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KaK cneAyeT ~3 np~H~~na KonneKT~BHoro ycKopeH~H ~oHoe 3neKT
poHHbl!'\~ KOnb~aM~ Ill, OCHOBHbiM~ XapaKTep~c T~KaM~ 3neKTPOHHO-~OH
Hb1X KOne~, onpeAenHIOIII~M~ napaMeTpbl ~OHHbiX nOTOKOB np~ YCKOpe
H~~, HBnH~TcH: 4~cno 3neKTPOHOB Ne, penHT~B~CTCK~~ $aKTOP 3neKT
poHoB B KOH~e c>KaT~H y, 6onbWO~ R ~ Manble ar,z pasMepbl, a TaK
>Ke non Hoe 4~cno ~OHOB Ni ~n~ Ni B KOM6~Ha~~Hx: f = Z i · Ni IN e -

$aKTop He~Tpan~sa~~H ~ 1'.= AMNJmyNe - MaccOBbl~ $aKTop HoH
HO~ 3arpy3KH, 3AeCb Zi - cpeAHH~ 3aPHA HOHOB, A- MaCCOBOe 4HC
no ~OHOB, M H m - MaCCbl HyKnOHa H 3neKTpOHa. B CBH3H C paspa
fiOTKO~ npoeKTa YCKOp~TenbHOrO KOMnneKca TH>KenbiX HOHOB C KOnneK
THBHbiM YCKOpHTeneM /KYTM/ B Ka4eCTBe HH>KeKTOpa THmenOHOHHOro 
C~HXpOTPOHa OCOfiy~ Ba>KHOCTb npHofipeTa~T TaKHe xapaKTepHCT~KH 
HOHHbiX noToKoB, ycKopeHHbiX B KYTH, KaK eenH4HHa pas6poca no 
3Hepr~HM HOHOB B OAHOM ~HKne ~ E i IE i , pasMepbl ny4Ka HOHOB, ero 
pacXOAHMOCTb HnH 3MHTTaHc ci • TeopeTH4ecKHe o~eHKH 3THX een~-
4HH MO>KHO npOH3BeCTH Ha OCHOBaHHH pesynbTaTOB fionbWOrO ~~Kna 
pa6oTI 2 - 161, noceH~eHHblx HccneAoBaHHn ecero KOMnneKca napa
MeTpoe 3neKTpOHHO-HOHHbiX KOne~, nony4aeMbiX Ha npOTOTMne KOnneK
TMBHOrO YCKOpMTenH TH>KenbiX MOHOB, 

PaccMoTpMM 3TH pesynbTaTbl. OnpeAeneHMe 4Mcna 3neKTpoHoB Ha 
KoHe4HbiX 3Tanax c>KaTHH npoH3BOAMnocb no M3MepeHM~ MO~HoCTH IA 
CHHXpOTPOHHOrO H3ny4eHMH /CH/, nponop~MOHanbHO~ 4MCny 3neKTpo
HOB I A= WANe , rAe WA - cneKTpanbHaH MO~HOCTb CH OAHOro 3neKTpo
Ha. HsMepeHMe IA npoM3BOAHnocb KaK B 6nM>KHeM ~H$paKpacHoM /HK/ 
~V1dlld.:5UHt:: /?/' ldf'. V1 D UIIIV1"1\::\...f\,VM 1--\YIOIIQ_;(Jjj~ \:,ji~;~7~C. ~:~ 1·1•41• 

B CBH3M c TeM, 4To cneKTpanbHaH MHTeHcMBHOCTb WA cy~ecTBeHHO 
3aBMCMT OT 3HeprMM 3neKTpOHa /MnM ero penHTMBMCTCKOrO $aKTOpa y/, 
AnH KoppeKTHoro onpeAeneHMH Ne Heo6xoAMMO 4eTKoe npegcTaeneHMe 
0 BenM4MHe y B npo~ecce M3MepeHMH. npM M3MepeHMM Nc no CH B MK
AMana30He BenM4MHa y Bbi4MCnHeTCH C y4eTOM npeABap~TenbHO M3MC-

, 2 2 2 2 4 y, 
peHHbiX MarHMTHoro nonH Bz M R(t)-TpaeKTopMM: y= (e BzR /m c +1) ', 
rAe e- BenM4MHa 3aPHAa 3neKTPOHa, C- CKOpOCTb CBeTa B eaKyy
Me. npM pa6oTe B onTH4eCKOM AMana30He CH 3Ha4eHMe y M3MepHnOCb 
B npo~ecce c>KaTMH c McnonbsoeaHMeM cne~~$M4eCKHX cneKTpanbHblx 
xapaKTepMcTMK CH. BenH4MHa y onpeAenHeTcH nM6o no nono>KeH~~ 
MaKCMMYMa cneKTpa CH1 41: y=(1,764RIA ) 113, rAe A - AnHHa m m 
eonHbl, cooTeeTCTBY~~aH MaKCMMYMY cneKTpa CH, nM6o no OTHoweHMn 
M~HOCTei1 CH W 1 M W2 , M3MepeHHbiX Ha pasn~4HbiX AnMHax eonH >q 
M A/3•41: y = ll4,2 (A 1 - A2 )1(A 1 • .\ 2 )1/ln l (A1 I Az )512 W1 /W2 j }li3 

YsKaH yr noeaH HanpaeneHHOCTb C~l ( -1/ y )noseonHeT onpeAenHTb 
pasMepbl ar z ce4eHMH KOnb~a no M3MepeHH~ pasMepoe nHTHa CH, 
C$OKYCMPOB~HHOrO Ha nMHe~HY~ KOMfiMHa~~~ T04e4Hb1X (fuSb) -$oTo
conpOTMBneHM~ e HK ~ManasoHe 151 HnM Ha $OTOKaTOA AMCCeKTopa e 
BMAHMOM AHana30He 16 • 

Bo3MO>KHOCTb M3MepeHHH $aKTopa He~TpanM3a~~~ e Ka~oM ~HKne 
c>KaTMH noHBnHeTCH np~ Y4eTe enMHHHH Ha yr nosy~ pacxoAHMoc Tb C~l 

"1-; · .. ~~ :··f-.:::. 1 
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6eTaTpOHH~X KOne6aH~~ 3neKTPOHOB, B/7/ ~3MepRnacb yrnoBaR pacxo
A~MOCTb CH, o6ycnosneHHaR ~3MeHeH~eM OTHoc~TenbHO~ 4acToT~ ~vz. 
aKC~anbH~X 6eTaTpOHH~X KOne6aH~~ 3neKTPOHOB B np~CYTCTB~H ~OHO~. 
no yrnoso~ paCXOAJ.1MOCTJ.1 01 B~4~CnReTCR ~v 2-=0 2R 2/a 2 -R.\y/4rra2 

ZJ e z z • 

rAe ec - A~Cnepc~R yrnoeo~ paCXOA~MOCT~ CH, A- An~Ha BOnHU 
~3MepReMoro CH. nocne B~4~cneH~R ~V;j 3Ha4eH~e $aKTOpa He~Tpa
n~3a~~~ onpeAenReTcR cneAY~~M o6pa3oM: 

~v;i rr(az+ar)Y 
f=-~--_c_-

Ne Rre 

1 +-, 
y2 

rAe re=e 2 /mc 2 = 2,82·10-13 
- Knacc~4ecK~~ paA~YC 3neKTpoHa. 

Per~cTpa~~R TOPM03HOrO ~3ny4eH~R 3neKTpOHOB KOnb~a Ha OCTa
T04HOM ra3e n03BOnReT He3aB~CJ.1M~M o6pa30M ~3MepRTb 4~CnO 3neKT
pOHOB B npo~ecce $OpM~poBaH~R Kone~ Ha paBHOBeCHO~ op6~Te/B/ ~ 
o~eH~BaTb 3Ha4eH~e NiNe ,cneAOBaTenbHO N; , no TOPM03HOMY J.13ny4e
H~IO 3neKTPOHOB Ha ~OHax np~ ClKaT~~ AO KOHe4HbiX, P<IA~YCOB / 9 ,l0/, 

YcKopeH~e 3neKTPOHHo-~oHHbiX Kane~ Ha npoToT~ne KYTH ocy~ecTe
nAeTcR B rpaA~eHTHOM coneHO~AanbHOM MarH~THOM Mane, B/ll/ Ha 
OCHOBe BpeMRnponeTHbiX MeTOAOB ~3MepRn~Cb npOAOnbHaR CKOPOCTb 
ycKopeHH~x Kane~ ~ epeMR nponeTa ycKopR~ero y4aCTKa, 4TO np~ 
~3eecTHOM pacnpeAeneH~~ ycKopR~e~ c~n~ rpaA~eHTHoro coneHO~Aa 

no An~He/ 121 no3sonReT onpeAen~Tb 3Hepr~IO ~oHoB ~ $aKTop 3a
rpy3K~ I!. Bbl4~cneH~e I! npo~3BOA~nocb TaK>Ke np~ aHan~3e BbiCOKo-
4aCTOTHo~ aKTJ.1BHOCT~ KOnb~a, CBR3aHHO~ C paA~anbH~M~ A~nonbH~-
···· ··---.:-····-· ... ll:l/ 
,.,,., ''-""'-' ·--U I I,.ITII"H'I e 

H3eecTHO /19/, 4TO OAH~1M ~3 caMbiX HaAe>KHbiX MeTOAOB ~3MepeH~R 
4~Cna ~ 3Hepr~~ ~OHOB, YCKOpReM~X B KOnneKT~BH~X YCKOP~TenRX, 
RBnReTCR MeTOA aKT~Ba~~OHHOrO aHan~3a M~WeH~, o6ny4eHHO~ noTo
KOM YCKOpeHH~X ~OHOB, Hcnonb30BaH~e RAePH~X peaK~~~ C pa3n~4H~
M~ noporoBbiM~ xapaKTep~cT~KaM~, eo36Y>KAaeMbiX np~ o6ny4eH~~ ycKo
peHH~M~ ~oHaM~ a3oTa, no3eon~no HenocpeACTBeHHO onpeAen~Tb 3Hep
r~IO ~ 4~cno ~OHOB /l 4/, Kan~6poB04H~e ~3MepeH~R xapaKTep~cT~K 
peaK~~~, ~cnonb3yeMbiX AnR AeTeKT~poeaH~R ~OHOB, ~ $OHOBbiX peaK
~~~ Ha 3neKTpoHax c 3Hepr~e~ 16 M3B 6~n~ npoBeAeH~ Ha ycKop~
TenAx Y-200 ~ M~KPOTPOHe na6opaTOP~~ RAePH~X peaK~~~ OHHH/ 15/ 

~ n~He~HoM ycKop~Tene TRmenbiX ~oHoB UH<l> CPP /r .6yxapecT/ /16/, 
Bee MeTOA~K~, J.1Cnonb30BaHH~e B yKa3aHHOM ~~Kne pa6oT, AaiOT 

YAOBneTeop~TenbHoe cosnaAeH~e pe3ynbTaTos. napaMeTpbl 3neKTpoH
Ho-~oHH~x Kane~ np~ ycKopeH~~ ~oHOB a3oTa, HaKonneHH~x ~3 ocTa
T04Horo ra3a, cneAYIO~~e/ 2 - 1 4/: 

4~Cno 3neKTpOHOB 

cpeAHeKBaApaT~4H~e pa3Mep~ ce4eH~R 

KOnb~a 

$aKTOP He~Tpan~3a~~~ /B 3aB~c~
MOCT~ OT BaKyyMa/ 

2 

N e = /3 -';- 6, 6/ · 1 0 
12 

a r = 2 , 0 + 0 , 5 MM 
az= 2,5 ~ 0,5 MM 

f = 0,270,4 

;. 

MaCCOB~~ $aKTOp ~OHHO~ 3arpy3K~ 

4~CnO ycKopeHH~X ~OHOB 

cpeAHRR 3aPAAHOCTb ~OHOB 

I! = 35.;. 60 

N; = 12.;. 4/. 1 o11 

z; = 4.;. 5 

3Hepn1A ~OHOB E;= 1,6 +0, 1 M3B/HyKn. 
/Ha An~He ~Q CM/, 

np~ YCKOpeH~~ KOMnaKTH~X 3neKTPOHHO-~OHH~X KOne~ Ben~4~HOA, 
onpeAenAIO~e~ pa36poc 3Hepr~~ ~OHOB B OAHOM ~~Kne /6e3 y4eTa 
KynOHOBCKOrO B3a~MOAe~CTB~R ~OHOB/,6yAeT BenH4~Ha pa36poca aK
C~anbHbiX CKOPOCTe~ ~OHOB ~ V zi , o6ycnosneHHaA HeKorepeHTHbiM~ KQ
ne6aH~AM~ HOHOB B none 3neKTpOHOB KOnb~a: ~E;/E;= 2~VzJV 2 = 
= 2~f3 2JI3z, rAe f3z= V2 /c- aKc~anbHaA CKOPOCTb KOnb~a, Bblpa
>KeHHaA B eA~HH~aX CKOpOCT~ CBeTa, 3Ha4eH~e 3M~TTaHCa ~OHHOrO 
ny4Ka np~ pa3AeneHHH KOMnOHeHTOB /6e3 y4eTa KynOHOBCKHX CHn/ 
6yAeT onpeAenATbCR BenH4HHO~ MaKCHManbHO~ CKOPOCTM paAHanbH~X 
HeKorepeHTHbiX KOne6aHH~ HOHOB B none 3neKTPOHOB! E; = 11 ari · r; = 
= rrari f3ri I f3z , rAe ari - cpeAHeKBaApaTH4H~~ pa3Mep HOHHoro KoM
noHeHTa, ri=dr;ldz. BenH4HHbl fir,zi• onpeAenAeMbfe 4<lCTOTaMH 
HeKorepeHTHbiX KOnebaHH~ HOHOB W r, zi , MOl'<HO Bblpa3HTb 4epe3 napa
MeTpbl 3neKTpOHHO-HOHH~X KOne~: 

{j r, zi 
w . ·a zi a r,zi l J 

- _ _!_~_1 __ _!.!.~--- = ----·- zi I' e 
- c ar,z 

m ar zre y, 
----- _____ !.._ ____ ( 1 - f)] 

AM rr(ar+a
2
)R 

rAe Z;- 3aPAA HOHa, fe- KnacC~4eCKH~ paAHYC 3neKTpOHa, 
EcnH npHHRTb 3Ha4eHHA cpeAHeKBaApaTH4H~x p~aMepoe 3neKTpoH

Horo H HOHHOrO KOMnOHeHTOB paBHbiMH! ar, zi "' ar, z , MO>KHO C y4e
TOM H3MepeHHbiX napaMeTpOB 3neKTpOHHQ-HOHHbiX Kone~ nony4HTb Be
nH4HHbl 3HepreTH4ecKoro paa6poca H 3MHTTaHca, HanpHMep, AnR 
f3z= 0,05 OHH AOn>KHbl COCTaBnATb ~Ei/E;= 8 714% H l; 
= /9 715/rr CM•MPaA. 

PA3~EnEHHE KOMnOHEHTOB 3nEKTPOHHO-HOHH~X KOnEU 

HcXOAA H3 npeAcTasneHH~ o6 3neKTPOHHo-HOHHOM KOnb~e KaK o6 
3neKTPH4eCKH 3apA>XeHHOM MarHHTHOM AHnone,COCTOR~eM H3 Bpa~aiO~HX

CR 3neKTPOHOB H HOHOB, He y4aCTBYIO~HX BO Bpa~aTenbHOM ABH>KeHHH 
H YCKOpAeMbfX COBMeCTHO C 3neKTpOHaMH B aKCHanbHOM HanpaeneHHH, 
MO>KHO HCnOnb30BaTb HeCKOnbKO cnoco60B pa3AeneHHR 3neKTpOHHOrO H 
HOHHOro KOMnOHeHTOB KOnb~a: 3neKTPH4eCKHM noneM, rpaAHeHTH~M 

MarHHTHbiM non eM H KOnneKTOpOM, nor no~aiO~HM Bpa~aiO~HeCR 3neKTpOHbl. 
Pa3AeneHHe 3neKTPH4eCKHM HnH rpaAHeHTH~M MarHHTH~M nonHMH 

npOHCXOAHT B TOM cny4ae, KOrAa CHnbl B03Ae~CTBHR BHeWHHX none~ 
npeBbiWaiOT CHnbl, YAeP>KHBaiO~He HOHbl B none 3neKTpOHHOrO KOMnOHeH
Ta, Pa3AeneHHe KOMnOHeHTOB C HCnonb30BaHHeM KOn!leKTopa nORC HA-

3 



eTCR Ha pHc,Ja. npH c6poce KOnb~a 111 Ha aKCHanbHo-npOTRmeHH~H 
KOnneKTOp 121, HMe~~HH TOn~HHy, AOCTaT04Hy~ AnR norn~eHHR 3neKT
pOHOB C 3HeprHeH 18 7 20 M3B 16 7 8 MM CBHH~al, npOHCXOAHT nocne
AOBaTenbHOe norno~eHHe 3neKTpOHOB BCeX y4aCTKOB KOnb4a, KaK 3TO 
noKa3aHO Ha PHCYHKe. AKcHanbHaR npOTRmeHHOCTb KonneKTOpa rk 
AOn>KHa 6~Tb He MeHee f0 = {3 2 cT, rAe T=277Ric- nepHOA o6pa~e
HHR 3neKTpoHoe e Konb4e paAHyca R. HcnonbaoeaHHe BMecTo OAHOro 
HeCKOnbKHX KOnneKTOpOB lpHc.161 COKpa~aeT npOTR>:<eHHOCTb o6naCTH 
paaAeneHHR Uo=8 2 cTin, rAe n- 4Hcno KonneKTopoel H CHMMeTpH
ayeT eoaM~eHHe eHewHero MarHHTHoro nonR H co6cTeeHHbiX none11 
KOnb~a, XOTR, no BCeH BHAHMOCTH, cyMMapHoe B03AeHCT6He B03My~e
HHH Ha KOnb~O npH 3TOM ycHnHeaeTCR. 

Pa3AeneHHe B rpaAHeHTHOM MarHHTHOM none AOCTHraeTCR npH npo
XO>~eHHH KOnb~OM o6naCTH C rpaAHeHTOM, npee~wa~HM KPHTH4eCKOe 

a T 6 
PHC,), CxeMa pa3~eneHHH KOMITOHeHTOB KOnneKTOpaMH, 
norno~aro~HMH Bp~a~ecH gneKTPOHbi: I - 3neKTPOHHo
HOHHoe KOnbU;D, 2 - KOnneKTOpbl, 

3Ha4eHHe, npeAenbHO AOnycTHMoe AnR AaHHoro $aKTopa MaccoeoH aa
rpy3KH: 

1 a B z. eE l--__ z I = k ( 1 + ~) -~- Kp • 
B z az Kp ' A Mc2 

3AeCb EKp- eenH4HHa 3neKTPH4ecKoro nonR, AeHcTey~ero Ha HOH, 
HaXOAR~HHCR Ha Kpa~ 3neKTpOHHOrO KOnb~a; K03$$H~HeHT 113anaca11 

k = dp I 2 az RBnReTCR oTHoweHHeM eenH4HH~ nonRpH3a~HH 3neKTPOHHo
HOHHoro KOnb~a dp lpaCCTORHHe MemAY 4eHTpaMH TRmecTH KOMnoHeH
TOBI K aKcHanbHOMy cpeAHeKBaApaTH4HOMY paaMepy 3neKTPOHHoro KOM
noHeHTa az. AnR o6ecne4eHHR Hepaap~eHoro ycKopeHHR KoMnaKTHoro 
3neKTPOHHO-HOHHOrO KOnb4a Tpe6yeTCR B~nOnHeH~e ycnOBHR k ~ 0,25 
I dp ~ 0, 5 a z I. EcnH C4HTaTb, 4TO paaAeneHHe KOMnoHeHTOB npoHaow
no TOrAa, KOrAa dp> az, TO AnR onpeAeneHHR KpHTH4eCKHX rpaAHeH
TOB MarHHTHOro nonR Heo6XOAHMO npHHRTb k > 0, 5, 

4 

B nepe~x 3KcnepHMeHTax no paaAeneHH~ KoMnoHeHTOB Ha npoTOTHne 
KYTH 117/ rpaAHeHT~, npes~wa~~He npeAenbHO AOnycntMble, $opMHpoea
nHCb npH noMo~H cne~HanbHOH KaTYWKH, B AaHHOH pa6oTe ycKopeHHe 
Koneu npOH3BOAHnOCb 8 nepBOM H3 ABYX coneHOHAOB, HCnOnb30BaHHbiX 
e /18/, AnR paaAeneHHR HcnonbaoeanHcb rpaAHeHT~ Kpaeeoro nonR co
neHOHAa. Ha pHc.2a npeACTasneHo pacnpeAeneHHe OTHOCHTenbH~x 
rpaAHeHTOB 1 I B z. a Bzl a z nonR coneHOHAa H OTMe4eH~ 3Ha4eHHR KpH
TH4eCKHX rpaAHeHTOB, paCC4HTaHH~e AnR 3neKTpOHHO-HOHH~X Kone4 
c napaMeTpaMH, 6nH3KHMH K peanHaoeaHH~M Ha npoTOTHne KYTH INe = 

7·10 12
, ~= 40,45,50,551, H k = 0,6. 

npH pa3AeneHHH rpaAHeHTH~M MarHHTH~M noneM MOmHO nH60 3aTOp
M03HTb, nH6o ycKopHTb aKcHanbHoe ABHmeHHe 3neKTPOHOB. B KpaeeoM 
none coneHOHAa 3neKTPOHH~e KOnb~a nocne paaAeneHHR ycKopRnHcb. 

":"% 
u ... -
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PHc. 2. a - pacnpe.r:~eneHHe rpMHeHTOB 1 I B z . a Bz I a z 
no AnHHe coneHo~a H H3MeHeHHe PMHanbHoro pa3Mepa 
KOnb~a ar npH yCKOpeHHH; 6 - pOCT aKCHanbHOH CKO
poc TH Konb~a f3 z = V z I c npH ycKopeHHH. 
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~aKT paaAeneHH~ ycTaHasnHsanc~ no H3MeHeHH~ TeMna Ha6opa cKopoc
TH {3z = Vz / C 3neKTpOHOB. Jln~ H3MepeHH~ {3

2 
HCnonb30Banocb YCTpoiicT

BO, aHanorH4HOe YCTpOi:iCTBy pa3AeneHH~ KOnneKTOPOM /pHc.3/. EcnH 
B~6paTb aKCHanbHY~ npoT~meHHOCTb KOnneKTOpa ek <eo, TO KOnneKTO
pOM norno~leTc~ TonbKO 4aCTb 3neKTPOHHoro KOMnoHeHTa. Pacnono
meHH~ii noc1e KOnneKTOpa C~HHTHnn~~HOHH~ii 3KpaH /HanpHMep AHCK 
H3 nonHCTH.>Ona/ BbiCBe4HBaeT 11 aBTOrpa~11 OCTaBWeiic~ 4aCTH 3neKT
pOHHoro KOJJb~a c 11 TeHb~11 OT KonneKTopa. A3HMYTanbHa~ npoT~meH
HOCTb 11 TeHH 11 

() HeCeT HH~OpMa~H~ 06 aKCHanbHOi:i CKOpOCTH 3neKTpOH
HOrO KOMnoHeHTa: {3

2 
= L 1 + (R(J/rk) 2 J Y., 

Cse4eHHe c~HHTHnn~Topa nH6o Ha6n~AaeTc~ TeneBH3HOHHoi1 ycTa
HOBKoii, nH6o perHcTpHpyeTc~ ~oTorpa~H4eCKHM cnoco6oM, 4>oTorpa
~HH 11aBTOrpa~a 11 KOnb~a C pa3nH4HbiMH npOAOnbHbiMH CKOPOCT~MH npeA
CTaBneH~ Ha pHc.4. Ha pHc.2 a, 6 npHBeAeHbl peaynbTaTbl o6pa-
6oTKH $OTOrpa4JHi1, nony4eHHbiX npH pa3MeiJ.IeHHH C~HHTHnn~TOpa C KOn
neKTOPOM B paanH4H~X T04KaX Y4aCTKa YCKOpeHH~. 

z 

~ 
2 

3 

PHc.3. CxeMa ycTpaHCTBa AnH HSMepe

HHH aKCHaJibHaH CKapOCTH :meKTpaHHbiX 

Kane~: I - sneKTpaHHae Kanb~a, 2 -
rrarna~aiD~H KanneKTap, 3 - C~HHTHnnH

~HaHHbiH 3KpaH, /+ - 11 aBTarpaQ.J11 Kanb~a. 

PHc. 4. "ABTarpaQ.lbi
11 

sneKTPaHHa

HaHHbiX Kane~ C pasnHtJ:HbiMH 3KCHaJib-. 

HbiMH CKapaCTHMH, 

010 
Ha pHc.2a npeACTasneH~ pac4eTH~e /cnnowHa~ KPMBa~/ H H3MepeH

H~e/T04KH/3Ha4eHHR cpeAHeKBaApaTH4HOrO paAHanbHOrO pa3Mepa Ce4e
HHR 3neKTPOHHQ-HOHHOro KOnb~a a r , Ha pHC. 26 - paC4eTHble 3aBMCM
MOCTM {J z ( z) AnR Kane~ C pa3nH4HbiM $aKTOPOM MaCCOBOi:i 3arpy3KM 

I If = 0, 40,50/ - cnnoWHble KPHB~e. To4KaMM npeAcTasneHbl M3MepeH
Hbre 3Ha4eHHR f3z AnR He3arpymeHHoro I I;= 0/ M 3arpyM<eHHoro KOnb
~a, npoWeAWero y4aCTOK C rpaAHeHTOM, npeBbiWa~lltY1M KpHTH4eCKOe 3Ha-
4eHHe. B cny4ae ycKopeHH.R aarpymeHHoro KOnb~a Ha z = 45 CM 

perHCTpHpy~TC~ KOnb~a C {3 2 = 0, 05 + 0, 015, 3aTeM Ha Z > 45 CM 
npOHCXOAHT pe3KHi1 POCT {3 2 , KaK nOKa3aHO Ha PHCYHKe. C y4eTOM 
norpeWHOCTH MeTOAHKH onpeAeneHH~ AnHH~ 11 TeHH11 OT KOnneK'rOpa Ha 
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"aBTOrpa4Je11 KOnb~a MeCTO pa3AeneHH~ onpeAen~eTC~ C T04HOCTbiO 
+ 5 CM, 0TC~Aa MOmHO npeAnonomHTb, 4TO $aKTOp MaCCOBOi:i 3arpy3KH 
Kane~ HMen 3Ha4eHHe 40 < If< 50, TO ecTb If~ 45. 

YcKopeHH~e HOHbr, npoweAwHe ycTpoiicTBo paaAeneHH~, perHcTpH
posanHcb no ~AepHoii aKTHBHOCTH, HaBeAeHHoii B MHWeH~x. O~eHKH 
HHmHeii rpaHH~bl 3HeprHH HOHOB no 3HepreTH4eCKHM xapaKTepMCTHKaM 
Hcnonb30BaHH~x ~AePH~x peaK~Hii Aa~T 3Ha4eHHe E1 >1 M38/HyKn. 

H3MEPEHHE XAPAKTEPHCTHK nY4KA YCKOPEHHNX HOHOB 

AHanH3 ony6nHKOBaHHbiX AaHHbiX, nocB~IJ.IeHHbiX MeToAaM perHcTpa~HH 
KpaTKOBpeMeHHbiX MOIJ.IHbiX HOHHbiX noTOKOB B KonneKTHBHbiX YCKOPHTe
n~X /19/, noKa3biBaeT, 4TO CaMbiM HaAe>:<HbiM MeTOAOM H3MepeHH~ 4HCna 
HOHOB, HX 3HeprHH H npoCTpaHCTBeHHOrO pacnpeAeneHH~ B nOTOKe 
~Bn~eTC~ MeTOA ~AepHOii aKTHBa~HH MHWeHH • .Qn~ H3MepeHH~ xapaKTe
pMCTHK nOTOKa HOHOB a30Ta, YCKOpeHH~X nocne HaKonneHH~ H3 OCTa
T04HOrO rasa, Hcnonb30BanHcb MeTOA aKTHBa~HOHHoro aHanHaa H no-
3M~HOHHo-4yBCTBHTenbH~e AaT4HKH naMenbHOro THna. 

npH HCnOnb30BaHHH aKTHBa~HOHHOi:i MeTOAHKH nOTOK HOHOB c6paCbi
Banc~ Ha MHWeHb, a 3aTeM cneKTpOMeTpH4eCKHM C~MHTHnn~~HOHH~M Ae
TeKTOPOM onpeAen~nC~ pa3Mep 30H~ aKTHBHOCTH MHWeHH, COOTBeTCTBy~

IJ.IHii paaMepy naAaiO~ero HOHHoro ny4Ka. B Ka4eCTBe MHWeHH Hcnonbao
sanacb TOHKa~ /4 710 MKM/ AH3neKTpH4eCKa~ a30TOCOAepmall.la~ nneHKa, 
Ha KOTopoii o6pa3os~sanacb {3-aKTHBHOCTb c nepHOAOM nonypacnaAa 
T 11 - l 0 MMH OTHeCeHHa~ K peaK"HI-1 1 ~N + 1 ~N-+ lilN + l5N C o5-

12 ' ... 7 7 7 7 
pa3oBaHHeM B±aKTMBHoro M3oTona 1jN. B oTnH4He oT/14;, rAe Ge(Li)-
AeTeKTopoM perHcTpHposanacb y-aKTHBHOCTb, nepexoA K H3MepeHHIO 
{3-aKTHBHOCTI-1 C HCnonb30BaHHeM {3-nornOIJ.IaiOIJ.IHX AHa4JparM n03BOnHn 
OnpeAenMTb 3aBMCHMOCTb 1-!HTeHCMBHOCTH C4eTa AeTeKTOpa OT nonome
HM~ 1-13Mep~eMOi1 30H~ aKTHBHOCTH MHWeHM, TO eCTb pacnpeAeneHHe 
aKTHBHOCTI-1 no paAHYCY. H3MepeHHe npOH3BOAHnOCb np~-1 nOMOIJ.IM TOHKHX 
nnacTM4eCKHX C~HHTHnn~TOpOB, 4TO n03BOnHnO CyiJ.IeCTBeHHO CHH31-!Tb 
$OH y-KoMnoHeHTa, CxeMa H3MepeHHi1 npeACTasneHa Ha pHc.5. Pa3Ae
neHHe KOMnoHeHTOB 3neKTPOHHO-MOHH~X KOne~ /2/ npOMCXOAHnO Ha rpa
AMeHTaX MarHHTHOrO non~ Ha Zp = 45 ~ 5 CM, 3aTeM nOTOK MOHOB 
04MIJ.Ianc~ OT 3neKTpOHHOrO KOMnOHeHTa Ha 4eT~pex a3MMyTanbHO
CMMMeTpH4HO pacnonomeHHbiX CBMH~OBbiX KOnneKTOpax H nonaAan Ha 
MHWeHb /3/. Hcnonb30BaHMe ycTpoiicTB 11 nepexsaTa 11 /7/ 3neKTPOHOB 
6binO Bbi3BaHO He06XOAHMOCTbiO HCKn104HTb Bn~1~HMe $aHa TOPM03HbiX 
y -KBaHTOB OT 3neKTPOHOB KOnb~a Ha MHWeHH, H3MepeHHe aKTHBHOCTH 
npOBOAMnOCb, KaK H B /l4/, 6e3 HapyweHH~ BaKyyMa 4epe3 TOHKYIO 
CTeHKY AMarHOCTH4eCKOrO CTaKaHa /4/ • .Qn~ M3MepeHH~ pacnpeAene
HH~ aKTHBHOCTH no MHWeHH nepeA AeTeKTOPOM /5/ YCTaHaBnHBanHCb 
CMeHH~e AHb4JparM~ /6/ H3 naTyHH TOniJ.IMHOi:i 6 MM, .QMa4JparM~ HMenM 
OTBepCTH~ tJ 1 0 MM, nono>KeHHe An.R Ka>:<AOii H3 KOTOpbiX MeH~nOCb no 
paAHYCy,PerHCTpa~H.R aKTHBHOCTH ocy~eCTBn~naCb nocne OAHOrO 4HKna 
ycKopeHH~ a Te4eHHe speMeHM = 2 · T 1; 2 • 
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PHc.S. CxeMa H3MepeHHH rrapaMeTpoe HOHHoro rryqKa aKTH
sa~HOHHh~ MeTo~oM: I - HOHorrpoBo~, 2 - gneKTPOHHO-HOH
aoe KOnb~O, 3 - MHilleHb, 4 - ~HarHOCTHqecKHH CTaKaH, 
5 - ~eTeKTOp, 6-naTyHHaH ~Ha!PparMa, 7-ycTpOHCTBO 11 rre
pexeaTa11 3neKTpOHOB, 8 - YCKOPHIOUUfH coneHo~. 

l-13~epeHHe c nOMOU\biO Ka>KAOi1 AHac)lparMbl AilHilOCb At= 30 c « T 1; 2 • 
3aTeM npOH3BOAHilaCb CMeHa AHac)lparMbl 1-1 ocy~eCTBil~IlOCb H3MepeHHe 
C noM~biO CileAYIO~e.::\ AHa$parMbi.Ha p1-1c.6 npeACTaeneHbl rHCTorpaMMbl 
pacnpeAeneHH~ HHTeHCHBHOCTH c4eTa N /nocne Bbl4eTa c)loHa/ no paAH
ycy M~WeHH Ail~ pa3IlH4HbiX MOMeHTOB epeMeHH nocne 06Ily4eHH~: t 1 = 
= 1 M~H, t 2 = 6 MHH, t 3 = 11 MHH, t 4 = 16 MHH, C y4eTOM pacnaAa 
aKTHBHOCTH. i-13 aHailH3a rHCTOrpaMM CileAyeT, 4TO cpeAHeKBaApaTH4-
H~i1 pa3Mep 30Hbl aKTHBHOCTH MHWeHH B paAHailbHOM Hanpae!leHHH co
CTaBil~eT aM~ 8,8 + 1 ,2 MM, 4TO MO>KHO npHH~Tb 3a cpeAHeKBaApa
TH4Hbli1 pa3Mep HOHHoro ny4Ka, naAaiO~ero Ha MHWeHb. 

~Il~ onpeAe!leHH~ paCXOAHMOCTH Manoro Ce4eHH~ KOilb~eeoro HOH
HOrO ny4Ka 6yAeM C4HTaTb, 4TO paAHa!lbHbl.::\ pa3Mep HOHHOrO KOMnO
HeHTa ari B Hepa3Ae!leHHbiX 3!leKTpOHHO-HOHH~X KOilb~aX 6!1H30K Hill-1 
COBnaAaeT C H3Mep~eMbiM /pHc.2a/ paAHa!lbHbiM pa3MepoM 3IleKTpOHHO
ro Ko~noHeHTa ar• TorAa ee!lH4HHY pacxoAHMOCTH onpeAe!lHM no c)lop
Myne rj=(aM-ari )/L, rAe BeilH4HHa 116a3bl11 L= 23 MM,aM=8,8 MM, 
ari = 2,2 MM. noACTaBil~~ B c)lopMy!ly 3TH 3Ha4eHH~, no!ly4HM rl = 
= 28,7 MPaA. O~eHKa eenH4HHbl Ari fr(, onpeAen~eMoi1 eenH4HHaMH 
owH6oK H3MepeHHbiX 3Ha4eHHH ari , aM 1-1 A L= + 5 CM, He npeeblwa-
eT 20%. -

np~ H3MepeHH~X n03H~HOHH0-4YBCTBHTei1bHbiM AeTeKTOPOM HCnO!lb-
30Ba!lC~ MHOr03I1eKTPOAHbiH IlaMeilbHbli1 AaT4HK 3aP~AOBOrO THna, y 
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PHc. 6. fHcTorpaMMhi pacrrpe~eneHHH aKTHBHOCTH no MHmeHH. 

KOTOporo WeCTb KO!lb~eBbiX naMeneA WHpHHOi1 4 MM C warOM no paAHY
cy 5 MM 6blnH pacnono>KeHbl Ha y4aCTKe ycKopeHH~ TaK, KaK noKa3aHo 
Ha pHc.]. naMeilH /1/ MOHTHPOBa!lHCb Ha WTOKe /2/, nepeMe~aeMOM 
BAOilb OCH ycKopeHH~ BHYTPH BbiBOAHOro naTpy6Ka /3/, H nOACOeAH
H~!lHCb K paAH04aCTOTHbiM Ka6en~M, KOTOpble Ha BXOAe B aHai1H3HpyiO
~YIO aneKTPOHHKY Harpy>KanHcb Ha RH= 5,1 KOM. TaKHM o6pa3oM, c 
Ka>KAoro Ka6en~ H3Mep~nc~ cHrHan UJI , nponop~HOHailbHbli1 3ap~AY, 
co6paHHOMY naMe!lbiO, pacnono>KeHHoi1 Ha R JI. 

Pa3AeneHHe KOMnoHeHTOB npoH3BOAHI10Cb e rpaAHeHTHOM none. ~n~ 
nepeXBaTa 6biCTpbiX epa~a~~HXC~ 3IleKTpOHOB B npOMemyTKe MelKAY 
y4aCTKOM pa3Ae!leHH~ 1-1 IlaMeil~MH yCTaHaBilHBa!lHCb CBHH~OBble c)l!lalKKI-1. 
0TCYTCTBHe 6~CTpbiX 3IleKTpOHOB KOHTPOilHPOBailOCb C~HHTHilil~~HOHHbiM 

3KpaHOM. 
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PHc.7. CxeMa H3MepeHHR rrapaMeTpoB HOHHoro rryqKa na

MemoHbiM p;aTtJHKOM: J .- naMenH, 2 - IIITOK, 3 - HOHOrrpo-
80,!1;0 4 - YCKOPRID~H coneHOH,ll;. 

~13MepeH~H noKa3an~, 4TO c naMene~ per~cTp~py~TcH nonom~Tenb
H~e 3neKTP~4ecK~e c~rHan~ /p~c.B/. PacnpeAeneH~e aMnn~TYA~ c~r
Hano8 no naMenHM no8TOpHeT pacnpeAeneH~e no paA~YCY B-aKT~8HOCT~ 
Ha M~weH~. nocToHHHaH cnaAa c~rHano8 c naMene~ 6n~3Ka K 8en~4~
He RH.cK, rAe CK= 5,8.10-9 - eMKOCTb Ka6enH. nonmK~TenbHble 
c~rHan~ c naMene~ npocnem~8a~TCH AO z = 110 eM, ~x MaKc~Manb
Hoe 3Ha4eH~e C pOCTOM Z nepeXOA~T Ha naMen~ C 6onbW~M paA~YCOM. 
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PHc.S. Oc~HnnorpaMMbi CHrHanoa c 
naMenen IT03H~HOHHO-tJyBCTBHTenb
HOrO p;aTtJHKa. PasaepTKa -
50 MKC/p;en. 

Ha p~c. 9 npeACTa8neHo pacnpeAeneH~e OTHOC~TenbHbiX 8en~4~H U JI /R JI• 
nponop~~oHanbH~x nnoTHOCT~ 3aPHA08. KaK cneAyeT ~3 pe3ynbTaTo8 
~3MepeH~H, pa3Mep~ noToKa 4acT~~ np~ nonomeH~~ naMene~ z JI = 89 CM 
COCTa8nH~T 10 + 2 MM ~ np~ nonomeH~~ naMeneH ZJI = 97 CM -
12,5 + 2 MM. Yrno8aH pacXOA~MOCTb, 8~4~cneHHaH Ha OCH08e 3T~X 
8en~4HH He3a8~C~Mo OT nonomeH~H o6nacT~ pa3AeneH~H, cocTa8nneT 
31 + 6 MPaA, 4TO 6n~3KO K 3Ha4eH~HM r~, nony4eHH~M C nOMO~b~ 

- 1 
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PHc.9. Pacrrpep;eneHHe rrnoTHOCTH sapRp;a a rrytJKe no 

nnHHe rrponeTHoro ytJaCTKa. 

Pe3ynbTaT~ ~3MepeH~~ no o6e~M MeTOA~KaM Aa~T 803MomHOCTb onpe
Aen~Tb nonepe4HY~ CKOPOCTb ~OH08,pa36poc no 3Hepr~HM 8 OAHOM 
~~Kne ~ 3M~TTaHc. Hcnonb3Y.R 3KCnep~MeHTanbHO nony4eHHOe 3Ha4eH~e 
f3 zi = 0' 05 /p~c. 26/' 4TO COOT8eTCT8yeT 3Hepr~~ V!OH08 E i "' 
"'1,2 M3B/HyKn., nony4~M f3ri = f3z·ri = 1.5·10-3· C4~TaH, 4TO 
pa36poc aKC~anbHbiX CKOpOCTeH ~OH08 o6ycn08neH KOne6aH~HM~ ~OH08, 
MOmHo np~HHTb /lf3zi = {3

1
i , TOrAa flEi/Ei =2f3ri /f3z=2rj= (,,2·10-~ 

H, HaKoHe~, 3M~TTaHc ~oHHoro ny4Ka 8 T04Ke pa3AeneH~H /8 ~Hn~HA
PH4eCKO~ c~cTeMe KOOPA~HaT/ fi =ITari ·f[ = 6,81TCM·MPaA. 3Ha-
4eHHH r i , !:!. Ei IE i H fi , nony4eHH~e np~ paan~4H~X KOM6~Ha~~.Rx 
pa3Mepo8, ~3MepeHH~X C nOMO~b~ aKT~8a~~OHHOH MeTOA~KH ~ naMe
neH, co8naAa~T c T04HOCTb~ He xyme 30%. OTHOC~TenbH~e ow~6K~ 8 
onpeAeneH~~ 8enH4~H !lEi/Ei H fi, nony4eHH~e c y4eTOM norpew-
HOCT~ onpeAeneH~.R ari ~ r [,cocTa8nH~T TaKy~ me 8en~4HHy.AnH npo-
8epKH o~eHoK 3HeprH~ ycKopeHHbiX HOH08, 8bl3~8a~~~x non8neH~e nono
mHTenbHoro c~rHana,naMen~ 3aKp~8an~cb TOHKHM~ nneHKaM~ H3 non~3-
THneHa. Ben~4~Ha c~rHano8 Ha KonneKTopax ocna6nHn~cb 8 - 4 paaa 
np~ TOn~HHe nneHK~ 10 MKM, npH TOn~~He nneHOK 2x20 MKM CHrHan 
ocna6nHncH 8 -15 paa H cpa8H~8ancH c ypo8HeM 3neKTpoMarH~TH~X 
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noMeX, 3TO CBHAeTenbCTByeT 0 TOM, 4TO 3HeprHR HOHOB, B~3~Ba~HX 
cHrHan~ naMene~, 6nH3Ka K 1 M3B/HyKn. 

B aaKn104eHHe pa6oT~ MO>KHO CAenaTb cneAYIOlJIHe B~BOALI: 
1. YcTpo~cTsa paaAeneHHR noasonRIOT B~AenHTb HOHH~~ noToK AnR 

aHanHaa npocTpaHCTBeHHo-yrnos~x xapaKTepHCTHK, 
2, npoH3BeAeHO H3MepeHHe XapaKTepHCTHK HOHHOrO nOTOKa nocne 

ycTpo~cTBa paaAeneHHR. CpeAHeKBaAPaTH4H~~ paAHanbH~~ paaMep Ma
noro Ce4eHHfl KOnb~eBoro HOHHOrO nOTOKa COCTaBnReT Ha paCCTORHHH 
23 CM OT MeCTa pa3AeneHHfl 8 + 1,2 MM H Ha paCCTORHHH 52 CM-
12 + 2 MM. YrnoBafl paCXOAHMOCTb HOHHOro nOTOKa pasHa 
30 + 6 MPaA, OTHOCHTenbH~~ pa36poc no 3HeprHRM B OAHOM ~HKne 
/6 + 2/ · 1 0- 2 , 3MHTTaHC HOHHOrO ny4Ka - /6,8 + 2, 2/11 CM· MPaA, 
PeaynbTaT~ H3MepeHH~ YAOBneTBOPHTenbHO cornacyiOTCfl c TeopeTH4e
CKHMH O~eHKaMH, 
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PyKonHCb nocTynHna B H3AaTenbCKH~ OTAen 
19 AeKa6pR 1983 roAa. 

AneKca~poa B.C. H AP· P9-83-862 
CenapaqHR KOMnoHeHTOa 3neKTpoHHO-HOHHWX Koneq H H3MepeHMe xapaKTepMCTMK 
MOHHWX noTOKoa Ha npoTOTMne KYTM 

npMBOARTCR peaynbTBTW 3KCnePMMeHT8nbHWX HCCneAOaaHMH npoqeccoa ~OPMM
poaaHMR H YCKOpeHMR 3neKTpoHHO-MOHHWX Koneq a CnaAa~eM MarHMTHOM none, 
napaMeTpw 3neKTPQHHOrO MOMnOHeHTa: Ne - /3 + 6,6/.10 2• •. - /2,5 + 0,5/MM, 
a, • /2,0 + 0,5/ MM. ~ HCCneAQB8HMR HOHHOrO KOMnOHeHTa npoHaaQAMTCR 
paaAeneHMe-3neKTpoHOa M MOHOa paanM4HWMM Cnoco6aMM /KOnneKTOP8MH H rpaAH
eHT8MM MarHMTHOrO nonA/, C nOM~bQ 8KTM88qHOHHoH MeTQAMKH M n03MqHOHH0-
4YBCT8MTenbHWX AeTeKTOpoa 3KCnePMMeHTanbHO On~eneHW yrnoaaR paCXQAMMOCTb 
M paSMepw YCKOpeHHWX MOHHWX nOTOKOa, MaMepeHHOB 3H84eHMe 3MMTT8HC8 CocTaanA• 
eT f( • /6,8 + 2,2/w•CM•MP8A• 3Ha4eHMe 3HeprMH YCKOpeHHWX HOHOa Ei • . 
'"1,2 1138/H)'l<roH, 3HepreTH4eCKMH paa6poc B OAHOM qHKne ~E1 /E;• 6·10- 2• 

Pa6oTa BMnOnHeHa a 0TAene HOBWX MeTQAoa ycKopeHHR OHRM. 

C~HMe ~MHeHHOrO MHCTMTyTa AAePHWX MCCneAO.aHM~. AY6Ha 1983 

Alexandrov V.S. et at. 
Electron-ion ·Ring Components Separation and Measurement 
of Characteristfcs of ton-Fluxes on the KUTI Prototype 

P9-83-862 

The results of experimental Investigations of the forming and accele
rating the electron-ion rings In the fallfng magnetrc field are described. 
Parameters of electron component are: Ne • /3 + 6.6/·10 11 , a, • /2.5'!;_0,5/ mm, 
a, • /2.0 + 0.5/ mm. For the Investigation of ion component electrons and 
IOJIIS are separated' with dlfferenc techniques /coll'ectors and aradlents of 
the magnetfc field/. The anaular dlveraence and dimension of the accelera
ted ion fluxes with activation analysis method' and steppTng-sensltlve detec
tors are measured. The measured value of emittance Is 'I •/6.8'!;_2.2/w cm·mrad. 
The energy of accetercrted Ions 11 1 Is equal to· 1,2 HeV/nucleon, The energy 
spread .t\E;IE1 In one cycle is equ·T to 6-Jo- 2• 

The i·nvestfga'tlon has been performed a-t the Department of New Accele
r•tlon H&thad&, JIHR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1983 
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