
7 - 7204 

r .H.cI>JiepoB, IO.U.OratteCfilI, l1.11.3Bapa, A.r .,ll;eMHH, 
r .M.Tep-AKOilbRH, I0.3.TieHHOH)KKeBHq 

TIEPCTIEKTl1Bhl l1CCJIE,LJ;OBAHl1l1 TH)KEJlhIX 

l1 CBEPXTH)KEJihIX H,n;EP 

1973 



7 - 7204 

r .H.cI>Jiepoa, IO.I.J;.OrattecIDI, J1.J1.3aapa, A.r .,ll;eMHH, 
r .M.Tep-AKOilbIDI, I0.3.IleHHOH)KKeimq -

IlEPCilEK'IlffiM J1CCJIE,ll;OBAHJ1W TIDKERMX 

J1 CBEPXTH~ERhIX H,n;EP 

Hay11uo-Texa1111ecK.as 
6H64BOTeKa 

OHRH 



1.BBE,QEHHE 

CTaHoBneHHe H paJBHTHe $H3HKH TJDKenbIX HOHOB Kai< 

caMOCTOHTenbHOH H nno,nOTBOpHOH o6nacTH H,nepHOH $H3HKH 

npoucxo.nnno Ha 6aJe yc1<opnTeneii:, noJaonHBlllHX nonyqaTb 

ny'fKH TH)f(enbIX HOHOB annOTb .no 40 Ar C HHTeHCHBHOCTblO 

.no 10 12 l/ce1<. /Y-3OO a OIUIM, Hl/,AC a .6ep1<nn, 

CIIIA/. ,[(ocTynHbIH .nnanaJOH TH)f(enbIX HOH OB, oT 
12 C .no 

40 Ar, OCTaBancH HeHJMeHHblM Ha npoTH)f(eHHH 6O-x ro,noa, 

XOTH yaenH'feHHe MaCCbl yc1<opeHHbIX HOHOB CTaHOBHnOCb 

ace 6onee Hacyll.{HOH Heo6xo,nnMocThlO .nnH .nanbHeii:U1ero 

.PaJBHTHH uccne.noeaHnii:. 

3HeprH'fHble ycunHH, npe,nnpHHHTble a Hau66nee paJ

BHTbIX cTpaHax B Ha'fane 7O-x ro.noa - nepecTpoii:1<:a nu-

Heii:Horo yc1<opHTenH Hll, AC a .6ep1<nH B Super HILAC , 
yc1<opeHHe HOHOB Kr Ha ycTaHOBI<e Alice ao <l>pam:.{HH, 

CTPOHTenhCTBO yc1<opuTenH TH)f(enhIX HOHOB UN/LAC a 

<l>Pr H 3anyc1< TaH.neM-U.HI<noTpoHa OMRM, - oTpa)f(alOT 

cTPeMneHHe qJHJHKOB ecex cTpaH I< co3,naHH10 YHHBepcanb

Horo yc1<opHTenH TH)f(enblx HOHOB, .naIOl.l.{ero B03MO)f(HOCTb 

ycKOPHTb HOHbl npaI<:TH\feCKH acex CTa6HnbHbIX 3neMeHTOB 

nepHO,D.H'feCKOH CHCTeMbl annOTb ,no u C B03MO)f(H0 6onee 

BbICOKOH HHTeHCHBHOCTblO H 3Heprueii:. 

IlonyqeHHe yc1<opeHHblX HOHOB paJnH'fHbIX 3neMeHTOB 

annOTb .no u C ,D.OCTaTO\fHO BblCOKOH HHTeHCHBHOCTblO 

/.no 10 14 
l/ce1</ H 3Heprneii: /.no 10 M3e/11y1</lOH/ .HBHTC.H 

I<:a\feCTBeHHO HOBbIM 3TanoM B pa3BHTHH He TOnbKO $H3HKH 

TH)f(enbIX HOHOB, HO H H,nepHoii: qJH3HKH B u.enoM. B npHpo,ne 

cyll.{eCTByeT TOnbKO 300 CTa6HJibHbIX 11.nepHbIX CHCTeM -

H30TOilOB 90 CTa6HJibHbIX 3JieMeHTOB nepHO,D.H\feCKOH cnc

TeMbl. C Ha\fana pa3BHTHJI Jl)]<.'p11oii: qJH3HKH H,D.eHTHqlHU.HPOBa

HO H H Jy'Yetto ncero oKoJrn 1600 HJJ.ep. Ou,eHKH 110KaJbma10T, 

\fTO o6ny'YaJI ypal! H0IH!MII q1;1J1a C "lHepr11eii: 1 I'3e, M0)f(HO 

IlOJIY'YHTh no MeJIJ,IIJl'ii t.fl.'J)(" '1000 Pli l.111l'lHhlX H,nep. Ecnn 
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JJ:0 CHX nop JJ:0CTynuhle JJ:ITH HJyqeHHH HJJ:epHhle CHCTeMhl 

6hIITH orpaHnqeHbl no aT0MHbIM H0MepaM BerrnqnHoii, 6ITH3KOH 

K 100, TO, HMeH ycKopeHHhie H0Hhl ypaHa, M0)KH0 pacnrnpHTb 

.n:nana3 OH nccrre.n:oBaHnii BnrroTh .n:o Z"' 200. 

B3aHMOJJ:eiiCTBHe THmerrhlX RJJ:ep Tpe6yeT JJ:ITH CBoero 

onncaHHH pa3BHTHH KaqecTBeHH0 H0BbIX npe.n:cTaBrreHHH 

0 peaKUHHX Mem.n:y HJJ:epHbIMH MaKp0CHCTeMaMH. B 0Trrnqne 

OT HJJ:epHbIX peaKUHH C rrerKIIMH qacTHUaMH, TeopHH KO· 

T0pbIX pa3BHBarracb Ha 0CH0Be npe.n:cTaBrreHHH 0 6oM6ap

JJ:HPYlOI..Qeii qacTnue, KaK 6e3pa3MepHoii: T0qKe, B3anirn

.n:eiicTBHe THmerrh1x HJJ:ep npe.n:cTaBrrHeT co6oii npouecc, 

HMelOI..QHii C T0qKH 3peHHH Te0pHH MH0ro 061..Qerd C .n:erreHHeM. 

TaKHM o6pa30M, HJyqeHHe HJJ:epHbIX peaKUIIH Mem.n:y THme

ITblMH H.n:paMH .n:orrmHo pacnrnpnTh Hanrn npe.n:cTaBrreHHH 

H 0 TaK0M KrraccnqecK0M HJJ:epH0M .HBITeHHH, KaK .n:erreHne. 

IloBe.n:eHne HJJ:epHoii MaTepnn B 3KCTpeMaJihHhIX ycrro

BHHX KPIITnqecKHX yrrroBbIX MOMe.HTOB,· pa3pbIBalOI..QHX HJJ:P0, 

H BbIC0KHX 3Heprnii B036ym.n:eHHH npe.n:cTaBrrHeT qpe3Bbiqaii

H0 HHTepeCHblH o6'beKT JJ:ITH Hccrre.n:oBaHHii. TaK, npn He

ueHTparrbHbIX CT0ITKH0BeHIIHX THmerrbIX HJJ:ep B03HHKalOT 

orpoMHbie ueHTpo6emHhie CHITbl; JJ:0CTaT0qHbie JJ:ITH pe3K0ro 

H3MeHeHIIH npHBbiqHoii cq>epon.n:arrbHOH q>opMbl HJJ:epHoii 

cncTeMbI H · C03JJ:aHHH KOHq>nrypaunn, 6rrH3Koii K raHTerrn. 

BecbMa HHTepeCHbIM HBITHeTCH B0npoc 06 YCToii

qnB0CTH /BpeMeHH mH3HH/ TaKoii CHCTeMhI, 06pa3oaaHHoii, 

HanpHMep, B CT0ITKH0BeHHH JJ:BYX HJJ:ep YP~Ha • 

Ceiiqac HeB03MOmHO npeJJ:BHJJ:eTb ace q>aKTOpbI, K0T0pbie 

M0ryT npoHBHTbCH npH H3yqeHHH CT0ITb nrnpoKoii H KaqecT

BeHHO HOBoii o6rracTn · HBrreHnii:, KaK B3aHMo.n:eiicTBHe TH· 

merrbIX HJJ:ep H aT0M0B. Mbl CITHllIK0M Marro 3HaeM 0 TOM, 

qTo M0meT npOH30HTH B pe3yITbTaTe TaKHX He06biqHblX 

npouecC0B, H 3T0 . TeM 6orree HBITHeTCH CTHMYITHPYlOI..QHM 

o6cTOHTeITbCTBOM JJ:ITH HX nccrre.n:oBaHHH. Ilpe.n:cTaBITHeTCH 

oqeBHJJ:HbIM, qTo 3TH nccrre.n:oBaHHH 6y.n:yT norre3Hbl H JJ:ITH 

.n:pyrnx o6rracTeii ecTeCTB03HaHHH, TaKHX, KaK XHMHH, a TOM· 

HaH q>H3HKa, acTpOq>H3HKa H KBaHT0BaH 3ITeKTP0JJ:HHaMHKa. 

II. CHHTE3 TPAHC~EPMHEBblX 3IlEMEHT0B /100< Z ~ 106/ 

CHHTe3 H0BbIX TpaHcypaH0BbIX 3ITeMeHT0B BnIT0Tb JJ:0 

1OO-ro ocyI..QeCTBITHITCH B 0CH0BH0M nyTeM o6rryqeHHH 
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ypaila HITH nrryT0HHH M0I..QHbIMH noToKaMH HeiiTpOHOB B 

HJJ:epHblX peaKT0pax H HJJ:epHbIX B3pbIB8.X, 0JJ:HaKo B 6O-x 

ro.n:ax nocrre pH.n:a 6e3ycnell1HhIX nonhIT0K CTarro oqeBHJJ:HO, 

qT0 3THM MeT0JJ:0M HeB03M0mH0 np0JJ:BHHYTbCH K 3ITeMeHTaM 

C z > 100. Hau6orree THmerrbIM H30T0nOM, norryqeHHbIM KaK 

B peaKT0pax, TaK II B HJJ:epHbIX B3pbrnax, 0CTaeTCH 257 Fm. 

:, BMeCTe c TeM 6O-e rOJJ:bl HBHITHCb nepHOJJ:0M, Kor.n:a 

norrH0CTblO npOHBHITHCb H no.n:TBep.n:nrrHCb YHHKaITbHbie B03 • 

M0mH0CTH nccrre.n:oBaHHH HJJ:ep B peaKUHHX C THmeITbIMH 

noHaMn. B 3TOii: HOBoii: n qpe3BbJqaiiHo nrro.n:oTBOpHoii o6rra

CTH - q>H3HKe THmeITbIX H0H0B - noqeTH0e Mec~o 3aHHMaeT 

npo6rreMa CHHTe3a H0BbIX TpaHcypaH0BbIX, a T0qHee, TpaHc· 

qiepMHeBblX 3ITeMeHT0B nepuo.n:nqecKoii CHCTeMbl. 

HaqnHaH C nepBblX nonbIT0K CHHTe3a 1O2-ro 3ITeMeHTa, 

npe.n:npHHHTbIX B K0HIJ,e 50- x ro.n:oB, n JJ:O H8.CTOHI..Qero 

BpeMeHH e.n:HHCTBeHHbIM ~eT0JJ:0M CHHTe 3a TpaucqiepMHeBbIX 

3ITeMeHT0B 0CTaIOTCH peaKUHH CITHHHHH HJJ:ep MHllleHH H 

THmerrhIX H0H0B C nocrre.n:ylOI..QHM ucnapeHHeM Heii:TpOHOB 

H3 cocTaBHoro HApa, T.e. peaKIJ,HH Tuna (HI, xn) . B 3THX 

npoueccax Bech 3apHJJ: THmerroro noHa ,rlo6aBrrHeTcH K 3a-, 

PHJJ:Y HJJ:pa MHllleHH, no3B0ITHH CKaqKoM np0JJ:BHHYTbCH JJ:0 

HHTepecyroIIJ,ero 3rreMeHTa. PeaKUHH (HI, xn) · npoTeKaeT 

qepe3 cTa.n:nro o6pa30BaHHH cocTaBHoro HJJ:pa, o6rra.n:aroI..Qero 

onpe.n:erreHHOH 3Heprneii: B036ym.n:eHHH, K0T0paH CHHMaeTCH 

rrraBHbIM o6pa30M nyTeM ncnapeHHH HeiiTpOHOB. qeTKHe 

3HepreTnqecKHe H yrrr0Bbie xapaKTepHCTHKH TaKHX npo • 

IJ,e cc OB /MaKCHMYM q>yHKUHH B03 6ym.n:eHHH KOHKpeTHOH peaK

IJ,HH npn onpe.n:erreHHOH 3HeprHH H0H0B H pe3KaH HanpaB

rreHH0CTb Bnepe.n: BbIITeTa npOJJ:YKTOB/ .n:aroT IJ,eHHbie .n:onorr

HHTeITbHbie B03MOmHOCTH JJ:ITH HJJ:eHTHq>HKaIJ,HH o6pa3yro

IIJ,HXCH H.n:ep. 3TH B03M0mH0CTH 6bIITH HpK0 npo.n:eM0HCTpHpo

BaHbl B .n:y6HeHCKHX 3KCnepnMeHTaX no CHHTe3y 1O2-ro, 

1O3-ro, 1O4-ro H 1O5-ro JneMeHT0B. 

O.n:naKO C p0CT0M .n:enHM0CTH HJJ:ep no Mepe IlP0JJ:BHmeHHH 

K 6onhllIHM 3HaqeHHHM z 3q>q>eKTHBHbie ceqeHHH peaKUHH, 

npHB0JJ:HI..QHX K o6pa30BaHHlO H0BblX 3ITeMeHT0B, 6bICTpO 

yMeHblllalOTCH. TaK, ceqeHne o6pa3DBaHHH H.n:ep 1O5-ro 

3neMeHTa B peaKIJ,HH 
243 Am + 22 Ne C0CTaBnHeT BCero 

"'10 - 33 CM 2 , qTQ npHMepH0. B 10 8 pa3 MeHbllle ceqeHHH 

aHanornqHbIX peaKUHH B o6naCTH He.n:enHI..QHXCH HJJ:ep. Ellie 
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6onee HH3KHM O)KH,naeTCH Ce'leHIIe o6pa3onaHHH .a.nep 1O6-ro 
:rneMeHTa ;,10-34 CM 2/. 

Ha6mo,naeMoe na,neHne cetJeHnii: 3THX peaKnnii: npn · yne
nntJeHHH z npo,nyKTa MO)KeT 6LITb o6'bHCHeHO no3pacTaIOII.J;eii: 
KOHKypeHI.J;Heii: .neneHHH C ncnapeHHeM Heii:TpOHOn npH CHHTHH 
no36y)K,neHHH COCTanHoro .a.npa, a HMeHIIO, yMeHbllleHHeM 
OTHOUieHHH HeHTpOHHOH H ,nem1TeilbHOH IIIHpHH(rn/rf) . .0,nHa
KO 3TO, no-nn.nHMOMY, He e.nHHCTnemm.a npHtJHHa.-,[(pyrHM 
cl>aKTOpOM, n03MO)KHO, .annHIOTCH orpaHHtJeHHH, HaKna,nbrnae
Mbie Ha nepoHTHOCTb o6pa3onaHHH COCTanHoro .a.npa. He
KOTOpbie pactJeThl C HCnonb30naHHeM MO,nenH npaII.J;aIOII.J;eii:c.a 
3apH)KeHHOH )K}!.D:KOH KannH noKa3bIBaIOT' tJTO cetJeHHe 06-
pa3onaHHH COCTanHoro .a.npa yMeHbUiaeTCH npH ynenHtJeHHH 

Z COCTanHoro .a.npa n Macchi 6o~6ap.nnpyIOII.J;eii: tJaCTHI.J;hl. 
HecMoTpH Ha yKa3aHHbie TPY.D:HOCTH, peaKI.J;HH ( HI, xn ) 

HnHnHCb 3cl>cl>eKTHBHbIM cnoco6oM CHHTe3a HOBbIX :rneMeHTOB 
BnnoTb .no HHnbc6opn.a / Z = 105/. K HacTOHII.J;eMy epeMeHH 
B peaKnn.ax · 3Toro THna c noHaMH B, C, N, 0 n Ne CHHTe-
3HpoeaHo 6onee .nea.nnaTH H30TonoB 3neMeHTOB 102-105 
H Be,nyTCH HX nccne.noBaHHH BnnoT~ .no ycTaHOBneHHH .ne
TanbHbIX CXeM pacna,na H H3ytJeHHH TaKOrO CileI.J;Hci>HtJeCKOrO 
nn.na pacna.na, KaK cnouTaHHoe .neneHne. B ,[(y6He, B Jla-
6opaTopnn .a.nepHbIX peaKnnii: OIUIH, a TaK)Ke B ClllA npoeo
.n»TCH onbITbl no CHHTe3y 1O6-ro 3neMeHTa, KOTOpbie, B03-
MO)KHO, n 6nH)Kaii:UieM 6y,nyII.J;eM npnee,nyT K ero OTKpbITHIO. 

Pa3BHTHe HCCne.nonaHHH TpaHccl>epMnenbIX .a.nep /100 <; 
< z < 106/ nee 6onee 3anHCHT OT ynenntJeHHH HHTeHCHnHOCTH 
H MaccbI ycKopeHHbIX ni)KenbIX noHon. OneHKH, npoee.neHHbie 
Ha OCHonaHHH 6onblIIOH COBOKynHOCTH 3KCnepHMeHTanbHhIX 
,naHHbIX, noKa3bIBaIOT, tJTO ynenHtJeHHe HHTeHCHnHOCTH nytJKa 
HOHOB n 100 pa3 no cpanHeHHIO C HMeIOII.J;eii:c.a ceii:qac Ha 
yCKOpHTene y - 300 no3nOnHT CHHTe 3Hpona Tb H HCCne.nona Tb 
p.a.n HOnhlx Heii:TpOHo.necl>nnHTHhIX H30Tonon B TpaHccl>epMHe
noii: o6nacTH, TaKnx, KaK249-25I Md ' 25 0102 '252-254 103 ' 
255, 256, 262 Ku n 259 105. CHHTe3 n H3ytJeHne 3THX H30To
non no3nonHnH 6bI n 3HatJHTenbHOH CTeneHH pa3nHTb H 
nponepHTb na)KHeHUIHe .npe.ncTanneHHH O 3anHCHMOCTH .ne
IlHMOCTH . OT o6onoqetJHbIX 3cl>cl>eKTOn' a TaK)Ke OT z H A n 
3TOii: o6nacTH .a.nep, .ann.aroII.J;eii:cH nepexo.nHoii: K cnepxT.a
)KenLIM. 3a,naqa CHHTe3a Honoro 3neMeHTa 106 6brna 6b1 
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TaK)Ke 3HatJHTenbHO o6nertJeHa npn HanHtJHH 6onee HHTeH

cnnHoro nytJKa noHon. 
BLIUie ronopnnocb O TeX Tpy,nHOCTHX, KOTOphle cn.a3aHbl 

C yMeHbUieHHeM cetJeHHH o6pa3onaHHH TpaHccl>epMHenhIX .a.nep 
n peaKnn.ax Tnna ( HT, xn) npn ynenntJeHHH Z npo,nyKTa. 
IlpH ncnonb30naHHH OtJeHb TH)KeilblX HOHOn, TaKHX, KaK 
Xe H U, no.annHIOTCH no3MO)KHOCTH CHHTe3a TpaHccl>epMHe
nbIX .a.nep HHbIMH cnoco6aMH, a HMeHHO, n peaKI.J;HHX .neneHHH 
n MHOroHyKnOHHbIX nepe,naq npH o6nytJeHHH MHUieHeii: c 

6onbllIHM nop.a,nKonbIM HOMepoM. 
Hcnonb3YIOlllHeCH n HaCTOHII.J;ee npeMH MeTO,nbI CHHTe3a 

HOnhIX H30Tonon He .annHIOTCH .nocTaTOtJHO 3cl>cl>eKTHnHbIMH 
.nn.a nonytJeHHH H30Tonon TH)KenbIX 3neMeHTOn c 6onbllIHM 
H36hITKOM Heii:TpOHOn. B pe3ynbTaTe 3TOrO .nn.a 6onbllIHHCTna 
TH)KeilbIX 3neMeHTOn H3ytJeHhl H30TOnhl, OTCTOHII.J;He OT 
nHHHH f3 -cTa6HnbHOCTH TOilbKO Ha Tpn-qeTbipe MacconhIX 
e,nHHHI.l;bl n CTOpOHY HeHTPOHHoro H36bITKa, n TO npeMH KaK 
HeiiTpoHo.necl>nnHTHLie .a.n~a Hccne.nonaHLI HHor.na notJTH 
nnno:rb .no rpaHHUhl npOTOHHOH HeCTa6HnbHOCTH .a.nep /tJTO 

cooTneTCTnyeT He.nocTaTKy2O- 30 HeHTPOHOn/. 
Ha OCHonaHHH pactJeTHblX ouenoK H :1KcnepHMeHTanbHbIX 

,naHHbIX, nonytJeHHhIX npH o6nytJeHHH 238 u HOHaMH 1
36 Xe ' 

MO)KHO npe.ncKa3aTb, tJTO C ynenHtJeHHeM HHTeHCHnHOCTH 
14 nytJKa HOHOn Xe .no 10 1/ceK MO)KHO 6y,neT CHHTe3Hpo-

naTb uenbIH p.H.n T1I)KeilhlX H30TOnon aKTHHH.D:HbIX 3neMeHTOn 

nnnoTb .no 250 U ' 254 Cm ' 258 Cf H T.,n. 
l13yqeHHe cnoii:cTn HeiiTpOH006ora1I.J;eHHhIX .a.nep TH)Ke

Ilh!X 3neMeHTOn HMeeT Ba)KHeHI1Iee 3HaqeHHe He TOilbKO .nn.a 
$H3HKH .a.npa, HO H .nn.a nOHHMaHHH MeXaHH3Ma o6pa3oBaHHH 
TJl>KenbIX H caepXTJl>KenhIX 3neMeHTOB n aKTHBHblX 3Be3.D:HhIX 
npoueccax, a TaK>Ke pacqeTa ,nHHaMHKH 6LicTporo 3axaaTa 

Heii:TpOHOB B JI,nepHblX B3PbIBaX. 
EcnH nepeHTH K caMbIM TJl)KeilbIM H3 H3BeCTHblX 3ne

MeHTOB-1O2-1O5, TO H36bITOK HeHTPOHOB npHo6peTaeT elI.J;e 
6onee npHHI.J;HnHanbHoe 3HaqeHHe. IlocKonbKY nee 3TH 3ne
MeHTbI .no HaCTOHII.J;ero apeMeHH CHHTe3HpoaanHCb n peaKuH
HX THna (HI, xn), TO nonyqaeMbie H30TOnbI ncer.na 6LinH 
CHilbHO Heii:TpOHo.necl>HUHTHblMH. Mo>KHO Q.)KH,naTb, tJTO H30-
TOnbI, ne>KalI.J;He 6nH>Ke K nHHHH f3 - CTa6HnbHOCTH, 6y,nyT 
6onee ycTOHt{HBbl, qeM H3BeCTHbie. Ilo3TOMY no3MO)KHOCTb 
nonytJeHHJI TaKHX H30TOnon, KaK 

261
102 ' 

26 5
• 

267 
104 'npH 
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B3aHMOAeHCTBHH caepXT}I)KeJihIX H0H0B C HApaMH npencTaB

JIHeTCH BeChMa 3aMaH'-IHBOH. 

III. CBEPXTjlJKEnLIE .sl,l{PA 
1. Cy111ecmeoaa11ue "ocmpoaa cma6u11b11ocmu" 

IIapaJIJieJihHO C nocnenoaaTeJihHhIM CHHTe30M HOBhIX 

TpaHccpepMHeBhIX 3JieMeHTOB ace 6onee qeTKOH CTaH0BHJiaCh 

OCHOBHaH 3anat.Ia, CTOHil(aH Teneph nepen qJH3HKOH TH)KeJihIX 

HOH0B H Tpa.HcypaHOBhIX 3JieMeHT0B, - npo6JieMa CHHTe3a 

caepxTH)KeJihIX Hnep. CymecTBOBaHHe "ocTpOBa CTa6HJih

HOCTH" cpenn "oKeaHa" HeCTa6HJihHhIX OTH0CHTeJihHO nene

HHH caepXTH)KeJihl:X Hnep o6ycJIOBJieHO HaJIH'-IHeM 3aMKHYThIX 

o6oJIO'-leK npn Z = 114 n N = 184, K0TOphie npencKa3aHhl 

TeopeTH'-leCKH C BhICOKOH CTeneHhlO Hane)KH0CTH. II~BhI

rneHHaH yCTOH'-IHB0CTh 0THOCHTeJihHO neneHHH Hnep, 6JIH3KHX 

K 3aMKHYThIM o6oJIO'-IKaM, cnenyeT KaK H3 TeopeTH'-leCKHX 

'pact.IeToB /CBHTeU:KHii n Maiiepc, CTPYTHHCKHH, My3LI'-1Ka, 

HHJihCCOH/, TaK H H3 3KCnepnMeHTaJihHhIX naHHhIX, nony- .' 

t.IeHHhIX B o6naCTH nono60JIO'-IKH N = 152. O6menpH3HaHHhIH 

MeTon onpenenennH 06onot.Ie1.JHoii nonpaBKH K MaccaM Hnep, 

pa3pa60TaHHhIH CTpyTHHCKHM, ·no3aoriHeT ou:eHHTh BeJIHt.IHHY 

6apbepa neneHHH Hnep caepXTH)KeJihIX 3JieMeHTOB. IIo 3THM 

ou:eHKaM naa)KAhI Marn'I.JeCKOe HAPO 298 114 AOJI)KHO HMeTh 

6aphep neneHHH 10- 15 M:Je, 1.JTO HaMHoro npeBOCX0AHT 

6aphep nenennH ypana /6 M:1a/. J{npa, 6nn3KHe K 
298 114 , 

HaXOAHil(HeCH a u:enTpe "ocTpoaa cTa6nn~HOCTH", TaK)Ke 

AOJI)KHhI HMeTh nocTaTO'I.JHO BhICOKHH 6aphep neneHHH H, cne

noaaTeJihHO, TaK)Ke 6ynyT OTH0CHTeJihH0 CTa6HJihHhl. O6-

JiaC'.J'h caepxTH)KeJihIX Hnep C IlOBhIIIIeHHOH YCTOH'-IHBOCThlO 

OTHOCHTeJihHO neneHHH IlOKa3aHa. Ha pnc. 1. Ou:eHKH, yqn

ThIBaIOil(He ace B03M0)KHhie T;lfilhl pacnana caepxTH)KeJihIX 

Hnep, IlOKa3hIBaIOT, 1.JT0 IlOPHAKOBhIH H0Mep H '-IHCJIO HeiiTpo

HOB nan6onee AOJirO)KHByll(ero H30TOna naX0AHTCH B npe

nenax 110 < Z < 114, 180 < N < 188 n ero apeMH )Kll3HH 
- - - - 8 . 

M0)KeT OKa3aThCH rpoMaAHhIM /anJIOTh no 10 JieT/. 

B 3TOM cnyqae neJih3H HCKJIIO'I.JHTh TaKoii B03MO)KHOCTH, 

'-ITO HeK0T0phie Han6onee CTa6HJihHhie CBepXTH)KeJihie' HyK

JIHAhl MOrJIH B MaJihlX KOJIH'-leCTBax coxpaHHThCH co apeMeH 

nepaoHat.IaJILHoro HYKJieorene3nca a KaKnx-nn6o 3eMHhIX 
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HJIH K0CMHlleCKHX o6paJuax. 3Ta BeCLMa HHTepecHaH rurro

Te Ja .n;ana T0Jl110K K HHTeHCHBHbIM II0HCKaM .n;cinro)IGIBYl.QHX 

CBepxTH:>KeJILIX 3JieMeHT0B B rrpnpo.n;e. OTKpbITHe TaKHX 

3JteMeHTOB nMeno 6LI orpoM11y10 Hay11Hy10 n npaKTu11ecKy10 

ueHH0CTb. K HaCT0Jll.QeMy BpeMeHH s peJyJILTaTe 6onLmoro 

t{HCJia 3KCnepnMeHT0B M0:>KH0 c.n;enaTb BblB0JJ; 06 0TCYTCT· 

BHH B npnpoJJ;HblX o6paJuax caepXTH)KeJI&IX 3JieMeHT0B Ha 

YP0BHe K0HUeHTPaUHH 10-12 i/2. HMeIOII,1peCJ1 MeT0JJ;bl i 
·. . · · -15 

II0HCK0B II0JB0JIJIIOT JJ;0CTH11L . ~}'._B_CTBHTeJILH0CTlt 10 2/2, 
H II0HCKH npo.n;oJDKaIOTCJI. 

Cne.u.yeT, 0)1.HaK0, OTMeTHTi, 11T0 BepoHTH0CTb o6Ha

py:>KeHHJI CBepXTJl)KeJI&IX 3JieMeHT0B B IIPHP0.U.HbIX o6paJuax 

cyI.QeCTBeHH0 JaBHCHT OT HX rrepirn.u.a nonypacna.u.a. BMeCTe 

C TeM Heonpe.n;eneHH0CTL B TeopeTHlleCKH rrpe.u.cKaJaHHbIX 

JHalleHHJiX BpeMeH )KHJHH CBepXTJl:>KeJI&IX JIJJ;ep oqelib BeJIHKa. 

3TO o6CTOHTeJibCTBO no.n;qepKHBaeT Ba)KH0CTb K0HUeHTpaUHH 

ycHnHii Ha IIYTH ncKycc-rBeHHoro CHHTeJa TpaHcypaHoB&IX 

3JieMeHT0B. B 3T0M cny11ae M0:>KH0 o6Hapy)KHTb HYKJIH,lJ.bl 

C epeMeHaMH )KHJHH B lliHP0K0M .u.nanaJ0He OT 10 -17 )1.0 

10 
3 Aem. E.n;HHCTBCHHbIM cnoco6oM pemeHHJI 3TOH Ja,lJ.allH 

JIBJIJleTCJI ycKopeHHe "cBepXTJl)KCJiblX" HOHOB THIIa Ge ' Kr ' 

Xe n U c B0JM0)KH0 6onee BbICOKOH HHTeHCHBH0CTblO. 

2. llonbtmKu cuHme3a ceepxm.J1J1Ce11b1x Jtoep 

IlepBoii IIOIIblTKOH CHHTeJHP0BaTb CBepXTJl:>KeJible JIJJ;pa 

B JIJJ;epHbIX peaKUHJIX 6&IJIH 0IIbIT&rrpynnLI TOMCOHa B l 967ro

.n;y' B K0T0pbIX MHmeHb HJ 248 Cm o6nyqanacb H0HaMH 
40 Ar. IlocKoJILKY KOHellHLiii rrpo.n;yKT peaKUHH rronHoro 

CJIHHHHH B 3T0M cny11ae 0TCT0HT .n;aneK0 OT MaruqecKoro 

llHCJia N = 184 /Ha 13 HJIH 6onee HeiiTpOHOB/, 0TPHUaTeJib• 

HblH pejyJILTaT 3THX 0IIbIT0B He 6bIJI HC0)KHJJ;aHH0CTblO. B TO 

BpeMJI He 6LIJIO IIY11K0B ycKopeHHblX H0H0B, 6onee TH)KeJI&IX, 
40 A , qeM H0Hbl r. . 

3Ha11HTeJILHO 6on&mnii HHTepec BbIJBaJIH npoB0JJ;HBWHeCH 

npaKTHlleCKH o.iiHoBpeMeHHO /1970-1971 ro.n;&1/ 3KCIIepn

MeHTbl c HOHa.Mu Kr /ycKopHTeJIL Alice , <l>paHUHH/ H 

Zn /Y-3OO, 0MJIM/. B 0IIbITax «bpaHUYJCKOH rpyIIIIbl MH· 

meH& HJ 23_2 Th .6oM6ap.n;HpoBanacL noHaMH 84 Kr c HH· 

10 
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TCHCHBH0C,TblO 2.10 
8 1/ceK. IIpH 3T0M M0rJIH o6paJOBbl· 

BaTbCH n.u.pa c Z -~ 126 H N"" 184. IlepBOHallaJI&Hbie coo6-

IUeHHH . 06 o6Hapy)KeHHH. BbIC0K03HepreTH11eCKHX ci •HJny

qaTeneii BII0CJie,lJ.CTBHH He II0,lJ.TBep.n;HJIHCb, H 3TH 0IIblTbl 

. ' II0JB0JIHJIH- JIHWL ycTaH0BHTb BepXHHH npe.u.en ceqeHHJI 06-

paJoBaHHH caepxTH:>KeJI&IX HJJ;ep B yKaJaHHOH. peaKUHH Ha 

YP0BHe 10 - 3o CM 2• B .n;y6HeHCKHX 3KCnepHMCHTax 
1
H0HaMH . 9 . 

66,_ 68 Zn C HHTeHCHBH0CTblO JJ;0 3;10 1/ceK 6oM6ap.n;Hpo-

BaJIHCb MHllieHH HJ 238 U H 243 Am_, 11T0 IlOJBOJIJIJIO B npHH· 

unne CHHTeJHP0BaTb ceepXTH:>KeJI&Ie H,!1.pa c Z =120-125 

H N' 6JIHJKHM HJIH paBHbIM 184. O.n;HaKo H 3TH, 6onee 

ll)'BCTBHTeJI&Hbie cpaBHHTeJI&H0 C «bpa.HUYJCKHMH 3KCnepn

MeHTbl .n;ann T0JibK0 eepXHHH rrpe.u.en ce11eHHH o6paJoBaHHH: 

5.10 -32 CM 2• 

·Ta6mma -
PeaKUHH CocTaaHoe 2 

Ce'!eHne (cM ) T½-
SI.APO (ceK) 

248 Cm+ 40Ar 288 114 < 5 10-32 -9 - . < 10 

238 U + 66 Zn 304 122 s 10-30 < 10-9 

243 Am + 66 Zn 309 125 ~~-10-32 <10-9 

243Am + 68 Zn 311 125 .< 5.10 
-32 < 10-9 

232 Th + 84 Kr 316 126 < 10-30 <10-2 

238 U + B4 Kr 322 128 < 10-30 <10-2 

B Ta6nnue rrpe,ncTaBneH&I rronyqeHHhie ,no HacToniuero 

BpeMeHH peJyJI&TaTbl 3KcnepnMeHT0B, HaueneHHhlX Ha CHHTeJ 

CBepXTH:>KeJihIX n.u.ep nyTeM peaKUHH CJIHHHHH c o6paJOBa

HHeM C0CTaBHOro HJJ;pa._ HeCMOTPH Ha TO, t{TO 3T0T MeT0JJ; 

CHHTeJa HBJIHeTCH Tpa,!1.HUH0HHbIM ,!J.JIH rronyqeHHH H0BbIX 

3JieMeHT0B, cne,nyeT o6paTHTb BHHMaHHe Ha PHJJ; oco6eHHO· 

CTeii, KOTOp&Ie M0ryT HMeT& MeCT0 rrpn BJaHMO,!J.eHCTBHH 

II 



·-c-- ··,·---------~-----,.----------------......., 

CTOJlh CJIO)Kffh!X n,nep, Ka:KHMH HBJIHIOTCH U n Kr.Han6onee 

6JIH3KOH aHanorneii ,nJIH CJIHHHHH TaKHX n,nep HBJIHeTCH 

npouecc, o6paTHhIH. ,neneHHIO -Ha ,naa OCKOJIKa, c TOH JIHWh 

pa3HHUeii, 'ITO npH CTOJIKHOBeHHH B n,npax MO)KeT B036y)K

,naThCH 6one_e WHPOKHH cneKTP pa3JIH'iHhIX BH,D:OB KOJie6aHHH. 

3TO 03HaqaeT, 'ITO K peweHHIO aonpocoB, CBH3aHHhIX 

C ,neneHHeM n,nep, MO)KHO no,noiiTH coaepweHHO HHhIM nyTeM 

H nony'iHTh aeChMa Ba)KHYIO HH<l>opMaUHIO O ,D:HHaMHKe CTOJih 

CJIO)KHOrO npouecca, KaKHM HBJIHeTCH ,neJieHHe TH)KeJioro 

n,npa. 
Ilepahle 3KCnepHMeHThI, npoae,neHHhie B Opc3 H ,!];y6He, 

noKa3aJIH, B qacTHOCTH, 'ITO ,D:JIH CJIHHHHH ,nayx n,nep C Mac

coii, 6JIH3KOH K 100, Heo6xo,nHMa 3HeprHH, Cyll\eCTBeHHO 

npeBhIWaIOI.I.\aH KJiaCCH'ieCKHH pacqeTHhlll 6aphep peaKUHH. 

CornaCHO coapeMeHHhIM npe,ncTaBJieHHHM 3TO MO)KeT 6hITh 

CBH3aHO C BH3KOCThlO n,nepHoro Bell\eCTBa, H 3TO CBOHCTBO 

n,nep HBJIHeTCH npaKTH'ieCKH coaepweHHO HeH3y'ieHHhIM. 

Bo3apall\aHCh K npo6neMe HOBhli 3Jie~eHTOB, Heo6-

XOAHM0 HMeTh B BHAY, 'ITO noBhiWeHHe 6aphepa CJIHHHHH 

no Cyll\eCTBY 03HaqaeT yBeJIH'ieHHe 3HeprHH B036y)K.ll:eHHH 

COCTaBHoro n,npa. IIocKOJihKY 6aphep ,neneHHH caepXT H)KeJihIX 

n,nep o6ycJIOBJieH o6oJIO'ie'iHOH CTPYKTypoii, B03HHKaeT ao

npoc, HaCKOJlhKO coxpaHHeTCH 34>4>eKT o6oJIO'i.eK C pOCTOM 

3HeprHH B036y)K.ll:eHHH n,npa. TaK KaK n,npo oKa3hIBaeTCH ao3-

6y)K,neHHhIM ,no 50-60 M:rn, 6aphep ero ,neneHHH MO)KeT 

6hITh CYI.I.\eCTBeHHO IlOHH)KeH H, cne,noaaTeJihHO, ,neJieHHe 

n,npa Ha ,naa OCKOJIKa 6y,neT CHJihHee KOHKYPHPOBaTh c npo

ueccoM ncnapeHHH HeiiTpOHOB. !I03TOMY npnae,neHHhie B Ta6-

JIHUe rpaHHUhl ceqeHHll /,no 5.10 - 32 
CM 

2
/ COOTBeTCTBYIOT 

qyBCTBHTeJihHOCTH, ,naneKO He ,nocTaTO'iHOH ,nnH CHHTe3a 

caepXTH)KeJihIX 3JieMeHTOB. !IOBhIWeHHe HHTeHCHBHOCTH nyq

KOB HOHOB Ge , Kr H Xe ,no 10 14 J/ce1< no3BOJIHT CHHTe-

3HPOBaTh caepxTH)KeJihie n,npa, eCJIH OHH o6pa3yIOTCH C ceqe

HHeM, npeBhIWaIOIQHM 10-36 
CM 

2
• 

3. BoaMOJICHOcmu cuumeaa ceepxmJ1J1CeAblX Jtoep 

CoaepweHHO HHOH no,nxo.n K npo6neMe cHHTe3a caepx

TH)KeJihIX n,nep, OCHOBhIBaIOI.I.\HHCH Ha peaKUHH ,neneHHH, 6hm 

12 

pa3BHT H o6ocHoBaH B Jia6opaTOpHH n,nepHhIX peaKUHii 

OHJUI. Bnepah1e Ha B03MO)KHOCTh CHHTe3a caepxTH)KeJihIX 

n,nep TaKHM cnoco6oM yKa3aJI a 1964 ro,ny r .H.<l>nepoa. 

Benn npe,nnoJIO)KHTh, 'ITO npu CTOJIKHoaemin: ,nayx T H)KeJihIX 

n,nep ( U +Xe, U + U) 06pa3yeTCH co,cTaBHoe n,npo, KOTopoe 

3aTeM ,neJIHTCH, TO OCKOJIKH ,neJieHHH,D:OJl)KffhIHMeThWHpOKHe 

pa9npe,nene~rnH no MaccaM, 3aps.ziaM H :rneprHH :ao:i6y)K.ll:e

HHH. 

3KcnepHMeHTanhHoe o6ocHoBaHue raICoro cnoco6a cun

Te 3a CBepXTJl)KeJihIX H,D:ep 6hIJIO .nO_JIY'ieHO B CepHH OnhITOB 

no· o6nyqeHHIO ypaHa HOHaMH 12 C , 16 0 , 20 Ne H 40 Ar . 
li3MepeHHH yrJIOBhIX pacnpe,neJieHHH H KHHeTH'ieCKOH 3Hep

rHH OCKOnKOB ,neJieHHH noKa3LIBaIOT, '{TO B 3THX peaKUHHX 

o6pa3yeTCH B036y)K,neHHOe COCTaBHOe R,npo, KOTOpoe ,neJIHTCJI 

Ha ,naa OCKOJIKa. MacCOBLie H 3apR,D:OBhie pacnpe,neJieHHH 

OCKOnKOB ,neJieHHH TaK)Ke CBH,D:eTeJihCTBYIOT O pacna,ne 

COCTaBHoro n,npa. Benn 3KCTpanonHpOBaTh 3aKOHOMepttOCTH 

· 3THX pacnpe,neneHHii Ha 6onee TR)KeJihie 60M6ap,nHpy10IQHe 

'laCTHUJ>I, MO)KHO O)KH,D:aTh, 'IT0.npu 06ny11eHm1 ypaHa HOHaMU 
136Xe HJIH 23 B U acHMMeTpH11Hoe ,nen.em1e' B 3aMeTHoii 

,none co6hITHH. 6y,neT npHBO,D:HTL K o6pa3oBaHHIO O~KOJIKOB 

c Maccoii OKono 300 H Z ~ ll0~ll4 /puc. 2/. TaKHM 

o6pa30M MO)KHO nony'IHTh H30TOnhI CBepXTH)KenhIX 3ne

MeHTOB a CaMOM ueHTpe "ocTpoaa .cTa6HnhHOCTH". 

BeCLMa CYI.I.\eCTBeHHLIM s:a.,rneTCR TO o6cTOHTenLCTBO, 

'ITO npH onucaHHOM BLIWe cnoco6e CHHTe3a yCJIOBHe o6pa-

30BaHHH COCTaBHoro H,npa npH CTOnKHOBeHHH HCXOAHLIX 

H,nep He HBJIHeTCH o6H3aTenLHhIM. ,l];ocTaTO'IHhIM HBnHeTCH 

o6pa3oBaHHe HeKOTOpoii COCTaBHOH CHCTeMLI, B KOTOpoii 

CTanKHBaIOIQHeCH n,npa npe6LIBaIOT HO B3aHMHOM lC0HTaKTe 

B Te'leHHe npoMe)KyTKa BpeMeHH CBLIWe 10 - 20 ce1<'. 'Tor,na 

npH pa3BaJie 3TOH CHCTeMhl_ 06pa3yIOTCjJ IlP0~yKThl, pa~rrp·e

,neneHHe KOTOPLIX no MaccaM, 3ap.11,naM H 3HeprHRM B036y)K

~eHH.11 6JIH3KO · K paBHOBecHoMy pac·npe,neneHHIO oci<onKoB 

,neneHHH 3KBHBaJieHTHoro C0CTaBHOro H,npa. 

,l];eiiCTBHTeJihHO, npoae,neHHhie K HaCTOHIQeMy apeMeHH 

3KCnepHMeHThl no 06ny11eHHIO Ta H U ·uoHaMH 
36 Xe , 

ycKopeHHhIMH Ha TaH,neM-UHKnOTpOHe JIJIP OHJIH, noK1!1-3hI

BaIOT paBHOBeCHhie MaCCOBLie H 3apH,D:OBhie pacnpe,neneHHH 

npo,nyKTOB, 'ITO CBH,nerenLCTBYeT O npoTeKaHHH npouecca 

B3aHMO,neiiCTBHH ,na)Ke TaKHX TH)KeJihIX n,nep qepe3 CTa,nHIO 

13 
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C , 

20 ive,40 Ar/31<cnepuMe11111/ uB4Kr, 136 Xe /31<c111pano.11J1tJUJ1/. 
' I 

06pa:10aaHHJI cocTaBHOro Jl,IJ,pa nH60 cocTaBHOH CHCTeMbl. 

Ilo BbIXO,IJ,Y oc1<0nKOB ,neneHHJI B 3THX peaKUHJIX MO:>KHO 

oueHHTb ce'leHHe o6pa3 oaaHHJI paaHoae cHoii .nen11meiic11 

CHCTeMbl B peaKUHH V + Xe ' KOTopoe cocTaBnJleT OKOno 

100 M6ap11, 'ITO xopomo cornacyeTCJI co c.nenaHHbIMH 

paHe.e oueHKaMH. 
O6pa3YI01UHHCJI npH ,neneHHH cHcTeMbI V + Xe HnH 

V + u· TJl'.lKenbIH OCKOnOK HaXO,IJ,HTCJI B B036y)K,!l;eHHOM co

CTOJIHHH H MO'.lKeT B CBOIO oqepe,IJ,b .nenHTbCJI. B caMOM .nene, 

B peaKUHH Ta + Xe Ha6n10,naeTCJI yMeHbllleHHe BblXO,IJ,a 

TaKHX ,IJ,enJlll.{HXCJI TJl'.lKenbIX npo,nyKTOB, KaK Ra H Ac ' no 

cpaBHeHHIO C BblXO,IJ,OM COOTBeTCTBYIOlUHX nerKHX OCKOnKOB. 

YqeT BTOpH'IHOro ,IJ,eneHHJI 3THX H30T0Il0B noKa3bIBaeT, 'ITO 

HX nepBOHa'lanbHblH BbIXO,IJ, TaK'.lKe COOTBeTCTByeT npe,IJ,CKa-

3aHHJIM. OueHHTb BnHJIHHe KacKa,IJ,Horo ,neneHHJI Ha BblXO,IJ, 

caepXTJl'.lKenblX Jl,IJ,ep oqeHb TPY,IJ,HO. rio-BH,IJ,HMOMY, npH 

3HeprHH B036y)K.IJ.eHHJI CBblllle 40 M38 6apbep .neneHHJI 3THX 

11,nep, o6ycnoBneHHblii o6ono'le'IHOii cTpyKTypoii, HC'leJaeT. 

14 

Ilo3TOMY H36e)KaTb ,IJ,eneHHJI MO)KeT TOilbKO Ta 1-IaCTb 

CBepxTH)KenbIX H,IJ,ep, y KOTOpblX 3HeprHH B036y)K,IJ,eHHH 

nocne .neneHHH HCXO,IJ,HOH COCTaBHOH CHCTeMbl cpaBHHTenb

HO HeBenHKa. <l>aKTOp yMeHbllleHHH BblXO,IJ,a OCKOilKOB ,nene

HHH c Maccoii 300 Ja ctJ:eT KacKa.n;Horo .neneHHH MO)KeT 

,IJ,OCTHraTh no pacqeTaM aenHtJ:HHhl OT 10 4 ,IJ,O 10 6 • TaKHM 

o6pa30M, cetJ:eHHe o6pa30BaHHH CBepXTH)KenhIX 11.nep B pe-

aKUHH U( Xe, f) MO)l(eT COCTaBnHTh npuMepHo 10 - 33 

10-35 CM 2 • 

3KcnepHMeHThl, npOBO,IJ,Hll.{HeCH a HaCTOHll.{ee BpeMH Ha 

TaH,IJ,eM- UHKilOTPOHe Jla6opa TOpHH H,IJ,e PHhlX peaKUHH, no -

Ka3hIBaIOT' tJ:TO npH o6nytJ:eHHH 2.1B u HOHaMH 136 Xe 06pa-

3yeTCH cnOHTaHHO .nenHll.{HHCH H3nytJ:aTenh C nepHO,IJ,OM 

nonypacna.na oKono 150 ,IJ,Hen. Bh1xo.n 3Toro HJnytJ:aTen11 

COOTBeTCTByeT CetJ:eHHIO o6pa30BaHHH 10 - 33 CM 2, tJ:TO 

n03BOnHeT perHCTPHPOBaTh 1 aKT ,neneHHH 3a 10 cyTOK .• 

B pe3ynbTaTe,IJ,nHTenhHhlX06nytJ:eHHHH3KCn03HUHH06pa31.{0B 

y,nanoch Ha6i110,naTh acero 30 aKTOB pacna.na, Ha ocHoBaHHH 

KOTOPhlX MO)KHO yKa3aTb nHlllh caMhie o6mne CBOHCTBa HOBO

ro H3nytJ:aTenH. TaK, HanpHMep, OCHOBHaH tJ:aCTh 3cpcpeKTa 

Ha6n10.nanach B XHMHtJ:eCKOH cppaKUHH TH)KeJl.hlX MeTannoB 

(Bi, Pb, Tl). Cpe.n;Hee tJ:Hcno Hei1TpoHoB Ha aKT .neneHHH 

i7 :::; 3,5, a KHHeTHtJ:ecKaH 3HeprHH OCKOnKOB npeBhilllaeT 

200 M3e. 
113 COBOKynHOCTH ,IJ,aHHhlX MO)KHO 3aKnIOtJ:HTh, tJ:TO Ha6n10-

.naeMhlH 3cpcpeKT Tpy,IJ,HO o6'hHCHHTh Ha OCHOBe H3BeCTHhlX 

npe,IJ,CTaBJieHHH O cnoHTaHHOM .neneHHH 11.nep B o6naCTH 

V - Cf. )].anhHeHillHe onhIThl ,IJ,Oil)l(Hbl 6bITb HaueneHhl Ha 

H,IJ,eHTHcpHKaUHIO H H3ytJ:eHHe CBOHCTB 3THX H,IJ,ep, H Ba)l(Hei1-

IllHM cpaKTOpOM npH ocymecTBneHHH 3TOH nporpaMMbl 

HBJIHeTCH 3HatJ:HTenbHOe yaenHtJ:eHHe HHTeHCHBHOCTH nytJ:Ka 

HOHOB Xe. 
TaKHM o6pa30M, npHBe,IJ,eHHble oueHKH, a TaK)Ke npe.n

BapuTenbHble pe3ynhTaTbl Be,IJ,yll.{HXCH Ha TaH,IJ,eM-UHKilOTpOHe 

OHJIH 3KcnepHMeHTOB noKa3bIBaIOT, tJ:TO CBepXTH)Keilhle 

H,IJ,pa MoryT 6h1Tb ycnelllHO CHHTe3HPOBaHhl B peaKUHHX 

THna (U + Xe) H ( U + V) npu ,nocTaTotJ:Hoi1 HHTeHCHBH0CTH 

H 3HeprHH Y.CKOpeHHhlX HOHOB U H Xe . )].JIH ,IJ,eTanhHOro 

HJytJ:eHHH ·npouecca .neneHHH, ne)Kamero B ocHoBe 3Toro 

MeTO,IJ,a CHHTe3a, 3HeprHH HOHOB ,IJ,Oil)l(Ha ,IJ,OCTHraTb 
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10 M36/11yiu1011. IlOBhIIIIeHHe HHTeHCHBHOCTH nyqKa OT 

HMeIOIUerOC.!I ceiiqac npe.n:eJibHOro JJ:Jl.!I TaH.n:eM-UHKJIOTPOHa 

ypoBH.!I 5.10 10 l/ce1< .n:o 10 14 l/ce1< OTKpoeT BOJMO:>K

HOCTh npHMeHeHH.!I pa3Hoo6pa3HhlX npeUH3HOHHhlX MeTOJJ:OB 

.!IJJ:epHoii qJH3HKH H XHMHH JJ:Jl.!I HJJ:eHTHqJHKaUIIH H HJyqeHH.!I 

CBOHCTB CBepXT.!I:>KeJibIX .!IJJ:ep. 

IV. HOBhlE 3JIEMEHTbl H XHMHSI 

B HaCTO.!IIUee BpeM.!I npHHUHnHaJihHa.!I B03MO:>KHOCTb HJy

qeHH.!I XHMHqecKHX CBOHCTB 3JieMeHTOB Ha e.n:HHHqHbIX aTOMax 

He .!IBJI.!IeTC.!I 60JihIIIe npe.n:MeTOM cnopa. IlOJIO:>KHTeJibHOMY 

perneHHIO )TOH npo6JieMhl cnoco6cTBOBaJIH H3BeCTHbie pa60Tbl 

no XHMHH ranoreHHJJ:OB 3JieMeHTOB 102, 103, Ku H Ns 'BbI

noJIHeHHbie B ,[l;y6He. 3TH JKcnepHMeHThI npoBOJJ:HJIHCh c no

MOIUhIO pa3pa6oTaHHbIX B Jia6opaTop1rn .!IJJ:epHblX peaKUHH 

HOBhIX 3Kcnpe CCHbIX pa.n:HOXHMHqe CKHX MeTOJJ:OB, OCH.OBaHHbIX 

Ha pa6oTe c MOJieKyJiaMH coe.n:HHeHHH B raJOBoii· qJaJe. 

Bo Bcex .n:pyrH.X HayqHbIX ueHTpax, BeJJ:YIUHX HCCJieJJ:OBaHH.!I 

HOBbIX 3JieMeHTOB, HCnOJih3YIOTC.!I TOJibKO MeTOJJ:bl HJyqeHH.!I 

XHMHH jJieMeHTOB B BOJJ:HhlX paCTBOpax. Ba:>KHOH oco6eH

HOCTbIO raJOBOH XHMHH JIBJI.!IeTC.!I B03MO:>KHOCTb HJyqeHH.!I 

pH.n:a KJiaCCOB 6e3BOJJ:HbIX coeJJ:HHeHHH, a TaK:>Ke noee.n:eHH.!I 

3JieMeHTOB B aTOMapHOM BHJJ:e. 

TaKHM o6pa30M, ceiiqac HMeeTC.!I 3KCnepHMeHTaJihHa.!I 

6a3a JJ:D.!I pa3HOCTOpOHHero HJyqeHH.!I XHMHH HOBhlX 3Jie

MeHTOB, npHqeM 6hlCTpo.n:eiiCTBHe MeTOJJ:HK JJ:OCTHraeT .n:e

CHTbIX .n:oneii ceKYHJJ:bl npH pa6oTe B pe:>KHMe "OH naiiH". 

B03MO:>KHOCTh JJ:OCTH:>KeHH.!I TaKOH 3KCnpeCCHOCTH OCHO-· 

BaHa Ha OJJ:HOH HJ oco6eHHOCTeii peaKUHH c TJI:>KeJiblMH 

HOHaMH - 60JibllIOH 3HeprHH OTJJ:aqH npo.n:yKTOB. 3a cqeT 

OTJJ:aqH MO:>KHO MrHOBeHHO OTJJ:eJIHTb HOBbie aTOMbl OT 

BeIUeCTBa MHIIIeHH, B3JIB TOJIIUHHY MHIIIeHH MeHbIIIe npo6era 

.!IJJ:ep OTJJ:aqH. B 60JihllIHHCTBe .n:pyrHX MeTOJJ:OB CHHTeJa 

3JieMeHTOB CTaJJ:H.!I OTJJ:eJieHH.!I OT MHIIIeHH .!IBJI.!IeTC.!I OJJ:HOH. 

ll3 caMhIX JJ:DHTeJihHbIX. 

HOBhle TpaHCaKTHHHJJ:Hhle H CBepXT.!I:>KeJihle 3DeMeHThl 

rrpe.n:cTaBDHIOT qJYHJJ:aMeHTaJihHbIH HHTepec JJ:JIH XHMHH. He

CMOTPH Ha CYIUeCTBeHHhle ycnexH BhlqHCJIHTeDbHhlX MeTo

JJ:OB, .n:o CHX nop He TODbKO XHMHqecKa.!I CB.!13b, HO .n:a:>Ke 
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3JieKTPOHHhle KOHqJHrypaUHH aTOMOB T.!I:>KeJihlX 3JieMeHTOB 

He MoryT 6bITb paccqHTaHbl c JJ:OCTaToqHoii Ha.n:e:>KHOCThIO. 

3TO o6yCJIOBJieHO oqeHh CyIUeCTBeHHOH pOJihIO peJI.!ITHBHCT

CKHX 3qJqJeKTOB, oco6eHHO B aTOMax CBepXT.!I:>KeJihIX 3JieMeH

TOB. TaKHM o6pa30M, B 6JIH3KOM 6y.n:yiueM paJBHTHe Teope

THqecKOH HHTepnpeTaUHH XHMHqeCKHX CBOHCTB no-npe:>KHeMy 

noii,.n:eT no IIYTH COBeprneHCTBOBaHH.!I pacqeTHhIX MeTOJJ:OB, 

COilOCTaBJieHHJI peJyJihTaTOB C 3KcnepHMeHTOM HyJiyqrneHH.!I 

noJiyKOJIHqecTBeHHOH TpaKTOBKH. 3KcnepHMeHTaJihHOe HJy

qeHHe XHMHH CBepXT.!I:>KeJihlX 3Jie~eHTOB JJ:OJI:>KHO .n:aTh MaTe

pHaJI HCKJIIOqHTeJihHOH ueHHOCTH JJ:JIJI 3TOro rrpouecca yrny6-

JieHHJI TeOpHH. BTOpbIM Ba:>KHeHIIIHM MOMeHTOM .!IBJI.!IeTC.!I 

Bepo.!ITHOe cyiuecTBOBaHHe y CBepxT .!I:>KeJihIX 3JieMeHTOB 

He06h1qHhIX CTerreHeii OKHCJieHHJI H coe.n:HHeHHH. I-fayqeHHe 

TaKHX HBJieHHii .!IBHJIOCh 6h1 6oJihIIIHM BKJia.n:oM B o6iuyro .xH

MHIO •. Bech KOMnJieKC HCCJieJJ:OBaHHH C oqeHh T.!I:>KeJihlMH 

HOHaMH nOCTO.!IHHO CTaBHT HOBhie pa.n:HOXHMHqeCKHe Ja.n:aqH 

BBHJJ:Y CJIO:>KHOCTH CMeCH npo.n:yKTOB,ManoroBhlXOJJ:a,KopoTKHX 

BpeMeH :>KH3HH H TaKHM o6pa30M CTHMYJIHpyeT, COBepIIIeH

CTBOBaHHe paJJ:HOXHMHqecKHX MeTO.D;OB. 

Py1<onucb nocmynU/1a e u3oame/lbc1<uii omoe/l 

28 MQJI 1973 200Q. 
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