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Cosmogenic radioisotopes, such as '*C, '°Be, etc., are formed in the Earth's atmosphere
under the influence of galactic cosmic rays. The production rate of cosmogenic radioisotopes
depends on the magnitude of the Earth’s magnetic field and solar activity. To reconstact solar
activity in the past, we can use data on the magnitude of the Earth's dipole moment, as well as
data on the concentration of cosmogenic isotopes from natural archives.

Radiocarbon, fixed by tree rings, forms a chronological sequence (chronology), which
can be used to synchronize the series of cosmogenic isotopes '’Be and "C. Synchronization
allows you to specify the age of ice layers for which the concentration of '’Be is measured. As
a result of synchronization, a refined chronology for "’Be is obtained (Muscheler et al., 2014).

Solar modulation potential (SMP) is a measure of solar activity. The relationship be-
tween the SMP, the magnitude of the Earth's dipole moment and the production rate of '°Be
was studied earlier in Kovaltsov and Usoskin (2010). To calculate the solar modulation po-
tential for the last 10 thousand years, we used the synchronized sequence for '’Be (Muscheler
et al. 2014) data on the Earth's dipole moment (Constable et al. 2016) and the model of Ko-
valtsov and Usoskin (2010). The data for the last 10 thousand years were considered. The
analysis of the obtained SMP series showed the presence of cycles of length 210 (Suess or de
Vries cycle) and 700 years. The presence of Hallstatt cycle (2300-year cycle) in the SMP is
not detected. The results of the studies contradict the notion that the Hallstatt cycle is of solar
origin.
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1. CuHXpoHU3aIUA TAHHBIX 10 pe ¢ AlC JTAHHBIMH

Ha cxopocTh 00pa3oBaHus KOCMOTE€HHBIX U30TOIOB BIUSET BEIMYUHA COJI-
HEYHON aKTHMBHOCTH, & TaK’)K€ MHTEHCHUBHOCTh MarHUTHOTO ToJist 3emiid. BricT-
pbI€ WJIU 3HAYUTEIbHBIE U3MEHEHUS TUX BEJIUYUH OTPakaloTcsl B CKOPOCTH 00-
pa30BaHUsl KOCMOTE€HHBIX W30TOMOB.

IIpu cuHXpOHU3ALUU PALOB IO "Be ¢ pazaMy KOHLEHTpaUui paguoyriie-
poma (A'"C) B maHHBIX HAXOIAT M3MEHEHHS GOJIBLION BEIMYMHBI (BBIOPOCHL).
BaxxHo, 4TOOBI 3TM WM3MEHEHUS BBI3BIBAIMCH OJMHAKOBBIM BO3JICHCTBUEM,
HaIllpuMep, BapyualUsIMUA COTHEYHON aKTUBHOCTH WJIM U3MEHEHUSMH MarHUTHO-
ro nois 3emud. B ganHOM citydae AJis CUHXpPOHM3alMU JIBYX PsiIOB ObUTH HC-
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M0JIb30BaHbl BBIOPOCHI, 0OycioBieHHble nukioM Xanbmrata (Hallstatt cycle,
i 2300-2400-1eTHUI 1IUKIT), KOTOPBINA BIEPBbIE HAOIIO1AJICS B AC JTaHHBIX.
[Ipouecc cMHXpOHU3AMUA JEMOHCTPUPYETCA Ha puc. 1. B kmaccuueckyro Bpe-
MEHHYIO mKaiy [1], OomuChIBaIOIIYO0 3aBUCMMOCTh BO3pacTa o0pasia oT IiIyou-
HbI B KEpHE JICAHUKA, JJIs "Be Brecens MOIPABKHU C LEIbI0 CHHXPOHU3UPOBATh
JIaThl BELIOPOCOB B JIBYX psijiax.
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Puc. 1. CpaBHeHMe TaHHBIX IO paguoyriepony  Puc. 2. TmoGambHass CKOpocTh 00pa3oBa-
u '"Be 3a mocmennme ~ 6000 ner. Bepxmsisi  mus 'Be (atoms cm ° sec ') IO BepTHKa-

KpUBasi — TaHHBIC 110 OTHOCHTEIHHOW KOHIIEH-  JIM KaK (YHKIUS COJTHEYHOTO MOJIYJISIIH-
TpallMK PaMoyriIepoaa B €AMHULAX per mil, OHHOTI'O MOTEHIMaNa ¢ ¥ BETUYUHBI Mar-
HWKHSAS KpHBas — JAHHBIE 110 CKOPOCTH 00pa-  HUTHOrO AMIOIBHOrO MOMEHTa 3emuu [2]
3oBanus "Be B eIUHULAX 10° atoms/cmz/yr. B OTHOCHTEJIbHBIX €IMHUIIAX.

2. CostHeYHBIH MOAYJIANNOHHBINA MOTEHIINAJ
Conneunbiit MogynssunoHHbIN noteHnuan (CMIT) MoxeT ObITh BBIYUCIICH
M0 M3BECTHBIM 3aBUCHMOCTSIM CKOPOCTH 0Opa30BaHUS KOCMOTEHHOTO W30TOTA
""Be 0T BpeMeHHM 1 3HAYCHHUSAM AHMIIONLHOIO MOMEHTA 3€MIIM B TE YK MOMEHTHI
BpeMeHr. CxeMa BBIUMCIICHUS CcleAyeT u3 puc. 2. [[1s BEIYUCICHHS COTHEYHOTO
MOJIYJISIMOHHOTO TOTEHIIMAjda S TMPOBOAMUTCS JBYMEpHAs WHTEPIOJISIINS:
S(t)=F(Q(t),M(t)), rme uepe3 Q 0603HAUEHA CKOPOCTH 0OPA30BAHMS "Be, a uepes

M — 3HaueHue IUIoiabHOro MomeHta. @ynkuusa F coorBercTByeT monenu [2]
(cm. puc. 2).
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Puc. 3. ConHeuyHblii MOAYJIAIMOHHBIN MO- Puc. 4. ConneuHblii MOAYJISIIUOHHBIN TTOTEH-
teHian. [lnaBHoW kpuBOW 0003HAYEH yMan Tocle YJOaleHUs JOJITOBPEMEHHOTO
TPEH/I. TpeHa.
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B pa6ote mst Borauciaenns CMIT ucnons3oBanuch nanueie mo ' Be (GRIP)
3a 9.5 ThIC. JIET, CHHXPOHU3UPOBAHHBIE C PSIAOM IO AYC [3], @ Takke maHHbIE
[0 MATHUTHOMY JUIIOJIBHOMY MOMEHTY 3emiu [4]. Pe3ynbTaTel BBIYMCIEHUA
MOKa3aHbl HA puc. 3 u 4.

Ha mnepBorii B3risaa, uameHenus psga CMII (puc. 3) uMeer xaoTuyecKkui
xapakrtep. /s Gosiee neTanbHOTO U3yueHUs ObLT MPOJieiaH CIEeKTpaIbHbIN aHa-
au3 sToro psna. IlpeaBapurenbHO ObUT ynajeH IOJTOBPEMEHHBIM TpeHA (CM.
puc. 4). [Tony4eHHBIN CIEKTP MOUTHOCTH MTOKa3aH Ha puc. 5.
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Puc. 5. CniekTp MOIIHOCTH COJTHEYHOT'O MO-

Puc. 6. CriekTp MOIIHOCTH JAHHBIX IO M-

IyJISIUUOHHOTO TOTEHIIAANIA. MOJILHOMY MOMEHTY 3emiid [4].

B cnektpe Habmogarorcs aBe JuHuM, umeromue nepuoast 710 u 207 ner.
207-neTHsA JIMHUS COOTBETCTBYET LUKIY 3tocca-ne Ppuza. 710-ymeTHsis auHus
HEe HaOJII0JJaeTCsl B JAHHBIX 10 COJHEYHOU akTMBHOCTU. Ha mepuogorpamme ot-
CyTCTBYET JInHUS, iepuoji kotopoi ~2300 ner (Hallstatt ukir). 3to cTraBUT BO-
npoc o npupoje 2300-1eTHero Mukia, HabIJaeMOro B JAHHBIX KOCMOT'CHHBIX
U30TOIIOB.

3. louck 710-1eTHed MEPUOAMYHOCTH B HCXOAHBIX JAHHBIX

PaccMoTpum nepuoporpaMmy MarHUTHOTO JTUIIOJIBHOTO MOMEHTa (puc. 6).
Ha ne#t nomunupyromeit 0coOeHHOCThIO sBIsieTCs ~2300-1eTHSS JIMHUS, 00bsIC-
Hsromas XaJblITaT-IMKI B paauoyriepoaHbIX JaHHbIX [S]. Ha atoi mepuomo-
rpaMMe OTCYTCTBYET 3HAUMMas OCOOEHHOCTb, COOTBETCTBYMOMIast 710-jeTHeit
nepuoandHocTH. Clie10BaTeNbHO, BAPUALMU JIUIOJIBHOIO MOMEHTA HE MOTYT
ABJISITHCA PUUMHOM NT0siBiIeHUS 710-1eTHel nuHuu Ha nepuogorpamme CMIL.

Ha nam B3risin, Hanbosee BEpOSITHOW MPUYUHOMN MOSBICHUS 9TON JTMHUU
SIBJISIETCS MUTPALMSl MarHUTHOTO ToJitoca. Ha puc. 7 moka3aHo MoioxeHue ce-
BEPHOI0 MarHUTHOI'O MOJItOca Mo AaHHbIM [6]. B Teuenne nocnennux 7000 ner
MOJIOKEHHE TOJI0Cca CMEMIANOCh K BOCTOKY (Ha PUCYHKE 3TO COOTBETCTBYET
yMmenbienuto napamerpa AGE). B To ke BpeMst mpourcxoauinu GpIyKTyamuu mno-
JIO’KEHUS TIOJII0Ca OTHOCUTENbHO TpeHaa. Jis ananuza QuiykTyaruii JoJaroBpe-
MEHHBIN TpeH  OblI yJajeH U3 TaHHbIX U MPOBEJEH CHEeKTpaibHbId aHanu3. Ha
nepuojgorpamme (puc. 8) obHapyxeHa 3Hauumasi 710-JeTHsISI TUHUS, KOTOPYIO
MOYKHO COOTHECTH C COOTBETCTBYIOLIEH JInHUEH B criektpe CMII.
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Puc. 7. llpeiid ceBepnoro maruutHoro no-  Puc. 8. Ilepuogorpamma Quykryanuii 1omnro-
moca. Jloarora OTCUMTBIBAETCA B BOCTOY-  Thl CEBEPHOIO0 MArHMTHOro mnoiroca. Ha me-
HOM HaIlpaBJICHUH. puogorpamme 3ameTHa 710-neTHss JINHUS.

Hroru

Jlanubie 10 ''Be COBMECTHO ¢ JAHHBIMHE IO IMIOIPHOMY MOMEHTY 3eMITH
OBLIIM MCIIOJIb30BAHBI JIJI1 BEIYMCIICHUSI COTHEUHOT'O MOAYJISIIMOHHOTO MOTEHIIN-
ana (CMII).

ITIpoBenen cnektpanbHbiil ananm3 CMIIL. B ciekTpe HaliieHbl HUKINYECKUE
KOMIIOHEHTHI, uMetomue nepuon 710 u 207 mer. I{ukiauueckas KOMIIOHEHTA,
nMeromas nepuoa ~2300 J1eT OTCyTCTBYET.

Haubonee BeposTHON npuunHON mosBieHus: 710-1eTHEN JIMHUN SBISIOTCS
GbayKTyanuu HaKJIOHa MarHUTHOTO JUIIOJIS.
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