoJycdephl; MIOMAaabr CaMOTo
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KPYITHOTO MSTHA B JAHHOM TpyIine; reauorpaduueckue KOOpAUHATHI CaMOT0 KPYITHOTO
MATHA; reauorpad@uueckue KOOpAMHATHI T€OMETPUYECKOTro IEHTpa TPYMIbl MSTEH -
0e3pa3MepHBI MapaMeTp, OMUCHIBAIOIIMKN yAaJleHUE TJABHOTO IISITHA OT IIEHTpa
COJIHEYHOT'O JHUCKa (OTHOIIEHHWE PACCTOSIHUS IIEHTpa MATHA OT IIEHTpa JucKa I K
panuycy BuauMoro aucka Consia R); kjacc rpynmsl o IIOPUXCKOM KiaccuPuKaIuu.
A Taxke paccuuTaHHoe yucio Boibda Ha MCKOMYIO ATy — OTAEJIBHO ISl MOJHOIO
nucka ConHIA W JUIsl HEHTpalbHOUM 30HBI ¢ paauycom 0,6 R. Kpome Toro B Tabnuue
yKa3zaHbl HAOJIOAaTEeNd M KadyecTBO HM300paKEeHUA MO MATHOAJUIBHOW WIKaje [0
CyOBEKTUBHOM OlICHKE HAOJII0AaTelsi BO BpeMs HAOII0ICHUsI, M KaueCTBO MOJYYEHHBIX
U (DPOBBIX CHUMKOB, TaKXK€ OIEHEHHOE 10 MATUOAJIILHOM IIKaJe.

CornmacHo mTaTHOM mporpamMme  OOpaOOTKM  JaHHBIX  HAOJIOACHUI,
BBITIOJIHSUTACH OPUEHTAIIMSI CHUMKOB Ha OCHOBE METOJUKH pa3pabOTaHHOW B aBTOPOM.
B pesynsrare uzoOpaxenus CoiiHIIa ObUIM COPUEHTUPOBAHBI B COOTBETCTBUHU C
MEXIYHApPOJHBIMU CTaHAApTaMU MpeacTaBieHus u3oOpaxkenuit ConHia (ceBep —

CBEpXY, BOCTOK — cieBa). [Ipumepsl npuBeaeHsl Ha puc. 1.4 u 1.5.

Puc. 1.4 Tlpumep nudgpoBoro CHUMKA, MojydeHHoro B oocepBatopuun UI'Y, 7 uromns

2014
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Puc. 1.5 IIpumep uudpoBoro cHuMka, noiayueHHoro B oocepsaropun UI'Y, 6 sHBaps
2014
[Tosy4yeHHbIC U pacCUMTAHHBIC TaHHBIC 3aHOCHIIUCH B TaONIUILy B opmare excel,
KOTOpasi TMpPEeACTaBisieT COOOM CBOJHBIM KaTajJor JIaHHBIX O COJIHEYHBIX IISITHAX,

OIMCaHHbIH Bhimie (puc.l.6).
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Ca CE -4 )s SUNTABLxls [Pexam coamectumoct] - Microsoft Excel - g x
V= FnaeHan | Bcraska  PasmeTkacTpasmusl  QopMynsl  JlaHHbie  PeuewsWposawe Bua  Office Tab  Acrobat -9 X
J "; Arial Cyr =10 - A K| = =g @] |Sinepenocrexcra OBuwit ¥ }ﬂ‘ A‘; _‘d‘ jm j _:.‘—] E:qu’wav ﬁ? l}}
Ey 2 ancaHms -
Boaswme 5 B J U-|E |- A-| == =| = /| 55 oeanams nnovecme puepe © (S % 3 | 58 %8 Yorooroe  Oopwarwposars Crwin | Braars Yaamnts Bopuat | 5 o L Copruponka Hain
- GopMarMposarve = kax TabaMLy T Aueex ™ - - M GUALTR * BLAAEAMTE *
Bytbep obmera '« Wpsdyt . BripagHHBaie . Uucno - Crinw Aueikn PenakTHpoBaHHE
AD8294 - I~ ¥
#] SUNTABL.xIs [Pexxum coBmectumoctu] x
A B c D E E G H J K L M N Q P Q R S T U v W X l
1
Mne- Koopauxare!
Yue | Nno- K | "R Kau-
Bpems | konu- | Ne b | KoopauHatel | reomeTpu
ron | M€ | gens | BPEMA UTﬁinnn 4ecTBO|rpynn no | wane #aai- nATHa “eckoro nee Knace Heno Bonu®a | Hagmo, Kav-so| 50 Npumevarue
2 oAy uT cyTox) |kampos| na- | rpyn- | Lo uenTpa nATHA natens| Habn | cHu
TeH | nel MKka
3 nATHa | F L F L ofee | U.30HLI
7871 2017 12 12 42242 0,183 8 2681 3 126 58 -321 21851 -35 2201 0488 14 14 Pa 3 2 Ha 1oro-socToke -
7872 2017 12 13 4:.03:36 0,169 5 Kp 3
7873 2017 12 14 4:04:38 0,17 5 Kp 4
7874 2017 12 20 50344 0,211 8 2692 2 87 65 1848 8649 175 864 0848B 12 0 Pa 4 3 Ha ceBepo-BOCTOKe
7875 2017 12 21 4:5505 0,205 8 2692 9 1191 425 18554 8409 174 868 074C 22 0Pa 4 3 Ha ceBepo-BOCTOKe
7876 2017 12 22 4:23110 0,183 52692 9 1694 493 166 913 144 874 05D 24 0 Kp 3 4 Ha ceBepo-BOCTOKE
7877 2018 1 3 5:08:16 0,213 3 Kp 4
7878 2018 1 4 42947 0,187 8 2693 2 246 128 1953 331,30 187 3320 0588B 13 0Pa 4 3 Hacesepo-3anage
7879 2018 1 6 5:26:38 0,227 8 2693 1 76 76 20,78 329,31 20,8 3293 0B84A 11 0Pa 5 3 Ha cepepo-ianage
7880 2018 1 9 7.0238 0,204 52694 2 105 88 -316 24451 -322 2427 0488 12 12 Kp 4 5 Ha toro-3anage
7881 2018 1 10 5:02:08 0,21 8 2694 1 85 85 -313 24408 -31,3 2440 054A 24 0Pa 5 3 Ha woro-zanage
7882 2018 1 10 5:02:08 0,21 8 2695 2 74 54 -76 25802 -77 2592 055B 24 0Pa 5 3 Ha roro-3anage
7883 2018 1 11 5:49:25 0,243 5 2694 1 38 38 -309 24454 31 2446 066 A 24 0 Kp 4 4 wawro-3anage
7884 2018 1 11 514925 0,243 5 2695 2 1 69 -684 26010 -7.2 2585 0758 24 0 Kp 4 4 watro-3anage
7885 2018 1 13 5:06:23 0,213 5 Kp 4
7886 2018 1 16 3:50:21 0,166 52696 3 261 161 -135 12323 -13 1230 041C 14 14 Kp 4 3 Ha toro-socToke
7887 2018 1 17 4:56:16 0,206 8 2696 2 486 244 -134 12434 -126 1235 021C 16 16 Pa 4 3 Ha toro-socToke
7888 2018 1 19 5:04:46 0,212 8 Pa 4 I
7889 2018 1 28 5:30:14 0,220 8 Pa 5 -
4 4 » ¥ ceop Jlmetl ©J || __E
- [cro pem AL ! s

Puc. 1.6 ®parMeHT Karajgora COJIHEYHBIX MATEH ACTPOHOMHUYECKONH 00CepBaTOPUU

ury

Haunnass ¢ centsa6ps 2013 roma, aBTOp cTajia IMITaTHBIM COTPYAHHUKOM
acTpoHOMHUeCcKOM oOcepBaropuu MI'Y u moakimounsiach K HAOIMIOAEHUSIM COTHEYHBIX
nmaTeH Ha Tteneckomne. C ATOro BpeMEHH aBTOPOM JIMYHO BeaeTcs 00paboTKa BCExX
CHHUMKOB, TIOJIYYEHHBIX HAOIIOAaTEIISIMU.

KadecTBO moiydaeMbIX Ha TEJIECKONE H300paKEHUH OKa3aJloCh JOCTATOYHO
BbicOKUM (puc.l.4, 1.5, 1.7). ConocTaBieHre TaHHBIX O IUIOMIAAAX COTHEYHBIX MATECH,
nonydeHHbIX B 2009-2011 rr Ha ogHOTUNHBIX Teneckonax B MpkyTcke u Yccypuiicke,
MPOJAEMOHCTPUPOBATIN BHICOKYIO Koppessiuio (0.95 1 cpeaHeMECSYHbIX JTaHHBIX )
[24].

AHanu3 mokazall, 4TO UPKYTCKHE [aHHbIE MPEJCTaBISIIOT COOOH JOCTATOYHO
OHOPOAHBIA psiA. OLEHKN KadecTBa W300paKeHHUH, OTOMpAaeMbIX ISl MajdbHEHIIeH
00paboTku 1o  deTbipexOamapHOM mKane (2,3,4,5) MOKa3bIBalOT, YTO CpEJIHEe
KaueCcTBO CTaOWUJIbHO M HEMHOTO MpeBbllIaeT oleHKY 4. Jloig Tioxux nu300paeHuit

HCBCIIMKA.
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Tak, nanpumep, ¢ 1 suBaps 2009 r. mo 30 centsiOpss 2016 T. BBIIOJIHEHBI
Ha0monenust porochepsr Connia B Teuenue 1707 nueit u3 2830 Bo3MoxkHbIxX (60,32
%). [43]. JlakyHbI B HAOJIOCHUSIX CBSI3aHBI C TIOTOIHBIMH YCIOBUSIMH, TCXHUYCCKHUMHU
npobsemamu (MpodUIAKTUIECKUE U PEMOHTHBIE Pa0OThI), a TaKKE BBIHY>KJICHHBIM
HEJIOCTATKOM KoJIM4ecTBa HaOmogateneil. CraTucTUka HAOMIOAEHUNW TO TojaM
HaOJIOJICHU B TEUEHUE TEKyIero 24 1uKia COJHEYHOW aKTUBHOCTH IMpHUBEACHA Ha

puc.1.7.

Puc.1.7. ®ororennorpamma, nonyuennas 21 anpenst 2015 r. Ha comHEYHOM
TEJIECKOIIe acTpoHOMUYecKoi oocepBatopuu UI'Y
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Puc. 1.8. Cratuctuka nadmoaenuit Connua 3a nepuoj siueapb 2009 r — ceHTs0pb
2016 r. B actpoHOMHUecKOi obcepBatopun UT'Y

IlepBeiii  romx  mratHeix  HaOmogeHuit  (2009)  mpoaeMOHCTpUpPOBA
MOTCHIIMAJbHBIC BO3MOXXHOCTH ITYHKTa HAOJIFOJICHUI C TOYKH 3PCHHS aCTPOKJIMMATa, —
B OTOM TOJy KOJWYECTBO JHECH HAONIOACHWH (PaKTUUCCKHU ONPEICISIIOCh TOJBKO
TIOTOTHBIMHU YCIIOBUSIMH.

Ha puc.1.9 nokaszan xoj cpeaHEMeCsYHOro HHeKca «4uucio Bonbday, ToHKas
JUHUS — TI0 JaHHBIM MexayHapojHon ciayk0bl World Data Center SILSO (Llentpa
cobopa u 00pabOTKU COTHEYHBIX UHJEKCOB B bproccere), skupHas JIMHUS — IO JaHHBIM
actponomuueckoit obcepBatopuu UI'Y. Tlockonpky MeTonmka MmojcueTra WHIEKCA
«aucno Boasda» B 2015 r. usmenunace mo pemenuto nearpa SILSO [10], 3naueHus
MEXTyHApPOIHOU CiIykObl, HaunHast cC utonsg 2015 rona, nenunuck Ha KOdDPUITUCHT
0.6, yTOOBI COXpaHHUTh eauHYI0 cucTeMy. KoadduuueHt nepexosa Mex 1y cucTeMamMu
SILSO u AO UI'Y coctaBun B cpennem 0,6 = 0,2 (3amMeTuM, 4TO UMEHHO TaKOMU
kodddunment BBeaeH nentpom SILSO mis mepexona x HoBou cucteme B 2015 1.).
Cpenuss pasnocts Mexay aaHHbiMu AO UI'Y u SILSO mo panubiM 24 1ukiia
cocraBuna 21,7 + 9,0. CnenyeT OTMETUTb, UYTO aHAIW3 BBIOOPOYHBIX CIIy4acB
pacxoXxaeHui nmokaspiBaet, uto cucrema AO UI'Y Gonee 00beKTUBHA: TIPH MOJICUETAX
gyrcen Bonbda ogHOM oOcepBaTOopuell MHIAEKC HE MOXET OBITh 3aBBIIICH, B TO BPeMs
KaK TIPH YCPEIHCHWHM HWHJIEKCAa TI0 MHOTHUM O0CEpBAaTOPHSIM C PAa3HBIMH TOTOJIHBIMHU
YCIIOBUSIMH U Pa3HBIMU MHCTPYMEHTaMHU, Kak 3To Aemaercs B nieHTpe SILSO, wurHmexc

MOXET OBITh TOJIBKO 3aHMKEH. TO 00CTOSATEILCTBO, UTO 3HAYCHMS MHJIeKca Ha puc. 1.9
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o ganHeiM AO UI'Y oka3pIBaloTCs CHCTEMATHYECKH BEIIIE, 4eM 1o JaHHBIM SILSO,
CBUJIETENILCTBYET O TOM, YTO MEXIAYHAPOJHBIC JaHHBIE CUCTEMATUYECKU 3aHUKAIUCH
10 CPAaBHEHUIO C UCTUHHBIM MoJiokeHueM Bemen. [lo-Buaumomy, pedopma 2015 T, o
KOTOpPOM CKa3aHO BBIIIE, CBSI3aHA, B TOM YHCIIC, C TIOMBITKOM UCIPaBUTH 3Ty
METOJUYECKYIO MOTPEIIHOCTh, — KOTJla y4YeT JaHHBIX MHOTHX OJIHOBPEMEHHBIX
pa3IUyarIMUXCsl IO KauyecTBY HAOMIOJICHUN pa3HbIX oOcepBaTOpUi  yXyaIian
(3aHm>KaNl) CyMMapHBIM TOKa3aTeilb MO CPAaBHEHUIO C JAaHHBIMU WHJIUBUIYaTbHBIX

TCICCKOIIOB.

CpenHemecsayHble 3HayeHMA yucen Bonbda
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NMpoHymepoBaHHble Mecsiubl ¢ AHBapa 2009 no ceHTabpb 2016

Puc.1.9. Cpennemecsunnie 3HaueHus uncia Bonbda. ToHkas TuHUS — MO JaHHBIM
World Data Center SILSO, >xupHasi THHUS — 110 JAHHBIM aCTPOHOMHYECKOH
ob6cepBaropuu UT'Y

1.2.2 Ba3a 1aHHBIX COJTHEYHBIX NATEH B 24 IUKJIE
Hauunas ¢ 2011 r. aBTopom ObL1a poBeieHa padoTa o CO3AaHUI0 HEMPEPHIBHO

nonoyiHsiemMolt 0a3pl  nanHbix (BJ[) Ha OCHOBE ONMUCAHHOrO BBIIIE KaTajora

PEe3yIbTAaTOB HAOJIOACHUHN CONTHEUHBIX IsATeH, puc.1.10.
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Puc.1.10 ®dparMeHT TUTYIBLHOM CTpPaHUIIBI 0a3bl JAHHBIX

Hlns OGonee ymoOHOro moOHMCKa Bcew copaepskameiicss B BJl wmHbopmanuu o
KOHKPETHOH TpymIe MATeH aBTOpOM ObLI co3aaH 3ampoc «OTOop MATEH MO HOMEpY
rpynnel».  HWurtepdeiic BJl mo3Bosser BbIOpaTh MaHHBIA 3alpoc W BBECTH HOMEpP
TpYNIbl MSATEH, TOCIe Yero IMOJIb30BaTeNI0 MpeACcTaBisieTcss (pparMeHT Karajora,
coJiepKalinii BCro THGOPMAIIHMIO O IAaHHOM TPYIINe MATeH.

Kpome Toro, B BJI mpexycmotpen 3ampoc «Ot0op mATeH mo xoopauHate Ly.
[Ipu BBIOOpPE HY)XHOTO HMHTEpBaJia 3HAYCHUI renuorpaduueckoir maoiarotsl L 6aza
BBIJIAECT CIIMCOK TPYIII MSATEH, HAXOAUBLIUXCS B 3TOM UHTEPBAJIE.

[IpenycMoTpena BO3MOKHOCTb CTPOUTH TpaUKK U3MEHEHUSI KOJIMYECTBA MATECH
u 1wiomany nsateH (puc 1.11) maHHOW TPYIIBI MATEH C TCUYCHHEM BpPEMEHH.. JTa
ONUKS MO3BOJIAET HAIJISHO MPEICTABUTH ABOJIOLUMUIO JAHHOW TPYNIIBI IIATEH OTO JHS
KO JHIO, OIIMCAHHYIO B MHJIEKCAX «YHCJIO IIATEH B IPYNIE» U «CyMMapHas IUIOLIA]b
rpynne». B BJl nerko Moryt ObITh BHECEHBI HOBBIE OIIUHU, TO3BOJISIONINE
aHANM3UPOBAThH JIAHHBIE, 3aHECEHHBIC B 0a30BHbIi KaTanor. Pabora mo mononuennto bJ]

HCTIPCPBIBHO MOIOJHACTCA aBTOPOM.
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Puc. 1.11 ®parment unrepdeiica 0a3 1aHHBIX C BEIBOJIOM B OKHE Ipaduka

Taxxe B BI[ ,Z[OG&BJ'ICHBI JaHHBIC M3 AaBTOPCKOI'0 KaTajJiora BCIIBIIICK,
obOecrieueHa IIPpUBA3Ka Ka)K,Z[OI;'I BCIIBIIIIKH K KOHKpCTHOﬁ aKTUBHOM O6J'IaCTI/I, B KOTOpOﬁ

OHa IIpom3omnuia. O,Z[Ha n3 OHHI/Iﬁ BKJIIO4aeT B ce0s BO3MOXKHOCTH IMpoCMaTpHUBaATb

CBSI3b IISITEHHOM aKTUBHOCTHU CO BCIBIILIKAMMU.

1.3 Kommiekcnsl akTuBHOCTH HA CoJIHIIE H METOIUKA UX

HICHTU(PUKAIUHA

Hns wzydenus (enHoMmena Bcmbimiek npoucxodsmmx B KA, mepBoouepemnHoi
3amaueit sBinsgerca omno3HaHue (upeHtudukanusa) KA. [Ins storo u3 umcna obmien

MNOIIYJIAIUU T'PYIIlI COJHCYHBIX IIATCH HCO6XOHI/IMO BI>I6paTI> TC, KOTOPBIC HMCIOT

otHomeHue Kk KA.

1.3.1 UpeHTu(uKaAIHUA KOMILIEKCOB AKTUBHOCTH

Kommnekcerr aktuBHOCcTH (KA) Ha CosHIE TpaaWIIMOHHO TPHBICKAIOT K cebe

3HAYNTEIBHBIA HHTEPEC KaK Treod(PEeKTUBHBIE CTPYKTYPHI, TEHEPUPYIONTUE HAUOOJIee

MOIIIHBIE BCTBIIIKHA, BKIIOYas MpOTOHHBIC coObITHs. [lomstne KA MeHsuoch co
BPEMCHEM — OT OIMCAaHUsl KpPYIMHOMAacITaOHbIX MAarHUTHBIX CTPYKTYyp [63],
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BbINIOJIHEHHOTO byM60ii 1 ['oBapnom B 1965 (3Tu aBTOpHI M Npeoxuau TepMuH KA)
0 CJOXHBIX CHUCTEM W3 MHOTOYMCICHHBIX aKTUBHBIX obOnactedt  (AO),
PACIIONIOKEHHBIX BJOJb COJHEUHOM Mapajjieid U OIMOSCHIBAIONIUX BECh COJHEYHBIN
map [68]. Pacmpoctpaneno otHomienue k TtepmuHam KA u KAO (kommiekc
aKTUBHBIX 00J1acTel) KaK K cuHoHuMaM [ 36].

Heckonpko apyroit moaxon npennoxunu banun u f3eB [4;5] . B kauecte
kioueBoro mapamerpa KA Obla BeIOpaHa JUIMTENBHOCTH cyliecTBoBaHusT AO Ha
OTHOM H TOM K€ YYacTKEe COJHEYHOM TOBEPXHOCTH, BBIJICICHHOM B
KOPPUHTTOHOBCKOM CHCTEME KOOPJMHAT — HE MEHEee JIByX OOOpOTOB MOJPSA. ITO
3HAYMT, YTO MSATHA JOHKHBI HAOMIONATHCS KaK MUHUMYM TPYIKIBI B T€UEHUE TPEX
MOCJIEIOBATENIbHBIX 000pOTOB. [IOCKOJIbKY MPOAOIKUTEILHOCTh CYIIECTBOBAHUS
OJIHOW TPYIIIBI MATCH B IMOJABISAIONIEM OOJIBIIMHCTBE CIIy4aeB OKa3bIBACTCS KPAaTHO
menbiie [10;11], npucyTcTBME TMSATEH Ha OJAHOM U TOM >K€ MECT€ B TEUCHUE
HECKOJIbKUX 00OPOTOB MOAPSIA O3HAYAET, YTO 37€Ch OJHA 3a JPYroil BCIUIBIBAIOT W3-
nost ¢oTtocdepbl HOBbIE MOPIMM MAarHUTHOTO Notoka B ¢opme HOBbIX AQO. Takue
y4acTKH, T/ie HaOJIofaeTcss IJIUTENbHOE MATHOOOpa3OBaHHWE, C OAMIHPUYECKU
onpeneneHHbM pazmepoM 20 Ha 20 renmorpaduueckux TpaaycoB, MEPBOHAYAIHLHO
MOJYYWJIM Ha3BaHUE «IUIOMIAJKHU JuTeabHOM aktuBHOCTHY (ITJIA) [4], mo3aHee s
HUX OBUT MpejIoKeH apyroi tepmun — sijapa KA [44,42]. B pamkax 3toro mojaxomaa
UCIIONB3yeTca  Takxke mnoHstue «BeTBU KA». BerBb KA — sto AO, B naHHOM
KIPPUHTTOHOBCKOM 000pOTe Haxojsmascs modmuzoctu (Ha pacctosauu He Oonee 30
renuorpaduueckux rpaaycoB) ot sapa KA, ces3annas ¢ AO, pacmonoKeHHOH B siape
KA, BBICOKMMHU KOpOHaJIbHBIMU TeT/IsIMU. BerBb (oTnenpHas AQO) cyliecTByeT
CPaBHUTEIBHO HENOJr0o Mo cpaBHeHUIO ¢ sigpoMm KA, rme AO MOryt cMeHsTh OAHa
npyryo. BerBb KA momuunsiercs auddepeHmanbHOMY BpaleHUuo (B OTIMYUE OT
anpa KA), mocreneHHO cMemiasch MO JOJTOTE B KIPPUHITOHOBCKOM CHCTEME
koopauHaT. AO, onHoBpeMeHHO Haxoxasuumecs B sape KA u B BetBu KA o6pa3syror B
JaHHOM 00opoTe Komruiekc akTuBHbIX obOnacteit (KAO). Takum obGpazom, KAO B
paMKax H3JaraémMoro Mnojaxoja — 3TO E€AWHOBpEeMEHHbIM «cpe3» KA, onucanue

coctostHusi KA B JaHHBI MOMEHT BpeMeHH, 0e3 yuera JuTenbHol 3Boonuu KA. B
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cieayrlieM o00poTe TaHHOW BETBU yxke He Oyner, HO sipo KA MoxeT mpoaomkaTh
cyiiecTBOBaTh B (hopme HOBoM AQ, mosiBuBIIIEHCS Ha ToM ke mecte. [Ipu sToM obmias
MarHutHas cTpykTypa KA MOXKET COXpaHATbCS, MEJICHHO JBOJIIOLUOHUPYS Ha
MPOTSHKCHUH HECKOJIBKUX 000poToB [42].

B ocHOBe M3J0KEHHOr0 MOAXO0Ja JIEKHUT rumore3a o ToMm, yto Ha CoaHue
CYILIECTBYIOT 00JIaCTH, TJIE PETYISPHO BCIUIBIBAIOT HA MOBEPXHOCTH HOBBIC MOPIIUU
marautHoro mnotoka B Buae KA. TloadorocdepHbie MCTOUHHMKK TIOJISI, TMOCTOSIHHO
TEHEPUPYIOIINE TaKWE MOPIHH, MO-BUIUMOMY, HAXOMASTCS B TIyOMHE KOHBEKTHBHOM
30HBI W BpamjaloTcs C KIPPUHITTOHOBCKOM CKOPOCTBIO, UYTO TIPOSBISIETCS B
OPUCYTCTBUM HAa OJHUX M TeX € KIPPUHTTOHOBCKUX KOOpJMHATAX IISITEH Ha
NPOTSHKEHUHU JIUTEIIBHOTO BpeMeHU. [IpoaomKUTeTbHOCTh Mepruoaa CyIeCTBOBAHUS
IATEH Ha OJHOM M TOM K€ MECTE€ COCTaBIs€T B OTAEHbHBIX  ciaydasx 10-15
KOPPUHTTOHOBCKUX OOOpPOTOB, YTO Ha TOPSJIOK TPEBBINIACT CPEIHECTATUUECKYIO
IPOJOJDKUTEIIBHOCTE  cymnecTBoBanuss AQO [17]. Drto os3nHagaer, uro sapo KA
JNEHUCTBUTENBHO  SIBJISIETCS  O0JIACThIO  TMOCTOSIHHOTO — MATHOOOpA3oBaHUs, TJie
nociieoBaTeNIbHO BO3HHMKAIOT Heckoilbko AQO. Ha stom HaGmomarenbHOM (akTe
OCHOBaHa METOAMKA OTOXAecTBIeHUS saep KA.

OTa MEeToJIMKa CTaJKUBaeTcs ¢ psaoM TpyaHocted. Ha daze makcumyma mukia
COJIHEYHOM aKTUBHOCTH, KOTJ]a OTHOBPEMEHHO (hopMHpyeTCsi MHOKEeCTBO AQ, CII0KHO
BbiienuTh siApa KA. Tlosic BO3MYIIEHHOM CTPYKTYphl TSHETCS BJOJIb BCEH
renmuorpaduueckor mapaisiend, W TOrJa MOXHO paccMaTpuBaTh BECh MOSAC Kak
cnenudurueckoe oopasoBanue — oauH cBepxrurantckuii KA [68]. Tem He menee, B 24
IIUKJIC TaKue CTPYKTYPHI HU pa3y He Habmomamuck [45], u KA uaerTndunmpoBammcs
YBEPEHHO.

Eme oana npobiiema cBsi3aHa cO CIAEAYIOIIUM 00CTOSTENLCTBOM. B coctaB simep
KA, kak nmpaBuio, BXOAST CPaBHUTEIBHO KpynHble AOQ — rpymnmbl OSTEH C BBICOKOM
IJIOIIA/IbIO,  KOTOpblE, KaKk MpaBUJIO, CaMUd  OTJIMYAIOTCS  MOBBIIICHHOM
MPOJOKUTENBHOCTRIO  cylllecTBOBaHMs.  [loaToMy  e€CTh  BEpOATHOCTb,  4YTO

nonroxupyiias AO MoxeT ObITh MpuHsTa 32 saApo KA.
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Jist  pemieHuss JaHHOM mpoOsieMbl MPUHATO cleayoliee pemeHue. B
MOJABJIAIONIEM  OOJBUIMHCTBE  CIYy4aeB  MPOJOJDKUTEIBHOCTh  CYIIECTBOBAHUS
UHIUBUAYATbHOW AQO COCTABIISIET HECKOIBKO CYTOK, B OTIEIBHBIX (PEIKUX) CIIydasx —
HECKOJIBKO HEJellb, W KpailHe penko — Oonee Mecaua. BeeneHHoe QopmaibHOE
OrpaHUYeHUE AJis OTOXAecTBIeHUd sapa KA — nsaTHa JOJIKHBI HAOII0AAThCSl B OJTHOM
U TOM XK€ MecTe B mpeaenax BblaedeHHoOW miuomanku 20 X 20 renuorpaduyeckux
IpajyCcoB HE MEHEE TpeX pa3 MOApPsA B COCEIHUX KIPPUHITOHOBCKHX 000pOTax, T.€.
MUHUMAaJbHas MPOJIOJKUTEIbHOCTh HAOIIOACHUS MATEHHON aKTUBHOCTU COCTABJISET 2
KIPPUHT TOHOBCKUX 000pOTa.

[Tockonbky OGonee 99% Bcex Ipynm MSATEH CYLMIECTBYIOT MEHBIIE TPEX
cojHeyHbIX 00opoTroB [11l], monrokuBymiass CTPYKTypa C 30HOM MOCTOSIHHOTO
NS THOOOPA30BaHUs FapaHTUPOBAHHO BKJIIOUYAET B ce0si Heckoybko AQO, a He O/IHY.

OTO O03HayaeT, uYTO BBEACHHOE OrpaHuveHue (HAONIONECHUS MATCHHOU
aKTHBHOCTH B OJTHOM M TOM K€ MECTE B TCUCHHE ABYX OOOPOTOB IMOJAPSII) IMO3BOJISIET
YTBEPKJATh, YTO MbI CTAJIKMBAEMCsl JIMIIb C €IMHUYHBIMHM CIIydasMH SKCTPEMAIIBHO
JOJITOKUBYIIIMX HMHAMBUAYAJIBHBIX TPYNN IIATEH, KOTOPbIE HE CKa3bIBAIOTCS Ha
CTaTUCTUKE: B TMOJABJISAIONIEM OOJBIIMHCTBE CIy4aeB Mbl UMEEM J1€JI0 C (PEHOMEHOM
sapa KA.

B paGorax MHOTMX aBTOpPOB KOMIUIEKCOM AaKTUBHOCTH  HAa3bIBalOT
JOJTOKMUBYIIYIO TpYyNIy TMATeH OOJbIION IJIOWaAM KOMIUIEKCOM AaKTHUBHOCTH,
JOIyCKasi B pe3yJibTaTe CMEleHUue NOHATHI. OTMETHM, YTO MOIYJISILUS KPYIHBIX
IpyNI HSTEH BCErjaa MpuBJEKana ocoObIi MHTEpeC HCCleqoBaresieil, 1 MHOXKECTBO
(MHOTHE COTHM) pabOT MOCBAIIEHBI UX CTATUCTHKE, BOJIIOLUU U Mopdooruu. Tem He
MeHee, MpsIMOe NpPHUMEHEHHE 3TuX pe3yiabTaTtoB K KA Obuto Obl HEKOPPEKTHBIM,
IIOCKOJIBKY 3TO HEHMJIEHTHYHBbIE OOBEKTHI. XOTS KpPYIHBIE T'PYIIIbI MATEH C BBICOKOH
IIPOJOJKUTENBHOCTBIO )KM3HU Yallle BCEro BXOAAT B cocTtaB KA, 3T0 TONBKO OJUH U3
anemeHTOoB KA, B cOCTaB KOTOPOro B paMKax HCHOJb3yeMOW KOHLEMIHMH BXOAST U
npeablaymme, u nocieayromue AQO, pa3BUBaBIIMECS ~ Ha TOM JK€ MecTa B

K3PPUHTTOHOBCKOW CUCTEME KOOPAUHAT.
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Taxkum oOpazom, st uaeHtudukanun KA npuMeHEHO BaKHOE UX CBOMCTBO:
KaK Mokaszaiu uccienoBanus [12; 7; 74; 46], sapa KA BpamaroTcsi ¢ KIppUHITOHOBOM
CKOPOCTBIO, T.€. HE CMEIIAIOTCS CO BPEMEHEM (MJIM CMELIAIOTCS HE3HAYUTENbHO) B
KIPPUHTTOHOBOM cucTteMe KoopauHat. Hamo oco3HaBaTh, 4TO HEKOTOpas YacTh
HaO0JII0JaeMBbIX TPYII MATEH, HapUMep, Ha (a3ze MakcUMyMa IUKiIa, GOpMHUPYETCS Ha
mupore 16 rpamycoB, KOTOpas BpallaeTcss CO CKOPOCThIO, OJM3KOH K
KOPPUHTTOHOBCKOM. Takue msTHA HEe WMEIOT oTHomeHus k KA, moHuMaembiM B
paccMmatpuBaeMoM cMmbiciie. Ho, TeM He MeHee, Kak yKa3aHO BbIIIE, WHANBUIYAIbHBIC
TPYIIBI TSTEH, CYIIECTBYIONIUE HA MPOTSIKEHUU 00JIee BYX COJHEYHBIX 00OpPOTOB,
BeChbMa HEMHOTOUYMCIICHHBI, U 3aMETHOTO BKJaja B craTUCTHKY KA naTh He MOTYT.
Ecnm ke Ha ogHOM U TOM ke MecTe OyAyT BO3HUKATh HOBbIe AQO, 3TO CBOMCTBO OyAeT
COOTBETCTBOBATH omnpeseneHnio KA.

Takum 00pa3oM, MOXXHO KOHCTATUPOBATh, YTO KIPPUHITOHOBCKAs CKOPOCTH
Bpatenus siiep KA MoxeT CityKuTh BaKHBIM (aKTOPOM [JIs1 UX UAEHTU(DUKAIIUU. DTO
CBOICTBO MO3BOJIAET MPEAIOKHUTH CIEIYIONIYIO METOUKY ornmo3HaHus KA.

UccnenoBanusim KA, moHMMaeMbIM B YKa3aHHOM CMBICJE, IMOCBSIIEH UK
cTarel aBTOPOB, MNPUHAMJICKAIIUX HPKYTCKOM Mmikoine — HaumHas ¢ 2016 1., ¢
aKTUBHBIM ydacTHeM aBTopa (Hampumep [3;6;44;42;75;17]. B stux paboTax omucaHa
dbenomenonoruss KA Ha ypoBHe poTochepsl u xpomocdepsl Ha MPUMepPe HECKOJIBKUX
sapko BeIpakeHHBIX KA mo HaGmomeHusm B iauHun H-ambda [3;25]. Kpome Toro,
n3yueHa cratuctuka nposiiennii KA B nepuon ¢ 1980 mo 2020 rr Ha NpoTSKEHUU
TPEX C MOJIOBUHOH ITUKJIOB COJHECYHOM aKTUBHOCTH [44; 75].

Hns oroxpaectieHus siaep KA (BblaeneHUS OTACIBHOM MOMYJSAIUM TPYIII
MSATEH, KOTOpbIE Pa3BUBAIOTCS B OCOOBIX MeCTaX, IJie€ HaOII0JAeTCsi HEMpephIBHOE
MATHOOOPa30BaHNE HA MPOTHKEHUHM KaK MUHUMYM JIBYX KOPPHHTTOHOBCKUX 000POTOB
noApsiA, T.€. KAK MUHHUMYM Ha TPeX CHHONTHYECKHX KapTax), YAOOHO HCIOJIb30BATh
CUHONTUYECKHE KapThl, IMOCTPOCHHBIE B ONHCAHHON (KIPPUHITOHOBOW) CHUCTEME
koopauHat. Kapra mnpencraBiseT coOOW MPSAMOYTOJbHYIO Pa3BEPTKy COJHEUHOU
MOBEPXHOCTH 3a IMEPUOJ| OJJHOIO MOJIHOTO CHUHOJUYECKOTO (OTHOCHUTEIBHO 3E€MHOIO

HaOmonarensi) ooopora ConHIa, HA KOTOPOM MOTYT HM300pa)kaThCsi COJIHEUHbIE MATHA,
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JIOKAllUM BCTIBIIIEK, KOHPUTYpallMK MPOESKINI TPaHUI] KOPOHATBHBIX JbIp U JIPyTHe
AJIEMEHTBl MAarHUTHBIX 00OPa30BaHUN HAa COJTHEYHOM MOBEPXHOCTH.

IIprMmeHnsaBIIMNCS METOA IIPEACTABICHUS COJITHEYHONM aKTMBHOCTU C IIOMOLIBIO
CUHONTHUYECKUX KapT HMeeT psa HenoctarkoB. IIpoemnupoBanue chepruyeckoi
MOBEPXHOCTH B MPSIMOYTOJbHYIO CHUCTEMY KOOPAWHAT, MPUBOJUT K TpyObIM
uckaxkeHuaMm. OpHako i psAa 3adad  3TO  HECYLIECTBEHHO, YUYWTHIBas TO
00CTOSITENILCTBO, YTO OCHOBHBIE THIIbl COJIHEYHOW AKTHUBHOCTH, BKIIIOYAsl TPYIIIbI
OSTEH, PACMOJOXKEHbl HAa HHU3KHUX Teluorpauueckux IUpOTax, IJe HUCKaKEHUs
MUHHUMAJIbHBI.

CuHonTHyeckasi KapTa OTPakaeT YCpPEIHEHHbIE, XapaKTepHbIE AJisi JaHHOTO
KIPPUHTTOHOBCKOTO 000pOTa  OCOOEHHOCTH MPOCTPAHCTBEHHOTO paclpeeiIeHus
AKTUBHBIX CTPYKTYp Ha COJIHCYHOW TOBEPXHOCTH. VI3MEHEHHs C XapaKTepHBIM
BPEMEHEM MEHbIIIE OJJHOTO0 000pOTa HEBO3MOXKHO OTPA3UTh METOJOM CHHONTHUYECKHUX
KapT. OTOT METOJ CHENUaIbHO MpPEIHA3HAYEH JUISl BBISBICHHS CYIIECTBEHHBIX
U3MEHEHU C XapaKTepHbIM BPEMEHEM TOpANKA MPOJOHKUTEIBHOCTH OJHOTO
COJIHEYHOT0 000pOTa, TEM CaMbIM OH ONTUMAaJIeH i uneHtudukanuu saep KA.

Meronuka Boiaenenus saep KA B 24 nukie CoTHEYHON aKTUBHOCTH CBOJUIIACH
K crnenyromemy. Ha ocHOBaHMM €KeTHEBHBIX CHUMKOB (DOTOC(EPHI, BHITIOJIHEHHBIX Ha
COJIHEUHOM TeJIECKOIle acTpoHOMUYecko obOcepBaTopun UMY, Obut TOCTpOEHBI
CUHONTHUYECKHE KapThl JJIs KaXJIOT0 KIPPUHTTOHOBCKOTO 000pOTa, OXBATHIBAIOIINE
nepuon ¢ siuBaps 2009 roga mo suBapp 2020 roma. Kpome Ttoro, aBTOopom Oblia
cocTaBlieHa Tabimiia (KaTajaor) eXeTHEBHBIX HAOMIO/IEHNH TISATEH B TEYCHHE Bcero 24
COJIHEYHOTO IMKJIA, BKIIOYAKOIas B ce0s remuorpaduyeckue KOOpAWHATHI TPYII
MATEH, IO TPYII MSATEH U CaMOr0 KPYIHOIO MATHA CPYIIbI, TUI TPYIIbI NATEH
no [lropuxckoii kimaccudukanuu, ee Homep corimacHo HomeHknatype NOAA CIIA.
CnenuanbHasi aBTOpCKas MporpaMma IO3BOJIMJIA BBIJIETUTh Cllydad, KOrja MsiTHa
OKa3blBAIMNCh HA OJHHUX M TEX K€ KIPPUHITOHOBCKUX KOOpPJMHATAX B TpPeEX
MOCJIeI0BaTEIbHBIX CUHONTUYECKUX MOJPsAl. BelieneHnble ciiydyau npocMaTpUBaInCh
Ha KapTax ria3oMepHO, U MPUHUMAIIOCh OKOHYATENIbHOE pellieHre 00 UaeHTU(DUKAIUN

sapa KA.
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Kpome Toro, Obuin BblIENEHBI Tak Ha3biBaeMble BeTBM KA — rpynmsl msTeH
(AO), naxonusmueca noodmuszoctu ot snep KA (B npenenax 30 reamorpaduyeckux
rpaaycoB orT sapa KA k 3amamy ambo K BOCTOKY OT HEro). MHOrOYMCIICHHBIC
MPOBEPKH MO CHUMKaM KocMuyeckoi obcepBatopun SDO nHa anuue BosHbl 17,1 HM
MOKa3aJid, YTO BO BCEX TAKUX ClydasX HAOJIIOATUCh BHICOKHE KOPOHAJIbHBIE METIIH,
coenunsatomme AO B sape KA ¢ AO, mpexacrasnsromeit coboir BetBb KA. B
pe3ysbTate MoATBEpKAaach runoresa o ToM, yto AQO, npeacrasisionias coool BETBb
KA, ¢usnyecku cBsazan c sapom KA, HO cama He sBISETCA SIpOM: IMOCJE pacraja
tako AO HOBbIE AO 371€Ch YK€ HE BOZHUKAJIN.

Ha ocHoBe momy4eHHBIX JaHHBIX ObUT cocTaBiieH kaTanor KA, HabmonaBmumxcs

B 24 1UKJIE COJIHEUHOU akTUBHOCTH. DparMeHT kaTanora rnpuBeeH Ha Tabmauie 1.1.

Tabmuma 1.1 ®dparmMeHT Katamora KOMIUIEKCOB aKTUBHOCTU B 24 ITUKIIC COJHEYHOMN

AKTHUBHOCTHU.
Homep Ne Ne AO Kappuurronoest P Ne AO - | Ypeao AO AO/ Ilpumeua
aapa obopora | B sape KOOPAHHATHI BeTBH B cocTaBe | MPOTOHHBIC HHA
KA KA sapa KA KA KA BERBIIES
Hoarora | Mupora
1 2 3 4 5 6 7 8 9 10
CesepHoe noymapue
24N01 | 2091 1035 250 +25 1 1034 2
3 2092 1040 1.5 1
2093 1045 1,5 |
24N02 | 2094 | Ilopwi 230 +15 0,5 1
3 2095 1061 0,5 1
2096 1064 0,5 1
24N03 2098 1083 340 | +20 1 1082 2
3 2099 1087 | |
ITepBeiii cTONOEI TAOMWIIBI — HOMEP KOMIUIEKCA AaKTUBHOCTH, Tiae 24 —

Hymepanusa uukia, N — nomymapue, 01 — nopsiakoBsiii Homep KA B 1ukie; BTopoi —
Homep KosppuHrronoBckoro o6opora B 1ukie; Tpetud — Homep AQO, KoTopas
HaxoguTcss B sape KA; deTBepThli W TATHIM cTojOen; — koopauHaTel KA Ha

COJIHEYHOM JIMCKE; IIECTOM — MOIIHOCTh; CeapMoil — Homep AQ, Haxomsueuncs B
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BeTBU KA; BocbMmoit — o6miee uncio AO, kotopsie HaxonsTces B KA; aesatsiii — AO, B

KOTOPLIX ITPOUCXOAUIIN IMTPOTOHHLIC BCIIBIIIKH, HCCHTBIﬁ — IpUMCcYaHUus.

1.3.2 ba3za nanubIix «KoMIiekcbl aAKTHBHOCTH B 24 ITUKJIE)»

B 2014 rogy aBTopom Obuta co3ana 0a3a JaHHbBIX 0] Ha3BaHueM «KoMruieKcol
aKTUBHOCTH B 24 nukie». B ocHOBY 0a3bl Jier KaTajor, 0 KOTOPOM TOBOPHJIOCH B
paznene 1.3.1. [lepBonayanbHbIM BapuaHT kaTtanora Obul co3mgaH C.A. SzeBeiM. B
JanbHEWIlIeM aBTOp MpUHUMAaNa ydyacTue B BeAeHUMM (OOHOBIEHMHM) — KaTayora,
no0aBisis Tyna WHGOPMAIMIO O BCIHBIIIKAX PEHTTEHOBCKUX KiaccoB M u X,
HaOJIIOJABIIMXCS B IPyIIaXx MATEH, PACIIONIOKEHHBIX B B SpPaX U BETBAX KOMIUIEKCOB

AKTHUBHOCTH.

[naeHas popma

Homep aKkTusHoM
ofinactu

Wepsan gonroTs!

Tabnuua aaHHsIx

Puc. 1.12 TurynwsHas crpanuia 6a3bl JaHHBIX «KOMIIEKCH aKTHBHOCTH

b0 BBeneHO paszieneHre Mo MONIyIIapusM, YTO TTO3BOJISIET OOJIETYUTh aHAIN3
OTZIEJIbHO JJISI CEBEPHOr0 M I0KHOro mnoiymapuid CojiHIa UM OLICHUBAaTh YpPOBEHBb
CEBEPHO-I0)KHOM ACUMMETPHUU IPOSBICHUN COJHEYHOW aKTUBHOCTHU. [[ns mpocmortpa
KaTajora KOMIUIEKCOB aKTMBHOCTH CiellaHa KHomKa «Tabmuiia JaHHBIX», HaKaB Ha
KOTOPYIO OTKPBIBACTCS NHAJIOTOBOE OKHO, TJE MpeacTaBieHa BCs WHopmamus o0
aKTUBHOW 00JIACTH M KOMILJIEKCE aKTUBHOCTH, B KOTOPOM OHAa HAXOJUTCS. 37E€Ch MBI

BunuM Homep smpa KA, Cckoibko 00OpOTOB OH TMPOCYIIECTBOBAN, €r0
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K3PPUHITOHOBCKHE KOOPAMHATHI, MOLIHOCTb. TakXe MpPUCYTCTBYET WUH(pOpMaLUs IO
aKTUBHOM 00JIaCTHM, @ MMEHHO, MAaKCHUMallbHas IUIOLIA[b TPYHIbl, MAKCUMAaIbHOE
YUCIIO MSATEH B TpPYyNIeE, YUCIO AaKTUBHBIX obOnacteil B coctaBe KA. JlanHbie 00
aKTUBHBIX O0OJacTAX coOpaHbl aBTOPOM IO pe3yabTaTaM HaOMIOACHUSN B

acTpoHoMHueckoil oocepBatopun UT'Y.

E Tabnnua gaHHeix cn = = x4

3anuce: 4 1u3221 | b M | K Her duastpa ‘ Mounck

Puc. 1.13 ®parmenT 6a3nl 1aHHBIX « TabnauIia TaHHBIXY

B 0a3ze maHHBIX MPUCYTCTBYIOT pasiWyHble (YHKIUH IOWCKA 1O 3aJIaHHBIM
napamerpaM. K mpumepy, kHomka «lHTEepBanm mOJTOTBHI» OTBEYAeT 3a IOMCK I10
3QIaHHBIM MapaMeTpaM KIPPUHTTOHOBCKUX MONTOT. JlocTaTodHO BBHIOpaTh HYKHBIN
JIMaIia30H U OTKPOETCS JUAJIOrOBOE OKHO ¢ TaOJHIICH, B KOTOPOU OyayT coOpaHbI BCe
aKTHBHBIC 00JIaCTH, KOTOpBIC pacIojiarajiuch B 3TOM HHTepBaje 3a 24 muki. Illar
KoopauHar 5°.

VYkaxkeM OCTabHBIC O 0a3bl TAHHBIX:

- «Homep akTHBHOM 001acTH» - MO3BOJISACT HAWTH MHPOPMAIUIO 00 MCKOMOM
AO 3a Bech 24 1IUKII aKTUBHOCTH;

- «KappuHTTOHOBCKHIT 000POT» - BEIBOAMUT Ha dKpaH Bcro nHpopmarmio 06 AO,

KOTOPBIC HAXOAWJIUCh HAa COJTHCYHOM JIUCKEC B HCKOMOM o6op0Te;
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- «IIpoIOMKUTENBHOCTD CYIIECTBOBAHUS» - BBIJICIISET KOMIIJIEKCHI aKTUBHOCTHU
C HCKOMBIM IMEpUOJOM cyllecTBoBaHus. K mpumepy, HEOOXOIMMO HaWTH BCe
npoaomkuTenbHbie KA, cBbIlie 6 000pOTOB, OMIUS MO3BOJIUT 3TO CAeiaTh B 1 KIHUK;

- «MomHoCcTh» - BeiaensieT KA ¢ ICKOMO# MOIIHOCTBIO, mIar nmapamerpa 0,5;

- «Kiacc BCOBIMIKKA» - AaHHAs OMIUS HCHOJIB3YETCS Ha IOMCKA BCIHBIIICK,

npousomenmunx B KA, a Takxke BbIJIEIISIET BCIBIIIKUA ONMPEICICHHOTO KIacca.

1.3.3 ba3a nannbix «[IpoTOHHBbIE BCOBIIMIKHA B KOMILIEKCAX AKTHBHOCTH

B 2016 rony aBTopom Oblia co3maHa 0a3a gaHHBIX «[IpOTOHHBIE BCHBIINIKU B
KOMIUIEKCAX AaKTUBHOCTH». B 9Toil 0a3e coOpaHbl JaHHBIE 3a YeTbIpe IMKIA
COJIHEUHOW aKTUBHOCTH, HauuHas ¢ 21 nuxma. dopmat 3Toi 6a3pl JaHHBIX HEMHOTO
OTJINYAETCSI OT MPEBITYIINX, U TTO3BOJIIET 03HAKOMHUTLCSA C IaHHBIMU OoJiee yeM 3a 40

JICT.

5] Tnaswas dopma o B 0=

CeBepHoe nonywapue

22 umKn HOxHoe nonywapue

0O160p no Homepy KA

23 yuKn
8 CeBepHOM non-pum

Ot60p no Homepy KA
B [O:xHOM non-pum

24 ymkn

Puc. 1.14 ®parmeHT TUTYJIBHOUN CTpaHUIBI OA3bI
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JlaHHble 32 KXl OTAENbHBIM LMK IPEICTaBIEHbl B Pa3HbIX TaOIuMLAX U
BBIBEJICHBl HA TUTYJbHYIO CTpaHHIly. B kaxaol u3 Tabiuil npuBeaeHa UH(pOpMaLus:
Jata BcmblKM (TOA, Mecsl, A€Hb); BpEMsl MaKCMMyMa BCIBIIIKH; BPEMS B JOJSX;
AxTHBHas 00JacTh, K KOTOPOM MPUHAJIEKUT Benbllka; KoopInHaTel pacnonoxeHus
AO Ha conneunoM nucke; Kiace Benbimku; Homep KappuHITOHOBCKOTO 000poTa; L —
J0JIT0OTa, HAa KOTOpoM mpou3ounuia Bcmbimka; [Ipunamnexnocts k KA; Homep KA

(€CJII/I BCIIbIIIKA IMTPUHAIJICIKUT K KA), KomuuecTBo IMPOTOHOB B ITOTOKC.

@&l

e e R (M

......

Puc. 1.15 ®parmeHT 6a3bl JaHHBIX, TPUMEDP JAHHBIX O BCIIBIIIKE B 23 IIUKIIC

Kak u B mpenpiaymeir 6a3e MaHHBIX, 3/16Ch MPUCYTCTBYET pa3lielIiCcHHE JaHHBIX
M0 TOJNYIIApUSAM, BBIJICICHHBIE B COOTBETCTBYIOIIME omiuu. [Ipu BeIOOpe omnimu
BCIUIBIBAET JMAJIOTOBOE€ OKHO, KOTOPOE€ ITOKA3bIBAET JAHHBIC O BCHBIIIKAX, KOTOPHIE

MIPOU3OIIUTH, K IPUMEPY, B CEBEPHOM Torymapuw, puc. 1.16.
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=3 Ceseproe nonywspne s @ =

~—] CeBepHoe nonylwapue

Koa

Tog 1977
Mecay 9

iy 19
Bpemsa 10:54:00
Bpema B gonax "
AKTHBHaA 06nacTb 889

Pacnonoxenue Ha NOBW58
Conrue

Wwpora 58

Knacc scnbiwkm X2

Lo 152
L 204
Homep obopora 1659

MpuHaanexHoCTh K KA

Homep KA

Kon-B0 NPOTOHOB & noTor | 200

Puc. 1.16 ®parment 6a3bl JaHHBIX, omnius «CeBepHOE MOTyIIapue.

Omuust «OT60p mo HoMepy KA...» ympoImaeT MOUCK JaHHBIX MPU 3aJaHHOM
3HAYCHUM KOMILIEKCAa aKTHMBHOCTH, IIOKa3blBas BCIO HH(OpPMAIUIO IO MPOTOHHOM

BCITBIIIKC.

1.4 CuHonTHYecKHe KapThI

JUist w3ydeHus CBSI3U KPYIHBIX TMPOTOHHBIX COOBITHMH C KOMILJIEKCAMH
AKTUBHOCTH aBTOPOM OBUIO CO3[aH KaTaJor, B KOTOPOM OTPaKEHBI BCE BCIIBIIIKU
peHTreHoBckux knaccoB M u X 3a 24 muki. Mcnons30BalluCch TaHHBIE CITYTHUKOB
GOES Ha caiite http://www.tesis.lebedev.ru .

B karajor BKIIOYECHBI TakWe JaHHBIC, Kak aara (TOf, JIeHb M MECSII), Koraa
MPOU30ILIA BCIBIIIKA, BpEeMsl MAaX — MOMEHT BCEMUPHOI'O BPEMEHHU, KOraa ObLI
3apukcupoBan mMakcumyMm Benblmku (UT); HOMep akTUBHOHM 00J7acT, B KOTOPOWM
MIPOU3OIIIIO UCCIEAYEMOE COOBITHE; PEHTTEHOBCKHM KJIACC BCTIBIIIKH;, BCIIBIIIICYHBIN
MHJIEKC, O KOTOPOM YK€ TOBOPWJIOCH BBIIIE; BUJ BCIBINKUA — 0ObIyHBIN min LDE

(MemyieHHOE 3aTyXaHHE).
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B rmmaBax 2 u 3 pgaHHOM paboThl OyayT OMNUCAaHBI UCCICAOBAHUS O
MPUHAJICKHOCTH OSTUX BCIBIIIEK K KOMIUIEKCAM AaKTUBHOCTM W O B3aMUMHOM
PACIIONIOKEHUHM BCHBIIMIEK W KOPOHAIBHBIX JbIp. Jas »Toro ObUIM  CO31aHbI
CrielUaJIbHbIe CUHONTUYECKUE KapThl C MCIOJb30BAaHUEM JAHHBIX C psijia CalTOB, a
TaKkKe JaHHBIX O KOOpJMHATaX KOMIUIEKCOB AaKTUBHOCTH OBUIM U3 KaTajora,
co3nanHoro C.A.S3eBbIM. U JOTIOJIHEHHOT'O aBTOPOM.

bou1 co3man mabJaOH CHHONTHYECKUX KapT, IOCiHe Yero s KaxXaoro
K3PPUHTTOHOBCKOTO 000poTa 24 1UKJIa Ha KapThl ObLIA HAHECEHHI sI/Ipa KOMILJIEKCOB
AKTUBHOCTH, TOJIOKCHUS BCIIBIIIEK U KOHTYPbl KOPOHAIBHBIX AbIp. [Ipumepsl kapt

npuBeaeHs! Ha puc.1.17, puc.1.18.

TZRT AT 3T 2T ZITZ0TIS I TIRTIaTIRTIATIZTIZTIINION o T3 T Te TR T A T3 T2 T T 1301251281 27T26 25T
B DEC 2010 T

SOr S0

e sl & 3CIN:

F303

Puc.1.17 Ilpumep CHHONTHYECKOUN KapThl B «CTIOKOWHBIN)» OCCIISITEHHBIN TTEPHO/I,

nexadbpp 2010
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TTTeT BT AT3IT ZT T 131301261281 27T 261251 24T 2312 2T2TT20TIGTISTITIIATIETIATIZTIZTIITIONG T 81
B oCcT 2017 T

SO

SaM

Faaw

-
30 ! 301
r

[ 6]
| |

Puc 1.18. Ilpumep kapThl ¢ HaHeceHHbIMU KA, Ha KOTOPOU B BHJI€ KBaJIpaTOB

MIPE/ICTaBIICHBI SApa KOMIUIEKCOB aKTUBHOCTH B 000UX MONyIIapusixX, OKTI0ps 2017

1.5 BeiBoasbl K riase 1

B nacrosimei rnase
— yKa3zaHbl JIaHHBIC HAOIIOJEHUM, MCITOIB30BABIIHECS JUIS MCCIIEIOBAaHUN B paMKax
BBITIOJTHEHUS JUCCEpPTAIlMOHHON padoTel. Jlna amanmsa pasutuss KA B 21 1ukie
COJITHEYHON AaKTHMBHOCTH HCIIOJBb30BAIMCH JIAHHBIE O COJIHEYHBIX TIATHAX U3
oromterenert «Conueunsie naHHbiey u «Solar Geophysical Data. [{nst ananusza KA u
WX BCIBIIICYHOW aKTUBHOCTH B24 1MKJE HCMOJb30BAIUCH OTKPBHITHIE JTaHHBIC
kocmuaeckux obcepBatropuii SOHO wm SDO,a Takke JaHHBIE COOCTBEHHBIX
HaOJII0JICHUI COJTHEYHBIX ISITEH Ha TEJISCKOIIe acCTpOHOMUYEecKoi oocepBaropun UT'Y.
— U3II0KCHA TIPUMEHSBIIASCA B XOJC BBIMOJHCHHS JHCCEPTAIIMOHHOW pPadOTHI
METOJIMKAa CHUCTEMAaTH3allMd  JaHHBIX HAOII0CHUN. BBIIM COCTaBIIEHBI KaTajlord
COJIHEUHBIX TISITeH 3a 21 u 24 1MKIBI COJHEUYHOM aKTUBHOCTH, a TaKXke

COOTBEeTCTBYIOIIUE 0a3bl AaHHBIX. C MOMOIIBIO aBTOPCKON MPOrpaMMbl BbIJEIEHBI
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KOMIUIEKChl aKTUBHOCTH B MEPBOM MOJIOBMHE 2lmukia U B 24 1HUKIE, COCTABIEHBI
KaTtayior u 0a3a gaHHbIX A1t KA B 24 nukrie, BKIIIOYasi UX BCIBIIIEUYHYIO aKTUBHOCTb,
CO3JIJaHbl CHHONTHUYECKUWE KapThl. OTU MaTepuaibl OBLIM KCIHOJb30BAHBI IS
WCCJIEIOBAHUS BCIIBIIIEUHOW aKTUBHOCTH KA; pe3ynbTaThl NPUBEAEHBI B CIEAYIOIINX

riiaBax.
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I'naBa 2. PeHTreHoBcKNE BCNBIMIKH U KOMILIEKCHI aKTUBHOCTH

2.1 BBeagenme

B Hacrosmieil rinaBe npuBeAeHbl PE3yNbTAThl UCCIENOBAHUS CBSI3U KOMILJIEKCOB
aKTUBHOCTU C PAa3JIMYHBIMM TUIIAMH PEHTT€HOBCKUX BCIbleK. B mepBom pasxaerne
TJIaBbl ONMWCAHBI pe3ynbTaThl uiaeHTHPUKanuu KA B mepBoil momoBuHe 21 1mKia
(1976-1980 rr). DTO HCCIEIOBAHUE TATIO BO3MOXKHOCTh PACIIUPUTH MEPUOJT BPEMEHH,
Ha TPOTSDKEHUH KOTOPOTO COMOCTABISIMCh KA M BCHBIIKM HEKOTOPHIX THUIIOB, 4
mukiaoB (¢ 1976 mo 2019 rr. OTaenbHO pPaccMOTPEHbI BCIBIMIKKM PEHTIEHOBCKUX
ki1accoB M u X, MOmyJslus CHIIBHBIX MPOTOHHBIX BCHBIINIEK, BO3ACHCTBYIONUX Ha

INPUPOJHYIO cpealy OE€30THOCUTENBHO K UX PEHTI€HOBCKOMY KJIACCY .

2.2 KA B 21 nukJjie COTHEYHOH AKTHUBHOCTH

B psane pabor ¢ ywactuem aBTOpa HM3ydeHa cTaTUCTUKa TposiBieHuii KA B
nepuoa ¢ 1980 mo 2020 rr Ha NPOTSIKEHUU TPEX C MOJOBUHOW IIMKIOB COJIHEYHOM
aktuBHOCTH (Hampumep, [44, 75]), T.e. wuccmenoBamuch KA, HaOmomaBmInecs B
unTepBajie BpemeHu ¢ 1980 mo 2019 rr. BreiGop maHHOTO MHTEpBajia CBSI3aH C TEM
obcrosaTenbcTBOM, uTo B 1980 T ObUT BBEeJEH B CTPOM XpOMOC(HEpPHBIH TEIECKOI
MOJIHOTO Nucka baiikanbckoit actpodusudeckoit oocepparopun MHCTUTYTa COTHEYHO-
semuoi pm3uku CO PAH (B To Bpems Cu6MI3MIUP CO AH CCCP) [7]. IlosiBnenne
ATOT0 MHCTPYMEHTA, MO3BOJISIIONIETO HAOMI0AaTh MOMHBIN Auck COJHIIA C BHICOKUM
pasperieHneM B cBeTe nuHUM H-anbda, maBano BO3MOXKHOCTH aHAIU3HPOBATH TIO
COOCTBEHHBIM CUHXPOHHBIM JaHHBIM (oTochepHbie u XpoMOochEepHBIE MPOSIBICHUS
KA na Comnie, maHupoBaTh U ocyinecTBiIsTh MoHuTopuHr KA [9]. B pesynbrare
aHaym3 passutus KA B 21 mukie O0but orpannder nepuoom ¢ 1980 mo 1986 rr. [47],
nuHamrika KA Ha ¢azax pocta u Hayana MmakcumyMma 21 nukna (1976-1979) ocranach

HEU3YYEHHOM.
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Jl11st BociosiHEHUs 3TOro npodesia Oblia BbINOJIHEHA padoTa no uzydyenuto KA B
nepod mosoBuHe 21 numkima. McecnenoBanusam noasepriauck KA, pasBuBaBminecs B
nepBod mosioBuHe 1ukia ¢ 1976 mo 1979 rr BKIOYMATENBHO. OTO MO3BOJIUIIO
JOTIOJTHUTH UMEIOUIUECS JaHHbIE, TOIYYUTh NpeacTaBiIeHue o pa3BuTuu KA B TeueHue
Bcero 21 mukia, a TakKe CPaBHUTH PE3yJIbTaThl C MOJTYYEHHBIMH paHee JaHHBIMU O
KA B npyrux (22-24) uuknax.

Jnst unentuduxanuu KA, pazBuBaBimuxcs B nepBoii noiosune 21 nukia, Obuin
NOCTPOCHBl CUHOINTUYECKHUE KapThl COJHEYHON MOBEPXHOCTHU B KIPPUHITOHOBCKUX
renuorpaduueckux KoopJauHaTax, HaunHast ¢ 1637 o 1689 obGopoTts! (ssHBaps 1976 r.
— nekadbps 1979 r.). AHanmoruunbsle KapThl, HaunHas ¢ 1690 obopota (ssHBaps 1980 r.)
OBLIH IMOCTPOCHBI paHEe M aHAJIM3UPOBAJIKNCH B IpYruXx paborax [48; 75].

Ha xapThl ObLTM HaHECEHBI BCE TPYMIbI MSATEH Ha CTAJUU MX MaKCHUMAaJbHOTO
pa3BuTus 1o gaHHbIM Orojutetenst Solar Geophysical Data 3a coorBercTByromue 4
roja. Mcrnonap30Baquch 3apUCOBKM TPYII MATEH W TaOJIWYHBIC JTaHHBIE, BKIIOYAs
KOOpJMHATHI TPYIII MATEH U UX HyMepaluto coriiacHo HomeHkinarype NOAA.

Janee mnpuMeHsuICcad cleaylomuid (ONMMCaHHBIM  BbIIE) anroput™. Ha
CUHONTHUYECKUX KapTax ObLIM BbIAENEHbl ydacTku pasmepom 20 Ha 20 rpamycos, B
npenenax KOTOPHIX KaK MHHHMYM Ha TMPOTSDKEHUM TpeX OOOpOTOB MOMAPST
Ha0JIr0/1aNach MSATEHHAs! aKTUBHOCTh. Takue y4yacTKu MIASCHTU(UIUPOBAIKNCH KaK sapa
KA. bbeu1 cocraBnen karanor simep KA 3a ykazanublii miepuoji. Kartanor comepxut
HoMmep sapa KA (otnenbHast Hymepauust 1 0ObEKTOB, HaXOAIINXCS B CEBEPHOM U
o)kHoM nonymapusax Connna), Homep AQO, pacronoXeHHOW (pachoJIOKEHHBIX) B
naHHOM oOopore B mpenenax sapa KA cormacHo Homenkiatype NOAA,
reauorpaguueckue K3PPUHITOHOBCKHME KOOpAMHATBHI ILeHTpa sapa KA, wuHaekc
MouHocTH sanpa KA P B nanHom obopote (mHaekc P mpunuceiBaercs kaxaod AO Bo
BpeMsl €€ MaKCUMaJbHOTO pa3BUTHUS, LIKajda 3Ha4eHUN nHaekca P onmucana B Tabin. 2.1
[42]), Homep AO, obOpa3yromux BeTBu KA B 1anHOM 000poTe, obmee kommuecTBo AO
(B smpax u BeTBiAX) B KA B nmanHoM oOopore. @PdparMeHT Karajora MpUBEICH B

Tabmune 2.2.
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Tabnuua 2.1 3nauenus naaexkca MmourHoctu saaep KA P

bausl Ornncanue nsteH B sape KA AHaJIOT HIOPUXCKOU
KJ1accu(UKaUU TPy
ISITeH
0.5 Onna nu6o nBe rpynmna mop 0e3 A, B mubo A+ A
OMMOJSIPHON CTPYKTYPhI
1 Opna rpymnmna nareH, BKIIYaronas C mubo A + A +A naubo
ISITHO C MOJYTEHbIO MO0 TPU TPYMIIbI B +B
nop
1,5 ['pynmna nsaren ¢ AByms u 6osiee C+ (Awm B) umu E
NSITHAMU C IOy TEHbIO, JTMOO0 C OJTHUM nm C+C
KPYITHBIM TISATHOM, UJIH JIBE wim J umn H
HEOOJIbIINE TPYIIIbI
2 Kpynnas rpynna ¢ 607Ib1IMM YHUCIOM E + (B unmu C)
NSTSH U TIOP, B TOM YHCIIE C bu
OOJBIIMMU MSATHAMHU, JIUOO JIBE G+ (B umm C)
TPYIIIHI SITEH
2.5 bonbiias rpymnmna nsareH (Tuionaib FumE+D
6osee 1000 M), MPOTSHKEHHOCTH
6osee 20°, 0O JABE KPYIHBIC TPYIIIBI
ISITEH
3 DKCTpeMalIbHO KpyIHas rpymnma F>20°
nsaTeH (romanb 6omee 2000 marm.),
100 KpyIHasi rpyIa IsTeH ¢
IpynIaMu-caTeJUIUTAMU PSIIOM C Heil
Tabmuma 2.2 ®dparment karanora KA B 21 mukiie
Hom Home Kapll: ZI;II::OHO Ne | Yuca
Homep p AO AO-| 0 AO
spa ep B KOOp/MHATBL | o | B
odop sapa KA
KA ota | pe Hoaror | Hlupo " cocra
KA KA | Be KA
a Ta
1 2 3 4 5 6 7 8
2INO1 | 1648 | 733 155 +12 0,5 1
1649 | 738 1 1
1650 | 744 1 1
1651 | 754 1 | 755 3
758
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OnucaHHBIA KaTaJor II03BOJMJI JONOJHUTL JaHHble o KA B 21 1nwmkie,
U3yueHHbIC paHee s BTOpoi mojoBuHbl 21 mnwmkna [46;48;44] a Takke
npoaHanu3npoBath pa3Butue KA B TedeHue Bcero 21 mukia B CpaBHEHUM C JIPYTUMHU
ukiaamu. PesyabTarel [49] cBomdTeS K caeaylomemy.

Pazsutnie KA B 21 nwmkne Haudanmock B 1648 o0opoTe, Korja B CEBEPHOM
nostymapuu copmupoBaiica nepebiii KA nukna. 3to npousonuio yepe3 6 000poToB
nociye Havana uukia (1642 odopor). Croycts Tpu ob6opoTta nocie aktuBuzanuu KA B
CEBEpHOM TOJYIIApUM, B FOKHOM TOJYIIApUU TakKe MosiBUICA mepBoii KA.
[Hocnennuit KA 21 uukia B ceBepHOM modymapuu ucyes B 1769 o6opoTte, B 105)KHOM —
B 1771 obopote. Takum oOpazom, Juisi CEBEpHOro U IoKHOro monymapuii ComHia
IPOJIOJKUTENIFHOCTh IIMKJIA, BhIpaKCHHAs B WHAEKcax KA, okazaiach MpaKTHYECKH
OJIMHAKOBOM, C HEOOJIBIINM CIABUTOM Ha 2-3 000poTa (10’)KHOE MoTyIIaprue —03/THEE).

O6miee xonmmuectBo siep KA B mukie cocraBuino 133 o6wekra (61 B ceBepHOM,
72 — B 10)kHOM nionymapu. CpaBHHUTENbHBIC TaHHBIC 1715 21-24 IUKIOB IPUBEICHBI B
tabnuie 2.3, naHHble 10 22-24 nukiam B34Thl B paborax [44;75]. UepenoBanue Gosee
BBICOKMX M Oojiee HU3KUX 3HAaYeHUN KonudectBa sigep KA, NpeAnosoxuTensHO
CBS3aHO C MposiBJI€HUEM MpaBuiia ['HeBbiieBa-Omnst. Manas cTaTHCTHKA MOKAa HE JAaeT

BO3MOYKHOCTH CJIeJIaTh 0oJiee riTyOOKHe BBIBOJIBI.

Tabmuma 2.3 Snpa KA B 21-24 nukiax

Homep CesepHoe FOxHoe Bcero
ITUKJIA NoJIyIIapue | TMOoJylapue
21 61 72 133
22 52 52 104
23 69 77 146
24 64 50 114
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N3menenne xonnuectsa sAnep KA co BpeMeHeMm B TeueHne 21 1uKIIa MOKa3aHo

Ha puc. 2.1.

15 -

10

0 u||1| HI | | || ||||||| ‘ e all il

1 21 41 61 81 101 121
Nr

Puc. 2.1. Bapuanuu xommuectBa sigep KA N B 21 nukne. [1o ocu aberuce oTioxKeHbI
HOMEpa K3pPUHTTOHOBCKHX 000poToB NI, cuutas oT Hadana mukia (1642 obopor)

W3 pucynka BuigHO, yTo KonmuectBo KA monmymupoBano obmum xomom 11-
JIETHEr0 IMKJIA, 4To ectecTBEHHO — AQ, Bxomsmue B coctaB KA, sBISIOTCS 4acThbiO
obOmert momynsauuu rpynn msateH Ha Connie. B TedeHue mukia HaOmIOMAIOTCS
KBa3zWIepHoanueckue Bapuauuu uuciaa saaep KA ¢ XapakTepHbIM KBa3UIIEpUOIOM
OKOJIO 15 KIpPUHTTOHOBCKHX OOOpPOTOB, YTO JJIsi BTOPOM MOJOBHHBI 21 1ukia ObUIO
BBISIBJICHO €Ill¢ B paHHKUX padoTax [5;7].

Ha puc. 2.2 mokazano pasButue KA OTHenpHO UIsi CEBEPHOTO W IOKHOTO
nonymapusi (ajs HarsIAHOCTH  KojuyecTBY siaep KA B 10KHOM  monymiapuu

IIPpUIIKMCAaHbl OTPULIATCIILHBIC 3HAYCHMA.
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Nn, Ns

10

o gl iR
s 1] L |

-10 -
1 21 41 61 81 101 121

Nr

Puc. 2.2 Konuuectso simep KA B ceBepnom (NN, cBepxy) u 1oxHOM (NS, cHU3Y)
nonymapusix Connua B reuenue 21 nukia (Nr — Homepa o6opotos CosHiia, HauYMHas
ot 1642 o6opoTa)

TengeHuns K a"TUKOppendanuu pa3Butuss KA B ceBepHOM U I0KHOM
NOJIylIapUsiX Ha PUCYHKE HArJIsiJHO IMPOCMATPUBAETCS: B OTHCIbHBIE WHTEPBAJIBI
BpemeHu ¢ poctoM uncia KA B ogHoM nonymapuu Habmogaetcs najaenue uncia KA
B JIPYrOM TOJIyIIapuu. JTa CBOMCTBO pa3BuTus KA Obu10 BriepBbie OTMEUEHO B [4] s
BTOPOI MOJIOBUHBI 2] 1KKiIa. AHajIOrnyHasi TEHACHUWS BUIHA U B MEPBOM MOJIOBUHE
HCCIIETyEMOT0 LUKIIA.

CeBepHO-10KHYI0 aCUMMETPUIO Pa3BUTHUSI AKTUBHOCTU YIOOHO ONHUCHIBATH C
nomotipio kodddumnmenta acummerpun [95;77].

K= (Nn—Ns)/(Nn + Ns),
PACCUMTAHHOTO /I KaXKI0TO KIPPHUHTTOHOBCKOTO 000poTa. 3/1ech, Kak u panee, NN u
NS — wuwncno saep KA COOTBETCTBEHHO B CEBEPHOM M FOKHOM MONYIIAPUAX JJIS
nanHoro oboporta. Ilpm makcumanbHON acMMMeTpuu (B OJXHOM W3 TOJyIIApUi
orcytcTBYIOT KA) K =1 nnu K= -1. IIpu paBeHCTBE KOJIMYECTBA CEBEPHBIX U FOMKHBIX
anep KA K = 0, npu nomunnpoBannn KA B o4HOM U3 mosTymiapuil 3Ha4Y€HUS MOJYJIS

K okaswBatorcs B npezenax ot 0 mo 1. PesynbraTsl mpuBeneHs Ha puc. 2.3.

48



21 uukKn

1.5

0

KappuHrroHoBCcKuii o6opoTt

-1

-1.5

KoagpdpuumneHT accumetpum

o
n o U»n e
1642 +H——t——t———rrtrrrfi

1646
1650
1654
1658
1662
1666
1670
1674
1678
1682
1686
1690
1694
1698
1702
1706
1710
1714
1718
1722
1726
1730
1734
1738
1742
1746
1750
1754
1758
1762
1766
1770
1774
1778

Puc. 2.3. Bapuanuu kosddunrienta acummetpun yucina siaep KA B 21 muxie

N3 pucynka BugHO, 4TO0 KO3 duImeHT acummerpun K KBasumnepuoanvecku
MeHsT 3HaK — siapa KA mpeBanupoBaiy MOOYEPeIHO TO B CEBEPHOM, TO B IOKHOM
MOJTYIIAPHUH.

O6patumcsa k wuHTerpanbHbiM cBolicTBaM KA B 21 mumkie. I[lockonbky B
OPEaBIIYIUX padoTax 3TH CBOMCTBA OBLIM ompeaencHbl miast 22 u 23 1ukioB [44] u
oryactu st 24 nukia [42, 73], eCThb CMBICT pacCMOTPETh 3TH LHKIBI B CPABHCHHUH.
Xapakrepuctukn KA mns 21 nukia, onpejeieHHbIe MO JaHHBIM HOBOTO KaTajiora,
MIPUBEJICHBI B MepBoi cTpoke Tabimmbl 2.4. Ilapamerpsr 22 u 23 HIMKIOB B3STHI B
pabotax [15; 73], mapameTpsl 24 nuKIa BeIBEACHBI MO Katanory KA, 3aBepiieHHOMY B
2020 romy, mocie 3aBeplieHHs LHUKIA. TakuM 00pa3oM, MoJydeHa BO3MOXKHOCTH

CpaBHEHUS YETHIPEX IMKJIOB B PaMKaX HUCIIOJIb3YyeMOTo 1moaxoaa (cM. taduiy 2.4).

Tabnuna 2.4 Tlapamertps simep KA B 21-24 nukiax COMHEYHON aKTUBHOCTH

No Yucno Uucno | Cpenunee | Cpennsisi | Cymmapnas | Cpennsis
[IMKJIA | aHATU3UPYEMBIX | OOOPOTOB | YHCIIO | yACHbHAs | MOIIHOCTH | MOITHOCTH
000pOTOB csaapamu | saep | MomHOCTH | saaep KA 3a | saep KA B
UKJIa KA KA B |sgpa KA B LIUKJI obopoTte
obopote | obopore
1 2 3 4 5 6 7
21 137 118 5,89 1,18 873 7,53
22 130 101 4,31 1,11 613 6,07
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23 168 124 4,49 1,09 866 6,98

24 146 107 5,27 1,06 583 5,44

B cronOue 2 tabnuupl 2.4 npuBeeHa Npo10IHKUTEIbHOCTh IUKJIIA, BRIPAKEHHAS
B KIPPUHITOHOBCKMX O0OpOTax; KOJUYECTBO OOOPOTOB, B KOTOPHIX HAOIIOAAIOCH
xotst Obl omHO simpo KA, ykazano B cronbue 3. Cpemnee umcio siaep KA,
IPUXOJAIeecs] Ha OUH 00OpPOT, YKa3aHO B UETBEPTOM CTOJIOIE. 3HAUCHUs CpeHen
ynenbHoi mormHocTH sigpa KA (cymmapnoin momuoctu P spmep KA B nmanHOM
obopote, oTHeceHHOM Kk unciy N simep KA B aTom 06opote) ykazaHsl B cTosioie 5. B
cToyidlie 6 MpUBENECHBI 3HAYEHUs HHTErpalibHOM MourHOocTH P simep KA B mukie,
IPOCYMMHUPOBAHHOM O BceM obOopotaMm. B cronbiie 7 ykazaHa CpeaHsisi MOIIHOCTb
snep KA, mpuxopsmiascs Ha oauH 000pOT.

Cpennee uucno sigep KA, HaOmomaemMbiX B T€UE€HHUE OJHOTO 000poTa (cToOel
4), ObLI0 MakcUMalbHBIM B uccienyemom 21 tukie (5,89). Cpemuss ynenbHas
MOIIHOCTH siipa KA B 000poTe MOHOTOHHO YMEHBIIAETCS OT IMKiIa K mukiy. [lpu
pacdeTe 3HaYEHUH ITOTO MapaMeTpa YUYUTHIBAJIUCH TOJBKO T€ 00OPOTHI, B KOTOPHIX Ha
COJIHEYHOM JHcKe HaOmoanock xots Obl onHO siapo KA. Tak O6buto He Becerna: B 21
IIUKJIE OTMEUYEHBI 19 «HYJIEeBBIX» B YKa3aHHOM CMBICIE 000poToB u3 137, B 22 mukie
— 29 u3 130, B 23uukne — 44 u3 168, B 24 nuxie KA orcyrcrBoBanu B 39 o6oporax
u3 146. B Havaye mukia KOJUYECTBO «HYJIEBBIX» (6e3 suep KA) 060poToB cocTaBUiIo
cooTBeTCTBEeHHO 6 B 21 u 22 nukinax, 14 B Hagane 23 mukia u 13 B Havane 24 mukIia.
Takum oOpazom, mo cpaBHenwuio ¢ 21 u 22 nukinamu, nepBeie KA B 23 u 24 mukinax
MOSIBUJIUCh C 3aMETHOM 3aJepKKOM M0 OTHONIEHWIO K MOMEHTY Hadala IUKIa,
OTIpeJIeIISIEMOMY T0 CIUIAKEHHON KPUBOW CpeqHEMEeCSYHbIX 3HaueHui uncen Bombda
[32].

OtMeTuM, 4TO HaOMIOIAETCS TEHCHIIMS K CHIP)KEHUIO HHTErPAIbHOW MOIIHOCTH
saep KA (cronber; 6). Eciu nomycTuTh, 4To B MOIIHOCTH KA TposiBiIsieTCs TpaBUIIO
I'neBbimeBa-Onsi, UMEET CMBICI CpPaBHEHUE MMAapaMETPOB HE COCEJHUX IUMKIIOB, a
COCEJIHMX YETHBIX U COCEAHUX HeueTHhIX. B o0eux mapax 21-23 u 22 — 24 1uKibl

BUJHA TEHACHIMA K YMEHBIICHHIO CyMMapHOW wmomHocTH KA B 1mukiax.
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CooTBEeTCTBEHHO, MajaeT cpeaHss MolHocTh KA, mpuxonsmascsa Ha OAUH O00OpOT
(cronben 7). CambIM BBICOKMM ObLT 3TOT napameTp B 21 uukiie (7,53), caMblM HU3KUM
— B 24 nukie (5,44).

Cnengyer oOpaTuTh BHUMaHHUE €Ill€ HAa OJHO (DEHOMEHOJIOrMYECKOE CBONCTBO
AO, dopmupyromuxcs B sapax KA. B 21 1mukie HEOJZHOKPATHO OTMEYAIOCh
pacrionoxkenue AByx (nHoraa 6osiee) AO Ha MPAKTHUUECKU OJHOM M TOM Ke JOJIroTe,
HO Ha pPa3HBIX IIMPOTaX B OJIHOM M TOM K€ MoJyllapuu, Ha paccrosHuu 5 — 10
resrorpaduueckux rpajaycoB Apyr oT Apyra. Takue ciydyan nNpeBaJupoBaIU B sApax
KA, unorna (pexe) — B BeTBax KA. Takue ciydau (nHOTIa IO HECKOJIBKY pa3, T.€. Ha
pa3HbIX 000poTax) Habmonanuch B 44 snpax KA 21 mukina uz 123 (36%).

Ha puc. 2.4 npuBenena rucrorpamma pacnpenenenus sajaep KA B 21 mukie no
NPOJOJKUTENIBHOCTA ~ KU3HMU, BBIPAXKEHHOW B  KIPPUHITOHOBCKHX 000pOTax.
CornacHo wucnoib3yeMomy ompeneneHuto sapa KA, NOpoaomKuTeabHOCTh UX
CYLIECTBOBaHHUS HE MOXET OBbITb MeHbIIe 3 000pOTOB.  AHAJIOIMYHBIE OLIEHKHU
BbImosiHeHBI 1t simep KA B 22, 23 u 24 nuxinax [48;73], Ho Tonbko B 21 1ukiie
KOJINYECTBO «UETHIPEXOO0OPOTHBIX» siiep KA mpeBbIIIaeT 4uciao «TpeXo0OpOTHBIX» —

B 22-24 nukiiax MmocjaeIHNX OKa3bIBAETCI 3aMETHO OOJIBIIIE.

MpoaonKXntenbHOCTb
cywecrtsoBaHua agep KA 8 21 uukne
40
30
20 -
10 -
0 -

1 6 11 16

Yucno obopotos

Puc.2.4. Pactipenencuue syep KA B 21 nukie mo npoaonKATEIbHOCTH
CYIIIECTBOBAHMS, BBIPAKEHHOM B KAPPUHITOHOBCKUX 000pOTaX
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B pesynbprare HacTOALIETO MCCIENOBAHUS OINPEAEIEHBI XapakTepucTuku KA,
KOTOpbIe ObUIM HMAEHTU(PUIIMPOBAHBI B paMKaX MOJX0J1a, pa3pad0TaHHOTO UPKYTCKON
mkonoi. Cratuctuka KA yBenmumnace ¢ Tpex IO YETBIPEX MNPOAHAIM3UPOBAHHBIX
LUKJIOB COJHEYHOW AaKTUBHOCTU — JI00aBWJIMCH JaHHble O 21 IMKJE, BBITOJIHEHO
cpaBHeHue napamerpoB KA B 21 nukiie ¢ mapamerpamu 3Tux oOpa3zoBaHuil B 22-24
LUKJIaX.

B uenom (B mepBoM MNpUONMIKEHMHM) MOXHO KOHCTaTHPOBAaTh, UTO
xapaktepucTuk KA Bo Bcex ueThlpex HMKIaX CXOAHbI. B TeueHue nukia BOZHUKAET
npumepHo 50-70 smep KA B kKaxaoM (CeBEepHOM M I0XKHOM) MOJYyIIAPUU.
BozuuknoBenne KA mpoucxoautr umnyiabcHO — yucio sanep KA yBenuuuBaercs, u
3aTeM CIaJaeT, IMOcie Yero HabIonaeTcss HOBBIM uMmysbc. [IpomomKUTeNnbHOCTh
KaXJ0r0 HMITyjibca cocTaBisieT 15-20 KIppPUHITOHOBCKUX OOOpPOTOB, B KaXIIOM
NOJIyIIapuu HaOMoAaoTes 5 — 6 MoJOOHBIX UMITYJILCOB B TeueHue 1ukia. C yderom
BPEMEHHOI'0 CIBHra (MpOSBICHUSI CEBEPHO-I0KHOW aCUMMETPHUH), XapaKTEPHOTO JJIS
BCEX M3YUYEHHBIX LMKJIOB, CyMMapHble wuMIyibchl pa3Butusi KA nHa ConHue
OKa3bIBAIOTCSI HECKOJIBKO 0oJiee MPOAOKUTENbHBIMU (0K0J0 20 - 25 000pOTOB), YTO,
NO-BUAUMOMY, SIBIISIETCSI OCHOBOM (IIPUYMHOM) M3BECTHBIX KBa3HJIBYXJETHUX
BapHanuii COMHEUHOM akTuBHOCTH [11;32].

IIpu OGomee mOAPOOHOM PACCMOTPEHUH MOXKHO OOHAPYXHUTh HEKOTOPHIC
paznuuud B noeeneHnn KA ot nukia xk uukiy. [IpolomKuTenbHOCTh CyIIECTBOBAHUS
Aep TMOHEMHOTY CHaJaeT: MOCTEIIEHHO CTAaHOBUTCS BCE OOJbIIE KOPOTKOXKHUBYLIUX
KA, cymectByommx He ©Oojiee TpeX KIPPUHITTOHOBCKUX OOOPOTOB MOIPSI,
YMEHBUIAETCS YUCJIO AOJTOXKUBYIIMX CTPYKTyp. Ilo3xke (IT0 OTHOLIEHHIO K Hayaly
UKJIa, ONPEeNIIeMOMY M0 CpeHEMECIYHbIM 4KciaM Bomnbga) MosBISIOTCS MepBbie
KA B nukie: (uepe3 6 oboporoB B 21-22 nukiax, yepe3 13-14 obopotoB B 23 u 24
nukiax). OuyKTyupys, ClaJaeT KOMIUIEKCHBIM MapaMeTp «MOIIHOCTh sanpa KAy,
y4duThIBaromuil kak miomanas AO B sape KA, tak u konmrmdectBo AO, HaOIOgaeMBbIX
Ha MOPOTSHKEHUM oaHoro obopora B gaHHOM siape KA. IlocTeneHHO yMeHbIIaeTcs
cpeaHsisi yaelbHas MOIIHOCTH sjpa KA B obopote. Ilo-Buaumomy, ¢ ydeTtom TOro,

yto B KA nHaGmiogatorcss nHambosiee kpymnHble AQO, 3TOT (pakT Kak MUHUMYM HeE
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MPOTUBOPEUUT OTMEUYCHHON B 24 HMKIE OCOOCHHOCTH — IMOHMXKEHUIO KOJUYECTBA
KPYIHBIX TPYHN TSATEH, OTIMYAIOUIMXCS OOJBIIMM MarHuTHeIM moTokoMm [98]. B
ornuure oT 21 nwmkna, B 24 uukie ObUIO CyIIECTBEHHO MeHblie sanep KA, ubsg
MOIITHOCTh ObLIa OIlCHEHA 3HAYCHHSAMM HHAcKca MomfHoctH P 2,5 m 3. B 21 numkie
Ha0JII0/1a710Ch U camoe OoJbIoe cpennee unciio saep KA, HaOmoaBmuxcst B TeUCHUE
OJIHOT0 000POTa, B MOCIEAYIONIUX ITUKIIaX ATOT MapameTp ObLT HUXKE.

[To-BuguMOMYy, 3TH OCOOCHHOCTH TMHAMUKH aKTUBHOCTH KA OT mUKiIa K MUKy
noarepxkaaroT Tezuc B.H.UmkoBa o ToM, uro CoJiHIIE BCTYIMAET B AMOXY «HU3KHUX)
mukioB [20]. IMockonsky AO, pa3BuBarommecss B coctaBe KA, sBisitoTCs BaKHOU
YacThIO BCEW TMOMYJSIMU TPYNI COJHEYHBIX IMATEH, WX JUHAMUKA BO MHOT'OM
ompeeNsaeT MITHOOOpa30BaTeNbHYIO AesATeIbHOCTh CoJIHIIA.

CrnemyeTr oOpaTUTh BHUMaHHE Ha YepejoBaHue 0oJiee BHICOKUX M 00Jiee HU3KUX
3Ha4YeHUH psga mapameTpoB KA, 4To MokeT ObITh CBSI3aHO C MPOSBICHHEM IpaBUIIa
I'ueBbitieBa-OJ1s1, Kak MpaBUIo, BBIBOAMMOro 1o uuciaM Bossda [11]. B padote [42]
OBLJIO TOKa3aHO, 4YTO WHAECKCH «uuciao Bombda» u «momHocth KA» xopoio
KOPPEJIIMPOBAHBI, TIOATOMY TaKasl TUIIOTE3a MPEICTABISIETCS aBTOPAM Pa3yMHOM.

Pazymeercs, crnemyer umeTh B BUAY (M aBTOp 3TO YETKO OCO3HAET), 4YTO
CTaTUCTUKA KpailHEe HeBeauKa (M3ydeHbl MO €IUHOM METOAMKE Bcero 4 mukia), u
BBIBOAUTH JIOJTOBPEMEHHBIE TPEH/IbI HA OCHOBE aHaju3a BapHalui OT IUKIIA K HUKIY
06110 ObI HEeKOPPeKTHO. [Toka MOYKHO TOBOPUTH TOJBKO O MPEABAPUTEIBHBIX BBIBOJIAX,
u eciu cpeanue (tunuuHbie) cBodcTBa KA anammzom panHbix o KA B 21 nukie
YBEPEHHO MOATBEPKAAIOTCS, TO TOBOPUTH O JOJTOBPEMEHHBIX TEHIEHUHUSX K HX

HU3MCHCHUAM OT IHKJIA K IUKITY IIOKA MOKHO JIMIIb C OOJIBIION OCTOPOKHOCTBIO.

2.3 Pentrenosckue Benblmku B KA

B Hacrosmiem pasnenie  nNpUBENEHBI  PE3YJbTATHl  M3YyYEHUS CTATUCTUKU
COJIHEUHBIX BCIHBIIIEK Pa3JIMYHBIX KJIACCOB, UMeEIOUX OTHoueHue k KA. AHamuzy
MOJBEPIINCh BCE PEHTIEHOBCKHUE BCIBIMIKK KiaccoB oT MO go X+, mpoucmenmue B

TEUYEHUE TEKyIero 24 NMKIa COJHEYHOM aKTUBHOCTH B nepuoj ¢ sHBaps 2009 no
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nexkadpp 2018 r. BkmrouuTenbHO. KpoMe TOro, oTnenpbHO pacCMOTPEHBI BCIBIIIKU C

IMPOAOJIZKUTCIIBHBIM I'aMMa-u3J1y4YCHUCM.

2.3.1. AKTHMBHbIE 00J1aCTH4 B 24 UKJIe

[lockonbky monaBisitomiee OONBIIMHCTBO BCHbIIEK Mpoucxogut B AQO,
paccMOTPUM CTaTUCTUKY oOpa3oBaHus msaTeH B 24 1mukie. Beero 3a mepuoja ot Havasia
24 nukna (2078 o6oport, saBaps 2009 1.) 10 koHua 2211 obopota (aexadbpr 2018 r.)
Ha BuAUMOM mnonymapun ConHia otMedeHo 1720 rpymnm nsateH (MOCHeAHsS U3 HUX
umena Homep 12731 no knaccudukaiuu NOAA). C momMoIibpio METOIUKH TUIOMIAI0K
JUTUTEIBHOW aKTUBHOCTH [4], W3 ux yucia Obliu BbiAenaeHbl AQO, pa3BUBaBIIHECS B
saapax u BeTBaX KA. Dtu AO Owutn 3aHeceHnl B katanor KA, ommcanue kartanora
npuBeeHo B padote [50].

s onucannst KA yno0HO HCTIONIB30BaTh CIIEMANIbBHBIE HHACKCHl — YUCIIO SAEP
KA B manHoMm oGopore N u cymmapHas MomniHocTh simep KA B manHom oGopore P
(cTeneHb 3aMATHEHHOCTH MO 6-0alIbHOW IIKayie). OTHU WHICKCHI, MPEIJI0KCHHBIC
banuneim [8], Obutn BriociaeacTBun MoauduiupoBansl [2]. Maaexke P mpunuceiBaeTcs
kaxgaoi AO BO Bpemsi €€ MaKCUMallbHOro pa3BuTusa. OnucaHue MIKajabl 3HAYEHUUN

uHaekca P npuBeaeno B tadi. 1. [51;47]

Tabmuma 2.5 3HadyeHus nHIEKca MOITHOCTH saep KA

bamsr Onucanue nsiteH B siape KA AHaJOT MIOPUXCKOU
KJ1acCU(UKAIUH TPYIIIT
MSITEH
0.5 Opna mubo nBe rpymnma mop 6e3 A, B mbo A+ A
OUMOJNSIPHON CTPYKTYPHI
1 Opna rpynma nareH, Bxmrovatomas | C mubo A + A +A nu6o B
MSITHO C MOJYTEHBIO TNOO TPHU TPYTIIIBI +B
nop

1,5 I'pynna naren ¢ AByms u Oosee C+ (Awm B) unu E

NATHAMU C TIOJYyTEHbIO, JINOO C OJHUM i C + C
KPYITHBIM ISITHOM, WJIU JIBE wiu J unu H
HEOOJIbIIINE TPYHIIBI
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2 Kpynnas rpynna ¢ 607bIIMM YHUCIOM E + (B unmu C)

ISITEH U 1I0P, B TOM YHCIIE C bu
OOJILIIMMHU MSATHAMHU, TUOO BE G+ (B wu C)
TPy TSTEH
2.5 Bonpbias rpynna narex (1iomais FumE+D

6onee 1000 mar), NpOTSHKEHHOCTh
6onee 20°, mnbO 1Be KPyIHBIE TPYIIIIHI
ISITeH

3 DKCTpeMalbHO KpylHas rpynmna F>20°
nsaTeH (romanb 6omiee 2000 mam.),
00 KpyIHas TpyIa MsITeH ¢
TpyNIIaMHA-CaTeIUTUTAMH PSAOM C HEll

JIns m3ydeHusi CBOWCTB aKTUBHOCTH TISITeH, BKItouas KA, ObUIM MOCTPOCHBI
CUHONITUYECKHUE KapThl JIJISI KAXKJOTO KAPPUHTTOHOBCKOTO 000poTa 24 11KIIa, HaUMHAas
¢ 2009 mo 2213 oGopotsl. Kak ykazaHo Bbillle, HA KapThl ObLIM HAHECEHBI T'PYIIIIbI
IATEH B COCTOSHUU, OJM3KOM K ¢haze MaKCUMaJIbHOTO Pa3BUTHUS IO JIaHHBIM
cobcTBeHHBIX HabmoneHuit dotochepsl CosHIIA B aCTPOHOMUYECKOM 0OCEepBaTOPUU
UI'Y, nomonHeHHBIM HAOMIOJEHUSIMH KocMHuueckodl oOcepBaropuun SDO. C
UCIIOJIb30BAHUEM CHHONTHYECKUX KapT M METOAWMKH IUIOMIAJ0K JUIUTEIbHOU
aktuBHOCTH [42; 51;8] ObUIM BbIAEACHBI sapa U BeTBU KA M ompeaeieHbl 3HAYCHHS
MakcumaiabHOM MomHocTH sigep KA P ngna xaxkmoro sgpa KA B kaxiaom
KOPPUHTTOHOBCKOM oOoporte. [ KaxIoro o0opoTa onpeiesieH0 TaKkKe YUCIO sIep
KA n. Dtu mapaMeTpsl 3aHECEHBl B KaTaJlol, HA OCHOBE KOTOPOrO aBTOPOM Oblia
CO3J1aHa cIieranbHas 0aza JaHHBIX.

CucremaTu3anus JaHHBIX IMO3BOJIMJIA BBIICIHTH CICAYIOIINE XapaKTEPUCTUKU
pasButusa KA B 24 muxkie. [TepBoiit KA 24 nukia nmossuics B nekadpe 2009 r. (o6opoT
2091), nocnenuuii ucues B uroHe 2018 (060poT 2205). Beero B 24 nukie Ha BUIAMOM
nonymapun ConHua Beiaenensl 706 AO, paszBuBaBmiuxcsa B sapax KA (41% or
obmiero uwmcna), B ToM uucie 363 B ceBepHOM U 343 B FOKHOM MOJYIIAPHH.
KomunuaectBo AO, mpuuncieHHbix K BeTBIM KA, coctaBuio coorBeTcTBeHHO 179 1 150
B CEBEPHOM U 10kHOM monymapusx Coinaia, Bcero 329 (19,1%) ot obmiero uncia AO

B 1ukJe. Takum 00pa3om, Bcero B sipax u BeTBsix KA nabmoganuce 1035 AO (60,2%
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0T 00IIEeTo YKcia 3a paccMaTpuBaeMbli iepuon), puc. 2.5. Bue KA pasBuBanuch 685

AO (39,8%).

Aona AO B coctase agep KA
ot obwero uucna AO

1.2

1
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0.6

0.4 h
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0 ............ummuu ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||n|||||| i
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Puc.2.5. Otnomenue yncima AO B coctaBe saep KA k nomaomy uncio AO B 24
mukie. [lo ocu abcnmce 0TIOkKEHO BpeMs B KIPPUHTTOHOBCKUX o6opoTax N,
Ha4YMHAs OT HayaJsa UK.

B katanore KA onucansl 64 sapa KA B ceBeprom noaymapuu u 50 sinep KA B
tokHOM, Bcero 114 smep KA 3a paccmarpuBaembiii mepuojn. Takum oOpazom, B
CEBEpPHOM TMOJYIIAPUN AKTUBHOCTh KOMILJIEKCOB KA Obuta Bblllle, YeM B I0KHOM
nonymapuu. IlepBoe simpo KA ceBepnoro momymapus Bo3Hukio B 2091 oGoporte,
nocienHee — ucuesno B 2205 obGopore. B rokHOM momymapuu mepBoe sapo KA
nosiBuioch B 2099 oGopote (Ooiiee yeM Ha MOATOAA TO3KE, YEM B CEBEPHOM),
nociieqHee ucue3no B 2197 obopore (Ha moaToaa paHbIIe, YeM B CEBEpHOM). Takum
oOpazom, 1k pa3Butus snep KA B roxxHoM momymapun CoJHIIA OKa3alcs Ha TO
KOpO4Y€, YeM B CEBEPHOM MOJIyIIapHH.

Ha puc. 2.6 mokazaHo, KaK MEHSJIOCh CO  BpPEMEHEM KOJHWYECTBO SIep

komiiekcoB KA B xoze 24 1mukia akTMBHOCTH OTIENIBbHO i ceBepHoro NN um mis
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1o’)kHoro Ns monymapuit Connua. SAnpam KA 10KHOro modymapusi NpUIIKACAHbI

OTpULATCIIbHBIC 3HAUYCHMNA.

-12 -

Puc.2.6 KomuuectBo simep KA B 24 nukie. BBepxy — ceBepHOe moJyIapue, BHU3Y -
I0’)KHOE TOJTyIIapue.

PUCYHOK JEMOHCTPUPYET CYIIECTBEHHYIO CEBEPHO-IOKHYK aCHMMETPHUIO
pazBurus sgep KA B 24 mnukie. Makcumym uucia KA B ceBepHOM TMoOdylIapuu
otrMeueH B 2012 roay, mocie 4ero Ha MPOTSHKEHUM MPAKTUYECKU MATH JIET YUCIIO
ceBepHbIX syep KA ¢aykTyupoBasmo OKOJIO CPeJaHEro 3HadeHHs 2-3 00bEeKTa B
obopore. B omimume oT ceBepHOro mnosymapus, uyuciao saep KA B 10KHOM
MOJNYIIAPUU KBA3ULMKIMYECKH HapacTajlo OT Hayajga LHKIa, JOCTUTHYB SIPKO
BbIpakeHHOro Makcumyma B 2014 r., mocie 4ero mnociaeoBail CPaBHUTEIBHO PE3KU
cnapn uucina aaep KA. YkazaHHas acUMMETpUsi XOpOLIO MPOCMaTpuBaeTcs B 24 LUK
U BO BPEMEHHOM Xoje HHAekca yucen Bonbdpa W, 4T0 MOATBEpKIAET BBHICOKYIO
koppensanuto (0.85) wmexny uaaekcom W u unaexkcamu KA n u P, OTMEUYEHHYIO B
pabore [44].

Ha pwuc.2.7. upuBegeHo pacmpenenenne saep KA B 24 nwukie mo

IpOoAOJIZKUTCIBbHOCTH CYIIICCTBOBAHMA.
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Yucno obopoTos

Puc. 2.7 Pacnipenenenue saep KA B 24 nukiie mo npoaoKUTEIbHOCTH KU3HU

CornacHo npumensiemomy omnpenenennto KA [42], saep KA, cymecTByromux
Ha TPOTSKEHUU OJIHOTO WJIM JABYX KIPPUHITOHOBCKHUX OOOPOTOB, HE CYILECTBYET.
OcHoBHast yacth snep KA cymectByeT Ha MpoTshikeHUH 3—6 000pOTOB.
HemHoroumncnennpiM 0oJiee JIUTEIbHBIM CIy4asiM COOTBETCTBYET JIMHHBIN TIIOCKHIN

«XBOCT» pacCIIpCaACIICHUA.

2.3.2.PEHTreHOBCKHE BCIbINIKHA B KOMIJIEKCAaX aKTUBHOCTH

[Io OTKpBITBIM JAaHHBIM O COJHEYHBIX BCHBIINIKAX, PETHUCTPUPYEMBIX
cnytHukamu GOES, BhIMOTHEH CTaTUCTUYECKUN aHAIW3 BCIBIIIEYHON aKTUBHOCTU B
24 nwmkie, BKIIOYas ONEHKY Bkiaga KA B oOmmii X0a BCHBIIICYHOW AKTUBHOCTH.
PaccMmatpuBanuch TOJIBKO BCTIBIIITKA PEHTI€HOBCKUX 0ayutoB HauuHas ¢ MO.

Bcero B paccmarpuBaemblii mepuon 24 mwkia Obid 3adUKCHpOBaHBI 744
BCcblKkH MX - kinaccoB, B ToM uncie 310 B ceBepHoM nonymapuu U 434 B 10)KHOM
(ro’xHOE TONyIIapue OKa3alloCh CYHIECTBEHHO OO0Jiee aKTUBHBIM IO KOJIUYECTBY

MPOU3BEICHHBIX BCIbIIIEK). BcembilieuHo-akTuBHBIMU Okazanuch 234 u3z 1720 AO
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(13,6 %). Takum obpazom, Gonee 86% Bcex AQO, HAOMIOJABIIUXCA HA BUAUMOM
nucke ConHua B 24 nukie, TeHepupoBaIn JIMOO cnaldble BCIBIIKU PEHTTeHOBCKOro C-
KJlacca, HE paccMaTpuBaeMmble B JaHHOU pabore, OO BOOOIIE HE MPOU3BOAMIU
HUKAKUX BCTIBIIIECK.

Bxnag AO, naxomdmmxcsa B cocraBe KA, B mpolecc reHepanuu BCIBIIIEK
coctaBun 78,2% (B KA nmpouzonumn 582 Bcnbiiiku u3 744), B Tom uncie 490 B sapax
KA u 92 B BetrBix KA. 162 Bcobimku (11,8%) npoussenun AO, He uMeromiue
oTHoeHus Kk KA.

CpenHsisi BemblllieyHasi MPOAYKTUBHOCTh TPYNI MATEH, HAXOSMIIUXCS B siApax
KA (konmuuectBo Bemblliek B simpax KA, otHeceHHoe k oOmemy uuciy AO B sapax
KA) cocraBuna 0,69. B BerBsix KA 3TOT mokasaTenb OKa3aJicsi CYHIECTBEHHO HMXKE
(0,28), B AO BHe KA — enie nuxe (0,24).

JIsi OLIEHKW SHEPreTUKU COJHEYHBIX BCIBIIIEK TMPUMEHSIETCS €Ile OJUH
uraekc. Kak m3BectHo (Hampumep, cm. [21]), ¢ 1976 r. B kaduecTBe TaKOro HHAEKCA
UCIIOJIb3yeTcs (POHOBOE 3HAUEHHE IOTOKAa MATKOIO0 PEHTIC€HOBCKOTO H3JIYYECHHUS
Connna B nuanaszone 0.1 — 0.8 uam (12.5 3B — 1 x9B) no n1aHHBIM CIIyTHUKOB CEPUHU
GOES. TloTok peHTreHOBCKOTO H3IY4YEHHUSI MOXKET OBITh OTHECEH K OJIHOMY U3
kinaccoB A, Bu C.

A= (1-9)x10 8 Br/m?
B=(1-9)x10 7 Br/m?
C=(1-9) x10 ® Br/m?

[laTpyneHbie  HAOMIOAEHUS ~ TOKAa3ald, 4YTO  M3MEHEHHS  (OHOBOTO
PEHTTEHOBCKOTO M3JTy4YeHHUs OOBIYHO 3aKIIOYEHBI B mMpeaenax oT A < 1 B MUHUMyME
conHeyHoro 1ukia g0 C < 5 B MakCHUMyMe€ COJHEYHOro HuKia. Ta ke cucrema
0o003HAaUeHUW  TpPUMEHsSETCS 1  OOO3HA4YeHUs  BCIBIIIEK, MaKCHUMAaJbHBIC
MHTEHCHUBHOCTH PEHTI€HOBCKOT'O U3YYEHUSI KOTOPBIX JIEXkKAT B Mpeeaax

(1 -9) x10 ® Br/m? (knacc C)
(1 —9)x10 ° Br/m? (xnacc M)
(1 —n)x10 * Br/m? (knacc X),
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rae N OrpaHMYE€HO BO3MOXKHOCTSAMH ceHcopa. Ha oCHOBaHMM 3TOM HOMEHKJIATYpPBI
ObUIM BBEJIEHBI CIEAYIOIIME KJIacChl s PEHTIC€HOBCKUX BCIBIMIEK.  MabiMu
Ha3bIBAIOTCSl BCE BCHBILIKH OajioB

npenenax or M1 go M4.9 (M1 — 10° Br/m?, M4,9 — 4.9x10° Br/m?). Bce Benblku

B u C. CpenHue BCHBIIIKKM — BCE BCHBIIIKU B

oonbie M5 cuuraroTcs GonbMMH WM cuabHBIME (M5 — 5x10° Br/m?). 3anmchk
«BCIIBIILICYHBIM MHJIEKC JAHHOW BCIBILIKK paBeH M7,6» 03HAYaeT, YTO H3JIYUYECHHUE BO
BpeMsl MAaKCHUMyMa €€ pPa3BUTHSl COOTBETCTBOBAJO BenuuumHe 7,6x10° Br/M2, a
COOTBETCTBYIOIIAsl BCIBIIIKA JTOJKHA CYUTATHCS CHIIBHOU.

Bcenblmeunble MHACKCH JJIS1 Ka)XKAOM BCHOBIIMIKK KiaaccoB M M X 3aHECEHBI B
TaOnuIly. BBITIOTHEHBI pacueThl CyMMapHBIX 3HAYEHUN BCIBIIICYHOTO WHJEKCA JJIs
KaQXXJIOM BCIIBIIIICYHO-aKTUBHOUM 00acTu B 24 1UKIIE, T€HEPUPOBABIICH XOTS OBl OJIHY
BCnblKy MX -KiaccoB. XapakTepUCTUKHU BCIBIIICYHOW AKTUBHOCTU B 24 IUKIIE

npuBeeHbI B Tabnuie 2.6.

Tabmuna 2.6 Bcenblmeynas akTUBHOCTD B 24 1IUKIIE

Oo6r1ee | Yucio Yucio Cpennee | Bembimieunsiii | Vuenbubiid | A/NT
YKMCIO | BCIBIMICYHBIX | BCOBIMICK | YACIbHOE | HHAEKC A WHIEKC
AON | AO Nf F YHUCIIO BCIIBIIIKH
BCIIBIIIEK A/N
Nf/ N
Snpa 706 115 490 0,69 190,62 0,27 1,66
KA
Bersu 329 57 92 0,28 39,24 0,12 0.69
KA
AO BHE 685 55 162 0,24 54,05 0,08 0.98
KA
Bcero | 1720 234 744 284,89 0,17 1,22
NHTerpasibHbIl  BCOBIICYHBIM HMHAEKC B 24 [MKIE 10 pe3ysbTaTaMm

CYMMHUPOBaHHS 3HAYEHUH BCHBIIIEYHOTO WHJEKCA JJIsl BCeX BCHblek MX-KinaccoB
coctaBun 284,89, B Tom uuncie 118,91 B ceBepHom nonymapuu u 165,98 B 10:)xHOM
nojymapuy. 3HAY€HWE CYMMApHOTO BCHBIIMIEYHOTO HHJAEKCA ISl BCIIBIIIEK,
npouciieamux B sapax KA, cocrauno 190,62, mus Bembliek B BeTBAxX KA — 39,24,

nna Benelmiek B AO BHe KA — 54,05, VYienbHble 3HAYEHUST CYMMAapHOIO
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BCIIBIIIEYHOTO MHJEKCA, OTHECEHHOro K yuciay AO, HaxomuBmmxcs B sapax KA, B
BeTBAX KA um BHe KA, cocraBunu coorBerctBenHo 0,27, 0,12 u 0,08. Cpennee
3Ha4YeHue yzaenpHoro BembimeuHoro uHaekca A/N mis AO B sapax KA, Ttakum
oOpaszom, OoJiee ueM BTpoe mnpeBhbimaeT cpeanee 3HaueHue it AO BHe KA u Oonee
yeM BABoE — cpeaHee 3HaueHue st AO — BetBell KA. Eciin paccMarpuBaTh CpelHUIM
yaenbHbIA Benbleunblii wHaeke A/NT Tompko mins Bembimieunbix AO B sapax KA,
BeTBAX KA u BHe KA, coOTBeTCTBYyIOIME 3HAYEHUsI OKAa3bIBAIOTCS MHBIMU — 1,66 :
0,69 : 0,98. [lo-npexxHemy, HauWOOJbIIIEE HHEPTOBHIJEICHUE BO BCIIBIIIKAX
peructpupyetrcs B AO, Haxomsamuxcs B sapax KA , a camoe Hu3koe — B BeTBsIX KA.

Kak cnengyer u3 tabn. 2.6, Bcero 162 Bcmbimku (21,8 % ot obmiero umcia
BCIIbIIIEK) HaOmroganuch BHE sanep W BerBe KA, B Tom umcne 51 Bemblmika B
ceBepHoM monymapun U 111 B 1oxHOM monymapuu. Takum obpaszom, Gosee 79%
BCEX BCIBIIEK YKAa3aHHBIX KJIACCOB B 24 1uKie nMenu otTHomeHue k KA.

Pacnipenenenue Benbieunbix AO Mo mosymapusiM IpuBeieHo B Tadu. 2.7.

Tabmuma 2.7. [IpoIyKTUBHOCTh BCHBIIIEUHOAKTUBHBIX AO B 24 1uKIIe

Yucio Yucio Yucio Yucio Bcero
BCHBIIIECYHBl | BCIBIIIEYHB! | BCOBIIIEYHBI | BCIBIIIEYHBI | BCIBIIICYHBI
x AO B|x AO B|XxAOBKA x AO BHe |XAO
sapax KA BeTBAX KA KA

CeBepHoe

noaymapu | 58 (+19=77) 10 87 21 108

c

IOxHOE

MOJIYIIApH 57(+24=81) 11 92 34 126

c

Bcero 115 (158) 21 136 (179) 55 234

B Tabn. 2.7 ykazano uncno AO, reHepupoBaBmuX Bembimiku MX-kimaccoB. B
CKOOKax BO BTOpOM ctobie mpuBeaeHo uncio AO, HaXOAUBIIUXCS B Mpeenax sapa
BenblieyHbix KA. Kak mnpaBuno, Bembllka mnpunuceiBaercsa ogHon AQO, HO
Haxozasmuecss B KOMIAKTHOM siipe KA Bce AO y4acTBYIOT BO BCHBIIIKE, MTO3TOMY
yucio GakTuuecku BenbledyHbIX AO 0Ka3bIBa€TCA HECKOJIBKO OOJIbIIIE.
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Takum oOpazom, wu3 234 BcmbimeyHo-akTuBHBIX AO 179 (76%) umerot
otHomeHue Kk KA. B Ttom uncne 67 % npousonum B AO, Haxonusmumxcs B sanpax KA
u 9% — B AO, coctapistonux BeTBu KA. [1outn uetBepTh (24%) Bembieunbix AO

He UMeroT oTHoIIeHna K KA.

2.4LDE-BcublIku B 24 nukJie

B umciie comneuHbIx BCmblmiek BhiAensercs ocoObiii kiaacc LDE (Long Decay
Events) coOpiTuii, oTIHYAOIIMXCS MPOAOLKUTENbHON (Oosee 4 dacoB) (a3oit cnaaa
MSTKOTO PEHTI'CHOBCKOTO M31ydeHUs. COOBITHS TaKOTO KJIacca MCCIICIOBAIKNCH PSAIOM
aBTOpoB [55;56;57]. B pabote [8] BmepBbie Oblaa MPOASMOHCTPHPOBAHA 3HAYMMAS
koppensiusa unciaa LDE- Bcobimiek ¢ mapamerpamMu (KOJWYECTBOM W MOITHOCTBIO)
KOMIIJICKCOB aKTUBHOCTH — 87% 1o ganHbiM 21 1mkia. B Hameir pabore [17]
nokasaHno, uro B AO 3a npeaenamu KA Takux coOBITHI MpaKTUYECKH HE ObIBaeT.
OTOT NpeBapuUTEIbHBIN BBIBOJ ObLI ClleJIaH HA OCHOBAHUM CPABHUTEIIBHO HEOOJIBIION
ctaTucTuku (18 coObITHIT), OTHOCUBIIIEHCS K Hauany 24 IUKIIa.

PaccmoTpumM Oosiee mosiHbIE TaHHBIE 3a Bech 24 1uki. Bcero no peructpamusm
cnytHukamu GOES Bcnbimek MX- kiaccoB Boienensl 63 coobitusi LDE-Tumna (8,5%
OT OOIIEero KoJW4YecTBa), B TOM 4ucie 37 B FOKHOM TOJyIIApUH U 26 B CEBEPHOM.
CrnemyeT uMeTh B BUAY, 4TO HaOmoganuck Takke LDE-Bcnweimku C-kitacca, HO OHH B
Hacrosied pabore He yuuthiBaroTcs. Crarnctuka LDE-Becnbimex MX-kmaccos

npuBeJIcHa B Ta0I. 2.8.
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Tabmuna 2.8 LDE-Bcobimku B 24 niukie

B sgpax KA B BetBax KA Bre KA Bcero
CesepHoe 20 6 0 26
HOxHoe 24 5 8 37
Bcero 44 11 8 63
70% 17% 13%

Panee mnonydennbie npanubie [17] moarBepikmatorcs: 87% LDE-Bcmblinek
peHTreHoBckuX ki1accoB M u X Habmoganucs B KA.

B umcne LDE- Bcmbeimek 16 (25% oT o0miero KoJIMYeCcTBa) OTHOCATCS K
pEeHTreHOBCKOMY Kiaccy X. PacmpejpeneHue 3THUX BCIBIIMIEK OKa3aJloOCh IMOJ0OHBIM

pacnpeieNieHuIo, IPUBEACHHOMY B MpeAblayIel Tabnuie, Tadauna 2.9:

Taomuna 2.9 LDE-Bcopimku X-kitacca B 24 1UKIIE

B sapax KA B BetBax KA Bre KA Bcero
CesepHoe 1 3 0 4
IOxHoe 10 0 2 12
Bcero 11 3 2 16
69% 19% 12%

2.5 CBa3b PEHTreHOBCKHX BCIbIINIEK C KOMIIVICKCAMHA aKTUBHOCTH

B pesynbTaTe npoBeneHHOr0 UCCIEA0BAaHUS BCIBIIIEYHOMN IEATENILHOCTH B 24
[IUKJIC YBEPEHHO MOATBEPKIAETCS paHee caenanubiii [113] mpeaBapuTenbHbI BBIBOJ
o ToM, uto KA dBisitOTCS MecTaMH MPEUMYHIECTBEHHOM JIOKAIM3AlUU COTHEYHBIX
BCIIBIIIEK PAa3HbIX TUIIOB.

Junamuika pa3Butusa camMmux KA Ha NpoTs>KeHUH TpeX MUHYBIIUMX HUKIOB (22-
24) nemoHcTpupyeT 1) nposiBlieHHE CEBEPHO-I0KHOM acumMmeTpuun napamerpoB KA B

23 u 24 nukinax u 2) dyepelioBaHHE 3HAKAa aCUMMETPUHU OT LHUKJIA K IUKITY. CPEIHssS
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MomHOoCcTh KA B 24 nukie okazanach caMOMl HU3KOW M3 TPEX MOCICIHUX IUKIOB. 24
nukie 60% AO oxazanuce B coctaBe KA — nu6o B sapax (41%), nubo B BETBIX
(19%). IIpu stom 78% Bcex Bcmbiliek MX-kiaccoB, HaOMIOMABIIMXCS B IUKIIE,
npouzonui B KA (B ToM uucie 68% — B sapax KA). Jlns pa3HbIX MOJKIACCOB
BCIIBIIIEK OCHOBHOM BbIBOA coxpaHsiercs — B KA mpousomum  87% Bcex LDE-
coObITHii MX-K1accos.

Takum 00pa3oMm, CTaTUCTHUKA CBHUACTEILCTBYET O 3HauuMou poiau KA B
reHepaluy CPeHUX U CUJIBHBIX PEHTreHOBCKUX Bembliiek Ha ConHie. CTaTUCTUKA
COJIHEUHBIX BCIIBIIIEK TIOKa3bIBAE€T, YTO MOXHO TOBOpPUTH O Tpex tumax AOQO,
Pa3IUYAOIINXCS ¢ TOUYKU 3PEHUS WX BCHBIIIECYHOU MPOAYKTUBHOCTU. OJUH TUI — 3TO
IpYIIbl NATeH, Bo3HUKawmue B sjapax KA. OHu oTiIMYaroTcss NMPEeUMYIIECTBEHHO
OoJsiee BBICOKOM muIOMAApl0 [51;52], MOSBASAIOTCS W pa3BUBAIOTCA B 30HAX, HE
CMEIIAIIINXCS CO BpEMEHEM B KIPPUHTTOHOBCKOM cHUCTEeMe KoopauHaT. BTopoit tun
— AO, naxopsuuecs 3a npenenamu sajnep KA, Ho ¢pu3ndecku cBsi3aHHbIE C HUMU Yepe3
CHUCTEMBI BBICOKMX KOPOHAJIBHBIX meTenb [113]. DT rpynmsl msSTEH BPAIIAlOTCS CO
CKOPOCTBIO, COOTBETCTBYIOIIEM KX IIHMPOTE, MX BCIHbIIIEYHAs AaKTUBHOCTH
cymecTBeHHO HUxke, yeM y AO B sigpax KA. Hakonen, tpetuit Tun AO — rpynibl
ISATE€H, He uMeronme oTHoweHuss K KA. DTo HauMeHee BCHBIIIEYHO-aAKTUBHBIE
o0pa3oBaHus, MPEUMYIIECTBEHHO C HEOOJIBIION TIIOMAABI0 U TOXKE, Kak U BeTBH KA,
nojBepxkeHHbie AuddepeHnmaisHoMy BpamieHuto.  KpaiiHe HEMHOTro4HcleHHbIE
UCKItoueHus — mpumMepbl AO 3TOro THMa, y KOTOPBIX PETUCTPUPOBAIHCH OOJIbIIAs
IJIOMAAh W BBICOKAsl BCIBIINIEYHAs AaKTUBHOCTb, — TPeOYIOT CIENHUATbHOTO
UCCIIEIOBAHUS.

ANbTepHATUBHBIA TOJIXOJl, HE HCHONB3yIONMi moHstue KA, ObUT mpuMeHeH
Harosurpiaeim 1 ero coaBropamu [92;93]. B atux paboTax cienaH BBIBOJ O TOM, YTO
BCE TPYMIBI MATEH MOTYT OBITh pa3feieHbl Ha JABE He3aBUCHUMBbIC momyisiun SSG
(Small Short-living Groups) u LLG (Large Long-living Groups). Oto nomyssmun
pa3uyaroTCcs MO JABYM MapaMmeTpam: MPOJOJLKUTENBHOCTH CYIIECTBOBAaHUS (KOpoue
00 J0JIbllIe 5 CYTOK) U HANpPSKEHHOCTH MArHUTHOro nojis (Huxke win Beie 2000

['c). BnomHe BO3MOXHO, YTO KpyIHBIE AONATOXUBYyIHe Tpynmnsl mateH LLG Bo
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MHOrOM aHanoruunsl mnonynsiuusM AQO, pa3BuBaromumMmcs BHyTpu saep KA, a
HEOOJIbIINE KOPOTKOXUBYIIME Tpynmnbl MATeH SSG MpeuMyIlecTBEHHO OTHOCSTCS K
Tuiy, He umerwnemy otHouieHuss kK KA. Tem He MeHee, O4EeBHIHO, YTO 3TO HE
TOXKJICCTBECHHBIE TIOHATHUSA: B Mpejieax saep HaOM0Aal0TCs U TPYIIbI MATEH HE OYCHb
Oonpiiol miomanu (MomHocTs P = 0,5 unu 1), B TO e BpeMs MHOTA 32 NpeaenamMmu
KA BO3HUKaIOT KpyIHBIE TPYNIbLl MATEH C OOJIBIION TUIOMIAJbI0, OTIMYAIOIIUECS
BBICOKOH HAIPSX)KEHHOCTHIO MATHUTHOTO TOJIA.

Jliist rpynm nsTeH B sapax KA xapakTepHbI Clieayoline BakHbIe cBoicTBa [51].
Bo-miepBbIX, 9TO JOJTOBPEMEHHOE CYIIECTBOBaHUE (BILUIOTH A0 17 COJHEUHBIX
obopotos, [47]). pyrumu cioBamu, 3/1eCh OTMEUAETCS MOCIE0BATEILHOE BCILIBITHE
MAarHUTHBIX MOTOKOB HOBBIX AQ MpPakTUYECKH B OJHOM M TOM K€ MECTE — BHYTPH
sapa KA. Bo-Bropeix, g sgep KA xapakTtepHa KIPPUHITOHOBCKAas CKOPOCTH
BpalieHus (BHE 3aBHCUMOCTH OT IIHPOTHI OOpa30BaHUS) U HEMOJBEPKEHHOCTH
muddepeHnnaIbHOMY BpalleHUIO Ha CTaaud pa3BuUTUA TsATeH. [locne ncuesHoBeHUs
nsTeH Habmonaerca ObicTpas (oObrdHas) nedopmalist CTPYKTYphl pacnajaroiierocs
marautHoro noist AO KA nuddepeHimaabHpIM BpallieHHEM.

OTH 7ABa BaXHBIX CBOMCTBA MOTYT OBITh OOBSICHEHBI OCOOEHHOCTSIMU
koHBekIMu. Ha Bo3MOxHYyI0 cBsisb KA ¢ nBymMs pa3sHbIMM CHCTEMaMU MarHUTHBIX
noJieH, CBSI3aHHBIMU C PA3HBIMU SPyCaMU KOHBEKIIMU PA3HBIX MACIITa0OB, yKa3bIBajl
Npanor [16]. B »Toil pabore 000CHOBAHO MPEAIONIOKEHHE, YTO OJHA W3 CUCTEM
MAarHUTHBIX TIOJIEW, MPOSBIAIONIASACS B BUJIE€ MOILIHBIX JOJTOKUBYIIUX LIEHTPOB
aKTUBHOCTM  (MO-BHAMMOMY, aHamora  moHatus  sgep  KA),  oOpasyer
KpYITHOMACIITa0HYI0 CTPYKTYpY € sSiY€Kamu, pa3Mepbl KOTOPbIX cocTaBiatoT 90° mo
reJMOJI0NT0Te, YTO BOJIM3U sKBaTopa npesbimaet 1000 Mm. Ota cucrema Bpamiaercs
KakK TBEPJO€ TEJO C CUHOAUYECKUM MEPUOJIOM 27.3 CyTOK H, ITO-BUAUMOMY, CBA3aHA C
rnobaneHbiM nojieM ConHua, JieKalliM B OCHOBAHMM KOHBEKTMBHOW 30HBI. K
rpaHUIaM SYEEK TAKOro MOJsi KOHUEHTPUPYIOTCS MOIIHbIE Tpynmnbl nateH. [pyras
KOMIIOHEHTa, COOTBETCTBYIOIIass (OHOBOMY MAarHUTHOMY TIOJIO, corjiacHo [16],
o0Opa3yeT CTPYKTypy C sS4YeHKamH, pa3Mmepbl KOTOpbix coctaBisitor 20-40° (240-480

Mwm), nniepuopl BpalieHus: 3JIEMEHTOB 3TOW CUCTEMBI — (DAKEIOB U HEOOIBIINX MSTEH —
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COOTBETCTBYIOT 3HaueHusIM 27.6 — 27.8 cytok. Cucrema (OHOBBIX MOJIEH CBSI3aHA, B
paMKax 3TOW KOHIEMIHMH, C MPOMEKYTOUYHBIM SIPYCOM KOHBEKIIUU, KOTOPBIM JICKHUT
MEXIy SpycaMu KOHBEKIIMH, OMNPEACISIONIMMUA CYNEPrpaHysiliul0 — CHCTEMY
[NIyOUHHBIX TUTAHTCKUX sueek. Creayer OTMETUTh, YTO 3Ta HJEs COIyiacyercs ¢
MoOJienbl0  (OPMUPOBAHUS  MArHUTHOTO TIOTOKA W DBOJIOIUMU  MSITEH |
KpyIHOMACIITaOHBIX ToJieH, mpeasokeHHod Mak-UuTomem u Busiconom [89] u
JIOMYCKAIOMIeH CyIECTBOBAHUE SYEEK MPOMEXKYTOUHOTO pa3Mepa MEXAy CI0eM
CymeprpaHyil W HIKHUM CJIO€M THUIOTETHYECKUX TUTAaHTCKUX s4deek. Mojenb
CBSI3bIBAjia TMOSBJIICHUE CIIOKHBIX MYJBTHIONAPHBIX TPYIIN TSATEH C BIUSHUEM
yKa3aHHBIX CJIOEB SYEEK PA3HbIX Pa3MEPOB.

BriBozT 0 cyImiecTBOBaHMU JABYX MOMYJSAIUNA TPYNI MSATEH MPUBEACH B paboTax
HaroBunbpina u ero coaBTopoB [92;93;32]. 3nech ObUIO  TIPEACTABJICHO
npennonoxenue, uyro Ha ConaHIE MOXET JeHCTBOBaTh MPOCTPAHCTBEHHO
pacrpenereHHOe AUHAMO: JBYM YKa3aHHbIM MONYJALUSAM MATEH COOTBETCTBYIOT
pa3Hble O0JacTH TeHepaluu: riayOuHHas (B TaxXOKJIHWHE) W TMPUIIOBEPXHOCTHAas (B
JENTOKIWHE). OJTa THUIOTe3a, C TOYKH 3pPEHUS aBTOpPA, HEIUIOXO COIJIACYEeTCsl C
BBIIBUHYTBIMH paHee rumore3amMu lBaHoBa (omucana Bbime, [16]), a Ttakke
Cunopona u S3eBa [51;47;53;54]. B mocnennei rumorese pedb HAET O CBsA3M saep KA
C KpyMHOMACIITA0OHBIMH KOHBEKTHUBHBIMHU SUEHKaMH, BO3MOXKHO, 3aKPEIJICHHBIMH B
HEApax  KOHBEKTMBHOW  30HBI, BO3MOXHO, BOJIM3M  YpOBHS  TaxOKJIMHA.
[IpenmnonoXuTeTbHO WMEHHO OTH SYEWKH O00ECTeUMBaIOT  JOJTOBPEMEHHBIN
MOCJIE0BATENbHBIM BbIXOJI MArHUTHBIX I[IOJE€H HAa OJAHOM M TOM K€ YYacTKe
doTochepsl B KIpPUHTTOHOBCKOM CUCTEME KOOPAUHAT Ha MPOTSKEHUU BCETO BPEMEHH
CyLIECTBOBAaHMS TakOM s4elku. B3aumMmopnencTBue CTapplX M HOBBIX CHUCTEM
MAarHUTHOTO MOJII B OAHOM U TOM € MeCTe OOBSICHSET MOBBIIIEHHYIO BCIBIIICYHYIO
aKTUBHOCTb, BKJItOUas reHepauuio LDE-Bcnbiiek.

B otnnume ot rpynmn nared B siapax KA, rpynnsl nsTeH, COCTaBISIIONINE BETBU
KA, ¢opmupyroTcss B MNOBEPXHOCTHBIX CJIOSX KOHBEKTMBHOM 30HBI U OO0JaJaroT
HEKIPPUHITOHOBCKUM BpaileHueM. [laxke Oyayud CBA3aHHBIMU C MATHAMHU B siapax

KA d4epe3 BBICOKME KOpPOHAJIBbHBIC TNETIH, BETBH HE JEMOHCTPUPYIOT BBICOKYIO
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BCIIBIIIEYHYIO aKTUBHOCTH. UTO K€ Kacaercs IpyII IATEH, HE CBs3aHHBIX ¢ KA, TO
OHM TPEUMYILECTBEHHO BO3HMKAIOT HAa YpPOBHE JIENTOKIWHA, HE 00Jaaas BBICOKOM
MPOJOJKUTENBHOCTBIO KU3HH, OONBIION IJIOMIAAbI0 M, COOTBETCTBEHHO, BBICOKOU
BCIBIIIEYHON AKTUBHOCTHIO. JlonoaHUTENbHBIM  (PAKTOPOM,  CITOCOOCTBYIOLIUM
MOBBILLIEHNIO BCIBIIEYHOH aKkTUBHOCTH AQ, MO-BUAUMOMY, SBJISETCS OJIU30CTh
KOPOHAJIbHBIX JbIp [7/5]. DTOT Bompoc TpeOyeT OTIENbHOTO H3y4YeHus U Oyner
paccMOTpEH B Halllel cienyromen padore.

Takum 00pa3oM, pe3ysbTaThl aHAJIM3a CTATUCTUKHU BCIBIIIEYHON 1€ATENTbHOCTHU
Connia B 24 nukIie NoKa3bIBalOT, 4TO 3HaYuTENbHas (0kojio 80%) 10ist BCEX CpeTHUX
U CWIbHBIX Bcbllek Ha ConHIE cBsi3aHa C JedaTesbHOCThI0 AO, pa3BUBAIOLINUXCS B
npeaenax sgep KA. Anpa KA, BeposTHO, CBSi3aHbl, B CBOKO OYEpEdb, C
KPYIMHOMACIITAOHBIMU KOHBEKTHBHBIMU sSU€HKaMHU B TJyOMHE KOHBEKTHBHOW 30HBI
Connua. HccnenoBanus napamerpoB AO, KOTOpble MOTJM Obl B pEXHME «OHJIANHHY,
elle BO BpeMs CYIIECTBOBAHMS IISITCH, IO3BOJIMTh OTOXKAECTBUTh UX IIPUHAJIEHKHOCTD
K KA, MOryT OTKpBITH IIyTh K COBEPIIEHCTBOBAHMIO IPOTHO3a YPOBHS BCIIBIIICYHON

AKTUBHOCTHU IJIA TON WJIA UHOU I'PYIIIIBI IEATCH.

2.6 BbIBOABI K rJiaBe 2

B rnaBe 2 «PeHTreHOBCKHE BCHBIIMIKA W KOMIUIEKCHI aKTUBHOCTH» IPHBEIICHBI
pe3yJbTaThl MCCIECAOBAHUN, MOCBSIICHHBIX ITOUCKY CTAaTUCTUYECKOW CBS3H MEXIY
AKTUBHBIMH OOJIACTSMH, Pa3BUBAIOIIUMHUCSI B COCTaBe KOMILICKCOB AaKTHBHOCTH Ha
CouHile, 1 pEHTT€HOBCKUMHU BCIIBIIIIKAMHU Pa3HbIX KJIacCOB. B wacTHOCTH:

— BBINIOJIHCHA HISHTH(UKAIINSA KOMIUIEKCOB aKTUBHOCTH B TIEpBOM IMojoBuHE 21
nukiaa. CocTaBieH COOTBETCTBYIOIMK KaTtaior. Ha 0a3e mMOay4eHHBIX JaHHBIX
BBITIOJIHEH aHAJIA3 [TAPaMETPOB KOMIIJIEKCOB aKTUBHOCTH B 21 — 24 nuknax;

— BBITIOJIHEH CTATHUCTHYCCKUM aHAIHM3 CBS3M AKTHBHBIX OOJacTel B COCTaBe SJIep H
BETBEH KOMIUIEKCOB AKTUBHOCTH M PEHTTCHOBCKHMX BCIBIMEK Ki1accoB M u X.
[Tokazano, 4to 10 87% BCeX PEHTI€HOBCKUX BCIIBIIIEK JIOKAJIM30BAHbI B KOMILIEKCAX

AKTUBHOCTH;
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— MOKa3aHO, YTO ATOT BBIBOJ XapaktepeH u sl LDE-coObiTuii, koTOpble IpOuCXoasiT
MPEUMYILECTBEHHO B KOMILJIEKCaX aKTUPBHOCTH;

— 00OCHOBaHAa TruIOTE€3a O TOM, YTO AKTHBHBIE 00JIACTU B SApaxX KOMIUIEKCOB
aKTUBHOCTH pPa3BUBAIOTCA B MpejesiaX PacHoJIOKEHHBIX TNIyOOKO B KOHBEKTHMBHOM
30HE€ KpYNMHOMAcCIITAOHBIX KOHBEKTHBHBIX SlY€EK, [UIsl KOTOPBIX XapaKTepHa
KIPPUHITOHOBCKas CKOpPOCTh BpallleHHUA. AKTHUBHbIE O00JacTH, MPEACTABISIONINE
coOOl BETBU KOMILJIEKCOB AKTUBHOCTH, CBSI3aHBI C MPHUIOBEPXHOCTHBIMU CJIOSIMU
KOHBEKTHBHOM 30HBI U MOJIBEP>KEHBI TU(PepeHIIMaIbBHOMY BpallleHUIO;

— TMOBBIIICHHAS BCTIBIIIEYHAs] aKTUBHOCTH aKTUBHBIX 00J1acTeil B COCTaBEe KOMIIJIEKCOB
aKTUBHOCTU TMPEANOI0KHUTEIbHO CBS3aHAa C B3aMMOJECHCTBUEM Pa3HOBO3PACTHBIX
MarHUTHBIX CHCTEM aKTUBHBIX 00JIacTel, MOCIIeIOBATEIbHO BOZHUKAIOIIUX HA OJJTHOM

N TOM K€ MCCTC B K3ppI/IHFTOHOBCKOI>JI CUCTCMC KOOpAWHAT.
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I'naBa 3. CuibHbIe NMPOTOHHBIC BCIIBINIKHA U KOMIIJIEKCBI aAKTUBHOCTH

3.1 BBeaenne

[IpoTOHHBIE BCHBIINIKK, KOTOPHIE COMPOBOXKIAIOTCA OOJBIIUMU MOTOKAMHU
SHEPIUYHBIX MPOTOHOB (MPOTOHHBIE COOBITHSA), OTHOCSATCA K paspsaay HauOosee
CUIBHBIX Te0dd(PeKTUBHBIX sABICHUH, mpoucxoasanux Ha Comuiie. [TogoOHbIe COOBITHS
AKCTPEMAIbHOM MOIIHOCTU HEOJHOKPATHO MPUBOAWIM K CHJIBHBIM BO3MYILCHUSM B
OKOJIO3eMHOM cpee W B arMmocdepe 3emim, BKIO4as W TexHochepy [18;112].
N3ydenne xapakTEepUCTHUK IMOTOKOB DJHEPTUYHBIX YACTUIl OT BCIHBIIIEK, YCIOBUM
BbIX0/a 13 atMocdepsl ComHIla ¥ uX Te03() PEKTUBHOCTD SIBISIETCS] OJTHOM U3 HauboJsee
Ba)KHBIX 3aJ1a4 COJIHEUHO-36MHOUN (DU3UKH.

[To menomy psimy HaOMIOJAEMBIX MapaMeTpoB BCHbIKKH Ha COMHIIE TPHUHSITO
pas3fensaTh Ha JIBa Kjacca: UMITYJIbCHBIE U JJIUTENbHBIE COOBITHSA, KOTOpPHIE
OTJIMYAKOTCS JIpYT OT JApyra MNpPOAOJIKUTEIBHOCThIO PEHTTE€HOBCKOW 5JMHUCCHUU U
XapaKTEPUCTUKAMU YCKOPEHHBIX YacCTHUL, COCTAaBOM 3JIEMEHTOB, 3apsAOBbIMU
COCTOSIHUSIMH MOHOB B COJTHEUHBIX kocmudeckux Jiydax (CKJI) u np. (Hanpumep, [78;
79]). CoorBerctBenno, coObiTuss CKJI Taxke pas3gensiorcs Ha HMIYJIbCHBIE U
JUINTETIbHBIE  SIBJICHUS (COTJIACHO KJAcCU(DHMKAIMK  BCIBIINIEK, OCHOBAaHHOW Ha
JUTUTETBHOCTH AMHCCHUU B MSTKOM PEHTreHOBCKOM nuanaszoHe). Bcembimku CKII,
OTHOCSIIITUECS K KJIACCY MPOIOJIKUTEIBHBIX COOBITHI, MPUBOASAT K HAaN0OJIee MOITHBIM
U JIUTEIbHBIM [OTOKaM YCKOPEHHBIX YacTHUI, IIOCKOJbKY HMMEHHO B HHUX
MPOSIBISIIOTCS. 002 OCHOBHBIX MEXaHW3Ma YCKOPEHHUSI YacTHUI: BJIEKTPUUYECKUMHU
MOJIAMH B OOJACTH BBIACICHHUS OHEPrUM BCHBIIIKKH W YAAPHBIMH BOJHAMHU,
BO30Y)KJICHHBIMU OBICTPBIMH KOPOHATBHBIME BhIOpOcaMu Macchl (KBM).

CornacHO COBPEMEHHBIM MPEJICTABICHUSM, BO3HUKHOBEHHE BCHBIIIEK U
COMYTCTBYIOLIMX UM BBIOPOCOB IJIa3Mbl TECHO CBSI3aHO C HApPYIICHHUEM PaBHOBECHS
MarHuTHbIX KOHQuUrypauuii aktuBHbIX oOnacteid (AO) M KOMIUIEKCOB aKTUBHOCTU
(KA) B xone ux 3pomonuu. Ha daze pazsutuss AO cTpyKTypa UX MarHUTHBIX MOJEH

CTAHOBHUTCS CJIO)KHEE, BO3HUKAIOT X — TOYKH, BOJM3U KOTOPBIX (POPMHUPYIOTCS
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TOKOBBI€ CJIOM, U, Oyarojapsi MEXaHU3MaM MEPECOCIMHEHUSI MarHUTHBIX TMOJEH,
BKJIFOYAIOTCSl MPOLIECCHI AMCCUMNAIMU CBOOOJHOW MAarHWTHON >Hepruu. Beinenenue
HAKOIUJICHHOM B MAarHUTHBIX CTPYKTypaX CBOOOJHOW JHEPrUM B TOKOBBIX CJIOSX
MPUBOAUT K BCHBIIIEUHOMY TMPOIECCY C HHTCHCUBHBIM HArpeBOM  IIJIa3MBbl,
YCKOPEHHEM DHEPrHYHBIX 4YacTUI] W BbIOpocam mmia3Mbl [2;106;107]. Bo3moxHO
TaKk)Ke, YTO B CUTyalluu, Korja MarHuTHas cuctemMa AQO yXe HaXOJUTCS Ha MOpore
YCTOMYMBOCTH, BHEIIIHEE BO3/ICHCTBUE (HAIIpUMEp, MOTOK aJIb()BEHOBCKHUX BOJIH) TOXKE
MOKET MPUBECTU K BOBHUKHOBEHUIO BCIIBIIIKH.

[Tocne Havama TOCTOSIHHOTO MOHHUTOPHWHTA TMOTOKOB COJHEYHBIX IPOTOHOB
BHeaTMoc(epHbIMU oOcepBaTtopusiMu (¢ 1976 1.) Bemercs katajior HanboJee CHUIIbHBIX
COOBITHH, BIUSIOMINX HAa MPUPOJAHYIO cpealy. BCIbIIKY, BKIIFOYEHHBIE B ATOT KaTaJor,
OTOMpAIOTCS MO YHUCITY SHEPTUYHBIX COOBITUH (C sHeprueit yactui Oosnee 10 M»aB)
(6onee 10 peructpanuii 4acTuil B CEKyHIY Ha KBaJIpaTHBI CAHTUMETP B €IUHUYHOM
TEJICCHOM yTJie Ha opouTe 3eMin).

Tor ¢akr, uro nporoHHble Benblkd Ha COJHIIE BO3HUKAIOT MPEUMYIIIECTBEHHO
HE B OTAENbHBIX AaKTUBHBIX 00JIacTAX, a B KoHMIIomepaTax AO — KoMIuiekcax
akTUBHBIX oOnactel [19] wim nonroxkupymux KA [3], u3BecTeH CpaBHUTEIIBHO JIaBHO.
B paborax [72;47;51;42] moka3aHO, YTO MOAABISAIONIEE OOJBIIMHCTBO BCIIBIIIEK,
BHECCHHBIX B KaTajor [26], AeHCTBUTEILHO PETUCTPUPYETCS HE B MHIUBHIYaJIbHBIX
AO, a nmenno B KA.

B nannoli T1aBe AricCepTaIMOHHON pabOThl PACCMOTPEHBI 00CTOSTENBCTBA, TIPH
KOTOPBIX BO3MO>KHO BO3HMKHOBEHHE MMPOTOHHBIX BCHIBIIIEK. B nanpHeneM B 1TaHHOU
CTaThe TEPMHUH «BCIIBIIIIKA» OYJET OTHOCUTHCSA TOJNBKO K COOBITHSM, OTOOPAHHBIM M3
karanora [26]. Kpome Toro, oOCyXIalOTCS BOIPOCHI, CBSI3aHHBICE C BBIXOJOM
OSHEPTUYHBIX YACTHI] U3 MarHUTHBIX KoH(purypammii KA OGnarogaps BO3HUKHOBEHHUIO

«MAar"dmMTHbBIX KaHaJIOB».
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3.2 PeHTreHOBCKHeE KJIACCHI IPOTOHHBIX BCIbIIIEK

Ha puc.3.1 mokazaHo pacmpenefneHue HHJIEKCOB BCHBIIIEK PEHTTEHOBCKOTO
Kjlacca, B3ATBIX W3 KaTajmora [26]. Jlns ananm3a ObUla HCIOJMB30BaHA HEMOJIHAsS
BBIOOpKA COOBITUH, TOCKOJIBKY ISl HEKOTOPBIX BemblIek 3a TMMOoM CouHila ocTaeTcs
HEU3BECTHBIM WX PEHTICHOBCKMI Kiacc. HaOmromaercss ectecTBeHHash TEHIACHIUS K
pPOCTYy TIOTOKOB TMPOTOHOB MO MEpE YBEIUYEHHUS PEHTICHOBCKOTO Oamna COoOBITHA
(muueiHbIl kKO PunMeHT Koppensanuu paBeH 0.38), XOTs AucHepcHs JOCTATOYHO
Bemmka. 3 puc. 3.1 cieayer, 4To CHUIbHBIE TTOTOKH DHEPTUYHBIX MPOTOHOB CBSI3aHBI
HE TOJIBKO CO BCIBIIIKAMHU, OTIUYAIONIUMUCS BBHICOKHMH PEHTTEHOBCKUMHU Oayiamu,
HO W CO CJIa0BIMHU BCHBIIIKaMU peHTreHoBckoro C kimacca. B To e Bpemst uzyueHue
TOIYJIANMKA HauOoJee MOIIHBIX (PEHTTEHOBCKOro X Kilacca) BCIBIIIEK MOKA3bIBaET,
YTO IaJIEKO HE BCE U3 HUX COMPOBOXKIIAIOTCS BEIXOIOM OOJBIINX MOTOKOB SHEPTUIHBIX
OpOTOHOB B Tenuochepy. B cBA3M ¢ 3TUM MOXHO yTBEpXKIaTh, YTO CTENEHb
«MPOTOHHOCTU» BCTIBIIIIKK 3aBUCUT HE TOJBKO OT €€ PEHTI€HOBCKOIO KJjacca, HO U OT
HEKOTOphIX HHBIX (akTopoB [17]. Pe3ynbraTel moucka BKIAIOB 3TUX (HAaKTOPOB

N3JIOKCHBI B CICAYIOIIHUX pa3aciiax pa6OTBI.
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3.3 IIpoToHHbIEe BCOBIMIKN U KOMIUIEKCHI AKTHBHOCTH

3a mepuoa BpeMeHHM, HauuHas c¢ sHBaps 1980 r. m Bmots mo mapra 2017 r.,
BBINIOJITHEHO COMNOCTaBJIEHHE O0JacTel JOKaJu3alMi UCCIEAYEeMbIX BCIBIIIEK C
nosioxxenneMm KA. Pe3ynbTatsl aHanu3a npuseaeHsl B Tabnuie 3.1. B nepBom crondue
TaOJIMLBI YKa3aH HoMmep uukia (21 nukn — HauumHas ¢ sHBaps 1980 r., 24 muka — 10
ceHTs10ps 2016 r.). Bropoii ctonber; cogepxut napametp N¢ (KOJIUYECTBO BCHBIIIEK B
sapax KA). B tpetbeM cronOie mpuBeneHbl 3HaueHus mapamerpa Np (KOIU4eCTBO
Berblek B BeTBIX KA), B uerBeptoM ctosiOiie — mapametrpa Ny (4HCIIO BCHBIIICK, HE
otHOcsmuxcs kK KA); B maroMm cronbre — moas Bembiimek, oTHocsmuxes k KA (N¢ +
Np) B TIpoIrieHTax OT 0OIIEro YUCIa BCIBIIIEK B IIUKJIC aKTHBHOCTH.

N3 tabmunel 3.1 crneayeT, 4To BCIBIIIKK paccMaTpPUBAEMOI'0 KjlacCa BO3HHUKAIOT,
IPEX/Ie BCEro, B KOMIUIEKCaX akTHBHOCTH — B siipax KA (57% 3a Bech mccieayeMbli
nepuojy; BpemeHu), nu60 B BeTBIX KA (27%). Bcenblmku, npoucxopasiue 3a
npeaenamu KA B otaenbHbIx AO, COCTaBISAIOT Beero 16% OT 00I11ero Koam4ecTBa TeX
cobprTuii M3 Katanora [26] (190 3a paccMaTpuBaeMblil NEpHOJ BPEMEHHM), JUIS

KOTOPBIX U3BCCTHBI UX KOOPAWHATHI HA ITIOBCPXHOCTU COHHHa.

Ta6muma 3.1. CBsA3b IPOTOHHBIX BCIBIIIEK ¢ KOMIUIEKCAMH aKTHBHOCTH

UUKT N Nb Nw Nc + Nb (%)
21 14 12 9 74.3
22 32 14 9 92.5
23 41 21 5 83.6
24 22 5 6 81.8

B 10 xe Bpemsa oueBunHO, uto Hamumuue KA nHa ConHue camo mo cebe He
rapaHTUpyeT MOSIBJIECHUS BCIbIIEK. B xoae pa3Butusa 24 1HUKIa aKTUBHOCTH (SIHBApb
2009 r. — suBapb 2017 r.) u3 105 sanep KA, uaentudunrpoBaHHbiX 0o MeToauke [51,

42], (58 - B ceBepHOM Tonymapuu ¥ 47 - B 10)KHOM), TOJIBKO B JABaAnaTu u3 HUX (13 B
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CEBEPHOM M 7 B F0)KHOM MOJIYLIAPUH) MPOU30IUIA BCIBIIIKH pacCMaTpUBAEMOro THIIA,
B TOM 4Hcie, B mecTy anpax KA — mo 2 Benbiuky U B ogHoM siape KA — 3 BenbIkwy.
Takum o6paszoMm, B 24 nukie nuiib okoiio 19% snep KA (20 uz 105) okazanuch
CIIOCOOHBIMM T€HEPUPOBATh MPOTOHHBIE COOBITUSA paccMaTpuBaeMoro Tumna. biauzkoe
COOTHOIIICHHE XaPaKTEPU3YET U MPEABLIYIINH, 23 UK aKTUBHOCTH [47].

bonpmias yacte Bemblmek (okono 60%) MpoUCXOAMT B TE€UEHUE TPEX IMEPBBIX

obopotoB cyriectBoBanus siapa KA (puc. 3.2) (o 161 coObITHIO, JIOKATHM30BAHHBIM B

KA B 1980 — 2016 rT.).

Aonsa scnbiwek (%)
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Puc. 3.2. Pacnipenenenue Benbimek B KA mo Bo3pacty sinep KA (Bo3pact yka3aH B

KIPPUHTTOHOBCKUX 000pOTax)

Cornacno ganueiM 0 KA B 23 nukie [16], kopotkoxupymue sigpa KA (mo
onpeneneunio [51;42], sapa KA CyIecTBylOT He MEHEe TpeX OOOpOTOB) JarOT
HEOOJIBIIION BKJIaJ B MPOIECC T€HEpaIlMy BCHBIIIEK paccMaTpUBaeMoOro Tuma (puc.
3.3). Ha puc. 3.3 mokazaHa 3aBUCUMOCTb TIapaMeTrpa S — 4YHCJIa BCIBIIIEK,
HOpMHUpoOBaHHOro Ha umcino saep KA, or mapamerpa T - OpOIOIKHATEIBHOCTH
cymmectBoBanuss sgep KA B 23  nwukie. BcenbliiedHass — OpoOJyKTUBHOCTH
KOPOTKOXKUBYIIUX (BpeMs KU3HH — Tpu oOopoTta) simep KA neBenuka: mumb B 15%

CIIy4yaeB
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Puc. 3.3 3aBucuMOCTb MPUBCACHHOTO YMCJIa BCIIBIIICK B KA ot MMPpOAOJIKUTCIIBHOCTHU

cymectBoBanusi KA 1o nanusiM 23 nukiia

B Takux KA HaOmonarorcs BChblmKd. C pOCTOM MPOJIOKUTENHHOCTH XU3HN KA mx
CIIOCOOHOCTH MOPOKIATh BCIBIMIKK Bo3pacTaeT. Tak, Hanpumep, KA, HabmonaBmmecs
Ha TPOTSHKEHUU IIECTH O0OOpPOTOB, MPOU3BOAAT Bcmblikk B 80% ciydaeB. YacTh
pacmnpeneneHus, oTHocsImascs k 0osee nonroxxkuBymuM KA (BpeMs >KM3HU CBBIIIE 8

O60pOTOB), HCIOCTATOYHO JOCTOBCPHA U3-3a MaJIOM CTaTUCTHUKH.

3.4 IIporoHHbIEe BCOBIIIKN U KOPOHAJbHBbIE AbIPbI

C TOYKM 3peHHs aBTOpPA, aHAIU3 OCOOECHHOCTEH JIOKATN3AIMK BCIBIIIEK TTO3BOJISICT
BBIJICNIUTH BAXKHYIO 3aKOHOMEPHOCTh. [Ipy Ham0KeHUH KIPPUHTTOHOBCKUX KOOPIUHAT
BCIIBINIEK B 24 NUKJIE HA CHHONTHYECKUE KapThl, KOTOPHIE COCTABISIIOTCS TPYIION
cetn rinobanpHbx ociwuinuii (GONG) HammonansHol conHEUHON oOcepBaTOpuu
CIIA [27], BBISICHIIIOCH, 9TO BCe 39 BCIBIIICK, I KOTOPBIX OBUIH OMPEIEICHBI UX
KOOPJIMHATHI B XOJI¢ pa3BUTHs 24 NUKIIA, MPOW3OIILIN BOIHM3U TPAHUI] KOPOHATHHBIX
aelp  (KI). OtMeruM, 4YTO TPAKTHYECKH BCE BCIBIINIKA U3 Karaimora [26]
conpoBokaanuchk Beiopocamu KBM.

DTOT pe3ynbTaT MpoMLTIOCTpUpoBaH Ha puc. 3.4. Kparuaiimme paccTosHUs OT

BCIIBINIKK 10 TpaHuiel Ommkaiimeidn KJ[, ompenenennsie mo kapram [26], Obum
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pa3ouTsl Ha 9 MHTEPBAJIOB, KX/l UHTEpBan cocTaBiisi 60 MM (HECKOJIBKO MEHee
5°). Cornacio puc. 3.4, mnourn 80% BcobleK W3 BBIOOPKM OKa3aIUCh
PaCIONOKEHHBIMU Ha PACCTOSAHMAX, He mpeBbimaromux 240 Mwm, unu mensiie 20°
(xapaktepHbiii pasmep sapa KA). VYuurbiBas, 4YTo TUNWUYHAS MPOTHKEHHOCTH
BCTIBIIIIEYHBIX TMOSPUYEHUM B KPYIHBIX BCIBIIIKAX NMpU HaOmoaeHUsX B JduHuUUM Ha
MMEET CXOJHBIE pa3Mephl, a SPKHUE BCIBIILICYHBIE PEHTIEHOBCKUE apKH HEPEIKO
MIPEBBIIAIOT ATOT MPEAEN KaK M0 PACCTOSHUIO MEXKAY OCHOBAHUSIMM IE€TEIb, TaK U MO
BbIcOTE [51], MOXKHO CUUTaTh, YTO BCIBIIIKA PACCMATPUBAEMOr0 KJIacca MPOUCXOMASIT
BOm3u KJ[. Makcumym pacrnipeenieHus: paCCTOSIHUM OT BCHBIMIKHU 110 Onuxaiienn K]

JCKUT B Tipeaenax ot 60 go 120 Mwm (puc.3.4).
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Puc. 3.4. 3aBHUCHUMOCTb PaCCTOSHUS OT BCIIBIIIKY JI0 OJMbKaiiel KOPOHAIBbHOMN JABIPHI
B 24 LIMKJIE€ AKTUBHOCTH

Onenka paccTOSHUA MEXKAYy BCHUBIIKOW © TpaHunen Ommwkanmeit K],
HECOMHEHHO, OTSTOIIEHA 3HAYUTEIBHBIMU IOrPEIIHOCTAMU. KOOpAMHATHI BCIBIIKH
OLIEHUBAKOTCA MO IOJOKEHUIO LNEHTPOUJA SPKOCTH HA BMOXE MAKCHUMyMa, IIPU 3TOM
cama BCTIBIIIIKA MOXET ObITh (M, KaK MPaBWJIO, OBIBACT) JOCTATOYHO MPOTSIKEHHBIM
oOpa3zoBaHHeM — MOpsAKa AecaTH U Oonee remmorpaduaeckux rpaayco (120 Mm u
6onee). ['paHuIBI KOPOHATBHOW JBIPHI, OMpPEHENseMbIE pa3HbIMH MeTOoAaMH (110
HaOJIOJICHUSIM B Pa3HBIX CIEKTPaJbHBIX JUala3oHax) MPOSBISIOTCS TaKXKe I0-

pazHoMy, u omwuOka MeTofa ObIBaeT CYIIECTBEHHOM (MOpsJIKA HECKOJbKUX
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rendorpauueckux rpaaycoB, T.e. JECATKOB wmerameTrpoB). Kpome Toro,
koH(purypauus KJ[ Ha mpoOTSIKEHMH OJHOTO K3PPHUHITOHOBCKOTO 000pOTa MOKET
CYLIECTBEHHO MEHSTBCS, B TO BpeMsl KaK Ha CHUHONTHYECKHUX KapTaxX (PUKCHUPYETCS
MrHoBeHHOe noJjiokeHre KJ[ Bo BpeMs mpoxoKaeHus: uepe3 HEeHTPaIbHbIA MEpUIUaH.
Tem He MeHee, pacCTOSHMS, U3MEPEHHbBIE B €IMHOW CHUCTEME, MTOKA3bIBAIOT, YTO IS
BCEX BCHBINICK U3 KaTajora [8], HaOmomaBmuxcs B xojae 24 1ukia, mooan3octy (Ha
paccTosiHUM He Oojiee XapaKTEpHOro pa3Mepa KPYMHOW BCHBIMIKK) 00s3aTEIbHO
HAXOJMJIach XOTS OBl HEOOJIbIIAs KOPOHAJIbHAS JIbIPA.

Ha puc. 3.5 mokazano pacmpejaeineHue paccTostHust o Omkaummx KJ[ mis
PEHTI€HOBCKUX HEMPOTOHHBIX BCIbIMIEK KilaccoB M — X B TeueHue 24 1mukia,
Habmonasmuxcs B AO BHe KA (Bcero 30 coOwituii). BumHo, 94To 3aKOHOMEPHOCTH,
0/I00HOM MOKa3aHHOM Ha puc. 3.4, HET — KOJMYECTBO TaKUX COOBITUN HE MOKA3bIBACT

3aBUCHUMOCTHU OT paccTosiHus 10 Ommkaitmeit KJI.
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Puc. 3.5. 3aBucuMocCTh paccTOSHHS OT peHTreHoBckoi Bembiik B AO BHe KA 110

OyKaiTIet KOpOHATBHOU JIBIPHI B 24 1IUKIIE aKTUBHOCTHU

CornacHo craTHCTHKE 24 IMKJIA, BCIBIKA M3 Karaiora [27] cocTaBisioT
HE3HAYUTEJIBHYIO YacTh OT OOILEr0 KOJIMYECTBA BCHBIIICK ¢ Oaiamu, HauuHas ¢ C5 B
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PEHTI€HOBCKOM Juana3zoHe. Puc. 3.5 mokasplBaeT, 4YTO AJi1 BCEW COBOKYMHOCTHU
PEHTIECHOBCKUX BCIIBIIIEK Takas OCOOEHHOCTh (OOJbIIME TOTOKU SHEPTUYHBIX
MIPOTOHOB, PETUCTPUPYEMBIE Ha OopOHUTE 3eMIIM) HE SIBISIETCS XapakTepHoil. Bnosmne
MpaBOMEpHa TUIOTE3a, YTO WMEHHO TNPHUCYTCTBHE OTKPHITOM  MAarHUTHOU
KOH(UTYpaluu - KOPOHAJIBHOM JBIPHI BOJU3M 30HbI BCIIBIIIKY SBJIsETCS 3G ()EKTUBHBIM
¢dbakTOpoM, CIIOCOOCTBYIOIIMM BBIXOAY B reauochepy moToka YCKOPEHHBIX yacTull. B
TO K€ BpPEMsI HE HUCKJIIOYEHO, UYTO HaJIM4he KOPOHAIBHOW NbIphl BOMM3UM KA Moxer
CrocoOCTBOBATh U BO3SHUKHOBEHUIO BCIIBIIIKH.

Bormpoc o cBsi3u BCIBIIIEK, COMPOBOXKIAOIIUXCS BBIXOJIOM SHEPTUYHBIX YACTHUII
B renuocdepy, ¢ KJI, B cBoro ouepeib, TECHO CBsSI3aH C TOMOJIOTMEH MAarHUTHBIX MOJIEH
B 30HAX BCIBIINICK, C UX MAarHUTHBIM OKPY)XKCHHUEM M HYXIACTCS B JIOTIOJTHUTEIHLHOM
00CYXJICHUHU.

DHEpPreTUYeCcKre XapaKTEPUCTUKHM W  BPEMEHHBIC MacIITabbl IMOTOKOB
COJIHEUHBIX JHEPrMYHBIX YAaCTHUIl KaK OT HWMIIYJbCHBIX BCIBIIIEK, TakK M, B
O0COOEHHOCTH, OT TMPOJOKUTEIBHBIX COOBITHH c BbiOpocamu KBM, 3aBuciTt He
TOJILKO OT MEXaHM3MOB YCKOPEHHUS, HO U OT KPYNMHOMACHITAOHBIX KOPOHAJIBHBIX U
MEXKIIJIAHETHBIX MarHUTHBIX CTPYKTYP, B KOTOPBIX pacnpocTpanstorcs CKIL.

Tpaguumonno cumtanoch, uro Hanmmuue KJ[ BOam3m AQO, TeHepupyrommx
BCIIBITITIKA ¥ BhIOpockl KBM, MokeT okaswiBaTh cuibHOE BiusHUE Ha coObiTus CKJIL
B 1o xe Bpems pesynbrarhl psja pabor [81;103;104;80] okazamuch TOBOJBHO
MPOTUBOPEYHMBBIMU. Tak, Hampumep, B padbore [81] OblIO MOKa3aHO, YTO MPUCYTCTBUE
KJI mexny oOnacTeio JOKaIW3allMU BCHOBIIMIKM W MNOJHOXUEM crnupanu I[lapkepa
CKa3blBaeTCcsd Ha 3aiepxkke mpuxojga mnortokoB uactul CKJI k oTnaneHHOMY
HaOmonarento. B paborax [103;104] mpusHakoB BiamsHus coceqnux KJI Ha
xapakrepuctukn CKJI B MeXIuTaHeTHOU cpene He Obuto 0O0HapyxeHo, B padote [80]
HE yJaJoCh HaWTH cBUAETeNbCTB BiaMsiHUA KJ| Ha NUKOBbIE HMHTEHCUBHOCTH H
momenThl TpuxoaoB CKJI k 3emme. Tem He MeHee, aBTOpHI YHOMSIHYTHIX PaboT
cuutator, uto cBs3b nojoxkeHuss KJI wu CKJI nmomxkna cyiiecTBoBaTh, 0OCyxaast
MPENATCTBYIONIME 3TOMY (PAKTOPBI, B TOM YHUCIIE, HEIOCTATOYHOCTh BHIOOPKH SIBJICHUM

CKIJI, paznuuus B onpenenenuu rpasul KJ[ pazaeimu merogamu u T.4. . Kpome toro,
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B YKa3aHHBIX pa0oTax He ObljIa y4TeHa BO3MOXHAsl poJib OOMEHHOIO MePeCcOeAMHEHUS
Mexay MarHuTHeIMU cTpykTypamu AO u KJI, koTopas yuuTbhiBajzach B paboTax
JIPYTUX aBTOPOB.

OOpatuMcst K OOCYKIEHHUIO PE3yJIbTATOB, W3JIOKEHHBIX B HACTOSILEM pasjiesie
miaBel. B ornuuue or paboT yHmOMSIHYTBIX aBTOPOB, PACCMOTPEHBI U MUMITYJIbCHBIC
COOBITHUSI.

Dakmop koponanvhvix Ovlp. llpencrapnsercs (aBTOpy) BIOJIHE BEPOATHBIM, YTO
OIHUM U3 BaxHbIX (aKTOpoB sBiseTcs oOs3aTenbHas Onuzocth KJ[ Kk
BCIbIIEYHOAKTUBHON AQO. Jlnsg 39 mpoTOHHBIX BemblIeK uccneayemoro tuna KJ[
okazanuch mno0au3octd oT AO BO BceX cilydasiX. IT0 ObUIM U «PyKaBay» MOISPHBIX
KJI, n Hebomnbime HU3KOMHUPOTHBIE n3oaupoBanHble KJ[. Crenyer oroBopuThes, 4to
UCIIOJIb30BABIINECS ~ CHHONTHUYECKHE  KapThl  M3TOTOBJICHBI 10  OKOHYaHUU
COOTBETCTBYIOILIETO  KIPPUHITOHOBCKOTO 000pOTa, TO3TOMY BONPOC O TOM,
cymectBoBaia jau KJ[ Bo Bpems BCIBIIKK WU chopMupoBanach no3aHee (BO3MOXKHO,
B pe3yjbTaTe BCIBIIIKK), TpeOyeT OTAENBHOIO  PacCMOTPEHHUs, KOTOpOe
MPEJIIOJIaraeTcsl BHIIOJIHUTD B CIEAYIONIEH pabore.

Cxomublii BbIBOI ObLI1 craenan B pabore Wang et al. [109]. Hcrtounwmku 25
uMITyIbCHBIX coObiTHii CKJI, nHabmromaBmmecs B mepuon ¢ 1997 mo 2003 r.r.,
pacnonaranuch BOMM3M rpanun; KJI, comepamux HampaBieHHbIE K 3emiie JTUHUU
OTKPBITOTO MarHuTHOTO ToJisi. CpegHee paccTosHre Ha (GOTOCHEpPHOM YPOBHE MEXKITY
ncrouyHukoM CKJI m kopoHanbHOW ABIPOHM, YCPEAHEHHOE IO BCEM PAaCCMOTPEHHBIM
COOBITHSIM, COCTABHIIO OKOJIO 4° (~ 50 Mm).

Cam wucrounuk CKJI 00BIYHO ABISSICS HEOOJBINONW BCIBIIICYHO-AKTHBHOM
o0nacThlo, pacmosararomieiics B mpenenax 25-72° k 3amagy OT IEHTPaTbHOTO
mepuauana Ha qucke Comnra. Kpome sroro, Wang et al. [109] oOnHapyxwmm, uto B
npejenax MHTEpBaja BPEMEHU WHKEKIMU SHEPrUYHBIX YacTUI[ Ha H300pa)KEHUSIX
UCTOYHUKOB B KpaiHeW ynbrpaduoneroBoii obOmactu crekrpa (KY®) wacro
HaOJII0/IalIUCh PEKYPPEHTHBIE IUIA3MEHHBIE BBIOPOCHI, HANpPaBJICHHBIE BIOJIb JTUHUM

OTKPBLITOI'O MAarHuTHOI'O IIOJIA, KOTOPBIC HU3PCAKA IMPOCICKUBAINCL U B OeJIoM CcBeTe
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BIUIOTh J0 OOJIBIIMX TEIUOLUEHTPUUECKUX PACCTOSHUN. DTU BBIOPOCHI OBLIU Y3KUMHU
(~30°) u 6pIcTpBIME (cO cKkopocTsiMu oT 500 1o 1000 km/cex) [109].

B pa6ore Nitta et al. [94], Taxke MOCBsIIEHHOW TMOUCKY O0JIACTEH JIOKAIU3AIUN
uMiyabcHbIX coObiTuii CKJI Ha Connie, ObUla cleliaHa MOMBbITKA OTOXIECTBICHUS
obnacteil ucrounukoB CKJI o naHHbIM 00 3HEPrUYHBIX MOHAX B JUAIA30HE YHEPrUil
2-3 MbB/nykiion. Kpome Toro, ucnosib3oBaiuch gaHHeie o paguoBciuieckax |l tuma,
BOZHUKIIIUX B Tpejenax MATHYacOBOTO HWHTEpBaja BPEMEHH, MNPEIIIESCTBYIOIIETO
MOSIBJICHUSIM TIOTOKOB DSHEPrUYHbIX HOHOB. [lo pe3ympTaTaM aHamm3a yAaJloCh
OTOXKJIECTBUTh HUCTOUHMKH 69 sBnenuit u3 117. Oxkazanoch, uro B 80% ciyyaes
uctounnkamu CKJI Oblm MarHuTHBIE CTPYKTYPHI ¢ OTKPBITHIM TosieM (KJI).

ABTOpbl 00cux mutupyembix pador [109;94] mpunum K 3aKIOYEHHUIO, YTO
UMITYJIbCHBIE BCIIBIIIKHA, OTBETCTBeHHBIC 3a siBaeHus CKJI, Bo3HHKaOT BOJM3U
noBepxHocTH paznena mexay AO u cocemnumu KJ[ u sgBIsItOTCS pe3yiabTaToM
«OOMEHHOT0» MArHUTHOTO TEPECOCIMHEHHUS] MEXIYy COCEIHUMH O0JacTsIMHU C
3aMKHYTBIM W OTKPBITBIM MAarHUTHBIM TMojieM. B Xoze mporecca «0OMEHHOTO»
NEpPEeCOCIMHEHUsI HarpeTas IUla3Ma U YCKOPEHHBIE YacTHUIBl TEpeNarTcs OT
3aMKHYTBIX K OTKPBITBIM JIMHUSIM MAarHUTHOTO TOJIA M TOJIYy4alOT BO3MO>KHOCTH
Beixoma B remuochepy. IIpomecc  MarHUTHOTO — MEPECOCAMHEHUS  TaKKE
COTMPOBOXK/IAETCA «y3KUMH» HaINpaBJICHHBIMU BbIOpocamu Iuia3Mbl. Takum oOpazom,
KJI He Tonbko GOpMUPYIOT KaHANIbI JJIS BBIX0/1a SHEPTUYHBIX YACTHI] B MEKIUIAHETHOE
MPOCTPAHCTBO, HO, BO3MOKHO, U CAMU WHUITMUPYIOT BCIIBIINIKK OJIaromapsi mporeccam
oOMeHHoro nepecoenunenus Ha rpanuie KJI u 6nuznexameii AO.

Cnenyer otmeTuth, uto padorel [109;94] ObUIM TOCBAIMIECHBI H3YYCHUIO
UMITYJIbCHBIX (CPaBHUTEIBHO KPATKOBPEMEHHBIX) BCIBIIMIEYHBIX COOBITUH. BriepBbie
CXeMa pa3/IelIeHHs BCIBIINIEK HAa WMITYJILCHBIC W TPOJOJKUTEIbHBIC COOBITHS Oblia
npemioxkena [lammauuwam u ap. B 1977 roxy [97]. Kak mpaBwio, jumTenbHbBIC
BCIIBIIIKY CBSI3BIBAIOTCSL C MPOLECCAMHM BBIICJICHHUS DSHEPrUU B MPOTSIKEHHBIX
KOPOHAJIBHBIX NeTeNbHbIX cuctemMax KA, XOTS 3TO OKa3bIBaeTcsi HE 00s3aTelIbHbIM

npaBuiioM: B KA Toxke MOTYT MPOUCXOAUTh KPAaTKOBPEMEHHBIE UMITYJIbCHBIE COOBITUS

[17]
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B uucne paccMOTpeHHBIX aBTOPOM MPOTOHHBIX BCHBIIMIEK (UTYPUPYIOT COOBITHS
MHOTO THUIMA - 4YeThIpe Tak Ha3biBaeMbIix mpoaopkutenbHbie (LDE) Bembimkwy,
paccmMoTpeHHble B riaBe 2. lloGau3ocT OT MECT HMX BO3HUKHOBEHUS TaKkKe
Haxoauwnuch KJI. Dto o3Hawaer, uro, nmo-suaumomy, KJI cozmaror ycnoBus 1js
dbopMupoBaHUsl KaHAJIOB BbIXOJa YACTHUI[ MIPU JIOOBIX BCIIBIIIKAX — KaK UMITYJIbCHBIX,
TaK W JUIUTEIBbHBIX. B TO e BpeMsi CTaTUCTHMKA HE CIUIIKOM BEJMKAa U ATOT BBIBOJ
MOXKET CUMUTaThCAd TNpenBapuTeiabHbIM. Tem He Menee, Ommuzocth K| k obmactu
rEHepalMi  BCOBIIIKKM  MOXET  paccMaTpUBaTbCs ~ KaKk  BaxHbIM  ¢akTop,
oOecreynBaroliii BO3MOKHOCTh BbIOpOCa 4yacTull B renuochepy.

Hannune KJI mo coceacTBy co BCHBIINIEUHO-aKTUBHBIMH OOJACTSIMU OKa3bIBACTCS
BaXXHBIM M Uit niposiBiieHudd FIP-apdexra B coctaBe CKJI B UMITyIbCHBIX COOBITHSIX
[30].

JIOTIOMHUTENBHBIM JJOBOJIOM B IOJIB3Y TUIIOTE3bl 00 Y4acTHH KaHaja, CBI3aHHOTO C
KJI, B BbIOpoce mpoTOHOB B Tenuocdepy, mMorjia Obl CTaTh MOBBIIIEHHAS CKOPOCTH
COJIHEYHOT'0 BETpa BHE MarHuTochepsl 3emiin mepes COOTBETCTBYIOIIUM MPOTOHHBIM
coOBbITHEM. DTO HCCEOBaHUE MPE/IOJIaraeTCsl BHIIOIHUTD B OyAYIIEM.

Dakmop KopoHANbHBIX 6blOpocoe maccel. Ene OIHO BaXKHOE CBOMCTBO
IPOTOHHBIX BCHBIIIEK PACCMOTPEHHOrO THUIA 3aKIKOYAETCS B TOM, UYTO MPAKTUYECKHU
BCE aHAIM3UPYEMbIE BCIIBIIIKK COMPOBOXKAAINCH KOPOHAIBHBIMUA BHIOPOCAMU MAaCChI
(KBM).

N3BecTHO, YTO MPOMOKUTENBHBIC BCHBIIICYHBIE COOBITHS C TPOSBICHUEM
YCKOpPEHHUs YacTUIl YyJIapHbIMU BOJHAMH MPOUCXOISAT B CIOXKHBIX MAarHUTHBIX
ctpykrypax (KA), koropele OOBIYHO cCOJEp)KaT BOJOKHO MAarHUTHOTO ITOTOKA,
pacronararouieecst HajJ JIMHUEH paszzena mnossipHocTted moist B gorocdepe. B xoxe
ABOJIIOLIMM MAarHUTHOM CTPYKTYpPBI, COMPOBOXKIAIOMICHCS YCIOKHEHHUEM CTPYKTYPBI
MoJIeH BCJIENCTBHE ABWKCHHN WX OCHOBaHWH B (oTocepe, BOJIOKHO MArHUTHOTO
MOTOKAa MOXET MOTEePSITh YCTOWUMBOCTH M OKa3aThCS BBIOPOILIEHHBIM BBEPX C
YCKOPEHHEM, YTO MPUBOJUT K MEPECOCTUHEHUI0 MATHUTHBIX TMOJIE B TOKOBOM CJIOE,
BO3HHUKAIOIIEM B €ro HWXKHEW vacTu, MHULUUpyeT BbiOpoc KBM u  sMuccuoHHBIE

MPOSIBIICHUS BCHBIIIKH.
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Briopoc  KBM ¢ BOJIOKHOM, OOBIYHO PACMHONIOKEHHBIM B €r0 IEHTPAIBbHOU
YacTH, KakK MPaBWIIO, JEMOHCTpupyeT Tpu ¢assl 3Bomoruu: (1) dasy noabema a0
Hayaja BcOblKM; (2) ¢azy OBICTPOTO YCKOPEHHsS B KOPOHE, COBHAJAIOINIYI0 CO
cTajued pocTa M3IyYCHMs] BCHBIIIKU; U, HAKOHEI, (3) CTaauio pacnpoCTpaHEHUs C
MOCTOSTHHOM WJIM K€ C MEJUJICHHO YMEHBIIAIOMIENUCs] CKOPOCThIO TMOCJE BBIXOJA U3
kopoubl [114]. HawmbGosee BBICOKOCKOPOCTHBIC BbIOpockl KBM (>2000 xM™m/c)
criocoOHBI BO30YK/1aTh yAapHbBIC BOJHBI B KOPOHE U B MEXKIUIAHETHOU Cpejie, KOTOphIe
MOTYT 3((HEKTUBHO YCKOPSTH YacTUIIbl (YTJI0BBIE MUPUHBI BEIOpocoB KBM B Takux
cobbrtuax npessimaior 100°). B pa6ote [67] 66110 MOKa3aHO, YTO YAAPHBIE BOJIHEI
MOTYT oOpa3oBaThCsi B KOpOHE Tpu mnoaneme BbiOpoca KBM  BcienctBue ero
OBICTPOTO pacuIipeHuss B CTOpOHBI (mpu d3TtoM ckopoctu KBM, cmocoOHbIX
reHepUPOBaTh yIapHbIE BOJHBI, MOTYT OBITh W MeHbIIE, 10 > 1000 xm/c) [67; 65].
Kpome Toro, Helmb3st HCKIIIOUUTHh BO3MOXKHOCTh IPOHUKHOBEHUS SHEPTUYHBIX YACTHIL B
norpannunble obnactu KJ[ m maxxe ux momaganust B mpenensl K] BcienctBue
YCKOPEHUS B3PBIBHBIMHU yJapHBIMU BOJHAMH Ha ¢utanrax Beiopocos KBM [67].

VYkazanueM Ha BO30YXKIEHHE YIApHBIX BOJH B COJIHEYHOM KOpPOHE MOXKET
CIIY’)KUTh TakKe MOosiBJIeHne paauoBciuieckoB |l Tuma B MeTpoBOM amamazoHe MJIMH
BOIH mpu ObicTpoM mnoabemMe KBM B kopone [30]. B MarHuTHOH CTpyKType,
noka3aHHOW Ha pucyHke 20 B pabore [30], yacTHIbl, YCKOPEHHBIE B TOKOBOM CJIOE,
obOpasyromemcs 3a BbeiIOpocoM KBM, mpoHWKAlOT B TUIOTHBIE CJIOM  COJHEYHOM
aTMoc(epbl, TEHEPUPYS SIECKTPOMATHUTHOE HM3ITYyYECHUE U TPHUBOJAS K TPOSBICHUSIM
BCIIBIIIKY B ONTUYECKOM M PEHTT€HOBCKOM Jualia3oHax JJIUH BOJH.

Taxum o6pa3om, nuHamuka BeiOpoca KBM BOmu3u CoiHIla SBISETCS BaKHBIM
JIOTIOTHUTENBHBIM  (DAKTOPOM, OTBEUAIOIIUM 33 WHTEHCUBHOCTH TTOTOKOB IMPOTOHOB C
sHepruen ~ 10 M»aB, nmockonpky B HauanpHOU craauu noabema KBM «3amyckaer»
BCOBIIKY W TOPOKJIAET KOPOHAIBHYIO BOJHY, KOTOpas HWHUIMUPYET YCKOPEHHUE
mpoToHOB n3 obsactu Bembimku [108]. YacTh yCKOPEHHBIX YacTHI] YACPKUBACTCA B
obnactu 3a yxoasumuMm BbeiOpocoM KBM u oOpasyer Tak Ha3bIBaeMblil «pe3epByap»
(«MarHUTHYIO OYTBUIKY»)  — OOIIMPHYI0 paCHIMPSIONIYIOCS 30HY IUIa3Mbl B

MEXKIIJIAHETHOM Cpcac, 3all0JIHCHHYIO SHCPIruiHbIMH YaCTULAMH U Typ6yneHTHOCTI>IO
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anbdBeHoBckux BoiH [99]. B xome mpoxoxaeHus BbiOpoca KBM uepe3 kopoHy oH
BIIOJIHE CMOCOOEH TMPUBECTH K BO3MYIIEHUIO CTPYKTYpPbl TEUEHUSI CKOPOCTHOTO
cosiHeuHoro Betpa u3 Onumsnexamei KJI. Ilo3aam yxopsinero mu3 KOpOHBI BbIOpoca
OoOBbIYHO HAOJIIOMAeTCS TOHKAs CBETAIIASACS BBICOKOTEMIIEpaTypHas TUIa3MEHHAs
CTpYyKTypa — TOKOBBIM cioil. Ilo3anm TokoBOro cmnosi, mo Mmepe Bboixoga KBM B
reivocdepy, MarHUTHOE TI0JIe HaJl TMHUEH pasjielia MoJSIPHOCTEeW B TOM oOJacTu, Tje
POU30IIIE]T BBHIOPOC BOJIOKHA, OBICTPO BOCCTAHABIMBAETCS, BHOBH MpHUOOpeTas
3aMKHYTHIH XapakTep. Takum 00pa3oMm, CYIIIECTBOBAHHME MATrHUTHOTO «KaHaja,
BO3HMKawIIEro Bciaed 3a  BbeiOpocom KBM  oka3piBaeTcsi  OTHOCHUTEIBHO
KPaTKOBPEMEHHBIM.

Daxkmop komnnexkcoe axkmusHocmu. Eimie oaHUM BaXKHBIM C TOYKU 3PEHUS
CTATUCTUYECKOM 3HAUYUMOCTH (HAaKTOPOM MOXKET SIBIATHCS  MPUHAJIECHKHOCTD
BCIIBIIIIEYHON aKTHUBHOM 00JIACTM K KOMIUIEKCAM AaKTUBHOCTH. OJTOT (aKTop HeE
paccMmatpuBasicsi B paborax [94;97]. Ilpu craructudeckoir o0pabOTKE JaHHBIX
kaTajmora [27] OBUIO BBIABICHO, YTO TMOMAABJISIOIIAS JIOJII HPOTOHHBIX COOBITHIA
paccMaTpuBaeMoro kjacca peructpupoBaniack B KA (Bcero coOwbituii, ¢ 1980 r. mo
2016 r. — B 84% ciyyaeB), npuyeM u3 HUX B sApax KA 6wsuto 57 % coObiTuii, a B
BeTBiIX sigep KA - 27%. Jlons mpOTOHHBIX BCHBIIMIEK HECKOJBKO Pa3INYAETCS B
pPa3HBIX MKJIAX aKTUBHOCTH (B HEMOJHOM 21 mukie, B 22 1 23 1uKiIax U B HEMOJIHOM
1ukie 24), HO BO BCeX Cly4asiX OHa OCTAE€TCA JOCTaTOYHO BBICOKOU (0T 74 10 92%).
Kak mpaBmiio, BCOBIIKK HAOTIOJAIOTCS MPEUMYIIECTBEHHO B TEYEHHUE TEPBBIX TPeX
COJTHEYHBIX 000poTOB cymiecTBoBaHusA KA (mpumepno mo 20% B Te4eHHE MEPBOTO,
BTOPOTO U TPETHETO OOOPOTOB), —TIOYTH 75% B T€UEHHE MEPBBIX YETHIPEX 00OPOTOB
xu3HU KA. DTOT BBIBOA MOJATBEPKIAECT paHee MOJMyueHHbIe pe3ynbTathl [47; 17]. To
00CTOSATENBCTBO, YTO WMEHHO B KA BO3HHKaOT HanOOJee MOIIHBIC BCIIBIIIKH,
HEOJTHOKPAaTHO OTMEYaJIoch MHOruMH aBtopamu. [lockonbky umenHo mist KA
XapaKTepeH BBIXOJ B OAHOM U TOM € MECTE€ HOBBIX MOPIUNA MArHUTHOTO IMOTOKA,
MMEHHO 31€Ch B3aWMOJICMCTBHE CTAPBIX M HOBBIX CHUCTEM MAarHMTHBIX moyieil B KA
MPUBOJUT K MPOIIECCY NEPECOCANHEHNS MArHUTHBIX MOJIEH U BCIIBIIIKAM, B TOM YHCIIE

U CUJIbHBIM.
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Cawma 1o cebe reHepalus MOIIHbBIX BCIbIlek B KA 1aBHO HE BBI3BIBAET COMHEHHUIA.
AKTyallbHBIM OCTAa€TCs BOMPOC — Mouemy He BO Bcex KA mpoucxoasT MpOTOHHBIC
coObITHs. BO3MOXKHBIM OTBETOM Ha 3TO BOIPOC SIBISETCS OTMEUYECHHBIN BbIIE (DAKTOP
omm3octu KJ[. B coBokynmnoctu aBa 3t dakropa (KA u O6muzocts KJ), kak
CBUJICTENILCTBYET CTAaTUCTHUKA, OOECINEYUBAIOT BBICOKYI0 BEPOSTHOCTb CHJIBHBIX
MPOTOHHBIX BCIBIIIEK. ITO OOCTOSTEIHLCTBO MOXKET OBITh HCIOJB30BAHO IS
yIy4II€HUsT KadecTBa TMPOTHO3a TMPOTOHHBIX COOBITHH, BO3JCHCTBYIONIUX Ha
OPUPOIHYIO CPENy.

Takum o0pa3oM, MOKHO KOHCTAaTHUPOBATh, 4TO Ha COJIHIIE IEUCTBYET IENbIA Pl
MEXaHU3MOB, OOECIEUMBAIONIUX BBIXOJI YaCTHIl, YCKOPSIEMBIX BO BCIIBIIIIKAX, B
renvocdepy. Bo Bpemss HUMMYJIbCHBIX BCIIBIIIEK, COMPOBOXKIAEMBIX BBIOpOCAMU
KOPOHAJILHOTO BEIIECTBA, Ha HEMPOJOKUTEIBHBI MPOMEXYTOK BPEMEHU MOXKET
OTKpBIBaThCA KaHayi, oOecmedyuBalomui BbIXxoa dacTull. OJHAKO CTAaTHCTHKA
yKa3bplBaeT Ha BaxHbIM BKJaJ KJI, OMM3KO pacmoyioKEHHBIX K MECTY BCIIBIIIKH.
[Tposienenust FIP-3¢pdexra, xapakrtepHoro mns BemiectBa B AO u Habr0gaeMoro B
MOTOKaX YacCTHIl, TOBOPST O TOM, YTO BCIBIIIEYHBIC YACTUIIBI TOMAIAI0T, B TOM YHUCIIE,
HE TOJIbKO B KPAaTKOBPEMEHHO OTKpHIBA€MblE, HO M B JOJTOXHUBYIIHE KaHAIBI,

MIPEINOJIOKUTENBHO CBSI3aHHBIE C MOrpaHUYHbIMU oOnacTsimu KJI.

3.5. BoiBOABI K IJ1aBe 3

B rnaBe 3 mokaszaHo, 4TO CWJIBHBIC NMPOTOHHBIC COOBITHS W3 Karajora [27] B
TEYEHUE TEKylero 24 NMKIa aKTUBHOCTH MPOUCXOJIWIM B AKTHUBHBIX 00JIaCTsX,
CBSI3aHHBIX C KOMIUIeKcaMu akTUBHOCTH (B 80% cilyyaeB), 1 OJHOBPEMEHHO BOJIM3U
rpaHul] KopoHanbHbIX JbIp (B 100% ciydaeB). DTU 0OCTOSATENbCTBA MOTYT OBIThH

HCIIOJIb30BAHEBI B KAYCCTBC ITPOTHOCTHUYCCKUX (I)aKTOpOB.
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I'naBa 4. I'amMa-BCcNbINIKY M KOMILJIEKChI AKTUBHOCTH Ha COJIHIIe

4.1 BBegenune

MamMma-uznyuenue COJIHEUHOTO MIPOUCXOKICHUS BIIEPBBIC OBLIO
3apErucTPUPOBAHO BO BpeMs MOIIHBIX Bembimek Ha Comuue 4 u 7 aBrycra 1972 r.
aMepuKaHcKoi Kocmuueckor obcepBaropueir OSO-7 [105]. B Hacrosimee Bpewms
BBITIOJIHSIETCSL TIOCTOSIHHBIM BHEATMOC(EPHBI MOHUTOPUHT COJHEYHOTO TraMma-
U3NIy4eHUsl. BBISICHUIOCH, YTO HWCTOYHUKM TraMMa-U3JIy4eHUs HaOIIOaroTCs
CPaBHUTEIBHO PEAKO — TMOpsAAKa HECKOJbKUX JECATKOB SIBJICHUN 3a LUK, T.C.
HPOSIBJISIIOTCS 1aJICKO HE BO BCEX COJMHEYHBIX Bembiikax [101].

[IpoucxoxaeHne HMCTOYHUKOB TaMMa-U3Jy4eHUSI B COJHEUYHBIX BCIIBIIIIKAX
TPAJAUITMOHHO CBS3BIBAETCS C SICPHBIMH B3aUMOJICUCTBUSIMH, TMPU OMPEACICHHBIX
YCIOBUSAX BO3HHUKAIOIIMMU B CoOJIHEYHOM aTtmocdepe. CorjacHO KIaCCHUYECKUM
pe3ynbratam [91], yCKOpeHHBIE BO BCIIBIIIKAX MPOTOHBI M JAPYTHe HOHBI C SHEPTHUSIMHU,
npesbimaronuMu 300 MaB, nipu B3aumMoaeHcTBUM ¢ TIIa3MOM COTHEYHOM aTMOochepsl
CIIOCOOHBI TPUBOJUTH K TOSBJICHUIO HEUTPANbHBIX M 3apsHKEHHBIX TMHOHOB. B
pe3yibpTaTe pacrajgoB HEUTpPaJbHBIX MUOHOB POYKIAIOTCS raMMa- KBAHThI BBICOKHX
sHepruii (>70 M»B), oOpasyromue MUPOKUNA CHEKTp H3IYYEHHS C MaKCHMyMOM B
obmactu 70 M»aB, KOTOpPBI MHOTJA PETHCTPUPYETCS ACTEKTOpaMH Ha KOCMHUYECKHUX
anmaparax. Takum o0Gpa3om, 11 BOSHUKHOBEHHSI FaMMa-U3IIy4eHHUS HYXHBI MTOTOKHU
BBICOKOYHEPTUYHBIX MPOTOHOB TMPHU COOJIOJCHUH BIIOJHE OMPEEICHHBIX YCIOBUU,
KOTOPbIE PEaTU3YIOTCSI BO BPEMSI HEKOTOPBIX BCIBIIIEK.

B mocnennue roael Oosbllloe BHUMAHUE YEISCTCS M3YUYCHHIO BCHBIIMIEK C
MPOJOKUTENBHON (Da30il ramMMa-U3IydeHHUs, KOTOpPhIE OTHOCSTCS K JOCTaTOYHO
MOTIHBIM U T€03(PHEKTUBHBIM COOBITUSIM. OHU MPAKTUYECKH BCETIa COMTPOBOKIAIOTCS
OBICTPBIMH KOpOHANBHBIMU BbIOpOocamu Mmacchl (KBM) tuma ramo. Psm pabor ¢
yuactueM aBTopa [113;75] ObL1 MOCBAIICH M3YYCHUIO KOMIUIEKCOB akTUBHOCTH (KA)
Ha Comanune u wux reodPdekTuBHbIX mposiBieHuil. Haubonee BeposSATHBIMU

MCXaHHU3MaMMH YCKOPCHUSA 4aCTHUIl B 001acTIX I[GﬁCTBPIH MAaravuTHOIO nnepeCoOCaAMHCHUA
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CUMTAIOTCS AJIEKTPUUYECKHUE MOoJs, miasMeHHas u MI'J] - TypOyJIeHTHOCTh, a Takke
ynapHble BOJIHEI [2; 35].

Hactosimas rnaBa amccepTaliMOHHOW paboOThl TMOCBAIICHA HCCIEAOBAHUIO
CBSI3€H BCHBIIICK, JJIs1 KOTOPHIX XapaKTepHa ANUTeNbHas (a3za TaMMa-u3TydeHHs, C
KA u 6mu3kumu k HuM KJI. 31ech mpuBeIeHbI CTATHCTHYECKHE TAHHBIE 00 N3y4aeMBbIX
BCTIBIIIIEYHBIX COOBITUSIX U UX CBiI3siX ¢ KA. C ucrnonb30BaHHEM W3BECTHOUW MOJACIH
«MpOpBIBa» pa3BUTUS BCObIKKA [69;58]), mnpuBeneHsl aprymMeHTbl B TOJB3Yy
Jokanu3anuu obsacreit Hanbosee 3PPEKTUBHOIO YCKOPEHUS YaCTHI, KOTOPOE MOMKET
NPUBECTH K TOSBICHUIO TaMMa — M3JIy4YeHHs. 3/1eCh K€ BBIMIOJIHEHO COTIOCTaBJICHHE
ATUX SBJICHUH ¢ U3MECHCHHSMH MarHUTHOW Tomojoruud B AO W ¢ ¢a3amMul BCIIBIIIKH.
Hakonen, npoeneno kparkoe obcyxaeHue cpszeid KJI ¢ KA u Bo3MoxkHOI ponun
MexanusmMa oOMeHHoro mepecoeauHeHuss [90] B oOcykmaeMbIX Tpolieccax C

IMPUBJICYCHUCM NAaHHbBIX Ha6ﬂmﬂ€HHﬁ.

4.2 BenblIKHU € AJIHTEIbHBIM raMmma-u3jgy4€eHHe€M U KOMILICEKChI aAKTUBHOCTH

B oOmem umncne Bcobimiek Ha ConHIlE 0c000€ MECTO 3aHMUMAIOT COOBITHS,
COMPOBOXKJAIOIIUECS ~ NIUTEIbHBIM  H3JIydeHHEeM B ramMma -  JlMara3oHe
DJIEKTPOMArHUTHOTO crekTpa. B pabore Share u np. [101] mpuBeneH kaTaaor TaKuX
BCIIBIIICK, HAOIIOMAaBIINXCS C TIOMOINBIO BHeaTMochepHoit odcepBatopuun Fermi/LAT
(BpemenHoe paspemienue npudbopa LAT — omHa mmHyTa) B TeueHue 24 mukia
aKTUBHOCTU. OJTOT cnHCOK conepxuT 31 coOwitne (mepBoe B mapte 2011 ropa,
nocienqnee — B uroHe 2015 roma). Kak mpaBuno (HO He Bcerja), 3TH COOBITHS
OTHOCSITCSI K TIOMYJISIIIUM BCIBIIMIEK C BBHICOKUM PEHTTEHOBCKHM KiaccoM. [lepedeHn

TaKuX BCIBIIICK MpUBeeH B Tabaule 4.1.
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Tabnuua 4.1. XapakTepuCTHKH BCIIBIIIECK C [UIMTEILHBIM TaMMa-U3TydeHHEM B 24 1uKie

AKTUBHOCTH

Ne AO | Ne KA bamn
Ne [ara Ne BCcnbIKY | [Tonoxenue
BCIIBIITKU obopoTta BCIIBIIITKH
1 7.03. 2011 2107 11164 | N 06 M3.7 A
2 2.06.2011 2110 11226 C3.7 H
3 7.06.2011 2110 11226 M2.5 H
4 4.08.2011 2113 11261 | NO7 M9.3 A
5 9.08.2011 2113 11263 | N12 X6.9 Aa
6 6.09.2011 2114 11283 | N11 X2.1 a
7 7.09.2011 2114 11283 | N11 X1.8 A
8 24.09.2011 2115 11302 | NO7 X1.9 B
9 23.01.2012 2119 11402 | N17 MS.7 A
10 27.01.2012 2119 11402 | N17 X1.7 Aa
11 5.03. 2012 2121 11429 | N18 X1.1 B
12 7.03.2012 2121 11429 | N18 X5.4 B
13 7.03.2012 2121 11429 | N18 M7 B
14 9.03.2012 2121 11429 | N18 Mé6.3 B
15 10.03.2012 2121 11429 | N18 M8.4 B
16 17.05.2012 2123 11476 | N20 M5.1 A
17 3.06.2012 2124 11496 | N20 M3.3 A
18 6.07.2012 2125 11515 | S11 X1.1 A
19 23.10. 2012 2129 11598 | S10 X1.8 B
20 27.11.2012 2130 11618 M1.6 H
21 11.04.2013 2135 11719 | N26 M6.5 A
22 13.05.2013 2137 11748 X1.7 H
23 13.05.2013 2137 11748 X2.8 H
24 14.05.2013 2137 11748 X3.2 H
25 15.05.2013 2137 11748 X1.7 H
26 11.10.2013 2142 11869 | N31 M4.9 s
27 25.10.2013 2143 11882 | S24 X1.7 B
28 28.10.2013 2143 11882 | S24 M4.4 B
29 25.02.2014 2147 11990 | N33 X4.9 s
30 01.09.2014 2154 12158 X2.1 H
31 21.06.2015 2165 12371 | NA48 M2.6 s
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B nepBom ctonbiie Tabauist 4.1 mpuBeieH HOMEDP BCIIBIIIKH, COTJIACHO JIAHHBIM
[101], Bo BTOpOM yKa3aHa JaTa BCHBIIIKA. B TpeTbeM CTONOLE OTMEYEH HOMEP
K3PPUHTTOHOBCKOTO 000pOTa, B TEUYEHUE KOTOPOTO TMPOU3OILIA BCHBIINIKA, B
yetBepTOoM — HOMep AO, rje mpousonuia Benblka. B nsaTom cronbie yka3aH HOMeEp
KA, x kotopomy otHocwiach AQO coriacHo Karaiory — [42], B mecTtoM —
peHTreHoBckue Oamibl Bemblmek. Crneayer oroBoputhbes, uTto coObitusa 26 u 30 B
Tabsuie Habmoganuch 3a 1uMOoM CojHIla, TOITOMY MPUBEIECHHBIE IJI1 HUX OLIEHKHU
3HAQYCHUN PEHTTCHOBCKUX KJIACCOB MOTYT OBITh OTSTONIEHBl 3HAYUTEIbLHBIMU
norpemHocTsiMu. B cenpbmom ctonbiie ykazano, B sjpe KA (S), B BetBu KA (B), win
3a mnpenenamu KA (H) waxomwnach BcmblmedyHo-aktuBHas AQO. 31ech yMECTHO
HAIMIOMHUTH, 4TO siApoM KA HazwsiBaercs o6nacth Ha CojHIe, Te HA MPOTSKCHUN HE
MEHEE TpeX KIPPUHTTOHOBCKUX 0OOPOTOB MOJPS HAOIIOAaeTCsl aKTUBHOCTH B (popMme
nsiteH, BeTBb KA — AO, Haxonsmascs He 6osnee yem B 30 rpagycax ot siapa KA u
cBA3aHHas ¢ ApoM KA BBICOKMMU KOPOHAIBHBIMU NETISAMU [4].

B Ta6mune 4.1 ogna Bembiika oTHocuTCs K kKiacey C, 14 — k kimaccy M, 16 — k
kiaccy X, mpudeM Bce OHM conpoBoxaanuck KBM. AHanu3 jokaid3auud ramMmma -
BCIIbIIIEK Ha moBepxHocTH CoJiHIA MOKaszad, 4To 14 coOBITUN MPOM3OLUIH B sApax
KA, u 9 Bcbiiek — B BeTBsAx KA. Takum o6pazom, 74% paccMaTpruBaeMbIX BCIIBIIIEK
oKa3anuch (pU3nUecKku cBa3aHHbIME ¢ KA.

Bocemp Benbimek npouzonuit B AO BHe KA. CymectBeHHo, uto 7 u3z 9
Benbliek B BeTBAX KA mpousonuu Bcero B AByX AO: msate B AO Ne 11429 u nBe — B
AO Ne 11882. Bocemp ramma - Bembliiek BHe KA Bo3Hukiu Bcero B yethipex AQO, B
toM uuciae gBe B AO Ne 11226, u yeteipe B AO Ne 11748. Dt ocoOeHHBIE B
YKa3aHHOM CMBICIIE TPYIIBI MATEH TPeOyIOT crenuanbHoro ucciefaoanus. C 3Tou
OTOBOPKOM MOKHO KOHCTaTUPOBaTh, YTO  MOJaBIAIONIEe OOJNBIIMHCTBO TaMMa-

BCIBIIIEK (MPAKTUYECKH TpU YyeTBepTH) npoucxoansiu B AO, ceszanHbIX ¢ KA.
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4.3 BenbIKY ¢ AJTMTENbHBIM FAMMa-U3J1Y4YeHHEM U KOPOHAJIbHBIE IbIPbI

PaccmoTtpum emie 0JHO CBOKCTBO JIOKaIM3aluy raMMa - Benbinek Ha Connue. B
riiaBe 3 MOKa3aHO, YTO BCE MPOTOHHbBIE BCIBIIIKH, KOTOPbIE M'€HEPUPOBAIU IMOTOKHU
SHEPruYHbIX (¢ 3Heprusamu 6onee 10 M»aB) yacTun, 3aperucTpupoBaHHBIX Ha OpOUTE
3emun B 24 1MKII€ aKTUBHOCTH, MPOU3ONLINA BOJIU3U IpaHul] KOpOoHAIbHBIX Ablp (KJI).
Kparyaitiune paccrosiHus oT 0O0JacTH JIOKaNIM3alUU BCHOBIIKA O TPaHUIIBI
ommxkariient KJI, onpeseneHHbIe 0 CHHONTHYECKUM KapTaM [26], Obutu pa3ouThl Ha 9
MHTEPBAJIOB, MPUYEM KaXXJbld MHTepBai cocTaBisuli 60 MM (Heckolbko MeHee 5°).
AmnanoruyHas npoueaypa Obljia BBINOJHEHA M B OTHOIIEHMM TaMMa - BCIBIIIEK U3
tabmuubl 4.1. Ha puc. 4.1 mpuBefeHO MPOILEHTHOE pachlpeeieHrue PACCTOSHUNA OT
BCIIBIIIIKK 10 TpaHuibl Onwxaidmend K] (3mech uMerOTcs B BuUIy 00J1acTH
paclojiOKeHHMsI CaMHUX BCIBIIIEK B BUAUMOW 00JIacTH CHEKTpa, a HE 30HbI

IMOPOKACHHOI'O UMH I'aMMa- U3JIYYCHUA, ITIOCKOJIBKY OHU MOTYT OTJII/I‘IaTLCH).
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Puc. 4.1. 3aBUCHMOCTD PaCCTOSTHUS OT TaMMa- BCIIBIIIKY J0 OJIMKaUIICH

6 7 8 9

Homep unHtepBana

KOPOHAJIBHOM ABIPHI B 24 LHUKJIE aKTUBHOCTU. KOIMYECTBO CilydyaeB B TUCTOrpaMMeE

MIPUBEACHO B MPOIICHTA, PACCTOSTHUS — B MHTepBasiax mo 60 Mm.
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Craructuka coObiTii (Bcero 31 Bembllka) KpaiiHe HEBEJIMKA, HO, TEM HE MEHEe,
MOXHO OTMETHUTh, YTO BCE€ 0€3 MCKIIIOUEHUSI BCIBIIIKU, TEHEPUPOBABIINE JITTUTEIHHOE
raMMa — U3JIy4eHue, MPou30IUIh B HEMOCPEACTBEHHOM Om3octu oT rpanut] K/ (He

6onee 240 Mm). [Ipumepsl nokazansl Ha puc. 4.2 u 4.3.

WSO - Source Surface Field o, 1, 2, 5, 10, 20 MicroTesla
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Puc. 4.2. Cunonruueckas kaprta pacrnoioxkeHus KJI B 2119 kappuHTTOHOBCKOM
oboporte o nanabiM WSO [26]. TTo ocu abcrrice BHU3Y — KIPPUHITOHOBCKAS IOJT0TA,
BBEPXY — J1aThl, COOTBETCTBYIOIIME MOJIOKEHHUIO IIEHTPAIILHOTO MEpUANaHa, 10 OCH
OpJIMHAT — K3PPUHITOHOBCKAs MIMPOTA. 3BE€3J0UKON MOKa3aHa JIOKaIU3allks ramma -

Benbiku 6anmna M8.7, nmpoucmeameit 23.01.2012 B AO 11402 B simpe KA 24N17

(HyMepalus 1o karajory [42]).
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Puc. 4.3 ®parMeHT COJIHEUHOU MOBEPXHOCTU B CBeTE NUHUU 19,3 HM, MOTyUYEHHBIH
21.06.2015 xocmuueckoit oocepBatopueit SDO. Temusie obnactu (KI) BriioTHy0

noaxoat k AO 12371 B sape KA 24N48 (aymeparnus no katanory [42]).

Ha puc. 4.2 MOXHO BHUIETh SIBHO HECIy4YyallHOE pACIIOJIOKEHUE CHIIBHOM
Benbikn  23.01.2012 BOim3u  u30IUpOBaHHOU (HE cBs3zaHHOUM ¢ mossipHoi) K. Ha
n3o0pakeHuu, mosydeHHOM C oOcepBaropuun SDO (puc. 4.3), BumnHo, uro KJI
MPAKTUYECKU CO BceX CTOpoH oxBaThiBatoT AO 12371, wnaGmromaBurytocs B 2165
KIPPUHITOHOBCKOM 000poTe B sipe KA 24N48 (mymepanus mo katanory [42]). 3xech
21.06.2015 mpomzonuia mocienHsis B 24 HUKIE€ raMMma-BCIBIIIKA C PEHTTEHOBCKUM

oamtom M 2.6.

4.4, Pa3zpuTHe CHJILHOH BCHBIIIKHA B KOMILIEKce aKTUBHOCTH HAa CoJiHue

KauecTBeHHO paccMOTpUM MPOLECC IBOITIOIMHA MOIIHON COJTHEYHOW BCIBIIIKH B
KA. Jlns BcobimeyHoakTuBHbIX KA XapakTepHbsl creayromue ocoOeHHocTu. Bo-
MEPBbIX, MOAABJIAIONIEE OOJBIIMHCTBO  BCHBIINIEYHOAKTUBHBIX TPYNN  MATEH
pacnosaraercst B siapax KA. Bo-BTopsix, mockosbky sigpa KA gBAsSOTCA ydacTKaMu
COJIHEYHOM TMIOBEPXHOCTH, TJ€ MOCJIEAOBATEIbHO BCIUIBIBAIOT HOBBIE TOPLHHU

MarHuTHOTO moToka (HOBblIe AQ), B OOJBIIMHCTBE CiIydaeB 3/AeCh (POpPMUPYIOTCS
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CHUCTEMBbl apOK MAarHUTHOTO TMOJiI Ha Pa3HBIX YPOBHAX, MHPUUEM «CTapblie» apKH
OTJIMYAIOTCSl 3HAUUTENIbHOW 0a30il (paccTosiHME MEXAY OCHOBAaHUSIMU apokK). OTH
pa3Mmepsl B psje ciaydaeB gocturaioT 300 u maxe 400 Mwm [51]. OtMeueHs! ciy4vau,
KOTJIa OJTHO U3 OCHOBAHUH IUIOTHON HU3KOUM apku (BojaoKHO AQ, pacmnoiokeHHOE Hajl
TuHUeH pasznena nonspHocted (manee — JIPII)) maxomutcst B 0OJacTH CHIIBHBIX
MarHuTHBIX Toyiel BOnm3u msateH sapa KA, a BTopoe ocHOBaHHE — B 00JacTH
drokkynoB Ha nepudepun AO win gaxe BOJM3U YCHUIIEHHBIX Y3JI0B XpoMmochepHOi
ceTku aayeko 3a npenenamu AO [82]. IMeHHO Takoe BOJIOKHO CTAHOBUTCS OCHOBOM
MarHuTHOro kryta, dopmupyrwmero KBM B xone pa3Butus mporiecca BCIBIIIKH.
3ametuM, uro KA, mopoauBIIMEe BCHBINIKA C JIJTUTEIBHBIM raMma — HW3JIy4EHUEM,
OTJIMYATIUCh TIPOTSHKEHHBIMU SIPKO BbIpakeHHbIMU JIPII ¢ cuibHBIMEH TpagueHTaMu
MAarHUTHBIX MMOJIEH B X OKPECTHOCTSX.

IlepeiineM K KadyeCTBEHHOMY OMNHUCAHUIO BPEMEHHON IMOCIEI0BATEILHOCTH
U3MEHEHW MAarHUTHOM TOMOJIOTHMH B CTpyKType KA B XOJ€ CHUJIBHON BCHBIIIKKA U
CBA3aHHBIX C HUMH IPOILIECCOB YCKOPEHHMSI YaCTUI[ C HCHOJb30BAHUEM HU3BECTHOMU
Moienu «mpopbiBay [69; 58]. B cooTBETCTBUU C 3TON MOJIENBIO, CIIBUTOBBIE, BUXPEBbIC
U JIpyrue JBWIKEHUs BelecTBa B (orocdepe, 3amyThIBAOIIME CHUIIOBBIE JHHHUH
MarHuTHBIX Toyiei B oOactu JIPII, mpuBOAST BEIIENEKAITYIO MATHUTHYIO CTPYKTYPY
KA B HepaBHOBecHOe coctostHue. IIpu 3TOM BO3HHMKAIOT OCOOBbIE TOYKH X-THIA U
pa3zBuBatorcsa TokoBble ciou (TC). B TC BkitoyaroTcsi IHCCUIATUBHBIE MPOIIECCHI,
MPUBOSLINE K HATPEBY U YCKOPEHHUIO YaCTUI] TJIa3MBbl.

Kak mpaBuno, BCIbIINIKa HAaYMHACTCS C TIOSABICHUN HEOOIBIINX TOSPUYCHUN B
muauu Hao mo o6e croponsr ot JIPII. Bonokno, pacnonoxxennoe Hana JIPII, mpu stom
MOJIBEPraeTcsi BO3MYIICHUSM. 3aTeéM HAYMHAETCS HMMIYyJIbCHas (a3a BCHBIIIKUA C
nosiBicHueM yCKOpeHHbIX B TC 3HEpruyHbIX 3JIEKTPOHOB. [1o4TH OAHOBpPEMEHHO C
ATUM HAaYMHAETCS MOJbEM BOJIOKHA BCJIENCTBUE pa3BuTHs B KA kpymHomacmTaOHOM
MI'/] HeyCTOWYHUBOCTH.

B mnoanumaromelics MarHuTHOM CTPYKType BOJOKHO oOpasyeT siapo KBM.
[Tonpem KBM conpoBOXkIaeTcss MepecTpOMKOW 3aMKHYTOW CTPYKTYpbl MarHUTHBIX

noneit Hag AQO B OTKpBITYIO KOH(MUTypauuio B pe3yibTaTe IEUCTBHUS Mpolecca
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MarHuTHOTro mnepecoeauHeHus. OTMETUM, YTO MPOILIECC MAaTHUTHOTO MEPECOETUHECHUS
MOXET OBITh MHOTOKPAaTHBIM TMPU  MOCJIEAOBATEIILHOM TPOPHIBE  CHUCTEMBbI
BBIIICJIC)KANMX MarHUTHBIX meteib [88]. B pesynbraTe sToro mporecca odpasyeTcs
MarHuTHasi CTPyKTypa B (opMe Kacma ¢ TOKOBBIM CJIOEM, PaCIOJOXKEHHBIM 033U

yxosiiero KBM (puc. 4.4) [88].

/’\ « o

N\~ yaapHbie
BOMHbI

aapo KBM

TOKOBbIN Cnou

obnacte
* 9HeprosbiAeneHns
MNOTOKMN

YCKOPEHHbIX
YacTuy 1 Nnasmbl

BCNblWeYHble
JNeHTbI ~

Puc. 4.4. KayecTBeHHOE TIPEJICTABICHUE MArHUTHOW CTPYKTYphl SPYNTHUBHOMU
Benbiikn ¢ KBM. 3Be3moukoii (x) oTMedeHa o00JlacTh WHTEHCHBHOTO BBIJCICHUS
SHEPrUM, OOBIYHO pPErHUCTpUpyeMasi B KECTKOM pPEHTreHOBCKOM nuamna3zoHe (HXR)
(MC3 GOES); B ocHOBaHUAX IETENIb BCHBIIKK Takxke HaOmomaeTcss HXR. Ctpenkamu
MOKa3aHbl MOTOKU OBICTPBIX 4acTull U ropsueil miazMbl. Bokpyr KBM otrmeudensr

(GPOHTHI yIapHBIX BOJIH.

N3BecTHO, 9TO HA UMITYJIBCHOH (ha3e BCUBIIIKA B 00JIACTH BBIACICHUS SHEPTHH
(ma puc. 4.4 »ora oO0nacTh OTMEYEHa 3BE3MOYKON *) HaOmOmaTCs OBICTPO
TBUKYIIAECS TIOTOKH TOPSIYCH TUIa3Mbl M YUKW DHEPTUYHBIX YCKOPEHHBIX YaCTHII,

4acTh KOTOPBIX [0 MArHUTHBIM CHJIOBBIM TpPyOKaMm pacopoCTpaHsieTCsi B
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HIDKETIeXKAIUe CJIou coliHeuHoM atMmocepsl. WmmynbcHas ¢asza BCHOBIIIEK C
JUINTENIbHBIM ~ FaMMa—M3Jy4eHUEM  OMNpeleNsiach 10 TMOBEACHUIO mpoduiieit
PEHTIeHOBCKOTO M3ITy4eHH s B CIIEKTpaIbHoi o6mactn (1-8 A) mo manmsmM ¢ SDO [31].
[Tpon0MKUTEALHOCTh  OMNpPEACICHHON YKa3aHHBIM 00pa3oM HUMITYJIbCHOW (a3l
BCIIBIIIIKK COCTaBisiia B cpenHeM 20 mMuHyT. B Xoje B3auMOJEUCTBUSL SHEPTUYHBIX
4acTull ¢ 0oJiee MIOTHOM XpoMoc(epHOH TIa3MOl B OCHOBAaHUSX MarHUTHBIX METENb
BEI[ECTBO HarpeBaercs. IMEHHO B 3TUX 00JaCTAX T€HEPUPYETCS KECTKOE TOPMO3HOE
PEHTI€HOBCKOE, yNbTpaduosieToBoe, a BO BpeMs HauOOJee MOUIHBIX BCIIBIIIEK, U
ramMmma-u3inyueHnue (o01acte = Ha puc. 4.4). BelcTphlii HarpeB miIa3Mel B XxpoMochepe
IPUBOJUT K €€ «UCIAPEHUIO» U MTOABEMY C 3aMOJIHEHUEM BCEro 00bheMa KOPOHAIBHBIX
MarHuTHBIX apok. B 3TOT meproj BCHBIIIKU HAOII0aeTCsl MaKCUMaJbHAsT YMUCCUS B
MSATKOM PEHTT€HOBCKOM JHaIia3oHe.

Ha mocnenyromieit (rmaBHOM) ¢a3e BCHBIIMIKK TOpsidas mjiasMa B CUCTEME apoK
JUTUTETTFHOE BPEMS U3ITy4aeT B MSTKOM PEHTT€HOBCKOM JMAINa3oHe, TOCTETIEHHO Tepsis
sHepruto. [lo-Buaumomy, mnomoOHas juMTenbHas (a3a BCIBIIIEYHONH 3MUCCUU
HOJIIEP>)KUBAETCS MIPOIIECCAMH YHEPTOBBIICNICHUS B pe3yiIbTaTe Mpoliecca MarHUTHOTO
NepecoeIMHEHUsI B BEPTUKAIbHO pacrnojoxkeHHoM TC, chopmupoBaBmmmMces mo3aau
KBM.

Ha puc. 4.4 mokazaHa TUNHWYHAs TOMOJOTHS MArHUTHBIX TOJIEM BO BpeMs
spyntuBHOM Benblliku ¢ KBM Ha nmo3nHen craguu ee pa3BuTus. B xone uMmyibCHOM
(a3bl BCIBIIIKK 00pazyeTcs CTpyKTypa B hopme Kacra u GOpMHUPYETCS MPOTHKEHHBIN
ciot TC, cnemyromuit  3a KBM. Otmerum, uto BoJIOKHO, ¢dopmupytomiee KBM,
HAYMHAET MOJHUMATHCS CITYCTSI HECKOJIBbKO MUHYT TIOCIIE HMITYJILCHOM (ha3bl BCTIBIIIKA
[69], a mHOTHA W paHbIIe.

B yactHoCTH, 1T0 manHBIM HaOmoAcHU ¢ KA Fermi/LAT [101] Obuto oTMeueHo,
9TO HamboJee CWIbHBIC MOTOKA TaMMa - M3JIy4YeHUs HaOJIOMAr0TCs B TEX CIydasX,
KOT/Ia BO3HUKHOBeHHE W pa3Butue KBM mpoucxomuT m0 Havama UMITyJIbCHOU (ha3bl
BCIIBIIIKA WJIM K€ HEMOCPEACTBEHHO B Xoje 3Tod ¢asel (MunacsHim u np., [31]).
OTMeueHO Takke, YTO MOsABJICHUE HauOoJiee CUIBHBIX MOTOKOB raMMa - SMUCCHUHU U

BBICOKOCKOpPOCTHBIX KBM mnpoucxoguno B mnpexpenax JIOBOJBHO OTrPaHUYEHHBIX
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MHTEPBAJIOB BpeMeHH — OT 2 1o 16 munyt. [{ns nHaubonee 6vicTprix KBM (B mectu
cOOBITHAX) ObUIa BBHISIBIICHA JIMHEWHAsl CBSI3b MEXIYy MaKCUMaJbHBIMU TOTOKaMU
ramMmma-u3nydeHust Fmax (y > 100 MaB) u cxopoctsmu KBM [31]. D10 MOXeT OBITH
OJIHUM U3 MPU3HAKOB Pa3BUTHS OOJIBIION BCTIBIIIKH.

VYnnotHeHue miaa3Mbl, oOpasyrolieecs BCiel 3a ABMKYUIUMCS 00pa30BaHUEM B
ra3zoo0pa3Hoil cpejne, SBISAETCS XOPOIIO H3BECTHBIM (u3nueckuMm sieneHueM. llpu
JIBI>KEHUH TIJIOTHOTO CTYCTKA I1a3Mbl ¢ MarHUTHBIM nojieM (KBM) co cBepx3BykoBO#
CKOPOCTBIO dYepe3 IJIa3My COJHEYHOW aTMocdepbl B «CIYTHOM CJele» 3a HHUM
dbopmupyercsi KoMmnakTHasi 00JIaCTb CPaBHHUTENIHBHO IJIOTHOM IIa3Mbl, rie OJIU3KO
pacnoJsiararoTcsa 30Hbl ¢ MArHUTHBIMHU MOJIIMUA TTPOTUBOTIOJIOKHOM HANIPaBJIC€HHOCTH, —
obpazyercs TC. Ilpu neuxenuu KBM B costHeuHON KOpOHE JTUHUU MOJS CTITUBAIOTCS
Kk cioo TC u yBiekaroT 3a coO0Ol KOpOHAJbHYIO IUIa3My, BCJIEJICTBHUE YEero Mo3aiau
KBM o6pa3yrorcst o0mupHbIe 30HbI pa3pexeHus mia3mMbl. «Ily3sIpb» &e B TOJIOBHOM
gyactu KBM npu OGbicTpoM ABMXEHHHM CKBO3b IIa3My COJIHEUHON KOPOHBI MO Mepe
najieHus] TUIOTHOCTH OKPYXKAIOIIEro BEIIeCTBa OBICTPO PACIIUPSETCS B CTOPOHBI U
dbopMupyeT, MOMUMO TOJIOBHOM, OOKOBBIE YAapHbIE BOJIHBI Ha (IaHrax, KOTOpBIE
TaK)K€ MOTYT YCKOPSAThH 4YacTHIIbI (KaK MOKa3aHO Ha puc. 4.4), HO, BEpOSTHO, MCHEE
addexruBHO. Kpome Toro, kak yxke ormeuanoch B padore [/3], KBM ob6pasyer
«OTKPBITBII KaHal» B KOPOHE, Yepe3 KOTOPbIM YCKOPEHHBIE BO BCIBIIIKE YACTHUIIBI
MOTYT IIPOHHUKATh B BepxHHUe cyion kopoHsl B KBM u B reauocdepy. IIpencrabnsercs
BO3MOXHBIM, YTO B XOJI€ BOCCTAHOBJIEHUS CTPYKTYpPHI OJIA no3aau yxoasmero KBM
MOTYT 00pa3oBaThCs W OOpaTHBIC yIapHbIE BOJHBI, HO 3TO TPeOyeT OTIETHHOTO
PacCMOTPEHUS.

OnurcanHasi KaYECTBEHHAs] KapTHUHA IMOJy4HJia HEKOTOPOE MOJITBEPKICHHUE MPHU
HaOJIIOICHUSIX Pa3BUTHUS BCIBIMIKK Kiacca X2.8 13 mas 2013 roma (magamo B 15:50
UT) ¢ momomipro ammaparypel AIA/SDO B KY® - nuama3one, a Takxke B XOJe
naomoaeanit UC3 RHESSI B xecTkoM peHTreHOBCKOM muamna3oHe. Bcermblmka
conpoBoxkaanack O0bicTphiM (1800 kM/cex) KBM tuna rano, pacnpocTpaHSIONIUMCS
Bo BHemHer kopoHe Comnma [70]. B xome sBomonmu KBM B TC mo3agum Hero

pa3BUBAJINCh IIJIa3MCHHBIC HGYCTOI\/’I'-II/IBOCTI/I C POXACHHCM B TOKOBOM CJIOC
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MAarHUTHBIX OCTPOBOB U BKJIIOUAIUCH JUCCUITATUBHBIE MPOIECCHI, COMTPOBOXKIABIIUECS
HArpeBOM ILIa3Mbl M YCKOPEHUEM MOHOB U 3JieKTpoHoB [70; 87].

Takum  o0pa3om, mnOpoTsKEHHBIH BepTUKalbHBIM cinoii  TC  cmocoOen
o0OecreynBaTh «IHEPreTUYecKyro cBs3b» Mexay KBM u BcembledHoi 001acTbio.
Hekotopass 4dacte yckopeHHbIX B ciioe TC 5SHEPruyHBIX DJICKTPOHOB U HOHOB
pacrpoCTpaHsIeTCs BHU3, MPOHUKAs B 30HY Kaclla MarHUTHON CTPYKTyphI (* Ha puc.
4.4), u TeHepUpyeT >KECTKOE PEHTICHOBCKOE H3JIydeHUE BCHBIMKU. Jpyras dyacTh
YCKOPEHHBIX YacTHUIl YXOJUT HemocpencTBeHHO B obOsacth KBM, obecneuunBas
JIOTIOJTHUTENIbHBIN MPUTOK IHEPTUM B 00J1aCTh BhIOpOca. MOXKHO MPEION0KUTh, YTO
MMEHHO TpoIecchl HarpeBa u yckopenus rmiaasmel B TC 3a KBM oTBeTcTBeHHBI 3a
pa3BuUTHE JUIMTENIBHOW (a3bl mpollecca BCHBIMIKA C TOCTETICHHBIM 3aTyXaHUEM
BbIIesieHus dHeprun. Crieayer 100aBUTh, YTO B paboTe AKMMOBA U JIp. OTMEUEHO, UTO
B BepTtukadabHOM TC MOXET MNPOUCXOAWTh YCKOPEHHE MPOTOHOB DJIEKTPUYECKUM
IIOJIEM BIUIOTH 10 SHEpruu ~ [3B.

[Tapamerpbr mnasmel B mnpoTsikeHHOM ciioe TC 3a  BeiOpocom KBM
HEOJHOKPATHO OMNpeaesauch 1o JaaHHbiM HaOmoaenuir [84;110]. B pasubix
BCIIBIIIEYHBIX COOBITHAX ¢ KBM ObLI0 BBISIBIIEHO, YTO TEMIIEpaTypa, Mepa SMUCCUU U
IUIOTHOCTH YMeHbIaroTcs BAoas TC ¢ poctoM BeicoThl [110].

B KY® nuanaszone ¢ kocmuyeckux obOcepBatopuii Hinode u AIA/SDO
nokasanu, 4yro temneparypa miaasmbl B TC moxer gocturate 20 MK u Beime, a
MaKCHUMaJIbHasl TeMIIepaTypa peructpupyercss B ocHoBannu TC, B BepIIMHAX METENb
nociie Benbimku [110] (* Ha puc. 4.4). Bo BpeMs 3pynTHBHOM BCIBIMIKK Kiiacca X8.2
10 cents6pss 2017 roma Ha 3amagHoM JuMmbOe ComHile OblIa TOJydeHa OIICHKa
Tommuesl cinost TC mexay obnacTeio kacna 1 KBM, okazapmascs pasroii 3 x 103 k.
Kpome Toro, Ha KOHEYHOH cTaanK BRIOpOCca BOJIOKHA ObUTO 3amedeHo pazaenenue TC
Ha HECKOJIbKO HeOopmux cioes [111].

Takum oOpa3oMm, B paMKax paccMaTpUBaeMOW MOJENIU JJIMTENIbHAs ramma-
AMHUCCHUSI OOBSICHSIETCS. YCKOPEHHEM IMPOTOHOB U DJJIEKTPOHOB B MEXKIUIAHETHBIX
yAapHbIX BoiHax Ha (¢asze Bbixoga KBM B BepxHHE cIOM KOPOHBI M, 3aTeM, B

MexrutaneTHyto cpeay [71;100]. KonmmuecTBEeHHBIM CBHAECTEIHCTBOM B IOJIB3Y TOTO
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BBIBOJIA SIBISIETCS OOHApYyXXEHHas JIMHEWHAs CBA3b MEXKIY IPOJOJIKUTEIBHOCTHIO
ramMmma — COOBITUM M KOHEUYHOM 4acToTOM paauoBcmiieckoB |l Tuna B MexruiaHneTHOU
cpene [71]. Ynapusie BosHel KBM, noMuMO yCKOpEHHUs 3IEKTPOHOB, T€HEPUPYIOLIUX
BCIIECKU panuomnsnydenus |l tuma, yckopsitor u npotonsl 10 sHepruid > 300 M»B.
YacTb 3HEPruvHbIX MPOTOHOB BO3BPALIAETCS BHHU3 IO JUHUSAM MArHUTHOTO MOJIA K
noBepxHocTd CofHIA M TEeHEpUpYyeT TraMMa-u3JIydeHHe IMOCPEICTBOM pacmaja
NUOHOB, NpHUYEM O00JacThb TaMMma — H3JIYYEHHsS] MOKET NpPOCTUPAThCS Ha JIECSITKU
rpaaycoB ot KA, rae mpousorien BeiOpoc KBM [62]. CornacHo omenkam [62],
KOJIMYECTBO SHEPTUUYHBIX MPOTOHOB, YCKOPSAEMbIX HEMOCPEJCTBEHHO B caMoil 001acTH
Benbiiku (0e3 ydera KBM), moxker coctaBisite okoio 10% ot oOmiero umcia
IPOTOHOB, CO3/AIOIIMUX JJIUTEIbHOE raMMma-coobiThe. [IpomoKuTeIbHOCTh TaMMa —
BCIIBIIIECK, MPEBBIIAIONIAS HECKOJBKO YacoOB, MOXET ObITh OOBSACHEHA HAIMYUEM
pe3epByapa yCKOPEHHBIX MNPOTOHOB To3aau KBM, KOTOpBIM B3aMMOJEUCTBYET C
OOIMPHBIMA ~ O0JIACTAMH ~ BEpXHEH  COJIHEUYHOM  aTMocepbl  BCIEACTBHE
CYILIECTBYIOUIEH MEXK1Y HUMHU MarHUTHOU CBS3H.

B0o3MOXHO Takke, 4YTO SHEPrUYHbIE TMPOTOHBI PACCEUBAIOTCS BOJHAMHU
anb(pBEHOBCKOU TYpOYIEHTHOCTH, YTO MPUBOJUT K YBEIHMUCHUIO UX BPEMEHU KU3HU B
MAarHUTHBIX JIOBYIIKAX B MEXIUIAHETHOM Cpee.

B pabore [62] nHTEepBa)l M3Ty4YeHUSI raMMa — KBAaHTOB BBICOKHX 3Hepruid (> 100
M>»5B) Obl10 TIpeJIOKEHO Ha3bIBaTh «BTOPOM YCTOMYMBOMN CTaauei» BCIBIIICYHOM
smuccun. COOTBETCTBEHHO, «I€pBas CTaAus» COOBITHS — 3TO MU3JIyYEHUE B XOJI€
UMITyJIbCcHOW  (pa3bl  Bembimku. [loguepkHeM, dYTO B MOJOOHBIX  COOBITHSX,
COIMPOBOXKAAIOIINUXCS  raMMa—HM3Iy4eHUEM, JUINTENbHOCTh MMITYJIbCHON  (pa3bl
cocraBisuia MeHee 20 MUHYT, B TO BpeMsI Kak OCHOBHas (pa3a ramMmma - 3MHUCCUU MOXKET

IpoaoJIZKaTbCA HECKOJBKO 4aCOB.

4.5. Cssi3b raMMa-BCIbINIEK ¢ KOPOHAJbHBIMU JAbIPAMH

B paznene 4.3 yxe oOcyxnanach (B OCHOBHOM, CTaTUCTUYECKH) JIOKAIU3AUS

raMmma — Bcnblmek BOau3um KJ[. Eme pa3 momuepkHem, 4TO B CTa MPOIEHTaX
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PACCMOTPEHHBIX CIIy4a€B BCIBIIIKH, COMPOBOXKIABIIUECS JJIMTEIBHBIMA TaMma —
coObITUAMU, Tpoucxoauan BOMM3M rpanul] KJI. 31ech Mbl pacCMOTPUM BO3MOKHBIM
MeXaHu3M B3aumoaeincteust mexay KJ[ u ramma — Bcnbimkamu B KA ¢ npuBneueHnem
HeJJaBHUX HAOMIOIEHUI pacpeaeraeHuss MarHUTHbIX nojei B K/I.

K] peructpupytorcst B COIHEYHON KOpOHE Kak 00JACTU MOHMKEHHOW SMUCCHU
B MATKOM PEHTI€HOBCKOM Juarna3oHe v B JuHuAX KY® — nuanazona. Konduryparus
MAarHMTHBIX noJie B npeaenax K/ HocUT npeuMyliecTBEHHO OTKPBITHIM Xapakrtep. B
OTKpBITOM MarHuTHOM ToJie KJI 06b14HO mpeobiasaet ogHa MOJISIPHOCTD, YTO BBI3BAHO
HEIMPEPBIBHBIM TUCOATIaHCOM BBIXO/Ia JIOKAJILHOTO MarHUTHOTO noTtoka. K] siBisitoTcst
UCTOYHUKAMHM BBICOKOCKOPOCTHBIX IOTOKOB COJIHEYHOI'O BETpa, KOTOPHIE MOTYT
OKa3bIBaTh aKTMBHOE BO3JIecTBHME Ha MarHutocepy 3emuu. B To ke Bpems 3Tu
oOpa3oBaHus HE JIMIICHBI TMPU3HAKOB MeJIKoMaciTabHoW aktuBHOCTH: B KJI
PETUCTPUPYIOTCS SIPKUE PEHTIEHOBCKHE TOYKHM, WHOTJa HAOJIOAAIOTCS BHIOPOCH B
PEHTI€HOBCKOM JMAaNa30He U U3PEAKA J1a’K€ BCIBIIIKY.

Cas3p Mexxay KJI u KA moapoono mokasana B [51], rae ObLT cliean BBIBOI O
TecHOM reHetnueckor cBs3u Mexay KA u KJI. Tak, nanmpumep, B 310l padote OBLIO
MOKa3aHo, 4TO Ha (ha3e pacmaja MATeH SBOIIOINUMOHHUPYIOIIME MarHuTHbIe mois KA
MOTYT TpaHchopMUpOBaThes MO0 B n3onupoBanHyro K/I, mrubo B «3anuBy» mojspHOn
KJI. Takum obpaszom, KJI u KA oka3siBaroTCsl 3BOJIOIMOHHO CBS3aHHBIMU JPYT C
apyroM. B monp3y 95TOM KOHLENIUUA CBUIETENBCTBYIOT TMpsIMble HaOIIOACHUS
TpaHcpopMalui OCTATOYHBIX MoJiel pacmnanatomierocs: KA B ynunomsipaoe none K/
[8; 62; 61].

Bonpoc 0 ¢BSI3u COJIHEUHBIX BCHBILIEK, KOTOPBIE COMPOBOXKAAIOTCS BBIXOJIOM
YCKOPEHHBIX JHEPTHYHBIX YacTHUI] (B YaCTHOCTH, MPOTOHOB) B remmocdepy, ¢ KJI,
obcyxnancs B riaBe 3. beuto BeiicHeHO, uTto KJI, Omm3ko pacmomoxkeHHbie Kk AQO,
CO3JAI0T YCJIOBHUS JUIsi OOpa30BaHUSl «KaHAJIOB» BBIXOJA YCKOPEHHBIX YacTHIl B
rearocdepy s J00bIX TUIOB BCIBIIIEK — KAK UMITYJIbCHBIX, TaK U ITTUTEIbHBIX.

N3BecTHO, uTO HauboJee SHEPTUYHBIE COJIHEUHbBIE BCIBIIIKHA OOBIYHO CBSA3AHBI C
KBM. TemM He MeHee, CyIIECTBYIOT TaK Ha3bIBA€MbIE 3aMKHYTbIE MAarHUTHBIE

KOH(Urypauuu co BCIBIIIKaMU, KOTOpble He compoBoxaatorcss KBM. BepositHo, B
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ATUX CIy4YasiX B MarHUTHOM KOH(UTypalliu OKa3bIBAETCS HEJOCTATOYHO 3aMaceHHOM
SHEPIruM JUIsl TOro, 4TOOBI BO3MYIIEHHOE BOJIOKHO MOTJIO MPOPBATH BBINIEIIEKAIIICE
nojie U 00pa3oBaTh OTKPHITYIO CTPYKTYPY, MOJENb «IPOPhIBa» B 3TOM Cilyyae HeE
peanusyetcs. s mposicHeHusi 3TOro Borpoca B pabore [66] ObuLia Mcmoiab30BaHa
BbIOOpKa M3 56 Bembliek X - kiacca B 23 u 24 COJNHEYHBIX IMKJIaX. Pe3ynbTaTsl
aHaju3a IoKa3aliy, 4TO BCHOBIIKM X - Kiacca, JIOKaJW30BaHHBIE BOJIM3M oOJacTeit
OTKPBITOTO MArHUTHOTO TOJIs, Yallleé OKa3bIBAJIIUCh SPYNTUBHBIMU IO CPABHEHUIO C
BCIIBIIIIKAMU, TJ€ Takux oOiactedl He HaOmonanock. [lo-BUaAUMOMY, MarHUTHBIC
koH(purypanuu, Haxomsmuecss BOmu3u K], u3-3a B3auMOJEWCTBHS ¢ HUMHU MOTYT
OKa3aThCsl MEHEE YCTOMYHBBIMH.

Kak yxe ormedanoch, CTaTUCTHKA MO3BOJISIET YTBEPXKAaTh, 4To Onm3ocTh KJ[
obOylacT BO3HUKHOBEHMsI Bembllliek B KA MoXeT paccMaTpuBaThCA KaK BaKHBIN
dakTop, oOecneunBarOIUi BO3MOXXHOCTh BBIX0JIa YCKOPEHHBIX YacTHI[ B Tenrochepy
[75]. Tak, Hanpumep, B paboTax, MOCBSIICHHBIX U3YYCHHUIO JIOKATU3AIUH HCTOYHUKOB
cosiHeuHbIx kocMuueckux jyuei (CKJI) [94; 85], Obut cienan BBIBOJI, YTO BCIIBIIIKH,
orBeTcTBeHHBIe 3a sBieHuss CKJI, xak mpaBuiio, BO3HUKAIOT BOJU3M TOBEPXHOCTH
paznena mexnay KA u cocennumu KJI. Tlo-BunuMomMy, Takue BCIBIIIKKA BO3ZHUKAIOT B
pe3ynbprate «O0OMEHHOTO» MAarHUTHOTO TEPECOCAMHEHHS MEXOAY COCEIHUMH
00JacTsIMU C 3aMKHYTBIM M OTKPBITBIM MAarHuUTHBIM TmojeM (¢pu3uka Impoiecca
0OMEHHOTO TepecoeIMHEeHU ObLta ToApoOHO ommcaHa B pabore Moddara [14]).
dakTop «OOMEHHOTO» TMEPECOCNUHEHUS YK€ O0OCYXaalcs HaMU B TPEIbLIyIIeH
pabore [75]. Tam ke oTMedanach Ba)xHasi poJib ATOro (pakropa B (HOpPMHUPOBAHUHU
OTKPBITBIX MAarHUTHBIX «KAaHAJIOB» B KOpoHE. B mepexomHoil o0JacTu Mexmy
OTKPBITBIM U 3aKPBITHIM MAarHUTHBIM MOTOKOM (DOPMHUPYIOTCS BBIXOMSIINE B KOPOHY
ConHua TpyOKM MarHUTHOTO TOJISI U TEHEPUPYIOTCS MOTOKHU albBEHOBCKUX BOJH [34].
[loToKM anbBEHOBCKHX BOJH CHOCOOHBI MPUBECTU K M€HEPAILMU BCHBIIIKU B COCEIHEM
obmactu AO [75], ecmu Takass 00JacTh OKaKETCS B COCTOSHUH, OJU3KOM K TOTEpe
paBHOBecusi.  OTMETUM,  UYTO  MPOSBICHUS  OOMEHHOrO  MNEPECOCAUHEHUS
3apEeruCTPUPOBAHbl B COJHEYHOM BETpEe, IMPH IMEPENOIOCOBKE MArHUTHBIX MOJEH B

[MKJIC€ aKTUBHOCTH, a Takke Ha rpanunax AQO.
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NmeroTcs nmanHble, 1O KpalHeW Mepe, O JBYX CIydyaeB HaOIIOJCHUH,
WUIIOCTPUPYIOIINX MPOSIBJICHUS NpoLecca MAarHUTHOTO MEPECOCANMHEHUS IpHU
B3aumozericteun KJI ¢ AO. Ha rpanune KJI maGmrogancs BeIX0J HOBOW HEOOJIBIION
AO. B mnepBom cnyudae omnucaHo B3aumopeiicteue AO 10869 c¢ Onuzkoit KJ[ mo
nauabiM SOHO/EIT u MDI. Beuin 3apeructpupoBaHbl HETIM MAarHUTHOTO TOJIS
Mexay AO u KJI, koTopble npuBenu K «OTCTyIuieHUo» rpanuisl K/, B To ke Bpems
Ha MPOTUBOIOJI0XHOU cTOpoHe AO MOSBUIICS KOPOHAIBHBIN TUMMUHT, KOTOPBIN ObLI
00BSICHEH OTKPBITHEM JIMHUH 10151 B 3TOM 30HE [60 ]. Bo BTOpOM ciyuae Habmonanach
noxoxkasi kaptuHa: npu poxaeHun AO Ha rpanuie K/ (mo manaeim SDO/HMI)
oOpa3oBajach CHCTEMa 3aMKHYTBIX JIMHUWA TMOJs, KOTOpas Takke mpHuBena K
cmemennto rpanunel  KJ[ [83]. Takum oOpa3om, BCEACTBHE OMKMCAHHOTO
B3aumozeicTus AO ¢ cocenneit KJ[ MoxeT u3MEHUThCS 00I11asi SJHEPTUs MarHUTHOMN
koHurypanuun AO.

[ToguepkHeM, YTO BCE PACCMOTPEHHBIE BCIBIIIKUA C MPOAOJIKUTEIBHBIM raMMa-
u3nydeHueM u3 karangora [101] Takyke mpou3onuid B HEMOCPEACTBEHHOM OJIM30CTH OT
KJI, Tak 4TO 3TOT BBIBOJ] MMEET HOCTATOYHO OOIINIT XapaKkTep.

Taxum oOpa3om, B riiaBe 4 MpUBEACHBI APTYMEHTHI B MOJIb3y TOTO, YTO TaMMa —
Benblikd Ha ConHue, kotopsie conpoBoxaanuck KBM, tecno cBsizansl ¢ KA (74 %
Takux coObITHil mpousonuin B KA, a ve B otnensHbix AO), a Takxke ¢ K] (Bce ramma —
BCIIBIIKM B Te4YeHUWe 24 [UKIAa COJMHEYHOM AaKTUBHOCTH TPOUCXOJUIN B
HernocpencTBeHHoN Onmm3octu ot rpanuir KJ[). Kpome Toro, Bce paccMOTpeHHBbIE
BCOBIIIKY, B KOTOPBIX HAOMIOAANOCh TraMMa — M3IyYE€HHE, COMPOBOKIAIUCH
aBinenussMu KBM.

[IpuBeneHHass cTaTHCTUKA MOKA3bIBAET, YTO MMEHHO Jokanu3anus KA BOmu3m
KJI sBasercs 3HauMMbIM  (AaKTOpPOM, BO3ACHCTBYIOIIMM HA  BEPOSITHOCTH
BO3HMKHOBEHUs ramMmma — Bcnbllkd. C ydyeToM Toro ooctositenscTBa, 4to KJ[ B
OOJIBIIMHCTBE CllydaeB TeHeTWdecku cBsizaHbl ¢ KA [47], daktop Ommsoctn K]
CTAHOBUTCSI BIIOJIHE €CTECTBEHHBIM.

Jlns  onucanus (PU3MYECKOTO MeEXaHW3Ma TraMma — BCHBIIIKKM  Oblia

HCIIOJIBb30BaHa HM3BCCTHAsA KAa4YCCTBCHHAsA MOJCIAb, OCHOBaHHAas1 Ha KOHLCIIIHWH
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«MPOPBIBa» MAarHUTHOU CTPYKTYpHI [69;58]. B kauecTBe HEOOXOAMMBIX AJI T€HEpaIuu
raMmMa — WU3Jy4YEHUS BO BCHOBILIKE CHEAYET OXXHAATh BBINOIHEHUS CIEAYIOLIUX
YCIIOBUU:

- HaJIM4M€ CUJIbHBIX MArHUTHBIX MOJIeH, TUIHMYHBIX A KA;

- Hanmuuue TnpoTsbkeHHoro BojokHa AO B KA (MarHUTHBIM  KTYT,
nopoxaatomuit KBM);

- Hamuuue BONMM3M BenblmiedHoro KA rpanunst K/ (mponecchl MarHMTHOTO
nepecoenuuenus Ha rpanune KA u K/ MHUIUMPYIOT BCHBINIKY, a cama 30Ha
OTKPBITOTO MarHUTHOTO TOJSI CIOCOOCTBYET BBIXO/AY YCKOPEHHBIX YACTHUIl B KOPOHY U
renocdepy).

B Mogenn ocobo ormeuena BaxHas ponb TC (cmytHoro ciena 3a KBM) B
«TOJIUTKE» SHEPTUYHBIMU YaCTUIIaMU, Kak coOCcTBeHHO «Tena» KBM, Tak u obnactu
BCIIBIIIKY B HUKEJICKAITUX CIOSIX aTMOC(HEpHI.

MO>XHO KOHCTaTHUpPOBaTh, YTO YCIOBHUS, IIPHU KOTOPBIX BO3MOKHO IIOSIBIICHHE
COJTHEYHBIX raMMa - BCHBIIIEK, BO MHOTOM OJIU3KH K YCJIOBHUSIM BO3HMKHOBEHMS
NpOTOHHBIX Bemblmek [75]. Ilo-BuaumMomy, 37ech HET Ka4eCTBEHHBIX PA3IUYUM, U
raMmMa — BCIBIIIKM TE€HEPUPYIOTCS NPU DKCTPEMAIBHBIX 3HAYEHUSAX TEX IKe

(bu3MUECKUX MapamMeTpoB, KOTOPbIE TPUBOSAT K IPOTOHHBIM COOBITHSIM.

4.6. BbiBoabI K ri1aBe 4

BbIBOIIBI, ClI€TaHHBIE 10 HMTOraM MCCJEAOBaHUS. M3J0KEHHOTO B TriaBe 4,
paboThI MOTYT OBITH CPOPMYITHMPOBAHBI CIIECTYIOITUM 00pa3oM:
— MeCTaMHu JIOKaJu3allMM BCIBIIIEK C ramMma-usinydeHuem sBisiorcs KA (¢ KA
cBsa3aHbl 74% Ttakux coObiTuit). Jns takux KA xapakrtepHa npotsokenHast JIPIT c
BBICOKMMHU TPAJIMEHTAMU MAarHUTHOT'O MOJIS;
— HauOoJiee CWIbHBIE MOTOKH TaMMa-U3JIyuyeHUs] HAOIIOAAI0TCS B TEX CiIydasiX, Korja

KBM npoucxoaut BO BpeMsi HUMITYJIbCHOW (a3bl BCHBIIIKM U HUMEET BBICOKYIO
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CKOPOCTB;
— JUIA BCEX CJIy4yaeB ramMma — BCIBIIIEK XapakTepHO NpucyrcTBue Omm3kux KJI.
BepositHo, 3TOT (hakTOp sBAsSieTCs OOA3aTENbHBIM JJII BO3HUKHOBEHHUS TraMMa-

H3JIy4YCHUS BO BCIIBILIKE.
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I'maBa S. BenblIKM B aKTHBHBIX 00J1aCTAX 32 NPeieIaMi KOMILICKCOB

AKTHUBHOCTH

5.1 BBeaenue

Ha nmnpoTsbkeHMM MHOTMX JIET HCCIEAOBATEIM TOCTENEHHO  BBIJICISIN
CTATUCTUYECKUE U MOP(OJIOTHYECKHE CBOWCTBA TPYMI MATEH, MBITAsCh BBISIBUTH HX
CBSI3b C TOTCHIUAJIBHBIM YPOBHEM BCHBIIICYHONW aKTUBHOCTHIO. JlaBHO OTMedeHa
CBSI3b IIOPUXCKOrO KJlacca TPYIN TNsATeH co crnocoOHocThio AQO TeHepupoBaTh
BCIIBIITKU. ['ennodu3nkamM XOpoIio U3BECTHO, YTO BCIBIIIKK CBSI3aHBI C MPOIECCAMH,
COTIPOBOK/IAIOIIMMH BBIXOJ U3-110J (poTochepbl HOBBIX MOPIMA MAarHUTHOTO TMOTOKA
[50]. Cumrtaercst BCHBIIIEYHOONMACHBIM  HAJIMYHWE B CTPYKTypEe TPYII ISITEH TaK
Ha3bIBAEMBIX JCNbTa-KOH(MUTypaIuid (KOT/1a B MPOTSHKEHHOW MOJYTEHU OJTHOTO U TOTO
e TMATHa HAOJIOMAIOTCS DJEMEHThl TEHH C MPOTHBOIOJIOKHBIMU MarHUTHBIMU
nojaspaocTsiMu), [8;48]. OrMeueHO, YTO B KadyecTBe MPHU3HAKA IMOTCHIIMAIBHO
MOBBIIIEHHOM BCIBIIIEYHON aKTUBHOCTH MOXKET PACCMAaTPUBATHCS BPAILIEHUE KPYITHBIX
nsateH [48; baza mannpix Ne 2014621721]. Ilepen BcObIIKaMu W BO BPEMs BCIIBIIICK
3apETUCTPUPOBAHBI TAaKKE CIBUTOBBIE JIBUKEHUS BELIECTBA BIOJIb JMHUU pasjeiia
nojsipaoctei (mamee JIPIT) wmarnutHbeix mojecit [44]. HaGop »Tux u psaa Apyrux
PU3HAKOB JIETJIM B OCHOBY pa3pabOTKH AEHCTBYIONIUX aJTOPUTMOB IIPOTrHO3UPOBAHUS
MTOBBIILICHHOM BCHBIIIEYHON ONACHOCTH.

B 1O Xe Bpems OIpaBIbIBAEMOCTh IMPOTHO30B BCHBIIIEK OCTAETCS IMOKa €Il
JaIeKoM OT kenmaeMoil. HabmiomaTenu perynsipHO CTaJKUBAIOTCS C CUTYaIlMeu, Koraa
CXOIHBIC C TOYKH 3pEHHUS MOP(OJOTHU TPYIIIBI MSITEH OKa3bIBAIUCH CYIECTBEHHO
Pa3IMYaAIOIIMMUCS 110 YPOBHIO BCIBIIIEUHOW aKTUBHOCTH.

Kak ykazaHo Bblllle, B HACTOSIIEH JUCCEPTALIMOHHON paboTe aBTOP MPOBEPSET
TUIIOTE3Y, CBA3BIBAIOIIYI0 YPOBEHb BCIBIIIEYHON AKTUBHOCTH TPYHNIl MATEH C HX
MPUHAJJICKHOCTHIO UK K€ HE MPUHAJICKHOCTBhIO K KOMILUIEKCAM aKTUBHOCTHU (Hanee
— KA). Henonsepxkennocts saep KA muddepeHinmanbHoMy BpallleHUIO MO3BOJIHMIIA

MNPCAIOIOKNUTb, YTO 3TU CTPYKTYPHEI CBA3dHBI C FJ'IY6I/IHHI>IMI/I CIIOSIMA KOHBEKTHBHOM
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30HBI, i1 KOTOPBIX XapaKTepHa ocyiabjieHHas! (10 CPaBHEHUIO C MOBEPXHOCTHBIMHU
ciosimu) audepeHImaibHOCTh, @ CKOPOCTh BpalleHUs OJU3Ka K KIPPUHT TOHOBCKOM.

B rnmaBax 3 u 4 moka3zaHo, YTO UMEHHO NPUHAJIEKHOCTh TPYNIBI IATEH K AIPY
nu60 BeTBU KA sBisieTCS Ba)KHBIM CTaTUCTUYECKUM MPU3HAKOM €€ MOTEHIMAIbHO
MOBBIIIICHHON BCIIBIIIEYHOM akTUBHOCTU. ['mmoresa, oOBsCHAMONIAsS MPUYUHY OoJiee
BBICOKOM BCTIBIIIEUHON aKTUBHOCTU B TeX AQO, KOTOpbIE pa3BUBAIOTCA B siApaX WU B
BeTBsix KA, Oblia BbyIBMHYTa B pabote [96], pasBuTa B mocieayrommx padorax
[101;52;92] wu cBoauTcs Kk cuenyomemy. Sapa KA  sBusiorcs Mectamu
MOCJIEIOBATEIILHOTO BBIX0J1a HOBBIX MOPIIMI MAarHUTHOTO MOTOKA (MIPOSIBIISIOIINXCS B
dbopme AQO), MOITOMY UMEHHO 3/IeCh OCYIIECTBISETCS B3aUMOJCHCTBHUE «CTaphIX» U
«HOBBIX» MAarHUTHBIX CUCTEM, a Takke MarHUTHBIX cucteM AO B snpax u cucteM AO
B BETBSAX, KOTOphIC OOJAMalOT 3HAYMTEJILHBIMH 3aracamMu CBOOOJHOW MarHUTHOM
sHepruu. IIporecchl B3aMMOJICUCTBUS MarHUTHBIX CHCTEM, OCHOBAHHBIE Ha
MEXaHU3ME NEPECOCANHEHNS MArHUTHBIX CHJIOBBIX JIMHUM, IPUBOAAT K BBIICICHUIO
ATOU PHEPIUH B CUJIBHBIX BCIbIMKaX. C 3TON TOUYKU 3pEHUS, BOSBHUKHOBEHHE CUIIBHBIX
BCIIBIIEK B siIpaX M OT4acTH B BETBAX KA He BBI3bIBA€T BONPOCOB M BBITJISAIUT
€CTECTBEHHBIM IIPOLIECCOM.

B 10 ke Bpems mpu aHanW3e PEHTT€HOBCKUX BCHBIIIEK B 24 HUKJIE aKTHBHOCTHU
ObL1a BhIIEIeHA ocobas monyisanus AO, He oTHocsamuxcsa K KA, HO B KOTOPBIX, TEM
HE MEHee, TOXKe HaOJI0JaNNCh PEHTTEHOBCKHUE BCHBIMKH KiaccoB M-X. C Touku
3peHHs] paccMaTpPUBAEMOM THUIIOTE3bl, 3TO BBINVISIAUT CTPAHHO. Pe3ynbTaThl U3ydeHUs
TakuX o0OJacTed, Ha3BaHHBIX AHOMAJIBHBIMH B YKAa3aHHOM CMBICJE, HW3JIOKECHBI B

JTaHHOM TJIaBeE.
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5.2 AxtuBHBbICe 00acTH BHe KA

Kak ykazano Bbiue, 30% Bcex AO B 24 nukie 3a yKa3aHHBIN IEPUOJ WUMEIIH
otHomieHnne Kk KA. ABTopoM OblI COCTaBIIEH OTIAENbHBIA KAaTaJIOr BCIBIIICYHBIX TPYIIT
naTeH B 24 1uKie, B KOTOPbIX HaOMtonanuch BenblIku kiaaccoB M-X. Takux AO
okazanoch 198 (11,8% ot obmrero uncna), B Tom uucie 32,7% AO B coctase siaep KA,
16,2% AO B cocraBe BerBeit AO, u Bcero 4,3% B cocrtae AO BHe KA. Dra
CTaTUCTHKA elle pa3 noarepxkiaaer, uto AO B coctaBe KA o0nanarT CymiecTBEHHO
0oJiee BBICOKOW BCTIBIIIIEUHON MPOAYKTUBHOCTHIO, ueM AO BHe KA.

Hns xaxaorn AO BHe KA, rie mpoucxoawsid BCHBIMIKK KiaccoB M-X, ObLI
paccuuTaH CyMMAapHBIM BCIBIIIECYHBIM HMHACKC MO TMPaBWIYy, OMHWCAHHOMY BBHIIIIE.
CyMMapHBIi BCTBIIICUHBIA HHACKC NaHHOW AO mpeacTaBiseT coOO0N MHIEKC CyMMBI
MaKCUMAaJbHBIX 3HAUYCHWM WHTEHCUBHOCTH BCEX BCHBIIMIEK KilaccoB M u X,
HaOmroxaBimxcsa B 1auaoit AO.

Kaxk yxazano Beiie, AO BHe KA, B KOTOpBIX HaOIIOAAINCH BCIBIIIKH KJIaCCOB
M-X, OblTH Ha3BaHbl aHOMaJbHBIMU (nasiee AAQO) — B TOM CMBICIIE, YTO B paMKax
ucronp3dyemMond kourenuuu KA, reHepauus Bembliek kinaccoB M-X B AO,
pacnoioxkeHHbIX BHE KA BBIMISAIUT HEOKUTAHHOM.

ITepeuenbr AAO B 24 nukie npuBeneH B Tadnuie 5.1. B 24 nukie ux okazaaoch

Bcero 13.

Tabnuna 5.1. HekoTopble mapaMeTpsl aHOMabHBIX aKTHBHBIX 00J1acTel

Cymmap
Howmep
Kapp. HBIN. Te, Ve,
Ne Ne K3pp. HIupoT | S max, T,
JOJTOT BCIBILIE| CYTO |MAI. /
n/n | AO o0opo a ML 5 CYTOK
a YHBIN K CYT.
Ta
UHJIEKC
1 2 3 4 5 6 7 8 9 10
1 1041 2092 50 -25 200 118 |3 66 11
2 1046 2093 185 +20 190 083 |5 38 11
3 1069 2096 205 +42 170 0,12 |2 85 5
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4 1166 2107 92 +15 770 216 |11 70 14
5 1169 2107 60 +20 360 052 |9 40 12
6 1618 2130 130 +10 450 081 |7 64 11
7 1652 2132 185 +20 320 044 |3 106 | 13
8 1654 2132 148 +20 1100 022 |4 275 | 14
9 1726 2136 335 +13 1000 0,10 |7 142 8
10 | 1745 2137 350 +14 600 1,02 |3 200 | 14
11 | 1748 2137 295 +10 310 9,79 |2 155 | 13
12 | 2158 2154 95 +15 440 205 |8 55 14
13 | 2672 2194 235 +8 270 0,11 |3 90 13

B nepBom cronbue Tabmumipl 5.1 ykazan Homep AO 10 TOPSJIKY, BO BTOPOM —
nociennue 4detbipe mudpel Homepa AO cornacHo HomeHkinatype NOAA, B TpeTbeM
CTOJIOILIE TPHUBEACH HOMEP KIPPUHITOHOBCKOTO 000OpOTa, B KOTOPOM HaOJI0/1a1ach
nanHass AQO, B YeTBEPTOM U MATOM CTOJIOIAX YKa3aHbl COOTBETCTBEHHO
KOPPUHITOHOBCKasi renuorpaduyeckas AoiArora U renuorpaduyeckas mupora. B
IIECTOM CTOJIOIe JaHa MaKCUMallbHas IUIOMIA/lb Smax, KOTOPOW JOCTUIIIA JaHHAs
rpynmna msTeH, W BbIpaK€HHas B MWUIMOHHBIX JOJsAX Toiycdepsl (M), AaHHBIE
B3AThl B [26] B cempMom crTonlOIlle HpHUBEIECH CyMMAapHBIH BCIBIIICYHBIN HHIEKC,
paccuMTaHHBIA MO BCEM BCHbIMIKaM KjaaccoB M-X, mpoucmenmux B ganHot AO. B
BOCBMOM CTOJIOLIE YKa3aHO KOJHMYECTBO CYTOK le, TPOMIEAIINX OT JaThl
BO3HUKHOBeHHUs (oOHapyxkeHus) AQO 10 maTel AOCTHXKCHHS €H0 MaKCUMallbHOU
Habmomaemort 1momanau AQO. JleBsThId CTONOCI] COMCPNKHUT 3HAYEHUS CpETHEH
CKOPOCTH POCTa TUIOMIAAN TPYIIIBI TIATEH Ve OT AaThl BOSHUKHOBEHUS (OOHAPYKEHUS)
TPYIIIBI ISITEH 0 JaThl JOCTHXKCHUS €10 HaOMoJaeMoi MaKCHMalIbHOH Iuromaau. B
JIECSITOM CTOJOIE MPUBEICHO 00IIee KOTUYECTBO CYTOK |, Ha MPOTSHKEHUH KOTOPBIX
Ha Jucke HaOmomanach aHanuzupyemas AAQO. OueBUIHO, YTO H3Ta BeEJIWYMHA
OrpaHUYEHa CKOPOCTBbIO CHHOAMYECKOTo BpamieHuss ConHIa, U B TE€X ClyyasX, KOraa
AAQ cymecTBoBaja Ha 3amajJHoOM JMMOe Mepesl 3aXO0J0M 3a HEro, BCE 3HAUYCHHUS

JOJDKHBI OBITh YBCIWYCHBI HAa HCU3BCCTHOC YHCJIO CYTOK CYHICCTBOBAHUA 3a JUMOOM.
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OTO0 K€ 3aMEeYaHUe KacaeTcs M AaThl JOCTHXKEHUS MAKCUMAJIBHOW ILIOIIAAH, KOTOPOE
MOKET 0Ka3aThCs 32 3aaAHBIM JTUMOOM.

PaccmoTrpuM OCHOBHBIE cpenHecTaTHCTHYECKHE Xapaktepuctuku AO B 24
LUKJIE 32 pacCMaTPUBAEMBbI MEepUOJI, KOTOpbIE IpHUBEACHBI B Tabuuue 5.2. JlaHHbIe 0
IJIOMIAIM U MPOJOJIKUTEILHOCTH HabmoneHut Bcex AO B 24 1ukiie akTUBHOCTH Ha

COJIHEYHOM JIUCKE B3ATHI B [26] cpemHue mapaMeTphbl pacCYMTaHbI aBTOPOM.

Tabnuua 5.2 XapakTepUCTUKH aKTUBHBIX o0yacTei

Yucao Ve Te, Smax, T, Vd
Tun AO
AO MII/CyT CyTOK M CyTOK Man/CyT
AO Bue KA 1157 34,4+1 2,9+0,07 116+5,5 6,7+0,1 35,3+2 (1041)
AO
382 49,3+2,7 3,4+0,1 160,710 8,1+0,2 40,6x2,9 (346)
B ampax KA
AO B
148 37,442 2,8+0,2 105,5+14,1 | 6,5+0,3 31,6+4,7 (132)
BeTBiIX KA
AHOManbHBIC 11,8
13 106,6+19,2 5,2+0,8 475,4 £85 148,3+ 73,2 (13)
AO +0,7

B nepBom cronbie ykazan tun AO B 3aBUCUMOCTH OT €€ MECTOHAXOXKICHHS, BO
BTOPOM CTOJIOIIE TPHBEIACHO KOJUYECTBO PacCMOTPEeHHBIX AQO COOTBETCTBYIOIIETO
kiacca, Habmomapmuxess B 2009 — 2018 rr., B TpeThbeM — CpeAHss CKOPOCTh POCTa
IUIOMIAIA TPYIIBI ATeH Ve OT AaThl MepBOro OOHAPYKEHUs TPYIIIBI TSATEH 0 JaThl
JOCTIDKEHUsT MaKCHUMalIbHOW Tuiomanau. B deTrBeproM cTOnOIE yKa3aHO cpeaHee
YUCJIO CYTOK, B T€UEHHE KOTOPHIX BO3pacTajia IUIOIab I'PYIMbl MITeH Te, B MATOM
CTOJIOIIE — CpeaHss HaOJIoMaBIIasCcS MaKCHMalbHas TUIOMIAAb TPYIIBI MATEH Smax, B
IIECTOM CTOJIOIE — CPEAHSS MPOIOTKUTEIBHOCT CYIIECTBOBAHHUS TPYIIbI IsATeH T OT
JaThl MOSBJICHUs (HAOIIOACHHUS) M0 JaThl MCYE3HOBEHMS (MO0 yxo/a 3a 3amajHbId
auM0). B cenpMoM cTONOIlE yKa3zaHa CpEeAHSAS CKOPOCTh YMEHBIICHHS ILIOIIAIH
rpynnsl maTed VA oT gaThl JOCTHXKEHHMS MaKCHUMaJbHOW IIOINAAX TPYIIILI IATSH 10
ATl MCYE3HOBEHHS, TUOO0 3axoja 3a 3amagHbiii 1uMO0. HeoOXoauMoO OTMETHUTH, YTO

CKOPOCTb YMCHBIICHHA INIOIMAAXW YAAaJIOCh BBIYKMCIIMTH HC JIA BCCX COOBITHH (I/IX
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YUCJIO YKa3aHO B CKOOKaxX B MOCJEAHEM CTOJIOIE). DTO CBS3aHO C TEM, YTO 4acThb
MATEH YIUTH 32 TUMO 10 TOCTHXKEHHSI MAaKCUMaJIbHOM IO IH.

Cyns mo JaHHbIM B TaOaMIE 5.2, IS KaXJ0T0 TUIA TPYIMN MATEH XapaKTepHO
CBOE TUIIMYHOE 3HAYCHHME YKa3aHHbIX NapameTpoB. B oObrunbix AO 3a npenenamu KA
IJIOMIA/lb TPYNMbl MATEH PacTeT B CPEIHEM CO CKOPOCThIO 34 MIIN. B CYTKH,
HECYILIECTBEHHO OT ATOr0 3HAYEHUs OTIIMYAETCA CKOPOCTh POCTa IUIOIIAAU TPYIIIbI
nsateH B BeTBAX KA — 37 man. B cytku. CKOpOCTh poCTa IUIOMIAIX TPYIIIbI MSTEH,
BO3HMKaroIIeH B siape KA, Oblia Bblle, MPUYEM CTATUCTUYECKH 3HAUMMO — O0Jiee yeM
Ha 40%. UTo kacaeTcs TpymIl MATEH, KOTOPbIe ObUTH OTHECEHBI K pa3psily aHOMaJIbHBIX
M0 MPU3HAKY WX BBICOKOW BCIBIIIEYHON AKTHBHOCTH, CKOPOCTh POCTa WX IUIOLIAIU
BTpPOE BBIIIE, YeM Yy OOBIYHBIX TPYIIN MATEH M BIBOE BbIIE, YeM B sjpax KA.
CKopocTh YMEHBIIICHUS TUIONIAAU Y aHOMalbHBIX AQO TOXKe HamboJiee BhICOKA CpElH
Bcex TunoB AO — B 4-5 pa3 Bblle, 4yeM y BetBei KA u oObryHbIX criopaguyeckux AO
BHE KA.

IIpu 3TOM, €cnu cpeaHee KOJIMYECTBO CYTOK, MPOTEKAIOIIUX OT MOSIBIEHHUS 1O
JaThl JOCTHXKEHUS MAaKCUMAaJbHOW IUIOMIANU, JUIsl OOBIYHBIX TPYMII MSATEH W TPYMIl
nsATeH B BeTBsIX KA oka3bIBaeTcs MPUMEPHO OJMHAKOBBIM, B siipax KA — HECKOJbKO
0oibllle, TO B aHOMAJIbHBIX O0OJACTSAX — IIOYTH BABOE OOJIBIIIE, Y€EM B OOBIYHBIX.
VYuuTeiBasg, 4To0 U CKOpPOCTh, U Bpemsi pocrta miomaau B AAQO BBICOKH, CIEAyeT
0’KHMJIaTh, YTO U MAaKCUMaJbHas IUIOLIA/(b IPYIIIbI MATEH JOJKHA OKA3aThCsl BHICOKOM.
Tax OHO W ecTh: y OOBIYHBIX TPYNN MSATEH U y Tpynn msaTeH B BeTBIX KA
MaKCHMajbHas IUIOIIAJb B CpPEeAHEM HeCKoJabko mpeBbimaer 100 man (3T0
CPaBHUTEIBHO HEOOJIBIINE TPYIIIbI MATEH). CPEIHSS MaKCUMalbHas IUIOLIAb TPyMIl
nsateH B siapax KA oxasamace Oonee uem B 1,5 pasa Bbilie, HO CpEIHSAS MaKCUMalbHAS
mwiomaas AAO modTH BUETBEPO BHINIE CPEAHEH MAKCUMAaIbHOW TJIOMATN OOBIYHBIX
rpyni nsteH. Hano yuuTeiBaTh KpaliHe Malyl0 CTATUCTUKY aHOMAJIbHBIX TPy MSATEH,
HO Ha TO OHU U aHOMAJIbHBIE.

CoOOTBETCTBEHHO, AHOMAJIbHbIE OOJIACTU XapaKTEPU3YIOTCS caMOM OOJbIION
MPOJOKUTENBHOCTRIO JKU3HU. Takum o00pa3oM, MOXHO CclellaTb BbIBOJ, YTO

aHOMAJIbHbIE AaKTHBHBIE O0JacTH OBICTPO, HO [JOJITO HApPALIMBAIOT IUIOLIA/b,
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JOCTUTAIOT 3HAYMTENIbHBIX IUIOHIAJAEH W JOJIr0 CYIIECTBYIOT. JTOr0 CIEA0BaJIO
OKUJATh, U 3TO TIOJTBEPKACHO U3MEPEHUSIMU.

OTmeTuM, KpoMe TOro, SIBHYIO CEBEPHO-IOKHYIO ACUMMETPUIO PACIIONOXKEHUS
AAO B 24 nukne: Bce OHU (KpoMme IMepBOM) HaOIIOJANNCh B CEBEPHOM MOJIYLIAPUU
Connua.

Ha puc. 5.1,a npuBeneno pacmnpeaenenue Bcex AO B 24 nukie, HAXOASIIUXCS 32
npenenamu KA, mo 3HaueHusM MmakcuMalibHOM Tuiomanu Smax. bonee 67% rpynn
OSTEH U3 3TON MOMYJIALMHA OKa3aJIUCh MaldbIMH (MX MaKCUMaJlbHasl TUIOMAAL SMax He
npesbimana 100 mam), puc.5.1,a.

HecmoTpst Ha Manyl  CTaTUCTUKY, BHJHO, 4YTO  COOTBETCTBYIOIIEE
pactipeneneaue AAO (puc. 5.1.0) CyIIECTBEHHO OTJIMYAETCS OT MPEABIAYIIETO —
MakCUMyM SMax JIeKHUT B auanazone miomaaei 250 — 500 man. OTMedeHbl ciaydau
co 3HaueHHsIMH SmaX, mnpesbimaBmuMu 1000 Mam, 4dro ObUIO KpaliHE PEeaKUM
sieHueM B 24 nukie [32]. Bo Bceit nmonymsiuu AAO HEM ofHA TpymIia HE OKaszaiaach
Mmajoit (Smax ne Obu10 MeHbIe 170 muam). Takum 06pazoM, MOKHO KOHCTATUPOBATh,
910 AAQO OTINYAIOTCS HEOOBIYHBIM PACIIPEETICHUEM TI0 TUIOIIAINA, 3TO OTHOCUTEIIBHO

KPYIHbIE TPYIIIbI MSTEH.
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Puc.5.1 a— pacnpenenenue AO BHe KA 1o 3HaYeHUSIM MaKCUMaIbHOM TII0MIAIu, O
— aHasiornyHoe pacnpenaenenue a1 AAO, B — misa AO B saapax KA, r — ans AO B

BeTBiIX KA

Ha puc.5.2 nokasansl pacnpenenenuss AO, He nMmeromux otHomeHus k KA, mo
MPOJIOIDKUTENBHOCTH KU3HU T. 65% «O0OBIUHBIX» TPyl TIsiTeH BHE KA cymiecTByroT
no 8 cyrok. Monsa nonroxuBymux AQO, KOTOpble XUBYT AoJiblie 14 CyTok, He
npesbimaet 1% (puc. 5.2.a).

s AAO pacnpeneneHre HOCUT NPUHIUIIUAIBHO JPYrod XapakTep — B 3TOU
MONYJISIIIUU TPUCYTCTBYET COBCEM Maji0 KOPOTKOKUBYIIMX TPYIII MATEH, 3aTO TPYIII,
cymecTBytonux Oonee 11 cyrok, okaspiBaercs Oomnee 76 % (puc. 5.20). Takum

obpazom, B uncio AAQO momnagaT CpaBHATEIEHO KPYIHBIC U TOJNTOKUBYIINAE TPYIIITHI

IISATCH.
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Puc. 5.2. a— pacnpenenenne AO, HabmoaBimmxcs BHe KA, 110 Mpo10KUTETEHOCTH
CYIIIECTBOBaHUs, 0 — aHanmoruyHoe pacnpenenenue st AAO, B — g AO B siapax

KA, r — nag AO B BeTBsix KA.

Eme omno obmiee cBoiicTBO paccmarpuBaeMbix AO — 3TO MX SIBHAs CBS3b C
kopoHanbHbiMU nbipamMu (KI). Bynem Ha3zbiBaTh pexyppeHTHbiMU Te K], KoTOpbIE
HAOJFOMAIOTCS HA TPOTSHKEHWHW KaK MUHUMYM JBYX KIPPHHTTOHOBCKHX OOOPOTOB.
Jns yctanoBieHuss Bo3MokHOU cBsizu AAO um KJI Ha cuHONTHYECKHE KapThl, TJe
nokasanbl KOHTYpbl KJI, Opu1i HaHECeHBI 00J1aCTH, T/Ie PaCcoNarajiuCh UCCIEayeMbIe
AO. Oxkazanocs, uro ans Bcex AAO B 000poTax, mpeaecTBYIOMMUX 000poTam, Koraa

HaOmomamuce AAQO, mobmuszoctu (B mpemenax wmeHee 20 remmorpadudecKux
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rpagycoB) HaOmoganuch K/, mpu 3ToM oHu ocraBanuch Ha COJHIE U B CIEIYIOIIEM

obopote ogHoBpeMeHHO ¢ AAQ. DTu 1aHHbIe MPUBEACHBI B Tabiuile 5.3.

Tabnuua 5.3 AHOMasbHbIE AKTUBHBIE 00aCTH U KOPOHAJIBHBIE JBIPHI

Howmep
Ne Ne KJI B mpenpiaymiem
w/n AO K3pp. [Ipumebikaromas K] oGopoTe
obopoTta
1 2 3 4 3)
OKJI x BoCTOKY, OKJI 1 Kk BOCTOKY U K
. 1041 2092 BIUIOTHYIO K AAO 3anaay ot mecta AAO
Henouka @parmentoB | OKJI ToyHO Ha MecTe
K c fora | AAO
IIPOJIOJIKAIOIIAS
2 1046 2093 «pykaB» ITIKJ[ uepe3
9KBATOp, HAaIpaBlIeHA
ToyHO K AAO
OK/I k 3amany OK/I k 3amany
BILTOTHYIO K AAO..
3 1069 2096 OK]JI cBs3ana ¢
PYKaBOM CEBEPHOU
ITK/]
[lermouka pparmeHTOB OKJI na mecte AAO
4 1166 2107 OK/I k 3amany ot AAO,
HampaBlieHa TOYHO K
AAO
Ha nponomkenun OK/I k 3amany Bo3ie
5 1169 2107 LEIIOYKHU SKUI[, oymymeit AAO 1166
IPOTAHYTOM
kK AO 1166
OK/I k 3amany u K
6 1618 2130 B:z)léﬂnl: Cgieﬁg CeBepy OT MecTa
y Gymymeit AAO
OK/I k ceBepo-BocToKy | OKJI Tam ke, 4To U B
! 1652 2132 ot AAO 2131 obopoTte
8 1654 2132 OKJI xk BOCTOKY U OK/I Ha ToM ke MecTe
cesepy oTr AAO
9 1726 2136 OK/I kx 3amany or AAO K] nanexo (50° k
BOCTOKY)
®parMeHThI
®parments DK/ k HeOoubmoi DKl Tam
10 1745 2137 ory or AAO xe. AAO 1745 papom
yepes dKBaTop (x 3amanay) ¢ MECTOM
AAQO 1726
11 1748 2137 OKJI k BOCTOKY OT Ta sxe OK/I k BocTOKY
AAO
12 2158 2154 Pyxkas IIK/] nanpaBinen Her KJI
K AAO 4depes sKkBaTop
13 2672 2194 Pyxkas IIK/] nanpaBnen Tor xe pykas ITIK]{
Kk AAQO uepe3 sKBaTOp CYILIECTBYET
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B nepBom u BTOpOoM cTonbuax tabauisl 5.3 ykazansl Homepa AAQO, B TpeTbeM
CTOJIOIIE — HOMEP K3PPUHITOHOBCKOTO 000pOTa, B YETBEPTOM — B3aUMHOE MOJIOKEHUE
AAO u 6mmxaiimeit KJI, B marom cronbie — nannsie o Hannuuu KJ[ B npenpiayiiem
obopote, mnpenmectBoBaBiieM nosBieHu0 AAQO. Ab66pesuatypa OKJ[ obGo3nauaer
«okBaropuaibhbie KJ» — K/I, e cBsazannbie B nonspusiMu K1 (TTK /).

Tabnuia HATJISIAHO AEMOHCTPUPYET, YTO a) KAK MUHUMYM, 3a OAUH 00OOpOT A0
BO3HUKHOBeHUSI AAO BOIM3M (2 B HEKOTOPBIX CIIy4asiX HEMOCPEICTBEHHO HA TOM K€
MECTE B KIPPUHITOHOBCKOW cucTteme KoopauHaT) Habmoganack K/, m 6) K]
OpoJ0JIkKaa CylecTBoBaTh ojJHOBpeMeHHO ¢ AAO.

Ha puc.5.3 B kauecTBe mpumepa mokazaHa cuTyarus, cBszaHHas B AAO Ne
1046. Bunno, uto B 2092 o6opore cymiecTBoBaiIM Heckojibko (¢parmentoB KJI, Ha

MECTEe OJIHOTO W3 HUX B clieayroliemM obopote chopmupoBaitack AO 1046.

112



1046

Puc. 5.3 a — parmeHT cHHONITUYECKOH KapThl COTHEUHON MOBEPXHOCTH B 2092
obopore, 6 — ToT ke PpparmeHT B 2093 o6opote. UepHbIM 11BeTOM 3aTymeBanbl K/,

UTAIICOM ToKa3aHo moJioxxerrne AO No 11046.

Ha puc. 5.4 nokasan eme oauH npuMep pazButus aHomaibHbIXx AO BOmu3u K/I.
AO 1166 chopmupoanacek B 2107 o6opore (puc. 5.4,0) B caMOM KOHIIE TTPOTSHKCHHOM

KJI, mabmomasmetics B 2106 o6opote (puc. 5.4,a). Yka3aHHbIe (M TIPOYUE) IPUMEPHI
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IMPOU3BOAAT BIICUATICHHC HCCJ'Iy‘-IaI\/'IHOI\/'I CBsA3U MCIKAY PACIIOIIOKCHUEM aHOMAJIbHBIX

AO u KJI.

Ty, 2106
v."l
60, 90 120
1169 1166 _ ™
s B
~
Yy
, @ 9 120

Puc. 5.4. a — ¢pparMeHT CHHONITUYECKOM KapThl COJTHEUHOM MOBEPXHOCTH B 2106

obopote, 6 — B 2107 ob6opoTte. UepHbiM 11BeTOM 3aTyimieBanbl K/, ammncamu

nmoka3ano 1osoxeHne AAQO NeNe 1166 u 1169.

MOXKHO KOHCTaTUPOBaTh, YTO B Mpenaenax nonyisiuuit AO, BO3ZHUKAIOIIUX 3a
npenenamu KA, AAO 3amMeTHO BBIACISAIOTCS MO0 CBOMM CBOMCTBaM. B OCHOBHOM 3TO
CPaBHUTEIBHO KPYMHBIC M JOJTOXXUBYIIHWE TPYMHIBI MATECH, OTIWYAIONIAECS BBICOKOM
(no cpaBHenuto ¢ apyrumu tTunamu AQ) CKOPOCTBIO, KaK pOCTa, TaK W YMEHBILICHHS
mromaand. BaxkaeiM cBoiicTBOM 3THX AO TpencTaBiseTcs: 00s3aTeIbHOE MPUCYTCTBUE
nmoom3octu pexkyppenTHoit KJ[ (B HekoTopwix ciydasx AQO BO3HHKAeT NMPsSMO Ha
mecte KJI).

P ACCMOTPHUM KaKJ0€ aHOMAJIbHOC coObITHE OTACJIBHO.
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5.3 UnauBuayaibHble MapaMeTpbl AHOMAJIbHBIX AKTHBHBIX 00J1acTeil

B Hacrosimem pazaene paccMOTpeHbl HHAUBUAYalbHbIE cBoiicTBa AAO. Ocoboe
BHHMaHME 00pananoch Ha Takou mapamertp, Kak cBsizb AO ¢ npyrumu 6auzkumu AO
4yepe3 BBICOKME KOpOHaJbHbIE MeTiu. MMeHHO 3T0 cBoiicTBO, TunuuyHoe s AQO,
BXOJSIIUX B KOMIUIEKCHI aKTHUBHBIX 00JIacTeH, paccMaTpuBalioch Kak (akTtop,
TUTIOTETUYECKU BJIMSIONINNA HAa TOBBIMICHHYIO BCIBIIIIEYHYIO0 aKTUBHOCTh AAOQ.

AO Ne 1041 nabmronanacek B obopore 2092. B npeasiaymiem obopore Ne 2091
Ha TeX K€ KoopJauHaTax HabOmopamace ounossipHas AO Ne 1039. B crnepyromem
o00opoTe MATEH 37ecCh yKe He ObulIo, MO3TOMY MO (opManbHbIM mpu3zHakam [20]
CTPYKTypa HE MOXKET OBITh OTHECEHA K paspsay KA, HO peub MOXET UIATH O TIpUMEpe
«KOPOTKOKUBYILIEro» KA

AO Ne 1046. B nipeasinymieM u nocieaytonieM odboporax Ha mecte 3tod AO
nsTHa He HaOmonanuck. Tem He MeHee, B 60 rpagycax k 3amany oT AO HaxomauTcs
saapo KA 24N01 (AO 1045). Ha caumkax SOHO na nnune BoiHe 17,1 HM BHIHBI
TpaHCOKBATOPUAIBHBIE TIETIH, COoenuHsonmMe paccMmarpuBaemyio AO Ne 1046 B
cesepHom monymapuu ¢ AO Ne 1049, pacnonokeHHONW B FOKHOM TNOJIYIIApUM Ha
pacctossann 4050 rpagycoB OT Hee K 10ro-BocToky. Takum obpazom, AO 1046 moxer
paccMaTpuBaThCA KaKk KOMIIOHEHT TpaHciKkBaTopuaibHoro KAQO, cyniecTBoBaBIIEro B
2093 obopore.

AO Ne 1069. OnHa u3 HEMHOTMX BBICOKOIIMPOTHBIX AQO 1uKIa (ceBepHas
mupota 42 rpaayca). baumxaiimas AO Ne 1064 B sigpe KA 24N02 naxonutcs B 40
rpagyca k toro-3amamy. Ha cammkax SOHO merens, coemmustommx nse AO, He
BU/JIHO.

AO NeNe 1166 u 1169. J[Be AO, pacnosioxeHnubie B 30 rpagycax Apyr oT
JpyTa, MPEACTaBISAI0T co000i SpKo BhIpakeHHBIH KAO ¢ THMUYHBIM pacCIoIOKECHUEM
Bxomamux B Hero AO Ha pasHbIX mmpoTax (3amagHas AQO Ommke K IKBATOPY),
CTPYKTypa BBITSIHyTa C IOro-3amaja Ha CEeBEpPO-BOCTOK, KaKk B MHOrosaepHnix KA.

Xoporo BuIHA CBs3b IBYX AQO depe3 KOpoHaIbHbBIE TeTiu (puc.5.5).
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Puc. 5.5 Bcnbimeunsie aktuBHbie 001acTi NeNe 1169 u 1166 coequHeHBI

kopoHaIbHBIMH TIeTJisiMUA. CHUMOK 10.03.2011, o6¢cepaTopus SDO, 17,1 am.

AO Ne 1618. B nyuax 17,1 um Ha cHuMKax SDO 0TYeTIMBO MpOCMaTPUBAIOTCS
TpaHC-3KBaTOpUANIbHBIE TETIH, coenuHstone aanHyro AO c spkoil obnacteio 6e3
nsaTeH (QJIOKKyJoM) B IOKHOM TONyIIapuu, rie B mpeabiayiieM 2129 obGopote
pacrnionaranacek BenbimedHas AO Ne 1598. B 2130 o6opoTe msATHA, OYEBHUJIHO, YKE
pacmanuch, a Spkuid (JIOKKYJI W MarHUTHbIE CBS3u ocTtamuch (Puc 5.5). Anamus
MOKa3aj, YTO 3Ta TPAHCAIKBATOpHUAJbHAsI CTPYKTypa CYHIECTBOBAJIA KAK MUHHMYM Ha
MPOTSHKEHUU OJHOTO 0bopoTa: B mpenbiaymeM 2129 obopore Ha mecte AO Ne 1618
pacnonaranach HeOombmags AO Ne 1600, coenuHsIBIIAasICS TPaHCIKBATOPUATBHBIMU
nemsiMu ¢ yxe ymnomsinytod AO Ne 1598 (BetBb KA 24S10, AO Ne 1620), rue
MPOU30IIJIa OJJHA M3 HEMHOTHX B ITMKJIEe ramMma-Bembimka [92; 47]. B 10 rpagycax k
3amagy or AO Ne 1600 mabmromamace kpymHas omuHouHas AO 1596. Eme onna
raMMma-BCIbIIIKa TMpom3ona B paccmarpuBaemMort AO Ne 1618. Takum oOpazowm,
TpaHcakBaTtopuanbHas cuctemMa (KAO) u3 nByx KoMmoHeHT, BkitouaBmias AQO Ne
1618, mpomssena B 2129-2130 o6opoTax aBe raMMa-BCIBIIIKH U3 31, HaOII01aBIIHXCS

B IIUKIJIE.
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SDO/AIA 171 2012-11-22 01:15:24 UT

Puc. 5.6. Benpimeunas aktuBHas o6acts Ne 1618 coenrHeHa KOPOHATBHBIMU
METJISIMU C 00J1aCcThiO B 105)KHOM Tonymapun. Caumok 22.11.2012, obcepBatopust

SDO, 17,1 um.

AO NeNe 1652 wm 1654. DOtu nBe AO oOpasyror KAO, coeanHeHbI
KopoHabHbIMU TieTisAMU. Kpome toro, AO 1654 cBsizaHa MarHUTHBIMU METJISIMU C
HeOompioir AO 1656, pacmosoKeHHOW K CeBEpO-BOCTOKY OT Hee. [lepeunciieHHbie
rpynmnsl nateH, oopasywomue KAO, nokazansl Ha puc.5.7. AO Ne 1656 naxonurtcs

TOYHO Ha MecTe yrnoMsiHyTo# Beie AO Ne 1596 (o6opoTt 2129).
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Puc. 5.7 Bcenpimeuynas aktuBHas o6actb Ne 1654 coerHeHa KOPOHAITBHBIMU

netasiMu ¢ AO 1652 u 1656. Caumok 12.01.2013, o6cepatopust SDO, 17,1 um.

AO Ne 1726. Kpymnuas Ounomnsipaas AO Ne 1726 (makcumanbHas IUiomiaab —
1000 mar). Bo3nukia B 213606opote. Ha caumke AO UT'Y ot 21.04.2013 BugHO, 4TO
K 3amajy BUJHA €lle OjHa HeOOoJbllIas rpymnma MsITeH, He OTMedeHHas B nepeuyHe AO
NOAA. C stoit o6mactero AO Ne 1726 o6pazoseiBasia KAO. B cnenyromem o6opote
Ha Mecte AO Ne 1726 nsateH yxe He OblIO, HO COXpaHMUJIACh MarHUTHAsI KOPOHAIbHAS
oumnosnsipHas cTpykrypa (puc. 5.8).

AO Ne 1745 cs3ana kopoHasbHbIMU TieTisiMU ¢ AONe 1744, B npenpinyiem
obopore Ha Mectre AO 1745 mnosBnsnacek Ha oauH JeHb AQO, oTMEYCHHAs

obceppatopueir MI'Y B cocrae KAO ¢ AO 1726.
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DIOKKYI
Ha

Puc. 5.8 Bcnbimeunas aktuBHas o6macts Ne 1745 coenrHena KOpOHATbHBIMU
netismMu ¢ AO 1744. K Boctoky oT AO Nel745 naxoautcest GJI0OKKYJ, OCTaBIIEHCS OT

AO Ne 1726. Canmoxk 18.05.2013, o6cepBaropust SDO, 17,1 HMm.

AO Ne 1748 cBsizaHa HU3KMMHM KBa3UTOPU3OHTAIBHBIMU METIISIMA  C
octatouHbIMU CTpyKTypamu AO Ne 1726 (puc.5.8), ornuvaercss 0OpaTHBIM HAKJIOHOM
OCH TPYIIHI MSATEH MO OTHONIEHUIO K 3KBATOPY. 37€Ch MPOU3O0IIIA CEPUS BCIBIIIEK
kiacca X. Bxonut B coctaB pazHoBospactHoro KAQO, Bkimrogaromiero B ce6s AO NeNo
1748, dbmoxkyn 1726, AO NeNe 1745 u 1744.

AO Ne 2158 renepupoBaia JIB€ BCIBIIIKK X-KJacca, B TOM YHCJIE OJHY FaMMa-
BenblKy. Ha puc. 5.9 BuaHa cuctemMa BbICOKMX TOHKUX IMETENb, TPOTITUBAIOIINXCS K
BOCTOKY, (JIOKKYyNy (ocTtaTrouHbIM moyiiM) Ha mecte AO 2139, nabmromaBiieiics B
npenpiayimemM ooopore 2153 (pasznoBo3pactHeii KAO). K 1oro-3amamy yepes s3xBaTop
Haxonutcst AO Ne 2157, HO TpaHCAKBaTOpUalbHbIE NETNIH, coeauHsomue 3tu AO, He

BUHBI.
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Puc. 5.9. Benpimeunas aktuBHas oonacth Ne 2158, Caumoxk 11.09.2014,

ob6ceppatopus SDO, 17,1 M.

AO Ne 2672. OnuHouHas kpynHas rpynna nareH. K Bocroky B 20 rpagycax
ObLT (DIIOKKYJI, CyAsl TI0 MarHUTOTpaMMe — OCTaTKH Hebompioi ounossipaoinr AO. B
npenbIayIeM 000poTe 3/1eCh TaKKe HE HAOJI0IaUCh TSITHA.

B 24 n1mukne conaHeYyHOW aKTMUBHOCTH TmpakTtuyecku Bce AQO, KoTopbie
TeHepUPOBAIM BCTBIIIKKA KiaccoB M u X, HaOIoJanuch B COCTaBE KOMILUIEKCOB
aKTUBHOCTH — JINOO B sapax, OO B BeTBIX. B To ke Bpems BbiaeneHsl 13 AO,
KOTOpbIE HE MOTYT OBITh OTHECEHBI IO (POPMAIIBHBIM MPU3HAKAM K Pa3psly BXOMASIIHUX
B coctaB KA. M3ydyenue 3TUX aKTUBHBIX 00JIacTel MOKa3ajao, YTO BCE OHM BXOJMIH B
COCTaB KOMILUIEKCOB akTUBHBIX obOnacterr (KAQ), cymecTBOBaBIIMX Ha MPOTSIKEHUU
HE TPeX KIPPUHTTOHOBCKUX 00OPOTOB MOJPS, a, KaK MpaBmiIo, oxHOro. Tak, B cocTaB
KAO Bxommmu AO NeNe 1069, 1166-1169, 1652-1654. B »Tux ciay4yasix CHCTEMBI
KOPOHAJIbHBIX METETh, COCIUHSABIINX aKTUBHBIC 00JIaCTH, OBLITN SPKO BHIPAKCHBI.

B cmyqae AO Ne 1726 (ma wmecte 3toii AO B crenyromeM o000poTe
Habmogamuch AO NeNe 1745 wu 1748) AO ¢ nsaTHaMH MOTJIa COSTUHATHCS METIISIMU C
MeHee Spko BbIpaxkeHHOH AQO — crapeiM ¢uokkynom. Cyas mo mopdonoruu u
marautorpammam SDO,  peubr MoxkeT wuATH 00 ocrtaTtkax Hebomsmon AO,
pa3BUBaBIICCAd BO BpeMs MNpeObIBaHUS HAa OOpPaTHOM MO OTHOIICHHID K 3€MHOMY

HaOmonarento noaymapun ConHua. B 3Tux ciiydasix cBsI3u uepe3 KOPOHAIIbHbIE METIIH
120



y AAO c Oonee crapoit 001acThiO, BRIPaXKEHHOW B BUIE (PIIOKKYIa, COXPAHUIIUCH.
AHanoru4Hble, HECKOJbKO MEHEE SPKO BBIPAKEHHBIE CHUCTEMBbI pPEAU30BaHbI B
ciayyasx KAO, coctosimux u3 AO ¢ nsatHamu U uiokkyna, — Ne 2158, 2672.

OcoOblif MHTEpeC TMPEeACTABISIIOT CIydal, KOTJla BCIHbIIEYHAs 00JacTh
COCMHSIACh  TPAHCOKBATOPUAJIBHBIMU  KOPOHAIBHBIMM meTiaMu ¢ AO B
MPOTUBOIOIOKHOM (10’kHOM) nonymapuu (AO Ne 1046, 1618). B nocneanem ciydae
TPaHCIKBAaTOpUaAIbHAs CHCTEMa CYIIECTBOBAaJAa Ha MPOTSKEHUH JBYX OOOpPOTOB.
Hakonen, AO No 1041 B mnHawane unmkia oOnajana TpU3HAKAMH TUIMYHOTO
HeOoubioro simpa KA: Ha Tex ke KIPPUHTTOHOBCKUX KOOPJMHATAX B MPEAbLIYIIEM
obopote pacnonaraiack AO Ne 1039. Ho sta cucrema He Oblla OTHECEHA K pa3psiay
KA, nockonbky, mo ompeneneHuto, B sigpe KA momkna HabmonaTbcsi aKTUBHOCTH
ISITCH B TCYCHUE MUHUMYM TpeX o0opoTtoB moapsia [101].

BaxxabiM cBOMCTBOM Bcex n3ydeHHBIX AQO oKaszanach sIBHO HE ClydaiiHas CBS3b
¢ 00s13aTeNIbHO OJU3KO0 HaxosIelics kopoHaapHoU abipor (K/). OTMedeHsl ciydau,
korga AO Bo3HMKana Ha koHIle aauHHOM KJI, mubo B mecte, oxBaueHHoM KJI B Buae
nayru. OtmedeH ciy4dait Bo3uukHoBeHUsI AAO npsimo Ha Mecte KJI, HaGnronaBiieiics B
npenbayiiemM obopore. Takum o0pa3oM, MOKET OBITH BBIIBUHYTA THIOTE3a O €IUHOM
¢usnuecko cucreme, Biitodaromieir B ceds KJ[ u ocoOyto AO, BO3HHKAIOIIYI0 Ha

mecte KJI mubo psgom ¢ Helt.

5.4 BuiBoabI K riase 5

Eme pa3 ormeruMm oOmme CBOWCTBA PAaCCMOTPEHHBIX BembImedHbx AQO,
JoKanu30BaHHBIX BHE KA.

1. Bce stu AO chopmupoBanucy BOmu3u K/, nubo mnpsmo Ha mecte
HeJaBHO cyniecTBoBaBien K/I;

2. [Toutu Bce atu AO siBnsimuck dnmeMentamu KAQO, Oyayuun cBs3aHBI 4epe3
SPKO BBIPAXXEHHbIE KOpOHaIbHbIE meTiu Jmbo ¢ apyrumu AQO, aubo ¢ yxe

pacnanaommumucas  AO  (ctappiMu  (DIIOKKYJIaMH ). Hckntrouenne COCTaBIAET

121



BbIcokommpoTHast AO Ne 1069, miig KOTOpOM HE MPOCMATPUBAETCS CBA3b C COCETHUMMU
AQ;

3. Bce atu AO BXOIAT B MNONYJSINUIO JTOCTaTOYHO KPYIHBIX TPYIIl IATEH, Y
KOTOPBIX CKOPOCTbh, KaK pOCTa IUIOMIAJM, TaK U CKOPOCTh €€ YMEHBIICHUS IMOCIe
JTOCTH)KEHUSI MaKCMMYMa, 3aMETHO BbIIIE, 4eM Yy «oObrdHbIX» AQO, nubo y AO,
BXOJIAILIMX B COCTaB siiep Jaubo Berseil KA;

4. Bce ykazanabie AO ObUTM OTOOpaHBI MO MPHU3HAKY BBHICOKOW BCHBIIMICUHON
AKTUBHOCTH — OHM Jlalld CHUJIbHBIE BCIBIIIKH, COMPOBOXKAABIINECS BBIOpOCAMHU
KOpOHaJIbHOW Macchl. Bce Bembliku 24 1MKIa, COMPOBOXIABIIHMECS TamMMa-
u3JIydyeHreM U npouciueammne BHe KA, npousonuu B AO 1aHHON NOMYJISALINH.

C ToukM 3peHus aBTopa, OMNpaBiaHa THUIOTE3a O TOM, YTO TpPU TIEPBbHIC
NepPEUYHCICHHbIE CBOMCTBA paccMOTpeHHBIX AQ SIBISIOTCS 3HAUYUMBIMH (DAKTOpaMHu,
OTIPENICIIAIONIUMHU X YETBEPTOE CBOMCTBO — BHICOKYIO BCTIBIIICUHYIO aKTUBHOCTD. [1o-
BUIUMOMY, JUIisl obecriedeHus: crmocooHoctu AO reHepupoBaTh CHIIbHBIE BCIBIIIKU
TpeOytorcs Bce Tpu (akropa. Kak mpaBuiio, HO naneko HE Bceraa, 3TH (akTopbl (He
o0s3aTenbHO Bee) peanu3yrorcs B KA. BeposiTHO, mosToMy 3HaUMTENbHAS T0JS BCEX
CWIbHBIX Bemblmek Ha ConHIle MPOUCXOTUT B sfapax (OoJblieil dacTbio), MO0 B
BeTBiIX KA. B 3THX cCyllecTBYHOUMX Ha MOPOTSKEHHH HECKOJIBKUX COJHEYHBIX
000pOTOB CTPYKTYypaxX HaKaIlJIUBAE€TCA DHEPTUs IMOCIEIOBATEIHHO BCIUIBIBAIOIIUX B
OJTHOM U TOM K€ MECTE€ MarHMTHBIX MOJIEeH, (POPMUPYIOTCS CIOKHBIE MHOTOYPOBHEBBIE
apo4yHble KOH(PUTYpAIluU, B pe3yjbTaTe MPOIIECCOB MEPECOSAUHEHUS (HOPMUPYIOTCS
HEPABHOBECHBIE CUCTEMBI C TOKOBBIMU CIIOSIMU, YTO MPUBOJIUT K MOIIIHBIM BCIBIIIKAM.

B 10 xe Bpems, B HekoTOopeix KA He peamusyercss Becb HaOOp HEOOXOIUMBIX
YCJIOBUHM JUIsl TEHEpAlMU CHJIbHBIX BCHBIIIEK, MO3TOMY npuHamiexkHoctb AO k KA
JAI0T CPaBHUTEIBHO BBICOKYIO BEPOSITHOCTH BBICOKOTO BCIBIIIEYHOTO IMOTEHIIHAIA
KA, Ho He rapantupyet ero. [lo-Bugumomy, B nonyisanuio AAO nonanu (B TOM
yucie) KopoTkoxkuByiiue KA, mo kakoi-To NMpUuunHE HE COXPAHUBIINE CTAOWILHBIN
KaHaJl, 0 KOTOPOMY JJIMTENIbHOE BPEMsl BCILIbIBAIM Obl HOBBIE MOPIUKM MarHUTHOTO

T0JIs1, ¥ pa3pyIIUBIIKECs, HE JOCTUTHYB Bo3pacTa B 3 00opoTa.
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CornacHo UWHTEpHpeTalMu aBToOpa, OoJblllas dYacTh aHOMAJIBHBIX AO
npexacrasisier coboii KAQO, Bkiouas TpaHCIKBaTOpuajdbHble, B KOTOpbiXx AO
OKa3aJINCh CBSI3aHHBIMH JPYr C JPYTOM BBICOKUMHU KOPOHAJIbHBIMHM TeTiasiMu. [lo-
BUJIUIMOMY, 3TH CTPYKTYphI, TUIHYHBIC, KaK MpaBwio, s goiroxuBymux KA, B
JaHHOM CJIy4a€ BO3HUKIM B OTCYTCTBHE TJIyOMHHOIO KaHaja, JdOCTUTAIOUIEro
IyOOKHUX CJIOEB KOHBEKTHUBHOM 30HBI. Cyls 1Mo Bcemy, 37ech Mbl HaOmoganu AO,
chopMHpoBaBIIECS BOJIHM3U MOBEPXHOCTHBIX CJIOE€B KOHBEKTMBHOM 30HBI, MOJO00HO
«o0pruHbIM» AO 6o AO B BerBix KA, — B ornmume or AO B sapax KA. Ho
c(hOpMHPOBABIIKNECS CHUCTEMbl KOPOHAIBHBIX apoK, oObenuHsrommx ase-tpu AO B
KAO, obecneunsii yciioBUs 115l CUIIBHBIX BCIIBIILIEK.

[To-Buaumomy, Onuskue KJI, o0si3aTenbHO NMpHCYTCTBOBaBIIKME MOOIU30CTH (U
Jaxke, paHee, Ha MecTe) aHOMaIbHBIX AQO TOXe SBISIOTCA 3HAYMMBIM (AKTOPOM,

O6€CH€‘II/IB3}OHII/IM BBICOKHMI BCHBIIICUHBIN IIOTCHI KAl TAKUX CUCTCM.
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6. 3akiouenue

OcCHOBHBIE Pe3yNbTATHl AUCCEPTALUU MOTYT ObITh C(OPMYIUPOBAHBI CIAEAYIOIIUM

o0Opazom:
1 . BromonneHa o0pa0oTka JaHHBIX HAOJNIOACHUW  COJHEYHBIX IISATEH,
MIPOBOJUBIIUXCS B TCUCHHE 24 IMKJIa COTHCYHOMN AKTUBHOCTH. JlanHbIC

CUCTCMATU3UPOBAHBI, KATAJIOTN3UPOBAHbI, CO31aHa baza JaHHBIX.

2 . HOCTpOCHBI CUHOIITUYCCKUC KApPTbl, HAa KOTOPBIX 0003HAYEHO TMOJI0KEHHE
COJIHCYHBIX IIATCH, KOHTYPbI KOPOHAJIBHBIX JbIPp, HAHCCCHBI CWJIBHBIC COJIHCYHBLIC
BCIbIKH., C IIOMOIIIBIO CHCIII/IEIJ'IBHOﬁ MCTOAUKU BBIICJICHBI M KaTaJIOTU3UPOBAHBLI
KOMIIJIICKCBI aKTUBHOCTH B HCpBOﬁ rmoyioBuHe 21 u I[MUKJIa 1 Ha IPOTAKCHUUN 24 OHKIJIA.
OHpG}IGHGHBI OCHOBHBIC IMapaMCTpPbl KOMIIJICKCOB AKTHBHOCTHU B YCTBIPCX COJIHCUHBIX

OUKJIaXx.

3 . IIpoananu3upoBaHa CTaTUCTHYECKAs CBS3b KOMIUIEKCOB akTUBHOCTH (KA) Ha
CoylHIIE W COJHECYHBIX BCIBIIIEK C PEHTTCHOBCKUMH Kiaccamu Bbime MO (744
coObITHSA) B TedeHWe 24 1UKIA COMHEYHOM akTuBHOCTH (mo sHBaps 2019 r.). Bcee
TPYIIIHI ISITEH pa3OuThl Ha TPH Kitacca: B sapax KA, B BeTBsix KA, 3a npenenamu KA.
ITokazaHo, uTo 78% BCHBIIIEK YKa3aHHBIX KJIACCOB IMPOUCXOMAST NPEUMYIIECTBEHHO B
IpyIIax MsATEH, paclo0KEHHBIX B siapax U B BeTBIX KA. YaenpHoe 4ncio BCObIIIEK
B sapax KA B 2,5 pa3a mpeBsIlIaeT COOTBETCTBYIOIIMM MapameTp B BeTBiIX KA u 3a
npeaenamu KA. C KA cBsazanbl 87% LDE-Bchbimex ykazaHHbIX Ki1accoB, 82% Bcex
CUWJIBHBIX MPOTOHHBIX BCIIBIIIEK, T€HEPUPYIOIUX MOTOKA SHEPTrUYHBIX MPOTOHOB HA
opbute 3eMiu, a Takke 74% BceX raMMma-BCIIBIIICK B 24 IHUKIIC.

4 . Benbiuku Ha ConHIE, KOTOPBIE COMPOBOXKJIAIUCh MOTOKAMHU YacCTHI[ Ha
opbute 3emiu, npeBbimaromuMu 10 9acTrIl Ha KBaIpaTHBIA CAaHTHUMETP B CEKYHIY C
sHeprueit Oonmee 10 MbsB B 24 nwukie, HOpPOUCXOAUIM  NPEUMYIIECTBEHHO B
KoMmIuiekcax akTuBHOCTH (B 82%) m B 80%  ciyuaeB He pnanbiie, uem B 20
renvorpaduueckux Trpajgycax oOT ONuWKaWllluX KOpPOHAlIbHBIX Ablp. [lpum 3TOM

PEHTIEHOBCKUH KJIAcC BCIIBIIIEK IJI0X0 KOPPEIUPYET ¢ MOTOKOM MPOTOHOB HA OpOUTE
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3emun. OOOCHOBBIBA€TCSI THUIOTE3a O TOM, UYTO BBIXOJ 4YacTull B renuochepy
00yCJIOBJIEH CYIIECTBOBAHUEM JIOJTOXKUBYIIMX MArHUTHBIX KaHAJOB, MO3BOJISIOIIMX
o0ecrneynTh MEPEHOC YCKOPEHHBIX BCHBIIIKONM YAaCTHI[ B MOTPAaHUYHYIO OOJACTh
OTKPBITOM MAarHUTHOU CTPYKTYPhl KOPOHAJIBHBIX JBIP.

5 . IlpoBeneH aHaaIM3 MOIIHBIX BCIBIIICYHBIX COOBITHI U3 KaTajmora Share wu np.
[101] ¢ nurenpHOM (a30ii raMma — U3IyUEHUS C LEIbI0 OOBSICHEHUS 0COOCHHOCTEH
UMITYJIbCHOM ¥ JIJIMTEIbHBIX (a3 TaKUX BCHBIIMICK W BBISIBICHUS HX CBS3U C
KOMILIEKCAMU aKTUBHOCTH M KOPOHAJIBHBIMHU Jblpamu. [lokazano, uto 74% Takux
COOBITHUH OKa3aJluCh TECHO CBSI3aHHBIMU C KOMIUIEKCAMU aKTUBHOCTU. KadecTBeHHO
IPOJICMOHCTPUPOBAHA CBSI3b TMPOIECCOB YCKOPEHUS 4YaCTUIl B XOJAEC pa3BUTUS
BCIIBIIIIKM C W3MEHEHUSIMH MarHUTHOM TOIOJOTUM BO BCIBIIIEYHOW 00JacTH W C
ABOJTIOIMEN KOPOHAIBHOTO BHIOPOCA MACCHI.

6 . Iloxazano, uto AO ¢ BBICOKOW BCHBINICYHONW aKTHBHOCThIO BHE KA oTHOCSATCS
K pa3psay CpPaBHUTEIBHO AOJTOKHUBYIIMX KPYMHBIX TPYIIN MSATEH, OTIMYAROIINXCS
MOBBIIIEHHON CKOPOCTHIO POCTA TUIOIIAAN U HAXOISIINXCS BOJIU3U KOPOHATIBHBIX JBIP.
Ot AO BXogAT B cocTtaB KomiiekcoB AQO, coenunsitores ¢ apyrumu AO cuctemaMu
BBICOKMX KOpPOHAJIbHBIX CHUCTEM, BKIIIOYas TpaHC3KBaropuaiabHble. YacTh Takux AO
aCCOLMUPYETCSI aBTOPOM C  KOPOTKOXXUBYIIMMHU (ME€Hee 3 KIPPUHITOHOBCKHX
000pOTOB) KOMILJIEKCAMH AKTUBHOCTH, YACTh SBJISICTCS KOMIIOHEHTAMU KOMILIEKCOB
aKTUBHBIX 00J1acTei.

TakoBbI B KPaTKOM HU3JI05KEHHH OCHOBHBIE PE3yJIbTAThI, IOJYYEHHBIE aBTOPOM.

ABTOp CUMTAET CBOMM JIOJTOM yKa3aTh, YTO paboTa COCTOSIACH HE B MOCIIECIHIOIO
ouepenb Onmarojgaps J00pOKETATEIBHOMY OTHOIICHUIO, TOMOINM W TOJACPIKKE
KOJUIGKTHBA acTpoHOMHUYecKoir obOcepBatopun UWIY u pykoBoJCTBa Hay4HO-
rccienoBatenbckoi yacteio UI'Y. S GnaromapHa HaydHoOMy pykoBoauTtento Ceprero
ApkTrypoBuuy SI3eBy, C KOTOpPbIM MBI BMeECT€ paboTaeM, HauyMHas C BpPEMEH
BBITIOJIHEHUS KYPCOBOU M JUINIOMHOM paOOThI, a TAK)KE MAaruCTepCKOM THUCCEepTalHH.
N obOyuenuss B acnupanType. S Takke OjiarofapHa KOJUIEKTHUBY oTnaena (u3uku

Connua UuctutyTta conneuno-3emHoit puiznku CO PAH 3a BHuManue k Moelt padore.
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