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A .A. A6aypaaaxol,
1 
K.H. fpoMoB, B. B. KyaHeuoB, 

Ma Xo 11x, r. Myauon~,/ <1>. MonHap, A. MonHap, 
<1>. MyxTacuMoB, X aHh llly-X<YHh 

0 PACflAfiE Ho
16 1 

HanpasneHo B *YPHan 'HaepHaH ¢uauxa· . 

x/TawKeHTCKHR flonHTeXHHqecKHR HHCTHTyT, 



TeopHR ae<jJOpMHpOBBHHbiX Rnep B HBCTORIUee BpeMR HennOXO OUHCbiBBeT CBOtlCTBB 

HHlKHHX COCTORHHtl B036ylKneHH5! ne<jlopMHpOBaHHbiX Rnep C He'!eTHblM A. nony'leHHe SKCnepH-

M8HT8nhHbiX ll8HHbiX 06 ypOBHRX T8KHX SI.llep B8)KH0 JlnH COllOCT8BneHR51 C TeOpHeA H llnst 

.nanbHefiwero ee pa3BHTHH. 

161 
Pacrran Ho T ~ {8,9 + 0,2)•10

3
ceK) eccnenoaancR aaTopaMH pa6oT

11
-

31
• 

Ha oCHOBBHHH caeneHHtl o crreKTpe KOHBepcHOHHbiX sneKTpOHOB B o6aope MoTTenbCOHa 

H Hnn&coHa
14 1 

n a pa6oTe MexenHKa H np/ 
11 

6bina rrpennoJKeHa cxeMa HHJKRHX ooa6ylK

neHHbiX COCTORHHJl Dy 
161 

, B036yJKilBIOIUHXC5! npn pacnane Ho 
161 

• 3KcnepHMeHT8UhHble 
161 

HCCne.llOB8 HH51 p acna.na Ho .llO H8CTOSIWero BpeM,~HH np8KTHl.leCKH orpBRBIIHBBnHCb B3y-

'!eHHeM cneKTpa KOHBepcHOHHbiX sneKTpoHoa. B HacTo Rmetl pa6oTe HapRnY c HccnenoBBHHeM 

cneKTpa KOHBepCllOHHbiX SneKTpOHOB H3yqeH CITeKTp 

nane Ho
161

• 

y -nyqeJl, B03HHK8IOIUHX rrpH paC-

3KCITepHMeHT8UhHble peaynhT8Tbl 

161 
CrreKTp Y -nyqetl Ho HCCnenOB8UC5! C DOMOIUhiO CUHHTHnnRUHOHHOro Y --<:neK-

TpoMeTpa CO 100-KBHBUhHblM 8MflUHTynHbiM 8H8UH38TOpoM HMnynhCOB, npH H3y'!eHHH y 
2 nyqei! C SHeprHetl no 300 KSB HCfiOUh30B8UCR KpHCT8UU NaJ(Tf) p83MepoM 40 X 40 MM 

137 
H paaperneHHeM-8% aa naaae c saeprHetl 662 KSB Cs • y -ny'IH B lKeCTKOI! o6naCTH 

Naj (Tr) p83MepoM 70 X 50 MM
2 

H {no 3000 Ksa) HccnenoaanHch c noMoiU&IO neTeKTopa 

paa perneaHeM - 11% aa JIHHHH c saepruetl 662 KSB Cs 187 

CrreKTp sneKTpoaoa aayTpeaHetl KOHaepcHH accnenoaancg c noMOIUhiO 6eTa-cneKTporpa

<!>a 0 fiOCTORHHblM MBrHHTHbiM noneM/ S/• 3neKTpOHbl perHCTpHpoBaUHCb <j>oTOflU8CTHHK8MH 

THfl8 p -50. 3HeprHH H HHTeHCBBHOCTH KOHBepCHOHHbiX nHHRA onpe.nenHnHCb M8TOllOM, OflH

CBHHbiM B pa6oTe
161

, Paa perne nne HB KOHBepCHOHHbiX UHHHRX COCT8BnRUO-<J,07%. 

161 

HaoTon Ho nonyqancn a peayn&TaTe rny6oKoro pacmenneaHR TBHTana npH 6oM6ap-

napoaKe ero npoTOHBMR c s aeprHell 660 Msa. 

nocne BbineneHHR H3 o6ny'leHHOI! MHrneHH aneMeHTOB pcenKoseMen&Holl rpynnbi npoao

nenoc& paaneneHHe nocnenHHx xpoMaTorpa<j>uqecKHM MeTonort. npH HccnenoBBHHH crreKTpa 

KOHBepCHOHHbiX sneKTpoHOB HCnOUh30BaUHCh nonyqeHHble TBKHM o6pa30M <jlpaKUHH Ho H 

Er , KOTOpble npencTBBn>IIOT Co6oll CyMMy H30TOnoa Ho HUH Er , 06pa3yiOIUHXCR 

npH o6nyqeaHH TBHTanoaoll MHUJeHH 1 H HX noqepHHX sneMeHToa. B npenapaTe Er H8Kan-

3 



16 1 
nunan cs.~ Ho n p H pac n a n e 

16 1 
Er 

3 
T y, = 11, 2,10 ced . nHHHH KOHBepCHOHHbiX 

3 n 9 KTpOHOB flPH fl HCbiBBnHCb H30Tony Ho l fl l HB OCHOBBHHH OUe HKH nepHOUB no -

nypaCIIBJ]B H onpeaen e HH 5t 38p5tll8 5tJlpa , B KO T OpO M IT p OHCXOllHT nepeXO!l . 

nns.~ HCCneJlOB8 HH H y - cneKTpa M bl Hc n o nbaoean H npenapaT Ho , B b!llen e HH biA" 

u a T y nHesoA cfl p a KUHH , n o n y q e nHoH T e M >K e c n oco6oM , xax a p 6 H f.i H ron h MH i1 . CymecTaoaaHHe 

u e n o •-1KH pacnana 
16 1 3 161 3 16 1 3 181 

Tu (1 .8.10 ceK) .. Er (11, 2.10 ceK) .Ho ((8,9+0,2 ) . 10 c ei9 -+Dy 

161 
no3son s.~eT nony 1.fHTb n o 1.fTH ttHCT btt:i H30T o n Ho • Ha6 n JOuaaw HecH a Hc n o nhaoaaHH biX 

npenapaTa x c na6bie npHMecu Ho 
180 

( Me Hee 0 , I%) aepo i!THO caH3BHhi c Man biMH aarp11 a -

u e HH H MH Hc x o auoro npe napa T a ·rynHs.~ a p 6 R e M . CnexTpbl y - ny 'lell Ho 
18 1 

npeucTaane Hbi 

Ha pHCYHKax I H 2: aa pHc , I - y - c neKTp a o6na CTH 3HCprH H UO 300 K3B, HB p HC, 2 

y -cne KTP a o6nacTH aHep r HA uo 3000 Kaa. C uenbiO nornome HHS! HHTe HCHBHOro X 

H y -R3 ny1.f 9 HHSI B o 6 naCTH 3 H e prHA !tO 200 K 3 B CI19 KTp, fT O K838H HbiH J-I B p HC. 2, CHHT CO 

CBHHUO BbiM norno THTe n e M T OnlU H HO A 1 MM, KOTOpbiti: flOM9 lUBnC SI M 9 >K.O.y HCT0 1.fHHKOM Ho l & t 

H KpH CTannoM NaJ(TO • Ha pHc . 3 H 4 npe ucTa an e Hbi 38BJ.1 C HMOCTH c n au a HHTeHCHB-

HOCTH nHKB X - n y qe fi H y - nHHHH 760 K3B BO apeMe HH, Do c nauy HHTe HCHaHOCTH X-
181 3 

n y '!e A onpeuene ao 3 Ha'le HHe ne pHo ua nony pacnaua Ho , pa aaoe (8 ,9 i 0 , 2 ),10 ceK 

( 2,48 + 0,05 qaca ) , KOTopoe HBnReTcR HaH6onee TO'IHbiM 3 Ha'le HHe M ne p11oua nonypacnaua 
... - 3 

Ho , HHTe HCHBHOCTb X - ny qefi y6biBaeT c nepHouo M non y pac naua (8 , 9~ 0 , 2 ), 10 ceK 

( 2,48 + 0 ,0 5 'IBC B ) B Te'leHHe 10 ne pHOUOa nonypacnaua • 3TO RBn<IeTCR OCHOaBHHeM unR 

y Taep>K.Ile HHR o TOM, 'ITO npHMecu a HcnonbaoaaHHOM npe n a pa Te 6 binH He 6onee 0, 1%. K a K 

BH!lHO H3 pHC . 4, y -nHHHH 760 K3B Ha6n iOuaeTCS! aMeCTe C p RUOM upyrHX Y - nHHHH, 

HnTe HCH BUOCTb acex y - nyqell ( pHc , 2), KpoMe y - nHHH il 760 Kaa , y6 biaaeT c nepH -
3 

ouoM no n y pacnaua T y, = 18. 10 c eK, Ha KpHaoll pacnaua y - nHHHH 760 K 3B o T'IeT-
3 

nHBO npoHBI!ReTCS! COCTBBJIHIOIUBH C nepHOUOM nonypacnaua T Y, = 9,0.10 CeK ~2, 5 'I BC B ) , 

n e pnou nonypacnaua ( 18, 10
3 

ceK ) H cpaaneHHe cneKTpa ( pHc , 2) c H3MepeHHhlM 

y -cne KTpoM qacTOro Ho teo noa aonsnoT Rane>KHO npH nHC8T b aarpstaHeHH SI H30Tony 

~ 181 
Ho , y - ny'IH c 3HeprHeA 760 K aa , oqeauuno , npaaaunell<l!T Ho . 8 Ta6 n Hue 

18 1 
npeuc T a BJte Hbi pe3 y n bTBT hi R3Mepen a H HHT eHCHBHOcT eA y -nyqeA Ho • HaT eHCHBHoc -

UI 
TH y -nyqeA npH pacna.ae Ho JIB IOTC H anepabte . PaHee ue 6 btn o H3 BeCTHO T BK)Ke o 

y -ny qax c anepraeli 210 H 760 Kaa. 

4 

3 aepr'"' x/ 
y - nyqetl 

0THOCHTenb

H bi9 HHT9HCRB-

HOCTH y -
ny\<etl 

)( 

25,7 

37,~ 7 

Dpn aaanHae cneKTpa 

n o aameA oueaKe , e r o HHTE 

< 0,01% HHTeHCBaHOCTB X 

8 Ta6nHue 2 npeucTae 

T po HOB. D onytteBHbl 9 .0.8HHbiE 

H A 6uypaaaKoaa H up/
61

, C 
Hi t 

nepexouaM Ho c 3Hepr H 

rH H KOH B9pCHOHHbiX n HHH H n 

aepcHOHHhiX nHHHA' a T oro ne 

OTHomeaHe L 1 : L0 : L 111 • 

nepexoua c 3HeprHeA 98, I 1 

T9HC HBHbiM nHHHSIM n epeXOJli 

no OT HOCHTSnbHbJM HHT8HCH 

T H flOnhHOCTH H9KOTOpblX Y 

HOC T H nepexona c aHeprHefi 

OT HOCHT91IbHbi X HHTeHCHBHOC 

Hbl8 06 HHT8HCHBHOCT$J X y 

TeopeTH'iecKoe 3Hal..fenHe nns 

pe!l8lJHTb 3KcnepHM8HTBI1bH bl 

157,3 K3B, 3TH ilBHHbie TBK. 

HocTeff nepexonoa. 

06cyll<uen> 

CxeMa ypoaneA Dy 
16 I 

>Kena a o63opc MoTTenhCOHE 

YfM810tUlf8C51 B H8CTOSilltee Bp 

npeunoli<CHHYIO cxeMy yposne 

x/ 3 HeprMH y -ny 1.1e 



flHHHH KOHBepCHOHHblX 

oueHKH nepHo.aa no-

pexoa. 

paT Ho , Bb!lleneHHbiA 

ronhMHfi . CymecTaosaHue 

3 181 
((8,9+0 ,2).10 cet9 ->Dy 

!CH B HCnOnb30B8HHbiX 

18Hbl C M8flblMH 38rpH3 -

[9~ Ho 
18 1 

npencTaaneHbi 

~ ao 300 K3B 0 H8 pHC . 2 

JIU9HIHI HHTeHCHBHoro X 

8HHbtH 118 pHC. 2, CHHT CO 

te>KilY HCTO'IHHKOM Ho l8 I 

8HMOCTH CIT8.ll8 HHT9HCHB-

CITB.lly HHT9 HCHBHOCTH x

•e (8,9 + 0,2 ).10
3 

ceK 

<eM nepHoaa nonypacnaaa 
3 

·pacnaaa (8, 9_::0,2),10 ceK 

~HeTCH OCHOB8HH9M .llnH 

5btnH ne 6onee 0,1%. K aK 

lllOM apyrHX Y -J!HHH A. 

760 K3B , y6biB8eT C nepH 

-nHHHH 760 K3B OTqeT-

9,0, 103 ceK l-2,5 '!aca ), 

HC, 2) C H3MepeHHbiM 

38r'pR3H9HHH H30Tony 

181 
Ho • B Ta6nuue 

181 
·qeli Ho • 11aTeHcHnnoc -

6btnO H3BeCTHO T8K)f(9 0 

3aeprHSI 
x/ 

y -ny'!etl 

0THOCHTeJib
Hbi9 HHT9HCHB-

HOCTH y 
ny'qeA 

25,7 

37,+ 7 

Taonaua 

11aTeHCBBHOCTB 

X -ny'!B 
43,9 
49,0 
59,2 

100 

77,5 

3 ,4+0,7 

161 
y -nyqel! Ho 

98,1 103,0 157,3 175,4 210,4 760 

(),.6+0,1 4,4_::0,5 0,6+0,1 0,6+0,1 0,2+0,1 0,1 

DpB 8H8JIH3e ClleKTpa y -nyqej! He 06Hapy)!{eH IIHK 8HHHriWSIUHOJiHOrO H-3Jiy'!8HHSI, 

no aarnen OU9HKe, era RHT9HCHBHOCTb M9HbWe D,l HHT9HCHBHOCTH Y -JIHHRH 760 K3B H!IH 

< 0,0 I% HHTeHCHBHOCTR X -nyqel!. 

B TaonHue 2 rrpellcTaaneHbl pe3ynhT8Tbl accne!lonaauSI cneKTpa KoanepcnoHDbiX aneK

Tponoa. Dony'!eHHble ll8HHble B OCDOBDOM COBIT81l810T C ll8HHbiMH paoOT MHxeJIHK8 H ap/ 11 

161 
H Aollypa3aKona H 11p. • 06aapylKeHbl HOBbie KounepcuonHbte naaaa, npanncaanbte y 

rrepexoaaM Ho
181 

c aaepraeA 210,8; 234,5; 239, 7; 339,7 H 416,0 K<>B. l13-3a ManoA auep-

rHH KOHBepCHOHHbiX nHHH H nepexo.aa 25,7 K3B H8M He ynanOC b CBH38Tb HHT9BCHBHOCTH KOH

aepCHOHHbiX flHHHtt 3TOrO nepeXO.llB C HHT9HCHBHOCTHMB apyrRX nHHHH. TipHBO.llHTCH TOnbKO 

OTHoweaae L 1 : L0 : L 111 HaM He yaanocb rronyqHTb cseneHHA o KOHBepcHOHHbiX nBRHHX 

nepexoaa c aaepraetl 98,1 K<>B, TaK KBK JIHHHH 3Toro nepexoaa oJIH3KH no aaeprHH K HH-

••s 3 
TeHCDBHbiM JIHHHSIM rrepexoaa 99,0 K3B, B03DHK8IOIJlero npu pacnaae Ho (TIS~l,8.10 ceK). 

no O THOCHTenbH biM BHT9HCHBHOCTHM K- r L 1- t Ln- H LIII -nHHH A orrpeaeneHbl Mynb

THIIOJ!bHOCTH HeKOTOpblX Y - nepeXOilOB ( CM. T8 6JIHUY 3) • nnSI onpeaeneHHSI MYJibTn!IOJ1b

HOCTH nepexoaa C 3DeprHeti 98,1 K3B HCIIOJib30B8Hbl ll8HHbie pa60Tbl MuxemiK8 H llp/ 
11 

00 

OTHOCHT9nbHblX HHTeHCHBHOCTHX Y -nRHHi.f. 3Toro nepexo!la. CpaBHHBan nonyqeHHbie aaH-

Hbte 06 HHTeHCHBHOCTHX y -nepeXO!lO B H KOHBepCHOHHblX nHHnrt H npHHHM851 npH 3TOM 

Y -rrepexoaa c aaeprneli 174,4 K<>D Tnna E2, yaeeTcSI on-

pe,aenHTb 3KCnepHM8HT8nbHbJe 3HBtJeJHJR ak nnst nepexoaoa c aaeprBeA 103,0 n 

157,3 K3B. 3TH ll8HHbie T8KlKe HCITOJib3 0B8Hbl B T80J!IlUe 3 llJIS! onpeaeneHHH MYITbTHilOJ1b

HOCTeli rrepexoaoa. 

05cy>Kileune pe3yJihT8TOB, CxeMa pacnaaa Ho 
161 

161 161 
CxeMa yponHetl Dy , no3oy>Kil8 IOlllRXCSI npH pacrraae Ho , nnepBbte npeano-

>Kena a o63opc MoTTenbCOHa H Hl!JihCoua
141 

H B pa6oTe MnxennKa " ap.
111 

(cM, pnc. 5 ). 

YfMeJOWHeCH l3 H8CTOHill88 apeMR 3KCnepHM9HT8nhHbl9 ,llBHHbie O'tJ:€Hb XOpOWO nO.llTBep>Kll8lOT 

npenno>KeuHylO cxeMy yposHeH. MynhTHnonhHOCTM, onpe.aeneHHbTe n.nR 6onhWHHCTaa nepexo-

x/ 3ueprun y -ny'lert aanbi no pe3ynhT£ITBM H3Mepeaail B HBCTostme!\ paooTe. 

5 



"' 

m:o hv 

1111 K3B 

I 25 , 7 
2 43 , 9 

3 49 , 0 
4 59,2 
5 77,5 
6 98,1 
7 103 , 0 
8 157,3 
9 175,4 

10 210,8 
II 234 , 5 
12 239,7 
IJ 339,7 
14 416,0 
15 

x/ Yl3- sa 
KOHBepCIIOHHhlX 

T a 6 JI 11 u a 2 

Pe3y!lhTaThl 113Y48HIIll Cl1eKrpa KOHBepciiOHHhlX 3JieKrpoHOB Ho161 

0THOCIITe!lhHhl8 ~HTeHCIIBHOCTII 
IT p II M e 4 a H II e 

K Lt Ln Lm 
r; N 

X X 
~ : ~~ : Lm : ~\t+m:N • - X X X 

= 0,75: 0,68:I: O,I3: 0,1 
- 120 64 cos11a.n;aer 

c OiiCE 
- 62 
- 40 

C!JOEH . 208 600 585xxx 370 57 K- 77,5 Jie~IIT Ha M1- 25 ,7 
COBIT.C UlKe XX XX XX 

205 40 6 7 
22 cJia6 . 
40 2, 8 7,6 7,3 5,5 3 
10,4 

1,7 
CJIO )!(H. o. cJia6 . 
cJia6. 

1, 0 

Ma!JO~ 3Hepr1111 KOHBepCIIOHHhlX Jl~H~~ rrepexo,n;a 25 ,7 K3B HaM He y,n;aJIOCh CBl!3aTh IIHTeHCIIBHOCTh 
JliiH~ ~ 3TOrO rrepexo,n;a C IIHTeHC~BHOCTliMII ,n;pyriiX JliiHII~. 

XX/ Mhl He MOr!lll OITIJe,ll;eJI~Th OTHOC~Te!lbHhl8 IIHTeHCIIBHOCTII 3TIIX JIIIH~ :-1 , TaK KaK OHM HaXO,ll;l!T Cll Ha "XBOCTe " 
CIIJlhHO~ Ln - JliiHIIII 99,0. 

Jk);, 
1111 

XXX/ YlHTeHC~BHOCTh Ln - 77,5 !1p11Hl!Ta 3a 585 8,ll;IIHIIU . 

3Heprlll! 
11ep;:~9~a 

T a 6 JJ ~ u a 3 
Orrpe.n;eJieHII e MYJihTHITO !lhH OCT II 

Mero.n; 011-
pe.n;eJJeHIIll 
MVJi hT II-

3Kc11ep11MeH 
TaJihHhle 

:mat~ P. HTAfl 

r -rrepexo.n; os 11p11 pacna.n;e Hoi6I 

TeopeTII48CKIIe 3Ha4eHIIll 3aKJIKJ48HIIe 
0 



..., 

1 .4- V ' V ..... , V 

15 
X/ ~3- 3a Mana~ 3Hepr~~ KOHBepc~OHH~X n~H~a nepex o~a 25 , 7 K3 B HaM He y~anOCb CBR 3aTb ~HT8H C ~BHOCT b 

KOHBepC~OHH~X n~ H~ ~ 3TOrU nepexo~a C ~HT 8HC ~B HOCTRM~ ~pyr ~ X n~H~ ~ . 

XX/ M~ He MOrn~ onpe~e n~T b OTHOC ~TenbH~e ~HT8HC~B H OC T~ 3T~X n~H~ } , TaK KaK OH~ HaXO~RT C R Ha "XB OC TB" 
C~nb H O~ L 11 - n~H~~ 99 , 0 . 

XXX/ ~HT8HC ~B HO C T b L
11 

- 77,5 np~HRT a 3a 585 e~~H~Q . 

T a 6 n ~ Q a 3 
Onp e~e neH ~ e Mynbr~ nonbHOC T~ r -nepex o~os np~ pacna~e Ho161 

J~)i? 3Hepr~R 
Mero~ on- 3Kcnep~MeH -

Teoper~1.1ec K~e 3Ha'l e H~R 3aK nKJ'I8H~ e 
p e~e neH~R r anb H~e nn n ef ex o~a 0 

K3B MynbT ~- 3Ha'I 8H~R EI E2 E3 MI M2 M3 Mynbr~nonbHO-
n Onb H OC T~ 

CTH 

I 25,7 LI : Ln o, 75+0, 15 0, 87 0, 0063 O, or2 63 , 4 1, 98 8: 514Er + M2( < 3%) ~ : L!U 0 , 67~ 0 , 13 0, 67 0, 76 0, 80 6, 05 0,13 
2 43 , 9 L, : ~~ I , 88! Q, 6 2, 0 0, 022 o, or 7, 5 II, 5 II , 0 EI ~n~ i.Lli( 33ig) + 

L, : Lu 0, 36+0, 15 0, 091 II, 5 9, 58 
+ E2( 67i6 ) 

3 77, 4 Ln : Lot 
3, 7I 0, 014 6•32 MI ( 55 +I5%) + 1, 00~0 , 2 o, 78 0,91 1, 63 6, 07 0, 41 O, II +E2( 4 5~ I5~) 

4 98 
K

1 
: L 11 0,65 4, 60 0,19 0, 0196 II , 6 8, 65 ~ · ~ MI ~ 52~5+ ~ : LDI 0,79 3, 45 0,1 9 0, 029 69, 0 0, 56 ' -+-E2 48% 

K : L 1 5,12+1, 5 IO, O 10, 6 7, 95 7,30 4, 81 2, 57 
L, ~ L,, 6, 7 +2, 0 4, 39 0,19 0, 029 II , 84 8, 44 5, 77 EI 5 IUJ , 1 J1, : Lm 0, 85+0, 2 0, 82 1, 04 I,I5 6928 0, 58 0, 19 

a• 0, 16~ 0 , 05 0, 25 1, 04 3, 50 I , 0 15 , 4 77 , 2 

6 157, 2 a• 0, IJ~ O , 06 0, 081 0,33 1, 21 0, 60 3, 5 16, 5 EI!M2( < 3%) 
Kr : Lm 

5, 47+1, 5 56 , 4 5, 58 1, 42 55 , 8 51 , 2 8, 12 
7 I., : L n 0, 37+0,10 6, 15 0, 43 0, 80 14,6 7,I6 4, 24 E2 

~, : Lu, I, 04 +0, 2 I , O I ,I8 1,43 5,I5 I, or 0, 32 

j 



nos cxeMbi pacnana Ho 
161 

(poe. 5), nollTBeplK/laJOT npeanolKeHHbte KBaHTOBbte xapaKTepnc-

THKH ypoaHet'!. B Ta6nHne 4 npeacTaaneHbi peaynbTaTbi oueHKR RHTeHCHBHOCTel! y - nepe-

xoaoa npH pacnaae Ho 
161 

• npn COCTaBneHHH 3TOl! Ta6nHUbl HCnOnb30BaHbl llaHHbie Ta6-

nHu I H 2 o6 HHTeHCHBHOCTHX Y -ny'Iel! H KOHBepCHOHHbiX 3neKTpOHOB. finn CBH3H MelKT 

ay 9,Q HHHU8MH Ta6nHU 1 H 2 HCITOnh30B8HO T90p9THqecKoe 3HaqeHHe ak 

c aHeprnefi 175,4, paBHoe 0 ,25. HHTeHCHBHOCTH KOHBepCHOHHbiX nHHHA H 

anH rrepexo.na 

y - nyqei! , Ko -

TOpbte He ynanOCb H3MepHTb 3KCnepHM8HTanbHO II KOTOpbte OTCYTCTBYIOT B Ta6n11uax I II 2, 

OU8HHB8nHCb HB OCHOB8HRH Cp8BH8HHH C TeopeTHqecKHMB KO~HUH9HT8MH KOHB8pCHH ,llnH 

aKc nepHMeHTBnhHO onpeil.eneHHhiX MynhTHnonbHOCTeH. MynhTHnonbHOCTH nepexo.noa c aaeprHt

HMII 49,0 n 59, 2 K9B npHHHTbi THna M l n E l , cooTBeTCTBeHHO , KaaHTOBbte xapaKTepHCTHKH 

ypoaaett aenBJOT ::n'O npe.nrronO>K8HH e H8H6onee 88pOSITHblM. VfHT8HCHBHOCTb KOHB8pCHOHHbiX 

nHHHfi y - nepexoaa c aneprHetl 25,7 K9B oueHHBanacb no RHTeHCHBHOCTH y - ny'<eli c 

ncnonbaoaaaneM TeopeTnqecKoro aaaqeaHH ak anH rrepexo.na Tuna El. HaTeHCHBHOCTH 

Ill 
KOHB9pC HOHHbiX nHHH:A STOrO rrep8XOJl8 , YK838HHbl9 B t ITO-BH.QHMOMy , 38HH)f{8Hbl B 10 pa3. 

npe/lCTaBneHHbie B Ta6nHUe 4 OUeHKH liHTeHCHBHOCTel! y - nepexoaoa ae MoryT , 

KOH81.fHO , rrpeT8H.D.OB8Tb H8 6onhWYJO TQqHQCTb , T8K K8K TQqHQCTb onpe.a.eneHHSI OTHOCHTenb-

HbiX HHT€HCHBHOCTeH Y -nyqe~ H KOHBepCHOHHbiX nHHHll nelKHT B npeaenax 10 - 30%. 
161 

0JJ.H 8KO H8 OCHOB8HHl1 3 THX .D.8HHbiX MO)f{HO OU8HHTb ,K8K 3acenSIJOTCH ypOBHH Dy ITpH 

pacnaae Ho 
161 

• B ocHOBHOM ( oKono 75%) pacnaa HLleT Ha ypoaeHb 25,7 Kas. Ha ypo -

seiib 103 ,0 K9B pacnaa 
161 

Ho npOHCXOilHT npH6nii3HTenbHO B 21% cnyqaea ; Ha ypOB8Hb 

20 1,1 Kaa - s 3%. YposeHb 74 ,7 K3B aacen!leTCH Meaee qeM B 0,3% cnyqaes. HHTeHCHB-

HOCTb arrepBbie o6Hapy >Ke HHbiX H HepaaMemeHHbiX a cxeMe pacrraaa Y - nepeXOLlOB C 

3HeprHHMI1 2 10 ,8; 234 ,5; 239,7; 339,7; 4 16,0 H 760 K3B O'IeHb Mana (MeHee 1 - 2% Ha 

pacnaa), H r.oaToMy ypoBHH , c KOTOpbiMH CBH38Hbi aTH nepexoabi _. aacenRJOTCH cna6o. Ha-

TeHCMBHOCTb K - x - lly'<ell ( Ta6nHua 4) B npeaenax 3KCnepHMeHTanbHbiX owH6oK 

coanaaaeT c HHTeHCHBHOCThJO K X - nyqeA: , BbiqHcneHHOA no HHTeHcHBHOCTH aneK -

TpOHHOrO aa xBaTa Ha ypOBHH C 3HeprHeil 25,7; 103,0 H 201,1 K3B no CyMMapHOfi HHTeHCHB-

HOCTH K - KOHaepcHOHHbiX nHHHif . 

OaHaKo HeaocTaToqHaH ToqHoCTh aaHHbix , npHae.aeHHbJX B Ta6nHue 4 , He noaaonsteT 

IlOny l.JHTb H8Jl,€>KHOe 3 H8l.J € HH8 npenena HHT€HCHBHOCTH aneKTpOHHOrO 38 XB8T8 H8 OCHOBHOii 

ypoBeHb 0y 10 I no-BHllH MOMy , 6onee TOl.JHble CB8ll8HIHI 0 p8Cll8ll€ B OCHOBHO€ COCTOH -

HHe MOli<HO nony'IHTb , paccMoTpea aaceneHHe ypoBH!I c aHeprHei! 43 ,9 K aa. Ha Ta6m<Ubt 4 

B HllHO, l.J:TO pacnallbi HB 9 TOT ypoaeHb He Ha6niOaannch. B epxHHH npeaen HHT8HCHBHOCTH 

pacnanos Ha ypoaeHb 43,9 K9B paaeH 0 ,5% ( B npeanonolKenn H, '<TO nepexoa 59,2 K3B pac

nonoll<en rne -To B npyroM MecTe 11 npyrHx nepexoaoa Ha aToT ypoaenh HeT ). YpoaeHb c 

::m eprJ..I 8f'l 43,9 K3B OTHOCHTC51 K pOTBUHOHHOfi nonoce OCHOBHOrO CUCTOHHHH 

161 + 161 
0y ( 5/2 ( 642J ) • 

161 
J iJTO noKa3aHO npH H3y'IeHHH pacnalla Tb H npH Kyno -

HOBCKOM B036ylK/lenHII 0y 

8 

I 
I 

I 
I 

HHTeHCYIBH' 

3Hepnm OTHO• 
y - Jiy1.Jetl 
(K3B) 

K- x-
Jl y 1.j Yl 

25 , 7 

43 , 9 

49,0 

59 , 2 

77,5 

98,1 

IOJ, 0 

I57 , 3 

I75,4 

2I O 

760 

Y - JI" 

280 

I 05 

4 

9 

I' 

I 2· 

I 

I 

X/dllTCHCl1llH OC 1 
JIO pUCTIO.J(OB Ho 161 

1 
paBHUB (JJUUUU + 1l 



Hbl9 KB8HTOBbie X8p8KTepHC-

BHTeHCHBHOCTeA y -nepe-

: nonh.SOB8Hbi ll8HHble T86-

:meKTpOHOB. llnH C BSI3H M9>K 'T 

JlnSI nepexona 

nHHH~ H y -nyqel\, KO -

' TCTBY!OT e Ta6nnuax I n 2 , 

HUH9HT8MH KOHBepC HH anSI 

IhHOCTH n e pexo.ao s c a Heprm·· 

KaaHTOBbte xapaKTepHCTHKH 

3HCHBHOCTb KOHB9pCHOHHbiX 

r eHCHBHOCTH y -n y<tel\ c 

Tnna E I. 11HTe HCHBHOCTH 

HMOMy , 3aHH>KeHbl B 10 pa3. 

- nepexoaoa H e MoryT , 

b onpeaeneHHSI OTHOCHT9nb -

T e npenenax 10 - 30%. 
161 

)TCSI ypoBHH Dy npn 

)BeHb 25,7 K3B. Ha ypo -

21% cny<taee; Ha ypoeeHb 

,3% cny <tae e. 11HTeHcne-

•ll.B y - nepexoaoa c 

<ana ( MeHee I - 2% Ha 

:,11 3acen st JOTCfl cna6o . VfH

epHMeHTBnbHWX OWH60K 

i no HHT9HCHBHOCTH aneK-

38 ITO CYMM8pHOH HHT9 HCHB-

r a6n 11ue 4, He noasonHeT 

mro 38XB8T8 HB OCIIOBHOH 

3Cfl8ll9 B OCHOBH09 COCTOSI -

43,9 K3B. 113 Ta6nHUbl 4 

npeaen HHT9 H CHBHOCTH 

'ITO nepexon 59,2 K3B pac

ypoeenb neT). YpoeeH b c 

COCTOHH H51 

::nana Tb
161 

n npM Kyno-

I 
J 
./ 

i 
I 

T a 6 J1 H u a 4 

:viHT8HCHBHOCTH y -rrepexo.n;oB rrpH pacrra.n;e Ho161 

3HeprHH ~ 0THOCHT8JlbHHe HHT8HCHBHOCTH X/ 
r -Jly<JeH y-nepexo.n;h! 
(K3B ) 

K - KOHBepCHOH- K,L,M,N 
y -JIY'lH HHe JIHHHH KOHB8pCHOH-

Hb!e JIHHHH 
K- x-

J1 y 'l VI 28000 

25 ,7 10500 23500 34000 

43 , 9 40 120 160 

49,0 25 65 90 

59 , 2 400 40 440 

77,5 950 3100 4900 5900 

98,1 I75 300 365 540 

103,0 1240 200 275 1500 

157 , 3 170 22 27 200 

175 , 4 160 40 66 225 

210 62 1u 70 

760 30 30 

X/dl!TCHC!Illlf!OCT!1 phCC'l i1 TO.Hh! B e).J,,1H>11J,O.X Ta6JI:vl l~ b! 2. JlOJIHOe 'll1C-
JIO pUCilu)(OB I-lo 61 , fiOJIY1..J8HHOe 113 l1H TeH CliB 110 C T 11 K- x -ny<Jei1, 
paBHoe (JJUUUU ! 7U0U) . 

9 



0THOCMT9nhHbl9 RHT9HCHBHOCT H nepeXOLlOB H8 ypOBH H pOT 8UJ.:IOHHOfi" n onOCbi 06bi'liH O 388HCSIT 

TOnbKO OT CIIHHOB 8TH X COCTOSIHHII ( liO rrpaBRny Anara ) • D08TOMY MO>KHO O>KHJlaTb, 'ITO rrpe

nt? ll HHT9HCHBHOCTH 8n9KTpOHHOro 38XB8T8 B OCHOB HOe COCTOSIHHe .. 1,5% ( OTHOlU9HHe KB8Jl

paTOB Ko8<)>¢nrrHeHTOB Kne6wa - Ll>t<opaoHa paano 3 ,3 ) , T aKnM o6paaoM, a cooTBeTCTBRH c 
16 1 

npeJlCKa3aHHSIMH o6o6meHHOll M0Jl911H S!Jlpa pacrraJl Ho , OCHOBH09 COCTOSIHH9 KOTOporo 

xapll KT9pH3y9TCSI KBaHTOBbiMH 'IHCnaMH 7/2- 1523/, llpOHCXOJlHT llO'ITH liOn HOCTb!O Ha ypOBHH 

poTaunonHoi! rronoc br cocTOSIHHSI 5/2- 1523/. o ToT nepexoa SIBnRBTCR paapeweHHhiM neaaaep

>KaHHhiM nepexOJlOM, nepeXOJlbl B COCTORHHH 512 + 16421 II 3/2- 152 1/ aanpemeHbl. B epOSIT 

HOCTb an eKTpOHHOr O 3axaaTa Ha 8TH ypOBHH Mana, ,llns1 orrpeJleneHHSI 3Ha'leHRl! Jg ft 
Ult 181 181 

Ha y poBHH Dy neo6XOJlHMO 3 HaTb pa3HOCTb Mace Ho .. Dy nony'!eHHb!e 

aKcrrepHMeHTBnhHbte naHHbie noaaonHIOT oneHHTh rrpenenbr aToA aenHqHHbi. PaaaocTb Mace, 

9 CT9CTB9 HHO , 6onhW9 760 K3B, TBK KBK Mbl H86lf10ll,89M y - nepexoa TaKol! aneprnn. 

KaK yKaaaao Bbiiiie, Mbt ae aa6nronanH aaaHrRns:r:uHoaaor o nHx a ; er o HHT 9HCHBHOCTb Meaee 

0,0 1% OT liHTeHCIIBHOCTll penTrenoacKoro lll!Ka, T. e. Menee 0,0 1% na pacnaa. CneaoaaTenb
+ 

HO, OTHowenHe liHTencnanocTell K - 11 f3 -pacnaaa an<~ paapewennoro rrepexoaa na 

ypoaeHb 25 ,7 K8B THna 5/2- /523/ 6onbwe 9000. C paBHHBaSI aTo anaq enne c pac'!eTHbiMR 
171 

aenuquaaMH nnSJ paapemeHHbiX nepexonoa , MO>KHO cKa3aTb, qTo paaaocTh Mace ae 6onh-
Ut 16 1 

we 1200 Kaa. T aKHM o6paaoM, pa3HOCTb Macc Ho .. Dy 6onbme 760 H M9Hb we 

1200 Kaa. OuenKH rrpeaenoa 3Ha'!eHHll aepoSITHOCTel! rrepexoaoa na ypoann 
16 1 

Dy caena
Dy 16 1 Hbl B Ta6nnne 5. 113 Ta6nl1Ubl BHJlHO, 'ITO OUeHKH 3Ha'!9HHII Jg ft Hll YPOBHII 

COBllaJlll!OT CO 3H8'19HIIllMH , llp9JlCKa3biBa9Mb!MII o6o6meHHOl! MOJl9nbiO llJlpa. 3Ha'I9HH9 Jg ft 
16 I 

JlnSI pacrraaa Ha ypoaeHb 25 ,7 K8B Dy , KaK aTo 11 npeacKa3biBaeT Teopl!R B.r. Conoab~ 

988, COBIJa)la9T CO 3Ha'!eHl!SIMSI Jg f t JlliSI nepeXOJlOB TaKOro >K9 Tl!lla B JlpyrHX Slllpax. 

0THOWeHH9 B9pOSITHOCT9l! aneKTpOHHOro 38XB8Ta H8 ypoBHll pOT8UHOHHOl! IIOliOCbl COC-

TOSIHH!l 5/ 2- /523/ p8BHO 3 ,1 I ! 0 ,25 UliSI COCTO!lHSil! CO CIIHHaMR 5/2, 7/2 II 9/2, COOT-

B9TCTB9BHO. 3 TO OTROlli9HHe B npeaenax OWH60K 3KCII9pHMeHT 8 COBIT8ll89T C T90p9THq9CKHM 

pacqeToM , Bbi'!RcneHHhiM no npaanny Anara H paaHbiM 3,3 : I : 0 ,13. Xopomee cornacne 

C npeLlCK838HRHMH TeOpHH CB5138HO C T9M 1 ttT O 3TH nepeXOLlbi RBnSJIOTC51 pa3pelU9HHblMB He-

3L1.llep>K8HHbiMH ITO 8CBMIITOTHqeCKHM KB8HT OBbiM ttHCnaM. 

Ta6nnua 5 161 3 161 
OueHKa npeaenoa aHa'le HHA lgft H8 YPOBHH Dy rrpn pacrraae Ho (T I> •(8,9"!:0,2).10 CeK. 

oaeprR'\
6 

rpOBHSI XapaKTep rrepexoaa Dpeaenhi 

0 lh l g{ t 6,7 
25 ,7 au 4 ,6 <lgft < 5,0 

43 ,9 l h lg f t 7 ,2 
74 ,7 2u lg ft 7 ,4 

103,0 au 5 , I < lg ft < 5,5 
2 01 , 1 au 5,7 < lg {t < 6,2 

10 

0 6pamaeT Ha ce6R BHH' 

rrepexoaaM c aHeprnel! 77,4 H 

06b!'IHO aonR E 2 a rrepexoaa : 

T8B11~9T H9CK011bKO npoueHTOI 

HSIMH pOTBUHOHHblX nonOC COl 

167 / 8/ 
Yb • OTO, IIO- BI!JlHMC 

HHTHbl9 OT HOW9HHSI 

nporropunoHanbna ( 

glf 

g 
II: 

H 

M I - nepexoaa, cneaoaaTenb 

06Hapy>t<eHHb!e B HaCTO: 

239 ,7 ; 339 ,7; 4 16 H 760 K8B 

IOTCH' ypoBHH , He yK8 38HH bie 

Hell cel!qac cKaaaTb TPYilHO. 

I. B .Har matz, T . H.l-hndle : 

~. H. C • .llHerrpoacKnll , r. M . 

3. A . A . A6aypaaaKoB, ~ . M . 
coaemaHHSI no nnepHoA 

4. B .Motte!son, S .O .Niels' 

5. A . A. A6uypaaaKOB, M . H . 
Haa. AH Ya6 . CCP, • 

6. A.A. A 6uyMan HKOB, A . A . 
Haa. AH Ya6 CCP, 

7. A . X. B arrcTpa H up. Ta6n 

8. E . C . Ll>t<enerroa, n. K . De> 
M.-n. , Hau - ao AH 1 



HOlt flOnOCbi 06bJltHO 38BHCRT 

,MY MO>KHO O>KRD.BTb , tJTO npe

He - 1,5% (OTHOW8HHe KBBU

:p830M, B COOTB9TCTBHH C 

IOBHOe COCTORHHe KOTOporo 

llO'ITH llOnHOCTb~ Ha ypOBHH 

leTcR paapeweHHbiM Reaaaep

/521/ aarrpeweRbi, B epoRT

•neHHR 3RB'I8HHl! Ig ft 
16 1 

Dy nony'leHHble 

senHt:tHHbi . PaaaocTb Mace, 

·rrepexoa TaKol! aReprHH. 

ero HHT9HCHBHOCTb M9H99 

% Ha pacrraa. CneaoaaTerrb

.apeweRHoro rrepexoaa Ha 

) 3H8l:J9HH9 C p8ClJ9THbiMH 

co pa3HOCTb Mace He 6onb-

6onbwe 760 H M9HbWe 
161 

Ha YPOBHII Dy caena-

' t HB YPOBHH Dy 
16 1 

: enb~ Rapa. 3Ha'leHne lg ft 

. 3biBaeT TeopnR B.r. Conoab~ 

lKe Tnrra a upyrllx 11apax. 

I POTBUHOHHOI! llOnOCb! COC

IMH 5/2, 7/2 H 9/2, COOT-

:osnanaeT c TeopeTHtteCKHM 

0,13. Xopowee cornac11e 

lnHroTcSI paapemeHHbiMH He -

16 I 

(T ~ •(8,9:_ 0,2). 10 a CeK. ae Ho 

npeaenbl 

lgf t 6,7 
,6 < lg ft < 5 ,0 

lg ft 7,2 
lg ft 7,4 

,I < lg f t < 5,5 
,7 < lg f t '< 6 , 2 

06pawaeT Ha ce6R BHHMBHHe 60nbrno li llpOU8HT llpHM8CH E 2 - KOMllOH8HTbl ( 50%) K 

rrepeXOUBM C 8Heprn e lt 77,4 H 98 ,1 K8B M8>KUY pOTBUHOHHbiMH ypOBHRMH COCTO<IHIISl 5/ 2-/523/ . 

06bi'IHO aonR E2 B rrepe xouax Me>Kay poTauno HHbiMH ypoBH<IMH ue<jlopMHpoaamibi X <~ uep coc 

TBBnHeT HeCKOnbKO npoueHTOB. E onhwaH aonH E2 Ha6nroaaeTcH a nepexoaax Me*nY ypo n-

H<IMH pOTBUHOHHbl X rronoc COCTORHHR 5 / 2-/ 5 23/ B RUpax Dy 
168 

, Er 
168 

, Er 
160 

167 /8/ 
Yb • 3T0 0 ITO - BIIUHMOMy , CBR38HO C TeM , 'ITO anR COCTORHII<I 5/2-/523/ rll pOMB I' -

Hlf T H bl9 OT HOIII9HIH I 

rrporropu noHanbHa ( 

6nH3KH no aeni-{tJHHe. TaK KBK aepoHTHOCTh M 1 - rre pexdaA 

) 
2

, HM99T M9CTO TBK H83biB89Mbifi "cny'4ai'lHbiti:"' 3 lH i peT 

Ml - rrepexona , cnea.oaa TenbHo, aonR E2 - KOMnoJieHTbl cooTseTcTBeHHO yaenH'-IHBa eTc H. 

06Hapy>KeHHble B HaCTORmel! pa6oTe cna6bie Y - ny'll! C 8Hepri!PMH 2 10 , 8; 234,5; 

23 9,7; 339 ,7; 4 16 H 760 K3B CBHaeTenbCTBY~T 0 TOM , 'ITO llpl! pacrraae 
16 1 

Ho aoa6y>Kaa -

roTCR ypoBHH , He y KaaaHHbie Ha cxeMe pacrrana pHc . 5. l..JTo - nH6o o rrono*eHRH aTnx ypoa

Hel! cel!'lac cKaaaTb TpyuHo. 

I. B ,Harma tz , T , l-I.H'l.n d l ey, I.W .M i c h e l ich. P hys. R e v ., 1141 1082 ( 1959 ). 

~. 11.C. nHellpOBCKHll , r. M . KonecoB . I13B. AH CCCP , ( cepHR <jl l!3 .) . 22. 935 ( 1958 ). 

3. A. A . A 6uyp838KOB, ct>. M . A6uypa38KOBa , K.H. r poMOB, B . C . n >KenerroB. MaTepuanbi 

coaewaHIHl rro RuepHol! crreKTpocKo rrnn, P nra , 196 1 r . M.-n., 11au- ao AH CCCP , 196 1. 

4. B .Mottelson, S .O .Niel sson. Kgl. Dan sk . V idens k S e lfk Mat. F'ys . Medd., N 1, 
1 95 9 • 

5. A. A . A6uypa38KOB, M . l1 . A6aypa38KOBa , K. H . rpoMOB, B . C . n >KenerroB, r . H . YMapoB. 
11aa. A H Ya6 . C CP, cepHR <jlna - MaT. HayK•N' 3 , 196 1. 

6. A . A . A 6uyMan HKOB, A . A . A6aypa38KO B, ct>, A 6uypa38KOBa , K .H. rpoMOB, r. YMapoB. 
11aa. AH Ya6 CCP, cepu H <jlna·-MaT. HayK, N, I, 1962. 

7. A. X . B a rrcTpa H up. T a6nHUht rro <~uepHoli c rreKTpocKOITHH . M . , AToMI!auaT, 1960. 

8. B. C . n >Kenerroa, n.K. n eKep, B.O . Cepreea. CxeMbl pacrraaa paa>IOBKTHBHblX Raep. 
M.-n., v!aa - ao A H CCCP, 1963. 

PyKonHCh nocTyn Hna B H30aTenbcKHA oTnen 
4 H0<!6pR 1964 r . 
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10 so 
N~ JJIIIJRIIII 

3HeprHA AO 300 K 3~. 

II 161 
HO~ 

/0'~-----r----~------T-----~--L-~~ 
80 tOO 20 ItO 60 

rl II n 1./IIIJ R 
16 1 

p H c . 2. Cne KTP Y -ny q e fi Ho B o6n a cTH 3He p rH fi AO 3000 K3 B. 

13 
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