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There are statistical relations between neighboring 11-year solar cycles that make it
possible to predict the upcoming cycle from characteristics of the current one. These charac-
teristics include the length of the current cycle (from minimum to minimum), which anticorre-
lates with the amplitude of the next one with the correlation coefficient r ~—0.7 (‘the length-
amplitude rule’, or LAR), and activity at certain moments of the descending phase of the cycle
— about 3 years before its minimum (‘the rule of the 3rd year’, or R3) or 7 years before the
next maximum (‘the rule of the 7th year’, or R7) — both of which correlate with the amplitude
of the next cycle with r > +0.8.

In this paper we analyze the mutual conditionality of these rules and their links to the
Waldmeier rule (WR). We show that R3 and R7 can be considered as secondary effects that
are consequences of LAR and WR.
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11-neTHSAST MUKIMYHOCTh COJTHEYHON aKTHMBHOCTHU IPEJCTaBIIICT coO0H KO-
MpoIEeCC, B KOTOPOM IOCJIEIOBATEIbHO CMEHSIOT JIPYT JApyra TOpOUJAIbHbBIE U
MOJIOMAAJIbHBIC COJIHEUHBIC MAarHUTHEIC MO, ECTECTBEHHOE CIEICTBUE ATOTO —
HaJM4YUe CBSI3E€U MEXY XapaKTepUCTUKAMU ATUX TOJIEH U, ClIeI0BATENIbHO, Xa-
PaKTepUCTUKAMHU CMEKHBIX IHUKIOB. Tak, M3BECTHA AHTUKOPPEISALMS MEKITY
JUIMHOM JTJAHHOTO IIMKJIa OT MUHUMYyMa 0 MUHUMYyMa U aMIUTUTYI0U CIeayro-
niero («mpaBuio JiuHa-aMmuatyaay, [IJIA) [1-5]. AMmnuTyaa TeKyIero muk-
Jla TAKXKE XOPOIIO KOPPEIUPYET C YPOBHEM AKTUBHOCTH B OMNPEACIEHHBIE MO-
MEHTHI (pa3bl criajga MpeabIyIero — NpUMeEpHo 3a 3 roja 10 MUHUMYMa [6, 7]
(«mpaBmiio TpeTbero roaa», I13) wumu, nmpu aabTepHATUBHOM BBIOOPE TOYKH OT-
cuéTa, MpUMEPHO 3a 7 JeT A0 MakcuMmyMma [8] («mpaBuio cenxpmoro rogay, I17).
MoxHo nipeanosioxuth, uto [1JIA, T13 u [17 cBs3anbl Mex 1y cOO0M, U B JaHHOM
paboTe Mbl AaHATM3UPYEM ITH CBSI3U.

B kadectBe WMHAEKCAa COJIHEUHOW AKTHMBHOCTH MBI OyJeM HCIIOJIH30BaTh
ycpenHéHHble 1Mo 13 MecsieB cpeaHeMecsYHbIe 3HAUYCHHS PEKAITMOPOBAHHOTO
psina uucen Bonbda 3a 1749-2021 roaer [9]. BBeném mis xapakTepHbIX napa-
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METPOB ITOTO psijia ciaeayroume o0o3HaueHust: ¢,,(k) — MOMEHT MUHUMYyMa IUK-
na k-ro, ty(k) — MoMeHT ero Mmakcumyma, 1,.(k) = ty (k) — t,.(k) — nmuHa ero Boc-
xomsiment dhaswl, T,(k) = t,(k + 1) —t,(k) — ero nonHas JyiiHa OT MUHUMYMa JI0
MuHuMYyMa, SNy, A(k) — YPOBEHb aKTUBHOCTH B MOMEHT f,(k) — A, SNy a(k) —
YPOBEHb aKTUBHOCTH B MOMEHT #,(k) — A, SNy(k) — ypoBEeHb aKTUBHOCTH B MaK-
cuMyMe k-ro 1uKJia (T.e. ero aMIuIuTy1a).

Koadbdumment xoppensuuu r(SNyi(k), SN, a(k)) mus T13, mocturaer mak-
cumyma nipu A =-3.33y, a r(SNy(k),SNy (k) mns 17 — npu A =-6.83y.
YpaBHEHUS JIMHEMHOW PETPECCUU U KOPPEISALIUU 7 U1 3TUX IIPABUII IIPUBEIAECHBI
B Tabmuie 1. HwkHsAs cTpoka B HEl ONMMCHIBACT M3BECTHOE «IpaBujiIo Bamba-
maiiepa» (IIB) [10] — anTHKOppesIIHIO MEXITy ATUHOW (pa3bl pocTa LUKIA U
€ro aMIUIUTYI0H.

Taoauna 1.
IIpaBuio YpaBHEHHE perpeccuu r
ITJIA SN mga(k) = 544.4 —33.00 yﬁ1 Tom(k—1) rona = —0.68
I13 SNMH3(k) =62.42+1.503 SNm73.33y(k) oz = +0.83
117 SNMH7(k) =109.2 +1.147 SNM_ 6.g3y(k) rmay = +0.87
I1B SNy ms(k) = 341.1 — 36.94 y*1 Tun(k) rag = —0.75

Bbynem onuchiBaTh PopMy LUKIIOB ABYXIapaMeTPUUECKUMHU KPUBbIMU [11]

flt;a,b) = at" exp(—t/ b), (1)
mpu 7 =3, KOTOpbIE AOCTHTAIOT MAKCUMYMA fna(a,b) =a (3b/e)’ B MoMeHT
tax = 3D.

ATNMPOKCUMUPYS HA KaXJOM U3 OTPE3KOB BpeMeHnH [t,,(k), t,,(k + 1)] ki k
psana SN ynkumeit f(t — t,,(k); ai, by), moxuo ¢ momouipto MHK HaiiTu mapa-
METpBI alMPOKCUMALIUU dy U by. DTH mapaMeTpsl CBSA3aHbI MEXIAY COOOi Heu-
HEWHOM CBS3bI0, KOTOPAs JMHEAPU3YETCS COOTHOLICHUEM

=0. + 0. a r=20.
1/b=0.3106+0.1183 ' 0.935 2

Jliist u3ydeHus: B3auMHOW O00YCJIOBIEHHOCTH OTTMCAHHBIX BBIIIE MPABHII TI0-
CTPOUM MOJIETbHBIN cuHTeTHYeckuil psan SS u3z O = 100 kBa3uoaWHHAALIATH-
JIETHUX IUKJIOB, B KOTOpoM cobmomarotcs [1B u [TA cnegyrommm o6pazom:

1) CrenepupyeM psj ciiydailHbIX aMIUIMTYJ LMKIOB SSy(k), k=1, ..., N,
HOPMAJILHO paCIpeNeNEHHBIX C TEMH € IMapaMeTpaMHd, YTO W aMIUTHTYIbI
HaOmonaemoro psaa SN: N(178.7, 57.76) (3nech u nanee 3anuch X ~ N(U, ©)
03HA4YaeT HOPMAIbHOE paclpe/eiicHue BEIMYUHBI X CO CPEIHUM |l U CpeIHe-
KBa/IpaTUYHBIM OTKJIOHEHUEM O).

2) byaem onuckiBath hopMy Kaxaoro nuukia GyHkiuen f(t—t,, agby), Tae a;
u by — pemeHus: cucremsl (cM. (1) u (2))

SSu(k) = ai (3bi/e)*+ &,
1/b;,=0.3106 + 0.1183 (ap'”.
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3) Cngur t,=0, a it k> 1 4=t + T,yu(k — 1) mogbuparoTcs TaK, 4TOOBI
nnuHa nukna 71,,,(k — 1) onpenensinace cootHomenuem ITJIA (cMm. Tabnuiy 1):

SSM(k) =544.4 -33.00y ' Tk — 1) + 8.

4) Cnyuatinblie Benuuunbl O; ~ N(0, 6;), BBeZIEHHBIE BBIIIE, ONUCHIBAIOT HE-
toyHoe cobmoaenue [1B u I1/JA, npuuém 3Tu BEIUYMHBI MOTYT OBITH CKOppe-
JUPOBAHBIL: (01, 07) = ry.

[TpoBepuM, BBIIONHSAOTCS JIU A1t MOJEnbHbIX psaaoB 113 u I17. [ns storo,
3aJIaBLUINCh TapaMeTpaMH MOJIENIH Gy, G; U 71, OyJIeM T'eHepupOBaTh OIUCAHHBIM
crioco6om P = 100 psi1oB, BBIYUCIISIS TSI K&XKIOTO KOPPETSAIUU U ONITUMAJbHBIC
CABUTH A, a 3aTeM HMX CpEJHHE BEJIMYMHBI U CTAaHAAPTHHIC OMMUOKH MO BceM P
psiaM.

B nepBoii ctpoke Tabnuipl 1 mpuBeaeHbl KOAGGUIUEHTH KOPPETALUU IS
HaOmoaemoro psiga. Bropas crpoka («mojzienb A») COOTBETCTBYET MPOCTEi-
memy ciydato TouHoro BeinojgHenus [1B u ITJIA (6, =0, =0 u r; =0). Kak mbI
BUJIUM, NIPU ATOM KOPPEJSALMH 713 U 717 BECbMa BEJIUKH, TO €cTh npaBuia 113 u
I17 BocpousBoasaTcsa. Mbl MOKEM TaKXe IOCTPOUTH MOJEIb, B KOTOPOU BBbI-
MOJIHSAETCA JIMIIb OJHO U3 IBYX INpaBuil. Tak, ecau oTkimounTth [I/IA u cunurars,
YTO JUIUHBI HUKIIOB T, (k) ~ N(11.0y, 1.2y) (ciaydaifHble BETUYUHBI, TapaMETPhI
pacmpeiesieHrss KOTOPhIX COOTBETCTBYIOT MX pacIpe/iesieHHI0 B HAOII01aeMOM
pane), Mol noiyuuM Mozenb A(IIB), B koTtopoit koppensiuuu s [13 u I17 ma-
ab1. Ecnu ke otkimtounts [1B, cuutas, uto T,(k) ~ N(4.1y, 0.7y), MBI IOJTy9UM
mozensb A(ITIA), B koropoit koppensiuuu aiist [13 u 117 Heckoibko Bbilie (OKO-
70 +0.5), Ho, TEM HE MEeHee, 3aMETHO HUXKe, yeM B psijie SN.

Taoauua 2.
Psn / [TapameTpsl
MOJICITH MOTETH 'ns A r'm 'y
SN -0.75 —0.68 +0.83 +0.87
[A=—3.3y] [A=6.9y]
A 61=6,=0, r1,=0 | —0.983+0.005 | -0.9982+0.0003 | +0.90+0.02 +0.85+0.03
[A=—3.7%0.4y] | [A=6.84+0.4y]
A(TIB) 61=6,=0, r1,=0 | —0.95+0.04 —0.03+0.1 +0.12+0.07 +0.36+0.09
[A=5+4y] [A=7.0£1.6y]
A(ILIA) | 6,=6,=0, r;,=0 | —0.00+0.09 —0.98+0.08 +0.49+0.07 +0.55+0.07
[A=—3.2£1.6y] | [A=—3.3%1.1y]
b(0) 0,=48, 6,=63, | —0.73+0.07 -0.68+0.06 +0.53+0.07 +0.65+0.05
#15=0 [A=-3.4+0.8y] | [A=6.8+0.7y]
b(0.6) 0,=48, 6,=63, | —0.75+0.04 -0.66:0.06 +0.65+0.05 +0.75+0.04
rip=10.61 [A=-3.7£0.5y] | [A=—6.9+0.5y]
b(1) 01=48, 6,=63, | —0.75+0.04 —0.65+0.06 +0.83+0.03 +0.84+0.03
ri=+1 [A=-3.8+0.3y] | [A=6.8+0.4y]
b(-1) 01=48, 6,=63, | —0.68+0.14 —0.70+0.09 +0.46 £0.08 +0.57+0.06
rio=—1 [A=3=%1y] [A=6.4+0.9y]
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Cnenyromast moaenb b(0) coznana ms 6oJiee peaIMCTUYHOTO Cliydasi He-
toyHoro BeinosiHenus 1B u IIJIA, npuuém o; mogoOpansl Tak, 4TOOBI KOppes-
LUH 71 U Frjja IPUMEPHO COOTBETCTBOBAIM HaOmonaeMbIM. [Ipu aToM Koppe-
JISIUUY Frp3 Y P JOCTaTOYHO BEJTMKH, OJHAKO MEHbIIIE HAOII0IaeMbIX Ha JIBE-TPH
necsaThiX. Jlns manpHeWInero 3aMeTuM, 4to B ciiydae HaOmogaemoro psaa SN
OCTaTOYHBIEC OTKJIOHEHUS

O = SNy, — SNM,HB

SHI[A = SNy, — SNM,HI[A

CKOppeIUpoBaHbl: #(Onp, Orga) = T0.61. Ilonoxus B MogensHOM psize i, = 0.61,
MbI TIoTydyuM mojenb b(0.6), B KOTOpOM rp3 U 717 HA OJIHY-JBE JIECSITHIX HIKE
HaOmogaemsbIx. Ecin sxe cuutars, 4TO O U Orjja HOTHOCTBIO CKOPPEINPOBAHBI
(r12 = +1), mb1 montyyaem mojens b(1), mast KOTOpoit ryy3, 7117 U COOTBETCTBYIO-
1IMe onTUMalbHble cIBUTU A OJM3KU K HaOmogaeMbiMu. HakoHell, B mociieHei
mozenu b(—1), ¢ moysiHOW aHTUKOppesiueld OTKIOHEeHHH (71, = —1), BbIpaKeH-
HocTh nipaBui 113 u 117 6nuska k cinyyato b(0), koraa 3Toi Koppessiiiuy HET BO-
oOrze.

Utak, mbl npoaemoHcTtpupoBanu, yto 113 u II7 moryt paccMmarpuBarbes
KaK BTOpUYHBIE 3P(DEKThI, KOTOPHIE SBISIOTCS CJIEICTBUSIMHU OJHOBPEMEHHOTO
BbinostHEHUA B psge SN kak I[1A, tak u [1B. [Ipu 3ToM BblpaxeHHocTh 113 u
[17 noseimaercs, ecinu ocrarounbie oTkiIoHeHus [IJIA u IIB ckoppenupoBaHsl,
KaK 3TO M IMEeeT MecTO B Habmoaemom psae SN.

Jlannast paborta mojaepkaHa MUHHCTEpCTBOM HAayKH M BBICHIETO 00pa3o-
BaHus P® (rpant Ne 075-15-2020-780).
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