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Beeoeuue 

B ,D;aHHOH- pa6oTe npoBO,!UinOCb Hccne,D;oBaHHe. raMMa

raMMa yrnoBLIX :KoppenH~H B 149(;d npH pacna,D;e 149Th 
I T ~ = 4,1 'Ia cai- c uenLro ycn1HoaneHHH KBaHTOBLix 

xapaKTepHCTHK B036y)K,D;eHHLIX cocTOHHHH H yTo•meHHH :Mym.

THnonLHOCTH nepexo,D;oB. H3y'leHHe pacna,D;a 149Th /I-5/ 
,D;ano B03MO)KHOCTb llOCTpOHTb CXeMy B036y)K,D;eHHbiX co

CTOHHHH 149'Gd, onpe,D;enHTL MynLTHnonLHOCTH pH,D;a nepe_xo

,D;OB no K03~~HUHeHTaM BHyTpeHHeH KOHBepCHH H npHllHCaTb 

pH,D;Y COCTOHHHH B03MO)KHbie 3Ha'leHHH KBaHTOBbiX xapaK

TepHCTHK Ha OCHOBe paCCMOTpeHHH MynbTHOOnbHOCTH raM

Ma- nepeXO,D;OB. 

/IocmauoeKa 3Kcnepu~euma 

H:ccne,D;OBaHHH B036y)K,D;eH.HbiX COCTOHHHH 149 'Gd npo-

H3BO,D;HnHCb Ha MOHOH30TODHOM HCTO'IHHKe 149Tb Ia 10-npo

ueHTHo:M: paCTBOpe COnHHOH KHCnOTbi/ OpH 1,:HCOOnb30BaHHH 

aBTOMaTH'IeCKOrO ·cneKTpOMeTpa ~ ,D;nH H3y'leHHH yrnOBbiX 

raMMa-raMMa .KoppenHUHH . •. /10 I c npHMeHeHHeM 3BM 

"MHHCK- 2" B pe)KHMe TpexMejmoro aHanH3a / 6 / C UH~pOBbiMH 
OKHaMH. raMMa-ny'IH perHCTpHpOBanHCb B O,D;HOM KaHane 

Ge(Li) .;,D;eTeKTopoM o6'beMOM 45 cM 3 c pa3peweHHeM 

2,7 K3B Ha nHHHH 6 0 Co, a B ,D;pyroM KaHane - CUHHTHnnH: 

UHOHHLIM cneKTpoMeTpoM c. KpHcTannoM Nal (Tl) pa3Me-

poM ~ 40 X 40 MM. . 

linoK~cxcMa ycTaHOBKH npKBe,D;eHa Ha puc. 1. Cn.eKTpo

MeTpH'ICcKIIc JfMOYJihChl C ,D;eTeKTOpOB ~ H,D;YT 'lepe3 nHHeHHhle 

ycunHTejlll I JIY I H aMnnHTY,D;Ho-uH~poBhie npeo6pa3oBaTe.:

riu ALJ,ll-40C)b H ALJ,II-512 Ha 3BM "MHHCi<:..:2''. 
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Puc. 1. EAol(- cxeMa aemoMamu<~ecKozo cneKmpoMempa Q/l.R 
U3MepeHu.R Y2AOBbiX zaMMa- zaMMa KoppeA.RlJUU. EY- 6blcm-. 
pblil ycuAumeAi., cp - rfiopMupoeameAb, ,a,a - · ()urfirfiepeHtJUaAb
Hblil ()ucKpUMUHamop, J/3 - /lUHeilHa.R 3aQepxKa, K - epeMil
aMnAumy()HbiU npeo6pa3oeameAb, JIY :. AUHeilHbiU ycu/lumeAb,. 
A~II - aMnAumy()uo:-tJurfipoeoii · npeo6pa3oeameAb,. T :- !"ailMep, · ·. 
EA - 6AOK aemoMamuKu, II3 - numaHue 3/leKmpoMomopa, 
CE - . cxeMa 6AoKupoeKu, EYII- 6AbK ynpaeAeHu.R naM.Rmu._ 
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UuclJpoBLie oKHa BLI6HpanucL Ha cneKTpe oT CUHHTHJIJIH

UHOHHOrO ~eTeKTOpa ~JIH Tpex·yrJIOBhiX 3Ha<JeHHH. B Ka<JecT

ae 6LICTpOH CXeMLI COBITa~eHHH 6LIJI HCITOJih30BaH apeMH

aMUJIHTY~HhiH KOHBepTop, · JIHHeHHLiii YCHJIHTeJIL /llY /' H 

.nucKpHMHHaTop /llJJ.j. BpeMeHHoe pa3perneHue a ~aHHOM 
3KCnepHMeHTe COCTaBJIHJIO 30 HCe~ 

CBH3L KoppeJIHUHOHHoii .YCTaHOBKH u 3BM "MuHcK-2" 

npOBO~HJiaCL C ITOMOIULIO CTOHKH CBH3H. Pa3~eJieHHe naMHTH 

3BM ocytQeCTBJIHnocL 6noKoM ynpaaneHHH naMHTH •. ITepaaH 

<JeTBepTL naMHTH 6LIJia npe,nHa3Ha<JeHa ~JIH UHcPPOBhiX OK(>H, 

~JIH HHTerpaJILHhiX cneKTpOB COBITa~eHHH CO CUHHTHJIJIH

UHOHHOrO ~eTeKTo.pa H ~JIH nporpaMMLI~ OcTaJILHLie TpH 

<JaCTH HCITOJih30BaJIHCh ~JIH perHCTpaUHH cneKTpOB COBna-

~eHHH c Ge ( Li) - ,neTeKTopa ~JIH Tpex pa3HLIX noJIO)KeHHii! 

no.na.H)KHOro ~eTeKTopa: 90, 135, 180°. 

3KcnepuMeHmaAbHble pe3y/lbmambl 

3Ha<JeHHH KOJcPcPHUHeHTOB yrJIOBhiX KOppeJIHUHH ,IJ;JIH HC

CJie,noaaHHhiX ·KacKa,IJ;OB B 149Gd J!PHBe~eHLI B ma6A. 1. 
llpH o6pa60TKe 3KCITepHMeHTaJILHhiX pe3yJILTaTOB 6LIJIH 

BBe~eHLI nonpaBKH Ha CJiy<JaHHLie COBlla~eHHH H TeJieCHLie 

yrnLI ~JIH 'Ge(Li) - ~eTeKTopa 17 I u ~ml KpHcTanna 

Na .J{ Tl) /8/ . 
KaK BH~Ho H3. ma6A. 1, uccne.no:BanucL KaK ~aoiiHLie, 

TaK H TpOHHLie raMMa-raMMa KaCKa)~hl, H.riYIUHe rrapan

JieJILHO c <JeTaepHLIMH Kaci<:a~aMH /puc. 2/ .' 6e3 Ha6niO

~eHHH npoMe)KyTo<JHLIX nepexo~oa. B cnyqae TpoiiHLIX Kac

Ka,noa Bhipa)KeHHe ~JIH KOJ.cPcPHUHeHTOB yrJIOBhiX KoppeJIHUHH 

HMeeT BH~: 

A kk 
A(l)U(Z) A ( 3 ) 

k k k' /~/ 

A( 1) A( 3) ,u, . . . 
r~e k H · k - 'KOJ'i''i'HUHeHThl yrJIOBOH KOppeJIHUHH ~JIH 

nepaoro H TpeTLero nepexo~oa, U \c2) - napaMeTp, xa

paKTepH3YIOIQHii npoMe)KyTO'lfHLiii raMMa-nepexo~. 

B cnyqae <JeTaepHLIX KacKa~oa · 

A - A(l) u<2>A< 4lU <3> 
kk - k k k k ' /2/ 
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( 1) (4) v 

r.o;e A k ' A k .- ~03cMlHUHeHTb~ yrnoBOH Koppemi:UHH rnn 
-nepaoro. H 'ieTaepToro nepexo.o;oa, cooTBeTCTBeHHO. U ~2 - H 
U ~3} - .napaMeTpbi, xapaKTepH3YJO~He BTOpOH H TpeTHH 
npoMe:>KyTO'IHbiH nepeX().D;bl. Bbipa:>KeHHe napaMeTpOB uk ( i) 

.D;JIH CMCWaHHbiX npoMe:>KyTO'IHbiX nepeXO.D;OB ,D;aHO B pafio
Te /9/. 

Ecnu TPOHHhie H _qeTaepHble ·raMMa-raMMa KacKa.D;bi 
Y1 -·y~ -·y 4 _ H ·y1 -y2-·y3-y 4 6e3 Ha6mo.o;eHHH npoMe)KyToq
HbiX nepexo.o;oa H.D;YT napannenbHO /ma6A. 1/, TO Ko34J4Ju
uueHTbi yrJIOBOH KOppeJIHUHH HMeiOT BH.D;: 

A - J A (I) u<2 '_A (4) J J A (I) U(2 )U (3) A (4) 
kk- <J:. k k k + 2 3 k - k k k ' /3/ 

r.o;e J
2

, J 
2 

· H J 3 - 9THOCHTeJibHbie HHTeHCHBHOCTH npoMe
:>KYTO'IHbiX nepeXO.D;OB. 

IIpH .o;anbHeiiweM aHaJIH3e pe3yJibTaTOB yrJiOBbiX Kop
pennuuii Mbl HCllOJib3oaanH K034JiiJHUHeHTbi BHyTpeHHeH KOH~ 
aepcHH /KBK/ H3 pa6oTbi /I I H npHHHManH cne~yiO~He 
3Ha'ieHHH cnHHa .o;nn ocHOBHoro :H nepBbiX.:ilayx ao36y:>K.o;eH.:
HbiX COCTOHHHH: 7/2, 5/2, 3/2 H napaMeTpa CMeCH Q = 
= 0,40 + 0,01 nepexo.i\a c 3Heprueii 165 i<3B. 

IIep-;H:.o;eM .K o6cy:>K.D;eHHro uccne.o;oaaH~i.IX _KacKa.o;oa: 

1. KacKa,u; 652 - 165 K3I/~a3pH)J(aeT· nocne.o;oBaTeJibHO 
ao36Y*.D;eHHbH~ "ypoBHH. 816,7 u 165,o· K3B a ocHoauoe co
CTOHHHe 149 Gd. Hcxo.o;R H3 cxe:Mbi J?aCna.zia 149 Tb H MY Jib
THnonbHOCTeii pn.o;a ·· n'epexo.o;oa /1/ , · ypoBHIO c 3Heprueii 
816,7 K3B MO)J(HO IIpHUHCaTb 3Ha'iellHe CllHHa H qeTHOCTH 
3/2 -HJIH 5/2:.... •. 

. 

AHaJIH3 KaCKa.D;a /652 - 165/ K3B npHBO.D;HT K cne.o;yiO
~HM 3Ha'ieHHHM MYJibTHiiOJibHOCTH nepexo.o;a 652 K3Bj puc.3j: 
Ml+/16,75 ± 1, 75/o/o E2 c 8 (652) > 0 .fnpH cnlmax 3/2, 5/2, 
7/2/ H Mlt./npH CllHHaX 5/2, 5/2, 7/2/ .D;JIH o (165) < 0 HJIH 
Ml+/1,00 .± 0,25/o/oE2 c 8(652) >0 /npH cnHHax 3/2, 5/2,· 
7/2/ H Ml + /32 ± 2/o/o E2 c 8(652) <0/npH ciiHHax 5/2, 5/2, 
7/2/ .o;nn 8(16~) >0 .CMecu MYJibTHnonbHOCTeft Ml+/16,75 .± 
± 1,75/o/o E2 H Ml + /32 ± 2/o/o E2 .o;nn nepexo.o;a 652 K3B 
HCKJI.K?'iaiOTCH COrJiaCHO ,D;aHHbiM OTHOCHTeJibHO 3Ha'ieHHH 
KBK .o;nn 3Toro nepexo.o;a. Bb16op 3Ha'ieHHH cnHHa ypoBHH 
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816,7 K3B 3/2 HJIH 5/2 6y,I\eT C,I\enali B ,I\aJILHeiiweM nlm 
paCCMOTpeHHH ,I\pyrHX KaCKa,I\oB·. 

2. KacKa,IJ;· /388 - 652/ 'K3B H,l\eT Me:>K,I\Y B036y:>K,I\eH
HLIMH YPOBHHMH C :meprHeii 1205,1; 816,7; H 165,0 K3B 

149Gd. YqeT· MynLTHiiOnLHOCTH nepeXO,I\a 388 K3B /I/ H .I\O
nyCTHMLIX 3HaqeHHH CllHHa 3/2 HnH 5/2 ,l\nH ypoBHH 816,7 K3B 

ll03BOnHeT npHITHCaTL. ypOBHIO 1205,1 K3B O;IUIO H3 B03-
·Mo:>KHLix 3HaqeuHii ciiHua - /1/2, 3/2 •. 5/2, ·112 ;-. 0.1\HaKo 
3HaqeHHe CllHHa. 3/2 .,l\nH YPOBHH 8f6, 7 K3B He .iiaeT COB
MeCTHOro peweHHH ypaaueHHH·, Y"tfHTLIBaiOII.\ero 3HaqeHHH 

'cnHHOB ypoliueii 1205, 1; 816,7 H 165,0 K3B H napaMeTpoa 

cMeceii nepexo,I\oB 388 H 652 ·K3B /puc: 4/. 3To npHBO.I\HT 
K ycTaH'oaneHHIO 3HaqeHHH CITHHa YPOBHH 816,7 K3B KaK. 
S/2- B. HcK.mQqeuHe B03MO:>KHoro 3HaqeHHH cnHHa ·1/2..,. ,l\nH 

ypoBHH 1205,1 K3B. KpoMe Toro, ocTaeTcH O.I\HO ,I\onycTH
Moe 3HaqeHHe napaMeTpa CMeCH ,l\nH nepeXO,I\a 165 K3B 

o < 0·, 3HaHHe KoToporo noTpe6yeTCH ·npH ,I\anLHeiiweM~ aua
nH3e. 3KcnepHMeiiTanbHOe 3HaqeHHe K03cPcPHUHeHTa )'rnoaoii 
KOppenHUHH ,l\nH paCCMaTpHBaeMoro KaCKa,I\a npH MynLTH
nonLHOCTH nepexo,I\a 652 K3B KaK Ml npHBO.I\HT K cne,I\yro-
11\HM 3HaqeHHHM MynLTHrr_onbHOCTH nepexo,I\a 388 K3B; 

. Ml +1 
/0,5 .± 0,5/0/o E2 c' 8(388) <0/npH.nocne,li:>BaTenL-

HOCTH Cll.HHOB 3/2, 5/2, 5/2/ 
Mi + /47;5 + 95,0/0/o E2 c 8(388) <0/npH cnHHax 5/2, 

5/2, 5/2/ H . . . 
Ml· .+ i5,5 .± 3,0/0/o E2 C o(388) < 0 /npH CITHHaX 7/2, 

5/2, 5/2/. 
llpHqeM 3HaqeHHe. Ml + /47,_5 + 95,0/0/o E2, TaK:>Ke KaK 
H 3Ha'_leHHe CllHHa 5/2 ,l\nH ypOBHH 1205,1 K3B,HCKJDOqaeTCH 

Ha ocHoae ,I\aHHLIX o KBK. 

3. TpoiiHoii KacKa.u /388 - 652 - 165/ · K3B H,l\eT 
napannenLHO C qeTBepHLIM KaCKa,I\OM /388 - 464 ':' 187 -
165/ K3B. PacqeT TeopeTHqecKoro K03cPcPHUHeHTa ·yrnoaoii 
KOpp(mHUHH /cJ.>opMyna /3//•,I\aiOT: -
A 22 Teop. ~ +0,026 ± 0,015 npH cnHHax 7/2 - 5/2 .. 3/2 
5/2 - '"j/2 H 
A 22 Teop. = -0,082 ± 0,015 npH CITHHaX 3/2 - 5/2 - 3/2 -
5/2 - 7/2. 

10. 
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Puc .•. 4. rparfiuK ApHca- BuoeH6eKa OAJI KaCKaoa /388 -
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rr,ocne~Hee 3HaqeHHe A22 Teop Haxo~HTCH B y~oBneTBOpH
TenLHOM cornacHH c 3KcrrepHMeHTanLHLIM; ·A 22 BKGII 
= -Q, 116 ..± 0,028, ~T() II03BO"JIHJIO HaM IIpHIIHCaTL 3HaqeHHe 
CIIHHa 3/2 ypOBHIO 1205,1 K3B. .;. 

4. KacKap; /853 - 352/K3B rrocne~o:BaTenLHO paJpH)KaeT 
.yp.OBHH 1205,1 H 352,2 K3B :o ocHOBHoe cocTOHHHe I49Gd . 

AHanHJ JToro. Kacts:a~a /puc. 5/ npHBoJJ.IiT K cne~YIOllleii 
CMeCH MYJILTHIIOJILH.OCTeii ~JIH nepexo~a 853 K3B. 

Ml· + /88,8 ± 7,8/0/o E2 c 8(853) < 0 rrpH CIIHHax 3/2, 
3/2, 7/2: . 

5. KacKa~ /388 - 8'17 / K3B rrocneJJ,oBaTenLH'o paJpH~ : 
)KaeT. ypOBHH 1205,1 H 816,7 K3B B OCHOBHOe COCTOHHHe 
I49 'Gd. AHanHJ JToro KacKa~a /puc. 6/ c yqeToM pe3ynL

Ta TO.Jl rrpe~LI~YIUH.X KaCKa~OB IlpHBO~HT K ciie~yiOll\HM· CMe-
CHM MYJILTHIIOHLHOCTeii nepexo~a 816,7 K3B . . . 

Mt--+/13,5_±1l:5/D/oE2 c 8(817) <OK 
Ml :+ /76,5 '.± 13,5/0/o E2 c~-8(817) <0 rrpH nocne~oBa

TenLHOCTH crrHHoB 3/2, 5/2, 7/2, rrpHqeM-rrocne,I:(Hee JHaqe
HHe MyiiLTHrronLiio.c'iH HBnHeTcJi 6oiiee BepoHTHLIM, TaK Kai< · 

. nyqme COOTBeTCTByeT 3KCIIep.HMeHT_ani.HO OIIpe~eneHHOMY 
KBK ~nH JToro rrepexo~a._ 

. _, 6: .;KacKa',n; '862 :. 165 ib'JJ"H:il,ei Me,jc~y ypoBiiHMH .1026~4;··· • ·• .. 

165,0 K3B H ocHoBHLIM cocTOHHHeM I49Gd. Ha ocHoBe 
. cxeMLI pacrra~a 149 Tb ypimHio c JHeprHeii 1026,'4 K3B 

MO)KHO rrpHIIHcaTL. Jmi.qeHHe CIIHHri:':H qeTHOCTH /3/2, 5/2/ +; 
AuanHJ Kac.:Ka~a rrpHBOJJ.HT K cne~YIOll\HM JJiaqeHHHM MynL
THIIOJILHOCTH rrepexo~a 862. K3B I puc. 3/: El + /0,5- ..± . 
± 0,5/D/o M2 c · o ( 862) > 0 /rrpH rrocne~oBaTenLHOCTH. ~IIHHOB 
3/2, 5/2, 7/2/ HJIH El + /33,5 ..± ~,0/o/o M2 c 8(862) <OfrrpH 
CIIHHaX 5/2, 5/2, 7/2/. 

,D;aJIJILie 110 HJyqeHHIO KBK 3TOro ne'pexo~a II03BOJIHIOT 
HCKJIIOqH'th BTOpyro B03MO)KJIOCTL H YCTaJIOBI:i:TL, TaKHM 06-.· 
paJoM, crrHu cocTOHHHH 1026,4 K3B KaK 3,2 +. 

7. KacKa,n; /187 - 165/ K3B pa3pH)KaeT rrocne~oBaTenL
uo ypoBJIH 352,2 H 165,0 K3B B OCHOBHoe cocTOHHHe 149Gd . 
,D;nH rrepexo~a 187 _ K3B rronyqaeTcH JHaqeHHe MYJILTHrronL-
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HOCTH /puc. 7/ Ml + /0,25 ± 0,25/0/o E2 c 8( 187) <0, qTo 
xopowo cornacyeTcH c .naHHLIMH pa6bTLI /I I. 3TOT KacKa.n 
IIO,IJ.TBep:>K,IJ.aeT IIOCne,IJ.OBaTenLHOCTb CIIHHOB 3/2~ 5/2 H 7/2 
,IJ.ml ypOBHeH C :meprHeH 352,2; 165,0 K3B H OCHOBHOro 
COCTOHHHH 149 Gd. 

TaKHM o6pa30M, pe3ynLTaTLI uccne.noBaHHH yrnoBLIX 
KOppemU~HH B 149Tb IIOKa3anH HenpOTHBOpeqHBOCTb ,IJ.aH
HbiX, rronyqeHHLIX rrpu H3yqeHHH cxeMLI pacrra.na 149 Tb H 
KBK paccMaTpHBaeMLIX nepexo.noB. O.nHaKo Heo6xo.nu:Mo 
OTMeTHTL TPY.IJ.HOCTL O.IJ.H03HaqHoii HHTeprrpeTaunu rrpupo,IJ.LI 
B036y:>K.zieHHLIX cocTOHHHH 149 Tb 6e3 rrpHBneqeiiHH .nonon
HHTenLHLIX CBe,IJ.eHHH 0 BpeMeHaX )KH3HH ypOBHeH H afico
niOTHbiX 3HaqeHHH K031iJcllHUHeHTOB. BHyTpeHut!ii . KOHBepc~H 
.nnH pH.na raMMa-nepexo.noB. 

ABTOPLI 6naro.napHLI K.JI.rpoMoBy 3a rrocToHHHYIO ·no.n
.nep)I(Ky B pa6oTe, M.JI.Ky3HeUOBOH H B.B.Ky3HeuoBy 3a 
HHTepec, rrpOHBneHHbiH K ,IJ.aHHbiM HCCne,IJ.oBaHHHM. 
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