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1. B B e ll e H H e 

Pacnaa aaoTona 
168 /1 2/ 

Lu snepahte nayqancH a pa6oTax 1 
. c no~ 

MOII!b!O CUHHTHlinHUHOHHOI'O I'8MMa .... cneKTpOMeTpa, EbtnO o6Hapy:1KeHO Hec .... 

KOnbKO I'8M.Ma .... nepeXO/lOB C aHepi'HHMH 88, 233, 710, 900 1 987 1 1410
1 

1800 . 
H 2130 KaB H H3MepeH nepHO/l nonypacnaaa aTOI'O ":30TOna 1 KOTOpbiJl. OKa .... 

aanCH paBHbiM 7,1 MHH, •· 
.. · 121 

B pa6oTe 1 KpoMe Toro, naMepeHa rpaanqaaH aHeprnH cneKTpa ... 

ll03HTpOHOB ( 1200 ! 50) KaB H 6npeaeneHO OTHOIII9HHe HHT9HCHBHOCTet1 

aneKTpOHHOI'O 38XBaTa H pacnaaa C HCnyCK8HHeM ll03HTpOHOB k/ {J.t- ,.;,,8. I 
/3/ I 

noaaaee XapMaU H /J.p. H3y'lanH cneKTp KOHBepCHOHHbiX aneKTpOHOB 1 • 

168 Hf 25 MHH 168 Lu i7,1_MHH 168 Yb B03HHK8IOIIIHX npn pacnaae ueno'IKH. 

H Ha6niO/lanH I'8MMa .... nepeXO/lbl 1 llpOHCXO/lHII!He M9:1K/ly · ypOBHHMH pOT8UHOH .... 

HOii nonoCbl OCHOBHOI'O COCTOHHHH Yb + + 
8719 KaB (2 ) i 287 KS.~ (4 ) 

/4/ . 
. nccnea~aana cneKTp raMMa .... 

+ ; 
H 586 Kas (6 ) • HeaasHo lllapseT H ap. 

168 c· 

nyqet1. Lu c noMOIIIbiO . Ge ( Li )y .... cneKTpoMe.-:tpa; y .... y .... · cosnaaeHHH 
. . .. .--- ·. . + . ' 

(NaJ ( Tl) ·- Ge( Li) H naMepana rpaHH'IHYIO aHeprniO {3 .... cneKTpa 

L (2 ,50+ 0,06 )l Mas. • npn aTOM Ha6niO/l8nHCb T8K:1Ke KOMllOHeHTbl noan .... 

TpOHHOI'O cneKTpa C rpaHH'IHbrMH aHepi'HHMH ( 1535 + 30) H 817 Kaa, 0THO .... 
. . .... 
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CHTenbHble HHTeHCHBHOCTH 9THX KOMllOH9HT COCTaBnSIIOT 1,5:7: 105, COOT-
. 1ffi Yb 

BeTCTBeHHOo MHoro eamHbiX ceeneHH:it o eoa6ymneHHbiX ypoBHSIX 
. . /5,6/ 

nonyqeHO llpH HCCnenoBaHHH KynoHOBCKOrO B036ymneHHSI 9TOro gnpa 
l'li . 

H npH HayqeHHH cneKTpa raMMa-nyqe:it ' li Heynpyroro pacceSIHHSI ne:it-

/8/ (d,d') 168Yb TOHOB B peaKUHH Ha o HeKOTOpbie H3 9THX ypoBHe:it 

168 L a· - 6 . nonmHbi aacenSIT&CSI H npu pacnane u o HaCTOSIIUeR pa oTe npo-
168 /9/ 

nonmeHf?I RccnenoeaHRSI cxeMbi pacnana . Lu , nonyqeHbi HaH6onee 

nonHhie ceeneHHSI o raMMa-cneKTpe H HayqeH noaHTPOJIHbi:it cneKTP · 
168

Luo 

2o YcnOBHSI sxcnepHMeHTOB, peayn&TaTbi H3MepeHH:it 

,UnSI nonyqeHHSI panH08KTHBHbiX H30TOllOB Mbl HCllOn&ayeM peaKUHH 
. . . . ~ 

rny6oxoro pacmenne.imSio B STHX HccnenoeaHRSIX (nporpaMMa .HCHAnn) 

MHIII9Hb o6nyqanaCb Ha B~9111H9M nyqKe .CHHXpOUHKliOTpOHa 06'benHH9HHOrO. 

HHCTHTyTa,J SJieprHSI npOTOHOB 660 Mae, 

. Q6ny~eHH8SI MHIII9Hb nocTaBnSinaCb K MeCTY npoeeneHHSI XHMHqecimx 
'110/ . .· 

onepauH:it c noMOIU&IO nHeBMonoqTbi aa "' 5 ceK , Oxaaanoc&, qTo H3o-

Ton 168 Lu (7,1 MHH) MOlliHO nonyqHTb HaHponee qHCTbiM OT aarpSI3J!9HHll 

cocenHHMH H30TOllaMH niOT9UHSI1 BbinenSISI ero H3 raqJHHSI! 

168 Hf i 25MHH _ 168 Lu ~7,1MHH 168 Yb I 

B KaqeCTBe MHIII9HH HCllOnb30B81I8Cb TOHK8SI CYClleHSHSI B pac:r-

BOpe IUaBe1I9BOll KHCnOTbl (0,5 MOn&/n,) o nponyKTbl peaKUHll Bbi6HBanHCb 

llpH o6nyqeHHH B ,P8CTB0p H 9TO ll03B01ISI1IO 6biCTp01 qepea 4 MHHYTbi noc-
--·-

_ne KOHua: o6nyqeHHSI Bbin91IHTb o6paaoeaBIIIHeCSI uaoTOllbi ra<jJHHSI. BpeMsi 

HaKonneHHsi 1IIOT9UHSI B raqJHHH COCTaBnSinO 15 MHHyT, BpeMSI BbineneHRSI 

HaKOllHBIIIerOCSI noqepHero 1IIOT9UHSI .. 2· .MHH,· 

Hcnon~:3osaHHbte panRoXHMH..J~cxHe MeTonhx onHcaHbi B pa6oTe 
1111

• 

TaKHM o6paaoM, -iepea 21 MHH nocne' KOHUa o6ny~emisr HaqHHaliHCb H3Me

peHHSI ClleKTp.OB H31IyqeHHSI 9THX npenapaTOB, 

; x/ 
, .HniO)_e!IaSI cneKTpOCKOllHSI Ha nyqxe npOTOHOB, 
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0CT8BlliHllCR nperrap8T·I'8~HHH (~paKUHR ra~H~R) HCIIOnb30Bancg AnR 

168 L 
rronytteHHR BTOporo HCTO'IHHK8 U , .Qng 9TOI'O ttepe3 28 MHHYT IIOC-

ne KOHU8 o6nytteHHR ~p8KUHR ra~HHR O'IHllianaCb OT rrpoAyKTOB p8CII8A8 H 

168 
BToputtHO HaKorruBm!WcR Lu BbiAenRnCR .ttepea .12 MHHYT ( ttepea 40MHH 

rrocne KOHUa o6nytteHuR), 

TaK KaK aarpy3Ka aneKTpOHHoro TpaKTa ~crronb30B8HHbiX crreKTpoMeT

poB orpa~uttnBaiiacb MepTBbiM BpeMeHeM 4096-KaHanbHor~ aHanuaaTopa 

(tta~TOT8 KOAOBbiXUMITynbCOB 12 MI'U), H3MepeHHR C OAHHM HCTO'IHHKOM 

He II~3BQnRnH rronyttaTb AOCT8TO'IHYID CT8THCTH'I9CKYID TO'IHOCTb, noaTOMY 

B K8)1{AOM OIIbiTe rrpOBOAIWOCb H9CKO.nbKO o6nytteHHll VlO C9MH pa3) , J13Me

peHHbie CIIeKTpbl HCTO'IHHKOB H3 pa3Hb!X o6nytJ:eHHll CYMMHpOBanHCb B rra

MRTH aHanH38TOpa, J13MepeHHR K8)1{AOI'O HCTO'IHHK8 IIpOH3BOAHnHCb. B Tette-
168 . 

HHe Tpex rrepnoAoB rronypacrraAa Lu (21 MH_H). l.Jepe3 1-2 ttaca rrocne 

OKOH'I8HHR K8)1{A0ll cepHH. H3Mepe.HHll H3Mepnncg I'8MM8-CIIeKTp BCeX HCIIOnb-

30B8HHbiX B 9THX O!IbiTaX HCTO'IHHKOB, 3TOT CII9KTp ·IIpeACTaBnRn Co6oil 

~OHOBblll CIIeKTp, B03HHK8BlliHll IIpH paCII8A9 6one~ AOnro)KHBYIIlHX H30TOIIOB· 

169 
nroTeUHR ( Lu H Ap.). 

raMMa-crreKTpbl. H3yttanucb C IIOMOIIlbiD I'8MM8-CIIeKTpOMeTpa C KOEl.K-

cuanbHbiMH Ge(Li} -AeTeKTopaMH c ttyBCTBHTenhHbiM o6'beMOM 10 u 
' .. .. 

3 
6,4 CM H 9HepreTH'I9CKHM pa3pelli9HII9M 6,0 H 4;5 KSB AnR I'8MM8-nHHHH 

60 
1332 KSB Co 1 COOTB9TCTB9HHO, 

168 Lu 
CrreKTp II03HTPOHOB H3y'IeH C IIOMOIIlbiD CUHHTHnnRUHOHHOI'O 

6eTa-crreKTpOMeTpa C 8HTpaueHOBbiM KpHCTannoM ( 0 20 x20 MM
3

) IIpH 

SHepreTutteCKOM paspemeHHH 14% Ha K -nuauu 660 KSB 
137 Cs. 

CrreKTpOMeTpH'IeCKaR arrrrapaTypa H. MeTOAbl o6pa60TKH crreKTpOB 

. /12/ 
IIOAPOI?HO OIIHC8Hbl B , 

0AHH H3 rronytteHHbiX OIIHC8HHbiM CIIOC060M CII9KTpOB raMMa-nytteil 
168 

Lu npeACTaBnea aa puc. 1, 2. B Ta6nuue 1 rrpuBeAeHbi pesynbTaTbi 

168 L 
H3MepeHHR SHepruil H UHTeHCHBHOCTell I'8MMa-nytteil ' U , nonytteH-

5 



.. Halla pado3:a padota 747 
Ey I .. 

y Ey • Iy 

I 2 3 .4 

68.:t2 I.:ti - .. 
75.:t2 7.:t3 77.:t2 0,5 

83.:t2 4.±2 - -
88,0!0,5 85.:ti3 - 88.;t0,5 270.:t30 

IOI,3.:t0,8 5.:ti 99,5.:ti,5 6.:ti 

II4.:t2 5+2 II2.:t(),8 390.:t50 

I20.:t2 4.:t2 I23.:ti IO.:ti 

(I26.:t2) 4.:i:2 - -
!31:!;2 I 4.:t2 130 .6.:ti 
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6 



_: .. ~·-,~ 
~.-· . 

I . 2 3 4 

:348!1 9;t3 347.:t0,8 74.:t8 
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730.:ti I2±3 732±I . II.:ti 
r . 

752,5.;t0,8 D 

780,2±0,8 24.;1:3 782:ti,5 25.;1:4 

808.;~:2 6.;~:2 806.;~:2 - I 

- 832±2 I 

853, 7.;1:0, 7 3I.:t4 853.;tij7 20 

860.:tit 7 20 

885,2±0,7 90.;t9 888.;ti 97.:t8 

896,8.;1:0, 7 IOO.;tiO 898.:t:I IOO..:tiO 

902±I 8.;t2 
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I008 
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.. 
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8 



..; .. :,-~'" 
X· 

I 2 8 4 

1447.±,I,5 8.11 

1468,0±0,9 I6;t2 I404j:I I4±2 
····· 

I488±I 45,:!:5 

1509,:!:1 I2;t4 I5I2 IO 

. (1529±2) 2±2 1526 . IO 

1586 I 

1558 
~ 'c 

1558 

1586 

.· (I645,;t~) 3!2 ·1642 

1653 

1667 

Z687±I,5 17 ±S -
1705±2 I 

- 1716±2,5 I 
~ . 

1727±1,5 8~I 

1779+1 5 .. - ' 8±1· 

1850±2 8±2 1848±2 - :2±I 

1868±2,5 I 

1897±2 I 

1897±2 I 

1905±2,5 I 

1916,8±0,9 7±8 19I7±2 2±I 

1969±2 S±2 1969±2 . :-I 

2040±,2 2±I 
2028±2 1 

9 



I 2 9 4· ~ 

~ ' -- - 2058±2 I 
(2069+2) .3:!:2 2CJ72. -
(209.3+2) .3;!:2 - -
2II6£r· · " 8±2 2!!8±,2 9±1 .. 
2I4I,0±0,7 18±9 2I44±I,5 13±15 

., .. . 
- - 2I7I;t9 I 

2279±9 5±2 2277±9 .I 

2340 7'!.3 - -. 
2.355;!:2 7±9 - -

24I8±9 
i I - -

I 
- t 

• I ·--····--·- • . 



N 
1o4 

5 

103 

5 

102 

~ 
I . 

0 

~ 
I-.. .. 

' . ' ~ 

·. "' • • -..,..,. ~- ~ol!i:::l !!1' 

::~:!Iii;: i Iff! •[ 
.. 

.. . . . ,.. . . . . . .;,.,p, : ..,;,., _:~~: \~'k:~':\11.:•· 
~ CD t'-- 0 N 

Nl:'"oo ....,. CD ao. I -
:::::::::: N N.!::!, . ~ 

r• "' -..- . • 
•. 

<D . II I I I ~ T .. 
• • 1·~--:.. . 'l" • • . • •• :. • • "... ~.~.\ • , ••• : ~~ ... •-..,,\"!. ··:.·.;,~'\\.,:..,:~:·:.~. vz!-.,:;._,,., ::~": "...:•)"\: ····~- .,,. : .. . . . . 

0> 
~ ..., 
I 

5+~ 
Ui 

~ ... 

1o2 

c :g. •• ~ 0 I ..., . . U) :g 
.-~ . · I :: I I . 

~-. ....... ;,:--:.,, • ...... • •• .-!-: • • : • .,. •• .,. ....... • :, •• • ... • •• •• • ... .1. • ..... -.::(' •••• \. .. : • 
1· ·~ -, •• ~-.. ....... ~~~ ........ • ••• " ••-:! ~· •• .-.jl. -· ···r#.&:!o::~ ...... .,... ,.. -11;',.!\ .. !e!"t"' ,. •w.•' ..tf-"'~ .... . .. . . .. .,.. . . ...-: -. :. . .... ..... , . . .. :·.··· .,.-- ... .. ~ . . .. . .. . •'-. . . . . . .:.., .., <Z> .. . . . ... . ... . .. ·.· . •!' 

5 
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/4/ .. 

aBTOpbi • 6) B ncnom 
168 . 

IJHeM . Lu o6paayeTCSI 

natta,_ 6nn3KHM K nepno~y 

HO, qTo .Haw nyTb nonyqeJ 
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npn pacnatte . , nc 

. 168 L . . 
Hhlfi ·. U , Y H8C. HeT 

'•,,.-

I'pattyHpOBKH.nO HHTeHCHBJ 

HacTommefi pa6oTe nonyqe 
... . 168 : 

o. ~aMMa~nyqax . Lu. 

Dpn. nayqeHHH, cneKT 

I'paHHqHb!MH 9Hepl'HSIMH (~ 

TeHCHBHOCTH n03HTpOHOB l 

TH 8HHHI'HnSIUHOHHOI'O nHKI 
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(pnc.4) KaK "'9% nn51 KOJ 

aHeprnefi 1,5 MaB, B CBSI 

1 M9B 1 B CneKTp aneKTpOJ 

Tanna, cymecTBeHHhifi BJ<.n 
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Hhie naHHhie xoporuo cornacyiOTCH c peaynbTaTaMH ripenaapnTenbHhiX ·nccne-

16S /1 2 3/ . 
noaaHHil: pacnana Lu 1 BhmOnHeHHhiX 8 pa6oTax 

1 1 
• 3Ha'lHTenbHbie 

/4/ 
paaHornacnH HMeiOTCH c peaynbTaTaMH pa6oTbi (eM. Ta6n. 1). ITpn 

.9TOM 1 eCnH Ha6niOJl8IOIUeeCSI. p83n!l'lHe (2-3 paaa) B IIHTeHCHBHOCTSIX HeKO

TOpbiX · HHTe.HCHBHhiX raMMa-nepeXOJlOB ~ o6naCTH 9Hept'Hil: MeHbiUe 600 K9B 

MO)KHO 6binO 6bi 06'hSICHHTb CHCTeMaTH'leCKOil: OIIl!I6KOil: 1 BHOCHMOil: KpHBOil: 

Kanu6pOBKH no. HHTeHCHBI!OCTSIM 1 TO pa31!HUY B HI!TeCHBI!OCTSIX pSI)la nn-· 

KOB JlO _10 H 6onee pa3 (HanpHMep 1 I'BMMa-ny'lli C 91!epi'HSIMH 112 1 229, 

298 1 ~47 1 402 1 1016 1 1185 1 1483 Ksa) STHM o6'hSICI!HTb aenbaH. Mo)KI!O 

yKa3~Th i-<Be B03MO)KI!bie npH'liiHhi HMeiOIUHXCH paaaornacHil:. a). Hcnonbao-

J·'/4/ 16 .169 
·Bal!libiil: B MeTOJl nonyqeanH II~OTona · 

8 Lu - peaKUIIH Tu(a,5n). 

lie n03BOnSieT nony'lliTb II30TOn 
168

Lu TaK 'l1ICT01 KaK 9TO. yTBep)KJlBIOT 

/4/ . 
8BT0pbl • 6) B HCnOnb30B8HI!Oil: peaKUHH aapSIJlY C OCI!OBI!biM COCTOSI-

!;tHeM 
168 Lu 

o6paayeTCH naoMepHoe cocTOHHHe HJlpa c nepHOJlOM nonypac-

168 
. Lu • O'leBHJl-nana1 6nn3KHM K nepnony nonypacnana CeMHMHIIYTI!OI'O 

ao 1 'ITO aaru 
1

6S ·Lu · nyTb nony'lei!HSI H30TOna 1 KBK JlO'lepHei'O BeiUeCTBa 

npn pacnane 

168 Lu 
libiil: 

168Hf . •. 
1 no3BOnSieT BeCbMa lii,IJle)KHO Bbi)lenHTb CeMHMHI!YT- . 

rpanynpoaKH . no HI!TeHCHBHOCTHM. TaKHM o6paaoM 1 MO)KI!O C'lHTaTb 1 'ITO B 

aac'i'osrtueil: pa6oTe nony'lel!hi aan6onee nonahie H JlOCTOBepahie oBeneang 

, o- raMMa-nyqax 168 Lu. 

ITpn nay'leHHH cneKTpa noanTpOHOB o6aapy)KeHbi JlB!3 KOMnoaeaThi c 

I'pai!H'llib!MH 91!epi'HSIMH (2, 7 :t 0 13) M9B H (1 15:!:0 13) M9B (pHC. 3). l1H-

TeHCHBI!OCTH n031ITpOHOB Et .' npOUeHTBX 1!8 pacna)l OUeHel!hl no HHTei!CHBI!OC-

168 Lu 
TH BliliHI'HnSIUHOI!HOI'O n!IKa C HCnonb30B8l!HeM CXeMhl pacna)la 

(pnc.4) KBK "'9% Jlng. KOMnOHeli.Tbl 2 17 M9B H "'5% JlnSI KOMnoaei!Tbl C 

saeprneil: 1 15 MsB. B CBSiaH c TeM, 'ITO. B o6nacTn saeprHil:
1 

·Mel!biiiHX • 

1 M9B 1 B cneKTp sneKTpOI!OB 1 H3Mepei!Hb!H C ITOMOIUblO BI!TpaUei!OBOI'O KpHC

'I'anna1 cymecTBeHHhiil: B¥nan BHOCHT raMMa-ny'lH 1 Mhi He ,Mornu o6aapy)KHTb.· 

13 



KOMIIOHeHThl Il03HTp.OHOB C rpaHH'IHOH SHeprnefi MeHbllle MSB, OnHaKo 

Mhl OUeHHB8eM BepXHHH npenen KOMIIOHeHThl II03HTpOHOB C SHeprnefi .OKOnO 

800 KSB B "' 0,2% Ha paCIIaJl, BKnan raMMa-ny'lefi B KOMr:OHeHThl II03H":" 

TpOHOB C E 2,7 H 1,5 MSB npeHe6pmKHMO Man. TaKHM o6pa3oM, 
rp: 168 

ecnH HalllH naHHhie o rpaHH'IHhiX aHeprHSIX rroanTpOHOB rrpn. pacnane Lu 
/4/ 

H8XOJlSITCSI B cornaCHH C peaynbT8T8MH pa60Thl 1 TO Jl8HHhie 06 OTHOCH- · 

TenbHhiX HHTeHCHBHOCTSIX KOMIIOHeHT II03HTpOHOB CHnbHO I!pOTHBOpe'laT Jlpyr 

npyry. 

168 
3. CxeMa pacnana Lu 

n . 168 L 
pH IIOCTpOeHHH CXeMhl paCII8Jl8 U T ~ =7,1MHH) (pHc.4) 

Mhl HCXOJlHnH H3 H81UHX pe3ynbT8TOB H3y'leHHSI CIIeKTpOB raMMa-ny'lefi H. 

168 . 
Lu H peaynbTaTOB H3y'leHHSI ·aoa6y*JleHHhiX cocTOSIHHfi II03HTpOHOB 

~ '168 
·srnpa Yb B peaKUHH (d,d ') 17

•
81

• BBHJlY 6onblllHX paaHornacHfi Me)!(-

JlY H81UHMH Jl8HHhlMH 0 raMMa-ny'laX H II03HTpOH8X 
168 Lu 

H Jl8HHhlMH 

' /4/ .. 
pa60Thl 1 Mhl ae IICHOnb30B8nii CBeJleHHSI 0 raMMa- ny'laX II II03IITpOH8X1 

nony'leHHhie~B STOH pa60Te, DpHHHManHCb BO BHIIM8HIIe OCHOBHh!e peaynb-

" . ... 6 /4/ 
T8Thl HCCne)lOB8HHII raMMa-raMMa COBI!8JleHIIn pa OThl · , 

nocTpoeHHe cxeMbl pacnana II HHTeprrpeTaUIISI B036y)!(JleHHb!X COCTOSI-

168 
HHH Yb 38TpyJlHSIIOTCSI TeM, 'ITO IIO'ITH HII'Iero He II3BeCTHO. 0 MynbTII-

IIOnbHOCTSIX raMMa-nepexonoa. Ma-aa Manoro nepHona nonypacnana cneKTp 

KOHBepCHOHHbiX sneKTpOHOB 
168 

Lu He aayqancsr. ,Upyriie MeTOJlhi onpene-

neHIISI'MYnbTHIIOnbHOCTefi T8K)Ke He !IpHMeHSiniiCb, 

P SIJl o6Hapy*eHHbiX H8MH raMMa-nepexonoa xoporuo paaMeruancsr Me*-
. - + + + 

Jly ypOBHSIMII pOT8UHOHHOH IIOnOChl OCHOBHOrO COCTOSIHIISI (2 ., 4 _II 6 ) II 

' ( + + 4+ +) ' ' 
IIonOCbl raMM8~BH6paUHOHHOro COCTOSIHIISI 2 ·1 3 1 II 5 1 BBe)leHHOH 

, 17 8/ ' 
IlpH HCCneJlOB8HHSIX peaKUIIH ( d, d ) 1 

• M HTeHCHBHOCTH nepeXOJlOB Me)!(-

JlY STHMII ypOBHSIMH HaXOJlSITCSI B XOpOlUeM cornaCHH C 06bl"!Hb!M nnsr "!eT

HO-"leTHbiX ne!flopM!ipOB8HHblX SI)lep xapaKTepOM pa3pSIJlKIIo 

14 
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M9Hblll9 MSB, 0JlH8KO 

~TpOHOB C BHeprneA OKOnO 

eA B KOMr.OH9HTbl ll03H-
, ~,~~" -

> Mail. TaKHM o6pa3oM, 

168 Lu 
poHOB npn pacna}le 

/4/ 
; , TO Jl8HHbl9 06 OTHOCH-

CHnbHO npOTHBOpeqaT }lpyr 

-...._ 

t68 Lu 

T X =7,1MnH) (pnc.4) 

:neKTpOB raMMa-nyqefi H, 

~o36y~JleHHbiX COCTORHHA 

5onhwnx pa3HornacnA Me)K-

laX 
168 Lu H Jl8HHbiMH 

'8MM8- nyqax H ll03HTpOH8X1 

!HM8HH9 OCHOBHbie, pe3ynb-
.. /4/ 

J860Tbl , 

UHR B036y)KJl9HHbiX COCTOR-

,ro He H3B9CTHO 0 MynbTH-

epnona nonypacnana cneKTP 

:g, .llpyrne MeTOJlbl onpen·e-

s· · xopoll!o paaMewancst Me)!{-

. + + + 
OCTORHHR (2 1 4 H 6 ) H 

3\ 4+. H 5+), BBSJl9HHOA 

eHCHBHOCTH nepeXOJlOB M9)K

naCHH c .o6biqHbiM nnst qeT-

pa3pMKH, 

"'··-

• 
7 

V;§; 
0 

6 

5 

4 

3 

2 

' • 

\0 

• En· 2100 keY } 

o En• 1500 keY. 

t. En• 2700 kiV 

• En· ISOo keY 

<D 

.-

E[MeY) 

Pnc,3. fpacjmK <l>epMn-KIOpH 13+ -cneKTpa pacnana naoTona 
168 

Lu ( "2" 
6bm H3MepeH 14 MHH nocne "1 "), 

15 . 
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HcrronhaySI HalllH .uaF 

peXO,!lOB, MO~HO BB€CTH B 

ITO 9HeprHH C ypOBHSIMH 

1476 K9B (3~); '1598 K9~ 
cyMM aHeprHfi raMMa-rrep· 

II03BOnSieT !3B€CTH HOBbie : 

2204,5; 2273; 2405,5 n.2· 

~-H' BhiTeKaiOmHe. HS xapaK 

Ha cxeMe pHc; 4. B o6me1 

54' H3 78 9KCIIepHM€HT8~~J 
168 p ·; ...... !'f'ti;.:~tlr:_· Lu · · · 

AHanHa HHTeHCHBHoc~ 

(pHc,4) IIPH,BO,!lHT K 38KnK 
. 168 y. I. 

HOBHOM Ha ypOBHif · t: 

B CBSI3H c aTHM o6Hapy~e 

MOMY 1 T8K~e CBSI38Hhl C 

o6pa30M 1 KOMIIOH€~T8 II03F 

rrpe,!lCT8BnSieT co6ofi pacrra 
. 168 

nochi Yb H aHeprHSI t: 

STO 3H8'1€HHe XOpOillO COBJ 
. • /13. 

Mace, pa:aHofi 4,4 Ma:a · 
• 

KH HHT€HCifBHOCT.P.fi 3acene 

log ft .unSI pacrra.ua .Ha 

TeHCHBHOCTH aaceneHHSI yp 

P8MMa-rrepeXO,!lOB B OCHOBI 
. .., 168 

· Lu , T.e. 6eTa-pacrral 
168 " .. 

Lu :aoa6y~.U~IOTC.II ypc 

:aH6pauHOHHoro cocTOSIHHfi c 

. II03BOnSieT HCKniO'IHTb ·U3 q 
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I1CITOJib3YSI HBlllH llBHHhie 06 9Hepi"HSIX II HHTeHCIIBHOCTSIX I"BMMa-ne-

168 Lu peXOllOB 1 MOJKHO BBeCTH B CXeMy pacna~ta ypOBHH,. COBIT8ll810IUHe· 

168 /8/ 
no aHeprHH c yposHSIMH Yb , o6HapyJKeHHhiMH B SI~tepHbiX peaKUHSIX : 

1476 K9B (3-) i 1598 K9'B (3-) II 2057 K9B (2,3), Xopomee COBITa~teHHe 

CYMM 9Hepi"Hll I"BMMa-nepeXOllOB II 9Hepi"Hll ypOBHeH (B npe~teJiaX :1 K9B) 

IT03BOJISieT BBeCTH HOBbie ypOBHH 
168 Yb C 9Hepi"HSIMH:1452,1;1551; . 

2204,q; 2273;_, 2405,5 II 2428 K9B, 803MQ)!Olb!e 3Ha'!eHHSI CITHHa II '!eTHOC

~11, BbiTeKatolliHe 113 xapaKTepa pa3pSillKH BBe~teHHbiX ypOBHeH, YK838Hbl 

Ha cxeMe p11c; 4. B o6meil cnoJKHOCTH B cxeMe pacna~ta 6bmH pa3MeiUeHhi 

54 ·Ha;:78 9KCITepHMeHT8JlbHO OOHapyJKeHHbiX I"BMMa~nepeXOllOB pacna~ta 
t68 Lu '"\""';-t·Ft(:r-:nr ""'\r'".l tt ,r,. · ·'t.p·:of)"r '"}''"'" •"" ·n 

168 ' 
AHaJIH3 HHTElHCHB.HOCTeil raMMa-nepexo~toB MeJK~tY ypoBHSIMH Yb 

t68 Lu 
(pHc.4) npHBOllHT K 38KJlto'!eHHto, 'ITO pacna~t ITpOHCXOllHT B OC-

HOBHOM Ha ypOBHH 
168 

Yb B o6JiaCTSIX 1200-1400 K9B II 2200;...2400 K9B, 

B CBSI3H C 9THM OOHapyJKeHHhle HaMil KOMITOHeHTbl IT03HTpOHOB 1 ITO~BHllH-

+ 168 ' 
MOMYi TaKJKe CBSI3aHhi c f3 -pacna~toM Lu Ha 9TH ypoBHH, .TaKHM 

00p830M, KOMITOHeHTa IT03HTpOHOB C !'paHH'IHOH 9Heprueil. (2700: 300) K9B. 
168 

Lu npe~tCT8BJISieT COOOH pacna~t 
168 Yb 

nocbi 11 aHepi"HSI pacna~ta 

Ha ypOBHH I"8MM8-BHOpaUHOHHOH n~-. 
168 168 . c 

Lu- Yb paBHa (4,8.: 0,5) Mas. 

8TO 3Ha'!eHHe ~OpOiliO COBITa~taeT C nonyaMnHpH'!eCKOH OUeHKOH pa3HOCTH 

/13/ 
Macc,paBHOH 4,4 MaB • n~nyqeHHOe 3Ha'!eHHe pa3HOCTH Mace H oueH-

• 
KH llHTeHCHBHOCT,flll 3aCeJieHHSI ypOBHeH IT03BOJISIIOT onpe~teJIUTb '3Ha'!eHHSI 

log ft llJISI pacna~ta Ha ypoBHH 
168 

Yb (eM, pHc.4). Tip11 oueHKe nH-

TeHC.HBHOCTH 3aceneHHSI ypoBHeil 
168 Yb 6bmo npHHSITo, 'ITO nHTeHCHBHOCTb 

!'aMMa-nepeXOllOB B OCHOBHOe COCTOSIHHe 
168 Yb paBHa. 1 00% p'acna~tOB 

168 
Lu , T.e. 6eTa-pacna~ta B ocHOBHOe cocTOSIHne HeT. TipH pacna~te 

I 68 " . 
Lu B030YlKll810TC~ ypOBHH poTaUHOHHh!X ITOJIOC OCHOBHO!'O H I'aMMa-

6 . (6+ H 5+) BH p8UHOHHOI"O COCTOSIHHH C Bb!COKHMH 3H8'1eHHSIMII CITUHa •. 8TO 

. IT03BOJISieT llCKJlto'IHTb 113 'IIICJia B03MOJKHbiX' 3Ha'!eHUH CITU~a OCHOBHOI"O 

17 



COCTOSIHHSI 
168 . Lu aaaqeHHSI 0 H 1. BoaMO)KHbiMH stBnSIIOTCSI aaa"'eHHSI 

CllHHa 2 ,S H 4, 

HHaKHe ·aaa"'eHHSI log ft Jlnst 6eTa-pacnaJla aa ypoBHH 2204,7 K9B 

Qogf~ "' 5,2) H 2405,5 ~9B (Jog ft "' 5,2) MOI'YT 6hiTh CBSI3aHbl TOnhKO C 

paapellleHHbiM He3aJleP*_aHHbiM {3- nepeXOJlOM~ flepeJ{OJlbl TaKOJ:'O THila 

B o6naCTH peJlK03eMenhHbiX Jle<!JopMHPOBa.HHbiX SIJlep MOI'yT 6hiTh CBSI3aHbl 

C nepeXOJlaMH THna 

5- 7·-
n- [5231 ... p -

2 
[523 1 

2 . . 

7- g-
n - [ 514 1 .... p - [ 514 1 
. 2 2 H 

3TO o6CTOSITenhCTBO Il03BOnSieT BbiCKa3aTh HeKOTOpbie coo6pa)KeHHSI 0 CTpyK-
168 .. . / . . . . ' 

Type OCHOBHOJ:'O COCTOSIHHSI Lu H COCTOSIHHH C 9Hepl:'HeH 2204,7 H 

168 2405,5 K9B _ Yb , CyweCTBYIOT JlBe B03M0)KHOCTH, l1nH B COCTOSIHHSIX 

2204,7 H 2405,S K9B 3Ha"'HTenbHYIO "'aCTb COCTaBnSIIOT JlBYXKBa3H"'aCTH"'

Hbie COCTOSIHHSI, BltlliD"'aiOUllie B Ce6SI 0JlHOKBa3H"'aCTii"'Hble COCTOSIHIISI1 • CBSI-

( ) 
168 . 

3altHbie C au -6eTa-rrepeXO)laMII, a OCHOBHOe COCT';>SIHIIe Lu JlOn)KHO 

BKliiO"'aTb B ce6SI COOTBeTCTByiOmee rrapHOe 0JlHOKBa3II"'aCTH"'HOe COCTOSIHIIe, 

C 9TOH TO"'KH 3peHIISI fo.:i.bl C"'IITaeM B03MO)KHbiM JlnSI OCHOBHOJ:'O COCTOSIHilSI 
168 . . 

Lu cneJlyiOWIIe KOH(jJHI'ypaUIIII: 

+ . -
3-l p - 1 [ 411 1 , n - 5-[ 523 1 I 

2 . . 2 

. + c 5-
3 lp-[5411,n-[5231l 

2 2 .. 
H JlnSI JlBYXKBa3H"'aCTH"'HbiX ypoaaeti 

c . 7-
1 pI -[541 1 + p 2- [ 523 1 I • 

~ 2 - 2 

. 1+. 7-
1 pI - [ 411 ) + p - [ 623 1 I 

2 - 2 2 

- "!14/ 
llepaoe H3 9TIIX cocTOSIHHII no pac"'eTaM llstTOBa H Conoabeaa O)KIIJla-

eTCSI llpli 9Hepl:'Hll 2200 K9B, 

0TMeTHM 3JleCb 1 "'TO B 06011X cny"'aSIX HII)KHIIH.ypoBeHb JlBYXKBa3II"'aC

TH"'HOJ:'O (p 1 , P2 ) -MynhTHnneTa JlOn*eH no npaa11ny ranaxepa IIMeTb aaa

"'eHHe cnHHa 4. 3To nnoxo .cornacyeTCSI c 9KCnepiiMeHTanbHbiMII JlaHHhiMII, 

TaK KaK HaH6onee BepOSITHOe 3Ha"'eHHe CllHHa JlnSI ypOBHSI C 9H.epl:'HeH 

2204,5 K9B paBHO TpeM, 

18 

. . ( .... 
~-: ...... 

I 

.[1pyi'aSI B03l\:'{0)KH0C1 

paKTep 6eTa-nepexoJla ·ae 

Hlle 0 "19TbipeXKBa3H"'aCTJ 

ypOBHii MOI'YT BKniO"'aTh 

TOSIHHH TIIna 

1- . 
3l' pI -· ( 541 1 t p: 

. 2 c' 

IInH 

+ 1+ 1 
3 L P t2[411 , p2__, 

a CTpyKTVpa OCHOBHOPO_C 
1-f 5+ . 

2+ I p 2 [ 4111- n 
2 

[64! 

aaJlep)KaHHbiti: nepexoJl 6yl 
7- • 5- . 

p- [ 5231 .... n- [523 1 • 
.2 2 

· Mbi ae 6yJleM 3JleCb 

168 y 
CBOHCTB ypOBHeti:· · b 

· noKa HeMaoro, Aaan11a ca 

. 17 8/ . 
a pa6oTax ' • 3aMeTIIt. 

Y"'HTh!BaiOwero CMellliiBaHn 

paUIIOHHOI'O COCTOSIHHSI1" Ml 

CHii 0 Z 2 = 0,07~ 0,01 I 

Aa'i'opbi rny6oKo Ililll 

HHSI rrony"'eHHbiX peaynbT~~ 

aa o6ecrre"'eHIIe 6ecnpepbll .. ......., ·, ' 

1. R,B.Wilson, M.L.Pool, 
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a Ha ypOBHH 2204,7 K9B 

6biTb CBSI3aHbl "TOnhKO C 

ITepmWJlbi TaKOI'O Tnna 

lep MOI'YT 6hiTb CBSI3aHbl 

TOpbie coo6pa)KeHHSI 0 CTpyK-- ... -· 

6 ·~aepi'uefi 22o4, 1 ~ 
)CTH, J1nH B COCTOSIHHSIX 

anSIIOT JlBYXKBa3H'I8CTH'l-

laCTH'lHbie COCTOSIHH:SI,. CBSI-
168 ' 

cocToSIHH:e .· Lu JlOn)KHO 

)KBa3H'laCTa'lHOe COCTOSIHHe, 

)lnSI OCHOBHOI'O COCTOSIHHSI_ 

l]; n 5- [ 523 ] l 
. . 2 

7-
± PfT [523'] I. 

. ·. .· 0/14/ 
.a . n ConoaheBa O)KHJla-

. . 
snny fanaxepa HM~T? 3Ha-

IepnMeHTanhHbiMH )laHHbiMH, 

lnSI_ ypoaHSI c aH_epi'neJ:i 

llpyi'aSI. B03¥0)KHOCTh' o6ecnettnTh · paapell!ef\HbiH He3aJlep)KaHHbiJ:i xa

paKTep 6eTa-nepexoAa Ha ypoBHH 2405,5 H 2204;7 Kaa - aTo npe)lnono)Ke

Hne o · 'IeTbipexKaaanttacTuttHoJ:i npnpoJle aTHX ypoaHeJ:i. TaK, HanpnMep, 9TH 

ypOBHH MOI'yT BKniO'laTb B · ce6SI 3Ha'lHTenhHYIO npHMeCh ( 6onee 30%) COC-

TOSIHHH Tnna 

1- ·. 7- 5- 5+ 
3l' p 

1
- [ 541] , p - [ 523], n 

1
- [ 523], n -[ 642] I 

2 2 2 .2 2 2 . 

nnn 

+ - 5+ 
3 +I, p 

1 
+ [ 411 ] , p 

2 
-i [ 523] , n 

1 
~ · [ 523 ] , n 

2 
T ['642] I , 

. 168 -. c 5+ . . 
a cTpyKTvpa ocHoaHoi'o cocToSIHHSI· Lu- 2 I p""2[ 5411-nr [ 642 ] I nnn 

+ 1-f 5+ 
2 I p 2 [ 411] - n 2 [642 1 I, cobTBeTCTBeHHO, n TOI'Jla paapeweHHhifi He-

aaJlep)KaHHbiJ:i nepeXOJl 6yJleT ocywecTBnSIThCSI 3a ctteT npeapaweHHSI 
7- . ' : 5-

p 2 [ 523] ... n 2 [523] • 

· Mbi He 6yJleM 3JleCh ocTaHaatmaaThCSI Ha 6onee noJlpo6HoM. aHannae 

168 Yb . . . 
CBOfiCTB ypOBHeJ:i·. . · , TaK KaK 9KCnepnMeHTanbHbiX )laHHbiX· 0 HliX .. 
noKa HeMHOI'O, AHanu3 CBOfiCTB KOnneKTHBHb!X COCTOSIHHfi 6bin BbinOnHeH 

17,81 . . 
B pa6oTax • 3aMeTnM, 'ITO na Hawnx JlaHHhiX JlnSI napaMeTpa z :i' 

Y'IHTbiBa!OWei'O C:MeWHBaHHe BpaiUaTenbHbiX nonoc OCHOBHOI'O H I',aMMa-BH6-

paUHOHHOI'O COCTOSIHHst,· Mbl nony'IHnH 3Ha'leHHe 

171 
CHH C. Z 2 = 0,07~ 0,01 no 

Z 2 .= 0,05~0,02 B COI'na;.;. 

A a TOphi I'ny6oKo npnaHaTenhHhi H ,11, IT stToay aa none3Hbie o6cy)KJle- . 

HHSI nony'IeHHb!X peaynhTaTOB H COTpyJlHHKaM H3MepHTenbHOI'O UeHTpa nHfl 

sa o6ecne'IeHne 6ecnpepbiBHOJ:i pa60Thi aHannaaTop~IOJ:i TeXHHKH. 
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