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Chaotic component of solar activity and limited statistics of 24 regular observed solar
cycles make the long-term forecast difficult. Enriched statistics of reconstructions from histor-
ical observations (about 400 years) and from natural radionuclide deposits (about 9000
years) provide an optimism for longer-term predictions up to hundreds and even thousands
yvears. Are these forecasts feasible? How long can be forecast basing on an uncertain recon-
structions? These questions are more related to information theory than to practical forecast.

Here we use known reconstructions of total solar irradiance (TSI) via optical observa-
tions (since 1610 AD) and via radionuclides (since 7362 BC) to estimate maximum Lyapunov
exponent for 11-year and secular variations respectively using classical algorithm by Wolf et
al. (1985). We estimated essentially positive Lyapunov exponents for both cycles and convert
them with respective error tolerance for specific reconstruction to get predictability horizons.

With available reconstructions found that predictability horizon is about 10 years for
11-year cycles and about 40 years for their secular envelope, so statistical forecast for longer
cycles is hardly possible but reconstructions still can help to forecast an envelope for a few
solar cycles.
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IIporHo3 COIHEYHOW aKTMBHOCTHU SIBJISIETCSI OJHOW M3 OCTPBIX TEM B COJI-
HEYHOU W COJTHEYHO-3eMHOU (u3uke. J|oarocpodHbie MPOTHO3BI OCIOKHSIIOTCS
KaK HEONPEICICHHOCTHIO IONTOBPEMEHHBIX BPEMEHHBIX PSTOB/PEKOHCTPYKITHIA,
TaKk U OTCYTCTBHEM XOpomux ¢usndeckux moxaeneil. [Ipodrema mporuosa cie-
aytomero 11-netnero nukia [1] wim 10 neTHero cperHero 1no peKOHCTPYKIMHU
[2] yxke sBnseTCs HETpUBHAIBHOW 3amaudeil. OJHAKO, U3BECTHBI MPOTHO3bI HA
500 [3] u 1000 net [4]. Ha CKOIBKO € MOXHO MPEICKA3aTh COTHEUYHYIO aKTHB-
HOCTb M3 UMEIOIUXCS NaHHbIX? UTOOBI OTBETUTH HA ATOT BOIPOC, Mbl MCIOJb-
3yeM U3BECTHBIE PEKOHCTPYKIMH MOJHOr0 noToka uanydeHus:t Connma (TSI) u3z
HAO0JII0IaTeNbHBIX JaHHBIX (pUC.1) U PEKOHCTPYKIHMM (pHC.2), U OLIEHUBAEM IS
HUX TOPU3OHT MPEJICKa3yeMOCTH. /{11 HETMHEWHBIX JUHAMUYECKUX CUCTEM IO-
PU30HT OPEICKAa3yeMOCTH MOKHO OLIEHUTh U3 MaKCHUMaJlbHOTO Moka3arens Jls-
MyHOBA Ay gy
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[ICHUE TOJIHOM aMIUIMTYIbl Bapuanuu (pa3mepa arTpakTopa) A K cpeaHei
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omubke 6 pspa. Hecmorps Ha pasznuuusi PEeKOHCTPYKIUH, TOJIEPAHTHOCTD

OIIKUOKH MPUMEPHO OJMHAKOBA, TO3TOMY MbI 3a()UKCUPOBAITIU
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Puc. 1. Psg TSI [5] (cresa) u pactpenenenne J0KaIbHBIX TOPU30HTOB MPEICKA3yEMOCTH
(cnpasa), paccuuTaHHBIX C MapaMmeTpamu T = 3 rozaa, At.= 2 roxa.

Puc. 2. PexoHCTpyKIIMM NOIHOTO OTOKA n3iydeHus ConHua B ['ononexe.
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Brluncnenne MakCMMAaJIBHOTO TOKa3arels JIArmyHoBa BO MHOTOM 3aBUCHT
OT MCIIOJb3YEMOI0 aJrOpUTMa M BXOJHBIX IapaMeTpoB. 1103TOMy MBI UCIIONB-
30BAJIM KJIACCUYECKUU anroput™m [8, 9], ¢ peKOMEHIOBaHHBIMHU ITapaMeTpaMHU
CABUra JUIs IIPOCTpaHCTBAa TakeHca T, BpEMEHHU OTCIICKUBAHMS TpaeKTopuu At
(puc. 3) u puxkcupoBaIU pa3MEPHOCTh MPOCTPAHCTBA BIOKEHUS D = 3.

104



«Conneunas u conneyno-semuas gusuxa — 2019y, Cankm-Ilemepoype, Ilyakoso, 7 — 11 okmabps

Puc. 3. OTcrnexuBanue pacxoAsaInuxcs
TpaekTopuii B anroputme Bonbda.

do(to)

B caBUroBoM mnpocCTpaHCTBE BIIOKEHUSI AHATM3UPYIOTCA Mapbl OJIM3KHUX
Tpaektopuii (puc. 3). Ilpu 3TOM MakcUMaIbHBIN MOKa3aTenb JIsamyHoBa oleHU-
BAETCS HAa KOHEUYHBIX OTPE3KaX TPACKTOPHUIL.
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UTo Mo3BOISET MOCTPOUTH TUCTOTPAMMBI €ro pacnpenenenus (puc. 1, 4).
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Puc. 4. ['ucrorpammbl pacripeneneHusi A NMEPCHEKTUBHBIX (ce6a) U PETPOCIIEKTHUBHBIX
(cnpasa) TOPU30HTOB TMIPENICKA3yEMOCTH, TOCTPOCHHBIE TSl peKOHCTpYKUUU [6] (cepxy) u [7]
(cHu3zy), c mapametrpamu T = 20 jet, At.= 30 ner.
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Oxkazanock, YTO TOPU3OHTHI MPECKa3yeMOCTH B Oyayuiee (IepCreKTUBHbIN)
U B MPOILIOE (PETPOCIEKTUBHBIN) NPUMEPHO COBMAJAIOT 3a UCKIIOYEHUEM pe-
KOHCTpYKIuu [6] (puc.4, BBEpXY), I'/ie PETPOCIEKTUBHBIN TOPU30HT Oojee yem
BJIBOE ITPEBOCXO/IUT NEPCIIEKTUBHBIM.

BrIBOABI

e OueHKa TOPU30HTA NPEICKa3yeMOCTH M3 MaKCUMAaJbHOIO IOKa3aTess
JIanynosa s 11-nmernx Bapuanui TSI cocrasmsger nopsanaka 10 ner.

e [Ipu >TOM HE3HAUUTEIBHOE KOJUYECTBO OTPE3KOB TPACKTOPHUI MOTYT
IpecKa3bIBaThes 10 22 JIET, PETPOCHEKTUBHBIA U MEPCIEKTUBHBINA TOPU30HTHI
IPUMEPHO OJIMHAKOBBI, PETPOCIIEKTUBHBIN B CPETHEM HEMHOTO OJIMXKE.

e Jli1s1 BEKOBBIX BapHalil TOPU30HT IPEICKA3yEMOCTH COCTABIISIET MOPSAIKA
40 ner. IIpu 3TOM peTPOCIEKTUBHBIN FOPU30HT CYIECTBEHHO JaJbIIEe NEPCIEK-
TUBHOTO y pekoHcTpykuuu Steinhilber et al. 2009 [6] u OaM30K K MEPCIEKTUB-
HOTO y pexkoHcTpykuuu Egorova et al., 2018 [7], 4T0 rOBOPUT, O-BUAUMOMY, O
00JIbIIEH OJHOPOAHOCTH MOCIIEIHEN PEKOHCTPYKLIUH.

PaGota Bemonnena npu noanepxkke rpantoB AP05134227 (Ka3zaxcran),
PODU 19-02-00088-a
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