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1. BBEJlEHHE 

Opo6neMy 1-1CKyccTBeHHoro 01HTesa T.A)!{eJlblx 1-1 csepxT.A)t(eJlbtX 3ne

MeHTOB /T3 H CT3/ MO)i{HQ paa,QeJlHTb Ha ABe 4SCTH. nepea.A OTHQ

CHTC.A K cn0co6y cHHTeaa,sTopa.A ca.AaaHa co cso~cTaaMH T3 1-1 CT3. 
B nepaoM cny'-lae eonpoc saKJ1104aeTC.A e Bbt6ope onTVIMSilbHoM 

KOM6HHS~HH VIOH-MHWeHb, npHSO,Q.A~eH K o6pa30BSHHIO H36paHHOrO 

3IleMeHTa. 3To, 8 CBOIO 04epe,Qb, Tpe6yeT ,QOCTSTOYHO AeTSilbHOrO 

HCCJle,QOBSHH.A H noCileAYIO~ero HCnOJlb308SHH.A pS3IlV14HbiX MeXSHH3MOB 

RApO-AAepHoro esaHMOAeHcTBH.R. 
PeweHHe 3SAS4H, CB.R3SHHoH c npe,QCKasaHH.AMH cao~CTB CT3, 

npeACTSBJUteTC.R BeCbMa CilO>t<HbiM, n03TOMY 3AeCb 6oJ1bWYIO 

POJ1b VlrpaiOT HCCJ1e,QOBSHI-1.A, B OCHOBe KOTOPbiX J1e>I<I-1T CHHTe3 

T3. nocKOJ1bKY nO.RBJleHioie nOBbtWeHHO~ CTa6HilbHOCTI-1 Q}f(I.1,QaeTCR y 

R,Qep C 6011bWHM 41t1CJ10M He~TpOHOB, N= 184, a I-13Y4eHKble H30TOnbl 

ne)l(aT e o6nacTH N::;, 160. noebtWeHHe Ha,Qe)I(HOCTI-1 npe,qcKa3aHHIIi 

CBO~CTB CT3 Tpe6yeT npoBeAeHJ.1R HCCile,Q088HitiR CBO~CTB TRmeilbtX 

R,Qep B Wlo1POKOM ,QHana3oHe H3MeHeHJ.1R N. 

K HaCTORuteMy epeMeHI-1 BblnOJ1HeHo MHoro nonbtTOK CHHTe3a CT3 

B peaK~HRX c Tfi>KeJ1biMH i'IOHaMH I CM. , HanpHMep' o6sop I 11 I. no

CKOJlbKY OHH noKa He np1-1Be!11t1 K Ct.1HTe3y ceepXTR>t<eJlbiX RAeP, He

o6xO,Qit1MO J.1CCile,QOB8Tb B03MO>t<HOCTH Ka>+<,QOrO lt13 3Tit1X nO,QXO,QOB. 

8 ,Q8HHO!Ii pa6oTe 6y,QyT paCCMOTpeHbl B03MQ)I(HQCTJ.1 Clt1HTe3a T.R)f{eJlbiX 

Ill ceepXHl>t<eJlbiX 3JleMeHT08 B peaK,U,YIRX nOilHOrO C111-1RHVI.R B3avtMQ

,Qe~CTBY~utHX R,Qep. 

2. CHHTE3 T~!\EJlbiX 3J1EMEHTOB 
B PEAKUH~X nOJlHOrO CJl~~HH~ 

Tpa,Qio1U,HOHHOe HCnOJ1b30BaHvte peaKU,H~ nO!lHOro CJ11t1FIHHR RBil.ReT

CR OCHOBHbiM cnoco60M CHHTe3a TpaHC$epMWe8btX 3IleMeHTOB, KOrAa 

MHWeHW C MaKCHM8J1bHO AOCTynHbiM nOpR,QKOBbiM HOMepoM Zt 06Jly4a

~TC.R ny4K8MH HOHOB ner4e Ne. npH 3TOM npO,Q8J.1)1(eHHe B 06JlaCTb 

60JlbWHX Z OCyuteCTBJl.RJlOCb 3a C4eT yBeJla.14eHJ.1R zt.OAHSKO noCKOilb

KY nopA,QKOBbl~ HOMep RApa-Mt.1WeHJ.1 npaKTH4eCKJ.1 prpaHH4eH CBepxy 

(Zt <lOO).npo,QBH}I{eHHe e o6nacTb CT3 Tpe6yeT npHMeHeHHR ny4KOB 

HOHOB c Z 1> 10. TaKHM: o6pa3oM, e Ka4ecTee nepeoro war a Ha 3TOM 

nyTH HY)I(HO H3Y41-1Tb oco6eHHOCTH cHHTesa T3 c HoHaMH TR)I(enee Ne. 
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2. 1. npVIH4VIn B~6opa OnTVIMaiibHO~ peSK4VIVI CVIHTe3a 

0CHOBH~M Tpe60BSHHeM K o6paaoeaeweMYCR npOAYKTY peaK4VIH RB
IIReTCR AOCTHmeHVIe MVIHVIMSIIbHO B03MOmH~X 3Ha~eHVI~ 3HeprVIH B03-
6ymAeHVIR E* VI yrnoeoro MoMeHTa I cocTasHoro RApa. PoeT E* HI 
CHIIbHO yeenVI~HeaeT Aon~ pa3Ae!1HBWHXC.R a npo4ecce Aesoa6ymAe
HH.A COCTaBHbiX .AAep, yMeHbWS.A TeM CSMbiM B~XOA T3, nony~eHHe 
••xonOAH~X 11 RAep oco6eHHO samHo npH Cl-1HTeae CT3, nOCKOIIbi<Y a 
3TOM cny~ae MOmHO H36emaTb yMeHbWeHH.A o6ono~e~H~X 3$$eKTOB 
B pe3YIIbTSTe paaorpeea RAPa 121, 6narOASP.A KOTOPbiM H MO}t{eT cy
uteCTBOBSTb o6nacTb noebJWeHHol4 CTa6~t~nbHOCTH. TaKHM o6paaoM, 
npH CHHTe3e CJleAyeT B~6pa.Tb MaJly~ 3HeprHIO HOHOB AllA ASHHO~ 
napbl HoH-MHWeHb, 6nHaKy~ K eenH~VIHe 6apbepa Cl11-1.AHHR E i "" B rus • QnTHMSJlbHO~ peaKl.lHei1 /3/ H3 BCeX B03MOmHblX AJl.A ASHHOa4 napbl 
HOH-MJ.-iWeHb 6yAeT Ta, KOTOpa.A HMeeT HaHMeHbWee 3Ha~eHHe MHHH
MaJ1bHOa4 3HeprHH eoa6y>KAeHH.A E ~in"" B fus + Q, rAe Q = M i + M t- M CN 
Bblpa}t{aeTC.A 4epe3 MCICCbl B3SHM0Aea4CTBY~W.J.1X .AAep*. nocKOJlbKY 
6apbep Cl1H.AHH.A Br

08
RBn.AeTCR rnaAKOI4 ¢YHKLtlo1e14 A H Z pa311VI~HblX 

nap B3SHMOAe~CTBY~~HX RAep, CyuteCTBOBSHHe HaHfionee 6naronpH.AT
HbiX Ail.A OOJ1Y4€HH.A 11 XOIIOAHb!X 11 COCTaBHbJX RA€P peaK4HI4 fiyAeT CB.A
aaHo c npo.AsneHHeM o6ono~e~Hb!X a¢¢eKTOB a senH~Io1He Q /a Mac-
cax .RAep/. noaTOMy HSJ.1M€HbWVI€ 3Ha~eHJ.1.A E*min fiYAYT HM€Tb pe-
aKLti-!H, B KOTOpblX MHW€Hb10 .ABII.A€TC.A ABa)f(Abl MSrlo1~€CKOe RAPO 208Pb. 

HnnJOcTpaLtHel4 cKaaaHHoro cnymHT pHc.l, rAe noKa3aHa aaalo1cH
MOCTb E~in OT MaCCOBOrO ~HCJ1a HOHS A i , KOrAa OAHO VI TO )f(€ 
COCTaBHO€ .AAPO o6paayeTC.A 8 pa3Hb!X KOM6HHS4H.RX HOH-MVIW€Hb. C 
pOCTOM MaCCbl lt!OHS B€.nlo14VIHS E i'nin YB€11H'4J.18S€TC.A VI AOCn1raeT 
MaKCVIMaJlbHoro 3Ha4eHHR /40+50/ MaS npH Ai""(l 0+30), a aaTeM yMeHb
waeTcR BABOe npH Ai ""/40-:-60/. PeaKt.tHH c "'OHaMH 12 C , 16 0 , 20 Ne. KOTOpble HCOOIIb30BSJ1VICb paHee AJlR CJ.1HT€3a P.AAa H30TOOOB l-Q2-l 05-ro 3J1€M€HTOB, nemaT B MSKCHMyMe 3SBVICHMOCTJ.1 E~in (A i ) 
'1 conpOBO}t{AaiOTCR J.1COyCKSHH€M 4-5 He14TpOHOB H3 COCTSBHOrO RApa. HanH~He MMHHMyMa a aaBHCJ.1MOCTJ.1 E~in(Ai) noaaonReT J.1Cnonbao-

PHc.l. MHHHManoHaR 3neprHR 
~~€HHR COCTaBHb~ R~ep 248 Fm 258 Ku 262 106 2ss108 , , , 
/B M3B/, o6pa3YIDmHXCR npH pas
nH'tiHb~ KOM6HHa~HRX MHill€Hb
qaCTH~a. KpHBwe npoBeAeHhl qe
pe3 pac'tleTHble snaqeHHR E * . , 

ffiln npe,o;cTaBnenHore TO'tiKaMH. 

~3AeCb J.1 B€3Ae ASll€€ HHA€KCOM i 0603Ha4eH HOH, HHA€KCOM t -
RAPO-MVIWeHb, ~t~HAeKCOM CN- cocTasHoe RApo. 
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BaTb ,qn~ C~HTe3a T3 peaK~~H C HCnyCKBHHeM 2 H€~TPOHOB.B CBR3H 

C T€M,4TO y TpaHc¢epMH€B~X RAep OTHOW€HH€ WHpHH 3MHCCHH HeHT-
-1 -2 

poHa " AelleH"~ rn/rr "10 - 10 , nepexOA K peaK~"" (HI, 2n) 

yeenH4HBaeT AOJ1~ Hepaa,qeJ1H8WHXCR R,qep 8 10 3 
- 10

6 
paa. 

3$$eKTHBHOCTb CHHTeaa T3 8 peaKLH1~X c o6paao8aHHeM 11xono,q

Hb1X11 COCT88HbiX ~,Qep 6b!n8 npoAeMOHCTpHp08aHa 8 3KCnepHM€HTaX, 

BblnOJ1H€HHbiX B ,Qy6He /3-7/ H n03,QHe€ B ,lJ,apMWTa,QT€ /8/, B KOTOpbiX 

npH o6ny4€HHH Pb "' Bi HOHaM~ Ar , Ti , Ca , Cr 6blnH nony4.eHbl 

HOBble ~t~aoTon~ 100-1 07-ro 3J1eMeHTOB 
13

• 7 1• O~eHKa eoaMO>KHocTeH 

Hoeoro MeTo.Qa .Q11R CHHTeaa CT3 "' BbiReneH~t~R cne~H$HKH peaK~H~, 

npHBO,QR~HX K o6pa3oeaHH~ 11 XOJ10,QHbiX 11 COCT88HbiX R,Qep, Tpe6yeT 

6onee ,Q€T8J1bHOrO 8H8JlH3a 3KCnepHM€HT8JlbHbiX ,QaHHbiX. 

2. 2. AHaJlH3 ce4€HHH o6paaoeaHHR T~>Ke.nbiX 3I1eMeHTOB 

B peaK~"~x (HI, xn) 

2.2.1. Pac4eT ce4eH~~ (HI, xn)-peaKI..IH~. Ce4eH~t~e o6pa

soeaHHR H30TOna noc.ne 8b1Jl€Ta 1-13 COCT88HOrO R,Qpa X H€~TpOHOB 

HM€€T BVI,Q 

a xn (E *) /1/ 

3,qecb eepORTHOCTb p (E*)8b1Jl€Ta V\3 COCT88HOrO R,Qpa X HeHTpOH08 

paCC4HTbi88€TCR CTaH.:apTHbiM o6pa30M /g,lQ/, O"cN - C€4€HVI€ 

06pa30B8HHR COCTaBHOrO ~,Qpa. 

npoH38€,Q€HI.1€ OTHOW€HHi:1 f n /f f onpe,QeJ1R€T ,QOI110 He pa3,qe-

I1H8WVIXCR 8 HCnapHTeJlbHOM KaCKa,Qe COCT88HbiX -~.Qep. Kam,qbiH co

MHO>KVIT€Jlb 3TOrO npoH3B€,Q€HVIR 388HCVIT OT 3HeprHitl B036ym,QeHHR 

H yr.noeoro MOM€HTa 111 ( KpoMe Toro, KaK 6bl.no noKaaaHo 8 pa6o-

Te /1 2/,60ilbWO€ 8I11.1RHH€ Ha BeJlH4HHY C€4€HHR 06pa3088HVIR ~30TQ
noe T3 ot<a3bl8aeT He y4TeHHaA e 8blpa)f(eHJ.1H /1 I KOHKypeH~H~ Me>K

AY ,Q€J1€HVI€M J.1 3MJ.1CCHeH y-KeaHTOB Ha nOCJ1€,QHeH CTyneHJ.1 HCna

PHT€J1bHOro KaCKa,Qa. Bee 3TH 3$$€KTbl MO>KHO Y4€CTb 8 paMKaX pa3-

J11.14HbiX M€TQ,Q08 paC4eTa, OnHpa~~I.1XCR Ha OnHCaHH€ 8036y>K,Q€HHbiX 

R,Qep 8 MO,Q€111-1 $€pMH-ra3a/ll<Q,QHaKO peayJlbTaT OK83bl8aeTC~ 04€Hb 

4Y8CT8VIT€I1€H K pa3J1J.14HbiM napaMeTpaM MO,Q€J1H, 4TO CY~€CTB€HH0 

YM€HbWaeT T04HOCTb, a CI1€,Q08aT€I1bHO, J.1 ,QOCT08€PHOCTb 3KCTpano

I1A~J.1H 8 06JlaCTb H08biX 3I1€M€HT08. 

BMecTe c TeM 3KcnepJttMeHTanbHO ycTaH08.neHo, 4T.O 

no HCnap~T€I1bHOMY K8CK8.QY 3Ha4€HH€ ,Q€JlHMOCTH 

ycp~,QH€HHOe 

<r ";;r1 >= 
x 1/x 

= ( fi (f0 /ff ) k) OKa3biB8€TC~ C.na(io 38BHCA~ItiM OT 3Hepr~H 803-

k=l /14/ 
6y)I(,QeHHA E* • noaTOMY 8 01..1€HKaX BeJ1H4HHbl O"xn M0>KHO 8 Ka4€CT-

ee nepeoro wara HCnOJ1b30BaTb 3MnHpH4€CKVI€ CliiCTeMaTHKH /9,,10/ ,QJ1R 

3¢¢eKTH8HbiX OTHOW€HHH <1 n/f f > , COXpaHAIO~HX 388HCHMOCTb <f Jf f > 
TOI1bKO OT HyKI10HHOro COCTaBa ~,Qpa. B ,qaHHOH pa60"T€ npe,QJ1araeT

CR 38BHCHMOCTb /13"/ 
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{ 

0,159N - 0,357Z + 10,423 
log<f' n;r r > = 

0,094N- 0,176Z + 1,783 

z < 104. 

/2/ 
z :0: 104. 

KaK 6brno noKa3aHo s pa6oTax /13,14/, c nOMOll.\biO 01CTeMaTHKI-1 /2/ 
MOmHO nony~V!Tb YAOB11eTBOpHT€11bHYIO TO~HOCTb onHCSHHR C€Y€HH~ 
(HI, xn) -peaKU,J.1~ 8 AVISnaaOHe VI3MeHeHHR B€JlY1l.JII!Hbl X OT 1 AO 8. 

noCKOJ1bKy peaKU,HH C HcnyCKSHHeM MHHHMSJ1bHOrO 4HCJ1S He~Tpo
HOB 11MeiOT MSKCHMS11 bHbl€ BbiXOAbl npH 3Hepri-1RX lt!OHOB B611s.-t31-1 B fus , 
OCHOBHOali Be11H4HHO~, KOTOpaR onpeAe11ReT Ce4€HHe axn' RB11R€TCR 
aHepren14ecKaR aasVICI1MocTb ce4eHH.A cnHRHHR oCN (E 1 ). ManaR 
3HeprHR HOHOB Tpe6yeT y4eTa 3¢$eKTS npOHHL.J,S€MOCT~ 4epe3 no
T€HU.HSllbHbJi:i 6apbep B3aHMOAealicTBHfl, n03TOMy Ce'-leHHe CJlVLAHYIR 
6yAeM 8bi41-1CHijTb C nOMOll.\biO BblpS)I<€HI-1.A e 

2 :.§r 
a eN= "A "- (2f + l)T" /3/ e = o ' 

3AeCb Te - K03¢$HU,HeHT npoXO>KA€HI4.A e -~ naPI..IHSilbHO~ BOilHbl l.,le
pea noTeH-LtHSilbHbl~ 6apbep Vp, KOTOPbl~ pacc4HTblaaeTcfl a npH6nVI
meHVIVI nepeeepHyTO~ napa60ilbl /lfi/.KpHTVIt..leCKVIJ-1 yr!lOBO~ MOMeHT fer • 
BbiWe KOTOPOrO He npOHCXOAHT C!l~f!HHA, onpeAe!lAeTCfl ycnoeVIeM 
HCI.Ie3HOB€HVIA 1 1KapMaHa1 1 B noTeHI..IHSJl€ A,qpo-AAepHOfO B3SHMOAe~cT
BHfl. 8 14HTepeCyiOtl.\€~ HSC 061laCTH MSJlbiX 3Hepr_l4~ npHMeHeHI4e TSKO
ro npocTe~wero noTeH4HanbHoro noAXOAa onpaBAaHo TeM, !.ITO 3AeCb 
MO)I(HO• HC-Kllf04HTb yt..leT AHCCVman1BHbiX CH!l 8 npOL,\eCCe CJlHRHHA 1161. 

noTeHI..IHSJl AApO-AAePHOrO B3aHMOA€~CTBHR B03bMeM B BHA€ 

V (r) = V + V + V e rot coul n !41 

V rot !51 

v -coul !61 
r :S. R c' 

113 113 Rc "= 1,3(A i +At )<!>M, p.- npwaeAeHHaA Macca CJ.1cTeMbr. B OT!U14He 
OT 4eHTpo6e)f(HO~ V rot H KY110HOBCKOJ1 V coul LISCTeH AAePHSA CO-
CTSSilAIOJllSR noTeH4YIS1la OCTaeTC.R .nJlOXO H-3y4eHHQI.1. 

AnR onHCSHH.R RAepHO~ 4SCTH vn B HacTOR~ee apeMR WHPOKO HC
nO!lb3Y~T CileAYIOti.\He noTeH4HSilbl 

a/ KoHTaKTHbi-H noTeH-Ltr-lan 
117~ 

171 
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rAe 
y- 0,9517[1-1,7826(NcN- ZeN)/ A CN] Ms8/<l>M 2 -

- K03$$H~HeHT noaepxHOCTHOi:1 3HeprHH H3 MOAeJlH mHAKOH KannH; 

R - R ~12 oR ~12 / (R ~It R{12 ) ; R 112- R(1- b 2 /R2 ) - paAHYC no-
1/3 -113 

noaHHHoH nnoTHOCTH RApa; R = 1,28A + O,SA -0,76- paAHYC 
3KBHeaneHTHoro RAPa c pe3KJ.1M KpaeM; b = 1 , 0 <PM; ~ = (r- R\ 12-R1~:ib. 
KoHTaKTHaR C!>YHK~HR ¢(~) pacc4vtTbtBaeTCR no (J>opMynaM H3 pa6o-
Tbl /18/ • 

6/ Ykawa- plus-exponential noTeH~..tl1an /19/ 

v. - Vred (2 + S/a) exp(-S/a) • !8! 

rAe Vred- (C; C 1 )
112 

aR; R
1 
/[r~(R i +R 1)]; C- A

8 
{1-k 

8
[(N-Z)/A] 2l; 

r 0 - 1,18 <!>M; a- 0,65 <!>M; k
8 
-3,0; A

8
- 21,7 MsBo 

e/ MoA~t~¢1o141-1POBaHHbt~ noTeHI.\Han ByAca-CaKCOHa c napaMeTpaMH, 
onpeAeileHHbiMH H3 rpaHio14HbiX YC110BHH MOAem-t >KHAKOV! KanJlH /20/ 

V --b [A2/3 A2/3 -(A A )2/3]0 
rAe o s i + t i + t ' 

r I noTeHu,vtan ByAca-CaKCOHa /9,10/ 

113 11) 
v. - V o 11 + exp[ r-ro(~ i +At ll -1 , 

CAe V O- -70 Ms8, r O - 1 , 26 <!>M, d- 0, 44 <!>M o 

191 

/10/ 

6bt!10 npoBeAeHO CpaBHeH~-te 3KCnepHMeHTallbHbiX cf>YHKU,HH B036yH<

AeHJ.1R acrJEi) C pac4eTaMH, BblnOJlHeHHbiMH AJlR noTeHt.t~t~aJlOB /7-10/. 
0Ka3aJlOeb, 4TO Bee noTeH~ItlaJl~ OAHHaKOBO XOPOWO OnHe~BaiDT 3Kene
p~t~MeHTaJlbH~e AaHH~e no eJllo1RHI-1ID JlerKitiX C~t~eTeM C Z izt~1000, HO 
e o6nacT~t~ 6onee TR~en~x e~t~eTeM peaynbTaT~ pac4eTa Ha4~t~HaiDT oT
KnoHRTbeA KaK APYr oT APYra, TaK H oT AaH~~x 3KCnepHMeHTa /eM. 
p~t~e.2/. PaayMH~M e AaHHoH eHTYat.t~t~H ABilAeTeA YT04HeHHe napaMeT
poe noTeHt.t~t~aJlOB /7-10/ HCXOAA H3 aHaJlH3a 3KCnep~t~MeHTaJlbH~X 

AaHHbiX. nocKOilbKY npou.eAypa onpe,qeneHHA napaMeTpoe, HaHilY·4W~t~M 

o6pa30M on~t~CbiBaiO~H.X Be to eOBOKYnHOCTb 3Kcnep~t~MeHTa!lbH~X AaHHbiX, 
ABilAeTcR seebMa TPYAOeMKb~, BblnonH~t~M ee TOilbKO AilR npocTeHwero 
noTeHu,HaJla ByAca-CaKCOHa /10/. 

2.2.2. Ce4eHHR (HI, xn) -peaK~..tHail KaK HCT04H.I-1K HH
¢lopMa4HH o CilHRHHH RAep. CTaHAaPTHblail cnoco6 onpeAeneHHR 
ee4eHMA CJ1HRHI-1R 3aKJ1104aeTCA B perHCTpat.tHH npOAYKTOB ,qeB036y*
AeHio1R COCTaBHOro R,qpa - AAep-ocTaTKOB, o6pa30BaBWHXCR nocne 
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M6 
3 
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10 
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10 

0 
10 

-1 
10 

-2 
10 

j 
I 
9 
I 

11 2 

50 80 

), ., 
100 250 

En,M38 

Puc •. 2. Ceqeaae CJIMRHHR B 3aBHCHMOCTH OT 3aeprHH a·oaa 
AJViiBy.X KOM6HH~H MHmeH:O-t.JaCTHD;a! CJieBa - 16 0 + 148 Sm, 
crrpaBa - 40 Ar + 208 Pb. To'liKa.MH rroKa3aHhr 3KCnepHMeHTano-
Hble ,o;aHHble gnH peaK:qHH 16 0 + 148 Sm H3 pa60Thi 1211 
H 40 Ar + 208 Pb H3 pa5oTbl 1221. CTpenKm1: OTMe'tleHa 3HeprHR, 
ITPH KOTOpOH nonyqeaa nepBaH 3KCrrepHMeHTaiTbHa.fl TO'l:IKa 
4lYHKD;HH B036Y"J{AeHHH peaKIJ;HH 

206
Pb ( 

40 Ar, 2n) 244 .Fm. 
KpHBbte - pegyJibTaT pac'tleTa c pa3JIHllHbiMH Hp;po-.R:p;epHblMH 
noTeHqHarraMH: 1 - c rroTeHqHarroM Bygca-CaKcoaa, 2 -
KOHTaKTHblM noTeau;HanOM, 3 - Yukawa-plus-exponential -
rroTeau;aanoM, 4- - rroTeH~anoM Byp;ca-CaKcoaa c rrapaMeTpa
MH, onpep;eneHHWMH H3 rpaHaqHb~ ycnoBHH MOgeJIH ~AKOH 
Karum. 



11 ~ttcnapeHH.A 11 pa3!1VI4HblX 4aCTHI...I H nocne AeneHI-l.A. K Ha-

CTO.A~eMy epeMeHH BblnOJlHeHO MHOrO 3KcnepHMeHTOB A!l.A OTHOCHTe!lb

HO nen<HX KOM6HHal...l~ttalf CTa!lKHBaiOU\1·1XC.A FEAep, np~t~4eM B HeKOTOpblX 

H3 HHX ,qeTa!lbHO HCC!leAOBaHa 3aBVICHMOCTb a CN (E i) B noA6apbep

HO~ o6naCTVI 3HeprH~. 3TO 06CTOFITe!lbCTBq_ It! no3BOJ1HJ10 onpeAe!lHTb 

napaMeTpbl noTeHI...IHanoe /7-lO/ ,qnR nerK~ttx cf.1cTeM c Zi Zt S 1000. 

O,qHaKo A!l.A TFE>Ke!lbiX KOM6~t~Hat.tH~ 1-lOH-MHWeHb noKa HeT np.AMbtx 3Kcne

PHMeHTa!lbHblX V13MepeHHalf aCN B 06JlaCTH Ma!lbiX 3HeprVIalf, 4TO aa

CTSB!l.AeT VICKSTb APYrOalt cnoco6 onpeAe!leHH.A napaMeTpOB noTeHI...IHa

na V £ (r). 
¢yHK1...1HH B036Y*AeHH.A VI Ce4eHH.A B MaKCYIMYMe $yHK1...1Half B036Y*Ae

HH.A a~~X peaKI...IVI~ C HCnycKaH~tteM MVIHHMa!lbHOrO 4HCJ1S H€~TpOHOB 

npeACTSB!l.AlOT C060alt YHHKa!lbHblalf VICT04HHK HH$OpMSL\HVI 0 nO!lHOM 

C!lH.AHHVI .AAeP c zi z t :::1000. AeHCTBHTe!lbHO, c noMOlJ..ibiO ypaBHe

HH.A /1/, B npHHI...IHne, H3 3KCnepHM€HTa!lbHbiX Ce4eHHalf a MO>KHO 

onpeAe!lHTb Ce4eHHe o6pa30BSHVI.A COCTaBHOrO RApa ~ npH· x~\oM aHa-

11H3 0611er4aeT CH!lbHS.A 4YBCTBHT€JlbHOCTb Ce4eHH~ 2n-peaKI...IH~ K 

eenH4VIHe 6apbepa C!lH.AHH.A B rus , T. e·. K napaMeTpaM noTeHI...I~ttana 

V r (r): H3MeHeHHe Brus scero Ha 2-3 M3B npHBOAYIT K H3MeHeHHtO ee-

m-t41-1Hbl a
2 

B HeCKOJlbKO pa3. . 

C noMo~~IO Bblpa>+<eHH~ I 1-3, 1 0/ · HaMI-l 6b1!1H npoaHa!lH3~ttposaHbl see 

3KcnepHMeHTa!lb.Hb,Je ce4eHH.A xn -peaK1...11-1i:1 c 1 'S_ x "S._ 3. HaHny4we·e 

cornacHe c 3KcnepHMeHTOM AOCTHranocb aapHSI...IVIeH napaMeTpa d 

noTeHI...IVIana /10/ npH $1-1KCI-1poeaHHbtx 3Ha4eHH.AX napaMeTpoe V 0 = 

= -70 M3B VI r 0 = 1,26 $M, OnpeAeneHHble TaKVIM o6pa30M aHa4eHVI.A 

d A!l.A KSH<AOH KOM6HHai...IHJ.1 J.1QH-MVIWeHb HSHeCeHbl Ha pVIC. 3. 3A€Cb 

H<e noKaaaHbl VI peaynbTSTbl noArOHKH ASHHblx, nony4eHHbiX MeTOAOM 

np.AMOro YI3MepeHVI.A aCN A!l.A C\.1CTeM c z. zt;; 1400. BIIIAHO, 4TO 8 

~~~;~:~aT~i!~~Jl::: ;;:~~~~ :~:6;:~:H::M:~:H:;VI~=~: .A~ep :;~~~-
CyiOTC.A APYr C APYrOM /no!ly4aiOTC.A OAHVI 1-1 Te >Ke 3MnHpH4eCK\.1e 

3HS4eHH.A napaMeTpa d 1-1, C!leAOBaTe!lbHO, OAHa VI Ta >Ke 3SBHCH

MQCTb a CN (E i ). 3TO .AB!l.AeTC.A nOAT8epmAeHHeM KOppeKTHOCTI-1 npo

l...leAYPbl onpeAe!leHVI.A Ce4eHH.A CJ1\.1.AHH.A GCN 1-13 8€!1H4HHbl Ce4eHHi1 

xn -peaKI...IH~. 

HeAaBHO A!l.A Tex >Ke peaKI...IHi:i HI + Pb. Ail.A KOTOPbiX 6blnH HaeecT

Hbl ce4eHH.A a max , 8 pa6oTe/33/ 6bl!1a H3MepeHa 1o1 3Hepren14eCKa.A 

aa8HCHMOCTb cJaeHHR cHMMeTpH1.4Horo AeneHHR a sr (E 1 ). B o6nacTH 

MaJlbiX 3HeprHi:i HOH08 3SBHCirtMOCTb a at (E t ) OnHCbi8SeTC.A TeM me 

noTeHI...IHa!loM, 4TO 1-1 ce4eHHR a /eM. p~rtc.4/. Pac4eTbl, HaHny4WHM .. ---
o6pa30M onHC~8a~~He 8eJ1H4HHbl azn' CTOnb ~e xopowo cornacy~TcR 

H C ce4eHH.AMH CHMMeTpH4HOrO Ae!leHHR: /p~t~c.4/. 3TO CJlY)+(VIT apry

MeHTOM 8 nO!lb3Y TOro, 4TO np~rt 3Hepr~rtH~3H 6apbep~ CnHRHHR 

Brus 8 CHMMeTPH4Hoe AeneHHe 6onbwo~ BKJlaA AS~T npOAYKT~ Aene

HHR COCTaBHOrO R:Apa, 
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d 
<!>M 

0.6 

0.5 

0.4 ... 
13.3 

0.2 

OJ 

500 1000 1500 2000 Zi Z, PHc.3. 3aBHCHMOCTb napaMeTpa d OT Be.JIH'liHHbl npoHsBep;eHHR Z. Z • 1fepHbie TOtiKH - .,D;aHlU:>Ie H3BJie'leHHbJe H3 3KCIIepHMeHTOB /23·26,5, Jr ,28·32/ IIO H3Mep€HHIO q , OTK;blTble KPYJKKH - H3 3KCnepHMeHTMb.HbiX /gg; xn Ce'lleHHfr CHMMeTpH'liHOI'O ~eneHHH a 8 f , 'll€pHhl€ KBaAPaTbi- H3 ce-'tleHHii aCN' H3MepeHHbiX B 3KCnepHMeHTaX /eM. CCbiJIKH B o6so-pe /34/ I, oTKPbiTbie Tpey.rOJihHHKH - gaHHbie H3 sKcnepHMeHTOB no yrrpyrOMY pacCe.FIHHIO. CIIJIOmHOfl: KpHBOif IIOKasaHa CHCTeMaTHKa /JI/ 
d, OflHCbJBaiD~ero Ce'lleHHH 

sxcnepHMeHTaiTbHhlX saaqe~H napaMeTpa 
Heynpyroro B3aHMo,o;e:H:cTBHH a R • 

dst ,---------=-----·--~--l M6 

2 
10 

1 
10 

;{ / (/?:?:{[ I ! . . ;/.. 
J. 1. L. i 

Fe I 
• 

Ti 
Ni 

~ ~~-L-~~.~-~-L L~~-~~--------'---------'---..1-- 1----'----"-·_____j__j 100 ISO 200 250 300 EcM(M3 B) PHc.4. Cet~eHHH CHMM€TpH'liHoro geneHHH B saBHCHMOCTH OT 3HeprHH HOHOB CBHHIJ;a, 6oM6app;HPYIO~X pa3J1Ht.IHb!e 51,LJ;pa-MHill€HH. Tot.IKH -3KCIT€pHMeHTa.JibHb!e p;aHHbie H3 pa60Tbi !33-: KpHBbJe - p€3YJ1bTaTbi pact.I€Ta C ITOTeHUHa.JIOM /10/. 
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180 200 230 250 EdM3B) 

Pac.S. ~YHK~HH B036~eHHH 
peaKI1Hli 2°6 Pb(40 Ar. 2n) 244 Fm 
/neBblli PHCYHOK/ H 
208 pb(50 Ti, 2n) 256Ku /npaBblH 
pHCYHOK/, 3KcnepHMeHTaJibHbie 

TOl.lKH B3HTbl H3 pa60T /24,35/, 

KpHBhie - pegyJibTaT pact.~eTa. 

3amTpHXOBaHa 06JiaCTb TIOA-

6apbepHMX SHeprHH. 

v;..,crl ' ' ' 
' 

"' '-·-~~L~- t,.r_;_·~"'-Pb_j_l __ _ 
10 ~fl.ls 15 10 r,fus 15 r, q:,,., 

PHc. 6. JioTeHu;Han V(r) AJIR 

no5oaoro CTOJIKHoaeHIUI 40 Ar+ 206Pb 

H 50 Ti + 208 Pb. 3amTpnxoaaHHaH 

Ha pac.S t.IaCTb WYHK~HH aog-

6YJK,IJ;eHHR 2n -peaKJJ;HH COOTBeT

CTByeT ITOA6apbepHhlM 3HeprHHM 

HOHOB 40 Ar H 50 Ti I 3aiiiTpHxoaaH

HaH o6JiaCTb/, ITyHKTHPOM no

Ka3aH BKJiaA KYJIOHOBCKOrO 

B3aHMOAeHCTBHH HAep. 

Ben~~~Ha napaMeTpa d y TRmen~x c~cTeM yMeHbwaeTcR c pocTOM 
Z i Z t no 3SKOHY 

d = (0,950- c · Z I Z t) JI>M, /11 I 

rAe c ""0,00039. AHanon14Hbl~ BbiBOA o6 yMeHbWeHI.H1 sem141-1Hbl d 
6bl!l noJ1y4eH B pa6oTe /aS/, 8 KOTOPO~ aHafli.131-1POBaJ11.1Cb AaHHbte no 

ynpyroMy pacceFIHI-110 1-1 CJ11.1FIHJ.110•.AAep. ¢>H3t.14eCK14~ CMbtCJl TaKoro H3-

MeHeHI.1FI napaMeTpoe noTeH~l-1ana /10/ paccMOTPI-1M n03AHee; npemAe 

06CYAI-1M cne~J.1$H4eCKJ.1e 4epT~ peaK~J.1~ C HCnyCKaHHeM MJ.1HI-1MSJ1bHOro 

41-1CJ1a He~TpOHOB, Onl-1paRCb Ha Tenepb yme A0CTaT04HO XOPOWO J.13-

BeCTH~~ nOTeH~Han RApO-RA€PHOrO B3SHMOAe~CTBJ.1R. 

2.2.3. 00A6apbepHbl~ x·apaKTep peaK~14i:f C 14CnycKaHJ.1€M 

MHHHMa!lbHoro 4Hcna He~TPOHOB. PaccMOTPHM 6onee AeTa!lbHO 

peaK4J.1t0 Pb(HI, 2n). Ha pHc.S noKaaaHo cpasHeHHe 3Kcnepl-1MeHTanb

Hblx ce4eHHH peaKuHH 206pjj(lll"Ar,2n) 244FmH 2°8Pb(so Ti,2n)256Ku 

c pac4eToM. 3HaR napaMeTpbl noTeH~Hana, nerKo HaHn1 BblcoTy 6apbe

pa C!li-1RHI-1R /CM. PHC.6/ 

Bfus = V(r fus ) ' /12/ 
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dV(r) I = 0 . 
dr r=rrus /13/ 

Ha pHc.5 1-1 6 BH.QHO, 4TO aawTpHxoeaHHaB 4aCTb $yHK4H~ soa6ym-AeH~R peaK~Hi1 206pb(40Ar,2n)244Frn ~ 208 Pb (50 Ti,2n)256 Ku cooT-
aeTcTsyeT no,Q6apbepH~M 3HeprHRM HOHOB. 

0TMeH1M, 4TO ,Qll.A TfnKeJlbtX CHCTeM cnoco6 onpe,QeneHI-1.A aem14~t~
Hbt B fus 1-13 ,QSHHbiX no Cel..leHI-1.AM peaKI..IJ.1G C HCnyct<aHt.1eM MHHHMSJlb
HOro 4HCJ1S Hei1TpOHOB .ABJl.AeTC.A 6onee TO'-IHbiM, 4eM Tpa,QJ.141o10HHbte 
MeTO,Qbl, OCHOBSHHbte Ha np.AMOM lo13MepeHY!J.1 0 CN • nep~a.A T04KS 
B 3KCnepi-1MeHTSJlbHO~ ¢YHK4"'"' soa6y}f(,QeHio1R peaKLV1vt 266Pb(40 Ar,2nf4~m 
COOTBeTCTByeT 3HeprHH, npH KOTOp0!1 Ce4eHHe o6pa30BSHH.A COCTSB
HOrO FI,Qpa na,QSeT 8 10 6 pa3 no cpaBHeHI-110 C MSKCio1MSJ1bHbiM 3HS4e
HI-1eM /eM. pHc. 2/. 8 o6btYHOM >Ke cnoco6e onpe,QeneHI-1.A Bru~ aHa
llOrt.14Hbtt1 ,QY!ana30H lo13MeHeHirlfl COCTaBJlfleT, KaK npaBHJlO, 1 Q pa3. 

OcN 
M6 

100 

50 

0 
' ' '--"-"~--...l.L__,,_l........C 

0.0050 110055 0.0060 ll0065 
1/ECM 

PHc. 7. 0TKJIOHeHHe KB-aHTOBOM~xa
HHqeCKHX pac~eTOB Cet.JeHHR CnHR
HHH /CIIJIOlliHaR nHHHH/ OT KJiaCcH
qecKOH 3aBHCHMOCTH /J4/ /rryHK
THp/. CTpenKaMH oTMet.JeHbl 3HeprHH 
IIepBblX 3KCIIepHMeHTaJI:OHbiX TOt.JeK 
¢YHK~HH B030~AeHHR peaK~HH 
40 Ar ( 206 Pb, 2n) 244 Frn " 
50 Ti ( 208 Pb, 2n) 256 Ku. 

6
MaKc. 
xn 

MO J 
-~-·...----·-r---r--· "T 

• 
10 

~ • ., 
• 10 

PHc.8. Ce~eHHR B MaKcHMyMe ~ 
WYHK~HH B030~eHHR AITR peaK
l\HM 208 Pb (HI, xn). 3Ha'lKaMH 

. , 
10 

• OTMe~eHbi 3KCrrepHMeHTaJibHble 
3HaqeHHR ·a~~X AJ!R HOHOB 
48 Ca/37 ,26/ , A - AJIR HOHOB 
50 Ti I 45,35/ ' e - AJIR HOHOB 
54 cr 171 • Pact.JeTHhie ToqKH 
coep;HHeHbi rrpRMbiMH AJIR aarnRp;
HOCTH. 

·• 10 

., 
10 

168 

169 

T, 

0 2 3 ' Xn 
KaK Blr!AHO lrl3 pir!C,], B o5JlaCTirl 3Heprir!~, KOTOpafl COOTBeTcT

ByeT 2n -peaK~Iri~YHHaiOT npo.RBJlRTbCR 3$¢leKTbl npOHHLtaeMOCTirl 
6apbepa V f (r) , YTO npir!BOAir!T K OTKJlOHeHiriiO Ce4eHir!fl OT KJlaCCir!4e
CKOV! 3S.Sir!Cir!MOCTH 
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HeASBHO TSKO€ OTKJ10H€Ht4€ AJ1.R nerK}1X CliiCTeM 6bl1l0 06Hapy)f(eHO 

3KCnepMM€HTaJ1bHO B pa60T€ /36/, 

I 14/ 

Tat<1o1M o6pa3oM, 2n -peat<~IIIVI e paccMaTp~-teaeMoi'i 3A€Cb o6nacn1 

Mace A i "' At .RBil.RIOTC.R noA6apbepHbiMVI. no3TOMY 1113 aHaJllo13a Ta

Kio1X ASHHbiX MQ}I{HQ nony'-IVIT b tB€A€HII!.R He TQJlbKO 0 BbiCOTe 6apbepa 

CJlM.RHM.R, HO 14 0 ero $OpMe, onpeA€Jl.RIO~e~ B€Jliii4111HY K03¢¢14~HeHTOB ... ---
npoxOmAeHVLA T £ • 

2.2.4. Halo1M€HbWee 3Hal.leHt4e x. Bo3Hlt1KaeT eonpoc, Kat< MQ)f(

HO nepelliTt4 K o6pa30BSHIIIIO €lJ.I€ 6onee 11 XOJlOAHbiX
11 RA€P, T. e. K peaK-

1..4VI\If (HI, ln) , np.RMO~ nyTb CB.R3SH C A811bHe~Wio1M YXOAOM 8 06JlaCTb 

nOA6SpbepHbiX 3Hepnu/i, 0AHSKO 3TO ~J1€Ll€T 3a C06oi/i Clo111bHOe. YM€Hb

W€HIIIe npOHt4LJ,S€MOCTVI 6apbepa 83SHMOA€11iCTBIII.R lll, CJ1€AOBST€IlbHO, 

CVIJlbHOe YM€HbW€HY1€ Cel.leHI-1R ln-peaK~I-11-1. Donee 3$$eKTI-1BHblM RB

J1R€TCR I-1CnOJ1b30BaHI-1€ peaK~I-1i71 c MeHbWI-1M 3Hal.leHt.1eM E~1 n. TaK, 

y onTL-1MaJ1bHbiX peaKu.l-1i71 yMeHbW€HI-1e ee!ll-1l.II-1Hbl Q np"' nepexo,Qe K 5o

nee TR}f(eJlbiM CHCTeMaM onepe}l(aeT poeT 6apbepa CI11-1flt:"\.1R B fus , s 

pe3YilbTaTe l.lero 3Hal.leHI-1e E ~in yMeHbWaeTCfl /pel.lb 1-1A€T o6 · 1-13-

MeHeHI-11-1 A'i Ha cpaBHI-1T€JlbHO Ma'JlyiO 8€Jll-1l.II-1HY; 06J1aCTb Ol.I€Hb TR

}f(€JlbiX I-10HOB 3,Q€Cb H€ paC.CMaTPI-1B8eTCR/. no3TOMY C€l.I€HI-1€ 2n -

peaKU.HH H8l.I!4HaeT npeBbiWaTb cel.leH!-1e 3n -peaK~l-11-1, a cel.leH!4e ln

peaKU.I-11-1 CT8HOB"'TCR cpaBH14MbiM; 2 g; C C€l.I€HI-1€M 2n -peaK41111-1 y}!(e sQ 
s3ai-1MO,QeillcTBHH 50Ti '+ 208 Pb /eM. p1-1c.8/. 06pa3oeaHJ.~te 11xonog

HbiX11 COCT8BHblX R,Qep, CHI-1Mai0!41-1X CB"()e"Bo36y}f(,Q€HI-1€ HCnycKaHI4€M 

O,QHOro Hei71TpOH8, HegaBHO 6btJ10 06Hapy)I(€HO /28/ 1-1 80 B3aHMO,QeHcT

BHVI I-10HOB 50 Ti "" 54 Cr c R.QpaMH 2°9 Bi. 

Ha ¢OH€ 3TOH T€H,Q€HtJ.I-1VI Bbi,Q€I1RIOTCR peaKU.1-1H C!li-1RHL-1fl HOHOB 

48 Ca c RAPaMI-1 Pb, s KOTOPbtx o6ono4el.!Hbte 3$¢eKTbt npoRBil~IOT-
cR H€ TOJlbKO B stApe-M"'WeHH, HO 1-1 B H8J1€T8IOL4€M R,Qpe. no3TOM! 

3,Q€Cb C€4€Ht-1€ ln -peaKU.I-11-1 ,QOCTJ.IIraeT B€Jl"'41-1Hbl 1 Q-3l CM 2 127 , 

Cel-leHHR ln -peaKU.HI-1 Ha coce,QHHX MI-1WeHRx Tl 1-1 Bi npeeblwaK>T 

se!ll-14~-tHY 10-32 cM
2 1271

• CTOilb 6onbwl-1e aHa4eH~-tR "a~~x noasOilRIOT 

Ha,QeRTbCR Ha B03MO}f(HOCTb 06Hapy}f(€H14R.npQLJ.€CCa pagl-1a4HOHHOrO 

aaxeaTa TR}f(enoro l-1oHa RAPoM-MHW€HbiO. Pacl.leTHoe 7 12/ ce4eHI-1e 

ag;.as._ 4 ·1Q-35cM2 pa,Q~ttaU.~-tOHHoro aaxeaTa HoHa 48 Ca fiAPOM 208 Pb 

He npoTt.1sopel.II-1T 3KcnepHM€HTaJ1bHOMY sepxHeMy npe.Qeny. 

•cne,QyeT OTM€THTb, 4TO ~ o6nacTH CTOilb MailbiX 3Heprt.1H HOHa 

M€TOA nepeBepHYTOilt napa60!l~/l5 ~0}f(€T oKa3aTbCR H€,QOCTaT04HO 

TOl.!HbiM. 3aMeHa I-1306pa}!(eHHoro Ha p~-tc. 6 noTeHU.J.IIana nepesepHyToH 

napa6onoH .QenaeT 6apbep 6onee Y3Kio<1M 111, cnegosaTe!lbHO, aasbtwa

eT paC4€THbl€ 3H84€HJ.1R K03¢¢HtJ.I-1€HT08 npOX0}!(,Q€HI-1R 'If . 
• 
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PHc.9. 0THomeHHe pacqeTHMX H 3KcnepHMeHTanbHbffi ceqe
HHH XD -peaK~ B 3aBHCHMOC TH OT Z 2 /A COC TaBHoro 
Hp;pa. 

2.2.5. Bo3MO)t(HOCTJ.1 CYIHTe3a Vl30TOnOB C 100 ~Z;S 108 
H 135'5_N-:;_160 e peaK41o1Rx nonHero crn1RH11R 1-1-oHoa Ar -7Fe 
c MvtweHRMt.1 H3 Hg, Tl, Pb, Bi. ~ano}l{eHHbiH a,qecb nony3MnH
PH4eCKHH cnoco6 pac4eTa Hennoxo onl1cblsaeT aKcnepvu-leHTanbHbte 
ce4eHJ1R xn -peaK~"''H I eM. p1o1c. 9 "" Ta6n. l I. noaTOMY ero MO)I{HO 
VlCnOJlb30BdTb ,QJlR 04€HKJ.1 BO~OCTeti Clo1HTeaa TpaHCtf}epMHeBbiX aneMeHTOB a (HI.xn) -peaK4HRX. Ma Hao6pa~eHHoro Ha pHc.lO 
$parMeHTa KapTbl Vl30TOnOB BH,QHO, 1.4TO MeTOA CHHTeaa, B KOTOpOM 
MHWeHI-1 143 Hg, Tl, Pb H Bi o6ny4aiOTCR HOHaMYI or Ar ,qo Fe, 
RBilReTcR eeCbMa nepcneKi-J.1BHbiM. B RAePHbJx peaK4H.RX, conpoamK
AaiO~HXCR J.IJCnycKSHJ.IJeM Jrl3 COCTaBHOrO RAPa x- < 3 Hei:hpOHOB, MO>K
HO CJ.IJHTe3HPOBaTb J.IJ H3Y4aTb CBO~CTBa He~TpOHOAe$H4J.IJTH~X J.IJ30TO-noB B WHpoKOH o6naCTH 100 $ Z s_108 H 135 $ N s_160, 8 Ta6n. 2 
npHBeAeHbl peaynbTaThl pac4eToa u ~~x A11R HeKOTOPbiX 6naro
npH.RTHhiX peaKQJ.IJ~, npHBOAR~J.IJX K o6pa30BSHJ.IJ~ HOBbiX H30TOnOB 100-106-rO 3neMeHToB. 

CneAYeT OTMen-1Tb ew.e OAHY oco6eHHOCTb MeTOAa, npoRBJlRJOW.YIO
cR 8 CJ.111bHOi1 4YBCTBHTellbHOCTH Ce4eHlo11:1 K J.IJ30TOnHOMY COCTaBy MJ.IJ
WeHJ.IJ H ny4Ka l-10Hoe. TaK, npHMeHeHHe sMecTo HaH6onee pacnpocT
paHeHHbiX H30TOnOB peAK1-1X Hei:1TPOH0060rall\eHHbiX, AS~J.1X MeHbWYIO 
Be1lH4J.1Hy Q. MQ}f(eT B PRAe C11Y4aee yBeJlH4YITb Ce4eHYIR ln~ J.1 2n -
peaKQIIIi1 8 10-100 paa. 3TO npeA"bRBJlAeT 8biCOKJ.1e Tpe5oBSHJ.1R K 
Bbt6opy onTHManbHO~ peaKQIIIIII CI-1HTeaa. BMecTe c TeM TaKaR BbiCOKaR 
H36HpaTeJlbHOCTb MeTOAa Cyll\eCTBeHHO o6ner4aeT 3aAa4y HAeHTH$1-1-
Ka~l-1J.IJ nony4eHHoro H30Tona. 
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Ta6nm~a 1 

Ce~eHHH xn -peaKI:Qfii 

max , M6 apacq. M6 
FCblJIKH PeaKI\IIlt u xn xn ' 

1 2~ 40 Ar,2n) 242l!'m -6 1,6.10 3,4.10-7 23 

2 2~40Ar;4n)242:rm 2,0.10-7 -a 8,2.10 23 

3 ~40Ar,2n)244:rm 3,6.10 -6 1,3o'l0 -6 23 

4 2~40Ar,2n)244:rm (2 0B:t1,4),10-6 -6 1,3.10 24 

5 
207Pb(40Ar,3n)244:rm ' + . -6 

(4,2"'0,7).10 -6 6,0.10 24 

6 2~40Ar,2n)246:rm -6 4,6.10 -6 5,2.10 25 

7 2~40Ar,3n)245:rm 1,4,10-5 2,4.10-5 25 

8 2~40Ar,4n)244:rm 5,0.10-7 1,4.10 -6 25 

9 206pb( 40 Ar' 3n) 24 3Fm 6,0.10-7 -6 3,4.10 25 

10 206Pb(40Ar,2n)244Fm 2,0.10-7 -6 1,3.10 25 

11 2~(40Ar,3n)245Fm (1,5to,5).1o-5 2,4.10-5 26 

12 209B1c37c1,2n)244:rm 1,3.10-7 7;6.10-7 5 

13 207Pb(40Ar,3n)244Fm -6 5,0.10 -6 6,0.10 5 

14 2~40Ar0 4n) 244:rm -6 1,5.10 -6 1 ,4.10 5 

15 208Pb(40Ar,2n)246Pm 7,0.10 -6 . -6 
5,2.10 5 

16 205Tl(4Bca,1n) 2~d 3,0.10-5 1,7.10-5 27 

1'/ 205Tl(48ca,3n) 25~d 4,0.10 -4 -4 7,9.10 27 

18 208pb(48ca,2n)2~102 ( + -3 3,4"'0,4) ,10 1,?.10-3 26 

19 2~l48Ca,4n)25~o2 2,0.10-5 1,8.10-5 27 

20 208pb(48ca,2n)254102 4,0.10-3 1,7.10-3 27 

21 20BPb( 48ca,1n)255102 -4 1,5.10 7;7.10-5 27 

22 206Pb(48ca,2n)252102 5,0.10-4 -4 2,9.10 28 

23 207Pb(48ca,3nJ252102 -4 1,0.10 -4 2,4.10 28 

24 209Bi( 48ca,1n) 256103 1,0.10-5 -5 1,1.10 27 

25 209Bi(48ca,3n)254103 3,5.10-5 -5 6,2.10 27 
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Ta6na~a 1 /rrpo~on~eHHe/ 

PeaKIJ;HH 

26 206Pb(50T1,2n)2~u 7,0.10 ~ . ~ 5,0,10 23 
27 208pb(5°Ti,2n) 256xu ~ 6,0.10 ~ 9,9.10 29 
28 2~50T1,3n)253xu 3,o·;1o~ ~ 2,5.10 30 
29 20?Pb(5°T1,2n) 255xu ~ 6,0.10 9,1.10 ~ 5 
30 208pb(50T1,3n)255xu . ~ 3,0.10 8,~.10 ~ .5 
31 209Bi(5°T1;2n) 257105. 2,0.10 ~ ~ 6,2.10 ' 32 
32 208pb(51v ,2n) 2571o5 5,0.10 -7 ~ 1,3.10 32 
33 205Tl(~cr,2n) 257105 4,o;1o-7 ~ 1,2.10. 32 
34 2D7Pb(~Cr,2n) 259106 . ~ 1,0.10 ~ 2,5.10 7 
35 208pb(~Cr,3n)259106 . ~ 1.,0.10 ~ 1,7.10 . 31 
36 209Bi(~Cr,2n)26110? 2,0.10-7 ~ 1,8.10 31 

Ta6Jmu;a 2 
CeG:eHHR o6pa3oBaHHR HoBbiX ·H30TonoB I 00- I 06-ro 3neMeHTOB 

Pea!W,IIJI 
xn ' M6 l PeaKIIHJI 

xn' -206pb(40Ar,3n) 243lm 1,4.10 -5 .205Tl(50T1,2n)253103 ~ 5,1.10 
19Bagc48ca,3n)243Fm -5 3,2.10 209B1( 46ca,3nJ 252103 -5 1,7 ,10 
204pb(40Ar,3n)241lm ~ 2,1.10 203Tl(50Ti,2n)251103 ~ 1,7.10 
196Hg(48ca,3n)241lm 4,6.10 ~ 203Tl(5~1,3n)25°103 ~ 1,4 •. 10 
203Tl(46ca,2n)247Md -5 1,1.1~ 2~c5°Ti,2n)252xu ~ 2,0.10 209B1(40Ar,3n)246ua -5 1,6.10 209B1(5°T1,3n)256105 ~ 5,2,10 
203Tl(46ca,3n)2~d 2,8,10-5 2~~cr,1n)257106 -7 3,0,10 
20?Pb(41x , 3n)24511d ~ 1,1.10 2~~cr,2n)256106 -7 5,0.10 
203Tl(44ca,3n) 2~d ~ 1,1.10 2~(~cr,3n)255106 -7 1,0.10 
204pb(48ca,3n)249102 -5 2,4.10 206pb(54cr,2n)258106 ~ 1,0,10 204pb( 46ca,2n)248102 ~ 3,6.10 206pb(~Cr,1n)261106 -7 5,0.10 
204pb(46ca,3n)247102 ~ 1,9.10 20Bpb(~cr,2n)260106 ~ 2,0,10 
209B1(48ca,3n)2~103 -4 2,4.10 
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' 

Ta6JIH~a 3 

Ce~eHHR o6pagoaaHHR H30TOTIOB 107-ro H 108-ro sneMeHTOB 

PeaKl\IHI 0 xn' M6 PeaKl\lll! a 
' M6 xn 

249Bk(22Ne,4n)267107 -7 7,0.10 20Bpb(56Fe,1n)265108 ,..6 
1,0.10 

209Bi(54ar,1n)26210? -~ 6,0.10 20Bpb(5~e,2n) 264106 7,0.10-7 

209Bi(54cr,2n) 26110? 2,0.10-<: 226aac46ca,3n)271108 1,0.10...6 

249crc22Ne,4n)267106 6,0.10-<: 226aac46ca,4n)27°106 ,-'1 8,0.10 

PHc.10. ~parMeHT KapThl H30TOTIOB,C c----------------------------, 

CnJIOillHOli KpHBOli ITOKasaHa rpaHH

~a 05J1aCTH H30TOllOB, KOTOPbie 

MoryT 5hiTb rrony'tleHhl npH o5nyqe

HHH MHilleHeH H3 Hg, Tl , Pb H 

Bi HOHaMH oT Ar AO Fe B peaK

UHRX (HI, 2n, 3n) . qepHbiM ~BeTOM 

OTMe~eHbl H30TOI1bl, YJK.e CHHTesH

pOBaHHble HOBblM MeTOAOM. 3aiDTPH7 

XOBaHa 05JiaCTb y)Ke H3BeCTHblX 

H30TOTIOB, 

N 

B Ta6n.3 ,qaHbl ce4eHitlfl o6pa3oBaHitlfl H30Tonos 107-ro 1-1 108-ro 

3J1eMeHTos, KQTOPble e peaK~ItlFIX 2°9 Bi( 54 Cr, 2n) 261 107 1-1 

208 
Pb( 58 Fe, 2n) 264 108 COCTasn~KlT sen"4V.HY 10-33 CM 2 • no-

CK011bKY o6pa3yiOll..\HeCfl np1-1 3TOM lt130TOnbl FIBJ1FIIOTCfl He~TPOHOAe(J>Itl-

~ltlTHbiMI-1 1t1 ltlMeiQT Ma11ble 3Ha4€Hitlfl r 0/r f , BbiXOAbl 2n- peaK~I-11-i 

OKa3biBaiOTCFI cpaBHit1MbiMH C Bb1XOA8Mit1 6011ee Tfi>KeJ1b1X lt130TOnOB 1 07-ro 

" 1 08-ro 3neMeHTos a peaK~V.AX 249 Bk ( 22 Ne, 4n) 267 107 v. 

249cr ( 22 Ne, 4n) 267 108. 

2.3. 3HepreTH4eCKit1~ CABitlf Me>K,qy 6apbepoM 

saaltlMOAe~CTBJ.1FI Bint 1-1 6apbepoM C111t1RHitlfl Brus: orpaHit14e

Hitle Ha CHHTe3 T3 C lt1CnOJ1b30BaHit1eM CBitlH~OBO~ MJ.1WeHJ.1. 

3Mm1pYI'-1eCKJ..1e 3H8'-1eHJ.1R napaMeTpa d noTeH~tr~a.na V f (r), KOTOPb1~ 

on\IICbiBaeT CJ1J.1fiHYie fiAep, yMeHbWaiOTCR c poeT oM Z i Z t. B To >Ke 

speMFi napaMeTpb1 noTeH~Hana, ontr~cbiBaiOW.J.1e 3HepreT\II'-1ecKyiO aas~t~

Clr1MOCTb Ce4eHJ..1fl peaK~\IIlrl aR, lr13BJle4eHHb1e J.-13 3KCnep\IIMeHTOS no 

ynpyroMy pacceRHlr110, OCTaiOTCR nOCTORHHbiMlrl BO BCeM J..1CCJ1eAOBaH

HOM A~t~anaaoHe Z i Z t I CM. PHC. 3/. 0TciO,qa cneAYeT, '-ITO y c~t~c-

TeM c zi z t ?:1500 BeJ1J..14HHa 6apbepa CJlJ.1FIHJ..1R B fus npesblwaeT 
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PHC.J], 3aBHCHMOCT!:> BeJIHtlHHbJ C.IJ;BHf'a ~B OT npOH3Be.o;eHHR" Z. Z t • 3Ha'tlKOM a ITOKa3aHo 3HaqeHHe 6.B ,ll;Jlfl peaKI.J;HH 40 Ar / Ag. onpe.o;eneaaoe nyTeM H3MepeHHR a R H a cN188~ 3HatzKaMH 0 OTMeqeHbi 3KCIT€pHM€HTanbHbie p;aHHbi€ ,lJ,JIR peaK-I..UiH 40 Ar + 208 Pb 122,261 , 40 Ar + 238 U /22,39/ 
48Ca +208Pb /26/ 760e+232Th/401, ITOJIYl.I€HHbi€ 

ITyTeM H3MepeHHR atr H asf' 3Ha'tl€HHR C,tt;BHf'OB, H3BJieti€HHble H3 .o;aHHDJX no a xn H u sr I CM. CCbLJIKH K pHc. 3/ C ITOMO~b~ H3J10*€HHOf'O B ,ZJ;aHHOft pa60T€ CITOCo6a, H306pa)KeHbJ 3HaqKaMH e H 6. COOTB€TCTBeHHO, CnJIOillHaR JIHHHR -pactreT no Mo.o;enH Eacca ~4

1/samTPHXoBaHHaR o6naCTh - pac'lleT no Mo.o;eJUi CBJtTei.J;Koro 42/ 

I 

i 

aellH4HHy 6apbepa saaHMOAeHcTBHR B ·int . 3Hepren14eCKHH CABHr 6.B = B fus - B int , onpeAeneHHbiH ...,-a 3MnHP~oot4eCKHX 3Ha4eHHH na-paMeTpoe noTeH4Ha110B a elf' 0,950- CZ; Z t H d R: 0,44 <I>M,yee-I1H4HBaeTCR C poCTOM npOH3Be,qeHHR Zi Zt /eM. PHC. 11/. PaccMoTpHM~ KaK cornacyiDTCR 3Ha4eHHR CABHra ~B. Haene4eHH~e H3 aHanH3a Ce4eHH~ Uxn' C 3KCrtePHMeHTa11bH~MH ,QaHH~MH, KOTOpbre 6~nH nony4eH~ APYrHMH MeTo,qaMH. Har.16onee HaAemH~M H3 HYIX RBilReTCR MeTO,Q OAHOBpeMeHHOrO J.13MepeHY1R Ce4eHHR ynpyroro pac-ceRHHR /cneAoBaTei1bHo, ce4eHHR peaKLtHH uR I H ce4eHHR non-Hero C11HRHHR UCN AJ1R OAHO~ H TO~ H<e peaK~HH. 0AHaKO TaKHM CrtOC060M H3MepeH C~BHr TOJ1bKO A11R OAHO~ cpaBHHTeJ1bHO nerKOH CHCTeMbr Ag + Ar 138 • Pa3BHTHe 3Toro MeToAa /yBe11H4eH~e TQ4HO-CTH H pacnpocTpaHeH!IIe a o6nacTb Z i Z t > 1000 I npeAcTaanReT HeCOMHeHH~~ HHTepec. 
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PHc.l2. 3asHCHMOCTb ceqeHHH 

peaKJ..U1:H a R, CJIHHHHH a C N H ce

qeHHH o6pasoBaHHH npOAYKTOB 
peaK~HH nepeAa~H onpeAeneHHoro 
qHcna HYKnOHOB OT 3HeprHH HOHa 

/6e3 yqeTa ~eneHHH/ AfiH peaK
t~HH 52 Cr + 208 Pb • 

B o6nacr~ rRmen~x c~creM wHpoKoe pacnpocrpaHeHHe nony~Hn 
MeTOA onpeAeileHH.R 6.8 nyTeM H3MepeHYIR CeLteHI-117! BbiXOAa npOAYKTOB 

peaK~H~ nepeA84H /HanpHMep, npOAYKTos acHMMerpH~Horo AeneHHR 
RApa-MHWeHH/ H npoAyKros pacnaAa o6paaosaaweroc.R CocrasHoro 
RAP8 /HanpHMep, ere CHMMeTPH4HOro AeneHH.R/. nonyLteHH~e paHee 
pasHbtMH rpynnaMI-1 3Ha-t.~eHHR L\B He cornacyJOTC.R APYr c APYrOM 

/CM, pHC.11/, 3TO 06bRCHReTCR TeM, 4TO 3HepreTH4eCK8R SaBHCH

MOCTb ce4eH~~tR peaK~HH nepeAa4H a tr onpeAeileHHoro 4Hcna HyK

IlOHOB He coanaAaeT C 3Hepren146CKOC1 3BBI1CJ.1MOCTbiO qR(Ei) J<aK 

noKaaaHo a pa6oTax /43,44/, nopor peaK-41111 nepeAa41o1 B tr aaa11c11T 

OT ae.nvt'-IHHbt Qqq = M i + M t-M3 -M 4 ,KOTopaR onpeAemteTCR MaccaMH 

Ha4aJ1bHbtX H KOHe4HbiX OPOAYKTOS peaKq11-H. Pac'-leTbl, BbiOOnHeHHble 

MeTOAOM, KOTOpbli:1 OnHCaH B pa6oTe/43l,nOKB3biBBIOT, \.ITO 3TO npi1-

BOAHT K 6onbWOMY CAB~ry no aHeprvtH E $YHK4HC1 sos6ymAeHHR AnA 

o6pa30BBHHR npOAYKTOB peaK4H~ nepeAB4H pa3HOiO 4vtC.na HYKilOHOB 

/CM, plo1C. 12/ H BHOCHT TeM CBMbiM 60IIbWYIO HeonpeAeileHHOCTb B ae

IlH41o1HY 6.B, 
06DRCHeHHe cy~eCTBOBBHHA 3HepreTH4eCKOrO CABHra 6.B Ile>KvtT 

3a paMKBMH npoCTOrO CTBTH4eCKOrO noTeH41o1BilbHOrO nOAXOAa. 4T0-

6bl noJly4VIT"b CABWr 6.B# B 3TOT nOAXOA He06XOAHMO aaecn1 AOnon

Hio1TeilbHOe ycnosvte, cornacHO KotopOMY c.nHRHvte RA€P MomeT npovt

ao~TH TOIIbKO TOrAa, KOrAa OHH c6nH>KBIOTCR HB HeKOTopOe KpHTH-

4eCKOe paccTORHHe r cr (A ~13 + A ; 13 
)
1411 

.Ho H TaKa A MOAH$HKBLV1R 

nOAXOAB RBIIReTCR HCKYCCTBeHHOi:1, nOTOMy 4TO CIIO>KHbiH npo4eCC 

CIIHRHYIR 3AeCb OflHCbiBaeTCR IIHWb C noM~bto OAHOH nepeMeHHO~ r -

paccTOAHHR Me*AY 4eHTpaMH aaaHMOAeHcTayto~Hx RAep. Sonee no

cneAosaTenbHbiMH ABJlRIOTCR PB3BHTble B pa60TBX 142• 451 flOAXOAbl, 

KOTOpble paccMaTpHBBIOT 3BOIII04HIO $opMb1 raHTeneo6pa3HOH npoMemy

T04HOH ABOHHoH AAePHOH CYI,CTeMbl. 8 TBKOM AHHBMH4eCKOM flOAXOA€ 

AIIfl TOrO, 4T06bt ABB RAPB CilHill1Cb, HB4HHBR C HeKOTOporo 3HB4e

HVIR Z i Z t, VIM He06XOAV!MO npHABTb AOf10IlHHT6J1bHYIO 3HeprYIIO HBA 
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5apbepoM B3a~Mo~e~cTa~r~142~HeyA~a~TenbHO, 4TO 3TOT noAXOA nyYwe cornacyeTc'.A c aMn~p~YeCKYIMYI sHaYeHYIRMYI 68, YeM ynpoll\eHHoe on~caH~e, npYta:eAeHHOe B Pa5oTe 5acca 1411 . 
3¢¢-eKT ,qononHYITenbHoro "yaeni-!YeHYtfl B rus 6y,qeT npYIBOAYITb K yaenYt4eHYIIO E * . Yt K no,qa8neHJ.110 ceYeH\.1~ 2n· Yl oco5eHHO ln-mm · · peakLti-1~ 0 TaK, yme a peaKLtYI~ .Fe+ Ph no8brweHY1e B riis Mo)f{eT AOCT"rHYTb 15-20 MaB, a e peaK~"" Ni + Pb- 20-30 MaB. TeM caMbiM aoaH~KaeT orpaHYt4eHYte Ha npo,q8Yt)f{eHYte' 8 .o6naCTb CT3 nyTeM ASilbHe~wero y8e11Y14eHYIR MaCCbl YIOHS o nocKO!lbK:·y pac4eT~I / 42/ ell\e He,qocTaT04HO T04Hbl, 8 oTaeTe Ha 8on.poc, KaK ,qaneKo MO)f{HO npo,Q8YIHYTbCR 8 o6nacTb T3 nyTeM o6paao8aHHR 11XOilOAHbtX 11 cocTasHbiX fi,Qep B peaKLtlt!RX Cil~fiHYIR J.10HOB CO C8J.1HLtOBO~ MJ.1WeHbiO, BB)f{HYIO pOilb ,Q0J1)f(Hbl ~ttrpaTb 3KcnepHMeHTbl. C YIOHaMH TR)f{eilee Fe. 

3. B03MOlKHOCT~ C~HTE3A CBEPXT~I.<EJlbiX 3J1EMEHTOB 
B PEAK~~~X nOJlHOfO Cfl~~H~R 

KaK 8YIAHo ~3 npe,qbiAYil\ero paaAena, Heo6xoAHMOCTb .coo611\~Tb R,qpaM ,qonOnHHTenbHYIO 3HeprJ.110 Ha,q 6apbepoM B3BJ.1MO,Qe~cT8YIR MO)f{eT He noaaon~Tb nony4aTb 11xono,qHble 11 cocTaaHble RAPa npH 01MMeTPYI4HOM cn~t~RHI-1\.1. Ho ocTaeTCR aoaMO)f{HOCTb CYIHTeaa CT3 npH peaKo acJ.1_MMeTpJ.14HOM CilHRHYIH /Kor,qa A 1<< A t I, ·A11R KOToporo MO,QeJlb /42/ ,QaeT MBilYIO 8e11J.1YYIHy. C,QBJ.1r~ i\8. 
·Bc'ne,qcTe~e orpaHJ.14eHH~ Ha Macey. 6oM6ap,QYIPYIOI1\ero ~oHa J.1 TaK)f{e B'8J.1AY HeOfiXO,Qt.-IMOCT\.1 n0ny4~Ht.1R MBKCHMBJlbHO o6orall\eHHOrO He~TPOHBMJ.1 R,qpa CT3 aonpoc Bb16opa HaYt6onee a<t><t>eKT~BHo~. P.~aKLtYIYI CJ1J.1f!HYIR pewaeTCR npoCTO. HaJ.16011ee He~T~OHOo6ora~eHHble R,Qpa CT3 MO)f{HO nonyYYITb npYt C!lYIRHYI~ RJ.i~a 4 Ca . c M~weHRMYI \.13 

238 U, 244pu , 245Am, 246 cm, 249 Bk , · Cf.Pac4eTbl no Mo,qen\.1 /42/ 
noKa3brBatOT, 4TO aHepreTY14eCKJ.1~ CA8Ytr AllR TaKoro acYtMMeTpH4Horo cn~t~RHJ.1R Man: 1'18< 10 MaB. TaK KaK AilR paccMaTp~tteaeMbrx CHcTeM 3Ha4eHHR Z iz t = 1840-1960 ne)f{aT' 8 o6nacTJ.1, r,qe napaMeT pbl_ R,QepHoro noTeHLtHana Ha,qemHo onpe,qeneHbl H3 3Kcnef.1-1MeHTOB no J.13Mepe-HHIO Ce4eHHi1 peaKLtY1i1 40 Ar , 48

Ca , 
50 Ti . , 4 Cr+ Ph._ MO}f{HO c ,QOCTaT04HOH T04HOCTbiO Bbi4J.1CJ1HTb 3HepreTYt4eCKYIO 3aBHCHMOCTb ce-4eHHR CJlHRHHR J.10HOB 48 Ca C TpaHcypaHOBbiMH R,QpaMH-MHWeHRMHo ~OnOilHHTeilbHYIO yeepeHHOCTb 8 Ha,Qe)f{HQCTH pac4eT08 ,qaeT 6nH30CTb paaHbJX noTeH"'Hanoe AJlR BaaHMOAeticTBHR 48 Ca + 248 Cm • 249 Cf ~ Ha P"c'.13 KpOMe noTeHI\~anoa /7~10/, napaMeTpbl KOTOPbiX 6bln" onpe,qelleHbl \.13 aHa11H3a 3KCnepJ.1M'eHTallbHbJX ,QaHHbiX no Ce4eHJ.1RM Cm1RHHR·, noKa3aHbl TaKH<e nocJleAHH.e TeopeTH4eCKHe noTeHLIHaJlbl, nony-4eHH~e nyTeM paC4eTOB no MeTQAY XapTpH-~Ka/46/\.1 Ha OCHOSe ~opMa.tU13MB nnoTHOCTJ.1 3HeprYtJ.1 /4:7/. 6apbepbl cnHRHHR B rus ,qJlR ecex noT8H"'J.1anos, KPOMe noreHt.~Hana BHilb4HHCKHx 1 2°~cornacyiOTCR APYr c ,qpyroM c T04HOCTb~ ,qo HecKo11bKJ.1X MaB~ 
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Vt,O 
M3BI 2 5 

250 ~ 3 

4Bc0 .24Bcm 

2 5 3 

230 
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170 

150 

4 I 
61 

10 15 10 15 r. <PM 

PHc.l3.TIOTeHqHanhl B3aHMogeHCTBHR ·gnR KOM6HHaqHH 

4Bca + ~48 cm /cneaa/ H 48Ca + 249Cf /cnpasa/. Pac,... 

t.IeTbl BbiiiOJIHeHbi C HCITOJib30BaHHeM CJieAYJOID;HX ITOTeHn;Ha

JIOB B3aHMo.n;eHCTBHH: I/ - By.n;ca-CaKcoHa /$OPMYJia /10//; 
2/ - KOHTaKTHoro noTe~Hana /~opMyna /7//; 3/ Ykawa-
plus-exponential noTeHnHana /~opMyna /8/ I; 
4/ MOAH¢Hu;Hp0BaHHoro noTef!Wiana BY,o;ca-CaKcOHa /!j;lopMy

na /9//; 5/ noTeHu;Hana, nonyt.IeHHOro Ha ocHoae ¢opMa

JIH3Ma ITJIOTHOCTH 3HeprHH/ 4?/; 6/ ITOTe~ana, ITOJiyt.IeHHO

ro MeTo,o;oM XapTpa-~oKa/461. 

C T04KH 3PeHHR hony4eH~R cna6o8oa6YmAeHH~X COCTaBH~X RAeP 
HaH6onee 6.naronpHRTHoiil RB11ReTCR peaKU,HR 48 Ca + 249 Cf. 3Aecb 

MOmHO HaAeRTbCR Ha o6pa30BaHHe COCTaBHWX RAep C 3Hepr~eiil eoa-

6y*AeHHR E* ~ 10-20 M38, KOTOp~e 6YAYT nepeXOA~Tb B OCHOBHOe 

COCTO.RH~e, ~cnyCKa.R 1-2 HeHTpoHa /GM. p~c.14/. 

8 nocne,QHee apeM.R 6bl!l 06Hapy)t{eH PRA 3¢>¢leKTOB, KOTOPble MOr-

n~ 6bt 6naronp-H.RTCTaoaaTb _o6paaoaaH~IO e~e 6onee 11xono.qHbiX 11 

CaepXT.R)t(eJlbiX .R,Qep. 8 OTAeiib.HbiX KOM6~Ha4~.RX ~oH-Mio1W6Hb Ha6:nJO

Aa!l_OCb yc~neH¥1e no,Q6apbepH.oro cn~RH~R /eM. q6aop_ 1481 I. 0Ka3a

nocb, LlTO K_POMe ~3B.eCTHOf0 S$¢leKTa CTaT1-146CKOJA-· A~OpMa4~H 3Ha-,. 

4~TellbH_O 6onee Ba)t{HYIO pOllb __ B yB-em11.leH~~ Ce~eHHR CJlHRHH.R MOfYT 

14rpaTb pa3H006pa.3Hble A.I4HaMw ... ecKr.1e 34><1JeKTbl: Ai•tHaMH4ecKa.R- -Ae4>op-

Ma4111R /18,49,50,51l, Hyneable Kone6aHI4.R 152•531, o6,?saaoaaHHe, 

weHKr.-1 /21,51,54,55/ ,_ o6MeH aaneHTHb!MH Hei:1TpOHaMr.-1 SG/ -H T .,Q. 

'l.JT06bl OnYICaTb Ce4eHr.-1R CJ1¥t.RHYIR B TaK.HX He06bi4HbiX KOM6J.1Ha41o1.RX 
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PHc.I4. 3aepreTH~ecKaR saBHCHMOCTb 
CetleHHR CJIH.R:HHR a CN H Ce'tleHHH a 
/6e3 yqeTa KOHKypeH~HH C ~eneHHe~~ 
,c;m:r B3aHMo,n;eHcTBHR 48 Ca+ 249 Cf. 

PHc,J5.CeqeHHH CnHRHHH HOHOB 40Ar 
c HsoTorraMH Sm.3KcrrepHMeHTaiThHhle 
TO't!KH B3RThi H3 pa60Tbi 

121(KpHBbie -
pacqeT c rroTeHqHanoM /10/ co saaqe
HHRMH rrapaMeTpa d,yKa3aHHhlMH Ha 
PHCyHKe. 

110- 120 130 140 

HQH-MHWeHb C nOMO~b~ noTeH4Hana /10/, He06XO,QHMO B3~Tb Cy~ecTBeHHO 6onbWJ.1e 3Ha4eH-~-tR napaMeTpa d, 4eM J.1CnO!lb30B6HHble B ,Q6HHOi:1 pa6oTe /eM. pHc.15/. B ceo~ o4epe,qb, 3To npHBeno 6~ K pocTy pac4eTH~X ce4-eHHI1 o6paaoaaHHR T3 H CT3. 
K comaneHvuo, noKa npoae,qeHbl m1wb nepabre HeCHCTeMan14eCKt-~e HCC!le,QOBaHHR Bl1HRHHR ,QHH6MH4eCKHX 3¢$eKTOB H6 np04ecc no,q-6apbepHoro cn~RH~R nerK~x c~cTeM. PacnpocTpaHeHHe raK~x ~ccneAoBaH-~11 Ha TR)I{en~e 01CTeMbt ~MeeT sa>t<Hoe aHa4eH~e AnR sblfleneH~R AononH~TellbHbiX eoaMo)I{HocreH o6paaosaHHfl CT3 a peaK4Hflx noA6apbePHOro CJlHfiHHfl RAep. 

4. 3AKfli04EHHE 

HcnonbaosaHHe RAePHbiX peaK4HH c Tfl)l{eJlbiM~ HOHaMH, npHBOAR~HX K 06pa30BaHHIO 11 XOJ10AHbiX 11 COCTaBHbtX f!Aep, n03BOnReT CHHTe3HpoBaTb MHOrHe H30TOnbl TR)I(eJlbiX 3JleMeHTOB H H3Y4aTb HX CBOHCTBa. PeaK4HH C HCnYCKaHHeM MHHHManbHOrO 4HCna HeHTpOHOB RBnRIOTCR YHHKallbHbiM HHCTPYMeHTOM AllR HCClleAOBaHHfl cnHRHHR RAep. noA-6ilpbePHb1H xapaKTep TaKHX peaK4Hi1 AaeT B03M0)1{HQCTb n011Y4~Tb HOBbte CBeAeHHR 0 BbiCOTe H ¢OPMe 6apbepa, 0 seJ1H4~He 3HepreTH4eCKOrO CABHra Me)I{AY noporaMH CJlHRHHR H Heynpyroro B3aHMOAeHcrBHR. 

20 



PoeT AOnonHHT€IlbHOH 3Hepr~t~H C yse!llo14€HH€M Z i Z t • KOTOPYIO 

H€06XOAHMO npHAaTb 6oM.6apAHPYIO~€MY HOHY ARR ocy~eCTBil€HHR pe

aK4HH CJlHRHH.A, no-BHA14MOMY, 6YA€T npenRTCTSOBaTb npOA81-1}1{€HJ..110 

a o6nacTb CT3 nyTeM cnHRHHR MarH~w~ecK~t~x RA€P cs~t~H~a c HOHaMH 

T.R)f{enee Hlt1Ken.R • .Qn.R c~t~t-;tTe3a CT3 HaH6onee npJ.-~eMneMbiM /H, no

BYIAIIIMOMY, €AIIIHCTBeHHO B03MO>t<HbiM/ .RB!l.R€TC.A CilH.RHH€ 1•10HOB 48Ca 
50 Ti "' 54 Cr c TpaHcypaHOBbiMH RAPSMH-M~t~WeHRMI4. \.13 aHa.nYI3a 

ce4€HYIH peaK~YIH Ar , Ca , Ti , Cr + Pb , Bi cheAyeT, \.!TO np14 

CJlH.RHHH YIOHOB 48Ca C T.R>t<€11biMJ.1 .RAPaMlt1 MO>t<HO O>t<vtAaTb 06pa3o

BaHH.R c.na6oao36y)f{A€HHbiX COCTaBHbiX RA€P, nep€XOA.Ail\14X B OCHQB

HO€ COCTO.RHHe nocne 3MHCC14H '1 H11H 2 HeHTpOHOBo 

K HSCTO.RW,€MY apeM€HVI y)f{e BblnOJlH€Hbl 3KCnepHM€HTbl 
157

'
621 

no 

CHHTe3y CT3 so scex paccMaTpV1 aa10w,HXC.A 3AeCb nepcneKTHBHbtX pe-

aK~HRX 3a HCKiltO\.!eH~t~eM peaKU.H14 48ca + 249 Cf o Bo acex 3KcnepH-

MeHTax nO!lY\.!€Hbl JlV1Wb sepXHY!e npeAeJlbl O"CT3<'1o-34
- 1 o-35 

CM
2 

0 Xon~ 
3Ha\.!eHH.A <r n;r f >A!l.R CT3 HeJ.II3a_ecTHbl, BP.RA !114 OHI4 MoryT oKa-

3aTbCR MeHbwe 10-3 ono3TOMY HeHa6niOA€HHe CT3 a 3Kcnep~t~MeH-
Tax157·621 cKopee scero yKa3biBaeT Ha To, 4TO csoHcTsa csepx-

TR>t<e!lbtX .AA€p MOryT OTJlV14aTbCfl OT O>KHAaeMbiX. 

3To BbiABHraeT Ha nepebJH nnaH APYroH acneKT npo6neMbl HCKyccT

seHHoro CHHTe3a CT3, CB.A3aHHbl&li c HX csoHCTBaM~t~. PeweHHe npo6-

neMbl Tpe6yeT CJ.1CTeMaTlt14€CKOro AeTaJlbHOrO V1CC!l€AOBaHJ.IIR npORBJle

Hf..1.A 060J104€4HblX 3$$€KTOB B WV1pOKOM AHana30H€ V13M€H€HYIR 3Ha4e-

HVIH A , Z, 3Heprlt1H B036Y>t<A€HYIR VI yrnoBbiX MOMeHTOB TfnKenbiX 

~Aep. 

ABTOpbl 6naroAaPHbl r 0 H 0 ¢lnepoey 3a nOAA€P>t<KY AaHHOt1 pa60Tbl' 

a TaK)f{e A.r • .QeMHHY 3a MHOr04VtcneHHbte AV1CKycc~t~V1 r.1 o6cy}I(A€HI4.A. 
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