
COOtilllBHMR 
OtibBAMHBHHOrO 

MHCTMTYT8 
RABPHbiX 

MCCJIBAOB8HMM 

AYtiHa 

~ 0{) 
1(-6 

P9 - 12940 

B.,llJ1HKHH , A.A.Mo3eJies , B .n .CapaHues 

CHCTEMA n]H nHArHOCTHKH 

3]EKTPOHHO-HOHHhiX KO]Ell 

HA KOHE'IHOM 3TAOE C)KATHH 

8 AnrE3ATOPE KO]]EKTHBHOrO YCKOPHTE]H 

TH)I(E]blX HOHOB no TOPM03HOMY H3]Y'IEHHIO 

1980 



B KonneKT~BHOM ycKop~Tene T~~en~x ~OHOB c 3neKTPOHH~M~ 
KOnb~aM~/1 / HaKonneH~e ~OHOB npO~CXOA~T 3a C4eT ~OH~3a~~~ 
3neKTPOHH~M YAapoM H~TpanbH~x aToMoe ocTaT04Horo ra3a 
~n~ HeHTpanbH~x aToMOe, nonaew~x e o6DeM Konb~a ~3 ~Mnynbc­
HOH ra30BOH CTPY~· 06pa3oeaew~ec~ ~OH~ YAep~~ea~Tc~ BHYTP~ 
3neKTPOHHOrO KOnb~a ero 3neKTP~4eCK~M noneM ~ yCKOp~~TC~ 

BMeCTe C H~M. An~ HaCTPOHK~ YCKOP~Ten~ ~ npoBeAeH~~ ~~3~-
4eCK~X 3KCnep~MeHTOB Heo6XOA~MO onepaT~BHOe ~3MepeH~e 4~Cna 

3neKTPOHOB Ne ~ ~OHOB Ni B KOnb~e Ha KOHe4HOM 3Tane C~a­
T~~. ~enaTenbHO e Ka~AOM ~~Kne pa6oT~ ycKop~Ten~. H3eeCTH~e 
MeTOA~ ~3MepeH~~ 4~Cna ~OHOB no B~XOAY BTOP~4H~X npOAYKTOB 
RAePH~X peaK~~H / 2/ ~ BTOP~4Ho-3neKTPOHHOH 3M~cc~~ 131 ~Me~T 
o6~~H HeAOCTaTOK - 3neKTpOHHO-~OHH~H crycTOK pa3pywaeTC~ 
np~ nonaAaH~~ Ha OA~H ~3 3neMeHTOB ~3Mep~TenbHOrO ycTpOHCTBa. 

An~ ~ccneAOBaH~~ npo~ecca HaKonneH~~ ~oHoe 6e3 pa3pyweH~~ 
3neKTPOHHO-~OHHOrO KOnb~a npeAnOmeHa MeTOA~Ka Ha OCHOBe 
per~cTpa~~~ xapaKTep~cT~4ecKoro peHTreHOBCKoro ~3ny4eH~~ 
HOHoe 141 , no3eon~~~a~ e np~H~~ne onpeAen~Tb KaK 3aP~AHOCTb 
~OHOB, TaK ~ ~x nonHoe 4~cno. 0AHaKo 3TOT cnoco6 He np~ro­
AeH An~ ~HA~Ka~~~ ~OHOB nerK~x ~ cpeAH~x 3neMeHTOB ~3-3a 
ManoH 3Hepr~~ xapaKTep~cT~4ecKoro ~3ny4eH~~. a TaK~e Tpe6yeT 
ycpeAHeH~~ no MHOr~M ~~KnaM 3B~AY ManOH CTaT~CT~K~, 4TO 
n~waeT ero onepaT~BHOCT~. 

B AaHHOH pa6oTe npeAnaraeTc~ MeTOA, cy~HOCTb KOToporo 
3aKn~4aeTC~ B TOM, 4TO per~CTp~pyeTC~ TOPM03HOe ~3ny4eH~e 
3neKTPOHOB, B03H~Ka~ee np~ ~X B3a~MOAeHCTB~~ C KynOHOBCK~M 
noneM ~AeP ~oHoe. nocKonbKY ~oH~ YAeP~~ea~Tc~ BHYTP~ 3neKT­
pOHHoro KOnb~a, TO ~X nnOTHOCTb B KOH~e npo~ecca HaKOnneH~~ 
cy~eCTBeHHO npeBOCXOA~T nnOTHOCT~ HeHTpanbH~X aTOMOB OCTa­
T04HOro ra3a 151 /Ha 2-3 nopRAKa/. BcneACTB~e 3Toro MO~Ho 
CYA~Tb o 4~cne HaKonneHH~x ~OHOB, ~3MepRR ~HTeHc~BHOCTb Top­
M03Horo ~3ny4eH~R 3neKTpOHOB Ha KOHe4HOM 3Tane c~aT~R 
3neKTPOHHO-~OHH~X KOne~ B aAre3aTOpe KOnneKT~BHOrO yCKOPHTe­
n~ TR~en~X ~OHOB. 

Be~AY 6onbWOH 3Hepr~~ 3neKTpoHoe /15-20 M3B/ ~ Hee~coKoH 

3ap~AHOCT~ ~OHOB 3KpaH~POBKOH KynOHOBCKOro non~ RApa 3neKT­
pOHH~M~ 060n04KaM~ MO~HO npeHe6pe4b 161, TaK 4TO ~HTeHC~BHOCTb 
TOPM03HOrO ~3ny4eH~~ He 3aB~C~T OT 3ap~AHOCT~ ~OHOB. 

BKnaAOM e TOPM03HOe ~3ny4eH~e 3neKTpOHOB Ha ~oHax TOpMo3-
Horo ~3ny4eH~~ 3neKTPOHOB, nonaAa~~x Ha cTeHK~ KaMep~ aAre-
3aTopa e pe3ynbTaTe ynpyroro pacceRH~~ 3neKTPOHOB Konb~a, 

KaK 6~no noKa3aHo e pa6oTe 171 , MO~Ho Ta~e npeHe6pe4b, TeM 
6onee, 4TO 3Hepr~~ 3neKTPOHOB e AaHHOM cny4ae Ha nopRAOK 
6onbwe, 4eM e 171

. 
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AnnapaTypa, perHCTP~'~PY~~aH TOpM03HOe H3ny4eHHe 3neKTPOHOB 
Ha HOHax , e~nonHeHa e cTaHAapTe KAMAK 1-1 pa6oTaeT Ha nHHHH 
c 3BM T PA-i. 3To no3 eonHeT B Te4eHHe ~HKna ycKopHTenH, 
AnHTenb HOCTb KOTOpOrO pasHa 2 C, npOH3BeCTH C4HT~BaHHe, o6pa-
60T KY 1-1 B~BOA HH~OpMa~HH 0 4HCne HOHOB 1-1 3neKTPOHOB B KOnb­
~e . np~ H3MeHeHHH pemHMa pa60T~ yCKOPHTenH npOH3BOAHTCH 
KOppeK~ HH nporpaMM~ o6pa60TKH H H~OpMa~HH nyTeM BBeAeHHH 
c TeneTa~ na H3MeHe HH~x napaMeTpoe. AnH pa6oT~ c annapaT~­
po~ KAMAK Hcnonb3yeTcH pacwHpeHH~~ eapHaHT ~3~Ka ~OKAfl 1

. 

06mEE On HCAHHE CHCTEM~ 

H3MepeHHe TOpM03Horo H 3ny 4eHH~ 3ne KTpOHOB npoH3BOAHnocb 
C nOMO~ b~ OAHOKpHCTan bHOro y -cneKT pOMeTpa C KpHCTannOM 
NaJ(Tl), HaXOAHBWe roc~ B CBHH~O BO~ 3 a~HTe . 

6noK-CXeMa CHCTeM~ npHBe AeHa Ha PH C. 1. C ~OT03neKTPOH­
HOro YMHOmHTenH /~3Y/ CHrHan~ nOCTyna~T Ha BXOA AHC KpHMH­
HaTopa. C B~XOAa AHCKPHMHHaTOpa CHrHan nOAaeTC~ Ha BXOA 
CTp061-1pyeMoro C4eT4HKa Tl't na KC- 0 12. C~-1 rHan 3anycKa III cTy­
neHH cmaTI-1~ c aMnni'ITYAO~ 30 B nocTynae T Ha BXOA npeo6pa3oea­
Ten~ Tl'tna 053, KOTop~~ npeo6pa3yeT ero e CHrHan e CTaHAapTe 
NIM. 3aTeM I'!Mnynbc AOCTI'traeT BXOAa ynpaen~eMo~ 3aAepmKH 
THna 051. Al-1ana30H perynHpOBKH 3aAepmKH cocTaen~eT 
/2 16 -1/0,1 MKC C waroM 0,1 MKC. 3aAepmaHHbl~ HMnynbC no­
CTynaeT Ha BXOA OAHoro H3 4eT~pex Ta~Mepoe MOAynH KAMAK 
THna 312, KOTOp~~ B~nonH~eT ponb ~OpMHpOBaTen~ CTp06Hpy~~e­
ro HMnynbca AnHTenbHOCTb~ 200 MKc.Aanee OH noAaeTC~ Ha COOT­
BeTCTBY~~I-1~ BXOA c4eT4HKa. BpeMeHHa~ AHarpaMMa npHBeAeHa Ha 
PI-1C. 16. 

a/ 
o·$ t is i z. .5 x fO·"Ja"' • 

6/ 

PHC. 1. a/ 6nOK-CXeMa CHCTeM~ 1-13MepeHHR npOI-13BeAeHHR 41-'tCna 
I'IOHOB ~ 3neKTpOHOB Ha KOHe4HOM 3Tane cmaTI'!R B aAre-
3aTOpe KYTH no TOPM03HOMY H3ny4eHI-1~, 6/ epeMeHHa~ AHarpaMMa. 
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HH~pMa~l-1~ H3 C4eT4HKa nepeAaeTCR e 3BM TPA-i nocne 
npHXOAa cHrHana LAM . CHrHan LAM e~pa6aT~eaeTc~ MOAyneM 
KAMAK THna KC-012 nocne npHXOAa cTpo6Hpy~Hx HMnynbcoe Ha 
EXOA~ I H n npl-1 OTKn~4eHH~X C4eT4HKax III H IV, no3TOMY 
Ha BXOA C4eT41-1Ka II noAaeTC~ KOPOTKH~ HMnynbc C 113aAepmaH­
HOr011 B~XOAa Ta~Mepa. Aanee nony4eHHa~ co C4eT4HKa HH~pMa-
~HR o6pa6aT~BaeTC~ 1-1 pac4eTHOe N e .Ni B~BOAHTCR Ha Tene-
Ta~n HnH AHcnne~ VT-340 . 

nPOrPAMMA 06PA60TKH 

AnR noe~weHHR T04HOCTH B~4HcneHI'!H N e ·N i - npOI-13BeAeHH~ 
4HCna HOHOB H 3neKTpOHOB B KOnb~e no H3MepeHHO~ HHTeHCHB­
HOCTH TOpM03HOrO H3ny4eHHR nporpaMMa o6pa60TKH 6~na pa36HTa 
Ha ABe 4aCTH. CHa4ana npoH3BOAHnocb B~4HCneHHe 1-'tHTerpanbHoro 
3Ha4eHH~ Ce4eHHR TOpM03HOrO H3ny4eHH~ 3neKTpOHOB C y4eTOM 
3KCnepi-1MeHTanbH~X 3Ha4eHH~ 3~~eKTHBHOCTH perHCTpa~HH 
f (Ey ,EH ): 

Ee 

<I> ( z 0) = I f( E y ' EH ) d <I> ( z 0 ' E y). I 1 I 
EH 

rAe EH- 3HeprH~, COOTBeTCTBy~~a~ Y~OBH~ AHCKpHMHHa~HH, 
E e - 3HeprH~ 3neKTPOHOB, d<l> ( zo ,E y )- AH~~epeH~HanbHOe 
Ce4eHHe TOPM03HOrO H3ny4eHH~ / 9 / 3neKTPOHOB: 

4zg 2 E 2 
d<l>(z 0 ,E y )=--r 1[1 +(1- ...:::L) -

137 e y 

E - 11 3 _ _g_ (1- _Y_ )]ln(183 z o 
3 y 

1 E 
)+ -gCl- ~)I. 

y 

/2/ 

rAe Zo - 3ap~A RAP a HOHa, r e - KnaccH 4eCKH~ paAHYC 3neKTpo­
Ha, E y H y- ~OOTBeTCTBeHHO 3HeprHR y - KBaHTa H 3neKTpOHa 
B eAHHH~aX me. rpa~HK 3aBHCHMOCTH HHTerpanbHOrO Ce4eHH~ 
TOpM03HOrO H3ny4eHH~ 3neKTpOHOB, C y4eTOM 3~~eKTHBHOCTH 
perHCTpa~HH <l>(z 0 ), OT EH An~ a3oTa (z = 7) nOKa3aH Ha pHc . 2. 
6noK-cxeMa eTopol:i 4aCTH nporpaMM~ o6pa6oTKH npHBeAeHa Ha 
pHc. 3. Ynpaen~eMo~ 3aAePmKo~ ycTaHaBnHeaeTc~ epeMeHHOe no­
nomeHHe CTp06Hpy~erO HMnynbCa 8 3aBHCHMOCTH OT pemHMa pa-
60T~ ycKOPHTenH. nocne B~pa60TKH C4eT4HKOM CHrHana LAM 
HH~OpMu~H~ H3 C4eTUHKa C4HT~BaeTC~ 38M H Aanee npOH3BOAHTC~ 
pac4eT npOH3BeAeHH~, ce~3aHHoro c Ny -HHTeHCHBHOCTb~ Top­
M03Horo H3ny4eHH~ 3neKTPOHOB,C noMO~b~ cneAy~eH ~pMyn~: 

N · 
N = c. T. N • _l_ • <I> ( z ) • G I 31 

Y e V 0 ' 
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<I> ( sarH.) 

10-1 

P1-1c. 2. 3Ha4eHI-1e I-1HTerpana oT d<ll(z 0 ,EY) 

KaK $yHK~I-1R HI-1*Hero npeAena 1<1HTerp1-1poea-

HI-1R EH AllR aaoTa: z = 7 1-1 y = 30 . 

_
2 

EH (MeV) 

10 0 ,5 1 1.5 2 2.5 3 

P11c. 3. onoK-cxeMa nporpaMMbl 

113MepeHI1R NiNe . 

I 

rAe C - CKOpOCTb C8eTa, T - 8peMR 113MepeHI1~, pa8HOe Alli-1TeJlb­
HOCTH CTpo6a C4eT411Ka, V - 06DeM 3JleKTPOHH0-110HHOrO KOJlb-
~a 1 10 1 , G - reoMeTPH4eCK11H $aKTOP per11cTpa~1-1H TOpM03Horo 113-
ny4eHI1R, KOTOPbiH onpeAeJlReTCR TeM, 4TO np11 3Heprl111 IJleKTpO­
HOB E >> rn C 2 TOPM03HOe 113Jly4eHHe cocpe,d,OT04eHO n04TI1 BCe 
8 KOHyce C paCT80pOM () "'t 11 4TO np11 epa111eH1111 3JleKTpOH08 
no ·. op611Te e anepTypy AeTeKTopa nonaAael' 4aC,Tb nonHoro noToKa 
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I-13Jly4eHI-1R aa OAI-1H o6opoT, onpeAenReMaR nono*eHI-1eM AeTeKTopa. 
CneAOBaTeJlbHO, reoMeTPI-14eCKI-1H $aKTOP MO*HO npeAcTaBI-1Tb e BI-1-
Ae npoi-13BeAeHI-1R G(a, y)"' G1 • G2 , rAe G1 - eeni-141-1Ha, onpe­
AeJlR~aR, KaKaR 4aCTb y - KBaHTOB OT nOJlHOrO KOJll-14eCTBa, I-13-
Jly4aeMOro KOJlb~OM aa OAI-1H o6opoT, nonaAaeT e AeTeKTop. KaK 
BI-1AHO 1-13 p1-1c. 4, G 1 = !!.. , rAe a= ..L , r - paAI-1YC anepTypbl 

TT L 

P1-1C. 4. reoMeTpi-1R 

3Kcnep!-1MeHTa. 

3/lekmpoHHoe 
I<O/Ib"1.40 

gemeKrop 
R'8'=zr9em 
A A' • L. J_.r 
"'"-L 

AeTeKTOpa, L- paccTORHI-1e OT T04KI-1 l-131ly4eHI-1R AO ~eHTpa Ae-
1'10 

TeKTOpa. G 2 eCTb OTHOWeHI-1e TeJleCHbiX yrJlOB: 0 2 = ( tifilleT ), 
2 (} f3 TT l13 Ji 

rAe t1 n T = TTa t1 n =f3. 4rr sin2 -2 = --.,....-. . Ko3$$1-1~H-
JJ.e • l13JI Y" 

eHT f3 B03HI1KaeT 3a C4eT y4eTa yrno8oro pa36poca 8eKTopa 
CKOpOCTH 3JleKTPOHOB 8 C*aTOM KOJlb~·e 8 paAI1aJlbHOM Hanpa8Jle­
HI111 cp r 11 aKCI-1aJl bHOM cp z: 

.+. -v 
"fJr,z - r,z 

~ 
R /4/ 

rAe vr =vl-n , vz = v n, n - noKaaaTeJlb cnaAa MarHHTHoro 
nOJlR, ar , z - COOT8eTCTBeHHO paAI1aJlbHbiH H aKCI1aJlbHbiH pa3Me­
pbl ce4eHI1R KOllb~a. C y4eTOM 3THX napaMeTpo8 G2 onpeAenReT­
CR KaK 

G2 = 
rra 2 rra2 

= /5/ 
4 ( ¢ + .!... ) (¢ + .!... ) 4(¢ ¢ +.!...(¢ +cf> ) + ~) r y z y r z y r z y 

TaKI1M o6pa30M, nonHaR reoMeTpH4ecKaR 3$$eKTI18HOCTb onpeAe-
JlReTCR 8blpa*eHHeM 

a3 
G= 

4 (lf .Vz 
ar .az 1 v ar vz a z 1 +- ( r 

/6/ 
R2 y R + 

R 
+-

y2 

Aanee pac4eTHoe N 1Ne 8bi80AHTCR Ha TeJleTaHn 111111 AHcn-
neH VT-340, a nporpaMMa 8038Pal!laeTcR e MecTo 0*11AaHI1R LAM 
Cl1 rHaJla 11 ~H KJl 008TOpaeTCR. ·. 
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PE3YflbTATW H3MEPEHH~ H OUEHKA OWH6KH 

MHHHManbHa~ per~cTp~pyeMa~ C~CTeMOH ~3MepeH~~ een~4~Ha 

npo~aeeAeH~~ Ha KOHe4HOM 3Tane cmaT~~ e aAreaaTope KYTH 
COCTaBn~eT 5 ·1 022

• ,/ln~ cny4a~ HaKonneHH~ ~OHOB ~3 OCTaT04HO­
ro raaa oHa HaXOA,~nacb e npeAenax /8+3/• 1023

• YcKop~Tenb 
pa6oTan e pem~Me e~BOAa, AaeneH~e ocTaT04HOro raaa e KaMepe 
aAreaaTopa 6blno paeHo "'7 .lQ-8 Top. Ol.leHKa ow~6KH npoHaeo­
A~nacb no aHan~3y norpeWHOCT~, AaBaeMOH KOMnOHeHTaM~, BXOA~­

Ul~M~ e pac4eTHYIO ¢opMyny131. HaMepeHHa~ I-1HTeHc~BHOcTb Ny noA-
4~H~eTc~ pacnpeAeneH~IO nyaCCOHa, ~ OTHOC~TenbHa~ OW~6Ka 

1 
8(NY) = v'Ty S. 12%. BoaH~KaJOUla~ Ha-aa norpewHocT~ e reoMeT-

PH4ecKOM MOAen~pOBaH~H OTHOC~TenbHa~ OW~6Ka 8(G) $10% 
0THOCHTenbHa~ ow~6Ka ,nony4eHHa~ ~a-aa norpeWHOCTH np~ pac-
4eTe ce4eHH~ TOpM03Horo ~any4eH~~, 8 (<I>( z 0 )).:>: 10% . BoaH~­
KaiOUla~ ~a-aa norpewHOCT~ np~ pac4eTe o6"beMa KOnbl.la OTHO­
c~TenbHa~ ow~6Ka 8(V)- 7-8%. 

Bee 3TO AaeT OCHOBaH~e CAenaTb BbiBOA, 4TO 06Ula~ OTHOC~­

TenbHa~ OWH6Ka C~CTeMbl ~3MepeH~~ BenH4~Hbl npOH3BeAeH~R NiNe 
Ha KOHe4HOM 3Tane cmaTH~ 3neKTpOHHO-~OHHbiX KOne1.1 B aAreaa­
TOpe 8(Ni·Ne )S, 40%, 

0cTanbHble KOMnOHeHTbl CyUleCTBeHHOrO BKnaAa B OW~6K~ He 
BHOC~T. 

B 3aKnl04eH~e aeTOpbl C4~TaJOT ceo~M np~~TH~M AOnroM no5naro­
AaP~Tb B.A. Ce~P~AOBa a a none3Hble coeeTbl ~ o6cymAeH~~, C. H. TIO­
TIOHH~Koea 3a nOMOUlb B pa6oTe, B.C.AneKCaHAPOBa, ~.H.AneKca­
X~Ha ~ r.,ll.W~pKOBa 3a npeAOCTaBneHH~e pac4eTbl. 
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