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· I. BBel!eHI!e. 

TiepB&e CB8~6HI!H 06 8KTHBHOCTH B HI!06HeBOit ~paKUKH C nepHO~OM 

nonypacna~a T112=3,2 UI!H 6HnH ~aHH B pa6oTe /I/. ~opoH 11 ~p. /2/ 
o6Hapyxwn~~ TPII rauua-nepexo~a c aueprHHYH 135, 201 11 470 KSB c ne-

pHo~ou nonypacna~a.Tl/2=3,5 MHH 1 KOTOp&e 8BTOp& OTHBCXK K pacna~y 
87Nb •. He~BBHO 1 BO Bpeua o6pa60TKH HSmHX SKCnepHY8HT81lbHHX ~8HH&X 
fiOHBB118Cb.p860T8 TypKOTT8 II ~p. / 3/, B KOTOpoit ·aBTOp& HCC116~0B8XK 
rauua-cne~TP 11 rauua-rauua-coBna~eHIIH npH · pacna~e 87Nb • OHK o6ua- · 

pyxHxw·, B cornac11H c uau11, uo rauua-nepexo~H !35, cOl H 4 70 KSB 

iuem paame nepHo~& nonypacna~a: 3 1 9±.0 1 2, 3 15±.0 11 ·~~ 2,6±.0 11 MHH, 

COOTBBTCTBBHHO. 

B STOA se pa60T8 6Hl!O ~OK838HO cy~eCTBOB8HHe ~Byx UBT8CT86H1lb­

HHX COCTOHHHA B 87Nb II 1!30YepHOro COCTOHHHH B 87zr Ill H8 OCHOBe 

rauua-rauua-coBna~eHHA 6&na npe~noseHa cxeua paapa~KH nepBHX rpex 

B036~eHHHX ypOBHeA B a~pe S~r • 

. ' 
,1(0 CHX nop CBB,l\BHIIIJI 00 H30TOne B6 Nb B 1IIIITBp8TYP8 

OTCYTCTBOl!8nH. 
Hacroa~aa pa6oTa nocBa~eHa 6onee ~eT81IDHOUY 111ayqeH11n cxeuH 

pacna~a 87Nb H ycTaHOB118HIIIn cy~ecTBOBBHIIIH JriaoTona 86 Nb. 

2. YC1IOBHH I! peSY1IDT8TH SKCnepHY8HT8. 

-~11ft wccne~OBBHHH KOPOTKOXHBY~ HaoronoB Nb Hcnon:r.aoBanac:r.' 

~p8K~HH H8ATpOHO~e~HnHTHHX BSOTOfiOB HH06HH 1 o6paayn~XCH B peaK-. 

nwax rny6oKoro pac~enne~HH cepe6pa nporoHaUH c aueprHeA 660 MaB. 

~11ft nonyqeHHH 1!30TOfiOB HB001H H8 BHBe~eHHOU nyqKe CHHXpOUKK1IOTpOH8 

JIHTI O~H~ {)6nyqanca xnop111~ cepeCipa B reqeHIIe 5-90 ceK. 06nyqeHHBH 

UHmeHb 38 10-20 CBK ~OCT8B11H118Cb C fiOYO~Ln UHBBYOnOqT& B XIIUHqec­

KHR mKa~, ~e npoBO~IIInoc:r. repuoxpouaTorpa~HqecKoe B~eneHIIIe ~paK­

nBH Nb. Bpeua XHYIIIqecKoro BH.lteneHHH cocraBnimo 3 UHH~ UpB: ~eHH­
~HKanHH HOBOrO 1130TOfi8 86 Nb no ~oqepHeyY 86Zr ~p8KUKfl HeATpOHO­

~e~HUHTHHX HaoronoB Nb , nonyqeuuaa· TBKHY o6paaou, HaHocHnac:r. Ha 

3 



KOJIOHRY (2x40) MM co cuonoll Do we x Ix8 (200-400 uem) na IO M 

pacTBopa HCI • 3aTeu rrpoBO.l{HJioc:o uerrpepuBuoe 11Bil.ZtBHBBHHe" .1tOtiep-

HHX 1!30TOJJOB Zr 6 M pacTBopou HCI co cKopoCTI>IO 4 W MHH, 1ITO 

JJ03BOJIHJIO JJOCJIB,1lOBBTeJII>HO Bll,ZtBJlflTI> 38 K8l!t,1l!le 1,5 MHH OKOJIO 85% 

HaitomtBmnxca H30TOno:B 2 r (corJiacuo MO:zteJI:&H!lM oribiTaM c .952r +95Nb) 

CneKTpu ralii.!a-ny-qell l!ccne:ztoBaJIHCI> rrpn rroMOI!Uf rauua-cneKTpo­

MeTpoB cGe (Li)-:zteTeKTopaMI! ('!yBCTBI!TeJI:&Hue o6'beuu ·.:.. 38 cu3 it 
2,4 cM

3
, :mepreT!ftiecKoe paapememte - 4 KSB n 2,3 K3B npn aueprni£ 

I MaB COOTBBTCTB6HHO). 8uepreTH1!.6CK8H RBJ!IfClpOBKa npoK3B0,1lUJiac:E. (( 

JJOMOII\:&~ H3B8CTH!lX ra'MMB-JIHIIUti 88""Nb ;· 88Nb , 89Nb 1'1 90Nb , JJpH~ 
cyTCTBYIOll\IIX B HHOCll'leBoli WPBKUI'IH. 

Ilpi!H8]lJ!BlKIIOCT:& raMMa-rrepeXO,l{OB K K8llt]lOMy H3 H30TOIIOB orrpe­

,l{BJIHJI<IC:& JJO Yelb!B8HI'IIO I'IX HHTBIICI'IBHOCTeti, H3 OClii8pYJ!t6HH!ci raMMa-ne­

peXO,l{OB BO \(JpSKUUH HHOClHfl 17 IIPifH8]lJI8JK8T pacmi:zty 87Nb , H3 KOTO:... 

ph!X 14 HBJIHIOTCH HOBb!MI'I (TaC5n.1.) 0T,l{6Jl:&H!le· yqacT.KH raMMB-CIIeKTPOB 

npHBe:zteHbl ua pYle. 1 If 2. 

AH8JIH3 UHTBHCI'IBHOCTeli raMMa-nepeXO]lOB C 3H8pri'IRMH !35,.201 

II 'I-7U ·!taB JJO!t838JI 1 '!'To OHH yelUBBIOT C p83Hb!MH IIepH0.1t8!.1H IIOJIYpacrra­

,1{8 (3,7±.0,1),(3,2±.0,1) 1'1 (2,6±.U,I') uiFI, COOTBeTCTBeHHo (cu. 'pnc.3). 

OcTaJII.Hble raMMa-nepexo:ztu ·npnnncauu pacna:zty 87Nb ; HMeiOll\eMy rrepno,l{. 

nonypacna,l{a 2,6 MI'IH, 

.lUifl 00'bf!CH6HI'Ifl JJOBe.z(eHHH JIHHI'Jti !35 ,· 2011'1 ·4'/0 K3B li3MBpliJICH 

raMM8-CJJ8!tTp Z r , JJOJIY1l6!IHOro H3 HliOClHBBOil qJpBKUHI'I ttepe3 6 !.II'IH .. , 

JJOCJie ee Bb1,1l8JI8HHli,·TaKJKe li3M8pi1JICR CII6KTp raMMa-raMM8-COBJJ8,1leHHil 

c raMMa-nytiSMH aueprHeti 20! RSB rrpl'l pacna,1te 87Nb , 8TH aKcnepHueu­

Tu JJOK838JII'I, llTO COCTOHHI'Je C 3Hepri'IBH 20! K3B JJHTBBTCH He TOJII>KO 

CleTa-pacrra,l{OM tl?Nb , HO H H<lOMepH!l!.l rrepeX0,1lOM !3~ KSB B ~pe 8z,. . 
0THOCHTeJI.I.Iiblt. I'IHTBHCI'IBHOCTii 3TUX '.1tBYX raMMa-nepeXO,llOB It I35=27 ,· 

I ;f 201 ;;;lQU CBif,l{eTeJI:&CTBYIOT 0 TOM, liTO rr~pexo.zt 13~ K3B - THJJa ·EJ, 
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Tae5mrna I. 

SiieprnH H RH:reHCHBHoc:rH rauMa-nepexo;llOB 87Nb • 

TI/2 = 2,6 YHI{ _ ____ . TI/2 = 3,8 JIHH 

E~(KaBI It' It' 

!35,2±.0,3 

20! ,0±,0,3 IOOt,6 

27-t} 

IOOt,6 

-·-~ ---_-------------( 269 ,O±.I-, 0) --,:-::-::.~-----:co-:--- = .-v_6,0 -----.-___ -:-::----7 ---- ----------,-,-------

470,6±.0,2 74,0±,4,4 

600,0±,0,6 8 ,6±.I ,3 

6I6,5t.0,2 32,7±.2,6 . 
80I ,Ot,I ,0 4 ,Ot,I ,2 

887 ,O±.I ,5 7.,2±.2,2 

9I4,2±.0,3 22,6±.2,7 

983 ,U:!:.I ,5 4 ,8t,I ,4 
" 

I066,5±.0,4 3,7!),7 

II68. Ot,I ,5 . 3 ,6±.1 ,I 

I 285, O±.I ,4 4,0t.I ,2 

I559,0t,I,5 3,0±,0,9 

I683,2±.0,3 I5 ,2±.I ,5 

I884 ,2±.0 ,3 34,8t,2,8 

2I53,3±.0,7 3 ,8t.I ,I 

~ 

I . ! 

~ 
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3. Cxtllla pacnaJia 87Nb • 

Ha pxc. 4. npe,Jtc!'aB:ritlH8 upe,JtJJOJtttHHaH uauH cxeua pacna,l!a 87Nb. 
0Ha UOCTp06H8 HS OCHOBe HSmHX 8KCnep•116H!'8JILHHX ,l!8HHHX1 ,l!SHHHx 

pa6oTs 131 • cne,l!ym .. x coo6paxeHHI. R.Jtpo 87Nb c O.l!HHII npoToHou 

BHe o6oJIOtJKB Z=40 _KIIeeor B OCHOBHOII cocTOHH~H ,6oJiee BepOHTBO ,cnHH 

H tJ6TBOCTD I
7 ~9/2+• AB8JIOrHtJBO .l!PYrKU HSB6CTHSII H6tJ6THSII HSOTO­

na.U HH06HH 1 
87Nb. 6y,l!e!' ~~eTD HSOII6pH06 

1
COCTOHHHe C IT =I/2-

BCJIB,l!CTBHe ~pOTOHBoa KOH~HrypanaH (p I/2)-I (' 9/2)2 • C ,l!pyroa 

CTOpOBS ,
87z.r C sanpJJH6HHOI npOTOBBOI 060JI01lKOI Z =40 H TpeUH 

HeiTpOHHSIIH ,l!SpK811H B 060JIOtJK6 ~ 9/2~ ,l!OJillteH HJI6TD B OCHOliBOJI 

COCTOHBHH CnHH H tJ8THOCTD 9/F+ HJIH 7/2+. Kpoue TOrO, CHCT6JI8THK8 

.l!PYrKX fUtep cN=47 UOK88SB86T,· tJTO B H.llpe 8Zr OtJ6HD BepoHTHO 

cymecTByeor Kaouepaoe cocTOHHHe c I 7
=I/2-. 

Kp011~ H8B6CTBHX HS pa60TS / 3/ ypOBHea 20I 1 336 H 470 KSB 
1 

BSIIH BB8,l!6HS H8 OCHOBe 68JI8HC8 SHeprHH H_HBT8HCHBHOCTea ypOBHH 

80! 1 9I4, I087 1 I884 H 2!5'3 K8B~-

CorJISCHO paOore /4~ noJIHaH aHeprHH pac~a.lla 87Nb. paBHa 5,2 

MaB. HcnoJIDBYH aoro sHatJeaxe BwecTe c ·6anaHcou HHTeHCHBHOCTel npH 

pacna~e 87Nb , ws onpe,l!eJIHJIH aHatJeBH~ lo3 ft .l!JIH 6~T~-nepexo,l!oB 
H8 YPOBHM 8Zr (ell. pRe. 4). . . 

fipH pacnaJte 87Nb· (9/2+) paapemeHHSK 6era-nepexo,l!ou uoryor 

BOS6yz,l!8TDCH ypOBHH C ·I 'IT'=? /2+ 1 9/2+. H II/2+. 3HatJeHH6 lo3 ft ~ 6 

CBH,l!6T6JIDCTByeT 0 TOII 1 tJTO COOTB6fCTBYD~e 6eTa-nepeXO,l!S OTHOCHT­

CH K paapemeHHOIIY uny K, cJie,l!OBaTeJIDHO, ypoBHH 872r 4?0, OOI, 

9!4, I884 II 2!53 KSB ,l!OUB!i KIIIITD I 'iT" =7 /2+ 1 9/2+ HJIH II/2+. 

CJie.l!YeT OXH.l!S!'D, tJTO nepetJHcneHHHe ypoBHH 6Y.l!YT paapaxaTDCH 

npeHIIymecTBeHHO nepe:ico.ztaiiH TJina · EI, .lfi, .. E2, ~aK KBK nepexo.ztS 6o­

Jiee BSOOKOa IIYJ!DTHUOJIDHOC!'H 8BStJKT6JlbHO 116H66 BepOHTHS. 9TH C006-

pazeHHH UOSBOJIHDT orpaBH'IJHTD ,l!Jill H6KOTOpHX ypOBHea BOSIIOXHSe 

KBSBTOBS6 XSpSK!'~pKCTHKH. 

., 9 
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PHc-.4. GxeMa pacna.na HBOiolepo:s 87Nb • 

10 

Ypo:seHL 1087 KS:s,He 3acenaeKH! Henocpe,ItCT:BBHHO 6eTa-pacna.nou, 

C:Bfi88H OTHOCHTBHLHO CHHLHHio!H raUYa-nepeXO,lt81o!H C ypO:BHfilo!H 2!54 KS:B 

(7/2+, 9/2+, 1I/2+), 4/0 KSB {7/2+,9/2+,11/2+) H 20I K3:B {7/2+) H 

C 3TOrO ypO:BHH HBT npHMOrO nepeXO,lt8 B OCHO:BH06 COCTOHHH6. 0TC~a 
'ii 

cne.nyeT, llTO ero KBBHTO:BHe xapaKTepHCTHKH, :sepoHTHO~ 6Y.ltYT I =5/2-. 

ECID'l 3TO TBK 1 TO JnHH H ll6THOCTL ypOBH6~ 2153 H 470 KSB 6y,ItyT 

7/2+. KoHellHO, aTo Tpe6yeT .nononHHT~HLHoro .noKaaaTenLcT:Ba Ha oc-- . - . . ; .. _, 

Ho:se ycTaHo:sneHHH MYJILTHnonLHOCTH nepexci.no:s I067 H 616 KSB. 

4. J!HCKYCCHH. 

H.npo ~7~r co.nepxHT B aanonHeHHO~-He~TposHo~ o6onollKe TPH 
. -

.ltHPKH. B cooTB'eTCTBHH c uo.neHLBl o6ono-qeK ypo:sHM 9/2+ {0 KBB) H 

1/2-{336 KBB) uoxHo xapaKTepMao:saTL KSK o.nHoqacTH-qHHe, onpe.ne­

nHeMHe HB~TpOHHOA ,ltHpKO~ :B. KOH~Hrypal\~'IHX { 8 9/2)-3 H {pl/2):._1 

(3 9/2)8 
1 COOTB6TCTB6HHO. 

Ha pHC. 5 npe.ztcTa:sJieHa cHcTeMaTMKa HMaKoJiexa~x cocToHHH~ 

HBOTOnOB cAJ=47. liB pHCYHKB BH,ltH0 1 'ClTO paCCTOHHHH MBX.ltY COCTOH­

·HHHMH 1/2-,3/2- H S/2- nollTH O.ltH;HBKOBHY :scex H,Itep c N =47• O;zt­

HSKO COCTOHHHB 1/2- C YB6JIH'Cl6HH6M A Y.lt8nH6TCH OT COCTOHHHH 9/2! . . 
B npOCTOA MO,lt6HH o60JIO'Cl6K Y:B6JIH'Cl6HH6 paccTOHHHA Me&;zty ypO:BHHio!H 

C 17 =1/2- H 9/2+ lo!OEHO o6~HCHHTL paCmHp6HH6lol noT6Hl\H8HLHOA.HMH 

H;llpa c pocTOY A. O;ztHSKO TaKoe o6~HCHeHHe .. ae.nocTaTOllHO .nnH cpa:s­

aueJILHO 6onnoro H81o16~6HHH .AE p 1/2 - ~ 9/2 OT H,Itpa K H.ltPY. 

B H;llpe 8'Zr npoToHH noJIHOCTLn aanonHHBlT no.no6oJio~KY 2p1/2, 

HBATpOHH - :see cocTOHHHH. -:snnoTL io 2p1/2, a ceML Hel1Tpoao:s Haxo­

.ltHTCH B cocTOHHJI!IIl B ~/2, I',lte OHM o6paaynT TpeX,ItllpOllHYBl KOHqJHry­

pBI\HD. ~OHqJMrypSI\HOHHOe B88HMO,lt6ACT:BHB 8THX ;!tHpOK npHBO,ltHT K 06-

p880BbHIIID pH;lla BOB6~BHHHX COCTOHHHA. 

II 
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0 87 'ii ITeilCTB11T6JI:OHO t H8c5JIJO,It8IOTCf( ,ItBa YPOBHH B H,1lpe rz r c I = 

9/2+(0 KSB) 11 7/2+(20! KSB), KOTOpUe UU 11HTepnpeTHpyeu K8K ~JI6HU 
TpeX,ItUpO~HOrO MYJI:OT11f!JI6T8 THfl8 n( 89/2)-3 ; r,1le COCTOfiH116 9/2+ 

(0 KSB) qaKT11~6CK11 HBJifi6TCH 0.1{H0,1lUpO~HUI.I. 

Hs pa6oT /
5

,
6

/ 11a:secTHO, ~To 6eTa-nepexo,1lu, xapaKTep11syiOm11e­

cn caum.m H118KHMH aHa~eH11fl!.rn lo8 f t:s·,s, ~ame :scero CBfi8HBaiOT ypo:s-

. HH - p88HUe ~JI6Hl:l Cf!HH-op611T8JI:OHO.r~ .1lY6JieTa 1 TO 6CTD ~11II8 Jt = t 
±.IL2 --i2 = l:; I/2. IIpw (f- E.' pacnaJte !:!7Nb (TI/c=2,o M11H), 

(1
11 

=9/2+) H8HM6H:&mee 8H8ll8HH6 log ft:5,':J OTHOCHTCfl K nep6X0.1{81.1 

Ha YPOBHH !.884 11 2I53 KsB. 9TH ypo:sHH .uoryT B080YJK.1l8T:&CH nepexo­

.1l8MH THna: 
It )4 ( )2 ( ')0 8 -1 2. ~ 4 I' 

f(f.Jft) f(ff9/;. flf'A · 1'1 f'/1. n{~o/J.)~f{p1A)f{f'/J.)f{gs;)n{ptJ.,.)n(j,1tJ. 
t ffr"3/.J . n{pf.t)_j' 

CneJtOBaTeJI:&Ho, yKasaHHI:le 2 ypoBHfl, :soaM.CJJimo, HBJIHK>TCH Tpext~ac­

THllHI:lMH ypOBHHMH - llJI6H8MH MYJI:OTHf!JieTa KOH~HrypaUHH 

plp :J/2)-I ptg 'J/2J1 n ( p 1/2)1• 

. 06pamaH BHHM8HH6 H8 TO 1 llTO B COrJI8CVIH C pac50TOil /S t 6/ 6eTa­

nepeX0.1ll:l THfl8 plff 9/2) -~1'1. (3 9/2) v·~ =l±.l/2-~ iJ. = l ±.I/2) HM6JOT 

IIOBI:lmeHHoe aHa~eHHe loJ {t , ypOBHH 80I H 9!4 Ka:s uoryT oKaaaT:&CH 

O~H.1{86Ml:lMH llJI6H81.1H MYJI:OTHfiJI6T8 KOH~~ryp8UH11 (89/2)-3 • 

5. Ho:sutl 118oTon 86Nb • ·· . 
B rauua-cneKTpax, :soaH11Ka10m11x np11 pacnaJte H110c511e:soil ~paKU1111, 

6UJI11 06H8pYJ!t6Hll .1lB8 rauua-negeX0.1{8 75I KSB (lr, =!00) H !003 K3B 

(I;r =57) c nepH0.1l8M11 nonypacna,1la (I,4±.0,2) I.!HH (p11c. 6a) 11 

1 1 5±.0 16 MRH COOTB6TCTB6HHO. 

nJIH H.1{6HTH~HK8U11H STHX nepeX0,1lOB HCCJI6.1{0B8JI11C:O .1lOJirOEMBYmHe 

H80TOfiH~r, H8KOIIHBID116CH flpH pacna,1le.Nb • AH8JIH3 HHT6HCHBHOCTH 

rauua-nepexo,1la 243 KSB 86~r (!6,5 t~ac) B npenapaTax, nocne,1loBa­

T6JI:&HO Bll,1l6JIH61.!HX H3 ~p8KUHH t.Jh 1 f!OK838JI ·, llTO II6pH0.1l IIOJIYp8Cfl8·· 
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Jt8 IIS!epHHCKOro 86 Nb COC!8BIDI8T,1,6±.0 17 IIHH~ (p:wc. 66). 8TO. 

aHaqeHJie COBIIB;ztaer B npe;ztenax norpemaocTH c nep:wo;ztauz nonypac­

na:zta nepexo;ztoB 751 11 1003 KSB. OrcD,Jta cne:n;yer, qro ar:w nepe­

XOJ!H ;ztOJIJtHll npHHB;ztJI98TI> pSCIIB:ztY HOBOro HBOTOIIB 86 Nb (T112 = . 
1,4 ±. 0,2 IIIIH). 

B paCSo!e / 7/ npHBO;ztHTCH nepBlle TpH B03CS~eHHHX ypOBHH 86.zr 
909 KSB (2+)~ 1933 KSB (4+) H 2726 KBB .(6+). 0;ztH8KO rauua-nepe­

XO;!tOB C BHeprHHIIH 909, 1024 Jl 793 KBB UeX;zty BTJIIIJI ypOBHHIIJI llll He 

HaCSnD;ztaew • 

B aaKJII)qeHHe aBropH BllpaxaDT rnyCSOKYD CSnaro;ztapHOCTL 

IIpO~. K.H.rpoYOBY sa IIO;zt;lt8p!KY J1 IIHTepec K HBCTOH~ea paCSore. 

Mil npusHareALHH raxxe coTpYJtHHKaw TamrY B.B.ronaHqyK, 

A.Kapaxo~aeBy H T.tiHauoBy sa.nouo~L B oCSpaCSorKe BKCIIepHYeH­

!BJILHHX peayJILTBTOB. 
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