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UenbiO 

50 <Z,N <' 

necf>opM8UHH, 

BBe.neHne. 

pa5oTbi SIBnSinocb nanhaeil:Uiee nccnenosaane Sillep B o5nacTH 
I 1-3! 

821 rne TeopeTII"l:ecKn npenycMaTpHsaeTcSI rroSIBneane 
t3t 

KaK rroKaaann asTopbi , B neKoTopbiX cnyqaSJx B aTofi o5na-

CTH MO>KHO O>KHll8Tb HanH"'HR OTPHUaTenbHbiX nec!JopMaUHil: llnSI OCHOBHb!X 

H HH3KOlie>KaiiiHX COCTOSIHHH, B Slllpax 
1~0-124 

Cs , cornacao/3/, cymecTBo-

B8Hiie OTpHUaTenbHOH necf>opM8U.HH MO>K9T ITpHB9CTH K o5pa30B8HHIO H30MepoB, 

B CBSI3H c 9THM 5bmH Hccnenosanbi nefiTponone¢HUII!THbJe H30TOIThi ueaHSI 
120-124 

Cs , y KOTOpbiX oxmnaeTcSI o6paaosanne HH3KOBoa5y>KneHHbiX nao

MepHbiX ypOBHefi C 5onbUIHM CITHHOM, 

B nacToSimeil: pa5oTe ( 1 qacTb) npencTasneHbi naHHbie o pacnane no 
124 120 122 

cnx rrop He nayqaBUIHXCSI H30Tonos Cs , Cs H Cs. Bo BTopofi 

H Tp9Tbefi "18CTSIX CT8TbH 6ynyT ony5nHKOB8Hbl peaynbT8Tbl HCCn9llOB8HHfi 

nsoMepaoro cocTOSIHHSI Sillpa 
122

Cs ( T ~ = 0,35 ceK, E y = 4 7 K9B 

H 82 E::9B), f3 +- pacnana SILlpa 12:&Cs 

nop H9H3B9CTHOI'O H30Mepa -B SlApe 

H 95 K9B1 COOTB9TCTB9HHO), 

2. Pacrra.n 

3KcrrepHM9HTbl ITO CHHTe3y 122 Cs 

TSI>KenbiX HOHOB UHKnoTpOHa Y -300, 

3 

T~ 
12aCs 

3,5 MHH) 1 a TaK>Ke LlO CHX 

T~ = 1,6 ceK, E y= 63 

122c 122x 
S-> e 

ITpOBOllHnHCb Ha Bb!B9ll9HHOM ITY"l:Ke 



HsoTon 122 Cs o6pasyeTcSI B peaKUHSIX 
113

In ( 
12 

C, 3n) 
122

Cs 
109 ( 18 0 5 ) 122 c 94 H Ag , n . s npu aHeprHH 6oM6apnupyiOIUHX HOHOS 60 H Mas 

COOTB9TCTS9HH0o MHIU9liH H3I'OTOBnsUIHCb H3 HHAHS1 1 o6orarueHHOI'O AO 66% 

HaOTOfiOM 113 In 1 H H3 cepe6pa1 o60I'8IU9HHOI'O H30TOfiOM 
109

Ag AO 97%. 

OponyKTbl peaKUHH HccnenoaanHCb npu noMOIIlH Ge ( Li ) - aeTeKTopa, ycTa

HosneHHoro B ny~Ke TR~9llbiX HOHOB/4/ UHKllOTpoHa Y-300. 

B y -cneKTpax (pHc. 1),, nony~eHHbiX npH o6ny~eHHH MHWeHH H3 
118 

In 

HOH8MH 12 C H MHW9HH H3 109 Ag HOH8MH tS 0 1 H86llJOA8JOTCR 6biCTpO 

pacnaaaJOIUH9CR llHHHH C 3HeprHeA 330:!:,1 KaS H 355 K9So J1aMepeHHbiA nepHOA 

nonypacnana nHHHH 330 Kas cocTasnReT 23:!:,6 ceK (pHc. 2). nepexon c aHep

rHeit 331 K9S Ha6nJOA8llCSI B pa6oTe/5/, S KOTOpOA 6binH HCCll9AOB8Hbi MI'HO-

seHHbl9 y -cneKTpbi SIA9pHbiX peaKUHA1 npHBOASIIIIHX K S036y~aeHHbiM ypOSHSIM 
122 + 

SlAPS Xe, 3TOT nepexon COOTB9TCTBY9T y - pacnany ypOBHSI 2 H8 
1:12 

oCHOSHOe 'COCTOSIHH9 SIApa Xe. T aKHM o6pasoM, Ha6nronaeMaR HaMH nHHHSI 
122 

fiOK83biS89T 1 ~TO Mbl neitCTSHTellbHO HMeeM neno C pacnanoM Cs 

CnenyroiUHM yKasaHHeM aa o6pasosaHHe 
122 

Cs SIBnSieTCSI KpHsag aos-

6y~neHHSI (pH Co 3 ), H3M9p9HH8SI fiO llHHHH 330 KaS S peaKUHH 
109 

Ag + 
18 

0 , 
cl>yHKUHSI S036y~eHHR HM99T M8KCHMYM npH aHeprHH 6oM6apaHpyiOIUHX HOHOB 

LAB E = 94 Maa, ~To cooTBeTcTsyeT aHeprHH soa6y~neHHSI cocTaBHoro Raps 

E exo - 77,5 Mas • .nnSI uneHTH<tlHK8UHH Maccosoro ~Hcna nponyKTa peaK-

UHH 6bin8 paCC~HT8H8 senH~HH8 . X 

£ X Eexo- '£ 8 In 
l=t1 _, 

X X 

rne x - Konu~ecTBO ucnapHBiliHXCSI .HeRTpOHOB a peaKUHH (HI , xn ) ; 

E exo - a.Hepi'HSI S036y~eHHSI 1 COOTB9TCTSYJOU18R fi0ll0~9HHJO MBKCHMyMa 

ce~e.HHSI o6pa30B8HHSI na.HHOI'O nponyKTa; 8 In - a.Hepi'HSI CBSI3H j -I'O 
lOll 18 127-x 

HeATpOHa • .llnSI peaKUHH Ag ( 0, xn) Cs senH'IHHa lx I x npHHH-

MaeT cnenyroruHe s.Ha~e.HHSI: 

£4 

-:r 
l 5 

5 
l 6 

-6-

• ( 9.9:!:,0. 7) Mas, 

( 5, 7:!:,0,6) Mas, 

(3,2:!:,0,5) Mas. 
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(/) 
1-z 
:::> 
0 
u 

(/) 
1-
z 
:::> 
0 
u 

122cs 

330 keV 

£ 
~· Tln•(23± 6) sec 

~~y 

0 

0 

'2'-....._ 

~~. 

20 

!~l 
f 

0 

122Cs 

511 keV 

Tu2•(2s±4) sec 

0 

f 

0 

·t~ 

~ 

40 60 

TIME .(SEC) 

80 

122 113 12 12l. 
PHc, 2. PacnaJl H30Tona Cs. Mao Ton o6paaoBancsr B peaKUHH In( C, 3n) U!. 

6 

16/ 
no CHCTeM&THKe, npHBe~eHHOA B , B HCcne~OB8HHOA o6n&CTH a~ep O~H-

f 
~aeTca _x_"' 6 Mae. 3To oaaaq;aeT, 'ITO peaKttHa, a KOTopoA: aa6mo~aeTca 

~ 
109 18 122 

nHHHB 330 xaa, ~eA:cTBHTen&Ho HanaeTcH peaxnHeA: Ag( 0,5n) Cs. 

nuHHH 355 KSB, pacnan KOTOpOft Ha6n~a9TCH B CITeKTpe (pHC, 1), CBH-

38H8 C pacna~OM 124 
Cs. 3TOT H30TOII o6paayeTCH B peaKUHH 110 Jn( 12C,3n)12t;g 

115 
a a npHMeCHX HaoTona In (eM. paanen 3). 

KpoMe nHHHH 330 xaa a y- cnexTpe pacnanaiOmerocH Hnpa 
122 Cs 

Ha6monaiOTCH liHHHH 495 H 636 KSB C nepHOllOM nonypacna~a ( 3,5;!:0,5) MHHo 

OaR To~e HaaecTHbi H3 pa6oTb/ 5/, rae onpeaeneHbi K&K nepexonbi 4 + ... 2 + 
. + + 122Xe 122 
H 6 ... 4 a Rape • 11a aToro cneayet, 'ITO a Rape Cs cy-

urecTBYIOT llB& H30Mepa C nepHOllOM 23 CeK H 3,5 MHHo 11x B38HMHoe pacno

no~eHHe ITOK8 He H3BeCTHOo Ha OCHOB&HHH IIOJlY'I9HHbiX H8MH ll&HHbiX H30M9p 

c nepHo~oM nonypacnaaa 23 cex pacnaaaeTcH, rnaBHbiM o6paaoM, aa ypoaeH& 
+ + 

2 ( npHM9Cb nepexoaa aa ypoaea& 4 , ecnH aoo6ure cyurecTayeT, TO MeH&ure 
+ 

20% nepexoaa aa 2 ) • 11aoMep 3,5 MHH. pacnaaaeTcH, no-BHllHMOMy, aa ypo-
+ 122 

aeab 6 a aape Xe llnH aa OllHH Ha Bbturene~amHx ypoaaeA:, 

.Uan&aeA:urne aaHHbte o f3 + - pacnaae aToro HaoMepaoro coCTOHilHH 

6yayT ony6nHKOB&Hbio XoTenocb 6bi Ton&Ko OTMeTHTb, 'ITO cymecTaoaaaue 

T8KOr'O H30Mepa (aepoHTH0 1 C 6onblllHM CITHHOM) MO~eT 6biTb 06'bHCH9HO OT-
1112 

pnnaTenbHOA ae~opManHeA: aapa Cs. 

124 12 4 
3, Pacrran Cs... Xe 

11aoTon 124 Cs o6paaoaanca a peaKUHH 

MHUI9Hb 6bin8 H3r'OTOBneHa H3 9CT9CTB9Hf!OrO HHllHSio 

ttoln( 12 C,3n) 124 Cs. 

.y -cneKTp pacna~a 

rrponyKTOB peaK~Htt HccneaoaancSJ npH rroMoUIH Ge( Li) aeTeKTopa. 

faMM8 -crreKTp H3M9pSJnCH B HHTepaane 9HeprHft OT 50 llO 900 K9Bo 

B aToM cneKTpe ( pHc. 4) aa6mo~aeTca 6biCTpo pacna~aiOuraacH nHHHSI c aaep

rHeA: 353~2 K9B 0 nepHO~ ITOnypaCII&/].8 nHHHll paBeH 34~6 C9K (pHC, 5). nepe

XOll 352 K9B 6bin T8K~9 H3M9p9H ( pHC, 6) II pH ITOMOlllH f3 -cneKTpOM9Tpa, 

ycTaaoaneaaoro e nyqxe/71. B 9TOM cnyqae Hcrron&soeanacb peaKUHB 
116 Sn( 12C,4n) 124Ba. nponyKT ee 124 8a pacnaaancB B 

12
"cs 

n JJanee a 
1~4 Xe. 11aMepeao OTHOUJeane OHO paBHSI9TCSI5 1 2~0,4o ak -. 

a L+M 

7 



EXCITATION ENERGY (MeV) 

8 I -- I I I I I I I 
T 

- 109Ag( 180, Sn)122cs (I) 
t:: z 
::l 6 
ai 
0::: 
~ -
z 
0 I. ..... B (.) 
L&J 

I (/) 

(/) 
(/) 
0 
0::: 2 6 (.) 

40 60 80 100 120 

BEAM ENERGY (MeV) 

109 18 122 ' 
PHc, 3, ¢yHKUHSI aoa6ylKJleHHSI peaKUHH Ag( 0,5n) Cs. B -Kyno- 2 

HOBCKHfi 6apbep peaKUHH, Tonruma MHUieHH H30TOIT8 
109 

Ag - 4 MI' CM , 

¢yHKUHSI B036ym.r:te!IHSJ H3Mepena 118 /IHHHH C SHeprllefi 330 KSB H ne

pllOilOM nonypacna.na 20 ceK, 

8 

t 

I 

l 
I . 
\ 
I 

I 
I 

I 
I 

511 keV 
5 

'1 
b 
t 
t. .. 

352 keV 
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0 

.® u 

'~~ ·. ~ "'b . .. + - N )( 
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)( 
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1 I 

)( ., 

' 
80 10'0 120 140 

CHANNEL NUMBER 
124 Ll~ 12 124 

PHc, 4, faMMa-cneKTP pacna.na Cs 
12 

113 peaKUIIII In( C,3n) Cs. 
3Hepr11SI HaneTSJOII.IHX IIOIIOB C - 70 Mae. MmneHb! !jlonbra 

MeT8ilnll'ieCKOI'O Hll.r:IHSI TOIIII.IIIHOfi 15 MI' CM2, Ge( Li) - .r:teTeKTOp 

c o6beMoM 4,5 cM3, CneKTp A H3Mepeu cnycTSI 5 ceK nocne 

OKOII'i8HHSI o6ny'ie11HH
0 

BpeMH H3MepeHIISI 20 ceK, CneKTp 8 H3Mepell 

cnyCTSI 6 MHHo nocne OKOH'i811HSI o6nyqeHHSI, apeMSI li3MepeHHSI 60 ceK, 

9 



c 

~ \ 
124 Cs 

z 
352 keV 0 I u 

UJ 
(/) 

T112 • 3' :t 6 sec 
0:: 
UJ 
Q. 

(/) .... z 
:::> 
8101 

L-

0 100 

TIME 

\. 

200 
(SECONDS) 

Puc. -5. Pacrraa ocHoenoro cocTOSIHHH H30Torra 12< Cs. 
B peaKUI!ll 115 In( 12(:,3n) 124 Cs. 

10 

I 

300 

HaoTon o6paaoeancR 

II'· , .. , 

I 

~' 

,, 

'I 

l! 
!:' 

)I: 
1~' 

K 352 keV 
4 

3!- I \ 124xe 2+-o• 

(/) 
~ z 
::> 
0 
0 2 

~ 
)( 

I I ~ LM 352 keV 

2100 2200 2300 2400 
Hf (Gem) 

Puc. 6. CrreKTp aneKTpoHOB BHyTpeHHefi KO!IBepcuu. Boa6y~I10HHoe cocTo-
124Xe 12•B t24C· 12•x SIHHe B Rape o6~aaoaanocb B pacnaae a~ s ~ e. 

12"8a nony'leH B peaKUllll 
16 Sn( 12C,4n) 

124 
Ba npH aueprHH Hane-

Ta!Oumx uouoe 82 Mae, TonlUHHS MuweHH 2,8 Mr•cM-2, 

II 



/~ 
3To noATBepmnaeT pesyn&TaT pa6oTw , a KoTopoA onpeAeneaa MynbTH-

nonbHOCTb nepexoAa- E2 (Ta6nHUa 1). 

Ta6mma 1 

nepexoA 
El E2 E3 Ml M2 M3 

-
.:!..L- 6,1 ~ 2,9 5,9 §.J 4,2 

a L+M -
113 pa60Tbl 

/8/ Y -nepeXOLl C 9HeprHeit 354 K9B, KOTOpb11i COOTBeT-H3BeCTeH 
1 + 124 

cTayeT pacnaAy ypoaua 2 H8 OCHOBHOe COCTOHHHe B HLtpe Xe. Ha6mo-

ASeMSH HSMH imHHH 

116I 12 c 
852~2 K3B aanaeTCH LlOK838TenbCTBOM TOrO, qTO B peaK-

124 

UHH n + (npH E c • 60 Mas) o6pa3yeTca ae1icTBHTenbHO Cs, 
1 + 1~4 

KoTophd!: pacnaJlaeTca 
1
HS yposeHb 2 a anpe Xe. 

124 
.no6aao'IHbtM JlOKa3aTenbCTBOM o6paaoaaHHH Cs 

B036ymneHHH ( pHCo 7) 1 H3MepeHH8SI HS nHHHH 352 K9Bo 

SIBnHeTCSI KpHBSSI 

<J)yHKUHSI B036y)l(-

aeHHSI HMeeT MSKCHMyM npH aHeprHH 

anHHHHe KynoaoacKoro 6apbepa ( B LAB 

6y)I(JleHHSI 1 TO nonyqaeTCSI E exc 

E LAB • 60;!:.2 Msa. EcnH y'IHThiBSTb 

• 45. Msa) Ha <jlopMy KpHBoR B03-

€ 
52~2 Mas. TorJJa aenH'IHRa _ x 

X 

npHHHMSeT cneAy~WBe 3HS'IeHHSI: 

(3 

,-· e.e~o.s Msa 
1111 In ( 12C' 3n) 124 Cs ' 

_( 4 --- 21 8:t_1 10 Mas 
1111 12 123 

In( C,4n) Cs. 
4 

3TO npHBOJlHT K Bb!BOJJY1 'ITO nHHHSI 352 K9B o6paayeTCSI B peaKUHH 
1111 12 124 

In ( C,3n) Cs. 

B cneKTpe y -Hsny'leHHSI, conpoao>KAaJOutero {3+ -
1 + 

Ha6nJOLt8eTCSI TOnbKO OLlH8 nHHHSI - 352 K3B (nepeXOLl 2 ~ 

pacnaA 
124

Cs , 
+ 124 0 a SILtpe Xe). 

124 
Pacnaa H8 6onee BhiCOKHe ypOBHH B SILtpe Xe) OTCyTCTByeT ITOTOMY1 'ITO 

H3BeCTHbte H3 pa60Tbxf8/ nHHHH 525 K9B (nepeXOJl 4+-> 1 2+) 1 669 K9B 

+ + 2 + 1 + ( 6 -> 4 )1 a T8K>Ke 401 K3B ( BepOSITIIO nepeXOLl 2 ~ 2 ) He Ha6nJO-

Ll81oTCSio EcnH 9TH nHHHH cyuteCTByiOT B H81IIHX cneKTpax, TO HX HHTeHCHB

HOCTb MeHbllie $% HHTeHCHBHOCTH nHHHH 352 K3Bo 

12 

EXCIT. ENERGY (MeV) 

50 60 

ln(12c,3n)124cs 
""""' 
~5 -z 
:::) 

m4 
a:: 
<{ - 3 
z 
0 -tJ2 
lJJ 
(/) 

~1 
0 E1• 353keV 
Q: 
u 

L...l..-

50 60 70 80 

C BEAM ENERGY (MeV) 

Pnc, 7, <PyHKUHSI noa6yJK,neanSI peaKunn 
116 ln( 12 C,3n) 124 Cs. Tonmnaa 

MHllleHn 3,2 Mr. cM-2. Mnlllenh naroToBnena nyTeM ncnapeunSI 
eCTeCTDe!lHOI'O llH,!li!SI H8 BnJOMIIHlleDyto <jlonhl'Y TOnllli!HOlf 5 MKM B BBKyyMe. 

13 



'·· 

124 
Jlnst onpe.ueneHHSI cnHHa HaoTona Cs HaMepeao oTHoweaHe 1{3+/1 • 

y352 

Oao cocTaBnsteT 2,1:t_0,4. EcnH Mbi npHHHMaeM, 'ITO saeprHSI f3 +- pacnaJla 

Q = 6,0 Mae ( cornacHo pac'I~TaM paooTbi/ 10/), Mbi nonyqaeM llnSI fog ft 

{3 + -nepeXOJlS HS OCHOBHoe H nepeoe B030Y:ll<ll9HH09 COCTOBHHe B g.o;pe 

eemr'IHHbl 5,4 H 5 12, COOTB9TCTB9HHO, Ha 9TOI'O cneJlyeT1 'ITO nepexo.!l SIBnSI-
124 Hl4.-. 

eTC.II paapeW9HIIb!M H COCTOSIHHe H.!lpa Xe C nepHO.!lOM nonypacna,!la U! 

7T +· 
T !-> = 34 ceK HMeeT CflHH H 'I~THOCTb I - 1 • npeJlnonaraeMaSI cxeMa pacna.!la 

npeJlcTaeneaa aa pHc. 8. 

B TaonHue 2 npe.acTaeneHbi Jl8HHbie no saeprHH pacna.11a ( Q ) , nepH

o.uy nonypacna,aa ( T ~ ) H CflHHY OCHOBHOI'O COCTOSIHH.IJ (I 77
) ,anSI paaee 

H3BGCTHh!X H30TOI10B Ue3HSI/9/. CIO.US BKniO'I9Hb! TSK>Ke ,UaHHb!91 nony"'9HHbl9 

. ·~· B HSCTOSI!Ilell: paooTe, XOT.IJ Mbl He 3H89M 1 SIBnSieTCSI nH ypoBeHb B SI,Upe Cs 

( C nepHO.UOM 34 ceK) OCHOBHblM Hnll H30M9PHbiMo To )l(e CaMoe KacaeTC.IJ 
122 

smpa Cs , r.ae nopst.UOK ypoeaell: HaoMepao.A napbi ( 23 ceK H 3,5 MHH) 
122,124 

He uaeecTeH. 3aeprHSI pacna.aa .anSI Cs BaSITa Ha pac'I{!Toe/10/. 

Ta6mma 2 

Cs 130 128 126 124 122 

-
G (Man) 2,99 3,93 4,8 6,0 7,1 

T~ 30 MUH 3,8 MHH 1,6 MHH 34 ceK 23 ceK 
3 5 MJHf 

~------ -----·---·· --------·----------

I " 1+ + 1+ 1+ 1 

KaK BHllHO H3 Ta5nHUbi 2, nepHO.U nonypacna.aa 124 Cs nposmnHeT Ty >Ke aaKo

HoMepaocTb, 'ITO H nepHO.Ubi nonypacna.aa coce.uaux SI,aep ueaHH. 

124 
noHCKH H30Mepa Cs • c nepHO.UOM nonypacna.aa 110PSillK8 HeCKOnbKHX 

MHHyT, KOTOpJ,!ii stBnsUICSI Obi aaanorOM 3,5MHHyTHOI'O H30MSpa. B .ll,ape l:?$Cs.11:e 

nanH nonO)I(HTenbHOro peaynbTaTa. 

14 

2+ 

1• 34 sec 

124c 
55 s 

QEc• 6.02 MeV 
calculated 

p+ 52°/o ( 5.2) 

p+ 48°/o ( 5.4) 

Pnc. a. npellfiOJiaraeMaSI cxeMa pacnana H30Tona 
12'Cs. 

15 



4. MaoTon 
100 Cs 

f1pH OOJIY'18HHH MHlll8HH 1 OOOI'8lll8HHOfi H30TOIIOM 
107 Ag 1 HOH8MH 

tR 0 c sHeprHeii: 94 MsB cpe.llH rrpo.llyKTOB peaKUHH HaoJIJO}laeTCSI By -crreKT-

pe H B CII8KTpe KOHB8pCHOHHbiX SJI8KTpOHOB II8p8XO)l C SHej)rHeil: 328 KSB 

11 rrepHO.IlOM rronypacrra)la = 72 ceK. 8ToT rrepexo.ll cooTBeTCTByeT (rro 

Jl8HHbiM paooTbi/ 5/) pa3pS!.IlKe 2+ - ypoBHSI B SI.Ilpe ll!O Xe H SIBl!SleTcSI .llOKa-

38T8JibCTBOM TOI'0 1 '-ITO B peaKUHH 107 Ag ( 180, 5n) l20Cs 

Torr 
12° Cs 

Oopa30B8JICSI H30-

ABTOpbl Bb!p8)!(81QT rnyooKy!O onaronapROCTb aKa)leMHKY r.H.<I>nepoBy 

38 IIO.IlJl8p)I(Ky STOll p800Tb! 1 rpyrrrre SKCIIJiyaTaUHH UHKJIOTpOHa Y -300 BO 

rnaBe c E.A.3arepoM H B.C.An~eeBbiM, o5ecrre'1HBmeii: '-leTKYJO paooTy ycKopH

TenSI, 11. lC,IOHKep 38 IIOCTOSIHHYIO IIOMOUib IIpll OopaooTKe 8KCIIepHM8HT8JibHbiX 
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