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HH>KHHe B036y>Kil8HHbl8 COCTOSIHIHI ae<J>opMHpOB8HHblX !lll8p Hennoxo onHCbiB8JOTCSI HB 

0CHOB8 npellCT8BIT8HHil 06 OllHOKB83H'I8CTH'IHbiX YPOBHHX H CBH38HHhiX C HHMH pOT8UHOHHblX 

norroc. OpeacTaBIT!IeT 6onbwoll HHTepec norry'IHTb 3KCnepHMeHTaiTbHbte ll8HHbl8 06 OllHD-

'IBCTH'IHhtX ypoBH!IX B03MO>KHO 6onhwero qncrra ne<!>opMHpoaaHHhtX !lllep. B HacToS!Well pa-

6oTe nayqarrc!l pacnan 
159 

11o • 06 ypoaHSJX 
159 Dy , aoa6y>KaaJOIUHXC!I npn pacnane 

159 
llo, naaecTHO HeMKoro. Pacnan 159 llo H3Y'IBITC!I a pa6oTax

11
•
2

•
3

•
41

• A6nypaaa-

KOBhtM H ap/
2

•
31 

6htn0 yCT8HOBIT9HO, 'ITO B 
159 Dy B036y>KilBIOTCSI ypOBHH C 3HeprH!I-

MH 56,6; 137 H 310 K3B. 

1. 3KCI18pHM9HT8ITbHbl8 peaynbT8Tbl 

159 
CrreKTp KOHB9pCHOHHbiX 3IT9KTp0HOB llo Mhl H3Y'IBITH C nOMOWbJO {3 -CI18KTpo-

rpa<J>a C nOCTOSIHHblM OllHOPOilHbiM MBrHHTHbiM noiTeM
151

• llrrH perHCTp8UHH 3IT8KTpOHOB HC-

110nh30B8ITHCb <!>oTonnaCTHHKH THna P-50 MK • 

fpaayHpOBK8 110 3HeprHH npOBOill!IT8Cb no H3B9CTHbiM KOHB8pCHOHHblM ITHHHSIM 
169 

Yb 

H 
160 Ho , 3HeprHH KOTOphtX H3MepeHbi c 6onbwoli TO'IHOCTbJ0

16
•
7

•8 •91 • TO'IHOCTb onpe-

aeneHHSI 3HeprHSI ITHHHil KOHB8pCHOHHJ;JX 3IT8KTpOHOB 6btiT8 ITY'IW8 '18M 0,05%. 

0THOCHT9nbHble HHTeHCHBHOCTH KOHBepCHOHHbiX nHHHH onpenenStnHCb no nottepH9HHIO 

1101 
MSTOLIOM, 011HC8HHb!M B • J.1CCIT8LIOB8HHSI B9ITHCb 11pH pa3p9W810WeJ! CUOC06HOCTH {3 -

cneKTporpa<J>a OKOITO 0,05%. 

HellTpOHOLie<J>nnHTHhte H30TOllbt pe!IKHX 3eMeiTb Mht rrony'lanu npH o6ny'!eHHH TBHTano-

aolt MHWSHH opoTOHBMH c 3Heprnell 660 Maa Ka CHKXpOUHKITOTpoKe OKHI1. CaeLISHH!I o 

159 Ho 
CI19KTpe KOHB8pCHOHHbiX 3IT9KTpOHOB nOny'ISHbl npH 113Y'I8HHH ClleKTpOB KOHBep-

CHOHHbiX 3IT8KTpOHOB rOITbMHSBOJ! H 3p6neaoll <J>paKUHII, rae 
159 Ho COil8p>K8ITCSI H8p!llly 

c LlpyrHMH Kel!TpOHOile<!>nnnTHLIMH H30TOII8Mll Er H He XnMII'IeCKHe onepaUHH no Bbt­

neneHHJO peLIK03eMenbHbt X aneMeHTOB ll3 o6ny'leHHOli TBHTanoaoli MRWe.HH OITI!C8Hbt a 
111 1 

11cTO'IHHKII on !I f3 -cneKTporpa<J>a roToannHCb c noMOIUbJO 3ITeKTponnaa 
1121

• 

0orry'I8HHbte CB8/18HII!I 0 CI18K'I'pe KOHBepCHOHHhiX 3IT8KTpOHOB 
159 

Ho rrpe/ICT8BIT9Hbl 

a Ta6nnue 1. 

3 



06aapylK9Bbl HOBble y -nepexonbl c saeprHHMH 31,40; 41,14; 85,70; 100,60; 

105,80; 132,00; 136,50; 153,05; 185,85; 

356,40; 395,40; 417,00 X9B, 

186,40; 205,90; 217,67; 258,80.; 338,70; 

159 Ho 
OcaoaaHHaM nnH npanacaaast nepeqacne&HbiX a Ta6nane I y - nepexonoa pacnany 

SIBHllHCb Cll9JlYIOIIIHe <jlaXTbl: 

a) 11HT9HCHBHOCTb XOHBepCHOHHbiX llHHHll paCC.MHTpHBBeMbiX Y -nepeXOJlOB y6b1Bana 

c nepaonoM nonypacnana, M9HbWHM 2-x qacoa, a cnexTporpaMMax npenapaToa Er <jlpax-

naa ( 
159 

Er &MeeT T ~ •50 MIIH) a Meabwe I qaca - a Ho <jlpaxnaa ( 159 Ho HMe-

eT T~ •33 Man). CxopocTb y6biBBHHst HHTencaaaocTa nanall onennaanacb no noqepnenniO 

a nocnenoaaTenbao sxcnoanpoaaanbiX <jloTonnacTnnxax. 

6) no p83HOCTH 9Heprnll llHHHll YCTBHBBllHBBeTCH, qTQ y -nepexon IIPOHCXOJlHT 

B l1Jlp9 JlHCRp03HSI ( Z =66), 

a) Ecna Y -nepexon xopowo yxn&JlbiB&eTcst a npennaraeMYIO cxeMy pacnana sTo 

paCCMBTpHBBllOCb XBX Jl0R01lHHT9llbHblll apryMeHT, 

Cpaanaaast OTHocHTenbHble HHTeacaaaocTH K , L , L - a L -naaall c TeopeTa-
1131 I II III 

qecKHMH xos<jl<jl.anaeaTaMH xoaaepcaa , MOlKHO onpenenH.Tb MYllbTanonbnocTa pstna y -

nepexonoa (eM. Ta6nany 2). 

2. 06cyJKneaae peaynhTaToa. Cx<i!Ma pa<;nana 159 Ho 

CxeMa ypoanell 
15'9 

Dy , nocTpoennaa na ocnoae nonyqeHHbiX peaynhTaToa, npen-

/3/ CTaaneaa aa pac. I. Hoable naHHble nonaoCTbiO nonTaeplKJlaiOT cnenanHble naMa panhwe 
159 BbiBOJlbl o aoa6ylKJlenaa npa pacnane Ho ypoanell c sneprastMH 56,6; 136,5 n 

309,6 K9Bi BBOJlHTCH HOBble ypOBHH C 9HeprRstMH 177,6, 209,0, 395,3 K9B H, B03MOlKHO, 

242,3 X9B. 

15'9 
3aepraa ypoanell Dy , onpeneneHHbre aa cyMM oTnenbHbrx raMMa-nepexonoa, 

xopowo coananaiOT MeJKny co6oll. HanpRMep, snepraa ypoanell 309,6 a 395,3 xsa MoryT 

rlb!Tb RO)lCqHT8Hbl Cll9JlYIOIIIHM o6pa30M: 

1) 0 + 309,60 = 309,60 K9B 

56,62 + 253,00 = 309,62 K3B 

136,50 + 173,10 = 309,60 K98 

177,60 + 132,00 309,60 K9B 

177,60 + 31,40 + 100,60= 309,60 K98 

cpennee (309,61 :!:, 0,012) 

4 

X9B 

]i! E 
~{3B 

I 2 

I. 3I.4o** -

2. 4I.I4** 

l/3. 56.62 

4. 79.86 

5. 85.70 

6. !00.60 

7. 105.80** 

8. 12!.00 

9. 132.00 

ro. 136.50 

II. !53.05** 

!2. !55.85 

D. !59.40 

!4. 173.!0 

!5. 177.60 

!6. !85.85** 

!7. I86.4o** 

!8. 205.90 

!9. 2!7.70 

20. 253.00 

21. 258.80 

22. 309.60 

23. 338.70 

TaelJJIIl\a I. 

3Hepr1111 II OTHOCI!TeJJbHHe IIHTBHCIIBHOCTII 
KOHBep CIIOHHHX 3JJeKT£CHOB, B03HIIKalllitiiX 

pacna~e 59no 

JJIIHIIII 
np11 

0THOCI!TeJJbHHe llf!TeHCIIBHOCTII 

I{ L, L., L,, "Z:.M ! IV 

3 4 5 6 7 8 

- 3300 !600 CJIOJ:. 1000 200 

- -50 <50 ~so - -
- 4000 760 720 750 !50 

3100 4!0 II5 CJIOJ:, CJIOJ:, CJIOll:, 

cnael. cnael. - - - -
330 25 cnael. CJIOJ:. CJI0ll: 1 CJiael. 

""'10 - - - - -
3300 290 55 75 60 IO 

CJIOJ:, 160 30 50 CJIOll£. -
200 ..-ro 50 CJ!Ol!: . CJIOll:, -

cnael. - - - - -
85 10 - - CJIOll. -

IIO IO cnael. CJ!Oll , cnael. -
soc* 70 CJIOli:. - IO -
!80 !5 - CJiael. cnael. -
~ro - - - - -

cnael. - - - - -
50 CJIO:S:, - - - -
40 5 - - cnael. -

1300 DO cnael. - 35 IO 

140 20 - - cnael . -
!030 II5 cnael. - 15 5 

30 -5 - - CJIM. -

5 

MYJJbTitrlOJJb-
HOCTb 

9 

MI+E2(2%), (EI) 

(EI, M2+E3) 

MI+E2(1,6~0.~%) 

M1+E2 (6%) 

E1 (MI +E2) 

E1 

EI 

E2 

EI (M1+E2) 

MI 

EI 

(EI) 

MI 

( l.!l) 

M1 I ('.!I) 
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C\J trl CXl trl CXl trl CXl \0 CXl H \0 CXl C\J 
~ 

S:l ~g ~S:l ~ g ~ 19 ~ ~~~ . . . . . . . . . . . . . 
. CXl t- t- C\J c- CXl c- 0\ c- C\J \0 c- ("'\ \0 

CXl H t- t- >- H 

&:i ~~ ~~ S:l ~ g ~t:: fa~3; c--.. • • • • • • • • • • • • • 
0 CX>O CX)O CX> O CXlOH CX>OH 

:R g~ ~fa $$ ~~~ fa~~ 
\0 • • • • • • • • • • • • • 

<"\ 0\0 0\ 0 0\0 CX) OH CXlHH 

~ ~ ~ 8$ ~S:l ~~~ ~~~ 
.U"'\ • • • • • • • • • • • 

0 0\ \0 0\ trl CXl trl CXl CXl 0 CXl 0\ 0 
trl 

0 
CXl C\J <T <T 0 

• • • N • 
<T ~~ ~~ <"\ '11 trl ~~ <"\ c31 

N C\J ~~ 
~ A ~H A ~~~ ~SN 
<T H t- 1\ C\J 0\ CX) I\ 1\ 

H H 

... .. : l ... l .. :t t .... s 
-..J- '-I "" -.j' '-I -...1 -...1 '-I -.J '-I "" "" "' 
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\C 0'\ ~ c-.: (""\ ~ 
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H H H H N (""\ 

H c-: cO ~ 0 H N 
H I 

8 

2) 0 + 395,40 = 395,40 X3B 

58,82 + 338,70 c 395,32 K3B, 

138,50 + 258,80 

177,60 + 217,70 

395,30 X3B 

395,30 K3B 

177,80 + 31,40 + 186,40 = 395,42 K3B 

138,50 + 105,80 + 153,05 c 395,35 K3B 

309,80 + 85,70 = 395 ,30 :tas 

cpenuee (395,34 ~ 0,04 ) K3B 

KaK BHnao, cy MMbl cosnanaJOT c TO'IHOCTbJO ae xyJKe 0,01 %. 3To aaa'IHT, 'ITO xoTH, 

KaK 3TO YK838HO Bb!We, TO'IHOCTb onpeneneHHSI a6CO/IIOTHOrO 3H8'19HHSI 3HeprHH KOHBepCHOH­

HblX IIHHHli OK0/10 0,05% OTHOCHT9/lbHbl9 89/IH'IHHbi 3 HeprHH IIHHHli onpeae/IHIOTCSI IIY'IWe, 

qTO H \103 BOnSieT rronyqHTb T8KH9 C0Bll8ll,9HHH B CyMM8X. 

YpOBHH 58,6 H 138,5 K3B, aecoMaeaao, RBIIHJOTCH ypoaHHMH poTaUHOHBOil nonoCbl 
159 -/521{ 

OCHOBHOrO COCTOSIHHSI Dy -3/2 • -:3KcnepHM9HT8/lbHbl9 naBHbl9 0 MYilbTHUOllbHOCTSIX 

y -nepexonos B 3Toil nonoce nonaocTbJO cornacyJOTCH c TeM, 'ITO oli<HnaeTcR ua ocHoae 

o6o6meHnoil MonenH. TaK, oTuoweuHe npHaeneHHbiX aepoBTaocTell nepexonoa 79,9 K3B 

(E~-KOM/IOH9HTa) H 138,5 K3B p8BHO 

B (E2, 79,9 X3B) 

B (E2, 136,5 K3B) 
c (1,95 ~ 0,8 ) ; 

9KCII . 

OlKHaaeMoe TeopeTH'I9CK09 OTHOW9HH9 paBHO 1,5. TpeTHil soa6yJK.ueHHbiil ypoBeHb 3Toll 

/10/lOCbl CO CURHOM 9/2- MOlKHO OlKH.U8Tb npH 3HeprHH OK0/10 240 K3B. y -nepeXO.Ubl C 3Kep­

rBHMII 105,80 u 185,8 KaB, B03MOJKBO, H.UYT c 3Toro ypoausr. T orna 3HeprHH TpeTbero 

B036yJK.ueuuoro ypoBHH 242,3 K3B. 

TaK KaK ace TpH nepexona c ypoaug 309,8 K3B ua yposuH poTauuouuoll nonocbi oc­

aoauoro COCTOSIHHSI CO C/IHH8MH 3 /2-, 5/2- H 7/2- THUS M1, ypoBeHb 309,6 K3B HMeeT C/IHH 

5/2- H OTpHU8T9/lbHYIO '19THOCTb. BeCbM8 BepOSITHO, 'ITO 3TO COCTOSIHHe THUS 5/2-/5231 , 

aa6n10naaweecg B pH.ue cocenuux H.Uep B611H31f COCTOHHHH 3/2- 15211• YpoaeHb c aueprHelt 

395,3 K3B, BepOSITHO , SIBIIS!eTCSI nepBbi M ypOBR9M pOT8UHOHHOlt /10/lOCbl COCTOSIHHSI 5/2- 15231 

c aaeprHell 309,6 K3B • 

YpoaeHb c auepruell 177,6 K3B CBH38H y -nepexo.uaMH Tuna E1 c OCHOBHblM co-

CTOHHueM, yposaeM 56,6 K3B " yposaeM 309,8 K3B. TaKHM o6paaoM, 3TO ypoaeah nonoli<H­

Tenhuoil '19THOCTH CO CUHHOM 5/2 HIIH 3/2. Ecnu CUHH 3TOro ypOBHSI 3/2 , TO y -nepeXO.U 

41,1 K9B ua ypoaeub 138,5 K9B nonJKea 6b!Tb THna · M2. OueHHBaH no BailcKon<jJy apeMR 

lKH3HH ypOBHSI 177,6 K3B OTHOCIIT9llbHO Y -nepexo.uoa 41,1 K3B (M2) 11 121,0 K3B (E 1), 

rrony'laeM, 'ITO y - nepexon 41,1 K3B Tuna M2 nonJKeu 6b!Tb npu6nH311T9/lbHO B 10 10 cna6ee 
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y -nepexona 121,0 K3B THna E 1. 3To 3Ha'IHT, 'ITO, ecnu 6hi ypoaeHb 177,6 K3B I< Men 

cn1<H 3 / 2 +, TO nepexon 41,1 K3B He Ha6monancH. Ecnu >K e y poaeHb 177,6 K3B cnuua 5/2 +, 

nepexon 41,1 K3B 6yJieT HMeTb MYilbTHnonbHOCTb El. OueHHBaH no Bal!cKontpy1 nonyqaeM , 

'ITO B 3TOM cnyqae Cll9JiyeT O>KHJiaTb 0 'ITO Y -llY'III 41,1 K3B npU61lH311T9nbHO B 40 cna6e<' 

y - nyqel! 121 ,0 Ksa. Onpeneneuuoe 113 on biTa OTHoweuue iY- 121 =60. TaKue ouenKH 

U03BOilSIIOT yTaeplKJiaTb, 'ITO ypoaeHb 177,6 K3B II MeeT CUIIH 5/2:- f:tecbMa BepOSITHO, 'ITO 

3TO OJIHOKBa31!'!aCTII'!Hoe COCTOSIHH9 TH!la 5 / 2+ 642 , a ypoaeHb 209,(, K3B - nepabilt 

ypoaeHb pOTaUHOHHOlt nonOCb! 0 OCHOBaHHOH Ha 3TOM COCTOHHHH, 

11cnonb3yH JiaHHb!e 06 HHTeHCIIBHOCT !IX niHIIIlt KOHBep c HOHHb!X 31leKTp OHOB II CB9Jl9-

HUB 0 MynbTHITOnhHOCTRX Y -nepeXOJlOB ( T86l!, 1 H 2) 0 Mbl UOJIC'II!Tal!H HHT9HCHBHOCTH 
1~ 1~ 

Y -nepexonoa npu pacnane Ho • 3TH pac'leTbi noKa3htBaiOT, 'ITO np11 pacnnne Ho 

CHilbHee acero 3acenl!eTCH ypoaeHb 309,6 Kaa (oKon o 60% pacnauoa) . 3Ha'leHue log ft 

Jill!! K - aaxaaTa ua 3TOT ypoaeHb uaxoJIRTC!I a npenenax 4,2 ."S_ log ft 'S_ 4.7. 

159 / 3/ 
0CHOBHOe COCTO!IHII9 Ho IIM98T KBaHTO!lbte X8p8KT9pi!CTHKH 7/2 - ( 523) . 

159 
3To cneuyeT H3 Toro tl>aKTa, 'ITO a Ho , KaK u a npyrux ae'!eTHbtX rrpoToHax 

ronbMR!I, ua6mouaeTcSI H30MepHblll rrepexon TRrra E3- 1/2+ 411 -+ 7/2 -[ 523] 
159 - 159 

K -3aXBaT H3 COCTO!IHII!I 7/ 2 L523) Ho B COCTO!IHJ<e 5./2 ( 523) Ho OTHO-

CHTCSI K Knaccy pa3pelll9HHbiX He3aJiep>KaHHbiX. nnll rrepeXOJIOB 3TOI"'O Knacca H3MepeHHb!e 
/ 14-15/ 

3Ha'leHHSI log ft a npyrux SIJlpax paBHbi 4,5 - 4,8 • TaKH M o6pa30M, rronyqeu-

H8R OU9HK8 3HaqeHHB log ft o'!eHb xopowo cornacyeTC!I c OlKHJiaeMbiM xapaKTepoM 

rrepexona. K co>KaneuuiO, rrony'IHTb 6onee TO'IHyiO oueuKy 3 Ha'leHHll log ft npli pacrrane 
159 159 

Ho ua ypoaHH Dy ueab3!1, TaK KaK n en3aecTna TO'IHO sueprll!l p acnana 
1~ 

Ho H ueT nanablx o TOM, KaK 3acen!IJOTCH 6onee BbiCOKHe (abiWe 400 K3B ) ypoanu 

1~ 1~ 159 
Dy • B uawux oueuKax Mbi ucrroab30Banu ana'lenue pa3HOCTH Mace Ho - Dy 

paBHOe (1,3±_0,3) H B3SITOe H8 MH 1<3 Ta61li<U npaHHUhlH0/
161

• 

TaKHM o6pa30M, np11 pacrrane 159 Ho B036ylKJiaiOTC!I ypOBHII, OTIIOCSilllii9C!I, ITO KpaJI-

HeA Mepe, K TpeM OOHOKB83H1.18CTH"i.HbiM COCTOSIHIHIM, CBS138HHhie Me>Kny C060it 5onbl!lHM 

tfHCnOM y -nepexonoa, MOlKHO cpaBHHTb rrpuaenennbte HHTeHCHBl!OCTH y -nyqel! c ypoa-

Hell 309,6 H 177,6 K3B H8 ypOBHH poTaUHOl!HOP. IIOilOCbl OCHOBHOI"'O COCTO!IHH!I! 3 / 2; 5/2 

H 1/2 C OlKH)laeMblMH TeopeTH'IeC.KI!MH, nn II ypOBH!I 309,6 K3B 3KC!l 9p11MeHT81lbHb!9 OTI!Ollle-

HH!I (B(Mi; 173 Ksa); B(M1; 253 Ksa ); B(MI; 309 K3B) = 0,37: 1: 0,51. 0Tnowe­

HHSI KBaupaTOB COOTBeTCTByJOWIIX K03tjJ¢HUU9HTOB Kne6wa-ropJI8H8 paBHbt 0,17 : 1 : 1,6, 

T,e. 3KCnepHMeHT81lbHble Bellll'IHHbt 0Tili<'18JOTC SI OT TeOpeTJ<'!eCKHX B 2 - 3 pa3a , nn!l ypoa­

HSI 177,6 K3B 3KCrrepuMeHTanbHbte OTHoweHH!I B(EI; 41 K3B): B(E1; 121 K3B): B(E 1; 

177 Kaa) • < 0,5 : 1 : 0,042. CooTaeTCTBYIOWIIe TeopeTU'IeCKI!e OTHOllleHHSI p8BHbt 

0,17 : I : 1,6. 3uecb Mbt ua6niOuaeM 6onblllYJO pa3HIIUY Me>Kuy Teopueil H 3KcrrepuMeHTOM 
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.Ufilt B9flH'IHHbl OTHOW9HHst HHT9HCHBHOCTel! Y -nyqell 177 H 121 K9B, 3na'IHT9flbHbl9 

OTKnoneHH!I OT npaeun Anara Anst nepexonoa Tuna E1 ua6niO.UaiOTC!I H a p!llle .upyrux 
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