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1. BBE,l(EHHE 

B CBH3H C paapa60TKoH B na60paTopHH .IInepHbIX peaKIum OHRH npo

eKTa C03,u.aHHR: IUiKJIOTpOHHoro KOMIIJleKCa TIDKeJIblX HOHOB, COCTOHluero H3 

.IUJYX H30XPOHHbtx IUiKJIOTpOHOB Y-400 H Y-400M/ 1 /, CTaHOBHTC.II aKTyanb

HblM COS,[UiHHe HOBbtx cpH3H'IeCKHX YCTaHOBOK, cnoc06HbIX 3cpcpeKTHBHO HC

nonbSOBaTb B03MO:>KHOCTH KOMIIJleKCa B umpoKoH o6nacTH H,lJ,epHO-¢H3H

qecKHX Hccne,u.oBaHHH. 

K npeHMYlllecTBaM HOBoro KOMIIJleKCa OTHOCHTC.II WHPOKHH ,nHanaaOH 

YCKOp.lleMbtx 'laCTHU OT HOHOB KHcnopona no HOHOB ypaHa H 3Ha'IHTenbHO 

60nbWHe 3HeprHH YCKOp.lleMbIX 'Iacnm: 207').20 M3B/HYKJIOH npH HH

TeHCHBHOCTH nyqKa 5x1012+1011 'lacTic. 

B TO )Ke BpeM.II BblCOK8.R: HHTeHCHBHOCTb nyqKoB lJ,HKJIOTpOHa Y-400 

n03BOn.lleT nonY'IaTb nyqKH COCTaBHbIX .IInep, OCKonKOB neneHH.II H npyrHx 

npo,D.yKTOB H,lJ,epHbIX peaKUHH, ¢OpMHpOBaTb HX H Hcnonb30BaTb nH60 

HenoCpenCTBeHHo ,nnR: npOBeneHHR: 3KcnepHMeHToB, nH60 nnR: nocnenYIOllle

ro YCKopeHH.II BO BTOPOH cTyneHH (Y-400M). O)KHnaeMaR: HHTeHCHBHOCTb 

BTOPH'lHbtx ny'lKOB COCTaBn.lleT 105+109 'lacTic. 

KaK nOKa3bmaeT OllbIT pa60T Ha nyqKax TIDKenbIX HOHOB C 3Heprn.llMH 

B nec.llTKH M3B/HYKJIOH, npoBonHMbIX B HccnenOBaTenbcKHx UeHTpax 

CmA, Cl>pr, Cl>PaHlJ,HH, C POCTOM Macc H 3HeprHH T.II)KenblX HOHOB npoueccbI 

B3aHMo,u.eHCTBHR: .IInep ycnO:>KHR:IOTC.II. 3TO 06CTOR:TeJIbCTBO npHBO,nHT K He

06xOnHMOCTH C03naHHR: MHoroneTeKTopHbIX CHCTeM perHCTpauHH nponYK

TOB .IInepHbIX peaKIJ,HH B nonHOM TeneCHOM yrne (411'-reOMeTpHH) HnH 

6nH3KHX K 4tr-reOMeTpHH ,nnR: npoBeneHH.II MHoronapaMeTpoBbIx KoppemI

UHOHHblX 3KcnepHMeHToB, B TOM 'lHCne Ha BTOPH'lHbIX nY'lKax. 

KaK npH OTHOCHTenbHO HH3KHX 3HeprH.IIX HOHOB (5-;-10 M3B/HYKJIOH), 

TaK H npH 60nee BblCOKHX 3HepniR:X - 100 M3B/HYKJIOH OCHOBHhIMH na

PaMeTPaMH, XapaKTepH3YIOlllHMH peaKlJ,HIO, R:BJI.IIIOTC.II 3HeprH.II Bos6YJK,!1;e

HHR: H yrnoBoH MOMeHT COCTaaHbIX .IInep (cHCTeM) HnH cpparMeHToB npo

nYKTOB .IInepHblX peaKUHH. B 3aBHCHMOCTH OT MeXaHH3Ma peaKlJ,HH npOHC

XOnHT paanH'lHOe pacnpeneneHHe 3THX BenH'lHH Me)Kny npOnYKTaMH 

peaKlJ,HH. 3HeprH.II B036yJK,IJ;eHH.II npH 3TOM peanH3yeTc.II B 3MHCCHIO sap.ll

)KeHHhIX qaCTHU H .IInep, 06111ee KOnH'leCTBO KOTOPhIX MO)KeT nOCTIlraTb 

HeCKonbKHX ,!J.ec.llTKOB, 3MHCCHIO HeHTpOHoB H CTaTHCTH'lecKHX raMMa-KBaH

TOB/ 2 ,3/. YrnoBOH MOMeHT nponYKTOB peaKlJ,HH nocne HcnapeHH.II H3 HHX 

'laCTHU CHHMaeTC.II 3MHCCHeH raMMa-KBaHTOB, COOTBeTCTBYIOlllHX BbICTpoeH

HbJM KBa.upynonbHblM (nHnonbHbIM) nepexonaM. 

HeManOBa:>KHOH xapaKTepHCTIlKOH npouecca 3MHCCHH Toro HnH HHoro 

npO,D.yKTa .IIBn.lleTC.II yrnoBoe pacnpeneneHHe. C POCTOM 3HeprHH 60M6apnH

PYIOlllero HOHa HanpaaneHHe BbmeTa nponYKTOB peaKlJ,HH 3a CtieT 3¢¢eKTa 
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nepeHOCHOH CKOPOCTIf (HCKJUO'laH raMMa-KBaHTbI) CMe~aeTC.fl K nepe,lJ;lIHM 

yrnaM. 

,llnH H3Y'IeHH.fl yrJIOBhlX H 3HepreTH'IeCKHX paCnpe,ll.eJIeHHH raMMa

KBaHTOB B peaKUH.flX C TH)f(eJIhIMH HOHaMH C03,1l.aHhI MeTO,ll.HKH TaK Ha3hmae

MhlX "KPHCTaJIJIH'IeCKHX lIIapOB,,/2.4/. ,llnH HCCJIe,ll.OBaHH.fl 3MHCCHH 3ap.fl

)f(eHHhIX 'IaCTHU npH BhlCOKHX 3HeprH.flX pa3pa60TaHa MeTO,ll.HKa "ruIaCTHKO

BhlH lIIap" B CO'leTaHHH C MeTO,ll.HKOH "nJIaCTHKOBaH CTeHa,,/ 5 /. BBe,ll.eHHe 

"ruIaCTHKOBOH CTeHhI" no,ll. nepe,ll.HHMH yrJIaMH B CO'leTaHHH C Tpa,ll.HUHOH

HOH MeTO,ll.HKOH "ruIaCTHKOBhrn lIIap" n03BOJI.fleT npoBO,ll.HTh ,Il.eTaJIbHOe 

HCCJIe,ll.OBaHHe np0,ll.YKTOB H,Il.epHOH peaKu;HH no,ll. nepe,ll.HHMH yrJIal\'lH. 

TIPH npoBe,ll.eHHH HeKOTophlX 3KcnepHMeHTOB ,Il.JIH Bhl,ll.eJIeHH.fl H H3y

'IeHH.fl "CJIa6hlX" KaHaJIOB H,Il.epHOH peaKUHH npHMeHHeTC.fl MeTO,ll.HKa raM

Ma-CTapTa. HanpHMep, OHa HCnOJIb30BaJIaCb npH H3MepeHHH raMMa-CneKTpoB 

C UeJIblO H3yqeHHH nepeXO,ll.OB, COOTBeTCTBYlQIIIHX B036y:>K,1l.eHHlO rHraHTCKHX 

,Il.HnOJIhHblX pe30HaHCOB/ 6 /. O,ll.HaKO TaKaH MeTO,ll.HKa HMeeT OrpaHH'IeHHe no 
4'IYBCTBHTeJIhHOCTH Ha ypoBHe 10- OT MaKcHMYMa raMMa-CneKTpa, KOTopoe 

CBH3aHO C 3anycKoM raMMa-,Il.eTeKTopoB tPOHOBblMH 'IaCTHuaMH KOCMH'IeC

Koro npOHCXO)f(,ll.eHHH. ,IlaJIbHeHlIIee YBeJIH'IeHHe 'IyaCTBHTeJIbHOCTH MeTO

,Il.HK CB.fl3aHO C BBe,ll.eHHeM aKTHBHOH KOCMH'IeCKOH 3~HTbI. B peaKu;H.flX 

C 60JIblllHM BhlXO,ll.OM HeHTpoHoB B Ka'leCTBe aJIbTepHaTHBHoro BapHaHTa 

B03MO)f(H0 HCnOJIb30BaHHe cTapTa OT ,Il.eTeKTOpa HeHTpoHoB. 

lleJIb C03,1l.aHH.fl YCTaHOBKH, onHchmaeMon B HaCTO.flIIIeH pa60Te, - HC

CJ1e,ll.OBaHHe MeXaHH3MOB .fl,ll.epHhlX peaKUHH C TH)f(eJIbIMH HOHaMH B illHpO

KOM ,Il.Hana30He 3HeprHH H Macc 60M6ap,ll.HPYlOIIIHX HOHOB C MaKCHMaJIbHO 

B03MO)f(HOH 'IYBCTBHTeJIhHOCTblO npH O,ll.HOBpeMeHHoH perHcTpau;HH OCHOB

HhlX np0,ll.YKTOB peaKUHH, a TaK)f(e H3Y'IeHHe CBOHCTB KOHKpeTHhIX .fl,ll.ep. 

TIPH KOHCTpYHpoBaHHH 41f-CneKTpOMeTpa 6hmH Y'ITeHhl CJIe,ll.YlO~He 
Tpe60BaHHH: 

1. J113MepeHHe nOJIHOH 3HeprHH raMMa-H3JIY'IeHHH C E.y ,.;; 30 M3B ,Il.JIH 

Ka)f(,ll.OrO raMMa-KBaHTa, a TaK)f(e H3MepeHHe pacnpe,ll.eJIeHH.fl MHO)f(eCTBeH

HOCTH raMMa-H3JIY'IeHHH ,Il.JIH My ,.;; 30. 

2. CenapaUHH raMMa-KBaHTOB, 3apH)f(eHHblX 'IaCTHU H JIerKHX H,Il.ep MO

,Il.YJIHMH cneKTpoMeTpa no tPopMe HMnYJIbCa H HeHTpoHoB no BpeMeHH npo

JIeTa. 

3. EbICTpaH reoMeTpH'IeCKaH MO,ll.HtPHKau;HH cneKTpoMeTpa: "KPHCTaJI

JIH'IeCKHH lIIap" - "KPHCTaJIJIH'IeCKaH cTeHa" H ,Il.p. 

4. 06eCne'leHHe BHYTpeHHero 061>eMa CneKTpOMeTpa, ,Il.OCTaTO'lHOrO 

,Il.JI.fl pa3Me~eHHH KaMephI paCCe.flHHH C YCTaHOBJIeHHhlMH B HeH MHlIIeHblO 

H BHYTpeHHHMH ,Il.eTeKTOpaMH npO,ll.yKTOB H,Il.epHhlX peaKu;HH (,Il.eTeKTOp 

peHTreHoBcKoro H3JIY'IeHHH H T.,Il..). 

5. B03MO)f(HOCTb paclIIHpeHHH BHYTpeHHero 061>eMa CneKTpOMeTpa 

,Il.JI.fl HMe)f(HOH cenapaUHH raMMa-KBaHTOB OT BbIcoK03HepreTH'IeCKHX 

HeHTpoHoB C nOMOIIIblO BpeMHnpoJIeTHOH MeTO,ll.HKH. 

6. B03MO)f(HOCTb nOCTpoeHHH H3 MO,ll.YJIeH CneKTpoMeTpa aHTHKOMn

TOHOBCKOH 3a~TbI npeUH3HOHHhIX raMMa-,Il.eTeKTOpoB (HanpHMep, Ge-,Il.e

TeKTopoB) • 
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PHc.l. CXeM8TIDlecKoe H305pIDKeHHe 

cneKTpOMeTp8 a Ce<leHHH aepmKaJIbHOH 

nnOCKocm no OCH HOHonpoaO,lJ,8. 

7. TIpHMeHeHHe CUHHTHJIJI.fl-

UHOHHOH 3a~TbI CneKTpOMeTpa 

,Il.JIH H3Y'IeHH.fl pe,ll.KHX C06hITHH. 

8. O,ll.HOBpeMeHHaH perHcTpa

u;HH raMMa-KBaHTOB, HenTpOHOB H 3apH)f(eHHh1X 'IaCTHU (p, d, t, sHe, 4He 

H T.,Il..) B nOJIHOM TeJIeCHOM yrJIe C H3MepeHHeM HX 3HeprHH, onpe,ll.eJIeHHeM 

BH,Il.a 'IacTHU, H3MepeHHeM HX MHO)f(eCTB~~HHOCTH, yrJIOBbIX Koppe

JIHUHH. 

3THM Tpe60BaHHHM OTBe'laeT CJle,ll.YlO~aH KOHCTPYKUH.fl MHOrOMO,ll.YJIb

Horo nOJIHOn :meprHH raMMa-cneKTpoMeTpa (il2)rAC) • 

,IlBe C60PKH no 36 MO,ll.YJIen, BhInOJIHeHflhlX H3 Cu;HHTHJIJIHUHOHHbIX 

KPHCTaJIJIOB CsI(TI) illeCTHrpaHHOn tPOPMhl e ,Il.HaMeTpOM onHcbIBaro~eH 
OKpY)f(HOCTH 100 MM H ,Il.JIHHOn 150 MM. Ka)f(,ll.aH c60pKa, orH6aro~aH nOJIY

ccpepy ,Il.HaMeTpoM 340 MM, c06paHa H3 Tpex KOJIeu no 18, 12, 6 MO,ll.YJIen, 

paCnOJImKeHHhlx HOPMaJIbHO no OTHOllleHHlO KOCH HOHOnpOBO,ll.a 

(cM.pHc.1, 2). 
,IlaHHaH KOHCTpYKUH.fl CneKTpOMeTpa He HBJIHeTCH TPMHUHOHHon ,Il.JIH 

MHOrOMO,ll.YJIbHbIX CHCTeM 41f-reOMeTpHH, H3BeCTHhlX no,ll. Ha3BaHHeM "KPH

CTaJIJIH'IeCKHn lIIap,,/2,4/. ilpe,ll.ocTasJIHH 60JIee lIIHpOKHe B03MO)f(HOCTH 

B Bhl60pe reoMeTp"" 3KcnepHMeHTa (CM.HH)f(e), CHCTeMa B TO )Ke BpeMH 

HMeeT HeCKOJIbKO XY,Il.illee pa3pellleHHe no MHO)KeCTBeHHOCTH, B cpaBHeHHH 

C TpMHu;HOHHon KOHCTPYKu;Hen "KPHCTaJIJIH'IeCKOrO lIIapa" C aHaJIOrH'IHbIM 

'lHCJIOM MO,ll.YJIeH. 

PHc.2. 051lJ;HH aH,lJ. cneKTpOMeTpa 6e3 5JIOKOB nn8CTiiKOBoii 381lJ;HTbI. 
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PHc.4. <IIYHKIl;HR: OTK.1IHKa CneKTpoMeTpa 
no 3aperHCTpHpOBaHHoii: CYMMapHOH aHep
I'HH Ha raMMa-KaCKa,!l;hI C ~ = 30 H SHep· 
nfRMH raMMa-KBaHTOB E1 = 0,5; 1,0; 
2,0 MsB. Pacqer IIpo1lO1(H,I1CR: 6e3 yqera 
nnacTHKOlloH 3aIIl;HThI. BeJIH'lHHa MaTeMa
mqeCKBX OJKHnaHHH H ,!l;HCnepCHH KpHBhlX 
pacnpe,u;eneHHH npHBe,u;eHhJ B MaB. no OCH 
a6CIl;Hcc cYMMapHali sHepnm~aMMa-HS
nyqeHHII. no OCH OpAHHaT - KOJIH'leCTBO 
C06hITHH. 

PHc.3. 4)yHK~lI· OTKJIHKa cneI<:TpoMeT
pa no KpaTHOCTH cpa68.Tbm/lHH.l! MO,u;y
JIeB Ha r8.MMa-KacKa,!l;bI C M.. == 30 IIpH 

yenoBHH H3OTponHOrO pacdpe,u;eJIeHHR 
raMMa-KBaHTOlI C sHeprHIIMH: E1 = 0,5; 
1,0; 2,0 MaB. no DeH opj:UlllaT  KOJIH
'IeCTIIO co61>1.THii, norapHcPMlAecKHii: 
MacUlTa6 • no OCH a~cc - "KpaT
HOCTh" 3aperuCTpHpOBIIHHoro c06blTHl1 
W ('lReno "Cpa60'J'aBUlHX" MonyneH 
cneKTpoMeTpa). n~)por 'IYSCTllHTeJIh
Hocm "cpa6aTbIBIIHHII" KIl:)I(J];Oro MO,u;y
nH CneKTpoMeTpa BbI6~panCH pBBHhlM 
50 KaB. 
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Ha pHc.3, 4, 5 npe)J,cnlBJIeHbI Pe3YJIbTaThI paCtleTOB CneKTpOB nOJIHOH 

3Hepnm H KpaTHocTH (KOJIHtlecTBa cpa60nwwHX MO)J,YJIeH). npOBe)J,eHHbIX 

HaMH no MeTO)J,Y MOHTe-Kapno, B cnyqae KaCKa)J,a 30 H30TpomtO-pacnpe)J,e

JIeHHbIX raMMa-KBaHTOB C 3HeprHHMH 0,5; 1,0; 2,0 M3B. npH paCtleTe npo

CJIe:>KHBaJIaCb HCTOPHH nOrJIOmeHHH KWK)J,OrO raMMa-KBaHTa, a TalOKe BTO

pHtlHbIX tlaCTHI.l, B03HHKaIOIUHX B npouecce ero TOpMO)KeHHH,)J,o HX nOJIHOrO 

nOrJIOmeHHH HJlH BblJleTa H3 tlYSCTBHTeJIbHOrO CJIOH CneKTpoMeTpa. HH)KHHH 

nopor ttyBCTBHTeJIbHOCTH "cpa6aTbffiaHHH" Ka)K)J,oro MO.n.yJIH CneKTpoMeT

pa Bbl6HPaJICH paBHbIM 50 K3B. .llJIH CpaBHeHHH aa pHc.6 npe)J,CTaBJIeHa 

KpaTHOCTb Cpa6aThlBaHHH Mo.n.yJIeH cneKTpoMeTpa KaK ¢YHKUHH MHO)KeCT

BeHHOCTH raMMa-KBaHTOB )J,JIH "KPHCTaJIJIHqecKoro wapa,,/2,4! C Pa3JIHq

" 


PHc.5. raMMa--ClleKTp Il;eHTpMbHOrO MO,u;y
nH ClleKTpOMerpa, CMO,u;e.smPOBaHHbrH B pe- , 0' 

3ynhTaTe pac'lera Mero,u;OM MOHTe-Kapno 
(cM.TeKcT), B311HMHO HeKoppe.smpOBaHHO
ro raMMa-KaCKllAa C M = 30, E = 
= 2,0 M3B. IlHK c E "1 M3B COOTBhCT E,"2 M.8 
Byer C06bITHHM pJ:.HCTPIlUHH Mo,u;yneM 
ABYX raMMa-KBIIHTOB (acPcPeKT HMOlKeHHH 
HMnynhcoB) . 
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'62 PHc.6. KpHlIble cPYHKIl;HH OTK.1IHKa MHO

12 rOMo,u;ynhHbIX cneKTpoMeTpoll TIma " KpH-
CT8.1InH'IecKHH wap" H3 162, 72,50 Mony

30 so ,f.leH Ha raMMa-KaCKan npH Eoy = 1,0 MaB. 
no OCH a6c~cc - MHOlKecmeHHoCTb pe
rHCTpHpyeMoro r8.MMa-KaCKana. no OCH 
Op,!l;HHaT - KpaTHOCTh perHCTpHpyeMoro 
C06bITHR: ('lRcno "Cpa60TasIlJHX" MOllS
neil: llaHHoil: YCTaHOllKH). 9cPcPeKTHBHOCTh 
perHCTp~ raMMa-KBaHTOlI rIpH E = 

20 

10 = 1,0 MaB O,!l;HHaKOBa )l.1IR: Bcex cneK'tpo
MeTpoB H pasHa n 0,9. PaC1leThI KpH
BhIX cPYHKrum OT5ftKa IlpOlleneHhl 
no cP0pMynaM pa60TbI . 

o 10 20 30 40 MI 

HbIM tlHCJIOM )J,eTeKTopoB MO)J,YJIeH CneKTpOMeTpa; paCqeT npoBe)J,eH 

no ¢opMYJIaM/ 7 I. 

2. KOHCTPYKUH.fI MO,UYJIEH ,UETEKTOPA 

BbI60p CU;HHTHJlJlRTOpa 

3a)J,atla MHOrOMoAYJIbHOH CHCTeMbI - perHcTpauHH KOppeJIHpOBaHHbIX 

npo)J,YKTOB H)J,epHoH peaKQHH (raMMa-KBaHTOB, HeHTpoHoB, 3ap.R:)KeHHbIX 

tlacTHI.l B WHPOKOM )J,Hana30He 3apH)J,OBoro qHCJIa) C pa3JIHtlHOH 3HeprHeH 

H MHO)KeCTBeHHOCTblO B nOJIHOM TeJIeCHOM yrJIe )KeCTKO onpe)J,eJIHeT BbI60p 

CUHHTHJlJlHTOpa H3 H3BecTHbIX CQHHTHJIJIHUHOHHblX MaTepHaJIOB. 

Cnoc06HoCTblO K cenapauHH 3apH)KeHHblX qacTHI.l no ¢opMe HMllYJIbCa 

CQHHTHJIJIHUHOHHOH BcnbIIIIKH o6na.n.alOT CUHHTHJIJIHTOPbI NaI(Tl), 
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CsI(Tl)/8 ,91, HMelOIUHe AOCTaTollHoe AJIH pelIIeHHH nOCTaBJIemlOH 3a,n&.'IH 

"pa3pelIIeHHe" no BHAY lIaCTHU. MeTO)l;HtlecKlie HCCJIe)l;OB8.HHH Cl(HHTHJlJI.IITO

pa BaF2' npOBeAeHHhIe K HaCTOHI.U,eMY BpeMeHH, HaIIpHMep BIll cJ t TaK

JKe nOKa3aJIH B03MOJKHOCTb pa3AeJIeHHH 3apHJKeHHbIX 'lacmu. 

llOCTpOeHHbIe CHCTeMbI MHOrOMOAYJIbHbIX CneKTpOMeTpOB 41l'-reoMeT

pHH H pa3pa60TaHHbIe K HaCTOHI.U,eMY BpeMeHH npOeKTbI aHaJIOrHtlHbIX CH

CTeM He B COCTOHHHH pelIIHTb nOCTaBJIeHHOH 3a)l;atIH 6e3 H4 CYI.U,ecTBeHHbIX 

H3MeHeHHH. CHCTeMbI THlla "KPHCTaJIJIHlIeCKHH lIIap,,/2,4/, nOCTpoeHHbIe 

Ha KpHcTannax NaI(Tl), CJIYJKa'r TOJIbKO AJIH perHCTpauHQ H CneKTpocKo

nHQeCKHX HCCJIeAOBaHHH raMMa-H3JIYlIeHHH H He:l1:TpoHlioro H3JIyqeHHH 

H3YQaeMhlX HAepHbIX CHCTeM, Ta.K KaK 60JIblIIaH rHrpOcKOQH1IH0CTb NaI(Tl) 

He n03BOJIHeT HCnOJIb30BaTb KPlfCTaJIJlhI 6e3 repMeTH1IHOH ynaKoBKH, HBJIH

lOI.U,eHCH nperpa)l;OH AJIH 60JIee THJKeJIblX 3apHJKeHHbIX lIaCTln.( H AaIOI.U,eH AD

CTaT01lH0 60JIblIIOH pa36poc B BeJIHlIHHe KHHeTHtiecKOH :meprHH JIerKliX 

3apHJKeHHbIX QaCTHU. 

MHorOMOAYJIbHaH cHcTeMa, nocTpOeHHaH Ha nnacmKo;BhIX CUHHTRlIJlH

Topax /5/ , He n03BOJIHeT C AOCTaTOIlHOH T01lH0CTblO H3MepHTh napaMeTphl 

raMMa-H3JIYQeHHH: raMMa-MHOJKeCTBeHHOCTb, nOJIHYlO 3HeprHlO H T.A. 

H3-3a HeAOCTaT01lH0H 3<p<peKTHBHOCTH perHcTpauHH raMMa-KBaHTOB. 

.uJIH pelIIeHHH nOCTaBJIeHHOH 3a)l;a1lH CUMHTHJIJIHUHOHHhIe AeTeKTOpbl 

AOJIJKHhI OTBellaTb CJIeAYlOI.U,HM Tpe60BaHHHM: 

-- BhICOKaH raMMa-3<p<peKTHBHOCTb B nHKe nOJIHOrO nOrJIOI.U,eHHH; 

-- cnoC06HOCTb Ha 3a)l;aHHOH BpeMHnpOJIeTHOH 6a3e pa3AeJIHTb raMMa-

KBaHThl H HeHTpoHhl co cpeAHeH KliHeTHlIecKoH 3HeprHeH En :::: 1 M3B; 

~- cenapaUHH raMMa-KBaHTOB H 3apHJKeHHblX lIaCTHIJ; no <popMe HMnYJIb

ca CUHHTHJIJIHUHOHHOH BCllhIlIIKH; 

-- HerHrpOCKOnHtlHOCTb MaTepHaJIa CUHHTHJIJIHTOpa; 

-- MeXaHHlIecKaH npotIHoCTh H npocToTa MeXaHHtlecKoH 06pa60TKli; 

-- BhICOKaH OAHOPO)l;HOCTb MaTepHaJIa, np03pa1lH0CTb K co6CTBeHBoMY 

CUHHTHJIJIHUHOHHOMY H3JIYQeHHlO; 

Bce C03AaHHble AO HaCTOHI.U,erO BpeMeHH cneKTpoMeTpbI 41l'-reOMeTpHH 

OCHOBhIBaJIHCb Ha HCnOJIb30BaHHH CUHHTHJIJIHUHOHBbIX KPHCTaJIJIOB NaI(Tl), 

BGO H nnacTHKoB/2 ,3 ,51. llOCJIeAHHe ony6JIHKOBaHHble npoeKTbl OCHOBaHbI 

Ha npHMeHeHHH CUMHTHJIJIHTOPOB BGO, BaF2 / 1 0 ,11/. 
MHorOMOAYJIbHhIe CHcTeMbI, C03AaHHhIe Ha BGO-CUHHTHJIJlfITOpaX, 

B OTJIHIIHe OT aHaJIOrHtlHhIX CHCTeM, nOCTpoeHHhlx Ha NaI(Tl)-CUHHTHJIJIHTO

pax,06JIa)l;aIOT HeKOTophIMH npeHMYI.U,eCTBaMH, a HMeHHO MeHblIIeH QYBCTBH

TeJIbHOCTblO K HeHTpOHHOMY H3JIYQeHHlO H T .A. llpHBeAeHHble B/2 61 pe3YJIbTa

Thl H3MepeHHH noKa3hIBaIOT , liTO CUHHTHJIJIHUHOHHbrn BGO-.neTeKTOp C OTHO

CHTeJIbHO He60JIblIIHMH pa3MepaMH (J 75x25 MM CpaBHHM no 3<p<peKTHBHO

CTH perHCTpaUHH raMMa-KBaHTOB C 3HeprHeH E. = 4720 M3B co CUHHmJIJIHy 

UMOHHhlM AeTeKTopoM NaI(TI) Q 150x100 MM. 113MepeHHH, npOBeAeHHhle 

B peaKUMHX C THJKeJlhIMH HOHaMH, nOKa3aJIH, lITO MeHblIIaH IIYBCTBHTeJIb

HOCTb BGO-AeTeKTopa K HeHTpOHaM fero MeHblIIHH o6'beM) npHBO)l;HT K 3a

MeTHOMY YJIYlIlIIeHHlO COOTHOlIIeHHH 3<p<peKT/<pOH, npH YCJIOBHH, lITO 06a Ae

TeKTOpa 3axBaThlBaIOT OAHHaKOBhIH TeJIeCHhrn yrOJI OTHOCHTeJIbHO MHlIIeHH. 

Puc.7. KpHBhle 3cpcpeKTHBHOCTH perHCTpa IPP _II : =-rJ :::J 
QHH raMMa-KBIIHTOB c E')' = 1,0 M3B MaTe

plWIOM ClIHHTHmIHTOpOB BGO, BaF2' 
CsI(Tl), NaI(Tl). no OCR Op1l:HHaT - 'BellR

'IllHa ~eJ<nmHOCTH B npoI:(eRT&X, no OCR 

a6ctU1'cc - TOJlInHHa CJlOIl. CI:(HHTHJ1Jl1I.TOpa 
BCM. 

Ha pHc.7 npeACTaBJIeHhI KpHBhIe 

3aBHCHMOCTIi 3<p<peKTHBHOCTH pe

rHCTpalUiH raMMa-KBaHTOB C 3HeprH

eH Er = 1 M3B AJlfI YKa3aHHhIX 

CUMHTRlIJIHTOPOB OT TOJII.U,HHhI IIYS

CTBHTeJIbHOrO CJIOH. KpHBbIe norJIO

I.U,eHHH raMMa-H3JIYlIeHHH AJIH 

CsI(Tl), BaF2 npH6nH3HTeJIbHO 0)l;H

HaKOBbI H JIOJKaTCH MeJKAY KpHBbIMH 

nOrJIOI.U,eHHH CUHHTHJIJIHTOPOB BOO 

H NaI(Tl).,llJIH AOCTHJKeHHH 95% 3<p<peKTHBHoc'J,'H perHCTpaUHH raMMa-KBaH

TOB C 3HeprHeH E.y = 1 M3B He06xoAHMhI TOJII.U,UHhI KPHCTaJIJIOB: 

0,95 

0,75 

[1'1,0 HaS 

BGO - 6 CM, 

BaF 10 CM, 

CsI('b) 11 CM, 

NaI(Tl) 14 CM. 

llpu TOJII.U,HHe CUUHTHJIJIHUUOHHbIX KPHCTaJIJIOB nopHAKa 10 CM 60JIb

lIIYlO pOJIb KaK B 3HepreTulIecKoM, TaK U BO BpeMeHHoM pa3peweHUU Hrpa

eT K03<p<puUMeHT np03paqHOCm CUHHTHJIJIHTOpa K c06cTBeHHoMY U3JIyqe

Hmo CUHHTHJIJIHUUH, a TaKJKe paBHOMepHOCTb pacnpeAeJIeHHH aKTHBaTopa 

H tlHCTOTa KpUCTaJIJIa,oc06eHHO AJIH CUHHTHJIJIHTOPOB C KOPOTKOH AJIUHOH 

BOJIHhI c06CTBeHHoro H3JIyqeHUH. HeMaJIOBaJKHOe 3HaqeHUe (CM. Ta6JI.1) 

HMelOT xapaKTepHCTHKH <pOTonpHeMHHKOB. KalleCTBO BhIlIIeynOMHHYThIX 

xapaKTepHCTHK CUMHTHJIJIHUHOHHbIX MaTepHaJIOB CTaHOBHTCH oc06eHHO 

BaJKHhIM npH perHCTpaUHH 3apHJKeHHhIX QaCTHU, HMelOI.U,HX KOPOTKHH npo

6er; B 3TOM CJIYQae JIOKaJIbHhIe CBOHCTBa CUHHTHJIJIHTOpa CHJIbHO BJIHRlOT Ha 

pa36poc napaMeTpOB HMnYJIbCOB OT perHCTpHpyeMbIx lIaCTHU. C 3TOH TOQKH 

3peHHH CUHHTHJIJIHTOP Ha OCHOBe KpHCTaJIJIa CsI(Tl), HMelOI.U,HH c06CTBeH

Hoe H3JIYlIeHHe C MaKCHMYMOM B 06JIaCTH 560 HM H AOCTaTOIlHO 6oJIbIIIOH 

CBeTOBbIXOA (45000 <pOTOH/M3B), o6na)l;aeT HeKoTopbIMH npeHMYI.U,eCTBa

MH nepeA ApyrHMH CUHHmJIJIRTopaMH, BnpolleM, peaJIH3auHH HX B 6oJIbIIIOH 

CTeneHH 3aBHCHT OT CneKTpaJIbHbIX xapaKTepHcTHK <poTonpHeMHHKa. 

KaK YJKe OTMellaJIOCb, HCnOJIb30BaHHe CUHHTHJIJIHTOPOB CsI(Tl) n03BO

JIHeT no <popMe HMnyJIbCa CUMHTHJIJIHUHOHHOH BcnbIlIIKli OnpeAeJIHTb BHA 

3apHJKeHHOH lIaCTHUbI/8 ,9 ,12,27/. BOJIee Toro, nOA60poM OnTHMaJIbHOH 

KOHueHTpaUHH aKTHBaTopa Tl MOJKHO AOCTHlIb HaHJIYlllIIero pa3pelIIeHHH 

no cenapaUHH lIacmu. Ha pHC.S nOKa3aHa 3aBHCHMOCTb BpeMeHH HapaCTaHHH 

CUHHTHJIJIHIU10HHOH BcnbIlIIKH B KpHCTaJIJIe CsI(Tl) OT KOHueHTpauHH aKTH

BaTopa. 113MepeHHH npoBeAeHbI B JKeJITOH nOJIOce cneKTpa H3JIYQeHHH CUMH
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Ta61lu14a 1 

BpeMeHHhle xapaKTepHcTHKH Cll,HHTHflJUITOpa BaF2 pa3MepoM 
9110 CM, L = 14 CM, nopor cpa6aThIBlUum: Er = 100 lOB 

(HCTO'IHHK 6 0 CO) 

(1)oTonpHeMHHK. Pa3MephI CIJ;HH BpeMJ'I FHWM, FTWM, 
nopor 100 K3B THJIJIRTOpa, MM HapaCTaHHH HC HC 

CHrHaJIa, HC 

Hamamutsu 1035Q/Ilai ~1100x140 11 1,9 3,8 

3412 RTC l11al r;{ 10Ox140 7 1,7 3,4 

2020 QRTCI1I al ~ 10Ox140 1,5 0,7 1,5 

9812 QB EMl/IIal ~ 100x140 2,1 0,52 1,1 

Puc.8. 3aBHCHMOCTb apeMeHH HapaCTIIHWl 

C!.OlliTHJIJ1H~OHHOro HMnyJIbCa B CsI(Tl) 

OT KOHueHTpaUHH aKTHBaropa Tl B lKeJ1

TOB nOJ1oce H3JlY'leHHH, npH perHCTPftLlHH 

HCnOJIb30BlIJICR lKeJITbIii cBeToq,HJ1bTP 

N 

200 
)KC-I6. DpoBeneHa HOpMHpOBKa aMnJ1HTY

Abl HMnyJIbCa no MeAJIeHHOH KOMIlOHeHTe. 

DYHKTHPHOB JIHHHeH OTMeqeH q,POHT HM

nYJIbCa, Bbl3BIIHHoro am,q,a-qaCTHueH, 

CllJIOlliHOH 6eTa-qaCTHueH (raMMa
100 

KSIIHTa). Ha,I], KpHBblMH B ~q,pax npHBe

AeHbI BeJIHqHHbl KOHUeHTpftLlHH 

aKTHBaTOpa Tl. ITo OCH a6c~cc - BpeMfl 

BblCBeqHBIIHHR ( HC). ITo OCH OpAHHaT 

HHTeHCHBHOCTb BCIlblllIKH. ,llllHHble npH
o BeAeHbI H3 pa60Tbd8/ . 

,. 
0/.. 

o 50 T (Nt) THJIJIRTOpa, HMnYJIhChI HOpMHpOBa
HhI no Me)];JIeHHOH KOMnOHeHTe, 
nYHKTHpHOH JIHHHeH nOKa3aH 

$pOHT HMnYJIhCa, reHepHpOBaHHhIH aJIh$a-qaCTHIJ;eH, CnnOIJlHOH JIHHHeil: -
HMnYJIbChI, BhI3BaHHhle 6eTa-qaCTlfIJ;aMH (raMMa-KBaHThI). ilPH H3MepeHHH 
HCnOJIb30BaJICH iKeJIThIH CBeTo$HJIbTP iKC_16/8a/ • 

ABTOPaM pa60ThI/271 Y)];aJIOCh )];06HThCR npHeMJIeMOrO pa3pemeHHH 
no H)];eHTH$HKall,HH 3apRiKeHHblx qaCTHIJ; p, d, t, a-lIaCTHIJ;, a COBMeCTHoe HC
nOJIb30BaHHe CsI(Tl) H TOHKoro nJIaCTHKa n03BOJIHJIO npO)];BHHYThCH no 3a
PRAY qaCTHIJ;)];O Z = 19. 
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Puc.9. Cenap~R 3apHlKeHHbIX qaCTHu no q,opMe HMnynbca KaK WYHKIUlR :3HeprHH. 

a) ,llsyxMepHblH cneKTp perHCTp~H 3apRlKeHHhiX qaCTIW;, AIIHHhle/9 • no OCH a6CIUicc -

BpeMfl nORBJIeHHR OTMeTKH OT 6noKa cenapawm (HC); no OCH OpAHHaT ::lHeprHR pe

rHCTpRpyeMblx qaCTHU (MaB). ITYHKTHPHOH mnfHeH OTMeqeHhl 06JIaCTH perHCTPftLlHH 

qaCTHU 6es BKJIIO'l.eHHR q,OPMHPOBIIHWl CHrH8JIOB, HenpephIBHOH nHHHeH - C npHMeHeHH

eM 5 MKC q,OPMHPOBaHHR HHTerpHpoBIIHWl. 6) Pe3YJIbTaThl H3MepeHHii C Hcnonb30Ba

HHeM AByX aH8JIOrOBhIX TpaKToB C Pa3JlH'l.HhlMH nOCTORHHhlMH HHTeI"pHpoBIIHHR CHrHa

nOB H ABYX AUD. KpHCT8JIn CsI(Tl) pi 40lC30 MM, $!3Y-139. no OCRM X H Y - aMllJIH

TYAhi CHrHanoa, aH8JIOrOBhIX TPaKTOB C nOCTORHHhlMH HHTerpHpOBIIHHH 2000 H 250 HC 

COOTBeTCTBeHHO. B) Pa3AeJIeHHe 8JIbq,a-qacnru. H r8MMa-KBlIHroB npH nOMOIUH ABYX 

AHCKPHMHH8TOpOB CO CJIeAHIUHM noporoM H pa3HhlMH q,paKIUlHMH (f1 0,2, f2 = 0,6). 

Do OCH a6CIUicc 8MIlJIHTYAa CHrH8JIa IlpH HCnOJIb30BaHHH nOCTOHHHOH HHTerpHpoBIIHWl 

HMnyJIbCa 2000 HC. Do OCH OpAHHaT BpeMeHHOH HHTepB8JI cpa6aTbmllHWl ABYX AHCf<

pHMHHaropoB co CJIeARIUHM noporOM. KpHCTanJI CsI(Tl) Ii 40x30 MM, $!3Y-I39. 
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Ha pHc.96, 9B npe,llCTaBJIeHbI npeABapHTeJIbHbIe pe3YJIbTaTbI H3MepeHHH 

XapaKTepHCTHK MaTepHaJIa ClI,HHTHJ1JIHTOpa CsI(TI), KOTOPbIH npe,nnOJIaraeT

CH HCnOJIb30BaTb B MO,u,YJIHX CneKTpOMeTpa. H3MepeHHH npoBO,llHJIHCb ,llJ1H 

KpHCTaJIJIa ¢ 40x30 MM H <l>3Y-139. npHMeHfUICH HCTOllHHK a -llaCTHlI, 223 Ra., 
a TaK)Ke PuBe-HCTOtIHHK C Ry 4,43 M3B. Ha pHc.96 nOKa3aH AByxMepHhw 

cneKTp perHcTpalUiH raMMa-KBaHTOB H arrbcpa-llacTHlI,. OH nOJIY'QeH nyTeM 

pa3,u,eJIeHHH aHarrorOBoro CHrHarra OT <l>3Y Ha ABa TpaKTa YCHJIeHHH C no

CTOHHHbIMH CPOPMHPOBaHHH 1 = 2000, 250 HC, H C nOCJIe,u,YIOLlI,eH nepe,u,alleH 

aHarrOrO-lI,HcppOBhIMH npeo6pa30BaTeJIHMH (Aun) B naMHTb 3BM. no OCHM 

X H Y OTJIO)KeHhI aMnJIHTY,llbJ nepBoro H BToporo TpaKTOB YCHJIeHHH 

COOTBeTCTBeHHO. Xopowo BH,llHQ, 'liTO pa3,u,eJIeHHe 'QaCTHlI, Ha'llHHaeTCH npH 

:meprHH 'QaCTHlI, - 2 M3B H YJIYlfIIlaeTcR C nOBhIweHHeM HX 3HeprHH. Aliarro

rHtIHbIe pe3YJIbTaThI 6hIJIH nOJIY'Qf!HhI B H3MepeHHRx C HcnOnb30BaHHeM ,u,BYX 

3apH,u,oBO-lI,HCPPOBbIX npe06pa30BaTeJIeH (3un). 3anycK H BpeMR HHTerpH

pOBaHaR 3apH,lla 3un-1 onpe,u,eJIHJ1HCb BpeMeHHhIMH "BOpOTaMH" - 60 HC, 

KOTophIe nonHOCTblO 3aXBaThmarrH CPPOHThI HapaCTaHHH CHrHaJIOB OT arrb

cpa-'QaCTHlI, H raM Ma-KBaHTOB. BpeMeHHbIe "BopOTa" ,u,JIH 3un-2, 3a,u,ep)KaH

HhIe Ha 150 HC, HMeJIH ,llJ1HTeJIbHOcTb - 300 HC. 3HepreTHlfeCKHe pa3peweHHH 

TpaKTOB H ABYXMepHbW cneKTp cpaaHHMhI C BhIWeOnHCaHHbIMH, nOJIYlfeH

HhIMH Ha Aun (pHc.96). 

C TOllKH 3peHHH HCnOJIb30BaHHH MeTO,llOB 6hICTporo npe,u,npOll,eCCOpHO

ro oT60pa perHcTpHPyeMoH HHCPOPMau.HH HHTepeCHO nOJIY'IlHTb ,llBYXMepHhIe 

cneKTphI perHCTpall,HH lfaCTHlI" Kor,u,a TOlfKH -- C06hITHH perHCTpau.HH 'Qa

CTHlI, ~ nO)KaTCH B 06naCTH, lJeTKO pa3,lleJIHIOLlI,eHCH no O,llHOH H3 KOOp,llHHaT 

,u,BYXMepHoro cneKTpa. C 3TOH lI,eJIblO GbIJIH npOBe,u,eHhI H3MepeHHR, pe

3YJIbTaTbI KOTOPhIX npe,llCTaBneHbI Ha pHc.9B. B Ka'QeCTBe napaMeTpa H,u,eHTH

CPHKau.HH BbIGPaH BpeMeHHOH HHTepBarr cpaGaTbmaHHH ABYX cpopMHpOBa

TeJIeH co CJIe,llHLlI,l1M noporOM (nOCTOHHHbIe cppaKll,HH f 0,2, 0,6) -

OCb Y. no OCH X OTnO)KeHa aMnJIHTy,u,a cneKTpOMeTpH'QeCKoro TpaKTa. 

BpeMeHHOH HHTepBarr Me)K,lI,Y oGnacTRMH perHCTpauHH aJIbcpa-lJaCTHlI, H raM

Ma-KBaHTOB ,u,OCTaTO'llHO BenHK (- 90 HC), 'liTO n03BonHeT Ha,u,eHTbCR Ha 

y,u,OBJIeTBOpHTeJIbHYIO H,lleHTHcpHKau.HIO JIenmx 3apR)KeHHbIX qaCTHlI, 

B ,u,aJIhHeHWHX Hccne,u,OBaHHHX B 3TOM HanpaBJIeHHH. 

XapaKTepHCTHKH BbIweynoMHHYThIX ClI,HHTHJIJIRlI,HOHHbIX MaTepHaJIOB 

npe,u,CTaBJIeHbI B Ta6n.2. 

HeCMOTpH Ha TO, lfTO no HeKOTopbIM napaMeTpaM KpHCTaJIJIbI CsI(TI) 

YCTynalOT KpHCTaJInaM BaF2' BGO, NaI(Tl), OHH oGJIa.u.a1OT PH,u,OM CJIe,u,ylO

LlI,l1x ,u,OCTOHHCTB, KOTopble B cOBoKynHOCTH onpe,u,eJIPJIH BbIGOp :noro Ma

TepHaJIa ,llJ1H HcnOnh30BaHHH B MHorOMo,u,ynbHoM CneKTpOMeTpe raMMa

KBaHTOB H 3apR)KeHHhIX lfaCTHlI,: 

- BbICOKoe :mepreTHlfecKoe pa3peweHHe; 

- CJIa6aH rHrpOCKonH'QHOCTb; 

BhICOKaH nnOTHOCTh BeLll,eCTBa; 

- B03MO)KHOCTh pa3,u,eJIeHHH raMMa-KBaHTOB, 3apH)KeHHb1X 'QacTHlI, 

no cpopMe HMnyJIbCa; 

BhICOKaH npOlJHOCTh KpHCTaJIJIa, JIerKOCTb MeXaHlfllecKOH 06paGoTKH; 

- OTHOCHTenbHO HH3KaH CTOHMOCTh. 
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Ta6ltuija 2 

XapaKTepHCTHKHClI,HHTHJ1JIHlI,HOHHhIXMaTepHaJIOB 

£UHHTHJ1JIHTOPbI BGO BaF2 CsI(Tl) NaI(Tl) Pa3MepHocTh 
napaMeTpbJ 

3
IlJIOTHocTb 7,13 4,88 4,51 3,7 rp/cM

BeLll,eCTBa 

Pa,u,Hau.HOHHaH 1,12 1,86 2,59 CM 

,llJ1HHa 

<l>OToBhIXO,ll 5+15x103 2000 45000 40000 ¢lOTOH/M3B 

BpeMH pacna,u,a 3000 620 900 230 HC 

nocnecBelJeHHe 0,05 4,5 5,0 % nocne 3 MKC 

Pa3peweHHe 0t 4 0,8 2+3 HC 

MHeHHe 06 OTHOCHTenbHO HeBhlCOKHX BpeMeHHhIX xapaKTepHcTHKax 

ClI,HHTHJIJIHTOpa CsI(TI) RBnHeTCH cnopHbIM (CM.pHC.7), TaK KaK KHHeTHKa 

pa3rOpaHHH ClI,l1HTHnJIHlI,HOHHOro HMnYJIbCa 3aBHCHT OT KOHlI,eHTpar.(HH aK

THBaTOpa/8/ . 

3. KOHCTPYKUHH ,lJ.ETEKTOPA 

1. OCHOBHaH MOAl1cpHKauHH cneKTpoMeTpa npe,u,cTaamreT COGOH ,llBe 

CGopKH no 36 Mo,u,YJIeH - ClI,HHTHJIJIHTOpOB B ¢lopMe npHMoH npH3MbI, 

B OCHOBaHHH KOTOPOH ne)KHT npaBHJIbHbIH wecTHyrOJIhHHK. Ka)K,lI,aH coop

Ka, orH6aroLll,aR nOJIyccpepy, coGpaHa H3 Tpex KOJIeu no 18, 12, 6 Mo,u,yneH 

COOTBeTCTBeHHO, pacnOJIO)KeHHbIX, B OTJIlflme OT cneKTpoMeTpa/11/ , HOp

MaJIbHO no OTHomeHHIO KOCH HOHOnpOBO,lla, 'ITO Ba)KHO npH H3yqeHHH R,u,ep
HbIX peaKUHH C TH)KeJIbIMH HOHaMH cpe,u,HHX H BhICOKHX 3HeprHH (BhIJIeT 

cpparMeHTOB peaKUHH npeHMYLll,eCTBeHHO no,u, MaJIhIMH yrJIaMH H C ooJIbillOH 

MHO)KeCTBeHHOCThlO). TaKaR reOMeTpHR n03BOJIHeT oCYLlI,eCTBJIHTh 60JIee 

rHGKYIO nepecTpoHKY B ,u,pynle MO,u,HCPI1Kau.HH Tl1na "IIlap - cTeHa" /5/ ny" 
TeM 3aMeHhI Konell" COCTORLlI,l1X H3 6, 12 Mo,u,YJIeH, pacnOnO)KeHHhIX no,u, 

llepe,u,HHM yrJIOM, Ha KOJIbua C GOJIhWHM lfHCJ10M Mo,u,YJIeH ("cTeHa") 

C uenblO ynYlJmeHHH pa3peillalOIIl.eH cnocoGHocTH no MHO)KeCTBeHHOCTH 3a

pH)KeHHhIX lJaCTHlI, npH H3yt leHHH peaKuHH cpparMeHTau.HHH T.n. (cM.pl1c.lO). 
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PRc.10. KOH<pHry~ cneKTpOMeTpa 
AJlR H3Y'leHHH peaKL\HH <pparMeHTat:(IUI 
Ha nY'lKax TRJKeJ'IbIX HOHOB. O,o;HO KOn1>
110 H3 Mo,o;yneH c60pKH CneKTpOMeTpa 
3aMeHeHO KOnLllaMH H3 aHMOrH'lHbIX 
Mo,o;yneH, 06pa3YlOIUlfx "KpHCTMnH'Iec' 
KYJO cTeHY" 13 TOM JKe TenecHoM yrne. 

, 
CXeMaTH'leCKH C60pKa npe,U

CTaBneHa Ha pHc.l H 2. reKcaro-

HaJIbHhIe ::meMeHThI-MO.1l:ymf CneKT

pOMe'Tpa C pa3MepaMH ~ 100x150 MM 06pa3YlOT B .1l:aHHoH reOMeTpHH BHYT

peHHIOlO nOnOCTb C Pa.LJ:H,t;COM BnHca.HHoro mapa 170 MM. 

ABTopaMH pa60ThI 13/ Ha OCHOBaHIDI paCtIeTOB, npoBe.1l:eHHhIX no MeTO

.1l:Y M,oHTe-Kapno, nO)1ytIeHhI KOJIHlIeCTBeHHbIe IJhffiO;o;hI 0 pa3pemaJOru;HX 

cnoco6HOCTHX no;o;06HOH CHCTeMhI B OCHOBHOH MO;O;Hq:,HKaUHH. OTMetIeHO, 

liTO :l\:apaKTepHCTHKH ;o;aHHoro cneKTpoMeTpa HI-I)Ke aHaJIOrHtIHbIX xapaKTe

PHCTHK (;O;HcnepCH,fI no MHOiKeCTBeHHOCTH H T .;0;) "KpHCTaJInHtIeCKlIX mapOB" 

C TaKHM )Ke lIHcnOM Mo,UyneH, HO He 60nee tIeM Ha 10%. 3TO 3aHHiKeHHe 

BhI3BaHO pa3nHlIHeM B BenHlIHHax 3q:,q:,eKTHBHoCTH perHcTpauHH Me)K;D;Y MO

;o;ynHMH cneKTpoMeTpa. Cyru;ecTByeT HecKOJIbKO cnoc060B ynYllmeHHH 

xapaKTepHcTHK cneKTpoMeTpa, a HMeHHO: nYTeM nOBhImeHHH 3q:,q:,eKTHBHo

CTH perHcTpauHH Ka)K;D;Oro MO.1l:ynH (cM.pHc.ll); BhIpaBHHBaHHeM BeJIHlIHH 

3q:,q:,eKTHBHocTeH perHcTpaumI Mo,UyneH C nOMoru;blO H3MeHeHHH HX TeJIeC

HhIX yrnoB H ,Up. 

PaCtIeThI, npoBe,UeHHbIe HaMH no MeTO,Uy MOHTe-Kapno, nOKa3aJIH, liTO 

B03MOiKHO ynYtIWeHHe ;o;aHHhIX xapaKTepHCTHK nyTeM onTHMH3aUHH napa

MeTpa H (H paCCTOHHHe OT nJIOCKOCTH OCHOBaHHH Mo,UynR cneKTpOMeTpa 

,UO nrrOCKOCTH CHMMeTpHH, npOBe,UeHHOH tIepe3 ueHTp cneKTpOMeTpa nep

neH,UHKynHpHo OCH nyqKa). Ha pHc.12 npe,UCTaBJIeHa c60pKa MO;O;YJIeH 

cneKTpOMeTpa, BH,U cnepe,UH. )lnR Ka)K;D;Oro MO,UYJIH BBepxy H BHH3Y npHBe

;o;eHhI tIHCna cpa6aTbIBaHHll MO,UYJIeH 

cneKTpOMeTpa Ha KaCKa,U H3 30 MOW, 
H03HeprerntIeCKlIX raMMa-KBaHTOB 

C 3HeprmIMH COOTBeTCTBeHHO 0,5, 

40 

_().95 
_O~9_0."

30 

PRc.1I. KpHBbIe <PYHKUHH OTKllHKa Ha 
raMMa-KaCKaA 72-MoAynbHoro Cl1eKTpO
MeTpa THl1a "KpHCTMnH'leCKHH wap"

20 
C 110nHOH ::'<p<peKTHBHOCTLIO perHCTpSUHH 
r8MMa-KBaHTOB E 1,0 M::.B, PaBHOH 
n 0,95; 0,9; 6,8. no OCH a6cUHcc 

10 MHOJKeCmeHHOCTh perHcTpHpyeMoro raM
Ma-KacKana, 110 OCH oplWHaT - KpaTHocTb 
perHcTpHpyeMblx C06bITHH. PaC'IeTbI 
<PYHNrH OTKnHKa I1poBe,o;eHbl 110 <PoPMY

N- 72 

n:o.a 
0.9 
0.95 

10 20 30 

,,/' -~" ., .... 
...-

.' 

M, 

40 50 naM . 
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PHc.12. C60pKa Mo,o;yneH Cl1eKTpoMeTpa 
(ce'leHHe nepneHJJ;HKYJ1.RpHO OCH HOHO
npoBo,o;a). npHl3e,o;eHbI 'lHcna cpa6an.ma
HHii: Mo,o;yneH cneKTpoMeTpa Ha KacKan 
MOH03HepreTH'lHbIX raMMa-K13aHTOB M", = 
= 30 C 3HeprHRMH 0,5 H 2,0 M::lB BJep A A 
xy H BHH3Y COOTBeTcmeHHO I1pH H 

13,75 CM. B Mo,o;ynRx BToporo Konb
Ila 13 aHaMeHaTene npHl3e,o;eHbI aHMOrWl
H1>le BenH'lHH'b1 130 BTOPOH reoMeTpHH 
(BenH'lHHa napaMeTpa H TaKHX Mo,o;yneH 
pasHa 10,95 CM). BHH3y npenCTaBneHO 
Ce'leHHe C60PKH Cl1eKTpOMeTpa 110 
IlJ10CKOCTH A-A. A-A 

H 2,0 M3B npH H = 13,75 M3B, BO 

BTOPOM Konbue B 3HaMeHaTeJIe yKa

3aHbI Te )Ke BeJlHtIHHhl npH 3HatIeHHH 

napaMeTpa MO;o;YJIH H 10,95 CM. 

)laJIbHeHWHH POCT KoJIHtIeCTBa ,Ue

TeKTopOB ;0;0 120 C COXpaHeHHeM 

reoMeTpHH nYTeM npH6aBJIeHHH eru;e 


.lJ.Byx KOJIeu n03BOJIReT YBeJIHtIHTb Pa.LJ:Hyc BHYTpeHHell nOJIOCTH ,UO 280 MM. 


B ueHTpe BnHCaHHOH B nonOCTh C60pOK CneKTpOMeTpa OKPY)KHOCTH pacno

JIOiKeHa MHweHb. 06e C60PKH OKpYiKeHbI 6JIOKaMH nrraCrntleCKOrO CUHH

THJIJIRTOpa UHJIHH,UpHtIeCKOH q:,OPMbI H pacnOJIO)KeHhI Ha nO,UBHiKHhIX nJIaT

q:,OPMax, pa3,UBHralOru;HXCH B,UOJIb OCH HOHonpOBo,Ua. nJIaCTHtIecKlIe CUHH

THJInHTOpbI, RBJIRlOIUHecH JIOiKeMeHTOM MH C60pOK MO,UYJIeH CneKTpOMeT

pa, npOCMaTpHBaeMble CHCTeMOH 6bICTPhIX <l'>3Y - 85, BhInOJIHHlOT q:,YHKUHH 

aHrnKOMnTOHoBcKOH 3aru;HThI, a TaK)Ke KOCMHtleCKOH 3aru;HTbi. YCTaHOBKa 

cneKTpoMeTpa B OCHOBHOH MO,lJ.Hq:,HKauHH npe;O;CTaBneHa Ha pHc.l, 2. 

2. AHTHKOMnTOHOBCKHH CneKTpOMeTp. )lJIH cneKTpOCKOnHtleCKHX HC

CJIe;O;OBaHHH C npHMeHeHHeM 60JIbmOro tIHCJIa Ge-,UeTeKTOpOB MOiKHO HC

nOJIb30BaTb Mo;o;mtmKaUHlO, aHaJIOrHtIHYlO YCTaHOBKe TESSA-2/14/. )laH

HaR MO;o;Hq:,HKaI.J;HR CTPOHTCR H3 36 .1l:eTeKTOpOB, OKpY)KalOru;HX KaMepy, 

npe,UHa3HatleHHbIX MH H3MepeHHH nOJIHOH 3HeprHH raMMa-H3JIYlIeHHH, 

H ·12 Ge(Li)-,UeTeKTopOB, Ka)K;D;hIH H3 KOTOPbIX OKpY)KeH nHTblO MO,UYJIHMH 

CsI(TI) aHTHKOMnTOHOBCKOH 3aru;HThI (pHc.13) • 

3. raMMa-cneKTpoMeTp B COtIeTaHHH co cneKTpoMeTpoM 3apHiKeHHblx 

lIacrnu BbICOKOH 3Hepnm. ,lJ,JIR HCCJIe,UOBaHHH peal<:UHH npH 60JIbmHX 

3HeprnRx HaJIeTaIDIUHX HOHOB MO)f{eT 6hITb HcnOJIb30BaHa MO,lJ.Hq:,HKaUHH 

cneKTpoMeTpa, aHaJIOrHtIHaR CHCTeMe "nrracTHKOBbrH map - nrraCTHKOBaH 

cTeHa,,/5/. nOCTpoeHHe CHCTeMhI MO.1l:YJIeH, cHMMeTpHtIHOH OTHOCHTeJIbHO 

OCH HOHonpoBo;o;a, B OTJIHtlHe OT CHCTeMbI C aHaJIOrHtIHOH reoMeTpHeH/11/ 

n03BOJIHeT 3aMeHHTh MO,UYJIb, pacnonoiKeHHbIH no,U 0 
0 

K HanpaBJIeHHlO 

nYlIKa, a TaKiKe nOCJIe,UYlOru;He KOJIbua .1l:eTeKTOpOB C60PKOH ,UeTeKTOpOB 

rnna "cTeHa" (pHc.9) . 
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PRc.13. C:x:eMaTH'Iec:ram BH.n KOHq,urypa
~ CneKTpOMeTpa C Ge-AeTeKTOpaMH 
H aHTHKOMI1TOHOBCKOH 38.n~ITOH. qepHLI
MH KPY"ICKaMH OTMeqeHLI Ge-AeTeKTOphl 
r8MM8.-H3JIyqeHH.R. 

PRc.14. llpOCTaR KOHq,HrYPIlUHII CneKTpO- ==--.9-+--\---1 
MeTpa I10JIHOrO nOrnOll\eHHII, C06HpaeMaH 
H3 6-12 MOAyneH:, 06p83yJOll\aH 41T-reOMeT

pHIO. 

4. llpocThle MO,ll;mtllu~aUHH • .IlJUi npOBe,ll;eHHH HeKoTophlX HCCJIe,ll;OBa

HHH aBJIHeTCH UeJIeC006pa3HhiM npHMeHeHHe npocThlX MO,ll;mpHKaUHH, 06pa

30BaHHhiX H3 6, 12 MO,ll;YJIeH cneKTpoMeTpa, npenHa3Ha1.JeHHhIX ,ll;JIH H3Mepe

HHH nOJIHOH 3HeprHH H raMMa-MHO'lKeCTBeHHOCTH (pHc.14). 

5. raMMa-KaJI0pHMeTp ,ll;JIH H3MepeHHH KOppeJIHUHH raMMa-I<BaHTOB, 

B03HHKalOlllHX npH pacnane 1T
o 

-Me30HoB. 

4. HAnpABflEHI1H <l>I13I1QECKI1X I1CCflE.IlOBAHI1V1 


HA MHOrOMO.IlYflbHOM CnEKTPOMETPE 


r AMMA-KBAHTOB, HEVITPOHOB 11 3APH)KEHHbIX 


QACTI1U 


raMMa-cneKTpOCKOnH1.JeCKHe HCCJIe,ll;OBaHHH: 

1. I13yqeHl1e raMMa-nepeXO,ll;OB C ue.ilhlO HCCJIe,ll;OBaHHH COCTOHHHH H,ll;ep 

C 60JIhlllHM 3Ua1.JeUHeM Cnl1Ha. }l3ytteHHe CBOHCTB R,ll;ep, Y,ll;aJIeHHhIX OT nOJIO

ChI cTa6HJlbHOCTI1. nOCJIemmH 3a,ll;atfa CTaHOBI1TCH Hal160JIee I1HTepeCHOH npM 

I1CnOJIh30Bamm BTOpl1tIHhIX nyttKOB, T.e. HeihpOHOH36hITOttHhIX HJIH HeHTpO

HO,ll;e4!I1UHTHhIX H,ll;ep. JlauHhle HCCJIel(OBaHHH npOBO,ll;HTCH C npHMeHemlCM 

,ll;eTeKTOpOB BhICOKOrO 31WpreTI1tteCKOrO pa3pellleHI1H C aHTI1KOMnTOHOB
/5/

CKOH 3alllHTOH H CneKTpOMeTpa B KatfeCTBe 4!WlhTpa MHO'lKeCTBeHHOCTH . 

2. Onpe,neJIel-me MOMeHTa I1HepUl1H H,ll;pa npH 60JIhlllHX cnHuax 30+60t1 
npOBO,ll;HTCH C nOMOlllhJ{) 113MepetmR !'aMMa-MHO'lKeCTBemIOCTH H oueHO K 

:mepnrn B036Y)K,ll;eHHH OCTaTOtIHOrO H,ll;pa (nOCTpOeHHe BXO,ll;HOH JIHHHI1 

"enter line") nYTeM H3MepeH:wI 3aBHCHMOCTH raMMa-MHO'lKeCTBeHHOCTH 

OT 3HeprHH Er tot. H npl1MeHemm KoppeIDiUHOHHoro MeTO,ll;a, OCHOBaHHoro 

Ha MeTO,ll;HKe H3MepeHHH raMMa-raMMa COBIIa,ll;eHHH/16/ • B ,ll;aHHhlX 3Kcne

pHMeHTax MHOrOMO,ll;YJIhHhIH CneKTpOMeTp HCnOJIb3yeTcH KaK CneKTpOMeTp 

nOJIHOH ::meprHH raMMa-H3JIytteHI1H, H3MepHTeJIh pacnpe,ll;eJIeHHH raMMa

MHO'lKeCTBeHHOCTH H KaK 4!HJIhTP MHo»<eCTBeHHOCTH. 

I13ytteHHe MeXaHH3Ma peaKUHH CJIHHHHH CJIO»<HhIX H,ll;ep: 

1. Onpe,ll;eJIeHHe MaKCHMaJIhHorQ yrJIOBOrO MOMeHTa B KaHaJIe Hcnape

HHH HeHTpOHOB. I13MepHH pacnpe,ll;eJleHHe no MHO'lKeCTBeHHOCTH B pa3JIH1.J

HhIX KaHa.rrax peaI<IJ.HH, MO'lKHO nOJIyttHTh 3Hattemm BeJIHttmi cpenHero 

H MaKCHM;aJIhHOrO yrJIOBOrO MOMeHTa B036Y'lK,IleHHOH H,ll;epHOH CHCTeMhI, 

06pa3YIOII.teHCH B ,ll;aHHOH peaKUHH/l 7/. 

2. I13ytteHHe pacnpe,ll;eJIeHHH yrJIOBOrO MOMeHTa ,ll;eJIHII.terOCH H,ll;pa 

Me)K,ll;y OCKOJIKaMH ,ll;eJIeHHH. I13MepeHHH npoBoMTcH C HcnOlIb30BaHHeM 

cneKTpoMeTpa B COBnaneHHH C OCKOJIKaMH ,neJIeHHH. I1HTepecHYIO HH4!0P

MauHIO MO»<HO nOJIyttHTh, H3yqaH pacnpe,neJIeHHe no MHO'lKeCTBeHHOCTH 

raMMa-KBaHTOB B 3aBHCHMOCTH OT MaCChI OCKOJIKOB/18/ . 

3.I13MepeHHe cneKTpa »<eCTKoro raMMa-H3JIY1.JeHHH, B TOM ttHCJIe raM

Ma-H3JIY1.JeHHH pacnana rHraHTCKHX pe30HaHCOB, B036Y)K,ll;aeMhIX 

B peaKUHH. llO,ll;o6Hhle 3KcnepHMeHThI MoryT ,naTh HCKJII01.JHTeJIbHO BaJKHYIO 

HH¢OPMalUflO 0 npouecce ,ll;HCCHnauHH KHHeTH1.JeCKOH 3HeprHH B peaI<IJ.HHX 

CJIHHHHH CJIO»<HhlX H,ll;ep/19 I. I13MepeHHH npOBO,ll;HTCH BceMH MO,ll;YJIHMH 

YCTaHOBKH, 1.JTO B HeCKOJIhKO ,neCHTKOB pa3 nOBhIlliaeT 1.JYSCTBHTeJIhHOCTh 

MeTO,nHKH, HCnOJIb30BaHHOH B aHaJIOrH1.JHhlX 3KcnepHMeHTa:x:'6/. 

4. I13Y1.JeHHe peaKUHH HenOJIHOrO CJIHHHHH H,nep. I1cCJIe.nyH pacnpe,neJIe

HHe no MHO'lKeCTBeHHOCTH raMMa-KBaHTOB B KOppeJIHUHH C .u;pyrHMH npo

,ll;YKTaMH H,ll;epHOH peaKUHH, MO»<HO nOJIytlHTh HH4!0PMauHIO 0 3aCeJIeHHH 
/20/ •yrJIOBOrO MOMeHTa B BhI6paHHOM KaHaJIe H,ll;epHOH peaI<IJ.HH

5.3KcnepHMeHThI Ha nY1.JKax TH'lKeJIhlX HOHOB C 3HeprHHMH E ;;;. 

;;;. 20 M3B/HYKJIOH. 

Onpe,ll;eJIeHMe Ce1.JeHHH pO)K,ll;eHHH 1To -Me30HOB B 3aBHCHMOCTH OT 

3HeprHH 60M6ap,ll;HpYlOlllHX HOHOB. 3 KcnepHMeHThI ,na:lOT B03MO»<HOCTh 

nOJIYtlHTb ,ll;aHHhIe ,ll;JIH CpaBHeHHH C TeOpeTHQeCKHMH npe,ll;CKa3aHHHMH, 

n03BOJIHIOII.tHe OueHHTh xapaKTepHcTHKY BHYTpeHHero .n;BH'lKeHHH HYKJIOHOB 

B H,ll;pe/ 21/ • 

- I13MepeHHH cneKTpoB 3HeprHH JIerKHX 4!parMeHToB (p, d, t, 3 He, 

4He H T.,ll;.) C ueJIhlO H3Y1.JeHHH npoueccoB B3aHMO,ll;eHCTBHH CJIO»<HhIX H,nep 

npH BhICOKHX 3HeprnHx/22/ . 

5. 3flEKTPOHHAH CI1CTEMA 

B MHorOnapaM€TpOBhIX 3KcnepHMeHTaJIhHhlX YCTaHOBKax c 60IIhlllHM 

nOTOKOM HH4!0pMaUHH Bce 60JIee Ba»<HOe MeCTO 3aHHMalOT 3JH~KTpOHHhle 
CHCTeMhI C HCnOJIb30BaHHeM MeTO,ll;OB 6hIcTporo npe,nnpoueccopHoro OT

60pa perncTpHpyeMoH HH4!0pMaUHH. nO,ll;06HOe nocTpoeHHe 3JIeKTpOHHhlX 
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CHCTeM n03BOJIHeT ocyrn;eCTBJIHTb H3MepeHHH C 60JIbllleH 3$<PeKTHBHOCTbID 

nyreM YMeHbllleHHH t[fICJIa C06h1THH, HeCYrn;HX BTopOCTeneHHYID <pH3H'1e

CKYID HH<P0PMaIJ,HID. B OCHOBY ::lJ1eKTpOHHOH CHCTeMbI onHcbIBaeMOH YCTa

HOBKH nOJIOJKeH MeTOA 6bICTporo npeAOpoueccopHoro aHaJIH3a H oT60pa 

perncTpHpyeMbIX. C06bITHH, qTO YBeJIH'IHBaeT 06rn;YID 3<p<peKTHBHOCTb yCTa

HOBKH. 

3JIeKTpOHHaR: CHCTeMa 3KcnepHMeHTaJIbHOH YCTaHOBKH npeAHa3HaqeHa 

)J,J1H 06pa60TKH H HaKOOJ1eHHH <pH3H'IeCKOH HH<P0PMaIJ,HH, nOJIyqaeMoH 

OT 72 MO,IlYJIeH CneKTpOMeTpa, a TaKJKe OT AeTeKTOpOB, YCTaHOBJIeHHbIX 

BHyTpH peaKUHoHHoH KaMephl. QHCJ10 napaMeTpoB, 3aDHCbIBaeMbIX B na

MHTb MalllHHbI, - 100, 'ITO npH MaJIOM OTHOCHTeJIbHOM Ce'leHHH peaKuHH 

HCCJIe,IlyeMbix C06blTHH (COOTBeTCTBeHHO 60JIblllOM 'IHCJIe <pOHOBbIX C06bI

THH) onpeAeJIHeT Heo6xoAHMOCTb BKJ1J()'IeHHH B 3JIeKTpOHHYID CHCTeMY 

3JIeMeHTOB 6bICTporo H 3<p<peKTHBHOrO oT60pa HH<popMaUHH. 

BJIOK-CXeMa BapHaHTa 3JIeKTpOHHOH CHCTeMbl 3KcnepHMeHTaJIbHOH 

YCTaHOBKH, KOTopbm onHCbIBaeTCH HHJKe, npeACTaBJIeHa Ha pHc.15, 16, 

rAe x, n, f - AeTeKTopbI peHTreHOBCKoro H3$IyqeHHH, HeHTpoHoB H OCKOJI

KOB ,IleJ1eHHH COOTBeTCTBeHHO; By<p - 6bICTPbIH YCHJ1HTeJ1b-<P0pMHpoBa

TeJ1b; E - cneKTpOCKOnHqecKHH YCHJ1HTeJIb; BAIl - npeo6pasOBaTeJIb 

"BpeMH - aMOJ1HTY,Ila"; M - ABYXKaHaJIbHbIH aHaJIOrOBbm MYJIbTHOJ1eK

cop; AUI1- npe06pa30BaTeJIb "aMOJ1HTYAa UH<Ppa". 

3JIeKTpoHHaR: CHCTeMa pa3,I1eJ1HeTCH Ha TpH OCHOBHbIe 'IaCTH: 

- aHaJIoro-IJ,H<PPOBaR: qaCTb c60pa H HaKOOJ1eHHH 3KcnepHMeHTaJIbHOH 

HH<pOPMaIJ,HH; 

- JIOrHqeCKaR: qaCTb oT60pa perHcTpHPyeMoH HH<pOPMa:u;HH B naMHTb 

3BM; 

- CHCTeMa cTa6HJ1H3auHH H KOHTPOJIH. 

Plfc.15. Bnol(-cxeMa :meKrpOHHoH CIf

CTeMhI 3I(CnepHMeHTaJIl>HOii YCTIIHOBI(H. 

!'Hc.IS. BapHIIHT 61l01(-CXeMbl 31leI(TpOHHoii. lit. 
ClfCTeMbI Cnel(TpOMeTpa. , 

1. AHaJIOrOBaR: qaCTb npe,IUia3Ha'leHa )J,J1H c60pa H 3anHCH HH<popMar.nm 

06 3HeprHH npOAYKTOB peaKUHH C 72 MOAYJIeH cneKTpoMeTpa, a TaIOKe 

BHYTpeHHHx AeTeKTOpOB 3KcnepHMeHTaJIbHOH YCTaHoBKH. OHa nOCTpoeHa 

Ha 6ase npe06pa30BaTeJIeH THna "3apHA - KOA" (3UI1) , qTO n03BOJIHeT 06

pa60TaTb aHaJIOrOBbIe CHrHaJIbl C <l>3Y B KopoTKoe BpeMH C AOCTaTO'lHO Bbl

COKHM 3HepreTHqeCKHM paspellleHHeM. 

CHCTeMa, OCHOBaHHaR: Ha HCnOJIb30BaHHH 3UI1, cJIYJKarn;aR: )J,J1H npeo6

pa30BaHHH TOKOBoro HMnYJIbCa B cooTBeTcTBYIDrn;HH UH<PPOBOH KOA, n03BO

JIHeT pasAeJIHTb qaCTHUbI no <PoPMe HMnYJIbCa CUHHTHJ1JIHUHOHHOH Bcnbllll

KH. OHa yCTpoeHa TaK: aHOA <POTOYMHOJKHTeJIH KaJKAOro MOAYJIH coeAHHeH 

'Iepe3 YCHJ1HTeJIb co BXOAOM JIHHeHHOro pa3BeTBHTeJIH, BXOAbl KOToporo 

CBHSaHbI C 6JIOKOM BpeMeHHOH npHBHsKH, H 'Iepe3 nOCTOHHHYID JIHHHID 3a

AepJKKH, KOMneHCHpYJOrn;YID BpeMH cpa6aTbIBaHHH 6JIOKa BpeMeHHOH npH

BH3KH, - C BxoAaMH HeCKOJIbKHX 3apHAOBO-UH<PPOBbIX npe06pa30BaTeJIeH. 

Pa60TaeT CHCTeMa CJ1eAYIDrn;HM 06pa30M: aHaJIOrOBbIH CHrHaJI nOCJ1e pa3BeT

BJIeHHH nOna,IlaeT Ha 6JIOK BpeMeHHOH npHBH3KH, KOTOPblH BbIpa6aTbIBaeT 

CHrHaJIbI "HYJIH BpeMeHH" H CHrHaJIbI, ynpaBJIHIDrn;He 3UI1, )J,J1HTeJ1bHOCTb 

KOTOPblX H BpeMH nOHBJIeHHH OTHOCHTeJ1bHO "HYJIH BpeMeHH" MOJKeT pery

JIHpOBaTbCH. AHaJIOrOable CHrHaJIbI C APyrHx BblXOAOB pa3BeTBJIeHHH, sa

;L1;epJKaHHhIe Ha nOCTOHHHoe BpeMH 3aAepJKKH, HAYT Ha BXOAbl 3UI1. TaKHM 

06pasOM, AJIH KaJK,lJ.OrO 3UI1 MO:>KHO nOA06paTb MOMeHT BKJIIDqeHHH 

HHH H )J,J1HTeJIbHOCTb HHTerpHpOBaHHH TOKa sapHAa, npH'IeM OTHOllleHHe 3a

PH,IlOB nporpaMMHbIM 06paSOM MOJKeT 6blTb OTHOPMHpOBaHO Ha BeJIHqHHY 

3apH,Ila no Me)J,J1eHHOH KOMnOHeHTe HMnYJIbca. 3TH OTHorneHHH HBJIHIDTCH 

napaMeTpaMH, H,IleHTH<pHIJ,HpYIDrn;HMH 'IacTHUY. KpoMe OCHOBHOH <PYHKUHH 

cenapaUHH 'IaCTHU H onpeAeJIeHHH HX 3HeprHH, CHCTeMa MOJKeT BbInOJIHHTb 

<PYHKUHKl OTceBa C06bITHH, npH KOTOPblX HMeJIO MeCTO HaJIOJKeHHe perHCT

pHpyeMblx HMnYJIbCOB. I10,Il06HOe nOCTpoeHHe aHaJIOrOBOH CHCTeMbI no

3BOJIHeT npOBO,IlHTb UH<PPOBbIMH MeTOAaMH BeCb aHaJIH3 perHcTpHpyeMblx 

C06blTHH C nOMOrn;bID 3BM. 

2. JIorn'leCKaH 'IaCTb npeAHa3Ha'leHa )J,J1H npeABapHTeJIbHOrO oT60pa 

C06bITHH H 3aDHCH B naMHTb 3BM perH:cTpHpyeMoH <pH3H'IeCKOH HH<PoPMa

UHH. OHa COCTOHT H3 AByX CHCTeM: 

"<l>HJIbTP MHOJKeCTBeHHOCTH" npeAHa3Ha'leH )J,J1H 6hfCTporo npe.nsa

pHTeJIbHOrO oT60pa perHcTpHpyeMblx C06bITHH no 'lHCJ1y W cpa60TaBlllHx 

MO,IlYJIeH cneKTpOMeTpa. I1peACTaBJIHeT C060H MaJKOpHTapHYID cxeMY COB

na,IleHHH, sanYCKaeMYID OT ,IleTeKTOpOB, pacnOJIOJKeHHbIX BHYTPH peaKUHOH

HOH KaMepbI, HMeeT MaBHYID perYJIHpOBKY BpeMeHHbIX "OKOH" perHCTpa

IJ,HH no BceM 72 BXOAaM CIJ,HHTHJ1JIHUHOHHbIX AeTeKTopOB, a TaKJKe 8 pery

JIHPyeMbIX "OKOH" <pHJ1bTpa MHOJKeCTBeHHOCTH C nepCOHaJIbHblMH CqeT'IH

KaMH C06bITHH. CHCTeMa nponYCKaeT Ha perHcTpauHID B naMHTb 3BM <pH-

3H'IeCKOe c06bITHe, Y,IlOBJIeTBOpHIDrn;ee no MHOJKeCTBeHHOCTH O,IUi0MY H3 8 
"OKOH" <pHJ1bTpa MHOJKeCTBeHHOCTH. 

- "<l>HJIbTP nOJIHOH 3HeprHH" npeAHaSHaqeH )J,J1H 6bICTporo npeABapH

TeJIbHOrO oT60pa perHcTpHpyeMbIx C06bITHH no CYMMapHOH :meprnH, Bbl
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IleJleHHOH npo;n,YKTaMH RAepHOH peaKUHH B 72 MO;n,YJlRX CneKTpoMeTpa. 

COCTOHT H3 aHaJIOrOBOro cYMMaTopa, KOTOPhIH npoH3BO;!J,HT CYMMHpOBaHHe 

no 72 Bxo;n,aM, H llHCKpHMHHaTopoB aMnJIHTYAhI cYMMapHoro HMnyJlbca• 

.11.HcKpHMHHaTopaMH HMnYJlbCa npoH3BollHTCH oueHKa ero aMnnHTy;n,bl 

H, COOTBeTCTBeHHO, nOJlHOH ::JHeprHH, BhIAeJleHHOH B MO;n,yJlHX• .11.aHHaR oueH

KS ;n,OCTaTO'lHa ;!J,JlH npoBeIleHHR npeABapHTeJlhHOrO oT60pa HCCJle;n,yeMoro 

C06hITHH ;!J,JlR 3anHCH Q:JH3H'1ecKOH HHQ:JopMaIIHH B naMRTb 3BM. JIorHKa 

H TeXHHKa oT60pa aHaJIOrHQHa "Q:JHJlbTPY MHO:>KeCTBeHHOCTH" CHCTeMa 

HMeeT 8 perYJlHpyeMhlX OKOH nOJlHOH 3HeprHH C nepcOHaJIbHhIMH C'IeT'lHKa

MH C06hITHH. 

3. CHCTeMa cTa6HJlH3aIIHH H KOHTPOJlR <l>3Y RBJlHeTCH 1l0BOJlbHO '1YBCT

BHTeJlbHOH K B03IleHcTBHIO pa3JlH'IHhlX Q:JaKTOpOB, a HMeHHO: 3arpY3KH, 

BpeMeHH pa60Tbl, HanpR:>KeHHR nHTaHHH, MarHHTHoro nOJlR H T.;n,. no;n, HX 

B03;n,eHcTBHeM <l>3Y CHJlhHO MeHRIOT CBOH napaMeTphi (K03Q:JQ:JHIIHeHT YCH

JleHHR K, BpeMeHHoe H 3HepreTH'IeCKOe paspeweHHe, BpeMR nOHBJleHHR HM

nYJlbCa OTHOCHTeJlhHO Ha'laJIa CUHHTHJlJlRUHOHHOH BCllbllllKH H T.,n.). 

CHcTeMa CTa6HJlH3armH H KOHTPOJlH MHOrOMOIlYJlbHOrO CneKTpOMeTpa 

npeIlHa3Ha'leHa ;!J,JlR nOMep:>KaHHR nOCTORHHhIM K03Q:JQ:JHIIHeHTa YCHJleHHR 

aHaJIOrOBOro TpaKTa Mo;n,YJleH cneKTpOMeTpa B aBTOMaTH'lecKOM pe:>KHMe. 

CTa6HJlH3aIIHR napaMeTpa K aHaJIOrOBbiX TpaKTOB Mo;n,YJleH YCTaHOBKH 

MO:>KeT oCYIIIeCTBJlHThCH ;n,BYMR cnoco6aMH: H3MeHeHHeM napaMeTpoB pa

60Thi <l>3Y H H3MeHeHHeM napaMeTpoB aHaJIOrOBOro TpaKTa. 

K 	 nepBoMY cnoco6y cTa6HJlH3auHH OTHOCRTCH MeTo;n,hI.HcnOJlb3YIOU~He: 
H3MeHeHHe HanpH:>KeHHR nHTaHHH Q:JoT03JleKTpOHHoro YMHO:>KHTeJlR 

<l>3Y; 

cnoc06 perYJlHpOBKH napaMeTpa K ynpaBJlHeMhlM pe3HCTopoM, 

WYHTHPYIOIUHM IlBa coceIlHHX ;n,HHo;n,a <l>3y/24I ; 
H3MeHeHHe MarHHTHoro nOJlR B 06JlaCTH pacnOJlO:>KeHHR llHHO;n,OB 

<l>3y/25/. 

Ko BTOPOMY cnoc06y cTa6HJlH3aIIHH napaMeTpa K OTHOCRTCR MeTo)J,hl, 

HCnOJlb3YIOr:QHe YCHJlHTeJlb C ynpaBJlReMhlM K03Q:JQ:JHUHeHToM YCHJleHHR. 

Ka)J{;!J,hIH H3 nepe'IHCJleHHhIX Bhlwe cnoco60B cTa6HJlH3auHH napaMeTpa 

K HMeeT On~eIleJleHHbIe He;n,OCTaTKH, aHaJIH3Y HeKOTophlX H3 HHX nOCBHIIIe

Ha pa60Ta/ 2 a/. B HaCTORIUeM npoeKTe npe;!J,JlaraeTCH npHMeHeHHe MeTo;n,a 

cTa6HJlH3auHH napaMeTpa K, HCnOJlb3Y1OIIIero BKJlIO'IeHHe ynpaBJlHeMOrO 

pe3HCTopa B uenb aHaJIOrOBOro TpaKTa. B Ka'leCTBe aJIbTepHaTHBHoro Ba

pHlUlTa B03MO:>KH0 npHMeHeHHe cnoco60B perYJlHpOBKH napaMeTpa K nYTeM 

H3MeHeHHR MarHHTHoro nOJlH B 06JlaCTH ;n,HHO)J,OB <l>3Y. npH'IeM IlaHHhle 

BapHaHTbI oCYIIIeCTBHMhl Ha OIlHOH H TOH :>Ke 6a3HcHoH cxeMe cTa6HJlH3auHH 

H KOHTPOJlR (cM.HH:>Ke). 

CxeMa cTa6HJlH3aIIHH H KOHTPOJlR IlaHHoro cneKTpoMeTpa npeIlCTaBJlR-

eT C060H cOBoKynHocTb 3JleKTpOHHhlX 6JlOKOB ynpaBJleHHR, 6JlOKa BhIpa

60TKH BhlcoKOCTa6HJlbHOrO no aMnJIlUYlle KaJIH6pOBOQHOrO HMnYJlbCa; 

ynpaBJleHHe CHCTeMOH cTa6HJlH3aIIHH npOH3BOllHTCR nporpaMMHhlM cnoco

60M npoueccopoM CHCTeMbI. 

PHc.17. DJIOK-CXeMa CHCTeMbl CTa6HJIH3a

~ H KOHTPOJIH cneKTpOMeTpa. 

CHCTeMa BhtnOJlHReT CJle;n,ylO

r:QHe Q:JYHKUHH: 

- Bhlpa60TKa TecTOBhlX HM ~ 
nYJlbCOB Ha MO;n,YJlH CneKTpOMeTpa; 

- HaKOnneHHe OTBeTHhlX HM ~ 
nYJlbCOB B naMRTH MHKpOnpOuecco

pa 110 3a;D,aHHOH CTaTHCTUKH; ~ 06pa60TKa Hal<:onneHHhlX 

CneKTpoB OTBeTHhlX HMnYJlbCOB 

no 3a;D,aHHOH nporpaMMe; 

Bhlpa60Tlca peweHHR no 

Ka)J{;!J,OMY H3 TecTHpyeMhlx MO;n,y-

JleH; 

- nepe;n,a'la ynpaBJIRIOIIIHX CHrHanOB Ha HCnOJlHReMhle 3JleMeHThi H3Me

HeHHR napaMeTpa K MO~~YJTeH cneKTpOMeTpa; 

- nepeIla'la He06xo;n,HMOH HHQ:JopMarmH :a naMRTh 6a30:aOH MaWHHhi 

H Ha TepMHHaJI 3KcnepHMeHTaTopa. 

<l>YHKUHOHaJIhHhlH 06'beM, 3aJIO:>KeHHhIH B IlaHHYIO CHCTeMY, C Heo6xo

;n,HMOCTblO npe;n,nOJlaraeT HCnOJlb30BaHHe OT;n,eJlbHOrO MHKponpoueccopa 

C ueJlblO 3KOHOMHH OnepaTHBHOH naMRTH 6a30BOH MaWHHhI, 'ITO n03BOJlReT 

CYIIIeCTBeHHO 3KOHOMHTh BpeMR Ha60pa Q:JH3H'IeCKOH HHQ:J0PMauHH. 

KaJIH6poBKa Mo;n,YJleH cneKTpoMeTpa npOHcxo;n,HT no CBeTOBOMY 

TeCTOBOMY HMnYJlbCY OT CBeTOIlHo;n,OB HJlH OT Jla3epa '1epe3 BOJlOKOHHhie 

OnTH'IeCKHe BOJlHOBO;n,bI. 

BapHaHT 6JlOK-CXeMhi CHCTeMhl cTa6HJlH3aUHH H KOHTPOJlR npe;n,CTaBJleH 

Ha pHc.17. 

6. PEAKUI10HHAH KAMEPA 

PeaKUHOHHaR KaMepa CQ:JepH'IeCKOH Q:J0PMhI, pa3'beMHaR, COCTOHT 

H3 Tpex ceKUHH, ;n,BYX nOJlycQ:Jep H coeIlHHHTeJlbHOrO KOJlbua, HecYIIIero 

Ha ce6e Bce 3JleKTpH'IeCKHe BaKYYMHhle BhIBO;n,hl, a TaK:>Ke CneUHaJIH3HpO

BaHHhIe IleTeKTophl C KpHoreHHhIM 060Py;n,OBaHHeM. Coe;n,HHHTeJlbHOe 

KOJlbUO HMeeT YHHBepCaJIbHYIO CHCTeMY KpenneHHR Bcex BHYTpeHHHX ;n,e

TeKTopOB 3KcnepHMeHTaJIbHOH YCTaHOBKH. 

BTOPaR nOJlycQ:Jepa, coeIlHHeHHaR HOHonpOBo;n,OM C UHJlHH;n,POM <l>apa

IleR, YCTaHOBJleHa Ha O;n,HOH H3 Tpex no;n,BH:>KHhIX nJlaTQ:JopM, 'ITO n03BOJlR

eT 6hlCTPO nOJlY'IHTb ;n,ocTyn K IleTeKTopaM, pacnOJlO:>KeHHhiM BHYTPH peaK

UHOHHOH KaMephl. .11.Be IlPyrHe nJIaTQ:JopMhl HeCYT MOIlYJlH cneKTpOMeTpa 

B KOCMH'IeCKOH 3aIIIHTe. 

CoeIlHHHTeJlbHhle KOJlhua C'beMHhle, B3aHMHO-3aMeHReMhIe, 'ITO no

3BOJlReT WHPOKO HCnOJlb30BaTb CneUHaJIH3HpOBaHHhie IleTeKTophl (HanpH

Mep,repMaHHeBhle IleTeKTophl peHTreHOBCKoro H3JlY'IeHHR). 
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hc.18. MexaHH'IecK!Ui 'Iacn. 3KCllepHMeH
T8JlbHOH YCTaHOBKH. 

~~ PeaKUHOHHaR KaMepa Bhm011

HeHa H3 11HCTOBoro MaTepmlJIa (CTa

11H), 	HMeeT 6e3MaC11fIHYIO CHCTeMY 

BaKYYMHOH OTKattKH, YHHBepCMh

HYIO CHCTeMY Kpen11eHHH BH!'TpeH

HfIX ~eTeKTOpOB npO~YKTOB peaK

UHH, 	n03B011HIOIll;YIO pa3MeIll;aTh HX 

no~ 11lO6hIM yr110M K Hanpaa11el{H1O 

nYttKa H 06eCnettHBalOIll;YIO MHHH

MMhHhIH Te11eCHhIH yro11, KOTOPhIH 

3aHHMalOT 311eMeHThI KOHCTpYKI~HH 

(HCYJIlOqaH CaM ~eTeKTOp), CH-

CTeMY oxna)K,lJ.eHHH 3THX ~eTeKTO

pOB ~O t = -196 CO, CHCTel\1Y 311eKTpHQeCKHX BhIBO~OB, B TOM QHC11e 

~O 10 KB. 

YCTaHOBKa BKmOQaeT cHcTeMY ~HarHOCTHI;:H H H3MepeHHH TOKa nylIKa 

THJKe11hIX HOHOB, n03Bo11HIOIll;YIO H3MeHHTb ,lUiaMeTp ~a<pparMhl (~HcTaH

UHOHHO). H3MepeHHe TOKa nYttKa npoBo~HTCH C nOMOIll;blO MOHHTOPHOH 

<po11hrH, a TaKJKe C nOMOIll;blO UH11HH~pa <l>ap~eH, KOTOPhlH HaxO~HTCH 

B 6eToHHoH 3aIll;HTe C ue11hlO CHHJKeHHH <poHa. 

MeXaHHtteCKaR ttaCTb YCTaHOBKH MHorOMO~Y11bHoro CneKTpOMeTpa 

11pe~cTaa11eHa na pHc.18. 
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3a~<.d3bl Ha ynoM!!HYTbie KHHrH MoryT 6b1Tb HanpaaneHhl no anpecy: 
101000 MocKaa, rnaano'lTBMT, n/H 79 

H3naTenhCKHA oTnen 06beDHHeHHoro ~HCTHTYta !!DepHhlX HctnenoaaHHP 

ArapoHHH <l>.A. n np. P13·87-15 
MHoroMOAYJibHbiH cneKTpoMeTp 4JT·reoMeTpllll raMMa·KBaHTOB 
n 3apH)!(eHHhiX qacTnu. I13r AC 

IlpeACTaBJieH npOeKT MHOrOMOAYJibHOrO cneKTpOMeTpa 41T·reoMeTpllll raMMa·KBaHTOB, 
HeHTpOHOB 1i 3apHlKeHHblX qacTHIJ.. IJpH KOHCTpyHpOBaHHll yqTeHbl CJieAyiOIIIlle Tpe6oBaHHH: 
H3MepeHne norrHoi1 3Heprnn H3JIYtJeHHH c E

1 
,;;; 30 M3B AJIH Ka)!(Aoro raMMa·KBaHTa; H3Me

peHHe pacnpenerreHHH raMMa-MHO)!(eCTBeHHOCTH AJIH raMMa-KacKana c M'Y = 30; nneHTHcpn
KaiJ.HH raMMa-KBaHTOB, HeHTpOHOB ll 3apHlKeHHbiX lJaCTiiii AeTeKTOpaMH cneKTpOMeTpa. 
CneKTpoMeTp conep)!(HT 72 MonyrrH, co6paHHhiX B ABe c6opKH no 36 Monyrrei1, BbmorrneH
HbiX H3 Cll.llHTllJIJIRIJ.llOHHbiX KpncTarrrroB Csl(Tl) mecTnrpaHHOH cpopMbi c nnaMeTpOM onn
CbiBaiOmei1 OKpy)!(HOCTll 100 MM ll AJIHHOH 150 MM. IJpeACTaBJieHbl pacqeTbl, npOBeAeHHbJe 
MeTOAOM MoHTe-Kaprro, cpyHKU.HH OTKJIHKa cneKTpoMeTpa Ha MHOlKecTBeHHOCTb raMMa-KBaH-
TOB, 3HeprHIO raMMa·ll3JiyqeHHH ll T.A. 

Pa6oTa BbinOJIHeHa B J1a6opaTopnn RAepHbiX peai<UHH OIUH1. 

Coo6UICHHC 06'bC/lHHCHHOro HHCT><TyTa HllCpHb!X HCCnCilOBaHHH. ,[(y6Ha 1987 
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Agaronian F.A. 
PEGAS Multimodule 41T-Spectrometer of Gamma-Quanta 
and Charged Particles 

P13-87-15 

The project of multimodule 4JT-spectrometer of gamma-quanta, neutrons and charged 
particles is described. The set up is intended for registration of single gamma-ray up to 30 MeV 
energy and for simultaneous evaluation of total energy of gamma-ray cascade; determination 
of gamma-multiplicity distribution up to M = 30, identification of gamma-rays, neutrons 
and charged particles by the spectrometer d~tectors. The spectrometer consists of 72 modu
les made from Csl(Tl) scintillation crystals divided into two assemblies each having of 36 mo
dules. Each module has a hexagonal base with 100 mm diameter of outer circle and 150 mm 
length. The modelling of the response functions of the spectrometer to gamma-ray multiplicity, 
gamma-radiation energy etc. by the Monte-Carlo method are presented. 

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