
0 6 b e a U H e H H Y  fl 
M H C T U T Y T  
R ~ e p l b l X  

U C C l e ~ O B a H U f i  

AHAJIMTMPECKOE PACCMOTPEHME 

M PACPET 3JIEKTPOCTATMPECKMX Y CTPORCTB 
IIYTEM PEWEHMR OBPATHOR 3AAAPM 



Ann OTKnonennn, @OKYCMPOBKM n anannaa ~ ~ n m y q n x c n  aapnmennux 
UaCTMu UHPOKO IlPMMeHfltOTCfl pa3fll4'4Hble 3fleKTpOCTaTU'-ieCKUe YCT- 

pokc~ea .  Pacc~o~penne  TaKnx Y C T P O ~ C T B  06uqno ~ P O B O A H T C R  nyTen 
peuenun ypaeHennn Jlannaca B @opne a a ~ a q n  Anpnxne, B peaynbra~e  
qero HaxoAnTcn HanpnmennocTb aneKTpnqecKoro nonn B cucTene 
aneKTpoAoe a a n a ~ n o i  @OPM~I u c ~ ~ A ~ H H M M H  noTenuuanaMu /cM., na- 
~ P M M ~ P ,  /I/ , c.4-11, 17-22 n ~ a n e e / .  B H ~ C T O R ~ ~ ~  p a 6 0 ~ e  onucu- 
eaeTcn n unntocTpnpyeTcn HOBUMH p e s y n b ~ a ~ a ~ n  npven peuenun 
3fleKTpoCTaTMUeCKnX 3aAa'-i, 06pa~nuk no OTHOueHu~ K 3aAaqe AUPHX- 
ne . 

2. CXEMA IlOCTAHOBKH M PEWEHHR 06PATHblX 3AWq 
3JlEKTPOCTATHKH 

Ha ocnoee ~pe60eannii K aneKTpuqecKoMy nonto e ~ a ~ o n - n n 6 0  
npoeKTupyenon @ H ~ H ~ ~ C K O M  unn TexnnqecKoM ~ C T P O ~ ~ C T B ~  3 a ~ a e n  
B anannTnqecKon enAe 6a30eoe none Ha sbl~enennok cnnne~pneG 
~ C T ~ O ~ C T B ~  nHHUM Unn flOBePXHOCTH. 3neK~pl4'4e~K0e none 8 0  B C ~ G  
anepType ~ C T ~ O ~ C T B ~  onpeAennen nyTen peuennn ypaenennfi Ma~csen- 
na 

-. 
rot E = 0. /2/ 

-. 
rAe E -  eeKTop nanpRmennocTn 3 n e ~ ~ p n ~ e c ~ o r o  nonn, ncnonbsyn 
B KaqecTee Kpaesoro ycnoenn nnTerpnpoeanwc 3aAanHoe 6a3o~oe  
none. npnsneqenne ~ s y x  ypaenenuk Ma~ceenna snecTo oanoro ypae- 
nennn Jlannaca, nennnqerocn, 3ane~n1.1, ~ K B M B ~ ~ ~ H T O M  ypaenenun 
/I/, eeAeT K 6onbuek 0 6 y c n o e n e ~ ~ o c ~ n  peuennn 06paT~ok s a ~ a q n .  

Hn~erpnpoeanne ypaenennk /1/ u /2/ npoeoAnn MeToAon nocne- 
aoeaTenbHux npn6nnmennG no e o 3 p a c ~ a o q ~ n  CTeneHflM anauennk OA- 

HOG u3 KoopAnnaT. Ann peanbno ocyuecTenMux nonek uneen nnn KO- 

Hewoe qncno npn6numenwii, nnn K O H ~ ~ H U G  npeaen 6 e c ~ o ~ e ~ n o r o  pn- 
aa npu6nnmennk. 3a~anne  6aaosoro nonn, npoTneopeqaqero cncTe- 
Me ypaenenni / 1 /  u /2/, AenaeT H ~ B O ~ M O ~ H ~ I M  pewenwe 3aAaqM yme 
Ha nepeb~x a ~ a n a x  nocn nmennk . 
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TOpOB 3apRMeHHMX c(aCTHu. n 0 n R  npU n <O OnHCblBaloTCn 6ec~o~ecc -  
HblMH PRAaMH / l o / ,  CXOARU(HMHCR K KOHeqHOMy pe3ynbTaTy no nPU3Ha- 
~y f lek6~uua, ecnu r < ( z 1  . @ o p ~ a  3 n e ~ ~ p o ~ o e  CucTeMbl B BTUX 

CnyYaRX HaXOAHTCR npu6nume~~0,  HO C n06ok CTeneHbO TOqHOCTU 

u3 npeAcTaeneHHoro 6ec~o~ecc~ut .1  PRAOM noTeHuuana nonR. Ann MHO- 

rux  npaKTuccecKux uenek aneKTpoA MomeT 6b1~b annpoKcuMupoeaH 
B o 6 n a c ~ u  r <  121 c@epUctecKok nOBepXHOCTbO C paAUyCOM, PaBHblM 
paAnycy K P U B H ~ H ~  aneKTpoAa 8 e ro  BepwnHe n BupameHHbIM oop~ynok  

Apynonb; OHa ucnonb3ye~cn, HanpnMep, B p e a o ~ a ~ c ~ u x  ~ a c c - C ~ ~ K T -  
poMeTpax Tuna HOHHOG noBywKn 'e'. Ha puc.1 TaKme npeAcTasneHu 
npoannn aneKTpoAoe TpexMepHoro ceKcTynonn / n  = 2, a =  4, F, = 

rAe zO - KoopAuHaTa BepwuHbl aneKTpoAa. nonomu~enb~oe 3~acce~ue 
PaAUyCa KPHBU3Hbl 03HaWeT, qTO 3neKTPOA BMnYKnOCTbO o6paqe~ 
B CTOPOHY z >  zO , oTpuuaTenbHoe 3~acce~ue - B C T O P O H ~  z <zO . 

npu n = -1 uMeeM ~ ~ a 3 u u u n u ~ ~ p n c c e c ~ o e  none u R-1 = 2z0, npu 
n = -2 - u s e e c ~ ~ o e  coepuccec~oe none H R-2= z O ,  npu n = -3  - 
~ ~ a 3 u n e ~ ~ u c ~ a ~ u c c e c ~ o e  none u R,3 = 2z0 /3  H T.A.  

@0pMyna /11/ OnpeAenfleT PaAUyCbI KPHBU3HM BePWHH TOpueBblX 
aneKTpoAoe H npH ecex Apyrux 3HacceHunx n :  npu HeuenoccucneHHux 
3 ~ a c c e ~ u ~ x  n 5 0 u npu uenoccucneHHblx nonomuTenbHblx 3~acce~unx n ,  
xapa~~epu3y0qnx paccMoTpeHHMe euwe o 6 a e ~ ~ ~ e  MynbTunonu. 

1 

3.1 .2. Ann 6 a 3 o ~ o r o  nonR E, ( z )  = K ,zn B /5 /  B KaccecTBe pe- 
W ~ H U ~  y p a e ~ e ~ n k  /1/ u /2/ uMeeM 

= -K2rz, E z =  - K 2 ( r 2  /2 - z 2 ) ,  V =  Kpz(z2/3 - r 2 / 2 ) /  n Tpex- 
Meptioro oKrynonn / n  = 3, r n =  51 E, = 3Kb 6 r 3 / 8  - r z 2 / 2 ) ,  E, = 
= K3 ( z 3  - 3r2 z /3) ,  V =  -K3(3r /32 - 3r z /4 + z 4  /4 ) / ,  B nuTe- 
paType He onucatitiux. 

Hannccne B 06aeMtib1~ KeaApynone H oKTynone paananbHux KoMno- 
HeHT nOJlR, ~PO~OP~HOHaJlbHYX C H C , flOaCKa3blBaeT B03MOXHOe HC- 

nonb30ea~ne aTnx ~ y n b ~ n n o n e k  B KaccecTee ~ C T P O ~ ~ C T B  Ann OcecuM- 
~ e ~ p n c c ~ o f i  @OKYCHPOBKH nyccKa aapnme~~ux  ccacTnu n ncKnnqeHun , 
a6eppaunk TpeTbero nopnAKa. npu C K B O ~ H O M  nponeTe ccacTuu ccepea 
OTeepcTun Ha OCH z B TopueBux aneKTpoaax, s a ~ p u ~ u e  c e ~ ~ o k  
C MenKblMH ~'-lefiKaMbI, ~ U d n p e p e t i ~ ~ P y O ~ ~ ~ ~  H TaKHM o6pa30~  CHUMaO- 
~ H M H  ~ e k c ~ e n e  Ha ccacTnuu Kpaeeoro nonn, oTHocnTenbHan OnTuccec- 
Kan cnda n n ~ e k ~ o k  @o~ycnpoe~w TOHKHM 0nTnccecKnt.I B ~ ~ M ~ H T O M  

H B napaKcnanbHoM n.pn6nnme~nn eupamaeTcn @op~ynof i  d /F = a(qV / T)  , 
rAe d - nonoenHa PaccToRHnn MeHAy TopueeuMn BneKTpoaaMu, %- 
@o~yct ioe paccTonHne, Vo- noTetiunanu Topueeux aneKTpoAoe, 
q H T -  3 a p ~ a  H KnHeTuccecKan 3 ~ e p r n n  ccac~nuu, a = -1 Ann o6aen- 
Horo Keaapynonn, a = -2 arm O ~ % ~ M H O ~ O  oKTynonn. On~uccec~an 
cnna Ky6~cce~K0r0 npeo6pa30ea~nn oKTynoneM onpeaenneTcn @op~y- I 
n0fi A a =  b(qVo/T)  ( r /d ) '  , rae  & - H3MeHeHHe yrna HaKJlOHa Tpa- 
eKTopnn ccacTnuu a K ocu z n o ~  a e f i c ~ e n e ~  paananb~ofi cocTaenno- 
qek nonn, nponopuno~anb~of i  r 3 ; r - KoopantiaTa exoaa ccacTuuu 
B OKTYnOnb; b = -3/2. 

npn6nnmetine T O H K O ~  n n ~ 3 u  ~ p e 6 y e ~ ,  cc~o6u d /  F < 1 n Aa <1 
/cc~o, B CBOO occepeab, ~ p e 6 y e ~  qV / T  < 1 /. n a p a ~ c n a n b ~ o c ~ b  pac- 
C M O T ~ ~ H H R  cnpaseAnnea npn a  < f n r / d  < 1. 

npu C K B O ~ H O M  nponeTe ccacTnu ccepes orKpurue oTeepcTnn B l o p -  
ueeux aneKTpoaax onTnccecKoe AeficTene o 6 a e ~ ~ o r o  MynbTnnonn 3a- 
BHCUT Tame OT 0 6 p a ~ ~ o r o  ~ e f i c ~ e n n  npoHnKalounx ccepea oTeepcTnR 
nonek paccemnn. On~uccec~ne xapaKTepncTnKn, ~ a f i a e ~ ~ u e  c ycce- 
TOM A ~ ~ C T B H R  KpaeBuX Il0Jlek MeTOaOM, aHaJlOrHccHUM OnHCaHHOMY 
B I s / ,  onpeAennnTcn e BTOM cnyccae yMe ~ a n o f i  eennccn~ofi BToporo 
nopnArca (qV / ~ ) 2  eMecTo BenuccnHu nepeoro nopnaKa qVo/Te  npn- 

0 
BeAeHHux euwe OopMynax n cneaynqnMn 3 ~ a c c e ~ n n ~ n  ~03dnpnune~~a 
a = 5/8, 2/3, 3/2, 8/7 n ~oadnpnuneHTa b = 0, 0, -9/128, -9/5 
cooTseTcTeeHHo Ann ~ n n o n n  , ~ e a ~ p y n o n n  , ceKcTynonn n oKTynonn. 

0 6 b e ~ ~ ~ e  MynbTHflOnH C HHAeKCaMH nOnR U =  4 H n = 5 o6ecne- 
UHBaDT OCeCHMMeTPUccHYO KOPPeKuHD a6eppaunfi IlyqKa W C T b l u  f lRT0-  

r 0  nOpRaKa, C HHAeKCaMU nOnR P = 6 H P = 7 - CeAbMOrO flOpHaKa 
H T.A. 

~ P H  II < 0 H3 / l o /  CneAYKJT CHCTeMbl C IlOnRMH, YMeHbWaWHMUCFl 
no Mepe pocra z .  T a ~ n e  CucTeMu ncnonb3yn~cn B Kaccecfee pe@ne~-  

~ P H  n =  0,1,2,3, . .. PRAM /12/ KOHeqHM, B OCTanbHblX Cnyrta- 
R X  - 6e~K0HeccHb!, HO,OAHaKO,CXOARTCR K KOHeUHMM 3HaUeHHRM npu 
r < l e l  . B cnyccae n = 0 uMeeM TpusuanbHoe pelueHue E, = 0 
u EE = 0. npu n = 1 143 /12/ cneAyeT o 6 a e ~ ~ o e  KsaApynonbHoe 
none E, =K lz ,  E, =Klr , V = -Klrz npu V(O,O,O) = 0. 3 ~ o  none 
HMeeT CHMMeTPHlO OTHOCHTenbHO nnOCKOCTH Z = 0 /E,(c, 4 , Z )  = 
= - E r ( r ,  4 ,  - z) ,  E,(c , 4 , ~ )  = EZ(r , 4 ,  -Z)/ ,  OTnUc(HY0 OT CUM- 
MeTpuu ~ O ~ R , U ~ B ~ C T H O ~ O  0 6 a e ~ ~ o r o  KBaApynonR, PaccMoTpeHHoro 



B 11.3.1.1 / E r ( c , 6  z )  = E r ( c  , d , - e ) , E = ( r  ,d,z) = - E z ( r , d , - e ) / .  
H o e o e  KBaApyf lOnbHOe none CO3AaeTCR ABYMR 3neKTPOAaMH /IF n + l /  
n p o ~ u ~ o n o n o m ~ o i  nOnRpHOCTU B @ o p ~ e  r u n e p 6 0 n  s p a w e n u n  o T n o c n -  
T e n b n o  ocn e / r e  = - V / K 1  n p n  V =  t V O / .  A H a n u 3  n o ~ a s b ~ e a e ~ ,  u ~ o  
o 6 a e ~ ~ u k  KBaApynOJlb  H3  A B y X  3JleKTpOAOB, T a K  Me,KaK 06ae~nuk 
KBaApyf lOnb H3 T p e X  3neKTpOAOB, MOMeT 6 ~ ~ b  WCnOJlb30BaH B K a -  
r e C T B e  p e 3 0 ~ a H c H o k  nOByluKH 3apRmeHHuX uaCTHQ,  HO C HOBUMH YC- 
nOBHRMM p e s o n a n c a  ~ o n e 6 a ~ u k  uaCTHu,  I lpOHCxOARwHX BAOnb o 6 p a -  
3YDqHX KOHM'-ieCKHX ~ O B ~ P X H O C T ~ ~ ,  Haf lpaBneHHUX I lOA YrnaMH 45' 
H 1 3 5 O  K n o n o m u T e n b n o M y  H a n p a e n e H u D  o c n  Z .  n p u  n=  2,3,4, ... 
HMeeM 0 6 a e ~ n ~ e  MYJlbTHnOnH, COOTBeTCTBeHHO CeKCTynOnb ,  OKTy-  
nonb H T.A. ,  o T n u u a n q n e c R  OT p a c c M o T p e n n u x  B n . 3 . 1 . 1  06ae~nux 
~yJ lb~Hf l0 f lek  '4MCnOM 3JleKTpOAOB H C H M M ~ T P H ~ ~  IlOnR. 

n p ~  n < 0 H r (121 u3 / 1 2 /  cneAyroT. c u c T e M N ,  0 6 p a s y e ~ ~ e  ABY-  
MR COOCHUMH 3JleKTPOAaMH K O H Y C O O ~ P ~ ~ H O ~  @oPMU, B03MOMHOe npHMe- 
H e H n e  ~ o ~ o p u x  - n p e o 6 p a s o e a ~ u e  ~ p y 6 u a r u x  n y u ~ o e  3 a p n m e H H ~ x  u a -  
CTHu. 

3 . 2 .  A ~ R  CHCTeM C nnOCKOCTblO CHMMeTPHH Z =  0 ,  I l ep f l eHAHKy-  
n R p H 0 k  OCM CHMMeTPHH Z ,  0 6 q a ~  3a f lHCb  6 a 3 0 8 o r o  nOnR HMeeT BHA 

Er ( r ,  4 , O )  =O. E d ( r , 6 , e )  = 0 ,  Ez(r, 4.0) = E E ( r )  . / 1 4 /  

n p H  n =  -1 ,1 ,3 ,5 ,7  H 1.4. PRAM / 1 5 /  COAepMaT KOHeuHOe qHC- 

no c n a r a e n u x .  n p n  n = - 1  uMeeM none K p y r n o r o  Q u n u H A p a  E, = 
=K-l / r ,  EZ= 0 ,  f l pH  OCTanbHUX yKa3aHHblX Bbllue 3HacleHHRX HH- 
A e K c a  n o n R  - 0 6 a e M ~ U e  M y n b T u n o n u  n e u e T H o r o  n o p R A K a ,  p a c c n o T -  
p e H H u e  B n . 3 . 1 . 1 .  n p u  n =  0,2,4,6 n T.A. PRAM / 1 5 /  c o A e p m a T  
6 e c ~ o n e u ~ o e  uucno c n a r a e n u x ,  C X O A R ~ H X C R  K K O H ~ ~ H O ~  cyMMe npn 
l z l  < r . B ~ T M X  c n y u a n x  B 0 6 n a c ~ u  I Z I  < r  HMeeM norm 0 6 b e ~ ~ u x  

1 
~ y n b ~ u n o n e i  u e T n o r o  n o p n A K a ,  p a c c M o T p e n n u e  B n . 3 . 1 . 2 .  n p n  B c e x  
O c T a n b n u x  3 n a u e n u ~ x  u n A e K c a  nonn / n  < - 1  H n p a e n R e T c R  n e q e -  
noMy uucny B n n T e p B a n e  - 1  < n < / n o n e  / 1 5 /  o n u c b l e a e T c R  T a K -  
me  6 e c ~ o n e u n u ~  uHcnoM C n a r a e M u x  c K O H ~ ~ H O ~  C Y M M O ~  B 0 6 n a c ~ u  
l z l  < r  . K O M ~ O H ~ H T M  H a n p R m e n n o c T u  ~ Q e p u u e c ~ o r o  nonn / n  = - 2 / ,  
n p e A c T a e n e n n U e  ~ ~ C K O H ~ ~ H ~ I M H  pR4aMu / 1 5 /  M / l o / ,  n n a s n o  c o n p n -  

~ P M  nlo6o~ 3nH'-IeHHH n PaAHyC KPHBM3Hbl B nnOCKOCTM r Z  r p e 6 ~ n  
K o n b q e e o r o  a n e K T p o A a ,  n e m a u e r o  B T o w e  r O ,  d , 0 , O n p e A e n R e T c n  
Q o p ~ y n o i  

n o n o m u r e n b n o e  a n a u e n u e  p a A u y c a  KPMBMBH~I  o s n a u a e ~ ,   TO a n e K T p o A  
B o r n y T o c T b D  rpe61-1~ o 6 p a u e n  K n a u a n y  K o o p a u n a T ,  o T p u q a T e n b n o e  
s n a r e n u e  - OT n a u a n a  K o o p A b n a T .  M3 ~ 0 p ~ y n t . 1  / 1 6 /  n o n y u a e n ,  n a -  
npwMep,  cneAylou&Ie 3 n a u e H u ~  p a A u y c o B  K p u ~ u 3 H b l  r p e 6 n e k  KOnbQe-  
B ~ I X  a n e K T p o A o e :  R = -ro / 2  A n n  T p e x a n e K T p o A n o r o  K s a a p y n o n n ,  
R = - r / 3  A n n  ~ p e x 3 n e ~ ~ p o p n o r o  c e K c T y n o n H ,  R = - r o / 4  AnR 

0 
nRTM3JleKTPOflHOrO OKTynOnR,  - R - l  = rn AnR K p Y r n O r O  4MJlMHAPH'-leCKO- 
r o  s e p ~ a n a ,  R = r A n n  c Q e p w u e c ~ o r o  s e p ~ a n a ,  R-3= r 0 / 2  A n n  -2  0 
K B ~ ~ M ~ ~ M H M C K ~ T M ~ ~ C K O ~ O  s e p ~ a n a .  

3 . 2 . 2 .  dnn E Z ( r )  = ~ , r "  B 6a30~0 t .1  none / 1 4 /  p e l u e n u e  y p a e H e -  
HUE /I/ U / 2 /  nPUBOAMT K 

3 . 2 . 3 .  6 a s o ~ o e  n o n e  c E, ( r )  B / 1 3 /  B B u A e  



ncnonbsye~cn B s n e ~ ~ p o c ~ a ~ n q e c ~ n x  anannaa~opax sapnmennux qa- 
C T H ~  roponaanbnoro Tnna. B @opMyne /18/ Eo - paananbnan K O M ~ O -  

Henla nanpnn(ennocTn 3 n e ~ ~ p n q e c ~ o r o  nonn Ha ~ p y r o ~ o k  OCH anann- 
saropa r = R, , p = ( r - R, ) /R, , e - nocTonnnue K O ~ @ ~ H ~ H ~ H T ~ ,  
i = 1,2,3 ... 

Pewenne ypaenennk / 1 /  n /2/ c 6asoebl~ noneM /18/ ~PHBOAHT, 

K cneAynqeMy supamenno Ann norenunana nonn npn ycnoenn yqeTa 
B KOHeqHOM BblpaH(eHHH ManblX BenHqHH p < 1 cl [ =  Z / R, < 1 B CyM- 
~ a p n o k  wec~ok  cTenenn 

Pacc~o~penne  nonn Toponaanbnoro ae@neKTopa c ~ o k  me roq- 
H O C T ~ ~ ,  no nyfeM pewennn s a ~ a q n  Anpnxne Ha ocnoee ypaanennn 
nannaca AaHo B p a 6 o ~ e ' ~ .  P e a y n b ~ a ~  npeacTaenen B enae cnc le-  
MU PeKyppenTnux C O O T H O W ~ H H ~ .  

H3 anannTnc(ecKoro Bupamennn norenunana nonn /19/ cneaym 
supamennn paanyca ~epnnnonanbnok KPHBH~HU s n e ~ ~ p o a a  B MecTe 
e ro  nepeceqenun c ~eanannok nnocKocTblo ae@ne~Topa c =  0: 
npn e. # -1 

B @opMynax /20/ n /21/ d - paccronnne OT on tnuec~ok  ocn ao 
3neKTPOaa, B3RTOe CO 3HaKOM nnnC HnH MHHYC B 3aBHCHMOCTH OT Ha- 
npaeneHnn o ~ p e a ~ a  d no nnn ~ P O T H B  BeKTopa r . npn d = 0 @ o p ~ y -  
nu /20/ u /21/ onpeaennnT paanyc K P H B H ~ H V  ~ e ~ n a n n o k  noeepxno- 
CTH ge@neKTopa. Paanyc K P H B H ~ H ~  npeacTaenen c yqeToM ~ a n o i  ee- 
nnunnu d /Rr ( 1  BnnoTb 40 ee BToporo nopnatca, TO ecTb c lor(- 
H O C T ~ W )  a a e ~ ~ a ~ n o k  annpoKcnMaunn e o6nac~n  ( < 1 npo@nnn wecTo- 
r o  nopnatca O K P Y M H O C T ~ ~ .  

He~010pue pesynb ta~u  npnMenennn @ o p ~ y n  /20/ n /21/ Ann ynyr(- 
wennn anannsa~opoe sapnmennux qacTnu npneeaenu B ~a6nnue .  

B ~a6nnue  npwcTaenenu Moan@nunpoeannue BapnanTu naeec~nux 
unnnHapnqecKoro /el = -1/ n c@epnuec~oro /e2 = -2/ anannaaTo- 
poe, a TaKme ~ o a ~ o m n u k  ~opon~anbnuk  ae@neKTop c el = -13/5. 
B nocneanen anannsatope 06ecne~n~a10~cn  npn oTKnonennn n y q ~ a  
rlacTnu Ha yron a= 284,60° paananbHoe npeo6pa30eanne no ~ u n y  
" T O ~ K ~  B T O ~ K Y "  /T-T/ n aKcnanbnoe npeo6pasoeanne Toro me TH- 

na, no C aononnnTenbnuM npoMemyToqnuM QOKYCOM. Ancnepcnn ana- 
l nnaa~opa y8 B n n ~ b  pa3 6onbwe ancnepcnn unnnnapnqecKoro ana- 

( nusa~opa n B aBa c nono~nnok para 6 o n b ~ e  ancnepcnn c@epnrec~o-  
r o .  

H ~ B ~ c T H ~ ~  unnunapn~ec~nk  n c@epnqec~uk anannaa~opu nMear 
yrnoeue KeaapaTnqHue a6eppaun1.1, x a p a ~ ~ e p n 3 y e ~ u e  ~03@@nunenTo~ 



~ y f l o n b ~ o k  C O C T ~ B ~ R I O ~ ~ ~  3neKTpU- 
qecKoro nonR e2, npneeAennux 
B ~a6nuue.  C o a ~ a ~ u e  ~ a ~ o k  co- 
c ~ a e n ~ o u e k  Tpe6yeT yKa3aHHblX 
B ~a6nuue  3HaqenuR paAuycoe ue- 
~ U A U O H ~ ~ ~ H O ~  KpMBH3Hbl H IlOTeH- 
uuanoe a n e ~ ~ p o ~ o e ,  nak~ennux 
no @opuynau /19/, /20/ u /21/. 

L , l j  B ~a6nuue Vo = Eo R, - noTeHuuan 
c@epbl paAuyca Rr , co3~a10uuii 

I L  ~a ee n o e e p x ~ o c ~ u  none Eo, d = 
= 0,2Rr. 

Ha puc.2 n o ~ a 3 a ~  ~03uom~blk a ~ a n u 3 a ~ o p  Tuna "anenbcun", co- 
c~aenennb~k c uenba 06ecneqe~un aKcuanbHoro yrnoeoro aKcenTaHca 
21t paAuaH u3 12 npeAcTaBneHHMx B ~a6nuue  Ksaawc@epnqecKnx ane- 
MeHTOB. 

~ ~ M ~ T U M ,   TO paccuoTpeHue MeToAou o 6 p a ~ ~ o k  a a ~ a r u  B O ~ M O M -  

HOCTU @op~upo~aHun 6esa6eppauuo~~oro ~ ~ a a u c @ e p u u e c ~ o r o  nonn 
c e l =  -2 u e = 3/2 nyTeu M ~ M ~ H ~ H U R  ~ e m ~ y a n e ~ ~ p o ~ ~ o r o  npoue- 

2 
MyTKa BAOnb I ~ o ~ R ~ H o ~  KOOPAMHaTM 0 c@ep~'4ecKok CUCTeMbl - KOOp- 
AuHaTM BAonb HanpasneHun nepeueuetiun qacTuu, no~aaano ee Heocy- 
ueCTBMMOCTb. Tpe6oeanue e 2 #  3 BeAeT yMe B nepBOM npu6nume~uu 
peuenun K H ~ A O ~ Y C T M M O ~  ~ o n o n ~ u ~ e n b ~ o R  c o c ~ a e n n c ~ e k  nonn Ha on- 
T M ~ ~ C K O ~  OCM mO(Rt, 4 , e) = -2EO(e2 - 3) ln (sine kin9O0) , saeu- 
c ~ u e k  OT KOOPAUHaTbl 0. 

3.3. Ann wupoKoro Knacca cucTeM c su~enennok nnocKocTbo CUM- 

ueTpuu ,#= 0, npoxo~nuek qepe3 ocb cuuueTpuu z ,  6a3o~oe  none 
Momno 3anuca~b B BuAe 

3.3.1 . b n  E, ( r )  = ~ , r "  u Ezo = 0 B /22/ 143 pewe~uk / 1 /  
u /2/ cneAyoT Koneqnue BupameHuR noTenuuana nonn 

Tpe601a~ue OAHO3Ha~HOCTH CKannpHoro noTeHuuana /24/ 
, , )  = V(r , d+2n, z )  BeAeT K n=0,1 ,+_2,+_3,. . . npu n  = 0 
uueeu nnoc~onapannenb~uk Aunonb /m = 2 ( n + 1 ) / , npu n  = 1 - uu- 
n n ~ ~ p u q e c ~ n C i  KsaApynonb / m =  4 / ,  npu n =  2 - u u n u ~ ~ \ p u ~ e c ~ u f i  
CeKCTyflOnb /Ill= 6/,  npU n =  3 - ~ H ~ H H A P H ~ ~ C K U ~  OKTynOnb p= 8/ 
u T.A. ~ T H  CMCTQMU H B B ~ C T H U  143 pewenu6 s a ~ a q u  Aupuxne Ha o c ~ o -  
Be ypawennn nannaca. Ypaenenue /25/ PpeAcTaenneT U ~ B ~ C T H O ~  

uununApurecKoe gep~ano Kpyroeoro ceclepun / n = -1 /. M3 /24/ cne- 
AYIOT u u n u ~ ~ p u ~ e c u u e  sep~ana Ksasuc@epvqec~oro Tuna npM n =  -2, 
neuHucKaTurecKoro Tuna npu n =  -3 /ypaenenue neMHucKaru 6ep- - 
Hynnu ecTb r =adcot124 / u Apyrux Tunoe npu n = -4 ,  -5 u T.A .  
~ T U  aep~ana,  racTuwo npeAcTaeneHtiue tia puc.3, nsnRaTCn noru- 
qeCKUM CneACTBUeM flOCTaHOBKH n peweHuR o 6 p a ~ ~ o k  3aAaqn U IlpeA- 
cTaennoT unTepec uaK a ~ a n ~ 3 a ~ o p u  s a p n w e ~ ~ u x  qacTuu c 6onee su- 
C O K O ~ ,  qeM Y H3IeCTHUX nnOCKOr0 H KPYrOBOrO uUnMHAPU'4eCKOI-0 
aep~an,  ~ucneprupyloqek cnoco6~oc~b10. 

f l o r u ~ a  o 6 p a r ~ o i  3 a ~ a q u  BeAeT TaKme K ~ P o C T O M Y  C ~ O C O ~ Y  no- 
CTpOeHUR, HanpuMep, y c ~ p o k c ~ ~ a  C CeKCTYnOnbHUM nOneM B anepTy- 
pe CUnbHO BUTRHYTOrO IlPRMOYrOSlbHOrO CeqeHUR, H ~ O ~ X O A H M O ~ O  AnR 
aKcenTupoeaHun nnocuoro nyqKa, ' rpe6yn~erocn Ann onTuuanbtioro 
UCKnIOqeHUR a6eppauuk BTOpOI-0 IlOpRAKa B flnOCKOCTU AUCfleprUpO- 
BBHUR . 

PUc.3. npo@HJIU 3neKTpOJ(OB 3JleKTpOCTaTUseCKUX 3epKm. 
C U C T ~ M ~ I  HMelOT CUMMeTPWH) OTpaXeHUR OTHOCUTenbHO OCU 

a6cqucc. 
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x1 x2 x 
Puc.5. K @OPMHPOB~HUH) KpaeBoro nonH nnocKonapannenbaort2 
g e 4 n e ~ ~ o p a .  a. P a c n p e ~ e n e ~ u e  6 a s o ~ o r o  KpaeBoro n o m .  
6. llpo@unw KpaH s n e ~ ~ p o ~ a  g e a n e ~ ~ o p a  n s a s e ~ n e ~ ~ o r o  3 ~ -  

paHa A ~ H  ~ ~ y x  3 ~ a q e ~ n f i  M ~ X ~ J Y ~ ~ ~ K T P O ~ H O ~ O  sasopa. C u c ~ e -  
Ma HMeeT CHMMeTpn€O OTPEUKeHWR O T H O C H T ~ J I ~ H O  OCH X. 

H~IM noneM ~ \ e @ n e ~ ~ o p a  Eo Ha rpaHuue x = x 2  u c HyneeblM noneM 
BHe A ~ @ J ~ ~ K T O P ~  Ha rpaHklue x = XI C YWeTOM HenpepblBHOCTH BnnOTb 
~o n p o u a e o ~ ~ b ~ x  reTeepToro nopmKa. 3 ~ a  KoMnoHeHTa n o ~ a 3 a ~ a  
Ha puc. 5a, rAe he = 1 2 8 M 3 1 5  - r n y 6 n ~ a  Kpaeeoro nonR B nn- 
HeiHok annpoKcuMaunu. flpo@nnu aneKTpoAa AeoneKTopa / V  =Vo / 
U flOnOJlHHTeJlbHOr0 3a3eMneHHOrO 3KpaHa / V =  0/,  ~ O T ~ ~ ~ H O C T ~  

B KOTOPOM c H ~ O ~ X O A M M O C T ~ K I  nocneAoeana e npouecce peweHuR 06- 
p a ~ ~ o k  a a ~ a r w ,  no~a3aHu Ha pnc.56. 

HakAeH~bli npoounb sneKTpoAa aHanornreH npo@nnc, npeAnomeH- 
HOMY P O ~ O B C K H M  AJlR CHMmeHUR H ~ ~ ~ B H O M ~ ~ H O C T ~ ~ ~  HanpRMeHHOCTH 
s n e ~ ~ p u r e c ~ o r o  nonR Ha KpaRx aneKTpoAa, HO ornuraeTcR OT no- 
cneAHero TeM,  TO CoeMecTHo c ~ K ~ ~ H O M  0 6 e c f l e ~ U ~ a e ~  s a ~ a ~ ~ o e  
aHanuTHrecKoe pacnpeAeneHne Kpaeeoro nonR /27/, y ~ o 6 ~ o e  AnR 
yreTa e r o  ~ e 6 i c ~ s n ~  Ha racTHuy. 

3.6.2. 3anara @opMMpoeaHu~ ~ a ~ n o ~ H o k  rpatiuuu o 6 n a c ~ n  Kpae- 
B O r O  nOnR 3JleKTpOCTaTMUeCKOrO Ae@JleKTOPa, 6 e 3 y c n e w ~ a ~  IlOnblTKa 

peweHHR ~ o ~ o p o i  npeAnpnHnManacb B p a 6 0 ~ e  19/, peweHa O ~ P ~ T H U M  

MeTOAOM B / ' O /  /CM. C.99-100/. flpUMeHeHUe HaKnOHHblX rpaHHu 
B uunnHApnrecK0t.I Aeane~Tope c yrnaMn HaKnoHa r l  = c = 45' o6e- 2 
cnerHeaeT npn a =  77,41° u paccToRnuRx OT rpaHuu AeaneKTopa 
A0 HCTOrHHKa H npUeMHHKa L L =  L2 =Rr  HaPRAY C pa~kIanbH0k 00- 
K Y C H P O B K O ~  Tuna T-T ~OnOnHUTenbHyIO aKCUanbHyKI @OKYCHPOBKY Tor0 
me Tnna, noeuwamuyc y r n o a o i  aKcenTaHc Ae@ne~Topa w Koa@@nunenT 
TpaHcMnccww racTHu; 06ecnerneae~ yeenuqeHne Aucnepcnn Ae@neK- 
Topa c Y8/Rr = 1 , O O  no  Y8/R, = 1,13. 

3.7. f l p u e e ~ e ~ ~ u ~ u  euwe npHMepaMn He orpaHurneaeTcR e03~0m- 
HOCTH IlPHJlOMeHHR MeTOAa 0 6 p a ~ H 0 k . 3 a ~ a ~ U  AnR PaCCMOTPeHblR 3JleK' 
TpocTaTHrecKnx Y C T ~ O ~ C T B .  Hanpw~ep, ucnonbaoea~ue nepnoAnrecKn 
w s ~ e ~ ~ o u e r o c ~  6 a a ~ e o r o  nonR Ha 6a3oeoi  gnnHe AaeT e o a ~ o m ~ o c ~ b  
c o a ~ a ~ n ~  ~ ~ @ @ y a ~ u x  pacceuea~ene6i racTuu, ~ e o 6 x o ~ w ~ u x  Ann roMo- 
r e ~ u 3 a ~ p w  @nceHca npM p a ~ u a u n o ~ ~ o i  0 6 p a 6 0 ~ ~ e  MaTepuanoe y c ~ o -  
PeHHUMH 3aPRMeHHUMU YaCTH4aMU. 

ABTOP eupamaeT 6 n a r o ~ a p ~ o c ~ b  p e u e ~ a e ~ ~ a ~  p a 6 0 ~ u  C.6.Bopom- 
uoey, C.H.Koanoey u A.6.Kya~euoey 3a nonea~b~e  a a ~ e r a ~ w ~  n pe- 
KOMeHAauUKI IlpOUJlJloCTpUpOBaTb B03MOMHOCTn MeTOAa 06pa~Hok 3aRa- 
r U  HOBblMU pe3ynbTaTaMU. 

1. C O B P ~ M ~ H H ~ ~  MeTOAbl PaCreTa 3neKTpOHHO-OnTHreCKblX CMCTeM. 
Ma~epnanu V l  I1 Bcecoc3~oro  ceMuHapa no MeTonaM pacreTa 
3neKTPOHHO-OnTUreCKUX CMCTeM. 1. : h a - 6 0  nflw, 1986. 

2. Paul W. ,  Steinwedel H. - 2. Na tu r fo rsch . ,  1953, v.8A, n.7, 
p.448-450. 

3. T a r a n t i n  N. I .  - Intern.J.Mass Spectrorn. Ion Phys., 1980, 
v.36, n. 1, p. 167-183. 

4. W o l l n i k  H., Matsuo T., Matsuda H. - Nuc l . l ns t r .Me th . ,  1972, 
v.102, n.1, p.13-17. 

5. AMUTPYK M.H. H AP. @ u ~ u ~ ~ c K ~ R  3neKTpOHUKa, M.: 
A T O M H ~ A ~ T ,  1965, C.47-70. 

6. Matsuo T. e t  a l .  - 1ntern.J.  Mass.Spectrom. Ion  Phys., 
1982, v.42, n.4, p.217-241. 

7. T ~ ~ ~ R K O B  B.A. - B ~ 6 . :  T p y ~ u  1 1  B c e c o ~ 3 ~ o r o  COBeuaHnR 
no YCKOpHTeSlRM 3apRMeHHblX LiaCTHu. H . :  H a y ~ a ,  1972, T.11, 
c.7-11. 

8. Aeop C . A .  - f l u c b ~ a  B KT@, 1984, T .  10, sun. 3, c .  183-1 86. 
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A ~ a n a ~ a s e c ~ o e  paccMoTpeHae a pacseT 
3neKTpoCTaTHnec~:IX Y C T P O ~ ~ C T B  njrTeM PeIReHHR 
06paT~ofi  s a n a s a  

O n a c ~ s a e ~ c ~  a WIJTIOCTpHpyeTCR H O B ~ P U ~  p e s y n b ~ a ~ a m  npHeM 
aHa.naTaseCKoro PaccMoTpeHaR H nocneny~o~qero pacseTa 3neK- 
TpOCTaTH~eCKkiX Y C T P O ~ ~ C T B  OnTHKH H a H a J I H 3 a  3apRXeHHbTX Pa- 
CTH4 nyTeM peIReHaR 06paT~of i  sa,qasa. B M ~ C T O  TpaJlHlJHOHHOro 
OIIpeneneHHR HanpSWCeHHOCTH 3JIeKTpHseCKOrO n0nR B 3 a n a ~ ~ o f i  
CHCTeMe 3neKTpOnOB - peIReHHR sa,qasa &lpa2CSIe H a  OCHOBe 
ypaBHeHaR nannaca,  onpenenRmTcR n p o a m a  a noTeaqaanH s n e ~ -  
TPOAOB no 3anaHHOMy aHanHTHqeCKOMy BHpilXeHHKl 6 a 3 0 ~ 0 r 0  no- 
nR Ha OCHOBe YpaB~eHtifi M:uccse~ma. 

Pa60Ta BblnOnHeHa B ~ ~ ~ O P ~ T C ) ~ H H  RnepHbJX pea~qt i f i  OmI?. 

npmpUHr 06aennHe~ltoro nncmryra Ilnepwhu H c C J I ~ ~ B ~ .  Ay6na 1988 

I I e p e ~ o g  O . C . B H H O ~ ~ ~ U O B O ~  

T a r a n t i n  N.I. P9-88-149 
A n a l y t i c a l  C o n s i d e r a t i o n  and C a l c u l a t i o n  
of E l e c t r o s t a t i c a l  System by Reverse Method 

A n a l y t i c a l  c o n s i d e r a t i o n  and f o l l o w i n g  c a l c u l a t i o n  
of e l e c t r o s t a t i c a l  sys tems f o r  t h e  o p t i c s  and t h e  
a n a l y s i s  of c h a r g e  p a r t i c l e s  by t h e  r e v e r s e  method 
a r e  d e s c r i b e d  and i l l u s t r a t e d  by new r e s u l t s .  
The p r o f i l e s  and e l e c t r i c a l  p o t e n t i a l s  o f  e l e c t r o d e s  a r e  
determined from Maxwell e q u a t i o n s  and from a n a l y t i c a l  ex- 
p r e s s i o n  of t h e  base  f i e l d  i n s t e a d  of t h e  t r a d i t i o n a l  de- 
t e r m i n a t i o n  of t h e  e l e c t r i c a l  f i e l d  from t h e  g iven  system 
of t h e  e l e c t r o d e s  from t h e  s o l u t i o n  of L a p l a s  e q u a t i o n  a s  
D i r i c h l e t  problem. 

The i n v e s t i g a t i o n  h a s  been performed a t  t h e  L a b o r a t o r y  
o f  Nuclear  R e a c t i o n s ,  J I N R .  
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