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Ill 
B rrpe.Ubi.UYIIIeit pa6oTe aBTopoB B rrose.ueHJm HnoTHOCTH ypoBHeit uso-

TorroB N d 6hmo o6Hapy)KeHo, 'ITO rrapaMeTp rrnoTHOCTH ypoBHeit a cymecTBeH-

HO B03p8CT88T C 'IHCnOM H8HTpOHOB 0 IIpH'I~M 3H8'18HHSI a .UnSI TSl)K8nbiX H30-

TOIIOB H80.UHM8 OK838nHCb 3HaqHTenbHO Bbiiiie, qeM .UnR COCe.QHHX Raep C 

A .. 160 -+ 170, Dpu aTOM o6pamano Ha ce6SI BHHMBHHe To o6cToSITenbCTBo, 

'ITO aaHHbie IIO HeOaHMY COBM8CTHO C H3B8CTHbiMH lBHHbiMH anSI H30TOIIOB 

Sm H Gd o6pasyiOT saMeTHhiit MaKCHMYM B saBHCI.MOCTH a OT 8TOMHOI'O 

seca rrpH A .. 150, .UnR yTo'IHeHHSI sToit oco6eHHOCTH 38BHCHMOCTH a OT A 

HBMH 6bJnH IIpOB8.U8Hbl HCCneaOB8HHSI H30TOIIOB Gd , KOTOpb!e H8XOaSITCSI B 

coce.uHeit c Nd o6nacTH aTOMHbiX 11aep. .UnSI Gd HHenHCb HeKOTOpbie .uaR-

121 152 154 158 180 
Hbie o HeitTpoHHhiX pesoHaHcax , o.uHaKo anSI Gd, Gd, Gd H Gd 

CB8.U8HHSI 0 H8HTpOHHhlX pe30H8HC8X IIp8KTH'I8CKH OTC~TCTBOBanH, 

3KcaepHMeHT H peaynbTEJTbi 

EhmH nposeaeHbi H3MepeHHSI rrporrycKaHHSI H KpH BbiX Bhixoaa y -nyqeti: 

pa.uuauHoHHoro saxsaTa Heti:TpoHoB anSI Bcex nsoToncB raaonHHHSI: 
152 Gd, 

154 ·Gd, us Gd, 158 Gd, 157 Gd, 151 - Gd . 06I tt3Uhi npnroToBnSinHCb 
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H3 OKHCH rauonHHH51 fi HMenH Bee OT 3 ( 
152 Gd) LIO 75 r H o6oraUI€HH€ OT 

36% ( 
152 

Gd) uo 98%. Pa3peUieHHe 6 10 I B H3M€p€HH51X nponycK8HH51 binO HC€K M, 

6 I 15 5 d 15 7 Gd 
B H3MepeHH51X pauHaUIOHHoro 3axBaTa HceK M Lin51 G 1 H 

20 HCeKIM Lln51 'I~THb X H30TOnOB, J1cnonb30BanHCb T€ )!(€ M€TOLlbl H3M€p€HH51 

I 1131 
H o6pa60TKH L18HHbiX1 'ITO H B np€LlbiLlyUIHX pa60T8X • 

11,31 
J13M€ p€HH51 npOB, lLlHni!Cb C TOli )!(€ Ll€T€KTOpHOH annapaTypoli, 'ITO I! B 

38 HCKniD'I€HH€M H3M€p€HHli p8LlH8UHOHHOI'O 38XB8T8 !55 Gd 
I! 

157 
Gd KOT0-1 

phi€ 6binH npoBeLieHbi Ha ueTeKTope H3 4 KpHcTannoB N a I ( pa3MepoM 100 x 

X JOQ MM K8)1(LlbiH) o 

ITapaMeTphl HeiTpOHHhlX pe3oHaHcoB onpeuen51nHCb MeTOLIOM nnoUiaueli 

( B cnyqae H€06XOLli!M )CTH yiiHTbiBanaCb I!HTep<jJepeHUH51 M€)1(LlY nOT9HUH8nbHblM 

H peaoHaHCHbiM pacce51HHeM)o PauHaUHOHHbie UIHPHHhi ung 152 Gd 1 
154 Gd 1 

155 
Gdl 

157 
Gd 6hinH r onyqeHbi npH coBMeCTHoii o6pa6oTKe uaHHbiX no nponyc-

K8HHID H paLIH8UHOHHOMY 38XB8Ty H3 COOTHOUI9HH51 r =r- r Y n 

r -=r-211r Y n 
Lin51 He'I~THbiX 1!3oTonoB) o iln51 

156 Gd1 

158 Gd1 

160 Gd paLIHa-

UHOHHbl€ li!HpHHbl 6birlH H8HL1€Hbl Lln51 p€30H8HCOB 0 y KOTOpbiX rn >> ry , H€

/J/ 
noCp€LlCTB9HHO 1!3 Kpi!HbiX p8Lli!8UI!OHHOI'O 38XB8T8 H€liTpOHOB Llnll 3TI!X 1130TOIIOB 

Ha pHcyHKax 1 2 npHB€LI€Hbi ocHoBHbie 3KcnepHMeHTanbHbie LiaHHbie no 

H3MepeHHID nponycKaHH51 H paLIHauHOHHoro 3axBaTa H30TonoB Gd. 

ITonyqe IHbie napaMeTpbi HeiiTpoHHbiX pe3oHaHCOB H30TonoB npeu-

CT8Bn€Hbl B Ta6no 1 - 3o 8 Ta6n. 4 npHB€L19Hbl Cp€LIHH€ napaMeTpbl H30TO-

noB Gd : paccT051HHe M9)1(L1Y ypoBH5JMH D 1 CHnoBa51 <jJyHKUH51 S 
0 

H cpeu-

H51st p8LIH8UHOHH851 UillpHHa r y . ITpH Bbl'IHCneHHH D I! IIpHHHManHCb 

BO BHHM8HH€ p€30H8J 1Cbl 0 pacnonO)I(9HHbl€ H8 nHHeliHbiX yqacTK8X 38BI!CHMOCTH 

'IHCna p€30H8HCOB or 3HeprHH H€HTpOHOBo s 0 nony'I9Hbl M€TOLlOM H8H-
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/4/ 
6onbmero rrpasaorroao6HH a T8K)Ke KBK 

cny~ae YKB38Hhl OlliH6KH AS .. ..;~s 
0 11 0 

s 
/5/ 

B rrocneaaeM 

II - ~Hcno pe30H8HCOB). 

CneayeT saMeTHTb, ~To saa~eHHH aeaTpoHHbiX IJrHpHH cna6biX yposaea, 

Ha6moaaeMbiX B ~~THbiX H30TOIT8X0 rrony~eHbl HB OCHOB€ KpHBbiX p8AH8UHOHHOrO 

38XB8Ta. IlpearronaraH 3Ha~eHHe r y paBHbiM cpeAHeM:' 3Ha~eHHIO paAHBUHOH-

HOH lliHpHHbl Ami ABHHOrO H30TOIT8\ ITpH r n << ry , MO)KJ:O H3 3HB'!eHHH ..s A r 
HBHTH r 

n 
B aTOM cny~ae, KBK H B cny~ae orrpeae IeHHH r y H3 ABHHb!X 

no pBAHBUHOHHOMY 38XBaTy, OlliH6KH B r n H r y o6y:::noaneHbl HeorrpeaeneH-

HOCTbiO KanH6pOBKH ITOTOKB HeaTpOHOB H a(j>(j>eKTHBHOC rH (II , y)- AeTeKTOpa, 

KOTOpaH OUeHHBBeTCH HBMH B 15%. 3Ha'!eHHH grn l.nH pe30H8HCOB 155 Gd 

c E >70 n 
9B H 157 Gd c En >.230 T8K)Ke HBll:AeHbl H3 OCHOBe KpHBbiX paAH-

BUHOHHOrO 38XB8T8 0 TOnbKO B 9TOM cny~ae KBnH6pOBJ:a KpHBoa IIpOBOAHnBCb 

no C06CTBeHHbiM pe30H8HC8M 0 rrapaMeTpb! KOTOpbiX 6bJ. IH orrpeaeneHbl H3 ABH-

A~ Hb!X ITO IIpOIIyCKBHHIOo IlpHH9TOM HeTO~HOCTb onpeaene IHH BenH~HH --r-
H3-38 HeorrpeaeneHHOCTH ~eKTHBHOCTH AeTeKTopa H ITOTOKa He rrpeBbilliana 

10%. 

ilnH IIpoBepKH rrpaBHnbHOCTH OIIpeaeneHHH H30TOHH~eCKOll: IIpHHBAne)KHO-

CTH pe30H8HCOB 0 Ha6niOA8eMbiX H3 9KCIIepHMeHTanbHbi:: KpHBbiX AnH o6p83UOB 

152 Gd 
H 

154 
Gd, 6bmH nposeaeHbi H3MepeHHH p9liHBUHOHHoro aaxBaTa 

o6paauoB 
152 Sm H 

154 
Sm , TaK KaK B o6paauax I 52 I id H B03MO)I{Hbi 

6binH rrpHM9CH CBMBPHH. 06pa3Ubl 
152 Sm 154 

H Sm Ht.:enH xopomee o6orame-

HH9 ( 98%), IT09TOMY C HCITOnb30B8HHeM H3BeCTHbiX AB, IHbiX 0 p930H8HCBX He-

/2/ -
~eTHbiX H30TOIIQB Sm MO)KHO 6binO AOCT8TO~HO Hal{e)KHO Bbl,((enHTb pe-

152 5 
aoHaHChi, rrpHaaane*amHe Sm, 1 4 

Sm • Ilepe~eHb aaeprHll: Ha6n10aaeMbiX 

pe30HBHCOB 152 Sm H 154 Sm aaa B Ta6n. 5. B Ta6n. 4 rrpHBeaeHbi 

aall:aeHHbie aHa~eHHH cpeaaero paccToHHHH Me)KJ:Iy p•~aoaaacaMH ansr 152 Sm 
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H 
154 Sm . ITpHaaane>!.HOCTh peaoaaaca 8,00 9B K 

152 
Gd Bbi3hiBaeT coMHeHHe. 

IT pH 9TOti 9HeprHI1 11M eeTCSI CHllhHhiA pe30H8HC y 1 s2 Sm , H H8M H3B9CTHO 

Sm B o6paaue 152 Gd cocTaBnHna •1%. TaKaH 

npHMeCh Sm, Morn1• 6bi naTb aHa'ieHHe IIllOlll8JlH pe30H8H8Ca 8,00 9B 

B o6paaue 

npHMeCb -

152 Gd A 

to. ) 9KCIT. = 7 • 5 ~( ~ ) ,= 5,0, ecnH BCH 

152 Sm). ::>nHaKo no HBlllHM aaHHhiM 113 113MepeHHA nponycKaHHSI 

r. 
11 paJli18UI10HHOrO 38XBilT8 nony'IHllOCb, 'ITO OTHOlll91f119( __::_t__) =0,49±..0,07, 

r r 9KCn, 
152 /2/ y 

B TO BpeMSI KaK JlllH Sm no JlBHHbiM -y:;- = 0,35±..0,05, 3To aacTaa ..... 

llSieT H8C JlYM8Th, 'iT) y ts2 Gd B03MO:l!Oi0 cymeCTBOB8HHe pe30H8HC8 C 

9HeprHeA 8,00 9B, YTJ KaCaeTCSI pe30H8HC8 185 9B 0 9HeprHH KOToporo COB-

naaaeT c sHeprHeA pf aoHaHca, HMelOlllerocH y 1 
S2 Sm , TO oH, aecoMHeHHO, 

npHH8Jllle )I{HT 
152 Gd, TaK KaK B H3MepeHHSIX c lS

2 
Gd He H86lll0Jl810TCSI 

6onee CHllhHhie peaoH9HChi 
152 Sm npH 87,7 11 153,7 sB, 

AaanH3 pacnpeDeneHHA npHBeneHHbiX HeATpOHHhiX mHpHH anSI Ka)l{noro 

H30TOna rBJlOllHHHSI nCK838ll 0 'ITO BO BCeX CllY'IBSIX, KpoMe 
155 

Gd , 11MeeTCSI 

ynoBneTBopHTellbHOe cornacHe c pacnpeneneHHeM ITopTepa-ToMaca, ecnH 

1S5 
nonycTHTh nponycK :2-4 cna6biX ypoBHeA. Y Gd , ecnH aHanH3HpoBaTh 

aeATpOHHbie lllHpHHbl pe30H8HCOB, paCITOllO)I{eHHbiX B o6naCTH HH)I{e 150 9B0 

Ha6n10naeTcS1 B pacnpeneneHHH 3HB'IHTenhHBSI aenocTa'la cna6biX peaoHaHcoB 

• 15 ypoBHeA). B ro )1{9 apeMSI (pHc, 3) aapacTaHHe 'IHCna peaoaaacoa 

Ha aToM y'laCTKe npH6nH3HTellhHO llHHeAHo c sHeprHeA HeATpoHoB. MMeeTCSI 

TOllbKO 38M9TH09 II8Jl9HH9 H86lllOll89MOrO 'IHCll8 pe30H8HCOB Ha HHT9pBane 

55-80 9B, ITO-BHJlHMOMy, B Cnyqae us Gel, KpoMe nponycKa cna6biX ypoB-

HeA, Ha6lllOll8eMbiA CII€ KTp HeATpOHHbiX pe30H8HCOB HCK8)1{9H TeM, 'ITO H9KO'I'Opble 

llYIIll9Tbl npHHSITbl 38 OllHH p930H8HC H3-38 H9ll0CT8TO'IHOCTH pa3p9lll9HHSI H 

Manoro cpenHero paccTOSIHHSI Me)l{lly ypoBHSIMH ( D • 1,8 sB), 
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HaoTOIThi Gd TaK )l(e, KaK H H30TOI1hi N d, pac rrono)l(eHbi s o6nacTH 

A • 150, 06pamaeT H8 ce6H BHHM8HHe 11p9)1(Lt9 Bcero TO o6CTOS!TenbCTBO, 

'iTO B 8TOtl: o6naCTH H8'iHH89TCSI 38110nHeHHe HOBOtl: l eR:TpOHHOtl: o6onO'iKH 

( rrocne N = 82). Xopomo H3BeCTHO, 'iTO rrpH 'l:Hcnax He tl:TpoHOB 88-90 rrpo-

HCXOliHT CK8'1KOO~p83Hbltl: rrepexOLt OT clf>epH'i9CKOtl: lf>opMbl S!llp8 K annHIICOHll8nb-

HOt!:, T,e, yqaCTOK B patl:OHe A • 150 COOTBeTCTByeT Ha~any o6naCTH aelf>opMH-

posaHHhiX Haep. CTaTHCTH'iecKaH Moaenb HLtpa aaeT cneayiOruee Bhipa)l(eHHe 

LtnSI IInOTHOCTH S!LtepHb!X ypOBHetl:: 

2 J + 1 
p(U,J)=---------~------

- 1 s/4 
24 y' 2 a 1 4 U u 

3necb 

6 
u2 "'--- < m 2 

2 

" 

a/2 
exp[2(aU) 

(J + 1/2) 2 
----]. 

(I) 

( 2) 

<m 2>~ cpeliHHtl: KB8Ltp8T 11p09KUHH MOM9HTOB HyKnOHO:~ B6nH3H 110B9pXHOCTH 

U - 8HeprHH B036y)l(£t9HHSI S!Ltpa; 

(3) 
U "" B n - AP - A n , 

8HeprHH CBSI3H Hetl:TpOH8 1 

aHeprHH C118pHB8HHSI 11pOTOHOB HnH Hetl:TpOHOB, 

7 



B Ta6n. 4 npuse leHbi 3HaqeauSI napaMeTpa nnoTHOCTU yposaei% a, BbJquc-

neHHbie flO <jJopMynaM ( 1) - ( 3) U3 Ha6moAaeMbiX cpeAHHX paCCTOSIHHi% Me )KAY 

ypOBHS!MH. npH 3TOM B KaqecTBe < m 2 > 6bin8 ITpHHS!Ta oueHK8 <m 2 >= 0,24 
l 

/6/ 
KOTOpaSI, KSK ITOK838HC B pa6oTe , 6onee 060CHOB8HH8 1 qeM paHee IIpUHUMSB-

2 2/3 
( < m >'= 0, 1"6 A ) • WSSICSI 

Ha pH c. 4 rroKa:: aaa aKcrrepHMeHTanbHaSI 38BUCHMOCTb rrapaMeTpa a oT 

aToMHoro seca. Kpec rHKaMH OTMeqehbi 3HaqeHHSI a , nonyqeHHbie aBTopaMH 

rrepeC'I{HT8Hbl C 
2/s 

< m 2 > = 0,24 A ) , Kpy)I(KH -(AnSI scex SIAep a 

/6/ 
LlBHHbie pa60Tbl • 11.:: puc. 4 BHAH0 1 'I{TO B pai%oae A"' 150 UMeeTCSI MSKCUMyM. 

EcnH B aei%CTBHTenbH )CTH yq~T rrapHoro B3aHMo.o.ei%CTBHSI HyKnoHoB rrpH Bbi

/7/ 
'I{HCneHUH U ( f1 6b!J IH B3S!Tbl H3 pa60Tbl ) , ITpHMeHSieMbii% B OITHCbiBSeMOM 

ITOJJ.XOJJ.e 8H8nH38 ITnorHOCTH ypOBHei%, SIBnSieTCSI KOppeKTHbiM, TO rrpeJJ.CT8B-

nSieT UHTepec aa6mo.o.HeMbii% if>aKT ysenHqeauSI a (rrapaMeTp a rrporropuuo-

HaneH OJJ.H0'1{8CTH'I{HOi% ITnOTHOCTH B6nH3H ITOBepXHOCTH ~epMH). nocKOnbKY B 

aaHHOM cnyqae uaeT peqb o6 o6nacTH rrepexoaa oT cif>epHqecKHX SI.o.ep K .o.e-

if>opMHpOB8HHbiM, TO I ITOnHe ecTeCTBeHHO rrpeJJ.ITOnO)I(HTb, 'I{ TO pe3KOe U3MeHe-

HHe if>opMbl S!Llep IT pUB• >LlHT K TSKOMY rrepepacrrpeueneHUIO OAH0'1{8CTU'I{HbiX ypoB-

Hei% B6nH3H ITOBepXHO< :TU ~epMU, KOTOpoe Bbl3b!B ae•r ysenuqeHHe OJJ.H0'1{8CTH'I{-

HOi% ITnOTHOCTH, a CnEJJ.OBaTenbHO, H ysenHqeHHe rrapaMeTpa a. ( Bonee rro.o.-

po6HO 3TOT BOITpOC 6;•.o.eT 06Cy)I(JJ.eH B JJ.pyroA pa6oTe). 

HaA.o.eHHbie 3Ha'IeHUSI cHnosol% if>YHKUHH S 
0 

xopowo cornacyroTCSI c H3-

secTHbiMH .o.aHHbiMH .tnSI .o.pyrHx HJJ.ep B aToA o6nacTH aTOMHbiX secos. Ha 

puc. 5 rrpeACTaBneHbl ASHHbie 0 CHnOBOA if>yHKUHH B peJJ.K03eMenbHOil: o6naCTHo 

Kpy)I(KU - pe3ynbTaTbi rronyqeHHbie aBTopaMH, TpeyronbHHKH-3HaqeHHBS
0 

,B3SITbie 

/5/ 
H3 pa60Tbl o Ha 3T<•M )l(e pucyHKe CITnOWHOil: KpHBOi% ITOK838HO TeopeTH'I{eCKOe 
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3Ha'leHHe CHnOBOti !flyHKUHH, Bbl'IHCneHHOe .QnSI KOMIIl eKCHOI'O IIOTeHuHana C 

llH!fl!fly3HbiM KpaeM C Y'I~TOM BH6paUHOHHOI'O H BpamaTE nhHOI'O .QBH)KeHHA ( KpH

/8/ 
BaSI B3SITa H3 pa60Tbl nHHHa ) • no-BH.QHMOMY, 9TO HaH6onee COI'naCyJOma-

SICS! C 8KCIIepHMeHTanbHbiMH JlaHHbiMH TeopeTH'IeCKaSI C ueHKa CHnOBOH !flyHKUHH. 

113 pHCYHKa BHJ1H0 0 'ITO 9KCIIepHMeHTanbHbie .QaHHbie f!a.Qe)KHO yKa3biBa10T Ha 

cymecTsosaaHe MaKCHMyMa So rrpH A = 145, 'ITO K.tCaeTCSI BToporo M8KCH-

MyMa IIpH A = 180, o6bi'IHO rronyqaeMoro 11:3 pacq~TOE ITO OIITH'IeCKOt\ MO.QenH, 

TO 8KCIIepHMeHT8nbHbie .QaHHbie IIOKa3biBaJOT, 'ITO ecnH 9TOT MaKCHMYM H 

cymeCTByeT, TO OH HaMHOI'O cna6ee, '!eM MaKCHMYM II]lH A 145. Borrpoc o 

B03MO)KHOM cymeCTBOBaHHH JlOIIOnHHTenbHOI'O MaKCHMy VIa B SO II pH A = 165 

OCTaeTCSI OTKpb!TbiM! OmH6KH 3Ha'leHHH CHnOBOH !flyHKllHH HaCTOnbKO BenHKH, 

'ITO HeB03MO)KH0 cnenaTb Ha 9TOT C'I~T orrpeaeneHHbl3 Bb!BO.Qblo 

B 3aKnJO'IeHHe aBTOpbi Bbipa)KaJOT CBOJO rrpH3Ha"enbHOCTb A.TacKaeBy, 

M.llaHHnosy H 11.lllenoHueBy, oKa3aBmHM 3Ha'IHTenhHy:o rroMOlUb B rrpoBe.Qe-

HHH pa60Tblo 

flHTepaTypa 
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6 

P1iC.2a,6. 3.taucuMoCTb ct.teTa (n,y)- nereKTopa oT speMeHH nponeTa an~ 
"" Gd ( 3) H 

104
Gd (6). 
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PHC.2lK. 3aBHCHMOCTb cqeTa (n , yl -.QeTeKTopa OT apeMeHH nponeTa .QnH 
I«<Gd • 
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PHc, 3, 3aBHCHM<•CTb 'IHCna pe30H8HCOB OT aaeprHH HeftTpoaa Jlnll 
155

Gd. 
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150 200 .A 

PHc, 4, 3aBHCHMOCTb napaMeTpa a oT aToM"9!;-9 aeca, Kp ~CTHKH - JlBHHbie 

8BTOpOB 1 Kpy>KKH - JlBHHbie H3 pa6oTbl , 
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JO-3 ,...--.,--,- ~-r--r--.----,--r~-- r----r---r--r---"T--,----,r--.---.,---, 

s. 

PH c. 5. 3aBHCHMO• :Tb CHJIOBOli ljlyHKUHH s -ueliTpOHOB oT aTOMHoro eeca 

B pellK03E MeJibHOl! o6naCT~j<PYli<KH - Jl8HHble 8BTOpOB, TpeyrOJib-

HHKH - IlE HHble 113 pa60Tbl o 
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Ta6nHua I 

napaMeTpbi pe30H8HCOB \f.eTHbiX H30TOnOB f'BllOnHHHQ 

E0 ,aB r . M3B rn , M<IB r r , 13B r: 
... 

Gel 

8,00.:t0,02 <5,0 < 1,8 
12,35j:0,04 2,2.:t0,2 0,62j;0,06 
36 ,86.±0 ,05 I40.:tiO 84..:!:6 56.:t12 13,8.±1,0 
39,3.:t0 1 I 97.:t17 39.±3 5b.±17 6 ,2j:() ,5 

42, 7.:t0 1 1 3,1.:t0,6 0,47.:t0,09 
74,3_±0,2 I02.:t15 55.:tl3 47.:t20 6,4j:l,5 
85,I.i;0,2 3,6.:t0,6 0,39.:t0,06 
92,4±0,2 2I2;t38 160,:!:37 16,6.±3,8 
100,0;t0,4 (9,0) (0;9) 

124,0.±0,4 (8,0) (0,7) 
140,4,±0,4 I70.:t17 I24.:tl6 46.:t24 ro;s.:ti,3 
185,2.±0,6 I67;t27 I05.;t30 62.±40 7' 7.:t2,2 
Z02.:ti 200,:!:40 14.:t3 
223.±1 300.±100 20.:!:6 
231.±1 IOO;t40 6,6.:!:2,6 
238.±1 
252.±1,5 
293.:1:1,5 

... Gel 

II,49.:t0,04 0 '34,:t0. 08 O,IO.:t0,03 
22,4j:0,1 I~.:t2 2,7.:t0,4 
47 10.±0,1 . 4,5.:t0,9 0,66.:t0,13 
49,5.±0,1 2,4.±0 ,4 0,34.±0,06 
65,0.±0,1 93.;tl4 36,5.,t4,2 57.;tl5 4,5,t0,5 
100,5,±0,2 I44_t50 43.:1:7' IOO.;t50 4,3.±0, 7 
105,6.±0,2 7 ;?.:ti,8 0,75.:t0,20 

J23,8,±0,3 I30.:t23 I2.:t2 
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w 

139,3;t0,3 I25;t32. ll;t3 
148,0f0,4 50;t12 4,.2;:ti,O 
164,9f0,5 18 ~.:J:I3 120.:J:8 69;t15 . 9,S.±CJ,6 
2II,:t0;7 43,!6 3 ,o_±o ,5 
224,±0,8 2.7.±7 1,8.±0,5 

... Gd 

33,12j:0,04 8633 14;t2 72;t14 2,4,:t0,3 
80,2,:t0,2 79,:t8 8 ,8.±Q,9 
150,1j:0,4 42.±5 3,4j:0,4 
198,1;t0,5 275;t33 19 ,5;t2,3 
201,6.±0,5 17;t5 1,2j:0,4 
244 ,O.:J:O, 7 3,I;t0,5 0 ,20.±0 ,03 
340;t1" (20) (1;1) 
377±1 2.26;t23 II,6,:t1,2 
.452,±1 II6.±35 5,5;t1,6 
477±1,2 120_±40 5,5_±1,7 
515.±1 ,5 145.±43 6,4f1,9 
707±2 (420) (15,8) 
?14.±2 (420) (15,7) 
73z_t2,2 300;t100 70;t14 12,:t4 
796.±2,5 94j:32 3,3;ti,1 
8.23.±3 1000;t300 94;t15 35;t10 
845.±3 350;t120 97.±20 12±4 
856.±3 21;t3 0, 72.±0 ,IO 
900.±3 390;t140 79;t16 13;t5. 
982±3,5 185±58 5,9;t1,8 
1035;t4 30,!6 0,94,:t0,19 
1054,±4 50±10 1,5;t0,3 
1094,:t4 15±3 0,45;t0,09 
II43.f4,5 900;t200 l.7.:J:6 
II54f4,5 
II85f5 230,:t70 6,7,:t2,0 
1.239,±5 

1254_±5 
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I318;,t6 
(59) (1,6) 

1539.±6 
(60) 

(1,6) 

1592.±6 
I70;,t40 4,6_t1,I 

I427;,t6 .i!:05;,t55 5 ,4.±1,4 

I49I;,t7 
15II:.t7 
I550:.t7 

I&B Gel 

22 ,3;,tO,I 98;,tl3 6,1;,t0,6 92,:ti3 L ,l9:,t0 113 

I01,0;,t0,4 0,8;,t0,2 0 ,08;,t0 ,02 

243,0;,t0,5 68;,t6 
4,4;t0 ,4 

278,0.±0,5 24±4 
~ ,4;,t0 ,2 

345;,t0,7 194;,t50 10,4;,t216 

409;,t1 343;,t57 88;,t17 17:.t3. 

505;,t1,2 334.±43 80,:t16 15:.t2 

589±1,6 84;,tl6 3,5;,t1,1 

694.±2 
740;,t100 90;,t14 28;,t4 

848.±3 
1810;,t150 109;,t15 62.±5 

921.±3 
508;,t150 75;,t15 17.±5 

1074;,t4 300.±150 9;,t4 

1225.±5 
II60;,t190 33,:t5 

1299.±5 
660,:tl80 18.±5 

1356.±6 
cna6bll& 

1436.±6 
620;,ti50 16,:t4 

1460.±7 980.±210 26.±6 

1554;,t7 390.±120 10.±3 

1655.±8 
cna(h.lli 

1742:.t9 
. (200) (4,8) 

1794±9 
(200) (4,8) 

1880±10 160,:t50 3 ,8,!1 ,2 

1952.±10 850;,t250 19;,t6 

20ll;,t10 940;,t250 l1.±6 

2Il8,:i:II cnadbl~ 
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2250±12 (ISO) (3) 

2338j;I2 440±300 9_±6 

••o Gd 

222,0±0,5 60.:tiO 4,0.:!:0,7 
447.:tl" 4,6.:!:0, 7 0,22.:!:0,04 

480.:ti,2 370j:40 17.:tl 1 7 
570.:ti,5 6.:ti 0,25.:!:0104 
750.±2 5.±1 GJ 1 18.±0 1 04 
903.±3 4440.:t340 105.:t15 148.:tl2 
984.±4 4,6.:t017 0,14.:t0,03 

I243.:t5 3000.:t500 9I.:ti4 85±14 
1425.±5 II20.f360 98.£15 50.£9 
1694.±8 (15) (0;36) 

1812.±9 8000.:t700 l88.:t16 
1964.±10 330.:t240 (7;5} 

2283,±12 I3IO.:t280 27,!6 

2405.:ti3 3600.:t400 73.±8 
2525.:t15· 3600.±480 71.±10 
2656.:ti5 2870.±480 56.±19 
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Ta6nuua 2 

napaMeTpbl pe30HBHCOB 155Gd 

:&Oi,aB r , USB ,r • ' USB r y ~ lo!SB 2,r: 

6,l8.±0,02 1U.±I3 1,14,±0,09 120.±13 0,91.±0,0 'l 

7,7I.f0,02 85.±16 0,68.±0,II 85.±!6 0,49±0,08 
9,%.f0,03 0,097.±0,008 0,060.±0,006 
II ,49.±0 ,04 O,I9.f0,02 O,II.f0,01 
II ,99.f0,04 0,51.f0,03 O,l9j0,02 
14,48.±0,05 I 1 3.±0 ,I _0,68.f0,05 
17. 70.±0. 06 0,24,±0,02 O,II.fO,OI 
I9,87.f0,06 II6.±I6 3 ,O,tO ,3 IIGJ.±I6 1,34.:£0,13 
20,%.f0,06 97.tiB 10,9.±I,3 75.±19 4,8.±0,6 
23,60.±0,04 I ,5.±0 ,2 0,62.:!:0,08 
27,48z0,04 0,41.±0,03 O,I6.fO,OI 
29,50j:0,05 I3I.:t6I 3,5j:0,4 124.;!:61 I,28,!0,I6 
30,03j:0,05 I04.±38 8,9j:I,6 87.±39 3,25.:!:0,58 
3I ,64.±0 ,05 0,78.±0,I5 0,28.±0 ,04 
33,14.±0,06 (0,6) (O,II) 
34,68.f0,06 2,3j:0,2 0 '78.±0 ,07 
35,36.±0,06 I ,2.:J:O ,2 0 ,40.:!:0 ,07 
36 ,83.±0 ,07 94.±14 4 ,O_:t0,4 86.:tl5 1,32.±0,!3 

38,89.±0,08 0,72_:t0,08 0,23.±0,03 

43,82.±0,09 8,4j:l,O 2,53.±0,30 
4S ,94.;!:0 ,09 1,6_±0,2 0,47.±0,06 
46,74.f0,09 107.±39 3, 7j:0,4 IOO.:t39 1,08_±0,12 
47,56.f0,1 0,24.±0,03 0 '70.:!:0 ,09 
5I,23j:O,I IO.±I. 2, 79.±0,28 
5I,9j:O,I • ll0j:56 9,5,!1,3 100.±56 2,64_±0,36 
52,8.±0,1 (0;9) (0,25) 
53,6.;!:0,1 6,0j:0,5 I,64zO,I4 
56,0zO;I I ,3.±0 ,2 0,35_±0,05 
59,2.±0,1 I68z55 4,3.±0 ,5 I ,II.±O, I3 
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62, 7j:0,2 I7::±50 5,4j:0,6 . I,36j:O,I5 
65,0±0,2 0,60j:O,IO O,I5j;0,03 
69,4_±0,I 3,9j:0,4 0,94±0,!0 
76,8j;O,I I,Oj;0,5 0,23j;O,II 
78, 7.±0,I 3 ,Ij;O ,9 0,70.:!;0,20 
80,0j;O,I 2,2,±0,2 0,49_±0,05 
80,6.±0 ,I 1,4,!0,2 0,3I,!0,05 
83 19.±0 ,I 4,1,!1,0 ·0,89,:!;0,22 
84,8j:O,I 1,2.±0 ,2 0,26_±0,04 
90,4.:!;0,1 0 ,67.:t0 ,07 0,14.±0,02 
92,3j:O,I I,7j:0,2 0 ,36.±0 ,04 
92,7.±0,1 2, 7j:0,4 0,55.±0,07 
95,6j:O,I 2,6.±0,3 0 ,53.±0 ,05 
96,3j;O,I 2,6.±0 ,3 0,53.:!;0,06 
98,2.±0,2 7,2j;O,I 1,45.±0,20 
IOO,l.:t0,2 0,83j:0,08 0,17.±0,02 
101,3' 2,8j:0,7 0,56.±0,14 
IOZ,O (0,85) (0 ,17) 
104,3 3 ~6.:!:0 ,4 o; 7I.:t0,08 
105,8 2 ,4.±0 ,2 0,46.:!;0,05 
107,0 4,lj;0,4 0, 79.±0,08 
109,5 I ,8.±0 ,2 0,35.±0,04 
II2,3 6,Ij:O, 7 I,I5j:O,I4 
II3, 7 8,9j:l,2 1,67.±0,23 
II6,4 6,0j:0,8 I, IIj;O ,16 
II8,5 0,83j:0,09 I,~.±O,I7 

123,3 23.;!:4 4,15.:!;0,72 
124,3 4,5j:0,5 0,8l,±0,09 
125,9 7,8.±1,0 I,4j:0,2 
129,8 (I~7) (0,30) 
130,7 I9.:t3 3,3.;!:0,5 
132,9 I,3j:0,2 0 ,22.;!:0 ,03 
133,7 I,Oj:O,I5 O,I7j;0,03 
134,7 .::o;o7 < O,OI 
I37,7j:0,2 I 1 5.:t0 1 2 0,25j:0,04 
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:J 

145,5±0,3 ::;.~±0,4 0 165±J,U7 
146,8±0,3 1,7±0,3 u,..:b.±U,U4 
148,2.±0,3 I, 7.±0, 5 U,.c:~_±U,U1 f 

149,6 (13,4) (2,2) 
150,0 (l4) (2,3) 
152,2 ~.9.±0 ,4 LJ,•t'I.±0 1U7 
IS6,2 1+ 1 7_±0 ,? o, 7).±0 ,II 
160,0 7,7±0,8 I' 12_±0 I L:: 
161,6 9,)±1,2 1,).±0,2 
rc,8 ,I 12._±1 15 I,8±u,2 
170,3 5,4±0,6 0 ,b)_±J 112 
171,3 5','+_±0,8 O,b.:5.±0,12 
173,4 21±3 3,5.±0,) 
177 ,9.±0,3 3,3.±0,5 0 ,50.±0 ,08 
180,2.±0,4 5,1.±0,8 0,76.±0,12 
183,2 3 ,5.±0 ,5 0,52±0,07 
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Ta6nHua 3 

lap8M8Tpb1 f1e3QH8HCOB l 51 Gd 

Eu, 3D r ' t<3B g! n , :.13B !y, MJB 2g!: 
~ 

{; If ----s-
I6,I7±0,06 (0,21) ~0,1,)) 

I6,77t-0,06 9'1;tiO 8,0±0,7 81.±l0 :5' :::J.±O' .5 
20,49..±0,03 9'7j;20 ?.±I 8.5.±20 .5 ,.J._:i:O •'~ 
2.5,2.5.±0,04 0,.5U.±Ll,US O,U.±J,v2 
25,.5.5±0,04 77;tl3 I 03+0 09 ' - ' 75±1.5 O,H.±I),04 

40,06.±0,uo 0 '45.±0 '03 0,14.:i:O,OI 
44, 07.±0 ,O:J 10l±I9 5 ,5.±0,9 89±19 1,7.±0,.5 
48,7.±0,1 II'i±Il 17,8.±1,2 8L.±L2 5,1.±0,3 

58' 13.±0' I3 I25±II 23,I.±I,S 79.±12 6,0.±0,4 

66 '44.±0 '16 4,7±\),5 I ,l_:tO,I 

ar ,2.±0 ,r 6,4_:t0,8 1,4_±0 ,2 
82,0 3,7.±0,5 0,82_:tll,J.I 
87,0 I91±SS 4,4.±0,6 173.±65 0,94±0,1.5 
96,5.±0,1 97j26 8,0±1,0 81±26 I,o.:t0,2 
100,0.±0,2 I2'i±I8 19.±3 89.:ti9 ),8_:t0,5 
104,8 18.±3 3' ~±0 ,6 
107,:5 5,8.±0,4 I ,1~±0 ,08 
108,9 (0,3) (0,06) 
IIO,O 141±19 a.±4 83.:t21 5,5.±0,8 
115,2 15C±75 10.±2 130.±75 1,9±0,4 
120,7 26t±21 92.±7 84.±24 16,7.±1,2 
137,9 29±6 5,0±1,0 
138,8.±0,2 (3,8.±0,4) 0,64.±0,07 

I43,7_:i:0,3 40j;4 6,7_:t0,7 

148,3 9.±2 1,5_:t0,5 

I56,Lf II.:t2 1,8±0,.5 
164,8 I2±3 2,0_:t0,5 
168,2 (0,86) (0,13) 
I69,5 (1,0) (0,15) 

I7I,3.:t0,3 19±3 2,9_:t0,5 
178,6.±0,4 10.±2 I ,5.:tU,:> 

I82,9 10.±2 1,5±0,5 

28 



190,6 9.:t<! l,3.:J:0,3 
!94,4 l8.:t5 4,0.:J:0,7 
l02,8 3,6.:J:0,5 U,':iO.:J:O,J7 
205,2 (0,6lji.J,U9) (0,08j-U ,OI) 
L07,7.:t0 1 4 2I9.:tl8 75.:tiO 69..±2.5 10,4..±1,4 
217 ,2..±0,5 3,0.:J:0,5 O,lfl..±O,U4 
221,1 1,':i.:J:0,3 0,20.±0,04 
2l8,3.:t0,5 4,l.:J:0,6 0,54.:J:0,08 
239,2.:t0,6 2Lf3.:J:Id 95.:tiO 53.:t30 12,3.±1,3 
246,4 5,8.:J:0,6 0 '74-tU 08 ' - ' 250,2 2,I.:J:0,3 IJ ,27..±0 ,04 
255,0 I ,4.±0 ,2 u,I7.:t0,03 
260,1 8,2.:J:1,0 1,0.:J:O,I 
265,8..±0,6 4..±0;4 0,49.:J:U,05 
268,2.±0,7 6; 5j0 ,9 i..J,oO_:i:J,II 
281,8 24..±4 Z,o.:J:O,':i 
287,6 8,9.:J:I,O 1,0..±0,1 
290,8.:J:0,7 25.:t3 ~.9.±0,4 

293,7..±0,8 n.±3 2,7.:J:0,4 
300,9 20.±5 l,5.±0,6 
306 ,4.±0 ,8 1,8.±0,3 O,ZO.:tO ,03 
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