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e 1974 061>eOUHeHHbiU UHCIIfUIIYJf JIOepHbiX UCCAeOo6aHUU )ly6Ha 

BBE,l!EHHE 

B TeqeuHe nocne~HHX 20 neT B pa3nHquyx na6opaTo
pH.IIX 6YnH CHHTe3HpOBaHY 24 H30TOna TJDKenYX 3nerz;uTOB 
c aTOMHYMH uoMepaMH Z = 102, 103, 104, 105 • H3 
auanH3a pa~aoaKTHBHYX csoiicTB nonyqeuuwx .11~ep cne~y
eT, qTO C pOCTOM nOp.II~KOBOrO HOM epa ua6mo~aeTCJI yMeHb
weuHe speMeHH >KB3HH .11~ep KaK no oTuoweuHIO K a -pacna
~Y, TaK H K CllOHTaHHOMY ~eneHHIO. 

)1;n.11 qeTHO· qeTHbiX H30TOllOB C Z ?;:102, TaK )l(e, KaK ~llJI 
ueiiTpouo~e!)JHU.HTHWX H ueiiTpOHOH36wToquyx Jl~ep Fm , 
ocuosuwM THllOM pacna~a JIBnJieTCJI cnouTauuoe ~eneuHe. 
BpeMeua )I(H3HH Jl~ep oTHOCHTenbuo cnouTauuoro ~eneHHJI, 
KaK BH~HO H3 puc. J, cy~eCTBeHHWM o6pa30M 3aBHCJIT OT 
uyKnouuoro cocTaBa Jl~ep. HaH6onLwee speMJI )I(H3HH cooT
BeTCTByeT qHcny ueiiTpouos N = 152 H cHnbuo MeHJieTCJI 
KaK npu ysenHqeuHH, TaK H npu yMeHLWeHHH N. 

,LI;nJI llOHHMaHHJI H 06DJICHeHHJI 3TOH 3aKOHOMepHOCTH 
uaH6onLwHii HHTepec npe~cTaBnJieT o6nacTb TJI)I(enwx Jl~ep 
c Z > 102, r~e cnouTauuoe ~eneuue MO)I(eT u.enuKoM 
onpe~enJITb CTa61HlbHOCTb qeTHO- qeTHbiX Jl~ep. 

O~uaKo cse~eHHJI B 3TOH o6nacTH secLMa orpauuqeuY. 
B uacTOJI~ee speMJI H3BecTHbi csoiicTsa 5 H30Tonos 104-ro 
3neMeHTa /2 qeTuo-qeTHWX Jl~pa/ H 3 H30TOllOB 105-ro 
3neMeHTa. Bnepswe cnouTauuo ~enJI~HCJI H30TOn Ku 
I Z = 104/ c Maccoii 260 u nepu'}f'JM nonypacna~a 0,1 ceK 
6wn cuuTe 3Hposau B ,D;y6ue 2 B Jl~epuoii peaKU.HH 

242 Pu ( 22 Ne. 4n ) • B nocneAyroUJeM 6wnu H3yqeuw 
XHMHqecKHe CBOHCTBa KypqaTOBHJI/3 -S~ fi03)1(e B BepKnH 
/CWA/ 6wn uccne~osau a -pacna~ ueqeT;uwx H30Tonos 
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3Toro 3neMeHTa c Maccoii: 257, 259, 261 16-8~ B 1970 r. 

HaMB 6Lmo Haii.IJ;eHo 19 I, 'ITO B30Ton 259 Ku B 15-20~ cny
qaes acnLITLIBaeT cnoHTaHHoe .IJ;eneHae I napiUianLHLIH 

nepao.IJ; nonypacna.IJ;a TJ% "'20-30 ceK/, a B pa6oTe aMe

paKaHCKBX aBTopoB 110 6wna onpe.IJ;eneHLI nepao,IJ;LI cnou

TaHHoro .IJ;eneHBJI .IJ;nJI B30TonoB 258Ku B 261 Ku , paBHLie 

COOTBeTCTBeHHO 10 MCeK B > 10 MUH. 
113 CP,aBHeHBJI 3TBX ,IJ;aHHLIX C CBCTeMaTBKOH raopco 

a .IUl./6• 11 7. nonyqeHH_oii :lKCTpanoJJJIIUleii CROiicTB 100-ro 
B 102-ro 3neMeHTOB, cne,IJ;yeT, 'ITO He'leTHLie B30TOnLI 

104-ro 3neMeHTa BMeiDT CBnLHLIH JanpeT Ha CnOHTaHHOe . . . 7 12 
,IJ;eneHBe/,10 +10 /,a nepHO.IJ; nonypacna.IJ;a 'leTHoro BJO· 

TOn¥-
26° Ku npeBLimaeT TeopeTB'IeCKOe 3H~~<fHBe B 10 

6 
-

10 pa3. CTonL 6onLmoe BpeMJI >KH3HB Ku JIBanocL 

npB'IBHOH ,IJ;onrBX ,IJ;BCKYCCBH Me>K,IJ;y .IJ;BYMJI na6opa TOpBJIMB 

B Ji epKnB B )J;y6He, O,IJ;HaKO llOBTOpeHHLie B 1969 r. 3KCne • 

pBMeHTLI no CBHTe3y B B3y'leHBID CBOHCTB 3TOrO B30TOna 

C 6onee COBepmeHHOH MeTO,IJ;BKOH no.IJ;TBep,IJ;BnB nepBOHa

qanLHLie .IJ;aHHLie. 

Bonpoc o CBOHCTBax TJI>Kenwx JI.IJ;ep JIBnJieTcJI npaH

nanaanLHLIM He TOnLKO B CMLICne OTKpLITBJI HOBOrO 3neMeH· 

Ta B B3y'leHBJI ero 4!B3B'IeCKBX B XBMB'IeCKBX CBOHCTB. 

CornacHo cospeMeHHLIM npe,IJ;cTaBneHBJIM, 6apLep ,IJ;eneHBJI 

TJI>Kenwx JI.IJ;ep BMeeT cno>KHyro CTPYKTYPY, onpe.IJ;enJieMyro 

B 3Ha'IBTenLHOH CTeneHB 06ono'le'IHLIMB 3~eKTaMB. llo3· 

TOMy, Ha Ham B3rnJI.IJ;, npe,IJ;CTaBnJieTCJI BeCLMa Ba>KHLIM 

HaHTB npJIMyro CBJI3L Me>K,IJ;y nepBO,IJ;aMB CnOHTaHHOrO ,IJ;e • 

neHBJI TJI>KenLIX 3neMeHTOB B C~eCTBOBaHBeM HOBOH o6-

naCTB CTa6BnLHOCTB CBepXTJI>KenLIX JI.IJ;ep. C 3TOH TO'IKB 

JpeHBJI Heo6xo,IJ;BMO accne.IJ;oBaTL cBoiicTBa JI.IJ;ep B 6onee 

mapoKoii o6nacTB MaccosLix queen a, B qacTHOCTB, MJI 

Z = 104 onpe,IJ;enBTL nepBO,IJ;LI CnOHTaHHOrO ,IJ;eneHBJI B30TO· 

nos c Ns 152. 

llo.IJ;o6uwe uccne.IJ;oBaHBJI CBJIJaHLI c onpe.IJ;eneHHLIMB 

TPY.IJ;HOCTJIMB. 06pa3yro~ecJI B peaKIUIJIX CnBJIHBJI g.IJ;pa 

TJI>Kenoro 3neMeHTa o6na,IJ;aroT BLICOKoii 3Hepraeii B03-

6Y>K.IJ;eHBJI a namL 10-8 - 10-10 ax qacTL MO>KeT nepeiiTB 

B OCHOBHOe COCTOJIHBe nyTeM nocne.IJ;OBaTenLHOrO BCnyc· 

KaHBJI HeHTpOHOB B y·KBaHTOB. 3TO npBBO,IJ;BT K TOMy, 

'ITO Ce'leHBJI 06pa30BaHBJI T JI>KenLIX Jl.IJ;ep OKa3LIBaiDTCJI 

paBHLIMB 10-34 • 10 - 32 CM 2 • 
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'DlCIO Bel'rpo&OB 

Puc. 1. CucmeMamuKa nepuoooe cnoHmaHHozo oeAeHUJI :JAe
MeHmoe c Z = 98, 100, 102, 104. KpyJICKU - 3KcnepuMeH
maAbHble 3Hat.teHUJI nepuoooe cnoHmaHHozo oeAeHUJI t.temHbiX 
u3omonoe. fJepHble u omKpbllllble mpeyzoAbHUKU npeocmae
AJIJOIII, coomeemcmeeHHO, U3eec111Hble t.teiiiHble u Het.temHble 
U3omonbl Ku • IlyHKTfl,UPHaJI KpueaJI - :JKcmpanoAJII.IUJI no 
OaHHbiM ruopco u op. /6,11/ OAJI U301110noe Ku. 

C .IJ;pyroii CTOpOHLI, C yBenB'IeHBeM aTOMHoro HOMepa 

yMeHLmaeTCJI nepBO,IJ; CnOHTaHHOro ,IJ;eneHBJI, OC06eHHO B 

o6naCTB HeHTpOHO.IJ;e4!BilBTHLIX B30TOnOB, B ll03TOMy 3Ha

'IBTenLHO B03pacTaeT 4l0H OT KOpOTKO>KBB~X CllOHTaHHO 

,IJ;enJIIQBXCJI B30MepoB, KOTOpLie C 6onLWBM Ce'leHBeM o6· 

paJyiOTCJI B peaKilBJIX MHOroHyKnOHHLIX nepe,IJ;a'l. 

flono>KeHBe cy~eCTBeHHO MeHJieTCJI, ecnB BMeCTO TJI• 

>KenLix B3oTonos Pu , Cm, Cf acnonLJoBan. B Ka'leCTBe 
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MBWeHB CTa6BJibHhle JI,D;pa Ph BJIB Bi , KOTOphle o6nyqa.IOT
cJI nyqKoM uouoa c Maccoii A I> '0 a.e. B3aBMOJJ;eiicTBBe 
TaKBX JI,D;ep B3y'laJIOCb HaMB pauee 12/, 3TOT MeTO,D; CBBTe 3a 
BCfi0Jlb3yeTCJI B HaCTOJimeii pa6oTe ,D;JIJI fiOJIY'IeHBJI HOBhiX 
ueiiTpouo.D;e4!B~BTHhiX B30Tonoa Ku B onpe.D;eJieHBJI ux 

CBOHCTB. 

BMEOP PEAKL!HH CHHTE3A 

H3 BCeX B03MO>KHhiX KOM6BHa~Bii MBWeHb - 'laCT~a 
JJ;JIJI CBHTe3a ueiiTpouo.D;e4!B~BTHhiX B30Tonoa Ku uaunyq
meii, ua uam B3rJIJIJJ;, JIBJIJieTcJI peaK~BJI Ph + 

50 
T i . 

BcJie,D;CTBBe TOrO, 'ITO B Ka'leCTBe MBWeHB BCfi0Jlb3yroTCJI 
"MaruqecKue" JIJJ;pa - B30TOnhl Ph , a CBHTe3upyeMoe 
JI,D;pO JIBJIJieTCJI JJ;e4!opMBpOBaHHhiM, COCTaBHOe JI,D;pO MO*eT 
o6na.D;aTb Manoii 3Heprueii ao36Y*AeHBJI. B caoro oqepe.D;b, 
fiOHB*eHBe 3HeprBB B036y*.D;eHBJI COCTaBHOrO JI,D;pa ,D;Oll*HO 
npBBO,D;BTb K yMeHbWeHBID 'IBCJia BCnycKaeMhiX HeBTpOHOB B, 
cne.D;oaaTeJILHO, K yaenuqeuuro ceqeuui o6pa3oBaHBJI JIJJ;ep 

B OCHOBHOM COCTOJIHBB /1Z/, 
Ha puc. 2 npe.D;cTaaneuhl pac'leTHhle 3Ha'leHBJI MBHB

MaJibHOB 3HeprBB B036y*.D;eHBJI COCTaBHOrO JI,D;pa 
258 

Ku B 
3aBBCBMOCTB OT MaCChi 6oM6ap,D;Bpyromero BOHa. MBHB
MaJibHaJI 3HeprBJI B036Y*AeHBJI onpe,D;enJieTcJI 6apbepoM 

B3aBMOJJ;eicTBBJI Bin t B Q- peaK~BB: 

E* 
min = 8 int + Q, 

r.D;e 8int =ZIZTe 2 /re(A
1
/

3 
+AI/

3
) B Q=MI+MrMcwllPB 

pac'leTe E~in Macchi JI)lep 6hiJIB B3JIThl B3 pa6<>Thl Mai
epca B CBJITe~Koro 1131, a 3Ha'leHBe napaMeTpa r e Bhl-

6pauo paBHhiM 1,45 X 10 -
13

cM. 
H3 pucyuKa BBJJ;HO, 'ITO MBHBMaJibHoe 3Haqeuue 3Hep

rBB B036Y*JJ;eHBJI COOTBeTCTByeT Macce 6oM6ap,D;Bpyromeii 
qacTB~hl A I "'50 a.e. Cne.D;yeT OTMeTBTb, 'ITO npe.D;
cTaaneuuaJI 3aBBCBMOCTb cnpaae,lJ;JIBBa JIBWb a cnyqae, 
ecnu napaMeTp r e , . onpe.D;eJIJIIDmBii aeJIB'IBHY 6apbepa B3aB
MOJJ;eiicTBBJI 8 in t , ue MeHJieTCJI npu nepexo.D;e oT nerKBX 
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M8CC8 HOH8 

Puc. 2. 3aeucuMoc•• MUHUMOIIt.Horl 3Hepzuu eo36yx<)eHUJI 
coc•aeHozo Jl<}pa 258 Ku, o6pa3YKJfl#eZOCJI e pa3AU'IHWX KoM-
6uHOf4UJIX MUUieHt. - 'IOC.UijO, o• MOCCIII 6oM6ap<)upy10fl#eZO 

UOHO. 

K 6onee TJI*eJihiM BOHaM. Pauee HaMB B OTJJ;eJibBhiX 3KCff
pB:YeHTaX /1 4 /6hiJIO noKa3aHO, 'ITO re =/1,44±0,02/.10- CM 
npu o6ny\leHBB 2 0 8 Ph uouaMB 

40 
Ar B 52 Cr • 

Ha ocuoae :JKcnepuYeHTaJILHhiX ,D;aHHhiX 112
' 

1 4
/ no 

onpe.D;eJieHBIO B int B ce'leHBi o6pa30BaHBJI B30Tonoa 
zn,24~m B peaK~B 20 6,20 7, 208 Ph + 40 Ar 6wn npoae,D;eH 

pacqeT ~yHK~B B036y*.D;eHBJI peaK~Bii C BCnycKaHBeM 
pa3JIB'IHOrO 'IBCJia BeBTPOHOB npB 06Jiy'leHBB B30TOfiOB 
Ph uouawu 50Ti .MeTOJJ; pac'leTa no.D;po6uo onucau B pa-

6oTe /lS/. 
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KaK BH.L\HO H3 puc. 3, r,I:\e B Ka'lecTse npaMepa npe,I:\

CTasneHLI ,1:\aHHLie ,1:\nJI peaKUHH 207 Pb ( 50 Ti, xn)257-xKu, 

MaKCHManLHOC CC'ICHHC COOTBCTCTByeT HCnycKaHHIO H3 co

CTaBHOrO JI,I:\pa 
257 

Ku .L\BYX HnH Tpex He:iiTpoHoB H pe3KO 

y6LisaeT npa x > 3 • 

PaHee 6Lino noKa3aHo/
12

/, 'ITO peaKUHH c acnycKaHHeM 

.L\BYX HCHTpOHOB O'ICHL 'IYBCTBHTenLHLI K BCnH'IHHC MHHH

ManLHOH 3HeprHH B036y:>K,I:\CHHJI COCTaBHOrO JI,I:\pa. IJepeXO,I:\ 

OT HOHOB 
48Ti K HOHaM 50Ti ysenH'IHBaeT, no HalllHM 

OUCHKaM, CC'ICHHJI 2n-peaKUHH npHMCpHO B 100 pa3. 

B CBJI3H c 3THM s 5<?.K.cnepHMCHTax acnonL3osancx ny'IOK 
ycKopeHHLIX HOHOB T1. 

IIOJIYqEHHE YCKOPEHHI:JX HOHOB Ti 

Pac'leTHax senH'IHHa 6apLepa B3aHMO,I:\e:iicTBHJI B peaK

UHH 
20 !ph + 50 Ti pasHa 230-235 M3B B na6opaTopHo:ii 

CHCTeMe KOOP.L\HHaT. MaKCHManLHaJI 3Heprax ny'IKOB yc

KopeHHLix HOHOB ,1:\nJI 310- CaHTHMCTpOBOrO UHKnOTP-OHa 

JUIP OHJIH onpe,I:\enxeTCJI COOTHOWCHHCM E max= 250 z?- I A I 
a ,1:\nx 

50 
Ti +

7 
a 

50Ti +B cocTasnxeT 245 H 320 M3B co-

OTBeTCTBCHHO. 
TT 50 T' ....,nJI YCKOpCHHJI HOHOB I B CTOnL BLICOKOM 3apJI,I:\-

HOM COCTOJIHHH 6Lm C03,1:\aH cneuaanLHLIH HOHHLIH HCTO'IHHK, 

B KOTOpOM B Ka'ICCTBC HCXO,I:\HOrO MaTepHana HCnOnL30BanCJI 

o6oraiUeHHLI:ii H30Ton 
50 Ti B BH,I:\e MeTanna. 

50 . +7 lfHTCHCHBHOCTL BLIBC,I:\CHHOrO ny'IKa HOHOB T1 co-

CTaBnJina 5.10 lO 710 ll 'laC111U11/CeK,' a HHTCHCHBHOCTL BHyT

peHHero ny'IKa HOHOB 
50 Ti +8-2.10 11'1acmu11/ceK. 3Heprax 

HOHOB Ti+7 
scero Ha 10-15 M3B npesLiwaeT 6apLep 

B3aHMO,I:\CHCTBHJI, D03TOMy BLIBC,I:\CHHLIH ny'IOK HCnonL30Ban

CJI ,1:\nJI H3Y'ICHHJI peaKQHH C HCnycKaHHCM ,1:\BYX HCHTpOHOB, 

a OCHOBHaJI 'laCTL 3KCDepHMCHTOB npOBO,I:\HnaCL Ha BHyT

peHHCM ny'IKe UHKnoTpoHa. 

3KCIIEPHMEHTAJibHAJI MET0,4HKA 

B 3KcnepuMeHTax c HoHaMH 
4 0Ar /I 2 I 6Lino noKa3aHo, 

'ITO npH HCnOnL30BaHHH B Ka'ICCTBC MHWCHH H30TOnOB Ph 

8 

roo 

207 
Pb+ 

50
Ti 

10 

\0 I = ~ 

Q) 

= = Q) 

:r 
Q) 

u 

o.r 
230 290 

9HeprHH HOHOB ( M9B) 

Puc. 3. Pac'le111Hble tPYHKIIUU eo36yJICoeHUJI peaKIIUil 
20 7 Ph ( 50 Ti ' x n) 20 7 -x Ku • 

npaKTH'ICCKH nonHOCTLIO OTCYTCTBYCT !lloH, CBJI3aHHLIH CO 

CnOHTaHHLIM ,1:\CnCHHCM no60'IHLIX npO.L\YKTOB peai<IJ;HH. II03-

TOMY ,1:\nJI CHHTC3a TJI:>KCJILIX 3nCMCHTOB 3THM MCTO,I:\OM 

MO:>KCT 6LITL ycneWHO npHMCHCHa BLICOKO'IYBCTBHTCnLHaJI 

3KCnpeCCHaJI MCTO,I:\HKa ,1:\nJI 06Hapy:>KCHHJI JI,I:\Cp no CDOHTaH

HOMY ,1:\CnCHHIO. 

B 3KcnepHMCHTax ucnonL3osanucL pa3,1:\eneHHLie H3o

TOnLI: 
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20 1\>h /co,IJ.ep:>Kauue 97 ,8~, npuMecu 20 7Ph 1 ,6~ H 20 fph 
0,6'-fo/, 

20 7Ph /co,IJ.ep:>Kauue 83,4~, npuMeCH 20 8Ph 14,3~ H 20 6 Ph 
2,3'-fo/, 

20 6 ph /co,IJ.ep:>Kauue 90,4~, npHMecu 2° 8 Ph 6,7~H 207 Ph 
2,~/. 

3KcnepHMeHTanLHag ycTaHOBKa ,~~.ng perHCTp&UHH KO
pOTKO:>KHBymHX CnOHTaHHO ,IJ.engmuxcg g,11.e~ CXeMaTuqecKH 
npe,ll.cTaoneua ua puc. 4. lly'IOK HOHOB 0 Ti na,~~.aeT no 
xacaTenLHoii K nooepxuocTH nonoro QHnHH,II.pa, pacnono:>Keu
uoro oepTHKanLHO H opamaromerocg c MaxcuManLHoii yr
noooii cxopocTLID 3000 o6/MUH. Ha 6oxooyro nooepxuocTL 
QHnHH,IJ.pa MeTO.II.OM oaxyyMHoro uanwneuug uaueceu cnoii 
Ph Tonmuuoii oxono 2 MZ/CM 

2
, KOTopwii JiongeTcg O,IJ.Ho

opeMeHHO MHWeHLID H c6opHHKOM g,11.ep OT,IJ.a'IH. Bcne,IJ.CTBHe 
TOrO, 'ITO ny'IOK na,IJ.aeT nO,IJ. ManbiM yrnOM K nooepXHOCTH 
QHnBH,II.pa, cnoii Ph npe,II.CTaongeT co6oii "6ecxoue'luo" 
TORCTYID MHWeHL, B KOTOpoii npOHCXO,IJ.HT HHTerpHpooaHHe 
41YHKQBH oo36y:>K,IJ.eHHg oT B. .11.0 E • 

Jot max 

MaKCHManLHag 3HeprHg BHyTpeHHero ny'IKa HOHOB 50Ti 
6wna ow6paua paouoii 260 M3B /eM. 41YHKQHH oo36y:>K,IJ.eHHg 
Ha puc. 3/. HHTeHCHBHOCTb H nono:>KeHHe ny'IKa HOHOB 
o npoQecce :JKcnepuMeHTa KOHTponupooanHcL cneQuanLHLIM 
ycTpOBCTBOM, pacnono:>KeHHbiM BHe MHWeHH. HHTerpanLHbiB 

nOTOK HOHOB, npoWe,IJ.WHX 'lepe3 MHWeHL, on~yrengncg ax
THBaQHOHHbiM cnoco6oM no BLIXO.II.Y H30Tona In I T 1 /2 = 
=2,8 ()HJI/, KOTOpbiB o6pa3yeTCJI npH 60M6ap,II.HpOBKe Me,IJ.H 
uouaMH Ti ; ,IJ.nJI :JTHx ueneii ua 6oxoooii nooepxuocTH 
QHRHH,IJ.pa pacnonaranacL Me,IJ.HaJI MHWeHLTOnmHHOB 15 MKM 
H nnoma,IJ.LID 1 CM 2 /= 1 ~ OT nonHOB nnoma,IJ.H CBHHQOBOB 
MHWeHH/. 

Boxpyr opamaromeiicg MHWeHH ua paccTOJIHHB 2 MM 
6blnH pacnono:>KeHbl TpeKOBble ,IJ.eTeKTOpbl OCKORKOB cnou
TaHHOrO ,IJ.eneHHJI H3 CniD,IJ.bl C CO,II.ep:>KaHHeM npHMeceii U H 
Th -7 MeHLWe 10 z/z. HecMoTpJI ua To, 'ITO :JHeprHJI JI,II.ep 
OT,IJ.a'IH OTHOCHTenLHO oenHKa; =50 M3B/ H COOTBeTCTByeT 
npo6ery B Ph = 6 MZ/CM , BBB.II.Y Manoro yrna BXO,IJ.a 
B MHWeHL 3TH JI,II.pa pacnonaraiDTCJI B6nH3H nooepXHOCTH 
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nyqoK 

Pb-MHWeHb 

JleTeKTOpbi 
OCKOnKOB 
JleneHH.si 

/ 
. /. 

L__. 

Puc. 4. CxeMa•u'lecKuu eu() 3KcnepuMeH•allt.Hozo yc•pou
c•ea ()AJI pezuc•pa~uu Kopo•Koxuey~ux cnoH•aHHO ()eAJI· 
~UXCJI Jl(}ep. 

CJlOJI, H 34!4leKTBBHOCTb perHCTpaQHH OCKOnKOB CnOHTaHHOrO 
,11.eneHHJI cocTaBnJieT oxono 50~. 

3xpauw, npe,ll.oxpauJiromue ,IJ.eTeKTOPLI oT pacceguuwx 
HOHOB H OCKORKOB BbiHy:>K,IJ.eHHOrO ,IJ.eJleHHJI, a TaK:>Ke cne
QRaJlLHbli MeTO,IJ. o6pa60TKH ,IJ.eTeKTOpOB nOJlHOCTLID HCK
niD'IanB 4lou y:>Ke Ha paCCTOJIHBB = 2 CM OT MeCTa nona,IJ.aHBJI 

oy'IKa. 
~aHHaJI MeTO,IJ.HKa opooepeua B 3KCDePBMeHTaX/l

2
/ DO 

nony'leHBID B30Tonoo 244 FmB peaKUBB 206
•

2117
•ID

8Ph( 
40 

Ar,xn), 
r,11.e DOICa3aHO, 'ITO OHa MOlKeT ycoeWHO BCDOnL30BaTLCI 
,IJ.JlJI perBCTpaUHB ICOpOTKOlKBBfmHX CDOHTaHHO ,IJ.eJlJimHXCJI 
B3Jly'laTenei, ecnu ax opeMJI lKH3HB 6oRLme 3 MeeK B ce'le
HBe o6pa30B&HBJI npeobllllaeT 10-3S CM 
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CHHTE3 H30TOIIOB 256 Ku H 255 Ku 

R3oTon 
2fti Ku MO>KeT 6LITL nony11ea B peaKU;HH 

208 Pb( 50Ti, 2n) • R3 CHCTeMaTHKH caoiicTB I c..w. puc. 1/ 
CJieAyeT, 'ITO ero BpeMJI >KH3HH OTHOCHTeJILHO a - pacnaAa 

ne>KHT B npeAenax oT 50 AO 200 ..weeK, TOrAa xax napnaaJIL

HLIB nepHOA OTHOCHTeJILHO CUOHTaHHOrO AeJieHHJI cymeCT

BeHHO 60JILWe H3- 3a CTa6HJIH3Hpvv.mero AeBCTBHJI JIOA06o-
. J&~ 208 ~ 

JIO'IKH N = 152. Ilo:no:w:y B peaxnaa Pb + 1i MO>KHO 

6LIJIO paCC'IHTLIBaTL Ha perHCTpaiJ;HIO CUOHTaHHOrO AeJieHHJI 

H30Tona 
252 102 I T 1; 2 "" 2 ceK, 30~ cnoaTaaaoro AeJie

HHJII, KOTopwi o6pa3yeTcJI npa a- pacnaAe JIApa 
2ftl Ku. 

B nepawx 3Kcnepa:w:eaTax cxopocTL apameHHJI nHJIHHA

pa 6wna BLI6paaa paBHOB 8 o6/MUH, 'ITO U03BOJIJIJIO perHCT

pHpOBaTL cnoaTaaaoe Aeneaae c T1; 2 >0,5 ceK. Ilpa o6ny

'leHHH 208 Pb HHTerpaJILHLIM UOTOKOM 8.10 15 HOHOB SOll 

Ha6JIIOAaJIOCL 12 TpeKOB CUOHTaHHOrO AeJieHHJI, 'ITO cymecT

BeHHO MeHLWe O>KHAaeMOB BeJIH'IHHLI. 3TO MOrJIO CBUAe

TeJILCTBOBaTL 0 TOM, 'ITO JIH60 cymeCTBeHHLIM 06pa30M 

MeHJieTCJI MeXaHH3M ~eaKIJ;HH CJIHJIHHJI npH nepeXOAe OT 

HOHOB 
40 Ar K HOHaM Ti , JIH60 CBOBCTBa H30TOna 

2 5~u 
3Ha'IHTeJILHO OTJIH'IaiOTCJI OT npeACKa3LIBaeMLIX. 

,ll;JIJI npoBepKH BTOporo npeAUOJIO>KeHHJI 3KCnepHMeHTLI 

6LIJIH JIOBTOpeHLI npH CKOpOCTH BpameHHJI nHJIHHApa 

1500 o6/MUH. IlpH HHTerpaJILHOM UOTOKe HOHOB SO Ti"" 
"" 10 16 'laCTHIJ; 3aperHCTpHpOBaHO 70 TpeKOB OCKOJIKOB 

CUOHTaHHOrO AeJieHHJI, pacnpeAeJieHHLIX UO BpeMeHH TaKHM 

o6pa3oM, xax 3TO npeACTaaneao aa puc. 5. 
llOCJieAYIOIUHe 3KCnepHMeHTLI 6LIJIH BLIUOJIHeHLI C MH-

WeHLIO H3 20 7pb npH CKOpOCTH BpameHHJI IJ;HJIHHApa 

1500 06/MUH. IlpH HHTerpaJILHOM UOTOKe BOHOB,1,2.10
16

qac

THIJ; 3aperHCTpHpOBaHO 53 OCKOJIK~ CUOHTaHHOrO AeJie

HHJI, Bp~~eHHOe pacnpeAeJieHBe KOTOpLIX npeACTaBJieHO 

Ha puc. 6ci. H3 pHCYHKa BHAHO, 'ITO nepHOA UOJiypacnaAa 

3Ha'IHTeJILHO 6onLwe aw6paaaoro ape:w:eaaoro HHTepaana, 

H U03TOMY OULIT OLIJl JIOBTOpeH npH Me~LWeB CKOpOCTH 

Bpa(UeHHJI - 54 06/ MUH. 
3AeCL TaK>Ke UOJiy'leHa aaa.Jior:ii'IHaS KapTHHa pacnpeAe

JieHHJI TpeKOB, U03TOMY B TpeTLeB cep8H,3KCnepHMeHTOB 

CKOpOCTL 6wna UOHH>KeHa AO 3,6 o6/..wuHIBpeMeHHOBHHTep-
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Puc. 6. BpeMeHHoe pacnpe(}eAeHue •peKoe ocKoAKoe cnoH
•aHHozo (}eAeHUJI e peaKr~uu 20 7 Pb + 50 Ti • a/ epeMeHHoll 
fiUKA U3MepeHUJI o• 0,()()3 (}o 0,03 ceK. 6/ 6peMeHHOU 
fiUKA 0111 1 (}o 13 ceK. 
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san B3.MepeHBJI OT 1,5 .no 13 ceK/. Bpe.Meuuoe paenpe,nene
uue ,nn.11 3Toro enyqaJI npe,neTasneuo ua puc. 66. 

TaKHM o6pa3o.M, H3 onLITOB ene,nyeT, 'ITO npu o6nyqe
HBB 20 l>b• uoua.MB 50 Ti ua6mo,naeTe.ll o6pa3osauue enou
Tauuo .nen.11~eroe.11 H3ny'laTen.ll e nepuo,no.M nonypaena.na 
HeeKOnLKO ceK. 

~=~·6n:qe::~n:~~~~=HB e:~H¥o ~:~~::u:u:::~:n~::~ 
llOTOKe "'0,4.1 0 

16 
BOHOB 3aperueTpHpOBaHO Beero 4 TpeKa, 

llOnOBHHa H3 KOTOpLIX, eenH llpBHH.MaTL BO BHH.MaHHe nony
'leHHLie pauee ,naHHLie, MO>KeT 6LITL o6yenosneua peaK.UHJIMH 
Ha npu.MeeuLix H30Tonax 20 7Pb H 20 8 Pb. HHLIMH enosa.Mu, 
B KOM6HHaUB8 20 6 Pb + 50Ti .MO>KeT 6LITL onpe,neneua 
n8Wb BepXHJIJI rpaH8Ua o6pa30BaH8JI enOHTaHHO ,nenJIUUIXeJI 
Jl,nep. 

Bee 3Kenep8MeHTanLHLie pe3ynLTaTLI npe,neTasneHLI 
a Ta6n8ue. A6eomoTHaJI ow86Ka B onpe.neneH88 ee'leH8B, no 
HaW8M oueHKa.M, He npesLiwaeT cllaKTopa 2, B To spe.MJI KaK 
OTHOe8TenLHaJI norpeWHOeTL onpe,nenJieTeJI B OCHOBHO.M 
eTaT8eT8'1eCKOB TO'IHOCTbiO 8 eoeTaBnJieT "'30~. 

TaK8M o6pa3o.M, 83 eosoKynHoeT8 nony'leHHLIX ,nauuLix 
ene,nyeT, 'ITO np8 o6ny'leH88 .M8weueii 83 pa3,neneHHLIX 
830Tonos Pb 80Ha.M8 50 Ti Ha6mo.naeTeJI o6pa3oBaHHe 
.D;BYX enOHTaHHO ,nenJIUUIXeJI 83ny'laTeneB C e8nLHO OTn8-
'lai0~8.M8eJI nep8o.D;aM8 nonypaena,na: oKono 5 MeeK 8 He
eKOnbKO CeK. 

H3ny'laTenL e nep8o,noM 5 MeeK, Ha6mo.nasw8iieJI B peaK
U88 20 8pb + 50 Ti , . He MO>KeT 6LITL OTHeeeH K JI.D;paM 
e aTOMHbiM HOMepoM Z < 104, T.K. Bee 830TOllbl 102-ro 
3neMeHTa 83BeeTJiLI snnoTL .no N = 148 8 ue o6na,na10T 
llO.D;06HbiM8 eBOBeTBaM8 /l 6/, a .D;nJI He'leTHbiX 830TOllOB 
103-ro 3neMeHT' eymeeTsyeT e8nLHLIB 3anpeT Ha enoH
TaHHOe .neneH8e 17 I. MaKe8ManLHLIB BLixo.n 3Toro 83ny
'laTenJI Ha6nto,naeTeJI B peaKU88 C 208 Pb;341clleKT y.MeHL
waeTeJI 6onee 'leM a 10 pa3 e M8WeHLIO 83 207Pb 8 npaK
T8'1eeK8 nonHoeTLIO o-TeyTeTsyeT ,nnJI 206 Pb. 

TaK8M o6pa3oM, 83 aHan83a 3Kcnep8MeHTanLHLIX ee
'leH8B peaKU8B 8 eBOBeTB 83BeeTHbiX 830TOllOB Kyp'laTOB8JI 
8 6onee nerK8X 3neMeHTOB MO>KHO npe,nnono>KHTL, 'ITO 
ua6mo.naeMLIB 341clleKT o6yenosneH paena,noM 830Tona 2 56 Ku, 
KOTOPLIB o6pa3yeTeJI B peaKU88 20 8 Pb ( 50 Ti, Zn) 2 56 Ku. 
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Bonpoc o csoiicTsax H30Tona Ku c N = 152, KaK 6y.neT 

cne.nosaTh H3 .nan&Heiimero, HMeeT npHH:uBnHan&Hoe 3Ha· 

qeHHe, U03TOMY Ba)I(HO TOqHo H.IJ.eHTHclJHu;HpOBaTh MaCCOBOe 

qHcno H3nyqaTenJI c nepHO.IJ.OM nonypacna.na ""5 MeeK. 
fiOCKOllbKY .IJ.llJI HeqeTHWX H30TOUOB C~eCTByeT 60llbWOH 

JanpeT Ha CUOHTaHHOe .neneHHe, B03MO)I(Hb1MH KaH.IJ.H.IJ.aTaMH 

JIBllJIIOTCJI qeTHhle JI.IJ.pa 2 56 KuH 2 58 Ku, KOTopwe o6pa3yroTCJI 

B peaKIJ;HJIX C HCUYCKaHHeM 2 H 4 HeiiTpOHOB, COOTBeTCTBeH

HO. 

HecMoTpJI Ha TO, qTo pacqeTHble JHaqeHHJI ceqeHHii 

peaKIJ;HH C HCnycKaHHeM 2 H 4 HeHTpOHOB C~eCTBeHHO 
oTnHqaiOTCJI .npyr OT .npyra /eM. puc. 3/, HaMH 6blnH no

cTasneHhl OT.IJ.ellhHble OUbiTbl no H3MepeHHIO HHTerpanbHOH 

clJyHKu;HH so36y)I(.IJ.eHHJI .nnJI H3nyqaTenJI c T 1 ; 2 "" 5 MeeK • 
Ha puc. 7 npe.ncTasneHhl 3KcnepHMeHTanhHhle 3HaqeHHJI 

H pacqeTHble 3aBHCHMOCTH HHTerpanhHbiX ceqeHHii o6pa3o

BaHHJI H30Tona c nepHO.IJ.OM nonypacna.na ,5 MeeK H JI.IJ.ep 
151 Pm /ocKonKH .neneHHJI cocTaBHoro JI.IJ.pa/ H 

204
m Pb 

/npO.IJ.YKTW peaKIJ;HH nepe.naqH/ npH o6nyqeHHH 
208

Pb HO

HaMH 50 Ti . llpe.ncTasneHHhle Ha pHCYHKe JaBHCHMOCTH 

cny>Ka T .IJ.OUOllHHTellhHbiM UO.IJ.TBep)I(.IJ.eHHeM TOMY, qTo 

KOpOTKO)I(HBYUUIH HJnyqaTenh o6pa3yeTCJI B peaKIJ;HH C HC

nycKaHHeM .IJ.BYX HeiiTpOHOB H JIBnJieTCJI H30TonoM 
2 56 

Ku. 

lfl npJIMOrO cpaBHeHHJI BbiXO.IJ.a KOpOTKO)I(HBy~eii H .IJ.On

rO>KHBy~eii aKTHBHOCTeH B peaKIJ;HH 20 8pb + 50Tj M0)1(110 

C.IJ.enaTh BbiBO.IJ. 0 TOM, qTO H30TOU 
256 

Ku B OCHOBHOH .IJ.One 

cnyqaeB HCUWTbiBaeT CUOHTaHHOe .IJ.e,JieHHe. 

Cne.nyeT 3aMeTHTh, qyo 3KcnepHMeHTan&Hwe ceqeHHJI 

peaKu;HH Pb( 50Ti, 2n) Ku oKaJanHCh B .necJITKH pal MeH&

me TeopeTHqeCKHX I eM. puc. 3/. O.nHaKo npH pacqeTe 

a ( xn) .IJ.llJI OTHOWeHHJI napu;HallhHWX WHpHH ln /f'£ HCUOllb-

30BanaCh nony3MnHpHqecKaJI 3aBHCHMOCTh CHKKenaH.IJ.a H 

.IJ.p. / 1 B~ OCHOBaHHaJI Ha npe.IJ.UOflO)I(eHHH 0 BllHJIHHH Ha BenH

qHHY f'n /f'f no.no6onoqKH N =152. BMecTe c TeM, KaK 6y.neT 

noKaJaHo .nanee, .naHHOe npe.nnono)l(eHHe He JIBnJieTCJI o6oc

HoBaHHWM ,nnJI JI.IJ.ep c Z ? 104. HcKniOqeHHe BnHJIHHJI 

no.no6onoqKH N =152 Ha senHqHHY rn;r f npHBO.IJ.HT K cy

~eCTBeHHOMY yMeHbWeHHIO pacqeTHWX ceqeHHH, qyo npaK

THqecKH ycTpaHJieT OTMeqeHHOe swme pacxo)I(.IJ.eHHe. 

17 



-• 
~ 

~ -
I 
Q). .,. 
8 

l 

I 

O,I 

O,OI 

0,00 

I 

O,I 

0,01 

d= D,44fm ,.." 
/ 

/ 

240 

/ 
/ 

260 

a) 

2n 

6) 

4n 

280 
Puc. 7. a/ HH•ezpaA~»Hwe -YHKf4UU 6036yJttoeHUJf OAJI u3o
•onoe 151Pm/t~epHwe •ot~Ku/ u 20 4mpb /KPYJttKu/. o6pa-
3YIOII#UXCJI e peaKf4UU 20 8Pb + 50Ti • HyHK•upHaJf u cMoiii
HaJf KPUBWe - pe3YA~»•a•bl pact~e.a c napaMe•poM ouNy3· 
Hoc•u d =0.44.10 -I!tM u d =0.34.10-l~M. coo•ee•c•eeH
Ho. 3Ha'I~HUJI oc•GA~»HWX napaMe•poe - •e Jtte. t~•o u e pa-
6o•e I 12/ • 6/ HH•ezpaA~»Hwe -YHKf4UU eo36yJttoeHUJI OAJI 
cnoH.aHHO oeAJfll#eZOCJf U3Ay'la•eAJf c TI/2 ""5MceK. CMOIII
HWe Kpuewe - pgct~e•Hwe -YHKfiUU eo36yJttoeHUJf OAJfpeaKf4Uil 
(50Ti,2n) u (50Ti,4n) npu d =0.34.10-13cM. 

f8 

Aonro)I(BB}'UUiii H3ny'laTenL c nepao.D.oM oKono 4 ceK 
IBnieTCI,DO BCeii BepOITHOCTH,a30TODOM 255Ku,ICOTOPWH 
o6pa3yeTCI C MaiCCaManLHWM Ce'leHaeM B pea~aa 
20 7pb ( 50Ti , 2n) , C MeHLWeii BepOITHOCTLIO - B foeaiCI(aa 
20 Bpb ( 50Ti, 3n) , a OTCYTCTByeT B pea~aa 20 6 Pb( {)yj, ln) • 

3~eCL, O~HaiCO, cne~yeT o6paTaTL BHaMaHae Ha TO, 'ITO 
speMI )I(H3Ha 3TOro a3ny'laTenJI oKa3anocL 6na3KBM IC ne
pao~y nonypacna~a a3BeCTHoro a3oTona 252 10 2, ICOTopwii 
B 3TOH ICOM6aHanaa MOr nony'laTLCI B peaiCnaa Tana 
207 Ph( 50Ti, a ln) 25210 2. 

PaccMoTpHM OT~enLHO sonpoc o sepoiTHOCTa no~o6Hwx 
nponeccos B peaiCnasx c aoHaMa Tana 40 Ar ana 50 Ti • llpa 
MaiCCaManLHOH 3Hepraa HaneTaiOU{ero aOHa 50 Ti , paBHOH 
260 M3B. MaKcaManLHaJI 3Hepras so36y)l(~eHaJI cocTasHoro 
s~pa 257 Ku cocTasnseT ,· 40 M3B. OneHICa noiCa3WBaiOT, 
'ITO nopor peaiCnaa c acnapeHaeM a - qacTanw a o~Horo 
HeiiTpoHa paseH ""260 M3B. KpoMe Toro, B 3TOii o6nacTH 
I~ep OTHOWeHHe napnaanLHWX WHpHH r /f' paBHO ICaiC 

a n -2 
H r p If' n , COCTaBnieT BeCLMa Manyro BenH'IHHY S 10 • 
fio3TOMY BKna~ nponeccos, npoTeiCaJOU{HX c acnapeHHeM 
3api)I(eHHWX 'laCTHU H3 COCTaBHOrO Jl~pa, B HameM cnyqae 
npeHe6pe)I(HMo Man. 

B:uecTe c TeM, 3HepreTH'IecKH B03MO)I(eH nponecc 
npsMoro acnyciCaHHJI a-qacTanw c nocne~YJOU{HM acnape
HaeM HeiiTpOHa, ICaiC 3TO HMeno MeCTO B pea~HJIX C n,riCu-

1 MB aoHaMH C, N, 0 • O~HaKo, KaK noKa3aHo B pa6oTax 
19

-
21

, 
MeXaHH3M D0~06HWX peaiCI(aii Cyll{eCTBeHHWM o6pa30M 3a
BHCHT OT CTpyiCTypW HaneTaJOU{ero aoHa. fipa nepexo~e OT 
nerKax aoHOB IC qacTauaM TBna 40 Ar a 50 Ti sepoJITHOCTL 
BWneTa DPJIMWX a •qacTal( yMeHLWaeTCI B COTHa a TWCJI'Ia 
pa3. 

HaMB 6WnB DOCTasneHW MO~enLHWe ODWTW, B ICOTOPWX 
CDOHTaHHO ~eniU{HeCI I~p8 244 Fm nonyqanBCL B pea~BIX 
n8a o6nyqeuaa B30TODOB 

20 511 a 20 3 Tl aouaM& 45 Sc a 
2 6Pb BOHaMB 40 Ar. KaK BB~HO B3 Ta6n&nW, OTHOWeHae 
ceqeuaii a (a, 2n) 1 a ( 211) < 0, 03. 0TcJO~a MO)I(HO c~enaTL 
BWBO~ 0 TOM, 'ITO BepOBTHOCTL o6pa30BaHBI B30TOUa 
2 52 10 2 npa o6nyqeuaa 2° 7 Ph aouaMa 50 Ti npeHe6pe)l(aMo 
Mana. 
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lb cpasaeHHJI ceqeaHii o6pa30BaHHJI H30Tonos 
255 Ku H 

256 - 255 Ku cne,D;yeT, qTo aeqeTHLIH H30Ton Ku HMeeT cpas-

HHMLie 3HaqeHHJ1 nepHO,D;OB llOJiypacna,D;a OTHOCHTeJILH() a -
pacna,D;a H CllOHTaHHOrO ,D;eJieHHJI. HaKOHe:U, OTCYTCTBHe 

:14Ml»eKTa B peaK:UHH 206 Ph+ 50 Ti MO)KeT 03HaqaTJ., qTo 

BpeMJI )KH3HH qeTHOrO H30TOna 254 Ku MeHLWe 3 MCeK. 

OECY)J(,[fEHHE PE3YJihTATOB 

PaccMoTpHM sonpoc o TOM, KaKHM o6pa30M csoicTsa 

CHHTe3HpOBaHHLIX HeiTpOHO,D;ei)H:UHTHLIX H30TOUOB Ku COrJia· 

CYJOTCJI C H3BeCTHLIMH ,D;aHHLIMH 0 CTa6HJILHOCTH TJI)KenLIX 

JI,D;ep no OTHOWeHHIO K CnOHTaHHOMY ,D;eJieHHIO. 

,lJ;nJI H30Tona 
256 Ku c N = 152 BMecTo O)KH).J;aeMoro 

nepHO,D;a nonypacna,D;a, COCTaBJIJIIOIQero ,D;eCJITKH H COTHH 

CeKyH,D;, 3KCnepHMeHTaJILHOe 3HaqeHHe OKa3aJIOCL MeHLWHM 

B 10 3 - 10 4 pa3. fiOJIO)KeHHe 3TOH TOqKH B CHCTeMaTHKe 

nepHO,D;OB CnOHTaHHOrO ,D;eJieHHJI CYIQeCTBeHHLIM o6pa30M 

YeHJieT npe,D;CTaBJieHHe 0 CTa6HnH3Hpyro~QeM BJIHJIHHH 

no,D;o6onoqKH N = 152 npH nepexo,D;e OT Z = 102 K Z = 104. 
lloKa3aaaaJI aa puc. 8 3asacaMocTL Tr/2 MJI H3oTonos 

Ku OT qacna HeiTpOHOB N CBH,D;eTeJILCTByeT 0 MOHOTOHHOM 

B03pacTaHHH BpeMeHH )KH3HH qeTHo·qeTHLIX JI,D;ep C yBenH· 

qe&HeM MaCCLI 6e3 KaKHX·nH60 CYIQeCTBeHHLIX sapHa:UHH 

B o6nacTH N = 152. 
255 

qTo KacaeTCJI aeqeTHoro JI,D;pa Ku , TO ero speMJI 

)KH3HH onpe,D;eJIJieTCJl 3anpeTOM Ha CllOHTaHHOe ,D;eJieHHe, KO· 

TOpLiii COCTaBJIJieT B ,D;aHHOM cnyqae BeJIHqHHy = 10 3• 

slenepL He y,D;HBHTeJILHO, qTo H30Ton 
26° Ku HMeeT 

T 1; 2 = 0,1 ceK, H BeT aeo6xo,D;HMOCTH npe,D;nonaraTL CTOJIL 

BLICOKHe 3anpeTLI I =10 7 - 10 12 I ,D;JIJI ,D;pyrax ueqeTawx 

H30Tonos Ku c MaccoBLIMH qacnaMH 257 H 259, KaK 3TO 

6LIJIO C,D;eJiaHO B pa6oTe raopco H ,D;p. / 6, 11( lb CHCTeMaTH· 

KH, npe,D;CTaBJieHHOH Ha pUC. 8, BH,D;HO, qTo npaKTHqecKH 

,D;JIJI scex aeqeTHLIX H30Tonos Xu 3anpeT aa aeqeTHOCTL 

npHBO,D;HT K TOpMO)KeHHIO CnOHTaHHOrO ,D;eJieHHJI B 10 3 
-

104 
pa3. 

llocJCOJILKY npH nepexo,D;e oT H3oTona
254 

102K H30Tony 
256 Ku HMeeT MeCTO CHJILHOe H3MeHeHHe nepHO,D;a nony· 
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Puc. 8. CucmeMamuKa nepuoooa cnoHmaHHozo oeAeHUJI f y'le-
1/IOM Hoabrx oaHHbrx OAJI u3omonoa 250:Lo 2, 255 104, 25 104. 

pacna~a OTHOCHTeJILHO CnOHTaHHOro ,D;eJieHHJI l6onee qey 

B 10 S pa3l, ecTeCTBeHHO nonLITaTLCJI ,D;aTL no KpaiHei 

Mepe KaqeCTBeHHOe 06'LJICHeHHe nonyqeHHLIM pe3yJILTaTaM. 

CornacHo cospeMeHHLIM npe,D;cTasneHHJIM , B o6nacTH 

TpaHcl)epMHeBLIX 3JieMeHTOB · 6apbep ,D;eJieHHJl HMeeT CJIO)K· 

HyiO CTPYKTypy,H CTa6HJILHOCTL JI,D;ep OTHOCHTeJILHO cnoa

TaHHOrO ,D;eJieHHJI onpe,D;eJIJieTCJI, B OCHOBHOM, BKJia,D;OM 060· 

noqeqHoi nonpaBKH B noJIHyiO 3HeprHIO ,D;el)opMa:UHH JI,D;pa. 

PaccMoTpHM c :noi ToqKH 3peHHJI H30TOnLI Fm, MJI 

KOTOpLIX 3KCnepHMeHTaJILHO YCTaHOBJieHO CHJILHOe BnHJIHHe 

Ha nepao,D; nonypacna,D;a T ~h no,D;o6onoqKH N = 152. llpa 

N =152 6ap~oep ,D;eneHHJI, paccqaTaHHLii no MeTo,D;y CTpy-
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113 cpasueHBJI ce'leHBii o6pa30BaHBJI B30Tonos 
255 Ku B 

256 - 255 Ku cneAyeT, 'ITO He'leTHLIB B30Ton Ku BMeeT cpas-

HBMLie 3Ha'leHBJI nepBOAOB noJiypacnaAa OTHOCBTeJILH~ a -
pacnaAa B CnOHTaHHOrO AeJieHBJI. HaKOHen, OTCYTCTBBe 

34M)eKTa B peaKnBB 206 Ph+ 50 Ti MO>KeT 03Ha'laTI., 'ITO 

BpeMJI >KH3HB 'leTHOrO B30TOna 254 Ku MeHJ.We 3 MCeK. 

OECY)f(,aEHHE PE3YJihTATOB 

PaccMOTPBM sonpoc o TOM, KaKBM o6pa3oM csoiicTsa 

CBHTe3BpOBaHHLIX HeiiTpOHOAel!lBnBTHLIX B30TOnOB Ku corna

C}'IOTCJI C B3BeCTHLIMB AaHHLIMB 0 CTa6HJIIoHOCTB TJI)f(eJILIX 

JIAep no OTHOWeHBIO K CnOHTaHHOMY AeJieHBIO. 

,lJ;JIJI BJOTona 
256 Ku c N = 152 BMeCTO O>KBAaeMoro 

nepBOAa nonypacnaAa, COCTaBJIJIIOinero AeCJITKB B COTHB 

CeKyHA, 3KCnepBMeHTaJIJ.HOe 3Ha'leHBe OKa3aJIOCh MeHJ.WBM 

B 10 3 - 10 4 
pa3. llOJIO>KeHBe 3TOB TO'IKB B CBCTeMaTBKe 

nepBOAOB CnOHTaHHOrO AeJieHBJI CYJneCTBeHHLIM o6pa30M 

MeHJieT npeACTaBJieHBe 0 CTa6BJIB3BpyiOJneM BJIBJIHBB 

nOA060JIO'IKB N = 152 npB nepeXOAe OT Z = 102 K Z = 104. 
TioKaJaHHaJI ua puc. 8 JaBBCBMOCTio · T t?'2 AJIJI BJOTonos 

Ku OT 'IBCJia HeiiTpOHOB N CBBAeTeJIJ.CTByeT 0 MOHOTOHHOM 

B03paCTaHBB BpeMeHB >KB3HB 'leTHO-'IeTHLIX JIAep C yBeJIB

'IeHBeM MaCCLI 6e3 KaKBX-JIB60 CYJneCTBeHHLIX BapHanBii 

B o6nacTB N = 152. 
255 

qTo KacaeTCJI He'leTHoro JIApa Ku , TO ero speMJI 

>KB3HB onpeAeJIJieTCJI JanpeTOM Ha CnOHTaHHOe AeJieHBe, KO-

TOpLIH COCTaBJIJieT B AaHHOM CJiyqae BeJIB'IBHY "'10 3• 

sleneplo He YABBBTeJIJ.HO, 'ITO B30TOn 
26° Ku BMeeT 

T l/2 "' 0,1 CeK, B HeT He06XOAUMOCTB npeAnOJiaraTJ. CTOJIL 

BLICOKBe JanpeTLI I "'10 7 - 10 12 I AJIJI APYrBx He'leTHLIX 

B30TOnos Ku c MaccoBLIMB 'IBCJiaMB 257 B 259, KaK 3TO 

6LIJIO CAeJiaHO B pa6oTe raopco B Ap./6 , 11t H3 CBCTeMaTB

KB, npeACTaBJieHHOH Ha puc. 8, BBAHO, 'ITO npaKTB'IeCKB 

AJIJI scex He'leTHLIX BJOTonos Xu JanpeT ua He'leTHOCTJ. 

npBBOABT K TOpMO>KeHBIO CnOHTaHHOrO AeJieHBJI B 10 3 
-

4 
10 pal. 

llOCICOJIJ.KY npB nepeXOAe OT B30TOna
254 

102K B30Tony 
256 

Ku BMeeT MeCTO CBJIIoHOe B3MeHeHBe nepBOAa nony-
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1/lOM HOBbiX oaHHbiX OAJI uaomonoe 25D:J.o 2, 25 5 104, 25 104. 

pacna~a OTHOCHTeJIJ.HO CnOHTaHHOrO AeJieHBJI /6onee 'leM 

B 10 !l pal/, eCTeCTBeHHO nom.ITaTLCJI AaTL no Kpaiiueii 

Mepe Ka'leCTBeHHOe 06'LJICHeHBe noJiy'leHHLIM peJyJILTaTaM. 

Cornacuo cospeMeHHLIM npeACTaBneHBJIM , B o6nacTB 

TpaHcl!lepMBeBLIX 3JieMeHTOB · 6apbep AeJieHBJI BMeeT CJIO>K

H}'IO CTpyKTypy,B CTa6BJILHOCTL JIAep OTHOCBTeJILHO CnOH

TaHHOrO AeJieHBJI onpeAeJIJieTCJI, B OCHOBHOM, BKJiaAOM o6o

JIO'Ie'IHOH nonpaBKB B noJIHyiO 3HeprBIO Ael!lopManBH JIApa. 

PaccMoTpBM c 3Toii TO'IKB JpeHBJI BJOTonw Fm, AJIJI 

KOTOpLIX 3KCnepBMeHTaJILHO YCTaHOBJieHO CBJILHOe BJIBJIHBe 

ua nepBOA nonypacnaAa T ~~ noAo6oJIO'IKB N = 152. Tipa 

N =152 6apLep AeJieHBJI, pAcc'IBTaHHLiii no MeTOAY CTpy-
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TBHCKOrO / 22( BMeeT DBA AByrop6oi KpBBOH C ABYMJI MBHB
MyMaMB, COOTBeTCTB~MB OCHOBHOMY B B30MepHOMy 
COCTOJIHBJIM JI,npa. BpeMJI )1(113HB 3TOrO JI,npa OTHOCBTeJIJ.HO 
cnoHTaHHoro .neneHBJI onpe,nenJieTcJI BHTerpanoM ABBlKe
HBJI Ha BCeM DYTB OT OCHOBHOro COCTOJIHBJI ,no TO'IKB, 
Haxo.nJI~eicJI 3a BTopwM 6ap~oepoM I c..w. puc. 91. 

fio_ Mepe YMeHbWeHBJI 'IBCna Heii:TpOHOB lnepexo,n K 
6onee nerKBM B30TonaM Fm I senB'IBHa BToporo 6ap~oepa 
6y,neT DOHB*eHa Bcne,nCTBBe yMeHJ.WeHBJI *BAKOKanenbHOH 
3HeprBB ,necllopMal{BB JI,npa B 3TO AO~HO DpBBO.nBTb K 
yMeH~omeHBIO nepao.nou cnoHTaHHoro .neneHBJI. B npe,nenJ.HOM 
cny'lae, KOr,na OCHOBHOe COCTOJIHBe OKa*eTCJI BWWe BTOporo 
MaKCBMyMa, BenB'IBHa T rr2 6y.neT onpe.nenJITbCJI DPOHBI{ae
MOCTblO Ton~oKo nepuoro 6ap~oepa. Mo*HO npe.nnonaraTJ., 'ITO 
6naro,napJI 3TOMY o6cTOJITenJ.cTB nepexo.n OT 

252 Fm K 
244 Fm DpBBe,neT K B3MeHeHBIO 1~~2 DpBMepHO B 1012 pa3. 

BMecTe c TeM, KaK 6wno noKa3aHo B pa6oTe PaH,n
pyna B ,np. / 23/, He BCKniO'IeHO, 'ITO DOA06HaJI CBTyal{BJI 
MO*eT B03HBKHYTb DpB ABB*eHBB OT N = 152 K 6onee 
TJI*enwM B3oTonaM Fm. B 3TOM cnyqae cynepno3BUBJI o6o
noqeqHoi nonpaBKB K )I(B_nKoKanenJ.HOii 3Hepraa .necllopMauaa 
MO*eT TaK*e DpBBeCTB K 3Ha'IBTenbHOMy yMeHJ.WeHBIO 
BTOporo MaKCBMyMa B, BCne,nCTBBe 3Toro, TaK*e pe3KO 
yMeHJ.WaeTCJI BpeMJI )1(113HB TJI*enwx B30TODOBOTHOCBTem.
HO 2~¥0HTaHHoro .neneHBJI. ~eicTBBTen~oao, _ npa ne~exo.ne 
OT Fm K 258Fm senB'IBHa T 1

5J;. MeHJieTcJI B ,10 1 pa3. 
Tenepb 3acllBKcBpyeM N =152 B 6y,neM B3MeHJITb 'IBCno 

npoTouou B JIApe. Do Mepe poeT a Z )I(BAKOKanen~ouaJI qacTJ. 
3Hepraa .ne«llopM&UBB 6y.neT yYeHJ.WaTJ.CJI, 'ITO npase.neT 
K TaKBY *e DOCne,nCTBBJIY, KOTOpWe BYenB MeCTO B pac
CMOTpeHHOY BWWe cnyqae BeiTpOHO,necllBUBTHWX B30TODOB 
Fm • Mo)I(BO npe.nnonaraTJ., 'ITO uaa6on~owee B3Meaeuae 
T ~J2 npoa3oiAeT B YoMeHT, Kor.na speMJI )1(113HB upa 
6y,neT ODpe,nenJITLCJI B OCHOBHOY DpOHBI{aeYOCTbiODepBOrO 
6ap1oepa. He BCKniO'IeHO, 'ITO 3Ta CBTYaUBJI BYeeT YeCTO 
npa nepexo.ne OT 252 Fm K 256 Ku , TaK KaK nepso.n nonypacna
,na OTHOCBTenbHO CDOHTaHHOrO ,neneHBJI B 3TOY cny'lae 
B3YeHJieTCJI DpBYepHO B 10 12 pa3. 

Ecns 3TO npe.nnono*euae cnpase.nnsso, TO .nam.ueiwee 
npo.nBB*eHBe B cTopoay 6onJ.WBX Z BnB sapBal{BJI N npa 

22 

IOo JL J I 

0-jl~+ i.f. 
s.f. 

I 

~ 

~-[}W 
1cr12 14' 152 160 N 

Puc. 9. H.IIA~ac•pa•ueHoe npe()c•aeAeHue 6apt>epoe ()eAeHUJi 
()AJI uao•onoe Fm, 254102 u 256 Ku • Ilo ocu op()uHa• o•
AoxeHw nepuo()w cnoH•aHHOZO t}eAeHUJI e zo()ax. 
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3a~aHHOM Z He ~OIDKHbl np8B0~8Tb K CTOJib C8JibHbiM 83 • 

MeHeH8JIM T (J2 , nOCKOJILKY BeJI8'18Ha nepaoro 6apbepa, KaK 

CJie~yeT 83 paC'IeTOB /22/, CpaBH8TeJibHO MaJIO 'IYBCTB8· 

TeJILHa K HYKJIOHHOMY cocTaay R~pa. HaM npe~cTaBJIReTcJI, 

'ITO 3Ta TO'IKa 3peH8JI Ka'leCTBeHHO no~TBAr~aeTCJI no· 

cne~H8~8 p'c'leTaM8 IlayJI8, Jle~eprep6epa 2 
8 'MeJIJiepa, 

H8KCa '
25

•
26 

, O~HaKO KOJI8'1eCTBeHHble 3aKJDO'IeH8JI nOTpe· 

6yroT 6onee ~eTaJILHoro TeopeT8'1ecKoro aHaJI83a c y'leToM 

HOBbiX ~aHHbiX OTHOC8TeJibHO CBOHCTB 830TOnOB Ku 8 6onee 

TJI:>KeJibiX 3JieMeHTOB. 

IJ0~06HaJI 8HTepnpeTaU8JI 3Kcnep8MeHTaJibHbiX ~aHHbiX 
03Ha'laeT, 'ITO y:>Ke ~JIJI 'leTHO • 'leTHbiX 830Tonoa Ku apeMJI 

:>K83H8 OTHOC8TeJibHO cnOHTaHHOrO ~eJieH8JI onpe~eJIBeTCJI 

npaKT8'1eCK8 UeJI8KOM 060JIO'Ie'IHbiM8 3cWJeKTaM8. 3TO aHa· 

JIOr8'1HO TOMY, 'ITO O:>KH~aeTCJI ~JIJI 06JiaCT8 CBepXTB:>KeJibiX 

3JieMeHTOB, 8 MO:>KHO Ha~eJITbCJI, 'ITO np8 ~BH:>KeH88 B 

cTopoHy ~Ba:>K~bl Mar8'1ecKoro JI~pa c Z = 114, N = 184 

~eHCTB8TeJibHO 6y~eT Ha6mo~aTbCJI pe3KOe yBeJI8'1eH8e 

T 1 ~: , KaK 3TO cne~yeT 83 TeopeT8'1eCK8X npe~cKa3aH8:ii. 

3AKJIJOqEHHE 

H3 coaoKynHOCT8 3Kcnep8MeHTaJILHbiX pe3yJILTaToB, 

noJiy'leHHbiX B HaCTOJI(Ue:ii pa6oTe, MO:>KHO C~eJiaTb pJI~ Bbl· 
BO~OB. 

MeTo~ C8HTe3a TpaHc$epM8eBbiX 3JieMeHTOB np8 o6· 

ny'leH88 830Tonoa Pb 80Ha'8 c Macco:ii A 
1 

2 40 a. e., 

8CCJie~oBaHHbiH HaM8 paHee 
12/ Ha np8Mepe peaKD;88 

Pb (
40 

Ar, xn) Fm , JIBJIJieTCJI TaK:>Ke BeCLMa 3cWJeKT8BHbiM 

np8 8CnOJIL30BaH88 80HOB 50 Ti. PeaKD;88 Pb( 40 Ar, 2n) Fm 8 

Pb( 
50 

Ti, 2n) Ku 8MeiOT np8MepHo paBHble ce'leH8JI, 

'ITO 8 MO:>KHO 6biJIO O:>KH~aTb Ha OCHOBe TeopeT8'1eCK8X 

OUeHOK. 3TO n03BOJIJieT Ha~eJITbCJI, 'ITO ~aHHbiH MeTO~ MO:>K· 

Ho ycneumo np8MeHJITL np8 C8HTe3e 6onee TJI:>KeJibiX 3Jie· 

MeHTOB B peaKU8JIX, Bbl3b1BaeMbiX 80HaM8 54 Cr , 55 Mn , 
58 Fe . 

CyiUeCTBeHHble 83MeHeH8JI B C8CTeMaT8Ke nep8o~oa 
nonypacna~a ~JIJI 'leTHO·'IeTHbiX 830TOnOB KypqaTOB8JI,nO 

BCe:ii BepOJITHOCT8, CBJI3aHbl CO CTpyKTypo:ii 6apbepOB ~eJie • 

24 

H8B 3T8X JI~ep. C !lTOH TO'IK8 3peH8JI npe~CTaBJIJieTCJI Ba:>K· 

HbiM 8CCJie~oBaTb CBOHCTBa eme 6oJiee HeiiTpOHO~e$HD;8T· 
HbiX 830TOnOB Ku • 8CnOJIL3yJI, B 'laCTHOCT8, peaKD;88 C 20 4pb, 
8 nOnbiTaTbCJI npO~B8HYTLCJI B 06JiaCTb 3JieMeHTOB C Z :?.106. 

C ~pyro:ii CTOpOHbl, He06X0~8MO npoBeCT8 ~eTaJILHbiH Teo· 

peT8'1eCK8H aHaJIH3 noJiy'leHHbiX ~aHHbiX Ha OCHOBe COBpe· 

MeHHOH TeOp88 ~eJieH8B B~ep, 'ITO, KaK HaM Ka:>KeTCB, 

n03BOJI8T 60Jiee Ha~e:>KHO npe~CKa3aTb CBOHCTBa TJI:>KeJibiX 

8 CBepXTJI:>KeJibiX 3JieMeHTOB. 

ABTOpbl rny60KO 6Jiaro~apHbl aKa~eM8KY r.H.$nepoay 

3a 60JILWYIO no,IUJ;ep:>KKy, nOCTOJIHHYIO nOMOmL 8 UeHHble 

3aMe'laH8JI Ha BCeX 3Tanax BblnOJIHeH8JI ~aHHOH pa60Tbl. 

Mbl C'I8TaeM CB08M np8JITHbiM ~OJirOM no6naro~ap8Tb 
B.M.IIJIOTKo, H.A.~aH8JIOBa 3a 6onLmo:ii BKJia~ B pa3pa· 

60TKY 3KCnep8MeHTaJibHOH MeT0~8K8 8 aKT8BHOe y'laCT8e 

B npoae~eH88 onbiTOB, a TaK:>Ke K.H.MepK8Hy, T .H.Pb16a· 

KOBY • . 3a KponOTJI8BYIO pa6oTy no npOCMOTpy 60JibWOro 

KOJI8'1eCTBa ~eTeKTopoa ocKOJIKOB ~eJieH8B. Mbi np83Ha· 

TeJILHbl rpynne 3Kcnnya TaU88 ycKop8TeJIB Y • 300, pyKoBo • 

~8Mo:ii A.H.$8JI8ncoHoM, 3a noJiy'leH8e 8HTeHC8BHblx 8 eTa· 

68JibHbiX ny'IKOB YCKOpeHHbiX 80HOB. 

06orameHHbl:ii 830Ton 
50 Ti 6biJI mo6e3HO npe~ocTaBJieH 

HaM rocy~apcTBeHHbiM cl>oH~OM 830TOnOB CCCP' 8 Mbl 

6naro~apHbl B.II.Bo'I8Hy, B.C.PoMaHoBy 8 C.A.CeJILBHOBY 

3a nOMOmh B 83rOTOBJieH88 83 3TOrO 830TOna o6pa3UOB 

~JIB 8CTO'IH8Ka 80HOB. 
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