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8 o6meM Cll)"lae DO'I'eBJlBan p4BBOW&pBO aapllllteBBWX OG.eMBWX J:OH~rypaJUIA MOlKIIO 

DpellCT811B'fta Cll8ll)'IDDlBM o6paaow
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dz' 
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[p 2 +r 2+ (z-z' 2-2prcos(¢-<;6')]Y.o 

r11e R 
1 

B R
21 

2<f>
0 1 

2h - aayTpeBBBII B BBe~BHII PIII111YCLI 1 yrnOB8H npOTS!lK8BBOCTb 

B Bb1COT4 COOTB8TCTB8BB01 r 1 :r 1 </> - Jt00pJ1BB8Tbl TO'UUI B46ntOil9BBH1 p 1 z' , ¢'

JtOOPilBB8Tbl nepeMeBBoll TO'IItB aneMeBTapsoro o6&eMa dv'··pdpd¢'dz' , Talt Jt8lt aenB

'IBB8 o6paTBOrO p8CCTOSBBB 

_1_- (3) 

[·p 2 + r ~(:r-z') 2-2prcoa(</>-<f>')] i 
B o6meM cny'lae IIBII!18TCII cjJyBitllllell IUIJt Jt0GpllBB8T TO'l8Jt BBISIUOJ18BBII1 T81t B ltOGpJ1BB8T 

nepeMeBBOA TO'IItB aneMeBTapsOro o61.eM8 d v' , TO RpB BBTerpllpO&eSBB Bblp8llt8BBII (2) 

seo6xOABMO pa31111'14Tb cay'laB, Jtorna 

> , .. > ¢' z < z , .,.. < • (4) 

M.aTeM8TB'I8CitB p831IB'IB8 cny'I89B1 ODBCbiB88MbiX sepa&eBCTBOM ( 4) 1 CBOJ1BTCB It To

MY 
1 

'lTo6bl B Bb16p8BBbiX o6naCTHX DpOCTp8BCTB81 r)le Blll8M pemeRBe J11lll DOilll1 B91111'1BBbl 

(z-z') BllB (z'-z) 1 8 T81tlK8 (<jb-¢1 B~ (¢'-</>), BXOJ1IllllB8 B COOTBOmeBBe (3), 6blllll 6bl 

DOilOlKIITellloBbiMB, 

B cOOT&eTCTBBB c STBM ablpalKeaae DOTeJIIUI&II8 pauowepao aaplllll:eBaoro JtOIIIoll&Boro 

C91tTOp8 MOlKeT 6b1Tb Dp8J1CT8Bil9BO B p831IB'IBOII cjlopMe, 

8 o6118CTB DpOCTp8BCTB8, J11lH KOTOpOA TO'IIt8 B861lJOAeBBII YJ10BileTBopHeT yCilOBBIO 
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0 0 
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4ru -J. a •h p +r +(• -•) -2prcoa(</J -¢1] <fl a ·h [p 't-f +<s':..z) . 

0 -.,.0 I I 

B o6nacra1 111111 XOTOpOA 
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I 4rH O 
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0 

Bl 

j 

B oCSilacTB, Allll JtOTOpot 

... 

¢·>¢
0

, •h<s<h 
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"'0 f d<f>' 
-<h 

0 

R2 

f pdp 
h 

f 
-h 

d z' 
(2) 

[p 2 +r 2+ (z-z? 2-1prcos(¢-<f>')]~ a, 

2<f>
0

, 2h - BayTpeBBHlt H BH9~BKlt PIUIIIYCLI, yrnOB8ll RpOTBJK9BKOCTb 

TBeuuo, r , z , ¢ - xoop.11KB8Thl TO'Ut.B ua6moneuusr, p , z' , ¢'-

sneMeuTapuoro o61.eMa dv'-·pclpd¢'dz' • Tax xax aenu-

1 --= (3) 
[p 2 + r ~ (z-z')l!._2prcos(</>- <,6')] % 

SIBASI9TCB cjlyBXIIHeA Jt8lt lt00p.11KB8T TO'I91t B8fS.IU0.119BHll1 T81t K ltoop,11RU8T 

aneMeBTapuoro o61.eM8 d v' , To Iipu RBTerpllpOBaBRR Bblp8•eua11 (2) 

cny'lau, xor.11a 

> 
z < z', ¢ ~ <,6' • (4) 

p83nB'IBe cnyqaeB1 ODBCbiB89MbiX uepa&eBCTBOW ( 4) 1 CBO.IlBTCSI It To

•p8BBhiX o6naCTHX llpOCTp8BCTB81 r.11e Blll9W pemeBHe .11All DOIIllo BenK'IRBbl 

1 8 TUJKe ( rp- </> ') BnK ( ¢ '- </>) , BXO.Il$1111R9 B COOTBOmeBBe ( 3) 1 fSblnll fSbl 

BUB C STRM Bblp8JKeBR9 DOTeBIIBa&B paBBOWepBO 38pl!JK9BBoro ltonb119BOro 

LIT& DpellCT8Bn9BO B p83AB'IBOA +opMe. 

DpOCTp8BCTBa, .llAH KOTOpOA TO'IIt8 B86AI0.119BRSI YAOBAeTBOplleT ycnOBBIO 

u 

"«o 

-<,60 < ¢ < "'0 . - h <" < h 

cf> 

f d<f>' 
-¢0 

R2 z , 

f pdp[( dz ~+ 
a ·h [p ~r 2+(a-z') 2 -2prcos(¢-¢?1 

I 

<,60 R2 8 

I "1 + fd.f>' fpdp{ f dz' ~ 
</> R I •h [ p ~r ~(z -/1 2-2p rcos(<f>!..¢ )) 
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• [p ~r-f<z~z) !.2proos(¢~¢ )] ~ 
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U
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-__!_x...IJ d¢' 

a 1 ., d , ¢o a• h , 
fpdp f :r 1 d¢'fpdpf d:r t 
a ·ll [ P \Or "'<:r-:r') 1-2prcos(<,6"¢1)) If</> a .Jl[/+r1+(.-:r') 1-1prcoll(<,6~¢)] M 

(8) 

4trf -</> 
0 0 I I 

8 o6MCTR1 Alffl JtOTOpOI 

-</> <¢ <<,6 • :r<-h 
(9) 

0 0 

</> a, ll </> a, .. u.- -L.- If d¢' fpdpf 1 1 d.a' j( f «:s¢.' fpdpf 
1 1

4•' 1\ I. 
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0 I I (10) 

8 o6MCTR1 .11411 JtOTOpOI 
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0 
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""«o ·</> •I ·h P 
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8 ofSnaC:TR1 .11411 ltOTOpOI 
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</>0 R2 h 

~I d¢' I pdp J 
471 • o.,¢ R ·h 

0 I 
[p lit- r ~Cr' -z) 2 -'J.prcos(¢-¢ ')1 % 

dz' 
(16) 

B o6nacTa1 AnH ttOTopoll 

¢<-</>
0

,z>h (17) 

¢ R h 
0 2 

J d<f>' I pdp I 
dz ~ u, - (18) 

..., f 0 a, 2 2 I % 
-h [·p +r +(a-:~') -'J.pr ca.(</1'-¢)] ·<Po 

B oC5nacTB 1 AnH ttOTOpol 

¢<-¢
0 

, -h<z<h (19) 

(20) 
h ¢0 R2 

u,. ~I d</l' f pdp 
4711 ·</> R I 

0 0 

£ I u' f d:~' 1 
•h [p ~ r \<z-z') ~ 'J.prc:os(¢'-¢ )1 { • [/ + r 1+(•~z) 2 

-'J.prcos(¢ ~)] ~ 

B oC5nacTB, AJIR KOTopol 

¢<-¢ , z<-11 
0 

(21) 

¢0 R2 h 

u m _!!.z.... I d¢' I pdp I dz' \ • 8 
41rf -</> 8 ·h [pt+r\(z~:r) 2-2prcos(</>'-¢)]js 

0 O I 

(22) 

n0TeBlUI81U>l; ODBC:bi888Niole C:OOTBOW8BBIIMJI (6), (8), (10) 1 (12) 1 (14) 1 {16) 1 (18), 

(20) B (22) 1 oupe)lenRJOT BO BCeM DpOCTp8BCTBe &neJtTpOC:TIITII'Iec:ttOe none p8BBOM&pBO 

aaps•eaaoro ltonhAeaoro cettTopa. 

6 

• 
'"·N••·•~'l\"'•tj!j\1""""'-.;r.~~~~·~~~"'~lflr,'t>t'~''-"'"'"•·----'--·--·-· t 

II • 'laCTHO& pemeaae yp8BH8HBH nau~ca 

.naH H8XO*lleHBH ltOMDOBeHT &nettTpOCT8TII"'IeCJtOrO DOJIH BBeneM ljlylliUlJI 

pdy 
Uo=Uo(p, r,y,a)=Ida Jdpi [p~r~y!2p;cosa1% 

nerttO BHJleTb 1 'ITO C DOMOWblO ljlyHII:AHH U O = U O (p, r, y, a) B COOTB&TC' 

nenax nO uepeMeHRbiM HHTerpap088HH51 p 1 y H a MO*RO H8liTH DO'I 

uoaeHTbl noaH a moe5oll aa HHTepecyiOmax aae oC5nacTell upocTpa&CTBa. np 

HHH BhiJl8lK&HH51 (28) C5yneM upenuonaraTb1 'ITO 

a~O, y~O. 

HHTerpapy51 no nepeMe&aoll "p" , uony'IHM/
2 / 

U0 =fda II y·p 2+ r~-y !.2prc:osa+ r CC?sata [yp~r~yl.'J.prcosa+p-rcoltall~ 

nocne BToporo uTerpapoaaaas no uepeweB.Bol ·~r" aMeeM 

U • Jl !.. y p*+ r~·Y '!..2p r cos a + 
0 2 

p
2
+r !.2prcosa 

2 
la (·y+ VP lt-r;.yT2p r 

+ r cos a [ •yta (p -r cos a+ y·p~r 3+y!2p rcos a) -y+(p-rcosa) ta (·y+ yp 2+r~ 

. (p-rcosa)yp 2+r~-y'!..2prc:osa+p \ r2 -'J.prcosa ] l 
-rmaasrctc a. 

•yrsiaa 

0TMeTBM, 'ITO BTOpO& HHTerpBpOBa&Be CDpaB&JlnRBO Be TORhltO npH a>O 1 

lio 
nony-.e&HO& pemeHBe B ljlopNe (26) MOlKBO npeo6pa30B8Tb It C5onee fA' 

A&llbBelmHX p&C'leTOB BRAy: 

a ·p!r f:os2a 
U •JI.Lyp\rly-'J.prcosa + Arsh 

0 2 2 
y + rcosa [yArsh 

V p \. r !2prc:osa v·r 

- rsiaa arct& 
·r< ·p- r cosa) rslaayp~r~·yl-2prcosa 11 da+fl\4(p~r~s2a)ta(p 2+r~2prcosa)+ 

+% r·y cos a tli (y~r2sia =lz )- r•ycosa +r 2siaa cosa arct& __ Y __ Ida • 
r sio a 
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<Po a2 h 

- ~ J d¢, J pdp r 
411 < o~¢ a, ·h 

0 

d:r' 
(16) [p ll+r ~(z'-z) 2 -2prcos(¢-¢?Jli 

¢<-¢
0

,z>h (17) 

..< a b d 
"'o 2 z li 

r d<f>' J pdp I 2 2 < '> ~-2pr a. <¢'-<t>>J . ·h [·p +r+ z-z ·<Po a, 
(18) 

¢<-¢
0 

, -h<z<h (19) 

a2 .. (20) 

, f pdp 

a, 
dz' dz' ) 

(f 2 2 'Jff I I 2 ~· 
·h [p~r +(z-z')-2prcos(¢'-¢ )] • [p +r +(z~:r) -2prcoa(¢~)] 

¢<-¢
0

, z<-h (21) 

<Po aa b 

f d<f>, f pdp f d:r' • 

·</> a ·b [pt+r\(:r~z) 2-2prcoa(¢'-¢)]H 
0 I 

~(22) 

ODRCbiB88Mble COOTROW8RRIIMJI (6), (8), (10), (12), (14), (16), (18), 

Aen~ BO BC8M npOCTp8RCTB8 &n8KTpOCT8TR~ecK08 none p&BROMep•o 

C8KTopa, 

6 

• 
.L 

II • 'iacTaoe pemeaue YP8BR8RHSI nan~aca 

nng H8XOlKA8HRSI KOMnOH&RT sneKTpOCT8T~8CKOrO nong BB8A8M ljly!IIUIHIO 

pdy 
. U o· U o< p ' '• y, a)= fda fdp f [ p ~ r ~y !2pr cos a] li 

(23) 

nerKO BR.[l&Tb, 'ITO C nOMOWbiO ljlyHJUlHH U O = U 
0 
(p, r, y, 4) B COOTBeTCTBYIODlHX npe-

A8n4X no nepeM8BBbiM HBTerpHpOBAHRSI p 0 y H a MOlKHO BAATH nOT8BilH&nbl H KOM-

nOB8BTbl nonB B n106olt ua BHTepecyiOmux uaC' o6naCTelt npocTpaBCTBa. llpu HBTerpuposa

HHH Bblp8lK8BHSI (23) 6y.oeM npeAnonaraTb1 'ITO 

HBTerpupyH no nepeMeuaolt 

a~ 0 , y ~ 0 • 

121 ''p, ' U:ony"'BM 

{24) 

U0 •.fda Jlvp
2
+ ~2prcosa+ r C?B4la [...jp~r~yL2prcosa+p-rcoa4]1 dy. (25) 

fiocne BTOpOrO HBT8rpllpOBaBHSI no nep&M8HBOlt '~y" HM88M 

Uo • II 2:. v pi+ rl.y !.2p r cos 4 + P
2
+r !.2prcos4 

2 2 la(·Y+vp~~2prcoaa )+ 

(26) 
+ r coaa [ ·ytn (p-r cosa + vPll!t-r 

1
+y!2p rcoa Q) -y+(p-rcosa) ta (·y+ VP 2+r "+·y:.2pr C084)-

. (p-rcosa)...jp\r~·y!.2prcosa+p\.r2 -2prcos4 ll - r 81o a arctc 4 • 

•yrsiaa 

0rMeTHM1 'ITO BTop08 HRTerpHp0BaBB8 CIIJiaBe.OnJIBO Be TORbKO npB a>O 1 RO R IIJIB a-0. . i 

llony~eHBoe pemeBHe B ~Me (26) MOli[BO npeo6paaosaTb K 6onee ;rAo6aowy AnSI 

A8llbB8ltmRX pac~eTOB BH.Oy: 

2 ·p !, f:os 2a 
U •JI .Lyp\.r.f.y-2prcosa + Arsh 

0 I 2 y + r cos 4 [yArsh 
...; ·p \. r !2prcosa 

p -r C0&4 

:1 ::t. 2 
v·Y +r 810 4 

(27) 

-rsiaa arctc ·y( ·p- r COS4) ='ri=:i;::== J I da J'l 
2 2 

2 2 rsiaavpar'-·yl-2prcosa + %(p -r coa2alta (p +r-2pr cos4 ) + 

+ li r·y cos a ta (y~?sia ~)- r•y co sa + r 2aiaa coaa arctc __ Y __ Ida • 

' ~: 

r sin a 
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Ha BWpalK&BRB (27) BIUUIO, 'ITO DpB llBT&rpBpOB&BBB DO DepeN&BRWM p 
1 

•)' B 11 

a onpe.llelleBBWx Dpe.llenax &TOpol llii'J'erpan o6piUQ4eTCa a ll)'m., Tal: 11:41: moCSol 'lllea DO.Il

IIBTerpam.aoro Bwp&lK&BBB 311BBCB'I' TOIIIoi:O OT •)' 1 111111 OT p 1 a ae OT .llB:YX O.llBOBp&Ne ... 

so. 

PemeBBB B ljlopNe (26) H (27) HBIIB&IIGBTW llP:y'r .llp:yr:y, Tal: 1tU 

y Y ( p- r coa 11) 
aretc - arctc 

r sia ,. r sia11yp~r~yL7Prc;ps & {28) 

yrsiaa • aretc - arctc :r , 
r

1
aia 1 a +(p-rcoaa)~ (p -rcoaa)yp 1+r-\y!..2prcoaa 

r.lle 

•rete :r - - arctc __!__+ ~. 
:r - 2 

norro..,. B .llam.BelmeN OIIJKI.IleBBN WIII:JlBJO 

U 
0 

• U 
0

( -p, r, ·y, a )
1 

ltU 

uo_ f fgfp. r, ·y ,a) doz' 

)' I J 
fo ( p, r, y, a)'!' - y·p 1+r¥-y!..2prcoaa + P -r cos2a ~rail Y 

2 ~ T 

VP \-r '!..2prcoaa 

P-rcoaa •y (p-rcosa) 
+ r coa a[ y Anh - r sia a arclc --- ]. 

v·y -.r*sia\ r siaayp 2+r; r"-2prcoaa 

'i&CTBW~ DpOB3BO.IlBWMB WIII:JlBH 

-.!.!a_- f 
a, 

U 0 •J10 \p, r ,.y, a) 

a f (p, r ,.,,a) 
Q 

a., da 

SIBilBJOTC. 

~ !";p;..;t+:y!2preoaa+rcoaa Arllh ·p-rcoaa. 

a., - v y 1+ r iia • .. 

~ • f at4p,r,y,a) doz ' 
ar ar 

8 

• 
•1\''!"""'l' •\':11!\.'•0X"·~'I"lrrfl'~ ,,.._...\:111ta','lfl'll!'.ll'l __ .,...,, .... ____ M ____ ~~-

{28) 

;fo 
(SO) 

(81) 

(82) 

(88) 

L. L--

r~:~e 

2.!.o_-- r cos 2a Arah 
ilr 

- r sia 2a arctg 

-:=;;::::;;:'Y==:::+ ·y cos a ~rsh 
v·p"+r •-2prcoaa 

·y( p- rcosa) 

-p-rcosa 

v·r+ r ila "a 

r sia a y ·p 1+ r -~ 2p r cos a 

au 
0 

ila 
"' f 

0 
( p, r, ·y, a ) , 

r~:~e ljl:yBDHII f 
0
(p,r,y,,) 

Ha caolcTa w•x••• 

011p8.1l8118B8 COOTBOW&BH&M ( 30), 

U0 • U0 (p,r,y,a) B&OISXO.IlBMO OTM&TBT!o Cll8113 

1. «<>:yBDBB U
0

a U
0

( p, r,.y,a) :YilOBIIeTBopB&T :ypaBB&BBJO nannaca, 

& U0 -o. 
JloxaaaTellloCTBO 9TOrO 88JKBOrO COOTBOW&BRH ll8BO B npBnOlK&BHH 1. 

2. «<>:yHJtllHB U
0
aU

0
(p,r;y.a) 0Dp8ll8118B8 Be TOIIbltO llpB :yCIIOBHB (24), 

3. 

10 

R ~ r , 
I 

> 
R 

2 
< r 

U 0 I • U0 ( p, r, 0, a ) "' 0. 

yaO 

III • YpaBH&BHe nyaccosa llllll paBBOMepso aapJVKeBBWX llBmiB 

xoatarypaul 

PaccMOTPHM a&lla~y onpeneneaHH snexTpocTaTa~ecxoro nons nna TO~ 

R&XOllmRRXCR Bli)'TpH paCCM8TpBB88MOrO o61.eMa B COOTB&TCTBHB CO Cll&ll: 

CTB&MB 

R 1 < r < R 2, -<P0 < q, < .p
0 

, -h< & <h. 

9 

--......1..-. 



S1 (27) BIIJliiO, 'ITO npa RRT8I'pBpOBaBBB DO D8p8M8BB&IM p 1 •)' B 4 

•Aenax aTopoll IIHTerpan o6piUII8eTCll a JIYIIb, Tal: 11:811: mo6oll 'UieH DOA-

·palKeHBll 38BBCBT TOID>KO OT •)' o lUIB OT p 0 a Be OT 11B7X 0Ali0Bp8M8&-

topMe (26) B (27) 9KBBBan88Tiol APfr AP717; Tal: 11:811: 

y( p- r COB 4) 

arctg 
r sin 4y'pllf.rllf.yL7#irc;ps ~ (28) 

y r sin 4 
• arctc x , 

+(p-rcos4)~ Cp -rcos4)y'p 1+~y!..2prcoa4 

arctg x•- srctg __!__+ ~. 
:1 - 2 

am.HellmeM ODpeA8.1111M cjlyiiJUUIJO 

U
0
=U

0
(p, r,·y,4)1 11:a11: 

U 0E f fo<"p, r, ·Y, 4) cia , 

I I 
~ VP 1+rfy'!..2prcos4 + p -r cos2a 4rsla 
2 2 

y 
:t 

y'p \r !..2prco• 

p -rcos4 . ·y (p-rcosa) ) 
-;=~=;;=:r= - r 8lll a arclg --- • 
v'·r~r*ml!l rsiaay'p"ul.y 1-2prcou 

IAII&IMB cjlyiiJUUIB 

~-f 
iJy 

uo=.!Jo~P• r,·y,a) 

iJ f (p, r, y,a) 
Q 

iJ.y 
da , 

liBniiiOTCII 

.~--.----- . P ll+ r + ·r-2pr cos 4 + r cos a Arsh P- rc:oa4. 

v' Y 
2
+ r ~in 1a 

~ • f iJfJp,r,y,4) da ~ 
iJ r iJ r 

8 

• 
'~-'''111"'1•·'-•'··--... .._.- ·~--....-- ·- -·-

(28) 

(30) 

I 
(81) 

(82) 

(88) 

'

.,·< 
'• ' . ' 
-~- t ___ _ 

r11e 

·r + ·Y cos a Arab 
p-rcosa _2..k_ •- r cos 2a Arsh 

a,. y'p 3+r •-2prcoaa ...... ,~ .~~"Ia 

- r sin 2a srctg 

iJU 
0 

iJa 

·y( p- rcosa) 

r sin a y' p 1+ r ~ •)'!. 2p r cos a 

E f ( p, r, •)', a ) , 
0 

r11e cjlyDilBll f 
0
(p,r1y,ti) 

H3 CBOICTB cjlyHKilBII 

0Dp8A8118Ha COOTBOmeBB8M (30), 

0 0 • 0
0 

(p,r,y,a) B806XOI1BMO OTM8TRTb Cll811fJOmae: 

1. «<>yBKilBII U
0

• u 
0

( p, r, .y, 4 ) 7110BileTBoplleT ypaasesuJO naunaca, T,e. 

1'1 uo- 0. 

JloKa38TeiibCTBO BTOrO BalKRoro COOTBOmeBBII 11880 B npBIIOlK8BBB 1. 

2, 4>7BKilRll U
0
-U

0
(p,r,y,a) 0Dp81181l8B8 Be TOID>KO DpB )'CilOBBB (24), HO B npa 

3, 

R ~ r , 
I 

> 
R 

1 
< r 

U 0 I E U
0 

( p, r, 0, a ) '" 0. 

)'=0 

"' 

Ill • YpaaBeBBe nyaccoaa 111111 paaHOMepso 3aplllK8BB&IX llRilBH11pB'18CKBX 

xosc!lsrypallBll 

(34) 

(85) 

(86) 

(37) 

(88) 

PaccMOTpaM 38114'1Y onpe~teneaas aneKTpOCTaTB'lecxoro nons .!lllH To'lex aa6nJ0118HBII, 

H8XOJ1HmBXCR BJIYTpB p8CCM8TpRB88MOrO OIS1.8M8 B COOTBQTCTBRB CO CllQilYJOmBMR HepaseH-

CTB8MR 

R 
1 
< r < R 

1
, -</>

0 
< cp < cp

0 
, -h< z <h. (39) 

~: 
~· 

9 
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llnB 9TOrO Cny'l851 BWp8lK&BB8 JlDSI DOT8BilB8.1181 cornaCBO (6) B (29)1 MOlKBO np&Jl

CT8BHTb K8K 

¢+¢ ·Y•-+h 
y~k·• 

r11e 

U - ....:!.:!_ I f 0 [ f (p, r, y, a ) I + f ( P , r, y', a ) I 
4•• 0 ' 0 , o 0 ·Y=O y•u 

¢~¢ 
+f 

0 

>"'ll+h 

f 
0 

( p,r1y,,.1 
·>"'D 

·y':.t. •• 
+ f 

0 
( p, r, y', a') I 

y-:.o 

a-¢-¢', a'-</;'-¢, y•z-z', yO:.z~z 

H838BBCBMW8 nep&M8BHW8 • 

COOTBOW&HB& (40) MOlKBO nepeDBC8Tb C y'I&TOM (88) B BHJ18 

¢+¢0 
U • _a_( J L f

0
(p,r,z+h,a )+f

0
(p,r,h-z,a)]da + 

4rrt 
0 

0 

<fo¢ 
+f 

0 

P·•a 
[ f

0
(p, r, :tt-h, a')+ f

0
(p, r, h-z, a')] da'l I 

p•R 
I 

] cia + 

I""• a 

1 cia' I I 
p•R 

I 

(40) 

(41) 

(42f 

llnB cocTaan&BRB onepaTopa nannaca, BXOJ1Bm&ro a ypaaaeoe Dyac:coaa,aaAJl&M 

'18CTBbl& npoR3BOJ1BW&. ORa BMeJOT BHil 

au a a•¢+¢ 
-- • _ .. _ I [ f (p, r, z + h,a) + f (p, r,h -z, a])] I 0 

a¢ 4•• 0 0 o i a•O 

OTM&TBM • 'ITO npB 

8 

au -~1 
a¢""a 4••o 

aa¢-¢ 
0 

- [f 
0 

( p, r, :tt-h, a ) + f 
0 

( p, r, h - z , a ) ] I 

¢·0 
au __ .. o 

iJ¢ 

ofo(p,r,:H h, ¢ + ¢o) 
aq. 

a•o 

af~1r,h-z,c/>+<f. I + +. 0 

iJ¢ 

P•R 
I I a 

p=R 
I 

+ afo(p,r,:l+h,¢o- ¢ 

a¢ 

., ... 
+ aro (p,r,h -•, ¢o-4> I I 

iJ¢ ,_ al 

10 

• 
~·-··•"-'~"'""'"•""""'·-~m.-·-• ---~''"·••·--~--··-

(43) 

(44) 

(45) 

' 

au 
a .. 

¢-¢ 
+OJ 

0 

u .. 

.4•• 0 

</>+¢0 
I f [ 

0 

ar
0
(p, r, s+lt, a) 

a. 

iJf0(p,r,s+h, a') 

a .. 
a fo ('p,r,h- •.a ') 

a. 

af
0
(p, r,h ... z, a ) 

a:; 

, .. • 
1.._, I I 

., ... 

8BJ1B01 '1'1'0 DpB 
·-0 au 

a .. 
.o. 

L_~. -~-~-

I 
2 au u.., t/l+t/1 

----1 f 
0 

4 Iff [ 

a fo(p,r,s+lt,a) 
+ 

• a fo (p,r,h -s,a 
--a;t. a. • a.• 

0 0 

¢0-· al (p,r,s+h,a? a•ro (p,r,h-s,a') 1 •" 
+ f l o a.• .,. a.• 

., 
p 0 

il> </J+¢ at0(p,r.s+lt,a) at0 (p,r,lt-s,a) 
___!!__. ~ I f f + 

ar ar ar 41ff 0 0 

¢0-;. at0 (p,r.s+h,a') af 0 (-p,r,lt -s,a') 
1 da +f [ + 

0 ar ar 

11 



ny~aa swpa*eKBe nna nOTeHQxana, cornacxo (6) B (29~ MO*BO npe~-

¢+¢ Y•o+b 
y~h·• 

0 

I f 0 [ f (p, r, y, a) I + f ( P , r, y', a ) I 
0 0 

o ·Y=O .Y~u 

¢;;¢ 

+f 
)"'o+b 

f 
0 

( p,r,y,a1 
·y~ •• 

+ f 
0 

( p, r, y', a') I 
y~ 0 •)/'"0 

a-=¢-¢', a'=¢'-.:/J, y•z-z', y~z'!...a 

M8KKhl8 

MO*KO nepenHC8Tb C y~eTOM ( 38) B BJIA8 

¢+¢0 
I J l f 

0 
(p, r, z + h,a ) + f

0
(p, r, h-z, a)] d a + 

0 

¢ p=•a 
[f 0 (p,r,~b,a')+f0 (p,r,b-z, a')] da'll 

p•R 
1 

] da + 

P-Ra 

1 da' I I 
p•R 

1 

(40) 

(41) 

(42) 

sxonsmero B ypas&eHKe nyaccoaa,aaAneu 

417<0 

a•¢+¢ 
(p, r, z+ b,a)+ f (p, r,h -z,a])] I 0 

0 
a•O 

a•¢-¢ 
0 

- [ f 0 ( p, r, ~b. a ) + f 
0 

( p, r, h - z , a ) ] I 
P•R 
I I • 

·• 
¢=0 

au _.,o 
aq, 

rif0(p,r,Z+ h, ¢ + ¢
0

) 

aq. 

+ ofo(p,r,z+h,¢0- ¢ 

aq, 

.. 

a=o 

of~,r,h-z,p+¢ .. 1 + +- • 
a¢ 

p=R 

p•R2 
+ ot0 (p,r,h -z, ¢

0
-¢) 

1 
I 

iJ¢ , •• 1 

10 

\ (43) 

1 

(44) 

(45) 

\ 

iJU 

az 

tf>-¢ 
+OJ 

0 

u. 

,41ff p 

¢+¢0 

I f [ 
0 

iJt
0
(p, r, z+h, a) 

iJz 

iJf
0

(p,r,s+h, a') 

iJz 

iJ fo (p,r,h - z,ca ') 

iJz 

iJf (p, r,h ..... a ) lu+ 0 

iJ:i 

, .. 
I 

lu' I I , ... 

BIQlBO, ~'1'0 DpB au 
az 

... .,.!. 

z•O .o. 

I I 
iJU a. ¢+¢ 

-- If o 
4 .. , [ 

iJ f
0
(p,r,z+h,a) 

iJ
1
fo (p,r,h -z,ca) ] da + 

iJsl iJ fl I 
+ ~; 

0 0 

., ... 
I 

·p·•. 

¢_ -¢ I I 
o , iJf

0
(p,r,z+h,a') a f

0 
(p,r,h-z,a') 

+ f L -.1- ) dt/ 
o a :11:

1 ilz 
1 

au a. -------
ar 4"'o 

¢+¢ 
, r r 
• 

a f 0 ( p,r,Z+ h,ca) 

ar 
+ 

a ,.0 (p,r,h- z,ca) 

ilr 
] da + 

~ 
•', 

¢0-t/1 
+f [ 

D 

' ,, 

ilf0 (p,r,z +h,a') 
---------+ 

ilr 

II 

ilf 0 (p,r,h-a,a') 

ilr 

·p·•. 
1 da' I I 

-, ... 

(46) 

(47) 

(48) 

(49) 



.;,+ ~~ 
all = ~ 1 I r 
~ 4rrr

0 
o 

2 
a fo (p,r,z+h,a) 

a,• 

1>0-¢ 
2 

+ r [ a f o(p,r,z+h, a? 
a.• 

0 

+ 

+ a•ro (p,r,h-z, a) ] cia+ 

ar 2 

2 
a fg( p, r,h -z,a? ] da' I 

a. !I 

(50) 

paa 2 
I 

pzR 
I 

OnepaTop nannaca ana cjlyJD[IlBH U H8 OCH088HHB ( 45) , ( 48) - (50) BloiOeT BBJl 

<'.U =~I ,'.u · (p,r,z+h,¢+¢ )+1\U (p,r,h-z,¢ +¢
0

)+ 
41Tf 0 0 0 (51) 

rae 

0 

p•R • 
+,.. U 

0
( p,r,z + h, ¢ 0 <f>) +,.. U 

0 
( p,r,h - z, ¢

0
- ¢ ) -tim A - tim B I I 

a'...o 4-+0 
p•R• 

(p-rcosaH~:+h) tp-rcosaHit -•) 
A = cos 2a [ arctg + arctg 

r aiu J.p 1+ r i<fi-h) 
1
-2prcoaa r ala a ,/p 2+r 1(h-z)1-2prcosa (52) 

(p- r cos a') ( fioh) 

B = cos 2a' [ arctg 
(p-rcoaa? (h-z) J ___ + arctg • 

rslaa'.jp\. r 
2
+(fi-b ) !2p rcosa' r aia a' /p2 + r 2+(h-•) 2-2prcosa' 

Ha COOTROWeBRR (51) R (52) cnenyeT, 'ITO IlpB R 1<r<R
2 

,..U=-__2_ 
(58) 

H T&KlKe npH r < R 
1 
< R 

2 
, 

•o 
r>R:?R

1 

,.. u -0. (54) 

TllltHM o6pa30M, peme&Re B cjlopMe (40) ODHCWBaeT 9JI8KTpOCT8TH'IOCitoe none BRYTpB 

paa&oMepso aapR>Kesaoro oobeM& nHnRBilPR'lecKoA Ko&$HrypanHH, 

B npyrax oonacTRX npocTpaacTaa pemeuas MoryT owTb uonyqeuw aaanora'luo. 

TaR, sanpRMep, B o6nacTR, JIAH ttOTopoil -¢0 < ¢ ~ cf; ' z > h 

<!>+¢ 
u.= __::__I f r f (p, r, Z+ h,a)-f (p, r, z -h,a J da + 

~. 0 0 
0 0 

cf;-cf; p=a2 
+ f [ f (p, r,z+ h,a')- f (p, r, z -h, a'] cia' I I 

0 

.. 
r- ·w.w·.v~·u~·~·'··~·-,-n,~---· ··-··- -------·-···-

0 0 

12 

p=R 
I 

(55) 

' 
\__ __ 

AIIAUlOrBUO COOTBOW8HRID (51) J181AeW, 'ITO 

AU
1 
•0. 

nocneJIH- neno nOII)"UUTb •a ypaaaen• (51), TU: IUIK a paccwaTpl 

·r· .... 
ltla A' +tia B' I I. 
...0 a• . ,.. .... 

P••• 
I • o ' 

.,.. .. 
rAe A' • B' nOIIf'IAIDTCR n (52) aeweBol ( ... ) • (It-•) aa ·r. 

IY. KownoaeHTW 811e&!pOCT&'I'II'IecllOI'o non• IUIIIJUIJ!PB'IecJUI:&: :KQII4 

aoaeuol awccww 

Konlbaeaol llBIIBBJIPB'IeCJtBI ceJtTOp 

Bwpa-n• .llAR KOWDOBeiiT uap.-aOCTR INI8JtTpOCTA'I'II'Iec:&:oro no&tl 

COOTBODI8HRR .. 
E·-p..tU. 

B ,llAmoBelmeM paccMOTpBM a -BOM pe-n• .lliiR asrrpeHROCTR 

Wlollt o6J.eNoe, KOMDOBell'l'lol BAIIJI.-.BBOCTR DOIIR onpeJINBM JtH 

E •- c1U 
ll ~-· a. 

c1U 
E •- --• 

r c) r 

ft. 

1 c1U 

Er---; a"' 

Bep~BitAIIIbBAR COCTABARD.AR DOIIR 

Bwpa-ne, OIIJMNl-- ...,..........IIJID COCTIUIII_,.ID N181tTpOCTI 

COI'JUICBO (46) B (119), M~O ~~aJIII'l'lo Cll8,1lJ'IDIIlBM o6paaoM 

~-· 

E •• 
a., I[ 

4 ... G 

c1U0(p,r.z+h,a) 

lls 

18 

c1UG(p,r,lt--.c) 

iJz 

a•t/J+ 
1 I 
a-• 



t~+ ~~ 2 

~-I ( f il f 0 (p,r,z+h,al 

4;u a r 2 
D 

¢0-¢ 

+ r 
2 

a f o(p,r,z+h, a') 

a,,. + 

i1
2
fo (p,r,h -z, a) ] cia + 

+ a,,. 

(50) 

2 

a fo( p, r,b -z,a") 

a, 2 

p-a a 
l da' I I 

p•a, 

nnaca ll.JIH cjJyHJtllBR U H8 OCHOB8BBB ( 45) 1 ( 48) - (50) RMeeT BRA 

0
· (p,r,z+h,¢+¢

0
)+1lU

0
(p,r,&-z,¢ +¢

0
)+ 

p•R a 
p,r,z + h, ¢ 0 </>) + l1 U 0 ( p,r,b - z, ¢

0
- ¢ ) -tim A - tim B I' 1 

arctg 
( p- r cosaHz+b) 

---;:::;:=;;:::=:y::::===- + arctg 
r aiu J.P 2+ r t(zt-h) 

1
-2prcoaa 

a-+0 a'..o ·p·•. 

(p-rcosa)(Ja -a) 

rsiaa ·/p,. + r 2(Ja-s)2-2prcosa 

(51) 

(52) 

(p- rcosa')( zt-b) 
(p-rcosa? (h-a) J + arctg • 

r siaa'Jp\. r 
2
+(Z+h ) !2p rcosa' raia a' J'pa+ r a+(Ja-s) 2-2prcosa' 

srctg 

BJI (51) B (52) cneAyeT, 'ITO npa R 1<r<R 
2 

llU=-~ (58) 

< R2 • r > R > R 
2 I 

•o 

Au.o. (54) 

M, pemeaae a cjlopMe ( 40) onacwsaeT ueKTpOCTaTB'IecKoe none BBYTpH 

•esuoro o6~Ma llHRBBApaqecKoA Koatarypanaa. 

1CTBX npocTpaacTaa pemeaaa MoryT obiT& uony'leHbl auanoraqao. 

p, a o6nacTa, A.IIR XOTopoA - ¢
0 

< ¢ ;. ¢ , z > h 
<P+¢ 

Iff f (p,r,z+h,a)-f (p,r,z-h,a J da + 
0 0 

0 

¢-¢ p=a,. 
+f [f (p,r,z+h,a')-f (p,r,z-b,a']da' I I 

0 
0 0 

12 

• 

p=R 
I 

(55) 

•• \ 

Aaa&orB'IJIO COOTBOmeBBJD (51) aaltJleM, 'ITO 

ll.u -o. 
I 

(56) 

fiocn8ARH .Jl8I'J[O DOII)"''BTb B3 yp&BBeBHB (51 ) , TU ll:aJt 8 paCCM&TpHB88NON C.J11'148 

.,. ...... 
ltia A' + tl. B' I I. - a. .,.. .... 

P••a 
I - 0 I 

.,.. .. 
rAe A' • B' DOIIf'LUOTCB aa (52) aaNeaol (m) • (la-s) u .,. • 

(57) 

IY. KoNDoBeBTH ueK!pOCTATII'IecKOro nona IUIII,IIB,IlpB'I~X KOB4Ju7pwl 

II:OB8'IJIOI BWCOTW 

KO.Illtll8BOI llB.IIBBAPB'I8CII:BA C811:TOp 

Bwpa .. BBa JUIB KOWDOB8BT IUIIIpBlKeBBOCTB eneKTpOCTATII'IecKoro nO&II aal.llew aa 

COOTBOW8BBB 

1•-padU. 
(58) 

8 A ..... lmaN paccNO'I'pBN a ~BON p&-DB AIIB BIIJ'I'II8BHOCTB paccMa'lpBaae

NWX o6J.ewoe. KownOBell'l'lol UDp-BBOCTB DOIIB OIIJI8A8UN II:U 

E •- clU . --· a. 
E clU .-- -;;-;--· 

1 clU 
E</>·--; cl¢ 

.. 

BepTBII:A.JlltB8B COCTAB&B»•aa DO.IIB 

(59) 

Bwpa .. BBe, Ollpell--- ...,..._.,....,.., COCTUII_,-JD M811:TpCICTATII'I8CII:orO DOIIJI, 

coraacBO (46) R (59), NOlKIIO .ACT- Cll8,1l7JDIIlBN oCSpaaow 

_,:I.M 

E ·• 

~ 

o.., 
I[ 

•••• 

... 

c1U8(p,r,&+la,a) 

Cls 

18 

c1U0 (p,r,la-s,a) 

ih 

••¢+¢0 
1 I + 

(60) 
a•o 



r,11e 

+ [ a u o(p,r,ll+h,a) 

az 

au p(p,r,j)-z,a) 

az 

aUo(p.Ly.a) 
a. 

a ~o..k_ , a cjlyRJtllBII 
a.y a~ 

,_,-¢ 
1 10 
-o 

~=-rain a Arab p-rcosa +y(p+;)'"+y 2 E(k,{:i)-

ay y·y'+r2sin Ia 

P•R 

I I ' 
p=R 

I 

(60) 

2 
2 2 ' y 

_ r + ·Y -·p F (k, p ) + ==;;::::= v·y~r 2+p v·r"+r!p (61) 
--===.~ n (al,k,Jl)+ T"ll""!r ll(a,,k,Jl)1 

v(P+r>
11
+y' y(p+r) ~y 2 v·y'4-J.-r yy'+r+f 

onpeneneaa B npanoJKeRHB II (eM. tjlpP..yny (18.2) u {3- ..!!::.!! • 
2 

Ha csollcTB cocTasnsnom:ell ~~&nplllK!!RROCTB nona E z OTMeTBM: 

1) npa z- 0 

E • ( R 
1

, R 
2 

, h , ¢
0 

; r, 0, ¢)a 0 , 

2) E
8
(R 1,R 2

,h, ¢
0
;r,z,¢)•- E

0
(R

1
,R 2,h,¢

0
;r, -a,¢ ), 

3) npx b-+ .. E 
0

( R 
1
, R,. h, ¢

0
; r, z, ¢ ) -+ 0 

(62) 

(63) 

(64) 

4) npa f -() nony'IBM cnenyJOIIlee Bblp8lK6BB6 Jlnll B9pTIIJtallhBOil COCT&Bn51101119ll 

nona 

P•R 
E (R, 1 R 2,h, ¢ ;O,z,¢>-0)=-~¢ I ypilfO(ll+bP- ytpa-(h-z)'l I 2 

• • 0 211f 0 
(65) 

0 p=RI 

5) MaJtCBMam.uoe sxa'leRHe sepTaJtam.aol JtoMnoaeBTbl xanpl!lKeHHOCTB 9118JtTpocTaTB-

'!lecxoro nona E • nOCTaraeTCB npx z-h B ·\¢•0 B 0Dp8l19nii8TCR B!>IPalK8RH8M 

E __ ~ 1 aU 0(p,r,2b,a) ._ au 1 (p,r,O,a 1 
...... 211f az iJz 

a-¢ 

I I 
0 

r.11e ~o 
0 

onpenenaeTCll as tjlopM)'nbl (61) . a•o 

iJz 

P811B81IhHall COCT8Bnl11011l8ll Donll 

HeTpynxo xaiiTB c noMOIIIbiO tjlopM)'n ( 49) a ( 19.2) (np,tnoJKeaue 11 

p8llB8l1bHOil COCT8Bnlll01119il 9n811TpOCT&TH'I9CJ:OrO nonll B Cl19l1YJ01119M BBlle: 

14 

I • 

P•R 
I ' (66) 

P•R 
I 

BblpalKeuue 

' • 

i, '· .• •• \ 

II "* 

E.= _£.v_ I [ iJUaCp.r.z+ b,a ) + iJU0 (p,r,h-z,a) 
4m o iJr iJr · 

a-¢+¢ 
1 I +

0 

a-0 

+[ 0 Ua(p.r.z+h.a) + iJUg(erh ) -¢0:-</Jp•R "-z.a 1 I I I ' 
iJr iJr - p•R 

I 

rne tjlyBJ:IlBR 

au r __ o_ = - _r_. sin 2a Arsh "'f=i':::::;;;:::;:==::.:+ y ala a Arsh 
iJr 2 y·p'+r'-2prcoaa 

p- rcosa 

y y "+ r'sin 

r ·y(p-rcosa) yy(p+r~yl . 
+ - COB 2a arctg + .E (k, {3 

2 r siaay pl+r2+yL2prcosa 2r 

2 2 '> ( 2 _ Y(·y+r + 2p F ( k, p) + Y 'P-r) P ll ( n 1 , k, /3 
2ry(p+r)2+·y" 2r(p+r)y'(p+r)' + yl 

'>" 
2y(p+r)"+·y" 

v~+P 
yy'+r •-r 

v~-p 
k B ) + 

ll(nl, ,, v·yt+r.+r 

Bbi'IBCneua B npunolK&HBB II • 

MucuMam.aoe aua'!leaue p8llB&IlhHall cocTaBnRIOIIl&ll aanpllllt&BBOC 

CJ:OrO nonll npBBBM&9T llpB z•O B ¢•0 B MOlKeT 6b1Tb Bbi'IBCnt 

;jj, 

E _!!:t_ iJ Ug ( P• r, b, a ) a j ¢ o~= 8 
2 , 

iJr raax 
11 f 0 a=O paRI 

b + a= .Po r sin 2 .p Arsh 
iJUa(p,r,b,a) I = - 2 o yp\r2-2prcos¢o 

iJr a=o 

+ h sia ¢o Arsh p-r cos¢o 
v'Hr\liJ2 ¢ 

0 

h <e- r wa tb a + r cos 2¢0 arctg _
1 

t 2 h 1 
2 rsia ¢

0
vP +r+ -
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a u 
az 

au 0 (p,r,)-z,a) 

az 

c ~0~ , a ljlyHXUHSI 
a.y az 

t'fo-¢ 
"'"o 

r sin a Arab p-rcosa +y(p+r)'"+·y 2 E(k,f:J)-
v·y2+r~sin ~a 

P•R 
I I ~ 

(60) 
P-R 

I 

~ 
y 

( k, {:J ) + ==::::;= 
y(p+r) ~y 2 

v·y! r ~+p V·Y 1+ r!p (61) 
ll ll (n 1,k,fl) + m. fi ( a

2
, k,/i)) 

v·y~r-r VY r f 

II ( CM. ljlpPMylly (18.2) B {J • ..!:.::.!! 
2 • 

l!anpmKeaaocTa non11 E z OTM8TBM: 

E • ( R 1 , R 2 , h , ¢
0 

; r, 0, ¢; ) a 0 
(62) 

b, ¢ 0 ; r, z, ¢ ) =- E.< R I' R 
2

, h, ¢
0 

; r, -z, ¢ ) • (68) 

E.< R 1, R 2, h, ¢
0

; r, z, ¢ ) -+ 0 , 
(64) 

DOI!y'IBM Cl18llYJODlee Bblp8JK8BB8 llllB B8pTIIxam.aoA COCT8BilBJODleA 

¢ 0;0,z,¢-O)=-~¢ I VP~yp2-(h-:r)!il 2.,. 0 

paa
2 

I (65) 
0 

P•R 
I 

3B8'18BB8 B8pTBX81lbBOI XOMDOB8BTbl B8DpHlK8BBOCTB 8118XTpOCT8TH-

I au o<P. r, 2h,a) 

a. 
aa ljlopMynbl (61) • 

B ¢=0 B 0Dpe.[l811B8TCSI B!>JP8JK&BB8M 

~ 

_ au 0 (p,r,O,a J 
a. 

a-¢ 
I I o 

a=o 

P•R 
I 2 

P•R 
I 

(66) 

P8.[lB81lbB8B COCT8BnBIOIJI8B DOIIII 

c DOMODlbJO ol»clpMyn ( 49) a (19.2) (fip;lnoJKeaue 11 ) BblpaJKeaae 

SI18XTpOcTaTH'f8CXOro DOIIB B Cll&llYJOIQ8M BB.[le: 

14 

.. 
_,.,. ... 

E = _!!x..l [ aU 0 (e.r.z+h.a) 
• 4rrf 0 ar 

+ auo(p,r,h-z,a) 
a,· 

+ [ a Ua(p.r,z +h. a) 

a. 

r.[le ljly&XIIBB 

+ aUo(p.r.h-;r, a ) 
a. 

a=¢+¢ 
1 I +o 

a-0 

aa¢-:-4 p• R 
2 1 I 0 I I 

-a p•R 
I 

au y 
__ o_ = - _r_ sin 2a Arsh -::r::;;:=;;:::;;==:...:+ y aia a Arsh 
a. 2 v p2+r•-2prcosa 

·p-rcosa + 

yy 2+ r 2sia2 a 

+ r 2 t ·y(p-r cos a) yy~ - cos a arc g + 
2 r siaay/)2+r2+ylL2prcosa 2r 

E(k,fJ)-

2 2 '> 2 
- Y(·y+r+2p F(k,ti)+ y(p-r)p D ( a,,k,f3)-

2ry(p+r)2+·y2 2r(p+r)v'\p+r)2 + r• 

(67) 

(68) 

·~ v~+p -- [ 
2y(p+rJi+·y• v·y'4r ... -r 

v~-e 
n (a I, k,f3 )+ V·Y'J+ ··+ r n < a 2 • k, /i > 1 • .. 

Bbl'IRcneaa s fipsnoJKeBBx II • 

MucxMallbsoe aaa'fexue P8ll881lbB8B COCT8BnBJODl8B BanpSJJKeaaocTa aneJtTPOCTa'l's'le-

cxoro DOIIB DpBBHM8eT DpB Z•O H ¢•0 B MOJKeT 6blTb Bbl'IBCII&H8 DO tjlopMyne 

• 
auo(p,r,h, a) aj¢o~=R2 

a. , 
E •-

raax 
_£.I_ 

" f 0 a=O p-=R
1 

a=¢ 
auo(p,r,b,a) I 0

_ - _r_ sia 2¢ Arab 
2 0 

b 
+ ilr a=o 

+ h sin ¢
0 

Arsh P-r cos¢ 

v'h~Or\i1J2 ¢ 
0 

v p\'r"1'-2prcos ¢ 
0 

2 _. t h (p- r cos cP o I + + r cos ..,
0 

arc g 

2 r sin ¢ yp 2 +r\b L2prcos¢ 
0 0 
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+ hv<e+92 + ... EO<h> • ...i.a...> 
2r 2 

h(h1-~:r 1+2p 2 ) 

2 r V ( p + r ) 1+ h 2 
F ( k(h), _.:fu_ ) 

2 

hr v~+p 
2y(p+r)l+h 2 yh2+ r 2;_ r 

(h) ~)+ 1l(a
1

,k •
2 

n < D ,. k(hJ, ~l+ 
2 

h(p-r)p 2 

+ 
2(p+r)r v~+ ",. 

<Po n (D 1 ,k(b), T >. 

4pr 
k 2 (h) m __ 

(p+r)
2
+ h

2 

(70) 

npa r •0 alblpallteBBe puaam.aol cocTaaniiiODl&l MOlKeT ISlbl'l'lo npe.ncTaaneao cne.nyiO

DlBM oiSpaaow 

E, ( R 1, R 11, h, ¢ 0; 0, z,O)·-~ aiD</> I (z+h) Arab 
2~rto o 

p. 
+ 

Z+ b (71) 

+ (h -z) Arab __ P 
p•B. 

I I ' . 
b - " p•B. 

I 

.Rnll DonBOTlbl CBOICTB yi:Allt&M 6&3 .[101:838Ten&CTB 83 lj!B3B'I&CJI:BX cooiSp&llt&BBI, 'ITO 

cocTaBIIIIIOIIlAil nona E r M&BB&T CBOI 3881: B BBT&paaae R I< r < R I • 

AaHwyT81UoBAil COCT8Biliii0Dl8B nonll 

Ha ypaBB&BRA (59) B ( 43) BlblpalK&BB&, onpe.nenmolll&& 83BM)'T81UoHYIO COCT8BiliiiOIIlYIO 

8D&I:TpOCT8TB'I&CXOrO DORSI, MOlKBO npenCT8BHTio B cne.nytolll&l 

E •- _:j__ _1 

a•¢+¢ 
If (p, r, z +h,a.)+ f (p, r,h-z!al I, 

a•¢0-¢ ¢ 
4"'o 

rne ljlyBI:IlBB f 
0 

(p, r, .y,a) onpe.neneaa ypasaeneN (SO). 

ljlopMe 

p•R 
I ' 

p•R 
I 

(72) 

Ha caolcTa aaaMyTam.Bol cocTaBnBJOIIl&l sneKTpocTaTH"lecxoro non11 OTM&THM cne.nyto-

lllRe: 

1) npa ¢cO RDR </J= lr 

E ¢ ( R I' R 
2
, h, ¢0 ; r, z, 0) = E </> ( R 1 , R 2, b, ¢ 0 ; r, z, " ) ,. 0 • 

2) npa r=O 

E¢( R
1

, R
2

, h, ¢
0

; 0, z, 0) 0 • 
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• 

(78) 

8) nn11 np8XTB'19CXRX p8C"l&TOB '18CTO B&OOXO.IIBMO 3B8Tio M8KCHM81Uo 

COCTABIISIIOIIl&l, ltOTOpoe nony"l&&TCSI npll Z • 0 B ¢· ¢0 a onpe.nenRe 

lUIII 

E Oy 1 pzRt 
·¢max=---- --lfo(p,r,b,2¢0 )-f0 (p,r,b,O)I I 

· 2 "< 0 r p•RI 

av I 
.E¢ max·- 4~r< 0 

h 2 p 2-r~os4¢ 
v p 2+r2+h -2prcos2¢ + o Arsh 

0 r VJ 

+ 2'h cos 2¢ Arsh p-r cos 2¢ 
0 0 

Vh2 +r'siD
2
2¢ 

0 

-raiD 2¢
0 

arctg 
h(p-rcos2¢ 0 ) 

r siD 2¢ yp2+r2+hli-21 
0 

hy(p-r )•+b" 2 2 
p -r 

r 
Arsh 

p=R 

I I : h - 2h Arsh 
p-/r 

--...---
I P - r I h p=oR 

UanaHApB"lecxoe xom.no 

CocTa&nSIIOIIlH& snexTpOCT&TH"lecxoro non11 OT paaBOMepao aaplllKQRJ 

cxoro &om.na nerxo nony'IBTio sa ( 60) a ( 67) , nonolKBB a BIIX ¢ = 0 , 

Torna abipalKeBBil .nns cocTaanSIIOIIlBX H8llpBlKeli:HOC'I'B nons MOlKHO : 

.nytolllelt ljlopMe 

r.ne 
a U0 (p,r,y, a) 

a., 

Ov 
E \ =-

21r •o 

au
0

(p,r,y, a 

a., 

onpe.neneRO ypaBB&BH&M ~61) 

)'••+h a•lr 

I 
·y•h·. a•O 

E =- ._..!!_._ 
a Uo(p,r,z+h,a) + auo (p,r,h -z,a) 

nxe 

r 27T< 0 ar 

oUo (p,r,a,y 

or 
onpe.neneao ljlopMYnol (68) 

E ¢a 0 • 
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iJr 

p• 
I 

p• 

a-" 
I I 
a=o 

·~ •.--~-~ >- "' 

I
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( k(h).~)-
2 

h(h 2 -+,r 
2 
+ 2p 

2
) 

2 r V ( p + r ) 1+ h 2 
F(k(h),~) 

2 

v&"+ •"+ 
J h2+ r 

2
- r 

D ( n
1 

,k(h),_!_o ) + 
2 

yh 2+r:r-p 

Vh 1+ r~+ r 
n <a 2, k(hJ, ~1+ 

2 

+ h 

<Po 
11 ( n

1
, k(b),- ). 

2 

k2(h) = ~ 
(p+ r) 2 + h 2 

(70) 

paJKeHBe pa.aaallbROI cocTaansnoDlel MOlKeT CSwTio upencTaaneao cnenyJO-

u - I 
0

; 0, z, 0)- ---"'- a1n <P (z+h) Arab 
21Tt 0 ° 

+(h-z)Arsh p 

h - z 

P-

z+ h 

p•R 
I I 2 

P•R 
I 

+ 
(71) 

CBOICTB Y1t8lK9M 6e3 llOit838TellbCTB R3 ljJR3R'I8CitBX coo6p8lK9BRI, 'ITO 

E r Me&HeT CBOI 3R81t B BBTepBaae R 1 < r < R 2 • 

A3BM)'T8n&B8H COCT8BnSDDDl8H UOIIll 

(59) R ( 43) Bblp8lK9BRe, oupenenlll0Dl99 83BMYT811bi1YIO COCT8BnSDDDlYIO 

·ro nonH, MOlKBO npencTaBBTio B cnenyiODlel 

a• ¢. +<fi 
If (p,r,z +h,a.)+f (p,r,h-z,a) I 1 

a=¢0-.p 

(p, r, .y,a) onpeneneaa ypaBBeRBeM (30), 

ljlopMe 

p•R 
I 2 

p•R 
I 

~ (72) 

,3HMyT8llbROI COCT8BRlliOOl98 9RG!tTpOCT8TK'l9CitOrO UORll OTMGTBM CJlGilYJO-

RRB ¢=IT 

E¢ (R
1
,R

2
,b,,P

0
;r,z,O)=E.p(R

1
,R

2
,h, ¢

0 
;r,z,~r )aO. (73) 

E ¢ ( R 
1

, R 
2

, h, ¢ 
0

; 0, z, 0 ) 0 • 
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• 
,_'·_,_._, '\ 

3) ,nnH np81CTB'l9CJCBX p8C'I9TOB '18<n'O aeo6XOilBMO 3B8Tio M8XCRM811bBOe 3B8'19HBG 

COCTABnlllODl98, ltOTOpoe UOJlY'18GTCH upll Z • 0 • ¢-¢0 B OUpeJlGRHeTCH BWp8lK8BB9M 

E Uy 1 P·R~ 
·¢max=- -----1fo(p,r,b,2</>0 )-f0 (p,r,b,O)I I 

2 IT< 0 r 

(74) 

p•al 

IUIR 

h 2 2 
2-r~os4,P h 

+ u v I Eq, .,ax=- 41T t 
0 

v p +r2+h -2prcos2¢ + p Arsh 
0 v ~+r1- 2·prcoa 2¢

0 

+2bcoa2¢ Arsh ·p-rcos2,P 
0 0 

Vh2 +r'sia
22 <P 

0 

h V ( p-r )1 .;: h "_ 
2 2 p -r 
r 

Arsh 

h(p-rcos2¢ 0 ) 
- r sia 2¢ arctg 

0 
rsin 2ql vp2 +r 2+h 2 -2prcos 2,P 

0 0 

h _ 2h Arsh 

1 P - r I 

p -;'r 
~ 

h 

UanKBJ1PB'IeCJtoe ltOIIb~O 

p=R 
I I 2 

p=R 
I 

(75) 

CocTaanlllODlBe sneJt7pOCTATB'IeCJtOro nonH OT paBBOMepao aapHJKeHHoro ~BnRBAPB'le

cJtoro JtOIIb~a nerxo uony'IBT& a a ( 60) a ( 67), uonolKBB B ox q1 = 0 , ¢ 0 = IT • 

Torn BbtpalKeRRH nnH cocTaBnlllODlHX aaup!DKeBBOCTB uonH MOlKHO aanHCaTb B cne

llYIODlel ljlopMe 

rne 

1'119 

_ ..... _._ 

E.=-
Uv 

au 0 (p, r, y, a Y••+h 

" I ·y=h·. 

a•lr 

21T < 
0 

a ·Y a=O 

a U0 (p,r,y, a) 

a.y 
onpeneneBO yp8BB9BB9M ~61) 

E =-~ auo(p,r,Z+h,a) 

' 21Tt 
0 

a. 

a uo {p,r,h- z, a) 
+ 

ar 

au 0 (p,r,a, y 

iJ r 

onpeneneao ljlopMYnOA (68) 

E </>" 0 • 

'1 
,\ 
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p•R 
I • 

p=R 
I 

«•If p•R 
I • I I 

a=o p•RI 

(76) 

(77) 

(78) 



Uanu&Apa~ec•al caB~ 

Jlnll nony'leBBll Bblp8lK8UI, onpeae&lDOIIUIX BOMJIO&ell'l'bl 8D8BTpOCT8TB~8CKOrO RO&ll 

OT paaBOMepBO 38plllK8BBOrO IUIIDIRAPB~ecBOrO CeJ:Topa,aeo6XOIIBMO nonolKJITit B oiJopwy

naX (60), (67) H (72) R 1 • 0,' R 2 • R • 

0rMeTBM, 'ITO 

auo I 
a.y p=o 

• r sin a 
r cos a y 

Arab +Y L arctc ( I 7::'T.'":""if I tc {3 ) + 
v'·y'+r lia i a v'·Y "+-r 1 -r (79) 

~. 
.----- ,. ·y1+ r•-R• 

~ ly'(R+r) +·y 2 E (k(R),T)- F(k(R), 
:Z...o y(R+r )1 +·y 1 

I ~ ~ 
-w·y + y [V•YTr R 'll(k(R),at,-L)+ v·y+r -R D(k(ll 

y(R+r) 1+·y2 y·y~r 1 -r 2 y-;f;\r 

+ arctc( I ~ I tc/3 )] 
v'y1 +r+r 

npa r .. 0 ....... 

~I 
a r p•O 

r ~ •-- sia 2a Arab- - ·Y Bin a Arab r coa a 
2 

!.... cos 2a arctc 
2. 

v'·y:J+?~in 2 a 

·Y cos a + .!.. [ arctc ( I Y 
2 v' y !I+ r •-r siaav'·Y"- r 2 

+ arctg ( I y I tg {3 ) 1 
v' yi+;l+ r 

I tc 13 > + 

dU Y :-.--r- 1 y 
~I - -v·YTr-- _r_ coa 2a Arall- -
d<p p•o 2 2 

-rcoaa[.yArah rcoaq -rsiaaarctg ·ycoaa ] 
y•y\r\ia 1a • siuv'·y\r 1 

Uanaaap 

(80) 

(81) 

3neXTpOCT&~8CK08 none paBBOM&pBO 38pllllteBBOrO llBnB&Apa KOBe'IJ!OII BbiCOTbl 

MOlKHO ODBC8Tb C noMODIItiO ypaaBeBBI (77) B (76), nonarall B BBX R1-0,R;-R• npa &TOM 

liDS! XOMI10B8BT B811plllii8BBOCTB 8D8XTpB~8CJI.OrO nona CiyJ18M BM&Tit 

E -- Uy . ---
2w~ 

0 

a u < ,..-+a. a;., 
o p,r,y,a ) I I 
ay p•O 

·p-a 

I (82) 

,-.. •• o-0 

ana nocne noacTaBKB npeaenoa no a a p 
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rAe 

' 
I . . .... . . . :.ill> 

E.l 
...0 

~ 
2 •• 

' ,..11+11 
I J R

1 
+ y ·- y I I 

.,..Jo .• 

Ecna a BblpalK&BBB (82) nepeiiTB 11. npe11eny npa R-+• , TO IIODY'U 

E.= __!!_ •· 
•o 

Jlns p8J1Haru.aol t:OCTaanmomel nona BMeeM 

Uv 

2wr 
0 

au 0 (p,r,JH-h, a) auo(p,r,h-z,a) 

ar 

a=w P•l 
E •• + I I I 

ar a•O p•l 

a Uq (p,r,y, a 

ar 

a•r p•a •I ·yy(f*~-~ E (k,...!. ) _ ·y(.y\.r ~2p It 

a•O p•O 2r 2 2r\/(:(*r ) * +•y • 

• 
!i___ r ,i.1l7 +, 

2-/(#)+r)l+yl .y.y\.ri _ r 
v:?+fl--p n < •. ,k,..!.. >l .. )+ 2 

0 ( Dp k , T V·Y *+r~"+ r 

+ 
s 

·Y<e-r >e n <• k .!!.. 
I ·I' 

1 2 
2r(p+ r) y(p+r) 1+y 

., .. 
> I I 

P•O 

a U0 I 0, r,.y,a) tl•lr 

-- r ...!,_ 
·2 a r 4•0 
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UamrBApRqecxaA cexTop 

Bhlp8lK8DA1 onpeAeAliJOIIlllX KOMJIO&eHThl &neKTpOCT8TR'IecKOro na&ll 

llRIJBBAPRqecxoro cexTopa 1Reo6xOARNO nonolKIITio B ljlopuy-

R1-0, R 2 -R. 

r sin a Arab r cos a +r l aretc (I y I tg f3 ) + 
vr11+rlia 2 a v~r 

+ arctg ( I -=:==!==i I tg 13 ) 1 
vr1 +r+r 

sla 2a Arab _!_ - y ala a Arab r coa a 

V·Y!l~aia:l a 

2a arctg 
·Y cos a 

+ ~ [ arctg ( I y 
slaav·rllt- r2 2 v r 2+ r•-r 

+ aretg ( I y I t11 f3 ) 1 
y yl+r' + r 

2 y 
- _r_ eoa 2a Arsh - -

2 

reo a a [ •Y Arsh r eoa a _ r sla a aretg ·reoa a 1 
V·Y \ r \ia 2a slaa y·y \. r I 

URARRAP 

I tg 13 > + 

(79) 

(80) 

(81) 

t'lecxoe none paBROMepao 3apBlKeaaoro llRUBJlpa J:ORe'IHoA BhiCOTbl 

lnoMOJJUoiO yp8BB8BBA (77) R (76), nonaras B BIIX R1-0,RrR· DpB &TON 

anexTpaqec~:oro nons 6yAeN BNeT!o 

~ 
2rrr 

0 

a u < >--+ .. a;. o p,r,y,a ) I I 
ay 

p•o 

·p-• 
I (82) 

,.... .. -
npeAenoa no a R p 
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Jl:. ---....--~ " ·Y2+ r 1 -R 2 
..!!..L (y(R+r) +·y E (k(R),T)- . :F(k(R),..JL.. )-
~o '1/(R+r ) 2 +·r 2 2 

a ;--r--w --;--r, 
- ' y [ V•Y"+r 'I- R ·n (k(R) " ) v·r+r -R rry + ••r•- + ~, . ........,~ 

y(R+r) 1 +·Y2 v'·Y ~r 1 -r 2 v'~ r 

(88) 

Y•lt+• 

n < k < R > • a , • ...!L >1 II • 
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if' up-.( a f g(p,r,yp) da , 

a.y I a.y 2 

I 
a f 0 (p,r,y, a) ·y( y 

1
+ r 

2 
-prcosa) 

ar' ty~r\ia 1a).,lp¥r~y!7prcos a 

CyMMRpyB 'IA&RY R3 COOTBODl&HRI (2,1), (4,1), (5,1), (11,1) nony~RM, ~TO 

I . I 

L\U
0

•_!_ ~+~+-~-~At ~~- 0. 
f a r ar a a.y 2 r I a a a 

npa 9TOM RCDO.rlb30B8Hbl CneJlyJOIIIB& COOTBOW&HBB 

·ypalaa p!.r'cos:h a 
:--:;::::;;=:;:==;===== + -- Arab 
2rvp3+r2+y2-7prcosa 2r I a a 

y 

v'P "+ r 2-7prcos a 

llill2 a y(p-rcoaa) Y a ·-L p-fCOSa .o - __ a _ __ arctg + __ a>s a - nntD , 

2 aa rsiaav'p"+-rl.y!7prcoa a r aa v'·r'+r'ala 1a 

·~ 
.\ ,, 
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... ........ A 

(7.1) 

(8,1) 

(9,1) 

( 10.1) 

(11.1) 

( 12.1) 

(18,1) 



rne 

a Arab ---a;:-
y ypraloa 

<l+r1-~oosa) -./ p~y\..2pr cos a ..; p2-+ r~-'lflrooaa 

a p-rcosa 
-- Arsh 

r alo a ( ·y 1 + r 1 - pr cos a) 

Cia ..J·l+r1sio ~a (./+r 1sio 1a)..j·p1+r1+·y!1prcoaa 

a 
Cia 

arctg 
·y( p-r '!sa) 

yr cosa(p-rcosa) 

r sioay p"+ r I\"Oyi:1Pr cos a 'y?..r1 sio \t) ..;j;l~rcoaa 

·yr (r -p cos a) 
+ t I ' 

(p+ r -7pr cosa)-./ p lit. rl+y12prcoaa 

(14.1) 

(15.1) 

+ (16.1) 

a T8KlK9 

y a p-rcoaa a 
y cos a -- Arab - r cos 2a -- Arab 

a r ..Jy\.r 1sin •a a a ..;~-.-~7prcos a 

+ 

a y a l<p- rcos a) 
+ sin 2a -- Arab -r aiD 2a -- arctg --~:i=:;=::;;::====-

iJa ..;,.~.t:~prCl081l a. rsioavAr.tr!:~p.cos a 
(17.1) 

2 
(! y(p-r cosa) "f si a Arab p-r COB a 

- cos a ---.JifCt& - - D a --
a a rstoa..J·plrly!..:~prcos a r aa v·r•+r•sin•a 

+ 

y(.y 1+ r 2-·p r cos a) 
~ ~o. 
. 2 2 2 5 I 

( ·y + r sin a ) ..J ·p + r \. y -2~rcos a 

8 38KIIl0'19BB9 OTM9THM
1 

'ITO COOTBOIII&BH& ( 12.1) cnpaB&J:IIIBBO DpH ycnoBHIIo 'ITO 

napaM&TJlbl a H ·y npiiHBM&IOT OJ:IBO B3 cnenyJOIIIBX 3B8'19BHII 

·r·l 
z'- z . z-z 

</>'-¢ 
a•l ¢-¢' 

(18.1) 

1 
SJBIIB101Il&IIC51 T8KIIM o6p830M '18CTBbiM 

To&o C UOMOIIlblO cjlyBKQHII 
U

0
= U J.p,r,y,a) 

peweBB&M ypaBH&BBB,Rannaca, MOlKRO ODHC8Tb 9119KTJlOCT8TH'19CK08 none B npOCTJl8HCTB9
1 

rne BeT aapJIIlOB. 

30 

.. 
~:.!',. 

~. 
~ 

~ 

nPHnO)KEHHE II 

KoMDOB&BTbl sneKTpocT&TB'IecKoro nonB OT IUUIIIB.!lpB'Iecux paBBOM9J 

KOBtjiBrypallllll 0Dp9Jl9115110TCII npB DOMOIIIB 

H 

~-fl/pilt-r~.y~2prcoaa +rcosa Arah p-roosa I dCl 
d ·y ..J•y j+r lsio I a 

~ • {I - rcos 211 Arah 
ar 

Arah p-r OOSCI 

V·r1+f3iiii ~ .. 

- r sin 2a arctg ·y( ·p - roos e~) 1 oh • 
rsio a-./ p 1 +r\.y l.7prcoa' a 

Ku 6yneT DOK834BO B JlanbBelmaM1 p9DI9BBII B ljlopMe (1,.2) B (2.2) MOl 

C'NIBn9Bbl B OKOII'I8T9JibBOM BBll9 C DOWOIIlblO HaDonBWX 8.JUUIDTB'I9CXBX BJI': 

/5/ 
aToporo B -rpeTbero pona, Ta6nmbl KOTopwx ony6nuoBaBbl a pa6oTe • 

1. 8bi'IBCII&BB9 BBTerpall4 BBll4 

1
1 

• { cos 11 Arab p-rcoaCl de~. 

-./·y1 + r lain 1 11 

HBTerpBpyB COOTBOIII9BB9 (3.2) DO '14CTIIM1 nocne npeo6pa30B4JIJII 'IBCIIB 

aoro awpalKeBBII nony'IBM 
Ji, 

I I 

11 • sin a Aru ·p -rCOsCl 

-./y 1+r\in 1 a 

__ 1 f •Y + r -prcos11 

..; p1 +-fi+ ·y a. 7prcos a 

+ 
I 

y f 
I 

·)' + r 1- pr cos a 

tr 1+r\tn a,.)..j·p1+r.Jy !:~prcos 11 

8Topoll '1119B B p4B9BCTB9 ( 4.2) np9JlCT8BBM Cll&llYIOIIIBM o6pa30M 

31 

dCl + 

dCl 



y ypr sin a 

y p2 + r'-2proosa (/+r2-2proosa) y p~-r\ yiL2pr cos a 

rain a (.y2+r 2-prcosa) 

a ( ·Y 
2

+r 2sio 2a) y·p2+ r2+·y!1proosa 

-y( p-r cosa) y t cosl.\\p-rcosa) 

rsinay p1+r '40.yi.1prcos a ty~r2 sln ila)y;l~rcosa 

a Arab 

-yr (r -p cos a) 
+-.-,--___;:__~:::;:::::::;:::::;: 
(p~ r ~1pr cosa)yp\.r1+y12Prcosa 

a r 
-rcos 2a -- Anh + 

a a yp+ r !..2prcos a 

+ 

a y a )'(p- rcos a) 
__ Arsh 

2 
-r sill 2a -- 8ICl& i 1 1 

iJa yp+r!..2prcoflll a r raioayp+r+y-2prcos a 

(14.1) 

(15.1) 

(16.1) 

(17.1) 

a y(p-rcosa) 1 _._ a At-'- p-rcosa --JOrCtg __ ...,.a-- ... + 

aa rsloay·p'!r~y'L2prcos a r aa y-y1+r 1aio 1a 

y(.y 2+r 2-prcos a) 
.+ ·aO. 

2 2 2 !I ( -y + r sin a ) y ·p + r \ y 2-2prcos a 

OTM9THM
1 

'ITO COOTHOW9HH9 ( 12.1) cnp889J1RHBO npH ycnOBHB 1 'ITO 

H ·y npBHBM810T OJlHO H3 CR9J1YIOIQBX 3R8'19RBII 

·r-1 
, 

z - z 
, 

z-z 

uo- u J.p,r,y,a) 

c/J'-¢ 
a•l ¢-¢' 

(18.1) 

1 
smnsnoiQeiiCII T81tBM o6p830M '18CTRbiM 

I8BH9HBII nannaca, MOlKHO ORHC8Tb sneXTpOCT8TH'19CK08 none B npOCTp8HCTB9o 

30 

• 

nPHno:lKEHHE II 

KoMROR&HThl ..enexTpOCT8TH'lecxoro nons OT IUinBBJlPB'IeCXBX paBBOMepao 3apBlKeHHhiX 

ltORcjiHrypaiUIII ORpe)lenSIJOTCB npH ROMOIQH 

H 

au I/ 2 ~ 2 p-rcosa I __ ._o •f p 'l-r't-y-2prcosa +rcosa Arah da 

a ·r V'Y 1+r 2aio 2 a 

~ • [I - rcoa 2a Arah a. Arah p-rcosa 

V•Y2+ rlWi! Ia 

- r Ilia 2a arctg ·y( ·p -rcos a) I cb • 
rllitlay p 2 +r\.yl.2prcoaa 

(1.2) 

(2.2) 

Ku: ISyJleT noxa3aao B J18n&BelweM, pemeBBB B ljlopMe (1.2) • (2.2) MOr)'T ISbiTb npeJl-

C'NIBn&Bbl B OltOR'leT&n&ROM BB.Il& C nOWOUU.JO RenonRbiX SMJUJTII"l&CitBX HBTerpanoB nep&oro, 

/5/ 
&Toporo a TpeT&ero po11a, Ta6nHill>l z:OTopblx onyiSnBJto&aRbl B paiSOTe • 

1. B~"lBcnesae aBTerpana ana 

r.-fcosaArsh 
p- r cos a 

v·y 2 + r lain I a 
da • 

HHTerpHpySI COOTBOWeHHe (3.2) no 'l8CTSIM1 nocne npeo6pa30B8BHI 

soro BhlpalKeHHB nony'IBM ~ 

2 2 
11 • sin a Arab ·p-rcosa 1 f •Y + r -p rcos a 

yy 2+r\tn 2 a r y p
1+ r ~ ·y &. 2prcos a 

y 2 2 

+- f ·Y + r 2- p r cos a 

(.y 1+r\in "a)y·/.i+r.Jy !2prcos a 

8Topoll 'UI&B B p889RCTB9 ( 4.2) npe,aCT8BHM Cne.aytoiQBM o6pa30M 

'f! 
·~ 

~-
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(3.2) 

"'HCnHTensr noJIHHTerpanL-

da + 

(4.2) 

da 



f .y
1
+r:l!..prcoBa da • ~ f Je• + r•+·y !.2prcoBa 

y'p~r•+·y!2prcoB a 

I I I 
r +·y -·p 

+ 2 f 
da 

y'·p 1+r 1+ .y a. 2p rcoa a 

cia+ 

(5,2) 

npa upeo6paaoMBBIIlt Tpe"noero ueu a coO'I'Bome .. • (4.2) nepebeN It Boaoll nepeNeBBol 

a •rr+ 2fj 

•YI+ rlaia I a 

rae 

Toraa BNHN 

cos a •- COB 2fj • 2Bila1 fJ -1 , da • 2dfj , 

--:::::::-==-[ 1 + 1 l-
2y'~1 ( v'·f'+r 1-rX1-a laia

1
fj) (~rX1-aJ!ia1 fJ) 

_____ 1_[ 1 

2rcoB a <\frt"i'trXl-a ala1 fj) 
I 

(yy~ rXl-a 
1 

ala t fJ ) 

2 I I ~ 
y' ·p + r+ •y -2 p r COB a • y' (p+ r) + ·Y .y' 1 -It 1 sia I fj 1 

2r 
2r , It 

a •- a,• --
1 v'·yl+r J- r • v'·Y \. r\. r 

4pr 

(p+r ) 1+·y 1 

] , 

(6.2) 

(7.2) 

(8.2) 

(9,2) 

C y'leTON COO'I'BOmeBBI ( 6,2 • 9,2) aYp8lK81D18 BCJtONOrO BHTerpana MOlKBO DpellCT8-

aBTb a aaae 

1
1 

• ala a Arsh ·p- r cos a - y'{p + r) \y I f y 1 - It 1 aia2jl d{j -

v'·Y1+ r'aia 1a 

I+ I I 
r ' ·r -e f 

r../tJ>+ r} I+ ·y ll 

dEl + 

../1-k 1aia~ 

(10,2) 

+ yl [ ~+e 
ry'(p+r)l+y !I ~y~t~-r 

f df! + ,f;f';i_, J dfj ]. 

(l·a 1sla~)v' 1-k 1 ala 1{J ~r (l-a1 aia
1
fj)Jl-k'aia1i 

BBB a ISonee yao6BOI Jl.llSI p8C'18TOB ljlopNe 

82 

• 
' 

r11e 

1
1 
~sin a Arab p-rcosa _ v'(P+r)~y 1 

v'·r2+ r1sia i a 

E (k,fj)- r\ y!. pI F~ 
rv'(P+r)l+·y 1 

2 

+ ·Y 
rv'(P+r)• + y I 

VY.._ r 1
+p 

v'·y*rl!.. r 

E(k,fJ) - N 1 - k2 ;i;~d fJ , 

O(al'k,fJ)+ 

F(k,tl} = f df3 

v' 1-lt2~ 

d fJ ":': ........ D(a k,fJ)•J . I<H.il-k 1aia~ 
' ( 1-DSID t''V 

n ( n 

8nlliiDTB'I8CKRe HHT&rpanbl BTOporo, nepaoro R Tp8Tbero p0Jl8 B 4lopNe n4 
BeTCTB8HHO, 

2, 8bi'IHCB8BB8 RBTerpana BII,Q8 

11 • f ala .2a arctg -y(-p-rcou} da , 

ralaay'p=ltri+·y!l2prcoa a 

JiBTerpupyg COOTHOmeBB8 (18,2) DO '18CTSIM1 DOI!y'IRN 

.y( p- r cos a) + 1
1 
=-~cos 2a arctg 

r siaay'p~ r'\Oy l2prcos a 
)I 

+ ~ f cos 2a I ·yr(r-pcoaa) yrcoaa(p-rcosa) l da 

</+ r1-2p rcosaJy'p\. r1+y!.2prcoaa (.y\. r1sia1a)Jp410 r~y!.2prcoaa 

nocne PRil8 npOCTYX1 HO JlOBOBbRO rpOM03.1lKBX npeo6paaOB8RBII Bblpl 

RBTerpana MOlKBO Dp8JlCT8BRTb Cll8JlYIOmHM o6p830M 

1 1 =- ~cos 2a arctg y(p-rcosa) + 

r sinay' p!+r\..y'!.. 2prcoe a 

88 



f •Y 1+r~prcoaa da - !!o f ..(;1+ r 1+-y 12prcoaa cia + 

v' p~ ,a +•y! 2prcoa a 

I a I 
r +·y --p 

+ 2 f 
da, 

y'·p 1+r 1+')' l2prcos a 

(5.2) 

SIX TJI811>ero 'l&eaa B coOTaome .. a ( 4.2) nepebew 1t aoaol nepeweuol 

BM88M 

COBCI •- COS 2{3 • 2ais1 fj -1 1 da • 2dfj 1 

(6.2) 

---:::::-==~[ 1 + 1 1-
2v' ·y *+ r 1 ( v' .y" +r 2-r )(1-s 

1
aia 

1
{3) (Y.,.\ r \. rX1-a ,ai• 

1
lll (7.2) 

-·--1- [ 1 
2rcos a (~Fyt'";'trX1-s 1 aia 1 fJ ) 

1 ] ' 
(yly~ r)(1-s 

1 
sis • fJ ) 

(8.2) 
a a ~--

v' P + r + •y !!.. 2 p r cos a • v' (·p+r) + ·Y 1v' 1 - k 1sis 
1

,6 , 

2r 2 r Apr 
a-- n • k ·---=--' -;--y • • ' • • 

v'·ya+r - r v'·Y \. r\ r (p+r) + ·Y 

(9.2) 

COOTBOm&HBI ( 6.2- 9,2) Bblp8lK8D8 BCJtOMOrO BBTerpana MOlKHO Dp8J1CT8-

• aiD a Arsh ·p- r CO SCI - y(p +r)\y I ( V 1 - p siD2 j3 dp -
v'·r1+ r\iD 1a (10.2) 

a I I 
r t ·Y - p f 

r../i.J>+ r) 2+ ·y 2 
dR + 

,ft -k 2siD~ 

[~+e 
V'r\t

1 
-r 

f d(! + .J;f.';i-p J dfj ] • 

(1-D
1
shl,)v' 1-k 2 sis lp ~r (1-Da siD

1
,6)J1-k\is1i 

yno6aoA 11na pac'leToB ~pwe 
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i-

r11e 

I,~siDa 
v'(P+r)"+y a \ I I 

E (k,/3) r y- p F(k,f:l) + 
rv'(P+r)•+·)o· I 

( 11.2) 

2 

+ ·Y 
n/(P+r)• + y I 

Y,y\ rl+p 
~ v'·r+r~ r 

0 ( D I , k, ,6 ) + D( D
1

,'k, ,6)] , 

{12.2) 

dp 
E(k,,B) = fv' 1-k2 ;~~~d Jl , F(k,fJ) = f 

v'l-k1~ 

dJl 
D(D,k,,B)•J sll"'u1-k 3 siDIJj 

( 1-D D /-'TV 

annuDTR'IecJtae aHTerpanw BToporo, nepaoro a Tp&TJ>ero po11a B tjlopMe nelK&HJlpa, coOT-

B8TCTB8HHO. 

2. 8W'IHCl18BB8 BRT&rpana BBJ18 

(13.2) 
11 - f siD.2a arctc -y(p-rcoea) da , 

rsiaay'p~r1 +·yC2prcos a 

J1 HTerpapya COOTROmeaHe ( 13.2) DO '18CTaM, Dony'IHM 

11 =- !!o cos 2a srctc ·y(·p-r cosa) + 

r siaay'p\. r'ty l2prcos a 
,. 

(14,2) 

+!!of cos 
2 

.. I ·yr(r-pcosa) _ yrcosa(p-rcosa) I da. 

<l+ r1-2p rcosalv'P\. r\y!.2prcoaa (.y\ r1ais 1a)y'~ r~-y!.2prcosa 

fiocne pana DPOCTWX, BO llOBOllbRO rpOM03J1KBX Dpeo6pa30B8HRA BblpalKeHRe HCKOMOro 

HRTerpana MOlKHO DpeJ1CT8BRTb Cl18J1YJOmHM o6pa30M 

(15.2) 1
2
=- !!o cos 2a srctc ·r<e-r cos a) + 

rsiaay'p'l+r\.yt2p_rcos a 

~ 
!I 

33 



+ %·y 1 •'+2·Y
1 

[ v·MP 
r\l(p+r)"+·y' ~-r 

Q) ~ n (a,,li,fj)]+ n (al,k,.., + ~ 
Y,y+r +r 

1 ~- (r
1
-/X/+rf) 

+-- siaayp +r +·y 1-2prcoBa+% D(a .. k,fj)+ 
3p r /rl(p+r )\l(p+r)I+•Y I 

I 

(15.2) 

+ 
Sr 1-13p\2y~(p+•>'+·Y~ E(k,,B)+ 16p'-sr'-2·y4..ue'rl14p'r

1 -7z1
r

1 
:F(k,fJ) 1, 

6p1r 1 6p1 r 1
../ (p+ r)

1
+ ·Y* 

rne 

4pr 
D•-• 

a (p + r) a 

(16.2) 

3. Bwvcneaae aRTerpana BBa& 

y da • (17.2) 
I 1 • J COB 2 a Arsh 

yp~r1- 2pr COB a 

8bi'IBCneHRe BRTerpana B 4lopM8 (16.2) npOBOllBTCB aaanorR'IRO BW'IRCneRBJO 

El Jt0ll8'1BOM BBJ18 BWp8lK8HR8 BCitOMorO BRTerpana MOlKRO npeJ1CT8BBTb JtaJt 

(3.2) B (13.2). 

I 
1 

• % sia 2a Arab y - _Y_ Ilia a v' ·l+ -r"+ y "-2prcoB a -
yp\r!.2prcos;. 6pr 

·W<p+ r)~S·p \ Sr \ 2y' 
12 p 1r I 

~. 

E ( k, ,B ) + ·y[ (plr,(1y
1 +8/+8r~-Sp1.f2yjF(,fj) 

12 ·pI r ly(ptr)i + 'Y * 

I 
y(·pi+ r~(p-r) n (a •• k, ,B ) • 

4·p1 r 1 y(p+r )1+ ·Y 1 

(18.2) 

0TMeTBM, 'ITO np8J1CT8BB8BBll BBTerpanOB B 4JopNe (11.2). (15. 2) B (17.2) cnpaBeABBBO 

~tnll scex a&a'leBBII. r , p , ·Y B a , aa BCJtllJO'IeBBeM r•O B ·p-0 • fipB eTBX 

3B8'18BBlllt r B p HBTerpallbl MOryT !SLITio J100np8J181l8BLI B3 BCXOJ1BbiX BI4Jl8lK8BBII. (3,2) 1 

(13.2) R (17.2) • 

• 

Ha OCBOB&BBB UOllf'18BBWX COOTBOmeBBII. (11.2), (15.2), (18.2) Bbl] 

npOR3 BOJ1RWX 0T ljlyRJtUBB U0 • U O (p,r.y, a) BM810T BBJ1! 

~- -rliaa Aellh p-rcoaa +y(p+d+·yt.E(k,fJ)-
iJ.y vy\r11ia 1 a 

I I 1 y 1 -~ 
'+ y-p F(k,fj)+ [~!___II( a

1
, k, fJ )+ 

y(ptr)1+·y I y(ptr) 1 +y 1 v'·y\r t_, 

LY... 
a r 

v'·y\.r •-p 
+----

v'·Y~ r 1'+ r 
D ( D II' k, fJ ) ] • 

y 
+ •--'- Bia2a Arsla 

2 y·p1+r1 -2prcoB a 

+-'-coa2a uc:t& y(p-rsoaa) + •)' ala a Arsla __:f_::.L 

.p:;;: 

+ 

2 r sill ay·pli.r\.yl.2prcoB a 

yV(ptr)" +·Y\ ( k, fJ ) - y(·y'+r'+2·p') F ( k,,B) + 

2 r 2 r JCp+r )1+·y 1 

Y (o-r )o 

2r(p+r)~ 

:J"TT yr [ y·y+r +·p 

2V'( p+r)1 +·Y 1 v'·'io~ r 1 - r 
·n ( a •• k, ,B ) + 

v"P -p 

v'"+r*+ r 

fiPHnO:lKEHHE m 

n <a 1 , k, fJ 

fipeo!Spa30B8BB8•UOIIHLIX 9nnBUTB'I8CitBX BHTerpanOB !p8Tioero POl 

PaccNOTPBM uaMeaeuae napaMeTpoa a 
1 

, a
1 

, a
1 

H k onpt 

RBIIMB (9.2) H (16.2). lola 9TBX ypaBH8HBII nerJtO BHJ18Tio 0 'ITO 



•J.r\r'-+-p 

y:r;:?'"-r 

) ~ D (ll ,li,tl)1+ D(ll 1 ,1t,tl + ~ ' 
yy+r +r 

' ,.., ' 
2 2 , (r-p~~:p+r4) 

p +r +·Y -2prcoea+ * ll(ll.,t,tl)+ 
/ r '<Pt r ) V<-pu) '+·y 1 

' 
(18.2) 

16p4-Br'-2·r'-t3e)!.t4p\ 1 -7·r'r 1 :F ( t,tl) I , 
6 P' r 2 ,j (p + r )'+ ·y I 

ll
I 
~. 
(p +r)' 

3, B bi'IJICII8BB8 BBT8rp&nA. BllllA 

I 
1 

• J COl 2a Arab da , 
y·p\.r1-2prco• a 

B ljlopMe ( 16,2) npOBOllBTCll 8B8n0I'B'Ill0 Bbi'IBCII8BBIO 

HCI!:OMOI'O BBTerpana MOliiJIO npe.QCT&BBT!o Z:U 

y y lli.ll a y·p1i.-,~-y•-2prco• a -

y·p\r'!..2prcos~ 6pr 

(16,2) 

(17,2) 

(8,2) B (18,2). 

2p 'r' 
E (k, tl ) + ·y[ (pi r~( 7y

2 
+ 8p

2
+ 8r, -Sp'.f2y 'F{,tl) i 

12 p 'rty(pH) • + ·r• 
(18.2) 

r<-PI+ r~(p-r >' 
D ( ll 1, It, tl ) · 

4p2 r 2 V (p+ r)'+ ·Y 2 

lnpencTaBneBHSI BHTerpanos s tjlopMe (11.2), (15. 2) B (17.2) cnpaBe.Qnaso 

p 1 ·Y B a 1 38 HCJtnJO'I8BB8M r•O B ·p-0 0 npa 9TBX 

P HHTerpanhl MOI'yT !SbiTb .[l00np8.Q8neHbl 113 BCXO.QRbiX Bblp8lK8RBII (8,2) 0 

84 

• 

Ha OCBOBARBB nony'I&HRbiX COOTBOID8BBII (11,2), (15,2), (18,2) Bhlp8lK8RBSI 'IACTHbiX 

npoBaBonswx OT ljlysus• U0 -U 0 (p,r,y.a) RM810T BR.[l: 

~- -rllilla Aellh p-rco.a +v<P....d+·y 110 E(t,{l)-
iJ.y vr\.r1lill 2 a 

(19.2) 

2 I 2 y I - j"'"'i""l 
r+y-p F(t,tl)+ [~!__n(ll1 ,t,fj)+ 

y{p+r) 1+·y I y(p+r) 1+y 1 y·y\r~'-r 

v·y\.r 1 -p + ___ _;_ 

v·Y.._ r 1+ r 
D ( ll , It, tl ) ] • 

~ 
iJ r 

• - -'- sill 2 a Arsh -:=:;:::iy:::;:==:. 
2 yp1+r1-2prcoa a 

+ 

(20.2) 

+ -'- cos 2a arct& y(p-r cou) 
2 r •ia ay·p'.tr\..yl2prcos a 

+·y Bill a Arsh e-r mag + 
.J.r*+ r 111ill 1 a 

+ 
•• 1( )a 2 ( I I 2· I) ( I 
rv p+r +·y E ( k fj ) - y ·Y + r + P F ( It, tl ) + r p- r )p n ( n I' k, tl ) 

2 r ' 2 r ..J< p+r ) 1+ ·Y 1 2r(p+r) ..ft{>+.r) 2+·y ~ 

-;-rs 
yr [ Y.r+r +p 

N(p+r)1+·r 2 y·y~r 1 -r 
·n < ., , t, f3 > + 

...; -:yt;:;' - p 

vl+r't r 

nPHnO:lKEHHE m 

n < n 2, t, fJ > 1 • 

npeot5paaousBe· nonswx ennsnTH'IeCJtRX HHTerpanos TpeT&ero pona K ljlysz:nas A0 <s,pl 

PaccNOTPBN aaNesesae napaMeTpoB n 
1 

, n
2 

, n
1 

a k onpenenesshlx ypasse-

RBHNB (9,2) R ( 16.2), J.fa 9TRX ypasReHBII: nerz:o BR.Q8Tb 1 'ITO 

·~ 
I 
1\ 
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-oo<n<O 
- 1-

0 < n < 1 
- 2-

0 < n < 1 - . -
0 < k < 1 

llpB 

I!pB 

npa 

npa 

0< r < oo (1.3) 

0< r<.., (2.3) 

0 < r < .. (3.3), 

0< r<.., (4.3) 

4>yHKUBH D I= D I (r) n 2=n 2(r) n 
1
= n 

1
(r) B k =k(r) flBIISIIOTCB B&IIpepYBBbiMJI WU-

UBSIMH TO'IXR Ba6nJOAe 11151 

HenocpeucTaeaaaB 11poaepxa no~~:aawaa&T, 'ITO Jtostjlcjlll:n:aeBTI,I nepe.11 non&&IMR S&!UIIITH

'IecKBMH BHTerpa.llaMR Tpe'l'bero pona BRUa D(a
1
,k,..;.), U(n:tk•-t> a ll(a 1,k~;) (eN, ypaaae

HRB (82) R (86)) Y.ll0Bn8T8op5110T C.JleuyJOD!RM paaeBCT88M 

k" Q(n) = <t/(1-n X1--) 
I 1 

81 

•Y 

<t/(p+r)"+?' 

k" y 
Q ( 112

) =..; ( 1-n2)(1-~ ) = .,;=(=p+=r)::;;\O;::y=:l-

~+p 
v'ilYJ- r 

..; -;s:;::yt -p 

..jr~.y~ r 

Y ( p- r ) k" 
Q(a,) =<t/(1-a 1)(1---;;:) = (p+r)..j(p+;)!·y2 

(5.3) 

(6.3) 

(7.3) 

B uan&aelmax npeo6paaoBaHHSIX Sn.llKDTB'IecKax aaTerpano8 TpeT&ero po.11a aocnon&ay
/4/ 

&Mea TeM , 'ITO ecna napaMeTp yao8neT8opaeT uepa8eHCTay 

k2 ~a ":._1, 
~ 

a KOStjlcjlll:UReHT, CTORD!HA D&pel! BHTerpanoM, YUOB.Jl8TBopReT ypa8B8RRIO 

It" Q(n) = <t/(1-n)( 1-- ). 
11 

To npx Bhlnonaeuax yxaaa&HbiX ycno8RII cymecTayeT cneuyJOmee paaeBCTao 

r.11e napaMeTpbl a 

-

Q ( 11) n ( n, k, ..1! ) =A (a, f3 ,_!!_ ) = _!!_ A (a, {3 ) , 
2 2 2 0 

B fj 0Dp8.1l8RSIIOTC51 83 Bbipa)KeBRI 

f3 = arc sin j n - k 
2 

n(l-k 2) 

36 

a= arc sink, 

(8.3) 

(9.3) 

( 10,3) 

(11.3) 

' 

.. 

a A 
0 

(a, f1) - Ta6ynapoaaxuaB cjlyBKUHSI nayx nepeMeaawx. 

B TOM C.lly'lae, xorua napaMeTp n 
1 

H3M&B518TCB 8 aaBHCRMOCTB OT 

BHSI 8 uaanaaoae - .. < n < 0 , TO TaxJKe BOSMo)KBo 11peo6paao8aRRe DOl 
- 1-

'I&CKoro HHTerpana TpeT&ero poua Ha 0CR08a&RR cne.QyiOD!RX COOT80JDeRRI1 

r.11e 

2 

Q ( n I ) n ( n ,k, ...;. ) - Q ( n ) n ( n, k,..!!.. ) + _k_ F (a • ...!.. ) • 
I :« 2 p 2 

k" Q(n ) •<t/(1-n )(1-- ), 
I I D 

I 

p2=-aat• 

2 

n-=~. 
n - 1 

Q(n) -..; (1-n)(1-~ ), 

I n 

F (a,..!!...) - nonHblil S.ll.JlRDTR'IecJ<HII HHTerpan 2-ro p0.11a. 880.QB COOTBODleB 
2 

Q(n)D(k,n,..!!...) =_1_A
0
(a,fj ), f(a,..!!.. )=..!!... F (a) 

2 tr I 2 2 0 

MOlKHO 81>lp8)K8HB8 ( 12,3) nep&I!RC8Tb C.ll8.11YIOIIUIM o6pa30M 

rue 

k2 
·Q(a 1 )D(a 1,k,..!.)~..JLIA 0 (a,f3 )+-F (a}l. 

2 2 1 p 0 

/4/ Ha caollcT8 cjlyHKUBB A 0 (a,f3) cne.QyeT OTM8TB'I'b cne.QyJOD!Be 

A 0 (0,,8)=sinf3, A
0
(a,O)•O, 

2 
A0 (..!L,f3 >•-f3, -A

0
(a,-fJ)=A

0
(a,f:j) 

2 " 
'!aCTBbiMH npoaa BO.IIBhiMB tjlyHKURR A 

0
( a. fJ) RDRRIOTCSI 

aAo 

a a 

' aA o 

ap 

k' 

k 

sia {3 oosf3 

!:i'p 
F

0
(a )·-E

0
(a )] , 

__ 
1_[E 0 (a}-k'~in 2fl F

0
(a)] • 

!:i'f3 

k '• ~ , A' f3 = [ 1 - k' 2 sin 2/3 1 *. 

8 COOT88TCT8HR C (J0,3) B (15,3) nonawe S.Jl.JlRDTB'I&CKRe BBTerpanL 

C Bb16paBBWMJI K031jHjJRUH8HT8MJI, CO.II&plK8DlB8C51 8 tjlopM)'.ll8X (83) B (87), I 

BBTb KaK 

2·yp y(y~p) D (at, k' T) = T [Ao(a,fl} (y.~p).,;(p; 
..j(p+ r ) 2 +·)'~VY2+ r2 -r 
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- ~< D < 0 rrpH 0< r < ~ (1.8) - 1- - -
0 < D < 1 

- 2-
npa 0< r< ~ (2.8) 

0 < D < 1 npa 0 < r < oo (8.8) - 3-

0 < k < 1 npa 0< r < ~ (4.8) 

= n 
1
(r) . n

2
=n 2(r) . D a= D 

1
(r) H k =k(r) SIBIISIIOTCB B8IIpepb18BhiMJI 4Jyn:-

IIp088plt8 IIOJt83hl88eT, 'ITO JtOS~IlH8BT!,I II8p8.1l IIOIIBbiMR SIUIBIITB

TpeT&ero PO.Il8 8B.fl8 fi(n
1
,k,..;.), 'fi(ll:fk,-t) B fi(11 1,k~;) (CM. ypa8He

(86)) Y.ll08II8T80pBIOT CII8.1lTIOIIlHM p888BCTB8M 

Q(n I) V ( 1- n X1-X )--=- v?+f'+ P 
1 a 

I ..j(p~-r)"+y" ~- r 

ka y 
Q(a2) =v<1-n2)(1-~ ) = ..;-=c=p~-=r::;)\O;::y::;•:- ..; -;r:;;;t -p 

vr~.y~ r 

It,-- y ( p- r ) 
Q(n ) =vO-na)(:t--) = -:-;----,o 2 

a n8 (p+r )y(p+r)+·y 

(5.3) 

(6.3) 

(7.3) 

WHX npeo6p830B8HHBX 9nnBDTR'l8CitBX RHTerpanos Tp8Tbero PO.Il8 BOCIIOftb3y

Y.IlOBII8TBOpHeT aepaaeacTsy 

k2 ~., ":_1, 

CTOIIJilBII IIepe.ll RHTerpanoM, YllOBII8T8op51eT yp8BR8RRIO 

k" Q<.,>=vU-n)(1-- ), 
II 

YKaaaaahlx ycnosai! cymecTsyeT cnenyJOmee paseacTao 

Q ( n) fi ( n, k, .Jr. ) =A (a, f3, _!!_ ) = _!!_ A ( a, fJ ) , 
2 2 2 0 

a H p OIIp81l8IIIIIOTCH B3 8hlp8JK8HRII 

f3 = arc sin ~- n - k 2 

n(l-k 2) 

30 

... 

a= arc sink, 

(8.3) 

(9.3) 

(10.3) 

( 11.8) 

a A
0

(a. {J) - TaiSynRposaa&all 4JyHJtllH51 nsyx nepeMeBawx. 

B TOM Cny'lae, z:orna napaMeTp n 
1 

H3Me&HTC51 s aasac&MOCTR OT TO'lJtB aaiSnJOne-

RBa 8 n•anaaoae ' - ~ < n < 0 , TO T8JtJKe B03MOJKRO npeo6paaosaRRe nona oro snnanTa-
- I- /4/ 

'l8CKOI'O HHTerpana TpeTbei'O p01l8 B8 OCBOB8BHH CII8llYIOIIlBX COOTB01118BBil : 

2 

Q(n 1 ) fi (n 1,k,-f) •Q(n) fl(n,k,;) + + F(a, ~) , (12.3) 

rne 

" Q(n 1 >-vo-n )(t-..!... ), 
1 n I 

P
2
-- D D I' 

2 

n-=~. 
n - 1 

Q(n) •v (1-a)(l- ~), 

I 
D 

F(a,~) - IIOIIHhlil SIInBIITB'l&CKHil HHTerpan 2-ro pona. 8801111 COOTHOIIleHBe 
2 

Q(a)fl(k,a,; )=+A
0
(a,f3

1
), F(a,; )=; F

0
(a) 

MOJKao 8blpalKeaae ( 12.3) nepenaca'l'b cne,nyJOIIlBM oiSpaaoM 

rne 

, k2 
Q(a 1)fl(n 1,k,-)•...!t.IA

0
(a,f3 )+-F (a)l. 

2 2 1 p 0 

/4/ 
Ha C8oi!CTB 4Jyaz:naa A 0 (a,fJ) cnen:reT OTMeTR'I'b cne.n:rJOmae 

A 0 ( 0:. tl ) = sin f3 , A
0 
(a, 0 ) • 0, 

2 
A (..!L,f3 >=-/3, -A

0
(a,-f3)-A

0
(a,fJ) 

0 2 , 

LfaCT&hiMH npoxa 80ilBbiMR cpyBJtiiiiB A 
0

( a, {J) !IBn BlOTCH 

a A 0 k' sinf3 cosp --=-- [ F
0

(a )·- E
0 

(a)] , 
a a k t..'p 

" aA o 1 
--= --- [ E 0 (a )-k'\in 2J3 F0 (a )] . 
af3 l!'f3 

k '• ..r;:::;; , I!' p = [ 1 - k' 2 sin 2[3 1 %. 

(13.3) 

( 14,3) 

(15.3) 

(16.3) 

(17.3) 

( 18.3) 

(19.3) 

B COOT88TCTBBB C ( 10 .8) B ( 15.3) IIOIIHhl8 SIInBIITB'leCz:Be BBTel'p8IIbl Tpen.ero p01l8 

C 8b16paHBhiMJI lt09~1lB8HT8NB, COll8plK811lB8CB 8 cpopMYn8X (83) B (87), MOlKHO npe,nCT8-

BBTb K8Jt 

y(y.y2+rtp) 
fl (a , k, __!._) =.Jr. [A (a,J31 + 2YP Fn(a)l.(20.8) 

·~)y(p+r )2 +·y~yy2+r2 -r I 2 2 o (..j.~p)..j(p~-r)!I!Oy 2 

I 
I· 
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., ,, 
'I 

I 
) 

! 

,) 

·r<v·Y+r~-P > n ( a •• k, -f· ) -T A 0 ( ... fJ I) • 
(21.3) 

y(p+r )~+y2(v·r1~r~'+ r ) 

y(·p-r) ,-:,-::-'"'77==::===- ·n < a 11 -L ) , A < (p+r) y(p+r)1 +·r• •' ' 2 • T o '"• fJ J , 
(22,3) 

1"118 

.J{P+r)'+ ·Y I 

fJ • ucsia ~ p 
• v·r+r 

(23,3) ... arcsia v 
(p+ r)1+ ·y a 

fJ a • arcsia lv·r~ r 1-p 1 fJ a • arcsia Y • 
y(p-r) I+ y I 

(24,3) 

y(p-r ) 1+·r 2 
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