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MeTOAOM na3epHOH cneKTPOCKOilHH BhlCOKOro pa3perneHHfl 
B aTOMHOM nyqKe HccneAoBaHbl H30TOilHQeCKHe CABHrH Ha 15 on
THQeCKHX nepexoAaX B GdI c o<;HOBHoro 4f 75d6s2 a9D~ MynbTH
nneTa. C ~enbID HCKmoqeHHfl BnHHHHfl nepeKpeCTHblX 3qxpeKTOB 

'BToporo IlOPflAKa H CMelliHBaHHfl KOH~Hrypa~HH 3KCnepHMeHTanb
HbJe pe3ynbTaTbI npoattanH3HpoBaHbI pasHbIMH cnoco6aMH. Tionyqe;... 
Hbl npe~H3HOHHbJe 3HaqeHHfl H3MeHeHHH cpeAHeKBaApaTHQHoro 3a
PHAOBoro paAHYCa HAeP Gd. 
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High resolution laser-atomic beam spectroscopy has been 
applied to investigate the isotope shifts for .15 optical 
transitions starting from the ground 4f5d6s2 a9of multiple1 
of GdI. The isotope shift measurements have been analysed 
using various methods to exclude configuration interaction 
and crossed-second order effects. Precise values of nuc
lear-charge radii changes of Gd have been obtained and 
discussed. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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I. BBe.n:emrn 

B Hamett npe,IUl,Jzy!Uefi pa6oTe/I/ .n:eTaJU,HO MCCJie,n;OBaHH cBepXTOHKOe 
pacmeIIJieHlie li li30TOim'IeCKMfi C.n;Blir /TJ.C/ Ha 15 cneKTpaJil,HHX JiliHMJDC (id, 
cooTBeTCTBYiallMX nepexo,n;aM c ocHOBHoro a9D0 MYJil,TmIJieTa K B036Yl!meH
HWJI .z 9P M z 9 F MYm,TmIJieTaM. · 8TH nepexo,n:u npeMMSm8CTB8HHO TMna 
l!J 

2
-: n~10 miie10T oTpimaTem,mm HC Ms-sa 6om,moit llJIOTHOCTM aJieKTPOH-

Hofi BOJIHOBOtt ~ HIDJtHett 4f75d6s2-1t0Hcpm'YP8I(lil'l B ~8HTp8 SI,DJ>a. 
Pesym,TaTll paOoT/I/, noJiyqeHHll8 npeU!{3liOHHHM M8TO,Il;OM Jia3epHo~ 

liH~OBaHHOfi pesoHaHCHOH qiJiyopecneHitHM B aTOMHOM nyg:Ke, tJ8TKO ,n;e
MOHCT.PliPYIOT 3HatJHTeJil,HllH BKJia,n; nepeKPeCTHHX 3(1Xp8KTOB BTOporo nopH,I(
K/21, a Ta.KJKe, no BCeit BepoSITHOC";['M, CMelllliBaHMSI $JieKTpOHHHX COCTOSI
Hliit B onpe,n;SJISISMHX llC. C STMMM o6CTOSITeJihCTBa.Mli CBSI3aHa OCHOBHM 
npo6JieMa B MHT8J)IIJ:>ST8lntli pesyJihTaTOB no llC. 

B pa60Ta.x/3- 5/ MeTO,Il;OM JiasepHOH pesoHaHCHOH qiJiyopec~eHI(lil'l Ha 
aTOMHOM ny~e Ha.MR BnepBll9 c,n;eJiaHll ,n;eTaJ!l,Hlle li3MepeHM llC R CBepx
TOHKOll CTpYKTYPll Ha 4 crreKTpaJil,HHX JiliHMX Gd, Ha OCHOBaHlill KOTOpHX . 
onpe,n;eJieHH MSMeHeHM cpe,n;HeKBa,n;paTli'!Horo sa,r,~oBoro pa,iillyca (CK3P) 
Bcex cTa6HJ!l,HHX MSOTonoB Gd • PactJeTH (cM/31) npoBO,Il;llJil!ICh CTaH.n;apT
Hoit npone,n;ypoit ,JJ,JISI tJHCTHX ns,.,_ nsnp nepexo,n;oB; noKasaHo, tJTO 
OHa npMMeHIDl!a ,JJ,7ISI nepexo,n;oB, B KOTOpHX, HeCMOTpSI Ha CllJ!hHOe CM8IllliBa
Hlie KOH~Mrypronrfi, tJliC~O f-SJieKTpOHOB He MeHSieTCSI. norrycKaeMaSI npH 
STOM Olllli6Ka oneHRBaeTCSI B HeCKOJil,KO npo~eHTOB n He OTpa.JKeHa B nor
pemHOCTSIX A<r,z>, npMBe,n;eHHHX B/3/. IIOCKOJ!l,KY TOtJHll8 cneKTpOC,Oilli
tJeCKlie ,Il;aHHH8 0 KO~MrypronroHHOM COCTaBe RCCJie,n;yeMHX B pa6oTe 3/ ne-, 
pexo,n;oB OTCYTCTBYIOT, MSYtJeHne 6om,moro tJliCJia ypOBHett SIBJISI8TCSI KPaHHe 
~eJiaTSJil,HHM, TaK Ka.K ,n;aeT B03MOlltHOCTh: a) C,Il;8JiaTh KatJeCTB8H~e ll/llJIR 
KOJili'IeCTBeHHll8 BHBO,n;H O CTerreHR CM8IllliBaHRSI KOH~Mrypaun:it (CM.II/) li 
6) BH6paTh CaMll8 rro,n;xo,n;RlllHe ypoBHM, ll3 llC KOTOPHX .M~O C Hali60JIJ,llleit 

. 2 
Ha,n;~HOCThlO paCCtJHTaTh li3M8H8ID1f.t CKSP- ,,d<r /o 

IloaTOMy B HaCTosrmefi pa6oTe Ha OCHOBaHlili ,Il;aHHHX O llC BC8X MSytJeH
HHX B/I/ nepexo,n;ax KOppeKT:HpyIOTc~ M YTOtJHSIIOTCSI Halllli npe,n;u,n;ymne pe
sym,TaTH/3--0/ no ll3MeHeHmo CK3P sr,n;ep Gd.• 

2. Orrpe,n;eJI8HM8 liSMeHeHIDI SapH,D;OBOro pa,n;:11yca 



nOBim18Ha npK6Jm3KT8Jll,HO B ,ItBa - TpH pasa no cpaBH8HIDO C l'l'.3MepeHH.RMH 
B / 3/_ OTO 6WIO ,n:oCTHrHYTO sa C'I8T YM6HI,W6HHJI ,n:oWiepOBCKoro ynmpeHHR 
H 60Jiee Totnrnro (B IO pas) ~eTa HemmelmocTH cxamipoBaHHJI. B HTore 
cTaTHC~eCKM onm6Ka B 3KcnepHM6HTaJII,HIDC 3HalJeHHJDC HC CHH3Wia.CI, .n:o 
l - 8 Min (MeHI,file 0,5%). 

lfuBJielJ8Hl'I8 l'I3M8H8HHR CK3P roi;ep l'I3 3KCnepHMeHTaJII,HIDC HC CBO'AHTCR 
K onp~,n:eJiemrio cne~~ecxoro MaccoBoro C'ABHra (Cl~C) H aJieKTpOHHoro · 
(J?axTopa E i • ,.U7m ~CTIDC ns~-nsnp nepexo,n:oB CMC MOlKeT 6UTI, o~eHeH 
Bllpai!teHHeM/6/ . 

A.)) CMC = (0 .±Q,5).,a))HMC (l) 

3,n:ecI, AVHMc - HOpMaJII,Hllfi MaCCOBllfi C.ItB%, KOTOpllfi BmHCM8TCR H3 
3H8prHH nepexo.n:a no H~BeCTHOR ~OPMYJI8 61. B HCCJie.n:yeMOfi o6MCTH 
A~ 5700 + 5800 R .;rr;m HSOTO~ecxofi napu 158, 160:AVHMC ,; 22,8 
- 22,4 ~- E i onpe,n:eJIRSTCR l'I3B8CTHl:IM npH6Jml!teHHeM ray,n:CMHTa-4iepr.m:
Cerpe. B 3/ noxasaHo, 'ITO B CJI~ae 6d E i = Elpaci: = 0,326 (I6). 

,Z I 

HanoMHHM, 'ITO HSMeHeHHR CK3P A(r '} ctmsam,r c axcnepHMeHTaJII,HA 3Ha-
'I6HHRMH HC l'I ynOMRHYTUMH BWUe B~~HaMl'I l'I3B6CTHOR (J?opMyJIOll 3 ,6/: 

a<r?= .A>-'nc/Eif(Z}. · (2) 

8,n:ec1, a>'n[ =Li ~ken -A ))CMC - d ))HMC - 3TO 
T.H. IIOJl6BOii C.ItBHr, 8 f(Z) - JJ,Itepmm g?aKTOp. 

K coJKaJieHmo, B ,n:oBOJI:E,HO CJlOiKHOM onT~eCitoM cnexTpe Gd Tpy,n:Ho 
OJKH,I{aTI, Ha.JIHtmjl ypoBHefi O BllCOKOH ~CTOTOR, ,Ua,Ke B CJl~ae rJ1y60KO 
pacnoJ10J1teHHofi He'IeTHofi 4f75d6s2 xoH(J?Hrypan;rur CYII!SCTByeT CM6oe nepe
MenmBaHHe .ItBYX BOSMOJKH'7,o H 7D0 TepMoB nocpe,n:cTBOM 5d -cnHH-op6H-
TaJII,Horo B8aHMO,n:eficTBHJI • ~TO KacaeTCR l'ICCJie,n:OBaH~ HaMH B036YJK-
,n:eHHIDC TepMOB, TO RX COCTal3 H3B6CT6H TOJlI,KO lJaCT~O 81. Il03TOMY B 
,n:a.HHOR pa6oTe c,n:eJia.Ha nOllilTKa on;eHHTI, OTHOCHTeJII,Hll8 ( il. 0TH - OTHOme
HHe noJI~BIDC C,ItBHrOB ,a))rrc ;rI.1U! ,ItByx nap l'l'.30TOnOB) l'I a6COJllOTHll8 
(.A<r 2> ) l'I3MeHeHHR CKSP roi;ep Cid pa.sHHMH cnoco6ru.m. IlpHMeHRJlHCI, 
CJie.n:yl!l.llHe M8TO,n:ll: 

!· 3KcnepHM8HT8JII,HM KaJIH6pOBKa ..d )) CMC l'I 3Jl8KTpOHHOrO ,~Topa 
E ,i = E; axon HS .n:rurnmc no HC KX--JIY'Iefi H cneKTpOB MesoaTOMOB 3 ; 
pesyJI:E,TaT11 npHBe,n:eHll B Ta6.mm;e I. KaJm6poBKa c.n:eJiaH,a ;rr;m Bcex 15 Hc
CJ1e,n:0BaHHmc · mmHfi l'I .n:M KruK,JJ;Ofi JmHHH B~CJl8Hll 3HalJeHHJI H3M6H8Hllli 

. 2 
CK3P. B Ta6.mm;e 2 npHBe,n:eHH cpe,n:m1e B8B8W8HHH8 8HalJelllU:I .:1(r /• Onm:6-
KH BKJI!Ot!a.IOT axcnepHMeHTaJII,HHe Heonpe,n:eJieHHocm B HC, onm6KH CMC H 
E ,i axon· He6oJI:E,IDHe norpemHOCTH B onpe,n:eJieHHK A(r,z> CBR8a.HH c npon;ec
co~ ycpe~eHHR no MHOI'HM nepexo,n:aM. OHR HS npeBHm8lOT 3%, XOTR, KaK 
yxasa.Ho B/3/ H Bll',n:HO H8 Ta6.mm;ll l, B 3TOM cJiy'Iae CMC H E ,; onpe,n:e
JIJnOTCR C 60JII,mHMH onm6KaMH H3-3a 60JII,WHX norpemHOCTefi 3KCnepHM8HT8JII,
HIDC pesyJI:E,TaTOB no HC KX-Jiy'Iefi H cneKTpOB M830aTOMOB. 

2 

;\ ' .l{ 

5802.92 
755I.88 
5823.97 
5744.66 
585I.55 
5732.16 
5889.57 
5709.42 
570I.35 
5686.67 
579I.38 
5746.36 
5696.22 
585I.63 
5856.22 

Ta6mma l 
8JI6KTpOHHll8 g?aKTOpH H cne:a;rn%>~8CKH8 MaCCOBlle C,ItBHI'H, 
nOJIY'IeHHHe MeTo,n:ciM xaim6poBKH no HC cneKTpOB KX-JI~efi 

. ' 2 
H MesoaTOMOB - AH no HC ~cToro ns ~ nsnp 
nepexo.n:a -E 

TepM. J Bepx. J 
MeTo,n: A CMC, MeTo,n: E CMC, 

Hl'llKH, f /
1

3KCII Min c,, axon Min 

';)DO f ':JF l 0.323(25) -47(48) 0.321(16) -31(12) 
2 2 0.316(24) -37(47) 0.315(16) -17(12) 
3 2 0.323(26) -14(52) 0.3I8(l6) -12(12) 
3 3 0.321(26) - 4(52) 0.3I7(I5) 2(12) 
4 3 0.316(25) -39(48) 0.314(16) -23(II) 
4 4 0,334(26) 2(48) 0.331(17) I6(l2) 
5 4 0.328(26) -23(50) 0.326(16) - 5(II) 
5 5 0.328(26) - 4(47) 0.326(16) O(II) 

YDo 3 9D 2 0.237(I8) -50(34) 0.235~12) -39(9) 
3 3 0.309(24) -35(47) 0.308(15) -l7(II) 
4 3 0.307(24) -47(45) 0.304(15) -35(II) 
4 4 0.314(25) -44(50) 0.309(15) -39(II) 
4 5 0.306(23) -25(47) 0.304(15) -IO(II) 
5 5 0.308(24) -25(45) 0.303(15) - 9(II) 
6 5 0.3I8(25) -26(47). 0.317(16) - 5(12) 

Ji. McnOJII,80BaHHe .np1rne,n:eHHIDC BHme paclJeTHHX 8HalJeHHfi EI, pac'I 
l'I CMC ;rr;m ~cToro ns"-....:;. 11.rnp nepexo,n:a. 

0TM8TnM, 'ITO onpe,n:eJieHHIDC cneKTpOCKO~eCRHX ,n:a.HHIDC ;rr;m TaKoro 
nepexo.n:a B l'ICCJle.n:yeMHX Ha1lli CJiylJaRX HeT~ 0,n:HaKO pesyJII,TaTH, noJiy'IeH
HHe MeTO,n:OM A ( Ta6JI. I) , noKa8HBaJOT, 'ITO .n:M nepexo,n:OB K B036ylK,I(eH-: 
HOMY 9 F TepMy :mcnepHMeHTaJII,Hlle l'I paclJeTHlle sHalJeHM E (; H CMC ,n:o- · 
BOJII,HO 6JIH8KH. liaHJiy'IWee coima,n:eHHe o,n:HoBpeMeHHO ,nJIJl o6eIDC BeJIH'IRH 
Ha6JllO,n:aeTcR Ha nepexo,n:e a9D~ -z9F5 c --l, = 5709.42 i: pasJIKtrn.fI HaM
Horo MeH1,me CPal3HllT8JII,HO MaJillX T80p8TH'I8CKHX Jlv60K. IlpHHHMM 3TOT 
nepexo.n: sa penepHllfi, npH'nOMOlllH rpajlHKa KHHra 6 CHOBa MH OIIpe~9.7ll!Jill 
E ( l'I'. CMC ;rr;m KruK,JJ;oro ,IWyroro nepexo,n:a. PesyJII,TaTH, npe,n:cTaWieHH!le B 
Ta6.mm;e l, noxammaroT o'IeH1, xopomee coBna,n:eHHe c pesyJII,TaTaMH no 
M6TO.n:y A. 

J:(aJiee HCIIOJI:E,30BaJiac1, ormcaHHM B/3/ npon;e.n:ypa o6pa6oTKH"3KCnepH
MeHTaJII,HHX .n:aHHIDC l'I BH'Il'ICJIRJIHCI, 8HalJeHHJI ,10TH l'I ..a(r")>, KOTOplle 
npHBe,n:eHH B Ta6JI. 2. HanOMHHM, 'ITO B 3TOM CJl,Y.lJae a6cOJIRlTHH8 8HalJ9HIDI 
pa.sHOCTeit CK3P B~g~5ca l'l'.3 8Ha'IeHHit ycpe,n:HeHHHX no BC6M JlllHlIHM 

A OTH H <1 < r'? • .nJIJI perrepHofi JIHHHH. IlOJIY'I9HHHe TaKHM o6pa-

3 



2 30M 3HalJeHWI ...::1 <r l 'IyT'f, 38.BHJlleHll no cpa.BHeHmo C peayJII,TaTa.MH no Me-
TO'JI.Y A: MeHr,me lJeM 2%. Ha OCHOBa.IUm aToro MOlKHO c,neJiaT~ BIIBo.n, 'ITO 
E i paclJ .naeT :aepxmo10 rpamnzy oneHKH ..d. < r 

2,> • 
1 Mcxo)UI ll3 cneKTpOCKOlllllJeCKllX ,IJ;aHHHX,O,IJ;HaKO, 3TO He TaK JierKo 

o60CHOBaTI,. neJio B TOM, 'ITO B 3HatJHTeJII,HOM aHepreTHlJeCKOM lIHTepBaJie 
OKOJIO paccMaTpl!BaeMHX TepMOB HaxOMTC.fI T0pMll, OTHOCR!l1lleC.fI TOJ!te K 
4+75d6s6p -KOH1)Rrypa.rnm. TOJII,KO TepM 7P OKOJIO 16920 CM-I OTHOCllTC.fI 
npenMymeCTBeHHO K 4+76s26p -KOaj)Rrypannn. CMemn:aaHue COCTORHllli 3TO
r6 TepMa MOl!teT npIIBeCTR K YM0HI,meHmo ll3MeHeHR.fI llJIOTHOCTll 3JieKTPOHHO
ro aapSI.n;a - A I 't'(O)l,e :a neHTpe aToMa, a CJie,noBaTeJII,HO, R K yMeHr,me
HllIO Ej • Kruc CJie-p,yeT ll3 peayJII,TaTOB o6pa60TKll M0TO,IJ;OM A: I) ajxlleKT 
TaKOro Tlilla .ne:i1CTB1IT8Jll,HO Ha6.irro.n;aeTC.fI ,IJ,JIJI z 9D -MYJII,TllllJieTa, :a 
lJaCTHOCTll oco6eHHO CWII,HO ,IJ,JIJI -" 9 D 2-YPOBH.fii 2) .Il',)III nepexo.no:a K z9 F
ypoBHRM 3HalJeH1ISI E; 3KCll paa6pocaHll no o6eRM CTOpOHaM Ei paclJ lI He 
CJilIIllKOM OTJilllJaIOTC.fI · OT Hero: HaR6oJII,mM paaHnUa Ii// 3% MeHr,me, lJeM omn6-
KR o~e,neJieHWI E; paclJ· B lJaCTHOCTll,,IJ,JIJI penepHoro ypoBH.fI, 9F5 BJIWI
Hlle P TepMa ,IJ;OJil!tHO 6HTI, YM0HI,ill0HO ll3-3a 60JII,illOrO pa3JilllJWI B llX 

_aHeprruDC lI E i, aKCll ~ E i, paclJ • IIo-Bll.n;RMOMY, 3,n;ecr, IDAeeTC.fI .n;pyroe 
BJIHSIHRe (cMerrnmaHue COCTORHllli llJilI ajxlleKT BTOporo nopSI.n;Ka),n3-3a KO
TOporo peallHOe 3HalJeHRe aJieKTpOHHoro qJaKTOpa ,IJ,JIJI penepHoro nepexo
.n;a :ace-TaKll 60Jir,me pacl!eTHoro. 

B. M3-3a 6OJII,mRX OTpUUaTeJII,HllX 3HalJeHllli Ha6JIIQIJ;aeMh!X MC ll cpa.BHll
TeJII,H; CJia6oft J -38.BUClIMOCTll CMc/I/ MOl!tHO npeHe6pe% BRJia..n;OM CMC B 
llOJIHOM HC. Ha CaMOM ,neJie, eCJrn Ha OCHOBaHllll peayJII,TaTOB, noJiylJeHHHX 
MeTO,IJ;a.MH A ll E' llplIWITI, ..:::1)) CMC f;;J 50 Mrn .Il',)III coce.n;HRX 'l0THO-lJ8THHX 
naoTono:a, oTKJioHeHRe ycpe,n;HeHHHX ITO :aceM nepexo,naM A OTH .n;JIJl aToro 
CJIY'la.ll ITO cpaBHeHmO co CJIY'l'.8.HMH All E 6y.n;yT MeHI>me I% (cM.Ta6JI. 2). 
<!TO IWC?eTCSI a6COJilOTHhlX 3Ha'leHHil, IzylKHa, ROHeqHo, R.aJIH6pOBR8 ,n;JJJl 

0,n;HOli ll30TOllll'leCKOH napu. Ha Ta6JI. I BU,IJ;HO, 'ITO llpll JII06OM BH6ope 
peITepHoil napu (na A rum E) paa.7Ill'lIDI 6y-p,yT TOl!te MeHr,me I%. 

B 3aRJIIO'l8IU18 aTOro nyHKTa o6paTllM BHllMaHne Ha CJie'JI,yI<J.Jjlie qJaK
TU: a) o6pa60TKa pe3yJII,TaTOB ITO M0TO,IJ;8M All E llCKJI]OqaeT BJIHffi!lle 
CMellllrnamrn KOI!q_)nrypanMi1 u nepeKpecTHh!X aj.qieKTOB BToporo nopSI.n;Ka; 
6) Ha OCHOBaHlll! 3TIDC :Ke MGTO,IJ;OB CL(eJiallhl Ka'leCTBeHHh!e 3aKJIIO'l0HllSI OT
HOCllT0JIIiHO B03MOJKH!1X CMel!IHBaHnil pa3HHX ROH\lmrypanMil; B) M0TO,n B no
Ra3lIBaeT, 'ITO B cJiyqae paccMaTpMBaervlliX HaMR nepexo.no:a B 6d BJmRHne 
a(f¢eRTOB BToporo nopSI.n;Ka rrpeHe6peJKRMo; r) :ace :awrnCJieHR.fI c,neJiaHll 
B rrpn6JIIDKeHHll ITOCTOSIHHoro SI.n;epHoro qiaKTopa {(Z) 158,I60 = 77I, 77 MK/ 
~,i /9/. MaKCllMaJII,HM .norrOJIHllTeJII,HM Ol!Ill6Ra, ROTOPM BHOCllTC.fI TaKlIM 
o6pa3oM 0,8%. 

z 
B Ta6JI. 3 .IVISI cpa.BHeHRSI npe,ncTaBJieHll 3Ha'l'.eHll.fI ,1 (r / ll3 pesyJII,-
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I 

[ 

A A' 

I52 I54 
I54 I56 
I56 I58 
I58 I60 
I55 I56 
I56 I57 
I54 I55 

~a2 
0THOCRTeJII,Hlle . A OTH n a6cOJIIOTHlle .A (r 2? aRon 
3HalJeHll.fI ll3MeHeHUil CK3P, llOJIYlJ0HHlle pa3HllMll 
M0TO,IJ;aMll ll3 3RCll8plIM8HTaJII,HllX 3HalJeHllft 
OITTlllJeCRllX ll30TOIIll'IeCRllX c,n:anroB 

MeTo,n A MeTo,n E 
,CJ< r ~1 if.1f' 

MeTo,n B 
A{r7, ipr.f ,l_OTU AUTH 
0.444(14) 2.886(IO) 0,447(23) 2.878(8) 
O.I96(8) I.282(2). O.I98(IO) I.279(2) 
O.I47(6) 0.964(I) O.I49(8) 0.965(I) 
O.I53(6) I.ODO O.I55(8) I.ODO 
O.IOI(4) 0.658(I) O.I02(5) 0.656(8) 
0.028(I) O.I85(I) 0.029(I) O.I89(4) 
0.095(3) 0.625(I) 0.097(5) 0.623(I) 

Ta6.mma 3 
0THOOllT8Jll,Hlle -1. 0TH ll a6cOJIIOTHH8 a(r~3HalJeHll.fI 
ll3MeHe~ft CKSP, ITOJ!Yl!0HHH8 OllTlllJec~ MSTO,IJ;aMR 
(o6sop 191), ll3 cneRTpOB KX-JiylJeft /IO/ n M030aTOMOB/II/ 

A A' OUT.MC /9/ MC KX /IO/ RC (:'- -aT III/ 
"-oru .6(r',z~ q,l- .a.<r"'~ ~ c.(r-l>, q,l-

I52 I54 3.00(IO) 0.396(39) 
I54. I56 I.25(5) O.I65(I7) 0.203(23) 0.216(25) 
I56 I58 0.95(3) O.I25(I2) O.I44(IO) O.I69(I9) 
I58 I60 I.O O.I32(9) O.I54(IO) O.I6I(I2) 
I55 I56 0.092(!3) 
I56 I57 O.I5(8) 0.020(II) 0.030(13) 0:032(23) 
I54 I55 0.64(8) 0.084(16) O.II2(24). 0.096(23) · 

TaTOB .n;pyrRX a.BTOpOB! . 
I) na MC onTlllJeom!X nepexo,noB B / 9/, r.ne npRBe.n;eHH aHalJeHllSI ,IJ,JIJI 

.a(r2
), ROTopue .fIBJI.fIIOTO.fI pesynTaTOM O6O6I11emUI 3ROIT8pRM8HTaJII,HllX ,naH

HllX ll RX oneHOR ll3 MHOJ!t0CTBa pa6oT, BHIIOJIHSHHHX RJiaCClilJSCROfi llHTep
ipepeHUUOHHOH Texmmofi. C.Yill0CTB0HHOe pa3Jill'IJH8 ITO cpa.BH0HllID C Haml!Mll 
aRcnepnMeHTaJII,HllMll pesyJII,TaTa.MR cpaay 6pocaeTcSI·B rJiaaa - .n;aJKe no 
OTHomeHIDO /), 0TH' r.ne. a600JIIOTHM RaJIR6pOBRa no E ,i HS RrpaeT poJIR, 
a CMC OKa3bIBaeT cpa.BHI:IT8JII,HO MaJISHI,ROe BJill.fIHlle. IIoJiytreH~e B HaCTO.fI
lll0li pa6oTe 3HalJeHrui: .d(r):a ope.n;HeM Ha I5% BHille, lJeM B / 91; 

2) ll3 pesynTaTOB no MC KX-J!Yl!eft /IO/; 
3) li3 peayJII,TaTOB no MC KX-J!Yl!efi Cll8RTpOB M030aTOMOB /II/. 
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BlmHO Jiy,nnee corJiacHe pe3yJ11,TaTOB HaCTORl!l9li pa60TH C pe3yJinTa
TaMH H3 HeOIITH':rSCKHX MSTO,I(OB. B CJIY':rae HCIIQJll,30BaIIHOro Ha.Mit MeTo.n;a A 
BTO B 60J!l,ill9li cTeIIeHH CBH38HO co crroco6oM KaJm6pOBKH; B cJiy-qae E,o.n;
HaKO, IIO-BH.I(RMOMY, r~HyIO pOJin nrpaeT TO o6cTOHTeJIMTBO, 'ITO cpe.I(ll 
BH6paHHl1X Ha.MR OIITlf'IecKHX rrepexo.n;oB ecTn rrepexo.n;,~ KOToporo Teope
TH1IecK11e. pac,:reTH .IVU!. ':rll.cToro 776':.+ nsnp rrepexo.n;a ~aBoMepHH. 

no OTHOmeHHIO K HaIJIHM rrpe.rumy~ pe3yJ11,TaTaM -5/ (a TaroKe K 
.n;aHHHM pa60TH /I2/, B KOT~Oli ~ orrpe.n;eJISHHH E ,i ll CMC HCIIOJ!l,30Ba-

. JIHCn ·peS9J11,TaTH pa60TH / 3 >1 TOJKe Ha.6~aeTCH H960Jll,IDM pa3HUqa: B 
cpe.n;HeM HOBHe 3Ha':reHHH A<r

2
; BHme rrpexumx (M9Hblll9, '19M Ha 4%). Ha 

Ca.MOM .n;eJie TaKM pa3HHqa BXO,ItllT B rrpe.n;MH OIIrn60K H yKa3HBaeT Ha 06-
lll.YIO rrpaBOMepHOCTb C,D;MaHHHX paHnme BHBO,D;OB. B TO JKe CaMOe Bp9MH EC
HO, ':rTO BH6op perrepHoro rrepexo.n;a B HacTORl!left pa6oTe Jiy,:rme~ 

3. 3aKJIIOqeHHe 

B 3aKJIIO'I8lll18 HyJKHO rro,n-qepKHYTn, ':rTO KatJecTBeHHHli xapaKTep 3aBU
CllMOCTll LJ(r7 OT ':rllMa H8liTPOHOB B roi;pe ripaKTlf'ISCKH 0.I(HH H TOT JKe BO 
Bcex CJIY'IaHX, rrpe.n;cTaBJISHHHX B Ta6.mrn;ax 2 H 3. 

H3 Boero cKa3aHHoro Bblllle,o.n;HaKO,cJie.I(yeT, 'ITO B KO~SCTBSHHOM 
OTHomeHHH (a6co~THHe 3HatJeHHH ll TO':rHOCTn) pe3yJ11,TaTH .n;aHHOli pa60TH 
I!p9,I(CT~TCH HreJKHee, 'ISM ripllB8,D;9HHHe B .npyrmc OIITH'19CKHX pa6o
Tax / 3- 5 , / 9,12 • IIoeToMy Ha ocHOBaHHH pe3yJinTaTOB eToft pa60TH MOJK
HO .n;eJia.Tn orrpe.n;MeHHHe KO~eCTBSHHHe 3aKJIIO'I9Hl!H O HSKOTOp:WC R,D;epHHX 
rrapaMeTPax. 

KaK YKa3aHO B /r3/, CTaH,D;apTHHliCIIOC06 061:>HCHSHHH BKCIIepHMeH
TMnHHX 3HatJemti1: X3M9H8Hllli C~3P OCHOBHBaeTCH Ha .n;Byxrrapa.MeTPHtJSCKOli 
qJOPMYJie KallMnHOli MO,I(8Jm /I4~YlffiTimaI<Ill8li .n;eqiopMaqllll roi;pa. C llCIIQJll,-
30Balill8M xopcimo ll3B8CTHHX rrapaMeTpOB KBa,D;PYIIMDHOli .n;eqiop~ WIJl: 

H,D;ep-Gd /I5/ ll Ilpll IIOCTOmiHOM 3H8tJ8Hllll rrapaM8Tpa TOJilllIDill IIOB8PXHOCTHO
ro MOH (6=0,977 4M ~ 156Gd /I6/) rroJiyqeHH pactJBTHHe 3HatJeHHH 
A (r 27p,ui ( Ta6JI. 4). Bll.n;Ho, 'ITO pacxooui;eHH8 MeJK.n;y BKCII8pllM8HTMbHH
Mll ll paCtJ8THHMll 3HatJeHHHMH 60Jinmoe ll 3Ha':rllT9Jll,HO rrpeBHmaeT onm:6KH. 
ECJm,o.n;HaKO,ytJeCTn B03MOlitHH9 R3M9H9HllH .TOJllltRHH IIOB8PXHOCTHOro MOH 

·2 
B pacrrpe.n;eJieHRH aapH.D;a B roi;pe, MOJKHO corJiacOBaTn A(r i>pactJ c 
a(rJ BKC'7( TaM. 2). IloJiyq8HllH8 TaKHM CIIOC060M 3HatJeHHH rrapa.MeTPa 
TOJIJitmm IIOBepXHOCTHOro CJIOH b rrpHBe.n;eHH B TaM. 4. BR.n;Ho, 'ITO .n;8Jlte 
Ca.Moe 60Jll,IDOe pacxooui;eHne Melli,lly BKCII8pRMeHTMbHHMll ll pactJeTHHMH 
3HatJe1mm.m xaMeHeml:i1: CK3P, cocTaBJim!ll{ee 0,176 qiM2 ~ rra1H152 ,154Gd 
(cp.Ta6JI. 2 x Ta6JI. 4), MOJKHO YCTPaHRTD, H3MeHmi .b ~ 526d Boe
ro Ha f;'J 5%. 
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A 

I52 
I54 
I56 
I58 

Ta6.mma 4 
Ilapa.MeTpli .n;eqiopMaIJ;HH roi;pa, COOTB9TCTBYKIJ1He RM paaHOCTR 

z • 
CK3P A(r /'pac,:r. corJiacHo .n;Byxrrapa.MeTpll':recKoii qiopMyJte 
KarrMnHoil MO.n;eJIH n Heo6xo.n;RMHe 3Ha':reHHH rrapaMeTPa b 
T0.7IIIIHHH IIOBepXHOCTHOro CJIOH ~ corJia.COBaHID! Ll(r?pactJ 
C ~ <rz> BRCII • 

!3i 
A, A+2 b ~(r1,ac-q t qJM 

0.212(9) 0.622(39) I.021(7) 
0.3I04(20) 0.297(17) 0.993(3) 
0.3378(18) O.I96(I7) 0.977 - · 
0.3484(17) O.I59(I9) 0.969(3) 
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