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1. ~OTe~an enexTpocTaTaqecxoro nona 

BwpaJKeaae, onpe.nenJQDIQee nOTaHIUian pasaoMepao sap,lllKeaaoro napannenellllne.na 

B BSKY)'Me, MOJKST ISbiTb Dp8,11CT4Bn8BO B DpHMOyrOIIl>BOit CBCTSMS KOOpABBaT, UOK438BHOit 

aa pac. 1, 

cne.nyJOIIlBM oiSpaaoM
111 

+f 
u •. _g._ r 

4 • •o -f 

.. 

~ 

2a 

Pwc. 1, 

+·• +h dz' 

dz' r dy' f. [(z -z')\ (y y'l*+(z -z'l 1 pJ 
·h 

'. (1) 

r,ne 2f 1 2b B 2• - AIIIUIA1 BbiCOT8 B m&pBBS DpBMOyrOilbBOro napanneneDBD8J141 COOT

BSTCTB8HB0i 17~ - o61.eMBU DnOTBOCTb 34pJIIIOBi :r, y, Z - K00p,11BB8Tiol TOqJ[B BaiSnJOAB

BBB, z'1y',z'. - KOOp,11BBaTI>I nepeM&BBOit TO'IJ[]I eneMSBT8pHoro OIS'&eMa dv'• dz'-dy'·d:r'·, 

'o - llBSnaKTPB'I8CKU DpOBBJ188MOCTb aaxyyMa. 

Bae11eM uoa~o~e uepeMaBBI>Ie 

, 
'1 •· Z' - •• ' /3 •· y -y'·, 

, 
a •·X -X · 1 

(2) 

TOrll8 Bl>lp8lK8HBS (1) MOJKBO 38UBC8Tb B BHI18 

• + ~ 
u-~ r 

4 ... 0 .. ~ 

y+:a •+h r . dr: 

•·h - 1) 2 I K 
(3) {. d{:l da 

:r•. 

3 



Oocne Tp9XKp8TBorO BBTerpBp0~8BBB/2/ DOT8HUB8n p8BBOM8pBO 38PB*9HBOrO napanne-

neDBD9A8 KOBeqHhlX p8~MepoB MO*BO npeUCT8BBTb K8K 

U - __2',_ I a {3 Arab --!L-.... + {1 '7 Arab a + a IJ Arsb fJ 
4rr<

0 
ya~ {32 ylj2f. {Jt 'Jat+ '1!1 

!3' --r arctg j-

a' - -r arctg ~ a 

a 'I' 
ya2+ ji\. '12~ --2 

{3 

ya2 + fi'+-"1 2 
I I at 

a, 

{3 a 
arctg -'1- yal+ /32+ '1 2 

f1t 
{3, 

'It 

"' 

(4) 

0pB onpeueneBBB Bbtp8*8BBB ( 4) BCDOJib30B8Hbl CJ18AY!Oll!H8 oqeBBABhl8 COOTHOW8BHB 

d 'I 'I 'I f = Arsb = fn [- +vl+ "I 
a 2f. {32 I ' [«2+ {3 2+ '1 211' y a~+f3 2 yal+ {32 

{,Arab (~) d/3 •·f3 Ar•h ../ 'I _ + 1J Arab ~ -
::r;:i+: {32 a I+ {32 y '7 J+ a 2 

- a arctg . __ 'I_ 
a 

{3 

ya2+ {3'+- 'I 2 

{,a arctg (_'I_ {3 ) da = 1Jf3 Arab a 
a y a'+ {3'+. '7 2 V {3'+ '7 2 

2 2 
- _.2l..._ arctg ~ a - f3 &rctg __!l__ a • 

2 IJ ya2+·f3~'12 -r f3 ya~+.f3 1+ 'I' 

B BhlP8*8BBBX (5)- (7) DOCTOBBH8B B&TerpBpOB8HHB onymeea, 

II , KoMIIoae&Thl aanpe*eHBOCTB aneJtTpuqecKoro nona 

(5) 

(6) 

(7) 

Bhlpa*eBBe unB KOMnOH8BT Banpa*eBBOCT. aneltTpBqecJtoro nona Bail.neM B3 COOTHo-

W8BHa .. 
E=-gradU. (8} 

B paccMaTpuaaeMoM cnyqae KOMnoaeBThl nona onpeuenBM JtaK 
au au au 

Ea •. -· a;:-, Efil = -· --afj' , E'l = -· ~ (9) 

BJIB 

E -~ 
'I {3 {3 af3'7 

I -·(j Arsh - 1J Arsb ---+:a arctg 'I ll 'I 'I 1 
( 10) .J at+: /3' ~ a yal+ tl~'l!l a 2 [:3 2 r; 2 a 4rr<. 

0 

Ep•·~l-•a Arsb __ 'I_- IJ Arsh __ u_ + {3arctg _'I_ . a lla'l {31 'It (11) 
4rr'b y~ v'l'+f3'. {3 yfiJ+fJ•+.,. a,fJ2'12 

4 

'i 

.( 

,1, 

f 

l 
jl 

I 
!. 

1 
. .( 

E'l = .!!:£_ 1- {3 Arab ~ - a Arsh _{3 __ +:IJ arctg ~ a lJatl {J1 'I I 
4rr•o ~ ~ 'I ya2t. {J \.'I' a, {J2 '1, ( 12} 

0TM8TBM
0 

qTO BhlP8*8BBB (10)-(12) onpe.o,enBJOT C TOqBOCTb!O AO 3H8lt8 B 38BBCBMQ

CTB oT JtoopuueaT ToqKH aa6niOA9BBB KOMDOBeBThl aneKTpaqecKoro nona Ex , EY B E 21 • 

nne onpe)leneHBB 3H8K8 KOOp)lHH8T ToqeJt ua6niOU9BBB, BXOASIIIUlX B npe)l8Jl.bl a 1 , 
a . 

2 • 

f3, • {J
1 

i 'It, 'Ia , BOCnOnb3yeMC!l ypaBH9BB8M 0yaCCOB8o nnB 9TOlt uenB Bail.neM 

qaCTBbl8 DpOB3BOJlHbl8 OT KOMIIOH8BT Ea • E{J H E'l • 

0BB HM810T CJ18AY!OWBlt BB)l 

'7 {3 
~ =· ~ arctg -a- vM+:'f' a a 4 rr •o 

1 atl/3'1 '1, 
a, f3, 'Ia 

ilEa =-·~ 
~ 4rr<0 

Arab ---l-..l"tlf'tl'lt, ilEa=-·~ Arsb {J la'lf3t1!1' 
va.'+ {3' a,fj,IJ, a., 4rr<a ~ a,f3, '1, 

'I a 
__2_.!/L = ~ arctg -{3- va'+f3 '+:lj• 

I atl fltl 'It 

"li {3, '7, a {3 4rr•o 

~=-·~Arab __ 'I_ l"qf3t['lt 
a a 4rrru· ya 2 +:(j' a2 {3, '12 

~--·~ Arsb~llltlf,l'l!lt 
a 'I 4rr•o v:'11 +:{3 2 a, fls '72 

ilE'I o {3 a I a,
1

fJ, .'It 
__ =· -"- arctg - A · • 

O·IJ 4rr•o 'I ycz2+:/3'+:'1' a 2 1"3 'Ia 

(13) 

(14) 

(15) 

~=-·~ Arsh {3 1~1{3'1!1' 
a a 4rr• 0 ../a' +:'1' a, fJ, '12 

a.E'I = _,_2i_ Arab a .. , ... ,.Btl '7 I 
~ 4>r<o ~~ a, /32 'Ia 

0onyqeHHbl9 peWeBB!l )ln!l KOMDOHeHT ar.eJtTpOCT8TBqeCKOrO nonB·JlOn*Bhl YAOBJ19TBo-

pBTb ypaaaeim10 Oyaccoaa, JtOTopoe B paccMaTpuaaeMOM cnyqae BMeeT BBJl 

-VU=oE,. +:!.:!:.fl.+:~=~ I arctg _'I_ {3 + 
ila a {3 a 'I 4rr •o a ya'+:fJ'+ .,, 

(16) 

+ arctg 'I a + arctg _f3_ a 
-,r- i/a'+/3'+11' 'I J:a'+fJ'+:IJ• 

I I a I I • f3tl 'It 
a2 f3, '1, 
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CyMMHPYH apKT&HreHCid B npaBOll '18CTB COOTBOW9HHB ( 16), nony'IHM 

- vu u· •. _:.a_ 
4., r

0 

a, 1/:1'1 .,, 
[sip (a fJ 'I) -f-1 I a, A. 'Ia (17) 

Pewease y p8BB9HBB ( 17) npa DOJlCT8HOBK9 npe)lenoB JlOnlKHO Jl8B8Tb peweHBe nyacco

HS BHyTpH napanneneDHD9Jl8 B BHJl9 - V U • ....!.i_ B BH9 ero rpaHBU V U •. O B 3UIICBMOCTB 
ro 

OT KOOpJlHB8T TO'I9K B86n~Jl9HBB. 

Asanas cooTsowesaa (17) noxaswaaeT, 'ITO nocne)lsee YllOBneTaopaeT yxasa&BYM 

TP960BaBBBM1 9CnB KOOPJlBB8Tid TO'IKII Ba6n~Jl9HBB 6epyTCB CO CBOBMH 3H8KBMB B COOTBeT

CTBHH C Bld6pBBHOll CBCTeMOll KOOpJlBH8T. 

Tu, sanpaMep, B aepxHell nonynnoCKOCTB DpB z >:0 'l,•·z +:b 1 a 'Ia•· II- b a npa 

11 <O 'l,•·b -11, '1,·-z·h, Coaepweuso lisanorB'IHO u JlnB Apyl:'ax upeJlenoa a 1 , a
8

; {3
1 

J\. 
Tax xu npa onpeJlenesaa xoMnoseBT sauplllKaBHOCTH snexTpa'lecxoro nona E11 , E{J B E'l 

C. DOMOIIlb~ ypaBB9HBB (8) H9 y'IHTidBaDCB 3B8K KOOpJlBBaT TO'I9K BaiS.n~Jl9BBB, TO B8 OCBo

B8HHH COOTBOW911Bll (9) B ( 17), cneJly9T, 'ITO 

E,. (x,y,ll) ---·E,.(-:r, y ,z ), 

Ey (X. y, 11) • -• Ey ( :r, -y, II ) 1 (18) 

E. (:r,y, II) ---·E.(:r,·y, ·-II). 

lfs ~Ol!CTB KOMDOB9BT BSDplllK9HBOCTB &n9JtTpOCTaTB'I9CKorO DOllB Cn9llY9T OTMeTBfto 

cnelly~wee: 

E,. (X. y, II ) •· EX ( X. -y, II ) ' . E,. (:r, y, II ) •· E " ( X. y, - :r ) ' . 

Ey(x,y,ll )•E,. (-z,y,• ),. E"(:r,y,ll) •·Ey(x,y,-11 ),. 
(19) 

E
8
(:r,y,ll) ·• E

8 
(-x,y,• ),, E

8
(z,,- !J•• ) •. E.(:r,...,,s ) •. 

MaxcaMSnbBYe ssa'laHBB xo.MDoBaBT sauplllKeBBOCft enexTpnecxoro non11 onpeJlanJDOT

cg as cnelly~IIUIX ~pM;yn: 
b 

E• ax • _s_ I 8 t arctc b a - 4 a [ Arab ----=~ 
x 4wr~· 2 f v'4ti+:h*+:a* v'4f 1 +:a1 

x•f, ••.0, y•O (20) 

-Arab ~ I~· 4 b [Arab a -Arab -
8

- ),J , 
a \\f!IIOb i b · 

6 

E; •• •. ~ { 8 a arctg _h_ f - 4f [ Arsh __ h __ -
4" ro 2a v'4a3+ h 2 +·f 2 v'4a3+: f 2 

y=a, x=.O,z={) 

- Arsh _h_J ·- 4h [ Arsh r - Arsh _e_ I .J 
f 1/4 a2+ h 2 h 

(21) 

E~ax = ____.s<._ I 8 h arctg _!_ t - 4 a [ Arsh • 
4~r•o 2h vr '+:a 2 + 4& 2 v' 4hll+ a 2 

e=h, x=O, ya9 
(22) 

- Arsh _f_] ·-·4f [ .Arsh a - Arsh _a_ I ol • 
a v4h2+ f2 f 

III • LJacTHhie cny'laH 

I. nony6eCKOH9'1Hhlll napannenenanea. nonaraH B Bbip8lK9HHHX (10)-(12) ai=-oo , 8 
x) 

a2= x , rae x - KOOpllHHaTa TO'IKH Ha6moaeHHH, nony'IBM <jlopMynw, onpeaenmowae KOM-

noHeHThi H8DpHlK9HHOCTH eneKTpOCT8TH'I9CKOrO nona OT nony6eCKOH9'1HOrO p8BHOM9pHO 38pH

lK9HHOrO napanneJienaneaa B cneAyiOmell <jlopMe 

Ea ..2L I -· 13 Arsh __;:]__.. -'I Arsh fJ + x arctg ..!L /:1 II 13, I 'I I (23) 
4rrr0 yx2+:132 yx2+:7J' x yxll+tJ\:'1' {3

2 
'Ia 

X 
E (3= ~ I 13 arctg + + + fn ( 13

2 
+: '1

2
) +:{3 arctg -tr- 'J x'+f3~ 'I 2. 

-·'1 Arsh - x Arsh 
., 

v' x2 +:fJ a 
I I f:1I I "', 

f3, .,, 

X 
E'l = ~I 'I arctg _{3_+·+ fn (f$

2
+l)

2
) +:'1 arctg J!.... 

4rr<0 'I 'I y' X-. +'fP+'J > 

-·13 Arsh x x Arsh {3 1 If!' I 'I I 
v''12+:fJ=v- V'x'+:'1 2 {32 '1 2 

nps X =·fl KOMDOH9HTbi DOllH HM9!0T BHJ\ 

E = __!!X_ 
a 4rr r

0 

{3 13, '1, 
l-·f3 Arsb ~-'I Arsh ~~I" I 

vf3 2 V'l 1 ~"'a '12 

(24) 

(25) 

(26) 

x) 
CscTeMa xoopaasaT rrpu aTOM pacnonolKeHa a Ha'lane nony6ecxose'IHoro napanne-

nenane.o.a. 
7 



E{J = ~I f3 arctg _!L +·....!/.._ 
4~r r

0
• f3 2 

{31 

fn < f3 • + '1 "> II {321 
'11 . 
'72 

E11 • ~ I '1 arctg .JL. + + !'n ( {3
2 
+ '? 2 ) I I {31 1 111 

4~r•a '1 f32'72 

(27) 

(28) 

MaKCHManbHhie sHa'leHHSI E., E, H 

onpenenS!Xl'I'CSI ss 4>opMyn 

E,Ha Topue nony6ecKoaeqaoro napannenensnena 

Em ax •· ~ l-•4a Arsh _I! - 4 h Arsh ~ I • , 
h x 4~r •a a 

x=O, y=O, z=0 

max h 4 a 2
) J 

E • ___E'x_ ( 4a arctg -- + h fn ( 1 + --.:-2 •, 
• 4~r r 0 2 a h 

x=.O, ys::·a, z=.O 

2 

E
max u~ 

=·--X-. 
z 4~r 'o 

a 4h I ( 4h arctg -zi1 +:a fn (1 + --;-r) ' 
x=O, y=.O, z=h 

(29) 

(30) 

(31) 

2. 6ecKoHa'IHO=AnBHHbil! napannene!lHnea. PaccMaTpaaag none Ha nocTaTO'IHO 6o1Ib-

lliBX paCCTOSIHBRX no OCH X oT Haqana nony6ecKoHa'IHoro napannenenanena, nony'IBM as 

ypaBHaHBJ! (23)-(25) npB X -+"" Bbtpa>KeHHSI, OnBCb!B8lOlliB9 KOMnOHaHTbl nOnS! OT 09CKo-

Ha'IHo-nnBHHoro paBHOMepao sapSI>KaHHoro napannenenaneaa, OHB BMelOT BBA 

En =· 0. (32) 

r 
h 2 2 {:J I 'It 

E{J= ~{2{3 arctg T +'1 fn(f3 + '1) 11{3 I 
4 1T 'd 2 '72 

(33) 

. f3 2 2 I f3tl 'It E11 = ~ { 2'1 arctg - + {J fn ( f3 + '1 ) I 
4~r •o· '1 (32 '72 

(34) 

MaKCBMBnbHbie 3Ha'laHBa cocTaanSI!OIABX HanpSI>KeHHOCTH aneKTpocTaTB'IecKoro nona 

Ha rpaHax 6ecKOH9'1Ho-nnHHHoro napaMeJienanena paBHbt 

max . h 4 a 2 
E = ____!!_,_ { 8 a arctg -- +: 2 h fn ( 1 +: V ) 

y=a. s=OY 411rd 2a 
(35) 

max 
E. -·~ISh arc! a 4h

2 

• =h, y=O 4 "'u g ~ +: 2 a fn ( 1 + __ 2 ) I • a 
(36) 

8 

CoUOCTBBnSISI Bbtpa>KeHBa (27), (28) COOTB9TCTB9HHO C (33) B (84), BBABM, 'ITO KOM-

DOH9HTbl HaDpS!>K9HHOCTB aneKTpOCTBTB'I9CKOrO nOnS! OT nonyoecKOH9'1HOro npB X =·0 B 

09CKOB9'1Bo-AnBHHOrO sapalKeHHbiX napannenBnenenOB CBSJ38Hbl COOTHOlli9HBSMB 

2 Ey ( O,y, z ) = Ey ( y, z ) (87) 

2 E z ( 0, y, z ) = E z ( y, z ) • · (88) 

3. EearpaaB,Hhiii aapspKaHHb!ll enol!. B aToM cnyqae KOMnoaeHThi nons nerxo nony-

'IBTb us ypaaaeaul! (33) B (34). ecnu B HBX coaepiABTb nepexon K npeneny npB f31,li'±i"" 

npB 3TOM 

Ea= 0, 

Ef3 = 0 

r,l 
E = ~ 4'1 sign ('7 ) T I 

'1 47T ( 0 "· 

(39) 

(40) 

(41) 

11ccnenyeM ypaBB9BB9 (41) nnSI OonaCTB Z >f) , nonCTaBnSIH 3B8'19HBS '71 -· Z +:h 

B '12 -·z -h , nony'IBM Bbipa>KaHBSI nna Z -COCTaBnSIIOWall HanpSlK9HBOCTB an9KTpOCTBTB-

'19CKOrO nons B cneny10weM BBne 

E =~{ 4z [( sign(z+·h >-;-)-( sign(z-h)+) ],+ 
z 471£

0 (42) 

+:4h l (sign ( Z+ h)+ ) + (sign ( z- h ) T I.J . 

llns oonacTB z < 0 peweHBe nony'IBTCSI H3 ypaaaeHBa ( 42) npB saMeae z +:h-+ -·z +:h 

H Z - h-+-Z -h , COOTBeTCTBeHHO. 

nony'laHHble TBKBM o6pa30M pemeHBSI pacnanalOTCSI Ha ABB B 38BBCBMOCTB OT TOrO, 

BBXOAHTCSI nH TO'IKB HaOnlOA9HBSI z aayTpB sapSI>KeHHoro cnoa HnH sue ero. 

B nepaoM cnyqae npB -h<z<h 

E. 
q =. _.::t._ z 3aaKB 

+ nna z >f) 
(48) 

'o - nns z<O 

E ~h 3aaxB 
+ ans z > h 

=.:±: - (44) Bo BTopoM cny'lae z 
'o - nnSI z :s- h 

9 



l-13 ypaBH9BB.il ( 44) T8)tlK9 CII9Jly9T, 'ITO npB TonliUIH9 38p.illK&HBOrO CIIOH 2 b 1 CTp9Mit

meMCH K Hymo TrucBM ct6pa30M1 'ITO noBepltBOCTIUIH nnOTBOCTb 3apH.D.OB OCTaeTCH K~~;'IHOI 1 
uanpHlK9HHOO'I'h SII&Jt'I'JIOG'NITB''I90KOrO D0/1.11 0'1' 38plllK8HBOI lliiOCKOCTB onpenenHeTOH 

E. 
11,; 

3uau ±.~ 

rne 11 - noaepXHOCTHaH lliiOTHOCTb aapHJlOB, 

+ Jlllll z >'0 

Jlllll ~ < 0. 

n a T e p a T y p a 

1. B. CMaiiT. 3neKTpocTaTB1UI B aneJtT)'OJlBHIIMBJtA , M.n. MooKaa, 1954. 

(4J) 

2. M.C.fpaAmTeiH B M.M,PLilKHK, Ta6nHitbi HHTerpanos, cyMM, pH.D.OB H npoHaseneHHI. 

4>.M. MocJtBa, 1962, 

PyKOnHCb nOCTYfiBIIa 8 ~3JliiT811bCJtBI OT)l811 

3 cpe.apan.11 1965 r, 

.:·••' \'• 

.,-· 

•",', 

Jill''< 

'.t 

' '' 

.' 

' ' "~ 

:_, . .• \1,. 

:~-! 

,,. 

-:.< 

~ '...>" 

i·• 

( 

) 


