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OTPUMaHMX AaHuX 3 pesynbTaTamu iHWWX aBTopiB [7, 8, 12] MoxHa 3pobUTN BUCHOBOK, LLO MOABIMHWIA UMKN Xelna icHye
TaKoX cepef, COHSIYHUX MAsM, LWBWUAKOCTI iXx 06epTaHHS i Hanpy)XeHOCTi B HAX MarHiTHoro nonsi. MoxnuBeo, Len LuKn nposiB-
NSAETLCA TAaKOX Y AesaKknx npouecax [6] Ha 3emni.
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KuneBcbkui HaunmoHanbHbIN YHUBepcuTeT uMeHun Tapaca LleBuyeHko, Kues

OBOWHOW LIMKN XEANA B USMEHEHUAX OAUAMETPOB CONIHEYHbIX NATEH.
NMPEABAPUTEJIbHbLIE PE3YJIbTATbI

AHanusupyromcsi uHmezparsnbHble pacrpedesieHusi duaMempoe COJIHEYHbIX NMsimeH e yuknax akmueHocmu Ne 12-24. Ans
onpedesieHusi Nokasamersisi uHMe2pasbLHO20 pacrnpedesieHUs1 ¢ IPUHUMAalOMCsl 80 8HUMaHUe uwb 6osbwue nsmHa uamempa
50-90 Mm; dnsi noebiweHUss moYyHocmu onpedesieHus1 8e/IUYUHbI @ 8ce OaHHble ycpeOHeHb! 3a KaXobil 11-nemHull yukn. OcHo-
eHble pe3ysibmambl makoebl: (a) Ans1 13 nocnedHux yuknoe cpedHee 3HavYeHue a paeHo 5.4, (6) eekoeoli mMpeHO 8 U3MEHEeHUSsIX &
omcymcmeyem, oGHako (8) umeromcsi docmoeepHbie caudemesibcmea Hanu4usi dgoliHo2o yukna Xetna (okosno 44 nem). B ya-
cmHocmu, MUHUMalsbHble 3HaYeHUs1 a ommMmeyYeHsbl 8 yuknax Ne 14, 17-18 u 22. MockonbKy eenu4yuHa a ompaxaem ducrnepcuro
duamempoe coJIHeYHbIX NSIMeH, MoslyYeHHble pe3y/ibmambl yKa3biearom Ha Mo, 4Ymo KoHeekmueHasi 30Ha CoJsiHya 2eHepupyem
3apodbiwu akmueHbIx obnacmell y pa3iuUYHbIX CMamMucMuU4YecKUX peXxumax, Komopbie U3MeHSIFoMCS C YUK/IOM OKoJ10 44 nem.

Knroyeenie cnoea: CosnHue, cosiHe4YHasi akmueHOCMb, COJIHEeYHbIE MsIMHa, UHmezpasibHoe pacrnpedesieHue duamempoe coJi-
HeYHbIXx nsameH, deoliHol yukn Xelina.

V. Lozitsky, Dr. Sci.,
V. Efimenko, Ph. D.,
Astronomical Observatory of Taras Shevchenko National University of Kyiv, Kyiv

DOUBLE HALE'S CYCLE IN CHANGES OF SUNSPOT DIAMETERS. PRELIMINARY RESULTS

Integral distributions for diameters of sunspots are analyzed in cycles Nos. 12-24. For determination of index of integral
distribution g, the large sunspots of 50-90 Mm are taken into account; all data are averaged for each 11-year cycle for better
accuracy. The main results are following: (a) the mean value of « index is 5.4 for last 13 cycles; (b) secular trend in changes of
a index is absent, and (c) there are reliable evidences of double Hale's cycle (about 44 years). In particular, the lowest values of «
index were found for cycles Nos. 14, 17-18 and 22. Since this index reflects the dispersion of sunspot diameters, obtained results
indicate that convective zone of the Sun generates the embryos of active regions in different statistical regimes which change
with cycle about 44 years.

Key words: Sun, solar activity, sunspots, integral distribution for diameters of sunspots, double Hale's cycle.
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ANb®A-E®EKT BEBEKOKA-JIEUTOHA B MOBEPXHEBUX WWAPAX COHUA

lposedeHo aHani3 HedaeHix docnidXeHb YuKsiYHOcmi Ma2HimHOi akmueHocmi COHUsi Ha OCcHoei af2-OuHamo modeni.
32i0H0 3 Modennio aQ-duHamo padianbHull 2padieHm Kymoeoi weudkocmi A2 /& die Ha nonoidanbHe MazHimHe nosie Bp, y
pe3ysbmami 4020 2eHepyembCcsi mopoidanbHe MazHimHe nose Br (2-egpekm). BoOHo4ac cnipanbHa myp6yneHmHicms, Oiroyu
Ha mopoidanbHe nose Br, peceHepye HO8Y nMosoidasibHY Ma2HIiMHYy KOMIOHeHMy NpomuJlieXxHo20 3Haka — Bp (anbdgha-egpexkm).
Ockinbku OughepeHyiliHomy ob6epmaHHi0 X2 npumamaHHa Mmalixxe cmabinbHa pe2ynspHicmb 8 Yyaci, mo M crocmepeixe-
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HuMu eenuqyuHamu Bp i Br icHye ¢hyHKuioHanbHa 3anexHicmsb. [lonoidansHe mazHimHe nosie Bp @ enoxy MiHiMymMy Hoeo20
COHSIYHO20 YuKny (konu nose Bp MmakcumanbHe) eu3Ha4yae sesludUHYy 32eHepo8aHO20 MopoidasibHO20 Maz2HimHozo nons Br,
ke Hece eidnoegidanbHicmb 3a iHMeHcueHicMb NAsIMOyMeEeOpPeHHs1 8 nodanbwioMy Uukni. Lle ymoxnuentoe 3a eenuquHoro
8UMIpsIHO20 Ha MoYamky YUKJly Ma2HimHoz20 nosisi Bp npo2zHo3yeamu amnnimydy (Yucna Bonbgha W) i nomyxHicms (3a2anb-
HYy niowly nnisiM) Hogo20 Yukiy. Tpueasnul 4ac y MUHysioMy He e0agasiocsi eusseumu no3umueHi Kopensyii Mixx xapakmepuc-
mukamMu COHSIYHUX NsiM (Yucnom Bonbgha abo 3a2anbHOMO niouwiero nisiM) NoOmMoYyHo20 YUKIy i MOASPHUM Ma2HimHUM rmomo-
KOM (sIKuli xapakmepu3ye eesluMUHy noJsioidasbHo20 noJsisi Bp) @ enoxy MiHiMymy yukny (KiHeub cmapo20 YUKy i mo4amky
Ho8020). Y mepmiHax duHamo-meopii ye Hibumo ceid4uso npo gidcymHicmb hyHKYioHanIbHOI 3anexXHocmi nosoidasbHO20
nons Bp y KiHUi yuknie eid mopoidanbHo20 nonsi Br y makcumymi yuknie. BusieneHo, ujo a-e¢pekm Bebkoka—JlelimoHa, sikuli
8U3Ha4YaembCs Kymamu Haxuny 6inonspHux macHimHux obnacmet, myp6yneHnmHor ougpy3iero i MepudioHannbHOK UUPKYIIsI-
yiero, 3ymoesiroe pezeHepayito nonoidanbHo20 nosns, i oMy enacmuei aunadkoei ¢pnnykmyauii @ yaci i npocmopi. KapduHa-
NIbHO iHWa cumyauisi nicns 3anpoeadxeHHs1 Napamempa mMa2HimHol momy)Hocmi Yukny, sskuli npedcmaessie co6or do6ymok
nnowi ecix M yukny Ha Kymu Haxusny 6inonspHux mazHimHux o6nacmed. lpu cninbHOMYy 3aceo€HHi (acuminayii) nnowi
nnsiM, gidcmaHi Mixk 38aKeHUMU yeHmpamu npomuJsiexXHUX Ma2HimHux nosisipHocmeu i Kymie Haxuny eiOHO8/1I0eMbCST (PYHK-
yioHasIbHa 3as1eXXHicmb NMOJIAPHUX Ma2HIMHUX MOMokie (ki cny)amb iHOUKamopom nosnoidasbHo20 noss Bp) eid acuminbo-
8aHO20 MapaMempa Ma2HimHoi MoMmy>HOCMmi COHAYHUX MISIM (KUl Xxapakmepu3ye 8iOHOCHY iHmeHcu8Hicmb mopoidasnbHO20
nons Br). Y mexax oQ-0uHamo ye ceiddyumb rnpo me, ujo nosepxHesul a-egpekm Bebkoka—JlelimoHa 3yMoe8/I0€ 2eHepayito
HO8020 M0/10i0asIbHO20 Ma2HiMHo20 MoJisi, @ acuMinboeaHull Nnapamemp Ma2HiMHOI MomyXHocmi NsAM € Hegid'€MHOI KOM-
noHeHmMotro MaliGymHix npo2Ho3ie akmueHOCMi COHsIYHUX YuUKJilie Ha ocHoei Mmodesnell OuHamo.

Knto4yoei cnoea: CoHye, myp6yneHmHicme, Ma2HiMHI Nossi, COHAYHI NAsAMU, YUKIU akmueHocmi, GUHaMo-M0o0esb, MPO2HO3U
COHSIYHOI aKmueHocmi.

Bcetyn. B octaHHi poku B nitepaTypi NpogoBXYyeETbCS AUCKYCIA WOAO0 MiCUS 30CEPEeIPKEHHSA B COHSAYHIN KOHBEKTUBHIN
30Hi (CK3) T1.3. anbga-edekTy, BigKpMTOro B TEOPii MakpOCKOMIYHOro (yCepeaHeHOoro) MarHiTHoro nons B TypOyneHTHOMY
cepeposui [1]. CyTb a-edekTy nonsrae B 30aTHOCTI cripanbHUX (fipoTNponHuX) TypbyneHTHMX pyxiB <u-rotu> cTBOpto-
BaTW B 3aMarHiveHin nnasmi enekrpnyHe none

e = a<B>/c, (1)
napanenbHe 4 aHTUnapanesbHe 3anexHo Bi,q 3HaKa napamMmeTpa CI'IipaJ'IbHOCTi
o=—(1/3)<u-rotu>, (2)

00 ycepeaHeHOro MarsitHoro nons <B> [1]. KyToBi gyxku <...> 03Ha4aloTb npouenypy ycepeaHeHHs (3rnagkeHHs1) 3a ma-
cwtabamy abo YacoBUMM MPOMIDKKAMMU, siKi 3HAYHO NMEPEBULLYIOTb XapaKkTepHi NpocTopoBi / i Yacosi T napameTpu Typbyne-
HTHOrO Mons WeuakocTen u. Anbda-edekT CNyxuTb ofHieto i3 ABOX 6a30BUX CkNagoBWMX Mogeni anbga-omera AnMHamo
MarHiTHoro uukny CoHus (GUB. HUXYE).

3asBuyan npu nNobyaoBi cueHapilo pereHepadii NonoiganbHOro Nonsg OOCHiAHMKU 3any4darTb OO po3rnsay ABa TwMu
o-edekty. lMepwmn Tun, akuii Oys 3anponoHoBaHui E. Mapkepom [2] i TeopeTuyHo obrpyHToBaHui M. LLTeeH6Gekom
i ®. Kpay3se [3], noB'a3aHuii 3 papianbHOK HEOQHOPIAHICTIO TypOyneHTHOI KoHBeKLUii y BcboMy 06'emi CK3, Todi sk apyrui
MexaHi3Mm, po3pobneHun .B.bebkokom [4] i P.B. JleritoHoM [5], NOB'si3aHWiA 3 NOBEPXHEBUMW aKTUBHMMMW MarHiTHUMu obna-
ctamn. B o6ox BMnagkax cripanbHiCTb Nons TypOyneHTHUX WBMAKOCTEN < U - rot u >, sika B eNeKTpOonpoBiAHOMY CepefoByLLi
Befde 00 30ymKeHHA o-edhekTy, BUHUKAE B pe3ynbTaTti BnnmBy cunu Kopionica Ha ropusoHTanbHi pyxyu peqyoBUHU, NpoTe Ui
pyxv B 3anponoOHOBaHMX MexaHi3aMax MarTb pisHy npupogy [6]. "KnacuuHuin" mexaHriam o-edekty MNapkepa-LUTeeHbeka—
Kpay3e onvpaeTbcsl Ha pyxu, siKi BUHMKaOTb BHACMIQOK TEPMIYHOI KOHBEKLUIT, Todi sk y mexaHiami bebkoka—JlelitoHa Ge-
peTbCs A0 YBaru mMarHiTHa nnaBy4iCTb. YMOBa NosiBU o-ePEKTY nonsrae B TOMy, o6 ycepeaHeHe 3Ha4YeHHs cniparnbHOCTI
nons TypOyni3oBaHWX KOHBEKTUBHMX LIBMAKOCTEN <u-rotu>, BuknukaHe cunot Kopionica (T.3B. KIHETUYHMI NapameTp
cnipanbHOCTI), NMOBWHHO BIiAPI3HATUCA BiA HYyNS i Matn SKMINCb NMEBHUM 3HaK (MO3UTUBHUI YM HEraTUBHUN) Ha BEMUKUX
BiacTaHax L >> [: < u-rotu> # 0. Y GinNbLWOCTI TEOPETUYHMX AOCHIAXKEHb A0 OCTAHHLOrO Yacy 3anyvanacb 4O po3ris-
Ay, B OCHOBHOMY, KiHeTM4Ha Bepcia a-edekTy MNapkepa—-LLUTeeH6eka-Kpayse. 3aranbHONPUAHATO, WO KIHETUYHUIA o-eheKT
dyHKUioHYe y BcboMy o6'emi CK3 (auB., Hanpuknag, [7-10]). Pasom 3 TMM, B OCTaHHi POKM HAcTynuB PeHecaHC LWoao BU-
BUYEHHs1 NOBepxHeBOro o-edpekty bebkoka—JlenToHa. Busiunocs, wo mexaHiam bebkoka—JleriToHa 3acnyroBye He MeHLUIOI
yBaru [11-17], ocKinbKku AOro BMacTUBOCTI MOXHA OLIHUTM 3 CTaTUCTUYHMX BNACTUBOCTEN CMOCTEPEXEHUX COHAYHUX MM
Ha BigMiHy Bia HEOOXiOHOCTI TEOPETUYHMX pO3paxyHKiB KiHeTUYHOro napameTpy MNapkepa-LLUTeeH6eka—Kpayae.

CueHapi i AMHaMo-Mopernib COHAYHOTO LMKITY. 3rigHO i3 Cy4acHVMM HayKOBMMU NEPEKOHaHHAMM, SKi cchopMyBarnm-
Cs1 Ha OCHOBI CNocTepexeHb i TeopeTnyHux yaBneHb [18], rmobaneHe marHiTHe none CoHus B cknagaetbest 3 A4BOX akcia-
NbHO-CUMETPUYHMX KOMMOHEHT. lNepLua KOMNOHEHTa — NPUXOBAHE Bi CMOCTepirayviB B COHAYHUX rMUBUHAX CurbHE TOpPOi-
AanbHe (asumyTanbHe) none Br. BoHo cnpsiMoBaHe B3[40BX naparnenen B OCHOBHOMY Ha CepeHiX i HU3bKUX LUMpoTax Ta
Ma€e NPOTUNEXHY NONSAPHICTb (CNpsiMOBaHiCTb) 06abiy ekBaTopa. Tinbkv HaWBINbL NOTYXHi FMUOWHHI nonsi (2103 ['c), npo-
pvBaloYnCh 3aBOAKN MarHiTHIN NNaBy4voCTi HA COHAYHY NOBEPXHIO, NPOSABNATLCA Y BUTMAAI NOKanbHUX ONyKNOCTEen TOPOi-
OanbHOro Mornsl, BU3HA4YaK4M TUM CaMUM iHTEHCUBHICTb NNSAMOYTBOPEHHSA. OCTaHHIO MPUMHATO XapakTepu3yBaTu BigHOC-
HOHO KiNbKICTIO COHsIYHMX nnsim W (umcnom Bonbdha) i napameTpom NoTy>KHOCTI Lmkny. MakcumanbHe 3HaYeHHs1 ycepeaHe-
HUX MicsYHMX Ymcen W B uukni, 3a3BuYall, HasnBaTb ammimydoro 11-piyHOro LUKy, Todi SiKk napameTp momyHocmi
LUKITY BU3HA4Ya€eTbCA SIK 3aranibHa Mrolla BCiX NsiM, CMOCTEPEXEHNUX BNPOJOBX LMKMy. [lpyra KOMNoHeHTa rnobanbHoro
MarhiTHoro nons CoHusi — 3ocepeaxeHe B MepuAioHanbHMX NioLmMHax cnabke nonoigansHe none Bp. Cunosi niii nonoi-
AanbHOro Nonsi, BUXOASYM Ha COHAYHY NOBEPXHI0, POPMY0Tb (DOHOBI MarHiTHI NOns, 3oKkpema, NonsipHi MarHiTHi nons. MNo-
noigansHe nose 3pnMo NPOSIBMSIETLCS Y BUMMSAAI KOPOHANbHUX CTPUMEPIB, L0 BUXOASATb i3 BUCOKUX LUMPOT i crnocTtepira-
I0TbCA Mif Yac NOBHUX 3aTeMHeHb CoHus. Y uncToMy BUrMAgi nonoiganbHi Nons TpannsioTbCa B NPUMNONAPHUX AiNAHKax
BuLle 55° reniowmpoTun. 3a3Bmyan, BOHN BU3HAYAOTLCA LUASAXOM NPSMUX MarHiTorpadivyHnx sumiptoBaHb [19] abo x BuMi-
ptoBaHb MarHiTHOrO MOTOKY Ha OCHOBI CNOCTEPEXeHb NONSApHUX hakenis (Aki cnyxaTtb iHAMKaTopammn NONSAPHUX MarHiTHUX
notokis) [20]. CnocTepexeHHs NokasyloThb, IO BENMYMHA i NONSPHICTL 060X rnobanbHUX MarHiTHUX KOMMOHEHT LMKITIYHO
3MiHIOTLCA B NpoTundasi 3 cepeaHim nepiogom 6nmsbko 11 pokis [4, 21].
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Hanbinblioro nolwupeHHs cepen AOCMiAHMKIB HAabynu ysIBNEHHS, O CMYCKOBUM MEXaHi3MOM COHSIMHOMO LMKy Cry-
XWTb npouec TypbyneHTHOro rigpomMarHiTHoro auHamo [22, 23], y pesynbTaTi SKoro YactnHa eHeprii o6epTaHHs | KOHBEKTU-
BHMX PYXiB NepeTBOPHOETLCA B €HEprilo MarHiTHoro nons. Ponb "gnHamo-mawmHn" Ha CoHue Bigirpae Noro KOHBEKTMBHA
30Ha, Ae B pe3ynbTaTi B3aeMopii obepTaHHA (3 KyTOBOK LWIBMAKICTIO Q) i TypOyni3oBaHO KOHBEKLT (3i LWWBMAKICTIO U) CTBO-
ptoeTbea crneundivHa kombiHauis andepeHuinHoro obeptanHs Q(r, 8) i ycepegHeHoi cnipanbHOi TypbyneHTHOI KOHBeKUiT
<u-rotu>. Y BMCOKONPOBIOHIA COHAYHIN Nna3mi MarHiTHi NOMNs BMOPOXeEHi (3akpinneHi) B peyoBuHy. 3a uiei ymoBu pagi-
anbHe audepeHuiiHe obepTaHHs 6ins gHa CK3 BUTArye marHiTHi cMnoBi niHil rmMBUHHOro NonoifanbHOro (MepugioHanb-
HOro) nonsi Bp, OpieHTYOUM iX Y a3uMyTanbHil NMOLWMHI, WO NPU3BOAUTL A0 30yAXKEeHHS TOpOoiganbHOI KOMMOHEHTM nons
B, fska Mae npoTunexHi HanpsMu B MiBHIYHIN | NiBAeHHIN niBcdepax (T. 3B. edhekT "HakpyyyBaHHS", abo x Q-edekT). 3a-
3HaYeHU edPeKT ONUCYETLCS NEPLUNM YNEHOM NPaBol YaCTUHU PIBHAHHSA

0Bt /ot=rsin® (BpV)Qi, + vr ABr, (3)
e r — BigcTaHb Big ueHTpa CoHua, vr =~ (t/3)<u-u> = (t/3) (u 2) — TypOyneHTHa B'sI3KICTb, V = 0/0r — pagianbHui rpagieHT, 0
i ip — NONAPHUN KYT i OAVHWUYHMI a3UMYyTanbHWUA BEKTOP Y CPepuyHin cucTemi KoopamHaT, BianoBiAHO. 3aBasKN MarHiTHIN
nnaByyoCTi oparMeHTH TopoiganbHOro nonst (MarHiTHi Q-nNeTni) NpopmMBaKTLCS i3 MMUOUH OO COHAYHOI NOBEPXHI, Ae Yepes
NeBHWI Yac iX MOXHa crocTepiratv Ha oTocepHOMY PiBHI B "KOPOMIBCHKiN 30HI" y BUrNsAi GinoNsipHUX MarHiTHUX rpyn
NnsiM, OPiIEHTOBaHMX B3[0BX MiHii, NpMbnNn3Ho napanensbHOi COHAYHOMY eKBaTopy (TOYHILIe CMpPAMOBAHOI Mif HEBENUKUM,
po 10°, kytom oo ekBaTtopa). Came Leit HEBENMUKWI KyT Haxuny BinonspHUX MarHiTHUX rpyn Bigirpae Knto4yoBy porsib Y nose-
pxHeBoMy anbda-edekToBi bebkoka—JlenTtoHa. (OmMB. Hk4e). [onoBHI NNsMK B BinonsApHMX rpynax (nigupytodi no BigHo-
LIEHHIO 40 HanpsiMmy o6epTaHHs) MaloTb NPOTUMEXHI NONSPHOCTI B MiBHIYHIN i NiBAEHHI NiBcdepax i 36iratoTbesa 3 NONspHi-
CTIO MarHiTHMX MOJHOCIB.

Anbda-edpekT, 30yoxKytoumn enektpuyHe none ¢ =oaBr/c (1), pereHepye 3 TopoiganeHoro nons Br HOBY nonoiganbHy

MarHiTHy KOMNOHEHTY Bp:

0Bp /0t = crote + vr ABp = rot (aBt) + vr ABp, (4)
aHTUnapanenbHOro CnpsMyBaHHSA MO BiAHOLIEHHIO A0 MOro BUXIAHOI MepuaioHanbHOI OpieHTauil B nonepegHboMYy LMK
(nepwmn yneH B NpaBii YaCTUHI PiIBHAHHSA (4)), 3aMMUKalo4M TUM CaMUM COHSYHUIA AuHamo-uukn [1]. HoBe nonoigansHe no-
ne BHacnigok TypbyneHTHoi Andysii (apyruin YneH y npaeii YacTuHI PiBHAHHS (4)) NOCTYNOBO 3racac), ogHak AndepeHLii-
He obepTaHHs NiacUMoe TopoidanbHy KOMMOHEHTY (MEPLUUA YNeH B NPaBiit YacTuHi piBHAHHSA (3)) 4O TWX Mip, MOKM He Ha-
CTaHe MarHiTHa pesepcauis (3MiHa NONAPHOCTI) NONOi4anbHOro Nomns B enoxy MakcumyMmy umkny nnsm. MNicns pesepcauii
andepeHuinHe obepTaHHsi NOYMHAE reHepyBaT! HOBY TOPOiIAanbHy KOMMOHEHTY MPOTUEXHOI OpieHTaLii 4O NonepeaHbOi,
Tak WO CymapHe TopoifanbHe none nocTyrnoBO 3MEHLUYETLCH. Y Mipy MOro 3MeHLLEHHS o-eheKT Bce e MiaCumoe HoBY
nonoifanbHy KOMNOHEHTY, AOMOKN CyMapHe TopoiAanbHe nofie He 3HNKHE B enoXy HOBOro MiHIMyMy akTUMBHOCTI nnam [14].
B uei yac HoBe nonoiganbHe Nosfe NPOTUNEXHOI OpieHTauii, HaBnNaku, 4ocsArae CBOro MakCMMasnbHOro 3Ha4eHHs.

Takum YMHOM, 3MiHa B Yaci amnniTya i nonspHocTel rnobanbHMX MarHiTHUX KoMnoHeHT CoHus BiabyBaeTbCcsA B MPOTU-
asi. B enoxy makcumymy LMKy, KONy amnniTyga TopoigansHoro nonsi Hanbinbla, nonoigansHe none NPoXoauTb Yepes
HYNbOBE 3HAYEeHHs1 | 3MIHIOE CBOIO MOMSPHICTb. | HaBnaku, B enoxy MiHiMyMy, KOnM TopoigansHe none npoxoauTb vepes
HYNbOBE 3HAYEHHS | 3MIHIOE NOMSAPHICTL (3HaK), amnAiTyAa NonoiganbHOro Nons CTae MakCMMarnbHOH.

lMicns 3aBepLUEHHA 3a3HAYEHOro CLEeHapilo 3aBASKN perynsapHomMy audepeHUinHOMY 06epTaHHIO PO3NOYMHAETHCS HOBE
3POCTaHHA TOPOiAanbHOI KOMMOHEHTM NPOTUNEXHOI OpieHTaUil, Tak WO Aani ONMCaHWI LUK MOBTOPKETLCS, ane 3 NpoTUNexX-
HUMK MOMSAPHOCTSAMU rnobanbHMX noniB. TakMM YMHOM peBepcauis NONApPHOCTEN rmobanbHMX MarHiTHUX MOJiB B OMMCAHIN
cxeMmi BiabyBa€eTbCs BiANOBIAHO 4O CMOCTEPEXEHOrO MarHiTHoro umkny Xemnna [24]. MexaHiam pereHepaliii OCHOBHUX KOMMO-
HeHT rnobanbHOro MarHiTHOro Moms i 3aMMKaHHSi COHSYHOTO LMKIY BHACMigoK ABOX 3a3HayeHux 6asoBux TypbymnisoBaHHMX
KOHBEKTMBHUX eDeKTIB 30yPKEHHSA MarHeTU3My NPUIRHATO HasuBaTh Mogenso aQQ-guHamo umkny [1-3, 6, 18, 22, 23].

CyTTeBy pornb B ONMcaHOMy cLeHapii Bigirpae TypbyneHTHa andysia vr, sika CTBOPHOE HEOOXIOHICTb MOCTIMHOI reHepa-
LT MarHiTHoro nons i BOAHOYac BXOAUTb BaXKNMBOK CKMagoOBOK YACTUHOK B NPOLECUM eBOMLii MarHiTHMX nonie. BoHa
o6'egHye BCi ManomacluTabHi neTni MarHiTHOro NOTOKY B O4He 3rfagXeHe norne i, KpiM TOro, CNpusie NOLUMPEHHIO BENMWKO-
MacLuTabHoro nons i3 AinsiHkK 1horo reHepadii no Bein CK3. Y Bunagky, konu reHepauis i gudpysis marHiTHUX NoTokiB 3pis-
HOBa)XeHi OTPMMYIOTb LMKIIYHY Mogenb TypOyneHTHOro aQ2-AMHamo, sika OnMCyeTbCst CUCTEMOIO PiBHSAHD (3) — (4).

Owmera-edreKkT i NPOrHO3yBaHHA MNOTYXHOCTI LUKAIB. 3aransHONPUNHATO, WO padianbHUN rpafieHT KyTOBOI LWBMAOKO-
CTi 0Q /0r, Ailo4n B COHAYHMX rMMBKHax Ha nomnoigansHe none Bp, TpaHcdhopMye 1ioro B TopoigansHe none Br (auB. piBHSAH-
HS (4)). 3a3Buyan BBaxatoTb [1-3, 6, 18, 22, 23], wo HanbinbLw CNpUMATAMBMM MiCLEM AN reHepadii TopoiganbHoro nons
cnyxaTb rmunbuHHI Wwapw nobnmndy aHa CK3 y panoHi TaxokniHy, Ae rycTuHa KiHeTUYHOI eHeprii AudepeHLinHoro obepTaHHs
3Ha4YHO MepeBULLYI0 TYCTUHY MarHiTHOI eHeprii. Okpim Toro, TyT 36ymXyBaHe none 3asHae HaviMeHLMX BTPaT BHACMiOOK
MarHiTHOI NnaBy4oCTi.

3a gonomoroto Mogeni aQ2-AuHaMo Ha MiacTaBi AaHMX cnocTepexeHb B poboTi [25] yneplue 6yno TeopeTuyHo 00r'pyH-
TOBaHO (byHKUjOHanbHUL 38'430K MiXX aMnniTyaow nonoiganbHoro nonsi Bp, Lo cnoctepiraetbcst B NONSAPHUX obnacrax y
MiHIMYMi LMKNY, i iIHTEHCUBHICTIO NNAMOYTBOpeHHA W HacTynatoyoro umkny. Ha nigctasi BCTaHOBREHO! (yHKUiOHanNbHOI
3anexXHOCTi 3a3Ha4YeHMX MarHiTHUX iHgekcis O6yB 3pobneHuii Boanuim nporHo3 yucen Bonbda 21-ro uukny [25]. Bussnena
Kopensuis 3yMoBrneHa J4ocuTb CTabinbHOW perynspHicTio gudepeHuianbHoro obepTaHHs dQ/or, akoMy npuUTaMaHHi nuwe
He3HauyHi 3miHM 3 Yacom [14]. Ockinekn Bt~ Bp 0Q/0r (oyB. piBHAHHSA (3)), TO Npu Mamxe cTabinbHi BENUYUHI pagianbHoro
rpagieHTy audepeHuinHoro obepTaHHs 6Q/or nonoigansHe nosne Bp B enoxy MiHIMyMy LMKy 3yMOBIOE BENMYMHY 3reHe-
poBaHOro TopoiganbHOro nomns By, TOOTO aKTUBHICTb NNSIMOYTBOPEHHS!, B HacTynatovomy uukni. B. MakapoB Ta iH. [26] Ha
nigcTaBi CTaTUCTUYHOrO OMpaLtoBaHHS CMOCTEPEXEHUX AaHUX 16—22 LUMKNIB BUSBUNN BUCOKY MiHINHY KOPensLilo MiX 3a-
NpoBaKEHUM HUMU A-iHOEKCOM (MarHiTHUM MOMEHTOM KpyrnHomacluTabHoro nonoigansHoro nons) i amnnitygoo W Ha-
CTYnHOro makcumymy. 3rogom k. [ksaHr Ta iH. [27] Ha nigcTaBsi cnocTepexeHnx AaHuX OCTaHHIX 9 LuKIiB BCTaHOBUNY 3a-
NEXHOCTi PiYHMX 3HAYEHb MiDKHAPOAHMX YMCEeN COHAYHUX MM Rmax Big gunonbHoro momeHty DM, po3paxoBaHOro Ha oc-
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HoBi A-iHaekcy [22], a TakoxX Big AunonbHoro MoMeHTy DM, BM3Ha4yeHoro B pesynbTaTti NPsiMMX BUMIpOBaHb NONSAPHOMO
MarHiTHOro nons B MiHimymi uukny [19] (puc. 1).

erof cycle n+1

n
=]
—

o 50 100 150 20¢ 250 30C 350

DM at the end of cycle n

Puc. 1. MakcumanbHa NOTYXHICTb COHAYHUX LMKNIB Rpyax
(MakcumanbHe 3Ha4YeHHs1 PiYHNX MDKHAPOAHUX YMCEN COHAYHUX NNASM Yy AaHOMY LMKAi) SIK PyHKUIS AMNONbHOrO MOMeHTY (DM)
NONSIPHOrO MarHiTHOrO NOMs NonepeaHiX COHAYHUX MiHIMyMiB. CBITMi KPY)KKU — OUMONBHUA MOMEHT, OLLIHEHWIA Ha niacTaBi A-iHaeKcy
KpynHoMacLUTabHOro MarHiTHoro nons [26], TEMHi Kpy>KK1 — AUNONbHUIA MOMEHT, OTPUMaHUI B pe3ynbTaTi NPSMUX BUMipHOBaHb NOMSIPHOTO
MarHiTHoro nons B MiHiMmymi 21-23 uwmknis [19]. KBagpaT — nporHo3 makcumymy 24-ro umkny, pospaxosaHui y 2007 p. [27] Ha nigcTasi
OL}iHOK AUMONbBLHOTO MOMEHTY Ha NOYaTKy LMKMY i MiHINHOT 3aneXHOCTi, NoKa3aHoi Ha LiboMy rpadiky. (PucyHok y3aTo 3 poboTu [27])

3a3HayeHi B1LLE NepekoHNUBI AoKa3K TICHOT KopernsLii MK CrocTEPEXXEHNMU NOMOIAANLHUM NOMeM B MiHIMyMi LIMKNY i amn-
NiTy#oo HacTynHoro uukny 6e3 CymHiBy cBigyaTtb, WO Q-eekT CNyXWTb HagiiHOK CKINa[oBOK MeXaHi3My COHSMHOro aQ)-
AVHaMOo, a BUMIpHOBaHHSA MONoigansHOro nosnsi B MiHiMyMi LMKNIB MOXHa 3anyyaTti Ans NporHo3iB HAaCTYNMHUX MakCUMYyMIB LMKMIB.

NMoBepxHeBUI anbda-edekT i NPOrHo3yBaHHA NonoiganbHUX NofiB B MiHiMyMi uukniB. Anbda-edekt bebkoka—
JlentoHa nos'asaHmn 3 npasunom [xos [28], 3rigHO 3 AkUM OCi MarHiTHUX BINONSAPHMX rPyn NASM OPIEHTOBAHI Nif NeBHUM
KyTOM [0 LUMPOTHOrO HanpsaMy "cxia-3axig", Tak wo 3axigHi (nigMpyrodi No BiAHOLIEHHIO A0 06epTaHHs) NN MU 3HAX0AATbLCA
B CepeHbOoMy Bnvkye JO ekBaTopa, HiX CXigHi XBOCTOBI Mnsimu (puc. 2).

Puc. 2. InrocTpauis npaBuna [)xosi 6inonsipHAX MarHiTHUX rpyn nNnsim:
S — nnowa HanbinbLWoi NAsamMu B rpyni, / — BiACTaHb MK LLEeHTpaMu NPOTUIEXHUX MarHiTHUX NONsipHOCTEN,
a — KyT Haxuny MarHiTHUX ocer 6inonspHUX rpyn nrsM Ao WMPOTHOTO HanpsaMy. MNMyHKTUPHA MiHis nokasye nokanbHy
COHSAYHY napanenb B MiBHIYHIN MiBKYNi, eKBATOP 3HAXOAUTLCSA BHW3Y, TOMY KYT Haxumy o — NO3UTUBHMI. ManioHok B35T0 i3 po6oTu [13]

CepefHii No3nTMBHWMIA KYT Haxuny o (aHen. tilt angle) BNpoAoBX LUMKMY CTAHOBUTL BIIM3bKO 4°, 3MIHIOKYMCH NMPU LIbOMY
Bif Kinbkox rpagycis (anst rpyn nobnuay eksatopa) Ao 8—10° Ans BUCOKOLUMPOTHMX rpyn. Haxmn oci 6inonsipHux rpyn 3ymo-
BneHun pieto cunu Kopionica Ha eopu3oHmaribHi cknadosi WBWMAKOCTI CTiKaHHS PEYOBMHU OHWU3Y Y CMivBal4Ymx Topoiaa-
NbHUX MarHiTHUX Tpybkax. Cuna Kopionica noBeptae MarHiTHi CMNoBi 4yru (Lo yTBOPIOTL BiNoNsipHi rpynu nnsm) nig nes-
HUMM KyTaMmn 0O ekBaTOpianbHOro HanpsiMy, siki 3pocTaroTb npu 36inbLueHHi reniowmpoTy [29]. ManomaciutabHi nonoiganbHi
KOMMOHEHTN MarHiTHUX neTenb, SKi 3'€AHYI0Tb MASAMK 3 MPOTUNEXHUMW NOMNSPHOCTAMM, Aal0Tb MEPUAOIOHANbLHNA BHECOK B
rnobanbHe nonoiganeHe none B Npoueci po3nagy akTuBHMX obnacten BNpoAoBX UMKNy. Hag3suMyaiHO Baxnueo, WO Ui
ManomacluTabHi MepuaioHanbHi BHECKM MalTb MPOTUMEXHE CNpsMyBaHHS MO BIAHOLUEHHIO 4O OpieHTauil 3aTyxai4oro
rno6anbHoro nonoiganeHoro nons Bp notodHoro umkny. TypbyneHTHa audysia 06'egHye manomacluTabHi MarHiTHIi pnyk-
Tyauii B KpynHiLli YTBOPEHHS, @ MepuioHarnbHa LUMpKynsLis nepeHocutb ix Ao nontocie CoHus. Y pesynbTarti TyT cnovaTky
BiAOyBa€ETbCHA MOralleHHsl MarHiTHOro NOTOKY MOTOYHOIO LMKIY, @ NOTIM HaKOMWYEHHS MarHiTHOro MOTOKY MPOTUMEXHOI Mo-
nsapHocrTi [30, 31]. 3pewwToto Le NpU3BOAWTL OO 3aPOAXXEHHS HOBOrO rnobaneHOro NonoiaansHOro Noms NPOTUMEXHOro 3Ha-
Ka (—Bp), siKe pgocsarae cBOro MakCMMaribHOro 3Ha4eHHs Ha Mexi CTaporo i HOBOro LMKNIB (B €noxXy MiHIMyMy HacTynak4yoro
uukny). Came B LibOMY NONSIra€ CyTb HEMOKalNbHOIO NOBEPXHEBOro a-edekTy bebkoka—llenToHa [4,5], Akui Bigirpae aktya-
NbHY ponb B COHAYHOMY TypOyneHTHOMY AuHamo. Baxnmeo, Lo onncaHuin MexaHi3m NoB'si3aHWi 3i CNOCTEPEXEHUMN Xa-
paKTepPUCTUKAMUN MarHiTHMX akTMBHMX obracten. TOMy MOro BHECOK B reHepaLito MarHiTHOro nonsg MoXHa OUiHWUTK Ha nig-
CTaBi CTaTUCTUYHOI 06POBKM CNOCTEPEXEHNX OAHMX.



~ 26 ~ B 1 C H MU K Kuiecbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleBueHka ISSN 1728-3817

BHecok akTMBHUX obnacTel B nonoiganbHe nosne CyMipHUM iXHbOMY MarHiTHoMy noToky [13], skuiA nponopLiiHWiA no-
wi nnsam. Tomy B poboTtax [12—14] 3aranbHWMIN BHECOK BCiX CMOCTEPEXEHMX BNPOAOBXK MEBHOrO Yacy akTMBHUX obnactewn
OMNUCYETLCH rMapamempoM MagHImHOoI MoOMYyXHOCMI COHSAYHUX M718M B, aknii BU3Ha4YaeTbCs Ak CyMapHUin 4o6YTOK

B=1Z Sjlsing, (5)
Ae S;— nnowa HanbinbLWoi NNsSiMU B NEBHIN rpyni, /i — BIACTaHb MK 3BaXXEHUMW LIeHTPaMM NPOTUNEXHUX MArHiTHUX nonsp-
HOCTeNn, aj — KyT Haxuny MarHiTHMX ocel BinonsipHUX rpyn nnsM 4O WKMPOTHOro Hanpsimy. MigcymoByBaHHSI BeAeTbecs 3a
BCiMa aKTMBHMMU 0BnacTaMu, LLO CNOCTepiraloTbCa B NEBHUIN NMPOMDKOK Yacy, iIHAEKC CyMyBaHHS i BignoBigae okpeMin rpyni
nnsMm, a 3asHadveHi napameTtpu 6epyTbCca ANA asnm MakCUManbHOIO PO3BUTKY KOXHOI rpynu. Y TUX Bunagkax, Konvm cymy-
BaHHSA Y BMpasi (5) BeAeTbCsi 3a BECb COHAYHWUI LMK, BENMYMHY B no3HavarTb SK Beyc [32].

Ockinbkn a-edekT nepeTBoploe TopoigansHe none Bt Ha nonoiganbHe Bp 3rigHO 3 piBHAHHAM (4): Bp~ aBr, TO y O0-
cnigHuUKiB 6ynun HaiBHI OYiKyBaHHSI YHKLIIOHANBbHOT 3aMneXHOCTi NOoMoiAanbHOro nomnst Be Ha MeXi CTaporo i HOBOrO LMKITIB
(enoxa MiHiMymy HOBOro umkny) Big amnnityam (ymcen Bonbda W) ctaporo uukny, nogibHoi o 3ymoBneHoi Q-edektom
dyHKUioHanbHOI 3anexHocTi W Big Bp [27], sika 300paxeHa Ha puc. 1. OgHade, BUABMIIOCS, WO aMniiTyga NOTOYHUX He
KOpenoe 3 AUnonbHMM nosoigansHuM nonem Bp y kiHui unx umknis [13, 20, 26] (am.. puc. 36).

0.20 0.20, : . :
(6) :
5 5L 21 '
0.1 0.1 | ok 1
20 |
L ]
= 0.10 0.10 1 19
{ ]
0.05 0.05
. U | 1 | il
0 25%10° 5.0x 107 60 100 140 180 220

Puc. 3: a) nonoxeHHs1 OKPEMUX COHAYHMX LIMKIIB B KOOpAUHaTax BenM4YuH B, po3paxoBaHux 3a oopmyrnoto (1)

(nnowa HanbinbLwoi NNsAMK B NEBHiI rpyni 6yna B3siTa B MiNiOHHNX YacTyKax COHAYHOI niBCcdepu, a BiACTaHb MiXX 3BaXKEHUMMW LIeHTpaMm
NPOTUNEXHMX MArHiTHUX NONSIPHOCTEN — B KINOMETpax), i 3Ha4eHb iHAekcy A kpynHoMacLTabHOro MarHiTHOro nosnst (MarHiTHUM MOMEHTOM
KpynHomacLuTabHoro nonoiganbHoro nons) [26] y HacTynmHi MiHiMymMu akTUBHOCTI. Bins po3paxoBaHnx TOYOK BKa3aHO HOMEpPU LIMKITIB;
cnocTepexeHi, AaHi Ans skux 6panuck i3 kKaTanory CoHs4YHOI AisnbHOcCTi MNynkoBcbkoi acTpoHoMiYHOT ob6cepBaTopii [33].
OTpumaHa niHifHa Kopensuist ONMCYETLCS CNIBBIAHOLWEHHAM A = 4,1x10"" B;

6) Te came ans amnniTyan uuknis W (mMakcvmanbHi ycepeaHeHi 3a pik yucna Bonbda) i iHaekcy A B HACTyMHi MiHIMyMU LMKMiB
(pucyHok y3aTo 3 poboTtu [13])

Y TepmiHax guHamo-Teopii ue Hibumo ceid4umsb npo eidcymHicmb hyHKUiOHanbHOI 3aneXXHocmi nonoigansHoro
nons Bp y KiHUi NOTOYHMX LMKNIB (MiHIMYMi HAcTynHUX LMKNIB) Big TOPOiganbHOro nons Bt y MakCyMyMi MOTOYHOTO LMKITY.
JocnigHvkn BBaXaloTb, WO Take CNiBBiAHOLLEHHS BCE X Taku peanisyeTbCs 3aBAdku o-edekTy, ane Moro HeoAHO3HAYHICTb
3yMOBIEeHa BUMaakoBMMKU chrykTyauisMu, Bractueummn ubomy edpekty [13, 14, 32]. Ha npotusary manmxke ctabinbHomy B yaci
edpekTy, Ana a-eekTy BnactuBa 3HayHa XaoTUYHICTb y Yaci n npocTopi. Anbda-edeKT Nos'a3aHnin 3 BIGHOCHO ManomacLuTa-
OHUMUK pyxamu, SKi He € perynspHUMK Ha BiAMIHY Bif rnobanbHOro andepeHuiiHoro obeptaHHsa. ToMy BUNaaKoBi ¢hrrykmyauii
ropywytoms byHKUIOHarIbHUU 38'30K MidK TOPOIAAnbHOK | NoNoiganbHOK KOMMOHEHTaMM MarHiTHoro nons [27].

I

A
0.17F

0.15

B, 10

Puc. 4. 3anexHicTb 3Ha4YeHb iHAEKCY KpynHOMaclUTaGHOro AUNONbLHOro MarHiTHoro nons A [26]

Yy MiHiMyMax aKkTUBHOCTi OKPEMUX COHAYHUX LMKNIB Bif MarHiTHOI NOTY)XHOCTi NNAAAM NOTOYHMX UMKNIB B.y..
Kpy>Xkamu noka3aHo AaHi KaTanory CoOHs4HOI AisnbHOCTI MynkoBcbkoi acTpoHoMi4HOT 06cepBaTopii (19-21 uuknu) [33],
TPUKYTHUKaMu — obcepBaTopis MayHT-BincoH (16—21 unknu) [37], kBagpaTtamu — ob6cepBaTopisi Kopgavikanan (14—21 umknu) [37].
HaBegeHa niHiiHa kopensuisi onMCyeTbCS CNiBBIAHOWEHHAM A = 2,16x10‘1°Bcyc (pucyHok y3siTo 3 poboTtu [32])
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OpHak BHecok mexaHiamy Bebkoka—JlenToHa B reHepalito nonoigansHOro nonsi, BKIKYaoym HasBHI dnykTyauii, MoXx-
Ha BCe X TaKn OUIHWUTW 3a AaHUMW COCTEPEXeHb COHAYHUX NNam. | came dopmyna (5) Hagae Taky MOXNMBICTb Ha MiACTaBi
3aCBOEHHS (acuMinsuii) cnoctepexeHnx gaHmx 6inoNapHUX rpyn COHAYHMUX Nnsm. TobTo, cMTyauis 3HaYHO MONINLYETLCS i
nAoLi HanBiNbLWKNX rpyn MAsSM NOYUHAKTL KOPENioBaTU 3 NOMASPHUMMU MarHiTHAMM NOTOKaMM B KiHLi LUMKMIB (Konn HoBe Mo-
noiganeHe norne 3rigHo 3 Mogenn aQ-AMHaMO OOCArae MakCUManbHOrO 3Ha4YEeHHS), KO Ui NIIOLLi MOMHOXWUTU Ha cepea-
HbO 3BaXkKeHi KyTW HaxuniB BinonspHMx MarHiTHMX obnacten (BMO) i BpaxyBaTu NpoTsiKHICTL GinonapHux rpyn. Y po6orTi
J1. KuuaritoBa i C. Onemcbkoro [13] Ha nigcTasi cnocTepexeHnx gaHux LukniB 19-21 BMSIBNEHO XOPOLUY KOPEMALilo MiX
CyMapH/M BHECKOM YCiX COHSYHMX rpyn Mnsm (po3paxoBaHUM 3 AOMOMOrow Bupasy (5) wnsxom acuminsauii nnowi Hanbi-
nbwoi nnammu B BMO, NpoTsKHOCTI | KyTa Haxuny KoxHoi 6inonspHoi rpyny nnsiM) i kpynHomMacLtabHUM AWMNOMbHUM MarHi-
THUM nomnem B KiHUi uuknie (puc. 3a). Y poboTtax [14, 32, 28] ui peaynbTati Oyno niaTBEpAKEeHO Ha MiacTaBsi AOBLLOMO psgy
(3a 14—21 cOHAYHI LMKNN) cnocTepexXeHnx AaHux (aus. puc. 4).

Y po6orTi [34] Ha nigcTasi onpautoBaHHA 6a3n COHAYHMX OAHMX, LLO OXOMMKTb YACOBUI iHTEpBan AOBLUMIA CTONITTS,
Oyno gocnigkeHHs kopenauii Mixk MroLamMn COHAYHUX MAsM (MakcMManbHoOi | cymapHoi 3a uukn) [35] | BenumumHoto ycepea-
HEHOTrOo MOJIIPHOrO MarHiTHOrO MOTOKY (PO3Pax0oBaHOrO i3 BUMIpIB NONAPHUX chakeniB) B MiHiMymi LmkniB [36]. YcTaHOBMEHO,
LLO MO COHAYHUX MMM MOTOYHUX LMKIIB HE KOPEenioTb 3 MOMSAPHUM MarHiTHUM NOTOKOM HacTyMHUX MiHiMyMiB. Tomy
nnowa CoOHsIYHUX MJIsIM cama o cobi He Moxke 6ymu nidxodsiwium napamempom 07151 BUKOPUCMaHHs1 8 MPO2HOo3ax
MosIIPHUX Ma2HimHUX MomMokKie Ha moYyamky HoeuX YukJlie Ha ocHogi Mmodeseli OUHaMo.

OTxe, cuTyauist 3Ha4HO MOMINWYETLCA | NMOLW NASAM MOYMHAIOTb KOpernoBaTh 3 MOMSAPHUMU MarHiTHAMKW NoToKamu,
AKLLO L NSOLi NOMHOXWUTU Ha cepefHbo 3BaXeHi KyTu Haxunie BMO i BpaxyBaTu NpOTSXHICTb BINONSAPHUX MarHiTHUX rpyn
nnsm. Lle ceigumTb Npo Te, WO Npuy CRifnbHOMY 3aCBOEHHI (acuMInsLii) KyTiB Haxuny, NroLLi NAAM i NPOTSHKHOCTI BinoNsApHUX
rpyn eiOHOe1lemMbCsi (hYHKUiOHaNbHa 3aeXHicmb NONSPHMX MarHiTHUX NOTOKIB Ha NoYaTKy HOBUX LIMKNIB (KONW noso-
iganbHe none gocsrae MakCUManbHOTO 3HAYEHHS) Bif, aCMMINbOBAHOMO NapaMeTpy COHSAYHWUX MASM NOnepeaHbOro LMKIY.
Tomy Leln acMMinboBaHUI napaMmeTp, MMOBIPHO, € HEBIA'€EMHOI0 KOMMOHEHTOK ManbYTHIX COHSIYHMX MPOrHO3iB HA OCHOBI
Mogenen guHamo. NpoaHaniaoBaHi Kopensuii CNoCTEPEXEHNX COHAYHUX AaHMX, OTPUMMAHUX 3a CTOMITTS, NiACKMAMOTE ne-
PEKOHAHHS, L0 MPOLIECUM BUMHWKHEHHST i po3nagy BMO cnyxaTb OCHOBHMM MexaHi3aMOM reHepallii nonoigansHoro nons
(To6TO cBigYaTh Ha KOPUCTb MexaHiaMy bebkoka—JlenToHa).

BucHOBOK. 3rigHO 3 MOAENS0 COHSAYHOro aQQ-AMHAMO pagianbHUiA rpagieHT KyTOBOI WBMAKOCTI OQ /Or aie Ha nonoiga-
nbHe MarHiTHe norne Bp, y pe3ynbTaTi Yoro reHepyeTbcsl TopoiganbHe MarHiTHe none Br (Q-edekT). BogHovac cnipanbHa
TypbyneHTHICTb, Ailoun Ha TopoiganeHe none Br, pereHepye HOBY nonoiganbHy MarHiTHY KOMMOHEHTY NPOTUIEXHOI OpieH-
Tauii — Bp (anbda-edekT). Ockinbku gudepeHuinHomMy obepTaHHio 6Q /0r npuTaMaHHa Marxke ctabinbHa perynspHicTb, TO
MK crnocTepexeHuMn BenuuuHamu Bp i Bt icHye dyHKUiOHanbHa 3anexHiCTb: MakcuMarbHe MmarHiTHe none Bp B enoxy
MiHIMYMY BU3Ha4Yae BENNYNHY 3reHepoBaHOro nons Br B HAacTynar4omy LMKIi, ke Hece BiAnoBiAanbHICTb 3a iIHTEHCUMBHICTb
NNsAMOyTBOpPeHHS. Lle Hagae MOXNUBICTE NO BENWUYMHI BU3HAYEHOro Ha noyaTtky LUKy nonst Bp nporHodysatu amnnitygy
Rmax (4ncna Bonbda W) i NOTYXHICTb (3aranbHy NmoLy BCiX MAsM) LKKIY.

Pasom 3 Tum, NeBHWIN Yac B MWHYNOMY He BAABanocs BUSABUTU MO3UTUBHUX KOPENSLiN MK XapakTepncTmkaMm COHSAY-
HUX MNAM Umkny (Yucnom Bonbda abo 3aranbHO MoLLeto nnsm) i NONSPHUM MarHiTHAM NOTOKOM B KiHLi MOTOYHOTO LKy
Ha Mexi 3 HaCTYMHUM LUMKIOM (MiHIMYM HOBOTO LIMKIY), KONV NOnoifganbHe MarHiTHe none Jocsirae CBOr0 MakcMMarbHOro
3HaYeHHs. Y TepMiHax AMHAMO-Teopii Le HIOMTO CBIAYMIIO MPO BIACYTHICTb (PYHKUiOHANBHOI 3aneXHOCTi MonoiganbHOro
nons Bp B MiHiMyMi HOBUX UMKMIB Big TopoidanbHoro nons Br y Makcumymi nonepeaHix Uuknis.

Ak srogom BusBUNOCS, Le 6yno 3yMOBREHO TUM, Lo NoBepXHeBOMY a-edekTy bebkoka—JlenToHa (K BU3HAYaETbCA
KyTamu Haxuny GinonsipHMx akTMBHMX obnacrten, TypOyneHTHO AMdy3ielo i MepuaioHanbLHOW LMPKYNSLUiEt, i 3yMOBIOE

pereHepadito HOBOro NoroiganbLHOro Nons) BNacTuei BUNagkoBi (onyKTyauii B Yaci i npocTopi.

CwuTyauiq, ogHak, kapauHanbHO 3MiHMNaca nicns Toro, sk Oyno 3anpoBamkeHO NapameTp MarHiTHOI MOTY)XHOCTiI COHAY-
HUX NIISAM UMKIY, SKUA NpeacTaBnsge cobor 4oOYTOK NMoLi BCiX NAsSM UMKy Ha Kyt Haxuny BMO. Mpu cninbHoMy 3acBo-
€HHi (acuMinsauii) nnowi nnsM, BiACTaHI MK 3BaXXEHUMW LEHTPaMMU MPOTUIIEXHUX MarHiTHUX MOMSAPHOCTEN i KyTiB Haxuny
BiHOBMIOETLCS (PYHKLiOHANbHa 3anexHiCTb MONAPHUX MarHiTHUX MOTOKIB (SKi cnyaTb iHAMKaTOPOM MONoigansHoro nons
Bp) y MiHiMyMmi HOBOro LMKy Bif acUMiNbOBaHOro napaMmeTpy MarHiTHOI NOTY)KHOCTI COHSAYHUX NASM (SKUA XapakTepusye
BiJHOCHY IHTEHCMBHICTb TOpOiAanbHOro nons Br) nonepeaHboro uukny. Y pamkax oQ-guHamMo Le cBig4vTb npo Te, Wo no-
BepXHeBUI a-edpekT bebkoka—JleToHa 3yMOBIIOE reHepaLlito HOBOro MonoiganbHOro MarHiTHoro nonst Be umkny, a acumi-
NbOBaHWI NapaMeTp MarHiTHOI NOTYXXHOCTI MMM € HEBI4'EMHOI0 KOMMOHEHTOK ManbyTHIX NPOrHO3iB aKTUBHOCTI COHAYHUX

LMKNiB Ha OCHOBI Moaenen TypbyneHTHOro a.Q2-quHamo.
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Hapinwna no peakonerii 03.03.17

B. KpuBoay6ckun, A-p ¢us.-mar. Hayk,
KviBcbkui HalioHanbHUI yHiBepcuTeT umenun Tapaca LleBueHko, Kues

ANb®A-3DPEKT EAEKOKA-NIEMNTOHA B MOBEPXHOCTHbIX CIOAX COJNHLUA

lMpoeedeH aHanu3 HedasHUX uccriedo8aHull YUKIUYHOCMU MazHUMHOU akmueHocmu CosiHya Ha ocHoee af2-duHamo modenu. CoanacHo Mo-
denu af2-duHamo paduanbHbili 2padueHm yamnoeol ckopocmu X2 /& delicmeyem Ha nonoudasnbHoe MazHuUmHoe none Bp, 8 pesynbmame ye2o
2eHepupyemcsi mopoudasbHoe MazHUMHoe nosne Br (2-aghgpekm). B mo xe epemsi cnupanbHass mypbyneHmHocmsb, Oelicmeysi Ha mopoudanbHoe
none By, pezeHepupyem HO8YI NosIoOUOasIbHYI0 Ma2HUMHYI0 KOMIIOHEHMY MPOMuUe8OIoIoKHO20 3Haka — Bp (anbgha-aghgpexkm). MockonbKy dudp-
epeHyuanbHOMy epaweHur0 X2& npucywa noymu cmabunbHasi pe2ysisipHOCMb 80 8peMeHU, mo mexdy HabnodaembiMu eenuyuHamu Bp u Br
cyuwjecmeyem ¢hyHKYuUOHanbHasi 3agucumocms. lTonoudanbHoe MacHUMHoe nosne Bp 8 3noxy MUHUMYyMa HO8020 COJTHEYHO20 YuKna (koz20a nosne
Bp MakcumanbHoe) onpedesissem 8eflU4UHY C2eHepupo8aHHO20 MopoudasibHO20 MazHUMHO20 nossi By, komopoe Hecem omeemcmeeHHOCMb 3a
UHMeHcusHOCMb NsIMHOO6Pa3oeaHuUs1 8 Hacmynarwem yukie. Imo daem 803MOXHOCMb 10 8e/IUYUHE USMEPEHHO20 8 Hayasle YukKia Ma2zHUMmMHo-
20 nons Bp npoeHo3uposamb amnnumydy (yucna Bonbgha W) u mowyHocms (06wiyro nnouwjadb ecex nsimeH) Hogo2o yukna. Bmecme ¢ mem, onu-
menbHoOe epeMsi 8 MPOWIIOM He ydaeasnochb O6HapPyXumb MOJIOKUMENbHbIX Koppensyuli Mexdy xapakmepucmuKaMu COJIHEYHbIX MsIMeH yukna
(4ucnom Bonbgha unu obweli nowadbio MsIMeH) U MOSIPHLIM Ma2HUMHbLIM MOMOKOM (KOmopbili Xapakmepu3yem eesluduHy rnosioudasbHo20
nonsi Bp) @ anoxy MuHuMyma yukna (KoHey cmapo20 Yuksa u Hayano Hoeoz2o). Kak enocrnedcmeuu oka3anock, amo 6b110 06ycrioenieHo mem, 4Ymo
a-agppekmy Babkoka—JlelimoHa, komopbil onpedesnisiemcsi yanaMu Hak/IoHa 6unosIsiPHbIX MagHUMHbIX obnacmel, myp6yneHmHoul duggysuel u
MepuduoHanbHOU yupKynsyuel, u npusodum K pezeHepayuu MosoudasbHO20 Mofis, Npucyuwu cry4aliHble hriykmyayuu 60 8peMeHU U fpo-
cmpaHcmee. Cumyayusi, 0OHaKo, KapOUHaIbHO U3MeHUsIach ocsie moao, Kak 6bi eeedeH Nnapamemp MacHUMHOU MowHoCcmu Yyukna, npedcmae-
naowul coboli npoussedeHue nowadu ecex nsimeH Yukia Ha yasbl Hak/loHa 6unonsipHbIX MazHUMHbIX ob6nacmed. [lpu coemecmHol accumu-
nayuu nnowadu nssmeH, paccmosiHUs Mexady 83eelleHHbIMU YeHmpaMu MpomueornosIoXHbIX Ma2HUMHbIX NosisipHocmel U y27108 Hak/loHa 80CC-
maHaeniueaemcsi hyHKYUOHaIbHasi 3a8UCUMOCMb MOJISAPHbLIX MazHUMHbIX MOMOKO8 (Komophkle ciyxam UHOUKamopoM rnosioudasnbHo20 noss Bp)
om accumMunuposaHHoO20 napamempa Ma2HUMHOU MOWHOCMU COJIHEYHbIX MSIMEH (Xapakmepu3ylouw,e20 OMHOCUMesbHYH UHMEeHCU8HOCMb Mo-
poudasnbHoz20 noss Br). B pamkax af2-0uHamo amo ceudemesibcmeayem 0 moM, 4mo Mo8epxXHOCMHbIU a-agpgpekm Babkoka—JlelimoHa npueodum k
2eHepayuu Ho8020 NosIoudanbHO20 Ma2HUMHORZO M10JIsl, @ aCCUMUSIUPOBaHHbIU napamemp MazHUMHOU MOUWJHOCMU MsSIMEH S16JISIemcsi HeOMbeM-
nemoli KomnoHeHmMolu 6ydyujux NPO2HO308 aKMUBHOCMU COJIHEYHbIX UUK/1I08 Ha ocCHoge Modeseli OUHaMO.

V. Krivodubskij, Dr. Sci.
Astronomical Observatory of Taras Shchevchenko National University of Kyiv, Kyiv

THE ALPHA EFFECT OF BABCOCK-LEIGHTON IN THE IN THE SURFACE LAYERS OF THE SUN

The paper reviews recent studies of cyclicity of magnetic activity of the Sun based on the af2-dynamo model. According to the aQ-dynamo model
the radial gradient of angular velocity XY & acts on the poloidal magnetic field Bp, as a result generating the toroidal magnetic field By ((2-effect).
Meanwhile helical turbulence, acting on the toroidal field By, regenerates new poloidal magnetic component of opposite sign — Bp. Since the
differential rotation &2c is inherent in almost stable regularity in time, there is a functional dependence between the observed values of the poloidal
Bp and toroidal By magnetic fields. Poloidal magnetic field Bp in minimum epoch of the solar cycle (when field Bp has maximum value) determines
the amount of the generated toroidal magnetic field By (which is responsible for intensity of the spots activity in the coming cycle). This allows us to
predict the amplitude (Wolf numbers W) and the strength (the total area of spots) of cycle for the measured field By at the beginning of the cycle.
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However, for a long time in past there were no detected the positive correlations between the characteristics of sunspots cycle (Wolf number or the total
area of spots) and polar magnetic flux (which characterized the value of poloidal field Bp) at the end of the cycle. In the terms of dynamo theory it was
supposedly evidenced of the absence of functional dependence poloidal fields By at the end of cycles on the toroidal field By in maximum of cycles. As
it turned out later, this was due to the fact that the surface a-effect of Babcock—Leighton (which defined by tilt angles of the bipolar magnetic fields,
turbulent diffusion and meridional circulation, and causes the regeneration of the poloidal field) is characterized by random fluctuations in time and
space. The situation, however, changed drastically after the introducing of the parameter of magnetic strength spots of cycle, which is a product of the
area of spots cycle and tilt angles of the bipolar magnetic groups. By combining assimilation of the area of spots, the distance between the weighted
canters of oppostte magnetic polarity and the tilt angles, the functional dependence of polar magnetic flux (which is an indicator of poloidal field Bp) on
the ilated par ter magnetic strength of sunspots (which describes the relative intensity of the toroidal field B;) was restored. Within the
framework of the af2-dynamo this indicates that the surface a-effect of Babcock—-Leighton leads to the generation of the poloidal magnetic
field at the end of the current cycle, and assimilated parameter of magnetic strength spots of cycle is an integral component for future
forecasts of solar activity based on the dynamo models.
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PECULIAR AGNS FROM THE INTEGRAL AND RXTE DATA

We analysed how the active galactic nucleus (AGN) X-ray primary continuum depends on AGN activity in radio, using the
data of RXTE Spectral & Timing Database (Rossi X-ray Timing Explorer) and INTEGRAL (INTErnational Gamma-Ray
Astrophysics Laboratory). Our aim is to test the relation between spectral shapes of these AGNs and the prediction of the "spin-
paradigm” model of the AGN "central engine". We have found that for the major part of radio-quiet (RQ) AGNs the value of high-
energy exponential cut-off in primary spectrum appears to be significantly higher than 100 keV and thus follows the "spin-
paradigm” predictions. In the same time, near 25 % of radio-loud (RL) AGNs demonstrate the high-energy cut-off at the energies
above 150 keV, contradicting the "spin paradigm". We have composed a sample of "peculiar" 69 RQ and 10 RL AGNs that seem
to contradict to the "spin paradigm” for further individual studies of these objects.

Key words: galaxies: Seyfert — X-rays: galaxies: active — galaxies

Introduction. One of the most prominent physical differences between AGNs of various classes can be related with jet
activity and RL/RQ dichotomy. There are several schemes explaining physical (non-geometrical) differences in the AGN
structure, and one of the most well-known of them is often referred to as the "spin-paradigm”. This model associates the jet
activity with high values of the central super massive black hole (SMBH) spin as well as with the direction of rotation of the
accretion disk (AD) around the black hole [1]. Namely, high values of the SMBH spin (a>0.75) in prograde system (i.e. when
the directions of the SMBH spin and the angular velocity of accretion disk rotation are the same) and retrograde systems
(i.e. systems with SMBH spin antiparallel to the angular velocity of AD) with the spin of SMBH a<-0.1 correspond to

powerful jet and radio emission in RL AGN with the radio loudness parameter R=[ ./ Lvopt >100 (here L . and Lvopt

are monochromatic luminosities at 5GHz and in V band, correspondingly [2]). The comparably low values of SMBH spin
(—0.1<a<0.5) corresponds to RQ AGNs with low values of radio loudness parameter (R<100, [2]) and weak or no jets[3].

Following this model, in RQ AGNSs fit into standard Shakura-Synyaev AD model [4] (i.e. geometrically thin, radiatively
efficient, steady state disk with zero viscosity at the sonic point) with almost radial infall inside the innermost stable orbit;
whereas the disks in RL AGNs are "torqued" (there is nonzero magnetic viscosity at the sonic point) magnetized disks
described by Agol and Krolik [5]. In such systems the spin energy of central SMBH can dissipate through the sonic point
into the disk due to magnetic reconnection between the inner part of AD and SMBH horizon. One of the consequences of
this model is that the innermost part of AD in RL AGN is disrupted and smeared away by powerful centrifugally-driven jet
outflows, leading to the low values of the exponential cutoff in the spectrum of the primary emission (below 100 keV),
whereas the high values or absence of the high-energy cut-off are prescribed to RQ AGN spectrum. However, some objects
were found which seem to contradict this paradigm [6-9]. That is why it is interesting to compare the high-energy
exponential cut-off with the RL/RQ characteristics of AGNs.

In the present paper we obtain main parameters of the hard X-ray spectra (0.5-250 keV) of 79 non-blazar Seyfert
galaxies from RXTE spectra & timing database to find the objects with peculiar spectral shape. Additionally, we consider for
this aim the objects of INTEGRAL sample we worked out earlier in [10].

In Sections 2 we describe the samples of AGNs we considered, and describe the data and models, and present the best
fit individual model parameters of the AGNs of RXTE sample.

In Section 3, we show the resulting subsample of peculiar AGNs from both RXTE and INTEGRAL samples. Finally, in
the last section we discuss our results and draw out conclusions.

Sample, data and fitting. We compiled a sample of AGNs from the RXTE AGN spectra and timing database. After
excluding blazars and bad datasets, the final sample consists of 79 AGNs, including 10 RL and 69 RQ AGNs. We also
included in our consideration the INTEGRAL sample of 95 AGNs we treated earlier in [10].

To perform our spectral fitting, we use the XSPEC 12.8 package of HEASOFT (High Energy Astrophysical SOFTware)
software provided by NASA [11].

For the primary spectrum of AGN we used the standard power law with an exponential cut-off at high energies

A, (E)=KETexp(-E / E,) (cutoffpl), where T is the photon index and E. is the cut-off energy. This primary emission is

reflected from a neutral or ionized material of an accretion disc or gas-dust torus; to model it we used pexrav model [12].
This model describes a power-law emission partially reflected by an infinite flat slab of neutral or ionized medium. To take

into account the proper absorption in the investigated object, described by the formula A, (E) = exp{-N,0[E(1+Zz)]} and

abs
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