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CoapeMeHHoe COCTORHHe Hccne.aoaaHHA TpaHcypaHOBhlX 

aneMeHTOB 

B HaCTOHII.lee BpeMH HMeIOTCSI AaHHhle o 105 HCKyCCTBeHHO CHHTeaapoBaHHhlX 

H30Tonax 12 TpaacypaHOBhlX sneMeHTOB, Bee OHR llBIIHIOTCll pa.aHoaKTHBHhlMH, qTO 

H o6ycnoBJIHBaeT HX npaKTHqeCKOe OTCYTCTBHe B npupo.ae. 

Hap11.ay c /3 -pacna.aoM .llllll H30TOllOB TpaHcypaHOBhlX sneMel{TOB ( TY3) 

oqeHb cymecTBeHHhl npouecc1,1 a -pacna.aa H CIIOHTdHHoro AeneHHll. BepOHTHOCTb 

CllOHTdHHoro .aeneHHH C yBenHqeHHeM dTOMHoro HOMepa pacTeT 6h!CTpee, 'l:8M se-

pOHTHOCTb a -pacnaAa, 3TO npHBO.llHT K TOMy, qTo BpeMH )KH3HH H30TOilOB ane-

MeHTOB C HaH6onee Bh!COKHMH dTOMHhlMH HOM8pdMH z B II8pHOAH'i8CK08 CHC-

T8Me .n.11. MeHA81188Bd, onpe.aemieTC!l HM8HHO aeycTOlt'iHBOCTblO K CIIOHTaHHOMY 

.aeneHHIO. Haa6onee TH)K01IhlM H30TOllOM, nonyqeHHhIM B HacTOHII.188 Bp8Mll, llBII!l-
260 

eTCll H30TOll xypqaTOBH!l 104 • KOTOphlA 6hln 3aperHCTpapoaaH no OCKOIIKaM crroH-

/1/ 
TaHHoro AeneHHn H HMeeT nepao.a nonypacna.aa oKono 0,3 ceK • rpy6an sKcTpa-

nonHUHH HMeIOII.lHXCH OIIhlTHhlX AaHHhIX U0Kd3h!Bd0T, qTo B o6nacTH 108-ro 3110M0HTa 

-6 
Bp8Mll )KH3Hll uo OTHOlll0HHIO K CUOHTdHHOMy )leneUHIO COCTaBHT ., 10 ceK, a rrpa 

z 
2 

/ A .. 47 ( z -3apHA HApa, A -Maccosoe qacno) mpa 6yAyT coseplllea

HO HeycToltqHBhl no OTHOlll0HHIO K CllOHTdHHOMY AeneHHIO, 3TO HdXOAHTCH B AOCTa

TOqHo xopollleM cornacHH C upeACKasaHHHMH )KIIJlKOKanenbHOJl MOA01IH HApa. 0AHa

KO )KHAKOKauenbHdH MOA01Ib He M0)K0T o6'hHCHHTh XOA H3MOHeHHll uep!IOAOB cnoa

TaHHoro AeneHHH c asMeHeHHeM Maccoaoro qHcna AIIH .aaanoro sneMeHTa, paanH

qHH B nepHOAax CIIOHTanHoro )leneHHll 'l:8THhlX H aeqeTHhIX 11.aep • .Unn IlOHHMaHJUI 

9THX B0CbMa cymecTB0HHhlX 9cpql0KTOB aeo6xo.nHMO Jl0TMhHOe pllCCMOTp8HHe CTpyK

Typhl llApa, yqeT o6onoqeqHhlX acpcpe.KTOB, B COOTB8TCTBHH C 3THM 9KCTpanom1-

/2 3/ 
UHH cpopMyn Allll Mace HAep, yqHTh!BaIOII.lHX o6onoqe'l:Hhle acpcpeKThl ' , IlOKaa1,1-
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BaJOT, 'ITO B o6nacTH 'IHcna HeATpOIIOB N = 184 R z = 126 ne:60 114 6ap&ep 

nnn CilOHTaHHoro neneHHll B03pacTaeT no BenH'IHHhl IlOpllnKa H0CKOnbKHX MaB, T.e. 

TaKoA .>Ke, x:aK, nanpHMep, nnn ll30TOilOB ypaHa. Bo3MO.lKHOCTb nony'leHHSI' TaKHX 

Rnep c IlOMOIUblO CBepxTmKenhlX HOHOB y:lKe o6cy.>KnaeTCSI B nHTepaType. 0.nHaKO 

TO'IHOCTb 8KCTpanonHUHA MaCCOBhlX cpopMyn HeBenHKa. noaToMy npencTaBnHeTCSI 

cymecTBeHHhlM Kax: MO:lKHO 6onee TO'IHOe onpeneneHRe xapaKTepRCTHK pan11oaKTHB-

Horo pacnana ll30TOilOB TY3 C HaR6onee BhlCOX:HMH 3Ha'l0Hl!'.llMH z 

BOIIHT nenaTb 6onee Hal18.lKHhl8 onenx:H CBOACTB H0ll3B8CTHhlX nnep. 

, 'ITO no3-

Oco6hlA HHTepec npencTaBmleT Bbl SICH8Hl!'.e ponH 06ono'le'1HhlX acp<peKTOB KaK 

npe: pacnane lt30TOilOB TY3, TaK H npH HX CHHT830 C IlOMOIUbIO Tll:lK81lblX HOHOB. 

B qacTHOCTH, BblllCHOHRe Bonpoca O TOM, no KaX:HX aHeprHll: B036y.>KnOHHSI coxpaan

lOTCll o6ono'le'IHhl8 acpcpeKThl B COCTaBHhlX llJlpax, BeCbMa cymecTBBHHO nnll CIIHTe

aa C IlOMOIUblO Tll:lK8nblX ROHOB H30TOilOB B rRilOTeTH'IOCX:Oll HOBOll o6nacTK CTa6Rn&-

HOCTII ( z = 126, 114: N = 184). Mo.>KHO, KOH8'1HO, C IIOMOIUblO Tal5n11n Mace 

nono6paTb TSKKe llnpa, llpH cnKllHHK KOTOphlX COCTaBHhlO n.npa 6y.nyT HM8Tb 6nna

KYIO K HynK> aHeprHJO BOa6y.>K)l8HHll npH 8Hepr11H 60MISap.nHpy10mero HOHa, cnerKa 

npeBbIW8K>IUell KynOHOBCKHll 6apb0p, paCC'IHTSHHhlA .nnn' ccpepH'l8CKHX nnep. 0.nHaKo 

.necpopMSI!Hll llAOp B MOMOHT cnHllHHll MO:lKeT peaKO yaenH'IHTb BhlCOTy KynOHOBCKO

ro 6apbepa, 'ITO npHBeAOT K Heo6xonHMOCTH Hcnom,30B8Hllll OOMQap.nHpy!OIUHX Ko

HOB C ·6on&lllell aHeprnell H, COOTB0TCTB8HHo, 3H8'11IT0nbHoll: 3HeprHH BOa6y.>KAeHKll 

COCTaBHoro llApa. 

H acronman pa6oTa nocBnIUeHa onpeneneHHJO xapaKTeDHCTIIK pan11oaKTHBHoro 

pacrra.na H30TOilOB sll:HWTell:HHH, cpepMHH K 102-ro aneM8HTa, a TaK.>Ke BhlHCHe-

HHIO CT0Il0HH BIIHllHllll no.no6onoqKH C N = 152 Kalt Ha CBOll:CTBa pacrra,o_a l!'.30-

TOilOB 102-ro aneMeHTa, TaK H Ha BeponTHOCTb HX o6paaOBB.HHll B peax:nHHX c 
' 

TH.lK8nhlMH HOHaMH. 

Pa6oTa cocTOHT Ha '10Tblpex rnaa. B rrepBoll: rnaBe paccMaTpHBaeTcn c~so

KynHocT& HMOIOIUHXCH .naHHbIX 110 csoACTB8M panHOaKTHSHOro pacna.na H30TOIIOB 

TY3 H M8TOA8M HX CHHTeaa. npHBO.IJ_HTCll )laHHbl no CHCTeMaTHKaM a. -pacna.na, 

CilOHTaHHOro neneHHll, {3 -pacnana, paccMaTpHBaJOTCH OCHOBHble xapaKTepHC-

TRKH STHX npoueccoB, Heo6xonHMb1e i:mn HHTepnpeTanHH nonyqeHHhlX aKcnepHMeH-

TanbHblX naHHbIX. 0TMO'laeTcSI, 'ITO no.no6onO'IKa C N = 152 He rrpencKaablsa-

0TCH npOCTOll: o6onoqeqHoA Monen&ro H HaxonHT CB00 OO~llCHOHHe B o6o6weHHOll: Mo

nenH n.npa Kalt cne.ncTBHe paape.>KeHHH O.IJ_HO'laCTH'IH~X yponHell: HeATpOHOS rrocne 

4 

~-

N = 152 s KoHx:peTHoA o6nacTII ,o_ecpopManaa Rnep. npoBe.neHHhlA aHanaa paa

nR'IHhlX M0TOAOB CHHTeaa IlOKaaan, 'ITO HSHOonee WHpoKHe B03MO:lKHOCTH nnn CHHTe-

aa H30TOilOB TY3 C Bb!COKHMH z .naJOT peaK1tHH C TH:lKenb!Mll HOHaMH, KOTOphle 

o6ecneqaBaJOT yBenH'leHHe aTOMHoro HOMepa nnpa Mlllll0HR cpaay Ha HeCKOnbKO 

8AHHHil. npH paccMOTp0HHH MeTonoB HA0HTHcpHKanHH npo.nyKTOB n.nepHbIX peaKIIRll: 

OTM0'180TCH B03MO:lKHOCTb BilOnHe Hl!.J:10.lKHOro ycTaHOBneHHH z H A H·ccne-

.nyeMblX ll.lJ.0P MeTo.naMH CHSITHH ,cpyHKilHA B036y:lKA0HHH B nepeKpeCTHblX peaKilHSIX 

R perHCTP8IIHH pacrra.na noqepHHX Hnep.· 11MeHHO STHMH M8TOAaMH OhlnH H)l8HTH

cp111111poBaHbl Bee 11ccne.nosaHHbI8 B HaCTOHIUeA pa6oTe H30T0Ilbl. 

MeTOAHKa H3M0f0HHA 

CHHT83 H H3Y'l0HHe CBOllCTB 11:'IOTOIIOB TY3 HBnR8TCll CJlO.lKHOll 8KCil0pRMeH

TanbHOll: aa,o_aqeJl. 11a-aa SblCOKOll: ,o_enHMOCTH C8'18HHll o6paaonaHHll H30TOIIOB C 

-30 -32 ·2 
z =99-102 COCTaBnRIOT 10 -10 CM • CywecTBeHHhle cpOHOBble acp<peKTbl coa.naJOT-

-27 -29 2 
CH llpHM0CHMH Tf I Pb t Bi , Ha KOTOpbIX C C0'l0HH0M }0 -10 'CM 06pa-

ay10TCH paanH'lHhl8 H30TOilbl, co,o_ep:lKaIUHO Hecx:on&KO Hell:TpOHOB CBblWe 060.noqxH 

N = 126 H BC.110ACTBH8 3TOro HM8IOIUH0 nepHO.llhl nonypacna,aa H 3Heprllli a -

qacTHil, 6nH3KHe K TeM, 'ITO na6mo.naJOTCll y H30TOIIOS TY3. TpyJlHOCTH ycyry5-

7 
11.IIIOTCR 6on&woa (no .. 10 a /ceK) a -aKTHBHOCTblO MHWeHell 11'.3 Pu • Am • 

KOTOpble AOn.lKHhl SblA8p.lKHSaTb TeilnOBOe H pa.1J.H811HOHHoe B03A0llCTBH8 ny'IKa 

Tll.lK0nhlx HOHOS C HHT8HCHBHOCTblO B H0Clt0.llblt0 MHKpoaMnep. 

/4 5/ 
MeTOAH'10CX:He paapaOOTKH no nonynpoBOAHHKOBhlM .neTeKTOpaM 1 

, KOHTpomo 

KaqecTna MHWOHeA H3 Pu 
/8/ 

Am , H3MepeHHIO 3HeprHH H HHT0HCHBHOCTJI 

/7/ 
ny'IKOB HOHOB • M0TO.IJ.8M c6opa 

/8/ 
aTOMOS OTJla'IH , 1IpHB0AWH8 It C03.ll81IHIO 

SKcnepHMeHTanbHoll ycTaHOBKH, Ha KOTOpoa 6h!nH nony'leHh! (pH3H'l8CX:He peayn&Ta

Tbl . AaHHOll: pa60Thl, OIIHCb!BaIOTCll BO STOpoll rnaae. 

Onb!Thl npOBOAHnHCb Ha Sh!B0A0HHOM nyqx:e 150-caHTHM8TpOBOrO llllJCJ10TpO

Ha nSIP Ol1Sll1 u BblBe.neHHoM nyqxe 310-caHTHMeTpoBoro n11Kn0Tpona nSIP Ol1Sll1. 

B OCHOBe MeTOAHKH, ananorH'lHOll: paapa6oTaHHOll: B naoopaTOpHH Ilpocpeccopa 

/9/ 
r11opco , neJKHT M8TOA a.ncop6nHH aTOMOB OTJla'IH H3 raaoBoll CTPYH, BhlXOJlll-

wea Ra He6onbllloro oTl5epcTHll B HanonHeHHOM raaoM o6'beMe, r.o;e TOpMoanTCn 

aTOMhl OTna'lH. 

5 



CymecTseHHhlM OTnll'.'111'.eM cxeMhl, npHMeHeHHOll: S HaCTOSIIUeA pa6oTe, OT 

nepsoHa'lanbHO npeAno:lKeHHOA H:BnReTCSI BBe,AeHHe nHpKynRUHH ra3a C Sq>q>eKTHS

HoA CHCTeMOA O'IHCTKH II'. npHM8HeHHe sax:yyMHOA 38 M831CH Ha c6opHHK8X ,AnSI CTa-

6HnH38UHH KOS<pq>HUHeHTa coopa 8TOMOB OTAa'lH. 

CxeMa SKCnepHMeHTanbHoA KaMepbl llOKa3aHa Ha p•c. 1. ny'IOK HOHOS ( 1 ) 

nocne npoxo:lKAeHHSI SXOAHOll: na1tyyMHOll: q>OJihrH OOM6ap,AHpyeT 3apS1.:lKeHHyIO S 

M8AHYIO xacceT;y, oxna>KJ:taeMy!O SOAOll:, MHW8Hh (2). BhlOIITb18 H3 Ml(WeHH aTOMbl 

OTA8'1H TOpM03SITCll B renHH IlpK A8Bll8HHK 0,5 - 1 aTM. noTOIC renKSI CJiy:lKKT He 

TOJihKO AnSI TOpMo:lKeHKSI aTOMOB OTAa'IH, HO H AJISI ra3osoro oxna:lKAeHIUl MKW8HK. 

HanpanneHHOll: CTpyell: ra3a, BblXOAllmell: H3 OTBepcTHll AHaMeTpOM 0,5 MM s 061,e

Me C MKW8Hhl0, aTOMhl OTJ:(a'IH nepeHOCSITCSI Ha c6opHHJI: (3). r,Ae OHi[ al(cop6Kpy:

IOTCSI. nocne onpeJ:(eneHHOro llHJCna HaxonneHll'.SI aToMOB OTAa'lll'. Ha coopHKKe OH 38 

~ 0,1 C0K nosopa'lKB80TCll Ha 90° H ll0ll8A88T no.n 1Cp0MHH0Bhlll: nonepxHOCTHo-6aph

epHhlll: AeTeKTOP (5), peracTpupy10m11ll: a -pacna.n nony11eHHhlX SIA&p. Bcero n 

K8M&pe HM8JIOCb 'l8Thlpe pacnono:lKeHHblX no.11 yrnoM 90° 0.llHH K ApyroMy c6opHH

K8 aTOMOS OT.ll8'1H, yxpenneHHhlX Ha KOHU8X M8XaHH3Ma '18Thlpex3axo.11Horo "Man

THll:CJCOro xpecTa'. 06C'l8T 8KTKBHOCTH C OAHoro c60pHHJCa IIPOSOAll'.IICSI O.llHOBpe-

M0HHO C HaJConneHHeM 8TOMOB OT.ll8'IK Ha ApyroM. A6COIIlOTHOe 3Ha'l0HH0 ICOS<pq>KUH~ 

eHTa coopa aTOMOB OTAa'lll'. 1 pasHoe 50%, ohlno onpe.11eneao no Tb h 9
g , nonyqeH-

HoMy B pea1tnHH Pr 141 ( C 
12 

, 4n ) Tb 
149

g • l13MepeHH0 TOJCa HOHOB ocymeCTBIISl-

/7 / ·-4 ~ 
JIOCh llHllllH.llpOM <t>apaJ:(eSI ' • HaXOASllUBMCSI B o6"beMe C .ll8BJ10HH0M 10 -10 :rop. 

113M0H8HH0 SHeprHH ny'llta HOHOB ocymecTBIISIIIOCh nornOTll'.T8nSIMK 113 8nlOMHHll8BOll: 

q>OnbrH. KOHTPOJib 38 seJIH'lKHOll: SHeprHH ocymecTBn'.SllICSI C llOMOIUhlO nonynposon

HllKOBoro A8T0KTopa. 

11cnonh30B8SWHAC51 .El 01Ih!T8X MHoroMepHh!A aHanH3aTOp peAXHX co6hlTKA C 

BbIBO.aOM HHq>OpManHH Henocpe'ACTS0HHO Ha neHTY Tenerpaq>Horo annapaTa 

ll03BOnll1I 1IpOSO.llllTh Bp0M-ll.MIIlll(TY.aHl,i:f. aHanH3 llMIIyJihCOS o.aaonpeM&HHO C 

.anyx .ll0T01CTOpos. l{l[CJIO a.MllJIHTY.llHblX K8H8110S COCT8BJ1KIIO 400 ,Ami Ka.:iK.aoro 

A0T0KTopa, Bp0M0HHhIX - 32. l13M8pRT8JibHblll: TpaKT .ll.lill OAHOro .11eTeX:Topa CTa-

6HJIH3Hponancll. no Ji:MnynbCaM renepa-ropa cTa 6HnbHoll: aMUJtHTy .llbl, no.aasaeMblM 

Ha sxo.11 npe,o;yc1mHTen51. 11cnonb3oBaHHa51 cxeMa nossonll1Ia o6ecne'IKTb s1,1c0Ky10 

(0,1-0,2%) c-ra6HnhB;OCTh nonO:lK8HHll rpynn a -qacTHn B nony11aeMhlX Cll0X:Tpax 

B T8'18HH8 - 2 cyTOK HenpepblBHOll: pa6oThl. lliHpHHa rpynn a -qacTKll B cneKT'"' 

pax COCT8BJ1S11Ia - 50 KSB. 0Ha onpe.nenRnacb 9HepreTll'l8CKHM pa3peweHR8M H~ 
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llOJib30B8BWHXCSI .ll8T8KTOpOB C 'lYBCTBKT0llbHOA llOB8pXHOCThlO AHaMeTpOM 12 MM. 

<l>oH ycTaHOBICH, CBSl3aHHblll: C sneKTpOMarHHTHhIMH H8BO.llltaMB:, B AHaIIa30H0 SHOp

rna 8-9 Msa He npeBh!wan OAHoro RMnynbCa 3a cyTKH pa6oTbl. 

' 

Pe3ynbT8Tbl OlihlTOB no CHHT83V H H3V'l8HHIO CBOftCT.!!.-H3giono~ 

SftHIIIT8AHHH. cbepMHSI H 102-ro sneMeHTa 

·Onb!T.bl IIO CHHTe3y H H3y'leHHIO CBOACTB ll'.30TOllOB TY3 OlIHChIB8IOTCll B Tp8Tb

ea rnase AHCC8pTanHe:. B STHX onblTax, BblllOJIH8HHblX Ha SbIBe.aeHHbIX nyqxax 

150- n 310-caHTHMeTpOBbIX nHKlIOTpOHOB nHP OMHl-1, perHCTpHponanHCh SHep-

rHH a -qaCTHn, CHHManHCb KpHSb18 pacna,o;a a -H3lIY'laTeneft H q>yHJCUHH B03-

6y:lK/.l8RHSI B peaKitllllX C Tll:lKeJiblMH HOH8MH. B OllbITax no H30TOllaM 102-ro sne

MeHTa per11cTp11posancn Tax:lKe pacnaA AO'lepHRX, ll.nep qiepMHll. B Ka'lecTBe c6op

HHKa .aoqepRHX 51A0p cny:lKHJia 'lYBCTBHTenbHall llOBepxHOCTb nonynpOBO.llHIIICOSOro 

A8TeKTOpa, KyAa AO'l8pHHe ll.npa s6HB8nHCh 38 C'leT OT.lla'IH llpH · a -pacna.ae 

nepBH'lHblX ll.llep B cny'lallx, xorAa 

OT .aeT8KTopa CTopoHy. 

a -q:acTHna BbIJIOTana s npoTHBOllOlIO:lKHYIO 

K MOM8HTy llOCTaHOBKK R8CTOSIIU0A paoOTbl coo6meHK8 O CBOACTB8X a 
2 5 /10/ 

pacna.na Es 
4 

( E a = 7 ~67 MsB ' TY., = 1.2 MHH) HMeJIOCb lIHIIIb B 063ope 

co CCbIJIKOll: Ha Heony6JIHKOBaHHble pe3yJibT8Tbl A. re:opco I[ Apyre:x. Ka K8ll-nH6o 

onpe.neneRHall HHq>OpM8llllll O CBOilCTB8X Es 
247 

B nRTepaType OTCYTCTBOBana, H60 

nepnoHa'laJibRO IIpH~HCaHHan Es 2 '1 a -aKTHBHOCTb C T½ = 7-7,3 MHH ll 

E a= 7,35 Msn 38TeM 6blna OTHOCeHa .It Es 246 
• Kax:He-nHoO KOJIH'leCTBeHHhle 

,AaHHbie 06 OTHOWeRHH nepoHTHOCTea a -pacna.aa H sneKTpOHHOro 3axBaTa 

a/ e. c. Allll H30TOIIOB Es 20, 246 0 247 OTCY'TCTSOBanH. 

J130T0ll Fm248 , CHHT03HpOB8HHblll: S peaJCllHH Pu 240 ( C 12 , 4n) Fm 248 

Ill/ 
B pa60T0 , 6h!n yAo6eH Anll nposepKH MOTO.URKH. 8 cnyqae Fm 249 , HM8JI0Ch 

' /12/ 
60llbW00 pa3JIH'IH8 SHeprHA a -qacTHll IIO pa6oTe - 7,9+0.4 MsB H pa-

/13/ 
6oTe - 7,52!:0,02 Msn. B KOTOpblX STOT H30TOll 6hlJI CHHT83Hp0B8H B peaKUHI[ 

U 238 ( 0 16, Sn) Fm 249 , • Coo6meHH0 0 CBOACTB8X Fm 246 , CHHT83HposaHHoro :S 

peax:nHH U 285 
( 0 16 ,Sn) Fm 246 

HMenoci,. nHWh n pa6oTe
1131• Cne.aeHKll 06 

H30Tone Fm 247 OTCyTCTBOsa.1111. 
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nono11CeHae e H30TonaMH 102-ro aneMeHTa 61,mo Haa6onee Heonpe.neneHHNM. 

B .naeeepT&lHH npHBO,llHTeH Bee .llOBOJlbHO npoTHBOpe'IHBbie .llaHHbie no ll30TOnaM 

102-ro aneMeHTa, nonyqeHHNe K 11aeTOHIUeMy BpeMeHll • 

8 uenoM CBOlteTBa 11:3yqeHHbIX B 11acTOHIUeA pa6oTe H30TOilOB II peaxua11/ B KO

TOphIX OIIH eHHT83HpOBanHeb, npe.neTasneHN B Ta6n:. 1. a I e. C .llml ll30TOnOB altH

WTeltHHH II Fm 247 onpe.nenlimHeb no a -aKTHBHOeTH npo.nyKTOB HX aneKTPOHHoro 
288•· 

3axsaTa. B enyqae 102 a/ e.c. oueHeHo Ha OCHOBBJIHH Toro, 'ITO .nna STOro 1130-

Tona nepn:o.n nonypaena.na, Ha6mo.naeM~A no a -pacna.ny, oxa3anea x:opoqe, qeM 

.nnH qeT11oro H3oTona e Toll :itee aHepr11ea a -qacTHn. 

.Lla1111bie no H30TOnaM 102-ro aneMeHTa, nonyqellHble B HaeTOHIUeA pa6oTe, 

xopowo eornaey10Tell e noene.nHHMJI .naHHhIMH, nony-qeHHblMK B KanHQJOPHKll:eKOM 
',141 

y11asepeHTeTe B CWA npH 60M6ap.n11pOBK8 paanH'lllhIX H30TOnOB KIOpllH 11011a-

MH C 12 • CpaBll8HH8 Beex .llaRHblX noKa3NBaeT TaK.lKe, 'ITO B neDBNX eoaeTeKKX 

/15/ 208 
onbITax no 102-My aneMeHTy Ha6nR>.aanen, Bll.llllMO, He ll30T0ll 102 • a 

- llGll 
H30TOn 102 • 

06ey.lK,ll8Klle pe::!.fJibTaTOB 

qeTBepTaH rnaBa .llHeeepTSllHII noeBaIUeHa o6ey.lK.ll8HHR> non:y-qeHHblX peayn&-

TBTOB. Ha pae. 2. ll306pa.lK8HN nony-qeHHNe B HAeTOHIUeA pa601'e 3HeprHK a -. 
P,aena,lla K30TOllOB 102-ro aneMeHTA B 3aBHeKMOeTK OT '111:ena HeATpOHOB N 

.Llnn aeqeTllbIX 1130'J'.Oll0B, OTMe'!eHRNX eB8TJINMII Kpy.lKKaMK, npaae.nellHble 3Ha-qe

HHSI CTIIOeHTeH K SHepraaM Haa6onee llBTeBeHBHhIX nepexo.noa. Ha 9TOM .lKe pa

cyHKe npe.lleTasneabI IIM8IOIU118ell B aaeTOHIU8e Bp8Mll .llaRHbie no a~eprHHM a -

paena.na 1130TOIIOB cpepMHH a xanacpopHBH. 06pamaeT He ee6a BHHMaHHe TOT q>aKT, 

'ITO exaqox B MOHOTOHHOII: 38BHeHMOCTH 3Hepraa a -paena.na OT Maeeoaoro qaena 

npH N ~ 152 HMeeTCSI .lllIH BC8X Tp8X aneMeBTOB. 3TO YK83bIBaeT Ha T0 1 'ITO no

BH.llHMOMy, pasHoBeeHue ,llecpopMan1111 .llll.11 ll30Tonoa seex Tpex sneMeHTOB B6JIK3II 

N = 152 6naaxa .npyr x .apyry. 

nocx:on&Ky .nna 'leTHO-qeTHfilX asoTonoa Mfil onpe.lleneaao perxeTpaposam1 

a -paena.n B OeHOBHOe eocTOSIHHe, aenon&aya nony'leHHNe sHa'leHKll SHeprKA 
202,254, 256 

a -pacna.na, MhI onpe.nenana Maeeu ll30TOnoa 102 . • KOTOpble MoryT 

6bITb aenon&aoBaHbI .llnll YTO'IH811Hll eymecTByIOu.tHX MaeeOBNX q>OpMyn. 

8 

"\i 
, l 

"'; .· 

' 'i 

'j 

1 
I 

:i 
i 
Ii 
I 
1 

Hawa pe3yn&TaTfil no onpe.neneHHIO eeqeHall: o6pa30BaHHH pa3n11'1HfilX 11s0To

noa 102-ro aneMeHTa e 150 S N ~ 154 y.no6Hbl .nm1 aaanH3a, HMeR>mero nen&IO 

yeTaHoaneHHe eTelleHH BnHHHHSI no.no6onoqx11 e N = 152 aa OTHOWeHae aell:Tpoa-

HOA H .nenHTeJlbHOII: WllpllH rn / r, B peaK!lllllX e TH11CeJINMII IIOHaMH. Bee onbITN 

npoae.neabl HA O.llHOII: yeTaHoaxe B O.llHOTHilHblX H3MepeHHSIX. 3To 06eene'111BaeT 

OTHOCHTen&HyIO TO'lHOeTb onpe.neneBHSI B8Jill'IHH ceqeHHA Be Bll11C8 20-30%, qTo npa

B0.llHT x owa6xe B aenaqaae rn /C, oxono 5-7%. KoHxpeTHble pe3yn&TaTbl npase

neabl B Ta6n. 2. 

/16/ 
B pa6oTe noxaaaao, 'ITO npa eHHTe3e B 0.llHOTHIIHNX peaxnHHX H30TOIIOB 

Tpaacypaaosoro aneueHTa e MaceOBbIMH qaenaMH A 

nyroIUee eOOTHOW8BH8 M811C.llY r n / r f 

( r n / r, ) .. 0 ,8 ( r n fr r ) 
A A+ l 

H A + 1 BblllOJIHHeTCH ene-

( 1) 

3Ta 3aBHeHMOeTb xopowo onpas.nuaaeTeH npH eHHT83e ll30Tonoa, eo.nep.lKa-
. /17/ 

IUHX qacno Hell:TpOHOB N < 152. B pa6oTe _ e.nenaaa IlOilbITKa yqecTb BJillllHRe 

no.no6onoqu N = 152 x nonyqeao iu,i:pa.1Ke11ae .nnH r n / r, , KOTopoe .naeT aa-

nOM B XO,lle H3MeaeHHH rn /rt e '!HenOM HeltTpOIIOB npa 

Hae KMeeT BH.ll 

rn/r, .. 0,31A2/ 8 exp[(E~ -Bn -As+A)/0,51]. 

N = 152. 3TO B!ilpaJKe-

(2) 

E~ - BeKHA .lKH.llKOKall8JlbHblll: 6ap&ep .neneBHH, B n - 3HeprHH eBH3H aeATpO

aa, As -cyMMa o6ono'le'IBblX H napHbIX nonpaBOK K Maece Sl]lpa s oeHOBBOM eoc-

TOSIBHH, napaMeTp A Y'IHTNBA8T qeTHO-HeqeTRN8 acpcpexTN, BBa.ny enO.lKHOCTH 

nonyqeHHSI H301'0Il0B e N > 152 '18TKK8 ,llaHHNe,- ll03B0Jl.HIOIUH0 nposepHTb 8TH 

pae'leTbl, qiaKTll'leexa OTeyTCTBOBAIIH. 

nony'l8HHN8 HAMK SXenepHM8HT8JlbHLl8 3Ha'18HIIS1 rn /rf .llJISI H30TOllOB C 

pa3nll'IBNMK MaecOBNMll 'IIICllaMH o6oaaa-qeHbl xpeeTSMH ( X ) Ha pae. 3. Ha 

9TOM pacyaxe HH11CHH8 XpHBNe, 0603aaqeHBfile HH.ll8KCOM Q.. npose.neabl qepe3 TQq

KH, nonyqeHHue nyT8M paeqeTa B _npe.nnono.lKeaaa, 'ITO xaxae-na6o 06ono'1e'IRNe 
Ill 

acpg:>eKTfil OTcyTeTBylOT H H3MeHeBHe r n /r f llO.ll'lHBSleTCH SaBlleHMOeTH • Kpa-

BNe, 06oaHaqeaaue eooTBeTCTBeHHo HH.lleKeaMH 1,213,4,5, nony-qeafil B npe.nnono-

11CeHHH, qTO o60JIO'l8'1Hbl8 acpcpeKTN npo.HBllHR>TClil npa aenapeBHll 11:3 eoeTSBHOro 
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napa COOTB0TCTB0HHO nKWb oanoro KcnapnIOIUerocSI nocne.o.HKM HellTpOHa, aaTeM 
. /1/ 

,· .o.ayx K Tax .o.anee, a Ha ocTanbHhlX STanax KcnapeHKSI .o.ellCTByeT aaaKCKMOCTb • 

CaMhl0· aepxHK0 KpHB.b10 COOTB0TCTByIOT cnyqaIO BHHSIHKSI no.o.o6ono'IKR N - 152 

Ha BC0X STanax l{CHapOHHSI HeJlTpOHOB Ra COCTBBHOro SI.O.pa. 3_Ha'leHKSI rn /r f 
Y'IHThlBalOIUK0 o6onoqe'{Hhl0 s<p<peJtThl, o.npe.o.emmKCb B. COOTBOTCTBKII C BhlpaJKe

HHeM (2). HopMHpOBKa 11pOH3BO.O.HHaCb 110 B0HK'IHHaM r n /r, COOTB0TCTB0HHO .O.mI 
286 :.d8 , 

K30TOlla 102 B cnyqae peaxnKA C KCIIBpeHKeM '10T.blpex HellTpOHOB H 102 li1 

cnyqae peaK11Kll C HCllapeHKeM IISITK HellTpOHOB. Ha pKc. 3 BH.O.HO, 'ITO 3KC110pK

M0HTanbHhl0 TO'IKR xax .O.HSI peaxnKA C HC11apeHK0M 'I0Thlpex.neATpOHOB, Tag K ,/J;HSI 

peaKnHA C KCllapeHH8M IISITK HeATpOHOB .0.0BOHbHO xopowo cornacyIOTCSI C pac'IeToM, 

xoraa 11pea11onaraeTcS1, 'ITO o6ono'Ie'IHhle acpcpexThl 11poS1Bn.BIOTCH np11 ncnapeHKK Ka 

COCTaBHOro 11.0.pa .o.ayx nocne.o.HKX HellTpOHOB, a Ha OCTanbHhlX STallax HcnapeHHll 

OHK OTCYTCTBYIOT. 0TCIO.O.a cne.o.yeT, 'ITO BHKHHKe no.o.o6ono'IKH c N .. 152 11po11a-

HlleTCSI ao sueprHK soa6yx<.o.eHH.B .. 15 Msn. B STO 3HaqeHKe BXO.O.KT cyMMa SHep

rnA CBll3H .o.ayx H0llTpOHOB, KX KHH8TH'I8CKall SHeprKH K SHeprHK raMMa-KBSRTOB. 

KonH'I0CTB0HHO STOT B.blBO.O. cymecrneHHblM o6pa30M 3BBHCHT OT TOro, KaKKM o6-

pa30M Y'IHThlBBHHCb OOOHO'I0'iHhl8 scpcpeKTbI B paC'l:0THblX 3Ha'leHHlIX rn /r,. He 

HCKHIO'l0HO, 'ITO OHH 11p0.BBHKIOTCll B .o.eAcTBKT0HbHOC'fil Ha Bcex STanax HcnapeHHlI 

HellTPOHOB Ha COCTSBHOrO n.o.pa. Bo BCHKOM cnyqae, H3 axc11epKM8HT8HbH.blX .o.an

, HhlX cixe.o.yeT, 'ITO no xpaanell Mepe Ha O.O.HOM sTane ncnapeHH.H ne.llTpona 

( E* ~ 7 Maa) OHB: npoHBHHIOTC.11. 

B qeTB0pToll rnaae ohm 11p0B0.0.0H TBK.>Ke auanna Benll'IHH xoacpcpH~B:eHT OB 

aanpeTa npn a -pacna.o.e n fog ft npn {3 -pacna.ne CHHT83Kp0BaHHblX H0'10T-, 

HblX H30TOIIOB. OH noxaaan; 'ITO nonyqeHHhle B HaCTOHIUe.il: pa60T0 3Ha'l:0HKSl xopo

wo cornacyIOTCH co cpe.o.HHMH aHa'l0HKSIMH, .o.anaeM.blMB: CKCT0MaTHKo.il:, 

n ony'leHHhlll HaMH Il30M0p Fm 247 m HBHH0TCH BTOphlM· cnyqaeM naoMepa a 

TpaHcypauoaoll: o6nacTH, .O.nH xoToporo Ha6nro.o.aeTcn a -pacna.o.. npnqeM, ecnn 

s 11epnoM cnyqae Am
242

""a -pacna.o. nponcxo.o.HT JtHWb :a 0,48% cnyqaea, To .O.HJI'. 

247m 
Fm cy.o.n 110 B0HK'IKHe ceqeHHfl o6paaoBaHKSl, 

flBHfl0TCfl OCHOBHhlM BK.O.OM pacna,na. 

a -pacna.n, 110-1ur.o.nM0My, 

B Fm 
247 

HM80TCH H8'10THhlll HellTpOH. l-1aoMepnn STOI'O n.o.pa, IlO-BH.O.IIMO

MY, MO.>K0T OhlTb 061,ncHeHa nyTeM paccMoTpeHHH B03MO.>KHhlX COCTOflHHA Heqer-

Horo HeATpoHa, xax STO c.o.enano, nanpnMep, a cnyqae KaOMepon Pu 237 , U 238 

y KOTOphlX II30M0PHH canaana C COCTOflHKHMK H0'18THOI'O 143 HeATpoHa. PacCMOT-
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peune cxeMhl 0.0.HO'IaCTH'lllhlX ypOBHe.il: HHHbCCOHa nnn N > 128 noxaah!Ba0T, 'ITO 
+ + 

147 HeATpOH npn 8 "' 0,25 MO.>K0T HBXO.O.HTbCH nn6o Ha ypoaHe 5/2 , HKOO 13/2 • 

0.o.HO ll3 STKX COCTOHHHA MO.>K8T OblTb OCHOBHhlM B Fm 
247 

, .o.pyroe - H30M0pHhIM, 

Ho noKa .o.a»ce He 11pe,ncTaBnHeTCSI B03MO:lKHhlM ycTaHOBKTb, KaKSH H3 SHeprHll a -

pac11a.o.a KaKOMY COCTOSIHKIO Fm 
247 

COOTB0TCTBYOT. 

B J,i...!LJ2.....l! bl 

B peaynbTaTe npo.O.eJiaHHOll pa6oThl Ha OCH0B0 M0TO.IJ:Il'I0CKHX HCcne.o.oaanHll: 110 

nony11pOBOAHHKOBhlM .o.erexTopaM, M0TO.O.aM c6opa aTOMOB OT.O.a'IH B 11.nepHblX peax

llHflX, oco6eHHOCTSIM K3M8peHKH KHT0HCHBHOCTH H aHeprHH ny'IKOB TH.>K0HhlX HOHOB 

coa,nana ycTaHoaxa, noaaonnroman perncTpnposaTb a -paena.o. npo.o.yxTOB n.nep

HhlX peaxnna co apeM8H0M .lKK3HH OT ,neCHThlX ,nonea ceKyH,nhl H BbIWe. C IIOMOIUblO 

STOA ycTaHOBKK: 

1. CHHT03HPOBaHhl IIHTb H30TOIIOB 102-ro 3./10M0HTa C MaCCOBhlMil 'IIlCHaMH 252, 

253, 254, 255, 258. nonyqeHHhle .O.aHHhle .o.aIOT IIOHHhl0 n .O.OCTOl'lepHhl0 cae.o.eHKSI 

110 caoAcTBaM 102-ro sneMeHTa. 

2. noxaaano, qTO no.o.o6onoqxa c N = 152 qeTKO npolIBHH9TCfl B SHeprHHX 

a -pac11a.na uaoTonoa 102-ro sneMeHTa. -·3. Ha OCHOBSHHH aHanKaa aenK'IKH rn ;r, . IIOHy'l:8HHblX K3 B0HH'IHH ceqeHHll 06-

paaoBa.HllH K30TOIIOB 102-ro sneMeHTa B weCTH lI.0.0pHhlX peaxnKSIX C HOHaMH KHCno-

po.o.a noxaaan,o. 'ITO BJIKHHHe 110,no6ono'1KH c N = 152 npOHBHH0TCH .o.o_sHeprHH 

soa6y.>K.0.0HKSI COC'l'aBHoro H.o.pa ~ 7 MsB. 

4. npoae.o.eHO '18TK00 paa.o.eneHHe CBOACTB naoTOllOB 
Es 247 n Es246 

5. l-1aMepeH.bl OTHOW0HKH aepoHTHOCTell: a -pacna.o.a H snexTpOHHoro aax-

BaTa .0../ISI Es 246 , Es 248 • Es247 

8 •. nony'IeH HOBhlll H30TOll 

7. noxaaano, 'ITO y Fm
247 

npoHcxo.O.HT a -pacrra.o.. 

Fm247 

cylUeCTBY0T Il30M0pHOe COCTOflHKe, H3 KOTOporo 

/4-8 18-22/ 
MaTepHanbl .O.HCcepTBIIKH B OCHOBHOM ony6nHKOBaHhl B pa6oTax • • 
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Ta6nH11a 

----------i-----------------.-------------.-----------. ----------
H30TOn : PeaKn11S1 : Ea I Maa : T K ! a/ e .c. 

Es245 ;U.238(NI4, ?ti. ) ;?,?o±0,03 • + + ;r,33-0,I5Hdl: o,2cµo,05 

:U.235(111\ 4n-} 

Et''6 ;u_238( ['II~ 6 11..) . + 
7,?±0,5MHH: 0,!:r±0,02 :?,33-0,03 

: . 
E ~47 =u.. 238( NI4 5rt.) s • :7.,33±0,os : 5,o±o,3 MHH: ~0,07 

F~46 ;_p/39ccr2 ,5 n.. ) =8,25±0,os : 1,6±0,4 ceK: 

• ( 12 ) 
:?,8?±0,05~70%: 35± 4 ceK: h2473"'"m:~239C ,4n.. ~I · 237 
7193±0105 ~30%: 111 :.rJe ,~r5 I 51-i, l 

I : + : + Fm 247111 •• ~,: ft 239ccI2 ,4n..) :8,18-0,03 : 9,2-2,3ceK 

F~4s : A., 240(cI2 ,41-1.,) • + : ~ 85 ceK :?,85-0,08 

:JJp237cr/.5 , 4 11..) 

F~49 : Pu 242ccI2 , 511-) • + 
l7,52-0,03 : ,._, 2,5 MHH 

102252 : pL,1-239(oI8 ,5h.) ;8,4:r±0,o3 
• + : 4,5-I,5ceK 

; P1.<. 239,018 ,411-) 
i 

102253 • + I 95±10 ceK • ~ I :8,0I-0,03 

~ B., 242,016 ,5n.) 
, . 

102254 : Ai,/43cr.J15 ,4h-) .8,I:r±0,03 
. 

75±15ceK : 
; fi..-242, 016141'\.) 

102255 : .PL(. 242,01a ,s tt.) • + :8,0~0,08 : I8o±40ceK 

102256 ~ R/42,orn,411-) • + : 
¢3 ceK :8,42-0,08 : 
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Ta6n2na 2 

• 2 • PeaxnHst NU CM : E max na6. : max• 
• Mas : . 

P~242,0r8,4n)ro2256 ~ 2,3·10-32 ; 88 

. 
p~242,oI6,4h)Io2254: a,4.ro-32 : 89 . . . 
R 239,0m ,4n)ro2253 : 5,r.ro-32: 90 

IA.. • 

Pu242,0r8,sn.)Io2255 : 8,8.ro-32~ . 96 

Pu 242(oI6 ,Stt.)I02253 ; 4,4.ro-32 : 96 . . . : . 
Pu 239(0rn ,sn)ro2252 ~ I,6.ro-32 ; % . 

14 

,;. 

! E*, MsB . rD/1 f • . . . 
-2 . . 4I,7 . 4,0.IO . . . . 

: . . 
4,s.ro-2 . 43,6 . . . 

. : 
4,2.ro-2 . 42,9 . 

: 

49,7 6,9.ro-2 . . -. . 50,6 
. 

5,5.Io-2 . . . . . . 
. 48,9 4,5.ro-2 I IC. 1. CxeMa 3KCll8pHM8HTanbHoA ycTaHOBKH. 1 - nyqoK HOHOB, 2 - xacceTa C 

MHW8Hbl0, 3 - i6opHHK aTOMOB OTAaqu, KOTOphlA nepHOAHqecxH IlOBOpa

quaaeTCH Ha 90 , 4 - IlOABH}KHh!A axpau, BBOAHMhlll AHCTaHO:HOHHO Me}K

AY c6opHIIKOM II nonynpoBOAHHKOBhIM A8TeKTOpOM (5) Ha BpeMH perucr-

PBllHII a -pacnaAa AOqepHHX HAep, 6 - Tpy6xa AHH IlOAaq11 ren11H IlOA 

AaBneHHeM 0,5-1 aTM. a o6'beM c MHWeHbIO, 7 - O:IIHHHAP <t>apaAeH, 

8 - Tpy6onpOBOA AHH OTKaqKH renHH, BhIXOAHlUero H3 OTBepCTHH AHaMer

poM 0,5 MM B o6'beMe c MHWeHblO. LlaaneHue renuH B o6nacTH pacnono

}K8HHH nonynpOBOAHHKOBhIX A8T8KTOpOB COCT8.BilH0T 1-3 Top. 
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Pac. 2. 3rurncHMOCTh 9HeprHH a -pacna,!la H30TOllOB Cf • Fm H 102-ro 9ne-
M9HTa OT qacna H98TpOHOB N. 3aaqeHHH .!lllH HeqeTHbIX H30TOllOB, o6oa

HaqeHHI,I9 CB9Tllb!MH Kpy)KK8MH, OTHOCHTCH K HaH6 o:nee HHT9HCHBHbIM 

nepexo,!laM. 
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Ps:c. 3. Cpe,llHHe 0THOW8HHSI HelTpOHHOa H .nenHT0nLHOI WHpe:H B 3llBIICHMOCTH 

OT Maccosoro 'IHCJI8 H30T0IlOB 102-ro 3JI0M0HTa, CHHT03HpOBB.HHbJX npH 

o6ny'l8HHH H30~0Il0B nnyTOHHSI H0HaMH KHC1IOpona B peaKOHRX C acnape
BH8M lf0T&Ipex He.lTPOHOB (cneBa) II 1151TH HeA:TpOHOB (cnpB.Ba). KpeCTbl 
(x) - 3Kcrrepe:MeHT&nbHbl0 3H8"10BHR. KpllBhle, o603BaqeBHble HH.tle1tca

MII 0,1,2,3.4,5, nonrrnahl nyTeM pacqeTa B npennono.>KeHHe:, 'ITO 3q:KPeK
TbI, CBH3B.BHhie C no.a.o6onoqKOA N "" 152, COOTBeTcTBeHHO OTCYTCTBY

IOT B COCTaBHOM SIJJ,pe, npOSIBJISIIOTCSI npll 11cnapeHHH H3 COCTB.BHoro st.npa 

oJJ,aoro ncnap.suowerocg nocne.nae:M aea:Tpoaa, aaTeM .a:ayx e: T • .n. 

17 




