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1. BBEAEHHE 

B~coKoe npocTpaHcT8eHHoe paapeweHHe RAePHOH $OT03MynbCHH 
n0380nReT perHCTpHp08aTb KOPOTKOmHBY~He 4aCTH4~ C epeMeHeM 
mH3HH -10- 13 - 10-14 c, a TaKme HccneA08aTb HeKoTop~e xapaKTepH
CTHKH B3aHMOAe~CT8HH HeHTP~HO C RAPaMH /HanpHMep; 3HeprH~ B03-
6ymAeHHR RAep/, HeAOCTynH~e AnR HccneAo8aHHH c noM~b~ APYrHx 
AeTeKTOpoe. np~ o6ny4eHHH $OT03MynbCHH 8 ny4Ke HeHTPHHO AnR no
HCKa nep8H4H~X 83a~MOAeHCT8H~ HCnOnb3yeTCR HH$OpMa4~R OT SHew
Hero AeTeKTopa /cHcTeM~ 4eneyKa3aHHR/, noa8onR~~aR no yrnoe~M 
xapaKTepHCTHKaM 8TOp~4H~X 4nCTH4 noKanH30BaTb BepWHHY B3aHMo 
AeHCT8HR 8 $oTo3MynbCH~. 

~AepHaR $OT03MynbCHR 8 C04eTaHHH C CHCTeMOH 4eneyKa3aHHR 
AnR perHCTPa4HH B3aHMOAeHCTBHR HeHTPHHO Bnep8~e 6~na HCnonbao-
8aHa 8 1965 rOAY 3.6yponoM H AP• / l / 8 3KCnep~MeHTe Ha npoTOHHOM 
CHHXPOTPOHe UEPH. 6~no HaHAeHo 4 83a~MOAeHCTBHR HeHTPHHO H noKa
aaHa npHH4HnHanbHaR 803MOmHOCTb per~cTpa4HH HeHTPHHH~X ~3aHMO

AeHCT8HH B $OT03MynbCHH C nOM~bn CHCTeM~ 4eneyKa3aHHR. 
CneAyeT OTMeTHTb, 4TO 8 3KcnepHMeHTax no H3y4eHH~ WHPOKHX 

aTMOC$epH~X nH8HeH nOA06HaR MeTOAHKa npHMeHRnaCb eu1e B 1957 r _1 2!, 
a OAHa H3 nepB~X yCTaHOBOK Hu yCKOPHTenRX C HCnOnb30BaHHeM $OT0-
3MynbCHH H HCKpOBbiX C4eT4HKOB 6~na C03AaHa B Ha4ane 60-x rOAOB 
8 OHRH H Hcnonb308anacb 8 MeTOAH4eCKHX 4enRx Ha CHHxpo$aaoTpoHe 
JlB3 131 . 

B 1976-1979 roAaX Ha HeHTPHHHOM KaHane H~B3 /Cepnyxo8/ e paM
Kax co8MecTHoro 3KcnepHMeHTa HT3$-H$B3-0H~H 6~nH npoeeAeH~ 

pa6oT~ no perHCTPa4HH B3aHMOAeHCTBHH HeHTpHHO C RAPaMH 
8 $OT03MynbC~H C ~cnonb308aHHeM CHCTeM~ 4eneyKa3aHHR. $oT03Mynb
CHOHH~e KaMep~, pacnonara8WHecR nepeA HeHTPHHH~M AeTeKTopoM HT3~, 
o6ny4anHCb B ny4Ke M~OHH~X HeHTPHHO C 3HeprHeH B HHTepeane 
2-30 r3B. npHMeCb V~ H Ve 8 HeHTpHHHOM ny4Ke COCTa8nRna He 5o
nee 1 ,5%. CpeAHRR /no B3aHMOAeHCT8HRM/ 3HeprHR HeHTPHHO -8,1 r3B. 
B nepeoM ceaHce 6~no o6ny4eHo 16 n, eo BTOPOM - 40 n $OT03Mynb
CHH H 3aperHCTpHpoeaHO 13 83aHMOAeHCTBHH HeHTpanbH~X 4aCTH4, H3 
KOTOP~X 8 B3aHMOAeHCTBHH 6~nH HaHAeH~ B nep80M ceaHce no 20 
4eneyKa3aHHRM H 5 B3aHMOAeHCT8HH - 80 BTOPOM ceaHce no 76 4ene
yKa3aHH~M. PeaynbTaT~ npeAeapHTenbHOH o6pa6oTKH co6~THH, aape
rHcTpHpoeaHH~x 8 nepeoM ceaHce, onHcaH~ e pa6oTax 14,5/ . B Ha
CTOR~eH pa6oTe npeACTaeneH~ peaynbTaT~ nOHCKa H aHanH3a C06~THH, 
3aperHCTpHpoeaHH~X B o60HX ceaHcax. 
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2. PErHCTPAL\1-ifl C06biTI-1~ B 3HYJlbC~11-1 

8 Ka4eCTBe CHCTeM~ ~eneyKa3aHHR HCnOnb30BanHCb neps~e TPH 
Is HeKOTOp~X cny4aRX 4eTblpel Tpex3neKTPOAH~e HCKPOB~e KaMe-
p~ /S, 7/ He~TpHHHOrO AeTeKTOpa, KOTOPble <!JOTOrpa<!JHPOBanHCb ABYMR 

<!JOTOannapaTaMH C napannenbH~MH OCRMH. CpeAHH~ K03<!J<!JH~HeHT yse
nH4eHHR cocTaBnRn -1137, a cTepeoyron- -17°. 

Bo speMR o6ny4eHHR <!JoTo3MynbCHOHHble KaMep~, noMe~eHH~e B cne
~HanbH~e KacceT~, ycTaHaBnHsanHcb Ha Hecy~e~ paMe 3MYnbCHOHHoro 
MOAYnR. To4HOCTb ycTaHOBKH KacceT cocTaBnRna -0,2 MM. PenepH~e 

MeTKH, HaHeCeHHble Ha CTeHKH MOAYnR, <!JHKCHpoBanH ero nono~eHHe 

OTHOCHTenbHO CHCTeM~ ~eneyKa3aHHR C T04HOCTb~ 0,1 MM BAOnb ny4Ka 
I ocb Y I, 0, 4 MM B HanpasneHHH OT <!JoToannapaToB K AeTeKTOPY 
loeb Z I H 0,1 MM - B nepneHAHKynRpHoM HanpasneHHH loeb X I. 

AnropHTM npOCTpaHCTBeHHOrO BOCCTaHOBneHHR C06~TH~ OCHOBaH 
Ha KOHH4eCKHX npeo6pa30BaHHHX OT npocTpaHCTBa K nneHKe BHAa: 

u A;;X+Ae·Y+A7.z +As 

AiZ + AiY + A3• Z+ A 4 

111 

rAe U H V- KOOPAHHaTbl T04KH Ha nneHKe, a X, Y, Z - B npocT
paHCTBe. napaMeTpbl npeo6pa3oBaHHR Ai onpeAenRnHcb c noMo~b~ pe

nepH~x MeTOK, pacnonaraBWHXCR B 06beMe AeTeKTOpa. 0nTH4eCKaR 
CHCTeMa o6ecne4HBana T04HOCTb BOCCTaHOBneHHR T04eK B npOCTpaHCT

Be. DaBHVIO: 

ax = 0,2 MM; a y = 0, 5 MM; az = 1,2 MM. 

0AHHM H3 Ba~H~X <!JaKTOpOB, BnHR~~HX Ha T04HOCTb ~eneyKa3aHHR, 
H, cneAOBaTenbHO, Ha 3<!J<!JeKTHBHOCTb no~CKa co6~TH~ B 3MynbCHH, 
RBnReTcR 4Hcno TpeKoB 3HeprH4H~X 4aCTH~ B ~eneyKa3aHHRX 181 . Oc
HOBHY~ 4aCTb ~eneyKa3aHH~ B HaWeM 3KcnepHMeHTe, BCneACTBHe OTHO
CHTenbHO HH3KO~ 3HeprHH He~TPHHO H CBR3aHHO~ C 3THM Mano~ MHo

~eCTBeHHOCTH penRTHBHCTCKHX 4aCTHll, COCTaBHnH 11ABYXny4eBble t.~ene
yKa3aHHR11 *. CpeAHRR T04HOCTb onpeAeneHHR KOOPAHHaT sepwHH TaKHX 
C06~TH~, 6e3 y4eTa MHOroKpaTHOrO pacceRHHR H T04HOCTH ycTaHOBKH 

3MynbCHH OTHOCHTenbHO CHCTeMbl t.~eneyKa3aHHR, Ol.leHHBanHCb KaK: I 

11,2 MM; 3,0 MM; 0,4 MM COOTBeTCTBeHHO, BAOnb OCeH Y, Z, X 5 ~ 
Ha pHc.1 npeAcTasneH~ pa3HOCTH npeACKa3aHH~x H H3MepeHH~x 3Ha-
4eHH~ KOOPAHHaT AnR 13 HaHAeHH~X B 3MynbCHH BepWHH. Ocb z3. 
onpeAenR~~aR HOMep cnoR N, HanpasneHa nepneHAHKynRpHo nnocKoCTH 
3MynbCHOHHbiX nnaCTHH H COBnaAaeT C OCbtO X; OCH X3 H Y 3 noBep
HyTbl OTHOCHTenbHO OCeH Z H y Ha yron -22 °, CTaHAapTHble OTKno-

* 8 HCKpOB~X KaMepax CHCTeM~ t.~eneyKa3aHHR perHCTPHPOBanHCb 4aC
TH~~ C yrnoM B~neTa <45° no OTHOWeHH~ K HanpaBneHH~ ny4Ka HeHT
PHHO: B cpeAHeM -2,2 4aCTHll~ Ha C06~THe. 

2 

N 

-5 5 fl 

N 

P11c. I. Pa3HOCTH npegcKa3aHHbiX 11 H3MepeHHbiX KoopgHHaT 
BepiiiHII ]J HafigeHHbiX C06biTHJ"i: 0 - gByXJly'leBbie npegCKa-

3aHHH, • - TpeXJly'leBLie npegCKa3aHHH, 

N 

- 5[1...........,......~.-0~...._.___--1 1 .1o{ -3-2 
(rpaa.) 

N 

-1 0 1 2 3 ~p 
(rpaa.) 

P11c. 2. Pa3HOCTH npegcKa3aHHbiX 11 H3MepeHHbiX 3Ha'leHHJ:'i 
a3HMyTaJibHbiX yrJIOB ~a H yrJIOB norpYJ!(eHHH /1.{3 ,[\JIH 
TpeKOB HaiigeHHb!X C06b1Tll(l. 
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HeH~.A An.A npeACTasneHH~x pacnpeAeneH~~ paBH~: 

a l1y3 = 6 '9 MM; a 11x 
3 

= 5, 8 MM; a A = 1 , 2 MM/ 1 , 9 cnon/. 
UZ3 

An.A cpasHeH~.A s ra6n. 1 npeAcTasneHbl o~eHK~ To4HOCT~ ~eneyKa3aH~.A 
B 3KCnep~MeHTaX C r~6P~AHO~ M€TOA~KO~. 

Ha p~c.2 np~BeAeHo pacnpeAeneHHe pa3Hocre~ npeACKa3aHH~x 
~ ~3MepeHH~x B 3Mynbc~~ 3Ha4eH~~ a3~MyranbH~x yrnos 11a ~ yr
nos norpy~eH~.A 11~ An.A 4acT~~. nonasw~x B HCKPOB~e KaMep~. CraH
AaPTH~e OTKnOHeH~.A paBH~: 

al1a= 1,0o; a 11~ = 1 'so. 
no~CK co6~T~~ B 3MynbC~~ npOBOA~nC.A M€TOAOM npOCMOTpa no 

nno~aA~ npeAcKa3aHHO~ 30H~ np~ ysen~4eH~~ 225x. CpeAHH~ npocMor
peHHbuli 06beM ANI C06biT~.A COCTaBHn -0,6 CM3 B nepBOM ~ -1,8 CM3 
BO BTOPOM ceaHCaX o6ny4eH~.A. 3$$eKT~BHOCTb no~CKa C06~T~~ no 
~eneyKa3aH~.AM B nepsoM ~ so sropoM ceaHcax cocras~na 40% ~ 7% 
COOTB€TCTB€HHO. fnaBHO~ np~4~HO~ CH~~eH~.A 3$$eKT~BHOCT~ BO BTo
pOM CeaHCe .AB~nOCb H~3KOe Ka4eCTBO $OT03MynbC~~: HaD~4He C~DbHO~ 
perpecc~~ ~ $oHoso~ syan~. TaK, nnoTHOCTb 3epeH Ha pen.Ar~s~cr

CK~x cneAaX s 3Mynbc~~ nepsoro ceaHca cocras~na 33 3epHa Ha 
100 MKM, B TO speM.A KaK BO BTOPOM ceaHC€ 3aper~cTp~poBaH~ CDeA~ 
C nDOTHOCTb~ 18 3epeH Ha 100 MKM. 

Ha p~c.3 np~seAeHo pacnpeAeneH~e Ha~AeHH~x co6~r~~ s 3Mynb
c~H BAODb HanpasneH~.A He~rp~HHoro ny4Ka. TaK KaK s nepsoM ceaHce 
OTM€4anc.A 3$$eKT YM€HbW€H~.A 4~Cna Ha~A€HH~X co6~T~~ B nepeAHe~ 
~~ ~~~~~~~~~ ·~~'==~A :'~ ... ~,_n~c•,.C'uuLiv Ll'~ua.n luTn f""\Tn.::.w:::u::lT RniAcU-HAP M~nrn-

KpaTHOrO pacce.AH~.A ~ BTOP~4HbiX B3a~MOA€~CTB~~ Ha T04HOCTb ~ene
yKa3aH~~/, BO BTOPOM ceaHCe TOn~~Hd 3MYDbC~~ no ny4KY 6~na yMeHb

weHa C 10 AO 5 CM. 

N 

-9 -8 -7 -6 -5 -4 -3 -2 -1 Y.(CM) 
l 

PHc. 3. PacrrpegeJieHHe Bep!IIHH HaAgeHHbiX co6biTHri B 3MYJibCl!H 

ITO KOopgHHaTe Y 3 • 0 - C06b!THH, HaHgeHHLie B rrepBOM CeaHCe 

06Jiy'leHHR, 1!!1 - C06b!Tl!H, Ha!1geHHble BO BTOpOM ceaHCe 06Jiy-

'leHHH, 

5 



3. ~AEHT~Q~KAUMR BTOP~4H~X 4ACT~U 

McKposoR AeTeKTop ~T3Q no3son~n HAeHTHQH4HPoBaTb M~OH~, no
naswHe B M~OHH~i1 cneKTPOMeTp, B KOTOpOM onpeAen~ncR 3HaK 3aP~Aa 

H HMnynbC M~OHa. To4HOCTb onpeAeneHH~ H~nynbca no KpHBH3He B Mar
HHTHOM none COCTaBn~na 15%. KanopHMeTp AeTeKTOpa n03BOn~n Ha
Ae*HO perHCTPHPOBaTb 3neKTPOMarHHTH~e nHBHH OT 3neKTPOHOB H Y -
KBaHTOB C 3HeprHei1 >1 ,0 r3B. To4HOCTb BOCCTaHOBneHH~ 3HeprHH 
3neKTpoMarHHTHoro nHBH~ cocTasn~na 25% 191

• An~ 4acTH4, ocTaHOBHs
WHXc~ B AeTeKTOpe, 6~no B03MO*HO onpeAeneHHe HX 3HeprHH no npo-
6ery. nonHa~ AnHHa KanopHMeTpa COOTBeTCTByeT 4 ~AePH~M AnHHaM 
B3aHMOAei1CTBH~ HnH 20 paAHa4HOHH~M AnHHaM. 

5 
4 

3 

2 

0,1 

d 

2. o pft. r3Bic 

PHC, 4, ll,u,eHTHdJHKal\HJl BTOpH'UibJX <IaCTHL\ ITO H3MepeHHJlM 
OTHOCHTenbHOH HOHH3al\HH l/1 0 H KYITOHOBCKOrO pacCeJlHHJl 
p {3 B dJOT03MYITbCHH, 

An~ HAeHTHQHKa4HH BTopH4H~x 3ap~meHH~x aAPOHOB H onpeAeneHH~ 
HX HMnynbCOB HCnOnb30BanHCb H3MepeHH~ HOHH3a4HH H MHOrOKpaTHOrO 
KynoHoBCKoro pacce~HH~ a QoT03MynbCHH. An~ 04eHKH senH4HHbl p{3 
HCnonb30Bancn MeTOA KpaTHbiX ~4eeK llOI. npH OKOH4aTenbHOM aHanH3e 
3aperHCTpHpOBaHH~X C06~THi1 np04eAypa o6pa60TKH H3MepeHHi1 pacce~

HH~ 6~na HeCKOnbKO MOAHQH4HPOBaHa no cpaBHeHH~ C np04eAypoi1 pa-
60Tbl / 4/ 4TO n03BOnHno nOBbiCHTb HaAe>XHOCTb 04eHKH BeDH4HHbl p{3. 
KpoMe T~ro, npH onpeAeneHHH OTHOCHTenbHOi1 HOHH3a4HH 1/lo B Ha
CTO~~ei1 pa6oTe CAenaH~ nonpaBKH,. y4HT~sa~~He nepeKp~THe 3epeH. 
Ha pHc. 4 noKa3aHbl pe3ynbTaTbl H3MepeHHi1 III 0 H p{3 An~ TpeKoB 
scex 13 co6~THi1. BseAeHHe nonpasoK Ha senH4HH~ 111 0 H p{3 nosnH~
no, B OCHOBHOM, Ha HAeHTHQHKa4H~ 4aCTH4 C 6onbWOi1 HOHH3a4Hei1 
(I/1 0 ;:: 3). B 4aCTHOCTH, H3 7 4aCTH4, paccMaTPHBaBWHXC~ paHee 

6 

KaK KaHAHAaT~ B CTpaHH~e, TonbKO ABe /co6~TH~ 1 H 2 B pa6oTe 141/ 
a oKOH4aTenbHOM sapHaHTe HAeHTHQH4HPOBaH~ KaK K -Me3oH~. 

4. OT50P HEATPHHHWX B3A~MOAEACTB~A 

An~ OTAeneHH~ Hei1TPHHH~x B3aHMOAei1cTBHi1 oT Hei1TpOHHoro QoHa 
Tpe6osanOCb, 4T06~ BHAHMOe 3HeproB~AeneHHe npes~wano 2 r38. 
Bee 13 co6biTHi1 YAOBneTsop~nH 3TOMY Tpe6osaHHIO. An~ AanbHeRwero 
aHanH3a OT6HpanHCb co6~TH~, HAY~He 4epe3 cna6~i1 3ap~*eHH~i1 TOK 
ICC -co6biTH~/: 

8 CeMH C06~TH~X H3 TPHHaA4aTH CpeAH BTOpH4H~X 4aCTH4 eCTb 
4aCTH4a, nonaswa~ a MIOOHH~R cneKTpoMeTp nocne npoxo~AeHH~ 4e
T~pex ~AepH~X AnHH B aniOMHHHeB~X $HnbTpax H HCKpOB~X KaMepax. 
BepO~THOCTb Taro, 4TO 3Ta 4aCTH4a ~Bn~eTC~ MIOOHOM, npes~waeT 

98%. npH OTCyTCTBHH AaHH~X C MIOOHHOrO cneKTpoMeTpa, B OTnH4He 
OT pa60Tbl 141, rAe KaHAHAaTOM B CC -co6biTHe C4HTaDOCb C06biTHe, 
COAeP*a~ee 4aCTH4Y, npoweAWYIO 6onbwe ABYX ~AepH~X AnHH 6e3 
B3aHMOAei1CTBH~, B AaHHOi1 pa6oTe HCnOnb30BanHCb AOnonHHTenbH~e 
KHHeMaTH4eCKHe KPHTepHH 1 H 2: 

·---~--- ................ ...... 
IJUMt; I IJ'I;.. "'10'-" I P'IL.\U' '""' • "-'t-"._.~, "" ,._..__ • 

oo-.o•h'"'M'- llll.oll~ V~LI' Mf"\nonOUUkllA 

H npoAonbH~R HMnynbc~ /HMnynbc onpeAen~nc~ no pacce~HHIO a 3Mynb
CHH/. 

KpHTepHR 2. Yron Me>XAY nonepe4Hoi1 cocTasn~IO~eR HMnynbca KaHAH
AaTa B MIOOH H nonepe4HOi1 COCTaBn~IO~e~ CyMMapHoro HMnynbca aApo
HOB B nnOCKOCTH, nepneHAHKYD~pHOi1 HanpasneHH~ ny4Ka He~TPHHO, 

6onbwe 90° 1111. 
CornacHo pa6oTe 1 1 2~3QQeKTHBHOCTb B~AeneHH~ M~oHoB no 3THM 

KpHTepH~M COCTaBn~eT 96%. YKa3aHH~M KPHTepH~M YAOBneTBOP~~T 
9 C06~THi1, B TOM 4HCne 7 C06WTHR C M~OHOM,HAeHTHQH4HPOBaHH~M 
B cneKTPOMeTpe. TpH co6~TH~ OTHeceH~ K 6e3MIOOHH~M, a OAHO He 
KnaCCHQH4HPOBaHO. 5e3M~OHH~e peSK4HH MOryT 6~Tb B~3BaH~ B3aHMO
Ae~CTBH~MH Hei1TpOHOB, He~TpanbH~X KaOHOB, y-KBaHTOB, a TaK*e 
Hei1TpHHH~MH B3aHMOAe~CTBHRMH,HAY~HMH 4epe3 cna6~~ Hei1TpanbH~i1 
TOK jNC -co6~THR/, npH nOA06H~X KpHTepH~X OT6opa CC -co6biTH~ 
a 3KcnepHMeHTe Ha KaMepe CKAT -21% 3aperHcTpHposaHH~x B3aHMo
Ae~cTBHi1, B~3BaHH~X He~TpanbH~MH 4aCTH4aMH, RBnR~TCR 6e3MIOOHH~MH. 

B HaweM cny4ae AOn*HO 6~no Ha6n~AaTbCR He 6onee Tpex TaKHX co6~
THR, YTO cornacyeTcn c pe3ynbTaTaMH oT6opa CC-co6~THi1. 3HeprHn 
6e3MIOOHH~x co6~THR AOn*Ha 6~Tb MeHbwe cpeAHe~ 3HeprHH CC-co
fibiTHR, TaK KaK 3HeprHR KaOHOB, Hei1TpOHOB H y -KBaHTOB, ABnRIO
~HXCR BTOPH4H~MH npOAYKTaMH peaK4H~ B 3a~HTe, MeHbWe 3HeprHH 
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nepsi-14HbiX Hef1Tpi-1Ho, a s NC -co6biTI-1HX 3Ha41-1Te!lbHYIO 4aCTb 3Hep

!1-11-1 yHOCI-1T pacceHHHoe Hef1Tpi-1HO. CpeAHRH SI-1AI-1MaR 3Hepri-1H aape

rl-1cTpl-1posaHH~x HaMI-l 6e3MIOOHHWX 1-1 CC-co6~TI-1~ oKaaanacb pasHa~ 

-3,2 r3B 1-1- 8,2 r3B COOTSeTCTSeHHO. 

5. OnPEAEnEHHE 3HEPrHH HE~TPMHO 

AnR onpeAe!leHI-!R 3HeprHI-1 He~TPHHO s co6wTHHX c MHomecTseH

Hoc T biO Sbl!leTaiOil.\HX S nepeAHIOIO no!lyc<!Jepy aAPOHOS, 60!lbWe ASYX, 

npHMeHRJlCH "TRANSVERSE MASS" MeTOA I 131.3ToT MeTOA OCHOSaH Ha 

npeAnonomeHI-11-1, 4TO HaHoonee sepoRTHoe HanpasneHI-le HMnynbca 
He~Tpa!lbHOA aAPOHHOA CHCTeM~ OTHOCHTe!lbHO V-ny4Ka onpeAe!lHeTCR 

TaKHM yr!lOM 8, npl-1 KOTOPOM CYMMa Be!li-141-!H (P/i + m1) 112 
KamAO!O 

aAPOHa 1-1 Heperi-1CTpHpyeMoA HeATpa!lbHOA CI-1CTeMbl S 4eJ10M OTHOCH

Te!lbHO CYMMapHoro HMnYilbCa aAPOHHOA CI-1CTeM~ MHHI-1Ma!lbHa. Yron 0 
onpeAe!lHeTCH 1-13 YCI10SI-1H MI-1HI-1MyMa ~YHK41-10Ha!la 

!<"((}) 
n 2 2 112 2 2 1/2 T (Pl. i + mi ) + (Pl. o + !L 0 ) , 

/2/ 

.._,.,.._,.._,.,UI Uf-llt""VII\J~ \,JIII\J ..... P'II'-"1l.r11V 11\JJIII...,I ..._, I'II"IIIJ.II ... .._V UMt""-1111-f'l ._.,, ...... ,.._,.,..,,, 

a m i' m 17o, M0 - MaCCbl i -ro aAPOHa, TT
0 -Me3oHa 1-1 HeATpanbHov, 

CHCTeM~ aApOHOS COOTSeTCTSeHHO. npH H3SeCTHOM yrne (} 3Hepri-1H 

He~Tpi-1HO pasHa: 

c N 
E v = P 

11 
+ Pl. ctg e , /3/ 

rAe pC- cyMMapHbiA npOAOilbHbiA 1-1Mny!lbC aAPOHOS 1-1 MIOOHa, a p_f -no-
ll v 

nepe4Hbll-1 1-!Mny!lbC HeATpa!lbHOA CHCTeMbl aAPOHOS. B HHTepsane E v = 
= 5730 r3B T04HOCTb SOCCTaHOSJleHI-1R 3Heprl-11-1 HeATpi-1HO 3TI-1M MeTo

AOM COCTaSilReT /10715/%. 
AnR ocTa!lbH~x co6~TI-1A 3Hepri-1R HeATpi-1HO onpeAe!lRnacb KaK cyMMa 

SHA1-1MO!O 3HeproS~AeileHI-1H, KHHeTH4eCKOA 3HeprHH STOpH4H~X HeAT

poHOS 1-1 3Heprl-11-1 " 0 -MeaoHos. B cooTseTCTSI-11-1 c peaynbTaTaMI-1 3Kcne

PI-1MeHTa Ha KaMepe CKAT KHHeTH4ecKaH 3HeprHH sTopH4H~x HeATpoHos 

C41-1Ta!laCb pasHoA 24% OT 3HeprHH SI-1AHM~X aAPOHOB 112~CpeAHHH 3Hep

!I-1H TT
0 -Me3oHos onpeAenHnacb KaK nonos1-1Ha nonHoA 3HeprHI-1 aapH

meHH~x nHoHos s AaHHOM co6~TI-1H. 

nonpasKa K SOCCTaHOSileHHOMY 3Ha4eHHIO EV, CSR3aHHaH C 3Heprl-1eA 

S036ymAeHI-1H HAPa, paSHa S cpeAHeM 214+29 M3B 1-1 COCTaSJlHeT He-

3Ha4HTe!lbHYIO 4aCTb 3Hepri-1H HeATpHHO. 
B Ta6n.2 1-1 3 npHSeAeHbl KI-1HeMaTI-14eCKI-1e xapaKTepi-1CTHKH aaperHcT

pl-lposaHHbiX CC -co6biTHA. CpeAHHH 3Hepri-1H HeATpHHo pasHa Ev -

8 
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Ta6nHu;a 3 

Kr!HeMaTH"ieCKHe xapaKTepHCTHKH B3aHMO,D;eHCTBH:ii Hef!TpHHO II< 

Ji 
'v/, raB Gt, (raB/c) 2 Co6HTWI X y 

I 2,48,±0,28 0,93,±0,39 O,I49j;0,063 0. 458,±0' 085 

2 I,27±0,00 0,6CJ±O,II 0' 445,±0 ,883 O,I02±0,0IO 

3 2,I9±0,30 0,56j;O,I7 0, I26;t0, 050 0 • 232.t0 '668 

4 2,78;t0,28 0,85;t0,23 O,IIQ±0,033 0, I36j;O, 024 

5 2,72,±0,I7 0,6CJ±O,I5 0, 084±0, OI9 0' 655;±0 '053 

6 I,2I±0,08 I,I7±0,I7 0,670±0,IOO O,I94j;O,OI5 

7 I , 80;t0, CY7 O,IQ±0,02 0,042±0,0I2 0,357,±0,095 

8 I,46±0,06 0,56±0,IO 0 '308.t0 t 056 O,I33,±0,0I2 

9 2,06j;O,I2 O,I8j;0,03 0 t 052±0 '009 0,524j;0,05I 

* BenH"iHHbi W, Q 2, a TaKl:<e CKefiJIHHroBbie nepeMeHHbie X 11 Y 
H nOJIHaH 3HeprHH ap;poHOB V onpe,o;enHJIHCb CTaH,D;apTHbW o6pa30M: 

v = E v - E IJ.; Q
2 ~ 4Ev EIJ. sin 2 (8/2) ; W 2 ~ m~ + 2mNv - Q 

2
; X = Q 

2 /2rnNv; 

Y = v/Ev, 
3p;ecb 8 - yron BbiDeTa MroOHa, 

~ 8,9 136. CpeAH~e 3Ha4eH~H ~Hsap~aHTHO~ Mace~ aAPOHHo~ c~cTe-
Mbl W /KoTopaH 3KS~saneHTHa nonHo~ 3Hepr~~ s c~cTeMe 4eHTpa ~Hep-
4~~ peaK4~~ vSi I ~ KSaApaTa nepeAaHHOro 4-~MnynbCa Q2 AnH 
3aper~eTp~posaHH~x CC-co6~T~~ cocTasnA~T -2,0 136 ~ -0,62/r36/c/2/ 

eOOTSeTeTseHHO. 

6. PE3YflbTAT~ AHAflH3A 3APErHCTPHP06AHH~X C06~T~R 

KaK y~e OTMe4anocb, AnA no~cKa co6~T~~ s ¢oT03Mynbc~~ np~Me
HAncH MeTOA npoeMoTpa no nnOU\aA~. 3¢¢eKT~SHOCTb HaXo~eH~H C06bl-

10 
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.I 

T~~ S 3TOM cny4ae 3aS~C~T KaK OT MHO~eCTSeHHOCT~ 4aeT~4 S 4ene
yKa3aH~Ax/8/, TaK ~ OT 4~cna c~nbHO~OH~3~PY~Il\~X 4aeT~4 (Nh) 
so s3a~MOAe~cTB~Ax 1141 /TepH~TCA no4T~ see eo6biT~A c N h ~ 3 1. 
6 np~SOA~M~X H~~e pe3ynbTaTax H~KaK~x nonpasoK, y4~T~sa~ll\~X 3¢
¢eKT~SHOeTb per~eTpa4~~ co6~T~~. He Aenanocb. 

6.1. no~CK paenaAOS 04apoBaHH~X 4aeT~4 

C 4enb~ no~eKa pacnaAOS o4aposaHH~x 4acT~4 see TpeK~ 3apH
~eHH~x 4aCT~4 6~n~ npocne~eH~ AO s~XOAa ~3 3MYnbc~H. KpoMe Taro, 
S Tpex 3Mynbe~OHH~X nnacT~HKaX s6n~3~ Ha~AeHH~X sepW~H npH yse
n~4eH~~ 1350x 6~n~ npoeMoTpeH~ 30H~ pa3MepoM 1 MM s Hanpasne
H~~ ny4Ka. 0611\aA An~Ha npocne~eHHbiX TpeKOS eocTas~na 117 CM. 
6blno Ha~AeHO Tp~ AAepHbiX S3a~MoAe~CTS~A ~ A Sa 1T +-+ j.L + v pae-

H " " j.l. " naAa. ~ OAHOrO KaHA~AaTa Ha pacnaA He~TpanbHO~ ~n~ 3apA~eHHO~ 
o4aposaHHO~ 4acT~4~ o6HapymeHo He 6~no. 

6.2. MHo~eeTseHHOCTb 4aeT~4 B 3aper~cTp~posaHH~x eo6~T~AX 

CpeAH~e MHo~ecTseHHOCT~ n~sHeSbiX (N 
8

), cepbiX (Ng) ~ 4epHbiX 
(Nb) 4acT~4 AnH CC-eo6~T~~ coeTas~nH: 

<Ng> = L, I.::!:.U,O 

< Nb > = 3 , 6.::!:.0 , 5. 

CpeAHHH 3HeprHH "± -Me3oHos s co6biT~AX cocTasnAeT -400 M36, 
a cep~x npoToHos -100 M36. CpeAHee 3Ha4eH~e nonHo~ 3Hepr~H aApo
Hos, nony4eHHoe c y4eToM nonpasoK Ha He~TpanbHY~ KOMnoHeHTY, eo
CTasnHeT <v> = 2,2 r36. Ha 3Hepr~~ STOP~4H~X He~TpOHOB ~ rr 0

-

Me30HOS npHXOA~TCH - 23% nonHO~ 3Hepr~~ aAPOHOS. 
HopM~posaHHaA MHo~eeTseHHOCTb n~sHes~x 4aeT~4 R AsnAeTeA 

OAHO~ ~3 xapaKTep~CT~K, OTpa~a~ll\~X SnHAH~e AAPa Ha MHO~eeTSeH
HOeTb 8- 4aeT~4 

R = N VErn/ N vN 
Em 8 s /4/ 

'-lHcno 8- 4aCT~4 S vN -s3a~MOAe~CTSHAX, ~AYU\~X 4epe3 3apA~eHH~~ 
TOK S 3aS~e~MOeT~ OT ~HsapHaHTHO~ Mace~ aAPOHHO~ eHeTeM~ W np~ 
W 2 > 4 r 36 2 on~ebiSaeTeH S~pa~eH~eM: - ' 

N 
8 

= a ln < W 2> + b , 

I 15/ 
b paSHbl · 

/5/ 
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a 
a 

1 ,33+0,02, 
1 ,2(fo,o4, 

b 
b 

0,37+0,02 B 
o, 2 (fo, 1 o s 

vp, 
vn B3a~MOAeHcT-

B~RX. 

C y4eTOM Toro, 4TO ce4eH~e B3a~MOAeHCTB~R HeHTP~HO C HeHTPOHOM 
B ABa pa3a 6onbWe, 4eM C npoTOHOM, a OTHOWeH~e 4~Cna HeHTpOHOB 
K 4~cny npoTOHOB AnR RAeP s $oT03Mynbc~~ s cpeAHeM pasHo 1 ,2, 
MHO>KeCTBeHHOCTb n~BHeBbiX 4aCT~4 np~ <W2> = 4, 3+0, 8 138 2 6e3 
y4eTa sn~RH~R RAPa AOn~Ha cocrasnRTb 2,07~0,2b. TorAa 3Ha4eH~e 
HOPM~pOBaHHOH MHomeCTBeHHOCT~ n~BHeB~X 4aCT~4 paBHO: 

REm= 1 ,07~0,25. 

ApyroH xapaKTep~cT~KoH, orpa~a~~eH sn~RH~e BHYTP~RAepHoro 
KaCKaAa Ha MHO~eCTBeHHOCTb S-4aCT~4, RBnReTCR 3aB~C~MOCTb N8 

OT Nh: 

N B =A + BN h , /6/ 

rAe A xapaKTep~3yeT MHomecrseHHOCTb n~sHes~x 4aCT~4. PO*AeHH~x 

B CTOnKHOBeH~~ HaneTa~~eH 4aCT~4~ C HyKnOHOM, a B - yeen~4eH~e 

4~Cna n~BHeB~X 4aCT~4 3a C4eT BHYTP~RAepHoro KaCKaAa. B HaWeM 
cny4ae AnR K03$$~4~eHTos A ~ B nony4eH~ 3Ha4eH~R: 

A = 1 , 18~0, 86; B = 0, 1 9~0, 16. 

6onbW~e CTaT~CT~4eCK~e OW~6K~, a TaKme Hey4TeHH~e C~CTeMaT~-
4eCK~e OW~6K~ He no3BOnRDT CAenaTb KaK~x-n~6o KOn~4eCTBeHH~X 
B~ROflOB OTHOC~TenbHO Bn~RH~R BHYTP~RAePHOrO KaCKaAa Ha MHOmecr
BeHHOCTb n~BHeB~X 4aCT~4· 

6. 3. 3Hepr~R so36YmAeH~R RAPa B v Em-s3a~MoAeHCTB~RX 
~ xapaKrep~cT~K~ ~cnap~renbH~X 4acT~4 

3Hepr~R B036ymAeH~R RAPa onpeAenRnacb KaK CYMMa K~HeT~4eCKOH 

3Hepr~~ ~cnap~TenbH~X 4aCT~4 ~ 3Hepr~~ CBR3~ npOTOHOB ~ HeHTpo
HOB. npeAnonaranocb, 4TO see 4epH~e cneAbl np~HaAnemaT npoToHaM. 
3Hepr~R nporoHoB onpeAenRnacb no npo6ery. Aanee C4~Tanocb, 4To 
B cpeAHeM Ha OA~H ~cnap~TenbH~H npoTOH np~XOA~TCR 4 HeHTPOHa 
c K~HeT~4eCKOH 3Hepr~eH no 3 M3B 116 ~3Hepr~R CBR3~ onpeAenRnacb 
KaK 

171 

OnpeAeneHHaR raK~M o6pa3oM cpeAHRR 3Hepr~R so36ymAeH~R RAPa 
E* B 3aper~CTp~pOBaHH~X HaM~ HeHTp~HH~X B3a~MOAeHCTB~RX OKa-
3anacb paBHOH 214+29 M3B /eM. Ta6n.2/, np~4eM Ha 3Hepr~~ 3apR
meHHbiX ~cnap~TenbHbiX 4aCT~4 np~XOA~TCR B cpeAHeM 58~8 M3B. 

XapaKTep~cT~K~ b-4acT~4 s co6~T~RX, 3aper~cTp~posaHH~X B Ha
weM 3Kcnep~MeHTe /~-;;-- 1, 7 138/, MO>xHo cpasH~Tb c AaHHbiM~ no 

12 

J.LEID- B3a~MOAeHCTB~RM, nony4eHHbiM B pa6ore 1171, B KOTOPOH VSBHA= 

= 1+1 ,5 I3B. B 3TOH pa6ore co6~T~R s 3Mynbc~~ per~cTpMposan~cb 
MeTOAOM npOCMOTpa no nno~aAM 30H~ npOXOmAeHMR M~OHHoro ny4Ka. 
CpeAH~e MHomecrseHHOCT~ b-4aCTM4 B o6o~x 3Kcnep~MeHrax cosna
Aa~T s npeAenax ow~6oK: 

vErn + < N b > = 3,6 _ 0,5; < N ~Em>= 4,2 ± 0,8. 

CpeAH~e 3Ha4eHMR 3Hepr~M ~cnapMrenbH~x sapRmeHH~x 4aCTM4 
~ cpeAHeKBaApaTM4Hble OTKnOHeHMR pacnpeAeneHM~ no 3Hepr~~ 6n~3K~ 
AnR o6oMx 3KcnepMMeHTos: 

T = 8,3~1 ,0 M3B, 

T = 9, 0~0, 7 ~bB, 

5, 7 ~bB AnR vErn, 

6 , 3 M3B AnR ILEm. 

B OTn~4Me OT M~OH-RAePH~X B3aMMOAe~CTB~H, rAe aBTOp~/17/ Ha-
6n~Aa~T ac~MMeTp~~ a pacnpeAeneHMM ~cnapMTenbH~x 4acTM4, s~nera~

ll.\~X s nepeAH~~ ~ saAH~~ nonyc<t>ep~ /FIB= 1,47~0,22/, a on~cbl
saeMoM 3KCnep~MeHTe 3To pacnpeAeneHMe cornacyercR c M30TponH~M: 

FIB = 0,78± 0,28. 

7. 3AKJ1104EH~E 

B AaHHOH pa6ore np~BeAeH~ pe3ynbTaT~ nepa~x 3KCnepMMeHTOB no 
per~CTpal.l~M M aHan~3y HeHTP~HH~X B3aMMOAeHCTB~H C RAPaM~ B $OTo-
3MynbCM~ npM 3Hepr~~ HeHTPMHO 2-30 138 Ha ycKop~Tene ~<!>83 /Cep
nyxoa/. 8 ABYX ceaHcax o6ny4eH~R saper~crp~poaaHo 13 esa~MOAeHcT
B~H HeHrpanbH~x 4aCT~4. CpeAHRR 3$$eKT~BHOCTb no~cKa co6~T~H 
B 3MynbCMM COCTaBMna 40% B nepBOM ceaHCe M 7% - BO BTOPOM. CHM
meH~e 3$¢eKT~BHOCT~ BO BTOPOM ceaHce CBR3aHO C H~3KMM Ka4eCTBOM 
$OT03MynbCMM: Han~4~eM CMnbHOH perpeCC~M M $OHOBOH ayan~. 

AeaRTb M3 TpMHaAl.laTM saperMcTpMpoaaHH~x co6~T~A MHTepnperMpo
aaH~ KaK HeHTP~HH~e B3aMMOAeHCTB~R, MAY~Me 4epe3 cna6~H sapR
meHHbiH TOK ICC -co6biTMR/. CpeAHRR 3HeprMR HeHTp~Ho e saperMcT
PMPOBaHHbiX CC -co6biTMRX cocraanReT E v- 8, 9 138, a cpeAHee 3Ha-
4eHMe MHBapMaHTHOH MaCCbl aAPOHOB KOHe4Horo COCTORHMR W- 2, 0 138. 

HM OAHoro KaHAMAaTa Ha pacnaA 3apRmeHHOH ~nM HeATpanbHOH 
o4aposaHHOH 4acT~4~ o6Hapy~eHo He 6~no. 

CpeAHMe MHomecTBeHHOCTM n~aHeB~x, cep~x ~ 4epH~X cneAOB 
B 3aperMCTpMpOBaHHbiX CC -co6b1TMRX paBHbl: 
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CpaaHeH~e xapaKrep~cT~K ~cnap~renbH~x 4aCT~4 a vErn ~ ~Em -
B3a~MOAe~CTB~~X noKa3ano, 4TO np~ 6n~3K~X 3Ha4eH~~X B~A~MO~ 
3Hepr~~ a c~creMe 4eHrpa ~Hep4~~ peaK4~~ cpeAH~e 3Hepr~~ ~cna
p~renbH~x 4acT~4 ~ aen~4~H~ cpeAHeKBaApar~4H~x OTKnoHeH~~ coana
Aa~T. Bo B3a~MOAe~cTB~~x He~TP~Ho c ~APaM~ a $oT03Mynbc~~.a or
n~4~e or B3a~MOAe~cra~~ M~OHoa 1 17/, pacnpeAeneH~e Bblnera ~cnap~
renbH~x 4acT~4 anepeA/Ha3aA cornacyerc~ c ~3orponH~M: 

FIB = 0,78~0,28. 
3Hepr~~ B036Y~AeH~~ ~Apa An~ 3aper~cTp~poBaHH~X 

a~~ a cpeAHeM pasHa 214+19 M3B. 
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TEMA'IWIECKHE KATErOPID1 llYBJIHKAUHA 
OBnE~HHOrO KHCTHTYTA ~PHYX 

HCCJIE,llOBAIDiR 

TeMBTIIKB 

1. 3KcnepHMeHTanbHa~ ¢M3HKa BWCOKHX 3HeprHH 

2. TeopeTH~ecKa~ ¢M3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHa~ HeHTpoHHa~ ¢M3HKa 

4. TeopeTH~ecKa~ ¢M3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. ~AepHa~ cneKTpOCKOnH~ H paAHOXHMH~ 

7. ~3HKa T~•enwx HOHOB 

8. KPHoreHHKa 

9. YCKOpHTMH 

10. AaToMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbHWX 
A8HHWX 

11. Bw~HcnHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. XHMH~ 

13. TexHHKa ~3H~ecKoro 3KcnepHMeHTa 

14. HccneAOBaHH~ TaepAWx Ten H *HAKOCTeH 
~AepHWMM MeTOAaMM 

15. 3KcnepHMeHTanbH8~ ¢M3HKa ~AePHWX peaK~HH 
npH HH3KHX 3HeprH~X 

16. no3HMeTpH~ H ¢M3HKa 3a~TW 

17. TeopH~ KOHAeHCHPOBaHHOrO COCTO~HH~ 

18. •Hcnonb308aHHe pe3ynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ¢M3H~eCKHX HCcneAOBaHHH 
B CMe*HWX o6nacT~X HayKH H TeXHHKH 

19. 6H04lH3HKa 


