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PncloTa BilIIOJIHeHa B J.::aclopaTopmr HeiiTpOHHO.H 1usmm 
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06IIilJI X8paKT0pUCTlll<a pa60Tl:l 

AKTYM:&HOCT:& Ter,ru. 113Y'!eIIBe lltSCTitlIX l -.nytIOU npn pu~omroM 

3aJCBaTe 119HTPOHOB B nocJie,nimo ro,Itll BO.I(STCSI 0'1011:& llIHpOitO. K HaCTO.fDllO

MY BpeMeHli .I(OCTlll'HYTO o6moe IIOHl!MalIUe . po.nnaI.tliOHIIl:lX rrpouoccoB C Y'filC

TlieM IIpSIMl:lX nepeXO.I(OB MOJlUIY :aaxBaTHw.m COCTOSllillRMR, IDJ!eKl!lllMli CJIOJ,WyIO 

CTPYKTYPY, 11 HPI:aKOJiruita.Iqm.m cocTOmm:Mlt c npocToil CTPYKTypoii. B TO lite 

BpeMJI OCTaJOTCSI IIO'lTH H61I3Y'l6HHHMPI npouoccu ~Olilloro pacua.na 

nocpe.I(cTBOM Kacxa,ninoc l' :..nepexo,noB, a HX BKJia'A o61:l'1Ho :aHa'Il!TeJieH. 

lipe.u;IIOJiaI'aJIOC:&.,, 'ITO 1-KaCK8,!!;II IIO.I{'illIUllOl'CSI C Ta TPICTPI'leCKHM 38.KOHOMe p-
H OCT SIM, HO B IIOCJie,nime ro,Itll IIOJIY'!OHl:l yrta:aaHIDI ua T(!, 'ITO C IIOMOUU,10 

CTaTRCTPI'l8CKOro llO,IOCO~ He Beer~ y,n;ieTCSI 8..I(8KB8.THO OUPICaT:& 3KCil8pH

MOHTaJU,HHe ,wuIHl:lO • 0,nHaKO 3TR yrta3aIIWl OCl!ODl:lBaJIRC:& Ha .amum:ae pa.3-

po:aHemrl:lX li H6MHOrO'lliCJI6HH~ ~. 0 KaCKa,IOil:lX ·o -nepexo,nax, llOJIY

'lOHHl:lX, ltaK Ilpa.BltJlo, KO.CBOHlll:lM nyTeM.· ,lJ.1lll pa:amtTIDI munero IlOIU!MllllISI 

Mexrum:aiva Ka.CKa.nirnro l -pacua.na KOMIIaYH,It-n.nop 11eo6xo.I(PIMQ IIpJIMoe 

3KCIIOpl1MOHTaJil,HOe 1I3y'!6HII9 Ka.CK8.,I(OB B pea.Kl\IDI (n , 0 ) • 
liCCJIO,I(OBa.IlltSI O -ItaCKa.nOB, pa:apmml(IllHX KOMIJ:aYH,It~OCTOrumJI npn 

aueprmrcBSI:aH HeilTpoHa, Ilpe.I(CTaBJISil!Yr HHTopec H C TO'!Kll 3peHM llOJiy

'leHIDI HOBOH Hliqx:>Pl'&lUllll o cxeMa.X. ypoBH~ii ,mop, oco6elillo B nepexo,nIIoil 

06.nacTH·IIpomJeyTo'lHl:lX no:a6yx.nemtii - 06.rracTn.npe.DJtoMIIaYH,lllll:lX cocTosi:- · 

Intii, O:'J6H:& _IIJIOXO ll3y'!6HHOii ,1(0 HaCTO.fDllero BPOMOIUI, 3Ta 06.rracT:& HHTe-. 

pocHa ,,nJIII llCCJie,I(OBaimil, lIOCKOJI:E,Ky 3,!(9Cl, MOlltHO Jl3y,IaT:& 3a.KOHOMOpHOCTPI 

YCJIOlltHeHIDI CTPYKTYPl:l H YB9Jm'l8HHSI IlJIOTHOCT~ COCTOmntit no Mepe pOCTa 

liX 3H8pl'illl B036ylKJ{eHM. B 3TOil o6JiaCTll MOryT npOSIBJIJ!TbCSI pa3Jill'IHHe 

IIpOMeJKYTO'lHlle CTPYKTYPH. o6yCJioBJiemruo qJparMeHTal.(lle, rrpOCTl:lX COCTOSI

Imil no MHOI'llM SJ..Jt6PHI™ ypoBHSIM • 

Uem, pa6oTu: aKcnepl!MeHTaJU,Hoe HccJio.I(oroimo .I(ByxKBaH:roBl:lX 

l-::imCKa.non, oo:a~ n pea.KUD < n ,0 ) Ha TeIIJiomnc,Heirrpoirax. 

Ilplll 3TOM perua.JIHC:& CJI8.Izylll{H6 :aa,na'DI: 

I. lfaMepHT:& crroKTpl:l rmcIW.,D;HHX O -KBaHTOB pa.Itllaum01moro :aaxnaTa 

HeiiTpOHOB. 

2., lIOJlY'UlT:& :aHa'leHlUl :meprPIH H a6cOJim'Hl:lX HHTeHcllBHOc:Te~. 

l-KBaHTOB Ka.CKa.I(OB, pa~pemeHHl:lX IcnoJI:&aoBa.I1Hoii B a1tcnep11MeHTe anna

paTypoil. 

3. YTO'!HHT:& cxeMH ypoBHeii JICCJie.nyeMl:lX SI,I(ep :11 IIOJiy'lllT:& HOBYJ) mI

qx:>pl'&3.UD) O COCTOSIHJllDC, IXJ.CllOJIOlteHHl:lX B o6JiaCTR npoMeJeyTO'IHHX 3Heprd 

B036ylKJ{eim!l. 

4. IlOJIY'lllTl, coo.I(eHIJI o MeXa.Iill:aMS l-pa.cua.na RccJie,cyeM!lX KOMIIB

yw,It-,mep • 

3a):rp.qa HCCJI8.I(OBa.IIHSI Ka.CKa,nOB 0 -ItBaHTOB pemMaC:E, C llOMOIIll>D Me-

t'" www•-~ n~ ,. ..f ..... ~ ,..,,l . , 
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TO,nmtlt mme;romm ~yxitBaHTODUX RaClta,ItQB C 3a,naHl!Oil Cy-MMOil :meprliil: 

rrnpexo.a;on (MeTO.It cyMMnponamm ar.lIIJillTY.It coDn:a.r.talOOtwC m.mym,con), B 

KOTopoii qillKCUpyeTCJI KO!io'IHU.ii ypoBSHI, KaCim.na. (Il ,n1lJII,HeihuoM POaitl..UlH 

pa,!UfaUUOHHoro 33.XDaTU HeilTpOIIOB C perHCTpa:LU1eil ~yxICBaHTOBOro ItacKa

~ 6y,ItOT o603Ha'UlTI,CSI KUK ( n, 2'()) • .I'1rJI .11CCJI0JJ.OBaIIIDI p0aKUlill 

( n, i") 6UJI C03,!TpII 0-cneitTpOM0Tp, BitJII()liamlllii ll3M9P.llT0Jll,ltyIO 'IaCTb 

ua OCllOBe ~yx Ge (Li )-,ItOTOKTOpOB ll 3JI0KTp0IIHYJO qacTI, 'AJISI OT6opa 

coBITa,IteHnil n HaK\)ILJIOHIDI M110ror.1opuoil .11H4JOpMl!Ulll. Ewra yconepwencTBo

nana MeTo,n:ima o6pa60T1w MimroMepuoil 1mqJOp~. 

.I'1m IIOJ!y'!eHWI llll4JOPl&l1Ulll o MOXal!ll3Me l~pacn:a.r.ta npono.a;nJicSI 

aHa.Jill3 Koppe.JJ:HU.llil llllT0HCllBIIOCTei1 ~yxICBaHTOBIDC KaCKa,ltOD ll nepBll'lHUX 

o-IIepeXO,ItOB C 3rplleKTllBllllMll C0'!0lllISIMll B036~emm TSX 1K9 KOHO'llillX 

ypomrn:ll B ~ { d , p ) n ( d , t ) . · . · 
Ha,rrna.sI HQBH3Ha H npaKTll'!ecl@JI neHHQCTI. m6oru. B ~.Hnott pa6oTe _ 

npone,IteHo nccJie.ztomune . poaKUlln ( n , 2 l } ua TenJioBIDC ueilTpoHaX ua 

mu>ax I43Nd , 
164oy JI 

174yb • Bnepnue naMepeHu cneKTpu ,IU3yxICnau

TOBIDC KaCKa,ItOB, 3UC9JISIIClltlDC COCTOJllIWI R,ll;ep-npo,D;yKTOB B lllllpOKOM ,Itmllla-

30He :meprnH B036~ellllJl - OT IIYJIH JJ.O HeCKOJU,IUIJC MaD. Onpe,IteJieHH 

3Ha'l0HIDI 3Heprrul: H a6COJIIOTHIDC BWCOJJ.OB rumapaT_ypHO pa3pemeHHHlC KacKa,It-

HIDC g-KBaHTOB. Ha -OCHOBe 3TllX ,ItaHHWC lt()IIOJIHeHU CXOM!l ypoBHeil . 
144Nd , 165Dy 11 

175yb B o6.naci-11 npomll!YTO'!HHX aHepI'ltil: nos6~e

HWI. AllaJm3 Koppa~ MellUC' llHT8HCllBHOCTJIMII: KaCKa,ItOB ll ~KTllBHUMR 

cettemrm.m p~ ( d .p} ll (d t) noztaaa.nf, 'ITO B npouecce KaCKa.It-. 

11oro, 'J'-pacna.zta KOMIIaYH,It-R,ll;ep 
165Qy n 175Yb cTaTRCTK'leCKHe 38.KOHO

MepHocTH HapymamCfl - mnpmm y-nepeXOJJ.OB 3aBllCfIT OT 0,WIOKBa3l!'laC- , 

Tll'!Horo xapa.KTepa KOH0l!HIDC COCTOmmil. 

IIo.nyqemraJI -axcnepHMOHTaJl!,HruI llHqx>pmuwi -0 KaCKa,T.tHHX J-KBaHTaJC 

H O COCTOmnmx:, JI0JEalllHX J3 o6JJaCTll IIpe,ltKOMnaYH,ltHWC B036~mrlt, MP]t0T 

cnoco6cTBOBaTI. paaBHTmo Mo.tteJieii MexaHH3W -3.rurnaTa 11eilTpouoii H MO,IteJieil 

H)UJa ll MOJE8T 6UTI, llCIIOJll,30BaHa B ,P4C'l9TaJC KOHCTpyiu:iml R,ll;8pIWX perutTO
poB. 

AnpooanWJ pa.60TU. MaTepna;w, IIOJIOlltemrue B OCHOBY ,ItllCCeprauun, 

JJ.OKJJa,Itl:lBaJIHCI, Ha 6 BceCOI03HOil KOHq,epeHUHH no HeilTpomIO:ll qill3mte (Klien,·. 

1983), Ha 34 COBOIIIWillll no R,ll;0pHoil cneKTpoCKomm n CTPYKTYP8 aTOMHoro 

Jl,Iij)a (A.lJMa-ATa, 1984}, Ha CeccHH 00:\i.i AH CCCP no R,ll;epHoil qlll3mte 

(Mocm:ia, 1984} n Ha Y MeJWHapo,ItHOM CllMIIOSeyMe no cneKTpOCKOIIllll 

3aJCBaTHUX. ,t-JlY'l8il H CBII3alll!UM BOnpoe&i (HOKCBIWI, 1984) • 
06'peM pa6oTU. nitccepraunn COCTOHT ll3 BBO,IteHHJI, TpeX l'JiaB ll ~a

K.7ID'l0HWI. 06'b9M pa60TU. -125 CTpaullU millllHOIIllCHOro T0KCTa, I8 Ta6JIHI.t 

ll 31 pllCYHOK• CIDICOK JIHT8paTJpU BltJIXl'Ia0T 145 HallM0HOBal!llii. 
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Ha aaumTy BIDIOCJITCSI cJielty100jl1e ocHOBHUe P@YJII.TaTu: 

I. C03,ItllIIa YCTaHOmta ,ItJISI llSMepemm cnertTpOB ,IU3yxICBaHTOBWC KaC

ltaJJ.OB 113 p0aKUllll ( n , '¥ ) MeTO,ItOM Cy-MMllpOBUlllUl aMIIJillTy,n COB~ 

llMI!yJil,COB C JJ.eyX Ge< L j )-JJ.0TOKTOpOB; yconepweHCTBOnaI!a MeTO.ItHKU 

o6pa60TKH MHOroMepHoil .llHqic>PMlUllll, 
2. HsMepellll cneKTphl ,IU3yxitBaHTO~ RUCKUJJ.OD llpll ~OHIIOM 

aaxnaTe TenJIOBWC HeiiTpoHon JI.ZU)aMlJ 
143Nd, 164Dy 11 

174Yb. 
3. Onpe.tteJieHU BOJIH'IllHU a6COJIIOTHIDC lll!TOl!CllBIIOCTeil ,IU3yxICBal!TOBllX 

KaCKa,ItOB, paapemeHH!lX B 3KC110pllM0HTe, 

4. IlOJIY'leHa noBruI HHqJOpMaIUUI o cxeM'lX ypoBHeii 
144Nd, 165 Dy 11 

175Yb np11 :meprlllIX B036y'11,ltemm 60Jiee 2,5 ¼ 3,5 rA:JB. 
5. IlpOBeJJ.OH al!aJIIl3 rtoppeJll!Ullil MelK,Izy' llpllDe.a;eHHUMU llHTOHCllBHOCTSI

Mlf ztacKa,ItoB 11 napUHaJII.Hl:lMll ce'JeHRlIMll pea.Kunil ( d ,p ) wm ( d , t ) . 
a). B c.nytiae 144Nd He o6uapyiitc1rn 1toppeJll!Ullll MeJK,ny nepoSITHOCTSI

MlI npoueccon ( n , 2 t ) 11 ( d , p ) . 3TOT peaym,TaT corJiacyeTcSI c npe,n

czta3alllUlMll CTaTllCTH'leCKOii Teop1m ll llOJIYMllltpOCKOIIll'leCKOl1 KBa3ll'laCTll'l

HO-qJOHOHHOil MO,nGJill R.IUJ8., pa3BllTOl1 B.r.COJIOBbeBUM ll COTpy,ItHllltaMlt B 

OHIDI. 
6). B c.nyqae 165Dy Hal!nena cTaTllCTll'lOCKH .a;ocTone1masi KoppeJISI

UIDI IDITenc11BHocTel1 1tac1ta,ItoB c ce'le11lISIMII poruuum ( d , p) , n c.nyqae 
175Yb - co cneKTpoc1tollll'lecIUIM11 q;aKTOpaMll 113 peaKUllll ( d , t ) . 3TII 
pesyJibTaTU uaxo,wITCSI B lta'leCTBeHIIOM corJiaCID! C MO,It9JII,D 3aJCBaTa HellT

pona, pasBllTOM Jleih!OM ll JlmrnoM, a Tartlle C llOJIYMllKpOCKOilll'10CKO:li 

MOJJ.OJiblll R,IUJ8. • 

6. IloitaaaHO, 'ITO OTKJIOHeHHe OT CTaTHCTll'!eCltllX 3aKOHOMegHOCTeil 

B none.tteHIDI ,IU3yxitBaHTOBllX ItacKa.ItOB, saceJlJIIClllHX cocTOSIHIDI 
16 Dy 11 

175Yb c :meprne:11 Bos6p.,Itemm .no 2,5 MaB, o6ycJIOBJieHo cymecTneHHUM 

DKJiaJJ.OM OJJ.HOKBa3ll'IaCT.ll'lHUX KOMIIOHeHT D BOJil!OBUe cpymtUllR 3TllX COCTOSI

llliil:. lIOJ!y'!e!IHUe pe3yJII,TaTU JIBJillm'CSI 3KCnepHMeHTaJil,HUM yztaaauneM Ha 

TO' 'ITO CTPYKTYpa B036y'11,lt9IUWX COCTOilllllli MOJK0T cymeCTB8HHUM o6paaoM 

BJOOITb Ha MOXaIUI3M KaCita,ItHoro 1-pacna.a;a TJDKeJIUX JJ.9qlOpMllpOBaHHhllC 

K8.MllayIIJJ.-R,ll;ep B paitOHe Hei1Tpo1mo:li o60Jio'lK11 4S • 

• CO,Itep!Ulllll8 pa60TU 

Bo Boonemm noztasatta rutTyaJII,HOCTI. pa6om, cqx>pMYJIHPOBaHa ea 

ueJII., o6c~eTcSI ee Hay,nwe n npmcm.,ItHoe snatieHne, KpaTKo ll3JIOllt0HO 

CO,ItepJKalllle ,ll;IICCOpTaumt ll npllB8,It0HU OCHOBHUe nOJIOJ!t8Hlill, BilH0CeHHUe Ha 

3antllTY. 

B neDBoil r@Be H3JIOJKellll ocHoBHUe pesyJII,TaTu Teopo aaxnaTa HeilT

poHon - T00Pllll Jlefum ll Jimnra. llpn 3TOM oco6oe BHHMaHlle Y.IteJI0HO pe-

:i 



3ym,TaTa.M, ~·HaI'~'9M3li'l~CKYl(l Ka!)THHY npollcx~emur KoppeJifI

wtil Me,W IlpllB8,ItelllWMll lllllpHHaMli nepBll'IHWC o-nepeXO,ItOB ll HefiTpoHHHMll 

cneKTpOCKOIIll'l8CKllMH qaKTOpaMll S COOTBElTCTBymtllX. KOHe'llillJC .COCT9ffi!llli •. 

oTll pesyJII,TaTH cpammBamcn C llMeIWtHMRCH B JillT8paType 3KcnepllMeHTa.Jl1:>

HliMll ,Ita!IlillMII. B 3TOli rJiaBe llOJiy'l8HO TaKllte ~llpa)lteHlle ,n;JilI KO3~eHTa 

KOppe~ M81!JJY HHTeHCllBHOCTSIMR ,ItByxKBallTOB!lX KaCKa,ItOB II qaKTOpaMII 

S npoMeJKYTO'lllHX ll KOHe'lllHX ypomreli KaCKa,ItOB. 

JleilH ll Jlmrn, paccMOTpeB ~OHHutt saxBa.T HeilTpoHOB Ha OCHOBe 

R -MaTpwmoil Teopllll, noKasa.im, ~To KPOMe, cTaTHCTK'IecKoro Mexrumsraa 

llMem M_8CTO ll .JU)yrne, 6oJiee npocTl.le MexaHR3Mll, He npHBO,ItlIIllHe K o6pa-

3OBaH~ KOMIIaYH,I{-fl.JU)a II 3aTparm3allltHe O'leHI, MaJIOe 'lllCJIO 1JaCTHU fl.JU)a

-MlI!IleHH. B Teopllll Jlel1Ha II Jlllm1a aMnJIHTy,n;a npou;ecca saxBaTa npe.ztcTaB

JIHeTCH B BH,Ite Tpex; K?MllOHeHT: BliyTpeHHruI pesoHaHCHM ~CTI,, CBJI3aHHM 

C COCTaBHHM fl.JU)OM, KaHaJll,H8JI p030HEUICHM 1JaCTI, .H 38.JCBaT "Toop.noit 

cqiepoli". BHYTjieHHM.pesoHaHcHan tmcT1> npoJtBJI1IeT cTaTHCTII'lecKKit xapaK

Tep, T.e. He saBHcHT OT CTPYKTYPll H,lU)a._ CetJ:eHlle Krura./Il,Horo pesoHaHc

Horo 3axBaTa ll 3axBaTa Ha TB0p,ItOil cqiepe llQOllOpll;llOHaJII,HO npHBe.zteHHOil 

HeilTpOHHOlt l!IHpl:llie et KOHe'IHOrO. COCTOIDIWI (OOJill'lllHa 87 CO~-

eT co cneKTpOCKOllK'IE3CKllM qaKTOpOM . Sf ,n;JilI Q n . = I, llBMepneMl.lM B 

peaKD;llll < d , p ) ) . 
TaKIIM o6pa30M, B TeOpllll JleilHa-Jimma HeCTaTllCTK'IeCKHe 3@x:)KTl.l 

CB!I3ailll C HOilTpOHIWMll O.ztllO'laCTll'IHHMH KOMIIOH8HTaMll BOJIHOBOli ~ 
HccJie.eyeMWC cocToJ'IHHil. B MO,IteJIR BXO.ItIWX cooTommit II B MO.IteJIH noJIY

npm4or6 3axBS.Ta pacCMaTpHBam'Cfl .JU)yrne "llpOCTl,18 11 KOMllOH8HTll BOJIHOBHX 

qJyHKil;lilt - J3Xo,11;1me COCTOsntml. CorJiaCHO 3TllM MO.IteJI.fIM, na.namtllil HefiTpoH 

Bos6~eT· BXO.ztHOe cocTomrne Trina 2 tJ:aCTlIIl;ll ~ I .u;upim, Ko~opoe saTeM 

pac.eTCH IIyT8M peKOM6lllJall;lliI O.ztHOil ll3. '!aCT~ ¥ ,11.!lpKH~, BepOHTHOCTI, 

3TOrO pacna,n;a Truute llpOllOpll;HOHaJil,Ha B8Jill'llllle· ef • C YtJ:8~0M 3TOro 

MeXaHR3Ma saxooTa _nOJIHYl(l a.MWillTy.IJY pa,nw3IU[OUHOI'O. 3axBaTa MOJKIIO IIP8.It-:-

CTUBliTI, B cJie,ziy:mieM Bll,Ite; . . . 

½ , 1/2 1h ,, 1/2 . , . (I) . 
r>-n =c1G.l!,doAHOY.)+ c2G.if (Bx.cocTJ + C3f";_l{dc~cT. HA.) •. . 

r;;e C, ' C2 II C3 - HOKOTOplle KOHCTaHTll. IlepBaH KOMllOH8HTa o6yCJIOB

JI8Ha BRJia,ItOM O.ItllO'IaCTH'llllDC nepeXO,ItOB, BTOpafl - BRJia,ItOM BXO.n;HWC 

COCTomurtl, a Tp0Tl,fl KOMllOH8HTa - 3TO BRJia.It, CBJI3rumwt C COCTaBHHM 

fl.JU)OM. T!lltllM o6pa3OM, 8CJill JID'.SaH ll3 nepBWC ,ItByx KOMllOHeHT B ( I),•, 
m.1eeT CYllleCTBeHHoe 3Ha'leHHe B saxBa.Te, TO CJie,uyeT OJIW.n;a,TLKoppe~ 

Bll,Ita 

r.ne IM 

-rJ.. 
R.r=corrlinEl!' ; (2Jt+1)St) . c2) 

- HHTeHCHBHOCTl> nepBll'IHoro O -nepexo.n;a C 3Heprneil Ei .. 

I 

.ll 

:; 

CHJII,Hafl KOppe.lISIUWI M81!JJY npllBe,IteHHI:IMII HHT8HCllBIIOCTHMU rrepIDftllWX 

El-nepeXO,ItOB OT saxBaTa T8l1JIOBHX neilTpOHOB ll q:aKTOpa.Mll sf ll3 peaK

Il;llll ( d , p ) Hai1,nena ,n;JilI psr.n;a SI,!J.eR!__ JieJKallllllC B6Jlllsll 3aMKHy-roil HeliIR~

noil o6OJIO'IKll N = 82: I28Te ' I3u-re' I36Xe. I38Ba, Iilcte' I~e. 
144Sm CJie,ItOBaTeJII,HO, y 3TllX SI,!I.ep B Ce'lellllll npeo6Jia,n;aeT 3aJCBaT Ha 

TBep.noil cqiepe rum KaHaJU>HIDi pesoHaHcHlift sax:mT • .ll,JuI 60Jiee TIDKeJWX 

SI,!I.ep CTaTllCTll'leCKll ,ItOCTOBepHl.lX KOppe.nmutii Me1!JJY peaKD;Heit ( n, )' ) Ha 

TeITJioBWC HeitTpoHaX ll peaKD;lleit ( d , p ) o6HapyiKeno He 61.lJio. 
KoppeJI.IIqlUI Me1!JJY ( d , p )-ce'!eHWIMII 11 llHTeHcHBHOCT.IIMII rrepBll'IHlllC 

0-nepexo.noB 113 peaKD;llll ( n, l" ) Ha pesoHancnwc Hei1T~Hax ncCJie.nooo

.rrac1, ,n;JilI MHOrllX SI,!I.ep ll3 o6JiaCTll A=I35+I90: 139La 41Pr, 1651-!o, 
I69Tm, I8ITa, I62w , . I86w, I6?Er, I?3yb ll 164, I66, I68,I70Er. 

0.ztHaKO ,ItOCTOB8PHaH KOppeJiflll;llfl o6napy,KeHa TOJil,KO B Tpex ITOCJie.ItllllX CJry
'laSDC. IlpK'IeM B CJIY'lae 'l8THl.lX ll3OTOITOB 3p6llfl H8CTaTllCTK'IeCKllil s@x:)KT 

o6'bSICllfleTCH CYllleCTBeHHoll p0JII,JO B peaKil;llll (n , 0 ) Ha pe3OHaHCllWC HeHT

pOHa.X cpaay ,ItByx M8xaHll3MOB aax:aaTa - BalI8HTHOro ll BXO,II.Horo COCTOJIHllil, 

a B ~e 167Er :e: 173Yb - poJII,D Mexa.Hll3Ma BXo;nmx cocTOflHllil. 

)¥lJiee paCCMOTpeHH Ka'l8CTBeHlllle coo6paJKellllfl, He BIDCO,nllllllle 3a paM

Rll Teopllll saxBaTa JieilHa-JlHHHa, Ha OCHOaa.Hm1 KOTOPWC l10Jiy'l8HO Bl.lpa.lite

Hlle ,n;JilI Kosqqli{Il;lleHTa Kopp8JIHil;llll Me'SJJY peaKD;Heii ( n , 2 0 ) ll npon;eccoM 

O.ItllOIIYKJIOHHoil ne pe.n;a 'Ill Tllila ( d , p ) : 
rJ.. fl . • 

Ri(:c co r rllxjf fi/E1 £2 , (2J/1)Sjl2Jt+1) St). <3> 

3.nec1,: Itjf - HHTSHC:llBHOCTL KaCKa,u,a; EI ll E2 - :meprllll nepmrnmro 

ll BTOpll'IHoro 1-KBaHTOB KacKa,n;a COOTB8TCTB8HHO; 'i j - . ITOJIHrul pa,u;llB.

Il;llOHHaJl nmp:ima npoMeJeyTO'IHOro YPOBllfl KaCKa,n;a; rumeKCll J ll f OTHO

CHTCfl K npOMOJKYTO'IHOMY ll KOHe'lllOMY ypoBWtM KaCKa,n;a, COOTB8TCTB8HHO. 

Bo BTOpott rJiaBe OIIllCaIIa MOTO,ItllKa 3KCll8pllMeHTaJII,HOro llCCJI8)tOBallllSt 

pearo.um ( n ' 2 '6 ) C llOMOlllLlO 1-cneKTpOMeTpa' peaJIR3YRJl!ero MeTO,It CYM

MllPOBaHHH a.MIL1ll1TY.It COBIT8}(8JOOVIX llMIIYJil,COB C ,ItByx Geel I )-,14eTeKTOPOB, 

ll paCCMOTpeHH HeKOTOplle oco6eHHOCTll o6pa60TKH MHOrOMepHoil HHqx:>pMall;llll. 

Ilp:.mnmz ,Iteil:CTBllfl Cl18KTpOM8Tpa OCHOBall H8. TOM, 'IT(? fl.JU)a, HaXO-WI

l!llleCH B onpe.zteJieHHOM BO36YJK,149HHOM COCTOmillll, rrpll nepexo.ne Ha qll!KCll

poBaHHoe HH3KOJiexaJJ1ee cocTomme ll3JIY'lam o~OBYJO sHeprmo HesaBR

CllMO OT IIyTll Pfl3l)JWUi. Ilpl:I IIOJIHOM norJIOll{8lmll '6'-KBaHTOB KaCKa,n;a B 

.ltBYX ,IteTeKTopax Ha llX Bwco.n;ax BO3HllKam m.myJII,cll, npollOpll;HOHaJil,HHe 

sneprim 3THX KBaHTOB. CJIOJKeHlle 3TllX HMIIYJil,COB ,naeT P83YJil,TIIpymtlrlt 

m.myJII,c, 8MIIJI1!TY.n;a KOTOporo nponopll;HOHaJr&H8. llOJIHOil 3HeprmI KaCl(8Jta ll 

He 3aBllCllT OT 3Heprltli COCTaBJIJDlltllX KaCKa,It KBaHTOB. oTOMY ilMllyJII,CY B 

cneKTpe CYMM ~Y.It ilMllyJll,COB COOTBeTCTByeT mnt llOJIHoro norJIOll{8HlIH. 

Ilpll H8.Jili'llfil ,ItByxKBaHTOBHX 1-nepeXO,ItOB C pa3HOll CYMMapHOll 3Heprnell 
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(T.e. ua pasHlie KOH8'lllll8 COCTOJIIIM) Cll8KTP Cy-MMapHWC m.mym,coB npe.zt
CT8BJill8T co6ott HeKoTopoe imCJio ImKOB no.mioro norJiomemm n cMOIIllJYlO 
no,11,1IOJKKY, o6yCJIOM8HHylO aKT8.MI! perHCTpaI:tIDI O -KBaHTOB C HenoJIImM 
norJiooteHHeM RX aueprn. B MeTo,zte cY},1MHpoBa.HruI ru.mJmTY,D; coBIIa.wucmmc 
HMilYJll,COB mm6oJiee IDI\fopMaTllBHli TaK HaBllB88Mli8 ,ItKqxI:epe~e 
cneKTpll (.ILC), HaKOMeIIiurn HS m.mym,coB O,Itl!oro ,It8T8KTOpa, KOTOplie B 
cywrie c coBIJa,Dp.JallllMli m.mym,caMH .ztpyroro ,zteTeKTopa ,nam ImK no.mioro 
norJiomemm B cneKTpe cy-MMapHWC HMeym,coB • .ILC .JVlll qnmc~poBaHHoro Kac
~ npe.ncTaBJT,1l8T co6oi1 ,ItBa nHKa, COOTB8TCTBYJlltlDC nOJlllOMY norJlO!ll8HHID 
~oro HS KBaHTOB. :3Tn ImKll pacnOJIOJlt8Hli CHMM8TplI'llIO OTHOCllT8Jll,HO 

. ~8HTpa .lLC H HM8IOT _paBH118 MO~. EcJlll HM88TCJI H8CKOJIJ:,KO ,ItByxKBaHTO
BliX nepexo,ztOB Ha sa.nrumli:11 ypooom,, TO .lLC COCTOHT llS_COOTB8TCTBYKl!l8rO 
'lHCJia nap ImKOB. 0THOW8HH8 RX IlJlOll¥l,Iteii paBHo OTHOW8HHID HHT8HCHBHOC
Teil KaCKa,ItOB (c Y'J:8TOM aqxI:eKTHBHOCTH ,It8T8KTOpOB) • 

AlIJi llSMepelllJJI cneKTPOB .ztBYXKBallTOBliX KaCKa,ItOB COS,Itall g-cneKTpo
MeTp C ,ItByMJI G ed... j )-,It8T8KTOpaMH, HM81llltm,m CJI8.ztYDitH8 xaµ:utTepHCTIOOI: 
a) paspemeHHe no 6°Co-3,5 KaB; 6) paspelIWlllee BpeMJI no 0 -KBal!TaM 
6°co ~ !5 '11c; B) aqxI:eKTHBHOCTl, perHCTpaI:tIDI B CyMr,BpHOM mme aToro 
l!t8 llCTOttHima ( 1-.mnnm !173 _ll !332 KaB) B npHHJITOil reOMeTpllll 
~2•I0-5 m.mym,ca/pacna.zt. reoMeTpM cneKTpoMeTpa nplllle~eHa Ha pnc.I. 

□171[~1 
Pnc.I. I) ,It8T8KTOpli; 
2) qHJI!,Tpli ll3 Pb ; , . 
3) llCTO'iHHK Will o6pase~. 

3J.reKTp0lllryD 'laCTl, cneKTpOMeTpa no 
~OHaJll,HOMY HasHa'iemm MOJltHO yc
JlOBHO pas,zteJlllTI, Ha ,ItB8 'laCTll: 
I). SKcnepHMeHTaJII,HaJI aHaJioroBaJI ycTa

HOBKB. - ,It8T8KTllp0Balill8 )' -KBaHTO:f:', 
OT6op COBna,IteHllil n Blipa6oTKa ynpaB
JIIIXllllDC CHI'HaJIOB. EJ!OK-CX8Ma aHaJlO
rOBOil 'iaCTll cneKTpoMeTpa llpllB8,It8Ha 
Ha pnc. 2. - ·' 

2). KoHTpQJll,HO-HaKOllllT8Jll,HaJI 'IB.CTI> -
- pElrRCTpaIUm COBna,It8Hllilll HaKOM8-

Hll8 HHqx>pr&:l.Ullll. EJioK-CX8Ma KOHTp0.1ll,HO-HaKOllllT8Jll,HOi1 'UlCTH cneKTpOM3T
pa npllBe,IteHa Ha PRC. 3. llsMepemm npoBO,ItKJlllCl, Ha HettTpoHHWC_cy-<max: 
peaKTOpa ill3P-30. B Ka'i8CTB8 MllllleHeil HCnOJll,30BSJmCl, o6~31tli B mme, 
oKHcelt, o6orameHH11e no co,zte~ 11soTonoB 164Dy, I Nd n 174 Yb. 
llliqx>pmuwt O ~OM aKT8 _COBna,IteHllil - KO,Itl,l aMIIJllITy;It m.niyJll,COB C ,ItByX 
,It8T8KTOp0B AI H.A2 H KO.It BpeMeHH perHCTpaitHU COBna,It8HllJI OTHOCHT8Jll,HO 
CT8PTOBoro m,mym,ca peaKTOpa. (KO.It B) HaKaWIHB8JlRCl, Ba M!ll'HHTHOit_Jl8HT8. 
IlocJie OKOHtialUtli I.tHKJia H3M!3pelillit HaKOilJl8HHaJI HHqx>pmuwi o6pa6aTHBaJiaCl, 
Ha 3BM P)lP~ll/70. Ha nepBOM aTane o6pa60TKH nOJcy1iaJIHCl, cneKTPH CYNJ-4 
8.MIJJIHTY,11; AI + ~ HMUyJll,COB g-JJY'l8it, o6yCJIOM8HHHX saxBaTOM T8MOBliX 

(1 

:( 

Pnc. 2. Ge-.zteT8KTOPli, IlY - ~a~OtJYBCTBlIT8Jll,Hliil 
llpe,Izy'CllJlllT8JIJ,, YC - cneKTpOM8TpH'i8CKllil YCH;_ 
JlHT8Jll,, EY - 6liCTpliil ycwmTem,, il?CII - qx>pr.nt
POBaT8Jll, co cJie.wmtHM noporoM, E.U .;. 6HcTpliil 
,ItKCKpIIMmJaTOp, 3 - sa,zi;ep,KKa, OB - O,ItHOBH6pa
TOp, CC - cxeMa coBna,Itemtli, BAK - BpeMH-ru.m
JIHTy;ItHliii KOHBepTop, .un - ,ItKqxI:epeHiijcI8JII,Hliil 
,ItKCKpm.mHaTOp, iii - qX>pMHpOBaT8Jll,. 

ak~,-,-

"--, • I ~ I', 

. l 

Pnc. 3. AK-4096 - 8.MIJJIHTy,Itl!lilt, BK -
- Bp0M8HHOit KO.J:tKPOBlltHKHi KKMil -
- KOHTpOJlJlep KpeilTa c Mmtponpo~ec-
copoM; IIll8Y - nepenporpaMMRpyeMoe 
nocTOJIHHoe sallOMHHallll88 ycTpoitCTBO; 
03Y - onepaTKBHOO sallOMllH8.Dil88 ycT
poilCTBo; KHWI - KOHTpOJ1J1ep mutonn
T8JlJI Ha MaI'IUITHOil Jl8H~e. 
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HeilTpOHOB {oT6op no KO,ItaM B). 
llpH nocJie.nyxmeil o6pa6oTKe ns 
KO,ItOB OT,It8Jll,HliX ,It8T8KTOp0B 
Al ll A2 nOJcy1iaJIHCI> }JJJ, COOT
B8TCTBynnH8 ImKaM B cneKTpe 
cy-MmpHliX m.mym,coB {oT6op 
no CYNJM8 KO,ItOB AI+A2) • 3TH 
.lLC noCJie Y'J:8Ta aHepreTH'i8C- · 
KOil 3aBHCHMOCTH-3qxI:8KTHBHOCTH 
,It8T8KTOp0B aHaJillSHpOBaJlllCl,_ 
,nJIJI_nOJIY1i8Hlm HHqx>Pr&:l.Ullll o6 
IDIT8HCllBHOCTJIX.Ka~OB H 
aHeprHJIX '6'-KBa.HTOB, COCTaB
JIIIXllllDC Ka~a,Itl,l • 

. B aToil rJiaBEi·J!8,CCMOTpeHli 
TaKlle pa9Jlll'lllll8 qaKTOpli, 
BJIWmlll,I8 Ha 4X>PMY .lLC 11, :a 
KOH81IHOM HTOre, Ha aqxI:eKTHB
HOCTl, pel'HCTpainm KaCKa,ItOB. 
IlOKaSaHO, 'ITO BJIWnme TaitRX 
qaKTOpoB, KaK pasJJ:'im!8 KOaq>- • 
~8HTOB ycwxemi:st ,ItBYX. 
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CTI0KTPOM0Tpll'l0CKHX Tpa.KTOB, l!X HemnrofuIOCTb ll BpeMOllllaH ll0CTa6wn,

HOCTb B .nocTaTO'llIO.it CTOllOllll KO!vllIOHCUpYJOTCfl C llOMOllll>!O ommamroil B pa-

6OTO rrpoue.n:ypu KOppeKUHH KO,nOB, npOBO,nlWOil npll nepBll'!Hoil o6pa6oTKe 

,naIIHllX. llOKa3aHO Ta.IO!tO. 'ITO B npllHRTOfi reOMOTPllll BJIIDlllllO TaKllX aj>
q_JCKTOB, KaK: yrJIOl3110 ItoppeJIJIUHH 1-KBaHTOB B .KaCKa,nO; "nepeKatIKa" 

1-KBaIITOB c ,neTeKTOpa Ha ,neTeKTop; qJOH c.nyqafumx coruia,neHllil 11 peru

CT~ ItacKa,nOB 113 TpeX II 6oJibWero 'lllCJia 1-KBaIITOB Ma.71O, ll He Tpe-

6yeT BBe.neHM .nonoJillllTOJiblllllC IIOllpaBOK llpll onpe.neJI0Hllll llHT0HCllBHOCTeil 

ItaClta.I(OB. 
0,nHa.RO D JJ.G llOMln,m mnmi:i OT Jn3yxKDaHTOBWC .KaCKa,I(OB c H0KOTOpoii 

cyw.npuoil oHeprueil MOl!teT llMOTbCSI cymeCTD0Illlllii BKJia,n OT peI'llCTpaullll 

KaCKa.nOB c 6oJibmeil :meprueil. B ,nrurnoli rJiaBe ll3JIOJKSH MeTo.n ytieTa 

BJiliJDil!R 3TOro aqxlieKTa. 

B 3TOil r.naB0 ormcaH TaruKS MOTO,n YJIY'I1110Hlm pa3pemewm B .nc npll 

o6pa6OTK9 Ha 3BM KO.non coruia.nalllllllX llMnyJII,con 603 llOTepn aq$lKTlIDHO

CTll perllCTpaullll KaCKa,nOD. l.leTo.n OCHOBaII Ha TOM. '!TO llOJic»WHll0 ~ 
mma n Cll0KTpe CYMMapHllX llMnyJibCOn MO1lteT 6UTb onpe,neJieHO C norpewHo

CTb!O MHOrO M8HbWeit, '!SM w:upHHa mmon n ,lJO • 0TKJIOH9Hl1O /j,_ CYl\tMli rrapu 

conna.n:.alllllllX Ko.non A1 u A2 , rrona.naIOOti!X n COOTDeTCTnyJOOtllil IlllK n cne

KTpe CYMMilPHllX llMnyJibcon, OT 3Ha'lemm Fi: MOlKOT 6uTI> pa3Jiol!teHo Ho

KOTOPUM o6pasOM Ha ,nBa c.naraeMIDC. 3TH c.naraeM!ie·BU'lllTaroTCR ll3 3Ha'l0-

Hllli A1 ll A2, ll 113 "11crrpa.BJIOJIHllX
11 

Ko.non CTpOllTCJI HOBllit JJO. AHa.ml3 

TIOim3a.Jl, '!TO n llCllpaBJielllIOM JJ.C pa3peweHlle YJIY'lllla0TCSI JJ,lISI BC0X nepexo

.noB. IlpoBepKa Ha llpl!Mepe ,JJO, ll3MOp9HHOrO B peaKUID! 
35Ce ( n, 20 ), 

llO.Ka3aJia: B ncnpaBJISHHOM C TIOMOllll>IO npe,ll;1IOJ!ieHHOro MOTOJT,a ,UC pa3peme-:

HllO y.nytnua.eTCSI B I,2 + 2,6 paaa 6e3 ll3M0H0HM llJIOIIMOit llllKOn, T.e. 

6e3 YM9HLW8HllSI aql!)ElltTlIDHOCTll perllCTpaullll KaCKa,nOB. 

J]p.JieeB 3TOi1 r.nane ll3JIOJKeH M0TO,n llOCTpoeHllSI cxeMU ypoB!Ieil SI,nep 

Ha OCHOne llOJIY'l0llHUX JJ.C • B 3TOM MeTo.ne O'l0pe~IOCTL BUJieTa KBaHTOB B 

.KacKa,ne onpe,neJISieTCR CJie,llYllltllM o6pa.3OM. Bee .Kac~ Ha'llllta.lOTCSI c o.n

aoro cocTOmrruI Bn, o6pa3YI<JllerocSI npll 3axBa.Te HeilTpoHa. IIoaTOMY, 

eCJill n Jn3yxKBaHTOBWC 0-nepexo.n:,ax Ha pa3HU0 KoHe'll!ue cocTOSIHllSI 

llMOIOTCSI nepexo.nu C O,nllllaKOBOil :meprllefi EI' TO MOl!tIIO npe,nnOJIOllWTI,' 

'ITO aTll nepexo.nu - nepBWIJWe,n 'ITO ollll lfll:YT 'lepe3 o,nuo ll TO lite npo

MeJKYTo'll!oe cocTomm:e c aHeprlleil Bn-E1 . CoOTB0TCTBYl!Illll0 DTOpll'lllue 

nepexo.nu 6ylJYT OTJIHlmTl,Cfl no aneprmt Ha D0JllI'tllHY, paBHYIO pa.3llOCTll 

aHepr:uit KOH01lllllX COCTOmm:il. T .o. 3a,np.-qa DU,neJieHM nepDll'IlIHX nepexo

.non CBO,nllTCSI K.YCTaHOBJ10HlDO Toro, K8KH0 ll3 mmon n pa3HllX ,UC COOT

neTCTBYIOT O,nllOMY ll TOMY lite 1-nepexo,ny. TaK KaK IIOJIOllt0Hll0 mmon n 

.nc onpe,neJISISTCSI C KOH8'll!OH norpeWHOCTI,JO, TO IlOCTaBJiemran: 38,Ui9.'la pe

maJiaCI, M8TO,I{OM MlKC.uMaJII,HOro npan,nono,no6M. 
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KoppeKTHOCTI, paspa6oTamrott M8TO.I(lll(lI o6pa(>OTKII 3KCII0pllMOHTaJibHO.it 

llHqx)pMlU!m 6UJia npooopeHa Ha npRMepe pe~ 
35c ~ ( n , 2 l' } . Ha OCHO

BaHim IIOJIY'l0HHWC pe3yJII,TaTOB c,neJiaH BUBO.I{ 0 TOM, '!TO ormcamran: M8TO

.nxma MOllt8T 6UTI, llCIIOJI1,3OBaHa JJ,lISI ll3y'!8HllSI ,zn3yxKBaHTOBUX .KaCI(a,ll;OB B 

pearoum ( n ,, 2'0 · 
, B TO0T:heit rJiaBe npe.n;cTa.BJI8Hll 3KCII0pIDll8llTaJibllll8 pe3yJibTaTU llC

CJI8,I{OBaillIJI )n3yxKDaHTOBIDC .KaCKa,nOB, BO3ImKaD!tlDC Ilpll saxBaT8 T8WIOBUX 

11ei1Tpoaon ~ 143Nq~ 164 
Dyll 

174Yb. IIpllBO.nRTCSI cxeMU no36YJimeH

HllX cocTo~ 
144Nd, 50y H 

175Yb, rroJJYlleHHue ua ocaooo aaaJIRsa 

3ItCII0pllM8HTaJli>HUX ,n;amrux:, a Ta.Kl!t8 IIpllBO,nSITCSl pe3yJibTaTU KOppe~OH-

11Oro aHaJil!3a. KpOM8 Toro, IIpOBO,nllTCSI o6cylt.tieHne IlOJiytI8HIIHX p03YJibTa-
TOB ll IDC CpaBH8Hll8 C JT,a.HHUMH ,IUlyr'MX; pa6OT ~ ',· . . . i . . . 

Ha pHc. 4 B Ka'l8CTB8 npHMepa rrpRB0.I(8H CIIeKTp CYMM ~ COB

rra.n:,aIOOtKJC m.myJll>con, RsMepe1IHUtt n peaKUHH 
174Yb<n, 2l>175Yb. 

Unqipu aa.n JmKaMll - CytJIMapHUe 3H0prnll KaCKa,nOB (KaB). Ha pllc. 5 npe.n

CTaDJieH .n;Rqql9p0HUll1lJI1,HHtt Cll8KTP, COOTB0TCTByD!tlli1 mm! IlOJIHOro rrorJio

l!lOHllR c aaepI'llell 5266 rt\)B cneKTpa CYMM aMllJillTy,n JJ,lISI 
75Yb· TaK KaK 

llClta.JKaiall88 BJIIDIHll0 pa3JillllllllX q:a.KTOpOB Ha IIOJJY'IO!lllll9 ]J,C LWIO, TO 3TH 

Cll0KTpll IlOCJie y'!9T8. aq$KTllBHOCTR ~0T8KT·opon 603 .nonOJIImT8Jil,HllX 

N · 1 1 r TT r-.-.-.-r r,,,T-,-.,.,-.--T r r· r 

5000 - \ 
1', -
•~ ~~ N 

.ooo - 'v1-: ~ ~ ·6 
YI 4" u, ..--

:x'OG -

/2,:0 'i,-

1l\(J -

• "' 0 ' "' ..... ,,~....i--.u,.. <O ..or-- . -· 
-..,,, in "'~ , .. 

. ' :~fl/1 °' .JJJV~ 

rronpaoo1t llCITOJII,3OBa

JillCb JJ,lISI orrpe,neJieHllSI 

llHT8HCllB!IOCT8it ll 

aaeprd KaCKa.,ll;llliX 

0-rrepexo.non, pa3pe

meHHHX: IIO 3H8pI'llll. 

Pe3yJibTaTu aaa

Jill3a ,UC llpeJJ:CTaDJI8Hll 

B TMJI. I. B ItOJIOH

KaX: I Ex - CYMMilP

Hall 3ll0 prRSI .n;Byx-
0 . , ; , 1 , 1 , 1 , 1 _., 1 _,. 1 , 1 , 1 , 1 , 1 , , , KBaHTOBOro Ita.cKa,D,B; 
,600 2100 2800 2900 3000 3100 3,00 n .,Jr 

P110. 4. 

Ef HJ - 3H8prRSI, 

cmm H 'l0THOCTl, KO

H0'II!Oro ypoBHSI KaC

Ka,Ili9. i ~- 'lliCJIO BU,n8JI8HHllX B 3KCII8pllM8HT8 .KaCKa,nOB C ,na.mIOit C-yM

MapHOfi aHepI'lleit 11 Ll U - me cy-MMapHaSI a6co.nmHaSI ·lll1TeHcllBHocT1, 

(% Ha 3WCB8.T}. 

AHa.Jill3 IIOJJY'l8HHWC JT,a.HHUX o6 aHepI'IDDC .KaCKa.,ll;llliX 0 -nepexo.non, 

BUIIOJI!l0Hllllli iro OIIllCaJIHOit Blllll8 M0TO~e, IIO3nOJlllJI JJ:OIIOJI!lllTJ, CX8Mll 

yp0Bll8i1,llaCJI0,IJY8MUX SI,nep B o6JJaCTll IIpOM8J!YTO1lllllX 3H8p!'llit BO36YJ!Qt8HllSI, 

r.ne ,IUly:I'llMH M8TO~ 3TO H8 YJT,a.B8JIOCJ, CJJ:eJiaTJ,. 
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n 

B R,IUl0 165Dy 
BH,ll;eJieHo 180 KacKa
,noB, 113 ll3 HlDC paa
Melll0IIO B cxeMe pac
IJa,I]p. llpll 3TOM IlOJIY
qeHJl aHaqemm aHep
:rnii 43 ypoBHeii B m1-
Te pBaJie aHeprim noa-
6yJJU(eHllll 1,1+4,0 
lil3B, npnqeM npII 
3Hepr:imx: noa6yJJU(emU1 
Et> 3025 mill (T.e. 
lllillle nocJie,IJ;11ero Ha
BOCTHoro ypOBHJI) 
nail,neHo 14 Homri: 
ypOBHeil. 

Ta6mrua 1. 

CocTam1. LEi, Et, J,r NK Llu 
JI,Iij)O 1rnll K3il 

-· 
7819 (J ,0 u+ 2 0,82 ± 0,28 
'/I:.W 696,:5 2+ I8 19,39 ± 2,06 

144Nd 6504 1314,5 4t IO 3,99 ± 0,91 
630G I5Iu-,5 3- 5 1,89 ± 0,56 
6257 1560,8 2+ 4 (0,82} 

J2QJ.:r0; 39 26,~ ± 2,!18 

5607 IU8,2 112- 37 5,99 ± I,IC 

5556 158,G 3/[ 39 7,34 ± l,G4 
165Dy 5534 100,9+184,3 5/2-, 5/Z- 33 5,97 ± I,50 

5!'/G 533,5+538,G 5/[, 3/2+ 24 4,53 ± I,58 
5142 570,3+573,G 1/[, 3/2-. 47 9,27 ± 3,56 

llCEI'O: 100 33,IO ± 4,G2 
5822 0,0 7/[ 4 1,50 ± 0,28 

11syb 
5308 514,9 1/[ 37 I0,61 ± 2,55 
5266 556,l 3/2- 43 12,93 ± 2,93 
5220 602,8 5/[ l8 4,21 ± 2,02 
5183 639,2 5/[ IO l,IO; 0,78 
5010 8II,4 3/2- 13 8,47 + 4,3~ 
495-1 871,7 5/Z- 8 1,34 + 0,80 
4903 920,0 112- 13 2,84 + 1,79 
4831 992,3 ~z- 9 2 j5 - IO! 

EI'O: I55 iis::s 1 r:;:s· 

' 
10 

lJ 11,lij)O 175Yb llu.r(OJIOHO 1:5::, KaCKU,llOB. 1!0Jry'ium1:.1R cxeMa ypom1eii 
bl-.ll!O'iauT Iu5 KUCR~OB. bbllllo IlOCJIO,ll;l!Ol'O U3BOCTIIOl'O ll:.1 1)CUltlUii:i <n • G ) ' 
( d , p ) u (d , t ) ypornm Ci: t = J'/3'/ K:J.!:3) od1rapy:;;ouo 13 110Bux yponueii 
11 e~e lo .namcn KUK npe,nnOJIOJ!UlTOJII,HllO (rrepBINIIOMY KBilHTY IIPllllllC11Ba8M 
60JI1,111yu 311eprmo), 

lJ JIJU>e 144Nd nccJie,nonam;i 39 ItaCI<a,nOD, il cxe:.m pacrra.na paaMOl!le-
110 :.:o KUCM,n;OB, D03Cly,it,nrulllIDC 12 ypoBHoii BllJIOTL ,no :mopr1m 5725 KaB. 
i.Wllo aueprlll: noa6y,,memm 3, ::i J•,lali uail,neno '/ uonllX ypommli, 1m KOTOpllX 
4 orrpe,uoJI/UJTC.fl Kalt rrpe,nIIOJI(XiU!TOJII,HUe. 

;)11epr1UI YPOBHeii, JIOlK2.IJll{lC . Billlle R3BeCTHJ:lX H3 pUUKlUiii ( n • l ) , 
( d , p ) u ( d , i ) cxeM ypommii, ,!WI ncex Tpex sr.no p npnne,neH11 B Ta6JI. 
., 
'·• 

Tu6m!na 2. 

l44Nd I65Dy r15Yb 

35G3,'1 3051,2 3454,8 .~r✓u,3 3266,7 
(3750,I) 3123,7 34?4,0 2861,3 3327,2 
(3915,8) 3193,4 3539,7 - 2777 ,5 3414,9 
(3931,7) 3256,3 3586;7 2903,0 3440,3 
(4006,4) 3379,0 3650,7 3022,6 3545,I 
5389,9 3421,5 3848,4 3159,9 3578,l 
5723,5 3443,I 3978,2 3198,8 

PeayJII,TaTH BHaJilil3a KOppe.1Illl:tlllt HHT8HCHBIIOCTett Ka.C~OB H nepmI'l
HWC l-ne wxo.D;OB c najlitRWll,HlOOI ceqeHJl.lIMll pearu.uti( ( d • p ) ( JIJij)a 
144Nd n 165Dy) H ( d , .t ) (sw>o 175Yb>' npe,ncTaBJieH!l B Ta6JI,3. 

. - 'Ta6mra. 3. 

CocTaBH. Ni 'illCJIO npoMegy- lfuCJIO R3 PcR<~>.% 
JIJij)O TOqHWC ypommil KaCKa,n;OB 

I44Nd I 5 IO 0,28 81,50 
~) 6 - Q,~9 :Z§. IQ 
l l8 90 0,29 98,99 

I65Dy ~ II 55 0,53 99,28 
3*) I8 - Q,22 §2,6:Z 
I 7 56 0,30 99,90 
2 7 42 0,46 99,90 

I'/5Yb 3 6 36 0,41 99,90 
4*) 7 o,~§ §.Q.~ 

*) Pac'!eT ITO ( 2) ,IWI ll!ITeHCRBHOinett rre pmtttHl:IlC l-rrepexo.D;ciB. 
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1l Ta6.mme .nanu: lfllCJIO npQMCJi"tYTO'lHIDC ypomrnii, -.:zepea KOTopue IWT 
BitJilO'lemllle B amuma Ka.CKa.nll, 'lllCJIO TaruDC KacKa,noB, Koa<IxJ.m.tneHTll R3 

u BCJillll1mu P { R< R
3

) - cTa.TncTlI'lSCKlle .nocToB0pHocTR Ha6Jm,Ilemm 
,naunoro aHa-.:zemm R3 . • 1l CJIY'IDe 1tac1w..n;oB pac-.:zeT R3 npoBo,Il1Lllcn no 
BUpa;itOHlllO (3). npl!'leM,llOCKOJil,Ky 3KCllepHMelITaJII,IllJX ,namru:x O ~j Jl,IDI 

BCOX TpeX llCCJie,nyeMHX n.nep HeT, TO B pac-.:zeTax llCllOJil,30B8.JilICI, ana-.:ze
lUUI ~j , Bll'llICJieIIHUO ll8. OCHOB0 CT8.TRCTll'I0CKOii TeOpllll. B c.nyqae 
O.IlHlIX neplllil!llllX ne~XO,IlOB a.HaJIH3 npOBO,IlRJICfl no qx>pMYJI0 (2), B 3TOM 
cJIY'I8.e 11cnoJII,30B8.JlllCb nps!Mll0 0-nopexo.nu Ha ypomm, npoM0Jl\YTO'llme 
llJill KOH0'IIll:le .ItJISI BRJIJO'leIIllllX B, a.Ha.Jill3 KaCKa,ll;OB. 

Ha m6JI. 3 Bn,u,uo, 'ITO ,n.,m 144Nd cTa.TncTlI'leCim aHatJHMall Koppe
JUIWUI no naii,neua, 'ITO cor.nacyeTcn: c npe,ncwiaami:m.m cTaTncTH'leCKOii , 
Toopnn. CJio,nyeT OTMOTUTb, 'ITO .ItJISI 144Nd np:ime.nenu MaKCHMaJII,Hlle Koaq>
qMUneuTu R:1 , COOTB0TCTBYKJlllle 3Ha'!OHlutM ex= 5 + ? :a P= I,5+3,5. 
llpn )Ulyrnx a11aqeu1UIX ex n P BeJIJl'lmI8. Kopp~ yMem,ma.eTcn:. 
OTCYTCTBHO Koppemu.i:an D .$IUIOM Sl)Ul0 3aKOHOMOpHO, IIOCKOJil,KY, cor.rracno 
cBopxTeKiieii Mo,neJili SlJUl8., · ucCJIO,eyeMHe HJll!tHRe cocTomum 144Nd ID1Iel<YI'

0 

KOJIJieKTRBHYIO n¥ngo,ny. , 
.n.,ux n,nop 6 Dy u I?fryb B c.nyqae KaCKa,Iton uail,nelfil cTaTncTll'lec-, 

KR ,IlOCTOBep1rne KOppe.71RU1m ( 'ITO HaxO,IlllTCSI B Ka'I8CTB81IHOM corJiacmi: C , . 
npe,ncrtaaammr,m TeopHR aaxnaTa Jlefum 11 Jlruma :a noJiyMIDtpOCKOilll'lec1t0ii 
Mo,neJlll n.npa. B m6JI. 3 npllB0,neIIU 1w2<IxJ_imo1enTH R3 ,nJIII 3Ha'leiriiii 

ex = 3 + 5 u, . P = 3 + 5 • ll pa6oTe Il()Ka38.HO, 'ITO neJIJil'lllHa R3 OTHO
cnTeJII,HO CJia60 38.BHCRT OT. ex li ll0CKOJII,KO CWIJ,Hee OT p , 0,IlllaitO . 

B .nnanaaoue aHa'leIUIB ~ = 3 + 5 R3MeHeHIDI R3 MaJlll • 06HapYJKe1me 
Koppe.1U!Ullii n 165Dy n 1 5Yb YKa.SUBaeT na TO, 'ITO B TID!teJIIDC 'leTno
-He'leTHHX ,neqx>pM1IpOB8.HllllX n.np8.X ·o.IlHOKB8.3ll'l8.CTH'llllle KOMIIOH0HTll BOJIH0:.. 
BUX qJYHKUlti1'MorYT lll'paTb cymecTB~H!JYID pOJib B o6paaonamm KaCKa,ll;OD . 

'6'-RB8.HTOD. 
B :m.RJIIO'I8Hllli ItpaTIW .nepe'lllCJI8lm OCHOBHlle pe3yJII,T8.Tll npo,noJiaHUOii 

pa6oTll. 

Pa60Tll. IlOJIOlit0HH!l9 B OCHOBY ma:ccemamm 
I. Eor.naeJII, A.A., BacllJlbeBa)l.B., .Emtallp,on o.H., liiyKon r .n., OcllileH

Ko E.II •• IlonoB ll.II •• CyxoBOii A~M •• Tlllllllll B.I'., XnTpOB B.A •• 
Xpmtm1 A.C., HprtoncKR H., Hanmnurlt ll.C. -MeTo.n cyMMRpoB8.HRSI ar..m
JmTY.Il coBIIa,ItaJlllHX RMIIYJIJ,,con c G e ( L i )-,neTeKTOpoB .ItJISI 1,1ayqelllilfl 
Kac~on raMl>&l-nepexo.non n pe~ ( n • l ) . -JJy6Ha, 1982-Ilc. 
(IlpenpmIT/06'l>e,n. mr-T n,nep. RCCJie.n.: PI5-82-?06). 

2. CyxoBoii A.M., XnTpon B.A. -MeTo.n y.ny-qmeHHSI aMIIJIIIITY.IlHoro paapeme
HruI CII0RTpOD Ka.C~OB raMMa-nepexo.non IIpR o6pa6oTKe KO,IlOB COBna-
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