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H3MepeHHe cpeaHero qHcna He~TpOHOS Ha BKT aeneHHH V anH CITOH

T8HHOrO H ShiHy)KaeHHoro aeneHHH Haep TH)Kenee TopHH rrpeacTasnHeT 6onb

rnoft HHTepec anH TeopHH aeneHHH H peaKTopocTpoeHHH. BenHqHHa ~ anH 

MHOrHX Hllep 6bma H3MepeHa ITpH aeneHHH TerrnOShiMH H 6biCTpb!MH ( HeCKOnb

KO Mas) HeftTpoHaMH s pa6oTax11,2,3,41. HecMoTpH Ha 6onbrnHe MeTOlJHqec-

KHe TpyaHOCTH H3MepeHHH V B pe30H8HCHOM o6naCTH aHeprHft HeHTpOHOB 

6binH BhiiTOnHeHbl C TOqHOCTb!O 1 of 1,5 % Ha KpHCTannHqeCKOM MOHOXpOMBTO

pe HeftTpOHOB B o6naCTH aHeprHH OT Terrnoso~ ao 0,5 as/5,6/. ToqHOCTb H3-

MepeHHH MeToaoM BpeMeHH rrponeTa v anH Pu-239 s o6nacTH aHeprHft ao 

40 as, rronyqeHHaH s pa6oTe/ 7 I, cocTaBnHna 3 .. 5% rrpH MaKCHManbHOM H3-

MeHeHHH V OT pe30H8HC8 K pe30H8HCy paBHOM 13%. 

B HaCTOHrnew pa6oTe rrpeano)KeHa MeTOllHKa H3MepeHHH sapHaUHH v oT 

pe30H8HC8 K pe30H8HCy MeToaOM SpeMeHH rrponeTa C HCITOnb30S8HHeM 6onb

lliOrO )I{HaKOCTHOrO CUHHTHnnHUHOHHoro l]eTeKTOpa C BSeaeHHhiM B paCTBOp 

rrpOITHHOSOKHCnhiM KaaMHeM/ 8/ o 

flpRHURIIR8nbH8SI CXeMa 8KCIIepUMeHT8 

EnoK-cxeMa H3MepeHHH H o6pa6oTKH aKcrrepHMeHTanbHhiX aaHHhiX rrpHse

aeHa Ha pHCo 1. 0CHOSHbiMH KOMITOHeHT8MH H3MepHTenbHOrO KOMrrneKca HBnH

nHcb: 

J) HeitTpOHHblit CIIeKTpOMeTp IIO BpeMeHH IIponeTa, I103BOIIIIJOII!Hit BbiJle

IIJITb JfeitTpOHbl Heo6XOJlHMOit 8HeprHHi 

2) }leTeKTOp JliiJl perHCTpBUHH HeitTpOHOB H BKTOB aeneHHili 
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3) CHCTeMB KO~HpOBBHHH 3KCITepHMeHTBJibHOH HH¢opMBUHH H rrepe~B'IH 

B H3MepHTenbHbiH ueHrp; 

4) 20-pB3pH~HbiH perHCTpBTOp C ITBMHTbiO HB MBrHHTHOH neHTe; 

5) *MBJIBHu Bbi'IHCJIHTeJibHBH MBUJHHB C BH3yBJibHbiM KBHBJIOM CBH3H 

B BHae OCUHJIJIOrpB¢B CO CBeTOBhlM KBpBHaBUJOM; 

6) '60JibUlBH" Bbi'IHCJIHTeJibHBH MBUJHHB, 

HeiiTpOHHbll1 crreKTpoMeTp no BpeMeHir rrponeTa 

YlsMepeHIHI npoaO.!Hinl!Cb MeTonoM apeMeHI! nponeTa c l!MIIYllbCHbiM ObiCT

pbiM peaKTopoM OYIHYI B KaqecTse l!CTO'!Hl!Ka pesoHaHCHbiX Heii:TpoHos/9/. 

DponeTHoe paccToHHI!e cocTaBnHno 1010 M, qacToTa cnenoaaHI!H HeiTpoHHhlX 

l!MIIYllbCOB 2 - 5 B CeK 0 a IIOllHOe pasperneHJ!e CIIeKTpOMeTpa ~ 60 HCeK/M. 

B aTI!X ycnoBIIHX np11 sHepr1111 40 -t 50 ss nnH U -235 11 80 -t 90 ss 

nm1 Pu -239 SHepreTJI'!eCKOe pa3perneHJ!e CTaHOBIITCH cpaBHI!MblM CO cpen-

Hl!M paCCTOHHI!eM MelKAY ypOBHHMJI llllH l!CCllenyeMb!X Hnep, 3TO MOJKeT IIpli

BeCTI! K TOMy, 'ITO HaomonaeMbie scpcjleKTb! 6ynyT OTHOCJ!TbCH He K OTnenh

HbiM ypOBHHM 0 a K rpynne HepasperneHHbiX ypOBHeii, OosToMy SHepreTI!'!eCKHii 

Ul!aiia30H l!CClleAOBaHHii orpaHH'IHBallCH CO CTOpOHhl BhlCOKIIX 8Heprl!i1 B OC

HOBHOM paspernaJOllieii CIIOCOOHOCTh!O CIIeKTpOMeTpa, a CO CTOpOHbl HH3KHX 

SHeprHii - qacTOTOii CllenoBtr.RHH Hei1TpOHHb!X liMIIYllhCOB, 

ileTeKTOp 

ilnH perliCTpaUHH Hei1TpOHOB neneHJIH HCIIbllb30BallCH lKHllKOCTHblii CUIIH

TllllllHUHOHHblii neTeKTOp Oo'beMOM 500 li C BBeneHHbiM B paCTBOp IIpOIIHOHO

BOKHCllhlM KaUMHeM 0 IIOllOOHhll OIIHCaHHOMy B paOOTe/8/, ileTeKTOp COCTOHT 

li3 llBYX OaKOB B Bl!Ue yceqeHHhlX KOHyCOB paBHOrO OO'beMa, 0HH HMeJOT BHyT

peHHHii npononhHhll KaHan nHaMeTpoM 22 cM, KaJKnhlii 6aK npocMaTpliaancH 

'!eTbipbMH <J>8Y -49 C UHaMeTpOM <jJOTOKaTona 17 CM If yposHeM lliYMOB 0 He 

npeBbililaJOIUHM 5 KSB rro Na J{ TT) • KaJKAbii <P3Y liMen liHAHBHnyanbHbiii 

nenHTellb c He3aBI!CHMOi1 B rrpenenax 1500 - 2000 B perynrrpoBKoii BbiCOKoro 

HanpHJKeHI!H. CxeMa BhlCOKOBOllbTHoro nl!TaHI!H c saseMneHHhlM <jJoToKaTonoM 
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PHc, 1. EnoK-cxeMa H3MepeaHl! H o6pa6oTKI! aKcnepHMeHTB/lbHhiX 

1. 11MnynbCHbil! 6hiCTpbil! peaKTop. 2. KonnHMaTop. 3,4. :>KHllKOCT 

/IHUHOHHbil! ll9T9KTOp, 5, J.1CC/l9llY9Mbl9 o6pa3Ubl H/IH ll9/ll!T9/lbH851 

TOYMHOlKHT9/IH, 7, 3/l9KTpOHH851 annapaTypa perHcTp8UHH Hel!TpOt 

pHllHbill perHcTpaTop c naMHTb!O aa MarHHTHO!i neHTe, 9. KoHTpo 

aatomee ycTpol!cTao, '"10, KoHTpOilbHoe nepec'!~Taoe ycTpol!cTao, 

• M HHCK-2', 12. CaeToaoil: KapaHaam, 13, 3BM M -20, 
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HHH 9KCllepHM8HT8llbHDH HH¢DpM8UHH H nepepaqH 

TOp C llBMHTbiO HB MBrHHTHOil neHTe; 

MBillHHB C BH3yanbHhlM KBHBllDM CBH3H 

• rrr..r'T'O nJ-..U8H M8l11HH8. 

neKTpoMeTp no speMeHH nponeTa 

M8TO.[IOM Bp8M8HH IIpOJI8TB C HMIIYJibCHbiM 6biCT

p830HBHCHhlX H8RTpOHOB/9/. 

JIO 1010 M 1 'IBCTOTB CJI8.[10BBHHH H8HTpOHHhlX 

IIOJIH08 pa3p8III8HH8 Cll8KTpOM8Tpa "' 60 HC8K/t4 

50 9B JJ.nH U -235 H 80 -+ 90 9B 

e pa3p8III8HH8 CTBHOBHTCH CpBBHHMbiM CO Cp8A

OBHHMH .[IJIH HCCJie.[lyeMbiX H.[lep. 3TO M0)!(8T !Ipii-

8Mbl8 94J<iJeKTbl 6yAyT OTHOCHTbCH He K OT.[IeJib

epa3p8III8HHbiX ypoBH8H. fl09TOMy 9HepreTH'I8CKHH 

HH'IHBBJICH CO CTOpOHhl BhlCOKHX 9H8prHR B OC-

06HOCTbiD CIIeKTpOMeTpa, a CO CTOpOHhl HH3KHX 

BB"RIHI HeHTpOHHbiX HM!Iy JlbCOBo 

ileTeKTOp 

.[18JieHHH HCIIOJib30BBJICH )!(li.[IKOCTHhlH CQHH-

500 JI C BB8.[18HHblM B pBCTBOp IIpOIIHOHO

OIIHCBHHOMy B pa6oTe/8/. ileTeKTOp COCTOHT 

pBBHoro 06beMa. 0HH HM810T BHyT

~HaMeTpOM 22 cM. Ka)!(.[lbiH 6aK rrpocMaTpHBBJICH 

<j:JoTOKBTO.[IB 17 CM H ypoBHeM IIIYMOB 1 He 

a J( TT) • Ka)!(.[lbiH r.P3Y n:Men HHAHBHAYBJibHbiH 

IIp8A8JIBX 1500 - 2000 B perynHpOBKOH BbiCOKOrO 

BOJibTHOro IIHTBHHH C 3B3eMJI8HHbiM <j:JoTOKBTOAOM 
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PHc. I. EnoK-cxeMa H3M'lpeHHll H o6pa6oTKH 3KcnepHMeHTanbHbiX naHHbiXo 

I. HMnynbCHbill 6hiCTpbill peaKTop. 2. KonnHMaTop. 3,4. )i(HLIKOCTHbill cuHHTHn

JIHUHOHHbill neTeKTop. 5. HccnenyeMbie o6pa3Ubi HnH aenHTenbHBH KaMepa. 6. <Po

ToyMHO)!(HTenH. 7. 3neKTpoHHaSI arrrrapaTypa perHcTpaUHH ael!Tpoaoa. B. 20-pa3-

PHLIHbill perHcTpaTop c naMSITbiO aa MarHHTHoll neaTe. 9. KoaTponhaoe 38IIHCbi

BaJOIIIee ycTpollcTao. 10. KoaTponbHoe nepec'I~Taoe ycTpollc;~o. II. 3BM 

'M HHCK-2'. 12. CaeToaol! Kapaanarn. 13. 3BM M -20. 
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o6eCII9'iHBana YCTO:l!:'iHBYIO pa6oTy ci>3Y B KOHTaKTe C 60JiblllO:l!: Maceo:!!: Me

Tanna. 0ITTH'i9CKH:l!: KOHTaKT CO CUHHTHJIJIRTOpOM OCYill9CTBJIRJICR qepe3 yseone

Boe CT9KJ10 Ha Ba39JIHHOBOl!: CMa3K9o B KaqeCTBe )lH!j>!jly3HOrO OTpam>TeJIR )lJlR 

ITOKpbiTHR BHyTp9HHel!: IIOB9pXHOCTH 6aKOB HCITOnb30BancR slj>lj>eKTHBHbil!: OTpalKa

T9Jlb Ha OCHOB9 ABYOKHCH THTaHa, HaHeCeHHhiH C IIOMOIUbiO T9XHH'i9CKOO lK9-

naTHHhlo 

B CUHHTHJIJIRTOp 1 IIpHrOTOBJI9HHbiH Ha OCHOBe Tonyona C )l06aBKaMH 

rrapa-Teplj>eHHJia H 00000, BBO)lHJICR paCTBOp IIpOIIHOHOBOKHCJIOrO KaJlMHR 

Cd ( C H 0 ) B o6eaBolKeHHOM MeTHnosoM crrHpTe. 3ToT CUHHTHJIJIRTop 
3 15 2 2 

HM99T 6onee HH3KYIO a¢¢eKTHBHOCTb B OTHOilleHHH rrepe)la'iH 8HeprHH 1 'i9M 

"'iHCTbt:l!:" CUHHTHJIJIRTOPo 

CBeTOBOl!: BhlXO)l 'iaCTH'iHO BOCTaHaBJIHBaJICR BB9)l9HH9M B CUHHTHJIJIRTOp 

BTOpoil: CUHHTHJIJIHpyiOUieil: Jl06aBKH - Ha<jJTaJIHHa 1 pOJib KOTOpO:l!: CBOJlHTCR 

K TO My 1 'iTO ee MOJ19KYJ1hl o6ner'iaiOT rrepe)la'iy B036y:lK)l9HHR OT paCTBOpH

T9JIR K OCHOBHOMy CUHHTHJIJIHpy!OIUeMy B91II9CTBY 1 yMeHblllaR TeM CaMhiM racR

mee )lel!:CTBHe CIIHpTOBOrO paCTBOpa IIpOIIHOHOBOKHCJIOrO Ka)lMHRo 

0pH HCIIOJlb30BaHHOil: KOHU9HTpaUHH Ka)lMHR (qeTbipe RJlpa Ka)lMHR Ha 

TbiCR'iY RJl9p BO)lOpOJla) Cp9JlH99 Bp9MR :lKH3HH H9:l!:TpOHa JlO 3aXBaTa B )le-

TeKTOpe COCTaBnRnO 8 MKC9Ko 06rnHl!: BH)l )leTeKTOpa ITOKa3aH H8 pHc.2. 

3neKTpoHHaH arrrrapaTypa 

¢poHTbl HMIIyJibCOB Ha BbiXO)le ci>3Y orrpeAeJIRJIHCb B OCHOBHOM BpeMeHeM 

Bb!CB9'iHBa.HHR CUH.HTHJIJIRTOpa ( M9Hee 2•10-~ CeK) H pa36pOCOM BpeMeHH 

rrponeTa 9J19KTPOHOB qepe3 ci>3Y ( MeHee 5•1 o-8 ceK )lJIR ci>3Y -49). BenH'iH-

.Ha corrpoTHsneHHR a:arpyaKH Bbt6Hpanac& TaKHM o6paaoM, 'iT06bt RC 

He rrpeBbtlllano cyMMapHoro speMe.HH co6Hp8HHR aneKTpoHoB 6onee qeM 

B 3-4 pasa. B pesynhTaTe 6btnO rrony'ieHo rronHoe paspewa10mee speMR~0,2MKceK. 

l1MIIYJibCbl OT 'ieTbipeX ci>3Y Ka:)K)lOil: IIOJIOBHHbl )l9TeKTOpa C IIOMOIIIbiO 

nHH9HHbiX JlO 10 B 9MHTT9pHbiX IIOBTOpHTenel!: IIOCTyrranH Ha BXOAHOl!: 6noK CTOfi

KH perHCTpauHH 1 rae orpaHH'iHBanHcb csepxy Ha ypoBHe 0,5 B JlJIR Toro, 

'iT06bt HCKJIIO'iHTb aMIIJIHTYAHbie rreperpy3KH IIOCJieAyiO.IUHX CII9KTpOMeTpH'ieC

KHX TpaKTOBo Oocne JIHH9il:HOrO CYMMHpOBaHHR H yCHJ19HHR HMIIYJibCbl I;lOJla-
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PHc. 2. 06mH:l!: BHJl AeTeKTopa He:l!:TpOHOB aeneHHs 

B8JIHCb Ha CXeMy COBIIB)le.HH:l!: IIOJIOBHH 6aKa C paspemaiOWI 

0 1 1 MKC9Ko IloporH cp'a6aTbiB8HHR CX9Mbl COBIIaJl9HH:l!: MO:lKHO 

pOB8Tb B rrpeAenaX OT 5 AO 100 MBo 3TOT KaHan HCIIOJ1b30B8JIC 

paUHH MOM9HT8 )l9J19HHR ITO HCIIyiUeHHbiM MrHOB9HHhiM y -nyq~ 

CyMMap.Hbt:l!: HMIIYJibC OT BOCbMH ci>3Y rrocne ycHneHHS: 

BXO)l HHTerpanbHOI'O JlHCKpHMHHaTopa C MepTBblM BpeMeHel 

H )lanee - Ha BXOJl HOpMaJibHO sarrepTbiX BOpOT (KaHan perHCTp. 

Hb!X He:l!:TpOHOB Jl9J19HHR) o i1MIIyJibC 1 !jlHKCHPYIOIUH:l!: MOMeHT Jle; 

JIHTeJibHO:l!: KaMe phi HJIH CXeMbl COBIIaJl9HH:l!:) 1 IIpOXO)lHJl qepe3 F 

KpbiTbti!: aneKTpOHHbtl!: KJIJO'i 1 aaKphiBan ero aa co6oil: Ha spe~ 

KH HH!jlOpMaUHH1 'iT06bi o6eCII9'iHTb yCTOH'iHBYIO pa6oTy sa)laiOI 

paTopa BOpOT1 H qepe3 0,8 MKC9K OTKphlBan BOpOTa JlJIR rrpo 
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Oll"!HBYIO pa6oTy <l>3Y B KOHT8KT8 C 6onblll0ll M8CC0ll Me-

KOHT8KT CO CUHHTHnnHTOpOM OCYlll8CTBnHnCH qepe3 yBeone

aenHHOBOll CM83K8, B K8"!8CTB8 AH~~y3HOrO OTp8~TenH AnH 

H8ll IIOB8pXHOCTH 6aKOB IICIIOnb30B8nCH 9~~8KTHBHblll 0Tp8)1{8-

BYOKHCII TI!T8H8 1 H8H8C8HHblll C IIOMOlllbiO T8XHII'i8CKOO )1{8-

HTOp, !IpHrOTOBneHHhlll H8 OCHOB8 TOnyona C A068BK8MII 

n0n0n, BBOAHnCH paCTBOp rrpomWHOBOKHCnOrO KBAMHH 

B o6e3B0)1{8HHOM M8TI!nOBOM C!IHpTe, 3TOT CUHHTIInnHTOp 

KYIO 9~~8KTIIBHOCTb B OTHOlll8HHII rrep8A8"!11 9Hepr1111 0 "!8M 

nnHTOp, 

IXOA "!8CTII"!HO BOCT8H8BniiBanCH BB8A8HII8M B CUIIHTIInnHTOp 

11py10ll18ll A06aBKII - H8~TaniiH8 0 ponb KOTopofi CBOAIITCSI 

oneKynbi o6nerqaJOT rrepeaaqy Bos6y)I{A8HIISI oT pacTBOpll-

CUIIHTHnnllpyiOI!leMy B8lll8CTBY t yM8Hblll8H T8M C8Mb!M racH

pTOBOrO paCTBOpa IIpOIIIIOHOBOKIICnOrO K8AMIIH, 

30B8HHOll KOHU8HTp8UIIII K8AMIIH ("!8Tblp8 SIAp8 K8AMIISI Ha 

poAa) cpeAaee BpeMH )1{113HII aeiiTpoaa AD aaxaaTa B Ae-

o "' 8 MKC8K, 06llli!H BIIA A8T8KTOpa IIOK838H H8 p!!C, 2, 

3neKTPOHHaH arrrrapaTypa 

nbCOB H8 Bb!XOA8 <l>3Y OIIp8A8nHniiCb B OCHOBHOM Bp8M8H8M 

IIHTIInnHTOpa (MeHee 2•10-8 CeK) II pas6pOCOM Bpe¥8HII 

DB qepe3 <l>3Y ( Meaee 5•1 o-8 CeK AnH <l>3Y -49). Benll'iii-

SI aarpy3KH Bbi611panacb TBKIIM o6pasoM, 'l:T06bi RC 

MMapaoro BpeMeHII co611paa11sr aneKTpOHOB 6onee "!eM 

nhTaTe 6bino rrony"leHo rronHoe pa3pewa10mee BpeMH"'0,2MKCeK, 

T 'i8Tb!pex <l>3Y Ka~<:aoii rronOBIIHhl A8T8KTOpa C IIOMOlllbiO 

9MIITT8pHb!X IIOBTOpiiTenefi IIOCTyiianl! H8 BXOAHOll 6noK CTOi\

rAe orpaHII'iiiBanllcb cBepxy aa ypoBHe 0,5 B Ansr Toro, 

8MIIniiTYAHbi8 rreperpy3KII rrocneAyiO.lUIIX CII8KTpOM8Tp11"!8C

ne niiH8i1:Horo CYMMHpOB8HIIH II yclln8HIISI IIMIIynbCbl !I01l8-
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P11c, 2. 06m11ii BIIA A8T8KTOpa aeiiTpOHOB AeneHIIH, 

BanHCb Ha CX9MY COBII8A9HIIll IIOnOBIIH 6aKa C paspeW810llli!M BpeMeHeM 

0, 1 MKC8K, J1opor11 cpa68Tb!B8HHSI CX8Mhl COBIIaJieHI!ll MQ)I{HO 6hinO perynH

poBaTb B rrpeaenaX OT 6 AD 100 MB, 3TOT KaHan HCIIOnb30BanCSI AnSI perHCT

paUIIII MOM8HTa aeneHIIH IIO IICIIYll18HHbiM MrHOB8HHhiM y -nyqaM, 

CyMMapHblll HMIIynbC OT BOCbMII <l>3Y rrocne ycHneHI!SI !IOCTyiian Ha 

BXOA HHTerpanbHOrO AIICKpiiMI!HaTopa C MepTBhiM BpeMeHeM 0,25 MKCeK 

H aanee - Ha BXOA HOpManbHO aarrepTbiX BOpOT (KaHan peri!CTpaUHII MrHOB8H

Hh!X H8i1:TpOHOB AeneHHH}, l1Mrrynbc, QJHKCIIPY!OlllHll MOM8HT AeneHHSI ( OT Ae

nHTenbHOll KaMepbl HnH CX8Mbl COB!IaA8HIIll) 0 IIpOXOAHn qepe3 HOpManbHO OT

Kpb!Tb!H aneKTpOHHhill KniOq, saKpbiBan ero sa co6oii aa BpeMH rrepepa6oT

KH IIHQJOpMaUHH, "!T06bi o6ecrre"!IITb yCTOH"!IIBYIO pa6oTy 3aA810lll8ro OAHOBH6-

paTopa BOpOT0 II qepe3 0,8 MKC8K OTKphlB8n BOpOT8 AnH rrporryCK8HHSI HM-

~ 
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nynbCOB OT 38XB!!T8 K8JlMH9M MrHOB9HHhlX aet\TpOHOBo nocneJlHHH 38Jl9p)!(

K8 He06XOJlHM8 JlnH HCKniO"l9HHH B03MO)!(HOCTH perHCTp8UHH MrHOB9HHblX 

y- ny"leti )leneHHHe llnHT9nbHOCTb B.OpOT H3M9HHnaCb QT 16 JlO 25 MKC9Ke 

nocne npOXO)!(.Q9HHH BOpOT- HMrrynbCbl 38TIOM!j:H8nHCb TpeMH TpHrrepaMH ( MBK-

CHManbHOe 38TIOMHH89MOe "'HCnO - C9Mb f. J1MnynbC 0 ¢}1:KCHpyiOIIlHA MOM9HT 

Jl9neHHH 0 38llOMHH8nC_H "l9TB9pTbiM TpHrrepoM, 3aJlHHM !lJpoHTOM BOpOT rrpo-

H3BOJlHnCH orrpOC TpHrrepOB 0 H HX COCTOHHHe napannenbHO rrepeHOCHnOCb HB 

20-pa3pS!JlHbitl perHCTpaTbp, C !18MS!Tb!O Ha MarHHTHOH lieHTe/ 10/ • 3aTeM TpHr

repbi B03BpamanHCb B HCXOJlHOe COCTOS!HHe, 

llnH H3MepeHHH !lJoHa BOpOT8 OTKpb!BanHCb BTOpH'l:ftO "lepe3 40 MKCeK 

nocne MOM9HT8 )leneHHH 0 <fJC>HOSbie HMnynbCbl rrepeC"'HTbiB8nHCb TeMH )!(e 

TpHrrepaMH, a rrpH$HBK ¢oHa ·BarroMHHancH rrHThiM TpHrrepoM, B pe3ynbTaTe 

onpoca TpHrrepoB Ha 20-pa3pHJlHhiA perHCTpaTop napannenbHO nepeHocHnHcb 

rrpH3H8K !lJoHa .lf t{HCII?._ !lJoHOBbiX HM riyJibCOB, 3aTeM TpHrrepbl B03Bp8IU8!IHCb 

B HCXO.OHOe COC.TOS!J!:He 0 H Bbfpa6aTbiB8!ICH HMIIy!IbC KOHUa UHKna perHCTp8UHH 0 

OTKpbiB810IUHH BXOJlHOti ·an€KTpOHHblti K!IIO"l JlnH !IOCTyiineHHS! oqepe.OHOro HM

IIY!IbC8 8KT8 .oeneHIHI. llnH HCK!IJO'IeH~S! cny"laeB O,OHOKp8THOrO He'leTKoro Cpa-

6aTb!B8HHS! BXO.OHOrO K!I10'18 0 kOTOpOe MO)i(eT IIpHBeCTH K IIO!IHOMY IIpeKp8IUe

HHIO IIOCTyiineHHS! HH¢OpM8UHH 0 ero COCTOS!HHe JlOIIOIIHHT~!IbHO yCT8H8B!IHBa

!IOCb B IIO!IQ)!(eHHe "OTKphlT" HMIIY!IbCOM-CTapTOM C!IeKTpoMeTpa IIO BpeM9HH 

rrponeTa IIepeJl K8)!(,00H HeHTpOHHOH BCilhllliKOHo EnoK-CXeMa norH'IeCKoro OT-

6opa H KOJlHpoBaHHH HMrrynhcoB rrpnae.oeHa Ha pnc. 3. OcunnnorpaMMhi pa-

6oThi OTJlenbHhiX y3noa cxeMbi rrpnaeJleHbi Ha pnc. 4. 

Bxo.oHoe ycTpotlcTBO 20-pa3pH.oHoro perHCTpaTopa c rraMHTbJO ~a Mar

HHTHotl neHTe li03BOnHnO HCITOnb30B8Tb rrepspie 5 JlBOH'IHblX pa3pS!JlOB JlnH 

38!IHCH 'IHCna 3aperHCTpHpOB8HHbiX HeHTpOHOB .oeneHHS! ( 20, 21, 2 2 ) 0 IIpH3H8-

KOB s¢¢eKTa ( 23) H ¢oHa ( 24). OcTanbHhie pa3 pHJlhi ,Hcrronb3oBanHcb JlnH 

38IIHCH 8JlpeCHbiX KOJlOB ( BpeMeHHbie KaHanbi) • 

nocne 9T8Il8 H8KOII!IeHHS! llpOH3BO.OH!I8Cb COpTHpOBKa HH¢0pM8UHH ITO '18C

TS!M C IIOMO!Ub!O ll8MSITH HHTerpHpyJOIUero THIIa, L!ernH<jlpHpy!OIUee ycTpOHCTBO 

20-pa3pH.OHOr o perHcTpaTopa rro3BOnHno rrony'laTb BpeMeHHhie crreKTpbi c rro

MOIUbJO IIOpOrOB OT6opa, HBnHJO!UHXCS! KOM6HH8UHS!MH pa3pS!JlOB 23 ( HnH 24) 

c pa3pH.oaMH 20, 21 , 2 2 H c 25 rro2 20, TaKHM o6pa3oM, 5brnH rronyqeHhi 

apeMeHHble crreKTpb1 0 COOTBeTCTBYIOIUHe perHCTp8UHH 0, 1,2.,, HMIIy!IbCOB B He-
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BaTa KaAMH9M MI'HOB9HHbiX HefiTpOHOBo f1ocneAHSISI aanep)l{

nnH HCKnroqeHHSI B03MO)I{HOCTH pei'HCTpaUHH MI'HOB9HHhiX 

HS!o ,ilnHT9nbHOCTb B,OpOT H3M9HSinaCb OT 16 AO 25 MKC9K0 

HHSI BOpOT HMITynbCbl 3aiTOMHHanHCb Tp9MSI TpHrrepaMH ( MaK

MHHa9M09 qHCnO - C9Mb). l1MITYnbC 0 cj:J)fKCHpyiOUlHi!: MOM9HT 

HancH qeTBepTbiM TpHrrepOMo 3aAHHM cj:JpOHTOM BOpOT ITpO-

TpHrrepOB0 II: HX COCTOSIHH9 ITapannenbHO IT9p9HOCHnOCb Ha 

I'HCTpaTop C ITaMHTbiO Ha MarHHTHOH neHTef 10/ • 3aTeM TpHr-

Cb B HCXOAH09 COCTOHHHe. 

9HHSI cj:JOHa BOpOTa OTKpbiBanHCb BTOpH'l:HO qepea 40 MKC9K 

neneHHH, cj:JOHOBbl9 HMITynbCbl ITepecqHTbiBanHCb T9MH )1{9 

pHaHaK cj:Joaa .aaiToMHHancH ITHTbiM TpHrrepoM. B peaynbTaTe 

B aa 20-paapHllHhiii: perHCTpaTop ITapannenbHO ITepeaocHnHcb 

qHCno cj:JOHOBbiX HM ITynbCOBo 3aTeM TpHrrepbl B03BpamanHCb 

OSIHH9 1 II: BbfpaoaTbiBBnCSI HMITynbC KOHUa UHKna perHCTpBUII:H
0 

OllHOM sneKTpOHHbiM Knroq AnSI ITOCTyiTn9HHSI oqepenHoro HM

HHS!o llnSI HCKnJOqeHHH cnyqaea onHoKpaTHor-o neqeTKoro cpa

oro KnJOqa, koTopoe Mo*eT ITpHBecTH K ITonHoMy ITpeKpame-

HHcj:JopMauHH, ero COCTOSIHH9 llOITOnHII:T~nhHO ycTaHaBnHBa

e "oTKphlT" II:MITynbCOM-CTapTOM CIT9KTpOM9Tpa ITO Bp9M9HH 

a)i{nofi Heii:TpOHHofi BCIThlWKofi. EnoK-cxeMa norHqecKoro oT

HHH HMITynbCOB ITpHBeneaa Ha pHc. 3. OcuHnnorpaMMbi pa-

y3noB CX9Mbl ITpHB9ll9Hbl Ha pHCo 4. 

TpOMCTBO 20-pa3pS!llHOI'O perHCTpaTopa C ITaMS!TbiO ~a Mar-

3BOnSinO HCITOnb30BaTb IT9pBhl9 5 llBOHqHhlX pa3pS!ll0~ AnSI 

erHcTpHpOBBHHhiX H9HTpOHOB neneHHSI ( 20, 21, 2 2 ) 
0 

ITpH3Ha

) 11: cj:Joaa ( 24). OcTanbHbie pa3 pSIAbi HCITOnb30BanHcb nnH 
' . 

KOAOB ( Bp9M9HHbl9 KBHBnbi) o 

HBKOITn9HHSI ITpOH3BOAHnBCb COpTHpOBKa HHcj:JOpMBUII:II: ITO qac

ITBMS!TH HHTerpnpyiOmero THITa. DewHcj:JpHpyiOIUee ycTpoficTBo 

rncTpaTopa IT03BonSino ITonyqaTb BpeMeHHhle ciTeKTphl c ITo

OToopa, S!BnSIIO!UHXCSI KOMOHHBUHS!MH pa3pS!llOB 23 ( HnH 24) 

21 , 22 11: c 25 ITo220. TaKHM o6pa3oM, obmH ITonyqeHbi 

Phi, COOTB9TCTBYIOIUHe perHcTpaUHH 0,1,2 •.• HMITynbCOB B He-
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CM9!U9HHOM H CM9!U9HHOM Bp9M9HHOM OKH9 CX9Mbl 11pOnyCK8HHSI, 

o6pa60TKH OObl'iHO COCTOSIJI8 H3 II BpeMeHHbiX CI19KTpOB ITO 

K8H8JIOB (7 CI19KTpOB, OTHOCSI!UHXCSI K perHCTp8UHH 9$¢eKT8 

OTHOCSI!UH9CSI K perHCTp8UHH ¢oHa ). 

OpH rrpoaeneHHH 6onhmoro 'IRena aesaBHCHMbiX cepHli H3ME 

H8SI HH¢opM8UHSI COCTOSIJI8 H3 H9CKOJibKHX COT9H M8CCHBOB 110 

'iHC9JI1 'iTO Tpe60B8JIO opr8HH38UHH CI19UH8JibHOli CHCT9Mbl I1E 

OOTKH 3KCI19pHM9HT8JlhHbiX JJ.8HHhiX. 

CHcTeMa rrepBIPIHOH o6pa6oTKH aKcrrepHMeHTanbJ 

]:l8HHbiX 

8 KOHU9 K8~JJ.OrO UHKJI8 H3MepeHHli H8KOIIJI9HH8SI HH¢opMa 

CHCT9Mbl CBS13H rrepeJJ.8B8JI8Cb 118 M8JIYJO 3JI9KTpOH110-Bbl'iHCJIHT' 

(38M) , MHHCK-2". nepBH'iH8SI o6pa6oTK8 BpeMeHHbiX cneKTpO 

T8KH9 IlpOCTbi9 OI19p8UHH K8K COpTHpOBK8 H CyMMHpOB8HH9 HJJ.9 

BB9JJ.9HH9 H9KOTOpbiX IIOI1p8BOK 1 IIOJIY'i9HH9 C:YMM OTC'i~TOB B 

3HepreTH'i9CKHX rpaHHU8X H T.JJ.. 1 11pOBOAHJI8Cb C HCIIOJih30B8HH91 

HOli CHCT9Mbl C BH3Y8JihHbiM K8H8JIOM B BHJJ.e OCUHJIJIOrpa¢a CO 

paHJJ.BilloM/ 11/. OpH aTOM aa rrepaoM crreKTpe KB~JJ.oli cepHH H3M 

3TO ObiJI HHTerpanbHbili CII9KTp, HMeJOIUHli H8HOOJihlliYJO CT8THC1 

K8p8HJJ.8IliOM p83M9'i8JIHCh Bp9M9HHhl9 rpaHHUhl 1 B rrpeJJ.eJiaX K 

JJ.HJI8Cb JJ.811hH9lii118SI o6pa60TK8 1 H KOT0pbl9 BIIOCI19JJ.CTBHH 38110MI 

38M. Bee cneJJ.yJO!UHe ,MaccHBhi JJ.aHHoli cepHH o6pa6aThiBanHCh 

093 HOBO:li p83M9TKH BpeMeHHbiX CII9KTpOBo fpaHHUbl cyMMHpOE 

CTBYJOI1IH9 HM 3HeprHH 1 H CyMMbl OTC'i~TOB B 3THX rpaHHU8X 

II9'i8Th H BBOJJ.HJIHCh B II8MS!Th 38M M-20 • 

OporpaMMOli o6pa6oTKH rrpenycMaTpHBanocb H3p6pa~eHHe 1 

(pH Co 5) H OTJJ.911bHbiX ero yqacTKOB (pH C. 6) • 06p800T8HHbl9 

JJ.OM CII9KTpe IIOJJ.CB9'iHB8JIHCh. 

11 

1'-------------------------



10 

... -

• I 
Ol 0 Q) 

"' 1' ::a CD- 0> • a. C..Q)c., 

~~~~IQ~~ 
(') ~ ~ ~ [ 
() Ill "' ;;; "' 
,Q ~ s "' () 
t: () () Ol :s: 
»0.<0\0r:.. i () ::l [ ~ 
:s::s~u-== 

:s: ~ 
-ct3 ts=..! ..a 

Ol ~ g ~ a 
•• Q) a. ,Q Ill 
(') -& "' t: a. 
~1"~~~ 
IQ - r:.. ::l 'f 
~ ~ ~ :s: ~ 
a. 0 Q) 
Q)-e-~;;;03 
IQ :.: ::l :r: 
u ~ :s: Q) :s: 

• Ol = :;: P" 
Ill :r: Ol :s: Ol 
:s: (') = a. <I 
~ ~ ll:"' ~ 
~ 1:: ~ ~ ~ 
<~.iufuo: 
~~~O:a 
:r:-& »~ 
0 t:: :.: IQ 
a. :s: ::l Q) 0 
"' :s: () a. 'IS: Ol :.: (J) 

(J) "' • ::l r:.. ::r:: :.::- J:.. 
Q) c..co :s: 

~it 0 a. 
;;;"¥"~g~-
:r: a. 0 Ill 
~ :s: "' :.: :s: 
~~~~; 
E[fuOl~ 
.., "' a. "' () ... () :.: 0 

:s: 'IS: (J) () 
:s: r:.. ;;; -& 
8<1l:r:-e-:s: Ol a. t:( (I) 

Ill Ol 
~ Ol a. :s: "' () ~ ~ 8 ~ 
Eo a.[~ 
~ (J) 6"' (I) -;;; "' () 
~ :r: :s: :s: 
~ ~ lll fu ~ 
(J) ::l () a.~ 
~ ~ 0 0 :s: 
-al~~t§' 
Jl a. 0 
f-i • Q) • 

0 ~ 1:: (J) IQ 

~ !2~ g 8. 
a. t: • :r: (]) 
- :.: IQ (J) t 
Jl 0 8. ::l :s: 
~ r:.. (J) ~a. 
Olgtal"' 
a. t:( :s: 0 

8 ~ ~~ 1' 
t:al "' t: 0....:. 
8 E 1' :.: :s: 
uo..,~o 
o ~ :s: ~ 1' 

• 0 ::l "' ..... a. 0 

• ~ 1' ~ a 
~ ~"' :s: 1' c. (I) tz:~ 

'Jl ,<) I 

' 
,' 
'• 

i'i 
I 

CMel!IeHHOM H CMel!IeHHOM BpeMeHHOM OKHe CXeMbl rrponyCK8HHSio KaJK,08Si cepHSi 

o6pa60TKH 06bi'IHO COCTOSil18 H3 II BpeMeHHb!X CfleKTpOB flO 2048 HliH 4096 

K8H8liOB (7 CfleKTpOB, OTHOCSI!IIHXCSI K perHCTp8UHH 9$~eKT8, H 4 CfleKTpa, 

OTHOCH!IIH9CSI K perHCTp8UHH ~OH8 ). 

npH rrpoBe,QeHHH 60JibillOrO 'IHCl18 He38BHCHMblX cepHil H3MepeHHlf CyMMap

H8Si HH~OpM8UHSi COCTOSil18 H3 HeCKOllbKHX COTeH M8CCHBOB flO 2048 HliH 4096 

'IHCen, 'ITO Tpe60B8l10 Opr8HH38UHH CfleUH8llbHOlf CHCTeMbl rrep'BH'IHOH Oopa-

60TKH 9KCITepHMeHT8llbHbiX ,08HHbiX. 

CHcTeMa rrepBH<rHo:ii o6pa6oTKH aKcrrepHMeHTanbHhiX 

Jl8HHbiX 

8 KOHUe K8JK,OOro UHKl18 H3MepeHHH H8KOfllleHH8Si HH~OpM8UHSi C fiOMOl!IbiD 

CHCTeMbl CBSI3H rrepe,08B8l18Cb 118 ManyiD aneKTpOHtiO-Bbi'IHCliHTenbHYID M8IllHHY 

(38M) "MHHCK-2" • nepBH'IH8Si o6pa60TK8 BpeMeHHbiX CfleKTpOB, BKliiD'I8ID!II8Si 

T8KHe rrpOCTb!e orrep8UHH K8K COpTHpOBK8 H CyMMHpOB8HHe H,Oe!ITH'IHblX cepHil, 

BBe,QeHHe HeKOTOpb!X fl0flp8BOK, fiOllytteHHe CYMM OTCtt~TOB B OflpeJle,fleHHbiX 

9HepreTHtteCKHX rp8HHU8X H T.,Q., rrpOBO,QHJI8Cb C HCfiOllb30B8HHeM Bbl'IHCliHTenb

HOH CHCTeMbl C BH3Y8llbHbiM K8H8liOM B BH,Qe OCUHnnorpa~a CO CBeTOBb!M K8-

p8H,Q8IllOM/ 11/. OpH aToM Ha nepBoM cneKTpe KaJKaolf cepHH HaMepeHHil ( o6bittHo 

9TO Oblli HHTerpanbHblH CfleKTp, HMeiD!IIHH H8H60JibillYID CT8THCTHKY) CBeTOBbiM 

K8p8H,Q8IllOM p83Me'l8liHCb BpeMeHHb!e rpaHHUbl 1 B rrpeaenax KOTOpb!X rrpOBO

,QHJ18Cb ,08llbHei!Ill8Si o6pa6oTKa, H KOTOpbie BfiOCne,QCTBHH 38fiOMHH8liHCb B M03Y 

3BM. Bee cneayrowHe MaccHBbi aaaaoil cepHH o&pa6aTbiBanHCb aBTOMaTH'IecKH 

6e3 HOBOH p83MeTKH BpeMeHHbiX CfleKTpOBo fp8HHUbl CYMMHpOB8HHH, COOTBeT

CTByiDIIlHe HM 9HeprHH 1 H CyMMbl OTC'I~TOB B 9THX rp8HHU8X Bbl)l8B8liHCb H8 

rrettaTb H BBO,QHliHCb B fi8MS1Tb 38M M-20. 

OporpaMMoil o6pa6oTKH rrpeaycMaTpHBanocb Hap6paJKeHHe rronHoro crreKTpa 

(pH C. 5) H OT,OellbHbiX ero Y'I8CTKOB (pH C. 6) • 06paoOT8HHbie Y'I8CTKH B KaJK

,QOM CfleKTpe fiO,QCBe'IHB8liHCb. 
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PHc. 5. H3o6pa*eHHe rronaoro crreKTpa neneaHfi U-235 aa aK
paae ocuHnnorpacjla co cBeTOBbiM KapaanaiiioM. B Bepxaefi qacTH 

BHJlHbl CHMBORbl - KOM8HJlbi o6pa60TKHo 

12 

I . 

PHc. 6, H3o6pa*eHHe o6pa6aThiBaeMoro yqacTKa OT 2 no ; 
06pa6oTaHHbre pe30H8HCbi rwucBeqeabr. B Bepxael! qacTH B 

CHMBOnbi, - KOW8HJlbl o6pa60TKH. 

13 



Hao6pa*eHHe rronHoro crreKTpa neneHHfi U-235 Ha 3K

uHnnorpa¢a co cBeTOBbiM KapaHnarnoM, 8 BepxHefi qacTH 
CHMBOnhl - KOM8H)lhl o6pa60TKH, 

12 

.... 

PHc, 6, Hao6pa*eHHe o6pa6aTbiBaeMoro yqacTKa oT 2 no 8 aB, 

06pa6oT8HHbie pe30H8HCbl liO)lCBeqeHbl, 8 BepxHefi qaCTH BHL(Hbl 
CHMBOnbi - KOM8H)lbl o6pa60TKH, 

~ 
13 



KanH6poBKa annapaTypw H HsMepeHHH 

nnH yMeHbllieHHH nOCTOHHHOrO ~OHa, o6ycnosneHHOrO KOCMHqeCKHM H3-

nyqeHHeM1 paJ:tHOaKTHSHbiM ~OHOM noMeiiieHHH H Toi:to 1 >KHJ:tKOCTHblft J:teTeKTOp 

6hin 3aKpbiT CSHHUOSOit H 3aiiiHTOft H3 napa¢lHHa C 6opOM SeCOM OKOno 20 THo 

KanH6posKa aMnnHTyJ:tHhiX noporos perHcTpauHH MrHoseHHhiX HeftTpoHos 

H y -nyqeit neneHHH npOH3SOnHnaCb C nOMOIIIbiO panHoaKTHSHbiX HCTOqHHKOS 

13 7 60 ( 
Cs (E = 0,661 Mas), Co E 1 = 1,173 Mas, EY2 = 1,333Mas) 

~4 

H Na ( E y I 

y y 

= 1,368 Mas, E y2 2, 760 Mas). MrHoseHHhie HeftTpOHhi 

neneHHH perHCTpHposanHCb S aMnnHTynHOM OKHe1 COOTSeTCTSy IOIIIeM HH>KHeMy 

nopory perHCTpaUHH Y -nyqeft OT saxsaTa HeftTpoHos KanMHeM 1 -f 1,5 Mas 

H sepxHeMy - 10 Mas. DpH perHcTpaUHH MrHoseHHhiX y -nyqeft neneHHH no 

KaHany cxeMhi cosnaaeHHA HH>KHHA nopor ycTaHasnHsancH Ha yposHe 0,3 -f 

-f 0,6 Mas, sepXHHft - 1 -f 2,5 Mas no Ka>KnoMy sxolly. 3To nossonHno c 6onh

meft a~eKTHSH()CTbiO perHcTpHposaTb Y -nyqH aeneHHH ( 10 Y -KS8HTOS Ha 

neneHHe npH c peaHeit aHe prHH oKono 0, 7 Mas), qeM y -nyqH paaHauHoH

Horo 3aXSaTa (S cpenHeM 3-4 y -KS8HT8 H8 saxsaT HeftTpoHa npH cpenHeft 

aHeprHH oKono 2 Mas). CooTseTCTSYIOIIIHe ~!jleKTHSHOCTH perijCTpaUHH MrHo

seHHbiX HeftTpOHOS neneHHH- £
0 

COCTaSnHnH S pa3nHqHbiX cepHHX H3Mape

HHit 57, 66, 78, H 90%, a MrHoseHHhiX y -nyqeft -£ - 75 H 53%. OueHKH ~-
Y 

!jleKTHBHOCTeit 6binH nonyqeHbl S H3MepeHHHX Ha HeitTpOHHOM nyqKe C HCnOnb-

30BaHHeM HOHHsauHOHHoit HHTerpanbHOl!: KaMe phi neneHHl!: c U-235 I 8!. 

PaspemaiOmee speMH aneKTpoHHoro KaHana perHcTpaUHH MrHoseHHbiX 

HeitTpoHos neneHHB onpenenBnocb c noMOIIIbiO~reHepaTopa cepHA HMnynhcos 

TpeyronbHoft !jlopMhi, nonKniOqaeMoro K ShiXony <1>3Y. llfHpHHa Ha nonosHHe 

SbiCOTbl Ka>Knoro HMnynbCa COCTaSnHna "' 150 HCeK npH TaKOM >Ke paCCTOH

HHH Me>Kny HMnynhCaMH1 qHcno HMnynbCOS S cepHH H3MeHHnOCb OT 1 no 50 

H qacTOTa nOSTopeHHH cepHft - .1!(0 15 KrU1 qTO COOTBeTCTSOSano M8KCHManhHOJ!: 

paSHOMepHOJ!: qaCTOTe cnellOSaHHH UHKnOS perHCTpaUHH a!jl!jleKTa H ~OHa npH 

MaKCHManhHOit HCnOnh30SaHHOit nnHTenbHOCTH SOpOT cxeMbl nponycKaHHBo 

B aTHX ycnosHBX He Ha6niOnanoch saMeTHoro H3MeHeHHB MepTsoro speMeHH 

H yxona aneKTpOHHbiX noporos nHCKpHMHHaTOpOS H3-3a S03MO>KHOrO H3MeHe

HHB pe>KHMOS .pa60Tbl SXOnHhiX TpaH3HCTOpOS HCnOnb3yeMbiX CXeM npH ysenH

qeHHH qHCna HMnynhCOS B cepHHo 
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OposepKa MeTonHKH H3MepeHHSl sapHauHA v C HCnOnh30S 

paUHH MOMeHTa neneHHSl no MrHOSeHHbiM Y -nyqaM OCyiiieCT 

MOllibiO MHorocnOHHOH HOHH3aUHOHHOH KaMepbl S KaqecTSe ne. 

neneHHB/12/. 06mee KonHqecTso U-235s KaMepe cocTasnBno o 

HH3aUHOHHaB KaMepa HanonHHnaCb CMeCbiO aprOH8 H 5% l:U 2 

1,2 aTMo 3~~eKTHSHOCTb perHCTpaUHH OCKOnKOS S o6naCTH I 

Manoro ~oHa oT a -qacTHU 6bma 60%. 

0CHOSHbie H3MepeHHB S8pH8UHfi v OT pe30HaHca K p€ 

nposeneHbl C HCnonb30SaHHeM perHCTpaUHH MOMeHTa neneHHSl 

Hb!M Y -nyqaM neneHHSI/ 8/ o Jllcnonh30S8HHbie B H3MepeHHBX I 

( o6orameHHe 90%) HMenH TOniiiHHhi 8,3·10-5, 4,3•10-4, 2, loll 

H Pu-239 ( o6orameHHe 98,3%) - 2 ,8·10-4 H 1,3ol0-3 Bnep/6aJ 

na H3MepeHHB nasanH xopomo cornacyiOIIIHeCB pesynbTaThi. B 

perHcTpaTope c naMBThiO Ha MarHHTHolt neHTe nnB o6ecneqe 

CKOpOCTefi nBH>KeHHSI M8rHHTHOfi neHTbl ( OT 1 no 2,5 CM/ceK) l 

npoMelKyToqHaB naMBTb pa3paSHHS8IO!I(ero THna C 9MKOCTbiO 3~ 

CKopoCTb nocTyrrneHHSI HH¢lopM8UHH Ha sxon perHcTpaTo 

3 4 5 HMITIUHKn rrpH H3MepeHHBX C nenHTenbH.OH K8Mepol!: H 25 

c "ToncTbiM" o6pa3UOM Pu-239. CooTseTCTByiO.mee speMB cr 

~OpM8UHH H3 rrpoMe>KyToqHol!: rraMS!TH H8 M8rHHTHyiO·neHTy IT 

Mofi rrnoTHOCTH 38ITHCH 10 HMITIMM He rrpeSbilliano ( SMeC1 

perHCTp8UHH) Bp9M9HH MelKny nocnenyJOIIIHMH Heil:TpOHHbiMH HMIT~ 

poMeTpa no speMeHH rrponeTa H He npHBOnHnO K HCKa>KeHHBM Bpe 

pOBo 

T aK KaK OlKHaaeMbie sapHauHH v OT p930H8HC8 K pe30f 

H Pu-239 He rrpesbiiDanH 2 -1 5%, TO rronyqeHHbie aKcrrepHME 

3ynbT8Tbl MO>KHO cqHT8Tb noCTOBepHbiMH TOnbKO rrpH HanHqHH H 

6HnbHO pa6oTaJOIIIefi arrrrapaTyphi. nosToMy o6pamanocb oco6o· 

KOHTpOnb S rrpouecce H3MepeHHH 38 pa60TOH scero TpaKT8 p 

aeTeKTOp8 ):{0 38ITHCH naHHbiX H8 MarHHTHOfi neHTe. 

KoHTponb 38 pa6oTol!: 20-pa3pBnHoro perHcTpaTopa c na1 

HHTHOH neHTe B npouecce H8KOITneHHSI HH¢lOpM8UHH OCyiiieCTBnSI. 

norronHHTenbHOrO KOHTpOnbHOrO 38ITOMHH8101Ilero ycTpOHCTS8 

pHpyJOIDero THIT8 eMKOCTbiO 512 K8Hanos C OCUHnnorpa¢lHqecKHI 
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anH6poBKa arrrrapaTypw H HaMepeHHH 

rneHHH ITOCTOHHHOrO ~OHa, o6ycnosneHHOrO KOCMH'IeCKHM H3-

0aKTHSHb!M ~OHOM ITOMeiUeHHH H To.C1o 1 )f{lf.QKOCTHb!M .QeTeKTOp 

HUOSOM H aaiUHTOM H3 ITapatjJHHa C 6opoM SeCOM OKO.IIO 20 THo 

aMIT.IIHTy.QHh!X IIOporos perHCTpaUHH MrHoSeHHb!X H9ltTpOHOS 

eHHH ITpOH3SO.QH.IlaCb C ITOMO!Ub!O pa):(HOaKTHSHb!X HCTO'IHHKOS 

60 
. 0,661 Mas), Co ( B 

1 y y = 1,173 Mas, EY2 = 1,333Mas) 

= 1,368 Mas, E y2 2, 760 Mas). MraoseHHhie HeATpOHbi 

HposanHCb S aMIT.IIHTy):(HOM OKHe, COOTS9TCTSy IOIU9M HH)f{H9My 

UHH y -nyqelt oT aaxsaTa HeltTpoHo.s xanMHeM I of 1,5 Mas 

Mas. T1pH perHcTpaUHH MrHoseHHbiX y -ny<Ielt neneHHH ITo 

OSITaneHHlt HH)f{HHA ITopor ycTaHaSJIHSaJICR Ha yposHe 0,3 of 

1 '* 2, 5 M a a ITO Ka)f{noMy sxony. 3To IToaaommo c 6onb

TbiO perHCTpHposaTb Y -.IIY'IH neneHHR ( 10 Y -KSBHTOB lj:a 

nHeA aHe prHH oxono 0, 7 Mas), 'I eM y -ny'IH panHauHoH-

cpenHeM 3-4 y -KSaHTa Ha aaxsaT HeltTpoHa ITpH cpenHelt 

Mas}. CooTseTCTSYIOIUHe a~~eKTHSHOCTH perQ:cTpaUHH Mrao-

s neneHHR- c 
n COCT8S.IIH.IIH S pa3JIH'1Hb!X CepHRX H3MQpe-

90% 1 a MrHOS9HHb!X y -nyqeJt -£ - 75 H 53%. OueHKH atjl
y 

H ITO.Ily'IeHbl S H3MepeHHRX Ha HeltTpOHHOM ITY'IKe C HCITO.Ilb

HOHHOlt HHTerpanbHoif KaMepw neneHHlt c U-235 181. 

ee speMR anexTpoHHoro KaHana perHcTpauHH MrHoseHHbiX 

g oiTpenenHnocb c ITOMOIUbiO reHepaTopa cepHlt HMITynbcos 
i 

bl1 ITO):(K.IIIO'IaeMoro K Sb!XO):(y <fi3Y • llfHpHHa Ha ITO.IIOSHHe 

HMITY.IlbCa COCTaSJIR.Ila ~ 150 HCeK ITpH TaKOM )1{9 paCCTOR

bCaMH, 'IHC.IIO HMITy.llbCOS S C9pHH H3M9HR.IIOCb OT 1 ):(0 50 

HHH CepHif - .llO 15 KrU1 'ITO COOTS9TCTSOSano MaKCHManbHOlt 

OTe cnenosaHHR UHK.IIOS perHCTpaUHH ~~eKTa H ~OHa ITpH 

ITO.Ilb30SaHHOft ):(.IIHT9.11bHOCTH SOpOT CX9Mb! ITporrycKaHHRo 

He Ha6JII0):(8JIOCb 38M9THOrO H3M9H9HHR MepTSOrO speMeHH 

b!X ITOpOrOB ):(HCKpHMHHaTOpOS H3-3a S03MO)f{HOro H3MeHe

Tb! SXO):(Hb!X TpaH3HCTOpOs HCITO.Ilb3Y9Mb!X CXeM ITpH ysenH

bCOS B CepHH. 
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ITposepKa MeTonHKH HaMepeHHR aapHauHA v C HCITO.Ilb30B8HHeM perHCT-

paUHH MOMeHTa neneHHR ITO MrHOSeHHb!M y -nyqaM OCYIU9CTS.IIR.IlaCb C ITO

MO!Ub!O MHorocnoltHolt HOHH38UHOHHOA KaMepw S KaqecTse ):(eTeKTOpa 8KTOS 

neneHHR/12/. 06mee KonHqecTso U-235s KaMepe cocTasnRno oKono 1 r. Mo-

HH3aUHOHHaR KaMepa HaiTO.IIHRnaCb CMeCb!O aproaa H 5% CU2 
no nasneHHR 

1,2 aTM. 3~~eKTHSHOCTb perHCTpaUHH OCKO.IIKOS B o6naCTH ITpeHe6pe)f{HMO 

Manoro ~OHa OT a -'IaCTHU 6bina 60%. 

0CHOSHbie H3MepeHHR sapHaUHlt v OT peaoHaHca K peaoHaHcy 6wnH 

IIpOS9):(9Hhl C HCITO.Ilb30S8HH9M perHCTpaUHH MOM9HTa neneHHR ITO MrHOSeH

HhiM y -nyqaM neneHHR/8/. MciTonbaosaHHhie s HaMepeHHRX o6paaubi U-235 

( o6orameHHe 90%) HMem:I TO.IIIUHHbi 8,3•10-5, 4,3•10-4, 2, 1.}0-3 Rnep/6apH 

H Pu-239 (o6orameHHe 98,3%) - 2,8•10-4 H 1,3ol0-3 Rnep/6apH. 06a MeTo

na HaMepeHHR nasanH xoporno cornacyiOIUHecR peaynbTaTbi. B 20-paapR/lHOM 

perHCTpaTope C ITaMRTbiO Ha MarHHTHOlt neHTe ):(JIR o6ecrreqeHHR paayMHb!X 

CKOpOcTeM ):(BH)f{eHHR M8rHHTHOM neHTb! (oT 1 .(10 2,5 CM/CeK) HCIIO.Ilb30Banacb 

IIpOM9)f{YTO'IHaR IT8MRTb paapaSHHS8IO!I{ero THITa C eMKOCTbiO 32-64 C.IIOBa. 

CKopoCTb ITOCTyrrneHHR HHtjlopMaUHH Ha SXO.Q perHCTpaTopa coc,asnRna 

3 of 5 HMITIUHK.II ITpH H3MepeHHRX C aenHTe.llbHOM KaMepolt H 25 of 35 HMIT/UHK.II 

c "TonCTbiM" o6paauoM Pu-239. CooTseTcTsyiOmee speMR crrHCbiS8HHSI HH

tjlopMaUHH 113 ITpOMe)f{yTO'IHOlt ITaMRTH Ha M8rHHTHyiO·neHTy IIpH HCIIO.Ilbaye-

MOM IT.IIOTHOCTH 38ITHCH 10 HMITIMM He ITp9Sbiill8.1IO ( BMeCTe C SpeMeHeM 

perHCTp8UHH) BpeMeHH Me)f{,ay ITOC.Ile.QyiO!I{HMH HeliTpOHHbiMH HMITynbCaMH CITeKT

poMeTpa ITO BpeMeHH ITponeTa H He IIpHBO.QH.IIO K HCKa)f{eHHRM BpeMeHHb!X CITeKT-

poa. 

TaK KaK O)f(I:IJiaeMbie aapHaUHH v OT peaoHaHca K peaoHaHcy JinR U-235 

1:1 Pu-239 He ITpesoirnanH 2 '* 5%, To ITonyqeHHhie aKcrrepHMeHT8.1IbHhie pe

aynbTBThi MO)f{HO C'II:IT8Tb JlOCTOBepHb!MI:I TO.IlbKO ITpH Ha.IIH'II:IH HB)le)f{HO 1:1 CTa-

6H.IlbHO pa6oTaiOmeA aiTrrapaTyphi. IToaToMy o6pamanocb oco6oe SHHM8HHe Ha 

KOHTpO.Ilb S ITpouecce 1:13MepeHHH aa pa60TOM SCero TpaKT8 perHCTp8UHI:I OT 

JieTeKTOpa JlO 38IIHCH Jl8HHhiX Ha M8rHHTHOM .119HT9o 

KoaTponb sa pa6oTolt 20-paapRJIHoro perHcTpaTopa c ITaMRThiD Ha Mar

HHTHoif neHTe B ITpouecce HaKOIT.IleHHR HH<jJOpMaUHI:I OCy.mecTS.IIR.IICR C ITOMO!I{biO 

JlOIIO.IIHI:!Te.llhHOro KOHTpO.IlhHOro 38IIOMHH8IO!I{ero ycTpOiiCTSa (K3Y} HHTer

pHpyiOIUero THITa eMKOCTh!O 512 KaHanos C OCUI:I.IIJIOrpatjJH'IeCKI:IM I:IHJIHKBTOpOM. 
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H eiTOCpellCTB9HHbilt KOHTpOnb TOKOB B ronOBK8X 38ITHCH S!BnSinCSI llOCT8TO"'HbiM 

nnH KOHTpOnSI 38 HH¢JopM8UH9H1 38ITHCbiB89MOH H8 M8rHHTHYIO neHTy, T8K K8K 

ITOTepH HH¢JopM8UHH 38 C"'eT B03MO:>KHbiX ne!jleKTOB C8MOH neHTbl o5bi"'HO 3H8"1H

Ten&HO MeH&IIle cTaTHCTH"'eCKHX ITorpelllHOCTeif 9KCITepHMeHT8, B ITepBbie 256 

K8H8nOB K3Y 3aiiHCbiBanCH BpeMeHHOI1: CITeKTp neneHHH 1 COOTB9TCTBY!OIUHI1: 

CIT9KTpy 2048 HnH 4096 KaHanoB 1 B C:>KaTOM ITO Bp9M9HHOH lllKane MaCII1Ta-

5e C cyMMHpOBaHH9M HH!j>OpMaUHH B 8 HnH 16 COC9llHHX K8HanoB, 3TO IT0-

3BOnHnO KOHTpOnHpOBaTb B OCHOBHOM Hall9:>KHOCTb pa50Thl BpeM9HHOrO KOllH

pOBIIlHKa H ITpOMe:>KyTO"'HOH ITaMSITH 1 ITOKa3aTeneM KOTOpOJ;i S!BnSIJIOCb OTCYT

CTBH9 .. c5oeB" B OTll9nbHbiX K8Hanax HnH rpyiTITaX K8HaJIOB1 HCKINK9HHlt Bpe

MeHHbiX ciTeKTpoB, "ITeperpy3oK' H T,n, 

llnH TOrO "'T05hl KOHTpOnHpOB8Tb B ITpouecce H3MepeHHlt a¢J~eKTHBHOCTb 

perHCTpaUHH HeltTpOHOB neneHHSI H OTH01119HH9 a4J¢eKT-!jJOH 1 T,e, OTHOII19HH9 

"'HCna 38perHCTpHpOBaHHbiX HMITyn&COB B H9CM91119HHOM H CM91119HHOM BpeMeH

HOM OKHe CX9Mbl ITpOITyCKaHHSI 1 32 KaHana K3Y ITOllKnJO"'anHCb K ronOBKaM 

3aiTHCH qepe3 ycTpOHCTBO OT5opa, C ITOMOIIlb!O KOTOporo Bbill9nSIJ1HCb KOllbl 0 

COOTB9TCTBYIOII1H9 "'HCJIY cnyqaeB perHCTpaUHH 0, 1, 2 .. , HMITyn&COB "a¢!jleKTa" 

H OTll9nbHO - "¢loRa" 1 ITpOCYMMHpOBaHHbi9 ITO BCeM HCCnenoBaHHbiM pe30HaH

CaM, CyMMapaoe "'Hcno cnyqaeB perHcTpauHH "a!jJ!jleKTa" Bcerna paBHHnoc& 

"'HCny "¢oHOBbiX" cnyqaeB 1 TaK KaK ITpH Ka:>KnoJ;i perHCTpaUHH HMIIYJibCOB 

BOpOTa CX9M bl ITpOITyCKaHHSI OTKpbiBanHCb llBa:>Kllbl, 

TaKHM o5pa30M1 llJISI KOHTponH B rrpouecce H3MepeHHH ITepHOllH"'9CKH 

H3 ITaMSITH K3Y BbiBOllHJI8Cb '4:HCJIOB8SI HH¢opM8UHS1 0 BKJI!0'4:8!0IU8SI: 

J) BpeMeHHOR ClleKTp ~eneHHR (KOHTpOnHpOBBnBCb CyMM8 orcq~TOB 

B OT~enbHbiX 3HepreTHqeCKHX HHTepBana:rc); 

2) cyMMapHoe 'lHcno cnyqaeB perHcTpBLIHH "aljJijJeKTB"' H "1/JoHa" ~nH 

BCeX HCCne~yeMbiX pe30H8HC0Bi 

3) OTHOIIJeHHe CyMM8pHOI'O 'lHCnB 3aperHCTpHpOB8HHbiX HMllYllbCOB B He

CMeiiJeHHOM H CMeiiJeHHOM OKHe CXeMbi llpOllYCKBHHH ( OTHOIIJeHHe aljJI/JeKT-1/JOH) 

~nH scex Hccne~yeMbiX peaoHBHCOB. 

KpoMe aToro oTnen&Hbie cqeTHbie ycTpoi1:CTBa IT03BOnHnH aeiTpepbiBHo 

KOHTpOnHpOB8Tb C"'eT H8 BC9X ITSITH BXOllaX 20-pa3pS!llHOrO perHCTp8TOp8 

C ITaMS!TbiO Ha MarHHTHOH neHTe, 
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P11c. 7, 3Kcnepi!MenTaJibHbiii cneKTp, cooTBeT

CTByromllii peri!CTpaUIIII OIIHOrO I!MnyJibCa ll8T9K

TOpa B OKH8 CX8Mbl nponycKaHI!SI np11 113MepeHII

SIX no BpeMeHII nponeTa c o6pa3UOM U-23iX !jlon 

He Bbl'!T8H ), ( n 0 rOp1130HTaJII! - HOMep KaHaJia 

anaJII!3aTopa), 
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P11c, 8. 3Kcnepi!MeHTaJibHbli1: cneKTp, COOTBeT

CTByromllii peri!CTpaUI!II OllHOrO IIMnyJibCa aeTeK

Topa B OKH8 CX8Mbl nponycKaHIISI npll 1!3Mepe

HIISIX no BpeMeHII nponeTa c o6pa3UOM Pu-239 
(¢on ne Bbi'!Ten) , (no rop1!30HTaJIII - HOMep 
KaHaJia aHaJIII3aTopa), 
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TBeHHblli KOHTpOJib TOKOB B I'OJIOBK8X 38lli'ICH SIBJISIJICSI ,l:lQCT8TO'IHbiM 

QJISI 3 8 HHcpOpM8UHeil:, 38IIHCbiB8eMOil: H8 MBI'HHTHYIO JieHTy1 T8K K8K 

opM8 UHM 38 C'IAT B03MO*HhlX aecpeKTOB C8MOil: JieHThl 06hl'IHO 3H8'1H

Hbiiie cTaTHCTH'IecKHX rrorpeiiiHOCTeil: aKcrrepnMeHTa. B rrepBbie 256 

3Y 38IIHCbiBaJICSI BpeMeHHOJ:i: ClleKTp aeneHHJ:\1 COOTBeTCTBY!OlUHil: 

048 HJIH 4096 KaHaJIOB 1 B C)!{aTOM IIO BpeMeHHOil: IIIKane MaCIIITa

HpOB8HH9M HHcpOpMaUHH B 8 HJIH 16 COC9.QHHX K8H8JIOB. 3TO IIO-

HTpOJIHpOBaTb B OCHOBHOM H8A9*HOCTb pa60Tbl Bp9M9HHOI'O KO.QH

rrpoMe)!{yTO'IHOJ:i: IIaMSITH 1 llOK838TeneM KOTOpOH SIBJISIJIOCb OTCYT

eB" B OT.QeJibHbiX KaHaJiaX HJIH rpyrrrrax KaHaJIOB1 HCKBVK9HHil: Bpe-

eKTpOB1 "rreperpy30K" H T • .Q. 

ITOI'O 'IT06bi KOHTpOJIHpOBaTb B !Ipouecce H3MepeHHH acpcpeKTHBHOCTb 

H HeHTpOHOB .QeJieHHSI 1'1 OTHOIIIeHHe acjJ¢eKT-cpOH1 T.e. OTHOIII9HH9 

I'HCTpHpOBaHHbiX HMIIYJibCOB B HeCMeiUeHHOM 1'1 CMeiUeHHOM BpeMeH

CX9Mbl rrporrycKaHHSI, 32 KaHana K3Y rronKnro'lanHCh K ronoBKaM 

e3 ycTpOHCTBO OT6opa, C llOMOlUb!O KOTOpOI'O Bb!Jl9JISIJIHCb K0Jlbl
1 

yJO.IUHe 'li'ICJIY cnyqaes perHCTpaUHH 0, 1, 2 ••• HM!lyJihCOB "acpcpeKTa" 

- "cpoHa" 1 npocyMMHpOBaHHbie IIO BC9M HCCJI9JlOBaHHb!M pe30HaH

apHoe 'IHcno cnyqaes perHcTpauHH "acjlcpeKTa" Bcerna paBHSIJIOCb 

OBhlX" CJIY'I89B1 TaK KaK !lpH Ka)!{JlOil: perHCTpaUHH HMIIYJibCOB 

M bl IIponycKaHHSI OTKpb!BaJIHCb JlBa)!{.Qblo 

M o6pa30M1 .QJISI KOHTpOJISI B npouecce H3MepeHHH nepHO.QH'I9CKH 

K3Y Bh!BO.QHJ18Cb 'IHCJIOB85I HHQJOpM8UH5I1 BKJI10'18JOIUas:I: 

:peMBHHOti CllBKTp aeneHHH ( KOHTponHpOBllnllCb CyMMll OTC'leToB 

biX 3HBprBTH'lBCKHX HHTBpBanax); 

MMapnoe 'lHcno cnyqaeB perHcrpauHH "'srpifJeKTll"' H "'tjJona"' anH 

eayeMbiX pe3oHancoB; 

HOIIJBHHB CyMMllpHOI'O 'lHCna 38perHCTpHpOB8HHbiX Hll,fllynbCOB B HB

H CMBIIJBHHOM OKHe CXBMbi nponyCKllHHH ( OTHOIIJBHHe stjJtjJeKT-tjJOH) 

HccneayeMbiX pe3oHaHcoB. 

e 9TOI'O OT.Q9JibHhle C'IATHhle YCTpOJ:\CTBa II03BOJI5IJIH HenpephlBHO 

B8Tb C'IAT Ha BC9X IISITH BXO.QaX 20-pa3pS!.QHOI'O perHCTpaTopa 

Ha MSI'HHTHOH JI9HTe. 
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P11c. 7. 3KcnepHMeHT8JibHbiJl cneKTp1 COOTBeT
CTBYIDIIII!Jl pei'HCTpBUHII OllHOI'O HMnynbCa .QeTeK
TOpa B OKHe CXeMbi nponycKaHI!SI npH H3MepeHH
SIX no BpeMeHI! nponeTa c o6pasuoM U-23~cjloH 
He Bbi'ITeH). ( n 0 I'Op1!30HTanH - HOMep KaHana 
aHaJIH3aTopa) • 
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Depen HaqanoM H ITO OKOH'I8HHH K8~AO~ C8pHH H3M8p8HH~, COOTB8T

CTBYIO!Il8~ 38ITHCH HHcpOpM8UHH Ha OAHO~ 6o6HH8 M8I"HHTHO~ neHTbi AnHHO~ 

} KM, B8Cb KOMITneKC H3M8pHT8nbHO~ arrrrapaTypbl K8nH6posanC51 C ITOMO!IlbJO 

OAHHX H T8X ~e Y -HCTO'IHHKOB (rrpoBepKa aneKTpOHHbiX ITOpOI"OB pei"HCTpa-

24 4 -
UHH) H CITOHT8HHo-nen511I(8I"OC51 HCTO'IHHK8 Cm ( v == 2,82) ( KOHTpOnb 

ITOCT051HCTB8 acpcpeKTHBHOCTH perHCTpaUHH H8~TpOHOB neneHH51), 

nnH OU8HKH K8'I8CTB8 M8I"HHTHbiX neHT nepen H8'I8nOM H3MepeHHH CHH

ManHCb HX xapaKT8pHCTHKH C ITOMOII(bJO I"8HepaTopa CT8HA8pTHO~ 'I8CTOTbi, 

EcnH ITOTepH HHQJOpM8UHH ITpH BOCITpOH3B8A8HHH He npeBbiWanH 0, 1%, TO Mar

HHTHbl8 neHTbi HCITOnb30B8nHCb B nanbH8HWHX H3M8p8HHHX, 

Ha pHc, 7 H 8 nnH HnnJOcTpauHH noKa3aHbi BpeMeHHhie cneKTpbi nene-

HHH U -235 H Pu-239, nony'IeHHbie onHcaHHbiM MeTonoM, 

B 38Kn!O'I8HHe 8BTOpbl Bb!pa~aJOT 6naronapHOCTb r.n. )1\yKOBY 38 o6cy~
neHHH H ITOMO!Ilb ITpH pa6oTe Ha 20-pa3pHAHOM perHCTpaTope C IT8M51Tbl0 Ha 

Mai"HHTHoii neHTe H T ,l1, A<jJaHacbeBoii H IO.l1. KonrHHy 3a noMOIIlb npH H3-

I"OTOBn8HHH annapaTyphl, 
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HaqanOM R ITO OKOH'I8HRR K8*L10H cepRR R3MepeHRH 0 COOTBeT

arrRCR RH~OpM8URR Ha OL1HOA 6o6RH8 MarHRTHOA neHThl anRHOfi 

KOMrrneKc nsMepnTenbHOii arrrrapaTyphi Kann6poaancg c rroMOII{biO 

*e y -RCTO'IHRKOB (rrpoaepKa sneKTpOHHhiX rroporOB perRCTpa-

244 -
TaHHo-aenmuerocg RCTO'IHRKa Cm ( 11 = 2,82) (KOHTponb 

3~¢eKTRBHOCTH perHCTp8UHH H8HTpOHOB aeneHHSI), 

8HKR K8'I8CTB8 MarHRTHhlX neHT rrepea HB'IBnOM R3MepeHHA CHR

apaKT8pRCTRKR C ITOMOII{bJO reHepaTOpa CT8HL18pTHOH 'IBCTOTbi, 

RH~OpM8URH DpH BOCITpOR3B8Ll8HRR He Dp8BhlW8nH 0,1%0 TO Mar-

hl HCITOnh30B8nRCb B LlBnbH8HWRX R3MepeHRSIL 

, 7 R 8 LlnH RnniOCTpaURR ITOK838Hhl BpeM8HHhl8 CIT8KTphl Llene

R Pu-239, rronyqeHHbl8 OITRCBHHbiM M8TOL10M, 

IO'I8HR8 BBTOpbl BblpBlKBIOT 6naroaapHOCTb r.n. )KyKOSy 38 06CylK

OII{b DpR pa6oTe HB 20-pa3pS!IlHOM perRCTpaTope C ITBMS!Tb!O Ha 

eHTe R T.H. A~aHacbesoii R 10.11. KonrHHY 3a rroMomb rrpH R3-

rrrrapaTypbi, 
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