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Y•renhlii ceKpeTapb 

crreu;nammnponauuoro concTa 10.Il.Tapan 

061..1..J;aJI xapaKTepHCTHKa paOOTbl 

AKTY AJibHOCTb. B HaCTO.lII.Qee npeM.ll 60llhllIOC KOlIII"'IeCTBO 3KCIIepIIMeH

TallhHhIX p;aHHhIX, IIOlIY'lCHHbIX C IIOMOI.QhIO conpeMCHHhIX MCT0p;IIK p;ll.ll 

T.ll)KCllhIX µ;ecpopMIIpoBaHHhlX .llp;ep, IIOKa0hIBaeT, 'ITO CTaTIICTII'ICCKa.ll IIH

TeprrpeTaD;II.ll CTPYKTYP YPOBHCII .llp;ep C 3HeprIDIMH OT Hyll.ll µ;o 3HeprIIII 

CB.lI0ll HCIITpoHa II Bbillie, .lIBlI.lICTC.ll CIIllhHO yrrpoI.QCHHOH, 'ITO HCO 6xop;IIM0 

IIpIIHIIMaTh BO BI:J}IMaHIIC Bbrp;erreHHbIC MOp;hI, xapaKTepuoyeMbIC KBa0II'la

CTII'lllbIMII, K0lllICKTIIBHhIMII II T.p;. CTCIICH.lIMll cno6op;h1. PaoBIITIIC MCT0-
1 ., ,< \ ,.i , .- ,; , 

)l;IIKII . II0Y'ICIII:UI KaCKap,uoro 'Y - pacrra)];a .llp;ep ua TCIIlIOBhIX ueii:TpoHax 

rroKaoarro, .'ITO µ;annoe oaMe'lanrre crrpanep,rrIIBO Ii p;rr.ll peaKn;IIIi paµ;11an;II

onupro oaxnaTa HCHTpOHOB. Bhll'IO IIOKaoauo, 'ITO IIHTCHCIIBH0CTII KaCKa-
. . 

µ;on, naceIT.lifOI.QIIC rr~pBbIC noo6y)Kp;CHHbIC COCTO.lIHI:UI He yp;aeTC.lI OIIIICaTb 

rrpocToiicTaT11cTII'lecKoii: Mop;errhIO pacrraµ;a K0MrrayHµ; - cocTO.lIHIIM .llp;ep 

IIn - na BlII:UIHII.lI cTpyKTYP cocTO.lIHIIM ua llIIIpIIHhl rrepBII'IHhIX II BTopII'I

HhIX rrepexoµ;on. Honhle 3KCIIepIIMCHTal1hHhIC B03M0)KII0CTII "0TKpbllIII H0-

Bhle rrepcrreKTIIBhI uny'leHII.ll CTPYKTYP .3TIIX cocTO.llffIIH. K nacT0.lII.QeMy 

npeMCHH HaK0IIlICH 3KCIICpIIMCHTal1hHblM MaTepIIarr no KaCKap;uoMy pac

rraµ;y 11-Tll 'ICTH0 - HC'lCTHhIX T.lI)KCJibIX p;ecpopMIIpOBaHHbIX .llp;ep II 5-Tll 

'ICTHO - 'leTHbIX. I1orry'leHHa.ll IIHCpopMan;I:UI CBII)];CTCllhCTBYCT 0 HeTpIIBII

arrbH0CTH naKOHOMepu~cTeii: KacKap,noro 'y'-pacrr~p;a II Tpe6yeT µ;arrhneii:

rnero 3KCIIepIIMCHTaJibHOro IICCllep;onaHII.lI . 

• Il,EJihIO ,UAHHOM PABOThl .lIBJI.lIETGH: 

1. IIccrreµ;onaHIIe oco6eHHocTeii: KacKap;Horo 'y'-pacrrap;a 'ICTHo - 'leTHhIX 

cocTaBHhIX Hp;ep un o 6rracTII 4s MaKCIIMyMa Heii:TpoHHOM c11rronoii: 

<pJHKD;Illl. ~!!fflW!«::.M&LC 45;2;:__"?";1, 
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2. AHamm 3KCITepHMeHTalihHhIX ;a;aHHhlX ·c :a;err1,10' ~o;y'IeHII.lI IIHq>OpMa.:. 

D;llll o CTPYKType cocTO.HHHH, nacerr.HeMhlX KacKa)];HhlMH nepe?(o;a;aMII._ 

3 .. IloiicK 3aKOHOMepHOCTeii:, He yKrraµ;1,rnaIOIIWXC.H B Tpap;HD;IIOHHhie paMKII 

CTaTHCTII'IeCKoro MeX:aHH3Ma o6pa3oBaHirn II pacrra;a;a .Hp;ep. 
\-: 

4'. I(a'IeCTBeHHa.H o:a;eHKa cooTBeTcTBH.H 11a6rr10;a;aeMhIX aKcrrep11MeHTarr1,

HhlX 3aKOHOMepHOCTeH TeopeTH'IeCKIIM rrpep;CTaBlieHH.HM. 
/ . ' . .. 

HAY.':IHAH HOBII3HA II IIPAKTII'IE.CKAJI IJ;EHHOCTh PABOThl. 

B nacTO.HIIIeii pa6oTe nrrepnhle npone;a;eno· uccrre;a;onanue · Ka.cKa;a;noro 1 

raMMa-pacna;a;a KOMrrayHµ; - cocTo.Hnnii: 'IeTH0-'IeTHhIX .Hµ;ep' 146Nd, 150Sm, 
156Gd, 158Gd, 16~Dy, 174Yb, o6panonaHHhlX npn naXBaTe TerirroBhlX neii:Tpo~' 

non .. IIorryqenHM aKcnepnMeHTalihHa.H lIHq>opMa:a;H.H, ·a ·Tauirn penyrr1,TaThl 

ee aHalIH3a MoryT CII0C0 6CTBOBaTb. 6orree rrry6oKOMY ITOHlIMaHIIIO npo:a;ec

C0B, onpe;a;err.HIOIIIIIX CBOHCTBa .Hp;ep IIJ)lI Hll3KIIX 3HeprH.HX,B0:J6y2K~eHlIJI: 

:, 

HA .3AIIJ;IITY BhIIIOCJITCJI CJIE)].YIOIIJ;IIE OCHOBHhIE PE3YJlh,TAThI: 

1. Me-:ro;a;oM CACM norry'IeHhl cneKTphl ;a;ByxKBaHT0BhIX KacKa;a;on, pan-. 
. ' ~ ; . . ' ' ,\ 

p.IDKaioiwix K0MIIayu;a;-cocT0.HHlI.H .H;a;ep 146 Nd, 150 Sm, 156Gd, 158Gd, 
' . , I 

164Dy, 174Yb, o6panoBammrec.H npu pa;a;na:a;uo~oM naXBaTe Tenrro-. 

n1,1x ueii:Tpouon. Onpe;a;erreHhI aueprllll KBaHT0B n HHTeHc11irnocT11 ua-. ., . ' ' . . 

116biiee currhHbIX KacKa;a;oB. 

2. IIorrY'IeHa H0BM 11uqiopMa111rn o cxeMax pacrra;a;a nccrre;a;yeMhlX .H;a;ep 

B IImpoK0M ;mepreTII'ICCKOM lIHTepnarre E ~ 3, 5 MaB. 

3. C IIOM0lllhlO npe;a;rr~)~~~~oii: n ;a;nccepTaIIIIII MCT0)];HKII orrpe;a;erren rro

pH)];0K CITCp;0BaHIUI "f - KBaHT0B B KaCKap;ax II II0lIY'IeHhl pacrrpe;a;erre-

2 • 

mm IIHTCHCIIBHOCTCii KclCKa;:J;HhIX nepcxo;i;on B q>yHKUIIII :.meprmr B03-

6y.iKp;emrn .Hp;pa. O6Hapy.iKeHhI lI0KcllihHhlC' yc'IIlICHII.H IIHTC'HCIIBHOCTC'II 

KacKa;a;on, ;J;lI.H .Hp;cp lfi<iGd, I58Gd II 164Dy B panom· ;nieprIIII IIX rrepBII'I

HhIX rrepcxonon oT 2 µ;o 3 :t\foB. ,I(am1 KH'ICCTDCHH:UI IIHi'CJJIIJH'TaIIII.H 

na6moµ;ac110ro :1q>q>CKTa. 

4. IIpoanarrmmponaHhI Koppc::rn:11nu IIHTCHCIIDHOCTCII rrqm1rrn1,1x rrepe- . 

xo;a;on p;rrn n;a;cp 168 £ r. I ;.1y1, II 178 Hf npn :.1axnaTe TCII:I0DhIX HC'IITpO

II0D II HPiiTponon co cp<•µ;m•ii _:1ncprIIPii E 11 = 2 K3B. O6:EptPY.JtFC'HhI 

3HlVIIIMhIC KOJ>JWIT!II~IIII ~lIJI n;a;ep 168£rn I7
·
1}'/J. 

5, IIpoII3DC)J;CH II0IICK 3KDII)l,IICTclHTH0CTII D rrorrmKemrnx rrpmie.iK_\'•TO'I

HhIX ypoDHCII IIHTCHCIIDHhIX ;a;nyXKDclHT0DhIX KclCKa;a;on ,a:rn II31IPpCH

HhlX K mtCT0JIIIIC!\IY' npe:rvieHII ''IC'TH0-'IPTHhIX II 'H'TH0-Hl"H'THhlX !I;.J;('P. 

· An PO l,A I'IIJI I' A BOTLI. fvfaTPpmtrrhI, II0lI0~K('HHhH' D 0CH0D)' JJ1<cepTaI1IIII 

)l,OJma)i;Li:narrnc1, Hi'43-l\I Mci,p;yHapoµ,Hol\I conc•~;rnnn no ll;::I;<'pnoii crrcKTpo_

ci~rniu II CTPYKT)'lle aTOl\IH0ro H)l,pa (.I(y6mt, 1993 r.). mt 1H'?Kgyna1;0;:i:Hoii 

KOH~c1ieH11{m "Byp;)'~CC np;epHoii Clll'KTJ)OCKOIIIIU" (I~pIIT, fp<'llllll. i993). 

OG'bEl\l PABOTbl. J.(nccci,Ta111rn c,ocTOIIT rm nnc;-i;emrn. 'H'ThIJH'X r:ran. 

3ciKITIO'ICHIIll u rrpnrron,emrn. O6'h<'l\I pa6oThI - 110 cTpaHn111rnw11nomr

cHoro TCKCT~: 10 Ta6rrnQ n' 19 pucyHK0D. CrrncoK mr-repaTyp1,1 BK:IIO'I<H'T 

67·naIIM~IIODclHIIII. ·. 

1b'1,)m[(Xqm1. · IloMaTepr{amtl\l p;nccPpTa111m orry6mrKonauo 9 paooT. 

·;-·~, 

Co~ep)KaHH~ p·a6oThI 

Bo BBeµ;eHHH II0Ka:.1am1 aKT)'illihH0C'J:h' pa0OThl, ('(' 11('::lh. KpaTKO 11:1::10-

n,CH0 C0)l,<'pn,aHIIP µ;ncc('pTaIIIIII II IIJ>IID<';J,('IILI ()('H0DIIhH' no:ron,('IIIIll. BLIIW-
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CIIMhle Ha naI.QIITy. 

B nepaou: rJiaBe )J,aH o6nop HeKOTOphlX TeopeTII'IeCKIIX MO)J,~nei'r, IIC

rrom,nyeMhlX D HacTO.lII.Qee npeMH )],ITH omrcaHII.H 'Y - pacrraP,a KOMIIaJHP, 

- COCTO.HHIIH .lI)J,ep, a TaK)Ke MO)J,erreii:, npe)J,CKam,IBaIOI.QIIX cyI.QeCTDODaHIIe 

Dhl)J,erreHHl>IX MO)], non6y)KP,eHII.lI n o6rracTn ;meprm1 0 - Bn, Ha6rr.roµ;aeM1,1x 

3KCITepIIMeHTalII,HO D peaKIJ;IIHX Heynpyroro pacce.lIHII.lI 3lICKTpOHOD, rrpo

TOHOD II 'Y - KBaHTon, T .K. rrpeP,cTanri:HeT IIHTepec DlIII.lIHIIe 3TIIX 'Mo)], Ha 

cno:iicTna KacKa)J,Horo 'Y - pacrra)J,a. 

,I(aH KpaTKnii: o63op MCTO)J,II'IecKIIII rrpIIeMon aHamma HecTaTIICTII'Ie

cKnx ;:icpcpeKTOD D ( n, 'Y) peaKIJ;II.lIX, IlOKanaHhl IIX He)J,OCTaTKII. 

BTopaa: rJiaBa IlOCD.lII.QeHa 3KCIIepIIMCHTalII,HOMJ IICClIC)J,ODaHIIIO KaCKa)J,

HhlX nepexoP,on D 'ICTHO - 'IeTmrx .lI)J,pax 146 Nd, 150 Sm, 156Gd, 158Gd, 164Dy, 
174Yb .. C rro~Ol.Ql>IO panpa6oTaHHo:ii n JIH<l> OIUUI MeTO)J,IIKII,perIIcTpa

IJ;IIII cyMM aMrrmITYP, connaP,aIOI.QIIx IIMrryn1,con c P,nyx Ge(Li) P,eTeI<~opon 

Dl>I)J,ClICHI,I )],BJXKBaH;ODhl~ KaCKa)J,~I, tlaCeJI.lIIOI.QIIe HII)KHIIe JpODHII Q+, 2+, 
. I . 1;'' • I 

4+ ·poTaIJ;IIOHHo:ii IIOlIOCI,I OCHOBHoro COCTO.lIHII.lI 3TIIX .lI)J,ep: Onpeµ;erreHIJ 

a6corrIOTHhle irHTeH~IIBHOCTH 3TIIX KaCKa)J,OB II <1Hepr11II rrpoMe~yTo'IHl>IX 

yponHe:ii. 8KcnepIIMeHTalII,HI,Ie tlHa'IeHII.lI CJMM IIHTCHCIIDHOCTe:ii KacKa)J,OB 

cpaDHIIBalIHCI, C TeopeTII'ICCKIIMII )J,lI.lI Ka)K)J,Oro nacerr.HeMoro KaCKa)J,aMII 
. . 

HII)KHero ypoDH.lI. TeopeTII'IeCKIIe nHa'ICHil.lI 6IJrrII paC'IIITaHI,I Ha OCHODe 

cTaTIICTII'IecKo:ii MO)J,em1 pacnaP,a KoMrrayHP, - cocTO.lIHII:ii .lI)],CJ>:' Ilp11 pac:- . 

'ICTe IICIT0lil>tlODalIHCI, )],De MO)J,ClIII IllIOTHOCTe:ii yponHe:ii - MO)J,eJII, <l>epMII 

- rana c "o6paTHI,IM CMeI.QCHIIeM" II MO)J,ClII, llrHaTIOKa. CpaBHeHIIe no- . 

KanhlnaeT, 'ITO Ha6ITIO)J,aeTC.lI CIICTeMaTII'IeCKOe npeDhllllCHIIe 3KcnepIIMeH-
' ~ ( 7 ~ • . 1 

TalII,HIJX tlHa'IeHII:ii IIHTeHCIIDHOCTe:ii Ha)], pac'IeTHhlMII, 'ITO CD.litlhlBaeTC.lI 

c HalIII'IIIeM. CIIITl>HhlX "HecTaTIICTII'IeCKIIX" KacKa)J,OD. i:.: 

4 

C noMOI.Ql>IO npe)J,JIO)KeHHo:ii MCTO)J,IIKII npoBe)J,eHo panrro)KeHIIe P,IIcpcpe

peHri;IIarr1,H1,1x cneKTpOB COBITa)J,CHIIH Ha nepDII'IHhle II DTOpII'IHhle "'f - rre

p~XO)J,I,l II IIOCTpOCHhl naDIICIIM0CTII IIHTeHCIIBHOCTe:ii KaCKap;on OT 3HeprIIII 

IIX nepBII'IHhlX rrepexop;OB. 8TII tlaBIICIIMOCTII rrpIIBep;eHhl Ha pIIC 1. 3µ;ec1, 
. . 

)KC npIIDe)J,eHhl paC'ICTHI,Ie KpIIDI,Ie, IIOlIJ'ICHHhle Ha OCHODe CTaTIICTII'Ie

CKOH MO)J,errII pacnaµ;a KOMnayHp; - cocTOHHIIII .lI)J,ep npII IIcnorr1,noBaHIIII 

µ;nyx MO)J,erreii: IllIOTHOCTII yponHe:ii • 

11n pIICJHKOB BIIp;HO 'ITO HI! op;Ha IItl MOp;erre:ii He MO)KeT ap;eKDaTHO OIIII-

caTI, 3KCIIepIIMCHTalII,HO Ha6rrro;a;aeMhle pacnpeµ;erreHil.lI IIHTCHCIIDHOCTe:ii 

KaCKap;on: O61.QeIIpIIHHTa.H MOp;elII, cpepMII - rana C "o6paTHI,IM CMeI.Qe

.IIIIeM" He D COCTO.lIHIIII npaBIIlil>HO npep;cKanaTI, ycIIITeHIIe KacKap;HhlX nepe

xoµ;on, COOTBeTCTDJIOI.QIIX Ha6rrroµ;aeMhlM MaKCIIMJMaM n pacnpeµ;erreHil.lIX 

npII <1Hepnrn nepBII'IHoro nepexoµ;a 2 -3 M;:iB ( 'ITO cooTBeTcTnyeT 3HeprIIII 

non6y)Kµ;eHil.lI Hp;pa 5 - 6 M;:iB). IIoµ;o6IIe cpopM pacnpeµ;eneHIIH p;rr.lI .Hp;ep 

156Gd, 158Gd, 164Dy, IICKJIIO'IaeT nonMO)KHOCTl> IIHTepnpeTa:rJ;IIII yc11rreHII.lI 

IIHTCHCIIDHOCTH KacKap;on npII 3HeprIIII nepDII'IHl>IX nepexo;a;on 2 - 3 M;:iB 

C IIOtllIIJ;IIII crry'IaIIHl>IX (nopTep - TOMaCOBCKIIX) cprryKTyari;IIii. 

'tJ:IICTO Ka'IeCTDCHHO IIOp;06Hoe JCIIJieHIIe IIHTCHCIIBH<?CTCH KaCKap;0D n· 

paii:oHe 3HeprIIH non6y)Kp;eHII.lI .lip;pa 5-6 M;:iB 061,.HcH.lieTc.lI na c'leT o;a;Ho

'lacTII'IHhlX nepexo;a;on 4s - 3p Me)K;a;y C00TDCTCTBJIOl.QIIMII HeIITpOHHhlMII 

noµ;o6orro'IKaMII. 

B HacTO.lI~~e iJpeM.lI IIHTeHCIIBHO 11ny'IaIOTC.lI MarHIITfilie II arreKTpII-

. 'ICCKIIe p;IIII0JII,Hhle non6y)Kp;eHII.lI n .lip;pax c II0M0I.QI,IO panJIII'IHhlX TIIII0B 

.lip;epHhlX peaKri;IIH. ThK KaK B 11ny'leHHIJX .lip;pax 1 + II (1-) cocTO.lIHII.lI MoryT 

nacelI.lITl>C.lI KacKap;HhlMII nepexop;aMII, B p;aHHoii: pa6oTe npIIDep;eHo cpanHe

HIIe ~apaKTepIICTIIK. ypOBHeii, Bhlp;erreHHhlX B ( 'Y' "'f1
) peaKIJ;II.lIX II II0lIJ'ICH-' 
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Pn:c I. 3aBHCIIMOCTh cyMMapHOli a6comoTHOli llHTeHCIIBHOCTll KaCKap;oB 

naKaH'IIIBaIOrn;IIXC.H TpeM.H Hll3KOJie2Kan'J.IIMH ypoBH.HMll (J7r = Q+, 2+ II 4+), 

OT ;mepr1111 rrepBH'IHoro rrepexo;a;a. x - pac'IeT c 11crrorr1,noBaH11eM Mo;a;err11 

.qiepMII rana C "o6paTHhlM CMern;eHIIeM"' 0 - Mo;a;err11 l:IrHaTIOKa. IlyHKTll

poM'Bhlp;erreHbl CTaTIICTII'IeCKIIe OIIIII6KII ::JKCIIepIIMeHTa. 
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HhlX rrpn uccrre;a;oBamm KacKa;a;Horo 1 - pacrra;a;a. B Ka'IeCTBe xapaKTepu

CTIIK yponHen:, BOn6y::,K;a;acMbIX B. pcaKI.~IUIX 6blllll Bhl6paHbl K03qlqJIIIJ;IICHThl 

neTnrreHillI R = 1(2+)/I(0+), T.K. corrracHo rrpamrnal\I Arrarn ;a;aHHhIII KO

::iqiqinu;neHT D p.H;a;e crry'IaCB IIO:JBOJI.lleT o~pc;a;crrIITb nHa'ICHIIe KBclHTOBoro 

'lUCJia J{7r }J;ll.ll ypoBHCII, rrpu pacrra;a;e KOTOpbIX naceJI.HIOTC.H COCTO.lIHII.lI o+. 
2+ ... l:In cpaDHCHII.lI II~JIO)KCHIIII Ha6mo;a;acl\IblX yponHen: !IIO)KHO qerraTb . ' 

. crre;a;y10rn;ni'1 nhmo;a;: KacKa;a;a:r-111 1 - rrepexo;a;on non6yn.;a;a10Tc.si TOJihKO oT

HOCHTCJihHO Malla.H 'laCTb HaIIIJ;CHHbIX K HaCTO.lllll;CMY npcUCHII COCTO.lIHIIII 

qiparMCHTHponaHHoro I'M,IJ;P ("scissor modes"_) u TaKM )KC urrn '6orrhIIIa.H 

;a;orr.H yponHen: 1-. B nHa'ICHII.lIX R ocHOBHOII 'IaCTII xacKalJ;HhIX rrepcxo;a;on 

Ha6rr10;a;acTC.H 6oiibIIIOi°I pan6p'oc, 'IT? He II03DOlI.lICT IIHTeprrpcTnponaTI, IIX 

KaK "'IIICTbIC" COCTO.HHII.ll C qJIIKCIIpoBaHHblM nHa''!CHIICM I{. 

B TpeTbeH rJiaBe rrpe;a;rio.JKcHa-MCTOIJ;IIKa aHamma Koppeirnu;un rrcp

BIPIHbIX 1' - rrcpexo;a;on'rrpu pacrra;a;e panmPmMx penoHaHcon ;a;e<JlOp:-.mpo

naHHhIX .HIJ;Cp n IIIIIpOKOM ;a;nananoHC ::JHCJ>rIIII 1· - rrepexo;a;on. 

B 0Toi'1 rrranc ;a;eMOHCTpnpycTc.H crre;a;yrorn;cc: no-rrcpBbIX, pacnpc;a;crrem1~ 

IIHTCHCIIBHOCTei°I ,1-rrcpcxo;a;oB, ycpc;a;HeHHbIX IIO IIHTCpnarry 100 K3B, KaK 

}J;ll.H TCIIlIOBbIX, TaK II IJ;ll.ll penoHaHCHbIX HCIITpOHOD II11CCT 'ICTKO Dblpcl)KCH

HYIO CTPYKTYPY, no-nTophlx, IIMeeT MeCTO ;a;ocTaTO'IHO xopoIIIM K°oppcrr.H

u;rllI rrorro.JKcHII.lI MaKcIIMyMoD ::JTIIX CTPYKTYP (pnc 2-4). H<'CIT)"IaIIHhiii xa

paKTep TaKon: cTpyKTyp1,1 ;a;oK,tnhmaeTc.H c rr0Morn;1,10 aHamma KopJH'JUiu;nn 

IIHTCHCIIBHOCTCH rre:rnwrnMx ncpexo;a;on npn naxnaTe Tcrrrron1,1x H<'IITpo

HOD II HCHTpoHon c "y~pc;a;HcHHcM" no pcnomrnca:r-1 co q><';rJ;H<'ii ;rnq>rndi 
. . ' . ; . . 

E11 =2 K3B. 

IIpe;a;uorraracTc.H, 'ITO m1mP1nc norro.JKIITCJibHoii Koppcmru;nn n ;)Tlll\I crr:r

'ime 6y;a;cT CDHIJ;CTCllbCTDODaTb O rrpncyTCTDIIII HCCTaTIICTII'H'CKIIX :w·xa-
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PHc 2. Pacnpeµ;erreHHe ycpeµ;HeHHOll no HHTepaarry 100 K0B Ha6rrrop;aeMOH 

HHTeHCHBHOCTH nepBH'IHbIX nepexoµ;oa p;lllI .Hp;pa 174Yb. 
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PHc 3. Pacnpe;ri;erreHHe ycpeµ;HeHHon: no HHTepaarry 100 K0B Ha6mo;ri;aeMon: 

HHTeHCHBHOCTH nepBH'IHbIX nepexoµ;oB )l;lllI .Hµ;pa 178 Hf. 
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PHc 4. Pacrrpe;ri;erreH~e ycpeµ;HeHHoii no HHTepBarry 100 K0B Ha6mo;ri;aeMoii 

HHTeHCHBHOCTH rrepBH'IHhlX rrepexo;ri;oa )l;lllI Kµ;pa 168 Er. 

HH:JMOB, OTBeTCTBeHHhlX na BO:JHHKHOBeHire noµ;o6HJ,IX CTPYKTYP· 

_ B OTlIH'!He OT µ;pyrHX noµ;o6HhlX MeToµ;n:K rrpep;lIO)KeHHa.H MeTO)l;HKa 

aHamma KOppell.HD;HH He npeµ;rrorraraeT H:JBCCTHOCTb CIIHHOB H 'ICTHOCTCH 

nacerr.HeMhlX aHarrHnHpyeMhlMH nepexop;aMH ypoBHeii, n:, crreµ;oaaTellbHo, 

MYllhTHIIOllhHOCTen: rrepexoµ;oa. 

B1,mH rrpoaHarrHnHpoaaHhl rrepBH'IHhlC rrepexop;hl rrpn: naxaaTe Tenrro

BhlX Hen:TpoHOB n: Hen:TpoHoB co ~peµ;Hen: 0HeprHen: 2 · K0B B .Hp;pax 168 Er·, 

174Yb n 178H/. Penyrr1,TaThl aHarrHna Koppelllin;n:ii: rrepexo;ri;oa caep;eHhl B 

Ta6rrm::i;y 1. 3Ha'IHMhlC nHa'IeHHK KoppelllIIJ;HH )l;lllI Kµ;ep 168 Er, 174Yb no

nBolllIIOT . c;ri;en:aTb naKlIIO'ICHH.H O HalIH'IHH HecTaTHC;H'ICCKoro 0cJ><peKTa, 

CB.H:JaHHoro C HalIH'IHeM op;HHX H Tex )Ke Bhl)l;ClleHHhlX KOMIIOHCHT BOlIHO

BOll q>yHKIJ;HH B panHhlX KOMIIaYH;ri; - COCTO.HHH.HX. 

B "<J:eTBepTOH rna:ae rrpo;ri;erraH aHarrn:n paHee rrorry'ICHHOH 0KCIIepH

MeHTallbHOH HHcJ>opMan;HH no KacKap;HhlM rrepexoµ;aM KaK B 'IeTHO - 'ICTHhIX 

TaK H B 'ICTHO"- He'!eTHhlX .Hµ;pax Ha rrpeµ;MeT HalIH'IH.H Bhlµ;erreHHOH 0K-

9 



Ta6mrn;a 1. N 3
Kc - KOlIII'IecTBO aKcrrepnMeHTan:bHbIX nepexo;a;oB, ::mcen:HIO

I.Qnx o;a;Hn n Te )Ke cocTOHHHH B cn:rrne oaXBaTa Tenn:oBhlX n peooHaHCHbIX 

HCHTpOHOBj }?3KC - aKcnepIIMeHTan:bHOe OHa"'IeHIIe Koacpcpn:a;neHTa Koppen:H

:a;nn; R - cpe;a;Hee pac"'!eTHOe oHa"'IeHne Koacpcpn:a;neHTa Koppen:H:a;1rn; P -

CTaTilCTil"'IeCKaH ;a;ocTOBepHOCTb }?3Kc. 

174Yb 16sEr l7BHJ 

N'3KC 42 45 27 

}?3KC 0.61 0.75 0.54 

R MeToµ;nKa 1 - 0.27 0.30 

p ,, 
- 0.99 0.93 - -

R MeTO,ll;IlKa 2 
'. I , 

0.29 0.32 0.36 

p - " - 0.96 0.99 0.80 

Bil)];IlCTaHTHOCTII B IlOITO)KeHilHX npoMe)KyTO"'IHbIX ypoBHeii IlHTeHCilBHhlX 
. ' ' ,. . ' . ' 

KaCKap;oB. JlpKHH npnMep HaITH"'IIlH' aKBil,IJ;IlCTaHTHO·cTn IlOKaOaH Ha pnc 5. 
." . ' . :,,,. .· . ,\ 

AHan:orn"'IHJIO ;lKBn;a;ncTaHTHOCTb MO)KHO BbI,IJ;CITIITb npaKTII"'IeCKII BO Bcex, 
' ·, , . . ,;· . ,,· . ' . .· - ' ,, 

non:y"'IeHHbIX K HaCTOHI.QCMY BpeMeHII, pacnpe,IJ;CITCHilHX IlHTCHCIIBHOCTeii • . I • . , 

KaCKap;oB ;a;n:JI JIµ;ep, OTITII"'IaIOIQilXCH TaKHMH napaMeTpaMn, xaK"'ICTHOCTb 
·,:.. . ' ,, 

"'!Herra HCHTpOHO,B nn:n ;a;ecpopMa:a;HH. . 
., . . ,, .... · ''.'t'' 

,Il;n:H aHan:IIoa aKBH)];IlCTaHTHOCTH ncnon:boonan:CH q>JHKD;HOHan: .F(T): 
. . . . . . : . 

F(T) [
. (S· - s-)2] r20E'6 .. 

- 2tsisj · · ; 5:2; f28E'l + (oE'fr~ T 2}2_ 

.· [ (Sj - ski]' r20EJk 2 

sjsk . < s2 > r20E]k + ( oEJk - r2) 
• ' ~ ; i : • ; 1 • 
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Pnc 5. 3a11ncIIMOCTb a6con:IOTHon: IIHTCHCII-;

BHOCTII ,ll;BJXKBaHTOBhlX KacKa;a;on Ha nepBoe 

noo6y)Kp;eHHoe cocToHHne 174Yb B cpyHKD;IIII 

aHepr1m B036J)K)];CHHH. PnMCKIIMII :a;ncppaMII 

IlOMC"'ICHbl BepOHTHbie rpynnbl aKBII)];IICTaH

THbIX COCTOHHIIII. 

Pooo Jooo sooo 
3Heprmr Boa6y.lll.c{emu1 (1rnE) 

.S S·•,[_(S;+S,.-2Si)2 - (8Eii-8Eik)2] 
ki <S2> f2 

I'28E~-
•1 

f28E'f,. + ( 8E'f1.: - 4r2)2 
(1) 

3;a;ecb: T - nepno;a; aKBHp;IICTaHTHOCTIIj S - IIHTCHCIIBHOCTb KaCKa;a;a HOMep 

i,j n k; < S > - cpep;HHH IIHTCHClIBHOCTb aHammupye:r..rnro Ha6opa KacKa

;a;on, 8E - pa3HOCTb aHeprm1 Boo6y)K;a;eHIIH upoMe)KyTo'IHbIX ypoBH<'II ;a;nyx 

paccMaTpimaeMbIX KacKa)J;OBj r = 0, lT ·- Koacpcpm:i;neHT, perymrp);IOlQIIII 

nempumy BKn:a;a;a ;a;aHHor.o KacKa;a;a B cpyHKD;IIOHan: ( 1). ,Il;n:JI ;a;aHHoro Te

CTnpye:r..rnro--tma"'IeHHH T KacKa;a; k Bb16npaeTC.lI TaK, "'IT061,1 cpyHK:a;noiian: 

(1) 61,rn 61,1 MaKCIIMaITbHbIM µ;n:H p;aHHOH napbl KacKa;a;on i II j. 

Han:n~ure ( oTcyTcTmre) Bbr;a;en:eHHoro nepuo;a;a T onpe,IJ;CITHCTCH no Ha

ITII"'IHIO ( OTCJTCTBIIIO) 'le TKO_ BI,rpa)KCHHOro :r..iaKCIIMyMa B oanncIIMOCTII F 

OT nap1,npyeM011 nepeMeHHoii T. 

3cpcpeKTIIBHOCTb IICIIOITb3yeMoro cpyHKIJ;IIOHan:a 6bln:a anpo6nponaHa Ha 

cn:e;a;y101.Qe11 Mo;a;eirn: 
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a) KOHCTpyrrpoBalIOCI, N = 25-30 "rrorroc" GKBII;IJ;IICTaHTH.hlX KacKap;oB, 

co;a;ep)Ka~ux no m=4 1rnu 3 'lrreiia B Ka)K;IJ;OH aKBII;IJ;IICTaHTH011 "rrorroce"; 

6)·IIHTeHCIIBHOCTII B' IIOlIOCa:X MeHJilIIICb ClIJ'laIIHO OT MaKCIIMallbHOH ;IJ;O 

1UIHIIMallbHOH YMHO)KCHIIeM rrpe~hlp;y~ero ::ma'!eHIUI p;aHHOII "rrorroc1,1" Ha 

crry'laii:Hyro BelIII'III.HY ~ < 1; 

B) IIHTepBarr T . Me)K~y ;IJ;BJM.H . 'llleHaMII Mop;errnpyeMOll "rrorroc.hl" IIC

Ka)KaeTC.H rrpII6aBrreHIIeM K Ka)Kp;OMY ::rna'leHIIIO aHepr1m crryTrnii:Hoii Hop

MallbHO pacrrpe;a;erreHHon: ourn6Ku c ;a;IIcrrepcIIei'x a2; 

r) :JaKOH II:JMeHeHII.H IIHTeHCIIBHOCTeii 'llleHOB pa:JlIII'IHbIX IIOlIOC B.hl6II-
. . 

parrc.H TaK, 'IT06bI B QelIOM BOCIIpOII:JBeCTII 06~10 <f>op:~.(y pacrrpe;a;erreHIIll 

IIHTeHCIIBHOCTCll GKCIIepIIMeHTallbHO Ha6lIIO;IJ;aeMblX K8.CKa~OB. 

Ifo MO;IJ;ClIIIpOBaHII.H crre;a;yeT, 'ITO IICKOMblll rrepno;a; GKBII;IJ;IICTaHTHOCTII 

MO)KeT 6bITb O;IJ;HO:JHa'IHO Bhlp;erre~ Il:J no;a;o6HbIX Ha6opoB npn: )l;OCTaTO'IHO 

Marr1,1x :JHa'leHII.HX rrpon:nBep;eHII.H Nm (uanpn:Mep, paBHOM 100). TaKoe 

'!Herra ypoBHeii xapaKTepHo ;IJ;IDI rrpaKTII'ICCKn: Bcex IIny'leHHbIX JI;IJ;ep. Ho 

rro;a;o 6H.hlll q>yHKQHOHarr rro:JBOll.HeT O;IJ;HO:JHa'IHO orrpep;ell.lITb IIMeIO~IIHC.H 

nepn:o;a; GKBII;IJ;IICTaHTHOCTH HC BO Bcex ClIJ'laJIX. TeM He MeHee, ;IJ;ll.lI 'ICTHO 

- 'ICTH.hlX .H;IJ;ep BO MHorn:x ClIJ'laJIX MO)KHO Dbl;IJ;ClIHTb O;IJ;HO :JHa'leHIIe HH

Tepnarra GKBH;IJ;IICTaHTHOCTII. I-I GTO :JHa'leHIIe (.lipKo B.hlpa)KCHHOe B p.Hp;e 

crry'laen) II:JMeHJICTC.H n HHTepnarre 500 < T < 800 KaR . 

I-IHTepnpeTaQII.H IIOlIJ'ICHH.hlX mia'!eHIIH rrepn:op;oB GKBH;IJ;IICTaHTHOCTH 

T )l;ll.H ~eTHo - · He'ICTH.hlX .Hp;ep, a TaK)Ke ;IJ;ll.H .Hp;ep 168 Er n 180 Hf ( OTlIII

'!aIO~nxc.H OT OCTallbHbIX II:JJ'ICHHhlX 'ICTHO - 'ICTH.hlX .Hp;ep MJllbTHIIOllb

HOCTI,IO KaCKa;IJ;HhlX rrepexo,p;oB) rrpe;IJ;IIOllaraeT, 'ITO :JHa'ICHHe T TaK)KC :::Ja

BHCHT OT CTpyKTJPbl non6y)K;a;aeMbIX B peaKQIIII (n;,) KOMnayH;a;:.: COCTO-

. .HHIIH. Mepoii: "O;IJ;HOTiaCTII'IHOCTn:" ;IJ;ll.H GTHX cocTOJIHHH MO)KCT crry)i(iITb 

12 

OTHOlllCHIIe rrpn:Bep;eHHOH HCHTpOHHOll lllIIpIIH.hl r~ K, ee cpep;HeMy :JHa'le

HIIIO < r~ >. 

150. 160 170 180 

, •.. : MaccoBoe ,.-q:u:cno .. 

Pn:c 6. ; j3~BIICHMOC'.1'h :JHa'l~HH.H HaII6orree nepoJITHoro nepn:o;a;a, GKBII-

;a;n:cTaHTHOCTII OT: ?'TOMHoro Beca H:JJ'ICHHhlX .Hp;ep: 

n - 'ICT~O - 'ICTH.hle, .lip;pa 

0 - 'ICTHO - HC'ICTH.hlC .Hp;pa C rv < ~ >::::: 1 

X - 'ICTHO - HC'ICTH.hlC .Hp;pa C rv < I'~ >~ 1 

+ _ .lip;pa 168Er II 180Hj 

Thap;KIIMII lIH~IIJIMH c_oep;n:HCHhl_ MHHIIMallbH.hle II MaKCHMallbHhlC :JHa'leHII.H. 

C TeopeTII'ICCKoii TO'IKII npeHn:.H Ha6rrro;a;aeMaJI aKBH;IJ;IICTaHTH?CTb B 

GHepreTII'le\':i.n::X' pacrrpe;a;erreHH.Hx IIHTCHCHBH~C'rII xacKa;IJ;OB MOrlla 6.hl 6hlTb 

noHJITa (<i:IIcTo 'ia'leCTBe~o) B p~MKax Mo;a;errn: B~an:Mo;a;eiic~nyro~ 60-

noHoB, KaK HHTeHCHBHOe BO:J6y~;a;eime xacKa~H.hlMII rrepexo;a;aMn: ypoBHCH 

.Hp;ep, OTlIII'laIO~XC.H ;a;pyr OT ;a;pyra no CBOCH CTPYKType TOllbKO 'IIIClIOM 
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q>o~OHOB. IlpII 3TOM crre;a;yeT rrpe;a;rrolI01KIITh, 'ITO HalIIPIIIe q>OHOHa, 3Hcp

rll.ll KOToporo rropJI;a;Ka 0, 5 - 1, 0 MaB, He nnMeHJieT cy~ecTneHHO ncmr

'IIIHY MaTpII'IHOro arrel\IeHTa rrepnwrnoro II BTopwmoro rrepexo;a;on KacKa

;a;on, ecrru 3TH KaCKa;a;1,1 Bon6y2K;a;aIOT rrpOl\Ie)KYTO'IHhIC ypoBHII o;a;1maKODOII 

CTPYKTYPhl, OTmPiaIO~uecJI ':IIIClIOM TaKIIX q>oHOHOD. 

B oaKJIIO~eHHH ;a;aeTCJI KpaTKall: xapaKTepUCTIIKa pa60ThI II rrpuno-
' 
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