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B ttacTOHlll,ee BpeM5I Ha116o~ee nepcrreKTHBHbIM MeTOJI.OM CHH~ 
Te3a HQ_Bb!X rpattcypaHOBb!X 3JieMeHTOB 5IJ?JI5IIOTCH peaKU:HH o6Jiy
l!eHH5I T5I)KeJibIX H;U.ep MHor63ap5IJI.Hb!MII 110HaMH - II0~aMII yrne
po.ua, a30Ta, KHCJiopo.ua. MolliHO HaIT0MHHTb, HanpHMep, l!TO: 
c1rnre3 102 3JieMeHTa . ocymecTBJI5IJIC5I HM.eHHO TaKHM MeTOJI,OM: 
B ohbITax <PJiepoBa H .upyrnx [l, 2] npoH3BOJI.HJIO_Cb o6JiyIIeHHe 
Pu241 HOHaMH 0 16, B 3KcnepIIMeHTax rpynnbI fuopco H CII6opi:a 
[3] o6JiyIIaJICH Crn246 HOJ.IaMH C12• OTCIOJI.a. BIT0JIHe TIOH5ITeH HHTe~. 

"-

'pee K H3yl!eHHIO peaKU:HH TIO.II. .ueiicTBHeM' MHOf03ap5IJI.HbIX HOH0!3. . 
O.nttaKo 113y\iett11e raKHX peaKU:IIii HHTepectto He T0JibKo .UJIH. 

npoBeJI,eHH5l 3KcnepuMeHTOB ITO CHHTe3y H0BbIX 5IJI,ep .. J1HTepec K 
H3ytieHHIO · HJI.epHbIX. npeBpamett11ii. rroJI, JI,eiicTBf!eM MHoro3a pHJI.HbIX 
HOHOB orrpeJI.eJI5IeTCH eme H TeM, _l!TO B 3TOM CJiyllae MO~HO rroJiy-

. l!aTb. 5IJI,pa C. 60JibllIHMH 3HeprII5!MH B036ylliJI,eHH5I 11 3Hal!HTeJib-
HhlMH MoMeHraMk KOJIHIIecrBa JI.BttllieHHH. B IIacfttocnr, npH 06.try
IIeHHH ·THllieJii,1x· HJI.ep HOHaMtt,C, N n O .c 3Heprneii 6,5 M3B Ha 
OJI.UH HYKJIOH 06pa3y10rrn · 5i:JI.pa c 3Heprneii rios6ylliJI.eHHH E* JI.O 
55 M3B n M0MeHTOM KoJittIIecnia JI.BHllieHnH hj =45 h. CJieJI.yer 
OTMeTHTh, l!TO' noJiyIIemrn 5IJI,ep B TIOJI,06Hb!X COCT05IHI:15IX B peaK-, ' 

' u:irnx TIOJI, ,neiicr'BHeM 3Heprlll!HhiX JierKHX l!aCTHU: (n, p,·.d H .H0H0B. 
H~4) OKa3bIBaeTC5I MeHee,Bep05ITHb!M l:13-3a' npou:ecca. KaCKaJI,HOfO 
BbI6HBamui-HyKJIOHOB, ynoc5I~Hx saMernyio JI.OJIIO 3Hepnrn B03· 
6X:,KJI,eHH5I 'H. M0MeHTq_cKO_JIHl!eCTBa JJ:BHllieHI:15!, BHOCHMb!X . B 51,npo 
6oM6apJI.HPYIOIUeii qacnru:eu:.- . 

· B iiaCTOHlll,eH pa6ore- 6b!JIH rrpeJI,npHH5ITbl HCCJieJI,oBaHI:15! Hee 
J{OT0pb!X '5IJI.epHblX peaKU:l:IH, HMeIOlll,HX MeCTO npn _06Jiyl!eHI:IH T5I
')i{eJibIX • 5IJI,ep MHOf03apH.IT,HblMI:1 HOHal\rn: J.13yqaJII:1Cb rJiaBHbIM 

.• o6pa30M peaKU:HH ncrrycKaHH5I HeiiTpOHOB. OciiOBHb!MH i3orrpoca-·: 
. MH, Ha KOTOphie ,ll.OJilliHbl 6b!JIH JI,aTb OTBeT, 3TH HCCJieJI,OBaHI:15!, 
Ob!JIH BOITpOcbl: KaK rrporeKaIOT' peaKU:HH ncrrycKaHI:15! neiirpoHoB; 
KaK II3MeHHIOTC5I cel!eHHH ,3Tl:IX peaKU:l:IH ITO Mepe yBeJII:llleHI:15! z 
H 'H3MeHeHI:IH A CHHTesiipye~w'ro 5IJI,pa, Ka_Kl:le oco6eHHOCTH MoryT 
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Bbl3bIBaTb 6oJibUiaH 3Hepnrn B036yJK,a.euirn H _60JibllIOH M0MeHT r 

KOJIHIIeCTBac J1.BHJKeHH51, xapaKTepHble JJ.JI51 peaKUHH II0JJ. JI.eHCTBHeM 
T512KeJib!X qacTHU. , ·. . . 

." HaMH 011pe.rr.eJIHJI11cb ceIIett1151 peaKUHH ucrrycKamrn 4-x, 5-iu 
u 6-Tu ·HeiiTpOHOB B 3aB11cuMocTu OT .9Hepruu 60M6ap.rr.iipy10r.uux 
qacrnu. IToJiyIIeHHb!e pe3yJibTaTbl . 6b!JIII npoaHaJil!31!poaaHbl C · 
T0IIKH 3peH11H, _oueHKH yqacTuH_ .ll.BYX ·npoueccoB: npouecca uc11a
peHnH HeiiTpOHOB lI .rr.eJieHlI51 - B pa3p5IJI.Ke B036yJKJI.eHHOro ·C0-
cfaBHOro HJI.pa. J1qWJI.51 U3 .9KCnepnMeHTaJibHb!X .rr.aHHb!X, Haxo
.rr.n.i10cb JI.JIH pa3JIHIIHb!X H.rr.ep OT1:I0UieHne BepoHTHocieii .9T1;IX JI.Byx 
K0HKypnpyIOLUHX. rrpoueccoB, K0T0poe 5IBJl5IeTC51 0JI.HHM 113 0CH0B· 
Hb!X cpaKrnpoB, 011pe.rr.emi10r.uux · ceIIeH11e peaKuuii ucrrapeHUH 
HeihpoHoB. · . ·,. , . · .. · · · ' ,. · · : 

,UJIH KaIIecTB~HHoii npOBepKH rroJiyIIeHHb!X pe3yJibTaTOB 6b1Jiu 
·llCII0J!b30BaHbl .rr.aH,Hble 110 .rr.eJieHl!lO THJKe_Jlb!X HJI.ep MH0f03ap5IJI.· 

· Hb!MII· IIaCTHUaMH. C .9TDH ueJihIO 6b!JIH HCCJie.rr.oBaHbl pac11pe.rr.e
JieHl!H ,0CK0JIK0B .rr.eJieH1!51 110 MaccaM. J,faBeCTHO;'IITO B11,11, cneKTpa 
Mace 0CK0JIK0B 3aBUCHT OT '3HeprnH B036yM,ueHH51 .rr.eJIHrtierocH 
HJI.pa. B 11pouecce 11ocJ1eJI.0BaTeJibHoro 11cnycKaHHH HeiiTpoHoB 11::i 

. cocTamioro HJI.pa · .9HeprnH B036yJK.rr.emrn HJJ.eP CHmKaeTCH. ITo.9TO
.MY pacnpeJJ.eJieHue ocKOJIK0B JJ.eJieHHH no MaccaM 6yJJ.eT pa3JIH',1·. 
Hb!M. B 3aBHCl!M0CTII· OT Toro, Ha KqK0M .9Tane 11pouecca 11c11ycKa- •, 
HH51 HeiiTpOHOB 11po11cxoJ.1,HT J.1,eJieH11e 5IJJ.pa, a .9T0, B CB9l0 ·OIIe
peJ.1,b, onpeJ.1,eJIHeTCH CO0THOUieHl!eM MeJKJJ.Y, rn/r1 ,ttJl51 pa3Jil!l!Hb!X 
5IJ.1,ep., B pa6oTe 6b!JIIUiCCJ1eJ.1,0Bairn' pacnpe,ueJieHl!51 0CK0JIK0B .rr.e
JieHl!51 rro MaccaM, 06pa3y10r.u11xcR npH. o6JiyIIeHHU Au1.97 11 0 238 
H0HaMH. N14. B. nepB0M CJ!j,'IIae, 110 cyµ.i.ecTBy, HayqaJIOCb JI,eJieHHe . 
cpaBHHTeJibHO ycTOHlIUB.blX 5IJ.1,ep Rn (Au +N ➔ Rn), T0rJ.1,a KaK l 

Bo BTopoM_;,JJ.eJieHHe KpaiiHe HecTa6uJibHblX HJl,ep Es (0 + N-+ Es). 
· . : CJieJJ.yeT ()TMeTHTb, IITO H3ytjeH11e crreKTpa !\lace . ocKoJIKo~ · 
,11,eJiem1~ Rn II Es ,npeJJ.cTaBJJRer H caMocro5iTeJJbHblH•HHTepe_c. : . 

. ' . ' ;, \_ -, ' .• -

PeaKQlfH HCrrapettHSI HeihpOHOB rrpu B3aHM0,11,ettCTBHH 
· l\1ttoroaapH,u.ttb1x uouoa ·c TH}KCJibIMii · n,11,paMH · : , ·. 

' MeTOJ.l,HK~ H3yIIeHll51 ;peaKUUH ncrr,ap.eHHi. Heihpo~~-B ~ocTb~;a 
. B CJJeJJ.YIOLUeM' .. IT pOH3B0,llJIJIOCb' o6JJyIIeirne . TOHKHX .. MHI1Ieireti 
Th232, , o::as,. 0 238 H Pu2!,1 -n0TOKOM. MOH0.9HepreTHIIeCKHX H0HOB '.• 
+4C12,' +4C13 H +50 16, ycKopeHHb!X Ha: 150~(:aHTHMeTpOBOM 'UHKJI01 

TpoHe AH CCGP. ITpH .9TOM 11cnoJib30BaJiocb·JI.Ba=B?PHaHTa·o6JJy
qeHHH. B nepBOM BapHaHTe. IIaCTl!Ubl ·60M6apJ.1,HpOBaJ111 MHUieHb; 
COCTOHLUYIO 113 TOHKOH OCHOBbl H CJI051 o6JiyIIaeMOfO Ber.uecn~a, co 
crnpoHbl no.rr.JioJKKH. B .9TOM cJiyIIae npoJI.YKThl pea1mm1, 06pa3y10-
r.uuec51 c ·.rr.ocTaTOIIHo. 6oJihUIHM m,myJibCOM, BbJ6HBcJ,JIHCb H3 ·Toi-I·-.· 
KOfO CJI051 Ber.uecTBa' H riorraJ.1,aJIH Ha c6opHllK; Bo ·BTOpOM BapH
aHTe 6oM6apJJ.IipyIOLUHe. H0Hhl ttanpaBJ15IJIHCb Heno~peJI.CTBeH~_o Ha 
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o6JiyII'aeMoe Beiu,ecrBo, TaK 11To ripo.rr.yKTbl pea~uu~ :'lail,ep)l{ItBa-
. JIHCb B caMOM Ber.uecTBe· II B IIOJI.J!OlKKe MHUiemi. . ' 
. ITocJie o6JiyIIeHH~ MIIUieHb HJIH c6opHI~K c npo.rr.yKTaMH peaK~ · 
wm.110.rr.BepraJIHCb XHMriIIeCKOH o6pa6oTKe, Ha3Hal!e!{He KOTOPOH. 
6b1JI0_ BbJJJ.eJIHTb npo.rr.yKTbI nccJie.rr.yeMbIX HJI.ep·m~1x peaJ(UHii. Xu- · 

, MIIIIeCKaH_npoue.rr.ypa BKJIIOIIaJia B ce651 onepaUIIll paCTBOpeHH51, 
ocaJK.rr.eHHH· II xpoMaTorpaqrnIIecKoro aHaJin3a. • ·. •· · . - · · · 
. ,UaJibHeihna·SI HJJ.eHTHq>HI<aUIIH npo.rr.yKT~B p·eaKuJti 110 MaCCO~ 

BOMY IIHCJIY npoH3BOJI.HJiacb '. Ha ocHOBaHHII II3MepeHuii nepII0JJ:a 
noJiypacna.rr.a II ?HepruH ucnycKaeMhlX~a-IIacrnu. ,UJIH II3MepeHIIH 

. .9Heprnu a-IIaCTHU IICl10Jib30BaJI·acb. HOH~3aUHOHHa51 KaMepa c. 
ccpepIIIIeCKHM ., .9JleKTIJOJI.OM. J1MriyJihCbl c, HOHII3aUHOHHOH .KaMepbl 

jl10CJ!e ycIIJieHiiH ITOJI.aBaJIHCb Ha 50-TH KaHaJ!bHblH aMTIJIIITYJI.Hb!H 
aHaJIH3aTOp. . . ., ,• ' 

··· .. Do IIHTeHCIIBHocrn. cIIeTa a-tiacTmi 6u.eHHBaJiocb :ceIIeHHe co-
. OTBeTcTByIOr.ueii' peaKUHII. ,UOJI51 HJ.1,ep, BbI6HBaeMblX ,II3 MHUieHH, 

He06XOJ.l,HMa51 )I.JI~ pacIIeT_a CeIIeHl!51 B CJiyIIae 11epBOf0 BapuaHTa 
· o6JJyIIeHmr, onpe.rr.eJIHJiac;h> Ha ·omoaaHHH · pe3yJibTaTOB crr.euuaJib· 
'1,Ib!X .9KcpepHMeHTOB, B K9T0pb!X H3yIIaJIHCb npo6ern .np0JJ.YKTOB 
pa3Jill'IHhlX HJJ.epHblX peaKUIIH. · ·, 
. . ITpII pa3JIHIIHOH .9Heprmr 60M6ap.rr.n:py1011iII~ l!aCTHU .6b!JIII II3Me~ 
peHbl ceIIeHII51 JI.JJ51 C-?eJI.ylOLUIIX peaKUHH; . 

I. Th232 (C12; 4n) cm2_4o. . 
2. Th232 (C13,- Sn) Cm240• ~ / 
3; O2as(ci2, 4n)Cf246. ~ 
4_·O2as(ci2, Sn)Cf24s . 

. 5. O2as ( cia, Sn) Cf 246. 
6. u2~s (C1a, 6n) cf24s. · 

, 7. O2-as (cia, 4n) cfm. 
8 . .Th2a2 (016, 4n) Cf244. 
9. Pu241 (cia, 4n) Fm2so. 

10. O2as(Ql6; 4n)Fm2.so. 
-1 L U:283 (01\ a4n) Cf24~. 

: . Biri' cpyiIK.UIIH B036y}I{JI.eH~51 peaKUIIH ncnycKa~H51 4-x, 5-TH H 
6°TII. Heii.TpOHQB II0Ka3b!BaeT; lITO 3TH peaKUHH o6ycJJOBJ!eHbl Me-

. xaHII3MOM_ 'ircnapeHIIH. CeIIeHIIH pacTyT no Mepe 1 ·ao3pactaHirn 
.9Heprnu Ha.rr. noporoM peaKu11ii;· JJ:oc-rnraIOT. MaKc11~1yMa II 3aTeM 
.rr.o,craTOlJH0 ,.6bICTpo na.rr.aIOT; -I1oJiyUIHpIIHa KpHBb!X COCTaBJIHeT 
.8-11 M.9B, IITO_cormi~yer_c51 C' BeJIHIIHHoii, OJKIIJJ:aeMoif II3,MoiI,em1 
HC11apei-m51. . . 

HaII60J1ee -Bep05ITHbIM MeXaHH3MOM peaKUIIII (016, a4n) 51B
. JIHeTCH pa31;3aJ1 60M6ap.rr.IIpy10ll(eiL iiacnni,h1 0 16.; C12+_He4 c no-· 
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c.rie,Uy!OII..UIM 3ax:BaTOM 6oJiee T5I)KeJioro OCTaTKa C:12 H ucnap~ItileM. 
H3 o6pa30BaBrnerorn TaKHM o6pa30M H,Upa 4-x HeiiTpOHOB .. B 

. noJih3Y TaKoro 3aKJIJO'leHHH rosopuf, . HanpuMep, xo,u cpyHKUHH 

B036yiK,uemrn,peaKUHH npH 60Jibll1HX_3HepJHHX 60M6ap,uupy!01UHX 

qacrnu (HeT cna.n:a c pocToM :rneprirn). . · . 
.B Ta6JIHUe 1 npe,ucTaBJieHbl OCHOBHhle pe3yJihTa1:hl, noJI'ytieH

Hhie npH/H3ytieHHH. peaKUHll ucnapeHHH HeiiTpOHOB. B Ta6JIHUe. 

npHBOJJ.HTCH MaKCHl\1aJibHhie 3f!atieHHH ceIIeHuiLpeaKUHii ucnape
-.HHH 4°X, 5-TH H 6-TH HeiiTpOiIOB ( O'm~x ) , Bblpa)KeHHhle B CM 2, H 

3Heprmr 60M6ap,uupy101UHX tiaCTHU .B M3B, OTBetiaIO·Ill.aH MaKCH-
MYMY cetJeHHH peaKUHH . (Emax ) • . • . . 

B cJiytiae T5I)Ke'JibIX H,Uep cetieHHH peaKUHll ucnycKaHHH HeiiT-

. pOHOB 3aBIICIIT rnaBHblM o6pa30M OT OTHOilleHIIH f nfff, r,ue r n II 
rf - napunaJibHhie IllIIpHHbI ypoBHH B036y)K,n:eHHOfO 51,Upa· no OT
HOilleHH!O K HcnycKaHHIO HeiiTpoHa H ,ne.rreHHIO. yfa conoCTqBJieHHH . 

noJiyiieHHhIX. ceiieHuii _c· cetieHIIHMH ,ueJieHHH TH)KeJihrX H,uep noJJ, 

,ueiiCTBHeM MHOf03apH,nHhIX tiaCTliU[4] BH,ll,HO; 'ITO ',uJIH,.-H,Uep Cm, 
Cf H Fm BepOHTHOCTb He no,useprHyThCH JJ,eJieHHIO B npouecce 
nocJieJJ.OBaTeJibHoro ucirapeHHH IieiiTJ)OHOB H3 .cocTaBHOro H.ripa B ·· · 

103- 105 pa3 .MeHbille BepoHTHOCTH ncnhITaTh ,n:eJieHHe. 3Ta Bepo-
~ . I . . • . . 

_HTHOCTb YM.eHbillaeTCH no Mepe yseJIH'leHHH z COCTaBHOro 5!,Upa •. 

KaK BHJJ.Ho H3 Ta6JIHUhI 1,- cetiemie, Hanp1IMep, rieam.1,nn ncrra
peHHH 4cx HeiiTpOHOB npH o6JiytieHHII pa3JIII'!HhlX 51,Uep HOHaMH 

yrnepo,ua naJJ,aeT 60.iree tieM B 10 pa·3 1:'PH nepexo,ue 01: 
Cm244 (Th232 + C12) K Fm254 (Pu241 + C13). AHaJI_orntIHaH 3aKoHo

MepHoCTh Ha6JIIO,UaeTCH . H JI.JI~ peaKUHH' ucnapeHHH 5-TH Heii-
TJ)OHOB; • 

0JJ.HaKo cetiettue pe?KUH~ IIcnapeHHH HeiiTpoHOB 3aBHCHT He 
TOJlbKO OT z COCTaBHoro 5!,Upa; BJIIIHHHe Maccosoro tIHCJia A .5!,ll,pa 

npH (pHKCHpCJBa'HHOM Z MO)KHO . BHJJ,eTb . Ha npHMepe ·. peaI<UHH 
ncrra peHH.5! 5-TH. HeiiTpOHOB. rrpII o6JiytieHim. U~38 HOHaMH. pa3JIH1f; 

Hb!X' H30TOfIOB yr ~epon,a: 0 2 . H. C13 •. B 3TqM CJiyqae 60JibIIIee ce
lJeHHe Ha6JIIOt(aeTC,5I .AJIH 6oJie_e · TH)KeJl{)fO COCTaBHoro .5!,ll,pa 
Cf~51 (U238+ C13), 6oJiee ycroiitinsoro no OTHOilleHHIO :K JJ,eJieHHIO. : 

3,uecb Mb! He OCTami.BJilIBaeMCH Ha BJIHHHm1· ,upyrnx cpaKTOJ)OB, .· 

•,TaKnx . KaK, HarrpnMep,· seJiuiinHa KyJioHoBcKoro 6aphepa, ytieT 
KOTopb1x rrpu oueHKe cetieHnH pealm.nii rro,uJJ,ae'-rcH · tIHCJieHHOMY 
:pactieTy. · ... · . · . · ·. · · · ·· •· 

~- Dpu'se,n:eHHhie BhIIlle rrpuMepbI HJIJIIOCTpupyroT JIIIIllb ·KattecT

BeHHO' 3aKOHOMepHOCTII H3MeHeHH5I f n/f f B 3aBHCHMOCTH. OT Z II A 
cocTasiioro n.rm c1rnTe3npyeMoro HJJ.pa. HaMII 6i,1.110 rrpe,nrrpnHHTO 

. 'H 6oJiee JJ,eTaJibHOe Bh!HBJieHIIe 3THX 3aKOHOMepHOCTeii. nm1 ~TOfO 
3KcrrepnMeHTaJihHbie KpIIBbie cpyHKUIIii so36y)K,11.emrn peaKUIIil: 
ncrrapeJ:IHH Heil:TpOHOB anrrpOKCHMH!)OBaJIIIC.b cpopMyJioil:: . • .. 
. .-, - • ' ""I. 
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B 3TOH ~OpMyJie ceIIeHHe o6pa3oBaHHH COCTaB~oro 51.n.pa ac 
paCCl!HTblB[lJIOCb no cpopMyJie MaKCHMOBa [5] Ha OCHOBaHirn H3~ . 
BeCTHblX 3KCnepHMeHTaJibHbIX .n.aHHbIX [4]. <l>yHKUHH p (E, x) -. 

. BepOHTHOCTh HcnapeHHH pOBH'o X HeihpoHOB H3 B036y)K,ll.eimoro 
·cocTaBHoro 51,ll.pa,, Bbll!HCJI5IJiaCb ·Ha OCHOBe MO,ll.eJIJI ,lJ,)KeKCOHa 

[6, 7].''Ilap"a'Meip Gn, paBHbIH OTHornemno r n/I' n + r\ ycpe.n.HeH·
HOMY .ll,JIH. COCTaBHOro JI npoMe)KyTOl!Hb!X 51,ll.ep, · a TaK)Ke BXO,ll.H
rn.a51 .B Bblpa)KeHHe P (E, x) .5I.n.epHa5I Ter..mepaTypa T no.n.6upaJincb 

-nyTeM conocTaBJieHH5I 3KcnepuMeHTaJihHblX. Ii·_ pacl!eTHblX ;,ll.aHHbIX. 
Pe3yJihTaTbI annpoKCHMauuu npirne.n.eHbI B Ta6Jiuue 2. IloJiytJeH
Hbie npu ahnpcikCI1Mau1rn 3Hal!ef1HH T, KOTOpble B .n.aHHOM cJiytJae 
xapaKTepu3yIOr 3Heprmo Bo36y')K)],eHHH cocTaBHoro 51.D.pa, npuxo~ 

. .ll.5IlII.YIOC5I CBep"x 3HeprmfCB5I3II Ha I<a)K,ll.b!H IICilj!lII.eHHbIH HeiiTpOH, 
oKa3aJIHCb ·HecKoJib~o · Bb1rne, l!eM.; B CJiytJae peaKUIIii no.n. .n.eikT 0• 

., ~BIIeM JierKHX tJaCTIIU :'."""" HoH·oB He4• 3m MO)KeT _6bITh CBH3aHo, c 

O,ll.HOH CTOPOHbl,. C, 6oJiee Bb!Cbi{IIMII B036y)K.D.E'HII5IMH coda.BHOr6 

. H,ll.pa B . CJiytJae · peaKtiHH · TIO)], · .n.eifCTBI!eM . T5J)KeJibIX _HOHOB 

(E*,.:.; 55..:.:.50 Mas, T·~"lf E*·); c .ll.pyroii, ..:._ c .npo5IBJiemieM [8] 
6oJibllIOf0 _MOMeHia KOJIHl!eCTBa )],BJI)KeHHH · (hjrn;'t ;~ 45 h). 

CornaCHO [9], O)I{JI,ll.aJIOCb, l!TO ~OBb!Ill~tt'Hoe .3Ha~ettne ~OMeH

Ta KOJIHl!eCTBa )],BH)KeHHH, xapai{TepHoe ,ll.JIH 51,ll.ep, o6pa3YIOlII.11X· 
, ._. . ~ , , I - , -

CH no.n. .n.eHCTBHeM TH)KeJib!X HOHOB, ,ll.OJI)Kl!O npHBO,ll.IITb K CHII)Ke-
Hmo 6apbepa .n.eJieHIIH II, cJiehcJBaTeJibHO, K yMeHbIIIeHHIO I'nfr;.- - . 
0;11.HaKo co11ocTaBJieH11e ·Haii.n.eHHbIX Be.1111~rnH. c 3HatJeHIIHMJI. 
I' nfl\ .D.JI5I Tex )Ke 51)].ep, HO noJiyl!eHHbix· c nOMOlII.bIO 40-M3n IIOHOB 

He4
; r.n.e hj ma'i ;u 20 h, noKa3aJio, tJto B 11pe.n.eJiax 6rnh6oK· onpe~ 

.QeJ!eHH_fl I';/I'1 ( I'\, 20 % ) TaKoro SHII)KeHHH ·He Ha6JIIO,lJ.aeTC5I. _3TO 
o6cTOHTeJI:bCTBO •HBJIHeTCH Ba)KHblM ,lJ.JIH perneHIIH '3a)],al!II noJiylle-
HHH HOBbIX TpaHcypaHOBbix: ::iJieMeHTOB. · ·-

-~ - ' ' ,.. .... "' . " . ' . ~ 

, · 6b!JIO T8.K)Ke yCTaHOBJieHo, l!TO. ~aBIICIIMOCTh I' n/I'f OT nopH)],
KOBOfO HO¥epa H MaCCOBOfO l!IICJia o6pa3yIOlII.IIXC5I H,ll.ep, 3HeprnII 

·cBH3H"HeiirpoHoB 11 6apbepa .zieJieHIIH · xopollio . corJiacyercH . c · 

. 06rn.enp11H~TbIMII npe.n.cTaBJieHIIHMII. 3HatJeHIIH Inrn/r1 AJI5I .fl.D.ep 
· .c. O.UHHM · 1i: TeM _)Ke Z, .OTJIO)KeHHbie B 3aBIICHMocrI-i .OT MaccoBoro 

tJHcJia A · paccMaTpIIBa'eMoro H.n.pa, xoporno JIO)KaTcH Ha npHMYIO 
(noJiylleHo, 3 np5IMbIX'OT,ll.eJibHO ,ll.JIH H30TOnOB Cm, Cfu Fm). 3a- ! 

BIICIIMOCTb; I'11 /I'f OT 3q>cpeKTIIBHbIX 3Hal!eHHH [10] 3HeprIIII CBH3H . 
HettTpoHa (Bn') ·11 6apbepa: .ue.rieHHH ( Ea') .ll.OCTaTOl!HO Y.UOBJieT
BOPHTeJibHO .onnchrnaeicH cpopMyJioii,. npe)].Jio)KeHHoii B . pa6ore 

. [l l ]: . · 

$ 

I\/I'1_;..,,:exp E~~-Bn' 
T 

i 

r 

! 

,;., . 

II; 

11, :.· 

.. Ta6.4u1Ja:; 

• Cpe.nHee• 

~I PeaKU.Hll -I rrpoMelKy-

I 
(I'n/I'j) · I T (M9B) TO'IHOe 

ll.I\PO 

l . Th23 1>(CI2 , 4n) Cm2tO Cmt42,5 0:22 . 1,3 
2 Th2a2 (Cia ' 5n) Cm2!o Cm24a 0,27 1,5 
3 u2as (CI2 ' 4n) Cf246 . Cf14B,5 -0;21 1,3 
4 u1as (C12 , 5n) Cf245 Cf2_4s - 0,24 - 1,3 · 

,5 u21s cc1a , '5n) Cf216 Cf249 0,29 · 1;5 
6 u2as cc1a , 6n) Cf245 Cf2ta.5 0,29 1,6 
7 u2a5 (Ct3 ' 4n) Cf2H Cf2~~.s 0,19 1,3 
8- Pum (CI3, 4rr) fm2so .. Fm252,5, . 0,12 •· 1,3 

. 9. , u1as (QI6 , 4n) fm200 . fm2s2,s . 0,09 -.l,4 
113 conocraaJieHlrn 

I 
peaKU.Hfi: _ .. 

- i?- I - .1 H 2 Cmm "l.4 0,8t 
3 II 5 · (U!Mf<: .· 0,89 

-- 12 4 11· 6 cfs1 · f. __ 1,00 

Pacnp7)1,eJieirne ocKoJIKOB no ,MaccaM npu )l,eJieHHH 51)1,ep · 
MHOf~3ap.H)l,HblMH HOHaMl-f 

· I1ccJie.n.oBaJioch pacnpe.n.eJieirne no MaccaM ocKoJIKOB .n.eJiemrn .
H.D.epJ~n 11· Es, o6pa3yIOrn.nxcH npH 06Jiyl!eHHH Au197 ·JIU238 noHaMII 
Nt4. B-Kal!ecTBe MHlIIeHeii ncnoJib30BaJIIICb MeTaJIJII!lleCKHe_ cpOJib
rn TOJiill,HHOIO 15~30 MHKpOH. 3HeprnH IIOHOB. N14 paBHHJiaCb 
f"\.,90 :M3B: IlocJie. o6Jiyl!eifIIH 113. MHIIIeHH XHMHl!eCKII BbI,ll.eJIHJIHCb 

14 pa3JIHl!HbIX 3JieMeHTOB. Yl.n.eHTHqJHKaUH5I BbI,ll.eJieHHblX :npo.n.yK-
.TOB .n.eJieHHH no MaCCOBY l!IICJIY npOII3BO,ll.HJiaCb no. nepno.n.y IlOJIY• 
pacna.n.a, 3Heprmi n 3HaKy sapH.n.a ~-l!acrnu. . ; " .. ·· · 

OrnocHTeJibHhie Bb1xo.n.h1 iui:eHTncpnuHpoB_aHHbIX B onbnax H.n.ep 
npe,u.cTaBJieHbI B: Ta6m1uax 3 [Au197 (N14; f)]·11 4 [Ut38 (N14, f)]. 

. K.aK BH,ll.HO H3 Ta6JI1j.Ubi 3, OCHOBHOH Bb!XO,ll. 11po.n.yKTOB ,ne.iieHHH, 
. ·66pa3yIOlUHXCH rrpH o6Jiyl!eHHH :Au197 HOHar..rn N14, cocpe.ziOTOlleH 
.. B cpaBHIITeJibHO Y3KOM IIHTepBaJieMacc~BhIX tJnceJI. Bb1~0,LI,_ocKoJI~ · 

KOB .n.eJieHHH· ,ll.OBOJibHO .pe:fao B03pacTaeT npII'H3MeHeHHH Macco- . 
Boro l!HCJia 0T·70 .n.o 100, a 3,neM. ,ll,JIH _6oJiblIIHX 3Ha1Iem1ii Mace 
TaK)Ke -pe3KO 'rrah.aeT • .B 3TOM cJJytJae 'cneKTP Mace OCKOJIKOB .u.e-

( JieHHH OilHCbIBaeTCH KPIIBOH C O,ll.HHM Y3Kl:IM MaKCIIMYMOM- (noJiy0 • 

IIIHpHHa IIIIKa COCTaBJIHeT OKOJIO 20 MaCCOBbIX e.D.HHHU); .. 
B cJiytJae ,LI,eJieHHH U~38 . HOHaMH NU rroJiylleHHbie 3HatJeHIIH 

Bb!XO,ll.0B pa3JIHl!HbiX H,!I,ep (Ta6JIHUa 4) ,lJ.OCTaTOl!HO· O,ll.H-03Hal!~ 
HO onpeJJ.,eJIHIOT KpHBYIO _c O,ll.Hl!M IIIIIpOKHM MaKCHMYMOM. BblXO
,ll.bl OCJ<OJJKOil ,ll.eJieHHH Il 11pe,ll.eJiaX- H3MeHeHHH M3CCOBOfO }UiCJia 
oT 90 .n.~ 145 ocTaIOTCH rrollrn nocrn5:ini-lb1Mn. IloJiyiunpnHa pac
rrpe.n.e.nett,nH COCTaBJIHeT He MeHee 50 MaCCOBblX e.n.uHHU;:- - ~-. 
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TaKHM o6pa30M B nepBoM cJiy 1-iae npeo6Jia,llaeT cHMMeTptttt- · 
Hoe ,1J,eJiem1e, T. e. ,11,eJieHHe Ha OCKOJIKe, npH6JIH3HTeJibHO paBHOH 
MaCCbl, Tor,11,a KaK BO BTOpOM - HMeeT. MeCTO cyrrepn031IUIIH CHM-

, MeTpn'i1irnro H acHMMeTpriqHoro cnoco60B ,11,eJieHHH, npe,ncTaBJieH
HaH 0,11,HITM UIJipOKHM pacI1pe,11,eJiem1eM. ,, 

I ·, Ta6AUfia 3 

5Lupo. •. I 
· OriiocrneJ1bHb1iI I 5I.zlpo I · OrnocnreJibHbiiI 

BblXO.D;:/'. ' .. Bb!X0.D; 

, Ga•2 
. /. 

0,022±0,005 Nb97 0,29 '±0,04 
0 81a. 0,024:l::0,005 Mo99· 1,00 ±0,25 
RbSG 0,0f.0±0,015 R111Qa 1 ;05 ±0,35 
Srs9 0,26 ±0,06 Ruic>;; '0,62 ±0,12 

. Sr91 . 0, 16 ±0,02 • Agtll_ ., 0, 120±0,025 
Sr91 . 0, 12 ±0,02' . Ag111 · 0,062±0,012 
¥90 .. 0, 19 ±0,0.J: .Ag113 0, 125±0,025 
y91 0,31 ±0,09 Cdll5 0 ,045:r0. 09 
yo1, 0,26 ±0,05 ; Cd115M 0,085±0,0:!5 
¥93 0,35 ±0,05 sn121 . 0,020±0.006 
zro7 0, 16 ±0;02 50 123. · · 0, 085± 0, 025 
Nb9;; - . 0,37' ±0, 11 T=40 MllH. '"\ 

Nb9G 0,37 .±0,08· Sb122 0, 130±0,025 
Ba 3o <0,001 

_ Xapa1nep pa·crrpe,11,eJieHirn ocKo.i:IKOB JI.eJieHHH no MaccaM no
Ka3hIBaeT, qTQ_ ,11,eJiem1e H,11,ep Es, o6pasyIOIUHXCH ,B _cJiyqae U~38 +. 

.. + N14,, npoucxo,nHT npu 6oJibWHX 3HeprnHx· B03~y,KJI.eHIIH, T. · e .. B 
ca MOM HaqaJie npouecca ncnycKaHHH HettTpoHoB: ·B oTJIIfqHe. o'r 
3TOto, BHJl cneKTpa .. Maccj.OCKOJIKOB. ,11,eJieHIIH Rn (Au197 + N14) ro
BOPHT O TOM, qTo B,' _3TOM cJiyqae neJieHIIe npolicox:U.IIT npn He.~ 
60JibllIHX 3HeprnHX B036y)l{,11,eHIIH. ' 3TO P?3JIHqHe .o6ycJIOBJieHO 

·. TeM, •',!TO r1Jrn mm H,11,ep 3HHUITettHHH BeJIHKo ( '\'3)_, Tor,11,a Kak · 
,IJ,JI5I T5DKeJib!X H30TOnOB pa,11,0Ha (Rn2t1) .r;,r n < 1 H JIHWhnO rv!:'epe 
ncnycKaHHH HeHTpOHOB OHO cia'u6mnCH ev' I (,11,JIH R,n206 ). -

Bo.foe ,11,eTaJibHaH ninepnp'eniunH noJiyqeHHbIX ·· pe3y.iJbTaT0B · ·. 
6hIJI8 npo,11,eJiaHa H·a OCHOBe pe3yJihT3TOB pa6oTbI f eHJIHKMaHa. 

· [12]. CornaCHO pa6oTe [12]·y3KHH ueuTpaJihH:bIH nHK B cneKTpe 
Mace. ocKoJIKOB )J.eJieHHH, 06pa3y10mnxrn · npn o6Jiyqemm Au191 

HOH8MH N14,>Mo)KeT 6bITh o6bHCHeH ·,11,eJieirneM 51,11,ep Rn208, Rnto7 

11 Rn206 · npn · 3Heprm1x aoi6y)K,11,emrn. > l Q.;;_ 15 M3B. • He6oJibUIHe 
BhicTynhI Ha KpaHx ueuTpaJihHOro mma, KOTOphie MoryT paccMai: 
pHB3TbCH KaK HaJIO)KeHJ1e ,11,ayx rop6oa',KpHBOH aCHMMeTpnquo'ro 
pacnpe,11,eJieHJrn, CBH3aHbl, no-BH,11,HMOMY, C aCHMMeTpllqHbIM .rr.e
JieHHeM H.rr.ep Rn205 11 Rn~06 np1i MaJihIX_3Hepnrnx •· B036ym.rr,eHHH 
(E*< 10 M3B) ._3a acHMMCTpmo ,ll,eJieHIIH 3,ll,eCh, BepOHTHO, <<OTIH~T: 
CTBeHHbl» H,UepHble 060Jioq1rn N = 50 B rpynrre' JierKHX .OCKOJIKOB 
,ll,eJieHHH II Z = 50 :f -rpynrre TmKeJihIX. · ··· · ' 

. - , 10 

T.a6Au4a 4 

5I.D.po I 
OrnocnreJibHbliI I ,5I.npo -, 

OrnocnreJihHbIH 
BhlX0ll . Bb!XO'.n; ·. 

Qa73 0.03±0,015 cctm. o:so±o, 15 
srs9 ' 0,65±0, 15, cctu5" . 0 70±0 25,, 
Sr91 .. 0,40±0;05 Snt11 1:10±0'.30 
Sr92 0,30±0,05 .· Ba13o· 0,65±0,15 .. 
Zr97 0,55±0, 10 . Ba14q 0,25±0;06 . 
Mo99 0,80±0.20 · ceui 0,90±0,25' . 
Ag111 0,80±0, 15 Ct;:H3 . 0, 70±0, 15 
Ag!13 l,C0±0,15' 

T_aKaH HHTepnpeTal.(HH noJiyqeHHblX pe3yJibTaTOB COrJiacyeTCH 
TaK>Ke rr c naHHhIMiI ,11,pyrnx pa6oT; B KoTopbIX uccJie,ll,oBa.JicH 

· crreKTP Mace· ocKOJIKOB . .ueJiemrn 6JIH3Knx: K pa,!1,oHy, H.rr,ep (Po, 
Ra, Ac).' · · ·· · · 

_ ·B 33KJIIOqeiine ctinTaIO CBOHM npHHTHbIM· .UOJifQM · Bblpa311Tb 
rJiy6oKyIO 6Jiaro,!1,apuodb. '!Jieuy-KoppeCnou.rr,eHTY - AH CCCP 
r. H .. <l>JiepoBy _ 3a PYKOBO.UCTBO H uayqHb!M . COTpy.rr,H_HKaM 
·JI. 11. fyceBoH, K B. <l>uJinnnoi3oif, B. B. BoJIKOBY, IO. 6.TepJin
TY.H 6. <I>. MHcoenoBy 3a 6oJihllIYIO noMOIUh a npoBeneuHn 3Kcrre- · 
pnMeHTOB .. • - ~ .. 

IlyoJIH_KaIJ.U5I 

Pe3yJI~TaTbl H8CTOHIUeH pa6oThI ony6JIHKOBaHbI· 13 )KypHaJiaX -
«ATOMHaH 3HeprrrH» [13] n )K3T<I>. [14_:_19], B Tpy.rr.ax faTJIHH-
6yprcKOH Kompepeuunu no· H.rr,epHbIM peaKUHHM • c TH)KeJihIMH no0 

naMH (CWA) [~OJ, .rr,oJIO)KeHhI Ha BcecoI03HOH Ko~<pepeiiU:nn,: no_ 
51.rr,epHblM peaKUHHM nprr MaJihIX II cp'eJl,HHX 3HeprHHX [21], irn KOH" 
cpepeHUHH no H.rr,epHblM peaKIJ,HHM C ,MHOro'sapH.rr,HhIMH HOHaMH B·- . 
r. ,Uy6ii:e [2 l], .BOUIJIH a ,UOKJia,U r. H. _<l>Jiepoaa -Ha/ BTOpOH Me~,!J,yc:, 
Hapo.rr,HOH KOH<pepeHUHH no 1-rnpHOMY HCnOJib30B3HHIO. aTOMHO~ 
3Heprnrr [23]. 
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