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I. B a e a e H H e 

VfaoTon 
140 Nd I II 

OTKpb1T B 1949 r. BHnKHHCOHOM H XHKCOM , KOTOpb1e HCIIOnb-

a oaanH anSI ero rrony'ieHHSI peaKUHIO 
14

\:>r ( d, 3n). nepHoa rronypacrraaa 140Nd 
· II I 

!10 H8H6onee TO'!Hb!M H3MepeHHSIM COCT8BnSieT 3,3 .QHSI , 

B pa6oTe .Lbt<enenoaa, npaxoaueaoll H XonbHoaa
121 

YK838HO, 'ITO pa3HOCTb 

Mace 140 Nd He3H8'1HTenbH8 ( IID-BHAHMOMy, 68 K3B), noa TOMy H3 

pacrraaa 
140 Nd Y~BHH reo Pr 

B036yAIITbCSI He MOPyT, 

HeKOTOpbre caeaeHHSI o aoa6y)I<AeHHbiX c ocTOSIHHSIX 140 Pr aaro T ac-

cneaoaaHHSI peaKUHH 
141 

Pr ( y • n ) 
140 

Pr 
131. OaHaKo .3 TH aaHHbre eme He 

HHTeprrpeTHpOBBHbl , II03TOMY Mbt HX 06CyJKA8Tb IIOK8 He 6yaeM. 

nepabre caeaeHHSI 0 cymeCTBOBBHHH H20TO!I8 140 Pr 6 b1nH rrony'ieHb1 H3BeCT-

HOll rpynrroll 3 .~epMH B I835 r.
141

. no3.QHee nyn H KaHnn 151 
0KOH'I8TenbHO HAeH-

TH~HUHpoaanH 3TOT H30TOII. nnll rrepH0/18 IIOnypacrraaa uo Pr cneayeT npHHSITb 

161 
3Ha'!eHHe T1 12 = (3,4:!:. 0,1) MHH, rrony'leHHOe ne-BallpoM Hap. 

l1MeeTCSI plla pa6oT, IIOCBSIIUeHHbrx HccneaoaaHHIO paaHaUHH 140 Pr. EbrnO 

I 40 161 
o6Hapy>KeHo HHTeHCHBHoe' rro3HTpOHHoe H3ny'!eHHe Pr . • Eonee rroapo6Hb1ll 

8H8nH3 !18HHbiX 0 !103HTpOHHOll 3MHCCHH I40 f'r Mb1 rrpoaeaeM HH )I<e . 

K HBH6onee HHTepeCHb1M HCCneaOB8HHSIM P8MMa-nyqei! H a n eKTpOHOB BHyTpeH-

UO 171 
Hell KOHBepCHH Pr CneayeT OTHeC T H pa6oTy n JKenenoaa H ap, , B KOTOpoll 

6btn Ha6niOAeff MOHOIIOnbHb!ll aneKTpH'IeCKHli nepeXOA, B036yJK.Q8e M b lll B 

F. = 1803,5 Kaa), aToT nepexoa 6b1n HaaecTeH paHee H3 pacnaaa 

SlApe 1cor. 
uo 121 

La. 
AHanH3 CXeMbl pacnaaa 

140 Pr .. 140 re 
121 

CO.QeplKHTCSI B Bb1llley!IOMSIHyTOM 

o6aope 
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.UononHHTenbna n nncpopMaunn o cxeMe pacnaaa 
140 

1'r -+ 140 r.e 6btna nony-
/ 8/ 

'lena B pa60Te Xn3aTaKe n ap. • B 'lacTnocTH, B aToll pa6oTe 6btn o6napylKeH 

paHee HeH3BeCTHLIIi E2-nepexoa C COCTOHHHH C I IT & 0+ (E = 1903,5 K3B) H8 

nepsoe B036y>l<aeHHOe COCTOHHHe UO r~ C I IT = 2 + ( E = 1596,6 K3B). 3TOT 

nepexoa KOHKyp11pyeT c npHMLIM 0+ -+ 0+ nepexoaoM ( h 11 = 1903,5 Kas). 
140 

C11cTeMa so36y)l{aeHHbiX yposHell napa re ropa3ao nonHee H3y'leHa H3 

pacnaaa 
140 

La '!eM 113 pacnaaa 
140 

Pr . B csoell pa6oTe Mbt He cTas HM nepea 

co6oil 3aaa'lu o6cy >l<aaTb aeTanbHO aaHHbte oTHOCIITenbHO cxeMbl yposnell 140 re, 
140 

so36y>~<aaeMbtX H3 pacnaaa I• · Mbi 6yaeM ncnonb30BaTb nnwb Te aaHHbte, 

KOTOpbte HaM 6yayT Heo6xoanMbt npn o6cyJK.QeHHH cxeMbt 
140 

Pr .. 140 r~. 

2. n p e n a p a T 

B pa6oTe a Ka'leCTBe npenapaTa 6btna ncnonbaosaHa HeoanMoBaSJ ljlpaKunn, 

xpoMa Torpaljln'leCKn BbiaenneMaH H3 npoayKTOB o6ny'leHnH Cd -MnweHH 6btCTpb•-

MH npOTOH8MH ( r P = 660 ;v\as), BpeMH o6ny'leHHH B p83HbiX OTibiT8X COCTBB-

nSJnO 0T 2 .110 4 'laCOB, 06ny'I9HHe MI!WeHH npOH3BO.IIHnOCb HB BHyTpenHeM ny'IKe 

npoTonos CHHxpounKnoTpoHa OH$HI. XnMII'IeCKaSJ o6pa6oTKa o6ny'leHHOft MHWeHH 

Ha'IHHanacb Hen ocpeaCTBeHHO nocne o6ny'leHHSJ H annnacb oKono 2 '!acos. Bbt.lle

neHHaSJ xpoMaTorpa~m'leCKH ¢paKuHSJ HeoanMa coaeplKana cne.ayJOIUHe HeJ1TpOHo.ae¢n-

llHTHble U30TOTibl: 

141 Nd 
( T 1 /2 = 2. 42 '18C)' uo Nd (T

112 
= 3,3 aHn), 

139 Nd (T
112 

= 5,53 'lac), IM •:d (T
112 

- 5,2 'lac), 

13T 1\ld (T = 55 ) /9,10,11/ 
112 

MHH 

CnycTn necKonbKO cyTOK, Koraa KopOTKOlKHBymne H30TOTibl pacnanncb, npe-

napaT coaep>Kan nnwb pa.auoaKTnBHbie n3oTonbt 
140 

Nd + uo Pr H H8KOTIHBUJHiiC H 

n3 pa cnaaa 139 "'d H30TOTI 13~ r~ (T 
112 

= 140 an.) npncyTCTBHe H3ny'leHHH 

139 re H8M He ~!Orno CHnbHO ~teWaTb, TaK KeK 3TOT 1130TOTI pacnaaaeTCH IICKnJO-

'IHTenbHO 
1811 

La ( h 11 

f: -38XB8TOM H np11 3TOM B036y>KaaeTCH TOnbKO oanH ypoBeHb B 
/9 / 

165 K3B) . 

HcTo'!HHKit ann Mar HnTHoro 6eta-cneKTpoMeTpa npnroTosnnnncb BbiTIBp i!Ba

H:Ie M Bbi XOllSIWero H3 XpOM8TOrpacjHI'!eCKOM KOnOHK H p8CTOOp8 ~laCnHHOM KHCnOTbl 
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11 coaep>Ka ruero ljlpaKUII !O neoa11 ~1 a . BLinapueau11e np0113 D OLU!JI OCb na an!OMHHIIe By JO 

llOilflO)l<Ky pa3M e p a MI! 0,5 X I5 MM II TOflUIIIHOH 5 MK, 

Pacnaa 
140

Pr ... uo f:e ocywecTanHe T CH KaK 3a c'l e T 3axaaTa op6~tTanbEihiX 

sneKTpOHOB, TaK 11 nyTeM SMIICCIIII no::JuTponnoro 113ny'leEIIIH. EeTa-c'leKTp 
140 Pr 

IICCneaOB8HCSI HeOAHOKpBTHO p831l H'IHbiM II 8DTOp8 !viH, KOTOpble llpiiMeHHHII Lilli! 

9TOil u e r.11 KBK MBI"'HIITHbie 6eT8-Cil eK T pOMeTp bl, T 8 l< I! Apyrue npu60pbl ( KBMepa 

Bnn bCOHa , n!OMHHecu e HTHbie cn c KTpoMeTpi.J, MeTOLI n o rnouteHIIH). Pe3ynbT8Tht HC-

cneaonauHil f+ - c neKTpa, nony'leHH bte ua Mal"'HitTHbiX cneKTpoMeTpax, na116on e e 

TO'IHbi, uo He e c e r aa cornacyiOTCH Me>« Jly co6oll. 

B Ta6n. I npHBeaeH bi aaHHhle OTnocuTenbHO f+ - c n eKTpa 
140 Pr, 

Hhle c liOMOutbiO MBI"'HHTHbiX cneKTpOMeTpoa. TaM >I<e npfiBOJlHTCH peaynbTBTbi ua w 11x 

OllbiTOI). npiiMeHeHf!e 6eTa -cneKTpOMeTp a C LIBOiiHOM LIByXK p 8 THOfi {jloKyCHpOBKOM 

liY'IKB 118 y ron rry 2 , B KOTOpOM H81lp51>KeHIIOCTb MBI"'HI!THOI"'O liOnS! 11 3 M ep He T CSI 

M eTOJlOM HAepHOI"'O pe30H8HC8, ll03BOnllnO HB M C XOpowefi TO'IHOCTbiO O!IpeaenHTb 

rpaHH'IllyiO suepr11ID crreKTpa n o 3HTpOHOB (p H C. I a). Ha p uc . I a np ,meaeu c rr e KTp 

ll03HTpOHOB 
140 

Pr, rrony'leHHblii B HBWIIX 113MepeHIISIX, ¢opMy C!IeKTp8 Hll)l<e 9Hep

I"'HII I4Q0 K3B Mbl BOCCT8HOBHnll ITO 9 K C n epl! !vteHT8Hb H b i M TO'IKBM, C'I HT851 6eTa-rrepe-

XOJl paaperueHHLIM, 

Mox<HO OT MeTIITb, 'ITO HBWII Jl8Hf!ble llO 9 H e p1"'1111 6eTa-rrepeXOJl8 XOpOWO COB-

/7/ • /I2 / 
naaaiOT c aua'!eHIISIMH , nony'!eHHbiMH Ll>KenerroahiM 11 np. 11 XouuauKIIM 11 ap. 

6 
/I3,I4,8,I5/ E 

H uaxonHTCH B npoTnBope'IIIH c aaHHbiMB pa oT P e3ynbTB Thi payua 

/I3/ / I4 / 
II Jlp. II rpoMOB8 H Jlp, CyiUeCTBeHHO OTnii'!BIOTCSI OT peaynbT8TOB Jlpy l"'HX 

pa6oT, 

nony'leHHOe HBMII COOTHOWeHHe IIHTeHCHB!IOCTH f+ -crreKTpa I.O Pr II IIH-

T e HCIIBHOCTII KOHBepC HOHH bi X sneKTp OHOB nepeXOJl8 C h II = I903,5 K9B H8XOJliiTC51 

B Y llOBneTBOpiiTenbHOM COI"'nBCIIH C COOTHOWeHIIeM, llpiiBOJliiMblM Ll>KenerrOBblM 

171 /I2/ / 8/ 
11 ap . XofiuauKIIM 11 ap. , X11aaTaKe 11 ap. 
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4. CneKTpbt raMMa-nyqeJ! n sneKTpoaoa aHyTpeaHeil 

KOHBepCHH 

VlccnenoeaHne cneKTpa raMMa-nyqeli npenapaTa 140 Nd + 140 Pr 6brno npo-

aeneHo c noMOIUb !O nonynpoaonHnKoaoro ra MMa- c n eKTpOMeTpa. B pa6oTe ncnonb-

aoaanncb naa Ce ( Li ) -neTeKTopa KOaKcnanbHoro TKna: onnH neTeKTOp c 

3 3 
'iYBCTBHTellbHblM 06'beMOM 5 CM , npyroli - 12 CM , 06a neTeKTOpa KMeliK paape-

WB!OIUY!O CITOC06HOCTb 4,5 KSB H8 mtHHH 1332 KSB eo lO. 

AMnnKTYllHbtl! aHanKa ocywecTansmcg 2048 - KaaanbHbtM aaannaaTopoM. 

3 aepreTrr'ieCK8SI Kanni5poaKa cneKTpOMeTpa nponaaonnnacb no Y -liHHHSIM llaC ', 

Kann6posKa neTeKTopoa no s<)><)>eKTJIBHOCTH ocyweCTBnHnacb no raMMa-ny'iaM 

22
' 

24 
Na. 

48 Sc H 
189 

Yb • norpewHOCTb B onepeneneHHH HHTeHCttBHOCTell raMMa-ny -

'lei! H3-38 HeTO'iHOCTH KBIIH6pOBKH n o s<)><!JeKTHBHOCTH 6bl118 ~ 10%. 

B Ta6n. 2 npnseneHbt peaynhTBTbt Hawnx nccnenoeaHnll raMMa-cneKTpa
140

Pr. 

TaM >Ke nnH cpaaHeHnH npnseneHbt peaynbTBTbt OTHOCllTenhHO raMMa-nyqeJ! 140 Pr, 

nony'ieHHwe a npyr11x pa6oTax. 

CneKTp sneKTpOHOB BHyTpeHHeJ! KOHBepCHH troPr llCcnenoeancH c noMOIUbiO 

M8I'HHTHOI'O 6eTa-cn eKTpOMeTpa C llBOilHOH llBYXKp8THOH <jloKyCHpOBKOH ny'iKB H8 

yron tr y 2 • npn6opHaH paapewaiOwaH cnoco6HOCTb 6brna 0,22% npn cseTocnne 

b 0,1% OT nonHoro Tenecaoro yrna. ToK B o6MOTKe sneKTpoMarHHTa npn6opa 

nonnep>KHB81ICSI npH nOMOIUH cneUH81IbHOI'O CT86HII H38TOpa TOKB C Bb!COKOH TO'i

-5 
HOCTl>iV (He xy >Ke 5 ·10 ) . 3nepreTH'IeCK8SI K81IH6pOBK8 cneKTpOMeTpa OCyiUeCTBIISI-

118Cb no KOHBepCHOHHblM liHHHSIM I'8MMa-nepe XOllOB, HMe!OIUKX MeCTO B SlOpe 
rro · 

l e. 3Hepr'HK STHX nepeXOllOB C 60llbWOH TO'iHOCTb!O H3BeCTHbt H3 K3MepeHHH 

I'8MMB-CneKTpOB npenapaTa 
140 

La HB 2 -MeTpOBOM cneKTpOMeTpe C H30I'Hy-

/19/ 
Tb!M KpHCT8111IOM 

HawH naHHbte o6 sn eKTpoHax BHyTpeHHe>i KOH BepcHK raMMa-nepexonoe 140p, 

npneeneHbt e Ta6n. 3 n na puc. 2. B Ta6nnue TaK >K e nanbt nnH c paeaeHHSI peaynb-

T8Tbl HCCnenOB8HHH KOHBepCHOHHOI'O CndKTpa 140 rr na pa6oT bt XK3aTaKe H 

18/ 17 I 
np. H llx<enenoea H np. . 

nony'IeHHbte H8M.Ii llBHHbte 06 HHTeHCHBHOCTS!X I'8MMB-nyqeil. H SlleKTpOHOB 

BHyTpeHHei! KOHBepCHH 
140 

Pr HCnOllb30 B8Hbl llliSI onp eneneHHSI KOS<jl<)>HU!IeHTOB 

BHyTpeHHeH KOHBepCHH I'8MMa-nepeXOllOB. ~T06hl Bhlp83HTb OTHOCHTellbHhle HH

TeHCKBHOCTH I'8MMa-nyqeli K SlleKTpOHOB BHyTpeHHei! KOHBepCKH B OllHHX enH-

6 



HHUllX, IICIIOllb3 0B8liCSI TOT <!JBKT, '-! TO n epe XOil C h 1/ = 1596,6 KSB HMeeT Myllb

T llnOllbHOCTb E2
121 

( ak = 6 ,6 10-
4 

/'L.O / ). B Ta6n . 4 npHBOilSITCSI c oea eHH SI 

0 K0 3tjxjJHUI!eHT8X BHyTpeHHeli KOHBe pCHH r aMMa-nepeXOilOB B I 40 re H BbiBOilbl 0 6 

IIX MYllbTHIIOllbH OCTSIX. 

H a p H c. 3 npHoen eHbi liHHHII n epexona c h v = I 903,6 K3D o 140 t e . nony

'-! e Ho OTHoUJe HHe K I I. + M = 5,55 :!:. 0,1 5 . 3Ta o e na'-!aHa OTllll'-!acTc n oT p eaynb

TaTa p a 6oTbi XH3aTaKe H np/
8 1 

( K I I. + M = 6 ,20 :!:. 0 , 14) 11 6n 1!3KB K peaynb
/ 38/ 

T BTy Jl)!{ene n ooa n np. ( K I L + M = 5 ,8 :!:. 0, 3 ) . 

5. CxeMa pacnaAa 
140 

Pr .. 140 re 

HeKOTOpbie naHHJ,Ie o cxeMe pacnana 140 Pr 
/ 2/ / 9/ 

n errooa 11 ap. , B KHf!re JlJK e n e n ooa 11 np. 11 o 

ripi!BOilSITCSI B 063 0pe Jl lKe

/8/ 
pa6oTe XHa aTaKe a a p . 

K p oMe Taro, HC06XOilHMO II MeTb D Dlflly, '-!TO HMeeTCS! MI.Oro JlllHH bi X 0 B036y)!{-

neHI!II naepH biX COCTOSIHHli I(O re 1!3 pacnana 140 La. AH8liH3 CXeMbl pacnaaa 
140 

l-4 ... 
140 

t e conep)!<HTCSI o y noMHHyToli p a 6oTe Jl >Kenerrooa H a p . 121 . noa aHee 
I 19/ 

B rronoHnHCb aaHHbte o pacrraae 140 I .n 
If Hll OCHOBe TO'-!Hbi X H3MCpeHHH 

raMMa-nepexoaoo 6btna np eano >I<eHa cxeMa ooa6y)!{ne HH LIX ypo oHe ii 140 re . 
/ 21,22/ 

Haao OTMeTHTb riOS!BlleHHe JlByX pa6oT , B KOTOpbiX n p CilliOJI< CHbl HOC-

KOllbKO apyrHe cxeMbt pacnana 140 Lo ... 140 re. 
Ha HBUI oarJHIIl , 3TH c xe M LI 

He BnonHe COOTDeTCTBY!OT nelicTDI!Tel!bHOCTH H rrpOT II BOpe'laT COBpeMeHHblM Teope-

TH'IeCKI!M rrpellCT8BlleHHSIM. 

3a OCHOBy CXeMbl D036y)!<lleHH biX COCTOSIHHii HO te H8 MH B351T bl B8pH8 HTbl, 

/2/ /19/ npennara eMbte o o6aope Jl >~< enenooa 11 ap. a o pa6oTe • 

CoooKyrrHOCTb 3 Kc nepn MeHTanbHbtX a aHHhiX noaoonSieT npeanoJIOITb c x e My 

pa cnaaa 1(0 re 
, li3 0 6 p8JKe HHY!O Hll pi!C. 4, 6anaHC HI!Te HCUDII OCTeii 

6 Lin paCC'-!I!TaH B npeanono)!<eHHII, 'ITO Ha y poBHH 140 re 

> 2552 K3B npaKTH'IeCKH pacnaaoo He npoacxoanT ( Mw He o611apy m ann r a MMa

nepexoaoo, OCyUieCTBliS!lOUJI!X pa3pS!IlKY TllKHX COCT05IHHH B OCIIODHOe COCTOS!HHe 

HenocpeacTo eHHO HliH KBCKBilHLIM o6paaoM). KpoMe Taro, npu npooeae Haa 6a-

Jia Hc a HHTeHctmHOCTell paa oeToJieHH SI II t I ":t f+ 6panu c b an~t cooToeTCTBYIOil!HX 

6 eTa-nepexoaoo o npennono>K eHf! l l HX p aapeUieHHoro xapaKTepa. 
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HeKOTOp b!e ypo BHH Ha cxeMe ( p !i C, 4) o6o aHa 'le Hbi nyHKTHpOM, 3TH COCTO-

gHHH xopowo H3BeCTHhl H3 pac nana 140 La . B cnyqae 140 Pr OHII npa KTH'IeCKH 

He aacenmoTCH nenocp encTB eHHO H3 6 e Ta-pac n ana 1W11 E - aa x saTa, a HMeiOT sec h-

Ma Many iO Bepo HTHOCTb B036yllHTbCH npH p a 3pS1UKe B b!Wenex<AWHX COC TOS1HHH, npH 

nposeneHHH 6 anaHca HHTCHCHBHOCTeil B cxe~1e pacnana 
140 

Pr -+ 
140 \e 

Han!f'IIW TaKHX ypOBHeH Y'IIIT biBanOCbj HHTe HC!IBHOCTH raMMa -ne p e XOllOB, a acen g

/ 23/ 
rornHe HnH paapH x<a rorn He HX, 6 hlnH n e p c c'IHTaHhl H3 p a 6oT bl AHTOHbesoil H n p . 

3aKniO'IeHHR o MynhTHnonbH OCTHX r a MMa-ne p e xonos non TBepx<naroT noc neno-

140 / 2 19/ 
BaTenhHOCTb CllHHOB ypOB Heil \e • npennox< eHHYIO B pa60TaX ' 

Ha cxeMe npHBeneHbi n o ny'leHH hle HaMH naHHble o s e poHTIIOCTHX a a c en e HHH 

ypoBHeil 
140 

\e H3 pacnana 
140 

Pr. Ta M X<e npHBene Hbl 3Ha'l e HRH Po~ It 
10 

nnH f'- H f- nepexonos 
140 Pr. B Ka'leCTBe cpyHKUH il I Hcno nbaos anHCb 

f + (F. , 7 ) H f f ( f' , Z ) nnH pa3pe rne HHbiX nepeXOllOB, 3Ha'leHHH KOTOpb!X 

/ 24/ 
B 3HTbl H3 Ta6nH!l Jl,H , 3b!pHHOBoi1 n E.C.Ll x<enenosa • 

BenH'IHHa pa3HOCTH MaCe aTOMOB 
140 

Pr H 
140 \e 

paBHOll 3388 !_ 6 K3B, 'ITO .cnenyeT H3 HalliHX H3MepeHUll , 

6. 06cyX<neH He cxeMbi pac naga 
140 

Pr .. 
140 

\e 
I 

6hina llJlHHHTa 

.Hnpo 
140 \e 

38 82 cone p X< HT " MarH'IecKoe· qucno HeilTpoHos, y Hero aasep-

waeTCH aanonHeHne nHToli He il TpOHHoli o6ono'IKH. Hanuque "Marn'IHOCTu" He i'!TpoH-

'HOM CHCTeMbl 3 TOrO Hnpa nonx<HO B CUnbHOll CTeneHH CKa3 aTbCH Ha CBOftCTBaX 

HnepH biX COCTOHHHM, 

nocKOnbKY HllpO I40 \e 

e ro OCHOBHOrO COCTOHHHH 6ynyT 

q{;THQ-'I {;THOe, TO KBaHTOBbiMH XapaKTepHCTHKaMH 
, + 

I = 0 , KoHcpHrypallHH OCHOBHOrO COCTOHHHH 

B o6onO'Ie'IHOli HHTepnpeTallHH TaKOBa: 

P ( d ) 2o 
3/2 

) 2b 
p ( g T/2 'N = R2 I ' 

rne 2 a + 2 b = 8 (csepX "MarH'IeCKOro• 'IHCna npOTOHOB 

ellle 8 npOTOHOB, KOTOpble MOryT HaXOllHTbCH B COCTOHHHHX d 3/2 

8 

Z = 50 HMeeTCH 

/8/ 
H g T/2 



MaTepiH!CKOe srnpo 
L( 0 p,. 

en et HM eeT XapaKTepHCTHKH OCHOBHOrO COCTOS!HMS! 

It = 1 + H !10 onHO'IBCTM'IHOH Monenn 060nO'l.eK MO)!{eT 6b1Tb MHTepnpeTnpOBBHO 

KaK nMeJOmee KOHqmrypaUMJO I p ( d 
5

; 2 ) , n ( cl
8
/2 l -I 

pauHeli XllpaKTepM3yeTCS! OCHOBIIOe COCTOS!HMe tee P,. 

(c T
112 

= 13,5 MMH) . 

I . TaKoii l!<e KOHqmry-

/ 
11 I M COCTOS!HHe IM Pr 

EeTa- pacnan IR p,. HB OCHOBHOe COCTomme 140 re cssr3aH c npespa-

meHHeM p ( d e/2) .. n ( d e/2 l, 'ITO nonmHo o6ecne'luBaTb pa3pem e HHhlH xapaKTep 

6eTa- npouecca (aKcnepnMenTanbuoe 3Ha'!eHne Pos 10 It = 4,4) . 

CocTOS!HHS! c<jJepwqecKHX 'I~THo-'leTf!biX >Inep c He6onhwoii aHeprweii B036y m-

neHMSI 06LI'IHO llpi!HS'!TO paCCM8TpllB8Tb KBK KOnneKTI!BHbie, C!1SI38HHble C KOne6aHH-

HMH llOBepXHOCTM l'lnpa. npoCTaH sn6paUIIOHH8SI Monenb O . Eopa KBanpynonb HblX 

rapMOHM'IeCKMX Y. One68HHH rrpenCK83biB8eT B036y)!{neHHe onH O<jJO HOHHblX, nsyX<jJOHOHHblX 

H T.n. ypoBHell. 

0uHo¢ouoHHbil! yposeHb c I " = 2 + B o6nacTn l'lncp c A 140 ne)!{HT H8 

BbiCOTe 

t4o r. c 

"'0, 7+- 1,0 M<:>B Han OCHOBHblM COCTOS'!HMeM . Bo36yl!<neHHOe COCTOHHHe 

[ It = 2 + (E = 1596,5 K3B) T8K)!{e , TIO- BnnHMOMy, HMeeT TBKYJO rrpH-

pony, HO H8 era 3HepreTHKY OKB3blBBeT CHnbHOe BnHI'!HMe "MarM'IHOCTb " nnpa . 

llaHHbie o eem:'IHHe B (E2,2+ 0+, h" = 1596 Kas), rrony'leHHbie H3 Kyno-

HODCKOrO B036yl!<neHHSI H 113 H3MepeHHH BpeMeHII >1<11 3HH 3TOrO COCTOHHU511 TIOKB-

3biB8JOT CHnbHoe ycKopeHHe raMMa-rrepexona c h v = 1596 K3a 
, . B ( E2) 3KCTI /25/ 
'ycK. = --8-Ti::2)--.~p.-- = 10-1 6) 3To roaop11T a rronb3Y KonneKTHBHoii 

npnponhl ypOBHI'I 1596 K3B. 

PacCMOTpUM CBOHCTBB COCTOS'!HHS! C 3HeprHeH 1903,5 K3B H KBBHTOBLIMII Xa-

pBKTepMCTI!KBMH I 
17 

= 0+. MMeJOTCsr TP '' pa6oTbi, a KOTOpbtx conepll<8TC51 naH-

Hble 0 BpeMeHM >K 113HII 3 TOrO COCTOSIHIISI: 

< 0,6 HCeK 

/27 I 
(0 ,27 :!:_ 0,05) HCeK 

( 

/26/ 

/28/ 
( 0,39 :!:_ 0,03)HceK • 

f13 3TH X naHHblX H OTHOWeHHS'! BepOS!THOCTeli pa3pS!nKH ypOBHSI 0 + rryTeM IICTIYCKB-

HHSI E O- 11 E2 - rrepexonoe, rr ony'leHHbiX HaMH, MO)!{HO nonc'IMT8 Tb rrpnaeneHHyJO 

sepO!i!THOCTb B ( E2 ) rrepex ona 306 , 9 K3B. 0Ka3biBBeTCI'!, 'ITO <jlaKTOp ycKopeHHSI 

3Toro rrepexona cocTaen51eT 
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F 
ycK . 

B (E2) 3KCII. 
-a-m~n-;:-;.--- { 

7,1 + 1 1 /28/ 

10,3 ~ 2·,6·. /27/ 

no BH6p8UHOHHOfi MO.QenH 0, 6opa OTHO!lleHH~ npHB~eHHb1X • aepOl!T-
8 (E2, 0 .. ? . ) 

HOCTefi OllHOcjlOHOHH b1X nepeXO.QOB -B-rE2-:r--:;---6"-r- = 2, 8 HBllleM cnyqae 
+ + \J • 

B (E2 ,0 .. 2 , hv: 306,9 Kaa) 
--1--~-;.-.--------li-----n-..:.-o------r "" 1. .Han oro npoTHaopequ ll c Mo.aenbro B E.:,.: "T" .. o+ v c 5t~6,o K9B/ 

O.Bopa ne na6nn.aaeTCH. 

nocKonbKY apeMH )!{H3HH B036y)I{.QeHHOrO COCTOHHHll 0+ (E = 1903,5 K9B) 

H3BeCTHO, TO MO>I<HO onpe.aenHTb a6coniOTHyiO aenH'!HHY IIpHBe.QeHHOrO MBTpH'IHOro 

an eMeHTa MOHononbnoro aneKTp uqecKoro nepexo.aa p • KOTOp8ll BXO.QHT B 

¢opMyny IV k (EO) = Q k (EO) p 2
• 3.aecb n k (EO) - npaae.QeHH8ll aepo-

l!THOCTb K-Konaepcnonnoro EO -nepexo.aa, KOTopal! MO)I{eT 6b1Tb orrpenenesa 
/29/ 10 -1 

H3 pa60Tb1 ( n k = 4,2 ·10 CeK ) , Llnll aenn'!l1Hb1 p rronyqaeM: 

/28/ 
P = 0,102 :!:. 0,009 (ncnonb3Yll T

112 
H3 ), 

/27 I 
p = 0,123 :!:. 0,020 ( ucnonh3Yll T 

112 
H3 ) • 

nony'!eHHOe 3H8'!eHHe aenH'IHHb1 M8Tpli 'IHOrO aneMeHT8 p HHTepeCHO 

Cp8BHHTb C COOTBeTCTBYIOillHMH 3H8'!eHIHIMH 
90 

HblMH 060nO'IKBMH: p 
214 

0,056 y 40 Zr 50' 

p 

p 

y l!llep c 3arronneHHb1MH 
40 

= 0,15 y 20 Ca 20 

Heii TpOH-

p = 0,17 

/ 30/ 
pa6oTe 

84 Po 130 BenH'!HHb1 p y rrepe'IHCneHHb1X llllep B3HTb1 no 

LlononHHTenbHO MO)!{HO Cp8BHHTb BenH'!HHY rrpaBe.QeHHOrO MBTpli'IHOrO 

ane)V!eHTa P c TeopeTH'!eCKHM 3Ha'!enneM p = 0,36, KOTOpOe Bb1TeKaeT !13 

MO!lenH rn.QpOllHHBMH'!eCKUX IIOBepXHOCTHb1X KOne6BHHfi HllpB, B T8K}!(e H li3 MO.Qe
/31/ 

nH Ll8Bb1ll0BB, IIpHM9He HHOfi .QnH ccjlepH'IeCKHX Hllep , 

~IHTepecno cpaBHHTb OTHO!lleHHe HHTeHCHBHOCTH K-KO!IBepcHOHHbiX aneKTp o

non EO-nepexona K nHTeHcnenocTH KOHKypHpyro!llero E2-nepexona c ypoBHH 

1903,5 KaB: 

I' k ( 0 + ' 
+ 

EO + + 
IV k ( 0 ' .. 0 ) 

(0,38 ±.. 0,06) . .. 2 
E2 + + 

\"\' ( 0 .. 2 ) 
y 

BenH'!HHa I' k CBH3BHB c 6e3pa3Mepnofi eenH'!HHOii 

2 4 2 +- + 
X=B(F:Ol/B(F:2)= en p (0 .. 0 

U ( E 2 , 0 +' .. 2 +) 

10 



/32/ 
Bblp8>K9HH9M 

X 

-8 6 
1,85 • 10 E y 

n k 
p. k 

r.oe E y - saeprHR E2-nepexo.oa a KanosneKTpoa-aonbTax 

X Sit en. • ( 0,045 ± 0,007 ) . 

3Ty BenaqHHY MO>KHO Cp8BHHTb C TeOpeTHqeCK HM 3HaqeHH9M 1 KOTOpoe onpe.oenHeTCR 
/33/ 

H3 Mo.oena KBa.opynonhHhiX Kone6aaan 

X ( 
EO o + · .. o + 
E2 o+> .. 2 + 

r.oe - aenaqaaa aMnnHTY.Obi ayneBbiX Kone6aaa l! H.Oepaol! 

noaepxaocTH, B - aaepnaanbHbtl! napaMeTp, C -napaMeTp >K9CTKOCTH S!.Opa. 
2 / 33 / 

BenHqaay f3 
0 0 

nerKo onpe.oenHTb · 

B(E2,0 + .. 2+) 
=-=-

yBC 1 2 2 4 
9/32 ~ z e R 0 

f3 00 ~ 
3 . 9 y fl ( E 2 ) • 10 26 

z e A 

t /3 
R 0 =1 ,2' A I 

3KcnepaMeHTanbHOe aaaqeaae fl(F.2 ) 
- 48 2 4 

= (0,27 :!_ 0,04) •10 e CM npHBO.[lHTCSI 
/34/ 

B pa6oTe • 11cnonbayH ero , aaxo.o 11 M {3 00 = 0,127. 

Teop eTaqecK oe aaaqeaae X oKa3hiBaeTcH paBHhiM 0,064 :t. 0 ,009. BH.OHM, 

qTo 9KCnepaMeHTanhHOe aaaqeaae X H TeopeTHqecKoe y.ooaneTBOPHTenhHO corna-
B (EO) 

cyiOTCSI, X = -ErTE2J .OnSI pa3HbiX H.Oep He3aaqHTeflbHO ~8pbHpyeTCSI B npe-

.oenax 0,04-0,06, B TO JKe apeMH senHqaaa P 

6poc npH nepexo.oe OT H.opa K H.Opy. 

11 
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TaKHM o6pa30M, cnenyeT OTMeTHTh, 'ITO Kone6aTel!hHBH Monenh ynoaneTaopn-

140 
Tel!bHO OnHChlBBeT HeKOTOphle CBO~CTBB Hllp8 Ce. Ho MaKpOCKonn•wcKaH Me>-

OeJJb r ; .opOUIIHBMJJ'{eCKifX KOne68HHlt noBepXHOCTH Hllp8 He MO}J{eT npeTeHOOB8Tb H8 

KOl!H'IeCTBeHHOe OnllCBHHe I!MeJOUlHXCH llBHHbiX. 8 OC066HHOCTH OH8 He 06'bHCHSI6T 

na61!JOOaeMyiO HB OnbiTe 38BHCHMOCTb 3HeprHH H B6l!H'IHH 8 (E2) COOTBeTCTBYIOWHX 

KonneKTIIBHbiX nepexonoa OT cTeneHH 3anonHeHHH nnepHbiX o6ono'leK. 

6bll! p83BH1' OOOXOO, no3BOl!HJOWHfl Mi!KpOCKOOI!'IeCKH OnHCbiBOTb KOn/I e KTHBHble 

U036y>KOeHHH HOep D p8MK8X MOilel!H napH bi X KOppel!HUHii, nepBbie ypOBHII 'IC THO-

'ICTHhl X HOep C 7r = 2 + no 3TOfl MOilel!H npeOCTBBl!HJOT C06oii "CBH38HHbie" COC-

TOHHHSI napbl THnB '18CTIIUO-il b1 pKa, B03HHKBK>WUe H3-38 H8l!H'II!51 KBBilpynOTibH0-

/35/ 
Knanpyn o nhnoro n3auMoneflcTnHH. 8 pa6oTe 6Hp6paHpa 11 np. nponenen pac'leT 

aenJJ'IIIH 1:3 ( ro2) n aHeprJiefl nepexonoa c nepnbiX 2 + -cocTOHHHi1 Hnep B paMKax 

YKB38HHOii MOilellll . non6opOM napaMeTpOB MOilel!H B03MON<HO nony'IHTb yDOBl!(!TflO -

140 
pnTellbHOe COrJJBCIIe C 3KCnepH M eHTBl!bHbiMH ilOHHbiMH, B 'IOCTHOCTII ill!SI Ce 

TT 
3aK8H'IIIBBH paCC t.!OTpeHIIe CBOilcTB COCT05IHHii C 

Cl!enyeT OT~teTUTb , 'ITO COOTneCTBYIDWHe 3HB'IeHHSI fog I O fl 

= 2 + H 0 + B I40 Cc 
1<0 

6eTa-nep e xonon Pr 

na nux carnacyJOTCSI c npennonol~<enHeM KonneKTIIBHOii npuponbt ypoanei'I 1596,6 n 

1903,5 1<91J . 

Oc·raHouuMCH nKpaTue na JJH'repnpeTal.i~ll apyr11x ao36yN<neHHbtX cocTommfl 

I 10 
c,. . CocTomme 

1-10 
(',. c :o>Hepnni ao36Y*ilC!HIIH E ~ "2083,6 K3B nocTaTo'IHO 

J.j () 

xopowo u3y'le no H3 pacnana La EMy npunnca!lbi KBBHTOBble xapaKTep!tCTIIKH 

1" = 4+ . ll3 ~tepeHII e yrnoai,IX Koppen HUHfl MeN<ny raMMa-ny'laMu 487 u 328 K3B 

C£111UeTel!bCTByeT 0 nocnenOBllTel!bHOCTH CflliHOB 3-4-2 ypOUHC!H 0 Meli<Uy KOTOpblMH 

JJ~ICIDT MeCTO yKa3aHHbte ra1A~ta-nepexonbl. I l3necTno apeMSI }J{ H311H a T o ro cocTc>

/36/ 
lUll! 51 (T 

112 
= 3,41 _t 0,04 HC(!I{ , • 0Ka3biBlleTCH, 'ITO nepOSITHOCTb nepeXOUB 

487 K3B, KOTOpbl~l pa3pm• :aeTC51 ypOBeHb 2083,6 K3B, 3ATOpMOl" eH.a 

B 8,3 p83 flO Cp8BHeHUIO C OUHO'IOCTII'II!Of! OUeHKOii, 3TO MewaeT HB~l paCC~!llTpH
+ 

BBTb COCTOSIHI!e 4 KaK llBYX<!JOJIOIIIIbiH KBBUpynonbHhiH ypoBeHb .J i3M6pCHIIe HUe p-

H OrO g - <jJaKTOpa paCC~ !8Tp1IBBeMOrO ypOBHH ilBTIO Bel!H'IIIHY ~= 1,11 ::_ 0,04 136/ • 

TeopeTH'IecK oe 3Ha'lenne g - <jJBKTOpa, Bbi'IIICl!CHHOe no CXeMe j - j - CBH311, 

.nyqwe BCero COrnacyeT CH C 3KCnepHMeHTOM, eCflH COCTOSIHHJO 2083,6 K3B npHnH-

< /36/ 
CBTb cneUyiOWY!O nayxnpOTOHHYJO KOH<jHt rypaUHJO ( ~ T/2 • d ~/2 ) I ~<+ 
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f 

HeKoTopble pac'!!!Tbl nayxKB83ll'lacTH'IHbiX. ypoaHel!: c¢e puqecKnx 
/ 37/ 

llllep B pal!:oHe A g 140 ObinH npoae.[leHbl B pa6oTe ( a BCS + Tamm -

/37 / 
- Dancoff -npu6nH >I< eHHH). npu 3TOM M.Po aanancl! onp eneneuuoll nocnenoaa-

TenbHOCTbiO O.[lHO'I8CTH'IHbiX ypOBHell: 1g 7; 2 , 2 d 0/2 ,1h ll/2'2d 3; 2 , 3s ~ 

Ebln pacc '!HTBR 3HepreTn'!eCKHH cneKTP ypoaHe.H c I" = 2 +, 3 +, 4 + nnll '!!!THbiX 

c<jlep H'!eCKHX llllep c N = 82. B 
14° Cc 6ynyT HMeTb MeCTo cne.nyrowHe 

2 2 2 2 
llBYXK Ba3H'!8CTII'lllble COCTOSIHHll npOTOHOB ( S 7j2) I~ ,( g 7j 2 ) l=4 , ( do / 2 ) !=2 ,(do / 2) 1<>4 

3TH COCTO SI HH ll OTO*IlaCTBfllliOTCll C 3KCrrepHMaH~8flb HO yCT8HOBfl eHHbiMH 

ypOBHllMII 1596 K3B (2+ ), 2084 K3B (4+), 2348 K3B (2+) II B03M OmHO 

2516 K3B ( 4 + ?) ( KOTOpbiH li3BeCTell H3 pacnana UO La H Ha pH C. 4 He npHBe

.[leH) . C oCTOllHIHIM C 3Hepl'H SIMH B030Y*IleHHll 2412 K3B (3+) H 2522 K3B (1+) CO-

OTBeTCTBYIOT .llByx rr pOTOHHbl e ypOmiH ( g 7/2 • d o/ 2 ) I= I+ 11 g 7; 2 , cl o/2 )!=II+ 

rr ocnenmtli y Po
137 1 

HMeeT uec Konb KO MeHb WYIO 3Hep 1'H IO, '! eM ypoaeHb 

C I IT = 1+. P ac'l!!T g -<jlaKTOpa COCTOllHI!ll 4+ (E 2083,6), BbtnOnii~HHblli 

Po, CBHileTenhc TayeT, 'ITO yKaaaHHbrrt ypoaeub HMeeT llOMHHHpy1owyto KOH<jlurypa-

UH IO -nsyxnpoTOHHoro Tuna. 

.[lnll {3 -n epexonoa 

140 ~c np11 pacnane 
14 0

Pr nonTaep mna iOT Bbrw errp HBe-

lleHI! bla KOH<jlHI'ypaUI!H .[lflll ypOBHeli 2521,1 H 2348,4 K3B (Hy>KHO HMeTb B BHily, 

f3 -nepe XOilbl no caoeli rrp11pon e 6nH3KH K F' -aanpe we HHblM (1 -ne-

pe xonaM ne<jlopMnpoaaHH biX l!pep). 

B 38Kfl iO'!eHHe 8 BT0pb1 Bblp 8 >1{ 8 10T rny6oKyiO 6nal'Ofi8PIIOCTb n. HHK011 0BOII H 

E.Ca 6up oay aa c y wec TBe HHY IO noMOWb a pa6o-re , <P.M onbuapy H H .ne6eneay :?a 

XH MH'laCKOe Bbl .[len eHHe <jlpaKUHH llaO.[lHMa . 
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Ta5nHua I 

1<0 

naRHLJe 0 IT03UTpOHHOM H3nyqeHRU Pr 

A sTop , rou 
r pamPJHBSJ 

I 
0 T HOCRTenbH8SJ HH- Han»•HH~ XapaKTep I 

3 Hepra sr T e HCRBHOCTb >KeCT- apyrHx rpa¢HK a MeTon H3MepeuuR I 
1«9CTKOl1 KOJ.i: KOMTIOH9HTbl K OMITOHeHT K !OpH-<l>epMH i 
K 0MITOH9HT hl 1 (K3B) 

I 2 3 4 5 6 ! 

I we. CrreKTpoMeTp c I 
/ 13/ HMeeTCSI KOMITOH9HT8 

.aao:AHofi <f>oKycu-
EpayH H np. 2230;t20 ~ o .o~ c E = 1000 K3B naueeu > 750 K3B 

i 
w fJ +::J230 rp. pOBKOA 

/ 14 / 2470 we. fla HeeH C 09KTpOMe Tp 

f pOMOB H up. 

I 
\V {3+2470 

-- 0. 182 > 750 K3B THna "K3TPOH" 

I 
.U*ene.n.os a 

W ( K+L) 1908 
He acKmo.., aeTcn naaeeH l 

up. 1959 2.380;tiO KOMITOH9 HT8 
CneKTpo MeTp c 

' ~ TpeXKp8 THOA ¢o- i IV {J +2880 E = 5 00 K3B > 1000 K3B 

' rp . KYCHpOB KOA 

Ol 

= ( 2. I t 0.1 ) 10 -
3 i 

l 
w 

! (K+L) 1696 
~ 

IV fJ + 2380 

= ( 14 t 5) 10-' I 115/ 
6pa6eu H up. H eT KOMnoneHTbl c Jhrueen CneKTpoMe Tp c 

l 
w 

1Y6 0 :23l8;tl0· e. E = 1000 K3B 

"'{3+2818 
= rp. rrpOM9>i(YTO'IHblM 

1 l 
aao6pa}Ke JIUeM 

! 
= 0.292 ±. 0.015 

·----- -

I 2 3 4 5 6 

Xo')oi!WRA s 
w 

H'MelOTCSI ewe .089 KOM-

2.366!,12 
KU~ 

up. !960 

w ~···· 
. noHeHTbl c E - 770 :!:. 12 flHH30BbiA: 

H E "' 485 + rf5 K!>B c 
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