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to. Pe3ynLTaTw 3KcnepHMeHTOB no H3MepeuHro raMMa-ny
qeH:, KOHBepCHOHHbiX 3lleKTpOHOB H raMMa- raMMa COBna,IJ.eHHH 
il3nyqeHHH 166 Tm onyfinHKOBaHbl HaMH B pafioTe/l/ . llony
qeuuwe 3KcnepHMeHTanLHLie .n.auuLie no3aonHnH nocTpOHTL 
6onee nonuyw cxeMy pacna.n.a 166 Tm / CM. puc. la/, a 
TaK)f(e nonyqHTb 6onee nonHLie CBe,IJ.eHHH 0 CTpyKType B03-
6y)f(,IJ.eHHLIX YPOBHeH 166Er , qeM B npe,IJ.bl.IJ.YJ..QHX pa6oTax/2-6;: 
llpH auanH3e B036y)f(,IJ.eHHbiX COCTOHHHH 166Er Mbl HCnOllb30-
BanH cae.n.eHHH o pacna.n.e 166Ho , 177 = 0- / 2, 7• 8/ !66mHo, 

J17 = 7- 121 H pe3ynLTaTLI Hccne.n.oaauHH: peaKI.J,HH THna 
(d, d')/9/ , (a, t)/10/, (p, t)/11.<(y,y')/12/ (31le, a) H ( 4He,t) /l:l/ 
(a, xn y )/!4/. CnHcoK ypoaueH: 166Er, ua.n.e)f(HO ycTauoaneHHLIX 
Ha OCHOBe BCeX 3THX ,IJ.aHHbiX, npe,IJ.CTaBneu B ma6A. ]. B no
cne.n.ueH: rpaclJe Ta6nHI.J,LI /"llpHMeqauHe"/ yKa3aH HCToquHK 
HH$OpMai.J,HH, Ha OCHOBe KOTOpOrO HaHfionee Ha,IJ.e)f(HO YCTa
HaBllHBaeTCH COOTBeTCTBYIDII.J,HH ypoBeHL; ecnH HHqero He 
yKa3aHO, TOr,IJ.a HCTOqHHKOM HHclJopMai.J,HH HBnHeTCH pacna,IJ. 
166Tm. 

Ta6JIHJ.t& I 

H~eaHo yct&Hos•eaawe ypoaHK I66E~ 
------------------------------------------!56 ____________________ _ 

E!l' 1:3B ( .4 E) ft" K --~~~~=~~=~~----!~--- flpuellaHKe 
:c 3aceu- e ft 

BKI! 'i ------------------------------------------------------------------· 
-------l-----------~-------------~----------~--------------2 ______ _ 

80,56 (2) 2+0 
L. 264,97 (2) 4+0 

545,43 (3) 6+0 . 
9II,IB a•o 166~0 

i~ 7tJ5,89 (2) 2+2 
859,36 (2) 3~ 
956,16 (3) 4+2 

1075,26 (4) 5+2 
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llpo~oiDKeHHe 'Ta6n. 1 

----------------------------------------------------------------~ 
-------1-----------'-------------~----------~-----------rb52-----I2I5,93 6+2 - - "'Ho 
1376,00 7+2 - - 166~Ho 
1555,71 B+2 l66~Ho 
1458,12 (5) 2-2 
1513,71 (6) 3-2 
1572,15 (6) 4- ('2.+~) 
1596,20 (10) 4- (2+ 4) 

1665,7'1 s- (2+4) 

1692,28 5- (2+4) 

1786,94 6- (2.-t ..,, 

1827,52 6- W'-~l 
I460,oo o+o 
1528,30 (10) 2+0 

1662,45 I-0 
1720 3-o 
1901 s-o 
1812 r1 
1830,5 r1 
1917,75 (4) 3-
I938,n csJ 3+ 
1978,42 (6) 4+ 
2001,89 (4) 3-
2021,25 (10) 2-(T) 
2132,92 (4) 3+ 

2159,87 (5) 3+ 
2172,8 (2) 3+ 
2215,96 (6) rCT) 
2243,1 (3) J-

227J,IJ (19) J-
2290,8 (I) 2r CJ"') 

0,8 7,7 
1,2 7,5 
0,12 8,5 
1,5 7,3 
2,1 7,1 
62 5,6 
18 6,1 
3,2 6,9 
3,2 6,9 
0,2 8,0 
o,J 7,8 
1,7 7,0 

I66"'Ho 
I66"'Ho 
I66"'Ho 
I66'"Ho 
166 Ho 

166Ho 
.t,£; d,t 

d.ri' 
"Ill' 

166Ho 

------------------------------------------------------------------
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Poma-t~UOHHa.R noAoca OCH06H020 cocmo.RHU.R. YpoBHH 

poTaU,HOHHOB IIOJIOCbl OCHOBHOrO COCTOJIHHJI ~3BeCTHhl )].0 

177 = 10 + H3 JIJJ.eP,HhiX peaKU,HB (a, xny) I 14 I , JJ.O I 77 = 8 + 

H3 pacnaJ].a 
166 mHo 121 I JJ.O I 77 = 6 + H3 pacnaJ].a 166Tm/ ma6A.l, 

puc. 11. 
liOAOCQ, OCH06QHHQ.11 HQ 2QMMQ- 6U6pat/UOHHOM COCmO.R

HUU. IlpH H3yqeHHH pacna.IJ.a 
166~o Ha6moJ].aJIH 3aceneHHe 

ypoBHeB raMMa- BH6pau,HOHHOB nonoChi JJ.O I 77 
=8 + 1'21. IihiJIH 

IIOJ].po6HO npoaHaJIH3HpOBaHbi BHyTpHIIOJIOCHbie H BHeiiOJIOC

~bie nepeXOJJ.hi 121 , nonyqeHo 3aKmoqeHHe o roM, qro BHyr

peHHHB KBaJ].pyiiOJihHhiB MOMeHT raMMa- IIOJIOCbl Q 0 (2) = 

= 7 ,5±0,5b OJ].HHaKOB C Q 0 IIOJIOCbl OCHOBHOrO COCTOJIHHJI 

0 0(0) = 7 ,62±0,14b. K jf.IJ.PY 
166Er oKa3aJIHCh npHMeHHMhi 

npeJ].CTaBJieHHjf 0 B3aHMHOM CMeiiiHBaHHH BOJIHOBhlX <}JyHKI.I,HB 

IIOJIOC OCHOBHOrO H raMMa-BH6paU,HOHHOrO COCTOjfHHB. Ila

paMeTp CMeiiiHBaHHjf z y = 0,041±0,002 OJ].HHaKOB )].Jljf BCeX 

ypoBHeB nonocbl. HHTeHCHBHOCTH raMMa-nepexoJJ.OB, nony

qeHHhie B HaiiieB pa6ore, IIpHBOJ].jfT K aHaJIOrHqHbiM 3aKmoqe

HHjfM. 

113 aHaJIH3a HHTeHCHBHOCTeB BHYTPHIIOJIOCHhiX nepeXOJ].OB 

I _, I - l H I -• I - 2 c npHMeHeHHeM porau,HOHHOB MOJJ.eJIH 

aBTOpbl /2/ OIIpeJ].eJIHJIH CMeCH MYJibTHIIOJibHOCTeH B nepexo

J].aX I_, I- l H BhiqHCJIHJIH napaMeTpbi S2 = (~K- gRWO~H (gK- gR) 

)].Jljf YPOBHeH 5+' 6 + H 7 +. 

Ha ocHoBaHHH H3MepeHHB HHTeHCHBHocreii L-KoHBep

CHOHHbiX JIHHHH nepeXOJ].a 96,78 K3B 4 +-> 3+ Ha 6era- CIIeKT

poMeTpe YMii IL 1 : L 2 = 0,34±0,05; L 1 : L 3 = 0,32± 

±0,05; 8 2 = 2,4±0,41 H ou,eHKH HHTeHCHBHocreii L -JIHHHB 

73 K3B Ha 6era-cneKrporpa<}le 182 > 71 Mhi pacnpocrpaHHJIH 

aHaJIH3 Ha ypOBHH 3 + H 4 + raMMa- BH6pal.I,HOHHOB IIOJIOCbl liS~ 
IlpHMeHeHHhiB MeTOJJ. IlpHBeJI K 6onee TOqHbiM qHCJieHHblM 

pe3yJibTaTaM. 0Ka3aJIOCb, qro Be~HqHHbl S 2 H (g K-g){) IIO

CTOjfHHbi B npe.IJ.enax norpeiiiHOCTeH J].JIJI Bcex ypoBHeH raM

Ma-nonocbi lma6A. 21. 
Ypo6HU nOAOCbl e K 

77 
= o+. CocTOJIHHe 1460,0 K3B 

HMeeT CIIHH H qeTHOCTb O+. He)].aBHO B pacna)].e 1G6Ho H3-

MepeHa HHTeHCHBHOCTh K-KOHBepcHOHHOB JIHHHH nepexo.IJ.a 

1460,9 K3B Ha OCHOBHOe COCTOJIHHe 171. OnpeJ].eJieHO OTHO

weHHe npHBeJ].eHHhiX BepoJITHocreB EO - H E2-nepexo.IJ.OB Ha 

HIDKHIOIO nonocy X = B I EO , 1460,0/ B IE2; 1379,41 

7 



8 

N 

co 
::I 

= t: 
\0 
co 

f-o 

"" 

;:q 
() 
0 
t: 
0 
t:: 

o:S: 
0 
>,.< 

!:!:! 
0 
= ::I 
co 
0.. 
\0 
= i!l 
I 

co 
::E 
::E 
co 
(:... 

o;s: 
CJ) 
!:r! 
i1l 
0 
0.. 
;>., 

o; 
t: 
t::( 

p:: 

co 

':><: 
tlL 

= 
r..n 

;:q 
0. 
!'-< 
CJ) 

::E 
co 
0. 
co 
t:: 

co 
~ 
t: 
;:q 
() 

u 

p:: 
co 

I 
:><: 

WJ 

!""':.: 
~1 §-

•o 
..,;-
0 
~ 

"" 
;-I----co 2!-

1 0 

co:><:J 0 

II 

"" r..n 
co ._, 
t::( 
0 

c..l~ -
~ t 

,.Q 
!:r! 
CJ) 

t:: 

~ 1::: 
0. 
» 

co 
!'-< 
0 
\0 
co 
0. . 
!'-< 
() 
co 
!:!:! 

t
o 
0 

A 

C() 

0 
A 

({) 

'<:t'_ 
0') 
r-

+ 
0') 

~ 

0 ...... 

, 
0') 

'-
~ ~ 

0 N ~CON({) 

c;, ~ ~~~0-
~ 91 9 cr 9 cr 
0 0 

~ 
O)C() 

a 1 6o 
+ + I 

0')- q 
N N 

0 

0 0 

co 0) r-- - . ...... 0 0 
+I + I 
0) N.. 

N 

00 0') N CO 
r- 0 co 0 
co- 0)- 6 o 
0) ...... ~ co 

+ + + + 
'It' ({) co r-

= 0,030±0,015. YpoBeHh cna6o B036y)I(,LI,aeTcH B (p,t) -pe
aKU.HH, a B03MO)I(HhiH poTaU.HOHHhiH ypoBeHh 2+, 1528,30 K3B 

He npoHBHncH B peaKU.HH (d ,d ') . Bee 3TO CBH,LI,eTenhCTByeT 
0 TOM, l.JTO COCTOHHHe 1460,0 K3B He HBnHeTCH 6eTa- BH6pa
U.HOHHhiM. Ero CTpyKTypa Bhll.JHCneHa B paMKaX CBepxTeKyl.JeH 
MO,LI,enH/16/. 3Hal.JeHHe f g ft = 7,4 nepeXO,LI,a C 160Ho,p523t -n633 t 
COOTBeTCTByeT pacna,LI,y Ha KOMnOHeHTY BOnHOBOH <J?yHKU.HH 
p52;)• p52:3 t, AOnH KOTOpOH, cornaCHO pacl.JeTaM, COCTaBnHeT 
4 ,3o/o. CpaBHHMhi senHl.JHHhi B(E2) y -nepexo,LI,OB Ha nepBhiH 
BO 36y)f(JJ:eHHhiH H raMMa- BH6paU.HOHHhiH ypOBHH: 
'H(E2:0-. 2y)/B(E2; 0-. 2g) = 0,77. 

PoTaU.HOHHhiH ypoBeHh 2+, 1528,30 K3B Ha6mo,l],aeTCH 
16fi 1" B pacna,LI,e m. XapaKTepHoH: ero oco6eHHOCThiO HBnHeTCH 

Ol.JeHh ManaH HHTeHCHBHOCTh nepeXO,LI,a Ha OCHOBHOe 
COCTOHHHe. 0THOllleHHJI B(F:2;2 -.2g)/B(E2;2->0g) ~ 30 H 
B(E2;2-.4g)/B(E2; 2 • Og) ~ 80, B(E2;2 .... 4g)/B(E2;2 .... 2g) = 

2,5 BenHKH no CpaBHeHHIO CO MHOrHMH ,LI,pyrHMH H,LI,pa
MH /16/ . 0THOllleHHe B(E2, 2 -· 2 )/B(E2;2 .... 2 ) = 1 2 6nH3Ko 
K 1, KaK H ,LI,nH ypOBHH O+. 

y g , 

HuJKHue ypoeHu c omput~ame/lbHOii 'l€111HOC111b10. CaMhie 
u 166 L' HH3KHe COCTOHHHH C OTPHU.aTenhHOH l.JeTHOCThiO B r,r MO-

ryT 6hiTh crpynnHpOBaHhl B )],Be poTaU.HOHHhie nonOChl C 
Krr = 2- H 4-. HH)f(HHM ypoBHeM nepBoH: H3 HHX HBnHeTcH co
CTOHHHe 1458,12 K3B, 2- ,LI,nHBTOpOHMO)I(HOyCnOBHOCl.JHTaTh 
ronoBHhiM ypoBHeM cocTOHHHe 1572,15 K3B 4- . CocTOHHHH 
c I rr = 2-, 3- H o6a ypoBHH 4- Ha6mo,LI,anHCh B pacna,LI,e 
l 06 T m , no ,LI,Ba COCTOHHHH C lrr = 4- , 5 - H 6- 6hinH 06Hapy
)l(eHhl B pacna,LI,e l 66 rnHo /2/.Bcne,LI,CTBHe 6nH3KOro pacnono
)l(eHHH nap ypOBHeH C O,LI,HHaKOBhiMH lrr HX BOnHOBhie <J?yHK
U.HH CHnhHO CMelllaHhl. 3TO 3aKmol.JeHHe cne,l],yeT H3 paCCMOT
peHHH pacna,LI,HhlX CBOHCTB ypOBHeH H TeX <J?aKTOB, l.JTO Bee 
8 COCTOHHHH Ha6mo,l],anHCh B peaKU.HH (d, t) /I 0/ H 6 COCTOH
HHH c li7= 4-, 5-,6- Ha6mo,l],anHCh B peaKU.HHX ( 3He,d) H 
( 4 He, t) /!3/. AHanH3 (d, t) peaKU.HH noKa3an, l.JTO .LI.BYXKBa3H
l.JaCTHl.JHaH HeHTpOHHaH KOMnoHeHTa B nonoce c Krr =2- co
cTaBnHeT ·• 50o/o, ocnt.nhHhie 500/o pacnpe,LI,eneHw Me)I(,LI,Y ,LI,py
rHMH KOMllOHeHTaMH BOnHOBOH <J?yHKU.HH, npHl.JeM ,LI,nH ypOBHH 
4- 1572,15 K3B BKna,LI, HeHTpOHHOH KOMllOHeHThl n633t+n52l,j, 
He npeBhilllaeT 4o/o. CpaBHHTenhHO 6onhlliOH <J?aKTop ycKopeHHH 
E3 -nepexo,LI,a FM(E3) = 6,6 ycTaHoBneH B (d, d') -peaKU.HH /9/ 
,LI,nH ypOBHH 3-, 1513,71 K3B. 3TO 3Hal.JHT, l.JTO OH o6na,LI,aeT 
npH3HaKaMH OKTYllOnhHOrO COCTOHHHH.Cel.JeHHe peaKIJ.HH ne-
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pe~aqu npoToua ~ano ocuoaauue npunucaTL ypoBHHM ci"= 
4-CTpyKTypy p523ttp4ll.!. 06a COCTOHH8H 5- 1665,77 8 

1692,28 K3B ua6mo~an8Cb B peaKI.(88 (d, d '): 
PaccMoTpeu8e pa3pH~K8 ypoaue:H o6e8x nonoc 6Lmo 

npoBeAeHO B npe~nOllO*eH88, qTo 8X BOllHOBWe ~YHKI.(88 
npe~CTaBnHIOT co6o:H cynepn038UHIO BOllHOBbiX lPYHKU8H C 
K=28 K=4: 

'11(1) = C 2 (I )IV (I , K = 2) + C 4 (I 2)IJI (I , K = 4). 

rr -c c2 Y cnoauo nonaraH ~nH ypoaueH: c I =6 2 /6/ c 4 /6/ = 
= 0,5 uQ 0 = 7 ,6lb 121, MLI onpe~en8n8 B(E2; 6-- 4 -) 83 llJop
MynLI 

H(E2; 6 
- 5 2 2 

4 )= 16-Q 0 [0,5<6202\42> +0,5<6204\44>] 

8 oTcro~a napuu anLHLIH nepuo~ nonypacna~a: 

Tl/
2
(E2;6-- 4-) 

-14 
5,66·10 c 

----5--
B(E2) E M3B. 

H3 OTHOC8TenLuwx 8HTencuauocTe:H E2-nepexo~oB BHYTP8 
nonocLI 8 El- nepexOAOB ua raMMa- B86pan;8ouuyro nonocy 
8 ypoaeHL 6+, 545,43 K3B onpe~eneHLI napn;8anLHLie nep8o~w 
nonypacna~a 8 liJaKTopw TopMo*eH8H El-nepexo~oB. H3 
11106A. 3 B8~HO, qTO liJaKTOpbi TOpMO*eH8H COCTaBllHIOT 
10 3 - 10 6 , qTo xapaKTepuo ~nH El-nepexo~oB B 3TOH 
o6nacT8 H~ep. ,lJ;nH o6o8x ypoaue:H ue co6mo~aroTcH npaB8na 
Anar8 ~nH 8HTeHC8BHOCTe:H El-nepexo~oB 8 ua6mo~aeTCH 
auanor8quaH KaqecTaeuuaH KapT8Ha pa3pH~K8. 

EIUe o~ua oco6euuocTL xapaKTepua ~nH ypoaue:H o6e8x 
nonoc. Ecn8 ypoBH8 c ueqeTHWM cn8HOM I = 3,5 pa3PH*a
IOTCH C8llbHbiM8 raMMa-nepexo~aM8 Ha nonocy OCHOBHOrO 
COCTOHH8H, TO ypOBH8 C qeTHWM8 Cn8HaM8 I = 2,4,6 pa3-
pH)KaJOTCH rnaBHbiM o6pa30M Ha ypOBH8 raMMa- B86pal.(80HHOH 
nonocw. 0THOIIIeH8H np8Be~euuwx aepoHTHOCTe:H El-nepexo
~oB C YPOBHH 3-, 1513,71 Ha ypOBH8 y- 8 g-nonoc COCTaB
llHIOT 1-5 e~8H8U, c ypoaue:H 5-ue ua6mo~anucL nepexo~w 
ua y -nonocy I 2 I . B TO *e apeMH ~nH ypoaue:H 2-, 4-8 6-
auanor8qowe OTHOIIIeH8H COCTaBnHIOT 10 3 - 10 4 . 

10 

J 

' 

I· 
1. 

Ta6nuua 3 

fip8Be~eHHWe BepOHTHOCT8 8 liJaKTOpbl TOpMO*eHHH 
~nH ~:J -nepeXO~OB C ypOBHeH 6- B 166Er no HHTeHCHBHOCT8 

83 pa6oTLI /2/ 

Eyp. 
K3B 

1827,52 

1786,94 

Ey 
K3B 

231,2ti 

451,52 

6II,52 

752,26 

1282,12 

190,71 

214,76 

410,94 

571,00 

7II,69 

1241,44 

I" f 

4-

7+ 

6+ 

5-

6+ 

4-

If-

7+ 

6+ 

5+ 

6+ 

OTH.e~. c F T 

0,24 1,0.10-10 It t;-· 150 
3,06 7,8.10-12 3,4.I0J 

1,39 1,7.10-II 1,7.104 

13,1 1,8.10-12 3,5.1oJ 

0,23 1,0.10-10 7.105 

0,22 4,9.10-10 { -80 
0,75 I, 4.10-10 11 f. 180 

9,J.I0-12 
1 

II,6 2,9.103 

5,75 1,9.10-II 1,6.10+4 

58,7 1,9.10-12 3.3.10+3 

0,22 4,9.10-10 3,4.10+6 

~~- Bwq8cneuo no llJopMyne ~nH poTan;8ouuoro nepexo~a. 
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l13JIO)I(eHHbie <lJaKTbl n03BOJIHIOT C)l,eJiaTb HeCKOJihKO Bhi
BO)l,OB: 

1. Ha6JIIO)l,aeTCH CMelliHBaHHe COCTOHPIHH .ll.BYX nOJIOC C 
K-=2 H K =4. 

2. YpoBHH c I 7T = 4- ,5- H 6- co.n.ep)l(aT KaK npoTOHHhie, 
TaK H HeHTpOHHbie )l.BYXKBa3H'IaCTH'IHhie KOMnOHeHThl. 

3. Ypoanu c I 7T = 3- H 5- HMeiOT caoiicraa KOJIJieKTHa
Hhix OKTynOJihHhiX KOJie6aTeJibHbiX COCTOHHHif. B HHX npOHBH
JIHCh He TOJihKO KOMnOHeHThl C KlT = 2- H 4- , HO H KOMnO
HeHTa c I\n = 0-. 

4. floJiytieHHhie 3aKJIIOtieHHH 0 CMelliHBaHHH COCTOHHHH 
a 0611\eM corJiacyiOTCH c npe.n.cKa3aHHHMH caepxreKytieii 
MO,l1,eJIH. 

,4pyzue ypo6HU c ompul.jame.llbHOU <JemHocmb10. Cor11acno 
0611\HM npe.n,cTaBJieHHHM 0 .n.etiJopMHpOBaHHhiX H)l,pax B ]f,()Er 

CJie.n,yeT O)I(H)l,aTb nOHBJieHHH KOJIJieKTHBHhlX OKTynOJihHhlX 
KOJie6aTeJihHhiX COCTOHHHH c KlT= o-' 1-' 2- H 3- 'npH'IeM 

- I](,/ 
ypoBHH 3 , cor11acno pac4eTaM 1 

· , c11a6o KOJIJieKTHBH3H-
poaaHhi. 

CJie.n,yiOII\HM no ::meprHH B036y)l(,l1,eHHH COCTOHHHeM nOCJie 
ypoBHH c J\.lT = 2-u.n.er ypoaenh c K 7T =o- 1 = 1, 1662,45 1<3B. 
On na6JIIO.n.aJicH B pacna.n.e 166 Hn /l'gft =6,9/'7/, B peaKU.HHX 
(d, d j/9< (d, t) /I o,; ( )', y') I 12/.0rnornenue R(El; 1--• ~g) T(l I; 1- -·0 ?!) = 
= 1,8 6JIH3KO K TeopeTH'IeCKOMy 3HatieHHIO 2~0 )l,JIH =0. 

PoTai.J.HOHHhie COCTOHHHH 3-, 1720 K3B H 5-, 1901 K3B 

na6JIIO.n,aJIHCh a peaKI.J.HHX (d,d') H (d.t). Hu o.n.un H3 ypoaneii 
nonochi He npoHBHJICH B pacna.n.e 166T m- Orcyrcraue pa3pH)l.KH 
C CHJihHO 3aCeJIHeMhiX ypoBHeii 2132,92 H 2159,87 K3B Ha 
COCTOHHHe 3- 1720 K3B yKa3hiBaeT Ha BJIHHHHe npaBHJI 
or6opa na aepoHTHOCTH y- nepexo.n.oa. Bo3MO)I(HO, 3.n,ech 
cKa3waaercH K-3anpeT. 

CocTOHHHe 1830,53 K~ 3aceJIHeTcH a 6eTa- pacna.n.e 
166

Ho C eg ft = 5, 1±0, 1 /
2 

'
7 

, , n03TOMy rJiaBHaH KOMnOHeHTa 
ero BOJIHoaoii tiJyHKI.J.HH - n 52:3 ~- n 63:3 1 • 0Tnornenue B(E l ; 
1- -2g)/B(El; 1-- Og) = 3,6 CBH,l1,eTeJihCTByeT 0 CMeCH K=O 

H K =1. Ypoaenh npoHBHJICH TaK)I(e a (y,y')- peaKI.J.uu/12/ H a 
pacna.n.e l66Tm no nepexo.n.y 1750,1 K:JB. Bo3MO)I(HO, Kno
Jioce C K=1 OTHOCHTCH COCTOHHHe 3-, 1917,75 K3B, KOTOpoe 
na6JIIO.n.anoch a pacna.n.e 166 

Tm , no noKa neT onpe.n,eJieHHhiX 
.n.annwx o6 ypoBHHX 2-HJIH 4-. 

12 

Ypo6HU c I
77 

= 3+. CaMhie HHTeHCHBHhie ,8-nepexo.n.w B 
pacna.n.e 

166
Tm npoucxo.n.HT na ypoBHH c I"= 3+ 2132,92 H 

2159,87 K3B. CpaBHHTeJihHO MaJihie 3HatieHHH egft =5,6 H 
6,2 npHBeJIH ')I(HJIH'Ia H .n,p. /5/ K 3aKJIIO'IeHHIO 0 TOM, 'ITO 
3)l,eCh HMCIOT MeCTO pa3perneHHhie He3aTOpMO)I(eHHhie nepe
XO)l,hl p523 t--> n 523-l-. BBH)l.y TOrO, 'ITO CTpyKTypa OCHOBHOrO 
COCTOHHHH 

166
Tm p41lJ.-n642t,To B 166 Er B03HHKaiOT tieTwpex

tiaCTH'IHhie COCTOHHHH C 60JihlliHM BKJia)l,OM BOJIHOBOH cPYHKI.J.HH 
7T + 

I = 3 - p411• +n642 t+p523• -n 523 t. CJie.n,yiOII\HM mar oM B aHaJIH3 e 
CIWHCTB YPOBHeH 3+ 6hiJia pa6ora / 3/, B KOTOpoii 6hiJIH 
II3MepeHhi 3BK nepexo.n.oa c 3THX ypoaneii, onpe.n,eJieHhi 
MYJihTHnOJihHOCTH H npoao.n,HJICH anaJIH3 npuae.n,eHHhiX aepo
HTHocreii 1\11, E2 H F1 raMMa- nepexo.n.oa. 3TH nepexo.n.w He 
no.n.tiHHHIOTCH npaauJiaM A11aru. )];nH o6'bHCHeHHH caoiicTB 
166

Er a 13
/ c.n.eJiaHhi .n,aa npe.n.nono)l(eHHH: 

1. YKa3aHHaH tieThipexqacTHtiHaH KOMnonenra pacnpe
.n.eJiena no HCCKOJihKHM YPOBHHM, H 3TO npHBO.Jl.HT K HHTeH
CHBHOMy 3aceJieHHIO cocTOHHHii c I 77 = 3 + npu E "" 1, 9 -
- 2,3 M:JB. 

2. CoCTOHHHH 2132,92 K3B H 2159,87 K3B co.n,ep)l(aT 
BOJIHOBhie cPYHKI.J.HH c K = 2 H K =3. 

Ha 3TOH OCHOBe onpe.n,eJICHhl napaMeTphl CMelliHBaHHH 
BOJIHOBhiX cPYHKI.J.HH H HaH)l,eHhl COOTHOilleHHH Me)l(.n,y Ma TpH'I
HhiMH 3JICMeHTaMH: 

M(Ml;K=3--> K=2 ) == ±(0,5±0,1) H 

M(M1;K=2-. K== 2) 
M(E2;K=3--> K== 2 ) ==±(0,5±0,1). 

M(E2; K=2 ... K= 2) 

AnaJiorHtiHoe paccMoTpenue 6hmo npoae.n.eno .n,JIH nepe
xo.n.oa Ha noJiocy OCHOBHOrO COCTOHHHH H Ha nonocy C K77 = 
== o+ COCTOHHHH 1460,0 K:JB. )];JIH BCeX 1\11 -nepexo.n,OB 
cyll\ecrayeT K- 3anpeT, 3anpell\eHhi TaK)I(e E2 - nepexo.n.w 
(K=3-. K = 0). 3KcnepuMeHTaJihHo ace na6JIIO.n,aeMhie raMMa
nepexo.n,hi OKa3aJIHCh KBa.n,pynOJihHhlMH C OTHOilleHHeM llpH
Be.n,eHHhlX BepOHTHOCTeH, 6JIH3KHM K TeopeTH'IeCKOMy )l,JIH 

K=2. B ma6.11. 4 npoao.n,HTCH cpaanenue 3KcnepHMeHTaJihHWX 
OTHOilleHHH npHBe)l,eHHhlX aepOHTHOCTeH pa3JIH'IHhlX raMMa
nepexo.n,oB C paCC'IHTaHHhiMH npH HCllOJih30BaHHH HaH)l,eHHhlX 
napaMeTpoa. 
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YpoeHll c 3HepzuJIMU 1,9 - 2,3 M3B. 113 pe3ynLTaToB 

H3y'leHHH y-y- COBDa,IJ;eHHH Clle,IJ;yeT, 'ITO D06llH30CTH OT 

paCCMOTpeHHLIX ypOBHeii 2132,94 H 2160,0 K3B HMelOTCH 

,IJ;PY.rHe cocTOHHHH c I 71 = 3+: 1938,2; 2172,8; 2290,8 K3B. 
3TH ypoBHH 3acenHIOTCH ,B-pacna,IJ;oM H3 l66Tm cna6ee. 

Pa3pH,IJ;Ka HX npoHcxo,IJ;HT TaiOKe rnaBHLIM o6pa3oM Ha ypoBHH 

llOllOC OCHOBHOrO H raMMa- BHfipaiJ;HOHHOrO COCTOHHHH. 

H3 cy~eCTBOBaHHH B H,IJ;pe 166Er HecKonLKHX 6nH3KO 

pacnono)l(eHHLIX ypoBHeii c I"= 3~ H H3 paccMoTpeHHH HX 

C~OHCTB MO)I(HO 3aKlliO'IHTh, 'ITO Ka)I(,IJ;LIH H3 HHX CO,ll;ep)I(HT 

'leTLipexqaCTH'IHYffi KOMDOHeHTy BOllHOBOH $yHKUHH, KOTOpaH 

o6ycnOBllHBaeT 6LICTPLIH 6eTa- pacna,IJ; Ha 3TH COCTOHHHH, 

H 'ITO 3a pa3pH,IJ;Ky raMMa-nyqaMH OTBe'laiOT ,ll;pyrHe KOM

llOHeHThl. ~pyrHMH CllOBaMH, H3 3KCnepHMeHTa Clle,IJ;yeT, 

'ITO y)l(e npH 3HeprHHX 2 M3B BOllHOBLie $yHKIJ;HH COCTOHHHH 

Hellh3H paCCMaTpHBaTL KaK 'IHCTLie )l;BYX'IaCTH'IHLie BOllHO

Bhie $yHKUHH, HO HX, no-BH,ll;HMOMy, MO)I(HO npe,IJ;CTaBHTh 

B BH,IJ;e HeKOTOpoii cynepll03HIJ;HH ,IJ;Byx- H /Hnu/ 'leTLipex

KBa3H'IaCTH'IHLIX <bYHKUHii. TaKHe )l(e 3aKnro'leHHH cne,IJ;yroT 

H3 llOllYMHKpOCKOllH'IeCKHX MO,IJ;ene:H . 

YpoaeHL 1978,42 K3B 3acenHeTcH l\11 raMMa-nepexo,IJ;oM 

C YPOBHH 2132,92 K3B H pa3pH)I(aeTCH nepexo,IJ;aMH Ha raMMa

BHfipan;HOHHYIO nonocy. H3 B03MO)I(HLIX 3Ha'leHHii I rr =2+, 
3+ HllH 4+ Clle,IJ;yeT OT,IJ;aTL npe,ll;DO'ITeHHe llOClle,IJ;HHM, TaK 

KaK He HafilliO,IJ;aeTCH pa3pH,IJ;KH Ha llOllOCY OCHOBHOrO COCTOH

HHH, 'ITO MO)I(eT 6LITL o6ycnoaneHo K- 3anpeToM, a TaiOKe 

DOTOMY, 'ITO fieTa-pacna,IJ; Ha ypoBeHL 1978,42 K3B O'leHL 

ManoHHTeHCHBeH. HHTeHCHBHOCTH npHXO,IJ;H~Hx H yxo,IJ;HmHx 

raMMa-nepexo,IJ;oB B npe,IJ;enax norpernHoCTH O,IJ;HHaKOBLI. 

B o6nacTH 2 M 3B cne,IJ;yeT O)I(H,IJ;a TL noHBneHHH ypoBHH 4 + , 
n523~+ n 52lt , H3BeCTHOro B H,IJ;pax 158, l60Dy. 

06nacTL oKono 2 M3B 6oraTa TaiOKe ypoBH11MH c oTpH

ua TenLHoii qeTHOCTLIO, xapaKTepHCTHKH I rr = 3- npHnHcaHLI 

COCT011HHHM 1917,75; 2001,89; 2243,1 H 2273,13 K3B. ~llH 
ypOBH11 2021,25 K3B H3 ,IJ;BYX B03MO)I(HhiX CDHHOB 2- HllH 

3- Clle,IJ;yeT OT,IJ;aTL ~pe,ll;DO'ITeHHe nepBOMy, TaK KaK He 

Ha6niO,IJ;aeTC11 nepexo,IJ;OB Ha HH)I(HIOIO nonocy, 'ITO xapaKTepHo 

,IJ;n11 ypoaHeii c qeTHLIMH cnHHaMH. MO)I(HO npe,IJ;nonaraTL, 'ITO 

CMeiiiHBaHHe BOllHOBhiX $yHKIJ;HH HMeeT MeCTO H ,ll;ll11 ypOBHeii 

C OTpHIJ;aTenLHOH 'leTHOCThlO. CnocofiLI pa3p1l,IJ;KH HX DOXO)I(H 

,IJ;nH pa3nH'IHLIX ypoaHeii. 
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TaO.nua 5 

Ypoaa11 166E,. , BB&Atnswe no aaepru.11 ra.~~~-nepexOAOB 
-------------------;;------~-----------------------------------

-~~~~~-5;-~~2 ___ }[ ___ ~~~!~~~~~-------~~--------~~~~!~~~~---
------1----------~---------J-----------~--------------~--------I905,7(IO) 2+ I,O 7,6 (~, t ) 

2047,0(IO) 3+ O,I5 8,3 (J-,t) 
2084,5(5) 2- 0,038 8,9 
2I81,4(IO) 2- O,OI2 9,3 
2240,I(IO) 3! 0,063 8,5 (J- 'J.') (I- ,f.) 
2255,8(IO) I! 0,042 8,6 
2258,6(I5) 2+,3+ O,I7 8,I 
2265,I(8) 2- 0,04 8,7 (~, 4::) 
2283 (I) 3! 0,09 8,3 
2328,2(I5) I! 0,01 9,3 
2347,7(15) I! 0,012 9,3 
2358,7(5) I- O,OIJ 9,2 
2378,I(IO) I+ 0,04 8,5 
2384,I 1,2! 0,04 8,5 
2388,6(3) 2- I,O 7,1 (ct_,t) 

2393,4(6) 2+ 0,27 7,6 
2402 (I) 2- 0,008 8,2 
2413,6(10) 3! 0,014 8,9 
2441,2(10) I! O,OI 9,0 
2445,5(10) J! 0,008 9,1 
2459 (I) 2! 0,03 8,5 
2464,0(6) I+ 0,055 8,2 
2505, 7(7) I! 0,04 8,3 
2577,8(10) 3! 0,03 8,4 
2598,6(IO) 2,3+ 0,29 7,3 
2617,7(I5) 3! O,OI 8,7 
2626,6(9) 2+ O,OIJ 8,5 (cL' .q 
2633,I(I5) 3! 0,012 8,6 
2639 (I) 2- 0,07 8,8 
2642,8(10) 3! 0,043 7,9 
2679,9(IO) 2+,3+ 0,052 7,9 
27G?,5(10) 2+ 0,022 8,1 
2728,0(I5) 2+,3+ 0,51 6,5 
2752,5(10) 2+ 0,018 8,0 
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llpo.n;oJDKeHHe Ta6n. 5 

______ l __________ a ________ J-----------~---------------~---------
2782,7(Io) 2+ o.o-~5 7,8 (cl,-1::) 
2806,7(12) 2. 0,06 
28II,2(10) 2- O,OOJ 
2820,3(10) 2- 0,008 
2858,6(I2) 1% 0,023 
2876,1(15) 2T 0.05 
2984 (l) JT 0,009 

CAa6o 3aceA.HeMbte ypoeHu. 3Ha'IHTenhHOe 'lHcno raMMa

nepexo.n;os He noMe~eHo Ha puc. 1, TaK KaK OHH ManoHH

TeHCHBHbi H He Ha6mo,n;anHCb B raMMa- raMMa- COBna,n;eHHHX, 

,n;nH HHX 'laCTO HeH3BeCTHbl MynhTHllOnbHOCTH. )J.nH BBe,n;eHHH 

TaKHX ypOBHeH e,n;HHCTBeHHbiM KpHTepHeM cny)I(HT COBna,n;eHHe 

cyMM JHeprHH: KacKa,n;HhiX nepexo.n;os. TaKHe ypoBHH noMe

~eHbi B ma6A. 5. qacTo OHH B npe.n;enax norpeiiiHOCTH cosna

,n;aJOT C 3HeprHHMH COCTOHHHH, Ha6mo,n;aeMbiX B H,n;epHbiX 

peaKU.HHX. Ho 3Ta norpelliHOCTb COCTaBnHeT HeCKOnbKO K3B. 
llpH 6onblliOH nnOTHOCTH ypOBHeH Henb3H 6biTb ysepeHHbiM, 

'ITO llpH 6eTa- pacna,n;e H B H,n;epHOH peaKU.HH Ha6mo,n;aeTCH o,n;

HO H To )l(e cocTOHHHe. UenhJO sse,n;eHHH yposHeH:, He oqeHh 

,IJ;OCTOBepHbiX, 6blnO llOCTpOeHHe CHnOBOH ~YHKU.HH 6eTa

pacna,n;a. 

CuAoea.H r/JYHKLIU.H 6ema- pacnaoa 166 1m. Ha puc. 2 
H306pa)l(eHa rHCTOrpaMMa, npe,n;cTaBnHIOII.J.aH 3aBHCHMOCTb 

OT 3HeprHH B036y)I(,IJ;eHHH CHnhi 6eTa- nepeXO,Il;OB H3 OCHOBHOrO 

COCTOHHHH l 66 T m Ha ypOBHH 166 Er. 3,n;eCh MO)I(HO OTMe

THTb ,IJ;Be OC06eHHOCTH: 

1. Ha6mo.n;aeTCH o6mee noBhillleHHe cHnoso:H ~YHKU.HH · 

C ysenH'IeHHeM 3HeprHH B036y)I(,IJ;eHHH. 

2. llpH JHeprHHX 2,1 M:JB o6Hapy)I(HBaeTcH pe3KHH MaK

CHMyM. KaK y)l(e OTMe'lanOCb, OH COOTBeTCTByeT au- {3 -
nepexo.n;y p523t _, n523 ~ H soJ6y)l(,n;eHHJO 'leTblpexKBaJH

qacTH'IHoro COCTOHHHH B 
166 Er. H3 pHCYHKa BH,n;HO, 'ITO 3TO 

COCTOHHHe ~parMeHTHpOBaHO llO HeCKOnbKHM ypOBHHM. 
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