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The pulsed beam current in linear accelerators can approach significant values up to
tens of amperes. Such high currents cause many specific adverse effects in the accelerators.
One of such effects is the repelling forces of the space charge as they become comparable
to the forces of the electromagnetic accelerating fields, and can influence the stability of
phase and radial particle motion. In the numerical analysis of the beam dynamics in
linear accelerators, it is necessary to choose one of the different space charge models
depending on the desired accuracy, complexity, speed and computer resources availability.
The most accurate results are achieved by the numerical solution of the Poisson equation.
However, this method may require significant resources and time and may not be suitable
when fast analysis is required in the linac design stages. Analytical methods, on the other
hand, are based on the analytical solution of Poisson equations for the pre-defined shape
of the particles distribution inside the beam. One of the most popular analytical space
charge models is the ellipsoidal beam approximations. Despite being a well-developed
model, many published approaches lack some important features as fully three-dimensional
ellipsoid asymmetry and multi-bunch model. In this paper, we will derive the equations of
the space charge field for the full-3D non-relativistic ellipsoid bunch step by step, starting
from the Poisson equation, and compare this model with the other known models.

WMmysnbcHblE TOKM My4K B JIMHEWHBIX YCKOPHUTENSX MOTYT HOCTHT Th 3H YEHHH J0
necatkoB Mnep. CTojb BBICOKHE TOKH BbBI3BIB IOT MHOIO HeOJI TONPHATHBIX 3((eKTOB
B yckoputemsix. OgHuM u3 T KuX 3(eKToB gBIseTCSd BO3HHKHOBEHHE P CT JIKUB IOMINX
CHJI HPOCTP HCTBEHHOTO 3 psif , MOCKOJBKY MX BEIMYHH CT HOBUTCSI COMOCT BUMOH C
CHJI MM DJIEKTPOM THHUTHBIX YCKOpSIOIMX IoJied. Cuiibl 0GBEMHOr0 3 psii MOTYT BIIHSTD
H CT OMJIBHOCTH () 30BOTO U P AW JIBHOTO ABMXKEHHS 4 cTum. [Ipm YmcieHHOM H nu3e
IVH MHMKU My4K B JIMHEHHBIX YCKOPHUTENSX HEoOXOAMMO BBIOD Th OXHY M3 MOJEJed Mpo-
CTp HCTBEHHOIO 3 P4l B 3 BUCUMOCTHU OT XeJl eMOH TOYHOCTH, CIIOXHOCTH, CKOPOCTH P C-
4eT ¥ HOCTYIHOCTH KOMIBIOTEPHBIX pecypcoB. H nbornee TouHbIE pe3ynbT Thl JOCTUT HOTCA
IIPU YKMCIIEHHOM peleHuy yp BHeHUd Iy ccoH . OgH KO ®TOT METOI MOXeT HOTpeGOB Th
3H YUTEJIbHBIX BBIYUCIIUTENBHBIX PECYpCOB U BPEMEHH, UTO SIBIISIETCS HEXeNl TEIbHBbIM H
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ST Il X NPOEKTUPOB HUS JTMHEHHOTO YCKOPHUTENd, KOr TpeOyeTcs ObICTPBIl H Ju3 60b-
LIOr0 YUCJ B PU HTOB U3 WH ycKopsmouled CTpyKTypsl. B 3ToM ciayd e uMmeeT cMbIC
HCTIONB30B Th METONBI, OCHOB HHbIE H H JIMTHYECKOM pelleHuHn yp BHeHuil Ily ccon
I 3 p Hee 3 J HHOH (opMBl p CHpefelieHHs Y CTHLl BHYTpU Iydk . OmHON M3 C MBIX
MONY/IIPHBIX H JINTUYECKHX MOJENEH IPOCTp HCTBEHHOIO 3 psf SIBISETCS MPUOIVIKEeHUe
SIUTUIICOU], JIBHOTO My4K . HecMoTps H TO, 4TO 3TO XOpomio p 3p 60T HH S MOAENb, MHO-
TUM OIYONMKOB HHBIM TIOAXOA M HE XB T €T HEKOTOPBIX B XHBIX (PYHKIHUH, T KHX K K
IIOJIHOCTBIO TPEXMEPH S CUMMETPUs SJUIUICOMA U MOJEsb, MOAXOMAL] o A1 HECKOJIbKUX
CTYCTKOB. B 9TOii CT The LI I' 3 I TOM BBIBOASTCS yp BHEHHS IIONS MPOCTP HCTBEHHOTO
3 psAA JUIS TIOJTHOP 3MEPHOTO HEPEeNSTUBUCTCKOTO CTYCTK OJUTHIICOMIOB, H YHH 4 C yp B-
HeHus Ily ccoH , U aT Mogjenb Cp BHUB €TCd ¢ APYTMMH U3BECTHBIMHU MOJEIISIMU.
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