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BBEAEHHE 

8 CBJl3H C HHTeHCHBHbiM pa3BHTHeM penJlTHBHCTCKOH R,qepHOH <!>H-
31-lKI-1 BCe 6onbWy~ ~eHHOCTb npe,qCTaBnJl~T HCCne,qoBaHHR B3aHMQ
,qel:iCTBHH nerKHX penJlTHBHCTCKHX R,qep C npOCTeHWHMI-1 06beKTaMH, 
TaKHMI-1, KaK, HanpHMep, npOTOH, Ha1-16onee HHTepeCH~MI-1 RBnJl~TCJl 

C06~TI-1Jl B 06naCTRX, npe,qenbH~X no KHHeMaTHKe, COnpOBOlK,qa~~He
CJl B~neTOM 4aCTH~ C HMnynbCaMH, 3anpe~eHHbiMH ,qnJl HYKnoH-HyK
nOHHOro pacceJlHHJl. npl-1 3TOM HMnynbC na,qa~~ero R,qpa B pac4eTe 
Ha HyKnOH ,qonlKeH COCTaBnJlTb2:4 f38/c, 7te, nO-BH,L:IHMOMy, ,L:IOCTH
raeTCJl pelKHM 11npe,qenbHOH <t>parMeHTa~HI-1 11 11 • 

HHKn~3HBH~e cneKTP~ BTOPH4H~X 4aCTH~ H3MepeH~ K HaCTOR~eMy 
BpeMeHH B WHPOKOM f,Hana30He HMnynbCOB BnnOTb ,qo Ce4eHHH 
1 o-

31 
- 1 o-32 CM 2 12

• 
1• O,qHaKo ,qnR BbiRCHeHHR MeXaHH3MOB B3aHMO

,qel:icTBHJl npH 3KCTpeManbHbiX ycnOBHJlX BalKHO nony4eHHe nonHOH 
HH<!>OpMa~HI-1 0 C06biTHH, BKn~4aR pa3nH4HOrO po,qa KOppenR~I-11-1 npo
AYKTOB CTOnKHOBeHHR. npHMeHeHHe TpeKOBbiX npH6opoe I CTPHMepHaR 
KaMepa, BO,L:IOPOf.HaJl ny3blpbKOBaR KaMepa/ ,qaeT TaKy~ B03M01KHpCTb. 

Bbt6op Jl,qpa He o6ycnoeneH TeM, 4TO 3TO o,qHo 1-13 npocTel:iwHx 
/B Tpa,qH~HOHHOM nOHHMaHHI-1/ Jl,qep, CO,qeplKa~ee nHWb O,L:IHH HeHTpOH. 

np~o-1 CTOilKHOBeHHI-1 C npOTOHOM BCe peaK~I-11-1 6e3 o6pa30BaHHR 
Me30HOB nonHOCTb~ KHHeMaTH4eCKH onpe,qeneHbl, 4TO ,qaeT B03MQIK
HOCTb, e 4aCTHOCTH, H3y4aTb pa3ean 3He e peaK~HH 3 He .... pppn, 
B TOM 41-lCile 1-1 B o6naCTH 6onbWHX nepe,qaHH~X HMnynbCOB. 

B ,qaHHoA pa6oTe onHc~eaeTcR KaHan MarHHTHOH onTHKI-1, <t>opMI-1-
PY~~I-lA ny4oK R,qep 3 He H HanpaenR~~I-1A era Ha eo,qopo,qHy~ ny3blpb
Koey~ KaMepy, a TaKIKe npHMeHReMaR e OHHH cHcTeMa o6pa6oTKH 
co6~THA. B pa6oTe npHBOARTCR ,qaHH~e no eenH4HHaM TononorH4e
CKHX Ce4eHHH 1-1 B~XO,qy rr--Me30HOB H ,qeATpOHOB B 3Hep -e3aHMO
,qeACTBHRX np~o-1 13,5 f3B/c. 

§1. KAHAn TPAHCnOPTHPOBKH 4ACTHU 

Ha pHc. 1 npe,qcTaeneHa cxeMa KaHana, TpaHcnopTHPY~~ero yc
KopeHHble R,qpa H R,qpa, o6pa3y~~HeCR B pe3ynbTaTe B3aHMO,qeHCTBHH 
R,qep B~BO,L:IHMOrO 1-13 YCKOPHTeilR ny4Ka C R,qpaMH BHeWHeH MHWeHH. 
Pacxo,qR~HACR Ha B~XO,qe 1-13 YCKOPHTeilR ny40K R,qep <!>OPMHpyeTCR 
B napanneilbH~A npM nOMO~H ,qy6neTa MarHHTH~X IlHH3 6Mn15, 6Mn16, 
3aTeM noeopa4HBaeTcR MarHHTaMH 6Cn94, 3Cn94 w 1Cn1o. CyMMap
H~A yron noeopoTa AilR RApa 4He HMnynbca 13,5 f3B/c COCTaBnReT 
::13o · fly6neT mtH3 4Mn15, 9Mn17 <!JORMVIPY'e"r 'ITePBOe P1300palR'effi-1e 
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PHc.l. CxeMa KaHana TpaHcnopTHPOBKH nyqKa RAep He 
Ha BOAOPOAHYID KaMepy, 

11MHWeHH 11 B ropH30HTanbHOH 1-1 eepTHKanbHOH nnoCKOCTRX nocne Mar
HI-ITa 4Cn12A /yron noeopoTa ~14,5°/, rAe ycTaHaenHeaeTcR Kon
nHMaTop K1, 04H~aw~HH ny4oK oT $OHOB~X 4aCTH~. MarHHTH~e nHH-
3~ 8Mfl17, 10Mfl17 nepeBOART H306pameHHe Ha BXOA MarHHTa 1Cn12A, 
rAe ycTaHaenHeaeTCR KonnHMaTop K2. 3a 3THMH nHH3aMH pacnonomeH 
A03HPYID~HH MarHHT KM, KOTOPbiH yBOAHT H3nHWHIDID H•HTeHCHBHOCTb 
ny4Ka RAeP c ~enH KonnHMaTopa K2. KonnHMaTop K2, KaK 1-1 K1 ,cno
co6cTeyeT yMeHbWeHHID $oHa. MarHHT 1Cn12A HanpaenReT ny4oK Ha 
BOAOPOAHYID KaMepy BK-100 /yron noeopoTa 16°/, a AY6neT nHH3 
15Mfl17, 16Mfl17 o6ecne4HBaeT nony4eHHe H306pameHHR Heo6XOAHMOH 
npocTpaHCTBeHHOH KOH$Hrypa~HH B 06beMe BOAOPOAHOH KaMep~. 

B CBR3H c TeM, 4TO RAPa 4He npH B3aHMOAeHCTBHH c MHWeHbiD 
1-13 nerKHX RAep AaiDT HHTeHCHBH~H B~XOA BTOpH4H~X RAep 3He CO 

m3He 0 12 
cpeAHHM HMnynbCOM P- --- 1-1 cpeAHHM yrnoM BblneTa 0- -'-paA, 

m4He P 
OKa3anOCb B03MOmHbiM C nOMO~biD 3TOrO me KaHana C$OpMHPOBaTb ny-
40K RAep 3He, noMeCTHB e Ha4ane KaHana MHWeHb 1-13 nneKcHrnaca 
/5 r/cM 2/. n':lpaMeTpbl ny4Ka: P = /13,50+0,06/ r3B/c, <t.-.p2:,Y2,. 
= 0,3 r3B/c, <!.-.¢ 2 > Y2= 0,006 paA. -

B yKa3aHHOM ny4Ke 6~na npoeeAeHa 3Kcno3H~HR 100-caHTHMeT
poeoH BOAOPOAHOH ny3~pbKOBOH KaMep~. 

§2. 06PA60TKA C06WTH~ 

c~eMa npo~ecca o6pa6oTKH noKa3aHa Ha pHc.2. Ha Ha4anbHOM 
era 3Tane oT6HpanHCb HOMepa $oTonneHoK, KOTQP~e AOnmHbl o6pa6a
T~earbcR. 3T~ AaHH~e Hcnonb3oeanHCb AnR $OPMHpoeaHHR epeMeHHo
ro K':lTanora co6~THH, B KOTOpOM AnR KamAOH $OTOnneHKH pe3epBH
poeanocb noCTORHHOe 41-!Cno enos. 
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PHc.2. CxeMa npo~ecca o6pa6oTKH 
C06biTHtf, 

Pe3ynbTaT~ npocMoTpa 3aHocH
nHCb Ha nep$oKapT~ 1-1 nocne cpae
HeHHR AaHH~x ABYX He3aBHCHM~X 
npOCMOTPOB HCnOnb30BanHCb AnR 
COCTaeneHHR nonHero CnHCKa HaH
AeHH~X co6~THH, RBnRw~erOCR 6a30H 
nOCTORHHOrO KaTanora, B KOTOpOM 
$HKCHPYIDTC~ 3Tan~ nocneAYID~ero 
aHanH3a npo~ecca o6pa6oTKH. 

H3MepeHHR npoH3BOAHnHcb c no
MO~biD CKaHHpyw~ero aBTOMaTa 
1-1 nonyaBTOMaTH4eCKOH CHCTeM~. 

MarHHTH~e neHT~ c pe3ynbTaTaMH 
H3MepeHHH KOnHpOBanHCb Ha AHCK 
3BM CDC-6500. npl-1 3T0~1 ~-~~tcnacb 

B03MOmHOCTb npoeepKH Ka4CCTBa 
H3MepeHHH,B 4aCTHOCTH,Ha OTCyTcT
BHe CHCTeMaTH4eCKHX OWH60K, 

Pe3ynbTaT~ H3MepeHHH o6C4HT~BanHCb no nporpaMMe rEOKHH, 
KOTOpaR BOCCTaHaBnHBaeT npocTpaHCTBeHHYID KapTHHY co6~THH 1-1 
npOBOAHT HX KHHeMaTH4eCKHH aHanl-13, BKniD4aR npeA'eapHTenbHbiH 
OT6op rHnOTe3 0 Maccax BTOPH4HbiX 4aCTH~. Pe3ynbTaTbl C4eTa Ha
KannHBanHCb Ha AHCKe, a 3aTeM nepenHCbiBanHCb Ha MarHHTHble neH
Tbl. AnR o~eHKH AOCToBepHocTH nony4eHHbiX pe3ynbTaToe HMencR 
cne~HanbHbiH naKeT nporpaMM. 

0KOH4aTenbHaR HAeHTH$HKa~HR C06biTHH npoBOAHnacb B XOAe AO
nonHHTenbHOrO npOCMOTpa $OTOnneHKH. 

HH$opMa~HR o6 oTo6p~HHbiX rHnoTe3ax nepenHCbiBanacb Ha Mar
HHTHble neHT~ CYMMapHblx•pe3ynbTaTOB /flCP/. 

OcHOBHble 3Tanbl npo~ecca o6pa6oTKH /H3MepeHHR, o6c4eT no 
nporpaMMe rEOKHH, $OpMHPOBaHHe flCP/ KamAOrO co6~THR $HKCHpo
eanHCb e KaTanore c noMo~biD cne~HanbHbiX $naroe. npocMOTP KaTa
nora Ha 3BM n03BOnRn nony4aTb HH$OpMa~HID 0 TeKy~eM COCTORHI-11-1 
o6pa60TKH. 

§3. 06CY~AEHHE PE3YflbTATOB 

B3aHMOAeAcTBHR RAeP 3He c npoToHaMH xapaKTepH3YIDTCR npoc
TbiMH oco6eHHOCTRMH, CBR3aHHbiMH C coxpaHeHHeM CYMMapHOrO 3apRAa 
1-1 6apHOHHOrO 41-!Cna. 0HH 3aKniD4aiDTCR B TOM, 4TO 3He 6yAeT npH
cyTCTBOBaTb cpeAH npOAYKTOB B3aHMOAeHCTBHR TOnbKO B 4eTHbiX 
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PHC. 3. p acnpep;eJieHHe BTOpH'IHbiX 
tiaCTHIJ; no HMllYJibCaM B C06bJTH.RX 
C HetieTHOH TOllOJIOf'HeH. 
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TOnonorHRX, T.e. B C06~THRX C 4eTH~M 4HCnOM BTOPH4H~X aapR~eH
H~X 4aCTH~, Hao6opoT, RApa AeHTepHR - TOnbKO B ~e4eTH~X. 0TpH
~aTenbHO aapR~eHH~e 4aCTH~~ /rnaaH~M o6paaoM rr--MeaoH~/ o6pa-
3YIOTCR no OAHOH B 4- H 5-ny4eB~X C06biTHRX, no ABe B 6- H 7-ny-
4eB~X H T.A. YKaaaHH~e npaaHna noaaonRIOT o~eHHTb nonepe4H~e 
ce4eHHR a~XOAa RAeP 3 He H 2 H, a TaK~e rr- -Me30HOB, He npH6e
raR K KHHeMaTH4eCKOH HAeHTH~HKa~HH peaK~HH. 

Ha pHc.3 noKaaaHo pacnpeAeneHHe no aenH4HHe H3MepeHHoro HM
nynbca~BTOPH4HbiX 4aCTH~ B He4eTH~X TOnonorHRX. 0T4eTnHBO 
BHAHbl nHKH CTpHnnHHrOB~X npOTOHOB B paHOHe 4,5 r3B/c H AeHTpo
HOB B paHOHe 9, 0 r3B/ C. npH o~eHKe BbiXOAa AeHTPOHOB npHHHMa
nacb ycnOBHaR rpaHH~a OTAeneHHR HX OT npOTOHOB npH 6,75 r3B/c. 

O~eHKa nonHero nonepe4Horo ce4eHHR npoH3BOAHnacb Ha ocHoae 
peaynbTaTOB OT6opa co6~THH B B~6paHHOH pa6o4eH o6naCTH H C4eTa 
ny4KOBbiX TpeKOB RAeP 3He Ha BXOAe B pa604YIO o6nacTb. Ei~na 
onpeAeneHa 3~~eKTHBHaR AnHHa o6naCTH, rAe OT6HpanHCb C06biTHR 
C f = /33,3+0, 1/ CM. 

BenH4HHa-nonHoro ce4eHHR onpeAenRnacb o6bi4HbiM cnoco6oM: 

= _1_ ln _ _....:;;1 __ _ 

nf 1-N83 /No 
a tot 

rAe n- 4HCno RAeP BOAOPOAa B 1 CM3 ,f - 3~~eKTHBHaR AnHHa 
pa6o4eH o6naCTH, No - 4HCnO nepBH4H~X TpeKOB Ha BXOAe B 3TY 
o6nacTb, N83 - 4HCno eaaHMOAeHCTBH~ B pa6o4e~ o6nacTH c y4eToM 
3~~eKTHBHOCTH npoCMOTpa H CHCTeMaTH4eCKHX nOTepb B ynpyroM 
pacceRHHH: 
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N2 7 
N =k--+ l: 

B3 

Ni 

£2 i=3 fi 

!£! - 3~~eKTHBHOCTb npocMoTpa AnR co6~TH~ c 4HCnoM ny-
4eH i I. 

O~eHKa CHCTeMaTH4eCKHX noTepb npoBOAHnacb Ha OCHOBe cpaBHe
HHR AH~epeH~HanbHoro ce4eHHR ynpyroro p 3He-pacceRHHR c pac-
4eTaMH no MOAenH MHoroKpaTHoro pacceRHHR /pHc.4/. Pac4eT~ npo
BOAHnHCb no ~OpMynaM pafiOTbl/4/ B KOTOPOH napa;;eTPH3a~HR aMnnH-, 
TYAbl HYKnoH-HyKnOHHoro pacceRHHR npoToHa Ha j -M HyKnoHe RAPa 
npHHHManacb B BHAe 

(i +aj ) 1 2 
r.(p.~)= pa.exp(--2 aj~ ), 
J "- J 

a nnOTHOCTb OCHOBHOrO COCTORHHR BOnHOBOH ~YHK~HH RApa - KaK 
2 A -+ 

I.P 0 I = n p . (r J. ) 
j= 1 J 

H 2 2 
p j = p 0exp (-r /R ) . 

npH 3TOM nonaranocb, 4TO nonHoe ce4eHHe HyKnoH-HyKnoHHoro pac
ceRHHR a j = 42 M6, OTHOWeHHe AeHCTBHTenbHOH 4aCTH K MHHMOH a j = 
= -0,3, PaAHYC RAPa 3He <R 2 > ~= 1,88 ~M. 

noTepH C06~THH B HHTepeane KBaApaTa 4eT~pexMepHoro nepeAaH
HOro HMnynbCa /0,00-0,02/ r38/c2 COCTaBHnH 44%. 

OnpeAeneHHe nonepe4H~x ce4eHHH 3Hep-eaaHMOAeHCTBHR npoae
AeHo Ha o6~eH cTaTHCTHKe 17242 co6~THR. Eiea y4eTa noTepb non
HOe Ce4eHHe O~eHeHO KaK atot =102,6 M6, a Ce4eHHe ABYXny4eB~X 
C06~THH - KaK a 2 = 14, 1 M6. 

~aHH~e, Y4HTbiBaiO~He CHCTeMaTH4eCKHe noTepH, npHBeAeH~ B 
Ta6nH~e CO CTaTHCTH4eCKHMH OWH6KaMH. 

Ta6nHu;a 

TononorHH a a(rr-) 

/t~HCJIO JIY'leH/ /M6/ /M6/ 

2 23,6.:!:_0,5 

3 60,5.:!:_0,6 

4 0,84.:!:_0,07 0,84.:!:_0,07 

5 25,8.:!:_0,4 25,8.:!:_0,4 

6 0, 11.:!:_0,03 0,22.:!:_0,06 

7 I, 8.:!:_0, I 3,6.:!:_0,2 

CyMMa 112.:!:_0,8 30,4.:!:_0,5 

a(3He) 

/M6/ 

aKor(3He) 
/M6/ 

23 t 6.:!:_0 t 5 :2 3 t 4 

0 t 84.:!:_0 t 08 2:.0 t 84.:!:_0 t 07 

0, 11.:!:_0,03 2:_0, 11.:!:_0,03 

a( 2H) 

/M6/ 

24,5.:!:_0,5 2:,4,35 35,5.:!:_2,0 
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B Ta6nH~e AaeTCR TonbKO HH~HRR rpaHH~a ce4eHHR KorepeHTHbiX 
npo~eCCOB H3-3a HenonHOro y4eTa B~XOAa rr0 -Me30HOB. 

CHCTeMaTH4eCKaR OWH6Ka B eenH4HHe nonHoro ce4eHHR 3Hep
B3aHMOAe~CTBH~ O~eHH8aeTCR HaMH npHMepHO B 2%. 

B 3aKn~4eHHe aBTOPbl 6naroAaPRT AHPeK~H~ na6opaTOpHH e~co
KHX 3HeprH~ OH~H, nepcoHan 3KcnnyaTa~HH CHHxpo$a3oTpoHa, co
TPYAHHKOB, npHHHMaBWHX y4aCTHe B 3KCn03H~HH KaMep~ H o6pa60TKe 
AaHH~x. 3a noMo~b 8 pa6oTe. 
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PyKonHCb nocTynHna 8 H3AaTenbCKH~ OTAen 
31 H~nR 1981 roAa. 
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( BysAaBHHa H.A. H AP· TononorHqecKHe ceqeHHa 1-81-530 
3Hep -asaHMOAeHCTBHH npH HMTIYDbCe 3He 13,5 fsB/c 

BOAOPOAHaa nySblpbKOBaH KaMepa o6nyqeHa B nyqKe HAep 3He 
C HMTIYDbCOM 13,5 fsB/c, C~OpMHPOBaHHOM sa cqeT CTPHllllHHra 

.YCKOpeHHbiX aAep 4He Ha BOAOPOACOAepJKa~eH MHWeHH, Ou;eHeHbl 
TOTIODOrHqeCKHe ceqeHHH 3Hep -asaHMOAeHCTBHH, a TaKJKe BhlXOA 
rr--MesoHOB H AeHTPOHOB. TionyqeHHoe ceqeHHe poJKAeHHa rr- -Meso

HOB COCTaBHnO 30,4+0,5 M6, a AeHTpOHOB - 35,5+2,0 M6, CHCTe
MaTHqecKHe OWH6KH pesynbTaTOB OIJ;eHHBaiDTCa B 2%, 

Pa6oTa BbmonHeHa B Jla6opaTOPHH BbiCOKHX sHeprHH OilliH. 

C~eHMe 06~AMHeHHOro MHCTMTyTa RAePHWX MCcneAOBaHMA. Ay6Ha 1981 

Buzdavina N.A. et al. Topological Cross Sections 1-81-530 
of 3Hep Interactions at 13.5 GeV /c Momentum of 3He 

The 1m HBC of JINR was exposed to a 13.5 GeV/c 3He 
beam obtained by means of stripping reactions in collisions 
of accelerated 4He nuclei with a plexiglass target. Topolo
gical effective cross sections of 3Hep -interactions as well 
as the yields of negative pions anddeuterons were estimated. 
The negative pion and deuteron production effective cross 
sections are equal to (30.4+0.5) mb and (35.5+2.0) mb, res
pectively. The systematic errors are' found to-be within 2%. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1981 

TiepeBOA O.C.BHHorpaAOBOH. 


