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raaeTOB8 A.M., KaTbiWI!EI IO.B., MaxaBbKOB B.r. 

Mcmenxposasxe sa 38M raaosoll tlloxycxposxx pemtTR

BRCTCKoro aneKTpOHHOrO IIYqJta B npo6neM8 CTOX8CTH-

381IBB .QBRlKSHBH B Hena&eilHblX CHCT8M8X 

Pll - f435 

~nH MOA&n&pOB8HBH r830BOA tiJoKYCHpOBKH penHTRBRCTCKBX aneKTpOHBbiX 

ll)"IKOB BCIIonlo30B8H M8TO.Q yKpynHeHHblX qacTBII. 

' nonyqeHHble peayn&T8Tbl IIpBBOAHT K BbiBOAY 0 TOM, 'ITO B pacCMOTPeH

BOA C8MOCOrnaCOB8HHOA Hena&eftHoA 6e3ABCCHII8THBHOA CHCTeMe HMeeT MeCTO 

nepepacnpeAeneaae a&epraa MelKAY cTeneHHMH cso60A&I B cooTBeTCTBHB c ra

rroTe3oA cllepMB. 

Coo&leHIIe 061.e.iu1HeiiHOI"' HHCTIITyTa ..aep11111x •cc.ae.ao88HIII 
,lJ,y6Ha, 1974 

G~zetova A.M., Katyshev Y. V., Makhankov V .G. Pll - •435 

computer Simulation of Gas Focusing 
of Relativistic Electron Beam and the 
Problem of Motion Stochastization in 
Nonlinear Systems 

The finite-size particle method has been used for 
computer 'imulation of gas focusing of relativistic elect
ron beams. The ~esults obtained lead to the conclusion 
that energy redistribution occurs in the considered self
consistent nonlinear nondissipative system between degrees 
of freedom which is in accordance with the Fermihypothesis: 

eo..uleati-• of tlae Joiat la1tit•te for N•elear Re~earela • 
..... 1974 

B llOCXe~Hee BpeUH B CBHSH C BKCDepHUBHTaUH DO CHXbHOTOqH~U pe

XHTHBHCTCKHU 3X8KTpOHH~U ny~aU /l/ BOSpO~HHCH HHTepec K HCCXB~OBa
HBD HX WOPUBpOBaHBH 1 WOKYCHpOBKB B TpaHCllOPTHPOBKH. 9KcnepHUeHTanD

HOro UaTepHaxa K HaCTOH~euy BpeueHH HaKODBHOCb ~OBOXbHO UHOro, oqe

pe~» sa T80pleR, KOTOpaH cuorna 6~ CHCTeUaTHBipOBaT» H o6~HCHHTb 

BUBD~8CH WaRT~. 

O~HOl 13 BBCDUa HHTepeCHHX 1 1 C Hamel TO~B speHHH 1 nepcneK

THBHHX BOSUO&HOCTel COS~aHHH H TpaHCDOpTHpOBKH BXBKTpOHHHX ny~OB C 

Tpe6yeu~a napaueTpauH ~) HBXH8TCH TaK Has~aeuaa "rasoBaa" woKy

cHpoBKa 121. 

Uen»D aacTOH~el pa6oT~ 6~no uo~enHpOBaBHe (c&aqana ~oBon»Ho 

rpy6oe) TaKOl ~O.KYCBpOBKOl C DOUOJIU>D UBTO~a yKpynHeHHHX qaCTHlh Ha

me~mero B nocneAHKe ro~~ oqea» mHpoKoe npHueHeHHe (cu., aaup1uep, 

KHKl'y / 3/). 

~> 
TaK, Hanpauep, ~XH HHHUHHpOB8Hifi nyqxoBO~ TepUOHABPHOA peaKUHH 

HYZHO C03A8Tb UO~~~ nyqoK 3XBKTPOHOB,~OKycHpOB8HH~A ~0 BBCbUa 

UaHHX (DOPfiAKa BAH ueaee 1 UU) paauepOB. 9TI ~Ba Tpe60B8HHH 38-

qacTyD HBXHDTCH DpOTBBOpe~B~UI. 

3 



Hcnonhaya paaee paapa6otanaym H onpo6oBanaym HaMH ueto~HKY 

~CH6HHOrO MO~enHpOBaHBH Ha 9BM DOBe~eHHH CHC!6MH yKpynHeHHHX qac

THU /
4
/, MH npoBenm ~na o~aouepaoro 6eccTOnKHOBBTen~aoro cnyqaa 

pacqeT 3BOnD~H CHCT6MH H3 50 yKpynHeHHHX qaCTIU 1 BSaHMHO UpBTHrH

BaD~XCH ~pyr K ~pyry TaK, ~06H MO~enHpOBaT~ npHTHZ6HI6 DnOCKHX 

TOKOBHX CX06B. Hcnonhayeuan CICTeua CTa YPIBH6HII HM66! Bl~ (B 6es
pasuepHHX e~maauax): 

dx, -X cXXz _ olXso 
dt - S1 ' df; - Xsz ' '" 'Clt =: X100 

dxs1 L r 
a:t""m 

-K.a-o.-.t. / SO 50 

_e __ \cosKX1'2.sinkxJ-si,nKx1L cosKxi) 
_ . K j=1 J, 1 ' 

K- K'"'" 

Khtt:Uc 

2: 

...... 
K,Qx -K.t.a..~t. 50 50 

dx,oo=lJ:_ L ~(COJKXso[ fYiiLKXj-sinKXsoLCO:SKXj ), 
d t SO:Jl K J=• J=t /(;;;;:Kmi..n 

r~e X1 - Koop;ztHBata ueupa nepBol yKpynaeBHol qactBUH, X 
51 

- ee 

cKopocn, t- Bpe11a, L- aaqauswl pas11ep cmote11w, 

r = j:L (, -p"' = ( to.l. -1) It: ' K- BOHHOBoe qHCJIO (BOIIep IIO.Jtlil)' a.- no

nymBpaaa yKpynHeHHOI qacTHUH, ~.- penH!BBIC!CKII waxtop. Pacqa!Y 

npoBO;ztHnHch aa BYqHCnB!ex~aol c1cte11e GnC-6200_ lBTA OIHH. 

3a e;ztHHHey .JtnBBH npBH.Il!a ~e6aeBcKu .Jt.DBa BO.llBH ) D , sa e,Jta-

BHey Bpeueua - B6D'DIHa Ym ,,_; (ht ne eft/ ( me- Mace a JIOKOH 

aneKTpOHa, ne- nHH8~HaR DllOTHOCT~ Sll6KTpOBOB), sa e~BBBey BOXHO
-~ 

Boro qmcna - BeJIB'DIHa AD 
ITpa pacqete acnoJihSOBauch cne~m~e ~D~cxeaawe ssaqeaaa napa

lletpoB: qmcxo aneKtpoaoB B O.JtHOII< yxpynB8BHOII crycne N,_ =IOIO '· ~~ar 
no BOJIBOBOIIY 'Dicny K mi-n =I, qwcno Y'DI!HBaeiiHX 110~ KmAJC =IO, JIO.ty

••PHBa yKpynHeHHO.I'l qaCTHIUI a =I0-.3, to =30, r =I/30. IT.llOTHOCU 
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sap~a yKpynaesaon qacTIUH 6wna Bsata B BH~e pacnpe~eneHHR raycca 

(cu. C!aThD noycoHa B /3/): 

v exp[-(x-xd· lza:~-] J< (x) =~~~~~~~~ 
a- ti.£7f' 

r~e X<- nonoaeaae ueatpa i.--ro crycTKa; 

-u- nonswn sapa~ yKpynaeaaon qacTHUH. 

B KaqecTBe aaqan~BHX yCJIOBBl BSHTH: Haqan~BHe KOOp;ztHHaTH BCeX 

50 yKpynBeHHHX qacTBU Xi=O ( i=I,2, ••• ,50), aaqaJihHHe CKOPOCTB 

x" paBBOIIepao pacnpe;zteneHH OT -o,25 ~o t0,25. 

PesyxnaTw pacqeu noKasaaw aa ~PaaoBol nxocKOCTH ( x, , j;i ) 

;ztJIH HeCKOJlhKBX 110118HTOB BpeueHB (Clio pBc.I). Ha STOrO pHCyHKa BH~

HO, qTo c teqesmeu BpelleHB qacTHUH, coBepmam~e H8llHBelawe Kone6a

BBH B CaMOCOrnacOBaHHOII none, SaHBIIQD! H8KOTOpHI !llaSOBHI o6~811 (cpe;zt

HBI no n8pBO.JtY JIBBeiHHX KOJI868HBI). 

B8JIB'DIHa aToro ~aaoBoro o6~eua B np8~enax Bpeii8HB cqeta YIISHh

maeTca, 9!0 ossaqa8!1 Bo-nepBHX, qTo HII88T 118CTO H8llBH8lHaR ~OKyCB

pOBKa DyqKa B paCCII8!piBQ8110ft IIO;zt8JIB 1 1 BO-BTOpHX, qTO KBH8THqecKaR 

3H8prHR qacTBU nepepacnpe;zteJIH8TCH 118Z;ztY HHIIB, To8o npOBCXO;ztBT HeJIH

seJHaH CTOXQCTB3a~H ;ztBBS8HBH. 

PesynnaTu pacqeTa c ~pyrm111 aaqanhHHIIB aanHHUB X;_ =0, 

-D,25 ~ xL ~ +o,2s- (paBaouepao) ( i =1, ••• 50) Kaq8cTBeHHO noanepz;ztallT 

STO! BHBO,Jt. 

TaKHII o6pasou, aai~eH e~e oaBH npBuep H8JIBHeiaoa 6es~MccHnaTMB

sol CICT611H 1 B KOTOpoA npOICXO;ztBT C!OXaC!BSa~R ;ztBBZeHBH, aH&nOrHq

HO !Oily, ~0 11188! 1180!01 K!lK H8,Jt8BHO 6WJIO fiOKaSaHO / 5/, ,ltJIH neHr

MmpOBCKBX BOX& B DJI83116 1 ODICHB8611HX ypaBHeHBell llipe~BHrepa C CaiiOCO

rnaCOBSBHHII noteH~&IOIIo 
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B 38KnvqeHHe DPHBe~eM HBKOTOp~e C006pa&eHHH 1 KaCaD~BCH YCTO~

qJ4BOCTH KOXe~ 3H6KTpOHOB 1 o6paaoBaHHNX C DOMO~D aepKaXDHOrO aaxBa

'1'8 / 6/ H "raaOBOit 11 ~OKYCHpOBKil. 
O~ao Ha OCHOBHNX rrpemwy~ecTB paccwarpHBaeworo YeTo~a aaKnvqaeT

ca B TOM, qTo npH "raaoBOii 11 ~OKYCilpOBKe paaopBaaa CBfl3D MBK,lly Be~y

~HM H ~OKyczpyD~M ITOXRKH 1 IT0~06HO TOMy, qTO i!YBeT MBCTO B KBCTKO

WOKYCHpyD~X ycKopHTBnax. B CBHaH c aTHM o6~qa~e H ~OBOHDHO aecTKHe 

orpaHHqeHHH Ba qJ4CHO qaCTil~ B KOHb~e penHTi!BiiCTCKHX SH6KTpOHOB
1 

CBH

aaHHYe HeyCTOlqsBOCTHMH OTpHqaTBHDHOit MaccJ7(p~Ha~HOHHO~ wnaaro

BOI (rrocne~HDD HHOr~a HaaYBaDT HeycTolqmBOCTDD Ha peaoHaHcax CBH-

314 /
9
/), 3~6Cb YOryT 6~Tb CHH'l'~ rrpH ~OC'l'8TOqHO 60HDWiiX TOKax H 3Hep

reTHqecKHX paa6pocax. 

O~HaKO aaueaa BH6WHHX toxycHpyD~X CHH BHYTPBHHHMH HYeeT CBOI 

HB~OC'l'aTOK - ~~~ ITOJiyqaey rrnaaM&.HHy• CHCTe.lly C TOKOW, a T8K8H CHCTewa 

aeycTolqmBa. B rrpocTelmew cnyqae B03HHKaeT 6yaewaaoBcKaa neycTottqm

BOCTb, ODHCYBaewaa cne~yv~HM nucnepCHOHH~Y ypaBHBHHeY: 
L L 

1 _ w,., _ uJpi _ 
1 tg(W-KC) w - O ' 

r~e Wpe. H Wpi - DH83Y6HH~e qacTOT~ 3H6KTpOHOB H HOHOB 1 COOT-

B6TCTB6HHO. Ha Hero cne~eT yCHOBHe, qTO CHCTBMa yCTO~qmBa, eCnH 
3/.t ro Kc > Wpe 

OTcv~a ~11a KOnbua, aaweaaa BOHHOBoe qHcxo K aa R (r.zte m.- ao-

uep rapwoaHKH, R - 6oJibWO~ p~Hyc Konbua), rronyqH.II ycJIOBHe yc-

TOitQMBOCTH ( n- llHOTHOCTb aneKTpOHOB): 

u 3 rn'-
n < Z,K • 10 ro R"- (I) 

qTo ~XH rronaoro qmcna axeKTPOHOB B KOJ!bl.\6 ~aeT: 
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12 a:''-
N < S,S ·10 t: m 2 T =!Vet. (2) 

PacCUOTp6HH8H HeyCTO~qHBOCTb ~OX~Ha npHBO~HTb K 6aHqHpOBKe KOnD

~a, ~TO, B CBOD oqepe~D 1 B CHXy ypaBH6HHH (cu./6/, ~opuyna (8) ) 

C -R _ v 
I['"- 'lo 

(3~6Cb v -noroaaul sneKrpoa, g - p~Hyc npoBo~a~ero sKpaaa) 

Be~eT K cy~eCTB6HHOUY HCK8S6HH~ ero ~OpUU BllXOTb ~0 BUCHnaHHH SX6KT

pOHOB Ha CT6HKY Ka»epu. 

PaccuorpHU C STO~ TOqftH speHHH B K8~6CTB6 npzuepa B6CbU8 HHT6-

peCHU6 SKCnepHU6HT8XbHU6 pesyXbT8TS no ~OpUHpOB8HHD K0Xb~6BBX crycr

KOB C flOUO~b~ npOBO~H~ero SKpaaa H rasOBOA ~OKyCHpOBKH 1 nony~eHHS6 

TOUCKO~ rpynno~ /IO/. 

no~cTaBXHH napauerps aroro aKcnepaueara R=75 cu, a ~ 3-5 cu, 

L~2, nMyqHu 
f2 

N£(6+8).10. 

"8 ~Opuyns (2) B CBHSH C CHnDHOI S8BHCHUOCTbD NCL or peu-

THBHCTCKOrO ~a.K.TOpa ~0 cne~yer, qro qacno aneKrpoaoB B KOXD~e 

MOEHO 3H8qHT6XbHO yBenzqzr~nO~HHM8H aHeprBD qaC!H~ H y»eHim8H pas

uepu Kauephl. 
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