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1. Bse11eHne 

135 11) 
H3y'leHne cxeMbi pacnaJla Pr, Ce npeJlCTaBmieT 6on:r:,woll: HHTepec, 

T8K 
liS 

K8K HJlpO 58 Ce 77 HllXOJlHTCH B nepeXOJlHOI!: o6naCTH Me~JlY 'c~epH'IeC-

KIIMH " HJlp8Mll OKOnOMlli'II'IeCKOI'O 'll!Cna U 82 H CHn:bHOHefiTpOHOJle¢.HUHT-

HbiMH HllpaMH "uosoll:' o6naCTH Jle~opMauuu B pafioue Ba , La , Ce 

135 Ill 
H3oTon Pr ( T ~ = 27 MHH) 6bin oTKpbiT aBTopaMu pa6oTbi • 

B "'gToll: ~e pa6oTe 6binH uall:JleHbi Tpn I'aMMa-nepexoJla c ::mepi'HHMH 80, 

220 H 300 K3B 1 OTHOCHWHeCH K pacna~ylJSPr,u onpeJleneHa I'p8HH'IH8H 

SHeprHH 
+ 1J5 121 f3 -cneKTpa Pr , paBHaH 2500 !.. 100 KaB. ABTopaMH pa6oTbi 

135 
H3MepHnCH I'llMMa-cneKTp pacna11a Pr npH noMOWH Ge(Li) -cneKTpoMeT-

pa. npu o6cy~JleHHH JlllHHb!X 0 pa3pHJ1Ke H30MepHOI'O COCTOHHHH B HOpe 

135 13,41 
Ce, nony'leHHbiX asTopaMH pa6oT B peaKUHHX c TH~enbiMH uoHaMu, 

B03HHKnH p83HOI'n8CHH1 CT8BHUlHe llOJl COMHeHHe '18CT:b CXeMb! p8Cll8Jl8 
/2/ 05 Pr • npeano~eHHOII: B pa6oTe • npuMeHeHHe 6onee COBepweHHOll: Tex-

HHKH ll03BOnHnO Hall:TH B Jl8HHOII: pa6oTe fi[:II'IHHy 3THX npOTHBOpe'IHll:. nocT

poeHa cxeMa pacna11a, coaep~awaH 15 Bo3Gy~JleHHbiX cocToHHHif. 
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2. npHrOTOBneHHe HCTO,HHKOB 

Helirpouoae«fJHUHTHbie H3oTOIIhi rrpa3eoaHMa 6binH rrony'leHbi 

rny6oKoro pacmerrneu~1 rrpH o6ny'leHHH rropowKoo6pa3Horo KOMrrneKca 

N H 4 )
2

/ GdD TPA • H2 0 BecoM 1,5 r ua BHewueM rry'IKe rrporouoB 

E" = 660 M9B) CHHxpouHKnorpoua OIHHf. HureucHBHOCTb ny'IKa cocraB

mwa ~' 5 • 1011 rrpor./ ceK. nocne 20-30-MHHyruoro o6ny'leHH.H MHweub 

l'p8HCIIOpTHpOB8naCb C IIOMOWbiO IIHeBMOIIO'ITbi K MeCTy XHMH'I9CKOrO pa3ae

neHIISI If paCTBOp.Hnacb B 25 Mn BOahi. npoayKTbl pacmerrneHH.H1 H8XOaHBWHe

CSI B HeKOMIIneKCHOi! <flopMe B BHae TpexBaneHTHblX HOHOB peaKo3eMenbHbiX 

9net.teHTOB1 cop6HpOB8nHCb Ha K8THOHHTe nay~KC 50 X 8, KOTOpbift CIIyCT.H 

rronrop1>1 MHHYThi rrocne KOHua o6ny'leHHSI oraen.Hnc.H or pacrBopa ueurpH

'l•yrupoBaHueM. 3areM cMona rrpoMbiBanacb BoaoA H nepeuocHnacb B xpoMa

rorpmjliJ'IecKyiO KonOHKy ( h = 100 MM 1 - 2 MM) C 9TOA .>Ke CMOnoA B 

!\'II 
4 

-tjlopMe. B Ka'lecrBe MIOeura ucrronbsoBancg 0,5 M 6y«flepHbiA pacrBop 

anbtfla~oKcn-n3o6yrupara aMMOHHSI. CKopocTb BhiMhiBSHHSI cocraBn.Hna 

KlliinSJ 3a 12 ceKyHLI. 1130TOIIhi Pr rrony'lanHcb qepe3 10-12 MHHyT rrocne 
/5/ 

KOHUll o6ny'leHHSI B o6~eMe 0,1 Mn , nony'leHHBa «flpaKUH.H yrrapHBanacb 

H~IIn8TifHOBOil BaHHO'IKe IIO'ITH JIO IIOnHOrO BhlCyWHB8HHa C ao6aBneHHeM 

rrocne rrepBoro yrrapHBBHHa oaHoi1 KarrnH BOahi. OcraroK pacTBOp.Hnc.H B 

0,06 Mn Boabi. CneayiOmeil orrepauueit s!Bnanocb oca.>KaeuHe «flpaKUHH ua Ka-

2 
TOaHoit rroanO.>KKe 113 MeTannii'IeCKOrO BOnb<jlpaMa ( 5 MM ) II pH TOKe 

20-30 M8 1 KOTOpoe anHnOCb OKOnO aByX MHHyT. 06wHfi XHMH'IeCKHil BbiXOa 

cocraBnaer ana Bcex orrepauHfi 40-50%. Pa3aeneuHe rrpa3eoaHMOBoA «flpaK

unH aa Macc-cerraparope annnocb Meuee rraTH MHHyT rrpH Bhixoae 6onee 

50%. nHaMeTp OTaenbHbiX IIperrapaTOB H8 aniOMHHHeBOil neure B KOnneKTOpe, 

/6,7/ 
HBXOLlSIWHXCa H8 p8CCTOSIHIUI 20 MM Llpyr OT apyra, COCTBBnS!eT 2 MM • 

nperrap8Tbl BbiHHM8nifCb H3 KOnneKTOpa nn6o qepe3 Wni031 nH60 Tp8HC

IIOpTHpOB8nHCb aBn.>KeHHeM neHThi K Si (Li) H Ge(Li) -aereKropaM. 

x/ . 
D TPA - aH9THneHTpHaMHHrreHrayKcycHaSI KHCnora. 
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Si (Li) - aeTeKTOp HBXOaHnCSI BHyTpH BaKyyMHoro o6~eM 
/8/ 

pa • qepe3 25-30 MHHyT nocne KoHua o6ny'leHHa HB'II 

crreKTpOB raMMa-ny'leH H KOHBepcHOHHbiX 9neKTpOHOBe 

3. I13Mepurenbuaa rexuuKa 

nnSI H3MepeHHa CIIeKTpOB raMMa-ny'leil llpHMeHanHC 

TOphi K08KCH8nbHOrO THII8 C 'IYBCTBHTenbHbiM o6~eMOM 1 

3ueprerH'IeCKoe pa3peweuHe aereKropoB cocraBnS!eT 1,8 

raMMa-ny'leit 100 K9B H 3,5 .. 4 K9B ana 9HeprHH raMMa 

COOTBeTCTBeRHO. J13MepeHHSI raMMa-raMM8-COBIIaaeHHA II 

/9/ 
MOWblO YCT8HOBKH H8 6a3e 3BM "MHHCK-2' • qyBCTE 

Ge(Li) -aeTeKTOPOB 9TOH ycrauoBKH cocraBnaer 20 H ~ 

113MepeHHSI CIIeKTpOB KOHBepCHOHHblX 9neKTpOHOB 61 

IIpH IIOMOWH Ge(Li) -aereKTOpa C 'IYBCTBHTenbHblM em 

nnSI OllpeaeneHHSI K09«fl«fJHUHeHT8 BHyTpeHHeit KOHBepCHH H: 

CIIeKTp raMMa-nyqeft, T8K H ClleKTp KOHBepCHOHHblX 9ne~ 

MOrO npenapara oaHoBpeMeHHO llpH IIOMOWH Ge (Li) H 

TOpOB1 COOTBeTCTBeHHOo KanH6pOBK8 aeTeKTOpOB IIQ 94J«fle 

pauHH raMMa-nyqeil: H 9neKTpOHOB BHyTpeaHeil: KOHBepCHH 

139• reoMeTpHH 6bin8 IIpoBeaeHa C IIOMOWblO HCTO'IHHK8 
135 

rronyqancSI aaanorH'IHo rrperrapary Pr • Koa«P«PHuHeHTI 

BepCHH HCIIOnb30B8HHbiX anSI K8nH6pOBKH raMMa-rrepexoa 

1101 
113,9; 209,7 H 231,2 K9B B3S!Tbl H3 p860Tbl • 

Hu.PopMBUHSI, rronyqeauaH B H3MepeHHSIX, rrepeaaBan. 

HhiA uearp n.Hn, rae rrpoBoaHnacb rrpeaBapurenbHaSI o6pl 

IIOMOWbiO 8BTOM8TH'IeCKOA CHCTeMbl1 BKniO'I8IOWeA B ce6s 

3areM HH«fJopMaUHH rro Ka6enbHOA cBa3H rrocryrrana ua 31 

/111 
rae rrpoBoaunacb oKOH'IaTenbHBSI o6pa6oTKa crreKTpa 

5 



Si (Li) - aeTeKTop aaxoaHnCH BHyTpH BaKyyMHoro oo'beMa Macc-cerrapaTo

/8/ 
pa • qepe3 25-30 MHHYT IIOcne KOHU8 oonyqeHHSI aaqHHanHCb H3MepeHHSI 

crreKTpOB raMMa-nyqeJt H KOHBepCHOHHbiX aneKTpOHOB. 

3. HaMepHTenbHaH TeXffHKa 

nnSI H3MepeHHSI crreKTpOB raMMa-nyqell: IlpHM9HSinHCb Ge(Li) -aeTeK-

3 
TOphi KOaKcHan~:>Horo THIIa c qyscTBHTeni:>HbiM oo'heMoM 1,8 H S8,5 eM • 

3aepreTHqecKoe paaperneaHe aeTeKTopos cocTaBnHeT 1,8 KSB rrpH aaeprHH 

raMMa-nyqeJt 100 KSB H 3,5 .. 4 KSB anSI aHeprHH raMMa-nyqeJt 1332 KSB, 

cooTBeTCTBeHao. HaMepeHHH raMMa-raMMa-cosrraaeHHII: rrposoaHnHCb c rro

- /9/ 
MOIUbJO ycTaHOBKH aa 6aae 3BM "MHHCK-2" • qyBCTBHTeni:>HbiA oo'beM 

Ge(Li) 
3 

-aeTeKTOpOB STOlt ycTaHOBKH COCT8BnSieT 20 H 25 CM • 

HaMepeHHH crreKTpos KOHBepcHOHHbiX aneKTpoHoB ObinH BbiilOnHeHbi 

IIpH IIOMOIUH Ge(Li) -aeTeKTopa C qyBCTBHTeni:>HbiM CnOeM TOniUHHOlt 1 MM. 

llnH OIIpeaeneHHSI K09~HUH9HT8 BHyTpeHHeft KOHB9pCHH H3M9pHnHCb KaK 

CI19KTp raMMa-nyqeJt, T8K H CI19KTp KOHB9pCHOHHblX aneKTpOHOB HCcneaye-

Moro rrperrapaTa oaaospeMeHHO rrpH rroMolllH Ge(Li) H Si(Li} - aeTeK-

TOpOB, COOTB9TCTB9HHO. KanHOpOBK8 aeTeKTOpOB IIO 9~~9KTHBHOCTH perHCT

paUHH raMMa-nyqeJt H aneKTpOHOB BHyTp9HH9lt KOHBepCHH anSI ~HKCHpOB8HHOlt 

139111 
reoMeTpHH Obma rrposeaeaa c rroMOIIlbJO HCTOqHHKa Nd , KOTOpbif.t 

135 
rronyqancH aaanorHqHo rrperrapaTy Pr • Ko~~HUHeHTbi BHyTpeHHelt KOH-

BepCHH HCIIOnb30B8HHbiX anSI KanHOpOBKH raMMa-rrepexoaoB C aHeprHSIMH 

1101 
113,9; 209,7 H 231,2 KSB B3SITbl H3 paOOTbl • 

Ha~opMaUHH, rronyqeaHaH B H3MepeHHHx, rrepeaasanacl:> B H3MepHTen~:>

Hbilt U9HTp n.Hn, rae IIpOBOaHnaCb IIpeasapHT9nbH8SI 00p800TK8 aaHHbiX C 

IlOMOIItbiO 8BTOM8THqecKolt CHCT9Mbl, BKnJOq810111911: B C90SI 3BM "MHHCK-22" • 

3aTeM HH~OpMBUHSI IIO KaoenbHOII: CBSI3H IIOCTyrrana H8 3BM CllC-1604 A, 
Ill/ 

rae rrposoaHnac~:> oKoaqaTen~:>HaH o6pa6oTKa crreKTpa • B pHae cnyqaes 

5 
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yaanOCb onpeaenHTb SHeprHID raMMB-KBSHTOB C 6onbWOA TO'IHOCTbiD 

!'! E < 100 ss • .UnSI sToA uenH perHcTpHposanHcb oaHospeMeaao crreKTp 

HccneayeMoro H30Torra 

169 Yb 1338 137c , a , s 1 

H crreKTpbi 

54 Mn 
1 

88 y 
CTaHaapTHbiX IIperrapaTOB

1 
TSKHX K8K 

6oc 2o7 8 . 
o H I 

4. 3KcqepHM9HTanbHb19 peayn!:iTSTbi 

135 
CneKTp raMMa-nyqeA Pr npHseaea Ha pHc. 1. 3ToT crreKTp 6bm 

nonyqeH MeToaoM cno>KeHHSI wecTH oTaenbHbiX cneKTpos, H3MepeHHbiX aa 
135 p 

W9CTH HCTO'IHHKSX r • BpeMSI H3M9p9HHSI Ka>Kaoro H3 HHX COCTaBmJnO 

"' 30 MHHyT. 

PeaynbTaTbi o6pa6oTKH crreKTpos npHseaeHbi s Ta6nHue 1. 3aa'leHHSI 

sHeprHH raMMa-nepext>aos 82,64; 213,45; H 296,12 KSB 6binH orrpeaeneHbi 

s cneuHanbHOM onbiTe, rae npHMeHHncH Ge(Li) - aeTeKTop c 'IYBCTBHTenb-
3 

HbiM o6'beMoM 1,8 CM • CneKTp KoasepcHoHHbiX sneKTpoaos pacrraaa 13 5 Pr 

rroKaaaH aa pHc. 2. PeaynbTBTbi o6pa6oTKH aaHHbiX npeacTasneHbi s Ta6nH

ue 2. Ha pHc. 3 H 4 H3o6pa>KeHbi HeKoTopbie peaynbTBTbi H3MepeHHSI raMMa

raMMa-cosrraaeHHA. Ha pHc. 3 rrpHseaeH HHTerpanbHbiA crreKTp cosrraaeHHH 

H nono>KeHHe Tex 12 oKoH, KOTOpbie 6bmH aaaaHbi anH HaMepeHHSI aH<Piflepea

UHanbHbiX cneKTpos cosnaaeaHA. Ha pHc. 4 rrpeacTasneHbi yqacTKH crreKT

pos raMMa-raMMa-cosnaaeHHA, rrony'leHHbiX s H3MepeHHSIX c Bbi6opKoA 

OKOH N9 1, 3 H 4. 

5. CxeMa pacnaaa U5Pr 

Ha OCHOBBHHH nony'leHHblX aBHHbiX H3MepeHHA raMMa-crreKTpa H 

crreKTpos raMMa-raMMa-cosnaaeHHA 6bma rrocTpoeaa cxeMa pacrraaa 

135p, ... 135 Ce , Hao6pa>KeHHBSI Ha pHc. 5. Ha 15 soa6y>KaeHHbiX yposaeA 
59 76 58 77 

9 6binH noaTsep>~<aeHbi raMMa-raMMa-cosnaaeHHHMH, 12 6bmH sseaeHbi 

srrepBbie. 
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135 Pr ... 135 Ce, H3MepeHHbill: npH noMOIUH Ge (Li) -lleTeKTopa c 'IYBCTBII-

TenbHbiM 06'beMOM 38,5 CM3o 3awTpHXOB8HHbl9 ITHKH OTHOCHTCH K paCIT8llY 

llO'Iepaero H30Tona 135 Ce ; oTMe'leHHbie aBe3llO'IKOi1: - K pacrrally naoTo

noB 207 Bi , 137 Cs , 54 Mn , 8 8 Y H 6° Co , HcrronbayeMhiX B Ka'leCTBe 

CT8Hll8pTHbiX npenapaTOB. 
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I 

~auua-nyqa, B03HHKBD~e npB pacna~e 135P~ 
Ta6JIBna I 

-+ I35ce 

E2S 

82,64 
2!3,45 
296,I2 
324,9 
484,3 
5II 
538,2 

593,I 
-. 613,8 

620,9 
697,5 
720,6 
724,4 
747 
806,9 
934,I 
IOI6,9 
II07 
II3I ,0 
II43 
I214,2 
I284,6 

±.L.\fiKSB IlS ± AI~ 

0,07• 
0,06 
0,05 
0,2 
0,3 

0,2 
0,3 
0,2 
0,2 
0,2 
0,8 
0,6 
I 
0,2 
0,2 
0,2 
I 
0,6 
2 
0,8 
0,8 

I05 
IOO 
210 
6 

I2,6 
3I5 
62 

2,5 
13,7 
I2 
I0,5 
3,5 
3 
I 
9 
6 

5,I 
0,7 
I,3 
0,3 
I 
I 

II 
IO 
25 

0,7 
2 

50 
7 

0,5 
2 
2 
I,5 
I,5 
I,5 
0,6 
I,5 
I 
0,7 
0,3 
0,3 
0,2 
0,3 
0,3 

E 

1367,3 
I432,9 
I460,8 
I538,9 
I646,0 
I678,9 
I707 ,4 
I75I,9 
I755 
I784 
I845 
I860 
I867 
I937 
I95I 
I973 
2020 
2084 
2107 
2322 
2356 
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±.AEtKSB 

0,6 
0,6 
0,6 
0,4 
0,8 
0,6 
0,8 
0,6 
2 
I 
2 
2 
2 
2 
I 
I 
I 
2 
2 
3 
3 

Ix ! Ar-11 

I,6 
2,2 
I,3 
7,6 
I,4 
3,3 
0,6 
3,6 
0,7 
0,7 
0,6 
0,8 
I,3 
0,6 
I,4 
I,7 
0,7 
I 
I,4 
2,2 
0,6 

0,3 
0,4 
0,3 
I 
0,3 
0,5 
0,2 
0,6 
0,3 
0,2 
0,3 
0,3 
0,5 
0,2 
0,4 
0,3 
0,2 
0,5 
0,7 
I 
0,3 
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OcaoBHhie aaTpyaaeHHH, eoaHHKaiOmHe npH nocTpoeaM 

135 aa Pr 1 6hinM CBH38Hhi c npoTHBope'IHBOCTbiO BhiBOllOB 

/2,4/ 
o paapHaKe ypoBHH 296,12 Kss • PaapHaKa H30MepHoJ 

o5c 135 e I! HH3K09HepreTH'IeCKaH .'faCTb cxeMbi pacnaaa 

pa;>KeHhi aa pHc. 6. OpH paapHaKe ypoBHH c aaeprHel!: 295, 
/4/ 

pa60Tbl ) Ha6niOJ:l8eTCH OTHOWeHHe HHTeHCHBHOCTei!: 1
29 

OpH paapHllKe aToro ;>Ke ypoBHH nocne ero aaceneHHH I 
13 5 Pr aa6niOaaeTcH1 oaHaKo, OTHomeHHe 1296 I I 2l3 = 1,9 ' 

/2/ 
c"'HTanH, 'iTO raMMa-nepexoa c aaeprHel!: 297,0 Kas H 

HMH raMMa-nepexoa c aaeprHel!: 295,6 KsB ae HlleHTH"'Hhl, 

raMMa-nepexoa c aaeprHell 295,5 K9B HBnHeTcH npHMhiM r 

Kaaa 212,7 H 82,5 ~aB H 'iTO raMMa-nepexoa c aHeprHel!: 

a yeT paaMeCTHTb a apyroM MecTe cxeMhi pacnaaa 13 5 Pr 

HHe npoTHBOpe'IHT, OllH8KO, 9HepreTH'ieCKOMY 6anaHCy1 CllE 

ee aecbMa TO"'HhiX H3MepeaHI!: aaeprHI!: sTHx raMMa-nepexc 

pa6oTe. B npeaenax norpemaocTel!: cyMMa aaeprHI!: KacKaa 

peXOllOB p8BHHeTCH 296,12 K9B (eM. pHC. 6). 

CnO;>KHBWSHCH CHTyaUHH 06'bHCHHeTCH H8 OCHOBe peay, 

HHI!: raMMa-raMMa-coanaaeaHI!: a aaaaol!: pa6oTe. Ha pHc. 

BbiCOK09HepreTH'IeCKHe y'ISCTKH cneKTpOB COBDSlleHHi!: J:lml 

aoa c aaeprHHMH 213,5 H 296,1 KsB. KaK BHllHO, aa6n10aai 

Ma-coanaaeHHH anH nepexoaoe c aaeprHHMH 213,5 H 720,6 

KaK nepeXOllhi c aaeprHHMH 296,1 H 720,6 Kas ae coenaaa 

TenbHO, nepexOllhi c aaeprHHMH 213,5 H 296,1 K9B He Mor: 

ypoBHH. ll09TOMy MO.;>KHO npeanonaraTb, 'iTO HMeeTCH llB8 Y 

rHeft DpH6nH3HTenbHO 296,12 KSB 1 OTnH'i8IOWHXCfl DO 9Hepr 

H8 100 sB. llpH paapHJ:lKe 1130Mepaoro COCTOHHHH 13J•ce , 
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OeaoBHbie aaTpyaHeHHH1 B03HHKBIOIIIHe npH noeTpoeHHH exeMbi paena-

135 /2 4/ aa Pr 1 6binH eBH38Hhi e npoTHBope'IHBOeTbiO BbiBOllOB B pa6oTax 1 

/214/ 
0 pa3pHllKe ypOBHSI 298112 KSB • Pa3pS1llK8 H30MepHoro eoeTOHHHH 

135 
Ce H HH3KosaepreTH'IeexaH .'faeTb exeMbi paenaaa 135 Pr - 135 CeHao6-

pa)l{eHhi aa pRe. 8. OpH paapHaxe ypoBHH e saeprHeA 29516 xsB (aaHHhie 

141 
pa60Tbl ) Ha6niOll8eTeSI OTHOWeHHe HHTeReHBHOeTeA I I I = 0,22. 

296 213 

+ OpH paapHaxe sToro )l{e ypoBRH noene ero aaeeneRHH f3 -paenaaoM 

I 5 /2/ /4/ 3 Pr aa6niOaaeTeH1 oaaaxo1 OTaoweaHe 1296 11 213 = 119 • ABTOpbi 

/2/ 
e'IHTanH1 'ITO raMMa-nepexoa e saeprHeA 297,0 xsB H aa6niOaaeMhiA 

HMH raMMa-nepeXOll e SHeprHeA 295,6 KSB Be HlleHTH'IHbi1 'ITO TOnbKO 

raMMa-nepexoa e saeprHeA 29515 KSB HBnHeTeH npHMhiM nepexoaoM xae

xaaa 21217 H 82,5 xsB H 'ITO raMMa-nepexoa e saeprHeA 297,0 xsB ene

ayeT paaMeeTHTb B apyroM MeeTe exeMbi paenaaa 135 Pr • 3To yTBep)KJle-

HHe npoTHBOpe'IHT, OllH8K0 1 saepreTH'IeeKOMY 6anaaey1 eaenaHHOMy HB oeao-

Be BeebMa TO'IHbiX H3MepeHHA SHeprHi!: STHX raMMa-nepeXOllOB B ll8HHOI!: 

pa6oTe. B npeaenax norpewaoeTel!: eyMMa saeprHI!: xaexaaHhiX raMMa-ne

pexoaoB p8BHHeTeH 298,12 KSB (eM, pHe, 8). 

CnO)I{HBIIIBHeH eHTyaUHH o6~HeRHeTeH H8 OeHOBe peaynbT8TOB H3Mepe-

HHI!: raMMa-raMMa-eoBnaaeaHA B aaaaol!: pa6oTe. Ha pHe. 7 eonoeTaBneahi 

BbieOKOSHepreTH'IeeKHe y'laeTKH eneKTpOB eoBnaaeRHi!: llnH raMMa-nepexo

llOB e SHeprHHMH 213,5 H 298,1 KSB, KaK BHllH01 Ha6niOll8IOTeH raMMa-raM

Ma-eoBnaaeRHH llnH nepeXOllOB e SHeprHHMH 213,5 H 720,8 KSB 1 B TO BpeMH 

KaK nepeXOllbl e saeprHHMH 29811 H 720,6 KSB He eOBIT8ll810T. CneaoBa

TenbHO, nepeXOllbl e SHeprHHMH 21315 H 29811 KSB Be MOryT HllTH e OllHOrO 

ypOBHH. nosToMy MO)I{HO npeanonaraTbl 'ITO HMeeTeH llB8 ypOBHH e saep

rHett npH6nH3HTenbHO 298,12 KSB 1 OTnH'I810111HXeH no SHeprHH MeHbllle 'leM

Ha ]00 SB, llpH paapHllKe B30Mepaoro eoeTOHHHH 135•ce 1 nO-BHllHMOMy, 
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B030yJK!laeTCSI TOnbKO OtlHH H3 HHX, pa3pS1)1{8JOIUHfiCSI HHTeHCHBHblM K8CK8tl

Hb!M rrepeXOtlOM H OTHOCHTenbHO CnBObiM rrepeXOtlOM B OCHOBHOe COCTOSIHHe, 

+ 135 
A rrpH f3 -pacrratle Pr aacenHJOTCSI o6a ypoBHH, rrpH'IeM BTopoi! ypo-

aeHb pa3pSI)K8eTCSI HHTeHCHBHbiM rrepeXOtlOM B OCHOBHoe COCTOSIHHe 135 Ce 

H OTHOCHTenbHO cnaobiM K8CK8tlHbiM rrepeXOtlOMo Bbilllene)KalUHe ypoBHH rrpH 

9HeprHH 620,9; 697,5; 780,2; 806,9; 1016 H 1834,0 K9B BBe.[leHbl HB OCHOBe 

peaynbTBTOB H3MepeHHfi raMMa-raMMa-coarra.[leHHfi H 6anaHcoa aHeprHR: 

H HHTeHCHBHOCTei! raMMa-rrepeXOtlOBj ypoBHH C 9HeprHSJMH 1367,5; 1728; 

1951 H 2020 K9B BBetleHbi TOnbKO Ha OCHOBe oanaHCOB 9HeprHJ.i H HHTeHCHB-

HOcTefi raMMa-rrepexotloB. 

llnR CIIHH8 H qeTHOCTH OCHOBHOrO H rrepaoro B03Uy}K/leJIIIOrO COCTOSI-

TT + + 
HHlf 135 Ce MO)KHO npetlrronaraTb 3Ha'leHHSI I = 1/2 H 3/2 , cooTBeTcT-

BeHHD. B rronbay Taxoro rrpetlrrono)KeHHSI HMeJOTCH tlBn nonona: 1. OpH pac

rra.[le 13 5 Ce ... 135La He HaonJOtlaeTcR paapellleHHI>Iil fieTn-uopexotl Ha ocHoa-

" + I 12/ 
Hoe cocTOSIHHe 135 La , HMeJOIUHfi xapaxTepHCTHKH I = 5/2 • 2. Bo 

acex Htlpax c 67 5: N $81 H 'leTHbiM 'IHcnoM rrpoTOHOB '/ ocJioBJioe H rrepaoe 

I TT + + 
B030y)KtleHHOe COCTOSIHHSI X8p8KTepH3YJOTCSI 3H8'1eHH~IMH = l/2 H 3/2 o 

-.... 3HepreTH'Iecxoe paccTOSIHHe aTHX ypoaHefi CTporo annHCHT OT •mcna rrpoTo-

/13/ 
HOB , Ha 9TOil . OCHOBe MO)KHO rrpetlCK83biB8Tb tlmi OCJIOIIIIOrO H rrep-

135 TT + + 
aoro aoaoyJK!(eHHoro cocT OHHHf Ce aHa'leHHSI I = 1/2 u 3/2 , 

COOTBeTCTBeHHOo 3TO rrpetlCK838HHe HBXOtlHTCSI B XOpOIIIOM cornaCHH C 

9KCrrepHMeHTBnbHbiMH llBHHb!MH, llnH CIIHH8 H qeTHOCTH OCIIOBJIOrO COCTOSI-

135 p + 
HHR r MO*HO D*HllBTb aHaqeHHH 5/2 , nnH rr~paoro aoaoy*tleHHoro 

+ 
cocTORHHSI 7/2 • B cocetlHHx HaoTorrax rrpaaeotlHMa c N.::; H2 , T.e. 111 Btl-

141 139 137 
pax 

59 
Pr 

82 
, 

59 
Pr 

80 
H 

59 
J! 

78 
aHepreTH'Iecxoe paccToHHHe MeJK!ly 

+ + 
OCHOBHbiM C ITT =5/2 H rrepBbiM B030Y)KtleHHbiM COCTOSIHHeM C / TT =7/2 

COCTaBnReT 145, 114 H 75 K9B1 COOTBeTCTBeHHO, HeCMOTpSI Ha TO, 'IT 0 

p8CCTOSIHHe Me)K.[ly 9THMH ypOBHSIMH C I" + + 
= 5/2 H 7/2 coxpamaeTcR 
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C yMeHbilleHHeM 'IHCna HefiTpOHOB H1 B03MOJKH01 nnH nerKHX H30TOITOB 

135 
rrpaaeonHM8 9TH ypOBHH rrepeceKBIDTC511 OCHOBHOe COCT051HHe Pr 1 O'le-

17 + 
BHnHo1 HMeeT crrHH I = 5/2 • 3To rrpenrronoJKeHHe rronTBepJKnaeTcH ManbiM 

aaaqeaHeM senH'IHHhi log {t 6eTa-pacrrana Ha rrepBhifi soa6yJKneHHbiii 
135 1T + 

ypoBeHb Ce rrpH 9HeprHH 82164 K9B c I = 3/2 • 

nn51 CITHH8 H 'leTHOCTH onHoro H3 O'leHb onH3KO pacrronoJKeHHbiX ypoB-

aen rrpH 9HeprHH 296112 K9B B cornaCHH c naHHhlMH no paapHnKe H30Mepa 

135 /4/ Ce H c H8I1IHMH 3HB'IeHHSIMH HHTeHCHBHOCTJ.I aaceneHJ.I51 ero ripH 

+ U5p 1" f3 -pacrrane r MOJKHo OJKHnaTb aaaqeaHH 
+ 

= 5/2 • nn51 CITHH8 

H qeTHOCTH npyroro H3 9THx nsyx yposaen MOJKHO rrpenrronaraTb 3Ha'leHH51 

·ITT + · = 3/2 • B rronbsy TaKoro rrpenrronoweDHH roBopHT KaK HHTeacHBHhrfi 

raMMa-rrepexon H8 OCHOBHOe COCT051HHe 1 T8K H Mance 3H8'1eHJ.Ie BenH'IJ.!Hbl 

logft = 516 {3+- nepexona aa 9TOT ypoBeHb. 
+ 

B rronbay xapaKTepHCTHK 117 = 5/2 nnH soa6yJKneaaoro ypoBHH 

ITpH 9HeprHH 62019 K9B rOBOp51T cnenyiDiliHe <flaKTbi: 1) 3H8'1eHHe BenH'IJ.IHbl 

log {t 1 pasaoe 5 18; 2) HHTeHCHBHbii'i M 1 -rrepexon c 9Toro cocToHHHH 

1T + 
aa ypoBeHb c 9HeprHefi 82164 K9B c I = 3/2 : 3) oTcyTcTBHe E 2 - rre-

pexona B OCHOBHOe COCTOSIHHe. 

~ OcTanbHhre aaaqeHHSI 1
17 

1 rrpennoJKeHHhre HaMH B cxeMe pacrrana Ha 

+ f3 -rrepexonos Ha 9TH pHC. 5 1 OCHOB8Hbl H8 3H8'1eHH51X BenH'IHHbl log ft 

ypOBHH H H8 oanaHC HHTeHCHBHOCTefi raMMa-rrepexonoB. 

6. 06cyJKneaHe peaynbTaToB 

ITpHseneaaaH Ha pHc. 8 cHCTeMaTHKa yposaen H30TorroB c N = 77 H 

'leTHbiM 'IHCnOM ITpOTOHOB ITOK83biBaeT rrnaBHhifi xon H3MeHeHH51 9HeprHH 

HH3KoneJKalliHX B030yJKneHHblX ypoBHefi B 38BHCHMOCTH OT 'IHCna rrpOTOHOB. 

ITo CBOfiCTB8M pa3p51nKH 9THX ypoBHeft MOJKHO cnenaTb BblBOn1 'ITO ITpHpona 

9THX COCT051HHfi onHH8KOB8, 
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(3/2+)± 82,64 
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IOOK16 < E, < 6001CJ& 
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·~,)IJSCe 

360 380 'IX) 
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KpHBOii snn~'P*'Illllll•lX 

PHc. 9, KpHBaH pacrrana ypoBHH 82164 K9B B 
Hb!X COBITaneHHfi HOpMHpOB8H8 K rrnoillanH 
Koa<fl<f!uuueaT HopMRpoBKH K = 167 ) • 
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I4IHO KQHQAQ 
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Pnc. 9. KpHBaSI pacnana ypoBHSI 82,64 K9B B Slllpe I!) c,· • ( Kpll!':l,l ~·.rHOI'<'H
HbiX COBrraaeHHti HOpMHpOBaHa K rrnoutallH KpHBOii 3[lllt.'p>K111lHI·IX l'L'l'll:l:lQHHii, 

Koa4JqmuHeHT uopMHpoBKH K = 167 ) • 
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B paMKax Mo.oenH o6ono"'eK npe.ocKa3biBlUoTcsr npH HH3KHX sHeprHHX 

, . + 
ao36y>K.oeHHH .onsr sr.oep c N == 77 H "18THbiM Z TpH cocTOHHHH c I • 3/2 • 

+ + , + 
1/2 H 11/2 • EcTb, o.oHaKo, eme psr.o .opyrHx ypoBHeA c I .. 3/2 • 

+ + 
5/2 H '?/2 1 DOHBneHHe KOTOpb!X H8nb3H 06'bHCHHTb B p8MK8X MOJl&nH 060-

129 1.31 . 1.33 
no"'eK. B sr.opax 52 Te 77 • 54 Xe 77 H 56 Ba 77 DOSIBneHHe STHX ypoaHeA 

o6'bSICHSI8TCSI Y'I81'0M B38HMOJleftC::1'BBSI HecnapeHHOrO H9ftTpOH8 C ltB8JlpynonbHbi

MH Kone6aHHHMB ocToaa Sl.llpa B paMJtax Mo.oena KaccnHHrepa H CopeHceHa, Y'IH
/14/ 

TbiBaiOmeA napHbie H KBa.opynonbHble cHnbi • 3Ta Mo.oenb .oaeT xopowee 

cornacHe c sKcnepHMeH1'0M .onSI Sl.llep, pacnono>KeHHbiX B paAoHe 38MKHyToA 

135 c 
o6ono"'KH Z = 50, N • 82. .R.opo e pacnono>KeHo, ·no-BHJlHMOMY, 

Jl8n9KO OT rp&HHU DpHM9HHMOCTH STOI MOJl&nH, 

DpyroA xapaKTep npHpOJlbl ypoaneA 
135Ce , B oTnH'IHe oT coce.oHHX 

HJl8p C M8HbWHM "'HCnOM Z 1 DpOHBnH&TCSI H a· CC.OiiCTB8X 6eTa-p&CD8.ll8 

135 JJ5 
Pr -+ Ce. 3To pa3nH"'He BH.OHO H3 paccMoTpeHHH Ta6nHUbi 4, r.oe 

npHae.oeHbi 3Ha"'eHHSI log ft .onSI pSI.lla .>!Jlep, BeTa-pacna.o 135 Pr -+ 135 Ce 

HJleT He Ha OJlHH ypoaeHb B JlO"'epHeM H.ope, a aa "18Tbipe. Ha6niOJl8IOWHecH 

135 3HS"'&HHH aeposrTHocTeA 6eTa-nepexo.ooa (log {t < 6) npH pacna.oe Pr 

H8 PH.ll COCTOSIHHI 135 Ce C 
+ + 

I " .. 3/2 , 5/2 ( B npe.onono>KeHHH nepe-

X0Jl8 THUS p d5f2 -+ n d$/) MO>KHO 06'bHCHHTb 38M9THblMH npHM9CHMH ciJoHOH-

Hb!X KOMDOH9HT KSK K OCHOBHOMy COCTOHHHIO 

9Mb!M B036y>KJl8HHb!M COCTOHHHHM 135 Ce , 

H5p 
T 0 TSK H K p8CCM8TpHBa-

135 c 7, 113MepeHH9 BQ8M8HH >KH3HH YPOBHSJ 82,64 KSB B &Ape e 

Ha MHoroKaHanbHOM apeMeHHOM aHanH3aTope, C03.0SHHOM Ha 6a3e 

/15/ 
M8rHHTHO-nHH30BOro 6eTa-cneKTpOM9Tp8 , H3MepeHO Bp9MH >KH3HH 

ypoBHH 82,64 KSB B sr.ope 135 Ce , 

nepHOJl nonypacna.oa ypOBHH 82,64 KSB B 135 Ce 6bln H3MepeH B 

COBD8Jl9HHHX KOHBepCHOHHblX M9KTpOHOB K-82,64 KSB C raMMa-ny"'SMH C 

21 

r 



EY • 100-900 Kss. nepHOJl nonyp8CD8Jl8 yposasr onpe.aeneH no 9KCnoaea

UH811bHOMY CD8JlY KpHSOA 38JlepJK8HHbiX COSD8JleHHA MeTOJlOM H8HMeHbUJIIX 

KBaJlp8Tos: T ~ = ( 0,53 !.. 0,06) aceK. BpeMeaaoA cneKTp H3Mep~anif npea

CT8sneH H8 pHC. -91 rJle DpHSOJlHTCSI T8KJKe KpHS8SI MrHOBeHHblX COSDalle-
- 60-

HHA fj - y , H3MepeHH8H H8 HCTO'IHHKe Co • 

AaanH3 nony'leHHbiX sKcnepHMeHT811bHbiX pe3yllbT8Tos npeJlcTasnea 

s 'ra6nuue 5. B sToA JKe T86:nuue npuseJleHbJ T8KJKe H3secTHble naHHbie no 

H30TOD8M lHXe H 133 Ba 

K8K SHJlHO H3 T8611HUb1 1 p8CCMOTpeHHbiA nepexon c ::~aeprneif 82,64 

l.H · 
Kss s HJlpe Ce xopowo yK118JlbiS8eTcsr s CHCTeM8THKY aeA:TpoHHbiX l 

3BnpeweHHblX M 1 -nepexonos THn8 2 d312-_ 3s1!z. CneJlyeT OTII.IeTHTb 
.2 - . 

cn86y10 3aSHCHMOCTb MaTpH'IHOro sneMeHT8 ,. M 1 -nepexoJlOS s naoTo-

H8X N =77 OT H3MeaeHHH Z • 3To, O'leSHJlHO, CSH38HO c TeM, 'ITO nepe-

XOJl 2 d
3
/z-;:_ 3 s11z HJleT S Heii:TpOHHOA: 060/lO'IKe. 
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I 
TadnBU8 4 

XapaKTepHCTHKH 
~-pacna,D;a C HHSKHU 8H8lJ6HH611 l,.o9 {t < 6 

npH pacna,D;e l35p,.. -+ 135ce B coce,zumx Qep c 
"l- = 59. 57. 55 

Pacn&A I~ I{ .to%~t 

131 131 
ssC876 - 541877 5/zt' 3/2+ 5,6 

·133t.. 133 
57 76 - 56.77 5/2+ 3/zt' ~,6 

139 . 139 
s9Pr so - sac88l 5/zt' 3/zt' - 5,6 

137 137 
s91""7a - · sif879 5/zt' 1/zt' 4,9 

13~ . .135 
'5 "?f6 - 5SC877 5/zt' (3/zt'} 5,9 

5/2+ (5/2+) 5,9 

sir {3/2+) 5,6 

5/2+ (5/2+) 5,8 

....... Tat1u~a 5 

HeltTpOHHHe Ml-nepexo.ztH THna 2 c13fz.. ~ 3 r.-y2. 

B HSOTOU8X t-.1 = 77 
ElS tw· r" 71/2 f· ~~'JN.(./T." 't. 

·. m_l 
S..po i-+ ~ 

Jatl BC81 
.. -t~o. 

1~Ixe7/16/ . 80,2 1/zt'-+ 3/2+ 0,5~,017 38 0,5ot,0,02 

1~~~~77/1?/ 12,3 3/2+ ~1/2+ 8,1t,2,0 65 0,3~0112 

135ce . 58 77 82,6 3/2+ ~ 1/zt' 0,53 t,0,06 26 0,64±,0,08 
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Y CJIOBHJI 06MeHa 
npenpHHTbl H coo6meHHH OH.HH paCCblnBIOTCSI 6ecnnaTHO, 

HMHOrO o6MeHa,yHHB8pCHT8T8M 1 HHCTHTyT8M 1 J1860p8TOpHS!~ 
Hay'IHbiM rpynrraM H 0Tll8J'IhHbiM Y'l8HbiM 6onee 50 CTpaH, 

nonyqaTeJ'ISIM H3ll8HHii OH.HH npeaocTaBJ'ISI8TCSI B03MO:>KHC 

S!BHTh HHHUH8THBy B 6eCf!ll8TliOH fiOCblJ'IKe rry6,'1HK8UHH B Jl) 
o6MeHa f!PHHHM8JOTCSI H8Y'!Hbl8 KHHrH, :>KypH8J'Ibi 1 rrperrpHHT 

ny6J'IHK8UHH flO T8M8THKe 011Jffl:1, 
EllHHCTB8HHbiH BHll rry6J'IHK8UHM 1 KOTOpb!H HaM rrpHCbiJ'Ia 

9TO perrpHHTbl ( OTTHCKI! CT8T8H 1 y:>Ke orry6mJKDB8HHblX B Hay 

f::S pS!ll8 cnyqaeB Mbl C8MH 06pamaeMC51 K HBY'IHbiM yqpE 

6onee Kpyf!HbiM f!OJ1Y'l8T8J'IHM H8IIIHX ll3llllHJHi - C 11pOCh60ll: 

Cll8Th H8M K8KH8-J'IhliO KHHrll HJ'Ill BblfiHC8Tb llJ'IH Harnelf 6116r 

:>KypH8J'Ibl1 H3ll8101IIH8C5J B HX CTp8H8X, 

OT,neJJbHble 3anpocbl 
l13LI8T8J'IhCKI!H OTL!8J'I e:>KeroLIHO Bblf!OJ'IHSI8T OIW.T10 8000 0' 

coB Ha BbiChiJ'IKY H3ll8HHii OH.HH. B TaKHX 3arrpocax cneay 

YK83b!B8Th llHll8KC 38f!p8UIHB88MOI'O H3)ltlHlJH, 

A.npeca 

nHChM8 flO BCeM BOflpOC8M OOMe!Ia rry6Jll!K8UI15JMH 1 a T8 

oTaenhHbie H3ll8HHSI cneayeT HanpaBnSITh no aapecy: 1 

MocKBa, 

TnaBHbiH IIO'lTl1MT1 IIIH 7.9, 
H3118Te/IbCKHH oTacn 

06'be/IHHeHHDrO JIJfCTJITYTt3 

HnepHbiX Hccneaos,q HTu[, 

Aapec llJlSI IIOCbiJ'IKH BCeX rry6J1HK8UHH B rropS!JlK8 OOMet 

6eCIIJ18THOH IIOJlfiHCKH H8 H8Y'!Hbl8 11\YPH8Jlbl! 

MocKBa, 

rnaBHbiti IIO'lT8MT, IIIH 79. 
Hay'lHO-TeXHH'leCK8H 6H6nJfOTeKa 

06'be/IHHeHHOrO HHCTHTyT8 

HI!epHbiX HCCo7e/IOB8JIJIH, 


