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B npo~ecce B3aHMOAeACTBHR TRmen~X HOHOB C RAPaMH B paa
nH4H~X KaHanax peaK~HH o6pa3y~TCR npOAYKT~ B WHPOKOM AHana-
30He Mace H 3apRAOB. AnR HX perHCTpa~HH H HAeHTH$HKa~HH 
CyUieCTBy~T pa3nH4Hble 3KCnepHMeHTanbH~e MeTOAI-1KH, npi-1 HCnOnb-
30BaHHH KOTOpbiX npeAl>RBnR~TCR BbiCOKHe Tpe6oeaHHR K paapewe
HH~ npOAYKTOB no Macce H 3apRAY, a TaKme K B03MOmHOCTI-1 OT-
6opa co6~THA, npHHaAnemaUIHX npo~eccy OAHOrO THna. 3TO CTH
MynHpyeT npoBeAeHHe pa6oT no coeepweHcTeoeaHH~ cyllleCTBY~liiHX 

H paapa60TKe HOB~X MeTOAOB H3MepeHHR MaCe H aapRAOB npOAyK
TOB RAepHbiX peaK~HA. Wi-1pOKO HCnOnb3Y~liiHACR AnR HAeHTH$HKa
~HH npOAYKTOB RAepHbiX peaK~HA paAHOXI-1MH4eCKI-1A MeTOA HX B~Ae

neHHR AaeT AeTanbH~e CBeAeHHR 0 Macce 1-1 aapRAe RApa, OAHaKO 
HH$0pMa~HR, nony4eHHaR C nOMOlllb~ 3TOrO MeTOAa, B 60nbWHH
CTBe cny4aeB OTHOCHTCR K npOAYKTaM, o6pa30BaBWHMCR B KOH~e 
~en04KH paAHOaKTI-1BHOro pacnaAa, a He K Ha4anbHbiM, KPOMe 
3TOrO HH$0pM~HR 0 MaCCOB~X pacnpeAeneHHRX nony4aeTCR HCXOAR 
H3 aapRAOB~X pacnpeAeneHHA npOAYKTOB RAePH~X peaK~HA, KO
TOpble 4aCTO fibiBa~T TaKme HeH3BeCTHbl. PaAHOXHMH4eCKHA MeTOA 
TaKme He noaeonReT OAH03Ha4HO paaAenHTb npOAYKTbl, o6paay~

U1HecR e peaynbTaTe peaK~I-1A paanH4H~x THnoe, HanpHMep, oc
KOnKH AeneHHR H $parMeHTbl, nony4a~UIHeCR B peaynbTaTe 
rny6oKoHeynpyrHx npo~eccoe. 

PaaeHTHe 3KcnepHMeHTanbHO~ TeXHHKH noaeonReT e HaCTORUiee 
epeMfl C nOMOlllb~ 3neKTPOHHbiX MeTOAOB He TOnbKO AOCTaT04HO Ha
AemHO HAeHTH$H~HpoeaTb aapRA 1-1 Macey o6paay~erocR RAPa, 
BbiAenHTb KaHan peaK~HH, HO H nony4aTb HH$OpMa~H~ 06 H3y4ae
MbiX npo~eccax HenocpeACTBeHHO eo epeMR 3KcnepHMeHTa. B no
cneAHee BpeMR BO MHOrHX 3KCnepHMeHTaX HCnOnb3yeTCR KOppenR
~HOHH~A MeTOA H3y4eHHR MaCCOB~X H 3HepreTH4eCKHX pacnpeAene
HHA npOAYKTOB RAePHbiX peaK~HA 1 11 . C noMOlllb~ 3Toro MeTOAa 
H3MepReTCR KHHeTH4eCKaR 3HeprHR KOppenHpOBaHH~X npOAYKTOB 
H Aanee Ha OCHOBe KHHeMaTH4eCKHX COOTHOWeHHA B npeAnonomeHHH 
o ABYXTenbHOM xapaKTepe npo~ecca onpeAenReTCR HX Macca. 

WHpOKoe pacnpocTpaHeHHe nony4Hn MeTOA paaAeneHHR npoAyK
TOB RAepHbiX peaK~HA C nOMOUib~ 3neKTpOCTaTH4eCKHX H MarHHTH~X 
noneA 12

•
31 B 3aBHCHMOCTH OT OTHOWeHHR HX 3HeprHH K aapRAY 

(E/ q) H HMnynbca K 3aPRAY (MV/ q) H AanbHeAweA HX perHcT
pa~HH C HCnOnb30BaHHeM AeTeKTOpOB pa3nH4HbiX Tl-1nOB. 0AHaKO 
6onbWaR AHCnepCHR OTHOWeHHR HOHHOro 3apRAa K 'Macce npHBOAHT 
K He06XOAHMOCTH H3MepeHHR AOnOnHHTenbH~X napaMeTpOB AnR T04-
HOA HAeHTH$HKa~HH Mace~. KpoMe TOrO, ManaR CBeTOCHna H 60nb
WHe pa3Mepbl ycTaHOBOK MOryT RBHTbCR npenRTCTBHeM K WHpOKOMy 
HCnOnb30BaHH~ MarHI-1TH~X H 3neKTpOCTaTH4eCKHX aHanH3aTOpOB. 
nepcneKTHBHOA, Ha HaW B3rnRA, AnR H3y4eHHR MaCCOB~X pacnpeAe
neHHA npOAYKTOB RAePHbiX pec3KI\HA RBnReTCR epeMRnponeTHaR Me-



TOA11Ka, OCH08aHHa~ Ha OnpeAeneHI111 Mace~ npOAYKTa C nOMO~b~ 
OAH08peMeHHOrO ~3MepeHI1~ era CKOpOCT~ 11 3Heprl111. 0CH08aH
H~e Ha 3TOM np11H1..111ne 8peM~nponeTH~e cneKTPOMeTpbl 11cnonb308a
nl1cb np11 113yYeHI111 Macco8~X 11 3HepreTI1YecKI1x pacnpeAeneHI1~ 
ocKonK08 AeneHI1~ 14 •5 1 • PaapeweHI1e no MaccaM 80 8peM~nponeT
HOM cneKTPOMeTpe OnpeAen~eTC~ 3HeQr~I1YeCK11M 11 8peMeHH~M · 
pa3peweHI1eM: ~M/M = ( (~E/E) 2 + (2~t/t) 2 ] 2

• Hanp11Mep, AH~ AOCTW 
meHI1~ pa3peweHI1~ no MaccaM 2 eAI1HI11..1~ Ha nponeTHO~ 6aae 1 M 
AHrl MaCCbl -150 He06XOAI1MO 11MeTb 8peMeHHOe paapeweHI1e " {),3 HC 
np11 3HepreTI1YeCKOM paapeweH1111 1 ,5%. Co3AaHI1e 8 nocneAHHe 
roA~ 6biCTp~x 8peMeHHbiX npocTpenbH~x AeTeKTopo8 ' 6 -8 ' , a TaK
me COOT8eTCT8YIO~e~ 6biCTpO~ 3HeKTpOHHK11 CAenano 803MOmHbiM 
nonyYeH11e cy6HaHoceKYHAHoro 8peMeHHoro paapeweH11~ AH~ 8cex 
Tl1n08 3ap~meHHbiX YaCTI11..1 C A > 4 8 WHPOKOM A11ana30He 3Hep-
r11H. HcnOHb308aHI1e 110HI13al.II10HH~X KaMep 8 KaYeCT8e AeTeKTO
po8, 113Mep~~~11X 3Heprl110 npOAYKT08 ~AepHbiX peaK1..111H, n0380H~eT 

nonyYaTb paapeweHI1e no 3Heprl111 _ 0,5% / 9 / . TaKI1M o6pa-
30M, 11cnonb308aHI1e TaK11X 8peMeHH~x 11 3HepreTI1YeCK11x AeTeK
TOP08 80 8peM~nponeTHOM cneKTPOMeTpe MomeT noa8oni1Tb nony
YI1Tb a6coniOTHOe paapeweH~o~e no Macce An~ T~menbiX npOAYKT08 

~M - 0 6 peaK1..11111 r;1 - , %. 

B AaHHOO pa6oTe Oni1Cbl8aeTC~ C03AaHHbl~ 8 na6opaTOp1111 ~Aep

HbiX peaK1..111H 8peM~nponeTHbiH cneKTPOMeTp, 11Cn0Hb3y~~11H B Ka
YeCT8e epeMeHHbiX AeTeKTOpo8 AeTeKTOpbl c 8TOpi1YHO~ 3MI1CCI1eH 
3HeKTPOH08 Ha OCH08e MI1KPOKaHaHbHbiX nnaCTI1H /MKn/. CxeMa 
8peM~nponeTHoro Macc-cneKTPOMeTpa npeACTa8neHa Ha p11c. 1. 

npOAYKT ~AepHOH peaK1..11111 8b1HeTan 113 MI1WeHI1, HaXOA~~eHC~ BHyT
pl1 peaK1..1110HHOH KaMepbl, 11 nonaAan a nneYo cneKTPOMeTpa, pac
nonomeHHOe noA onpeAeneHHbiM yrnoM K HanpaeneHI1~ nyYKa. 

3neKTpOHHa~ annapaTypa /CM. PI1C. 2/ COCTO~na 113 CI1CTeMbl 
6biCTpbiX /8peMeHHbiX/ \o1 cneKTpOMeTpi1YeCK11X /MeAHeHHbiX/ TpaKT08, 
npe8b1Wa~~l1e C06CT8eHHbiH nopor AI1CKpi1MI1HaTOpa 11MnynbCbl CO 
CTapT080ro 11 CTOno8oro AeTeKTOpOB C aMnHI1TYAOH 6onbwe 150 MB 
6e3 npeA8api1TeHbHOro YCI1HeHI1~ nocTynanl1 Ha BXOA A11CKpi1MI1Ha
TOpa co cneA~~I1M noporoM /014-~-205/. nocne A11CKP11MI1HaTopa 
CTOn08biH Cl1rHan pa3ABal18anc~: OAI1H 3anycKan OAH08116paTop, 
¢QpMI1PY~ onpeAeneHHY~ AH11TeHbHOCTb Cl1rHana, nOCTynaiO~ero 

Yepe3 p_a38eT811Tenb Ha cTpo611pyeMy~ cxeMy co8naAeHI1~, APY-
roH 3aAepml18anc~ Ha onpeAeneHHOe 8peM~ 6noKOM aaAeP.mK11. 3a
AepmaHHbiH Cl1rHan nOCTynan Ha 8XOA "CTon" 8peM~-aM~J111TYAHOrO 
npeo6paao8aTen~ . CTapT08biH c11rHan nocne HI1HI111 aaAepmK11 npo
XOA11H yepe3 6blcTpy10 cxeMy co8naAeHI1~ 11 nocTynan Ha 8XOA 
11 CTapT 1 1 epeM~-aMnH11TYAHOro npeo6pa30BaTen~. 0AHOBI16paTOp 
3anycKanc~ cTonOBbiM cl1rHanoM Ha MaKCI1ManbHOe 8peM~ nponeTa 
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P11c. 1. CxeMa 8peM~nponeTHoro cneKTPOMeTpa 
OCKOHKOB AeneHI1~: 1 - KOHH11MaTop nyYKa; 2 -
Al1a~parMbl AeTeKTopoe; 3 - nonynp080.QHI1KOBbl~ 

Si (Au) AeTeKTOp AH~ MOH11TOpl1p08aHI1~ no
TOKa a -yacTI11:l no ynpyroMy pacce~H11~; 4 -
AeTeKTOpbl ''CT apT'' 11 ''CTon''; 5 - AeTeKTop 
AH~ 113MepeHI1R K11HeTI14eCKOH 3Heprl111 OCKOHK08 
,QeneHI1~ /110HI13al.IHOHHa~ KaMepa HHI1 nn.£!/; 6 -
1..111H11HAP ~apaAe~. 

/ - 200 He/. TaKa~ opraHI13al.ll1~ 11-3MepeHI1H o6ycno8n11eanacb Bblco
KOH ~oHoeo~ aarpyaKoH cTapTo8oro AeTeKTopa. C11rHan c 8peM~

aMnni1TYAHOro npeo6paao8aTen~ 11 npeABapi1TenbHO yc11neHH~H Cl1r
Han C nonynpOBO,QH11K080rO AeTeKTOpa nOCTynanl1 Ha 8XOA~ aHa
nor0-1..111~p08~X npeo6paao8aTene~ /AUn/. Co8naAeHI1e 3TI1X ABYX 
cl1rHano8 ocy~ecTBn~nocb c noMO~b~ 6noKa opraHI13al.ll111 co8na
AeHI1H /60C/. nocne OT6opa 11 npeo6pa30BaHI1~ 8 1..111~P080H KOA 
11H~OpMal.ll1~ napannenbHO nocTynana a 03Y aHan11aaTopa c pa3611e
HI1eM 64x64 11 6noK nep11¢lep11~HOH naM~TI1 3BM 11 MI1HCK-32" C paa-
611eHI1eM 4096x4096 KaHanoe. BpeM~ nponeTa npOAYKTa 113Mep~nocb 
ABYM~ 11AeHTI1Y~biMI1 AeTeKTOpaMI1 8TOpi1YHbiX 3HeMeHT08 C MI1Kpo
KaHaHbHbiMI1 nnacTI1HaMI1 /MKn/ . TaKI1e .QeTeKTOPbl np11 per11cTpa1..11111 
T~menblx npOAYKTOB o6naAa~T no cpaeHeHI1~ c APYri1M11 Tl1naMI1 
npOCTpeHbHbiX AeTeKTOPOB /C1..111HTI1HH~TOpaMI1, naBI1HHbiM11 CYeTYI1-
KaMI1 , nonynpo80AH11K08b1MI1 AeTeKTopaMI1/ 8amHbiMI1 npei1MY~eCT8a

MI1 6narOAap~ MaHbiM 3HepreTI1YeCKI1M noTep~M 11 8biCOKOMY Bpe
MeHHOMy pa3peweHI110. 6onee nOAp06HO npi1H1..111n AeHCT811~ TaKI1X 
AeTeKTOPOB 11 11X xapaKTepi1CTI1K11 Oni1CaHbl HaM11 paHee 8 pa60Te 1 7 ~ 
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P~c. 2. 6noK-cxeMa 3neKTPOHHOA annapaTyp~. 

BpeMHnponeTHaH 6aaa OAHOro nne4a cneKTPOMeTpa cocTaanr~na 
"' 115 eM. TeneCHbiA yron cneKTPOMeTpa AnH AaHHoA reoMeTp~~ 

COCTaBnHn 2. 10-4 
cp. 

ArJH ~3y4eH~H 3Hepnt~ per~cTp~pyeMbiX npOAYKTOB ~CnOnb30Ba-
ni-ICb noaepxHOCTHo-6apbepHbiA Si(Au) AeTeKTOP c 3HepreT~-
4eCKHM paspeweHHeM AnH a -4aCT~~ ( 241 Am) ny4we 50 K38 
H ~OH~3a~~OHHaH KaMepa C CeTKOA, aHanor~4HOA OnHCaHHOA B pa-
6oTe 191 .3HepreTM4eCKOe paapeweHMe KaMep~ npoaepr~nocb Ha 
MOHOXpOMaT~3HPOBaHHOM ny4Ke MOHOB 132 Xe C 3HeprMeA 115 M38 
M cocTaBMno 1%. KaMepa HanonHr~nacb napaMH renTaHa npM AaB
neHMM 35 MM pT.CT., KOTOpOe nOAAepmMBanOCb C nOMO~b~ TepMO-
CTa6HnH3a~HM. TaKoe HM3Koe AaaneH~e rasa, AOCTaT04HOe AnH '] 
nonHero TOpMomeH~H ocKonKoa a pa6o4eM o6ceMe KaMepbl, noaao-
nr~no MCnOnb30BaTb TOHKY~ nneHKY Ha BXOAHOM OKHe. Ton~MHa 

Hcnonb3yeMblX nneHoK KonnOAMH cocTaanr~na 15 MKr I CM 2 M HaHo-
cMnacb Ha nOAAepmMBa~~y~ CeTKy BXOAHOrO OKHa. 3HepreTM4e CKHe 
noTepM OCKOnKOB npM nponeTe 4epe3 BXOAHOe OKHO He npeBbiWanM 
]00 K38 M B 3HepreTH4eCKOA KanM6pOBKe He Y4MT~BanMCb. 

BpeMeHH~e xapaKTepMCTHKM cneKTPOMeTpa M3Mepr~nMCb c noMO~b~ 

a -4aCTH~ , MCny~eHHbiX M3 MCT04HMKOB 249Cf M 241Am . • 
nony4eHHOe AnH a -4aCTM~ c 3Hepr~eA E a = 5,486 M3B co6CTBe H-
HOe Bpe Me HHOe pa3pe WeHHe cneKTpOMeTpa COCTaBMnO 390 nKC. 
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Ha p~c. 3 npeACTaaneH 3HepreTM4ecK~I4 cneKTP a -4acn1~ 249 Cf, 
H3Mep€HHbiA so apeMR nponeT a a AaHHOM cneKTPOMeTpe. BHAHO, 
4TO AnH AaHHoA nponeTHOA 6a3bl 3HepreTM4eCKOe paapeweHHe a-

4aCTH~ COCTaBnHeT 50 K38. npoCTOe yaenM4eHHe nponeTHOA 6a3~ 
noaaonr~eT yny4waTb 3HepreTH4ecKOe paapeweHHe. 
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PMc. 3. BpeMHnponeTHbiA cneKTP a -4ac-
T~9Cf, Ha acTaaKe - cneKTP 
a -4aCTM~ 241Am. 

Anr~ MCnbiTaHMH cneKTPOMeTpa 6blnH npoBeAeHbl YI3MepeHHH Mace 
npOAYKTOB peaK~MM 232 Th + 4 He npM 3HeprMM a -4aCTHI..I 36 ~138. 
3KcnepHMeHT npoaOAMncr~ Ha B~BeAeHHOM ny4Ke l.IHKnoTpOHa Y-200 
fla6opaTOPMM HAePH~x peaKI..IMA OHRH. CKonnHMMpoaaHH~A ny40K 
4 He naAan Ha TOpMeBy~ MMWeHb, KOTOpaH H3rOTaBnHBanaCb 
MeTOAOM 3neKTpOCTaT M4eCKOrO pacnblneHMH 232 Th Ha yrnepOA
HY~ nOAnOmKy. Ton~MHa MMWeHM COCTaBnHna 50 MKr/cM 2 .nOAnOm-
KM - 30 MKr/cM 2. 3HeprHR npOAYKTOB peaK~MH B AaHHOM Onb!Te 
~3MepRnacb C nOMO~b~ HOHM3al.IMOHHOA KaMepbl, pacnonomeHHOA 
B KOHI..Ie nponeTHOro nne4a. 6bin M3MepeH ABYXMepHbiA cneKTp Mac
COBOro pa c npeAeneH MR OCKOnKOB AeneHHR COCTaBHOrO RApa 236 U 
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PHc. 4. rpa¢HK speMeHHOH 3aBHCHMOCTH 
3HeprHH OCKOJlKOB pa3JlH4HbiX Mace. 

200 

c 3HeprHelif soa6y>KAeHHR E * "" 30 M3B /pHc. 4/. ¢opMa Maceo
sora pacnpeAeJleHHR HaXOAHTeR a xopoweM cornacHH e paHee H3-
MepeHHOH llO /. CpaaHeHHe OTHOWeHHR nHKa K npoaany B MaCCOBOM 
pacnpeAeJleHHH noKaa~aaer, 4TO Maccoaoe paapeweHHe a AaHHOM 
Cl1y4ae 6blno He xy>Ke -1 ,5%. TaKHM o6paaoM, AaHHbiH cneKTpo
MeTp n03B0!1ReT onpeAel1RTb MaCCbl TR>Ke!1b1X npOAYKTOB RAePHbiX 
peaK4HH C BbiCOKOH T04HOCTb~ paapeweHHR. ~o6aaneHHe BTOpOH 
nponeTHOH 6a3bl H onpeAeJleHHe Mace ABYX KOppenHPOBaHHbiX oc
KOJlKOB AeJleHHR, KOTOpOe npeAnOnaraeTCR Oey~eCTBHTb B Aanb
HeHWeM, n03BOJlRT nony4HTb AOnOJlHHTeJlbHy~ Ba>KHy~ ¢H3H4eCKy~ 
HH¢QpMa4H~ 0 MeXaHH3Me np04ecca H CBOHCTBaX npOAYKTOB RAep
HbiX peaK4HH /onpeAeJlHTb CPeAHee 4HCJ10 HeHTpOHOB, KHHeMaTHKy 
npo4ecca/. 

B 3aK!1~4eHHe aaTOpbl Bblpa>Ka~T 6naroAaPHOCTb ~.U.OraHecRHy 
aa nocTaHOBKy 3aAa4H H 4eHHble coaeTbl a npo4ecce ee Bblnon
HeHHR, a TaK>Ke o.B.¢e¢HJ10By 3a nOAAeP>KKy H KOHeynbTa4HH 
H 3.~.nOKpOBCKOH 3a nOMO~b B 0¢0pMJleHHH pa60Tbl. 
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