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5aWHfm>K8l'SIII f,n, H llp, Dl - 11284 

npeano>KeHHe 0 nOCTSHOBKe 9KCnepHMeHT8 no DOHCKY TSl>KenbiX 
B9CT86HnbHbiX '18CTHU 

npellnaraeTCSl 9KCnepHMeHTanbH8Sl YCT8HOBK8, KOTOpBSl D03BOnHeT lle
T8nbBO accnenoeaTb anpoli-Slllepnbie e3aHMoaei1creuSl ua ycKopurene npn 
9HeprHH 400 f38 H OCyWeCTBHTb DOHCK HO!lblX '18CTHU C M8CCOll BbiUie 
5 faBle 2 , npeMeaeM JKII3HH !o-Il- I0-9c H ce'leHHeM renepauHn 

~Jcr33cM2• YcranoaKa aKmo'!aer ua6op nponopuHonanbHbiX KaMep u nea :;racp
HbiX KanopuMerpa. 

Pa6oTa BbinOJIHeHa B na6opoTopHH BbiCOKHX auepruil O!Hil1. 

Coo6meaae 06bellHHeHHOI'O HHCTHTyTa SlllepHbiX uccneaoeanuli. ny6ua 1978 

Bashindzhagyan G.L. et aL. Dl - 11284 
Proposal of the Experiment on a Search for Heavy 
Unstable Particles 

An experimental installation is proposed which makes it pos
sible to study in detail hadron-nucleus interactions at energies 
<!: 400 GeV and to verify if heavy ('I) unstable particles with rrasses 
of 5-20 GeV/c 2 , lifetimes of 10- 11 - 10 -g sec 2and generation cross 
sections a > 10-31 - 10-33 cm2(depending on the characteristics 
of particle de-cay) are produced in these interactions. 

The installation consists of a target, a calorimeter-absorber, 
a vacuum decay volume, a hodoscope system (proportional cham
bers), and a calorimetric spectrometer. The installation permits one 
to measure simultaneously energies and emission angles of sev-eral 
charged and neutral particles and to observe the particle decay, 
The merit of the installation is a high spatial resolution of nuclear 
cascades generated by individual particles. 

The module design of the calorimeter detectors and the hodo
scope makes it possible to re.sily vary the arrangement of the 
device to solve different problems. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'bO/llfiiOHHbiR RHCTHTyT HllOpHbiJC HCCnCQOD8Hit0 f1y6HS 

I. llOCTAHOBKA 3A,l(A l.JH 

Ha OCHOBe aHanH3a JI)J.epHbiX KaCKa)J.OB, B03HHKaiOJ..QHX 

OT a)J.pOHHOH KOMllOHeHTbl KOCMH'IeCKHX nyqeif B HOHH3a

QHOHHOM KanopHMeTpe, 6hlna Bhl)J.BHHyTa rHllOTe3a 0 TOM, 

'ITO npu 3HeprHHX 400 T:JB npoucxOJJ.JfT Pf))K)J.eHHe HO

BbiX qacTHU - T /TH)I{enhiX/ - qacTHU 
1 1

-:
3
, .Macca 3THX 

qacTHU oueHHBaeTcH paBHOH -:::..10 T:JB/c ~ speMH )I{H3HH 

- 8.10' 1 t, ce'ieHHe B3aHMO)J.eHCTBHJI C JI)J.paMH )l{ene3a 6o

nee 1.J.eM B 2 pa3a MeHbllle Ce'leHHJI B3aHMO)J.eHCTBHJI HyK

noHOB c 3THMH HJJ.paMH. Po)I{)J.eHHe HOBhlX qacTHU npoucxo

JJ.HT napaMH, a ce'leHHe npe)J.nonaraeMOH peaKQHH N +A (Fe}• 

'T 
1 

+ T 2 pacTeT c 3HeprueH:. 

CylQeCTBOBaHHe TaKHX qacTHQ He npoTHBope'IHT HMeiO

lQHMCH 3KCnepHMeHTanbHblM )J.aHHbiM, nonyqeHHblM KaK B 

3KCnepHMeHTaX C KOCMH1.J.eCKHMH nyqaMH, TaK H Ha yCKO

pHTenHX, a B HeKOTOpblX cnyqaHX )J,a)l{e ll03BOnHeT 06bHC

HHTb Ha6niO)J.aeMbie B KOCMH'IeCKHX nyqax aHOManHH /4/ . 
TeopeTH'IeCKHe MO)J.enH TaK)I{e He )J.alOT OCHOBaHHH 

OTBepraTb runoTe3y o T -qacTuuax 15/. 
BMeCTe C TeM CyiQeCTBOBaHHe TaKHX 'laCTHQ He MO)I{eT 

6hlTb Ha)J.e)I{HO ycTaHOBneHO Ha OCHOBaHHH 3KCnepHMeHTOB 

B KOCMH'IeCKHX ny'laX. 
llo3TOMY npeJJ.naraeTCH npoBeCTH 3KcnepuMeHT Ha npo-

TOHHOM ny'IKe ycKOpHTenH, o6ecne'IHB )J.OCTaTO'IHYlO 3Hep

rHIO CTOnKHOBeHHJI. llpHMOH llOHCK TaKHX 'laCTHU Ha BCTpeq

HbiX ny'IKax B U,E PHe noKa 'ITO He npoBOJJ.HncH H3- 3a 

TPYJJ.HOCTeil o6pa6oTKH co6b1THH c JJ.BYMH H TpeMH ueHTpa

MH pa3)J,ena qaCTHQ, O)J.HaKO 34KPeKThl, Ha6mo)J.aeMble npH 

pO)I{)J.eHHH 'laCTHQ C 6onbWHMH nonepe'IHhlMH HMnynbCaMH 

jcyiQeCTBOBaHHe TaK Ha3biBaeMhlX "CTpyif'/, MOryT 6biTb 

CBJI3aHbl C pO)I{)J.eHHeM TJI)I{enhlX qaCTHU /S,? · 
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II. PE3YJibTATbl 3KCIIEPHMEHTOB 
B KOCMHlJECKHX JIYIJ.AX 

1. 3KcnepHMeHTanLHaB TeXHHKa 

llccne)l,OBaHHe npOBO)l,HnOCL Ha OCHOBe 3KCnepHMeHTanL-
uoro MaTepuana, nony1.1euuoro c noMo~LIO ycTaHOBKH 
IH10H HHHJict> MrY ua BblCOKoropuoi cTauuuu Aparau 
/3260 M HaJJ. ypoBHeM MOpB/. 

06~HB BH)l. ycTaHOBKH llOKa3aH Ha puc. 1. 0CHOBHOB 
3neMeHT ycTaHOBKH - HOHH3al{HOHHLIB KanopuMeTp - COCTO" 
HT H3 16 pB)l.OB HOHH3al{HOHHLIX KaMep C :>Kene3HLIMH liJunLT· 
paMu o6~ei Tomuuuoi 1040 z/cM 2 u 6 PBJJ.OB KaMep, pa3-
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Puc. 1. 06UIUU euo ycmaHoeKu IIHOH. 

)l,eneHHblX TOHKHMH CBHHUOBblMH liJunLTpaMH /Bcero 

67,2 z/cM~unu 12 t -e.IJ.HHHU Pb /. 
Ynpaaneuue ycTaHOBKOB o6ecnequaaeT oT6op BJJ.epuo

aKTHBHblX qacTHU c :mepruei E 0 ::::_ 60 F3B. ToquocTL 
onpe)l.eneHHB 3Hepruu B 3HepreTuqecKoM JJ.Hana3oue 100-
3000 F3B cocTaBnBeT 15-20'1o. reoMeTpHl.leCKHB liJaKTOp 

KanopuMeTpa 0,27 M cp. 

/ I 
2. M e T 0 Jl. a H a n H 3 a Jl. a H H bl X ' 8; 

XapaKTepuoi oco6euuocTLIO 3neKTpouuo-BJJ.epHblX Kac
Ka.IJ.OB, ua6niO)l.aeMblX B KanopuMeTpe, BBnBeTCB pa3H006-
pa3He ux !lJopMbl. KacKa.IJ.Hble KPHBLie MoryT uMeTL OJJ.HH 
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(A). 

(6) . 

on. 

Puc. 2. TunU'lHbiU KaAopuMempu'leCKUU KQCKUO c oeyMJI 
zop6aMU UOHU30!4UU U pa3AU'lHbl€ eapuaH111bl UH11tepnpema14UU 
maKozo co6b1111UJI. 
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HJIH HeCKOJlhKO MaKCHMYMOB HOHH3ai..{HH /"ropfioa"/, BeJIH

'IHHa H paCITOJio:>KeHHe KOTOphiX pa3JIH'IHhi ,D,JIH pa3HhiX 

co6wru~. 3ro o6ycnoaneHo cnyqa~HWM xapaKTepoM H.D.ep

Ho- KacKa,D,Horo npouecca u HaJIH'IHeM JIH.D.HPYIOII..{HX qac

THI..{, YHOCHII..{HX fiOJihWYIO 3HeprHIO. 

<I>JIIOKTyai..{HH KaCKa,D,HhiX KpHBhiX onpe,D,eJIHIOTCH r JiaBHhiM 

o6pa30M MeXaHH3MOM nepe,D,a'IH 3HeprHH B nepBOM BJaHMO

,D,e~CTBHH H CBO~CTBaMH HaHfiOJiee 3HeprH'IHWX BTOpH'IHWX 

'laCTHI..{ nepaoro ITOKOJICHHH. 

Ha puc. 2 llOKaJaH THITH'IHhi~ KaCKa,D, C .D.BYMH MaKcu

MyMaMH HOHH3ai..{HH H ITpHBC,D,CHhi TpH B03MO)I(HhiX BapUaHTa 

ero HHTepnperauuu. 

)..I,JIH OITHCaHHH Ka)I(,D,OrO KaCKa,D,a HCITOJih3YCTCH CJle,D,yiO

II..{H~ Ha6op napaMeTpoa: x i - rny6uHa i- ro BJauMo,D,eH:

CTBHH /TO'IKa reuepauuu i - ro "rop6a" uoHHJauuu/, v 
f k- paCCTOHHHC MC)I(,D,y i -hiM H k- hiM BJaUMO,D,CHCTBHH-

I 'E ~ 
MH, u ic Ei ~ 0 - .D.OllH 3Hepruu nepBH'IHOH YaCTHI..{hi (8 0 ), 

YHOCHMaH BTOpH'IHOH 'laCTHI..{CH, COJ,D,aiOII..{CH i - H rop6. 

Pacnpe,D,eneHue rny6uH x .D.llH nepBH'IHwx BJauMo,D,eH:

crauH: OllHCWBaeTCH 3KCITOHCHTOH: 

W 
1 

( X 
1

) - ex p ( - X l ' A ) . /1/ 

,D,JlH BTOpH'IHhiX - $yHKI..{HCH C MaKCHMYMOM, HMCIOII..{CH BH.D. 

W ( X ) - X • 8X pI- X , ,\) /2/ 
2 2 2 \ 2 

I A - npo6er BJaHMO.D.eifcTBHH a,D,poHa/. 

<l>yHKI..{HH pacnpe,D,eJleHHH BCJlH'IHHhi f' l:? HMCCT TaK)I(C 

3KCITOHCHI..{HaJlhHW~ BU,D,: 

w ( C) - e xp ( - r / < L ) . /3/ 

r,D,e < r> =A/<n>, < n ·,- CpC,D,HCC 'IHCJlO BTOpH'IHhiX a,D,pOHOB, 

,D,aiOII..{HX BKJla,D, BO BTOpO~ ropfi. ilpu · ll"' ~ 1 CllCKTp 3Hep

ruif BTOPH'IHhiX rop6oa 11 · E 2 'E 0 ecTh, O'ICBH.D.Ho, cneKTp 

JlH,D,HpyiOII..{HX a,D,pOHOB. 

)..l,nH 6uHapHoH: /unu KBaJu6uHapHoH:/ peaKuuu runa 

N1N ·T 1 tT2 tX, /4/ 

6 

r.D.e qacruuw X yuocHT ueJHa'IHTellhHYIO cyMMapuyiO .D.OJliO 

3HeprHH, < r > eCTh cpe,D,Hee paCCTOHHHe Me)I(,D,y TO'IKa

MH aJaHMO.D.e~cTBHH /unu pacna.D.a/ qacTBU T 1 H T2 . B 3TOM 

CJly'lae Y.D.OfiHO HCITOJlh30BaTh eme O,D,BH napaMeTp -

E
2 

/ )' c ( y c - nopeuu-$aKTOp CHCTeMhl l..{eHTpa HHepi..{HB), 

Korophi~ onpe,D,enHeTcH JHa'leHHHMH E 0 B E 2 • Pacnpe,D,ene

Hue no E 
2 

/ Yc B cucTeMe ueurpa uuepuuu ecTh cneKTP 

3Hepru~ aropHYHhiX qacTHU, a B uepenHTBBHCTCKOM npe

,D,ene xapaKrepuJyer cneKTP ux Mace. 

3. <l>opMa KaCKa,D,OB 

ilpH 3HeprBHX Eo 
napaMeTpaM x 1 , x 2 , 

Noo 
~0 

20 

10 

Nt)( 

2 

2 

HB)I(e 200 · F3B pacnpe,D,eneHHH no 

f 
12 

He OfiHapy)I(HBaiOT JaMeTHhiX 

3 4 5 X -l 

~ 4 X -A 
Puc. 3. 3KcnepuMeHma/lbHble pacnpeoeAeHUJI zAy6uH zeHe
pat~uu nepBbiX (X 1 ) U BmOpbiX (X 2 ) zop60B UOHU30f1UU y 
KacKaOoB c u ~ 0,5 O/IJI 3Hepzuu E 0 <200 T3B /a/ u 
Eo ~ 400 F3B. KpUBble - oxuoaeMble pacnpeOe/leHUJI 0/IJI 
MOOe/IU noc/leOOBame/lbHbiX B30UMOOeiicmBUU ( W h (X)) U 
O/IJI MoOe/lu 6uHapHoii peaKfiUU (w T(x)). 
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Puc. 4. 3KcnepuMeHrtraAbHble pacnpeoeAeHU.R paccmo.RHUU 
f'. ,, MeJICOY nep8biM U 81/IOPbiM zop6aMU UOHU3UijUU y Kac

Ka1ifoe c u ::...0.5 OAR 3Hepzuu 200 T3B·_E 0 :;400 T3B 
/a/ u E 0 :::.400 T3B /6/. KpecmuKaMu noKa3aHbl pacnpe
oeAeHu.R OAR o6btt~HbiX /+/ u aHoMaAbHbrx ( :-:) co6brmuu. 

aHOManuu. O~uaKo npu E 0 ..., 200 T3B cpe~u KacKa~oB 

c u 2. 0,5 noJIBnJIIOTCJI co6biTHJI, y KOTopwx nepBbie rop6w 
uoHH3auuu, TaK *e KaK u BTopwe, pacnpe~eneHhi no rny-
6uue KanopuMeTpa cornacHo 3aKOHY /2/, B KOTopoM napa
MeTp ,\ COOTBeTCTByeT Y~BOeHHOMY npo6ery B3aHMO~eH
CTBHJI BTopuqHoH qacTuuw /puc. 3/. Pacnpe~eneHue w(f) 
TO*e MeHJieTCJI s6nu3u E 0..:- 200 T3B: B HeM no.HBnJieTCJI 
~HHHonpo6e:>KHaJI KOMHOHeHTa c < F> = 2,\ I oKono 200/o co6w
THH npu 3HepruJix 20<F 400 T3B u -500/o - npu 3HeprHJIX 
BMIIIe 400 T3B, puc. 4/. 

8 

TaKHM o6pa3oM, Mo~enh nocne~oBaTenhHWX B3auMo
~eHCTBHH He onucwsaeT nose~eHue HeKoTopou qacTu 3K
cnepuMeHTanhHWX KaCKa~OB npu BWCOKHX 3HeprH.HX. AnnpoK
CHMaUH.II 3KCnepuMeHTanbHWX pacnpe~eneHHH Ha OCHOBe 
nou MO~enu ~aeT T ( x 2 ) -0,8 ~n.11 E 0 < 200 T3B u 
g\_0) <0,01 ~n.11 E 0> 400 T3B. 

O~HOBpeMeHHO H3MeH.HeTCJI pacnpe~eneHue E 21 y c 

Ilpu E 0 < 200 T3B oHo cosna~aeT c mKu~aeMwM ucxo~.11 

H3 u3MepeHHbiX cneKTPOB N(Eo) u f(u);o~HaKo npu 3Hep
ruJix swwe 400 T3B B HeM B03HHKaeT ~o6asoqHwH MaK
CHMYM B o6nacTu 6onhiiiHX E 2 / y c I puc. 5/. 

4. KoppenJIUHJI aHoManhHWX 3cllclleKTOB 

h h ) IlyCTb W 
1 

(X 
1

) , W 
2 

(X 
2 

h ( E 2 ) , W ---· eCTb BepOJITHOCTH 
3 }' 

o6pa3oBaHuJI KacKa~os c napaMeTpaMH x 1 , x 2 , E 0 I y c 

~JI Mo~enu nocne~osaTenhHWX B3auMo~eHCTBHH I puc. 2A 

70 
,...... 

-t'
0 50 

C>l 

@ 

Z 30j: ~ . wh(E 21y,) 

1Q~l ~~ ~ T3B 
--f""t-r 

10 ZQ 30 E !y 
2 c 

Puc. 5. 3KcnepuMeHmaA~Hoe pacnpeiJeAeHue E2 I y c OAR 
KUCKU006 c U ~0,5. [j - KaCKUObl C Eo <200 T3B. 
~ - KUCKUObl c 200 T3B~E 0 <400 T3B. ~- Kac
KUObl c Eo.? 400 T3B. Kpuea.R - pacnpeoeAeHue, oJICuiJae
Moe Ha ocHoee U3MepeHHbiX cneKmpoe f(u) u N (E 0 ). 
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/ 
T T T, ) u B, a w 1 (x 1), w2 (x 2 ), w;{{t.; 2 . )·,, - Te )Ke oepoJnuo-

CTH )J.JUI MO)J.enu 6uuapuoH: peaKuuu I puc. 2C/. Boe)J.eM 
KoppenHUHOHHYID~YHKUHID 

T T T 

R 
w1 (x1).w2(x2).w3 (E2 'yc) 

h h h ' 
w ( X ) • w ( X ) • w ( E }' ) 
11 2 2 3 2 c 

/5/ 

...... h· h h D ' 6 , ...,yHKUHH Wt (x 1 ) , w 2 (x 2 ) , W;~ ( "':.! }'e) Bbl HpaJIHCb 
TaK, "IT06bl OHH HaHJIY41llHM o6pa30M OIIHCbiBaJIH :lKCIIepu
MeHT IlpH :lHeprHHX HH)Ke 200 T3B. <l>yHKllHH W T (X ) H 
wl(x2) Bb14HCJIHJIHCb B COOTBeTCTBHH C ~OpMyJIOH )2/ im1 

< e > - ~A . BH)J. ~YHKUHH w} ( !~:.! ' ) (') HeH3BeCTeH, H npu 
pac4eTe R 3Ta oenuquua nonaranacb paouou KoucTaHTe. 

Ha puc. 6 H3o6pa)Keuo pacnpe)J.eneuue no !{ JKcnepu
MeuranbHbiX KacKa)J.OB c Eo..:;- 400 r:~B H ll ....: O,G KaK 
BH)J.HO H3 pucyHKa, HMeiDTCH )J.Be rpyiiiibl COOblTHH: 00bi4Hble 
(h) H auoMaJibHbie (T) co6b1THH, )J.JIH KOTOpbiX R 5 . Co6bi
THH B :lTHX rpynnax XOpOlllO pa3)J.eJIHIDTCH. 

5. CaoH:cTBa aHoMaJibHbiX co6biTHH 

PaccMoTpeHHbie Bbillle caoucTaa a)J.pOHHbiX KacKa)J.oB 
MoryT ObiTb OIIHCaHbl Ha OCHOBe npe)J.IIOJIO)KeHHH, 4TO IIep
BHl.JHOe co6biTHe rrpe)J.cTaBnHeT co6oii 6uuapuyro /unu KBaJu-
6uuapuyro/ peaKUHID BH)J.a I 4/. llpu :lTOM npo6er T- qac
THU B ae~ecrae 6onbllle H)J.epuoro, a Macca uacTonbKO 
BeJIHKa, 4TO HX IIOHBJieHHe Bbl3biBaeT HeperyJIHpHOCTb B 
cneKTpe E 2 'y c Ha6nro)J.aeMoe qucno co6biTHH a o6-
nacTH ueperynHpuocTH I puc. 5/ na)J.aer c yMeHbllleHHeM 
3Hepruu u rrpu E0 .::: 200 TJB o6pa~aeTCH a uynb. Ecnu 
C4HTaTb, 4TO 3Ta :lHeprHH COOTBeTCTByeT IlOpory peaKUHH 
/4/, nony4HM, 4TO E 1~ 012 .:: 

2 
20 F3B /a cucTeMe ueurpa 

uuepuuu/ u m T ::..10 F3B/c 
B cnyqae pO)K)J.eHHH )J.Byx T ·<JaCTHU c O)J.HHaKOBbiMH 

MaccaMH yron HX pa3)J.ena B C.U.H. ()~ O)J.H03Ha4HO CBH3aH 
c cooTHOllleuueM 3HepruH: E TJ u E T 2 . Ha puc. 7 noKaJauo 

10 
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R 
0,1 1,0 10 100 

Puc. 6. PacnpeoeAeHue :JKcnepuMeHTilQAbHbJX 3Ha'leHuii Kop
peAJitlUOHHoii fPYHKLlUU R OAJI KacKaOoe c u _ 0,5 u BcL 
_400 T3B. KpecmuKaMu noMe'leHbl COMHUTileA&HbJe T- co-
6bJ11lUJI. 

1.000-

900 

aoo 
700 

=~ 
400 -t 
300-

200-

E
0 

• r:~B 

0 

0 0 0 // 
/. 

__.- ---0 O,p 

-~ 
0 o/ 

ca 

,.o/~ v 
0 

0* 
T 

1 I I I 1ool1 I l I 1 60" 
o• y;j' 90. 

Puc. 7. 3KcnepuMeHmaA&HaJI 3aeucuMocm& MeJICOy yzAoM 
pa3Ae1/la T- 'lQCTilU'Ll 8 CUCTileMe tleHTilpa UHeptlUU 0 * U 
3Hepzueu e3auMoOeucmeuJI E 0 /OAJI KacKaOoe t E 

0
_· 

_:_400 T3B/. 
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yrnoaoe pacnpe,IJ.eneHue BTopH'IHhiX qacTHU., Bbi'IHcneHHoe 

MB peaKU.HH N + N -. T 1 + T 2 npu m T = 10 F3B/c 2 • 

Hc'le3HOBeH:He c pocToM E 0 co6hiTHii c ManwMH 3Haqe

HHBMH e;, /T.e. OTHOCHTeJibHO 60JibWHMH 3Ha'leHHBMH ETf 
MO:>KeT CJIY:>KHTb yKa3aHHeM Ha TO, 'ITO aHOMaJibHble KaCKa,lJ.bl, 

perHCTpHpyeMble B KanopHMeTpe, B03HHKaiDT B pe3yJibTa

Te pacnaAa, a He B3aHMOAeiicTBHB. B 3TOM cnyqae HJ- Ja 

nopeHu.eacKoro YAJIHHeHHB apeMeHH :>KH3HH T- qacTHU.hl no

KH,lJ.aiDT KanopHMeTp H COOTBeTCTBYIOll.(He C06biTHB TepBIOTCB. 

ECJIH 3TO TaK, TO, 3HaB DOBe,lJ.eHHe napaMeTpa < e > /KOTO

pbiH B 3TOM cnyqae JaBHCHT OT 3Hepruu ET/, yrnoaoe pac

npe,IJ.eneHHe H TOJlll.(HHY DOrJIOTHTeJIB, MO:>KHO Ol.(eHHTb cpe,lJ.

Hee apeMB :>KH3HH T -qacTuu.: oHo nonyqaeTcB paBHhiM 

==a.1o·1t. 

I 

fOOO 

100 

fO 

'f. 

.----- ' ' ' ' 
1 1 3 lo- 5 

X /A 
Puc. 8. YcpeoHeHH&Ie KacKaoH&Ie KPU6&1e OA.R omoeA&H&Ix 
zop6o6 uoHu3aijuu, co30a6aeM&IX T- ttacmuijaMu 6 KaAo
puMempe. IIyHKmupoM noKa3aH&I KPU6&1e, noAytteHH&Ie OA.R 
o6&1'1H&Ix co6r.1muil. 'lucAa y KPU6&1X o6o3Hatta10111 cpeoHue 
3Hepzuu zop6o6 6 F3B. 
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Eme OAHOii xapaKTepHoii oco6eHHOCTbiD paccMa Tpuaae

Moro Knacca co6biTHii BBnBeTcB pe3Koe JaMe,lJ.neHHe no

rnmu.eHHB KaCKa,lJ.OB, C03,lJ.aBaeMbiX Ka:>K,lJ.OH H3 T -qacTHI.( 

/c pOCTOM 3HeprHH ET/, B OTJIH'IHe OT KaCKa,lJ.OB o6bi'IHOro 

npoucxo:>K,IJ.eHHB I puc. 8/. 3To Morno 6bi 6b1Tb cneACTBHeM 

KaCKa,IJ.Horo pacna,IJ.a T-qacTHU.. 

6. )J.aHHble ,ll.pyrHX 3KCnepHMeHTOB 

3aMe,IJ.neHue nornoll.(eHHB KacKa,lJ.oB c pOCJOM 3H,epruu 

nepBH'IHOH 'laCTHI.(bl OTMe'laeTCB B pa6oTaX · 10, 11 · , 'ITO 

aHanorH'IHO 3$41eKTY, DOKa3aHHOMY Ha puc. 8. 
lloTepg HaH6onee 3HeprH'IHbiX C06biTHH, CBB3aHHaB C 

pacna,lJ.oM T-qacTHU. 3a npe,IJ.enaMH KanopHMeTpa, ,lJ.OJI)I(Ha 

DpHBO,D.HTb K H3MeHeHHID HaKJIOHa H3MepBeMoro KaJIOpH

MeTpOM cneKTpa E 0 npH BbiCOKHX 3Heprusx. HJnoM nep

BH"'Horo cneKTpa B oKpeCTHOCTH 1000 F3B AeiicTBHTenb

HO Ha6JIID,lJ.aJICB B 3KCDepHMeHTaX C KaJIOpHMeTpaMH B K,OC -, 

MH'IeCKHX nyqax. 3TO BBJieHHe DO,lJ.p06HO 06Cy:>K,lJ.aeTCB Bi 4 ·9 

B npe,lJ.DOJIO:>KeHHH, 'ITO B 3TOH o6naCTH 3HeprHH DOBBJIBIDTCB 

TB:>Kenbie HecTa6HllbHble qacTHU.bi HeHJBeCTHoii npupOAbi. 

Ill. OIIHCAHHE YCT AHOBKH AJIJI .(IOHCKA 
TJI)J(EJlblX lJACTHl{ HA YCKOPHTEJIE 

3KcnepuMeHTaJibHaB ycTaHOBKa, npe,IJ.naraeMaB 3,lJ.eCb, 

DOKa3aHa Ha pUC. 9. 0Ha COCTOHT H3 CJie,lJ.yiDll.(HX 3JieMeH

TOB: 

1. MuweHb /M/. 

2. KanopHMeTp - nornoTHTeJib (K I). 
3. BaKyyMHhiH pacnaAHbiH o6'beM ( IJ) 
4. FO,lJ.OCKODH'IeCKaH CHCTeMa H3 DpODOpl.(HOHaJibHbiX Ka

Mep ( G l -'- G14 ) . 

5. KanopuMeTpH'IeCKHH cneKTpoMeTp (KII). 
Me:>KAY MHWeHbiO H KanopHMeTpoM KI pacnono:>KeHa 

nponopu.uoHanbHaB KaMepa A 1, pa6oTaiOll.(as B aMnnuTyA

HOM pe:>KHMe. TaKHe :>Ke KaMepw. A 16 H A ic;,pacnonara

IOTCB HeDOCpe,lJ.CTBeHHO nepe,lJ. pacna,lJ.HbiM 06'beMOM D H 
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nocne Hero. KanopHMeTp KI, nnHHOH oKono 100 eM, 
conep)f(HT nornoTHTenL l)f(ene3ol TOnll{HHOH 6A H HcnonL-
3yeTc.ll nn.11 llOrllOII\eHHJI anpoHOB, ponHBWHXCJI llpH B3aHMO
neHCTBHH nepaHqHOH qaCTHUhl B MHWeHH, H H3MepeHHJI HX 
3HeprHH. )J,eTeKTOpaMH B KanopHMeTpe Clly)f(aT aMllllHTyn
Hhle nponopuHoHanLHhle KaMepLI A 2 -:- A 16 

PacnanHMH o6'LeM nnHHOH 100 eM npenHa3HaqeH nn.11 
o6Hapy)f(eHHJI cnyqaea pacnana qacTHU. YnaneHHe clJoHa 
HH3K03HeprHqHLIX KaCKanHhlX 3lleKTpOHOB B03MO)f(H0 npH 
HcnonL3oaaHHH MarHHTHoro non.11 nepen pacnanHMM o6'Le

MOM. 
ronoCKOnHqecKaJI CHCTeMa COCTOHT H3 nponopUHOHanL

HhlX KaMep C paCCTOJIHHeM Me)f(ny CHrHanLHLIMH npoaonoq
KaMH 1 MM B KaMepax G 1 7 G 10 H 2 MMB KaMepax G 11cG 14 . 

Pa3MepLI 3THx KaMep cnenyiOII\He: G 1 7 G 4 -15-15 eM; 
G 57 G 10- 30x30 eM; G 11-: G14 - 60x60 eM. B KaMe pax 
G 1, 3, 5, 7,11 CHrHanLHLie 3neKTponM pacnono)f(eHbi aep-

THKallLHO H Clly)f(aT nn.11 H3MepeHHJI X -KoopnHHaTbl, a B 
KaMe pax G 2 , 4 , 6 , 8 , 12 - ropH30HTanbHO H cny)f(a T nn.11 
H3MepeHHJI y -KoopnHHaTLI. B KaMepax G 9 , 18 OHHHaT.IIHYTLI 
non yrnoM 45" I U - KaMepMI, a a KaMe pax G 10 14 - non 
yrnoM 135 ° K TOil )f(e ocH IV-KaMepbii. ' 

0CHOBHOe Ha3HaqeHHe CHCTeMhl G5714 - onpeneneHHe 
aepWHHhl perHCTpHpyeMbiX COfihlTHH. JlHHeHHaJI npOT Jl)l(eH
HOCTL CHCTeMbl G 5 714 - OKOllO 500 CM. ToqHOCTb no
KanH3aUHH aepWHHbi co6LITHJI a npenenax pacnanHoro o6'Le

Ma ±15 CM. 

OcHOBHOH qacTLIO ycTaHOBKH .IIBn.lleTc.ll KanopHMeTpH
qecKHH cneKTPOMeTp KII. OH cocTOHT H3 )f(ene3Horo norno
THTen.ll H neTeKTOpOB - aMnnHTynHhlX nponOpUHOHanLHhlX 
KaMep A 18~-A41 .naiOII\HX HHclJopMaUHIO o6 aMnnHTyneHMnynL
ca, perHCTpHpyeMoro Ka)f(noil npoaonoqKoil. 06II\a.ll Ton
II\HHa nornoTHTen.ll COCTaBn.lleT -lOA . 

Ka)f(nhlH neTeKTOp (A) HMeeT BHn OTnenLHOro Monyn.ll 
C TOllCThlMH 1-1 '-2 CMI CTanLHhlMH KphlWKaMH. Tonll{HHa 
ra3oaoro npoMe)f(yTKa a TaKoM Monyne - 2 eM, a 3neKT
ponM HaT JIHYThl C war OM 2- 3 MM. 

lllHpHHa 3lleKTpOHHO- .11nepHoro KaCKana B TaKp~/ Kano
pHMeTpe COCTaBn.lleT -2 CM Ha llOllOBHHe BhlCOThl' 13~ TaKHM 
o6pa3oM, KanopHMeTp K Il no3aon.lleT H3MepHTL KacKan 
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OT Ka)K,ZJ.OH H3 ynaBWHX Ha Hero qacTHIJ., ecnH OHH B,ZJ.YT 
Ha paccTOJIHHH:::; 4 c..w .npyr OT .npyra. ToqHocTh H3MepeHHJI 
:meprHH KanopHMeTpaMH TaKOrO THna COCTaBnJieT - 20C1/o 
npH :meprHH oKono 10 F3B H 15C1/o npH :meprHH -100 F3B. 

KanopHMeTp KI co.nep)KHT oKono 200, a Kanopu-
MeTp KII - oKono 1500 KaHanoB cbeMa aMnnHTY.D.HOH HH
cllopMaU.BH. ro,ZJ.OCKOnHqecKaJI CHCTeMa ,IJ,Oll)I{Ha HMeTh OKOllO 

4000 KaHanoB. 

IV. OIIHCAHHE 3KCIIEPHMEHTA 

PerHcTpupyiDTCJI co6MTHJI, Y.D.OBneTBOpJIID~e cne.nyro

~M ycnOBHJIM: 
A. llponopu.uoHanLHaJI KaMepa A1 cllHKCHpyeT B3aHMo-

,IJ,eii:cTBHe B MHWeHH. 
li. B nponopu.uoHanhHOH KaMepe A16 HMeeTCJI He 6onee 

10 3apJI)KeHHhiX qaCTHU,. 
B. 3HeproBw.neneHHe B KanopuMeTpe KII npeBwwaeT 

0,2 E 
0

, r.ne E 
0 

- 3HeprHJI npoTOHOB nepBHqHoro nyqKa. 
Jlro6aJI H3 qaCTHU., pO,ZI,HBWHXCJI B nepBHqHOM B3aHMO

,IJ,eHCTBHH B MHWeHH /ycnOBHe A/, HMeeT oqeHh ManeHhKYIO 
BepoJITHOCTh npoii:TH BeCh KanopHMeTp KI 6e3 B3aHMo
.neii:cTBHJI, no3TOMY ecnu qacTuu.a c 3Heprueii: > o.~ E 0 BM
xo,ZJ.HT H3 Hero, TO, KaK npaBHno, B O.IJ.HHoqecTBe. 0.IJ.HOBpe
MeHHO C HeH MOryT BhiHTH llHWh HeCKOllhKO cpaBHHTellhHO 
Mano3HepruqHMX a.npoHoB /c 3Heprueii: B HecKonhKO F3B/ 
H HeCKOllhKO ,ZJ.eCJITKOB KaCKa,ZJ.HMX 3lleKTpOHOB H clloTOHOB 

c 3HeprHJIMH -10 M3B. 
YcnOBHe Ji o6ecneqHBaeT OT6op C06MTHH, B KOTOpMX 

nnOTHOCTh qaCTHU. B rO,ZJ.OCKOne HeBellHKa H B03MO)I{Ha 

H,ZJ.eHTHcllHKaU.HJI HX TpaeKTOpHH. 
YcnoBHe B HCKnroqaeT co6LITBJI, B KOTopwx TJI)Kenwe 

qaCTHU.M 3aBe,ZJ.OMO OTCyTCTByiDT. 
llpH .nanJ.Heii:weii: o6pa6oTKe oT6HpaiOTCJI co6MTHJI c 

pacna.noM qacTHU.hl /T .e. B ro.nocKone HMeeTCJI HecKon~>Ko 
TpeKOB, BMXO,ZJ.JillJ,HX H3 O,ZJ.HOH TOqKH pacna,JJ,HOrO 06'heMa/. 
,lVIJI 3THX C06MTHH onpe.nenJIIOTCJI yrnhl BMlleTa qaCTHll. 0 i 
/.D.llJI 3apJI)I{eHHMX qaCTHU. - no rO,ZJ.OCKOny, ,ZJ.llJI Heii:Tpanh-
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HhiX - no nonomeHHIO KacKa,IJ,a B KanopHMeTpe K II I H HX 
3HeprHH E . Macca pacnaBweii:cJI qacTHU.hi onpe.nen1!eTC11 

I 
H3 COOTHOWeHHH 

LE . i M ~ __ 2_ ___ _ 

y 

jcqHTaeM pi = Ei /. 

y ~ 1 

yl -7 
L p .• cos o. 
. I I 

f3 = -
1
-------- I 6/ 

LE · 
j I 

llorpewHOCTb B onpe.neneHHH MaCChi T- qacTHU.bi, no 
npoBe,ZJ.eHHbiM ou,eHKaM, oKa3anacb paBHOH 1\ M / M --17% .llpH 
3TOM 6binH yqTeHbl cne,ZJ.yiOllJ,He cllaKTOpbl: norpeWHOCTb H3-
MepeHH11 3HeprHH KanopHMeTpoM KII/15C1/o/; norpewHOCTb 
H3MepeHH11 yrna BblneTa 3ap1!)KeHHOH qacTHU.bi no ro,IJ,ocKony 

I -1 ..wpaoj H HeiiTpanLHoii: qacTHU.bl no KanopHMeTpy 
KII /-·5 ..wpao, Kor,IJ,a BepwHHa BbineTa ycTaHoBneHa no 

ro.nocKony/H npocTpaHCTBeHHoe pa3peweHHe KanopHMeTpa 
KII / -·1 c..w/. )l,on11 HeiiTpanbHbiX npo,IJ,yKTOB pacna.na 6Lina 
npHH1!Ta paBHOH 1/3. 

V B03MO)J{HOCTH 3KCIIEPHMEHTA 

OcHOBHbiM HCToqHHKOM $oHa 11BllJIIOTC11 pacna,IJ,bi H3-
BeCTHbiX qacTHU. /HanpHMep, K 0

, /\.
0
/, coBna.narollJ,HX c nH,IJ,H

PYIOil\HM a,IJ,poHOM, BbiWe.D.WHM H3 nornoTHTen11 c 6onLwou 
3HeprHeu ( E 2 > 0,2 E 0 ) . 

TaK KaK KOOp,IJ,HHaTbl TOqKH pacna,ZJ.a onpe,IJ,ell1!IOTC11 .no
BOllbHO nnoxo /H3-3a Manblx yrnoB pa3neTa qacTHU./, TO 
CpaBHHTellbHO qaCTO jc Bep01!THOCTblO 0,3/ TaKOH cnyqaii 
6y ,IJ,eT HHTepnpeTHpOBa TbC11, KaK pacna,ZJ. O,II,HOH qacTHU,bl 
Ha 3. 

Ou,eHKa noKa3biBaeT, qTo "ceqeHHe reHepau.uu" clloHo
BbiX C06biTHH COCTaBHT OKOllO 2.10-3:C..w 2 B pacqeTe Ha 

pN-cTOllKHOBeHHe I a pN ·¢011 = 2.10"32c..w2/. 
liHcno perHcTpHpyeMLIX T -qacTHU. 6y.neT coBna,IJ,aTb 

C qHCllOM TaKHX clloHOBbiX C06biTHH npH up N ., T .:: 10 ·:30c.M 2. 

0611\ee KOnHqeCTBO qacTHU., ynaBWHX Ha YCTaHOBKY 3a 
BpeM11 3Kcno3HU.HH 500 qacoB ,cocTaBHT 5.101q npH 3TOM 
6y,ZJ.eT 3aperHCTpHpOBaHO 3,5.10 3 clloHOBhiX C06MTBH. 

Mo.nenHpoBaHHe pacnpe,IJ,eneHH11 clloHOBbiX co6LITHH H 
co6biTHH pacna.na T-qacTHU. no 3~eKTHBHoii: Macce noKa-
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Puc. 10. 06Aacmb U3MepeHUJI napaMempoe <~acmu14 0/lJI 
ycmaHoeKu, U3o6paJKeHHou Ha puc. 9. KpecmuKoM omMe<~e
Hbl npeonoAazaeMble napaMempbl T- <~acmuf4bl /u3 :JKcnepu
MeHma 8 I<OCMU'I€CI<UX /ly'laX/. llyHKmup - 803MOJICHOe 
pacwupeHue U3MepJieMou o6Aacmu 3a c<~em euoou3MeHeHUJI 
zeoMempuu ycmaHoeKu. 

3MBaeT, qyo o6Hapy~HMoe ceqeHHe reHepauHH T-qacTHU 
·31 2 

COCTaBJHieT B 3TOM cnyqae 10 CM · 
3JJ.eCb MM, OJJ.HaKo, npeJJ.nono~HnH caMMH He6naro

npHXTHMH cnyqaif. EcnH ~e MOJJ.bi pacnaJJ.a T- qacTHUbi 

n03BOllXIOT BM)J.ellHTb ee H3 $oHa no OCOfieHHOCTXM pacna

)J.a, TO MHHHMallbHO 06Hapy~HMOe ceqeHHe reHepaUHH T

qaCTHU 6y)J.eT onpe)J.enXTbCX He $oHOM, a KOnHqeCTBOM 

ynaBWHX Ha ycTaHOBKY qaCTHU. flpH 3TOM Ja 500 qacOB 
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3Kcno3HUHB perHcTpHpyeTcx 10 T-qacTHU, ecnH ceqeHHe 

BX reHepaQHH COCTaBnXeT 3.10'33cM2. 

06nacTb napaMeTpoB T -qacTHUM, npH KOTopoif oHa 

MO~eT fiMTb 06Hapy~eHa OnHCMBaeMOH MeTO)J.HKOH, noKa-

3aHa Ha puc. 10. 
li3MeHBB reoMeTpHIO ycTaHOBKH, MO~HO paCWHpHTb 

)J.Hana30H HJyqaeMMX 3HaqeHHH r 

OnHcaHHax MeTOJJ.HKa noJaonxeT HJMepHTb cneJJ.yJOmHe 

xapaKTepHCTHKH T-qacTHU: 

1. BpeMx ~HJHH /no pacnpeJJ.eneHHJO ToqeK pacnaJJ.a 

BllH nyTeM cpaBHeHHX pe3yllbTaTOB npH paJnHqHOM pac

CTOXHHH Me~JJ.Y MHWeHblO H pacna)J.HMM Ofi'beMOM/. 

2. CeqeHHe B3aHMOJJ.eifcTBHX T-qacTHU c XJJ.paMH no

rnoTHTenx. 

3. MoJJ.M pacnaJJ.a /KanopHMeTp paJJJ.enxeT aJJ.pOHM, 

MIOOHM, 3lleKTpOHM H y -KBaHTbi/. 

HanuqHe JJ.BYX KanopHMeTpoa B ycTaHOBKe JJ.aeT BoJ

MO~HOCTb onpe)J.ellHTb, KaKaX )J.OllX nepBHqHOH 3HeprHH 

BbiHeCeHa Ja npe)J.ellbl cneKTpOMeTpa MIOOHaMH, HeHTpHHO 

HllH )J.pyrHMH HeH3BeCTHMMH qaCTHUaMH. 

VI ,4PYFHE 3A,4AlfH 

Y CTaHOBKa MO~eT fibiTb HCnOllb30BaHa )J.llX peWeHHX 

WHpOKOrO Kpyra npofineM HCCne)J.OBaHHX a)J.pOH-npOTOHHMX 

H a)J.poH- X)J.epHbiX B3aHMO)J.eHCTBHH: 

1. li3MepeHHe 3HepreTHqecKHX cneKTpOB BTOpHqHbiX 

Japx~eHHMX H HeHTpanbHMX qacTHU. Ha6nJOJJ.eHHe Koppe

llXUHH Me~JJ.Y 3THMH qacTHUaMH. liJyqeHHe xapaKTepHCTHK 

llHJJ.HPYJOmHx qacTHU. 

2. liJyqeHHe COfibiTHH C fionbWHMH nonepeqHMMH HM

nynbCaMH, B TOM qHcne o6pa30BaHHX CTpyif. 

3. HccneJJ.oBaHHe A- JaBHCHMOCTH HaJBaHHMX BMwe 3$

d>eKTOB. 

B JaKnJOqeHHe OTMeTHM, qyo ycTaHOBKa JJ.onycKaeT 

JJ.anbHeifwHe ycoaepweHCTBOBaHHX, OTKpbiBaJOmHe nepcneK
THBbi ee HCnOllb30BaHHX )J.llX peWeHHX BeCbMa WHpOKOrO 

Kpyra JaJJ.aq. 
KanopHMeTpHqecKHH cneKTpoMeTp JJ.OCTaToqHo YHH-

aepcaneH /paJJJ.eneHHe Japx~eHHMX H HeHTpanbHMX a)J.-
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poHoB, y , 11 , e I, a Mo.n:ynLHaB CTPYKTypa ycTaHOBKH 

IT03BOnBeT 6biCTpO nepeCTpOHTh ee npH B03HHKHOBeHHH 

HOBhiX npe.n:no:>KeHHiL 
ro.n:ocKOITHqeCKYIO qaCTh ycTaHOBKH MO:>KHO .U:OITOnHHTh 

.n:eTeKTOpOM nepeXO.U:HOrO H3nyqeHHJI, qTO .n:acT B03MO:lK

HOCTh H.U:eHTH!l>HUHPOBa Th 3apB:lKeHHhle a.n:pOHhl. 

TenecHhl~ yron ycTaHOBKH npu Heo6xo.n:HMOCTH MO:>KHO 

yaenHqHTh, .n:o6aBnBB BTOpO~ KanopHMeTp /HanpHMep, .n:nB 
H3yqeHHB KoppenupoBaHHhiX CTPY~ B rny6oKoHeynpyrux 

B3aHMO.U:e~CTBHBX/. 
KoMITaKTHOCTh annapaTyphl H OTCYTCTBHe B He~ Mar

HHTOB no3BonHeT pacnono:lKHTh ee B pa~oHe nepeceqeHHB 

BCTpeqHbiX nyqKQB /Ha YCKOpHTene CI>HAJI /JiaTaBBJI //. 
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