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UeJIDD PldOTH 1IBJISIeTCjl :O:Cc.neJJ;OBatme npo,1tOJIDBOrO (a8BMY'l'a.JIDHoro ) 

.1tBWW.HWI CBJI1)BOTOlUlOro peJUITmmCTCXOro an:eX'lpOHHoro nyua IIpt O,ltHo

odopoTHoI mme~ aa xpyroBYD Op6RTY B CJI8.6*1CYCHpYIIl(ge lrfaI'IDI'l'Hoe 

1I000e. 3XClIeplIMeHTBJIDHO TaRaJI mme~ RSyqaJIaCb B pa.6oTe /1/, rJJ;s 

odHapyxeH CSMOS8X.BaT nytIKa na XpyrOByIl OpdHTy, ~eHDmeJme 8HBprBlI! 

llB.CTm::t li openaero pa,ItHyca xx oó"palItemm BCJIe~C'l'BHe noreps sa caarpo

Tpomroe H3JIYtIeHHe. 3TH 1I0Teplil HeOJijiop0,D;HH IIO asmqry nrma (MaltOH

MYM Ha.nyqeHWi lIlllU0,Il;lilTCH na ero q>POUT), BÓJI~OTB1:Ie "qero npollOXO,ttLtT 

MO.nyJUIItWi rryqxa 11 BOSERaeT pa.ItHaIijWHHaJI ueYOTof1mBoCTb. ITOM8,ltHKJ1 

rrpmO,ltRT R poOTY 8aepreT1ll'lieCROrO pasõpoca B Xo.nn8BOM lIY'{xe H D c.n8

~OBaTQHbHO, R YBe~8HHD ero C8'li8HHH. 

HmKe~ P3II na XpyrOBYiJ opdHTY B KOMIIpGOCOp9 o IteJI1JD IIOCJIe~ 

mero ero CJlICB.TM ir II()JIy'tIeHHJI IIJIOTHHX 8JI9RTpDHHHX KOJIeIt pacCMa'l'prma

MOla B pado'l'ax /2-5/. HCCJIe,ItOBam1SI /2-4/ nOOBmJl9HH MHorOodopo'l'BOI 

WD!ex:rnnt, npIllieM paCCMaTpRBaJmCb TOJIDRO pa,ItHBJIbBH8 ROJIeda.B:Wt ~TBIJ;. 

B padoTe /5/ RSyqaJIOCb 1I0~THe nyqxa B Te'lieHRe nePBoro odopo'l'a 

BCJIe~CTBHe lIepeXO,lijlHX nponeccoa, odycJIoBJIemua xorepeH'l'HHM cmccpo

TpoHlUiM H3JIY1ieHHeM (des Y"lieTa HeycTohHBoCTH), Ky'JIOaoBcmw saazso

~8IcTIm8M B aSHMYTaJIDHO aeonaoponaoa nyqxe 11 ~eM aa ~OK aro 

H30dp8Jltemm B npoBo.IlffIlUIX noaepxaoceax, E:wm" nOJIY'ieHH 'liRCJI8HHHe ~eHKB. 

,JI,.IDt R3M8Hemm pa.ItHyca paBHOB8CHott OpdKTH npa pa3JIH~ IIapaM9'l'p8X 

lIj"ilUl. I1epetmeJISHHHe BI:mIe aiPIJeRTH paoOMOTpeHH B /5/ noposas, TITO HS 

1I03BoMeT C,IteJIaTD oRoxqaTeJ1})H!rll BHBO,It o B8JIHlmH8 p8JtlIBJO.HOrO noJt1l8.

TRJl nyqRa. K1K>M8 TOro, H8Y'1T8HHHA ~eIt'r pa.sBl!Bamtelcjl HeYCTot!tmBoC-" 

Tlt oYJI{eO'l'BeH:HliM cõpaaoa MeMe': 9'1'1 B9JIlItIlDIY yXB rrpH 'rmnt'IHHX aaaqe

mmx ~0Jta "lllOTlm B nyqRe. 

B HaOTomneil pado'l'e R8;i"19mtO mme~ IIytma npoB9,IteBO lIeTOJJ;OY 

UOJtOHHoro uoJtOJmPOOOH1lJl. TtutQJl nOO'l'QBonRa 8BJtB1Ul IIOaBOJUl~T Oom4e~'l'

DO i"l00Tb poDJmtUlHO ~OK'1'H, DwmUT!» ynmpOHUO nycma (poOT 9B9prO'l'B

,
 l~
 

~eCRoro' paa6poca) B nponecce HH~eKUnH II eCTeCTBeHHHM nYTeM npllBO~T 

K HaqanDHHM YC~OBRffiM B a~aqe o paaBllTllll HeYCTOnqnBOCTH OTpnnaTe~n

HOn MaCCH B RO~neBOM nyqKe • 

I. ,UKHawIKa npo.I(OJThHOrO .I(BIDIteHlls! P3II npa ~xceKI.:QfiI na KpyrOBYJD opca-

TY C yqeToM CllHXpoTpoHHoro ll3~eHns!, 

YpaBH8HHH a3HM,YTanhHoro ~KmeHHH qaCTH~ c HOMepoM X B RO~

neBOM rryqR8 HM8IDT BnA /6/ 

!!Jt- =,~ ris,; f J t lar- -lJ 
ate ) dt' ,vtlt:.( J (1) 

t " 1< '" ÜMf}= r-tJl1 ) {:::; J ~;;I1(Jo) 1: = fWl1 t , f =(-y.1)) 2(tfJ=J.lc~,1Ct4e ) 
r,u;e r - a3HMYTaJInH8.ff Roo1WIHaTa, tJ~ - naxansaaa qaCTOTa o6pa

meHRs! c yqeToM nonpasoR, yqHTHB~X paCTanKHB8HHe no ~IYCY B 

aa.MKHY'!'oM O,IJ;HOpO,I4HOM KOJThneBOM rryqKe /7/, t - BpeMJI , v:ré lo 
o l/ir. IH'). 

- rrapaMBTp EY.I(Kepa, r. - HaqaJ!nHHI pa,u;zyc paEHoBecHOn Op6llTH, 

7.. (~ ~~) _ ';~ - !,; , e-;. ~CI ' r - pe.IDlTRBllC TClllin WaKTOp,
),)-1IJ11 CI ",. 

~r - 1!aCTOTa pa,I4II8JIhHHX deTaTpOHHI:lX Ro~e6aHldt, Ai - ~CJIO sac-

TRq B nytiRe K MOMeHTY BpeMeHR t , ~ItfM - tmCJIO liaCTm.{ K ROHUY 

ooopora, f la tt{ / AI/'W'l . 
YpaBHeHl:fS! (I) no.nyqeHH B HepeaOHaHCHOM c.n:yqae, xorna RMIIe.n;aHC 

2"},,, ae liMe8T ococeanocreã B6JIH3H tA) s. I1,Wo li[ CIIpaBe,IVW:BJ:.{ ,ItO 

rex nop, IIORa 

l, (f>l« ; . (2) 

rapMOmUty nOM o HOMepoM ~ MOJlQlO npe,nCTB.1UITb B BH,It8 EIl/fh--'ltrr,,· 
.ZJ1. :o •I" (f) (I - TOR nyqKa) xepes npoM81KY'!'0R Bp8MeHR t» ss . T.e • 

./11 • . ' • hw" 
,u;OCTaTO'liHO 611CTpo )1)IJ! BllCOImX rapMoHHK, ROTopHe. RaR 6y.n;eT BH,ItHO 

as ,ll;aJIDHeftmero paccaorpeaaa, arpaior H8.H6o~8e CyII{8CTB8HHyxJ POJIh. 

~a CHCTeMH ypaBHeHHn (I) c~e,n;YDT aaROHH coxpaHeHRs! HMITYJThca H 8Hep

pm 

~s -t- 1... JjJf., J-lt(r-)z- te 1... JÁ". (tJll:: o)
o!t AI, 'ár 1' IIt>O (3) 

O~~t:iii;i;çi~il~iJ ImCnrryf I 
fta;~~~~\ M(C~~R~~~~m I 



d{- lJ " :h I ti Idi (1. 4-1/- Zf{'t) L ~~ -IJ {r:)r-t- 1 ~ ([1
Itt>O J41 clt	 "" Ale. dr: 

- f: + tI;;::. '11ft) s. j,c IJt,., . Rl2 IJ,.. (c)I2.. 
(4); 

1tt f 

ht)O	 ' 

3,n;eCD RClIOJID30BaHU CJIe)J;yIOl~e OÓ03HatremUI: 

- "q, - (A/L	 Ai'z.. e-tJ44 ) t(]:'"i;'z...t/(., (i: _ Z. f/L ~IP )~ ~ i 
IV", h·1 ,(,te. &::, J 14 ~., ) 

- -(	 .AS", -: _ IJIJ _ ~ ~ e -~Jtt. .... ~
 

1t.11 ... - --.. 2M« = r::#tfJ ItIc:J.
".. ~ ~ e -c....Jtt ) 
rr.
 

lia (3) HaxO,1J,l:l:M t
 

lt&'}=. ~;!.. K! 2~ fi til lÁ"" (f)/}Lt . (5)
" ft"r;) Ht)Q o 

Ec~ rrpeH8dpe~ Ha rrepBoM odopoTe BnHRHH8M H8 ~aMHKY tIaCT~ 

a3RMYTan»Ho-Heo~opo,n;HHX sa~OBoro H TOROBoro paCT~II~BaHHft II 

paSBnBa~eaCR ~~OHHO~ HeYCTO~OCTR, T.e. C~TaTD ,IJ;DH~eHH8 

tIaCTn~ CB060,IJ;HbIM , TO ,IJ.JIJI rr~1CB. c ,IT)illT8JIDHOCTDID çppOHTa li=0 H
 

Jl (f) = Alt,M4Qfl1t. 14(1 t /2]{" IIOJlytmM
e 
I,I 1+"1/ 1 = 2(f - ce~ IU&J() f) ,	 ) 
/l MC"I ~tlJo t)1	 (6 

4iJ__ 2tJ .! 2- Re i: (1- ;iu M14t) . 
~ - y? Jr ÚI)O J+r~ J+ttO,t (7) 

lia (7) MOxao	 IIO~TD o~eHKY OTHOCHTe~Horo H3MeHeHRR p~ca K~-
I 1.)-1. J. • ua dr/ro::. Cf)!,. .~tOlíO~ • Hanpnxep, ,IJ;.IDI ROJID~eBOrO IIyqRa D OBO

ÔO,nHOM" rrpOCTpaHCTBe 1'/ te 2lcf ~ tJ, fll· h.I ~ n B zonue nepscro 

~ôopoTa ( t ~ 2Jr/tJ., ) 

e ~ lY!-Il. 
t; r r· " (8") 

,1J,.IDr ROJID~a c IIapaM8TpaMH KY}.'H owm /7/ f ~ 8,5'IO-2(~/IoI3)I/2, 
H" lIpI ~*~ 4, IoI2, t; = 40 CM HMeeM IV' '.lt I, 3 MM , 'lTO B 

6 paa MeHDme OOOTB8TOTByromea o~eHKH lIO pa60Te /5/. Paoxo~eHHe 
od~OHHeTOR TeM, tITO pe3Y~TaTH /5( OTHOC~TO~ TO~KO K IDpoHTY nyq

za, a BIiJ>IDltSmre (5) rr0JIY'IeHo rrOCJIe ycpe,lJ;IlelIRR: lIO BceMY nyrmy •, 

4 

KaK BH~O Ra (7), OTHOCRTeJIDHOe H8M8HeHHe ~yca paBHOBecHoft 

op6HTH rrporrop~oHanbHo qgC~ 3JIeKTpOHoB B RORbue H ~ HHTeHCHBHRX 

rryqKoB, RRmeKTHpyeMHX B RepaMM~eCRMe KaMepH, MomeT ~OCTHraTb He

CROJIlJltRX MRJI.7IHMeTpoB. )lJ:r.fl: rryqRa, mUKeXTRpY8Moro B npoCTpa.HCTBO 

MeJKJIY ,IJ;BYMR: 6eCIWH8tIHhIMH R,IJ;eaJThHO rrpoBO,1JfIIllHMIf rr.,'IaCTHHa.MlI, H8JIY'le

HH8 na IIepBHX rapMOHHKaX OTCYTCTByeT (~e 21M :. O) 11: n8M8Hemre pa,w

oa paaaoaecaoã OPÓR'l'I:l, rrOJIyqeHHoe c 1I0MOIItblO ,(7) , CYTIleCTB8HHo(npn

MepHO B I5 pas ,IJ.JIJI napaxerpos "KOllmp8CCOpa-4" B EepI\JIH /11 M8Hbm8. 

B TOM JKe IIpHÓJImK8HIDI, xro H "(7), MOJItHO HffilTR 38.BnCHMOC'l'D R3Me

HeHHR p~~ca paBHOB8CHO~ opCSnTu OT ~T8JIDHOCTH ~poHTa IIytrRa. 

llYCTD IIJlOTHOCTD saPR,IJ;a Ha wpoHTe JlHH8~0 HapacTaeT ~o rrOCTORHHOrO 

:3HatreI:illR aa BpeMR: Ó/';;0 • I1HTerpnpOBa.Hne BhIPaJKeHIDI (5) .naeT: 

a) 6c:8/t.?" 

flr:): 'l$f~~fTf 8;-l~{f(k1~~T:)- t(1-Ú)!Ut~~)+L/(I- ~::{Jj. (9) 

ECJm d-: b' , TO npa t: .. l'o 

(d~} "" l. (17tJ I
 
l7JJt=2K - J ~)cr=o (10)
1 

6) i:» 6/tJo 

J(r;): t'o <" l(el,..~l,_ JI(I-úJfhti) '(1- ~IJtJjI 
Z l{f X) c:	 '.. lo +. l4ti jli + 
11 - '111 ",,'" .J hiló 

I. 
~)JI. (II) 

... i p 2. P.t.%"Jr{ l(1~('()SH4;h dr z{1-ecSI+t$) ,.1
'bl(!-~}(7:~~'Z;,)	 ,.. M~ ll; + 1tc 5 l i1:- tJ; 1- I44l.ó l. "Cofl.ut.O~"1-

' 

_ l ptM !MUJo t s-W 64f.~} 
&ufl3. --;;:r. 

B KO~8 nepBoro odopoTa 

... ~	 ~lItii IJtrtl )= t'tI	 ). L Re:Kt[X_.I}_ {-CiJS~J' + 11(1- ~7'lf-fJ . (I2)
]i1(1:"1..) ~ WI 6.311 I'kf.{j If"l/fl. 'l/í

'Iii 

KaK CJle~yeT R8 (12), yqeT KOH8trHOfi BeJIlltrnHH WPDHTa IIy~a B cJIYtIa8 

5 
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caoõonnoro rrpOCTp8HCTBa rrPl1BO~T K IO+20% nortpasxaa, .If)UI IIy~a Me2K

~Y deCKOH8~HUMH H~ean~Hp rrpOBO~~ nnOCKOCTflMH MOmeT H3M8HHTL pe

3YJI~TaT B~oe. 

2. 'tfHCJIeHHOe MO~eJmpo:aaHlte nponecca HH2KeltWnI P3IT .. 

MO~eJllipOBaHHe npouecca P3IT. na Rpyronyro OpdHTY B CJISdoq,OItYCHPyro..;. 

~eM MaI'HHTHOM IIOJIe lIpOBO~lIJIOC:& IIYTeM tn1;CJI01mOrO pOllleHHfI CHCT6MU 

YpaBHeHH! (I) ~JIJI 1600 "xpymnrx" ~aCTI1I.J;. B HMIIe~aHCe x) 

(pIC.I) ÓbIJill OCTaBJIeHhI nopsue 50 rapsoame, 

rrp1I m;> 50 • Bespaaaepnoe BpeMf! ooopora 

orrpe~eJDIeTC.ff B llepByro otIepe~~ tIUCJIOM tIaCTRU 

XO,IUIbIX' dh1JIH BS.ffThl napaaerpu "I\oMIIpeccopa-4" 

T.e. IIOJIO.lKeHo~. .~=O 
.... ,lHw, 

-ç ':; 2Ir/ (/.) (AI/"Mj1fJ. 

B rrYtIKe. B KatrecTBe H0

B EepKJlli /1/: r" = I7 CM, 

paccroaaae Me~y IIJIOOROCT.fIMH H= 5 CM, >',. = 0,7 , d = ·7 • Mo~e-

JIHpOB8HHe rrpOBO,nHJIO.C~ ,14JI.ff ~BYX 3Ha~eHlIit ~ = 0,4 H t;, = 0,8 

tITO COOTBeTcTByeT ~tIf~= 2,7' 1012 H ~..,: I,I'1013 , mar aarerpa

pOBaHIDI PaBH.ffJIC.ff LJ?: = 5· IO-4 • B RalteCTB6 cpencraa ROHTpOJI.fI 1IC

rrOJI:&soBaxac~ COOTHOmeHH.ff (3),(4) (B'BapHaHTax oás ytreTa rrOrrepetIHOrO 

~.lKeHHfl)o 3HepreTHqeCKH~ pasopoc B MOMeHT HH.lKeKqHlI traCT~ Ha OpOII

TY OHJI BhIOp8H HYJIeBUM, c O,IUIott CTOpOHhl,Hs-sa orpaHHtIeHHOCTH pecyp

il'lJ1 ~eZn,nwo> .. _ 

/ " 
I 

ReZ nw,' :1m2 nu) 

2[ , .. .: 
H I 'Jmln,n~/ ~
 / /o' ,-_. *" 

10\ 20 / 40 50 n , /-1 \ /"',... 

PRC. I. 3aBlilCRMOCT:& mvme.u;aHca ROJI:&IJ;a 
..... 
Zt'\)h"'o ~ CBOOO.rr;HOro npOCTpaHCTBa 

(cnnomaaa JIli1HWl) li MSJKJ!Y 6SCRORellHhI

Mil aneaasao npOBO~ llJIaCTIDiaMli. 

(arpaxoaaa aaaaa) B YJI:&TpapSJI.ffTHBHCT

CROM IIpe~SJIe OT n . 

*JAnTOPhI rrpHSHaTeJIDHhI IDoM.AxoKCaxHHY, rrpe~OCTaBlIBilleMY B HX pacnoPff

~eHHe'nporpaMMY~ Bh1~CJIeHH.ff HMITe~illICa KOJID~a, nOMemeHHoro Me~y 

~YMH deCKOHetrHHMH H~eaH:&HO npOBO~MH rrJIOCROCTH1m. 

6 

COB 3BM , H C ~Pyron CTOPOHH. C :O;OJILKl BlliIBJIeHIDI BItJIa.;n;a IIpO~OJIbHOn 

HeYCTofttrnBocTH B YCJIOBHITX MaKCHMaJILHO ÓhICTpOrO ee paSBHTHfl •. 

3a ,IU!H:ar.mlto~ HOYCTOR'tllIBOCTH MOIKHO npOCJIe,nHT:& no pao o2 

( N"W.~ = 2,7°IOI 2 , a), O), B) - nysox Me.m,n;y IIJIOCKOCTJIMH, r)

nYtIOK B CBOOO~OM npOCTpmICTBe). KaK CJIe~yeT H3 pHcynKOB, TIpHMepH~ 

~O nO~ODHHU OOOpOTU pncnpe~eJI8HHe /A~/Z (cnrrOillHaff JrnHHfl) nOBTO

PfIO'l' Cf}oPMYJ!Y (7) (llITPUXODafI JIHm!fl). OTJlli~fl ~T (7) pansue 

IAm I~ 10
2 
~~. -: IAJo'l s 

1.0 '(4 1,0 ,, <t={,t., 
I 

oM t I 0.6 ~ : 
I 
I 

O,6~ ~ I 0.6 ~ I 
I 

O.4f 0,4 ~ I~~I' ,I:.',
0.2~ ,~u1!. I O,2~ ~, 

I:;~ 
..L.1...11....'! 

o 10 30 50 m O lO 30 SOm 

IAnfl02 'ZB 
1,0 1.01"""°'1 

'L=<L \f. ='Loo0.8 0,6 

0.6 0,6 

0.4 0.4 

0,20.2 

L- ....~ 
O 10 30 50 m O 10 30 40 SOm20 40 20 

PHc.2. 3a.BHCHMOCT~ a.MIIJIHTY,IJ',H rapMOHlUaI MOTHOCTR J,:" OT ae HOM6Pe, 

m :e paSJ1HlffiHa MOMeHTH BpeMelm (rapM01mK1I O ht::: I ... 5 lia plC.2a 

II m = I ... 3 aa pzc.26 H6 nOKa3aHH) .. 

B03HJlKaIOT Y rapMOllliK c OOJI:&IIm:MH HOMep8.MH m , 'ITO JIerKO Od'.bfICHH

MO , TaK KaR lIHltpeMeHT JIHHe1tHoR TeOpHH j7/ r""" ~ h't
lh . EOJIee paanee 

Boso~eHHe BhIOOKHX rapMoHHR OTMe~aJIOC:& H· Ha '8KCrrepRMeHTax no HC

cJIe~O~am1IO npO~OJI:&HOn: HOYCTOll'qHBOCTH sa "KoMIIpeccope-4" B BepKJill/
I/. 
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HeYCTotl't!l1BOCTbpaSBlmaeTClI IlO'tlTll O)J.llHaKOBO ,IT,JIíI .IUlyx paSJlli't!HLIX r80

MeTpHtl (pMC .2B M 2r ), 'l'aK 1ta1t FIa Il8pBOM ocopore HaMdOJI88 Ba..JKHyIO 

pOJIb llrpaIOT BhIC01rne rapMOIDl1tll, a ,IT.JI.fI HMX llMIle,naHChI OTJlli'tlalOTClI He

SHa'tllITOJIbHO (pac, I). Hexoropan pasmrna B lillfPHH8 cnexrpa (B CJIytla8 

IlY'tlRa M8~~ rr~OCROCTRMll 'tlMCJIO rapMoID1R, aMIIJlliTY~ ROTOpax OTHOCM

T8JIbHO BeJlliltU It I<OHIJY ooopora, dOJIbIlI8 I 'tl8M )J)UI IlJ'IKa B caocomroa ti 

')'
npocrpancrse) rrpHBo,lJ,llT K dOJTh!Il8tl nonpasae R B8JI1fqllH8 t , OdYCJIOB I 

JIeHHOH paSBllTll8M npo,nOJIbHotl HeYCTotltUIBOCTll (pllc.3,4,AVe~M= 2,7·roI2) . 

RaR BM.D:HO HS pac, 4 BBll,ny MaJIOCTH B8JllitUIHh1 .dr , rro.rryqeHHolt .noI 

wopMYJIe (7), ~ ROJThueBOrO IlY't!Im M8~~ nJIOCROCTRNllI y~e rrpll 

A{lf4lVJ = 2,7' 1012 B1\.JI~ HeycToft'tlllBOCTU CTa.HOBllTClI orrpe,neJImOJmIM. )J.Jr.ff 

nY't!R& JKe B cBodo,nHOM npOCTpaHCTBe rrpH TOM ~8 't!HCJIe 'tlaCTllU Y'tleT rrorre

o 0,1. 0.5 0.6 0.8 1.0<rAlo 

t: 

0.1 0.1 

0,05 

o 0.2 0.4 0.6 0.8 1.0 '1/'ío 

PRC. 3. SaBRCHMOCTb des
PRC. 4. SaBHCRMOCTb_des

pa3MepHOA C!tOpOCT1:1 f 01' paexepaoã CKOpOCTH 1- 01' 
nepeMeHHoít ~teo ,IT)I.fI J:IYT!

nepeMeHKott"(;./?;o ,II,JIJl rry-q
!ta B CBodo~OM npOC1'paH

Ka Me~ decKoHe~ 
CTBe (xPRBa.fI I - saBKCH

H,Ite~HO npOBO,lJ,BIItI1MH'" MOCT~, nocTpOeHHaH no 
nxaCTHHaMH. OdosHa~eHHH 

[JoPMYJIe (7), XpJlIBM 2 
TaKH9 xe, KaR H fia pHo.3.

pesYJI:bTaT "qHCJIeHHOrO MO

,ItaJm.P0BaRID! C1:1CTeMll YPaB
Hemm (I), zpaaaa 3  11 
pesY~TaT MO.1J;8JlllpOBaH.Wl 
c yq:eToM pa,IUIaJI1IHoro J pacTaJIIGIBaJ:lIDI) • 

o 0.2 0.4 0.6 0.8 rn 'V<[o 

s 
C:~10J 

0.6 5 
I 

I0.5 
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I0.4 

/ 
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0.2 " 
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0.1 
o 0.2 0.4 0.6 11.8 10'1f[o 

PRC. 5. 3aRRCHMOCTb des ·PHC. 6. 38BHCHMOCTb des
pasMepHoM CROpOCTR I OT pasaepaoro pasõpoca fa 
nepezeaaoã .'&'/~o ,II,1IJi J:IYT! B ~e B cBodo~OM npocT
Ka B CBodo,ItHOM npOCTpaH paacrae OT nepexeaaoâ t'/2:o 
CTBe (XPRBalI I - no [Jop (IIITpIDCO~lI JmIUIJI - õea
 
MYJIe (7), RpHBaR 2 - pe ~eTa p~~Horo paCTaJI

~YJI»Ta~ ~~àHHoro Mo~e B:HBaH.W1 , CIlJIOIIIHasi - c y-qe

JIHPOBaHRH) 1:1 Me~ dec TOM p~aJIbHOrO paCTaJIKH

KOHe~HMR ~8anbHO npo saaaa) .
 
BO;IUIJItHMR IIJlaCTRHaMIII
 
(XpKBasi 3 - pesYJI»T8T
 
qHCJI8HHOrO MO~eJIHpOBa


HIDI) •
 

pe'tlHoro ,nBH~eHMlI H 'rrpO~OJIbHoft H8YCTOR'tlllBOCTM HecymecTBeHeH ~ oueH

B:II CaMOCiKaTIIíI ROJIbua. 

CYBeJIH~eHll8M 't!HCJIa ~aCTKU B rr~Ke rrpO~O~HaH U8YCTOH'tlMBOCTb 

nasaaaer IIJ:rpaTb onpenenmouyio poJIb H .nJIJI 1WJIbI.J;eBOrO nynxa B CBodo,IJ;

HOM rrpoCTp8.HCTBe. RaI<. BMAHO na pRO. 5 , rrpn IIt,"M = I, I. IÓI 3 SaBMCIIJ:

MOCTb f Ir:) ,IJ.JI.fI rrY'tllta B CBodo.IUiOM IlPOCTpaHCTB8 lta'tleCTB8HHO fIOBTO

pn8T rolaJIOrll't!HYID KpHByro ~ IlY't!Ka M8nmy IlJIOCROCTRMH c MeHblliHM 't!HCJIOM 

~acTHti (pIIJ:c.6, II"ttlQII = 2,7·10'12 ). B8JIlllffiHa sr HSMeHeHMíI paiIUIYca 
. . 

paBHoBecHo~ OpdIIJ:Th1 K KOHUY odopoTa c Y'tleToM HeycTo~BOOTIIJ: rrpeBh1

maeT IlOJIytleHHyro o rrOMOmbID (8) dO~88 'tl8M B 3 pasa M COCTaBJIH8T. 

- I,O CM. ,Il..Jm rryqKa MellUty 'IlJIOCROCTSIMIIJ: npa TOM 1I\e sHa-q8mU{ 

âr ~ I, 2 CM. KaK oTM8iranocb B pacore /I.; t npa MaRCHMaJIbHI:lX .lIHTeHCHB
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HOCTflX,(A{m~ = 7'101 2) H MMHHMallbHOM aHepreT~eCROM pa36poce B 

nyqRe (AE/f~ 0,2%) ~e Ha nepBoM o6opoTe Ha6~EmallOCb 3aM8THOe 

YM8HbmeHHe pa,ItI:iyca ltoJIM~a, tITO Cynl8CTB8HHO CKa3ImaJIOCb aa saxsare, 

Be~~Ha 8Hepr8TH~ecRoro pasdpoca B Ko~ue ~puc.6,7) COCTaB

- 3 ~M
JIJie~ B 6espa3MepHblX nepexenasx ta. = 5,5 -:- 8,5·ro- (Aie = 

=2,7.ro12 ) li 0,2 + 0,4 (A{~~ = I,r.roI 3) ~ ~yx reoMeT~n 
COOTBeTCTBeHHO. Ms 8TRX 'pesY~bTaToD c~e~Y~T 

(r(7:o))f/,.~ fft:o) , (I3) 

TaIí trTO ~pH OOJI:bUlHX TOICax li: MMIlX 3HatIeIDiroc aaxaasaoro pascpoce :a 

nytIKe 'YJK8 aa nepnoM 060pOT8 npoacxonar 3Ha'tlliTeJIbHoe YBeJIHliemre 

pasMepa Ce'tl8HRH H B03MOmHU nOTepu 'tlaCTKU Ha H~8~OHHOM YCTpOnCTBe. 

Mo.n;eJmpoEam.re nponecca lIIDIteRIJ;MlI IIY'llia C yqeToM paCTaJOOrBa.HIDi 

rro dOJIOlIIOMY Pa.rt1lycy (cM.IIplIJIoJKeIDIe) noxaaasaer , 'tITO B c~y-qae' csoocn
... 04t 12 ' 

Horo npOCTpaHCTBa T8MII pa3BHTH~ HeycTOa~BOCTH (A{ =2,7'10 ). 

OCT~8TCfl rrpaRTR'tIeCKR rrpemHRM (puc.6), TaIC me,KaR H RsMeH8HH8 ~Y

oa pamrosccnoã 0I)OMThl I( ltoHny oOopOTa.~ nytma Mew oeCK01I8'tlHHMM 

HA88JlbHO rrpOBO,IVD.IUfM11 ~acTvrHaMK T8MII pa3BHTRH n8YCTOn'Il!BOCTH cyIIte

CTB8HHO BospaCTa8T (pHC.?) H H3M8H8HH8 ~ca paBHOBecHoft Op6HTH K 

KOHUY ooopOTa CTaHOBRTCa rrOtrTII TaRRM, KaK Y rryqRa B cBo6o~OM'rrpo

C,TpaHCTBe' (puc.3,4). 

~CJIeHHH~ oneasa CaMOCJKaTHJI KOJIDUEL sa BpeMH nepsoro 06?pOTa 

lIMem nPR~eHH:Wt xapaxrep, lia p8sYJIbTaTOB ~c~eHHoro Mo,neJIKpoBa

HIDI CJI8.nyeT, qTO H8JIO,O~ee OHCTpo pasBHooIOTcSI rapMoH~ror c MaI\CHMaJl1l

HhIM HOMepoM M I'ltQll/ • BHOOp :3HaqeHIDI mIMM::: 50 06YCJIOBJI8H S,n8C:O 

~~101 
5 

Pnc. 7. SaBRCRMOCTb 6e3
paaaepaoro pasopoca J~ 
B ~e M~ 6eoRoH8,~ 

MJIl: JiI,Il;8aJI:DHO rrpOBOmmtJlIMlil 

IIJIaOTRBaMH OT nepeM8eoíl 

"l:/t'o. OOOSHaQ8JIRR: Te ae, 
o 0,2 0,4 0,6 0,8 1,0 '1Ao QTO R B pRO. 6. 
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~ 

OrpaHlIli8HHeM h1 /lrt .c:. [ t' , BHTer<a.romaM 11:9 Tpe60BaHHJI O~OPO)JJ{OCTHrn

nOM rro CetreHlIID nytlKa c nOJIypa.SMepoM a c ~8TOM xapaarepasx 

napaMeT~D ROMIIpeCCopOB. MaRCHMaHbHOrO SHaQeHHff HHRpeMeHT HeYCToR

~OCTH ~oo~~raeT Ha rapMOHHRe c HOM8poM m~(3 , n08TOMY H~e

ro 'cOrJIaCOBaHHJI CJIelJYeT OJKH,IJ;aTb )l',JIJI IIytlROB C .' l~ 3 ... '4 , }J,7IH 

IIy-qKOB C 6oJIDI.IIID.lli 3UaQeIDUIMM: 8Hepnul IDIJKe~, rrOBJI,IU1MoMY, OU8HKH ' 

C~THJI Ko~~a H pOCTa ero 8HepreTHtrácRoro paaópoca K ROHUY OOopOTa 

(I 
OY~YT 8aHlf?KeHhlMl1. 

r 
TaKHM OClpa,SOM, pe3Y~bTaTH ~CJIeHHOrO MO,neJmpoBaJJIDi HHJKeI~ 

nytlI\S. aa Op6HTY B c~60tI>okyCHPYIOOlee MaI'HHTHOe noze nOI\S.SHBaIOT, 'tITO 

rr~ 6~bmOM TOR8 H ~OM 3Hepr8TH~eCKOM pasópoce ~e Ha nepBOM' 000. ' 

pOTe pa3~HB~eTCH rrpo,nOJIbHaH HeYCTOfi'tlRBOCTn, KOTopaa npRBO~T R 3~~ 

MàTHOMY yMeHD1II8IDUo pa;ltHyca, YBeJmtIeHHIO cexeaaa li O;D;HOOÓOpOTHOMY CaMO.. 

3axBaTY KOJIb~eBOro rryqRa. 

ABTOpH rrpH3HaTeJIbHH H.ID.KasapHHOBY sa ITOJIeSHUe SaMe~8HRa. 

IIPIDIomll1E
 

eMa paCTaJIIWBaHHR B HeS8.MICHYTOM rro a3HMYTY llytIRe
 
Ao VI- !!:..3}'a'Jr 

F,. (,>1, i)=e(E.. +Pf 4):: et J J a~ r'rlríll'cIy''lfil) ( 0-' -al[j:(r:.~/ t( 
a~ 

(II.I) 
X [r-r'COS(1-rJ] +f3ir-r 'col (f -r )+ :/J~(~-2;P; n·'{.J)j(f-t')f?OS(1~t1l}li 

x[r 1 • fIZ- _ 2rr'c1Js('1-f'lT (~-2'l1-Y:) 

r,n;e'fl. ..... /JQt - a3HMYT c1JpOHTa ny't{I<a, a 11 t - rrO~OCH 

!

8JJJll1nTR'tI8CIWrO Ce~8HlI:R, Ir: vflt (~~a.n:bHeam8M rrOJIOlliH:M ;9=1),
 

_ tA/ru 
MHTerpHPYR: rro r' , l!'/ II oTClpaCHEM RBa,rtpaTlflI- ~ 

.P - 2"l.alro •
 
HHe no ti/r., g/r; 'tlJI8Hll, nO~M
 

R-f
I/UACl#! I:I F. "'" eNe for t/Jr;r. Jf I • c 

r (r, 'ffJ..• - 'rI'ilTy'" -1 (I-Wyl' . (II.2) 
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OcoóeHHOCT:b nÓ;JIH3H '!'-:. o YCTpaHHM, HClmIOtIaq HHTepBaJI -l~"~~Jk. 
(B KO'rOpOM TIP.8H8ÓperaT:b tLlI8HaMI1 TIOpH,IJ;Ka a. '1~~ ,11;;1. aeasaa) 

M3 oÓ~aCTH HHTerpHpOBaHH~. TIo~aeMos Bllpa»t8HHe 

cosf-rcodtil-z+t ~!~Y. s. '-IPf:f1- ~ 
11.a, '0-] Iffr:.'"tf - .. 1ó () 
~ i~ 

W,NWI,., lJ'/l4IJ,J~ /-1>1.	 (TI 3)
F,(r,ff}::24f(tf)rp,.);::~ ÚJ~1_Ú)~ftr:'f+~~ 'f++~=f~2Jl-~) • 

rr, 2úy,,1. z fn~' "'1) 6'1)
 
'lo
 a I( 

úJçif. -í + ~!i1 ! " rI).t. E... ti - ~ J. cb!:: ID. + !!::. ,_
.. z. ta' irQ .. r- lro ' 1~ lto- T {f ftó 

, ~M 

MMe8T ~orapHillr~~8CKYID TO~HOCTn, TIPll~eM ~ ~aHHO~ 3~a~ BamHa 

JIID.i.In 3a.BHCHMOCTn pa.IJ;11aJIbHOit CIIJlli OT a3MMYTa_. TIpM 'tilIC~8HHOM MO~8Jill

pOBa.HIDI CMa E Y3IWi1: 06~aCTM na rpa.HHIJ;8 TI~Ra. M caoõonacro rrpocrpan

CTEa (TpeTb8 H3 BHpaJK8HHtt (TI. 3» auopaaa as yc~omItí ClIlliBKll nepsux 

MYX BHpa.iKeHHí1. 

TIo~ ~eitcTBMeM CH~ ~(~~) ~aCTM~ TI~Ita cOBeprnaIDT 6eTaTpoH

Hue KO~eÓa.HIDI 
" z v", ,

lI r + 'Vr tl =y 'ío f {I!J f4 ), (TI.4) 

r~e E EUpaJKeHHH (TI.~) ~ 7(et f,.) TIO~02KeHO 'G: ft-ft· (ti =I"-ro ) • 

TIMaraJI Ü(f'=' o);. f.('/fo: o) =O , HaxOAaM OTRJIOHeHHe OT ItpyrOBO:!1 

OpOHTlI t Y , 

u(~) ~d =71; (nu v,fICoJ y,'I~ 7ff: ft)rlp~ f(}sYr~/íiuI,?~frfJ''I.)cltj (TI.5) 

H rronpaBKY K 6e3pa3MepHOa ~aCTOTe OÓpamSHKff t B nepnoe H3 yp8B

HeHH! CHCTeMH (I) 
J"t=_.!:L, 01.6)lYô 

Bl:ltmcJmM reneps CIIJIY paJU:l:8JI:bHOrO paCT8JIKHBaIIHH B ne3a.MKHYToM 

RO~:bqeBoM n~Ke, HH~8KTHPyeMoM E npOCTpaHCTBO Mro~y óecKqHe~~ 

ane8JI:DHO npOBO~ MaCTHHaMa. Cwxa, ~e2CTBYlOm8J! na tIaOTHUY c 

3a~OM e 0'1' o~oro HSOÓpaEeHRH (a~eKTPHtIeCKOrO ~IDO MarHHTHoro) 

paBHa 

12 

ft 
G, (ti, ~~) =~~%+~~/~1 ~tlf :: eWe~r(tfi'! 11 

iJr. IJ [H L+ "/iW~ttjY~ VlTf;,1. 

<n.?))( .e.: 't 2- (I: (X f () P ) E/ P )' I
(1tlJiL i ll l,t ) 7i~f~~ - lJ (i) , ({+p'"(Á- 'J J 

,~ . 
"'i rI) :: aMsW (l+e~JwXi 0-:. .!t x. - U x;..!I

j r (H f'JiuI.)/h. 1 r H) 1 - Z ) Z z ' 

H - pacorosnae MeJW llJIOCIt0CTmm, F li E - HerrOJIHHe 8JI.JIImTH

,1 qeCKHe HHTerpanH nepBoro R B'l'OpOrO po~a. 

nO~YtIaeM ~OÓaBKY K CH~e (TI.3) 

~(f) f,) = ez!!t.~~f1+fl~f {-1)Y.Jr. . 
2.Jrt; ,;::.1 (1t"'-J'l1. f:.;

n:.	 '-", Z 

CYMMHPYfl' noxa HsoópaxeHHft, 

{/ (I') ~ 
Fo: -~). - 01.8)

•	 (("f1..I.)71. 

- Etr: ~)j i (t)_ • fI.; A.~)~.rz;., ~, .. n 
" ) U+&,'lfi , te - tlMk-;t f1+/,zJiu Zx/ h) f',t. -~ • 
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BenomH~KR~ n.~., ITepenblliTeAH 3.A. P9-87-258 
3~eItT~ npocTpaHcTBeHHoro 3apHga CRnbHO-
TOQHOrO penHTHBHcTcKoro nyqKa npH HH~eKnHH 

B KOMnpeccop 

MeToAoM qHCneHHoro MogenHpoBaHHH HccnegoBaHo pa3BHTHe 
npoAonbHoA /a3HMYTanbHoA/ HeycTOAqHBOCTH B penHTHBHcTCKOM 
3neKTpoHHOM nyqKe npH OgHooõOpOTHOH H~eKnHH B cnaÕO$OKY
cHpyro~ee MarHHTHoe none. TIoKa3aHo, qTO npH õonbilloM TOKe 
H ManoM 3HepreTHQeCKOM ~a3õpoce pa3BHBaID~aHCR HeYCTOAqH
BOCTb npHBogHT K 3aMeTHOMY yMeHbmeHHID cpegHero pagHyca, 
YBenHqeHHIO pa3Mepa CeqeHHH H OgHOOÕOPOTHOMY caM03aXBaTY 
Konbua. 

Pa60Ta BbmonHeHa B OTgene HOBb~ MeTogoB YCKopeHHH OllRM. 

Ilpenpanr 06'be,llHHeHHOrO HHCTHI'yra R:,llepHbIX Hccne,llOBSHHH. )l,y6Ha 1987 

TIepeBoA A.B.~MHTpeHKo 

Beloshitsky P.F., Perelstein E.A. P9-87-258 
The Influence of Space Charge on the 
Injection of Intense Relativistic Beam 
in	 Compressor 

The collective longitudinal instability during the 
injection of intense relativistic electron beam in sligh
ly focussing magnetic field is studied by computational 
method. Decreasing of mean radius, increasing of cross 
section dimellsions and selfcapture of the ring are shown. 

The investigation has been performed at the Department 
of New Acceleration Methods, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1987 


