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OlilIJ,AH XAPAKTEPHCTIIKA PAliOThl 

AicryaJihHOCTb pa60Thl 

Ha COBpeMeHIIl>IX ycKOpIITeJIJIX ll peaKTopax ll B OKpy,KaIOmeii: llX JamHTe 
BOJHHKaeT HOlill3ll)JYJOmee mnyqeHHe, cocrolllll;ee m IIIll)JOKoro Knacca 
:meMemapm,IX qacnru:: npoTOHOB, neihpoHOB, Me30HOB pa3.JilfTIHhIX Bu,n:OB, 
:meKTPOHOB, lpOTOHOB n Ill). HeCMOlpH na HaJill'llle 6norrornqecKoii JamlfThI 3THX 
ycTaHOBOK, nepconarr, pa6oTaromllii na HHX,nO.zi;BepraeTCH B03.zi;eiicTBHIO crro=oro no 
KOMilOHelITHOMY COCTaBy ll0lill3ll)J)10mero mnyqeHHH IIIll)JOKOro 3HepreTnqecKoro 
mrnnaJona, ll3MeHHIOmeroc,r BO BpeMeHH n B npOClpaHCTBe. O.zi:ttaKO, OCHOBHOH Blilla.zi; 
B 3q>q>eKTHBHYJO 3KBmiarremnyio .zi:03y o6nyqeHHH nepconarra, KOTopa,r xapaKTepmyeT 
CTenem, Bpe.zi:noro BoJ.zi;eiicTBHH HOlill3ll)JYJOmero mnyqeHHH, BHOCIIT 6orree 
orpannqeHIIl>IH na6op qacnm, COCTOHmllii B OCHOBHOM m BTopnqnoro mnyqeHHH, 
renepll)JyeMoro B JamIITe. TaK, npn pa6oTe ycKopIITerreii: qacnru; BbICOKHX 3Heprllii 
pa.zi;uaI.lllOHHaJI o6cTaHOBKa B MeCTax nan6orree BepoHTnoro npe6LmaHHH nepconarra 
onpe.zi;eJIJieTCJI B 6ommeii: CTenenir neihponaMH, KaK npaBHJIO, c Jneprneii: .zi;o 20 M3B. 
Ha peaKTopax 3KBHBarremnaJI .zi:03a qiopMll)JyeTcJI neihponaMH c Jneprneii: .zi;o 20 M:3B 
u raMMa-mnyqeHHeM, npnqeM Blilla,!J; Ka)K,!l.oro Bu,n:a mnyqeHHH MO:lKeT KOJie6aThCJI B 
JHa'IIITemm,ix npe.zi;errax. 

llpn ocymecTBJieHBB pa.zi;uaI.lllOHHoro KOHlpOJIJI (PK) neihpoHHoro mrryJieHHH 
naycKopIITeJIJIX n lfMilYJlbCHl>IX peaKTopax n ero MelporrornqecKoro o6ecneqeHHH 
B03HHKaeT PM npo6JieM, o6ycJIOBJieHIIl>IX KaK oco6eHHOCTHMH pa60Thl TaKHX 
ycTaHOBOK, TaK ll ney.zi;OBJieTBOpIITeJlbHl>IM COCTOHHHeM cepHiiHoro npoll3B0,!J;CTBa 
,!J;03llMelpOB neihpoHOB. K HllM npe,K,!l.e BCero OTHOCIITCJI illll)JOKHH 3HepreTnqecKHii 
mtanaJOH norreii neihpoHHoro mnyqeHHH n nx lfMilYJlbCHl>IH xapaK'iep, npn KOTopoM 
CKBa,KHOCTb MO)KeT ,!J;OCTHraTh .zi;ecJITKOB TbICJiq. YcJIOBHH IlOBepKH ,!J;03llMelpOB C 
llCilOJlb30BaHHeM cymeCTBYJOmHX MeTO,!J;OB ll cpe.zi;CTB 3Ha'IIITeJlbHO OTJinqaJOTCJI OT 
ycrroBHii npoBe.zi;eHHH mMepeHHii, qro MO:lKeT npHBO.LIIITb K 6ommHM 
,!J;OilOJIHHTeJlbHl>IM norpemnoCTHM cpe.zi;CTB ll3MepeHHii, HHOr.zi;a B HeCKOJlbKO pa3 
npeBbimaIOmHM llX OCHOBHYJO norpemnocTh. 

B CBJIJB C 3THM K OCHOBHl>IM 3a.zi;aqaM MelpOJiornqecKoro o6ecneqeHHH PK 
OTHOCIITCJI npaBHJlbHl,IH Bb16op MeTO,!J;OB ll cpe.zi;CTB ,!J;03llMelpHII, B TOM qncrre 
coJ.zi;aHHe npn6opoB .D:JIJI npoBe.zi;eHHH pamtaI.lllOHHoro KOHlpOJIJI, myqeHHe nx 
MelpOJIOrnqecKHX xapaKTepHCTHK noco6eHHOCTeii: HCilOJib30BaHHH B cneI.lllq>nqecKHX 
noJIJIX mnyqeHHii, o6paJyromnxc,r B np011ecce pa60Th1 ycKopHTeJieii: n peaKTopoB, 
pa3pa60TKa ll BHelll)eHHe MeTO,!J;OB IlOBepKH 3THX cpe.zi;cTB C npHMeHeHHeM KaK 
cran.zi:apTHl>IX MeTO.IIHK na OCHOBe pa,!J;HOnyKnu.n:H!,IX llCTOqffllKOB, TaK ll norreii: Jl<l>Y ll 
onopm,ix norreii:, npo6rreMa HHTepnpeTaI.lllll noKaJaHHii cpe.zi;CTB mMepeHHii c yqeToM 
paJJllfqlfH ycJIOBHH llX npHMeHeHHH ll ITOBepKH. 

liomillllHCTBO cpe.zi;CTB PK JIBJIJIIOTCJI npn6opaMH nenocpe.zi;CTBeHHoro 

KOHlpOJIJI, B ,!J;eTeKTopax ll 3JieKTPOHIIl>IX YClJ)OHCTBaX KOTOpbIX napaMelpbl 
HOlill3ll)JYJOmHX mnyqeHHii npeo6pa3YJOTCH nenocpe.zi;CTBeHHo B napaMelpbI 
3JieKTPnqecKHX CHrHaJIOB (lfMilYJlbCOB), KaK npaBHJIO, B qaCTOTy llX crre.zi;oBaHHH. 
,[(eTeKTOpb1 n 3JieKTPOHIIl>Ie yClpoiiCTBa TaKHX npn6opoB o6na.zi;aroT neKOTopoii: 
HHepI.lllOHHOCThlO, Bbipa,KaJOmeii:cJI B TOM, qro B TeqeHHe HeKOTOporo BpeMeHH IIOCJie 
perHClpaI.lllll qaCTllllbl, HaJbIBaeMbIM o6bNHO MepTBbIM BpeMeHeM, OHH He crroco6m,1 
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3apernc.pHpoBaTh (rrpomBeCTH OTC1IeT) cne.eyronzyro •rncnmy. Hanwrne MepTBoro 

BpeMeHH rrpHBo.zurr K rrpocqe-raM rrpH6opoB (rroTepn cpe.o:Hero 1IHcna oTcqeToB), TaK 

KaK 1IHCJI0 0TcqeTQB 0Ka3LIBaeTCJI MeHLme 1IHCJia Il0ITaBlllIIX B pa6o'IIIH. o6beM 

.O:eTeKT0pa rrpn6opa qacnm ( C YlfeT0M 3cp<peKTHBHOCTH pemc'I}JaUHH). HMrrymcHOCTb 

mnyqeHHll BLI3LIBaeT C)'IlWCTBeHHoe )'BeJIH1IeHHe rrpocqeTQB ITO cpaBHemuo C 

rrpocqeTaMH B CTau;H0HapHLIX Il0JillX, 'ITO IIpHB0,IUIT K n0llBJiemno .o:orroJIHHTefilmIX 

norpelllHOCTeu mMepeHHH H cHIDKeillfiO (.o:o TMCll1IH n 6onee pa3) Bepxmix 

.O:Halla30H0B mMepeHHH rrpn6opoB. 

Ilpo6neMa 06ecneqeHHJ1 pa.o:nau;noHHoro K0H'I}J0JIJI Hell1JJOHHoro IDJI)"Ieffilll 

cepHHHLIMH cpe,o:cTBaMH mMepeHHH .o:o CIIX rrop y.o:oBJieTBoprrremHo He pernetta: 

H0MeHKJiaTypa BLIITyCKaeMLIX rrpn6opOB oqen1, orpaHHqeHa, a IIX xapaKTepHCTHKH, B 

'IaCTH0CTH, TaKall Ba)KfillJI .0:Jlll .0:03HMe1J)0B Hell1JJOHOB, KaK 3HepreTH'IeCKall 

3aBHCHM0CTh 1I)'BCTBHTeJIJ,H0CTH,H3yqeHLI He.o:ocTaT01IH0 noJIH0. IlpneMJIIIMMe .O:Jill 

ncnom3oBaHHll B PK Ha ycKoprrreJillX HH.D:HBH.o:)'afilHLie .0:03HMe1JJLI HeH1JJOHOB 

IIpOMLllllJieHH0CTLIO rro-rrpe,KHeM)' He BLIITyCKaIOTCll. B TaKOH CHTyau;HH 60Jib!IlHHCTBO 

HayqHLIX n:eH'I}J0B H.!(eT no IIyTH C03,0:aHHll .!(Jill co6cTBeHHLIX . H)',K.D: cpe,o:CTB 

H3Mepemm, He rrpe,o:Ha3HaqeHHLIX .!(Jill MaCC0Boro IIp0H3B0.0:CTBa. B CBll3H C 3THM 

oco6)'IO aKT)'afilH0CTL rrpno6pe-raeT myqeHHe Me'I}J0JI0rH1IeCKIIX xapaKTepHCTHK 

C03,0:aBaeMLIX H HCnom3yeMLIX B rrpaKTHKe pa.o:nau;noHHoro KOHTpOJill cpe,11,CTB 

mMepeHHH. 

Ilepe,o:aqa pa3MepoB e,o:HHHD; BeJllffHH OT 3TaJI0H0B K pa601IHM cpe,11,CTBaM 

H3MepeHHH ocymecTBJilleTCll, B 0CH0BH0M, C n0M0IIll,IO pa,o:H0HyKJIHJJ;HI,IX HCT01IHHK0B 

Hell1JJOHOB Il)'TeM noBepKH H KamropOBKif, HO ,0:03HMe'I}JM HCn0JIJ,3)'IOTCll, KaK 

rrpaBHJI0, B HHLIX, qeM rrpn noBepKe, )'CJI0BHllX. B qaCTH0CTH, B n0IDIX 6onee 

mnpoKoro, 1IeM y Hell1JJOHHOro mnyqeHHll pa,o:H0HyKJIH,o:HLIX HCT01IHHK0B, 

3HepreTH1IeCKoro ,!1,Halla30Ha, 'ITO BLI3LIBaeT n0llBJieHHe .o:onoJIHITreJIJ,HblX 

norpelllHOCTeu cpe.o:CTB H3MepeHHH. '.:ho IIpHB0,IUIT K Heo6xo,o:HMOCTH C03,0:aitj-fll 

onopHLIX noneu KaK Ha Jl<l>Y, TaK n Ha ocHoBe pa,o:H0HyKJIHJJ;HLIX HCToqHuKoB, 

noMelileHHLIX B pa3JIWIHLie cpe.0:1,1 . 

CcpopM)'JIIIPOBaHHL1e BLnne rrpo6neMLI n orrpe.o:e~ Kpyr pemaeMLIX B 

,11,HccepTarum 3a,o:aq. 

Heo6xo.o:HMo 0TMeTHTL, 'ITO B nocne,11,Hee BpeMJI Me,K.D:yHapo.o:m1e 

opraHH3an;IDI peKoMeH.D:)'IOT H0BMe BeJIWIHHl,I .!(Jill rrpHMeHeHHll B '·pa.o:nau;HOHHOM 

K0H'I}J0Jie, B lfaCTH0CTH, aM6HeHTH)'IO 3KBHBaJieHTH)'IO ,0:03)'. B HaCTOJIIIleH pa60TKe 

3KBHBaJieHTHall .0:03apaccMa1}JHBaeTCll KaK MaKCHMaJIJ,Hall 3KBHBaJieHTHall ,o:03a (M3.Z::0 
B c00TBeTCTBHH c .o:enCTB)'IOII(HMH HopMaMH pa,11,Hau;HOHHOH 6e3onacHOCTH HPli-
76/87. 

11,eJib pa60Tbl 

IIccne.o:oBaHHe Me1JJ0nornqecKIIX xapaKTepHCTHK n pa3pa6oTKa cpe.o:cTB 

pa,o:nau;H0HH0ro K0H'I}J0Jill' Hell1JJOHHOro mnyqeHHll Ha ycKopHTeJillX H HMnyJil,CHLIX 

peaKTopax, n03B0JillIOIIlIIX H3yqHTL H cymeCTBeHH0 )'MeHLlllllTJ, norpemH0CTH 

cpe,o:cTB H3Mepemm, 06ycnoBJieHHL1e mnpoKHM JHepre-rnqecKHM .o:nana30H0M H 

HMnyfilCHLIM xapaKTepoM mnyqeHHll 3TIIX ycTaH0B0K H 0TJIHqHeM 3Hepre-rnqecKOH 

3aBHCHM0CTH lf)'BCTBHTeJIJ,H0CTH .0:03HMe'I}J0B OT 3Hepre-rnqeCKOH 3aBHCHM0CTH 

3KBHBaJieHTHOH .0:031,1. . 
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llOBH3H3 pa60Tbl 
l..IlonyqeHLI H0BMe JKcnepHMeHTamHLie ,o:aHHL1e 06 0,11,HOH m Ba,KHettmIIX 

111e1}J0JI0rH1IeCKIIX xapaKTepHCTHK pll.o:a .0:03HMe1J)0B H pa,o:H0Me'I}JOB Hell1JJOHOB -

3Hepre-rnqecKOH 3aBHCHM0CTH lf)'BCTBHTefilH0CTH B pa3JIWIHLIX .!(Halla30Hax 3HeprHH B 

o6naCTH OT TeITJI0BLIX Hell1JJOHOB .o:o 14 M3B. Ha 0CH0Be nonyqeHHLIX ,o:aHHLIX 

rrpeM0*eH cnoco6 01IeHKH n cymecTBeHHoro )'MeHLmeHHll norpelllHOCTen 

.0:03HMe1J)0B Hell1J)OHOB, o6ycJIOBJieHHLIX. 0TJIH1IHeM IIX 3HepreTH1IeCKIIX 

JaBHCHMOCTeii lf)'BCTBHTeJIJ,H0CTH OT 3Hepre-rH1IeCKOll 3aBHCHMOCTH y,o:efilHOll 

JKBHBanemuoii ,0:031,1. 
IlonyqeHLI H0BMe 3KCnepHMemamHLie ,o:aHHLie 0 lf)'BCTBHTeJIJ,HOCTH • 

06pa3110Boro BCeB0JIH0Boro cqeTlfHKa OBC-3M B ,o:narra30He JHeprHH 1 JB - 4 KJB H 

3KcnepHMeHTafilH0 orrpe.o:eneHLI 3HaqeHHJI lf)'BCTBHTeJIJ,H0CTH MHOromapOBOrO 

cneK1JJ0Me'I}Ja Hell1J)OHOB C .o:e-reKT0p0M LiJ(Eu) B 06nacn1 rrpOMe)K)'T01IHLIX H 

6MC1JJLIX Hell1JJOH0B. 
2. BnepBLie 3KCrrepHMeHTaJIJ,H0 myqeHLI norpeIDH0CTH ,0:03HMe'I}JOB 

nerrocpe,o:cTBeHHoro K0H'I}J0Jill, 06ycnoBJieHHL1e IIX rrpocqe-raMH B nomix HMnyfilCHoro 

mnyqeHHll ycKoprrreneii n peaKT0p0B OIIJilI, n pa3pa6oTaH MeTO.O: on;eHKH n 

)'MeHLmeHHll norpemHOCTeii 3TIIX cpe,o:CTB H3MepeHHH B 3aBHCHMOCTH OT 

perHC'I}JHp)'eMLIX HMH BeJIH1IHH H BpeMeHHLIX pe,KHM0B pa60Thl Jl<l>Y. 
Ha 0CH0Be aKTHBau;HOIIB0r0 ,o:eTeI(ropa H3 cepe6pa H ra30pa3pll,!1,HOro C1IeT1IHKa 

B KOM6HHHpoBaHHOM 3aMe.!(JIHTeJie pa3pa60TaH rrpn6op .!(Jill nenocpe,o:cTBeHHoro 

H3MepeHHll 3KBHBaJieHTHOll ,0:031,I Hell1JJOH0B B HMnyfilCHLIX noIDIX C 6ommou 

CKBa,KH0CThlO I[JJiyqeHHll. 
3. Co3,o:an KOM6HHHpOBaIIHLill HH,!J,HBH.o:)'afilHLill .0:03HMe'I}J (KII,[(), B KOTOpOM 

H3MepeHHe 3KBHBaJieHTHOll ,0:031,1 Hell1JJOH0B ocymecTBJilleTCll Ha 0CHOBe C01IeTaHHll 

aJIJ,6e,o:Horo (c TepM0JIIOMHHHCD;eHTHLIMH ,o:eTeKT0paMH - TJIA) H tpoTOrpacpnqeCKOr<> 

( C ll.!(epHLIMH JM)'Jil,CllllMH) MeT0.O:0B perHC'I}JaIIHH, myqeHLI ero Me'I}JOJIOrH1IeCKHe 

xapaKTepHCTHKH Ha pa.O:H0IIyKJIIIJJ;HLIX HCT01IHHK3X HeII1JJOHOB, B onopHLIX noIDIX Ha 

IIX ocHoBe, H B noIDIX ycKopHTeneii OlUIM. 
4. Ha .0CH0Be pa,o:H0H)'KJIH)l.H0ro HCT0lfHHKa Cf-252 B mapOBLIX 

noJIII3THJieH0BLIX 3aMe,O:JIHTeIDIX 003,0:aHLI onopHLie n0Jill Hell1}JOHOB, n03BOmIIOIIlHe 

IIp0B0)UITL n0BepK)' ,0:03HMe1J)0B B noIDIX . mnyqemm, 6JII13KIIX no CBOHM 

xapa.1,..epHCTHKaM K K0H1JJ0JIIIP)'eMLIM nomIM 3a JalllITToii Jl<l>Y OIIJilI. 

IlpaKTnqecKaH 3uaqnMOCTb II peaJin3an;uH pe3yJibT3TOB pa60Tbl 

1. IlonyqeHHLie 3Hepre-rnqecKHe 3aBHCHM0CTH lf)'BCTBHTeJIJ,HOCTH pll.!(a 

.0:03HMe'I}J0B Hell1JJOHOB n03B0rullOT 011eHHBaTh II yqIITLIBaTh IIX norpelllHOCTH, 

06ycJIOBJieHHL1e 0TJIH1IlleM 3TIIX 3aBIICHMOCTeii OT 3Hepre-rnqeCKIIX 3aBHCHMOCTell 

3KBHBaJieHTHOli ,0:03LI, rrpH HCn0JIJ,30Bamrn B PK KaK B IIOIDIX C H3BeCTHLIMH 

cneK'I}JaMH Hell1}JOHOB, TaK H B MeCTaX TllIIWIHLIX ycJIOBHH IIX cpopMHpOBaHHll. 

IlOKa3aH0, 'ITO IDHp0K0 rrp1meHJieM1>Ill. B CHCTeMax pa,o:nau;noHHoro KOH'I}JOJill Ha 

ycK0pHTeIDIX n HMnyfilCHLIX peaKTopax OlUIM .. ,o:o3HMe'I}J HeII1JJOHOB Ha ocHoBe 

cqeTlfHKa CHM-14 B KOM6HHHpOBaHH0M 3aMe.!(JIHTeJie HMeeT norpeIDHOCTL, 

o6ycJIOBJieHH)'IO 3HepreTH1IeCKOll 3aBIICHM0CThlO lf)'BCTBHTefilHOCTH, ne 

rrpeBLllllaIOnzyIO 30% rrp11 H3Mepemrn MaKCHMafilHOH 3KBHBaJieHTHOll ,0:031,l .!(Jill 
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6om.IllllHCTBa cneK'IJ)OB HempoHoB B MeCTax npe61,rnaH1IJI nepcottana. AHanorwrna» 

norpeIIlHOCTb cepHirn:oro )].03HMe'I}Ja ,n;H-A-1 He npeB1,nnaer 40%. ,,_ 

2. 3KcnepHMeHTam.Ho onpe)].eJieHHbie 3tta'IeHIIJI 'I}'BCTBIITem.HOCTH riereKTopa 

LiJ(Eu) B 3aMe)].JIIITeJIJIX (MHoromapOBOH CIIeK'IJ)OMe'I}J HempOHOB) B CO'IeTaHllll C 

npe)].CTaBJieHHbIMH paC'IeTHbIMH ll ll3MepeHHbIMH 3Ha'IeHIIJIMH 'I}'BCTBIITem.HOCTH 

:noro )].eTeKTopa, IIOJI}"IeHHbIMH .rqJyrllMll aBTOpaMH B )].llaIIa30He OT TeIJJIOBblX .uo 

6bICTpbIX HempOHOB, MOryr 6hITh HCIIOID,30Bamr npu Bbl6ope MaTPHUJ,I qiyHKUHH 

'I}'BCTBHTeID,HOCTH cIIeK'IJ)OMe'I}Ja )],J1JI ee npaKTll'!eCKOro HCIIOID,30BaHIIJI H IIpH 

oueHKe norpeIIlHOCTll BOCCTaHOBJieHIIJI JHeprerll'!eCKHX CIIeK'IJ)OB HempoHOB H 

IIOJI}"IaeMbIX ll3 CIIeK'IJ)OB BeJill'IllH ( qimoeHca, )],03hl ll T.II. ). 

3. Pe3ym,TaThI JKCIIepHMeHTam.HOro ll3Y'!eHIIJI npOC'IeTOB p»:,ua .U03HMeTPOB 

HempOHOB B IIOJIJIX HMIIYm.CHOH~ ll3JI}"IeHIIJI ycKoprrreneii H peaKTOpOB 

HCIIOID,30Bamr )].J1JI ycTaHOBJieHIIJI )].OIIyCTHMbIX BepXHHX npe)],eJIOB ll3MepeHHii JTHX 

npu6opoB n BBe,ueHIIJI KOppeKD;Hll B ux IIOKa3aHIIJI npH pa6oTe B TaKHX IIOJIJIX. 

4. ,lJ;03HMe'I}J HeHipOHOB Henocpe)].CTBeHHoro KOfiTPOJIH Ha OCHOBe 

aKTHBall;HOHHoro )].eTeKTopa m cepe6pa u ra3opa3p»:,uHoro C'leT'IHKa B 

KOM6HHHpOBaHHOM 3aMe)],JIHTeJie HCIIOJib3yrDTCH B Te'IeHHe .!lJillTem.Horo BpeMeHH B 

PK Ha ycKoprrreJIJIX H HMIIYm.cmix peaKTopax OMJill B IIOJIJIX c 6om.mofi 

CKBa,KHOCThIO ll3JI}"IeHIIJI, r)],e npHMeHeHHe .rqJyrHX cpe)],CTB ll3MepeHHH aHaJIOflf'IHOfO 

Ha3Ha'IeHIIJI HeB03MO)KH0 ll3-3a 3Ha'IIITem.mIX norpeIIIHOCTeii ll cyI.QeCTBeHHOrO 

CHIDKeHIIJI BepXHero npe)],eJia ll3MepeHHH BCJie)],CTBHe IIpOC'IeTOB. 

5. KoMM6HHHpOBaHHbtii llH)].llBll)].yam.mtii )].03HMeTP (KM.r:i:) B Te'leHue p»:.ua 

JleT IIpOXO)],llJI OIIbITHyro JKCIIJIYaTaD;HIO B OMJill npu npoBe)],eHHH llH.!lllBll)].yam.Horo 

)],03HMe'I}Jll'IeCKOro KOfiTPOJIH (H,D,K) nepcottana B CMeIIIaHHbIX IIOJIJIX HeffTPOHHOrO H 

qJOTOHHOro ll3JI}"IeHHH. IlpHMeHeHHe KI1,lJ; II03BOJIHeT HCKJllO'IHTb p».u 

)],OIIOJIHllTem.mIX norpeIIlHOCTeH cpe.ucTB H,D,K, IIOBblCHTh ero onepaTHBHOCTb H 

aBTOMaTll3HpOBaTb 6om.myro 'IaCTb npouecca IIOJIY'!eHIIJI HH41opMaUHH O )].d3aX 

06JI}"IeH1IJI nep cottana. 

6. Onopmre noJIH OMJill Ha ocHoBe paMOH)'KJill,!J,HOro ncTo'IHHKa Cf-252 B 

mapOBbIX IIOJIHJTllJieHOBbIX 3aMe.!lJillTeJIJIX npe,uHa3Ha'Iemr .UJIH IIOBepKH H 

Kanu6pOBKH )],03llMe1pOB ll pa)].HOMeTPOB HempoHOB, CJIH'IeHIIJI {la3JIH'IHblX cpe.UCTB H 

MeTO,UOB )],03llMe'I}Jllll, 'ITO YMemmaer norpeIIIHOCTll ll3MepeHIIJI JKBHBaJieHTHbIX ,U03 

npu npone)],eHllll PK Ha ycKopHTeJIJIX u peaKTopax. 

K 38lQHTC npe)],CTaBJICllbl CJie.uywmne UOJIO,I.Cllml: 

1. IhMepeHHbie JHeprerll'!eCKHe 3aBHCHMOCTH 'I}'BCTBIITem.HOCTH p».ua 

.U03llMe'I}JOB HempoHOB II03BOJillJ1ll oueHIITb ll YMeHbIIIIITb llX norpeIIIHOCTH., 

o6ycJIOBJieHHbre OTJill'llleM JTHX 3aBHCHMOCTeii OT JHeprern'leCKOH 3aBHCHMOCTH 

y.D;em.HOH JKBHBaJieHTHOH ,D;03bI, npn llCIIOJib30BaHllll TaKHX cpe)].CTB ll3MepeHHH B 

pa)].llall;HOHHOM KOfiTPOJie HempoHHoro ll3J1Y11eHIIJI. Pe3ym.TaTbl ll3MepeHIIJI 

'I}'BCTBIITem.HOCTll )],eTeKTOpa LiJ(Eu) B 3aMe.!lJillTeJIJIX (MHoromapOBOH cneK'IJ)OMe'I}J 

HeHipOHOB) II03BOJIHIOT OCYI.QeCTBHTh 6onee o6oCHOBaHHbtii BbI6op paC'leTHblX 

qlynKil;llH 'I}'BCTBIITem.HOCTll JTOro cneK'IJ)OMe'I}Ja npu ero llCIIOID,30BaHHH B nOJIJIX C 

pa3Jill'lHbIM JHeprerll'IeCKHM COCTaBOM, 'lTO yneJill'lllBaeT )],OCTOBepHOCTb 

BOCCTaHOBJieHIIJI cneK'IJ)OB Hemp.OHOB IIO pe3ym.TaTaM ll3MepeHHH co 

CIIeK'IJ)OMe'I}JOM. 

4 

2. y CTaHOBJieHmie KOJill'leCTBeHHble 3aKOHOMepHOCTH nOHBJieHHJI IIpOC'leTOB 

,U0'3HMeTPOB HeffTPOHOB Henocpe,uCTBeHHoro KOHTPOJIH B rnmym.CHblX nOJIJIX 

H3JI)"leHHH ycKoprrreneii H peaKTOpOB 011JU1 no3BOJIJIIOT onpe,ueJIHTb rpaHHUbl HX 

npHMeHHMOCTH H HOBbie (cHIDKeHHhie) BepXHHe npe.uem.1 H3MepeHHH HJ1ll BBO.UHTb 

nonpaBKll B noKa3aHHH ,U03HMeTPOB IIpH HCnOJib30B3Hllll B TaKHX nOJIHX. 

Pa3pa6ornHHblH .uo:mMeTP HefupoHOB Henocpe,ucTBeHHoro KOHTPOJIJI Ha ocHose 

3KTHBaLU-IOHHOro ,ueTeKTOpa H3 cepe6pa H ra3opa3pll.UHOro C'leT'IIIKa B 

KOM6HHHpOBaHHOM 3aMe,UJIHTene B ,ueCJITKH,H 6onee pa3 yseJill'lllB3eT sepxHHH npe.uen 

perHCTPHpYel'vfblX 3Ha'JeHHH MOll.lHOCTeH JKBHBaJieHTHbIX .U03 B rnmyJibCHbIX nOJIHX 

H3J1Y'leHIIJI C 6oJibIIIOH CKB3)KHOCThlO. 

3. Co3.U3HHhlH KOM6HHHpOBaHHbitt IIH.!llIBH.!lyanbHhIH ,uo311MeTP (KH..U) 

o6ecne'mBaeT 1nMepeH11e HH,UHBH.!lyaJihHbIX JKBHBaJieHTHblX ,U0:3 nepCOlfaJia. 

pa6orn10I.Qero B nOJIHX ycKopHTeJieH H peaKTPOB. KI1,lJ; II0:3BOJIHeT yseJIH'lllTb 

JHepreTH'leCKHH ,UHana:10H H sepXHHH npe.uen H3Mep»eMhIX BeJilf'IHH, HCKJII0'lllTh p».u 

.uonom-1HTeJihHhlX norpeIIIHOCTeii H nOBh!CllTh onepaTHBHOCTh H,D,K. 
4. OnopHb!e nOJIJI, C03;l:(aHHb!e Ha OCHOBe pa,uHOttyKJIHJ.J,HOro HCT0'IHHKa Cf-

252 B IIIapOBblX IIOJIHJTHJieHOBhlX 3aMe,UJIHTeJIJIX, paCIIIHplllOT JHepreTH'leCKIIH 

.UHana30H pa60'IHX JTaJIOHOB, 11cnorr1,3yeMblX ).J.JIH nosepKH H K3JIH6pOBKH cpe.UCTB 

,U0:3HM.eTPHH II pa.uHOMeTPHH HeffTPOHOB, 'ITO yMeHbIIIaeT norpeIIIHOCTH JTHX cpe.UCTB 

H3MepeH11ii npH npose.ueHHn PK Ha ycKopHTen»:x H peaKTopax no cpasHeHrno c HX 

nonepKOll H K3JIH6poBKOH IIO pa,uHOHYKJIH.!lHhIM HCT0'IHHKaM CT3H.UapTHblMH 

MeTO,UaMH. 

Anpo6a1.11rn pa60Tbl 

Pe3yJihT3Thl ).J.HCCepTaQHH .UOKJI3).J.b!BaJIHCh Ha H3Y'IHO-MeTO.UH'leCKHX 

ceMJIHapax OT,uena pa.uHall;HOHHOH 6e3onaCHOCTH H pa.unaQHOHHhlX HCCrre.uonam1H 

OHJIM, na VI OTPacnesoii Hay,rno-TeXHw1ecKOH KompepeHI.\HH no opraumaQHH n 

MeTO,UaM ,U03HMeTpw1eCKOro KOfiTPOJIH ycJIOBHll TPY.Ua, r. O6HHHCK, 1979, Ha 

ceJVll-lH~pax nO).J,CeKQHH "Pa)].H3Il;HOHHaJI 331.QIITa n pa6oTa B ycrroBHJIX Bb!COKHX 

Y}JOBHett nonmHpyromero H3JIY11eHHJ1 11 npH ConeTe no npo6neMaM ycKopeun» 

3ap»:)KeHHblX 1 IaCTHU AH CCCP(CyxyMH., 1982; ,lJ;y6Ha, 1982; XaphKOB, 1984), Ha 

Me,1qJecny6JI.HKaHCKHX ceM1mapax no np11KJia,unofi ).J.0311Me'I}JHH(O.uecca, 1985, 1987). 

Ha BcecOI03HblX KOOJ)).J.HHaQHOHHhlX coneI.QaHHJIX no MeTO).J.aM H.UHBH.!lyarrhHOH 

,uo:mMeTPnH (MocKBa, 1985, 1987). 

fiy6JIIIK3QHII 

OCHOBHOe CO).J.ep)KaHHe .UHCcepTaQHH H3JIO)KeHO B ny6JIHK3UHJIX, np1rne).J.el1HblX 

B KOHQe asTopecj1eparn. 

CTpyKTypa .u11cceTpa1.11111 
,lJ;11ccepT3UHJI COCTOIIT H3 BBe,UellHJI, S , rnas II 33KJilO'leHHJI; co.uep)KIIT 

140 CTP3HHU TeKCTa, B TOM •mcne 49 p11cyHKOB, IO .Ta6rrnu H cmtCOK JIHTepaTY}Jbl H] 

106 HaHMeHOBallllll. 
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CO,LU:P)KAHJIE PAEOTbl 

Bo BBE.l(EHIIII J::taHO o6ocHoBaHHe aKl)'aJibHOCTII II Ba,KHOCTH pe1UaeMb1x 

BOIJPOCOB np116opHoro II MeTpOJIOrWieCKOro o6ecneqeHJill pa,D.HaQHOHHOrO KOHipOJIJI 

HefupoHHoro 113.rryqeHIIll Ha YCKOplITeJUIX II HMnyJibCHbIX peaKTopax. 

B IIEPBOH r JIABE co.D.ep,KIITCll o63op coCTOllHIIll MeTO/lOB 11 cpe.D.CTB 

113MepeHIIH, 1Icnom,3yeMbIX B pa.D.ttal.(HOHHOM Kompone HefupoHHoro 113nyqeHHll, u 

TOM ~cne B HH.D.HBH.lJ.YaJibHOM /l03HMeTpWieCKOM Kompone nepcottana. PaCCMOTPeHbl 

HMnyJibCHblH xapaKTep noneii 113JIY'{eHIIll HefupoHOB H3 YCKOplITeJUIX II HMnYJibCHbJX 

peaKTopax H oco6eHHOCTH HCnOJib30BaHJill B TaKHX nOJUIX cpe.D.CTB 113MepeHHii 

Henocpe,D.CTBeHHOro KOHJPOID!. OnHCaHbJ COCTaB, XapaKTepttCTHKH H nyTH 

HCnOJib30BaHHe onopHblX noneii, OCHOBaHHbIX Ha npHMeHeHHH pa.D.HOHyKJIH.D.HblX 

HCTo=ou HefupoHOB B pa3JIWIHbIX cpe.D.aX. 

PaccMoTPem, cpe.D.CTBa 113MepeHIIH c .D.eTeKTopaMH TenJIOBbIX ttefupoHOB u 

3aMe.D.JIIITeJIJIX, O.D.HOM HJIII B llX tta6ope, HCnOJib3}'IOID.He MeTO/l TepMOJIII3al.(HH 

HefupoHOB IllHpOKOro mrana30H3 :rneprIIH, H IllHpOKO 113BeCTHblH MHOrOlllapouoii 

cneKrp0MeTp (cneKrpOMeTpa lioHHepa). B Kaqecrne .D.03HMeTpOB Hefupottou qame 

BCero HCnOJib3YJ0TCll ra30pa3pll.D.Hble cq~ HJIII CI.(HHTIUIJIJII.(HOHHbJe .D.eTeKTOpbl B 

I.(HJIHH.D.pWieCKHX HJIII mapOBbIX 3aMe.D.JIIITeJUIX 113 nOJUDTIIJieHa C TOJIID.HHOH 

3aMe.D.JillJOmero CJIOll OKOJIO 12 CM. lliMepmeJIH nOTOKa HMeIOT TOJIID.Htty 

3aMe.D.JillJOmero CJIOll HeCKOJibKO 6onee 6 CM. 3-ro npHMepHO COOTBeTCTBYeT cq,epaM 

MHoromapouoro cneKrpOMeTpa .D.HaMeTpOM 25,4 II 12,7 CM ( 10 H 5 .D.IOHMOB). 

B03MO,KHOCTb HCnOJib30BaHJill TaKHX cpe.D.CTB '113MepeHIIH B KaqecTBe 

/l03HMeTpOB HefupoHOB II B03HIIKaIOIIJ.IIe norpelllHOCTII 113MepeHIIH o6ycnoBJieHbl 

:rnepre-rWieCKOH 3aBHCHMOCTbIO llX qyBCTBIITeJibHOCTH ( <pyttKI.(Heii qyBCTBIITeJibHOCTH 

- <1>q), a IIMeHHo, ee OT~eM OT :rnepre-rWieCKOH 3aBHCHMOCTII 3KBHBaJieHTHOH /l03bl 

Ha e.D.IIHWIHbIH <pJIIOeHC HefupoHOB B pa6oqeM .D.Hall330He 3HeprHii /l03IIMeTpa. .[vill 
6om,mero nptt6JIII,KeHJill <1>q K 3TOH 3aBHCIIMOCTII IICnOJib3}'IOTCll COCTaBHbl7 

3aMe.D.JI1ITeJIH c npocnoiiKoii BffYTPH HHX MaTepHana, nornoma10mero Tennoub1e 

HempOHbl (Ka.D.MHH HJIII Kap6H.D. 6opa). OTMeqeHa He,D.OCTaTOqff3ll 113yqeHHOCTb cf>q 
KaK y cepHHHbIX /l031IMeTpOB HeihpOHOB YKa3aHHoro TIIna, TaKHX, KaK ~-A-1, 

K~-2, TaK H y IllHpOKO IICnOJib3yeMoro B Ol1Jlll /l03HMeTpa H3 OCHOBe cq~Ka 

CHM-14 B KOM6HHHpOBaHHOM IlOJUDTIIJieHOBOM 3aMe.D.JIIITeJie. YKa3aHHoe 

o6CTOllTeJibCTBO, a TaK,Ke pacxo,K,D.eHHe Me,K,D.y pacqeTHbIMII If 3KCnpIIMeHTaJibHblMH 

,D.aHHbIMII no 3Hepre-rWieCKIIM 3aBIICIIMOCTllM qyBCTBIITeJibHOCTH MHOromapouoro 

cneKrpOMeTpa B o6naCTII npoMe~OqffblX HefupoHOB o60CHOBbJBaeT He06XO/llIMOCT~ 

pa6oT no 3KcnepIIMeHTaJibHOMY onpe,D.eneHHIO II cpauHeHHIO cf>q nepe~cneHHbIX 

cpe.D.CTB 113MepeHHii 

11Mnym,cmIH xapaKTep noneii HefupoHHoro 113.rryqeHIIll Ha ycKopme.IDIX tt 

HMnyJibCHbIX peaKTopax IJPIIBO.D.IIT K 3H3~JlbHOMY yueJIWieHHIO npocqe-ros 

np116opos pa.D.Hal.(HOHHOrO KOffTPOJill, no CBOIIM xapaKTepHCTHKaM npe.D.HaJHaqeHHbIM 

.D.Jill pa6oTbJ B CTal.(HOHapHbIX IlOJIJIX, qro Bbl3bJBaeT IlOllBJieHHe .D.OnOJIHIITeJibHblX 

norpelllHOCTeii mMepeHHii CneACTBIIeM 3Toro llBJilleTCll CHH,KeHHe uepXHero 

.D.Halla30H3 mMepeHIIH nptt6opos B Tblc~ H 6onee pa3. OTcIO.D.a cne.D.ye-r 

Heo6xo.D.IIMOCTb myqeHIIll pa60Tb1 cpe.D.CTB 113MepeHIIH Henocpe.D.CTBeHHoro KOHipOJill 

s HMnyJibCHbIX no.IDIX HefupoHHoro 113JIY'{eHIIll c Qem,10 OQeHKII npocqe-ros, 
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nporH03HpOBaHIIll llX nOllBJiellllll H yCTaHOBJieHIIll 6onee HII3KHX BepXHHX npe,D.eJIOB 

113MepeHHll npIIfiopos. 

LlpyrIIM pemeHHeM ,D.aHHOH 3a,D.a~ -llBJilleTCll C03,D.aHHe cneQHaJibHOro 

/W3IIMeTPa .D.Jill onepaTHBHbIX 113MepeHIIH 3KBIIBaJieHTHbIX .D.03 HempOHHOro 

113JJyqeHIIll B HMnyJibCHbIX nOJUIX C 6om,moii CKBa,KHOCTbIO, r,D.e HeB03MO,KllO 

npIIMeHeHHe o6bNHO HCIIOJib3yeMbIX /l03HMeTpOB HefupoHOB. 

B HH.D.HBH.lJ.YaJibHOH /l031IMeTplllf HeihpOHOB B Kaqecrne OCHOBHbIX 

HCnOJib3}'IOTCll q,ornrpacpWieCKIIH MeTO/l perlICTPaQHH HefupoHOB, OCHOBaHHbIH H3 

npHMeHeHIIH ll/lepHbIX 3MYJibCIIH, II TepMOJIIOMHHHCQeHTHbIH, npIIMeHlleMbIH B 

aJib6e,D.HbIX )l03IIMe-rpax pa3JIHqHOH MO)lllqJHKaQHH. 3nI MeTO/lbI IIMeIOT CBOII 

/lOCTOIIHTCBa H He,D.OCTaTKII, 0/lHaKO o60HTHCb TOJibKO 0/lHIIM 113 HllX B 

HH.D.HBH)lyaJibHOH /l03HMeTplllf HefupOHOB H3 ycKOplITeJUIX no Pll/lY npWIHH He 

npeucTaBJilleTCll B03MO,KHblM. 3-ro o6ycJIOBIIJI0 Heo6XO/llIMOCTb C03)laHHll )l03IIMeTpa, 

B KOTOpOM ncnOJib30BaJIHCb 6bl o6a OTMeqeHHbIX MeTO,D.a perHCTPaQHH C coqe-ra1meM 

npeIIMYIIJ.eCTB Ka,K,D.oro 113 HHX. 

MerporrorWieCKOe o6eciieqeHHe pa,D.Hal.(HOHHOro KOHipOJill B no.IDIX 

HefupoHOB, B TOM ~crre TaKOH Ba,KHbIH ero 3JieMeIIT, KaK nouepKa H KaJIH6poBKa 

cpe,D.CTB 113MepeHIIH, npoBO.D.IITCll C nOMOIIJ.blO pa)lHOttyKJIHllHbIX IICTOqfJIIKOB 

HefupoHoB, B OCHOBHOM Pu-Be II Cf-252. O.D.HaKO mttpoKIIH 3Hepre-rWieCKIIH 

uttana30H noneii HefupoHHoro 113.rryqeHIIll Ha ycKopme.IDIX II peaKTopax, a TaK,Ke 

OTJIWIIIe 3HepreTIIqecKHX 3aBIICIIMOCTeii qyBCTBIITeJibHOCTII IICnom,3yeMb1X B 

pa)lIIal.(HOHHOM KOHipOJie npIIfiopoB OT TPe6yeMOH 3aBIICIIMOCTII (HanpIIMep, 

MaKCIIMaJibHOii y.D.eJibHOH 3KBHBarreHTHOH /l03bI OT 3Hepr1IH ttn.n noCTOHHHoii 

qyucTBIITeJibHOCTII nOTOKOMepa) uerrae-r He06XO)lHMblM npIIMeHeHHe B 

MeTpOJIOrWieCKOH npaKTIIKe TaK,Ke II onopHbIX noneII C napaMeTpaMII; OTJIWIHbIMII OT 

napaMeTPOB ynOMllttyTbIX IICTo=ou HeihpOHOB II 6JIII3KIIMH K napaMeTPaM 

KomporrttpyeMbIX noneii Ilpe,K,D.e ucero 3TO OTHOCIITCll K cpe.D.Heii 3Hepr1IH cneKrpa 

HefupoHOB II 3HaqeHHIO y.D.eJibHOH 3KBHBaJieHTHOH /l03bI. IllnpOKOe npIIMeHeHHe B 

KaqeCTBe onopHbIX norreii HaXO/lllT nOJill HeihpOHOB, OCHOBaHHbre Ha IICnOJib30BaHIIH 

pa,D.IIOttyKJIHllHblX IICTo=ou HefupoHOB B 3aMe,D.JIIITeJUIX pa3JIWIHbIX pa3MepoB. 

Bo BTOPOH r JIABE onHcam1 3KcnepIIMeHTbI no onpe,D.eneHHIO cf>q cpe.D.CTB 

113MepeHIIH, IICnom,3yeMbIX B /l031IMeTplll, pa,D.HOMeTpHII II cneKTPOMeTPIIH 

HefupoHOB. IlpHBeuem1 pe3ym,TaTb1 113MepeHHll <1>q cepHHHbIX /l03IIMeTPOB (~-A-1, 

K~0 2, PYC-Y8) II cqeTqIIKa CHM-14 B KOM6HHHpOBaHHOM IlOJUDTIIJieHOBOM 

3aMe,D.JI1ITene, o6pa3QOBoro uceuoJIHouoro cqeTqIIKa OBC-3M II MHOrolllapouoro 

cneKrpOMeTpa C 3aMe)lJIIITeJillMH )lllaMeTpOM 7,6 II 25,2 CM. 

B npoQecce 113MepeHIIH onpe,D.eJillJIIICb JHaqeHHll qyBCTBIITeJibHOCTII 

YKa3aHHbIX cpe,.D.CTB 113MepeHIIH K HefupottaM Y3KHX 3Hepre-rWieCKHX /lH3Il330HOB Ha 

JI <I> y Ol1Jlll II CHillill 

Ha HMnyJibCHOM 6bICTPOM peaKTope HliP-30 qyBCTBIITeJibHOCTb npIIfiopoB npII 

pa3JIWIHbIX 3HeprllllX 113MepllJI3Cb B .lJ.Hall330He OT 1 3B ,/lO 4 K3B, npII 3TOM 3Heprllll 

HefupoHOB onpe,.D.eJillJiaCb no upeMeHII npone-ra IIMH 113BeCTHOro paCCTOllHIIll (MeTO/l 

upeMeHII npone-ra). If3MepeHHll npoBO,/lHJIIICb H3 paCCTOllHIIH 1000 M OT aKTHBHOH 

30Hbl peaKTopa npII ero MOIIJ.HOCTII 20 KBT II qaCTOTe CJie,/lOBaHHll HMnyJibCOB 4 rQ B 

KOJIJIIIMHpOBaHHOM nyqKe HefupoHOB. qyuCTBIITeJThHOCTb np1I pa3JIHqflblX 3HeprllllX 

onpeueJillJiaCb KaK OTHOIIleHIIe IlOKa3aHIIH np1I60p0B (~crra HMnyJibCOB), nonyqaeMbIX 
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ll3 BpeMeHHhIX pacnpe.uenemrn: HMil)'JII,COB K q>moeHCaM HeihpOHOB C 3TOH me 

JHepnreii B MeCTe pacITorrm1<emrn .uereKTOpoB. 3tta'IeHHe cpmoettcoB ttempottoB npH 

p113JIINHI,IX JHeprIDIX onpe.uemurn:c1, 'IJ)eWI pa3JIINHI,1Mll Mero.uaMH: "' 

c HCITOJib30BaHHeM ITOKll3amrn: 1/v- C'IeT'IHKa CHM-I 1, nporpa.uynpoBaHHoro B 

MeCTe ll3Mepemrn: C ITOMOUU,IO TOHKHX 30JIOTLIX ¢om,r TOJIII(HHOH 20 MKM; 

- ITO pe3ym,TaTaM mMepemrn CITeK'IJ)a HempoHoB, ITorryqeHHoro m BpeMeHHoro 

pacnpe.uerremrn cnrttarroB npoITopmrottam,ttoro raJoHaIToJIHeHHoro C'ieT'iHKa 
CHMO-5; 

- ITO mMepemrnM c o6pa3u;OBLru BceBOJIHOBLru C'ieT<IHKOM OBC-3M c 

HCITOJII,30BaHHeM pe3yJII,TaTOB ero rpa.uynpoBKH ITO HeihpoHaM Pu-Be HCTO'iHHKa. 

IloKll3amrn OBC-3M HCITom,JoBaJIHCL .wrn o6pa60TKH .uaHHLIX ITOCJie npoBepKH 

ITOCTOJIHCTBa ero 'fYBCTBHTeJII,HOCTH B nccrre.uyeMOM .!lH3IT330He 3Hepnru. Pe:JyJihT3Tbl 

ll3Mepemrn: 'fYBCTBHTeJII,HOCTH npiroopa B MaIIa30He :meprHH OT I JB .!lO 4 KJB B 

npe.uerrax ITorpemHocTn HX onpe.uerremrn, He npeBLIIIIa10meii 10%, coBna.uaIOT co 

3Ha'ielfll:JIMH · 'fYBCTBIITeJII,HOCTH, ll3MepeHHblMll .upyrHMH 3BTOpaMH Ha 

paMOttyKJlli.!lHhIX HCTO'iHHKax HempoHOB (oT Sb-Be .uo Pu-Be). 

3tteprermecKaJI 33BHCIIMOCTL 'fYBCTBHTem,HocTn PYC-Y8 H K~-2 

onpe.ueJIHJiaCL He peaKTope HEP-30 TOJII,KO cpaBHeHHeM HX ITOKa3amrn: C noKa:JaHllllMH 
OBC-3M. 

B .unarraJoHe JHeprHH OT 17 KJB .uo I M:1B JHeprernqecKHe :JaBHCHMOCTH 

'fYBCTBHTeJII,HOCTH onpe.uemurn:cL Ha 3JieK1J)OCTaTH'ieCKOM rettepaTope 3r-2,5 

CHHHII. MoHOJHeprermecKHe tteihpom1 ITOJIY'IaJIHCL m peaKIJ;HH T(p,n)3He Ha 

'IJ)HTHeBOH MHIIIeHH npH 'IJ)eX 3Ha'IeHHHX 3HeprHH rra.ua10mnx Ha MHIIIeHh ll))OTOHOB, 

npn 3TOM .uereKTOpLI paCITOJiaraJIHCL ITO.!l yrrraMH OT 30 .uo 120 rpa.uycoB K 

ttanpaBJieHHIO ny'IKa npoTOHOB. 3tteprHH HempoHoB onpe.uerumac1, no 

KHHeMaTmecKHM Ta6JIHIJ;aM B 3aBHCllMOCTH OT yrrra paCITOJIO:lKemrn .ueTeKTopa H 

3HeprHH npOTOHOB. lliMepemrn npoBO.!lHJIHCL Ha pacCTOJIHHHX OT I .uo 2,5 M OT 

MHIIIeHH. qYBCTBHTeJII,HOCTb npn6opoB onpe.ueJIHJiaCL cpaBHeHHeM npn 0.!lHOH H TOH 

me :1neprHH c 'fYBCTBHTem,noCTLIO OBC-3, nporpa.uynpoBaHHoro ITO Pu-Be HCTO'IHHKY 

ITepBoro p113px.ua, ITOMemeHHOMY B rneJ.ue B MeCTe pacITorro:lKemrn MHIIIeHH. <l>oH 

pacceHHHLIX HeihpoHOB onpe.ueJIHJICJI ITO pe3ym,TaTaM ll3MepeHlrii C 3KpaHHpYIOmHM 
KOHyCOM. 

Ilpn JneprHH 30 KJB 'JYBCTBHTem,nocTL onpe)leJIHnach Ha 

:meK'IJ)OCTaTH'ieCKOM reHeparnpe 3r-5 Jia6opaTOPHH nempoHHoii c}lll3HKH OI1JIH. 

HcTO'IHHKOM HempoHOB CIIy,Kttna . MHIIIeHh m LhCO3 Ha Me.UHOH no.unomKe, 

o6rryqaeMOH npOTOHOB C 3Heprneii 1891 KJB. HempOHLI o6p1130BLIB3J1HCh B peaKU:11H 
7
Li(p,n)7Be, nx cITeK'IJ) IIMeeT BH.!l 'IJ)eyrom,HHKa c MaKCHMYMOM npn JHeprHH 30 KJB 

H npOCTHpaeTCJI OT 8 .uo 70 KJB C IIIHpHHOH Ha ITOJIOBHHe BhICOTLI pacnpe.uenenmI 

OKOJIO 20 KJB. qYBCTBHTeJII,HOCTh npn6opoB onpe.ueJIHJlaCb .!lBYMJI MeTO.UaMH: 

OTHOCHTeJII,HO ll3BeCTHOH 'l)'BCTBHTeJII,HOCTH .UeTeKTopa LiJ(Eu) B mapoBOM 

ITOJIHJTHJleHOBOM 33Me.!lJIHTeJie .!lHaMelpOM 12, 7 CM H C HCil0Jlb30BaHHeM pe3yJ1bTaTOB 

HaXO)K.!leHll:JI ITOJIHoro BLIXO.Ua nempOHOB ll3 MHIIIeHH, pacc'IIITaHHoro no aKTHBHOCTH 
o6pll3YfOmerocJI B neii 6epHJ1J1HJI-7. 

Ilpn JneprHH 14,2 MJB qyBCTBHTem,HoCTL onpe.ueJIHnac1, Ha Jia:iepHOM 

reneparnpe neihponoB (JirH) Jia6oparnpHH JI.Uepmix peaKIJ;HH OHRH. HempoHbI Ha 

JirH o6pa3YfOTCJI B pe:3ym,TaTe peaKIJ;HH T(d,n}4He Ha BHyTpeHHeH noBepxHOCTH 
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THTaHO-lpHTHeBOH MHIIIeHH. qYBCTBHTeJII,HOCTh npu6opoB onpe.ueJIHrracL cpaBHeHHeM 

c noKa:JaHHJIMH OBC-3M, aTTeCTOBaHHoro BO BHHHM HM. )]..C.MeHJieneeBa, B TOM 

'iHcrre no neihpoHaM c JHeprueii 14,2 M:1B. Ha puc. I H 2 B Ka 1IecTBe npm,Iepa 

npe.ucTaBJieHhI nony<IeHHbie pe:JyJII,TaTbl IDMepeHHH :JHa 11eHHH 'fYBCTBHTeJibHOCTH 

npu6opa )].H-A- I H .!l0"3HMelpa Ha OCHOBe c 1 Ie-r<IBKa CHM- I 4 B KoM6ttHHpOBaHHOM 

:JaMe.!lJIHTeJie B e.uHHHu;ax HMII CM Heihpon B Hccrre.uyeMOM .uuaITa3oHe JHepruii. )],nJI 

C'ieTIIHKa CHM- I 4 B KOM6HHHpOBaHHOM 3aMe.!lJIHTerre npe.ucTaBrreHa TaKme lII'IJ)Ir"X­

nyttKTHpOM 'iYBCTBIITeJibHOCTh 6e3 K3.UMHeBOH ll))OCJIOHKH BHyTpll 33Me.UJ1HTem1. 

TTynKTHpOM Ha 3THX J)HCyttKaX npe.ucTaBJleHhI 'IYBCTBIITeJlLHOCTH fHilOTeTH'ieCKil:X 

(ll.!learrhHbIX) .!l03HMe1J)OB, <1>q KOTOJ)h!X COOTBeTCTByeT xo.uy ·1aBHCHMOCTH 

MaKCHMaJII,HOH y.uenhHOH 3KBHBarreHTHOH .!l03bl OT 3HeprHH, HOpMHpOBaHHbie .!lJlll 

HeihpoHOB Pu-Be HCTO'IHHKa K 11)'BCTBHTeJ1LHOCTH nccrre.uyeMbIX .!lO:JHMelpOB . 

CTeneHL OTJIH'illJI 'IYBCTBIITeJILHOCTH 3THX .!l03HMe1J)OB OT 1 IyBCTBHTeJ1bHOCTH 

H.Ue3JlbHOf0 .!l03HMerpa JIBJIJleTCJI OCHOBaHHeM .!lJlll pellleHllll O ll))HMe:mMOCTH 

.!lO:JHMerpoB B nOJlJIX HeihpoH0B pa3J1H'IHhIX .uuana30HOB JHeprHH H .!lJlll KOppeKUHH 

HX noKa:JaHIIH B TaKHX nOJlllX. 

qYBCTBHTe,TuHOCTh MHOfOlllapoBOfO cneK'IJ)OMerpa C :JaMe.UJIHTeneM 

.UilaMelpOM 7,6 CM onpe.uenllnach B ny•me peaKTopa HEP-30 B .unana3oHe Jtteprnii OT 

.uonett .uo COTeH JB no onncaHHOH BhJIIIe MeTO.!lHKe OTHOCHTeJlhHO 1 IyBCTBHTeJ1bHOCTH 

npH 3HeprHII 80 38 If HOpMHpOBaJlaCh ll))H 3TOH 3Hepr11H K .!l3HHhJM, nony•IeHHbIM 

3KCnepuMeHT3JlbHO .upyrHMH aBTOJ)3MII. Heo6XO.UHMOCTb mMepeHHJI 3Ha 11eHHH 

'IYBCTBIITeJlLHOCTH 06yCJ10BJ1eHa pacxo)K.!leHHllMH .!l3HHbIX pa3HhIX aBTOJ)OB HMeHHO B 

3TOH o6naCTH JHeprHii. B pa6oTe ll))HBe.UeHhl T3K)Ke pe:1yJibTaTbl 3KcnepHMeHTaJibHblX 

If paC'leTHLIX pa6oT pa3HhIX aBTOpOB no c}>yttKUHJIM 'IYBCTBHTeJlbHOCTH 

MHOfOlllapoBoro cneKrpOMerpa C 33Me.!lJ1HTeJ1J1MH .UHaMe'IJ)OM 5, I; 7,6; 12, 7 H 25,4 CM . 

Oco6oe BHHMaHHe npH 3TOM 61,mo y.ueneHo HOpMHpOBKe 3THX .!l3HHblX, TaK KaK 

pacIJeTbl II 3KCnepn:MeHTbl BhIIlOJIHJIJlIICh .!lJIH pa3HbIX BapilaHTOB cneKrpOMerpa 

(pa3Mepb1 II ynaKOBKa CU11HTl1JIJ1JIT0p0B, HX Tllllbl If T . .u.). Ha pI1c.3 npe.ucTaBJleHbl 

pe3yJILTaTbl IDMepeHHH 'IYBCTBHTeJILHOCTH MHOf0lII3J)OBOf0 cneK'IJ)OMerpa C 

3aMe.UJIHTeneM .UHaMe'IJ)OM 7,6 CM no .!l3HHLIM H3CTOJIIIIeH pa60Thl, a T3K)Ke 

ll))HBe.UeHLI pac•IeTHhle H 3KCnepHMeHTaJlhHble .uaHHLie .upyrux aBTOpOB (aHaJlOfH'IHbie 

.uaHHLie npHBe.UeHLI B .UHCCeJ)T3Ullll H .lVVI 33Me.UJIHTeJ1eH .upyrux pa3MepoB ). 

Ilpe.UCTaBJleHHLre pe3yJibTaThI Il03BOJIHIOT 6onee o6ocHOB3HHO BbI6npaTb pac•IeTHbie 

3Ha 1IeHHl1 q>yttKIJ;l1H 'fYBCTBIITeJlLHOCTH cneK'IJ)OMe'IJ)a npH HCnOJib30B3HHH ero B 

0OJlJIX HempOHOB C pa:3JlH'IHbIM 3HepreTH•reCKHM COCTaBOM. 

3Ha1IeHI1JI 'IYBCTBHTeJlhHOCTH HCCne.uyeMhlX np116opoB B HeKOTOJ)bIX 

.UH3n030Hax 3HeprHH OTJIH'iaIOTCJI OT 'IYBCTBHTeJILHOCTH If.!leaJlbHOfO .uo:mMerpa B 

HeCKOJibKO pa3 (ttanpHMep, .!lJ1J1 ~-A-I B o6naCTII 3Heprnii OT 0, I .uo I M:18), HO TaK 

KaK cneK'IJ)bl HeihpOHOB 33 3aIIIHTOH Jl<l>Y HMeIOT lIIHpOKHH 3HepreTWieCKHii 

.UHana30H, TO peaJibHL!e norpeIIIHOCTH .!l03llMe'IJ)OB nptt H3MepeHHJIX B TaKHX nOJlJIX 

6y.uyr 06ycrrOBJ1eHbl XO.!lOM HX <1>q BO BCeM .UHana30He 3HeprHH. )],nll oueHKH JTIIX 

norpelIIHOCTeii 6blJ10 BhTIIOJIHeHO cpaBHeHHe 3Ha•IeHHH JKBHBaneHTHOH .!l0:Jbl H,, , 
KOTOJ}YIO 3aperHC1J)HpOBaJ1 6bl B norre C IDBeCTHLIM cneK'IJ)OM </J(E) npH6op C 

•IyBcTBHTeJibHOCTb10 E(E) npu rpa.uynpoBKe ero no Pu-Be HCT0 1IHHKY ueihpottoB, c 

.uettCTBHTeJibHblM 3H3 1 leHHeM M3KCHM3JlbHOH 3KBHBaJ1eHTHOH .!l03bl H,,. 
Berr1111HHbI H,, pacc1IHTbIBaJ1HCb no c}iopMyne: 
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Puc. 2. qyBCTBIITefilHOCTh cqe'f<llIKll CHM-14 

C KOM6mrnpOB8HHhIM 38Me,ll.1IllTeJieM. 

IO 

•" 

}' 

] 
J 

,) 

(1) 
h E, 

H,, = Pu-Be ff(E}•<JJ(E}•dE 
E.Pu-Be E1 · 

r.n,e hPu-Be 3HaqeHHe M8KCHM8Jll,HOH y.n,em,Hoii 3KBllB8JieHTHOH .D,03hl .D,JD1 

Heii"rpoHOB Pu-Be UCTO'IlllIKll no rocT 25935-83; c(E) -qyBCTBifrefilHOCTh 

.n,o3HMeTp8 K Heii"rpOH8M Pu-Be UCTOqHUK8; E1 u E2 - rp8mmi,1 3HepreTuqecKoro 

cneKrp8 Heii"rpoHOB. • 

- B K8qeCTBe Hq Bb16Hp8JlllCh M8KCHM8Jll,Hble no rny6llHHhIM p8cnpe.n,eJieHIDIM 

.D.JIJI K8,K,!loro cneK'rp8 3H8qeHIDI m BeJillqllH H(d;), p8ccqm8HHhIX no qiopMYne: 
E, 

H(d)= f H(E.di)·<P(E)·dE (2) 
E, 

r.n,e H(E,d;) - 3KBHB8JieHTHall .D,038 K8K q>YJIKUIDl 3Hepmu Heii"rpoHoB E u rny6mn,1 d. 
B q>8HTOMe. Cp8BHeHHe IIpOBO.D,llJIOCh .D,JDI cneKrpOB 06IIIHM KO]luqeCTBOM OKOJIO 30, 

cpe.n,H KOTOpLIX 6Lmo BLI.D,eJieHO Il:eCKOJil,KO rpynn: 

- )KeCTKHe cneKlphl 38 CIIJIOIIIHhIMll 38IIIHT8Mll ycKOpllTeJieii II 3KCnepHMeHT8Jll,HhIX 

K8HaJIOB BhIBO.D.8 nyqKOB - nx cpe.D,Hllll 3Heprllll OT HecKOfilKIIX M3B .n,o CT8 M3B; 

- MllTKlle cneKlpbl MHOrDKp8THO.p8CCellHHOro mnyqeHIDI 38 38IIIHT8Mll YCKOpllTeJieii 

C npoeM8Mll U B 3KCnepHMeHT8Jll,HhlX noMenteHIIllX - cpe.D,Hllll 3Heprllll OT .D,eCllTKOB 

.D,O COTeH K3B; • 

- cneKrpbl 38 38IIIIITOH IIMIIyfilCHhlX pe8KTOpOB - cpe.D,Hllll 3Heprllll He npeBLIIII8eT 

I M3B. 

Cp8BHeHIDI noK838JIIf, qro npu6op Ha ocHoBe cqe'f<llIKll CHM-14 c 

KOM6HHIIpOB8HHhIM nOJIIDTIDieHOBhIM 38Me.D,JlllTeJieM C .D,OCT8T0qff0H .D,JDI 

xpo~ecKoro o6nyqeHIDI TOqffOCThlO B 30% MO,KeT 6bITh IICnOJih30B8H B K8qecTBe 

.D,03llMeTp8 HeirrpOHOB C 3Heprueii OT 0,4 3B .D,O 20 M3B (T.e. B nOJillX IIMIIyfilCHhlX 

pe8KTOpOB U B noJillX C MllI'KllMll cneKrp8Mll 38 38IIIHTOH ycKopHTeJieii). IlpII 3TOM ero 

nOK838HIDI, K8K IIp8BllJIO, HeCKOJil,KO (.n,o 10%) 38BbIIIIeHhI. 

IIorpeIIIHOCTb npu6op8 ,[1,H-A-1 IIpII mMepeHIIllX B 6om,mIIHCTBe pe8filHhlX 

cneKrpOB Heii"rpoHoB 38 38IIIHTOH Jl<I>Y OIUIH He npeBhIIII8eT 40% npu 

HCnOJih30B8Hllll ero B K8qecTBe .D,03llMeTp8 Heii"rpoHOB C 3HeprIIeii Hll)Ke 20 M3B. B 

noIDIX C )KeCTKHMll cneKrp8Mll npu6op He MO)KeT 6h1Th IICnOfil30B8H B K8qecTBe 

.D,03lll\f.e-Ip8. 

IIonyqeHHLie pe3ym,T8Thl n03BOJilllOT IIpOBO.D,llTh KOppeKTHpOBKY nOK838HHH 

npu6opoB IIpII llX ucnOfil30B8Hllll B noJUIX C ll3BeCTHbIMll YCJIOBllllMll q>opMHpOB8HIDI 

cneKrpOB Heii"rpoHOB, YMeHbIII8ll TaKllM o6p830M .n,onoJIHllTeJil,ttyIO norpeIIIHOCTh 3TIIX 

cpe.n,crn mMepeHHii. 

B TPEThEH rJIABE oIIHC8HhI 3KcnepHMeHTh1 no myqeHlllO npocqeTOB 

cpe.n,CTB ll3MepeHHii Heii"rpOHOB B IIMIIyJil,CHhlX noJUIX IIOHll3HpYIOIIIIIX mnyqeHHii 

ycKopmeneii II pe8KTopoB OIUIH II cneQllllm,Ho p83p86oT8HHhIH Ha ocHoBe 

T830p83p,mm,IX cqeT'IIIKoB CTC-5 II CTC-6 II 8KTHB8QHOHHoro .n,eTeKTOp8 m cepe6p8 

B KOM6mrnpOB8HHOM noJIIDTIIJieHOBOM 38Me.D,JlllTeJie npu6op .D,JIJI Henocpe.D,CTBeHHoro 

ll3MepeHIDI M8KCHM8Jll,HblX 3KBllB8JieHTHhIX .D,03 Heii"rpOHOB B IIMIIyfilCHhlX noJUIX C 

6om,111oii CKB8)KHOCTJ,IO mnyqeHIDI. 

IIpocqeThl npu6opoB Henocpe.n,CTBeHHoro KOHlpOJill IIpII IICnOfil30B8HHH B 

T8KIIX noJUIX HMelOT CYIIIeCTBeHHO 6om,111ee 3HaqeHHe, qeM B CT8QIIOH8pHbIX nOJillX 
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ll'.3Jl)"IeHIDI nptt o,mrnx H Tex )Ke HX perHClpnpyeMhIX cpemrnx cKopocrnx c'-IeTa. 3To 

npHBOLUIT K IIOllBJieHIIlO 60JlbIIIHX /lOIIOJilllITeJIJ,HhIX norpeIIIHOCTett, 3Ha'-IHTeJlhHOMY 

CHIDKeHIIlO BepXHero npe)J,eJia ll'.3Mepemrn: nptt6opoB, a npH Hell'.3y'-IeHHOCTH 

oco6eHHOCTeii pa6oTI,I nptt6opOB B TaKHX IIOJlllX - K BO3MO)KHOMy cymecTBeHHOMY 

3aHIDKeHIIlO ll'.3Mep,reMbIX BeJIWillH. 

lICXO)J,Hall ipopMyJia, KOTOpa,r CBll3bIBaeT perHClpnpyeMI,Ie CKOpOCTH c•1eTa nz 
nptt6opoB C Henpo)J,JleBaIOIIJHMCll MepTBbIM BpeMeHeM t, H CKOpOCTH C'-IeTa fl, KOTOpb1e 

3aperHClpHpOBaJI 6bl npH6op npH OTCYTCTBHH MepTBoro BpeMeHH, B JaBHCHMOCTH OT 

'IaCTOThl HMIIyJlbCOB ll3JiyqeHIDI/ H HX )J,JIHTeJIJ,HOCTH T HMeeT BH)J,: 

n 
m=----

1 
fl•fM 

+--
f·T 

(3) 

IlpH 3TOM npOC'IeTbl nptt6opoB q B OTHOCHTeJlbHbIX e)J,IIHlll.laX, onpe.[leJllleMbie KaK 

(n - m)ln, panHh1: 

q=l-m=m·tM 
n f·T 

(4) 

IlpaKTH'IecKa,r on:eHKa npoc'IeTOB c ttcnom,JoBaHHeM <popMyJibI ( 4) /la*e s 

CJI)"Iae ll'.3BeCTHbIX BeJIH'IHH MepTBoro BpeMeHH nptt6opoB tt BpeMeHHbIX napaMelpOB 

pa60Tbl ycTaHOBOK 3alpy)J,HHTeJlbHa, T.K. napaMelp T xapaKTepIDyeT JIHIIIJ, npeMeHHOe 

pacnpe)J,eJieHHe ny'~OB qaCTHII, TOr)J,a KaK BpeMll B33HMO,[lettCTBHll HelllpOHOB C 

/leTeKTopoM B JaMe)J,JIHTeJie npH6opa 6y/leT npeBhIIIIaTh Jtta•reHIDI 3Toro napaMelpa. B 
CBll3H C 3THM BO3HHKJia 3a)J,a'Ia 3KcnepHMeHTaJlbHOro HCCJie)J,OB3HHll npoc•1eTOB 

nptt6opoB Henocpe/lCTI:eHHoro KOHlpOJill n HMIIyJlbCHbIX IIOJlllX ll'.3Jl)"IeHHll. MeTO/lHKa 

ero COCTOHT B cpaBHeHHH HX IIOK33amrn: C IIOK33HIDIMH naCCHBHbIX (HHTerpnpYJOIIIHX, 

C aKTHBan:ttOHHhIMH ,[leTeKTopaMH) npH6opoB, 06Jiy'I3eMI,IX B O/lHHX H Tex )Ke TO'-IK3X 

npH p33HhIX CKOpOCTHX C'IeTa, /lOCTHraeMI,IX ll'.3MeHeHHeM MOIIJHOCTH peaKTopa IJJIH 

TOKa YCKOpHTeJill. 

Ilo pe3ym,TaTaM ll'.3Mepe1rnii ClpOHJiaCh 3aBHCHMOCTh OTHOllleHHH min B 

OTHOCHTeJlbHhIX e)J,HHHn:aX OT m, npe/lCTaBJilllOIIJHX co6oii: BeJIWIHHY 1 - q. 
ArrnpoKCHMHpYJOIIJa,r fP)'HKn:IDI /lJill 3TOro OTHOIIIeHH,r f(m, t,g) Bb16npaeTc,r Ha 

OCHOBaHHH ( 4) n BH)J,e: 

m·t 
f(m, t,q,)=1-m·t,,p =1---M- (5) 

_ f-T,,p 

r.[le BeJIH'IHH3 t ,,p = f ~ ~ npe/lCTaBJilleT co6ott 11pljleKTHBHoe MepTBoe speM,r 

>q, 

nptt6opa B IIOJie HMIIyJlbCHOro ll'.3Jl)"IeHIDI C 1ip41eKTHBHbIM BpeMeHeM T,,p )J,eHCTBHll 

ll'.3Jl)"IeHIDI Ha )J,eTeKTop n1rn6opa B Te'IeHHe HMTiyJlbCa ll'.3Jl)"IeHIDI yCTaHOBKH. 

IlapaMelp l,,t, onpe)J,eJlllJICll MeTO)J,OM HaHMeHbll!HX KBa)J,paTOB npH annpOKCHM3QHH 

pe3ym,TaTOB ll'.3Mepemrn: OTHOIIIeHHH min 4>ymaI;Hett (5) /lJill pa3JIWfHJ,IX np116opos 11 

speMeHHhIX pe)KHMOB pa60Tbl ycTaHOBOK. Ha pttc. 4 npHBe.[leHhl pe3yJibT3Tbl 

3KcnepHMemam,Horo onpe/leJieHHll npocqeToB 6opHoro C'IeT'IHKa CHM- I 4 B 

JaMe)J,JIHTeJie H 6eJ JaMe)J,JIHTeJlll B noJie pacce,rHHoro IDJiyqeHIDI peaKTOpa 116P-3O 11 
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Puc. 3. 1-lysCTBHTeJibHOCTb )J,eTeKTOpa LiJ(Eu) B 33Me)J,JIHTeJie /lHaMelpOM 7,6 CM. 

■, A, ♦ - )J,aHHbJe HaCTOll.lliett pa6oTbl, OCT3JlbHble 060JHa11eHHl1 H KpHBbie 

pac•1eTHbie H 3KCnepttMeHTaJibHbie /l3HHbie /lPYfHX aBTOpOB (CCblJIKll /laHhI 

B /lHCcepTaQHH) 
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P11c. 4. 3Kcnep11MeHTaJibHhle TO'-IKH 11 annpoKCHMHpy1011I11e fPYHKQHH npoc•1eros 

6 opHoro C'leT'-IHK3 6eJ 3aMe,[lJIHTeJill ( X) H C 3aMe)J,JIHTeJieM (.) Ha 116P-3O. 
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arrnpoKcrn.rnpyiomHe HX cpymanrn. B JlHCCepTaIIHH npeI1CTaBJ1eHbl Il0J1y11eHHhle 

3HaqeHirn l,,t, H T,,t,, a TaIOKe 0ilHCaHa npoue!lypa BhI6opa HX :ma 11eHHH WU! 

pa3.IUI'-IHbIX JlJIBTeJihHOCTeH T HMIIyJihCa mnyqeHirn ycTaH0B0K. no Il0JlyqeHHblM 

3HaqeHlfflM T,,t, H K3BeCTIThIM BeruiqlfHaM MepTB0ro BpeMeHH nptt6opoB t_~· no 

q>OPMYJ1e (5) onpe!lemnoTCll npocqeThl nptt6opoB nptt mMepeHHhIX HMH :ma 1 IeHHllX 111. 

8 K0HelJH0M cqere :no Il03B0AAeT HCKJilO~h !l0il0JlHHTeJibHhie norpernH0CTH 

npH6opoB, 06ycJ10BJ1eHHble npocqeraMH. no pe3yJlhTaTaM pa60Thl !lJlll HCil0Jlh30Bamrn 

B pyrHHH0M pa!lHaUH0HH0M K0HIJ)0Jle onpeI1eJ1eHhI T3KlKe uepxHHe npe!leJlbl 

IlOKa3aHlll nptt6opoB WU! pa3.IUI'-IHbIX BpeMeHHbIX pelKHM0B pa60Thl ycTaH0B0K, np11 

K0T0J)bIX HX npoc11eTbl He npeBhIIII3IOT 10%'. B HeK0T0J)hlX CJlyqa»x Bepxmrn rpaH11ua 

!lll3Il330Ha mMepeHHH !l03ill,1eTJ)HqecKHX nptt6opoB yMeHhillaeTCll B ThICll 1IY H 60J1ee 

pa:1. 

B CBll3H C JTHM 6blJI pa3pa60TaH H C03!l3H pafioqufi MaKeT npu6opa Ha 0CH0Be 

ra3opa3p»!lH0ro cqePmKa CTC-5, o6epttyroro crroeM cepe6pa u noMemettHoro B 

rnapouow napacpttHOBhlH 3aMeMHTeJib !lttaMerpoM 25,4 CM. np«HUHn !lei'icrnttll 

npH6opa 0CH0BaH Ha perttcrpaUHH cqerquK0M HaBeJleHHOH 3KTHBH0CTH cepe6pa B 

npouecce JKCTT03HUHH ero !leTeKTopa B T01IKe mMepeHlll c BhlqHTatttteM BKJ1aI1a B ero 

noKa3aHirn OT Btternttero raMMa-K1nyqeHirn. npu6op coqeTaeT npeHMymecTBa OT 

HCil0Jib30B3Hlffl aKTHB3UH0HHoro JleTeKT0pa - tteqyBCTBHTeJibH0CTh K HMnyJibCH0CTH 

H3JlY'IeHirn, npocTory tt onepaTHBH0CTh a pa6oTe, CBOHCTBeHHyio nptt6opaM 

ttenocpe!lCTBeHHoro K0HIJ)0AA. OnpeI1eJ1eHhl xapaKTepttCTHKH npu6opa, npoBe!leHo 

cpautteHHe ero noKaJaHlll c noKa3aHH»MH MHorornapouoro cneKrpoMeTpa B noJ1e 

KrnyqeHHll 3a 1amHTott peaKTopa IIliP-30. 

nonyqeHHbie C pa6o~ M3KeT0M nptt6opa pe3yJihT3Thl llCil0Jlh30BaHhI npH 

C03!l3HHH CHrH3JlH33Topa 0 npeBbIIIIeHHH Jl03hl HMIIyJihCHoro HeHrpOHHOro 

mJ1yqeHirn na ocnoue npH6opa YCHT-2 H nepettocttoro !l03HMerpa na ocnoBe 

npH6opa PYn- I. B Kaqecrne JleTeKTopoB a JTHX nptt6opax ucnoJih3YJ0TCll cqeT'llIKH 

CTC-6 H CTC-5, 06epttyrh1e CJl0eM cepe6pa onrHMaJihHOH T0JllllHHbI H noMemenHhie, 

B KOM6mmpOB3HHhlH IlOJlliJTHJleHOBhlli 3aMeJlJIBTeJih. ,[{mJ HCKJllO'leHHl! BKJ13!l3 B 

Il0Ka3aHirn nptt6opa BHernHero raMMa-mnyqeHirn HCII0Jih3YeTCll KaHaJl K0MileHC3UHl1 

cpotta nptt6opa PYn- I. nptt6ophl HCII0Jih3YJOTCll B onepaTHBH0M pa!lH3UH0HH0M 

K0HIJ)0Jie Ha CHHXJ)OCpa.30T})OHe H HMnyJihCHhIX peaKT0pax B II0AAX C 60JibillOH 

CKBalKH0CThlO H3JlY'leHHll. npHMeHeHHe nptt6opOB II03B0JIHJ10 cymecTBeHH0 (B 

!leC»TKH H 60J1ee pa3) pacumpHTh !lttana3ott mMep,reMhIX aeJ1wrntt MOmttocTett 

JKBHBaJleHTHhIX !103 HeHrpOHHOrO mnyqeHirn B TaKHX II0JlJIX. 

B qETBEPTOH rJIABE 0IIlIChIBaeTCll K0HCTJ)YKUllll H npHHUHII !lettCTBHll. 

KOM6mrnpoBaHHOro HH!lHBHJlY3JlhH0r0 !l03HMerpa (Kl-I)]} B Jl03HMeTpe 

npeeycM0TJ)eHa B0"3M0lKH0CTh HCII0Jih30B3Hlffl KaK aJih6e!lHOro cnoco6a perucrpaUHH 

HeHrpOHOB c npttMeHeHHeM !lByx nap T.JUJ: Ha 0CH0Be qJTOJ)HCTOro JIHTHll c Li-6 tt Li-
7, TaK H IlPYTHX MeT0!l0B, ttanpHMep, q>oTorpaq1wiecKoro c JMYJihCHett MK-20 HJIH 

rpeKouoro c !leTeKTopoM CR-39. B Kif)]; npeeycMorpeHa TaIOKe B03M0lKH0CTh 

perttcrpaUHH !103 raMMa- H 6era-mnyqeHirn. B 33BHCHM0CTH OT npaKTttqeCKOH 

He06XOJlHMOCTH Kif)]; 0CHaIIIaeTCll TeM HJllI HHhIM Ha6opoM JleTeKT0J)0B, KOTOJ)hIH 

Il03B0AAeT perHcrpttp0B3Th !l03bl o6nyqeHirn pa3JlliqffblX BHJl0B H3JlyqeHHH. 

O111Icatta npoIIeJlYPa H pe3yJihT3Thl rpaeyttp0BKH Kif)]; H ero npoT0THna -

3Jlh6e!lHOro !l03HMerpa - Ha pa!lH0HYKmI!lHhlX llCT0lJHHKaX HeHrpOHOB, B onopHbIX 
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noJ1JIX H Ha ,r,nepHo-cpmnqecKHX ycTaH0BKax OHfilI. Ilonyqem1 3ttaqeHirn 

rpa,nyttp0BQqffblX KOJq>q>HUHeHTOB ,ll03HMerpa WU! pa3.IUI'-IHbIX Jl<t>Y H ycJIOBHH 

o6nyqeHirn Ha HHX. 3-ro II03B0AAeT npHMeHllTh pa3.IUI'-IHbie 3tt3qeHlffl rpaeynp0BQqffbJX 

KOJq>q>HUHeHTOB, 33BHCllIIIHe OT MeCT pa6oThI nepC0HaJia H OT HaJlllqHll 

,llOilOJIHHTeJihHOH HHq>OpMaUHH O HeK0T0J)bIX xapaKTepHCTHKax cne.KIJJ0B HeHrpOHOB 

HJlH ycJ10BHllX HX cpopMttpOBaHirn. Ilorpemttocn onpe,nerreHirn ,no1 o6nyqeHirn B TaKHX 

cnyqa,rx He npeBbIIII3eT 30%. B HeK0TOJ)hlX cnyqa,rx (nptt ,ll033X o6nyqeHirn Ha yp0BHe 

0,1 OT npe,neJibH0 ,nonyCTHMOH ,ll03b1) B03M0lKH0 npHMeHeHHe e,llHHoro WU! Bcex 

ycJIOBHH o6nyqeHirn rpaeyttp0B0'IH0ro KOJq>q>HUHeHTa. 

Kif)]; HCil0Jib30B3JlCll B CJittqeHHH cpe,nCTB HH,lllIBHJlY3JlhH0ro 

,ll03HMeTpttqeCK0ro K0HIJ)0AA H<t>B3, 11A3, JilUl<t> H ~PH, npoue,neHHhIX B 9 

onopmIX Il0JlJIX H<t>B3, C03,ll3HHhlX Ha 0CH0Be pa,nH0ffYKJllI!lHhIX HCT0'IHHK0B 

HeHrpOHOB H 33 6noJ1ornqecKOH 3aIIIHTOH IIp0T0HHoro CHHXJ)0T})0Ha. lli Bcex 

HCil0Jih3yeMhIX B cpaBHeHHH ,ll03HMeTJ)0B, npe,nHa3HaqeHHhIX ,!lJ1H onepaTHBH0ro H)I.K, 
pe1ymTaThI, nonyqeHHh1e c noM0ID;hIO KHA oKaJamICh ttan6onee 6JIH3KH K onopmIM 

JttaqeHirnM M3KCHM3JlhHOH JKBHBaJieHTHOH ,ll03hl H 33 HCKJilOqeHHeM 0,llH0ro Il0AA 

H3X0,lll!TCll B npe,neJlaX 30% OT HX 3tt3qeHlll. 

B ,nnccepTaUHH npeJl]lolKeHbI nyrn ,namHeiiIIIeii M0,llepHH3aUHH ,ll03HMerpa, 

CBll33HHbie, B 0CH0BH0M, C H3MeHeHIDIMH K0HCT})YKUHH lI ,lleJiaIOID;He ero 6onee 

y,no6mIM B JKCilJ1Y3Tau;rnL HanpHMep, pa3Mem;eHHe ,lleTeKT0J)0B nap "a" lI "i" Ha 

0,llH0M yp0BHe ,!lJ1H B03M0lKH0CTH HCil0Jih30B3Hlffl B ,ll03HMerpe KapT C Il0CT0llHH0 

H3X0,lll!ID;HMHCll B HHX TJIA pa3,lleJihH0e pa3MeIIIeHHe norrromaiomero TeITJI0Bble 

HeHrpOHhl BKJ13,llhIIII3 lI q>OTOJMYJihCHOHHOrO ,neTeKTopa, KpeITJieHHe HHlKHeii qaCTH 

K3CCeThl ,ll03HMeTJ)a K o,ne)K,lle, C03,llaHHe ycJIOBHH ,!lJ1H K0JIJllIM3UHH BhIX0!lllmHX H3 

Tena lI perncrpnpyeMhIX T.JUJ: naphl "i" TeITJI0BhIX HeHrpOHOB, yueJittqeHHe T0JIID;HHhl 

CTeH0K KaCCeThl lI ,np. Mo,llHq>HQIIPOBaHHhrn Kif)]; M0lKeT llBAAThCll ttaH6onee 

nepcneKTHBHhIM HH,llHBHJlY3JlhHhIM ,ll03HMeTJ)0M Ha ycKopHTeJlJIX H peaKTopax. 

B IUITOH r JIABE 0111Icam1 onopm1e noAA Ha ocHoBe pa!lH0ffYKJllI!lH0ro 

HCT0'IHHK3 H3 Cf-252 B map0BhlX Il0JIHJTHJieH0BblX 3aMe!lJlllTeJ1JIX ,llHaMeTJ)0M 12, 7 lI 

29,2 CM. Ilo,n onopmIM noneM Il0HHMaeTCll Bbl,lleJieHHall B npocrpaHCTBe, ycJI0BH0 

HJIH cpmnqecKH, o6nacn noAA noHIDnpyiom;ero mnyqeHirn c ,neramHo 

HCCJie,ll0B3HHhThlli xapaKTepHCTHK3MHH, npe,ncTaBAAIOID;all co6oii pa6oqyio JTaJI0HHYJO 

Mepy wrn npoBe,neHirn MerporrornqecKHX pa6oT. IloKaJatta uerrecoo6paJHOCTh 

C03,ll3Hlffl, ttapllJlY C onopmIMH Il0AAMH Ha ll,lleptto-cpmnqeCKHX ycraH0BKaX, H 

0il0J)HblX norreii C HCil0Jih30BaHHeM pa,!\H0HYKmI!lHhlX HCT0'IHHK0B B 3aMe!lJlllTeJ1JIX B 

KaqeCTBe JTaJI0H0B wrn IIp0Be,neHirn pa6oT no MeTJ)0JI0rnqeCK0MY o6ecneqeHHIO 

pa,llHaIIH0HH0ro K0HIJ)0AA H pa,llHaIIH0HHhIX HCCJie,nOBamrii 

Onncatto ycrpoiiCTBo onopmix noneii Ha octtoBe HCT0'IHHKa m Cf-252 B 

II0JIHJTHJieH0BhlX map0BhlX 33Me!lJllITCJ1JIX ,llHaMeTJ)0M 12,7 tt 29,2 CM B C0CTaBe 

nouepo'IHOH yCTaH0BKH HeHrpOHHhIX ,ll03HMeTJ)0B lI pa,llH0MeTJ)0B. npHBe,nem1 

xapaKTepHCTHKH onopmix noneii, raKHe, KaK JHeprernqecKoe pacnpe,neneHHe 

HeHrpOHOB H HX cpe,nHllll JHeprHll, IlJI0TH0CTh Il0T0Ka, M0ID;H0CTH M3KCHM3JlhHhlX 

nornomeHHoii H JKBHBaJieHTHOH ,ll03, KOJq>q>HIIHeHT KaqeCTBa HeHrpOHOB, M0m;H0CTb 

norrromeHHoii ,noJhl conyrcruyiomero raMMa-mnyqeHHll H BKJia,n ee B noJIHyio 

JKBHBanelrrHyIO ,ll03y. YKa33HHhie xapaKTepttCTHKll '0TH0CllTCll: K o6rraCTH 

npocrpaHCTBa tta pacCT0HHHH 1 M OT uempa HCT0'IHHKa, pacn0JI0lKeHHoro B uempe 
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mapa 3a;:i;aHHoro pa3Mepa Ha BhIC0Te 1,5 MOT Il0Jia. IloJUI qiopMHpYJOTCll KaK llJ)llMhlM, 

TaK n paccel!HHh™ B noMell]eHHH mnyqeHHeM. IloJie OT Cf-252 B mape .rurnMeTP0M 

29,2 CM HMeeT 6oJiee Ml!nrnii :rnepreTW1ec1rnii: cneKTP 3a cqeT 60Jlh111ei1 noJIH B tteM 

Term0BhIX HeHTPOHOB. IloJie OT Cf-252 B mape ;:i;ttaM~0M 12,7 CM IIMeeT_0 60Jlhume 

3Ha'IeHIIl! IlJIOTHOCTen noToKa HeiiTPoHoB II MomttocTen ;:i;o3 (npIIMepHo B TPII pa3a). 

lli)"IeHHe xapaKTepIICTIIK IlOJieii llJ)0B0)J;HJI0Ch KaK cpeACTBaMII II3MepeHHH 

OIUIH, 0CH0BHh™ m K0T0phIX HBJUieTCll 11,moro111ap0Boii cneKTP0M~, TaK 11 

cpe;:i;cTBaMII H<I>B3, BKJUO'IlUOll]IIMII B ce6,i Kp0Me MHoro111apoBoro cneKTPOMeTPa 

TaJOKe nTI3-cneKTPOM~, COCTOHll]JIH II3 cqiepw1eCKOro TKaHeJKBHBaJieHTHOro 

nponoprumttaJihHOro cqeT'IJIKa HH3Koro ;:i;aBJieHIIll, n aHanoroBhIH KoMnaneHTHhIH 

fopM~, COCTOHll]JIH II3 TPeX llOHIJ3aIUIOHHhIX KaMep. Moll]HOCTh nornomenHOH ll03bl 

raMMa-mnyqeHIIll onpe;:i;eJIHJiaCh c IlOMQillhlO TJI,[( m qnopttcTOro JIHTHll c Li-7. 

lliMepeHIIl! xapaKTepHCTIIK onopHhIX IlOJieii, llJ)OBe)J;eHHhJMII pa3JIH'rHhlMH 

cpe;:i;cTBaMH mMepeHIIH OIIJIH u H<I>B3 noKa3ano, 'ITO MaKcHMaJihttoe 0Tn11q11e 

IlJIOTHOCTH Il0TOKa neiiTPOHOB OT cpe;:i;nero 3H31Ielillll C0CT3BJUieT 5%, MOll]HOCTH 

JKBHBaJieHTHoii A03hI 8%. 

OCHOBllbie pe3JJibTaTbl pa0OTbl 

I. 3KcrrepIIMeHTaJihHO onpe;:i;cJieHhI JHepreTJI11ecKHe 33B HCHMOCTH 

'l)'BCTBJITeJihH0CTH cpe;:i;cTB lI3Mepelillll, HCIIOJih3yeMhIX B pa;:i;ttal.(H0HHOM KOHTJ)0Jie, 

npn pa3JIWIHhIX JHeprmrx B o6JiaCTH OT TeilJI0BhlX AO 6hICTPhIX neiiTPouon: 

ceplIHHhIX ;:i;o3IIMeTPOB HeiiTPoHoB ,[(H-A- I, K,[(H-2, PYC-Y8 11 no311MeTPa Ha 

OCHOBe c•re-PIJIKa CHM-14 B KOM6HnHpOBaHHOM 3aMenJIHTeJie; 

;:i;eTeKTopa TermoBhIX HeiiTPonoB LiJ(Eu) B 111apon1,ix noJlllJTHJieHonhIX 

JaMe)J;JIHTeJUix; 

o6pa3QOBoro BCeBOJIHOB0ro C'Ie-PIJIKa OBC-3M; 

2. 3KcrrepJIMeHTaJihHO onpe;:i;eJieH XO)]; JHepreTWieCKOH 33BHCIIMOCTH 

qyBCTBHTeJihHOCTu Mnoromaponoro cneKTP0M~a HeiiTPonoB c ;:i;eTeKT0))0M LiJ(Eu) 

B 06JiaCTII llJ)OMelhyr0'IllhIX JHeprIIH. • 

3. IlpeAJIO,KeH cnoco6 oQemrn norpeIIInocTeii II 0QeneHb1 norpernHOCTH 

A03IIMeTJ)OB HellTPOHOB, IICIJOJIJ,3yeMhIX n pa;:i;ttaIUI0HHOM KOirrpone B noJillx c 

pa3JIWIHhIMII cneKTJ)aMII Ila ycK0pHTeJil!X H JIMilYJihCHbIX peaKTOpax 011Jll1, 
o6yCJIOBJieHHhie OTJIII'III,'IMJI IIX JHepreTWICCKHX 3aBHCIIMOCTCH 'IYBCTBHTeJlbHOCTH OT 

JHepreTH•IeCKOH 3aBHCIIMOCTH y;:i;eJihHOH JKBHBaJieHTHOH ll03bl. ,[(m, ;:i;mHMeTJ)a Ha 

OCHOBe C'IeT'IBKa CHM-14 B KOM6HHHpOBaHHOM 3aMCllJIHTeJie B )J;Hana30He JHeprHH 

OT 0,4 JB ;:i;o 20 MJB ona He npenI,lll]aeT 30%, AJUI A03ILVICTJ)a ,[(H-A-1 B ;:i;11ana3oHe 

:rneprIIH OT TeilJI0BbIX HCHTPOHOB AO 20 MJB - 40%. IloKa3aHa B03M0)KH0CTb y•1eTa 

JTOH norpemHOCTH ll])II lICII0JIJ,30BaHIIII no3IIM~OB B ITOJillX C . mBeCTHhlMH 

cneKTPaMII HCHTPOHOB HJIH THilWII-lhIMII ycnonmrMII ID( ciiopMHpoBaHHll. 

4. YcTaHOBJieHhl KOJIWieCTBCHHhlC JaKOH0MC))HOCTII Il0llBJieHHll npoc•IeTOB 

J:(03HM~OB HenocpeJJ:CTBCHHOro ROHTJ)0JUI B JIMilYJihCHhIX Il0JlllX II3JIY,ICHHll 

YCKOpHTeJieH II peaKTO))OB OIIJIH B 3aBIICIIMOCTH OT perHCTPttpyeMbIX npn6opaMH 

Beml'IHH II E]JCMeHHhIX pe)KJIMOB pa60Thl JI<I>Y. IloKa3aHa E03M0)KH0CTb OI.(eHKH H 

JMeHhmeHHll norpCIIIHOCTeH )];031IM~0B, ycTaH0BJielillll rpaHHI.( HX ll])HMeHHM0CTH H 

CHH,KCHllll BepXHHX ope;:i;eJI0B II3MCpeHIIll . BCJie)J;CTBIIe npoc•IeTOB B HMITYJibCHblX 

norurx, OCHOBaHHal! Ha IICI10Jlh30BaHHH qJYJ-IKIUIB, annpOKCHM:Il))YJOll]HX Il'i)0C'IeTbl. 
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5. Pa3pa6ornH H BHeA))eH B PK Ha CHHXpoqia30TPOHe H 1111,myJihCHbIX 

peaKTopax OHJIII A03HM~ HeHTPOHOB Henocpe;:i;cTBeHHoro KOHTJ)OJill na ocnoBe 

aKTHBaQnoHHoro ;:i;eTeKTopam cepe6pa n ra3opa3p,innoro cqeT'IHKa s 

KOM6HHIIpOBaHHOM 3aMeMJITeJie, ITOKa3aHHl! KOTOporo He 3aBHCllT OT HMITYJihCH0CTH 

II3Jly>lelillll, 'ITO I103BOJIHJIO cymeCTBeHHo (B ;:i;ecl!TKH II 6onee pa3) yneJilI'IHTb BC])XHHe 

3HaqeHHll II3MeplleMhIX yposneii mnyqeHIIll B HMITyJihCHhIX ITOJ!l!X C 0OJlhlllOH 

CKBaJKHOCThlO. 

6. Co3nan KOM6HHH))OBaHHhrn IIHnHBHAJaJihHblli A03IIMCTP (KH,[(), B KOTOpOM 

mMepeHIIe IIHnlIBttnyaJihHbIX ;:i;o3 HeiiTPoHHoro mny,renHll rnnpoKoro 

JHepreTII'ICCK0IO n1Iana3ona OCYIIJCCTBJllleTCH C ITOMOll]b!O K3K 

TepMOJIIOMHHHCI.(eHTHhIX, TaK H qJOTOJMJJihCHOHHhIX ;:i;eTCKTO])OB. 113Y,ICHbl 

xapaKTepttCTHKH no:1HMeTPa Ha HCTO'IHIIKax neiiTPOHOB m Cf-252 II Pu-Be, s onopHbIX 

IIOJillX II B IIOJlllX ycKO])JITeJieH OHJIH. KH,[( HCIIOJih30BaJICll B CJIH'IeHHllX 

HH)J;HBttnyaJihHhlX ll0:3HMeTPOB YCK0J)IITCJlhHbIX UeHTJ)OB B OIIO])HbLX II0J!l!X l1HCTH1yra 

cjJII31IKH Bh!COKHX 'JHCJ}IHH H ·IIOKa:.laJI HaII0OJiee 6JIII3KHe K OII0])Hh!M 3Ha•IemrnM 

JKBIIB3JleHTHOH ll03bl pe3yJihTaThl (B npe;:i;enax 30%) cpeJJ:H .!l.03HMeTPOB, 

npe;:i;Ha3Ha•ICHHbIX )];Jill onepaTIIBHOro 11,[(K. ,[(03HM~ nporneJI OIIbITHYJO 

JKcrmyaTal.(IIIO s 11,[(K nepcoHana O11Jil1 11 npe.11.naraeTc,i s Ka•IecTBe 

nepcneKTIIBH0I0 IIHJJ.HBttnyaJihH0IO JJ.031IM~a llJlll HCII0Jlb30B3HHll B n0Jil!X 

HCHTPOHOB IIIHJJOK0ro JHepreTwIecKoro ;:i;nana3oHa. 

7. Co3.11.am1 onoptthle noAA HeiiTPonos Ha ocuoBe pan1IOHYKJ1ttnHoro 

HCTO'IHIIKa Cf-252 B rnapOBblX IT0JIHJTHJieHOBblX 3aMennHTeJlllX )J;II3MCTPOM 12, 7 H 

29,2 CM II H3J'leHbl IIX MeTPOJIOIWICCKIIe xapaKTC])HCTIIKH. ITpnMeHCHIIC onopHblX 

noneii .!I.Jill nosepKH H KaJIII0J)OBKII p,i.11.a JJ.03HMeTPOB ueiiTPottOB, · IICnOJih3yeMbIX Ha 

YCKO]JIITeJlllx II peaKTopax, II03BOJIIIJI0 cymeCTBeHHo CHJI3JITJ, HX norpelllHOCTH no 

cpanueHIIIO co crnunapTHhlMII MeTonaMJI Il0BCpKH no pa;:i;nOHYKJIHnHhlM HCT0'IHHK3M. 

0CHOBHbie pe3yJihTaTbl .11.11ccepTaIJIIH onyoJIIIKOBaHbl B cneny10m11x pa6oTax: 

I. renes MT, KoMO'IKOB M.M., M11rneB 11.T., MoKpOB 1O.B., Cana[lKa,i M.11. 
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