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.llocTIII'HyTbie B rrocneLlHl!e I'0Llbl ycoaepweHCTB0BaHl!ll l!LlepHo

crreKTp0CK0lil!'IeCKIIX MeT0Ll0B 11ccnenoaaH11ll (11 rrpe}Kne Bcero lI0l!B

neH11e Ge (Li) -neTeKTOpOB) lI0aB0nlinll rrony'IaTb 6onee lIOllHbie II 

T0'IHbie caeneHl!ll 0 CB0llCTBax l!Llep. OKaaanocb, 'ITO uenblll pl!Ll 

CB0!ICTB BOa6y}KLleHHblX C0CT0l!Hllll necj:JopM!!pOBaHHblX gnep He yKna

LlbIBaeTCll B paMKII o6o6meHHOll Monen11 II ee MOLlllcp1!Kau11ll, B K0T0-

pb!X an11a6aTl!'IeCKII paanenl!eTCll 0LlH0'IaCTll'IH0e II KonneKTIIBHbie 

LlBl!}KeHl!ll B l!Llpe. B CBl!aII C 3TIIM lI0l!BIIll0Cb MH0I'0 H0BblX TeopeT11-. 

qeCKIIX pac'IeT0B, Y'IIITb1Ba10m11x Baal!MOAelicTBl!e paanl!'IHbIX ABlllKe:.. 

HIIH B l!Ape. B CB0IO O'Iepenb, paaBl!Tlle Teop1111 Tpe6oaano nanbHell

llil!X aKcrrep11MeHTanhHbIX 11ccnenoaaH11l! KaK nnll rrpoaepKII r11rr0Tea 11 

rrpencKaaaH11l!, TaK n nnll orrpeneneHlll! ~eH0MeHonor11qecKIIX rrapaMeT

poB, Ha K0T0pbie orr11pa10TCl! CbBpeMeHHbie Morren!!. OnHaKO 8KCliep11-

":ieHTanhHbl~ naHHbIX 0 B036YJKAeHHblX C0CT0l!Hlll!X ne~opMl!pOBaHHbIX 

S!Aep lI0Ka l!BHO aenocTaT0'IH0 BcnencTBl!e cnoJKH0CTII II TpynoeMK0C-

. Tl! nono6HbIX 11ccnenoaaa11ll. 

IlaHHal! n11ccepTaUl!ll Il0CBl!llleHa 11ccnenoBaHIIIO l!Aep B o6naCTII 

cTa611nhHOfi ne~opMau1111 (1 60 Dy , 170 Yj:i -11
169 Yb ). 

8 ] I' n a B e paccMaTpl!BaIOTCl! MeT0Al!'IeCKl!e B0ilp0Cbl 3Kcne-

p!!MeHTa. 

1) Pan11oaKTl!BHbie 11cT0'IHl!KII 
160 Er : 5

o+laom Ho 169 ,Lu 

11
170 

Lu nonyqan11cb KaK nponyKTbI peaKu1111 rny6oKoro pacmenneHl!ll 

TaHTana npll o6ny'IeHIIII ero rrpoToHaMI! ( Ep =660 Maa) Ha CIIHXpo

Ul!KnoTp0He fla6opaTop1111 l!AepHbIX npo6neM OHHH. Ha uerro'IKII 

160 Er➔ 160+160mHo 11ccnenoaanocb 11any'IeH11e ronhMllll. Ha cnoJKHoro 

3 



160+160m 
HCTO'IHHKa . Ho MeTO/:lOM OTi:ta'IH 6bm nony'leH ronbMHH B oc-

169 L . ~ 
HOBHOM COCTOllHHH. 11cTO'IHHKOM ' u cnyi1mna moTeuHeBall 'l'paKUHll, 

HCTO'IHHK 
170 

•Lu Bbl/:lenllnCll H3 raq>HHeBoil q>paKUHH. 

2) Hany'leHHe HCCneayeMblX H30TOnoB H3MepllnOCb rrpH noMo

mH HeCKOnbKHX cneKTpoMeTpOB c 'Ge(Li) -i:teTeKTOpaMH o6'beMOM 

3 
5,6, 10, 12, 20 H 30 CM H paaperna10men cnoco6aocTb10 oT 4 ao 7 KaB 

Ha nonoBHHe Bb!COTbl nHHHH 1332 K9B 
6° Co • HaHny'llllHMH i:taHHbI

MH no nHHeilH0CTH aaepreTH'leCKOH KanH6pOBKH o6nai:tan crreKTp0-

MeTp 11HCTHTyTa q>H3HKH OpxyccKOI'O yHnBepcnTeTa (LlaHllll), 'IT0 

noaBonHno onpeaennTb aHeprnn 

( irn ·Lu) 
y -nepexoi:toB c xopornen TO'IH0CTbIO 

3) KacKai:tbl y -nepexoi:toB, B03HHKa10mHe npH pa3plli:tKe 

ypoBHeil 
170 Yb I HCcnei:toBanHCb MeToi:taMH e -e y-y He -y-

COBITai:teHHil. 11aMepeHHll npoB0i:tHnHCb Ha YCTaHOBKe 11HCTHTyTa lli:tep-

/1/ 
HhIX Hccne,n0Baa11l!: B BapIIIaBe • vfcrronb30Banacb cne.ny1omall arrrra-

paTypa: TopoH.nanbHbll!: rneCTH3a30pHblH f3 -cneKTpoMeTp ( THna "arrenb-

CHH"), cneKTpOMeTpbI c Si(Li) - H Ge(Li) -.neTeKTopaMH II cuHHTHn-

nllUHOHHall TeXHHKa. 

II rnaBa noCBllmeHa Hccnei:toBaHHIO 
170 Yb • K Ha'lany Ha-

rnell pa60Tbl B cxeMe ypoBHell 
170 Yb Hai:teJKHO ycTaH0BneHHblMH 

6brnH TOnbKO i:tBa COCT0llHHll OCHOBHOli poTal!H0HH0ll rron0Cbl. Oi:tHaKo, 

HCX0/:lll H3 6onblllO!l pa3H0CTH Mace 
170Lu- 170 Yb I cnoJKH0I'O 

crreKTpa Hany'leHHll 
170 -Lu H cnHHa o+ MaTepHHCK0I'0 I 

70 Lu 

M0lKHO 6bin0 0JKHi:taTb B 
170Yb B036yJKi:teHHll 6onblll01'0 'IHCna 

COCTOllHHll C ManbIMH cnHHaMH, 'IT0 BCTpeqaeTCll B DAH0M lli:tpe 

BeCbMa pei:tKo. BbrnBneHHe noi:to6aoll cxeMbI Morno npei:tcTaBHTb He

coMHeHHbill HHTepec i:tnll TeopeTH'leCKHX HCCnei:toBaHHll. 

3KcnepHMe HTanbHbie peaynbT aTbl 
170 

1) CrreKTp y -nyqell ·Lu BnepBbie H3MepeH Ha y -cneKTp0-

MeTpax C Ge (Li) -i:teTeKTOpaMH. Orrpei:teneHbl aaepl'HH H HHTeHCHB

H0CTII 0Kono 160 nepexo.noB. Jlm1 HHTeHCHBH0CTell 0CTanbHb!X 100, Ha

BeCTHb!X ll3 crreKTp0B K0HBepcna, c.nenaHbl oueHKH. Bbi'll!C,'!ellbl Koacp

cpHuHeHTbl BHyTpeHHel!: K0HBepc1111 ( C np11Bne'leH11eM ,naHHb!X 06 HHTeH-
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CIIBHDCTllX K0HBepcH0HHb!X aneKTpOHOB, ll3BeCTHhlX H3 nHTepaTyphl) H 

onpe.neneHbl MynbTHnonbHDCTH y -nepexo.noB. 

2) Ha OCH0BaHHH 9THX i:taHHb!X H peaynbTaT0B H3MepeHHll 

coBnaaeHHll nocTpoeaa cxeMa YPDBHeil I 
70 

Yb I B K0Topy10 B0lllnO 

30 HOBblX COCTOllHHil. Ha PHC. 1-3 npei:tCTaBneHa OKOH'laTerib

Hall cxeMa, BKnIO'la10mall, noMHM0 HalllHX i:taHHbIX, ypoBHH, BB~i:teHHbie 

/2/ • 
B pa6oTe H noi:tTBepJKi:taeMbie HalllHMH peaynbTaTaMH. KaK BHAHO 

H3 pHCYHK0B, B 170 Yb B036yl!(J:laeTCll yHHKanbHO 6onblllOe 'IHCno CDC-

( ·117 + ·117 + 
TOllHHil c ManbIMH cnHHaMH. 4 COCTOllHHll c - =0 , 10 c - = 1 

H 20 c ] 17 =1-). 

3) Bbi'IHCneHbl Bep0llTH0CTH f3 
170 

-nepexoi:toB Lu • CneayeT 

OTMeTHTb, 'ITO Bepol!THOCTll f3 -nepexoi:tOB Ha B036yi1cneHHbie coc-
+ . 

TOllHHll O HMeIOT 6nH3KHe 3Ha'leHHll fog ft ( pHC. 1) K 3Ha'leHHIO 

fog ft =9,5 i:tnll aanpemeHHOI'O no H30CnHHY 

HOBHOe C0CTOl!HHe 
170 

Yb 

f3 -nepexoaa Ha oc-

PeaynbTaTbI aHan:e:aa B oa6yJKi:te HHblX 

COCTOllHHH 
170

Yb 

1) Cornacao o6o6meHHoil Moi:ten:e: B o6oHx ee BapHaHTax - aK

cHanbHbIX H HeaKCHanbHblX lli:tep - B 'leTHO-'leTHblX aeq>opMHpOBaHHblX 

+ 
lli:tpax B03MOJKHO cymecTBOBaHHe He 6onee ABYX O -COCTOllHHll. Ha 

cymeCTBOBaHHll B 170 Yb 'leTb!pex o+ -COCTOllHHH cneayeT, 'ITO 

Boa6yl!(J:leH:e:e noi:to6Hb!X COCTOllHHH o6l!3aHo He TOnbKO KonneKT3BHblM 

i:tBHJKeHHllM B lli:tpe. MHKpOCKOnH'IElCKHe Moi:tenH, cornaCHO KOTDpblM 

+ 
0 -B036yJKi:teHHll 6onee cnoJKHbl H MHOI'006pa3Hbl, nyqrne onHCblBaIOT 

B(EO) 
peanbHYIO KapTHHy. Ha OCHOBaHHH pacqeTa napaMeTpa X=--- H 

B(E2) 
cpaBHeHHll ero 3Ha'leHHll C npei:tCKa3aHHllMH paanH'IHblX MHKpOCKon:e:-

_/3-6/ • • 
qeCKHX Moi:teneH I a TaKJKe HCXO/:lll H3 aaHi:teHHblX 3Ha'leHHH MO-

+ 
MeHTOB HHepUHH lli:tpa BO -COCTOllHHllX, Mb! npearronaraeM, 'ITO 

+ 170 
CTpyKTypa O -COCTOllHHH B Yb cneay10mall: rrepBoe ( 1069 K9B) 

llBnlleTCll KOnneJCTHBHbIM, o6l!3aHHbiM cnHH-KBai:tpynonbHblM CHnaM, 

BTOpoe ( 1228 KaB) - KonneKTHBHblM f3 -BH6paUHOHHbIM, TpeTbe 

( 1479 K9B) H 'leTBepToe ( 1565 KSB) HMeIOT 6onbll1He npHMeCH ABYX

KBa3li'laCTH'IHbIX KOMnoHeHT H 06ll3aHbl B036yl!(J:leHHllM aa C'leT nap-
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Ex3G r7iK logjt rfi,r r7i 
3302,0 1+ 7,2 3195,6 1-;o 7,4 3432,6 r 
3184,1 1+ 7,6 31147 1,-0 7,1 3336,5 1- 6,4 

3148,3 (1+) 7,5 2947,5 · 1;-(1) 7,3 3274,9 1- 7,1 

3091,9 1+1 7,7 2929,6 r;o 7,3 3099,4 1- 7,0 

2965,3 1:1 7,4 2747,8 1-;1 7,5 3067,6 1;2· 1,9. 

2883,6 1+ 7,8 2496,2 1,70) ~3 2819,3 172) 7,5 

2782,6 1;1 7,7 2399,1 .1,""1. . 8,6 2775,3 2- 7,9 

2641,4 1+ 8,6 2275,1 1;-0 8,2 2367,2 r {8 

2533,4 WJ 8,0 2125,6 r;o 7,6 ; 
2039,6 1+1 8,2 1961,4 r;o 9,0 

l 1511,7 1;-0 8,3 

1364,2 1-;o 8,2 

I 
. 170 1T + - -

Puc. 2. _<l>parMeHT cxeMbl B036ylKneHHbIX C0CT0SIHHli Yb c I = 1 ! 1 ,2 • 

En3G 
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PHc. 3, ITpennonaraeMbie 1rnyxcjloHoHHbie ( oKTynonb-KBanpynonhHbie) 
C0CT0SIHHSI 170 Yb , 
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. 170 · ·164 
HbIX a116pau11ii; Aaan113 3Ha•ieH11ii X B Yb ·11 smpax .Er. 
176 178 ·+ 
. Hf ' Hf ' l!MeJOII{l!X T8KlKe HeCKDnbKO O -CDCTDlIHllii, .noKa'-

3an, 'ITO napaMeTp X yBenll'll!BlleTClI c poCTDM 9Heprll~ Il036yJK-

AeHHhIX COCTDlIHllii, 'ITO, oqeBl!AHO, OTpaJKaeT o6myJO 38Ko1i0Mep-

+ . . 
HDCTI,·: HlllKHIIe O -CDCTOlIHIIlI CDOTBeTCTBYJOT H81!6onee ·KonneKTIIBHbIM 

- CIIIIH-KBa,1:1pynonbHbIM II /3 -B116pau110Hl!b!M, 6onee Bb!CDK.l!e 

+ . . . 
0 -COCTDlIHl!lI - ABYXKB83H'l8CTll'lHbIM, B036yJKAaJOII{l!MClI ,3a C'leT 

napHbIX B1!6pau11ii. 

. . + 
2) CpaBHeHl!e aa6iIJOA8eMbIX CBOiiCTB 1 -CDCTOS!Hllii C Teope-

. /7/ . 
Tl!'leCKIIMII npeACK838HlllIMII ra6paKoBa II Ap. . • cornacao KOTOpb!M 

+ 
CTpyKTypa B0367JKAeH11ii Tl!II8 1 ABYXKB831l'l8CTll'lH8lI C He6onbIIIOii 

KonneKT11B113au11eii 3a C'leT ocu11nnm1n11 MarHIITHoro a11nonh1Ioro · MD

MeHTa lIApa, no,Ka3ano, 'ITO IIDAD6H.aSI TeoplIS! xopOIIID OIIl!Cb!B81)T 

. + 
CBOiiCTBa CDCTOS!Hllii 1 • B 'iaCTIIDCTII, 9TII pacqeTbl n03BDnlIJOT no-

. + .+ 
HlITb 6onbllll!e 3H8'le!Il!lI BepOS!THOCTeii pa3peIIIeHHhIX ( 0 -1 ) /3 '-ne-

peXOAOB 110 Lu • 

) . . /~ 
3 B. TeopeT11qecKoii pa6oTe TTSITOBa II qepHelI npeACK83bIB8-

eTClI, 'ITO cnnH-KBanpynonhHbie B38IIMOAeiicTBIISI, noMl!MO MynhTl!

nonh-MynbTl!nonbHbIX, ADnlKHbl cymecTBeH!ID BnlllITb Ha 9HepreTl!'le-

" . + . 
CKOe nonoJKeHIIe COCTOS!Hllfi K · =2. J13 HBIIIIIX pe3ynbTaTOB cne-. . ... 
nyeT nocTaTO'lHD x~poIIIee cornac11e 9Kcnep~Mea-ra c pac'!eTaMn TTSI

TDBa ll qepHelI.· 

4) B HaCTOSIII{ee BpeMSI TeoplllI npeACK83bIBaeT B036YJKAeHne 

ypDBHeii c DTp~uaTenbl!Oll qeTHDCTb!O pa3nII'lH011 npl!pDAhI:, OKTynonb

HhIX, ABYXKB83I1'!8CTll'll!blX, AByxcpo110HHbIX. 

Mb! rronaraeM, 'ITO rrepBbie AB8 CDCTOSll!lllI 1364 ll 1511 K9B S!BnlIJOT

ClI KD.'IIIeKTl!BHbIMH OKTYIIO.'IbHb!Mll , 'ITO cnenyeT 113 cpaBl!el!HlI l!X 

. . /9/ 
CBO!iCTB C pacqeTaMII ITO Monenn ConoBbPBa .• HecKO.'IbKO COCTDlI-

llllfi, B03MOlKl!O,: UMeJOT ABYXKB83ll'l8CTll'IHYIO CTpyKTypy, 'ITO cneay

eT H3 cpaBHeHHlI 11x ·c·BoficTB c pacqeraMn ABYXKBaaHqacTH'll!bIX coc-

• . /10/ · 
TDSIHHH fannaxepa H ConoBbeBa , npoBeneHHhIX Ha 6a3e n0Te11u11a-

. . . . . / 11/ . 
na H11nbCCOHa, H pac'!eT8MII ¢eAOTOBa II np. .• npoPeael!HbIX Ha 

6a3e n0Teau11ana CaKcona-Bynca. Mb1 nonaraeM · TaKJKe, 'ITO• a
170 

Yb 

8 

. I,; 

~ 

)., 

" l 

B036ylKJlaJOTCSI ABYX<pOHOHHbie COCTOS!HlllI 2363 n 2939 K9B ( p11c. 3), 

lIB.'IlIJOII{l!eCSI cynepn03IIUIIefi OKTynonbHbIX II KBaApynonbHhIX Bl'.!6pau11fi. 

OnHaKci BCeii COBOKynHOCTII. aa6nJOA8JOII{IIXClI B 
170 Yb COCTOlIHllfi C 

OTpl!UaTe.'IbHOii 'leTHOCTb!O JIMeJOII{!IeCSI TeopeTII'leCKIIe npeACT8B.'IeHl!lI 

o6'hlICHIITb ne MoryT. TTo-BIIAIIMOMY, A.'IlI 9Toro Tpe6yeTClI IIX J:18.'Ib

HeiiIIIee pa3BIITIIe. 

III rnaB a nocBSIII{eHa 11ccneaoiaHl!J0
160 

Dy • 

BcneACTBIIe pa3.'III'llllI CIIIIHOB MaTepIIHCKIIX lIAep (3-
160

Tb ) 

( + 160 H 2- 160nn } 160D II 5 0 II .to A.'IlI cxeMbl ypoBHeii y xapaKTepHbl 

xopoIIIO pa3BIITbie pOT8UIIOHHbie nonDCbl' caMofi pa3!10ll npl!pOAbI. B 

9TDM CMbIC.'Ie lIAPO 
160

Dy MOJKl!D paCCM8Tpl!B8Tb K8K "neMOHCTpa

l!IIOHHOe" necpopMIIpOBal!HOe lIApo, Ha KOTDpOM yno6Ho npoBepSITb npen

CK838HlllI 0606me1111ofi II ApyrIIX MOAenefi. J1ccneAOB8HIIe rnoDy npII

BneK8.'ID MHOrl!X 8BTDpOB. 0AH8KD C.'!OlKH,OCTb cneKTpa. MaTepIIHCKoro 

160+150
m Ho II OTCyTCTBl!e CBeAeHIIii O MY.'IbTIInonbHOCTII JKeCTKOro 

y -113.'IY'leHIIlI II03BO.'Illnll H8M H8AelITbClI, 'ITO Hallll! 113MepeHl!lI 

noMoryT CD3AaTb cp11311qeCKII 6onee 06oc110Ba1111y10 6a3y AnlI nocTpoe

HlllI cxeMbl ypoBHefi 
160 

Dy 

3KcnepIIMeHT8.'IbHhle pe3y.'IhTHTb! 

1) CneKTp. 
• 160♦160m 

y -nyqe11 Ho BnepBbie 113Mepell npll no-

MOII{II y -crreKTpoMeTpOB C Ge(Li) -AeTeKTOp8MII. OnpeneneHbl 

9Hepr1111 II IIHTeHCIIBHOCTII DK0.'10 150 y -nepeXDADB, AnlI IIHTeHCIIB-

HOCTII OCTanbHhIX 65, 1!3BeCTHbIX 113 cneKTpOB KOUBepc1111, caenaHbl 

oueUKII. Bbi'll!C.'IeUbl K09cpcp11u11eHTbl BHyTpeHHeii KOHBepCIIII ( C IICIID.'Ib-

30B8HHeM naHHbIX 06 IIHTeHCIIBHOCTlIX KOHBepCIIOHHhIX 9.'IeKTpOHOB, 

ll3BeCTHbIX 113 .'Il!TepaTypbi) 11 onpeneneHbl MynhTl!nonhHOCTII y -rre-

peXOAOB._. 
160♦160m 

2) BnepBbie 113 C.'!OlKHOro IICTO'llll!Ka Ho MeTOAOM DTAaqa 

160 
BhIAeneH Ho 11 1!3Mepea ero cneKTp Y -nyqeii Ha crreKTpoMeTpe 

C 'Ge(Li) -AeTeKTOpOM. 3T,O no3BD.'IIl.'IO HaM nony'll!Tb ueHHbie A.'IlI 

nocTpoeHl!lI cxeMbl ypOBHeii 
160 Dy CBeaeHl!lI - C KaKoro COCTDlIHI!lI 

ro.'IbMl!lI! OCHOBHoro 11.'III 1130MepHoro - B036YlKA8IOTClI onpeneneHHbie 
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ypoBHII 
160 Dy ' Bbl'Il!Cnl!Tb Bepol!THOCTII {3 -nepexonoB 

160110 11160mno II YTO'IHl!Tb KBaHTOBbie,' xapaKTepl!CTIIKII, COCTOS!• 

Hllfi. 

3) Ha OCHOBe nonytreHHbIX JWHHbIX 6bma npoaHan11a11poBaHa' 
' 160 / 12 13/ ' ' 

11aBeCTHall cxeMa ypoBllefi Dy ' • llaHHhte 9Tl!X pa6oT 

3!1a'Il!TenbHO YTO'IHeHbI. Onpenene!lbl KBa!ITOBbte xapaKTepl!CTIIKII 

MHOrl!X COCTOS!Hllfi C B!>ICOKOfi s11epr11efi. PS!ll COCTO~Hllfi 11e nonTliep-, 

mmcll Haw11M11 peaynhTaTaM11. CxeMa ypoB11efi 160 ·Dy cywecTBeH11O 

nonon11eHa. EbmO BBe)leHO· 1,0 IIOBbIX ,Boa6ylKJleHHbIX ,cocTOllllllfi II 

onpeneneHbl llX KBaHTOBbte xapaKTepllCTllKll. EonhW~HCTBO ll3 Hnx, 

Han6onee llHTeHCHBHO ~acem11own~cS1, B nanbHefiweM noATBeplK/leHo 

. /14i 
}'-: y -coBnaneHHl!Mll Ha Ge (Li) -cneKTpoMeTpax • TTpennonara-

eTCll, 'ITO BBe)leHHOe HaMll COCTOS!Hlle 1263 K9B -

Hoe, a ypoBelib 1349 KSB - era poTaunoHHhifi 177
, K 

ypoBHefi, l!Bnmorual!Cl! peaynh'I'aToM Hamel! pa6oTbI 11 

{3 -B116paunoH-

+ ' =2 0. CxeMa 
· /12, 13/ 

)laHHblX , 

noli.TBeplK)laeMblX 'HaMll, npe)lCTaBneHa Ha pnc. 4 11 5. B !jee BKmo- ,· 
, · · · · /14/ 

trellbl TaKlKe ypoBRII, o6HapylKeH!lhie no COBna)leHl!l!M · 

PeaynhTaTbl aHan 113 a CBOfiCTB COCT Ol!Hllfi 160 Dy 

1) lfa 9HepreTHKII poTaUllOH!lbIX ironoc 160 Dy ( OCIIOBHOfi II 

y -B116paunoHHofi) y6en11TenhHO cneAyeT, trTo poTaunoHHal! Monenh 

nnoxo onl!CbIBaeT nonolKeHl!e ypoBRefi C Bb!COKIIM cn1111OM, a TaKlKe 

cnenyeT, 'ITO ytreT B3allMO)l8fiCTBllll, BpaweHl!ll' S!)lpa C Kone6aHl!eM ero 
. /15/ · · 

noBepx11ocT11 ( RV -Mo.llenh ) np11BOllllT K xopoweMy cornacmo 

c aKcnepnMeaToM, B Monen11 HeaKCllallhHh;X l!/lep llaBhinoBa-1-la6aHa 

Hennoxo nepenaeTCll nonolKeH11e. ypoBHefi ocHoBnofi nonocb1, HO nono-

lK8Hll8 ypoBHefi y -B116paunoHHOfi nonOCbl llMeeT 3Ha'IllT8nbHOe 

paCXOlK/l8Hlle C 9KCnep11M8HTOM. no-Bll)ll!MOMY, 9TO CBll3aHO C-TeM, 

'ITO MO)lenb llaBbl)lOBa-1Ia6aHa He npenycMaTpl!BaeT ll3MeHeHl!ll' na

paMeTpOB 'MllrKocTn' n HeaKcnanhHOCTH llllpa nnll paaHbIX nonoc. 

2) Pac>reT npnBeJleHHhIX BepollTHOCTefi y -nepexonoB, paa-

plllKaromnx Boa6ylK)l8HHbl8 COCTOS!Hlll! Ha ypoBHII BparuaTenbHbIX nonoc, 

no)lTBep)llln, 'ITO ytri\T CM8Wl!BaHl!ll BOnHOBbIX cpyHKUllfi COCTOS!Hllfi no 

KBaHTOBo.My trncny K cyruecTBeHHo ynytrwaeT cornacne TeopeTntre

CKHX ll aKcnepnMeHTanhHbIX 3HatreHnfi. 
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2851,4 1- {1 trt 
2133,5 1- &l 

EK38 eogft 

2716,5 1- &8 251S0 1-:-2+ lil 

2100,0 z;r 6,4 2502,9 1;2+ !iB 

2673,1 1- 6,4 24852 1-:-2+ 8,0 

2660,8 r(Z-J ql 2468.8 -r,2+ 8,0 . 

2645,9 r 6i§ 2408,4 1,2 1,8 

2629,9 1- 6,4 236q4 1t2+ 7i5 
J 2353,3 1+ 8,3 

' 1870,8 1+ 7,6 

1804,4 1+ 
J 

7,4 

Pnc. 5. CxeMa B036yJK.QeHHbIX COCTOHHHfi 

12 

2520,3 2+ 

l 
1,g 

2286,4 3+(2+) ?4 

1903,2 2;3+. {6 

1755,6 2;3+ 7,4 

1669,7 2+ 7,7 

"1518,0 2+ 7,4 

i 

160
Dy (2-ag 'IaCTb). 

;:. 

3) ·Orrpenemrn· aepoHTHocTn· fr -hepexonoa· c H30MepHoro 

. 1600 
COCT0l'Il!llH ro/IbMlrn Ha ypoBl!ll . y ll 311ag CTpyKTYPY B03M0)l(l!blX 

· • 160 ·, 
ABYXKBa3H'IaCTll'IHbIX C0CT0Hl!llll . Dy , paCC'Il!Tal!HYIO rannaxepoM 

. . /10/ . 
I! ConoBbeBbIM . . 1 M0)l(l!0 BbICKa3aTb rrpeAII0/I0)l(el!l!e, 'ITO CTPYKTY: 

.pa ll30Mep11oro COCTOHlll!H rO/IbMlrn. p 411,t+n 521 l 
• ) . 1T + 

4 Cpenn 11a61110naeMbIX ypoa11eft I = 1 _qacT&, no-Bl!Al!M0MY, 

. • /7/ 
C00TBeTCTByeT ABYXKBa3l!'!aCTll'lllbIM co cna6oft KO/I/IeKTl!BH3aUHeii • 

IV rn.1 Ba 
169 

rrocagme11a nccneaoaa11n10 11e•1eTHoro HApa Yb • 

CxeMa yp0B11eft 
169

· Yb C.1I0)1(1!a ll llHTepec11a TeM, '!TO B 11eft Ha61110-

naeTCH Ml!0ro 0AH0'!aCTll'IHbIX ll KonneKTHBl!blX COCTOHl!l!ft ll poTauno11-

llblX nonoc, 0CII0Bal!l!b!X Ha 3THX co:::T0SIIIHHX. :.:ho II03B0.1IHeT rrpoBo

AllTb IIll!p0K0e cpaa11e1111e 3K°CIIep11Me11Ta/IbllblX )lal!l!blX C pa3/Ill'lllb!MII 

C0BpeMel!llbl1';111 MoaengMII. B 'IaCTH0CTll, npencTaB.lIHIOT llHTepec C0CT0-

HHl!H C.lIO)l(HOft CTPYKTYPbI, KonneKTl!BHbie COCTOS!Hl!SI KaK CBl!)leTenhCT

B0 · _eAUHOft Ilpllp0Abl B036Y)l(AeHlll'I ypoarrnft KaK B '18T3hIX, TaK ll B 

He'IeTl!b!X S!Ap_ax, p0IIb B3al!M0AeficTBll8 0AH0'laCTll'IH0r0 l! BpamaTenb-

11oro ABl!)l(eHHH B _S!Ape. O6nrnpHOCTb uMeJOII(l!XC51. K Ha'lany Harnett pa-

6oTbl caeneHUft 0 cxeMe ypoBHeft -· 1
69 Yb l!3 HAepHbIX peaKUl!ft (n, y:. _), 

He ncKn10qana Heo6xon11MOCTH· uccneaoBaT& ee H3 {3-pacrranA
69 

Lu, 

T.K. pe~yn&TaTbI o6onx uccnenoaa11m1 nomKl!bI i:torron11S1Tb apyr npyra 

(crru11_.MaTepUHCKOro 
169 Lu 7/2 - • CIIIIH 3axBaTl!oro C0CT0HHIIH 

169 Yb 1/2 + ). 

3K C rrepu Me HT.anhH bl e pe3y nb Ta Tb! 

1J· CrreKTp_ y ...:nyqeft 
169 Lu arrepBbie U3MepeH rrpn noMomn 

crreKTpoMeTp0B C . Ge(Li) -AeTeKT0paMn. OrrpeaeneHbl 3Hepruu ll HH

TeHCIIBH0CTll 0K0/10 100 y .-rrepexonoB, oue11eirn lll!TeHCHBII0CTb 

6onee cna
0

6b!X nepex0A0B, ll3BeCTl!b!X ll3 CileKTp0B K0l!Bepcmr. Bb!'IUC

neHbl KOaqicjmuneHTbl B1IyTpe111Ieii K0HBepcuu ( c Y'l8T0M naHl!blX 06 

lfl!TeHCHBII0CTHX' K0HBepcIIOHl!blX _3/IeKTp0HoB. lf3BeCT!IblX ll3 nnTepaTy-

pb!) ll onpeneneHbl MY/IbTHII0/Ibl!0CTll Y -rrepexonoB. 

2) CTyTeM cpaBJ!ellllH pa3pHAKlf COCT0Hl!llft, Ilp0HB/IHJOII(HXCH B 

( n, y) - peaKUllll ll Ilpll f3 -pacrrane, 6bmo rroKa3Hllo, '!To B 
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HeKOTOpb!X cnyqagx Ha6nronaeTCH Boa6y)KJ:leHlle OAHIIX II Tex JKe co

CTOHHllii. 06HapylKeHo, qTQ rrp11 f3 -pacrrane TaKJKe Boa6ylK/lalOTCH 

aa6nronaBWlleCH paaee TOnbKO B peaKUIIHX qacT11qao KonneKTIIBll311-

poBaHHbie COCTOHHIIH 3/2- [521] + [521] y -B116., 3/'l; [633] y -B116. + 
. + 

+[651] , ypoBeHb 1616,2 K9B, · COCTOS!Hlle 5/2 [642] 
+ 

ITpenrronoJKeHo, qTo poTaUIIOHHbJe COCTDHHIIH · 5/2 [642] co CIIIIIIBMH 

7/2+ 11 9/2+ JIMeroT a1Iepr11ro · 647,2 11 728,6 KaB. 

3) ITpoa1Ian11a11poBa1Ia 11aBecTHaH 11a f3 -pacrrana cxeMa ypoB-

/ 16/ 
•Heii 169 Yb , KOTOpaH CTpo11nacb 6ea yqeTa MynbTIIIIOnb!IOCTeii 

JKeCTKIIX y -rrepexonoB. Hawn naHHbie rrp1rnenn K noBonbHO aHaq11-

TenbHOMy ee yToqHeHIIIO, a TaKJKe K norronHeHIIIO ee COCTDHHIIHMII 

1074,6 11 2237,5 K9B0 

169 
4) B peaynbTaTe 9TOii pa6oTbl IIOCTpoeHa cxeMa ypOBHeii Yb, 

Boa6yJKnaeMbIX rrp11 f3 -pacrrane, 11 orrpeneneHbI BepoHTIIDCTII f3 -rre

pexonoB ( p11c. 6, 7). B cxeMy BKnroqeH TaKJKe pHn COCTOHHllii C Bb!C0.

/ 17 / 
KOii 9Hepr11eii, o6HapylKeHHblX BrrocnencTBIIII aBTOpaMII II IIDATBeplK- . 

naeMblX HBWIIMII naHHblMII. 

PeaynbT8Tbl a111:in11a·a CBOiiCTB BOa6yJKneHHblX 

cocT o HHII ii
169 Yb n f3 -pacrr an a

169 Lu. 

1) ITpoBeneHo cpaBHeH11e Ha6nronaeMb!X CBDiiCTB COCTOHHllii C 

• • C · I 18, 11 / 
6 IIX CTPYKTypo11, paccqllTBHHOII onDBbeBb!M II np. Ha aae 

/19/ 
IIOTeHUllanoB H11nbCCOHa II CaKCOHa-Bynca, II M11xaanllCOM II np. , 

/18/ 
IICIIOnb3YIOII(IIMII Te JKe rrpenrroCbinKII, qTo II B pa6oTe , HO yq11Tb1Ba10-

II(IIMII B38HMoneiicTBlle onHoqaCTllqHoro H BpawaTenbHOI'O ABn>KeJIIIH B 

Hnpe. IToKaaaHo, qTo aKcrrepnMeHTanbHbJe 11aHHbJe nyqwe cornacyroTCH 

c pacqeTaM11 M11xaan11ca II np., T. e; yqeT Baa111'io11ei!cTBIIH Kop11on11ca 

!IpllBOAIIT K BeCL~a cywecTBeHHbIM yToqHeHIIHM CTpyKTypbJ° COCTDHHlli!. 

2) CpaBH0Hlle DTHOCIITenbHOI'O rronolKeHHH ypoBJJeii rronoCbl 
+ . . 

5/2 [642], IICIIblTblB8!01Uei! CllnbHOe Kop11on11COBO B3811MO/lei!cTBlle C 

11pyr11MH rronocaMH rronolKHTenbHOi! qeTHOCTH, C pacqeTaMII ITHTOBa 11 

/20/ . /19/ ' 
lJepHeH II pacqeTaMII M11xaannca n 11p. , rrpoBe11eHHbIMH MeTolloM 

Teopllll B03My1UeH11H, IIOKaaano, qTo MeT0/1 ITHTOBa II lJepHeH 11aeT MHO

ro nyqwee cornacne c aKcrrep11M0HTDM. 
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Pn:c. 6. CxeMa B036yJKAeHHbIX COCTOSIHHli: 
1a9Yb 

c aaeprn:eli: .i:to 
J 100 K9B. 



2291,2 <fh,h,!½+J 6,1 

2286,1 l-2,!½- 6,2 

2246,3 o/2- 6,0 

22315 5/£(1'2,~2-) 6,0 

2096,6 h,~2- 6l EK38 tll fogfi KnfNn2A] 

1781,4 ¥2- 1,1 %:-[514] 
1616,2 o/213/2,,2-) l ' 2 ·5 7i1 _fa-VI . 

~ 1462,8 12-(~2) 1,1 ~-[503] 

~ 144Q5 ~2-(l-2-) 6,7 ~- [505] 

1353,7 o/l 1,7 ~ 
1311,6 ~+<'2+) 8,0 ~ 

J l 960 ~-[514] 

Pnc. 7. CxeMa Boa6ylKJleHHhIX cocTmmnli 
169

Yb c aaeprneli BbIIIIe 
1100 KSBo 

16 

3) CaenaH Kp8TKHli o630p CBOliCTB, THllll'lllbIX ,:imr KonneKTHBHblX 

COCTOflHHli B. He'!eTHbIX aecpopMnpoBaHHblX SI/lpax, Ha OCHOBaHHH 

KOToporo paCCMOTpeHbl KOnneKT!iBHbie COCTOflHHfl, II3BeCTHb!e 113 flll~P-

HbIX peaKIU!li, II H/leHTHcpnunpoaaHbl f3 -B116pau110HHbJe COCTOf!Hllfl 

7/2+ [633] 1074,6 KSB 11 7/2-[514] 1781 KaB, IIpOSIBnmornnecSI TOffi,KO 

rrpn f3 -pacrraae. 

4) PaCC'Il!TaHbl BepOSITHOCTH f3 -rrepexO/lOB 169 ,Lu Ha ypoBHH 

169Yb . c y'IeT0M caepxTeKy'Inx norrpaaox. OTMe'!eHo, 'ITO caepxTe-

KY'!He norrpaBKH.3Ha'IllTenbHbl /lnfl 

COCT0SIHllfl 
16 

g Yb • 

f3 -rrepexonoa Ha "llbipO'IHhie' 

5) ITpoaeaeH aHanna aa6monaeMhIX f3 -rrepexonoa B paMKax 
. /21/ 

11Me10meucfl cu_cTeMaTIIKII f3 -pacrrana , · na KoToporo nocneao-

Bano,. 'ITO axcnepnMeHTam,Hbie 3HS'IeHHfl BepOSITH0CTeli . f3 -rrepexonoB 

c nonpaaKaMH Ha caepxTeKy'IeCTb HecxonbKo ny'IIIIe cornacy10TCfl c 

CHCTeMaTHKOli _rpoMoBa, '!eM co 3Ha'!eHIIf!Mll, npencKa3aHHbIMH Co

noBbeBbJM. 

6) B paMKax CllCTeM~THKH 

/21/ • 
Ha onpeneneH B03M0)KHblll THII 

fpoMoBa II MoTTen1,coHa-Hnnbcco

f3 -rrepexonoa Ha ypoBHn
169 Yb 

HeH3BeCTHOli CTPYKTyphI. 

O6mne B bIBOllbl 

Ha _rrpoaeneHH0ro aHamraa annao, 'ITO aa6n10naeMb1e caoiicTBa 

B036y)KneHHblX COCTOSIHHll necpopMHpOBSHHbIX Sinep X0pOIIIO OITHCbIBaIOT

Cfl MonenSIMH H TeopmIMII, y'IHTbIBaIOI!(llMH B3aHMoneiicTBHe paanH'IHblX 

nan)KeHnli a Sinpe. 

1. BecbMa cymecTBeHHO B3aHMoneiiCTBHe BpameHHfl Sinpa n KDne-

6aHHfl ero noBepxHOCTH. PaC'IGTbl no CODTBeTCTBy10meft RV -Monenn 

Herrnoxo nepena10T aHepreTn'Iecxoe rrono)KeHne ypoaueli (
16

°Ily) , B 

TO BpeMSI KaK paC'!E!Tbl no poTaUIIOHHOli cpopMyne o6o6meHHDii Monemr 

Eopa-MoTTenbcoHa na10T cymecTBeHHoe oTKnoHeHue oT axcrrepnMeHTa. 
/22/ • 

2. Cornacao Teopnn .UoHHepa-fpaftaepa , aaanMonencTane 

OKTyrronbHbIX n KBanpyrronhHbIX BH6paunft non)KHO IIpllBDAHTb K o6pa-

30B8HHIO CDCTOf!Hllll cn:>)KHOii CTpyKTypbl - ABYX'PDHOHHbl:\1 COCTOflHHflM. 

ITpenrronaraeTCfl, 'ITO llBS TaKHX C0CT0f!Hllfl o6Hapy)Keffbl ( 
170 

Yb) 
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3. 311a•n1Tenb11a ponb B3&HMOJleticTBHH OJlHO'laCTH'll!Oro n· Bpa

maTenbHOro JlBH)K0JIHH B HJlpe, Bnl!HIOll{ero KaK na CTPYKTYPY Boa5y)K

)l0HHblX COCTOHl!HH B 1!0'11iTHblX H)lpax, TaK H 11a HX snepreTH'l0CKOe 

nono)Ke;me ( 169 Yb ). 

4. Y''l1iT CM0WHBaHHH COCTOHl!HH no KBaHTOBDMY 'IHCny K a11a

'IHT8nbl!O ynyqwaeT cornacne TeopeTH'leCKHX npHB0)l0l!llblX aepoHTIIOC-

TeH y -nepexoJlOB H SKCnepHMeHTallbHblX ( I 60 Dy ) • 

5. MHKpOCKonH'l0CKHe MOJlenH HBnHIOTCSI B0CbMa nno)lOTBOpllblMH. 

8 paMKax STHX MO)leneil B03MOJKl!a HIITepnpeTaUHH npHpOllbl HeCKOnb
+ 

KHX O -COCTOHHHH B OJll!OM 
+ - + llblX COCTOHIIHH 1 , 1 , 2 

nnpe, Hl!TepnpeTaUHH MHornx aoa5yJKAeH-

170 Yb ) • BecbMa BalKHhIM m:.nHeTcH 

yqeT cnHl!-KBa)lpynonbl!blX cnn, noMHMo MynhTHnonb-MYllbTHnonbllb!X 
170 Yb ) • BaaHMO)l0HCTBlle KBa3II'laCTIII! c qJOHOl!aMH o5'bHCHSieT 

noHBne11ne COCTOHHHH cnolKl!OH CTpyKTYpb! H KorrneKTHBllbIX COCTOSIHHH 
159 Yb .B l!e'IeTHblX HJlpax ( ) • 

Ocl!OBHble peaynhTaTbl Aal!IIOH JllfccepTal!HH JlOKnaAbIBanHCb 11a 

e)KerOAHhIX coaemal!HHX no HJlepllOH cneKTpOCKOnHH H CTpyKType _HApa 

( XVD-XX ) ,· cnMnoanyMe cTpaa-y'laCTlIHI! OHHH (X) , MelKJlylla-

POAHOM CHMnoanyMe no CTpyKType HJlpa {.Uy5aa, 1968) H ony5nHK0-
/23-30/ 
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