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BBE)lEHI1E 

YcraHOBKa "HeH:rpOHHhifi crreKrpoMerp" C03,IJ.aHa ,!l,JIH H3MepeaH~ 

,ll,BOftHblX ,II,H¢l¢lepeHUH.8JlbHblX pacnpe)J.eJieHHH aeHrpOHOB H3 TOHKHX H TOJI· 

CTbiX MHWeHeii B AHana30He 3HeprHii 0,2 + 300 M3B. Oco6eHHOCThiO crreKTpo

Merpa RBJIReTCH TO, qyo OH 1103BOJIHeT 11pOBO,D;HTb O.IJ,HOBpeMeHHO H3Mepe

HI1R 3HepreTHl.JecKHX COeKTpOB KaK HeifTpOHOB, TaK H 3apR)KeHHblX li3CTliU: 

rr-Me3oHOB, P, D, T. Pa3BHTHe npHKJia,uHhix Hccne.nosaHHH a o6nacrH cpe.n.

HHX 3Hepnrll rpe6yer C03,IJ.aHHR 6a3bl R.n;epHblX ,n;aHHbiX, f,IJ,e .3KCnepHMeH

T8JlbHbie pe3y JlbT3Tbl, nonyqeHHbie Ha nyqKaX nerKHX HOHOB C 3HeprHeif 

1 + 10 f'3B/HyKIIOH, HMeiOT BblCOKHH IIpHOpHTeT. 

METO)l 

B crreKrpoMerpe B Kaqecrae 6a3oaoro Mero.na H3MepeHH.FI 3HeprerH

t.JecKHX pacrrpe.ueneHHH Hcnon&3yercH Mero,n; apeMeHH npone-ra. B nononae

HHe K HeMy B yCT8.HOBKe peanH30BaHbl pa3.n;eJieHHe HelhpOHOB H raMMR· 

KBaHTOB no QlopMe HMllYJibC8: H t-A MeTO)J. H.II.eHTH!PHKaU,H.H 3apnmeHHbiX 

qacTHU,. Depsoe HcnorrL3YeTCH a HeHTpOHHhix H3MepeHHHX c neTeKTopaMH 

Ha OCHOBe KpHCTaJIJia CTHJlb6eHa, BTOpOe - B H3MepeHHHX C ,ll,eTeKTOpaMH 

Ha ocaose ToncToro nnaCTHqecKoro GUHHTHJIJUITOpa, r.ne npHMeHReMhiH 

'3KcnepHMeHTanbHbiH Me-ron H.UeHTHqeH pa3BHTOMY B pa6oTe 
11 1• B pe)l(HMe 

"on-line" a cneKTpoMeTpe ocyw;ecTBnHeTcH 3anHCb KIDK.D;oro co6biTHH Ha 

BHemHee 3anoMHHaiOI.I.J;ee ycTpoHcTso. B ,nanLHeHweM, B pe)l(HMe "off-line", 

'3TO ll03BOJIReT npOBO;!];HTb MHOrOMepHbiif a.HaJIH3 pe3yJibTaTOB H3MepeHHH, 

OCHOBHblMH MOMeHTaMH KOTOpOrO RBJIRIOTCR: 

1) KOHTpOIIb 3a <jJyHKI.IHOHHpOBaHHeM anrrapaTypbl CIIeKTpOMeTpa, 

2) rrpoBeAeHHe KOppeKI.IHH, 

3) HAeHTH<jJHKIII.IHH <jJOHOBblX C06b!THH, 

4) OIIpeAeneHHe rpaHH<!HblX ycnOBHH }J.JIH H):leHTH<jJHKIII.IHH THI.Ia co6blTHii 

H <jJOpMHPOBaHHH CIIeKTpa. 

KaK noKa3aao Ha pHc.l, cneKTpoMeTp HMeeT tJ:eThrpe nneqa, TPH H3 Ko

TOpbiX H)J.eHTHliHbl Apyr ,npyry H conepmaT HeHTpOHHbie ,lleTeKTOpbi Ha OCHO

Be KpHCTaiiiiOB CTHJib6eHa </> 50 X 50 MM ()lH-2) H 60ITblliHX rmacTHqeCKHX 

Cl\HHTHITITHTOpOB </> 120 X 120 MM ()l). 0HH paCIIOITOlKeHhl IIOA TpeMH <jJHKCH· 
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PHc.l. PacnonomeHue .o;eTeKTOpoa ua 3KcnepuMeHT8JILHOH nnow:anKe: Cl 7 C4 - ny<~KO· 
BhiC C'lel"'HKH, rfl> - ro,D;OCKODH11eCKaff CHCTeMB C"'eTQHKOB A1IR: 8H8JIH38 npO<f>HIIR ny'IKB, A, B - ClfenHKH TenecKonos 3apiDKeHHbiX 1lBCTHJ.l, ,llH - .o;eTeKTOphi ueHTpouos ua ocuo· 
Be CTHJIL6eaa, ,1l - .D;eTCKTOphl HB OCHOBe OIIBCTHlleCKOrO CU:HHTHJI1IRTOpa </J 12x20 CM, M-Muweu&. 

pOB8HHhiMH yrJiaMH 30°, 90°, 150° ITO OTHOllleHHIO K HRIIpa.BJieHHIO ITYliKa 
H rrpe,nH8.3HalleHhl .D;JIH H3MepeHHJ:i cneKTpOB HefJTpOHOB B HHTepaane 3Hepw 
rHli 2 + 500 M•B, a Tai<JKe cne~Tpoa •apJilKeHHbiX '<aCTH!I: llponeTHbie 6a3bi 
AJIH r~eTeJ<Topoa LIH-2 H Ll 6bmH Bbi6paHbi - 1,2 H - 2 M cooTBeTCTBeHHo. 
JII3MepeHHe H30TPOITHOH liRCTH HefiTpOHHOfO cneKTpa B o6naCTH HH3KHX 
3Hepmli npOBO)IHTCJI C nOMOillbiO )leTeJ<TOpa C I<pHCTaJIJIOM CTHJib6eHa ¢40 X 
X 10 MM (LJ:H-1), pacnoJIOJKeHHbiM nO)I yrnoM 120' I< ny'II<Y H Ha paCCTOJI
HHH 70 CM OT MHWeHH. 0)lH0BpeMeHHO H3MepeHHJI IIpOBO.Z:VITCH C ITOMO:tnbiO 
JIH60 )leTei<TOpOB L\H, Jilf60 )leTeKTOpOB L\. 

CneKTpOMeTp paCITOJIO)KeH Ha KaHane Me.D;JieHHoro BbiBO)l.a CHHxpo¢m30-
TpOHa MB-2 12 1, r.ne ocyw;ecTBJI.ReTCR pasHOMepHhiH no HHTeHcHBHoCTH.Bbl
BOII ny'<Ka B Te'leHHH 350 MC C nepHO)IOM - 9 C. lly'IOI< HMeeT MHI<pOCTpyi<
Typy B BH.D;e fiaHllefJ: )l,JlHTeJlbHOCTLIO 20 HC H nepHO)l,OM CJie)l,OBaHHR OKQ}]O 
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300 He. CpaaaurenbHO 6onblllaR UHipuHa 6aHtta npuaonnr K Heo6xo.u.nMocrn 

ocymecranRTb apeMeHHYID npHBf!3KY K Ka)K)loH HanerruomeH qacrHue nyttKa. 

3TO HaKJia,llblBSCT OrpaHHtleHHe CBepxy HS HHTeHCHBHOCTb ITYtfKS, TSK KSK 

He06XO]l.HMO o6ecnettHTb MMyJO BepORTHOCTb llORBJieHHR HCCKOJlbKHX 

tfSCTHU B O,!J.HOM 6a.Hqe, fl03TOMY B 3KCnepHMCHTSX C TOJICTbiMH MHWCHRMH 

MHTeHCHBHOCTb ITYtfKS BblfiHpaeTCR 8 ,!J.HSfiS30He 104 ..;- 105 , a C TOHKHMH 

MHWeHRMH - fl X 105 (B03MOilOlOCTb pa60Tbl Ha 6onee Bb1COKOJ1 HHTeHCHB~ 

HOCTH o6DRCHRCTCR reM, tfTO Hcnonh30BaHHe nyt~KOBoro ctleTtJHKa C4 a pe~ 

mHMe aarHcoana,ueHHR no3BOJIRer cymecraeHHO yMeHhlllHTb 'HcKamawmHH 

•<i><i>eKT OT HaJIO>KeH>!i\.). T>ID>I'IHbiH pa3Mep nyqKa COCTaBITHeT - 3 CM no 

OCHOBaHHIO. 

ADIIAP ATYP A 

Ha 3KCnepHMeHTMbHOJ1. fiJIOlUS,ll.Ke, HSXO.U.RI.UeflCR Ha KaHane Me,!J.JleH

Horo BbiBO,[J.a CHHXpoclJa30TpOHR, pa3MelUalOTCR MHllleHb H ,IJ,eTeKTOpHaR 

CHCTeMa. CHrHanbi OT }J.ereKTOpOB nepelJ.aiQTCR fiO Ka6enRM Ha paCCTORHHe 

30 M a noMemeHHe, rne pacnonomeHa 3JieKrpoaaaR annaparypa. OcHOBHhte 

xapaKrepHCTHKM .nereKropaoH CHCTeMbi cneKTpoMerpa np.Hae.u.eHhi a ra6n.l. 

BpeMeHaoe H aMnmnyJJ.Hoe pa3perueHHe cneKrpoMerpa rrpe)f()l.e acero 

3SBHCHT OT CHCTeMbl CUHHTHJlJIRTOp - ¢l3Y - aHanoroaaR 3JleKTpOHHKa. 

TaK KRK 3TH xapaKrepHCTHKH onpe.u.enmor aa:ameHwHe napaMeTpbi cneKTpo

Merpa (3HeprerHttecKOe paspemea.He, Kattecrao N/G-pa3neneHH.R H H,!l.eHTH

cPHKaUHH THna 3apnmeHHbiX t.ISCTHU) , TO paspa60TKe H HSCTpOJ:iKe .D,eTeKTO

pOB 6&mo y.ueneao 6onbwoe BHHMaHHe. ilpe~e acero H3 6onbllloH napTMH 

<1>3Y-30 >1 <!>3Y-63 6bliT>I OTo6paHhl 3K3eMnnHpbi c XOpOUleH 01\HOpOilHOCTbiO 

cPoroKaro,ll.a H BhiCOKoJ:i era caeroaoH. ttyacreHrenbHOCTbiO. KoacrpyKUHR 

,IJ.eTeKropa BKJIIOt.Iaer B ce6R KaK CUHHTHJIJlRTOp, COCTbiKOBaHHbiH: C <l>3Y, 

TRK H npeo6pa3yiDUlYIO CHrHaJJbl C <l>'3Y 3JleKTp0HHKY. BcR 3Ta CHCTeMa 

fiOMemaeTCR B mene3HbU1: KO)f(yX, 3KpaHHpyJ01UHH <l>3Y ll 3JleKTpOHHl<Y OT 

eaelllHHX 3JieKTpoMarHHTHhiX noneH. TaKwt KOHCTPYKUHR .uereKTopa no3ao

nRer OCyLUeCTBJIHTb OllTMManbHblii. C'beM H npeo6pa30Ba.I-me HMITYJibCOB C <l>3Y 

11 o6na.n;a~r xopoweH noMeX033.I.UHIIJ.eHHOCTbiD. 

Annapa'rHaH qacTb cneKTpOMe-rpa abmonHeHa a CTaHilapTe KAMAK 

>1 conpH>KeHa c 3BM T>!na .UBK. BnoK-CXeMa lliTH OAHoro nneqa cneKTpo-

MeTpa >1306pa>KeHa Ha p>!c.2. 

B pemHNie "on·line" ocymecranRercR 3anHcb Kam.n.oro nocrym1.Blllero 

C06biTHH BO BHClllHIOIO MarHHTHYIO naMRTb. ilpH H3MepeHHH Hei\TpOHUbiX 

CfiCKTpOB C ITOMOIUbiO ,IlCTeKTOpOB ,UH Ha OCHOBe KpHCTaJJJIOB CTHJib6eaa 

C06biTHe COCTOHT H3 qeTblpeX CJIOB, a ITpH HCll0Jlb30BaHHH )l.eTeKTOpOB ,U 

Ha OCHOBe OJiaCTHqeCKHX CI.J,HHTHJIJIRTOpOB - H3 Tpex CJIOB. 06lllHM ,IlJIH 
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Ta6JIHQa 1 .[(ETEKTOPHAR: CilCTEMA CDEKTPOMETPA .[(eTe· CQHHTHJimiTo p 4>:3 Y 
KTOp 

nyqKQBbiE cqETqilKil C1 nnacTHK (*) <l>SY-87 <jlopMHpoaaTeJIL TpaccHpoaKa nyqKa (100x100x5 MM) 
C2 nnacTHK (*) <l>SY-87 <l>CD TpaccHpoaKa nyq><a, (100x100x5 MM) apeMeHHaR npHBR3Ka C3 nnacTHK (*) <l>SY-87 <jlopMHpoaaTeJIL TpaccHpoa><a nyqKa ( 40x40x3 MM) 
C4 nnacTHK (*) <l>SY-87 <jlopMHpoaaTeJIL <jlopMHpoBaHHe npH3HaKa ( 100xl00x5 MM) OTCYTCTBHR B38HMOAeli· 

CTBHH B MHilleHH 

rO.[(OCKODilqECKilECqETqilKil r<f>X nnaCTHK (*) r<f>SY <jlopMHpoaaTeJIL 8HaJIH3 npo<jJHJIR nyq><a (150xl50x5 MM, 
no ropH30HTaJIH war 5 MM) 

r<I>Y nnaCTHK (*) r<t>SY <jlopMHpoBaTeJih 8HaJIH3 npo<jJHJIR nyqKa (150x150x5 MM, 
no aepTHKaJIH war 5 MM) 

cqETqMKil TEJlECKODOB 3APHlKEHHbiX qACTill.l A nnacTHK (*) <l>SY-30 <jlopMHpoaaTenL <jlopMHpoBaHHe npH3Ha><a (150xl50x3 MM) 38PRA8, TpaccHpOBKa 
3apR>KeHHbiX li&CTHIJ; B nnacTHK (*) <l>SY-30 <jlopMHpoaaTenL <jlopMHpoBRHHe npH3Ha><a (130xl30x3 MM) 38PRA8, TpaCCHpOBKa 
3apR)f(eHHhlX lJaCTHI.J; 

.[(H ·1 CTHJII>6eH 
(ib40x10 MM) 

.[(H-2 CTHJIL6eH 
( <P50x50 MM) 

.[( nnacTHK ( *) 
(</>l20x200 MM) 

.[(ETEKTOPbl 
<f>SY-30 <jlopMHpoBaTeJIL, perHCTpaQHR HeliTpOHOB ycHJIHTeJIL, c 3HeprHeli 0,15+10 M3B pacwH pHTeJIL 
<f>SY-30 <jlopMHpoBaTeJIL, perHCTp8QHH HeliTpOHOB ycHJIHTeJIL, c 3HeprHeli· 2+500 M3B pacwHpHTeJIL 
<f>SY-63 <jlopMHpoBaTeJih, perHCTpaQHH HeliTpOHOB ycHJIHTenL c 3Hepmeii 20+500 M3B 

H 3~pR)f('eHHhiX tfaCTHIJ; 

* llnaCTHIIeCKHi1: Cl.tHHTHilllRTOp H8 OCHOBe nonHCTHpOJia C A06aBKRMH 1f-TepcPe· HHna u POPOP. 
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CI C2 C3 C4 A B 

3BM 

Pu.c.2. BnoK-cxeMa cneKTpo

MeTpa: c!J - cPopMHpOB8TeHlo1 

cl>Cfl - q,opMHpOB&Tem. co 

CJle,Jlflll.UfM noporoM, n3 -
JlHHHfl 3a,a;epmKH1 CC - CXeMB 

coBn&lleHHH, OB -o,Jlu.oau6pa

Top, CY - cneKTpOMeTPW~e

cKHH ycruunesn., Pac. - pac

wupuyem. HMny nr.coa, P -

pa3&eTBHTeJlb1 cq - CQeT'IHK 

HMny nr.coa, AP - pe)l(eKTOp 

HMO)I(eHHH, BUfl - apeMR· 

uu.¢'posoii npeo6pa3oBaTenr., 

AUn - aMMHTYAHo-~U~q,po

aoH npeo6p8.3oBaTeJib, 

BX.PEr. - BXO,JlHOii pent:CTp. 

n106oro nnetm cneKTpOMeTpa HBRHeTCR Tpan apeMeHHOH npHBR3KH K 'IRCTH

ue nyqKa, Bbipa6aTbiBaiOIUHH cHrHan "flyqoK" Ha Bblxon.e cxeMbi coana,ne

HIIii CCl a MoMeHT npi!XoAa IIMnyJibCa oT C'leT'IIIKa C2. :3-roT >Ke Cl!raan 

HcnoJib3yeTCII KaK CTapT-<>IIrHan AJIII BUll: 

"flyqoK" = "CTapT" = Cl*C2*C3. 

CTon-cHraan sa BUll nocTynaeT oT )leTeKTopoa .UH Hill! ,U. 

flpH3H3K ''<lloa'', COOTBEITCTBYIOll.lHH npOXO)J()J.eHIUO '13CTHD;bl nyqKa 

'1epe3 MI!WeHb 6e3 B3aHMOAei<cTBIIII, <!>opMHpyeTCII cxeMoi< cOBillUleHI!H CC2: 

llp113HaK "3api!Jl" <!>opMHpyeTcll cxeMoi< coanaAeHIIH CC3 KaK: 

[
A - AJli!AeTeKTopoa .UH 
A *B - AJII!AeTeKTOpoa ,U. 
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llpn3HaK "Hano)Keane" HMnynLcoa B cneKTpoMeTpnqecKoM TpaKTe Bbipa· 6arhlsaerca aMnmnyll.HhiM pemeJ<ropoM AP. 
B J<aqecrse rpHrrepa co6LITHR: Bbrcrynaer 6rroK Bllfl, <flopMMpyiOI11Hi'r cnrHaJibl ynpaaneaHJI. 

3~~EKT~BHOCTbPEr~CTPAU~~ 

3<fJ¢JeKTHBHOCTb perHCTpan;HH HBJIReTCH BOOKH.eftweft xapaKTepHCTHKOlf Hei'!TpOHHOrO )l,eTel<TOpa. AJIR UOJiyqeHHR: 3HaqeHHM 3<fJ<fleKTHBHOCTH )l,eTeKTOpOB 6hiJIH npoBe.rteHbl HCCJie.D;OBaHHR, BKTUOqaroru;He B ce6H: . 1) pacqeT 3<fJ<fJeKTHBHOCTH TOHKHX )l,eTeKTOpOB B npH6JIHll<eHHH O)l,HOKpaTHOrO B38HMO.D;eiiCT~HR, 
2) H3MepeHHe 3<fl<flel<THBH0CTH )l,eTel<TOpOB .[(H B 06JiaCTH 3Hepmi'r HHme 10 M3B B CTaHil.aPTHOM cneKrpe HeiirpoHOB Cf-252, 3) OITpe.D;e.JieHHe 3<fJ¢JeKTHBHOCTH TOJICTbiX .rteTeKTOpOB OTHOCHTeJibHO paclleTHOlf 3Q>QleKTHBHOCTH TOHKOrO .D;eTeKTOpa B aeftTpOHHOM cneKTpe CBHHU:OBOti MHWeHH, 
4) H3MepeHHe 3<fJ<fJeKTHBHOCTH perHCTpaQHH HeiiTpOHOB IJ,eTeKTOPOM .[( B 3KcnepHMeHrax Li-6 + C-12, C-12 + C-12. Cnoco6oM (1) onpeAerrarrHCL 3<fJ<fJeKTHBHocrb )l,ereKTOpa c KpHcrarrrroM cmrrL6eHa ,P40x10 MM MR: 3Hepmi'r 0,1 _,. 500 M•B H )l,ereKropa c KpHcrarrJIOM CTliJIL6eHa ¢ 50x50 MM ll.JIH 3Hepr'Hi'r Bhillle 30 M•B. ~3MepeHHR: (2) ocymecTBJIRJIHCb MeTO.rtOM apeMeHH npone-ra .. Cnraanhr "CTapT" BLipa6a· ThiBaJIHCb 6hiCTpoH H0HH38li;HOHHOfJ: K8MepoH, perHCTpH:pyroru;eif OCKOJIKH )l,eJieHHR: Cf-252, TOHKHM CJ10M KOTOporo 6bVI HaHeCeH Ha O)l,HH H3 3JieKTpO)l,OB. ~3MepeHHR (3) npOBO)l,HJIHCb UO)l, yrnoM 30' OTHOCHTeJibHO HanpasrreHHH nyqJ<a npOTOHOB C 3HeprHeii 2,55 r3B, o6rryqaBlllHX CBHHI.(OByiO MHll!eHb 8x8x8 CM. CneKTp Hei'rrpoHoB H3MepR:JicR )l,eTeKropaMH .[(H H ,[(. B KalleCTBe TOHKOrO .D;eTeKTOpa C H3BecTHOH pacqeTHOiJ 3¢J¢leKTHBHOCTblO HCUOJib30BaJICR: CTHJIL6eH ¢ 40x10 MM C noporOM perHCTpaQHH 1,0 M3B. MeTO.D; ( 4) OCHOBaH Ha H.D;ee 3KBHBWleHTHOCTH BhiCOK03HepreTHlleCKHX KOMIIOHeHT CIIeKTpOB aeifTpoHOB H IIpOTOHOB, pom.naeMbiX npH B38HMO· )l,eiicrBHH R:)l,ep c Z = A/2. BropHqsble Hei'rrpoHLI H nporoHhl, BhiXOARI11He H3 TOHKOif yrnepo,n;Hoii MHllleHH, perHCTpHpOBa.JlHCb O.D;HOBpeMeHHO .D;eTeK· TOpOM .[(, )l,JIR: KOTOporo 3<fJ<fleKTHBH0CTb perHCTpal.(HH npOTOHOB HaXO)l,H· nacL paclleTHhiM nyTeM. Ha pnc.3 npnae.a;eHbi :JaaqeaHH 3¢J¢JeKTHBHOCT~, norryqeHHLre )l,JIR: )l,eTeKropos .[(H-1, .[(H-2, ,[( ll.JIR: nopora perncrpal.(HH 0,1, 1,0 H 30,0 M3B coorsercrseHHo. KpoMe roro, )l,JIR CTHJIL6eHa ¢ 50x50 MM IIOK8.9a.Ha KpHBaJI 3¢J¢JeKTHBHOCTH, paCCllHTa.HH~R B pa60Te 13 1• 0KOH'Ia· TeJibHO 3HalleHHH 3<f><f>eKTHBHOCTH IIOJiyllanHCb nyTeM npoBe.D;eHHR KpHBOii aa rna3 qepe3 3KcnepnMeHT8JlbHbie TOliKH, a TaK*e JI.JIR .rteTeKTopoa .UH·l H .[(H-2 B o6JiaCTH 3HeprHH Bblllle 5 H 50 M3B COOTBeTCTBeHHO HCUOJib30BaJIHCb Pe3YJILTaTbl pacqeTa. 
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PH:c.3. 3ttl«PeKTHBHOCTb HeiiTpOHHbiX ,D.eTeKTOpOB ,UH-1, ,UH-2, .IJ. npH '3H&'IeHHRX nopora 

perHCTP8.1.lHH 0,1, 1 H 30 M3B cooTseTCTBeHHO. To'IKH - :nc:cnepHMeHTanbHbie .D.BHHbte, 

KpHB&R 1 - pactteT B npH6JUOkeHKH OAifOKp&THOI"O B'38HMO,ll.eifcTBHR, KpHBBJI - 2 pa· 

C'leT/l/. 

XAP AKTEPHCTHKH CDEKTPOMETP A 

1. B p eM e H H bl e X a p a K T e pH C T H K H 

Onpene.n:eHHe ueHbi KaHana .o.nR apeMeHHbiX TpaKTOB npoao.o.HJ1oCb 

C llOMOIUbJO KaJIH6pOB8HHblX JlMHHii 3tt.nep)l{eK C norpeWHOCTbiO 1%. 3Ha\le

HHe ueHbi KaHana BUD cocTaBl!Hllo 0,2 HC. 

0TCYTCTBHe <l>Cll 8 AeTeKTopax )J;H H )]; npHBOI\HT K HCKa>KeHHJO anna· 

paTypaoro apeMHnpomrruoro cneKTpa H3-3a HaiiH11HR 3aBHCHMOCTH apeMeHH 

cpa6aTbiBRHHH <jJopMHpOBaTel!H j\eTeKTOpa OT aMnliHTyl\bl HMnyllbCa C <l>3Y. 

3To HCKa)KeHHe Y\I.HTbiBaeTCR B pe)f(HMe "of-line" nyTeM BBe,IJ.eHHR KOppeK

UHH 1\l!H Ka>KI\Oro co6biTHH. KoppeKTHpyiOIIIHe cfJyHKUHH, npei\CTaBliHJOUlHe 

co6oft 3aBHCHMOCTb BpeMeHHOfO C,UBHra OT aMMHTY.lJ.bl HMllYJlbCa, onpene

JlRJIHCb ITO llHKY MrHOBeHHblX raMMB·KBaHTOB C llOMOlltblO t-A ,IJ.IUlrpaMM. 

Docne BBe,ll,eHHJI KoppeKUHH 3HR\leHHe flOJIHOH WHpH.Hbl HR flOJIYBbiCOTe 

raMMR-nH.Ka, xapaKTepH3yromee apeMeHaoe pa3peweHHe cneKTpoMeTpa, 

HRXO;r:J.HTCR B npe,ll,e.nax 0,8 7 1,2 HC. 
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PHc.5. t·A .n;uarpaMM&, norrylleHHBR B H3MepeHHRX c HCTOlfHHKOM Cf-252 H .o:eTeJ<TOpOM ,llH-2: A - 6ea N/G-pu.D;eneHuR, B - c N/G·paa..QeneHHeM. 
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2. N/G·pa3.n.eneHHe 

Pa3.n;eneHHe HeHtpoHos H raMMa·KBaHTOB no cPopMe HMnynbca ocy

I.IJ;eCTBJIHeTCR B H3MepeHHRX C ,IJ;eTeKTOpRMH HeHTpOHOB ,UH HR OCHOBe CTHJ1b-

6eHa. Ha AUnl no.n.aeTcH CHrHaJI, aMnliHTy.n.a KOToporo nponopliHOHaJILHa 

nonHOMY 3apH.D.y HMnyJILca c <I>3Y, a Ha AUn 2 - 3apH.IJ.y, co.n.ep>Kllll1eMyca 

B 6LICTpOH KOMnOHeHTe HMnyJILCa. J1.u.eHTHipHKR11HH C06LITHH, OTHOCHII1HXCH 

K HeiiTpoHaM H raMMa·KBaaTaM, ocymecTanaeTcH c noMOlllLIO Al (AUnl). 

A2 ( AUn2) aHaJIH3a. Ha pHc.4 noKa3aaa Al·A2 .n.HarpaMMa, nonyqeHHaa 

a H3MepeHHHX c HCTO~HKOM Cf·252. Bee co6LITHH rpynnHpyiOTCH B .n.ae 

BeTBH (BepXHR.R - rRMMR-KBaHTbi, HH)KHRR - HeihpOHbl), pa3,ZJ.eJleHHe 

Me>K.D.Y KOTOpblMH yny'IIIIaeTCH C yBeJIHqeHHeM aMnJIHTy.IJ.bl. }J.JIH MallbiX 

RMfUIHTYA 3RMeTHOe CJIHHHHe BeTBeH Ha6Jiro,IJ;aeTCR B o6JiaCTH, HRXO,II;RI..UeiicH 

HH>Ke 3HaqeHHH, COOTBeTCTBYIOlllero raMMa·KBaHTRM Am·241. Ha pHC.D npH· 

se.n.eHLI .n.ae t(BUn) ·A(AUnl) .D.HarpaMMbl, nonyqeHHLie TaK>Ke B H3Mepe· 

HHHX C HCTO~HKOM Cf·252. }J.eTeKTOpOM HeHTpOHOB CliY>KHll )J.H·2 C nopo· 

roM perHCTPRIIHH, BbiCTaBJieHHbiM no Am·241. )J.HarpaMMa A cooTBeTCTBYeT 

annapaTypHoMy cneKTPy, c<jlopMHpOBaHHOMY 6e3 N/G·Pa3.IJ.eJieHHH, a npH 
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q,opMHpOBaHHH ,nHarpaMMbl B HCITOJIL30BaJIOCL ycnoaue, BL~ennromee 
TOJILKO uei:hpoHHLie co6LITHR. ConocTa.BnenHe .rtHarpaMM nOKa3hiBaeT npaK
THllecKH llOJlHOe llO,ll;8.BJieHHe raMMa-llHKa ( K03€P¢mu;HeHT llO,ll;aBJieHHH 6o
nee 400) , a TaKme cyw:ecTBeHHOe CHHmeuHe HHTeHCHBHOCTH 4loua. B KalleCT
Be ew:e O.D;HOro llpHMepa Ha pHc.6A npHBe,lJ;eHbl AB8 BpeMHilpOJieTHhiX cneKT
pa neRTponos ( c N /G H 6ro N /G-p83AeneHHR) , nony•enHhie c noMOlllhiO 
AeTeKTOpa ,I:\H-2 (Enop. = 1 M3B) npn o6nyqeHHH npoToHaMH c 3Heprneif 
2,55 P3B CBHHIIOBOH MHwenn 8x8x8 eM. KaK BH,l\HO "" pncynKa, npnMene
HHe ,D;HCKpHMHHRI..J;HH raMMa-KBaHTOB ll03BOJU1eT cymecrneHHO ·paCWHpHTb 
AHRil8.30H H3MepHeMhiX ~HeprHif HeihpOHOB H llOBhiCHTb Ha,lle)KHOCTh nony
qaeMLIX pe3yJILTRTOB. 

3. 11 A e H T H <jJ H K a II H R 3 apR >K e H H bl X q aCT H II 

B cneKTpoMeTpe nna HAeHTHlPHKRI..J;HH THna 3apnmeHHLIX qaCTHI..J; Hcnon&-
3yeTCH H3BeCTHLiif: t-A MeTO,D;,· 38K.Rl01laiOIIJ;HHC.R B TOM, liTO 3ap.RJKeHHLie 
11RCTHI..J;bl, HMeiOII..Ufe pa3HYIO Macey, ·3apR,D; npH lPHKCHpOBllHHOM BpeMeHH 
nponeTa (CKOpOCTH), BLI,neJI.RIOT pa3JIHliHYIO 3Heprmo Ha HOHH3au;HIO B TOJI
CTOM CI..J;HHTHJIJIHTOpe ,lJ;, TeM 60JILWYIO, I.JeM 60JILWe M8CC8 li8CTHQbl HJIH 
ee 3apH,ll; .. Ha pnc.7 npnseAena t-A AHarpaMMa AAR 3apn>KeHHhiX qacTHII, 
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Puc.7. t-A .a;uarpaMMa ,lUIR 
3Rp.IDKeHHhlX 11acmu:, nonylleH
HilR B 3KcnepHMeHTe Li-6 
(1 roB/a) + Pb(8x8x8 CM) 

c noMOUlhiO TenecKona A, B, 
,[( (yron Ha6mo.n;eHHR 90°). 



BbiXOAlUI.IHX H3 CBHHUOBOH MHllleHH (8x8x8 CM) nOA yrJIOM 90° npH o6ny· 

4eHHH ee HOHaMH Li-6 c 3Hepmeii 1 f'3B/HyKJioH (nponeTHaR 6a3a pasHa 

.2 M). Ha AHarpaMMe Ha6JIIOAaeTCR XOpornee pa3AeneHHe C06biTHH AAR O)].HO· 

3apH.UHhiX qacn:t:u pa3JJHtffiOro Tuna. 3KcnepHMeHTanhHbie ,lla.HHbie xopowo 

JIO>KaTCH Ha pac4eTHbie KpHBbie, COOTBeTCTBylOI.IJ;He npOXO)K)l;eHHIO qacTHU 

B CUHHTHJlJJRTOpe 6e3 R,!lepHbiX B3aHMO,ll,eft:cTBHii. <l>opMHpOBaHHe BpeMR

npoJieTHOro cneKTpa nnR qacTHU onpe.neneHHoro nma ocymeCTBJIReTCR a pe

IKHMe "off-line" nyTeM Bbi,Il;eneHHR C06hiTHii, npHHa,u,nemalJ.lUX COOTBeTCTBYIO

I.UeH BeTBH Ha t-A ,UHft:rpaMMe. 3Q:H:J>eKTHBHOCTh perHCTPRUHH ·3RpR:>KeHHbiX 

lJRCTHU ,UeTeKTOpOM Ha OCHOBe MaCTHlJeCKOrO CUHHTHJJJlRTOpa TOJII.UHHOii 

20 CM HaXO,UHJlRCb pactteTHbiM nyTeM Ha OCHOBe HMeiOI..U;HXCR B JlHTepaType 

AaHHbiX dE/dX H ceqeHHii Heynpyroro B3aHMOAeiiCTBHR. 

4. <1> 0 H 0 B bl e y C J1 0 B H R 

lfccne,UOBaHHe QlOHOBbiX YCJJOBHH npOBO,I(HJlOCb C ITOMOI..l.\biO TeHeaoro 

»<ene3HOrO KOHyca .IlllHHOii 70 CM. B HeftTpOHHbiX H3MepeHHRX C }l,eTeKTO~ 

paMH ,IJ,H CyiJ.IeCTBeHHOro llOAaBneHHR cPOHa yAaeTCH A06HTbCR C noMOIJ.IbiO 

}l.HCKpHMHHanHH raMMa~KBaHTOB, TaK KaK OHH COCTaBllREOT 3HaQHTellbltyiO 

AOfliO cPOHOBbiX C06biTHii. IlpH pa6oTe C AeTeKTopOM ,II, AflR nOAaBfleHHR 

<Poaa Hcnonh3yeTCR BbicOKHH nopor perHcTpauHH. Ha pHc.S npHae.neH anna

paTypHbiH apeMRnponeTHbli::f cneKTp HeifTpOHOB, a TaKme pe3ynbTaTbl H3Me~ 
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PHc.S. BpeMRnponemblii 

cneKTp (TO'I.KH) H H3Mepi!Hilblit: 

c noMom•ro Teaeaoro KOHyca 

•• • • c;poH (KPY*KH), nony'leHHble ... 
0 • • B :nccnepHMeHTe P(2,55 r3B) 

o· o 
... CIOaao Oo 0 0° dJ ~ fl' + Pb(8x8x8 CM) C OOMOll.lbiO 

~ . 
0 (:,cP':too

0

~ AeTeKropa ,lJ; c noporoM 

350 400 450 500 550 10 M3B (yron Ha6moneHHR -

JP-. IIPO.ml , DMJI. 
goo). 
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peHHii c KOHycoM, nonyqeHHhie c noMOillbiO AeTeKTopa .[( AJIH nopora 10 M•B npH o6nyqeHHH npOTOHaMH C 3HeprHeii 2,55 r3B CBHHijOBOH MHilleHH 8x8x8 CM. Jof3 npHBegeHHbiX Ha pHC.6, 8 pe3yJihTaTOB CJiegyeT, QTO HHTeHCHB· 
HOCTL ij)oHOBbiX C06&ITHft OTHOCHTe,TILHO HHTeHCHBHOCTH cneKTpa COCTaBnJieT cpaBHH'J.'eJILHO He6on&wyro aenHlfHHY. Cne.nyeT 3aMeTHTL, liTO ua6mo.naeM&ni 
poeT HHTeHCHBHOCTH B H3MepeHHJIX C KOHYCOM B Ka.Han:ax, COOTBeTCTBYIOM 
lli;HX o6JiaCTH BhiCOKHX 3HeprHif HefiTpOHOB 1 B OCHOBHOM CBH38H C perHCTpaIJ.HeH npOXO.Z:VIll.lero CKB03L KOHYC 113nylleHHH. B 3KCnepHMeHT8X C TOHKHMH MHilleHHMH BKJIM <jloHa onpegeJIHJICH c noMOillbiO cqeTQHKa C4, <jlopMHpyw· 
I.I.J;erO npH3H8K "c;I)OH", H B H3MepeHHHX C MHWeHLIO H 6e3 MHtueHH. 

3KcnepHMeHTLI c TenecKonaMH 3&PR:>KeHH&Ix lf&CTHU A, B, ,[( noKa3anH, 
liTO TpOtfHLie COBITa,n;eHHR o6ecnetiHB8lOT np&KTHtJeCKH 6ecQJoHOBLie H3Mepe
HHR. 

AHAJII13 PE3YJlbTATOB 

AH8JIH3 pe3ynLT8TOB H3MepeHHif COCTOHT H3 Tpex 3T8ITOB: 
1) t·A H A1-A2 aHaJIH3 H Bbi6paKOBKa OIIIH60QHbiX pe3yJibTaTOB, 
2) <jJOpMHpOBaHHe BpeMHnpOJieTHbiX cneKTpOB, 
3) ITOJiylfeHHe 3HepreTHlfecKHX cneK:TpOB H OUeHI<:a norpewHOCTei1:. 

3HaH JHalleHHR nponeTHOH 6a3hi L H apeMeHH nponeTa t, c noMOIJ.lbiO 
npoCTOrO BhlpruKeHHR MO»cHO onpe,neJIHTb KHHeTHlJeCI<:yiO 3Hepnuo li3CTH-11bl T: 

T= E0 [(1-il 2
)-

112 -1] = Eo[(1-11,1265·L' it' t'" -1], (1) 

rge E0 - 3HeprHR noKOR qaCTH11hl B M3B, il = V /c, L - B M, t - B HC. 0THO· 
CHTeJibHa.FI norpeillHOCTh 3H3lleHHR KHHeTHllecKOif: 3HeprHH H3XO,UHTCH 1<:31< 

il' T + E 5T = -- . --
0 

[(LIL/L)2 + (Lit/t)' ] 1 12 
1- il2 T ' (2) 

rge Lit - xapaKTepH3YeT BpeMeHHoe pa3pemeHHe, LIL - HeonpegeneHHOCTb 
npoJieTHOH: 6a3bl. 3aMeTHM, liTO ecJIH WIR J3p.FnKeHHbiX li3CTHU Heonpe,ne
JieHHOCTh nponeTHOif 6a3hl B OCHOBHOM. CBR33H3 C npOCTp3HCTBeHHOH npOTR
:>KeHHOCThiO MHllleHH, TO .rtnR HeHTpOHOB npH paclleTe !::,. L .no6aanReTCR TaKlKe QJieH H/2*(1- V/Vo), CBH3aHHbiH C HeOnpegeJieHHOCTbiO TOQKH B3aHMO· 
,neiiCTBHR B CQHHTHJIJIRTOpe ,neTei<:TOpa )]; ( 3.rleCh H - TOJli.LUiH3 CUHHTI;fJlJIR· 
TOpa, V0 :a· 1/7 M/HC - CKOPOCTb pacnpOCTpaHeHHR CBeTa B ITJ13CTHqecKOM 
CljHHTHJIJIHTOpe). 

Ha pHc.9 npHBe,D;eHbi JH3lleHHR 3HepreTHtJeCKoro paJpeweHHR ,nJIR HeHTpoHHbiX geTeKTOpOB .[(H H.[( H npoJieTHbiX 6a3 1,3 H 2,0 M COOTBeTCTBeHHO. 
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PHc.9. 3aBHCHMOCTio 3HeprernqecJ<oro pa:JpemeHHR OT 3HeprHH HeifrpOHOB: 1 - ne-reKTOP 

.UH-2, L = 1,3 M; 2- neTeKrop ,U, L = 2M. 

B na6opaTopHOH CHCTeMe KOOp)lHHaT )lBa>K/lbl llH$$epeHJ1HaJibHble 

BblXO,llbl BTOpH'IHbiX 1.1RCTHIJ; Ollpe)lenJUOTCH no <i>OPMYJie 

dF LIN 

dTdU LIT·LI1l·<(T) ·.P ' 
(3) 

rAe LIN - qacno qacTHI1 B HHTepsane 3Hepmi\ (T ...,. LIT/2, T + LIT/2), .p -

1.1HCJIO tm.CTHU nyqKa, ynaBWHX Ha MHllleHb H 3aperHCTpHp0Ba.HHbiX KRK 

coana)leHae C1*C2*C3, LIU - Te.rrecHbrn yron, < (T) - 3$$eKTHBHOCTb pe

rHcTpar,ulH. Pe3yn&TaThl H3MepeHHi% C TOHKHMH MHWeHRMH MOryT 6b1Tb 

npe,nCTaBJieHbl KRK cetteHHH HHKJII03HBHbiX peaKUHH B HHBapHaHTHOft Q?opMe: 

Edo 

d'P 

1 do 

P dTdU 

LIN 

P·LIT·LIU ·< ('l') . .p.n ' 
(4) 

r',IJ.e p - HMnyJibC BTOPHIIHOH qaCTHUbl, n - tJHCJIO a,nep MHWeHli HR 1 CM
2 , 

Ha pac.1 0 a Ka'leCTBe npHMepa npaae)leHhi 3HepreTH'IecKHe cneKTphi 

Hei\TpOHOB H npoTOHOB, H3MepeHHble UO)l yrnOM 90° K ny'IKY npH o6nyqe

HHH npOTOHaMH C 3HeprHeH 2,55 P3B CBIUIJ10BOH MHWeHH ,P 20x20 CM. 

PacyHOK AeMOHCTPHPYeT xopomee . cornacae Mel!<lly co6oi\ pe3yJJbTaToB 

H3MepeHHH, nonyqeHHblX C UOMOUJ;blO p83JIHlffiblX ,IJ,eTeKTOpOB. 
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PHc.lO. 3uepreTHlJecKHe cneKTPbi ueihpoHoD n npoTouoo, nonylleHHbie 
B ::mcnepuMeHTe P(2,55 r3B) + Pb({j> 20x20 CM) ,[J;JlR yrna Ha6moneUHH 
90°: •, ., .& - cneKTp HeiiTpOHOB, H3MepeHHbiii C DOMOUlblO ,o;eTCK· 
TOpOB JlH-1, .IJ:H-2, ,.ll COOTBeTCTBeHHO; • - CneKTp npoTOHOB, H3Me· 
peuubrii: TenecKonoM A, B, ,U. 

3AKJIJOliEHllE 

CorrocraaneHHe xapaKTepHcTHK .o;aHHoro crreKrpoMeTpa c HX 3HalJe
HHHMH ,ll,JlH HCi:fTpOHHbiX CIICKTpOMCTpOB, C03.D;a.HHbiX B .U.pyrHX Jia6opaTO
pHRX Ha 6a3e YCKOpHTCneH peJIHTHBHCTCKHX IlpOTOHOB, ( CM. Ta6n.2) IIOKa-
3biBaeT, lJTO co3,D;aHH8JI Ha 68.3e cHHxpoc:f:Ja30TPOHa OYIH¥1 ycTa.HOBKa HMeeT 6onee WHPOKHe B03MO)f(HOCTH. Ha116onee xapaKTepaoH ee oco6eaHOCTbiO 
RBJlHeTCH TO, liTO OHa II03BOJ1ReT rrepeKpbiTb OlfeHb WHpOKYIO 06JlaCTf• 3Hep
rHif 0,15 + 500 M3B )l;JlR HefrTpOHOB H B TO )J(e BpeMR HCCJie.n;oBaTh )KeCT
KYIO KOMIIOHeHTy CJieKTpOB aethpOHOB H 3ap1DKeiJ:HhlX llaCTHQ. ).:LJIR TOJICThlX 
MHWeHeii BbiXO)l; Heii:TpOHOB C 3Hepr1HIMH HH»Ce 1 M3B COCTaBJIReT .D;O 50% 
OT IIOJIHOrO BbiXO,na, II03TOMY BKJIIOlfeHHe '3TOH: o6naCTII '3HeprHH B IICCJle
,nyeMbiti )l;Haila30H HMeeT 60JibWOe 3HalleHHC. 
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Ta6nHua 2 

Jla6. YcKopHTenL .UHanll30H l!Hcno ,UeTeKTOp N(G z 
3Heprmi, KaHanOB HeiiTpOHOB 

M3B 

LANL p, 800M3B 0,9 7 500 1 NE-213 ecrb HeT 

CiliA 14 I 

KfK p, 590 M3B 0,9 7 500 3 NE-213 ecrh HeT 

<I>Pr IS I 

11T3<1>11 1 p, 17 10 r,B 10 7 300 8 nnaCTHK HeT ecrh 

J111fl<l> 16 I p, 1 r,B > 10 1 IIJiaCTHK HeT HeT 

011fll1 p, 17 10 r,B 0,15 7 500 3 CTHJlb6eH, ecrh ecrh 

(ll.aHHa>l d·> AT rrnacrHK 

pa6oTa) 0,5 7 3,6 r3B/H 

N/G - HanHtme Tp8KTB N/G-pa3,a,eneHHR no «PopMe HMnynLca, Z- uanullHe B03MO>KHO

cTH perHCTp81UlH H H.neHTH«PHKBJ.J;HH 38pJDKeHHbiX ll8CTHU,. 
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