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Oco6eHHOCTbiO cHcTeMantKH cpe,ll,nnx LJHcen uei1Tpouon ua aKT 
cnOHTaHIIOfO ,ll,eHeHHSI ;7 SIBHSieTCSI3HalJHTenbHOe YCHHeHHe 3aBHCJ.tMOCTH , .. 
3THX semtlfHH OT MaCChi ,ll,eHSIIUerocSI Sl,ll,pa A B o6nacTH A 2 244/_Iz3ntM ' 
o6yCHOBHeHa H.eo6XO,ll,HMOCTb 6oilee TOlfHbiX H3MepeHHH v 's yKa'JaHHOM 
,ll,HanaJone Mace· SI,ll,ep. BbtXO,ll, 'nei1Tponon .npH cn01namwM ,ll,enemui 
lfeTHO-lfeTHbiX H30TOnos KIOpHSI p·accMaTpHBaHCSI B pa6oTaX h;3j; Mbl 
o6paTHMCSI K HJOTonaM Kanii¢opHHSI. KpoMe: HCKHIOlfltTe[Ibito Ba)I(Horo 
H3oTona 2 52 Cf , ,ll,HSI KOToporo l'viuorHe · xapaKTepHcnt'KH cn01niullloro 
,ll,eneHHSI, B TOM lfl-icne H MfHOBeJHibte HeHTpOHbl, 113MepeHbl npeUH;JHOHHO, 
cpe,ll,HHe LJHcna nei1Tpouon onpe,ll,eneubt nns:t 'cnonTam.wro neneiiHSI eme 
Tpex HJoTonon Kann¢opnnSI. TaK, B uenanniu 3KcnepnMeHTax ·I 31 6btno 
HJMepeno ;:; ,ll,HSI 25° Cf n JllaLJHTenbHO yToLJHeHo, no 

0 

cpanne1iH1o 
c I 41, ;::; nnSI. 254Cf .. L(nSI 246 Cf, naH6onee nerKoro 113. HccnenonaHHbtx 

. ~30TOnOB, HMe-eTCSIT9~bK.O .?_Jli~HpeJy.ribTaT, v =2,78*0,J9o'~F,·no~y:-~ 
LJeiiHblH B 1957 r. I 41 ; B naCTOSIIUee cBpeMWTaKaSI CTeneHb TOlfHOCTH 
3aJpy,ll,HSieT CHCTeMaTH3aun~o8e.riH~~H .~ .TaK, HanpnMep; ;:; n~SI 

246 Cf Me II blUe' ~eM 'j/ =Z '950.:1!) ,015 Jl,llSI 246 cni 121; Jl,llSI TOH ,)II(e 
H306apHOH napbl, 110 c it =2SO;;; (Cf/ npeBbiWaeT~ v'(Cm) mi 0,22, 

0 cornacno · pa6oTe hl . '~acnpenenenue · MH.oJi<ecTneiiuocTH MruoneHHbiXO 
HeHTpOHOB 113BeCTHO TOH~K6-~nSI·onuoro,~3 U30TOnOB Kah~¢opH~SI~ a 
HMeHHO, 252 Cf ·. B · CBSIJH · c 3TitM B nacTOSIIUell pa6oTe HJMepSinHcb 
cpennee olfHCHO H pacripeneneHHe MHO)I(eCTDeHHOCTJ-! nei1TpOHOB'P 1,~ npH 

cnoHTalmOM ,ll,eneHHH 246 Cf . . · . . · · 0

: 

0 

16 , 

HJoTon 246 Cf. , o6nanaiOIUHH nepno,ll,OM nonypacna,ll,a 35;7 t.tac. ' 
1

, 

ilOHylfaHCSI B · SIJlepHOH peaKUHH 238 U (. 12 C, 4 n.) , CelfeHUe KOTOpOJi 
COCTaBnSieT 62 MK6apll npu 3HeprHH HOHOB 67,5 M3B fTI. HaKHOI~H,aSI 
MHWeHb H3 MeTanni-tLJecKoro 238 U 'o6ny'ianacb B TeLJenne 15 · LJacoB 
BHyTpeHHHM · nylfKOM no noB -' 12 C HHTeHCHBHOCTbiO "' 3Jd 0 

13
LJacT f G.et<, 

ycKopeHHbtX na tiHKnol'pone Y -300 Jla6opaTopHH SI,ll,epHbiX peaKu~ii 
OHSIH. llonepxuocTiJhiii cnolf· o6nyLJeHHoii Miiwenn pacTBOpSincsi'.. B 

" 1 B opHrHnanbHOii pa6oTe coo6maeTCSI 3Ha•teime 2,92±0, 19, HJMe
pennoe, KaK yKaJano B pa6oTe 15/ ,oTHOCHT.eJibHO ;::; =2,257 ,ll,JISI24' Pu. 
llpHae,ll,ennoe JHaLJeuue nonyLJeHo nepenopMupoBKOii K v =2,150±0;008 
,ll,HSI 240 Pu ·, onpe,ll,eneHHOMY no 0 MHo ruM H3MepeHHSIM B pa6oTe I II • •0, • 
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KOIIUeiiTpHpOBalllJOH COJISIHOH KHCJIOTe, 3aTeM MeTOLIOM HOH006MeHHOH 

XpOMaTorpa<iJHH Ha KOJIOHKe CO CMOJIOH Dowex 1x4 OT):IeJI.HJiaCb <lJpa.KUHSI ~ 
TpaHCilJIYTOHHeBbiX 3JieMeHTOB. 

HeCMOTpSI Ha 3HaliHTeJibHOe CelleHHe peaKUHH H BbiCOKYIO HHTeH

CHBIIOCTb 11Yl1Ka HOHOB, liTO fi03BOJIHJIO HaKOilHTb OKOJIO 6x 10 8 aTOMOB 

KaJIHtPOPHHSI, HC CJie):IOBaHHSI M fHOBeHHbl X HeHTpOHOB CHJibHO 3a Tpy ):IHeHbl 

MaJIOH OTHOCHTeJibHOH BepOSITHOCTbiO CfiOHTaHHOfO ):leJieHHSI246Cf ,paBHOH 

2x I 0.:-6 !6/ . I13MepeHHSI npoBOLIHJIHCb MeTOLIOM napanneJibHOH 

. perHcTpaUHH HeliTpoHoB ?46 Cf H 244 Cm , cny)I(HBwero cTaHnapTOM 

):IJlSI onpe):leJieHHSI 3¢¢eKTHBHOCTH, B COBfia):leHHH C COOTBeTCTBYIOiliHM 

ocKOJIKOM neneHHSI. HcnonbJoaancSI aHaJIHJaTop HeliTponoa neneHHSI Ha 

mumH c Manoli 3,~ TPA-100 1, nonpo6uoe onnca1me KbToporo conep-
)I(HTCSI B pa6oTe 8 • • _ .. 

.. L(eTeKTop neliTpoHoB I PH C. 1 I conep)l(aJI 36 nponopuHoHaJibHbiX 

. 
31/e -cljeTliH.KOB, norpy)l(eHHbiX B 3aMe):IJIHTeJih H3 JlJieKCHrnaca, .B 

uenTpe .KoToporo pacnonaramtcb nae HeJaBHCHMbie KaMepbi c noaepx

HOCTHo-6apbepllbiMH Si (Au) -neTeKTopaMH . LIJISI perHcTpaUHH 

OCKOJIKOB ):leJieHHSI;B O):IHOH H3 KaMep HaXOLIHJICSI HCCJie):lyeMbiH HCTOliHHK, 

246 Cf ·• B npyroli -. jTaJIOHHbiH' 2 44 Cm • 3¢¢eKTHBHOCTb perHCTpaUHH 

HeliTpouoa neneHHSI, ocHoBaHHaSI Ha i> =2,69 LIJISI 244 Cm I 1.2/cocTaBJISI

na 48,2%, ypoBeHb tPOHa - OKOJIO 0,0015 HeHTpOHI ):leJieHHe.L(JISI Ka)I():IOfO 

aKJ'a neneHHSI onpenenSIJIHCb HOMep Si (Au) -;LICTC.KTopa 1 npH3HaK 

HCCJie):lyeMOfO HJIH 3TaJIOHIJOro C06biTHS!I, aMnJIHTYLia OC~OJIKa H liHCJIO 

·3aperHcTpnpoaaHHhlX ueliTpOHOB. L(nSI onpeneneHHSI ¢o11a aHaJIHJaTop 

HCHTpOHOB nepHOLIHlleCKH BKJIIOllaJICSI reHepaTopoM, HMHTHPYIOiliHM OCKO

JIOK neneHHSI. 11H¢opMaUHSI HaKannnaanach B naMSITH 3 BM, onHospeMeHHO 

C _3THM o6pa6aThlBaJiaCb H npe):ICTaBJISIJiaCb Ha 3kpaHe OCUHJIJIOCKOna 

HJHI Ha nellaTH .TeneTaHna. ., 

113MepeiiHSI npO):IOJI)I(aJIHCb OKOJIO 100 llaCOB, npH 3TOM 6hiJIO 

JaperHcTpHpoBaHo. 65015 aKTOf! neneHHSI 24 4 Cm · H 606 neneHHH 

B. HCCJienyeMOM HCTOliHHKe. BpeMeHHOe. pacnpeneneHHe JlOCJie):IHHX 

.jpuc. 21 xopowo cornacyeTCSI c nepHO)J.OM nonypacnana 2 46 Cf ,paBHhiM 

35,7 iJac. HcnoJib3 ySI naHHhie pa6oT /7. 9!. o aepoSITHOCTSix o6pa3o.BaHHSI 

B peaKUifH 238 -U + 12 C pa3JIHliHbiX H30TOI10B H paCCMaTpHBaSI HX CBOHCT

Ba 16/ , HeTpynuo noKaJaTb, liTO BKnan npyrux cnoHTaHHO neJISIJliHXCSI 

Sl):leP,, KpOMe 246 C{ , B Ha6JIIO):IaeMbiH 3¢¢eKT, HClle3aiOJlle MaJI. 
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606 aKTOB CllOHTi 

npH3HaKy liHCJia JaperHC 

o6pa3oM: 105, 221, .183. 

seTCTBeHHO. llono6Hoe I 
3TH pacnpeneneHHSI · !\me 
6hiJIH HC.npaBJieHhl Ha tPOH 

MeTO):IOM, H3JIO)I(eHHbiM B 

·peJyJibTaT v · =3,14.±0,0 

BHOCHT CTaTHCTHKa l{HC 

noJiylleHHaSI B HaCTOSIJlleH 

paCXO)I():IeHHe COCTaBJISie1 

HHH.3HalleHHe. v· =3,14 11~ 
3KCnepuMeHTaJibH~X rii~ 

A HJOTorii KanH¢opHHSI. 

annpOKCHMHpyeTCSIIlpSIMI 

lpHC. 31; JIHHeHHaSI 3aBH 

MeCTO H ):IJISI lleTHO-lleT 

PacnpeneneHHSI ~u1 
3KCnepHMeHTaJibHbiM pac 

MblX HeHTpOHOB F n. Me 

JlOCKO.iibKY npSIMOH ylleT 

naM L(aliaeua l 12/ npH 

peKTHhiH, ocuunnHpyiOm~< 

·pacnpeneneHHH liHCJia He 

1103TOMY · HHTerpaJihHbie 

liHCJIO v , ):IHCnepCHSI o 
_, ii] I ii 2 onpenenSinHc 

):laHHbiM: . 

n max 
n I ~ 

-: . ·-- ~ v ,._- f -. 

f · n"'O 

nF 
n 

rne F n - . aepOSITHOCTI 

):leJieHHSI lperHCTPHPYI 
n max ; . 2 n 

I F = I . .<n > = 
n =o· n . · P • ' 

ueii~ponoa •. PeJyJibTaThi 



:TO)lOM HOH006MeHHOH 

:4 OT)leJIHJiaCb !IJpaKLIH~. 

mH II Bb!COKYIO HHTeH-

OKOJIO 6x 10 8 a TO MOB 

OB ·cHJibHO 3aTpy)llleHbl 

0 )leJieHH~ 24_6 C f ,paBHOH 

TO)lOM napaJIJieJibHOH 

~HBWero CTaH)lapTOM 

· COOTBeTCTBYIOlllHM 

JeHTpOHOB )leJieHH~ Ha 

:a1me KbToporo coriep-

16. nponobuHouan~Hwx 
b., H3. nJieKCHf naca, B 

hie KaMepbi c nonepx

• JlJI~ perHCTpal.IHH 

:c~e.uyeMbiH HCTOlfHHK, 

r.HBHOCTb perHCTpal.IHH 
244 Cm ( J.2(cocTaBJI~

' .ueneHHe ._an~ Ka~.uoro 

teTe·K·Topa f npH3HaK 

Ty)la OCKOJIKa II lfHCJIO 

~~~ ¢oH~ _aHaJIH3aTop 

l, HMHTHPYIOlllHM OCKO

H 3 Btyt, o.unospeMeHno 

3kpaHe ocuHnriocKona 

OB, npH 3TOM 6b!JIO 

~m. 11 · 606 .ueneHHH 

!JleJieHHe nocne.UHHX 

:na..ua. 246 Cf ,paBHbiM 

HTHOCT~~o6paJ~BaHHH 
::MaTpHBa~ ux csoiicT

cnoHTaHHo i:\eJIHlllHXC~ 
<T, Helle 3aiOme. Man. 

I 
! 

I 
I 

606 aKTO~ CHOHTaHHOfO )leJieHHH 
246 C{ pacnpe)leJIHJIHCb nQ 

npH3HaKy lfHCJia JaperHCTpHpOBaHHbiX HeHTpOHOB n CJie)lyiOlllHM 

o6pa30M: 105, 221, .183; 70, 22 II 5 )lJIH. n =0, 1, 2, ••• ,·, .·, 5, COOT

BeTCTBeHHO. no.uo6Hoe pacnpe.ueneHHe 6biJIO nonylJeHo u JlJISI 
2 44Cm. 

3TH pacnpe.ueJieHHSI MHO~ecTiieHHOCTH perHCTpHpyeMbiX HeHTpOHOB 

6biJIH HC.npaBJieHbl Ha tPOH H pa3pernaiOUlee BpeMSI )leTeKTOpa HeHTpOHOB 

MeTo.uoM, H3JIO~eHHbiM B pa6oTe Is/ . llocne ylJeTa nonpanoK nonylJeH 

·pe3yJibTaT v =3,14.±(),09 )lJISl 246 Cf ," OCHOBHOH BKJia)l B OWH6Ky 

BHOCHT CTaTHCTHKa lJHCJia Ha6JIIO)laBWHXCSI )leJieHHH. BeJIHlJHHa v , 
nonylJeHHaSI B HaCTOSIUleH pa6oTe, 3aMeTHO Bb!We pe 3 y JlbTa Ta pa60Tbl /4/: 
paCXO~)leHHe COCTaBJISieT 0·,36 II He nepeKpb!BaeTCSI OWH6KaMH H3Mepe

HHH.3HalJeHHe v =3,14 JIYlJWe cornacyeTCSI C OCTaJibHOH COBOKynHOCTbiO 

3KCHepHMeHTaJibHbiX .ziaHHbiX H 3aBHCHMOCTbiO v' OT MaCCOBOfO .lJHCJia 

A H30TOna KaJIHtPOPHHSI, KOTOpaSI B HHTepBaJie 'A =246-254 XOpOWO 

annpoKCHMHpyeTcSI npSIMOH JIHHHeii c HaKJIOHOM ~I A. _ =0,18±0,03 
" . ~A U~2 

jpHc. 31; nnHeiiHaSI JanncnMOCTb npnMepHo c TaKHM ~e HaKJIOHOM HMeeT 

MeCTO n )lJISI lJeTHO-lJeTiibiX H30TOnOB KIOpHSI npn 'A =242-250./2-J/, 

Pacnpe)leJieHHSI ;_IHCJia HeHTpOHOB P BOCCTaHaBJIHBaJIHCb no v . 
3KCnepHMeHTaJibHbiM pacnpe)leJieHHSIM MHO~eCTBeHIIOCTH perncTpHpye-· 

Mb!X HeHTpOHOB F n. MeTO)lOM CTaTHCTHlJeCKOH peryJISipnJaunn 71 II' 
noCKOiJbKY npSIMOH ylJeT 3¢¢eKTHBHOCTH )leTeKTOpa no 06bilJHbiM tPOPMY

JiaM _aaiiBeHa /12/ npH £ "' 48% n He60JibWOH CTaTHCTHKe )laeT HeKop- · 

peKTHbiH, OCLIHJIJinpyiOlllHH peJyJibTaT. BoccTaHOBJieHHbie KOMnOHeliTbl 

·pacnpe)leJieHHH lJHCJia HeHTpOHOB 06Jia)laiOT 3HalJnTeJibHblMH OWH6KaMH, 

noJTOMY nHTerpaJibHbie xapaKTepncTHKn pacnpe.ueneHHH - cpe.uuee 

lJHCJIO ii ')lHCnepcnSI a 2 = .<v 2 > - v 2 n napaMeTp ¢opMbl r = L<v 2>-. v . . 2 
ii] 1 v 2 onpe.ueJISIJIHCb Henocpe.ucTBeHHO no JKcnepnMeHTaJibHbityi 

)laHHbiM: . 

n max 
1 

v ::·-=-
£ n=o 

r.ue Fn 
.ueneHHSI 

- BepOSITHOCTb perHCTpaUHH . n HeHTpOHOB B O)lHOM aKTe 

jperHCTpHpyeMOe pacnpe)leJieHne MHO~eCTBeHHOCTH/, 
n max 

2 
n max 

2 
::£ F n = 1 · .<n > = I n F · £ - J"'"'eKTHBHOCTb n=o· ~ n=o n ~ 'l''l' 
Hei1TpoHOB. Pe3yJibTaTbi npHBOJlSITCSI Ha pHc. 4 II B Ta6JIHLie 

5 
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Pacnpe.neJICIIHC MIIOJKCCTBCHHOCTH HCHTPOHOB .UJISI 244 c,;,noJiytJCHHOC B 
llaCTOSilUCH pa60TC, llaXO.llHTCSI B XOpOillCM COrJiaCHH C .UaHHbiMH 60JICC 
paHIIHX H3MCpCIIHlt I 12.131. no cpaBHCHHIO c 3THM, pacnpe.neJICHHC 
tJHCJia HCHTpouoa .UJISI 246 Cf o6na.naeT JaMeTHO 6oJihlllCH .nHcnepclieii, 
KoTopaSI B npe.nenax 3KcnepHMenTaJibHOH oi1JH6KH coana.naeT c a 2 = 
=I ,618, onpe.neneuuoii B pa6oTe "I 14l .UJISI 2 52 Cf • Eme 6onee lllHpoi'He 
pacnpeneneHHSI tJHCJia ueiiTpoHoB ua6JIIO.llaiOTCSI npH cnouTaiiHOM nenemiu 
H3oTonoa <jlepMHSI I 151 . 3TH <jlaKTbi cBH.llCTCJibCTBY.IOT B noJib3Y npen
nonoJKeuHsi o6 yseJIH<JCIIHH lllHpHHbi pacnpeneneiiHSI 3HeprHHB036YJK.llCIIHSI 
ocKOJIKOB c pocTOM ee cpenueii BCJIH4HIIhl, HJIH ~· , cnenauuoro 
TeppenoM 1161. · 

ABTOpbl. 6naro.napSIT aKa.UCMHKa r .H. <l>nepoaa 3a nocTaHOBKY 
3a.lla4H H MHOr04HCJICIIHbiC 06CYJK.llCHHSI. 

' ABTOpbl BblpaJKaiOT 6naronapuocTb 11. Jlaury Ja nocTOSIHHoe 
COBCplllCHCTBOBaiiHC . nporpaMMHOro o6ecnC4CHHSI, 0 .K.He<jJC.llbCBy, 
B.r .Cy66oTHHY, B.<I>.KywuHpyKy Ja noMotUb 8 npoaenenHH JKcnepHMeu
~a. a TaKJKe KOJIJICKTHBY 3KcnnyaTaUHH Y -300, pyKoBO.UHMOMY 
J>.A.3arepOM, 3a 06CCI1ClJCHHC HHTCHCHBHOrO nytJKa HOHOB. 
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· PHc. 1. CxeMa neTeKTopa HeiiTpOHOB. 1 - JaMeilJIHTeJib fnneKcHrnacf, 
2 - .nponopuHoHaJibHbie 3 He -cl.feT'IHKH, 3 - KaMepbi c HCTOl.fHHKaMH 
}leJieHHH.H 5 i(Au) -}leTeKTOpaMH, 4 - MeTaJIJIHl.feCKHH 3KpaH. 
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PHc. 2. BpeMenHoe pacr 
HbiX B HCCJie}lyeMOM .lfCTj 



lmiTeJib I nneKcHr nac /, 
lMephl C HCTOqHHKaMH 
qeCKHH 3KpaH. 
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Puc. 2. BpeMemwe pacnpe.ueneHHe aKTOB .ueneHHH, JaperucTpHponau
HbiX B HCCJie,nyeMOM HCTOqHHKe. 
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Puc. 3. 3aaucuMOCTb · cpe}lnero · •mcna HeiiTpoHOB oT Maccoaoro tJucna 
A JlnSI cnoHTannoro JleneHHSI uJoTonoa Kanu¢opHIHI. •·o - JKcnepu

MenTanbHbJe· }laHHbie ya60T /3/ H /4/ , COOTB.; . A - peKOMeHJlOBaHHOe. 
JHattenue ii JlnSI 25 Cf /1o~a ----- peJynbTaT nacToSimei1 pa6oTbi. 
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· Puc. 4 •. Pacnpellen 
HOM }leneHUU 2 4 6 ( 

3KcnepuMeHTanbHOI 
MbiX HeiiTpOHOB, F 
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01ioa oT Maccoooro •mcna 
IHciJOpHIHI. •.o - 3KCHCpH
.; <,£ - peKOMCliJlODaHUOC. 
bTaT nacToHme~ pa6oTw. 
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'P11c. 4. ·Pacnpe)leJieHHe <iHcJia neiiTponoB, HcnycKaeMhix np11 cnonTan-· 
.110M JlCJICHHH 2 46 Cf ·/CHJIOUIHaH 'JIHIIHH/; P v . TiyUKTHpOM HOKa3aHO. 
3KCHCpHMCHTaJibHOC pacnpe,UCJICHHC MHO)I(CCTBCHHOCTH perHCTpHpye
MbiX HCHTpOHOB; F n 

II 



! 

Ta6JIHI(a I.· 

Bacnpe~eJieHKH MHO&eCTECHHOC~H MrHOECHBHX 

HeiTpoHOE npH OROHTaHHOM ~eJieHHH 24:6Cf H · 244Cm.. 

_ 216cf 244cm.. 

Po o.ooo ± 0.027 0.03!:!: 0.005 

PI 0.112 t 0.04! 0.!03 t 0.0!4 

P2 0.233! 0.04! . 0.294:!: 0.020 

p3 0.274:!: 0.043 Oo33.9 ± 0.020 

p4 0.222 1: 0.042 . 0.!87 :t 0.0!9 

P5 0.128 '!: 0.036 0.044 ± 0.0!9 

p6 0.03! '!: 0.033 o.ooo :t 0.017 

p7 o.ooo! 0.019 . 0.002 ± O.OIO 
- 2.69 :!: o.oix) 'J 3.!4 ! 0.09 

6~ 1.66 ! 0.31 I .290 :t 0.025 

r2. 0.8501 0.03! 0.807'!: 0.003 

X)llpiHHTO B KaqeOTEe CTa~apTao 
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npenpHHThl H coo5mE 
nMHoro o5Meua,yunBep~l 
HBY'iHbiM rpynnaM II OT.tll 

nonyqaTenRM H3.tl8HE 
RBHTh HHHUH8THBY B 5eCl 
o5MeHa npHHHM8JOTCR H8 
ny5nuKaunn no TeMaTIIKE 
· EanncTI3eauhiH Bna 
9TO penpul!Tbl ( OTTHCKII C 

B pRae cnyqaeB Mbi 
6onee Kpynul.IM nonyiraTe 
cnaTh uaM KaKIIe-nn6o · Ki 
lKypnanhi, u3aaromnecs B 

,., 
H3uaTenbcKnfi oTnen 

COB H8 Bhl6hlnKy H3.tl8Hlll 
yKa3biBBTh nnneKc 3anpa 

nucbM8 no BC9M Bm 
oTnenhllbie n_3nauns cneay 

Anpec anR nochlnKn 
5ecnnaTuofi noanncKn ua 


