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AKTYMbHOCTh npo6new.B nocneAHHe IO - 16 neT 6htllo HaKon
neHo 6on&moe KOHHtleCTBO 3KCnepHM0HTaJlbHIDC AllHHIDC O pasnHtlHNX xa
paKT0pHCTKKax ABHeHHJi J1,11,0p: nepHOAaJC CilOHTaHHOl'O AeneHH.a, Macco
BIDC pacnpeAeneHH.ax. tn1cne HeATpoHOB, HCIJYCKaeMWC OCKOHKaMH,H T.A • 
B CBeTe COBpeMeHHl,IX TBOpeTHllBCKHX IlpeACTaBneHHA O npoitecce Aene
HH.ff J1,11,0p BSJIHYI) ponb B OnHCaHHH 3THX xapaKT0pHCTHK Hl'pal)T 06ono
qet1Hl:le 3,pp8KTH. PaccMOTpeHHe"BJrH.ffHWt 06onot1etlHIDC 3~KTOB Ha yc
TOAtnlBOCTb aTOMHHX Jl,ll,Bp no OTHOWBHHD K cnOHTaHHOMy ABH0HHD npHBe
no K rrpeAcKasaHHD noaWl!eHHoA cTa6HnbHOCTH J1,11,ep a o6nacTH Z =114. 
CTOJrb 6onbmM ponb 3ippeKTa o6on?tlBK ~aeTC.ff B ABTMbHOM HCCJre
AOBaHHH, B qacrHOC?H B onpe~eJIBHJIK ero BKJl~a npH ~eJIBHHH H3 pa3-
J1HtlHIDC COCTO.ffHHA HStlaJibHOl'O .ffApa, T.e~ npK pasnffllHHX 3HeprH.aX 
B036Ylf,11.BHH.ff. 

Cyiqeci-aeHHoe pacll!HpeHHe o6nacTH HCcneAYeNYX A0nmitKXc.a 
Jl,ll,Bp CTaJIO B03MO.'IHblK nKmb C pasBHTHBM YCKOPHTeneA TJUt8nHX HOHOB. 
K HaCTO.IDl!eNY BpeM8HH nonyqeHH COOHTaHHO A8JIJDllK8C.ff H30TOI1H TJUte
JiliX aneMeHTOB BMOTb AO Z = IO?, H3ytl8Jf.. pR,tt COOHTaHHO ,tteUll(IIX
C.ff H30M8poB, OTK{l,ITO 3atta3,IU,IBSD{88 ,tteneHHe .ff'ABP H ToA• OA!tat<O 

_HccneAoBamre cnoHTaHHoro AeneHHJ! TpaHci:f,ep1HeBux an011eHToB cBJ1sa
Ho C 6onblll}l)(H ~OCTJDIH. H3-3& lll8JIOI'O cetleHHJI HX o6pasoBamtR 
( ~ 10-SZ - !0- cw2) • Hs.H60J1ee TJUteJIHMK COOH'1'8HHO ABrumtHIGlC.ff 
aaoronaJ01,i.11a xoroPHX H3MepeHH (o~aaxo c aaiie~oMo Jfa.lOI craracra-

. ltOR) M4CCOBH8 pacnpe~eJl8HJIR, RI.ISDTCH J(30?0DH 2'52102 Jf .· 262105. 
KaK npasHno, ,ltO nocneAJtel'O BpeMeHH B peaKqHJD<: C TJUtBJIHMH HOHSMH 
H3ytlaJIHCb MaCCOBHe pacnpe,1teJ1eHHJ1 OCKOHKOB ,IteneHWt TpaHCq,eilfHellllX 
3J18M.eHTOB npH SHeprW!:X B036~BHH.ff ~ > 60 M3B H noKE138HO' tlTO 
npH TaKHX 3HeprHHX OCHOBHl,le 3aKOHOM8PHOCTH OnHCHBaDTCH B paMKax 
llH,11,KOKanenhHOA 1(0,ltBHH ,1te.11eHH.a. 

Onpe,1teneHHhllt HHTepec npe,ItCTaBJr.ffBT npoMell(,YTOWM o6nacTb 
:rneprHA Bos6y!r,IJ,eHH.a O < E3£ < 60 M3B, r,1te npoJ1BneHHe 060.11ot1et1-
m,oc sq¢8KTOB MeHJieTCJI OT MaKCHMMhHoro ,1to MHHHMaJibHoro.H r,1te xa
paKTepHCTHKK ,ltBJrBHH.ff JJ,D,ep C 2 ~ IOO MaJIO H3ytleHl,I. Ilo3TOMY HCCJie
,ltOBaHHe MeXaHH3Ma o6pa30BSHH.ff OCKOJrKOB B 3TOM cnyqae npe,1tcTaBJU1-
8T 3HatlHT8JrbH!ilt HHTepec ,IVlJI ~H3HKH A8JreHH.ff ff.npHo6peT&eT oco6yn 
aKTYMbHOCTb B CM3H C npo6.11ewoA CHHTesa J1,11,8p OtlBHb TSIJC8J!blX H 
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CBepxTmteJIHX aneMeHTOB Ha YCKOpHTennx. Oco6YI) aKTYMbHOCTb aror 
Bonpoc nonyqaer C C03A8.HHeM HOBOi'O MOII!HOro YCKOPHTenR Y-400, 
Ha KOTOpoM rurattapyeTCR 6onbmM rrporpaMMa no CHHTesy HOBhlX aneMeH
TOB, 

HccneAOBaHHR, npoBeAeHlible B AaHHoA pa6oTe no asyqeHHJO Ae
neH~ TpaHcqiepMHeBh!X Mep c ~ < ·60 MaB, CTHMynHpOBMH Truate 
pa3BHTH8, noA06Hh!X 3KcnepHMeHTOB B qJH3HqecKHX qeHTpax ~Pr (,llapr,r
WTB,D.T) H CllIA (BepKnH), 

Uenb10 pa6oTH RBnJll!OCb nonyqeHHe 3KcnepHMeHTMbHoA HHqiop
M8J.\HH O xapaKT,epHCTHKax-.. B~eHHoro AeneHHR RAep·,c Z ~ IOO npH 
pasnaqHh!X, 3HeprHRx B036~8HHR/ B peaKqHRX' C T.Rllt8JlblMH HOHaMH, H 
B qaCTHOCTH HccneAOB8.HH8 pona o6onoqeqHh!X 3qJqi8KTOB B qiopuapoaa
HHH OCKOnKOB IIpH EK <··.60 MaB, KaK 3TO HM88T· MeCTO ·a A8neHHH 
nerKHX aKTHHff'AHhlX M8p IIpH HH3KHX 3HeprHRX'B036~eHHR~ 

HaygHM HOBH3Ha H 3HaqeHHe pa60Tbl,,Paspa6oTIU!ll MeTO,r(HKH 
Hccne,r(oBaHaA H_nonyqeHa HOBM 3KCnepHM8HTMbHM HHqJOpMaqHR O 
MaCCOBhlX __ H 3HepreTaqec~HX ~IfP.8,£(8neHHRX npo;zyKTOB M8pHhlX peaK
qan C Tmtenmm HOHBMH /l, 2,3,47, . . . 

Ilpoae~Hbl H3MepeHHR Maccoaoro·pacnpel(eneHHR·ocKonKoB l(e
neHHR M~a 2 102 c eaeyrHeA aos6~eHHR 25 M3B; nonyqeHHoro B 
peaKQ1m P8Pb + 48ca I/, Bnepaue a peaKQHH Tana (HI, f ,) a· 
3TOM cnyqae Ha6n10,r(eHo ac1D&MeTpH~oe l(eneHHe, qTo MogeT CBff'AeTen&
CTBOBaTb O_BnHRHHH 3qJqi8KTa.o6onoqeK Ha 4JOpMHp0B8.HHH Mace OCKon-
KOB llpH 3TOR 3HeprHH B036~eHHR. . ' 

Ann· qenoro ~a imep c napaueTpOM_~enHMocTaZ2/Az40-45, 
no~eHHh!X a peBJtWUix 208 Pb.+ 40Ar , 238 U + 22 Ne•, 
208pb + 4Bca, 208pb + 52cr., 238 U + 48ea a 243Am+ 40Ar, 
H3MepeHa nonHM KHH8Tffq8CKM 3HeprHR_ (TKE), OCBo6o~aeyan IIpH 
l(eneHltH ....... . 

IlpoBe,r(eHbl Onb!Tl,I no H3M8p0HHIO MaCC~BhlX4 3H~_preTHqecKHX -~ 
yrnoaux pacnpel(eneHHR qiparueHTOB a peaKqaH 2 3Am +· 40Ar a ·· 
HHTepaane 3HepraR aos6~eHHR OT 40 AO II6MaB 12,5/, IloKasatto: 
qTo B o6nacTH EK< 50 MaB Maccoaue pacnpe,r(eneHHR CTaHOBRTCR 
aCID&M8TpHtrnbiMH, qTo MozeT 6HTb cne,r(CTBH8M o6onoqe~ 3qJqi8KTOB 
B o6nacTH MarHqecKHX -qacen Z = 82 H N · = 126. 

PM pesyn&TaTOB pa6oTH rrpe,r(CTaanneT HHTepeo C TO~KH 3pe
HHR M8X8.HH3Ma aaaHMO,r\eAcTBHR cnollHblX Mep B o6nacTH Z ~ IOO, 
a TaKJKe MogeT 6UTb nonesHUM ,r(nR rrpoaepKH CYll!8CTBYJOIIIHX HJIH pa3BH~ 
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BalO~HXCR B HaCTOR~ee BpeMR TeOpeTaqecKHX npeACTaBJieHHA O ,r(ene
HHH Mep. PesynbTaTbl pa60Tbl MoryT cnyitrnTb TaKJKe OTIIpaBHOA TOqKoA 
,r(nR npoBeAeHHR HOBblX 3KCnepHMeHTOB no AeneHHIO M8P TpattCaKTHHff'A
HOA o6naCTH,nonyqaeMWC c noMO~blO Truttenux HOHOB, 

CO,nEPJKAHHE PABOTll 
,l(HccepTaqHR COA8plltHT BBe,r(eHHe, TpH rnaBbl H BHBO,r(bl, 
BBeAeHHe RBMeTCR aHHOTaqHeA pa6oTH, B HeM yKa3aHO Ha 

aKTyaJibHOCTb npodJieMbl,C~opicynapoBaHa ~8Jlb padOTbl H npHB8.D;8Hbl oc
HOBHb18 pesyn&raru, nonyqeHHble aaropoM, 

rnaaa l nocBR~eHa paccMOTpeHHIO HeKOTOphlX oco6eHHOCTeH A8-
neHHR TruttenhlX Mep. B Heit C,r(enaH KpaTKHR o6sop 3KCnepHM8HTMb
HhlX pesyn&TaTOB H3yq8HHR xapaKTepHCTHK CilOHTaHHoro H Bb!Hj'lK,11,eHHO
ro AeneHHH Mep, KOTOpbte CBR3aHbl C npORBneHHeM o6onoqeqHhlX 3qJqJeK
TOB, B qacTHOCTH,paCCMOTpeHbl ~aCCOBble pacnpe,r(eneHHH, nonHM KHHe
THqecKM 3HeprHR, cpel(Hee qacno He8Tp0HOB, HCIJYCKaeMblX OCKOnKa
MH. Oco6oe BHHMaHHe y,r(eneHO MaCCOBW pacnpe'AeneHHRM, AHMH3 AaH
HhlX noKa3UBaeT, qT,o MaCCOBble pacnpe,r(eneHHR OCKOnKOB ,r(eneHHR aK
THHH,ll,HhlX Mep (3a HCKnKJqemi:eM TrutteJIHX cpepMHeBh!X H30TOnoB 
25B, 259Fm H 259Md ) c 0Hepr11:en aoa<S~eHHR ~ :;;: 40 M3B HMe-
10T acm1MeTpa~n xapaKTep, Bupruml'.l!lllfACR B noaumeHHH BhlXOl(a 
Mace a o6nacTH At ~ 140 H HX ,r(OfiOnHHIOl!lHX, OTO HBneHHe npHHHTO 
o6'MCH8Tb MHRHHeM o6onoqeK c 2 = 50 H N = 82 Ha Bb!XO.D; OCKOJI
KOB, IlpH 3TOM C poCTOM E* nocreneHHO yaenaqHBaeTCR BhlXO,£( 
CHMMeTpffqHblX OCKOnKOB,H rrpH E* ~ 60 M3B MaccOBble pacnpe,r(eneHHR 
cTaHOBRTCR cHMMeTp!NHNMH, ,llaHHJ,Ie no xaccoaw pacnpel(eJieHHRM oc
KOJIKOB A8JieHH8 Mep C z > IOO aec&Ma orpaHHqeHbl, oco6eHHO ,r(JIR 
~ < 60 M3B. OTueqeHo, qTo B peaKqHRX Tana ( H I, t ) asyqanHCb 
MaCCOBble pacnpe,r(eJieHHR nHWb npH E:11: ~ 60 MaB. 

B nepaon rnaae paccMoTpeH TaKll!:e aorrpoc o nonyqeHHH cna6o
aos6~eHHhlX T.RllteJIHX M8P a peaKQHHX c TsuteJlb!MH HOHaMH, Tnxtenue 
COCTaBHble Mpa, o6na,qa~He MHHHMMbHOR 3Hepraen B036~eHHR 
E~in ~ 20 - 25 MaB, Mo~o nonyqaTb, o6nyqan MHmeHH H3 Pb HnH 
Bi HOHBMH c Maccon Aj ~ 60. BonbmHe nepcneKTl1Bbl a 3TOM Han
paaneHHH OTKPUBa~TCR C Hcnonh30BaHHeM YCKOpeHHWC HOHOB 48ca. 
Oco6b!R cJiyqaR rrpe,n.cTaBMeT peaKQJm 208 Pb + 4Bca, AnR KoTopon 
HMeeT MecTO MaKCHMaJibHb!R Bb!HI'~ B Q peaKqHH H 3HaqeHHe 
E~in ~ I8 M3B. CocTaBHoe Hl(po 256102, nonyqaeMoe s 3T08 peaK-
1.tHH, 6b!JIO Bb16patto HaMH B KaqecTB8 061>eKTa HCCJie,r(OBaHHR. B!lcxa-
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3NBaeTCR npe~OJI0~8HH8, qTo peMH3~HR CTOJib M8.JibIX 3HeprHH B03-
6YJlt,ll.8HHR B R,D;pax,no.nyqaeMblX B peaKQHRX C Til8JlblMH HOHaMH, 0Tpa-
3HTCR Ha xapaKT8pHCTHKax A8JI8HHR 3THX R,IJ;ep, B qacTHOCTH Ha Mac
COBhIX pacnpeA8JI8HHRX OCKOJIKOB A8JI8HHR. 

rJiaBa fl nOCB.IIlll8Ha nOCTaHOBK8 3KCnepHM8HTOB no HCCJI8AOBa
HHID MaCCOBhIX pacnp8A8JI8HHH OCKOJIKOB A8JI8HHR H30Tonos 102-ro 3JI8-
M8HTa 256102 H 260102, o6pa3yioIIIHXCR a peaKQHRX 208Pb+ 48ca /I/ 

H 238 u + 22Ne. ~m 3THX QeJieil HCnOJib30BMHCb ABa M8TOAa: Me
TOA, OCHOBaHHh!A Ha paAHOXHMHqecKOM B~8JI8HHH paAHOaKTHBHblX OCKOJI
KOB H HX ffA8HT11¢HKaQHH nneM H3M8p8HHR O -cneKTpOB,11 M8TOA pe
rHcTpaQ1111 napHhlX OCKOJIKOB C H3M8peH118M HX 3Hepr11n 11 noJIO~eHHR 
B npocTpaHCTB8 OTHOCl1T8JlbHO HanpaBJI8Hl1R n~a~ero nyqKa. 

3KcnepHM8HTN C npHMeHeHHeM p~110XHMHl1 npOBOAHJIHCb Ha 
B!fYTpeHH11X nyqKax 110HOB 48ca H 22 Ne noJiyqaeMhIX Ha QHKn0TpOH8 
TR~eJlhlX HOHOB Y-300. 3HeprHR HOHOB 48ca COCTaBJIRJia 220 11 250MaB, 
HHTeHc11aHocTh-I, 5. ro12 qacT/ceK, a HOHOB 22 Ne - cooTBeTcTaeH
Ho II2 H II? MaB. H 3.Io13 qacT/ceK, B cJiyqae peaKQHH 
208 Pb + 48ca B~8JIRJIHCb xm,mqecKH8 ¢paKQHl1 p~HoaKTl1BHblX OCKOJI

KOB - H3oTonos I , Te , Ag H Ba H HaoTonoa P8AKoaeMeJibHhlX 

3Jl8M8HTOB (P33)' a B CJiytrae 238 u + 22 Ne - H30TOnOB Au 'Pb 
11 8 j 11 P33. XHMHqecK11ti BhIXOA COCTaBJIRJI B pa3JIHtfflhIX OIIb!Tax OT 
50 AO f111,, a ToqHoCTb ero onpeAeJieHHR 6una He xyiite 5%. Ilo 11sMe

peHHh!M 0 -aKTHBHOCTRM ffA8HTH¢HQHpOBaHHUX H30TOnOB onpeA8JIRJIHCb 
ceqeHHR HX o6pa30BaHHR, C nOMO~bll KOTOphIX C HCnOJib30BaHH8M H3-
B8CTHblX npeAnOJI0~8HHil OTHOCHT8JlbHO aaPfl,11.0BOro pacnpeA8JI8HHR oc
KOJIKOB H tracJia HeilTpOHOB, HCnapsi:eMblX OCKOJIKaMH, CTpDHJIHCb Macco

BNe pacnpeAeJieHHR nepBHtfflUX OCKOJIKOB A8JI8HHR. MaccOBN8 pacnpeA8-
JI8HHR OCKOJIKOB B peaKQH11 238 U + 22 Ne 6b!JIH ITOJiytl8Hhl H Henoc
peACTB8HHO H3 AaHHUX no H3MepeHHll KHH8Tlftl8CKHX 3HeprHH napHWC 
OCKOJIKOB Ha BNB8AEiHHOM nyqKe HOHOB 22 Ne C 3Hepr11en II2,I33 H 
178 MaB H HHT8HCHBHOCTbID ~ 2.lOIO qacT/CeK. B c.nyqae 3HeprHH 
22 Ne, paBHotl II2 M3B,Ha6JillAMOCh xopomee corJiacue AByx MeTo
AOB H3M8peHHR MaCCOBhIX pacnpeAeJieHHn. 

PeayJibTaTN H3M8WHHil noKa3NBMT, ~o B o6eHX pe.aKQimx, 
208 Pb+ 48ca 11 238 U + 22 Ne, npH A8JI8HHH COCTaBHbIX R,IJ;ep 
256102 11 260102 c E3f ~ 50 MaB Ha6JIIJAaDTCR cHMMeTpttqHHe Macco

sue pacnp8A8JI8HHR C MaKCHMYJ,(aMH, _COOTB8TCTBYl)ll(HMH Ac/2 (Ac -
Macca A8Jl.lilll8POCR COCTaBHoro R,D;pa),H ~HcnepCHlll4H, KOTOpNe HilXO
AflTCR B xopomeM corJiaCHH C Ol!tH,11,aeMmffl npH A8JI8HHH R,D;ep C 
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E* > 50 M3B. )vill~e AJIR peaKQHH 208 Pb + 48ca npH E* = 53 MaB 

noKa3aHbl Ha pHc.l TpeyrOJibHHKBMH. 

10 

t/'ffe-tt 
I . 

_/ ❖ \f 
I \ 

I -11. ·J;~~❖ \ 
_/ l'i'\ 9 V 

1,0~. ,1 \k 
I ~ i 

j ~ / . ~). 
I . \ t\ 

0,1 

so m 120 l40 1ro ,so 
Maccosoe qHCJio,A 

PHc.I. 3KcnepHM8HTMbHO H3Mepe~ MaCCOBN8 pacnpeA8JI8HHR oc
KOJIKOB A8JI8HHR COCTaBHOrO R,IJ;pa 2 102, no.nyqeHHoro B peaKQHH 
208 pb + 48ca, npH AByx aHeprHRx aoa6Y!t,!J,eHHR: 25 MaB (caeTJINe 

TOqKH) 11 53 MaB (TpeyrOJibHHKH). illTpHX-IIyHKTHpHhle KpHBNe npose

A8HH qepea 3KCnepHM8HTMbHN8 TQqKH. 

Maccoaoe pacnpeAeJieHHe OCKOJIKOB,H3M8peHH08 AJIR peaKQHH 
208 Pb +. 48ca npH aHeprHH HOHOB 48ca 220 MaB (acero Ha~ IOMaB 

BWl18 KYJIOHOBCKoro 6apbepa), COOTB8TCTBYDJl(8H 3HeprHH B036~eHHR 
cocTaBHoro RApa 256102,paaHoil 25 MaB, mieeT acm.!MeTpHqHYll ~O?'Y, 
npHqeM Ha1160Jiee B8pORTH08 3HaqeHHe MaCCN TM8JIOrO OCKOJIKa COOT
B8TCTBY8T uacca.M ¾ = 140 - 145 (cM.pHc.I, CB8TJINe TOqKH}.Conoc

TaBJIRR 3TOT ~3YJibTaT C AaHHIDfH, noJiyqeHHNMH AJIR cnoHTaHHoro A8-
JI8HHR R,IJ;ep 2 2102 H 256Fm ,MOllHO noJiaraTb,qTo ac11MMerpnqnoe uacco
soe pacnpe,n:enem1e a Haweu cJiyqae odyCJIOBJieHo BJIHIIHHeM 
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OClOJIQqeK c Z =50 n N =82 np.11 cpopM:ttpoaamin Mace OCKOJIKOD 
Il0'A06Ho TOMy, qTo HM98T MeCTO np.11 'AeneH.11.11 JierKHX SKTHH~HHX 3Jie
MeHTOB ,l.tJilI EK :;r; 40 MaB. 

Onpe'AeJieHHe Bl,IXO'AS OCKOJIKOB 'A9JI9HH.fI B peaKQH.11 208Pb + 48ca 
.II conocTSBJI9HHe C IlOJIHW ceqeH.lleM peaKI:1.IIH CB~eTeJibCTByeT O TOM, 
tlTO B6JIH3.II KYJIOHOBCKOro 6apbepa 3Haq.11TeJibHa.JI qacTb nOJIHoro ceqe
H.11.fI peaKI:1.IIH npHBO'A.IIT K CJI.11.fIH.IID ~pa M.llmeH.11 C ~pOM qacT.llqbl .II o6-
pa30BSH.IID CJia6oB036Yll;Il,eHHoro COCTSBHoro ~pa. IloJiyqeHHOe 3Haqe
H.lle ceqeH.11.fI 'A6JI6HH.fI np.11 E* = 25 M3B xopomo corJiacyeTC.fI c .113MepeH
Hl,IM pattee ceqeH.lleM peaKQH.11 208Pb c48ca,2n >254102, eCJI.11 yqecTb, 
qTo B 3T08 o6JISCTH ~ep rnlrt~l0-2• . 

I'JiaBa fil noCB.filll8Ha .113M8peH.11m.l 3HepreTHqecKHX .II MaCCOBl,IX xa
paKTepHCT.IIK OCKOJIKOB 13HHj'l!t,ll,6HHOro 'A6J!9H.ll.fI ~ep B o6JISCT.II 
IOO ~ Z ~ Il3, nonyqeHHl,IX np.11 06nyqeH.11.11 Ha BHBe'AeHHl,IX ~Kax 
QHKJioTpoHa Y-300 MHmeaen ~3 208 Pb, 238 U .11 243 Am 
.110Ha:.m 22Ne 40Ar 48ca, 48Ti c .11HTeHCHBHocTbn ~ 2.1010 

tlSCT/CeK .II 52Cr, 56 Fe C HHT8HC.IIBHOCTbD ~5.109 qacT/ceK. 
8Hepr.11.JI HOHOB Bapb.llpOBMacb C IlOMO~bD MllJ4.IIH.116BblX norJIOTHTeJie8 
.11 H3MepSIJiacb no ynpyroMy pacceaHHn. Maccoai:.e pacnpe'AeJieHH.fI npo
'AJKTOB pea.RUHR HCCJI8'AOBM.l!Cb B 'AffanS30H8 40 . ~ ~ ~ II5 MaB. 

,lJ,nJI BU'AeJieHHR KaHMa noJIHo8 nepe'Aaq.11 HMJIYJibca HMeTaB>IItero 
HOHS C nocJie,cyt>lll.llM pa3BBJIOM HS 'ABS OCKOJIKa HCilOJib30BMC.fI KOppe
JI.fIQHOHHWi M6TO'A .113Mepemm K.IIH8T.llqecKHX aHepr.118 C IlOMO~bD 'AByx 
Si(Au} noaepxHocTHo-6apbepHHX 'A6T6KTopoB, pacnoJI~eHHHX no'A on
pe'AeJieHHh!MH yrJiaMH K HanpaBJieHHn na,I(an~ero nyqKa 41. IloKa3aHo, 
qTo BO BCex CJiyqa.HX MOlEHO Ha,1(8lKHO Bl:l'A8JIHTb co6HTH.fI 'AByxTeJibHoro 
npo~ecca o6pa30BSHHR ocKOJIKOB np.11 pacna,I(e HaqaJibHoro ~pa (HJIH 
CHCT8Mbl), npHHMMatOlllero noJllfWi .IIMilYJ!bC 6ou6ap'A.11Pytlllt8ro HOHa • 

KaJJ.116pOBKa IlOJIYIIPOBO'AHl(KOBl,IX 'A8T6KTOpOB ffi?OH3BO'AffJiaCb C 
noMo~bn .110HoB 2~Ne -, 210Ar , 84Kr, 132xe .11 1"°Xe, ynpyro -pac
ceRHHHX IlO'A pa3HHMH yrJI8.MH Ha TOHKOR MHW8HH .113 208 Pb • CB.JI3b 
Me-J«:/JY aHepr.11en qacTHqH_(E),ee uaccoR (M) .11 a.MMHTY'AOil c.11rHaJia 
'A9T8KTOpa (K) BOcnpo.113BO'AHJISCb xopomo H3B8CTl:lblM BHpallt9HHeM, 
E=(a +a'M>K + b + b'M • Koa<Jxp.11~.11eHTH a , a1 , b , b1 

onpe'A8JI.fIJI.l!Cb TaK, q,ro6i:. JiyqmHM o6pasoM BOCCTaHOBHTb 3Hepr.11.11 ynpy
ro pacceaHHWC Ha.neTSB>IItHX HOHOB .11 ~ep MHWeHH 'AJI.fI onpe'AeJieHHoro 
Ha6opa yrioB pacceaH.11.JI. IloJio~eHHe 'AeTeKTopoB no yriry onpe'Aen.JI
JIOCb C TO~OCTbD He xyJJte 0,5°.8HepreTHq8CKOe paspemeH.116 B o6Jiac
TH aHepr.118 E = 100 MaB H a HHTepBa.ne uacc 40 i.;; M ~ 208 

CluJio He xyxe 5%. 
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Bi:.cTpo-Me'AJI9HHa.JI cxeMa COBila,I(eH.118 H rulilJIHTY,ItHUil aHaJIH3 
Il03BOJ!lIJIH H3M8p.1ITb 'AByxMepHHR cneKTp 3Hepr.11n npO'AJKTOB peaK~HH. 
IlonyqeHHa.JI HHifiopM~.11.fI o6pa6aTDIBMSCb Ha SBM. Macci:. Bl:lq.llCJI.fIJI.IICb .113 
.113MepeHH!,1X K.IIH9T.lltl8CKHX aHepr.118 B ~P8'AilOJI0~8H.IIH O 'AByxTeJibHOCTH 
npo~ecca. PesynbTari:. npe'ACTSBJI.JIJIHCb B B~e pacnpe'AeJieH.118 Mace .11 
nonHoil K.l!HeT.11qecKoil sHeprHH, N(M) H NCTKE}, .11 B B~e IWHTYPHhlX 
'AHarpBMM, CB.fI3HBSD~.IIX IlOJIHYD K.IIH8T.llt1ecKyio 3Hepr.11n .II MSCCH npO'AJK
TOB, N ( M 'TKE} 

Ilonyqemrne TaK.IIM 06pa30M cpe'Att.118 sHat1eH.11.JI nonHoil K.l!HeT.11qec
Koil aHepr.11.11 npo'AJKTOB cHMMerp.11t1Horo 'AeJieH.11.JI 'AJI.fI ~enoro ~a peaK
~.11n, YK83aHH!nC Ha p.110.2, CB~eTeJibCTBYJOT O TOM, tlTO H3BeCTHa.JI 
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P.llc.2.Cpe'Att.118 IlOJIHble K.11H8T.lltleCK.lle 3Hepr.11.11 OCKOJIKOB Cttl&'!eT
p.11~oro AeJieH.11.JI,nonyqeHHHe a HacroR~en pa6ore (reMHble TOt1K.11), 
KSK <pyH~~.11.fI napaMeTpa KYJIOHOBCKOro OTTaJIK.l!BaHH.fI 2 2/AI/S. 
CaeTJIHe TOtlK.11 - ASHHHe 'APYrHx pa6or.CnnomHa.JI JIHH.11.fI - .11saecT
Ha.JI saB.IIC.IIMOCTb BailoJIH-C.IIKKenaJiAa. ilyHKT.llpOM o6o3HaqeHo 
cpe'AHee aHeproa~eneH.11e Qfission MR cHMMerp.11mrux pas'Ae
JieH.llli. 
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3aKOHOMepHOCTb, TKE = 0,1065 z2/A113 + 20,l, IlOJI~eHHM AJISI 
RAep c napaMeTpOM KYJIOHOBCKOro OTTa.JJKHBaHHSI Z 2 / A 113 :,S !650, 
OilHCb!BaeT Taiaee T!{E OCKOJIKOB A8Jl8HHSI BilJIOTb AO 3HaqeHHH 
z 2;A1/ 3 ~ !950. ConocTaBJISISI 8TH pe3yJibTaTu C IlOJIHmf SHeproBbl

AeJieHHeM Qfission AJIS1 CHMMeTpaqHoro pa3AeJieHHR,MOlKHO IlOJiaraTb, 
~o A8JleHHe TSU!:8Jll,IX H caepXTJillteJlblX SIA8P AOJIJll'.HO conpoBOE,I:\aTbCSI HC
nycKaHHeM 60Jibmoro '-!MCJla HeHTpOHOB (AJISI Ot5JracTH z ~ II4,-;; ~ 8-10). 
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Macca $parMeHTa (a.e.u.) 

Pac.3.3aBHCHMOCTb IlOJIHOH KHH8THqecKOH SHeprHH IlPOAJKTOB 
peaK~HH 243Am + 40Ar OT HX Maccu npH qeTblpex stteprilflx 

6oM6apAHPYIOll{HX HOHOB. 

8 

C IlOMOntbD KOppe~HoHHoro MeTOAa HCCJieAOBaJiaCb TaKllte 3a

BHCHMOCTb topl,lbl uaccoaoro pacnpeAeJieHHSI ocKOJIKOB IJieHHR SIAep 
248Fm H 2 0102, o6pasJlliltHXCR a peaK~Rx 208Pb + Ar (222 a 
197 MsB) H 238u + 22Ne (!?8, 133 H II2 MsB), OT sHeprHH 6oM6ap

AHPYDntHX HOHOB. Pe3yJibTaTbl HsMepeHHH noKa3b!BaDT, qTQ BO scex 

STHX C~aSIX HMeDT M8CTO CHMMeTpHqffble uaccOBble ~acnpeieJieHH,. 
BoJiee AeTaJibHo HCCJieAOBanacb ~~SI 

24 ~m+ 0Ar 2
,
5

/ 
npH pa3HIDC aHeprHRX HaJieTarontHX HOHOB Ar , 300,240,222 H 214MaB, 
KaK 3TO BHAHO H3 pHc.3. IlpH E1E = 116 M3B Ha6JIDAa8TCSI cHMMeTpHq
HOe Maccoaoe pacnpeA8JI8HH8 OCKOJIKOB B o6JiaCTH Mace 60 ~ M ~ 220. 
Ilpa YM8HbmeHHH SHeprHH B036YE,11.eHHR AO sHaqeHHH < 50 MaB STO 
pacnpeAeJieHHe CTaHOBHTC!f acHMMeTpHqffb!M C HaH6oJiee BepostTHblM 0.THO-

. 
"'I: 

116 M3B ,r~11tr Q) 

0 200 
0 
<ti 
::ii i'f \ ~ 150 f Ac/2 t,1 :lS: 
:s; 

xf I 1 !;; 100 
-0 
0 
0 

so 
0 
0:: 
0 

si 0 - - 100 150 200 

Macca $parueHTa 

Pac.4. Maccoaue pacnpeAeJieHHSI npoAJKTOB peaK~H 
243Am + 40Ar AJIR ABJX sHav:eHHH SHeprHH 6ou6apAHPJlliltHX 
Hottoa:222 MsB (TeMHl:le TOV:KH) H 300 MsB (cBeTJible ToqKH), 

Maccoaoe pacnpeAeJieHHe npH E = 222 M3B npeAcTaBJieHo ~M 

yrJioBoro HHTepBa.na 52° ~ 94 ~ Ba°, rAe ynpyrne co6uTHR 
~aCTlfqffQ He perHCTpHpOBaJIHCb,. 

meHHeM uacc MH /M ... ~2,5, q,ro cooTB0TCTByeT uacce Tsm:eJioro qipar
M8HTa MH~ 200 - 210, ,lvrR YA06CTBa Ha6J11JA8HHR Ha pHc.4 npe~c-raB-
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JieHl,I O'AHOMepHhle Maccoaue pacnpe'AeJieHIDI,noJiyt1eHH1,1e npH EM= 116 
H 48 M3B. • 

H3MepeHHe BblXO'Aa OCKOJIKOB npH H3MeHeHHH HanpaaneHHH OCH 'A0-
JieHHH OTHOCHTeJibHO nyqKa 'AaeT B npe'AeJiax norpeWHOCTH 3KcnepHMeH-

£ 
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::. . 
:::r 

CD 
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I I 
I I 

1 ' 3r I , 
1 I 

1. _1_ ,' 
2 r ,:-sin8 ,' 

\ I I 
\ I 

, r ¢+ '--.-.i-1_,, +9 

I 

0 . 90 180 
8rt.M. 

PHc.5. Yrnoaoe pacnpe'AeJieHHe npo~TOB c waccoR ?0 - 220, 
06pa3oaaBll!HXCH a peaK1:~1rn 243Am + 40Ar npH 3HeprHHX 
222 MaB (TeMHl:ie ToqKH) H 300 MaB (caeTJIHe ToqKn). 

Ta npaKTHqecKH H30Tponttoe yrnoaoe pacnpe'AeJieHHe ~ HHTepaana 
Mace ?O ,S: M '6'. 220 (cM.pnc.5). 

IlO'A06Hl,le H3MepeHIDI 6linH Bnocne~CTBHH npoBe'AeHl,I B Jla?.!!l!!T~
T8 (~Pr) H B Be~JIH (CIIIA) npH o6JiytleHHH MIW!eHelt H3 48ca H 238u 
HOHaMH 238LJ H ~r COOTB8TCTB0HHO,H 6linH IlOJiytl0Hl,I aHMOrHqHl,le 
peayJibTaTH. 

Hru.i npeACTaBJIJ'IeTCH,qTo O'AHHM H3 B03MOJl(Hl,IX o6'I>HCH0HHH Ha6-
Jil)'AaeMoro HBJI0HIDI HBJIH0TCH npOHBJieHHe o6onoqeqHWC 3ip:p0KTOB B 
npo~ecce pacn~a HaqanbHOlt CHCTew Ha 'ABa OCKOJIKa.EcJIH Il0'A06HUH 
M0XaHH3M HMeeT M0CTO,TO B OTJIHqHe OT CJiyqaa ,D;eJI8HHSI B.KTHlm,IJ;HllX 
aJieMeHTOB B peB.KitHH 243Am+ 40Ar w HaClnimaeM npoa»neHHe oClonoqex 
a oClnacrn ,D;BllX.llH 11arHqecKoro ~pa c Z = 82 H. N = 126. 

B crarHqecKOll npH6JIHJEeHHH pacqeT noTe~HMbHOlt 3HeprHH, 
npoBe'AeHHl,IH I'pa'IHepoM H 'Ap.(19??),caff'AeTeJibCTByeT a noJib3Y 'AaH
Horo npe'AflOJio•eHHH.KBMff'AHHlllfflqecKoe paCCMOTpeHHe 3B0Jil)~H CHC
TeMH B pawxax MO'AH~H~poaaHHoro aapHaHTa 'AHqxpy3HOHHOH MO'A0JIH 
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TB.KXe .zt.ae:r• yne;mqeHHe BHXO,D;a :qiparMeHTOB B }lClnacrH Z =82 H HX. co-( 
npsixeHHux/57. , .. · , .. - , .. -. , ·· ,, .. 

.•. Mo;mo. IlOJI(lraT~ . TaKXe, qro H3M8H8HHe c-rpyKTypll: MaCCOBoro . ' 
pacnpe,qeJieHHH C,~CTOM 3Hepr1rn HOHOB CB.113aHO: C n'cqe3HOB8HH8M 
o6onoqeq~ aqx_l>eKTOB~ • 

Q9H0BH!IB. PE3.YJihTA'lli PAB0TH MOltHO crpopMYJIHpoBaTb cJie,IlYDIIIHM 
06paao11: - . .• . . · · >:•;• • ·= ·. 

l. IlpH o6~eHHH 208Pb HOHB.?ffl 48ea HCCJ10'A0BaHO 'AeJieHHe 
COCTaBHOrO fi'Apa 2 102 C MMOH 3Heprnelt B036YJl'.,Il,8HHH. IloKa3aHo, 
qro a peax~ THna (HI, ,f ) , r'Ae B KaqecTBe .HaJieT~ero· TSUteJio
ro HOHa HcJnOJib3yercH 48ca ,110JKH0 -npoBO'AHTb\.HCCJI8'AOBaHHe· 'A8JieHIOI · 
B036Yl!QJ.8HHOro COCTaBHoro ~pa ~o MHHHMaJILHOlt 3HeprHH B03- ' 
6Yl!QJ.8HHR E1£. rv. 20 MaB. . ·. .. . . , 

~~ ; B, ~~~H c TSUte~ HOHaMH c20~ Pb.+ : 48ca). Ha6JID'A8HO 
acHMMe~H~_oe_ MaCCOBOe pacnpe'A8JI8HH8 OCKOJIKOB, 'A8JI8HIDI COCTaBHOro , 
R,l\pa 2 ~Pfi c OTHomeHHell Mace ~ 1,3. Acm&MeTplffl Maccoaoro .pac.:.. 
np8'A8JI8H~~-:~Ji'l'.8P~8THpyeTCJ'I, i<aK pe3yJI~TaT ,BJIWIHHJ'I · 'OC>OJloqeqHl,IX ,· , 
3~K'l'OB,,K(?TOplle.npoa:BJIJ'Il)TC.I!, npn HH3K03HepreTHllHOM 'A8Jl8flHH aK--
THHff'AHllX aJieMeHTOB. c•. i;c'.· , ,-~. 

3. C03'AaHa M8TO'AHKa 'AJ!.11: H3Mepemm XHH0THll8CKHX 3Heprnlt 
KOppe~HpOBaHHl,IX_ npo'AYKTO_B pea~H, o6pa3YlllltHXC.I! npH noJIHOH ·nepe
'Aaqe mmyJibCa ,HM0TB.lllllero HOHa 'ABYM npO'AYKTSM l)e~H •. ,,, ·:,' · 

4~HaMepeH1,1 uaccoBlie, aH~reTnqecx~e-nyrnos1,1e~pacnpe'Ae
JieHHa: Ilp0'AYKTOB pea~H 243Am+ :Ar B 'AHafia30He .3Heprnlt B03-
6Yl!QJ.eHHJ'I o6paaYlOllleltca: cHcTew OT 40, 'AO II6 .MaB. IloxaaaHo, qro 
npH E3l > 100 MaB uaccoaoe pacnpe'AeJieHHe 1WeeT CHMMeTpnqHW\ xa
paxTep, a npl,f ~ < 60 M3B CTaHOBHTC.11 acHMMeTpHtlHLIM c HaHC>OJiee 
aepo.11THolt uaccolt T.f!llenoro npo'AYKTa 200 - 210 a.e.u. ,IJ,a.mn,rtl pe-
3YJibTaT MOE0T YKa3llBaTb Ha npOHBJieHHe oClonoqeK C z = 82 H 
N = 126. 

5. ~ mHpOKo8 o<SJiaCTH fi'Aep c napa.MeTpoM 'ABJIHMOCTH 
z 2/A z 40-45 H3MepeHll Cpe'AffH8 3Ha'tieHM noJIHOH ~eTHll8CKOH . 

aHeprHH H noKa3atto, trt'o BfiJIOTb 'AO aHa'tieHHH Z 2; A 1 3 ~ 1960 
OHH OnHCllBaDTC.11 H3B8CTHOH JIHHeHHOlt aaBHCHMOCTbD_TKE ( z 2;A1/ 3). 

0cHOBHI:le pe3yJibTaTll,· npB,l\CTaBJieHHlle B 'AffCCepT~H,'AOK.na
AHBMHCb Ha Me~apO'AffOM coae~aHHH no noncey H CHHT83Y TpaHcy
paHOBliX 3JieMeHTOB (,!zy6Ha,l9?6), Ha Me~apo'AffOM coae~aHHH no 
B3aHMO'A0HCTBHIO Tlllt0JillX HOHOB C fi'Apru,ra': H CHHTe3y; HOBWC'··~JieMeHTOB 

,_ . :· ', __ ,·. :·:, 
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