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B nocnenuHe ronw ao3pacTaeT HHTepec K ycKopeuH10 

, ace 6onee T.IDICenhIX HOHOB, TaKHX KaK cpoccpop, UHHK, KpHnTOH, 

_Kceuou H npyrHe. 3To o6ycnoaneuo, a nepay10 oqepenh, 

nepcneKTHBaMH pa6oT no CHHTeJy HOBhIX TpaucypaHOBhIX 

JneMeHTOB c Z ~106. 
OnuaKo uap.11ny c pemeuHeM rnaauoii Jana'-IH ycKopeuHe 

6onee T.8>KenhIX, 1.feM HeOH, 1.faCTHU OTKpbIBaeT IIIHPOKHe 

B03MO>KHOCTH H nn.11 CHHTeJa HeHJBeCTHhIX H30TOnOB B no

ypaHOBOH o6nacTH. 

B HaCT0.81.1.\eH AHCCepTaUHH onHChIBalOTC.8 onhIThl, B KOT0-
195 

PhIX 6hinH CHHTe3HpOBaHhl y>Ke HJBeCTHbie H30TOnhI . Po ' 
196 Po 213Ac 212Ac 215-fh 215 Ac 21,tAc a TaK>Ke 

, ' ' , ' ' 
HOBhIH H30T0Il 216 Pa H H3y1.feHbl JaKOHOMepHOCTH ux-o6pa-

30BaHH.8. PaccMaTpHBalOTC.8 aonpocw, CB.83aHHhle C Bb16o

poM MeTOAOB uneHTHcpHKaUHH a -panuoaKTHBHhlX H30TOilOB 

H oueHKOH Ce'leHHH peaKUHH C ucnapeHHeM ueiiTpOHOB Ha 

i~>Kenwx uouax, npuaonHI.I.\He K ux CHHTeJy. AnccepTaQHH 

COCTOHT HJ BBeneHHH H 'leTbipex rnaB. 

B rnane 1 npHBOAHTCH CHCTeMaTH3aUHH naHHhlX no 

Ce'leHHHM peaKUHH C -.ucnapeuneM ueiiTpOHOB H HX B03MO>KHhIM 

oqeuKaM. B CBH3H C 3THM naeTC.8063op TeopeTH'leCKHX npen

CTanneHHH O B036y>KneHHOM COCTaBHOM Hnpe H cnoco6ax ero 

pacnana, KOTOpble OCHOBaHhl Ha CTaTHCTH'leCKOH Monenu 

.11npa. 

OcHOBHhIM cpaKTopoM, onpenenHIOJUHM aenH'-IHHy ce'!eHHH 

H COOTHOIIIeHHe Me>KnY Ce'leHHHMH peaKUHH, HAYI.I.\HX qepe3 

onuo H TO >Ke _cocTaBHOe .11npo, HBn.lleTCH OTHOIIIeHHe Bepo.11T

-HOCTH HcnapeHHH HeHTpOHOB K Bep0.8THOCTH neneHHH, Bhlpa

>KeHHOe qepe 3 OTHOIIIeHHe COOTBeTCTBYIOIUHX IIIHPHH rn / r f 
Cyll.\eCTBYIOT nae Monenff pacnana cocTaauoro Hnpa: Monenh 

nocTOHHHOH TCMnepaTyphl H Monenb cpepMH- raJa, OTilH'-laI0-

1.1.\HCCH pa3nH'-1HhIMH npennono>KeHHHMH O JaBHCHMOCTH nnoT-
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HOCTH ypoBHeii. OT :meprHH B036y)K.zieHHH. B ,nuccepTaUHH . 

npHBOAHTCH pa3JIHqHhle 3.KcnepHMeHTaJibHhle ,naHHbie, HHTep

npeTaUHH .KOTOpbIX B03MO)KHa TOJib.KO B paM.Kax O,!\HOH HJIH 

,npyroii MO,neJIH. 3TH pa3JIHqHJI IlOHBJIHIOTCH 6naro,napH o6ono-

qeqHhlM 3~~e.KTaM. EcJIH COCTaBHOe H,npo co,nep)KHT qucno 

HeiiTpOHOB, npeBOCXOAHI.Qee "Maruqec.Koe" / N > 126 HJIH 

N > 152/, _ TO COOTHOIIIeHHe Me)K_ny ceqeHHHMH peaKUHH, . 

HAYI.QHX qepe3 COCTaBHOe H,npo, no,nqHHHeTCH HHTepnpeTaUHH 

B paM.Kax Mo,nenu~epMu-ra3a, Le. ,nonycKaeTCH B03pacTaHue 

r'n /r f. C yBeJiuqeHHeM 3HeprHH B036y)K,neHHH. ECJIJI )Ke 

qucno HeiiTpOHOB B COCTaBHOM H,npe MeHbIIIe "Maruqec.Koro~•, 

TO rri/rf He 3aBHCHT OT 3HeprHH B036y)K,neHHH /Mo,neJib 

IlOCTOHHHOH TeMnepaTyphl/. Ha OilbITe 3T0 Bbipa)KaeTCH B TOM, 

qTo ceqeHHH ucnapuTeJihHbIX pea.KUHR, HAYIUHX qepe3 O,l\HO 

COCTaBHOe H,npo~ C yaenuqeHHeM 3HeprHH B036y)l(AeHHH 

yMeHbIIIaIOTCH Me,nJieHHeii AJIH "Ha,no6onoqeqHbIX" H,nep, qeM 

,nna "no6o,nonoqeqHhlX" /puc. 1/. 3To HMeeT MecTo ,na)Ke 

Tor.na, Kor,na napaMerp ,neJIHMOCTH Z 2/ A a·nepaoM cnyqae 

60JibIIIe, qeM BO BTOPOM.· BJIHHHHe o6onoqeqHbIX 3~e.KTOB Ha 

_BeJIHqHHY rn /r f OTMeqeH0 ia.K)Ke B pH,ne ,npyrHX pa60T, 

pe3yJibTaTi.I .KOTOpbIX npHBOAHTCH B rJiaBe 1. 
11cnoJih30BaHHe y.Ka3aHHblX MO,neJieii ,naeT B03MO)KHOCTb 

ocyI.QecTBHTh ~ocTaToqHo xopowyro no,nroH.KY 3KcnepuMeH

TaJILHLIX ·pe3yJILTaTOB .K TeopeTuqec.KHM ~OpMyJiaM npu 

COOTBeTCTBYIOI.QeM BhI6ope napaMeTpOB a 'Ka»c,nOM .KOHKpeT-; 

HOM cnyqae: pacxo)K,neHue He npeaocxo,nuT 75o/o. O.ziHa.Ko ·_ 

npe,ncKa3aTL, .Ka.KUM 6y,neT ceqeHue a 11eu3ae·cTHoii o6nacTH, 

TeopHH He MO)KeT ," T • .K. ToqHo He H3BeCTHa" 3aBHCHMOCTb 

BeJIHqHHhl r n / r f OT 3HeprHH B036y)K_neHHH, MaCCOBOrO 

qacna, aTOMHoro HOMepa u yrnoaoro MOMe.HTa_ cocTaBHoro 

H,npa a wupo.KoM HHTepaane H3MeHeHHH :1T°:e:x napaMeipoa, 

He H3BeCTHhl Ta.K)Ke napaMeTpbl IlJIOTHOCTeii ypoBHeii npH 

BbICOKHX 3HeprHHX B036y)K,neHHH. B OCHOBe HMeIOIUHXCH 

pacqeTOB Jie)KaT JIHIIIb-.KaqecTBeHHhle npe,nnoJIO)KeHHH O CTe-

neHH BJIHHHHH y.Ka3aHHhlX napaMeTpOB. . 

l1o3TOMY Ha npaKTHKe HCilOJib3YJOTCH pa3irnqHbie CHCTe- -

MaTHKH nonepeqHLIX ceqeHHii. 3MnHpuqec.KHii no,nxo,n npu 

oueH.Ke ceqeHuii HeH3BecTHhlX peaKuuii·,naeT 6onee Ha,ne)KHhle 

npe,nc.Ka3aHHH. 

B nepaoii rnaae Ta.K:>Ke paccMaTpuaaeTCH BJIHHHHe yrno-
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Puc. 1. Cpae11e11ue coom11owe11ui1 ucnapumeAbllblX peaKIJUU, 
uoy111ux t.tepe3 00110 cocmae11oe J1opo OAJI N c -~ 126 u 152. 

Doro MOMeHTa Ha BeJIHqHHY rn/rc . AHaJIH3 3.KCilepHMeH

TaJl!>HOrO MaTepuana C TOqKH 3peHHH 3aBHCHMOCTH rn ;r f 
OT yrJIOBoro MOMeHTa IlO.Ka3hlBaeT, qTo o6iuaH TeH,neHUHH 

H3MeHeHHH Tn/,r f COCTOHT B yMeHbIIIeHHH r n/r f IlpH 

yaenuqeHHH MaCCbl HOHa. 

11~ Bcex AOCT}'.IlHbIX B HaCTOHI.Qee BpeMH MeTo,noB CHHTe3a 

HOBblX H30TOilOB Iiau6oJiee nepcne.KTHBHbIM HBJIHeTCH HCilOJib-

30BaHHe H,nepHbIX pea.KUHR, B03HHKaIOIUHX npu B3aHMo,neii-. 

CTBHH H,nep C yc.KopeHHbIMH TH)KeJibIMH HOHaMu·. IIpeHMYIUeCT-- . . , ,, -

Ba 3Toro MeTo,na nepe,n BCeMH OCTaJibHbIMH COCTOHT B TOM, . 

qTo OH ,naeT B03MO:>KHOCTh: . _ 

1/ HMeTL OTHOCHTeJILHO 6oJihIIIoii BLixo,n .KoHeqHoro npo-

AYKTa a o6JiaCTH CBepxTH)KeJihIX H,nep; . 

··s 



2/ IlOilY'-laTh IlPOAYKT C 3a~aHHhlM z H A ' MHHYH 

CTaAHH HaKonneHHH iipOMC)KYTO'IHhlX IlPOAYKTOB; 

3/ OTAenHTh KOHC'lllhlH IlPOAYKT B npon;ecce ero npOH3-. . 

BOACTBa B HACPHOH peaKIJ,HH OT MaTepHana MHWCHH, l{TO no3-

BOnHeT IlpHMCHHTh 3KCilpeCCHhie ~CTO,I\hl perHCTpan;HH /l-S/ . 
Bo ·aTQpoii rnaae. OilHCaHa MCTOAHKa 3KCnepHMCHTOB. 

Ilpu HCCilCAOBaHHH IlPOAYKTOB HACJ)HhlX peaKIJ,HH C TH)KeilhlMH 

uonaMH wupoKO npHMCHHCTCH MeTOA ynaBnHBaHHH H Tpan

cnopTHPOBKH aTOMOB OTAa'III C IlOMOI..QhlO ra30Boro IlOTOKa •. 

- Bhl6HTble H3 MHWCHH aTOMhl TOpM03HTCH B ra3e, nepeHOCHT

CH TCM HilH HllhlM CilOC060M K ACTeKT0paM H3Ily'ICHHH H 3aTeM 

ananH3HPYIOTCH. CyLQeCTByeT IlH.Th OCHOBHblX MCTOAOB c6opa 

aTOMOB OTAa'IH. OAHaKO npH H3Y'ICHHH KOpOTKO)KHBYLQHX 

H30TOTIOB C MailhIM ceqe11HeM o6pa30BaHHH O'ICHh Ba)KHO, 

'IT06hI BpeMH BhlHOCa aTOMOB OT,I\a'IH K AeTCKTOPY 6hinO 

KaK MO)KHO MCHhWHM H BCilH'IHHa K03<lxtiHIJ.HCHTa c6opa 

61»rna BhICOKoii u. ycToiiqueoii. • 

B ocnoae naweii MeTOAHKH ne)KHT · MeTOA aAcop6n;uu 

npOAYKTOB peaKIJ,HH H3 ra3oeoro TIOTOKa Ha TOHKHe BhlCOKO· 

3d>d>eKTHBHhie it>unhTPhl C ManhIM conpOTHBneuueM j.1./. 
,l).nH H3Y'ICHHH c6opa H.IJ.ep OT.IJ.a'IH pa3IlH'lllhIMH MaTepua

naMH uenocpe.IJ.CTBeHHO na IlY'IKe MHOr03apH.IJ.HhIX HOHOB 

HCilOilh30Banach peaKIJ,HOHHaH KaMepa, H306pa)KeJIHaH Ha 

puc. 2. 
Ily'loK uonoa, npoxo.II.H BaKyyM11onnoT11y10 d>on1»ry, nona

.II.an tta MHWCHh. IlpO.IJ.YKThI peaK1.1,uii BL16ueanuc1» B ra3oBLiii 

o6beM, B KOTopoM IlO.II..IJ.ep)KHBanoch onpe.II.enennoe, 3apa11ee 

Bbl6upae~oe .IJ.aBnenue c noMOLQhIO cne1.1,uan1»11oii cucTeMLI 

IlO.IJ.a'IH H OTKa'IKH ra3a. 

B Tpy6onp_OBO.IJ.C AilH OTKa'IKH ra3a H3 peaKIJ,HOHHOH 

KaMepbl ycTaHaBilHBanCH 6hlCTpOCbeMHhIH naTpOH C nepd>o· 

pupoaaHHhIMH MaTepuanaMH 11nu d>un1»TpaMH B Ka'leCTBe 

c6opHHKOB. . . 

Ilocne uenpO.IJ.Oil)KHTCilhHOro o6ny'leHHH, B 3aBHCHMOCTH 

OT nepuo.II.a nonypacnaAa uccne.II.yeMoro H30Tona, naTpou 

c d>un1»TpoM l!ri011.1,a.II.1»IO - 0,5 CM 
2 ._6blcTpo H3BneKancH ~3 

Tpy6onpoBO.II.a u noMe11.1,ancH B a - cneKTpoMeTp. B 3THX 

3KCnepHMCHTaX BhlHCHHilOCh, 'ITO uau6onhWIIM K03<1xtiH1.1,ue11-

TOM c6opa oona.IJ.aIOT BOITOKHHCThle it>unhTphl <l>IlII- 5 /6Oo/o/ 

H Jlcf>C- 2 /7Oo/o/. · •. 
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Puc. 2. CxeMa peaKllUOHHoii 2a3oeoii KaMepbl. 1 - exoOHa.Jl 
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HblU Mamepua11, 7 - 6b1cmpoc1>eMHb1ii nampoH, 8 - 2a3onpoeoo. 



OueHKa BpeMeHH c6opa npo,nyKTOB peaKuuii 6hlna c,nena

Ha Ha OCHOBaHHH H3MepeHHH 6bICTpOTbl OTKa'IKH ra3a H3 

peaKUHOHHOH KaMepbl MeTO.I{OM IlOCTOHHHOro o6'beMa / S/ .. 
Pac11eTHhle 3Ha'leHHH BpeMeHH BblHOCa H,nep OT,na'IH npHBe,ne
Hbl B ma611. 1. 

Ta6nuua 1. 
OueHKH BpeMeHH BblHOCa npo,nyKTOB peaKUHH Ha pa3nH'IHbie 

4'unbTpb1- c6opHHKH 

Tun cpIWb Tpa 

1. HuKeneBhle II MeTannoKepaMuqecKue 

~~~hl 

2. JJct>C-2 

3. HuKeneBaSI ceTKa (npoapaq

HOCTb 60%) 

BpeMSI BhIHoca 
(ceK) 

-4-5.10-2 

-1,0.10-2 

< 2.10-3 

llccne,noBaHa TaK)Ke 3aBHCHMOCTb BeJIH'IHHbl K03<li<liHUH·

eHTa c6opa OT COpTa TOPM03HLQero ra3a. TaKHe 3KCilepu

MeHTbl 6bmH npoBe,neHbl C a30TOM, B03,nyxoM H aprOHOM. 

KaK BblHCHHJIOCb, npH 3aMeHe copTa TOPM03HIUero ra3a 

BeJIH'IHHa K034'4'nuueHTa c6opa cyiuecTBeHHO He M~HHeTCH. 

,D;anee B ,nnccepTaUHH pa36HpaIOTCH pa3JIH'-1Hble MeTO.I{bl 

u,neHTH<iiHKaUHH HOBbIX H30TOilOB H HX npHMellHMOCTb BOnpe

.neneHHbIX YCJIOBHHX 3KCnepHMeHTOB. 1Io,n11epKHBaeTCH, 'ITO 

,nOCTOBepHOCTb pe3yJibTaTOB 06ecne11nBaeTCH KOM6HHHPOBa

HHeM pa3HbIX MeTo,noB H,neHTH<iiHKaUHH. 

PaccMaTpHBaIOTCH TaK)Ke pa3nH'IHble HCTO'IHHKH <lioHa, 

HMeroLQero Mee To npn perucTpauHn pacna,na Tpa11c4'epMHeBbIX 

3IleMeHTOB 161 . TaKHMH HCTO'IHHKaMH HBJIHIOTCH npH perHc

TpaUHH a -p~cna,na H30TOilbI B o6nacTH Po- Th , , a npH 
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perHCTpaUHH CilOHTaHHOro ,neneHHH - sf -II30Mepbl. 3TH 

npo,nyKThl o·6pa3yIOTCH B peaKUHHX, u.nyIUIIX Ha npHMecHx 

nerKHX 3neMeHTOB B MaTepuane MHWeHH; B peaKUHHX nepe

,natIH u ,neneHHH._ Ce11eHHH TaKnx npoueccoB B pH,ne cny11aeB 

'3Ha'IHTenbHO npeBOCXO,nHT ce11eHHH o6pa3oBaHHH TpaHc4'ep

MHeBbIX 3neMeHTOB. B ,nuccepTaUHH aHanu3npy10TcH ycnoBHH, __ 

B KOTOpbIX B03MO)KH0 IlOHBneHHe 4'0Ha H OilHCbIBaIOTCH Mepbl, 

npHHHMaeMLie ,nnH ero no,naBneHHH. 
B TpeTbeii rnaBe OilHCbIBaIOTCH 3KCnepHMeHTbl / 7 / no 

CHHTe3y H n,ne11TH4'HKaUHH H30Tona 216 Pa • CHHTe3 ocy-

U.{eCTBilHilCH B peaKUHHX 189 Qs( 31 P ,4n) 216Pa:, 
I900s( 3lp, 50)216pau l97Au(24Mg,5n)216pa. 

Ha puc. 3 cxeMa_Tn11ecKn n3o6pa)KeHa 3KcnepnMeHTanL

naH ycTaH0°BKa; HCilOilb30BaBwaHC}J B ,naHHbIX OilbITaX /Bl . 
B neii aTOMLI 0T,na1111 TOPM03HJIHCb B ra3e, a 3a.TeM ynaBnH

Banucb 4'unbTpaMH.:c6opHHKaMH, 11epe3 KOTOpble OTKa'IHBan

CH ra3. C6opHHKH, yKpenneHHhie Ha peiiKe, nepeMeiuanuch 

K ,nByM Si (Au) - ,neTeKTopaM. C noMOIUbIO cneunanhHO pa3pa-
6oTaHHoii 3JieKTPOHHoii annapaTyphl ocyiuecTBnHnCH aMnnH

Ty,nHo- BpeMeHHOH aHanH3 HMilYJibCOB, IlOCTynaIOIUHX C .ne -

TeKTOpOB. llcxo,nH H3 BpeMeHH )KH3HH HCCJie,nyeMoro H30To

na, BbI6HpaJICH BpeMeHHOH pe)KHM "H3MepeHHe" /06ny11e

HHe". 

f:0/1/letrnop 
-mota 

203 

t fLIUWe>H6 

--f--~- --: ·~--~ 7 . · .. · -• UOH05 · 
I . 

· · · ~ · · ;. ~ /( ~CUJ7ume;7f0 
~-_. -=·· ~ ~ -... - z,,, <?? s 

-- l 
'KHOCOC'::J 

Puc. 3. CxeMa 31<cnepuMeHma11bHOil ycmauoe1<u--011J1 pezuc
mpatJUU KopomKOJICU6YUJUX a - U3IIY'lame11eil. 
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- 189 31 216 ' Puc. 4. 3aeucuMocmb ce11eHuupea1<1JUU Os(· P,4n} Pa 
u l90Os( 31 P, 5n)2l6 Pa 0111 3Hepzuu 60M6apoupy10111eii 11ac-
1IIU1Jb1. /.11a6. cucmeMa/.,l{aH xoo ce11eHuii o6pa3oeaHUR coc-
111aeH020 ROpa. 

3KcnepuMeHTbl CBO.l{HnHCh K DOHCKY B npo.l{yKTax H.l{ep
HhlX peaKUHH, nony11a10IUHXCH npu 06ny11eHHH Os HOHaMH 
31 P , a ·aKTHHOCTH c oueneHHhlMH B pa6oTe .'9/ xapaKTe- , 

pHcTHKaMH pacna.Qa. · MAeHTH<iiHKaUHH HJOTona npoBo,l{unaci. 
no <iiYHKUHHM B036y)K,l{eHHH COOTBeTCTBYIOIUHX peaKUHH. Ha 
puc. 4 npeACTaBneua 3HepreTH'leCKaH JaBHCHMOCTh ce11eHHH 
o6pa3oBaHHH a ·aKTHBHOCTH c E ·a : 7 ,92; 7 ,82 u 7 ,72 M3B 
npH 06ny11eHHH 189 Os H 190os HOHaMH 31 P B .l{Hana -
30He 3HeprHii 157 - 184 .M3B. <l>yHKUHB BoJ6y)K.1'eHHH 

HMelOT mHpHHY Ha nonyBhlCOTe 10- 12 M3B, 'ITO He npo
THBOpe'IHT "HcnapuTenbHOMY xapaKTepy" peaKUHH CHHTeJa, 
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a DOilO)KeHHe MaKCHMyMa cornacyeTCH C npe.l{DOilO)KeHueM 
0 TOM, 'ITO Mhl HMeeM ,l{eno C H,l{epHbIMH peaKUHHMH 
189 Os(3lp, 4n)216 Pa 8 I90os(31 P,Sn) 216Pa. 

M3MepHncH TaK)Ke nepuo.l{ nonypacna.l{a 216 Pa , KoTophle: 

oKaJancH paBHhlM 0,20± 0,04 ce1<. Ha puc. 5 noKaJaHa 

KPHBaH pacna,l{a a -u.Jny11aTenH c Ea = 7 ,92 M3B, Ea = 

=7 ,82 Af3B u Ea = 7 ,72 M3B. Ha 3TOM )Ke pucyuKe 
npe.l{CTaBneH a - c.neKTP, B KOTOpOM uau6onee 'leTKO BhI,l{e • 
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l ,~ ii 
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1 lU 

j~ ~.I r 
fOO~ '"" eio "'° HOMeP /Cl:IHQjlQ 

j 
ij fO 
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:I 

0 0.f 0.2. Q3 a4 0~ 0,6 

8PeN9, ceK. 

216 Puc. 5. KpueaR pacnaoa Pa . B npaeoM y2Ay pucyHKa 
oaH 3Hep2e111u11ec1<uii a - cne1<111p 216 Pa . 
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i. 

Ea= 7,72 M3B, Ea= 7,82 M3B mn0TC H TpH. IIHKa C 
H Ed = 97 ,92 M3B. 

,D.011onHHTenhHO 6hmo 11poBe,neHo 06nr1eHHe 197 Au 
HoHaMH 24 Mg c 3HeprHeii 146 M3B. lfanyqaTenh c a-rpy11-
11aMH Ea~7,72.M3B;_7,82 M3B·H 7,92 M3B HllepHo,noM 
11onypacna,na - 0,20 ceK H B 3T0M cnyqae Ha6mo.nanc.a: 
C o:>1rn,naeMhIM .nnH 216 Pa BhlX0.IJ;0M B peaKUHlt 

197 Au( 24Mg,Sn)216 Pa. 

O6nacTh H,nep c 84 ~ z~ 91 3aHHMaeT 11p0Me)Ky- . 
TQqHoe II0il0)KeHHe Me)K,ny He,nenHIUHMCH H CHilhH0 ,nenHIUHMH
CH .a:,n;paMH. ,D.n.a:. Bhl.HCHeHH.H 3'1iipeKTa II0HH)KeHHH 6apbepa 
.neneHHH, CB.H3aHH0ro C yrn0BhIM M0MeHT0M, H3yqanHCh 
cne,nyIOIUHe .a:,nepHhle peaKUHH, Bhl3hIBaeMhie pa3nHqHhIMH . 
H0HaMH: 

31 
Tm ( P; 4n,5n) Po 

W ( 31 P; 4n, 5n) Ac 

Au (20 Ne; 4n, 5n) Ac 

Au (22 Ne; 4ri, 5n) · Ac 

Os ( 28Si; 5n) Th. 

B 3THX 3KCllepHMeHTax Hccne,nyeMhIH H30T0II 6hln H.IJ;eHTH
. iiiHUHpoBaH no 3HeprHHMa -qacTHU H 11epHo,naM nonypac11a,na. 

ll,neHTHiiiHKaUHIO H30T0II0B 11poBO.IJ;HnH TaK)Ke 110 iiiYHKUH.HM 
B036y)K,IJ;eHHH C00TBeTCTBYIOIUHX peaKUHii /lO/ 

IIonyqeHHhie ceqeHHH peaKUHH C HCllapeHHeM HeiiTpOHOB 
o6o6iueHhl B ma6A. 2. B 3TOH Ta6nHue llpHBe,neHhl llpH6nH
)KeHHhie 3Hatieii:H.a: 6aphepoB .neneHH.H H 3HeprHH CBH3H Heii:
TP0H0B H3 pa60Thl /11/. 

Ilo Mepe yMeHhIIIeHHH 6apbepa .neneHHH 110 cpaBHeHHIO ' 
C 3HeprHHMH CBH3H HeiiTpOHOB K0HKypeHUH.H ,neneHH.H lll)HB0 -
.IJ;HT K cyiuecTBeHH0MY yMeHhIIIeHHIO ceqeHH.H peaKUHH C HClla:
peHHeM Heii:TpOHOB. 

KaK BH.IJ;H0 H3 Ta6nHUhl, B Hccne:n;yeM0M HaMH ,IJ;Halla30He 
peaKUHH C p0CT0M .nenHM0CTH ceqeHH.H peaKUHH C HCllapeHHeM 
Heii:TpOHOB yMeHhIIIaIOTCH B 10·1 pa3. 

qeTBepTa.H rnaBa .IJ;HCCepTaUHH II0CB.HIUeHa o6cy)K,IJ;eHHIO 
nonyqeHHhIX pe3ynhTaT0B. 

12 

Ta6nHua 2. 

-N2 J,fo 2 
n/n 

PeaKmrn amaJcM ) Eapbep CpenHSrn: 
neneHHSI 3Hepf'HSI 
(MsB) CBSI3H 

HeiiTpoHa 

I. Tm (
31 

P; 4n) 
196

Po 2,7.ro--26 !01>4 8,9 

2. Tm ( 
31 

P ;5n)
195

Po 3.I□-27 IO,I 9,I 
3. W( 

31
P;4n) 

213
Ac 4.ro-28 7,I 7,7 

4. W( 
31 

P; 5n) 
212Ac s.ro-28 7,0 8,I 

5. Au (20Ne; 4n) 213Ac 2,4.r□-27 7,2 7,7 

6. Auf0
Ne; 5nf

12.Ac 4,8.I□-27 7,0 8,I 
7 22 ' 215 • Au( Ne;4n) Ac 2.ro-27 7 r-' ,n 6,6 
8 22 214 • Au( Ne ; 5n) '.Ac 4.ro-27 7,3 7,2 

9. Os(
28

Si;5n) 
215 

Th 6.ro-29 6,3 7,4 

IO. Os( 31
P; ·4n) 

216
Pa r,r.ro-30 5,5 7,6 

II. Os(31 
P;5n )

216 
Pa 3,5.ro-30 5,5 71>6 

12. Au[
4 

Mg;5n) 
21

6Fa 6,I.I0-3o 5,5 7,6 

3Kc11epHMeHTanhHhie pe3ynhTaThl 110 Hccne,n;oBaHHIO 
3HepreTHqecKHX 3aBHCHMOCTeii ceqeHHH ,, (HI, 4n' 5 n) -peaK
UHH ,naIOT B03M0)KH0CTh Bhl.HBHTh HeK0T0phle 3aK0H0MepHo
CTH H3MeHeHH.H ceqeHHH o6pa30BaHHH ·.a:.nep B_ o6naCTH 

84.$ 2~91. 
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,LJ;mi: onpe,neneHHH 3KcnepHMeHTanLHoii nenuqHHLI ceqeHHH 

H,nepnoii peaKQHH Heo6xo,nHMO 3HaTL noTOK qacTHQ, npowe,n

WHX qepe3 MHWeHL, H 3dJdJeKTHBHOe· KonuqecTBO · aTOM_OB 

neIQeCTBa MHWe·Hu. IlOTOK HOHOB H3MepHnCH BaKyyMHLIM 

QHnH,npoM <I>apa,neH. IlpH pa6oTe Ha BLI6HBaHHe Heo6xo,nHMO 

3HaTL TOilIQHHY cnoH BeIQeCTBa MHWeHH, H3 KOToporo BLme

TaIOT aTOMLI OT,naqn. OQeHKa MO)KeT 6LITL c,nenaHa Ha 

OCHOBairnu pa60TLI HopCKilH(pq1e 
1121 . BMeCTe C TeM MLI 

npone~u 3KcnepHMeHTLI no BLI6HBaHHIO aTOMOB OT,naqu H3 

CBHHQOBLIX MHllleHeii pa3nHqHoii TOilIQHHLI. 3TH ,naHHLie 

no3BOJIHnH HaM 3KCnepHMeHTanLHO nonyqHTL 34xlieKTHBHO 
. · · 22 

pa6oTaIOIQYIO TOilIQHH_y cnoH, KOTopaH ,nnH HOHOB · . Ne 
c 3HeprHeii llO M:JB cocTanm1eT -1,1 Mz/cM 2 CBHHQa. 

HallIH pe3ynLTan,1 no onpe,nene11u10 ceqenuii o6pa3oBaHHH 

pa3nHqHLIX H30Tonon y,no6HLI .nm1 aHanH3a, HMeIOIQero QenLIO 

ycTaHOBneHHe BilHHHHn yrnonoro MOMeHTa Ha OTHOllleHHe 

HeiiTpoHHoii H ,nenHTenLHoii urnpHH I~ / r, , a TaK)Ke 3anH

cHMOCTh rn /J'r OT napaMeTpa ,nenHMOCTH. 

Bee onhIThl npone,neHhl Ha O,D;HOH ycTaHOBKe B O,D;HOTHn-' 

HLIX H3MepeHHHX. 3To o6ecneqHnaeT OTHOCHTenhHYIO Toq

HOCTh onpe,neneHHH nenHqHH ceqeHHH He HH)Ke 20- 3Oo/o, . 

qTO npHBO,D;HT K OllIH6Ke B_ BenHqHHe f'~ / r f OKOilO 5- 7o/o. 

AHanH3. 3KCnepHMeHTanhHLIX ,naHHLIX OCHOBaH Ha TOM, 

qTo nepoJITHOCTh npoQecca, npuno,nHIQero K o6pa3oBaHHIO 

HeKOToporo H,npa ~ npo,nyKTa H3 COCTaBHOro H,npa nyTeM 

HCnapeHHH X - HeiiTpOHOB, MO)KeT 6hITh onpe,neneml. COOT -

HOllleHHeM 

f (' 
a = ! 

xn f=O 

X 

a f p r 11 [ r / 17 

+ r; 
x, - i=I n n l. ". 1,1 

IlOCKOilhKY B npoQecce HcnapeHHH HeiiTpOHOB H3MeHH

~TCH Bee xapaKTepHCTHKH COCTaBHOro H,npa /E * ' Er ' 
Bn , J , N /, 3a ucKn10qeHHeM Z , TO. Haxo)K,neHHe Toq

HLIX 3HaqeHHH / rn /r n + r f /i npe,ncTaBnHeT 6onhlUHe . ,, 
Tpy.D;HOCTH. 

,lJ;nH KaqecTBeHHoro onucaHHH npoQecca ucnapeHHH Heii

TPOHOB MO)KHO. BBeCTH cpe,nHee 3HaqeHHe <rn/ ~ +rf > 

no ,naHHOMY KaCKa,ny, KOTOpoe onpe,nem1eTCH cne,nyIOIQHM 

o6pa3oM: · 

14 

<rn/Tn +rr > 
x axn 

V a (E)P (E) 
c xn 

<r /rr> =<r /r +rr >/1-<r /r +rr > (*)'. n n n · n n 

Ha puc. 6 noKa3aHa 3aBHCHMOCTh,OTHOWeHHH nepOHTHOCTH 

HcnapeHm1 HeiiTpoHa K nepoHTHOCTH ,nenemrn OT napaMeTpa 

,nenH,.fOCTH 2 2
/ A . Ha 3TOM pHCYHKe KpoMe HaWHX ,naH -

HLIX. npe,ncTanneHLI TaK)Ke pe3ynhTaTLI pH,na· pa6oT ,npyrHX 

aBTOpOB /7,l 3 -lS/ . Bee BenHqHHLI < rn/ r f >. paccquTaHhl 

no dJopMyne ( *) ,nnH peaKQHii Tuna (HI, 5 n) , qTo no3nonHeT 

HCKflIOqHTL 3aBHCHMOCTh <rn/rf > OT 3HeprHH B036y)K

,neHHH. BepXHHH nHHHH npe,ncTaBnHeT co6oii 3HaqeliHH 

<rn /r f > ,nnH pa3HhIX H30TOnOB, o6pa3oBaHHhIX B peaK

QHHX c HOHaMH 
12 C , 13 C , HH)KHHH - c HOHaMH 31 P , 

19r; 
,o• 

1()°1 

M ~ S -~ ~ ~ ~ 

2 2/R 
Puc. 6. 3aeUCUMOCmb eeAU'-IUH <rn ;r f > , 11aiic)e11HblX U3 
pea1<11uu (HI, 5 n) om napaMempoe oeAuMocmu z2/ A . Ha-
wu oa1111bie 060311a'-leHbl ( x) , oa1111ble BoA1<oea ( o) u I'uop
co ( □ ) . 
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28 Si H3 pHCYHKa BHAHO, qTo IlHHHH, COeAHHHIOll\He 
3HaqeHHH <r n /re > AilH pa3HhlX H30TOnOB, o6pa30BaHHhIX 
B peaKI.{HHX C HOHaMH OAHOH H TOH )Ke Macchi, HMelOT BHA 

npJIMhIX HaKnOHHhIX nHHHH. ,[l;nH 3aAaHHoro 2 2 / A 3Haqe
HHH <rn /re > yMeHLIIIaIOTCH C yBennqeHHeM MaCChl 6oM-
6apAHPYIOLQeH qacTHU:hI, qTo noATBep)KAalOT TeopeTnqecK11e 
npeACKa3aHHH O cyLQeCTBeHHOM BilHHHHH yrnoaoro MOMeHTa 
Ha BennqeHy <rn /re >. qeM TH)Kenee 6oM6apAHPYIOll\aH 
qacTHU:a, TeM 6onhIIIHH yrnoaoii MOMeHT BHOCHTCH a CHCTeMy 
H TeM MeHLIIIe BennqHHa <rn /re >, a, cneAOBaTenhHO, 
H ceqeHHe o6pa30BaHHH HApa C AaHHhIM napaMeTpOM Aenn
MOCTH 2 2/A 

H3 paCCMOTpeHHH HaIIIHX JKcnepHMeHTanhHhIX AaHHhIX 
no onpeAeneHHIO ceqeHHH o6paJoBaHHH pa3nnqHhlX H30TOnOB 
cneAyeT, qTo AilH Z > 84 MaKCHManhHOe ceqeHHe HMeeT 
peaKI.{HH HcnapeHHH 5 HeiiTpOHOB HJ COCTaBHOro HApa. 
3To o6'hHCHHeTcH ABYMH npnqnHaMH: ao-nepBLix, 6onLmaH 
BeneqnHa KynOHOBCKOro 6apbepa Bhl3hIBaeT 6onLIIIee CMe
LQeHHe MaKCHMyMa peaKI.{HH HCnapeHHH qeThipex HeiiTpOHOB 
B CTopoHy BhICOKHX JHeprnii. Ilpn JTHX JHepreHx B036y)K
AeHHH HCnapeHHe qeThlpex HeiiTpOHOB CTaHOBHTCH MeHee 
aepoHTHhIM, ycTynaH· MeCTO 6onee BepoHTHOH peaKI.{HH nHTH 

HeiiTpOHOB. Bo-BTOPhIX, 6onhIIIHe JHeprHH B036y)KAeHHH 
o6ecneqeBaIOT HeKOTOphIH pOCT <rn /re > AilH peaKI.{HH 
(HI, Sn) . O6a cliaKTopa o6ecneqnBaIOT pocT a Sn no 
cpaBHeHHIO C a4n ' HeCMOTpH Ha A06aaneHHe ell\e OAHOH. 
cTyneHH ecnapnTenLHoro KacKaAa. 

BbIB0,l(bl: 

\. 

1. Pa3pa60TaHa BhlCOK03ciiciieKTHBHaH 3KCnpeccHaH Me-
T0AHKa c6opa, TpaHcnopTHpOBKHHAeTeKTHp0BaHHHK0pOTK0-
)KHBYLQHX a -n.3nyqaTeneii Ha nyqKe TJI)KenhIX HOHOB. 

2. H3MepeHhl npo6erH HeK0T0PhIX np0AYKT0B HAepHhIX 
peaKI.{HH - .aT0MOff OTAaqn. 

3. ff3yqeHhl ycnoBHH B03HHKH0BeHHH H noAaBneHHH a -pa,
AH0aKTHBHoro clioHa B peaKI.{HHX C TH)KenhIMH HOHaMH. 

4. CeHTe3npoaa11 HOBLiii a -n3nyqaTenL 216 Pa H onpe
AeneHLI xapaKTepHCTHKH ero pacnaAa: T½ .= 0,2±0,04 ceK., 
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Ea= 7,72 M3B, Ea= 7 ,82 M3]!., Ea= 7 ,92 .M3B. 

5. IlonyqeHhl 3HepreT11qeCKHe 3aBHCHM0CTH ceqeHHH 
H H3MepeHhl a6conIOTHhle 3HaqeHHH ceqeHHH cneAYIOll\HX 
HAePHbIX peaKI.{Hii: 31 

Tm( P;4n,Sn) Po 

W ( 31 P ; 4n, Sn) Ac 

20 · Au ( Ne ; 4n, Sn) Ac 

22 · Au( Ne ;4n, Sn) Ac 

Os (28 Si; Sn) Th 

3.l . 
Os ( P; 4n,Sn) Pa. 

6. KaqecTBeHHO 113yqeHO BilHHHHe yrnoaoro M0MeHTa 
Ha BennqHHy·<rn/re>• IloKaJaHO, qro(<rn/re•> 

2
) 

yMeHLIIIaeTCH C yaennqeHHeM napaMeTpa AenHM0CTH z :1/ A. 
7. HaiiAeHO, qTo a o6nacTH 84 :S. Z .:; 91 npH Hcnonh _. 

30BaHHH MH0ro3apHAHhlX HOH0B C Z= 10, 14, 15 Hae6onL
IIIee ceqeHee eMeeT HAepHaH peaKU:HH (HI , Sn) no cpaB
HeHHIO c peaKU:HHMH ecnapeHHH MeHLrnero one 6onLwero 
qecna HeiiTpOHOB. 

PeJynLTaThl, ne)Kall\He B OCH0Be AHCcepTal{IIH, ony6ne
KOBaHhl n )KypHanax "ATOMHaH 3HeprHH", "RAepHaH clieJH

Ka" H B BHAe coo6LQeHeii OHRH. 
·_ ,D;eccepTau:eH HanncaHa. no MaTepeanaM pa6oT / 4,6 ,7 ,8 ,10/. 
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