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1. BaeneHHe 

OepBhle peaynbT8Thl HCCnellOB8HHit B036Y*lleHHhlX COCTOSIHHit ·B 
20 48i 

/1 I 20sA 
5hinH nony'leHbl CTOHepOM , KOTOpbiH, H3Y'I8SI an&IPa-pacnall t , Ha6-

nrollan cosnalleHHSI Me*llY an&~a-'laCTHU8MH H raMMa-nHHHeH c aHeprHeA 

120+ 10 K9B, 

/2/ 
H ellaBHO ony6naxosaHhi peayn&TaThi H3MepeHHli raMMa-cneKTpa H3 

pacnaaa 
204

Po nyTeM aneKTpOHHoro aaxsaTa, Ha .OCHOBaHHH cyMM 9Hepraii 

OTllenbHhlX nHHHfi MO)[{HO 6hinO CllenaTb HeKOTOpbie npelliTOnO)[{eHHSI 0 CTpyK

Type ypOBHeH 2048i . 

OposelleHhl T8K)[{e H3MepeHHSI CITeKTpa aneKTpOHOB KOHBepCHH H3 pac

IT8ll8 
204 

Po nyTeM aneKTpOHHoro aaxsaTa /3/. OollTBep*lleHo cywecTso

BaHHe nepexollos, ycTaHosneHHhiX a pa5oTe, l2l, H onpelleneHhi Myn&Tsmon&

HOCTH 5onblliRHCTB8 nepeXOllOB Ha OCHOBe ll8HHhlX 06 ~HTeHCRBHOCTSIX K -

H L -nRHHH anH sena'IHHax xoa~HUReHTOB BHyTpeHHefi KOHsepCHH K -o5o-

nO'IKH, nony'leHHhiX H3 HOpMHpOBJs:R I J I K TeopeTH'IeCKHM KpRBhiM. 3Ta v 
H3Mepe!IHSI IT03BOnHnH on;pellenRTb nonHble HHTeHCHBHOCTH OTllenbHhlX nepe-

XOllOB, 

B HaCTOSimeA pa6oTe npellCTasneHhi peayn&TaTbi H3MepeHait raMMa-raM

Ma-cosnalleHHA, nposelleHHbiX C llOMO!UbiD llBYX repM8HHeBblX lleTeKTOpOB, 

Ha OCHOB8HHH aToit pa60Tbi H pa6oT l:l,3/ MO)[{HO npellnO*RTb cxeMy ypos

Heit 204Bi. 
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HOI'O 

J130TOII 

208 Rn 

2 • 3KCTiepHMeHT 

2 Q4 Po o6pa30BancH B pe3ynbTaTe anb$a-pacna~a 23-MHHYT-

1 CHHT93Hp0B8HHOI'O B peaKUHH IY7Au( UN, 4n) 208 Rn Ha UHK-

noTpOHe TH)KenhiX HOHOB lla6opaTopHH H~epHhiX peaKUHH OHHH. 
10 

3onoTaH $onhra TOniUHHOH 10 MHKpOH o6ny'lanacb HOHaMH N 1 yc-

KOpeHHhiMH ~0 8Hepi'HH 80 M8B IIpH TOKe 1 10-1 15 MHKpOaMnep 1 B T9'19HH9 

5 '!8COB. Ilocne o6ny'!eHHH MHIII9Hb IIO~BepranaCb XHMH'IeCKOH 06pa60TKe/2 13/ 

c rrocne~yiOmeii: a~cop6uHeii: rronoHHH Ha TOHKOH cepe6pHHOH $onbre. CrreKTphi 

coBna~eHHH H3MepHnHCb c IIOMOIUb!O ~BYX Ge(Li)-~eTeKTOpOB H 6wcTpo

Me~neHHOH CX9Mhl COBII8~9HHH 1 OIIHC8HHOH B pa6oTe Banb'I8Ka H ~p. ! 4 !, 

Pa3Mephi HCnonb3yeMhiX HaMH nap ~eTeKTopoB 6hinH 13 H 4 15 cM3i HnH 13 

H 33 cM3. Pe3ynhTBThi 1 npencTaBneHHhie Ha pHc. 2 H 3
1 

nony'leHhi c npHMe

HeHHeM naphi 6onhiiiHX neTeKTopoB. 8HepreTH'IeCKaH pa3pe11IaiOIUaH crroco6-

HOCTb cneKTpoMeTpa cocraBnHna 3 15-4 K8B ~nH nHHHH 661 K8B 
137 Cs, 

TOI'~8 K8K BpeMeHH8H pa3p91ll8IOIU8H CIIOCOOHOCTb COCTaBnHna 50 HCeK, 

3. PeaynbTaThi 

H a pHc. 1 npe~cTaBneHa HH3KOaHepreTH'IecKaH qacTb Y -cneKTpa, 

IlpHCyTCTBHe nHHHH 63 K8B o6'hHCHHeT aaoManbHO 6onhwoe OTHOWeHHe K

H L .-nHHHH B cneKTpe aneKTpOHOB KOHBepCHH nnH nepexo~a 137 KaB: nH-

HHH L 63 rrepeKphiBaeTCH nHHHeii: K 137 /3/. 

BpeMeHa )KH3HH y -nHHHH 63 K&B H cna6hiX nHHHil 107 15; 116 15; 131 
204 I) 

H 151 K8B 6nH3KH K BpeMeHH )KH3HH r 0 1 HO OIIpeneneHhl C OOnblliHMH 

owH6KaMH H1 cne~oBaTenbH0 1 TPY~Ho 8TH y -nepexonhi c rronaoii: yBepea

HOCTbiO OTHeCTH K pacnany 
204Po . 

Ha pHc. 2 H 3 rrpe~cTaBneHbi raMMa-crreKTpbi rronoHHeBoro HCTO'IHHKa 

IIpH 38IIYCKe BOpOT CIIeKTpOMeTpa I'8MM8-nHHHHMH 884 1 1016 H 1040 K8B, 

0TM9'18IOTCH CJ.lnbHhle COBII8~BHHH nHHHH 1016 K8B C nHHHeH 270 K8B 

H nHHHH 1040 K8B C n!fHHeH 137 K8B, IlpH 3anyCKe BOpOT I'8MM8-nHHH9H 

884 K8B 6wno ~ ;TaHOBneH01 'ITO OH8 COBII8~8eT K8K C nHHHeH 137 ~8B 1 T8K 

H C nHHH9H 27C K8B, IlOHBneHHe B nocne~HeM CII9KTpe nHHHH 375 K8B 1 npH-

204 Pb Ha~ne)Kameii: 1 o6'hHCHHeTCH wHpHHOii: BOPOT 1 KOTOphie qacTH'IHO 
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aaxaaThiBanH CHJihHYlO JIHHHlO 899 KSB ( 
204 Pb ) , aaceneaay10 nepeXOilOM 

375 K3Eio 8TH ll8Htlbie, KSCSlOII!HeCSI OSITH HSH60nee CHJlbHbiX I"SMMa-nepexo

AOEI, SIEIJISIIOTCSI OCHOBOJl: llJlSI onpeAeJieHHSI OCTOE\8 CX9Mbl ypOBHei!: 
204 8i . 

3anyCK I"SMMa-cneKTpa JlHHHSIMH HH3II!HX 3Hepi"HJl: n03BOJIHJl nony~HTb 

nononHHTeJlbHYIO HHcpopMaUHIO. Ta6n. 1 npencTaansreT peaynbTSThi acex cepHH 

H3MepeHHH. Tpeyi"OJlbHHKSMH o603H8~9Hbl CHJlbHhle COBna.oeHHH, KpeCTHKSMH -

cna6bre. 

4. 06cy)l(neHHe 

naHHbl9 0 COBna.QeHHSIX M9)KilY JlHHHSIMH 137, 270, 884, 1016 H 1040 K3EI 

noaaonHIOT onpe.oenHTb PHil B03MO)I{HhiX aapHaHTOB ypoaaeH:. O.oHaKo HeKoTo

phre aapHSHTbl MO)KHO 6hiJIO HCKJllO~HTb, Y~HTbiBS.SI TOT cpaKT, ~TO SHepi"H.SI 

CSMOI"O Elb!COKOI"O ypOBHSI He M0)1{9T npeBb!II!STb nOJiiiOJl: 3Hepi"HH nepeXOila, 

onpeAeJieHHoll: Mall:epcoM H CaSITeUKHM KaK 2,168 Mss 151. Ha ocTaJibHhiX 

He06XOilHMO 6b!Jl0 Elhi6paTb BapHSHTbl C npaBHJlbHbiMH OTHOII!eHH.SIMH Me)KilY 

nepexoAaMH 137, 270 H 884 KSB. Cna6bie cosnaAeHHH Me)KilY JIHHHHMH 137 

H 270 K3B H CHJlbHble Me)KilY K8)K)l0il: H3 HHX H JlHHHeil: 884 K9B yKa3biB8lOT 

Ha Cyll!eCTBOB8HH9 B03MQ)KHb!X KSCKSilOB 137 -+ 884'-+ 270 HJlH 270-+ 884 -+ 137 • 

Mo)KHO nocTpOHTh ABe anhTepHaTHBHhiX cxeMhi yposHell: c nepexoAaMH a oc

Hosaoe 90CTOSIHHe 137 HJlH 270 K3B, y~HTb!B8SI npeAnOJISI"89Mhie /2/ KSCKa

llbl 204 + 680 ""884 H 103 + 121 .. 884 H llSHHbie Ta6JIHUbl 1. 

AHaJIH3 6aJiaHCa HHT9HCHBHOCTell: nepeXOilOB n03B01lSI9T HCKJllO~HTb BTO

poll: BapHSHT. CxeMa ypOBHell: C nepeXOilOM 137 KSB B OCHOBHOe COCTO.SIHHe 

npeACTSBJleHa Ha pHC. 4. HMeeTCSI CllellylOII!HH 6anaHC HHTeHCHBHOCTell: llll.SI 

npe.onaraeMoll: cxeMbi yposaell:: cyMMa HHTeHCHBHOCTeil: scex nepexoAos, Bhi~HC

neaaag AJISI HHTepsana M9)K.Qy ypoBHSIMH 137 H 258 KSB, paBHHeTC.SI ( B npeAellaX 

OWH60K - 8%) CYMMe HHTeHCHBHOCTe,H nepeXOAOB Ha '19Tblpe BepXHHX ypOBHH, pac

na.o Ha KOTOpble H.Q9T nyTeM 3JleKTpOHHOI"O 38XBaTa. 

npaBHJlbHhiR oanaac nony'laeTcsr TSK)Ke .onsr rnasHbiX yposaell: cxeMbi, 

a HMeaao - 1021 H 137 K3B. (nnsr nocne.oaero a npe.onoJIO)K9HHH, ~To MYJlb

THnonbHOCTb nepeXO.Qa 137 K3B SIBJ1SI9TCSI M 1; ~TO 6y.oeT 06Cy)K.Q8TbCSI HH)K9) • 

CywecTayeT ewe· OAHa aoaMO)KHOCTb npoaepKH npasHJibHOCTH cxeMbi 

yposaell: 20 "Bi- nyTeM KOHTponsr 6anaaca HHTeHCHBHOCTH nepexo.oos s.ueno~Ke 
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1556 T 

f~27 
129-f 
1177 

102{ 

Bf7 

2SB 

137 

5 
0 

535 

~Oi6 

. T 

270 .306 -10~0 

2011 

Bail 680 763 

~r 

131 
~ 

20'1 BL 
PHc,4, CxeMa ypOBHell 204 8i , npennmKeHHBll HB OCHOBBHHH H3MepeHHll 

cneKTpoa y - Y -coananeHHll c y'leTOM naHHhlX pa6oT 121 H 131, 

10 

2o4p0 ... 2o'Bi ... 2o4 Pb • CyMMy HHTeHCHBHOCTH nepeXOJlOB 204 Bi _2° 4 Pb 

MO>KHO onpeJlenHTb JlOBOnhHO npoCT01 .TaK KSK Ha OCHOBHOe. COCTOSIHHe 204 Pb 

HMeeTCSI eJlHHCTBeHHhll nepeXOJl E2 c aaeprHel 899 xaa 161. B raMMa-cnexT-

pe H3 pacnaJla 
204 Po 

STOT nepeXOJl Ha6n~Jl8nCSI B pa6oTe /2/ 1 npH STOM 

6bin8 H3MepeHa HHTeHCHBHOCTb l"SMMS-nHHHH 899 KSB, 

Pac'leTbi noKa3biBa~T 1 'ITO HHTeHCHBHOCTb n~pexoJla 899 xss Ha 11% 

60nbWe CyMMbl HHTeHCKBHOCTel nepeXOJlOB H8 'leTbipe BepXHHX ypOBHSI 
2048i . 

TaxHM o6pa30M 1 6anaac HHTeHCKBHocTel noJlTBep>KJlaeT npaaHnDHOCTb npeJl

.IJ8I'aeMol cxeMbi ypo~Hel. 

Ha OCHOBSHHH nocneJlOBaTenbHOCTH nepeXOJlOB H Jl8HHbiX 06 HX MYnhTH

nonbHOCTSIX MO>KHO nonbiT8TbCSI onpeJlenHTb CDKHbl H '19THOCTH OTJlenhHbiX 

ypOBHei, 3xcnepHMeHTanhHO MynhTHDOnhHOCTb nepeXOJl8 137 KSB onpeJlenHTb 

He yJlanocb - npeJlCTasneHHbJe apryMeHTbi 
131 Jlonycxa~T M1 HnK E2. 

XoTsr MYnDTHDOnDHOCTb M 1 noasonsreT coxpaHHTb nocTosrHCTBO cyMMbi 

nepexOJlOB JlO OCHOBHOI"O COCTOSIHHSI1 OJlH8K0 1 HCDOnb3YSI Jl8HHbl~_anb~a-pacna-
20S A 

Jla t .1 cneJlyeT y'leCTb H Jlpyry~ B03MO>KHOCTb, EcnK HCXOJlHTb H3 

JllilHHbiX CToHepa 11 I npH COCTaaneHHH CXeMbl ypoaaeit H OTO>KJleCTBnSITb HJleH

TH~HUHpOB8HHblit B a -p8CD8Jle nepeXOJl 120:!: 10 KSB C nepeXOJlOM 121 KSB 1 

onpeJleneHHhiM aaMH, B03HHKa~T TPYJlHOCTH B ycTaaosneHHH npaBHnDHoA 

nocneJloBaTenhHOCTH nepeXOJlOB 
111• HaM npeJlcTasnsrnoch B03MO>KHbiM npeJl

nono>KHTh, 'ITO nepeXOJl 120:!: 10 KSB COOTBeTCTByeT nepeXOJly 137 KSB. 3TO 

npeJlnono>KeHKe aawno sxcnepHMeHTan~>aoe noJlTBep>KJleHHe a pa6oTe 4yMHHa 

H Jlp. 
181, rJle 6bma o6aapy>Keaa a a -pacna:Jle 

208 
At rpynna anb~a-'lac

THU C SHeprHel, H8 136 KSB M9HbWeit 1 '19M SH9pi'HSI anb~8-'18CTHU nepeXOJlB 

B OCHOBHOe COCTOSIHHe, 

ABTOpbl pa60Tbl 18/ He HBWnH anh~a-nHHHH 1 HJleHTH~HUHpOBBHHOI CTo

HepoM. Ha OCHOBBHHH STHX HH~OpM8UHI MO>KHO 6binO 6bi CJlenaTb HeKOTOpbie 

BbiBOJlbl 0 CDHHe H 'leTHOCTH ypOBHSI 137 KSB 1 eCnH 6bi 6binH H3BeCTHbl CDHH 

H '19THOCTb OCHOBHOI'O COCTOSIHHSI 208 At • 

CpaBHeHHe OJlHO'IBCTK'IHbiX KOH~Hl"YPBUHit npOTOHOB H JlblpO'IHbiX COCTOSI-

H!!A aeiTpoHOB B o6naCTH HeATpOHOJle~HUHTHbiX H30Tonos Pb 1 Bi H Po 

U03BOnSieT CyJlHTb 0 TOM, ~TO KOH~HI'ypaUHSI OCHOBHOI'O COCTOSIHHSI 

( 
-2 -1 ) 3 

onpeJlenSieTCSI xax p t/2 r6/2 o/2 h 9/2 • Tax KaK H3MepeHHble AxceHCTOM 

11 



H OncemoTCOM 
191 

crrHHbi H 'leTHOCTH
204 Po H 208 Po oKa3allHCb 0+ 

MO:lKHO rrpet:tnOliO:lKHTb, 'ITO H B 208 At rrpH Cl!O:lKeHHH CIIHHOB llBYX IlpOTO-

HOB B COCTOHHHSIX h gj2 COCTOHHHe 0+ HMeeT TO:lKe rrpeo6l!a.llaiO!IlHII: CTa-

THCTH'leCKHII: BeC, 

Cno:lKeHHe llblpO'IHOI'O COCTOHHHH f 6/2 H rrpOTOHHOI'O h 9/2 llOll:lKHO 

llaTb, COI'li8CHO 3aKOHY Cna6oro B3aHMO,Ileii:CTBHH0 COCTaBliSIJO!IlHII: CIIHH 6+, 
!;10(8 

DpHMepOM HlleHTH'tHOI'O Cl!O>KeHHH CIIHHOB MOI'YT CliY:lKHTb H30TOIIbl i 

H 206 8i , y KOTOpb!X 9KCrrepHMeHT8llbHO ycTaHOBlleHbl CIIHHbl 6+, 

Ha OCHOBaHHH 9THX apryMeHTOB Ka:lKeTCH pa3yMHbiM C'lHTaTb, 'ITO CIIHH 

H 'leTHOCTb 208 At HBl!HIOTCH 6+, B aTOM cny'lae anb$a-pacna.ll
208 At B 

OCHOBHOe COCTOHHHe 
204 Bi 6hin 15bl o6ner'leHHbiM nepeXOllOM C HCIIyCK8HH

eM sonHbi L = 0 6ea cymecTseaaoro H3MeHeHHH KOH$HrypaUHH. 

Cornacao aMnHpH'IeCKOMY 3aKOHy 
1101 , HHTeHCHBHOCTb napuHanbHOII: 

L -sonahr anb$a-nepexo.ua (He HBliHIO!IlerocH o6ner'leHHhiM), Ha onpe.uenea

Hoe COCTOHHHe MeHHeTCH TaK1 KaK M9HH9TCH BepOHTHOCTb 9li9KTpH'l9CKOI'O 

2 L -IIOllbHOI'O nepeXOll8 Me:lK.UY 9THM COCTOHHHeM H COCTOHHHeM1 Ha KOTo

poe HMeeTCH o6ner'leHHbiii: anb$a-pacna.u. Tor.ua MO:lKHO yTsep:lK.UaTb, 'ITO 

HHTeHCHBHOCTb 8llb$a-nepeXOll8 H8 B036y:lK.UeHHOe COCTOHHHe 137 K9B c' HCrryc

KaHHeM napUHallbHOII: BOl!Hbl C L = 1 llOll:lKHa 6biTb O'leHb Mana, TaK KaK 

y c!lJepH'IeCKHX H.Uep aToll: o6nacTH ( A, Z ) nepexo.u E 1 ManosepOHTeH, 

Dpe.ucTasneHHbie apryMeHTbi rosopHT B nonbay MynbTHIIOllbHOCTH E2 

.un~ nepexo.ua 137 Kas, 

EcnH CIIHH ypOBHH 137 K9B onpe.uenHTb KaK 4+, TO Ha OCHOB8HHH ycTa

HOBlleHHblX MynbTHrronbHOCTeH: nepexo.uos nonyqaeTCH cne.uyroruaH nocne.uo

saTenbHOCTb CIIHHOB OTll9llbHblX ypoBHeH: 

258 K3B - 3+; 817 K9B - 3+; 1021 K9B - 2+; 

1177 K9B - 1-; 1291 K3B - 1+; 1327 K3B - 1+; 1556 K3B - 1+, 

nepexo.u 884 K3B, KOTOpb!ll: 6bin onpe.ueneH KaK E1 ( MYllbTHIIOnbHOCTb E2 

He HCKliiO'IallaCb), BepOHTHO, HBl!HeTC H nepeXOllOM E2, TBK KaK B K8CK8ll9 

204+680 =884 o6a OHH xapaKTepH3YIOTCH MYllbTHIIOllbHOCTbiO Ml. nepexo.u 

1040 K9B 1 y KOTOpOI'O K03$$HUHeHT BHyTpeHHeH KOHBepCHH C K -o60li0'1KH 

cooTBeTCTByeT KaK MynbTHIIOllbHOCTH E3, TaK H MynhTHIIOllhHOCTH M1, orr-

pe.ueneH KaK E3. 

12 

LlnH CIIHHOB H '19THOCT9H 1 yCT8HOBli9HHbiX TaKHM o6pa30M, pacrrall 

nyTeM aneKTpOHHoro 3axsaTa Ha. 'leTbipe sepXHHX ypoBHH 204 Bi 6bm 6bi pac

rra.uoM c t. J = l. log ft .unH nepexo.uos Ha ypoBHH 1556; 1327; 1291 H 

1177 K3B CO~TB9TCTB9HHO paseH 6,0; 6,5; 5,9; 6,5 H YKll8llbiBaeTCH B On<H

ll89Mb!X rrpe.uenax Ill I lll!H pa3pellieHHbiX ( t. J 1 HeT) H OllHOKpa THO 

3arrpemeHHbiX L'1 J "' 1 , .ua) rrepexo.uos, 
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