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1. BBEAEHioiE 

B 1977 rOAY ~nepoB~M ~ AP·/I/ e HeKoTop~x MeTeop~Tax, a noaA
Hee - e reoTepMaflbH~x pacconax nonyocTpoea 4eneKeH/ 2/ 6~na o6Ha
pymeHa aKT~BHOCTb cnOHTaHHOrO AefleH~R, KOTOpaR o6DRCHRflaCb aBTO
paM~ pacnaAOM Hoeoro,He ~aeecTHoro paHee, cnoHTaHHo AenR~erocR 
~3flY4aTeflR, B03MOmHO, HYKfl~Aa, OTHOCR~eroCR K o6nacT~ CBepXTRme
fl~X 3fleMeHTOB /CT3/. 

8/3/ C006~aflOCb 0 pe3yflbTaTaX ~3MepeH~R Ha HeHTPOHHOM AeTeKTO
pe aKT~BHOCT~ r~APOOK~CeH, OCa>KAeHH~X ~3 K~CflOTHbiX CMbiBOB C aH~
OHOo6MeHHOH CMOfl~, HaC~eHHOH 4efleKeHCK~M~ paCCOflaM~. AKT~BHOCTb 

6 Kr CYX~X OCaAKOB, nony4eHH~X np~ CM~Be M~HepaflbH~X ~paK~~H CO 
170 Kr cMon~, cocTaenRna 11 AeneH~H e cyTK~. AanbHeHwee KOH~eHTp~
poeaH~e Hoeoro ~sny4aTenR/ 4/ noaeon~no yMeHbW~Tb eec o6paa~oe AO 
HeCKOflbK~X COTeH M~flfl~rpaMMOB. 

HeonpeAeneHHOCTb x~M~4ecK~x CBOHCTB HOBoro ~any4aTenR np~BOA~T 
K 60flbW~M TPYAHOCTRM np~ ero KOH~eHTp~poeaH~~. no3TOMY CTaHOB~T
CA aKTVaflbHOH Oa3oa60TKa MeTOAOB ~AeHT~~~Ka~~H TaKoro ~3fly4aTeflR 
B np~CYTCTB~~ 60flbWOrO KOfl~4eCTBa 6annaCTHOrO Be~eCTBa. 0AHHM H3 
MeTOAOB HAeHT~~~Ka~~~ MOmeT paCCMaTp~BaTbCR ~3MepeH~e K~HeTH4e
CKOH 3HeprH~ ocKonKoe AeneHHR ~ ~x Macc-ac~MMeTp~~. 

loiaeecTHo, 4TO cnoHTaHHoe AeneH~e xapaKTepHayeTcR cne~~~H4ecK~
M~ 3Ha4eH~RM~ nOflHOH K~HeTH4eCKOH 3Hepr~H ~tot ~ Macc-ac~MMeT
PH~ Mr/Mh, Hanp~Mep, Etot paeHo 176,8 ~ 197,9 M3B; Mp/Mh pae
Ho 0,724 ~ 0,802 COOTBeTCTBeHHO AflR RAeP OT 240 Pu AO '2S6 Fm/S~ 

npocTOH nOAC4eT noKa3~BaeT, 4TO np~ AefleHHH CT3 c z = 110-114 
Ha ABa OCKOflKa, B~enR~~aRCR 3Hepr~R COCTaBnReT OKOflO 300 M38. 
Yeen~4eH~e KynoHOBCKOH 3Hepr~~. npoHCXOAR~ee no Mepe pocTa Mace~ 
RAPa, MomeT np~eecT~ K noe~weHHOH eepoRTHOCT~ TPOHHoro AeneHHR 
CBepXTRmen~X RAep. nonHaR 3Hepr~R /Etot/ B COOTBeTCTB~~ C pac4e
TOM 16 •7 I npHMepHo Ha SO M3B npee~waeT 3Hepr~~ ABOHHoro AeneH~R. 

He3aB~C~MO OT TOro, KaKOH B~A AefleH~R 6yAeT npeo6naAaTb y 
ceepxTRmen~x RAep, e~eneHHe 3Hepr~~. npeewwa~~ee-6onee 4eM Ha 
SO M38 TO, 4TO Ha6n~AaeTCR y ~3BeCTH~X RAep, AOflmHO cnym~Tb B Ka-
4eCTBe npH3HaKa cnoHTaHHoro AeneH~R CT3. 

loiAeHT~~~Ka~HR CnOHTaHHO AeflR~erOCR HYKflHAa no nOflHOH K~HeT~-
4eCKOH 3Hepr~H OCKOflKOB H no aCHMMeTp~H OCKOflKOB AefleH~R MOmeT 
6~Tb npOBeAeHa npH nOM~H ~OHH3a~~OHHOH KaMep~ C 60flbWOH nn~aAb~ 
HCT04HHKa. 4To6~ HCKfl~4HTb Heo6XOAHMOCTb nony4eH~R o6pa3~0B 04eHb 
Manoro eeca, TaKaR KaMepa AOnmHa 6~Tb pacc4~TaHa Ha pa6oTy c o6-
paa~aMH BeCOM -1 r. ,l\nR nQ&WWeHHR HH~OPM~THBHOCTH 3KCnepHMeHTOB 
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60bflbWoe 3Ha4eHHe HMeeT OAHOBpeMeHHOe H3MepeHHe KHHeTH4eCKOH 
3HeprHH ABYX OCKOflKOB AeneHHft. npH npaKTH4eCKH AOCTynH~X pa3Me
pax KaMep~ Tpe6yeTCft HCnOflb30BaHHe cnoeB HCT04HHKa TO~HHOH 100-
300 MKr/cM2 • 3TO npHBOAHT K Heo6XOAHMOCTH paspa60TKH MeTOAHKH 
onpeAeneHHft yrna e~eTa ocKonKoe H3 cnoft H eHeceHHft nonpaeoK Ha 
noTepH 3HeprHH OCKOflKaMH B HCT04HHKe H nOAflO*Ke. 

B HaCTOft~eH pa6oTe OnHC~BaeTCft 6onbWaft HOHH3a~HOHHaft KaMepa, 
n03BOflft~aft H3MepftTb B COBnaAeHHH KHHeTH4eCKY~ 3HeprH~ OCKOflKOB 
CnOHTaHHOrO AeneHHft. nn~aAb H3MepfteM~X o6pa3~0B COCTaBnfteT 
2700 CM2 • C ~enb~ yeenH4eHHft T04HOCTH H3MepeHHft 3HeprHH OCKOflKOB 
KaMepa cHa6*eHa ceTKaMH Aflft onpeAeneHHft yrnoe e~neTa ocKonKoe 
H3 HCT04HHKa. OcKonKH, e~neTeewHe noA cnHWKOM 6onbWHM yrnoM no 
OTHOWeHH~ K HOpManH K nnOCKOCTH HCT04HHKa, He paCCMaTpHBa~TCft, 
T.e. oc~ecTBnfteTcft sneKTpoHHaR KonnHMa~HR. Anft ocTanbH~x ocKon
KOB AenaeTCR nonpaBKa Ha noTepH 3HeprHH B nOAflO*Ke. 

Ao HacToft~ero epeMeHH yron e~neTa ocKonKa Hcnonbsoeancft rnae
H~M o6pasoM Aflft sneKTPOHHoi1 KonnHMa~HH. UMeeTCR cpaBHHTenbHO Ma--1 
noe KOflH4eCTBO pa6oT, rAe C y4eTOM yrna B~eTa OCKOflKOB BBOAHflHCb 
nonpaeKH Ha noTepH 3HeprHH 18,91. 

6onbWaft nn~aAb HCT04HHKa KaMep~ H xopowee 3HepreTH4ecKoe pas
oeweHwe noenr.T~RnRnT VHWK~nhHVn Rn~MnwHnrTh nnR w~MPnPHWR x~n~K-
TepHCTHK ~n~HTaHHoro AeneHHft 238 u, 4To npeAc~aenfteT ~aMocToR~enb
H~i1 HHTepec. B AaHHoi1 pa6oTe nony4eH~ pacnpeAeneHHft no MaccaM 
H KHHeTH4eCKHM 3HeprHftM AnA 2800 co6~THi1 cnoHTaHHoro AeneHHR 
238 U, H3MepeH nepHoA nonypacnaAa OTHOCHTenbHO cnoHTaHHoro Aene
HHR. 

HMeeTCR eAHHCTBeHHaR pa6oTa KoepHrHHa H neTp*aKa/10/, B KOTO
poi1 npoBeAeHO H3MepeHHe CnOHTaHHOrO AeneHHR 238U B ABOHHO~ HOHH-
3a~HOHHOH KaMepe H nony4eH~ pacnpeAeneHHR no MaccaM H KHHeTH4ec
KHM 3HeprHRM AflR 780 co6~THH AeneHHR. 0AHaKO B 3TOH pa6oTe perHcT
pHpoeanHCb BCe OCKOflKH, B~fleTa~He H3 HCT04HHKa, H nonpaBKa Ha 
noTepH 3HeprHH B HCT04HHKe He BBOAHflaCb. 

YAo6H~M HHCTPYMeHTOM AflR H3y4eHHR o6pas~oe c Manoi1 aKTHBHOCTb~ 
CnOHTaHHOro AeneHWR RBflReTCR HOHH3a~HOHHaR KaMepa C ~HflHHAPH4eC
KHMH 3fleKTPOAaMH /ll, 12/. npH 60flbWOH nn~aAH HCT04HHKa TaKaR 
KaMepa HMeeT Many~ eMKOCTb co6Hpa~ero sneKTPOAa, 4TO noseonReT 
npOH3BOAHTb H3MepeHHR C XOpOWHM 3HepreTH4eCKHM paspeweHHeM. 
0rpaHH4eHHeM MeTOAHKH RBflReTCR B03MO*HOCTb H3MepeHHR TOflbKO 
OAHOCTOPOHHHX cneKTpOB OCKOflKOB. 

C HCnOflb30BaHHeM ~HflHHAPH4eCKOH HOHH3a~HOHHOH KaMep~ B/1 2/ 
H3MepeH~ 3HeprHH nerKoro H TRmenoro ocKonKoe, a TaK*e nepHOA no
nypacnaAa OTHOCHTenbHO CnOHTaHHOrO AeneHHR 238U. 
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2. OnHCAHHE YCTAHOBKH 

2.1. HoHH3a~HOHHaR KaMepa 

HOHH3a~HOHHaR KaMepa /pHC.1/ COCTOHT H3 KOpnyca H BHyTpeHHeH 
4aCTH, KOTOpaR MO*eT H3BfleKaTbCR H3 Kopnyca. Kopnyc 1 npeACTaB
nReT co6oi1 ~HflHHAP H3 Hep*aee~~ei1 CTanH C KP~WKaMH. 0AHa Kp~WKa 
HMeeT pa3DeM~ AflR noAa4H B~COKOrO HanpR*eHHR Ha 3fleKTPOA~ H AflR 
CDeMa CHrHanoe, APYraR - BeHTHflb AflR OTKa4KH H HanonHeHHR KaMep~. 

BHyTpeHHRR 4aCTb - *eCTKHH KapKaC H3 Hep*aBe~eH CTaflH,COCTo
R~HH H3 ABYX AHCKOB 2 H ckpennR~HX Tpy6oK /Ha PHC. He noKa3aH~/. 
K KapKacy Ha H30nRTopax H3 ~ToponnacTa 3 KpenRTCR co6Hpa~He 
sneKTPOA~ - nnacTHH~ H3 Hep*aee~ei1 cTanH 4, a TaK*e ceTKH 5, 6, 
H3rOTOBfleHH~e H3 HHXPOMOBOH npOBOflOKH AHaMeTpOM 100 MKM C waroM 
2 MM. CeTKa 5 - 3KpaHHPY~aR, ceTKa 6 cny*HT AnR onpeAeneHHR yr
na B~neTa OCKOflKa B HOHH3a~HOHHY~ KaMepy. HMeeTCR YCTPOHCTBO 7 
AflR perynHpOBaHHR HaTR*eHHR npOBOflOK ceTKH. ~3MepReM~H HCT04HHK 
3aKpennReTCR Ha B~COKOBOflbTHOM 3fleKTPOAe B HanpaBnR~~HX 8. 

Ha sneKTPOA~ KaMep~ noAaeanHcb noTeH~Han~ -zoBo; -1240; -900; 
0 B COOTBeTCTBeHHO AnR B~COKOBOnbTHoro 3fleKTPOAa, ceTKH AflR HS
MepeHHR yrna,3KPaHHpy~ei1 ceTKH H co6Hpa~ero sneKTPOAa. TaKoe 
pacnpeAeneHHe noTeH~Hana COOTBeTCTByeT HanpR*eHHOCTH 3neKTPH4eC
KOrO nonR 230; 340; 530 B/cM e npoMe*YTKax Me*AY sneKTPOAaMH. 
HanonHeHHe KaMep~- cMeCb Ar92% + CH48% npH AaeneHHH 7,7·10

4 
na. 

KaMePa cTa6HnbHa a pa6oTe. XapaKTepHCTHKH ee npaKTH4eCKH He HSMe
HRnHcb a Te4eHHe HeAenH 6ea cMeH~ pa6o4ero rasa. 

2.2. KoHcTpyK~HR e~coKoeonbTHoro sneKTPOAa 

3an~eHHe 30flOTOM cnoee 60flbWOH nn~aAH AflR C03AaHHR OAHHaKO
eoro noTeH~Hana Ha noeepxHOCTH HCT04HHKa npeACTaBnReT onpeAeneH
H~e TPYAHOCTH H, KPOMe TOrO, 4aCTO He o6ecne4HBaeT 3KBHnOTeH~H
anbHOCTH noeepXHOCTH, 4TO npHBOAHT K HCKa*eHH~ cneKTPOB. no3TOMY 
M~ nOflHOCTb~ OKa3aflHCb OT san~neHHR cnoee H HCnOflb30BaflH CeTKH 
AnR C03AaHHR noCTORHHOrO noTeH~Hana Ha noeepXHOCTH HCT04HHKa. 

KoHCTPYK~HR e~coKoeonbTHoro sneKTPOAa noKasaHa Ha pHc.2 cxeMa
TH4eCKH. noAflO*Ka HCT04HHKa /B HaWeM cny4ae - nneHKa H3 nonHKap-
6oHaTa TO~HHoi1 50 MKr/cM2/ saKpennRnacb Ha paMKe pasMepoM 
100x150 MM C ceTKOH 2 H3 HHXPOMOBOH npOBOflOKH TO~HHOH 100 MKM 

PHc.t. CxeMa ABO~Hofi HOHHsa~oH
Ho~ KaMep~. AHaMeTp Kopnyca -
0,36 M, AflHHa - 2,05 M. 
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PHc.2. BhlcoKoBoiibT~H 3rreKTPOA 
/cxeMa/. 

C waroM 3 MM. Ha nOAflO*KY CO CTO
poH~, npoTHaonono*HOH npoaonoKaM, 
6~n HaHeCeH MeTOAOM TepMH4eCKOro 
HcnapeHHR cnoH UF4 3 TOI1114HHOH 
100 MKr/cM~ AnR o6ecne4eHHR nocTo
RHCTaa noTeH~Hana CO CTOpOH~ 3TOro 
CflOR HCT04HHK 3aKp~aancR paMKOH C 
CeTKOH 4, aHanorH4HOH onHCaHHOH 
a~we. PaMKH /no Aaa Ha6opa/ aaKpen
nRnHCb a ~eM KOpnyce 5. ~eaRTb 
Kopnycoa, CKpenneHH~x Me*AY co6oH, 
aarpy*anHcb no HanpaanR~HM a Ka-
Mepy CO CTOpOH~ KP~WKH C aeHTHneM 

OTKa4KH2 MaKCHManbHaR nn~aAb 3arpy*aeMoro HCT04HHKa COCTaanReT 
2700 CM . B AflHTenbH~x H3MepeHHRX 6~no ycTaHoa~eHo, 4TO TaKaR 
KOHCTPYK~HR pa6oTaeT HaAe*HO. npH H3MepeHHRX 8 KaMepy 6~no aarpy
*eHO - 220 Mr UF 4 /ypaH ecTeCTaeHHoro H30TOnHoro COCTaaa/ Ha 
15 paMKax. 

2.3. 3neKTpOHHaR annapaTypa I 

HaMepeHHR npoaOAHflHCb c noM~bo 3neKTPOHHOH annapaTyp~, finoK-
,..o.~ ....... _ ,,,.,. ____ ,~ --·~---··- ··- --·- ... 
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CHrHan~ c co6Hpa~Hx 3neKTPOAoa H ceToK nocTynanH Ha npeAYCH
nHTenH / 131, paapa6oTaHH~e a na6opaTOPHH RAePH~X peaK~HH OHHH, H 
HavycHnHTenH NOKIA-4841.2. PerHcTpa~HR nocTyna~eH c HOHH3a~HoH
Ho~ KaMep~ HH~OpMa~HH OCy~ecTanRnaCb npH noM~H aaTOMaTH3HpoaaH
HOH CHCTeM~ AflR MHOrOMepHoro. aHaflH3a /13/, C03AaHHOH Ha 6aae 

MHKpo-3BM MAKAMAK H annapaTyp~ 
KAMAK. KpoMe MHKpo-3BM H APaHaepa 
AHCnneR, a CHCTeMy aXOART aHanoro
~H~poa~e npeo6paaoaaTenH AUnH-4096 
H 6noK opraHH3a~HH coanaAeHHH /60C/, 
pa3pa6oTaHH~e a na6opaTOPHH RAep
H~X peaK~HH OHRH 113/ · CneKTPOMeT
PH4eCKHe cHrHan~ nocne ~opMHpoaa
HHR H YCHneHHR nOAaaanHCb Ha axe-
A~ Al.lnH. Hx a~xoA~ 11BpeMR npeo6pa
aoaaHHR11 COeAHHRflHCb C COOTaeTCTay
~HMH aXOAaMH 60C, KOTOP~H aHanH-
3Hpoaan nocTyna~He cHrHan~ H a~-

PHc.3. BnoK-cxeMa 3IIeKTPOHHOH 
arrnapaTyphl. 

pa6aT~aan cHrHan aanpoca npH HX coanaAeHHH. B~xoA~ 116noKHpoaKa11 
6QC nOAaaanHCb Ha COOTaeTCTay~He aXOA~ Al.lnH. TaKaR 6nOKHpOaKa 
Ha4HHanaCb C MOMeHTa o6Hapy*eHHR COanaAeHHR CHrHanoa, npHWeAWHX 
Ha AUnH, H coxpaHRnacb AO Tex nap, noKa He npoHCXOAHn c6poc 60C 
Ha 38M. CHCTeMa opraHH3oaaHa TaK, 4TO npH noRaneHHH CHrHana aa
npoca OT 60C TeKy~aR nporpaMMa a 38M npep~aanacb H Ha4HHanOCb 
a~nonHeHHe o6cny*Haa~eH nporpaMM~. TaKHM o6paaoM, pe*HM~ aHanH
aaTopa 3aAaaanHCb COOTaeTCTay~eH opraHH3a~HeH o6cnY*HBa~eH 
nporpaMM~. B H3MepeHHRX HCnonbaoaancR pe*HM 6y~epHoro HaKonne
HHR, KOrAa Ka*AOe co6~THe 3anHC~aanOCb a naMRTb KaK OTAeflbHOe 
cnoao, nocneAoaaTenbHO aanonHRR aecb 6y~ep. nony4eHH~e AaHH~e 
o6pa6aT~aanHcb aaTeM Ha 3BH CM-3 • 

3. 06PA60TKA PE3YnbTATOB H3HEPEH~1~ 

l13MepeHHe yrna a~neTa OCKOnKa AeneHHR 0 no OTHOWeHHO K Hanpaa
neHHO 3neKTPH4eCKoro nonR OCHOaaHO Ha cneAy~eM a~pa*eHHH AflR 
aMnflHTYA~ HMnynbca C ceTKH V /l4/: g 

V =kE 1[1- R* cosO]. 
g d 

/1/ 

rAe Er - KHHeTH4ecKaR 3HeprHR ocKonKa AeneHHR, R * aenH4HHa, npo
nop~HoHanbHaR npo6ery ocKonKoa a raae KaMep~, d- paccTORHHe 
Me*AY ceTKOH H a~COKoaonbTH~M 3fleKTPOAOM, k. - nOCTORHH~H K03~-

\IIVI41'1Cn I • 

4To6~ onpeAenHTb yron 0 H3 aenH4HH aMnnHTYA /a KaHanax aHanH
aaTopa/ HMnynbcoa c ceTKH N

8 
H co6Hpa~ero 3neKTPOAa NE, YAo6Ho 

a~pa3HTb caR3b Me*AY 3THMH 3Ha4eHHRMH a BHAe: 

/2/ 

rAe k 1 ; k2 ; k 3 - nocTORHH~e aenH4HH~. 1 E 2 3 /E _ npo6er OCKOflKa npeAnonaraeTCR nponop~HOHaflbH~M 

3HeprHR OCKOnKa/ / 1S/, 
H3 ~OpMyn~ /2/ cneAyeT, 4TO npH H30TponHOH 3MHCCHH OCKOflKOa 

pacnpeAeneHHe aMnnHTYA HMnynbcoa N (Ng) npH onpeAeneHHOM NE 6y
AeT nPRMoyronbH~M. HaKcHManbH~e H MHHHManbH~e 3Ha4eHHR aMnnHTy
A~ Ng COOTaeTCTayOT OCKOnKaM, a~XOAR~HM H3 HCT04HHKa nOA yrnoM 
90° H 0°. 

Ko3~H~HeHT~ k1 , k2 , t 3 MO*Ho onpeAenHTb nyTeM peweHHR cHc-
TeM~ ypaaHeHHH, nony4aeM~X H3 /2/ npH nOACTaHOaKe 0 = 0° H . 
0 = 900 H COOTaeTCTay~HX 3Ha4eHHH Ng H NE, 0AHaKO 3KCnepHMeH
TanbHO nony4eHH~e cneKTp~ aMnflHTYA HMnynbCOa C CeTKH 0TflH4aOTCR 
OT npRMoyronbHoro pacnpeAeneHHR Ha-aa HeHAeanbHoro 3HepreTH4ec
Koro paapeweHHR HOHH3a~HOHHOH KaMep~, noTepb 3HeprHH OCKOflKOa a 
cnoe HCT04HHKa H a nOAflO*Ke H ~nyKTya~HH nOTepb 3HeprHH. 3TO aHA
HO H3 pHc.4, rAe noKaaaHo pacnpeAeneHHe N'(N8 ,NE = const), 

5 
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PHc.4. Pacnp~eneHHe HMnynbCOB c 
CeTKH. 

COOTBeTCTBY~~ee MaKCHMYMY 3HepreTH4eCKOrO nHKa nerKHX OCKOI1KOB 
npH Aei1eHHH 35 U TennoB~MH HeHTPOHaMH AI1R KaMep~, B CTOpOHy Ko
TOPOH HenocpeACTBeHHO o6pa114eH ypaHOB~H HCT04HHK. 

3Ha4eHJ.1R Ng AI1R pac4eTa Ko3¢l¢lH1.1HeHToe k1 , k2 , t/161 onpeAe
nRnHcb CI1eAY~U4HM o6pa30M: 

npH (J = 0° OTKilOHeHHe pacnpeAeneHHR N'(Ng. NE = const) OT 
npRMoyronbHoro o6ycnoeneHo AHcnepcHeH npo6eroe ocKonKoe H 3Hepre
TH4ecKHM pa3peweHHeM ycTaHOBKH. npH onpeAeneHHH Ng/6 = 0°/ npeA
nonaranocb, 4To pacnpeAeneHHe N'(Ng) e 3TOM AHana3oHe 3Ha4eHHH 
N8 RBnReTcR HopManbH~M. 3Ha4eHHe N8/6 = 0°/a~6Hpanocb c Hcnonb-
3oeaHHeM MeTOAa HaHMeHbWHX KBaApaTOB, COOTBeTCTBY~IJ4HM MaKCHMYMY 
n110THOCTH pacnpeAeneHHR /T.e. Ha nOI10BHHe B~COT~ HapaCTa~eH 
4aCTH cneKTpa N'(Ng ). np .... 3TOM onpeAenRnacb .... AHCnepcHR a2 (Ng)o 

8 npeAnOnO~eHHH, 4TO a(Ng) nOCTORHHO BO BCeM AHana3oHe H3Me
HeHHR N8, 6~no onpeAeneHo cpeAHeKeaApaTH4Hoe oTKnoHeHHe pacnpe
AeneHHR yrnOB B~neTa OCKOI1KOB, KOTOpoe COCTaBHI10 5° H 3° AI1R yr-
1108 30° H 60° COOTBeTCTBeHHO. 

CnaA pacnpeAeneHHR N'(Ng, NE = const) AnR 6onbWHX yrnoe ebl
neTa o6yCI10BI1eH yeenH4HBa~IJ4HMHCR noTepRMH 3HeprHH C npH611H~eHH
eM yrna e~neTa ocKonKa K 90°. CneAoBaTenbHo, aMnnHTYAa N8, cooT
RPTt"'TRy~n~n_.:.a yrny aunPT?, f5_ntA~"0~!' v ~1}0 , ~~-~~~'!'~~ ~~~t;:~~~~ .. '"!~~~!~ 

aMnnHTYAOH pacnpeAeneHHR N '(Ng , NE = canst). CaMo onpeAeneHHe 
aMnnHTYAbl H3 eAHHH4Horo cneKTpa N'(N8 , NE = canst) He RBnReTcR 
AOCTaT04HO Ta4H~M, OAHaKo npH paccMoTpeHHH ABYMepHoro cneKTpa 
N xN MO~HO C AOCTaT04HOH T04HOCTb~ nony4HTb IlHHH~, COOTBeT
cfey~y~ reoMeTpH4eCKOMY MeCTY T04eK MaKCHManbH~X aMnnHTYA npH 
pa3nH4H~x NE. KaK BHAHO H3 ¢lopMyn~ /2/, 3TO npRMaR nHHHR 

Ng = k1 NE + k3 • /3/ 

anR BbiRCHeHHR BI1HRHHR HeT04HOCTH yrna B~neTa, OTBe4a~ero 
MaKcHManbHOH aMnnHTYAe pacnpeAeneHHR N'(N8 ,NE =canst), Ha 
norpeWHOCTb B~4HCI1eHHR yrnOB B~IleTa OCKOI1KOB, npoeepRilHCb ABe 
rHnoTe3~, e KoTop~x npeAnonaranocb, 4TO 3TOT yron paeeH 90° H 
80°. YcTaHoaneHo, 4TO HeT04HOCTb onpeAeneHHR MaKCHManbHOro 
yrna npHBOAHT K OWH6Ke B onpeAeneHHH yrnOB B~neTa OCKOI1KOB Ae-
neHHR -2° •. . 

nocKonbKY o6pa3el.l 238 U ecTecTeeHHoro H30TOnHoro cacTaea co
Aep~HT npHMecb 235u, 3To na3eonHno KoppeKTHo npoeecTH 3HepreTH-
4eCKY~ KanH6pOBKY HOHH3ai.IHOHHOH KaMep~, AI1R 4ero Ha ee KOpnyce 
3aKpennRI1CR 3aMeAI1HTei1b HeHTpOHOB - 6noK H3 opraHH4eCKOrO CTeK
na, B KOTOPbiH noMeiJ4ai1CR HCT04HHK HeHTpOHOB 252Cf, C HHTeHCHB
HOCTb~ 2• 108 H/C. PerHCTpHpOBanHCb OCKOI1KH, nony4eHHble npH Ae
neHHH 235 U TennOB~MH HeHTpOHaMH. 
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3HepreTH4ecKaR KaJ1H6poeKa npoH3BOAHnacb c Hcnonb30BaHHeM co
OTHOWeHHR 

/4/ 

rAe E - KHHeTH4ecKaR 3HeprHR ocKonKoe AeneHHR e M3B, NE - HoMep 
KaHana aHai1H3aTopa, COOTBeTCTBY~HH H3MepeHHOH aMnilHTYAe HMnynb
Ca c co6Hpa~ero 3neKTPOAa, a H b - nocTORHHble eenH4HH~. 

~nR pac4eTa K03¢l¢lHI.IHeHTOB a H b HCnOI1b30B,I1H£b 3Ha4eHHR CpeA
HHX 3HeprHH nerKoro H TR~enoro OCKOI1KOB H3/ 5 : EL = 101,4 M38; 
EH = 70,4 M3B. 

nonpaBKJ.1 3HeprHH BBOAHilHCb TOilbKO AI1R OCKOI1KOB, npoweAWHX 
noAno~Ky. H3 ecero nony4eHHoro MaccHea AaHHbiX pacne4aTb1BanHcb 
AByMepHble cneKTpbl NE x N~ , cooTeeTCTBy~~He e~neTy ocKonKOB 
nOA yrnoM OT 0° AO 3[11 -4£1' , T .e. AI1R OCKOI1KOB, npOXOAR~HX nOA
IlO~Ky B HanpaeneHHH, 6J1H3KOM K nepneHA~KYilRPHOMy. no CABHry nH
KOB pacnpeAeneHHH 3HeprHH TR~en~X H nerKHX OCKOI1KOB B ABYX CO
npR~eHHbiX KaMepax onpeAenRnHcb noTepH 3HeprHH ~E~ npH npoxo~
AeHHH OCKOI1KaMH nOAilO~KH B nepneHAHKYI1RPHOM HanpaeneHHH. nonpae
KH K 3HeprY!H OCKOI1KOB npH BbiileTe HX nOA yrnoM (J onpeAenRnHCb no 
¢opMyne ~E6 = ~E ~I cosO. 

nonpaBKH Ha nOTepH 3HeprHH OCKOI1KaMH B cnoe HCT04HHKa HeRBHO 
BBOAHilHCb B pe3yi1bTaTe npo1.1eAYPbl 3HepreTH4eCKOH KanH6pOBKH. 

H3 nony4eHH~x TaKHM o6pa30M 3HeprHH E1 H E2 o6oHx ocKonKoe 
Bbi4HCI1RI1HCb MaCCbl M l H M 2 OCKOI1KOB H nonHaR KHHeTH4eCKaR 3HeprHR 
~tot AilR Ka~oro COObiTHR AeneHHR B COOTBeTCTBHH C Bblpa~eHHRMH, 
CileAY~HMH H3 3aKOHOB COXpaHeHHR 3HeprHH H HMnynbCa. 

4. PE3YJlbTATbl H OE>CYI~EHHE 

3HepreTH4eCKHe cneKTpbl OCKOI1KOB AeneHHR 236U TennOBbiMH HeHTpO
HaMH H cnOHTaHHOrO AeneHHR 238 U, nony4eHH~e B 060HX HOHH3ai.IHOH
HbiX KaMepaX AI1R OCKOI1KOB, BblneTa~HX B AHana30He yrnoe 0°-50°, 
noKa3aH~ Ha pHc.S. 

3TH cneKTp~ B 1.1e110M nOA06H~ no ¢lopMe, OAHaKO, no-BHAHMOMY, 
Ha6n~AaeTCR pa311H4He AI1R TOHKOH CTPYKTYPbl nHKOB TR~enbiX OCKon
KOB 23 5 U H 238 U • 

C nOMOIJ4b~ nPOI.IeAYPbl BBeAeHHR nonpaBOK no 3HeprHH, OnHCaHHOH 
e npeAbiAYIJ4eM pa3Aene, 6~no o6pa6oTaHo 8200 co6~THH AeneHHR 235U 
Tennoe~MH HeHTpOHaMH H 2800 co6~THH cnOHTaHHOrO AeneHHR 238 U, 
npH 3TOM HCKI1~4ai1HCb H3 paCCMOTpeHHR OCKOI1KH, HMe~He yron Bblne
Ta 6onbwe 60°. 

nony4eHHble pacnpeAeneHHR BbiXOAOB Mace OCKOI1KOB, nOI1HbiX KHHe
TH4eCKHX 3HeprHH, cpeAHeH nonHOH KHHeTH4eCKOH· 3HeprHH KaK ¢lYHK-
1.1HH MaCCbl, noKa3aHbl COOTBeTCTBeHHO Ha pHc.6-8. 

BenH4HHbl cpeAHHx 3Ha4eHHH KHHeTH4ecKo.:i 3HeprHH Ee H Eh, 
a TaK~e Mace Me H Mh nerKoro H TR~enoro ocKonKoe, nonHOH KHHeTH-
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23Su w ,AeneHHe Tenno&biHH tteKTpOHCIMH 
238 

U c.noHTaHHOe AenettHe 

Koap.trHH 
Kac.e 

.QaHHafl 
WHHTT 

KoepHnttt 
Kace llaHHaR 

H M 
lleTPJKaK p,i6ora * llerpJKaK pa6ora • 

Etot 148,9 169,52 171,8:!:0.1 171,8 144,4 164,6 168,S:t0.2 

G'fttt 10,7 10,3 10,5 

El 92.3:!:0,12 99.74 101.4tOJI 101,4 90.0:!:0,3 97,6±1.2 99.8±0.2 

Eh 56,6:!:0,15 69.78 70.4!.0.1
1 

70,4 54,4:!:0,4 67,0±1,2 69,0:W,2 

Mt 96,7:!:0,1 96,5 96.0:!:0,1 
·-

Mh 139,3±0.1 139,5 140.0±0,1 

GH 6,05 5,6 6,07 

* AJIH ,IJ;aHHOH pa60Tbl npHBep;eHbl TOJlbKO CTaTHCTHqecKHe OWH6KH. 
3HepreTHqecKHe H MaCCOBble xapaKTepHCTHKH npHBO,IJ;HTCH COOT

BeTCTBeHHO a MsB H a.e.M. 

4eCKOH 3HeprHH Etot• AHCnepCHH pacnpeAeneHHH nonHOH KHHeTH4ec
KOH 3HeprHH H MaCC OCKOnKOB npeACTaeneH~ B Ta6nH~e. 

TaM *e npHBOARTCR cpeAHHe 3Ha4eHHR 3HeprHH ocKonKoe AeneHHR 
235 U TennOB~MH HeHTPOHaMH H cnOHTaHHOrO AeneHHR 238U H3 pa60T 
KoepHrHHa H neTp*aKa 1101 H Kace H AP ( 121 •. 

8 Ka4eCTBe 3TanoHa AnR cpaeHeHHR napaMeTpoe AeneHHR 235 U 
TennoB~MH HeHTPOHaMH B Ta6nH~e paccMaTpHBaOTCR pe3ynbTaT~, nony-
4eHH~e WMHTTOM H AP ,117/, : 

1-13 Ta6nH~~ BHAHO, 4TO xapaKTepHCTHKH pacnpeAeneHHH /cpeAHHe 
3Ha4eHHR H AHCnepCHH/, nony4eHH~e B HaWeH pa60Te, 6nH3KH K 3Ta
nOHH~M . 

CpeAHee 3Ha4eHHe nOnHOH KHHeTH4eCKOH 3HeprHH OCKOnKOB cnoH-
238 TaHHOrO AeneHHR U, nony4eHHOe HaMH, MeHbWe aHanorH4HOH eenH-

235 4HH~ npH AeneHHH U Tennoe~MH HeHTpoHaMH,Ha 3,0 ± 0,2 M38. 
CneAyeT 3aMeTHTb, 4TO 3Ta eenH4HHa HeKpHTH4Ha no oTHoweHHO K 
T04HOCTH onpeAeneHHR noTepb 3HeprHH !'1. E J. a noAnO*Ke. 
H3MeHeHHe !'I.EJ. npH o6pa6oTKe AaHH~x, HanpHMep, Ha ± 20%, npHeo
AHT TOnbKO K H3MeHeHHO CPeAHHX 3Ha4eHHH nonH~X KHHeTH4eCKHX 
3HeprHH 23 5 U 111 238 U. Pa3HOCTb 3TH X 3Ha4eHHH 1( Ewt> - <E,.,t) 2ssu 238u 

B npeAenax CTaTHCTH4eCKOH OWH6KH OCTaeTCR HeH3MeHHOH. 
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3Ha4eHHe nOflHOH KHHeTH4eCKOH 3HeprHH OCKOflKOB AefleHHR 238 U 
pacc4HTaHHoe no 3MnHPH4ecKoH !PopMyne /S/ <E1 + E 2 > = 0,1332 ( z2 I JJl~
- 11,64 M3B, cocTaanReT 170,4 M3B, 4TO 6onbwe 3KcnepHMeHTanbHO 
H3MepeHHoro Ha 1,6 M3B. 3To cornacyeTCR c a~BOAaMH pa6oT~/5/, 
KOTop~e 6~H CAenaH~ Ha ocHoaaHHH AaHH~x o APYrHx cnoHTaHHo 
AenR~HXCR HYKflHAax. 

CpaaHHTenbHO rpy6aR npo~eAYPa ycpeAHeHHR.npH BBeAeHHH nonpa
BOK K 3HeprHH OCKOflKOB AeneHHR, HeT04HOCTb onpeAeneHHR yrna B~
neTa, Ha nepB~H B3rflRA, He no3BOflROT AenaTb B~BOAOB 0 TOHKOH 
CTPYKType pacnpeAeneHHR OCKOflKOB no MaCCaM. 0AHaKO Ha pHc.6 
Ha6nOAaeTcR o6~ee coanaAeHHe xapaKTepH~X 04epTaHHH pacnpeAene
HHR no MaccaM npH AeneHHH 235u, nony4eHHoro a AaHHOH pa6oTe, H 
3TanoHHoro pacnpeAeneHHR. EcnH npHHRTb, 4TO ace HeT04HOCTH o6-
pa6oTKH OAHHaKOB~M o6pa30M BflHROT Ha XapaKTepHCTHKH pacnpeAe
neHHH, TO MO*HO npeAnOflO*HTb HaflH4He TOHKOH CTPYKTyp~ B pacnpe
AeneHHH no MaccaM AflR 238u, 6onee a~pa*eHHOH, 4eM y 23Su.: 

Hcnonb3oaaHHe 3fleKTpoHHoro KonnHMHpoaaHHR no3aonHno HaHTH 
HCTHHHOe 4HCflO C06~THH CnOHTaHHOrO AeneHHR 238 U B HCT04HHKe, 
HaXOAR~eMCR B HOHH3a~HOHHOH KaMepe, H onpeAeflHTb nepHOA nony
pacnaAa OTHOCHTeflbHO cnoHTaHHOro AeneHHR AflR 2380. 

nocKOnbKY OCy~eCTBHTb TaKyO *e KOflflHMa~HO AflR anb!Pa-4aCTH~, 
B~neTa~HX H3 HCT04HHKa, He npeACTaBflRflOCb B03MO*H~M H3-3a 
MaflOH aMnflHTYA~ HMnyflbCOB C ceTKH, HCnOflb3yeMOH AflR onpeAeneHHR 
yrna B~fleTa, nOAC4eT KOflH4eCTBa 2380, HaXOAR~eroCR B KaMepe, 
npOH3BOAHflCR 6e3 nonpaBOK Ha noTepH anb!Pa-4aCTH~ B cnoe HCT04-
Ml'll'\de 

OnpeAeneHH~H TaKHM o6pa30M nepHOA nonypacnaAa 2380 OTHOCH
TeflbHO cnoHTaHHoro AeneHHR cocTaBHn T 112 = /8,29 ~ 0,27/ 10 15 neT. 

0CHOBHOH BKflaA B OWH6Ky 3Toro pe3yflbTaTa BHOCRT norpeWHOCTb 
onpeAeneHHR yrna B~fleTa H CTaTHCTH4eCKaR OWH6Ka CKOPOCTH C4eTa 
OCKOflKOB. 

B 3aKno4eHHe aaTop~ a~pa*aoT rny6oKyo 6naroAaPHOCTb aKaAeMH
KY r.H.!Pnepoay H np04leccopy ~.U.OraHeCRHY 3a MHOr04HCneHH~e 
none3H~e coseT~ H o6cy*AeHHR; r.H.Koaano 3a H3roToaneHHe HOHH-
3a~HOHHOH KaMep~; r.c.noneKo, A.M.POAHHy, C.B.CTenaH~OBY- 3a 
6onbwyo noM~b a pa6oTe. 
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HaaHoa H.n. M AP· 
H3y4eHMe COOHTaHHOrO AeneHHA 2~U C HCnOnb30aaHHeM 
AaOHHoM HOHM3a~MOHHOH KaMepw 

13-83-800 

0nMCWaaeTCA AaOHHaA MOHM3a~MOHHaA KaMepa, npfAHa3Ha4eHHaA AnA MAeHTH
~Ka~MM cna6wx aKTMaHOCTeH cnOHTaHHOrO AeneHMA, HanpMMep caepXTA*enwx 3ne
MeHTOa, a 5onbWMX KOnM4eCTaax a~ecTaa /AO 1 r/, no nonHOH KMHeTM4eCKOH 
3HeprMM M MaCC-aCMMMeTpMM OCKOnKOB AeneHHA. KaMepa HMeeT nn~aAb HCT04HHKa 
2700 cM2 H CHa6•eHa ceTKaMH AnA onpfAeneHHA yrna awneTa ocKonKoa. 3To noaao
nAeT OC~eCTanATb 3neKTpoHHYQ KOnnHMa~HQ H aaQAHTb nonpaaKH K 3HeprHAM oc
KOnKOa npH npOXO*AeHHH HX 4epe3 nOAnO*KY HCT04HHKa. npHaOAATCA peaynbTaTW 
H3MepeHHH 3HepreTH4eCKHX H MaCCOaWX pacnpeAeneHHH OCKOnKoa AnA 2800 Co6w
THH COOHTaHHOrO AeneHHA 238 U. nonHaA KHHeTH4eCKaA 3HeprHA OCKOnKOa npH 
cnoHTaHHOM AeneHHH 23Bu Ha 3,0 + 0,2 H38 MeHbwe, 4eM npH AeneHHH 23Su Ten
noaWMM HeHTpoHaMH H cocTaanAeT T68,8 + 0,2 H3B. HaMepeHHoe 3Ha4eHHe nepHo
Aa nonypacnaAa ~ 8 U OTHOCHTenbHO CnOHTaHHOro AeneHHA COCTaanAeT /8,29 + 
0,27/ 10 15 neT . 

Pa6oTa awnonHeHa a na6opaTopHH AAePHWX peaK~HH OHRH . 

c~~MM~ OObeAHHe HHOro HHC THTyTa RAe PHWX HccneAOB8HHH. ,lly6Ha 1983 

Ivanov H.P. et al. 
The Stady of 238u Spontaneous Fission with the Use 
of Double Ionization Chamber 

13-83-800 

The double ionization chamber for identification of weak activities of 
spontaneous fission, for example, of superheavy elements, in large amounts 
of matter/upto 1 g/ measuring the total k i netic energy and mass-asymmetry 
of fission fragments is desc r ibed. The chamber has 2700 cm 2 source area 
and is equipped with grids for determining the fragment flight angles. 
This permits to realize electronic coli imation and to make corrections 
to energies of fragments at their passage through source backing. The re
sults of measurements of energy and mass fragment distributions for 2800 
events of spontaneous fission of 238u are given. The total kinetic energy 
of spontaneous fission fragments of 23Bu is by 3.0 + 0.2 HeV less than 
for thermal neutron fission of 235-uranium and equals 168.8 + 0.2 HeV. The 
measured value of s~ntaneous fission half-) ife for 23Bu uranium is equal 
to /8.29 ~ 0.27/ 10 5 years. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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