
6 - 7477 

lf6o I --"-~' 
w!so~KJIKa, X.-Y.3K6epT, B.Kp~, H.JlKDTaK, 

A.<.l>. Hoaropo,noa, x.r .OpTJienn, M.TomeB, B.Xa6eHKXT 

PACIIA,ll, 89 Nb 



HHCTHTyTa H)J,epHbiX 

AHHeHHOrO HHCTHTyTa HAepHbiX 

aMOCTOHTeJibHbiMH ny6mtKaUHJIMH . 

o CT. 4 YcTasa OlUIIif. 0TJIH'me 

CJI B TOM, 'ITO TeKCT npenpHHTa 

' aKOM- JIH60 Hay'IHOM )f(ypHane 

.n'P• 

--~ JI."P ble ny6nHKaUHH OlifJilif HMeiOT 

-- UHIO,COCTaBJIHIOI.I.IYIO nocnen-

~ MO)f(eT 6b1Tb npe,LICTaBJieH 

-- M H aHrJIHHCKOM Jl3biKaX. 

JiaiOTCJI TOJibKO B CTpaHbi-

MeiOT. 

\

-- Ha'teHHeM, onpenenJieT 

.llepe'!eHb TeMaTH'IeCKHX 

--- naeTCJI HX nony'laTenJIM. 

TCJI B npaBOM BepxHeM ----

6 - 7477 

l1.Bo~HJIKa, X.-Y.3H6epT, B.Kp~K, H.JIHnTaK, 

A.<l>. Hoaropop;oa, x.r.OpTJienn, M.TomeB, B.Xa6eHHXT 

PACIIA,Ll; 

HanpasneHo B Yl3B, AH CCCP ( cep.¢113.) 

:.: t~s;:ltl~:!Wfi tmCT£TfT 
:_;"j:pi.:::!X l:'lrC.JC)l!IBa!ld 

G~Gii~OTEKA 



.. 

., 

BOlUinKa H., 3n6epT x.-Y •• KpaUIIK 'E,, nnnTaK 51., . 
Hoaroponoa A.<P., OpTnenn X.-r~. Tomea M., Xa6eHIIXT B. 6 - 7477 

89 
Pacnan Nb 

Hccnenoaannch cneKTpbi raMMa-nyqel!, raMMa-raMMa-coananeHnl! 
npR pacnane 89 Nb. 06Hapy~KeHo 25 HOBbiX raMMa-nepexonoa. 

CymecTaeHHO nononHeHa cxeMa ypoaHel! 89 Zr 11 o6cylKnaeTCSI 

CTpyKTypa ypOBHel!, 

llpenpKHT 06'bel{KHeHHOrO KHCTKTyTa lll{epHblX KCCJiel{OBaHJdi. 

,lzy6ua, 1973 

··! 

j 
1 

I 
T 

---.------------------------~--- ------------ ------- -------. -l 
© 1973 051>eouHeHH~ii ukcnunyn Jl(jepHbzx uccAeooe~H~ii Jly5Ha · _- 1 

BBE,l(EHHE 

C 
_ u _ • 89z 

HCTeMy yponHeH ~IeTHo-Het.IeTHoro H,Il.pa -r c t.IHcnoM 
npOTO~OB Z .= _40 H O,Il.HOH HeHTPOHHOH ,lJ.hlpKOH B o6onot.IKe 
g912 B OCHOBHOM COCTOHIIHH MO:>KHO. HCCne,lJ.OBaTh _KaK n_3 
pacna,Il.OB MeTacTa6nnhHhiX cocTOHHHH 89 Nb, o6Hapy:>KeiUihiX 
,Il;aHMOH,lJ.OM / 1/, TaK H B H,Il.epiihiX peaKU:HHX. {3- ClleKTp 
OCHOBHOro COCTOHHHH ' 89 Nb I ITT = 9/2 +no' MO,lJ.eJIII o6ono -. 
t.IeK/ 6hm nJyt.Ieu B pa6oTax 11-41. Me:>K.D.y· yKaJaHIIhiMn 
B 3THX pa6oTaX 3Hat.IeUHHMH rpaiiiit.IHOH'3Heprn'ano3HTpOIIOB' 
HMee_TCH cyiUeCTBeiinoe paJuornacne: E2 p.f3+= 2,9±0,4; 
2,85±0,10, 2,8 H 3,34±0,10 M3B, cooTBeTcTBeiino. 3To 
pa3IIOrnacHe ,lJ.OBOllhiiO CHllhHO BJiHHeT Ilfi. 3Hat.IeHHH lg ft. 
{3+-pacna,l].a 89 Nb H TeM CaMhiM - Ha B03MO:>KHhie KBaiiTO- ' 

Bble xapaKTepHCTHKH ypOBHeH 89Zr , B03HHKaiOuiHX llpH , ,,, 
{3+-pacna,Il.e 89 Nb. 

CneKTP y -nyqeif, conpoBO:>K,Il.aiOJUHX {3+ -pacna.D. 
89 Nb , 

6bm HJytteii B pa6oTax /4--6 / , B nnx :>Ke pa6o,Tax npe,Il.na
raroTc.a na OCHOBe 6anauca 3HeprHH H HHTeHCllBHOCTeH 
y-nepexo,Il.OB cxe~Ibi pacna~a 89Nb.' Hy:>Kuo JaMeTHTb, '<iTo 
B 3KCnepHMeUTanbHbiX ,lJ.aHHhiX, KaCaWIUllXCH. ly , HMeiOT~H 
,Il.OBOnbHO 'cunl.Hbie paJuornacn.a B pa6oTax / 4•5/ '/eM. 
ma6A. 1/. CBe,lJ.eiiHH o6 YPOBHHX 89 Zr, B036y:>K,l].eHIIhiX 
B pa3HhiX H,Il.epHhiX peaKU:IIHX, ITpHBO,lJ.HTCH B ·pa6oTax/7- 15/. 
• HacTOHIUa.a pa6oTa nocBHIUena o6'h.acneunro pa-JHorna
cnH: B peJynhTaTax pa6oT /l-5/, ,lJ.anbneihneMy n 6onee 

, - . 89z 
.D.eTanhHOMY nccne,lJ.oBanniO CTPYKTYPhi ypoBneH: r, B03-

.6y:>K.naroiUnxc.a npn pacna.D.e 89 NO. • - -
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YCJrOBH!f.:H PE3YJJb.TATbl 3KCIIEPHMEHTA. 
--

... Me1-acTa6urrbiii.Ie cocT<)HnnH 89 Nb. ·rio~rtyqa~~c-b a p~ai<
uiiHx ·rny6oKoro pac~enrreunH cepe6pa npoTonall.m c :me£,
riieii 660. M-3ii ua BbiBe.ne:HnoM. rryqKe-;~CHHXpOL(HI<rro:rpoua 
_OHRH. -. )CnMuJ.IecKoe ,-~bl~erreuue HJ:Io6neao~ .·· ¢pa~~uu'u: H3 ·. ::_. • ;· j 
MaTepuarra 'MHIIIeHH npOH3BO.I(HllOCb ra30BbiM TepMOXpOMa-. 
TOrp_atiJuqecKHM MeTO.I(OM; .• ; 

- ~H3MepemiH -uaquuarrncb .qepe 3 1, 5 qaca nocrre Konua 
o6rryqeHHH, Kor.n:a > KOpOTK())I(HBy~ue H30TOnbi HH06HH npaK-

·:fnqeci<H: pacna.narrucb. CneKTpbi y -rry~eii - 8-9Nb nccrre.n;o
Barrud.- npu noMOIL(H y - cneKTPOMeTpil_a c Ge (Li) - .neTeK
TopaMH /'IYBCTBHTellbHbie 06'beMbl 2;·4_ II 41 CM 3, 3nepreTH
'IeCKOe ,pa3peiiieuue - q,7 1<3B. npn 3!fepruu 100 K3B 

. u 2,5 1<3B npu 3H(!pruu l.M:JB, cooTBeTcTnenno/. 3uepre-
. THqecKaH·-Karru6pOBKa npOH3BO.I(HllaCb. C. nOMO~biO H3BecT-. 
:nhlxy _-nepexo.noB 88 Nb , 89 Nb u .?0 Nb;npucyTcfByro~H:x 
. ·a HH06HeBOH tiJpaKL(HH. . - .. . . 

. Ilpuna.nrre)KuocTb y -nepexo-.non·K pacna.ny Ka)l(.noro H3o-
.. TOna onpe.nenHrracb no y6biBaHHIO HX HHT.eHCHBHO.CTeH. ll3 
::: o6uapy)l(eHHbiX y "nepexo.non .Bo ¢paKunu nuo~u~9 77 npu--

na.nrre)l(a T pacna.ny MeTCTa6HllbHbiX ·· COCTOHHHH · Nb; H3_ 
KOTOpbiX ·25 HBITHIOTCH HOBbiMH /eM. ma6/l; 1/. CneKTp 

· Y,-rryqeii'B HHTepBam~- 3Heprnii 525 - 4000 1<3B, H3MepeHHbiH 
.neTeKTopoM · c ·o6LeMoM 41 cM

3 co cBnnuoabiM ¢nrrhrpo~ 
TO~HHOH'5. MM; H3o6pa)l(eH na ·puC. 1 U 2.·- · .- _ .. ... . 

·H3MepennH y -y. - coana.neimii npou3ao.nurr~cb npu no
MO~H .nnyx . Ge ~Li) - .neTeKTopoB KoaKcnarrhnoro Tuna, o61.e-

-MOM 27 ri 41 ·cM
3 c BpeMennbiM pa3peiiieuneM·50.nceK. 

H3yljanilcb coana.neiiu1i c;: y ~rryqaMn c 3Heprueii ()20,5; 
1259;- 1332,3; 1464,8; 1511,4; 1627.,2 u 1833A. K:JB. Pe-·. 
3YllhTaTbi, auarrn3a_ cnei<TpoB y-_y -co-Bna.nenuii -npnB'eh~Hbi 

r 
. i 

. ; 

,_, 

B _ma6A. 2. > B cne~<Tpe coBna.neuuii c y ·<nyqaMn 3Hepruu. . 
1627 ;2 .:~<:JB;o~uapy)l(.eH y -nepexo~ c. 3Hepru_eii 1127. KaB;" ,l 
KOTOpbiH B _ ,O.I(HHO'IHOM_ y .- ~.rteKTpe He, pa3peiiiaeT~H OT 1 
?~•~ri::::·::::::::o~~·:::::~~::x ""~~

90

::ria~e .~·~b ···~· •... ~.t . 
jpr ,;_ 9}2 +, T~ = 1 ,9'.qaca/~ n3:Mepei(I-la~m npu}~O!"fo~u ·· - J 
_Si(Li) · - .neTeKTopa, Tuna TFC -15 ; _Torr~unoii 15 MM u nrro- 1 
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IL(a.I(biO 100 MM2 • ,lJ;nH onpe.nerrennH rpauuquoB: 3Hepruu 
cneKTpa 'no3nTponoB rpa4JnK cl>epMH- Kropu ucnpaBrrHrrn · c 

. - noMO~biO CTan.napTnoro ucJ-oqnnKa ua 34J4leKTbi ncKa)KeHHH 
3a C'IeT pacceHHHH H CYMMHpOBaHHH C aHHHrHITHUHOHHbiMH 
KBanTaMn; .MeTo.n onHCbiBaeTcH B pa6oTe/16 /. CTan.napTHhiM 
HCTO'IHHKOM Cll~HrrnpenapaT 138Pr /1,5 MUH/BpaBHOBeCHH 
c 138Nd I 5~2 · <~ac/, rpaunqua1i 3ueprnH ,a+-cneKTpa KOTo
poro paBna ./3415±10 K:JB/., Karru6poBKa .ne:ieKTopa no 
3HeprHH npOH3BO.I(HllaCb C nOMOIL(biO llHHHH KOHBepCHOHHbiX 
3lleKTPOHOB 207Bi H 6blrra , npoBepeu~ ·. C H3BeCTHbiM CTaH
.napTHbiM. HCTO'IHHKOM 140Nd+ 14(\lr / Ejzp. 8+=2366±6-:K3B/. 
rpa4JHK cl>epMH-KJOpH · ,8+-cneKTpa noKa3aH _ Ha puc . . 3. 
rpaHH'IHaH 3HeprnH no3HTpOHOB Ezp. ,a+= /3320±50/ 1<3B; 
'ITO HaXO.I(HTCH B corrraCHH C .I(aHHbiMH pa60Tbi·/M, -. 

Corrracuo Mo.nerrn o6orroqeK, KBaHTOBhie xapaKTepncTHKH 
OCHOBHbiX. COCTOHHHH 89Nb H 89zr .I(Oll)I(Hhl 6biTb 9/2+n3·3r 
KOHI}JnrypaL(HH HecnapeHHbiX HYKllOHOB r(g 9; 2) I H n(g_91~
COOTBeTCTBeHHO .. TaK KaK B pa6oTe· 141 onpe.nerreua HHTen-
cnBnocTb ,8+ -nepeXO.I(a Ha OCHOBHOe COCTO!fHHe 89 Zr 
/ 1 8+ =~ 740/o/, Mbi C'IHTaeM, 'ITO no3H:TpOHbi c rpauuquoii 
3HEfprueu E zp. a+ = 3320±50 . 1<3B 3acerrHJOT OCHOBHOe 

89. . 
cocToHune ·· ZI. Crre.noBaTerrhuo, 3HeprnH pacna.na 1,9 'lac 
89 b. . 

N . Qf3+= 4340±50 1<3B. . 

Pa3ilorrracuH Me)K.ny 3KcnepuMeHTarrbHbiMH .nanHbiMH 
pa6oT /1-oS/. KaCaiOiuHeCH Eizp.f3 + H ly , MO)I(HO 061>H:CHHTL 
crre~yro~nM o6pa3oM: pa3Iinna _Me)K.ny E-zp.,Boi-B 1 1-~~ u B "'
Haiiieii pa6oTe· - - 500 1<3B. IIepBbiH ypoBeHb B ·· Zr -

.588 1<3B /1/2"":/ CHllhHO 3acerrHeTCH. ,8+-pacna.I(OM H30Me.p-
89 . . . 

uoro cocTOHHHH Nb I CM. puc. 1/ .. Mo)KHO npe.nnorraraTh, 
'!To_npn H3MepennHx E.zp.p+ a pa6oTax 11- 31 npeo6rra):(arr 
pacna.n 89

m Nb /1/2-/, E ·zp. + B 3THX pa6oTaX'OTH_OCHTCH 
K pacna.ny89 m Nb: B pa6oTe .B;s;y -rryqu, B03HHKaiO~He npH. 
pacri:a.ne 89 Nb, 6binH H3MepeHLI B. OTHOCHTenbHO nrrOXHX 
YCllOBHHX /06'bCMbl .I(eTeKTOpOB 6,3 H 10 CM 

3 pa3peiiieHHe 
4-6 1<3B H 60llbiiiOH KOMnTOHOBCKHH I}JOH OT Y ·:rryqeii, B03;. 
nnKarouiux npn pacrra.ne 90 Nb I. Ilo3TOMY neKoTophie; .na)l{e 
curri>Hbie y -nep~XO.I(bi c E < ~329 ic3B aBTOpbl pa6oThi/5/ 
M:orrru ue · 3aMeTHTb. KpoJe '-foro, 3!1!4JeKTnnuocTh norruoro 
norrrmuennH y -KBaHTOB · B o6rracTn. >- 3 M:JB 6hma Marra·, 

.... ~·;.t ~ 
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II03TOMY B pa6oTe /S/ Ha6JIIO,naeMbiC IIHKH .IJ;BOHHOrO BhineTa 
aHHHrHII.HUHOHHhiX y. ·KBaHTOB OillH601IHO H.IJ;CHTH«<JHUHp(>Ba· . 
IIHCb KaK y -rrepeXO.IJ;hi. 

CXEMA PACllA,l(A 
89 

Nb 

. . 89 
·Pacrra.n MeTacTa6HIIhHialx.cocTo.HHHH Nb c KBaHTOBhiMH . + 

xapaxTepHCTHKaMH H rrepHo,naMH rronypacrra.na I 77 = 912 , 
T 75 = 1,9 'lOCO H 1 77 = 112-, . T75 =1,18 '1151 pa3pemeH
HhiMH ,B+·rrepexo,naMH •MoryT IIPOHCXO.IJ;HTh Ha YPOBHH 89zr CO 

.77 I+ I+ I+~-~- . 3Ha'leHH.HMH_ I = 7 2 , 9 2 , 11 2 H 1 2 , 3 2 , cooT· 
BCTCTBCHHO. Ha,no OTMCTHTh, 'ITO B ,naHHOH o6naCTH .H,nep 
rro aHanorHH c .npyrHMH .H,npaMH, pa3pemeHHhiMH ,a+~rrepe
xo.naMH, aepo.HTHO, 6y,nyT nepexo.nM co 3Ha'leHH.HMH lg ft~6,6. 
ITony'leHHble HaMH cae.neiiH.H o y ·nyqax, y-y -coima.neHH.HX 
H rpaHH'IHOH 3HeprHH II03HTPOHOB, a TaiOKe ,naHHble .H.IJ;ep-
HbiX peaKUHH / 7

-
15

/ II03BOII.HIOT IIOCTpOHTh CXeMy YPOBHCH 
89

Zr, B03HHKaiOIUHX rrpH pacrra.ne 89 Nb, K~>Topa.H rrpHae.nena 
Ha pHC. 4. 

ITepBbie 4 ypoBHH 0 1912+/, 588 1112 /, 1095,4 1312-l 
H 1451,2.1512/ B036:y:>K,naroTcH KaK rrpH pacrra.ne 89 ~b, Tax 
H B H,nepHbiX peaKUHHX ( 3He,a), (p,d) ,(p,ny) , (p,t) 7-l 5/ 
H HHTeprrpeTHpyiOTCH KaK O.IJ;HO'IaCTH'IHbiC .IJ;blpO'IHbiC COCTOH: 
HHH MO.IJ;CIIH 060IIO'ICK g 9; 2 , p 112 , p312 II f S/2 • 

YpoBeHh 1511,4 K3B orrpe.neneH CHIIhHhiM y -rrepexo,noM 
Ha OCHOBHOe ,COCTOHHHC H y-y ·COBJia,neHHHMH 1511,4 C rre
pexo,naMH 1447,7H 1580,3 K3B. 

YpoBHH 1627,3 H 1833,4 T<3B orrpe.neneHMCHIIhHhiMH 
y· rrepexo,naMH Ha OCHOBHOe COCTOHHHC H y-y • COBIIa,neHHHMH 
y1627,2 H y1833,4 c rrepexo.naMH 1127; 1332,3; 1464,8 K3B 

H 920,5; 1259 K3B COOTBCTCTBCHHO. 0HH IIpOHBIIHIOTC.H 
a peaKUH.Hx (p,d), (p,ny) H (p, t) /9,12,1 5/. KaaHTOBble 
xapaKTepHCTHKH I 77 = 512 +, rrpHrrHcaHHhie .naHHOMY ypoa- . 
HIO B 3THX pa6oTaX, He IlpOTHBOpe'laT HaillHM ,naH:fihiM. 

YpoBeHb 1865 t<3B B036Y:>K.naeTCH IlpH pacrra.ne 89 m Nh 
I 177 

= 112-1 rrepexo.noM, rro·BH.IJ;HMOMy, pa3pemeHHoroTHrra 
I lg ft = 5,91. Ero CIIHH H 'leTHOCTh 6y,nyT ·112- HIIH 3/2-
cornacHo .naHHhiM pa6oi 17- 151.. · 
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YpoBeHL 2101.1 t<3B orrpe.neneH CHIIbHhiM y -rrepexo.noM 
Jia OCHOBHOe COCTO.HHHe/ 1~poBeHL· C TaKOH 3HeprHeH Ha6JIIO_; 
.nanc.H B ·peaKUHH (p,t) H eMy rrpHIIHCaHLI I 77 = 712 . 
B pa6oTax 18 •9•12/ rrpo.HBHIIC.H ypoaeHL c 3TOH:>Ke 3HeprHeii · 
C 177· = 512-. Pa3p)l~~a ypOBH.H 2100 K3B, B03HHKaiOIUero 
B peaKUHH (p,ny) , COBCCM ,npyraH: ly Ha OCHOBHOC 
COCTOHHHC <3, Ha ypOBCHL 1095 T<3B ly =. 70 H Ha ypoBeHb 
1451 K3B ly = 30. llo3TOMY ypoBHH rrpH 3HeprHH 2100 K3B, 

Ha6nro.naeMLie rrpH· pacrra.ne 89 Nb H B peaKUHHX, - pa3Hb1e. 
Bo3MO:>KHhi . KBaHTOBLie xapaKTepHCTHKH ypo_;m.H, Bo36ym-
.naeMbie rrpH pacrra.ne 89 Nbl 712, 912, 11121- . . · · 
. YpOBHH 2182,2; 2221,3 H 2297 K3B gaHee 6biiiH BBC.IJ;CHhl 

.J<aK B pe3yiiLTaTe H3y'leHHH pacrra.na '11 Nb/4{TaK H.H,nepHoii 
peaKUHH, /11,12/ . ,norrOIIHHTCIILHO Mhl :BBeiiH COCTOHHH.H 
2132 H 2388 K3B, KOTOpLie IIpO.HBIIHJIHCL IIHillh B peaKUHH 
(p, n y )Ill ,12~ Bee 3TH ypoBHH,3acenHIOTCH Herrocpe.ncTBCHHO 
,a+pacrra.noM H H3 3Ha'leHHii 7,1$lg ft$ 7,7 HenL3.H c.nenaTh 
BhiBO.IJ;hi 06 HX KBaHTOBhiX xapaKTepHCTHKaX. 

Ypoa.eHL 2572,5 K3B 1712, .9121+ 3acenHeTCH pa3pe· 
meHHhiM ,a+-rrepexo.noM I lg ft = 5,81 H orrpe.neneH y -rre-

77 I + + pexo,naMH Ha ypoBHH C I = 5 2 H 912· . . 
YpoBeHL 2612,1 H 2730 K3B lrrocne.IJ;HHH BBe,neH HaMHI 

OIIpe,neneHhl Y ·rrepexo,naMH Ha. OCHOBHOe. COCTOHHHe H y ~rre-
pexq.naMH H3 Bhlmene>KaiUHX ·ypoaneii. · . .· . 

. TpH YPOBH.H 2754 1712 +I' 2959,5 17 /2+' 9/2+ I H 
3092,5 /7/2 +I K3B, ,B + ·iiepexo,nhi na KOTO.pLie HMeiOT 
HH3KHe 3Ha'ICHH.H lg ft = 5,5; 5,5 U 5,2 COOTBeTCTBCHHO, 
orrpe.nenenhi y -nep.exo.naMH Ha ocHO.BHoe H B036y)I(.IJ;eHHiale 
COCTO.S:HHH H ·y--y - COBJia,neHHHMH: 

a/ y920- y 1833, y 1833 -y920, y 1627- y 1127 
6/yl332-y1627' yl527-yl332, y 1511-:y1448. 
a/y1259- y1833, y 1833-y1259, y.f465-yl627 

y 1627 - y 1465, y 1511 -y 1580. COOTBCTCTBeHHO. 
Pa3pemeHHLie ,a+7rrepexo,nhi H y -rrepexo.nhi na ypoanH: 

c F = 512 ± H 9/2 + orrpe.nenHIOT . .nnH ypoaneii · 2754 
H 3092,5 K3B I 77 = 712 +; YpoaenL 2959,5 K3Bpa3pHmaeTcH 
Ha COCTO.HHHH C J7T , = 512 +, 912 +H B036y:>K,naeTCH pa3pemeH
HLIM ,B +-rrepexo.noM rrpH pacrra.ne 89 Nb I 77 = 912 "': lh 3Toro 
cne.nyeT, 'ITO KBaHTOBhie xapaKTepHCTHKH ypoan.H ne MoryT 
6LITh 5/2 + / 14/, a 6y,nyT 712 + HIIH 912 +. . . 
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OcTanLHLie BLICOI<:one>Kai.Que ypcinHu, H3 KoTopi.IX 3141 ,2; 
3280,9; 3531; 35a4, 3907~ 3931 H 3948 K3B 6WJIB BBC,ACHW 
HaMH, pa3pJDKaiOTCJI Ha OCHOBHOe COCTOJIHHe. Hx KBaHT<lBhlC ' 

. xapa:KTepHCTHKH MO)KH-0 O~CHHTb TOJILKO Ha OCHOBe 3Ha'ICHHH 
.lg ft-/3+ -pep,exo,D;OB. -0HH npHBC,D;CHLI Ha puc. 4. - ;._· ,~ 

OECY)J(,l(EHHE 

JI,IJ;po . !~ Zr 49 CO,D;Cp)KiiT B HeitTpOHHOii 060JIO'IKC N=:: 50 
TOJILKO O,D;Hy ,D;blp:Ky. llo:no:My B03MO)KHO CYIIlCCTBOBaHHe 
O.IJ:HO'IacTH'IHbiX .IJ:LIPO'IHLIX cocTOHHHH g

912 
,p 

112 
,p

312 
H 

f 5/2 .• Hx MO)KHO OTO)K.IJ:ecTBHTL c ua6nro,D;aeMLIMH ypoBHJIMH: 
o· /9/2+/1 - saa·/1/~-; 1o9s .. 4 ;3;2-1 H~ 1451,2 /5/2-/ 
B COOTBCTCTBHH- C pe 3YJILTaTaMH H3Y'ICHHH_ H,D;CpHLIX pea:K~HH 
nepe,IJ;a'IH HyKnoua. 

CHCTeMaTHKa O,D;HO'IaCTH'IHLIX COCTOHHHH H30TOHOB C 
;N= 49.npHBe,AeHa Ha puc. 5. H3 pHCYHKa BH.IJ:HO, 'ITO no ncex 
H.IJ:pax c N = 49 yponeuL 5/2- ne)KHT n~>xme, 'I eM yponeHL 
_3/2-, TO CCTL COCTOJIHHC (f 5; 2);.;_l HaXO,D;HTCH rny6)Ke, 'ICM 
cocTOHHHe (p l/2 )7

1
, ·. 3To Ha nepBLIH B3rnH.D: npoTHBope'IHT 

H3BCCTHOMy <J!aKTy, 'ITO CTIHH-op6HTaJ1LHaH CBJI3b OTIYCKaeT 
COCTOHHHC _ 2p 3; 2 _HCCKOJILKO HH)KC COCTOHH_HJI If 

512 
/Ha-

, 6J C ·· · ·- 65C llJ!NMep, .OCHOBHLIC COCTOHHHH· H,D;ep 
29 

UJ4 , 
29 

u
36 

H 

24 Cr29 HMeiDT cnHH H 'leTHOCTL 3/2- : Ha6nro,D;aeMoe 
llpOTHBOpC'IHe ,MO)KHO TIOHHTL B TCpMHHax,napHOH 3H~prHH,_ 
ecnii·yqecTL, 'ITO napHaJI 3HeprHJI B COCTOJIHHH If I Bi.Ime; 
'ICM B COCTOJIHHH 2p : ._ · .,5 2 • . 

'. . 3/2 . 
Ha,D;o ;JaMeTHTL,- 'ITO paccTOHHHH Me~y YPOBHHMH c 

I";= 'i;2- ;- 3/2- H s;2- TIO'ITH O,Il;HHa:KOBbi y JI,D;ep c N= 49 
H pa3nH'IHLIMH Z /HnH A/. 0,D;Ha:Ko cocTO.HHHe.1/2 -c yne

'nnqeHHeM Z /Hnn A I y,D;anHeTCH OT cocToH1mx·9/2 ~Boo6I.Qe 
3HepreTH'IecKo_e paccTOHHHe ~~ pl/2..::. g9/2 noBi.xmae~cJI c 

, poeT oM A Ka:K y H,D;ep c He'ICTHLIM 'IHcnoM npoTOHOB 
Z= · 39, 41. H 43, TaK H c He'leTHLIM 'IHcnoM HeiiTpouoa 
N=45, 47. . 

BnpocToii MO.D:enH o6ono'le:K TaKoe yaenuqeHJie paccTo
HHHH :Me)K.IJ:Y yponHH~m 1/2-H 9/2 + MO)I(Ho o6'bHCHHTb pa'C
WHpe:H:HeM · TIOTCH~HaJILHOH HMLI H,D;pa C pOCTOM A. 0,D;Ha:Ko 
Ta:Koe o6iHCHCHHe HC,D;OCTaTO'IHO ,Il;JIH 60JILWOro H3MCHCHHJI · 
~Epi/2-~0T H,D;pa K H,iJ;py. 

8 

L 

"\' 

\. 
,, ,. 
I 
I -
l~ 

'< 

- . /9' 
YpoBHID. 1511,4·.K3B B pa6oTe -·! npHTIHCaHLI cnHH -H 

'ICTHOCTL 9/2+. 3ToT ypoaeHL 3acenHeTCH ~+-nepexo,D;oM 
npH pacna,D;e 89 Nb /9/2+ /co 3HatteHHe~dgft = 7,7. Ta:Koe 
OTHOCHTCJILHO BLICOKOC 3HatteHHC lgft ,Il;JIH pa3pCWCHHOrO 
~ "!:nepexo,D;a MO)KHO o6'bHCHHTL CBH3LIO HeiiTpoHHOH .IJ:LipKH 
g

912 
C B036y)K,D;eHHLIM OCTOBOM Ot (90Zr). BTIOJ1L3Y Ta:Koro 

npe,D;nonO)KCHHH roaopHT H Manoe cettenHe(p,d) peaK~HH/9/ 
C B036y)K,Il;CHHCM JTOfO ypoBHH., .. . _ 

ABTOPLI pa6oTbi 1 I C noKa3anu, ttTo ypoanH 1628, 1834, 
2130,. 2220 H 2389 'K3B, Ha6nlO,D;aCMLIC . HMH .B- peaKUHH 
(p,ny}, .CBH.3llHbl C . OCHOBJILIM. COCTOH~IHCM 89Zr y .-nepexo
,D;aMH, B KOTOpbiX npeo6na~aeT MCJILTHTIOJILHOCTL THTia E2, 
H HX UCHTp TH)KCCTH HMCCT JHeprHIO- 2100 'K3B. Ha 3TOM 
OCHOBaHHH aBTOpbi C'IHTaiOT, 'ITO 3TH ypOBHH MOryT BXO~HTL 
B COCTag MYJILTHTIJieTa, o6yCJIOBJICHHOrO CJia6oii CBH3L~ 
HCHTpOHHOH ,D;blpKH g 912 C.· B036y)K~CHHLIM OCTOBOM 
2+ ( ~8Zrso ) , ·TO CCTb B MYJILTHTIJICT KOH<J!HrypaUHH 
p (g 9 ,~ 2 )~ + + n (g912)-I. IlpH H3Y'ICHHH pacna~a 89 Nb HaMH 
ua6.riro~anHcL ace 3TH ypoanH. 

Cpe~H COCTOHH~H 89Zr. HMCIOTCH nlKHC,. Ha KOTOpbiC . ' ·. ' . . + 
H~YT ~o:BonLHO 6Lrc'rpLie ~ - nepexo~Li c lg ft ~ 6. · . Hx 
CJie~yeT OTHC CTH K nepexo~aM. r a MOB~ TennepOBCKO ro. THna 
MC)K~y YPOBHHh-m CTIHH.: op6HTaJILHOro ~y6rreTa. <llepMHeBCKHe 
nepeXO~bl 3aTOpMO)KCHLI H3- 3a ,3anpeTa TIO H30CTIHHY, 'ITO 
BH~HO . Ha . npH:Mepe pacna~a ua -OC~-OBHOe ·• COCTOHHHe 

89zr p(g912 ) n(g_!:!/2 ) :. B03MO)KH?-~ TI?C~CTaBHTb. ce6e Tp~ . 
cnyttaH raMon-TennepoacKHX nepexo~on, . · · · · •. 

L Ilpon<;:xo~HT npe'ilpamenHe p(g9/~ ) ~n(g7/2 ro,KH
~aeMaH JHeprHH o~uottacTHttHo_ro' cocioHHHH"n(g

712
) .ne

JIHKa, 6onee 2 M3B, TaK ·KaK oua- ~OJI)I(Ha 6LITL 6onLme 
Juepr(!THtte?Koro npo~e)KyTKa g 912 -·g 7/ 2 · npH· N= 50.~ 

2; · I1penpame11He HCTILIThiBaeT cnapenu~rii npoTou: p(p3 ,~,P-• 
-+ n(p112 ). B HCXO~HOM H~pe 10 I!CH!POHO~ MOryT3aHHMaTh 

COCTOHHHC g9/ 2 , . a ypOBCHh, p I/2'· MO)KCT 6bl~b CB06o,ri':. 
HLIM. 3H1prHH .. o6pa30B~BWHX(;H .~COCTOHHHH,p(glJ/2 •. ) . 

p ( p 3/2 ) - n (p l/2) TaK)KC ,Il;OJI)f(Ha 6LITb TIOpH~Ka . 
c 2 M3B. ' . . + .. · - __ :--.~·:·--.' 

3. HcnLITLIBaeT ~ -pacna~ npoToH PI 2 ua ueH:TpOHHLIH_ 
ypoaenL .p3 j2 •. Q)Kn~aeMaH aepoHTnocTi. · TaKoro npouecca 
MCHbWC npe,riLI~yruero, 'taK · KaK BCpOHTHOCTb 3aTIOJIHCHHH 

9· 
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2 
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P(Pi!2)n(p3/2. )..... . . · ·- . ·. 
B riepnoM c·nyqae I 

71 
= 7/2 + .nmi :KoHe'IHoro cocToHHHH 

.. 8~Zr, BO BTOpOM ~- T?e~b:M 5/2+ ~~ _.1~/2 +. lf3 H~X B ~+pac.; 
na,ne 89Nb MoryT: 3acenHTbCH ypoBHH c I 71 =. 7 /2"!,- 9/2" 
H · 11/2 +. Cne,nyeT oTMeTH~b, 'ITO · 3~dleKT · tMenmBaHHH 
KoH$Hrypa:u;Hii MO)I(eT npH.BecTli K 6onbiiieMy 'IHcny coci~~--: 
HHii_, Ha KOTopbie H,nyT ,a+-nepexo,nhi c OTHOCHTenhHO Ma~biMH 
·3Ha'leHHH~H lg ft. . . . . 

... B 3aKmo'leHHe anTo.pbi Bblpa)l(aJ<n ... 6naro,napHOCTb. 
;B. B .rtmaH'IYK 3a noMOW:b B o6pa.6oTKe ·3K.cnepHMe.HTanbHh~x· _ 
,naHHbiX. 
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8'!eprl'iu· R oTHocifTeJII:.Hue lfHTeiiclfBuocTif ·~ '1' . :-ny'letl, . ·. 

: . . ~o~H~Ka~~~~x npH pa~n~P.e · .. 89 Nb .---' · · · 

89Nb . 
Tij2 "' 1 1 9 'laC 

HaCTOH~aH pac5o~a __ -PaOo-Ta /4/ Pa!SoTa /5/ 
.• . 0 

El' /K3ll/ I y . If 

172 ±2 

206 11 

~ -~.29,2±0,5 .'. 

347 1 5;1; '· 

355,7±0,4 

36i .t1, _: 
-.. ' .• I. . ' 

480,Bti>,7 
~, "" . 

< r.:.,.,.. 507,4±0,7 

~'(.;, 520 ±1 

..:. . 532,4±o,4 

588 1~0 1 2 

. • 617 !1-

·"--

ai4,2!o,9 

... 657,itti,o 

738,6±o,~ 

757. 11.· ··: 
··,: . 

787~0!1,5 

794,0!1,5 

B45,5!a,o 

';. 

~-

1,9i0,9 

- + 4,0-1,5 

•• 1,3 0,7 

6,8!0,7 

·2,5±0,5 

•4 !1 

28 · !4 •. a 

2,~:!:1,2 

15 ±2 

41 ! 5 a 

1;2±~,5 

2,6±0,5 

,..2 

6 ,3!1?,6. 

2,5t0 14 

--1
1
0;t.Qt4·. 

:1,2!q,4 

2,2!:0,6 

2' 

10 

8 

28 

l8 

46 
. . 

- ' 2 

3 

6,5 

2. 

. . -.. r' 

I-f 

-·· 

.· 

·-;,. 

a --_. __ . 

.. 
~·· 

~, ;. -·-
a 50 

.-

-· ._, 

-
·.·t II\: 

. ~ .... 



.. 

Tipo;nonlltemfe Tae5mutu I . 

Er /K'JB/ Ir Ir ; It. 

863,1!0,4 

92o,sto,3 

964 :tl 

992 !l 

1004,5!1,0 

106o,sto,8 

1127 !2a 

12~2,5!0,8 
. 

1259,o!o,3 

13oa,oto,7 

l332,3;!:o,3 

1377,5!l,o 

1412 !2 

l<i47 '7t0; 7 

14M,a+..0,5 

1511 ,4to, a· 

1520 

1540 

1580,Bto,4 

1627,2to,2 

12 

13 ±2 

41 !4 

3 !1 

2,6!0,5 

2,7±0,5 

7,5!1,0 

60 !9B 

e,ato,g 

35 !3 

9 tl 

35 !;3 

2,0!0,8 

:·o,5 

11 !1 

25 12 

55 '!4 

15,0!1,5 

100 

18 17 

46 

5,3 

5,7 

9,5 

55 

5,6 

35 31,4. 

11 

35 33,2 

8,9 3 

25 2 

53 55 

1,1 

1 

14 6,3 

100· 100 

r· 
l 
l 
1 
l 

·r 

t· 
l 
' ) 
~ 

I 

L 

I . 
,f::r"'. r· 
\. 
l ... ;. 
I 

• I. 

Tipo;ztonllteHKe Ta6nKqu I 

It /K'JB/ . Ij< It I_J' 

iMi12!019. 

1744 

1833,4:0,2 

1866,5 

1884,3 

1948,0±1,5 

2111,1!0,3 

2111 

2128,2!.0,4 

2132,o!l,o 

2221,5!1,5 

2279,0! 1,5 

. 2297 tl 

23i;l8 16!1 10 

2d7 

2429 

2444 

2465 

2481 

2510 

2518 

5,6!0,5 

93 t7 

• -
1,9±o,e 

17 ;t2 • 

-. 
16 !2 

3,7!1,5 

,.... 3,5 

,-1 

3,2!0,5 

1,5:0,4 

-

·. 5,9 

4,3 

90 . 74 

"10 

10 

10 

15 11,5 

5 

14 14 

5,2 .. 
.... 
1,4 

4 

-~ 

4,5 

3 1 8 

.... 3,2 

- 4,6 

2 

· ·ta · 
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E . ·. ;i.aB/ . ·r·· • 1
1

.- ·,-, 
·1' . _,. --- ' 

2572_,ato,4 

2ts12,1!0,6 

2&24 

2656 

2&75 

.2714 t2 

2730 !1 

2740,0!1,5 

2753,5!1,0 

2802 

2816 

. + 288;,6,.0 16 

2925,8!0,6 

2960,1!0,3 

2;91,oto;e 

301.~,2*0,4 

'3058 

ao92,?to,z 
,. 

31U,2'to,g 

3280,9±0,7 

34&6,9!0,& 

14 

.. :-;, 
·, .~. 

7& !6 

· e,5!o,e 

'tv .1 

·1,9!0,8 

·"" o,e 

.13 '!2 

5,7!.o,7 

5,2!0,6 

50 ±5 

1,3!0,4 

e,O!o,e 

87· !8. 

0,6!0,2 

l,oio,2 

1,2!0,2 

79. 

7,5 

11 

5,& 

6,7 

46' 

2,2 

5,6 

86 

>.--

·: 
1,1 

~;-
-,--; 

,•. 
·:; 

~ 
67 . 
10 

4,2 

4,6 

3 1"''.· ... 
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13 
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--
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--
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3534~ou,s. 

3557,2!.0,?_ 

3575,8!0,5 

3837,~j9 
-·-~-' 

·39()'?10!1-,5 

3911. 

'3917 

. + 
393~~0.::1,5 

3,948,0±1,5< . 
' .... .. 

3965,6±1,2' 

., 
rr - -I;~, 

1,8±0,3 > 
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