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r.	 BnelleH>l e 

Pa3BllTtle JIaSepOB c aepeCTpfrnBaeMoll ~JItlHolt DOJlIIH no~flIL'Io lia 1I0BYIO 

cTyrrellI> accnenoaa naa orrrasecxnx cnexrpon aTOMOB KaK tlCTOtIHtJK CBe

neHll i1 o CBO:íCTDax snep. BHCOKHe MOUIHOCTI> tl cnexrp aasaoe pa s p euesn e 

aTtlX JIa 3epOD BMeCTe c B0 3MORHOCTI>~ nepecTpoltKH B Wtl pOK~X npe~enax 

'laCTOTIl ren ep ap yeaor o CB8TOBoro ~1 3JIY'l e HillI n03BOJl1\Jli1 npOBO,I\tlTI> npena

3tlOHHHe tl 3MepeHtlH H30TonH'leCKRX CllD>lr OB ~cl H CBepxToHKolt CTPYKTY

ps ICTCI lia YJlI>TpaMa.lUlX KOJlH'leC'fn8X lWCJle1lyeMHX aro xon, Onpenenenne 
Y1C B aTOMHHX cneRTpax HB.lUleTCR O'leHb 'lYBCTBllTenbHolt Mepolt ll3MeHellllH 

3ap~OBHX p~tJYCOB H,I\ep npH ynenlltIeHHR IMH YMeHbUleHH~1 B 1I11X 'I lI CJla 

HellTpOHOB. 3TH 1I3MeHeHillI MorYT dHTb OBRSaHIl c ,I\e ~OpMaUllen ~pa. ero 

nOBe pXHOCTHHM CJlOeM•. paSJIll'lHHMlI O~HO'laCTH'lHHMH 3tPlJeKTaMrI . B TO lKe 

ep eMR H3Y'IeHHe eTC lI03B O.IlIleTOn pe~enHTb SHa'leHillI fI,I\epHHX MOMeHTOB. 

Y13MepeHillI p asn oc r e ã sapmJ;OBHX P~HY C OB COCS,ll.1lliX i130TOlIOB 4(r
2> 

uaaconee lIHTepeCHH B rex odJlaCTHX, rne lIMe~T MeCTO SHa'UITenbHHe a s 

MeHellilR R,I\epHO~ CTPYKTYPH, HanplIMep npll nepexo~e OT c \Íieptl'leCKllX 

aaep K JleIPopmlpODaHHHM. 3JlecI> MOJKHO BllJl € JIlI Tb xoponio BllpaJteHIIHA MaK

CllMYM B ~C~ odJIacTll N = 90 , CBR3aHHIlll c CllJII>HHM H3MeHeHHeM Wop

MIl	 .SJ,IUla /1/. 
B nacromueã pacore npencrasnena pe3YJIbTaTH npelU\3i10HHIlX 1l3Mepe2 . 

Imll V.C 11 113DJ1etIeHHe lIS HlIX 3l1a'l e H>l1l Ll (r >i130TOrrOB Nd, Sm H 'Gd C 

'l l1CJIOM HellTpoHoB 82 ~ n ~ 96 • T. e. llMeHHO D DHWeYlta3~Hllolt ocnacra • 

rne npm1CX01l11T n epe xon OT c il!e pll 'leCKl1X xnep K 1lecb<>pMHpOBaHHHM. 10TH 

~lH aToll odJIacTIl ~ep llMeeTCR dOJlLWOe 'lllCJlO H3MopeHlllt 3~~~HX pa

~Hycon, D TOM tI llC.lle II BhlIlOJ1HSHHHX OnTlJ'leCKHMII MeTOJlaMJl ' ,1IX 

ellle n ellOCTaTO'lHO JVlR Toro, 'lTodhl JleTaJILHO CYJlHT1> od lJ3MeHenlJII pa 3 

MepOB 1\ WOpMhl Rllpa B 3aB nc nMOCTH OT q ll~la He"TpOHOB. EO.III>llinHCTBO 

3T>lX H3MepeHHll BhlnOJlHeHH MeTOll8ll.ll snaccaxecaoã IIHTepwepeHIU\OHHotl 

TeXlUlKH, YCTynaIOlllell no paspe menan, a CJleJlOBaTeJI1>1I0, lJ no TO'lHOCTH 

JIa3 ep HhIM MeTO,llaM. H3 MepeHI1R c naaepava C ne peCT PffilBi~Mg, ,ll.I1BHOA DOJl-

IIhl npoaeneaa D nOCJIS.JUIllO rOlll:l JIlllIlb ,ll.I1R 1130TonOB Sm ' • KpOMe TO

rO,H3-3a CJIO~HOCTH OlITn'leCKIIX cneKTpOB 3THX aneMeHTOB eme ReT .IlOC
2)TATOtIHO xoppearnoâ n poueJlYPu H3DJ1eqeHHH aenH'lRHH t).(r lJ3 >l3Mepe

HHt1 pa3HocTell p e soHaHcHHX 'laCTOT. -
0tr",t; ..: ~ ... itl HHCTIn'ViI 

2 l\ *_h.}! ~( ' :~~ODÃUse j
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2.	 3Kcnep~MeHTaJILHaH MeTOHEKa 

l1CIIOJILsyeMaH B H~X omrrax azcnepaaearaasnaa MeTo.nZRa I .n:eTaJILHO 
OII~CaHHaH B paóoTax 6 ,7/ , 'ocHoBaHa Ha: 

I. ~OpMzpoBaHHM nap~e~LHoro nyqKa ~ccne.nyeMHX aTOMOB B HarpeBáe
MOM 8~el{Tp11lIeCKMM TOKOM rarvre c CECTeMOn K0JI.i1EMaTopoB. 
2. Pe30HaHcHoM B03óy~eHE11 aTOMOB CBeTOBHM z3AyqeH~eM ~a3epa co CKa
HzpyeMoH -qaCTOTOM /KOJILneBOH aasep na RpaCI1T€Jle "Cnexrpa ~I13ImC"/. 
3. PerzcTpa~11 pe30HaHcHo-pacceHHHoro I13Jly~eH11H ~OTOYMHo~HTeJleM /~3Y 

-79/ , paÓOTaID~M B pen~Me CqeTa O.n;11HOtIHHX WOTOHOB 11 CBH3aHHwn c MlIO
rORaHaJILHHM BpeMeHHHM aHaJ.U13aTopoM I CEHxpOHI130BaHHW'I'I co CRaIlzpyel\'iO~ 

qaCTOTOM Jla3epa. 

~a3epH~ii Jlyq IIepeceKaeT aTOMH~n IIytIÔR IIO.n; yrJl~ 90 0 B OÓJlaCTp. B3a
11Mo.n;errCTBp.H 6 l\~~3. OCHoBHHe napaMeTpH YCTaHOBKM 6 ,7/ : 
I.	 illEp11Ha JlnHHM pe30HaHCHOH ~yopecneHnnn~ 30 Mrn; 
2.	 MOlIlHOCTL aaaepaoro H3JlytIeH11H B JIliHIU1 no 800 MBT; 
3.	 Pacxonaaocrs arosaoro IIytIKa B ocnacrn IIepeCeqeH1'1R c Jla:=lepHWVI JlY

qOM 53 MPa.n; 
4.	 3~eRTEBHoCTL YCTaHoBKE /oTHorueHI1e ~I1CJla 3aperncTpnpoB8HHHX ~M

IIYJlbCOB B rrI1Re .naHHofi JII1Hnli K tIncny BHJleTeBlliMX 113 TI1r~ aTOMOB/ 
3aBI1CMT , eCTeCTBeHHO , KpOMe reOMeTpEqeC~X waKTopOB, OT CBOHCTB 
I1CCJIe.n;yeMHX aTOMOB E xapaRTepnCTEK ECIIOJILsyeMoro OIIT~tIeCROrO rrepe

4f76s2xo.n;a. HanpEMepl H3MepeHHaH B CJlytIae aTOMOB Eu .n;JlH nepexo.na 
~ 4f76a6p C .n;JIEHOtt BOJIHH 5765,20 ~ 3@leKTHBHoCTb COCTaBJIJIeT 
5·ro-7 H BKITID~eT K~~OHHoe OTHOmeHMe 5·ro-4,3~eKTliBHOCTL 
c-qeT8 WOTOHOB 5·ro-3 H .n;o~ aToMoB,HaxO~CJI B .naRHOM KBaHTOBOM 
COCTOHHHH, 2·IO-I • TIocne.n;HRH BeJIntII1Ha orrpe.n;eJlHeTCH qI1CJIOM KOMrro
HeHTOB TORRoro H CBepXTOHKoro paCmellJIeHHH H BepOJITHOCTLID nepexo.n;a 
MS B03ó~aeMoro COCTOHHRR B HaqaJILHoe. ~ ECCJIe.n;yeMHx 8JleMeHTOB 
Nd, Sm E Gd aTa neJII1'qEHa ORa3HBaeTCH Toro ~e rrOpR.n;Ka , tITO E ~ 

Eu. 

~ccnenYeMHe aJIeMeHTH XapaKTepE3yDTCH HE3KMM .n;aBJIeHEeM HaCHme~HHX 

napOB, n08TOMy ~ rronyqeHRH HHTeHCEBHUX aTOMHHX nyqKoB rrp11xo.n;RJIOCb 
ECIIonb30naTb .n;OCTaTOqHO BHCOKEe TeMnepaTypH TRrJlH. 06~HO I13MepeH~H 

npOBo.n;RHHCb npE TeMuepaType 1350 K E MOmHOCTE JIa3epHOro 113JlyqeHBH 
100 MBT. npm aTOM MEHZMaHbHHft perEcTpnpyeMHti nOTOR flCCJ1e.n;yeMUX aTO
MOB ES TmrAR cocTaBH&H·5.108 c-I. 

~R. nanY'qeHRH TOtIHHX 3Ha'qeHH! pasHocTe~ peSOHaHCHHX 'qaCTOT upo
BO.n;RnCH KOHTponb JIBHeftHocTB mKaHH ~aCTOT riPE CRaHEpOBaHnH. ~ aToro 
CBHxpOHHa c onTE'qeCKBMB CneKTpaMB Ha aHaJIBSaTOpe 3arIECHBaJIaCL cep~R 

'qaCTOTHIiX MeTOR, HCTO'qHHROM KOTOpHX cnYDJI ROHepORBJIbHblf aTMOH ~a6
pB-llepo c nocToHHH02 1500 Mm. 
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3.	 3KCrrepHMeHTaJIbHHe P€3YR~TaTH 

TaMEua I 
XapaKTepflCTI1Kn HCCJIe.n;OBaHHHX nepexo.n;oB 

A} nepexo.n; RomÍmrypanEH 
~ /IIpoueHTHoe co~ep~aHHe/ 

60Nd 

5729,29 

5813,90 

62 Sm 

5746,50 

5779,26 

64Gd 

5746,36 
5751,88 

5791,3,8 

58q2,92 

tO 

as 

5r -+ 5}f
6 5 

? 

7 _ 7J!C!,
F 

7 2 _ 5 3o 
F F3 2 

9 o __ 9 n n 
9 4 9y4 

D2 - 29 o _ 9 n n4 3 
9D4 ... 7 

4f'46 s 2 ..... 4f35d6s2 (7) 

4f46s2  ? 

4f66s2	 4t66s6p_ (?) 
4f'66 s2 _	 4f'66 a6 p (35) 

4f' 55d6B2 (65) 

Ltf75d6s2 -- 4f' 75d6 s6p (50) 
4f'75d6s2 _ 4f'75d6s6p (62) 

4f'75d6s2 __ 4f' 75d6s6p (82) 

4f'75d6s2 .... ? 

~ ~.s"'.JIl 

,,''-d..l.D:_,,7!1d..... ~ 

1.0	 _ ...· ' LLJj;J;\' 1~~~~I'fl!H~ _~ ,.'."'_ 

~ v .rr« 

I~I 

1!!! ".u4oIsol 

"' .... ' ", .-u..... 'I'; 

1)00 ...... 

I 1I ~ I1 I 1I J~"" ~ 101 

1 

11 

11 .1 ~-<--i 

I .0 

3 

ypOBHE 1 

CM-I 

2367 19816 
? ? 

812 18209 

1490 18788 

533 17931 
o 17381 

533 17795 

533 17761 

Pac, I.. SaBECZMOCTb QECJ1a pe
30HaHcHo-pacceHHHHX WoTOHOB OT 
QaCTOTH JIa3epHOro BanyqeHHH. 

B TaónHne I llpe.n;CTa~eHN 

XapaKTepECTRRE OnTEtIec~7 rre
IpeX0)40n n Nd,: Sm a Gd 8 wm 

KOTOpHX 6HJlE npoBe.n;eHN E3Mepe
HER H30TOrrHQeCKEX C~BHrOB 

/TepMH, KOHWErYPanEE M 8HeprEH 
HaqaJI~HOrO H KOHe'qHoro COCTOH
HEM/. llpHMepN ~3MepeHHHX cueK~ 

TpOB ,nJIH Kél.JK.nOrO ES 8JleMeHTOB. 
npe.n;CTaBneHH Ha pEq. I. Bc 
Bcex onHTax 11cnOn~SOBaJIECb 06
pa3nH B BE~e q~CTHX MeTaRROB 
c IIpHpO,D;HHII :H30TOIIHHM COCTa
BOM Ecc~e~yeMHX 8JleMeHTOB. B 
npe.n;CTaBneHHHX CrreKTpaX Ha6



~~~aroTcR llmKH,. COOTBeTcTByromme BCeM ~eTHO-~eTHHM E30TOnaM H KOMnO

HeHTaM CBepXTOHKOM CTPYKTYP~ HetIeTHUX E30TOnOB. ~To6H E~eHTH~HnHPO

BaTb 3TH KOMilOHeHTH, 6Hnm ilpOBe~eHH E3MepeHH~ C 06pa3UOM, 060rameH
HUM 15~ ~O 90,?% IcooTBeTcTByIOmD:t! cIIeKTp npaaenes lia BCTaB1t€ . 

pRc.I/. Oilpe~e~eHHe ~eHTpa TH~eCTR KOMITOH8HTOB CB8PXTOH!{Oft CTPYKTypH 
np0BO~RnOCb ~B~eHHUM DHTerpRpoBaHmeM. 

KaK BM~HO ms pmc.I6, cBepxToHRoe paCme~1eHMe ~HHH~ c ~HHO~ BallHH 
5746,,50 ~ B ,em osens MMO. OHO ae npensaaer 100 MI'~,11 I\OMnOH€HTbl CTC 
He paspeIllaroTCR'. l108TOMY MC ~~ tI€THhlX H He'leTHh1X Pl30TOnOB Sm onpe~e
~AHCb 113 nrulo~eHH~ ueHTpa TR'XeCTE COOTBeTCTByIDmHX nmKOB. 

Tadmma 2 

J130TollH~eCKl:1e C~BBrH B N~r Sm HGd; ~~ pa3HHX OnTHtIeCKBX nepexonoas 
A \ I AtA = VA _ lJA MrIl 

L.J. v SKCIl. ' 

..1V A, A 
SRCII. ' 

MI'n 
A A' 60Nd G2Sm 

5729,29 R 5813,90 R 5746,50 R 5779,26 j 

142 144 574,0(2,6) -1456,7(5,3) 
144 146 504,0(5,3) -1339,l(3,9) 
144 148 -2804,3(10) 1624(8 ) 

146 148 618,5(3,8) -1500,9(4,5) 
148 150 1040,2 (8,6 ) -2056,4(8,4) -lb56 ,2 (6 ,6) 1030(15) 

150 152 -23CX5,7(6,1) 1662(12) 

152 154 -1234,9(4,3 ) 706(9,8) 
147 148 -830,7(6,9) 522,6(0,4) 

148 149 -512 ,4(4,8) 230,9(0,8) 

64Gd .Li ~KOPP. J MI't~ 

5746,36 j 5751,88 i 5791,38 i 5802,92 i 
152 154 -3262,2(15) -3290,1(8,9) -3196,7(10) -3329,5(10) 

154 156 -1440,3(8,9) -1438,2(5,7) -1402,1(6,2 ) -1485,8(5,8) 

156 158 -1092,2(9,3 ) -1081,7(5,1) -1059,4(5,3) -1126,5 (5,2) 

158 160 -1124,3(9,1) -1115,4(5,2) -1095,0(5,4) -1158,5(5,1) 

155 156 -725,0(5,8) -739,8(4,5) -722,2(4,7) -763,9(4,1) 

~5b 157 -221(12 ) ~04,2(9,2 ) -241(16) -227,1( 9,4) 
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il3M8peHHH8 Be~~Hh1 Me ~H Bcex HCC~8~OBaHHHX OnTH'l8CKHX ~HHft 

npe~CT~eHh1 B Taón. 2. OmnóKa HSMepeHB~ llC 06HqHO COCTaBn~a 2 - 15 
MrU. T~bKO B ~y~ae I57Gd n~o~eHDe KOMIlOH8HTOB CTC orrpe~~ocD c 

HecKrulbKO 6~1lliefi OIlll:1dRofi 1:1 aTO OTp~aAOC1 Ha TOtIHOCTH 3Ha~eHH~ MC 
M€~Y aTl1M l130TOrrOM ,H coce~HHM ~eTHO-~eTHh1M. 

COBMecTMMgcT1 no~yqeHH~ 3Ha~eHH~ V,C IIpOBep~aCb c ilOMOmbID rpaWM
Ka Kl1Hra 12,~/. lia 8TOM rpaWMKe no OC~A OTKn~h1BaroTCR 3Ha~eHBR MO~l1
WHIlHpOBaHHHX ~C ~R cpaBHHBaeMO~ nap~ OllTEtIeCRPlX nepexO~OB: 

A,A' Llv A,A' • ...A!L. ~~-=-.Ao
~}) MO~. 111

SKcrr. A'- A A ·A' o ,o 

rne A, AI M Ao' A~ - COOTBeTCTBeHHO MaCCOBue ~Mc~a H3MepReMHX M 
penepnux l130TorrOB. aTE 3Ha~eHYtFI Me ~OJllltHbl Jl811taTb. na rrpRMotí mnnm, 
tITO H HadJIiO~aeTCR' aa CaMOM nene, B ~yqae E30TonOB Gd , ~JlR KOTOpblX 
H3MepeHH MC ~ 4 rrepexOnOB, npo~3BOnMJlaC1 óo~ee ~eTanbHaR ojpadoTKa 
8KcrrepnMeHT~bHhlX pesYAbTaToB. C nOMOmbID nporpaMMh1, oCHoBaHHoH Ha M6
To~e HarnM8H1illHX RB~aToB.IIpOBO~OCb cpaBH8HHe BC~X B03M01ltHHX KOM

dnHa~~ nap OnTHqeCKHX nepexo~oB. ~ R~O~ rrapbl rrepexo~oB BuqEC~

AMC1 MC, ~elltamHe Ha npHMo~ Icr~~eHHHe Mel. M3 p~c.2 BM~HO, ~TO pa3

"=:J 40 L A= 5751.88 A 
L_ 

2: 

20 f
- U
<t..Y 
<t(l) 

:). o 
<:1 

J 

Pnc.2. Pa3.J1H~Me- 2t- 20 f
<to 
<t..Y cKoppeKTBpOBaHHhlX 

Ã 

~ -40 r- B B3MepeHHhlX 3Ha

I I I I I I I -----l 
qeHM~ Â v ,I1,JIR 

152 154 156 158 154 155 156 157 A pa3JlntIHHX nap RSO
154 156 158 160 155 156 157 158 A' TonOB oe , 

JlHtIMe H3MepeHHblX H CrJl~eHHUX 3HaqeHH~ MC ~ qeTHa-qeTHRX H30TorrOB 

He BblXO~HT 3a rrpenenbl OWH6oK, OnHaRO ~ He~eTHHX pa3JlntIne 60~brne. 

nanee~ H3 crJ~~HblX 3HaqeHH~ MC BHqHC~InC~ T.H. CRoppeKTHpOBaHHble 
3Ha'leHHR llC KaK B3BemeHHble cpenH~e Bcex CrJlaEeHHHX 3HaqeHH«. 8TE 
CKoppeKTnpOBaHHble 3Haq8HER MC rrpe~CTaBHeHbl B TadJl. 2 H B ~anbHe~eM 

Hcn~b30B~HCb ~ Bcex paCqeTOB B ~Y'lae H30TOrrOBGd. 
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4. OnpeneAeH~e cpenHeKBarrpaT~~Hux 3apHnoBHx pauEycoB 

Teop~H ~C ~OCTaTO~HO xopomo pa3pa60TaHa ~ o~caHa B pH~e pa60T/2,3~ 
Cor~aeHo Teoplill BeA~~MHa V,C orrpe~eAHeTcH ~BYMR WaRTOpmft.~: 

A\IA,A 1 
_1\,j.~,AI ~ V A,A I
 

~~i,8KCll. - uVi,nC + i,NC /2/
 

r~e HHA8KCH IIG M MC 0603Ha~aIDT COOTBeTCTBeHHO nOAeBoM C~Bnr ~ Macco
BHM c~Dnr; 

..1)J A, A
I 

= F • À A, A
I 

/3/i,nc i ' 

Fi = 'Ei'f(Z}, /3'/ 
r~e E i ~ f( Z)' - COOTBeTCTBeHHO 8.J1~KTPOHHHll 11 R.n:epHhlM WaKTOpH; OH~ 

06Cy~aroTCR Hn~e. BeAR~:HHa À A,A B&lID~aeT ~3MeHeHMe napaMeTpOB 
P~MaAbHOrO pacnpe.n:eneH~H 3apRna R~pa: 

i\ A,A' = L1(r2) A, A' + (C ) .ó ( r 4>A,A' + (C3/cl)~<'r6>A,A', /4/
2/c1 

r.n:e 3Ha~eHMR Ci OTp~IDT BI~~ MOMeHTOB pa3n~~HHx nOpR.D:KoB. 3TOT 
BRAan nD~TMieCKM He 3aBMC~T OT rnaBHoro KBaHTOBoro ~~~na 8neKTDoHHoij 
06MO~K~ 11, n08ToMY OH O~~HaKOB ~nJI orrTn~eCKHX nepeXO~OB ~ RX-JIY
~ea. B nOCJIe~HeM CJI~ae sxaan MOM€HTOB BHCOIU'lX nopR.1UWB /n ~ 4/ 
M8JI /~, 11/,. 06~HO OH MeHI:>me., ~eM ouraoxa B onpenexenaa 3Ha~eHIüi 
)lA,A E3 orrT~~eCK~x nepeXO~OB. l103TOMY MOEHO C ~OCTaTOqHO~ TOqHO~ 
CTbIO npEHRTb, qTO 

A V A, AI = E f (Z ) .6 (r2) A, A' /5/i ,IlC i . 

.MaCCOB~ c~BHr BKJlD~aeT ~ ROYllOH9HTa: HOPM8JIbH~ MaccOBHfi c.n:BRr 
/EMC/ R cne~ep~qeCK~~ MaCCOBHn C~Bnr /CMC/: 

A A' A'- A ( 
.Ll V i 'I." = --, M1 liMC + M CMC) /6/,.-v A-A' ,: -,., , 

Mi"lIMC = 5,487· I(j4 V1 r MI'u /7/ 

~ ~CC~e~OBaHHHX HaME rrepexo.n:OB·H npn A'- A = 2 BeJIH~MHa liMC coc
TaBnHeT 22" 25.Mm • TaxEM 06pa30M,npo~e~ypa Onpe~eJIeHBR pa3HOCTe~ 

3ap~OBHX P~HYCOB M3 H3MepeHHRX 3Ha~eHH~ ~C CBO~~TCR K Haxo~eHnD 
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KOHCTaHTN M ~ pac~eTY WaRTOpOB H feZ) • flEEe 06c~aeTCRCMC Ei 
rrpo~e~ypa 8TOM 06pa60TKR. 

4.1. CneU~WH~eCKI~M MaCCOBlItt cnsar /CMC/ 
CMC B03HMKaeT ns-sa BAnHHnJI ROppeJIHpOBaHHoro ~BH~eHnR aneKTpOHOB 

Ha 8HeprEID OT.n:a~n ~pa. XOTR, KaR Bn~HO na B1IP~eHHR /6/, CMC 6NCTpO 
~fleHblliaeTcR c pOCTOM MaCCOBoro ~nCJIa H~pa, B p~e CJIy~aeB ero BeJIn~H
Ha MOEeT 6HTb 3Ha~MTeJIbHOH /B ~eCRTKH pa3 BHme, ~eM BeJInqMHa liMC/. 
BUqMCJIeHnH CMC rrOKa3hlBaIDT JI11llib Ka~eCTBeHHoe c~iacne c sKcrrepHMeH~ 

TaJIbHhlM:H ~aHHbIME. JlJIJr ns 2 ......:;,. nsnp nepexonos 2 :

A,AI (+. . A,A'
.:1 Vi ,eMC = 0_ O,5)LlV i,HMC • /8/ 

06HqHO CMC orrpe.n:enHDT 3KcrrepHMeHTanI:>HO c rrOMOmbID paCCMoTpeHHoro 
BNme rpa~Ka Knara: no O~HO~ M3 oce~ oTKi~HBaroT 3Ha~eHMR MO~HwnUHpo
BaHHHX MC ~R HCCJIe~yeMoro OrrT~qeCKOrO nepexo~a, a no ~pyro~ - ~ 

nepexo,na c M3BeCTHHM 3Ha~eHHeM CMC. O,nHaKO B CJIyqae HCCJIe~OBaHH1IX Ha
ME nepexo~OB TaKoH no~xo~ npHMeHEM JIHillb ~ Sm: CMC ~JIR JIHHHM 
5746,50~ MO~HO orrpe~eJIHTb n3 nOJIy~eHHoro c ~ocTaTO~HO~ TO~HOCTI:>D B 
pa60Te 4/ 3HaqeHMJI CMC ~ JIMHMn 5779,26 i . ~ Gd SHa~eHRH CMC 
HeH3BeCTHlI, a ~ Nd CJIHlli1\OM HeTO~HlI. TIosTOMY ncnOJIb30BanCR .nPyro~ 

no~xo~: no ocn op.nnHaT Ha rpaWHKe KnHra OTKJI~HBanMCD SHaqeHEH MO~M
wnumpoBaHHoro ~c ~ KX-~:y~e~ n/HJIH.nXH X-JIy~e~.MeaoaToMoB, ~ ROTO
pux nonpaBKE Ha MaCCOB~ C~Bnr paCC~HTHBaDTCH c xopowe~ TOQHOCTbID. 
Tor~a TO~Ka rrepeCeqeHER rrpHMO~ KMHra c OCI:>D a6CllHCC ~aeT 3Ha~eHMe 

MaCCOBoro C~BHra ~CCJIe.n:yeMo~ onTM~eCKOn JIMHHM. ~ KX-JI~eA BCnOJID3o

(oi I 1 , 25 
Gá À.S7<t.J!\Z '20 

Nb,sl . . : IJ) ,li!ii\>J~~uJmNI~
" '"I.. 

"\:: : _. : : GO-<i,;
~-'I 10_ ,~:::, t: 4O!
! : 1~: : : ~, .r 
:-;>- s~ ~; ~:::~~: :' : 20 • 

-c o~_---,-------,-~ ?~:r 1 1 1:" ,: 

. -:v

~, À.57"""! 

I ~,
o': 
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·20 100 Sm H Gd. TIo OC~ x OTJIOXe
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ti)~~~~ 
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BaJ[HCb nanase no ~30TOn~tIeCK~M C.I(BHraJIJl A Ex A3 OCí30gi 1I21 , a )J,JlR 

cnexrpos Me30aTOMOB HC A E B3RTH 113 pacor 13,14,1 JI,JIR Nd. Sm l:Itt 
Gd COOTBeTCTBeHHO. 

Heoóxo,nIU!.O OTMeTI1Tb, tITO ~crrO~b30Ba~e MC 113 crreKTpOB Me30aTOMOB 
B OCímeM cnytIae He~b3R C~HTaTb CTporo OCíOCHOBaHHHM r T.K. OHYl oTpa~aroT 

HeCKQnbKO ,npyrne rrapaMeTpU pacrrpe,nerreHVill 3aPR~i B R,npe. KpI1TepHM npll 
MeH~MOCTH 8THX HC OÓCy~aroTCR B paCíoTax 116,1 • 

He3aBHCHMUe orrpe.I(erreHMR CMC Irra MeTo,ny HaHMeHblliHX KBa~paTeB/ ~3 

,naHHHX no KX-~yqaM 11 no cneKTpa~ MesoaTOMOB npHBO.I(RT K 3HatI~TenbHmR 

pa~~qRRM B ero 3HaqeHBRX ICM. lliTpMxoBaHHue npRtllie lia pHC.3a ~ 3Cí/. 
06WfHO 8TH pa~I1tIBR ~er.r.a.T B npenenax OIilllÓKR, HO car.m OlliHCíKH TaIDKe 
Cíaabrnne. ll08TOMY rrpenCTaBllReTCR Cí~ee rrpaBR~bHIDA n~ orrpene~eHER CMC 
CKOpperrI1pOBaTl> ,naHHue no KX-nytIffiJ H no Me30aTOMaM,. BHqI1cnRH OJI,HOBpe
MeHHO MeTo,nOM HaRMeHbillEX KBanpaTOB oCíe rrpmnHe KMHra. 3TO JI,erranOCb c 
ytIeToM omaoox B 3HatIeHIDTX .:1. Ex 11 ÀE/! 11 C HanO.lKeHHeM zronomrarens
Horo YCJlOBnRr. qTOCíu oCíe rrpJllllUe HMeJII1 06myro TOqKY rrepeCeqeHI1R c OrrTI1
qeCKO~ ocsn IpI1C. 3a 11 361. Ilpa 8TOM 01llI1CílU1 B Onpe.I(MeHHhIX TaKI1M oopa
30M SHal:leHMX CMC YJlJleHbillaIOTcR. 3HaqeHM CMC, a TaroKe BMJIlqJllHhl rroaeaux 
CnBHrOB,. neoõxonnase ,n~R onpeneaeaas .Li (~> , npaaenexs B TaM. 3 • 

Ta6Jmga 3 

Iíapaae rpa, HeOÓXO,I{I1MHe ,nJIR pacxera f-1 <r 2)' 

i\,
l1S0TOIW 

~ 

148,15~d 5729,29 
5813,90 

144,148Sm 5746.50 

5779.26 

i58.160Gd 5746.36 
5751,88 
5791,38 
5802,92 

.ÂV êM~, LiV TIAr}', feZ), Ei
 
Mrn Mru IT1:(/quvt2 sxcn, pacs,
 

-496(58) 1510(58) 
29 (69) -2111(69) 

-112(212) -2746(213) 
-76(52) -2781(52 )lG 

-951(218) 2521(218) 

-66(5) -1081(35)
 
-26(42) -1112(42)
 
-72(43) -1046(43)
 
-64(43) -1117(43)
 

17,70 0,215(17) ~ 

-0,299(22 ) -0,266 

19,41	 -0,273(20) -0,279 

0,244(20) ; 

23.24	 -0,308(22) -0,326 
-0.318(23 ) -0,326 
-0,297(23 ) *' 
-0,319(24) -0,326 

* - He paCCqBTHBanOCl> M3-sa 6anl>woro nnn HeI13BeCTHoro CMemnBaHI1R 
~Og~HrypaqH~; ** - 3HaqeHne CMC onpe,ne~eHo n3 OnTJIlqeCKI1X nepexo,noB/4/ . 

4.2. 3JIeKTP9HHHn WaKTOp E
i
 

8TOT WaRTOp onpene~eT ~3MeHeHl1e rro~Ho~ HepenRTI1BliCTCROH llHOTHOC~
 

arreKTpoHHoro 3apR~a B TOqKe R~pa41~(0)12 ~R paccMaTpliBaeMoro on
T~qeCKOrO nepexo,na ( i ): 

Ei = (1ra~/z)LiI 'f'(o.) II	 191 

II r,ne Z - aTOMHhIM HOMep aneMeHTa, ao - CíOPOBCKHM~rliYC. B qaCTHOM 
'f! cnysae ns2 -+ na np nepexonon 113 IlpOCTOtt TeOp1111 caenyer sspase-
J, HVIe 

I'fi ( 0)1 ~s2-? ns np = -ri '+'(0)1 ~6 ,	 110/ 

r~e 1~(O)I~s - ~OTHOCTl> a~eKTpoHHoro 3apRna B TOqKe Rnpa ,nnR ns
KOHWMrYPauHI1 COOTBeTCTBYIDmero O~HOKpaTHO liOHV13I1POBaHH010 ~TOMa. OHa 
MOiKeT 6UT:b BIflI1CJleHa no íJlopMYJle roy,nCMl1Ta-cJ?epMI1-Cerpe Ia ': 

1'JI(o)l~s = (z.zi/1l'a~nR3) (1 - ~, Inl 

rne Za - aCW)eKTI1BHhItí sapan aroaaoro OCTOBa IB HaIDeM cnJ'T-Iae Z = 2 /, 
~	 . a 

n li n - COOTBeTCTBeHHO raaanoe 11 aíPf?eKTI1BHOe KBaHTOBHe QHCJla, 6" -
KBaHToBHtÍ ~eWeItT. 3HaqeHI1JI n* 11 (d ()/dn) )XJ1R JIlCCJle,nOBaHH.b!X HaMI1 
SfleMeHTOB MO.lKHO B~I1C~I1Tb, I1Cll~nb3YR ,naHH.b!e, npHBe,neHH.b!e·B paóoTe/19~ 
3T11_ BWil1CJISIDlJ1 ~aJI11 anaseaaa !lf'(O)I~a B e.n;I1HI1u;aX (Z/Jr a~) : 
0,453 I,nJIR Gd/, 0,382 1l1.JlR Sml ~ 0,365 /wur IM/• 

BHqHcneHRR no MeToiY. XapTpI1~OIta Kffi{ B HepeJIRTI1BRCTCKOM 120/ , TaK 
li B pe~TEB~CTCKOM 12 7 npI1Ó~I1iKeHIDTX rrOKa3aJII1 t: qTO BeJIl1tIlma r B 
BHp8*eHI1l1 IIoI rrOtITH nOCTORHHa B OÓnaCTI1 penK03eMe~l>HHX aneMeHTOB 
~ rrepeXO.I(OB, r,ne qI1C~O f-arreKTpOHOB He MeHReTCH, 11 COCTaBJIReT 
0,,72 - 0,73 • TIOJly~eHHbTe B peayxsrare BbItIJIlCJIeH11M 11f(0)1 2 li r na 

,SHaqeilliR anearpoaaoro lÍlaKTOpa ~i "pacq. I npencrasaess B TaÓJl. 3. 
. B STI1X nUtII1CJ1eIrnJIX npenncaaranocs ; qTO ypOBHl!1, Me:lK)l;Y KOTOpUMll 

npol1Cxo,nI1T OrrTHtIeCKlitÍ nepexo,n, OTHOCHTCH K qI1CTHM 8~eKTpOHHHM KOH~

rypauI1RM" a B~a.nOM p-aneKTpoHoB MO~HO npeHeCípeql>. O,n;Uffi{O 8TH npe,n;
rrrulo~eH~H qaCTO He B.b!llO~HRIDTCH, oc06eHHO .n~ aneMeHTOB co cnO.lKHIDAE 
on1J1ltIeCKHME CneItTpaMn, 11 aTO cepLe3HO OrpaHl1qI1BaeT TOqHOCTl> BgqI1C~e
ImtÍ 3HaqeHRit 1~(0)12 • KaIt Bl1nHO 113 TaÓJl. r, ,D;J.IJI Cíanl>IImHCTBa BC .... 
CJIenOBaHH.b!X HaMI1 OllTl1qeCKnX nepexo.n;OB I1MeeT MeCTO Cl1JlbHOe CMemHBaHI1e 

t 
KOH(ImrypaIUln.

1 ~T06.b! Cy,nI1Tl> o CTerreHI1 ~OCTOBepHOCTI1 8THX paCtIeTOB E ' HeoCíxo
i 

J

)J,I1MO 'cpanHRTb I1X C aHaJIOrI1tIHW~ BeJII1ql1HEm1I1, nOJlyqeHHHMH 113 8KcnepH

MeHTaJlb.HHX ,naHHHX. IlOCJI9,IUllie MOJKHO orrpenerrnT:b 11.3 Ha:KJlOHa rrpRMHXl 

I 
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na oÓCYJK,JJ;aeMhlX aume rpapasax fumra /Pl-lC. s/. .lleI1CTB1'!TeJII>HO, eCJm ~3 

I1C ,!VIR l{X-Jlrleti 11 OrrTYlqeCK~X nepexonon orrpenenmorcrr O.n;H~ E Te JKe 3Ha

qeHHff .::1 <r > ,TO HaMOH tlpmnotí .I{~Hra onpenenser OTHOmeHl1e MX clJaK~ 

TOpOB Fi 113 BUpaJKeHI1M /2/-/4/. DOCROJII>RY .n;J1H KX-JIyqeM 3HaqeH~H WaR
TOpOB F i paCCqliTHBaIOTCR noczarosao TO'IHO, TO 1'13 ax OTHOmeHJ:lR MOJKHO 

nOJIyqETI> 3HaqeHl1R Fi ' a CJIe.n;oBaT~JII>HO, 11 WaRTOpOB Ei .n;JIR OrrTI1qeC .1 
RI1X rrepexo.n;oB /Ei , 8Rcrr. / . 8Tll 3HaqeHER Ei,ôRcrr. rrpEBeneHU B TadJI.3. 
BE.n;HO cpaBHET6JII>HO xopomee COrJIaCRe paCCq~TaHHh!X 1'1 8RCnepYlMeHTaJIbHUX 

3HaqeHI1M Ri /pa3HJilu;a M€Hee 1(J% / .n;JIR Bcex onTWleCRI1X nepexo.n;oB B Gd I 
II .n;JIR nepexona c ,) = 5746,50 ~ .B Sm , 

< 

TIO.n;OÓHHM xe cnOCOÓOM MOJKHO rrOJIyqETb 3HaqeHI1H Ei,sRcrr. ' I1CrrOJIb
3YR MC 113 crreRTpOD Me30aTOMOB, rrpI1H11MaR BO BHllMaHI1e OTMeqeHHHe BHille :'[ 
RpJilTepI1li rrpliMeHI1MOCTM /16,17/. ~ Bce~ JilCCJIe.n;OBaHHhIX nepexo.n;oB pa3

JIliq~e 3Haqemrn. E i ,,3Rcn.' ITOJIYqeHHillC 113 CIT8KTPOB KX-JIyqef:i H Me30aTO
MOB,He rrpeBh!rnaeT HeCROJILRI1X rrpoueHTOB. 

4.S. H.n;epHHH W3RTOp feZ) 
~aRTop feZ) BRAIDqaeT nOrrpaBRYl R 3JIeKTpOHHOH BOJIHOBOf:i WYHRUYlYl, 

Bo3HliRaromHe Yl3-Sa peJIHTll.BJilCTCRYlX 8~peRTOB H ROHeqHHX pa3MepOB Hnpa. 
BHP~eHr.e .n;JIH Hera HMeeT BI1.n;: 

f(Z) = 5 A"1/3 cA,ACR Ir A1/3 )2ã - 2 Ir (A' _ A) /12/ 
~ 8RB. o o' 

r-ne A= (A'+ A)/2 , r o = 1,:2 1JM, R;RB. = 5/3,<r2>, 0'= (1 - o(2Z2), 
a- nOCTOHHHaR TOHRO~ CTPYRTYPU, CA,A - TeOpeTHqeCRaR ROH

1/ 3 •CTaHTa MC .n;JIH O.n;HOpO.n;HO ~aPRxeHHoti c~epu C panll.y.~o/ R = r oA

~ll.~eHHHe 3HaqeHnR CA,A dHJIll. B3HTU H3 padOTH 7 2 ll. cRoppeRT~pCBa
Hh! Ha peJIRTI1BI1CTCKYD rrOnpaBRY (n/N)3 , r.n;e N - "s~~eRTll.BHoe" peJIR

TEBll.CTCROe rJIaBHOe RBaHTOBoe qYlcJIO~'YKa3aHHYffi B padoTe /23/. 3Haqe
2 2HM <r ) 1 / nJl.fI Nd,. Sm ll. Gd noayseau 113 8RCrrepHMeHTOB no yupyrOMY 

pacceRHliID ôJIeRTpOHoB /24/. PaCCqll.T8HHHe c rrOMOmbID Bh!paJKeH11H /12/ 3~a
qeHER feZ) rrpliBe.n;eHh! B TaÓJI. 3. 

4.4. Pa3HOCTll. cpe~HeKB~p8Tll.qHHX 3apH.n;OBHX panHYCOB ~ (r2) 
113 H3MepeHHUX Ha orrHTe 3HaqeHHH MC /TaÓJI. 2/ ll. paCCqll.TaHHHX napa

MeTpoB /Ta6n. 3/ ÓHJIll. rroAyqeHH c rrOMombID BllpaEeHYlH /5/ OTHOCJilTeJII>HUe 
li aÓCOJIlOTHHe 3HaqeHHR paaaocreã aapanoasx p~l1YCOB .Ll (r2>, xoropue 

npe)tcTaBJIe'HH B TaÓJl. 4. OTHOC~TeJII>HHe 3HatIeHll.R npe,n;cTaBJI.R1DTÀ OTH• 

cocoã OTHomeIDUI llOJIeBHX cnaaroa <Ó )I AcA nJl.fI cooTDeTcTByxJIIU1X nan 

H30TorrOB. B 3TOM CJIyqae CpaBHETeJII>HO ÓOJII>illHe OIDll.dR~ 3HaqeHH~ i1vCMC 
a, Me.n;OBaTeJILHO, .ó.. Ync cnaoo BJIPlHlOT aa TOtIHOCTI> À OTH. • IIo3Tm.1!Y !] 
OlliEdRa OTHOC~TenbHHX 3HaqeHBn pa3HocTea 3apH)J;OBHX p~l!YCOB, ycpen

lO 

Taó.m~ua 4 

CTHOC~TeJILHHe À OTH. P. aÕCOJlIOTHble ,,1 (r2;> 3HaqeHp.R ::lapR.IJ:OBLIX 
pa,n;I1YCOB I130TOnOB Heo.n;I1Ma, caJV!apl1R li ra.n;OJInHYlR, BWH1CJleHHhl8 c axcne
pHMeHTaJILHhIl-i:11 E i ,8Iwn. 11 paCCq~TaHHill1~ Ei .pacx, 3HaqCHMHMn 3JIeR

rnonnor-o (paKTOpa 

.:1 (r2) A ,ft, WM2 
A A' 11 0 T H • 

Ei , 8Kc n . E i , pacx, 

60Nd
 

142 144 0,718(9) °,286(17) 0,322(19)
 
144 1'+6 0,662(10) 0,264(16) 0,297(18)
 
146 148 0,734(8) . 0,292(17) 0,329(19)
 
148 150 1,000 0,399(i3) 0,448(26 )
 

62Sm
 

144 148 2,000 0,521(43) 0,514(51)
 
148 150 1,172(15 ) 0,305(25) 0,301(30)
 

150 152 1,658(45) 0,432(7) 0,426(43)
 

152 154 0,881(4) 0,230(14 ) 0,226(22 )
 

147 148 0,590(7) 0,154(13 ) 0,152(15 )
 
148 149 0,359(8) 0,093(8) 0,092(9)
 

64Gd
 

152 154 2,967(7) 0,448(19) 0,433(24)
 

154 156 1,291(6) 0,195(8). 0,188(10)
 

156 158 0,969(4) 0,146(6) 0,143(8)
 

158 160 1,000 0,151(6) 0,146(8)
 

155 156 0,662(4) 0,100(4) 0,097(5)
 

156 157 0,187(8) 0,028(2) 0,027(2)
 

HeHHhIX no BceM nCCJIe)J;oBaHHHM OnTYlqeCKliM nepexo,n;aM, He npeBHlliaeT 2 

3%•. 
.1J,1m nOJIyqeHM aÓCOJIIOTHHX 3HatIeIrn.H A <r2; , xpoae BeJIll.qJlIH .d'»rrc ' 

nCnOJIb3yroTCR p~CCtIliTaHHHe 3HatIeHll.H napaMeTpOB Ei li feZ) • TIpn 
aTOM" eCTeCTBeHHO, Heoóxo,n;YlMO BHÓZpaTI> onrasecxae nepexona, .n;JIR ROTO

pHX rrpMMeHll.MO rrpYlóJIll.~eHlie roy.n;CMETa~epMJII-Cerpe Rnn nMeeT MeCTO Xopo

lliee COrJIaClie 8RcnepliMeRTaJIhHHX P1 paCt:reTHHX 3HaqeHI1M Ei • ~ Gd ôTO 

rrepeXO)J;H c ~HHaMP1 BOJIH 5746,36 ~, 5751,88 i Pl 5802,92 ~ , ~ Sm 

5746,50 i. B cJIyqae Nd )J;JI.ff oóonx ll.CCJIe.n;OBaHHHX rrepexo)J;oB pa3JIl1qn~ 

,I 
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Ei , 3Kcn . M Ei pacq. BHXO~T 3a rrpenenu O~ÓOK. OnHaKO ~H rrepexo
na c A = 5813~ 90 ~ paana-rae Bc~ro 12% ,3H8lIeIUl.e .!:1 V CMC ne 
nporasopesar BblpaJKeHl1IO 18/.n;JIR na ~ nanp nepexonon, rroaToM~ ztaa
Hble .n;JIR aroro nepexona ÓW!l1 MCnOn:b30BaHbl .n;JIR orrpenenenas .6.(r > • 

IIMyqeHHHe TaKl1M oopaaon 3Ha1IeHJilíI Ll (r2> npencrasaeas B TaM.4. 
0lill1ÓK8 3HalIerlll.ll L1 (r2> BKJIIOqaeT HeTOl.IHOCT:b pacxera waKTopa Ei 
10ueHl1BaeMy19 B 5% I I'I. 8KcrrepMMeHTa.Jlbuyro OIllJilÓICY Benl1ql'IHhI nOJleBOrO 
cnsara .ó }J Aé,4 IB Hee OCHOBHOH BKJIa,n; BHOCl1T cn8U;l1y;mQeCKJilR Macco-
BblW c.n;BJilrl 11 COCTaBnReT 6 - 10%. B TaÓ~. 4 npl1Be.n;eHbl T~e 3HaqeHRff 

LJ.(r2> "nOJlyqeHHHe npa acnoasaonaana aKcneplilM8HTaJIbHllX 3Hal.leHllH 

8~eKTpoHHHX WaKTOpOB 1El,3Kcn. B TaÓn. 3/. Bl1.n;HO xopowee cornaCl1e 
Me;iQJ;Y oóemm Be~ll.qliHaMl1 .4 <r 2> IpasnliqY1e Hl1r.n;e ae BillCOmiT aa 
npeneaa omaoox/ .n;.rúI Sm 11 Gd 111 HeCRonbKO xyzuuse ,rr.1IH Nd. 

.ípencrasnaer aarepec cpaaaars nonysentnre HBMl1 aaasesas c ,n;aHHblM1:l: 
~PyrJilx paóoT, r.n;e 3HaqeHRff 4 (r2) onpe.n;eJIRnHCb pa3~liqHW~P. MeTo.n;a
Ml1. KaKY~8 OTMeqanOCb BHllie, OCHOBHOH BKll~ B OWEÓKY nMyqeHHblX Hm.m 
3HaqeIDl.tt .4 <r~> BHOCJIT ne LIOrpeWHOCTI1 113MepeHl1fi .d V , a aeonpe
.n;e~eHHOCTH pacxera Ll <r 2> ., aoropue npaKTEqeCK1'1 o.n;l-1HaKOBH WI.fI 

acex nap cpasaaaaevax 1130TonOB. 3TVI aeoupenexeuaoc'ra , XOTR H B MeHb
weH CTerreH11, M1'lRIOT na TOqHOCTb 3HatIeH~i1 Ll <r 2> ,.. rrMY"Iemmx .n;py
rl'U.1M Me~o.n;aM1'1. II08TOMY rrpe.n;cTaBJIJIeTCH ooaee HarJ1R,ZI;HhlM BMeCTO cpasne
HIDI .d<r2) .n;nR KaJK,IJ;OH ilaphi 1130TonOB paCCMaTp!1B8Tb YC"[le.n;ueHHHe 
pasnaxaa 3HatI8HMa ..d <r2> .n;~H Hallleti 11 .n;pyrl1X paÓOT. B TaÓJI. 5 npa

Be.n;8HhI 8TH pa3nFlQM: 
n 

2)	 2>L1 ::.!. ~ (L\ <r - .6/r2) )/ .Â <r ' 100 % 
n '~f i,a" i,x i,a

2 -	 2I .ó.<r ) i a OTHOCl1TCR K Hame~ paoore npa Ei = Ei pacx ," a .Li. <r ") i x 
K .n;pyrMM paóoTaM/, a T~e cpe~He OTHOCMTeRbHHé OIllMÓKE E3MepeHl1~' 
é IT~e B npoueHTax!. Br~HO, lITO BO Bcex cnyqaRX 8HaQeHRH pa3Hoc

Ta6Jmqa Q 

Cp8.BHeHHe nOJIYtIeHHHX 3HaqeHl'l~ Ll(r2> c pesynbTaTaME .npyrax pa60T 

Ham KX-n~l1 Me30aTOMH OIIT~qeCKl1e 

e:,% ~~% é" % ~, % t " % .A" % t , % 
, 

Nd 5,9 +14,5 9 +12,2 7 +13,8 4,5 
Sm 9,8 +193 7 -5,0 5 +4,5 5,5/2/ 

-0,1 5,2/4/ 

Gd 5,7 -7,0 17 -4,5 10 +8,1 23 
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o 

Te~ He BilXO~l1T 3a npe.n;enH COBM6CTHilX 0Wl160K. 3TO n03BOJIReT c.n;e~aTh BH

BO.n; o TOM,qTO B OllTl1QeCKJilX cneKTpax ficcrre.n;OBaHHHX HaMa 3~eMeHTOB ~ Nd,

:,M	 .q:T~MM::~ ~T~s:;pe~~~:~o::. K~T:~a:P=:e:~":,::;::~:. <;; 
. aTO .n;onJKHH ÓUTb nepexons c MMOM npl1MeCbIO .n;pyrl1X IWHq;mrypauMM. (}qe
BM.n;no, K HI1M OTHOCHTCH Hel1.n;eHTEWl1Ul1pOBaHHhIe paHee li MCnOJlb30BaHHhI8 
HaMH nepexons c . /l = 5813, 90 ~ B Nd 11 c /t = 5746,50 ~ B Sm .B c~Y
qae Gd YRa3aHHbl8 paCqeThI rrpl1MeHl1MH .n;TDl nepexo.n;oB, B KOTOpllX He MeHH
eTCR. lIY:cno f-a~eI{rl'pOHOB. IIpl1 aTOM MorYT l1MeTb MeCTO 11 consume rrpnve

CM .n;pyrl1X ~OHWl1rypau11fi. 

5. Oócy~eHEe pe3Y~bTaToE 

Xopomee cornaC118 3HaqeHl1fi Ll (r2> ~ nOJ!YQ8HHHX pa3HHMl1 MeTo.n;m,m, 
n03BOJIReT .n;eTMbHO rrpocne.n;HTb 3a H3MeHeHHeM 3apR.n;oBllX pa.n;MycoB B HC
~le.n;oBaHHoM OÓnaCTl1 MaCCOBHX ql1cen JI.n;ep IN = 82 ~ 96/. 

0.5 

o Nd I	 Pnc.4. 2aBMC11MOCT:b pa3HOCTl1 3apJI.n;OBllXI cSm• • C'<J	 P~HYCOB H napaMeTpa .n;e~opMauME}32 OT 
03

I	 tIRana He~TpOHOB B JI.n;pe.9< ? 
N ~ 

. • 
N1~ o \ sv 

<:I 
I 

(aI lia pac , 4 npencraaaeaa 38.BMCl1MOCTh 
pa3HOOTl1 3apJI.n;OBllX pa,n;I'lYCOB ,n:BYX coce.n;

...l ...l 

.. .
l .. 

o HhIX qeTHO-qeTHUX R.n;ep OT tIl1cna HetiTpo
.,f'021 qf HOB B HHX. BaToM 3aBHCTIMOCTl1 MOJKHO OT

~ o
I 

I 
MeTETb .n;Be ocoÚeHOCTl1: 

< o 
(6) l. TIpffiCTHQeCKH o.n;EHaRoBhle 3HaQeHRH

...l ...l 
't .:6. (r2> .n;JlR JI,IJ;ep paaasx MeMeHTOB CI ~ 

~ ~D.2Z 
O.n;Hl'lME E TeMl1 JKe Ql1anaMH HenTpOHOB.~l 

<' , 
I	 ~

~ ex o. + 2. Xopomo H3BecTHhI~ CKaqOK 3HaqeHl1~ 
c 

I
+ '} .4 (r2) MeJK,IJ;Y QMCnIDAE HeHTpoHoB 88

" Oo ---------- ~--J-------
< 11 90, r.n;e npol1cxo.n;HT Fl3MeHeH118 WOpMHN 
.( -ü 't-NA 

~	 161 H.npa OT C~8pMqeCKO~ K cWepoM.n;anbHoM.
-?-02 .. .A ..&_L L---..J,----;f 84 86 88 90 92 94 116 XOTH H3MeHeHl1e 3apR.n;OBoro p~yca 

N-

rmpa CBíI3aHO C UMW pR~OM .n;eTaJle~ anep

I
 
J HOM CTPYKTYPH, B rrepBOM np~ÓAl1~eHHll. MO~HO B~enHTb ~Be OCHOBHHe COC


TaBJImOllt~e. O~Ha 113 aax cnaaaaa C pOCTOM ocseva nnpa npa ~OóaBJIeHIDl:
 

,
2 . 

I Hei1T~OHOB - Ll <r:> V t. ~pyraJI - c 113MeHeHHeM .n;e(j}opMaU;Hl1 H.n;pa 

'j
 ó<r ~ :
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I
 

2)
Li (r

.d (r2
>V 

/ 2 
.do \r >f> 

= Ll (r?) V + .4 <r2~ , /I3/ 

2 
= (ro>X (2L1 A/A) , /14/ 

2...2... \ 2=(rol AJr L 4 Cp i)' /15/ 

rzre X - íj}aRTop CJKl1MaeMOCTk1 HJJ:epHoro neuecrna , j3i - napaverpu 

.n;e,poprr,ar.U'H1 pa3JIEtIHhIX nopamcoa /KBa,npynOJIl,HaH, oKTynOJIl,HaH k1T.:rr../. 

llpl1 3TOM Heo6xo.n:m~o ytIl1ThIBaTl, RaR CT8TVJ'IeCKYro .n:eWopM~ro, TaR 11 JJ:M

H8J'iTWIe CRYIO , B08Hl1RaIDIl.lY1O 113-3a KOJIeÓaHl1y. H:rr.epHoM nOBepxHOCT11. 

D nccnencaanaoâ OÓJIaCTl1 HJI,ep 3HatIeHl1H rrapaverpon ,1J;e ,pOpM8Ul1I1 lÍocTa

TOtIHO XOpOillO v,3BeCTHhI /OHl1 rrOJIytIeHH 113 BpeMeH.~R3HR ypOBHe~, RYJIOHOB

CKoro B036y~eHHH, Heyrrpyroro paCCeHHk1H, crreKTpOB X-JIytIefI Me30aTO

MOB/. XOTH aÓCOJ1lOTHH8 3HaqeHI1H f3 i ' noayxeasue k13 paasax I'iCTOtIIUl-: 

ROD, HeCROJIbKO OTJIl1qaIDTCH Me~y coõoM /OHl1 3aBI1CHT OT BHópaHHOH MO

L(eJU1 11 napavcrpoa/, 3HatI~mlH l1X pa3HOCTeH Lt (J i JVIH COC8,llJiRX QeTHO
tI8THl:JX 1130TOnOD OKa3HBaIOTCH ne CTOJII, tIYBcTBYlTeJII,HbI K cnocooy rrÜJ1YQe

Hi'lH k1 oCíHapYJKHBaroT 3HatIl1T8JII,HO M8HI,lill1e pa3JII1tIl1H. B OÓJIaCT11 86 ~ N ~ 

92 H~CíOJIee Cl1JIbHO MeHJl8TCR napaaerp KBMPyrrOJIl,HOil ,1J;ecPopMar~I'1I1 /OT 

0,15 L(O c, 33/. 3T11 3HatIeH11H j3 2 .. rrOJIytIeHHUe '3 jPYTBe;n;eHHhlX BepOHT-' 
HOCTeM MeKTpWleCKI1X xnanpyncnsnux nenexonos 25, upencraanenu na 
pI1c. 46. ~3MeH8HI1H .n:pyr11x rrapaM8TpoB ;n;e~opMau11l1 /13 ' /4/ OKa3h1

D3IDTCH 3HatI11T8JII,HO rJ1eHI,ille /L1f ~ 0,05/. 
ITOJIb3YHCI, 113D8CTH~11 3HatIeHl1HMI1 f2 ' MOJKHO C rrOMOml,lO BhIpa~eHI1Ü 

/13/-/15/ B~eJIl1Tl, TO H3MeHeH118 3apHL(OBOrO pan11yca, KOTopoe CBH3aHO 

C YBeJmQeHlieM ero 06l,8Ma npn .nOOaBJIeHI18 napu HenTpOHOB: 

.Li (r
2>y =: â (r 2> aacn," â<r

2
),8 ' 

M3 pI1C. 4B BI1JJ:HO, QTO 8aBMCMMOCb 3TO~ BeJIlitII1HhI OT Q11CJIa HeMTpOHOB B 

HL(pe COBceM He TaKaR, RaKaH. CJIeL(yeT V,3 rrpOCTUX rrpeL(CTaBJIeHli~ /oCíbeM 

H,1J;pa rrporrOpU110HaJIeH tIl1CJlY HeHTpOHOB/. QqeB11,1J;HO, l1MelOTCH eme 11 :rr.pyrl1e 

llJ8.KTOPhI, BJI11.fIlOllU1e aa neJLI1Ql1HY 3apHL(OBOro panayca , nanpavep, TdJlmVlHa 

rroB8pXHOCTHoro CJIOR R~pa. 

B 3~~eHHe aBTophI Bh~aJKalOT OJIarOnapHOCTb r.H.WJIepOBY ~ A.M.ITpo

XOPOBY 3a no~e~y paÓOThI, a T~e E.r.H~KOBY 3a nOMOmb B CTa

TVlCTl1QeCKOM oópaCíOTRe pe3YJIbTaTOB li nOJIe3HbIe oCícy~eH~H. 
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50pHCOB C.K. H AP· p 15-87-115 
Yl3MepeHHe pa3HOCTei1 gapHAOBhiX paAHYCOB HAep 
Nd, Sm, H Gd no pe30HaHcHo-pacceHHHOMY 
na3epHOMY H3nyqeHHm 

Yi3MepeHW H30TOITHqecKHe CABHrH B OITTHqeCKHX CITeKTpaX aTO 
MOB Nd, Sm H Gd. MeTOAHKa H3MepeHHi1 6bma ocHoBaHa Ha pego
HaHcHoi1 <P.rryopecu,eHIJ,HH HccneAoBaHHbiX aTOMOB. MH HX B036YJK-, 
AeHHH HCITOnh30BaiTCH nagep Ha KpaCHTene C nepeCTpaHBaeMOH 
AnHHOH BOnHLI. YJg H3MepeHHhiX 3HaqeHHH H30TOITHqecKHX CABHrOB 
paccqHTaHbl pa3HOCTH cpeAHeKB(lApaTHqHhlX 3apHAOBbiX paAHYCOB 
HAep yKa3aHHWX gneMeHTOB c qHcnoM HeRTpOHOB oT 82 AO 96. 
IToKa3aHo, qTo B onTHqecKHX cneKTpax Nd, Sm H Gd HMemTcH 
nep~XOAhi, AJIH KOTOpbiX llpHMeHHMbl pacqeTbl ,i:I,nH qHCTbiX ns 2 ~ 
~ nsnp nepeXOAOB. 06c~aeTCH 3aBHCHMOCTh 3apHAOBb~ paAHY
COB COCeAHHX qeTHO-qeTHhiX HAep OT qHcna Hei1TpOHOB. 

Pa6oTa BhmonHeHa B lla6opaTopHH HAePHhiX peaKJ!.HH OlUUI. 
llpenpHHT 06"be)lHHeHHOro HHCTHTyTa H)lepHbiX HCCJie)lOBaHHH. ,l.J,y6Ha 1987 

ITepeBOA n.B.ITamKeBHq 

Borisov S.K. et al. P15-87-115 
Determination of Changes in Mean-Square 
Nuclear Radii of Ncl, Sm and Gd by Laser 
Excited Fluorescence 

Isotope shifts in optical spectra of Nd, Sm and Gd 
atoms have been investigated. The experimental method used 
is based on resonance fluorescence of the investigated 
atoms excited by tunable dye-laser. Changes in mean-square 
nuclear radii of the above mentioned nuclides with neutron 
numbers between 82 and 96 are extracted from reported op
tical isotope shifts. It is shown that in the optical spe~ 
tra of Nd, Sm and Gd transitions are available for which 
calculations for pure ns2 ~ nsnp transitions are valid.The 
dependence of mean-square radii changes of the neighbour
ing even-even isotopes on neutron number is discussed. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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