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. ~'· 

BseAeHHe 

DannaH pa6oTa HBnHeTCH npoAon~enHeM nccneAosannA neATpOHHbiX 

pe30H8HCOB H30TOfiOB peAK03eMenbHbiX HAep 1 npOBOAHBWHXCH 8BTOpaMH B 

Te'lenue necKonbKHX neT na neATpOHHOM cneKTpOMeTpe na6opaTOpHH neATpon-
.. . /1 2/ 

noA !jJH3HKH 011HI1 
1 

• 11aMepeHHH naoTonos Sm 6bmH Ha'laTbi B 1968 r. 

B CBSI3H C o6napy~eHHeM 8HOM8nHH B noBeAeHHII napaMeTpa nnOTHOCTH ypos-
.. /1 3/ . 

neA a B Ha'lanbHOA o6nacTH Ae$opMHposaHHbiX HAep ' • TorAa 6hinH 

npoBeAeHbl H3MepeHHH paAHBUHOHHOrO 38XBaTa HeATpOHOB Ha 'I~THblX H30TD-

nax Sm 1 KOTOpble fi03BpnHnH npOBeCTH H30TOfiH'IeCKYIO HAeHTH$HK8UHIO 

Ha6nJOA8BWHXCH pe30H8HCOB H onpeAenHTb cpeAHHe paCCTOSIHHH Me~AY peao-
. n; . 

11811C8MH AnH 'I~THbiX H30TOfiOB CaMapHH • 3Ta HH!jJOpMBUHH 6bma HCnOnb-

30B8118 B HBCTOHWeR pa6oTe npH HCCneAOBBHHII HeATpOHHbiX pe30H8HCOB He-

tHSm H 
149 Sm fl 'I~THbiX H30TOfiOB • ony'leHHe napaMeTpOB pe30H8HCOB 

JlnH STHX H30TOfiOB npeACTaBnHnO HHTepec B CBH3H .C npOBOJlHBWHMHCH B naweA 

na6opaTOpHH HCCnOAOBBHHHMH u1 8 . u98 141 
n, a -peaKUHII na H30Tonax . m H . m , 

TBK KBK ABHHble 0 napaMeTpaX pe30H8HCOB STHX 1130TOfiOB 6binH BeCbM8 Orpa

. /5/ 
HH'IeHbl 

3 



3KcnepuMeHT H o6pa6oTKa naHHhlX 

ITpoBonnnnch, usMepeHHB nponycKaHHB u panuaunoHHoro saxBaTa o6pas-

UOB1 06oralUeHHbiX H30TOnaMH 147 Sm H 
1'49' 

Sm 1 B 6ycTepHOM pe>KHMe 

pa6oThl peaKTopa c paspem~HHeM "' 6 .HceKIM, B HSMepeHHBX nponycKaHHB 

H pannaUl!OHHoro 38XBaTa HCnonbSOBancSI >KHDKOCTHbiH. MHOroceKUHC)HHbiH 
. /6/ 

CUHHTHnnBUHOIIHbiH. neTeKTOp , , ITpH H3MepeHl!BX nponycKaHHB BHyTpb ne-

TeKTOpa noMemancSI 6noK, cocToBmnil: us 'IepenyJOIUHXCB cnoeB saMennuTeln! 

( oprcTeKno) u BemecTna c 6onbWHM cetieHHeM saxna Ta ( eBponnil:, KaDMnii, 

ponuil:). HccnenyeMbie o6pa3Ubi npuroToBnSinnch us OKHCH caMapnB. 06paseu 
147 Sm HMeri Bee 98,2 .r u o6orameHne 96,4%,.o6paseu 149Sm - COOT-

1'47 
BeTCTBeHIIO 41,7 r H 96,9%, nnSI Sm 6binll nponeneHbl H3MepeHHSI Bb!XO-

. 1'47 -3 
y -nyqeil: n peso!Ia!Icax nmr TonmHHbi (no Sm ) 4,23,1 0 na 

11 nne cepnn nsMepeHnB nponycKaHHSI nnB TonmnH 
-3 

4,23.10 

aTI6H 
-2 

u 1,69.10 aTI6H. 

n ~ l49s. . 
nB m nsMepeHIIB pannaunoHHoro saxnaTa n nponycKaHIISI BbmonHeHbi 

. • 149. -3 - . 
n.nB o6pasua TonmnHoil: (rlo Sm ) 2,80.10 aT/6H, HsMepeHHB npo-

nycKaHHSI nponeneHbi n o6nacTH 17-2000 &B, nsMepeHHSI paunaunoHHoro 

saxBaTa oxBaTbiBann o6nacTh 15-500 an. HsMepeHnB npononnnnch Ha 

4096~Ka!IanhHOM aHannsaTope, nHcjlopMaUHB nepenanan.acb Ha SBM ESCM-4, 

rne sanncbmanacb Ha MarHHTHyro neHTy, Bbi'IHcneHne nponycKaHHSI BbmonHeHo 
171 

c ncnonbsonanneM nporpaMM o6pa6oTKH ITOct>H-2 • 

nnB npaBHnbHOro y'IeTa cjJOHa B H3MepeHl!SIX nponycKaHHB B nytiKe no

CT051HHO 118XOLllWCSI cjlnnbTp H3 HaTpHSI~ KOTOpb!H Danan 3Ha'IeHHe cjlo!Ia npH 

a!Ieprnu 2,8 K9B, 3anucuMoCTb cjlona 6T npeMenn nponeTa 6bina onpeneneHa 

113 31!8'Ieiii!H OTC'IeTOB B "qepHb!X" pe30H8HCHbiX nponanax Ha cneKTpaX 
147 14 9 

Sm 11 Sm npn paSHhiX anepruSix B o6nacrn 17-100 an n B pesonance 

Na • H MeSI n nuny, 'ITO cjloH conep>KHT nne KoMnoHeHTbi: onny - co6cTnen

Hhiii cjloH neTeKTopa, upyry10 - peaKTopHbiii cjlon,. o6ycnoBneHHbiii sanaSDhi

naJOIUHMH n peunKnH'IHhiMH HeiirponaMH, u pacnonaraSI uncjlopMauueil: o6 naMe-

4 

HeHHH cjJOHa B 38BHCHMOC1 

TenbHO 3Ha'IeHHSI cjJOH8•B 

cjloHa, 0Kasanocb, 'ITO cjloll 

CTbJO B BHDe a + b t , B n 

H TOT >Ke 38KOII BO BCeX 

uaMH 
147 

Sm H 
149 Sm 

ncex Tpex cyMMapHbiX, ce: 
1'49 . 

uoM Sm • ITpu aToM, ec 

nanucb Ha SHatieHue cjloHa 

KpHBhie nponycKaHus 

Tpa c o6paauoM Ha cneKTJ 

HOMY yponHJO Ha yqacTKa' 

pOBO'IHb!H MHO:lKHTenb 13Cet 

nponycKaHHSI npencTaBnSIJO 

CTaTHCTH'IeCKHe omu6Ku n 
npencTanne.lihi yqacTKH Kp 

B8HHbJe DnSI Bbi'IHCneHHSI I: 

ITpu o6pa6oTKe KpHBl 

6binH Bbi'IHcneHbi nnomanu 

MO>KHo npencranHTb cneny 

IN I 

rne ll (E 0 )- noTOK HeHTJ 

saxnaTa, A,.. nnomanh 

HefiTpOHOB OT 9HeprnH (no 

MH) 1 MO>KHO npOHOpMHpOBa 

BeCTHbiMH napaMeTpaMH, 1 

30H8HCaM 27,1, 29,7, 49,3, 



Hb!X 

UHOHHOPO 38XB8T8 o6pa3-

B 6ycTepHOM pe)KUMe 

nsMepeuunx nponycKaHnR 

>Ifi . MHOPOC9KUll.OHHbiH 

ponycKaHHR BHYTPh Ae-

~XCR cnoea saMeAnHTeiTH 

BaTa ( eaponufi, KaAMnfi, 

oKucu caMapnR, 06paseu 

Jaseu 
149 Sm - cooT-

JB9A9Hhl H3MepeHHR Bb!X0-
7 -3 . 

Sm ) 4,23.10 aT/6u 
-3 . -2 

,23~10 u 1,69.10 aT/6u. 

nponycKaHHR BhmonueHhi 

16u. · HsMepeHHR npo-

epeHHR paAH8UHOHHOPO 

:R npOBOAHnHCb Ha 

an'ach ua 38M B3CM-4, 

-1e nponycKaHnR Bbmonueuo 
I 

[ponycKaHHR a ny'IKe no- , 

3an suaqeliue cjloua npn 

po~eTa 6wn~ onpeAeneua 

Jo~anax ua cneKTpax 

100 35 u a pesouauce 

!HThi! OAHY - co6cTaeH-

5ycnoaneuuwfi sana3Ahl-

'aR uucjlopMauuefi o6 naMe-

j 
. j 
I 

H9Hllll cPOHa B 38BUCllMOCTll OT Bp9M9Hll no "qepHb!M 11 pe30H8HC8M OTHOCU

TenbUO suaqeunR cjloua a pesouauce Na , MO)KHO 6bmo onpeAennTh saKOH 

cjloua. 0Kasanocb, 'ITO cjlou xopowo annpoKCuMupyeTCR nnuefiuofi saaucuMo

CTbiO a BRAe a + b t • B npeAnono)Keunn, 'ITO peaKTOpHhifi cjlou nMeeT OARH 

n TOT )Ke saKou ao acex nsMepeunnx ( OTKphiToro ny'IKa n c o6onMH o6pas-

uaMH 
147 Sm H 

149 Sm ) ,·· 6bm~ Bhi'IHcnenhi a6coniOTHhie ~puahie cjloua AnSI 

'147 
acex Tpex cyMMapHhiX cepHil:: 6es o6pasua, c o6pasuoM . Sm . H o6pas-

uo uoM Sm • llpH aTOM, ecTeCTBeHJm, Bhi'IHCnSieMbie KpHBhie cjloaa aopMHpo-

BanHCb aa aaa'le.IIHe cjloaa a peaoaaace Na • 

KpnBhJe nponycKa.IIHSI, aafiaeHHhie nocne y'leTa ¢oaoa aeneuHeM cneK

Tpa c o6paauoM aa cneKTP 6ea o6paaua, aanee 6binH npHBeae.llbi K eauuuq

.IIOMY ypOBHIO .118 Y'I8CTK8X1 aaneKHX OT pe30.II8.1ICOB 1 YM.IIO)KeHUeM .118 HOpMll

pOBO'IHhlfi MHO)KHTenb Bcero cneKTpa. TaKliM o6paaoM, nony'leHHhie KPliBhie 

nponyCKBHHSI npeacTaBnSIIOT co6oil: TOnbKO pe30H8HCHyiO '18CTb nponycKaHUR, 

C'raTHCTH'IeCKHe OWH6KH nponycKaHHSI COCTaBnRIOT 2 - 4%. Ha puc. 1,2 

npeacTaBneHhi yqacTKli KPliBhiX nponycKaHHSI 147Sm •H 
149

Sm , Hcnonbao-

BaHHhie anSI Bhi'IHcneHHSI nnowaaeil: ua6niOaaeMhiX pesouaucoB, 

llpH o6pa60TKe KpHBb!X Bb!Xoaa y - nyqefi OT 38XBllT8 HefiTpOHOB 

6binH Bhi'IHCne.llbi nnowaau peaouaHCHhiX nHKOB. CyMMapuoe 'IHCno OTC'IeTOB 

MO)KHO npeacTaBliTb cneayiOIUHM o6paaoM: 

r 
IN 1 ='ll(E 0)cA 7-· 

rae ll (E 0 )- nOTOK HefiTpOHOB 1 l - 3cjlcjleKTHBHOCTb peruCTpaUHll aKTOB 

38XB8T8 1 A - nnowaab IOaa. 3uaR OTHOCHTenbHYIO aaaucuMOCTb noToKa 

HefiTpOHOB OT aueprnn (nony'leHHYIO no ll3MepeHllRM C 6opHb!Mll C'leT'IHKa

Mli), MO)KHO npouopMnpoaaTh Bhi'IliCnennhie nnowaaH no peaouaucaM c us-
147 

aeCTHhiMll napaMeTpaMn. T aKaSI uopMnpoaKa anSI Sm npoBeaeua no pe-
149 . ' 

aouaucaM 27,1, 29,7, 49,3, a anR Sm- no pesouaucaM 17,1 11 23,2 35, 

5 
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3To nosaonano nony~aTh ~nn MHorax pesoaaacoa aKcnepHMeHTanhHhle saa-

~eHHH B8.11H~RHbl 

. . rr . <A r-> k = < I N I >kIn< Eo k > ( 

k - aoMep pesoaaaca). 

llpH H30TOnH~eCKOM H~eHTHqmKaURH Ha6mo~aeMh!X pe30H8HCOB HCnO.Ilb-'' 

soaanach KpHBbte pa~aauuoanoro saxaaTa, nony~eHHbte paaee ~nn ~~THhiX 
( 144 148 

usoTonoa caMapun. KpoMe Toro • n, ?' -KpRBhte ~mi . o6pasuoa · · Sm H · Sm 
. r .. 

6bma ucnonbSOBaHhi TaKme JJ.nn Bht~acneHHH A --:,f- ·· JJ.nn pesoaaacoa 

147 s ( 0 144 s ) 1'49 s ( . 148 ) m no KPRBOH ~nn m H m no Kpaaoii ~nn Sm • 

llpH aToM HOPMIIPO~Ka nnoma~eii npoae~eaa no yKasaHHhiM Bbtme pesonancaM 
147 . 149 . . . 147 . 

Sm H Sm • Tonmuaa o6pasua caMapun-144 no · Sm cocTaannna 
-5 . 149 ' . -5 

5,26•10 aT/6n, a Tonmuaa o6pasua caMapun-148 no Sm- 8,76•10. aT/6a. 

Ha puc. 3-6 · npe~cTaaneHhi KPHBbte pa~uauaoanoro saxaaTa o6pasuoa 

147 Sm , 149 Sm , 144Sm , 148 Sm 

Onpe~enenue napaMeTpoa pesouancoa npoBOilH.IIOCh MeTo~oM nnoma~eii. 
/8/ ' . 147 

no nporpaMMe YI.YI. lUenoaueaa na 3BM B3CM-:4. nnn pesoaancoa Sm 

UH)!Ce 2~0 9B Mbl MOr.IIH acnO.Ilb30B8Tb ~0 4 n.IIOIUa~eii H3 pa31Ib!X H3MepeUHM 

Ua O~RH pe30H81IC 1 110 nOCKO.IlbKY ~.IIH 60.IlbiUHHCTBa pe~OH81ICOB ~HC.IIO nno

IUa~eii 6hinO M8HbiU8 1 TO ~.IIH HRX 6hi.IIH onpe~e.llellhl TO.IlbKO UeiiTpOIIHb!e IUH-
' 149' 

pHHbl B npe~nonomeHHH, ~TO pa~HaUHOHHan· IUHpHHa r y =50 M9Be y Sm 
. 

paccTOHHHe Me)!c~y pesoaancaMH aecbMa Mano, noaTOMY npH ouenKe nnoma-

~eii 6nasKo pacnonomeHHhiX ypoaueii npuxo~unoch ~onycKaTb onpe~eneHHhtii 

n 149 s 0 npOH3BO.Il. .IIH m 3Ha~eHRH H8HTpOHHb!X IUHpHH nony~eHhl B npe~no-

.f10)!C8HHH r y =60 M9B• 

8 



tcnepHM9HT8nbHbie 3Ha-

biX pe30H8HCOB HCnOnb-' 

we. pauee ann q~THhlX 
144 148 

nn . o6paauoa Sm H Sm 

ann pe30H8HCOB 

• 148Sm ) KpHBOH ann • 

8HHbiM BbiUie pe30H8HC8M 

! riO 
147 S~ COCTaannna 

149 . · -5 1 
Sm- 8,76•10 aT 6u. 

lHHOI'O 38XB8T8 o6pa3UOB 

~ocb MeToaoM nnoruaaefi 
.. . . 147 

4. nnn pe30H8HCOB .. Sm 

efi H3 pa3HhlX H3~epeHHfi 

pe30H8HCOB q11cno nno-
'·' 

TOnbKO HefiTpOHHhle UIH-
149 r '}' =50 M9B. y Sm 

roMy, npH oue'uKe ·nnorua

onycKaTb onpea~neHHhifi 

1pliu nonyqeHhi a npeano-

l 

6000 

500 

1000 ~ 

2000 

5000 

3000 

~ ~ 

..,1000 
~-

1500 

J~~ 
2500 

3500 

5000\ ~ 
~::::::--= -~-.1.--_::-.J.....__-_::::_=-=-:::::::_=. ::::::::::::::::::::::::... 

PHc. 3. 3aaHCHMOCTb cq~Ta n, y -aeTeKTopa OT apeMeHH' nponeTa (o6pa-
seu 147 Sm ). 
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35(1) 

)T npeMeHH nponeTa ( o5pa-

l 

I 
I 
! 

l 

I 

1 

PesynbTaTbi 

IT ,. 147 Sm OJlY'IOHHhiO napaMeTpb! HOnTpOHHb!X pe30HaHCOB nSOTOllOB 

n 
149 

Sm npeJ:~CTanneHbi n Ta6nnuax 1 n 2. Cpanue~me c nsnecTHhiMII pa-

/5/ . U7 Sm HOO ):laHHhiMn llOKa3b!BaOT1 'ITO ):IJlSI Hallin pe3yJJbTaTbl XOpOlliO 

COI'JlaCyiOTCSI C IIMOIOIUnMncsr Hn)Ke 100 an ):laHHbiMn. 8 HalllnX 113MepeHUSIX . 
' 

npOSIBUJJOCb HOCKOJlbKO liOllOJlHHTOJlbHhiX pe30HaHCOS B STOll o6nacTn. D.nsr 
1'49. 

Sm cosnaJ:~eHne Halllnx pesynbTaTon c nsnecTHhiMU J:~aHHhiMU Monee yJ:~on-

neTnopnTeJJbHoe. IT OCKOJlbKy Hallin H3MepeHnsr npOSO):IOHbl C Jly'IIIIHM paspellle

nneM, Mbl 06Hapy)!{nJJn S 06JJaCTn Hn)Ke 100 3S 3Ha'IHTOJlbHO 60JlblliOO 'IHCJJO 

149 Sm /5/ IT pe30HaHCOn 1 npnHa):IJlO)KaiUnX 1 '10M yKa3aHO S • OJlY'IOHHb!O HaMil 

/5/ Heti:TpOHHb!O lllnpnllhl pe30HaHCOS ):IJlSI O):IHOH TpeTn npnse):IOHH:WX n peso-. 

llaHCOS 3aMOTHO OTJJn'laiOTCSI ( ):10 iflaKTOpa 2), ):IJlSI OCTaJlbHb!X pe30UaHCOS ... 
na6JJIOJ:~aeTcH cornacne ana'leHnli 2 gr n s npeJ:~enax ollln5oK. 06pamaeT 

6 ~ . /5/ . 
Ha CO II SHnMaHne TOT 't'I!KT1 'ITO B ):laHHb!X OTCYTCTBYOT O'IOHb cnJJbHhlfi 

pesouauc 44,8 as. 

Ha puc. 7,8 noKasaua sasncHMOCTb 'lncna ua6JJIOJ:~aeMhrX pesouauc~s 
147_Sm 149 Sm 147 : 

n s aasncnMocTn OT auepl'HH neliTpouos. D.nsr Sm 

ua5JJIO):IaeTcsr nnueiluasr sasRCHMOCTb n ( E ) ):10 400 as', SO BCOM HCCJJO):IO-

naHHOM nnTepnane. D.nsr 149 Sm Sb!llle 130 3S nMeeTCSI 3aMOTHblfi nponyCK · 

yponueli. OnpeJ:~SJJsrsr cpeJ:~Hee paccTOHHne MO*liY p~aoHaucaMH no JJRHeliHhiM 

y'laCTKaM 1 Mbl Halllnn, 'ITO 

D =(7,2±.0,9) as ):IJlSI 1'47 
Sm n 

1'4Q...m D =(2,3t_0,3) as ):IJlSI ~ 

PacnpeJ:~enenne npRne):leHHhiX HeliTponHhrx lllnpnH J:~Jlsr 60 peaouaucon 
147 

Sm I pacnoJJO)KOHHb!X s nUTepsane ):10 420 an,. xopolllo COI'JJacyeTCSI c 

pacnpeJ:~eneHReM ITopTepa-ToMaca (puc. 9,10), ecnn J:~onycTHTb nponycK 

4-5 yponneli c -r ~ MoHblllo 0,09 Man. PacnpeJ:~onoune ~PHDOliOHHbrx 

13. 
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KpHBag - pacnpeaeneuue nopTepa-ToMaca. 

16 

I 



N 
60 

40 

~. 

~ .......... 

1'\ 
~ 
~ 
~ 

\ 
\ 

' 
.20 

~ 
0,1 0,2 0,~ 0,6 0,81,0 2 
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E, 3B 

To 6mn~a I 
em l't'l 

f1apa).!0Tpbl IIOftTpOIIH!:.JX pe30li8HCOD a) 

I r l.I<JD 

r., 
l.l3D ____ ....;..._ __________ ... -.. ··--···" .. --------- .. ---·-· .. -

18,3 ±0,1 
27,1 
29,7 
52,1 
39,7 
·~0,6_±0,1 

49,3_±0,2 
S7,9. 

.51~,9 
7G,O 
79,8 
83,4_±0,2 
~~~' 9_±0, 3 
:J9,5 
102,6 
106,8 
1li8 .'~ 

'15_±16 
113_±25 

GC>_±I7 
85_±7 

6.2.±9 

123,4_±0,3 174.±9 
H0,0_±0,4 
lll-3,3' 
l5I,.S_±0,4 
iG0,8_±0,5 
.i.03,6. 
i'?l, 7 
1?9,7 
lo3,7 
~9\.J,o. 

J-93,5 
•. an j · ,. 
J. ... u, .±,1 1 .J 

205 ,8_±0,6 

62_±7 
L~ 1 2_±0 1 2 

l'U:-~ 
35j:? 
oo,1.~.1 

(2; l~) 
17_±3 

'•-+i5 
l'f.:i:2 
23_±/f 
..!,8_±0,3 
GlJ.±G 
17.±'• 
290.±'14 
llf:.i_±20 
31_±6 
(U,0) 

136_±10 
7'/j;_3 
2 ,O_±~J .~ 
i3·i_±IIf 
9:;.±ll' 
c.JjlO 
.i.c_±2 
3,0_±0,3 
4:.!1)_±40 

9,'1.:i;l ·'• 
.~,,Jj .. J ,6 

(, ,·Jj;J. ~ 

13'1.±·~2 

19 

14,:,_±1,6 
O,ol.±U,uo 

Gl_±l6 2, G.:tO ,'~ 
78.±26 6 ,2j;I,2 

I 12,7_±1,'/ 
\0,38) 

1~9.:ti7 2 I 11_±0. ;+ 

41_±9 S,G_±U,7 
I,7_±1J,3 

39_±10 2,G_±0,5 
0,31_±0,03 

35_±9 0 ,.::>_±\). 7 
1,'/_:t0 1 1f 
2:J_±5 

H.±2 
3 ,O_±u, 6 
(ll,08) 
I2,.~_±U ,9 
6,?_±0,7 
0. 17_±0 ,02 
ll_±I-
7 ,I_±Ll,S 
0 ,9_±0,8 
u, 92_±J' 1~ 
0,22.±0, . 
31_±3 
u, Go-~U, _lJ 

0 I I9.:tlJ I :
14 

0 ,GO_±O ,OG 
12,8.±1,5 



£0 aB rl.ISB 
~J r;., 

MSB 
r Mar 

--"":"---~·-·~·-----
~J r;,o 

______________ .. _""'·- .... ....... ., __ _.....,.. __ ... ,.. .... ____ ,....~··.-.:-- ... :4 .. • ',,.,.,. . ........ , ........... --~~~. 

221,6 
£:' ,.5 ,.3 
..:!.8,6 
.>>0,6.±0,6 
2'•7 '7.±0, 7 
256 ,5..±0, 7 
263,5.:!:0,8 
265,8. 
;::'71,0 
274,4 
203,3.±0,8 
289,4_±0,9 
290,5' 
308,0 
312,0.±0,9 
::521.±1. 

3.50" J 
332. 

3lf0 
350 

359.±1 J 
379.±1,2 . 
;;c.~.± I, 2 
.:.i::ii-t-1 3 - ' 
398" 1 
399J:I,3 
4l)0.±I ,4 
1fE,.:i:1,4 
:;~:J.:i:I ,5. 
423.±1,5 

· IIO.:ti6 
H0.±16 
2, S.:i:O ,4 
13.±2 
120.±14 
I35.:f:I6 
(55) . 
(II2) 
(36) 

9.±3 
28.±5 
(25) 
(25) 
5,0.±1,2 

12.±'~ 
7.±2 
160.±25 

76.±12 
57.±8 
270.±30 
350.:!:80 
(I2) 
102.±22 
(IIO) 

I7.±6 
44.±8 
94.±30 
29.:!:9 . 

20 

I 7 ,4.±I,I 
9,3.:i:I,I 
0,17.±0~03 

0,81f.:i:O,I3 
7,6.±0,9 
8,4J:I,O 

' (3,4) 
\6,9) 
(2,2) 
0 ,54.±0,18 
I, 7.±0,3 
(1,5) 
(I,S) 
0~28.±0,07 

0,7.±0,2 
0,4.±0,1 
8,8ji,4 

4,!.±0,6 
3,0.±0,4 
!4,2.±!,6 
I8.±4. 
(0;6I) 
5,3.±I,I 
(5 ,5) .. 

0,84.±0,30 
2,2.±0,4 
4,6_±1,5 
1,4.±0,4 



Ta6m1ga 2 
c""" 1'19 

flapa:.!eTplJ Uel!TpOHHb!X pe30H8IICOB o),., 

Eo .ZJ r, ZJr;," 
an l.i<JD MoB 

I5,8.:t0 1 I 0,3.:j;0,04 0,08j;O,OI 
I7,I' ..:!,8J:0,4 0 ,GS.:tO, 10 
23,2 I ,.~.±0 1 2 0 , .. .::5.±0' Qlf 

24,6 (0,36) (0,07) 
25,l ~'1.±7 4,8_±1,'1 
26,1 5, O.:tll, 7 u I 9Gj;U I 1'+ 
.!..7,9 u ,30_±0,06 o,uG_±u,OI 
2~,9 4,7.:ti ,6 0,8Gj;U 1 ~9 
30,7 I7.:tfr 5,1_±0,7 
3),9 IO.:t2 I, ?.:tO, 3 
t;O,I 2:8.±5 4,\:J:O,o 
41,3 3f.·J:'7 5,:J_±l,l 

' 
~0.±27 l) I '~.± 11 I I 4'+,3 

'15,!.±0 1 1 ~)-:<; ,:; •''.±\! '~l 
'• 9, S.±O ,2 1~.±.5 2, 3,;t0 1 lf 

)0,5' 2,2.:.::0,'+ u, 3.:i..±U, Jo 
51,6 5lJ:.~O '1' lj;:: ,<3 

5 '1' '• 3:lj;9 4,0j;l ,:.: 
5'),? 9dj:.JJ 

. . / 

.L l. '. '.±.) 
i..;J,~ ~ ,3j;0,6 () t 3'Jj;;i 1 J8 
J~,l 6l.±II 'I, 7.±1,'1 

(;.'j ''7 98.±33 L,·~.±lf ,I 
. . / 

•.;u' J 2.7.± 7 ;1,3j),8 
70,b 90j;.'n; l.l, lfJ:If 1 '7 
'12,!. 
73,1 (130) (J::...) 

7'+ ,6 b.t6 .5, lf_!:U I 7 
75,) 30.±6 3 '5.±0' 7 
'7 ;) I 9.:t0 1 2 4,S.:J:Ll,o 0 51+0 09 ' -' 

21 

-···~·----··· 



Eo ZJr, ~~r;,o 
.3D MSB an 

83,8.±0,2 20.t5 2,2.±0,5 
87,7.±0,3 22.±4 2,3.£0,4 . 
90,6' 64.t36 6,7.£3.,8 
92,1 57.£17 5,9.£1,8 

95,6 'J (130) (13)' 

96,3 
98,1 (22) (2,2) 
99,5 (12) (1,2) 
101,6 2,d.t0,5 . 0 28t0 05 ' - ' 
·104,7 2u.t'~ 2,0.±0,4 
107,0 12.±2 1,2.£0,2 
109,0 16.±3 1,5.±,0,3 

III,2 I3.±2 1,2.£o,~ 
IIS,I 10.±2 0,93.t0,20 
II7,0 3,2.±1,2 0,29.±0,II 

II9,'f I9.t4. 1,7_±0,4 

I2I,7 I, 7.±0,8 O,IS.t0,07 
125,2 33.±8 2 ,9.±0, 7 
127,1 ' 2,6.±0,4 0,23.±0,04 

130,3.±0,3 4, 7.±0,6 0,42.±,0,05 

!34,1.±0,4 I80.t60 I5.t5. 

138,6 0,8.±0,2 0,07.±0,02 
I4I,O I, 7.±0,3 0,14_±0,03 
144,2 3I.t6 2,6.±0,5 

145,7! (160) (13) 

146,9 
149,5 . li!,6.±I,4 0,62.±0,12 
154,7 54.±16 4,3.±1,3. 

157,5 19.±,4 I ,5.±0 ,3 
158,7.±0,4 4,0.±0,5 3,2_±0,4 

168,3.±0,5 20.±4 I,S.±0,3 

173,5 (3;6) (0,27); .. 
22 



Eo ,;z.j r, :L.gr,o 
3B 1!3D i.!3B 

174,7 (3,6) (0,27) 

177,8 (70) (5 ,:5) 

179,9 (70) (5,:5) 

185,4 5<±Lf8 3,8.±3,5 
188,0 IJ-4.±26 3~2.±1,9 

192,9 12.±3 o,o7.±0,22 

195,0 2,2.±0;4 0,16.±0,03 

197,4.±0,5 20.±0 1,4+0,4 

20I,I.±0,6 (s;o) (0,56) 

203,7' 44_±26 3,1.±1,8 
210,9 10.±2 0,69.±0,14 

214,7 17.±5 I ;~.±0,3 
.i::I8,2 9.±:2 0,61.±0,14 

225,6 A±IO 2 hO 7 '-' 
2:8,2 25.±8 l,u.±J,5 
230,1 52_±30 3,'+.±2,0 
23/f ,0 o.±3 0,5.±0,2 

238 ,4_±0,6 (8,0) (0,:32) 

240,1.±0, 7 14_±) o, 9.±v, 2 
24'f,3. 3u.±II I, 9.±0, 7 
248,7 18.±5 1,1.±0,3 



' ' '' ' ' 149 
uei!:TpOHHhiX w11p11H JlnSI 56 pe3ouaucon Sm , pacnono:11WHHhiX ua n11aeil:HoM 

. ( E ) ( ·, . . /5/) 
y'laCTKe · n C · nKnJO'leHIIeM JlaHHb!X 0 H113KOnOnbTHb!X yponHSIX 113 1 

TaKme xopowo cornacyeTCSI c pacnpeJleneHIIeM nopTepa-ToMaca npn· Jlony-

' 0 weHJm nponycKa 4 yponueil: c r n .< 0,07 Man.·. TaKoe cornacne ·pacnpeJle-

neunil: npllne)leHHb!X Ueil:TpOHHb!X WllpHH C pacnpeJleneHHeM nopTepa-ToMaca 

SinnSieTCSI JlOnOnHIITenhHb!M yKa3aHHeM Ha T0 1 'ITO Mbl He JlOnycKaeM 3aMeT

Hb!X OWII60K npH OUeHKe cpeJlHHX paCCTOSIHHH MemJltf yponHSIMH, 
I 2gr 

OuenKa cnnonbiX c}lyHKUHH KaK S0 = 2£\E n npnnOJlHT K cneJlyJO-

( -4 
IIJIIM 3Ha'leHHSIM: SO= 3,7:!:_0,8),10 JlnSI 147 Sm no HHTepnany no 

-4 149 
420 an; S0 =(7,1:!:_1,5),10 nnSI Sm no IIHTepnany JlO 134 an. H a 

rpac}l11Ke uapacTaroweii cyMMbi 2gr o 
n n 3aniiCIIMOCTH OT auepriiH HeHT-

pouon nnSI 
149 

Sm (pile, 11,12) ua6nJOJlaeTcSI 3aMeTHoe oTKnoueune oT nn-

ueil:uocTH, TaK, oueHKa S 0 no o6naCTII H11me 40 an JlaeT 3Ha'leHIIe 
-4 _s 0 =(2 ,8;!:.1 ,0) .1 0 , TaKaSI 3lla'liiTenhllaSI c}lnyKTyaUIISI ua HHTepnanax, 

nKnJO'laJOII!IIX 311a'l11Tenhuoe 'liiCno yponueil: ( 18 11 57), o6pamaeT ua ce6SI 

~ - 149 .nHIIMaHIIe, HaMil 6hma nponeJleHa TaKme ouenKa c1monon c}lyHKUIIH Sm 

no nceMy 11ccnenonaunoMy IIHTepnany (no 250 an). Mbi uawn11, 'ITO S 
4 . 0 

(5,1:!:_0,8).10- • PacrrpeneneHIIe r 0 ua aTOM HHTepnane ynonneTnOpiiTenh-
n 

Ho cornacyeTcSI c pacnpeJleneHIIeM nopTepa-ToMaca, ecn11 JlOJJYCTIITh np9nycK 

10 cna6b!X yponueil: ( PIIC, 13) 1 'ITO nrronue pa3yMHO 11p11 TaKOH nhiCOKOH nnoT-

HOCTII pe30HaHCOn 149 Sm 

/9/ 
B pa6oTe X. ManaUKII 11 Jlp, nan MeTon oueHKH nepoSITHOCTH aa6nro-

JleHust n aKcnepiiMeHTe pa3HOCTH Jlnyx 3Ha'leHIIH CHnonoil: c}JyHKUHH Jlnst owwrr 

SIJlpa n rrpennonomeuuu, 'ITO ua6nJOJlaeMbie pa3nH'lHst cnSI3aHhi co cnyqai!:HbiMH 

OTKnOHeliHSIMH ( T,e, n npennonomeHIIII 1 'ITO IICTIIHHble 3Ha'leHUSI S 1 n S2 

panHbi), BepostTHOCTh ua6nJOJlaeMoro pa3nll'lllst CllnOnhiX c}lyHKUIIil: y · ~' 49 Sm, 

oueHeHHhiX no nHTepnanaM 0-40 an n4o -100 an ( S
0

=2,8:t_1,0 n 11,7:!:_3,6) 

l!nll JJO IIHTepnanaM 0-100 II 100-250 an ( ·SO =8,2:!:_1,8 II 3,1:!:_0,7), nhi'lHC-

/9/ ( -4) neHHast MeTonoM , oKa3hJBaeT~SI MeHhwe 0,2% ne3ne S
0 

n en11nnuax 10 • 

24 

lc: 
0'\ 

C\1 • 

~ 

200~------+---~ 

, 
0 

0 

0, 

100 ~------+----'---

,.:0 

-··"'. 
0 

0 

0 
0 

• .. 
~ 0 

0 
0 

P11c. 12. 3aniiCHMOCTh cyM~ 
HeiiTpOHOB )lnst 149 Sm 



, pacnono:lKeHHhiX · aa nnaell:aoM 
/5/ 

OBOnbTHhiX ypOBHSIX H3 ) 1 

,pTepa-ToMaca npn t:~ony-

r aKoe cornacne. ·pacnpet:~e

eneuneM ilopTepa-ToMaca 

Mhi ae t:~onycKaeM aaMeT-

~t:l;r ypOBHSlMH, 

UpHBOt:IHT K cnet:~yro-

m no HHTepaany t:IO 

HTepaany t:IO 134 sa, H a 

:HMOCTH OT 9Hepi'HH Uell:T

IMeTHOe OTKnoueune OT nn-

40 sa t:~aeT aaaqeune 

yaunSI aa HUTepaanax, 

57), o6pamaeT aa ce6SI 

unoaoll: cf>YHKUHH 
149 Sm 

1, Mbi uamnn, qTo s 
0 

Tepaane Yt:IOBneTaopnTenb

ca, ecnn t:~onycTHTb nponycK 

OIO UpH .TBKOll: BhiCOKOJl: nnoT-

)U911KH BepOSITHOCTH Ha6nro

lfnOBOil: cf>yiiKUHH ]:lnSI Ot:lfWfi 

lSI CBSI38Hbl CO cnyqail:Ub!MH 

:hie aaa'IeHHSI S 1 n S 2 

IIOBhiX cf>YHKUHll: y 149 Sm, 

S 0 =2,8;!:J,O n 11,7:!;.3,6) 

8,2:!;.1,9 H 3,1:!;.0,7), Bhiqnc

l3t:le S0 B 9t:IHHHU8X 10-4 ), 

. ...... 
• •• •• . ... •• 

• • • ••• • •• 
• 

200 
•••• 

••• ...... 
•• •• 

• 
• , •• 

• • 

• 
100 • • .. 

• .. 
1- • . • 

• 
• 

,.:· _ .. .,. 
100 200 

Puc, 12, 3anncHMOCTb cyMMhi npuneneHHhtX ueiiTponH~otx wnpHH oT 9Hepruu 

HeiiTpOHOB anSI 149 Sm 
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iHbiX HeftTpOHHbiX WHpHH 
ae. Cnnowaast Kpueast - pac-

tPaKT TaKOI"O HeperynstpHOI"O IIOBelleHHSI CIWOBOH tPYHKUHH Ha COCellHHX· HH- · 

· TeJmanax He SIBnSieTcSI ellHHCTBeHHbiM, TaK, · llTIH 
139 

La Ha HHTepaanax 
) 1101 
0-2,9 H 2,9.:.4,4 KSB Bbl'iHCTieHHSI CHTIOBOH ljlyHKUHH no ll8HHb!M. pa60Tbl 

npHBO,[lSIT K 3Ha'ieHH.IlM 0,33±_0,10 H 2,6±_1,3. no ,[laHHbiM STOll me' pa50Tbl 
\ 

aHaTIOI"H'IHast CHTyaUHSI Ha6nro.[laeTCSI y (Ha HHTepBaTie .0-1 KSB 

S
0 

=4,7t_1,9, Ha HHTepaane 1-5,7 KSB SO =1,7±_0,3), BepostTHOCTb, 'ITO 

Ha5nrotlaeMoe paanuque. oueHOK S
0 

no pa3HbiM HHTepBanaM y 
139 

La'· 
141 Pr 0 5o/c 0 stBnsteTCSI cnyqaiJ:HbiM, TaKme BeCbMa Mana - MeHhWe , o, TMe'ieH-

Hble 3,[leCb tiJnyKTyaUHH CHTIOBbiX tPYHKUHfi Ha pa3Hb!X HHTepBanax, eepOS!THOCTb 

KOTOphlX,· Bhl'iHCneHHast·ua IIpHHS!ThlX 3aKOHOB pacrrpe,[leneHH.Il paCCTOSIHHfi 

Mem_llY ypOBHSIMH H IlpHBelleHHb!X HeiiTpOHHb!X WHpHH 1 O'ieHb Mana, Tpe6yroT 

,[lanhHeiiWei"O H3y'ieHHSI C uenhro Bb!SICHeHHSI HX IlpHpOllbl, 

B aaKnroqeaue OTMeTHM, 'ITO peaynhTaThi aacTo.IIWeii pa6oThi 5hiTIH 

uci:Ionb:3oaaHhi IO.n. norroahiM c coTpyllHHKaMH llnH oueHKH a -WHPHH peao-
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