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156 
YKa3aHBJI Ha cyiQeCTBOBaHBe B30Tona Er 6wJIB nony-

'leHw B I 1•2/. Mw nwTaJIHCb o6Hapy)KJITb ero npBCYTCTBBe B 
3p6BeBOB ~paKUBB • CMeCBHeiTpOHOAe~HUBTHbiX B30TOnOB 
Er, paABOXBMB'IeCKB BWAeJieHHOi B3 o6ny'leHHoi B Te'leHBe 
1-2 -.ac npoToHaMB IE p= 660 M3B/ TaHTanosoi MBIUeHB. 
fipocJie)I(HBaJIOCb BO BpeMeHB noBeAeHBe aKTBBHOCTB AO'Iep· 
Hero 156Ho /no f3+-pacnaAY /I/ B no 3JieKTpoHaM BHyTpeH· 
Hei KOHBepcHB /2/ I. liwn CAeJiaH BWBOA o TOM, 'ITO B 3p· 
6HeBoM npenapa Te AeicTBBTeJILHO coAep)KJITCJI 156 Er , B 

oneHeH ero nepBOA nonypacnaAa T 112 ~ 12 MUH. 

He3aBHCBMO cseAeHBJI o 156Er 6wJIB coo6IQeHw B 1
31

. 
H3oTon 156Er nony'laJICJI B peaKUBB 

165
Ho ( P, lOn) .llpOAYK" 

Tbl peaKUBB 6e3 XHMB'IeCKOrO BWAeJieHBJI 6WCTp0 pa3AeJIJI" 
JIHCb Ha 3JieKTpOMarHBTHOM Mace· cenapaTope. llpB B3Y" 
'leHHB rawwa-B3JIY'IeHBJI B3o6apw A = 156 c noMOIUbiO 
CUBHTBJIJIJIUBOHHOrO cneKTPOMeTpa 6blJIB 3aMe'leHbl TOJibKO 
rawwa-ny'IB 156Ho • C y'leTOM speMeHB sc.ex nponeAYP 

oneHeH nepBOA nonypacnaAa 151Er : T 1; 2 < 4 MUH. 

1iJIB3KOe 3Ha'leHBe nepBOAa 156 Er T 112 = 4,5 - 5 MUH 

yKa3wBaeTcJI B pa6oTe /4/, B xoTopoi 156Er nonyqancJI 
B peaKUBB 149Srn ( 12 C, 5n). 0AHaKo B 3TOM cny'lae TPYAHO 
6WJIO BCKJIIO'IHTb BKJiaA OT peaKUBB ( 12 C, 6 n) , BeAyiQei 

K o6pa30BaHBIO 5-MBHYTHOrO 155Er. 
TaKBM o6pa30M, BbiJICHBJIOCb, 'ITO He06XOAHMW AOCTO" 

sepHwe AaHHWe o nepBoAe nonypacnaAa 
156E r. KpoMe TO

ro, oTcyTcTBYIOT cseAeHBJI o6 B3Jiy'leHBB 
156 

Er. 
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1. YCJIOBHR 3KCIIEPHMEHTOB 

Ilpuzo•oeAeHue uc•ot~HUKoe. IIepsoua'la.JibHO a HalliHx 
OnWTaX HCTO'IHHKH 156 Er nOJIY'Ia.JIHCb npH 06JiyqeHHH Ha 
BHyTpeBHeM nyqxe npOTOHOB /TOK 2,3 MKA/ CHHXPOIUIKJIO
TpOHa OHJ.IH TaHTanoswx MHWeueii aecoM 2 z. H3 o6nyqeu
uoii MHWeHH xpoMaTorpaclluqecxu aw~emmcJI 3p6ueswii npe
napaT, KOTopwii 3aTeM no~sepra.JICJI pa3~eneumoo ua H3o
Tonw c noMOIQbiO 3JieKTpoMarHHTHoro Mace- cenapaTopa. 
HcTO'IHHK c nosepxuocTuoii HOHH3a.u;ueii /5/ o6ecne'IHBaJI 
BWCOKYIO 3cllclleKTHBHOCTb HOHH3aiUIH 3p6HJI. BpeMJI 06Jiyqe
HHJI MHWeHH - 0,5 'laC, XHMH'IeCKOB o6pa60TKH - 1 t~ac, 
3JieKTpOMarHHTHOB Cenapap:HH - 0,5 'lac. 

B ~aJIJ.HeiiweM ~JIJI nonyqeHHJI HCTOH,HKOB 156 Er uaMH 
HCnOJib30BaJiaCb ycTaHOBKa J.ICHAIIII 76 • TaHTaJIOBaJI MH
WeHL B BH~e cycneH3HH Ta2 0 5/0,1 M HCl o6nyqanacL 
15 MUH Ha BWBe~eHHOM nyqxe npOTOHOB CHHXPOIUIKJIOTpOHa 
I E p = 660 M3B, HHTeHCHBHOCTL 5.10 II npo1floH/ceK/. IIo
cne~yiO~ee pa~HOXHMH'IeCKOe BW~eJieHHe 3p6HeBOrO npe
napaTa 3aHHMaJIO 15 MUH. 3JieKTpOMarHHTHaJI cenapa.QHJI 
H30TOnOB ~JIHJiaCb 5 MUH. <I>OJILra C KOJIJieKTOpa cenapaTo
pa c Maccoii A = 156 nocTynana MJI H3MepeuHii qepe3 
25 MUH nocne xou.u;a o6nyqeuuJI. 

,li;JIJI y6wcTpeHHJI nony'leHHJI H3o6apw A= 156 ucnoJIL-
30BanacL MeTo~uxa "ropJiqero" TaHTana /7/ . MuweHL H3 
MeTaJIJIH'IeCKOrO. TaHTaJia TOJI~HOB 50 MKM H BeCOM 
0,5 z o6nyqanacL 15-20 Mim Ta.JOKe ua swae~eHHOM nyqxe 
npOTOHOB. 06Jiy'leHHaJI MHWeHb cpa3y, 6e3 XHMH'IeCKOB 
o6pa60TKH, noMe~aJiaCL B HOHHWB HCTO'IHHK C nOBepXHOCT· 
HOB HOHH3a.QHeB H B Te'leHHe 5 MUH npOHCXO~HJia 3JieKTpo
MarHHTHaJI cenapa.QHJI H306ap pe~K03eMeJILHWX 3JieMeHTOB. 
OT xou.u;a o6nyqeuuJI ~o uaqana H3Mepeuuii cneKTpos aw
~eneuuwx npenapaToB npoxo.zumo ue 6onee 7 MUH. 

B OT~eJibHWX _CJiy'laJIX B clloKaJibHOB nJIOCKOCTH KOJIJieK
TOpa Mace- cenapa Topa pa3Me~anacL CTeKJIJIHHaJI nnacTHHKa 
c uaueceHHWM cnoeM xnopucToro aMMOHHJI (NH4 Cl ) . Ha 
mracTHHKY swcaJKusanacL aKTHBHOCTL H3o6apw A= 156. 3Ta 
aKTHBHOCTL CMWBanacL xanneii /0,02 MA/ 0,1 M HCl. PacT
Bop HaHOCHJICJI Ha KOJIOHKy 2x60 MM Ka THOHHTa Amine X 
A5 (Biorad). 3JIIOuposauue npoH3BO.IUIJIOCb B Teqeuue 5 MUH 
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pacTBopoM a -oxcHH3o6yTHpaTa aMMOHHJI (O,lOM, pH ""4,8). 
IIpenapaTW 3p6HJI H rOJibMHJI BWMWBa.JIHCL B 06'LeMe 1-2 
xaneJIL H 6wcTpo /3a 30 ceK/ awnapHBa.JIHCb ua aJIIOMHHHe
soii clloJibre. BcJI npo.u;e~ypa npuroTOBJieHHJI npenapaTa 3aHH
Mana OKODO 8 MUH. 

Bo scex cnyqaJix 3JieKTpoMarHHTHoii cenapa.u;HH ua6JIIO
~anacL swcoxaJI 'IHCTOTa npenapaToB. IIpHMecL coce~ueii, 
60JILWeB Ha 1 MaCCOBYIO e~HHH.QY, H306apw no aKTHBHOCTH 
6WJia < 1 tfo, a npHMeCL H306ap C MeHLDIHMH MaCCOBWMH 
'IHCJiaMH npaKTH'IeCKH He Ha6JIIO~a.JiaCL. 

Annapa111ypa. CnexTpw raMMa- nyqeii nonyqeuuwx npe
napaTOB 3p6HJI H rOJibMHJI HCCJie~oBaJIHCL C nOMO~LIO 
cnexTpoMeTpos c Gi (Li)-~eTeKTopaMH pa3JIH'IHWX o6'LeMOB 
OT 0,3 ~0 40 CM 3/8 .Pa3perueHHe peHTreHOBCKHX cneKTpO
MeTpOB c Ge (Li) -~eTeKTopaMH Manoro o6'LeMa cocTaBJIJIJIO 
700 3B (57C0 ), a cneKTpOMeTpOB C 60JILWHMH ~eTeKTOpaMH -
2,5 K3B(60C0 ).,lJ;JIJI onpe~eJieHHJI 3HeprHB H HHTeHCHBHOCTeB 
raMMa-nyqeii cnexTpoMeTpw 6wJIH nporpa~yuposauw no 
CTaH,II,apTHWM KaJIH6pOBO'IHWM HCTO'IHHKaM. 

CneKTpbl 3JieKTpOHOB BHyTpeHHeB KOHBepCHH H3MepJI
JIHCL Ha 6e3)KeDe3HOM 6eTa-cn,KTpOMeTpe C TOpOIIJl,aJILHWM 
MarHHTHWM noneM CT-2 19 . IIpu6op 6wn uacTpoeu ua 
pa3perueHHe -O,C}tfo npH TpaHCMHCCHH - 15tfo. 

IIoucxu a - pacna~a nposo~HJIHCL c noMO~LIO Si (Au)-~e
TeKTopa /nno~Qa~L 140 MM 2 ,3HepreTH'Iecxoe pa3peweuue 
16 K3B ~JIJI DHH}IH/ E a- 5 M3B/ H MHOroKaHaJILHOB CHCTe
MW TRIDAC-C I I 0 . 

Y CTaHOBKa ~JIJI H3MepeHHB BpeMeHH )KH3HH JI~epHWX 

yposueii 6wna co6paua ua 6a3e ~syx C.QHHTHJIJIJI.QHOHHWX 
cnexTpoMeTpos H apeMJI-aMnJIHTy~uoro npeo6pa3oBaTeJIJI. 
B HeB HCDOJIL30BaJIHCL nJiaCTH'IeCKHe C.QHHTHJIJIJITOpld pa3· 
MepaMH Sx10 MM H 35x25 MM, clloToyMHO)KHTeJIH XP-1020 
H 6noxu 3JieKTPOHHKH, pa3 pa6oTauuwe B JIJ.III OHJ.IH: 
HHTerpaJILHWe ~HCKpHMHHaTOpW, CXeMa COBn~eHHH, KOH
BepTOp /II/. PerHCTpa.QHJI COBna~eHHB npOH3BO~HJiaCL MHO
roKaHaDLHWM auaJIH3aTopoM AH-4096. 
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2. PB3YJihTATM OIIMTOB 

B cnexTpe raMMa-nyqe:ii H3o6apw A=156 ,nony'leHHoii 
npH pa3~eneHHH 3p6HeBoro npenapaTa - npo~yxTa o6nyqe
HHJI TaHTana Ha BHyTpeHHeM ny'IKe npOTOHOB, npHCYTCT· 
BYIOT, B OCHOBHOM, raMMa-ny'IH 156Ho. JIHIIIL C nOMO~LIO 
peHTreHOBCKOrO cneKTpOMeTpa y~anOCL 06HapY*BTL MJir
KHe raMMa-ny'IH c Ey = 30 H 35 K3B, a TaiOKe Kx -u3nyqe
HHe B JI~pe Ho. HHTeHCHBHOCTL yxa3aHHWX raMMa- nyqe:ii 
cna~ana c nepuo~oM TYl- 20 MUH. B TO )l(e BpeMJI «!>oTo
nHKH I56Ho c Ey= 138, 266 H 366 K3B BHa'lane HapacTanH, 
a 3aTeM cna~anH /c TY2 - 57 MUH/ /puc. 1z/. 

B nocne~y10~x onLITax uccne~oBanacL nony'leHHaJI no 
MeTo~HKe "ropJI'Iero" TaHTana H3o6apa A = 156 H 6Lin 
yTO'IHeH nepHO~ y6LIBaHHJI HHTeHCHBHOCTH raMMa- nyqe:ii 
30 H 35 K3B, a TaiOKe K x -H3ny'leHHJI Ho':T Y. =19,5±1 ,0 MUH 

/puc. 16/. 
~nJI OKOH'IaTenLHOH H~eHTH«i>HKaUHH 06Hapy)l(eHHOH 20-

MHHYTHOH axTHBHOCTH 6Lin npoBe~eH cneu;HanLHWii onLIT. 
XpoMaTorpa«!>H'IeCKH pa3~enJinacL Ha 3p6Hii H ronLMHii 
H3o6apa A = 156, nony'leHHaJI no MeTo~xe "ropJI'Iero" 
TaHTana. Ha puc. 2 npuBe~eHa xpoMaTorpaMMa pa3~eneHHJI. 
Ha puc. :i npe~cTaBneHLI cnexTpLI raMMa-ny'leii nony'leHHWX 
TaKHM o6pa30M npenapaTOB. OnLIT o~H03Ha'IHO noxa3an, 
'ITO 20- MHHYTHaJI aKTHBHOCTL npHH~ne)I(HT 156 Er . K ero 
pacna~y MLI OTHecnH HecxonLKO raMMa- nepexo~oB / 111a6A. 1/. 

3HeprHJI 6eTa-pacna~a 156 Er no cHcTeMaTHKe /12/ co
cTaBnJieT Q ( = 1, 7 M3B, no3TOMY xonu'leCTBo no3HTPOHOB 
Mano, a ~onJI K - 3axBaTa B 3nexTpOHHOM 3axBaTe cocTaBnJieT 
(K/ dTeop"":0,80. Tax xax By -cneKTpe 156Er Ha6nro~aiOTCJI 

MJirKHe nepexo~, He HCnLITLIBaiO~e K ·KOHBepCHH, TO 
K x -u3ny'leHHe o6JI3aHo TonLKO K- 3aXBaTy. ConocTaBnJIJI 

HHTeHCHBHOCTH raMMa- nyqe:ii 30 H 35 K3BC HHTeHCHBHOCTLIO 
Kx (Ho ) B npe~nono)l(eHHH pa3nB'IHWX THnOB MynLTHnOnL
HOCTeii, Mhl npHXO~HM K BWBO~y, 'ITO ycnOBHe lnonH~30 K3B/ 
H I nonH/35 K3B/ < I K x (Ho) I w K BwnonHJieTcJI TOnLKO npH 
MynLTHnonLHOCTH E1 -nepexo~a 35 K3BH M1-Hnu El-nepe
xo~a 30 K3B. IlpH 6onLwe:ii MynLTHnOnLHOCTH ~OnJI y -ny-
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Puc. 1. a/ - nepuoo y6br6aHUJI UH111eHCU6HOC111U L -AuHuu 
nepexooa 52 K3B 156 Er ; 6/ - nepuoo noAypacnaoa I$ Er 
T1l2 = 19,5 ± 1,0 MUH, yc111aH06AeHHr.ru no y6r.r6aHuro uH-

111eHCU6HOC111U zaMMa- Aytteu 35 K3B. B CAyttae a, 6 MOMeH111 
6peMeHu t = 0 coo1116e1IIC1II6ye111 HattaAy U3MepeHuu cneK111po6; 
6/ - U3MeHeHue 60 6peMeHu UH111eHCU6HOC111U I 56 Ho , 6r.r
oeAeHHozo 6 MOMeH111 6PeMeHU t = 0 0111 Ma111epUHCKO?.O 

156 Er. AK111U6HuC111b 156 Ho npocAeJICU6aAacr. no zaMMa
AyttaM 137,8 K3B; zj - U3MeHeHUe 60 6peMeHU UH111eHCU6-
HOC111U I56Ho, HaKanAu6aiOUiezoc.R U3 pacnaoa 156 Er. AK-
111U6HOC111b 156 Ho npocAeJICU6aAacr. no K X- U3AytteHuro u 
zaMMa- AyttaM 137, 266 u 366 K3B. MoMeH111 6peMeHu t = 0 
C001116e111C1116ye111 HattaAy U3MepeHUU U C06UHY111 Ha - 40 MUH 
0111 KOHfla XUMU'IeCKOZO 6biOeAeHUJI 3p6UJI. 

'leH 30 H 35 K3B ~On)I(Ha 6LITL 3Ha'IHTenLHO MeHLWe no 
OTHoweHHIO x K x -ny'laM. 

H3MepeHHJI cnexTpoB KOHBepcHOHHLIX 3nexTpoHoB156 J;:r 
Ha TOpO~anLHOM 6eTa- cneKTpOMeTpe n03BOnBnB O~H03Ha'f· 
HO onpe~enHTL MynLTHnOnLHOCTH raMMa-nepexO~OB 30 
H 35 K3B /CM. puc. 4 H 111a6A. 1/, a TaiOKe BLIJIBHTL He 
Ha6nro~aBWHHCJI B cnexTpe raMMa-ny'leii M3 -nepexo~ c 
3HeprHeH 52 K3B. HHTeHCHBHOCTL KOHBepCHOHHWX 3neK'I'-
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Puc. 2. XpoMa111ozpaMMa paaoeAeHUJI ap6u.11 u zoAbMUJI ua 
uao6ap A= 156 . 

POHOB nepexo~a 52 K3B y6b1BaJia C nepHO~OM 21,0 ±1 ,5 MUH 
/puc. la/. 

3. OECY)J(J{EHHE PE3YJibTATOB OIIJJTOB 

Ha OCHOBaHHH 6anauca 3HeprHii H HHTeHCHBHOCTeii 

y -nepexo~oa Mbl Mo>KeM npe~nono>K11TL npe~aapuTeJILHblii 

BapuauT cxeMbl pacna~a156 Er ... 156 Ho I puc. 5/. 3uauue 

THfiOB MYJILTHDOJILHOCTeii Y -nepeXO~OB, a TaiOKe BeJIH'IHH 

lg ft f3 -nepeXO~OB D03BOJIJieT O~H03Ha'IHO ycTaHOBHTL 

CDHHbl H 'leTHOCTH B036y~eHHbiX ypoaueii 156 lb , ecJIH 

H3BeCTHbl KBaHTOBble X~aKTepHCTHKH OCHOBHbiX COCTOJIHHii 

156Er H 156Ho. JI~po 1 Er - 'leTuo-qeTuoe, no3TOMY er7 

OCHOBHOMy COCTOJIHHIO DpHDHCbiBaeM I"= 0 +. B pa6oTe / 14 

9 



N 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0 
~ 

!$ 
:.:: 

I 

~ 
i 
I 

M 

..n 
M 

s I 
l! • :.:: I \. 

II 
,. i 
·I . 

~ 1\ I 
I I . 1 
,. . \ . ! ..... -.-.--1· '-.. ... ..., ........ } ~-_,.., ......... ··· ....... . 

0 
:I: 

,cii 
:.:: 

I 

I 
• >. r -

\ '~i\!~ 
I • • I . I l I 

1. /'v 1..··, 
·~ .· \ 

~20 140 160 100 2bo 2~0 - 2~0 ·~~0 N I KAHA.nA 

Puc. 3. a/ CneKmp MJIZKozo zaMMa· u3Ay'leHUJI u3o6ap 
3p6u.11 u ZOAbMUJI c A= 156, 6/ cneKmp MJIZKozo zaMMa-
U3Ay'leHUJI 156 Ho, XUMU'IeCKU omdeAeHHozo om 156Er. 

Ha6mo,IJ;anH nonocy OCHOBHOrO COCTOBHHB 156Er. H3 3Hep

reTHKH llOllOCbl MO>KHO npH,II;TH K BhlBO,IJ;y 0 TOM, 'iTO B,IJ;pO 

15f£r B OCHOBHOM COCTOBHHH eCnH H ,IJ;e«iiopMHpOBaHO, TO 

O'ieHb cna6o. 

Cno>KHee npHnHcaTb cnHH H "leTHOCTb OCHOBHOMY co

CTOBHHIO 156 Ho 
9 

• ABTOpbi paHee BhlnonHeHHoii B Haweii 

na6opaTop.ni pagOTbl /IS/ Ha OCHOBaHHH H3y'ieHHB CXeMbl 

pacna,IJ;a 156Ho /56 MUH/ .... 156 Dy npHnHcanH 156Hoi"> 4 +. 
O,IJ;HaKo noJ,IJ;Hee llienepc /16/ npe,D;no>KHn npHnHcaT~ co

CTOBHHJ0156Ho C T 1j 2 - 1 'laC I 17 =9-J;aapa6oTef17/ Me

TO,II;OM aTOMHoro ny"'Ka HJMepeH cnHH 55-MHHYTHoro156 Ho , 

paBHhlii I = 1 . 
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HJ HawHx onbiTOB BbiBCHHnocb, 'iTO a "ueno"'Ke" pacna

,IJ;a 156 Er 19,5 MUH 156 Ho -~-~-A:~.!!!! .. 156D JaMeTHO B03-

6y>K,IJ;aJOTCB ypoBHH c BhlCOKHM cnHHOM / ~ 17 ~ 6 + ) poT a

D;HOHHOH llOllOCbl OCHOBHOrO COCTOBHHB S Dy : 6 + ~6 .... 

.... 4 + Y 266 
, 2 + Y 138 

...... 0-+; HO He Ha6mo,IJ;aeTCB nepexo,IJ; 

445,2 K3B, s+ .... 6 +. TaK>Ke Ha6mo,IJ;anHCb y -nepeXO,II;bl c 

,D;pyrHX BhlCOKOCllHHOBbiX COCTOBHHH 
156

Dy • Il03TOMY KaK 

HaH6onee npe,D;llO'iTHTenbHble xapaKTepHCTHKH OCHOBHOrO 

cocTOBHHB 156Ho Mbl Bbi6HpaeM I""" 5 +. Jl,IJ;pa c N ~ 89 
BBllBIOTCB CHllbHO,IJ;e«iiopMHpOBaHHbiMH, ll03TOMY ,II;llB OllHCaHHB 
156 Ho Mbl aocnonbJyeMcB cxeMoii HHnhccoHa. 

IIepBhlM BOJ6y>K,IJ;eHHhlM ypoBHeM 156 Ho Mhl paccMaT

PHBaeM COCTOBHHe 52 K3B C I 17= 2+, KOTOpoe BbiCBe"'HBaeT-

II 
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CJI M3 -H3oMepHWM nepexo.noM. Bwn c.nenaH onwT c uem.10 
onpe.neneHHJI nepHo.na nonypacna.na .naHHoro H30Mepa. 
H3oTon 156 Er axnroqancJI B xoMnnexc [Er DTPA] 2-. ,D.o
qepHHii npo.nyxT 156 Ho c Ta6HnH3HpyeTcJI B BH.D;e He 3aKoMn-

H 3+ neKCOBaHHOrO KaTHOHa 0 H OT.D;enJieTCJI C llOMOIJlLIO 
a.ncop61lHH Ha KaTHOHHTe /Is/· llepe3 HeCKOJILKO MHHYT 
H3MepJincJI cnexTp raMMa-nyqeii sw.neneHHoro npenapaTa 
Ho. B cnexTpe 6wnH BH.D;HW y -ny'IH 156 Ho c 3HeprHJIMH 
138 ~ 266 K3B, a TaiOKe Ka- H Kf3 -H3Ry'leHHe Dy. raMMa
ny'leH 156 Er H K x -Hany'leHHJI Ho He Ha6nro.nanocL. HH
TeHCHBHOCTL y -H3ny'leHH.Hl56Ho B cnexTpe cna.nana c Tlf2-
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Puc. 5. CxeMa pacnaoa 156 Er .... 156 Ho. 
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- 55 MUH, HapacTaHBe BHTeHCBBHOCTB He 6LUIO 3aMe'leHO 
I puc. le/. Mo)I(Jfo oneHBT:& OTCIO,D.a, 'ITO nepso,D. nonypacna,D.a 

M3-&3oMepa - He 6onee HecKon:&KBX MRHyT, 'ITO npRBO,D.BT 
K 4laKTopy TopMo:>KeHRJI M3 -nepexo,D.a FT (M3) < 100. cltaKTop 
TOpMO:>KeHRJI TRnR'IeH ,D.nJI O,D.HO'IaCTR'IBhiX nepeXO,IJ.OB. Il03-
TOMY Mhl npBnRChiBaeM OCHOBHOMY ypOBHIO R COCTOJIHHIO 
52 K3B l56Ho KOHci>Rrypai(BIO p 523 t + n521 t R p523t-n521 t, 
COOTBeTCTBeHHO. 

)J.sa ,D.pyrax ypoBHJI 82 B 117 K3B BBe,D.eHw no coo6pa
:>KeHHJIM 6anaHca 3Hepraii B HHTeHcHBHOCTeii. Myn:&Tanon:&
HOCTH y -nepeXO,IJ.OB H BepOJITHOCTB 3aceneHBJI3THX ypOBHeB 
3neKTpOHHhiM 3aXBaTOM no3BOnJIIOT npHnHCaT:& ypOBHJIM 
XapaKTepHCTHKH 1"=1+ H 1-, COOTBeTCTBeHHO. 

)J.nJI YCTaHOBneHHJI HHnhCCOHOBCKHX KOHci>HrypanHii co
CTOJIHHB 82 H 117 K3B cne,D.yeT npHBne'lh ,D.aHHWe 0 BpeMe
Hax )I(JIJHB yposHeii. OnwTw no H3MepeHHIO speMeH )I(JIJHH 
npoBO,D.HnH Ha swweonacaHHOii ycTaHOBKe. Pa.D.HOaKTBBHOCT:& 
H3o6apw A =156 BHe,D.pJinacb Ha Mace- cenapaTope B nnacTa
qecKaii cnHHTHnnJITop paJMepaMH 5x10 MM H B 3TOM KaHane 
OT6HpanHCb HMnynbCW 3neKTpOHOB C 3HeprHJIMH B ,D.Hana30-
He 10-70 K3B. Bo BTOpOM KaHane OT6HpanBCb HMnynbCW 
X-a y -aJny'leHHJI c 3Hepraeii, 6on1.weii 20 K3B. Y'IHTWBaJI 
HH3KYIO 3cl>cl>eKTHBHOCTb peracTpanaa X- a y -nyqeii B ManoM 
CI(HHTHnnJITOpe, MO)I(JIO 3aKnJO'IHTb, 'ITO B 3TOM KaHane 
ocHOBHaJI HHTeHCHBHOCTb C'leTa o6ycnosneHa L-, M-KoH
sepcaoHHWMH 3neKTpOHaMH nepexo,D.a 30 K3BH 3neKTpOHaMH 
0:>Ke. Bo BTOpOM KaHane perHCTpHpyeTCJI B OCHOBHOM 
peHTreHOBCKOe HJnyqeHHe. 

HJMepeHHaJI B 3THX ycnoBHJIX BpeMeHHaJI KpHBaJI npHBe
,D.eHa Ha puc. 6. Ja,D.ep:>KaHHYIO 'laCTb Ha KpHBOB COBna,D.eHHB 
MO>KRo o6'bJICHHTb coBna,D.eHHJIMH 3neKTPOHOB ·L- , M-30 c 
peHTreHOBCKHM Hlny'leHHeM, B03HHKaiOUUIM npH € - JaXBa-
Te 156 Er • KpaBaJI Ja,D.ep>KaHHWX coBna,D.eHHii npocne>KHBa
nacb Ha nepHO.D. nonypacna,D.a, KoTopwii oKaJancJI paBHhiM 
24 ±5 MUH. 06pa6oTKa npaBoro CKnoHa BpeMeHHoro cneKTpa 
Ja,D.ep:>KaHHwx coBna,neHHii ,D.aeT 3Ha'leHHe T 1; 2 = 1,46 ± 
±0,15 HCeK. 

B pJI,ne coce,D.HHX c l56H0 He'leTHo-He'leTHWX JI,D.ep 
o6Hapy:>KeHo cocToJIHBe I+(p523 t - n 5-23 ") , JacenJieMoe 
6wcTpwM 6eTa- nepexo,D.OM ( 1 g f t =4 ,8- 5,0). B 3Toii o6nacTH 
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156 

coon. ( L-, M -30)(J)b Ho 

litz=( 1,L.6±0,15)nce~e 
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10
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250 300 3SO N2KAHAJ\A 

Puc. 6. BpeMeHHoil cneKmp 3aoepxaHHbiX e-y- coenaoeHuil. 

,D.eci>opMHpOBaHHWX JI,D;ep TOnbKO npeBpall(eHHe p 52 31'-+ n 523J. 
npHBO,IJ.HT K pa3peWeHHOMy, He3a,D.ep:>KaHHOMY (au) -6eTa
nepeXO,D.y. IIo CBORM CBOBCTBa.M COCTOJIHHe 82 K3B 156Ho 
MO:>KeT 6wTb H.D.eHTHci>HnapoBa.HO KaK KOHcl>arypanaJI 1+ (p523'
-n523•) I CM. ma6A. 21. H3 Ta6nsnw BH,D.Ho, 'ITO cBoiicTBa 
M1-KOMnoHeHTW nepexo,D.a 30 K3B Y.D.OBneTBopHTenbHO ona

cwBaJOTCJI B paMKax MO.D.enB HanbccoHa. BepOJITHOCTb >Ke 
E2 -KOMDOHeHTW nepexo,D.a Me>K.D.Y HeiiTPOHHhiMH cocToJI-
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TaOUIUI 2. 

taK!OPH aaupeta no MOaKOBCKOMY H Hai~CCOBY nepeXOAB 29,9 KBB, 

BHCBeqHBaD~ero COC!OHRI8 82 KBB 
1~?Ho89 

~aq8Jl~B08 COC!OHRI8 Roseqeoe coatosBKe Mynu-
X) 

{2~.JNnz~]}rs {2;," [~ I'I!J\1}1$ 
non- B~'\~t.\ p"' F'., 
BOCU axcn 

{ lfz.- [sz:~) ¥i" [sz.~] h• 1 'ffi[S13) ¥t-[S2.1]h.• III 6,1•10-2 22 0,38 

E2 O,II J ,3·!0-2 2,4•10-5 

X/ B(lii) H B(E2) A8HH B e~HH~SX (e~Mt )2. H e2. 6apH, COO!B8!C!B8HHO. 

HHSMH 5/2-[523) --3/T[521) C ~K=1 CHllLHO YCKOpeHa no 
cpasHeHHJO c o~eHKoii no HunLccoHy (FN=2,4.10-5). CucTe
MaTHKa csoiicTB E2 -nepexo.nos c ~K = 1 B HeqeTHLIX .ne
l})opMuposaHHLIX s,npax 719/ noKa3LIBaeT, qTO OHH CHllLHO 
yCKOpeHLI. 3TO YCKOpeHHe E2 -nepeXO.D;OB MO)I(HO 06'LSCHHTL 
KopuonucoBLIM cMeWHBaHHeM cocTOSHHii, B pe3ynLTaTe 
KOTOpOrO B03pacTaeT KOnneKTHBHLIH BKna,n B BepOSTHOCTL 
E2 -nepexo,na. YqeT Kopuonucosa B3aHMo.neiicTBHS Me*.nY 
HeiiTpOHHLIMH COCTOSHHSMH 5/2 - [ 523 ) H 3/2 l 521 ) B 
paccMoTpeHHOM HaMH cnyqae 156 Ho .naeT i})aKTOP 3anpe

Ta FN- 1 . 
Y cKopeHHe E2 - KOMnoHeHTLI nepexo.na 30 K3B I( F M = 

= 1,3 .10 - 2 I MO)I(HO o6'LSCHHTL i})eHoMeHonoruqecKoii 
KapTHHOH, a HMeHHO: B COCTOSHHH 52 K3B, 2 + 3aMeTHa 
,nons BOllHOBOH i})yHK~HH poTa~HOHHOrO COCTOSHHS 2+ -nonoCLI 
Ha yposHe I+ I 7/2 '1 523 ] 5/2 - [ 523 1 l . 

Ilpe,ncTasnseT oco6Liii HHTepec ypoBeHL 117 K3B, I-. 
lie3 H3MepeHHS ero speMeHH *H3HH ceiiqac Tpy.nuo npunu
caTL 3TOMY COCTOSHHIO HHllLCCOHOBCKYIO KOHI})Hrypa~mo. 
H3BeCTHas B coce,nHHX HeqeTHo-HeqeTHLIX s.npax KOHI})ury
pa~us I-{ p41h - n 521 .. l He MO*eT 6LITL conocTasneHa 
C ypOBHeM 117 K3B 156Ho, TaK KaK B 3TOM cnyqae nepexo,n 
35 K3B 6Lin 6LI .nsyxqacTHqHLIM, a o.nuoqacTHqHLiii nepexo.n 
65 K3B, I-... 2 + He Ha6moJiaeTcs. 
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06pa~aeT Ha ce6s BHHMaHHe HH3Koe 3HaqeHHe lg ft 6e
Ta-nepexo.na Ha yposeHL 117 K3B. lieTa-nepexo.n OTHOCHT

cs K o.nuoKpaTHO 3anpe~eHHWM, HeyHHKanLHWM. IloMHMO 
cnyqas pacna,na 15~r ( o+) .... 156Ho 1117 K3B l-1 TaKas *e 
CHTya~HS, KaK noKa3aHO B Hameii pa6oTe /20f, HMeeT MeCTO 
npu pacna.ne 158_Er (0+)_.158 Ho 1138 K3B, 1-llgft= 5,5. 

BenuquHa lg ft MO*eT H3MeHHTLcs, ecnu HenpasnnLHO 
B3STa 3HeprHS H lunul BepOSTHOCTL 6eTa-nepexo,na. 3Ha
qeHHe Q f = } , 7 M3B .nns 156 Er HaMH 6Lino B3STO H3 
cucTeMaTHKH 12/. H3 Toii *e pa6oTLI cne.nyeT, qTo 156 Er 
MO*eT ucnLITWBaTL a -pacna.n c Q a = 4,0 M3B. MLI 
nLITanHcL o6Hapy*HTL a -pacna.n 156 Er . Ilpu 3Kcno3H~HH 
OKono 1 t~ac.HcToqHHKa 156 Er B cneKTpe, CHSTOM Si (Au ) -
,D;eTeKTOpOM, 6WnH BLISBlleHLI llHHHH KOHBepCHOHHLIX 3lleKT
pOHOB 156 Ho .no E e < 2,0 M3B, HO B o6nacTH 3Hepruii 
BLime 3 M3B He 6LinO BH.D;HO a- H KOHBepCHOHHLIX nHHHH. 
BepxHHii npe.nen HHTeHCHBHOCTH a -nHHHii, ycTaHosneHHLiii 
H3 cpaBHeHHS C HHTeHCHBHOCTLIOllHHHH K266, COCTaBnSeT 
5.10-5 0/o pacna.nos 156 Er, T.e. nap~uanLHLiii nepuo.n 156 Er 
no OTHomeHHIO K a -pacna.ny > 76 Aem. 3ToT npe.nen no-
3BonseT no 3aKOHY reiirepa- HeTTona o~eHHTL KHHeTH
qecKyJO 3HeprHIO a -qacT~ 156 Er : Ea <.. 3,6 M3B. 
,IJ;aHHoe 3HaqeHHe cornacyeTcs c senuqnHoii Qa = 3,4 M3B 
,nns 156 Er, BLITeKaeMOH H3 CHCTeMaTHKH 3HeprHH a -pac
na,na coce,nHHX H30Tonos Er , Dy , Gd I puc. 71. TaKHM 
o6pa30M, 3Heprus Qf ( 156 Er ) He npeBLimaeT 3HaqeHHS 
1,7 M3B 1 1 ~unu MO*eT 6LITL HecKonLKO MeHLmeii. 

qTo KacaeTcs seposTHOCTH 6eTa-nepexo,na156 Er(0'1 ... 
_.156Holl-, 117 K3BI, TO HY)I(HLI ,nononHHTenLHLie OnLITLI, 
KOTOpLie noKa3anH 6LI OTCYTCTBHe HH3K03HepreTHqecKOrO 
lEy< 8 K3BI y-nepexo.na Tuna E1 , qLs HHTeHCHBHOCTL 
Morna 6LI c6anaHcuposaTL HHTeHCHBHOCTL y -nepexo.na 
35 K3B. C ,npyroii CTOpOHLI, cne,nyeT nOHCKaTL y -nepeXO.D;LI, 
oqeHL 6nH3KHe no 3Hepruu K nepexo.naM 29,9; 35,1; 52,1K3B 
HnH s o6nacTH KX -u3nyqeHHs. Hanuque TaKHX nepexo.nos 
MO*eT npusecTH K nepecMOTPY npe.nnaraeMoro sapuaHTa 
cxeMLI pacna.na 156 Er • Bsu.ny Heo6LiqHOCTH csoiicTB 6eTa
nepexo.na 156 Er THna o+ ... I- MLI npe.nnonaraeM npoBeCTH 
B 6nu*aiimee speMs 3KcnepuMeHTLI no H3yqeHmo :JneKTpo
HOB KOHBepCHH B oqeHL HH3KOH o6naCTH 3HeprHH, a TaK*e 
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Puc. 7. 3aeucuMOC111b 3Hepzuu a - pacnaoa ( Q a) 011 'IUCAa 
HeillllpoHoe e coceoHr.ox c 156 Er u3o111onax Gd , Dy u Er • 
3HarcoM x noMet~eHa oxuoaeMa.R OA.R 156Er eeAu'luHa Qa . 
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aa 6eTa- cneKTpoMeTpax a:wcoKoro pa3pemeHBJI. KpoMe Toro, 
Mhl nnaHBpyeM UOCTaHOBKy Oll:WTOB, B KOTOp:WX 6y)).eM 
B3y'lan. y-y -coana.D.eHBJI, Kx- y -coana.D.eHBJI B "caMo
coana.D.eHBJI" (y30 y30) BnB (y35 y35). TaiOKe 6Y.D.YT npoae
.D.eH:w B3MepeHBJI BpeMeH )I(B3HB ypOBHei 82 B 117 K3B 
c nyqmeii ceneKTBBHOCTLIO 3neKTPOHOB L 30 B L 35 , 'I eM 
B )).aHHOH pa6oTe. 

B 3aKniO'IeHBe aBTC1p:w npBHOCJIT rny60KYJO 6naro.D.ap
HOCTL H.A.Jie6e.D.eBy, ,D;o KBM T10ary, H.H.rpoMoaoi 3a 
npBrOTOBlleHBe B:WCOKOKa'leCTBeHHl.IX pa)).BOaKTBBH:WX BC
TO'IHBKOB. 
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PyKonucr. nocmynUAa e u30ameAr.cKuii o•OeA 
29 uroAJI 1974 zooa. 

Y CJIOBKS 06MeHa 
llpenpHHTbl H eoo6meHHR OIUIH paeeblnawTeR 6eennaTHO, Ha oeHoae 

B3aHMHOrO 06MeHa, YHHBepeHTeTeM, HHeTHTyTaM, na6opaTOpHRM, 
6H6nHOTeKaM, Hay'IHbiM rpynnaM H OT,lleRbHLIM y'leHLIM 6onee 50 eTpaH. 

MLI O)I(H,llaeM, 'ITO nony'laTenu H3.llaHHH OHJIH 6y.llyT eaMH npoRa· 
ITJ!Tb HHHUHaTHBY B 6eennaTHOH noeLinKe ny6nHKaUHH B )l;y6Hy. B nopR,llKe 
o6MeHa npHHHMaiOTeR Hay'IHLie KHHrH, )l(ypHanLI, npenpHHTbl H HHOrO 
BH.lla ny6nHKaUHH no TeMaTHKe OHJIH. 

E.llHHeTBeHHLIH BH,ll ny6nHKaUHH,KOTOpLIH HaM npHebinaTb He ene,lly· 
eT,- JTO penpHHTLI I OTTHeKH eTa Teii, y)l(e ony6nHKOBaHHbiX a Hay'IHLIX 
)l(ypHanax/. 

B PR.lle enyqaea MLI eaMH o6pamaeMeR K nony'laTenRM Hawux H3,lla· 
HHH e npoe~o6oii 6eennaTHO npuenaTb HaM KaKue-nu6o KHHrH unH 
BbiiiHeaTb ,llRJI Haweii: 6H6nHOTeKH Hay'IHLie )l(ypHanLI, H3,llai011.1HeeR B HX 
eTpaHaX. 

OT,!J;eJibHble 3anpocbl 
lf3,llaTenbeKHH OT,llen e)l(erO,llHO BLIIIOITHReT OKOITO 3 000 OT,lleiTbHLIX 

3anpoeoa Ha ableblnKy npenpHHTOB H eoo6meHHH OHJIH. B TaKHX 3a· 
npoeax ene,llyeT o6R3aTenbHO yKa3LIBaTb HH,lleKe 3anpawuaaeMoro 
H3,llaHHJI. 

A,ll;peca 

lluebMa no seeM aonpoeaM o6MeHa ny6nHKaUHRMH, a TaK)I(e 3anpo-
eLI Ha OT,llenbHble H3,llaHHR ene,llyeT HanpaanRTb no a,llpeey: 

101000 MocKea, 
FAa8HbiU no'imaMm, n/11 79. 
H3oameAbcKuii omoeA 
061>eOUHeHH020 UHC111U111Y111a 
JIOepHbiX UCCAeooeaHUU. 

A,llpee ,lliTJI noeLinKH aeex ny6nHKaUHH B nopR,llKe 06MeHa, a TaK)I(e 
,lliTJI 6eennaTHOH nO,lliiHeKH Ha Hay'IHLie )l(ypHanLI: 

101000 MocKea, 
FAa8HbiU no'imaMm, n/11 79. 
Jlay'iH0·1/IeXHU'ieCKaJI 6u6AU01/IeKa 
Of51>e~uHeHHozo UHC111UIIIY111a 
JIOepHbiX UCCAeooeaHUU. 


