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11aBeCTHO, 'ITO C pOCTOM 8TOMHoro HOMepa 51/lep, H8'IHH851 OT ypaua, 

cra6HnbHOCTh HX OTHOCHTenbHO CilOHT8HHOro aeneHH51 Ha /lB8 OCKOnKa pe3KO 

yMeHhlllaercH, Ecnn anH 
238 

U napunanbHbIH nepnoa cnonTaHHoro aenenn.H 

cocTaBn.HeT 1016 ner, TO anH Kyp'l8TOBH.H ( z = 104 'N = 156) 9Ta Be

nH'lHlla OKa3bIBaeTC51 paBHOH "' 0,1 ceK /l /. 

3KCTpanon.HUH51 K 6onee TmI<enbIM sneMellT8M noKa3LIBaeT, 'ITO npn 

Z = 110-112 .Hllpa 6yayT nMeTh y)rce uyneBott 6aphep aenemrn, BoannKaeT 

Bonpoc - .HBn.HeTC51 nn B /l8HCTBnTenbHOCTH o6naCTh z"' 110 rrpeaenoM CTa-

6nnhHOCTH 51/lepl!OH MaTepun? 4ro6r,1 OTB8Tf!Th 118 Hero, MLI KpaTKO OCTa

llOBIIMC51 Ha CBOHCTBax THmenwx 51/lep. 

B Teqe1111e MHornx neT Bee Ballin npeacraBnenn.H o caoticTBax aen.H

mnxc51 .H/lep 6bWII OCHOBaHbl Ha npe/lCK838HII.HX MO/lenn )KH/lKOH Kannn. B 

ocuoae sToi"1 r-.:oaenu ne)irnr rrpeanonox:enue o paa11OMepnoM pacnpeaenemrn 

'lacrnu B 51/lpe; Moaenh coaep;)l{HT onpeaene1111oe qncno napaMeTpoB, xapaKTe

puayJOmnx OCHOBHLie CBOHCTBa 51/lepHOH MaTepnu, C ITOMOlllbJO KOTOpbIX, B 

'l8CTHOCTn B Teopnu aenenH.H, pacctI11TwBaerc51 sHeprnH aeqiopMaunn 51/lpa. 

Me;)KJlY Tet.1, xopOll!O H3BeCTHO, 'ITO B crreKTpe O/lllO'laCTH'lllb!X ypOBHett, 

a6nnan a11epru u <t>epMu anH cqiepn'leCKHX .H/lep HMeIOTC.H 3Ha'lnTenhHbie 

118O/lHOpO/lHOCTH, CB5138Hllble C o6ono'le'IHOH CTpyKTypoii .H/lpa. 3rr1 aqiqieKTb~ 

KO!OPbJe nonHOCThlO nr11opHpy10TC.H B )l(H/lKOKanenhHOH MO/lenH, MoryT IIrpaTh 

BamHyJO ponh, npn paCCMOTpeHIIH CTa6nnhHOCTII TH;)l{enbIX 51/lep. ITocKOnhKY 
• 

cno11ra1111oe aene11ue HBn.HeTcH oc11OBHb1M TIIIlOM pacnaaa ang !il/lep c Z 2: 104, 
II>, 
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"'II 
Heo6XOilHMO HM0Tb npeilCTaBneaue O TOM, K8KHM o6pa30M o6ono'!e'!Hb!e 

sqicpeKTbl 6yJlyT nposrnmITbCH npu 6onhIIIHX )le<jiopMaUHHX. 

/2 3/ 
KaK 6bmo noKasaao B pa6oTax ' , a6nusu rpaHHUbI <llepMH nonaaH 

saepruH Hilpa B npouecce AeqiopMaUHH MOllieT 6bITh npeACTaaneaa B BHile .. "' 
W = W + ii W = W + I P,n ( 8 V + p), 

I')le w -)KH)lKOK811enbHaH SHepI'HH II 6. w -o6ono'!e'IH8H 11011paBKa, Y'IliTbl

BaIOII18H peanbHOe KB8HTOBOe pac11pe1lenea11e 11pOTOHOB H HeHTpOHOB B H)lpe, 

BKnIO'!aH sqi<jieKT c11apuaaHHH HyKnoaoa. Ms pac'!eTOB cn~AyeT, 'ITO aentt'IHHa 

6.W -HBnHeTCH ocu11nn11py10men qiyHKUlfeH )le<jiopM8Ulflf If '!Hcna HyKnOHOB B 

H)lpe, 'ITO cymecTBeHHO M0HHeT crpyKTYPY 6apbepOB )lenermH Hilep, Oco6eHHO 

D8)KHYIO ponh o6onoqe'!Hbie sqiqieKTbl 11rpa10T B o6naCTH CBepXTHllienbIX Hilep, 

I')le lliHilKOK8110llbHbIH 6apbep )leneHHH npaKTH'I0CKH paBeH Hyn10,CTa6unbHOCTb 

TaKHX H)lep 6y)leT uenHKOM 011pe1lenHTbCH HX CTpyKTypHblMH oco6eHHOCTHMlf,110-

8TOMy o6ono'!e'!Hbie scpqieKTbl HBHnHCb npe)lMeTOM HHTeHCIIBHbIX TeopeTH'I0CKHX . 

uccne)lOBaHHH B nocne)lHHe I'O)lbI,He 11pHBOilH )leTam1 pac'!eTOB,KOTOpble Il0)lpo6-

/4-10/ 
HO 11pe1lCTaaneHbl B opHI'lfHanhHb!X pa6orax · , Mb! OCTaHOBHMCH nHIIlb 

Ha KOHe'!HbIX peqynbTaTax. 

Ms il8HHbIX STIIX pa6oT cne)lyeT, 'ITO 11pH z > 108 )lonmaa cymeCTBO

B8 Tb uenaH o6naCTb CTa6unbHOCTH; Ha116onee CTa6ttnhHb!M rmnHeTCH ,, ilB8)K)lbJ 

Mar11'IecKoe" H)lpo
298 114 (114 - 38MKHyTaH 11pOTOHHaH If 184-saMKHyTaH 

HeHTPOHHaH o6ono'!KH), )lnH KOTOporo Bh!COTa 6apbepa )leneHIIH, cornacHO 

11pe)lCKa3aHIIHM, COCTaBnHeT 10-12 Msa (puc, 1). BpeMH lliH3HH TaKOI'O Hilpa 

110 OTHOIIleHHIO K Cl10HT8HHOMY )leneHIIIO OK83bJBaeTCH OI'pOMHb!M H COCTaBnH

eT 10
8 

- 10
13 ner, a sTo osaaqaer, 'ITO y'IeT o6onoqeqaofi 11onpaBKH 11p11-

" . 1030 1035 I BOilHT K TOpMmKeHHIO Cl10HT8HHOI'O )leneHIIH B - pas. 

Tipu CTOnb 6onbII11iX 11epHOil8X Cl10HTaHHOI'O )leneHHH CTa6ttnhHOCTb Hilep 

B STOH o6naCTlf 6yAeT 011pe)lenHTbCH BpeMeHaMlf HX lliH3HH 110 OTHOIIl8Hlf!O 

K a - u f3 -pac11aAaM: 11ocneAH1Ie MOI'y°T 6b1Tb oueaeHhI 11s pacqeTHbIX 
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1JIICJIO IlPOTOHOB 

Pnc. 1. PncyHOK cneBa - o6nacTb CTa6nnb!IOCTll CBepXTSI-
,KenbIX sneMeHTOB no IWHHhIM pa6oTbI /5/ • CnpaBa - 6apbep nenemrn 
Sinpa 298 114 • 

a11aqe11nfi Mace Sinep. On11oa11aq110 onpenennTb, KaKoe Sinpo 11an6onee cra-

1,0 

6nnbHO KO BCeM TllII8M pacnana, BeCbM8 Tpynno, T,K, MaCCbl Sinep Ii 6apb-

. epb1 nenemrn npencKa3hIBaIOTCSI 11enocTaToq110 Toqno, OnHaKo rro na11ilb1M 

paannqHJ,lX aBTOpOB Han6onb111ee BpeMSI )Kll3Hll O)l{HJ:IaeTCSI nnSI Sinep C z 
110-114 n N = 184, 

11 HTepecno OTMeTllTb, qro ecnn SIJ:Ipa ll3 STOH o6nacTn llCilb!Tb!B8IOT 

·a -nnn f3 -pacnan ( omrn nnn HeCKOnbKo), ro Ko11eq11b1Mn rrponyKTaMn 

5ynyT B 6onblllllHCTBe cnyqaeB ll30TOilhI, HCIIb!TbIB8IOJlllle CIIOHT8IIHOe neneuue, 

B 118CTOSIIUee BpeMSI HeT IIpSIMblX SKcrrepnMeHranbllblX naHllbIX, yKa3LJ

BaIOIUllX 118 cymeCTB0B8HHe CBepxrm:;enbIX cra6nnb!lbIX Sinep, BMeCTe C TeM, 

8 
ecnn BpeMSI ,KH3Hn 11an6onee cra6nnb11oro · Sinpa 6onb111e, qeM 10 ner, To 

He llCKnIOqe110,qTo STOT CBepXTSI,KenbIH 'sneMeHT npncyTCTByeT B rrpnpon!lh!X 

06paauax,HccnenoBa11nSI, rrpenrrpn11~TNe B pene na5o~aTopnA, naIOT rroKa 

Bepx!IIOIO rpannuy conep,Ka!IMH T8KllX ::meMBIITOB B 3eM!lblX 06pa3uax 118 

yp0B11e 10 13 - 10-12 r/rp /11-14/, 
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"" 3KcrrepttMeHThl no HCCneaoBadtt!O THllienoft KOMITOHeHThl KOCMHqecKOI'O 

H3Dyqemrn ( z > 100) HaTODKHYDHCb Ha pHa cepbe3HbIX TpyanocTeft, CBH-

3al!IIbIX C naeHTmjmKaUtteft CTODb CDOlliHblX peDHTHBHCTCKHX Haep, H MOI'YT 

JWTb, cxopee BCero, TBK)Ke nttllJb BepXHI0!O rpaHHUY Ha ypOBHe 1 Hapo/M2 

B cyTKH 
1151• CTODb HH3KaH rpaHHUa acpcpeKTa B aTHX aByX HarrpaBneHHHX 

11ccneaOB8HHft, B03MO)KIIO, yKa3bJBaeT Ha TO, qTo BpeMH lliH3HH Hatt6onee 

cTa611nhHbIX Haep cymecTneuuo MeHh!lle mK11aaeMoro, 11 Toraa ea11HCTBeHHo 

B03MOlliHblM crroco6oM IIX rronyqeHHH HBDHeTCH HCKYCCTBeHHblft CHHTe3. 

3aecb, oanaKo, HMeeTcH uenb1ft pHa oco6eunocTeft, KOTOpb1e Mb! pac

CMOTp11M 6onee IToapo6110. CaMblft TmKeDblft aneMeHT, KOTOpbift MOXCeT 6bITb 

HCIT0Db30B8H B KaqecTne l\llllllellll B HaCTOHmee BpeMH, - KaDttcpopHHft ( Z 

= 98). QqeBl!aHo, qTo 1!30TOilbI C z = 110-114 MOI'YT 6bITh rronyqellbl 

TODhKO B peaKUIIHX C Tm;,enbIMH IIOHaMII. 

BMeCTe C TeM anH mo6oft KOM6IIH8UIIH MH!lleHb + THlliem,1ft HOH coc

TaBHOe Hapo C z = 110-114 OK83bIBaeTCH aaneKO paCITODO)KeHHbIM OT 

3Dl\lKHYTOII HeflTpouuoii 06onoqK11 N = 184, H 9TO nprrnoauT K pe3KOMY 

Yl\teHb!llelm!O BpeMem1 llill31111 CUHTe3HpyeMbIX Haep. nepBaH ITOITbITKa CHH

Te3HpOB8Tb i14-A aneMeHT 13 peaKUUII /lB/ 

248 Cm + 40 Ar 284 
➔ 1 J.J + .:J.n 

He np11nena K ycnexy, H aTo Heyairn11Tenb110, T.K. ecnu H o6pa3yeTcH Hapo 

284 114 , ouo yaaneuo OT o5onoqKn N = 184 ua 14 MaccoBbIX ea111111u 11 

npeacKa3aHHbll't anH uero nepuoa crro11Tanuoro aenemrn He rrpeBbI!llaeT 

10-15 ceK. C apyroii CTOpOHbI, ecnu B peaKUIIH MO)KeT 5bITh rronyqeHO Hapo 

C N = 184, TO aTOMHbIA HOMep ero OK83bIBaeTCH BbI!lle 114 Ii 11ecTa6HDh

HOCTb B03111!KaeT yllie 113-38 yaaneHHH OT rrpoTOHIIOA o6onoqKu. yj3 aKcne

pnMeHTOB, ITpOBef(eHllbIX B ny611e / 
17 

/ 

24JA 66, 6 8z 309, J l 1-x 
m + n ➔ 125 + xn 

H B Opca /18; 
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232 Th + 84 Kr 310- x 
126 + xn, 

M0?l<H0 nonytIIITb II0Ka T0nbKO BepXHI0IO rpammy a¢qieKTa. 

TaKHM o6paaoM BHllH0, 'IT0 0CH0BHbie TPYllHOCTH CHHTeaa CBepxrsr

)KenhIX aneMeHT0B, o6paayIOIUHXCH B Ka'leCTBe cocraBHbIX H/lep, CBH38Hbl 

c 6onhlllHM Hetl:TpOHHbIM ae<fiuuHTOM (puc. 2a). 

Puc. 2. 
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'illCJIO !IPOTOHOB 

Toraa B03Hl!KaeT B0rtpoc: KBKUM o6pa30M M0)KH0 nony'laTh srapa, 

HaX0llHIUlleCH B uearpe npellCK838HHOH 06nacr11 cra6HnbHOCTH? 

O6paTHM BHHMaHHe Ha TO o6CTOHTenbCTBO, 'IT0 0AHHM H3 a<fi<fieKTHB

• 
HhIX MeT0/l0B CHHTeaa HefiTpOHOH36bITO'IHblX H30T0II0B B o6nacru cpellHHX 

i:acc sraep HBnsreTcsr aeneaue ypaaa. fo. 
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TToCKOnhKY B npouecce aeneHHH o6paayroTCH OCKOnKH B llillpOKOM 

HHTepBane Mace H aapHAOB; MOMHO naaeHThCH, tJTO npu cnuHHHH ABYX TH

• 
)KenbJX Haep (nanpuMep, Haep ypaHa) 6yayT o6pa30Bb!BaTbCH OCKOnKH C 

Z = 110-114 u N = 184 /19,20/, 

B CBH3H C 8THM B nocneaHue I'OAbl HaMH npoBDAHnCH pHA 8KCnepn

MBHTOB no H3YtJBHHID aeneHHH ypaHa HOHaMH paanntJHOA MaCChl OT 
12 

C 

ao 40 Ar /21-23/ 

TTpeacTaBneHHb!e Ha puc, 3 pacnpeaeneHHH CBHA0TBnhCTByroT O TOM, 

'ITO no Mepe npoaBmKeHHH B o6naCTh THMenbIX Haep cymecTBeHHO yBenHtJH

BaeTCH AHCnepCHH OCKOnKOB aeneHHH no Macce, H nonoMeHHe MaKCHMyMa 

. I 
KpllBbJX CMeIUaeTCH B ,o6naCTb 6onhlliHX Mace, 

AHanorutJHaH CHTyaUHH IIMBeT MeCTO Ii anH H30TOnHbIX pacnpeaeneHHA 

( Bb!XOA OCKOnKOB C OAHHaKOBbIM aTOMllbIM HOMepoM). 

Bo Bcex cnytJaHx, KaK u cneaoBano m1rnaaTh, uau6onee BepOHTHaH 

Macca OCKOnKOB npH aaaaHHOM z I COOTBeTCTByeT IIBATpOHOJl36bITOtJHOMY 

/24; 
HAPY , 

3KCTpanonupyH 8TJI aaHHb!B B o6nac·Th 6onee THMBnbIX Haep, MOMHO 

noKa3aTh, 'ITO npu 06nytJeH1111 ypaHa HOH8MII C aTOMHb!M HOMepOM > 50 

6yayT C 3aMeTHOA BepoHTHOCThID o6pa30Bb!B8ThCH OCKOnKH C z = 114. 

OaHoA H3 B03MO)KHb!X peaKUHA_ TaKOI'O Tuna HBnHeTCH o6nytJeHHB ypa-

Ha HOHaMH KCeHOHa: 

238 U + 136 Xe 
➔ 374 146 ➔ 

302-"1114 + 72-"2·ce , 

rae x 1 + x 2 = v -nonHoe tJucno HeATpoHoB, ucnycKaeMbIX npu aeneHun, 

06naCTb Haep, KOTOpbie MOI'YT 6b!Th CIIHTe3HpOB8Hbl B STOA peaKUHH, 

noKaaaHa Ha puc, 26, 

0TM0THM, 'ITO Haufionee BBpOHTHOe 3HatJeHHe Mace@ anH z = 114 

300. TTo8TOMy B peaKUHH u + Xe 6yayT o6pa30Bb!BaTbCH Rapa KaK C 

N < 184, TaK u c N > 184, 
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Bhlllle Mb! Il0Kasan11"tllp!!HUIIIll!anhHYIO B03M0JKH0CTh nonytrnHHH Hnep 

a6n11an aeplllHHhl 0CTpoaa ,, CTa6nnhHOCTH 11
• 

t 

On11aKo rrp11 neTanbH0M aHannse aos1111KaeT MHoro aonpocoa: 

1. KaKIIM o6pa30M M0ryT 6b!Tb nonyqeHbl rryqKII ycKopeHHhIX H0H0B 

Kce11011a c a11epr11sfi • 1 ran? 

2, KaKOBa aep0HTH0CTb cn11HHIIH nayx CTOnb THJKenbIX Hnep KaK KCe-

11011 11 ypaH II KaK aemIKa 3HeprHH B036YJKll0HIIH C0CTaBHoro Hnpa C Z 

146, 

3, HacKOnbKO cnpaaenn"l.lhI 11aI1111 npencKasamrn o cnoco6e neneHIIH 

3T0f'0 gnpa; KaK0Ba Bep0HTH0CTb o6pa30BaHIIH TmI<enoro OCKOnKa II KaK 

ee·n11Ka ero a11epr11g aos6yJKne1111g? 

4, HaK011eu, aeCbMa Ba)lrno 3HaTb, B KaKofi cTenerrn npennonoJKemrn 

0 IlOBhIIlleHHOfi CTa6nnbHOCTII CBepTHJKenLIX aneMeHT0B C /, = 110-114 np11-

Melll!MLI K 5lllPY, 11axonHI11el\1ycg B B036yJKneHIIOI\I COCTOHIIIIII, K0Topoe B 

11aqanbno11 cranirn 06pasyerc51 B Ka"leCTBe necpopM11poaa1111oro ocKonKa, 

OcHOBHhie 11ccnenoaa1111g, np0B0UIIMLie B Jla6opaTop1111 

HnepHhIX peaKuuil 01 I.HH B re"leHue nocnennero rona, 61,rnu nanpaane111,1 na 

nonytrnrrne 0TBeT0B Ha 3TI! B0ilp0Cbl, 

1. ~Q!{openne H0HQB KCe~H0Ha 

K " 6 2 JB l' 136 X 6 " ynoH0BCKllll apbep peaKUIIII + e B na opaTopH0ll CIICTe-

Me K00pnunaT C0CTaBnHeT 0, 7 faa. Ha u11Knorpo11ax rm1<en1,1x 110110a !la-

6opaTop1rn HnepHb!X pe0KUIIII C nnaMeTp0M nonIOC0B 310 II 200 CM 3Ta 

a11epr11H M0iKeT 6b!Tb nocr11r11yTa TOnbKO nnH II0H0B KCe11011a C 3apgnoM 

Z; > 22. 
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3APlU llJIIOB KCEIIOl!l 

P11c. 4. 3aBHCHMOCTb HHTeHCHBHOCTH ny'IKa HOHOB KCeHOHa OT aapHJla. 
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2 

BMeCTe C TeM, Kal} BllilHO H3 puc. 4, nng KCeHOHa Ilpll l i > 8 Bbl-

xon IIOHOB 113 MOlllHOf'O .llYf'OBOf'O HCTQqH11Ka Haq11uaeT pe3KO yMeHblllaTbCH 

• +22 . . . . /26/ 
11 IIHTeHCIIBHOCTb rryqKa Xe 6yneT rrpeHe6pe)KHMO :Manon • ITosTOMY 

HaMH 6bm Bbi6paH MeTO!l rrocnenoBaTenbHOf'O. ycKOpeHIIH, cyTb KOToporo 

3aKmoqaeTCH B cneny10meM, 

113 IIOHHOf'O IICTOqH11Ka, pacrrono)KeHHOf'O B ueHTpe 310-caHTIIMeTpOBOf'O 

Knaccnqecrcoro UHKnoTpOHa, BbITSif'HBa!OTCH IIOHbl 
+9 Xe , KOTopbie ycKopg-

!OTCH no 9~epr11u 150. MsB • . ITocne BbIBO!la 113 ycKopnTenbHO:ii KaMepbI IIH

TeHCIIBHOCTb rryqKa cocTaB_nH.eT 2• 1012 qacT/CeK, C IIOMOlllb!O 5 IIOBOpOT

HbIX Maf'HIITOB, Tpex KOppeK T11py10m11x Maf'HIITOB II T nap '_KBanpyrronbHbIX 

n11H3 70% 9TOf'O rryqKa !PaHCIIOpTHpyeTCH K 200-caHTIIMeTpOBOMY UIIKnOT

poHy, pacrr,ono)l,eHHOMY OT rrepBoro ua paccTOHHHH 70 Mel'poB (cM, puc, 5), 

::JOO-ex UHK1IOTPOH 

+JO 
Xe 

10 
2 • 10 qact/ce1t 

900 llev 

yuepo.uu 

Puc, 5, CxeMa TaHneM-UHKnoTpoHoB n5IP 0115111 B pe)KiIMe ycKopeuug 

HOHOB KCeHoua; 
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3aTeM ny'l0K +9 Xe BB0llHTCSI B YCK0PHTenbHYIO KaMepy 200-caHTHMe·T

posoro HaoxpoHHoro UHKnoTpoHa H nonaaaeT Ha spama10my10csr yrnepoaHy10 

MHWeHb TOnlllHH0H 0K0no 40 MKrlcM2 , pacnonm1<eHHy10 Ha paccT0SIHHH 32 CM 

OT ueHTpa MarHHTa. 

nocne npoX0}Kl{eHHSI MHWeHH aapsra H0H0B pe3K0 Il0BbIWaeTCSI ( TQqHee, 

nocne" o6itHPKH" aneKTP0H0B HMeeTcsr uenh1ii: cneKTP aapsraos). PaitHanbHOe 

H a3HMyTanbH0e non0>KeHHSI MHWeHH, a TaK}Ke yron BX0l{a HaqanbH0ro ny'lKa 

BbI6HpaIOTCSI TaKHM q6pa30M, 'lT06bI nocne npoxo>KlleHHSI MHWeHH ueHTp 

op6HTbl Xe +JO C0Bnaaan C ueHTp0M YCK0pHTenbH0H KaMephlo l10Hbl Xe +JO 

aaxBaTbIBaIOTCSI B pe}KHM ycKopeHHSI H Ha K0He'lH0M pai:rnyce 200-caHTHMeT

posoro llHKn0TP0Ha 9HeprHSI ny'lKa ll0CTHraeT 0,9 fas, a HHTeHCHBH0CTb 

2. 1010 qacT/ceK. 

Eonee aeTanbH0e 0ITHCaHHe MeT0lla H B03MO}KH0CTH_ ycKopeHHSI apyrax 

H0H0B Ha TaHl{eM-UHKn0TpoHe M0}KH0 Haii:TH B pa6orax 11 .A. lllenaesa, 

B.C. Anclieeaa H llp. 127 •281 • 

u l.36x 2, BaaHMOlleHCTBHe II0H0B e C Slll08MH. 

O6oaaoaaHHe cocTaBHoro smpa 

K HaCT0SlllleMy speMeHH sraepHbie peaKUHH no.o ae:il:CTBHeM TSIXrnnbIX 

'laCTHU OT 
10 

8 ll0 40 'Ar ll0CTaT0'lH0 xopowo H3yqeHhlo 

OitHaKO peaKUHH cnHSIHHSI KCeH0Ha C Slllp0M MHWeHH HMelOT PSlll 

· oco6eHHOcTe:il:. npocTott pacqeT 6anaHca aHeprHH noKaahrnaer, qro npH 

9HeprHH H0H0B KCeH0Ha, 6nH3KHX K KynoH0BCK0MY 6apbepy peaKUHH, 9HeprHSI 

B036y}KlleHHSI C0CTaBH0ro srapa 6bJCTpO yMeHbWaeTCSI C p0CT0M ero MaCCbl 

H ansr o6nacTH Ac == 300 npH6nH>KaeTcsr K Hyneao:il: ( puc. 6 ) • 

13 
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IIACCA COCTABHoro ll.lIPA 

)00 

Puc. 6. 311eprm1 Boa6y,KJ:temrn cocTaBHhIX smep, nonyqem1h1X np11 06ny'leH1111 

µaam1q111,1x Mlllllel1e1'1. IIOIIBMII / 
36 Xe .• 311epr1151 l!OHOB / 

36 Xe BbI6pa11a paB-

11oii KynoHOBCKOMY 6apbepy peaKu1111. 

TTo8TOl\1Y t:tnH TTOIIIIM8llll51 l\10X8111!3Ma peaKUIIII cmrn111rn )l(enaTenbHO 

8KCnep111'te11TanbHO onpet:tenl!Tb ceqe1111e o6pa30B8111151 COCT8Bl!Of'O Ht:tpa B 

UlllpOKOl\1 J:lll8TT83OHe Mace. C 8TOfi uenbJO 1!CC~et:t0Ba'r111cb peaKUllll 
1291 

24 'I 136 v /60-XD :,g ( .,e. xn) y X 2 5 

70 z ( 136 X' )206-X p n e, xn o X 4,5 

18 1 136 X {) Ta ( e' 

209 Bi ( 136 Xe ' f) 

. 136 f) 238 U ( Xe, . 

14 



C TO'IKl1 speH11SI o.6pa30B8Hl1SI COCT8BHOI'O 
160 

SIJlpa D_y nepaasi· peaKU11SI 

. • l 36 ( 2 4 
aHanor111.1Ha 06paTH011 peaKu1111 .· .X~ . . Mg , 

160- X 

x n ) Dy , TTocneJlHSISI 

MO*eT 6b!Tb paCC'll1T8H8 Ha OCHOBe 6onblli0I'O KOnH'l0CTB8 8KCnep11MeHTanb-

20 28 • 3 l 
H.blX Jl8HHblX, nony1.1eHHhlX B peaKU11SIX. C 110H8MH Ne , - Si p 
32 • 

S , 11 T,Jl, TT08TOMY He YJl11lrnTenbHO, ~TO nony'leHHh/0 H8MH 3H8'l0HHH 

Ce'1eH11,; peaKUl1H _ rr{ 3 n ) = 50 M6 11 (I ( 5 n )= 350 M9 OKasanHCb 6nH3KHMH 

K pac'leTHblM, 

TTp11 o6ny'leHHH 
70 

Zn 
l 36 

110H8MH Xe ce'leHHe peaKUHH' c BhineTOM 

4-5 HeilTpOHOB OKasanoc~ paBHhIM cooTBeTCTBeHHO 30 H 55 M6, TTpn1111MaSI 

BO BHl1M8HHe, 'ITO C HeilTpOiIHblM K8CK8Jl0M KOHKyp11pyeT Jle.neHHe /:JO/ 
206 

MO*HO onpeJlenHTb Ce'l0Hl1e o6pa30B8HHSI COCT8BHOI'O SIJlpa Po ' KOTOpoe, 

no H8lliHM ouelIKaM, COCTaBnSieT "' 400 M6, 

HaH6onhWHll H_lITepec npeJlCTaBnHJOT peaKUHl1 C TSI*01lbIMH HJlP8MH, 

0JlH8KO B 8TOM cny'lae COCT8BHOe HJlpO a6comOTHO H0CT86HnbHO K JleneHHIO, 

no8TOMY Ce'leHHe ero o6pa30B8HHH MO*eT 6b[Tb onpe)leneno, K8K 6y)leT no

K838HO HHme, TOnbKO H3 _M8CCOBOI'O pacnpeJleneHHSI OCKOnKOB )leneHHSI H 

cocTaBnHeT, no HaWHM oueHKaM, 150 M6 xi, 

0TM0THM, 'ITO npHB0Jl0HHhie BbJWe 31Ia'leHHSI ce1.1eH11ii H8XOJlSITCSI B 

aennoxoM cornaCHII C pac'leTIIblMH Jl8HHblMH, nony'leHHhlMl1 nyTeM 8KCTpano

nHUl1H pesynhT8TOB no onpe)leneHHIO Kp11TH'l0CKOI'O yrnoaoro MOM0HTa 

12 40A /31/ 
COCT8BH0£'0 HJlpa, 06pasy10werocH C 110H8MH OT C JlO r , 

Tenepb aepHeMCH K aonpocy 06 8Hepr11H B036Y*Jl0H11SI COCT8BHOI'O 

SIJlpa, 

xi 
3To cocraansieT 1/10 1.1aCTh or nonHoro (reoMeTp111.1ecKoro) ce1.1e-

HHSI HJlepHOI'O B3811MOJl0HCTB11H
136 Xe C 

18 
I Ta • 

15 



06paaoaaHue cna6oaoa6y*AeHHhIX (xonoAHhIX) Mep npencTaansieT 

CaMOCTOSITeJibHbiii HHTep:3c. OTO oco6eHHO KacaeTCSI o6nacTH TpaHc«pepMHe

BbIX aneMeHTOB, r)le HMeeT MeCTO CHnbHaSI KOHKypeHUHSI co CTOpOHbl )lene

HHS:I a npouecce ucnapeHHSI HeilTpOHOB aoa6y)K)leHHb!M COCTaBHblM SIJlpOM, 
242 22 

.UeiiCTBHTenbHO, ecnu ,HaIIpHMep, ceqeHHe peaKUllH Pu ( Ne • 

Sn ) 
259 

Ku cocTaansieT acero nuwh 2 • 10-33 cM
2 1321 . acne)lCTBl!e 

264 
Bb!COKOH aHeprHll aoa6y)KJleHHSI COCTaBHOI'O SI)lpa Ku ,To a cnyqae nony-

'IJeHUSI Toro )Ke ll30TOIIa APYI'HM crroco6oM: 

124 Sn ( 1.36 Xe, In) 259 Ku 
··. 4 5 

MO)KHO 0)Kll/l8Tb yaenu'IJeHHe Ce'IJeHHSI B 10 - 10 paa, 0)lH8KO 9KCIIepH- "-, 

MeHTbl IIO H3MepeHll!O Ce'IJeHHii peaKUllii, rrpoaeneHHbie A.A. Tineae H np. 

124 136 259 
Sn + Xe ➔ 104 + In 

122 136 256 
Sn + Xe ➔ 104 + 2n, 

-32 2 .. -32 2 
)lanu nuwb aepXHHe rpaHHUhI: (J ( I 11) $ 5. 10 CM ll (J ( 2 n) '.:: 3. 10 CM • 

'ITO cymecTaeHHO MeHb!lle O)KUJlaeMb!X 3Ha'IJeHllll, 

TiocKOnbKY MaCCbl SI/lep anecb xopowo ll3B.eCTHbI, MO)KHO rrpenrrono

)KHTb, 'IJTO 8TO IIpOTllBOpe'llle B03HllKaeT ua-aa HerrpaaunbHOI'O onpeAeneHHSI 

KynOHOBCKOI'O 6apbepa peaKUHH, a, cneAOBaTeJibHO, ll 8Hepru11 B036y)K)le

HHSI COCTBBHOI'O Rnpa. 

.UeiiCTBHTenbHO, rrpouecc cn11HHHSI nayx S!Jlep, TaKHX KaK 
124 Sn H 

136 
Xe ,o'leHb noxo)K Ha rrpouecc, 06paTHh1ii neneHuro, c Toii nuwh paaHuueii, 

'IJTO Si)lpa, B oTnH'llle OT OCKOnKoB, He HMe_IOT rrpononbHOii Ae«popMBUHH, 

0/lHBKo KaK u B .Jlenemm aaAaqa aTa He ·siansieTcsi. O/lHOMepHoii H onpeAene

HHe KYJIOHOBCKOI'O 6apbepa IIO aHanorHH c nerKl!MH qaCTHUaMH SIBJIHeTCH 

CJIHlllKOM rpy6b!M npu6JIH)KeHl!eM, CTporo I'OBOpSI, IIOTeHu11anbH8Sl aHepr!!SI 

CHCTeMbl llBYX SI/lep B M)M0HT c6JIH)K0HHSI II rrocne)ly10mero CJil!SIHHH nom1rna 

16 



6b!Tb pacc•mTaHa C y'leTOM /UIH8MIIKII rrpouecca ITO BCeM KonneKTIIBHbIM 

/33 34/ · 
CTel1eH5IM CB060J:lbl - t ,, • 3To o6CT05ITenbCTBO MOllieT 11p1IB0CTII K 38MeT-

HOil: KOppeKUIIII 6apbepa cnH5IHII5I, T,K,' a6comoTHOe 3Hati:eHHe 9Hepf'IIII IIOHOB 

J:l0CT8TO'l,HO B'enHKO, YKallieM, 'ITO J:l8)Ke He3H8'lHTenbH85I ri'o11epe'IH85I aeqiop-
' ' 

M_8UII5I :sr4ep 11epea cnH5IHII0M OK8llieTC5I J:lOCTaTO'lHOll amr TOI"O, ;'lT06bI rro-

BhICIITb 6apbep H-a HeCKOnbKO aeC5ITK0B M9B /35 ,37 /. OrrbITbI' 11b U3Mepe-

116 84 
HHIO qiyHKriuil: B036ylliaeHH5I B peaKUHH Cd t Kr CBHJ:leTenb_CTByIOT 06 

yBei'IH'l0HIIH KynoHOBCKOf'O 6apbepa Ha BenH'llIHY "' 50 M9B 
138/, 

. TTpu TBKOM 11o~ollienu1I· BeIUeil: a6conIOTH85I BenH'lHHa 6apbepa peaKUHII 

aonlliHB 011peaen5ITbC5I B K8)KJ:lQM KOHKpeTHOM cny'lae C y'leTOM IIHJ:llIBIIJ:lY81lh

HhiX CBOllCTB B381IMOJ:leHCTBYIOIUIIX 5IJ:l0p, 3TH CBeaeHH5I MOf'YT 6b!Tb 11ony

'l0Hbl Ha H3M3peHIIH qiyHKUIIH B036ylliJ:leHH.5I COCT8BHbIX 51/:lep, a TaKt~e H3 

J:l8HHbIX 110 yrrpyroMy pacce5IHIIIO IIOHOB ,,KC0HOH8 Ha pa3nH'lHbIX 5IJ:lp8X-MII-

1110H5IX, 

3, DeneHHe cBepXT5IllienhIX Bo36yllinenHhIX gnep 

OueHKH ce'leHH5I o6pa3oBaHH5I oCKOnKOB c Z = llU-114 H N = 184 

6hinlI caenaHbl H8MII na OCHOBe 11pea11onollieHH5I, 'ITO 11p1I o6pa30B8HIIH 

378 
cocTaBHoro 51/:lpa 146 Hnu ero. coceaeil: .MexaHH3M aeneHH5I aHanoru'leH 

20 40 
TOMy, 'ITO HMeno MeCTO 11p1I aeneHIIII ypana HOH8MH' Ne unu :Ar 

.Un5I rrpoBepKH 9TOf'O 11pea11onollieH1ISI 6bmH 110CTaBneHbl OITb!Tbl 110 1!3-

181 Ta 
MepeHHIO M8CCOBbIX II H30TOl1HblX pacrrpeaeneHHll OCKOnKOB aeneHH5I 

238 U 136 
H uonaMH Xe , 

TTpH HJ:leHTIIqJIIK8UIIII 11poayKTOB peaKUHII uc11onb30B8nHCb pa3nH'lHhle 

MeTOJ:llIKII p8/:lllOXIIMH'l0CKOf'O BhIJ:leneHH5I C 11ocneayIOIUIIM H3MepemrnM crreKT-

poB y .-H3ny'leH~5I II a -'l8CTIIU 1391 • 

3na'lHTenbH8SI 'l{8CTb 5IJ:lep, o6pa3yIOIUIIXC.H B MII!lleHH, 6hma o6ycnoBne

H8 pea'!CUIH!Mll MHOf'OllyKnOHOf'O 06Me1Ia, KOTOpbie, O/:lH8KO, MOf'nH 6h!Tb OT

AeneHbl OT OCKOnKOU ,ieneHIISI, 

17 
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A - Ap 
Puc. 7. HaoToIIHbie pacrrpeneneHnSI ocKonKoB nenemrn, rronytJeHHbie rrpu 

18 I T I 36 , o6nyqeHHH a HOHaMu . ,\e • 

Ha puc. 7 rrpencTasneHbl U30TOlIHbl0 pacrrpe.neneHHH pellK03eMenbllbIX 

3neMeHTOB (61 ~ z, <;;. 67) u Hnep aonora, o6paayromuxcH B Ka'lecrse 

OCKOnKOB .neneHU51 
~0/ . 

• Maccosoe pacnpenene1rne ocKonKoB nene11u51 
181 136 

Ta uoHaMn Xe rrpusene110 Ha puc. 8. Herrnoxoe cornacue Me>Kny 
. ' 

3KCIIepuMeHTanbHblMU TO'IKaMH II pactJeTllbIMH KpUBbIMH csnnerenbCTByer 

o TOM, 'ITO 06paaosa11ue ocKOnKoB neficTBHTenhHO o6ycnosneno nenett11eM 
181 136 

o'IeHb TH,KenhIX Hllep. Ecnu rrpe.nrrono)!rnTh, 'ITO B peaKUIIII Ta + Xe 
317 

Bb"IXOll OCKOnKOB uenuKOM orrpenen51eTC51 nenemrnM COCTaBHOI'O 51llpa 127 ,. 

TO ceqe11ue ero o6paaosaHU51 COCT8Bll519T 150 M6. 

18 



C 

4. 06pa30BaHIIe TSiiKenbIX OCKOnKOB 

Ilp1I 06nytrnH1I1I 

l ~ 88 ( II30T0Ilbl 

18 1 Ta. , 209 Bi 

Ra, Ac , Th 

II 
238 U 

II U 

IIOHaMII 
136 Xe BbIXOJl OCKOnKOB 

) OKaaancSI cyIUeCTBel!HO M0Hh-

lllHM TOf'O, 'ITO OiKIIJlanocb H3 MaCCOBOii KplIBOii, a anSI II30TOTIOB . CI 61,ina 

nonyqeaa n1Illlh aepxHSISI r-paH1Iua ce'!eHIISI. 

3To o6'bSICHSI0TCSI TeM, 'ITO CTOnh TSiiKenr,1e SIJlpa yiKe CaMII HeCTa-

61InbHhl K aeneHIIID, a 8H0pr'IISI B036yiKJleHIISI IIX OKa3hlBaeTCSI JlOCTaTO'lHO 

Bb!COKOii. HBneane 8TO, Ha3BaHHOe HaMI! "KaCKaJlHb!M aeneHneM"·, 61,mo 

6 6 238U 232Th 40 ·• 
0 HapyiKeHO paHee IlplI O ny'leHIIII II IIOHBMII Ar C 9Hepr'II0ll 

300-400 MBB, f'Jle 11apSIJlY C 06b!'lllb!M aeneHneM Ha JlB0 '!aCTII B ( 1.:.3) X,ao

ne cnyqaeB Ha6nroaanocb 06paaoBaH1Ie Tpex ocKonKOB np1IMepHo paBHOii 

•MaCCbl 141 - 42 /. 

Ilpn TaKOM nono,i<ennn BeIUeii BbIXOA TSI)l<enor-o ocKonKa onpeaensieTcSI 

He TOnbKO aepoSITIIOCThID er-o o6pa30BalllISI B peaynhTaTe aCIIMMeTplI'lHOf'O 

Aenemrn Ha'lanhHOf'O SIApa,110 TaK)l(e B 3H8'llITenhHOii CTeneHII ef'O co6CTBeH

HOi'! AenlIMOCThlO. 8 CBOID O'lepeAh, AenllMOCTh TSI)l(enof'o OCKOnKa 3aBIICIIT 

OT er-o 6apbepa aene11nSI, 9Hepr'IIII B036yiKABIIIISI H, CTpOr'O f'OBOpSI, OT ef'O 

11aqanbl!OI! aecpopMaUl!H. ITocneaHee o6CTOSITenhCTBO MOiKeT· Hr'paTh Ba)KHyrci 

ponh An SI SI/lep a o6naCTII Z = 110-114, f'/le 110CMOTpSI Ha _Bb!COK1Iii 6aphep 

Aene111ISI, ceanoaoi'I TO'!Ke COOTBeTCTByeT ManaSI ABq>OpMaUl!SI SIApa ( {3 "'0,3). 

Ha Bb!XO/l OCKOnKOB B o6naCTII Ac-U Ha'!anhHaSI aecpopMaUIISI SIJlpa 

npaKTII'lBCKII He BnlISieT, 'ITO cneayeT II3 cpaBHBHIISI 8KCilep1IMeHTanhHhlX 

a11a'leH1Ili ce'leH1Iii ux 06paaoaaH1ISI c pac'leToM, npoaeaeHHhIM B npeanono

iKeHn1I, 'ITO aenHMOCTh onpeaenSieTCSI TOnbKO 6aphepoM aeneHHSI If 9Hepr'Heii 

B036y)l(JlBHIISI TSiiKenor-o OCKOnKa. 

06'bSICIISIBTCSI 9TO TeM, 'ITO Ae<popMaUIISI OCKOnKOB B MOMeHT paapr,rna 

AmKe npn cnMMeTplI'lHOM AeneHIIII Heaen1IKa {3"' 0,2, a AnSI TSiiKenor-o 

/43/ 
OC.KOnKa OHa 6yAeT, IlO-BHJllIMOMY, eIUe MeHbllleii 3To OTHOCIITCSI 

19 



TaK)K0 K SIJ:lpaM C z = 1:10-114, XOTSI He HCKn10qeHo, qTo 9~~0ICT Haqanh-

HOH ne~OpMaUHH snecb 6yneT npoSIBnSIThCSI CHnhHee, qTO npHBeneT K YM0Hh

• 
meHHIO ceqeHHSI HX o6pa30B~HHSI B OCHOBHOM COCTOSIHHH. 

TaKHM o6pa30M MO)KHO npennonaraTh, qTo pe3KOe yMeHhllieHHe BbIXO

na C poCTOM MaCCbi OCKOnKOB o6'bSICHSI0TCSI IlOHH)K0HH0M ·ux 6aphepOB nene-

HHSI. 

OnHaKO nnSI J:lBa)KJ:lbl MaruqeCKHX CBepXTSI)KenhIX SIJ:lep pacqeTHaSI Bbl-

COTa 6apbepa COCTaBnSieT 10-12 M9B H ecnu 9TO cnpaBennHBO, TO 

MO)KHO O)KHJ:laTb cymeCTB0HHOl'O yBenuqeHHSI _ceqeHHSI o6pa3oBaHHSI 9THX 

Mep no cpaBHeHHIO c cocenHHMH ( puc. 9). 

5 

--;; 1 
:,: 
c:,, ., 
0 

"' ., 
;;i .5 
::a .., 
~ 

~ 
l'.4 
::.., 

.1 '----------'---------'--------~----:;:-1r------
50 100 150 200 l 

IIACCA OCKOIDWB ] 

250 

X 100 

Puc. 8. MaccoBoe pacnpeneneHue ocKonKOB neneHHSI no ucnapeHHSI HefiT

poHOB B peaKUHH 18 1 Ta+ 136 Xe • 
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JUPO 

208 
~ 

201Tt. 

207 ,a, 

209 
13); 

210Pa 

212 
Po 

213 At 

TAEJHfilA I 

B:1 l}+AB:f x) 3Kcn. 

z N /M'JB/ /M'JB/ 1!) /M'JB/ 
'f 

80 118 18,8 22,2 21 6 
' ' 

81 120 17,4 22,4 22 i:: - '::> 

83 124 14,9 22 I 
' 

21,5 

83 126 15,4 23,9 23,0 

84 126 13,8 21 0 
' 

20,5 

84 128 14,2 19,1 18,8 

85 128 ·12, 7 16,2 16,8 

- oOoJioqetrno.R nonpaBEa K oap1,epy ,n;eJiemrn, 

paccqRTaHHOMY B MO,I1;0Jlli ~MKOn KaTIJIH. 
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BMeCTe C TeM, KaK YK83bJBanocb BbIIIle, 6apbep nenemrn 3/:l0Cb ue-

"' n11KOM OIIp0/:lEiHI0TC51 o6ono'le'1HOfi IIOilpaBKOM, floaTOMY HeOOXO/:lllMO HM0Tb 

rrpencTaaneHHe O TOM, KBK MeH510TC51 a¢qieKT o6ono'leK C pOCTOM aHepr1111 

0036y:>K.aeH1151 51/:lpa. 

B orrpeneneHHofi cTerreH11 oTBeT Ha aorrpoc MO:>KHo nony'lHTb 113 aKcne

p11MeHTanbHb1X naHHbIX no H3MepeHHJO 6apbepoa neneHll51 gnep a6n11311 
208 · 

Pb , nng KOTOpb!X DblCOTa 6apbepa D 3H8'1HTenbHOll CTeneHH 06ycnoane-

11a "o6onoqeqHoi1: no6aoKoii:" K xrnnKoKanenbHofi aHepr1111 ne¢op Maurrn 

( Ta6n. 1). 3T11 3Haqe111151 6apbepon nenea1151 rrpaKTIPieCKH nonHOCTbJO coxpa-

1rn10rc51 rrpu .aocTaToquo O1,1coK11x a11epr1151x ao36y:>K/:leH1151, qro cnenyeT ae

rrocpencTaeHHO 113 3KCIIepnMeHTanbHh!X 3Ha'leHl!tl: rn / I'/ 1 nony'leHHb!X 

nng IIll!pOKOM o6naCTI! 51/:lep 144, 451• 

3K_c_rrep1!Mel!Thl ITO Cl!HT03V caepXT51X(enhlX aneMeHTOB 

Hap51llY C OllhiT81'111 no 1!3Y'10HIIIO MeX8H1!3Ma D38HMO/:l0l!CTBl!51 cnoxrnhIX 

Mep 6bm rrpoaeneH p51/:l 06nytrn1111ii 
238 U 11O11aM11 

136 Xe c uenb1O o6Hapy

,KeHH51 nonroxrnayuu1x 51/lep, 11cnbtTb1Bll!o1IJ11x cno11ra1111oe Jlenemie. CyTb 

aKcnep1n1eHTOB 3aKmoqaeTC51 a cne)ly1oll!eM, ITocne Kaxmoro orr1,1Ta npou3-

aonnnocb rpynrronoe x11M11'IecKoe pa3nene1111e npo/lyKTOB peaKunn 

Ha /lBe cppaKmm: 

I -aneMeHTbl aKTIIHll/lHOrO P51/la (89 'S,: ::: 103); 

ll -aneMeHTbI T51:>Kenb1X Merannoa oT Os /lO Bi ; ( 76 -s_: -s_ 83). 

ITpe/lIIOnaraeTC51, 'lTO ecnu B peaKUIIII o6pa3y!OTC51 CB~pXT51X(enb1e 

aneMeHTbl c ( 109 '5_ z 'S_ 115) 11 CBOl!CTBa HX IIO/:lOOHbl CBOMCTBaM ux XHMU

'leCKHX aHanoroa, TO 3TH aneMeHTbl non:>KHhl TaK:>Ke np11cyTCTBOB8Tb B rpyrrrre 

T51:>Ken1,1x MeTannoa. Beg x11M11'1eCKa51 npouenypa npenycMarp1rnana· rmarenb

uyJO O'lHCTKY o6pa3UOB OT ypaHa (co)lep:>KaHne ypaHa B o6pa3uax KOHTpo-

nupoaanoch no cneKrpy a -11snyqeH1151 11 neneHnJO Ha rerrnoabIX HeifrpoHax). 
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MsMepenue cnoHTaHH0ro neneHHH npoHSB0UHll0Cb C Il0M0lllblO CTeKllHH

HbIX neTeKT0p0B, B sneMel:!TaX nepBOH rpyITITbl HaH6onee Bep0HTHbIM cnon-
., . 254 

TaHH0 nenHIIIHMCH nsnyttaTeneM HBnHeTCH Cf ( T ½ _= 60 UH,, s. f. ,e 99%)' 

B TO speMg KaK B o6p_asue BTopoii rpynllbl nogsneHHe 0CK0llK0B M0)KeT 6bITb 

o6ycnosneHo nHlllb pacnanoM csepxTH)KenhIX sneMeHros, B retteHHe nnHrenb

noii 9KCIT0SHUHH Ha6n10nanHCb llHlllb 0llHH rpeK 0CK0nKa B nepB0H c!ipaKUHH 

H 8 rpeK0B -: BO BTOpOH, 

CTOllb peUKH~ C06hITHH He MoryT 6b!Tb Hane)KHblM U0Ka3aTellbCTB0M ... •,,• 

o6pasonaHHH csepXT_g)K9llb!X gnep H 9T0 csgsa,ro, r.f!aBHb!M o6pasoM, C TeM, 

'ITO CaM0 CITOHTaHHOe neneHHe B naHH0H nocraH0BKe 0ITL!T0B Mano HIHpopMa-

THBH0, 

KpoMe c!iaKra pacrrana gnpa MhI He HMeeM, rro-cymecrsy, HHKa:-rnx ap

ryMeHros, yKa3LIBalOIIIHX Ha ero CB0HCTBa, 

nosTOMY B uacrogmee BpeMg MeT0llHKa perHCTpaUHH HSMeHeHa C 

uenb!O rronytteHHH norronHHTenbHOll HHc!iopMaUHH, 

nocne XHMHtJeCKoro pasneneHHH BellleCTB0 HaH0CHTCH B BHlle T0HK0ro 

cnog ( ,e 0,5 MrlcM2 ) Ha CTeKnHHHYIO nnacTHHKY rrnomaUblO ,e 15 CM
2 

H rro

Memaercg B H0HH3aUH0HHYIO KaMepy TaK,' 'ITO uanp0THB o6pasua HaXCUHTCH 

BT0pag rrnacTHHKa HS CTeKna, IT0KpbITag T0HKHM cnoeM sonora, TaKHM o6pa-

30M, ecnH rrpoHS0lllll0 CIT0HTaHH0e nen'eHHe, 0llHH HS 0CK0llK0B 0Ka3hIBaeTCH 

s6HTL1M s creKno-nonno)KKY, npyron npoxonHT 11epes cnoii senora H ocraHaB

nHsa~Tcg B CTeKllHHH0M nereKrope Ng2 (pHC, 9). OnHOBpeMeHHO C 9THM 

caMa Kar-.10pa Bblpa6aTLIBaeT sneKTPHtJ0CKHH HMnynbc, cauneTenbCTBY!Olllllll 

06 o6pasosaHHH ocKon~a ueneHHH, 

nocne Ka)Knoro nogsne11HH uMnynbca nereKTop N9 2 M·o)KeT 6b1Tb 

H3BlleqeH H3 KaMepb! C uenb!O Ha6nIOneHHH rpeKa 0CK0llKa B CTeKne. BoKpyr 

KaMepbl pacrronmKeHbl 16 CtJeTtJHK0B ( HanonHeHHblX 
3 

He npH nasneHHH 

6 a TM,), rroMellleHHhIX B saMennHrenb 11s nneKCHrnaca nng perHcrpaUHH 

/46/ 
neurpoHOB, B0SHHKaIOIIIHX npu neneHHll 
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Puc, 9 
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,01 
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•001 ~--...L..--------L-----' MACCA UCKunKOB 
100 

3B11e,JlJ111T8J1• 
R811Tp0R0B 

200 JOO 

cqijTqRx OCKOJIKOB 
,Jle.118HRII 

3ne - cqijTqRK 

T aKaH CUCTeMa HMeeT acpcpeKTHBHOCTb peI'UCTpauuH K ueii:TpoHaM 

neneHHH rrpeBbJ!llaIOIUYIO 30%. 

Bee C'leT'IHKH pas6uThl Ha OTnenbHhie I'pyrrrrhr u 9TO naeT B03MO)K

HOCTb orrpenenttTb_ BepOHTHOCTb 0/lHOBpeMeHHOM · peI'HCTpaUHH 0/l!IOI'O, /lBYX, 

Tpex H T,ll, aeii:TpouoB. TaKH.M o6pasoM, nnH KaM/lOI'o aKTa neneHnH orrpene

nHeTcH 'IHCno Hei1TpOHOB, 3apeI'HCTpUp0B8HHb!X Heii:TpOHHb!M C'leT'IHKOM, 

BepOHTHOCTb ITOHBneHHH 0,1,2 ••• Heii:TpOHOB B COBITa/leHHH c OCKOnKOM rrptt 

38/l8HHOM 9cpcpeKTHBHOCTH CUCTeMhl 38BHCUT TOnbKO OT V (cpenHeI'O 'IHCna 

HettTpOHOB Ha aKT neneHuH). 
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Ecnu cnoHTaHHoe JJ.eneHue .HJJ.ep B o5nacTu Z = 110-114 conpoaox,JJ.a

eTCH ucnycKaHHeM 5onblliOPO qucna HeHTpOHOB, KaK 8TO cneJJ.yeT H3 Teope

TnqecKHX npeJJ.CKa3aHHH 
1471, TO noJJ.05HaH ycTaHOBKa nosaonHT cymeCTBeHHO 

nOBbICHTb us5upaTenbHOCTb MeTOJJ.a H /l8CT BO3MO)!{HOCTb HJJ.eHTmpuuupoBaTb 

caepXTH)!{enhie .HJJ.pa no OTJJ.enbHbIM cnyqa.HM ux pacnaJJ.a. 

'Bosapama.Hcb K nony'IeHHbIM pesynhTaTaM, cneJJ.yeT OTMeTHTb, qTo 

254 . 
OTCYTCTBHe cnoHTaHHOPO JJ.eneHH.H B aKTJfHHJJ.HOH ~paKUHH OT Cf o5~HCH.H-

eTCH Bb!COKOH JJ.enHMOCTbJO 8TOPO .HJJ.pa 1441• BepXH.HH rpaHuua ceqeHHH ero 

o5pa30B8HHH COCTaBnHeT ~ 2• 10-34 CM
2 , qTo He npOTHBOpequT HalliHM 

npeJJ.CTaaneHH.HM O MeXaHH3Me o5pa30B8HHH T.H)!{enbIX OCKOnKOB ( CM, Bbillie), 

C JJ.PYPOH CTOpOHb~ HH3KOe ceqeHHe ~ 1 o-33cM
2 

o5pa30B8HHH CBepXT.H

)!{enbIX cnoHTaHHO JJ.enHIIJHXC.H .HJJ.ep MO)!{eT 5bITb o5ycnoaneHo uenbIM pHJJ.OM 

o5CTOHTenbCTB: 

a) He HcKnJOqeHo, qTo no XHMHqecKHM caofiCTBaM Eka PbHe .HBnHeTcH 

TOqHbIM XHMuqecKHM aHanoroM p b ' a B cnoxrnoii npoueJJ.ype XHMuqeCKOPO 

BbIJJ.eneHHH H oqucTKH OT ypaHa Mb! He MO)!{eM yqecTb 8TOll pa3HHUbl 

CBOllCTB. 

3To, OJJ.HaKo, MOX<eT 5bITb nerKo npoaepeno B onb1Tax 5es XHMuqecKo-
. 254 

ro pasJJ.eneHHH, ecnu npHHHMaTb BO BHHManne qTo · Cf o5pasyeTcH c 

oqeHb ManbIM ceqeHJfeM H TeM C8Mb!M ~OH cnoHTaHHOPO JJ.eneHHH OT no-

5oqHhlX npoJJ.yKTOB peaKUHH npaKTHqeCKH OTCYTCTByeT, 

5) B A8HHOH nocTaHOBKe o.nbITOB HMeeTCH OTHOCHTenhHaH Bb!COK8H 

H35HpaTenbHOCTb no nepHOJJ.Y nonypacnaAa CHHTesupyeMb!X HJJ.ep ( 1 < T½ = 

'S.. 100 JJ.HJ H He JfCKnJOqeno, qTo BpeMH HX )KH3HH nu5o cymeCTBeHHO 5onbrne, 

nu5o MeHbllie aToii aenuquHhl, 

a) HaKoHeu.,ne HCKnJOqeno, qTo ceqeHue o5pasoaaHHH caepxTmKenb1X 

aneMeHTOB MeHbllie O)!{HAaeMOPO, H TOPJJ.a neo5XOJJ.HM0 cymecTBeHHb!M o5pa-

3OM nOBb!CHTb qy1:1CTBHTenbHOCTb MeTOAa, TTocneJJ.Hee MO)KeT 5b!Tb /J.OCTHP

HYTO B OCHOBHOM sa cqeT yaenuqeHHH HHTeHCHBHOCTll nyqKa HOHOB KCeHOHa, 
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3KcrrepHM8HTBnbHhl8 nccnenoeaHHH C D0M0mbID ycKopeHHhlX lI0H0B 

KCeuoua, rrpencTaeneHHbie ~ uacToHUlSM noKnane, rrpoeonnnnc& 6on&ll!HM 

KonneKTHB0M !pH3lIKOB lI ,XlIMIIK0B na6opaTOpHH gnepHblX peaKUHH OHHH: 

A.A. TTneee, C.A. KapaMHHDM, A.r. ileMHHhIM, I0.3. TTeHHOHlliKSBH'IeM, 

HryeH TaK AueM, c.n. TpeTbHKOBofi, K.A. raepHnOBbIM, r.M. Tep-AKOilbH

H0M, IO.C. KopoTKIIHhIM, A.r. TToneKo, O.A. Opnoeofi, LB. EyKnanoBhIM, 

K11M Ile EHoM. 

JIIIreparypa 

1. 10.u. Oranecm1, IO.B. JI06a11oe, c.n. TpeTbHKOBB II np. A3 28 
393 ( 1970). 

2. W.D.Myers, W.J.Swiatecki Nucl.Phys. 81, 1, (1966). 

3. B.M. Crpyr111ICK11ii. H¢, 3, 614, (1966) ; 95A, 420 (1967). 

4. B.M. Crpyrn11cK11i'l, IO.A. My31,1qKa. Tpynh1 Me,1(nyuapon11ofi Koncjiepenmrn 
uq lp113nKe rm1,em,1x uouoe, Ily611a, 1966, BhIIT. 2. 

·, 

5. JO.A. My3hl'IKB, B.B. na111KCBll'I1 B.M. CrpyTHHCKIIii, H¢, §_, 716 ( 1968). 

,3. IO./\. My3hl'IKB. 
51¢, .!.L 105 ( 1970). 

7. S.G.Nilsson et al. Nucl. Phys. All5,545 (1968). -- . 
8.M.Bolsterly, E.O. Fiset, J.R.Nixetal Phys. Rev. C5, 

1050 (1972). 

9. r.n. AJ::wee, II.A. faManH, II.A. 4epnwmes, H¢, !]_, 1180 (1971). 

10,M.G.Mosel, H.W.Schmit~ Phys. Rev. C4,2185 (1971). 

11. LH. ¢nepoe, II •. 3 □apa. llpenpnur Oi!Hll l17-6013,. lly6aa, 1972. 

12. M.Sowinski, c. Stephan et al. Proc. of the 7th Intern. 
Coll. an Corpuscular Photography an yisual solid de
tecters, Barcelona 1970. 

13. P.B.Pvice, R.L.Fleischer Phys. Lett 30B No. 4, 246 
(1970). 

14. 0. Orroucypeu, B.TT. TTepenbirHH II np. A3 ~ 4, 344 (1972). 

15. P.H.Fowler et al. Proc. Roy. Soc. 1 318A , 1 (1970). 

16. S.G.Thompson et al. Phys. Lett. 28B, 458 (1969). 

26 



17. A.f'. ileMIIH II llp. Tpy/lbl Me)K/lyHapO/lHOll KOHcpepemrnn ITO qJll3IIKe 

TSl)KenbIX ll0H0B, ny6Ha, 1966, Bb!IT. 2, CT p. 169. 

18. M.Lefort,· Riev, C.Jacmart Ann •. de Physigue ~, 355 
(1970). 

19.-G.N.Flerov, V.A.Karnaukhov C.R. du Congres Interna
tional de Phys~gue Nucleaire 1964, Paris !!373. 

20. G.N.Flerov J. Phys. Soc. Jap. Suppl. 24, 237 (1968). 

21. Vu.Tz.Oganessian Nuclear Structure, IAEA Vienna 1968, 
p 489_. 

22. c.),.· KapaMSIH, <f>. HopMypaToB, IO.ll. OraHeCSIH n llP• He!>, §, 690 
( 1968). 

23. C.A, KapaMHH, IO.ll. OraHeCSIH n llP• H<f>, J1 715 ( 1969). 

24. Vu. Tz.Oganessian, vu.Penionshkevich Journ. de .Phys. 
31, 259 (1970) • 

25. C.A. KapaMSIH, IO. u. OraHecsrn. TTpeITpnHT 011 Hl1 P7-4339 ( 1969)! 
26. A.G. nacIOK, B. E •. KyTHep. ITpeITpllHT Ol1Hl1 P7-4289 ( 1969) •. 

27. l1 .A. llienaeB, B.c. AncpeeB n llP, TTpeITpllHT 011 Hl1 P9-6062 ( 1971). 

28. 11.A. llienaeB, B.C. AncpeeB n llP, TTpeITpnHT, Ol1Hl1 P9-6166 ( 1971), 

29. r. H. <f>nepoB, C.A •. KapaMSIH n llP, TTpeITpmrT Ol1Hl1 P7-6262 ( 1972). 

30. T.Sikkeland et al. Phys. Rev. Cl,1564 (1970). 

31. J.B.Natowitz Phys. Rev. !_, 2157 (1970). 

32. r.H. c!>nepoB, IO. A. Jla3apeB n llp. Me)K/lyHapo/lH8SI rcoHcpepeHUHSI ITO 
cpn3nKe TSI)KenbIX ll0H0B, ily6Ha, 1971. 

33, W.J.Swiateck~ Proc. Int. Conf. Nucl. React. Induced 
by Heavy Ions, Heidelberg 1969 p. 729 Amsterdam, 
North- Holland 821 pp. 

34. J.R.Nix LA-OC-72-335 report (1972). 
35. L.Wilets; E.Guth,J.S.Tenn.PhyS.Rev. 156,1349 (.1967). 

36. C.J.Wong.- Nucl.Phys. Al03,· 635 (196n 

37. P.W.Risefeld, T.D.Thomas. Ph;{s.Rev. C2 711, 2448 
(1970) . 

38. H.Gauvin, Y.Le Beyec, M.Lefort, C.Deprun Phys.Rev. 
Lett 28,697 (1972). , 

27 



'II 

39, IO.U. OraHecHH, C,A. KapaMHH, E.A. fBo3neB n np. ITT3, [2, 33 
( 1969). 
ITperrpHHT Ol-HB1 P7-4538, ny6Ha ( 1868), 

40. IO.U. OraHeCHH, O.A. OpnoBa II np. ITperrpHHT OlUlM P7-6300, n 
( 1972). 

41.RR.L.Flisher, P.B.Price et al. Phys.Rev. 143,943 
(1966) . 

42. C.A. KapaMHH, H.B. Ky3HeuoB, IO.U. OraHecsm n np. Sict>, §, 959 
( 1967). 

43. B. M. CTpyM l!HCKHfl. )K3Tct>, i§, 1891, 1900 ( 1963). 

44. T.Sikkeland.Arkiv for Fysik 36,539 (1966). 

4.5. S.G.Thompson. Arkiv for Fysik 36,276 (1966). 
46. r.M. Tep-AKorrbHH, M.IT. l-1BaHoB, A.r. ITorreKa n np. Coo6meHne 

OMSIM, Pl3-5391 r ny6Ha ( 1970). 

47. J.R.Nix. Phys.Lett. 36B, 1 (1969), E.Cheifetz, H. 
mari·et al'. Annual Report LNL 1970, 160 (1970). 

PyKOIIHCb IIOCTyrrnna B H3naTenbCKl!H 0Tne1 
15 l!IOHH 1972 rona. 

28 


