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AHHOT8UIIH 

n pH llOM OUUi CUIIHTIIllliHUHOHHOI"O cneKTpOM eTpa II CClle,llOB8l111Cb cneKTpbl 

M eaopeHT!"eHOBCKHX cfJOTOHOB, HCllyCKaeM b!X fA" · -Me308TOM8MII ypaHa II CBI1HU8. 

n 0 K838HO, 'ITO HOpMHpOB8HH8H H8 O,ll HH OCT8HOBIIBUHf j{c H M IOOH 11HT9HCIIBHOCTb 

pa.llii8UIIOHHOI"O nepexopa 2P - 1 5 B MesoypaHe 38MeTHO "MeHb~e, 'IeM B CBHHUe. 

· TeM caM hiM aKcnepiiM eHTanhHO .noKasaHo cymecTBOBaHIIe .no CIIX nop HeHa6mo.naa

w erocH MexaHII3Ma 6espa.niiaUIIOHHhiX nepexo.noa·., npu KOTopoM · aHepruH nepexo.na 

nepe.naeTCSI npHMO H.llpy. 

,. 
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1. B B e Ll e H II e 

- Ill 
B pa6oTe YIInepa npe.ucKa3hiBa1JIICh .uBa MeXaHII3Ma .uenem1H TH:>Kenhrx 

-Me30H8MII: "BHyTpeHHee" .ueneHIIe, KOI'Ll8 aHepl"IISI 1 He06XOLliiMaH Ll1ISI 

-·Ll eneHIISI 1 .OCB060:>K.llaeTCSI npii 38XBaTe SI.llpOM MIOOHa C HII:>KHel"O ypOBHSI .Me308TOMa 1 

II "BHeumee" .ueneHIIe, -npii KOTOpOM MIOOH He IIcqeaaeT 1 a SHepi'IISI1 Heo6XOLliiMaSI 

anSI Ll eneHIIH, ocBo6o:>K.u a eTcH B 6eapa.uiiaUIIOHHOM nepexo.u e M eaoaToMa Ha ypo

BeHb tJ .· 
.-· 121 

3apeuKIIH paccqiiTan BepoHTHOCTh 6eapa.uuauiioHHoro nepexo.ua B Meao-

aToMax TSI:>Ke1JhiX H.uep, ToqHee, B1fpoHTHOCTb Toro, qTo aHepriiH nepexo.ua 2.P~ IS 
He OCB060:>K.UaeTCSI B BIILle MeaopeHTI'eHOBCKOI'O II31JyqeHIISI 1 a npHMO ncpe.uaeTCSI 

- 131 
B pa6oTe ·, BhmonHeHHOH npii noMOlllii cl:>oTonnacTIIHOK, .uenaeTcH BbiBOLl o 

TOM 1 qTo OCTaHOBKII -Me30HOB B u 238 
npiiBO.llSIT T01JbKO K "BHyTpeHHeMyN 

.ueneHIIIO C BepOHTHOCTbiO 0,07 16eapa.uiiaUIIOHHOe .ueneHIIe aBTopaMII pa60Thi He, 
141 xl 

Ha6nro.nanocb II IIMeeT BepoHTHOCTh M eHbwe, qeM 1% I. B pa6oTe , BhmonHeH-

HOH npu. llOMOlllii aneKTpOHHbiX MeTO.llOB pel"IICTpaUIIII qacTIIU 1 TaK:>Ke .uenaeTCSI Bhr

BOLl 0 TOM 1 qTo 6eapa.uuaUIIOHHOe' .ueneHIIe 1 ecnii OHO IIMeeT MeCT0 1 Ll01l:>KHQ 6biTb 

T01JbKO M81JOH Ll01Je~ qucna aKTOB .ueneHIISI, 

KpoMe aTIIX onhrToB, .uaBwux oTpiiuaTenhHbie peaynhTaTbi, npe.uno:>KeHHbiH 

3apeuKIIM MexaHII3M 6eapa.uuauiioHHoro aepexo.ua 2 P- l S · MeaoaToMa aKcne

piiMeHTanbHO He IIccne.uoBancH. TaKIIM o6paaoM, .uo nocne.uHero BpeMeHII 5bmii 

II3BeCTHbl T01JbKO LlB8 MeXaHII3Ma nepeXOLlOB 2 p- 1 s ~-Me30Ha B Me30aTOMe: 

1 I IIa::tyqeHIIe MeaopeHTreHOBCKoro ci:>oToHa u 21 act>ct>eKT O:>Ke, KOTOpbiH B THmenbiX 

n.upax He IIrpaeT cymecTBeHHOH· ponii, 

11. nocTaHOBKa OfibiTa 

B HaCTOSilllefi pa6oTe, nocBSillleHHOfi IIccne.uoBaHIIIO 6eapa.uiiauuoHHhiX nepe

xo.uoB_, SKCTiepiiMeHTa1JbHO fiOKa3aH0 1 qTo B Ll efiCTBIITe1JbHOCTII M exaHII3M 6ea-

' pa.uiiaUIIOHHOI'O 2P - 1 S nepexo.ua B Me308TOMe IIMeeT MeCTO, 

xl 
Mbr 6naro.uapHhi .uoKTopy Moepy, KOTOpbiH oail:aKOMII1l. Hac c p.eaynbTaTaMII 
STOfi pa60Tbi BO BpeMSI KIIeBCKOH KOHcPepeHUIIII_. 
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YfCCJieD,OBaHHe 9TOI'O SIBJieHHSI He TOJibKO npeD,CTaBJISieT CaMOCTOSITeJibHblit HHTe

pec, .HO MOI'JIO Obi .a.aTb TaK)Ke ueHHble CBeD,eHHSI 0 CBOitCTBaX TSI)KeJibiX SID,ep~ 

B 3 121 . 6 
paooTe apeUKOI'O noKa3aH0 1 'ITO BepOSITHOCTb eapa.a.HaUHOHHbiX nepe-

XOD.OB B · f' -MeaoaToMe ypaHa, r.a.e nJIOTHOCTb sr.a.epHbiX ypOBHeit BeJIHKa, .a.on:m~ 

Ha ObiTb aHa'IHTeJibHoii. B jN -MeaoaToMe cBHHUa c Manoa nnoTHOCTbiO sr.a.epHbiX 

ypOBHeii 9Ta BepOSITHOCTb npaKTH'IeCKH paBHa Hynro. noaTOMy D,OJISI oeapaD,HaUHOHHbl~ 

2 1? - 1 s nepexoD,OB B MeaoypaHe onpe.a.ensrnacb nyTeM H3MepeHJriSI pa3HOCTH 

BbiXOD,OB COOTBeTCTByiOU.tHX pa.a.HaU~OHHbiX peHTI'eHOBCKHX nepexo.a.oa B IJ H Pt-
To oocTOSITenocTao, 'ITO aHeprHH nepexo.a.oa a MeaoypaHe H MeaocBHHue 6nH3KH 

I tV 6 M aal, ooner'IHJIO aa.a.aqy cpaaHeHn:SI Bbrxo.a.oa cpoTOHOB a TOM eM biCJie, 'ITo, 

npaKTH'IeCKH, He TpeooBaJIOCb BBOD,HTb. nonpaBKH K noJiy'IeHHbiM 9KCnepHMeHTaJibHO 

cneKTpaM. 

111. M e T o .a. H K a 

B paooTe Hcnonbaoaancsr ny'IOK ~ -MeaoHoB c HMnynbcOM 270 Maa/c 

0~ CHHXpOUHKJIOTpOHa 06'be.O. HHeHHOI'O HHCTHTyTa SID. epHbiX HCCJieD.OBaHHii:, CXeMa 

onbiTa npHBe.a.eHa Ha pHCo lo 0cTaHOBHBIIJHeCSI B MHIIJeHH MIOOHbl BbiD,eJISIJIHCb 

TenecKOnOM H3 TpeX CUHHTHJIJISinHOHHbiX .C'IeT'IHKOB 1 BKJIIO'IeHHbiX no CXeMe 1 +2-3 

I coana.a.eHHSI cqeT'IHKOB 1 12 a aHTHcoana.a.E:!HHH co c'IeT'IHKOM 3/. Ha pHc.2 npnae-
. . . . 2 

.a.eHa Kplraasr npooeroa, nony'IeHHaSI c TOHKoii 14 rlcM .ft.J MHIIJeHhiO. YlaMepeHHSI 

cneKTpOB H3JiyqeHHSI ,MeaopeHTI'eHOBCKHX cpOTOHOB npOBOD,HJIHCb C oonee TOJICTbiMH 

MHIIJeHSIMH, npH'IeM ypaHOBaSI MHIIJeHb /100 X lQ~ MM
2

x10,7 r/cM
2

/ H CBHHUOBaSI 

/lOOx 100MM
2

t0,3 rlcM
21 ObiJIH 9KBHBaneHTH:br ~o HOHHaaunoHHbiM noTepsrM. 

·.aeTeKTOpOM ({ -KBaHTOB CJIY)KHJI CUHHTHJIJISIUHOHHbiit C'IeT'IHK 4, COCTOSIB-

IIJHit H3 KpHcTanna fv'a._ J (Tf.) .a.n:aMeTpOM · 30 MM n BbiCOToii 35 MM, H cpoToyM-

HO)KHTensr ct:>SY-33. YIMnynoc c r -cqeT'IHKa no.a.aaaJICSI Ha 64-KaHaJibHbiii 
. . . . ' 

aMnJIHTYD.Hbiii aHaJIH3aTop, KOTOpbiit ynpaBJISIJICSI CHI'HaJIOM COBna.a. eHHii /1 + 2-31 + 

+12+41. ct:>oH cnyqaiiHbiX coana.a.eHn:ii: cocTaansrir npHMepHO 1/20 OT no;moro c'IeTa • 

.anSI KaJIHOpOBKH no 9HeprHH H npoaepKH JIHHeiiHOCTH aceii CHCTeMbl npUMeHsrn

.tSI HCTO'IHHK NCL 2.lt-/aHeprHH r -KBaHTOB 1,38 .Mas H 2,78 'Ma.a/. 

B npouecce· H3MepeHHi1 nepHOD,H'IeCKH MeHSIJIHCb MHIIJeHH H3 ypaH~ H CBHHua. 

Bee nony'IeHHbie cneKTpbl IIMenH OD.IIHaKOByiO cpopMy H He CMeiiJaJIHCb .a.pyr· OTHO-

CHTeJibHO .a.pyra. 

\ 
l 

I 
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1 Y. PesynbT8Tbi R BbiBO.l:l bi 

Ha pnc. 3 npeacTaBlleHbi cneKTpbi cpoTOHOB MesoypaHa. R MesocBRHUa B o6-

nacTR oT 3 ao 8 MaB. CneKTpbi HOpMRpoBaHbi Ha o.cimiaKoBoe KOliR'IecTBo· fl' -
M930HOB, OCTaHOBRBlllRXCSI B MRlll9HR. Ha cneKTpe CBRHUa SICHO BR,l:l9H llRK C 9Hep

rHeii N 5,3 MaB. )3BR.l:lY MallbiX pasMepoB KpRcTanna NtL J (Te) aToT nHK o6ycnoB

neH TpeMst .sHa'IeHRSIMR aHeprnn, TepsreMoii cpoToHaMR B KpncTanne: 1/ £?f , 
21£;- 0,51 MaB; 

cpOTOHOB 2 p - l s 
3/ Er - 1,02 MsB, rae Er = 6,02 MaB

151 
- 9HeprRSI 

nepexoaa B M930CBRHU~. YpaH aaeT M9Hbllle OTC'I9TOB B 

o61JaCTR · 5 - 5?5 MaB R npaKTR'Ie~R CT01JbKO )l(e, CK01JbKO CBRH9U B 06JiaCTHX, 

aocTaTO'IHO yaaneHHbiX oT 5,5 MaB. CpeaHSISI aHeprRSI nnKa, cooTBeTCTBYIOli!tero 

2 P - 1 S nepexoay, B ypaHe npnMepHO Ha 200 KaB 6onhwe, '!eM B CBRHU~. 

Pa3HHua B RHTeHCRBHOCTR cpoTOHOB c aaeprneii ~ 6 MsB B MesoypaHe 

R M930CBRHU9 llpR O,l:lRHaKOBOii reoMeTpiiR R 61JR3KRX 9H9pi'IISIX R31IY'I9HRSI YKa3biBaeT 

Ha TO, 'ITO 3,l:l9Cb aeiicTBRT91IbHO o6Hapy)l(eH 9~cpeKT 6espaaHaUROHHOI'O nepexoaa__ 

}A- -MesoaoB aa ypoBeHb l S MesoypaHa: Konn'IecTB~HHaSI oueHKa BepostTHOCTR 

9TO~O SIB1J9HRSI B ypaHe npeacTaB1JSI9TCSI HaM 3aTpyaHHT91JbHOii. 1.fT06bi onpe,l:leJIRTb 

OTH0lll9HR9 RHT9HCRBHOCT9H pa,l:liiaUROHHbiX nepeXO,l:lOB 2 p- 1 s . B MesoypaHe II 

M 930CBRHUe, He06XO,l:lHMO 3HaTb .[l01JIO OTC'I9TOB B K8)l(,l:l0M KaHane aHa1JR3aTopa, 

aeiiCTBRT91JbHO o6yC1JOB1JeHHYIO cpOTOH8MR nepeXO,l:lOB 2 p- 1 s i YfHbiMR CliOBa

MH, H906XO,l:lRMO 3HaTb BK1Ja.l:l cpOHOBbiX 0TC'I9'l'OB, T.e. OTC'I9TOB, He CBSI3aHHbiX 

c 2 P - 1 S nepexoaaMR. <t>oH'o Bbie oTc'Ie',l'bi o6ycnoBneHbi apyrRMir nepexoaaMII 

B M930aToMe, a TaK)l(9 npRCYTCTBReM S~eKTpOHOB· B nepBli'IHOM ny'IKe. 

OnpeaeneHIIe ypoBHSI cpoaa HBlJSieTCSI aoBOllbHO CliO* aoii saaa'Ieii, pewean 10 

KOTOpOii 6yayT UOCBSII!l9Hbl HOBbie .HCC1J9,l:lOBaHRSI. B HaCTORI!l99 .BpeMSI M bl MO)l(eM 

liRlllb yKa3aTb aoBOllbHO rpy6i:,re npeaenbr, B KOTOpbi~. saKliiO'IeH cpoa. VIs R3Mepe

anii, Bbm01IH9HHbiX llpR llOMOlllll ra30BOI'O 'IepeHKOBCKOI'O C'I9T'IIIKa, HaM R3B9CTHO, 

.'ITO cpoHOBbie oTc'IeTbi. B o6nacTH sHepriiii cpoTOHOB f{f > 4 Ms~, KaK B cny'Iae 

ypaaa, TaK R B C1JY'I89 CBRHU8 o6yC1JOB1J9Hbit B OCHOBHOM, cpOHOM 91J9KTpOHOB. · 

8TOT cpOH C1Ja6o 3aBRCHT OT B9Ul9CTBa MRII19HH II OT HOMepa KaHana aHa1JR38TOpa • 

.Hcao, 'ITO Benli•mHbi c'IeTa B ypaae H B. C.BliHIJ.e B o6nacTR rv 8 Msa SIB1ISIIOTCSI 

HR)l(HRMR npeaenaMH. ypOBHeii cpoHa B ypaHe .H B CBRHUe B liHTepecyiOI!leii HaC 
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o 6nacTn oKono 5 MaB /puc. 3/. BepxHeMy upeaeny cpoHa 6yaeT , o"!eBIIL(HO, cooT

BeTcTBOBaTb 1IUHUH, U01ly"leHHaH U1laBHOH IIHTepU01IHUUefi CUeKTpOB ypaHa ll CBUHUa 

na o6nacTeii c £ <._ 5 MaB II [ :> 5 MaB /pnc. 3/. 

npeauonaraH, qTo BepoH~HOCTb 6eapaanaUllOHHOrO uepeXOL(a B CBllHUe \Ns 
I 

upeHe6pe:>KnMo Mana, 

[ ( WsjwJ...v )1t = o ], 11 

uo cpaBHeHliiD c BepoHTHOCTbro ncuycKaHlfH cpoToaa W't,v 
UpliHJIMaH BO BHHMaHlfe BbiUieyUOMHHYTbie upeae11bl cpoHa 

uony"laeM: 

0,1 .( ( Wi. ) ~I 
Wtv u1.~8 Ill 

DpyryiO rpy6y10 oueHKy cpoHa Mo:>KHO uony"!lfTb 113 ycnoBHH, 'ITo UillpHHhi ypaHo"~

Boro If CBHHUOBOI"O UlfKOB L(01l:>KHbi 6biTb OL(HHaKOBblo Yfa STOH oueHKlf U01ly"laeM 

(Y16/W"?...v )V'-~ 0,2, T.e. Be1llf"llfHY, 6n11aKyro K Hlf:>KHeil: rpaHlfrie HepaBeHCTBa Ill. 

TaKHM o6pa30M 0 Ha OCHOBaHHlf H31IO:>KeHHOI"O MO:>KHO 3aK1IID"llfTb 0 'ITO BepoHT-

u 238 x/ 
HOCTH 6eapaalfaUHOHHOI"O If paalfaUHOHHOI"O uepeXOL(OB B Cp8BHliMbi' t 

UpH"leM, uO-BlfL(HMOMy, paalfaUlfOHHbie uepeXOL(bl upeo6naaaiOT. 

npeaBapliTe1lbHbie OUbiTbi UOKa3biBaroT, 'ITO '6eapaL(lf8UlfOHHbie uepeXOL(bi 

HM eiOT M ecTO If B T.!v 232. 

B pa6oTe 3apeuKoro _upeacKaahrBanach anH oTuom.euHH ( 'v{f, /Wf..v )u t?>8 

Be1llf"ll1Ha IV 5 - 20. 3ToT peaynbTaT HaxoaRncH B upOTHBope"'lflf c Benlf"llfHOfi /1 I. 

Heo6xoalfMO OTMeTlfTb, oaaaKo, "'To B oueHKie""3apeuKoro upeauonaranocb, 'ITO B 

Hape ypaHa j ~ >) f , rae f - c.pe~HHSI uJIOTHOCTb Boa6y:>KaaeMhiX uepe

xoaaMH 2 p - 1 s ypOBHefi. ypaHa lf r: - cpe.[(HHH lfX HaepHaH UIHpli:Ha. 

B aToM cny"lae upoueccaMlf, B KOTOphiX Boa6:1a eaHoe Hapo c M rooaoM B f S 
COCTOHHlflf uepeXOL(lfT 06paTHO B OCHOBHOe COCTOHHlfe HL(pa C M IDOHOM B 2 p 
COCTOHHlflf, MO:>KHO upeHe6pe"lb. KaK 38MeTlf11 3apeuKHH Uplf o6cy:>KaeHlflf HaUilfX 

peaynbTaToB, B aeficTBHTenbHOCTH r11uoTeaa Jf ~)) / He o6ocHoBaHa. Ecn11 

j ~ <(<::: / , To upouecchr oculf111IHUHII MIOOHa Me:>Kay 2 P H 1 J -cocToSI-

HHHMH C OL(HOBpeMeHHOH OCUlf111IHUlfeil: SIL(pa Me:>KL(y B036y:>KL(eHHbiM If OCHOBHbiM 

x/ Hame upeaBapRTenbHOe coo6meHne Ha KHeBcKoil: KoHcpepeHUHlf /1959 r.l o 

TOM~ 'ITO BepORTHOCTI! 6eapaalfaUHOHHOI"O If paalfaUHOHHOI"O uepexOL(OB 

2. f..:. I s B v!3j "upH61llf3HTeJibHO 0L(lfH8KOBbi" 6bmO HeaocTaTO"lHO 

o60CHOB8HO • 

--- --
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COCTOHHIHIM!f He HBJlHIOTCH npeHe6pe)KHM b!MH 1 TaK 'ITO OTHOWeHUe vJ~ ~~w; ... V 
/6/ 

CHJlbHO yMeHbWaeTCH 

B HaCTOHUlee BpeM H BblllOJlHHIOTCH 6onee TO'!Hb!e H3M epeHHH OTHOWeHHH w-s;vv;..)J 
B pa3Hb!X Me30aTOMaX, 

ABTOphl HCKpeHHee 6naronapHT A.~.AnnxaHoBa 3a nocTOHHHhlfi HHTepec 

K pa6oTe H .[l,c'P. 3apeuKoro, 03HaKOMHBwero Hac co cBoefi pa6oTofi no ee ony6nn-

KOBaH!fH, 

..,; PyKonHCb nocTynnna B H3naTeJibCKHfi o1'nen 
30 n eKa6pH 1959 rona. 
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I 
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5. V.L. Fitch, T. Rainwater. Phys.Rev. 92, 789, (1953). 

6. D. F. Zaretsky, V.M. Novikov; Nucl.Phys. I B netiaTHI 
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Puc. 1. CxeMa onbiTa. 

1 - 08TOHH851 38lllliT8 1 ·lt- KOnntrM8TOp (/) - 100 MM 1 111 - OTKJ10H5I!O-- -
wtrit M8r'HtrT

1 
lY - ny'l~- rr- -Me30HOBI Y - CUliHTtrJln51UliOHHbie C'leT-- . -

'II:!Ktr 11
1
2 - cutrHTtrJlJI51Top-nnacTMacca. G - 110 MM. TonwtrHa 10 MM 1 

3 - TO :>Ke 0 125 MM 1 TonwtrHa 12 MM. 4 - Kpi:IcTann No., "J (Tl) Qj 30 MM 1 

T onwtrHa 35 MM I 
1
' Y'i - qmnbTp I 15" '~~jc..M-1. (."'-' + 3 2. 'll/'-""- BtC I 1 

Yll - MtrweHb, Y~ - aawtrTa c'leT'ItrKa N2 4 - 2o eM f/r. -



- 9-

~· 
Cl!H, 

$ 
1 

• 
ll) 

JOOO I 

Ill 
'f. 

" 
t1 
t 
0 .aooo < (J 
~ 

~ 
1.:: 

E 
IQQO ~ v 

. so 50 70 80 90 (0(/ -(((/ 

PHc. 2. KpHBaH rrpo6eroB. 



"eHed.tl: II l1HOcp UeUedll UHH:l!OIII -111 'anHHIIO II l1HOcp 

uerredn UHH*HH -11 'eHocp ueuedn unHxdeii -l fl -J! 1J-J 
"tlHl1dAOE:6W H enHHIIOOE:6W .J.O IIOHOJ.Ocp 1qdJ.:li6Il:) "S "OHd 

1:;,1/"10,..,.,0;-t cYCIWOH OS' 0?-OE" OC' 01 

19~41) 3 5' c!. s 7 

0 

•.Q 
0 

0 

.o. 0 

~ f 0 

1~I}rif •
0 

o 

{J fifl.. 
1fi'l f 

-01 -

jjj 

TI 

.f" 

• 0 

~ 
~ () 

~ () 

~ 
~ () 
()b 

~ 

a 
~ ~ 

OOS' 

OOOf· 

OO~f 


