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Bsenesue 

B na6opaTopl!H SIIlepHbiX npo6neM OHHH npH pemeHBB pSIIl8 381l8'1 illHpoKO J!C

nonhayeTCll p8C'I~T MSrHHTHbiX nonell OT HSMarHB'I:eHHhiX lfleppOMSrHBTHhiX Ten, OC

HOBSHHblll HS npennonoJKeHBB pSBHOMepHOrO HSMSrHB'IBBSHBSI BX 06'beMOB BO BHemaeM 

QJlHOPOilHOM none. npu 9TOM non paBHOMepHbiM H8M8rHH'IBB8HBeM nOHBMaeTCSI TSKOe 

MSrHHTHOe COCTOHHBe Tena, npB KOTOpOM BeKTOp HaMarHB'I:eHHOCTH B n~60ft BHyTpeH

Heft TO'I:Ke nocTOSIHea no senB'IHHe H sanpasneaa~. 

nepsoe npHMeHeHBe nnSI YCKOpHTenell 38pSIJKeHHbiX 'ISCTHH paC'I:~TOB MarHHTHbiX 

nonell OT ~eppOMSrHBTHbiX Ten, OCHOBSHHbiX H8 npennono~eHHH HX P8BHOMepsoro 

Ill 
HaMarHH'IHBBHHSI, 6bmo cnenaao B pa6oTe • HasecTHO, 'ITO nosepxsocTHSll llHBep-

reanHSI BeKTopa aaMarHB'I:eHHOCTH o6ycnoBnHsaeT BHYTPH Tena MarHBTHoe none, naa

saaaoe KaK 'paaMarHH'IBBa~mee none'. numb B Tenax, orpasu'l:eHHbiX nosepxHOCTSIMH 

BTOpOrO nopSIIlKS ( annHnCOHilbi BpameHHH, clflepOBilbl, OBOHilbi, annHnTH'I:eCKBe UHnHH

Ilpbi), paaMarHH'II{Ba~mee none nocTOSIHHO npa ycnoBHH, 'ITO BHemnee none OllHopo.n

ao, 'ITO .nellCTBHTenhHO o6ecne'I:HBaeT BX paBHOMepnoe H8M8rHH'IHB8HHe. 

B Tenax, se orpaHH'I:eHHbiX nosepxaocTSIMH BTOporo nopSI.nKa, paaMaT'HH'IHBa~

mee none aepasaoMepao. K TaKHM TenaM OTHOCRTCSI, sanpuMep, npHMoyronhHhle 

6pyCKH, UHnHH.ltpbi HnH KpHBOnHHeAHble illHMMbi. Pacq:(!T MSrHHTHOrO nonSI T8ltBX Ten 

HMeeT B8JKHOe npaKTH'I:eCKOe 3H8'1:eHHe npH pemeHHH pH.lt8 lf!H3H'I:aCKBX 38.lt8'10 8 TBK-
. 12/o+/121 

JKe aawen mapoKoe npuMesenue B TexHHKe ycKopBTeneA aapHJKeHHbiX 'l:aCTHU 

EnH30CTh MSrHHTHOrO COCTOSIHHSI K paBHOMepHOMY HSMarHH'I:eHH~ B 06IUeM cny-

'I:Se onpe.nenSieTCSI KSK BenH'IHHOll BHemaero M8rHBTHOrO nonH, TSK H reoMeTpH'I:eCKH-

MH paaMepaMH paccMaTpHBaeMbiX Ten. 
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nna pans npaKTHqecKBX aanaq, T8KBX K8K ~OpMBpOB8HBe M8rHBTHWX noneA B 

YCKOpBTenHX 38pHlKeHHWX qaCTBU, M8rHBTHOe COCTORHHe p8CCM8TpHB8eMblX KOH~B

rypaUHA WRMM 6nB3KO K H8CWWeHRIO, npR KOTOpOM BeKTOp H8M8rHB'IeHHOCTH MOlKHO 

C'IHT8Tb npSKTH'IeCKB nOCTOHHHhlM no BenH'IBHe, 8 OTKnoaeHHe BeKTOp8 HSMSrHH'IeH-

socTH no sanpaBneHRIO ManwM, T.e. cqaTaTb Taxoe HaMarsaqeHsoe Teno oqeab 

6nH3KBM K p8BHOMepaoMy H8M8rRBqeRBIO. 3TO CBH38HO C TeM, qTO onBH B3 none

pe'IHblX paaMepoB wRMM B ceqeaaa 6onbwe npyroro, a BaewHee aaMarsaqaBaiOmee 

none COCT8BnH9T noBOnbHO 6onbWYIO BenB'IRHy, KSK JipSBBno, R9CKOnbKO Tb!CH'I raycc. 

B naHROA pa6oTe onpenenHeTCSI Elblp8lK9HBe nnH COCTSBnHIOIIlRX MSrHBTHOrO 

nonR oT aaMarauqeaaoA xonbueaoA cexTopRanbHOA WRMMbi, KSK o6mero cnyqag paa

HoMepao H8MSrHB'l9BHOA UBnBRllpRqecxoA WBMMW nOCTOHHHOi! BbiCOTbl. 

noK83biB89TCH, qTo nony'l9HHW9 Bblp8.lK9RRH MoryT 6WTb RCUOnb30B8Hbl llnH 

Toqsoro p8C'I~T8 COCTSBnHIOWBX UOnSI KSK BHyTpR, TSK B BHe KOnbU9BOrO CeKTOpR

anbHOrO conesoana c TOKOM, npoTeKaiOWRM no ero KOHTYPY a 6ecKoaeqsoM ManoM 

cnoe. 

J. Q6mi!H OOCT8BOBK8 38B8 'lH 

B o6meM cny11ae MSrBBTHOe COCTOHBB9 Tena R pacnpeneneaae COCTBBnHIOWRX 

/13/ 
MftrBHTBOrO UOnH MOlKHO OUpenenBTb B3 cneAyiO!Il91l CHCTeMbl ypaaHeHBI! 

.. .. 
Hl:=H 0 +H, 

H = grad rp, 
( 1.1) 

.. .. .. 
M ( r ') f ( H l;) • 

.. .. 
r.ae H 0 -aanpalKeHaocTb aaemaero aaMaraaqRBB.IOmero nonR; H - HanpHlKeaaocTb 

MaraaTaoro nonH, coa.aaaaaa coaoxynaocTbiO MarHRTHbiX nanonell: B o6'heMe v ' ; .. 
'H:r- peaynbTRPYIOWSH H8UpHlK9HHOCTb MSrHHTHOrO nOnH, BHyTpB 06'beMS pSCCMaT-

paaaeMoro Tena, na6o aae ero ; rp - c~~:anRpawA noTeauaan aaMaraaqesaoro Tens; 

M <;,) - MarHBTHWA MOM9BT RnR HSMarsRqeHROCTb aneMeHTS o6'beMS B TO 'IKe r'. 

B o6meM cnyqae pewesae aToll: cacTeMw ypaaaesRll npencTaBnHeT aaa'IRTenb-· 

HWe TPY.IlHOCTB R B OCBOBHOM ocnOJKHeRO aenRseAROCTbiO R R90llH03B8'1HOCTbiO nocnen

sero ypaBHeHHSI B (1.1). 
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3aMeTRM, 'ITO nBWb nna Ten annancoananbHOII: ~opMw 6ea y'l€!Ta ra 

cacTeMa ypaaseaall: ( 1.1) BMeeT cTporoe pemeaae. 

Bwp8lK9RB9 CKSnHpHoro nOTeHUBSnS B npocTpSHCTBe, CB060llHOM OT 

/14/ 
BOI:IBMOCTB, HM99T BBn 

1 
rf>--

.. .. 1 
f II ( r') grad ( ) d v '; .,' 111 

rnel ~.,;' _. rl - BeK'J'Op-paCCTOHRBe OT TO'IKB Ra6niOneHBH no aneMeHTSpHO: 

d V' (cM.pRC.1), B r', f -seKTOpW-nOnOlK9BBH &neMeHTSpHoro 06'b9M8 

6nro.aesas. 

l 

p 

X 

Pac. 1. 

Ecna aaecTH enaBB'IIIWII: aexTop ,t(;'),coananaiOmaA c aanpaBnes 

'19BBOCTB B TO'IKe •r', TO a npennonolKeBRH, qTo senaqasa aaMarBR'l' 

KSlKI:IOA TO'llte p8CCM8TpHB8.9MOro 06'beMa nOCTOSIBBS, MOlKHO aanRC8Tb 

ll(r'> E 11 ;<;·> 

rne M SIBnSieTCII noCTOSIBBOtl BenBqHBOA B no !fla3B'lecKOMy CMbiCny pa 

H8M8rBR'l9BBOCTB. C y'l€!TOM ( 1.3) B TOrO, qTO grad ( ~) = __i__ , 
I pI P' 

CKSnBpHOrO noTeBUR8n8 (1.2) MOlKBO 38nRC8Tb KSK 
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aana'l, TSKHX KSK ~OpMHpOBSHHe MarHHTH~X noneft B 

'IBCTHU, MarHHTHOe COCTOl'IRHe paCCMSTpHBSeMblX KOR~H-

HSCbiWeHHIO, npH KOTOpOM BeKTOp HSMarHH'IeHHOCTH MOlKHO 

aenH'IHHe, a oTKnoaeaHe BeKTopa aaMarHH'IeH-

T8KOe R8MSrRH'IeRROe Teno O'leHb 

HSMSrRH'IeHHIO. 8TO CBl'I38HO C TeM, 'ITO OAHH H3 none-

6on&me npyroro, a aaewaee aaMarHH'IHBaiOmee 

aenH'IHHy, KaK rrpaBHno, aecKOnhKO TbiCSI'I raycc. 

onpenenl'leTCl'l Bb!pa>KeHHe Anl'l COCTSBnl'IIOWHX MarHHTHOrO 

KOnhueaoA ceKTopHanhHOA WHMMbi, KSK o6mero cnyqal'l pas

BoA UHnHHApR'IaCKOft WHMM~ nOCTOl'IHHOft BbiCOTblo 

nonyqeHHble Bbipa>KeHHl'l MoryT 6~Tb HCnOnb30BSBbl Anl'l 

RocTaBnBIOWHX nonl'l KaK BHyTpR, TSK H BHe KOnbUaBOrO CeKTOpH

C TOKOM, npoTeKSIOWHM no ero KOHTYPY B 6ecKOBe'IHOM MSnOM 

J. 06WIIfl HOCTBHOBKS 3BBS'lH 

MSrHHTHOe COCTOl'IHHe Tena R pacnpeneneHHe COCT8Bnl'IIOWHX 

/13/ 
MOlKHO onpenenHTb H3 cneAyiOIIl9A CHCT9Mbl ypaBHeRHA 

... 
HI H 

... 
+ H • 

H =grad cf>, 

... ... ... 
M ( r ') f (HI) • 

aaemaero aaMarHH'IHBSIOmero nonl'l; 

( 1.1) 

.. 
H - aanpa>KeaaocTb 

C03ASBB8l'l COBOKynBOCTblO MSrHHTH~X ABnoneft B o6~eMe v'; 

uanpl'I>KeauocTh MarBHTaoro nona, aayTpH o6~eMa paccMaT-

cf> - cKanl'lpa~A noTeBnHan aaMarHH'Ienuoro Terra; 

HnH HaMar8H'I9HHOCTb MeMeHTS 06~eMa B TO'IKe r'. 

aTOft CHCT9M~ ypaaaeHBA npeACTSBnHeT 3Ha'IHTenb

OCHOBHOM OCnO>KHeHO aenHHeftHOCTbiO R HeOAH03Ha'IHOCTbiD nocnen-

1.1). 
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3aMeTHM, 'ITO nHmh nna Ten MnancoananhHOA ~opMbi 6ea y'll!Ta racTepeaaca 

cacTeMa ypaeaeaaA ( 1.1) HMeeT cTporoe peweaae. 

Bbipa>KeHRe cxanapaoro noTeHU&ana B npocTpaHCTBe, ceo6onHoM OT TOKOB npo

/14/ 
BOARMOCTH, HMeeT BRA 

1 

cf> - 411 "0 

... ... 1 f M ( r ') grad ( :--::..- ) d v '; 
•' I "I 

( 1.2) 

rnel ~~;· ... rl - B9KTOp-paCCTOHBBe OT TO'IKB H86niOAeHBH AO aneMeHTapaoro o6~eM8 

d V ' ( CM.pBC.1), B r', r -eeKTOpbl-nOnOJKeHBH aneMeHTapaoro o6~eMa • TO 'litH sa-

6niOneHHH. 

l 

p 

I 

Pac. 1. 

EcnB BBeCTB eABBB'IHblft BeKTOp (; (~ '), COBnSASIOWIIA C HanpaaneBBeM HSMSrHB-

qeHHOCTB B TO'IKe •r', TO B npennonoJKeBBH, 'ITO BenB'IBHS HaMSrHH'IeBBOCTB B 

KSlKllOft TO'IIte paCCMSTpBBaeMOrO o6~eMa nOCTOHHBS, MOJKRO aanBCSTb 

M(r'l EM;(;-') ( 1.3) 

rne M HBnHeTCH nOCTOHBBOA B9nB'IHBOA B no lj!B3B'I9CKOMY CMblCllY paBHOA cpenaeA 

HSMSrBH'IaBBOCTB. C y'll!TOM ( 1.3) R TOrO, 'ITO grad ( ...l_ \ = __£__ BblpSlKCBHe 

IPI P
3 

cKanspaoro noTeHUBana (1.2) MOJKBO aanacaTb KaK 
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M 
(I (r,4o.~>---- f 

4"1'o .,' 

a(r')(r'-r) 

- - ' I r' - r I 
dv'~--M- r/l(r,.p,~) 

4 "llo ( 1.4) 

/15/ 
noTellllB81J ( 1.4) MOlKBO npeACT8BBTb, Bcnonb3yB MeTOll, OnHC8BBbiA B pa6oTe , B 

M 
«1 sane psna no cTeneHBM 

Ho 

r/l(r,cp,%)•r/l +~r/1 +r2r/l + .... , 
I 2 3 

rne 

(. 
M 

Ho 

( 1.5) 

Ecna npennonaraT&, 'ITO H 0 - aaewaee HaMarBH'IBBaiOmee none HMeeT Ton&xo 

o.aay xoMnoaeaTy H 0 " , TO B3 ( 1.4), ( 1.5) nony'IBM .ans cxanapaoro noTe llllBana 

/15/ 
B nepBOM B BTOpOM· .apH6nBlK9BBSIX cne.ayiOI!lBe Bblp8lK9BHSI 

"' = f 
z'- z 

d v' 
I ' I r' - rl ., ( 1,6) 

a .PI ay,l 
- (x'- x) + --(y'-y) 

"' • f 
ax' a y' d , 

v • 
2 ' - - 3 ., I r' - r I 

( 1. 7) 

nonpasxa r/1 2 x cxanapaoMy noTeauxany r/1 ( 1.5) no3aonaeT axanBTB'Iacxx 

A8Tb OU9Blty ll9pBoro llpB6nBlKeBHSI 1/J I npH p8C'I(\Te ll01J9A OT B8MarBH'I9BBbiX Ten 

B981JilJIIICOHA81JbBOA ciJopMbl 1IpH B8M8rHH'IHB8HHH BX, 5nB3ltOM It H8Cbllll9HBIO, 

flpll ycnOBBB, 'ITO B8M8rBB'IHB8IOI!l9e none BM99T II0-1Ip9lKBeMy TOIJbltO OARY 

KOMnOB9BTY 1IJ160 no OCR X 1 nH60 IIO OCR y 1 COOTB9TCTBYIOI!le9 Bblp8lK9BHa 

nepaoro H aroporo rrpa6nHlK9RHA nns cxanapaoro rroTeBuHana nerxo rrony'IBT& H3 

( 1.6) + ( 1. 7) UBltiJB'IeC!tOI nep9CT8BOBCKOA IIBAeltCOB, T.e. 38MeROA z' ... x',y' H 

% .. l • y COOTBeTCTBeB&O. 

B B8CTOBI!leA pa60T9 OIIpe.aenBIOTCB KOMliOB9HTbl nOIJSI OT B8MSrRB'I9BHb!X UH

IJBBllpH'I9CltHX KOB~BrypaUHA, 061!lHM cny'I89M KOTOpbiX BBnBeTCB '18CTb URnBBApR

'Iecxoro xon&ua c ueBTpan&BbiM yrnoM 2 .p
0 

H Bb!COTOA 2 h (eM. psc.2). :::hy 

KOH~BrypaUBIO B A81JbB9AW9M 6y.aeM B83b!B8Tb KOil&UeBbiM C9KTOpOM, 
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<I 

.2 

I 

Pxc. 2. 

.llnB OllROpOllHOrO no OCR % B8M8rHH'IHB8IOIIlero nons B llHnHI 

CHCTeMe KOOpARHST Bblp8lK9HH9 CKSnBpBOrO nOT9RUH8na B nepBOM H I 

JK9RHHX JcornaCRO ( 1.6) H ( 1. 7) 1 HMeeT BHll 

<Po . A h 

w ~-a-
2 

f d cp ' f r' d r' f 
d z' 

1 a z -<Po A I -h [(z'-z)
2 

+r'
2
+r 2 -2 r' 

cpo A2 h a 'I\ 
'I' .. f d<f>' f r' d r' f dz'l --

r ' - r cos ( .p ' 
2 

-<Po AI -h 
a r' [(z'-z)

2
+r'

2
+r 2-2r' r c 

a '¥ 1 r'rsin(</J'-<P 

r' 2 a <P , [( ' )2 ,2 2 2, z - z + r + r - r r cos ( ~ 

rAe R 
1 

B R 
2 

, 2,P 
0 

, 2 h - B&yTpeHHHA H B!19WHHII pa.aHyChi, yrnc 

HOCTb B Bb!COTS, COOTBeTCTB9HHO: r , cp , Z 
- KOOpllHHSTbl n 

KH aneMe&Tapaoro o6'heMa d v ' = r 'd r' d <P ' d z' 
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.11) m M f 
4 1T ll 0 .. ' 

a(r')(r'-r) 

- - ' I r' - r I 
dv' .. --

11
- t/f(r,r/J,J) 

4 1T ll 0 ( 1.4) 

) MOlKBO npaACTSBBTb, 
/16/ 

Bcnonb3YH M9TOll, OUBCSBBbiA B pa6oTe , B 
M 

--« 
Ho 

(r,if>,z) .. t/1 +~t/1 +t 2 r/l + .... , 
I 2 3 

l-
M 

Ho 

( 1.5) 

'ITO H O - BHewaee B8MSrHH'IBB8IOWae none BMaaT TOnbKO 

H 0 z , To sa ( 1,4), ( 1.6) nony'IBM nmr cxanHpaoro noTeanaana 

.npa6nnlKeHHHx cnenyiOmue BbipaJKeHHH 
/16/ 

"' "' f 
z'- z 

d v, 
I ' 

1 r' - rl a .. ( 1,6) 

a.p 
1 

a.p
1 

- (x'-x) + ---(y'-y) 

"' = f 
ax' a y' 

d v, • 
2 , - - ! .. I r'- r I 

( 1.7) 

t/1 2 K cxanHpHoMy noTeanaany t/1 ( 1.5) noaaonHeT aaanBTB'Iecxa 

npB6nBlK9HBH t/f I npH p8C'It"!Te noneft OT B8MSrBB'I8HBbiX Ten 

UpH H8.M8rHH'IHB8.HHB BX, 6nB3XOM K H8.CbiWaBHIO. 

, 'ITO B8.M8rHH'IBB8.IOWee none BMeeT no-npeJKH9MY TOnbXO OlXHY 

x , nu6o no ocu y , COOTBeTCTBYIOwee BbipB.JKeHBe 

noTeanuana nerxo nony'IBTh sa 

nepecT8BOBCltOll BBlX9KCOB, T.e. 38M9BOll z' .... x',y' B 

pa6oTe onpezxenHIOTCH ltOMUOBSIITbl nonH OT BSMarHH'IeHBbiX UH

H~Brypauall, 06WBM cny'IB.eM KOTOpb!X HBnHaTCH 'ISCTb UHnHBllpa

C neaTpan&Bb!M yrnoM 2 ¢>
0 

B BbiCOTOll 2 h (eM. pac.2). ::hy 

ABnhaeftweM 6yAeM aaab!BB.T& xon&neBbiM cexTopoM. 

6 

•• 

h~~· 
'i<~i,.4 

11 

!I 

\ .. 

2 

r 

Puc, 2. 

LlnH OAHOpOAHOrO no OCR Z H8M8rHB'IBB8IOW9rO nonH B UBnHBllpB'ISCKOll 

CHCTeMe KOOpABHST Bblp8lK9HHe CKSnHpHOrO noTeHUHana B nepBOM H BTOpOM npH6nB

JKeBHHXJCOrnSCHO (1.6) H (1.7) 1 HMeeT BHA 

q,o . R h 
d z ' ( 1.8) 

2 a 
r' d r' f 

-2 r' r cos (if> '-¢>)] 1/ 2 "'=- f drp, f 
2 '2 2 1 az -if> R I -h [(z'-z) +r +r 

0 

q,o R2 h a 'I' I r ' - r cos ( q, ' - q, ) 
f dif>' f r 'd r' f dz' I-- , )]s/2 "' "' 

ar' [(z'-z)2+r,2+r2-2r' r cos(¢> -if> (1.9) 
2 

-if>o Ill -h 

a 'I\ r ' r sin ( if> ' - if> ) 
I, 

' 2 -- 2 2 , q,) l 3/2 r a q, ' [ ( z '- z ) 
2 

+ r ' + r -2 r' r cos ( q, -

rAe R l B R 
2 

, 2¢> O , 2 b - BHyTpeHHHll H B!leWHBll pSAHYCbi, yrnoBSH npOTH>K9H-

HOCTb H BbiCOTS, COOTBSTCTBeHHO: r , if> , Z - KOOpABHSTbl nepeMSHHOll TO'I-

KH sneMeHTapnoro o6'beMa d v ' = r 'd r' d ¢ ' d z ' 

~ 
7 



2 •. Cunsrpabll noTeHH•M· DepBOe npa6DRl!(8RBe 

Tax xax aena~Raa o6paTsoro paccTORRHR 

__ 1_ = 1 
p I 2 .1 112 

[ ( :r ' - :r ) + r ' + r - 2 r' r cos ( <{> ' - <{> ) ] 
( 2.1) 

B o6meM Clly~ae BBDSI8TCR ~yaxn•el XaK EOOpARB8T TO~eE Ra6n~Aei!H, TaX ! XOOp

AHRaT nepeMe!IBOI TO~! 9ll8M8!1TapROrP 06'beMa d y' , TO DpH HRTerp!poBaB!! 

BblpalK8!1HSI ( 1.8) !1806XOAHMO pa3DH~HTb Cny~H, XOrAa 

z ~ z </> ~- </> , (2.2) 

MaTeMaTH~8CXH pa3D!~He cny~aeB, ODHCbiBaeMbiX aepa&e&CTBOM ( 2.2), CBOAHTCSI 

X TOMy, ~T06bl B Bb16paBBbiX 06DaCTHX DpOCTp8BCTBa, rAe !MeeTCSI pemeRae ADH 

nonH, Bena~R!Ibl (z '-·z) RllR ( z- z'), a T8XX<e (</> '- </>) ana ( <{>- <{> ' ) , BXOAHm:ae 
/16/ 

B COOTBomesHe ( 2.1) , !!biD! 6bl DODOliCIITeD&BbiM! • 

Tax, aanpHMep, BBYTPR Tena npa - h < z < h ! - <{> O < <{> < <{> O cxanRpRblft DO-

TeRnHaD HMeeT BRA 

</> fl 

"' __ a_ I 2 

J d<f>, J r'dr' [ J 
I iJz 

- <l>o I'll ,-II 

dz' 
- + 

[ 2 2 2 1/2 (z-z') +r' + r -2r'rcos(<f>-</>')] 

_ <f>o 1'12 a d z' 
+J ]+Jd<f>'Jr'dr'[J - a/2 

h d", 

z [(z'-z)2 + r'
2 

+ r 2 -2r'r COB(</>-</>')] </> R -h [(z-z')2+r,2+r2-2r'rcoB(</>~)] 
I 

h 

+ J 
a 

d :r' 
I. JJ 

2 2 2 172 
[ (z '-z) + r' + r -2r'r cos(</>'-</>)] ( 2.3) 

B nan&RelmeM orpaRR~HM paccMoTpeaHe cxanap11oro noTeanRana a xoMnoaeaT 

nonsr OAHHM H3 cny~eB, npeAcTaansr~maM ·onpeAeneBRbll npaXTH~ecxRI HsTepec, 

xorna z > h , na6o :r < - h 1 -<l>o<<f><<f>o • 

Tax xax npR :r < - h a -</>0 < </> < </> 0 , To nna cxanHpaoro noTeauaana 

RMeeM 

8 

~ 
I . 

. . " 

::·;: 

' :I 
l, 

</> 1'12 h 
d z' iJ 

'I' =-I J d<f>, f r' d r' J 
I iJz 

-h [(z'-z)2 +r'
2 + r 2 -2r'r COB(</>-<{>')] -<l>o R 

I 

Ill 

<l>o 1'12 h 
d z' 

+ f d<f>, J r 'd r ' f 
</> I'll -b [ ( z ' - z ) 

2 
+ r' 

2 
+ r 

2 
- 2 r' r cos ( </> '- </> · 

EcnR BBecTR ROBbie nepeMessble 

s'-z-y, 

</>,- </> • a RDH </>-</>'•a, 

TO BblpaJKeaae ( 2.4) MOJKBO 3anlcaT& B BRAe 

0 1'12 y2 

da·J r'dr'~f 
fl iJy y 

1 I 

dy <l>o-<1> -;:vs - f 
0. 

da 
~'~2 Ya 
f r'dr'-a-f 

PI iJy y 
I I 

'I' = J I 

</>+ </> 0 

<l>o+ </> 1'111 

=-I f da J 
0 I'll 

1 Ya <f>o-</> 

[---:triA I 2 ]y + f 
I 0 

I'll 

y ~'~a 1 l a 
r'dr' [ ----;[Ti y 

1 

r' d r' d a f 

rne 

y
1
•-h-z y

2
·h-z 

A. y 2.+ r' 1 + r 1 -2r'r cos a. 

HaTerpRpyH no r' aalneM, ~TO 

9 



paCCTOSI.HBII 

1 
2 J 1/2 

+ r ' + r - 2 r' r cos ( .p ' - <f> } ] 
( 2.1) 

~yaxn•eft KaK KOOpABHaT ToqeK aa6n~A9HKH, TaK B KOOp-

06'b&Ma d V' , TO npB JIBTerpBpOBaBIIll 

pa3nBqBTb CnyqaB, KOrAa 

( 2.2) 
z~ ' z • <f> ~ .p , 

pa31IBqBQ cnyqaes, OnBCbiBa&MbiX aepaB&BCTBOM ( 2.2), CBOABTCH 

06naCTHX npocTpaBCTBa, rAe BM99TCSI pemeaae AIIH 

BIIB ( Z - Z' ) , 8 TaKJK9 ( <f> '- <f> } BIIB ( <f> - <f> ' } , BXOASIWBe 

/16/ 
, 6biiiB 6bl noiiOlKBT&IIbBbiMB • 

, BBYTPB T91I8 npa - h < z < b B - <f> O < If> < <f> O CKanSipBblft no-

fl2 z 

.P' f r'dr' [ f dz' 
- + 

[(z-z'}
2
+r' 2 + r 2 -2r'rcos(<f>-<f>'}]1

/ 2 fll -1! 

<Po R2 - d , 
t-------1+ f d<f>' f r'dr'[ f z - a/2 

2r'r cos (,P-,P')] <f> fl -h (( z-z'} 2+r,2+r2-2r'rcos(,P~}] 

h 

+ J 
z 

I 

d z' 

2 2 - 71 
[ ( z '- z) + r' + r 

2
-2 r' r cos ( .p '-<f>} ]1 2 ( 2.3) 

M p8CCMOTp9BB9 CKSIIHpBoro nOT9BUB81I8 B KOMnOB9BT 

, npeAcTasns~maM ·onpeAeneaa~o~A npaKT&qecxaA RBTepec, 

z <- h a -<f> 0 <<f><.Po • 

B -<f> o < <f> < <f> O , TO AIIII CKanspaoro nOT9BQB81I8 

8 

'.; j 
I • J 
.:~<··I 

:I 
II 

<f> fl2 h 
d z ' 0 

r' d r' ll' • -I f d.p,. J J + 
I OZ 

-h [ ( z '- z )2 + r' 2 + r 2 
- 2 r' r cos ( <f> -4> '}] 1

/
2 

~tf>o fl 
I 

' 
tPo 1'12 h 

d z' 
+ J d<f>, J r 'd r ' J 

2 2 2 ' ( ' <f>}] lf2 <f> fll -h [(z'-z) +r' +r -2r rcos <f>-

Ecna BBecTR HOBble nepeMeaa~o~e 

z'-z•y, 

<f>'-4> •a BIIJI <f>-<f>'•a, 

TO Bblp8lK9BB9 ( 2.4) MOlKBO 38n,C8Tb B BRAe 

0 fl2 )'2 

lp - J I 
da·J r'dr'_!_J 

fl 0 y v 

dy <f>o-4> 
--:v-

2 
- f d a J 

fl2 0 >'t 
r'dr' -- f 

or r .P+ 4> 0 1 , 1 A 0. PI 
I 

4>o+4> Rt 

=-I J da J 
0 fl1 

rAe 

4> -4> >'t 0 
1 ] + J r'dr' [----:-ili >'1 o 

A 
da 

r.·-h-z y
2
•h-z 

fl2 1 t 2 
f r'dr' [----;p2 y

1 fll 

A. y 2.+ r' 1 + r 1 -2r'r cos a. 

HaTerpapyg no r' salAaM, qTO 

9 

1 

dy 

At/2 

I ' 

( 2.4) 

( 2.5) 

( 2.6) 

., 

(2.7) 

(2.8) 

( 2.9) 



t/>~t-4> 1/2 
'I' = - I f d a [ A + r cos a 

1 

Arsh 

cp 0 -<P 1/ 
+ f d a [ A 2 + r cos a Arsh 

rAe 

+ 

,·' - r co sa Y 2 R 2 

c 1/2 ll I y I R 
1 

2 2 . 2 c-y +r 8111 Q 

HsTerpBpya no a, nonyqBM 

'I' =-(lrsina 
1 

Arsh 
r ' - I COB Cl 2 2 

-===::=:::=:::=:::.+ y (r' + r) + y E( k, 1:1) -

v/+r
2 sin

2 a 

( 2.10) 

(2.11) 

r 2 +y 2 -r' 2 y
2 vr 2+r

2
+ r' 

-====:..F( k, f3) + ( fl (II , k, f3) + 
, 2 ~ 2 2 2 2 I 

y(r+r) +r y'(r'+r) +y y'y +r -r 
( 2.12) 

y'y 2 +r 2-r' <Po+<P 1'-rcosa 
+ n (n , k , 1:1 ) l I . + I I sin Q A ISh + 

' 2 0 
y y 2 + r 2 + r y y 2 + r 2 sin •a 

1 2 + y 2 - r ' 2 2 2 2 , 
E(k,f3)- F(k,,B)+ Y [y!+r +r 

y(r'+ r) 2 + y 2 y(r'+1)
2 

+ y
2
V y 2 

+ r 
2

- r 
I 

+y(r'+r)2+y2 
.0 ( n I, k ,f3)+ 

y'y2+12-l' <Po-<P 
+ fl(n

2
,k,,l3)]1 ) 

yy2+r2+r o 

Y2 R 
I I 

2 

yl R I 

rAe 

fJ -
a - rr 

2 
( 2.13) 

10 

• 

,• 

2 r 2 r 
kl - :. Ill 

( r' + r) I + y 2 

112 

yy 2+r 2 -r yy•+ !2 

2 2 ) df3 , E(k,f3). JV1-k sin 1:1 d(;l; F(k,f3 •f ;llln,k,f3)•f-2 2 • 
y'l-k sin f3 (l· 

snn•nTBqecxBe BHTerpan~ BTOporo, nepBoro B TpeTbero pons B ~o~ 

COOTB8TCTB9BHO. 

Ha CBOICTB cxanapsoro noTeBUil8A8 OTM9TBM cneAytomBe: 

1) DOT9HDIIM 8IICBMM9TpBq9B OTHOCBT9nbHO nnOCKOCTeA Z = 

• (r,</>,1)1 --'1' 1 (r,q,,1)l ; 
1 a•h+f ••-h-f 

2) nOTeHnB8A CBMM9TpJlq8H OTBOCBTenbBO nnOCitOCT9A tP • cp O 

yl (r,q,, I) 1q,.q,o+3-• 1 (r, q,, z) lq,.-.po-Tf 

S. KpMnosesT~ nona 

Bw~:.:asBe zma JtoMnoseBT MarHBTHoro nona satneM B3 coo• 

Ill M 
H ( r, tj; , 1 ) • - -4-,-~~- &rad lfl 1 ( r, tj; , 1 ) • 

0 

B paCCM8TpllB88MOM _cnyqae ltOMnOB8HT~ DOAH BM910T BBA 

Hill • a., 1 HOI •- • a., 1 HOI~-..! --- ; -: 
• 4wf1 0 

al • 4•1lo ar cp 

a B uapeMeBH~X y B a 

11 

t'· . . """""""' 



r' - r cos a 

C !/2 
lh 

A + r cos a 1 + Arsh 

A I/ 2 + r cos a Arsh 
r ·' - r co sa Y 2 R 2 

c 1/2 Jl I y I R 
I 

2 2 • 2 
C • y + r Bill a 

a 1 nony'IHM 

r ' - r cos a 2 2 
+y'(r'+r) +y E(k,l3)-

v/ + r 
2 

sin 
2 

il 

2 
k,l3l+ y [y'y2+r2+r' 

fl(n,k,f3l+ 
I 2 

y'(r'+r) 
2 

+ y 

<Po+</> 

y'y2+r2-r 

(n 
2 

, k , f3 ) ] I · + I r sin a Arsb 
, 0 

r' - r cos a 

v' y 2 + r 2 sin 2a 

+ 

{ 2.10) 

(2.11) 

( 2.12) 

13)-
r 2 + y 2 _ r •2 y 2 v' y 2 + r 2 + r, 
=====-F (k,13 \ + [ _ fl(n ,k,f3l+ 

2 2 2 2y' 2 2 I y'(r'+r) +y y'(r'+r) +y Y +r -r 

y2+r2-r, <Po-<P Yz Rz 
fl(n ,k,fllll

0 
\I I 

2 y I R I y2+r2+r 

13 -
a - 1T 

{ 2.13) 2 

10 

.• 

k I • ;_Ill 
( r' + ") 1 + y 2 

2 r 

y'y2+r2-r 

2 r 
112 

y'y2+r2+r 

E(k,f3) • fv'1-k 2 sia 213 d~; F(k,f3) •f df3 ;llta;k,f3l•J 

( 2.14) 

dl3 .!.U5) 
2 2 • 

y'l-k sin f3 (1-nsin 213 )y'1-k2sin2f3 

snnKDTR'I8CKH8 HHT&rpan~ BTOporo, nepaoro H TpeTbero pOA8 B ~OpMe ne~8HAp8, 

COOTB8TCTBeHHO, 

H3 CBOl!CTB CK8rulpHOrO DOT8HitH8A8 OTM8THM cneAyiOIIIH9: 

J) DOT8HitH8n 8IICHMM9TpH'18H OTHOCBT8AbHO fiAOCKOCTell Z = h B Z ,. - b 

f (r,cf>,:r) I •-ll'
1

(r,.p, :r)l ; 
l a•h+f a•-h-r 

( 2.16) 

2) DOTeBDB8A CBMM8TpB'I8H OTIIOCBT8Abll0 DAOCKOCTell c{> • rp O H </> •-</>
0 

f I ( r, <P ' :r ) l.p •<P o + 8 • tp I ( r , </> ' :r ) I </> •- <Po -8' 
( 2.17) 

3, KOMDOH9BT~ DOAll 

B~p8:K8BH8 Anll KOMDOH8BT MArHHTBOrO nonll BSli.QeM H3 COOTBOlli8HHll ,. 

Ill M 
H (r,cf>,:r)•---- &rad 'P 

1 
( r, if> , :r ) · (3.1) 

4 .. p. 0 

B p8CCW8TpRB88WOW _Cny'la& KOMDOB9BT~ DOAll HM810T BRA 

Hill I a•~ Hill .. - I a•~ Ill 1 M ull' 1 ----- ; ---; 8.p .. --r- 4.-,.
0 

--;;(3.2) • 4r~& 0 8:r 
r 

411'p.o iJr 

a a uepeweaa~x y • a 

• 11 

-~·· 



Ill M a'l'l ay Ul 1 M a'l' 1 aa (3.3) 
H =-- ---- H =---- ------

s 4rr~to (J.y az ¢ r 4"1'o aa aq,' 

• ar , ay ( > 
rne npH ye z - z , --- • + 1 H npa y "' z - z , --- = - 1 3.4 a z a z 

npn a=¢-¢' , ~ = + 1 H npa a=¢'-¢ , ~ =- 1. (3.5) 
aq, a¢ 

B o6nacTH z < - h H - ¢
0 
< ¢ <¢

0
ablpaJKeaae BepTaKanhHOil cocTaBnmomeil 

C yqeTOM (2.7), (3.3) H (3.4) MOJKHO npeACT8BHTb K8K 

R2 
nonH 

R2 y .ly2 II' <bot¢ 
--!f dcz (I) 

H• (r, ¢, z) J 
Rl 4 11 IL

0 

r'dr' { Y Y2 ¢o-¢ 
~~ + f da 

A Y1 o 
f r' d r' [ 71 Y 

1 
' 

Rl 

(3,6) 

rne A onpenenseTcH ( 2.9). 

HaTerpnpoBaHHe (3.6) no nepeMeaaoft r' naeT 

.11) M 
1
<Po+¢ { -? +r2-r'r cos a

1 
<Po-¢ l+r

2 
-r'rcosa y R 

H.s ( r, ¢, z ) = - -- f d a y If 2 + J d a [ y / Ill 
2 
I 2 , 

4 77/Lo o C A o C A 
1 2 

Y1 R1 

(3.7) 

rne C onpenenseTCH (2.11). 
/16/ 

B nanhHeilwax npeo6paaoBBHHRX BocnonhayeMCH TaM, 'ITO 

a ll(lll,k,fl) da 
f --v; = 
o C A VY 2+ r 2 ..; ( r '+r ) 2+ y 2 (..; y 2+r 2_ r ) 

a 

r 
0 

rne 

cos ad a 

C Alh 

n <. n1 • k • fl > 

r .J(r, + r )2 + y2 (yy2+r2+r) 

fl -
Cl - , 

2 

ll(D
2
,k,fl) (3.8) 

+ . 

.Jy2+r2.J(r' + r)2+ y2(.Jy~ r2 + r) 

ll(IIJ,k,fl) 

2 2 2 2 ' (3.9) 
r.J(r'~ r) +y (yy +r -r) 

B OKOH'IBTenhHOM BHA9 Bblp8lK9HB9 BepTHKBnhHOil COCT8BnRIOMeil nons MOJKHO 

npeACT8BHTb K8K 

12 

• 

Ill I . 
H (r,¢,s)•--[l 

y yyl+ r 2+ r' n <n
1

• k, 1 

s .... "0 y(r'+r) 2 +y 1 yy 2 +r 1 -r 

rne 

2 2 r' czl 
VY +r- ll(n ,k,fl)]}o 

+ 2 
V y2 +, 2 + r 

y2 
+(al .. a2)ll 

yl 

a1=¢o+¢ H cz2•¢o-¢· 

R 

R 

MaTeMaTH'IeCII:HA cHMBon ( a _. a ) B COOTHOW9HHH ( 3,10) 0003 
1 2 

py
10 

c~~:ofilty, ~~:oTOpaH nonyq:aeTcH aa nepaoA npa aaMeae a aeil a1 1 

nn11 p8Z1H8nhHOil COCT8Bn!I10Meil nonSJ H8 OCHOB8HHH ( 3.2) H ( 2, 7) 

Cl R 0 2 f\2 
_Jt 

1 
I 1 2 r- r 'cos a Y 2 

K, (r,f/>,:1)•--1 {da J r'dr'[ s/a ] + J daf r'dr 
4tr IL o 0 R A Y1 o 

1 
Pl1 

R a R 
al "• r'dr' 2 r'

2 
dr' 

2 2
r'dr' 

• -___!,__I f da [ r f sis - cosa f -:s1r] + f da [ r j ---;;.tT2 
A R A ofl 1 

4tr l'o o "1 1 •,.adr' 
- cos a f s/ 2 I I 

R A 
1 

rDe Cll • Cl2 
onpeaenSJJOTCSJ ( 3.11), 

HaTerpapoaaaae (3,12) no r' 
MOlKHO BbiDOnHHTb aenocpeACTBI 

'IHTb1 'ITO 

Cl 
I 1 

lfll(r, ¢, :1) • -_--I[ r ( l+r2
) f 

• 4rl'o o 

-r{y2 +, 2) 
al coa 2 ad a 

! C A l/t 

d a al 
---v'i- r' <r'+ 2r 

2
) f 

C A o 

a1 

f 
0 CAt/a 

cos 
1 

ada 
+ 2 r' r 2 

COl 

al 
+ J cos a Arab 

0 

Ya R2 
r, -· r ~ell ada] + ( a1 .. a2) II y I R 1 

ci/1 1 

13 
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a 'V 1 

ar 
ay 
az 

ar 
az 

= + 1 H llpR 

!ll 1 M a'l't aa {3.3) 
H ~------ ------

¢ r 4 "" 0 a a a ¢ • 

, ay 
y=z -z,---=-1 {3.4) 

az 
a a 

a.p 
+ 1 H llpR a=cp'-cf>, ~=-1. {3.5) 

a.p 
< - h H - ¢

0 
< ¢ <4>

0
BbipaJKeHHe aepTRKanhHOI! cocTaansuomel! 

), {3.3) H {3.4) MOJKHO npeACT8BHTb K8K 

~· 
rf>o+<P 
1 r 

R2 

da f 
Rl 

r'dr' [ Y Y2 <Po-¢ ----;,rTi l + ( d a 
yl 0 

nepeMeuaol! r' naeT 

R2 y .]Y2 
f r'dr' [ 7tr

1
' 

Rl 

{3.6) 

<Po+¢ y +r2-r'r cos a <Po-¢ y2+r2 -r'rcosa ll Y I R 
I f d a [ y 172 l + r d a [ y I 1 2 2 • 

C A o C A I 2 yl R1 

{3.7) 

I 161 
aocnonhaycMcR TeM, 'ITO 

,k,f3) ll(n 2,k,f3) {3.8) 

t= . ' +~==~==· ===-~==--
2y(r'+r )2+y2(yy2+r2-r) yy~r2y(r'+r)2+y2(yy~r2+r) 

n ( nl,k. f3) ll(nJ,k,f3) 

r, + r )2 + y2 (yy2+t2+r) ry(r' ... r) 2 +y2(yy2+r2-r) ' {3.9) 

13-
a - IT 

2 

BH!Ie BbipaJKeHRe BepTRKanbHOI! COCT8BnRIOWel! liOnS! MOlKHO 

12 

H
111

(r,tf>, a) 
• 

+ 

rae 

-·- [I 4rr I' 0 

y vr•+ r 2+ r' 
fi ( D I , k, {3 ) + 

y(r'+r) 2 +y 2 yy 2 +r 2 -r 

V Y 
2 + r 

2 
- r' 

v y 2 + r 2 + r 

al 
n (n2,k,f3)] 10 

r. 
+ (a l .. a2) ] I 

y 
1 

a
1

=cp
0

+cp B a.·<Po-<1>· 

R2 

R 
I 

{ 3.10) 

{ 3.11) 

MaT8M8TH'I8CitHll CHMBOn ( a I-> a 
2 

) B COOTHOW8HHR {3.10) o6oauaqneT BTO-

py10 cxo5Jty, JtOTOpasr nonyqaeTcsr H3 nepaoA llpH aaMeae a aelt a
1 

aa a
2

• 

nnsr p8!1H8n:bHOll COCTaBnHIOutel! liOnS! B8 OCROBSHHH { 3. 2) H { 2. 7) HMaeM 

a R ~ 
_JI) M 1 2 r-r 'cos a Y2 
Hr (r,rp, a)•--! fda f r'dr'( 

3
7

2 
] + f 

4.," o o fl A r, o 

R2 
da f r'dr'[ r-r'cos~2 

"t A3/2 r,' = 
l 

" M al I 
---1 fda [r f 

fl a " 2 r'
2 

dr' 2 2r'dr' 
_ cos a 1 -:rrr 1 + r d a [ r t ~ -

R A 0 I A 2 

l R2r,.dr' 

- cos a f 37 2 1 l 
A 

r' d r' 

7• 4rr I' o "l 0 

rAe a
1 

, a
2 

onpenerunoTcsr ( 3.11). 
Rl 

I r. 
yl 

{3.12) 

HaTerpapo&aHHe (3.12) no r' MOJKRO BblllOnRRT:b &enocpeACTB8HBO H nony-

'IHT:b, 'ITO 

a'1 1( r, </> , • ) 
r 

• Cl 

4rr l'o I [ r( y1
+ r2) / 

a 
2 2 l 

-r ( y + r ) f 
0 

al 

+ { COB a Arab 
0 

cos 
2 

a d a 

c A VI 

d a al 
--v'i- r' (y2+ 2r 2) f 

C A 0 

al 

f 
C A t/2 

cos
1 

ada + 2 r' r I 

13 

0 

Ya R 2 
+ (a .. a 2 ) II y I R 

1 1 l 

cos. a d a 

C Al/2 

+ 

{3.13) 



npHBOAH nonyqeBHN9 HBTerpanN B (3.13) K 9nnH11TH'19CKHM, OKOB'I8TenbBO nony'IHM 

He 1 l ( r, </> , • ) 
• 

r' - r cos a M 
I [ sin a Arsh 

411' 1L o ..;/ + r 
2 

sin 2 a 

..j(r'+r)
1

+ 
2 

r'
2
+r

2 
+ 

2 
Cl ____ Y E(k,f.l)- y F(k,f.l)} 1 

y2 
+ < "• .. "2 > I I 

Yl 

r..j(r'+r)2+l o 

R 2 

Rl , 

(3.14) 

+ 

Ha OCBOB8BHH ( 3.3) H3 ( 2.10) aai!J:IeM Bhlp8lK9HH9 </> -cOCT8BnHIOTn911 nonH 

B cne,ayiOIII9M BHA9 

.J I) 1 
H~ ( r, cf> , z ) • -

M 1/2 I ( A + r cos Cl Arsh 
r ' - r cos Cl 

cl/2 

<l>o +</> 
] 

r.Qe 

4, ILo 

r'- rcoa Cl <l>o-<1> Y2 
---.-----· l l I 

0 y I 

1/2 
- [ A + r cos Cl Arab 

c 1/2 

R2 

Rl 

0 

(3.15) 

M ..jy 2 +r' 2+r2-2r'r COSCI = - -- !_:_:.___ _____ _ r ' - r cos a a R r. 
+ cos 11 Arsh I J 2 1 2J 1 , ,j., • a R y 4 " ILo y 2 + r 1 sin 2 a 1 1 I 

"1' a 2 onpe.r:~enSIIOTCH ( 3.11) . 

Ha CBOIICTB KOMI10H9HT M8rHH?"HOrO nonH cne.QyeT OTMeTBTb cne.Qy!OIIIH9 

(1) (1) 
H z(r,cf>, z)• Hz (r,cf>, -z) (3.16) 

(1) (1) 
Hz (r,cf>,z)•Hz(r,-cf>,z) 

! 

• .11) (1) 
H- ( r, cf> , z ) • - H , ( r, cf> , - z ) • (3.17) 

H' 11
(r, </>, z) 

r 
HCil ( r, - cf> , z ) 

r 

(3.18) 

(I), ( l) 
He/> ~r, ¢, z) -- Hq, (r, ¢, -z) 

( l) ( 1) 
H ¢ ( r, cf> , z ) =- H ¢ ( r , -</> , z ) • 

14 

• 

-~~,T-_-~,: .'" ~' .. 
,:;t. .' 

/- !.t. 

':1~t} 
~--';1\ 

·,:;::-! 
. ·~~~; __ I 
,·ill! l 
'• I j 

:;_M __ ~_-
. ~;i' I 
v;t~l 
1:~;, 
\i~ j 

.;: 
------.1 

J:j. 

(I) (I) (I) 
YxaaaHHbte cnollcTBa cocTannHIOTnBX nonR H s , H, , H ¢ MOll< 

ecnH B COO'fHOW9BHHX (3.10), (3,14) H (3.15) 11pOH3BeCTH 38MOHY KOOJ 

</> HB -z H -</> npB yq~Te npe.r:~enoB y 1 , y 
2 

H u 1 , a: 

CTBYIOTnBX o6naCTHX 11pOcTp8HCTB8. 

1. '-lacTBhle cnyqas 

Uansn.r:~paqecxan ceJtTop 

JlnH nonyqeHHH BNpaJKeaall, onpe.r:~enRIOIIIHX xoMnoaeHThi MariiHTHO 

naMaraaqeasoro uanBB.!IpB'Iecxoro cexTopa, aeo6xo.QHMo nonolKHTb B ¢c 

(a.14) a (3.15) R 1 = 0 a R 2 -R, Tor.Qa nonyqaeTcSI, 'ITo 

Cll M y .1 2 2 
Hz (r,cf>,z)•- ---[1 [ vY +r +R n ~ nl, k, 

HC 1l(r,¢, z) 
r 

4rr1Lo ·'(R+r)2 + 2 ./ 2 2 
V Y vY +t -r 

a 
..jy~r 2 -R ll(n k Q)]-2fl+arctg(-r-sina)l 1 +(c + 2 , , 1-' y 0 

..jy2+r2+r 

M I [ sin a Arsh 
4"1'o 

R - r COl a 

..j y 2+ r 2sin2a 

2 2 
..j(R_7~ +--

2 2 I 
R + r + y r cos a --====::. F (k, f.l ) + sin a Arsh --====== ..; yl 

r ..j ( R + r )2 + y 2 ..j y 2 + r 2 
sin 2 

a 

+ 
r 2 + y 2 a1 y 2 

F(O,fl}l +(a 1 .. a 2 'll 
0 y 1 

r..jr2+)(2 

.. _M __ I [ sin a Arab 

4 1T,. 0 

2 2 2 

R - r cos a ..j(R+ r )2 + y2 
+ 

vl+ r 2
sin

2 
a 

E 

R + r + y r cos a 11 1 --==='== F(k, fl) +sin a Arsh j +(a 
2 2 2 2.10 

r..j(R+r) +y ..jy +t s1n Cl 

15 



usTerpanw a (3.13) K annunTuqecKBM, oxosqaTenbHO nonyquM 

r' - r cos tz M 
I [ sin a Arsb + 

4rr I' o v/ + r
2 

sin 2 a 

'l/(r'+r)2+ 2 r'2+r2 + 2 a 
r E(k,,Bl- r F(k,,B)J 1 

r2 
+(a .. a

2
lll 

I y I 

r'l/(r'+r)2+r2 ct 

R2 

R ' I 

(3.14) 

+ 

( 3.3) 83 ( 2.10) H8A.l1CM BhlpSli<CHBC cp -COCT8BnSI!OIUCA nom! 

1/2 

1/2 
I ( A + r cos a Arsh 

r ' - r cos a 

c'/2 
M 

4 rr Ito 

+ r cos a Arsh 
r'- r cos a <Po-<P r2 
---

1
.,-.--'-·- J 

0 
l I 

C I 2 y I 

R2 

R, 

<Po+ <P 
] 

0 

(3. 16) 

..jy 2 +r'2+r"2-2r'r cos a 
+ cos a Arsh 

r '- r cos a 

/l ~--;t sin 2 a 

II a 2 I R 21 r1 ' 

a I Rl y I 

(3.11). 

KOMnOHCHT M8rHBTHOrO nOllSI CllC.llyeT OTMCTHTb CllC.llYIOIUHC 

(I) {I) 
H .(r,cp, z) • Hz (r,cp, -z) 

(I) (I) 
Hz (r,cp, z) e H• (r,-cp,z) 

• .II) (I) 
n· ( r, cp , z ) • - H , ( r , cp , - z ) r 

( 1l {I) 
H, ( r, cp , z ) • H, ( r, - cp , z ) 

cn cu 
Hcpp' ¢, z) -- H.p (r, cp, -z) 

( ll ( 1l 
Hcp (r, cp, z) =- Hcp (r, -cp, z ). 

14 

(3.16) 

(3.17) 

(3. 18) 

'l~ 

.h>J 

·~-~-~:·~_ •... _ '··f':!i. 
-~t~i 
'.i\'1~~~.' 
•ti~' ··:t 

.·-·-~~/· 
.'·l 
: ,t 

-~ 
:l~ 

~:l~~;· 
!,~·:.\ ~.:. 

il.;: ~ 
··.•.,,j 
': ···~'t) ~ 

::i,~l,: 

.-.I .~-~~~ 

>t'~i:' 
j~J 

'~~~· 
-·{~;I 

1
.::-~·, 

'l' 
! •. • 

l_,' ; ' 

·' 

:\~ .. , 
I 

":; 

(I) (I) ( ll 
YxaaaRHbiC caoAcTBa COCTBDllSIIOIURX nonR H • , H, , H ¢ MOJKHO nonyqHTb, 

CCllH B COO'fROWCHHRX (3.10), (3.14) H (3.15) npOH3BeCTH 38MOHY XOOp.llHIIBT Z H 

<P ua -z H - tP npH yq~Te npC.llCllOB y
1 

, Y I II u l' a 2 B COOTBCT-

CTBYIOIUBX_06ll8CTSIX npocTp8HCTB8. 

1. q8CTBWC cnyqaH 

UunHH.llpBqecxaA cexTop 

.ilnSI !10llY'WHHSI Bhlp8li<CHHA, onpe,llCllRIOIUHX KoMnOHCHTbl MarHHTUOro non<~ OT 

uaMaruuqessoro UHllHH.llPH'Iecll:oro cexTopa, ueo6XO.llHMo nonoli<HTh a ¢opMynax (3.10) 

(3.14) H (3.16) R, e 0 H R2 -R, TOr,lla nonyqaeTCSI, qro 

HUl ( r' cp ' z ) • - __ M_ [ I r [ '1/ r2 + r 2 + R 

• 4rr~to 'I/(R+r)2+r2 ...;;V-r 
D(n,k,tJ)+ 

. I 

(41 

'1/ r ~ r 2
- R r al Y 2 

+ D(n 2 ,k,tJ)]-2f3+arctg(- sinal! +(a
1 

.. a lll 

H(ll(r,¢, z) 
r 

r o 2 r vr2+ r 2+r 1 

2 2 
R - r co a a '1/ ( R + r) + r 
====+---

...; r 2 + r 2 sin 2 a 

M 1 [ sin a Arsh 
4rr~to 

E(k,tJ)-

2 2 2 
R + r + r r cos a 

F (k,f3) +sin a Arab-======-

r '1/ ( R + r )
2 
+ r 2 '1/ y 2 + r 2 sin 2 a 

'1/ r 
2 
+ r 

2 
E ( o, tl l + 

r 2 + r 2 

-r..jr2+r2 

a, y 2 
F(O,,B)] + (a

1 
.. a

2 
l II 

0 r, 
+ 

• _M __ I [ sin a Arab 
4 rr l'o 

R - r cos a '1/ ( R + r ) 2 + y2 

-======== + 
'l/r

2
+r 2 sin 2 a 

E(k,f3)-

2 2 2 

R + r + r r cos a 11 1 Y 2 
F(k, f3) +sin a Arab J +(a .. (I ) II 

2 2 2 2.2 0 I 2 y r..j(R+r) +r '1/y +r s1n a 1 

~ 
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• • I ·2 I I R --Ill( II I vr-+R +r -2Rrcoaa -rcoaa 
H~ r, ¢ , :r ) = - + cos a Arah 

rne 

·4rr r I I I ·I' o yy + r sin a 

..jy2•+ r 2 r coa a >' 2 
2 2 I I 

V y + r sin 
2 

a >' 1 

a 
I 2 

al 
+ coa a Arah 

a 
1

, a'
2 

onpenensnoTCSI (3.11) H, k -ua (2.14) npu aaMeae r' sa R • 
/18/ 

BOCnOnb30BSnHCb T9M, qTQ npH nonyqeBHH Bbip8lK9BHI! (4.1) B (4.2) 

y 

)' n (n 
2 

, 0, {3) - A ( o, T, {3 ) • f3 , 
jy2+ r;+r 

n ( n , 0, f3 ) • A ( 0 , -" - , {3 l + arctg ( P sin {3 cos {3 ) • 
2 1 2 

..jy +r 2-r 

rne 

• • {3 + arctg ( _r - 2 sin f3 cos f3 ) , 
)' 

P • 2 -'- nony'leao npu 
)' 

p = 

r '• 0 ua 

2r(..jy2+ r 2+ r ') 

y..j(r'+r) 2 +y 2 

{3 

E (0, {3 ) • f d 'I' • {3 , 
0 

{3 
F(O,f3)• f d'l' •f3· 

UunHanp 

B aToM cnyqae npenen&I HRTerpHpoBSBHSI 6ynyT cnenyiOmHMH 

(4.3) 
., 

;!:~. 

(4.4) 

:i 

(4.5) 

(4.6) 

(4.7) 

(4.8) 

;~ 

·~ 

I
' 16 ;,<r·;., 

·~;l' 

~ i~4 _,1 t~, 
'.'' ~~ ·' 

• 

a
1
-a

2
•rt • 

Talt lt81t 118M8rHB'I8BB09 Teno o6na.aaeT 81tCB8nbBOA CRMM8TpBeA, TO COC 

MarauTHoro nons no ocBM :r , r • .p MoryT 6&1Tb Jl8B&I C y'laT< 

( 4. 1) , ( 4.3) cnenyiOmBM o6 paaoM: 

Ill H.p (r,.p, :r) e 0, 

M -===>'==::----- I 
2 

2 Jfil(r,¢,:r)•- 4•1'o ..j(R+r) +y & 

V y 1 + r 2 +· R 
vr•+ r2 'n ~n •• k, _, __ ) 

- r 2 

+ 
..jy2+r2-R , )' 2 

n (n , t , -- l J - , I I 
' 2 2 )'I 

yy 2 +r 2+r 

II -'(R+r)•+y2 R2 2 2 
HCll (r,.p, :r) • ---IV E(k,_!_)- + r + >' F(k 

r 4rr r 2 
l'o ry(R+r) 1 +y2 

nony'leBB&I9 B&lp8lK9BBB MOryT 6b1Tb npeJlCTSBneBbl B. 6onee yno6BOA 
/5,19/ 

TOB ¢opMe, lt81t STO BblnOnBeBO B p860T8X • 

Ill M 1 k
2 

• 
H (r,.p, :r) c ---11- -[A

0
(a,f3

1
)+A

0
(a,f3

2
)+-F (a. 

z 21'o 2 p o 

H:u(r, ¢, :r)- _II __ I y(R+r)2 + r• 
2rt l'o 

R2 I . 2 y 
E(k)- + r + >' K ( k ) I I 2 

r..j(R+r) 2+y 2 >'1 

rne 

k2 2Ry 

p 
..j(R+r)t + >'2 <vl+ r2 + R) 
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(•vy 2+R 2+r 2 -2Rrcosa R-rcoao _;_.:.._ ________ +cos a Arab 

r I I I VY + r aiD a 

r COl a y 2 
Cl 

+ cos a Arab 
2 2 2 I I I 2 

+r 

yy+rsiDa Y1 a, 

(3.11) H, k -ua (2.14) npH aaMeae r' 

eauA (4.1) H (4.2) eocnonhaoeanucb TeM, 

rr 
f3 l - A ( o, - , f3 l • f3 , 

2 

HB R. 

'IT0/18/ 

f3 ) • A ( 0 , -" - , f3 ) + srctg ( P sin f3 cos f3 ) • 
2 

• f3 + arctg ( _r_ 2 sin f3 cos f3 ) , 
y 

npu r '• 0 H3 

p ~ 
2r(yy2+ r 2+ r ') 

yy(r'+r)2+y2 

f3 
E (0, f3 ) R f d '11 - f3 ' 

f3 
F(O,fJ)• f d'V•f3. 

HHTerpHpOB8HHSl 5y.QyT cne.QyiOmHMH 

16 

t# 

(4.3) 

(4.4) 

(4.5) 

(4.6) 

(4.7) 

(4.8) 

·"'i. 

'•1· 
-j# I' 

·-.,~ 
.q 

"!, .. 
~i . 

. .i.r' 

• 

a
1
-a

2
•rr. 

(4.9) 

Talt lt81t HaMBriOl"'&IIJIOe Teno o6na.Qa&T 81tCHam.HoA CHMM&TpueA, TO COCTaBnSPllllBe 

MarHRTHoro nonsr no OCllM • , r 

( 4.1), ( 4.3) cneayJOmHM o5paaoM: 

H tj, MOI')'T 6h!Tb .Q8Hhl C y'II:ITOM (4.9) H3 

(1) 
H .p (r, .p , z) "' 0 , 

( 4.10) 

_M_ I ---~==:IT11(r,.p, •)·- 4•/olo • 
VY1 + r 2 +· R n CD k " V y 2+ r 2 - r . , I' ' -2-- ~ + 

yy2+ r2- R 
+ 

VY 2 +r 2+r 

Yt 
n (D 2' k' -"- ) l - rr I I 

• 2 Yt 

( 4.11) 

II ·'(R+r)2+y2 R2 2 • y 
H(ll(r,tj,,:r)•---lv E(k,~)- +r +y F(k,-.!..)11 2 

r 4, r 2 2 • 
llo ry(R+r)•+yl Y1 

( 4.12) 

fiony'I&HIIhl& BhlpalK&IIBS! MOI'YT 6b1Tb npe.QCTBBneHbl B 6onee YA06HOA Ansr pac'la
/5,19/ 

TOB ljlopMe, lt81t 9TO BbiUOnJieJIO B pa60T8X , 

(I! II 
H (r,tj,,:r)c--(1 

• 2 "0 
1 k 2 y2 

-2- [A 0 (a, {3 1 )+A 0 ( cz, {3 2) +p-F
0

(a)llly ,(4.13) 

I 

II . '( R )2 - 2 
H(ll(r,tj,,:r)•---lv +r +y E(k)-

r 2"1'o 

Rl + r I+ a y 
===y=:..K(k) II 2 

, 

rae 

k2 

p 

ry(R+r) 2+y2 Y1 

2Ry 

V ( R + r )2 + y 2 ( V y2+ r 2 + R ) 

17 
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a K (k ), E ( k) - nonable snn&IITB'l&CKBe B&Terpanbl nepBoro a BToporo po.na. 

EcnB BOCnOnb30B8TbCH pe3ynbT8T8MB Ta6ynBpoBa&BH snn&nTB'l9CKBX ~YBKUBA 

nepBOro B rperbero pons, npaBe.ne&abiMB B pa6ore
1 

1B/, TO 

F (Cl) • _2_ K (k ) , 

0 " 

Ao (Cl, f3 ) + ~ F (Cl) • _2_ y V y2 + r 2+ R 
1 p 0 , y(R+r) 2 +y1 yl7)' 2 +r

2
-r 

D<n,,,k,-"-H4.16) 
2 

2 
A (Cl•f3a>·-;-o 

I'JJJI 
a T8KJK9 

rAe 

y vr 2 + r 2 -R n (n ,k, -"-> 
2 2 

2 2 
y(R+r)+y VY 2 2 

+ r + r 

n ( •• k. _ .. _) = - n (n, k, - _!!_' 
2 . 2 

4 R r 
Cl • arc sin V 

2 
2 

(R + r) + Y 

{3
1 

- arc sin 

fJ • arc sin 
2 

v(R+r)2+r• 

v y 2 + r 2 + R 

yy2+r2-R 

y(R-r)2+y2 

(4.17) 

(4.18) 

ll•n•a.npaqecxoe xon&uo 

CocTaBnHIDWB9 MarHHTHOrO nons OT HaMarHH'l9HHOrO UHnHHApH'I&CKOro KOnbua 

nerz:o nony'lHTb H3 (4.13) H (4.14) KaK pa3HOCTb ABYX aaMarHH'I&HHbiX UHnHHApOB 

paABycoB R 2 
H R I COOTB&TCTBeHHO. C y'll!TOM 8TOrO .nns CQCTaBn!IIDWBX IIOn!l 

BM88M 

18 

• 

(l) 
Hc;6(r,cp,:r) .. O, 

-11l M k2 R 
K (r,c;6, :r) -----1 A 0 (Cl,fj 1) +A 0(Cl,{3 )+ -F0 (Cl)ll 

• 4 2 p ).; "0 

(1) 
H.(r,cp,s)• 

M 

2 , "0 
2 I 

y(r'+r) +r E(k)-
2 2 2 

r'+r+y K 

ry(r'+r) 2+ y 2 

r.ne Cl, (3
1

, fJ 
2 

onpe.nemnoTcH B3 ( 4.18) npa aaMeae R aa r'. 

5. KoMnOaeHTW Mar&BTHOro nona 6eCKOBUHbiX 

Bb!COKBX UBnB&ApH,eCKBX KOHWBrYpanHA 

B 8TOM pa3Aene nony'l&Hbl BWpalK&HBSI '.nnSI KOMIIOH&HT MarHBTJ 

paBHOM&pHO HaMarHB'l&BHWX UBnBHApH'l&CKHX KOH¢HrypaUHA npH ycnc 

BbiCOTa b -+ oo , a TaKJK9 AnSI KOH!jl&rypauaA, y KOTOpb!X Ha'lano UH 

CHCT9Mbl KOpAHH8T nepeaeceao B TO'IKY (% = - b , r • 0 ) , a Bb!C01 

KOH~BrypaUHH 6y.neM Ha3b!B8Tb 6aCKOB9'1HbiMH H IIOny6eCKOHG'lHbiMH 

B8TCTB9BBO. 

B .nan&aeAmeM AhH OIIBCaHHS COCTaBnSIDWHX MarHHTHOrO nons 

3HaHB9 H9KOTOpbiX npe.nen&Hb!X COOTHOlll&HHft. Kor.na b ·-+ oo • H3 ( ~ 

HM99M 

lim k • lim n 
h ... oo h ... oo

1 
• lim n 

2 
h .... 

- 0 • 

E ( 0, f3) • F (0, f3) • ll ( 0, 0, fJ) • fJ , 

S: AnSI nonHbiX annHIITB'l&CKHX HHT&rpanOB 
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- non&hJe snn&nT&'Iecxae B&Terpanbi nepaoro H BToporo po.na. 

peaynbTaTaMB Ta6ynspoBaHBH snnBnTR'IGCKBX ~YBKURA 

po.na, npsae.ne&HbiMR B pa6oTe
1 181, TO 

F (u) • _2_ K ( k), 
0 , 

F(u)=-2- Y VY
2
+r

2
+R 

0 , 
y(R+r)2+y2 V17Y2+r2 - r 

n <n , .• "· __!_ H4.16) 
2 

y yy2+ ri-R 

2 2 
VY 

2 2 

, 
n < n2 • " • -- l , 

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

n < n. " , -"- ) = - n < n. ". - -"- ' 2 . 2 

11 • arc sin 

{3
1 

• arc sin 

f3 • arc sin 
2 

oe KOnbUO 

4 R r 

V 2 I 
(R+r) +y 

y(R+r)2+y2 

v y 2 + r 2 + R 

yy2+r2-R 

y(R-r)2+y2 

(4.17) 

(4.18) 

MarHHTHOrO nonH OT HaMarHH'IGHHOrO URnRH.IlpR'IGCKOrO KOnbUa 

R3 (4.13) B (4.14) KSK pa3HOCTb .llBYX HaMarHR'IGHHbiX URnRH.IlpOB 

B R I COOTBGTCTBeHHO. C y'll!TOM STOrO .11n11 COCTaBnHIODtRX non& 

18 

... 

·'t!!· 
~I 

,'\ 

(I) 
Hcfl (r,cfl, z)e 0, (4.19) 

-Jil M 112 R y 
tf (r,cfl,z) •- ---IA

0
(u,f3

1
)+A

0
(u,f3 )+-F

0
(ulll 212, 

• 4u 2 P R y 
,.. 0 I I 

(4.20) 

2 I (I) 

u.(r,cfl,•>· 
M 

2, ~"o 

y(r'+r) +y E(k)- .112 R.Y. 
r + r + y K (k) II 21 2, ( 4.21) 

2 2 Rl Y 1 ry(r'+r) + y 

r.ae 11, {3
1

, f3 
2 

onpe.aenHJOTC!I &3 ( 4.18) nps aaMeHe R Ha r'. 

5. KoMnosegrw MafH&Tuoro non& 6ecKOH9jHhlx 

BbiCOKBX URnBHSQR'IGCKRX KOHiRrYpauHA 

8 aTOM paa.nene nony'IGHbl BblpaJKGHRH 'snH KOMnOHGHT MarHRTBOrO nonH OT 

p8BHOMGpHO B8M8rHR'IGHHWX URnBHSpH'IGCKBX KOH¢Rrypau&A npB ycnOBHR, 'ITO RX 

BbiCOTa b -> oo , a T8KlK8 .llnH KOB¢Hrypau&A, y KOTOpbiX Ha'lano UHnRH.IlpR'IGCKOI! 

CBCTGMbl KOpSRB8T nepeaeceuo B TO'IKY ( Z = - h , r • 0 ) , a BbiCOTa, h -> oo • TaK&e 

KOH~Rrypau&H fiy.llGM R83biB8Tb 6GCKOHG'IHblMR H nony6eCKOHG'IHblMH IIO BblCOTe COOT-

BGTCTB8BHO. 

B .aanb&eAmeM .an& onscaHRH cocTaan&JOWHx MarH&Taoro non& noTpe6yeTcH 

3BaHHG RGKOTOpbiX IIpesenbBblX COOTHOU!GHHI!. Koraa h .. ao 1 &3 (2.14) H (2.15) 
HMGGM 

lim k • lim D 

h ~ eo h ~ 1'10
1 

• lim D 
2 

h .... 
- 0 • 

E(O, {3) • F(O, {3) • 0(0,0, {3) • f3, 

8. MH IIOnHbiX annBIITR'IGCKBX HHTerpanoB 
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(5.1) 

( 5.2) 



, 
E ( 0) K (0) • ~2-

l-13 ( 4.18) TBK>Ke nonyqa~ rc11 

lim cz - 0 , 
h .... 

, 
lim fl

1 
~ lim fl 2 z arc sin 

2 
h .... h .... 

B COOTBeTCTBeHHO 

Ha 

6ynyT 

lim A
0 

(cz,fl) .. A0 (0,-"->=1· 
2 

h .... 

5ecKOHe'IHO Bb!COKHA KODbU8BOI!: UHDHHApH'18CKHII ceKTOp 

QCHOBe (5,1). (5.2) B (3,10). (3.14), (3,J5) KOMDOHei!Tbl 

lf1l(r,cp, z)" 0 
E 

(1) 
H, (r, cp , z) "0 

H1~1 ( r, cp , z ) "' 0 • 

(5.3) 

(5.4) 

(5.5) 

(5.6) 

MBrHHTHOrO nODll 

(5.7) 

(5.8) 

(5.9) 

TaKOA >K8 p83YDbT8T DODY'IBM JlDH fiQD5l 6ecKQH8'1HO BhlCOltBX UHDHHJlpH'!eCKOrO 

ceKTopa, UHDBBAP8 B UBDBHJlpB'18CKOrO KODbU8. 

20 

• 

KoMnoaeaTw MaraaTaoro nonH OT nony6ecxose'IHblX no 8 

UBDBBApB'I8CXBX XOB~BrypauBA 

nocne nepexona K IIOBOA CRCTeMe KOOpABB8T (aa~ano B TO'Ilte Z•· 

Bblpa>KeaBH xoMnoaeaT MarHBTaoro nonH B o6meM cnyqae (nony6e~xoae 

coTe KODbUeBOI!: UBDRRApB'IeCKBA C9XTOp) 6yayT BMeTb cneay~mB!I BBJl: 

111 M 
Hz (r,cf>, z) •--[ I 2fl+ 

4tr" 0 

z yz 2 +r 1 +r"' 
-===::;::=.[ _ ll(n 1 ,t,~ I I 
y'(r'+r) +z y'z 2 +r 2 -r 

cz 1 R 2 
+ ...; z 2 + r 2 - r, n ( n2 , k , fJ ) ] I 0 + ( Cl I .. a 2 )] f R l 

v' z2 + r 2 + r 

.111 II 
H. ( r, cp , z ) • - -- I [ aln a A tab 

r 4tr I' 0 

r'-rcoscz y'(r'+r}2+z 2 

====== + -----
v z2+ r t sin a. 

r'2+ra+za a R 
--==::::;;:==F(k,fl)] 1

+(a 1 .. cz
2
lll a 

r V ( r , + r )a + z 2 o R i 

E1 

II 
!II -~. z)=--
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11 

-2-

lim a • 0 , 
h ..... 

lim {3 • arc sin 1 ~ -
11

-
2 2 

h .. "" 

( a, fJ \ c !1
0 

( 0 , -
11
- ) ~ 1 . 
2 

(5.3) 

( 5.4) 

(5.5) 

(5.6) 

(3.10), (3.14), (3.J5) KOMnOH8HTbl MBrHHTHOrO nons 

lf1l(r,cf>, z)"' 0 
z 

(I} 
H,(r,cf>,z) 0 

H!ll ( r, cf>, z ) e 0 • 
cf> 

(5.7) 

(5.8) 

(5.9) 

nony'IHM Jln!l nonS! 6eCKOH8'1HO BbiCOKRX URnHHJlpH'I8CKOrO 

KOrO KOnhUB. 
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KoMnoReRTbl MarRBTHoro nonH OT nony6ecxoue'IHbiX no BbiCOTe 

URnRRJlpB'I8CKBX KOH~HrypauuA 

Docne nepeXOilB K lfOBOA CHCTeMe KOOPlUIH8T ( Ra.fano B TO 'IKe Z•-b_, r,. 0) 

Bblp8lK81fBSI KOMnOH8BT M8rHBTHOro nonH B o6weM cnyqae ( nony6e~lt01f8'1Hb1A no Bbi

COTe KOnhU8BOA UIIJlBHilpB'I8CitHA C81tTOp) 6yJlyT BM8Tb cneJlyiOwBA Blfll: · 

-Ill M z Vz 2 +r 2 +r .. H (r,cf>, z) •--[ 12,9+ [ -

" •"l'o y(r'+r)
1

+z2 Vz 2 +r 2 -r 
0(a

1
,k,p)+ 

2 , Ill ·'z2+r -r 0( k tJ)]J 
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R2 + (a 
1 
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2 

) ] f 
R 1 

.111 II 
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r ., l'o 
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====:::::=::;.+ 
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r' +r +:r F(k tJ)] l+(al-+a2)JIR 

'· tJ 0 i 2 2 ry(r'+r) +z 

E(k,,B) 

( 5.10) 

( 5.11) 
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2
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2
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2 

-2r'rcoaa · ~·- rcosa IIR2I all (5.12) --------- + coaa Arah • 
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2

-R. 

Y'IHTbiBBSI COOTHOW8HHB ( 4.4) + ( 4.8), BM88M 
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y'(R+r)2+z2 yz 2 +r 2-r (5. 13) 

V z2+ r 2_ R 
+ a 

n (n 2 , k, ,9)]- 2,9 + arctc < _r_ ata a> I 1 +<a .. a > J, 
z 0 1 2 V z2+ r 2 + r 
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_jl) M R - r cos a r cos a 
H·, ( r, .p , 1 ) • - -I [ aiD a Arsh + aiD a Arah .., + 

4rrf.lo yz2 +r 2 aiD 2 a yz
2

-tor ... aiD
1

a 

2 2 2 2 2 
y(R+ r) + z R + r + 1 a1 

+ E(k,tn- F(k,/3>1 +(a .. all. 0 1 2 

ry(R+r) 2 +z 2 

Ill 
H.p(r,.p, 

II v z 2 + R 1+ r 2 -2Rrcosa R- r cos a 
z) • -I +cOB a Arah 

4 tr f.l 
0 

r y z 1 + r 2 aiD 
1 

a 

r cos a yz 2 +r
2 a 

I I 2 

a, + COB a Arsh 
yz

2
+r

2
siD

2
a 

+ 

(5.14) 

( 5.15) 

llns nony6eCKOH9'1HOrO nanBHAp8 H8 OCHOB9 (4.13), (4.14) R (5.1) ~ (5.6) 

JSOMfiOH9HThl nonR MO~HO npeACT8BBTb B BBA9 

u11\r, <I> , 
• 

M 1 k
2 

z) • ---! 1-- [A
0
(a,/3

1
l+A

0
(a,/32 )+ -·-F 0 (a)]\, 

2 ~'o 2 P 

·# ., 

.Jll M y(R+r) 2 +z 2 R
2
+r

2
+z

2 

H (r,.p, z)•---1 E(k)- K(k)l, 
' 2tr flo r ry(R+r)

2
+ z

2 

(5.16) 

( 5.17) 

8 Bhlpa~eHHR KOMfiOH9HT nonR OT nony6eCKOH9'1HfrO UHnHHApHq9CKOrO JSOnbU8 MoryT 

6hlTb nonyqeHbl H3 (5.16), (5. 17) K8K pa3HOCTb ABYX nony6eCKOH9'1HhlX UHnHHAP~B 
pallHYCOB R I H ~ l COOTB9TCTB9HBO. 

0TM9THM, 'ITO B COOTHOW9BHRX. (5.16), (5.17), a,/3 1,/31 nony'18IOTCR B3 (4.18) 

npH 38M9H9 Y H8 Z , 8 n8p8M9Tp 
k -Ha(2.14)npH38MeHe r' H8 R 

H y B8 z • 
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6. KoMnoHeHTW MAtiBTHoro nons •rou1gx' uununnpuqe 

KoudiJirvp8uB8 

B H8'18ne p8CCMOTpBM R8M8ruaqeuuhle nBnRR.ttpaqecKHe Koacjmr: 

phlX p8.QH8nbR8R npOTR~9RHOCTb Tena 3R8'1HT9nbHO M9HbWe cpenaerc 

t-.R-R 2 -R 1 «R. 

8 STOM cnyqae Bhlp8~9HH9 CKanspaoro fi0T9HUH8na B CHCTeMe KOOPI 

Z < h l H - tP O < tP < tP O HMeeT BBA 

rne 

h, 

<Po+¢ d a 
'I' (r,.p, z) •- Rt-.R l f --:t72+ 

I o A 

r,=h,-z y2~h2-

y c/>(c/>~11 2 
0 A1/2 Y

1 

z , 

H h 2 - p8CCTORHHR OT M9!1H8HROA nnOCKOCTH .QO HHmHero H I 

B8RRA, COOTB9TCTB9HHO, 8 A onpenenReTcR (2.9). 

HIll 
• H3 ( 3.3) H llns BepTHKanbROA COCTBBnHIOI!IeA nonR 

nony'!HM 

[ E 

2, "0 

+ 2 R r sin a a! 

.I ( '> - ]) + ( h v R+r)2+y 2 AI/2 o a, .. a 2 ) II 2 b I 

rne 
a 1 = </> o + </> a2"'¢o-¢· 

Tlpu a =a c rr OT llBYX CHMMeTpHqHQ pacnono~eRHblX OTRO< 
1 2 /5/ 

WHMM H8ll:.Q9M , 'ITO CTH Z = 0 

8
111 • (r,¢,0)= MRt-.R 

h 1 E 0 (a) h
2 

E 

"0 V ( R +r ) 2 + h 2 [ ( R- r )2 +h 2] 
I 1 
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r cos a 
M R- r cos a 
-I [aiD a A.rsh +aiD a A.rsh -.+ v z2+ r 2 siD 2a v z 2

1- rc-siD
2 

a 
4rrflo 

2 2 2 2 2 
(R+r) +Z R +r + z Cl1 
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R- r cos a M yz 2 +R 2+r 2 -2Rrcosa •- I +cos a A.rsh 
yz 2 + r 2 siD 2 a 

4rr l'o 

r cos a 
+ cos a Arab 

y z 
2 + r 

2 
siD 

2 
Cl 

Vl2+r2 a 
I I 2 

a 1 

+ 

(5.14) 

(5.15) 

UBnBHJlp8 H8 OCHOB9 (4.13), (4.14) II (5.1) -+ (5.6) 

npencTaBBTh B BBne 

M-Il 
) --

2,.. 0 

1 k
2 

-- [ A
0

(1l, /3
1 

> +A
0
(a, f.l

2
) + -·- F0 (a>l I, 

2 p 

M y(R+r) 2 +1 2 R
2
+r

2
+z

2 
I 

)•---1 E(k)- K(k) , 
2rrflo r ry(R+r) 1 +z 2 

(5.16) 

(5.17) 

KOMUOHeRT nonB OT nony6eCKOHe'IHOrO UHnHHJlpB'IeCKOrO KOnhU8 MOryT 

H3 (5.16), (5.17) K8K p83HOCTh llBYX DOny6eCKOHe'IRNX UHnBRJlpOB 

H R COOTBeTCTBeHRO. 
• I 

, 'ITO B COOTHOllleHHBX (5.16), (5.17), a, f.l ,f.l DOny'IHIOTC!I B3 (4.18) 
I 2 

a a z • a napaMeTp k - H3 (2.14) DpH aaMeHe r' H8 R 
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6. KoMugueurw MAruaruoro nona 'touxgx' nunuugpnqecKHX 

Koarburypauua 

B H8'18ne p8CCMOTpBM H8M8rHB'I9HHNe UllnBHJlpR'IeCKHe KOH¢HrypallHH, y KOTO-

pNx panuanbH8H npoTHJKeaaocTh Tena aaa'IRTenhao Meahme cpeasero panuyca, T.e. 

t:..R-R 2 -R 1 «R. 

B STOM cny'lae BNp8lKeHHe CKHn!lpHOrO llOTeHURana B CHCTeMe KOOpaBH8T npR 

Z < b I 11 -¢>o<¢>< <Po BM99T Bllll 

<Po+¢> da 
qr 1 (r,¢,1)•-Rt:..RI/ --;!12+ 

rae 

y ¢-¢>~II 2 

f A1/2 r
1 

0 

yl=h,-z; y2=h2-z, 

( 6.1) 

( 6.2) 

hI B h 2 - paCCTOBHBSI OT MeaHBHHOi! nnOCKOCTR 110 HHJKHCro H BepxHero OCHO-

BBHRII, cooTBeTCTsesao, a A onpenenHeTcH ( 2.9) · 

IJ.n !I BepTHKanhHOil COCTABnBIO!lleil non!! H (I l 
1!3 ( 3.3) B ( 6.1), ( 6.2) z 

nony'IHM 

H~ll(r,¢>,z) = MRt:..R I< y 
r E < k. f.l > + 

rae 

npu 

CTH Z = 0 

2 If ,.. 0 2 2 2 y(R+r) +y 2 [(R-r) + y ] 

( 6.3) 

2 R r sin a + a 
.I ( - ]) I + ( h v R + r ) 2 + y 2 A 1/2 o ·.P. 1 .. a 2 ) I I 

2 

hI 

ai=<Po+¢ a2•¢>o-¢· ( 6.4) 

a = a =If OT llBYX CHMMeTpH'IHO pacnonoJKeHHblX OTHOCHTenbHO nnOCK0-
1 2 /5/ 

lliHMM aaii:aeM , 'ITO 

(I) 
Hz ( r' ¢>,0)= MR t:..R 

h 1 E 0 (a) h2 E 0 (a) 

--======-----I. 
,.. 0 

y(R+r) 2 + h 2 [(R-r) 2 +h 2
] 

I I 
y(R+r)

2 
+ h 2 [(R-r) 2+ h2 

2 2 

(8.5) 

" 
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\1, 

nnS\ paD.RAIIbHc;>A COCT81mBIOtn8A R3 (3.2). (6.2) npR Z = 0 RM88M 
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1
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1
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I 
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( 6.10) 

( 6.11) 

1 

' ,.,..,. 
• • 

B TOM cnyqae, JtOI".Qa BbiCOTa WRMM Mana no cpaBH8HRIO C pac 

H8 KOTOpoe OBR ynaneHbl no OCR ~ OT IIIIOCXOCTR Z • 0 1 T .e. L 
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2 , . ( 2 ,2 hI ) r, _ r cos a . r r 11n cz r - r + 
1 

a
1 + rain a + ] + ( a , 

2 2 2 " · 2 1/ I 0 1 (h1 +r sin a)A (ll) [(r'-r) +h
1

] A ( b ) 
. 1 l 

H(1t r .~. llh ,1 h 
r ' 'f' • 0 ) •· l 

r'2+ r 2+ h2 
I [ 1 E(k,,B) --

ry(r'+r) 2 + h 2 [(r'-rf+h 2 ] 
1 l 

4• P.o 

sincz ( r·' - r co.sa 
---- + 

2r'r 

At/ 2(b ) h 2 + r2 sin 2 a 
, l l 2 2 I 2 

v(rw+r) + hl[(r'-r)+ hl] 

llh ,1 h h 1 + r 2 - r' r sin a (1) 1 1 
Hq, (r, 4>, 0) • -----------

4 " I' o A
1

/ 
2 

( h ) r ( h 2 

1 

a, 
+ r 

2 
sin 

2 
a ) a 1 

r'll 

R 
2 

R 

rae A ( h ) onpenenlleTCll ( 2.9) npx 38Me&e y 
1 88 h 

1 
• npx 8TOM I 

TeM, 'ITO cymecTByeT cneayromee paseacTBO 

i) ' 
-- ( Q ( D 1 ) D ( n 1 k 1 ,8} + Q (a ) D (D 1 k 1 ,8} ] • iJy • • 1 . 2 2 

r 2 +y 2 -r' 2 

E(k,,B)+ 
F ( k, ,8) 
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---
..j y2 + r 2 - r' y 

Q (D ) - -
• 2 

..j(r'+r)2 +y 
2 ..jy2+r2+r 

CooTaomeaue (6.15) nonyqeao ua oqeaunaoro To~necTBa 

(1) 
H• (r,cf>, z) = 

M cH\ r '- rCOSCI 

clh ----- ay M . a 
--- = -- [ I rs1D a -- Arsh 
a z 4, J.Lo a r 411 J.lo a y 

+ 

iJ -+a;-[..j(r'+r)2 +y2 E(k,tnl--a [ r2+y2-r'2 
ay ..j(r'+ r)2 + y2 

F(k,~)]+Q(D )TI{D ,k,~)+ 

( 6.17) 

a . "1 

+Q(D
2

}D(o 
2

,k,f3)+a;[Q{D
1 
)TI(o 1 ,k,~)+Q{o 2)TI{D 2 ,k,~)]} 0 +(ct 1-+a2 )]• 

Cl1 
M =---I [ Q {D 

1
) D ( D 

1
, k, ~) + Q {o 

2 
> n < o 2 , k, ~ )] 0 + < a 1 .. a 2 > 1 . 

4"J.Io 

npu 9TOM 

npu 

nnoCKOCTB 

(l) 

I 

aocnonbaoaanach tljlopMynaMB ( 2. 12) u ( 3. 10) . 

a
1
-a 2 •rr ztnSI llBYX CHMM9TpHqHO pacnono~eHBbiX OTHOCHTenbHO 

Z • 0 WHMM, aaltzteM, 'ITO 

M 
Ah 2 2 h2 

H. (r,cf>,O)•-
--==========' Fo(a)+ R -r- 1 E (a)\~6.18) 

2 2 2 2 0 
..j{R+r) + h

1 
(R-r) + h 1 2 "0 

26 

• 

MhAh R
2

+r 2 +b2 F H
111

(r, cp, 0) • 
r 

_~_, 1 

2 "0 
0 E

0 
(a)----

r..j(R+r ) 2+h 2 [(R-r) 2 + h2 ] 
I I 

/5/ 
'ITO coana.naeT c peaynhTaTaMB, nony'leRHbiMH a pa6oTe 

ry( R + 

~ ft1srHHTHOe none 04HOCflOHHMX K0flba8BMX DHflHHppHqecKHX 

C8KTOpH8flbHMX COfl8HOHpOB 

HaaecTao, 'ITO MaraaTaoe none paaaoMepao aaMarauqeaabiX Ten 

MOB SKBHBanaBTBO MarBHTROMy noniO, C03.Q8BaeMoMy TOKOM, npOT9X81 

OTB9TCTBYIOIII9MY ltOBTypy. M01KBO nOit831lTb
1 

'ITO "TOBKHit" no Bb!COT• 

H8MBrBH'l9HBbllt .QJJCII: UpOH3BOnhBOit cpopMbl .QB9T B TOqJte P BBe ero 

TBKOe )1(9 MarBHTBOe none 11:8X H "TOBII:Bit" npOBO.Q C TOICOM I , KOTO 

aaeT KoaTyp paccMaTpuaaeMoro nacKa (cM.pac. 3). Ecna d >> t. b , rz 

CTOSIBHe OT 8n9M9BT8pBOit nnOl!IBllKR d S 
ZlO TO'lKR Ba6niO.Q9BBSI p , 

IIIBBa LlRCKa, TO MOlKBO, Rcnonb3YSI nony'l9HHble B pa6oTe peaynbT8Tbl, BE 

HO H81tTH CK8nS1pBbllt nOT9BilHan MarBBTHOrO nonS! LlnSI pstzta TOitOBb!X B 

npa STOM B906XO.QHMO, qT06bi MarBBTHbllt MOMeBT eLIHRHqHOII: fiOBeJ 

MarHBTHbllt MOMeHT 9LIBHH!lbl 06'beMa ( BnH H8MarHH'leHBOCTb 

/21/,/22/ C TOKOM I cneLIYIOIIIHMH COOTHOllieHHSIMH ·, 

M.·~tor, 

M • I' o 

M 6 

T'Ae l'o - M8T'HHTB8H npOBHU8eMOCTb, I - TOK,T9KYI11Bit no KOHTypy LlBC 

naneAHBSI nnoTHOCTb TOKB. 
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y yy2+~ 
-

) -
y(r'+r)2+y2 vr2+r2-r ( 6.16) 

-V y2 + r 
2 - r' 

y 

) - - -
2 y(r'+r)2+y2 

vr2+r2+r 

nonyqeHO H3 oqeBHAHOrO TO~necTB8 

a 'I'' ay M a 
- = --[1 rsina --Arsh 
az 41Tf.IO ay 

r '- rcosa 

c 1/2 M ---
41T fLo a y 

+ 

2 
+y 

E(k,t3)J-~[ r
2
+y2_,,2 

ar y(r'+ r)2 + y2 

F(k,t3)]+Q(n )ll(n ,k,t3)+ 

( 6.17) 

a . "1 
,t3)+-[Q(n

1 
)ll(n

1
,k,t3)+Q(n 2)D(n ,k,t3)11 0 +(a 1 .. a2)]• 

ar 2 

a, 
Q (n 2) n ( n 2 , k, t3) 1 0 + ( "t .. a2 ) l . 

lnnh!'lnaanHCb (lj>opMynaMH (2.12) H (3.10). 

nnH ABYX CHMMeTpHqHO pacnono~eHH~X OTHOCHTenbHO 
a 

2
-= fT 

0 WHMM, sal\neM, qTO 

M 
A h 2 2 2 
u IFo(a)+ R-r -hl E(a>l~6.18) 

-====2==2= 2 2 0 y(R+r) + h
1 

(R-r) + h 1 2 f.l 0 

26 .. 

H111 (r, cp, 0) • 
Mh 6.h R

2
+r 2 +h2 F (a) 

-
1 
-I 1 

E (a)-
0 I 

• 0 ' r 2 fLo ry(R+r ) 2 +h2[(R-r) 2+ h2] ry(R+r) 2 + h
2 

(6.19) 
I I I 

/6/ 
qTO COBn8A88T C peaynbTSTSMH, IIOnyqeHHbiMH B pa6oTe 

Z ft1srHHTH08 none ogHocnoRHMX KOnbgBBMX UHflHHppRqecKHX 

C8KTOpR8nbHMX coneHORBOB 

J.faBeCTHO, qTo MSrHHTH08 none pSBHOMepHO HSMSrHHqeHHbiX Ten BHe HX 06'be-

MOB 9KBHB8n8HTHO MarHHTHOMY IIOnJO, C03A8B88MOMY TOKOM, npOT8KSJOmHM no CO

OTBeTCTByJOmeMy KOHTYPY· MolKHO noKaaaTb, qTo 'TOHKHA' no BbiCOTe paasoMepao 

HSMSrHHqeas~A AKCK npOH3BOnbHOft ~OpM~ASeT B TOqKe P BHe ero 06'beMS Toqao 

T8K08 lK8 MSrHHTHOe none KSK H 'TOHKIIA' IIpOBOA C TOKOM I , KOTOpblft OXBSTbl

aaeT KOHTyp p8CCMaTpHB8eMoro AHCKS ( CM.pHC. 3), EcnH d >> ~ h , rne d - pac-

CTO!IHHe OT aneMeHTSpHOft nnomaAKH d 8 AO ToqKR H86IIIOAeHII51 p, a 6. h -Ton-

mHHS AHCKS, TO MOJI(HO, HCnOnb3YH nonyqean~e B pa6oTe peaynbTSTbl, H8IIOCpenCTB8H

HO HSftTH CKSn!!pH~A noTeHUHan MSrHHTHOrO non!! nn11 pHAS TOKOB~X KOH~HrypauHA. 

npu &TOM Ha06XOAHMO, qT06bi MarHI!THblft MOMeHT enHRHqHol!: nOBepXHOCTH, HnH 

MSrHI!TH~A MOMeHT enHHHllbl 06'beMa ( HnH H8MSrHHq8HHOCTb M 
/21/,/22/ 

C TOKOM I cneAyiOmHMH COOTHOWeHH!IMH • 

M.•f.l oi 

Me f.l 0 i ' 

6binll CB!I38Hbl 

(7.1) 

(7.2) 

rae fLo 
1 

- MarHHTHS!I !IpOHHUSeMOCTb, I - TOK,TeKymHft IIO KOHTypy ABCKS, I::.----

liHHeftH851 IInOTHOCTb TOKS, 
6.h 

,, 
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p 

d 

P11c, 3. 

HanpRMep, aaMeHIIII B lflopMynax { 6.18). { 6.19) H8M8rHR'IeHHOCTh M IIRHeAHOII 

IIIIOTHOCTbiO TOK8 i B COOTBeTCTBRR C { 7 .2), IIOIIY'IBM B3BeCTHble BbipSJKeHRII llllll 
/23/ 

KOMnoHeHT MSrHBTHOrO nonll OT KpyrOBOrO BBTK8 C TOXOM • Tax X8X M8rHBTHbie 

nOIIII CK118llb1B810TCII BeXTOpHO, TO none paBHOMepHO H8M8rHR'IeHHOrO XOIIbUeBOrO 

ceKTOp8 MOJKHO p8CCM8TpBB8Tb K8K cyMMY O'leHh 'TOHXBX' 110 BbiCOTe KOIIbUeBbiX 

ceKTOpOB. 3aMeHIIII K8JKllbiA KOIIbUBBOA ceKTOp COOTBeTCTByJOmBM TOKOBbiM KOHTypoM
1 

IIOIIY'IBM B o6meM cny'lae Bb!pSJKeHRe 111111 KOMnOHBHT MSrHBTHOrO nOIIII OT OllHOCIIOA

HOrO KOIIhUeBOrO UBIIRHllpR'IeCXOrO ceKTOpH811hHOrO coneHOBll8, iflopMa KOToporo 

noxaaaaa sa puc. 4, ecnu eblnonseso ycnoeHe 

N l (7.3) 
M • IL 

0 
-'--

2b 

rne I - Tok, TeKymuA no o6MOTKe coneaouna, 
N - 'IBCIIO BHTXOB, 2 b - Bb1COT8 

KOIIbUeBOrO UHIIBHilpH'IeCKOrO ceKTOpH81lbHOrO COIIBH0Rll8• 

l 

0 

-=r-
P&c.4. 

28 

~ 

Tax xax RHllYXURll nonH B R aanplllKeaHocTb MarBIITHOrO DOIISI 

paBHOMepao HSMarHH'Iesaoro Tens BHe ero o6'beMa 

coneso11na, TO. Ha ocsoee {3.10), 

paea&I non10 B 

(3,14) B (3.15) BeTCTBYJOIIlero 

nonH OT xonhueeoro uanasnpH'Iecxoro cexTopaanhsoro coneaoana B 

II - tP O <. tP < tP O MOJKHO 38nHC8Tb 

(I) _N_I -- [I H •-
uo 8" b 

y'y2+r2+r' 
O(a

1
,k,,9\+ 

y 

( 1 ) 
H 

rec 

( 1) 

H t/>•c 

rne 

-

+ 

y'(r'+r )2 + y2 

y'y 2+ r 2 - r' 

v'Y 2 + r 2 + r 

N I 
I [ sio a Arsb 

8" b 

r'2+r2+y2 

rv' (r'+ r)
2 

+ y 2 

y'y2+r2-r 

a, y 
0(a 2,k,j9)]1

0 
+(a

1 
.. a

2
)JI 2 

Y, 

r'-rcoaa y'(r'+r)2+ y2 
+ 

v' y 2 + r 2 aio 2 a 

a! y 2 R 2 
F(k,tl)] +(a

1 
.. a 2)11 I 

o y R 
I 1 

N I v' y 2+ r' 2+ r 2-2 r' r coa a r' - r , 
------------ + coa a Arsb --===== 

8" b v' Y 2 + r 2 si 

y 1 • -b -z; y 2 • b- z 11 a
1
•t/>

0
+4>; a

2
• 

B npyr11x o6nacT!IX npocTpaHCTBa pemeHBII MoryT 6&ITh onHCSH&I aaa1 

- 1161 
30M B COOTBeTCTBHH C dpaBHIIOM, llpHBeneHHbiM B pa6oTe • 

BHyTpll HaMarHB'IeHHOrO Terra BHAYKUHSI 11011!1 8
1 

p8BHa IIHllYKU 

BHYTpll COOTBeTCTBYJOIIlero COIIeHORAa, a H811pRlKeHHOCTB MSrHBTHOrO I 

npyr OT npyra, TaK KaK BHyTpH H8MarHH'IeHHOro TBI18 ne~CTByeT BeK1 

Ha paBeHCTBa B1 • B 1 " nn!l HanpHJKeHJl:ocTB Mar HI HH'IBHHOCTII M • 

BnyTpH HaMarHH'IeHHOrO Terra H, II COOTBBTCTBYJOIIlero eMy C011BHO 

nallneM, 'ITO 

H "'H + lc I 

M 

~'-o 
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p p 

PHC, 3. 

a ljlopMynax ( 6. 18), ( 6. 19) aaMarHH'i911HOCTb M nHaeAaoA 

B COOTB9TCTBHH C ( 7.2), nony'iBM H3B9CTIIbl9 BblpalK911HSI JlDSI 
/23/ 

TOICOM • TalC Ka!C MarHBTIIbl9 
nonH oT Kpyroaoro aHTKa c 

saMarHH'i911HOrO ICODbU9BOrO 
aeKTopao, TO none paaaoMepao 

MaTpHaaTb KaK cyMMY oqesb 'TOHICHX• no BblCOT9 KOrrbU9BblX 

COOTBeTCTByiOmBM TOKOBblM ICOHTypoM, 

MarsuTaoro nonH oT onaocnoA-
e BblpalK9HHe Jlfl!l KOMnoaeHT 

HJlpH'i9CKOrO ceKTOpHanbHOrO coneHOHJla, ljlopMa KOTOporo 

ablnonaeao ycnoaHe 

M • It 
0 

N 1 

2 h 

(7.3) 

o6MOTKe coneaoHna, N - 'iHCDO BHTICOB, 2 b - BblCOTa 

ceKTOpHanbHOro coneaoHna. 

_:_z 
PHc.4. 

28 

•• 

B 
TaK KaK HIIJlYKUB!l nonH B H aanp!llK911HOcTb MaraHTaoro nonH H • -- OT 

~'o 
paBHOM9pBO HaMarBH'ieBBOrO Tena BH9 ero 06'beMa paBBbl non10 B H H OT COOT-

aeTCTByiOmero COD9110HJ18, TO. Ha OCIIOBe (3.10), (3,14) II (3,15) JlDS KOMnoaeHT 

nons OT Konbueaoro uanHHJlPH'iecKoro ceKTopsanbHoro coneaoana e o6nacTR z <- h 

II- </> 0 <. </J < rp O MOlKHO 3anRC8Tb 

Hill ,. __ N_I_[I y v·y2+r2+ r' 
n~a 1 ,k,tJ\+ [ 

uo 8 tr h v' ( , )2 2 (7.4) 

(I) 

H 
rec 

( I) 

H r/>•c 

rne 

-

v' / + r 
2 r +r + y - r 

--
v'r2+ r2- r' a, y R2 

+ n (a 2. k, tl ) 1 I 0 + (a c• a 2) I I I 
IR 

v'Y 2 + r I + r Y, 1 

Nl r' - r coa a y'(r'+r)2+ y2 
E(k,tJ) I [ sla a Arab + 

8 tr h r 
v' y 2 + r 2 ala 2 a (7.5) 

r'2+ r2+y2 al y2 R 
F(k,tJ)] + (a

1 
.. a 2)11 I 

2 

ry'(r'+r)
2

+y
2 o y R 

I 1 

v' y 2+ r' I+ r 2-2 r' r coa a r ' - r cos a II a2l ~ Y2 -----------+ coa a Arsh R_1 
a 'Y 

v' 'Y 2 + r 2 sia 2 a 1 1 1 

Nl 

8 tr h 

("f.6) 

Y 1 • -h -z; y2 • h - z 11 a 1• rl> o + rl> ; a 2 • rl>o - rl> • 
8 npyrax o6nacTsx npocTpaacTaa pemeHH!l MoryT 6biTb onHcaBbi aHanorH'iHbiM o6pa-

. 1161 
30M B COOTBeTCTBHB C npaBHnOM, npHB9J19HIIblM B pa60T9 , 

BayTpH HaMarHB'ieHaoro Tena HHJlyKuHs nons B 
1 

paaaa HHJlYKUHR nons B 
10 

BHyTpH COOTB9TCTByiOmero coneHOHJla, a HanpslK9HHOCTH MarHHTHOrO non!l OTnH'iHbl 

npyr OT Jlpyra, TSK KSK BHyTpR H8MSrHH'i9HHOrO Tena J19~CTByeT B9KTOp HSMar

HH'i9HHOCTH M. Ha paeeacTea B1 ·B
10 

JlnH Hanp!lll<9HHOCTH MaraHTaoro rronH 

BHyTpH HaMarHH'ieaaoro Tena H 1 11 cooTBeTcTeyiOmero eMy coneHoana H 
1 0 

HSI!JleM, 'iTO 

H • H + 
I c I 

M 
(7.7) 

~'o 
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• 

ITOSTOMY B~pa~eHHS KOMnOH6BT MarBHTBOrO nons BHyTpH KOnbU6BOrO UBIIHHApH

qecxoro cexTopaanbaoro coneaoBAa HMe~T BRA 

Hill 
zlc 

Nl Y
1 

yy~+r 2 +r' 
---[( [-

8rrh .J , t -~ 2 v(r +r) +y• yy+r -r 
1 1 

v y 
2 

+ r 
2

- r' 
n (a11 ~ kr f3 > + 

1 n ~~1; k1,fJ) 1 + 
vr•+r•+r 

1 

y2 
yy 2+r2+r' yy 2+r•-r' a 

2 2 1 

+-=======- ====-::--D(a ,k,
2 

,fJ) + n (a ,k ,fJ)JI + u 2 2 u2 o 
y(r'+r) 2 + y 2 

2 
V y 2 + r 2

- r 
2 

yy+tr+r 
2 Ra 

HIll 
ric 

Nl 
• --- ( [ aia a Arsh 

8rrh 

r '- r cos a 
+ 

y y 2 + r 2 sin 2 a 

+(a -+a >11 
1 2 R 

1 

2 2 
y(r'+r) +y 

a1 2 2 
r'

2
+ r + Y F(k,fJ)]o ( 

y R 
+ a1 .. a2>11 21 2 

Y 1 R1 r y ( r ' + r ) 2 + y 2 

Nl yy
2

+ r'
2
+ r

2
-2r'rcosa r'-rcosa 

J + COSt! Arsh 

N I 
+ ---

{ 7.8) 

2h 

E(k,fJ) 

{7.9) 

t1 R 
ll 2 1 2 1 Y 2 

(I) 
H 

epic 8 17 h y y 2 + r2 sin 2 a 
a

1 
R

1 
y,7.10) 

nerxo BHA9Tb, qTo B~pa~eHHS paAHHnbHOft H 83HMyTanbHOft XOMnOHSHT nons 

BHyTpH H BHS COn9HOHll8 HM9~T OllHH H TOT ~e BHll, TSK KSK B H8W9M cnyqae 6binO 

npennono~eao M z • M , M r • M.p • 0. 

CnenyeT OTMSTHTb, qTo npH Bb!BO):le COOTHOI!IliHHft { 7.8) -{ 7.10), OnHCbiBSIOWHX 

MaraHTaoe none BHYTPH xonbueaoro uanaanpaqecxoro cexTopaanbaoro coneaoana, 

BOCnOnb30B8nHCb B~pa~SHHSM {2.3) nns CKanspHOro nOTSHUHana BHyTpH H8MarHH

q&HHOrO KOnbli9BOrO URnHBllpHqecxoro CSKTOpa. IT pH 9TOM napaMeTpbl D II = D I ( r, y
1 

) , 

n = n (r, y ) , k • k ( r' , r , y
1 

) 
21 2 I I 

k
2

·k(r',r,y
2 

npH y I • Z + h , y 2 • h - Z • 

n 12 • n 1 ( r • y 2 ) ' n 22 • n2 ( r • y 2 ) ' 

onpenenRIOTCR { 2.14) 

Ha {7.4), {7.5), {7.8), a {7.9) nerxo nonyqaTb BhipalKeHHR aepTaxanbHoft 

H paAH8nbHOR KOMnOHSHT M8rHHTHOrO nons BHS H BHyTpH UHnHHllpHqecxoro OllHO-

cnofiHOrO COn9HOHll8, nonO~HB B HHX a • o: •, 
I 2 

a R 1 •0, R
2

-R. 

:m ,. 

To rna nony'IBM: nns sepTBxanbaot cocTaana~~ea nona aae coneaoa~ 

Hl1l NJ - ~~· 1 
I 1 - 2 [ A 0 (a , {3 1 ) + A 0 ( a, f3 

2
) + P F

0 
(a) 1 I f. zc 

4h 

aayTpa coneaoBna 

rne 

Hill 
ac 

N J ( 
-I[A (a,fJ )+A a,fJ >+ 

.. h 0 I 0 2 

k. 

p F (a)] + 

+[A (a,fJ ) +A (a,fJ) + 
0 1 0 2 

It" I 

p 

0 y- y 1 

F(a)]Y•Y.I 
0 I 

A 0 (a, {3 1 ) , A 0 (tl, f3 2 ), F0 ( t1) onpenenRX>TCa {4. 15) a (4.11 

Dna panaanbaoa cocTaana~~ea nona aae a BayTpB coneaoana aMe 

Hu'=.2!.!_ 
rc 4 ,. h 

I I I )'
1 y(R+r)

2
+y

1 
R +r +y K(k)JI ..:._~_;___;..,__ E ( k ) - I I y l 

/18/ Hcnonb3yH COOTHOWBRBa 

ry(R+r) +y 

A 0 (t:~)f3 1 ) +A 0(a,f3 2 )-A
0
(a,f3

3
)+ lr'1 siof3

1 
siof3

1 
slaf3

3 
F

0
(a 

rne 

f3
3 

• arc sin 
y 

--=====-· y(R-r) 2 + y 2 
k'

2
-1-k

2
, 

aatneM H3 {7.12), {7.13) cjlopMyn~, onac~aa~~•e Maraa~aoe none BRYTJ 

cnolaoro uanaanpaqecxoro coneaoa.Qa, nonyqeaa~e aa ocaose aaxoaa Eac 
/24/ 

B pa6oTe , a B3 {7.11),.{7.13)-cjlopMyn~. onac~aa~~•e MaraaTaoe n' 
/25,26/ coneaoana R npase.Qeaa~e a pa6oTax • 
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M&rBBT&OrO nons BHYTPH KOnbU9BOrO UHnB&~pR

cone&OB~8 RM9~T BB~ 

yy2+r2+r' V y2+ r2-r' 
I I ~::=-- [ 
22 

n (a11 ~ ~t, tJ > + -===-::--- n <.~,i k1,tJ) 1 + 
)~+y2 yy+r -r yy

2
+r2+r 

I I I 

yy2+r2-r' a 

a.• O(n ,k,2 ,~)+ 2 D(n ,k ,13)11
1

+ 
12 

2 2 
u2 o 

yy+tr+r 
2 Rt 

+(a -.a)]\ 
1 2 R I 

N I ( 7.8) 
+---

2h 

r'-rcosa y(r'+r)
2

+y
2 

+ a Arsh E(k,l3) 

v y 2 + r 2 sin 2 a (7.9) 

a, 
~ F(k,~)] 0 ( 

y R 
+ al-.a2)1\ 2\ I 

y I Rl 2 
+y 

r'
2 

+ r 
2
-2r'rcosa 

a R 
l\ 2 I 21 r 2 r'- r coa a 

+ cosa Arsh 

v y 2 + r2 sin 2 a 
a

1 
R

1 
y~7.10) 

Bbip8lK9BHS pa~Hanb&Oi! H 83HMyTanb&Oi! KOMnO&SBT nons 

l!MS~T O~IIH H TOT lKS Bll~, T8K K8K B aameM cnyqae ()bmo 

'ITO np& Bb!BO~e COOTHOIIBHBi! ( 7,8) -( 7.10), OnHCbiB8~IDHX 

uanaanpaqecKoro ceKTopaanbaoro coneaoana, 

nns cKanHpaoro noTeauaana BHYTPH aaMarHH

ceKTOpa. Opa aToM napaMeTpbl n
11 
~n 1 (r,y1 ), 

k ( r ' , r , y 
1 

) n 
12 

= n 
1 

( r, y 
2 

) , n 22 m n2 ( r, y 2 ) , 

onpenenH~TCH ( 2.14) 

y 2 ·h-z. 

, ( 7.8), H ( 7.9) nerKO nony'IHTb Bblp8lK9HBH BepT&Kanb&Oi! 

nonH BHS H BHyTpH UHnHHApH'19CKOrO OAHO-

B HHX al•a2•tr H R 
1 

• 0, R 
2 
~ R. 

::iU 

~ 

Torna nony~M: nns sepTaxanbaoA cocTasns~meA nons sae coneaouna 

I 
Hill N I 

4h 

1 k yl 
1 - - [ A 0 ( a , 13

1 
) + A 0 ( a , tJ 

1 
) + - F

0 
(a) 1 I I ... 

2 P Y1 

nayTpB coneaoana 

HUl ... __!!_!__ I [A (a, 13 ) +A (a, f3 
2

) + 
4 h 0 1 0 
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