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· 1. Bsenemre · 

89 . . Ill + 
HaoMepbi Nb snepBbie o6aapy)I{Hn llaftMOHil • Hx {3 -pacnaa . 

. . I 1 2 31 · 
6bm H3y'leH B pa6oTax ' ' • TaM )l{e 6bma onpeaeneaa saeprHSI 13+ -ne-:. 

+ . . 
. pexoaa H3 OCHOBHOI'O COCTOSIHHSI 

89 Nb I rr = 912 ). Ha OCHOBHoe COC-

89 Zr ( I" 912+) "' . {3. + 89 Nb TOSIHHe = • o0HeprHSI -nepexoaa HaoMepa. · 6bi-. Ill . . . . . . 
.na HaMepeaa B pa6oTe . • nepBbie cseaeHHSI o y -cneKTpe 89 Nb npeacTas-· . • . . 141 •• . . 
neHbl B HenaBHeM KOpOTKOM C006UieHHH • 

HTb 

nony'leHHbie aaHHbie He noasonHnH asTopaM yKaaaHHbiX pa6oT · nocTptf-· 

c~eMy pacnaa~ 89 Nb ... 89 Zr • HeKOTOpb!e caeaeHHSI 0 Boa6y)l{lleHHbiX 
89 

COCTOSIHHSIX 40 Zr 49 6binH H3BeCTHbl TOnbKO no peaynbTaTaM HCCneno..;. 

BaHHft SIIlepHbiX · peaKUHHo 

B H~CTOSIUieii.pa6oTe npencTaBneHhl peaynbTaTbi' H3MepeHHft y -ny'left 

pacnaaa 
8 9 

Nb npH noMoUIH Ge(Li) -cneKTpoMeTpa c BbiCOKHM saepreTH'Iec­

KHM paapemeHHeM. npeanaraeTCSI cxeMa pacnana 89 Nb' 

2. :3KcrrepHMeHTanbHaSI 'laCTb 

. 2.1. pall H 0 a K T H B H bl e H C T 0 'I H H K H 

PanHoaKTHBHbie HaoTonbi Nb nony'lanHcb npH o6ny'leHHH MHllieHH 

MeTannH'qeciwro Mo "' 1,5 rp) B Te'leHHe llBYX 'laCOB BHyTpeHHHM ny'IKOM 

3 



., 

.,~ 

npoTOHOB c 9Hepruefi 660 Mas Ha CI!HXpOUHKno-x:pon~ na6opaTOPIIII .IHlepHbiX 

npo6neM 06'beJ:mHeHHoro HHCTIITyTa smepHbiX uccneaosaHni( •. 

M eToanKa Bbi):leneHHH. paanoaKTHBHoro Nb .6bma. ocHosaHa Ha . uc-
. . /5/ 

nonb30B8HHII ero CBOHCTBa COp6HpOB8TbC.II II3 8MMH8'1HOI"O paCTBOpa Ha 

nosepxHocTn cTeKna. Bbi):leneHHe npoussoaunocb cneayiOIIIHM o6pasoM. · Mn-
' 

rneHb MeTannnqecKoro Mo cpasy nocne o6ny'leHHH pacTBOpHnacb npH Ha­

rpesaHnH B uapcKofi soaKe, nocne qero pacTsop ynapusancH ao BhlnaaeHHH 

ocaaKa MoO 3 • K nonyqaeMofi Macce ao6aBnHncH aMMHaK ao nonHoro pacT,-

sopeHHH Mo03 • 

A MMII8'1Hb!H paCTBOp ¢unbTposanC.II qepe3 CTeKn.IIHHbiH ¢HnbTp 0 Ha KO­

TOpOM cop6uposancH paaiioaKTHBHbili Nb , ~Taen.siHCb TaKnM o6pasoM oT 

MaTepuana MUrneHII II apyrux rrpoayKTOB peaKUHII rny6oKoro pacmenneHIIH. 

ITocne Ti:uaTenbHofi. npoMb;'sKH ¢nnb~pa pas6as~~HHbi
0

M aMMIIaKoM Nb ae-

cop6irposa~cH pacTBOpOM 6,5 M UNO 3 . ._ 0,5 M HF • 3a;eM rrpOBOJ:liinacb J:lO-

nonHIITenbH8.1I. oqiiCTKa Nb OT B03MO)KHb!X sarpHSH9HHfi zr....:y II . Sr 

OC8)KUeH~eM 'cMeinaHHOPO ocanKa . YF' + 'BaF2 ( y *' Zr*) II BaSO (Sr* ). 
. . . . 4 

ITocne oTaeneHII.II 9TIIX oca):lKOB ueHTpH~yriipoBaHIIeM · paCTBOp . paaiiOXIIMH-

qecKII 'III<;Toro Nb o6'beMoM . "'S cM
3 

noMelirancH B TecjmoHoBbrii: cocy.h 

II cny)K:rin IICTO'IHIIKOM ):ln.II II3M.epeHII.II. y ..'cneKTpoB. 

; '·'· 

2. 2. Y C n 0 B II .II II· pesynbTBT,bi II3MepeHIIfi 
. 89 ·' . 

ilnH II3MepeHIIH y -cneKTpoB Nb npiiMeHHniicb asa aeTeKTopa 3 . . · .. · . . 
:mna Ge(Li) c qyscTBIITenbHbiMII o6'beMaMII 6,3 w 10 CM ii aHepreTII'IeCKIIM 

pasperne~IIeM 4~6 K~~ ~n~ Y: ~n~pe~oaos \ 6° Co • A~nniiTY]lHbifi. aHa.niis 

6cymecTBnHncH 4096-KaHanbHbiM aHannsaTopoM. 8KcnepiiMeHTanbHbie aaHHbie 
, , , ·.. . : ' .. . . ,, . . I' 

o6pa6aTbiBanHcb Ha Bbi'IUCnnTenbHofi MarnHHe "MnHcK-2" npn ucnonbsosa.:.. 
/6/ 

HHH MeToaa "cseTosoro KapaHaarna" • 

Kanii6poBKa no aHeprHHM H HHTeHcHBHOCTHM npoussoaiinacb c no-
. : . '· :, \· !69. . ·'. ·~26 . 

MOIIlbiO cTaHaapTHbiX HCTO'IHIIKOB Yb H Ra II ussecTHbiX nepexoaos 
90 ' . ' . • . 

iisoTona Nb , npiicyTCTBYIOIIIero B uccneayeMoM n'penapaTe. 8Hepru5I 

r 
I 
l )K9CTKIIX raMMa-nepeXO):lOB onpeaenHnaCb no nHKaM ):lBO:IiHO 

Ha):le)KHO:It HHTepnpeTaUHH ¢oTorrHKOB H: nHKOB .BbmeTa 6bma 

KpHBaH, npeacTaBnHKiinaH co6oii · oTHorneHHe -nnoniaaeii rrHKo 

HO'IHoro BbmeTa K nnomaau !floTorrHKa. B saBHCHMOCTH OT E 
. .89 

IToMHMO Nb, '~ HRo6HeBbiX HCTO'IHHKax npucyTCTB 

9o .N 96 Nb · . 911 H;30TOI1bi b • H B HeaHa'IHTenbHOfi aone Nb 
95 

eTCH' Nb , TO ere · cneKTp oqeHb npocToii:, TaK . 'ITO · Bbi'l 

o6mero cneKTpa He npeacTaBnHno HHKaKoii: TpyaHoCTH. OaH 

IIHKOB H KOMIITOHOBCKOI"O pacnpeaeneHHH Y -nyqefi 
96 

· N 
90 Nb aaTpyaHHn Ha6moaeHHH 

' . •' . 
-nHHRft 8 9. Nb B Y'I8CTK y 

rueft MeHbiiie 2,3 Mas. 

HsMepeHHH Ha'IHHaniiCb cnycTH 1-3 qaca nocne KOHU~ 

aa 88 Nb ( T ~ = 14 MHH) npaKTH'IeCKH pacnancH. 

flpHHa):lne)KHOCTb }' -nepeXO):lOB K.Ka)K):lOMY H3 K30TOII 

DO nepHOJ:lY rronypacnaaa. 0KOnO 46 Ha6niO):l8eMbiX }' -nHHI 

nanoM OCHOBHOI"O COCTOHHHH 89 Nb ( 9/2+). no HarneMy 0~ 
nepHon nonypacnaaa paseH 1,~0;2 'laca. B y -cneKTpe H3 

Mbl Ha6moaanH TOnbKO HSBeCTHyiO nHHHIO 587,6 K9B. niiHHI< 

XOJ:l 3/2-·~ 1/2-), KOTOpyiO cneayeT 0)KHJ:l8Tb ITO aHanorE 
87 -

Y ( 1/2 ) , Mbl He CMOI"nH · OTnH'IHTb OT 8HHHI"HnHUHOHH! 

KpRBoii: pacnana y -nepexoaa 587,6 KaB noKasan, 'ITO oE 
. . 89 . : 

pacnaae o6i:mx H3oMepoB Nb • Y'IHTbiBaH BKnaa KOMrroHe 

89 Nb , Mbi nony'IRnH anH nepHoaa nonypacnaaa usoMepa 81 

T ~ = 1,18:!;_0,10 qaca. 

Ha pRe. 1 Hso6pa)KeHbi· oTaenbHbie yqacTKH y -cneK 

BOM H BTOpO.M ,CTOn6uax Ta6nHUbi rrpHBO):lHTCH 3Ha'leHHH SH 

TenbHhlX HHTeHCHBHOCTeii: }' -nepeXOJ:lOB, COI1pOBO)K):l810lllHX 

florpelliHOCTb B onpeaeneHHH HHT9HCHBHOCTeii: BKniO'IaeT B 

OIIIH6Ky, HeTO'IHOCTb Bbi'IeTa !floHa IIO):l IIHK8MH H IIOCTpOeHI 



fla6_opaTOpHH SlA9pHblX 

8-0CHOBaHa Ha HC-
.·~ /5/ 

:Horo pacTnopa . Ha 

yJOWHM o6pa3oM. Mn-

CTBOpSlll8Cb npH Ha­

IHB8llCSl AO Bblii8A9HHSI 

fMHaK. no .nonHoro pacT~ 

SIHHbiil: !fJHllbTp1 Ha KO-

T8KHM o6pa30M OT 

)oKoro pacmenneHHs:I. 

aMMHaKoM Nb ne-

3a;eM iipoBOAHn'acb AO-

mil:· zr;;;.Y n ·. Sr 

) · .li BaSO 
4 

(Sr* ). 

paCTBOp . paAHo'XHMH":" 

B ~eljl~OHOBhlil: Cocih 

IHCb AB8 A~TeKTOpa 
3' .. 

.i ·n 9HepreTH'I9CKHM 
' ' ·' 

mnHTyAHbiil: a!Ia.l.IH3 

epnMe!ITanr;.:'fbie ABHH~Ie 

~~2" npH HCnOllb30Ba-

>H3BOAHll8Cb C no-

· H3B9CT!Ib!X nepeXOAOB 

IpenapaT~. 3aeprns:I 

>K9CTKHX raMMa-nepeXOAOB OnpeJlemrnaCb no flHKBM JlBOti:Horo Bbin9T8o Dmi 

HBJl9>KHOtl: HHTepnpeTallHH ljloTOflHKOB H llHKOB .Bbin9Ta 6~ma HCflOllh30BSHa 

KpHB8Sl1 npeACTSBllSIJOmas:I co6oil: OTHOW9HH9·nnomaAetl: nHKOB JlBOti:Horo H OAH­

/7/ 
HO'IHoro BbmeTa K nnomaAH ljloTonii:Ka B aaBHCHMOCTH oT E y 

lloMHMO 
89 

Nb, B HH06HeBb!X HCTO'IHHKSX npHCYTCTBOBanH TaK>K9 

H30TOnhi 
90 Nb 1 

96 Nb H B .He3HS'IHTen&Hotl: lione 911 Nb • lJTo Kaca-
911 

eTc.H Nb 1 TO ero cneKTp 0'19Hb npOCTOtl:1 TSK 'ITO . Bbl'i9CTb ero H3 

o6iuero cneKTpa He npeACT8BllSlllO HHKaKotl: TpyJlHOCTH~ 0AH8KO BKll8A ljloTo-

nHKOB n KoMnTOHOBCKoro pacnpeJleneHHSl Y -ny'ietl: 
96 

Nb H cico6eHHO 

90 Nb aa~~YAHSI~ Ha6nJOA9HHSl. y -llHHHtl: 
89 Nb B y'iaCTKe cneKTpa c .s!Iep-

rnetl: MeH&me 2,3 Man. 

MaMepeHHH HS'IHHSllHCb cnyCTSl 1-3 'iSCa nocne KOH!lS o6ny'i9HHS11 Kor-

JlS 88 Nb ( T )1 = 14 MHH) npaKTH'i9CKH pacnancH. 

llpHHSAl19>KHOCTb · y • -nepeXOJlOB K KS>KJlOMY H3 H.30TOflOB onpeA9llHllSCb 

no nepHOAY nonypacnaAa. 0KOllO 46 HS61110AS9Mb!X Y -llHHHtl: CBH3SHO C pac-
. + ' ,· 

naaoM OCHOBHOrO COCTOSIHHH 89 Nb ( 9/2 ) •. llo HSWeMy onpeA9ll9HHIO ero 

nepHOJl nonypacnaJla paneH 11 9±..012 'iaca. B y -cneKTpe H3oMepa '
89

m Nb(l/21 

Mbl HS6lliOJlSllH TOllbKO HSB9CTHYIO llHHHIO ·. 5871 6 K9Bo flHHHIO 506 K9B ( nepe-_ 

xoJl 3/2-·~ 1/2-) 1 KoTopyiO cneAyeT O>KHJlSTb no aaanornn c .pacqaAoM 

8 7 
·Y ( 1/2-) 1 Mbl He CMOrllH · OTllH'IHTb OT SHHHrHllSlllHOHHOrO flHKa. AHallH3 

KpHnotl: pacnaAa .y -nepexoJla 5871 6 KSB noKaaan1 'ITO OH.B03HHKaeT npn 
. 89 . 

pacnaJle o6onx naoMepon Nb ·• Y'IHThiBSH BKllSJl KoMnoaeHTbi JlBYX'iaconoro 

__ 
89 Nb 1 Mbi nony'IHllH JlllH nepnoAa nonypacnalia H30Mepa 89

m Nb· 3.Ha'ieHne 

T Yz = 11 18;!:.01 10 'laca. 

89 
Ha puc. 1 nao6pa>Ke.Hbi OTAellbHbie y'iaCTKH y -cneKTpa . Nb • B nep-

BOM H BTOpO.M CTOll6!lSX Ta611HUbl npHBOAHTCSI 3H8'19.HHH SHeprHtl: H. OTHOCH­

T9llb.Hb!X HHTeHCHBHOCTeii y -nepexoJlOB 1 conpono>KJlaJOmnx pacnaA 
89 Nb ~. 

llorpemHOCTb B onpeA9ll9HHH HHT9HCHBHOCTeil: BKll10'189T B ce6st CT8THCTH'i9CKYIO 
; 

OWH6Ky1 HeTO'IHOCTb Bbi'I9Ta ljloHa flOA flHKBMH H flOCTp09HHH !<PHBOti: sljlljleK-

5 



THBHOCTH Y . -ciieKTpOMeTpOB. · florpelliHOCTb IIpH oppeneneHHH. :omepi'HH 

rrepeXOJlOB. B OCHOBHOM o6ycnoBneHa HeTo.qHOCTbiO B OIIpeheneHHH B.eplliHHhl 

tPOTOIIHKOB H1 cnenoBaTenhHO,· 3aBHCHT. OT HHTeHCllBHOCTH y -nllHllii~ ilnSI 

JIHHHI"I C I . 
YOTHOC.>5 

2 KSB. • 

oHa He; 6onbllle KSB. H c I " '.$. 5 
YoTHoc. 

3 •. CxeMa pacrrana n o6cy>KgeHne 

3.1. 3.Hepi'llSI •p8CII8Jla 

He· 6onhllle • 

. . . . 89 . . 89 
ITonHaSI aHeprHSI pacrrana Nb -+' Zr orrpenenSinacb s p~6o-

I 1,2 31 
Tax· 0 

, I'Jle IIpHBOJlSITCSI 3Ha~eHHSI 

cooTseTcTseHHo. 06Hapy*eHne HaMn 

Ef3+ = ~900±.400; 2850::!:)00 n '2800kss 

y -rrepe'xo!la b aHeprneii 3917 k~s 
rrossonnno, onHaKo, orrpenennTb Hll>KHHii rrpeaen sHeprnn pacrrana KaK 

"" 3920 xss •. Mo,KHo, iio-sH:nnMoMy, c~'nTaTh, ~:io 3920 'Kas ~ Q ~- ~ 4320 Kss. 
. ' . ·.· •.. i . . {3 

ilnSI H81l1HX pac~eTOB' Mhl IIpHHHM8llH 3Ha~eH~e'. Q ·~ +"" 4100 KSB. 

3. 2. Il ~ c T p o e H H e c x e M hi p a c rr a· n a 

89 
· ilo cnx rrop cseneHHSic o sos6y>KneHHhiX _ypoBHSIX · 40 Zr 49 ·, · rrony-

~anncp · TonbKO' rrpu usy~eHnn · pasnn~HhiX SIJlepHhiX•:p€\aKunfi. Hallin naHHhie · 

o . y. -nsny~eHnn:, corrposo>KJl~roweM {3 ±c. -pacrran ocHoBHor:o c·ocToSIHHSI 
. 89 89 

( g9/2 ) 
41 

N~ 
48

• , rrossonSIIO'r BhJSIBHTh ·pSIJl HOBhiX yposHeii 40 Zr 49 • 

ITpenm1raeMaSI HB\\1H cx,eMa pacrrana nso6pa>Keua · Ha . puc .. 2. 

ITyHKTHpoM · snecb o6osua~eHhi rrepexonhi, -anSI KoTophiX HeT rronHoii' 

ysepeHHOCTH HJlll B caMOM HX cymeCTBOBaHllH ( B Tat')nnue OH,ll IIpllBOJlSIT~H · 

B CK06Kax) 
1 

H.TiH B HX pa3MeiileHllll .B cxeMe. flyHKTllpOM TaK>Ke IIOKa3aH: . 

rrepeXOJl 506 KSB 1 KOTOpblll: Mhl He CMOI'Jlll· OTJill~llTb OT aHHll~HJISIUllOHHOI'O . 

IIHK80 

6 

l 
1 

·I 

.. , 
• .Tpll· rrepBhiX Bos6y>KJleHHhiX yppBHSI C •MBJibiMH ·crrnHa: 

' 
HOll ~eTHOCThiO 6binll 06Hapy>KeHbl :B ;•SIJlepHh!'lC peaKUllSIX. ( 

( . d) 19,101 ( ) 111, 121 . . 
p , n p, n . '• Hallin na1!11hie ,rrossonSIIOT : 

SHepi'llll STHX ypOBHefi: 587,6 KSB (1," = 1/2-),; 1093 K 

H _1449,3 KSB {512-). 

Hs 6anaHca HHTeHCHBHOCTeii BhiTeKaeT, ~To HHTeHcn: 

Jlhl C SHepi'llSIMll 1511,5; ·1627,0 ll 1833,1 KSB. JlOJI>KHbl HJIH I 

89 • 
COCTOSIHHe . Zr · 1 tPHKCHpySI TeM. CBMhiM ypOBHH Tex. >Ke 

HaXOJlHTbCSI B KBCKane npyr C llPYI'OM 1 ljJHKCHpySI, HaiipHMC 

(1627 + 1511) KSB 1 3460 (1627 + 1833) KSB HJIH 3344 (1 
. ·~ ·, . . ' 

0nHaKO. BTopyiO B03MO>KHOCTb MO>KHO HCKJIIO~llTb ITO cneny: 

yKa3aHu'hiX ypOBHefi fg ft ~ 5 , · TaK . ~TO OHH JlOJI,>KHbl 6biTJ 
. + . . . 

11 12 • CnenosaTenbHo, non>KHhi cymecTBOBaTb naTeHCHBHI 
. . 89 z 

XOJlhl C STHX ypOBHefi Ha'·ocHO~HOe COCTOHHHe r (91 

rrepexonos ae o6Hapy>Keao~: 

ITo aaanorH~Hhi'M rrpii~naaM Mo>KHO rrpenrronaraTh, ~T 

TeHCIIBHbJe Y -rrepeXOJlhi1 2573; 2754; 2960. ll 3092,8 KSl 

xonhi 2983; 3016 n 34 71 KSB nnyT aa ocHoilaoe cocToSIHHE 

ITepexoJlhi 3513; 3559; 3576; 3911 n 3917 KSB TO>KE 
89 

Hoe COCTOSIHlle Zr , T.K. JlJISI Jlpyroro IIX pa3MemeHHSI 

aaeprnH pacrrana 
89 

Nb ( Qf3 +. ;. 4100 KsB). 
• £ 

, . , . . .. . . . . 89 
TaKnM o6pasoM, B cxeMy sos6y>KJleHHhiX yposHeii 

ypoBHH 1511,5; 1627,0; 1833,1;· 2573; 2754; 2960; 2983; -~ 

3511;3; 3559; 3576; 3911 ll 3917 KSB. 

EonhlllllHCTBo sTnx y'posaeii, sos6y*naeMhiX rrpn pac1 

Rapy>KeHO T8K>Ke II B pa.3JIII~Hh!X, peaKUIISIX ( CM. pH C. 3) .­

KpoMe sToro; no. naHHhiM 'Sine'pahiX peakunii 6hinH BB 
I 101 · . . ·( - -) . . . . , I 

Te ypoBHll 2100. 512 , 712 ll 2920 KSB 0 B pa6oTe 
'+ ' 114/. 

2130 KSB ( 7 I 2 ) II B pa6oTe yposeHb 2610 KSB. M hi 

7 



pe~eneHHH aHeprnn 

cirrpeneneHnn nepwnHhl 

IOC!H ,Y -1lHHHfi •. .Uml · 

·.s. 5 . He· 6onhwe • 
OTHOCo 

1+400; 2850+ 100 ll ·. 2800 KaB -. . -. . 
c·aaeprnefi 3917 kaB . ~ . ' ) . 
prnn 'pacriana KaK 

1820 'K9B i Q{3+.;. 4320 K9Bo 

+"' 4100 K9B. 

89 . 

x · 40 .Zr 49 ·· '· :· rrony-

eaKunfi. Hawn naHHhie · 

OCHOBHOrO COCTORHHH 

yponHefi 

pile •. · 2 •. 

~OTOphlX HeT IIOJIHOfi' 

6nnue OHU' IIpHBOJlliTCH 

HpOM T8Kme IIOK838H ' 

OT 8HHHr:linRUHOHHOrO. 

I 
l· 

.. 

.Tpn· nepBbiX aos5y*.ll9HHhiX yppBHH c ··ManhtMH .·cnRHaMH H oTpniiaTen:c.-

' . (311 )/ .. 8 .. ·/·· HOfi '!eTHOCThiO 6hinH 06HapymeHhi·,B ·S!Jlep.Hb:X peaKUHHX. e 
1 
~ 

( . d) /9110/ ( ) 111112/ . . . 
p, . · H p, n . . · ·• Hawn na . .H.Hhie :II03BOJIHIOT yTO'I.HHTh a.Ha'!e.HHH 

a.HeprHH .9THX ypOB.Hefi: 58716 KSB (I 11' 1/2-),; 1093 K9B (3/2-:-) 

H .144913 KSB ( 5/2-) • . 

Ha 6ana.Hca H.HTe.Hcnn.HocTefi BhiTeKaeT1 'ITO H.HTeHcHB.Hbie. Y: ~nepexo- · 

Jlbl C SHe prHHMH 151115; :162710 H 18331 1 KSB, JlOmKHhl HJIU HJlTH .Ha OCHOBHOe 
89 • 

cocToHHne . Zr ·· 1 cjmKcnpyH TeM · caMbiM ypoB.HH Tex. )1(8 aneprnfi1 nnn 

.HaXOJlHThCH B KacKaJle npyr c npyroM1 ~nKcnpyB 1 HanpnMep, ypon.Hn 3138· 

( 1627 + 1511) KSB1 3460 ( 1627 + 1833) KSB HJI~ 3344 ( 1833 + 1511) ~·an. 

0Jl.H8KO BTOpyiO B03MO)KHOCTh MO)KHO HCKJIIO'IHTh IIO CJI8JlYIOIUefi IIpH'IH.He • .UnH 

YK838H~h!X. yponnefi eg ft :s 5 I T8K 'ITO OHH JlOJI)KHbl 6hiTh THna 7 I 2 +I 9/2 +I 

11 /2 +. CnenonaTenhHol JlomKHbi cymecTnonaTh nnTencnnnhie npHMhie nepe-

. . 
89 

Zr ( 9/_2+). 0JlH8KO T8K"X XOJlhl C STHX ypOBHefi Ha OCHO~HOe COCTORHHe n 

nepex'oiwn He ot5napy)Keno. 

flo 8H8JIOrHltHbiM IIpii'!HflaM MO)KHO npenrronaraTb1 'ITO H Jlpyrne HH­

TeHCIIBflhl8 Y -rrepeXOJlbl1 2573; 2754; 2960. H 3092;S KSB1 a T8K)K8 IIepe­

XOJlb~ 2983; 3016 II 3471 KSB HJlYT Ha ocHoi3Hoe cocTo~mre 89 
· ·zr· •· 

TiepexOJlbi 35 i3; 3559; 3576; 3911 n 3917 K913 TO)Ke HJlYT Ha OCHOB-
89 Zr . . 

HOe COCTOHHHe • 1 T.K. JlJIH Jlpyroro HX pa3MeiUeHHH HeJlOCT8TO'<JHO 

. 
89 Nb Q 4100 ) aHeprnn pacrraJla . . , . .. {3 ~f "' . KSB • 

89 

··, 

TaKHM o6pa30MI B cxeMy B036y)KJleHHblX ypOBHefi Zr MO)KHO. BBeCTH 

_ ypoB.HH 151115; 162710; 183311;' 2573; 2754; 29.60; 2983; 3016; 3093; 3471;. 

3511 13; 3559; 3576; 3911 H3917 K9B. 

BonhwMHCTBo aTnx yponHefi 1 aoa6y*naeMhiX npn pacrraJle 89 Nb 1 o6-·. 

Hapy)KeHO T8K)K8 H B p~SIIH'IflhiX peaKUHHX ( CM. puc. 3) .. 

KpoMe aToro; no. JlBHHbiM':gne'p.HhiX peal<unfi 6hmn BBeJleHhi ··a pa6o- ~· 

T/10/ ypoB.HH 2100 (5/2-1 7/2-) M.2920 K9B
1 

B pa6oTe/lS/ ypone.Hh 

2130 K ~n (7/2'+.) " B pa6'oTe
1. 141 

2610 M o n ypoBeHh KS~~ bl H8QIIIOJl8ElM IIpH 

7 

'. 



89 ' 
pacnane Nh Y -miHHH 2102, 2926, 2128 H 2612 K9B0 KOTOpbie MoryT 

B03HHKaTb IIpH pa3pR)lKe nepe'IHCneHHhlX ypOBHeft, 
•,. 

. 90 Nh 
HanH'IHe B H3MepReMoM npenapaTe 3Ha'IHTenbHOfi nonH H3oTona · 

' . 89 
aaTpynHReT na6monenHe cna6biX y -nHHHfi Nh B o6nacTH sneprH~ 

MeHbWe 2,3 MsB. B CBR3H c 9THM, OCHOBbiBaRCb TOnbKO na 6anance 9Hep-

rHfi H HHTeHCHBHOcTefi, Mbi He cMornH paaMeCTHTb B cxeMy pacnana 
89 

Nh 

oKono necRTH y -nepexonoB c cyMMapnofi HHTeHCHBHOCTbiO "" 2%. 3To 

cBHneTenbCTByeT o ToM, 'ITO· npH pacnane 
89 

Nh B03HHKaeT pRn cna6o Boa6ym-

naeMbiX ypoBHefi 
89 

Zr , nonomeHHe KOTophlx noKa He ynanocb ycTaHoBHTb. 

3.3. Eananc HHTeHCHBHOCTefi, 3Ha'leHHR fgft 

89 
I1HTeHCHBHOCTb aaceneHHR oTnenbHbiX Boa6y~eHHbiX ypoBHefi Zr 

npH 
89 . ' ' 

p~cnane Nb ·- I<H,8~ 
1 

( B oTHOCHTenhHbiX enHHHuax) . 6bma nonyqeHa 

'pa3HHUa OTHOCHTenbHblX HHTeHCHBHOCTefi YXOllRILIHX H HpHXOllRIUHX y -ne-. 

H sneKTpoHHoro 

3aXB~Ta (IL ) B OTnenbHOCTH, 
. , I + ' ' 

0THOCHTenbH8R HHTeHCHBHOCTb ,8 ·-nepexona Ha OCHOBHOe COCTORHHe 

8~ ' ' • 
Zr 6bma' nonyqena cnenyiOillHM o6paaoM, Ebma onpenenena oTHOCHTenb-

H8R HHTeHCHBHOCTb y -HanyqeHHR C Ey"' 511 K9B ( I 1111 ). B ycnoBHRX 

H81UHX H3MepeHHll 9TO H3ny-.JeHHe conepmano TpH KOMIIOHeHTbi: 8HHHrHnRUHOH-

89 ' 90 
noe HanyqeHHe Nb(Iy ± 89Nb ), . aHHHrHnRUHOHHoe HanyqeHHe _Nb0y± 90 Nb) 

H y -KBaHTbi nepexona 506 K9B 
89 Nb(Iy_ 50 ~ ). 

Iy±90Nb onpenenRnaCb Ha OCHOBe H3BeCTHOrO OTHOilleHHR 

I)"!:!:90Nb/I y- 1129 , nonyqeHHOrO B npyroM OIIbJTe, H HHTeHCHBHOCTH nepexona 

' ' 89 
1129 K9B ·90 Nh , npHcyTCTBYIOillero B cneKTpe. Nb • Iy-Do 6 . oueHH- _ 

. . ' . ' 89 ' 
BanaCh H3 6anaHC8 HHTeHCHBHOCTe_fi B COOTBeTCTBHH , CO CXeMofi pacnana Nb. 

. ·. ' 89 ' 
11HTeHcHBHOCTb aHHHrHnRUHOHHoro Hany'leHHR Nb MomHo Torna HafiTH• 

H3 COOTHOilleHHR I y± 89 Nb= J 511 . Iy±9o~b-I y- 506 so >ib • 

.8 

i 

l 

I 

+· B. ycnoBHRX HamHx H3MepeHHfi.:aHHHrHnRUHR ,B -H3T. 

llHna B CaMOM HCTO'IHHKe, II09TOMY OTHOCHT.enbH8R HHTeHC 
·. 89 

pexona, aacenRIOillero OCHOBHOe COCTORHHe .Zr(I f3o+ 1 , 

'I,a+ =l/2 I· ±,89 Nb' ·~'~ IR+' 
. 0 ' y . 1 t-'i 

•' ' \ ·' 

ITorpemHOCTb B onpeneneHHH · HHTeHCHBHoc:rH I ,a+ cocTaBn 

0 
oueHKaM, oKono 30%. 

._ CyMMa HHTeHCHBHocTefi y-. H ,B +· -nepexonoB na 

HHe 6bma IIpHH~Ta aa 100%, 3Ha'leHIIR HOpManH30B8HHblX ll 

Bcex · y -nepexonoB npencTaBneHbi B TpeTbeM cTon6ue T 

''· 

Ha OCHOBaHHH nony'leHHbiX naHHbiX 5bmH Bbl'IHCiJ:eHbi 

nepexonoB · na · ypoBim 
8 9 

Zr. 11HTeHcHBHOCTU aaceneHHR YI 

. fg ft yKaaaHbi .Ha c;xeMe pacnana ( p~6. 2) ." 

3,4, 05cymne'Iine KBaHTOBbJX xapaKTep~C.THK 

HawH naHHbie He npoTnBopeqaT npnnHcaHHIO . B pa6o1 

HHM B035ymaeHHbiM ypoBHRM KBaHTOBblX xapaKTepllCTHK 1/ 

3/2- (1093;6); 5/2-. (1449,6); 9/2+(1511,5); 5/2+ (1627) 

3HaqeHHR fgft .5 6 CBHJleTenbCTBYIOT 0 TOM, 'lTC 

lillie ,8 -nepeXOllbl OTHOCRTCR' K paapemeHHOMY · THIIy H, en 
8 9 ' 

ypoBHH Zr 2573; 2754; 2926; 2960; 3093; 347.1; 3511,3; 

3911 
TT + + + 

K9B nonmHbi nMeTb I = 7/2 ; 9/2 nnH. 11/2 • 

lJTo KacaeTcR ,B -nepexonoB c fg ft • 6 .;.< 6,6, To B 

Rnep, TaKHe 3Ha'leHHR B 5onbWHHCTBe cnyqaeB TaKme COO'! 

pemeHHbiM ne.pexonaM, IT osToMy Kj3aHTOBbie. xapaKiepncTHK 

lllHX ypOBHefi ( 2102;, 2128,1; 2612; 2983 H 3016 K9B) TaK,; 

+ + . + 
RTHee ~~ero, · 7 I? , 9/2 • nnn 11 /2 , xoTR B HeKoT'opbi;'C, c; 

IIOnHOCTblO HCKnlO'IHTb B03MOlliHOCTb OTpiiUaTenbHOll 'leTHOC 

9 



30 KOTOpbie MoryT 

90 
~ AOnH H30Tona Nb 

o6nacTH ::meprHH 

~Ko aa 6anaace aaep-

89 ·Nb cxeMy pacnaAa · 

OCTbiO "' 2%, 3TO 

mKaeT pSIA cna6o aoa6ym­

ae yAanocb ycTaHoBHTb. 

ft 

89 
!HhiX ypoaaeH: Zr 

;max) 6bma nonyqeaa 

X.H npHXOASIIUHX Y. -ne-

1<: aaa~eaHH: f I f3 + oT­

J+ ) H aneKTpoaaoro 
I 

~ OCHOBHOe COCTOSIHHe 

!Aeneaa OTHOCHTenb-

. I 11 it , ) • B ycnoBHSIX 

ITOHeHTbi: aHHHrHnSIUHOH­

I!anyqe~·He90 Nb( Iy± 90 Nb) 

>rO OTHOIUeHHSI 

HCHBHOCTH.nepeXOAa 

~b ·• Iy...:.oo 6 oueHH-
. . . 89 • 

:o cxeMoH:. pacnaAa . Nb. 

MOmHO TOrAa HaHTH· 

j. 

•.. 

+ B . ycnoBHSIX aaruHx H3MepeaHH: .. aHHHrHnstUHSI f3 -:'Hany"'eHHSI npoHcxo-

AHna B CaMOM HCTO"'HHKe,· ITOSTOMy O~HOCHTenbHaSI HHTeHCHBHOCTb {3+.-ne-
' 89 pexona, aacenHroruero oc.Hoaaoe cocToSIHHe Zr(l f3o+ .. 6yAeT paBHa 

'If3+ =1/2 I ;~;s9 Nb. ·-'I I,~+· 
0 _Y . I J'l 

• norperuHOCTb B onpenene.HHH · HHTeHCHBHOCTH I p+ cocTaBnsteT, no aaruHM 
0 

oueaKaM, oKono 30%. , . 

CyMMa H.HTeHCHBHOCTeH y- H (3 + -nepeXOAOB lla OCIIOBIIOe COCTOSI-

IIHe Obina npHH~Ta 38 100%, 3Ha"'eHHSI IIOpManH30BllHHbiX HHTeHCHBHOCTeH 
.. 

acex · y -nepexoAoB npencTaaneHbi B TpeTbeM cTon6ue Ta6nHUhi ~ 

Ha OCIIOBaHHH nony"'eHHbiX ll8HHblX ObinH Bbl"'HCneHbl 3Ha"'eiiHSI. eg ft 
nepexoAoa.·ua ypoBHH 

89 
Zr. HaTeHCHBHocTil aaceneamr ypoaaei1: H aaaqeHHSI 

. eg ft . yKa3allbl Ha cxeMe pacnana ( pHc. 2) •· 

3,4, 0 6C y )K ll e H H e K BaHT 0 B hi X X a p a K T e pH C T H K 

H " 6 /8-1,4/ 8WH naHHbie He npoTHBOpe"'aT ·npHllHCaHHIO B pa OTaX · HH)K-

HHM B036ymneHHbiM ypOBIISIM KBaHTOBbiX xapaKTepHCTHK l/2 (587,6 KSB); •• 

3/2- (1093;6); 5/2- (1449,6); 9/2+(1511,5); 5/2+ (1627) H 5/2+(1833,1:aa). 

3Ha"'e.HHSI fg ft _5 6 CBHlleTenbCTBYIOT 0 TOM, 'ITO COOTBeTCTByiO-

IUHe {3 -nepeXOAbl OTHOCSITCSI' K paapeweHHOMy THny H, cneAOBaTenbHO • 
• 89 

ypOBIIH Zr 2573; 2754; 2926; 2960; 3093; 34 7,1; 3511 ,3; 3559; '3576 H 
rr + . + + 

3911 KaB nonmHbi HMeTb I = 7/2 ; 9/2 HnH 1112 , 

qTO KacaeTCSI f3 -nepeXOllOB C egft 6 ~;6,6, TO B naHHOH, o6naCTH 

· SIAep TBKHe · aaaqeimH B 6onbWHHCTBe cnyqaea TaKme cooTBeTCTJ3YIOT paa­

peweHHhlM nepexonaM. noaToMy KPBHTOBhle xapaKTepHCTHKH coo~BeTCTByro~ 

IUUX ypOBHeH (2102;, 2128,1; 2612; 2983 H 3016 KSB) T8K)Ke 0YAYT, Bepo-~ 
+ + ' + -

HTHee Bcero, '7/2 , 9/2 'HnH 11/2 , XOTSI .B HeKOT.OpbiX cny"'aSIX Henb3SI . . . . . . . ~ . ' 
nonHOCTbiO HCKniO"'HTb B03MO)KHOCTb OTpHUaTenbHOH "'eTHOCTHr 

9 



,[ 

~I 

CneJlyeT omHJlSTb, 'ITO nepeqncneHHbie ypoBHil: 6yJlyT paapHmaTbCH 

npenMymecTBeHHO nepexoJlaMH THna EI , · MI , E2 
\ 

, T.K:· nepexoJlhi 6onee 

Bb!COKOH . MynbTHIIOn1JHOCTH 3H8'IHTenbHO MeHee Bep051THbi. 3TU C006pameHH51 

II03BOn51IOT orpaHH'IHTb Jln51 HeKOTOpbiX ypOBHeii B03MOmHbie 3H8'leHH51 CIIH­

HOB. TaK K8K ypoBHH 2960; 3092,8; 3511,3 H 3576 KSB 'l8CTH'IHO pa3p51-

• 1T + . + + 
maroTCH Ha ypoBHH c I = 5/2 , TO HX cnHHhi I 17 = 7/2 , 9/2 •· 

. 89 
3.5. 0 6 c y :lK Jl e H He n pH p o Jl hi y p o B He ii Zr 

89 
40 Zr 49 COJlep:lKHT B aanonHeHHOii HeiiTpOHHOii o6onO'IKe TOnb-HJlpO 

KO OJlHY Jlb!pKy. floaTOMY B HeM B03MOmHO. cymeCTBOB8HHe OJlHO'l8CTH'IHhiX 

JlhipO'IHhiX cocTOHHHii g 9/2; p 1/2; p 3/2; f 5/2. MomHo OTO;)KJleCTBHTb 

HX C Ha6nroJlaeMb!MH ypoBH51MH 0 ( 9,L2 +) t 587,6 ( 1>2-) 0 10931 6 ( 3/2-) 

H 1449 KSB ( 5/2-) • He HCKniO'{eH0 1 npaBJl81 'ITO B nocneJlHHX JlBYX. ypoBH51X 

eCTb 38MeTHbiH BKnaJl KOnneKTHBH3HpOB8HHOI'O COCT051HH51 1 BKniO'l8IOIIIero 
+ 

KBaJlpynonbHbie IPoHOHhi, HanpnMep, cocTOHHHH c I = ( .I = 2 ) + 
Konn. -

= 1/2-)= 3/2-; 5/2-. :!:.. ( .In 
. + 

YpoBIIH 0 KSB ri: 1511,5 KSB aacenHIOTCH {3 -E -nepexoJlaMH c 6nnaKH-

MH 3Ha'leiiH51MH fg ft ' = 6,4. floaTOMy BOSMO;)KH0 1 'ITO OHH HMeiOT CXOJlHYIO 
. u 90 . I 15/ 

CTpyKTypy H 51Bn51IOTC51 aHanoraMH JlBYX COCT051HHH: 40 Nb 50 CO 

1T + 
cnnHoM n 'leTHOCTbiO I = 0 n.aHeprHHMH E.= 0 KSB,H 1725 KSBi T.e. 

o6ycnoBneHbl CMeiiiHB8HHeM KOHlPHrypaunii p {g9/2)0
2 

n (g 9/2}-
1
H p(pi/2) 2 

n (g. 9/2)-.
1 

. + 0+ 
Ecnn STO. T8K

1
. TO npHBeJleHHhie Bep051THOCTH y -nepeXOJlOB1 HJlyiiiHX 

H8 STH ypoBHH C nroooro TpeTbero ypoBH51 1 JlOnmHhl Ob!Tb TaKme 6nH3KH. 

3To n Ha6nroJlaeTC51 npn paapHJlKe ypoBHeii 2980 n 3092 KsB. DnH oTHoiiie­

HHH npHBe)leHHbiX Bep051THOCTeii y -nepeXOJlOB C ypOBH51 2960 KSB H8 ypo­

BeHb 1511,3 KSB H H8 OCliOBHOe COCT051HHe Mbl nonyqaeM 

B ( M I; 2960 ... 0) O 
4 -------------~ ' 9 

H(MI; 2960 -oi5ll,3) 

B ( E 2 ; 2960 ... 0 ) 
2,03; H 

B ( E 2; 29o0 ... i5ll,3) 

10 

; 

'J 
'·1 

I 

,\ 

f 
J 
\ 
(\ 

l 
"', 

{ 
}~ 
~ ,I• 

!,! 
,j 

I 
l 
l 

l 
t 
l 
l 
I 
I 

I 
.'i 

B cnyqae paapHJlKH ypOBH51 3092 ·aTH 3H8'leHH51 'oyJlyT pa: 

B(M I; 3092 ... 0) 
. =0,45 H 

B(M I; 3092-oi5ll,3 

B(E2; 3092.:. 0) 

B(E2;3092-oi5ll,3) 

B 
\ . 

· HJlHO, 'ITO JlnH onpeJleneHHOH cMecn MI + E2 OHH MOry'I 

' 6nH3KH eJlHHHUe~ 
/13/ 

ABTOphi pa6oThi noKaaann, 'ITO ypoBHH 1628; 18 

H JlB8 JlpyrHX ypoBH51 1 2220 H 2389 KSB 1 Ha6nroJlaeMbiX HMI 

(p, n y) 
1 

CB5138Hbl C OCHOBHbiM COCT051HHeM y -nepexoJlaM 

npeo6naJlaeT MynbTnnonbHOCTb Tnna E2 H nx ueHTp THmE 

I'HIO . "' 2100 K3Bo . Ha STOM OCHOB8HHH. OHH. c.:inTa~T ... 'ITO 
. . . 

JlHT B cocTaB MynbTHnneTa, o6ycnoBneHHoro cna6oii CBH· 

JlbtpKn g 9/2 c Boa6ymJleHHbiM ocToBoM 2+( . .9°Zr ), 
' . 40 50 

. KoH¢nrypaunn p( g·9/2 )~+ n (g 9/2)-1 • Ilpn pacna)le 
89 

. Nb 

nncb TOnbKO ·nepBbie TPH qneHa. sToro MynhinnneTa. 06oc 

Koro noJlXOJla nonyqnna noJlTBepmJleHne npn nonbiTKax aw 

91 y' '/16/ ·. 89 /17/ _91 /18/ 
3 9 5 ~ ' 3 9 y 5o n 4 o Zr 5 t 

AHanorH'IHO MomHo ·npeJlrronaraTb cyn;ecTBoB.aHne MynbT 

. paUH51MH p ( g9/2 )~+ n (g9/2 )- 1 ; p (g9/2)
6
2 n (g9/2) - 1 . II p ( 

' + 
C ueHTpaMH' T51;)KeCTU npH SHeprHHX "'3077; "'3448 H 

89 + . ' ' 
BeTCTBeHHO. Ilpn pacna)le Nb ( 9/2 ) 6yJlyT, ecTeCTBeJ 

HO Boa6y;)KJlaTbC51 TonbKO qneHhi MynbTHnneToB c I·" 

BbtCoKne ypoBHH c nonomnTenbH~ii 'l:eTHOCTbiO Morn 

HSJlnemaTb MynbTHnneTaM TpeX'l8CTH'IHhlX KOHlPHI'ypaunii:., 

1) p
1 

(g9/2)p
2 

(pl/2)n (p l/2J, 

2) p (p3/2)--1 p(pih)n (g9/2)-
1 

1 2 
' ' 1 . . . 

3) p {p3/2)- p (g9/2)Jl \ p I/2). 
1 . • ' 2 . 
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6y~yT. pa3pH~8TbCH 

, T.K. nepexo~bl 6onee 

HTHhr• STu coo6pa~emm 

..tO~Hbl9 3H8'19HMH CllM-

C9B 'IBCTM'IHO pa3pH-

I TT. /+ + 7 2 ' 9/2 • 

rpOHHOfi o60il0'1Ke TOilb-

OB8HMe OllH0'18CTM'IHbiX 

'2. Mo~Ho oTo~~ecTBMTh 

10Cil9~HMX ~BYX ypoBHHX 

)HHMH, BKil!0'18!0lii9rO 

(.I 
KOilll 

+ 
2 ) :t. 

-nepexo~aMM·c 6nM3KM-

TO OHM MM9!0T CXO~HY!O 

90 /15/ 
· . 40 Nb oo co 

K9B. M 1725 K9Bj T.e. 

g 9/2)':.
1 

M p(pl/2): n (g9/2)-.1 
. + . 

y -nepexo~oB, M~yliiMX 

6b!Tb TaK~e 6nM3KM. 

3092 'KSB. nmr OTHOliie-' 

IOBHH 2960 K9B H8 ypo-

()._; 'o) 
2,03; 

i>U ~1511,3) 

il 
;11 ., 

B cnyqae paapsr~KM yposHsr 3092 STM aHa'leHnsr 6y~yT paBHhi! 

B(Ml;3092 .... 0) 
----------=0,45 n 

B(E2; 3092 ... 0) 
=1,73. 

B(M I; 3092-+1511,3 ) B (E 2; 3092 -+1511,3 ) 

Bn~Ho, 'ITO ~nsr onpe~eneHHofi cMecn Ml+E2 OHM MoryT 6b!Tb 0'19Hb 

· 6nnaKn e~nnMue~ 
/13/ 

ABTOPhi pa6oTbl noKaaanM, 'ITO ypoBHM 1628; 1834; 2128 KaB 

n ~Ba ~pyrnx. ypoBHsr, 2220 n 2389 KaB, na6nro~aeMbiX l!Mll B peaKUM~ 

(p, n y) 1 CBSl38Hbl C OCHOBHbiM COCTOSl:Hll9M y -nepexo~aMn, B KOTOpblX 

npeo6na~aeT MYilhTMnonhHOCTh TMna E2 M MX ueHTp TH~ecTn.nMeeT anep­

rnro . "' 2100 KsB. Ha aToM ocHoBannn ·oHM. C'IMTaroT,' 'ITO sTn ypoBHM axo- · 

~HT B COCTaB MyllhTllllll9Ta,, OUYCIIOBil9HHOrO cna6ofi CBH3b!O H9fiTpOHHOfi 

. + .!10 
. ~blpKll g 9/2 C B036y~~9HHbiM OCTOBOM 2 ( · 

40
Zr 

50 
), T.e. B MYilbTMllll9T 

. . 
KOHqmrypaUJIM p(g·9/2)~+ n(g 9/2)-1 • npn pacna~e 89 Nh HaMn na6nro.na-

llMCb TOilbKO •nepBbl9 TpM 'lll9H8. 9TOrO MYilbTHllll9Ta. 060CHOB8HHOCTb ·Ta­

KOrO no~xo~a nony'IMna no~TBep~~eHMe npn nonbiTKax aHanMaa ypoBneu 

91 y /16/ 89 117/ 91 /18/ ., 
39 5~ 39 Yso n .40 Zr 5 t 

AHanorM'IHO Mo~Ho npe~nonaraTb cy~eCTBOBaHMe MYilhTMnneToB c K~H<jlnry::.' 

. paUHHM,M p(g9/2)!+ n (g9/2)-l ;p(g9/2)
6
! n (g9/2) -I. M p(g9/2);+ ~(g9/2)-l 

C U9HTpaMM· TH~9CTll npn 9HeprllHX "'3077; "'3448 M "' 3590 Ki:m COOT-
89 + . . . , . 

B9TCTB9HHO. npM pacna~e Nh ( 9/2 ) 6y~yT, ecTeCTB9HHO,. Henocpe~cT'BeH-

HO B036y~~aTbCH TOilhKO 'lll9Hhr MynhTnnneToB c I" = 7/2+,-9>2+ M 1112+. 

BbrcoKne ypoBHH c nono~nTenhn~l1 'leTHOCThiO MornM 6br TaK~e npM­

Ha~ne~aTb MynhTnnneTaM Tpex'laCTll'IHbiX KoH<Pnrypaunu:, 

1) p
1 

(g9/2)p
2

(pl/2)n(pl/2J, 

2) p (p3/2)--1 p(plt2)n (g9/2f
1 

1 2 
. . ., 1 . . . 

3) p (p 3/2)- p ( g9 /2 )n \ p l/2). 
1 . . 2 

11 



I 
\ 

. , 
I 

06cyAHM B03MO*HOCTb B036Y*A8HRR T8KHX ypOBHefi npH pacnaae 

89 Nb • >,, 

I 19,20/ 
KaK oTMe'Ianocb B pa6oTax : .. · , f3 -nepexoAhi, xapaKTepnayro-

mnecg C8MbiMH HH3KHMH 3Ha'I8HHRMH £g ft ( fg ft.:$ 5, 5), 'I81U8 BCero CBR-

3J:>IBaiO~- ypOBHH1 KOT~pb18 RBnRIOTCR pa3HbiMH 'IneHaMH CnHH-op6HTanbHOrO 

ay6neTa, 8TO nepeXOAbl THna j I = f j: l/2 -+ j 2 = f +l/2, {J- nep.eXOAbl 

THna j = f j:l/2-+ j = f j:-l/2 , CBR3biB8IOIUHe OAHH8KOBbl8 qneHbl CniiH-op6H­

T8nbHOrO ay6neTa, xapaKTepH3YIO.TCSI 1 KaK npaBHnO, 3.H8'I8HHSIMH fg ft 2: 6. 
' . . 

Ecnn ae y'IHThtBaTb 8cjJ<jleKT cMemnnaHHSI Koa<jlnrypaunli, To ypoBHH 
. . + . . 

KOHcjJHrypaUHH ( 1) 6yayT B036Y*A8TbCSI {3-f -nepexoaaMH Tuna p 1/2-+ p 1/2: 

1 1 10 
p(g9/2) n(p1/2) n(g9/2) 

'" n(p1/2)~ 

2 1 0 10 1 
p(pl/2) p(g9/2) · n(p1/2) n(g9/2) ---+ p(p1/2) 

~-------P (p 1/2 )---------

C COOTB8TCTBYIOIUHM 3H8'ICHH8M fg ft ~ 6 • 
. . ,· .,. 

YpoBHII KoacjJnrypaunw ( 3) 6yayT noa6Y*D:_BTbCSI nepexoaaMH Tuna 

p 3/2 ... p1/2 c fg ft ~ 5, 5 

y~ 

l 
4 2 1 0 ' 10 - 1 2 1 . 1 10 

p ( p3/2) p (p 1/2) p (g9/2) n (p 1/2 ) n (g9/2) "'P (p 3/2) p (pl/2) p (g9/2) n(p1/2) n (g9/2) . ·. . ,, . . ' ' ; . 

1-------~~-- p ( p 3/2) n ( p 1/2) t 

YpoBHH Koaqmrypaunn ( 2) npu pacnaae 89 Nb 

6y*A8TbCR He 6yayT, 

uenocpeACTB9HHO B03-

OauaKo na-aa 8cjJcjJeKTa cMemnBaHiiSI KapTHHa 6yaeT MeHee onpeneneHHoli. 

BepiHITHOCTb noa6y>KaeunSI 'Ineuon MynhTrrnneTa KoacjJnrypaunn ( 1) Mo;KeT. 

nOBbiCHTbCSI 1 KOHcjJHrypaUIIH ( 3) - H9MHOrO IIOHH3HTbCSI 1 H M0*9T B03HHKH;Tb 

B03MO*HOCTb aaceneHHSI TaK*e yponuefi qneuoB MynbTmieTa Koa<flnmypaumr { 2) •. 

flo8TOMY rrpu rroiiHTKe. HHTeprrpeTaUHH BhiCOKHX, ypoBnefi 
89 

Zr cneayeT. 

noKa orpaH!I'IliTbCR 38M9'I8HH9M 1 'ITO H9KOT0pbl9 H3 ypOBHefi 2960; 309S; 

3511,3; 3559; 3576 K8B 1 {3 -rrepeXOAbl Ha KOT0pbl9 HM9IOT C8Mbl9 Manbi9 

fg ft 1 ·aaBeAOMO IlpliHBAne*aT K MynbTliiineTy { 3), 

12 

l 

TpexqaCTll'IHbl9 COCTOSIHHR T8KOrt> *e Tliiia • p ( p3/2 )-
1 

85 . . 
TaK*e ua6nroaanncb. B Rnpe 38 Sr 47 npn pa:cnaae ' 

89 
OanaKo B Zr 8TH cocTORHHR ne*aT cymecTBenuo Bhrme 

:3Tor·o cneaoBano o*nnaTb rro ABYM rrpH'IHHaM, Bo-rrepBbiX, 

ypoBeHb p { p 3/2 ) ~H8XOAHTCSI 6nH*e · K IIOBepXHOCTH ciJe 

• 89 Zr ·: · II08TOMY Boa6yanTh rrpoToH p3/2 B s!,Sr 
40 49 

B 
89 

Zr B . 89z • o-BTOpbrx, SIAPO r 6nn*e K MarnqecKo 

Xoppmo llaBeCTHo, .'ITO rrpll rrpn6nll*eHHll K Marll'IeCKOMY 'Ill en: 

IIOBbiiUaiOTCSI { li KOnneKTliBHbi91 li OAHO'IaCTll'IHbl81 H Tp8X'It 

ABTOpbi 6naroaapHbi )K, T. :>KeneBy li K.H. fpoMoBy a a 

· rroaaep*KY li liHTepec K pa6oTe. 

fl H Tepa T y-p a 

1. R.M.Diamond, Phys. Rev,, ~ 410 (1954), 

2. H,B. Mathur, E.K. Hyde, C.A. Levine, P.K. Kofsta.d. 

2L 177 (1955). 

3. F.D. Butement, · S.M. q ain •. J. Inorg. Nucl, Chern.,· _gs· 1 

4. E,K.Hyde .. and J.M. Nit~~hke, UCRL-16580, 88 (19( 

5, H.r. 3afiueBa, M.r. nomiinoB. TeaiiCbl XIX e*eroauoro c 

IIO RA9pHofi.cneKTpOCKOnHII II CTpyKType aTOMHOrO RApa, 

II3A. 'HayKa", .rieullnrpaa, 1969. 

6. r.H. 3a6IIRKIIH, 11. 3BonbCKH, B~I1. flpHXOAbKO,. A. ToMHK, 

B.I1, clloMHHbiX, B.M. llyrrKo-CHTHHKOB~ I1aB. AH CCCP(· 

N? 10, 1601 { 1967) •. 

7. P. ApnhT, ·H.r. 3afiueBa, B. KpaUIIK, M.r. nomnnoB, r." 
Txaub MnHb. flperrpHHT OI1.HI1, P6-4239, .lly6ua, 1968. 

8. C.M.Fon, R.W.Zurmuhle and J.M.Joyce. Phys. Re, 

l248. _{1967) ~ 

9. J,B. Ball, C,B,; Fulmer, BAPS. 12, 526 (1967); Phys. 

(1968)~ 
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3Heii: rrpH pacrrane 

llbl1 xapt\KTepH3YIO-

), qame acero .CBH-

liCIIIIH-op6HT8libHOrO 

f -1/2,{3 -rrepexonbi 
+ . 

b!e qneHbl CIIIIH-op6H-

H8q~HIIHMII eg ft _2: 6, 

'YP8UliH1 TO ypOBHII 

!MII TIIII8 p 1/2 -> p 1/2: 

1 1 1 10 
~) p (g9/2) n(pl/2) n(g9/2) 

"" _...;___,._. n(p l/2)~ 

~epexonaMH THIIa 

·1 ' . 2 1 1 10 
p(pl/2) p(g9/2) n(pl/2) n(g9/~) 

:pl/2) ___t 

HerrocpencTaeimo aoo-

:IeT Me nee orrpeneneHHoii:. ·, 

purypauHii ( 1) Mo;!(eT 

H, II. MO)!(eT B03HIIKHYTb 

rneTa KOHtPHillypaUHII ( 2) o • 

eii: 8 9 Zr cnenyeT . ~ 

·pOBHeii: 2960;. 3093'; 

fMeiOT C8Mb!e M8lib!e 

TpexqacTHqHbie COCTOHHHH 

TBK*e Ha6nronanHCh. B HJlpe 

T8KOr() )!(e THII8: p ( p 3/2 ) -
1 

p(.pl/2) p ( g 9/2) 

:~ Sr 47 npH pacnane 85 Y 121 
( • 

OnHaKo B 
89 

Zr aTH cocTOHHHH 85 ne*aT cymecTBeHHO Bbime, qeM · B Sr. 

3Toro cnenoaano 0)!(H)l8Tb IIO JlBYM IIpHqHH8M, Bo-rrepBbiX, B as: Sr 
3& 47 

ypoBeHb p ( p 3/2 ) H8XO)lHTCH 6nH)Ke · K IIOBepXHOCTH cPepMH 1 qeM B 

89 Zr ·; IIOSTOMy B036y)lHTb IlpOTOH p3/2 B 8 ~'Sr nerqe1 qeM 
40 49 

89 . . . 89 5 
B · . Zr • · Bo-BTopbiX, Hnpo Zr 6m1*e K MarHqecKoMy qifcny N == 0. 

Xoppmo HaBeCTHo, qTo rrpH rrpH6liH)KeHHH K MarHqecKoMy qifcny Bee ypoBHH· Hnep 

IIOBb!lli8,10TCH (H KOlilieKTHBHbie1 H OJlHOqaCTHqHbie, H TpexqacTHqHbie) ,· 

ABTOpbl 6naronapHbl )f(,T, )f(eneBy H K • .H, fpoMOBY 38 IIOCTOHHHYIO 

· rronnep*KY H HHTepec :K pa6oTe. 

nHTepaTypa 

1. R.M. Diamond, PJ;lys. Rev., !22_, 410 (1954). 

2. H.B. Mathur, E.K. Hyde, C.A. Levine, P.K. Kofstad. Phys. Rev., 

21., 177 (1955). 
., 

3. F.D.Buter;tent, S.M.Qain. J.Inorg.Nucl.Chem., _g§· 1481 (1960). 

4. E.K. Hyde, and J.M. Nitschk~. UCRL-16580, 88 (1968). 

5. H.r. 3aii:ueBa, M.r. nomHliOB. Te3HCbl XIX e)KeronHoro COBemaHHH 

. IIO H)lepHOH _crreKTpOCKOIIHH H CTpyKType 8TOMHOro H)lpa, f, CTp, 267, 

H3Jl, "'HayKa" 1 neHHHrpan, 1969. 

--6. r.H. 3a6HHKHH, l1. 3BOlihCKH, B.l1. llpHXOJlbKO, 11. ToMHK, B.n. Tpy6HIIKOB, 

B.l1. <PoMHHhiX, B.M. llyrrKo-CHTHHI<OB, Has. A H CCCP ( cep. tjJHs.), 21.., 

N9 10, 1601 ( 1967) •. 

7. P. AplibT, 'H.r. 3aii:ueBa, B. KpaUHK, M.r. nomHliOB, r. My31IOlib, tiaH 

TxaHb, MH!lb. llpenpH!IT Ol1.Hl1, P6-4239, ny6!la, 1968. 

B. C.M.Fon, R.W.Zurmuhle and J.M.Joyce. Phys. Rev., 155, 

l248. _{1967) ~ 

9. J.B.Ball, C.B~Fulmer. BAPS. 12, 526 (1967);. Phys.Rev.,172, 1199 

(1968). 
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'j. 

' .. ~ 

10. H. 'I'aketani, M.Adachi, Y. Yashida, M• Ogawa and K.Ashibe. 

Phys. Lett., ~ No 8, 499. (1968). .,, 

11. D.B. Lightbody, A. Sayres and G.E. Mitchell. Phys. Rev., 153 , 

1214(1967). 

12. H.J.Kim and R.L.Robinson BAPS, g 130 (1967). 

13. T.Hausman and K~P.Lieb. BAPS, 11 582 (1969). 

14~ G.Bassani a_nd J.Picaru.·N~cl. Phys., A131,636-672 (1969). 

.15. 'H.r. 3aiiue8a, B. KpaunK:, r. Myanonb, n.K. fleKep, B.H. <POMH~biX, 

l.JaH TxaHb MnHb. flpenpnHT 011.HI1, 6-5106, ·ny6Ha, 1970. 

16. J.D. Knight, O.E.Johnson, A.B. TUcker and J.E. Solecki. 

Nucl. Phys. A J30!433( 1969 ). 

17. A.Scott,M.L.Whiten and W.G.Love. Nucl.Phys., A137, 445(1969). 

18. H.P. Block. Nucl. Phys., -61??, 188-208 (1969). 

19. K. AneKcaH.nep. flpenpnHT 011.HI1, 'P6-3785, lly6Ha, 1968. 

20. n.K. fleKep. MaTepnanbi qeTBepToii 3HMHeii WKOnbi no Teopnn .HAp a . . . . 
H tjln.3nKe BbiCOKHX 8Heprnii. Ha.n.- cflTH, n., 1969, CTp~ 163. 

21. P. ApnbT, H.r. 3aiiueBa, B. KpaunK, M.r. nownnoB, r. Myanonb, n.K. fle­

Kep, l.JaH TxaHb Mn;Hb. ·. Te3IICbi XX e>Kero.nHoro co'BeWaHir.H no .HAepHoii 

cneKTpoCKonnn II 'cTpyKType 8TOMHoro si.npa.- I ' • na.n. "HayKa". n., 
1970, CTp. 69. 

PyKonnch nocTynnna B na.naTenbcKnii_oT.nen 

. 29 anpen.H 1970 ro.na. 
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r 

. \ 

Ey . 
(Kss) 

·587,6 

8112,0 

511 '. 
1260,1 

IJJJ,6 

(l44'J)* 

(1466) 

1511,5 

. 15?0 
(1540)_ 
1581 

1627,0 

.(I'/44) 

1833,1 

1866,5 

1884,:i 

1::.14') 

210-~ 

(2111) 

2l~H,l 

2'H'I 

24;~) 

,,!41+1+ 

-
x/ 

Ta5m<ua 
3~eprHH H HHTeaCHBHOCTH Y -nyqel! 

89 
Nb 

I , 
Y OTHOC• 

50,!.15 

17,!. 7 

1580 

31,'~!,6,5 

33,2!,7,5 

= 3 

- ?. 

55, !,8 

1 !1
1 

!.o, s 
n,a ,id,~~ 

;100 

4,3 

74 !,7 

10.!, 5 

I!J!. 7 

iO!. 6 

.. n,s 
- s· 

14+5 
. -
4!,2 

li!.·i' 

4,5!,2,5 

Iy HB 100% 
pacnaJloB 

3,7!,1,2 

1 '~5!,0, ~'i 

llfi 

2' :1!,0', 6 

<?,4!,0;~ 

! = 0,22 '; 

- 0,15' 

'4,0!,0,6 
o, 08 .± 0,,04 

= 0,07. ; 
:_ 0~5!,0;2 ; 

., ~3!) '• 

~,~2 

5, 45!,0, ,·,o 
0(14z.0,3~_ 

1,4 !,0,'6 

0,74!,0,~0 

'· = 0,85 

= 0,'J7. 

J,03z.0,31 

Ey (Kss) 

:!465 

2481 

2510 

2518 

2573 

2612 

2ri24 

2655 
2675 

'27':-;4 

-?802 

281() ' 

2:J26 

2'160 

. :?983 . 

:3016 

(3058) 

3on,s 
3471 

-3513 

0,2'1.!,0, 14 '·If 3559 

0,'2'J!,0914 

O,:K~.;tO,IS 

3576 

3'Jli 

3:Jl7 

I 
Y OTHOC, 

. 3,8;!:.1,'/ 

3,2 .;tl,7 

4,r, !,2,2 

2,0 !,1,0 

67 ;!:.6 

10 !,3 

4,2 ;!:.1,7 

4<6 .!.2.~ 
3 + 2 

· .. D:I4 

4, 7 :_2,'/ 

. 6· '+::i" 
:· ... -

6,5 _!,3,3· 

52 !,6 

3 ;!:.1 

5,9-.:!;,!',2 

.. 2,6') 

88;!:.8 

3,5!,0,8 

:1 ,'lz.O, ~ 

2,1!,0,7 

6,3!,1,7 

8.;t2 

5.;t?. 

B cxo6Kax npHBeJleHbl nepexo.a.hl, cymecTBOBaane KOTOp~~x. He 

c nonaoA nocToaepaoCTbro. 

ts·:, 



gawa and K.Ashibe. 

1ell. · Phys. Rev., 153 , 

30 (1967). 

2 (1969). 

131,63~-672 (196~. 

eKep, B.I1. ¢oM:U~biX, 

·ny6Ha, 1970. 

'J.E. Solecki. : 

Phys., A137, 445(1969). 

(1969). 

61Ia, 1968. 

onbi no Teop:u:u .s:rapa 

69~ CTp; 163e 

nos, f. Mya:uon~, n.K. De­

o. COBeUiaH:U.Il no .llllepHOfi 

I' ,· :uaa.· "HayKa"; n., 

ll31l8TenhCK:Ufi OTilen 

1970 roaa. 

Ey .. 
(K9B) 

I . 
y OTHOC. 

Ta6n11ua 
. 8f!epr1111 ,.11 ~HTeHCIIBHOCT_II y. -ny_'<elt 

89 
Nb 

ly aa 100% 
pacnanoe. 

IY aa 100% 
pacnanoe I 

}' OTHOC. 

------~------~~--~---*------~----~~--~---
587,6 

8112,0 

511 
t 

1260,1 

IJJJ,6 

Cl44Y)* 

0466) 

15Il,5 

15?0 
(1540) 
1581 . 

16?.7;0 

{I'/44) 

1833,1 

1866,5 

18ti'i,:i 

1Y4') 

210-~ 

(2111) 

2l~H,l 

2'H'I 

24~?) 

it·' 

50,!.15 

1'7,!. 7 

1580 

31 ' 1~,!.6, 5 

33,2,!.7,5 

- ?. 

5~ ,!.8 

1,1 ~o,5 
-I-

1),3 ,!.d,;~ 

;100 

li,3 

10,!. 5 

B.±. 7 

iO.t. 6 

.. ll,5 

1'1+5 . -
4,!.2 

''!.·~ . 
4,5.t,2,5 

3,7,!.1,2 

1 '?.5,!.0, d"i 

lll'i 

2, ~~.t.O ~? 

I - 0,22' 

- 0,15 . 

4,0,!.0,6 
0,08.:!; 0,94 

- 0,07. ; . 
. 0~5,!.0,2 \ 

7 ~3fi ; 

?,32 
5,45.:.o, ·,o 

2465 

2481 

_?.510 

2518 

2573 

21;12 

21)24 

:?656 
2675 

: 275_4 

-~30?. 

2816 

2:.126 

2%0 

3,8,tl,'l 

3,2 ,!.1,7 

4,() ,t2,2 

2,0 ,tl,O 

67 !.6 

10 .t3 

4,2 ,tl,7 

4,·6 .±.2,3. 
3 + 2 

·: .. D :!:4 · • 
4,7 :_2,'1 ., 

6· ·-t::s; 
, .. ;-.-

6,5_,t3,3 

5'-! .t6 

0/14.t,0,:36_ ~983. 3 !1 

1 1 4,!.0,·6 3016 5 1 Y.±.l 1 2 

0 1 74;t.O,~O (3058) - 2,6, 

•. - 0,85 

- o,:i7 

J ,03,!.0,31 

O,r!'J,!.O,l4 '. 

o;2:J.±.O,l4 

0,38.±,0,15 

:. 

30n,a BB.tB 

3471 

351.3 

3559 

:3571) 

3'Jli 

3:Jl? 

3,5,t0,8 

:1,7,t0~5 

2,1.t,0,7 

6,3:_1,7 

8.t,2 

5t.?. 

0,28;t_U1 JJ 

0 ,? ~,tO, 13 

QJ,34,tO,i~-· 

0,15,t01 07 ,. 

4,93,!.0,50. 
I . . 

0,74;t.0,23 

0,31,t0 1 1J 

0,34+0.16 
o.22 +· o;I4 
o,~6.£b,?.Y 

o,::s.!.o,w 
. 0,114.£0,21. 

0,48.t,0,?..3 

3,83,t0 1::S8 

0, ;!;?.±,0, If/ 

0,4~:_o,o7 

.. 0,2 

6,47.t,O;G3· 

O,d6.±,0j07 

OilJ,tO,Otl 

o, l6,t0,05 

0,46.t,O,l0 

O,:>'J;t.O,l4 

O, 37.t,O,l4 

xl B 6 . . . 
CKO Kax npl!eeneHbl nepexonhi, cywecTeoeaal!e KOTOphiX ae ycTaaoeneao 

C nonHOfi llOCTOB9pHOCThroo 
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