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y' AnR O~eHKH AOnYCTHMO~ HHTeHCHBHOCT~ a CBepxnpOBOAR~HX YCKO
pHTenRX He06xOAHMO 3HaTb: 

1/ nOTepH 4aCTH~ - $YHK~H~ pacnpeAeneHHR nnoTHoCTH noTOKa 

I 
1\ B <lJa30BoM npOCTpaHCTBe YCKopReMblX 4acTH~, Bbl6blBWHX H3 nY4Ka, 

H BTOpH4HblX 4aCnt~, pacceaaaux BHYTpeHHl1MIIl MHweHRMH; 
.'- 2/ npOCTpaHCTBeHHoe pacnpeAeneHHe 3HeprOBblAeneHHR B ceepx,\, 

npOBOARll4HX 06Mo:rKax /eno/, a-aBKCRll4ee OT nOTepb;
" . 3/ AonYCTHMoe 3Ha4eHHe 3HeproBblAeneHHR, npH KOTOpOM Hapy'\ 

" 
\ waeTCR CBepxnpOBOAHMOCTb 06MOTKH. 

-,
<, 

, ,\ B o630pe / 11 OTMe~aeTCR, 4TO B HaCTORll4e~ BpeMR 3KcnepHMeH
/ TaIlbHO nonY4HTb pacnpeAeI1eH~e nOTepRHHblX 4aCTH~ HeB03MO>KHO, 

-jI a paC4eTHblM. cnocoõox aTO YAaeTCR l1HWb B ornens.aux cny-raax , 
I.

) 003TOMY npH ~eHKe AonYCTHMO~ HHTeHCHBHOCTH Hcnonb3ynTcR pa3
,', "<1 

\'1' 

.'11
l1H4Hbre ynpouteHHble MOAeI1~: 

r' a/ AnR np014ecca YCKopeHHR nOTepH nonaralOTCR c paBHOMepHO~ 

\ 
nnOTHOCTb~ pacnpeAeneHHR no a3HMYTy H anepType YCKopHTenR c no~ 

~ \ ... c __,
-'-"... ~~;~ '" CTORHHblM yrnoM BblcaAKH a E nepBH4HblX 4acTH14; 

61 AnR np0t4-eCCOB HH>KeK~H""-, H BblBOAa norepa nonyvaor CTaTHCTW· 
)' 4eCKHM MOAel1HpOBaHHeM TpaeKTOPH~ nepBH4HblX H BTOPH4HblX 4aCTH14
 

B MHweHH /HanpHMep, cenTYMe/ c nocneAYIO~eH TpaHcnopTHpOBKO~
 

B MarHHTHblX nonsx AO MeCTa BblCaAKI;t Ha cTeHKY HOHonpoBoAa ~
 

npaKTI-1Ka noxasueae r , 4TO B KOH14e 14I-1Kna HnH B cnyuae BblKn~4e
HHR nonR B npoQecce YCKopeHHR BeCb ny40K BblcaAHTCR BADnb a3H

:~;:e~~K~P~~~~ ~: ~~~H~O~:~Y~p~~~~~:bKC::::~a~~:~:~~:~A~a::~_ 
14HOHHOMY pa30rpeBY tno MarHHTOB. TaKaR cHTya14HR MO>KeT B03HHK
HYTb npH HaCTpOHKe YCKopHTel1R, KorAa Bbl~OA 4aCTH14 He <!JYHK14HO
HHPyeT. 

Ba>KHO npH 3TOM 3HaTb MaKCI;tManbHO AonYCTHMble HHTeHCHBHOCTH 
4aCTH~ B nY4Ke, He npHBOARll4He K nepeXOA8M MarHHTOB B HopManbHoe 
COcTORHHe. 

B pa60Te / 1 /,3anHweM1. OOA06HO TOMY, KaK 3To CAepaHO COOT
HoweHHe AnR AonycTHMoro 3Ha4eHHR 3HeprOBblAeneHHR Wq ,rp B BHA€ 

W :::K • Wo(Eo' A • r. aE)t~l. L, /1/
'" \ . ~~""""''''''-''·'T~''---~·'--_:""""~''''''''--~r'!Ir.I.~'~-.,.:",_......-~~_, ., ........... r....... q H, P
L I@nq'beA5JÍf~H~IK HHCT\!TYr HAepHfdX, ~CCneAOBapHi\' .LJy~~a, 1;:98~. rAe KH - K03$$H~HeHT 3anaca, Y4HTblBa~HM HepaBHOMepHOCTb nOTepb

r /' ',' '11,/ 
no a3HMYTY H B03MO>KHble 4lnYKTyá14HH 3HeprOBblAeneHHR, .pa BHbt~ 6, 7; I" 

\ Wo <E1>. t\.r.aE) - 3HeprOBblAeneH.... e OT oAHoro RApa MaCCOH- A p , na
tt4 Ai 

» ;: "'l ·ltn~e.ahrle~Hl..lil BHcmyr,
 
IJ~H~ Htc2elOB1Ui~
 
~lAh mr!~Tr=f..( IA 
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AalOU\ero nOA yr110M a E c 3HeprHeH E O sa crans aoã TeXHOIlorH4e

CKOH 3aU\HToH TOIlU\HHOH r B cIlY4ae, KorAa nIlOTHOCTb pacnpeAeIle

HHR nOTepb npeACTaBIlReT C060H AeIlbTa-$YHK~HIO no anepType ~ no

CTORHHa BAOIlb a3HMYTa YCKopHTeIlR, rp.M.4acT-1 ; f o - AIlHHa ne

pHMeTpa YCKopHTeIlR, M; L - AonycTHMaR HHTeHcHBHoCTb, 4acT.HMn-1•
 

BeIlH4HHa W AIlR pa3IlH4H~X THnOB 06MOTOK MarHHTOB Ha OCHoseq 
CnIlaBOB NbTi npH aAHa6aTH4eCKJ,1X YCIlOBHRX COCTaBIlReT 2-;.-4 rp /2/. 

B HaWHX pac-rer ax Wq/K H =0,5 Fp ,a AonYCTHMaR HHTeHCHBHOCTb 
B~pamaeTCR $OPMYIlOH 

L = 0,5lo/Wo(Eo' A ' r, a E ) . , /2/p 

\.'''.- 1 

2. Pac-rer BeIlH4HHbl Wo(E o' A r,.a ) 6b1Il npoaeneu B paõore /3/
E

npH aucanxe IlerKHX. RAep (A p~ 1~" " Ha meIlê3HYIO MHweHb nOA yr110M 
a = 1 MpaA. ,,'"

E 
B cIlY4ae, KorAa HepaBHoé~cH~e TenIlOB~e npoQe~c~, cBR3a~H~e 

c IlOKaIlbH~MH $IlYKTyaQHRMH TéMnepaTYP MemAY 3IleKTpOHaMH H peweT
KOH, HecyU\eCTBeHHbl/ 1 / H xapõKTepHblH 'i1HHeHHbIHPaáMep q6beMa, 'no 
KOTOPOMY ycpeAHReTCR nornoU\eHHaR ~03a B BeU\eCTBe, MHoro 60Ilb~e 

npoôer a HaH60nee 3HeprH4HblX AeIlbTa~3IlekTpOHOB, B03H!'1KalQlqHX 
B TpeK~ TAmeD~x 3apRmeHH~X ~aCT~Q, MomHO rOBopHTb 06 3KB~sa
IleHTHoCTH A03bl H 3HeprOBblÀeneHHR B cxsrcne TepMOAHHaMH4eCKoro 
onpeAeIleHHR TeMnepaTYP~. PaAHaIlbH~e TOIllqHH~ -o,05+0,1 CM B me
neae YAOBIleTBopRIOT nepe04H'c:neHH~M Tpe'6oBaHHRM/4/. 

flor IloU\eHHaR A03a nl')H aucanxe RAep nOA yr[10M a E = 1 MpaA 
06ycIloBIleHa HOHH3a~HOHH~MH nOTepRMH 3a6RmeHH~x nepBH4H~X H BTO
PH4HblX 4aCTH~. 3TO n03BonReT C"AoctaT04HOH' T04HOCTblO' HHTepnpe
THpOBalb A03bl, paCC4HTaHH~e, B ~ehe3e, B CIlY4ae 06MOTKH c no
npaBKOH Ha pa3HHQY B nIlOTH'ÓCTH, T'áK KaK 3d>$eKTH~Hble 3Ha4e~HR 
( A 3$' Z 3$ ) Macc~ H' .aapana aT~M6s BeU\eCTBa KOM6HHHPOsa!'iHOrO 
npOBOAHHKa Ha OCHOBe HT-50 ~ Me~Hb~ MaTp~Qe 6IlH3KH K (A~Z) me
Ile3a. 

B paõore /3/ OTMe4anOCb, 4TO B 06IlaCTH KHHen14eCKHX 3HeprHH 
IlerKHX ~Aep Eo:51 r3B. HYKIl. -1 OTHOCHTeIlb Hble BKIla~bl B 3HeprHIO, 
norIloU\eHHYIO Ha paAHaIlbHblX TOIlU\HHax -4 r' CM- 2 , OT pa3IlH4H~X 
rpynn 4aCTHQ /nepBH4HMX RAep, BTOPH4H~~ npOTOHOB H Me30HOB, 
$parMeHTOB HaIleTalOU\ero RApa H RApa MHweHH/, ~paKTH4eCK~ He 3a
BHCRT OT Ap' BKIlaA $parMeHToB npH 3TOM He npeaauiaer 15%. ,ltnR 
õonee !RmeIlblX RAep B 3TO~ 06IlaCTH 3Hepn111 He' cnenyer O>KHAaTb 
3Ha4HTeIlbHoro nepepacnpeAeIleHHR BKIlaAOB B nOIlb3Y BTOPH4H~X 4ac
TH~, TaK KaK c POCTOM A p YBeIlHl,IHBaeTCR 3HeprHR, TepReMa-tl riep
BH4H~M RAPOM Ha HOHH3a~HIO cpeA~,H cIleAoBaTeIlbHo, cpeAHH~ ~M

nyns c ''Heynpyroro B3a'HMoAe"H'CT.BHR· !npH paauux Ha4é;)IlbHbIX E o 
r3B~ HYKIl. -1 / YMeHI5WaeTCR. 60Ilee Toro, paBeHCTBO rpaAHeHTOp 
B p~AHanbHOM pacnpeAeneHHH A03bl, 06YCIlOBneHHO~ IlHWb BTOPH~HO~ 
KOMnOHeHTOH MembRAepHoro KaCKaA'a IB 06IlaCTH TOIlU\!'1H. °'01+0 ,5 CM/ 
npH .,paBHblX cpeAHHX HMnyhbcax IHIlH 3HeprHRX E *, r:3B. HYKIl. -1 Io .... ( 

;0..-42 

HaIleTalOlqero RApa H npOTOHa B MOMeHT Heynpyroro B3aHMOAeI1CTBHR, 
yKa3MBaeT Ha CXOACTBO 3aKOHOMepHOCTel1 $OpMHpOBaHHR A03~ npOTO
HaMH H IlerKHMH RAPâMH c T04HOCTblO AO HOpMHpOBKH Ha nOIlHYIO 3Hep
rHIO Heynpyroro B3aHMOAe~CTBHR H AOIlH npOB3aHMOAel1CTBOBaBwHX 
B MHweHH 4aCTHQ, onpeAeIlReMOI1 napaMeTpaMH KYIlOHOBCKoro pacceR
HHR 4aCTHQ ~6IlH3H nOBepXHOCTH B~caAKH. TaKHM 06pa30M, no~araR, 

4TO 3TH 3aK6~OMepHOCTH cnpaBeAIlHB~ B CIlY4ae B3aHMOAe~CTBHR 
60Ilee TR>KeIl~X RAep, MO>KHO, HCXOAR H3 A03H~X pacnpeAeIleHHI1 OT 
nepBH4H~X npOTOHOB, nOIlY4HTb A03H~e pacnpeAeIleH'~R'AJlR RAep 
B 06IlacTH E o ~ 1 r3B .HYKIlOH -1.' ' 

3. AIlR pacue r a AÓ3HblX pacnpeneneaaã , 06YCIlOBIleHHblX RApaMH, 
He06xoAHMO HMeTb: . . 

ai 3aBHCHMOCTb cpeAH~~ 3HeprMH, TepReMO~ nepBH4H~M RAPOM 
AO Heynpyroro 83aHMoAeHc~BHR, X IpHc.11 H, COOTBeTCTBeHHO, 
cpeAHeH 3 HeprHH'nepBH4Horo, BsaHMOAeHCrBHR E~ OT KHHeTH4eCKOH 
3HeprHH RApa E o' nOKa3aHH0l1 Ha PHc.2; 

61 3aBHCHMOCTb AOIlH npoB3aHMOAel1CTBOBawHx nepBH4H~X ~Aep 

B MHweHH OT HX Macc~ H 3HeprHH, onpeAeIlReMYIO npOQeccaMH KYIlO
HOBCKoro pacceauaa 4aCTHQ B6.hH3H nOBepX,HOCTH BblcaAKH Ipl.1c. 31 
H paCC4HTaHHYlO MeTOAOM, onHcaHHblM B paõorax /13. 7 /; 

BI 3aBHCHMOCTb A03~, 06YCIlOBIleHHO~ BTOPH4HOH KOMnOHeHTOH, 
Ha pa3IlH4H~X TOIl~HHa~ or 3HeprHH naAalO~HX npOTOHOB IpHc.4/. 

npoQeAypa nOIlY4eHHR P?AHaIlbHoro pacnpeAeIleHHR A03~ npH naAe
HHH RApa c aTOMHMM HOMepoM A H 3HeprHe~ E o n pocra:p

1I \113 PHC. 2 no 3aAaHHblM A p' Zp 'H Eo HaxOAHM KHHeTH4ecKYlO 
3HeprHIO npOTOHa E Ó' cooTBeTCTBYIO~YIO paBHbl M 3Ha4eHHRM E ~ RApa 
H npoToHa. 

21 \113 PHc.4 6epeM paAHaIlbHoe pacnpeAeIleHHe A03~ OT BTOPH4
Horo H3IlY4eHHR AIlR npo r oua c 3HeprHe.:1 E ó ; 

31 PaAHaIlbHoe pacnpeAeIleHHe A03b1 OT BTOpH4H0l1 KOMnOHeHTbl 

ripa, naAeHHH RAPa WI!l (A P' Eo , r, uE ) HaxoAHM H3 Coo~Howe~~R 

K(A ' E ,aE)."o~, ~ - - '-'0 

p o 
W.,(f\.p' Eo,·r, a E ) = laR) ApW B (Eo,r, a E ) , 131 

o,a E 

rAe K(Ap,EO,a~ H .K(E O, a E1 - AOIlH npOB3aHMOAel1CTBOBaBwHX nepaau
H~X 4aCTHQ IRAPa H npOTOHa cooTBeTcTBeHHoI npH 0AHHaKOB~X a E 
H Eo IH3 PHc.3/. 

4T06b1 nO~Y4HTb 3Ha4eHHe A03b1 B 06IlacTH TOIl~HH ~O,l CM, He66
XOAHMO K YKa3aHHOMY Bblwe 3Ha4eHHIO A03~ OT BTOpH4HO~ KOMno
HeHTbI npH6aBHTb A03Y OT nepBH4Horo RApa. AIlR 3Toro H3 pHc.l 
npa 3aAaHH0l1 3HeprHH E o RApa A: HaAO onpenerurr s Bem14HHY X 

I TorAa A03a OT nepBH4Horo RApa IB
p 

npeAnOIlO>KeHI.1H paBHOMepHoro 

;1. pacnpeAeIleHHR 3HeprHH ·no 
$opMYIle 

Wn(Ap,E o' r c u.í ,aE) 

rne W , I'p M.4aCT .-1 , a 
n 

BblAeIleHHo.:1 06IlacTHI Bbl4HCIlReTCR no 

= 6,45.10 -9 ApEoX 'K(A P' E o' a E) , 141 

Eo - B r3B. HYKIl -1. 
3 
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TaKHM 06pa30M, B 06naCTH paAHaJlbHblX TOIlutHH .r 5'0,1 CM: 

WO-(A p'	 E{), r. a E ) :=: Wn (Ap' E o ' aE) + WB\Ap,-E o ' r, aE)' /5/ 

a B oõnacra D,l <·r :s 0,5 CM: 

Wo(A ' Eo', r, a E ) = W (A ' E O' r. a E)'	 /61p	 e p 

4• .QIlR RAep He.J.1 C õuno npoaeneuo cpaaaeuae pe3YI1bTaTOa, 

nOIlY4e-HHbIX MOHTe-KapIlOBCK~MH /31 -H nOIlY3MnHpH4eCKVlMI-1 pàC4eTaMH 

/pl-1c.5/. BV1AHO, -4TO AIlR npH6m1H<eHHblX 0lleHOK on~caHHaR BblWe Me

TOAHKa	 anOIlHe npHrO~Ha. 

HaM\lt6b1Ill1 paCC4HTaHbl AonYCTHMble HHTeHCY:lSHOCTl1 npH HaI1aAKe 

YCROPHTenel:1 TRH<eIlbIX HOHOB, xoropue C03-AalOTCR B TIB3 Ol'H'~: 
MOAellbHOrO caepxnpoaonmuero CHHXpOTpOHa raxenux V10HOB /Cn~HI /5/_ 

Ta6Il.l H HYKnOTPOHa/~1 - Ta6Il.2 Al1R pRAa RAep B 3aBI-1Cl1MOCTH 

r	 OT TOnlJ.lJ.1Hbl CTal1bHor:1 T€XHOIlOrH4eCI<OH 3aJi\HTbl !npl1 aucanxe 4aCTH1..\
 

nOA yrIloM 1 MpaA/.
 

3aMeTHM, 4TO Al1R TR)J(eIlblX RAep {Ap 2.: 4) MaKCt-1Manb,Hble 3HeprJ.1J.1 

YCKopeHHR B 'npoeKTe IIHY.J<ftOTPOHlI 3Ha4HTellbHO npeasnuanr 
1 f3B. HYKIl -1. 'CneAosaTeIlbHO, AIlR npoaepx« nonY3MnHpW.4eCKor:1 Me

TOAl1KH B 06IlaCTJ.1 E o ~ 1 f3'B 'HYJ<Il-1 H 0lleHKiIl AonYCTV1MbIX norepe 

He õonee BblCOKiIlX 3HeprHRX Heo6xOAHMO npOBOAIi1Tb AanbHe~wee HC

ClleAOBaHl1e 3aKOHOMepHOCTeH <1lopMHPOaaHI4R A03b1 a o6MoTKax MarHY1

J Toa YCI<0pHTeIlR. 

3aMeTHM TaK>Ke,4TO 3Ha4HTel1bHoe 4l1CnO nepSH4HblX, -oco6eHHO 

nerxnx RAep UTpa3HTCR aoeuyrps aneprypu , YHOCR 3HeprHIO B APY

geacTBHe B MHmeHH. naQHwX pagHanbHwx TOnmHHaX	 r ae T04KH a3Y1MYTa H aneprypu YCKopHTeIlR, 4TO Y4HTblBaeTCR B pac

zcene aa rrpa BhICaAKe rrpOTOHOB rron 4eTax K03<\Xt>1II11l4eHTOM 3anaca K ti' .
 

yr-rrox aE = I Mpag OT HX KHHeTH


qeCKOa 3HeprHH.
4	 5 
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TeM He MeHee, H3 AaHHYX, npHBeAeHHYX B Ta6nH~ax, co BceMH 
ynp~~~HMH npeAnono*eHH~MH paC4eTOB BHAHO, 4TO npH npoeKTHpo
BaHHH CBepxnpoBOAR~HX YCKOpHTene~ TR*enwx HOHOB Ha BYCOKHe 3Hep
rHH H HHTeHCHBHoCTH B ny4Ke, oc06eHHO Tex ero Y3noB, rAe nOTepH 
4aCTH~ He~36emHw ICHCTeMY BBOAa H BYBOAa 4acTH~. 3neMeHTOB BonH
3H BHYTpeHHHx MHweHeH/, He06xoAHMW KoppeKTHWe pac4eTw paAHa
~HOHHWX HarpY30K Ha cBepxnpoBoAR~He OOMOTKH MarHHTOB. 

BblBO,Qbl 

1. Ha OCHOBe MOHTe-KapnOBCKHX pac4eToB paAHanbHoro pacnpeAe
nE;(HHfI A03W npeAnolKeHa /'IeTOAHKa O~E~HI(H AlmycTI1MblX HHTeHcHBHQcTev 
nY4KoB npH HacTpoHKe cBepxnpoBo~n~x yCKoPHTeneH Tflmenwx HO
HQB. 

2. aOcTaT04HO npOCTye npeAnonOmeHHR 0 paBHOMepHocTH pacnpe
A¢neHH~ nOTepb no a3HMYTy YCKOPHTenR H 3aKOHQMepHOCTRX $OPMHPO
BaHHR paAHanbHwx pacnpeAeneHHH A03Y npH BwcaAKe npOTOHOB H RAep 
O()A yrnOM 1 MpaA n03BonHnH oLleHHTI> AOnycTHMblt! HHTeHCiI1BHOCTH 
nY4KoB npH HacTpoHKe cBepxnpoBoAfI~HX YCKopHTeneH, c03AaBaeMYX 
B flB3. 
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3aHqeB n.H., PemeTHHKoB r.n., CblpeH~KoB A.E. 9-86-4 
OqeHKH AonycTHMbIX HHTeHcH~ocTeH nyqKoB 
npH HacTpoHKe cBepxnpoBoAH~X yCKopHTeneH 
penHTHBHCTCKHX HAep 

Ha 	 OCHOBe paCqeTOB MeTOAOM MOHTe-Kapno paAHanhHNX pac.. 
npeAeneHHOH A09W B MaTepHanax 3neMeHTOB CBepXnpOBOAH~erO 
AHnonhHoro MarHHTa npennO*eHa cpaBHHTenhHo npocTa>t MeTOAHKa 

" oqeHQK AonYCTHMot!: HHTeHcHllHoCTH nyqKQB npH HaCTpOHKe CBepxnpO
BO,lJ,R;R!HX yCKoPHTe.j1eil: T>t*eJ1j)lX 9apH*eHHNX qaCTHq. nonyqeHbl saBH
CHMOcTH AonycTHMblX HHTeHCHBHoCTeH nyqKOB OT TO~HbI TeXHono~ 

'" rH'feCKoH 9a~TbI JoinH CTeHKf{ HOHonpOBo,[(a npH naAeHHH penHTHBHCT
CKHX H,[(ep Ha nOBepXHOCTh llaKYY'MHOH KaMepbl YCKOPHTenfl nOA OCT
PbIM yrnoM. 

Pa60Ta BblnOnHeHa B na6C)paTOPHH IlWCOKHX 3HeprHH mum. 

CoofiweHIIe oo..eQHeHHOI'O HHCl1nyra JIJlepHW~ HccnenOBaHKi. llyfiHa 1986 

nepeBOA O.C.BHHOrpaAOBoil: 

Zaitsev L.N., Reshetnikov G.P., Syrejshchikov A.E.> 9-B6-4 
Estimation of Beam Tolerable Intensities 
at Tuning of Superconducting Accelerators 
of Relativistic Nuclei 

Calculations of the radial dose distribution~ in the 
supeTeonducti~g dipole magnet elements' have been performed. 
by means of Monte-C"rlo method. Silnple method estimation f)f . 
the beam toleTable intensity at tuning of theheavy cha:rt~ed paT 
ticle accelerators have been presented. Dependences of th~ be
am tolerable intensities on the depth of technological shiel

. din~ or ion transport chan.ne.1 >wall~ un~er the relativistic 
nuclear fall onto the vacuum chamber of the accelerator at 

d a sharp angle have been obtained. 

The investigation has been performed at the Laboratory .. of 	High Energies, JINR • 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 
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