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1. BaeaeHue 

B nocneAHHe ro.llbi nposiBnsteTcst aHa"'HTellhHbiA HHTepec K uay'tleHuiO 

caoliCTB MarH'tleCKHX st.nep c "'HCnOM HeATpOHOB N = 82, l >50, KOTQ-

pblli Bbi3B8H CTpeMneHHeM ODHC8Tb CBOiiCTB8 HH3KOne>K81UHX COCTOSIHHH B 

aTOii o6naCTH st.nep B KB83H'IaCTH"'HOM npu6nu>KeHHH 1 Y"'HTbiB8IOIUeM KOHtPH

rypl!lUHH 1 g 7/2, 2 d 5/2, 2 d 3/2, 3 S 1/2 H 1 h 11/2 ,nnst DpOTOHOB 

caepx aanonHeHHoro ocToBa Z = 50, N = 82, TeopeTH"'ecKoMy paccMoTpe-

HHIO CBOiiCTB M8rH"'eCKHX Slllep C He'tleTHbiMH A ( 139 La 
57 82 

14 1 Pr 
• 59 82. 

143 

6 I 
Pm H .np.) nocastweu pS!ll pa6oT 

11 - 11• Cpaaueuue npe.ncKaaaHHbiX 
82 

MOAenstMH xapaKTepHCTHK MarH"'eCKHX Slllep C SKCnepHMeHTOM D03BOnsteT 

nony"'HTb 6onee nonHoe npe.llCT8BneHHe 06 OCT8TO"'HOM B38HMO!leACTBHH 

HyKnOHOB B Slllp8X, 

Cpe.nH Slllep11:30TOHOB c N 82 c He'tleTHbiMH A 
141 

Pr o6pawaeT 

H8 ce6H BHHM8HHe, T.Jt, CBeAeHHSI 0 ero CBOHCTB8X MO>KHO nony"'HTb MeTo

.ll8MH SlllepHOA CDeKTpOCKODHH p8.llH08KTHBHOro pacna.na
141

Nd /8-12/, 

peaKUHA Heynpyroro paCCeSIHHSI 38pS!>KeHHbiX "18CTHU (aeATOHOB 
1121, 8llb

tPa-"18CTHU /14/), HeATpOHOB / 15-17/, raMM8-KB8HTOB 118- 191 , a T8K>Ke 

3 3 /20-22/ 
peaKUHA no.nxaaTa HnH nepeaa'IH npOTOHa ( d • He ) H ( He • d r - . 
Hau6onee nonHo pacna.n 

141 Nd uayqeH a pa6oTax /9,1lf TeM He MeHee 

caeaeHHH o MYllhTHnon&HOCTHX y -nepexo.noa oTcyTcTaoaanu, 'ITo cun&Ho 
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aaTpy/.lHl'lnO ycTaHOBneHIIe KB8HTOBblX xapaKTepiiCTIIK B036y>K/.l9HHb!X COCTOH-
141 

Hili!: Pr • KpoMe Toro, Ha OCHOBaHIIII aHanHaa /.laHHbiX peaKUHi!: O>KH/.la-
141 

nocb, 'ITO np11 pacna/.le Nd 6yl.lyT eoa6y>K/.laTbCH noMIIMO ypoeueii, eBe-

AeHHbiX paHee /9,11/, HeKOTOpbie /.lpyrne COCTOHHHH. 8 /.l8HHOH pa6ore Bbli10n-

H9Hbl BC9CTOpOHHII9 IICCne/.lOBaHIIH CI19KTpOB Y -ny'l.eH, KOHBepCIIOHHbiX 

anexrpoHOB H y - y-coenaAeHIIA np11 pacna/.le 141 Nd , 'ITO noaeonHno 

cywecre~HHO yro'I.HIITb cxeMy pacnaAa a:roro 1130TOna. 

2, MeTOilHKa aKcnep11Men:ra 

141 
11ao:ron N d ( 2,42 'lac.) nonyqancSI B peaKUHII rny6oKoro pacwen-

neHHH Gd 6hiCTpbiMH nporouaMII ( E, = 660 Mae), MllllleHb H3 Me-

rann11'1.ecxoro raAonHHIISI eecoM 2 r o6ny'l.anacb 2 'l.aca Ha eayrpeHHeM ny'l.

xe npOTOHOB CHHXpOUIIKnOTpOHa 0J1f!J1 ( TOK 2,3 MKa), 113 o6ny'l.eHHOH MHille

HII Xi!MII'1.9CKII 6binll Bbi/.leneHbl pe/.lK039MenbHbl9 aneMeHTbl - npO/.lyKTbl peaK

UHH rny6oKoro pacwenneHIISI, Koropbie aareM xpoMarorpa<lJH'leCKH paaAenH-

nHCb Ha orAenbHbie <tJpaKUHII 123/, 0"1HWeHHaSI <tJpaKUHSI Nd 6bma paaAene-

aa no 1130TOI1aM Ha aneKTpOM8I'HIITHOM Macc-cenapa:rope /24/, CHSITaSI C 

KOnneKTOpa amOMIIHII9BaSI <tJonbra TOnWHHOH 20 MKM C 11SITHOM pa/.l1108KTHB-

14I HOCTH Nd ( 1 MM X 15 MM) cny>KHna HCTO'I.HIIKOM /.lnH H3MepeHHSI y 

cnex:rpoe 11 cnexrpoe y-y-coenaAeHIIH, 8cSI npoue/.lypa np11roroeneHHS1 11c-

ro'I.HHKa aaHIIMana 2 qaca. 
+ 

J1ccne/.lOBaHIISI aneKTpOHOB BHyTp9HHeft KOHB9pCHII H f3 -llany'l.eHHSI 
I 41 I 

Nd BbmonueHbi c HCTO"'HIIKBMH, np11ro:roeneHHhiMII 113 <tJpaKUHII Nd 

llnSI HX 11p11I'OTOBneHHSI 11piiM9HSinCSI M9TO/.l aneKTpOnHTII'l9CKOI'O OCa>K/.l9HHSI 

8KTIIBHOCTII Ha nnaTHHOBYIO npoeonO'I.KY /.lllaMeTpOM 0,2 MM, 
141 

CneKTpbi y -ny'l.eft N d 113y'l.an11Cb ua cnex:rpoMerpax c Ge (LiJ -Ae-

:rex:ropaMII KOaKCIIanbHOI'O Tllila C 'I.YBCTBIITenbHbiMII 06'beMaMH 10, 27 II 

40 CM3 , 9HepreTII'l9CKOe paapellleHII9 KOTOpb!X COCTaBnSinO, COOTB9TCTB9HHO, 
60 

2,2; 2,9 II 2.,5 KSB Ha y -niiHIISIX Co • llnSI npeo6paaoeaHHSI CIII'Hanoe 

4 

''IIi 
)• 

i 

ll 

J! 

,&:, 

B KO/.l 11pHM9HSinCSI npeUH3HOHHblft npeo6pa30BaTe, 

4096 xauanoe co c:ra6HnHaauHei!: nono>KeHHSI H3M; 

.UnSI perHCTpauHH cnex:rpa H nepe/.la'IH ero ua Ill 

H 38M cny>KHn MHoroxaaanbHbift aaan11aa:rop Al1 

'l.ecxoe paapellleHIIe 11 cra6HnbHOCTb nono>KeHHSI 1 

( HHTei'panbHaSI HenHH9ftHOCTb CHCT9Mbl 0,01 %, Jlf. 

1103BOnHnH HaM nony'IHTb BbiCOKYIO TO'IHOCTb B 0 

ny'left, llnSI xanH6pOBKH 110 SHepi'HSIM B OT/.l9nbHl 

OJlHoepeMeHHhiA Ha6op cnex:rpoe HCcneJlyeMoro 1' 

60 56 15 2 110"' 
Co , Co , Eu , Ag , aaeprHSI y -1 

.R3BeCTHa. 

Xapax:repHCTH'lecxoe pea:rreaoecxoe H3ny'le 

cnex:rpoMeTpe x -nyqeft c Ge ( Li) -Jlerex:ropor. 

pa3pellleHHeM 500 ae ua nHHHII c E Y '" 50 xae, 

J13MepeHHSI y -y -COBDa/.l9HHft DpH pacna/.lE 

MepHbiM aaanH3aTOpOM Ha 6a3e 38M "MHHCK-2" 

oxoa 1251, PerHCTpaUHSI y -nyqeft npOH3BO/.lHn4 

MH o6'beMoM 20 H 25 CM3. Pa3pelllaJOwee epeMSI 

140 acex. 

06pa6o:rxa OJlHHO'IHhiX y -cnexrpoe, cnex 

Jl9HHA BbiDOnHMaCb Ha 38M "MHHCK-2", .. MHHC 

nporpaMM~M "'Ka:rox"' 1261 , •TaMMa" /27,28/, n 
141 

anex:rpoHbi eay:rpeaaeA xoaeepc1111 Nd H3y'leHbJ 

CI19XTpOM9Tpe C JlBOftHOA <tJoxycHpOBKOA THna 217 

cnex:rpoMeTpa THna " J2 6hinH H3MepeHhi K 

nepexoJlOB 145,45 H 1126,9 xae, CnexrpoMeTpbi t 

pelli9HHe 0,18 H 0,12%, COOTB9TCTB9HHO, 
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ycTaHOBneHHe KB8HTOBblX xapaKTepHCTHK B036y)KJleHHb!X COCT051-

• KpoMe :roro, ua ocuosaHHH auanH3a aaHHhiX peaxuHA O*HAa
I4J 

If pacnaae Nd 6yayT B036y)KJl8TbC51 ITOMHMO ypOBHeil, BBe-

e /9,11/, HeKOTOpbie apyrue COCT05IHH51. B Jl8HHOH pa6o:re BbinOn-

pOHHHe HCCneAOB8HH51 crreKTpOB y -nyqei!, KOHBepCHOHHbiX 

If y - y-cosrraaeuHil rrp11 pacrraae I 4 I Nd 1 'ITO rro3BOnHno 

y:ro'IHHTh cxeMy pacrraaa 3Toro H3o:rorra. 

2. MeroLIHKa 3KcnePHMeHTa 

I41 
Nd (2,42 qac.) rronyqancg B peaKUHH rny6oKoro pacmen-

6hiCTpbiMU rrporoHaMH ( E P = 660 M3s). MHweHh 113 Me-

o rauonHHHs:I secoM 2 r o6nyqanach 2 qaca ua suyrpeuHeM nyq-

CHHXpouHxno:rpoua 0!1HI1 ( TOK 2,3 MKa) • !13 o6ny'leHHOH MHWe-

11 6bJnH BhiLieneHhi peLIK03eMenbHhie 3neMeHTbi - rrpOLIYKTbi peax

ro pacmenneHHs:I, xoropbie 3aTeM xpoMa:rorpaqlH"lecKH pa3Liens:I-

enbHhie <fJpaKUHH 1231• 0'l:HIUeHHas:I <fJpaKUHs:I N d 6bJna pa3,uene-

naM ua gnex:rpoMarHHTHOM Macc-cenapa:rope /24/. Cus:~ras:I c 

niOMHHReBas:I <fJonbra TOniUHHOH 20 MKM C lls:ITHOM pa.UHOaKTHB-

15 MM) cny)Kifna HCTO'IHHKOM .Uns:I H3MepeHH51 y 

ITeKTpOB y-y-cosna.ueuHil. Bcs:I npoue.uypa rrpHro:rosneHHs:I He-

Mana 2 "laca. 

OBaHH51 3neKTpOHOB BHyTpeHHeH KOHBepCHH If 
+ f3 -H3ny"leHH51 

·nHeHbi c HCTO'IHHKaMH1 npHro:rosneHHhiMH 113 <fJpaKUHH I Nd 

OTOBneHH51 llpHM9Hs:InC51 MeTO.U aneKTpOnHTH'leCKOrO OC8)K.UeHH51 

a rrnaTHHOBYJO nposonO'IKy .UHaMeTpOM 0 12 MM. 
I 4 I 

y -nyqei! Nd H3y'lanHcb ua cneKTpoMe:rpax c Ge(Li)-.ue-

oaKcHanbuoro THlla C 'IYBCTBHTenhHbiMH 06'b9M8MH 101 27 If 

reTH'leCKOe pa3peweHHe KOTOpb!X COCTaBns:In01 COOTB9TCTB9HHO, 
60 

.,5 K3B Ha Y -nHHH5IX Co • Dns:I npeo6pa30B8HH51 CHruanos 
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B xo.u npHMeHHncs:I npeUH3HOHHhiA npeo6pa3osarenh "'aMnnH:ry.ua-xo.u"' ua 

4096 K8HanOB CO CT86HnH38UHeA non0*9HHSI H3MepHTenbHOti xapaKTepHCTHKHo 

Dns:~ perHCTpaUHH cnex:rpa H nepe.ua'IH ero ua .upyrae suewuHe ycrpoilcTsa 

H 3BM cny*Hn MHoroxaaanhHhiA aaanH3aTop AH-4096. Xopowee 9Hepre:rR

"lecxoe paapeweu11e R c:ra6HnhHOCTb nono*eHHs:I xauanos He xy*e 0,02% 

( HHTerpanbH8H uenHHeAHOCTb CHCT9Mbl 0,01 %, .UH<fJ<fJepeHUH8nhH8SI - 1 %) 

n03BOnHnH H8M rrony'IHTb BbiCOKyJO TO'IHOCTb B onpe,ueneHHH aHeprHft y -

ny'leA. DnH xan116posxH no aaeprHSIM B o:r.uenhHbiX orrbiTax npoaaso.uHncH 

o.uaospeMeHHbiA aa6op cnex:rpos accneJlyeMoro 141 Nd H HCTO'IHHKOB 57 Co 
1 

60 56 15 2 110• 
Co 1 Co 1 Eu 1 Ag , aaeprHSI y -nyqeA xo:ropbiX xopowo 

.R3BeCTHa. 

141 
Xapax:repHCTH'Iecxoe peu:rreaoscxoe Hanyqeaae Nd H3y'leuo 

cnex:rpoMeTpe x -ny'leA c Ge ( Li) -JleTeKTopoM o6'beMoM 0
1
5 CM3 

paapemeuaeM 500 as Ha nHHHH c E Y "' 50 xas •. 
141 

a a 

H C 

11aMepeHHSI y -y -cosnaaeuaA npa pacnaae Nd BblllOnHeHbl JlByx-

6a3e 3BM "MHHCK-2" C Bbi60pOM "UH<iJpOBbiX" MepHbiM 8H8nH38TOpOM Ha 

oxoa 1261• PerHcTpaUHSI 

MH 06'b9MOM 20 H 25 CM3 • 

140 HCeK. 

y -nyqeft npoH3BOJlHnacb Ge ( Li) -ae:rex:ropa-

PaapewaJOmee speMSI yc:raaosKH coc:rasnHno 

06pa6o:rxa OAHHO'IHhiX y -cnex:rpos1 cnex:rpos x -nyqeA H cosna-

aeHHA BhmonaHnaCb ua 3BM "M HHcx-2" 1 "M RHcx-22 ", CDC-1604A no 

nporp&MM8M 'KaTOK" 
126

/ 1 'faMMa"' 127 ~28 / • no3HTpOHHOe H3ny'leHHe H 
141 

sneKTpOHbl BHyTpeHHeA KOHBepCHH Nd H3Y'i9Hbl Ha HH3KOcPOHOBOM 6eTa-

cneKTpoMeTpe C JlBOAHOA cPOKYCHpOBKOA THUS 2 rr ..j 2 • C llOMOIUbJO 6eTa-

Cll9KTpOMeTpa THna rr J2 6binH H3MepeHhi K -xoaaepCHOHHhle nHHHH 

nepexoJlOB 145 145 H 1126,9 K3B. Cnex:rpoMeTpbi 6binH aac:rpoeHbi Ha paa

peweaHe 0 1 18 H 0, 12%, COOTB9TCTB9HHO. 
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3. Pe3ynprarw uccnegoaaHHA 

CaeaeHH.H, nony'leHHbie HaMH o y -ny'lax, x -nyqax a y - y -coana

aeHH.HX, npeacraaneHbi a ra6nuue 1. B cneKTpe y -ny'leA 
141 Nd HSMH 6bmH 

o6napy*eHbi nnHHH c EY = 1289,58; 1310,6 a 1456,12 K<~B. 3ueprHH acex 

·Y -nepeXOJlOB ycTaHOBneHbl C TO'IHOCTbl91 6onee BbiCOKOA, 'leM BO BCeX 

npellbiilYIUHX pa6orax 
18- 21 1• llepexoa 1657 K<~B panee na6niOaanc.H TOnbKO 

a pa6ore MaK Xappuca H ap. 191. Mbi cneuuanbHO noKa3anH (eM. puc. 1 ), 

'ITO ero HHTeHCHBHOCTb Henb3.H o6~.HCHHTb 38 C'leT CYMMHpOBSHH.H O'leHb 

HHTeHCHBHOI'O UHK8 8HHHI'Hn.HUHH C y -ny'ISMH 1147,3 K3Bo JleACTBHTenbHO, 

llHKH CyMMHpOBSHH.H 8HHHI'Hn.HUHOHHblX KBSHTOB C y -ny'ISMH 1126,9 H 

1292,6 K<IB Ha6niOJl8nHCb B CU9KTpe C HHTeHCHBHOCTbl9 1 Ha UOp.HJlOK MeHb-

weA I 1657,0. Ha6niOaaeMa.H a cneKTpe y -nHHH.H 1435,1 K<~B HMeeT 
y 

6onbWYIO WHpHHy, 'leM COCellHHe OllHHO'IHbie nHHHH. llo<~TOMY Mbl C'IHTaeM 

ee JlB08HOA nHHHeA H "" 1/4 HHTeHCHBHOCTH npHUHCbiBSeM 

1434,6 K<~B. 

y -nepexoay 

Y U.HTH 
141 

y -nepexoaoa Nd anepBbie yaanocb H3Y'IHTb KOHaepcHIO 

Ha K -o6ono'IKe. CaenaHbi BbiBOilbi o6 ux MynbTHnonbHOCT.HX ua ocuoaaHHH 

onpeaeneHH.H K03~HUHeHTOB BHyTpeHHeA KOHBepCHH y -nepeXOJlOB 

a. = I. I I • HopMHpoaauue HHTeHCHBHOCTH I H I BbmonHeHo 
.. .. y ' y 

no aenH'IHHe a, ·y-nepexoaa 145,45 K<~B, MynbTHnonbHOCTb KOToporo H3aec~ 

/29/ 
ua: (99,58 ±. 0,08)% MJ + (0,42 ±. 0,08)% E2 • B Ta6nuue yKa3a-

Hbl 3KCnepHMeHTanbHO yCT8HOaneH~bJe K03cfl4JHUHeHTbl a' H THllbl Mynb

THUOnbHOCTeA HeKOTOpblX nepeXOJlOB. 

Koacf)(f>HUifeHT BHyTpeHHeA KOHBepCHH a, nepeXOJla 1126,9 K<IB 6bin 

onpeaeneH H llPYI'HM cnoco6oM. TaK KSK B HCTO'IHHKe, npHI'OTOaneHHOM H3 

cf>paKUHH, HSP.HilY c 
141 Nd npucyTcTaoaan H30Ton 139 Nd , TO Mbi Ha 

6eTa-cneKTpOMeTpe H Ha y -cneKTpOMeTpe CpaBHHnH HHTeHCHBHOCTH 

A T( 141 ·Y -ny'len H . -KOHBepcHoHHbiX aneKTpOHOB 1126,9 K<~B Nd H 

' 1105,3 K<IB ( E 2 /30/) 139 Nd. nony'leHHOe OTCI9Jl8 3Ha'leHHe a ' 1126,9 = 

=( 1,75 ±. 0,35) 10-3 xopowo cornacyeTcH c aenH'IHHoA, ycTaHoaneuuoA nep

BbiM cnoco6oM. 
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3. Peavl!bTaTbi uccnegoaanuA 

aeHH.H, nony'leHHbie HaMH o y -ny'l:ax, 

npeacTaaneHbi a Ta6naue 1. B cnexTpe 

x -ny'lax a y - y -coana-

Y -ny'leA 
141 Nd HaMH 6binH 

'li 
)I 

"~) 

EY = 1289,58; 1310,6 H 1456,12 xaa. 3neprHH acex 'Y!' 

XOJlOB ycTaHOBneHbl C TO'IHOCTbl0 0 6onee Bb!COKOA, 'leM BO acex 

HX pa60T8X / 8- 211• DepeXOJl 1657 K9B paHee Ha6niO)l8nC.SI TOnhKO 

Max Xappaca 11 ap. 191• Mbi cneuuanbHO noxaaanH (eM. puc. 1 ), 

HHTeHCHBHOCTb Henb3.SI 06b.SICHHTb 38 C'leT CYMMHpOBSHH.SI 0'19Hb 

HOrO nHKa 8HHHrHnSIUHH C y -ny'ISMH 1147,3 K9B, lleACTBHTenbHO, 

MHpOBSHH.SI aHHHrHnSIUHOHHb!X KBSHTOB C y -ny'ISMH 1126,9 H 

laB Ha6n10JlSnHCb B CD8KTpe C HHTeHCHBHOCTbl0 0 Ha nop.HJlOK MeHb-

1657,0, Ha6n10aaeMaS1 a cnexTpe y -nHHHSI 1435,1 xaa HMeeT 

WHpHHy, '19M COCeJlHH9 OJlHHO'IHbie nHHHH, DoaToMy Mb! C'IHTaeM 

oA nHHH9H H "" 1/4 HHTeHCHBHOCTH npHnHCb!B89M y -nepexoay 

a a. 

SITH 
141 

y -nepexoaoa Nd anepahie yaanocb uay'IHTb xoaaepCHIO 

o6onO'IKe. CaenaHbl Bh!BOJlhl 06 HX MynbTHDOnbHOCTSIX Ha OCHOBSHHH 

HH.SI K09~HUH9HTOB BHyTpeHHeA KOHBepCHH y -nepeXO)lOB 

I• I I . HopMupoaanae HHTeHCHBHOCTH I 11 I ahmonneao .. y l y 

HHe a 1 ·y-nepexoaa 145,45 xaa, MynhTHnonbHOCTb KOToporo aaaec~ 

/29/ 8 :!:.. 0,08)% MJ + (0,42 :!:.. 0,08)% E2 • B Ta6nuue 1 yxaaa-

pnMeHTanbHo ycTaHoaneHHbie xoacM>uuueHThi a 
1 

H ™Ph' Mynb-

CTeA nexoTOphiX nepexoaoa. 

4J!IJHUH9HT BHyTpeHHeA KOHBepCHH a
1 

nepeXOJla 1126,9 K9B 6bin 

H H JlpyrHM CDOC060M, Tax KSK B HCTO'IHHKe, npHrOTOBn9HHOM H3 

HapHJly c 
141 

Nd npucyTcTaoaan uaoTon 139 Nd , To Mbi Ha 

KTpOMeTpe H Ha y -cneKTpOMeTpe CpaBHHnH HHT9HCHBHOCTH 

T( 141 
H · -KoHaepcuoHHhiX anexTponoa 1126,9 xaa Nd H 

98 ( E 2 1301) I 
39 

Nd. nony'leHHOe OTCIO)la 3H8'19HHe a l 1126,9 = 

0,35) to-3 
xopowo cornacyeTc.H c aenH'IHHoR, ycTanoanennoR nep

co6oM. 
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Ta6Jml..\a I. 

CBe,l4eHHfl o raMMa-rre pexo,l{ax 141 N d. 

EJ"' (IWB) Jr (OTH.) JJ( (OTH.) :JQ-r( OTH.) 
Pri45,45 

d~e(OTt) 
xlO 

Kx III20.:t430 - -. 
145,45±0,30 30,0.:t0,3 4550.:t680 - 395 

5Il,05.:tu,2l 628±24 - -
98I,7u.:t0,22 2,73±0,29 - 3,46±0,89 -

ll26,~l.:t0,2U iii 100 a lOU - 1,75±0,35 

ll47 ,30_;t0,20 38,4±1,5 29,5±2,5 o8,4.:t1,5 l,20.:t0,25 

I2B9,58.:t0,3U I,23.:tJ,l9 - 1,32±0,68 -
l2~2,64.:t0,20 57,5±5,2 30.:t3 - 0,90.:t0,20 

I298,6u.:tU,21 15,9.:tl,70 7,5±1,5 - 0,85.:t0,25 

(l306;tl) ~ 0,04 - - -
l310,6.:tl,O ~ 0,05 - - -
1434,6±0,5 :::: U, 7 - -
1435,1Ll.:t0,20 2,1±0,3 - 3,35±1,30 

1456,12,±0,54 0,10±0,03 - -
1580,17,±0,22 O, 76,±0, II - -
1608,35,±0,19 2,3,±0,3 I - -
1657,04,±0,40 0,12±0,03 - -

8: 

38..1\JiiOtrel:lllle 
0 M~Jl:bTII!llO-
Jl:bH CTIII 

Ml+0,4% E2 

-
-

Ml+E2 

E2+<40% Ml 

-
E2*20%MI 

E2 

-
-

!1~11! . 
. >~f 

:t 
,i~i 
:,w 
/~ 

Ha pHc. 2 npHBeAeH cneKTp peHTreHoBCKHX 

y -nHHHH 145,45 KSB. B cneKTpe npos!BnSIIOTCSI n 

C e ) 0 KOTOpbie 06SI38Hbl npHCYTCTBHIO B HCTO'IHI 

( 1.soNd + 140 Pr ). 

B Ta6nuue 1 yKaaaHhi HHTeHCHBHOCTH K x H 

CHBHOCTb fi03HTpOHOB Bbl'iHCneHa H3 HHTeHCHBHOC1 

TOB. Kos!j>cpHUHeHT HX C'ieTHOCTH 6hin yCTSHOBneH 

reoMeTpHH H C TeMH lKe <f!HnbTpaMH KSnH6pOBO'iHC 
± 

H y -nany'IE CpaBHeHHeM HHTeHCHBHOCTelf K x 

+ HHe K I {3 {3 -nepexoAa MelKny ocaoBHhiMH coc 

Ero senH'iHHa Kl {3+ = (31,5 :!:. 3,2) xopowo cor. 

nnSI paapeweaaoro {3 -nepexona: f 4 If {3+ =(3: 

= 790 + 20 KSB /8/ H £ = 780 + 9 KSB /32/ 
- 0 - • 

'leHHIO senH'iHHY Kl(3+ paaee ycTaaosun fpuccoM 

fpaHH'iHaSI saeprHH y -nepexona HaMH onpeneneH 

t_ 70 KSB ( CM. pHCo 1 B pa6oTe 1301 ) • nocKOnbK; 

CH HCTO'IHHK B BHne cjlpaKUHH H npnxonnnocb Bbi'IH 

BKnan noaHTpOHOB 
138

'
139 Nd H HX no'lepHHX n: 

nocb naMepnTb rpaHH'IHYIO saepru10 {3+-cneKTpa 

HOCTbiOo 

B Ta6nuue 1 npnseneHhi TaKlKe cseneanSI o 

y -ny'iaMJ.i 145,45 KSB. Ma pHc. 3 snnao, 'ITO aa 

l'\ y -KBaHTOB 145,45 KSB c y -ny'laMH c EY = 
\' 
,\ H 1435,1 K<~B. CosnaneHHSI ( y 145) ( y 1289,6) 

,. snepBbie. 
! 

4. CxeMa pacnana H ee 9 

nony'leHHhie cseneHHSI o6 saeprnHX 11 HHTeac 

XOnOB, 0 MynbTHUOnbHOCTSIX, a TSK:IKe naHHbie 0 

9 



Ta6JII1L\a I. 

Clle,l(eHHfl o raMMa-rre pexo,llax 141 N d. 

Jo- (OTH.) JJ( 

III20.;t430 - -
,30 30,0.;t0,3 4550=680 I - I 395 

,21 628.;t24 -
,22 2,73.;t0,2::1 - 3,46.;t0,89 I -
,20 ;; IUO = lOU - 1,75.;t0,35 
,20 38,4.;tl,5 29,5.;t2,5 ;38,4.;tl,5 1,2U.;t0,25 
,3U I,23.;tJ,B - 1,32,t0,68 -
,20 57,5.;t5,2 30.;t3 - 0,90,t0,20 
,21 l5,9,tl,70 7,5.;tl,5 - 0,85,t0,25 

:!> 0,04 - - -

t ::::: 0,05 - - -
::::: U, 7 - -

20 2,l,t0,3 - 3,35,tl,30 

54 O,IO,t0,03 - -
22 0, 76,tO,II - -
19 2,3,t0,3 - I -
40 U,l2.;t0,03 - -

·~ 

'''\.l 

3clli JIIOt!e Jill! e 
0 M~Jl:bTHITO-
JI:&H CTH 

I MI:0,4% E2 I 
I 

' -
Ml+E2 

E2+<:40",k MI 

-
E2+~20%1JI -~ 

E2 I~· 

·~ - ~ 
'~ 

l - I l 

~ ~·, 

I; 
i 
~ 
,·,: 

\ 

I l' "' .l 
,. 
I 

Ha puc. 2 npnaenea cneKTP pear~eaoaCKHX ny~ea K -cepnn H 

y -nHHHH 145,45 Kaa. B cneKrpe npogamuorcsr nHHHH K a a H K a' 
1' 2 1-' 1 

( C e ) 1 KOTOphie 06SI'3aHhl npHCYTCTBHIO B HCTO~HHKe He6onbWOH npHMeCH 

( 14oNd + 14o Pr ). 

B ra6nnue 1 yKa3aHhi HHreacnaaocrn K H 13+ -H3ny~eani1. HaTea-
" 

CHBHOCTb n03HTpOHOB Bhi~HCneaa H3 HHTeHCHBHOCTH aHHH~HnSIUHOHHb!X KBaH-

TOB. Koa4>4JnuneHT nx c~eraocrn 6hm ycraaoanea H3MepeaneM B roA )Ke 
22 

~eoMeTpHH H c reMH )Ke <l>nnbrpaMn Kann6poao~ao~o HCTO~HHKa Na • 
± 

CpaaaeaneM HHTeacnaaocTeA K" H y -n3nyqeanA ycraaoaneao aeTane-
+ 141 141 ane K I f3 {3 -nepexona Me)Kny oCHOBHbiMH cocroRHHSI'MH Nd H Pr • 

E ro aenn'IHHa K I {3+ = ( 31,5 :!:. 3,2) xopowo co~nacyercg c TeopeTH'IecKoil 

nnR pa3peweaao~o {3 -nepexona: f,. If {3+ =(32,9:!:. 3,6) npn E
0 

= 

= 790 :!:. 20 K:3B /8/ H E 0 = 780 :!:. 9 K:3B /321. Bnn3KYIO K aaweMy 3Ha-

~eHHIO aenH'IHHY Kl(3+ paaee ycTaaoann fpHccoM n np. 1101 (36,7;!:.3,7). 

fpaHH'IHaR aaep~HSI' y -nepexona HaMH onpeneneaa paaaoA E
0 

= 740 :!:. 

+ 70 K:3B ( CM. puc. 1 B pa6ore 1301 ) • DOCKOnbKy B OnbiTaX HCnOnb30Ban-

CSI HCTO'IHHK B BHne <f>paKUHH H npHXOnHnOCb Bbi'IHTBTb H3 o6we~o cneKTpa 
138 139 BKnan n03nTpoaoa • Nd H HX noqepHHX H30TOnOB1 TO HaM He yna-

nOCb H3MepHTb ~paHH'IHYIO :3Hep~HIO + 141 
{3 -cneKrpa Nd c 6onbwoa TO'I-

HOCTbiOo 

B ra6nnue 1 npnaeneHbi TaK)Ke caeneang o y- y -coananeansrx c 

y -ny'laMn 145,45 KaB. H3 puc. 3 annao, 'ITO aa6n10nanncb coanane.HHSI 

y -Kaaaroa 145,45 K:3B c y -ny'laMH c EY = 981,7; 1147,3; 1289,6 

H 1435,1 Kaa. Coananeansr ( y 145) ( y 1289,6) ynanocb ycra.HOBHTb 

anepabie. 

4. CxeMa pacnaua H ee o6CY)Kije.Hne 

Dony'le.HHbie CBene.HHSI 06 :3.Hep~HSIX H HHTeHCHBHOCTSIX y- H {3 -nepe-

xonoa, o Mynbrnnonbaocrsrx, a TaK)Ke na.HHbie o y- y -coananeansrx ncnonb-

9 
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Puc. 3. Y"::aCTOK cneKTpa y -ny"::eA, coanaJiaiOWHX c y -nHHHeA 145,45 KaB, 



141 141 
aoaaHbi npu KOHCTPYKTuaaauu cxeMbi pacnaaa N d -> Pr (puc, 4), Dm1 

IlpUB9Jl9HHOil: H8 puc, 4 CX9Mbl XOpOWO BbiiiOnHSI9TCSI 6anaHC aHepruil: U UH-

" 3 141 p T9HCUBHOCTeU nepeXOJlOB, aceneHUe ypOBHeil: T aneKTpOHHbiM 38XB8TOM 

orrpeaeneao ua 6anaHca UHTeHCUBHOCTeil:, BepoSITHOCTU {3 -nepeXOJlOB (B 

% Ha pacnaa) U COOTB9TCTBYlOIIlU9 Benu'IUHbl lg { t Ha pucyHKe YK838Hbl, 

Benu'luHa nepuoaa nonypacrraaa 
141 Nd npuHSITa no pa6oTe /101: 2,42 ~ 

t._ 0,09 '18C, 3Ha'leHUSI lflyHKUUU { IlpU Bbi'IUCneHUU lg { t 6panUCb 

ua /3 1; a npeanono~eauu paapeweaaoro xapaKTepa nepexoaoa, 3aepruH 

pacrraaa 141 Nd ... 141Pr npuHSITa paaaoil: Q 13 + = 1802 ~ 9 KaB /32/ KaK 

Hau6onee TO'IHO U3MepeHHaSI, 

141 p CxeMa ypOBHeil: T JlOnOnHeHa JlBYMH COCTOSIHUSIMU 1434,7 U 

1456,1 KSB, BBeAeHue COCTOSIHUSI 1434,7 K9B nOATBep~JlaeTCSI COBnBA9HUH

MU ( y 145) ( y 1289,6), YpoaeHh 1456,1 BBeAeH no 6anaacy aaepruil: ABYX 

rrepeXOAOB, 

OcTaHOBUMCH rroApo6aee Ha KBaHTOBbiX xapaKTepucTuKax ypoaaeil:, 

14 I 141 
CnuHbi OCHOBHbiX cocTOHHuil: Nd u Pr ycTaHOBileHbi 3KCrrepuMeHTallbHO 

3/2 U 5/2, COOTBeTCTBeHHO, CornaCHO MOAenu 060ilO'IeK, 9TO COCTOSIHHH 

d 3/2 u d 5/2, 3KcrrepuMeHTanhHoe aaaqeaue l g (t = 5,2 anSI 6eTa-ne-

peXOJla Me~AY yKa3aHHbiMU COCTOSIHUSIMU xapaKTepHO AllH nepeXOAOB Me~JlY 

'1119H8MU CnUH-op6uTanhHOI'O Jly6neTa, 

MynhTunonhHOCTh nepexoAa 145,45 KSB (99,58~0,08)% M 1 + 

+ (0,42 ~0,08)% E2 , apeMH ~uaau ypoBHH ( TYz = 1,91 :!:.,0,6ace}() 
/28/ 

u aepoSITHOCTU aaceneHuH ero rrpu f3 -pacrraae 141 Nd(3/2+) u 141 Ce (7/2-) 

0JlH03H8'1HO n03B011SilOT npUIIUC8Tb ypOBHlO 145,45 K9B XapaKTepUCTUKU 7/2+ 

U UHTeprrpeTUpOB8Tb 9I'O KBK COCTOSIHUe g 7/2 59-ro IIpOTOHa, 

CocTOHHUHM 141 Pr c E > 1 Maa, aoa6y~JleHHbiM ua pacrraAa 
141

Nd, 

KB8HTOBbl9 XapaKTepUCTHKH paaee /9-11/ npunuCbiB811HCb C yqeTOM: B9pOHT

HOCTeil: aaceneHUSI UX aneKTpOHHbiM 38XB8TOM ( l g {t ) 0 COOTHOW9HUH UH

T9HCUBHOCTeil: BblCB9'1UB8lOIIlUX y -nepeXOJlOB 0 CIIOC06a pa3pSIAKU UX Ha AB8 
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141 141 
KOHCTpyKTHBaHHH cxeMbi pacnaJla N d ... Pr (pH c. 4). Lln.11 

Ha pi!C, 4 CXeMbl XOpOliiO BbinOIIH.IIeTC.II oanaHC 9HeprHti H HH-

141 
nepeXOJlOB, 3aceneHHe ypoeHeA Pr aneKTpOHHbiM aaxeaToM 

6anaHca HHTeHCHBHOCTeA, Bepo.IITHOCTH ~ -nepeXOJlOB (a 

H COOTBeTCTBYIOliiHe B911H'iHHbl lg { t Ha pHCYHKe YK838Hb!, 

I!OAa nonypacna)la 
141 

Nd npHH.IITa no pa6oTe 110/: 2,42 + 

f npH Bbl'iHCJ19HHH lg f t 6pan11cb 

OI!OM9HHII paapeliieHHOI'O XapaKTepa nepeXOJlOB, 3Hepi'HH 

Nd ... 
141

Pr npHHSITa paeHotl Q ~+ "" 1802 :!:, 9 K9B /32; KaK 

OBHeH 
141 

Pr JlOnOJIHeHa JlBYM.II COCTO.IIHH.IIMH 1434,7 H 

BeAeHI!e COCTO.IIHH.II 1434,7 K9B nOJlTBepMJl89TC.II COBna)leHHH-

( y 1289,6), YpoeeHh 1456,1 BBeJleH no 6anaHcy aHeprHii JlByx 

HMCH nOJlpOOHee Ha KBSHTOBhlX XapaKTepi!CTHKSX ypOBHeti, 

coCTO.IIHHH 
141 

Nd 11 
141 

Pr ycTaHOBI!eHbi 3KCnepHMeHTallhHO 

TCTBeHHO, CornaCHO M0Jl911H 0001!0'-leK, 9TO COCTO.IIHIH1 

3Kcnepi!M9HT811bHOe 3H8'i9HHe l g {t = 5,2 Jlll.ll OeTa-ne-

XapaKTepHO Jlll.ll nepeXOJlOB M9MJly 

OCTh nepexoaa 145,45 K9B (99,58:!:,0,08)% M 1 + 

E 2 , epeM.II MH3HH ypoeH.II ( T ~ "" 1,91 :!:, 0,6 
1
Hcew) /28/ 

~ -pacnaae 141 Nd(3/2+) H 141 Ce (7/2-) 

OJI.IIJOT npHnHcaTh ypoBHIO 145,45 kae xapaKTepHCTHKH 7/2+ 

COCTO.IIHHe g 7/2 59-ro npOTOHa, 

E > 1 Mae, eoa6yMJleHHbiM 11a pacnaaa 141Nd, 

paHee /9-11 I npHnHc biBaJII!Ch c y'ieToM: eepO.IIT

HII.II IIX 9119KTpOHHb!M 38XB8TOM ( l g {t ) 
0 

COOTHOliieHHH IIH-

Bb!CBe'IHB810liiHX y -nepeXOJlOB 1 CUOCOOa pa3p.11JlKH HX Ha JlB8 
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HH)KHHX COCTOSIHHSI ( H/l9T 0/lHH HnH JlBa y -nepeXO/la) i H npe/lCTaBneiiHft MO

}lenH o6onO'I9K, llOMHMO nepe'IHCneHHblX 4taKTOB Mbl npHHSinH BO BHHMaHHe 

THnbi MynbTHnOllbHOCTeft H9KOTOpbiX y -nepeXO/lOB, 

Mbi uawnH, 'ITO nepexoll 1126,9 xas THna M I + E2 • Y'IHThlsaSI 

aTO H OTM9'19HHb19 SbiWe cflaKTblo Mbl npHnHCbiSaeM ypOSHIO 1126,9 KaS 

I " = 3/2+, 'ITO cornacyeTCH c BbiSO/lOM pa60Tbi Mopexa H Hocfla /18/. 0HH 

141 
soa6y*Jlann y -ny'laMH peaoHaHCHbiA yposeHb Pr c E = 7652 xas H 

H3y'lanH yrnosbie pacnpe/leneHHSI BbiCB9'1HSaiOWHX 91"'0 y -nepeXO/lOS Ha 

llPYI"'He COCTOHHHSI, Yrnosbie pacnpeJleneHHSI noasonHnH HM ycTaHOBHTb cne-
+ (+) 

llYIOWHe cnHHbl H '19THOCTH ypoBHeft: 145 KaB - 7/2 , 1130 KaS - 3/2 , 

1437 KaS - 3/2(+) H 1451 KaB - (3/2+, 7/2+), 

EHpll H Jlp, /9/ COCTOHHHIO 1292,6 Kas, y'IHTbiSaH npH6nH3HTenbHO 

paBHbl9 HHT9HCHSHOCTH y -nepeXO/lOS 1147,8 H 1292,6 Kas, npHnHcanH 

J TT = (5/2+). nonO)KHTenbHYIO '19THOCTb yposHH 1,295 Mas ycTaHOSHnH no 

pacceHHHIO ( a , a' ) Eaap H /lp. 
1141• BHn/leHTanb H llP• 

1221 
no yrno-

1J9 J 
sbMy pacnpe/leneHHIO JleAToHos s peaKUHH La ( He, d) uawnH, 'ITO 

+ 
soo6y*JlaeMbiA yposeHb 1,30 Mas HMeeT xapaKTepHCTHKH 1/2 • 0/lHaKo s 

pa6oTax /20-22 1 Jly6neT yposHeA 1292,6 H 1298,6 xas He MOl"' 6biTb paaJle

nea Ha-aa He/lOCTaTO'IHoro paapeweHHH. Mbi uawnH, 'ITO nepeXO/lbi 1147,3 

H 1292,6 xas HMeiOT MyllbTHnonbHOCTb E 2 , 'ITO noaaonHeT npHnHcaTb 

J TT + 
ypOSHIO 1292,6 xas = 5/2 • Tor/la peaynbTaT BHnJleHTanH OTHOCHTCH 

K ypoSHIO 1298,6 KaB, C KSaHTOBb~MH xapaKTepHCTHKaMH J TT = 1 /2+ COCTOH

HHSI 1298,6 KaS COI"'nacyeTCH ycTaHOsneHHblft HaMH THn MynbTHnOnbHOCTH 

nepexo}la 1298,13 xaa - E 2 
141 

Bse/leHHOMY HaMH s cxeMy pacna/la Nd yposHIO 1434,7 xas Mbi 

npHnHCbisaeM xapaxTepHCTHXH I" = S/2+, Tax xax aToT ypoaeHb aaMeTHO 

aacenHeTCH f3 -pacnaJlOM 
141 Nd ' a Sb!CS9'1HSa!OwHe ero y -nepeXO/lbl HMe

IOT 6nHaxHe HHTeHCHSHOCTH, Mopex H Hocfl /18/ H3 peaxUHH ( y , y' J ycTa

HOBHnH JlnH ypOBHH 1435 xas J TT = 3/2 ( +) • Te >Ke 8ST0pbl /l810T llnH 

14 

,:. 

I TT + + 
COCTOHHHH 1451 KaS "" 3/2 HnH 7/2 • Han 

I TT + 
c xapaxTepHCTHKaMH .. 7/2 , T.K. yxaaaHHbl 

141 + 
aaMeTHO npH pacna/le Nd (3/2 )( l g ft > 8,2 

Yposa10 1456,1 xas cneJlyeT npHnHcaTb x. 

5/2+, y'IHTbiSaH ero aaceneane t -aaxsaToM 

sa!OwHx ·Y -nepeXO/lOs. CnHH ~/2 Ka*eTCSI npE 

Taxoe 3H8'19HH9 6binO YCT8HOBneHO JlnH COCTOS!l 

CocTOHHHe 1580,2 xas paapH)KaeTcH llBYMH nep 

MH HHTeHCHBHOCTSIMH, noaTOMY, xax H EHpH / 9 

ypoaeHb c I" •(5/2+). 

YpoaHH 1608,4 H 1657,0 xas paapH*aiOTC: 

OCHOBHOe COCTOSIHHe, noaTOMY HX KBaHTOBbl9 x, 

I " = (1 12+ HnH S/2+). BHn/leHTanb H Jlp. 
122 

1,65 Mas xapaxTepHCTHXH 3/2+ H 1 /2+, COOTSE 

llpHS9/l9M CpaBH9HHe BC9X HM910WHXCSI ax 

141p 
o6 ypoaHHX r c npe/lCKaaaHHHMH paanH'IHb 

Ha ueynpyroro pacceHHHSI a -'laCTHU H31 

.< 2,3 Mas paapB*aiOTCH npaxTH'IeCKH O/lHO'Ia·cT 

yKa3biSaeT Ha H93Ha'IHTenbHyiO ponb CBSI3H '19T 

141 p 
cnapeHHOI"'O npOTOHa S r • noaTOMy Mbl C 

yposueA 
141 

Pr no MOJlenHM /1-7/, 

B pa6oTax 11 - 71 nposO/lHnHCb pac'leTbi s 

neHHH, l"'/l9 OCTaTO'IHOe S3aHMO/leitCTBH9 npOTOE 

CHaHa, nosepXHOCTHOI"O Jl9nbTa-S3aHMO/l9itCTBHS 

nony'leHHbl9 MaTpHUbl B3aHMO/l9itCTSHH "8KTHBH 

HOB, HaXO/lHWHXCH Ha op6HTanHX 1 g 7/2, 2 J 

1 h 11 /2, JlHal"OHanH3HpOBanHCb Tax, 'IT06bl n 

TpeXKBa3H'IaC'I'H'IHblX COCTOHHHA. 

15 



( uaeT OJlHH una asa y -nepexoaa), H npeacTasneHHA Mo

nepe'lucneHHbiX lltaXTOB Mbl npHHSJnH BO BHHMaHHe 

H9KOTOpbiX y -nepeXOilOB, 

'ITO nepexoll 1126,9 KSB Tuna M 1 + E 2 • Y'IHTb!BaSJ 

e'leHHbi9 BbiW9 «fJaKTblo Mbl DpHDHCbiBaeM ypOBHIO 1126,9 KSB 

'ITO cornacyeTCSJ c BbiBOilOM pa6oTbi Mopexa H Ho«fJa 1181. OHH 

141 
-ny'laMH peaonancHbiA yposeHb Pr c E = 7652 xss H 

pacnpeaeneHHSJ BbiCBe'IHBaiOIIlHX ero y -nepexoaos Ha 

TOSJHHSJ. Yrnoebie pacnpeaeneHHSJ noasonunu HM ycTaHOBHTb cne-
+ (+) 

HHbl If 'leTHOCTH ypOBHeft: 145 KSB - 712 1 1130 KSB - 312 1 

312(+) H 1451 KSB - (3/2+, 7/2+). 

H llP• /91 COCTOSIHHIO 1292,6 KSB1 Y'IHTbiBaSJ npH6nH3HTenbHO 

y -nepeXOJlOB 1147,3 H 1292,6 KSB1 npHnHcanH 

) • nonO>KHTenbHYIO 'leTHOCTb ypOBHSI 1,295 Mss ycTaHOBHnH no 

, a' ) Basp H ap. 1141• BHnaenranb H ap. 
1221 

no yrno-
1J9 J 

..,t!I-I"""""HIO aeAToHoe e peaKUHH La ( He, d) nawnH, 'ITO 

+ yposeHb 1,30 Mss HMeeT xapaxTepHCTHKH 112 • Onnaxo B 

1 ay6neT ypoeneA 1292,6 H 1298,6 xss ne Mor 6biTb paaae

Mbi nawnH, 'ITO nepexollbi 1147,3 

Myni>THnon~:>HocTb E 2 , 'ITO noasonSJeT npHnHcaTb 
1T + 

I = 5/2 • Toraa peayn~:>TaT BunaenTanSJ OTHOCHTCSJ 

I 1T + 
KBaHTOBbiMH XapaKTepHCTHKaMH = 1 (2 COCTOSJ-

yCTaHoBneHHblft HaMH THn MynbTHnOnbHOCTH 

KSB - E2 
141 

HaMH s cxeMy pacnaaa Nd ypoeHIO 1434,7 xss Mbi 

xapaxTepHcTHKH I 17 = 812+, Tax xax sToT yposeHb aaMeTHO 

f3 -pacnaaoM 
141 

Nd , a BbiCBe'IHBaiOIIlHe ero y -nepeXOllbi HMe

HHTencusnocTH. Mopex a Ho«<J 1181 ua peaxUHH ( y , y' ) ycTa

yposHSJ 1435 xss I 17 = 812 ( +). Te >Ka as Tophi naroT anSJ 

14 

1T + + 
cocTOSJHHSJ 1451 xss I .. 312 HnH 712 • HawH ll8HHbie cornacyiOTCSJ 

c xapaxTepHCTHKaMH I 17 = 7 12+, T.K. yxaaaHHbiA ypoeeHb He aacenSJeTcSJ 
141 + 

aaMeTHO npH pacnaae Nd (312 )( lg ft > 8,2). 

YpoBHIO 1456,1 xss cnenyeT npunucaTb xapaxTepucTHKH 312+ unu 

512+ t Y'IHTbiBaSJ ero 3aceneHH9 f -38XBaTOM H HHTeHCHBHOCTH BbiCBe'IH

B8101IlHX ·Y -nepexoaoe. CnuH ~12 xa>KeTcSJ npeano'ITHTen~>Hee, T.x. HMeHHo 

T8KOe 3H8'1eHHe 6binO ycTaHOBneHO JlnSJ COCTOHHHSI 1457 KSB B pa6oTe 119{ 

CocTOSJHHe 1580,2 xss paapSJ>KaeTcSJ nsyMSJ nepexoaaMH c aoson~:>uo 6nuaxu

MH HHTeHCHBHOCTSIMH, nOSTOMY 1 X8K H BupH 
191 , Mbl paCCM8TpHeaeM STOT 

ypoeeHb c I 17 
•( 512+). 

YpoBHH 1608,4 H 1657,0 xss paapSJ>KaiOTCSJ nepexoaaMH Ton~>xo Ha 

OCHOBHOe COCTOSIHHe, noSTOMY HX KB8HTOBbi8 xapaKTepHCTHKH !lOn>KHbl 6biTb 

I 17 + + 122 = { 112 HnH 312 ) • Bunaearan& H ap. I naroT anSJ yposaeA 1,60 H 

1,65 Mss xapaKTepHCTHKH 3/2+ H 1 12+ 1 COOTB8TCTB8HHOo 

DpuseaeM cpaBH8HHe BC8X HM8101IlHXCSJ SKCnepHMBHTanbHbiX CB81l8HHA 

o6 ypoeHSJX 
141 Pr c npeacxaaaHHSJMH paanu'IHbiX MoaeneA • 

Ha aeynpyroro pacceSJHHSJ a -qacTHU uaeeCTHO, 'ITO yposHH c E < 

< 2,3 Mss paapSJ>KaiOTCSJ npaxTH'IeCKH onaoqa·cTH'IHbiMH nepexoaaMH. 3ro 

yK83biB88T H8 H83H8'1HT8nbHyiO pOnb CBSJ3H 'leTHO-'IeTHOI'O OCTOB8 H He-

141 p 
cnapeHHOI'O npoTOH8 B T • DoSTOMy Mbl OCT8HOBHMCSJ Ha paCCMOTpeHHH 

yposneA 
141 

Pr no MoaenSJM 11-11. 

B pa6oTax 11 - 71 nposoaHnHCb pac'leTbi s xsaaH'IaCTH'IHOM npeacTas

neHHH, I'Jle OCTaTO'IHOe B3aHMO!leftCTBH9 DpOTOHOB Bbi6HpanOCb B BHile rayc

CH8Ha1 nosepXHOCTHOI'O Jl9nbTa-B3aHMOJleACTBHSJ H fiOT9HUHana 3nnHOTa. 

Dony'leHHbie MaTpHUbi 83aHMO!leACTBHSJ "'aKTHBHbiX" {csepx l = 50) npoTo

HOB1 H8XOllSilllHXCSJ Ha op6HTanSJX 1 g 712 1 2 d 612, 2 d 812 t 3 S 1 121 

1 h 1112, llHarouanuaupoeanHCb Tax, 'IT06bi nony'IHTb Ha6op on no- H 

TpeXKBa3H'IaC'I'H'IHb!X COCTOSIHHA, 

15 
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141 
PHC, 5. CpaBHeHHe cneKTpa soa6y)I<JleHHH Pr , Ha6monaeMoro a paa-

nH'IHbiX pe8KUHSIX H npH {3+ - pacnane C TeopeTH"'eCKHMH p8C"'eT8MH, 

.Un.H KS*Jloro ypoBHH yKa3aHbi MeTOllbi ero aoa6y*JleHHH: ( {3+ )-pacnan 
1

4
1 Nd , ( d' ) -Heynpyroe pacceHHHe neAToHoa, ( a' )-anbq>a-'laCTHU, 

( n' )-HefiTpOHOB, ( y '.) - y -KB8HTOB HnH B peaKUHSIX nepeJl8"1H H 

nonxsaTa npoToHa ( p ) • 

16 

Ha pac, 5 cpasHHBaJOTCH 9KcnepHMeHTanbHI 

11-7 I 141 
nenSIM cneKTpbi soa6y*neHHA Pr ( E u:p 

Ha6nJOJlaeTcSI ynosneTsopaTenbHoe cornacHe pac'lt 

OTIHC8HHH 9HepraA, CTIHHOB H "'eTHOCTefi yposHefi 

HO XOpOlliO OTIHCbiB810TCSI paJlH8UHOHHbie XapaKTepJ 

cneKTpOCKOTIH"'eCKHe !llaKTOpbi 1 nony'leHHbie H3 H' 

H DOJlXB8T8 npOTOH8 (eM,, HanpHMep, 1211), Dep 

K £ -aanpemeHHbiM1 THna 1 g 712 -> 2d 512, D 

Ho aaTopMO)I{eHbi no M 1 -KoMnoHeHTe (npaMepHo 

MaS! He6onbruaH npaMecb E2 HecKonbKO ycKopeHa 

38 C'leT npHMeCefi K YK838HHbiM OJlHO'IBCTH"'HbiM : 

2 d 512 KOMTIOHeHT llPYI'HX COCTOSIHHH, 8 MOI:(enH 

nenanacb nonbiTKH o6'hSICHHTb TaKae nepeXOllbi, OJ 

peaynbTSTbi He nony"'eHbi, 

B paMKax o6cy*naeMbiX Monenefi 
11 - 71 yna 

M8I'HHTHbiH JlHTIOnbHbiH H aneKTpH'IeCKHH KB8Jlpyno 
141 

COCTOSIHHSI Pr 1 8 JlnSI sepOSITHOCTH nepeX0/:(8 I 

JleHHbiM (7 12+) H OCHOBHbiM COCTOSIHHSIMH nony"'SE 

BH"'He Me)l{l:(y 9KCnepHMeHT8nbHbiM 3J!:8'1eHHeM H 

0JlH8KO CHnbHbiH pa36poc B senH'IHHaX, npeJlCK83b 

Ma
11 - 7•331, noasonSieT BbiCKa3aTb Hane*llY Ha ycr 

Ha Ta6nHUbi 2 BHJlHO, 'ITO HeKOTOpbie xapaK· 

141 
neHHbiX yposHefi Pr ynosneTsopaTenbHO corna 

OllHBKO HMeJOTCSI cny'laH, rne cornacae He nocTHr 

CK838Tb 1 'ITO paC'IeTHbJe XapaKTepHCTHKH BeCbMa 

6opy THTI8 OCT8TO'IHOI'O HyKnOH-HyKnOHHOI'O B38HM 

py aonHOBbiX ljJyHKUHfi a: co6cTseHHbiX aHeprafi Oil 

Tanea 1 g 712, 2 d 512, 2 d 312, 3 s 112, 1 h 

aay"'eHae Mara'leCKHX Mep c N = 82 paanH'IHbiMF 

17 
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141 
BHeHHe cneKTpa Boa6y)KaeHHSI Pr , Ha6moaaeMoro B paa-

SIX II IIpH 13+ - pacnaae C TeopeTH'I9CKHMH paC'IeTaMH. 
YPOBHSI YK838Hbl MeTOahi ero B036y)J{aeHHSI: ( 13+ )-pacnaa 

d' ) -Heynpyroe pacceSIHHe aeAToHoa, ( a' )-anbqta-'laCTHU, 

OB, ( y, ) - y -KB8HTOB HnH B peaKUHSIX IIepeaa'IH H 
OTOHa ( p ) , 

18 

Ha pHc. 5 cpaBHHBalOTCSI SKcnepHMeHTanbHhifi H pac'leTHhie no Mo

aenSIM 
11

-
11 

cneKTpbi Boa6y)J{aeHHfi 
141 

Pr ( Eu:p < 2,1 MsB). KaK BHaHM, 

Ha6ni<>aaeTCSI yaoBneTBOpHTenbHoe cornacHe pac'leToB H sKcnepHMeHTa B 

141 p OIIHC8HHH SHeprHfi, eiiHHOB H '19THOeTefi ypOBHefi r • TaK)J{e aOBOnb-

HO XOpOlliO OITHCh!Bo!llOTeSI paaHaUHOHHhJe xapaKT9pHeTHKH ypOBHeH H HX 

eneKTpOeKOITH'IeeKHe <flaKTOpbi, nony'leHHbJe H3 H3y'leHHSI peaKUHil: nepeaa'IH 

H DOaXBaTa npoTOHa (eM., HanpHMep, /21/). f1epexoa 145,45 KSB OTHOeHTCSI 

K l -aanperueHHhiM, THna 1 g 7/2 -> 2d 5/2. ITepexoahi TaKoro THna cHnb

HO aaTopMo)J{eHhi no M 1 -KOMITOHeHTe ( npnMepHo B 400 paa), a Ha6ni<>aae

MaSI Re6onbmaSI npHMeeb E2 ReeKonbKo yeKopeHa. HeRo, 'ITO nepexoa Haer 

38 e'leT ITpHMeeeil: K YK838HHhiM oaHO'IaeTH'IHhiM YPOBHSIM 1 g 7/2 H 

" /33/ 2 d 5/2 KOMIToHeHT apyrnx eoeTOSIHHH, B MOaenH KHenHHrepa-CopeReeHa 

aenanHeb ITOITb!TKH 06'bSieHHTb TBKHe nepexoahi, oaHBKO yaoBneTBOpHTenbHhie 

peaynbTaTbi He nony'leHbi, 

/1-71 B paMKax o6ey)J{aaeMhiX Moaeneil: yaaeTeSI npaBHnbHo onncarb 

Mo!lrHHTHhifi aHITOnbHhiJl: H sneKTpH'IeeKHfi KBaapynonbHhlfi MOMeHTbl OCHOBHOro 
141 

eoeTOSIHHSI Pr 0 a anSI BepOSITHOeTH nepexoaa Me)J{ay nepBbiM B036y)K-

aeHHb!M (7 /2+) H OeHOBHh!M eoeTOSIHHSIMH nony'laeTeSI erue 38M9THOe paa

nH'IHe Me)J{ay 9KenepHMeHT8nbHb!M 31;!8'1eHHeM H pae'leTHb!M (eM, Ta6nHUy 2) • 

OaRaKo eHnhHhifi paa6poc B BenH'IHHax, rrpeaeKa3biBaeMhiX pa3HhiMH Mo;::(eng

MH/1-7•331, IT03BOnSieT Bh!eK838Tb Haae)J{ay Ha yenex B y'leTe npHMeeeJl:. 

Ha Ta6nHUhi 2 BHaHo, 'ITO HeKOTOphie xapaKTepHeTHKH BhieoKoBoa6y)J{-
141 

aeHHhiX ypoBHefi Pr yaoBneTsopHTenbHo eornaeyiOTeH e pae'leTHhiMH, 

OaHSKO HMelOTeSI eny'laH, rae eornaeHe He aoeTHrHyTo. Pe3lOMHpyg, MOlKHO 

eK838Tb, 'ITO pae'leTHhie XapaKTepHeTHKH BeebMa 'lyBeTBHTenbHh! KaK K Bb!-

6opy THITa OeTaTO'IHOro HyKnOH-HyKnOHHOro B38HMoaeifcTBHSI, TaK H K Bhi60-

py BOnHOBb!X !fJYHKUHtl: II eo6eTB9HHh!X SHeprHH oaHOKB83HITpOTOHHb!X op6H

Tanetl: 1 g 7/2, 2 d 5/2, 2 d 3/2, 3 s 1/2, 1 h 11/2. BeeeTopoHRee 

H3y'leHne Marn'leeKHX Slllep e N = 82 paanH'IHhiMH MeroaaMH HeeoMHeHHO 

17 



Ta6JIHI\a 2 I 2 

CpanHeuHe ::mcnepmw~enTaiiiJ,ublx >l Teope'l'H~eCKHX xapaKTepHCTHK yponneil 14lpr • 
1292,6 s;2+ JHeprHH (KSB) 1292 

llpHMeCh E2 B nepexo~e Ha 
OCHOBHOe COCTOHHH6 B (%) 80 

CucTOHHllle, ,.) XapaKTepHCTlllitu JKcnep>~- T e o p H H 
JHeprHH(I<::m), M8HT 

raycc/5/ JJIJIHOTT/3/ 

llpHuech E2 B nepexo~e sa 
YPOB9Hh 145 K3B (B 0

) 80 
p (5/2+- 5/2+) 1,4 

o, 5/2+ MarnHTrlhli1 ~vinOJibllhlii MO- 4,24 4,08 4,61 
MeHT .fo (Mar • .l:iopa) 

p (5/2+ -+7/2+) 
S !i (o, j ) -

JJiel\TPHtJ.GCKVIi.i ltBa~py-
IJOJlbllbl~l MOMCHT Q( e

2
b) -o,u: -0,188 +0,059 

Cne~TpocKonlll4CCKll~ 

1298,6 1/2+ 3HeprHH (K3B) 1298 
S ':1 (o, j ) 0,61 

' tJiaKTOp S j (o, j )~ 0,64 U,6~ 0,64 
1434,7 3/2+ SHepri4H (KaB) 1434 

145,45 7/2+ JHepr>Hl (K3B) 145,45 146 10 
IlpHMCCb IQ 

Koimoueu Tbl n nepexo~e U,4 2,5 0,02 

.S :i (o, ~ ) -
1456,1 5/2+ asepnH (Kan) 1456 

s~ (o, j ) -
145,45 K0B (B ~) 

-ilaKTOp TOIJMOlK811Hfl !H-
8,8"103 nepeXOAa 145,45 K3B 445 2,7"104 

1580,2 (5/2+) auepri4H (Kan) 1580 
S~(o, .:l) ... 

~aKTOp ycKOp8HHfl 1657,0 1/2+ 3HeprHH (K3B) 1657 
~2-KOMflOHGH T Li nopGX:O,D.a 2,4 38 1420 

14~,45 K3B 
S ~ (o, ~ ) 0,51 

S'~(o,j) 0,28 0,16 0,2U 1608,4 3/2+ 3HeprHH (K3B) 1608 
p (3/2+-+ 5/2+) 00 

II18 ll/2- Jnepi'Hfl 1 (K3B) 1Il8 1110 III8 
P(Il/2--.. 7/2+) 9 2 -

I 
P(.U/[- 5/2+) 

P (3/2+ .... 7 ;2+) 
Sj(o,j) 1,04 

S :i (o, ·j ) U,% 0,~4 0,~3 

Il26,9 3/2+ JneprHH (K3B) 1126,9 1233 1054 
* CneKTpOcKonuqecKHii !lJaKTOp ~JIH peaKI\HH (3H 

IlpHuecb ~2 n nepexo~e 
50 94 B OC!iOBHOe COCTOHHHe -

P(3/2+ ...... 7 ;2+) 2,7"10-2 2,4"103 -
P(3/2+-+ 5/2+) 

S ~ (o, l ) - 0,006 0,09 
--
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TaOJIHI\a 2 1 2 3 4 5 

plll.4e!IT&ill1>Hh!X n TeO pe J.'V!tie CKHX XapaKTe pHC Tl1l( ypoBHeiil 141Pr • 
1292,6 5/2+ JHepr14H (KSB) 1292,6 1338 IIOO 

llp.I4MeCb E2 B nepexo.ne Ha 
OCHOBHOe COCTOHH146 B (%) 80 76 -

.X.apaKT8p11CTlll\H JKcnepa- T e o p 11 H llpMuecb E2 B nepexo~e Ha 
ypoBeHb 145 K3B (B 0

) 80 98 -
MeHT 

raycc/5 / JJIJIHOTT/3/ p (5/2+- 5/2+) 1,4 60 -

[J!arHllTrlbiH AHHOJ1bl!h!ii MO- 4,24 4,08 4,61 
p (5/2+-+ 7 /2+) 

MeHT fo (Mar.l:iopa) 
S ~ (o, :1 ) - 0,006 O,I% 

JJ!Ul\'l'.ll1114C C!\llH ItBa,npy-
1/2+ rlOJlhllbl~l tiiOMCl!T Q( e

2
b) -0,(.)',' -0,188 +0,059 1298,6 3HeprHH (K3B) 1298,6 1547 1280 

Cne~TpocKonntieCKHU S ~ (o, j ) 0,61 0,83 0,61 
!lJaKTOp S j (o, j )~ 0,64 0,6~ 0,64 

1434,7 3/2+ BHepr14H (KaB) 1434,7 1788 1620 
.S~(o,~) - O,II 0,01 

JueprnH (Kan) 145,45 146 10 
IlpHMGCh ~2 1456,1 5/2+ .3HeprHH (K3B) 1456,1 2068 1530 
IWMHOHeHl'bl B nepexo.ne U,4 2,5 0,02 S;;(o, :J) - 0,02 < 0,1% 

145,45 K:.JB (H /o) 
1580,2 (5/2+) 3HeprHH (K3B) 1580,2 1566 12% 

~llKTOJl TOIJMOli\elii.UI lH-
nepexo,na 145,45 K3B 445 2,?·ro4 8,8"103 S~(o, .:5) - 0,1% 0,1% 

~aKTUp yCKOpeHHH 1657,0 l/2+ 3HeprHH (K3B) 1657,0 2033 1581 
.iQ-.1\0MHOHOHTL TI01JG.X:O,Il,8 2,4 38 1420 s ;; ( o, ti ) 0,51 0,08 U,31 

l45,1t5 K:JB 

S'~(o,j) 0,28 0,16 0,20 1608,4 3/2+ BHeprHH (KaB) 1608,4 1600 1260 
p (3/2+- 5/2+) 00 790 -

JueprHH,(K3B) 1ll8 1110 1118 p (3/2+ ... 7 /2+) 
P(Il/2-- 7/2+) 9 2 - Sj(o,j) 1',04 0~72 0,62 
P(Il/[- 5/2+) 
S:i(o,-3) 0,% 0,~4 O,;J3 

JaeprHH (Kan) 1126,9 1233 1054 
llpHMecb ~2 n nepexo,ne 
B OCrtOBHOe COCTOHHHe 50 94 -
P(3/2+- 7/2+) 2,7"10-2 2,4"103 -
P(3/2+ _.. 5/2+) 

S ":] (o, j ) - 0,006 0,09 

II 



A89T 60I'8ThiA MSTepuan AnSI COnOCTaeneHHSI C MOAenbHbiMH npeACK838HHSI
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