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1 . BBE,QEHHE 

3$$eKTbl HecoxpaHeHI-IFI npocTpaHCTBeHHO~ 4eTHOCTH B peaKI..II-IFIX 

C He~TPOHaMI-1, Ha6JliOAaBWHeCFI paHee B 3KCnepHMeHTaX C y - Jly4a-

MH 11" 31 H AeJlFIUI~MI-ICFI FIAPaMH /4/, B nocJleAHI-Ie rOAbl 6b1Jll-1 o6Hapy

>KeHbl B nOJlHbiX Ce4eHHFIX AJlFI TenJlOBbiX He~TPOHOB /5/, a TaK>Ke B o6-

JlaCTI-1 P -eoJlHOBbiX pe3oHaHcoe 161 • HeAaBHO nOA06Hble 3$$eKTbl Ha-

6JliOAa11HCb /7/ npl-1 H3MepeHI-11-1 1-!HTerpaJlbHbiX y -cneKTpOB. 06bFICHeHI-!IO 

BCeX 3THX 3$()leKTOB B paMKaX pa3Jli-14HbiX TeopeTI-!4eCKI-!X nOAXOAOB 

nOCBFIUieH PFIA pa6oT, CM., HanpHMep,/8•1 1/. 0AHaKO KOJll-!4eCTBeHHOe 

COnOCTaBJleHHe TeOpi-11-1 H 3KCnepi-!MeHTa 3a4aCTyiO OCJlO>KHFieTCFI OTCyT

CTBI-!eM AaHHbiX 0 HeKOTOpbiX napaMeTpax, xapaKTePI-13YIOUIHX HCCJleAye

MYIO peaKI..IHIO. 8 CJly4ae HeAeJlFIUIHXCFI FIAep K HHM OTHOCFITCFI H30Ton

HaFI npHHaAJle>KHOCTb p-pe30HaHCOB, HX CnHHbl J, aMnJlHTYAbl He~T

POHHbiX WHpHH AJlFI KaHaJlOB C 3aAaHHbiM nOJlHbiM CnHHOM He~TpOHa 

yf n 1/2 , yf n 3/1! 1-1 aMnJlHTYAbl napL.~HaJlbHbiX y -wHpHH 3anpel!leHHbiX 

vfyt/3an./ 1-1 pa3peweHHbiXyfyt /pa3/ nepeXOAOB. AaHHaFI pa6oTa 

BblnOJlHeHa B OCHOBHOM C ~eJlbiO H3y4eHHFI nap~HaJlbHbiX y-wHpHH 

P-eonHoBbiX He~TpoHHblx pe3oHaHcoe 6poMa, onoea H naHTaHa, A11FI 

KOTOpbiX B pa6oTax 12• 31 H /~ 7/ 6biJlH o6Hapy>KeHbl 3()l$eKTbl HeCOXpa-

MF1rKHe y-nepexo.Abl e FIApax 80 Br H 82 Br, o6naAaiOIIIHX o4eHb 

CJlO>KHO~ H nJlOTHO~ CeTKO~ ypoeHe~ B6JlH3H OCHOBHbiX COCTOFIHH~, H3y-

4aJlHCb B peaK~HH 3aXBaTa TennOBbiX He~TPOHOB C npHMeHeHHeM 
H30TOnHbiX MHWeHe~ 79 Br H 81 Br e pa6oTe 1121 . Ee pe3ynbTaToM FIBH

nocb ycTaHOBJleHHe npe~I-131-!0HHbiX 3Ha4eHH~ 3HeprH~ HH3K03HepreTH-

4eCKHX ~epeXOAOB H CXeMbl ypOBHe~ B6JlH3H OCHOBHbiX COCTOFIHH~. 

YIHTeHCHBHOCTH PFIAa JlHHH~ H3MepeHbl e 113/ c Hcnonb30BaHHeM e Ka-

4ecTee MI-!WeHH ecTeCTBeHHO~ CMeCH H30TOnOB 6e3 H30TOnHO~ HAeHTH
$HKa~HH. 

nepBH4Hble y -nepeXOAbl B peaK~I-11-1 117 Sn (n, y) Ha TenJlOBbiX H pe-

30HaHCHbiX He~TpoHax H3y4anlo1c b e pa6oTax 1 14·16/. obiJll-1 o6Hapy>KeHbl 

HHTeHCHBHble >KecTKio1e y-nHHI-1H MYJlbTHnonbHOCTH Ml 1-1 c HeonpeAe

neHHOCTbiO AO $aKTOpa 2 H3MepeHbl COOTBeTCTBYIOUIHe nap~HaJlbHble 
Y -wHpHHbl lo1CC1leAoBaHHbiX s -pe3oHaHcoe. HH3Kone>Kal!llo1e eo36Y>KAeH

Hble ypoBHH FIAPa 118Sn xopowo H30nHpoeaHbl APYr oT APyra, 3HeprHFI 

nepeoro B036Y>KAeHHOrO COCTOFIHI-IFI paBHa 1230 K38. 

CHJlbHble nepelo14Hble y-nlo1HHH MYJlbTHnonbHOCTH El npH 3axeaTe 
TenJlOBbiX He~TpOHOB B 139 La HCCJleAOBaHbl C XOPOWio1M pa3peWeHHeM, 

HanpHMep, e pa6oTe 1171• A6coniOTHaFI lo1HTeHCI-1BHOcTb Jllo1HH~ Jle>KHT 

B A1-1ana30He 0,2 + 10%. PaCCTOFIHio'IFI Me>KAY HH3KOJle>KaUII-!Mio1 ypoBHFIMH 

B6JlH3H OCHOBHOrO COCTOFIHHFI FIApa-npOAYKTa 140,La AOBOJlbHO MaJlbl, 
OKOJlO 30 K38. 
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0AHaKO HCCileAOBaHHR cneKTpOB y -ny4eH 1113 04eHb cna6b1X p -
BOilHOBbiX pe30HaHCOB yKa3aHHbiX RAep B npeAbiAY~HX pa6oTaX He npo
BOAHilHCb, B03MO>KHO, BBHAY 04eBHAHbiX TPYAHOCTeH, CBR3aHHbiX C HH3-
KOH HHTeHCHBHOCTb~ y-H3IlY4eHHR. Hcnonb3yeMbiH HaMH He.:iTpoHHbiH 
cneKTpoMeTp no epeMeHH nponeTa c HMnynbCHbiM peaKTOPOM HEP-30 1181 

B Ka4eCTBe HCT04HHKa HeHTPOHOB OKa3ailCR AOCTaT04HO CBeTOCHilb
HOH YCTaHOBKOH, 4T06bl npoeeCTH 3TH HCCileAOBaHHR. 

2. 3KCnEPHMEHT~ H KAnH6POBKH 

H3MepeHHR npoBOAHilHCb e ABYX pe>KHMax pa6oTbl peaKTopa H6P-30: 
B C04eTaHHH C IlHHeHHbiM YCKOpHTeileM 3IleKTpOHOB nY3-40, KOrAa 
peaKTOp pa60Tail B Ka4eCTBe 6ycTepa npH 4aCTOTe 100 HMnlc, AilH
TeilbHOCTH HeHTPOHHOrO HMnyilbCa 4,5 MKC H MO~HOCTH W = 6 KBT, 
H 6e3 YCKOpHTeilR - npH 4aCTOTe 4 HMnlc, AilHTeilbHOCTH HMnyilbCa 
70 MKC H MO~HOCTH 20 KBT. nponeTHOe paCCTORHHe AO o6pa3UOB 
paBHRilOCb 35 M. npH W = 20 KBT nOTOK HeHTpOHOB B MeCTe pacnono
>KeHHR o6pa3ua cocTaenRn 3· 10 4 IE 0 •96 I3BI Hea:iTpoHoe ·eM -2. c -1 
Ha HHTepean 3HeprHH ~E = 1 38. nn~aAb ny4Ka B MeCTe pacnOilO>Ke
HHR o6pa3uoe paeHRnacb 5x7 cM 2. AeTeKTOpbl y-ny4ea:i ycTaHaBnHea
IlHCb noA yrnoM 90° K HanpaeneHH~ ny4Ka Hea:iTpoHoe. AononHHTenbHble 
CBeAeHHR 06 o6pa3UaX H AeTeKTOpax, HCnOI1b30BaHHbiX B H3MepeHHRX, 
npHBeAeHbl e Ta6n. 1. 06pa3Ubl KBr + H3B0 3 H NaCl npHMeHRilHCb AI1R 
KailH6pOBOK. 3HeprHH nHKOB B cneKTpe y-ny4eH KanH6poeai1HCb 
C noMOWb~ IlHHHH 122.1 ~ n(,,c; w~R r67r.n), f.f-1 7 .,~~(137~~), 
1173,2 H 1332,5 K38 ( 6 C~ paAHOaKTHBHbiX HCT04HHKOB, a TaK>Ke 
aH~HrHilRUHOHHOH IlHHHH 511 K38 H AY6IleTa 7631,6 H 7645,6 K38 
( 6 Fe(n, y)), npHcyTcTeoeaewHx e H3MepeHHbiX cneKTpax. AnR Ka
nH6poeKH cneKTpa Nal (Tl) -AeTeKTopa AOnonHHTenbHO npHMeHRilCR 
nnyTOHH.:i-6epHnnHeBbiH HCT04HHK lEy= 4,45 M3BI. 

B 3KcnepHMeHTe Hcnonb3oeanacb cTaHAaPTHaR annapaTypa H3Me
PHTei1bhloro ueHTpa na6opaTOPHH HeHTPOHHOH <)>H3HKH OHRH /19/: aM
nilHTYAHbiH KOAHPOB~HK AK 4096 H H3MepHTeilbHaR CHCTeMa Ha OCHOBe 
Manoa:i 38M THna MERA, no3BOI1RBwHe perHCTpHpoeaTb aMni1HTYAHble 
cneKTpbl OAHOBpeMeHHO B HeCKOilbKHX lAO 81 epeMeHHbiX OKHaX. 0KHa 
ycTaHaBilHBailHCb B 061laCTH HCCileAyeMbiX pe30HaHCOB, CileBa H 
cnpaea OT HHX H B o6naCTH AeHCTBHR KaAMHeBoro <)>HilbTpa. 

npoBOAHilHCb TaK>Ke H3MepeHHR cneKTpOB no MeTOAY epeMeHH npo
neTa C noAa4eH B H3MepHTei1bHY~ CHCTeMy HMnyilbCOB AeTeKTOpa, or
paHH4eHHbiX OKHOM AH<)><)>ereHUHailbHOrO AHCKpHMHHaTopa. npHMep OAHOrO 
H3 TaKHX cneKTpoe AilR 17Sn AaH Ha pHc. 1. 

MeTOAHKa onpeAeneHHR HHTeHCHBHOCTH y-nepeXOAOB 111 napuHanb
HbiX y -wHpHH pe3oHaHcoe npocTa. 4Hcno OTC4eToe AeTeKTopa IN yi 
AI1R AaHHOH IlHHHH Ey1 e npeAenax ecero HeHTPOHHoro pe3oHaHca 
MO>KHO 3anHCaTb B BHAe 

r yt 
INyi = Il(E 0 ) ·E(Eyi) ·A(E0 ,g£'0 , n) r' 11/ 

2 

Ta6.rm~a 

06pa3~ H p;eTeKTOpbl, HCITOJlb30BaHHble B H3MepeHH.IIX 

06pa3~ Bee H3oTonHbiH n ,[leTeKTOpbl 
.llp;ep•CM-2 /r/ COCTaB 

EpoM 
3,6· I 0 22 

Ge(Li), 37 eMS 
KBr 252; ecT. 
Br2 330 ecT. 7,0 ·10 22 

KBr + H 8Bo8 252+1 ecT. 
Oe(Li), 60 eM 3 0JIOBO 

MeTaJIJI 

JlaHTaH 
La 2o 3 
XJiop 
NaCl 

189 89% 2,04·10 22 Nai(Tl), 
117sn 117Sn 0 200x200 MM2 

Nai(Tl), 
130 ecT. 6' I. 10 21 0 200x200 MM2 

32 ecT. 4,2·10 21 Ge (Li) , 60 eM 3 

N 196 122 
(10

3
) 

1;0 

40 

50 

38,8 

1"1 

I 

100 

1,33 En, 18 

400 450 t 
J2Mte/HAH 

PHc. I. CneKTP HeHTPOHHhlX pe3oHaHcoB 117Sn, 
• H3MepeHHbU"i no MeTogy BpeMeHH nponeTa Nal (Tl) 

geTeKTOPOM 3a I qac B aMITJIHTYAHOM OKHe AHCKPHMH
Hal\HH Y -nyqeii 2, 3 - I 0 M3B. IIIHpHHa KaHana aHa.nH3a
Topa 4 MKC Ha HaqaJibHOM H 32 MKC Ha KOHeqHQM yqacT
KaX cneKTpa. llyHKTHpHa.ll JIHHH.II - ypoBeHb ITOCTO.IIHHOH 
COCTaBJI.IIID~eii ~OHa. 
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rAe ll(E0) ~ 4~cno He~TpoHoe,nonaew~x Ha o6pa3e~ 3a epeM~ ~3Me
peH~~, Ha ~HTepean 3Hepr~~ 1 38 j E (E yi) - 3<)l<)leKT~BHOCTb per~cT

pa~~~ y -KeaHTa; A - nnoll.laAb pe3oHaHca /e eA~H~~ax 38/ Ha 
Kp~eo~ nponycKaH~~ An~ o6pa3~a TOnll.I~Ho~ n ~Aep·cM-2, 8en~4~Ha A 
paCC4~T~BaeTC~ no ~3BeCTH~M napaMeTpaM He~TpOHHOrO pe30HaHca 
Eo, gl n ' r. 8 cny4ae cna6oro p -eonHoeoro pe30HaHca /~HAeKC pI 

A= ..!..nuPrP ~ Bblpa>KeH~e /1/ CBOA~TC~ K 6onee npOCTOMy: 2 0 

~Nyi = ll(E~) •E (Ey1) ~ nu~ r~, /2/ 

rAe u~- een~4~Ha pe3oHaHcHoro ce4eH~~ np~ E =EC. 4To6~ ~36e
>KaTb a6con~THOrO OnpeAeneH~~ He~TpOHHOrO nOTOKa ~ 3<)l<)leKT~BHOCT~ 

AeTeKTOpa, ~3MepeH~~ 06bi4HO HOPM~py~T Ha pe3ynbTaT AOnonH~
TenbHOro 3Kcnep~MeHTa c o6pa3~aM~, An~ KOTop~x ~3eecTH~ nap~~
anbHble w~p~Hbl ryi • 8 HaWeM cny4ae YA06HO~ OKa3anacb HOPM~POBKa 
C ~cnonb30BaH~eM ~N; , r ;i ~ Ce4eH~~ Uy An~ s-eonHOBOro 3axea
Ta He~TpOHOB noA ~ccneAyeMbiM p -eonHOBbiM pe3oHaHCOM. 8 cny4ae 
l39La ~ l17sn OCHOBHO~ BKnaA B s-3aXBaT nOA p-eonHOBbiM pe3o
HaHCOM AaeT oTp~~aTenbHbl~ ypoeeHb ~ TorAa xopow~M np~6n~>KeH~eM 

An~ ~ N~i ~en~eTc~ 
~E 

ConocTaeneH~e /3/ c /2/ AaeT 

2 
1T 

~E 

rs 
y 

/3/ 

/4/ 

3To oTHoweH~e ~cnonb3oeanocb np~ o6pa6oTKe pe3ynbTaTOB ~3Mepe
H~~. npoeeAeHHbiX Nai(Tl) -AeTeKTopoM An~ 117sn ~ 189La, 

A6con~THble 3Ha4eH~fl nap~~anbHbiX w~p~H >KecTK~x nepexoAOB 
MO>KHO TaK>Ke onpeAen~Tb, HOPM~py~ ~X Ha ~3BeCTHbl~ BbiXOA ly(E;') 
~ cooTBeTCTBY~Il.lee 4~cno OTC4eToe N(E*) An~ M~rKo~ n~H~~ E~ 
Toro >t<e caMoro o6pa3~a: Y Y 

/5/ 

An~ 3Toro Heo6xoA~Mo 3HaTb oTHOC~TenbHY~ 3ae~c~MOCTb 3$<)leKT~e

HOCT~ AeTeKTopa oT 3Hepr~~ E • An~ Hawero Ge(Li)-AeTeKTopa oHa 
6blna ~3MepeHa C nOMOil.lb~ peaK~~~ 35Cl (n, y) S6ca, An~ KOTOPO~ B pa-
6oTe 1201 onpeAeneHbl een~4~Hbl Iy e w~poKoM A~ana3oHe 3Hepr~~ EY • 

4 

N 

(8111811 1791 (791 

50000 
135 101 53,6 35,8 0,88 

I I I I I 

30000 

10000 l 
0 

20 40 60 BD 100 120 BOD 900 

PHc.2. CneKTP HeATPOHHhlX pesoHaHcoa 6poMa /o6paseQ 
KBr I, H3MepeHHbU1 no MeTOAY apeMeHH npoJieTa Ge ( Li) 
AeTeKTOPOM c aMnJIHTYAHbiM OK HOM Ey = 300-600 KsB. lliHPHHa 
KaHana aHaJIH3aTopa - 4 MKC. Cnpaaa MacwTa6 H3MeHeH 

a 40 pas. Umppbi HaA cTpeJIKaMH - 3H~_P.r.HH pesoHaHcoa a 3B, 
""v' vuttax >1,LieHT11qJHKaQHH 1 corJiacHo ' ... , 1 A aHa a cKo6Kax. 

t 

HopM~poeKy no <)lopMyne /5/ Mbl np~MeH~n~ An~ ~3oTona l17Sn, 8 Ko
TopoM np~ 3aXBaTe He~TpOHa B036Y>KAaeTCfl ~HTeHC~BHbl~ BTOp~uHbl~ 
nepexoA E;( 

118
Sn) = 1230 K38. 8en~4~HY ly An~ Hero Mbl ~3Mep~n~. 

cpaeH~B OTC4eTbl AeTeKTopa Ny( 117Sn) ~ N (35Cl) /nocneAH~e -
An~ n~H~~ 1165 K38 B peaK~~~ 35 Cl(n, y) ai?'Cl/, B COOTBeTCTB~~ 
C npOCTbiM COOTHOWeH~eM 

/6/ 

cnpaeeAn~BbiM An~ TOHKoro o6pa3~a, ~ c y4eToM He6onbworo pa3n~-
4~~ e 3Hepr~~ y-KeaHToe. 8~n~weM TaK>Ke ~cnonb3YeMoe H~>Ke o4e
B~AHOe COOTHOWeH~e: 

171 

rAe ~HAeKC e YKa3biBaeT Ha Ben~4~Hbl An~ ecTeCTBeHHO~ CMeC~ ~30-
TOnOB, a - COAep>KaH~e ~30Tona. 

11HTeHc~eHocT~ H~3K03HepreT~o~4ecK~o~x nepexoAOB An~ 6poMa 6bln~ 
~3MepeHbl aHanor~4HbiM 06pa30M, B COOTBeTCTBio11o1 C COOTHOWeHioleM 
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/6/, HOB 3TOM cny4ae AnR HOpMHpOBKH ~cnonb30Ban~Cb peaK~HR 
10B(n, a)7 Li* c BbiXOAOM y-KeaHTOB c Ey = 480 K38 H peaK~~R 
39K(n, y) 40K c Ey = 772 K38. HaoTonHaR HAeHTH<!lHK~~HR MRrK~x Y -
nHHH~ B 6poMe CAenaHa HaM~ nocpeACTBOM H3MepeHHH HX BbiXOAa 
B He~TpOHHbiX pe30HaHCaX ~~seCTHO~ H30TOnHO~ np~HaAnemHOCTH: 
101 38 (81Br) H 35,8 38 ( Br) 1211 • AeMOHCTpHpyeMbiX Ha p~c.2. 
06nacTH I ~ Ill cnymHnH AnR H3MepeHHR eenH4~H Iy(E y) AnR BTOPH4-
HbiX y-nepexoAOB. OnpeAenHe, nHHHR KaKoro ~3oTona ycHnHeaeTCR 
B o6naCTH fi, Mbl YCTaHOB~n~ H30TOnHy~ npHHaAnemHOCTb p-peao
HaHCa 0,88 38. 

3. PE3YJlbTATbl H OliCYlK,[IEHHE 

A. lipoM. CneKTpbl HH3K03HepreTH4eCKHX y -nepeXOAOB, H3MepeH
Hble c o6paa~oM H3 mHAKoro 6poMa, noKa3aHbl Ha pHc.3. HHmH~~ 

cneKTp cooTeeTCTeyeT o6nacTH II Ha pHc.2. 8HAHO, 4TO e peaoHaHce 
0 88 38 oco6eHHO ycHnHeaeTCR nHHHR 287 K38. CornacHo HaWHM Ha-

, 112/ 
MepeH~RM B s-pe30HaHCaX, a TaKme B COOTBeTCTBHH C , OHa 
npHHaAnemHT TOnbKO ~30TOny 81 Br. JlHHH~ 245 H 344 K38, noMe4eH
Hble 3Be3A04KO~, TaKme yc~nHBa~TCR, HO B MeHbWe~ CTeneHH. no 
AaHHbiM ~3MepeHH~, B S-pe30HaHCaX OHH Ha6n~Aa~TCR B 060HX ~ao
TOnax. OcTanbHble nHHHH, KpoMe <PoHoeblx /<1>/, npHHaAnemaT :roTony 
79Br. TaKHM o6paaoM, peaoHaHc 0, 88 38 - peaoHaHc H3oTona Br • 
3HeprHH, H30TOnHaR HAeHTH<!lHKa~~R H HHTeHCHBHOCTH H3MepeHHbiX 
~~~Kn~~PnrPT~4Pr.K~x npoexonos B 6ooMe noe~cTasneHbl B Ta6n.2. 
HHTeHc~e~ocT~ Iy e 3-~ KonoHKe Ta6nH~bl AaHbl enepeble. PeaynbTa
Tbl nepec4eTa Iy ~a ~HTeHCHBHOCTH 1; AnR aaxeaTa e ecTeCTBeHHO~ 
CMeCH H30TOnOB np~BeAeHbl B 4-~ KOnOHKe H COrnacy~TCR C paHee 
H3BeCTHbiMH 1121 • 

CneAyeT OTMeTHTb, 4TO e /1S/ npHBeAeHbl B 4~cne APYrHx nepe
XOAOB AnR Br nHHHH 554, 619, 698, 777 H 827 K38. CornacHo HaWHM 
H3MepeHHRM OHH npHHaAnemaT RAPY 82Kr, B03HHKa~~eMy npH ~-pacnaAe 
RApa-npOAYKTa 82 Br, 3TH nHH~H OTCYTCTBOBanH Y HaC B Ha4ane ~3Me
peH~~ H 4epe3 HeCKOnbKO 4aCOB perHCTpHpOBanHCb BO BpeMeHHOM OK
He MemAY BCnbiWKaMH peaKTOpa. 

6. Onoeo. HaMepeHHR npoBOAHnHCb e o6nacTH s -eonHoeoro peao
HaHca 38,8 3 9 /eM. p~c.1/, P- eonHoeoro peaoHaHca 1,33 38, 
a TaKme Tennoeblx 3HeprH~ He~TPOHOB. Ha pHc.4 noKaaaH HH3K03Hep
reT~4eCKH~ y4aCTOK Y-cneKTpa, nony4eHHOrO B OAHO~ H3 CepH~ 
H3MepeHH~ AnR peaoHaHca 38,8 38. 3To - cHnbHbl~ H xopowo ~aonH
poeaHHbl~ peaoHaHc, 3aHHMa~~H~ Y3KH~ epeMeHHO~ HHTepean. OH AaeT 
HaH6onee HaAemHy~, He HCKameHHy~ <!lOHaMH HH<!lOpMa~H~ 0 BTOp~4HbiX 
y -nepeXOAaX B llSSn, KOTOpaR npHBeAeHa B Ta6n. 3. 06pa~J~aeT Ha 

ce6R BHHMaHHe 04eHb BbiCOKaR HHTeHCHBHOCTb nHHHH 1230 K38. onaro
AaPR 3TOMY OHa OKaaanaCb YA06HO~ AnR KanH6pOBK~ HHTeHC~BHOCTeH 

MRrKHX H meCTK~X Y -nepeXOAOB KaK B AaHHOM, TaK H B APYr~X 

6 

N 
16000 

12000 

6000 

"1000 

81 • 

79 

I 

220 

1
. 245 287 314 344 366 

16000 I 212 297 

I l I II I 

12000 '1 1 I L 
... \ .. 
. ~ \ PI fl 

~ • l li . 

79 

I 

470 

I 

q, 

I 

511 

6000 " "'.!' li ' I 
I.J ~ 11 

"1000 
:~............... 11 

q, 

I 

597 

""""~~ ....... j 
·~ ......... ~ ~"""'" --.,!' ~_1. 

PHc.3. HH3K03HepreTHqecKHe yqacTKH cneKTpos y-nyqeH 
6poMa: BHH3y - CYMMapHblli cneKTP B o6naCTH p-sonHOBOrO 
pe3oHaHca c 3HeprHeH 0,88 3B; ssepxy - s -sonHosoH 
BKna,o, B HHJKHHH cneKTp, nonyt~eHHblii BO speMeHHblX OKHaX 
cnesa H cnpasa oT pe30HaHca. Ha HHJKHeH cneKTpe yKa3aHbl 
3HeprHH nHHHH B K3B, Ha sepXHeM - HX H30TOnHaH HAeHTH
<I>MKaQHH, 

peaoHaHcax. ConocTaeneHHe y-cneKTPOB a peaoHaHcax 38,8 3§ H 
1,33 38 nOKa3ano, 4TO nHHHR 1230 K38 AaeT 6onbWO~ BKnaA H B. 
P -eon HOBO~ pe30HaHC: ly = 80+ 1 0 Ha CTO 3aXBa4eHHbl~ He~TpOHOB. 
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Ta6nH~a 2 

3neprHH H HHTeHCHBHOCTH BTOPHtiHbiX y -nepeXO,D;OB, 

B036yJK,o;aeMbiX 3aXBaTOM Hefl:TpOHOB C 3HeprHefl: OKOJ10 

I 3B B 6poMe 

E6 
a 

~po- I<t 6 lea 
KsB 

r 
MHllleHb 

220 79 7,5 ± 1,5 6,0 + 1,2 
245 79 21 ± 4 } 20 + 3 
245 81 15 ± 3 
272 79 I0,5 :!: 2 8,3 + I ,6 
287 81 19 ± 3 3,6 + 0,6 
297 79 3,8 :!: 0,6 3,0 :!: 0,5 
3I4 79 8:!: 2 5,0 :!: 1,2 
344 79 2,4 ± 0,71 3,3 + 0,8 
344 8I 7:!: 2 
366 79 4 ± I 3,0 + 0,8 

a - norpel!IHOC Tb B onpe,o;eneHHH 3HeprHH E }' cocTasnneT I K3B. 

6 - ly ,o;aHbi B t~Hcne y -KBaHTOB Ha I 00 neil:TpoHoB, 3axsat~eHHbiX 

H,o;poM yKa3aHHoro H30Tona. B - I~ naHbi B t~Hcne y -KsaHTOB na 

I 00 neil:Tponos, 3axsat~eHHbiX H,o;paMH ecTecTBeHHoil: cMecH H30Tonos 

6poMa. 

Ta6nH~a 3 
3HeprHH H HHTeHCHBHOCTH BTOpHtiHbiX y -nepeXO,D;OB B 118Sn, 
B036YJK,o;aeMbJX 3aXBaTOM Heil:TpOHOB B pe30HaHCe 38,8 3B 

8I4 
826 

1099 
I230 

1447 
!506 
2044 

I 6 
t 

6,0 + 1,5 
3 + I 

II,6 + I,5 

92 + 5 
- I5 

2,4 :!: 0,6 
3,3 :!: 0,8 
5,6:!: 1,4 

2044 
2056 
2329 

1230 

2677 
2736 
2044 

1230 
1230 
1230 

0 

1230 
1230 

0 

a - riOI'peWHOCTb B onpe,o;eneHHH 3HeprHH COCTaBJ1HeT 2 K3B. 6 - HH

TeHCHBHOCTH ,o;aHbi B t~Hcne y -KsaHTOB na I 00 Hell:Tponos, 3axsa

t~eHHbiX B H3oTone 
117 Sn. 
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PHc.4. HH3K03HepreTHtlecKHH yt~acTOK cneKTpa y-nyt~eil: 
Heil:TpOHHOI'O pe30HaHca 38,8 3B B 

117Sn, nonytleHHbiH 3a 

30 tlaCOB H3MepeHHH. 

Ta6Jm~a 4 

3neprHH ~eCTKHX y-nepeXO,D;OB H COOTBeTCTBYID~e nap~Hanb

Hble wHPHHbi Heil:TpOHHbiX pe3oHaHcos 
11 7 Sn 

-29 

!,33 

38,!3 

9325 
0095 
9325 
8095 
7565 
7269 
728! 
6996 
6925 
6828 
6414 
9325 
8095 

THn nepe
xo.n.a 

MI 
MI 
EI 
EI 
EI 
EI 
EI 
EI 
EI 
EI 
EI 
MI 
MI 

0 
!230 

0 
1230 
1760 

~~} 
2329 
2400 
2497 
29II 

0 
1230 

2,3 ! 0,4 
~ 0,3 

I,I ± 0,3 
~ 3 
II± 3 
14 ± 4 

20 :t 6 
7 ± 3 

. 9 ± 3 
20 ± 6 

0,6 ± 0,2 
8,5 ± 1,5 

a - norpewnocTb onpe,o;eneHHH E y cocTaanneT 3 K3B. 6 - E r - 3Hep

I'HH KOHetiHOI'O COCTOHHHH 118Sn, Ha KOTOpoe OC~eCTBJ1HeTCH nepexo,o;Ey• 

:__ 



nony4eHHa~ HH$OpMa~H~ 0 nepBH4H~X y-nepeXOAaX npH paAHa~HOH
HOM aaxeaTe HeHTPOHoe e peaoHaHcax 117 Sn npeACTaeneHa e Ta6n.4. 
PeaynbTaT~ An~ peaoHaHca npH oTpH~aTenbHOH 3HeprHH E 0 = 

=- 29 38/21/ nony4eH~ npH H3MepeHHH C TennoB~MH HeHTPOHaMH, 
3aXBaT KOTOP~X npaKTH4eCKH ~enHKOM o6ycnoeneH OTpH~aTenbH~M 
peaoHaHCOM. An~ pe3oHaHCa 38,8 38 nony4eHH~e 3Ha4eHH~ r 1 noA
TBePmAa~T paHee H3BeCTH~e/18/, HHTeHCHBHOCTb nepeXOAa 9!25 K38 
An~ TennOBOH T04KH Cy~eCTBeHHO yT04HeHa no cpaBHeHH~ C H3BeCT
HOH paHee H3 /141, rAe HeonpeAeneHHOCTb AOCTHrana $aKTOpa 2. 
Hoe~MH ~en~~Tc~ AaHH~e An~ p-eonHoeoro peaoHaHca 1,33 3B. OHH 
nony4eH~ Ha OCHOBaHHH y-cneKTpa, noKa3aHHOrO Ha pHC.5. CTaTHC
THKa 3Aecb ocTaen~eT menaTb ny4wero, HO noaeon~eT ycTaHoBHTb 
P~A nepeXOAOB, OTCYTCTBY~~HX npH 3aXBaTe BHe pe30HaHca. nony-
4eHH~e nap~HanbH~e y-wHpHH~ npHBeAeH~ B nocneAHeH KOnOHKe 
Ta6n.4. THn~ nepeXOAOB nony4eH~ Ha OCHOBaHHH AaHH~X 0 J" aax
BaTH~X H KOHe4H~X COCTO~HH~X. CxeMa HH3KOne~a~HX ypOBHeH Ha/22/ 
npHBeAeHa Ha PHC.6. Bee HH3KOnema~He ypoBHH 118Sn, 3a HCKn~4e
HHeM H30MepH~X, HMe~T nonomHTenbHy~ 4eTHOCTb H J"= 0+, 2+. 
An~ ~Apa-MHWeHH 117 Sn I"= 1/2+. no3TOMY aaxeaT p-eonHoeoro 
HeHTPOHa AOnmeH npHBOAHTb K no~eneHH~ rpynn~ BbiCOK03HepreTH-
4eCKHX nepBH4H~X nepeXOAOB THna El, 4TO H Ha6n~AaeTC~ B HaWeM 

10 
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PHc. 5. BbiCOK03HepreTHt~eCKHH yt~aCTOK cneKTpa y -nyt~eH: pa
p;HaQHOHHoro 3aXBaTa HeHTPOHOB B 06JlaCTH p -BOJlHOBOI'O pe-
30HaHca 117sn c 3HeprHeH: E 0 = I ,33 3B /BBepxy/ H cooTBeT
CTB~~H: yt~aCTOK cneKTpa, nOJlytleHffiilll BO BpeMeHHbiX OKHax 
CJleBa H cnpaBa OT pe30HaHca /BHH3y/. 

117 ~--
----~~~----11!111111-- _lill 

o• 1--l--l-1-1--l 1-1 1760 

~ 
2. o/1 I I I I I I I 1230 

o· 0 

PHc.6. CxeMa ypoBHeH Hp;pa 
118Sn H Ha6JIIOp;eHHbiX B p;aH
HOH pa6oTe nepBH'IHbiX H BTo
PH'IHbiX y-nepexop;oB, B~3BaH
Hb~ gaxBaToM HeHTPOHa. Bee 
3HeprHH - B K3B. CnH~ 
H t~eTHOCTH ypoBHeH, a TaK~e 
3HatleHHH 3HeprHH, o603Ha
'lleHHble 3Be3,D;O'IKOH, - H3 
pa6oT~ 1221 . 

3KcnepHMeHTe. OTMeTHM, 4TO 
cy~eCTBOBaHHe CHnbH~X y -
nepexoAOB H3 peaoHaHca 
1 ,33 3B Ha eoa6ymAeHH~e 
ypoeHH 118 Sn npeACKa3aHo 
B TeopeTH4eCKOM HCCneAOBa
HHH1111 npH aHanH3e 3$$eK
TOB HeCOXpaHeHH~ 4eTHOCTH 
e HHTerpanbH~X cneKTpax 
y -ny4eH 171• 

KaK BHAHO H3 Ta6n.4, 
e peaoHaHce 1,33 3B Ha6n~AeH 
np~MOH nepeXOA 9325 K3B 
B OCHOBHOe COCTO~HHe 118Sn, 
3To noaeonHno npHnHcaTb 

118 Sn 
50 

E 
8 

peaoHaHcy 3Ha4eHHe cnHHa 
'K

3 J" = 1-. B caMOM Aene, eoa-
MOmH~MH 3Ha4eHH~MH CnHHa 
~Bn~~TC~ 0-, 1-, 2-. y

nepeXOAbl 0 ... 0 aanpe~eHbl, a 3Ha4eHHe 2- HCKn~4aeTc~ Ha6n~AaBWHM
c~ e aToM peaoHaHce a$$eKTOM HecoxpaHeHH~ 4eTHOCTH 1231 . nonara~. 
4TO HeHa6n~AeHH~e Ml-nepexoA~ Ha ypoeHH c 3HeprHeH Er= 0-
- 2500 K3B HMe~T WHPHH~ ryt ~ 1 M3B, no AaHH~M Ta6n.4 M~ O~eHHnH 
cpeAHHe 3Ha4eHH~ nap~HanbH~x WHPHH peaoHaHcoe e 117Sn An~ nep
BH4H~x y-nepeXOAOB: <ryj{El)> = 10 M3B, <ry1(M1)> $ 2 M3B. 
B COOTBeTCTBHH C nopTep-TOMaCOBCKHMH $nyKTya~H~MH B cny4ae 
8 +10 nepexoAOB TaKHe o~eHKH HMe~T 50%-~ HeonpeAeneHHOCTb. Ka-
4ecTeeHHO 3TH o~eHKH npaeHnbHO nepeAa~T COOTHOWeHHe CHn El-
H Ml -nepexoAOB, H3BeCTHoe H3 cHcTeMaTHKH. B p-peaoHaHce 
CYMMapHa~ nap~HanbHa~ WHPHHa An~ HCCneAOBaHH~X nepeXOAOB Ha 

, 2500 K3B 
ypoeHH nonomHTenbHDH 4eTHOCTH AOBonbHo eenHKa I I r yt (El) 
= 82 M3B/. no-BHAHMOMY' HMeHHO H36biTKOM mecTKHX E1° -nepeXOAOB 
e P-peaoHaHce H o6D~CHReTc~ paanH4He MemAY nonH~MH paAHa~HoH
H~MH WHPHHaM~ S -pe30HaHCOB H p -pe30HaHCaMH 1 , 33 38 117Sn·: : 
r; = 1 OO.:t_15 M3B

1201
, r ~ = 230.:t_20 MaB 

123 ~ 
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np~ ~3V4eH~~ 3$$eKTOB HeCOXpaHeH~~ 4eTHOCT~ B 3KCnep~MeHTaX 
C Y -ny4aM~ 60ilbWOe 3Ha4eH~e ~MeeT Be11~4~Ha OTHOWeH~~ 
r yi lpa3p. I I r yl l3anp. I. An~ 118 Sn cor nacHO Teop~~ /9/ CB~3b 
MemAY Ha6Il~AaeMo~ e 3Kcnep~MeHTe een~4~Ho~ ac~MMeTp~~ ~cnycKa
H~~ y-ny4e~ no~ npoT~B HanpaeneH~~ cn~Ha He~TpoHa a , MaT
P~4HbiM 3IleMeHTOM Clla6oro B3a~MOAe~CTB~~ (} ~ W~p~HaM~ ?.

1 
~MeeT 

B~A y 

a=~v'r/J 
y Eg f' 8 • 

Yi 

3Kcnep~MeHTallbHO MW nolly4~Il~ All~ Il~H~~ 9325 K38 B OilOBe 

p 
f'yt 

0,50 ± 0,15. 

181 

191 

3TOT pe3yllbTaT CileAyeT KaK ~3 AaHHWX Ta6n.4, TaK ~ ~3 ocy~eCTB
IleHHOro np~MOrO ~3MepeH~~ 3TOrO OTHOWeH~~ C ~CnOilb30BaH~eM 
$OPMYI1W 141. An~ al ~Me~Tc~ pa311~4Hble 3Ha4eH~~: 18 8+ 1 51 . 

4 /2/ 4 I ' ' ·10- ~I ,4~0, 1.10-418 . CornaCHO 181 ~ 191 3TO np~BOA~T 
COOTBeTCTBeHHO K ABYM 3Ha4eH~RM MaTp~4HOro 3IleMeHTa: (} = 10,84+ 
~0, 151 M38 ~ 0 = 10,42+0,071 M38. nocneAHee cornacyeTc~ c ee-
Il~4~HO~ (} = 10,38+0, 10f M38, nOily4eHHO~ B He3aB~C~MOM 3KCnep~-

/28/ -
MeHTe no nponycKaH~~ npOAOilbHO-nOil~P~30BaHHbiX pe30HaHCHbiX 
He~TOOHOB llenf'~ MIAIIIPI-I>. 117Sn. 

8 npoeeAeHHOM paccMoTpeH~~ cy~ecTBeHHOe 3Ha4eH~e ~MeeT 
~ een~4~Ha ce4eH~~ paA~a~~OHHoro 3axeaTa a ( 117 Sn) All~ Tenno-

- lA y 
BWX He~TpOHOB. n3BeCTHWe AaHHWe 6w11~ BeCbMa 6eAHW ~ npoT~Bope-

4~Bbl: 2, 6+ 1, 0 6 1241 , 1, 2 6 101 /6e3 yKa3aH~~ T04HOCT~ ~ cnoco-
- /21/ 6a ~3MepeH~~I ~ 2,3~0,5 6 - nepeo~eHKa pe3YilbTaTa 124/. 8 

3TO~ CB~3~ MW npoBell~ AOnOilH~TellbHWe ~3MepeH~~, pe3yllbTaTW Ko
TOPWX npeACTaBileH~ B Ta6n.5. 

Ce4eH~e onpeAell~IlOCb TpeM~ He3ae~c~MbiM~ MeToAaM~. 8 o6nacT~ 
3Hepr~~ En = 0, 02 + 10 38 MeTOAOM epeMeH~ nponeTa 6blllO ~3MepeHo 
nOilHOe Ce4eH~e B 3aB~C~MOCT~ OT 3Hepr~~ at ~ nOilHOe Ce4eH~e 
pacce~H~~ an. 8 nocneAHeM cny4ae ~cnollb3oean~cb c~cTeMa ren~ee~x 
C4eT4~KOB CHM-17 e reoMeTp~~ 4rr ~ o6pa3~w eaHaA~~. yrnepoAa 
~ CB~Hlla All~ HOpM~POBK~. Pa3HOCTb ce4eH~~ (at -an) e $yHK~~~ 
OT 3Hepr~~ He~TpOHOB nOArOH~IlaCb no MeTOAY Ha~MeHbW~X KBaApaTOB 
K 3ae~c~MOCT~ 1lv'"E;, ~ onpeAen~nocb ce4eH~e ay /25 M38l. 8Topoi1 
MeTOA COCTO~Il B ~3MepeH~~ 3HepreT~4eCKO~ 3aB~C~MOCT~ ay(E

0
) 

Nai(Tl) -AeTeKTopoM c H~mH~M noporoM 2, 3 M38 ~ Ge (Li) -AeTeKTo
poM c OKHOM B npeAenax Il~H~~ 1230 K38. Ce4eH~e a~ np~ 3Hepr~~ 
B pa~OHe pe30HaHca 1,33 38 onpeAell~IlOCb nyTeM HOPM~POBK~ Ha 
pe3oHaHc 38,8 38. 6~na npoeepeHa cnpaeeAn~eocTb 3aKoHa 11-~~ 

( 117 v n 
All~ ce4eH~~ u y Sn) e A~ana3oHe 0, 02 + 3 3 8, llTO no3eon~no 

12 

Me To~ 

Ce~eHHe PaAHa~HOHHoro gaxBaTa HeilTpOHOB c sHeprHeH 
25 M3B H30TOilOM 1l7gn 

I II III 

Nai(Tl) 'Ge(Li) 1230 K3B 9325 KSB 

ay, 6 I, 15:~0,30 I ,39:.!:_0,24 1,44.:!:_0,25 I ,31.:!:_0,39 1,22.:!:_0,36 

<ay>, 6 

N 

2000 

1000 

0 

138La 

3,0 

200 300 

I ,32_:.!:_0, 18 

139La 

0,75 
I 

E,3B 

400 t 

PHc.7. Y~acTOK cneKTpa,H3MepeHHblli no MeTo~y BpeMeHH 
nponeTa ~nH o6pa3~a LaeOaB o6nacTH 3HeprHH HeHTPOHOB 
10,5-5/ 3B Nai(Tl) -~eTeKTOPOM c aMnnHTY~HbiM OKHOM 
2,3-3,5 M3B. lliHPHHa KaHana aHanH3aTopa - 8 MKC, 

nepe~T~ K Ce4eH~~ B TenllOBO~ T04Ke. HaKOHe~, B TpeTbeM MeTOAe 
~cnollb3bean~cb AaHH~e no cneKTpaM y-ny4e~ ~3 Ta6n.3,4 All~ 
I ( 117 Sn) ~ ~3 pa6oT /24. 13/ All~ I e. Ce4eH~e ay ( 117 Sn) B 3TOM 
C~y4ae onpeAelleHO no COOTHOWeH~~ 11! C HOpM~pOBKO~ Ha ay leCT.I= 
=0, 63+0, 01 6 1 211• Bee TP~ MeTOAa ~Me~T He3aB~C~Mble c~cTeMaT~-
4ecK~e ow~6K~. YcpeAHeH~e pe3yllbTaToe, nony4eHHbiX eceM~ MeTa
gaM~, gaeT <ay > = 1 , 32~0, 18 6. 
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N 
(103) 

20 

2,4 ~ S,t Er, M38 15 I I I 

10 

5 

0 

10 20 30 40 50 60 70 80 A 
PHc. 8. Bb1COK03HepreTHtlecKHH yqacTOK cneKTpa y -nyt~eil 
PaAHa~HOHHOI'O 3aXBaTa HeHTPOHOB B o6naCTH p-aonHOBOI'O 
pe3oHaHca 0, 7 5 ::~B B 139 La. BepxHHil cneKTP - cyMMapHbli!, 

HIDKHHH - p -aonHoBoil BKnaA; cneKTPbi H3Mepenbl Nai(Tl) 
,ll;eTeKTOPOM. 

8. JlaHTaH. lkcneAyeMbli1 p -pe3oHaHc 139 La BI1AeH Ha cnet<Tpe, 
113MepeHHOM no MeTOAY epeMeHI1 nponeTa, eM. p11c.]. AnR aToro 113-
MepeHI1R aMni111TYAHOe Ot<HO AeTet<Topa 6blno cne~l1allbHo nepeMe~eHo 
B Ha116011ee 4YBCTBI1Te/1bHY~ AllR peri1CTpa~l111 3TOro pe30HaHCa o6-
JlaCTb 3Hepri1H Y -t<BaHTOB. lKecTt<l1e nepeXOAbl 113 p -pe30HaHCa 
0,75 a8 11Me~T MYI1bTI1nOI1bHOcTb Ml 11 RBilR~TCR cna6biMI1. 3To HarnRA
HO BI1AHO Ha PI1C.8, rAe xapat<TepHaR CTpyt<Typa cnet<Tpa o6yCI10Bile
Ha 3axeaTOM 11Ct<I1~411TellbHO s-eonHOBbiX Hei1TpoHoe. H3 113MepeHI1R, 
aHanori14Horo not<a3aHHOMY Ha p11c.], HOc ot<HOM 4,6-5,2 Ma8, c 11c
nollb30BaHI1eM BblpalKeHI1R /4/ 6bll1 no/1y4eH C11eAY~~11H pe3y/1bTaT: 

0,07± 0,02. 

np11 3TOM 11Cn0/1b30Ba/111Cb Be/111411Hbl r ~ = 0, 06 38, u y /25 M38/ = 
= 9,3 6 11 npeAnonolKeHI1e o cnpaeeAI111BOCTI1 3at<oHa 1/v AllR ce-
4eHI1R Uy(E) JlaHTaHa. Tat<oe HeBblrOAHOe COOTHOWeHI1e 11HTeHC11BHOc
Tei1 pa3peWeHHbiX nepeXOAOB, a Tat<lKe BbiCOt<aR.nllOTHOCTb Hl13t<OJ1e-
1Ka~I1X COCTORHI1H B 140 La AOillKHbl 3aTPYAHI1Tb nonb1Tt<l1 113MepeHI1H 

14 

3~~et<Ta HecoxpaHeHI1R 4eTHOCTI1 Ha 11301111POBaHHbiX nepBI14HbiX 
y -nepeXOAaX B JlaHTaHe C npi1MeHeHI1eM TenllOBbiX HeHTpOHOB. 

4. 3AKJ1104EHHE 

• H3MepeH11R y -cnet<Tpoe e cna6blx p -eollHOBbiX pe3oHaHcax 6poMa, 
onoea, naHTaHa ot<a3ai111Cb 11H~opMaTI1BHbiM11 11 Aa/111 cy~ecTeeHHble 

pe3yllbTaTbl AllR BbiRCHeHI1R PRAa eonpoCOB HeCOXpaHeHI1R 4eTHOCTI1 BO 
B3ai1MOAeHCTBI111 HeHTPOHOB C 3T11MI1 RAPaMI1. 

nony4eHHble B pa6oTe cnet<Tpbl BTOpi14HbiX Y -nepeXOAOB B 6poMe 
no3B0/1111111 ycTaHOBI1Tb 1130TOnHy~ npi1HaAI1elKHOCTb pe30HaHCa 0,88 38 
11 TeM CaMbiM CY311Tb t<pyr s-pe30HaHCOB, C t<OTOpbiMI1 MOr 6bl CMewi1-
BaTbCR AaHHbiH p-pe3oHaHc, 11 e AByxypoeHeeoM np11611111KeH1111 onpeAe
I111Tb MaTpi14HbiH 3/leMeHT cna6oro B3ai1MOAeHCTBI1R/6/, 

8 p-pe3oHaHce 117Sn o6HapylKeHbl npeACt<a3aHHble e TeopeTI14ect<oi1 
pa6oTe /11/ 11HTeHCI1BHble >KeCTt<l1e y -nepeXOAbl Ha Hl1lKHI1e YPOBHI1 
118 Sn, He Ha61110AaeMble e s-pe3oHaHcax. Tat<aR 111136biT04HOCTb 11 nep
BI14Hb1X nepeXOAOB 061>RCHReT 60/lbWOe pa3/111411e MelKAY paAI1a~I10HHbiMI1 

WI1PI1HaMI1 s-pe3o~aHCOB Jr y = 100 M38/ 11 paAI1a~I10HHOH W11PI1HOH 
p -pe30HaHca I ry = 230 M38/. p -pe30HaHcy 1 '33 38 113 3TI1X 113Me
peHI1H np11n11caH Cni1H 1 . H3MepeHI1e OTHOWeHI1R nap~11allbHbiX Wl1pi1H 
MYI1bTI1nOI1bHOCTei1 Ml 11 El AllR npRMoro nepexoAa e 118 sn no3eon11110 
113Bile4b 3Ha4eHI1e MaTp114Horo 3/leMeHTa cna6oro e3ai1MOAei1CTBI1R 
113 pe3yllbTaToB 3t<cnepi1MeHTOB no aci1MMeTpl111 11cnyct<aH11R y-ny4ei1 
np11 3axeaTe nonRpl13oeaHHbiX Tennoeblx Hei1TpoHoe e 1 1 7Sn~·31 • 0Ho 
ot<a3anocb e xopoweM cornac1111 c MaTpi14HbiM 3/leMeHTOM, nony4eHHbiM 
113 3t<cnepi1MeHTa no nponyct<aHI1~ npoAOI1bHo-nonRpi130BaHHbiX pe3o
HaHCHbiX Hei1TpoHoe 4epe3 MI1WeH b ll7 Sn 1231• AeyxypoeHeeoe npi161111>Ke
H11e B MOAe/111 CMeWI1Ba~~11XCR t<OMnayHA-COCTORHI1H/8/ nony411110 AO
nOI1HI1Te/1bHOe nOATBeP>KAeHI1e. 

H3y4eHI1e y -cnet<Tpoe e p -pe3oHaHce naHTaHa o6Hapy>K11110 AOnon
H11TellbHble TPYAHOCTI1 np11 nOI1Ct<e 3~et<TOB HeCOXpaHeHI1R 4eTHOCTI1 
e 11301111poeaHHbiX y -nepexoAaX 140 La, OAHa 113 t<OTOPbiX - t<I1HeMaTI1-
4ect<oe ocna611eH11e 3~~et<Ta AllR TennoBbiX Hei1TpoHoe. 

8 3at<n~4eHI1e OTMeTI1M, 4TO 11CCI1eAoBaHI1e y -cnet<Tpoe - no-B11A11-
MOMy, eA11HCTBeHHbiH nyTb t< onpeAelleHI1~ Cn11HOB TeX p-pe30HaHCOB, 
B t<OTOpbiX Be/lCR nOI1Ct< 3~~et<Ta HecoxpaHeHI1n 4eTHOCTI1, HO He 6bll1 
o6Hapyl!<eH. 

AeTopbl 6naroAaPHbl 3.8. 8ac1111beeoi1, R.K1111MaHy, 8.r.T11w11HY 
3a noMO~b B 113MepeHI1RX c Ge(Li)-AeTet<TOpOM, r.8.AaHI111RHY 11 
8 .lit. <l>ypMaHy 3a nnoAOTBopHble o6cy>KAeHI1R. 
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