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/.BBe!leHHe 

HeiiTpoHo.oe$HUHTHbie H30TOnbi acTaTa H3BeCTHbi no paHee ony6nHKOBaH-

HbiM pa6oTaM 11 1 snno'llb .oo 1 9 6 At , HO H3y'leH TOJlbKO HX a -pacna.o. 

200A 202 A Ill Y He'leTHo-He'leTHbiX H30Tonos t98 At , t H t Haii.oeHbi Hao-

Mephi no cymeCTBOBaHHIO B a -crreKTpe JlHHHH C .QBYMSI rrepHO.QaMH rronypac

rra.Qa, llpyi"HX .QaHHbiX 0 B030Y)!(.QeHHb!X COCTOSIHHSIX 9THX SI.Qep, a TaK)!(e 06 

HX {3-pacrra.oe IIOKa HeT, C IIOMO!I{blO pa6oTalO!I{HX Ha IIY'IKe TSJ)!(eJlbiX HOHOB 

C£(Li) -AeTeKTOpa H TOpOH.QaJlbHOI"O (3 -cneKTpOMeTpa y,oanOCb HaRTH 

CJly'laH KOpOTKO)!(HBymei"O H30MepHOI"O y -rrepexo,oa B SI.Qpe 
2 0 3At , 8 T8K

)!(e Ha6niO.oa Tb y -nepexo.Qbi H3 (3 -pacrra.oa SI.Qpa 
204 At . MeTO.OHKa 9K

cnepHMeHTa 6hma orrHcaHa B paooTax 13,41. 

II . 3KciiepHMeHTanbHbre pe3ynbT8Tbi 

OpH o6ny'leHHH MH!IIeHH aonoTa ycKopeHHbiMH HOHaMH 
12 C obma Hail-

.oeHa HoBaSI aKTHBHOCTb c nepHO.OOM rronypacrra.oa T 1 12 = ( 108 .± 10) MeeK. 

TaKaSI )i(e aKTHBHOCTb Ha6niO.oanacb cpe.oH rrpo.oyKTOB peaKUHH 
191 lr ( 18 0, x n). 

faMMa-crreKTpbi, H3MepeHHbie KOaKCHaJibHbiM Ge ( Li) -.oeTeKTOpoM ( c o6'beMOM 

4,5 cM
3 ) B .OHanaaoHe 9Hepi"HH OT 40 K9B .oo 2,4 M9B, noKa3biBaiOT, 'ITO 

TOJlbKO JlHHHSI c 9HeprHeH E Y = 585,3 ± 0,2 K9B HMeeT 9TOT rrepHO.Q nony

pacrra.oa (pHc. 1). ToT $aKT, 'ITO Ha JIHHHH c 9Hepi"Hefi 511 K9B HeT aaMeT

HOI"o KOM!IOHeHTa C rrepHO.QOM rronypacrra,oa 108 MCeK, yKa3biBaeT Ha TO, 'ITO 

HOB8SI 8KTHBHOCTb SIBJlSieTCSI H30MepHOH, 
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CneKTp aneKTPOHOB BHyTpeHHel% KOHBepCHH aToro raMMa-nepexoJla 6bm 

H3f\.1epeH Ha nyqKe C nOMOIIlbiO TOpOHJl8JlbHOI'O 6eTa-cneKTPOMeTpa /3/• Tio

nyqeHHbii% cneKTp noxaaaH Ha pHc. 2. OH noaeongeT onpeJleJIHTb paaHHUY aHep

I'Hii cegaH K - H L -anexTpOHOB ~ E aToMa, B 51/lpe KOToporo npoHc-
KL 

XOJlHT JlaHHhiH I'aMMa-nepexoJl. 3xcnepHMeHTanbHoe 3HalJeHHe ( 6ea nonpaeox 

no MynbTHnonbHOCTH) noxaabiBaeT, 'ITO raMMa-nepexoJl E y= 585 xae oTHo

CHTcg K 0/lHOMy H3 H30TOnOB SCTaTa ( Z = 85 ),H_JIH HHalJe I'OBOpg, HOBblii H30-

Mep He s03HHKaeT B npouecce aeneHH51 o6paayeMOI'O s peaKUHH Au + 12 C 
KOMnayHJl-51/lpa. 

Y!a cnexTpa KOHBepCHOHHhiX aneKTPOHOB (eM. pH c. 2) 6hmo nony'l:eHo 

a 
OTHO!lleHHe -L-= 1,5 ± 0, 1. CpasHeaue sTofi seJIH'IHHhi c TeopeTH'IeCKHMH 

3HS'IeHHgMH 

XOJla - E3. 

a L+M 
( C M. TaOJIHUY) nOK83biB8eT 1 'ITO My JlbTHnOJibHOCTb aTOI'O nepe-

TipHnHCSHHe eMy MYJlbTHnOJibHOCTH M41 llJ151 KOTopoil: HMeeTC51 

OJ1H3KOe OTHO!lleHHe 
aK 

1 HeB03MO)KHO no cneJlyiOIIlHM npH'IHHaM: 

a L+ M 
1. J.13 I'SMMa-cneKTPa cpasHeHHeM ObiCTpol% KOMnOHeHTbl PeHTI'eHOSCKO-

I'O Hany'leHHg c H3y'laeMbiM y -nepexoJlOM nony'leH sepXHHii npeJlen Koa~ 

<jJHUHeHTa K -KOHsepCHH a < 0 113; TeopeTH'IeCKHe Koa<P<PHnneHTbi 1 sagThie 
K. 

H3 pa6oTbi !81 1 cocTasngiOT a (E3) =0,04 1 a a ( M4) = 0,86 . 
.1<. K 

2. 3xcnepHMeHTanbHO onpeJleneHHbiH nepnoll nonypacna}la aa "'10
3 

MeHb-

llle OllHO'IaCTH'IHofi oueHKH Jlng M4-nepexo}la ( T ,12 (M 4)"' 6·102 cex). Ta

KOI'o OT~JlOHeHHg OT TeopeTH'IeCKOJ% 0/lHO'IaCTH'IHOH CKOpOCTH JlJlg M 4-nepe

XOJlOS He HSOJliO}laeTcg. 

CpasHeHHe axcnepHMeHTanbHO nony'leHaoro nepnoJla nonypacnaJla c noll-

C'IHTaHHhiM no BalicKon<Py 

Top aanpera F = 6·10
3• 

3Ha'leHHeM Jlng MynbTHnonbHOCTH E3 JlaeT <Pax-

3HaHHe MYJlbTHITOJlbHOCTH noason51eT HaliTH ueHTp TH)KeCTH L-nHHHH 

H TO'IHee onpeJlenHTb pa3HOCTb aHepi'HH K- H L -anexTpOHOB ~ EK L" 

3xcnepHMeHTanbaoe aaalJeHHe ~ E K L(exp )= (79,2 ±. 1,1) Kas xopolllo cos-

na}laer c O)KHJlaeMoli senH'IHHOfi ~ EKL 78,8 xas Jlng acTaTa ( Z = 85), 'ITO 

CSHJleTenbcTsyer o TOM, 'ITO H30Mep o6paayeTcg s peaKUHH 197Au( 12C,xn) 209-x At. 

lJTOObl HCKJIIO'IHTb C JlOCTOSepHOCTblO H8J1H'IH9 H30Mepa S gJlpe noJIOHHg (Z=84), 
Mbi nposenH nepeKpecTHhie peaKUHH Pt ( 1 2C , x n ) Po s JlHanaaoHe aHepi'HH 

HaneTaiOIIlHX HOBos or 60 ao 80 Mas. OrcyTcTs!fe JIHHHH E y= 585 KaB 
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B Jl8HHOM I'SMMa-cneKTpe ITOJlTBep)K}lSeT Bb!B0Jl 1 'ITO HOBbiJ% H30Mep OTHOCHT

C51 K'HeiTpOHOile<PHUHTHOMy H30Tony 8CT8Ta. 

~YHKUH51 B030Y)KJl9HH51 H30MepHOI'O COCT051HH51 He llOCTHI'aeT MSKCHMyMa 

npH MaKCHManbaol% aHeprHH HaJieTaiOmux 'laCTHU (puc. 4). X on nepeoro y'lac 

Ka KpHBOJ% B030Y)I(Jl9HH51 XOpO!liO COBITS}laeT C H3MepeHHOI B paOOTe /6/ KpH 

soli B030Y)KJleHH51 197Au( 12 C,6n) 203 At, MaKCHMYM KOTOpoA H8XOJlHTC51 OKO

JlO 95 Mss. no JlSHHbiM aTOH pa60Tbl Ce'leHHe peaKUHH 197Au ( 12 C, 7 n) 
202 At 

B OOJ18CTH aHepi'HH HOHOS 
12 C HH)Ke 80 Mas eme npeHeope)KHMO M8Jl0 0 TSK 

'ITO H80J1IO}l8eMag HSMH H30MepHaSI SKTHSHOCTb MO)KeT Ob!Tb C JlOCTOsepHOCTb 

npnnHcaHa 51/lPY 
203 At. 

B y -cnexrpe aaMeTHbi llPYI'He CHJlbHhie, HO 6onee JlOJII'O)KHBYIIlHe JIH 

HHH. 0HH OTHOC51TC51 K 6onee Tg)KeJlbiM H30TOIT8M. aCTaTa. YIHTeHCHBHOCT 

y -JlHHHH 426 H 682 KaB MeHgJOTC51 COOTBeTCTBeHHO KpHSOJ% B030Y)KJleHHg ( pHc.4 

peaxuHH 
197 Au( 12C, 5n) 204At, • B npyi'HX H3MepeHHSIX, n~oeeneHHhiX c ny'l 

meA paapeiUaiOIIleA CITOCOOHOCTbl01 Bb!llen51eTC51 J1HHH51 516 KaB, KOTOpa 

HMeeT, KaK H JIHHHH 426 KSB H 682 Kas, nepHOJl nonypacnaJla T 1!z =10±1 MHH 

'ITO HaxonuTcH B coi'nacnH c paaee onpeneneHHbiM nepHO/lOM nonypacnaa 

204 At 12!. 

Ha6niOnaeMbiii nepexon 

205A 
HOCHTCSI K pacnany t\t , 

E y = 718 KSB ,no JlSHHbiM 

HI. 06cyJK.aeHHe peaynbTaTOB H3MepenHii 

paOOTbl /8/ OT 

TioKa O'leHb M8Jl0 CneKTpOCKOnHqeCKHX /lSHHbiX 0 S030Y)KJleHHbiX ypoB-

HSIX HelirpoHolle<PHUHTHbiX SIJlep s o6nacTH Z > 82 H N < 126. TiosTOMY TPYil-

HO OJlH03Ha'IHO oobHCHHTb <PaxT HaJIH'IHH HaoMepH~ B SI/lpe 
203At • Mo)K 

HO 0)KHJl8Tb1 'ITO OHa CBSI38H8 C HSJIH'IHeM H9'1l!THOI'O npoTOHSo 00bi'IH8SI OOOJ1Qqeq

Ha51 MO}lenb clflepH'IeCKOI'O S!Jlpa He MO)KeT OObSICHHTb H80JllOJl8eMOI'O'E3-nepexo

Jl8o nng c<PepH'IeCKHX Slllep nocne}lOBaTeJlbHOCTb npOTOHHbiX ypoeaeA CJleJlyiO

WaH: g9/2 0 i7/2 0 f7/2 • 3TO ITOllTBep>KJleHO OITbiTOM llJl!il. .S!Jlpa 

209 Bi 191. Y!a-aa H3MeHeHH51 'leTHOCTH npH E3-nepeXOJle H30MepBbiM Mo

)KeT Ob!Tb TOJlbKO yposeHb 13/2, TOI'Jla OCHOBHbiM COCT051HHeM ll0J1)K9H Ob!Tb 

ypOBeHb 7/2. TiepeXOJl C ypOSH51 13/2 Ha OCHOSHOe COCTOgHHe Ob!Jl Obi TOJlb-
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KO TOI"Aa ao3MO}I{eH, KOI"Aa s smpe 203 At yposeHb 9/2 aaxoAHncg 5hi Bbime 

ypoBHH 13/2, a TaKoe npeAnono}l{eHHe gsnHeTCSI ManosepOHTHbiM, BbiXOAOM 

Ka}l{eTCSI npeAnono}l{eHHe o AecfJopMaUHH 203 At , KOTopoe 03Ha"'ano 5bi1 'ITO aTo 

smpo S!BnHeTCSI nepeXOAHbiM K o5naCTH .neciJopMHpOBaHHblX smep, XOTH "'HCnO 

rrpoToHOB oTnH"'aeTCSI TonbKO aa TPH OT Maru"'eCKoro "'HCna. TaKaS! aosaH 

ll1 /10/ 
o5nacTb uecfJopMauull: 5bma npeAcKa3aHa enali:HoM H .npyrHMH • K CO}I{a-

neHIUO, HeT paC"'eTOB )lnSI z > 82 , HO ITO aHanOI"HH C smpaMH B o5naCTH 

Z < 82 c TaKHM }l{e KOnH"'eCTBaM aeli:TpOHOB, KaK s 203 At • MO}I{HO no Ky

Mapy H Eepaa}l{e 1111 O}I{HllaTb "'TO ux .necfJopMaUHH 5yAeT cnnwcayToll:, ao 

He oqeab CTa5HnbHoll:. B aToM cnyqae s smpe ' 203 At OCHOBHbiM cocTOSIHHeM 

5yAeT yposeHb 7/2 -[514], a ypoBeHb 13/2 + [ 606] onyCTHTCSI HaCTOnbKO 

HH3KO, "'TO CMO}I{eT 5biTb nepBbiM B035y}I{J:leHHbiM COCTOSIHHeM, TaKHM o5pa-

30M1 o5'bHCHHTb H30Mepuw npouonbHOll: uecfJopMauuell: aenb3SI. 

H8AO o5p8THTb BHHM8HHe aa 5onbwoll: cfJaKTOP 3anpeT8 unSI E3-nepexo

A8. Mo}l{eT 5hiTb
1 

aTo CBSI3aao c 5onbwoll: MSII"KOCTbW nepeXOAHOI"O SIApa. 

8 3TOM cnyqae OCHOBHOe H H30MepHOe COCTOSIHHSI MOI"yT OTnH"'8TbCSI H B 

CTerreHH, H B 3H8Ke .necfJopMaUHii. kaK H3BeCTH01 H3MeHeHHe cfJopMbl SIJJ:p8 rrpH 

nepexoue npHBOllHT K .nononHHTenbHbiM 38rrpeTaM. 

3TH paCCY}I{lleHHSI, KOHe"'HO, I"HITOTeTH"'eCKHe, ITOK8 He 5y)leT Hal{e}I{Hb!X 

TeopeTH"'eCKHX paC"'9TOB H HOBblX 3KCrrepHMeHTanbHbiX )laHHblX, 

ABTOpbl Bblp8}1{8WT 5nai"OA8pHOCTb LH. <Pneposy 38 HHTepec K pa5oTe, 

X • .Upoc'l'S H .U.A. Apceabesy 38 o5cy}I{AeHHe pe3ynbTaTos. 
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204
At 

H 197 Au ( 12 c~ 6n ) 203 At . 3Hepi"HSI HaneTa!OlllHX HOHOS -
81 Mas. Ge ( Li) -.neTeKTOp c o6'beMOM 4,5 eM, <PHnbTp-5 MM Pb + 
+ 1 MM Sn • BpeMeHHOA pe*HM: speMSI o6ny'leHHSI 515 MCeK, speMSI 
3a.nep*KH no Ha'lana H3M'epeHHSI crreKTpa "s<P<PeKTa" 8,8 MeeK, spe-
MSI H3MepeHHSI "s<P<PeKTa" H "$oHa" 200 MCeK, speMSI 38.(:tep)I{KH Me)I{

.ClY HHMH 400 MCeK, .CrreKTp, $OHa • orrymeH, 

8 

5000 ._ 
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PHc.2. CrreKTP KOHBepCHOHHbiX sneKTPOHOS rreP~)I'.o.qa _585 Kss s SI.ClPe 203 At 
3Hepi"HSI HaneT810IllHX HOHOS 82 Mas, TOnlllHHa MHilleHH 30nOT8 
3,0 MI'•CM-2. B sepxHeA 'ffiCTH IIOKa3aH cyMMapHbi:il: cneKTp sneKTp 

HOB SHyTpeHHeH KOHSepcHH 0 H3MepeHHbiH Me)l{,[ly HMI1ynbC8MH UHKno
TpOHa, CrreKTp KOpOTKO)I{HSYilleA aKTHSHOCTH (HH*HHH crreKTp) rrony- ' 
'leH rrocne speMeHHoro aHanH3a cyMMapHoro crreKTpa. 
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Puc.4. <l>yuxuuu sool5y"'aeau" anSI peaxuuu ••7 Au( 12C, Sn) 204 At u 
197 

Au ( 12 C, 6 n) 
203 

At • <l>yaxuaso soal5y•<neaaSI an" o6paaosa-
HHSI H30Tona 204 At H3Mepeaa aa nHHHSIX 426 H 682 K:>B. 
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