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OIXllAH xAPAKTEPHCTIIKA PJ 

AKTy-aJll>HOCTl> npo6JieMH. J1sy'leHHe CB( 

HHH ~-cTa6HJll>HOCTH,- 0~ HS HaH60Jiee 

MeHHOM 8Tane HCCJie~OBaHHI ~OaKTHBHOC~ 

6Si PJUt HanpaBJieHHI, ope~ KOTO~ 0~0 I 
cxe~OBaHHSi sanas~aDIIHX npoQeccoB. :3TH 

HOCSiT, ,KaK IJpaBHJIO, ,JJ;B]XCTyneH'IaTHI xap~ 

CTyneHH, MaTepHHCKOe .f.Uij>O ll:CIIHTHBaeT P 
TOSiHHe, a SaTeM IIpOHCXO~T, 6HCTP08 rrpeBJ 

HCIJYCKaeT JIK60 HYKJIOH, Jm60 ol-qacmcy, 

• HccJie~oBaHHR-SMHccBH sanas~aEmHX HeiTJ 

BHeCJll!! CYI!l9CTBeHHHI BKJI8,11; B .paSBHTHe JUtE 

0c?60e SHa'l9HHe ~ i!Jy~B.MeHTaJll>HHX I 

6Ml>HOCTH B mHpOKOM ,nl!aiiaSOHe MaCCOBHX ' 

~OB, y~aJieHHHX . oT JIHHHH ~ -cTa6Ml>HO< 

TOB B HHT9HCHBHHX_HeiTpOHHHX IIOTOKaX, a 

reoxpOHOJIOrll:ll:, ll:M9DT ll:CCJI9.IJ:OB8HHSi 1 KOTOpl 

llpH .JJ;BUeHHH B o6JiacTl> y~aJieHHHX m 
JUtep, xor.n:a BHnOJIHSieTcSI ycJl:OBI/Ie· Z > 80, 
Topol IIOJIHM. aHepriiiSI (?! -pacna,n;a Qp cTru 

IIpeBOCXO.n;HT Bb!COTY_ 6api>epa .n;eJieHIIISI ~O'leJ 

MoxeT npoTeKaTl> sanas~~ee .n;eJieHI/Ie. 

Hsy'leHHe aToro RBJieHHSI B o6JiacTH_ HE 

JI9HHHX OT .D:OJIKHH j3.-CTa6HJll>HOCTH liB. ? -
TPOHO.IJ:~IIIQBTHHX Ji,llep . 8KTHHO~OB Ha 20 H 

e~HCTBeHHaSI BOSMO.miOCTl> onpe.n;eJieHIIISI. BBl 

Ji,llep: Bb!COT 6api>epOB ~eJieHIIISI, MB.CCOBOTO 

JieHHI OCKOJIKOB IIpH MaJIOI SHeprHH_Bos6yliJ 

npe.n;eJieHIIISI 'IHCXa BTOplll'lHHX HeiTPOHOB, ll:( 
. -., , I 

HX aHepreTIII'lecxoro _cneKTPa• 

CBe.n;eHIIISI o sanas.n:a:B.~eM .n;eJieHHH H« 

XO~ ~ IIOJIY'I9HIIISI IIOJIHOI KapTHHH CHH~ 
SJieMeHTOB, KaK B ll:MnyJil>CHHX HeiTpOHHHX D 
uecce, TaR, IIQ-B:H.n;HMOM], 'H B .n:pyrHX ~OpN 

C_06paSOBaHHeM HaCH~eHHHX HeiTPOHB.MH flY] 

Hll:ll:.Be~ecTBa y_IIOB9pXHOCTK He!TPOHHHX Sl 

EOJil>myD pOJil> sanas.n;a:B~e~ .n;eJieHI/Ie 

BJieMeliT!:JB COJIHe'IHO! CHCTe~, 'ITO CYI!leCTl 
TOIIOB SJieMeHTOB, BXO~ B xpOHOJIOI'JA91 

ro SiBJieH:HR Heo6xo.n:HM ~ yTO'IHeHHoro o~ 
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oBI!Afl· xAPAKTEPllCTiiKA PAEO'ill 

AK'fYBJil,HOCTb npo6Jiew. Hsyqe~me CBOICTB .IJ,llep, y,na.neHHWC OT Jm

Imlit {0 _;CTa6it7IDHOCTlii,..;. O,ItHa. lit5 Halit60Jiee aKTYBJil,HllX Sa.rta'i Ha COBpe

MeHHOM STaDe litCC~e~OBaHKI ~OaKTliiBHOCTlito STa Sa.rta'ia BitniRaeT B ce-
6H p.IJ,ll Hanp~e!WI, cpeltlit KOTOpHX O,nHO HS r~aBH!iX MeeT SaHHMaM litC
Me~OBaHH.f! sanas.ntmaDJlliX nponeccoB. STH nponeccu .IJ,llepHoro pacna.rta · 

HOC.fiT, ~ npaBM0
1 
~yxcoryneH'IaTHI xapaitTep. Ha nepBOl\, Me,It1IeHHO! 

coryneHH, MaTepliiHCKOe JJ.!UlO HCIIIiTHBaeT ~ -pacna.rt B BOs6yJ[,ll;eHHoe coc

TOHime, a saTeM npolitcXO.ItliiT 6HcTPoe npeBpameHHe ~o'iepHero ~a: olio 

litcnycKaeT Jm6o HYKJIOH, n6o ol-'lacnmy, Jm6o HCIIIiTHBaeT ne~e~me ~ 
HcMe~oBaimH · aMlitcco sanas.ntmallli!HX HeiTPOHOB, npoToHoB, oe. -'IEicTHn ·• 

BHeCJm c~ecTBeHH!il\ BKnan B paSBlitTHe .IJ,llepHOl\ ~lit5liiKlit lit TeXImRH. 
Oco6oe 5Ha'ieime MH i!JY~aMeHTam.Jllix npe~cTaMeimii o smepnoit cTa-

6it7IDHOCTH B mHpOKOM ltlitaDaSOHe MaCCOBHX 'iliiC~ lit aTOMHHx HOMepOB nyR-

eo ~OB, y~MeHHHX OT .miHHlit \-> -cTa6it7IDHOCTlit, o HYKJieommT~se ~~eMeH-
TOB B litHTeHCKBHHX Hel\TpOHHiiX TIOTOKaX 1 a TaRXe M.fi HeROTOpHX npo6~eM 
reoxpoHo~orliiH, EMem Rcc~e~oBaimH, KOTOPHM nocB!llllena ~aHHaH. pa6oTa. 

Ilplit. ~HJteimH B ?6~aCTD y~MeHH!iX OT JimmH ~ -cTa6it7IDHOCTH . 

.IJ,llep, Kor~a BHno~eTcH yc~OBlite Z > 80, cos~aeTCH cmoryau;m, nplit Ko

Topo! UO~a.f! aneprHH ~ -pacna.rta Qp CTaHOBliTC.fi O,nHOrO. TIOpsmKa liiJm 

npeBOCXO.ItliiT BHCOTY 6api>epa ~~eHHH ~o'iepHero ~a. B aTOM ~'i~e 
MoxeT npoTeKaTI> sanas.ntm~ee ~e~eHRe. 

Hsy'ieHRe aToro HMeimH B o6JiacTH ·H~l\TpO~o~e~HnRTHHX · .IJ,llep, . y~a-
~eHH!iX OT ~OJmH!i ~ -cTa6iL7Il>HOCTR Ha ? - IO, a B c~'ia~ y.nupane!~ 
TPOHO~~HnliTHiiX .IJ,llep aKTlitHO~OB Ha 20 H 60JI~e HYKJIOHOB, cero~ 
eltliiHCTBeHHM BOSMO:.!HOCTD onpe~MeiDUl Ba:.!HelnmX xapaKTepliCTHR TaRWC 
.IJ,llep: BbiCOT 6api>epoB ~e~eHHH, MaccoBoro lit aHepreTlit'iecKoro pacnpe.zie;.. 

~eHH! OCKOJ!ROB npll ~0! 9HeprliH _BOS6y~eHH.fi ~e~C.fi ar,ep, .pac

npe~MeHH.fi 'IHC~a BTOpll'IHHX He!TpOHOB, litCnycKaeMHX Ha aKT ~MeHHH, 
· '- · I · 1; 

HX aHepreTll'lecRoro cneRTpa. • 
CBe~eimH o sanas~B~eM ~MeimH He!TPOHOHS6HTO'IHHX .IJ,llep neo6-

xoltliiMli MH n~'ieHHJr nMHOft KapTliiH!i cHHTesa THXeJlbiX H cBepxTHXeJIHX. 
a~eMeHTOB, KaR B HMUY~CHHX nel\TpOHHHX noToiax m KOc~ecKOM r-npo

uecce, TaR, no-BlitltliiMOMY, 'lit B ~yna: ~opMaX HYMeOCRHTesa, CB.fiSaHHiiX 

C. o6paSOBaimeM HaCHIIleHHWC He!TPOHaMlit ~_OB, Hanp:HMep npR :HSBepxe-

. , Hli:H BemecTBa y noBepXnOCTR nel\TPOHHHX.SBBS~. 
L:R,mrn ·coBeTa" ·-t E~myJJ·p~-:sanas.ntm~ee-~MeHHILtarpMo_npz_HYKJieOcHiTese ! 

!984 r. 

Il.B. TapBH 

a~eMeHTOB C~e'IHO!. CJICTeMH·, 'ITO c~eCTBeHHO no~O Ha BHXO~ _HSQ
TOTIOB- aneMeHTOB, BXO~ . B xpOHOJ!OnAeCKJie napg. IloaTOMY y'!eT aTo
ro fiBneHHH Heo6xoltliiM ,It1I.fi yTo'lnesHoro onpe~~eHHH BospacTa BcMeHHoa. 

~ Ct·M.;gm:t:::::;;r ,,j i:¥.:C1t."i)7 
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0cHOBHBJl: gem, paCSOTH - CHHTeS HeiTpOHO.I(E$finiTHI:lX R,l(ep B.KTHHO:H.I(-
. . . . . 

Hl:lX e~eMeHTOB B peaKUHHX Ha YCKOpeHHI:lX T&EenHX BORaX H HsyqeHHe xa-

paKTepHCTHK sanaS.I(HBaJlllero :n;MeHHH, onpe:n;MeHHe rpamm; pacnpocTpB.HeH- · 

HOCTH.BTOrO HaneHHH B OOnaCTH HeiTpOHO.I(e~THWC R.l(ep; SHanKS BnHH

JmH sanas,I(HBa~ero :n;~eHHR Ha HYKHeOCHHTes THEenHX e~eMeHTOB B RM
ny~cHHX HeiTPOHHI:lX UOTOKaX H KOCMHqeCKOM r-npouecce. 

~ 

HayqHB.H HOBHSHa paelOTH 

PaspaCSOJaHa BHCOKO~CTBHTeJI])HaH MeTO,I(HKa HSyqeHHH ,I(enRmHXCH 

Jmep B l1ea:tmWDC Ha ycxopeHHWC TSD!tenHX HOHaX c ce"ieHHHMH oCSpasoBSHHH 

.1(0 ,... Hr-'5 • cJ?-, OCHOBSHHaJI Ha .I(OCTHrHyTWC BHCOIG'!X HHTeHCHBHOCTJlX TH

·xeJWX HOHOB ( 1014 'iacnm/c) Ha BHyTpeHHeM ny"'Ke ~OTpOHa Y-300, 

HCUO~SOBaHHH HHSK~OHOBHX MeTO.I(OB :n;eTeKT:HpOBa~ opK~OB :n;e~eHHH H 

pa.I(HBUHOHHOCTOIKKx MHmeHel~ . 

·C UOMOmbD ynOMHHYTOI MeTO.I(HKH BnepBHe upoBe:n;eHH 8KcnepKMeHTH, 

npHBe.I(WHe K OTxpUTHD He npe.I(CKaSaHHOrO TeopeTH'ieCKH HOBOro B:H,I(a pa-

.I(HOaKTHBHOro pacna.I(a - sanas.I(HB~ero :n;MeJmH aTOMHI:lX R.l(ep. , 

flB~eHHe HCC~e.I(OBanOCb Ha npHMepe pacna.I(a HSOTOUOB H8UTYJmH H 

aMepmnm ( 228Np, 232Am , 234Am ) B npouecce HX cHHTesa B Jmepwx pe

B.KUHHX Ha TSD!te~ HOHaX. llpH 8TOM Ha6Jn:maJmCb OCKO~ .I(MeHHH R,l(ep C 

nepHO.I(aMH UO~CUa,I(a B MHHyTHOM ,I(HaUaSOHe. BOSMOltHOCTD O~HCHeHHH 

OTKPUTOrO ~eHHH B paMKax HSBeCTHHX npe:n;cTaRneHHI HC~anach,- no

~eHHUe ,I(aHHUe B C~HOI CTeneHH He cor~COBHBaJmCb C CHCT8MaTHKaMH 
I . ' . 

nepHO.I(OB n~aCUa.I(a HSOTOUOB aKTHHOH.I(Hl:lX ~eMeHTOB no OTHOmeHHD K 

CUOHTaHHOMy; .I(M8HHD HS OCHOBHOrO H HSOMepHoro COCTOHHUI. 

He"ieTHo-He'ieTHHe :n;eJI.llll(HeCH R,l(pa HenTYHUH H aMepronm_ 6wm :H.I(eH- -

TH~pOBaHH B pesy~TaTS.8HaJmSa ~HKUHI BOS6ylt.I(eHHH H.I(epHH~ perut-
n:HI 2o9Bi + 22Ne, 230Th + ro5 H 23oTh +}IB • . . 

COBOKYJIHOCTb n~eHHI:lX 8KcnepHMeHT~HWC' ;D;SHHHX, r~aBHUM o6pa

SOM o -qeTHoc~ H nepHo~ax noJJYPacna.I(a ocKo~o'iHol aKTHEHO.cTH, cTaJm 

ocHoBol HHTepnpeTaun Ha6Jm.I(eHHoro HBneHHH KaK sanas.ll)iB~ero :n;e.n~· 
HHH.aTOMHI:lX H.I(ep. 

B pa60Te BnepBHe UOKaSaHa BOSMOltHOCTD 8KCnepHMeHT~HOro Ha~D
' .zieioo:r sanas.znm~ero .I(~eHHH B OMBCTH y~TpaHEl!TpOHO,I(Eiq>HUHTHHX' H.I(ep 

· c "'HMOM HeitTpOHOB, y:n;oMeTBOpJiiii!BM yMOBHD N~I26/ n sHa'leHHe Hc.--

I 

'\ 

I 
. I 
! 
i 
l 

________ Cie-.ItoBaHllif.-iainx H,I(eii:.· - ··--·--··---·-··--··········------···········------:---------~-------··-- ···········-········------
. PaccMOTpeHo B~e sanaS.I(HBa.KIIlero :n;MeHHH Ha'o6pasoBaHHe 

. 
2
TI>aHcypaHOBHX e~eMeHTOB B _pesy~TaTe 8KCllOHHPOB8HHH yp8HOBOI MHmeHH 

. 23au . 
. B HMny~CHl:lX HeitTpoHHI:lX noToitax. YcTSHOBJleHo~ 'ITO sanas,Itli- · 
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BaunHe npoueccu, npoTeKalli!Be npu pacna.I(e HSOTonoB ypaua c .6~nrnM 
lJS6HTKOM He!Tp0HOB, B TOM 'llrl:cJie D~eHHHX B xpaTKOBpeMeHHHX HHTeH

CHBBHX HeiTpoHHHX·noTOKax~ orpaHH'DIBWr cBepxy aToMHID1.HoMep o6pa"':' 

SYJlllHXCH Tp8HCYPaHOBHx ~eMeHTOl! B~HHOI l = roo nplrl: ,I(OCTHrHyTHX 
B HaCTOJllllee. BpeWI rfJJmeHcax He!TpOHOB. . . . 

llpaK~eCxaH geHHOCTb pa60TH 

0TKpHTHe sanas.I(IiBaintero .I(MeHHH HeiTpOHO.I(E$!IIli!TOO H.I(ep llSOTo

llOB HellTYJmH 11 aMepHUHH llOcnyzRHO OCHOBOI paSBHTHH HOBHX HanpaBJieHBI 

HCCJie,I(OBSHd B R.l(epHOit qJHSHKe R acTp<$!SHKe. ' . 

HsMepeHHH Bepo.a:THocTel sanas~ero · :n;~eJmH P4~ HeitTpoHo:n;eqle:

nHTHHX H.I(ep ;D;a!lT BOSMOmiOCTb HS~BJleKaTD :n;a.HHI:ie 0 BHCOTax HX 6apbepOB 

.I(~elm.a: H .zu>yrmC SJ.liepHHX KOHCTSHTax, KOTOpue·He MOryT 6Hn onpe.ri:M~ 
HH Tpa.I(HnHOHHHMH cnoco68MH, npRMeHHMHMH .I(1IJI H.I(ep, · .1remin:HX B :n;OJmHe 

~ -CTa6~HOCTH :wm B HeSHa'IHTeJI])HOM OT Hee y:n;anem. TaKRM o6paSOM, 

:n;HanasoH A H Z R.l(ep c HSB.ecTHHMH BHCOTaMH 6apbepoB :n;e~eJmH MOJteT . 

6UTD SHa'UiTeJihHO pacmHpeH, "'TO BeCbMa cymecTBeHHO .I(1IJI cpaBHeJmH eq,.; 
~eKTKBHOCTH npBMeH.a:eMHX HHHe :sapHaHTOB M~:n;~ :n;~eHHH T.a:JteJWX .a::n;ep 

H, Me.I(OBaTe~HO, ~ ,Ita.JIDHeitmero ee COBepmeHCTBOBSHHH • 

CBe:n;eJmH o · BMR"'HHax ceqe~ml- o6pasoBaHHH ·H.I(ep, · ucnaTHB~ sa

nas.I(HBaDitee :n;~e~me, H oMaCTHX A H Z , B KOTopwc JIO~SOBaHH eTH 

JmPB, nosBM:wm B Heo6xo.nm.nix CJJY'Ia.a:x YliHTHBaTh HX BHXO:n; B pea:tmWDC, ' . . . 

~ O.I(HOBpeMeHHO C peaKUHHMH CHHTesa TPaHCypaHOBHX e~eMeHTOB Ha 

YCKOpeHHHX T&EenHX HOHax, H, TeM CaMHM, HCKJIJ:RaTD BOSMOJtHHe norpem

HOCTH npH :H.I(eHTH~RKSIU!H H.I(ep HOBHX Tp8HCyp8HOBHX 8JleMeHTOB no liX OC

KOJIKaM .I(MeJmH. 
3KcnepRMeHTa..m.HHe pesy~Tam, n~eHHUe npH HsylieHHH sanas,Itli

BaDitero :n;e~eHKH, cnoco6cTBoBSJIH pasBHTHD TeopeT:H'IecK:HX ucCJie:n;oBalml 

CMOBHX ilJYHKud (3~pacna.I(a TSatenHX R.I(ep. ... .. " 

~KT Ha~eHHH sanas.I(HBaunero :n;e~e~m.li B R.l(epwx pea:tmWDC Ha 

T.a:ze~ HOHBX cT~~oB~·paspa6oTKY TeopHH &Toro .a:BneHHH He T~Ro 
.I(1IJI T.A:ZeJWX H.I(ep C ,llelfmlJITOM HeiTpOHOB, HO H C HS6HTROMo 

Sanas,ItliB~ npoueccaMH 6an o6~cHeH &KcnepHMeHTa.JIDHHI ~T -
OTCYTCTBHe HSOTOnOB C Z>IOO B npO;D;YKTax O~eJmH TKKMOI MHmelmo 

HanpRMep 238U, RMny~CHliMH HeiTpOHHHMH llOTORBMH;· ROr:n;a <lJJmeHCH Sa-

. RJlll"leHH B HHTepB~e OT I,2•Hf4 .1(0 2,4•Hf5 HeiTp./cJ?-. lloKaSaHa 

HenepcneKTRBHOCTD 8TOrO MeTO.I(a CRHTesa ~ H3y"i8HH.Ii :n;~eKBX TpBH~ 
·-·--···-Y!>Biiollri-aieiieiioi--Iijii-llciimsoiiiii!Hi:iocTDiMHX-cero.~tHH=u;-·n~BH.I(ll,;;-----~=-

.. or.v, B o60SpiDIOM 6y.ny~~~eM, cpmeHCOB HeiTpOHO:Bo ' 
.B,HaCTO~ee BpeMR ypaBHeHRH,•OnHCHJ3~e uyKn80CH~Te8 THZenHX 

Met.teHTOB B CSHcTpOM npouecce HeiTpoHHoro sanaTa ( r -npouecce) , xo-
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Topun npe~cTaanaeT co6oa·o~ zs OCHOBHHX Mo~enea xoc~ecxoro cKH

Tesa aJieMeHTOB, BKJIJilam B ce6.11 'lJleiW, OTpaJKallllHe BJni.~D~He sanas.nima

DI!ero ~eneHl!!.ll Ha 06paSOBaHK8 T.llllteJmX 8Jl8M8HTOB1 KaK Ha a·Tane HB!T

pOHHOrO oCSJlyqeHl!!.ll, Tax z B ~enmc: (3-npeBpruneHd, K.Iiyii(HX noCJie saTY-
XaHK.II HB!TpOHHOrO nOTOKa. . 

TaKKM o6pasoM OTKPHT:He sanas~aD~~ero ~eneHl!!.ll :z noCJie~oBaBmee 

sa HHM cos~aHHe Teope~ecxol MO~eJIH.aToro .IIBJleHRH nosBOJIHJIH ~onon

HHTD ypaBH8HH.II HaKOUJISHK.II T.llllte.mDt aieMeHTOB B HBITpOHBHX nOTO~TaK 
'ITO HX pemeHl!!.ll co~epmT Bee oco6eHHOCTH &Toro npo~ecca. 

TeopeTR'lecKHI aHaJIHs BJni.iDIH.II sanas~allllero ~eneHH.R: Ha BHXO~ 

T.1111t8JIHX ~ep B nponecce CHHTesa 9JI8M8HTOB COJIHe'lHOI CKCT8MH nOSBo

JIKJI yTO'lHHTb H8KOTOpH8 Bamnl8 KOHCTaHTH, KaK1 HanpKMep, OTHOill8Hl!!.ll 

reoxpOHOHOrH'l8CKHX nap p~a HSOTOnOB. 

Ha SamKTY BHHOC.IITC.II CJ18JlYDI!K8 nOJioaeHl!!.ll: .. 
!. Cos~aHHe BHCOK01JYBCTBHTeJIDHOI M8TO~ HSY1J8HH.II ~e~C.II 

HeiTpOHO~~THHX ~ep B ~epHHX~e~ Ha ycxopeHHHX T.R:EeJIHX :zo

aax c C81J8HH.IIMH o6pasoBaHR.II ~0 !0 5 cMZ Ha OCHOB8 ~OCTKEBHH.II BHCo

KHX KHT8HCHBHOCT81 YCKOp8HHHX 'laCTKn Ha nHKJIOTpOH8 Y-300, KCnOJIDSo

BaHH.II HHSKopOHOBHX M8TO~OB perzcTp~ OCKOJIKOB ~8Jl8HH.II K p~anKOH

HO CTOIKHX MHmeHel. 

2. 0TKPHTKe HOB oro B:H,Ita pa,ItWOaKTHBHoro pacn~a - sanas~aDI!ero 

~eneHl!!.ll aTOMIWX ~ep B ~epHHX pe~ Ha ycxopeHHHX T.llllte.mDt l'IOHax. 

3. Onpe~eJieHl'!e B WHpOKOM KHTepsane A K -~ o6JiacTel, co~ePllta~ 
111HX H81TpOHO~E$ml'ITIWe SJ.D;Pa, ~OCTYUIWB ,nJISi HSY1J8Hl'I.II HX sanaS~alllle

ro ~eneHH.R: B ~epHHX p~a~ Ha T.1111te.mx HOHax. 

4. AHaJIHs BJll'I.IIHH.II sanas~aD~~KX npo~eccoB - ~eneHH.R: l!l ar.mccBH 

HBITpOHOB Ha BHXO~ T.ll&eJIHX 8Jl8M8HTOB B HMUYJILCHHX H81TpOHlWX noTo-

Kax. 

Anpo6aqwi pa6om 
Ha OTKPHTK8 .IIBJISHH.II sanaS.n;Emallll8rO ~eJieHH.II aTOMlWX ~ep aBTOpy 

.D:l!CC8pT~. r .H. ~JiepoBy. H.K. CKo6eneBY BH~ .IJ:l!llJIOM rocy~apCTBBH

HOro -Kor.mTeTa CoBeTa Ml!IHl'ICTpOB CCCP no ~enaM Bso6peTeHd .l!l OTKPHTHI 

Sa i !60 C np:zop:HT8TOM OT !2 HDRH !97! ro~a. 0CHOBlW8 pesyJILTaTH 

pa6om ~OKJia.n;EmaJIHCl> , HB. ~e MeJ!,I!YHapO~ KOH~peHnd, B TOM 1Jl'ICJ18 

Ha IY xeHeBcKol Ko~epeHnHH OOH no J.!KPHOMY HcnOJIDBOBaHHD aTOMHOI 

aHeprHH (ceHT.116pi> !971 r) H M~po~ol xo~epeHnHH no ~sHKe H 

. CBOICTBaM HOBHX 8Jl8M8HTOB B .1Jy6H8 (ORTsi6pi> !980 r), a Ta:ae H8 Ha

Y'lHI:lX C8Ml!!Hapax H COBBIIIBHWDC 06J,e~eHHoro l!IHCTH'cyTa ~epHI:lX l!ICCJie

~OBaHKI (.1Jy6Ha) H ft8KRQ-8H8preTH'l8CKOrO l!HCTH'cyTa ( 06HHHCK) • 
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CTpYRTYPa n-o61.eM gzccepT8UKR 

,lU!ccepTanH.~~ COCTORT l'IS BBe~emm 1 'lempex .,l'JlaB 1 SllltJIIlq8HH.R: l'I . 

npMOJit8HR.II, CO~Spm!T !54 CTpaHl'!IlH Mallll!HOlll'ICHOrO T8KCTa (BKJIJJ'Ja.ll p:H

CYHKH), 6 Ta6Jlzn, 30 PRCYHKOB R Clll'ICOK JIHTepaTypH l'IS 8! HaRMeHoBaHH.II 

- - CO.ItEPlWME PAEOrll ·... . 
' . ' ) 

Bo BB8~8Hl!IH ~aim OCHOBIWe nOHOJitBHH.II pa60TH,nOKaSaHa aKTJaJIDHOCTl> 

l'ICCJI8~0BaHHI sanaS.n;EmaJlll8rO ~en8HH.II ~ep aKTRHQlUUlHX ·aneMSHTOB, :HS-, 

JIOJKeHo KPaTiwe co~epirume .D:l!ccepTamm l'I npimeiteiW oC:noBIWe pesy~Ta-
THi nOJJY'l8HlW8 aBTOpOM. . 

B nepBol rJiaBe paccMoTpeiW ocHOBIWe.aTanH McCJie~oBaHl'Ifi Ha nyT:H 
K OTKPHTHD sanas~B~ero ~eJieHl'I.II HeiTpOHo~~THHX aTOMBHX ~ep 
Hen'cyHR.II R aMep~/l/ ~ ' ' • , . 

HiteD UORCKa HBITpOHO~e<Jl~TIWX ~8Jl.llliiRXC.II ~ep C aHOMaJil>HO Ko

pOTKHM:H nep:zo~aMH nonypacnana nopo~o oTKpHTKe'nsoMepoB ~opMH, o6-
HapyllteHHHXnpn nepBHX UOWTKax CHHTesa H H~8HTH~HRanHH ~ep'8JI8M8H
Ta !04 :.. eyp'laTOBM. Ew:!a BHCKaSruffi rHllOTesa, 'ITO ~e.nJmtHecn: SJ.D;Pa CO 

· BpeMeHaMH usHH B HHTepBaJie ceicy~a .:. MHeyTa Haxo~Tcn: il o6JiacT:z .'' 

TpaHcypaHOBI:lX' 8Jl8M8HTOB, OT~aJIBHHOit npHMepHO Ha !0 HYKJIOHOB BJISBO OT 

~OJIHIW j-> -CTa6RJlbHOC.TR ( CM. o6JiaCTb 2; p:zc .• ! ) • o'cy rHllOTesy npe.zi

CTOMO npoBep:HTD Ha OWTe. ~ 8TOI UeJIH JJY'IW8 Bcero no~ci~ M8TO~ 

ro4 

IOo .·. 
0 

~ 
E-<HIQ~ 

ro-8 

--~-'4 I 

~ 

ro~I2 r "'w"'a's''" ' 

2!5 225'- 235 ' 245 255 

Mace OBoe · 'lliCJio 

PRe.!. 06JiacTR -~8JIJiJIIHXCR 

~ep C MaJIHMH Bp8M8HaMH 

· DSHH._ I - yJILTpaHe!TpoHo

~e<Jl:znRTIWe R,lijla ( N < 1~6) , 
2 ~ o6JiacTD sanas.n;EmaDI!erci 

~eJieHHn,c 60JlbWKMH ce'leHH:.. 

RMH o6paSOBBHl!!.II·B,p8aKUHRX 
H8 .T.1111tMwc :HOHax, 3 - ;06-

:. · .iulcT.& · sanas~aD~~ero ~ene
. Hl'I.II C MaJIHMH C81J8HHRMH 06-

paSOB!UIHR1. 4 - o6JiaCTD ~e
JIRmHXCR RSOM8pOB,~pMH. 

c:ziiTesa iitep B 'pearo.Umi Ha T.llllteJIHX HoHax. · B TaKHX ~epltilx peaKnMX 

np:a·' o6Jly'leinm · "JierKoA" f.mweHH . T.llllteJioii _ 6oM6!ip.IJ:l!Pyni{eft · 'lacT:Hneft cpa:e

miTeJILHo npocTmm cpe~cTBaMH ~ocmaeTcn: o6JiacTD ~ep co SHa'll!TeJIL-::- , 
lWM. HeftTpOilliin& ~E$!UMTOM. llp:H 8TOM npe~01JT8lm8 CJie~eT OT.nilTb H.ey

~ 'lepe_!l 48sJA COCTaBHoro SJ.D;Pa Hcnap:HTeJILIWM peaRUIUIM' nma . . . . 
M ( aH!,xn) +!l-xz (3~eci> H ,HI , Z- aToMIWe HoMepa BemecTBa MH-·

. meHH, T.llllteJioro :HOHa H KOHelJHoro npo~Ta ~epHol pe~, A , a. -
MaCC~BI:le 'lHCJia ~ep MHm8HH H 6oMCmP.IJ:l!PYJlll8rO HOHa, :!( -'ll'ICJiO l!CriapWl-
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WHXCH H6i!TpOHOB}, TaK KaK upH BllCOKOI 'IJYBCTBHTS~HOCTH M6TO~, 
~OCTaTO'IlHOI nnH HSMepeHHI ~ BOSCl~eHHHpeaKitHA TaKOrO THUa, 

MOltHO ~eHTH!lJRitHpOBaTI> MaCCOBOe 'IJH~O A + a -.>< R z upo~Ta Jgtep

HOI peaKJ:tHH. 

llo'upe~apHT6~HllM 0It6HRB.M ce'lleHHH OClpaSOBaHHH ~~CH Hei

TpOHO~e!lJRUHTHHX Jgtep B O~CTH 2 (pHc.I.} B HCnapHTMLHHX peaKURSX 
Oit6HHBanRC:& BeJIH'IlHHOI ~0 Io-35 c.J?-. , 

.D:eTeKTHpOBaT:& pacn~ ~eJIJDiliDCCH .. ~ep c ce'tleHHHMH oelpasoBaHIDI Ta

xoro no~ ORB.SMOC:& BOSMOXHHM C nOMO~Il M6TO~, COS~aHHOI Ha. 

OCHOB6 HCnon:&SOBaHHH MaKCHMan:&HOI HHT6HCHBHOCTH BHYTp6HHIX uy'IJKOB 

ycxopeHHWC TSD!t6JlllX HOHOB ItRKJIOTpOHa Y-300 (~0 1014 'llacnm/c) H upR

M6H6HHH HHSKo!lJOHOBllX ~e:reKTOpOB OCKO~OB ~e~eHHH. KpoMe TOrO, pacno

~OlteHHe annapaT,r,Pll B upo~:tecce o~'lleHHH MHmeHH nos:e~o ~onanHZTe

~Ho CHHSRT:& !lJOH, a TalOite ~eltHO ero KOHTpOJIHpOBaTI>. YpOBSHD !lJoHa 

B TBep~OTMLHllX ~eTeKTOpax OCK~OB ~MeHHH, 06y~OB~eHHlll ~MeHHeM 

co~epzamKXCH B HHX upRMece! ypaHa H TOpRH H61TpOHaMH,p~~CH B 

MHll6HH B npo~:tecce ee O~eHHH, HSMepHJICH 'IJH~OM Tp6KOB 1 OClHapyltHBa

eMWC Ha DOB6pxHOCTJIX ~eTSRTOpOB, 8antm116HHllX OT ,lij)YI'HX H_CTO'IJHHKOB 00-

K~OB ~MeHHH. ~OH, KOTOpldt MOr Clll BOSHHKHYTI> ~O~aps ~MSHHil 

~ep MHmSHH RB.RHMH-DClO CTOpOHHHMR upH'IliDiaMH B CaMOM upo~:tecce pen

CTpaltRR upO~KTOB ~epHWC peaKJ:td, HaDpHMep, Sa C'lleT ~e~eHHH ~ep MR

ill6HH ~Hep~HllMR ~ -KBaHTaMR, Oit6HHBMCH B KOHTpon:&HllX 9KCnepRMeH

Tax, xor~a upoTeRB.DUlie B upo~:tecce o~eHHH ~epHHe peaKitRR He Mor
'n nP,HBSCTH K CHHTSSY ~~CH ~ep C KOpOTKHMH nepBO~aMR nonypac
n~a72- 5/. 

. B KOH6'11HOM HTOre, ypoBeHD. !lJOHa OT OCK~OB ~e~eHHH no 9KCD6PH-:

M6HTM:&HllM ~aHHllM, cOBD~aDnliM c pac'lleTHllMR o~teHKaMR, He IIPe:eocxo

~ BeJIH'IlHHH I TpeK/'Ilac, 'liTO oelecne'IIHBMO ~eltlJYil penicTpSitHil 
~ep, ~eJIJIIliRCH .c ce'tleHHeM oelpaaoBaHHH ,.. ro-35 c.l- /2 • 
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llORCK HetlTpOH0~6\PimKTHHX ~eJIJIIIIlixcs~ep C aHOMMDHO KOpOTKRM 

BpeMeHeM ERSHH C nOMomPil paapa60TaHHOI·M6TO~ <lun Ha'llaT C RSY'IJe

HHH pacn~a upo~To:e, oelpasyni!Hic~ upH o~emm · 233u ycxopeHHll
MB HOHaMB IOB+2 , I!e,+2 • B upo~:tecce o6.nyqeimJI &TO! MHmemt ROHiooi 

liB c aHepnel, 6on:&uiet75 MsB, :enepBHe <lun oeliiapyzeH upo~KT c nepz

o~oM nonypacn~a 2,6 ± 0,2 MHH. llpn aHeprHH IIs;cs~met~OMaB,<lll
n TaKlte saperzcTpnpOBaHH ocx~ ~~cH ~ep? pacupe~eJlemte xo-

. ·· ·· TOpllX BO ~iMemt · COOTBSTCTBOBMO TaROMY lt6 DepBO~ _nO.JIYpa(}II~a 
, (cM.pBc.2} • , -

ocsf.HcHHTI> Ha6Jnmaef.ioe HM6HH6 B8B6CTHllMR llPOit6CcaMH! CnOHTaH

HllM ~e~eHHeM liS OCHOBHOrO COCTOHHHH He!TpOHD~~THHX ~ep BD ~e
JI6BH6M HSOMepOB q>0pMH He npe~CTaBJIHJIOC:& BOSMOltHHM. HMeBmHeCH 9KCne-

6 

I' 

;:.,: 

I 

pRMeHTanbHHe ~aHBHe o ~~H HSOMepax ~pMU He cor~acoBHBannc:& c
Ha6JnmeHHHM nepRo~oM DOJIYPacn~a. To .ze MOltHO 6~.110 cRB.aan n o nap
WianbHHX neplil:O~ax nc).cypacn~a Jgtep aKTnHOH,ItHWC a~eMeHTOB C L < 97 no 

OTHOmeiDIIl R CnOHTaHHOMY ~Memm, ROTOplle MOrJlll <lllTI> CHHTeSHpOBaHH 
upl'l o~emm 233u noHaMK Clopa (ID;lJB> c aHeprMMH 60- 90 MaB. ~ 
Tmtlil:M oelpasoM c Hel'ls6e1tHocTI>D ~e~OBM BilBO~ o TOM, 'liTO Ha6m:l.ItaeTCH 

HOB!l! :e~ ~MeHIDI aTOMHHX Jgtep. ,llmi HHTepnpeTSI4HR Ha6Jlllnae't.mro HMe

HRH TpeelOBanRC:&-~On~TMLHlle 9KCnepHM6HTanbHll~ ~aHHHe, KOTOplle Clll 

~anR BOSMOltHOCTl> oupe~eJIHTl> Sa~ R M!lCCOBOe 'IJHCJIO HeV.sBCCTHHX ~MH
Il!HXCSI Jgte¥. C aToll ItMLil ClWia HsMepeHa ~ :eoaelys,ne:HIDI peaKillfll · 
233 u + Is (c14. pzc.26.}. ll0JIY11eHHaH SaBHCHMOCTl> no c:eoerzy xapax

Tepy COOTBeTCTByeT JgtepHOI peaKJ:tHH C 9MHCCHe! Hei!TpOHOB H sapseli-. 

HOI 'tlacTHIJ,H. lloaTOMY o 3apJgte ~Bmm!erocs SI,I~pa :H ero Macco:eoM 'llH~e 
MOltHO 6WIO cy~Tl> ~ BSC:&Ma upH~8HT6~HO • 

~~00 
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6) I· 
:70 00 ' E,MIB 

PHc.2. a) llOJIY'I6HHlle BnepBHe B H,nep~ peal<IUIJIX Ha TJmeJIHX HOHBX 

xpBBHe pacn~a ~eJIRJIIHXCH Jgtep B MHH;yTHOM ,ItHaD&BOHe BpeMeHH DBID!• 
CBeTJ1118 TO'IJKB - pesy~TaT O~'lelmH 233U JIOHaMH IOS c aHeprHel . 

60 MIB~ TeMmle TO'IlKB COOTBeTcTBm &Hepil"B 75 MaB ll:~~· 
6) ~ BOSCly~eHJIJI peamnm 33U +Us.· 

BMecrre c TeM, aHSinis nep11o~OB nOJIYPacn~a H aHepnl pacn~a"' 
Jl8riOIX: .li80TOIIOB H6n'fYHJUI no O'l'HOnieHHil K .. K -BaxBa'cy' H (,c_~pacn~ 
npBBe~ K'BYBO~ o BOBMOKHOCTB Ha~eHRH xopoTKOKHB~ ~~H 
~epHenrryHHH~/B.~epaoi-_PeaKIUD! _209Bi +_.22Ne.-~BJioc:& _sapei'l!cTpBpo
MTI> Taue ~ c nepBO~OM nOJJYpacna.ia~SO ;-5. c. HsMepeHHai ~ --
BOS6p,nemui COOTB6TCTBOBMa BcnapJIT~HOI pe~09Bi(22Ne,3n)22,~ 

.: ,: 
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(eM. pzc.3) ~ Ce'lemre o6pasoBatnm .n:eJimltWCca smep, cooTBeTcTB~mtee 
l&U\CHMYMY WHKinm B086yz.n;emra npz auepnm ycxopeHHJ:OC.~oHOB 2 Ne, 
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6) 

PHc.3. a) KpHBaa pacna.n;a z ~ oos6YJK,IteHlUI (6) pe~ 
. 2098i.(

2
2Ne, 3n )228Np. B pesy.m.mTe aHaJmsa xoTopoit BnepBHe 6H"':' 

' JIO 14.n;eHTHcimutpOBaHO JiltPO sanaS.n;HBaJlllero HSJIY'laTeJJJi OCKOJIKOB. 

paBHO! I!O MaB, COCTaBJmJio· 4,5~!()34 c~. B KOHTpOJil>HWC &KcnepHMeH
Tax, np:H o6.nytleHHH Tstl:eJILIMH HOHaMH HSOTOITOB CBlUJUa H BHCMYTa B JJ.n;ep
Hwc peaKI:tMX 208p6c22Ne • sn ),208p&c22Ne, 4n) z 
2

0
9B j (IS 0 , o<. 3 n ) .IteJI.I!IiiHXCJi npO.IJ;YKTOB B MHIJYTHOM HHTepBaJie He Ha

OJlllD:aJIOC!> • !IOJ!Y'ieuima COBOK.VIIHOCTD 8KCITePHMeHTaJIDHWC .ItaHHWC ITOSBo
JmJia _H.n;eHTH<lmulpOBaTD a.n;po2.2.8Nr m IIICTO'tJHHK OCKOJIO'tJHO! aKTHBHOCTH 
c nepHo.n;oM no.JIYPacna.n;a 60 ± 5 c. 4 • . 

Hecxo.m.xo nos.n;Hee y.lta.no~I> onpe,neJIHn MaccoBoe 'tJHCJIO H · sapa.n; 
a.n;pa, OTBe'laiJIIero sa nep:Ho.n; no.nypacna.n;a 2,6 MJDr.- llpe.n;cT8.BJI&1IOC!> lm
H6oJiee BepoaT.HUM, 'ITO ~ c TaKHM nepzo.n;oM noJiypacna.n;a CHHTeSHPY-

. ·mea B pe~ THna 233u (IO,IIB pn). ECJIH np:HHJin c~e.n.nimocn 
8TOro npe.n;nOJIOJteH:Ha,' TO npH 06JIY"leHHH TOp:HeBO! MiUileH:H, OTJIH'iaDqei
CJi Ha o<.-"tJaCTHey HJIH. a.n;po 3He o~3U , HCKOMH! .IteJIIDJtdCJi HYRJIH.It 

'.n;OJ!ZeH OOpaSOBHBaTDCJi B HCnapHTeJIDHWC peaRUHJiX H MOJteT OHTD H.n;eHTH
~OBaH B pesy.m.TaTe HSMepeHH.li H aHaJIHSa ~ BOS~~euHH. . 
Ilp:H o6.nytleHHH MmlleHH 230Th ycxopeHHHMH HOHaMH- 0 B H _ I B _.n;~lc~ 

· --Bne.m;llo ua6JiiiiiaJici-I{()poTitODi,YDtai-.iieJIRiiidC8-!rpo.iJYK'T-·c TI/
2 

= . . · ·· · . " 
= 2,!) MHH., a cllYHKIDn! lios6y&.n;eHHJi co'oTBeTCTBOBaJIH :Hcnapue.zn,HID.f pea:K

nKRM. 
23

Dth c10B .- Gn )23~m H 230,.h (IIB. 7n >234Am. Ce'iemta o6-

8 
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I 
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, I 
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,,_: ... 

paSOBaHHJi .n;e~CJi HSOTOITOB B MaRC~~ BOS6yz.n;eHHJi.paBHH 
cooTBeTcTBe~o (5,? ± 0,5)·!0-34 crl- z (5,4 ± 0,5)·I0-34_crl-. 

\/3/. . (eM. pzc.4.) • - . . 
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a) BpeMSI, i.mH. 6) 3HepilUI; MaB 

PHc.4. KpHBHe pacna.n;a (a) z CbYmcrnm Bos6yx,nemra (6) peaKUHI 
230Th ( IO B. 6 n ) H 230Th ( rrB • 7n ) • Be.IIYJUHX K . o6pasoBB:mril zso

TOna 234An1 - HCTO'l~Ka OCKOJIO'IHO! aKTHBHOCTH C T!/2 = 2,6 MHH. . 

.· : 

B nponecce 06JIY'lemtSI HO~ JOB MHWeHH 230Th, Ha'IHHM c aHep
rHH 82 MaB, Ha6JIImaJICJi .n;~!cii npO.DYKT c nepHo.n;oM n~cna.n;a, 
OKOJIO !,4 -MHH. (cM;pHc.5) • !IO .IJ;aHHHM O_ITOJIOJteHHH.MaKCH~ !JlyHKUHH 
BOS6yli!,I{eHHSI Jl ee ITOJIYillHPHHe MOJtHO 6wro SaKJlll'IHT!>, 'ITO Ha6JIIUlaeMaSI 
OCKOJIO'lHaSI aKTHBHOCTD - pesy.m.TaT a.n;epHO! pea:KUHH 2~_DTh ( IOB,8 n ) , , 
a HSOTOll · 232Am OTBElTCTBeH Sa ua6JID.n;aeMYJO aKTHBHOCTD. Ce'lemte 06-
paSOBamtSI 232Am npH aHepnm HOHOB IO B , cooTBeTcTBYJllle:ft MaKCHMY
MY ~HKnHH Bos6yJr,IteHHSI, .n;ocTHraeT BeJIH'tJHHH ffb2 = (2,3!0,4)• 
• IO- 3 ctf' H npeBocxo.n;HT ce'leHHe o6pasoBaHHSI no KaHaJIY .n;eJiemta a.n;pa 
234A m / 5 • Y coce.mmx HSOM~pOB 4JopMH HSOMepHHe OTHOmemtR OTJIH'laJOTCSI 
HeSHa'lHTeJI:bHO. !I08TOMY, ·eCJIH 6bl a.n;p~ 2~rn H 234Am .IJ;eJIMHC!> H8 zso
MepHoro COCTOSimtJi, TO Ha6JI~UJ.aJiaC!> 6H o6paTHaa KapTHHa. 3TOT 4J8KT 
CJIYl!HT O.n;HHM H8 .IJ;OBO.IJ;OB B IlOJIDSY Toro, 'ITO Ha6JID.n;aeMHe .IJ;eJISI!IlHeCSI . 
nnpa He CBR8aHH C HSOMepHe!.4JOpMH H HX .n;eneHHe He06XO.n;HMO 06~C~Tl> 
KaKHM-TO HHHM nponecc~M~ 

B onHcaHHOM IUIKJie pa6oT, BHnOJIHeHHWC B .ll.Y6He, 6HJI ITOJIY'leH oc.:. 

___ _li9}3!I_Olt_~_!t~l!_ep~Elll'J.'l!J!l>.~-Ma'l'ElP_ll:_I3J_I, _ _!ap~_'!'_ElP_ll:~Y~ll_()B_()_e__J'l:BJIE!_f!He .___ __ _ 
Enaro~apSI HHSKOMY ypOBHD 4JoHa H BHCOKO:ft 'IYBCTBHTeJI:bHOCTH MeTO.n;HKH 
Y.ItaJIOC!> HSMepHTD WHKin'IH Bosdyli!,I{eHHJi HcnapzTeJIDHHX pea;mua, Be.n;y-
IIIHX K 06~aSOBamtJO .IteJIJlllli'IXCJi H.n;ep C MMH;y.Tl!HMH BpeMeHaMl'I l!HSHH: · , 
228Np, 2 2A 1'Y1, 234Am. IioKa BTO e.n;HHCTBeHHHe a.n;pa - sana8.IJ;HB8.Jlllide IdS~ 
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.nytJaTeJrn, sapsm R Ma.CCOBOe 'IHCJIO KOTOpHX OIIpe,ll;eJieHH no ~ B03-
6ylr,neHmi. Tom.Ko npne.neHHHe BHme JJ.IUla c MRHyTH!lMR nepRo,na:.m no.ny-

i 1~k 
~300 
0 

~ . \ 
>< 
!II 
Ill 

0~ 
1200 

jro ·. I I ~-
<I> ,.I 

~IOO 
0 
0 = ~ 

0 
a) 

0 2 4 ' 6 T, Mim. 6) . 70 . 00 9o IOO E,M8B -

PHe.5• KpRBM paenS,ll;a (a) npo,nyxTa pea.ru:um 230Th {lOB ,8h )232Am R 

' ee iJ>ymanm Bos6y.Jr.neHHH (6). ~egHI:le KPYJIKH R xpeeTHKH Ha p:pno:Jt a) 
eooTBeTcTBYIOT aHeprimM ROHOB 1 B 82,0 H 88,5 MaB. , 

pacrra.na naytJeHH B Jia6opaTopRSJX paaHHX c~H· B 1975 r. B Jla6opaTopnn 
nM •. JloypeHea (EepKJIH) B peaKilHR 22Ne + 2 Bi 6:Wr aapeneTPHPOBaH ,ne
.rumndleH npo,nyKT e negHo,noM no.nypaena.na 0,87 :!: 0,13 MRH., a npH o6.ny-' 
tJeHHn 233U HOHaMR I ~ - npo~T e nepRo.noM no.nypaenS,ll;a 2,6 :!: 0,2 
MRH. TaKHM o6pa30M peaym.Tam BKenepHMeHTOB nOJIHOeTDJO COBIIaJIH e no
~eHHHMH B ~6He.·B 1978 ro.ny eOTPY,li;HRKaMH ~SH'IeeKoro HHeTHTYTa 
fetnem.6eprcKoro YHHBepeHTeTa H HHeTHTYTa HM. MaKea ilJiaHKa 6HJIH HC
c)re,noBaHI:l eBO:ItCTBa 232Am, eHHTe31ipOBaHHoro B H.nepHO:It pee.KiniH 
237Np (o{, 9n ). 

f!IiTepnpeTarnm Ha6JIJQileHHoro HBJieHRH KaK aarraa,IJ;WianJ~ero ,neJieHHH, 
T.e rrpo~eeea,H,nymero no ~eiiH npenpameHHi Az..!!.!:..A( z:- I)~
~ (OeKOJI~ ,ll;eJieHHH), 060eHOBHBaJiaeb Beei eOBORYUHOCTDJOnO~eHHHX 
,ll;aHHHX/5,6,8/ • · ... 

Ha6JIJO,IlaeMoe HBJieHHe, KaK YJJte OTMetJanocb, HeJh.aH o6!;HeHHTD .neJie
HHeM HSOMepOB WOPMH HJIH cnOHTaHHHM ,ll;eJieHHeM H3 OeHOBHOro eoeTOHHHH. 

· Hs paeeMoTpeHHH KPRBHX, npHBe,neHHHX Ha pH~ .6., eJie,nyeT ~ 'ITO B~eMeHa 
xnaHR HetJeTHo-HetJeTHI:lX enoHT8HHo .n~eH HaoMepon·23 Am H 34Atn, 
UO~eHHHe SKeTpan~el HMeDIIHXeH SReqepHMeHTam.HHX ,ll;aHHHX 0 Ha 14 
R II riop.ff.nKOB MeHDme RaMepeHHHX BeJIH'Imi .lt1lH .neJIIIIIlHXeH H.nep, eRHTesH-
pyeMHX B pea~ 230Th(I06 ,6-8n )234 •232Am {eM. pHe.6.). -TaKHe 
OTJIH'IRH HBxO,li;HT ecTeCTBeHHOe 06f>JieHeHRe. Ha OeHOBe COBpeMeHHHX TeOpe
TH'IeeKRX npe,neTaaneHH!. Hs pac'leToB CTPYKTYPH 6apbepon ,ll;eJieHRH H.nep 
aMep>~ 1\!aKpo-mpocKcmK<IeeKHM MeTo.noM CTpyTHHexoro CJie,nyeT, 'ITO, 
Ha'l:nHaH c N = 147. c pocToM HeiTPOHHoro .nl$nU!Ta, r.Jtir6:nHa BTopoa 
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UOT6HIUiaJII,HO:I!:. HMH H.Iqla B ellJil.HOl eTeneHH -YMeHDmaeTeH., 3TO H IlpHBO,li;HT . 
K MaJIHM BpeMeHaM ZRSHH HeiTpOHO,li;~HUHTHHX RSOMepoB aMep~. 

Tr/2··r,.· ._ 3lt_. ___ II 
2 AID + 

10 + 1 
·~ I 'b .• 

10 :-r 

10-4 ~ 4" 
u .... 

10-6 

10-8 

1d-10 

10-12 

141 

2Jt2f.AIII 

145 149 
.ll 

PHc.6. 3rumeHMoen. rrepno.non. 
-nOJiypaenS,ll;a HSOMepoB WCPMH 
He'leTHo-HetJeTHHX H.nep·aMepu
~H. OT 'IHCJia HeRTpOHOB B.H.n
pe. TeMHI:le H eBeTJIHe TO'IKH ·
aKcrrepH . .>.:eHTam.HI:le aHa'leHHH n 
,ll;aHHHe, U~eHHI:le SKeTPafio
~ei eOOTBeTeTBeHHO. _Kpee
THKaMH o6oaHatJeHH·Ha6JIJQilaB
mHeeH nepno,nH rronypaena.na B 
MHHYTHOM HHTepnane BpeMeHH. 

llOIIHTKa 06'l>HeHHTb Ha6JIJO,IlaeMHe MHmHHe ne~HO,!l;U CUOHTaHHI:lM ,ll;eJie
HlleM HS OeHOBHOTO eoeTOHHRH H.nep 232 •2 4Atn , 28 Np TaKl!te He·y,naeor-" 
eH - paeXOJK,ll;eHHH M8JI!,IIY 9KenepRM8HT8Jll,HHMR ::matJeHHHMH H B8JrnlJHHaMR, 
onpe.neJieHHHMH no cReTeMaTHKaM nepno.non no.nypacnS,ll;a cnoHTaHHoro ,ll;eJie- ·. '·' 
HHH H.nep, COCTanJmm 6oJiee 12 IIOpH.nKOB. TaKHM o6pa30M MHHYTHI:le nepHo-

~ ' . . 
.nH nonypacrrS,ll;a .n~cH H.nep He YKJia,nb!BaJIHCb B paMKH cymeeTBOBaBWHX 
npe,li;CTaBJleHHI. 

HHTepnpeTBUHH Ha6JIJO.IleHHoro HBJieHRH 6aaRponanacb, rJiaBHHM o6pa
aoM, Ha eJie,nynitnx ~Kcnepm.ieHTam.miX iJ>aK'rai. HaMepemru~ npeMeHa Jms
HR ,n~cH,·H.nep JiellliT. B .o6JiaCTR SHatleirnit'pactJeTHIDc nepHO~OB 'nony
pacna.na (KaHaJIH o(.- H fl -pacn¥a), R,li;8HTH@mllpOBaHHHX H30TOUOB Hen
TYHH.fl R aMep~.fi. Bee HayqeHHHe .neJIHIIIHE!CH H,npa c MHHYTHHM14 nepRo.na
MH no.nypacna,na 0Ka3aJIRCb He'leTHo-HelJeTHW.nf~ Ha.aTO! OCHOBe 6WI c,ne
JiaH BHBO,ll;, 'ITO ,neJteHRe H.nep - HCTO'IHHKOB OCKOJIO'IHOI aKTRBHOCTH C MR-:, 
HYTHHMH nepHo,naMH, npoRcXO,li;HT noCJie ~-pacna.na HetJeTHo-HetJeTHI:lX 
H.nep Ha noa6yll,ll;eHHoro cocoTOHHHH ,noqepHHX tJeTH0:...tJeTHHX H.nep~·. 

B OTJIH'IHe OT ol. -pacna.na, Be!loHTuocn. saceJieHHH_ noCJie . ~ -pac
US,ll;a yponHe! .notJepHero H.IIJla c eHepnea, 6mmiol · K UOJIHOI aHepn:H 
pacna,na Q~, ,li;OCTaTO'IHO BeJIHJtii~· ,Urui'-HetieTHQ-HetJerin.IX if.nep BeJmtJRHa' a, CTaHOJ!HTC:f!: ~.R3ROI JUIR. Cl~met, BllCOTH 6apDepa .neJieirn:H B5 ,li;O'Iep
Hero H,I~;Pa npR.MeHDmeM HelTPOHHOM ,li;~Te, tJeM y coce,naKX H.nep .npy
rol lJeTHOCTH. llJIOTHOCTD .HHSKOJI~ ypOBHel tleTHD-'IeTHI:lX .ff.n8p C 
aHepnel, MeHDmel ·' C .. =' 26/AI/; . MOllHO C'IRTITD paliHO!· HYJIJO• 3TO TaKEe. 
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cnoco6cTBY8T sacen8HHDBHcoxon~ ypoBH8~ ~o~8PH8ro ~a, c xoTo
plix BOSMOltHO 8rO ~eJI8HH8o 

.zvm: ~o~8pHHX Jm8P 228 U , 232Pu H 234 Pu BH8pnm OT~eJI8HHH H8~
TpoHa Bn H npoTOHa Bp y~OBJ18TBOpJIDT yCJiomno Bn> Qp H Bp > Q ~ 
B aTOM ~a8 B8pOJITHOCTI> sanas~allll8ro ~eJI8HHH P~f-t MOX8T 6HTI> 

np8~CT8BJieHB OTHO!li8HH8M! Qec-BIC Q, .. -B,c 

- PdJ~ = J B(E)[y/({j"!".fb.)l dE I I S(E)dE' (I) ' 
r~8 B (E) -B8pOJITHOCTl> sace.n:eHHJI ypoBHJI c BH8JlrH8! E; S(E) = 
= K·~ec(E) f(Z ,Qec.- E), rj (E,Ji) H fi (E,Jn) ~ ~eJIHT8JlE>Ha.!l H 6 -::-IIIHpH

H!l, Jli--: cnHH H ~eTHOCTI>, Oec.- nonHaJI BH8prHJI BJI8KTpOHHoro sanaTa, 

BK- eHeprM CBJISH 1<-aJieKTpOHa, $ec. (E) - CHJIOBM ~ f' -pacn~a, 
j ( Z , Qec:.- E) ":'" ~ ~ept.m, I<- IIOCTO.!lHHa.!lo 

llpHBe~eHHH8 B Ta~e I pac~eTH!le ~aHHHe o B8pOJITHOCTJIX sanas~

Bannero ~eJI8HHJI Pdf-i (CM/61) nQJ~yt~eH!l B ·npe~OJIOllteRHH·, ·~To CHJIOBaJI 

ipyH:runm ::l<E) ~p,(Ei~Mif =const., eCJIH E>C, a B HHTepBaJie O"E<C 

~ee(E) =0. 3~ecfp~(Ei)- UJIOTHOCTl> ypOBH81 ~0~8pH8rO ~a CO CITHHOM 

H ~eTHOCTl>D,y~OBJ18TBOpJilllll(MH .llpaBHJiaM OT60pa, \ Mjd2 - cpe~ BepOJIT
HOCTl> nep8XO~a J!a KOH8'IHHI ypOB8Hli Ej • llJIOTHOCTl> ypOBH81 npH pac~eTax 

ff(E),. r~(E)np8~CTaBJIJIJiac:& SaBHCHMOCT:&D OT BHeprHH, Uony'I8HHO~ Ha 

OCHOB8 MO~eJIH IIOCTOJIHHOit Jm8J>HOit.T8Mn8paTYJ>H T • IIIEpmm lt .BWIHCJIJI
JIHC:& c.~eTOM TOJil>KO nepeXO~OB THna f{• 

C ~ol cTopoH!l,B8pOJITHOCTH sanas~allllero ~eJI8HM Tax 21t8 Jm8p 
onpe~eJIJIJIHc:& no RsMepeHHHM ce~eHHJIM o6pasoBaHHJI o~ . . 

l ( T. )-1 . 
PdJ~= -~n Toe.~ Tee ' (2) 

1'~8 Toe. H Tee- napiJ;HaJI:&H!l8 n8pHo~ nonypacn~a MaT8pHHcxoro ~a, 
Oxn - ce~8HH8 ero o6pasoBaHHJI B HcnapHTeJI:&HOI sm8pHOI peSRnHH. 

Ta6Jmga I 

.Uo~epHe8 ~o 
2280 232Pu 234Pu 

llOJIHaJI aHeprHJI Qte, MaB 4, '70 5,58 3,83 

Bepo~HocTI> Pdf! 9,48·!0-3 · · o,7o 0,2I7 

BepomHoc~ Pdf2 .I,3o~:~-m-
5 <s,96±4,'6o,>:m-2. ·cs,95±3,50> -m-5. 

lticom Bf MeB, pace~- 5,70±0,I5 . 4 ,6S±o,46' 5,05:1:0,25 
TSHHH8 no Be.mmma.M Pdfa ·. 
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llQnY'IeHHH8 Teop8~ecRHM pac~8TOM B8pOJITHOCTH sanas~allllero 
~eJI8HHH (eM. Ta6Jntey. I} · im I - 4 nopsmKS MeH:&me onpe~e.n:emmx no . . . . . 

excnepHMeHTSJlE>HHM ~. llorp8WHOCTH BWUJCJieHM BHC.OT 6ap:oepo:s. ~e-

JieHHJI, no.mna: aHeprd .Q f', Heonpe~eJI8HHOCTH B iPYHKUWDC pacnpe~e.n:eHM 
UJIOTHOCTH ypOBHel MOrJIH 6H npHB8CTH :it sHa~Te.n::&Ho 6o;n,WHM pacxo:ame- . 
HHJIM. H8cMOTPJI Ha sTo, xapaxT8p HsMeHemur TeopemecKHX · sHa'IeHd B~ 
pO.!lTHOCTel OT ~ K smpy COBII~aeT C XO~OM HSMeHeHH:It BKCII8pHMeHTaJil>

HHX SHa'IeHHI. 3TO 811!8 0~0 IIO~TBep:amemt8 npaBHJil>HOCTH TpaKTOBRH OT-

Iq>HTOrO HBJieHHJI KaK sanas,ItHB~ero npon8cca. . 

Bo BTOpol rJiaBe C0~8pmTCJI OIIHCamt8 cOBpeMeHHHX npe~CTaBJIEmHA. 
o npoTeKaHHH sanaS~aJlll8ro ~eJieHHJI H B~HCJieHHJI BepoJITHOCTel aToro 

nponecca, KOTOpHe Onp8~eJIJIDT 06JraCTH Hei!TpOHO~E$mHTHHX Jm8p SKTH

HO~ BJI8M8HTOB B.IIIHpOKOM .ItHanascme A H Z , r~8 .aTo JlBJleime ~o-. 
CTYIIHO nnR BKCII8J>HMBHTSJlE>HOro HS~eHHJI. 

Omlcamt8 sanas~aJlll8ro ~eJiemur B o6111eM c.nyqae cBJlSaHO c ~a

TOM MHOrHX II8Jl8XO~OB B MaTepllHCKOM Jl ~0~8pHeM smpax. Ha pHc.7 IIORa- .. 
Z.N· 

il~l 
11 

Ill 
(I) 

o1 ' \1 '-="" rbi. · . b'• . . 

PHc.7. CxeMa n8p8xo~oB B sBeHe 
sanas~annero ~emeHHJI •.. CTPeJI7 

KH CO BCTSBKOI ;v H nOJllie cooT

B8TCTB8HHO o6os:Ba~a.Vr P~anH-· .. 
OHHH8 nepexo~ Jl nponecc ~e.n:.e-. 

HH.!l. . 

saHH n8pexo~. npoHcxonmq~r~8. B nponecce sanas~ann8ro ~e.n:eHMr eCJIH 

nnR HX OIIHCaHHJl HCIIOJil>SOBari. IIO~eJI:& .u;eyrop6oro 6ap:&8pa, OCHOBaHHYJl,: 

Ha Teopo o6Gn0'181UIOI IIOnpaBllll 1 paSBHTol' B.M. CTpyTHHCKHM. B STOI .. 

MO~eJIH &H8prHJl JJ.D;P8. - O~OIIBJ>Hall ~ ~E$)pMBnu 8" C .ltBYMJI MH_:,: 
HH1o!Y11BMJ1 npll &BB118JDIJIX ~0 :H Oj, coOTl!8TCTByllllJIMH paBHOBecH!lM coc

TOSJHliJDol JJ.D;P8. - OCHOBHOJIY Jl JlSOIIepHOJIY. 3Ta MO~eJI:& C e.ItJIIHOI TO'Ual 

sp8BJilfl od!.JlcueT OC06eBHOCTH CIIOHTaHHDrO ~eJieBJ!JI HSOM8J>OB ~pMH, c: / 
IIOJt6ap:&8pHH8. JteJIIITeJil>BH8 pesoHaBCH • 3anas~a~~~tee ~eJieBHe. 

. · · llOCJie . p -pacll8,1la sace.ueTCJI IIIIIJlOKd cnexTp BOS~8~ coc
TOSIBJI:I ~O'IeJ>Hero 'B.liP8• KorJtB &HeprBJI saceJI8BHoro ypoBu Ei Omlsxa ... 
x BBcore 6ap:&8pa JteJJeum Bf JtO"«<epHero JJ,tijl8 ~ ee np8BOCXO.IQIT, .a. · · 
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aHepriDI oT.ne.nemm He:ltTpoHa B11> Ei, Ji.I!PO Ha cocTO.'IHWI Ei .neJiRTcJJ, Ta:K 
Ralt npll STHX YCJIOBWIX BepOJJTHOCTL ,neJiemm 3Ba:•mTeJIDHO npeBOCXO.ziHT 
BepoJJTHOcTL pa.nmuniOBHoro nepexo.na. EcJm ze Ei > Bn ·, ·TO "Bit.JimaeTcJJ" -
I<aHaJl SMHCCD aanaa,IUm~ Be!TpOHOB, I<OHKypHIJYJllllrll: C ,neJieimeM. Ko
r,naEi.~ Bh cTpy:K'l"Jlla 6ap:r.epa se HrpaeT 60Jlbmoit po.ini. BepoJJTHocTL 
aanaa.nuBaxmero .ne.nemm onpe,neJIJJeTCJJ.npa:KT.KqecKH TOJ!l>I<o cooTsomeHHH
MII Mez.ny BHcoToil 6ap:r,epa BJ H Ei • IIpo~ecc aanaa,IUmaxmero .ne.neHHJJ 
npu YCJIOBUII q > Bf otmcHBaeTCJJ npodmm Mo.ne.nm.m n, BMecTe c TeM~ 
HrpaeT rJIBBHYD pOJlb Dpli HYRJ!eOCHHTeae BJ16M9HTOB B liH:t'6HCHBBHX Heit.;; 
TpoHBHx noTO:KaX I<OCMRqec:Koro r -npouecca, a TaRXe B o6JiacTH yJll>Tpa
He!TpOHo.nepRURTHHX ~ep. 

EcJIH·aHeprHH BOa6yx,neHHJJ .no~ep~ero ~ E aaKJIDqeHa Mex.ny 
aHep:rnea Ee., · paBHoil BacoTe BToporo 6ap:r:.epa, H aHepr»el Eu BToporo 
MHHHMYMa, TO aanaa,IUmaXII{ee ,neJieHHe npeHMYlilecTBeBHo npoHcXO.InlT E:a co-. .. 
cTOHHHit BTopol noTeHl(llaJII>HOit .RMH, ey.na Ji.I!PO nepexo,nHT c ypoBHH E 
~epea BHYTPeHHH! 6ap:r.ep. BosMoxeH TaRZe senocpe.ncTBeHHHA nepexo.n no
CJie ~-pacna,na B COCTOJJHHJi BTOpOA DOT6HUHaJ!bHOA JiMH CO 3Ha~HTeJlbHHM 
HSMeHeHHeM .nell>opMaimH Ji,I!pa. B BTOM HHTepBaJie BHeprHA SIBJieime OnHCK"
B86TCJi CJIOEIWMH- 38KOHOMepHOCTJJMH. O,nHaiWf'B He:KOTOpHX CJIY'laHX, Hay-

. . ' ; . 
~eHHe aanaa.nHBaxmero .ne.neHHJJ noaBOJIJJeT HSBJie~TI> HH~OPMaUUD o cTpyK-
TYPe 6ap:r.epa .ne.iJeHHJJ. 

· Ocm'>BHaJJ Be.nii'JHHa, xapaKTepHSYIJ.IIaJi npouecc a~aa.nHBalOOiero ,neJie
muil ero BepomnocTL Pdf , paBRa cpe,nHeA 13epO.HTHOCTH ,neJieHH.H .no'lepHe
ro Ji.I!Pa, oelpaaoBan:ueroCJJ n~CJie · p -pacna.na. BepoJJTHOCTL aanaa.IilmaiO
UlBro .ne.neHHJJ PdJi c ypoBHH .no~epHero ~ Ei nponopunoHMI>Ha BepoJJT
HOCTH aace.nemut a~oro ypoBH.H B(Ei) H OTHomeHHil ero ,neJIHTeJ!bHO:It rf (Ei) 
lit noJIHoil mHp:HH ft (Ei~ Pdfi ::: B(Ei) [ 4 (Ei)/ti.(Ei}] • BepO.HTHOCTI> 
B (Ei) onpe,neJI.HeTc.H C:HJIOBOA q~eA S{Ei) H <PYHKUHeit lt>epMH: B(Ei) = 
= 1 (Z, Q~-Ei) ${Ei) • BepOJITHOCTL Pdf onpe,neJIHTCJi BHp8lte~ieM: 
. PctJ :{~f (z,Q-Ei) $(Ei) [t}(EiVrt(En[{j(Z,Q~£,) S(Eill. . <3> 
UpaK~eciw npH BH'IHCJieHHH BepOJITHOcTel Pelf HCDOJll>SYilT RenpepHBHHe 
cpy~. B BTOM CJlYl,ae BepOJITHOCTL. Pdf- Moz:o npe,ncTaBH:TL B BH,ne: 

. P~t = t[ME){t(l~) ft(Er'do/ {tl~dE, _ .. -, .. ' }4) 

r,ne ft{E)= y(E) +'('!(E) + fh(E:) • B CJIY1iae Re!TpOHO.I{eqJmHTHHX ~ep 
ReitTpORHaJI mHpHHa fi(E)= 0 (eM.(!)). , . ' ';. •· •· ·. · . •, . 

06JiacTH RBitTpOHO,I{ecJimHTHHX Ji.I{ep • B ,nKanaaOHe. aTOMHWC HOM6pOB ;· ; " 
oT 93 ~.no· IOI xapaKTepHsoBaJIHCI> BepOHTHOCTLil ,neJiemut P noCJie. pacna
.na MaTepliHci<oro ~. KOTOpaJI, rJiaBimM o6paaoM u• onpe.ne.ruieT .BOSMOlt~ 
Hocn,· ai<cnep:HMeHTaJil>Roro Ha6JIJmeHHJI 'aanaS.nHBaDIIerQ:.ne.n!lHHJI/.? ,H~/. 

l4 

HecmoJn,ito upoHsBmnlia· BH6op .inranaaoHa z o6ycJIOBJieH TeM, ~~0 sana.:. 
a.nHBaXII{ee .llene1me npz ·e:iiHTiise neiiTpoRo.ne~'rlWX ~ep B perutnRa:x 11a 

TJJJleJIHX HOHaX Ha6JIJmaeTCJI, HatnmaJI C Z>t: 93, H B STOM CJIY'l8B ecTI> 
BOSMOXHOCTb cpaBBeHHJJ BKCU9pHM9HTaJlbHHX H pac~eTBHX .I{BBHHX. llpH 
Z ?:- 101 60Jll>JI!Yil poJri. ,ncwmo HrpaTL CDOHTruWOe ,neJie:HHe; OUBHHTI> ne
pHO.nH UOJiypacna,na IIO BTOMY KaHaJiy B Reil:TpOHO.I{~HUHTHOit 06Jia~T:H BBCI>
ua 38TPY,nHHTeJ!bH0 0 ~TO ,I{OJIXHO DpHBeCTd I< HB,I{OCTOBepHOCT:H BCBX pac
'iBTOB. . 

HeitTpOHO,ne~nme Ji,I!pa c z ... 9~ pacna.namcJJ no KBHa.iiaM ot-, K, 
11 . f> + -pacna,na. BepoJJTHOCTI> ,neJieHHJJ • P onpe,neJIJieTcJJ SaBHcHMocnD: 

.. _.·-· P =v-~p(,. .. .''t<tp+Pp~i + ~~£P:;p+P"f),_ (5) 
r.ne . K ;~+ - I<oa~eHT pasBeTBJieHHH; P~f H PKf BepoJITHOCTH sana
S.nHBaXII{ero .ne.neHHJJ nocJie r+-pacna.na H K -saXBaTa. MHouTeJlb Wp = 
= Toti(To~. + T~) - BepoJITHocn (3-pacna.na MaTepHHc:Koro Ji,I!pa no~e 
ero. oelpaaoBaHHJI, Tot, T ~- napUHaJ!bHHe neplito.na nOJiypacna.na no OTHo-
me:HHD K ol- H ~ -pacna.ny. • 

PesyJll>TaTH pac~eToB BepoJJTHOcTeit P .nJIJI Re~eTHo-He~eTBHX MaTe- · 
PHRCI<HX ~ep z~ 95 - IOI .npe,ncTaBJieHH Ha pHc.s. XapaKTepHO, ~TO OT-
0 j I II II I I I I I I II II I II II II I I Ji II I I II II I 

-1 I ~~=.#.~! I I ~ "~ • I 

lgP T <01 \ i I 
-2 I ! ' 

• \i I· I 
• 

I 

-31-"-c__ I I : I 

-4! 1 I II Ill I 1 I 1111111 11! IIIIJJIJJIJJJIJIIIIj 

110 .12o 126 130 14o r 150 

u 

PHc.s. 3aBHcHMocTH BeJIH
~IitH ~ p OT lJHCJia Re!Tpo
HOB B_He~eTRQ-HB~BTBHX 
JI,npax c l : 95 ( cBeTJIHe 
:t<pYJEKH), 97 (:t<pecTHI<H), 
99 ( TpeyrOJll>ImKH), 10! 
( TBMHHe Kpyx:KH)_. 

ROCHTeJlbHO ClOJlbmHe 3Ha~CHHJi BepOJJTliOCTel p JI61KaT B Y3I<HX :HHTepBa
Rax N : ·. oT' 120 .no I25 lit OT '132 .no 140 H pas.ne.nelm SHalJeHHeM N = 
= 126,·cooTBeTcTB~ sanOJIHeHHolHeiTPOHHOit oelOJIO~:Ke. BoaHH:KaDT 

. ,!{Be 06~CTH ~ep, B, I<OTP.f.Wc BO;iMOJlHO SI<cnepHMBHTan,:r.Hoe na6Ju:itieHHe 
- sanas.nHBaxmero .ne.neRHJJI'• ,S,IO~ · · . .. .. 

·EcJIH . .nBuraTI>csB ·cToposy neitTpoBHoro .ne~Ta, To ·npH nepeceqe
HH:H oeloJxo~ N= 126, aHepnm Qc~- pes:Ko na.naeT, a aaTeM Me~eBHo. 
BospacTaeT · TB.I<, ~To BeJIHlJHHa wr.- Cly,neT eme ae C,mrunwM Ma.n:a; 'Kor.na 
Ha~HaaeT .minOJIHJJTI>cJI ycJioBHe Qp~ Bf (eM. pHc.8.) ~ B · pea~Jll>TaTe ·Boa
RHKaeT oelJia:cn, 118 < N < 125 c oTHoclitTmJio 60JlbmHMH sHa.lJeHwiMH P . ,'· ,, . - ' 
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YMeHLmeHHe BeponTHOCTH c ~anLHelmHM pocTOM ueiTpoHHoro ~e~Ta, B 
·'o6J:lacTH N <. II8, cBHSaHO c _pocTOM ~Ropocm ol-pacna.ita~ 
Q.,., MliB~ 

,.......--

9 

6 ~~A ~~n 230 
A 

.,J 
PBc.9. XapaRTepliaa AlUl s.ztep 
BRTI!HOH,U)IHX 9JieM9HTOB SaBH
CHMOCTL auepnm ol-pacn~a 
Q~. nOJIHol auepnm ~-pacna
~a Q~ H BHCOT 6apJ>epoB ~eJie
HHH ~O'iepma. smep z- I OT 
MaccoBoro 'IHCJia A ( HSOT_OIIH 

aR~)~ ' 

B o6JiacTH smep c N > I26, npz ,ItBUeHHH no ocH N BfiPaBO, B6JIH
SH N = I26 BepoHTHOcTL P onpe~eJIHeT~H MaJiol BMH'IHROft Wp. 3aTeM, 
B o6JiacTH N !32 - !40 BSJIH'Uffia Wp CTB.HOBHTCJI ~ocTaTO'IHO 6oJIJ>mol, 
a aHepnm ~ -pacn~a Ql'- eme y.noBJieTBopJUJT YCJIOBIIID Qp~ Bt; 'ITO ) -· 
npmlO.llHT K OTHOCHTSJIJ>HO 60JIJ>UIIiiM SHa'ISHHHM p • C .llanLHSftmHM pOCTOM 
'IHCJIB HSftTpOHOB 6apl>epH .ll9JI9HHH ~O'IepHHX smep BOSpaCTaDT, a 9H9prR& 
!3 -pacn~a y6HBaeT, 'ITO o6yCJI9.BJIJ!BaeT 6HcTpoe na,n;e~me BeJIII!'IHHll P ~ 

XapaRTepHHe SHa'ISHHH BepOHTHOCTel p • PKi • p~~ t / ,Itrul smep c z 
OT 94 ~0 IOI B "JierKol" }I "TmteJiol" o6JiacTSIX sanas.llHBallltero ~eJiemm. 
·co~epxaTCH B Ta6nzue 2.(cM./71). · 

llpHBe~eHHHe BHme paC'ISTH, XOTH H OCHOBaHH Ha llpOCTe!mHX MO.lle
JIHX HBJISHHH, XOpOmO corJiaCyDTCH C HMS~CJI 9KCnepHM9HTaJil>HHMH 
~BHHHMH o sanas.llHBaJlliSM .neJieHHH B o6JiacTH N:? !26. 3To noSBOJlfleT 
Olm,ll;aTL, 'ITO H o6J:lacTL yJIJ>TpB.HeftTpOHO~e~THHX smep - sana3)tlisaJ>
~ zs~aTeJiel ~ocTaTO'IHO ua,n;exHo "onpe~eneHa •. Hsy'leBHe smep aTol 
o6JiacTH ( N < !26) ~OJWio HMeri. 6oJIJ>moe sHa'lelm-e l(Jill paSBHTHH npe~
cTaBJielml o ~eJieHHH TmteJIHX smep, yna.nellllla oT ~OJIHHH fo...;c;Ta6BJil>H~ 
CTH, HS COCTOHHd C MaJ1HMH 9H9PI'WIMH BOS6ylU(emm. Pacnpe~eJI9IDI9 'IHC-

- -·------ Jia BTOpH'IHHX-HeiTpOHOB,-:Hi . eaep:femecKHe cnexTi)H, -pacnpe~eJiemm ---
OCKOJIKOB ~eJieHHH no MaCCaM H aHeprHHMB o6JiaCTH YJIJ>TpaHeiTpOHO~e~-

~ ' ,- ... 
IUITHHX smep ~OJDlHll CYlll9CTB9HHO. OTJIH'IaTLCH OT 8HWIOili'IHHX xapaRTSPH-
CTH_K ,Itrul smep B6JIHSH JIHIDIH f' -cTa~HJIJ>HOCTH. CHHT93 TaKHX smep BOS-
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Ta~ 2 ' ' 

3apsm smpa MaccoBoe lJHCJio 
z 'IH~O HSITJ)OHOB Ptcf Pp+t . p 
94 2I5 I2I o,OGo a,3·IGr4 n;o2o 

95 2I7 I22 
232 I37 

96 2I9 I23 
23! !35 

97 22I I24 
233 136 

98 223 I25 
233 I35 

99 224 I25 
236 I37 

IOO 225 I25 
235 . I35 

IOI -225 
' 

!24 
"237 I36-

0,076 0,04I 
0,040 10-r5 

0,084 2,4·!0-3 

0,047 4,0·!0-6 
J...: ,' 

0,098 4,0·!0-3 

O,OIO I,O·I0-6 

0,083 2,4·I0-3 

0,220 0,0!6 

0,200 0,!20 
0,290 0,036 

0,2!0 0,027 
0,470 O,I50 

0,049 
.0,030 

0,025 
0,039 

0,052 
7,5·!0-3 

0,024 
O,I50 

O,I30 
O,I70 

.0,0~4 
0,260 

0,390. O,IIO O,I50 
0,400 _j)_._lOQ I 0,!70 

MO:Jit~H Ha YCKOpeHHHX ny'IKax TJDteJIHX HOHOB, HanpHMep, B 8,D;9pHHX peaK-' 
UWIX Tzna: 

. . ' 
I69Tm+ 58Nl- 222Bk + 6n HJIH I_aow+ 40ca __. 2I7p'-'+ 3n/7/. 

llpz_aTOM ueo6xo~o HcnoJIJ>soBaTL nj'IKH ycKopeHHux 'IBCTRq BHCOKOI HH
TeHCHBHOcTH-x MeTo~. c :eecJ>Ma MWIHM ypOBHeM ~Ha, TaR KaK ce'leHHn 
o6pasoBaiD!H ~enHlllHXCH smep B o6J:lacTH yJIJ>TpaHeiTpoHo~e~THHX smep · 
MSHLme I0-35 C~ • . . 1 . . . . .. 

B !peTt,el rJI8Be paccMaTpHBaeTcn sanaS.ItllBaDJlee .zieJieHHe HeiTpoHo
zs6uTO'IHHX 8,D;9p H ero BJIHHimS Ha HYKJI90CHHT93 B_ HMeyJIJ>CHHX HSITpOH
HHX noTOKaX H KOCMH'ISCKOM 1"-llpOilSCCe • 
. K BHBO.IJY 0 CYlllSCTBOBaHHH sanaS,D;HBaDIISro ~eJISHHll B o6J:lacTH Hei-
TpOHOHS6HTO'IHHX ~ep H 0 ero BJIHHID1H Ha llpOilSCCH HJKH90CHHT93a npH~ 
BeJIO 8KCnepHMSHTaJIJ>H09 06HapyxeHHe 9TOrO HBJISHHH B 06JiaCTH HSITpOHQ
~eifJHilR~ _smep. · 

SHa'mTSJJiBHe YCl!!JIHJI 6HJlll, S,aTpa'ISHH Ha .nOJIY'ieHHe TpaHCypaHOBHX . 
. 9JI9M9HTOB 06J:ly'ISHH9M TmteJIHX _ MHmSHel B._ HMIIyJIJ>CHHX. HSITpOHHHX noTo-

.Kax. llpH .. STOM <PJmeHc HSITpOHOB COCTaBJI&II OT I ,2 • 1024 aeiTpOH/c,.2 • .
~0 4,5•!025 aeiTpoH/c,.2 (aKcnepHMeHT "Xa'l"). · KaK.npaBMo, o6JIY,.WI-
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CH ecTecTBeHJll:rli ypaH, HO B HBKOTOpHX ~a.HX MHWBHl>lO CJIYltRlUI ll:SOTo-
IIH 232Th H 243Am • . . ·' .· 

I . . . . 

B eTIDC eKcnepnMeHTax o6Jiy"qe~me MHmeJm m.myJIDc!WM HeilTpOHHHli! no-

. TOKOM ,nJIRTCH ""ro:.S c. 3a eTO BpeMH HS zcixo~ Mml!BHIWX JJ,Itep A z . ' 
o6pasylDTCH TSillteJil:le :HSOTOIIH BIJJIQTD ,ItO A+ n z ' r,Ite n -MaKCJtiMaJlbHOe '..:m
CJlO HenTpoHOB, sanat~eHBHX ~ar.m Az • Ha cJie.nyXI!IeM, Me,It7IeHHoM eTa-

n·e JJ,ItepHWC IJPeBPSIIIBlml, np0i4CXO.JVIT IIOCJlB,ItOBaTeJIDHHe ~--paCIIa.Itli 
smep C HS6HTKOM H61TpOHOB, KOTOpHe npz onpe,IteJiemimc YCJlOBllHX conpo

E().'IJI,Itlml'CH er.mcczeil sanas,ItHB~ HeilTpOHOB H sanaB.ItHBaD!li!M ,IteJie~eM. 

SanaS,ItHBaD!lRB ·nportBCCH HatiHHalOT HrpaTL SaMtTHYJO pOJID B HYKJI60CHHTe

Se np:a l/.SCCOBHX tmCJiax HBOTOIIOB ypaHa, 60JIDll!HX 250. 
· B ,ItllccepTarum paccMOTpeno BJmJIHHe sanaB.ItHBB.IIllWC nporteccOB na 1 

cHHTes sJieMeHTOB c aTOMHHM HOMepoM,60JIDmHM IOO, HB. IIpliMepe aHaJIIIlB~ 
BOSMOZHOCTA: CHHTeaa 9Jl6MeHTa !02 B pesyJIDTaTe . ~-npeBpalllelml TJme-

JlHX ll:BOTODOB ~Ha, o6paBOBaBWHXCH IIOCJl6 "6HCTpOro" BaxBaTa HeilTpo-

HOB MiiW6HLD ~ U 76/ • l1ciiOJIDBOBaJI8CL ynpOil!BHHaf.t ~eMS pact~eTa, B 

, KOTOpOit BJII4HHJle CIIOHTaHHOrO ,IteJieHKSi llBOTOIIOB, BXO,nm:ttWC B rteiiL ~-npe
BpallleHHi!, He ytmTHBaJIOCL. 

Y J?>~CT86KJ!LHWC JJ,Itep 9Jl6M6HT8 !02, KOTOpHe MOryT o6paBOBaTDCH 

IIOCJie pacna,na HeiTpOHOHS6HTOtllmX JJ,Itep ypaHa, MaCCOBOe tmCJIO paBHO 

26!. TaKRM o6pasOM Heo6XO,ItRMO ,It7IH CHHTeSa 9Jl6MeHT8 !02, tiT06H HCXO.It

:mdt· HBOTOII ypaH8 HMBJl MaCCOBOe ti:HCJIO '~ 26!. Pact~eTU IIOKaBaJIH, 'ITO 

BTO YCJIOBHe H6,ItOCT8TOtiHO, - C:HHTBB JJ,Itep 8Jl6MBHT8 .!02 BOBMOEeH, .ROr

,Ita MaCCOBOe ti:HCJIO HCXO.ItlmX HBOTOIIOB ypaHa .: i?; 264 • STO CJ19.I(y6T HB -

p8CCMOTp8lmH pzc.II., Ha KOTOpOM npe,ItCTaBJl9HB.It6IIL npeBpamelmil BBo-
TOlla 2Gil U • . 

Xap~TepHaH OC06BHBOCTL U8IIH npeBpameHH:ft ~ 264 U - OTHOC:H

TeJIDRO paBHOMepHOe pacnpe,IteJieH:He JJ,Itep· IIO ti9THHM lt Hetle'r!WM MaCCaM, 

o6yCJIOBJl8HHOe BMHCCHel BanaB,ItYBaDil!BX HBITpOHOB H8 IIepBHX-CTyll9HHX 

_ r.- "":"pacna,Ita: ( (1'-, n ) , { ~- ,2 n ) , { ~-, 3 n ) • lloTepx na sanas,JJ;H

Ballllee ,IteJieH:He H6Be.mnat H COCTaBJlHDT ~epHO 4%. STO 06UCHH~TCH 
KOHKYPe~el BMHCCHH HeiTpOHOB • sanas,JJ;HBa~ero .IteJieHRH .It7IH o6JlacTK 

HYKXB.ltOB C 60JIDmBM HS6HTKOM H81TpOHOB. B ,ItOCTXrHYTHX B HaCTO~ee 

Bpei4Jt qurneHcax HeiTpOHOB :e:soTonu ypaHa c A::>259 He o6pasyll'l'CH. 

CenHIIJI ~artHOHHoro saxBaTa JJ,Itep ypaHa c MaccoBHMII t~:HCJiaMH > 259 
,._ · !0- 6 c.l- • ll08TOyY ,It7IH IIOJJytleHKH . BB OTOlJOB. C MaCCOBYM 1UICJioti 

· 264, Tpe6YJlTCH ~Hcu, npeBJiiii8JIIIJie cymecTByDIIId ypoBem. Ha Heo-

xmxo no:Ps.nxoB. CJie,ItOBaTmHo, B imyJIDc!WX BeiTpO!IHHX ~OTOKaX ce

ro.nH.a HenOSMODO Cli!HT93:HpOBaTL 8JleMeHTH:c QTOMIWM HoMepOM, 60JIDlllMM 

!00, HSJlpE:Mep KBOTOIIH 8JIBM9HTa !02. B 60JIDmel CTeneH:H 8TO OTHOCHTCH . • 
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K CHHTesy 60Jiee ,ItaJieKli!X 9Jl8M9HTOB. TB;K, MaCCOBHe 'lHCJia p-cTa6li!JID

HHX HSOTOIIOB BJIBMeHTOB !04 ll: !05 paBHH COOTB6TCTBBHHO 267 H 27!. 

PHc .IO. UenL npeBpWJteJml 

HSOTOIIa 264 U • 

z 

97 

96 

95 

94 

93 

32,8 37,7 21,4 3.5jb ~ 95,4%. Bw ~k 
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~~ 
,258 259 260 261 262 263 100% 

A. ' ·., 

Cero.ItHH HeT npHMHX.eKcnep~eHTSJIDHHX .ItaH!WX o sanas,JJ;HB~eM ,Ite

JieHHH HSOTOIIOB,. 06pasy~CH B ll:HT6HCHBHHX H61TpOHHWC IIOTOKax MaJIOI 

.It7IHTeJIDHOCTH• 0.ItHaKO .nocTOBepHOCTL npHBe,IteHHUX Bume o11eHOK HaxO.ItHT 

IIO,ItTBe~eBHe B ycnemHOM OduCHBHHH oco6eHHOCTel :KpHBOI BHXO,Ita TpaHC

ypaHOBHX 8Jl8M9HTOB B TaKHX npoueccax, OCHOBaHHOM Ha aHaJIOr:Hti!WX Mo

,IteJIHX. 06maa: OC06eHHOO~ SaBli!CHMOCTK BHXO,Ita. Tp8HCypaHOBHX BJieMeHTOB 

OT MaccoBoro 'lli!CJia npz odnyqeJmH ypa.HOBOI MHmeBH - o6pameHHe Het~eT

Ho-t~eTHoro s~eKTa. Cet~eHRH P8.ItHartHOHHoro. Ba.XBaTa neiTpOHOB 'leTHo-

t~eT:ImX JJ,Itep MeHLme, '19M 'leTHo-Het~eT:ImX H IIOBTOM,Y 'leTHo-'leTHWC HBo-

TOIIOB ,ItOJllltHO HaKa.IJJmBaTLCH 60JIDme~ TaKaJI KapTHHa H Ha6JIJ:utaeTCH H8 .. . . ' 

OIIHTe, HO JlHmL lJPH BOSp8CTaHHH MaCCOBOrO 'lli!CJia ,ItO onpe,IteJI9HHOrO SHa-

t~eHHH A· • llpH 6miiiHX A mpTHHa o6pa~~~aeTCH - BHXO.It t~eTHo-Het~eTlmX 
HB9TOIIOB CTaHOBHTCH 60JIDme, .t~eM BHXO,It COCe,ItmlX 'l8THo-t~eTma. STO ,. · 

SIBJiemre Y.ItaJIOCL OduCBHTL, TOJIDKO BKJlJl'UIB B p8C'l9TH IIOTepH Ha sanas

,JJ;HBaDI{ee ,Ite.ne~me. llpz MaccoBHX 'lli!CJiax HBOTOIIoB YPaJi8. A >250 IIPTepH 

Ha sanaS,JJ;HBaiJilee ,Ite.neBHe B ueiiHX 13-..;.pacna,na JJ,Itep c t~eTHOI Maccol , 

BHa'lHTeJIDBO IIOHIDallT BHXO,It p-cora61JJII>BHX :HSOTOIIOB, TaK KaK B, liiX ue- , 

IIH npeBpameHHI BXO.IVIT Het~eTHo-He'leTHHe JJ.Itpa. B .TO ll9, BpeMH IIOTepH B 

ueiiHX c He'leorimM A BecLMa Ma.Jlll. BBe,IteH:He B pact~eT napaMeTpOB sanas

,JJ;HBa~ npo~eccOB 06f.JicHHeT Bee oco6eHHOCTH JmJ19HHH o6pWJteHRH:. 

c.ItB~ *KTa B cTopoliY 60JIDIIIHX MaccOBHX tmceJI c pocToM cJI1meHca Hill- · 

TpOHOB, SaBHCHMOCTL OT Ha'laJIDHOI KOHU8BrpauBH HSOTOIIOB ypaH8 B MHmBim. • 
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B OT~He OT.HYKHSOCHHTSSa B KMny~CHHX HS!TpOHHHX IIOTOKaX, Sa

nas~a~ee ~eneHHe B KOcMHqeCKOM r -nponecce npoTeKaeT z Ha aTane 

HSitTpOHHOrO o6Jiy'leHHJI, TaR KaK WJHTS~HOCTb o6Jiy'leHHJI saMSTHO 6~

we xapaxTepHoro BpeMeHH ~ -pacnB.zta HeftTpOHORS6HTOlJHHX JI.Itep," Jielltaii!HX 

Ha IJYTH r -npouecca. BBR.I!Y aToro BepoJITHocn. sanas~~ero ~ene

HRH. CYIIISCTBSHHO BJD!JIST Ha xapaKTep ypaBHeHll:A, OnRCaBaiiiiRX HaKOnJieHHe 

·· TJUtSJIHX H,Itep B HSITpOHHlU> IIOTOKaX r -npouecca. lia.R60Jiee HaC!mtSHHHe 

HSftTpOHaMH JI,Iijla noCJie ~ -pacn~a ll:CIJYCKallT HSftTpOHHo C YMSHI>WSHHSM 

HeiTpOHHoro :H36HTKa B·KOHKYPSHnHD'BCTYIIaeT sanas~~ee ~eneHRe. 
Ilpn 9TOM Q~~ B5 ' Q~> Bn • ECJI:H Q~~Bt ll: QtfBn, DpO:IlCXO.D;ll:T sanas.nH-:-
B~ee ~eneHRe HJIR aMRccnJI lr -KBaHTOB. Tipn MaJIHX aHepnmx ~:-pac

na.n:a Bos6yx,neHRe JI,Iijla cHHMaeTcJI ·pa.D;:HanHOHHHMH npoueccaM:H. TaroiM o6-
pasoM CHHTes aToMHoro JI,Iijla c MaccoBHM 'DICJIOM A ~eT no IJYTJIM, CJIOJ!t

HHM 06pa30M 3aBHCJmlHM, OT IIJIOTHOCTR HSi\TpOHHOro noTOKa, XapaxTepa , 

~-nepexo~oB B smpax c MaccoBHMR lJRCJiaM:H B o:ttpec;aocTR A ' • IIocJie 

SSTYXB.!mJI HSitTpOHHOrO noTOKa Ha BTOpOM 9Tane,- KOHSlJHOe ~ -CT86wtb

HOe JI,IijlO MOZeT o6paSOBaT.&CJI npaKT:HlJSCKR T~KO RS RCXO~ RSOTOIIOB 
c ns6HTKOM HeftTpOHOB, Macco~oe ll:RCJIO KOTOpHX 6~me A -~ ' .. 

' CRHT83 ~ep CBSpXTJUtenHX TpaHcypaHOBHX SJISMSHTOB B KOCM:RlJSCKOM 

r -npouecce (Z = II4' A- 300) orpaHRll:SH o6JiacT:&D OTpll:U8TeJI:bHH~ aHa.;_ 

ll:SHRI. BJ- Bn .IlJlJI tJeTHo-ll:eTHHX smep, B KoTopol npoRcxo.D;:HT imTeHcRB

HOe BH~eHHOe ~eJieHRe. O~aKO, eCJ!R HSITpOHHHft nOTOK MO~JIHpOBaH, / 

CYIIISCTBOBaHRe Ha nyTH CRHTSSa 9~01 SOHH, B !IpRHUmie, .He sanpemaeT 

o6pasoBaHRe ueATpoHORS6HTOlJHHX·smep c A .... 300. He l!CKJIJDtJeHa BOSMoz

HOCT:&:cnHTesa TaKRX smep H B ~yrnx·npoueccax, HaiipHMep, npn.HsBep

xeHRH BSn{SCTBS'HS!TpOHHOit 3B83~0ft. B CBJISH C 9TRM BOSHRKaeT BOIIpOC 
I 

o BJIHJIHRH sanas~aDmHX npoueccoB Ha BHX~~ cBepxaJieMeHTOB noCJie 

!3 -pacn~a H,Itep C MaCCOBHM lJRCJIOM OKOJIO 300. . 

Ha oclioBe BHll:JilcJieHHJI BepoJITHocTeit Pa! oueHRBaJIRc:& noTepH Tmt~ 
JIHX smep B pesyJI:bTaTe sanas~~ero ~eJieHHJI, B uerrJIX npe:BpameHRA c 

HCXO~'JI,IijlOM 298U. B SaBHCHMOCTH OT B~a !IpHHJITHX npH ·paclleTe 

napaMeTpOB, · xapaKTSpHSY~X sanaS~aiiilee ~eneHHe B STOft o6JiaCTH 

smep, YMSHbmeHJI!e BHXO~a ' !3 -cTa6wtbHHX HSOTOIIOB CBepXTJIZeJIHX SJie

MSHTOB, o6yCJIOBJI8HHOe ~~~eHHeM, COCTaBJIJIST OT 10 ~0 500 pas/6/: 

B tJeTBepTOI rJiaBe pacCMOTpeHH 'HoBHe HaiipaBJISHHJI H nepciieKTHBH 

HCCJIS~OBaHHI,_ CBJISaHHHe C OT!tpHTHSM sanas~~ero·~eJISHHJI. 

0TKpHTH8 sanaS~aiiilero ~eJieHHJI HSftTpOHO~E$mRTHHX ~ep CTHM]-. -

JIHPOBaJio HS]lleHHe -sToro JIBJieHH.JI. BcKope 6HJIR c~enaHH paclleTH, .onpe-: 
' . \ ~ . 

~eJil!BIIIHe BOSMOZUHe 06JiacTR HSITpOHOH86HTOlJHHX H,Itep·, HCinrrHBalll!RX 

sanas~~ee ~eJieHJI!e.·3aTeM.6HJia pacmHpeua o~acT:& ·HcCJie~oBaHHHX 

SKCIIepmieHT~HO HeiTpOHO~E$mli:THHX smep ~0 z·. = IOI. Ilos~ee 6HJIH". 
·,. 

' 
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PHc.II. l1socDZHoBa.JI saBR

cHMocn. BHCOTH Ma!tpOCKD

IIJI!lJSCKOro · 6ap:&epa B zso

TonoB TOpHJI, paCClJRTaH

HaJI no ~OKalleJI:bHOI Mo

~eJIH H ee MO.D;ll:~ 
(I - MO,lteJI:b Kpanne 111 HHK
ca, 2 - MO~nHPOBaHHB.JI 
MO~eJI:b, 3 - ~OIIJIST-MD

~eJI:b, 4, 4a - ~oxa

IIeJI:bHa.JI MO~eJI:b C napaMe

TpaMH IIayJIH, Jie~ep6epre

pa 111 MaAepca,CaaTeuxoro, 

5 - BMIIHpHll:eCROe npR6JIH

XeHHe.) JIO OCR Op~T 
SHeprHJI OTJIOJitSHa B MaB. ' 
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8. 
:<: 
§1 4 

F.! 3 
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m 
II4 II8 I22 126 I30 134 IS8 142 I46 

lJHCJIO Heft'!'poHOB 

HSMepeHH xapaKTepHCTJIIKR sanas~~ero ~eJieHHJI He!TpOHOHS6HTOlJHHX 

HSOTOnOB npOTSKTHHHJI C MaCCOBHMH lJHCJiaMH OT 234 ~0 238. Ha OCHOB8 

II~SHHHX 9RCnepHMSHT~HHx ~aHHHX·6HJIH HS]lleHH.xapaKTSpV.CTKKH. 

6ap:&epoB ~eJieHH.JI psma smep, ~aJieHHHX oT JlliBHl'l (3-cTa6wt&HO~TH, pas

pa6oTaua TeopJIIJI JIBJieHHJI c YlJSTOM BJIHJIHHJI CTPYRTYPH ~yrop6oro 6ap:&-

epa Ha npouecc npoTexamm sanas~aiiflero ~eJieHH.JI. . ... 

l1S]ll8HJ1!8 BaiiaS~amtero ~BneHJIIJI y~TpaHSITpOHO~~THHX H,It8p -

o~a 1113 BOSMOXHOcTel nOJI]lleHHJI cBe~eHRI o 6apbepax ~eJieHH.JI ~oB, 
y~aJieHHHX Ha 15 - 20 HYKHOHOB OT JIHHHH ~ -cTa6wn.HOCTR. TSKHe ~H

HHe nOSBOJIJIT C]~Tb 0 USHHOCTH paSJJ11IliHHX BapHaHTOB MO~enel, OIIHCH~ · 

Ballllll:X npouecc ~eJieHH.JI. IIpHMeHJieMHe no~o~ x HCCJie~oBaHHD 6apbepoB 

~eJieHRJI MaxpD-MHRpOCROIIHlJ8CKRM MSTO~OM OT~aDTCJI CIIOCo6aMR napaM~ 

TpHBaltim cpOpMH H,ItepHOI nOBSPxuOCTH, BH60pOM ROH!tpSTHOI MO~eJm .IlJlJI 

pacll:eTa "rJI~OI" lJaCTH IIOJIHOI SHeprH:R ~. THnOM O~OlJaCTHlJHOrO 
noTelriJ.HaJia, Hcn~ayeMI)ro .IlJlJI pacll:eTa o60Jioll:elJHOI nonpaBRB~ Bee :ea.:. 

pHaHTH. M8TO~a DpJlBOM'l' R CXO~ pesy~TaTaM .IlJlJI smep B6JIHSH ~OJIH
HH ~ -cTa6wn.HocTRI91(cM. pHc.II.). IIoeTOM]-OT~an. npe~Oll:TeHJie R8.
KOI-JIJ116o MO~eJIH, CpaBHHBaJI C TSOpJiel 8RCnepBM8HT~HH8 ~aHHHe 0 H,D;

pax, 6JmsKHX R .mnmJI \3 -cTa6wn.Hocm, saTpy~Te.m.Ho. TeopeTHll:ecRBe 

npe~CRaSaHHJI napaMSTpOB 6ap:&epa ~eJieHHJI HalJHHaDT 3aM8THO OTJIJI!lJaTltCJI 

. ,nJIJI pasma mOB MO~eJiel· c y~aJiemteM oT ~OJDIHH ~ -cTa6:1tJ:'Il>HOcTR. ~o
~e.m. ZHnROI RaiiJIJII B BapJISHTe Malepca JI CBJITenKoro H "~oiiJieT"-Mo~e~ 
~aDT DpOTJIIBOnOJia.Hae TS~SanBH HSMeHeBKK MaKpOCROIIHlJ8CROI-~aCTK 6a.;_ 

p:&e.Pa B saBHcBMocTH ciT nocmma I= (N-2)M • sm pacxOQemm MoryT 

Ha6mm;an.cJI axcneJ?m«eHT~Ho .il;rul JJ;I(ep c N<. 126 z, B pesy~TaTe, Mo

&eT 6Hn. oueHeHa cTenellb npHMeHBMOCTJII MO~eJiel B mapoROM ~anasoae 

HSMSHeHHJI 111SOCIIHHB ~· 
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OCHOBHHE PE3YJI1TATH PAEOTU 

I. Paspa6oTaaa MeTo~ HsyqeHHH ~~en ~ep c ce~eHHBMR.o6paso
BaHHH no KB.HaJJY ~eJieHHH ~0 !0-35 cJl- Ha OCHOBe ~OCTHZeHHH :BHCOIWX. . . 

nHTeHc:HBHOCTeA. nyqxoB. Tsme.mu: ROHOB Ha ItHKJIOTPOHe Y-300, zcnOJIDso
BaHHH HH3Kcxl>OHOBWC MeTO~OB penuiorp~ OCKOJIROB . .i:te.neHHH H M1411IeHeit, 
cnoco6HHX npmmMSTI:. nOTOK.Il HOHO:B ~0 I0!4 ~aCTHU/C. . . 

2. BnepBHe npH o~eH.IlJI 'MmlleHeA 209 Bi ,233 U H 230Th ycK~peHHH
MH UOHaM.Il 

22 Ne. roB • II B Ha6nimail:Hc:r:. ~emmtmecn .npO,DyRTH ~epma: 
· pe~ B MHHYTHOM .ItHanasoHe nepJio~oB nOJJyJ)acn~a. 

3. IIo EsMepeHHHM il>YHKin!RM Bos6~eHHH sutepma pe~ 209Bi + 2~e 
n 230 Th+ 10 • II B SU{pa - HCTO~HHK.Il ocKOJiKOB ~eJieHHH ~eani~O-

. BaHH KaK 
228 Np ( Tr/2 = 60 ± 5 c., 209 Bi c22Ne, 3n)), 

232Am( TI/2 = 84 ± !5 c, 230Th (roB, Bn)), 234Am< TI/2 = 
= 2,6 !: 0,2 MHH., 230 Th<10 B , 6 n ) H 230Th(II B , 7 n ) ). 
4. HsMepeHH MaKCHMaJI:r:.HHe sHa~eHHH ce~em o6pasOBaHHH .~ep no Kaaa
RY ~e~eHHH B pea~: 

. 209Bi c22 Ne , :3n >228 Np, 6"~28 = (4,5 ± 0,8)·!0~34 cJl-

230Th<roB , an >232Am, sJ232 = (2,3!: 0,4)·ro-33 cJl-

230Th<10B , 6rt >234Am. G""t~34· = (5,7 ± o,5)•ro-34 c;? 

. 230Thcii B , 7 n )234Am, o!~~4 = (5,4 !: 0,5) ·Io-34 c;?-

Hs n~eHHOrO 8KcnepnMeHTaJII:.HO COOTHOWBHHH 6.J232 > of234' C~e
~aH BHBO~ 0 HaOn~eHHH HOBOro B~a ~eJieHHH aTOMHOrO ~· 

. 5. Ha~aeMoe HMeHHe HHTepnpeTHpoBaao KaK l!Byxczyne~aTWA npo

~ecc- sanas~~ee ~eJieHHe'c o6pasoBaHHeM Ha nepBol czyneHH no-

Me K -sariaTa, ~o~epHero HJU>a A( Z - I), a aa BTopol c ero ~e.neHH-
eM l'IS B036yx,IteHHOro COCT_OHHHH. ~ 

B OCHOBy ll:HTepnpeT~ 6wm nM<meHH Me.IJYIIItHe 8KCnepJIMeHTaJII:.
HHe ~aHHHe: 

- BCe ~eJIHIIti1IeCH B MHHYTHOM ,ItHanasOHe Bp6M6HH USHH SU{pa B03HHKallT 
B pesy~TaTe _cHHTesa B pea~ HaycxopeHHHx THEe~ HOHax He~eTHo

He~eTHHX ~ep, .ItJU!. KOTOpHX, no CpaBH6HHD C COCe~Mll: HJUlaMH, xapaK-
- . ' ' ' •·· 

Tep~o 60JIDmee SHa~eHHe nMHol aaepr.llll: . ~-pacn~a •.. 60JIDmaa :aeposT<-
HOcT:r:.. sanas~~ero ~e.neHHH n ~o~epHHX ~ep; . 

- nepHO.zn,J nOJJyJ)acn~a Ha~eHHHX OCKMO~HHX aKTJIBHOCTBI ~BUT B, 
1 . . ' • • ' ' •·. 

TOM ~e HHTBpBMe, ~TO JI BOSM~e nepi!O.zn,J no~cna.na HB OCHOBHOrO . 

COCTOHHHH ~eHTJiit>~OBaHHHX sutep HenTyHlUI_ H. aMep~H-~ 

,·. ~ i 
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6. IIoxasaaa POJID sanasmmaDI!ero ~eJieHHH H SM.IICCIIH 3anaS~aDIIi!X Hd~ 

TpOHOB ·B.. III>.P~e.: ~e~B.!i 'B EMIIY~CHHX HeiTpoHHHX noTOKaX 
a~eMeHTOB_C z:;:.roo. YcTaHOBJleHO, 'iTO npH ~OCTlDKHMWC B HaCTOBIIlee 
BpeMH it>nDeHcax'He!TpOHOB·aTOMHH! HOMep 'rpaHCypaHOBHX a~eMBHTOB,npo-

. .IJYKTOB OOnyqeHHH B HB!TpOHHHX'nOTOKax TepMO~epHOrO BSpHBa THEeJIHX 
MHmeHel orp~eH sana·s~~ np~eccaM.H Be~~HHOI <: IOI. 

7 • IlpoaH~3.1lp0BaHa BOSM<mHOCTI:. 8RcnepJIMeHTaJII:.HOrO Ha6Jm.neHH.ff sanas-:
.zn,JBa~ero ~eneH.HH y~orpaHeiTpOHO~eit>HUHTHHX ~ep aKTJIHO~X a~eMeH
TOB c ~.IIMOM N .< !26, » m)Rasaao sHa~eHHe ncMe~oBaHHH am .ff.itep 

.ItJU! paSB.IlTHH COBpeMeHHHX npe~CTaBJieHHi 0 ~eJieH.Illl: THEeJIHX ~ep.• 

8. PaCCMOtpeHa BOSMOXHOCTI:. C.llHTeSa•B MO.IJY~OBaHHHX nOTOKax HeiTpo
HOB B KOC~6CIWX npo~eccax CB6pxTRXe~ TpaHCypaHOBHX a~eMeHTOB · 
( Z-: II4, N - !84) npH H~.ll.ll Ha nyT.H nx CRHTesa o6~acTR oorp~a- • 

TeJII:.HHX aHa~ em B1- B h • 

B IIpMOlt6Hll:H K ,ItHCCepT~ OnJICaHH SKcnep.HMeHTHi nOCBBIIl8HHHB 
R3~6HHID CnOHTaHHOrO ~e~eHH.ff HSOTOnOB TpaHcypaHOBHX 9~BM8HTOB, CRH
T6S.HpyeMHX B pea~HX aa YCROpeHHHX THEeJIHX . .IlOHax·c ECnO~SOBaHEeM 
~KOB BHCOKOI RHT6HClUIHOCTR, 'iTO nosB6Jm.nO HaKOnHTI:. OnHT1 if;806XO,ItH
MHI .wJH. paspa60TK.Il M8TO,IlHK.Il .llS~eHHH HBITpOHO~eit>HUHTHHX ~ep 1 RC
II!:lTI:lBaJCIIl.llX sanas~a~ee ~eJieHHe. K'TaK.IlM SKcnepMMeHTaM OTHOCRTC.ff 
pa60TH no C.llHTesy ~ep KYP~aTOBHH, nayqeHHID pacn~a ESOMepOB it>OPMH 1 

cnOHTaHHoro ~e.neHHn HSOTonoB a~eMeHTa !02. B pesy~TaTe 6~ OnPe
~e.neHH BOSMOlltHHe ll:CTO~IDIK.Il it>OHa, BOSHHRa~e B npo~ecce p:rHC'rp~.ll 
~ep aKT.IlHO~ a~eMeHTOB no .llX OCKMKaM ~e~eHHR, Ha~eHH nyTH yc-

, ' . \ . 

TpaaeHHH B~ it>OHa, npoBepeHH paS~HHe MHmeHJW:e KOHCTPY~.Il, . 
paCC'i.IITaHJW:e Ha BHCOK.Ile HHTeHCHBHOCT'II, npoBe~eHH Rx HCnHTaHHH/II-!3/ 

B npMoxeH.Illl:_TaKEe co~epzaTcH aH~T~ecKHe pemeHHH_~ pa0-

npe~e~eHHH TeMnepaTYP B paS~E'iHHX KOHCTpyxuHHX ~OTpOHHHX 
M.HrneHel npH xapaKTepHHX paz.HMaX pa6oTH ItHKJIOTpoHa MHorosap~ 
:.~oHoB. IIoKasaao, ~To l'Icno~so:BaHHaH B sKcnepMMeHTax no mi~eHEm 
sanas.zn,JBaDI!ero ~e~eHHH M.Hrneliaaa ROHCTpYKUHH o6ecne~HBaeT npoBe~e- 1 

HHe SKCnep.HMeHTOB C BHCOKHMH HHTeHC.IlBHOCTHMRnyqKOB THKe~ .ll~HOB! 
Heo6xo~ '~ .~eHTHit>HKarnrn: ~ep - sanas~aJl!IHX H~aTe~eA/I / 

OcHOBHoe co.nepJmHHe · ,ItHccepT~JI HMOJlteHo B Me.IJYXI!lHX pa6oTax: ' 
r. KysHBUOB B.H •• ~~epoB r.H., CK06eJieB H.K. fumeHHe sanas~~er6 
~e~eHHH aTo~ ~ep. - .IbmJioM Jia OTKpHTHe CCCP .IH60 c rqiHop:>~TeTOM 
OT !2 HJil11ll !97! ro~a. Eil7IJIDT6HI:. "OTKpHTM, E306peTeHHH, npOM!l~eHJW:e 
o6pas~. TOBapHHe sHaM", JM6. ~eRa6p:r:. !975, c.3. ,· 
2. KysHe~OB B.H., CK06eJieB H.K •• ®IepOB r.H. 06Happ;eHHe cnoHTaH- . 

Ho ~eJIBIIleroCH nsoMepa c T1; 2=2,6 MJJH. B H.itepHHx pe~ 
233U + IOB_ n 233U + II5 •· flnepHM it>HSHKa,I966,!, c.99-IOI. 

. 23 



_,) 

' 

3. KysHeuoB B.H., Cxo6aneB H.K., ~~epoB r.H. ·HsyqeHHe CIIOHTaHHO 
.ne.1IRIIIWCc.H npo,nyxToB B smepHHX pe8.KilH.!IX ?~0Th + IOB H 230Th + _ II - . . - .. 

+ B . R.nepHaJI !JlnsHKa, !967, .§,_ c. 2'7!-273. 
4. KysHeuoB B.H.' Cxo6e~eB H.K.' ®IepoB r .H~ GnOHTaHHO .neJJ.liiilRi!C.H 

HeaTpOHO,Z{eqMUHTHUfi HSOTOD HeDT,YHRH C nepHO,Z{OM IIOnypacna,na 
60 cex. R.nepHaJI llJHsHxa; !966, ,1, c. 279-28!. 

5. KysHeuOB B.H., Cxo6aneB H.K., ®IepoB f.H. Hc~e,nOBaHHe !,4-
MHHyTHoro .neJI.Rllleroc.H npo,nyxTa B pe~ 230 Th + IDB ~ 
.ff.nepHaJI qMSHKa, !96'/, .§, c. II36-II37.-

6 ~ KysHeuoB B .H. 3anas.mmannee ,naneHHe ~mep; CHHTesHpyeMllX- Ha 

IIylJKaX TJD!teJIHX HOHOB H B HMIIyJibCHHX Hei!TpOHHI:lX'DOTOKax • 
.ff.nepHaJI lPHSHKa, !979, 3(}, c. 32!-329. 

?~ KysHeuoB B.V.. 0 Bepo.HTHOcTH sanas.mmavmero ,naneHH.H·Hei!TpoHo

.nellJHUHTHHX smep. )ty6Ha, !982. -: 6 c. (IIpenpnHT/06"Le,n. 
HH-T Jmep. HCCRe,n. P-?-82-29). 

a. KysH~uoa. B.V!. 3anas.mmaDI~ee .naneHHe aTOMHHX ~mep. 3'!AH, 
!981, !2, B.6, c. !285-!323. 

9. Lasarev Yu.A., Oga.nessian Yu.Ts., Kuznetsov V.I. Fission 
Probabilities and Barriers of Nuclei with Z <::80 and H< 126 
far off Beta-stability~ Beta-delay_ed fission as a tool 
for their expe~imental determinatio~ • 
.!Jy6Ha, !980. - 36 c. (llpenpHHT/06f.e,n.HH-T ~mep.HccJ!e,n.El-80-1!9). 

IO. • KysHeuoB B .v.! 0 BOSMOJKHOcTH Ha6RIUteH_!UI sanas.mmannero .neRe~rn.H 
YRnTpaHei!TpOHo.nellJHUHTHHX ~mep~ MexnyHapo,nHaJI illKORa-ceMHHap " 
IIO lPHSHKe T.IDKeJIHX HOHOB, C60pHHK aHHOTand, Jl-l-83-!4'7, 
.!Jy6Ha, !983, c. 62. 

II. KysHeuOB B.H., Jl06aHOB t;.B., llepeJIHrHH B.II. Ilepldo,n IIOJlypacrra.na 
!02-ro aReMeHTa C MaCCOBHM qHCROM 254 • .ff.nepHaJI lPHSHKa, !966, ,1, 
c. 456- 46?. 

!2. Jlo6aHoB IO.B., KysHeuoB B.t-f., IlepeJIHrHH. B.II., OraHec.HH Il.U., 
~RepOB r:H. CIIOHTaHHO .nen.HmHi!C.H HSOMep C nepHO,nOM IIOJlypacna,na 
0,9·!0-

3 
cex. RitepHaJI lPHSHKa, !965, ,!, c. 6?- ?I. - · 

!3. ~RepoB r.H., KysHeuoB B.H., Cxo6eReB H.K. 0 CIIOHTaHHOM .neReHHH 
HSOTOIIa 

254
i02. AT. aHeprH.H,!96?, 22, ·c. '494 - 495. · . ·- ·-

!4. KysHenoB B. VI., PycaxoBK'J H.JI. Pacnpe,naneHHe TeMIIepaTypl:l B MHme

HRX, o6RyqaeMllX TmKeJIHMH HOHaMH • .!Jy6Ha, !982. - 7 c. (C!>o6meHHe/ 
06'Le,n. HH-T'Jmep. HC~e,n. P-9-82-!24). 

·PyKorrncb nocT,YDHRa a ns.naTanbcxd oT,narr 

23 WSBpanH !9~ ro,na. 
·<_. 

24 

/ 

l 


