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[, B Be A e H If e 

B pS!Ae He'leTHbiX S!Aep OoHapylKeHbl 1130MepHbie COCTOSIHIISI0 KOTOpbte 

XapaKTepnayiDTCSI.OOnbWOA 3HeprneA B030YlKA9HIISI II 0'19Hb oonbWHM cnHHOM, 

Hx B03HIIKHOBeHue CBSI38HO C B030YlKAeHU9M 'leTHQ-'19THOro OCTOBa S!Apa, 

Uenbro HaCTOS!Weil: paooTbi siBnSieTCSI uccneAOBaaue. aoooro naoMepa, KOTo-

143 
pb!l!: B03HUK89T B SlApe Sm B pe3y1IbTSTe paapbiBa napbl npOTOHOB 'leTIIQ-

'19THOrO OCTOBa, 

II • MeTonuKa sKcnepuMeHTa 

3KCnepuMeliTbl Obinll npOB9A9llbl Ha BbiBeAeHHOM ny'IK9 UHKnOTpOHa TSI

JKenbiX UOHOB Y-300, .ny'IOK. AUacpparMUpyeTCSI ( 9 = 20 MM) II nanaeT Ha 

TopM03Hbie cponbru• no AaiiHbiM npooera ua pao;-~ /1 •21 
onpeAenSieTCSI saep-

ruSI ny'IKa, nanarowero Ha TOHKYID MUW9Hb 0 KOTOpSS! HaXOAUTCSI non yrnoM 

450 OTHOCUTCnbHO OCU ny'IK8o nocne npOXOlKACHUSI ny'IK8 'lepea MUW9lib U3-

MepS19TCSI 3apS!A IIOHOB B UUnUHApe ¢apaA9Sio 3KcnepUM91iTSnbH8SI ycTa-

HOBKa cxeMaTH'IHO noKaaalta aa puc. 1: Y - KBSHTbl perucTpi!pyroTCSI 

Ge(Lil- AeTeKTopoM c oo'beMOM 4,5 cM3, H~tcpopMauuSI, nony'leHHaSI ua cneK-

TpOMeTpl!'leCKOrO TpaKTa, H8KannuBaeTCSI B 38A8HHbiX llliT9pBanaX MelKAY 

UMnynbCSMU UHKnOTpO!ia no onpeneixeHHOMY UUKny B ABYX '18CTSIX naMSITU 

aHanuaaTopa ( CM, puC, 2), CneKTp KOpOTKOlKUByweil: 8KTIIDHOCTI! nonyqaeT-
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CH KBK pa3HOCTb TaK Ha3hiBaeMhiX cneKTpOB "'s!J!<PeKTa~ II "'4Jona"', LJ.ng 113-

MepeHIIH nepuoaa nonypacnaaa cneKTPhi perncTpupyroTCH B 8 '!aCTHX naMHTn, 

IIMeiOUli!X 110 256 KaHanOB KaJK.Qag, CneKTp sneKTpOHOB BHyTpenneli KOHBep

CI!I! Y - nepexo.QOB perncTpnpyeTcn MarnnTHhiM ToponaanbHhiM_ f3 - cneKTpo

MeTpOM na ny'!Ke (puc. 3). l13-3a cpaBHuTenhHO HI13Koli. :a4J4JeKT11BHOCTII cneK-

TpOMI~Tpa ClleKTpb1 sneKTpOHOB H3MepH!OT B HHTepBanax MeJK.QY IIM!IynbCaMH 

ecTeCTBennoro peJKnMa UnKnOTpona. B o6nacTn H1!3KIIX sneprnli 3TOT Bpe

MeHllOli pelKIIM n3-3a 6onhiiioro 4Jona ·B aannoM cny'!ae l!enpnMell!IM, Dpnw

noch pei'IICTpllpOBaTb MHI'KYIO '!aCTb ClleKTpa BO BpeMeHllOM pelKIIMe, KaK 

noKa3allo Ha puc, 2, 

Ill , 3KcnepnMeHTanhllbie .QaHHhie II onpeaenenne 

BTOMHOI'O HOMepa .. 
flpn o6ny'lell1IH MIIllieHII eCTeCTBeHHOI'O Tennypa (5,0 MI'CM-

2 ) IIOHaMII 

20 Ne 6btna o6napyJKeHa HOBan aKTIIBllOCTh c nepnoaoM nonypacnana T % = 
(35:!: 8) MCeK {pnC, 4), ¢yllKUIIH B036yJKileHIIH1 !13Mepellll8H lla eCTeCTBeHllOfi 

MIIllieHII, II MeeT HBHhlll MaKCIIMYM npn SHepi'IIII HaneTBIOUliiX '!aCTIIU 135 MsB, 

OTO .3Jla'li!T
1 

'ITO IIOBBH aKTIIIlHOCTb B03HilKaeT B peaKUIIII C o6pa30BaHileM 

KoMnaynn-nnpa. Ta JKe caMan aKTIIBIIOCTh na6niO.Qanach npn o6ny'!eHnn no11a-

22 
Mil N& Ml!wenel!:, o6orame!IJibiX H30TonaMn 

124 
Te 126 Te 

' II 
128Te 

a TBKJKe npH o6ny'leHIIII HOJlaMII 
20 

Ne 

130 Te , flony'leJIHbie llaHHbie 

MHwenH, o6oramelmoli H30TonoM 

npnaeneHbi B Ta6n, 1, Bo Bcex 

cny'laHX 11a6nronanncb Te JKe caMbie Y - nnnn11 np11 noMOlllll repMamleBo

ro aeTeKTopa. l13MepeHHbie y - cneKTpbi noKa3allhi na cnenyromHX pncyHKax: 

nil pHc. 5 - raMMa-cneKTp, nony'leHHbiii. B .QHana3one snepr11i1 oT 60 K3B 

ao 2,1 MsB, 11 na puc, 6 - JI113KosnepreTn'!ecKan qacTb cneKTpa. BhiCoKo

snepreTn'!eCKaH 'IBCTb cneKTpa 6btna II3MepeHa C <lJnnbTpOM ( 5 MM Ph II 1 MM 

Sn ) , 'IT06hi cnrr311Th narpy3KY aeTeKTopa , 11 npencTaBnena B nnana3one 

3llepi'UII OT 1,4 .QO 2,4 MsB Jia pi!C, 7, l.J:T06bl yMeHb~IITb CIICTeMaTI!'leCKIIe 

own6KH npn onpeaenemm nnTencnBHOCTel!: nrr3KosnepreTH'!eCKHX nepexonoa, 

cneKTpbi 6btnll II3Mepenhi na nayx pa3HhiX neTeKTopax npn pa3HbiX paccTon

nnnx MHWeHh-AeTeKTop. B Ta6n. 1 npimenenhi snepr11n y - nepexonoa 11 

IIX IIHTeHCIIBIIOCTil • 

r 

d :, 

l 

Ta6n11ua 

Hcnonh3yeMbie MrrmeHH 

113-oTon 
TonmHHa l130TOIIHbili COCTaB, % 

MllWeH~2' 122Te 128 Te 124 Te 12~ Te 125Te 128 Te 180 Te MI' CM 

124 Te 1,14 0,3 0,4 88,5 4,8 3,0 1,8 1,2 
126 

Te 1,30 0,05 0,05 0,05 0,83 93,47 5,22 0,47 
128 

Te 1,45 0,1 0,1 0,1 0,19 1,96 92;6 5,26 
130 

Te 2,28 - - 0,1 0,1 0,3 1,5 98,0 

Tonwuna noanoJKKH H3 AI BCeX MHWeHeli 1,92 MI'CM -
2, 

Ta6n11ua 2 

3nepi'HH I'aMMa-nepeXO.QOB II OTHOCIITenhHbie 

IIHTellCIIBHOCTH 

Ey 
0 

K3B ly % 

51 ~ 0,7 

75 + 1,1 26 + 7 -
180,2 :!: 0,7 64 + 3 

.208,9 : 0,6 52 +.3 

1574 + 67 + 5 - -
1703 + 2 21 + 3 - -
( 1754) ~3 

1829 + 2 12 + 2 

HopM!!poBaHIIe: cyMMa '!!HTencnBHOCTeli nepexonoB 1574, 1703 11 1829 K3B 

paBHHeTCH 100%, 

L . .......___ __ -_5 _____ _ 



Ta6nnua 3 
/3/ 

KoscjJcjJHUH9HTbl BHyTp9HHeit KOHBepCHH 

51 KSB 

75 K~B 

180 K9B 

a .K 

aL 
a H 

a·N 

tot 

a K 

a L 

a M 

a,N 

·tot 

a K 

a L 

aM 

aN 
a . 

tot 

E1 

1.38 ( 0) 

2.3 (-1) 

4.9 (-2) 
1.23 (-2) 

1.67 ( 0) 

5.06 (":'1) 

7.6 (-2) 

1.65 (-2) 

3.78 (,..5) 

6.02 (-1) 

4. 77 (-2) 

6.75 (-3) 

1.47 (-3) 

3.37 (-4-) 

5.62 (-2) 

a K 3,24 (-2) 

a L 4.5 (-3) 

209 KSB aM' 9o7 (-4) 

aN 2,24 (-4) 

atot 3.81 (-2) 

E2 

4.01 ( 0) 

2,2 (+1) 

5.1 ( 0) 

1.31 ( 0) 

3.24 (+1) 

2.49 ( O) 

3.5 ( 0) 

7.8 (-1) 

8.4 (-4) 

6.96 ( 0) 

2.03 (-1) 

7.2 (-2) 

1.7 (-2) 

3.83 (-2) 

2,96 (-1) 

1.31 (-1) 

3.9 (-2) 

9.4 (-3) 

2.04 (-3) 

1,81 H> 

E3 

4. 7 ( 0) 

1.25 (+3) 

3.1 (+2) 

8,29 (+1) 

1.64 (+3) 

8.92 ( 0) 

1.25 (+2) 

3.1 (+1) 

1.1 (-1) 

1.72 '(+2) 

7 .• 95 (-1) 

9.4 (-1) 

2.24 (-1) 

5.24 (-2) 

2.48 (-1) 

4.75 (-1) 

4.25 (-1) 

1.03 (-1) 

2,29 (-2) 

1.02 ( 0) 

6 

M1 

1.03 (+1) 

1.47 ( 0) 

3.15 (-1) 

8.16 (-2) 

1.21 (+1) 

3.34 ( 0) 

4.75 (-1) 

1.02 (-1) 

9.9 (-6) 

3.94 ( 0) 

2.78 (-1) 

3.9 (-2) 

8,65 (-3) 
2.01 (-3) 

3.55 (-2) 

1.85 (-1) 

2.6 (-2) 

5o75 c-:n 
1.31 (-3) 

2,18 (-1) 

M2 

1.54 (+2) 

5.6 (+1) 

1.3 (+1) 

3.43 ( 0) 

1.26 ( +2) 

3.69 (+1) 

1.08 (+1) 

2.45 ( 0) 

1.78 (-4) 
5.58 (+1) 

1.62 ( 0) 

3.2 (-1) 

7.1 (-2) 

1. 74 (-2) 

2,18 (-1) 

9.7 (-1) 

1.81 (-1) 

4.2 (-2) 

8.99 (-3) 

1.20 ( 0) 

M3 

5.4 ( +2) 

2.oB (+3) 

5.6 ( +2) 

1.54 (+2) 

2.33 ( +3) 

2.oB ( +2) 

2.35 (+2) 

5.9 (+1) 

6.85 (-2) 

5.16 ( +2) 

7.4 ( 0) 

2.48 ( 0) 

5.82 (-1) 

1.45 (-1) 

9.60 ( 0) 

4.1 ( 0) 

1o24 ( 0) 

2.95 (-1) 

6, 79 (-2) 

5.69 ( 0) 

'I 

<j 
II 

Onpe)leneHHe HHT9HCHBHOCTH cna6oit IIHIIHH C Ey = 51 KSB 'ip93Bbl'ial!HO 

TPYJlH0
1 

nOTOMY 'iTO STS IIHHHB HSXOJlHTCB B 6nH30CTH peHTreHOBCKOrO nHKS 
78 ( , 178m 

II IIHHHH C Ey= 54 KSB II Tli= 0,5 CeK 113 peaKUHH Ge n,n Ge HS 

repM8HII9BOM Jl9TCKTOpe, Bo BC9X cny'iaB_X {KpOMe nepeXOJl8 E y = 51 KSB} 

yJlanoch noKa3aTh, 'iTO BCe nHHHII OTHOCBTCB K OJlHOMY 11 TOMY ~e H30Mepy, 

llOTOMY 'iTO OHII HM910T Te ~e C8Mbl9 cjJyHKUHH B036y~Jl9HIIB {puc, 8) o 

CneKTp sneKTpOHOB BHyTpeHHeil KOHBepCIIII 6blll 113MepeH C nOMOIUbiO 

Topon)lanbHOro p -cneKTpoMeTpa aa ny'iKe. CneKTP sneKTpOHOB nepeXOJlOB 

180 II 209 K:3B
1 

113MepeHHbll! Me~JlY IIMnynbCSMII UHKIIOTpOHa, npiiB9Jl9H HS 

puc. 9, 3TOT cneKTP n03BOIIBeT onpeJlennTb MynhTHnonhHOCTb nepexoJla 

209 KSB no OTHOW9HIIIO , K/(L+M)"' 0,91 ·KaK E3. 3HaB MynhTIInOnhHOCTb, 111111 1 

JlpyriiMII CIIOB8MII 1 U9HTp TB~eCTII L - ll11HIIil 1 MO~HO onpeJleliiiTb :3KCnepii

M9HT8llbHOe 3H8'i9HII9 pa3H11Ubl SHeprnil CBB311 K- II L - sneKTpOHOB B Jl8HHOM 

aTOMe, 3KcnepHM9HTallbHOe 3Ha'ieHI!9 tJ.EKL = 39,6 ~ 1 KSB XOpOWO COBna-

)laeT ·c. ~~n)laeMhiM 3H8'i9HI!9M JlliB Sm : tJ.EKL = 39 1 69 KSBo 113 STOrO 

cne)lyeT, 'iTO Hal!)leHHaB SKTIIBHOCTb ·o6pa3yeTCSI B peaKUIISIX Te(Ne, xn) Sm • 

I13MepeHHOe 3Ha'i9HIIe fiE KL .TSK~e. n03BOIIB9T Ha)le~HO IICKIIIO'iiiTb peaK-

Ullll Tnna Te (Ne ,a xn ) II Te (Ne, 2px n )
1

, 'iTO llOJlTBep~)laeTCSI T9M cjJaKTOM 1 

'iTO HOBaB aKTllBHOCTb OTCyTCTByeT cpeJlll npOJlYKTOB peaKUIIII Te( 
18

0,xn)Nd 

B )lnana3oHe saeprnn OT 80 JlO 120 MsB. TeopeT.n'ieCKoe ;aaqeane L'l.E KL = 

=38,32 KSB JlliB COCe)lHero sneMe.HTS Pm HaXOJliiTCB 3a npeJlenaMII ·sKCnepnMeH

TallbHbiX norpeWHOCTefi. Hanll'ille HOBOll aKTHBHOCTII B OJlHOM 113 1130TOnOB 
14~m ' 

144 Pm 111111 
14~ 

Pm { KOTOpbie · BBIIBIIIICb 6bl B03MO~HbiMII '!POJlYKTaMII peaKUIIII), 

IICKIIIO'i89TCSI n·Ha TOM OCHOBaHIIII 1 'iTO Cp9Jlll KOpOTKO~IIBYIUIIX npOJlYKTOB 

peaKunil Nd(p,nl n·Nd(p,2nl , H3y'iaewnxcst PeMaeBbiM n JlP: 
141 

JlSHHaB aKTHBHOCTb OTCYTCTBOBana. 

CneKTp, npencTaB.rreHHhill aa pnc. 4, no3nonBeT TaK~e c noMOIUbiO 113-

BeCTHbiX IIHTeHCIIBHOCTeil y - nepexonoB onpeJlennTb MYllbTIInonhHOCTb ne-

peXO)la E y = 180 KSB KaK E 1! EonbWOil <!JoH II CpaBHIIT9llbHO HII3KaB KOHBep

CIIB nepexonon E y =51 KsB n E y = 75 KSB noTpe6oBann nnB 113MepeHnB 

IIIIHIIll sneKTpOHOB BHyTpeHHeil KOHBepCllll IICll0llb30oaHllB TSKOrO ~e BpeMeH

HOrO pe~nMa, KaK rroKa3aHHbili Ha pnc. 2. 3To 113Mepeane {puc. 10) no3Bo

nnno 0JlH03Ha'iHO JlOKa3aTb nanll'ill9 L - IIIIHIIH nepexona Ey =51 ~ 1 KSB, 

0THOW9HIIe IIHT9HCHBHOCTeil L - IIIIHIIfi nepeXOJlOB Ey = 51 KSB II Ey=75 KSB 

7 



COCTasnSieT:I 0 L(51 Kas)/ieL (75 Kas) = 0,48:!: 0,15, npn 06Cy1KA8Hfill, 

6ananca anepi'Hll ll liHTeHCliSHOCTeli 6yAeT AOKaaaHo, "iTO MynbTI!nOnbHOCTb 

o6onx nepeXOAOS :5 M1, STo aHa"inT, "'TO naoMepHblM nepexoAOM SIBnSieTCSI . ' 

E3-nepexoA c aueprneli 209 Kas, Ero nepnoA nonypacnaAa cosnaAaeT co 

aaaqeuneM T li .. AnSI OAHO"iaCTII"iHoro nepexoAa no ouenKe BalicKonifla: 

Tli e·s.p.,E3 ) "' 5-10-2 ceK, 

IV· • OnpeAeneane Maccosoro qncna 

LlaHHbie no AE KL , nonyqeHHble Ha OCHOeaHHll cneKTpa KOHS?PCHOHHblX 

aneKTpOHOS, npneenn K ebiSOAY, "iTO ROSaS! aKTliSHOCTb OTIIOCliTCSI K OAHOMY 

-ll3 H30TOnos Sm , CneAyiOIUaSI aaAa"ia aaKmoqanacb s onpeAeneHHH Maceo-

eoro "iHCna 1!30TOna,. LlnSI aTOli uenn 6btnll li3MepeHbl iflyHKUI!ll S036y1KA8HHSI 
126 22 130 20 . 

peaKUHH Te ( Ne , x n) n Te! Ne , xn l , PeaynbTaTbl H3Mepeanli 

npeACTaeneHbl aa pnc, 11. Ananna if!YHKUnli soa6y1KA8HHH no nono1KeHI!iO MaK

cnMyMa ll HHTepnpeTaUHSI aTI!X A8HHbiX no pa6oTaM / 5 / ll /6/ npnsenn K pe

aynbTaTaM, npeAcTaeneHHbiM e 'l'a6n, 4, 

KoM6naaunH 
MliW8Hb-liOH 

126 22 
Te+ Ne 

130 20 
Te + Ne 

Ta6nnua 4 

X 

€ E axtr" I-1 B n1 
_x_= I= Mas 

X X 

(4 
-4- = 11,6 + 1,2 

2.. = 7,1 ~ 1,0 
.5 

..!L = 4,55 ~ 0,9 6 

(6 
= 8,7 :!: 0,4 -6-

(7 -,- = 5,95 :!: 0,35 

.l. = 4,15 + 0,30 
8 

HAeHTniflnunpoeaanaH 
peaKUliH 

126 
Te (

22 
Ne , 5n )

143 
Sm 

nnn 
126 Te ( 22 Ne ,6n)l4:1sm 

130 • 20 143 
Te( Ne, 7n) Sm 

3AeCb x - qncno ncnapnewnxcH neliTponoe, • E exo- aaeprHH eoa6y1KA8HHH, 

npn KOTOpoli HaXOAliTCSI M8KCHMYM iflYHKUllll eoa6y)I{JleHHH, LlaHHble no (M-A) • 

8 

! 

'j 
I 
I 
:\ 

) 
,1 
' l 
l 

•. 
e3HTbt na Ta6nnu pa60Tbl /7 I, Bn 1 - aneprnH CSH3H i -oro nel!Tpo: 

eOAHTCSI no AaHHblM Cnrepa /8/, 
143 t42 

BoaMOlKHblMH npoAyKTaMn peaKunli HenHIOTCH Sm H Sm 

H3eeCTHbl8 H30TOnbl C nepHOAaMll nonypacnaAa T Y, = 8,6 MliH II 

= 72 MliH /9/, COOTeeTCTeeHHO, Ecnn HaiiAeHHblli H30M8p OTHOCllnCH 
142 

naoTony Sm , TOI'Aa 6bl Mbl AOn:lKHbl 6btnH na6nwJlaTb npn pacnaA 

H30Mepa Y - nli,HIIIO Ey '" 770 KaS (2+ -> 0+ OCH, COCT,) t KOTOpaH C 

CTSyeT AaHHblM CHCTeM8TliKH HAep C N =80 ll naeeCTHa H3 aKCnepHIII 

0TCyTCTSll~ AaHHOli nHHllll, KOTOpaH AOn:lKHa pacnanaTbCH C Ty, =35 

noasonHeT SblCKa3aTb npennonO>KeHHe 0 TOM, "iTO HOeblif H30Mep OTHC . 
He K 142 Sm , a K 

143Sm , 3TOT ebleon 6btn H8CKOnbKO HeOlKHnallHI 

KaK e · Hnpe 143 Sm y>Ke H3eecTeH onHO"iaCTll"iHblii H30Mep C nepUOAO 

pacnaAa Ty, = 60 ceK n c aaeprneli 755 Kae 11 11• Benny aToro MI 

TenbHO nposepnnn aToT peaynbTaT cnenyiOIUHMH cnoco6aMn: 

1, HaMepeHHeM iflyHKUllll soa6y1KA8HliH onHOMliHY~ 

na oM epa 148 Sm • MnweHb 
126 

Te o6ny1tanacb npn onpeAenennoli aE 
22 . . 

noaos Ne 3 Mn:-IyTbt; cnycTSI 10 ceK nocne o6ny"ieHHH 6btno aaqa 

M:epenne raMMa-cneKTpoe, nocne aToro naMeHHnacb aueprnH uaneTaJ 

HOHOe H H3MepeHHH nposonnnHCb CHOSa, nony"ieHHblli pe3ynbTaT"noKa 

pHC. 11. Bnnao, "iTO MaKCHMYM iflyHKUHH S036y>KneHHSI S npenenax 3K 

: MeHTanbHbiX norpeWHOCTeli XOpOWO COBnanaeT C M8KCHMYMOM ¢yllKUll 

6y>KneHHSI HOSOI'O H30Mepa, 4T06bl HCKniO"iliTb annapaTYPJ!ble aifl¢ eKT 

UHSI S036y>KAeHHSI OnHOMHHYTHOI'O H30Mepa 6btn8 li3MepeHa Henocpenc 

C MnnnnceKyHnHbiM H30MepOM, B aTOM cnyqae nono>KeHHSI MaKCHMYl 

HX H30MepOB COBnanH, 0nHaKO H3 pliC, 2 BHnHo, "iTO senH"iHHa Ce"ieF. 

pa30B8HHSI onHOMHHyTHOI'O H30Mepa 
143 Sm nocne MaKCHMyMa ne ne 

no nyng, STo o6ycnoaneao TeM, <iTO npn 6onee Sb!COKHX aneprnHX o 
141m /1 

CSI H30Mep Nd C T Y, = 60,3 :!: 1,0 CeK ll Ey = 756,8 K9B 

peaKUHH 126 Te(22 
Ne , a 3nl 141 Nd • B pa6o're /13/ H3MepeHbl !fly: 

. 12 126 I! 
6y>KneHHH peaKUHli ( C, a 3n l Ha H30Tonax Tennypa • Te n 

MaKCHMYMbl nx ¢ynKUHH eoa6y1KAeHHH aaxonHTCSI npn aaeprnHX E ex 

ll Eaxo =104 Mas, COOTS8TCTB8HHO. C yqeTOM aTHX A8HHblX Mbl MOll< 
126 22 

nonaraTb, 'ITO MSKCHMYM Ce"ieHHSI peaKUllll Te( Ne, a ~n) A on; 

XOAHTbCSI Ha "' 20 Mas BbiWe H3MepeHHOI'O M8KCHMyMa ll AOnlKeH en 

9 



'!TO MynbTI!nOnbHOCTb 

I nepeXO,I:lOM smnSieTCSI 

acna.~:~a cosna.~:~aeT co 

oueHKe BancKon~a: 

1a 

cneKTpa KOHBepCI!OHHb!X 

rb oTnocnTCH K oi:tnoMy 

B onpe.~:~enennn Macco

bi ~YIIKUIIII B036y:lK.I:leiii!H 

'e3ynhTaTbl 1!3Mepennfi 

tHHH no nono:lKeHI!JO MaK

'51 II 161 np11sen11 K pe-

[,l:leHTII~IIUI!pOBaHHaH 

peaKUIIH 

1 
Te (

22 
Ne , 5n )

148 
Sm 

nnn 
16 

Te ( 22 Ne ,6n) 142sm 

30 20 143 
Te( Ne, 7n) Sm 

•Hepl"llll B036y:lK,I:leHIIH, 

HIIH, llaHHble no (M-A) • 

'· 
B3HTbl 113 Ta6n11U pa60Tbl /7/, Bnt -SHepi"IIll CBH311 - o!"o nei\Tpona - np11-

BO.I:IHTCSI no .~:~aHHbiM C11I"epa /8/. 

Bo3MO:lKHbiMII npo.l:lyKTaMII peaKUIIH HBmiJOTCH 
148 

Sm 
142 s 

11 m 06a-

113BeCTHble 1130TOnbl C nepiiO.I:laMII nonypacna,l:la T Y, = 8,6 MIIH II Ty, = 
= 72 MIIH /9/, COOTBeTCTBeHHO, Ecn11 Hali.~:teHHbin 1!30Mep OTHOCIInCH 61>1 K 

142 
1130Tony Sm , TO!".I:la 61>1 Mbi .~:~on:lKHbi 6oinll na6nwAaTb npll pacna.~:~e STOI"O 

1130Mepa Y - nii,HIIIO Ey = 770 KSB (2+ -> 0+ OCH, COCT,) t KOTOpaSI COOTBeT-

II 113BeCTHa 1!3 SKCnepiiMeHTa/10~ CTByeT ,l:laHHblM CIICTeMaTIIKII H,l:lep C N =80 

0TCYTCTBIIe ,l:laHHOH n11111111, KOTOpaH ,l:lOn:lKHa pacna,l:laTbCH C T Y, =35 MCeK, . 

n03BOnHeT BbiCKa3aTb npe.~:tnOnO:lKeHI!e 0 TOM.' '!TO IIOBblli 1!30Mep OTHOCIITCH 

He K 142 Sm 
1 

a K 
143Sm , 3TOT BbiBO.I:l 6oJn HeCKOnbKO HeO:lKII,I:laiiHb:M, TaK 

KaK B · Sl,l:lpe 143 Sm y:lKe 113BeCTeH O.l:lHO'!aCTII'!Hbli\ 1130Mep C nepiiO,I:lOM nony-

pacnaJia Ty, = 60 ceK 11 c snep!"llefi 755 KSB /11/, 8BII.I:IY STOI"O Mbl TWa-

TenbHO nposep11n11 STOT pe3ynbTaT cneAYJOWHMII cnoco6aMn: 

1. HaMepenlleM ~yHKUIIII soa6y:lKAeHIIH O.I:IHOMIIHYTHOI"O 

1130Mepa 
143

Sm • M11weHb 
126 

Te o6nyqanacb np11 onpe.~:~enennofi snep!"IIH 
. 22 

I!OHOB Ne 3 MH:iYTbi; cnyCTSI 10 CeK nocne o6ny'!eHHSI 6oinO Ha'!aTO 113-

l-.!epenue !"aMMa-cneKTpos. nocne STOI"O H3MeHSinacb snep!"HSI naneTaJOWHX 

~OHOB II 1!3MepeHHSI npOBO,I:ll!ni!Cb CHOBa, nonyqeHHbiH pe3ynbTaT'noKa3aH Ha 

puc, 11. BH.I:IHO, '!TO MaKCHMYM ~YHKUIIII B036y:lK,I:leHHSI B npe.~:~enax SKCnepH-

~ MeHTanbHbiX no!"pewHocTefi xopowo cosna.~:~aeT c MaKCHMYMOM WHKUHH B03-

6y:lKAeHHSI HOBOI"O uaoMepa. tiTo6bi ncKnJO'!HTb annapaTYPJ!bie s~~eKTbi, WHK

UHH B036y:lK.I:leHHSI O,l:lHOMI!fiYTHOI"O 1!30Mepa 6bJna 1!3MepeHa Henocpe,l:lCTBeHHO 

C MHnnuceKyH.I:lHbiM 1!30MepOM, B STOM cnyqae nono:lKeHHSI MaKCI!MyMOB 06o

IIX uaoMepoB cosnanu. O.~:~naKo na puc. 2 BH.I:IHO, '!TO senH'!HHa ce'!eHHH o6-

pa30BaHHH O.l:lHOMHHyTHOI"O 1!30Mepa 
143 Sm nocne MaKCHMyMa ne na.~:~aeT 

.1:10 nynH, 3To o6ycnosneno TeM, '!TO npu 6onee Bbi.COKHX snepl"HSIX o6paayeT-

CH 1!30Mep l4lmNd C T Y, = 60,3 + 1,0 ceK II Ey = 756,8 KSB 
1121 

B 

peaKUIIH 126 Te(22 Ne, a 3n) 141 Nd B pa6o'Te~ /13/ H3MepeHbl ~yHKUHH B03-
12 128 130 

6y:lK.I:leHHH peaKUI!li ( C, a 3n) na u3oTonax Tennypa Te u· Te • 

MaKCHMyMbl HX ~ynKUHH so36y:lK.I:leHHH HaXO.I:lHTCSI npu snepl"HHX E exo=98 MsB 

II Eexo =104 MsB, COOTBeTCTBeHHO, C yqeTOM STIIX ,l:laHHblX Mbl MO:lKeM npe.l:l-

126 Te(
22

Ne, a 3_n) nona!"aTb 1 '!TO MaKCHMYM Ce'!eHHSI peaKUIIII 

XO,I:li!TbCSI Ha = 20 MSB Bb!We 1!3MepeHHOI"O MaKCHMyMa II ,l:lOn:lKeH BnHHTb Ha 

9 



xoa H3Mepeuuofi $yuxunn aoa6y*aeHnH TonbKO B ee aepxuefi qacTn. Dpyrn-
143m 

MH CnOB8MH, rnaBHbiH MSKC:HMYM npnHaane*HT B CaM OM aene H30Mepy Sm • 

ljlyHKUHH B036y*aeHHH
126

Te(
22

Ne,7n) 
141

Sm H 2~ CpaaueuneM 

IBC Te( 20 Ne, 7n) 143 Sm • B cneKTpax, naMepeHHbiX onncaHHbiM Bblwe ·o6-

pa30M ( CMo nyHKT 1), liOSIBHn8Cb nnHHH E y = 342 K9B 0 KOTOpaH B03HHKa-

eT nocne {3+ -pacnaaa ocuoauoro cocTOHHHH 
1
u Sm 1141. nono*eune MaK-

cnMyMa $yHKUHH B036Y*?eHHH 9TOH nnHHH COBnaaaeT ~ p8MK8X 9KCnepnMeH

TanbHbiX. OWH60K C nono*eHHeM MSKCHMyMa $yHKUHH B036y*aeHHH anH peaK-
130 2o 143 . 126 :.!2 141 

UHH · Te ( Ne, 7n) Sm • DnH peaKUHH Te( Ne, 7n) Sm no-
£7 • 

nyqaeTCH auaqeune -
7

- = (5,9 :!: 1,0) Msa, KOTopoe uaxoanTCH B corna-

cnn co auaqeuneM anH peaxunn 
130

Te(
0 

Ne • 7n ) 
143 

Sm • 

V • 11aoMepuoe OTHoweune ans o6paaoaaHHH 
143 

oauoMnnyTHoro n MnnnnceKyunuoro naoMepoa Hnpa Sm 

Ceqeune o6paaoaaiinH oauoMnnyTHoro naoMepa u m 1 nponopunouanb-

HO HHTeHCHBHOCTH nepexona Ey = 755 K9B 0 a ceqeune o6pa30B8HHH Mnnnn-

ceKynnuoro H30Mepa um2 nponopunouanbHO HHTeHCHBHOCTH nnunn E y = 

209 K9Bo 11HTeHCHBHOCTH 9THX nayx nepexonoa 6bJnH B3HTbl H3 OaHOI'O H TQ

ro *e cneKTpa: HHTeHCHBHOCTb nepexona 209 K9B onpeaenHnacb KaK paaun

ua cneKTpoa 'sljl~eKTa' u '~oua', nHTeHCHBHOCTb nepexoaa 755 K9B - nu6o 

ua cneKTpa "s¢qleKTa', nn6o ua CJ.IeKTpa "~oua". TaKHM o6paaoM MO*HO 

6hmo ucxmoqnTb psm cucTeMaTuqecxux owu6oK onpeneneHHH uaoMepuoro oT-

HOWeHHHo 

Ecnu apeMH H3MepeHHH y - cneKTpoa H8MHoro npeabrwaeT nepnoa no-

nypacnaaa T y, = 60 ceK, Torna uaoMepuoe oTHowenue nonyqaeTCH ua ypaa-

HeHHH 

U ( 209 K9B I y ( 209 K9B ) [ 1 + a ( E3) ] F 
tot 

a { 755 K9B I y (755 K9B )[1 + atot (M4)) T 

rae a tot nonHblll K09~~HUHeHT BHyTpeHHefi KOHBepCHH, 

10 

I 

!' 

\ 
l 
'! 

F 

T 

e Ala • Aim 

-Alb -~-- ... :....\(ta +tm+tul 
(1-e HI-e )(1-e 

I a- + 21 m + I u + I b 

I 
b 

l'n2 A= --- (npnqeM B no.HHOM cnyqae T t/ = 35MceK), 1b · TK ~ . 
nyqeHI!H (puc. 2), 1 a - apeMH aaaep*KH nocne nocneauero · HM 

noTpona no uaqana H3MepeHHH cn~KTpa 's¢¢eKTa' 7 1m - apeM5 

cneKTpOB 'a~~eKTa' uno ·~oua'7 lu - apeMH oT xonua H3Mepe 

Ta' no uaqana uaMep.eHHH ·~oua' (eM. ·puc. 2). 

3xcnepnMeHTanbHhTe auaqeHnH nnH qeTblpex peaKunfi, npuao 

PY
143 

Sm , aaHbi a cnenyiOIUefi Ta6nuue. 

Ta6nuua 5 

J130MepHbie OTHOWeHHH 

PeaKUHH Elab ] M9B 
a (209 

u (751 

124 (2 143 96 0,17 Te Ne , 3n ) Sm + -
126 Te ('22 Ne • 5n) 143 Sm 115 0,76 + -
128 Te {22 Ne • 7n) 14S Sm 134 0,78 + -
180 

Te(
20 

Ne ,7n) 
143

Sm 134 0,77 + 

11aoMepnoe OTHowenue aceraa uaMepeuo npu (sKcnepuMeHTa. 

paccquTaHHOM) M8KCHMyMe $yHKUHH B036y*aeHHH aaHHOH peaKUHH 

K838H8 38BHCHMOCTb H30MepHOI'O OTHOWeHHH anH peaKUHn
126

Te( 
21 

OT 9HepriiH HaneT8IOIUero HOHa. npu yaenuqeHHH 9J;leprHH HOHOB 

COOTHOWeHI!e paCTeT. TaK K8K B 9TOM npouecce pacTeT II cpeaf 

MOMeHT COCT8BHOI'O smpa, MO*HO caenaTb BbiBOa, qTO H30Mep n 

6onhwofi cnuu. 
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e Bepxaei% 'laCTII, ./lpyrll-
148m 

:a MoM ~:~ene 1130Mepy Sm. 

II 

IHbiX OfiiiC8HHb!M BbtWe .06-

12 KSB 0 KOTOpas:t B03H11Ka-

l Sm / 14/, nonmKeHIIe MaK-

leT )3 paMKaX SKCnepiiMeH

~11 Boa6ymlleHIISI llnst peaK-

128Te(~2 Ne,7n) 141 Sm no-

opoe HaXOliiiTCs:t B corna-

13 Sm • 

1630B6HIISI 
148 

~aoMepoB s:tllpa Sm 

16 Oml nponopUIIOHanb-

ea11e o6paaoBaHIIs:t M11nn11-

~HCIIBHOCTII ni!HIIII E ,. 
y 

~II B3SITbl 113 OliHOI'O II To-

onpe~:~ens:tnacb KaK paaan

nepexoJla 755 KSB - n116o 

TaKIIM o6paaoM MOmHo 

JeneneHIISI H30MepHOI'O OT-

ro npeBbrwaeT nepiiOJl no

>wenne nony'laeTCH na ypaB-

ltot ( Eill) F 

a tot (M4)) T 

>HBepCIIII, 

F = 

T 
t a. + 2t m + t u + I b 

t 
b 

fn2 A= (npll'leM B JlUHHOM cnyqae T y, = 35MCeK) 1 tb - BpeMs:t o6-
Ty, 

ny'leHIISI I p11c. 2) 1 t 
8 

- BpeMs:t aa~:~epmKII nocne nocnennero · IIMnynbC<O UIIK-

noTpoaa JlO, Ha'lana naMepeHIISI cneKTpa "s«fl¢eKTa", tm - BpeMs:t naMepeHIISI 

cneKTpOB 's«flifleKTa' 11n11 '«flona', lu - BpeMSI OT KOHUa 113MepeHI!SI 's~eK

Ta' 1:10 na'lana 113Mep.eHIIs:t '«floaa' (eM, ·p11c. 2), 

3KcnepnMeHTanbHhle 3Ha'leHIISI Jlns:t 'leTb!peX peaKUIIJ%1 npiiBOliRWIIX K Sill-

pyl48 Sm 1 li8Hbl B cne~:~yiOiUefi Ta6n11ue. 

Ta6nnua 5 

!130MepHble OTHOWeHIISI 

PeaKUIISI Elab ] MsB 
0 (209 KSB) 

0 (755 K3B) 

124 (2 148 
Te Ne , 3n ) Sm 96 0117 + 0,13 

128 Te(.22 Ne ,5n) 
148 

Sm 115 0176 + 0115 

128 
Te (

22 
Ne, 7n) 

143 
Sm 134 0,78 + 0110 

130 Te(20 Ne, 7n) 
148 

Sm 134 0177 + 0110 

HaoMepaoe oTHoweane Bcer~:~a naMepeao npn (aKcnepnMenTanbHOM nn11 

pacc•mTaHHOM) MaKCIIMyMe «flyaKunn Boa6ym~:~eans:t JlaHHOfi peaKunn, Ha pnc.12 no

Kaaaaa 38BHCHMOCTb H30MepHOI'O OTHOWeHHSI )lns:t peaKUnn
126

Te( 
22 

Ne, 5n) 

OT saeprnn aaneTaiOwero noaa, npn yBenll'leHnn <~1_1eprnn noaoB naoMepaoe 

COOTHOWeHHe paCTeT, TaK KaK B STOM npouecce pacTeT II cpeliHHfi yrnOBOi% 

MOMeHT COCTaBHOI'O Slllpa1 MOmHO CllenaTb BblBOll1 'ITO H30Mep m 2 HMeeT 

6onbWOfi CfiiiH, 

11 



VI • CxeMa pacna.na u liHTepnpeTaituSI 

Hcnonb3YH 6anaHC SHeprull H HHTeHCHBHOCTell, MO~HO nony'IHTb CXeMy 

ypoaHell, uao6pa~eHuyro ua puc. 13. B aToll cxeMe nepexo.n c Ey = 75 KSB 

.non~eH o6paaoaaT& KaCKatt c uaoMepHhlM nepexo.noM (ecnu npeHe6peraeM 

cna6biM nepexo.noM aueprull 1829 K3B). Ha ycnosuSI paaeHCTBa uuTeHCHBHoc-

Tell 

I y ( 209 K3B ) [ 1 + a tot (E3)] =I (75xssi[ 1 +a (ML) 
y 

cne,nyeT, 'ITO ypaBHeHUe BblfiOnHHeTCSI TOnbKO TOI'Jta 1 KOI'Jta.Myn&THfiOnhHOCTb 

nepexo.na c 3Hepruell 75 K3B - M 1 ( Ta6n. 2 u 3). My n&Tunon&uocT& nepe

xo.na 51 K3B Mo~uo onpe.nennT& nyTeM cne.nyromux paccy~.neHull 

aL (51 KSB 

· aL (75 KSB 

18 L(51 KSB lly<75 KSB·-~ 

I L(7 5 KSB )I (51 KSB ) 
e Y 

leL (51 KSB 

I
8
L(75 KSB 

3KcnepnMeHTan&Hbie naHHbie aaaaroT ycnosne 

>ly(75xas )(l+atot )51 

I (1703 KSB ) 
y 

aL 
== 0,35 + 0,20' 

+ a 
tot 51 K3B 

a aTo ycnoaue MO~Ho BbmonHuT&, Bhl611paSI nnSI nepexo.na 51 K3B Myn&Tu

non&uocT& unn El - =10% M2, unu Ml + "'20% E2, TaK 'ITO B aTOM cny'lae 

ue ynaeTCH onpe.nenuT& 'leTHOCT&·nepexona. 

HenocpeacTBeHHoe U3MepeHHe Myn&THfiOn&HOCTeli OCTan&HbiX 

BhlCOKOSHepreTH'IeCKHX nepeXOAOB B HaWHX ycnOBHSIX HeB03MOJKHO. 

06cy.n11M sonpoc, KaK paap~aeTCH H30Mep -.Ha oCHOBHOe nnu uaoMep

uoe cocTOHHHe c sHeprueii 755 K3a? nycT& HB;6nronaeMbie y -nepeXOLlhi 

1574, 1703 H 1829 KSB SIBnSIIOTCSI nepeXOJtllMH H£1 OCHOBHoe COCTOSIHHe. Tor-

IS 17 .na caMhie aepoSITHhie cnnHhl H30Mepuoro ypoBHSI m2 -2 un11 -
2
- • B 3TOM · 

cny'lae Mhi nonJKHhi 6hi Ha6nronaT& y - nepexo.n c 3Heprneii 1283 K3B 11 Myn&

Tunon&HOCTHMH E2, M2 un11 E3, M3 K ypoauro c 3Heprneii 755 xss, KOTo-

12 

. I 

pblll .nomKeH 6bi KOHKypnpoaaTb c H3oMepHbiM nepexo.noM. TaKoro nep 

He o6Hapy:~tmnocb B raMMa-cneKTpax • .UonycTnM, 'ITO aToT nepexo.n a. 

IUeH. Tor.na 6bl Mbl AOnlKHbl Ha6mo.naTb He3aBHCHMO OT :3THX 06CTOSIT 

nepexoabi c ypoaHell, pacnono~eHHbiX Hn~e H30MepHoro, Ha ypoBeHb ' 

C :3Hepruell 1103 K3B /1 5 / H nepeXOil1 CB!I3aHHblli C pa3pHaKOil ypOB!l 

HB OCHOBHOe COCTO!IHHe. ToT !jlaKT1 'ITO B O~Ut:taeMOM llHBna30He 3Hep 

470 llO 1103 K3B HeT TaKHX nepeXOilOB1 llpHBOilHT BMeCTe C BbiJUeyKa3a! 

C006pa~eHUSIMH K BbiBOilY 1 'ITO H30Mep m
2 

pacna.naeTCSI He • Ha 

Hoe COCTOSIHHe1 a Ha nepaoe H30Mepuoe COCTOSIHHe C 3Hep 

755 KSB. 3TOT BbiBOA cornacyeTCSI CO 3HB'IeHHeM H30MepHOI'O OTHOWeJ 

060HX H30MepoB. KpoMe TOI'0 1 CTBHOBHTCSI Tenepb SICH0
1 

DO'IeMy nonOJ 

MaKCHMyMOB !jlyHKltHil B036y~lleHHSI 060l!X 1130MepOB1 HeCMOTpSI Ha pa3 

HX CDHHOB 1 COBnat:taiOT; H30MepHOe COCTOSIHHe E a 755 K3B 3anonHge~ 

Wene~aU!HM KOpOTKOJKHBYIUHM H30MepOM 1 KOTOpblll_ 06pa3yeTCSI C 6oiJbU 

Ce'!eHHeM II B OCIIOBIIOM onpeaenSieT XOil !jlyHKltHII B036yJKt:teHHSI HH~em 

ro 1130MepHOI'O COCTOSIHHSI E = 755 K3B. 

B peaynbTaTe STHX paccyJKaeHIIli nony'laeTCSI cxeMa pacnaaa, 113c 

JKellll£1!1 lla puc. 13,. B STOll CXeMe CBJI-Iblli BbiCOKHfi ypoBellb UMeeT SHE 

aoa6yJKaeHHH E = 2793 Ksa. TaKoli ypoaeHb c 6on&WHM 3Ha'!eHneM 

(II 6onbWHM CllHHOM) He MOJKeT 6b!Tb KOnneKTIIBIIblM HnU OllHO'IaCTH'IIll 

B03HIIKaeT npn B3BIIMOLlefiCTBHH lleCKOnbKHX llecnapellllbiX llyKnOHOB. 81 

B036yJKaeHIISI H Hami'!IIe STOI'O 1130Mepa B Hape C lle'!eTHblM A orpall 

BlleT''IIICnO TaKHX llyKnOHOB llO pa30pBllHHOfi naphl llpOTOHOB II OLliiOI'O 

Tpona. npOTIIBOilOnOJKHblll cny'lall ( pll30pBBHHllSI napa HellTpOIIOB) IICKm 

CH, DOTOMY 'ITO SHepriiSI B036YJKLl9HUSI H9LlOCTllTO'IH£1 LtnH pa3pb1Bll HeliT 

na 3llMKHyToll o6ono'!KII N =82 • KaK cnenyeT na pa6oTbl KuccnnHrepa 

Copeuc'eHa 
1161

, B n11anaaone a11eprn11 ao 3,0 Mas cymecTayeT MHoJKec 

B_O~MOJKHhlX TpeXKBa3H'IllCTII'IHhlX COCTOSIHHii. B Ta6n. 6 npHBeLteHbl 

3TII xou!jl11rypaun11. 

Heao3MOJKHOCTb nenocpeacTBellnoro onpeneneHIIH MynbTnnonbHOCTc 

BhiCOK03Hepre:n'leCKHX nepeXOilOB O'lellb 3aTpyt:tHHeT HHTep.npeTBltliiO KB 

XapaKTepiiCTHK HBiiLleHHbiX YPOBHe!l • .llnH HHTepnpeTalti!H" BBJKHbl pe3ynbT 

·pa60Thi /15/, B KoTopoii 6hina nccneaoaaHa peaKUIIH 144 Sm(d,t) 143 sm 

HaliaeHHbie OlliiO'IaCTII'IHhie ypoann 11 11x cn11Hbl nao6paJKeHhi 11a npaaofi 

13 



a!lHSI 

MOJKHO nony'lHTb CXeMy 

epeXOA C Ey = 75 KSB 

(ecnn npene6peraeM 

~aBeHCTBa HHTeHCHBHOC-

1 +a (ML) ] 

KOrAa MynbTHllOnbHOCTb 

~YnbTHROnbHOCTb nepe

iCCYJKAeHnli 

'ly(75K3B Hl+atot )Gt 

I (1703 KSB ) 
y 

~OAa 51 KSB MYnbTH-

~aK 'ITO B STOM cnyqae 

~nOnbiiOCTeli OCTanbHblX 

H9B03MOJKHO. 

l OCHOBHOe nnn H30Mep-

Mbte y - nepexoAbi 

BHOe COCTOSIHHe. Tor-

IS 17 '2 nnn - 2- • B STOM 

~prneli 1283 KSB H Mynb

tprneli 755 KSB 1 KOTo-

.1 

pbtl! llOnJKeH 6bi KOIIKypnpoaaTb c H30MepHbiM nepexoAOM, TaKoro nepexoAa 

ne o6napyJKnnocb B raMMa-cneKTpax • .OonyCTHM, 'ITO sToT nepexoA sanpe

men, TorAa 6bl Mbl AOnlKHbl na6ntOA8Tb He38BHCHMO OT 3THX 06CTOSITenbCTB 

nepeXOilbl C ypOBHell, pacnonOJK9HHbiX HHJKe H30Mepnoro, Ha ypoBeHb d G/
2 

C ~uep~ne" 1103 x~s /IS/ u n xoA s l! l! d ~ , " ~ epe , CBS! aHHbi c paspSIAKO ypOBHSI 
5
;

2 
, 

Ha OCHOBHOe COCTOSIHHe, ToT ljlaKT1 'ITO B OlKHAae~OM AH8ll830He 3Hepi'HH OT 

470 AO 1103 K3B HeT T8KHX nepeXOAOB, npHBOAHT BMeCTe C BbiweyK838HHbiMH 

coo6palKeHH SIMH K BbiBOilY, 'ITO H30Mep m 
2 pacnall89TCSI He ·na OCHOB-

noe COCTOSIHHe, a Ha nepaoe H30MepHOe COCTOSIHHe C snepruel! 

755 KSB, 3TOT Bb!BOA COrnacyeTCSI CO 3H8'leHUeM H30Mepnoro OTHOW9l!Hsl 

060HX H30MepOB, KpoMe Toro, CT8HOBHTCH Tenepb SICH0 1 llO'leMy nonoJKeHHSI 

MaKCHMYMOB ljlyHKilHll B036yJKAeHHSI 060IIX H30MepOB1 H9CMOTpSI Ha p83HOCTb 

IIX CllHHOB 1 COBll8ABIOT; H30MepHOe COCTOSIHHe E '" 755 KSB 38110nHSieTCSI Bbl

weneJKBlliHM KOpOTKOJKHBYlllHM H30MepOM 1 KOTOpblll. 06paayeTCSI C 6oitblllHM 

Ce'Iel!HCM II B OCIIOBHOM OnpellenSieT XOil tj>yHKilHH B036yJKAeiiHSI HHJKeneJKawe

I'O n3oMepnoro COCTOHHIIH E = 755 KSD, 

B peaynbTaTe sTnx paccyJKilennli nony'laeTCSI cxeMa pacnalla, nao6pa

JKeHnaSI 118 puc, 13.. 8 STOll CXeMe C8¥b!l! DbiCOKIIll ypOB91lb IIMeeT snepriiiO 

noa6yJKAeHnSI E = 2793 Ksn, TaKoll yponeHb c 6onbWIIM anaqenneM T!4 

( H 60nblllHM CIIHHOM) He MOJKeT 6biTb KOnneKTHDHblM llnH OllHO'l8CTH'lllbiM1 011 

B03HHKaeT llpll B38HMOA9llCTBHH HeCKOnbKIIX HecnapeHHbiX HyKnOHOD, 3neprHSI 

B036yJKileHHSI H Hann'lne 3TOI'O H30Mepa D SlApe C He'lCTHbiM A orpaHII'lii

DaeT ''li!CnO T8KHX HyKnOHOD JlO p830pD8HHOll napbl npOTOHOB II OAUOrO Hel!

TpOHa, npOTHDOllOnOJKHbll! cnyqal! { pa30pB8HH8H napa Hel!TpOHOB) HCKniO'lBeT

CH, ROTOMY 'iTO 3HeprnH B036YJKil9HIISI HellOCT8TO'lHB llnH pa3pb!Ba HefiTpOHa 

us saMKHyToll o6ono'lKn N =82 , KaK cneAyeT ua pa6oTbi Kuccnnurepa n 

Copenc'eua 
1161, B llnanaaone aneprnn llO 3,0 Mas cymecTayeT MIIOJKeCTBO 

B_O~MOlKHbiX TpeXKD83H'l8CTH'lHbiX COCTOHHHll. 8 Ta6n, 6 npnneA9Hbl 

sTu xontj>nrypaunu. 

HeaosMOJKHOCTb nenocpeAcTaennoro onpellenennH MynbTnnonbnocTell 

DbiCOKOSHepre:n'leCKIIX nepeXOAOD O'iellb 38TPYAHSI9T lll!Tep.npeTalliiiO KBBHTOBbiX 

XapaKTepnCTHK HBl!Aei!HblX ypODHe!l, .QnH HHTepnpeTBiliiH' BQJKHbl pesynbTBTbl 

·pa6oTbi /15/, B KoTopoli 6btna ucc.nellonana peaKilHSI IHSm(d,t uaSm. 

HalllleHHbie OllHO'l8CTH'lHbl9 ypOBHII H HX CRHHbl H306paJKeHbl 118 npaaofl CTO-

13 



pone p11c, 13. ToT ¢aKT, 'ITO ne na6monaeTCSJ paaneTnneni1SJ oT yponHSJ 

2329 KSB K ypOBHIO d 5; 2 ( 1103 KSB) 1 yKa3biBaeT Ha T01 'ITO Cn11H ypOB

IISI 2329 KSB paneH. 11/111 60/lbWe + , CaMbiMI1 nepOSITHbiMI1 Cni1118MI1 STOr'O 

yponHSJ SJBIISJIOTCSJ 9/2, 11/2 11 13/2,_Cpenl1 Kon¢11rypau11fi c Manon snepr11efi 

B036YlKJleHI1SI
1 

noKa3aHHblX B Ta6n, 6, CyWeCTBYIOT ypOBIII1 C 3T11MI1 CnHHa-

MH; l13 STOll lKe TS61111Ubl B11Jlil0! 'ITO BCe IIH3KO/lelKaWI1e ypOBHH 11MeiOT no-

. /l0lKI1Te/lbHYIO '!eTHOCTb, BBHJlY STOI'O B Jl8/lbHefiW11X 06CylKJleH11SIX Mbl npenno

/lOlKI1Mo 'ITO '!eTHOCTb ypOBIISI E =2329 KSB - nO/lOlKI1Tellbli8SI, llpennonaraSJ, 

'ITO B OCHOBHOM r'SMMa-KaCKa)le 180 KSB (E1) - 75 KSB (M1) - 209 KSB 
19+ 21+ 23+ 

(E3) cn11H pacTeT, Mbl nolly'!aeM 3Ha'!eiii1SI - 2- 1 - 2- 11 - 2-

. Hble Cn11Hbl 1130MepHOr'O ypOBIISio 3Ha'leHI1SI Cni1HOB 11 '!eTHOCTI1 I" 

MOlKHO 06bSJCIIHTb np11 nOMOW11 cnenyiOIUIIX KOH¢11rypaU11fi, 

KaK B03MOlK-

= ..z.C: 11 
2 

19+ 

2 .. 2 -1 
·1, Ko11¢11rypaU11SI rr(h 11; 2 l 10+ v(d 3; 2 l npeJlCTaB/lSieT Tl1n '!aCTHila-

JlWpKa 11 CnHH HHlKHer'O COCTOSIHHSI TpeX'!aCTH'IHOr'O MynbTHnneTa no npaBH

ny /17/ 

l=llo+io-11, 

lrne I 
0 

- MaKCHManbHbifi cnnn nnyx'!aCTH'IHOfi- KontiJnrypaunn, j 0 - cnnn nec

napennoro nyKnona), KOTopoe ·; nannoM cny'la~ naeT I"= .11:!: • 2 

ToT tiJaKT, 'ITO naoMepHbifi yponenb pacnaitaeTcSJ c onno'!aCTH'IHOfi cKo-
, . 

pocTbiO, noanonSJeT npennonolKHTb, 'ITO B nannoM cny'lae yponeHb 2584Ksn 

HMeeT KOHI\JnrypaUHIO rr( d 5j 2 h 11j 2 )v (d 3j 2 l-
1 

• 

Kon¢urypauun HHlKenelKaiUHX yponnefi o6bSICHHTb c noMOIUbiO npocTbiX 

pacCylKJleHHll neB03MOlKHO, IIOTOMY 'ITO OHH, no ncefi nepOSITHOCTH, CH/lbHO 

CMeWaHbl, Bo3MOlKHble KBaHTOBbie xapaKTepHCTHKH STHX yponnefi, KOTOpbie 

cornacyiOTCSI c na6niOnaeMbiMH oTnoweHHSJMH unTenc11.BHOCTefi y - nepexoAoB, 

)lSHbl na pnc, 13, K COlKaneHHI01 OHH SIB/ISIIOTCSI TO/lbKO CaMOCOr'llaCOBaH-

HbiM npennollOlKeHHeM, He HMeiOIUHM nenocpeACTBeHHOr'O SKCnepHMeHTS/lbHo

r'O AOKa3aTe/lbCTBa. 

2, I" = ~+ • CTpyKTYPY H3oMepnoro ypoBHSI Mbi' MOlKeM c TaKHM lKe 
2 -1 

ycnexoM o6bSICHHTb H Kon¢nrypaunefi rr (h 11; 2 110+ v (" 1; 2 l • B 3TOM 

cny'lae neficTnyeT To lKe npanHno nnH onpenenenn~ cnHHa uaoMepnoro ypon-

HSI, KOTOpOMY Mbl C/le)lOBallH BbiWe, 

14 

= = ::I 

"' c. 
» 
~· 

= -& 

= 0 
:.: 
QJ 
:0 
= :>' 

co = 
I-

"' u 
::I "' = :>' 
t; = \0 !') 

"' "' f-- ttl 
:.: 
X 
QJ 
c. 
I-

QJ 
:0 
= :E 
0 
::E 
!') 
0 

co 

"' " = "' ~ """ ~ ~ "' 
g.~~ 
= "' (!) 0 

" 

= .. 
= u 

0 
~ 
~ 

::;: 

"' .. 
" ~ "' .. 
~ ... ..,. 
= 0 
:.: 

"' !:! 
Q) 

"'" .. ~ 
~ .. " 
"'"'"' ~~~ 
(!)a~ 

= 
" = u 

~ 
::;: 

.. 
:'! 
~ 

"' ~ ..,. 
a 
:.: 

.; 0 "' 
cri' ci "' '" 

~~~IN ·~ 1~ ~r~ +err. IN 

i ..... ..... 1_ 
I_ ~ i . -5- -A 

-5- >: ~ 

~ L .! . , I 
, >: 

., 
"' '" 

I 
~~N 

i -
-5-. 

>: 
!, 
I 

., 
'" 

+~'" 
i -

-5-. 
>: 
+~ 
• ~0 

+g -"?: +~ "';, ~0 0 

-~ -I • I 
0 1 ...... _o ~0 ~ -s ... A~ 

A-

~ ~ 
... .. 

~A -s ~ .-s = 1";:-... .. .. ::: ... ... 
k • k k k • 

......................... . ................. 

0 "' cr) ci "' ci ~-
l2 

'" 
.. 
'" 

+!'\IN 
I I + I + I I + I e;iN ~N ::!1¢'1 ~N !2N 

i ;_ - i 
~ 

~ 
- ;_ 

~ ~ -s ... i 1-

, - ~ 
... ... 

I -s >: >: 

+ i 3 
~ I~ + 

0 
, I 

~0 
, ~0 

• I 

+ + 
0 

<:t,.. ... o ? 1 
~ -~ 

n o I '?: 
~ 

... • ...... - ~-0 -s ... 
~ ft ~ ~ ~ 

.. 
... I-... .r ~ 

; ... ... 
k o;; k 

... ~ 
k k • 

15 

"' ,,.-

!dN 

i -
"?: ... 

>: 
+ 

I 

n~o 

-s ... • 



• 

3. npuMeHSIH npaauna neKepa 111 I K KOH!jlurypauusiM, npuaeaeHHLIM B 

Ta6n, 6, Mbl He nony'IHM H30MepHOI'O ypOBHSl CO CflHIIOM 23";2+, 0AH8KO COB

CeM He ncuo, npnMeHiiMLI nu aTu np,aauna a cny'lae, ecnu HMeeTcn a pac

CMaTpnaaeMoii o6naCTH aJi:epi'HH B036YlKAeHHSI HeCK01IbKO TpeXKBa3U'IaCTH'IHLIX

KOH!jlnrypauuii:, KOTOpble MOI'YT CMeWHB8TbCH ( STO ycnoaue BbiU01IHSieTCSl A1ISI 

ypoaueii:. acex cnuuoa KpoMe 23 12+), 

VII , nouCKH H30Mepa B Sinpe 
142 

Sm 

134 
B Mpax 54 Xe 80 

136 
~fi Ba80 

138 140 
~8 Ceso H 60 Nd80 C 'IHC1IOM Hell-

TpOIIOB N =80 H3BeCTHbl H30MepHLie COCTOSIIIHSI CO CUHHOM I 11 =7- , CTpyKTY-

pa a Tux ypoaueii: - "' ( h 11;2 d 3/2 ~ .7- B MPe 
1!;sm 80 OlKUJlaeTCSI 

TaKOfi lKe H30MepHblii: ypoBeHb, 3na'!eHI!Sl auepl'HU HHlKHHX 2+ U 4+ COCTOSIHHH 

B, STOM SIJlpe, nony'Iellllble npu {3+ - pacnane OCIIOBHOI'O COCTOSIHHSI 
142 

Eu I 101 

XOpOWO COBfl8Jl810T C OlKHA8eMLIMH flO CHCTeMaTUKe 3Ha'IeiiHHMH, BBHJlY 9TO

I'O aueprwn l!CKOMOI'O E3-nepexo)la JlOB01IbHO onpeJleneuua: Ey =480! 100 Kaa, 

Mbt UbiTanucb uafiTu aToT H30Mep. npoaoJlunucb o6nyqenun npu auepruu no

nos 
22 

Ne 128 Mas, KOTOpaSI 6bi JlOmi<Ha 6bl118 COOTBeTCTBOB8Tb M8KCHMYMY 

peaKUUH 126Te ( 22 Ne' 6n) 142 Sm ·, BpeMeuuol{ pelKnM naM rro3aonun 11a6-

1IIOJl8Tb 8KTHBIIOCTU C T YJ ~ 1 MCeK, 0TCyTCTBUe UCKOMOii: 1IHHUH U nepexo-

JlOB 770 u 1800 Kaa rroKa3LIBaeT, 'ITO rrepuo)l rronypacrraJla 142m Sm MOHbWe 

OJlHOfi MU111IUCeKyi!Jlbl 1 'ITO Hey-JlUBHTe1Ibi!01 TaK K8K ylKe B SlJlpe. l40 Nd rrepu

OA rronypacnaaa E3-rrepexoJla c aHepruefi 430 KaB cocTaanneT T01IbKO 

0,6 MCeK 1181 , 

ABTOpbl C'IIIT810T. CBOHM HpllS!TIIblM Jl01II'OM Bblp8311Tb rny6oKyiO 6naro

JlapHOCTb AllpeKTopy nHP OHHH r.H. <l>nepoay u rrpoljleccopy 3, BullhrenbMII 

113 BapwaBCKOI'O YHHBepCIITeTa 38 IIOCTOSII!HLIH IIHTepeC K pa6oTe II IIOJlJleplKKY
1 

E. neBIITOBII'IY II T. MopeKY 38 aKTIIBHOe Y'IBCTl!e rrpu 113Mepennnx, 

rpyrrne aKctmyaTauun UHKflOTpoua Y-300 5o rnaoe c B.A. 3arepoM u 

B,C, AnljleeobiM, o6ecne'!uowei{ '!eTKYIO pa6oTy ycKopuTenSI, 3, 3aii)lnepy 38 

IIOCTOSIHHYIO IIOMOWb flO BCeM BOIIpOCaM, K8C810Wl!MCSI aneKTpOHIIKII
1 

P, ApnbTy 

3a none3Hbte JlucKyccuu, 10, IOuKep 38 nocTOSIHHYIO fiOMOWb rrp11 o6pa6oTKe 

9KCf!OpiiMOHT8llbl!blX Jl8HIILIX U Y, X8l"eMaimy 38 IIOMOWb rrpu li3MepeHUS!X, 
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CnH HMBBTCg B pac-

:o TpeXKB831!'18CTH'!HhiX-

IBHB BhiiTOnHHBTCH .ctnn 

40 
60 Nd 80 c '!I!CnoM ueii-

IOM I 1T =7- 0 CTpyKTy-

142 
62 Sm SO OlKHilSBTCH 

!HX 2+ H 4+ COCTOHHHil 

COCTOHHIIH 
142 
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3qeuHHMH, BBH.ctY sTo

una: Ey =480;!: 100 KSB, 
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