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Ïðîöåññ ôîðìèðîâàíèÿ ìàãíèòíûõ ïîëåé ïëàíåò è çâåçä óñïåøíî îáúÿñíÿåòñÿ òåîðè-
åé ãèäðîìàãíèòíîãî äèíàìî. Ðàçðàáîòàííûå ìîäåëè êîíâåêöèè â æèäêèõ ÿäðàõ ïëàíåò
çåìíîãî òèïà, ãàçîâûõ ãèãàíòàõ, êîíâåêòèâíûõ çîíàõ çâåçä ïîçâîëÿþò ïîëó÷àòü òå÷åíèÿ,
êîòîðûå ìîãóò ôîðìèðîâàòü ìàãíèòíûå ïîëÿ, áëèçêèå ïî ñâîåé òîïîëîãèè ê íàáëþäàåìûì.

Âîçìîæíîñòè âû÷èñëèòåëüíûõ ñèñòåì íå ïîçâîëÿþò âåñòè ïðÿìîå ÷èñëåííîå ìîäåëè-
ðîâàíèå òðåõìåðíûõ çàäà÷ ïëàíåòàðíîãî äèíàìî íà ãåîëîãè÷åñêèõ âðåìåííûõ ìàñøòàáàõ.
Îòìåòèì, ÷òî èçâåñòíûå òåîðåìû çàïðåòà îïðåäåëÿþò ïðèíöèïèàëüíóþ òðåõìåðíîñòü çà-
äà÷è äèíàìî. Â ñâÿçè ñ ýòèì ÷èñëåííûå ìîäåëè ëèáî âîñïðîèçâîäÿò ÌÃÄ-òå÷åíèÿ ñ õî-
ðîøèì ðàçðåøåíèåì ïî ïðîñòðàíñòâó íà îòíîñèòåëüíî íåáîëüøèõ âðåìåííûõ ìàñøòàáàõ,
ïîðÿäêà äåñÿòêîâ òûñÿ÷ ëåò, ëèáî äàþò âîçìîæíîñòü ïðîñ÷èòûâàòü äëèòåëüíóþ ýâîëþ-
öèþ òîëüêî êðóïíîìàñøòàáíûõ ïðîñòðàíñòâåííûõ ñòðóêòóð. Äëÿ ìîäåëåé ïåðâîãî òèïà
ãåîìåòðè÷åñêàÿ ñòðóêòóðà òå÷åíèé ïðîñ÷èòûâàåòñÿ â ïðîöåññå ìîäåëèðîâàíèÿ, à äëÿ ìî-
äåëåé âòîðîãî òèïà ãåîìåòðè÷åñêóþ êðóïíîìàñøòàáíóþ ñòðóêòóðó êîíâåêöèè íàäî èçíà-
÷àëüíî çàäàâàòü.

Â ðàìêàõ âòîðîãî ïîäõîäà ïðåäñòàâëÿåò èíòåðåñ ðàññìîòðåíèå ïðîñòåéøèõ ìîäåëåé
ñ �áàçèñíûìè� â íåêîòîðîì ñìûñëå ãåîìåòðè÷åñêèìè ñòðóêòóðàìè òå÷åíèé. Â êà÷åñòâå
âàæíåéøåãî ïðèìåðà íàäî íàçâàòü êëàññè÷åñêóþ ñèñòåìó Ëîðåíöà [1], êîòîðàÿ ñûãðàëà
îãðîìíóþ ðîëü â ïîíèìàíèè ìíîãèõ ñâîéñòâ êîíâåêöèè â ïëîñêîì ñëîå è íå ïîòåðÿëà àêòó-
àëüíîñòè äî íàñòîÿùåãî âðåìåíè. Îòìåòèì, ÷òî ñèñòåìà Ëîðåíöà ïîëó÷åíà èìåííî ïóòåì
âûäåëåíèÿ �áàçèñíûõ� òå÷åíèé. Â çàäà÷å êîíâåêöèè ïîëå ñêîðîñòè ðàçëîæåíî ïî ñîáñòâåí-
íûì ìîäàì çàòóõàíèÿ óðàâíåíèÿ Íàâüå-Ñòîêñà, à òåìïåðàòóðà ðàçëîæåíà íà ìîäû ïðî-
ñòðàíñòâåííî ñîãëàñîâàííûå ñ ìîäàìè ñêîðîñòè. Äàëåå ïðîâåäåíî ïðåäåëüíîå óñå÷åíèå,
ñîõðàíÿþùåå íåëèíåéíîñòü � îäíà ìîäà ñêîðîñòè, ñîãëàñîâàííàÿ ñ íåé òåìïåðàòóðíàÿ ìî-
äà, åùå îäíà îäíîðîäíàÿ ïî ïëîñêîñòè òåìïåðàòóðíàÿ ìîäà. Çàòåì ñòàíäàðòíàÿ ïðîöåäóðà
ìåòîäà Ãàëåðêèíà äàåò äèíàìè÷åñêóþ ñèñòåìó äëÿ àìïëèòóä ìîä � ñèñòåìó Ëîðåíöà.

Â çàäà÷àõ ïëàíåòàðíîãî äèíàìî ðàññìàòðèâàåòñÿ êîíâåêöèÿ âî âðàùàþùåéñÿ ñôåðè-
÷åñêîé îáîëî÷êå (æèäêîì ÿäðå ïëàíåòû). Åñëè âðàùåíèÿ íåò, òî ñîáñòâåííûå ìîäû çàòó-
õàíèÿ óðàâíåíèÿ Íàâüå-Ñòîêñà, ò.å. ðåøåíèÿ ñïåêòðàëüíîé çàäà÷è

µrotv +4rotv = 0 (1)

èìåþò âèä
vTk,n,m = rot

(
RT
kn(r)Y m

n (θ, ϕ)r
)
,

vSk,n,m = rotrot
(
RS
kn(r)Y m

n (θ, ϕ)r
)
.

(2)

Óðàâíåíèÿ íà ñîáñòâåííûå çíà÷åíèÿ µTkn è µ
S
kn è ñõåìà ðàñ÷åòà ôóíêöèé RT

kn(r) è RS
kn(r)

îïèñàíû â [6]. Äàííàÿ ñèñòåìà ïîëåé îáëàäàåò ñâîéñòâàìè îðòîãîíàëüíîñòè è ïîëíîòû
îòíîñèòåëüíî ñêàëÿðíîãî ïðîèçâåäåíèÿ

〈p,q〉 =

∫
pqdr, (3)

ãäå èíòåãðèðîâàíèå âåäåòñÿ ïî îáúåìó îáîëî÷êè.
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Ýòó áàçèñíóþ ñèñòåìó ìîæíî èñïîëüçîâàòü è â ñëó÷àå âðàùàþùåéñÿ îáîëî÷êè, íî âîç-
íèêàåò íåîáõîäèìîñòü èñïîëüçîâàíèÿ íåñêîëüêèõ ìîä ñêîðîñòè. Â ïðîòèâíîì ñëó÷àå èç
ãàëåðêèíñêîé ñèñòåìû âûïàäàþò ÷ëåíû, ñîîòâåòñòâóþùèå êîðèîëèñîâó óñêîðåíèþ. Ýòî
ñâÿçàíî ñ òåì, ÷òî êàæäàÿ ëàïëàñîâà ìîäà ÿâëÿåòñÿ ëèáî òîðîèäàëüíîé, ëèáî ïîëîèäàëü-
íîé, à êîðèîëèñîâ ñíîñ òîðîèäàëüíîé ìîäû âîçáóæäàåò ïîëîèäàëüíûå è íàîáîðîò. Ïîñòðî-
åíèå ìàëîìîäîâûõ ìîäåëåé ãåîäèíàìî, îñíîâàííûõ íà ýòèõ ðàçëîæåíèÿõ è ñîãëàñîâàííûõ
ñ êîñâåííûìè äàííûìè î ñòðóêòóðå êîíâåêöèè îïèñàíî â ðàáîòàõ àâòîðîâ [2-3].

×òîáû ïîñòðîèòü ìîäåëü, ñîäåðæàùóþ òîëüêî îäíó ìîäó ñêîðîñòè íåîáõîäèìî, ÷òîáû
îíà áûëà ñòðóêòóðíî óñòîé÷èâîé îòíîñèòåëüíî äèññèïàöèè è âðàùåíèÿ îäíîâðåìåííî.
Òàêèìè ñâîéñòâàìè îáëàäàþò ñîáñòâåííûå êîëåáàíèÿ âðàùàþùåéñÿ æèäêîñòè.

Èçâåñòíà êëàññè÷åñêàÿ çàäà÷à Ïóàíêàðå î ñîáñòâåííûõ êîëåáàíèÿõ âðàùàþùåéñÿ èäå-
àëüíîé æèäêîñòè [4]

iµεv + 2k× v +∇p = 0,

èëè, â ðàâíîñèëüíîé ôîðìóëèðîâêå,

iµεrotv + 2rot (k× v) = 0, (4)

ãäå k � îðò îñè âðàùåíèÿ, ε � ÷èñëî Ðîññáè, µ � äåéñòâèòåëüíîå ñîáñòâåííîå çíà÷åíèå,
ðàâíîå ÷àñòîòå ñîîòâåòñòâóþùåãî êîëåáàíèÿ. Îíà çàìûêàåòñÿ ãðàíè÷íûìè óñëîâèÿìè íà
ñêîðîñòü â âèäå óñëîâèÿ íåïðîíèöàíèÿ nv = 0, ãäå n � íîðìàëü ê ãðàíèöå. Äëÿ øàðà,
âðàùàþùåãîñÿ âîêðóã îñè, ïðîõîäÿùåé ÷åðåç åãî öåíòð, åñòü òî÷íîå ðåøåíèå ýòîé çàäà÷è.
Óæå â ñëó÷àå ñôåðè÷åñêîé îáîëî÷êè èäåàëüíîé æèäêîñòè òî÷íûå ðåøåíèÿ, ïî-âèäèìîìó,
íåèçâåñòíû.

Àíàëîãîì ýòîé çàäà÷è äëÿ âÿçêîé æèäêîñòè ÿâëÿåòñÿ ñïåêòðàëüíàÿ çàäà÷à

εµrotv = E4 rotv − 2rot (k× v) = 0, (5)

ãäå E � ÷èñëî Ýêìàíà. Ñîáñòâåííîå çíà÷åíèå µ â ýòîé çàäà÷å êîìïëåêñíîå è îïðåäåëÿåò
÷àñòîòó è çàòóõàíèå (îáóñëîâëåííîå âÿçêîñòüþ) ñîîòâåòñòâóþùåãî êîëåáàíèÿ. Ïðè ýòîì
íà ãðàíèöå îáû÷íî ñòàâÿò óñëîâèÿ ïðèëèïàíèÿ â âèäå v = 0, ëèáî äîáàâëÿþò ê óñëîâè-
ÿì íåïðîíèöàíèÿ òðåáîâàíèå îòñóòñòâèÿ êàñàòåëüíûõ íàïðÿæåíèé äëÿ òàíãåíöèàëüíûõ
êîìïîíåíò ñêîðîñòè.

Äëÿ ñëó÷àÿ ñôåðè÷åñêîé îáîëî÷êè çàäà÷à (5) èçó÷àëàñü â ðàáîòå [5]. Óñòàíîâëåíû
òàêèå âàæíûå âàæíûå åå ñâîéñòâà êàê äèñêðåòíîñòü ñïåêòðà, ïîëíîòà ñèñòåìû ñîáñòâåí-
íûõ ôóíêöèé, ïîëó÷åíû îöåíêè ãðàíèö ñïåêòðà. Îäíàêî òî÷íîå ðåøåíèå ýòîé çàäà÷è ïî-
âèäèìîìó íåèçâåñòíî. Áóäåì íàçûâàòü äàëåå åå ðåøåíèÿ âÿçêèìè ìîäàìè Ïóàíêàðå.

ßñíî, ÷òî çàäà÷è (4) è (5) ìîæíî ðåøàòü îòíîñèòåëüíî ñîáñòâåííîãî çíà÷åíèÿ λ =
εµ, ÷òî ñîîòâåòñòâóåò ïåðåìàñøòàáèðîâàíèþ âðåìåíè íà ïåðèîä âðàùåíèÿ îáîëî÷êè. Ïðè
ýòîì, åñëè ÷èñëî Ýêìàíà ìàëî, òî ñîáñòâåííûå ìîäû çàäà÷ áóäóò ìàëî îòëè÷àòüñÿ, è
äåéñòâèòåëüíàÿ ÷àñòü ñîáñòâåííîãî çíà÷åíèÿ µ â çàäà÷å (5) áóäåò áëèçêà ê íóëþ.

ßñíî, ÷òî îïðåäåëÿåìûå ñôåðè÷åñêèì ãàðìîíèêàìè ïîëÿ (2) ìîæíî õîðîøî ñîãëà-
ñîâàòü ñ ðàçëîæåíèåì ïî ñôåðè÷åñêèì æå ãàðìîíèêàì ïîëåé òåìïåðàòóðû è ìàãíèòíîé
èíäóêöèè â çàäà÷å ÌÃÄ-êîíâåêöèè. Â ñâÿçè ñ ýòèì ïðåäëàãàåòñÿ àïïðîêñèìèðîâàòü ïîëÿ
çàäà÷è (5) ïîëÿìè vTk,n,m è vSk,n,m â ìåòðèêå ñêàëÿðíîãî ïðîèçâåäåíèÿ (3).

Îòêëîíåíèå Θ òåìïåðàòóðû îò ñòàöèîíàðíîãî â ñôåðè÷åñêîì ñëîå ãèïåðáîëè÷åñêîãî
ïðîôèëÿ ðàñêëàäûâàåì ïî ñîáñòâåííûì ïîëÿì îïåðàòîðà Ëàïëàñà Θk,n,n = Rkn(r)Y m

n (θ, φ).
Ìàãíèòíîå ïîëå òàêæå ðàñêëàäûâàåì ïî ñîáñòâåííûì ïîëÿì îïåðàòîðà Ëàïëàñà BT

k,n,m =

rot
(
ZT
kn(r)Y m

n (θ, ϕ)r
)
è BS

k,n,m = rotrot
(
ZS
kn(r)Y m

n (θ, ϕ)r
)
.

Ðàññìîòðèì òåïåðü ñõåìó ïîñòðîåíèÿ ìîäåëè äèíàìî, óïðàâëÿåìîãî îäíîé èç ìîä Ïó-
àíêàðå v1(r, θ, ϕ). Êðîìå ýòîé ìîäû â ìîäåëü âõîäÿò 2 êîìïîíåíòû òåìïåðàòóðû � îäíà
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ñîãëàñîâàííàÿ ñî ñêîðîñòüþ Θ1, äðóãàÿ îäíîðîäíàÿ ïî ñôåðå Θ2 = R10(r)Y 0
0 (θ, ϕ). Ìàãíèò-

íîå ïîëå ïðåäñòàâèì äâóìÿ ìîäàìè � B1, ñîãëàñîâàííîé ñî ñêîðîñòíîé, è B2, â êà÷åñòâå
êîòîðîé âîçüìåì âåðòèêàëüíóþ äèïîëüíóþ BS

0,1,0.
Òîðîèäàëüíûå êîìïîíåíòû ñêîðîñòè íå èìåþò ðàäèàëüíîé ñîñòàâëÿþùåé è íå âëèÿþò

íà ñòðóêòóðó òåìïåðàòóðíîé ìîäû Θ1. Åñëè â v1 ïîëîèäàëüíàÿ vSk,n,m âõîäèò ñ êîýôôè-
öèåíòîì βSk,n,m, òî âêëþ÷èì â Θ1 ìîäó Θk,n,n ñ ýòèì æå êîýôôèöèåíòîì.

Ñòðóêòóðà óðàâíåíèÿ èíäóêöèè
∂B

∂t
= rot (v ×B) + νm4B ïîêàçûâàåò, ÷òî â ïåðâîì

ïðèáëèæåíèè ãåîìåòðèÿ ýëåêòðè÷åñêèõ òîêîâ â ÿäðå ñîâïàäàåò ñ ãåîìåòðèåé òå÷åíèé. Ïî-
ýòîìó, åñëè â ìîäó ñêîðîñòè âõîäèò êàêàÿ-ëèáî òîðîèäàëüíàÿ (ïîëîèäàëüíàÿ) ìîäà, òî â
ìàãíèòíóþ ìîäó B1 âêëþ÷àåì ñ òåì æå êîýôôèöèåíòîì àíàëîãè÷íóþ åé ïîëîèäàëüíóþ
(òîðîèäàëüíóþ). Äàëåå ñäâèãàåì ýòó ìàãíèòíóþ ñòðóêòóðó îòíîñèòåëüíî êîíâåêòèâíîé íà
íåêîòîðûé óãîë ψ ïî äîëãîòå.

Ââîäÿ äëÿ ìîä v1, Θi, Bi, àìïëèòóäû β1(t), αi(t), γi(t), ñîîòâåòñòâåííî, ìåòîäîì Ãàëåð-
êèíà ïîëó÷èì äèíàìè÷åñêóþ ñèñòåìó äëÿ àìïëèòóä

εA
dβ1

dt
= −EBβ1 + RamCα1 − Lsinψγ1γ2,

Q1
dα1

dt
= −F1β1α2 +H1β1 − qS1α1, Q2

dα2

dt
= F2β1α1 − qS2α2,

P1
dγ1

dt
= W1sinψβ1γ2 −M1γ1, P2

dγ2

dt
= W2sinψβ1γ1 −M2γ2,

(6)

ãäå Ram � ìîäèôèöèðîâàííîå ÷èñëî Ðýëåÿ, q � ÷èñëî Ðîáåðòñà, à çà åäèíèöó âðåìåíè
ïðèíÿòî õàðàêòåðíîå âðåìÿ îìè÷åñêîé äèññèïàöèè h2/νm, ãäå h � òîëùèíà îáîëî÷êè, νm
� ìàãíèòíàÿ âÿçêîñòü. Áîëüøèìè áóêâàìè â ýòîé ñèñòåìå îáîçíà÷åíû èíòåãðàëû ïî ñëîþ
îò íåêîòîðûõ ñêàëÿðíûõ êîìáèíàöèé áàçèñíûõ ìîä, ïðè÷åì âñåãäà A, B, Qi, Si, Pi, Mi,
F1F2, LW2, W1W2 ïîëîæèòåëüíûå. Ïðè ýòîì ïðåäïîëàãàåì, ÷òî sinψ 6= 0, ò.ê. â ïðîòèâíîì
ñëó÷àå íåò �çàöåïëåíèÿ� ñêîðîñòè è ìàãíèòíîãî ïîëÿ.

Âûïîëíèì â ñèñòåìå çàìåíó âðåìåíè è àìïëèòóä ïî ñëåäóþùèì ôîðìóëàì:

t =
Q1

qS1

τ, β1(t) = qS1

√
Q2

Q1F1F2

u1(τ), α1(t) =
qS1EB

RamC

√
Q2

Q1F1F2

θ1(τ),

α2(t) =
qS1EB

RamCF1

θ2(τ), γ1(t) =
qS1

Q1|sinψ|

√
εAP2

LW2

B1(τ),

γ2(t) = qS1sgn (W2sinψ)

√
W2Q2εA

Q1P2F1F2L
B2(τ)

(7)

Â íîâûõ ïåðåìåííûõ ñèñòåìà ïðèìåò âèä

du1

dτ
= σ (θ1 − u1)−B1B2,

dθ1

dτ
= −u1θ2 + ru1 − θ1,

dθ2

dτ
= u1θ1 − bθ2,

dB1

dτ
= pu1B2 − cB1,

dB2

dτ
= u1B1 − fB2,

(8)

ãäå σ =
EBQ1

εAqS1

> 0, r =
H1RamC

qS1EB
> 0, b = Q1/Q2 > 0, p =

W1W2sin2ψQ1Q2

P1P2F1F2

> 0 ,

c =
M1Q1

qS1P1

> 0, f =
M2Q1

qS1P2

> 0.
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Âèäíî, ÷òî åñëè ïîëîæèòü â ýòîé ñèñòåìå B1 ≡ B2 ≡ 0, òî îíà ïðåâðàùàåòñÿ â ñèñòåìó
Ëîðåíöà. Åñëè æå îñòàâèòü â íåé ïåðâîå, ÷åòâåðòîå è ïÿòîå óðàâíåíèÿ è ñ÷èòàòü â ïåðâîì
θ1 ïîñòîÿííîé, òî âîçíèêàåò ñèñòåìà, ïîõîæàÿ íà ñèñòåìó äâóõäèñêîâîãî äèíàìî Ðèêèòàêè
ñ òðåíèåì, êîãäà òðåíèå â îáîèõ äèñêàõ ñîâïàäàåò [6].

Ðàññìîòðèì ñîñòîÿíèÿ ðàâíîâåñèÿ, âîçíèêàþùèå â ýòîé ñèñòåìå.
Åñëè r < 1, òî ñèñòåìà èìååò òîëüêî íóëåâóþ òî÷êó ïîêîÿ D0, ïðè÷åì àñèìïòî-

òè÷åñêè óñòîé÷èâóþ. Åñëè 1 < r < 1 +
fc

pb
, òî ê íóëåâîé òî÷êå äîáàâëÿþòñÿ åùå äâå

D1,2 =
(
±
√
b(r − 1);±

√
b(r − 1); r − 1; 0; 0

)
, ïðè ýòîì íóëåâàÿ òî÷êà òåðÿåò óñòîé÷èâîñòü.

Åñëè r > 1 +
fc

pb
, òî äîáàâëÿþòñÿ åùå ÷åòûðå ïîëîæåíèÿ ðàâíîâåñèÿ ñ íåíóëåâûìè çíà÷å-

íèÿìè ìàãíèòíîãî ïîëÿ

D3−6

(
±

√
fc

p
;±rb

√
fcp

d
;
rfc

d
;±(∓)

√
σf(rbp− d)

d
;±(∓)

√
σc(rbp− d)

pd

)
, (9)

ãäå d = fc + bp. Îòìåòèì, ÷òî âñå òî÷êè ïîêîÿ ðàçáèâàþòñÿ íà òðè ãðóïïû, ïîñòåïåí-
íî âîçíèêàþùèå ïðè ðîñòå ïàðàìåòðà r, èìåþùåãî ñìûñë îòíîñèòåëüíîãî ÷èñëà Ðåëåÿ.
Â ïðåäåëàõ êàæäîé ãðóïïû òî÷êè î÷åâèäíî ïåðåõîäÿò äðóã â äðóãà ïðè ñèììåòðèÿõ ñè-
ñòåìû (8), ïîýòîìó òîïîëîãè÷åñêèå ñâîéñòâà òàêèõ òî÷åê îäèíàêîâû. Ïðè ýòîì ïåðåõîäû
ìåæäó òî÷êàìè D3 è D4, D5 è D6 ñîîòâåòñòâóþò ñìåíå çíàêà ìàãíèòíîãî ïîëÿ áåç ñìåíû
íàïðàâëåíèÿ òå÷åíèé, ò.å. èíâåðñèÿì ïîëÿ.

Ñèñòåìà (8) ñîäåðæèò 6 ïàðàìåòðîâ. Ìîæíî îæèäàòü, ÷òî âàðüèðóÿ èõ ìîæíî ïîëó-
÷àòü ðàçëè÷íûå ðåæèìû ðàáîòû äèíàìî. Äàëåå ïðåäïîëàãàåòñÿ èññëåäîâàíèå ïîâåäåíèÿ
ñèñòåìû ïðè âàðüèðîâàíèè ïàðàìåòðîâ è ïðè ïîäñòàíîâêå â êà÷åñòâå çíà÷åíèé ïàðàìåòðîâ
ðåàëüíûõ ôèçè÷åñêèõ ïàðàìåòðîâ àñòðîôèçè÷åñêèõ îáúåêòîâ.

Ðàáîòà âûïîëíåíà ïî Ïðîãðàììå � 10 Ïðåçèäèóìà ÐÀÍ è ïðè ïîääåðæêå ÄÂÎ ÐÀÍ
(ïðîåêò 10-III-Â-07-158) è Ìèíîáðíàóêè Ðîññèè (Ïðîãðàììà ñòðàòåãè÷åñêîãî ðàçâèòèÿ
ÊàìÃÓ èì. Âèòóñà Áåðèíãà íà 2012-2016 ã.ã.).
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Dynamo in a spherical shell, controlled by Poincaré operator
eigenmodes
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In the study of the mechanisms of planetary dynamo, various options for the problem of
conducting �uid convection in a rotating spherical shell appear. Application of spectral methods
for the solution of these problems raises the question on the choice of the basis to present the
�elds of velocity, temperature and magnetic �eld. The paper suggests to apply Poincar�e operator
eigenmode approximations as the basis for velocity. The geometrical structure of these modes
corresponds to free oscillations of ideal rotating �uid and seems to be the most natural from
all the considered problems.

In this work the large-scale approximations of Poincar�e modes and low-mode models of
convection in conducting rotating shells are proposed. The models present velocity as an
approximation of one of Poincar�e modes by spherical harmonics, the temperature �eld and
magnetic �eld are speci�ed by spherical harmonics structurally consistent with the velocity. It
is shown that dipole magnetic �eld is generated in this type of modes.

It is shown, that inhomogeneities in the Earth's liquid core density may geometrically
correspond to one of Poincar�e modes, according to the splitting-functions of its free oscillations.

259


