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~ OObeAHHeHHWA HHCTHTYT RAep~ HCCneAOaaHHA Ay6Ha, 1983. 

npH aHan~3e AHHaM~K~ ABH*eHH~ nY4Ka B 4eHTpanbHo~ 06nacTH 
~a30TpoHa C npoc T paHcTBeHHo~ Bap~a4He~ MarHHTHoro non~ / l / nO~B
nReTC~ 3aAa4a onpeAeneH~~ TpeXMepHoro yCKop~~ero 3neKTpH4eCKO
ro nonR, C03AaBaeMoro npH nOMO~H cnO*HO~ KOH¢Hrypa~HH 3neKTpo
AOB IAyaHT, npoTHBoAyaHTHaR paMKa, HCT04HHK HOHOB, WTOK HCT04
HHKa ropH30HTanbHoro BBOAa, nynep/. 06~4HO paC4eT TaKOH KOH¢Hry
pa~Io1H BeAeTCA MeToAOM KOHe4HblX pa3HOCTe~ /MKPI / 2,3 / . OAHaKo 
An~ npoBepKH TaKHX pac4eToB B MecTax, rAe none Mo*eT C4HT aTbC~ 
ABYMepHblM, B03HHKaeT He06xoAHMOC Tb npoBeAeHHR He3a BHCHMoro pac
4eTa ABYMepHoH KOH¢Hrypa~HH 3neKTpoAoB. KpoMe Toro, Hcnonb30Ba
HHe MeHee TPYAoeMKHx paC4eTOB ABYMepH~x noneH c~ecTBeHHO YCKO
pReT npeABapHTenbHblH Bbi60P cnO*Ho~ reoMeTpHH 3neKTpOAOB H aD 
MHorHX cnY4aRX ~BnAeTC~ AOCTaT04HblM An~ npH6nH*eHHoro aHanH3a 
AHHaMHKH 4aCTH~ IHa60p 3HeprHH 3a 060POT, ¢OKYCHpOSKa 3fleKTpH
4eCKHM noneM H T.A.I. 

nposeAeHHe ASYMepHblX paC4eToB MeTOAOM KOHe4HblX pa3HOC TeH 
HflH KOHe4HblX 3neMeHTOB Tpe6yeT 3Ha4HTenbHblX YCHnHH n pH nOAro
TOSKe HCXOAHblX AaHHblX AnA reHepa~HH ceTKH. npH 4HcneHHOM AH~e
peHUHposa HHH nonY4eHHoro pacnpeAeneHH~ nOTeH~Hana HMeeT MeCTO 
nOTep~ T04HOCTH onpeAeneHH~ nonA B pa604eH o6naCTH . KpOMe Taro, 
AnR n pOBe Ae HHR paC4eTa He06xoAHM 6onbwoH 06DeM onepaTHBHoH na
MRTlo1 38M. 

HeToA paC4eTa npH nOM~H 3KSHBaneHTHbiX T04e4HblX 3apRAoB, 
pacnon a raeMbiX S 06nacTH 3neKTPoAoB / 4<npH80AHT npH 6onbwoM 4HC
ne 3apRAOB K nnOXQ 06ycnoaneHHoH anre6pa~4ecKoH CH CT eMe. Pe3ynb 
T aT~ paC4eTa CHJ1bHO 3aBHCR T OT nono*eHHR 3KBHBaneH THbi X 3apRAOB. 

AHanH TH4ecKHe MeTOAW o rpa HH4eHbI Y3 KHM KnaCCOM KoH¢Hrypa~~~ , 

AnR KOTOPblX H3BeCTH bi pac npeAe neHHR nOTeH~~aJ1a /5.6/. 
HaHnY4wHe pe3YJ1 bTaTW np~ peweHHH nocTaBneHHoH 3aAa4H 6b1DH 

nOIlY4eHbI MeTOAOM rpaHH4HblX .... HTerpanbHblX ypa BHeHIo1H /MHY I / 7 I . 
nYCTb Irj . t :r. l t N I - Ha60p KOHTYPOB Ha nJ10CKOcT .... . An~ ypasHe
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¢(Y) = i:: l/ifn l ; - ylui(;)dS x /3/ 

rAe (x ) - nn O THO C Tb 3apflAa. Bbl6paHHblH BIo1A pewe HIoi R nonHOC TblOu j 

onpeAe nReT aC~MnTOTIo14eCKoe noa eAeHHe n OT eH4 Hana npH I f I ~~ . 
a HMeHHO 

¢ ( Yl = Qfn l yI + 0(1). / 4/ 

r Ae Q - c YMMapHblH 3apRA Bcex npo BoAHHKOB. ~3 /2/ H / 3/ AnR Ka*
Acro KOHTy pa r j MO>KHO 3anHcaTb HHTe rpanbHoe ypasHe HHe c u.enblO 
onpeAen e HItIR HeH38eCTHbiX CllYHKU.H~ o. ex):

N ' 
~ ~ fn Ix - Y l u. (i)ds ~ g .• i= 1,2 ... N. / 5/ 

n == 1 r , L )t J , 

npH AH CKpeTH3 aU HH C HCTeM~ ypa BHeHH~ / 5/ KOHTYPbI n p H6n H>KaIO TCR 
3 aMK HYTblMH n OMaHbiMH J1HHHRMH, Ha Ka*AOM OTpe3Ke KOTOPblX nnOTHQCT b 
3 apAAa C4HTa eTCR nOCTOR HHOH. B Ka4eC TBe TQ4eK Ha6n~AeHHR HcnOnb 

3YOTCR cepeAHHbI OTpe3KOB . 
Ha OCHoee onHcaHHoro Me TOAa 6b1na COC TaeneHa nporpaM Ma AnR 

38M H npoeeAeH paC4e T pacnpeAene HHR YCKopRIO~ero nonR, C03AaBae 
Moro KOH¢~rypa~He~ 3neKTpOAo B B 6n ~3 H ~eHTpa ~a30TpOHa C ~OH
H~M HCT04HHKOM r o pH30HTanbHo r o BBOAa. reOMeTp~~ 3neKTpOAOB, 
nOKa3aHHa~ Ha pHc . la , ~Bn~eT C ~ ce4e HHeM 60nee 06~eM TpeXMe pHOH 
KOH$HrypaL1l1H, Arifl KOTOPOH paHee 6blIlO nonY4e HO paC4eTHoe pacnpe
AeIleH~e nonR Me TOAOM KOHe4H~x pa3HOCTeH. 

nnOCKOCTb ce~eHHfI B~6paHa B o6na c TH, rAe 3neKTpH4eCKoe none 
MO* HO C 4~TaTb npaKT~4eC KH ABYMepH~M . BepwHH~ nOMaH~X nHHHH, 
npH6Il l1)1( aKJUV1X KOHTYPbl 3 Ile KTpOAo B, OTMe4 e HbI H3 p HC . 1a KpY)I(KaMH. 
3Aecb * e nOKa3aHbI 3KBHnOTeH~HanH 3IleKTpH4eC Koro nOIlfl. Pa c npeAe
n e HHe a neKTpH4eC Koro nonA AaHO Ha p~c . lfi. P e 3YI1bTaT~ c paBHeHH~ 

pa c4eTo B, npOBeAe HHbl X AB YMfI MeTOAa MH, npHBeAeHbI Ha PHc .2a / Aflfl 
reOMeTpHH p Hc . l a/ H Ha pHc .26 /re o MeTpHR pHc.l a , HO 6e3 WTOKa 
HOH Horo HCTo4HHKa / . KaK BHAHO H3 pHc.2 , HMee T HeCTO AOCTa T04HO 
xopowe e corna CHe ABYX MeTOAOB paC4eTa . OTnH4He KPHBblX B OC HOB 
HOM CBfl3aHO C 3~~eKTOM TpeXMepHOCTH r eoMeTpHH , Y4HT~BaeMOM npH 
paC 4eTe Me ToAOM KOHe4H~X pa3HOC TeH . n pHMepbl paC4e Ta r eOMe TpH H 
p Hc . 1a n pH p a3nH4 Hblx MOAH$HKa~Hfl x pacnonO)l(e HHfI OTAenbH~X 3ne
Me HT OB nOKa3aHbi Ha pHC. 3. 

OueHKa T04HOCTH MeTOAa HrH e rpaIlbHblX y paBHeHHl1 fiblna no n Y4 e Ha 
n pH paC4eTe KO H$Hrypa ~HH 3neKTpOAOB - pHc.4 /np flM oH y r on H 3a
3e Mne HHafl nIlocKoc Tb /. n one YKa3a1-lHo~ 3aAa4H MO)l(eT 6 blTb no nY4eHO 
aHaIl1-1T1-1l.1eCKH Me ·rOAOM KOH¢lOPMHbIX npeo6pa30BaHHH, npH4eM Anfl 
nnOCKOC TI.1 z =: 0 HHee M 
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PH c .l. a - KO H~Hrypa~HR sneKT PHc. 2 . Cpa BlieHHe pa c 4e TOB 
pOAOB BfinHS H ~eHTpa y CKopHTe Me ToAoM KOHeq HbIX pasHOCTeA 
n R, I - npo THBoAyaHTHaR paMKa , /MKP / H MeTOAOM HHTe rpaJlbHbIX 
2 - nnaxHpoBKa , 3 - WTOK ypaBHelDu'i: I MHY / . a/ HCXOAHa R 
HOHHor o HCTOqHHKa BBOAa, 4 - KOH~HrypaUHR , 61 KOH~Hrypa~HH 

Aya HT; 6 - YCKopH~ee Hanp n 6es wTOKa . _ _ _ __ MKP , 

~eHHe B6nH 3H MeAHaHHO~ nnoc 
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PHc.3 . a - npOTHBoAyaHTHaR PHc . 4. CpaBHeHHe pesynbTaTOB 
paMKa CABHHYTa no OCH Y Ha paCqe Ta MeTOAOM HHTerpanb~ 
t CM, 6 - mTOK CABHHYT n o OCH yp aaHeHHH H MeTOAOM KOH~OPM
Y Ha I CM. ~ npeoopasoBaHHA. 

\ 
I r Ae $YHK~~A v( y ) onp e Ae n AeTcA H3 COOTHowe HHA 

'0 -- V 1+v -1 
y = - (2V I + v + f n ) . /7/

" ---V I + v + I 
CpaBHe HH e C HI1Y nOKa3~eaeT, 4TO MaKCHManbHafl oWH6Ka pac 4e Ta npH 
86 OTpe 3Kax IloMaHoH , o nH C blBao~e~ npAHo~ yrOIl, He npeB~wa eT 
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6Ez/Ez = 3· 10 s6nH3H sepWHH~ yrna. PoeT owH6KH AO 8.10 npH 
Y > 6 CM 06D~CH~eTC~ KOHe4H~MH pa3MepaMH KOHTypa noMaHOH, OnH
C~Ba~eH np~MOH yron. BpeM~ pac4eTa Ha 38M AaHHOH KOH~Hrypa~HH 
COCTaBHno 34 C, T04HOCTb paC4eTa MO~eT 6~Tb cy~eCTBeHHO nos~we
Ha 3a c4eT ysenH4eHH~ 4Hcna oTpe3KOB noMaHoH /npH 46 oTpe3Kax 
T04HOCTb pac4eTa s6nH3H yrna cocTasn~na "nH~b · 2.10-2 /. 

TaKHM o6pa3oM, MeTOAOM rpaHH4H~x HHTerpanbH~x ypasHeHHH 
MO~HO HaHTH pacnpeAeneHHe OT 6onee WHPOKOrO Knacca KOH~Hrypa~~H 
3neKTPOAOB, 4eM 3TO AOnycKaeT MeTOA KOH~OPMH~X npeo6pa30BaHHH S/, 
npH4eM Mo~eT 6~Tb nony4eHa npHeMneMa~ An~ npaKTH4eCKHX npHMeHe
HHH T04HOCTb pac4eTa npH cpaBHHTenbHO He6onbWHX 3aTpaTax speMe
HH 38M. 
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PyKonHCb nocTynHna B H3AaTenbCKHH OTAen 
· 4 ~Heap~ 1983 roAa; 

AKHWHH n.r., Bopo-~08 C.6., WaKYH H.r. 
K pac4eTy A8YMepHwx 3neKTPOCTaTH4eCKHX noneH 
MeTOAOM rpaHH4HWX HHTerpanbHWX ypa8HeHHH 

9-83-2. 

PaccMaTpH8aeTCR pac4eT ycKoPR~ero nonR 8 ~eHTpe ~aaoTpoHa c npocT
paHCT8eHHOH 8apHa~HeH MarHHTHoro nonR. Uenb~ pa6oTw R8nRncR noHCK ~eKTH8-
Horo MeTOAa paC4eTa A8YMepHOH KO~Hrypa~HH 3neKTPOA08 AnR 6WCTPOH O~eHKH 
WHpoKOrO Ha6opa reoMeTpHH C T04KH 3peHHR AHHaMHKH A8H*eHHR 4aCTH~. MeTOA 
rpaHH4HWX HHTerpanbHWX ypa8HeHHH OKa3anCR HaHny4WHM H3 H38eCTHWX MeTOA08 
AnR nocTa8neHHOH 3aAa4H, Pac4eT OAHOH KO~Hrypa~HH Tpe6yeT OKOnO 30 C 
8PeMeHH COC-6500, T04HOCTb pac4eTa 8 cpa8HeHHH c H38eCTHWM aHanHTH4eCKHM 
peweHHeM HaXOAHTCR Ha YP08He 3·10-3. MeTOA MO*eT 6WTb peKOMeHA08aH AnR pac-
4eTa WHpOKOro Knacca A8YMepHWX 3aAa4, oco6eHHO B TeX cny4aRX, KOrAa TPYAHO 
npHMeHRTb KO~pMHWe npeo6pa30BaHHR. 

Pa6oTa awnonHeHa a fla6opaTOPHH RAePHWX npo6neM OHRH. 

C~eHHe 06~eAHHeHHOrO HHCTHTyTa AAePHWX HCCneAOBaHHH, AY6Ha 1983 

Akishin P.G., Vorozhtsov S.B., Shakun N.G. 9-83-2 
On the Calculation of Two-Dimensional Electrostatic Fields 
by the Boundary Integral Equation Method 

Calculations of the accelerating field in the centre of a phasotron 
with spatial variation of the magnetic field is considered. The most effi
cient method of calculating the two-dimensional configuration of electrodes 
for quick choosing of a wide set of geometries as far as the beam dynamics 
is concerned· was searched for.The best results have been obtained with 
the boundary integral equation method. An evaluation of one configuration 
required 30 s of the COC-6500 computer time, accuracy of the results as 
compared with the known analytical solution was about 3.10-3. The method 
could be recommended for a wide class of two-dimensional problems, especial!~ 
for the cases when it is difficult to use conformal mapping. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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