1 YcaoBug 3amaun

Permuts ypasuenne Jlanmaca
AU =0

C TPAaHUYIHBIM YCJIOBHEM

Ul,_, = Asing

a) BHYTpH
6) cHAPYKU OKPYKHOCTHU T' = Q.

2 llepeBoj jamjiacuaHa B MOJIIPpHbIE KOOPANHATDI

U=Ul(r,p) Ulr,p)=U(r,p+2m)
2 2
Uze = Upr (Tac) + 2Ump7":c§0:c + Utpgo (‘px) + Urrze + U@‘wa

T =TrCosp
Yy =7rsing

Haxonum mpousBoiHbIe:
1= rycosp —rsinpp,;| -cosp
0= reysingp+rcospp,| -sing

Ty = COS

0 = cospsinp + 7 cos pp,

sin ¢
Pr = —
r
0 0 ) ) sin ¢ sin?
Tor = =Ty = =—— COS@ = —singp, = —sing | — = —=

ox ox T r

0 0 singp cos sin @ cos sin @ sin @
Pz = 7Pz = — 5 = - <pz+ ) Ty = — - + p) COS

ox dr r r r r T T

Iloncrasisgem B

. . 2 .2
Use = Uy (cos )2 + 20, cosp <_ SH;QO> LU, (_sn:@) LU smr L U, (

sin 2¢
= Uy, 2p— —U, U
Ccos™ ¢ r ¢ T Ugp 2 +
Ananoruano ) )
. sin 2 cos cos sin 2
Uyy = rr5m290+ TSOUT¢+ TchU&w"' SOUT_ 2(’0Uw

B cymme

AL — _ 1 1. 10 1

U=Up+ Uy =Upr + ﬁwa + ;Ur = v or (rU) + ngUwp

) ) .
2

sin“¢  sin @Ur+ szwU@.
T T



3 Pemmenue ypaBHeHuda Jlaminaca B MoJIspHbIX KOOPAWHATAX

3.1 PazneneHnme nmepeMeHHBIX

10 1
U(r,p) = R(r)® () (16)
s (3)
D (p) = @ (p+2m) (17)
Mozacrasngem B (15)
10 , 1, r2
—5, (TR) @+ R—50" = 0| = (18)
r 0 , o
—— = — = 1
R o (rR’) T =M M const (19)
3.2 VYrjoBag 4acTh
@//
R 2
3 M (20)
" 4 p® =0 (21)
Xy:
M4 pu=0 (22)
Cayuait p <0 :pu=—a?\=+a
D = (e 4 Cae™ % (23)
N3 (17)
C1e%% + Che™ % = C1e#F2m) 4 Chemalet2m (24)
Huddepennupyem no ¢ u aeaum Ha o
Clemp - 02670490 = Clea(<,o+27r) — 02670‘(@+27r) (25)
CkyaansiBaeM
C’leo“p = Clea(¢+2ﬂ) (26)
C1(e*™ —1) =0 (27)
2ra#0 = C;=0. (28)
U3 (24) u (28)
C’ge_‘w = Cge_a(¢+2ﬂ) (29)
Cy(l—e ™) =0 = (=0 (30)
d=0 (31)



Coaywyait =0
" =0

D =Crp+ Cy
Cip+Cy=C (p+2m) +Cy
27C1 =0
® =CY

Coyuaait >0 :p=a?
N4+a?2=0, \=tia

O = C cos () + Co sin (o)

ot C cos (ap) + Cy sin (agp) = Cy cos (a [ + 27]) + Cosin (a [¢ + 27)) ,
—2C1 sin (7o) sin (ap + mar) + 2Cs sin (ma) cos (ap + Ta) = 0,
sin (ma) (Cy sin (ap + ma) — Cq cos (ap + mar)) = 0.
IIycTs

Cy sin (ap + wa) — Co cos (ap + Ta) = 0.
Huddepennupyem no ¢ u aeauM Ha o

C cos (ap + ma) + Coy sin (ap + Tar) = 0.
Ymuoxkum 42 na sin (o + ), 43 na cos (ap + Ta) 1 caoxuUM:

Oy sin? (ap + Ta) — Cy cos (aup + ma) sin (ap + ma) = 0,
C1 cos? (ap + mar) + Cysin (ap + ma) cos (ap + Ta) = 0,
Ci=0 — (Cy=0.

Nrak,
sin (ma)) =0
Ta=T7n, neEx
a=n, p=n?
®,, = CT cos (ny) + C3 sin (ny)

(upu n = 0 nosyuaem (36), n =0,1,2...)



3.3 PaaumaabHasi 4acTh

Bosbmém sieByto dacTh (19):

r=e’ p=lnr
, dR dRdp 1dR

U T dpdr rdp

w_ A (1dR\ __1dR _1ddR__1dR_1&R_1 (@R _dR
S dr\rdp)  r2dp rdrdp  r2dp r2dp> 12 \dp? dp
d*R  dR dR 5
(5 )~ =
&R,
szan

R, = C§e™ + CPe™™ = Chr™ 4 Cjr "

4 Pemenne nyHKTa a)

Buyrpu, npu r < a, C} = 0.
IMoncrasum (49) u (56) B (16)
Upn = (CF cos (np) + Cg sin (nyp)) r".

B cuy snmneiinoctn (1),

U= Z U, = Z (CZ cos (np) + C§ sin (np)) r™,

n=0 n=0

rne CI' =Cp - C¥, Cy = Cy - CL.
Haiingm CP u CF u3 (2):
Ul,_, = Z (CZ cos (np) + C§ sin (np)) a™ = Asin p.
n=0
DTO yCJIOBUE BBITIOJHSAETCS TIPH
A
Cl =0; Cé:g? Cy=0, n#l

Torna

A
U = (C cos (ng) + C¢ sin (ng)) r"|,,_; = (C5 cos () + Cg sin () r = 77“ sin ()

)

(60)

(61)



5 Pertenue nyHkTa 6)

Cuapyxu, upu r > a, C§ =0,
U= Z Z (CF cos (ny) + Cg' sin (np)) ",
n=0 n=0

rne CF =C7 - C}, Cf = C% - C}. Ha rpanurne

o0

Ul,_, = Z (CZ cos (np) + C§ sin (np)) a™" = Asing,
n=0
YTO UMEET MECTO TIPH

Cl=0; Ci=A4a; C§F=0, n#l.

Torma M
U= 7(1 sin (¢) .



