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@ 1976 06l>eOUHeHHI>IU UHCIIU,YIIl JIOepHbiX UCCAeOoeaHUU J(y6Ha 

1. BBE.ilEHYIE 

nocneaHHe, HaH6onee rronHwe aaHHwe o pacrraae 
153 684153 /1

1 

Dy ~ 1b orry6nHKoBaHbi B pa6oTe 3y6epa H ap. 
1 

• Ha 
OCHOBe HCCneaoBaHHH CITeKTpOB y -nyqefi H KOHBepCHOHHbiX 

aneKTpOHOB, H3MepeHHhlX H8 rronyrrpOBODHHKOBhlX aeTeKTO

pax, y-y -cosnaaeHH i1: H aaHHbiX 6onee paHHHX pa6oT I 2, 3/ 
aBTOpb/I/ rrpeanaraiOT cxeMy pacrraaa 

153
Dy , coaepx<a

IUYIO 50 B036y>KaeHHbiX COCTOSIHHH, 

B pa6oTe /I/ oTMeqaeTCH soaMo>KHOCTh cyruecTBD

BaHHSI B Hape 153 Th cocTDHHHH paaaoi1: ae¢opMaUHH, OcHoB-
+ + 

HOe COCTOSIHHe (5/2 ) H COCTOSIHHSI 80,7 KaB (7/2 ) H 

163 KaB (11/2-) HHTeprrpeTHPYIOTCSI KBK c¢epH'ieCKHe CO

CTOSI~HSI d5/2 t g7/2 H ~ll/2 , 8 COCTOSI~HSI 147,5 K3B 

(3/2 ), 240,4 KaB (5/2 ), 389 KaB (7/2 ), 572,1 KaB 
+ u + (9/2 ) - KBK ypDBHH pOT8UHOHHOH ITOnOChl 3/2 /411/, 

.[lnSI o6ocHOB8HHSI 3TOrO rrpearrono>KeHHSI B HBCTOSIIUee 

BpeMSI He XBBTaeT 3KCrrepHMeHTBnhHhlX DBHHhlX: rronHOCTh!O 

OTCyTCTBYIOT CBeaeHHSI 0 CBOHCTB8X Hapa 
153

Tb H3 

HaepHbiX peaKUHH, 3H8'ieHHSI CITHHOB H qeTHOCTeH anSI 6onh-

WHHCTB8 ypOBHei1:, Ha6niOaaeMbiX DpH pacrraae 
15

.
3
Dy, 

orrpeaeneHbi aeoaHo3Ha'iHO If T.a. 
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B HacToHmetl: pa6oTe H3yqanrrcb KoppenHurrn HarrpaBne
HHti y -ny'Iet\ H CII8KTpbl KOHBepCHOHHb!X sneKTpOHOB IIpH 
panrroaKTHBHOM pacrrane 1S3[Jy c uenbiD orrpeneneHrrH 3Ha
qeHntl CIIHHOB HH3KOB036y)!(D8HHhlX COCTOHHHH 1531b H 
YTO'IH8HHH MYJ1bTHIIOJJbHOCT8l'i IIepexonoB, CBH3b!BBIDUJHX 
8TH COCTOHHHH, 

2. 113MEPEH!1H 11 11X PE3YnbTATbl 

21p 153,-, • . 8LlH08KTHBHbie HCTO'IHHKH vy 

PanHoaKTHBHhle Hnpa 153Dy rrony'IanHCb B peaKUHH 
rny6oKoro pacwerrneHHH TaHTana rrpoTQHaMn c 8HeprHert 
660 M 88 Ha BHyTpeHHeM rryqKe CHHxpounKnoTpoHa 01151!1. 
113 o6nyqeHHOH MHUJ8HH XpOM8TOrpacpHqecKHM M8TODOM 
BhrnenHnH ¢paKUHID H3oTorroB Dy c rrocnenyioUIHM pa3ne
neHneM ee ITO MBCCBM Ha 8J18KTpOMarHHTHOM M8CC-cerra
p8TOpe. Dprr sToM HOHbi 153 Dy BHenpHnncb B AP cponbry 
TOJJUJHHOM 5 MKM, KOTOpaH 38T8M paCTBOpHJJBCb B BO~HOM 
pacTsope HCe • PanrroaKTJIBHbii! pacTeop rroMe'T!ancs:r s 
IIOJJH8THJ18HOByiD 8MITyny pa3MepaMn cp 3 X 10 MM. Dony
'I8HHhl8 TaKHM o6pa30M HCTO'IHIIKH IS3[Jy HCITOJ1b30Banncb 
B H3MepeHHHX y-y yrJJOBb!X KoppenHUHH, 

11cTO'IHHKH anH 6eTa-crreKTporpa¢oe rrprrroToBnHnrr Me
TonoM 8J18KTpOJJHTH'I8CKOrO OC8)!(Ll8HHH cppaKUllH H30TOIIOB 
Dy Ha rrnaTHHOBYID HHTb nrraMeTpoM 0, 1 MM. 

2.2. 11aMepeHrrs:r Y.-Y. vrnoBbiX KoppemiunH: 

11aMepeHHH y-y yrnoBbiX KoppenHunfl rrposonrrnHcb Ha 
KoppenHUHOHHotf ycTaHOBKe c LlBYMH Ge( Li )-neTeKTopa
MH I 4/ n Ha ycTaHOBKe c Ge ( Li )- H nsyMH CUHHTHJJJJHUH
OHHbiMH neTeKTopaMn /S/ • YcTaHoBKa c nByMs:r Ge ( Li ) -ne
TeKTopaMH ( V =35 CM 3 H 40 CM 3 , ~E "'3 K38 Ha JJHHIIH 
1332 KaB

6
°Co) pa6oTana COBM8CTHo c 38M "/V\nHCK-2" B 

LlBYXMepHoM pe)!(nMe c un¢poBhlMH OKHaMH. PannoaKTHBHhlH 
HCTO'IHHK IIOM8lli8JJCH Ha p8CCT05IHHH 10 CM OT 060HX ne
TeKTOpOB. Bo BTopoH: ycTaHOBKe rrpnMeHHJJHCb Ge(Li)-

4 

neTeKTOp (V = 45 cM 3 .~£"'4,5 K3B Ha nHHHH 1332 K3B 
6 ° Co) H nBa cuHHTHnnHUHOHHbiX neTeKTopa c KpHcTannaMH 
Nal ('If ) pa3MepaMH ¢ 40 x 40 MM H ¢oToyMHO)!(HTemiMH 
THIIa ¢3Y -93. CrreKTpbi coBrraneHHti perHcTpHpoBanHCb B 
pa3neneHHOti Ha yqacTKH rraMHTH 1024-KaHanbHoro aHanH-
3aTopa. 3HepreTH'IeCKHe OKH8 Bhl6Hp8J1HCb C IIOMOllibiD 
LlBYX LlH¢cpepeHUH8J1bHhlX LlHCKpHMHH8TOpOB B CUHHTHJ1J1HUH
OHHhlX TpaKTax. YrnoBhle rro3HUHH neTeKTopoB B o6eHx yc
TaHoBKax MeHHJ1HCb UHKJ1H'IeCKH: 90-135-180°, 180-135-90~ 
90-135 °- • , • • • C BpeMeHeM 3KCII03HUHH 100 C. 

1rr 153oy _153rb 

N 

400 KAHAflbl 

PH c. I. faMMa-cneKTP 153 Dy , H3MepeHHbifi Ha 
poMeTpe c Ge ( Li ) -neTeKTopoM ( V = 40 eM 3). 

y -crreKT-

4pe3BbJqafiHo cno)!(Hbifi crreKTp y -ny'Iefi, corrpoBO)!(Lla
mmHx pacnan 153 Dy ( pnc. 1), n He6onbmoe qncno nHTeH
cnBHhlX y-KacKanos co3namT TpynaocTH nnH TO'IHhlX Kop
penHUHOHHhlX H3MepeHHA. 11crronh3YH IIHTb HCTO'IHHKOB,Mhl 
cMornB onpenennTb yrnosoe pacrrpeneneHne TOJJbKO necHTn 
Han6onee '!eTKO BhlnenHeMhlX B COBIT8Ll8HHHX K8CK8DOB. Pe-
3yJJbT8Thl H3MepeHnfi rrpencTaBneHhl B Ta6n. 1. 
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Ta6nnua 

3uaqeHIIH K08cpqmuHeHTOB A 2 II A 
4 

cpyHKUHII YI'JIOBbiX 

y-y KOppenHUIIH B H/lpe l:' 1 Tb 

KacKall (K8B) 

82,5 
244,2 
274,6 
296,2 
323,5 

80,7 
80,7 

- 99,6 
- 213,8 
- 213,8 

4 I5,6 - 244,2 
I90,4 - 254,2 
4 7 I , I - 254 , 2 

A2 

-0,0 16±0,036 
-0,02 I±0,020 
+0, 208±0,020 
-0, 155±0,044 
-0, 150±0' 04 7 
-0,384±0,048 
-0, I50:!:0,028 
-0, 102±0,060 

i\4 

-0,04 7±0,072 
-0,062±0,040 
-0,036±0,038 
-0,055±0,086 
-0,005±0,091 

( I4 7,5+ I48,9) - 93,0 
I48,9-( 93) -14 7,5 

-0,024±0,032 
-0,083±0,04 I 

+0,009±0,085 
+0,026±0,060 
+0,03 2±0,099 
+0,020±0,06 I 
+0,057±0,074 

3uaqeHIIH K08cpcprruiieHTOB A anH KacKaaoB 
k 

(80,7 - 82,5) K8B II [9~~ - ( I47,5±148,9)] K8b rronyqeHb! 

TonbKO B H3MepeHHHx ua ycTanoBKe c llBYMH Ge ( Li ) -
/l8T8KTOpBMH, TBK K8K HBKOITJI8HIIe B HCTOqHHKe llOqepuero 

II30Torra Tb c oqeub IIHTencHBHhlMII KaCKB/lHhlMII H3nyqe

HIIHMII B o6naCTII (80 7 100) K8B Tpe6oBano TQqHoro OT-

6opa y -nyqetf no o6orrM KauanaM. DnH orrpeaeneHIIH 

K08cpcpllUHeHTOB Ak OCTaJibHbiX KBCKBilOB IICITOJib30B8JIHCb 

pe3ynhTaThl II3Mepeuutf Ha o6eux ycTauoBKax. Dpu 8TOM 

B cnyqae KaCKB/lOB ( 2I3, 7 - 296,2) K8B, ( 2I3, 7 - 323,5) 
K8B II ( 4 I5, 6 - 244, 2) K9B OCHOBHoi:J: BKJiall B KOHeqHbiH 

pe3ynhTaT namr II3Mepem1H c Ge ( Li ) - 2 Nal(Te) -ne

TeKTopaMrr. Bo Bcex II3MepeHHHX perrrcTpupoBaniich crreKT

pbi COBITa!l8HHH llJIH yrJIOB 90, 135 II 180" B /lllBITB30He 

8Heprrrit 50 - 520 K9B. Opii IICITOJih3oBaHIIII ycTaHOBKH c 

llBYMH Ge( Li ) -!leTeKTopaMII UIIcppoBbie OKHa ycTauaBnii

Baniich Ha cpoTOITIIKax (80 + 82) K8B, 93 K8B, 99,6 K8B, 

( I47+I48) K8B, 2I3 K9B, 244 K8B H ua KOMITTOHOBCKOM 

pacrrpeaeneHIIII B patfoue II5 K8B II I60 K9B. Dono*eHIIe 

6 

8HepreTIIqeCKIIX OKOH B CUIIHTIIJIJIHUHOHHhlX TpaKT8X 1 8 

TBK*e H8KOT0phle CIT8KTphl COBITB/l8HHH rrpiiB8/l8Hhl HB 

piiC, 2. 

N 1s30Y _1s3Tb 

i 
I ::~ 

-· ·~ 1 ~I J" I~ 
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1500 
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!.'~~ ..... ~ · . .,.. IJi.·_,.~"""··.·.........,:· . .., 

1[1)0 

~ 

PH c. 2. HeKOTOpbie 

CIT8KTpbi y-y -COBITa

ll8HHM, Ha BCTBBKe 

oTMeqeHhl rrono*eHHH 

8HepreTHqeCKHX OKOH 

B y -crreKTpe Nal(Tf)_ 
100 

N KaHana orreKTpoMeTpa. 

Dpu BbiqHcneHHH K08cpcpHuHeHTOB A k. yqnTbiBanHcb co

BrraneHHH ITOCTOpOHHHX KBCKB!lOB 1 cnyqaanhle COBIT8/l8HHH, 

nenanHCb norrpaBKH HB U8HTpOBKY HCTOqHHKa, a TBK*e Ha 

8cprj:JeKTHBHOCTH H T8JI8CHbJe yrJibl neTeKTOpOB, flng KBCKB

!lOB ( 2I3 - 323,5) K8B H ( 213 - 296,2) K9B B CHny ue

llOCTBTOqHOro 9HepreTHqeCKOrO pa3p8W8HHH DpHM8HH8MhlX 

neTeKTOpOB OCTanHCb HeyqTeHHb!MH COBIT8/l8HHH OT KBCKB

DOB (204 - 324,8) K9B H ( }90 - 295,8) K8B 1 COOTBeTCT-
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BeHHO. 0DH8KO 8TO He BHOCHT cymeCTBeHHhlX HCK&*eHHH B 
OKOHqaTenbHhle peayn&T8Thl 0 T8K K8K BKn8Dhl STHX COBna
DeHHH, oueHeHHbie DO HHTeHCHBHOCTHM y -nepeXODOB /l/ , 
He npeBbill18JOT 4%. 

2.3. MccneaoBaHHH cneKTpoB sneKTpoHoB BHyTpeHHeA 
KOHBeQCHH 

CneKTphl KOHBepcHOHHhlX aneKTpoHoB rrayqanrrc& c no
MOllihJO 6eTa-cneKT,?tOrpa4JoB C DOCTOHHHbiM ODHOpODHbiM 
MarHHTHbiM noneM 61 • B HacToHureA pa6oTe npeacTasneHbi 
peayn&TaThl rrccneaosaHHH cneKTpos 3BK B arranaaoHe 
8HeprrrA ]Q - 400 KSB, He06XODHMhle DnH COBMeCTHOrO 
aHannaa c peayn&TaTaMH nayqeHHH y-y yrnDBbiX KoppenH
unA. Peayn&TaTbi nccneaoBaHHH cneKTpoB 3BK B o6nacTH 
6on&ll1HX aHeprnA 6yayT DBHhl B 6onee noaaHeR Ha!lleA ny6-
nnKaUHH. DnH perrrcTpaurrn aneKTpOHOB ncnon&aosannc& <Po
TormacTHHKH THna HMK<PM - 50. <PoToMeTpnpoBaHrre ¢oTo
nnacTHHOK DpOBODHnOCb Ha 8BTOM8Tl:lqeCKOM MHKpo<lJoTOMeT
pe, coqneHeHHOM c 3BM "MnHcK-2" /?/ . 3t-IepreTrrqecKoe 
paape!lleHl:le CIIeKTporpa<lJoB COCT8BnHnD OT 0,0:~ 110 0,07%. 

HeKoTopwe yqacTKH norryqeHHhlX cneKTpOB npencTaBne
Hhl Ha prrc. 3. TaK KaK see H3MepeHHH nposonnnHCh c 
¢paKuHei'I Dy, B cneKTpax npncyTCTBYJOT KOHBepcrroHHbie 
nl:IHHH H30TOIIOB lSSDy H lS?Dy , a T8K*e nl:IHHH LJ::>qepHHX 

naoTonoB 153 Tb rr 155 Tb. Dpn o6pa6oTKe cneKTpos oco-
6oe BHHMaHne o6pamanoch aa orrpeneneHne oTHomeHni'I HH
TeHCHBHOCTei1 3BK Ha L-noao6onoqKax. Da>I MHornx rre
pexoaoB l:IHTeHCHBHOCTH 8THX aneKTpOHOB onpeneneHbl 
BDepBwe. MHTeHCHBHOCTH arreKTpOHOB HOpMHpOBBHhl OTHO
CHTenbHO nepexoaa 99 K8B T8K 0 qT06bi npn HHTeHCHBHOCTHX 
y -nepeXODOB, npl:IBeDeHHhlX B pa6oTe/l/, K08~~HUHeHT 
ak ( 99 KsB) :3KCII. COOTBeTCTBOBan qHCTOMY M 1 rrepexoay 
( na cooTHO!lleHHH L I: L II: L III cnenyeT 8 2 ( 99) =, 0,009). 
BwqncneHHhle aaTeM aHaqeHHH Koa¢¢nuneHTOB ak ncrron&
aosannc& nnH orrpeneneHHH MynhTHrronhHocTeA apyrnx rre
pexoaos ( pnc. 4). Kos¢~nuneHTbi cMecn 8 2 onpeaenHnHCh 
H3 COOTHOllleHHH 3BK Ha L -nono6onoqKax. nonyqeHHbie 
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o6onoqeK H ITO aHanorHH C COCBDHHMH HDpBMH. He Bhl3hlBa

IOT COMHemdl: TBKX<e <:_ITHHbl H qeTHOCTH H30MBpHO_fO COCTOH

HHH 163,2 KsB (11/2) H ypoBHH 80,7KsB (7/2 ), CBH38H

HOro C COCTOHHHBM 163,2 K3B rrepBXODOM THIT8 M 2. 3aaqe

HHH CITUHOB npyrHX COCTOHHHfi, rrpennO)!(BHHbiB B pa6oTax/ 1,3~ 
HBnHIOTCH nHIIIb HBH6onee BBpOHTHb!MH, Bb!TBK8IOIUHMH H3 

aaamwa MynhTHrronbHOCTeil: y -rrepexonos, 3Haqeaafi fg ft 
H xapaKTepa pa3pHDKH yposaefi • 

153 153 
cflparMBHT cxeMbi pacrrana Dy --> Tb, , conep)!(a-

mnfi HH3KOne)!(8I!IHB COCTOHHHH (no 740 KsB), 38HMCTBOB8H

Hb!I! aa pa6oTbr /
1 I , rrpencTaBneH Ha pRe. 5. 

mr 7404 m-~nmm g;r 7251 5;; 
II 

n· 6601 m 
7f2.51?( 6305 "'t 

11291r 'H/2 

(9/2)"' 5721 
~~· ..... i 

~r 5373 
'7f2l• S293 

7rr 51o1 
jE 

ii£!mea 

~A- ~;~g=---- !iHWmllll:lllllllllllllllllllllllllllllllllllll 
-~--~1 

712. 38'1L.--- ;&Jill:;• ----·------·-J··" llllllllll!llllllllllllllllllllllllllllllllll 
~sc--; 1 I -or-;"' 

19·21· l249 -------7 
ns9 •• JII 

91 r 2528 o••c~ 
712' 2542 :;;~~ 

~;~~~: ;~~~ . ~~~~ ~ 
7;rm7 -~~~~~ 
11/L- 163.2 <5 ~II 
1312r '1475 ~ j I 

I I 
7!2' 807 .·(llJ1Iillll 'I II I j II j I j 

S!2' 0 ~bl!8 

153 153 
PH: c. 5. cflparMeHT cxeMbi pacrrana Dy-> Tb. 
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Ha OCHOBe MynbTHfiOnbHOCTeH nepexOUOB MO~HO npH
nHC8Tb 3HaqeHHB CfiHHOB H qeTHOCTeH COCTOBHHBM C 8Hep-

+) -rHBMH 254,2 K8B (7/2 , 262,8 K8B (9/2 ), 537,3 K8B 
(7/2-), 725,5 KaB (9/2-) H 790,0 KaB (7/2+). Bo3Mo~
Hbie 3HaqeHHB CfiHHOB UpyrHX COCTOBHHH nepeqHcneHbl B 
Ta6n.3. 3HaqeHHB 9/2 H 7/2 UnH CfiHHOB ypOBHeft 262,8 H 
537,3 K8B, COOTBeTCTBeHHO, nonyqaiOTCB TBK~e H3 aHanH38 
yrnOBOH KOppenBUHH HBH6onee HHTeHCHBHOrO KBCKBUB 
( 274,6 - 99,6) KaB. flpH aToM, ecnH nepexon 99,6 KaB 
THna Ml+(0,9±0,2)%E2, TO 8(99,6) > 0 H nepexon 274,6 
KaB conep~HT (86±5)% HnH (6:2)% (oy> 0) KBanpynonb
Hoii npHMeCH ( pHc,6). 

A~ 

as 

99 K38 A2 
2 

as 
----------------------------- ----

-1.0 -o.s --0 11ft-:c -_-_-_ 

~~:-~ -as ,, 
I 0,1 
OKoHfl 02 

L -1,0 

274 1<38 ·a, 

o.s; 

A2 

PH c. 6. fpalf>HK ApHca-BHneH6eKa am1 KacKana 99 - 274 KaB. 
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TaOJIHUa J 

3Ha<Jer:HI! cnHHOB 1r1 <Jeraocreil ypoaaea 153Tb 

--
3HeprHll lT H3 KJ;K 1 H3 J-J 7i 

PaOora/I/ YPOBHI! yrJIOBb!X I - npe;v1a-
K3.J KOppeJIRUHit raeMble 

0 5/2+ a) 5/C. a) 5/2+ 5/2+ 

tiO,ti '1/c!.+ 7/2 a) '1/2+ '1/2+ 

147,5 J/2+' 5/2+' '1/2+ (J/2)+ (J/2)+ J/2+ 

103,2 II/[ <:1.) II/2 a) II/2- ll/2-

213,7 5/2-,'1/[ 7/2 '1/2- 5/2,7/2-

218,6 5/c.•,·;;2+ - 5/2+ 5/2,7/c!.+ 

c240,4 5/c+, i/c.+ (5/c!.) (5/2)+ 5/2+ 

254,2 7/2+ c//2 7/2+ 7/2+ 

262 'ti 9/[ 9/2 9/2: 9/[ 

::'75,9 - - ~ I/2 + 5/2 

324,9 7/2+,9/2+ '//2,9/2 (9/2)+ 7/2+ 

Jti9,4 5/2 .. ,'1/2+ ('I /2) 7/2+ 5/2+' 7/2+ 

444,6 (5/C.+) 'i/2+ 9/C.+ ':J/2(5/2) 9/2+ 5/2+ ,7/2+ 

'152,0 9/[ - 9/2- 91[ 

5Iu,I 7/2+,':J/c!.+ 7/2 '1/2+ 7/2+ 

529,3 5/2.,7/2 .. ,9/2+ -- ('l/2) + 5/2\'1/2+ 

537,3 7/r(512-) '1/2 '1/2- 7/[ 

5'72,~ 7/2+ ,9/2+ 
~ ~Y/2+) 9/2+ 

5n,2 7/[ ,':J/2- -- 7/[ ,9/[ (7/2)-

DO, 5 3/2+ '5/2+' 7 /2+ - 7/2.(5/c.Y 

660,1 7/2 .. (5/2+) -- '7/2+ 5/2; '7/2+ 

'125' 5 ':)/[ Y/2,5/2 ':J/2- ':7/2-

'/40.4 5/:~+ '7/2+ 5/;:., 7/2 (7/2)+ 7/2 .. ,5/c!.+ 

I':JO,O '1/2+ -- '1/2+ '1/2+ 

a) Hcxo~Hb!e ~aHHb!e 
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Ha npucyTCTBne 6onh~oA nonn rrpnMecn KoMnoHeHThl E2 a 
nepexone 274,6 K9B yK83b!B8BT T8K)I{8 3H8"18HH8 Ko9<P¢n
UH8HT8 a fKCil. ( 274 K98) 0 6nH3KOB K 3H8'1BHHJO, COOTBeT
CTBYJOIIlBMy 'IHCToMy E 2-nepexony. 

0TpnuaTenhHbie 3HB'IBHHSI Ko9<jl¢nuneHTOB A 2 KacKanoa 
( 298,2 - 213,8) '{98 H (323, 7 - 213,8) IC98, CO.:tBp)I{8UlHX 
mmonhHbiA E 1-nepexoa 213,8 K3B, yKa3biBBJOT Ha To, 'ITO 
COCTOSIHHSI 510,1 H 537,3 K3B IfMBIOT OllHHBKOBbl8 3HB'IBHHSI 
CllHHOB, a HMBHHO 7; 2, ecnH CDHH COCTOSIHHSI 213,8 K98 
7/2, H 3/2, ecnn CDHH 3TOrO CDCTOSIHHSI 5/2. TaK KBK 

COCTOSIHHIO 537,3 K38 HpHDHCBH CDHH 7/2, BTOpag B03M0)1{
HOCTh :lCKnJO'IaeTcSI. Dpn 3TOM nonTsep)l{.t:\BBTCSI nHnonhHbiti 
E 1 - xapaKTep rrepexona 298,2 K38, Depexon 323,7 K38 
Tnrra M 1+E2 n, no-snnnMoMy, conep)l{lfT aHa'IHTenhnyJO 
nonJO DpHM8CH KOMDOHBHTb! E2: H3 3H8'18HHSI K03tP¢HUH8HTB 
ak (323,7) 0

' (43+11)·10-3 cnenyeT, 'ITO 3Ta npnMech coc

TasngeT 6onhme 50%, a na cooTHOIIIeHHSI (L 1 + L If I L Ill ~ 14 
llODYCKBBTCSI nHIIIh 31%. 3H8'18HHSI K03¢¢HUHBHTOB ¢yHKUHH 
yrnoso1I Koppemmnli KacKana ( 323,7 - 213,8) K38, npn 
npennono)l{eHHH 'IHCTO nnnonhHoro xapaKTepa nepexona 
213,8 K38, onpenenSIJOT MynhTHnonhHbif:I cocTaB nepexona ) 
323,7 K38 KBK D + s_14%Q HnH D + ( 22 ..:,. 88)% Q c Sy< o*. 

KacKan (471,1 - 254,2) K3B CBSI3biBaeT ypoBHH 
725,5 K3B, 254,2 K3B H OCHOBHOHo CnnH H '18THOCTh 

ypOBHSI 725,5 K~8 9/2- ODpeneneHw HB OCHOBB MynhTHDOnh
HOCTefi pa3pSI)I{810UlHX nep8XDllOB 582, J K 38 H 4 82,8 K 38. 
nimonhHbiH xapaKTep nepexonoB 471,1 K3B (E 1) H 
254,2 K3B ( M 1+ 10% E2) Tpe6yeT npnnncaHnSI ypoBHJO 

1T + 
254,2 K3B I = 7/2 • 3Ha<JeHne K03rp¢nuueHTa A 2 KacKa-
na ( 4 71,1 - 254, 2) K38 ·nonycKaeT nnSI cnnHa ypoBHfl 
725 K3B KpOMe 3H8'18HHSI 9/2 T8K)I{8 5/2 ( 0 ( 254) > 0), 

YpoBHJO 444,8 K3B B pa6oTax /l, 3/ npennaraJOTCSI 
aHa'leHHfl cnnuos 5/2 nnn 7/2. Ma KoppenSIUHH KBCKana 
( 190,4 - 254,2) K3B DpH ycnOBHH, 'ITO l) 2 ( 190) <] ( H3 
KBK cnenyeT 8 2 (190) = 0,07), 3H8'1BHHe 7/2 nonHOCThiO 
HCKnJO<JaeTcsr. Ho nonycKaeTcfl npe 3TOM KpoMe aHaqeunsr 
5/2 TBK)I{B aHa<JeHHB 9/2 ( puc. 7). Ecnn E 1-nepexon 

*) D H Q - nnnonhHbiil: H KBanpynonhHbiti: nepexollbi, 
COOTBBTCTBBHHO. 
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281,4 K98 paaMellleH B cxeMe ypoBHefi 
153 Tb Me)l{ny 

COCTOSIHII.H~H 444,8 K98 H 163,2 K98 ( 11/2) /I/, TO 3Ha
'I8HH8 9/2 CTBHOBHTCSI HaH6onee BBpOSITHhlM. 8 T8KOM 
cnyqae nepexon 44·1, 7 K9B llOn)l{eH 6biTh THna E2, a He 
Ml+E2, KaK 9TO onpenen.Hnoch H3 ak B pa6oTe/I/. HaiiiH 
H3M8pBHHSI HHTBHCHBHOCTH 9rr8KTpOHOB BHyTpBHHefi KOHBep
CHH ua K-o6ono'IKB nonycKaiOT o6e B03MO~HOCTH. 

15" 1118 

~~: 
nH .\ 

' \. l;~\'-~ 
:, I J:::.., 

~J> ~ Q2 

0.67!0,.1:0 
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•2 
ID 
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t •tr>«<"·-.o
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so '00.2 e 

-ns 

---- -:__ :_-_-::::- --, 
- ----------- I : 

-os I I 

' ' 

f 
: : 
: I 

t.OI f . : 

pH C, 7. fpa¢HK 

ApHca-8Hneu6eKa 
llDSI KBCKBllB 

·US 
0.5 ·~ 1.0 190 - 254 K98. 

CoCTO.HHHSIM 740,4 K98 H 324,9 K98 aa OCHOBBHHH 
MyDhTHDODhHOCTBH rrepBXO!lOB aorryCK8JOTCSI 3H8'IB-
HHSI CITHHOB: 5/2, 7/2 ll 7/2, 9/2, COOTBBTCTBBHHO. Ha 
yrnOBOH KoppenHUHH K8CKana (415-244) K98 ynaeTCSI Bhl-
6paTh !lBB B03M0)1{Uhle ITOCnBllOB8TBnhHOCTH 9THX 3H8'IBHHfi, 
a HMBHHo 5/2 ... 7/2 Hmr 7/2 .... 912. B o6oHx cny'laSix rrepe
xon 415 K98 aonMeH concp)l{aTh oKono 15% rrpHMecu Mynh
THrronbuocT!1 E2. Ho ecn11 y'leCTh, 'ITO ypOBHJO 
444,8 K38 Dp!1ITI1C8H CITHH 9/2, a nepeXOll 295,7 K98, 
CBSI3biBaJOIIIHH 9TOT ypoaeuh c yposHeM 740,4 K9B, 
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THIIa Ml+E2, TO IIOCJleJlOBaTellhHOCTh 7/2-> 9/2 

51Bll518TC51 6onee Bepo51THoi1. DpH aToM o ( 244) < 0, ecnu 
3(415)>0, HllH Hao6opoT, 3(244)>0, ecnH 3(415)<0. 

KoppellHUH51 KBCKana (82,5 - 80,7) KaB HCIIOllh3DB8ll8Ch 

nnH oiipeneneHH51 3HaKa Ko3¢qmuHeHTa o y IIepexona 80,7 KaB. 

EcnH IIepexon 82,5 KaB ne conep)KHT 3HattHTeJ1hHoi1 nomr 

IIpHM8CH BbiCII18ll MYllhTHIIOJibi!OCTH, TO 0 ( 80, 7) > 0, 

raMMa-IIepeXOJlhi KBCKBJlOB ( 149-93)K9B H (93- 147) KaB 

CBH3biB8JOT B036y)K,Q8HHbl8 COCT051HH51 C aHeprH51MH 389,4 KaB, 

240,4 KaB li 147,5 KaB, B pa6oTax /l- 3/ Ha oCHOBe Bepo51T

HOCTei1 38C8J18HH51 ypoBHefi: 153 Tb IIpH aJ18KTpDHHDM 3.:1XBa-

Te 153 Dy H MYJ1hTHITDJ1hHocTei1: y -IIepexonoB ypoBHJO 
+ 

147,5 KaB IIpennaraeTC51 IIpHIIHCaTh CIIHH H 'I8THOCTh 3/2 
+ 

(fgft > 8,1), a ypoBHJO 240,4 !CaB, COOTB8TCTB8HHD, 5/2 , 

B 3ToM cnyttae ypoBHJO 389,1 KaB ua ocHoBaHHH MynhTH

IIonhHocTeii pa3p51)!(8_fllllHX ero IIepexonoB MO)KHO IIpHIIHCaTh 

xapaKTepHCTHKH 7/2 • DpHIIHCaHHJO yKa3aHHhlX 3Hatteurri1: 

CIIHHOB BC8M TpeM paCCMaTpHB88MhlM COCT051HH51M He IIpo

THBopettaT T8K)K8 pe3yJ1hT8Thl H8lllHX H3MepeHHll CyMM8pHOll 

yrnoBoa KOpp8ll51UHH K8CK8JlOB 93 -(147+149) KaB H KOppe

ll51UHH Tpofi:uoro KacKana 149 -(93) - 147 KaB. DpH aToM 

IIepexonaM 149 KaB H 93 K3B Hy)KHO IIpHIIHC8Th OJlHH8KO

Bblt'I, rrono)KnTenhHbrfi: 3HaK Koa#rruueuToB o y • Docnenurrfi: 

BbiBOJl M0)!(8T 51BJlHThC51 JlOIIOJ1HHT8llhHbiM apryMeHTOM 0 IIOJl

TB8pfJl[lJOTUHM IIp~JliiOJ10)!(8HH8 0+ TOM, 'ITO ypOBHH 14 7,5 
( 3/2 ) , 240 ( 5/2 ) , .389,4 ( 7/2 ) H, IIO-BHJlliMDMY, 

' +) 572,0 K1-B t 9/2 ·:rpHH8JlJ18)!(8T pOT8UHOHHOi1 IIOJlOCe COCTOH-
HH51 3/2 (411], 

DpHHHMBH ycTauosneHHhle 3HatteHH51 CIIHHOB rr tteTHOCTeA 

o6Cy)KJ].88MbiX ypOBHefi:, MO)KHO, Ha OCHOBe MYJ1hTHIIOJ1hHOC
T8ll y -IIepeXOJlOB ( LlA.HHbl8 H8CT051Ill8ll pa60Tbl H pa6oT/ 1- 3/), 

+ 
oiipenemiTh+ xapaKTeprrcTH~H (I") cocT051HHi1 218,6 ( 5/2 ) , 
529,3 (7/2 ), 572,1 (9/2) H 660,1 KaB (7/2 ), 

CpaBHeurre 3Hatteurri1: CIIHHoB H tteTuocTeii, IIpenno)KeH

HhiX HBMH H aBTOp8MH pa60Tbl/ I/, MO)KHO IIpOB8CTH Ha 

OCHOBBHHH Ta6n,3, rae IIpHB8Jl8Hbl 3TH 3H8'I8HH51 JlJlH BC8X 

paccMaTpHBaeMbiX Bbillle ypoBHeii. B Ta6n.4 yKa38Hhr raMMa

IIepexanhr ( THIIa M 1 +E 2), JlJlH KOTOpbiX OIIpeneneHbl COCT8-

Bbl MYllhTHIIOllhHOCTefi: H 3H8KH KOa~¢HUH8HTOB CM8lllHB8HH51 

oy . AuanH3 cTpyKTyphr ypoBHeii 153 Tb 6yneT IIpoBeneH B 

OTJl8llhHOI pa6oTe, 
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