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BeeoeHue 

B cospeMeHaoii JKcnepaMeHTanLHoii .11~epaoii <IJa3HKe 

O~HHMH 83 OCHOBHLIX 3a~aq .IIBn.IIIOTC.II: nOHCK HOBLIX pa~ao· 

aKTHBHLIX H30TOnOB, ~aneKHX OT nHHHH .ll~epHOB CTa6HnL· 

HOCTH, onpe~eneaae Tana pa~aoaKT~BHoro ax 1 pfcna~a. a TaK>Ke H3Mepeaae CKOpOCTH H JHeprHH pacna~a · 

TaK, pa~aoaKTHBHLie H30TOnLI B o6nacTH nerKax .11~ep, 
06pa3yiOU{HeC.II B pe3ynLTaTe .ll~epHLIX peaKUHB npa B3aHMO· 

~eBCTBHH TJI>KenLIX HOHOB C MHWeHLIO nocne BLIBO~a HX 

83 YCKOpHTenJI, H~eHTH<iJHUHPYIOTCJI MeTO~OM H3MepeHH.II 

y~enLHOB HOHH3aUHH H nonHOB JHeprHH 3lHX H30TOnOB C no­

'MOU{LIO COOTBeTCTBYIOU{HX ~eTeKTOpOB 2
'
3
/. lfMnynLCLI C 

~eTeKTOpOB no TaKOB MeTO~HKe no~aiOTC.II Ha MHOrOMepHLIB 

aaana3aTop. B pe3ynLTaTe aa nnocKoCTH aaana3aTopa, aa 

KOTOpOB no OCH a6CUHCC OTKna~LIBaiOTC.II HOHH3aUHOHHLie 

noT epa (~E) npo~yKTOB Jl~epHLIX peaKuaii, a no oca 

op~aHaT - ax nonaa.11 JHepraJI (E),nony'laJOTCJI "ranep6onLI", 

COOTBeTCTBYIOU{He pa3nH'IHLIM H30TOnaM: 

2 
~E.E- MZ, 

r~e M- Macca HJOTona, Z - ero 3ap.11~. 

/1/ 

TaKoii cnoco6 ~aeT ua~e>KHYIO a~eHTa<iJaKaUHJO npo~yK­
TOB Jl~epHLIX peaKUHB, HO He onpe~enJieT THn pa~HOaKTHB· 
uoro pacna~a a ero cKopocTL. 

IlpHMeHeHHe KOM6HHaUHH BLIWeH3nO>KeHHOH MeTO~HKH 
C MarHHTHLIM auanaJaTOpOM ~n.ll nOBLIWe~H.II 'IYBCTBHTenL· 

HOCTH ee 3a C'leT OT~eneHHJI MarHHTOM KauanOB Jl~epHLIX 

peaKUHB, C nOMOU{LIO KOTOPLIX o6pa3yiOTCJI "3K30TH'IeCKHe" 
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HOBble H30TOnbl, OT ynpyro pacceJIHHbiX HOHOB, ceqeHHJI 
KOTOpbiX npeBbiWaiOT Ha HeCKOnbKO nopJI~KOB ceqeHHJI 3THX 
KaHanoB, TaK>Ke CO~ep>KHT He~OCTaTOK, 3aKJIIOqaiOUUIBCJI 
B orpaHHqeHHH Ha6JIIO~eHHJI HOBbiX H30TOnOB, BpeMJI >KH3HH 
KOTOpbiX MeHbWe - 10 ~ CeK, H3- 3a 6onbWOH nponeTHOH 
6a3bl /HeCKOnbKO MeTpOB/ Me~y MHWeHbiO H TeneCKOnOM 
C ~eTeKTOpaMH H3MepeHHJI y~enbHOH HOHH3a~HH H nonHOH 
3HeprHH aHanH3HpyeMbiX H30TOnOB, noMe~eHHOM B clloKanb­
HOH nnocKOCTH MarHHTa. 

Cor nacHo o~HOMY H3 cnoco6os onpe~eneHHJI THna pa~o­
aKTHBHOrO pacna~a H30TOnOB, y~aneHHbiX OT nHHHH JI~epHOH 

CTa6HnbHOCTH B o6naCTH nerKHX Jl~ep, npe~no>KeHHOM B pa-
6oTe / 4/, B KOTOpoii npHBe~eHa 3KCnepHMeHTanbHaJI nonbiT­
Ka o6Hapy>KeHHJI HOBoro Tuna pa~uoaKTHBHoro pacna~a -
~ByXnpOTOHHOrO pacna~a (2~),apryMeHTbl B nonL3Y KOTO­
poro npuse~eHbl B pa6oTe 5~ B KaqecTBe ~eTeKTopa ~nJI 
perucTpa~uu 2p-pacna~a ucnon~o3osanac~o clloTonnacTHHKa, 
KOTOpaJI noMew:anaCb BHyTpH YCKOpHTenJI BMeCTe C MH• 
meH~oro. CyTb TaKoro cnoco6a 3aKJIIOqaeTcJI B TOM, qTo6bl, 
HCnOnb3YJI MarHHTHOe none ~HKnOTpOHa, "BOrHaTb" B clloTo-
3MynLCHIO 2 p - pa~HOaKTHBHble JI~pa, o6pa3YIOUUieCJI B pe-
3ynLTaTe peaK~Hii nepe~aqu npH o6nyqeHHH MHWeHH BHyT­
peHHHM nyqKOM TJI>KenbiX HOHOB, H npH npOCMOTpe HCKaTb 
cne~bl HOHOB, OKaHqHBaiOUUIXCJI ~Byxnyqesoii npOTOHHOii 
3Be3~oii. 

He~ocTaTKOM TaKoro cnoco6a JIBnJieTcJI TO, qTo OH 
n03BOnJieT perHCTpHpOBaTb pacna~ TOnbKO C BpeMeHeM 
>KH3HH 6on~ome 10-8 ceK npu ycnosuu, qTo 3HepruJI npoTo· 
HOB - He MeHLWe 0,5 MaB, TOr~a KaK npe~CKa3biBaeMble, 
HanpHMep, 3Hepruu pacna~a H speMeHa >KH3HH 2p -pa~uo­
aKTHBHbiX H30TOnOB B o6naCTH nerKHX Jl~ep COOTBeTCT­
seHHo ne>KaT s o6nacTu /0,15- 5 MaB/ u /I0-6 - Io- 1~eK;I~I 

B ~aHHoii pa6oTe npe~araiOTCJI MeTO~bl o6Hapy>KeHHJI 
KOpOTKO>KHBYUUIX H30TOnOB - npo~yKTOB JI~epHbiX peaK~ii, 

y~aneHHbiX OT JIHHHH Jl~epHOH CTa6HnbHOCTH B o6naCTH 
nerKHX JI~ep, pacna~aiDUUIXCJI nyTeM ucnycKaHHJI XOTJI 6w 
O~HOrO HyKnOHa, KOTOpble HapJI~Y C Ha~e>KHOCTLIO ~eH­
THcliHKa~HH H B03MO>KHOCTbiO perHCTpa~H npo~yKTOB Jl~ep­
HbiX peaK~Hii C BpeMeHeM >KH3HH MeHbWe 10-6 CeK n03BO­
nJIIOT onpe~enJITL THnbi pa~HOaKTHBHOrO pacna~a KOpOTKO-
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>KHBYW:HX H30TOnOB, BpeMJI >KH3HH KOTOpbiX no OTHOWeHHIO 
K TaKHM pacna~aM MeHbWe. 10 - 8 CeK, HCKJIIOqaJI 3aBHCH­
MOCTb perHCTpa~HH OT 3HeprHH pacna~a. 

Bo3MO>KHOCTb pemeHHJI nepequcneHHbiX 3a~aq c no­
MOW:biO npe~naraeMbiX MeTO~OB Mbl ~OKa>KeM Ha npHMepe 
B03MO>KHOCTH HCnOnb30BaHHJI HX ~nJI 06Hapy>KeHHJI H H3Me­
peHHJI CKOpOCTH npe~CKa3yeMOrO ~ByxnpOTOHHOrO pacna~a 
H30TOnOB. 

OnpeOeAeHue muna paouoaKmuaHozo pacnaoa AezKux 
U30monoa C ucnycKaHU€M XOMJI 6bl OOHOZO HYKAOHa 
u uaMepeHue ezo cKopocmu c noMOIJibiO MemoOuKu 
(~E ,E) C UOHU30liUOHHOU KaMepou 6 Ka'lecmae 
~ E - oemeKmopa 

Ecnu nepuo~ nonypacna~a. HanpuMep, 2p- pa~uoaK­
THBHbiX nerKHX Jl~ep, nonyqaeMbiX B pe3ynbTaTe npJIMbiX 
JI~epHbiX peaK~Hii, COH3MepHM C BpeMeHeM nponeTa HX OT 
MHWeHH K TeneCKOny H qepe3 HOHH3a~HOHHyro KaMepy, TO 
o6pa3yeTCJI "TpeK" Me~y "runep6onaMu", npuHa~nelKa­
W:HMH 2p -pa~HOaKTHBHOMY JI~py Y C Maccoii (M+2)H 3apJI­
~OM (Z+2)u ero ~oqepHeMy JI~py X (M ,Z) COOTBeTCTBeHHO 
Ha nnOCKOCTH (~E,E) /puc. Jaj. 

,LJ;eiicTBHTenbHO, TaK KaK ~o pacna~a JI~po Y npoxo~HT 
nYTh B HOHH3a~HOHHoii KaMepe ~ x, a nocne Hero ~oqepHee 
JI~po X npoxo~HT nyTL (~x 0 -~x) /puc. 16/, TO 3cWleK­
THBHaJI noTepJI 3HeprHH B TaKOM cnyqae 

~E(~x) ... ~E(Z+2,~x)+~E(Z,~x0 -~x). /2/ 

U, cne~oBaTenbHO, BCer~a BblnOnHHMO COOTHOWeHHe 

~ E ( z) .$ ~ E ( ~ X ) .$ ~ E ( z + 2) • /3/ 

)l;nJI npOCTOTbl paCCMOTpeHHJI nonO>KHM, qTo HaqaJibHaJI 
3HepruJI JI~pa Y(M+2, z +2) pasHa E(Z+2), a curHan ua 
swxo~e E - ,1\eTeKTopa cyMMHpyeTcJI c curHaJIOM oT ~ E -
~eTeKTopa. Tor~a Ha ocHoBaHHH cllopMynbl JieTe -Jinoxa ~JI 
cpe~HHX noTepb 3HeprHH 3apJilKeHHOH qaCTH~bl npH npo-

5 



a.) E 
.X(M,l) Y CM+2,'!+2) 

6) UOHU.SQUUOMkO.R 
KQ.MePa 

)( 

\ l'tU.WtKb 

8) 

I 

---:c'! 
/ I 

I 

.6E(l) .6E(6lC)6£(~+2) 
1 I : 

I 

6)( 

I 

rnN f : : 
------~ I lnN(6X*--- : ~ 

l l 
I I 

0 t (AX) 

6E 

-oemeKmoP 

t 

Puc. 1. Bo3MOJICHOC11lb o6HapyxeHUJI u U3MepeHUJI epeMeH 
JICU3HU ~ • paOUOaKJtU6HbiX A€2KUX JIOep C nOMOU#biO M€1WOU· 
KU (~E,E) C UOHU3QI#UOHHOU KaMepoil 6 KQ'I€C11l6€ ~ E- Oe11leK· 
•opa. 
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XO>~meHHH qepe3 ,ZJ;eTeKTOp B HepeJIJITHBHCTCKOM CJiyqae /7,8/ 
npa ycnoBHH 

~E <0,3 E 191 , 

npeue6peraJI 3Hepraeii: 2p ·pacna.ZJ;a, nony'IHM, 'ITO 

~E(~x) - ~E( Z) + 4(Z + 1) ~E(Z) ~ 
= z2 ~xo 

H 

E(~x):;;;; E(Z) + 4(Z+ 1) 
z2 ~E(Z)~ 

~X • 
0 

/4/ 

/5/ 

/6/ 

TaKHM o6pa3oM, ua nnocKoCTH (~E,E) qepe3 MaKCHMYMW 
pacnpe,ZJ;eJieHHii ~E H3·3a JIHHeiiHOCTH ~YHK~Hii: /5/ H /6/ 
OTHOCHTeJILHO ~X MO)KHO npOBeCTH DpJIMYIO, COe.ZJ;HHJIIO~YIO 
"ranep6om.r" X(M ,Z) H Y(M+2, Z+2). H,cne.ZJ;oBaTeJILHo, 
'IHCJIO JI.ZJ;ep Y , pacnaBWHXCJI B HOHH3a~HOHHOH KaMepe 
B KOH~e DYTH ~X, 6y.ZJ;eT paBHO 'IHCJIY OTC'IeTOB[N(~x) ] 
B pacnpe.ZJ;eneHHH ~ E ( ~ x) , Jie)Ka~eM ua nnocKOCTH E (~ x). 

TaK )Ke nerKo onpe.ZJ;eJIHTL cpe.ZJ;Hee opeMJI nponeTa 
DYTH ~X B HOHH3a~HOHHOii: KaMepe JI.ZJ;pa Y(M+2,Z +2) .ZJ;O 
pacna,ZJ;a: 

I M +2 
t( ~ X ) ~ ~X v 2 E ( z + 2 ) 

[ 1 ~E(Z+2),~x) ] 
+ . E(Z+2) . /7/ 

3HaJI t( ~X)H COOTBeTCTBYIO~ee 'IHCJIO pacnaBWHXCJI JI.ZJ;ep 
Y , paouoe 'IHCJIY OTC'IeToB N ( ~ x) B pacnpe.ZJ;eneHHH ~E ( ~ x ) 
ua nnocKOCTH E (~ x), MO)KHO onpe.ZJ;eJIHTL nepHo.ZJ; nonypacna­
.ZJ;a /puc. le/. 

l.J:T06bl 06ecne'IHTL COH3MepHMOCTL BpeMeHH npoJieTa 
KOpOTKO)KHBY~HX H30TODOB 'lepe3 HOHH3a~HOHHYIO KaMepy 
c ax nepao.ZJ;oM nonypacna.ZJ;a .ZJ;JIJI yoeJIH'IeHHJI ua.ZJ;e)KHOCTH 
B onpe,ZJ;eJieHHH THDa pa,ZJ;HOaKTHBHOrO pacna,ZJ;a H30TODOB 
H TO'IHOCTH H3MepeHHJI ero CKOpOCTH, HOHH3a~HOHHaJI KaMepa 
B TeJieCKODe BbiDOJIHeHa TaKHM o6pa30M, 'ITO ee BbiXO.ZJ;HOe 
OKHO C )KeCTKO 3aKpenJieHHbiM C HHM DOJiynpoBO,IJ;HHKOBbiM 
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ACTCKTOpOM DOAB8>KHO OTHOC8TCJibHO BXOAHOrO OKHa BAOJib 

AB8>KCH8.H B 80H83a~80HHOH KaMepe DPOAYKTOB .HACPHbiX 

peaK~8H. 0AHa 83 B03MO>KHbiX B 3TOM CJiy'lae KOHCTpyK~8H 
TCJICCKODa DP8BCACHa Ha puc. 2, B KOTOpOM 83MCHCH8e 

paCCTO.HH8.H MC>KAY OKHaM8 KaMepbl Dp083BOAHTC.H C no­

MOU\biO CTep>KH.H, BbiBCACHHOrO 83 KOHTCHHepa TCJICCKODa 

qepe3 aaKyyMuoe ynnoTHeH8e. B npoT8B80M cnyqae 8C­

noJIL3oaau8e, uanp8Mep, KOHCTPYK~88 TenecKona, npeA­

no>Keuuoii a pa6oTe I 101, c cll8KC8poaaHHbiM paccTO.HH8eM 

MC>KAY OKHaM8 KaMepbl, Dp8BCACT K HCODPCACJICHHOCT8 

B ycTaHOBJICH88 T8Da pacnaAa 8 K YXYAWCH8ID 83MepeH8.H 

ero CKOpOCT8 83- 3a B03MO>KHOrO yKopa'I8BaH8.H "TpeKa" 

CO CTOpOHbl OAHOH 83 r8nep6on" B 3aB8C8MOCT8 OT COOT­

HOWCH8.H MC>KAY cll8KC8pOBaHHbiM npo6eroM B pa6o'leM 'lyB­

CTB8TCJibHOM o6~eMe KaMepbl 8 CKOpOCTbiD pacnaAa aua­

JI838pyeMOrO 830Tona. 

OnpeoeAeHue muna paouoaKmuaHozo pacnaoa AezKux 
U301110noa C ucnycKOHUeM XOIIIJI 6bl OOH020 HYKAOHQ 
u u3MepeHue ezo cKopocmu c noMOU#biO MemoouKu 
(~E,E) c IIIOHKUM noAynpoaOOHUK06biM ~E - oemeKmopoM 

ECJI8 BMCCTO 80H83a~80HHOH KaMepbl B3.HTb TOHK8H 

nonynpOBOAH8KOBbiH ~ E - ACTCKTOp, npo6er 'laCT8~bl B KO­

TOpOM AJI.H OAHOH 8 TOH >Ke DOTep8 3HeprH8 ~E B cpeAHCM 

Ha Tp8 DOP.HAKa MCHbWe, 'ICM B 80H83a~80HHOH KaMepe, 

TO B 3aB8C8MOCT8 OT X /paCCTO.HH8C OT TCJICCKODa (~E,E) 
AO M8WCH8/, '18CJIO OTC'ICTOB B pacnpeACJICH8.HX ~ E ( Z) 8 

~E(Z+2) Ha COOTBCTCTBYIDIIUIX DJIOCKOCT.HX E(Z) 8 E(Z+2) 
6yAeT MCH.HTbC.H Dp8 YCJIOB8H, 'ITO BpeM.H npoJieTa .HApa 

Y ( M + 2, Z + 2) OT M8WeH8 AO TenecKona C083Mep8MO c ero 

T 112 2p -pacnaAa. TorAa 'IHCJIO pacnaawaxc.H .HAep 

Y( M+2 ,Z+2) ~ X(M,Z) 3a apeM.H 

M+2 
t (X 2)- t (X I) = (X 2 -XI) V 2E ( Z + 2) /8/ 
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Puc. 2. HoHu3afiUOHHaJI KaMepa OAJI o6HapyJICeHu.JI KopomKo­
JICUOYU#UX U301110n06. J - 6XOOHOe OKHO, 2 - 6biXOOHOe OKHO, 
3 - abJCoKoaoAbiiiHbu'1 3AeKmpoo, 4 - aaKYYMHoe YnAOIIIHe­
Hue, 5 - cmepJICeHb, 6 - oepJICallleAb cmepJICHJI, 7- cemKa, 
8 - E - oemeKmop, 9 - co6upal0fi#UU 3AeKmpoo. 

6yAeT paBHO 

N ( x 2 - x 1 ) = N [ ~ E ( Z + 2 ) , x 1 ] - N [ ~ E ( Z + 2) , x2 ] = 

/9/ 
= N[~E(Z) ,x

2 
] - N[~E(Z), x 

1
]. 

OnpeAeJI8B t(x) a N(x), nerKo nony'I8Tb T 2p -paAHOaK-

T8BHoro .HApa. 
112 

CJICAYCT OTMCT8Tb, 'ITO B HCKOTOpbiX CJiy'la.HX Ha OCHO­

BaH88 3HepreT8'1CCK8X CDCKTpOB paA80aKT8BHbiX H30TODOB 

MO>K80 O~C88Tb 83 KHHeMa THKH 3HeprHIO HX pacnaAa 

C DOMOU\biO OD8CaHHbiX BbiiUe MCTOAOB. 
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06cyxoeHue eo3MOJICHocmeil ·npeoAazaeMblx ;wemoooe 

B I<aqecTae npHMepa oueHHM o6nacTL apeMeH )KH3HH 

pa,D;HOai<THBHLIX JI,D;ep, I<OTOpyro MO)KHO H3MepHTL BhiiiieOnH­

CaHHLIMH cnoco6aMH a I<OHI<peTHOM cnyqae. B ocHoay 

OUeHOI< nOllO)KHM CI<OpOCTL HOHOB, YCI<OpJieMLIX B Y- 300 
OIU.IH, I<OTopaJI a cpe,D;HeM pasHa -4.109 c;wjceK. Tai< I<ai< 

paCCTOJIHHe OT MHWeHH ,11;0 TeneCI<Ona C nonynpOBO,IJ;HHI<OBLIM 

E - ,D;eTei<TopoM npai<TH'IeCI<H MO>KeT H3MeHJITLCJI OT 1 ,11;0 

100 CM C COOTBeTCTBYIOIUHM H3MeHeHHeM 3~ei<THBHOCTH 
perHCTpaUHH B HeCI<OllLI<O pa3 H3-3a I<OHe'IHOrO ,D;HaMeTpa 

pa6oqax nnoiUa,D;ei ~ E- H E - ,D;eTei<Topoa, TO o6nacTL H3-

MepJieMLIX BpeMeH >KH3HH 6y,D;eT ne>KaTL OT 10-7 ,11;0 1Q-1 ~eK. 
~nJI Teneci<ona c HOHH3aUHOHHoii I<aMepoii a I<a\fecTae ~ E -

,D;eTei<TOpa paCCTOJIHHe Me>K,D;y ee OI<HaMH MO>KeT fiLITL B3JITO 

OT 1 ,11;0 10 CM, H TOr,D;a o6naCTL H3MepJieMLIX BpeMeH 

>KH3HH. 6y,D;eT ne>KaTL B npe,D;enax OT 1o-8 ,11;0 1o-10ceK. 
Uo,11; 3TY o6nacTL H3MepJieMLIX nepao,D;OB nonypacna,11;a 

nona,D;aeT, HanpHMep, apeMJI >KH3HH B03MO>KHoro 2 p - pac­

na,11;a H3oTona 
12 0, I<oTopoe no TeopeTH'IeCI<HM oueHI<aM, 

no oTHomeHHIO I< 3TOMY pacna,11;y ne>KHT a paiioHe 10-6 ceK 16! 
3I<CTpanonJIUHJI 3I<CnepHMeHTallLHLIX ,D;aHHLIX no peai<UHJIM 

nepe,D;a'IH ,D;aeT ce'leHHe ,D;nJI peai<UHH (160 , 120) a o6nacTH 

10-29 c;w 2 /II~ A qyacTBHTenLHOCTL MeTO,D;HI<H(~E.E)ne>KHT 
B paiioHe 10-3° CM 2 /12/Cne,D;OBaTellLHO, HMeeTCJI B03MO>K­

HOCTL ,IJ;llJI 06Hapy>KeHHJI JI,D;pa 12 0 H H3MepeHHJI ero BpeMeHH 

>KH3HH no OTHomeHHIO I< 2p -pacna,D;y awmeonacaHHLIMH 

cnoco6aMH. 

B 3ai<niO\feHHe aBTOP 6naro,D;apHT r.H.~nepoaa 3a HH­

Tepec I< pa6oTe, a Tai<>Ke BLipa>KaeT 6naro,D;apHoCTL B.B.Bon­

I<oay H B.A.KapHayxoay 3a ee·o6cy>K,D;eHHe. 
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