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T~*enOHOHH~H CHHXPOTPOH /THC/ npeAHa3Ha4eH An~ ycKo
peHH~ HOHOB BCeX 3neMeHTOB Ta6nH~~ MeHAeneeaa AO 3HeprHH 
50+ 800 M3B/HyKn. 111 • B THCe npeAYCMOTpeH MeAneHH~H B~BOA HoH
Horo ny4Ka An~ npoBeAeHH~ ~H3H4eCKHX 3KCnepHMeHTOB, a TaK*e 
6~cTp~H a~BOA An~ nepeaoAa ny4Ka a CHHxp~aaoTpoH OHRH. 

B AaHHOH pa6oTe paccMoTpeH~ pe*HM~, cooTaeTcTay~He ycKope
HH~ nerKHX ~Aep H ypaHa a cny4a~x MeAneHHoro H 6~cTporo a~BOAa. 
PaCCMOTpeHO npOAOnbHOe ABH*eHHe HOHOB H onpeAeneH~ pe*HM~ pa6o
T~ paAHOTeXHH4eCKOH H MarHHTHOH cHcTeM 8 THCe, o6ecne4HBa~He 
MHHHManbH~e noTepH 4aCTH~ npH yCKopeHH~ C y4eTOM peanbH~X Tex
HH4eCKHX B03MO*HOCTeH 3THX CHCTeM. 

YcTaHoaneH~ Tpe6oaaHH~ Ha cTa6HnbHOCTb MarHHTHoro non~ H pa
AH04aCTOT~, AOnyCKH Ha rapMOHH4eCKHe H WYMOB~e B03My~eHH~ 
MarHHTHOrO non~, aMnnHTYA~ H 4aCTOT~ yCKOp~~ero Hanp~*eHH~. 

1 . H3MEHEHHE MAfHHTHOfO nonR 
H PA~H04ACTOTU B UHKnE YCKOPEHHR 

B THC e npHH~Ta HH*eK~H~ n~TH crycTKoa Ha nnaTo MarHHTHoro 
non~ AnHTenbHOCTb~ 6tH: 80 Mc 121 . HHAYK~H~ MarHHTHoro nonR 
npH HH*eK~HH 

A 
B 0 = --v W(2E 0 + W), 

300pZ /1/ 

rAe Z H A - 3aP~AHOCTb H aTOMH~H HOMep HOHa, p "' 7, 4966 M - pa
AHYC noaopoTa a AHnon~x. E0 c 938 M3B - 3HeprH~ noKo~ HyKnoHa, 
W = 20 M36/HyKnOH - 3HeprH~ HOHOB, HH*eKTHpyeM~X H3 KOnneKTHB
HOrO ycKOPHTen~ T~*en~x HOHOB KYTH-20 a THC. 

nnaBH~H nepeXOA MarHHTHOrO non~ OT nOCTO~HHOrO 3Ha4eHH~ 
K nHHeHHO HapacTa~eMy ocy~eCTBn~eTC~ no 3aKOHy/2/ 

B(t) /2/ 

rAe t 0 ~ MOMeHT OKOH4aHH~ 3aXBaTa ny4Ka B pe*HM YCKOpeHHR, 3Ha-
4eHHe Bm ~ 15 T/c onpeAen~eTcR ao3MO*HOCT~MH CHCTeM~ nHTaHH~ 
H cornacyeTC~ C 3aAaHHOH MaKCHManbHO AOnyCTHMOH CKOPOCTb~ 
H3MeHeHHR 4aCTOT~ ycKop~~~ero B4 t) < 90 Mf~/c. 

max -,_ ... -. 1 
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Ha y4aCTKe ycKopeHHfl HH
AYK~Hfl MarHHTHOrO nonfl 

MOMeHT BpeMeHH t 2 B~6HpaeTCR 

B COOTBeTCTBIIIH C Tpe6yeMOH 
3HeprHeH HOHOB. nepeXOA 
K nOCTORHHOMY MarHIIITHOMY 
non~ npoHCXOAHT no 3aKOHY 

B(t) "" B(t 2) + 
/4/ 

B HOMHHaflbHOM pe>KHMe epeMR YCKOpeHHR t 3- t 0 = 60 ~ 85 MC • 3a
BIIICHMOCTH HHAYK~HH MarHHTHOrO nonR H ee npOH3BOAHOH OT BpeMeHH 
B pa 3n114H~X pe>KHMaX yCKOpeHHR npi1BeAeH~ Ha p11c.1,2 /Ha piiiCYHKaX 
1-4, 6-8 1 - HOHbl ypaHa, 2 - RAPa c Z/A = 1/2, WTpiiiXOBOH flHHHeH 
noKaaaH pe>KHM 6~cTporo s~eoAa/, a TaK>Ke e Ta6n.1 ,2. 

4T06bl o6ecne4HTb CHHXpOHI13M H3MeHeHI1R YCKOpR~~ero nonR C o6-
pa~eHHeM 4aCTH~~ no 3aMKHyToH op6HTe, 4acToTa B4 nonR AOn>KHa 
H3MeHRTbCR no 3aKOHY 

2 

f - ~ o - n 
B B 

E0 A 
--(T), 
300pZ /51 

rAe KpaTHOCTb yCKQpeHHfl q B~6paHa paBHO~ 3 /npH 3TOM 4aCTOTa 
HaXOAHTCfl B o6~4HOM Aflfl YCKOPfl~HX CTaH~HH AHana30He 1 ~ 5 Mr~ 
C K03~H~HeHTOM nepeKp~THfl no 4aCTOTe 5/, nepHMeTp op6HT~ 
fi "" 154, 56 M. 3aBHCHMOCTH 4aCTOTbl H ee npoH3BOAHOH OT BpeMeHH 
npHBeAeH~ Ha pHC.3,4 H B Ta6n.1,2. 

2. 3AXBAT nY4KA B PE~HM YCKOPEHH~ 

B THCe npeAnaraeTCfl ocy~ecTBHTb KBaaHaAHa6aTH4ecKHH aaxeaT 
HOHOB B pemHM YCKOpeHHfl/S, 4/, pac4eTHafl 3~eKTHBHOCTb KOTOporo 
6nH3Ka K 100%. npH TaKoM cnoco6e 3axeaTa aMnnHTYAa ycKOPfl~~ero 
HanpflmeHHfl V yeenH4HBaeTcfl AO MaKCHManbHoro 3Ha4eHHfl V0 "" V (to) 
3a epeMfl, cpaBHHMOe C nepHOAOM CHHXPOTPOHHbiX KOne6aHHH 

rAe a"" 0,046- K03<!><)lH~HeHT paCWHpeHHR op6HT, Yo""Y(t 0 ) - penR-
THBHCTCKHH <)laKTop, M- Macca HyKnoHa, R 0 =ll/2rr. HapacTaHHe yc
KOpfl~ero HanpR>KeHHR o6ecne4HBaeTCR nocneAoBaTenb HbiM BKn~4eHI1eM 

4e~e3 paeH~e npoMemyTKH epeMeHH 6 ycKOPR~~HX cTaH~HH. HanpR>Ke
HHe Ha KamAOH CTaH~HH paBHO V0/6. npH TaKOM cnoco6e BKfl~4eHHR 
cy~ecTBeHHO yMeHbwaeTcR AHana3oH H3MeHeHHR aMnnHTYA~ ycKOPR~e
ro HanoRmeHIIIR Ha B4 cTaHUHH. 

,[\nR ocy~ecTeneHHR -1 00%-Horo 3axeaTa Heo6XOAHMO, 4T06bl HM
nynbc CHHXpOHHOH 4aCTH~bl OCTaeancR nOCTORHHbiM, p 8 = P 0 • n03TOMY 
npH t ::; to eenH4HHa MarHHTHOH HHAYK~HH B = Bo"" const 11 paAH04acyo
Ta r0,. const. YpaeHeHHe <)la30BbiX Kone6aHHH Ha y4aCTKe 3axeaTa Mom
He npeACTaBHTb B BHAe 

A Me 2 jl - ay~ j 1 I 2 
(2rrq ) t1p • 

ZeV0 y~ 
- y, y' "" C(r) cos¢ , y /6/ 

3AeCb ¢- <!>a3a 4aCTH~~ no OTHOWeHH~ K B4 non~, t1p - OTKnOHeHHe 
HMnynbca oT CHHXPOHHoro 3Ha4eHHR, r"" 0 0 t , f(r)"" V(r)/V0 • 

nepeA BKfl~4eHHeM nepBOH 113 CTaH~11H HOHH~H cryCTOK Ha <)la30BOH 
nnocKOCTH 3aHHMaeT npRMoyronbHHK nno~aAb~ 4rry0 • AnR o6ecne4eHHR 
MaKCHManbHOH 3<)l<!>eKTHBHOCTH 3aXBaTa K MOMeHTY ero OKOH4aHHR 
r ""r 0 nno~aAb s0 , oxaaTbreaeMaR cenapaTpHCOH, AOn>KHa 6brTb no 
KpaHHeH Mepe He MeHbwe Ha4anbHOH nno11.1aAH ny4Ka, K = 4rry of8 0 "5.. 1 · 
TaK KaK 

- rt/2 
8 0 = 4y 2 f v 1 + sin¢ d¢ = 16 , 

-rr/2 

3 



TO Yo ~4/". OTC~Aa nony4aeTcR Tpe6oaaHHe Ha aMnnHTYAY ycKopR~
•ero HanpRmeHHR a KOH4e aaxaaTa/4/: 

z eVo 3 
- > (..!..) 

A Mc2 - 2 

q(y~-1)ll-ay51 ~p 2 
2 8 -(-)0 ' 

K Yo P 

rAe (~p/p)o- HMnynbCH~~ paa6poc HHmeKTHpyeMoro ny4Ka IAnR 
THCa (~p /p) 0 = 3 .1 0 - 8 I. 

171 

npo4ecc aaxaaTa ny4Ka a pemHM ycKopeHHR 6~n HccneAoaaH MeTo
AOM 11 KpynH~X 1 ' 4aCTH4. 3aBHCHMOCTb K03<)l<)lH4HeHTa aaxaaTa K OT 3 
ero AnHTenbHOCTH ~t 3 , nocTpoeHHaR no peaynbTaTaM 4HcneHHoroc 
pac4eTa, noKaaaHa Ha pHc.5 AnR pa3nH4H~x 3Ha4eHH~ K /cnnowHaR 
nHHHR - K = 0, 8, wTpHxoaaR - K = 0, 9, wTpHxnyHKTHPHaR - K = 1 I. 
KaK cneAyeT H3 peaynbTaTOB pac4eTa, npH K = 0,95 H COOTBeT
CTBY~-eM Bbl6ope AnHTenbHOCTH aaxaaTa /T. e. CKOPOCTH HapaCTaHHR 
YCKOPRIO.ero HanpRmeHHR/ K 3 ;:: 99% /HanpHMep, npH K = 0, 95 H 
~t 3 = 1/F c aenH4HHa K 8 = 99,3%/. CyMMapHoe HanpRmeHHe Ha 6 
CTaH4HRX K KOH4Y aaxaaTa V 0 = 12,27 KB AnR Z/A "" 80/238 H 
Vo = 8,18 KB AnR Z/A = 1/2 npH (~p/p)o"' 3·10-3

, K = 0,95. 
B THCe npeAYCMoTpeHa ao3MOmHOCTb OAHoapeMeHHoro ycKopeHHR 

HOHOB C 3apRAHOCTRMH Z, Z ± 1 . 0TnH4He B aenH4HHe HMnynbca 
CHHXPOHHO~ 4aCTH4~ 151 AnR 3aPRAHOCTH Z + ~z 

I'd/ 

A -4 npHBOAHT AnR uZ = _:1:1 a THCe K ~p 
8 

/p 
8 

= +6, 3 · 10 H yMeHbWeHH~ 
Ko3<)l<I>H4HeHTa aaxaaTa. KaK noKa3biBa~T peaynbTaTbl 4HcneHHoro Mo
AenHpoaaHHR, AnR ypaHa c Z = 79,81 Ko3<I><I>H4HeHT aaxaaTa K 3 = 90%. 

04eHHM BnHRHHe npOCTpaHCTBeHHOrO 3aPRAa ny4Ka Ha 3<)l<)leKTHB
HOCTb aaxaaTa a pemHM ycKopeHHR. YpaaHeHHR <)laaoa~x Kone6aHH~ 

C y4eTOM 3aPRAa ny4Ka HMe~T BHA /6/ 

d ZeV Zeq dt (p - p8) =--cos¢+ .\, (¢) ' 
2"Ro ylRoC /9/ 

d¢ q ayff- 1 
--(p -P ), 

dt MR 0 
3 8 

Yo 

3AeCb p - p 
8 

- OTKnOHeHHe HMnynbca OT CHHXPOHHOrO 3Ha4eHHR, 
C- noroHHaR eMKOCTb cHcTeMbl ny4oK-KaMepa /npH aaxaaTe ny40K 
n04TH nonHOCTb~ 3aHHMaeT KaMepy H C -1/, .\(¢)- nHHe~HaR 
nnOTHOCTb aapRAa, YAOBneTBOPR~-aR ycnOBH~ HOpMHpOBKH 

1,0 
"/2 ZeN1 
f .\(¢)d¢ = -Ro 'Ni 

-8rr/2 
- 4HCnO HOHOB 

Ha op6HTe. Hcnonb3YR AnR YA06cTaa aa
BHCHMOCTb .\(¢) B BHAe/7/ .\(¢) = 

0.9 

0 0,5 1,0 1,5 2,0 fc t 

PHc.S 

ZeN 1 --(1- sin¢), HMeeM 
2rrR 0 

CornacHo /10/ anHRHHe npocTpaHCTBeHHoro 3aPRAa ny4Ka 3KBHaa
neHTHO yMeHbweHH~ HanpRmeHHR Ha aenH4HHY ~V = qZeNiiY5R 0C. AnR 
napaMeTpoa THCa O~RH ~V S1% H MomeT 6~Tb nerKo KoMneHcHpoaaHo 
yaenH4eHHeM aMnnHTYA~ yCKOpR~-ero HanpRmeHHR. 

3. YCKOPEHHE HOHOB B CHHXPOTPOHE 

Y4aCTOK ycKopeHHR a cooTaeTCTBHH c /2 - 4/ AenHTCR Ha TpH: 
nepeXOAHbl~ /KOrAa npOH3BOAHaR MarHHTHO~ HHAYK4HH nnaBHO HapacTa
eT OT HynR ,AO .Bm = 15 T /c/, y4aCTOK ycKopeHHR c nocTORHHbiM 
3Ha4eHHeM B = B m H y4aCTOK BbiXOAa Ha nnaTo MarHHTHoro nonR. 
;-;...,u 4 e\..\.. .Y'-I'.UIJCMI'Il1 I dl\llle l'll..l..J leJ..\USdM Mt: TOAOM . ·KpynHbiX". 4aCTH4, 
YpaaHeHHR <)laaoa~x Kone6aHH~ 

y' = f(r) cos¢ -xp', 
B /11/ 

Mc 2 ll - ay,~ 
/rAe X= V 2"q 0 I 6blnH npoHHTerpHpoaaHbl Ha 3BM /900 

eV0 yg 
11 KpynH~X11 4aCTH4 C Ha4anbHbiMH ycnOBHRMH, COOTBeTC TBY~-HMH OKOH-
4aHH~ aaxaaTa npH r = r 0 I. PemHM BKn~4eHHR B4 cTaH4H~ I ~t 8 = 

=liFe, K = 0,95 AnR Z/A =80/238 H ~t3 =1,2/Fc,K=0,82 AnR ZIA=112/ 
o6ecne4HBaeT pac4eTHOe 3Ha4eHHe K3 = 99,3% H 99,8% COOTBeTCTBeH
HO. <l>yHK4HR f~) onpeAenRnaCb H3 peWeHHR ypaaHeHHR 

.F(cos¢ )f(r),_/ 1-a[(po/mc)
2
+1][ CPsfmc)

2
+1]3/2 =l, 

8 1-a[(p/mc)2+1J (p0 /mc) 2+1 

5 



9 v sint,b + sint,b 1 - (¢ + t,b 8 )cost,b 8 c1rP 

9 v 1 + sint,b cJrp 
/12/ 

Bblpa>Ka1011.1ero YCllOBHe HeH3MeHHOCTH nllOII.IaAH, OXBaTbiBaeMOil1 Cenapa
TpHCOil1 B npo~ecce ycKopeHH~.3aBHCHMOCTb CYMMapHOrO Hanp~>KeHH~ 
Ha cTaH~H~x, nocTpoeHHa~ no pe3yllbTaTaM peweHH~· ypasHeHH~ /12/, 
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6 

noKa3aHa Ha p1-1c.6 1-1 
npHBeAeHa a Ta6llH~ax 1,2. 
KaK BHAHO 1-13 pHcyHKa, 
Hanp~>KeHHe V HHrAe He 
npesblwaeT sellHI.IHHbl VAon.= 
= 54 KB - npHH~Toro MaK
CHMallbHO AOnyCTHMOrO CyM
MapHoro Hanp~>KeHH~ Ha 6 
CTaH~H~X. 3THM >Ke YCllO
BHeM V < VA00 ,onpeAell~eT
c~ Bbi60p 3Hal.leHH~ K npH 
3aXBaTe nyi.IKa B pe>KHM 
ycKopeHH~. 

Pe3YllbTaTbl I.IHClleHHoro 
MOAellHPOBaHH~ noKa3b1BaiOT, 
'-ITO noTepH 1.1aCTH~ npoHc
XOA~T a Hal.lalle nepexoA
Horo yl.laCTKa 1-1 COCTaBll~-
- . ~ ~~ 

lVI ~-~t~•n JtJOna L,J'Ot ~~•n 

llerKHX 3lleMeHTOB 0,8%, 
TaK '-ITO noclle 3axsaTa 
1-1 nepexOAHoro yl.laCTKa 
a pe>KHM ycKopeHH~ no
naAaeT 97% 1-1 99% scex 
l.laCTI-1~ COOTBeTCTBeHHO. 
~llHTellbHOCTb nepeXOAHO
ro yl.laCTKa onpeAell~eTc~ 
B03MO>KHOCT~MH CHCTeMbl 
nHTaHH~ 1-1 COCTaBll~eT 

1 0+ 20 MC. 
Ha yl.laCTKax ycKopeHH~ 

npH llHHeii1HO paCTYII.IeM 
MarHHTHOM nolle 1-1 nepe
xoAa K nllaTo MarHHTHoro 
noll~ noTepH 1.1aCTH~ oT
cyTCTBYIOT. 3Hal.leHH~ Ko
CHHyca paBHOBeCHOil1 ~a-

B 
3bl cost,b

8
=P

8
v, HMnyllbc-

Horo pa36poca p nyi.IKe 
~plp 8 , l.laCTOTbl MallbiX 

CHHxpoTpOHHbiX KOlle6aHHil1 F
0

, AllHHbl crpynnHposaHHoro ny1.1Ka L, pe
ll~THBHCTCKoro ~aKTopa y, H3MeH~10111Hec~ a npo~ecce ycKopeHH~,npH 
BeAeHbl B Ta6ll.1,2. Ha pHc.7,8 noKa3aHbl OTHOCHTellbHblil1 pa36poc 
l.laCTOT CHHXpOTpOHHbiX KOlle6aHHH B nyi.IKe Ha ypoBHe 0, 9 aMnllHTYAbl 
KOlle6aHHH 1-1 K03~~H~HeHT 6aHI.IHpOBKH nyi.IKa T/ = A I A (t,b) max • 

4HClleHHbiH paCI.IeT yCKOpeHH~ HOHOB ypaHa C Z = 79,81 noKa3bi
BaeT, '-ITO YCKOP~IOTC~ nOI.ITI-1 BCe 3aXBal.leHHble B pe>KHM yCKOpeHH~ 
l.laCTH~bl 60KOBbiX 3aP~AHOCTeil1, T. e. -90% OT I.IHClla HH>KeKTHpyeMbiX 
l.laCTI-1~. 

Ta6nHQa I /Z/A = 80/238/ 

-~ l/,t:8 B, 7' ~~~~ Tit eos~, /.,Nr11 
~16 

"·"" . .,.kt f 1-;, xI~ 
""" l.if' ~ lfr./c 
t 

0 12,5 0,2578 0 0 !,1828 0 52 4,5 1,021 2,68 
I 22,2 0,2590 2,35 0,14 1,1880 IO 38 5,1 1,021 3,55 
2 29,0 0,2625 4,64 0,21 1,2033 20 36 5,5 1,022 4,04 
3 34,8 0,2629 6,81 0,25 1,2285 30 33 5,7 1,023 4,39 
4 39,8 0,2761 8,82 0,28 1,2626 38 32 5,6 1,024 4,66 
5 44,0 0,2858 10,6 0,31 1,~50 46 31 5,5 1,026 4,87 
6 49,5 0,2972 12,1 0,33 1,3542 52 28 5,4 1,028 5,03 
8 52,0 0,3238 14,3 0,35 1,4681 61 27 4,9 1,033 5,20 
TCl "~ ~ n ~">-:t~ T"> n n~ T "Q?? t::'l ?a ... " T nAn 1:: f')('\ 

. -- --.- -·-- -·---- -- -- -.- -·-·- o,J,_ .... 
20 51,0 0,5033 15,0 0,38 2,1855 56 20 2,8 1,079 4,79 
30 48,5 0,6533 15,0 0,40 2,7090 49 19 2,0 1,1~ 4,32 
40 45,9 0,8033 15,0 0,42 3,1603 42 17 1,6 1,191 3,85 
50 43,3 0,9533 15,0 0,44 3,5431 35 16 1,3 1,261 3,40 

lleJf,lleJDDd BHBO.It 
57 41,6 1,058 14,9 0,46 3,774! 3I 15 1,3 1,314 3,10 
58 39,1 1,073 13,8 0,45 3,8038 28 16 1,2 1,321 3,0 
59 34,0 1,086 II,3 0,43 3,8293 23 16 1,2 1,328 2,78 
60 26,3 1,095 7,8 0,38 3,8485 15 17 1,1 1,333 2,47 
61 16,2 1,IOI 3,4 0,27 3,8595 7 19 1,0 1,336 1,97 

6 1,7 6,45 1,102 0 0 3,8620 0 24 0,8 1,337 1,42 
liHcT:pd BHBO.It 

60 41,0 1,103 15,0 0,47 3,8646 29 15 1,2 1,338 2,99 
70 38,8 1,253 15,0 0,50 4,1333 25 15 1,1 1,421 2,63 
72 38,4 1,283 14,4 0,48 4,18II 23 14 1,1 1,438 2,57 
73 38,2 1,297 12,3 0,4! 4,2021 19 14 1,1 1,446 2,59 
74 38,0 1,307 9,1 0,31 4,2187 14 14 1,1 1,452 2,62 
75 37,7 1,3I4 4,9 0,17 4,2294 8 14 1,1 1,456 2,65 

7 6,1 37,5 1,317 0 0 4,2334 0 14 1,1 1,458 2,65 

7 



Ta6nH~a 2 / Z/A "' I /2/ 

t-t .. 
""t:il 11, T £!1. 7ft. 

dt' 'C UJJ'$ /o, fl/~ W~/ott, 
~ 

80 
8 

84 

II,2 0,1733 0 0 1,1828 
22,0 0,1758 2,49 0,16 1,1991 
29,5 0,1832 4,91 0,24 1,2474 
35,7 0,1954 7,19 0,29 1,3258 
4I,O 0,2II9 9,28 0,32 1,43I3 
45,2 0,2323 II,1 0,35 1,5597 
48,5 0,2561 12,6 0,37 1,7063 
52,0 0,3IIO 14,6 0,40 2,03II 
51,6 0,3706 15,0 0,41 2,3607 
47,9 0,5206 15,0 0,44 3,0787 
44,3 0,6706 15,0 0,48 3,6438 
4I,O 0,8206 !5,0 0,52 4,0788 
38,3 0,9706 15,0 0,55 4,4I13 

Me,IJ,IIeHHHI BHBO,D; 

36,6 1,061 14,9 0,57 4,572! 
28,4 1,087 10,9 0,54 4,6150 
20,7 1,096 7,1 0,49 4,6292 
10,7 1,!01 2,7 0,36 4,6368 

,b ~.b l,lUG u I u 1 4,6380 

EHcTpd mmo.n 
36,0 I,I2I 15,0 0,59 4,666! 
34,0 1,27I 15,0 0,62 4,8629 
33,9 !,285 II,9 0,50 4,8943 
33,7 1,309 8,47 0,36 4,9055 
33,5 1,3!5 4,23 0,18 4,9124 

,9 33,2 I,3I7 0 0 4,9145 

4. AOnYCKH HA nAPAMETP~ MArHHTHOrO 
H B~COK04ACTOTHOrO nonE~ 

11f<J/t: 

0 
16 
32 
46 
59 
69 
77 
84 
80 
64 
50 
38 
29 

25 
17 
II 
4 
0 

22 
17 
I3 
9 
5 
0 

l, .-4 wj 
I' ·k' I 

52 3,7 1,021 
35 4,4 1,022 
32 4,8 1,024 
30 4,5 1,027 
29 4,1 1,032 
26 4,0 1,038 
24 3,5 1,046 
21 2,8 1,067 
20 2,2 !,094 
I7 1,5 1,179 
15 !,2 1,283 
I5 I,O 1,402 
13 0,9 1,533 

I3 0,8 1,6!7 
14 0,8 1,642 
15 0,7 !,650 
17 0,6 !,655 
24 0,5 1,656 

13 0,8 1,674 
12 0,7 1,821 
12 0,7 1,849 
II 0,8 1,839 
II 0,8 1,866 
II 0,8 !,868 

I 
i 

,.;, .t.q 

3,78 
5,25 
6,01 
6,54 
6,92! 
7,17, 
7,3o: 
7,28: 
6,95. 
5,91 i 

4,92' 
4,06 
3,35 

2,98 
2,59 
2,24 
!,66 
0,85 

2,77 
2,31 
2,36 
2,42 
2,46 
2,47 

MeAneHH~A yXOA HHAYK~HH MarHHTHoro nonH H paAH04aCTOTW OT 
HAeanbHbiX 3Ha4eHHA npHBOAHT K HeT04HOCTHM npH noCaAKe ny4Ka 
a cenapaTpHcy. Cor nacHo 181 OTKnoHeHHR 6.8 H t.f 0 3KBHBaneHTH~ 
CABHry CHHXpOHHOrO HMnynbca Ha BenH4HHY L'.p B COOTBeTCTBHH 
C BblpalKeHHRMVI 

6.8 = lay 8- ll 
B ay2 

0 

8 

~ Mo 
p ' -f-

0 

lay~- 11 
y2 

0 

L'.p 

p /13/ 

~ 

-5 
4HcneHHble pac4eTbl noKa3biBaiOT, 4TO npH (L'.p/p) < 5 ·1 0 K03ctxllH~I1-
eHT 3axsaTa yMeHbWaeTcR He 6onee 4eM Ha 0, 5 .;. 1 , 0% no cpaeHeHHIO 
c HAeanbH~M cny4aeM. OTCIOAa nony4aeM AOnycKH Ha OTKnoHeHHH 
MarHHTHOrO nonH 11 paAH04aCTOT~ L'.B/B < 9,7·10-4 

11 
M oft 0 < 4, 6 · 10-5 • 

Tpe6osaHI1H Ha senH4HHY AOnycTHMoro yxoAa HanpHIKeHI1H np11 3ax
saTe MOIKHO nony4HTb, Bapbi1PYR Beni14HHY K e6nH3VI Bbl6paHHOrO 3Ha-
4eHHR. TaK, 3aAaBaRCb AOnycTI1M~M yMeHbWeHHeM K03QQI1~HeHTa 
3axeaTa Ha 1 ,5%, nony411M 6.V0 !V0 ~ 4%. 

HeT04HOCTb a HacTpoAKe 11 HecTa611nbHOCTb 4aCTOTbl B npo~ecce 
yCKOpeHI1fl B~3~BaiOT CMe~eHI1e ny4Ka no paAHYCY B COOTBeTCTBI111 

C B~palKeHHeM 

Mo 1 L'.R 
-=(--a)-- /14/ 
f o Y 2 t/J max 

rAe t/Jmax = 1, 3 M - MaKCI1ManbHOe 3Ha4eHHe AHCnepCI10HHOA $YHK~VII1. 
np11 AOnyCTHMOM OTKnOHeHI111 no paA11YCY, paBHOM +1 MM, CTa6Hnb
HOCTb 4aCTOTbl 84 HanpRIKeHHH AOnlKHa 6b1Tb He xyme 7, 0 •1 0-4 B Ha-
4ane ycKopeHHfl VI 1 , 9. 1 0 - 4 B KOH~e. 

CpeAHHA KBaApaT aMnnHTYA~ $a3os~x Kone6aHHA npH Hani14HI1 wy
MO~~x B03My~eHHA paCTeT no 3aKOHY /8/ 

A:,., .. (t) = A2 
(t) [ l + TT ( 

<ll(0 0 )dt 
---1. /1 C. I 

0 A"(t) 0~ 

rAe A(t) - aMnni1TYAa $a30B~X KOne6aHI1A B OTCYTCTBI1e B03My~eHI1A, 
ell({}) - cneKTpanbHaH nnOTHOCTb B03My~eHHA aMnni1TYAbl ycKOpRIO~ero 
HanpHIKeHI1H, paAH04aCTOT~ 11 MarHI1THOrO nonH. 

1 2 an Occtg2.p (aV)2 
C B V ' 

/16/ 
<ll(Oc) 

o2 
c 

1 -(2rrf )2 (Mo 2 
Ml o -) 

c fo 

a2 
L'.O (2rrt 

0
) 

2 
( L'.B) 2 

c B 

B /16/ npeAnonaraeTcR, 4TO aMnni1TYAbl rapMoHHK wyMOB OA11HaKOB~ 

B A11ana30He 113MeHeHHfl 4aCT~~ CI1HXpOTpOHHbiX KOne6aHHA 6.0 0 • 

A2 
3 

(t) - A2(t) 
nonaraH Ml : o (t = t ) , _80~-M~·----

c c o A 2(t) 
0,01, t = t

3
, no-
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B4 Hanp~meHH~ v(~V/V) 2 < 3,6-10-3 . AonycKH Ha wyMos~e B03My~e
HH~ paAH04aCTOT~ H MarHHTHOrO non~ nony4a~TC~ aHanorH4HO 

-5 
H paBHbl y(~r0 ;r0)2 < 1,0 .10 /s AHana3oHe 0,85.;- 7,3 Kr1.1/, 

y (~B/B )2 < 2, 2 .1 o-4 • 

AonycKH Ha rapMOHH4eCKHe B03My~eHH~, HaXOA~~Hec~ B AHana3oHe 
H3MeHeHH~ CHHXPOTpOHHO~ 4aCTOTbl, onpeAen~~TC~ H3 COOTHOWeHH~ 

/17/ 

rAe (~A)2- cpeAHeKBaApaTH4HOe H3MeHeHHe aMnnHTYA~ $a30B~X KO
ne6aHH~ nocne npoxomAeHH~ pe3oHaHca {} '., {} /senH4HHbl co WTPHXOM 

c 
6epyTc~ B MOMeHT pe3oHaHca/. H3 /17/ nony4aeM senH4HH~ AOnycKoB 
Ha rapMOHH4eCKHe B03My~eHH~, nema~He B AHana30He 0, 85 7 7, 3 Krl.l 
/nTMPTIAM ,., .. u .................. .. 

" ..... ,..,\,,..,, ... 
,-,-· . ., -···. 

3neMeHTOB c Z/A "' 1/2/: 
~v 2 Mo -e (-) < 1,0.10- , (-)n < 3,9·10 , v n r0 .. 

(~8
8 )0 < 8,2·10 - 5

• /18/ 

AMnnHTYAa rapMoHHKH Hanp~meHH~, Bbl3b1Ba~~e~ napaMeTpH4eCKH~ 

pe30HaHC, onpeAen~eTC~ H3 COOTHOWeHH~ 

rr 
o-2 

__ c __ ({).V )2 

V 20c 
/19/ 

64 jd.O/ dtj, 

H npH ({).A/A) 2 "' 0,01 AOnmHa YAOBneTBOP~Tb ycnOBH~ ({).V /V) 20 < 
< 9 • 1 0-3 B AHana30He 1 , 7 7 14,6 Krl.l /:HOT H npeA~AY~H~ AOnyCKHc i 
npHBeAeHbl An~ OAHOKpaTHoro npoxo>K,£1eHH~ pe3oHaHca/. 
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6enowM~KHH n.~ .• Ka3apHH08 H.~ .• nepen~wTeHH 3.A. P9-83-604 
Pe•HM YCKOpeHMA B TA*enOMOHHOM CHHXpoTpOHe YCKOPHTen~HOrO KOMnneKCa 
TA•en~X HOHOB 

PaCCMOTpeH pe•HM YCKOpeHMA B TA*enOMOHHOM CHHXpOTPOHe yCKOPHTenbHOrO 
KOMnneKCa TA•enwx MOHOB B OH~H. OnpeAeneHW pe*HMW pa60T~ paAHOTeXHH4eCKOH 
H MarHMTHOH CHCTeM B CMHXpOTPOHe, o6ecne4HBa~H8 MHHHManbH~e nOTepH 
4aCTH~ npH yCKOP8HHH, C y4eTOM peanbH~X TeXHM4eCKHX B03MO*HOCTeH 3TMX 
CHCTeM. HccneAOBaHa AHHaMHKa MOHHOrO ny4Ka npH 3aXBaTe, yCKOpeHHH H B pe
*HMaX 6WCTpOrO H MeAneHHOrO B~BOAOB. YcTaHOBneH~ Tpe6oaaHMA Ha CTa6HnbHOCTb 
MarHHTHOrO nonA H paAH04aCTOT~, AOnyCKH Ha WYMOB~e H rapMOHH4eCKHe B03My~e
HMA MarHMTHOrO nonA, aMnnHTYA~ H 4aCTOT~ yCKOPA~ero HanpA*eHMA. 3HeprMA 
MOHOB ypaHa B KOH~e ~HKna ycKopeHMA 6yAeT AOCTHraTb 430 H38/HyKnOH, AAeP 
nerKHX 3neMeHToa - 815 H38/HyKnoH. 

Pa6oTa a~nonHeHa a 0TAene Hoa~x MeTQAOB ycKopeHMA OH~H. 

C~eHHe 05~eAHHeHHoro HHCTHTyTa AAepHwx HccneaoaaHH~. AY6Ha 1983 

Beloshltsklj P.F., Kazarinov N.Yu., Perelshtejn E.A. P9-83-604 
Regime of Acceleration in Heavy Jon Accelerator of Heavy lon Accelerating 
Complex 

The regime of acceleration in heavy ion synchrotron of JINR heavy ion 
accelerating complex is considered. The regimes of operation of RF and 
magnetic systems are chosen which provide minimum losses of ions per cycle 
of acceleration with taking into account real technical possibilIties of 
these systems. Computational study of ion beam dynamics is performed during 
the capture, acceleration and low and fast extraction of the beam. The 
requirements on stability of RF and magnetic systems and tolerance on noise 
and harmonic disturbances of magnetic field, amplitude and frequency of 
accelerating voltage are defined. The 430 HeV/nucleon uranium ion energy 
at the end of acceleration will be achieved, for I ight element nuclei 
- 815 14eV/nuc 1 eon. 

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