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BBeaeHJie 

B aaHHOii: pa6oTe B 11epBoM 11pH6mnKeHHH 011peae1 eHhi Bbipa)l{eHHSI ansr 

COCTBBnSIIO!UHX MBrHHTHOrO nonsr OT HaMarHH'leHHOrO 110 pallHBnbi!OMy H811p8B-

neHHIO UHnHH£1pH'leCKOrO KOnbUeBoro CeKTOpa, KBK 0£11!0'0 H3 06IUHX cnyqaeB 

x/ 
paBHOMepHO H8MarHH'leHHbiX UHnHHJlpH'leCKHX KOHqmrypa IH:ii: • IlpH 9TOM 110£1 

11epBbiM 11pH6nHJKeHHeM 110HHM8eM TBKOe MarHHTHOe CC CTOSIHHe Ten a, KOr£18 

HaMarHH'leHHOCTb BHYTPH o6~eMa paccMaTpHsaeMoro o5pa3ua rrocTosrHHa 110 

senH'lHHe H Ha11pasneHHIO. 

!lony'leHHbie BbipalKeHHSI anSI KOMI10HeHT nonSI MOr fT 6b!Tb HCI10nbGOB8Hbl 

llnSI paC'l~TOB MarHHTHbiX 110neil' KBK BHyTpH, TBK H BHe K nymeK COOTBeTCTBYIO-

mHx qropM ( aKBHBaneHTHhiX 110 pac11peaeneH:HIO 11onSI paruranbHhiM HaMarHH'leH-

Hb!M UHnHHilpH'leCKHM KOHq>HrypaUHSIM) C TOKOM, npoTeK IIO!UHM 110 HX KOHTypy 

B 6ecKoHe'lHO ManoM cnoe. 

1. CKBnHpHbiil noTeHuJian 

BbipBJKeHHe CKansrpHOrO 110T9HUHana B 11pOCTp8HCTlle, CB060ilHOM OT TO-

/2/ 
KOB npOBOilHMOCTH, HM99T BH£1 

xi B npeabli1YIIIei1 pB6oTe pBCCMOTpeHo HBMBrHilJifiJBHHe uHm rHP.PH">eCKoro 
Konbueaoro ceKTopa no aepTHKBnbHOMY HBnpasneHHro 
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v 

f, M ( f"'l grad ( --
1

- ) d v ' 
1!1 

( 1.1) 

rue I pI= 11'-11- BeKTop -paccTUHHHe oT ToqKn Ha6moneHH51 P no aneMeHTap!loro 

o6beMa dv' (eM. pnc. 1). 

Pnc. 1. 

~, H r-+ - BeKTOpbi-IT )Jl0)!{8HH51 aJieM8HT8pHOrO 06'beMa H TQqKH Ha6JIIOLI8HH51 0 

-+ -+ 
a M(r') - M8rHHTHblit MOM8HT HJIH H8M8rHnqeHHOCTb :3J18M8HT8 06beMa dv'. 

8 UHJIHHLlpHqeCKC it CHCTeMe KOOpLIHH8T llOLIHHTerpanbHOe Bb!p8)!{8HH8 ( J.l) 

MO)f{HO rrpeUCT8BHTb KlK 

M (1 ') grad ( --
1

- ) = ( \1 cos .P ' - M .4. sin ¢ ' ) 
I if I r 't' 

4 

r "cos¢'- rcos¢ 

1
-+, :'I 8 
r - r 1 

+ 



'sin ¢' - r sin ¢ , 
z - z 

+ ( M sin¢' + M cos¢ ') 
r ¢ 

+ M 
z 

( 1.2) 

Bbrpa)KeHHe rroTeH~: Hana ( 1.1) c y"'~TOM 

I, 2) MO)KHO 38!1HC8Tb B cnenyJOIUeM BHLie: 

+ sin¢' 

M J, r 
v 

=M 
r 

J[ cos¢' , 
v 

r ~sin¢' -rsin¢ 

11' _ .... ,8 

r'-r cos(¢'-¢) 

It' _ .... \8 

r 'cos¢'- rcos¢ 

I~' --; I a 

) d v' 

dv 
, 

' 

+ 

( 1.3) 

rne M r no npennonomeHHJO HBmieTCH 110CTOHHHOll !10 BenJ1< HHe H He 38BHCHIUeil: OT 

r '- r cos ( ¢ '-¢ ) a 1 
=- -(,-:;:rl. a r' t""fll 

( 1.4) 

Bbrpa)KeHHe rroTeHuHana '1' 1• nnH UHnHHLIPH"'ecKoro Kon ,uesoro ceKTopa (eM. 

pHc. 2) MO>KHO rreperrHcaTb JlnH nanbHeil:lllHX rrpeo6pa30J .aHHil: h 6onee yno6HoM 

lr 

R 2 </Jo h , 
~ __ a_ f r'dr' J d¢' J dz -

ar'a, 'Po -h [(z~l2 +r'2+r 2-2r'rcos(¢~l]lt 

R2 </J o h d z' 
+ J dr' f d¢ 'f- 2 

R 1 cpo -h [(z '-zl + r'2+ r -2r'f cos(¢~-¢lf' 
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¢. h 

= [- [ r, f dcp, f 
- <P. -h 

d z , R2 

--------,-----,--------,..,..-11 + 
[ ( , ) 2 ,2 2 , (A., A.)] Y, Rl z - z + r + r - 2 r r cos 'f' - 'f' 

( 1,5) 

d z , 

[(z '-z) 2 +r' 2 +r 2 -2r'rcos(rp'-rpl)~· 

HOCTb H BbiCOTa COO'! BeTCTBeHHO, r , cp , z - K00p!1HH8Tbl TO'IKH H86JIJO!leHHSI 0 

r ', cp,, Z, - KOOp!lHH lTbl nepeMeHHOH TO'IKH 9JieMeHT8pHOro 06'beMa 

d v ' • r 'd r ' d cp ' dz ' • 

r 

PHc. 2. 

B !18JlbHeil:llieM O'p8HH'IHM p8CCMOTpeHHe CK8JIS!pHOrO IIOTeHUH8Jl8 H KOM-

noaeHT cnyqaeM, Korra z < -h H -rp 
0
<cp < cp 

0 
, npencTaBnSIJOIUHM onpeneneH-

Hbiil: rrpaKTH'IeCKHH HH"epec, 

OnpeneneaHe no 'IS! B apyrHx TO'IKax npocTpaHCTBa MO)I{eT 6biTb caenaHo 

aaanorH'IHO onHCbiBaezv OMY cnyqaro, 

B HarneM cnyqae 
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rne 

a 

0 >2 
'II lr = -( r 'I - J d a f 

a 1 Y1 

dy a2 y2 

7> + 
0
f da J 

yl 

dy R - l l I 2 ~ + 
Rt 

R2 0 Y2 a2 Y2 

+ f dr'I-J daf4+Jdaf~ 
Rl al Yl A ' o Yl A Y. 

al Y2 R2 R2 a I } 2 

=-I ( [r'JdaJ~]I -Jdr'JdaJ~l+ 
0 y I A Y, R I Rl o yl A Y, 

+ (a
1
-.a

2
ll 

y=z -z, T.e. Y1 = -h -z; Y2 = h·-z 

a =¢ '-¢ nmr a=¢-¢' T.e. a 1=4"t ~ ; a 2 =¢ 0 -¢, 

A .. y 2 + r ' 2 + r 2 -2r 'r cos a 

( 1.6) 

( 1. 7) 

( 1.8) 

( 1.9) 

MaTeM13TH'!eCKHH CHMBOn ( a 1 -+ a 2 ) 03Ha'!aeT B"OpyiO CK06Ky 0 KOTOpa51 

nony'!aeTCR 113 rrepBoit npu 3aMeHe B Hei1 a 1 Ha a 2 • 

flocne HHTerpHpoBa:-nrH nepBoro HHTerpana Bbi Ja)l{eHHR ( 1.6) no "y "• 

a BToporo no "r'" HMeeM: 

at y y al YJ 
'11 1 =-I ((r' J Arsh --- da] I 2 

- J da Arsh 
r o BY. Yt o Yt 

rne 

R2 
+(a 1 -+a 2 ll! 

R I 

B - r ' 
2 

+ r 
2 

- 2 r 'r cos a 

7 

2 
C =Y + 

2 • 2 
r s1n a 

, 
r - rcosa 

cY. 
dy ) + 

( 1.10) 

(l.ll) 



Y<IHTbiBaB cooT Home, mg 

r '- r cos a 
J Arsh --,--

CY, 

r' -rcosa y 
d y =Y Arsh -----.,- + ( r '- r cos a ) A rsh ~ 

c ~ n 

- r sin a arc t1 
y(r, -rcos a) 

rsin a.\ 2 

2 2 
yy(r'+rl +Y 

F. ( k, ,B ) + J cos a Arsh _Y_ da - sin a Arsh _Y_ 
B I> gl> 2 r 'r 

+ y 

y (r '- rccsa) 

y, 
r sin a A 

y ( r '- rcosa ) 
J sin a arctg da - - cos a arctg ----y,--

r sin a A 

+ -----E(k,f3l+ y F(k,f3l-

2r 'r V<r '+r )2 
+}'

2 
~ r 'r 

+ 

( 1.12) 

( 1.13) 

( 1.14) 

Bbipall<eHHe CKanBpHOr) ilOTeHUHana B OKOH'I8TenbHOM BHJ:Ie MOli<HO npen:::Ta-

BHTb TaK: 



a, 
'I' 

1 
r • I (/ y Arsh 

( 1.15) 

y r ' ( r '- r) a 1 Y2 R2 
+ n ( n 8 • k • fJ ) l ) + ( Q I .. a~) II I , 

(r' +rl y(r '+rl"+r" 
0 

yl a, 

rne 

4 r 'r 
k2• ; n ____ 2.;;..r __ _ 

( ' 'fl 2 I .,...-,-: 
r + r +Y VY + r .:.., 

4r 'r 
n •----8 ( 1.16) 

f3 -
a _, 

2 ( 1.17) 

k2 
Q (nl• yO-nl(l- --::;-l, ( 1.18) 

a 

:o>JinHIITII'IeCKHe HHTerparrbi rrepaoro, BToporo 11 TpeTbero pont B <jlopMe lie-

*BHUpa, COOTBeTCTBeHHO, 

113 caoilcTB cKanHpHoro rroTeHuHana oTMeTHM cneny10m~ e: 
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1, floTeHUH8Jl 8HTHCH .-!MeTpH'IeH OTHOCHTeJlbHO IlJlOCKOCTelf r = R 2 H r = R I , 

KOTOpbie orpaHH'IHB8K 1' HaMarHH'IHBBHHe Teno, T,e, 

=-'II (r,cp,z) \ > 
I r r R

2 
• ( 1.20) 

2. flOTeHUH8Jl CHMMe' 'PH'IeH OTHOCJi!TeJlbHO IlJlOCKOCTelf z = h H z =- h, JJH60 

cp =cp 
0 

H cp -- cp 
0 

, KOTOpbie orpaHJii'IJiiB810T H8MarHHii:eHHOe Teno, T.e. 

'P (r, p ,z) ~ 'P (r, -¢ ,z). 
I r I r 

( 1.21) 

2. KoMIIOHeHTbi nonH 

Bhlpa.eHHe UJlR KOMilOHeHT MBrHHTHOrO IlOJlR HalfaeM H3 COOTHOWeHHR 

(I) 

H (r, ¢ , z) =-
4rr ll o 

( 2. 1) grad 'P 1r ( r , cp , z ) , 

rae llo-MarHHTHaR npoHHuaeMoCTb BaKyyMa. HHaeKc ~(1)~ o3HaqaeT rrepBoe 

B paccMaTpHBaoMoM cnyqae KOM!loHeHTbi rrong HMeiOT BHa: 

c1> M, aw .. 
Hrz (r, cp ,z) •- --- • __ ;..:;..._ 

" "ll > a z 

(1) 
Hr Jr,cp,z)•-

a B nepeMeHHbiX "y ·' H 
,, a ,, 

M 
r 

""llo 

(r,cp,z)•-

a 'I' 1 r 

a¢ 

M ·• 

ar 
( 2.2) 

(1) 

H (r,cp,z>•-
a'P, r ay O> M, 1 a'l't, aa 
ay •--;;- ; H rep ( r' cp • z ) • - 4rr ll o ·-.- • a a • (~fu) rz 
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rJle npH 

y .. z-z 

rrpH 
a-¢-¢'. 

ay 
---+ 1 az 

= + 1 

H npH 

H npH 

y .. z ,_ z, 
ay ----1 az ( 2.4) 

,1.., ,1.. aa a-.., -"+" , --- = - 1 . 
a¢ 

( 2.5) 

Ha OCHOBe ( 2.3), ( 1, 16) H ( 2.4) LlJHI BepTHK8llbHOH C OCT8BJ1SIJOIUeii HMeeM: 

( 2.6) 

flocne HHTerpnpoBaHHSI nepBoro '-!neHa B ( 2.6) no "a .a BToporo no ,, , '"' r 

nonyqHM 

( z_ 7) 

H a
1
,a

2
onpenenSIJOTCSI H3 (1.7) n (1.8), 

2 
rrapaMeTp k -Hs 

(1.16), f3- H3 (1.17), a F(k,/3)- M3 (1.19). 

Bb!pa)!(eHMe paLIHanbHOH COCT8BliSIJOIUeii MO)I{HO H leLICTaBHTb, cor naCHO 

(2,2), (1,10) H (1,12), B BHLie: 

(I) 
H (r, ¢, z ) • -

M• a, a 
--- I f [ Y - Arsh 

r '- rcosa 

c~ •• 0 ar 

- r cos a _a_ Arsh ....t_ -sin a arctg 
y{r '-rcosa} 

- r sin a 

ar B~ r«ina A 

a 
-- arctg a. 

y ( r ' - r cos a}] Y. 
-----.~-,-- da +<a 1 -+a 2 >lJ 2 

r sin a A Y1 

I 1 

- cos a 
y 

Arsh-:lr 
B 

( 2.8) 



11n11 rrocne rrpeo6palOBBH11H: 

(I) '-' r y y ( r ' - r cos a) 
H rr ( r , ¢ , z ) = - --- I [ sin a Arsh ~ - cos a srctg + 

4 7 P. 
0 

B 72 r sin a A 2 

2 
cos a 

CA~ 

( 2.9) 

npi1BOAH rronrqeHHhle 11HTerpanhl B (2,9) K snni1ITTI1QeCKI1M, rronyqi1M 

OKOHQaTenbHOe Bbl )8:>KeHI1e Ans:I p8A11BnbHOH COCTaBnHIOIUeii: 

( 1) 
H (r, ¢ , z) 

•• 
Mr y y(r'-rcosa) 

- --- I [ sin a Arsh --1- - cos a arctg 
4 TT P. 0 B y, r sin a A 

I Q (n 1 n ( n I' k, f3)- Q (n ~) n ( n 2' k. f3) I + ( 2.10) 

2yr'F(k ,{3: 
+ 

r y (r '+ r ) 
2 + 1 

2 

rae )' 
1

.)'
2

, at' a 
2 

orrpenenHIOTCH 113 ( 1.7) 11 ( 1.8) COOTBeTCTBeHHO, A HB-

XOAI1TCH 113 (1.9), B- 113 (].11), f3 - 113 ( 1.17), napaMeTpbt k, n 
1 • n -2 

- 113 ( 1,16), Q (n) 113 ( 1.18), a F ( k , f3 ) TI (n, k , f3) - ll3 ( J. 19), 

Ha OCHOB8HI1P. (2,2), (1,10), (1.12) AnH 8311MyTanbHOH COCTBBnHIOIUeii: 

rronH HMeeM: 

(I) 11. 1 
H •¢ ( r , <f , z ) = - -- • -- I [ y Arsh r 

4TTLO 

12 

, 
-rcosa 

c~ 
- r cos a Arah 



- r sin a arctg 
y (r '-rcosa) al >'2 

-----;-:---] -(a -oa
2

>ll 
r sin a A Y, 0 1 >'1 

, 
--M-"•-- l ..2::... Arsh 

4 "P.o 

r -rcosa 

VY 2 +,2sin ~ 
-cos a Arsh 

y 

r sin a A!; 
- sin a arctg 

y ( r '- r cos a ) 

( 2.11) 

OnpenemllOTCSI ( 1,17) H ( 1,18) COOTBeTC~ BeHHO, A - H3 

(1,9),a Bn C -H3(1,11), 

Vf3 CBOl!CTB KOMflOHeHT MarHHTHOf'O nom! cnenyeT OTMe filTh cneny!OlliHe: 

H (I) ( r, cp , z ) •- H (I) ( r , cp , - z ) 
rz rz 

H
11

' (r, .. cp , z ) • H(l) ( r , - cp , z) .. 

(I) (I) 
Hrr (r,rp,z) ~H,,(r,cp ,-z) 

(0 IU 
Hrr (r,¢,zl•H.,(r,-cp,z) 

(I) (I) 
H rep ( r, cp , z ) • H rep ( r , cp , - z ) 

YKa3aHHhie cBoilcTBa cocTaBnSI!OIIH!X no1111 

( 2.12) 

( 2.13) 

( 2.14) 

MOJKHO 

fl011Y'H!Tb 0 ecmr fl COOTHOIJEHHSIX ( 2. 7) ll ( 2,1 J) npoH3BeCTH 3 lMeHy KOOpllHHBT 



"z n "¢" Ha "-z" f "-¢"rrpn y'IeTe rrpenenoB y
1 

,y
2

, a 
1 

,a
2 

nnH cooTBeT-

CTBY!OfLlHX o6nacTeif f pOCTpaHCTBa. 

3. [/ 8CTHbie CIIY'18H 

Yf3 Bb!p8:>KeHHH :2.7) 1 ( 2.10) H ( 2.11) nnH KOM!IOHeHT M8f'HHTH0f'O rronH 

UHn!IHLlpH'IeCKOf'O KOnb lleBOf'O CeKTOpa nerKO rrony'IHTb Bb!pa:>KeHHH LlnH HeCKOnb-

KHX 'I8CTHhlX CnyqaeE (p8LlH8nbHO H8M8f'HH'IeHHhle UHnHHLipnqeCKHe CeKTOphl 1 

UHnHHLlpbi, UHnHHLlpH'I• !CKHe KOnbna, 6eCKOHe'IHbie, rrony6eCKOHe'IHbie H "TOH

x/ 
Kne" unnHHnpn'IeCKl e Komlmrypaunn ) • Crroco6bi nony'IeHHH KOMrroHeHT nonH 

Ill 
nnH nono6HbiX qacTHbi '<: cnyqaeB rrpHBeneHbi B pa6oTe 

PaCCMOTpHM Te.Iepb HeCKOnbKO 'IIlCTHbiX cnyqaeB, KOTOpbie MOf'YT 6b!Tb 

HC!IOnb30B8Hhl rrpH pa~'IeTe KOMIIOHeHT nonH H8H6onee WHpOKO npnMeHHeMhlX 

THITOB KaTyweK. 

LlnH UHnHHnpa, ITOnO:>KHB B tPOpMynax ( 2. 7), ( 2.10) H ( 2.11) R t • 0, 

H Cl I • all • 7T , ITOny'IHM 1 'ITO 

a0 >(r,z)• 
rz 

R Fo (a ) 

2 !l 0 

+ e n ( y + v y2 + r 2 ) -
2 2 y (R + r) +Y 

x/ lloa TepMHHOM "TOHKJfe"' UHllHH£lpHqecKHB KOHc/JHrypaUHH IIOHHMBBM 

T8KHe KOH!/JHryp8IJHH, Y KJTOpbiX 0/lHH H-3 p83MepOB 3H8lfHTBllbHO MeHbille 

OCT8JibHbiX. 

14 
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a 

(I) M, R 1<2 
H (r,zl=---1-·--F (a)-

y 2 2 y2 
Y + r L\ 

0
( a,f3 

1
)- A 

0
( a, f3 

2
) lll 

rr 4 p 0 trp. 
0 

r 

(I) 

Hr¢ (r, z)"' 0. 

2 2Ry k 
p 

2 
+ ·r 

2 + R) y ( R + r ) 2 
+ y 2 (yy 

F 
0

( a), /\ o( a . f3 ) - Ta6ynHpOBBHHhlB ~YHKUHH 
/3/ 

1 rr e 

4 R r 

a =- arcsin V ----· 
(R{-·f+y 2 

f3 = arcsin 
I 

2 2 
y(R +rl +) 

VY
2
+r

2 
+;-

yl 
(3.2) 

(3,3) 

(3,4) 

(3,5) 

{3 = arcsin 
2 

v/+ r 2 
-R ----

y(R-rl2 +Y2 

CooTHOUJBHHe ( 3,1) MO>KBT 6btTb rrpencTasneHo B cne, iYJOLUeil ~lop Me: 

M R E (a) a 
(I) ) r { 0 + tn H (r,z =--- 2 2 
•• 21'-o y(R+rl+y 

I rr 
-fen(!+ 

Y+VY2+r2 

( 
2 2 2 - 2 2 2 ! 2 2' s y +R+r+y(v+R+rl -4Rr] 

R -r cos a ) d a 
y2 

1T 0 
v' y 

2 
+ R 

2 
+ r 

2 
- 2 R r cos a 

v 
'I 

( 3,6) 

HHTerpan B cooTHOQBHHH (3,6) rrocne paano>KBHUH rr~WH1etuanhHoro 

Bl>tpB>KBHHH B pHil llllSl IIBpBbiX Tpex 'WBHOB MO>KBT 6btTb np ?LICTBBllBH KaK 

1.5 



(I) M, 2 
H ( r , z) = --- I .1!.. • _I<_ F ( a) -

rr 4 rrp. 0 r p 0 
(3.2) 

(I) 

Hrc;?(r,zl "" 0. (3.3) 

2 2Ry It 
p 

2 2 
(R +r l

2
+y

2 
<'1/y + ·r + R) '1/ (3.4) 

F 
0

( a), A 
0
(a ' {3 ) - Ta6ynHpOBBHHhlB <jlyHKUHH 

/3/ 
a ' rn~ 

4 R r 

a = arcsin v' ---- f3 
1 

= arcsin 

(3.5) 

f3 
2 

= arcsin 

CooTHOIIIBHHB ( 3.1) MO)I<eT 6biTb npeacTaBneHo B CJIB lYIOIUBii ~lOpMe: 

(I) M R F0 (a) 
H (r ,zl=---' I +en 

rz 2p. !I 2 
( 

2 2 2 • 1 2 2 2 I 2 2)~ 0 '1/(R+rl+y 

1 rr 
-J fn(l + 

1T 0 

y +R+•+v<v+R+rl -4Rr 

R -r cos a Y2 
--:::::::::=:::::::::;:===:. l d a lly

1 '1/ y 2 
+ R 

2 
+ r 

2
-2 R r cos a 

(3.6) 

HHTerpan B cooTHot:oeHHH ( 3.6) nocne pt!3TJOlKBHH>< m JlHH't er panhHoro 

Bhlp8lKBHHH B pHil llJIH llBpBb!X TpBX LJrJBHOB MOlKBT 6biTb ri lB!lCTBBrJBH K8K 
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0 

" finO+ 
R -r cos11 1 

)da =- [ 
R 

2 2 2 
R -r - y 2 2 

K(lt)+y(R +rl +Y E(ltl]-

2 2 2 22 22 
4R y (y t- R +r ) -4R r 

2 
4R 

(3.7) 
E(U 

2 2 2 
Y +R +r 4 4 4 2 2 2 2 2 2 
----- [ 5 R - r - y + 10 R r + 7 R y -2 r y ] -+ 

2 2 2 2] 
3 y(R +rl +Y [(R-r) +Y 

rae 

R -r cosa 
-1< <1, 

y y 2 + R 2 + r 2 
- 2 R r cos a 

a K (It) H E ( k) - nonHb e annHIITH'IeCKHe HHTerpanbi nepBoro H BToporo pona. 

0ocne nepeXOLl1t K HOBOH CHCTeMe KOOpLlHH8T ( H8'18no B TO'IKe z•-h, 

r - 0 ) B oonaCTH Z < 0 , IIpH 2 h -+ oo 

panHanbHOH cocTaBnHK men nonH nony6ecKoHe'IHoro UHnHHnpa MO>KHO npen-

CTBBHTb K8K 

(I) ( _Mr I H r ,z) • 
r z 2 P.o 

( 3.8) 

" 2 2 2 

f fn ( R - r cos a + 
7T 0 

y z + R + r - 2 R r cos a ) d a l 



0 

17 R -r cos n 
2 2 2 

JenO+ 1 
)da =- [ 

R -r -y 2 2 
K(k:)+y(R +rl +Y E(Jtl)-

R 

-17 [ 1 + 
2 2 2 22 22 

4R y (y ~ R +r ) -4R r 
2 

4R 

( 3. 7) 
E (k) 

2 2 2 
Y +R +r 4 4 4 2 2 2 ll 2 2 
----- [ 5 R - r - y + 10 R r + 7 R y - 2 r y ) -+ 

2 2 2 2) 
3 y(R +r) +Y [(R-rl +Y 

K(k 

rue 

R -r cosa 
-1< <1, 

v' y 2 + R 2 + r 2 
- 2 R r cos a 

a K(k) H E(k:)- rronHhe annHITTH'ieCKHe HHTerpanhi rrepBoro H BToporo poua. 

fiocne rrepeXOlH L K HOBOM CHCTeMe KOOpAHHBT ( HB'iano B TO 'iKe z•-h, 

r "' 0 ) B o6naCTH Z < 0 , 11pH 2 h -+ oo Bbip8)1(eHHSI AnSI BepTMKanhHOfi M 

paAHBnhHOM COCTaBnSIK rueH: rrong rrony6eCKOHe'iHOT'O UHnMH.Qpa 

CTBBHTh KaK 

(I) ( ~, H r,z) = 
rz 2 P.o 

R F 
0

( a) 
--=~=:=- + en 

2 2 
y(R+r) + z 

17 2 2 

f en ( R - r cos a + y' z + R 
17 0 

+r -2 R r cos a) d a I 

MQ)I(HO rrpeA-

( 3.8) 



(I) M 
H (r,z).__;;:_t_ R 

rr 4 ll 0 

ilnH II01ly6eCKOHe'IHOil: H .,TOHKOil: IIO pa.QHycy" KO,IbUeBOil: lliHMMbl B 06-

118CTH Z <0 (H8'18110 CHCTeMbl K00p.QHH8T rrepeHeceHO B TO'IKY z•-h, r .0), 

p83118I'8H B pHA ( 2. 7) H ( 2.10) t OI'paHH'IHB8HCb rrepBHMH '11leH8MH H Il01IO-

)KHB R 
1

• 0, R -R, a t- 0 2.,., rrony'IHM, 'ITO 
ll 

(1) M ~R Rll-r:a-•ll 
( 3.10) H ( r, z ) r I F

0 
(a) + E

0 
(a) I 

rz !I !I 
(R-r)

3 :a 
41-'y(R+r) +z t-z 

0 

(1) 
H (r, z) 

rr 

M z ~ R 
r ( 3.11) 

/3/ 
rne E (a) Ta6ynHposaHHaH ¢yHKUHH • 

0 

kll 
B COOTHOllieHHHX (3.8) - (3.11)p ,a ,{Jl ,{Jll orrpenemiiOTCH ( 3.4) 

H ( 3.5) rrpH GaMeHe Y Ha z 

4. ilpOH3BOI1Hbie KOMflOHeHTbi M8THHT, IOTO nonH 

no npOCTp8HCTBeHHbiM KOOp11HH5!T8M 

a H(ll i. !fll iJH Cll 
B aTOM pa3nene rrony'!eHbi Bbipa*eHHSI --EL. '-~ H ----'1...' az ('r a.p 

a~> aH~~> 
~·-a-.--

H ~ c:f>opMy1lbl A1ISI 
iJ<P • 

a HU,) , aH~!,> MOryT 6biTb HeiiOCpenCTJieHHO HaltneHbl AHlP¢Je-

oz ar 
peHUHpOB8HHeM BbipB:>KeHHSI ( 2. 7) ITO 

,, ,, 
z 

l7 

,, ,., 
r H "¢ ~, J lnH o6nacTH z <- h 



11 -</>
0
<¢<</> 0 rrony mM, '!TO 

a H (I) ( r ,cf>, z ) a H ( IJ a y M 2 y r ' E (It, ,8 ) 
r z • __ r_z_ • ___ = _ r I ( --::::===,;r:=:;;~--:--;;: 

2 !l ' 2 2] y ( r '+ r) + y [ ( r -rl +y . 
az c'y az 4rr1Lo 

VY 2
+r

2 
[ Q (n! ifl(n l'k,,Bl-Q(n

2 
lTI( n 2 ,k,{J l] + 

( 4.1) 

4 r '2 r :·sin a a, y R 2 
+ ) + ( a I ... a 2) l I 2 I 

[(r '+rl2 +y
3

][(r -rl2 +y
2

] A 
l> 0 yl R I 

(I) 
a Hrz (r, </>,zl M r 'F (It, f3 ) 

r I < m + 
a. 4 IT IL 0 ry(r '+rl 2 +y 2 

+ 
r'(r' 2 ty2-r2)E(k,,Bl 

r V (r '+ r ) 2 + y 2 [ (r '-r) 2 + y 2 ) 

y 
---::=:;:=;::: I Q ( n I) n ( D I • It, f3) - Q (n 2) n ( n 2 • It, f3 ) l + 

ryy2+r2 

(4.2) 

+ 
2 

, 2 ( , 2 2 2) . a 1 y 
r r + )' - r sm a ) ) l I 2 + (a ... a 

2 2 2 2 ~0 I 2 }' 
[ ( r '+r) +}' ) I (r '- r) + y ) A 1 

(I) a H,z (r,</> ,z) 

a¢ 

(I) 

aHrz 

a a 

a a 

a¢ 

18 
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Rl 



M, r' r'- r cosG 
- Arsh 

41111-o A\0 

n pOH3BOt:1Hb!e p8t:11!8J!hHOlf COCTaBmi!OIUelf OOJIH MMeiO' BML1 

(I) 

a H ~~; ( r , </> , z ) 

a. a, 

a H., (r,¢,zl M 2y r'E(k,,Bl 
--~---- --'-I < -----------

2yr'F(k,,Bl 

--===~+ 
r ~ y ( r '+ r l2+y2 

+ 

a r 41111-o 

+ 

ysina 

10 
A 

(I) 

y2 
---- [ Q ( n 

1 
) !1 ( n 

1 
, k , (3 ) - Q ( n

2 
) I1 (n 

2 
, k , ,8 ) ] + 

r21/y2+r2 

al 

ll + 
r '

2
+r 2 - 2r' rcosa 

0 

a H (r,rp,zl yr' (r -r 'cosa ~ 

lA~ 

y 
- cos a Arsh --;r - sin a arctg 

y( r '- r cos a) 

r sin a A ~ 

19 

(4.3) 

(4.4) 

(4.5) 

(4.6) 



M, r' r'- r cos a 
- Arsh 

npOH3BODHWe paDHBnbHOfi COCTBBnHIDmefi DOnH HMeiD" BHD 

(I) 

a H ~~; ( r , ¢ , z ) 

az a. 

a B., ( r, </>, z) M 2 y r' E ( k , tJ) 

--'-'--- = -'-I ( -=======-----a r 4 "fl 0 

2yr'F(k,tJl 

--:;===-·+ 
r: y(r '+r l2+Y2 

+ 

+ 

ysina 

\1 
A 

(I) 

y2 
---- ( Q ( n I ) n ( n I , k, tJ ) - Q ( n2 ) n (n 

2 , k, {3 ) ] + 
r2yy2+r2 

at 
]) + 

t ,:l +r 2 - 2 !'' tCOSU. O 

a H (r,¢,zl a s< 1> 
" • _a_a __ yr'(r-r'cosa~ 

3A S a¢ aq, 

y 
- cos a Arsh -;r - sin a arctg 

y( r '- r cos a) 

r sin a A S 

19 

(4.3) 

(4.4) 

(4.5) 

(4.8) 



+ 

M, r, r'- r cos a 
- Arsh 

Ali 
yy 2 +r

2 
sin

2 
a 4rrp.o 

y2 L 2 a 2 

I I I 
y I ~I a I 

npOH3BOllHbie p8llii8JibHOil COCTBBJISIIO!Ueil ITOJISI HMelO' BHll 

a H ~~~ ( r , cp , z ) 

a. 
a a':~ (r. </> ,z) 

a. 

(I) 
a H (r,cf>,zl M 2y r'E(k,,Bl 

rr a --•- f ( -----------a r 417P.o 
y(r '+rl

2 
+y

2 
[(r:Orl

2 
+ll 

2yr'F(k,,8) 

---:===..:+ 
r~y(r'+rl2+/ 

+ 
y2 

---- [ Q ( n 
1 

) 11 ( n 
1 

, It , f3 ) - Q ( n
2 

) 11 (n 
2 

, It , f3 ) ] + 
r2-./y2+r2 

ysina (r '2+ ,2 +Y 2)2 r a! 

l1 
A r [(r' +rl 2 +y 2)[ (r '-rl 2 +y2

] 

--c:--- ___ ]) + 

r '
2 

+r 2 - ~ r' rcosa. 
0 

y R 
+ ( a I .. a2 ) ll 2 I 2 

yl Rl 

(I) 

a H (r,cp,z) a a0
' 

• rr _a_a __ 
a a 

a¢ a¢ 
~I 
477p.

0 

~ -r 'cosal 

BA~ 

Y2 R2 a 2 y 
- cos a Arsh --

R~ 
- sin a arctg 

y(r'-rcosal 

~ 
r sin a A 

I I I 
Yl Rl at 
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(4.3) 

( 4.4) 

(4.5) 

(4.6) 



Dpll IIOnyqeHllll cpopl -1yn ( 4,4) ll ( 4,5) BOCIIOnb30B8nllCb COOTHOllleHllS!Mll 

( 2, 10) 
1 

div H = 0 , rot H = 0 

ilnSI IIpOll3BO!lHhlX 83llMyTanbHOI COCTaBnSI~llleA llMeeM 

(1) 
aH,.p(r,¢,zl 

az 

(1) 
aH,p(r,<j6,z) 

a. 

y r' 2 sin a 
+ 

BA~ 

M r r' 
---{ -- - Arsh 
4rrp.

0
r A"' 

r '- r cos a 

M 
= --'--! 

y r '(r- r'cosa) 

4 "flo. B J. li 

~ y 
- -•- { [ sin a Arsh -- - cos a arctg 
4rru

0 
By, 

a I 

0 + a -.a 
I 2 

R 
2 

R 
I 

y ( r ' - r cosa) 
~ + 

rsin a A 

(4. 7) 

(4.9) 

t:PopMynhi ( 4, 7) - ( 4,9) MoryT 6biTb HerrocpencTBeHHO HaAneHbi nllcpcpe-

peHUllpOB8HlleM Bb!p8)1W! liS! ( 2, 11) ITO , z '' r '' H ,, ¢ ,, . 

B COOTHOllleHllSIX (4,1)- (4,9),E(k,~),F(k,~),Q(n),ll(n,k,,8),k,n 1 ,n 2 ,~ 

A orrpenenSI~TCSI 113 ( 1,19), ( 1,16) 0 ( 1.17) 1 ( 1,18) ll ( 1. 9) COOTBeT-

CTBeHH0 0 

ilnSI UllnllH!lp8 HMEeM: 

( 1) 

a H rz (r, z ) M r 

az 

- ll3 ( 1.7) ll ( 1.8). 

2yRE(k) 

")I) 



2 y RE(l<) 

M 
r 

2rr p. 0 

1T ) J 
2 

2 tR K (Jr.) 

===+ 
r y ( l + r )2 + y 2 

2 2 2. 
R( R +r +Y ll:(k) 

---=======---- + 
r y (R + rl 2 +l[{ R-rl2+y 2

] 

5. PacnpeaeneHHB KOMIIOHBHT M8rH.fTHOrO IIO!IH 

OT paaH8!IbHO H8M8rHH'leHHbiX UH!I.fHapH'leCKHX 

KOHijJHrypauH fi 

(4.10) 

( 4. Il) 

(4.12) 

C nOMO!llb!O 38M 6binO paCC'IHT8liO pacnpenenemH COCTaBnll!Oll!HX Mar-

HHTHOrO nonH OT panHanbHO H8MarHI1'!8HHb!X UHnl1HUpH'IeC: :HX KOnbU8Bb!X C8KTO-

pOB UHnHHApOH 11 KOnbU8Bb!X ll!HMM Anll pa3lib!X 3H8'!eliHH H 1, R2 , h 

B nnoCKOCTH 7. =- 2 h (eM. pnc, 2) 



Ha pnc. 3,4,5 npeacTaeneHbi pacnpe.neneHnSI eepTRKallbHoil: cocTaBliSIJO-

men nonSI OT pa.nnanbHO HaMarHnqeHHoro unnnH.npnqecKoro KOlibueeoro ceK-

Topa npn 2 cp = 30° 
0 • cp = 0 n pa3HbiX 3HaqeHnfi r • + . Ha pnc. 6, 7,8 

ll 

.QaHbl rpalf>nKR Bep rnKal!bHOH COCTaBl!SIIOUiefi llOliSI OT pa.QRal!bHO HaMarHR-

qeHHbiX UllliRH.QpOB 11 KOlibHeBbiX IllllMM pa3HOfi Bb!COTblo npn 3TOM ITapaMeTpbl 

R 1 2 h 
-- n q- -- BE pbnpoeanncb B cne.nyJOmnx ITpe.nenax: 

R 2 R2 
R 1 R-;- = 0; 0,25; 0,5; 0, 75 ll q = 1; 2; 4. 

PaciTpe.neneHn ~ pa.nnanbHOil: cocTaBliSIJOUieil: MarHRTHOrO ITOliSI .QliSI 

pa.nnanbHO HaMarHn< eHHoro unnHHnpHqecKoro KOlibUeBoro ceKTopa ITpe.ncTaBneHo 

Ha pnc. 9, 10, 11 TaK>Ke npn 2 rp 
0 
= 30° ll cp = 0, a .QliSI UllliRH.QpOB ll 

KOlibU8BbiX IllllMM ]: a3HOH Bb!COTbl Ha pnc. 12, 13 1 14 LlliSI napaMeTpOB 

Rt 

It; = 0; 0, 25; '),5; 0, 75 ll q = 1; 2 4. 

Yl3 aHann3a r. pnee.neHHbiX rpalf>nKOB cne.nyeT, qTo : 

1) ilnSI u~nRH.QpHqec<oro KOlibueeoro ceKTopa AliSI o.nHnx n Tex >Ke ITapaMeT-

2 h z Rl 
pOB -x-;- • -h-. ll -a; MaKCHMal!bHbie 3HaqeHHSI BepTRKallbHOil: ll p8All8libHOil: 

COCTaBliSIIOI!IHX llOli~ SIBliSIIOTCSI OTHOCHTel!bHO 6l!H3KRMR ITO Bel!RqHHe. 3TH 

MaKCRMYMhl paCllOli 3Ta!OTCSI B Henocpe.QCTBeHHOfi 6l!H30CTR OT TQqKH 

, -
Rll 

= 1. 

Ha ocH npn =0 BepTHK8libHaSI COCTaBliSIIOUiaSI llOliSI .QliSI pa.QRal!bHO 

HaMarHnqeHHoro KO.Ibueeoro ceKTopa HMeeT oTpHuaTel!bHOe 3HaqeHne, a 

pa.nRallbH8SI COCT8Bli:IIOUiaSI llOliSI MO>KeT 6hiTb K8K OTpRUaTel!bHOfi1 TaK ll ll0-

2h R t 
liO>KHTel!bHOfi B 3aBR ::HMOCTH OT 3HaqeHHfi rrapaMeTpOB q • -R- H -R-- • 

ll ll 

2) illiSI pa.QRalibHO r aMarHHqeHHblX UHliHHApOB H KOl!bUeBbiX IllHMM, ITpH 

(1) 
0 1 H r r ( 0, Z) = 0 H ITpOH3BO.QHOfi BepTHK8libHOfi COCT8Bl!SIIOI.Ueil: ITOliSI 

aif 0 (0 z} 
"' . ITO pa.nHycy --a-.--- = 0. 

22 
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6, MarHHTHOe none TOKOBbiX KOH£/JHT ypaiiHH, 

9KBHBaneHTHbiX IIHnHH,[]pHlleCKHM KOH£/Jl: rypaiiHHM 
1 

HBMBrHHlleHHbiM IIO paaHanbHOMY 1'8IIpaBneHHJO 

Ill 
KaK 6binO IIOK838HO B rrpellb!JJ.YIUeH: pa6oTe , H3 B bipa>KeHHSI MarHHTHOrO 

ITO/IS! paBHOMepHO HBMBrHH'leHHbiX UHJIHH!lpH'leCKHX KOHqm 'YPBUHI!: MO>KHO IIOJIY-

'lliTb COCT8BJISIIOIUHe MBrHHTHOrO IIOJI.SI OT COOTBeTCTBy-oiUHX 9KBHB8JieHTHbiX 

TOKOBbiX KOHqmrypaUHH, eCJIH MBrHHTHbie MOMeHTbl e!liiHH'lHOH IIOBepXHOCTH 

(Mrs ) HJIH e!lHHHUbl 06beMa ( M r ) CB.SI38Hbl C T< KOM I 

COOTHOIUeHHSIMH: 

.ilml p8IlH8/lbHO HBMBrHH'leHHOl!: H TOHKOJ!: IIO pB!lliYCJ IUHMMbi H COOTBeT-

CTBYIOIUel!: eH: TOKOBOfi KOH~HrypaUHH, IIOK838HHOI!: HB pHC, 15: 

( 6.1) 

( 6.2) 

rae /L O - MBrHHTHBSI IIpOHHUBeMOCTb BBKYYMBj I -TOK, r·poTeKaiOIUHfi B TOKO-

BOfi KBTYWKej i • 
I 

--xi\ - /IHHel!:HBSI IIJIOTHOCTb TOKB, 

z 

0 

Pnc. 15. 

35 



ilnH p8Jli!8J1bHO !8M8f'HH48HHOf'O UltnHHJlpH48CKOf'O KOJ1b!I8BOf'O C8KTOpa 

I! 3KPIIB8J18HTHOH 8M) TOKOBOH KOHqmrypaUIIH, IIOK838HHOH 1!8 pi!C. 16: 

(6.3) 

rne N - 4l!CJ10 BHTK )B. 

z 
z 

r 
r 

Pnc. 16. 

TaK KaK HHJlYIUHH rronH B I! HarrpHlK8HHOCTb MarHHTHoro rronH H ~ ~ 
P.o 

oT paBHOMepHo HaM< rHH48HHoro Tena BHe ero o6'heMa paBHbi rron10 B H H 

OT COOTB8TCTByJOIU8 i TOKOBOH KBTYIUKH TO, HB OCHOB8 (2.7) (2.10), (2.11) 

I! (6.3)
1 

JlJ1H KOMIIOB2HT IIOJ1H B o6naCTH Z <- h I! -</> 0<</>< cp 0 HM88M 

(I) 
H ( 

t z ek 

N I 
l ( [ 

2r'F(k,{31 ]at 

2 2 ° 
y(r '+rl +Y 

r,¢ ,z) =-

36 



(I) 

a I r ' - r cos a rO! -f Arsh dal+ (a
1

-.a
2 

)j 
0 2 2 . 2 y I 

VY + r sm a 

( I) NI 

-}!;-H ( r, ¢,z) { (sin a Arsh -
rre k 4 "( R

2
- R 1) 

y( r ' - r cos a l 2 y r 'F ( k , f3 ) 
- cosa arctg + 

r sin a A~ y( ' )2 2 r · r + r +Y 

V Y 2 + r2 
[Q(n

1
lll(n

1
,k,,Bl-Q(n

2
lll(n

2
, k, ,Bl] 

I l
y2 

+ (a I -.a2) 
yl 

NI r' -r cosa 

) 
al 

0 

R2 

tl 

+ 

H...~, (r,¢,zl= 
"t' e k 

y Arsh -cos a Arsh 

y(r '-rcosal 
- sin a arctg ---------

r sina A Y, 

rne Y! =-l:t-z' y2 = h-z 

( 6.4) 

( 6.5) 

( 6.6) 

BHyTpll HaMaf'HH'!8HHOT'O 'I8ll8 llHLlYKlUHI ITOJl>l f\ f•8BH8 HHJ..(yKUHH TIOJIS! 

8 lit BHyTpll COOTB8TCTBYIOU!Ct1 TOKOBOH KaTyWKH, -'! Han; •H>KCHHOCTII M8f'HllT-

HOT'O TIOllH OTllli'IHbl npyr OT npyra, TaK K8K BHyTpli HilM8T'HI1'!8HIIOT'O TeJia 

·-+ 
ueo6xonnMo Y'IeCTb neH:cTBHe BeKTopa HaMarJni<reHHoc, H M , T.e. 
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.. 
M (6.7) 

+ --
1'-o 

npn 3TOM cneayeT HMeTb B BHilY. 'ITO M r = M H M z = M ¢ = o. no 3TO-

MY Bbipa>KeHH51 KOMITOHeH T MB!'HHTHO!'O ITOfl51 BHyTpH KaTylliKH C TOKOM B 

o6nacTH -h < z < h 

H (I) 

rzlk 

al 

- f Arsh 
0 

H - cp 
0 

< </>< </> 
0 

HMeiOT BHil 

r '- cos a 

2r'F(k,,Bl ]al 

2 2 ° y(r'+rl+y 

da) + ( a .. a 
I 

H<O 
rr I k 

NI Y 
( r , ¢ , z ) = ----- I [ ( sin a Arsh -- - cos a actg 

h(R -R) AS 

rae 

2 I 

2yr' F(k,,B) 
+ 

R2 

+ (a 
1 

... a 2 ) l + [ y 
1 

... y 
2 

l I I + 
Y •Y1 R I 

NI 

' r -r cosa 

-cos a Arsh ~ - sin a arctg 
Il 

y z + h 

y (r '- rcos a ) 

r sin a A S 

(6.8) 

y( r '-rcos a) 
+ 

r sin a A 

(6.9) 

(6.10) 

+ 



~ -R, Bbrpa»'eHHSl KoMnoaeaT nonSJ nayx rrnocKHX uHnHHnp:rqecKHX coneao-

HUOB B o6naCTH -h< Z < h (pHC, 17a) • 

zf 
I 

zl 
I 

+h i 
I 

-~ 0 -
-h. 

a) oJ 

PHc. 17. 

Torna nony'lHM 

( 6.11) 



( 8.12) 

,, I 
+ ( y 1 -+ y2 ) l + -R-

(I) 
H ,~.. ( r , z) 

r.,... I o 
0. ( 8.13) 

YnanHH Ha 6ecJ:OHS'IHOCTb onHH H3 coneHOHll.OB (eM. pHc.l76),nnH 

KOMliOH9HT liOJIH B 0 5naCTH Z < 0 H3 ( 3.8), ( 3.9) H ( 8.3) HM99M 

( 1) 
H (r,z)., 

PZ 0 

N I 
---o-1 

2B 

1 , 
- -- f &dR -r <osa +V z 2 + R 2 +r 2 -2Rrcosa )da I 

, 0 

( 8.14) 

(I) NI R 1<
2 y 2+r2 

H (r,z) =--!.....{- ·-F (a)--z-[A
0
(a,{3

1
)- A (a,f3nl]l. 

rro 4 R r p 0 r .,,0 .. 

( 6.15) 

CooTHOW9HHH ( 6,14) H ( 8.15) MoryT 6b!Tb TIOJIY'I9Hbl TaKlK9 HHTerpHpOBa-

HH9M flO r' ( 
N I 0 

cneayJOIUH!1 ¢opMynaM rrpearronaraeTcH, 'ITO --=const ): 
R 
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Y 2+ r2 - [ A
0
(a, {31>- A

0
(a, -13:~>1> + 

>->'t 

(I) 

H 
r z o 

R (I) I R 
{r,z)= JI {r,z)dr'•- l J 

0 zzb 0 -==== [ F0 (ca )+ 
V { r ' +rl 2 + z 2 

(6.12) r'2-r2-zll 
( 6,16) 

( 6.13) 

coneHOH.UOB ( CM, puc, 176), .umr 

(3,8), (3.9) H (6,3) HMeeM 

fu 

( 8,14) 

2 R r cos a ) d a I 

ll ll 

yz+r [Ao{a,f3,l- ~(a,f32>]1. 
r 

( 8.15) 

ibiTh rronyqeHbi TaK:>Ke HHTerpupoaa

NI0 
9raeTcSI, qTo --- .. const ) : 

R 

+ E 0 (a)]dr', 
{ r '- r )

2 + z 2 

R R 
< I) J < > , Ib z J • [ { ) H (r,z) • H b{r.,z)dr • 

4 
F a-

rr o 0 z r r 0 V { r , +r )ll + z 2 o 

, ll ll ll 
r +r + z 

(r'-r) 2 +z 2 
E

0
{a)]dr', ( 6.17 ) 

r.ae ITO.UHHTerpar bHbl9 Bblp8:>K9HH51 OITHCbiB8IOT KOMITOH9HTbl M8rHHTHOrO IIOnSI 

/4/ 
O.UllHQqHQrO BHTt8 1 KOT0pb19 T8K:>K9 nerKO rrony'IHTb H3 (3,10), (3,11), 

38M9H5151 B HHX M. !1 R - M ... Ha ll oi b B COOTB9TCTBHH C (6,1), r.ae 

I b - TOK, rrpoTeKaiOIUHA B BHTKe, 

LlnR KOMJIOHeHT rronsr rrnocKoro Kon&uesoro coneaoR.ua H3 cjlopMyn 

(8,14), (8.15) nonV'IRM; 

(I) 
H {r, z) 

rzo 
NI r'F0 (cz) fa 
--1 + 

2{R -R) ll I 
2 1 v(r'+d+z 

.. ..;.•.,• 
2 

" .. 
- 1- J e I { r , - r cos a + v .; + r, ll + r ll - 2 r , r - Cl ) d Cl I I 

" 0 • I 
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( 6.18) 



H(l) (r z) 
rrc • 

NI 
..L

2 
_r_ • Fo (a) -

p 

f1pH r =0 Bb!p8)KeHHSI (6.H) H (6.19) HMe!OT Blill 

H< 1>(0,z) NI 
rz o 

' .a ~ - en~·~+_y~t--~+_:z __ _ 

H(l) I O,z):O. 
r ro 

z 

( 6.19) 

(6.20) 

( 6. 21) 

DpuBeneHHoe Bbipa)Ke'IHe (6.20) coBna]:laeT c ¢opMynon, nonyqeHJmi!: 

/5./ 
Ha OCHOBe 38KOHa EHo-Callapa B pa6oTe • 
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