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I. B a e 11 e H H e 

B aacToHmee apeMH HMeeTcH aaaqHTenbaoe qHcno sKcnepHMeHTaJibHblX 

~BKTOB1 CBH/leTeJibCTBy~mHX 0 H8JIHqHH lle~OpMBUHH B 06JI8CTH HefiTpOHO

Ile~HUHTHblX Hllep c Z > 54, N < 78. HenocpellcTBeHHhlM llOKaaaTenbCTBOM 

paBHOB9CHOH ll9~0pM8UHH Y Heq~THbiX Hllep HBJIH9TCR Hll9HTH~HK8UHH HHJibCCO-

HOBCKHX ypOBH9Ho 0Ha MO*eT TBK*e ll8Tb 3H8K ll9~0pM8UHH 1 KBK 3TO IIOKa-

129 /I/ 3BHO HBMH llJIH R/lpa La 

.[le~opM8UHH q~THblX Hllep llOK83blB89TCH1 KBK 1Ip8BHJIO, H8JIHqHeM pOTa-

UHOHHOH HJIH KB83HpOT8UHOHHOH IIOJIOCbl OCHOBHOrO COCTOHHHRo 0!1H8KO Hllpa B 

YK838HHOH o6naCTH RBJIR~TCR "MHrKHMH 6 IIO OTHOmeHH~ K {3- H y -11e~op-

M8UHHM H pOT8UHOHH8R IIOJIOC8 CHJibHO HCK8*89TCH 0 003TOMy BB*HO 

HM9Tb npyrne apryMeHTbl B IIOJlb3y p8BHOB9CHOH ll9~0pM8U;HH, 
OCHOBblBB~-

mHecR aa poTaunoHHOM xapaKTepe yposaelf. TaKHM apryMeHTOM RBnHeTCH yc-

TaHoaneHHe K -GarrpeTa naoMepaoro rrepexona. 

Uenb~ aacTomuel! pa6oTbr HBJIReTcR orrpeneneane xapaKTepa H30Mepa 

130 /2/ 
B Hllpe Ba, C rrepHOilOM rronypaCIIB/18 8,8 MCeK, 06HBPY*9HHoro HBMH paaee 

/2/ 
B pa6oTe 6brnH rrpe/lno*eHbr llBa sapnaHTa cxeMbi pacrra11a H3oMepa ( pnc. I), 

0/lHH 1!3 KOTOph!X 3KCIIepHMeHT8JibHO IIOilTBep*ll9H HBCTOHmell pa6oToll. 

?• 3KCIIepHM9HThi 

OrrbiTbi rrpoBOilllJIIlCb Ha BbiBe!leHHoM rryqKe UHKJIOTpoaa MHoroaapR/lHblX 

. Ill HOHOB Y-300 OHHH Ha ycTaaoaKe, rronpo6ao orrHcanaoH s pa6oTe • Pacna11 

ll30Mepa 
130

Ba m ll3yqaJICH llpH llMIIyJibCHOM o6nyqeHilll MeTannuqeCKHX MllUJe-

3 
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PHc, 1, CxeMa ypoBHeA !!Jlpa 
130

Ba . c llBYM!I B03MO)!{HbtMH BapaaHTaMH pac

rrana H30Mepa, Cna6bte IIHHHH 0603H8'1810T ypOBHH H rrepeXOilbl 0 H3-

BeCTHbte H3 pacrrana 
130 

La /3/. 

Heil H3 o6orameHHOI'O OIIOBa-122 B peaKUHH 122 Sn( 12 C,4n) 130
Ba m B 38Jl8H

Hbl~,HHTepB8II8X Me)!{JlY HMIIYIIbCBMH o6ny'IeHH!I, Ha pHC, 2 IIOK838H y -:-crreKTp, 

H3MepeHHbiM Ge ( Li) -CIIeKTpOMeTpOM, PHC, 3 IIOK83biBaeT CIIeKTp 3IIeKTpOHOB 

BHyTpeHHeil KOHBepCHH BCeX '!eTbtpeX HHTeHCHBHbiX rrepeXOilOB H30Mepa, H3Me

peHHbtft 6ea*eneaHbiM TopoananbHbiM {3 -crreKTpoMeTpoM, BpeMeHHbtM aHanH

aoM B IIHKe IIHHHM K356 H K881 6bll10 IIOilTBep)KJleH0 0 'ITO IIHHHH HMeJOT rre

pHOil rronypacrrana H30Mepa, TaK KaK H3MepeHHe onHoro yqacTKa crreKTpa 

II0Tpe60B8IIO 2 - 3 'I8C8 0 IIHHH!I K881 MO)!{eT COJlep)!{8Tb BKII81l IIHHHH 

K892 OT pacnana 
129

Ba m (2.1 q,) H3 peaKUHH 
122

Sn( 
12

C, 5n) 
129

Ba m. 

Ho cneuHanbHbtl! onbtT nnH HeCKOIIbKHX To'IeK c speMeHHbtM pe*HMOM, ac

nonbaoBaHHbiM lliiH y -H3MepeHHll 0 IIOK838II 1 'ITO OTHOweHHe HHTeHCHBHOCTeJI 

IIHHHM K356 H K881, B3!1Tb!X H3 pa3HHU Me)!{JlY nepBbiM H BTOpblM crreKTpa-

MH 1 He MeH!IeTCHo 
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fJl 
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-'0 f(X) 150 coo 
Cl-

Puc, 2. 3anepmauHhte Y -cneKTpht, H3MepeHHbte GP ( Li) -neTeKTopoM 

6 cM3 B peaKuuu 
122 

Sn + 
12 

C • ( .llm!Tenb!IOCTb o6ny'JeHJtH · 

ltiii!TE'IlbHOCTb H3MepeHI!>I - 10 MCCK
0 

38LIE'fJ>KKa M(')!{Jly nepBl 

II BTOfJbiM (o) CIIeKTfJ8MI! - 20 MCE'Kj TOIIUti!Ha MCTfliiiiif'IeCK( 

WCHH - 6 MI'/cM2, 3HejJI'I!SI llflii810lllHX I!OHOB 12 C 2 + - 65 /1 
CpellHI!Ji TOK ~ 0,1 MKa, 

5 
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CHIINNEL 

Puc. 2. 3a.neplKaHHbie Y -cneKTphi, H3MepeHHhie Gc ( Li) -.neTeKTopoM o6heMoM 

6 CM3 B peaKUI!H 
122 

Sn + 12 
C • ( ll11HTeJ1biiOCTb o611y'JeHHSI - 7 MCeK, 

/111HT!MbHOCTb H3Mep0HH>I - 10 MCeK, 38L1eplKKB MelKny nepBbiM ( • ) 

II BTOpbiM (o) ClleKTpaMH - 20 MCeKj TOniUHH8 M()Tfli111H'IeCKOii MH

IIJeHH - 6 MrlcM2, aueprHSI nanmomnx HOHDB 
12 

C 
2 + - 65 M aa, 

CpenHHii TOK ~ 0,1 MK8o 

5 
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P11c, 3, CneKTp sneKTpoHoB BHyTpeHHell KOHsepcHH nepexo.nos 365, 844, 690 
H 881 KSB H30Mepa 130Ba m , H3MepeHHbtll 6e3JKene3HbiM TOpOH-

!IBnbHbiM {3 -cneK'rpoMeTpOM M9JKLIY HMnyn&CBMH ny'IKB B peaKUHH 
122 Sn (12(::, 4n ) 130 Ba m (DnHTen&HOCTb HMnyn&ca ny'IKB -

1,5 MC9K1 llnHTen&HOCTb M9lK!IY HMnyn&CBMH ny'IKB - 4,1 MC9K1 

Cp9!1HHJI TOK ~ 0,2 MKa, SHeprHH naaBIOIUHX IIOHOB 12 C 2+ - 67 M 98 1 

TOnlUHHB MeTannH'19CKOII MHIU9HH - 6 MrfcM2, CT9ll9Hb o6oraiU9HHH 

onOBOM 122 - 83,3%), 0p!IHH8Tbl OTHOpMHpOBBHbl HB O!IHHaKOBbiii 

HHTerpan TOKB, 

6 

;~ 

'· ! 

J ~ .· ·~ 
•<. 

!~ ~ f 
j \ 

3, Peayn&TaTbt 

Myn&THnon&HOCTH nepexo.noe 544, 690 11 881 KSB onpe.nemmuc& rryTeM 

cpaBH9HHH SKCll9pHM9HTan&HhlX HHT9HCHBHOCTell aneKTpOHOB BHyTpeHHell KOH

sepCHH aa K -o6ono'IKe c pac'I~THhiMH aaa'leHHHMH a npe.nnonoJKeanH, 'ITO 

jtepexo.ll 356 KSB HM99T Myn&THliOnbHOCTb E2 , B Ta6nHU9 1 9KCll9pHM9H-

Tan&Hbi9 OTHOIU9HHH HHT9HCHBHOCT9ll aneKTpOHOB 

K -o6ono'IKe I e conocTasnea&t aaa'leHHHM 

Myn&Tnrron&HocTell HHTepecyiOIUero nepexo.na 

BHyTp9HHell 
aKly 

aKU6 \Er) 

KOHBepCHH HB 

anu paaHht 

0 norpeiUHOCTH STHX 3H8-

'19HHII o6ycnosn9Hbl norpeiUHOCTHMH OTHOCHT9nbHbiX HHT9HCHBHOCTell y -nepE 

XO.IlOB I y 1 !IBHHbiX BO BTOpOM CTOn6ue Ta6nHUblo Myn&THliOnbHOCTH C 

L > 3 MO>KHO HCKniO'IHTb Ha OCHO,B9 SKCll9pHM9HTBnbHOrO 3H8'19HHH nepHO!Ia 

nonypacna.na uaoMepa, KaK noKaawaaeT cpasHeHne, Myn&THnon&HOCTb rrepexo 

.llOB 544 H 690 KSB liO.IlTB9p>K.Ila9TCH KaK E2 1 a Myn&THnOnbHOCTb nepexoua 

881 K9B KaK M2 • 

TaKHM o6paaoM1 nouTaep>K.IlaeTCH sapnaHT B cxeM&I pacnaaa H3oMepa ( pHc,1' 

H30M9pHbiii ypOB9Hb HM99T CliHH 8- H pacnaaaeTCH M2 -nepeXO!IOM 811 KSB 

+ 
HB ypoB9Hb 6 poTaUHOHHOII nonOCbl OCHOBHoro COCTOHHHHo npasaa, 

60nbiU8H HHT9HCHBHOCTb HH>KHero rrepexo.na 356 KSB ( CM, Ta6n, 1) yKa3bl

saeT aa To, 'ITO npH pacna.ne uaoMepa HMeeTCH eme cna6btll napannen&H&tll 

+· 
KaCKau ila ypoaeH& 2 • DellcTBHTen&Ho, B y -cneKTpe Ha6niO!Iannc& cna-

6bte KOpOTKO>KHByiUH9 nHHHH 4601 650 H 810 KSB ( CM, pHC, 2) 1 HO !lotfaaaTb 

HX npHHaane>KHOCTb K 
130

Ba m He y.nanOCb H3-3a Manoll HHT9HCHBHOCTHo 

4, 06cy>K!19HH9 

'~'1/2 
.PaKTOp 38!19p>KKH H30M9pHOrO nepexoua COCTaBnHeT F• exp •I 

T1/2•.o . 

TaKoll 6on&moll ljlaKTop aaaep>KKH He scTpeqaeTcH cpeau cljlepuqecKHX u.nep, 

HO usnueTCH xapaKTepHbiM .nnu K -aanpeTa, CTenea& aanpeTa cocTaBnHeT 

I ~K I - L = 6, a ljlaKTOp aaaep>KKH Ha e!IHHHUY aanpeTa numb aeMHOrHM 

6onee ouaoro nopH.IlKa, 3To o6'bHCHHeTcH, no-BH!IHMOMy, TeM, 'ITO uapo 
130

B, 

ne>KHT aa rpaaHue o6nacTn aeljlopMaunH, nouo6Hoe ocna6neHHoe uellcTane 

K- aanpeTa y>Ke H3B9CTHO anu uapa 
190

0s 
/4/ 

7 
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3. PeaynbTaTbi 

MynhTHnonhHOCTH nepexonoa 544, 690 H 881 KaB onpenenHnHCh nyTeM 

cpaBHeHHSI 9KCITepHMeHTanbHblX HHTeHCHBHOCTefi aneKTpOHOB BHyTpeHHefi KOH

aepCHH Ha K -o6ono'!Ke c pac'!~THbiMH 3Ha'leHHSIMH B npeanonolKeHHH, 'ITO 

nepexoll 356 KaB HMeeT MynhTHnonhHOCTb E2 • B Ta6nuue 1 aKcnepHMeH-

TanhHbie OTHOWeHHSI HHT8HCHBHOCTefi aneKTpOHOB 

K -o6ono'!Ke I e conocTaaneHbi aHa'!eHHSIM 

MynhTHnonhHOCTefi HHTepecy~wero nepexona 

BHyTpeHHefi 
aKiy 

aK366 \E21 

KOHBepCHH H8 

JlnSI pa3HbiX 

0 norpeWHOCTH 9THX 3Ha-

qeHHfi o6ycnoaneHbl norpeWHOCTSIMH OTHOCHTenhHbiX HHTeHCHBHOCTefi y -nepe-

XOllOB I y 0 aaHHbiX BO BTopoM cTon6ue Ta6nHUbi, MynhTHITOnhHOCTH c 

L > 3 MOlKHO HCKn~'IHTh Ha OCHO,Be 9KCnepHMeHTanhHOrO 3Ha'leHHSI nepHOlla 

nonypacnana uaoMepa. KaK noKa3hlBaeT cpaBHeHue, MynbTHnonhHOCTh nepexo

llOB 544 H 690 K3B llOllTBeplK.[laeTCSI KaK E2 0 a MynbTHUOnbHOCTb nepeXOlla 

881 K3B KaK M2 • 

TaKHM o6paaoM, ITOllTBepl!<llaeTCSI aapaaHT B cxeMbi pacrrana uaoMepa ( puc,1): 

H30MepHblfi ypoBeHb HMeeT CIIHH 8- H pacrraaaeTCSI M2 -rrepeXOilOM 811 K9B 

'+ 
Ha ypoBeHb 6 pOT8UHOHHOfi ITOnOCbl OCHOBHOrO COCTOSIHHSI, np8Bila1 

6onbW8SI HHTeHCHBHOCTh HHlKHero rrepeXOila 356 K9B ( CM, Ta6n, 1) yKa3bl

aaeT Ha To, 'ITO npH pacnaae uaoMepa IIMeeTCSI ewe cna6bifi napannenbHbifi 

+· 
KacKall iia ypoaeHb 2 • lleficTBHTenhH0 0 B y -cneKTpe Ha6n~aanHCh cna-

6bie KOpOTKOlKHBYWHe nHHHH 4600 650 H 810 K9B (eM, pHC, 2) 0 HO llOKa3aTb 

l!X npl!HaanelKHOCTh K 
130

Ba m He yaanOCh H3-3a Manofi HHTeHCHBHOCTHo 

4, 06cylKaeHae 

Tt/2 7 
¢laKTOp aaaeplKKH H30MepHoro nepeXOll8 COC'!'aBnS!eT F• exp •10 . 

Tl/2 s.p. 

TaKofi 6onhwofi ljlaKTop aaaeplKKH He acTpeqaeTCSI cpellH cljlepH'IecKHX Hllep, 

HO HBnHeTCSI xapaKTepHbiM anSI K -aarrpeTa. CTeneHh aanpeTa cocTaBnHeT 

I ~K J - L = 6, a ljlaKTOP aaaeplKKH Ha eaHHHUY aanpeTa nHWb HeMHorHM 

6onee OllHOrO IIOpS!llK8o 3TO 06'bSICHS!eTCSI 0 IIO-BHllHMOMy, TeM 0 'ITO SlllpO 
180

Ba 

nelKHT Ha rpaHaue o6nacTH aeljlopMauuu. noao6Hoe ocna6neHHOe neficTaHe 

K- aanpeTa yll<e H3BeCTHO llnH Slllpa 
190

0s 
141 

7 
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Ha puc. 4 npMBOJIMTCSI cxeMa HM)Kaiirnnx !IBYXKBA3H'IACTH'IHbiX Bo36y)K-

" 130 /5/ 
AeHHhtX cocToHHMM Hnpa Ba no pac•rt!!TaM ApceH&eea H Jlp. .HMeeTCSI 

llBA COCTOSIHMSI CO CITMHOM 8- M C 3HeprMeii B036y)KJieHHSI 0 6J1H3KOH K 3KCITe-

pHMeHT8/lbHOMy 3HA'IeHMIO: llBYXHelhpOHHOe COCTOIIHMe n404t +n 514 t IT pH 

f > 0 M neyxnpOTOIIHOe COCTOSIHMe p 4!Jl + p 505t npM f < 0. llByXHeliT-

pOHHOe COCTOSIIIMe 8- He IIBJl!leTCSI H30MepHbiM B 3TOii CXeMe. 0JIHAKO TO'IIIOCTb 

pac'I&Ta aneprnii eo36y)Kneunii HeBeJlHKa, TAK KaK CXeMa OJIHO'IaCTH'IHbiX 

ypoeneii B uHTepecyiOUieii o6nacTM Hnep He M3BeCTHa nocTaTO'IHO xoporno. 

KpoMe TOr'O, npM yqi!!Te CITHH-cnMHOBOr'O B38HMO!IeiiCTBHSI ypoBeHb n 523 t +n514t' 

ITOIIHMMaeTCSI 0 B TO BpeMSI KAK ypoBeHb n 404 t + n 514 t onycKaeTcH. 

EcTb onHo aKcnepuMeuTanbHoe yKa3auue na To, 'ITO H30Mepnbrii ypoBeHb 

SIBnSieTCSI neyxneiiTpOHHbiM COCTOSIHHeM. B Hllpe 
132 

Ce c N 74
1 

KAK H Y 

130
Ba, nenaano o6Hapy)Keu, no-BHllHMOMy, nono6Hblii H3oMep c aueprueii 

+ 
B036y)KneHHSI 2,34 Mae, KOTOpbiH pacnanaeTCli HA ypOBeHb 6 poTaUH-

.. /6/ 
OHIIOH ITOJ10Cl>l HaMH 6btnH npennpHHliTb! nonbiTKH uafiTH cooTBeTCTByiOutHe 

M3oMephr B Sinpax 
134 

Nd 74 H 
136 

Sm 74 B peaKUHliX ( 
40 

Ar, 3~) H 

( 
40 

Ar, 4 n ) npu 6oM6apnupoaKe MHrneueii H3 ecTeCTBeuuoro Monu6neua H pyTe-
40 6 + 

HHH uouaMH Ar · Ho JlHHHH Ei 3anep)Ka11HOM y -cneKTpe c nepuonoM nony-

pacnana B npenenax 0,2 ••• 200 MCeK 11e Oh!JlH o6uapy)Kellbi. 

A BTOpbl Bbtpa)KaiOT 6naronapHOCTb aKaneMHKy r .H .<Pnepoay. npo¢. 3. BHnb

renbMH H rrpo¢. B.r.Conoabeay 3a HIITepec K pa6oTe, ll.A.ApcellbeBy 3a o6-

Cy)KlleiiHe pe3yJ1bT8TOB H rrpoaeneHHe paC'I~TOB H rpyrrrre 3KCITnyaTAUHH UHKJlO

TpOIIA Y-300, pyKOBOIIHMoii E.A.3arepoM, 3a o6ecneqeuue 'I~TKoii pa6oTbi ycKo-

pHTemr. 
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