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BBE,lfEHHE 

B uacTosmeii pa6oTe uccne.n.oaanHCb B036y)I(,D.eHHble co-
CTO.JIHH.JI 155 Tb B03HHKaromue npu pacna.n.e 

155 Dy. Pac-
na.n. 155 Dy uc~ne.n.oaancs pauee aaTopaMH pa6oT/3- 9/. 

13 " - I . B pa6oTax , · ··'·'' npoao.n.unucb uccne.n.oaauus cneKTpoa 
KOHBCpCHOHHblX 3J1eKTpOHOB, Ha OCHOBC KOTOpblX npe,D.J10)1(C-

I"" Hbl aapuaHTbi cxeMbi pacna.n.a .).) Dy . Hccne.n.oaauus raMMa-
CITeKTpOB H cneKTpOB raMMa- raMMa- COBITa,D.eHHH npOBO,D.H
nucb B pa6oTax ·14 /•,8 •9 Hccne.n.oaauus B036y)I(,D.CHHbiX 

I"" cocTO.JIHHH ').} Tb npoao.n.unucb TaK)I(e B peaKI.J,HHX (a, 2n )') , 
(d.21l)') H (p, n)'l6 H B peaKI.J,HHX (lHe,d) H (a,t) 1

17.'. 

B uacTOJillleH pa6oTe uccne.n.oaaHbi cneKTPbl raMMa
ny'leii c noMOll\bJO nonynpoBO.D.HHKOBbiX Gc(Li) - .n.eTeKTopoB. 
Hccne.n.oaanucb TaK)I(e cneKTPbi 3neKTpoHoB BHyTpeuueif 
KOHBepCHH. CBe,D.eHHJI o6 3HeprHJIX H HHTeHCHBHOCTHX raMMa
ny'leH u 3neKrpouoB KOHBepcuif co6paHbi B ma6A. 1. Ha 
ocuoae auanu3a 3KcnepnMeHTanhHbiX pe3ynhTaTOB, nony'leH
HblX B pa6oTaX :l-IJ,If>,l 7 HBHaCTOJill\eH pa6oTe, 

npe.n.naraeTCH cxeMa pacna.n.a 1 :;:; Dy /puc. 1 a,6/. Bo 
BTopoM paJ.n.ene npoBO.D.HTCJI o6cy)l(.n.euue 3KcnepuMeHTanb

HblX pe3yJ1bTaTOB. 

YCJIOBHJJ 3KCJIEPJ1MEHTA 

a/ lJjJU20r/(.fi .. lf?HUe UC1'1il'IHUI<06 

I130TOllbl ,!lHCnpi•; 101 il•Jl)Yo HCb B jH.:aKUHH rny60KOrO 
pacmenneHHH aHTillii flj)OIOHcl'AH c :IHCPJ ueo 660 M3B 
Ha CHHXpOI.I,HKJl·•lpOHl' ()l-15111 B ,r)ue. 113 o6ny'leHHOH TaH
TaJJOBOH MHIUCHH .XH/-,KYl~l.KHM · .. , TCM Hbl,JlCJ1JIJ1CJI 3J1CMeHT 
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nenpo3BJI. lloene s:w~eneHBJI «)paiCIUIJI ~enpo3BJI eena· 
paposanae~a no B3oTonaM ua Maee-eenapaTope /1/. Mouo
H30Tonu:we BeTO'IHBICB 155 Dy BeUOHh30sanBeh ~JI Beene
~OBaHB:i Ha eneiCTpOMeTpax e nonynpOBO~BICOBioiMB ~eTeiC
TOpaMB /raMMa· eneiCTp:W, eneiCTp:W ICOHBepeBOHH:WX 3HeiCT
pOHOB/. 

6/ HccAeooaaHue cneK•poa zaMMa- Ay'4eu 

155 
raMMa-B3HY'IeHBe Dy Beene~OBanOeh e UOMO~hiO 

Ge ( tq -A_eTeiCTOpOB e 'lyBeTBHTeHJ.HioiMB 06'heMaMB 
37 CM' B 0,5 c~ c pa3peweuaeM2,8 ( 6°Co) B 1,0(57Co)K3B, 
eOOTBeTeTBeHHO. B ICa'leeTBe ICanB6pOBO'IH:WX BeTO'IHBICOB 
B o6naeTB 3HeprB:i 250-2000 K3B fiPBMeHJIHBeh 88 Y , 56

('A> B 
152

Eu · 3HeprBB B BHTeHeBBHOeTB raMMa·nyqe:i 
UpBBe~eH:W B •a6A. 1 B ICOHOHICaX 1 B 2. ,l{nJI HOpMBpOBICB 
BHTeHeBBHOeTB raMMa·nyqe:i UpBHJITO, 'ITO BHTeHeBBHOeTh 
nepexo~a 227 K3B pasuJieTeJI 10 000 e~BHBI.\. 

a/ HccAeooaaHUJI cneK•poa 3AeK•poHoa BHY•PeHHeu 
KOH6epcuu /3BK/ 

CneiCTplol 3BK B o6naeTB 3HeprB:i 150-1300 K3B B3y
'lanBeh e UOMO~hiO 6eTa- eneiCTPOMeTpa e O~HOpO~IoiM 
MarHBTH:WM noneM ua 6a3e Si(Li) -~eTeiCTopa /2/. HHTeH-

eBBHOeTB ICOHBepeBOHH:WX 3HeiCTpOHOB UpBBe~eH:W B •a6A. 1 
B ICOHOHICe 6; B ICOHOHICaX 3,4 B 5 npBBe~eH:W BHTeHeBBHOeTB 
ICOBBepeBOHB:WX HBHB:i I K , B3MepeHH:We B pa6oTaX /S-7/. 

Cpe~uae 3Ha'leHBJI BHTeueasuoeTB 3BK /IConoHICa 7/ Be
nonJ.30BaH:w npB Bloi'IBeneHBB IC03«)«)BI.\HeHTOB BHyTpeHHe:i 
ICOHBepeBB /KBK/. 3ICenepBMeHTanhH:We 3Ha'leHBJI IC03«)
«)BI.\BeHTOB BByTpeHHe:i ICOHBepeBH /ICOHOHICa 8/ HOpMHPOBa
Hlol ~o a K ( ZZ7, E 1) = 0 ?1· BenB'IHHa KBK nepexo~a 227 K3B 
H3Mepeua B pa6oTe 7s . B:wuo~:w o MynJ.THnon~auoeTH nepe
XO~OB UpHBe.QeH:W B •a6A. J /ICOHOHICa 10/. 
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155 155 z/ CxeMa pacnaoa Dy ~ Tb 

155 155 CxeMa pacna,IJ,a Dy ~ Tb , npe,IJ,naraeMaJI ua 
OCHOBe pe3yJILTaTOB HaCTOJIIJ.UIX HCCJie,IJ,OBaHHH H HCCJie,IJ,OBa
HHH, npoae,IJ,eHHLIX B pa6oTax 13 - 9 1, H3o6pru~<eua ua 

puc. la,6. B HaCTOJIII\eH pa6oTe BBe,IJ,eH PJI.IJ. HOBLIX ypoaueii 

Ha OCHOBe 6aJiaHCa 3HeprHH H HHTeHCHBHOCTeH raMMa- nepe

XO.IJ.OB. ,lJ;JIJI raMMa-nepexo,IJ,oB, pa3Mell\eHHLIX B cxeMe pac

na,IJ,a, B ma6A. J B KOJIOHKe 11 yKa3aHa 3HeprHJI YPOBHe:ii, 

Me)K.IJ.y KOTOpLIMH pa3Mei.QeH ,IJ,aHHLIH nepexo,IJ,. ,lJ;JIJI cpaaue

HHJI B ma6A. 2 npe,IJ,CTaBJieHLI YPOBHH, BBe,IJ,eHHble B pa6o-
TaX /6-8,9/ H B"HaCTOJIII\eH pa60Te. 

Ha puc. la,6 yKa3aHLI 3HeprHH, cnHHLI, 3aceneuuocTL 

H £g(ft) YPOBHe:ii, Ha6JHO,IJ,aeMLIX B pacna,IJ,e 155Dy ~ 155Tb. 
BepoJITHOCTH 3aceneHHJI ypoaue:H paccqHTaHLI H3 6anauca 

HHTeHCHBHOCTeH raMMa-nepeXO,IJ,OB. fipH pacqeTe BepOJIT

HOCTH 3aCeJieHHJI ypOBHeH BeJIH~IHHa QEC = /2099 ± 6/ K3B 

npHHJITa cornacuo pa6oTe /!0/. B ma6A. 3 npHBe,IJ,eHLI KBau

TOBLie xapaKTepHCTHKH HeKOTOpLIX B036y)f(,IJ,eHHbiX COCTOJIHHH 
l55Tb 

2. OECY)J(,l{EHHE 3KCIIEPHMEHTAJTbHblX 
PE3YJibTATOB 

155 
a/ OcHOBHble cocmo.RHU.R Dy u I 55Th 

JlaMM/ll/, HCHOJIL3YJI MeTO.IJ. lieca H IIIHMaHCKOro /l 2/, 

npoBeJI pacqeT paBHOBeCHOH .IJ.elbopMaQHH ,IJ,JIJI ueqeTHbiX 

JI.IJ.ep Tep6Hs H .IJ.Hcnpo3HJI B 3aBHCHMOCTH OT £ H £
4 

I£ H 

£ 4 - 3HaqeHHJI KBa,IJ,pynoJILHOH H reKCa,IJ,eKanOJILHOH ,IJ,e

lbopMaQHH, cooTBeTcTaeuuo/. Pe3yJILTaTLI 3THX pacqeToB 
,IJ,aHbl B ma6A. 4. 

Henocpe.IJ.CTBeuuoe H3MepeuHe BHyTpeuuero KBa,IJ,pynoJIL

uoro MOMenTa Q0 = 4,55 6, npoae,IJ,euuoe B pa6oTe Poce
Ha 'IJ/ ,!J,JIJI OCHOBHOrO COCTOJIHHJI 155 Dy , ,IJ,aeT BeJIHqHHy 

.IJ.elbopMaQHH £ = 0, 18, qTo xopowo cornacyeTCJI c Teope

THqeCKHMH pacqeTaMH. BeJIHqHHa CHHHa OCHOBHbiX COCTOJI

HHH 
155 

Dy H 
155 Tb{3/2) nO.IJ.TBep)K.IJ.eHa 3KcnepHMeu

TaJILHO aBTOpaMH pa6oT /14,15/. 
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TaCS~ 2. 

CpaBaea.e JPOBBei 155T~Bae~eKBWX B Bac~o~el pa6o~e,c ypoBBSMK, 
BBB~eBRWKK B pa6o~ax f6- 9f. 

E (nB) 

/8/ /6/ /7/ /9/ HacroQaa 
paCSo!'a 

1 2 3 4 5 

65,48 ) 65,5 I Ta6naua 2 (rrponon~eHHe) 
65,4 65 65,5 

155,8 156 155,8 155,~) 155,8 1 2 3 4 5 
227,0 227 227,0 226,98 ) 227,0 

II55,38 ) 250S> 250,1 249,98 } 250,0 II 55 II55,4 II55,4a) II55,4 
271,2 271 271,1 271,o&> 271,1 1208,7 

274,1 (274,1) 274,1 
1295,oB) 

1255,8 
317,1 (316,9) 317,0 I295,o&) 1295,0 
334,9 334,8 335,0 1452,1 

408,7 1470,7 1470,7 
466,8 466,9 1479,4 

498,88 ) 4998 ) 498,7 498,68 ) 498,5 1492,6 1494 1492,0 1492,68 ) 1492,5 
508,4 508,5 508,5 1563,5 

(517,6) 1575,1 

545,0 544,tl) 545,0 1607,5 

549,9 550 549,6 5'1-9,68 ) 549,6 16388 ) 1638,8 1638,98 ) 1638,8 
(618,8} ' 1665,18 ) 16658 ) 

1656,~} 1656,3 
640,6 1664,7 1664,98 ) 1664,7 

652,0 651,7 652,1 
nso•> 

(1722,4) 
743,9 743,9 743,9 1749,8 1750,0 1750,2a) 1750,3 
760,5 760,3 1792,7 1793,6 1793,2 

809,9 8IO·,o 1835,0 
862,1 (1861,3} 

880,9 1865,8 (1866,0} 1865,2 
891,18 ) 8918 ) 891,2 891,18 ) 891,1 1868,7 
905,3 906,7 1913,7 

927,7 1953,6 1955 (1954,4) 1954,3 
93?,4 1990,9 1991,3. 1991,0 

951,1 
1033,9 

1062 a) 1062,0 1062, 28 ) 1062,1 
1068 a) 1068,2 1068,2 l a) JpOB.. B .. ~8BW aa 0CHOB8 ra..a-r&MM&-COBDSA8Bal. 

II20,2 
II55,38 ) II 55 II55,4 ll55,48 ) II55,4 

1208,7 

20 . 
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Ta6nHua 4 

.HJlpO 
KaaHTOBbre f 

f4 

xapaKTepHCTHKH 

l55Dy -0,19 -0,03 3/2 [ 521) 
t55Tb 0,205 -0,026 3/2+ [411] 

6/ Po1laf1UOHHQJI noAoca OCH06HOZO COCIIIOJIHUJI 3j2-+r_4JJ] 

BLI'IBCneHBJI O,!J;HO'IaCTB'IHLIX COCTOJIHBH C npBMeHeHHeM 

noTeHuHana CaKcoHa- By.n;ca .n;aroT .n;nJI ocHOBHoro cocTOJIHHJI 
~~~ + 
,,,YJ"b KBaHTOBLie xapaKTepHCTHKH 312 (411] · ABTOpLJ pa-

60TLI "If>'. Bccne.n;yJI B036YlK.IJ;eHHLie COCTOJIHBJI lSSTh B pe

aKUBJIX (d, 2n y) B (p, n y ),ua6mo.n;anu poTauHOHHYJO nonocy 
+ OCHOBHOro COCTOJIHBJI ,!J;O 3Ha'leHBJI CflHHa 2312 . YpOBHB 

65,5 1512 'I, 155,8 1112+ I B 274,1 1912+ I K3B, KOTopwe 

Ha6mo.n;aiOTCJI B pacna.n;e, JIBnJIJOTCJI 'lneHaMH 3Toii nonocw. 

+ e/ Po•aliUOHHa.JI noAoca 5/2 [532] u 5/2 [413] 

YpoBeHL 227,0 K3B pa3pJilKaeTcJI nepexo.n;aMH 71,2 (El), 
161,5 (E1) B 227,0 (E 1) Ha YPOBHH 155,81712 +1, 65,6 1512+; 
B 0 1312~ I K3B. YcTauosneHue MYnLTBnonLHOCTeii .IJ;nJI 

3TBX nepexo.n;os no3sonJieT onpe.n;enuTL cnBH ypoBHJI 
227,0 K3B KaK 512-. 

B cxeMe CaKcoHa- By.n;ca cocToJIHHe co cnHHoM 512 
B 3TOi o6naCTH 3HeprHi '06na,n;aeT KBaHTOBLIMB XapaKTe

PBCTBKaMB 512-(532]. K poTaUBOHHoinonoce, flOCTpOeHHOB 

Ha O,!J;HO'IaCTB'IHOM COCTOJIHBB 5I2Ls32], npHHa.IJ;nelKaT YPOB-
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HB 250,0 1112-1 B 317,0 1912-I K3B. AaTopbl pa6oTbl
1161 

B036y~A&llB B peaKUBS:X ypOBHB pOT&UBOHHOB nonOCbl 512-
[532] AO CllBHa 23/2-, ypOBHB 250,0 B 317,0 K3B S:BllS:IOTCS: 
qneHaMB :noB nonocbl. CunhHOe B3&BMOAeBCTBBe Kopuonuca 
Me~AY nonocaMBc,5I2L532] B 7 IT[532] BllBS:eT Ha 3HeprBIO 
ypoaHeB BHYTPB nonoc. 3TBM o6'hxcuxeTcx 6nB3Koe pacno
no~euue 123 K3BI ypOBHeB CO CllBHOM 512 -B 712-. 

C ypOBHR 271,1 K3B BAYT TpB nepeXOA& 115,3 (Ml), 
205,7 (Ml) B 271,2 (Ml) K3B H& ypOBHB pOT&UBOHHOB nonocbl 
312 f-( 411]. 113 COOTHOWeHBR HHTeHCBBHOCTeB Me~AY HBMH 
yCT&HOBneHbl KB&HTOBble xapaKTepBCTHKB ypoBHR 271,3 K3B 
KaK 5I2+(413].BTOpbiM qneHOM nonOCbl 512+(413] RBnReTCR 
ypoBeHh 335,0 1112+1 K3B. Auanoruquyro HHTepnpeTaUBJO 
CAenanB &BTOpbl pa60Thl /I 6/. 

z/ COCIIIOJIHUJI 3/21_541] U 1/2-[550] 

Ha OCHOBe 6anauca 3HeprHB B BHTeH£HBHOCTeB raMMa
nepeXOAOB BBeAeHbl ypoBHB ~Pl•1 1112 I, 906,7 H 951,1 
1312- I K3B. ABTOPbl pa6oThi ' 1 

, uccneAYR B036y~,n;eHHble 
I "5 3 COCTORHBR a 1b B peaKUHRX( He,d) B (a,t), Ha6nroA&llH 

ypoBHB C 3HeprBRMB , 862 1112-I, 907 1512 -~ H 
950 I3IT I K3B. ABTOPbl yTaep~AaiDT, qTo 3TH ypoBHH 
s:anxroTcx qneHaMB poTaUHOHHOB nonocbl 112- [ 5411. B o,n,
:mqacTuquoB cxeMe CaKcoua- ByAca cocTOHHHe 112- [541] 
ne~BT npuMepHo ua 1 M3B Bblwe. llo3TOMY, ucnonh3YR 
TeopeTuqecKBe pacqeThi, npoBeAeHHble c noTeHuuanoM CaK
coua- ByAca /IB/, npeAnaraeM AnH 3TOB nonocbl cno~yro 
CTpyKTYPY TBna 112- [ 550 ]18~ +([532 )'t + QJf22l) 76~ + 
!([541; t+~l22/) 3~. )J;nR ypoBHR 891,1 1312+1 K3B &BTOpbl 
pa6oTbl / 9 npeAno~nB CTpyKTYPY TBna 312 -[ 541 ]. Ypo
BeHh 1033,9 1512- I, npeAllO:>KeHHblB B pa6oTe ;9/ K&K 
qneH 3TOB poTaUBOHHOB nonocbl, Mbl He H~6nroAaeM. Co
rnacHo pacqeTaM, npoBeAeHHblM B pa6oTe IS/, COCTOHHBe 
3I2-L5411 AOll~HO CMeWBBaThCH C OKTYllOllhHblMH B036y~
,n;eHHblMB COCTORHBRMH TBll& 3ITl411] + Q I 1301. 
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lJ/ {3 U y - 6U6paiiUOHHWe COC.,OJIHUJI, nO.IIOCQ l/2f4Jl] 

+ + + YpoBBB 517,t;
9

/112 1. 498,5 1312 I B 652,115121 
aBTOpLI pa60TLI / BBTepnpeTBpyroT K&K qneHLI pOT&~OB- , 

't 
HOB nonocbl 112 [411]. B B&CTOJIIQeB pa6oTe He Ha6nroA&eTCJI 

ypoBeHh 517,6 K3B. qneBaMB y -au6p&UBOBBOB llOllOCLI 312+ 
[411] - Q 1221 JIBllJIIDTCJI YPOBBB 508,5 1112+ I B 549,6 
1312+ I K3.b. llop;po6uoe o6cY:>KAeHBe cocTOJIHfi 112+ { 411] 
B 312 + [411] - Ql 1221 npoaeAeHo B pa6oTe 19 . 

YpoaeHb 760,3 K3B, BBeAeHHLIB Ha OCHOBe 6anauca 
3Hepruii, pa3pJI:>K&IDT ABA nepeXOAa: 760,3 (Ml +E2+E0) B 
695,0 (Ml) K3B. YcTaHoaneuue MYnhTBnonLHOCTB ,AnJI 3TBX 

+ nepexoAOB no3BOnJieT ycTaHOBBTh cnuu ypoBHJI K&K 312 . 
llpucyTCTBBe MynhTBnonLHOCTB TBna EO CBBAeTenLCTByeT 
o ero BB6pauuoHHOM xapaxTepe. 

YcTaHoaneuue MynLTBnonhHOCTeii nepexoAOB, pa3-
PJI~aroiQBx ypoBHB 743,9 B 810,0 K3B, no3Bons:eT ycTauo
BBTh BX CllBHLI K&K 512 + B 312+ - 712 +, COOTBeTCTBeHHO. 
He HCKnroqeuo, qyo ypoBHH 760,3, 743,9 B 810,0 K3B JIB
nJIIDTCJI qneH&MH pOT&:QHOHHOB llOllOCLI 312~411)+ Q

1 
1201 CO 

CllHH&MH 312+ , 512+ H 712 +. llepecT&HOBKy ypOBHeii MO~O 
o6bJICHHTh B3&BMOAeiicTBBeM KopuonHca :noB nonoc~a~ c no
nocoB 112+[411]. 

e/ ;:(pyzue ypoeHu 

YpOBHH 466,9 1112+1 H 545,0 1112-l K3B &BTOPLI 
pa60Tbl/I6 / HHTepnpeTHpyroT K&K OAHOqaCTBqHLie COCTOJIHBR 
7 IT [ 4041 H 712 -[523), COOTBeTCTBeHHO, XOTJI TPYAHO 06'bJIC• 
HHTh CHllhHOe OllYCK&HBe COCTORHBJI 7 12+ [404). 

PaHee H3BeCTHLie ypOBHH 1062,1 1312-l B 1155,4 
1512-l K3B H BBeAeHHLIB B H&CTOJIIQeii pa6oTe ypoBeHh 
1255,8 1112-I K3B JIBnxroTcJI qneHaMH poTauuouuoii nonoc~a~ 
C K = 112-. 3Ta nonoca HMeeT MOMeHT HHep~B TaKOB :>Ke, 
K&K H poTa:QHOHH&JI nonoca OCHOBHOrO COCTOJIHHJI. ABTOpLI 
pa60TLI /l7 ~ HCCneAyR B pe&K:QHJIX B036Y:>KAeHHLie COCTOJIHBJI 
155 1b, ypOBHeB c 3HeprHJIMH 1062,1, 1155,4 B 1255,8 K3B 
He Ha6nJOA&nH. HCXOAJI H3 B3llO:>KeHHLIX C006pa:>KeHBii H pac
CM&TpHB&JI pa3pJIAKY YPOBHeii A&HHOB llOllOCLI, MLI He He-
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KlliO'IaeM, 'ITO 3TH COCTO.H:HH.II npHHa~ne:lKaT K y ·BH6palJ,HOH· 

HOMY COCTOHHHIO 5/2-[5321 - Q l /22/ H HMeiOT CyiiJ.eCTBeH

Hble npHMeCH OKTYDOllLHbiX B036y:lK~eHHH THna 3/2+ [411] -
-Q./31/. 

Pa3pH~Ka ypoBH.H c 3HeprHeil 1664,7 /5/2- I H ero 

fg(ft)= 5,8 xapaKTepHbl ~n.11 ypoBHH, HMeiOID.ero TpexKBa3H

qacTH'IHYIO CTPYKTYPY· He HCKniO'IeHo, 'ITO 3TOT ypoBeHL 

HBnHeTC.II TpeXKBa3H'IaCTH'IHbiM ypOBHeM THna p5/T [532]n l 
3/2l:532l n 2 3/T[521]. CTpyKTYPY ~pyrHx ypoaHeil, pac

nono:lKeHHLIX B npe~enax 3HeprHH 1400-2000 K3B, noKa 

TPY~Ho ycTaHOBHTL. 

ABTOPbl C'IHTaroT CBOHM npHHTHbiM ~onroM Bblpa3HTL 

rny6oKyro npH3HaTenLHOCTL A.XpbiHKeBH'IY H K.R.rpoMOBY 

3a nocTOHHHbiH HHTepec K pa6oTe, H.A.lle6e~eay H A.ll.H

TYIIIHHCKOMY - 3a no~rOTOBKY pa~HOaKTHBHbiX HCTO'IHHKOB. 
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