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BBeaeHHe 

I13BeCTHO CeMb Siltep, B KOTOphiX MO)I<HO H3y'IaTb CTpyKTypy B036y:lK-

}:leHHhiX COCTOSIHHH Slllpa, Koraa llpOTOHHaSI CHCTeMa. coaep:lKHT 'JeT HOe 'IHCnO 

173 E; 'IaCTHU, a B HeiiTpOHHyiO BXOilHT 105 HeiiTpOHOB. 3TO 
68 

. 
105 

tB'J 
175 177 . 179 181 

70 Yb 105 72 Hi 105 74 W 105 76 Os 105 , 78 Pt 105 
185H Ill 

H 80 g105 
175. 177 

B SIIlpax Yb H Hi o6Hapy:lKeHo MHoro Boa6y:lKlleHHhiX cocToSI-

HHii, aacenSieMbiX KaK llpH 6eTa-pacrralle, TaK H B SIIlepHhiX peaKUHSIX /2,3/. 

flony'IeHhl Ba:lKHbie CBelleHHSI 0 CTpyKType 9THX COCTOSIHHH. MeHbllle 

H3y'IeHhl B036y:lKileHHhie COCTOSIHHSI 179 W /2,3/ H COBCeM Mano CBelle-

HHJi 06 ypOBHSIX 1810s 14•
51 

1 a 0 B036y:lKileHHhiX COCTOSIHHSIX B 173 Er 
183

pt H 
185 

Hg IIOKa HH'Iero HeH3BeCTHO. 

Pacrrall 
179

Re .... 
179 w H3y'IancSI B pa6oTax 16- 111• nepHOll rrony-

pacrraaa 
179 

Re paBeH T y; = ( 19,7 ±. 0,5) MHH 16• 7 •81• Bhmo ycTaHoB-
1~ . 

neRO, 'ITO B SlApe . W B036y)l{}:laeTCSI H30MepHoe COCTOSIHHe C T y; = 

= 5,2 MHH, KOTopoe pa3pSI:lKaeTCSI M3-rrepeXOllOM C 9HeprHeii, 221 K9B B 

ocHOBHoe cocTOHHHe 
16

•
12

-
141

• flpH HccneaoBaHHH crreKTpa raMMa-nyqefi 

B /7,8/ 6binH OllpelleneHbi, 9HeprHH H OTHOCHTenbHhie HHTeHCHBHOCTH Tonb

KO caMbiX CHnbHhiX nepexonoB B llHarraaoae 9HeprHii llO 500 KSB. XapMau 

H Xaaaneii 191 Hay'IHnH crreKTp KOHBepcHOHHhiX aneKTpoHoB 
179 Re H rrpea-
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179 
no>KHnH cxeMy HH3KonemawHx ypoBHel ·w , Bo36y)K)larowHXCH npH 

179 179 179 
pacnane Re 0 Pa3HOCTb Mace 'Re. .... w onpeneneaa royllCMH-

TOM H llPo /10/ o 0Ha paBHa Q f3 + ={ 2690 :!:. 50) K9Bo 

B HSCTOHweii pa6oTe HS OCHOBe TwaTenbHbiX H3MepeHHii raMMa-cneKT

pa 179Re 11 H3y"'eHHH raMMa-raMMa-coBnaneHHii ynanocb cymecTBeHHO no-
179 

nonHHTb CXeMy ypOBHefi . W o llepBbie HSWH llBHHbie no HCCnellOBSHHIO 

cxeMbi pacnana 
179 

"Re 6binH ony6nHKOBBHbi B pa6oTe 1111o Pa6oTa Bbi

nonHeHa no nporpaMMe HccnenoBaHHi!: H30TonoB, ynaneHHbiX oT nonocbi 

cTa6HnbHOCTH - .HCHAllll 115-l9/ B fla6opaTOpHH HllepHbiX npo6neM 06'be

llHHeHHOI"O HHCTHTyTa HllepHhlX HCCnellOBSHHfio 
i79 

3aepreTH"'eCKHe ypoBHH W B HnepHbiX peaKUHHX H3y"'anH KoHHH 

11 llPo /20/ {peaKUHH Ta { p , 3n)) H KacTeH H llPo /21/ {peaKUHH 

180 w { d •. t ) ) 0 . 

3KcnepHMeHTanbHSH TeXHHKB 

HeltTpoaone<I!HuHTHbie H30TOnbi peHHH Mbi nony"'anH B peaKUHH rny-

6oKoro pacmenneHHH npH o6ny"'eHHH MHweaei!: H3 MeTannH"'ecKoro 30noTa 

{ Au ) , oKHCH pTyTH { HgO ) H KpHcTannoB NH
4 

ReO 4 aa BbiBeneH-

HOM ny"'Ke npoToHoB cHHxpouHKnoTpoHa Olif.Hlifo 3aeprHH npoToHoB- 660 M aB, . 

HHTeHCHBHOCTb ny"'KS - 1,2o 1Ql2 p/ceKo XHMH"'eCKH BhllleneHHbie npenapa

Tbl peHHH Hcnonb3.0Banifcb nnH HccnenoBaHHH raMMa-cneKTpoB Ill, 2~ Cena-. 

paUHH no H30TonaM He npOH3BOllHnac~o B KBmllOM 113 HeCKOnbKHX 9KCne

pHMeHTOB 6bin0 npoBe)leHO llO 15 o6ny"'eHHii H Bbi)leneHHfi HCTO"'HHKOBoCneKT-

pbl 9THX HCTO"'HHKOB CyMMHpOBSnHCb B naMHTH MHOI"OKSHanbHOI"O aHanH38TO-

pa, nnHTenbHOCTb o6ny"'eHHfi H BpeMH H3MepeHHfi Bbi6HpanOCb TSK 1 "'T06bi 
179R~ 

o6ecne"'HTb onTHMBnbHbie ycnOBHH llnH H3y"'eHHH 20-MHHYTHOI"O 

nnH HCCnellOBBHHH raMMa-cneKTpOB HCnOnb30B8Hbi 'Ge(Li) -lleTeKTOpbi 

o6'beMOM 1,8 CM3; 614 CMS; 8,2 CM3 H 38,5 CM3, 3HepreTH"'eCKOe pa3[B-

4 

weaRe Ha nHHHH. 1333 

oTBeTcTaeuao. CneKTp 

noMOWbiO Manoro 

- 0, 5 cM
3

; paapeweHJ 

coananeHHfi .Hay"'anHcb 

H 25 CM
3 

B pemHMe ll 

KSHSflOB H 12 X 1024 K 

Tanbaoe oi5opynoBaUHe 

Ma aKTHBSUHH H ,TpaHC 

HSH pallHOaneKTpOHHSH 

-nepexonos onpenensrm 

aTOM HCnonb30BSnHCb 

JlYIOIIlHX HJlep 207 Bi , 

H 54 Mn /27,28,29,30/, 

nacb c noMowbro no_ny1 

nonb30BSHHeM OCUHnno 

11 sBM cnc-t604Ao 

f 

CneKTp raMMa-n~ 

cno>KeHo lifneaTmjll:iKauH: 

"'HeM B HCTO'IHHKSX Jlp; 
178 

o6pa3oM Re { 13,2 ~ 

npOH3BOJlHnaCb Ha OCHC 

.OCHOBe cpaBHeHHH HHTE 

pa3nH"'HbiMH cnoco6aMF 

poB H30TOnOB peHHH C 

B /1,7-9,11,31-33/, p 



60 c 
llieune ua nnuuu· 1333 KaB o cocTaBmmo 2,3; 4,5; 2,3 n 3,5 Kae, co-

OTBeTcTeeuuo. CneKTp raMMa-ny-:ret! B o5nacTn Man&rx aueprnfi nay_-:reu c 

noMom&ro Manoro Ge ( Li)-neTeKTopa c BhiCOKMM paaperueuneM: oo'beM -

- 0, 5 CM
3

; paaperueuue 0,6 KSB npu 100 KSB 123/ • CneKTpb! I'8MM8-I'8MMa 

COBIT8Jl8HMfi May-:ranncb C llBYMH Ge(Li) -JleTeKTOp8MI1 C OO'b8M8MI1 22 

11 25 cM
3 

B pe)imMe JlBYXMepuoro auan11aa c U11$poB&IM11 OKHaM11: 24 x 512 

Kauanoa n 12 x 1024 Kauanoa ua 5aae 3BM M 11HCK;..2 1241. 3Kcnepi1Meu-

Tan&uoe o5opynoeauue nnH nccnenoaau11ii no nporpaMMe HCHAITIT: CI1CTe-

Ma 8KTMB8UMI1 M ,TpaHCITOpTMpOBKM MM!UeHefi, p8I'MCTp11pyiOlll8H M li8KOITI1T8nb

li8SI pannoaneKTp~HHaH annapaTypa onl1cau&r B 1 16,25,26/. 8uepr11u raMMa

-nepexonoB onpenenHnnc& MeTonoM BHyTpeuueii Kann5poBKM 1191. Ilpn 

aToM ncnon&aoeannc& To-:ruo M3Mepeuu&re auepr1111 raMMa-nepexonoB cne-

nyrorunx HJlep 207 Bi ' 169 Yb ' 13 7 Cs' 133 Ba ' 88 y ' 60 Co ' 56 Co 

n 
54 

Mn /27,28,29,30;. 05pa5oTKa cneKTpoMeTpnqecK11x naHH&rx npoBOJll1-

nac& c noMolll&ro nonyaBToMaTnqecKofi cncTeM&r, on11cauuoii B I 191 c 11c

non&aoBaHI1eM ocunnnorpaljla co cBeToB&rM KapaunaruoM, 3BM Mnuck-22 

M 3BM CLlC-1604A. 

Peayn&TaT&r nccnenoaau11ii 

CneKTp raMMa-'ny-:refi 11cnon&aoeauu&rx npenapaToB peunH noaon&uo 

cno>Keii. 11t:teuTnljJI1KaunH nepexonoe 
179 

Re ( 20 Mtm) aaTPYilHHnac& uani1-

'II1eM. B MCTO':IHMKax llPYI'MX .HefiTpOHOt:te$11UMTHblX M30TOITOB p8H11H
1 

I'naBHb!M 
178 177 

o5paaoM Re ( 13,2 MMH) n Re ( 14,0 MMH). CopT11pOBKa I'BMMa-nnn11fi 

nponaeot:tnnac& ua ocuoae MaMepeunii nepnot:toB nonypacnat:ta, a TBK>Ke ua 

OCHOBe Cp8BH8HMH MHT8HC11BliOCTefi ni1H11fi B MCTO':IHI1K8X
1 

llpi1I'OTOBneHHb!X 

paanl1-:rH&IMM cnoco5aMI1. Y-:rnT&IBannc& peayn&TaT&I nayqeHMH raMMa-cneKT

poB naoTonoe peHMH c A ~ 176 11 nx JlO'Iepunx npot:tyKToB pacnat:ta 
8 I 1, 7-9,11,31-33/. Pacnat:ty 

179
Re npunncauo 97 raMMa-nepexot:toe; 
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£a H3 HHX o6Hapy~<eHO B 9TOH pa6oTe BnepBbie. PHJl raMMa-nepexOJlOB 

OCTaBaiiCH HeHJleHTH<iJHUHpOBaHHbiM. llpHMepbl ·nony'IeHHbiX cneKTpOB JlaHbl 

Ha pHC. 1 H 2. 3HeprHH H OTHOCHTellbHbie HHTeHCHBHOCTH raMMa-ny'Ieii:, 

. nony'IeHHbie B HacTosrmeii: pa6oTe, npencTaBneHbi B Ta6nnue 1. TaM me 

JlaHbi OTHOCHTellbHbie HHTeHCHBHOCTH IIHHHH KOHBepCHOHHbiX aneKTpOHOB no 

pa6oTe /9/. nnsr CBH3H IUKan HHTeHCHBHOCTeii: B KOnOHKax 2 H 8 HCnonb-

30BaHO aHa 'IeHne a = 6, 7 JliiH nepexona c aHeprneii: 221,6 KaB. M8-
k ' 

xapaKTep aToro nepexo~a Hanemao !CTaHoBneH B 16,9;. 

Ha OCHOBe nony'IeHHbiX TaKHM o6pa30M 9KCnepHMeHTallbHbiX SHa'IeHHii: 

K09~HUHeHTOB BHyTpeHHeii: KOHBepCHH onpeneneHhl MyllbTHnonbHOCTH pHJla 

raMMa-nepexonoB ( 22 anepBbxe). PeaynbTaTbi aHannaa cneKTpoB raMMa-

raMMa coBnaneHntl: npencTaBneHbi B Ta6nnue 2, a Ha pnc. 8 n 4, B Ka-

'IeCTBe npnMepa, npnseneHbi HecKonbKO cneKTpoB raMMa-raMMa-coanane

Hntl:. llpH onpeneneHHH OTHOCHTenbHbiX HHTeHCHBHOCTeii: B cneKTpax COBna

]leHHii:, HHTeHCHBHOCTb JlnH OJlHOro H3 raMMa-nepeXOJlOB B cneKTpe, COOT

BeTCTByiOIUeM Ka)KJlOMy H3 Bbi6paHHbiX OKOH, npHHHMallaCb 38 100. 

YfcnOIIb3YH Bee nony'IeHHbie Jl8HHbie: aHeprHH H HHTeHCHBHOCTH 

raMMa-nepeXOJlOB, raMMa-raMMa-coananeHHH H MYIIbTHnonbHOCTH raMMa- , 

nepexonoB, Mbi nocTponnn cxeMy pacnana 179 Re . ( pnc. 5). 11a 97 raMMa

nepexonoa 62 pasMeiUeHbl Memny BBeJleHHbiMH ypOBHHMH. llpH Bbi'IHCIIeHHH 

6anaHCa HHTeHCHBHOCTeii: Mbl npHHHnH, 'ITO CyMMapHaH HHTeHCHBHOCTb. 
179 

raMMa-nepeXOJlOB, HJlyiUHX B OCHOBHOe COCTOHHHe W t COCT8BnHeT 

179 
100% pacnanoB Re • raMMa-nepeXOJl 13,4 K9B 9KcnepHMeHTanbHO 

He Ha6niOJlancsr, onHaKo BBeJleHne ero Heo6xonnMo nnsr co6niOJleHHH 6anaHca 

HHTeHCHBHOCTetl: Ha ypoBHHX 317,6 H 304,2 K9Bo raMMa-nepeXOJl C '9Heprnetl: 

401,7 K9B pacnonomeH Me)I{Jly ypOBHHMH 720,0 H 317,6 K9B 0 OJlH8KO no 

6anaHCY HHTeHCHBHOCTeii:. 9TOT nepexoJl, no-BHJlHMOMy, JlOnmeH 6biTb B JlBYX 

MecTaX cxeMbl pacnana. raMMa-nepexon c 9Heprnetl: 4 7,4 K9B Me)I{Jly ypoBHHMH 

6 



47714 K8B H 430,0 K8B BBOJlHTCH Ha OCHOBe peaynhTaTOB aHanHaa raMMa

raMM~-COBIT8JleHHil:. CnHHhi H- ":teTHOCTH ypoaaeil: npn aaeprHHx: 120,0; 

221,6; 264,7; 304,2; 309,0; 317~6; 430,0; 477,4; 508,3; 531,5; 532,2; 

704, 7; 720,0; 767,8; 773, 7; 806,4 H 1680,2 KaB 060CHOB8Hhl MynbTHrrOnb-

HOCTHMH raMMa-nepeXOJlOB H 3Ha":teHHHMH log It nnH 6eTa-pacnana Ha 

aTH ypoBHH. CnHHLI H ":teTHOCTH ypoaaeil: npn 692,0; 885,9; 952,9 H 
' ·. 

1808,9 xaa npennararoTCH c y":teToM aaceneHHH H paapHJlKH aTHx- ypoaaeil:. 

06cxmneane peaynbTaToB 

CxeMa ypoaaeil: 
1 ~=W105 HMeeT MHoro o6mero co cxeMaMH ypoa-

Heil: cocenanx H30Tonoa 
177

Hf H 
175 

Yb • KaaaToBLie xapaKTepHCTHKH . . 1" 1" -
179 

OCHOBHoro COCTOHHHH Re , K8K 8TO HMeeT M9CTO B cny":tae COCeAHHX 

He":teTHhiX H30TOITOB Re C M8CCOBLIMH 'iHCnaMH 181, 183, 185 H 187, 

onpenensroTCH 1 ITO-BHJlHMOMy, 75-hiM ilpOTOHOM1 H8XOJlHIIlHMCH B COCTOHHHH 

5/2+ /402/ 12•3 I. . 

11a pacnana H3BeCTHhl KB8HTOBbie X8p8KTepHCTHKH OCHOBHOro 

COCTOHHHH aToro HJlpa - 7/2- /514/ /6/• 

YpoBHH npn 120,0 H 264,7 KaB HBnHroTcH itneaaMH poTaunoaaoil: no

noeL! OCHOBHOro COCTOHHHH, 'iTO _ITOJlTBepmnaeTCH 3Ha":teHHeM poTaUHOHHOil: 
2 . -

KOHCTaHTLI -II I 2 J = 13,4 KaB, xopomo coananaromnM co aHa":teHHeM aToii 
/2,9,11/ 

KOHCT8HThl B JlpyrHX HJlpax _ ._J130Mepaoe, COCTOHHHe npH 221,6 KSB 

HMeeT cnHH H 'IeTHOCTb - I 11 = 1/2-. MoTTenbcoa H HHnbcoa npHnHca-

, nH eMy K!3aHTOBLie ":tHcna 1/2- /510/ /341. CocToHHHe npn 304,2 xaa 

(3/2-), 317,6 KaB (5/2-), 508,3 (7/2-) H 532,2 KsB (9/2-) HHTepnpeTH

pyroTCH XapMaueM H Xaan~eeM /9/ xax ypoaan poTaunoaaoil: nonocLI aToro 

H30MepHoro COCTOHHHHo HamH peaynbT8Thl ITOJlTBepmnaroT TaKoe o6~HCHe

HHe XapaKTepa STHX ypOBHeil:. CpaBHeHHe KOHCT8HT fl 2/ 2] = 15,1 KSB H 

a = 0,82 nnH_ sToii nonoCLI co 3Ha":teHHHMH1 nony":teH.IihiMH nns nonoc 

7 



C K ·17 = 1/2- B COCeJlHHX SIJlpax 12,3,111, OJlHOaHa'IHO I"OBOpHT B nonhay 

cocToHHHsr 112- 1521/ H npoTHB a npHHuHne aoaMo~Horo cocTosrHHH 112-· 

15101. KaaHTOBbie xapaKTepHcTHKH, npHnHcaHHbie HaMH ypoBHsrM ripH 309,0; 

430,0; 477,4; 531,5; 704,7; 767,8 H 806,4 KaB COBnaJlaiOT C npeJlno)KeH

HbiMH B pa6oTe XapMaua H XaH.nnesr 191. Bae.neHHbie aTHMH me aBTopaMH 

ypOBHH npH aHeprHHX 421,2 KaB (11/2,912+ (624) H 572,7 KaB. (912+ 

16331 l HaMH He Ha6niOJlanHchl XapMau H XaH.nneil: 191 · Ha6nro.naroT cocTosr

HHe 112- 15101 npH aHeprHH 705 KaB, a no .naHHbiM KacTeHa. 11 .np. 1211 

ero MO~HO O~H.!laTh npH aHepi"HH ;;:# 630 K9Bj HaiUH .!lBHHbie I"OBOpSIT B 

nonhay pa6oTbi 191. · 

PaaHOI"nacHe C pa60TOil: 191 HMeeTCSI TaK~e no COCTOSIHHIO npH 

aHeprHH 720 10 KaB. XapMau H XaHJlneil: l91 npeJlnaraiDT JlnH aToro cocTosr

HHH XapaKTepHCTHKH 312+ 16421. 8TO npOTHBOpe'IHT H3MepeHHOMy HBMH 

3Ha'leHHIO log It .nnsr 6eTa-pacna.na .lia TOT ~e ypoBeHh~ paBHOMy 5,2. 

TaKoe HHaKoe aHa'leHHe log It JlOn~Ho 6biTh cBsraaHo c Heaa.nep~aHHbiM 

paapeiUeHHbiM au 6eTa~nepexo.noM, KOTOphlil: B aToil: o6nacTH sr.nep 

MO~ST npOHCXOJlHTh TOnhKO Me~y COCTOSIHHSIMH. 912- 15141 ... 
-+ 712-

15141. B casraH c aTHM e.nHHCTBSHHoil: BoaMo~HOCThiO o6'bsrcHeHHH npHpO.!lbi 

aTOI"O ypOBHSI SIBnSISTCSI npe.nnono~eHH8 0 81"0 Tp8XKBa3H'JaCTH'IHOM XapaK-

Tepe c KoH«}mrypauHeil: 312+{ p , 912- /5141, .p 512+ 14021
1 

1 2 13 10 11/ 
n 7 I 2- /514/l HnH o aHa'IHTenhHoil: npHMecH TaKoil: KoH$HrypauHH 

1 
' • 

YpoBeHh npH 773,7 KaB c 1
17 

= 512+ Mbi paccMaTpHBaeM KaK nepBbiil: 

'lneH poTaUHOHHOil: nonocbi TpexKBaaH'JacTH'IHoro ypoBHsr. B nonhay aToro 

I"OBOpHT xapaKTep paapSI.!lKH aTHX JlBYX ypoBHeil: ( 720,0 KaB U 773,7. KaB) • 

BBe)leHHbie HaM~ ypoB.HH npH 88518 H 952,9 KaB MOI"yT 6b!Th 'lneHa

MH poTaUHOHiJOil: nonOCbl COCTOSIHHSI C 312- I 5121 1 KOTOpoe O~.!laeTCSI no 

CHCTeMaTHKe O.!lHO'IaCTH'IHbiX. COCTOSIHHil: 12,31 B aTOM JlHanaaoHe aUeprHil: .. 

3ua'ISHHe poTaUHOHHoil: KOHCTaHTbi -li
2 I 2] = 13,4 KaB roaopHT B nonhay 

. . 

TaKOI"O npeJlnono~eHHSI 12,31 • Paapsr.nKa aTHX llBYX ypOBHSil: HHTSHCHBHbiMH 

8 



raMMa-nepexoaaMn c aaeprHHMH 832,9 n 886,0 KaB aa ypoBan poTaunoa-

. HOlt nonOCbl OCHOBHOrO COCTOHHHH MO:lKeT 5b!Th o5iHCHeHa npHMecHi(fH TUna 

'112- 15141 + Q 22 

Te :lKe BbiBOahi1 'ITO H 06 ypOBHe npH 720,0 K3B 1 Mo:a(ao, Ha OCHOBa-

HHH HHSKOrO SHa'JeHHH [od, f t , caenaTb 0 CBOfiCTBaX COCTOHHHH npn , 

1680,2 KaB, rae paapeweHHhifi aeaaaep:lKaHHhifi 5e.fa-nepexoa aon:lKeH 5biTh 

o6ycnoBneH SHa'JHTenhHOfi npHMeCbiO TpeXKBaSH'JaCTH'JHOfi KOH!flnrypaUHH TH- . 

na 712+1 p1 912- 15141 , P2 512+ 14021, n 712- 15141! I 3• 111. 

YpoBHH c aaeprHHMH 720,5 n 1680,2 KaB, TaKHM o6paaoM, HBnHIOTCH "<Jneaa

MH TpeXKBaSH'JaCTH'JHOrO MynhTHnm:Ta CO CTpyKTypofi {. p l 912- 15141
1 

P J 512+ /4021, n 112- 15141 I • Ha BOSMO:lKHOCTh aaceneanH TaKux 

MynhTnnneToB aeaaaep:lKaHHhiM paapeweHHhiM ·5eTa-nepexoaoM yKaaan eme B 

1962 r.'ConoBheB 1351. OueHKa pacmenneHHH MynhTnnneTa anH ypoaaefi 

c I = 312 n 712, caenaaaaH no MeToay ITHTOBa ~ qepaeH 1361, oTaocn

Tenhao xopowo coBnaaaeT c aKcnepuMeaTanhHhiM aaa"<JeaneM, paBHhiM 

959,6 KaB. OcTanhHbie aBa ypoBHH aToro MynhTnnneTa c I = 11/2 n 

2112 na-sa 5onhwnx aaa"<Jeaufi cnnaoB He MoryT Boa5y~aThCH npn pacna-
179Re • Pacc'JHTaaaaH ConoBbeBbiM 135/ no Moaenn aeaaBHCHMhiX 

KBaan"<JaCTHU aaeprnH ueaTpa TH:lKeCTH MynhTnnneTa c Koa!flurypaunefi 

I 912- 15141, 512+ 1402/,.712- 15141 I B Hape 179 w paBaa npuMepao 

·1300 KaB u xopowo coBnaaaeT c aafiaeHHhiM aaMu aKcnepuMeaTanhHhiM 

3Ha'JeHueM1 paBHbiM 1160 KSBo PaapHaKa ypoBHH npu 720,0 KSB uaeT HH

TeHCHBHbiMH raMMa-nepexoaaMU Ha HeKOTOpb!e US ypOBHefi poTaUHOHHbiX no

noc c 112- 15211 u 5/2- 1512/. ITo Monenu aeaaBHCHMbiX KBaanqacTnu nnH 

F .. TpeXKBaSU'JaCTH'JHOrO COCTOHHUH yKaaaHHOfi npnpoabi STU nepexoahl 

aanpeweHbi 137 I. Hann"<Jue TaKux raMMa;...nepexoaoB MO:lKHo o5'hHCHHTh, 

npeanono:lKHB, 'ITO cocToHHHe npu 720,0 KaB conep:lKHT !floaoaayro KoMnoaea

iy' 7/2- ( 514) + Q(32) 111i311. TaKoe COCTOSIHHe npencKaSbiBaeTCH 
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ConoBbeBbiM n 4>alfHepoM 1381 npn aHeprim 1032 KaB. Pacc'IHTaHHaSI CTpyK

Typa 9TOI'O COCTOHHHSI! 3/2+ /651/ 7% H 7/2- /514/ + Q (32) 92".6, XOpOWO 

o6~HCHHeT K8K paapHUKY ypoBHH 720 K9B, T8K H TpeXKB83H'I8CTH'IHhlH ero 

xapaKTep 1371• 4>oHoH 7/2- /514/ + Q (32) coaepmnT 3Ha'InTenhHyro KOM-
. 111,37; 

ITOHeHTy TpeXKB83H'I8CTH'IliOI'O COCTOHHHH yK838HHOI'O BbiWe THIT8 
179 B Ta6nnue 3 cpaBHHBaroTcH npeanonomeHHbte ypoBHH W 

npeUCK838HHHMH MHKpOCKOITH'IeCKOH TeOpHH /38/. 

nnTepaTypa 

c 

1. C~M. Lederer, J.M. Hollander, I. Pe:r:lman. Table of 
Isotopes, Sixth edition (Wiley) No 4 (1967). 

2. W. Ogle, s. Wahlborn, R. Piepenbring, S.Fredrikson. 
Rev·.Mod.?hys., 43, 424 (1971). 

. 

3. M.E. Bunker, C.W. Reich. Rev.Mod.Phys., 43, 348 (1971). 

4. A.i1. AxMaamaHoB, B. BaHp, B. Bpoaa, B. Banroc, H.r. 3altueBa, 
X.Y. 3n6epT, lll.M. KaManxoamaeB I r. Myanonb, A.4>. FfoBropoaoB, 
B. Holf6epT, M. 4>nHrep,. Y. XareMaHH, ·x. lllTpyCHbiH. npenpHHT Ol1.Rl1 
P6-6321, ny6Ha, 1972. 

5. M. Ishihava, H. Kawakami, N. Yoshikawa, H. Kusakari, 
M. Sakai, K. Ishii. Institute for Nuclear Study~ Uni
versity of Tokyo, Annual Reportl970,' p. 45-50. 

6. B. Harmatz, T.H. Handley, J.W. Mihelich. Phys.Rev., 
1191 1345 (1960) • 

7. K.J. Hofstetter, P.J. Daly. Phys.Rev., 152, 1050, 
(1966) •. 

B. B.H .• BenHeB, B.l1. fyaoB, B.A. fBoaaeB, n.M. KpnmaHCKHI!:, B.c. Yen
KOBo l1aB. AH CCCP, cep. «j>na., 32, 59 ( 1968). 

9. B. Harmatz, T.H. Handley. Nucl.Phys., Al21, 481 (1968). 

10. B.J. Meijer, J. Konijn. P.F.A.Goudsmit.IKO Progress 
Report 69/80, p~ III-12. 

11. p; ApnbT, K • .R. fpOMOB, H.r. 3aitueBa, nn l.JyH Xn, 3. ManeK, r.My-
3HOnh, x. lllTpycHbiH •. npenpHHT Ol1.Rl1 P6-4635, ny6Ha, 1969; 
l1aB. AH CCCP, cep. «j>na., 34, 702 ( 1970). 
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12. T .• J. Rock, Proc.Roy.Soc. (Canada}, 50 (1956} 28A. 

, 13. J. Konijn, B.J. Meijer, B. Blank, R.A. Ristinen. 
Nucl.~hys., Al37, 593 (1969}. 

14. c. Birattari, G.Strini, G. Taglieferri. Let.Nuov.Cim. 
2, 473 (1969}. ' 

15. r." MyaHonb. npenpHHT OlUUf B2-6-6825, .Uyoaa, 1969. 

16.-· P. ApnbT, c. KallbiKOBa, A. KanHHHH, B. MoHceeaa, r. MyaHonb, 
M. 0MenbSIH9HKO, IO. npoKO!jlbeB, B." CeMeHoB, A.· CHHaeB, H.'lfHCTOB, 
x. lllTpycHbiA, r. 3nbCHep. npenpHHT OIHHf P6-3773, .Uy6Ha, 1968. 

17. r. MyaHonb, B.H. PaAKo, X. Tbippo!jl!jl. npenpHHT Ol1.Hl1 P6-4487, 
.Uy6aa, 1969. 

18. r. BaAep, A. nHoTpOBCKH, B.H. PaAKo, x. Tbippo!jl!jl, 3. XeppMaHH. 
npenpHHT Ol1.Hl1, P6-5761, .Uy6aa, 1971. 

19. P. ApnbT, r. BHHTep, C.B. MeJlB9llb, r. MyaHonb, A.H. CHHaea, 
3.A. YcMaHOBa, B. <PpoMM, H.A. l.JHCTOB, x. lliTpyCHbiA. npenpHHT 
Ol1.Hl1 P6-6227, .Uy6aa, 1972. 

~. J. Konijn, B. Blank, J.H. Jett, R.A. Ristinen. 
Contrib.Int. Conf. on prop. of nuclear states, 1969, 
Montreal,p. 77. 

21. R.F. Casten, P.Kleinheihz, P.J. Daly, B. Elbek. to be 
published in Mat.Fys.Medd.Dan.Ved.Selsk. 

22. B. BaSip, H.r. 3aAueaa, A.<P. HoBoropOllOB. npenpHHT Ol1.Hl1 P6-5955, 
.Uy6aa; 1971. 

23. B. AMoB, U. Bbmoa, :>K. :>Kenea, A.M. KanHHKHH, B.n. OcHneaKo, 
H. neaea, 10. CpHKa, B.H. <PoMHHbiX, .H. IOpKOBCKH. npenpHHT Ol1.Hl1 
P6-5783, cTp • .185, .Uyoaa, 1971. 

24. B.c. AneKC8HllpOB, <P • .UyJla, O.H. EnHaapoB, r.n. :>KyKOB, r.H. 3a
OHSIKHH, 3. 3aAllnep, E. T. KoHJlpaT, 3.B. RhiCeHKo, B.i1. <PoMHHhiX, 
B.r. THwHH, M.H. <PoMHHhiX, B.M. UynKo-CHTHHKoa."Haa. ·AH CCCP, 
cep. !jJHa., .34, 69 (1970}. 

25. P. ApnbT, B. BbiCTpoB, r. My3HOnb, n. naaTepo, X. lllTpyCHbiA. 
npenpHHT Ol1.Hl1 13;..3922, .Uy6aa, 1968. 

26. c.B. MellB9llb, B.B. MoHceeaa, A.H. CHHaeB, r.IO. Uaxep, H.A. 'lfHc
ToB; nT3, 4, 109 ( 1970} • .· 

27. J.B. Marion. Nucl.Data A4, 312 (1968}. 
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Tat1.uua I 

3HeprRRt 0%BOCK%81JoHW8 KHreBCXBHOCrK I ~llo%1DOI.HOC%K 
nepexo.-oa, B03RDUI••x np11 pacn&Ae I 9 Re · 

Etv "'r 'II( 
01.1( ol,l( Jlyuu-

ora. /9/ 
()1. I 

X3B HB%88. axcn. reop. UOIB. UOJIB. 
non_. 
BOC%Jo , 

I 2 3 4 5 6 7 8 

24,3a 
32,2a,J L, 0,8? 
35,0ia;J L. 0,39 

MI+(E2)0' 38,3 Lo 0,65 ?5 0,8 
52,45:''J Ls 1,2 E2 Ci 
53,45a L, 3,0 13 MI/E2=5,5 
63,85a :J · + Lo 2,0 2,3 3,o , MI/E2=10~ 
?1,9i; 0 1 ?;<',4 Lo:0 1 48 
?? ,5a~'l 0,?;<>,4 L,:0,44 
?8,5+' 0,6;o,3 1,1 

,. 0,93 1,13 8,5 53,2 E26 82,6;<>,4 5,6;o,8 > 3,9 
96·Di0·4. 1 .~.3 ,.1 t? 71,24 1 ,oo 4,38 ?,5 E26 

6 101,2 0,08 0,41 3,04 5,1? 0,5 MI~2=2,2 
. 102,0+ 0,4+ 0,52 0,9 3,5 1,8 E2 
112,~,? o,6;o,3 =o,8? 1,45 2,2 3,62 2,? MI,E2 
118, ,5 o,a;:;~,4 · 

0,83 0,83 2,0 51,0 MI/E2fS= 120,02~,08 1?,0-2,0 13,3 
+ 1,3 2,0 3,6 

=0,15 
125,:;;o.5 1,2+ 6 
135,9i~j 1,0~,3 1 ,o < 1,04 0,48 1,22 1,4 E2+(E1) 
139,0 

1,85 
139 6a,cs E 0,5 •0,39 >0,?8 1,55 1,4 (MI) 

' + ll + 0,30 0,38 0,42 1,03 1,6 E26 
142,5i0,3 0,8-0,2 
144,?+ ~0,3+ 1110 0,30 1,02 0,40 0,9? 0,5 E2+(MI) 
155,5;<>,68 1,?~,4 •o, 34 0,20 0,20 0,40 2,3 E1 1 E2 
156,5;0,5 2,8+ 

0,092 0,110 0,6 160,o;c>11 ? o,~o,3 
162,5a'a 0,5~ 1 3 0,35 0,70 1,05 1,25 1,1 M1,~E2~ 
1~5,0/ 'f 1,0+ lito 0,52 0,52 1,00 1,20 2,2 M1 1 E2 
168,5%0,06 8,0-1,0 6,9 0,93 0,64 0,89 14,1 M1/Et'= 

1?8,5!•8 "'0,6+ ' 
= 3,4 

181,o;o,6 0,9;o,4 . 
185,~.5 2,1~,4 

E1~ + +'~8 <0,14 0,06 0,0? 19,2 189,05~.o8 28,o-3, 0<3,9 
191,0~,61 o,?,.: 0,45 0,60 1,1 

M1(E2) 193,o;o,4 1,o;o,4 0,52 0,52 0,68 0,80 1,8 
204,1;<>,4 1,&;0,5 0,52 0,35 0,46 0,67 2,6 E2 1 M1 
208,2;0,5 o,~.:; 0,15 0,26 0,6 
212,~,5 0,5 
214,5±0,4 o,9±o,4 0,22 0,24 0,14 0,24 1,1 E2, (M1) 

+ + 0,65 21?,3~.4 1,3;<>.5 10,1 144,8 M3 221,6$0,1 13,o;2,0 8? 6,? 6,? 
222,?-0,6 1,~.5 0,04 0,05 
238,4!' 1,3+ 

,..0,26 4¥0,035 0,032 O,Ol!- ?,8 E1 
241,:;;o,3 ?,5i1,0 
242,1~,4· ?,~2,5 1¥0,39 ~0,054 o,o3 0,04 7,7 E1 
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1 2 

+ + 242,7;0,48. 5,0;1,5 
245,7;0,78. 0,6;p,3 
255,3;0,7 . 0,6;p,5 
264,3;o,5 2,0;0,6 
265,o;o.~ 1,5i0,5 
286,0~,58 2,0;0,5 
289,95~,09 100-11 
293,1+ <1,~ 
296,3~-~,09 3~ 
307,7+' 1,7+ 
308,7i0,4 19,0;5,0 
309,~0,68 7,o;2,5 
31o,6;o,5 2,o;p,6 
335,5;o668 1,~,7 
,344,8 I c. 1,0 
::th6 7a,B "'1 4 
..... ,+ '+ 
357,2;o,4 8 4,5;1,5 
377,7;0,06 6,~2,0 
383,9;p,9" ~ 2,5 . 
387,6;o,a ·4! 2,8 
400,4+ !; 3,0+ 
401,7i0t2 29,0~,0 
405,5+' 1,8+ 
411,5;c>,3 4,5;1,0 
415,~,2 37,0;5,0 
43o,o;o,3 102,0;11,0 
45o,o;o,7 1,9;o,6 
455,~,4 4,4;1,1 
463,c;o,9 3,5;1,0 
464,9;c>,3 16,o;2,0 
467,2;o,7 2,6;1,1 
469,5iD•9 1,5~,8 
476,5+' if 10+ 
477,3i0,2 39,o;6,o 
483,2+ 1,1+~.5 
488,9;c>.7 0,~,5 
498,3i0,2 20,0-5,3 
531,5;c>,8 £:2,5+ 
546,2;0,4 5,2;1,5 
551,7;o.~ 2,2~,7 
581,o;o,9=- ~1,4+ 
692,o;o,41 6,2;1,2 
749,3;o,9 2,8-1,4 
773,3;<>,9 E 2,2+ 
832,9;c>,3 7,0;1,4 
886,o;o, 3 . 8,.6-1, 5 
953,0;1,0 E-1,4+ 

1371,o;o,7 3,0;1,0 
1560,2;c>,2 12,0;2,0 
1680,2~,2 46,o;c,o 
16B9,o;o,5 3,o;o,a 
1808,9~,2 10,2-1,4 

5 

0,65 

< 0,5 
0,22 

~0,52 

2,5 

8,7 
0,12 
0,52 
0,23 

0,26 

0,17 
0,13 
0,15 

o113 
0,41 

0,48 
0,52 
8,o 

0,39 
0,15 

o,:;a 
,., 0,087 

< 0,30 
"'0,11 

0,23 

4 

0,15 

0,5 
0,11 
0,55 

0.,025 

0,26 
0,07 
0,027 
o,o3 

0,19 

0,05 
0,022 
0,06 

,.0,045 
0,014 

o,o8 
0,013 
0,07 

0,025 
0,06 

0,01 
o,o8 

< 0,015 
~0,043 

0,045 

Tad.IIK~a.I (npo~OJI:IeKHe) 

5 b 7, 8 

0,102 0,16 5,8 E2 

o,;o 0,36 o,8 (M1). 
0,02 0,05 2,1· E ~ 
o,o8 0,11 1,7 E2 

0,02 0,02 102,4 E1«S 

0,20 0,24 42,2 M1t' 
0,18 0,22 2,1 M1, (E2) 
0,02 0,02 19,4 E1. 
0,04 0,97 7,5 .E1 1E2 

0,14 0,17 1,6 M1 

o,o3 0,04 4,7 E1,E2 
0,02 0,05 6,2 E1,E2 
0,10 0,12 M1 1 (E2) 

0,086 0,102 M1 
0,0098 0,0115 29,3 E1 

o,o8o 0,094 4 1 9 M1 
0,092 0,010 37,4 E1 
0,070 0,084 11016 M16 
0,062 0,074 2,0 
0,074 0,086 4,4 
0,056 0,067 3,7 
010195 0,0256 16,4 E2 
0,0375 0,0445 2,7 E2,M1 
0,007 0,0081 1,5 

0,0068 0,0079 39,3 E1 
0105 010059 1,2 M1 

0,0062 0,0072 2011 E1 
01042 01048 2 16 M1 
o,038 o,044 5,4 M1 

a) 311epru nepexo». ;a;aaa no peay.1uatu pa«JotY IapJI&It& 1 Iu;a;.~u 191. 
IS) ll,rJiumo.luoctlt nepexo». onpe;a;ueaa 1 /9/no orao .. RJU L, : l2. : ~ • 
B) flepexo;a; Rl p&311-IB B CXIIII pacna,u.. 
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TaOJIHI.tB 2. Peaym>TBTbL auan:.11aa cneKTPOB /-t{- COBna.zteHHli 

Er axwJtJJr2o 169 189 290 296 309 430 465 477 
Eo(KJSJ Ioo Il." 1~~ la1 IKn ltb Idl .trl Ioa 

120,02 69 292 52 
168,50 22 100* 90 10011 . 23 
189,05 100" 10010 

1ocf 100"' 
284,45 300 Ioo"" 
296,38 167 IOU I90 I2 Ioo" 
308,7 140 38 102 
3I0,6 3,8 3 

357,2 40 
4II,5 '24 

430,0 wo* ISO 
469,9 II2 I94 
477,3 390 
832,9 8,5 

IIIHT6HCHBHOCTH {" - Jiyqel\ B Cfl6KTpe COBU8.zt6HH~ ,liJIH ,liBHHOrO Bbl~paH-.. 
uoro OKHa, npHHHTble aa 100. 



Ta6mm.a 3 
CpaBHeBHe SKOnepHMeHTaHDHO YOTBHOBHeHHHX ypoBHeA I79~ 0 npe~

OR83BHBHMH MHKpoOROIUilleOKOft Teopo/38/ 

7f' 3Rone- TeopzJt 
K r.'feHT 

, (KaB) E, (KaB) CTpyxTypa 

7/2- 0 0 7/2-/514/98% 
9/~ 309,0 50 9/~/624/99% 
5/2- 430,0 150 5/2-/512/98% 
7/~ 477,4 290 7/~/633/96% 3/2-/521/-tll;< 32) 2% 3/2*/65III~A22)2% 
I/2- 221,6 310 I/2-/52!/91% 3/2-/52I/-iQ,(22)4% , 5/~/523/+~(22)3% . 
I/2- 704,7 .500 I/2-/5!0/84% 3/2-/5I2/+Q,(22)IO% 5/2-/5I2/+tl,(22)5% _ 
5/2 (692,0) 770 5/~/642/93% I/~/660/+Q~22)4% 
3/2- (886,0) SID 3/2-/5!2/80% I/2-/5I0/+~22)IO% 7/2-/5!4/+4,(22)8% 
3/~ 980 3/~/65!/75% 7;2-/5!4/+6~32)8% 7 /~ /633/+4,(22)8% 
II/~ !030 II/2+./615/I% 7/2-/514/+ Q,( 32)98% 
3/z+ 720,0 !030 3/2+./65I/7% 7;2-t5I4/+~(32)92% 
7/2- !040 7/2-/503/2!% 7 /2-/5I4/+RI22)77% 7 /2/50!/+9,(22) I% 
I/2+. IIOO I/2+./660/II% 5;2-;5I2/+~A32)87% 
3/2- IIOO 3/2-/52!/13% 7 !z+ /633/+/l(32)83% I/2-/52I/+Q,(22)4% 
9/2: IIIO 5/2-/5I2/+Q~32)IOO% 
5/2- II20 9/2+. /624/.f.Q,(32)9~ 
5/2- II50 5/2-/523/2% 5/2-/512/+4~20)97% 
I/2+. II50 l/~/660/74% 5/2-/5I2/+'IP2) I3% 5/2+./612/+4,(22)7% 
II/2- II90 7/2+./633/+4~32)99% 
7/2- II90 7/2-/503/68% 7/2-/5I4/+QJ20)23% 7/2-/50!/+4,(22)5% 
II;z+ !230 II/~/615/89% 7/2-/503/.f.4J3GJ6% 7/2*/633/+~(22)2% 5;z+ 1330 5/~/642/I% I/2~52!/+~(32)99% 
3/z+ !330 3/~/651/I% I/2-/52l/+q~32)98% 
7 /2+. Iol:!O, 2 !550 fiPP 9/2-/514/, 5/2+. /4UG/, . 7/2-/514/ 
23/2- I6oonpp 9/2-/514/, 5/2+./402/, 9/2-/624/ 
19/z+ !700 npp 9/2-/5!4/, 5/2+ /402/, 5/2-/512/ 
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'" 
kAHAIUtl 

PHc,· 1. faMMa-cneKTp peHHeBofi $paKuHH B aHanaaoHe aHeprHfi oT 60 H ao 
500 K9B, H3MepeHHhifi ·ae ( Li) -aeTeKTopoM c o6'heMoM 0,5 cM3. 3Ha
'i9HHSI 9HeprHfi raMMa-.ny'lefi aaHhl Haa TeMH fiHKaMH 1 KOTOphie Mhl OTHOCHM 
K pacnaay 179 Re •· 

., .. 
I 

1t50 (!) IZSO 1l50 .... 1550 

7110 100 

1500 Q) 1100 """ 100 

PHc. 2 •. faMMa-cneKTp peHHeBofi $paKuHH B aHanaaoHe aHeprHfi oT 400 ao 
2000 K9Bo. } - raMMa-cneKTp H3MepeH aeTeKTOpOM C 06'h9MOM 8 1 2 CM3, 
2,3 - raMMa-cneKTphi H3MepeHhi aeTeKTOpOM C 38,5 CM3, 
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189,05 N I 
cobnageHue c 
120,02 K)b 168,50 ~ 

I . l31o.sl 1411,51 100 ~ . • .-, ,;;, I I r.. • ·N 
" "" : • ' '•' ~·· ' ' ' ' V ' A ' ,,,,,.J/'·"'''<(~'·''·'''f\....1 ··<"}:"'·'A;~,;, >>i'., •• ~:""w.'>':-~ .... .,.,~A• -~ 

0 

100 

400 

300 

200 

100 
: . · ... /,-.. ·/,.:.._. ..... ..;..:;. \;,~," .~ I 

cofmageHue c 
189,o5ub 

cobnageHue c 
289,95 K)b 

430.0 
I 

;~ 
··-' 
! 
! ! 
:. 

i'l 

200 

~ ~·. 310.6 j l 
, .... , •••• ·A •• ··~~.. ·~<>)L, .• ,.. _ '"I 
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Puc. 3. CneKTpbi raMMa-raMMa-coBnaJleHnii Jlmi nono)KeHnii oKOH npn 

120,0; 168,5; 189,0; 289,9 n 296,4 KaB. 3HaseHnH aHeprnii raMMa-nytteii 

Jl8Hbl H8Jl TeMU nUK8Mll 1 KOTOpb!e Jl810T COBna)leHUHo 
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Puc. 4. CneKTpbi raMMa-raMMa-coBna.ueHnii anSI nono)KeHIISI OKOH npn 

309,0; 430,0; 464,9 K9B II 477,3 K9B. 3Ha'I9HII.II 9Hepr1Iit I'BMMa-nyqefi 

.UBHbl HB.U TeMII ITIIKBMII 1 KOTOpb!9 .UB!OT COBIT8.[l9HIIe. 
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