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AKTyaJibHOCTb TeMbl 

CoBpeMeHHaH <pll31lKa COJJHeqHblX HefiTplIHO CTOJIKHyJiaCb C npOTlIBOpequeM Me:lK

,.'l,Y CTaH,11,apTHOfi Mo,11,eJibIO CoJIHI.J;a u pe3yJibTaTaMlI 3KcnepttMeHTOB. Pe3yJibTaTbl 

pa3Hb!X 3KcnepttMeHTOB HaX0,11,HTCH B npOTllBOpequu ,11,pyr C ,11,pyroM, npu 3TOM ,11,a

)Ke l\lO,ll,eJibHO-He3aBlICllMbie ( co CB060,l],Hb!Mll necaMU pa3JillqHbIX H,11,epHblX peaKu;ttit) 

pac'-!eTbl He corJiacyIOTCH C ofrhe,l],ttHeHHbIMII 3KCIIepttMeHTaJibHblMlI ,11,aHHb!MlI, qTo 

CBlI,l],eTeJibCTByeT B II0Jlb3Y HeCTaH,11,apTHOH <plI31lKII HefiTp1rno. IloTOK COJIHeqHblX 

Heii:TpUHO BO ncex 3KcnepttMeHTaX 0Ka3aJIC.H MeHbIIIe npe,11,cKa3aHHOro, npu 3TOM 

cpaBHeHtte pe3yJibTaTOB pa3Hb!X 3KcnepttMeHTOB ,11,onOJIHllTeJibHO npttB0,11,llT K npo-

6JieMe cneKTpa HefiTptttto OT pacrra,11,on 8 B (cpanHeHtte 3KCTpanoJiuponaHHbIX Ha necb 

cneKTp "6opHbIX" HefiTpllHO pe3yJibTaTOB KaMl'.!OKa~,11,e II pe3yJibTaTOB XoyMCT3HK) 

II TaK Ha3bIBaeMOH npp6JieMe "6epttJIJilleBbIX" HefiTplIHO ( cpaBHeHue pe3yJibTaTOB 

KaMllOKaH,11,e ll raJIJilleBblX 3KCnepttMeHTOB, lICKJIIOqaeT B_KJia,11, ''6epuJIJil'.leBbIX" HeH

TplIHO, XOTH KaMHOKaH,11,e Ha6JIIO,l],aeT HefiTpHHO OT pacrra,11,a ,11.oqepHe~o 6opa-8). 

TeopeTHqeCKlle lICCJie)l.OBaHttg npo6JieM Bb!XO)l.HT 3a paMKlI CTaH,1].apTHOH TeOplllI 

3JieKTpOCJia6bIX B3allM0,1].eil:cTBllll lI Tpe6yIOT. C03)].aHHH HOBbIX ,11.eTeKTOpOB, II03B0-

JIHIOIU;lIX lICCJie)l.OBaTb crreKTp comiequblx HeiiTplIHO B o6JiaCTlI HlI3KllX ,meprHH. . 

B 1989 r. rpynnofi yqeHhIX ll3 pa3HblX CTpan Ql,IJI npe,1].JIO)KeH npoeKT BopeKClI

noll],- ,11.eTeKTOp peaJibHOro npeMenH Ha ocnone :lKll)l.Koro cu;ttHTlIJIJIHTopa c-,11.ocTa

Toqno Htt3KllM noporoM. 8KcnepuMeHT Hau;eJieH na peIIIenue npo6JieMbI "6epttJIJitte

Bb1x" nefiTplIHO. Kpaii.He HlI3KOe ceqeHtte B3alIM0,1].eHCTBlIH HefiTpllHO C nern;eCTBOM~ 

10-45 CM2 Tpe6y10T C03)].aHHH )l.eTeKTOpa C Maccoii nopH,11.Ka KlIJIOTOHilbI, rrpu 3TOM 

He06XO)l.lIMO IIO)l.aBttTb <pOH ecTeCTBeHHOH pa,11.uoaKTllBHOCTU CIJ;IIHTlIJIJIHTOpa lI OKpy

:lKaIOrn;efi cpe)l.bl. ,11,JIH peaJitt3aIJ;ttlI npoeKTa Tpe6yeTCH oqeHb BbICOKaH CTerreHb oqucT

KlI CIJ;llHTlIJIJIHTOpa ll B0,1].bl 3arn;ttTbI OT ecTeCTBeHHbIX pa,11.ttoaKTlIBHbIX npttMecelt, 

qTo noTpe60BaJIO rrpone,11.eHHH IIlIJIOTHOro 3KcnepttMeHTa. 

lleJih pa6oTbI. 

,11,HccepTau;uonHaH pa6oTa nOCBHIU;eHa UCCJie)].OBaHUIO B03MO:lKHOCTU C03)].aHlIH 

,11.eTeKTopa HlI3K03HepreTtt'1IlblX nefiTplIHO ( C noporoM no 3Hepruu nefiTplIHO OKO

JIO 450 K3B) na OCHOBe )KlI,1].KOro Cll;UHTUJIJIHTOpa. I1cCJie)l.OBaHlIH rrpOBO)l.UJIUCb Ha 

rrpOTOTUne ,11.eTeKTOpa c orpaHtt'1eHHbIM o6'beMOM CIJ;lIHTlIJIJIHTOpa ( TaK Ha3hIBae

MOM CTF- counting test facility). OcnOBHbIMlI IJ;eJIHMu, npeCJie,11.onaBI1IlIMttCH rrpu 

C03)].aHttH rrpOTOTUIIa ,11.eTeKTOpa, HBJIHJilICb: 1 )u3y'1eHtte <plI3U'1eCKoro cpona lI 0Tpa-

60TKa MeTO)l.OB ero no,11.aBJieHttH; 2)TeCTuponanue pa,11.ttO'IUCTOTbl CU:UHTlIJIJIHTOpa na 

yponne 10-16 r/r rr'o U-Th u 10-13 no OTHOIIIeHttIO HC/120 B MaCI1ITa6e necKOJibKlIX 

TOHH CIJ;lIHTlIJIJIHTOpa; 3)TeCTllpOBaHue MeT0,11.0B 0'1UCTKlI lI 3Ha'-!lITeJibHOe YJIJ'1IIIe

Hlle '1YBCTBUTeJibHOCTlI U3MepeHUH ypOBHH OCTaT0'1HOH pa,11.uoaKTllBHOCTU ITO cpaB

neHUIO C Jia6opaTOpHbIMU
0 

MeT0,1].aMu; 4)TeCTUpOBaHue yCTOH'1llBOCTU )l.OCTUrHJTOH 

pa,n.uoqttCTOTblj 5)TeCTUpoBaHue OCHOBHbIX MeTO)l.OB 0'1UCTKU Cll;UHTlIJIJIHTOpa B MaC

IIITa6e HeCKOJibKUX TOHH, npoBepKa MeTO)l.UKU HerrpepbIBHOit 0'1lICTKUj 6)TeCTUpo

BaHue B03MO:lKHOCTU oqucTKlI B0,1].bI, rrpoBepKa MeT0,11.UKll HenpepbIBHOil 0'1lICTKUj 
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7)TeCTHpoBaHIIe 'IYBCTBHTeJibHOCTli MeTO,ll,OB ,l],eTeKTl!pOBaHH51 ll aHaJill3 OCTaTO'I

HOrO q:>oHa; 8)rrpoBepKa pa,l],HOaKTHBHOCTll MaTepHaJIOB KOHCTPYKI.J;HH; 9)u3yqeuue 

,ll,li<P<PY3Hli pa,ll,HOaKTliBHbIX rrpnMeceii qepe3 HeiiJIOHOBYIO MeM6paHy, pa3,l],eJI51IOIIzy!O 

aKTHBHblll o6'beM ,l],eTeKTOpa co CIJ;llHTHJIJI51TOpOM OT BO,ll,bl 3arn;HTbI; lO)u3yqeHue 

pacrrpOCTpaHeHirn CBeTa B 471"-,l],eTeKTOpe 60JibIIIOro MaCIIITa6a; ll)rrpoBepKa B03M0)K

HOCTll H,l],eHTliq:>HKau;nu pa3Jili'IHb!X THIIOB co6b!Tliii ITO BpeMeHH rrpuxo,l],a CllrHaJIOB, 

aMIIJIHTy,ll,e curHaJIOB u cpopMe liMIIYJlbca; 12)pa3pa6oTKa MeTO,ll,OB peKOHCTPYKU:lill 

:meprnn li rrpocTpaHCTBeHHbIX KOOp,ll,HHaT C06bITHii. 

HayqHasi: HOBH3Ha. 

9KcrrepuMeHTaJibHO ,ll,OKa3aHa B03M0)Kl!0CTb C03,ll,aHH51 HH3KOq:>OHOBOrO ,l],eTeKTO

pa Hll3K03HepreTI!'IeCKIIX HeiiTpllHO Ha OCHOBe )Kll,ll,KOro opraHn'IeCKoro CU:HHTHJIJI51-

TOpa C rroporoM 250 K3B no 3JieKTpOHaM OT,l],a'In, orpaHH'IeHHbIM TOJibKO npncyT

CTBI!eM ll30TOila 14C B CU:IIHTIIJIJI51TOpe. ,D:ocTI!rHyTa qyBCTBI!TeJibl!OCTb ll3Mepei-lll51 

n3oTorrnqecKoro co,n.ep)KaHn51 yrJiepo,ll,a-14 Ha yponHe 10-19 r/r. 

OcHOBHhie 3amnmaeMhie noJIO)KeHnsi:. 

1. Pa3pa60TKa MeTO)].OB perncTpau;nn OCTaTO'IHOii pa,n.noaKTIIBHOCTII B opraHil

qecKOM CIJ;IIHTIIJIJI51TOpe BbICOKOii O'IIICTKH. 

2. I1cCJie)].OBaHne B03MO)KH0CTII IICIIOJib30BaHI!51 Jia6opaTOpHbIX HCTO'IHl!KOB Heii

TPHHO 90 Sr-90Y )].JI.H ll3MepeHH51 MarHIITHOro MOMeHTa HeiiTpllHO C ITOMOill;blO 

,I1,eTeKTopa BopeKcnHo. 

3. O6oCHOBaHne MeTO)].a opneHTau;nn <I>9Y ,l],JI51 KOMileHcau;nn BJIH51Hli51 MarHHT

HOro ITOJI51 3eMJili Ha rrpocTpaHCTBeHHOe li 3HepreTn'IeCKOe pa3peIIIeHne ,l],eTeK

TOpa. 

4. Pa3pa6oTKa MeTO,ll,OB TO'IHOii a6coJIIOTHOii KaJin6ponKn <I>9Y, pa6oTamrn;nx B 

0,ll,H03JieKTpOHHOM pe)KHMe. ilpnMeHeHne MeTo,n.a KaJin6poBKli B aJiropnTMe 

6hICTpOii aBTOMaTn'IeCKOii HaCTpoiiKH K03q:>cpnu;neHTa ycnJieHH51 <I>9Y C BbICO

KOii TO'IHOCTb!O 

5. If3yqeHne rrpocTpaHCTBeHHOrO II 3HepreTH'IeCKOro pa3peIIIeHH51 CIJ;liHTHJIJI51IJ;ll

OHHOro ,n.eTeKTOpa 60JibIIIOrO 06'beMa 

IlpaKTH'leCKaSI ueHHOCTb pa60Thl. 

1. ,IJ:oKa3aHa B03MO)KHOCTb ,ll,OCTH)KeHH51 BblCOKOro ypOBH51 pa,n.noaKTHBHOii 'Ili

CTOTbl B )Kll,ll,KOM opraHH'IeCKOM CIJ;llHTHJIJI.HTOpe li BO,l],e, 'ITO OTKpbrnaeT HO

Bble B03M0)KH0CTH B 3KCrrepnMeHTaJibHOii q:>H3HKe HeiiTpHHO, B qaCTHOCTH, ,ll,0-

CTHrHyTbie ypoBHli 'IliCTOTbl Il03BOJI.HIOT peaJIH30BaTb crreKTpOMeTpH'IeCKllll 

,l],eTeKTOp peaJibHOro BpeMeHH BopeKCHHO. 

2. Pa3pa6oTaHhI MeTO,ll,hI TO'IHOii a6coJIIOTHoii KaJin6ponKn <I>9Y, pa60Ta10rn;Hx B 

0,ll,H03JieKTpOHHOM pe)KHMe. · I1 pe,l],JIO)KeHa MO,l],eJib O,ll,H03JieKTpOHHOrO crreKTpa, 
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KOTOpaH MO)KeT 6b!Tb IICIIOJib30BaHa npn MO,l],eJiil:ponamm CIJ;IIH'tliJIJI51IJ;liOHH.blX 

,l],eTeKTOpOB. B 'IaCTHOCTU, MO,l],eJib BKJIIO'IeHa B rrporpaMMY MO,l],eJIHpOBaHirn 

BopeKCHHo: Ha OCHbBe rrpe,l],JIO)Kel!HOro MeTO)J,a KaJin6pOBKII C03,l],alta nporpaM

Ma 6biCTpoii aBTOMaTH'!eCKOii 1iacrpoiiKII K03q:>cpuu;ueHTa ycHJieHH51 <I>9Y C 

BblCOKOH T0'IHOCTb!O. 

3. l1q:Jie,l],OBaHa ,'IYBCTBIITeJibHOCTb <I>9Y C 60JibIIIUM ,n.naMeTpOM q:>OTOKaTO,l],a K 

MarHl!THOMY ITOJIIO 3eMJili. O6ocHOBaH MeTO,ll, opneHTau;nn <I>9Y n MarHHTHOM 

IIOJie 3eMJili KaK · aJibTepHaTirna MarHIITHOH 3aill;HTbl C IIOMOill;b!O MeTaJIJia C 

Bb!COKOH ManrnTHOii rrpOHUIJ;aeMOCTb!O. B ,l],eTeKTOpe Bb!COKOH 'IliCTOTbl OTKa3 

OT rrpnMe.HeHU51 MarHHTHOii 3aill;IITbl IT03BOJIHT CIUI3liTb BHeIIIHlill pa,n.noaKTHB

Hblll q:>OH. 

4. O60CHOBaH MeTO,ll, KOHTpOJI51 napaMeTpOB )Klf,ll,KOCIJ;liHTHJIJI51IJ;li0HHOro ,n.eTeK

TOpa BhICOKoii 'IHCTOThI c rroMOill;bIO co6b1Tnii pacna,I1,a 14C. 

5. I1cCJie)].OBaHa reoMeTpnqecKa51 <PYHKIJ;li51 CBeToc6opa )].JI51 CIJ;UHTHJIJIRIJ;ll(}f~HOro 

,I1,eTeKTopa 6oJihIIIOro of>'beMa. ilOJiyqeHhI cooTHOllleHn51, CB513hIBa10rn;n:e ::ittep

reTnqecKoe pa3peIIIeHne ,n.eTeKTOpa c HHTerpaJiaim reoMeTpnqecKoii cpynK

u;nn. 

6. I1cCJie)].OBaHO 3HepreTU'IeCKOe ll rrpocTpaHCTBeHHOe pa3peII1e1me CIJ;HHTHJIJI>I" 

U:HOHHOro ,l],eTeKTOpa 60JibIIIOro o6'beMa, IIOJiy'IeHbI aHaJIHTil'IeCKHe COOTHOIIIe

HH51, IT03BOJI51!0Ill;He 'IHCJieHHO ou;eHHTb pa3peIIIeHne ,l],eTeKTOpa 6e3 MO)].eJIHpO

BaHil5I; pe3yJihTaThI ·nponepeHhI Ha ,n.aHHbIX CTF. C rroMOill;hIO rroJiy'IeHHbIX 

. COOTHOIIIeHnii HCCJie)].OBaHbI B03MO)KHOCTH YJIY'IIIIeHil51 peKOHCTPYKU:lili KOOp

,ll,HHaT li 3Heprnn co6bITirn: . .Pa3pa6oTaHbl rrporpaMMbl peKOHCTPYKU:lili KOOp

,)].HHaT li 3Heprnll OT)].eJibHOro co6b!Tli51. 

Ily6JIHKaUHH. 
OcHOBHhie pe3yJibTaTbl ,ll,liCCepTau;nn orry6JIHKOBaHbl B pa6oTax aBTOpa li pa6oTax 

KOJIJia6opau;nH BopeKCHHO. CrrHCOK pa6oT rrpHBO,ll,liTCH .B .KOHIJ;e pecpepaTa. 

Anpo6aunsi: pa60Tb1. 
Pe3yJibTaTbI, rrpe,n.CTaBJieHHbJe B HaCTOHrn;eii ,ll,llCCepTau;nn ,ll,OKJia)].bIBaJIHCb Ha Ha

Y'IHOH KOHcpepeHU:HH •OT)].eJieHHH H,n.epHoii cpn3HKH PAH "<l>yH,n.aMeHTaJibHbJe B3aH

MO)l.eiicTBH51 3JieMeHTapHb!X qacTnu;" ,(16-20 HOH6p.H 1998 r., MocKBa), Ha ceMnHape B 

Hau;noHaJibHOM I1ncTilTyTe 51,n.epHoii <I>n3nKn ("Resolutions of a large volume liquid

scintillator detector", 21 .HIOJIH 2000.r. I1TaJIHH, MnJiaH). 

06'beM II cTpyKTypa 1rnccepTaunH 

,IJ:HccepTau;nH COCTOHT.ll3 BBe,n.eHHH li,CeMHTJiaB. l13JIO)KeHne rrpOHJIJIIOCTpnpoBa

HO Ml!OrQ'IHCJieHHbIMli pncyHKaMH li Ta6JIIIIJ;aMH. O6rn;nii o6'beM pa60Tbl COCTaBJIHeT 

OKOJIO 170 CTpaHHU:. cpopMaTa A4. 

Bo BBe11eHHH (rJiaBa 1) orrncaHa CTaH,ll,apTHaH Mo,n.eJib COJIHU:a (CMC), HB

JIHIOrn;aHCH OCHOBOH . rrpn pacqeTax B .q:>H3HKe COJIHe'IHbIX Heil:TpliHO, )].aJiee KpaT

KO ll3JiaraeTCH liCTOpHH 3KcrrepHMeHTaJibHOii q:>H3liKli COJIHe'IHbIX He.liTpllHO, ,n.aeTCH 
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omi:caHHe IlHTH OCHOBHhlX 3KCnepHMeHTOB (XoyMCT3HK, KaMHOKaH,n.e, CynepKaMHO

KaH,n.e, C3H,ll.)K H ranneKc). PaccMaTpHBaIOTCH HeperneHHbie npo6neMbl <pH3HKH COJI

He'IHhlX HeiiTpHHO: ,n.ecpm.J,HT IlOJIHOro IlOTOKa COJIHe'IHblX HeiiTpHHO, na6n10,n.aeMbIH 

BO Bcex 3KCnepHMeHTaX, npo6JieMa cpOpMbl cneKTpa "6opHbIX" HeiiTpHHO, B03HHKa

IOill,aH npH cpaBHemm pe3yJihTaTOB KaMHOKaH,n.e H XoyMCT3HK, a TaK)Ke npo6JieMa 

"6epHJIJIHeBbIX" HeiiTpHHO, B03HHKaIOill,aH npH cpaBneHHll pe3yJibTaTOB ra.JIJIHeBbIX 

3KCnepHMeHTOB (ranneKc H C3H,ll.)K) C pe3yJibTaTaMH KaMHOKan,n.e. OTMet.Jeno, 'ITO 

JII06aH JIHHeiiHaH KOM6HHall,HH cneKTPOB HeiiTpHHO OT OCHOBHblX COJIHet.JHbIX peaK-

1.1,HH ne l\lJO)KeT y,n.oBJieTBOpHTeJibHO ofrMICHHTb Ha6n10,n.aeMbie npoTirnopet.JHH Me)K,n.y 

3KCnepHMeHTaMH, TO eCTb npo6JieMa 3aKJIIOt.Jena B <pH3HKe neiiTpHHO. TTpttBO,ll.HTCH 

HaH6onee nonyJIHpHbie perneHHH npo6JieMbl COJIHet.JHhlX HeiiTpHHO (BaKyJMHbie oc

I.1,HJIJIHI.1,HH, 3cpcpeKT MnxeeBa- CMnpnOBa- BonhcpeHilITeiina). TToKa3hrnaeTCH MecTo 

3KCnepHMeIITa BopeKCHHO B pH,n.y HOBbIX 3KCnepHMeHTOB, KaK HaXO,ll.Hlll,HXCH na CTa

,ll.HH pa3pa60TKH, TaK H y)Ke rOTOBbIX K Ha6opy ,n.aHHbIX B 6Jitt)Kaiirnee npeMH. 

rnaBa 2 nOCBHill,eHa OnHCaHHIO npoeKTa BopeKCHHO- cneKTPOMeTpH'IeCKOro ,n.e

TeKTOpa COJIHe'IHhIX HCHTpllHO peaJibHOro npeMeHH. 

B nepBOM pa:3,D.eJie OilHCaHa KOHCTPYKI.1,HH ,n.eTeKTopa. 

Bo BTOPOM pa3,D.eJie no,n.po6Ho paCCMaTpHBaIOTCH B03M0)KHbie HCTO'IHHKH cpo

Ha B ,n.eTeKTOpe H cnoco6bI HX no,n.aBJieHHH. 

KpaiiHe MaJIOe Ce'Ieirne B3aHMO,n.eiiCTBHH HeiiTpHHO C Belll,eCTBOM Tpe6yeT 60Jib

IlIHX pa3MepOB ,n.eTeKTOpa H Tlll,aTeJibHOrO no,n.aBJieHHH BCeB03M0)KHbIX <pOHOB. 100 -

TOHHblH BopeKCHHO 6y,n.eT perHCTpHpOBaTh B 3aBHCIIMOCTH,OT <pH3HKH neiiTpHHO OT 

20 ,n.o 50 co6/cyTKH. EcTeCTBennaH pa,n.HoaKTHBHOCTb B0,ll.hl 3alll,HTbl H Cll,HHTHJIJIH

TOpa (nanpHMep, npHCYTCTBHe B 06b1t.JHOH no,n.e ,ll.OJlrQ)KHBJill,HX pa,n.HOHJKJIH,ll.0B H3 

1.1,eneii pacna,n.a 238U H 232Th Ha yponHe 10-10 r/r) ,n.anana 6h1 na HeCKOJihKO nopa,n.

KOB 6oJibllIHii cpoH, no3TOMY Tpe6yeTCH O'IHCTKa BO,ll.hI no 238U, H 232Th ,n.o ypoBHH 

< 10-14 r/r H no 4° K < 10-11; Tpe6onaHHH K 'IHCTOTe Cll,HHTHJIJIHTOpa elll,e )KeCT-, 

'le: no 238U H 232Th < 10-16 r/r, no 40K < 10-14 (r/r), no 14c;12c < 10-18 r/r, 

BKJia,n. KOCMOreHHbIX 7 Be, lO Be He ,ll.OJI)KeH npeBbIIliaTb HeCKOJibKHX co6hITHii/ ,n.enb. 

Bttemttnii Q)OH cpopMHpyeTCH 3a C'IeT JII06bIX -y-HCTO'IHHKOB, HaXO,ll.Hlll,HeCH BHe 

Cll,HHTHJIJIHTOpa. O)KH,ll.aeMblH Ct.JeT COCTaBHT ,ll.JIH BopeKCHHO 0.11 ± 0.05 co6b!THH 

B ,n.eHb B 100-TOHHOM ofrbeMe Cll,HHTHJIJIHTOpa (nOJII-lbIH o6'beM Cll,HHTHJIJIHTOpa co

CTaBJIHeT 300_TOHH, BHellIHHH t.JaCTh HCnOJib3JeTCH B Ka'IeCTBe aKTHBHOH 3alll,HTbI). 

BttyTpeHHHH Q)OH HBJIHeTCH naH60Jiee KpHTHt.JeCKHM C TO'IKH 3peHHH B03M0)K

HOCTH C03,ll.aHHH ,n.eTeKTOpa C Tpe6yeMblMH xapaKTepHCTHKaMH. Pa,n.uoaKTUBHOCTb 

Cll,HHTHJIJIHTOpa HBJIHeTCH CJie,ll.CTBHeM ecTeCTBeHHOH (238 U, 232Th, 4o K) U KOCMOreH

HOH (14C, 7 Be, 10 Be) pa,n.HoaKTUBHOCTH. ,ll,JIH 3KpauupoBKH KOCMn'lecKnx nyqeii 
,n.eTeKTOp pa3Melll,aeTCH. B TOHHeJie na rny6Hue 4300 MeTpOB B0,ll.HOro 3KBUBaJieHTa. 

TioTOK MIOOHOB B no,n.3eMnott na6opaTopnH B LNGS cocTaBJIHeT 1/(M2·'Iac), cooTBeT

CTBenHo ,n.eTeKTOp 3a CJTKU nepecet.JeT OKOJIO 4500 MIOOHOB, no3TOMY ,n.onOJIHHTeJihHO 

npe,n.ycMOTpen MIOOHHblii: ,n.eTeKTOp C 3cpcpeKTUBHOCTblO H,n.eHTH<pHKa1.1,uu MIOQHHbIX 

co6hITUH 99.98%. 

B TpeTbeM pa3,D.eJie H3JIO)Kena cpH3Ht.JecKaH nporpaMMa BopeKCHno. Ha6mo,n.e-
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m1e l\10110311CprcTH'ICCKIIX HCiiTpHHO C 3HeprHeii 0.86 I\faB ("6ep1IJIJI1IeBbIX" Heii
TPHHO) HBJlHCTCH l'JlaBHOii '3a,n.at.Jeii 3KCnepHMCHTa. OcHOBHbIM MeTO,ll,OM per11cTpa-

1vm IICHTJ)IIIIO B BopcKCHIIO HBJIHCTCH 11eiiTpn110- 3JICKTpOHHOe paccemme, 'ITO no3-

BOJI.HCT ,1.1,CJiaTI, TO'lllbIC npe,II,CKa3amrn OTKJil!Ka ,LI,CTCKTopa, B OTJlllt.Jlle OT pa,II,IIOXH

!\IH'IPCKIIX 3KC1Iepn~ICIITOB. 

TTopor ,1.1,CTCKTOpa 0.25 I\bB no 3JieKTponaM 0T,n.at.J11 onpe,n.eJIHCTCH npucyTCTBH

eM pa,11,noaKTllBIIOl'O 1130Tona 
14C B opraHll'ICCKOI\I Cll,HHTHJIJIHTOpe, n03TOMy 6y,n.yT 

tta6n10,1.1,aTbCH COJIIJet.Jl!blC 11eiiTpHHO C 3HeprHHMH BblllIC 0.45 M3B, 'ITO llCKJIIOt.JaeT 

B03MO)l<HOCTb 11a6mo,n.emrn pp-neiiTpnno. O)Ktt,n.aeMhiii B CMC 3cpcpeKT cocTaBJIHeT 

OKOJlO 50 co6 n ,n.CHb ,ll,JJH 100-TOHHoro o6'bel\la Cll,IIIITHJIJJHTOpa, cneKTp neiiTpHHHbIX 

CHl'HaJIOB II conyTCTBYIOill,Hll <pOII npo,n.eMOIICTJ)HpOBaHbl Ha puc.1 
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Pnc. 1: 9cpcpeKT, O,KH,II,aeMbiii B BopeKCHHO .Il,JIH CMC (6e3 oc1.1,11JIJIHIJ,llii neii-rpu-

110), B cpaBHCIIHH C q)OHOM. 

PHc.2 ,ll,CMOHCTpupyeT 3cpcpeKT, 0)KH,II,aCMblii B BopeKCHHO ,ll.JIH Han60J1ee nony

JIHpHbIX pernennii npo6JieMbl COJIIIet.JHbIX 11eiiTpn110. 

Htt3KHii ypoBCHb Ct.JeTa .Il,OJJ)KeH C 6oJJbllIOii CTeneHb!O BepOHTHOCTH yKa3b!BaTh 

na HOBYIO <pH3HKY ttefiTpHHO. BbICOKHH YPOBCHb C'ICTa, OKOJIO 50 co6/ ,LI.CI-lb, BblllIC 

pe3onanca Mnxeena- CMupnona- BonhcpenrnTeiina (MCB), TaK)KC noTpe6yeT HOBOfi 

<pll3HKH ll3-3a Toro, 'ITO noTOK pp- Heii:TpHHO B raJIJJHCBhIX 3KCIJCJ)IIMCHTax OKa)KeTCH 

HH)KC. TTpoMC)KJTO'IHblC 3Hat.JCHHH C'ICTa 7 Be B BopeKCHIIO 6c3 ,ll.OIIOJJHHTeJibHOi1 HH

cpopMaIJ,HH 6y,n.yT HCO,ll,H03Ha'IllblMH, KaK ,II,JIH aCTj)O<pH3llKH, TaK H ,l],JJH pa3JJH'IHblX 
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Pttc. 2: 9cpcpeKT, O,Ktt,n:aeMbIH B BopeKCIIHO p,.1rn Hatt60.11ee nonym1pHb1x perneHttfi 

npo6.11eMbl CO.l!He''lHb!X HefiTpllHO. 3a e,n:ttHHII,y IIpllH.HT 3cpcpeKT, npe,n:cKa3bJBaeMblH 

CMC. ,LI:.11.a Ka,K,n:Oro perneHtt.H npe,n:cTaBJieH llHTepBa.11 (99%), B KOTopoM cttrHa.11, 

Ha6.1110,n:aeMb!H B BopeKCllHO, He 6y,n:eT npOTllBOpe-'IllT~ pe3y.llbTaTaM II.HTll COJIHe'l

HblX 3KCIIepttMeHTOB. 

cu,euaptteB cptt3llKll qaCTllll,. 

BbICOKa.H CKOpOCTb C'leTa B BopeKCHHO 3Ha'lttTeJibHO 06.11erqaeT IIOllCK epeMeH

HhIX ll3MeHeHIIll IIOTOKa Heii:TpIIHO, 'ITO .HB.11.HeTC.H O,IJ;HOH ll3 rnaBHbIX 3a,n:aq 

BopeKcttHO. 

lfaCTh!O cptt3ll'leCKOH nporpaMMbl BopeKCllHO .HB.11.HeTC.H perIICTpan;IIH aHTII

HeiiTpIIHO. AHTllHel1TpllHO MoryT 6b!Tb 3aperttCTpttpOBaHbi C IIOMOlll,blO peaKU,llll 

3axBaTa HefiTpllHO Ha np0TOHe 

lie +p ➔ n+ e+. 

9Heprtt.H rro3ttTponHoro CHI'HaJia cocTaBttT E,,- l.8M3B=l.02M3B ( aHHttrtt.11.HU,tt.H 

II03llTpOHa) + KttHeTtt'leCKa.H 3Heprtt.H II03HTp0Ha. TaKllM o6pa30M, ,n:a)Ke B6.lltt3ll 

rropora peaKU,llll, aHTttHeil:TpllH0 ,n:acT .HCHO pa3.llll'lllMblll CllrHaJI C 3Heprtteii OK0.110 

1 M3B. MeTKOl1 peaKu,ttn CJiy)KaT 3a,n:ep,KaHHbie coBna,n:eHtt.H c cttrHaJIOM 2.2 M,rn OT 

3aXBaTa TepMa.llll30BaHHOro HeJ:iTp0H8. (BpeM.H TepMaJill3aU,llll 150 MKC). MeTKa II03-

BOJI.HeT 3Ha'lttTe.llbH0 no,n:aBttTb cpoH, II03TOMY nptt llCCJie,n:oBaHllll aHTttHeJ:iTpllHHb!X 

cttrHaJI0B MO,KeT 6bITb llCIIO.llb30BaH Beeb o6'beM Cll,llHTII.11.11.HTOpa B 300TOHH. Ilpe,n:en 

'lYBCTBHTeJibHOCTn K rroToKy Hel1TpnHo cocTaBJI.HeT 5 x 102 1 / cM2 
/ c, n.11tt 1. 7 x 10-4 OT 

IIOTOKa C0JIHe'lHblX "6opHb!X11 HeJ:iTpllH0. Oco6b1J:i IIHTepec npe,n:cTaB.11.HIOT COJIHeq-
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Hbie aHTIIHeii:TpIIHO, rrpe,n:CKa3bJBaeMbie HeCTaH,n:apTHb!MII MexaHII3MaMH <Pll3llKll 

tteihp1rno. 

BopeKCllHO II03B0.llllT ou,eHHTb II0TOKll reocpII3II'leCKIIX aHTIIHeiiTpIIHO, o6pa-

3Y!Olll,IIXC.H npu pacna,n:e U ll Th B 3eMHOH Kope, B 3aBncnMocTn OT reocp_II311'lecKnx 

~10,n:e.11eii B BopeKCIIHO Q)Kll,IJ;aeTC.H OT 10 ,n:o 30 C06bITIIH B ro,n:. 

BcnhIIIIKII ceepxHOBhIX nprrBO.IJ:.HT K KopoTKHM (oKo.110 ceKyH,n:b1) nMny.11b

caM 11eiiTprrtto c 3Heprttefi B 10-M3BHoJ:i 06.11acTn. Po.11b BopeKcntto B ,n:eTeKTrrpo

Battuu CBepxHOBb!X 6y,n:eT YHllKaJibHOH, TaK KaK MO,KeT 6bITh llCCJie,n:oBaH <I>epMll

,LI:upaKOBCKllH crreKTP HeHTpllHO Hll3KIIX 3HeprnJ:i, HeJ:iTpllHO MOryT ,n:eTeKTnpoBaTbC.H 

C Bb!COK0J:i 3cpcpeKTllBHOCTb!O tt, HaKOHeU,, rrpncyTCTBtte 12C B CU,llHTII.11.11.HTOpe II03-

BOJI.HeT llCCJie,n:oBaTb HefiTpa.llbHbie TOKll Bue 3aBttCllMOCTII OT apoMaTa HeiiTpIIHO. 

BopeKCIIHO 'lYBCTBHTeJieH K aHTIIHeii:TpIIHO s,n;epHbIX peaKTOpOB CO cpe,n:HIIM 

paCCTO.HHIIeM Me,K,n:y IICTO'lHllKOM u ,n:eTeKTOpOM 750 KM. 9KcnepIIMeHT n,n:eaJibH0 

IIpIICIIOC06JieH ,IJ;.11.H IIOIICKa BaKyyMHhIX OCU,ll.11.11.Hll,llH Heil:TpllH0 B 06.11aCTII 60.llbIIlllX 

paCCT0.HHllH, He nepeKpbmaeM0H ,n:pyrnMII 3KCIIepIIMeHTaMII. 

,LI:.11.a npaBII.llhHOJ:i IIHTepnpemu,nn pe3yJihTaTOB 3KCIIepnMeHTa qpe3Bb!'lafiuo Ba)K

HO npoBeCTll KaJIII6poeKy ,n;eTeKTOpa. OnIICaH B03MO)KHhlll BaprraHT KaJIH6pOBKII 

,n:eTeKTOpa C II0M0lll,hlO llCKYCCTBeHH0ro IICT0'lHIIKa 51Cr. 
OnIICaHa TaK,Ke 3KCIIepIIMeHTa.JlbHruI npo:i;:paMMa IIO ll3MepeHIIIO MarHIIT

HOro MOMeHTa Heii:TpIIHO C II0M0lll,h!O IICKYCCTBeHHOro IICT0'lHllKa aHTIIHeJ:iTpIIH0 
90 Sr - Y. HII3KIIfi cpoH ,n:eTeKT0pa no3BO.llttT ,n:ocTII'lh ,n:ocTaT0'lHO HII3Koro npe,n:e.11a 

Ha MarHIITHh!H MOMeHT HefiTpI!HO. I1HTeHCIIBHOCTh IICTO'lHIIKa 6y,n:eT MOHllT0pIIp0-

BaTbC.H 3a C'leT peaKU,ttII o6paTnoro 6em-pacna,n:a na npoTOne (nopor 1.81 M3B). 

,Ll,BOUHOU 6eTa paCIIa,IJ; 136 Xe .HB.11.HeTC.H O,IJ;HIIM II3 HeMHOrIIX IIyTeii IIOIICKa 

MafiopanoBcKIIX neiiTpIIHO. Il.11anIIpyeTC.H npoBeCTII TeCTIIp0BanIIe Ha CTF c IIC

II0.llh30BantteM oKo.110 10 Kr o6oralll,eHnoro 136 Xe II, B CJiyqae ycnexa, II3MepeHII.H 

M0ryT 6b!Th npoBe,n:eHbl C BopeKCIIHO C 2 T0HHaMII 136 Xe. 
rJiaea 3 nocB.Hlll,eHa cpoToyMHO,KttTe.11.aM, IIcno.11h3yeMbIM B CTF II BopeKcIIno. 

Cu,ttHTII.11.11.HU,IIOHHhie BCIIb!IIIKII B aKTIIBH0M o6'beMe ,n:eTeKT0pa BopeKCIIHO 6y,n:yT pe

rIICTpIIp0BaTbC.H c II0MOlll,blO CIICTeMhI <pOTOYMHO,KIITe.11eii Thorn EMI 9351 c 60.11h

IIIIIM ,n:IIaMeTp0M <pOTOKaTo,n:a (20 CM II.III! 8 ,IJ;IOHMOB). <I>9Y ,n:annoii M0,n:eJIII IIMe

eT 11 ,n:IIno,n:oB (cTpyKTypa grid-and-box) c o6lll,IIM K03<p<pIIU,IIeHTOM 3.lleKTPOHHoro 

yCII.11enII.H k = 107• <I>9Y IIMeeT xopornee BpeMennoe (1-1.2 nc) II 3ap.a,n:0Boe pa3pe

rnenIIe OTHOCIITe.llbHO 0,IJ;H03.lleKTpOHIIOro CIIrna.11a. B 3KCIIepIIMeHTaJibllb!X YCJIOBII.HX 

BopeKCIIHO <I>9Y pa6oTa!OT B 0,IJ;H03.lleKTp0HH0M pe,KIIMe. 

B nepBOM pa3,n;eJie 0IIIICaH 3KCIIepIIMeHTa.JlbHblll CTeH,n; ,IJ;JIH TeCTIIpoea

HIIH «ll9Y. CTen,n: ·pacnoJIO,KeH B ,n:Byx cMe,KHhIX K0Mnamx, B o,n:noii II3 KOTopi,1x 

naxo,n:IITC.H 3.lleKTpOHIIKa, a B ,n:pyroJ:i, TaK Ha3bIBaeMoii TeMHOl1 K0MHaTe, paCIIOJIO)Ke

Hhl 4 CTOJia, II03BO.II.H!Olll,IIe pa3MeCTIIT~ 64 .<1>9Y. B TeMHOJ1 KOMHaTe CMOHTIIp0Bano 

ycTpOHCTBO KOMIIeHCaU,llH MarHIITH0rO II0.11.H 3eMJIII Ha OCHOBe IIp.HM0yroJibllb!X Ka

TyIIIeK C TOKOM. 

9.11eK~ponnKa ycTaHOBKn co6pana II3 Mo,n:y.11eJ:i B cwH,n:apTe CAMAC II conp.a

,Kena C nepcOHaJibHbIM KOMI!h!OTepoM qepe3 IIHTepcpel1c CAEN Mod.Clll. O,n:IIH 
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Kami.JI 3JieKTp0HllKll ll306pa)KeH Ha puc. 3. Ilo,!J)J,ep)KHBaeTC.H 0,ll,HOBpeMeHHOe llC

nOJib30BaHHe 32 KaHanoB 3JI€KTp0HllKll, npll 3TOM B pe)KHMe T€CTllpOBamrn MO)KCT 

HaxO,D,llTbC.H ,ll,O 128 <l>9Y. TecTHpyeMhie <l>9Y o6'be,ll,HH.HIOTC.H B 4 rpynnhI, nepeKJIIO

'leHHe Me)K)].y rpynnaMu o6ecne'IHBaeTc.H aHanoroBhIMH MYJihTHnneKcopaMH (Philips 

mod.7145 Linear Gate Multiplexer). l-Icnonh30BaHue MYJlhTHnneKcopOB no3BOJ1HJ10 

3Ha'IHTeJ1hHO CHll3llTb CTOllMOCTh YCTaHOBKll. Ha npaKTHKe napaMeTphl <l>9Y Ha

,D,e)KHO onpe,D,eJl.HIOTC.H 3a 1-2 qaca, npoBepKa CTa6HJ1bHOCTll npOll3B0,ll,llTC.H 1-2 pa3a 

B cyTKll, HMeHIIO TaKOH pe)KllM pa60Thl n03B0JlllJ1 npHMeHHTb MYJlbTllnJleKCllpOBaHHe 

,D,a)Ke npH pa6oTe B 1 CMeny (8 qacOB B cyTKll). 

DiffUSOf 

0 ----:_ ---.... __ 
,/,-,,, 

I •-··,. 

~t~ber 

Puc. 3: O,D,HH Kanan TeCTOBOH 3JleKTpOHllKll. 

Laser 

33 KHz 

La.mtrigger 

M11jori1yGA1E 

,II:n.H OCBelll,CHll.H q>OTOKaTO,D,a l!CnOJlh3yeTC.H llMnynhCHhlH nonynpoBO,ll,HllKOBhlH 

Jla3ep Hamamatsu (MaKCHManhHa.H MOlll,HOCTb 0.39 MBT, nmpHHa llMnyJihCa 27.3 nc, 

,ll,JlllHa BOJ1Hhl 415 HM 6JIH3Ka K MaKCHManbHOH KBaHTOBOH 3cpq>eKTI!BlJOCTH EMI 

9351). 

Bopom 3ap.H,lJ,OBoro AU:II H curnan CTAPT ,ll,Jl.H BU:II 3anycKaIOTC.H OT BnyTpeH

Hero Tpurrepa na3epa, KOTOphifi HMeeT npeHe6pe)KHMO Manhlfi. ( < 100 nc) pa36poc 

OTHOCHTeJlhHO HMnynhca cBeTa. Curnan CTOII Ha BU:II npuxo,D,HT OT ,ll,HCKpHMHHa-

Topa. , . 

CneKTP TeMHOro IIIyMa <l>9Y u3yqanc.H npu BhIKJlIO'leHHOM Jla3epe, ucnonh3Y.H 

,ll,Jl.H renepau;uu BOpOT AU:II curHan <l>9Y c noporonoro ,ll,HCKpHMHHaTOpa (nopor 

ycTanaBJlllBanC.H Ha ypOBHe 0.05-0.10 q>OT03JleKTpOHa ll onpe,D,eJl.HJlC.H IIIyMaMH 3JieK

Tp0HllKll). 

Bo BTOpOM pa3,n;eJie nepe'IHCJleHbl OCHOBHbie xapaKTepHCTHKH ct>9Y no 

KOTOphIM npOll3BO,ll,llJ1C.H nepBOHa'!anhHhIH OT6op. Bh!Jlll H3y'leHhl xapaKTepHCTllKll 
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pa3,1IPIIlhIX <l>9Y, npe)K_n:e qeM Bh16op 6hv1 ocm110BneH Ha Thorn EMI 9351. Xa

paKTepHCTHKII 3TOI'O nma <l>9Y 6h!Jlll ll3Y'ICl!hl ,J;JHI '.::::'.50 <l>9Y, 3aKa3aHHhIX ,ll,,1.H 

CTF. 

B TpeTbeM pa3,D.eJie Onl!ChIBaIOTC51 MeTO,D.bl a6COJIIOTHOH KaJIH6poBKH cpo

TOYMHO)KHTeJISI, pa6c>Ta10rn;ero B O,D.H03JieKTpOHHOM pe)KHMe. A6coJ1IOTHa.H 

Kan116pOBKa no,n:pa3yMeBaeT BOCCTaHOBJlCHlle a6COJ110THOro 'IHCJla 3aperHCTp11ponaH

llhIX q>OT03J1CKTPOIIOB na <l>9Y )].JlH co6b!Tll.H onpe,n:enennoro Tlllla. 9Ta IIHq>OpMa

ll,llH llCII0Jlb3YCTCH 3aTC~I /l,JlH onpc,n:e,1en1IH o6rn;ero 3HeproBbJ,ll,eJ1eHHH (cyMMa no 

BCeM <l>9Y). 3nan11e a6COJ110TIIOI'O 'IHCJla ¢oT03J1CKTpOHOB neo6XO,ll,llMO TaK)KC ,ll,JlH 

II0CTp0eHHH <PYHKU,HII_ MaKCIIManhH0I'O npaB,D,OIIO,ll,061!.H ,ll,Jl.H BOCCTaHOBJleHHH npo

CTpaHCTBe!IHbIX KO0p,ll,l!HaT, TaK KaK IIJl0TH0CTb Bepo.HTHOCTll perHCTpau;nn nepnoro 

q>OT03J1CKTpona 3aBHCIIT OT cpe,n:nero 'IIICJla q>OT03JleKTPOHOB, perncTpnpyeMhIX BO 

BCilhlllIKC. 

Oc11om1bIC napaMeTpbI u,n:eanb11oro O,D.H03JieKTponHoro cneKTpa: Kanan AU:II, 

COOTBeTCTByIOlll,HH cpe,n:neMy 3ap.H)].y q1 ll ero OTHOCHTeJlhHa.H Bapnau,1rn Vi = (o-q,/qi) 2. 
B Ka'ICCTBe MO,D,eJlbIIOii cpyHKU,Hll )].JlH 11,n:eanbHOI'0 0,D.H03JieKTpOHHOro CHrHa

Jia ct>9Y llCIIOJ1b30Banacb cyMMa raycc11anbl ll 3KCII0HeHU,HaJihllOii <PYHKU,HH: 

{ 

l'£. -~ I I _l(•-•o-•p)2 
SERo(q) = 0 e A + J2,;'uo ;~Ee , ~a q > 0 

q~O 
(1) 

co cne)J.yIOlll,HMH napaMeTpaMn: 

A naKnon 3Kcnonenu,Hanbnoii qacTu SE Ro ( x); 

PE ,ll,OJlH co6bITHH IIO,ll, 3KCIIOHenu,nanbHOH <PYHKU,Heii; 

qp II03Hll,ll.H nbe_n:ecTana 

qo ll O-o cpC,lJ,H.H.H BeJlll'lllHa ll cpe,n:neKBa,D,paTH'IH0e 0TKJl0Henne raycC0B0ii qaCTll 

0.3.C. C0OTBeTCTBeHHO. 

BeJIH'mna 

9N = ~(l+Erf(~)) 

BBe,D,CHa ll3 coo6pa)Kellllii H0pMHp0BKH, TaK KaK qaCTb rayccHa!lbl 06pc3aeTC.H IlbC

)].CCTan0M. Er J(q) - cpynKU,HH OIIIH6Kn. 

Mo,D,eJlh nponepena ,ll,Jl.H neCK0JlhKllX )].CCHTK0B <l>9Y, xopoIIIee Ka'leCTBO q>IITa 

II0,ll,TBep)K)J.aeT BhJ6op cpyHKU,llll SERo(q). <l>HTHpy1orn;aH cpynKll,llH ,ll,JI.H 3ap.H,ll,0BOro 

cneKTpa <l>9Y MO)K€T 6hITh 3anuca11a B Bll,l),C: 

f(x) = N0 • (P(0) · Noise(x) + P(l) · SER(x) + M(x)), (2) 

r,ll,e N0 - 11opMupy10rn;11ii MHO)KHTenh, P(0) n P(l) - nepoHTHOCTb OTCYTCTBH.H 

cnruana ll nep0.HTII0CTb 11a6J1IO)],elll1.H p0BII0 1-ro q>OT03J1eKTpo11a. <l>yHKU,ll.H .l\f(x) 
Y'lllThIBaeT BKJ!a,ll, MH0f03JleKTp0HllbIX CIICKTPOB (2 II 6onee q>OT03JleKTpOHOB) II 
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<PYHKI.J;IUI Noise(x) 011HCbIBaeT IIIYM 3JleKTpOHHKH B OTCJTCTBHe CHI'HaJJa C <l>9Y. 

B (2) CB060,ll.HhlMH HBJIHIOTCH TOJlhKO 11apaMeTpbl 0,ll.H03JleKTp011HOro c11eKTpa (xo, 
ao, PE lI A). ~H He60JihllIHX µ 3Ta <PYHKU,HH 6y,:i.eT pa6oTaTb TOJlbKO )I.JIH OtJeHh 

BhlCOKOH CTaTHCTHKH H3-3a 60JibllIOH BepOHTHOCTH P(0). 
,Il,aJJee 011HCbIBaeTCH 11pou,e.n;ypa 011pe,n.eJ1eHHH napaMeTpOB O,ll;HO3JieKTpOHHO

ro cneKTpa qi H V1 H MeTO,ll;bl ou;eHKH cpe,ri;Hero 'IHCJia q>OT03JieKTpOHOB B 

co6&ITHH 110 3apH,n.0B0My c11eKTPY <l>9Y: · 

1. ou;eHKa no BepOHTHOCTH OTCYTCTBHH CHrHana; 

2. ou;eHKa C HCnOJib3OBaHHeM KaJIH6pOBKH no O,ll;HO3JieKTpOHHOMY cneK

Tpy; 

3. ou;eHKa no OTHOCHTeJibHOH BapHaD;HH cneKTpa ; 

4. q>HTHpOBaHHe 3apH,ll;OBOrO cneKTpa. 

,Il,aJJee 011HCbIBaeTCH MeTO,ll; KaJIH6poBKH, HaH60Jiee 110,ll.XO,ll.Hlll,Hii ,ll.JIH yCJIOBHH 

CTF H BopeKCHHO. HaH6onee 11poCThIM H ,n.ocTaTOtJHO TOtJHhIM MeTO,ll.OM KaJJH6poB

KH .HBJl.HeTCH BOCCTaHOBJieHHe tJHCJia 3aperHCTpHpOBaHHbIX q>OTOHOB 110 BepOHTHOCTH 

OTCJTCTBHH CHrHaJJa. KaJJH6pOBOtJHOe 3HatJeHHe IIIKaJlhI AIJJI 110JIJ'laeTCH ,n.eneimeM 

cpe,n.Hero 3ap.H,n.a Ha 'IHCJIO µ. Heo6xo,n.HMa.H CTaTHCTHKa MHHHMaJlbHa ,ll.JIH HHTeH

CHBHOCTH HCTO'IHHKa 0.4 < µ < 4. McKyccTBeHHhiii HCTO'IHHK 222 Ra B 11,eHTpe CTF 

06ec11e'IHBaJI 11pu6JIH3HTeJibHO 2 cp.3. Ha co6hITUe, 061L1,a.H CTaTHCTHKa co6hITHii co

CTaBHJia ~ 60000, 3TOrO ,ll.OCTaTO'IHO ,ll.JIH TO'IHOH KaJIH6pOBKH <l>9Y. 

,Uanee 011HCbIBaeTCH MO,ll;eJibHaH cpyHKD;HH ,ll;JIH q>HTHpOBaHHH 3apH,ll;OBOrO 

cneKTpa <I>9Y ,ll.JIH CJiy'la.H µ ~ I. <l>opMyJia (2) He MO)KeT HCl10Jlh30BaTbCH ,l].JIH 

q>HTHpOBaHHH 3apH,ll.OBOro c11eKTpa <l>9Y ,ll.JIH HCTO'IHHKe CBeTa C HHTeHCHBHOCTblO 

~ 1 cp.3. H3-3a 11pH6JIH)KeHHOro xapaKTepa 011,eHKH ql H 0-1, BXO,ll.Hlll,HX B cpopMy:ny 

,ll.JIH M(x). 9TH BeJIH'IHHhI MoryT 6bITh ou,eHeHbI TO'IHO n Hallleii MO,l].eJIH KaK: 

( 
ao 1 qo 2 qi= qo + l'rL. exp(--(-) )(1- PE)+ PE· A, 

v21rgN 2 ao 
(3) 

2 ( 2 2 qoao ( 1 ( qo )2) ( ) 2 2 
0-1 = qo + ao + l'rL. exp --2 - 1 - PE + 2pE . A - qi ' 

v21rgN ao 
(4) 

r,n.e YN - HOpMHpyIOlll,HH MHQ)KlfTeJib, IIplIHUMaIOlll,Hii BO BHHMaHue "o6pe3aHtte" 

rayccOBOll 'laCTH 0,ll.H03JleKTPOHHOro CIIeKTpa: 

1 Xo 
YN = -(I - erf(--)). 

2 ../2ao 

,Il,JIH n~3 ra.yccttaHa O'leHb xopOIIIO a1111pOKCHMHpyeT MHOr03JieKTpOHHhil1 Cl1eKTp, 

,ll.JIH n=2 Ha6JIIO,l].aeTCH 3Ha'IHTCJihHOe OTKJIOHeHHe OT HOpMaJihHOii cpopMbI. Y,n.o6HO 
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HCl10Jlb30BaTb CJie,D;yIOlll,JIO cpopMyJiy, KOTOpa.H ,ll.OBOJlhHO TO'IHO a1111pOKCHMHpyeT 

TOtJHYIO <PYHKU,UIO B o6JiaCTU 11apaMeTpOB, TUl1H'IHhIX ,ll.JIH UCl10Jlh3yeMbIX <l>9Y 

(0.1 < PE < 0.2, 0.1 · qo < A < 0.3 · qo, ao ~ ~qo): 

f( ) - 2 q _!/..+ 2(1-pE)PE ( I(q-qo) 2 )+(I-pE)2 ( l(q-2qo)2) 
2 q -PE-e A exp -- -- ~-=~-exp -- --- . 

A2 ,./'hra0 2 ao 2\/'ffao 2 a 0 ../2 

q CJie.n;yeT 3aMeHUTh Ha q - qp B 11paBOii 'laCTH ypaBHeHHH B CJiyqae HeHyJieBoro 

11he,n.ecTaJJa. 

<l>HTHpy101L1,a.H <PYHKIJ,HH ,ll.JIH 3apH,ll.OBOro CIIeKTpa MO)KeT 6bITh 3a11HCaHa B BU,l].e: 

Nmax 

J(q) = P(0)fp(q) + P(I)fi(q) + P(2)h(q) + L P(N)JN(q), (5) 
N=3 

r,n.e P(N)- K03q>q>Hu,HeHThI 11yacco110BCKoro paCIIpe,n.enenHH H Jp(q) - cpyHKU,HH 

IIIyMa. ,Il,JIH <PYHKU,Hii j N ( q) HCIIOJib3JeTCH HOpMaJihHa.H a1mpOKCHMaI.1,HH ( C 11apaMeT

paMH, orrpe,n.eJieHHblMH cpopMyJiaMH (3) H (4)), <PYHKU,HH !1(q) COBrra,n.aeT C cpynK

U,Heii SER(q) H3 (2). 
<l>yHKI.1,lfH TeCTHpOBaJiaCb na ,n.aHHhIX CTF (,n.aHHhie C HCKyCCTBeHHhlM HCTO'IHH

KOM 222 Ra B u,enTpe ,n.eTeKTOpa). 

,Il,aJJee IIpHBO,ll.HTCH 011,enKa TO'IHOCTH onpe,ri;eJieHHH cpe,u;Hero 'IHCJia cp.3. 

no BepOHTHOCTII OTCTYTCTBHH CHrHaJia. ,Il,JIH 1% TO'IHOCTH Ha ypoBHe la Heo6-

XO,ll.HMa CTaTHCTUKa: 
I - e-µ 

Nt,igiJer = e-µ(I _ e-O.Ol·µ)2. 

B IIOCJie,n.HeM IIO,ll.pa3,n.eJie rrpHBe,n.eHhl cpopMyJihl ,ll;JIH KOppeKu;HH napaMeTpOB 

O,ll;HO3JieKTPOHHOro cneKTpa C yqeTOM BKJia,u;a MHOrO3JieKTpOHHbIX cneK

TpOB ( cnyqaii: µ « I). 
B 'leTBepTOM pa3,ri;eJie II3y<JaeTCH BJIIIHHHe MarHHTHOrO nOJIH 3eMJIH Ha 

pa3pemeHHe ,u;eTeKTOpa. ,Il,JIH ,n.eTaJibHOro H3y'leHHH BJIHHHIIH MarHIITHOro IIOJIH 

3eMJIII na <l>9Y IICIIOJlh30BaJICH 3KCIIepHMeHTaJlhHhlii CTen,n., OIIIICaHHhIH BhIIIIe. lfro-

6hI 011pe,n.eJIIITh OTKJIOHeHHe pa3pernenHH B rrpIICYTCTBHe MarHIITHOro IIOJIH 3eMJIH 

IICIIOJih30BaJiaCb cpopMyJia: 

RH(E) 
Ro(E) 

1 + vfet(H) 
(I + vtet(H = 0)) · I(H)' 

(6) 

3,n.ech RH(E) II vfet(H) - 3HepreTII'leCKOe pa3pernentte u cpe,n.nHH OTHOCHTeJih

na.H BapIIaU,HH O,ll.H03JieKTpOHHOro CHrnana B rrpHCYTCTBIIe MarHHTHOro IIOJIH, Ro(E) 
lf vtet (H = 0) 3HepreTH'leCKOe pa3pernenIIe II cpe,n.HHH OTHOCHTCJibHaH BapIIal.l,IIH 

0,ll.H03JieKTpOHHOro crreKTpa B KOMIIeHCHpOBaHHOM IIOJie. 

BJIHHHHe MarHHTHOro nOJIH Ha npocTpaHCTBeHHYIO peKOHCTPYKD;IIIO 

011,eHHBaJIOCh 110 H3MeHeHHIO pacrrpe,n.eJieHHH BpeMeHH IIpHXO,l].a CHrnana. CTaH,n.apT

HOe OTKJIOHeHIIe BpeMeHII llpIIXO,l].a CIIrHaJIOB cpaKTH'leCKH He 3aBHCHT OT MarHHTHO

ro IIOJIH, HO KOJIII'leCTBO 1103,ll.HIIX HMIIYJibCOB HeMHOrO yBeJIII'IIIBaeTCH ,ll.JIH CJiy'la.H 

11 



Z-KOMIIOHeHTbl MarHIITHOro IIOJHI II 3Ha"IHTeJJbHO 60JJhUie )],JIB Y-KOMIIOHeHTbl. O)Kll

,D,aeMoe yMeHbUie1me "IYBCTBIITeJJbHOCTII - OKOJJO 6% )],JIB ocei1 X II z (rrpII OpIIeHTa

U:IIll IIOJJB B)],OJ!b OCH Y). O)Kll,D,aeMoe yxy,D,UieHIIe rrpocTpaHCTBeHHOrO pa3peUieHIIB 

rrpll 3TOM COCTaBIIT 3% B CJJy"lae uyJJeBOH Y-KOMIIOHeHTbl MI13. 

,II,orrycKII Ha TOqHOCTb opneHTaIJ;IIII «1>9-Y )],JIB KOMIIeHCaU:IIII ::icpcpeKTa Mar

HIITHOrO IIOJJB 3eMJJll ou:eHIIBaJIIICh ITO "IYBCTBIITeJJbHOCTII <l>9Y K a6COJJIOTHOH ne

Jlll"IHHe Y-KOMrroneHThl rroJJB. ITpn ,D,orrycKe Ha opuenTaU:IIJO 12 rpa,D,yCOB (Hy :S 
0.2MI13) KaK :=inepreTn"lecKoe, TaK II rrpocTpancTne1rnoe pa3peUieHIIe yxy,D,waeTCB 

Ha 5%. ITpII ,D,OrrycKe 18 rpa,D,yCOB (Hy :S 0.3 MI13) yxy,D,UieHIIe cocTaBIIT 10%. 

B IIHTOM pa3,n;eJie OIIIICbIBaeTCB rrpou:e,D,ypa aBTOMaTnqeCKOH uacTpOHKII 
ycIIJieHIIH «1>9-Y. Heo6XO)],IIMOCTh C03)],allllB aBTOMaTII3llpOBaHHOH CllCTeMbl ua

CTpOHKII BhICOKOro HarrpB)Ke!Il!B Ha <l>9Y )],llKTyeTCB KOJJII"leCTBOM <l>9Y (2200), KO

TOpb!e Tpe6yeTCB rrpoTeCTIIpOBaTh )],JIB 3KCrrep11MeHTa BopeKCIIHO. Ilpou;e,n;ypa ua
CTpOHKII BbICOKoro HarrpR>KeHIIH pa3pa6oTaHa crreu:IIaJibHO )],JIB 3KCI1epnMe11Ta 

BopeKCIIHO Ha OCHOBe MeTo,n:a KaJIH6poBKll ycIIJJeHHB <l>9Y, II3JIO)KeHHOrO B Tpe

TheM pa3,n:ene ,n:aHHOH rnaBhI. UeJJhJO HacTpoi1KH BBJJBeTCB rrony"leH11e 3Ha"leHHB 

Bb!COKOro HarrpB)K€HIIB, KOTOpoe o6ecrre"lllT 3Ha"leime ycuJJeHIIB k = 107
. Ko11Tpo

JJHpyeMbIM 3Ha"leHIIeM BBJJBeTCB cpe,n:Hee 3HaqeHHe 0)],H03JJeKTpOIIHOrO crreKTpa QI, 

KOTOpoe )],OJJ)KHO B KOHU:€ nacTpOHKll conrra,n:aTb C KaJIII6ponoqnbIM 3Ha"leHl!€M Ct, 

COOTB€TCTBYIOIIJ:HM 3apB,D,y 11a BXO,D,e 13 CHCTeMy 1.6 rrK. 

,Il.aJiee OIIHCb!BaJOTCB pe3yJibTaTbl ycTaHOBKII Hanpa)KeHIIH ,ll;JIH 108 <I>9Y, 
IICIIOJJh3yeMhIX B CTF-II. l1crroJJh3YeMbIH aJirop11TM rro3BOJJBeT HaCTpOHTh HarrpB

,KeHHe )],OCTaTO"IHO 6bICTpO. ,II.JIB 32 <l>9Y rrp11 CKOpOCTH Ha6opa ,D,aHHhIX 4 Kfu: 

narrpB,KeHHe HaCTpmmaeTCB 3a 15-20 MIIHYT c TO"IHOCTb!O 2%. 

,Il.aJiee rrp11no,n:nTCB BhIBO,D, cpopMyJJhr )],JIB pacqeTa cpe,n;uero 3naqeuna o,n;uo-

3JieKTPOHHoro crreKTpa no "o6pe3aHHOMy" crreKTpy. ITonyqeHHaB cpopMyna 

- µ . Q1 [1 - P(0) Qth] 
Qm - Pt · 1 - P(0) - Ptµ P(0) 2q1 

ucnOJJb3Y€TCB B aJirOpllTMe HaCTpOMKII HanpB,KeHIIB. 

,II.JIB Bhl"lllCJJeHIIB nonpaBOK n npou:ecce HaCTpOHKII YCIIJJemrn <l>9Y ueo6xo,n:u

MO 3HaTb 3aBIICIIMOCTb K03q>q>IIIJ;IIeHTa yc1IJieHII~ «1>9-Y OT 'uanpH)KeHIIH. 

ITpIIBO)],BTCB pe3yJJhTaTbl II3MepeHIIll )],JIB qeTbrpex <l>9Y C pa3JJl!"IHb!Mll pa6o"IIIMl! 

HarrpB)KeHUBMH. 

B UieCTOM pa3,D,eJJe KpaTKO OIIIICbIBaeTCB 6a3a ,n;aHHbIX C napaMeTpaMII <I>9Y, 
IIOJJY"leHJibIMII B XO,D,e TeCTIIpOBaHIIB. B Ka"leCTBe 6a3h! ,D,aHHhIX IICIIOJJb30BaJiaCb 3KC

rrepIIMeHTaJ!hHaB ofrheKTHo-opueHTIIpona1rnaB 6a3a ,D,aHHhlX PostgresSQL )],JIB orre

pau:uonHoi1 CIICTeMbI LINUX . 

rJiaBa 4 IIOC13BIIJ:eI-ia IICCJJe,D,OBaHHIO 3HepreTIIqecKoro pa3perueHIIH ccpepII
qeCKOro )KlI,ll;KOCIJ;IIHTIIJIJIHIJ;IIOHHOrO ,n;eTeKTOpa. 

B rrepBOM pa3,n:ene ucCJJe,D,yeTCB 3Hepren1qecKoe pa3perueHIIe ,n;Jia Toqeq

Horo MOHO3HepreTIIqecKOro IICTOqHIIKa. I1oKa3aHO, "ITO 3HepreTH"leCKOe pa3-

pernemrn ,D,eTeKTopa )],JIB IICTO"IHIIKa, naxo,D,Bru;erocB Ha paccTOBHIIu r OT u:enTpa 
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eCTb: 

R(Q,r)= 
1 + vfTF 
!s(r)·Qo' 

(7) 

r,D,e Qo - IIOJ!llb!H 3apB,D,, perIICTpupyeMblH )],eT€KTOpOM, )],JIB IICTO"IHIIKa TOH )Ke 

:rneprnn 13 1Je11Tpe /WTCKTOpa, !s(r)- cpy11KIJirn, Y"IIITb!BaJOII~aB 3aBIICIIl\lOCTb IIOJJHOro 

perHC'rp11pyel\10ro 3apB,n:a OT paccTOBHHB ,n:o IJeHTpa ,D,eTeKTopa. 

,II.JIB IICTO'III!IKa C KOOJ))],!IHaTal\m 1 cpe,D,HIIH 3apB.LJ,, per11cTp11pyeMblH i-Tb!M 

<l>9Y MO)KHO 3arr11caTb, IICIIOJ!b3YB reoMeTp11qecKy10 cpyHKIJIIIO .LJ,eTeKTOpa: 

µ;(r;) = µof(?) = µof (r, 0). (8) 

<l>yHKU:IIB !s(r) (n 7) CBB3aHa C reOMCTpH"leCKOH cpyHKU:HCH f (?): 

l Nnt l lo" 
!s(r) = - L J(r;) ~ - J (r, 0) sin(0) d0. 

Nn.1 ; 2 o 
(9) 

Bo BTOpOM pa3,n;eJie HCCJJe,D,yeTCB BJIIIHHHe ueTOqHOH KaJIH6poBKII ua 
3HepreTnqecKoe pa3peruenIIe. I1oKa3aHo, "IT0 pa3pewenne ,D,eTeKTOpa np11 neTo"l

noi1 KaJI116ponKe cocTaBJJBeT )],JIB ,n:ocTaTO"IHO 6oJJhworo "IHCJJa <l>9Y: 

, / l +v1 ✓ J R (E, r) = \ !s(r). Qol + v(c) = R(E, r) 1 + v(c), (10) 

r,D,e v(c) = ( T )2 -OTHOCHTeJJbHaB napnau:nB neToquocTH KaJin6poBKH. HeTO"l

HOCTh KaJIH6poBKH OT,D,eJJhHbIX <l>9Y npaKTH"leCKH He BJIHBeT ua pa3pewe11ne ,n:e

TeKTOpa, )],OCTaTO"IHO rpy6aB KaJIH6ponKa OT)],€JlbllblX <l>9Y c 20%-oiI TO"IHOCTb!O 

(ac, = 0.2) o6ecrre•mT 2%-y10 TO"IHOCTh orrpe,n:eneHHB pa3peUieHHB. 

B TpeTheM pa3,n;eJie ncCJJe,D,yeTCB 3HepreTIIqecKoe pa3perueuIIe ,D;JIH HeTo
qequoro IICTOqHIIKa, l10Ka3a110, "ITO 3!!epreTH'IeCKOe pa3peUie1me )],JIB HCTO'IIIIIKa, 

paBHOMepHO pacnpe,D,eJJeHHOro no aKTHBHOMY ofrheMy ,D,eTeKTOpa, 11e IIO)],"lllHBeTCB 

rrpOCTOMY 3aKouy (7). ECJJH HCTO"IIIHK paBHOMepHO pacnpe,n:eJJe!I no ofrheMy ,n:eTeK

Topa C IIJJOTIIOCTblO n( r) H ero 3HepreTH"l€CKllH crreKTp OIIHChIBaeTCB cpyHKU:Hei1 

j E(E), TO cpe,D,HllH 3apB,D,, perncTp11pyeMhlH ,n:eTeKTOpOM eCTb: 

< Q >= Q0 • f E !E (E) dE · {Ro ls (r) n(r) dr = Qo < E >< ls > . 
lE>E,h lo 

(11) 

Pa3pewen11e ,n:eTeKTOpa IlpH 3TOM Oill!CbIBaeTCB cpopMyJJOH 

ij Rv,E(Q) = = 1 +vt 
Qo < E >< fs > + v(fs) + v(E) + v(fs)v(E). (12) 

3,n:ech v(Js)- OTHOCHTCJ!b!laB napHaIJHB cpyHKU:HII !s(r) IIO o6'heMy ,D,eTeKTOpa: 
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(f) = < J;(r) > - 1 
V s - f 2 < s > 

ll v(E)- 0TH0CllTeJibHa.H BapttaU,ll.H 3HepreTll'IeCKoro cneKTpa IICT0'-IIIIIKa: 

v(E) = < E2 > - < E >2 
< E >2 

B qeTBepTOM pa3,n;eJie HCCJie,rr,yeTrn reoMeTpMqecIGUI <PYHKIJ;MH CBeTo

c6opa. IlapaMeTpbI, noJiy'-!eHHbIC B Jia6opaTOpHbIX llCCJie,11.oBa!lll.HX HCn0Jib30BaJIHCb 

nptt Mo,11.eJittpoBaHHH ,11.eTeKTopa MCT0,11.0M Mo11Te-KapJio. C noM0l.lJ,bIO noJiy'-Ieirnofi 

re0MCTpll'-IeCK0H <PYHKU,llll ou,eHHBaJIIICb MHTerpaJibI reoMeTpMqecKoii <PYHK

IJ;MM. OTnoc11TeJibHa.H BapttaU,ll.H cpyHKU,llH ls C0CTaBJI.HCT v(J,) = 0.05. JlerKo npo

BepHTh, '-ITO BJill.HHllC ua pa3peII1CHHe ,11.CTeKT0pa 6y,11.eT 3aMCTH0 ,11.Jl.H 3HeprHfi, Ha'-Ill

ua.H nptt6JIH3HTe.'lhHO c 70 K3B. TaKttM o6pa3oM, y)Ke B o6JiaCTII 3Heprnfi 14C 6y,11.eT 

Ha6JII0,11.aTbC.H 0TKJI0HeHHe pa3pellieHll.H OT 3aK0Ha c~l:V. 
rJI1rna 5 riocB.Hl.lJ,eHa HCCJie,11.0Ban1110 npocTpaHCTBettHoro pa3pemettMH ccpe

pMqecKoro )KM,ll;KOCIJ;HHTMJIJIHIJ;MOHHOro ,n;eTeKTOpa. 

B nepBOM pa3,D;eJie onllCbIBaCTC.H MeT0,11. BOCCTaHOBJieHMH KOOp,D;MHaT no 

3apH,D;OBbIM CMrHaJiaM. IlpocTpaHCTBeHHa.H peK0HCTPYKU,ll.H C l!Cn0Jib30BaHl!eM 

3ap.H,11.0Bb!X CllrHaJI0B <1>9Y M0)KCT 6b!Tb ocyw:ecTBJICHa C noM0l.lJ,bIO MeTo,11.a MaKCll

MaJibH0ro npaB,11.ono,11.06tt.H. CB060,11.Hb!Mll napaMCTpaMll .HBJI.HIOTC.H 3 npocTpaHCTBeH

Hb!X K00p,11.llHaTbl 11 noJIHb!H 3ap.H,!1., C00TBeTCTBYIOl.lJ,llH co6bITll!O TOH )Ke 3uepr11ll B 

u,e11Tpe ,[l;CTCKT0pa: 

(

NPM ) 
L(x, y, z, Q) = log E p (µ(r't(x, y, z), Q), q;) , 

r,11.e p (µ(r't(x, y, z), Q), q;)- Bep0.HTH0CTb perncTpaU,llll ua i-TOM <1>9Y 3ap.H,11.a 

q; ,11.Jl.H co6b!Tll.H B T0'-!Ke C a6COJIIOTHb!Mll K00p,11.llHaTaMH { X' y, z} 11 Q- noJIHb!M 

3ap.H,11.0M, per11cTp11pyeMb!M ,11.Jl.H co6b!TH.H TOH )KC 3Heprnll B u,euTpe ,11.eTeKT0pa; 

?;(x, Y, z) -K00p,11.HHaTbl co6bITll.H B Cl!CTeMe K00p,11.llHaT, CB.H3aHH0ll c <1>9Y. Cpe,11.

HllH 3ap.H,11., 0)KH,11.aeMbIH Ha i-TOM <1>9Y: 

µ(TI, Q) = !("rt) . S;. NQ . 
PM 

Bepo.HTHOCTb per11cTpau,tttt ua i-TOM <1>9Y 3ap.H,11.a q, eCJI11 cpe,11.Hllfi 0)KII,11.aeMhifi 

3ap.H,11. eCTb µ 3allllllleM, II0Jib3Y.HCb cpopMyJiofi (5): 

NMax 

p._µ, q) = L P(N, µ)f N(q). 
N=O 
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B Ka'-!eCTBe na'-!aJibH0ro 3Ha'-!emrn Q npu B0CCTaH0BJieHIIII K00p,11.HHaT II 3Hep

rllll HCII0Jib30BaJIC.H cyMMapHblll CllrHaJI 110 BCeM <1>9Y. OTHOCIITeJibHa.H '-IYBCTBll

TeJibH0CTb <1>9Y onpe,11.eJI.HJiaCb ,11.Jl.H BT0pofi rpy11nbl 3JieKTp0HHKll no ,11.aHHbIM, ua-

6pa11Hb!M C l!CT0'-IHHK0M B u,eHTpe ,11.eTeKT0pa; ,11.Jl.H nepB0ll rpynnhl 3JieKTp0HllKH 

IICn0Jib30BaJIIICb ,11.aHHbJe 14C. 
,II,anee llCCJie,rr,yeTC.H TQqHOCTb BOCCTanonJieHMH KOOp,D;MHaT no 3ap.H,!1.0Bb!M 

CHrHaJiaM. TioKa3aHo, '-ITO T0'-IH0CTb np0CTpaHCTBeHH0ro B0CCTaH0BJiemrn 110 pa,11.n

ycy M0)KII0 ou,eHIITb 110 cpopMyJie: 

1 {" 1 df (r 8) _1 

O",(r) ~ Ro(E)(-2 lo J(r, 8 ) + J,(r/ d~ )2sin(0)d0) 
2

• 
(13) 

,l],JI.H 0U,CHKII T0'-IH0CTll B0CCTaH0BJICHH.H K00p,11.HHaT M0)KH0 B0CII0Jib30BaTbC.H ynpo-

1.lJ,CHH0H reoMeTpH'-IeCK0H cpyHKU,llefi, 3aBl!C.Hl.lJ,efi T0JlbK0 OT H3Menemrn IeJieCH0rD 

yrJia n yrJia na,11.eHH.H CBeTa ua K0HU,CHTpaT0p <1>9Y, npeue6pera.H nornorn:e1rneM (B 

TOM '-Il!CJie C n0CJIC,ll,JIOl.lJ,l!M nepepacce.HHileM) II paccemmeM CBeTa B CU,IIHTIIJIJI.HT0pe, 

a TaK)KC 3cpcpeKTaMH (npeJIOMJieu11e II 0Tpa)Ke1me) Ha rpa1mu,e pa3,11.eJia cu,1rnTHJIJI.H

Top/Bo,11.a. To'-!HOCTb B0CCTaH0BJieHH.H K00p,11.IIHaT no 3ap.H,!1.0Bb!M CHrHaJiaM B u.enTpe 

,11.eTeKT0pa C0CTaBHT npn 3T0M: 

O"iq) = {f LoR(E), (14) 

r,11.e R(E)- 3HepreTn'-IecKoe pa3pelllenne B u,eHTpe ,11,eTeKT0pa, L(O)- xapaKTepHbIH 

pa3Mep ,11.eTeKT0pa (paCCTO.HHHe OT u_eHTpa ,11.eTeKT0pa ,11.0 cpOTOKaT0,11.a cJ)9Y). 
Bonee 6JIH3KOe K peaJibHOll CHTyaIJ,1111 ,n,aeT npn6JIH)KCHHC reoMeTpH'-IeCKOll cpyHK

U,1111 C y'-!eT0M norJI0l.lJ,eH.H.H CBeTa B CU,IIHTHJIJI.HT0pe. TO'-!HOCTb B0CCTaH0BJieHH.H K0-

op,11.nHaT no 3ap.H,11.0Bb!M CHrHaJiaM B u,enTpe ,11.eTeKT0pa np11 3T0M C0CTaBHT: 

if 1 
O"(q) ,= LoR(E) · --,-- . 

X 1+.bJ... 
2LA 

B peaJibH0M ,11.eTeKTope ( CTF) BJIH.HHHe 11peJI0MJieH11.H cBeTa Ha rpaH11u,e cu,11H

THJIJI.HTop / Bo,11.a CHJibH0 H3MemieT reoMeTp11~eCKYIO <PYHKU,HIO, '-ITO IIPIIB0,11.HT K 3a

MeTH0MY YJIY'-!llleHHIO npocTpaHCTBeHH0ro B0CCTaH0BJieHH.H Ha Kpa.HX ,11.CTeKTOpa. 

Bo BTOpOM pa3,n;eJie on11can MeTO,D; BOCCTaHOBJieHHH KOOP,D;MHaT no Bpe

MeHM npMxo,n;a CMrHaJIOB 

IlpOCTpaHCTBeHHa.H peKOHCTpyKU,11.H C HCn0Jib30BaHHeM BpeMeHHbIX CIIrHaJI0B <1>9Y 
M0)KeT 6hITb ocyrn:eCTBJieHa C noM0l.lJ,bIO MeT0,11,a MaKCI:IMaJibH0r0 npaB,11.0110,11.06u.H. 

CB060,11.Hb!MII 11apaMeTpaMH .HBJI.HIOTC.H 3 n:pocTpaHCTBeHHb!X K00p,11.HHaTbl H 0,11.HH 

BpCMCHH0ii: 11apaMeTp To. IloJIHblH 3ap.H,11., COOTBCTCTByIOl.lJ,Hfi co6hITHIO, .HBJI.HCTC.H 

cpii:KcnpOBannhIM 11apaMeTpoM: 

( 

~M ) 
L(x, Y, z, To)= log i=l,tgT,,. •• P (T(TI(x, y, z), To, tde;), µ(Qo, r't(x, y, z)), Pt) . , 

(15) 
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r,n;e p (r(rt(x, y, z), ro, tde;), µ(Qo, rt(x, y, z), p1))- Bepo.HTHOCTh ITp11xo,n;a ITepBo

ro IIMIIYJihCa Ha i-TOM <l>9Y B MOMeHT BpeMeHII tdc; ,!l;Jl.fl co6b!Tll.fl B TO'!Ke c a6-

COJIIOTHh!MII KOOp,!l;l!HaTaMII { x, Y, Z} II Qo- IIOJIHb!H 3ap.H,n;, per11cTp11pyeMb!M ,!l;Jl.fl 

co6b!Tll.fl TOH )Ke :mepr1111 B u;eHTpe ,n;eTeKTOpa; r\(x, Y, z) -KOOp,!1;11HaTbl co6b!Tll.fl 

B CIICTeMe KOOp,n;11HaT, CB.H3aHHOH C i-Th!M <l>9Y. T max ITpe,n;cTaBJI.HeT co6oii ITpe,n;eJI 

na apeM.H per11cTpau;1rn <pOT03JieKTpona na <l>9Y (MaKCIIMaJihHa.H llIKaJia Bl.lJl, JI1160 

rrporpaMMHhIH rrpe,n;eJI, HaJiaraeMhIH ,!l;JI.H YJIY'!lllen11.H pa3pellleH11.H). Cpe,n;nuii 3ap.H,n;, 

O)K11,n;aeMhiii na i-TOM <l>9Y orrpe,n;eJI11M KaK: 

µ(rt, Q) = J(rt) · S; · NQo . 
PM 

Ilpu 3TOM Q- <pl!KCHpOBaHHhlfi ITapaMeTp, a Qo = ___9__! ( )-3ap.H,n;, COOTBeTCTBYIO-
& x,y,z 

:w;ufi co6b!THIO TOH )Ke 3Heprnu B u;enTpe ,n;eTeKTOpa. 

ECJiu apeM.H perucTpau;uu co6h1T11.H na o,n;HoM 113 <l>9Y ecTh tdc0 , a Ha i-TOM -

tdc;, TO MO)KHO 3aIT11caTh: 

tdc0 = T0 + tofo + tio + ro, 

tde; = T0 + to f; + ti; + r; , 

r,n;e To-a6COJIIOTHblll MOMeHT BpeMenu, B KOTOpbIH ITp01130llIJIO co6b!Tlle, tof;
MIIHIIMaJihHOe BpeM.H ITPOJieTa <pOTOHOB OT IICTO'!HHKa B IT0311ll;IIH { x, Y, Z} ,n;o i-Toro 

<l>9Y, ti;- apeM.H ,n;peficpa 3JieKTponoB BHYTPII <l>9Y, r;-MOMeHT 11cITycKan11.H ITepaoro 

3aperucTpupoBannoro cpoTona. 

r; = ro + (tofo + ti0 - tdco) - (tof; + ti; - tde;). (16) 

TaKIIM o6pa30M, BpeM.H perncTpau:1111 ITepaoro <pOTOHa i-Th!M <l>9Y MO)KHO Bb!pa-

311Tb 'lepe3 BpeM.H perHCTpau:1111 rrepaoro <pOTOHa na O,!l;HOM H3 <l>9Y, '!TO II OTpa)KeHO 

B <pOpMyJie ,!l;Jl.fl <pyHKll;IIII (15). 

IlJioTnocTh aepo.HTHOCTII perucTpau:1111 cpoTonoa B cu;11nT11JIJI.HU:IIOHHOfi BCIThillIKe 

r (rt, To, t;) ll3Y'laJiaCh B Jia6opaTOpHblX yCJIOBH.HX. . 

,D:anee IICCJie,n;yeTC.fl TOqHOCTb BOCCTaIIOBJieHIUI KOOp,11,IIHaT no BpeMeHn 

npnxo,11,a cnrHaJIOB. IloJiy'!eHbl KOJill'leCTBeHHbJe ou;eHKII ,!l;Jl.fl TO'!HOCTH BOCCTa

HOBJieHll.fl KOOp,n;unaT rrpu pa3JIH'!Hb!X "apeMeuax o6pe3aHH.H" Tcut ( OTC'!IITaHHOro OT 

a6comoTnoro apeMeHH (To+ tof min), r,n;e To- MOMeHT apeMenu, B KOTOphifi ITp0113o

llIJIO co6hITl!e II tofmin-BpeM.H ITpOJie'ffi <pOTOHa ,n;o 6Jill)Kalllllero <l>9Y ,n;eTeKTOpa). 

To'!HOCTh BOCCTaHOBJieHH.fl KOop,n;11HaT ITO pa,n;uyc-BeKTOpy COCTaBJI.HeT: 

( ) 1 c [ 1 r+ 1 r - Lo . y ]- I 
arr= JNpu-:;,, 21-1 (L(r,y)·a1(T(r,y)))2(l-e-µ(r,y)F(T(r,y)))dy (17) 
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A311~1YTaJlbllOC pa3pell1Clll!e OITHCbIBaeTC.fl aHaJIOrll'lllblM Bbipa)KCHl!eM: 

ae = _1_!: [! r+I ( Lo. y )2(1 - e-µ(r,y)F(T(r,y)))dy]-1 (18) 

J NPJ\r n 21-1 L(r, y) · a(T) 

IloJiy'leHhl TaK)Ke cpopMYJibl ,!l;JJ.fl ou;eHKII TOqHOCTII BOCCTaHOBJieHIIH KOOp

,11,IIHaT no BpeMeHH npuxo,11,a CHrHaJIOB ,11,JIH C06bITHH B n.eHTpe ,11,eTeKTOpa. 

To•moCTb BOCCTaHOBJiemrn KOOp,!l;H!IaT ITO npeMCHII ITp11xo,n;a ITepBblX IIMITYJJbCOB ua 

<l>9Y B u;e1npe ,n;eTCKTopa 110JJy'!11TC}I 113 (17) npu r = 0: 

a(tl = J:3 !j:,/a2(T) + a}o(T) 

x JNPllr(l - Exp(-µ 0 F(T)) 
(19) 

B TpeTbeM pa3,11,eJie HCCJie,n;yeTC.fl B031\10,KHOCTh yJiyqrneHne npOCTpaHCTBeH

HOro pa3perneHHH npn 0,11,HOBpeMeHHOM HCnOJih30BaHHH BpeMeHHOH II 3a

pH,1],0BOH HHCpOpMan.un. TioK_a3aHo, 'ITO O,!l;IIOBpeMeu11oe HCilOJlb30Bamrn Bpe~ICH

IIOH H 3apH,!1;0BOH Hll<pOpMau:1111 C <l>9Y YJIY'!WaeT npocTpaHCTBCIIIIOC pa3peweHHH 

Ha KpaHx ,n;eTeKTOpa. 

rJiaBa 6 ITOCBH:rn;eHa om1ca111110 npOTOTlrna ycTaHOBKII BopeKCHIIO, Counting 

test facility {CTF). Oc11oa11ofi u;eJJhIO c03,n;aH11H•CTF HBJIHJJOCh H3Mepe1rne ro,'1.ep

,Kamrn pa,n;uoaKTIIBHhlX npHMecefi B )1{11,!l;KOM Cll;IIHTHJIJIHTOpe, B '!aCTIIOCTH 
14C,238U 

n 232Th. Tipe,n;en '!YBCTBHTeJihHOCTII ycTaHOBKH K CO,/\Cp)Ka11mo 14C naxo,n;nTc.H na 

ypoane 10-19 _ 9KcITep11MeHTaJihHaH TexH11Ka CTF Ta ,Ke, '!TO II B BopeKcn110,- pe

r11cTpau;11.H CU:HHTHJIJl.flll;llll B )KH,!l;KOM opraHH'leCKOM Cll;HIITHJJJJHTOpe. Pa3Jlll'lllble 

qacTn CTF ycmHaBJIIIBaJIHCh n Te'le1111e 11ep110,/\a 1993- na'!aJIO 1995 ro,n;a. 3aITOJI-

11em1e B0,!l;Oll Ha'!aJIOCb B .fll!Bape 1995. Cu;HHTHJJJIHTOp 6hIJI ITOJIHOCTh!O 3aJIIIT K 

aITpemo 1995. CTF pa6oTaJI 11eITpepbIBHO c mrnape 1995 ,n;o HIOJJH 1997 ro,n;a. 

B nepBOM pa3,11,eJie oIT11caHa KOHCTPYKU:IIH ,11,eTeKTopa. 

BTopoii pa3,1),eJI ITOCB.HIU:eH 01111ca1rn10 )Kl!,/\KOro Cll;JIIITIIJIJI.HTOpa, IICITOJJb30BaH

IIOMY n CTF. Oco6b1e Tpe6oaaHHH ITPC.I\'h.HBJJMJil!Ch K pa,11,noqncTOTe cu;1rnT11JIJJH

Topa. OnTnqecKne CBOHCTBa Cll,HHTHJIJIHTOpa TIU:aTeJib!IO IICCJIC,!l;OBaJil!Cb C HC

IIOJJb30BaHl!eM PM,/\a MCT0,11;0B. 

,D:anee OIIHCb!BaeTC.fl ITpou:ecc npnrOTOBJieHHH Cll,lIHTHJIJIHTOpa H oqncTKa 

Cll,HHTIIJIJIHTOpa. ,D:JJ}I ,!l;OCTH)Ke!IH}I 11eo6xO,/\IIMOi1 pa,n;HO'!HCTOTbl Cll;l!HTIIJIJIHTOpa 

Tpe6yeTCH y,n;aJICHl!e BCCX cpopM pa,n;11oaKTHBIIbIX 3arp.H3HCHHi1, ITpucyTCTBYIO:rn;ux 

B BH,n;e XHMH'!eCKHX ITp11Mecei1 B Cll;IIIITIIJIJI.HTOpe (TOJibKO 3 H H 
14C ne MOryT 6b!Tb 

y,n;aJieHhl H3 Cll;IIHTHJJJJ}ITOpa). XHMH'!eCKHe cpopMbl 3TIIX ITpm.1ecefi Heii3BCCTHhI, no-

3TOMY MeTO,/\bl O'!HCTKH TCCTllpOBaJIIICh ,!l;Jl.fl Han6onee nepO.HTHb!X npnMecefi. O)KH

,1\aeMbie HCTO'!HHKH pa,n;noaKTllBHb!X npnMecefi B Cll;IIHTHJJJJHTOpe BKJJIO'!a!OT 222 Rn, 
85 J{ T II 39 Ar OT BOJ,n;efiCTBll}I B03,!l;YXa, 238 U, 226 Rall 232Th OT MIIKpOCKOITll'!CCKHX '!a

CTHU: IThIJIH, 40 J{ H3 PPO. KpoMe Toro, B peaKu;11H 12C(x, axn)7 Be(x = n,p) MO)KeT 

pO)K,/\aTbC}I 7 Be ll ,n;aBaTb BKJia,/\ B <pOH BllJIOTb ,/\0 1 BK/Kr. TioCTO}IHHa}I O'!IICTKa 

Cll;HIITHJIJIHTOpa yMel!blIIHJJa BllyTpe1111ufi ¢011 B ,n;eTeKTope B npe,/\eJJax 311epren1-

•iecKoro OKHa 250 < E < 800 K3B OT '.::::'. 470 co61,1T11fi B ,n;enh ,n;o < 40 co61,1T11fi B 
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,a;eHb. 

TpeTIIii: pa3,n;eJI TIOCBHllJ,eH on11cam110 pa3JIH'1HbIX KOMTIOHel!T ,a;eTCKTOpa. Ho

Bb!M TeXHH'1eCKHM peweHHeM HBHJIOCb HCTIOJ!b30Ba1rne J\!HrKoro BHyTpeHHero KOH

Teiittepa ,ll;JIH )KH,ll;KOro CU:HHTHJIJIHTOpa. 

Ba)KHOii qaCTb!O ,a;eTeKTOpa HBJIHeTCH CHCTeMa oqnCTKH BO)];bl. Mace- cneK

TpOMeTpHH H HeiiTpOHHO- aKTHBal(HOHHblii aHaJIH3 aKTHBIIOCTH BO,ll;bl IlOKa3aJIH, '1TO 

co,a;ep)Kattue U 11 Th CHH3HJIOCb ,a;o 10-7 BK/Kr (oT 10~3 BK/Kr B Cb1poii Bo,a;e), 11 

co,a;ep)Ka1111e K yMeHbWHJIOCb OT 2.5 BK/Kr ,a;o 5 x 10-3 BK/Kr. Co,a;ep)Ka1rne pa,a;otta 

B BO,ll;C YMCHblllHJIOCb OT 10 BK/Kr B Cblpoii BO,ll;C ,a;o 5 MBK/Kr noCJie nponycKa!!HH 

a30Ta. 

qHCTbIH a30T HCTIOJib30BaJICH ,ll;JIH IlO,l!ACp)Ka!IHH a30THOii aTJ1.10C<pCpbl 11a,a; no

BepX!!OCTb!O B0,ll;bl B rJiaBHOM 6aKe, a TaK)KC B CHCTCMax 0'1HCTKH. 

Cn,HHTHJIJIHil,HH perHCTpHpyeTCH 100 <1>9Y C 60JibIIIHM .n;naMeTpOM <pOTO

IGlTO,n;a. ,-aKTHBIIOCTb Ka)K,a;Oro <I>9Y B c6opKe- '.::::'. 3.8 BK, 3Ta aKTHBHOCTb HBJIHCT

CH OCHOBHblM HCT0'1HHKOM ,-cpoHa. lfro6bI 3allJ,HTHTb BHYTPCHHHii 061,eM OT 3TOrO 

cpo11a, <I>9Y ycTa!laBJIHBaJIHCb 11a paCCTOHHHH 2.3 M OT BHyTpe1111ero KOHTeii11epa. 

reoMeTpH'1CCKHii OXBaT aKTHBHOii o6JiaCTII CU:HIITHJIJIHTOpa COCTaBJIHCT 21 %. 

,L(aJiee onnchrnaeTCH 3JieKTpOHHKa CTF. 100 <I>9Y coe,a;utteHhI c 64 KaHaJiaMn 

3JICKTpOHHKH npn 3TOM 72 <I>9Y 061,e,a;nHCHbl nonapno B 36 KaHaJIOB, BbIXO,ll; Ka)K

,a;oro KaHaJia pa3,ll;CJIHCTCH Ha aHaJIOrOBblll H u:ncpponoii CHrHaJI. AHaJIOrDBblii CHrHaJI 

nocTynaeT Ha ,a;Ba AllJI n B JIHHeiiHbiii cyMMaTOp, KOTOpb1ii cpopMnpyeT cyMMapHbiii 

ClffHaJI BCCX 64 KaHaJIOB, HCTIOJib3YCMblll ,ll;JIH a - (3- ,ll;HCKpHMIIHau:1111. 

B 'leTBepTOM pa3,n;eJie onncbrnaeTCH 1I,ll;CHTH<p1IKaU:1IH cnrHaJIOB B CTF. HalI-

6oJiee 3<p<peKTHBHbIM HBJIHCTCH MCTO,ll; BpeMCIIHbIX KOppeJIHU:Hii TIOCJIC,ll;OBaTeJibHblX 

co6bITHii B u:eno'1Kax pa,a;noaKTIIBHblX pacna,a;oB. 9TOT MCTO,ll; nplIMCIIHM K noCJie

,ll;OBaTCJ!bllblM a n ,B-pacna,a;aM B ypaH-TOplICBOH u:enH pacna,a;oB, K MO,ll;C f3 pacna,a;a 
85 Kr, conpOBO)K,ll;aIOlll,CHCH 'Y- H3JIY'1CHIICM, a TaK)KC ,ll;JIH H,ll;CHTII<pHKaU:HH IICHTpQII

HOro 3axBaTa BO,ll;OpO,ll;OM, conpoBO)K,ll;aIOlll,CrocH 'Y- II3Jiyqe11neM. CBOHCTBa noCJie

,ll;OBaTCJ!b!IOCTCH pacna,a;oB, ncnoJib3YCMbIX B CTF ,ll;JIH n,a;e11TH<pHKau:nn co6bITHH 

np1rne,a;eHbI B Ta6Jinu:e 1. 

I IIoCJie,a;oBaTeJibHOCTb pacna,a;oB I Cpe,a;11ee BpeMH )KH3HH 11CT0'111HK 

214 Bi(,B)-214 Po( a) 236 MC ~~ou 
~i-., Bi(,B + 1)-m Po(a) 432 !IC ~~~Th 

~5 Kr(,B)-~i> Rb('Y) 1 MC ~5Kr 
> lM3B (MIOOHbI)-n-2.2M3B 1 269 MC KOCMH'1CCKHH MIOOII 

Ta6JIHU:a 1: KoppMHpOBaHHhIC co6b1THH B CTF 

KocMH'1CCKHe MIOOHbI- OCHOBHOH HCT0'1HHK co6b1Tnii B CTF. 11cnoJib30Ba11ne 

npOCTpaHCTBCHHOH aCHMMCTpHH BMCCTC C BpeMCll!lblM o6pe3aHIIeM Il03B0JIHJIO ,a;o
CTH'1b 95% H,ll;CIITH<pHKaU:IIH MIOOHOB, coxpaHHH npn 3TOM > 95% CU:HIITHJIJIHU:HO!I

HblX co6bITIIfi. 9cpcpeKTHBHOCTb H,ll;CHTH<pIIKall,HH MIOOHOB npoBepHJiaCb c nOMOllJ,b!O 

,ll;BYX BHClllHHX npOBOJI0'1HbIX KaMep, ,a;aIOllJ,HX HC3aBIICHMbltl: MIOOHHbltl: Tpnrrep. 
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Cu:11HTHJIJIHU:IIH OT co6bITIIi1 f3 II 'Y pa3JIIIqaroTCH no BpCMCHII pacna,a;a, npn 3TOM 

B Ka'1CCTBe OTJIH'1HTeJibHOrO np1I3HaKa IICTIOJib30BaJIOCb OTHOIIICHHe ,ll;OJIII <pOTOTOKa 

OT 32 HC ,ll;O 500 HC K nOJIHOMY <pOTOTOKY ( OT BpeMCHII cpa6aTblBaHHH Tpnrrepa ,ll;O 

500 He). 

a/ (3- ,a;IICKpnMnHau:nH n3yqaJiacb B CTF Ha 6a3e u:enoqKn pacna,a;a 
214 Bi - 214 Po. 

IIpH 100 pa6oTaIOllJ,IIX <I>9Y n,a;eHTH<pnu:npoBaJIOCb > 90% 7.7 M3B a-qacTHU: OT 

pacna,a;a 214 Po, nplI 3TOM TOJ!bKO OKOJIO 5% .B- co6bJTHfi H,ll;CHTH<pnu:npoBaJIIICb KaK 

a-co6bJTHH (3cp<peKTIIBHOCTb a/ .B- ,ll;IICKpHMHHall,HH 3HaqHTCJ!bHO yJiyq111aeTCH, npn 

onTHMH3au:nn no npocTpaHCTBCHHOH Il03HiinH co6bJTHH). IIpn yMeHbIIICHIIH KOJIHqe

CTBa <I>9Y 3<p<peKTHBHOCTb a./ ,B-,a;ncKpHMHHall,HH yxy,a;111aeTCH. 

B IlHTOM pa3,n;eJie OTIIICbIBaeTCH KaJII16poBKa ,a;eTeKTOpa. 9nepreTnqecKaH Ka

Jin6pOBKa ,a;eTCKTOpa npOH3B0,ll;HJiaCb no 3HeprHH H30TOnOB B u:enn pacna,a;a 
222 Rn 

II 85 Kr. IIoBbIIIICHHaH KOHil,CHTpan,IIH ,a;aHHblX H30TOTIOB Ha HaqaJibHOM 3Tane 3KC

nepnMeHTa o6pa30BaJiaCb BCJIC,ll;CTBHe npOHllKHOBCHllfl aTMOC<pepuoro B03,Lzyxa BO 

BHyTpennHii 061,eM ,a;eTeKTOpa. 

B noCJie)].HCM, IIIeCTOM pa3,n;eJie rnaBbl onHCbIBaeTCH CHCTeMa MOHHTOpHpO

BaHHH napaMeTpOB ,n;eTeKTOpa no co6bITH.SIM pacna.n;a 
14C 

HaJIHqne pa.n.noaKTHBHOro H30TOna 14C B )KH)].KOM opmHHqeCKOM Cil,HHTHJIJIH

TOpe npe.n.ocTaBJIHCT B03MO)KHOCTb "Me)].JICHHOro" MOHHTOpHpoBa11m1 napaMeTpOB 

.n.eTeKTOpa. TaK KaK BpeMH )Kil3Hil Il30Tona MHOro 60JibJIIC BpeMeHH cpyHKIJ;HOIIIl

poBaHHH )].eTCKTOpa, TO cpe.n.nee qnCJIO co6bITHfi, BbI3BaHHblX pacna.n.aMn 
14C B C)].H

HHIJ;Y BpeMeHH HBJIHCTCH · cTa6HJibHOtl: BeJI11q11uotl:. B CTF cpe.n.n11fi cqeT co6bITHfi 

cocTaBHJI oKOJIO 1 ru: npH nopore .n.eTeKTOpa np116JIH3HTCJihHO 25 K3B. ,L(JIH CTF

II 6hJJia no.n.roTOBJJena cnell,HaJibHaH nporpaMMa MOHHTOpnpoBaHHH )].CTCKTOpa na 

OCHOBe co6bITHfi OT pacna.n.a 
14C. 

TO'IHOCTb KOHTpOJIH 3JieKTpOHHOrO ycHJieHHH <1>9Y. ,L(JJH CKOpOCTil cqeTa 

co6hITilll 14C 1 ru: Il apeMeHH aa6opa )].aHHbIX 12 qacoB KOHTpOJJb ycaJJeHHH MO)KCT 

6b1Tb ocylll,eCTBJJeH c TQqHOCTbIO ~ 3.4% Ha )].OBepHTCJibHOM ypOBHe la (68%}. 9Ta 

ToqnoCTb .flBJJHCTCH npHCMJICMOfi )].JIH "Me)].JICHHOro" KOHTpOJIH. B CJiyqae Heo6xo.n.H

MOCTH 6oJiee .ToqHbIX Il3MepeHHH npOH3B0)].IlTCH Il,IlKJI Il3MepeHHfi C Jia3epOM. 

B 3aKJIIOqenae OTIHCbIBaeTCH D;HKJI MOHHTOpa. B CJiyqae o6uapy)KeHHH HCCTa-

6HJJbHbIX napaMeTpOB MOHHTOp BbJ)].aeT CHrHaJI onepaTopy. Pe111enue O ceauce Ka

JIH6poBKil npHHHMaeTCH onepaTOpOM Ha OCHOBe )].OCTynHhlX .n.aHHbIX, 

rJiaBa 7 nOCBHIIl,CHa onacaHHIO H3Mepem1ii 14C Ha npoTOTHne ycTaHOBKil Bo

peKCHHO CTF. Hopor 250 K3B B BopeKCIIHO aaKJia)].blBaeT BeChMa )KCCTKHe Tpe-

6oBaHHH Ha co.n.epa<aHHe yrnepo.n.a-14,- OTHOJIICHHe 
14C / 12C 11e )].OJia<HO npeBblIIIaTb 

10-18 r/r. MaJibie KOHil,CHTpau:1m 14C o6brqno Il3MCpHIOTCH C nOMOIIl,bIO ycKOpHTCJib

HOtl: Macc-cneKTpocKOTIHH (AMS}. qyacTBHTCJihHOCTh 3TOro MeTo.n.a, KaK npaaHJIO, 

orpaa11qeHa cnoco6oM np11rOTOBJICHHH o6pa3n;a Il COCTaBJIHCT 10-
15

' qTO COOTBCT

CTByeT pa.n.11oyrJiepO)].HOMY B03pacTy 60000 JICT. 

B nepBOM pa3,n;eJie OTIHChIBaeTCH HCilOJib3YCMblil: MeTO,!l, npHMOro Il3MepeHHH 

14C. ,L(mI )Kil)].KOro Cil,llHTHJIJIHTOpa qyacTBHTCJ!bHOCTb Bblllle 10-18 
r/r MO)KeT 6b1Tb 

)].OCTHrHYTa npHMbIM Ha6JIIO,!],CHHCM f3- pacna.n.a 
14C. 9TO B03MO)KH0 TOJlbKO )].JIH 
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,n;eTeKT0p0B c o6'beMOM Cll,HHTHJIJUIT0pa a HeCK0JlbK0 T0HH u rrpu TIIJ,aTeJihH0M OT6o

pe MaTepHaJI0B C HH3KHM yp0BHeM pa,n;uoaKTHBH0CTH. BoJihIIIOli pa3Mep ,n;eTeKT0pa 

o6ecne'lHBaeT HH3K0e 0TH0IIIeline noaepXHOCTb/o6'beM, 'ITO CH!I)KaeT.BHeIIIHllli q>OH. 

TaK)Ke ,L\0Jl)KHa 6b!Th npe,n;yCM0Tpena ,L\0CTaT0'lHa5I 3aIIJ,llTa OT K0CMH'leCKHX Jiy'leli 

H ecTeCTBeHH0ii pa,n;uoaKTllBH0CTH. ITpoTOTlln ycTaH0BKll BopeKCHHO, coopy)KeHHblll 

B Hau,umia.nhHOli J1a6opaTOpllll B fpaH Caeca (I1Tanm1), y,n;oaJieTBopHeT aceM 3TllM 

yCJI0BllHM. ITpe,n;eJI 'lYBCTBIITeJihH0CTll ycTaH0BKll K co,n;ep)KaHHIO 14 C naxo,n;nTCH Ha 

ypOBHe 10-19 ' npll 3T0M CTF HBJIHeTCH e,n;HHCTBeHHhIM coopy)KeHHhIM ,L\O HaCT0H

IIJ,ero BpeMeHII ,n;eTeKT0p0M,. n03B0JIHIOIIJ,IIM 113MepHTh ll30T0nll'leCK0e co,n;ep)KaHlle 
14C B opraHII'leCK0M )KII)];K0M Cll,lllITllJIJIHT0pe. O6IIJ,llli C'leT co6b!Tllli B ,n;eTeKT0pe 

,L\JlH 3Hepr0BbI)l;eJieHIIH 6oJiee 25 K3B C0CTaBllJl 1 c- 1
, ,L\0MllHllPYIOIIJ,llM llCT0'lHIIK0M 

B 3TOH o6JiaCTII 3Heprllli HBJIHeTCH 14C. 
,lJ;aHHbie, IICIIOJib3.0BaHHbie )];JI.SI aHaJIH3a na co)!,ep)Kan11e yrnepo,n;a-14, na-

6upannch BO BpeMH tpex nepll0,L\0B pa60Tbl ,n;eTeKTOpa. B Ta6JIHIJ,e •·2 npllBe,n;eH0 

K0Jlll'leCTB0 co6hITllll ,L\JlH pa3Jill'lHhIX nepll0,L\0B Ha6opa ,n;aHHhIX. CTpOKa "pa,n;oH B 

BO,L\HH0M 6ycpepe 11 
- ou,enKa cpona OT 0CTaT0'lH0ro pa,n;oHa B B0,L\HHOM· 6ycpepe, npll 

H0pMaJihH0M Ha6ope ,n;aHHhIX (K0Hu,einpau,11H 25 MBK/M3
). Ou,eHKa rrpb113Be,n;eHa H3 

C0II0CTaBJieHHH c ,n;aHHb!Mll KaJI1i6pOBKII no pa,n;oHy. <I>oH OT MIO0H0B ll. ,n;pyrux ll)];eH

Tllq>llIJ,llpOBaHHhIX BHyTpeHHllX pa,n;HoaKTllBHhIX rrpHMeceli rrpeHe6pe)KllMO MaJI no 

cpaBHeHHIO co BKJia)];0M ,L\0MllHHpyIOIIJ,ero pacrra,n;a 14C. 

,LI:aHHhie L Q~eT [co6b1THli/ )1,eHb] 13_ ()KHe 70-150 K:=iB I 
ITepBblll Ha6op co Cll,llHTllJIJIHT0p0M 30613 ± 48 

Ha6op C B0,L\0ll 1051 ± 40 

pa,n;0H B B0,L\HH0M 6ycpepe 1558 ± 248 

Ta6nuu,a 2: CpaaHenHe C'leTa B pa3Jill'lHhie rrepH0,L\hI Ha6opa ,n;aHHhIX 

,LI:anee 0IIllChIBaeTCH aHaJIII3 ,n;aHHbIX II IIOJiy'IeHHbie pe3yJibTaTbl, TeopeTll

'leCKllll !3~ crreKTp yrJiepo,n;a-14, HCil0Jlb30BaHHhlli ,L\JlH q>llTllpOBaHllH ,n;aHHbIX, llMeeT 

CJie,n;yIOIIJ,y!O o6IIJ,yIO q>OpMy: 

N(We)dWe = PeWe(We - Wo) 2 F(Z, We)C(We)dWe. (20) 

r,n;e Pe ll W,- llMIIYJibC ll II0JIHaH 3HeprllH llCIIyIIJ,ennoro 3JieKTp0na, Wo- rpa

Hll'!HaH :=ineprHH, F(Z, We)- cpynKU,llH <I>epMH, Y'lllThIBaIOIIJ,aH BJIHHH11e H,n;epHoi'o 

KYJI0HOBCKoro noJIH na /3- cneKTP, H C(We) - cpopM-cpaKTOp ,L\JIH /3- pacrra,n;a. ITo

CJie,n;HHe TeopeTH'leCKHe pac'leThI1 ,L\JIH crreKTpa 14C ,n;aIOT "cpopMcpaKTOp C(We) B 

Bll)];e: 

C(We) = 1 ~- (0.37 ± 0.04) · We . (21) 
-------------

! A.Garcia and B.A.Brown Phys.Rev. C52 {1995) 3416. 
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HecTaTllCTH'leCKHli cpopM-cpaKTop ,n;nH 14C arrepBhie 6hIJI H3Mepen Sonntag H 

,Llp.2 (K03q>q>HU,lleHThl npeo6pa30BaHbl K TeM )Ke e,n;mmu,al\l H3MepeHHH We 'ITO H 

BhIIIIe): 

C(W,) = 1 - 9.14We + 1.5/H'e + 8W;. (22) 

Bemt'llllla 3T0li rrorrpaBKH He C00TB_eTCTByeT 60.'!ee n03,L\HllM ll3MepeHlleM \Viet

feldt ll ,!l,p.3, K0T0pb!e o6napy)KllJlll MeHbIIIHli cpopr-..1-cpaKTOp: 

C(We) = 1 - (0.45 ± 0.04)H'e, (23) 

HaXO,!l,Hlll,llllCH B JIY'lIIIeM C0rJiaCllll C rrp0U,llTHp0BaHHhlM TeopeTH'leCKHM pe3yJih

TaT0M. 

I1cxo,n;Hble ,n;a1111b1e q>llTllpOBaJIIICh cpyHKU,Ileli S(H'e) 

S(We) = I N(w;)g(W;, We)dlv; + B(We) ' 

r;n.e N(w;) - TeopeTil'leCKIIH /3- crreKTP, g(w;, We) - cpyHKU,IIH 0TBeTa ,n;eTeKT0pa 

II B(We) II0JIHH0M, OIIHChIBaIOIIJ,Illi BKJia,n; cpoHa. 

I13MepeHHH BO BpeMH ,n;ayx rrepBbIX nepuo,n;oB II03B0JlIIJlll orrpe,n;em!Th cpopMy 

3HepreTH'leCK0ro crreKTpa. ,LI:JIH Il0,L\TBep)K)];eHIIH II0HIIMaHllH rrp0HCXQ)K)];eHlrn q>OHa 

rrp0B0,L\IIJl0Ch M0)];eJIHp0BaH11e MeT0,L\0M MoHTe-KapJIO. l13MepeHllH, II0,L\TBep)K,n;eH

Hble M0)];eJII1p0Ban11eM, II0Ka3aJIII, 'ITO crreKTp cpona IIMeeT ne60JihIIIOH II0CT0HIIHhlll 

HaKJI0H ,n;nH 3uepmii Me)K,n;y 60-500 K3B. TaKHM o6pa30M, npI1 q>I1TI1poaaHI1ll Ka)K

,n;oro /3- crreKTpa, rrapaMeTph1 cpoHa B(We) M0)KH0 6b1no orrpe,n;eJIUTh no 'laCTH cneK

Tpa Me)K,n;y 250 H 500 K3B u 3KCTparroJiupoaaTh cpon na o6JiaCTh /3- crreKTpa 14C. 
ITo KaJI1i6pOBKe C IICII0Jlh30BaHHeM O'-llCT0'lHHKa 214 Po, Il3BeCTH0, 'ITO g(lv;, lVe) 

,n;m1 T0'le'lnoro I1CT0'lHI1Ka HMeeT rayccoBy cpopMy H ee IIII1p11na a nponopu,II0HaJihHa 

KBa,n;paTH0MY K0pHI0 ll3 3HeprHH. 

x2-aHaJill3 BhIII0JIHHJICH B 3HepreTil'leCK0M HHTepBane r-..te)K)];y 60 II 250 K3B. Bo 

BpeMH MIIHllMll3aU,Illl, K0He'lHaH T0'lKa /3- crreKTpa ,L\JIH C-14 q>UKCUpOBaJiaCb paBH0ii 

156 K:=iB ll BaphI1p0BaJIHCh CJie,n;yIOIIJ,He rrapaMeTphl: 

• H0pMllp0BKa, C00TBeTCTBYIOIIJ,aH aKTllBH0CTll yrJiepo,n;a-14; 

• cpopM-q>aKTOp C(We), orruchrnaIOIIJ,Illi 0TKJionenHe crreKTpa C-14 OT ,n;onycn1-

Moli CTaTIICTH'leCKOli q>OpMblj 

• K0HCTaHTa ~' r,n;e E- 3HeprllH co6b!TllH. 

IToCJie,n;nue ,l],Ba napaMeTpa npll q>UTllpOBaHUll 6b!JIII 0CTaBJieHhl CB06o,n;Hh!Mll, TaK 

KaK 0Hll He onpe,n;eJIHJlllCh C neo6xo,n;nMOli T0'IH0CTbIO npll TaKIIX III13KIIX :=inepnrnx. 

2 Ch.Sonntag et al. Lett. Nuovo Cimento, 4 {1970) 717 
3 F.E.Wietfeldt et al, Phys.Rev. C52 {1995) 1028 

21 



ToqHOCTb onpe,n:eJieHIUI cpopM-<paKTOpa yxy,n:rnaeTC51 H3-3a_ OTCYTCTBH51 B03M0)K

HOCTH He3aBHCHMOrO onpe,n:eJieHH51 pa3perneHH51 ,n:eTeKTOpa (3HepreTuqecKa51 llIKaJia 

n pa3perneHne OCTaBJieHbl CBo6o,n:HblMH napaMeTpaMu npn <pHTHpOBaHml). O,n:HaKo, 

Hamn ,n:aHHbie HeCOBMeCTHMbI c rnnoTe3oi1 a < -0.72 M3B-1 (90%). 

Ha pnc. 4 npe,n:cTaaJieHbI ,n:aHHbie .D:JI51 nepaoro nepuo,n:a. IIapaMeTp a= -0.41,bB-1. 
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IT30TOnnqecKoe co,n:ep:lKaHne 14C MO:lKHO onpe,n:eJIHTb 113 CJie,rry10rn;ero COOTHOllle- .. 

HH51: 

R=A T•M 
9NA•m' 

(24) 

r,n:e A- aKTHBHOCTb 
14C, T- apeM51 )KH3HH 14C, M - MOJI51pHbIH aec ncea,n:oKyMe

Ha 120.2 r/MOJib, NA- qnCJio Aaora,[lpo, m- Macca CD;HHTHJIJI51TOpa, 9- KOJiuqeCTBO 

aTOMOB yrJiepo,n:a B MOJieKyJie ncea,n:oKyMeHa (C9H12). 

Bo BTOpoM pa3,n;eJie onncbrnaeTc51 B03MO)KHOe rrpo11cxo)K,n;ea11e 14C. Koc

MoreHe3 
14C 3a cqeT HeiiTp0HOB, o6pa3y10rn;nxc51 B npou;ecce µ-3axBaTa, MO)KeT rrpo

ncxo,n:nTb ,[la)Ke Ha 3HaqnTeJibHOil: rny6nHe. Caoil: BKJia,n: B o6pa30BaHne lt30T0na 

BH0C51T TaK)Ke Heil:TpOHbl OT ecTeCTBeHHbIX pa,n:noaKTHBHbIX pacna,[10B n, B MeHbllleH 

Mepe, OT cpparMeHTau;1m 51,n:ep B npou;ecce Heynpyrnx B3aUMO,n:eil:CTBHH HeHTp0H0B C 

MIO0HaMn. 
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OCHOBHOH Heil:TpOHHblH noT0K rJiy6oKO no.u. 3eMJieH ,u.aIOT (a,n) peaKD;HH Ha Al, 

Mg, Na n ,u.pyrnx 3JieMeHTaX B nopo,u.e. BoJibllla51 qacTb a-qacTnu; 11ocTynaeT OT 

npo.u.yKTOB pacna,u.a ypaH-T0pHeBbIX u;enoqeK (Heil:TpOHbl o6pa3yIOTC51 'ffiK)Ke B npo

·1~ecce cnOHTaHHOro ,U.eJieHH51 ypaHa). TaKHM o6pa30M, HMeHHO co,u.ep)KaHHe ypaHa II 

Topu51 B nopo,u.e onpe,u.eJI5leT co,u.ep)KaHne 14C. 
B TpeTbeM pa3,n;eJie ccpopMyJinpoBaHbI BbIBO,ll;bI: B CTF .u.ocTnrHyTa qyBCTBII

TeJibHOCTb 10-19
_ AHaJIH3 cpopMbI 6eTa-c11eKTpa OT pac11a,u.a 14C 0Ka3aJIC51 B corJia

cun C TeopeTnqecKIIMII npe,U.CKa3aHH51MH .(21) II C He,u.aBHHMH 3KCllepnMeHTaJibHbIMH 

,n:aHHblMII (23). ,lJ,aHHbJe (22) He corJiacyIOTC51 C HallllIMH ,u.aHHblMII. 

AKTHBHOCTb 14C 6bIJia cTa6HJibHa B TeqeHne rrep1Io,u.a 6oJiee o,u.uoro ro,u.a. Pa3-

JinqHbie 011epau;nn oq1IcTKII cu;nHTHJIJI51Topa He II0BJIH51JIII ua co,u.ep)Kaune 14C. fpy-

6a51 ou;eHKa co,u.ep)KaHH51 14C B He<pTII He MO)KCT o6'bHCHHTb KOHil;CHTpau;IIIO H30TOlla, 

ua6mo.u.aeMyIO a CD;IIHTHJIJIHTOpe. 

B 3aKJIIO''leHHH ccpOpMyJIIIpOBaHbl 0CH0BHbJe pe3JJILTaTbl .u.nccepTau;IIOHH0il: pa-

60Tbl. Ha ,u.eTeKTope CTF anepBbie ,u.ocTnrnyTa qyBCTBHTMbHOCTb H3MepeHII51 1130-

T01rnqecKoro co,u.ep)KaHII51 14C ua yp0BHe 10-19 110 0THOilleHIIIO K co,u.ep)KaHIIIO 1130-

T0na 12C. 9:yBCTBnTeJibHOCTb CTF K co,u.ep)KaHIIIO H30TorroB 113 u;eno'leK pa,u.noaK

TIIBHbIX pacna,u.oB 238U (onpe,u.eJieHnaH no 226 Ra ) n 232Th cocTaBIIJia 10-16 rpaMM 

Ha rpaMM Cil;IIHTHJIJIHTOpa COOTBeTCTBCHHO. 

C rroMorn;bIO ,u.eTeKTopa CTF 0Tpa60TaH_b1 MeT0.U.bl peKoncTpyKu;nlI co6bITIIfi B 

)KII,!I.KOCil;HHTIIJIJIHil;II0HH0M ,U.eTeKTOpe 60JiblllOro o6'beMa. IIoJiyqeHbl TaK)Ke napa

MeTpbI, on1ICb1BaIOrn;1Ie pacnp0CTpaHCHIIe CBeTa B 60JiblllOM o6'beMe Cil;HHTHJIJIHT0pa. 

TaKIIM o6pa30M, 3KCnep1IMeHTaJibH0 )l.0Ka3aHa B03M0)KHOCTb C03)].aHII51 HU3KO

<pOHOBOro )l.CTeKT0pa HII3K03HepreTnqHb!X ueil:TplIH_O ua 0CHOBe )KII)l,Koro opra1mqe

CK0ro Cil;IIHTHJIJIHTOpa C nopor0M 250 K3B no 3JieKTpouaM OT)l.aqlI, orpau1IqeHHbIM 

TOJibKO nplICYTCTBIIeM II30T0na 14C B CD;IIHTHJIJIHT0pe. 

,LI,anee K0HKpeTII31IpyeTCH BKJia)l. aBT0pa B nporpaMMY IICCJie)l.OBannil: ua CTF: 

• ua CTa)l.lIII npoeKTa aBTOp0M COBMeCTHO c .u.y6uenCKOfi rpynnoil: rrpe)l.JIO)KeHa 

3KCnepHMCHTaJibHa51 11porpaMMa 110 IICCJie)l.0BaHIIIO MarHIITH0r0 MOMeHTa au

TIIHeil:TplIHO C IICKyCCTBCHHblM IICTQqHIIK0M aHTIIHeil:TplIHO; 

• C03)].aH 32-xKaHaJibHblil: 3KCIIep1IMeHTaJibHblfi CTeH)l. )l.JIH TeCTIIpoaamrn <I>9Y 
C 60JibllllIM )l.liaMeTpOM <pOTOKaTO)l.a. Co3)].aHa 6a3a )l.aHHbIX C rrapaMeTpaMII 

<I>9Y, K0TOpaH IICIIOJib3yeTCH )l.JJH. KOHTpOJIH CTa61IJibHOCTII pa60Tbl <I>9Y,. a 

TaK)KC IIplI off-line aHaJIII3e )l.aHHbIX. 11)].eOJIOrlIH 3JieKTPOHIIKII 3KCIIepnMeH

TaJibH0ro cTeH)l.a IIOJI0)KeHa B ocuoay 3JieKTp0HIIKII c6opa )l.aHHbIX CTF; 

• pa3pa6omua MeTO)l.lIKa TOqHoil: a6coJIIOTHOil: KaJI1I6pOBKII <I>9Y, pa6om10rn;ero 

B 0)l.H03JleKTp0HH0M pe)KIIMe; 

• rrpC)l,JIO)KCHa II 3KCIIep1IMeHTaJibHO rrpoaepeua Mo,n:eJib O)l.H03JleKTpOHH0ro 3a

p51)].0BOro crreKTpa <I>9Y; 
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• pa3pa6c~TaH MeTO)], 6bICTpoil aBTOMan1qeCKOH HaCTpOHKl1 3a,AamIoro, K03cpqrn

. '11,11eHTa 3JieKTpOIIHOro yc11JieHl1H <I>9Y. MeTO)], ycnerrrno' rip11MeHeH )],JIH Ha

CTpOHKl1 Hacrp~HKl1 108 <I>9Y, npn 3TOM .U,OCTl1rHyTa 2% TO;HOCTh; 

• o60CHOBaH MeTO)], "Me)],ileirnoro" KOHTpOJIH napaMeTpOB <I>9Y ( qyBCTBl1TeJihH0-

CTl1 ll K03cpcp1111,neHTa YCHJieHl151 <I>9Y) ll napaMeTpOB )l,eTeKTOpa no co6brT1151M 

pacna,n;a 14C B ,Kl1)],KOM oprali11qecKOM Cll,11HTl1JIJIHTOpe .. Pa3pa6oTaIIHa5f )],JIH 

CTF nporpaMMa MOHl1T0p11poBattirn napaMeTpOB ,n;eTeKTbpa HBJIHeTCH 6a3oil 

)],JIH C03)],aHllR aHaJIOmqlioil nporpaMMbl )],JIH )],eTeKTOpa BopeKC11HO; 

• n3yqeHO BJlllHHlle MarHl1THOI'O nOJIH 3eMJil1 Ha pa3pernett11e <I>9Y 11 )],eTeKTO

pa. O6oCHOBaH MeTO,!l, op11eHTall,1111 <I>9Y B Ma!'Hl1THOM none KaK aJibTepHaTima 

MeTO)l,aM 3KpaH11pOBaHl1H C nOMOlll,blO MeTaJIJia C Bb!COKOH MarHllTHOH npOHl1-

11,aeMOCTblO 11 KOMne11ca11,1111 nOJIH C nOMOlll,blO KaTyrneK C TOKOM., Tip11MeHeH11e 

MeTO)],a n03BOJI11T .. YlxleHbllll1Tb BHermmil cpOH B CBepxqyBCTBl1TeJibHOM ,n;eTeK

TOpe BCJie)],CTBl1e. OTKa3a o;r np11MeHeHl1H ,!l,OnOJIHl1TeJibllblX MaTep11anoB; 

• 1fayqeHO pacnpocTpaHemie CBeTa B )Kl1,!l,KOCIJ,11HT11JIJIHIJ,110HHOM )],eTeKTOpe'6oJib

llIO!'O. o6'beMa, ycTaHOBJieHa CBH3b reoMeTpnqeCKOll cpyHKIJ,1111 ,!],eTeKTOpa 11 era 

npocTpaHCTBeHHoro 11 3ttepreT11qecKoro pa3pemeH11H; .,,.. 
e )],eTaJibl!O 113yqeno 3HepreTnqecKoe pa3pemeH11e )Kll,!l,KOCIJ,HHT11JIJIHIJ,110HHOI'O 

)],eTeKTOpa 6oJiblll01'0 o6'heMa. TionyqeHbl cpopMyJihI,. n03B0JIHlOlll,11e q11CJieHHO 

011,eHl1Tb 3HepreT11qecKoe pa3pemeH11e 6e3 MO)],eJI11p0BaHl1H MeTO,!l,0M MoHTe

KapJIO. Pe3yJihTaThl npOBepeHbI Ha ,n;aHHhIX CTF; 

e ,!],eTaJibHO 113yqeHO npocTpaHCTBeHHOe pa3pemeH11e )Kl1,!l,KOCIJ,11HTl1JIJIHIJ;l1011HO

ro )],eTeKT0pa 60JiblllOI'O ofrbeMa. TionyqeHhl cpopMyJihI, n03BOJIHlOlll,11e q11CJieH

HO ou;eH11Tb npocTpaHCTBennoe pa3pemeHne B 3aBl1Cl1MOCTl1 OT reoMeTp1111 ,n;e~ 

TeKT0pa 6e3 Mo,n;en11poBaimH MeTO,!l,OM MoHTe-Kapno. Pe3yJihTaThI npoBepenhr 

Ha ,n;aHHhIX CTF; 

• )],eTaJibHO npopa6oTaHa MeT0)],11Ka C0BMeCTHOI'O BOCCTaHOBJieHllH KOOp,!1,11HaT n 

3Hepr1111 co6bITHH no nOJIHOH llHcpOpMau;11n, nonyqaeM0H C OT)],eJibHb!X <I>9Y. 

TipoH3Be)],eHa ou;enKa OIITl1MaJibHbIX napaMeTp0B )],JIH peKOHCTPYKU:1111 C 11C

n0Jib30BaH11eM cpyHKU:1111 MaKCHMaJibHOI'O npaB)],OnO,!l,0611a. TipoCTpaHCTBennoe 

pa3pemenne ycTaHOBKH CTF np11 3T0M ynyqm11nocb B 1,5 pa3a; 

• aBT0p npHHllMaJI aKTHBl!Oe yqacT11e ll pa6oTax no no,n;r0T0BKe _3KCnepnMeJITa 

Ha npoTOTnne ,n;eTeKTOpa BopeKcnHo- ycTaHOBKe CTF. Tip11 Henocpe,n;cTBeH

HOM yqaCTHH aBTopa 6hIJI11 nonyqeHbl ou;eHKH cpOHa ecTeCTBeHHOH pa,!],HOaK

TllBHOCTll, Ha6n10,n;aeMoro B CTF. 

• npn Henocpe,n;cTBeHHOM yqacTHl1 aBTopa u3yqeH cneKTp pacna,n;a 14C B CTF. 

Tiptt (pllTllpOBaHllll cneKTpa 14C HCnOJib30BaJIOCb npoBepeHHOe aBT0pOM npe,n;

noJIO)KeH11e O 3aBllCHMOCTll pa3pemeHllH )],eTeKTopa OT 3HeprHH pacnpe,n;eneH

HOI'O no o6'beMy )],eTeKTOpa l1CTOqn11Ka. B qaCTl!OCTl1, aBTOpOM nOKa3aHO, qTO 
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;'l,JIH KOl!e'IHOI'O nep110,n;a cpynKIJ;l10H11pOBaHl151 CTF, npoCTaH 3aBl1CHMOCTb 

a(E) ~ TE )J,aeT HeBepHbie ou;eHKl1 ,IJ.JIH pa3peweImH y)Ke npn :rnepmax OKO

JIO 70 K3B. C,n;ena11b1 ou;eHKl1 11ccTaT11CTl1'-IecKoro cpopM-cpaKTopa )],JIH 14C. 
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