
C.A.Bytt~TOB, BJK.3aRHxattoB, 8.C.Kyp6aToB, 
A.XaR6aeB 

Cl.01H1l1JIRHl.010HHNM ~ETEKTOP 
,LVIH H3MEPEID1H BPEMEID1 TTPORETA 
H KOOP~TN 83AHMO~EMCTBHH HEMTPOHOB 



C.A.Bym1T0B, BJK.3a;rnxattoa, 8.C.Kyp6aTOB, 
A.XaJI6aea* 

CI..U1HTWIRHI..U10HHMM ~ETEKTOP 
~RH M3MEPEHJ1H BPEMEHJ1 ITPORETA 

13 - 10203 

M KOOPm,IBATM B3AMMO~EMCTBMH HEMTPOHOB 

HanpaeAeHo a IIT3 

I ovivM 
\ :>YL6JIHO! r:..KA 

* liHCTHTYT .H~epHoii tliH3HI<H AH Y3CCP .. 



EyHHTOB C.A. II Ap. 13 - 10203 

Cu11aT11nnsmHOHHblli AeTeKTOP AnH 113MepeHHH BpeMeHH nponeTa 

II KOOPAIIH8Tbl B3811MOAeliCTBIIH HeliTpOHOB 

On11caH CUIIHT11nnsm110HHbIH AeTeKTOp Ami H3MepeHHH BpeMeHH nponeTa 

11 KOOPAIIH8Tbl B3811MOAeliCTBIIH HeliTpOHOB, COCTOHIIlllli 113 nHTH 

CUIIHTHnnHUIIOHHbIX cneKTpOMeTpOB pa3MepaMH 7Qx}Qx}Q CM 
3

, .lleTeKTOp 

11ccneAOBaH Ha ny'!KaX aapHlKeHHbIX II HeliTpanbHblX '18CTIIU, 

.llnH aapHlKeHHbIX '18CTIIU nony'!eHO npocTpaHCTBeHHOe paapewe1111e 

(3,0:t,0,1) cM, no BpeMeHH nponeTa (400:t,20) nc. Paapewe1111e no BpeMeHH 

nponeTa AnH HeliTpOHOB c aaepr11eli 8,87 MaB $1,2 HC, a AnH I'aMMa­

KBSHTOB c aaepr11eli (67,5:t,15) MaB - $ 0,9 HC. 

IlpHBOAIITCH on11caa11e CIICTeMbl BpeMeHHOli Kan116pOBKII II K0HTpOnH 

cTa611nbHOCT11 AeTeKTopa B npouecce aKcnep11MeHTa. 

Pa6oTa Bbmonaeaa B na6opaTop1111 HAepHbIX npo6neM OHHH. 

IlpenpHHT O6beA»HeHttoro HHCT»TyTa .HAeptthlx »cc~eA0BaHH~ 
,lJ;y6Ha 1976 

01976 061,ei}uHeHHwii uHc•u•Y• .11i}epHwxucc11ei}oeaHuii,[bl6Ha 
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B HaCTO.H~eii pa6oTe OilHCbIBaeTC.H ,D;eTeKTOP, 

npe,D;Ha3Ha'-leHHblH ,D;JI.H H3MepeHH.H yrJIOBblX H 3Hepre-

TH'-leCKHX pacnpe,D;eJieHHH HeiiTpOHOB, o6pa3ylO~HXC.H B pe­

aKUH.HX 

TT- p ➔ TT OTTO O, 

rr-P ➔ rr 0 y n, 

/1/ 

/2/ 

npH 3HeprHH nepBH'-lHOrO Me3oHa, paBHOH 230 H 270 M3B. 
Mana.II BeJIH'-lHHa ceqeHHH peaKUHH /1/ H fi2/ /HanpH­

Mep, a (l) = 0,32±0,04 M6npHErr-= 270 M3B 11 npe,D;'MIB· 

JI.HeT K ,D;eTeKTopy ,P.11.D; oco6Lix Tpe6oBaHHii. OH ,D;OJI)KeH 06-

na,D;aTb ,D;OCTaTO'-lHO BbICOKOH 3ql(peKTHBHOCTblO perHCTpaUHH 

HeiiTpOHOB ·B ,D;Hana30He 10- 100 M3B. )];JI.II Ha,D;e)KHOro 

pa3,D;eJieHH.H HCCJie,D;yeMbIX HeiiTpOHOB H HeiiTpOHOB, 06pa3y10-

1.QHXC.H B qioHoBoii peaKUHH rr-P ➔ rr 0 n, Heo6xo,D;HMO HMeTb 

pa3pemeHHe no BpeMeHH nponeTa /l -;-1,5/ HC. HaKoHeu, 

npH HCilOilb30BaHHH ,D;eTeKTOpa Ha ny'-lKe ycKOpHTen.11 He­

o6XO,D;HMO o6ecne'-lHTb CTa6HilbHOCTb pa6oTbl B Te'-leHHe 

,lJ;IlHTeilbHOro BpeMeHH. H3MeHeHHe ueHbl KaHana aHaJIH3a­

Topa BO BpeMeHH He ,D;OJI)KHO npeBbIIIIaTb /50 -;-iQQ/ nc. 

1. OnucaHue oeme1<mopa 

,lJ;eTeKTOp 

THililHUHOHHblX 

HeHTPOHOB COCTOHT 

CilCKTpOMeTpOB 

H3 IlHTH CUHH· 

pa3MepaMH 70 X 
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x lOxlO CM~ Ka)K,nL1ii H3 KOTOpLix npocMaTpHaaeTCJI c npo­
THBonono)KHLIX TOP.UOB ,nByM.Sl «l>oTOYMHO)KHTenJIMH THna <I>3Y-
3O. Bee nHTL cneKTpoMeTpOB pacnonararoTCJI ,npyr Ha.n 

,npyroM, 06pa3yJ1 "cTeHKy" 06'LeMOM 7Ox5OxlO CM 3 • 

KOHCTPYK.UH.Sl O,nHoro cneKTP0MeTpa onHCaHa B pa6oTe 12 I. 

BHewHHii BH,n ,neTeKTopa noKa3aH Ha puc. 1. Kopnyca 
<I>3Y 3aKpenneHLI BHHTaMH K paMe pa3MepaMH 5lxl3O CM 2 , 

KOTopaJ1 cnoco6Ha nepeMeIUaTLC.Sl B ropH30HTanLHoii nnoc­
KOCTH. IlepeMeIUeHHe· ,neTeKTOpa B aepTHKanLHOH nnoCK0CTH 

Puc. 1. 06U1uii euo oeme,cmopa 11eiimpo1we. 
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ocyi.ueCTBnJleTC.Sl C n0MOIULIO pe,nyKT0pa. Be.JI CHCTeMa 
C'leT'IHKOB 3aKpenneHa Ha no,nBH)KHOH nna T«i>OpMe, Bpai.uaro­
i.ueiicJI BOKpyr OCH. IlonO)KeHHe OCH BLI6paHO TaKHM o6pa30M, 
'IT06LI npH pacnono)KeHHH ,neTeKTopa no.n yrnaMH O°HnH 
14 ° no OTHOWeHHIO K na,naroi.ueMY ny'IKY paCCTO.JIHHe Me)K,ny 
.ueHTpaMH MHWeHH H ,neTeKTopa OCTaBanocL HeH3MeHHLIM. 

,Il;eTeKTOP pacnonO)KeH Ha paCCTO~HHH 2 MOT .ueHTpa 
MHWeHH, npH 3T0M aKcenTaHC no nonJlpHOMY yrny COCTaB­
nJ1eT 20 °, a no a3HMyTanLHOMY yrny - 14°. 

lIT06LI H36aBHTLCJI OT 3apJ1)KeHHLIX ':laCTH.U, BLineTaIO­
IUHX H3 MHWeHH, H pacceJIHHLIX ':laCTH.U ny'IKa, Henocpe.n­
CTBeHHO nepe,n ,neTeKTOpOM ycTaHOBneHLI ,nBa. C.UHHTHnnJI • 
.UHOHHLIX C'leT'IHKa pa3MepaMH 55x45xl c,Jl, KOTOpLie BKnIO­
':leHLI B KaHan aHTHCOBna,neHHH. 

CxeMa BKnIO'leHH.Sl «t>oTOYMHO)KHTeneii ,neTeKTOpa npHBe­
,neHa Ha puc. 2. AHo,nLI <I>3Y, pacnono)KeHHLie c o,nHoii cTo­
poHLI, coe,nHHJIIOTC.Sl napannenLHO K0POTKHMH OTpe3KaMH 
K.a6en.J1 / f = 12 cM, p = I 00 OM/. ConpoTHBneHHe R = 
= 100 OM cny)KHT Harpy30'IHLIM conpOTHBneHHeM 0,nHOBpe­
MeHHO ,nn.Sl Bcex nJITH «t>oTOYMHO)KHTeneii. <l>OTOYMHO)KHTenH 
( A1 + A 5) H (B 1 +B 5) pacnonaranHCL TaKHM o6pa3oM, 'IT06LI 
BpeM.Sl 3a,nep)KKH coe,nHHHTenLHLIX 0Tpe3KOB Ka6en.Sl 
KOMneHCHPOBano pa3HH.UY BO BpeMeHH nponeTa 4>0T03neKT· 
POHOB qepe3 • YMHO)KaIOIUYIO CHCTeMy «t>oTOYMHO)KHTeneii. 
ClffHanLI C aHo,no:e <I>3Y, HecyIUHe HH«i>OpMa.UHIO O MOMeHTe 
perHCTpa.UHH, nocTynaIOT Ha YHHBepcanLHLIH ,nHCKPHMHHa­
TOp 131, pa6oTaIOIUHii B pe)KHMe cne.n.J1i.uero nopora. Hc­
nom,3yeMLIH MeTo,n BKnIO'leHHJI <I>3Y n03BOnJleT COKpaTHTL 
.no MHHHMyMa 'IHCno 3neKTPOHHOH annapaTypLI BO BpeMeH­
HLIX KaHanax ,neTeKTOpa H noBLICHTL ero Ha,ne)KHOCTL. 

He,nocTaTKOM HcnonL3yeMoro MeTo,na BKnIO'leHH.Sl 4>0To­
YMHO)KHTeneii JIBnJleTCJI npoXO)K,nCHHe aH0~Horo CHrHana 
<I>3Y qepe 3 Me)K3neKTpo,nHyIO eMKOCTL aHo,n- ,nHHO,n Ha .nirno­
,nLI coce,nHHX «l>oTOYMHO)KHTeneii. ,Il;nJI ycTpaHCHHJI 3THX CHr­
HanoB B ,nHHO,nHLIX .uenJIX Ka)K,noro <I>3Y HcnonL3yIOTC.Sl 
nonynpoao,nHHKOBLie ,nHO,nLI ,D;3 l l, BKnIO'ICHHLie B npJIMOM 
HanpaBneHHH. CxeMa BKnIO'ICHHJI ,nH0,nOB noKa3alia Ha· puc. 2 . 

Ha puc. 3 ,naHa cxeMa 3KcnepHMeHTam,Hoii ycTaHOBKH 
,nn.Sl Hccne.noaaHHJI peaK.uHii /1/ H /2/. OHa BKnroqaeT a 
ce6JI MOHHTOPHLIH TenecKon, COCTOJIIUHH H3 IlJITH C.UHHT.Hn­
nJI.UHOHHLIX C'ICPIHKOB Ml, lill, M3, M4 HMS, 4-KaHanL-
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Puc. 2. CxeMa eKA10<1eHUJ1 ¢omoyMHoxumeAer1 u 6AoK- cxeMa 
3AeKmpoHHor1 annapamypbt HeumpoHHozo oemeKmopa u cneKm­
poMempa no epeMeHu npoAema: (Al -:- AS) u (Bl+ B5) -
t1>3Y-30; 003, 057 - mopMupoeameAu/5,14/; 004, 052 -
cxeMbl coenaoeHuu /S,14/ ; 006, 018 - clMMamopbt 75/ ; 
050 - cmpo6upyeMaJ1 cxeMa coenaoeHuu /I I; 017, (T-A)­
KOHeep111opb1; 034 - ZOOOCKOn. 
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HLIH ro.n;0CK0il qerieHK0BCKHX raMMa- cneKTP0MeTp0B non­
Horo norno~eHHH l/, cneKTpoMeTp no apeMeHH nponeTa 
/BI' BI I/ H .n;eTeKTOP HeHTpOHOB. 

"Ba30BLI:ii" c11eT'IHK BI I 3a.zi;aeT Ha11ano H3.MepseMOMY 
BpeMeHH0MY HHTepaany Hccne.zi;yeMLIX He:iiTpOHOB. C no­
MO~LIO cneKTPOMeTpa /BI, BI I/ / 41 H3 ny111Ca no BpeMeHH 
nponeTa BLI.n;enHIOTCH 3IleKTPOHLI, KOTOpLie HCilOilL3YIOTCH 
.zi;ns BpeMeHHOH KanH6poBKH H KOHTponH CTa6HnLHOCTHna­
paMeTp0B .n;eTeKTOpa B npouecce 3KcnepHMeHTa. Ka.iv16po­
B~'IHLie c11eT'IHKH Kl H K2 pa3MepaMH 55x2,Oxl,5 CM Hy)K­
HLI .zi;ng KOHTpons KOOp.IJ;HHaTHoro pa3pemeHHH .n;eTeKTopa 
He:iiTpoHoB. • 

qT06LI yMeHLlllHTL aenH'IHHY BpeMeHHLIX C.IJ;BHrOB B 3a­
BHCHMOCTH OT H3MeHeHHH BLIC0KOBOilLTHOro Hanpg)KeHHH, 
4'0TOYMHO)KHTenH .zi;eTeKTOpa 3anHTLIBalOTCH OT 0.IJ;Horo BLI­
COKOBOilLTHOro CTa6HilH3HPOBaHHOro HCTO'IHHKa THila BC-28. 
BnoK-cxeMa 3neKTPOHHOH annapaTypLI He:iiTpOHHoro .n;eTeK­
Topa H cneKTpoMeTpOB /BI, Bil/ npHBe.IJ;eHa Ha puc. 2. 
CHrHanoM "3anycK" .zi;ns .n;eT.et<Topa cny)KHT nH6o CHrHan 
yy-coana.n;eHHH OT .IJ;BYX qepeHKOBCKHX cneKTPOMeTpOB, 

C1-2 ,,,,,,-----
4 AHCt-2 

~/pb 

~ 

5~3YA 

1,· fi?
H'~nM,M 

Mn-29 (.1 --------r:::r:fu Pb ---- -J 

Mfl-2,61 □:::~ ----~--
1 
/ x:Jl~e-

5 ¢>3!1 B 

I 
Puc. 3. CxeMa111u<1ecKuu euo 3KcnepuMeHmaAbHor1 ycmaHoeKu 
01111 uccAeooeaHUJI peaK11uu 17-p ➔ 17° 17° n u 17 t> ➔ 17°y n. 
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nH60 OT ny'IKOBOH 11aCTHU:LI, npowe.nme:ii 11epe3 ,D;eTeKTOP 
H c11eT11HKH BI, Jill H Kl HJIH K2. CHrHanLI OT ,D;eTeKTOpa, 
HeC~He BpeMeHHYIO HH4JopMaU:HIO, nocTynaIOT Ha TPH Bpe­
MJI-aMnJIHTy,D;HLIX KOHBepTopa, pa6oTaIOUUIX no npHHU:Hny 
"cTapT" - "cTon" / 51.BpeMJI Me)K,!J;y CHrHanaMH co c11eT11HKa 
Ji I I H Ka)K,D;LIM <1>3Y O,D;Horo H3 cneKTpoMeTpOB H3MepJieTCJI 
KOHBepTopaMH 1 H 2. Koop,D;HHaTa TO'IKH B3aHMO,D;eHCTBHJI 
He:iiTpoHa onpe,D;eJIJieTCJI KOHBepTOPOM 3. 1ITo6LI H3MepJieMoe 
BpeMJI nponeTa HeHTPOHOB He 3aBHCeno OT MecTa H yrna 
nona,D;aHHJI HeiiTpoHa B ,D;eTeKTOP, a TaK)Ke OT CKOpOCTH 
pacnpocTpaHeHHJI CBeTOBoro CHrHana B CU:HHTHilnJITOpe, 
BLIXO,D;HLie CHrHaJILI KOHBepTopOB 1 H 2 CYMMHPYIOTCJI 
B npou:ecce o6pa6oTKH HH4JopMaU:HH Ha 3BM "XLIOneTT­
IIaKKap,D; 2116-C". HoMep cneKTpoMeTpa, B KOTopoM 3ape­
rHcTpHpoaaH HeHTPOH, onpe,D;eJIJieTCJI C noMO~LIO ro,D;OCKO­
na 034 151 . 

2. HccAeooeauue oemeKmopa 11a aap11J1Ce11111,ix 
u 11eii111paAbHbtX <1ac111u1,1ax 

Hccne,D;oaaHHe ,D;eTeKTopa 3aKnI011aeTcJ1 B onpe,IJ;eneHHH 
npocTpaHCTBeHHoro pa3peweHHJ1 H pa3peweHHJI no apeMeHH . 
nponeTa. MeTO,D;HKa HCCJle,D;OBaHHJI ,D;eTeKTOpa B u:enoM He 
HMeeT npHHU:HnHaJILHoro OTJIH'IHJI OT KanH6pOBKH O,D;HOro 
cneKTpOMeTpa 121. IIo:noMy KpaTKO nepe'IHCJIHM pe3yJIL­
TaTLI H3MepeHHH, ycpe,D;HeHHLie no nJITH cneKTpOMeTpaM. 

Bee H3MepeHHJI npOBO,D;HJlHCL Ha npoXO,D;Jl~eM 11epe3 
,D;eTeKTOp ny11Ke TT- -Me30HOB C HMnyJILCOM 168 M3B/c 
H wHpHHOIO 2 CM/ c11eT11HKH Kl H K2/. AMnJIHTY.D;Hoe pa3-
peweHHe <1>3Y paBHO /25±1/o/o. ,ll;nHHa norno~eHHJI cBeTa 
B CU:HHTHJIJIJITOpe - /220±30/ CM. IIpocTpaHCTBeHHOe pa3-
peweHHe ,D;eTeKTopa C y11eTOM KOHe'IHOH WHPHHLI C'leT'IHKOB 
'Kl H K2 /2 CM/ .paBHO /3,0±0,1/ CM /nonHaJI WHpHHa 
Ha nonyBLICoTe/. Ha puc. 4 noKa3aHLI cneKTpLI npocT­
paHcTBeHHoro pa3peweHHJI ,D;JIJI O,D;Horo H3 cneKTPOMeTpOB 
H JaBHCHMOCTL nOJIO)KeHHJI MaKCHMYMOB 3THX cneKTpOB 
OT KOOP,D;HHaTLI npoxmK,D;eHHJI 11aCTHU:LI qepe3 cneKTpo.­
MeTp. 

PaJpeweHHe ,D;eTekTopa no apeMeHH nponeTa onpe,D;e­
JIJIJIOCL no cneKTpy OT peJIJITHBHCTCKHX 3JieKTpOHOB, co.nep-
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Puc. 4. CneKmpi,i npoc111pa11c111ee1111ozo paapewe11u11 u aaeu­
cuMoc1111, noAOJICeHUJI MQKCUMYM08 31/IUX cneKmpoe 0111 KOop­
OUHQ1/lbt npoxoJ1Coe11u11 11ac111u1,1 ny11Ka 11epea cneKmpoMemp. 
1 Ka11a11 = 0,3 CM. 

)Ka~HXCJI B ny11Ke, H cocTaauno /400±20/ nc /nonHaJI wu­
pHHa Ha nonyaLicoTe/. CneKTP no apeMeHH nponeTa ny11Ka 
OTPHU:aTeJILHL!X 11acTHU: / rr-, µ- , e- / c HMnynLCOM 
168 M3B/c, HJMepeHHLIH Ha nponeTHO:ii 6a3e 2 M; noKa­
JaH Ha puc. 5. Hccne.D;oBaHHe ,D;eTeKTopa Ha HeiiTpaJILHLIX 
11aCTHU:aX npOBO,D;HJlOCL B cneu:HaJILHOM 3KCnepHMeHTe. H_c­
noJILJOBanacL peaKU:HJI pa,D;HaU:HOHHOro 3aXBaTa OCTaHOBHB­
WHXCJI ~--MeJoHOB B )KH_nKoao.nopo,D;HO:ii MHWeHH 

TT-p-+ y O. /3/ 

KHHeTH'leCKaJI 3HeprHJI HeHTpOHOB, 06pa3y10~HXCJI B 
,D;aHHOM npou:ecce, paaHa 8,87 M3B I f3n = 0,1365/, a 3Hep­
rHJI raMMa,;KBaHTOB - 129,4 M3B. HeiiTPOHLI c 3Toii 
3HeprHeii HCnOJIL30BaJIHCL ,D;JlJI H3MepeHHJI pa3peweHHJI ,D;e-
TeKTopa no apeMeHH nponeTa. . 

Ilpu ocT·aHoBKe rr-".'Me3oHOB B B0,D;opo.D;e, KpoMe peaK-
U:HH /3/, npoHCX<>.D;HT peaKU:HJI nepeJapJI.D;KH · 

rr-P ➔ rr 0 n 

'-- 2y, 
/4/ 
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Puc. 5. CneK111p no epeMeHu np0Ae111a ny11Ka 0111pu1,1a111eAbHblX 
11ac111u1,1 ( TT-, µ.- , e-) C UMnyAbCOM 168 M3B/c. 1 KaHaA = 
= 55 nc. 

B KOTopoii o6pa3ylOTC.H ,llBa raMMa·KBaHTa C :meprHeii 

/67 ,5±15/ M3B. 3TH raMMa·KBaHTbl HCilOJIL30BaJIHCL ,llJI.H 

BpeMeHHOH KaJIH6pOBKH WKaJILI aHaJIH3a TOpa. 

CxeMa 3KcnepuMeHTa noxa3aHa Ha puc. 6. raMMa· 

KBaHTbl OT peaKUHH /3/ H /4/ perHCTPHPOBaJIHCL O,llHHM 

qepeHKOBCKHM raMMa • cneKTPOMeTpOM IlOJIHoro nornome -

HH.H, pacnOJIO)KeHHblM Ha paCCTO.HHHH 25 CM OT tieHTpa MH· 

weHH. Henocpe,llCTBeHHO nepe,n qepeHKOBCKHM cneKTpo­

MeTpOM pacnonaraJIC.H CUHHTHJIJI.HUHOHHblH c11eT'IHK pa3 • 

MepaMH 2Ox2Oxl CM 3 
H BKJIIO'laJIC.H B KaHaJI aHTHCOBna,ne­

HH.H. C uenLro yMeHLWeHH.H yrnoeoro ,nHana3oHa perucT· 

paUHH raMMa • KBaHTOB nepe.n CUHHTHJIJI.HUHOHHLIM c11eT11HKOM 

ycTaHaBJIHBaJIC.H CBHHUOBblH KOJIJIHMaTop C ,llHaMeTpOM OT· 

BepcTH.H 9 CM H TOJIIQHHOIO 5 CM. Hccne,nyeMblH HeiiTpOH· 

Hblii cneKTpoMeTp pacnonaranc.H HanpoTHB qepeHKOBcKoro 
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Puc. 6. CxeMa KaAu6poeKu cneK111poMe111poe Ha HeiimpaAbHblX 
11acmu1,1ax. 

cneKTPOMeTpa Ha paccTO.HHHH 35 CM .OT ueHTpa MHWeHH 

H BKJIIO'laJIC.H C HHM Ha coena,neHHe. 113 • 3a He'lyBCTBHTeJIL• 

HOCTH qepeHK0BCK0ro C'leT'IHKa K Heii:TpoHaM, 06pa3y10-

IUHMC.H B peaKUHH /3/, CUHHTHJIJI.HUH0HHblM cneKTPOMeTpOM 

perHCTPHPOBaJIHCL TOJILK0 raMMa·KBaHTbl peaKUHH /4/ H 

HeHTpOHbl peaKUHH /3/. BpeM.H npoJieTa HeHTpOHOB H raM· 

Ma· KBaHTOB H3Mep.HJI0Cb KOHBepTopaMH 1 H 2 / puc. 2/. 
BbIXO,llHble CHrHaJILI KOHBepTOpOB CKJia,llb1B8JIHCb B cxeMe 

JIHHeiiHoro cJio)KeHH.H H 3aTeM nocTynanu Ha aHaJIH3aTop 

AH-4096. 

11 



ti n 

NJ ~ 9Hcek 

800 

600 

400 lzr ... ,, 

200 

0 
80 90 100 110 120 130 140 150 160 170 

HoMep kaHw,a 

Puc. 7. CneKmp no epeMeHu npo.11ema zaMMa- KeaHmoe u Heum­
poHoe 1 KaHa.11 = 0,15 Hc. 

H3MepeHHH npoBO.l{HJIHCb ,l{JIH MHWeHH, HanoJIHeHHOH ao­

AOPOAOM, H MHWeHH 6e3 BOAOPO.l{a. Pe3yJibTaT H3MepeHHH 

Ha BO,l{Opo.l{e noKa3aH Ha puc. 7. OT11eTJIHBO BHA­

Hbl .l{Ba cnexTpa no apeMeHH nponeTa, nepablii H3 

KOTOPblX COOTBeTCTByeT raMMa- KBaHTaM peaKD;HH / 4/, a 

BTOPOH - HeiiTpoHaM peaKD;HH /3/. HHTepaaJI Me)l(,IJ;y IlHKaMH 

paBeH 9 HC /1 KaHaJI = 0,15 HC/. Ha6JI10,l{aeMaH acHMMeTpHH 

apeMeHHblX pacnpe.l{eneHHii Bbl3BaHa pa36pocoM nponeTHoro 

paCCTOHHHH OT MHWeHH ,l{O HeiiTpOHHOrO cneKTPOMeTpa. 

Pa36poc !')Toro pacCTOHHHH onpe.l{eJIHeTCH KOHe'IHbIMH pa3-

MepaMH MHWeHH /6 12 CM/, TOJilllHHOH CD;HHTHJIJIHT'opa HC­

CJie,l{yeMoro cneKTPOMeTpa Ha nyTH HeiiTpOHOB H raMMa­

KBaHTOB /10 CM/ H yrJIOBblM ,l{Hana30HOM perHCTpa:u;HH 

11epeHKOBCKoro CHeKTPOMeTpa ; ... 30"/. Tax KaK nepe~HHe 

11aCTH apeMeHHblX pacnpe.l{eJieHHii COOTBeTCTBYlOT ', l'aMMa­

KBaHTaM H HeHTpOHaM, HMelOll.lHM MHHHMaJibHblH' pa36poc 

no npoJieTHOMY paCCTOHHHlO, TO HX MO)KHO HCnOJil.30B8.'J:b 

,l{JIH nony11eHHH o:u;eHOK aeJIH'IHHbl pa3peweHHH no Bp"eMeHH 

npoJieTa ,l{JIJI HeiiTpOHOB H raMMa-xi:sauio:e; KaK BH,l{H0 ;113 

12 

puc. 7, pa3peweHHe no BpeMeHH nponeTa HCCJie.l{yeMoro 

cneKTPOMeTpa ::; 1,2 HC ,l{JIH HeHTpOHOB c :meprHeH 

8 ,87 M3B H ::; 0,9 HC .l{JIH raMMa·KBaHTOB C :meprueii 

/67,5±15/ M3B. 
B 111a6.11u11e npHBe,l{eHbl xapaKTepHCTHKH HeHTPOHHblX 

,l{eTeKTOpOB, onucaHHblX K HaCTOHll(eMy BpeMeHH. 

Ta6.11u11a 
XapaKTepHCTHKH HeHTpOHHblX ,l{eTeKTOpOB 

KoJl-iso, 
T•n Ily'IOK, 

lllpooTp. Paspemeoe 
'l'In,pas11e~ :PIJ8pe11. no JSpeMeD 

Pa<Som 3 i3Y MaB/o. 2AX, U,POJ18'1'8, OQIH-pa 1 011 

CY 2t',HO 

5 Ir, 

ldJJJule p ll .JU)• IIOJIIBIHU- 56 AVP 1860 .t,3 0,60 

/7/ 
'l'OJJYOJl, 

4~ (160, i IO) 2,5 0,60 

12 rr; 
lloJum:HI I .JU) IloJ.tnl!.JWI- XP-1040 810 2,8 0,70 

/SI 
'l'OJIYOJI, t1 

100xl8xl8 • . ;3'70-940 5,0 I,40 

AO'l'll8,Q8 '1'Y ,POB I rr-, 
• ,lij)./9/ IIOJlIO'l'IIPOJI 56 AVP 

100xal8 4000 3,4 0,76 

Cn:ep /II/ /-IE - !IO Ir, 3,6 -
200xI6xI6 56 JlVP 

8 0• - 2,80 

Pnsllllltd. IloJmO'l'IIPOJl rr-
,JU>. /IO/ 120xIOxIO XP-1020 

4000 3,6 0,56 
l 

<pJ!J-63 
rr-, 

4000 5,3 0,64 

rr-. 
168 3,0 0,40 

5 

Ha 0'1'0Hlq8ll Ilo.non,POJl cpgy.;;30 
n • 

8,87 MsB - ~ I,20 
pado'l'& 70xIOxIO 

0. 
~7,5 llaB - ~ 0,90 
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,lJ;nH BLiqacneHHH 3~~eKTHBHOCTH perHCTpanHH HeHTpo­
HOB AeTeKTopoM 6Lina HanacaHa cnenaanLHaH nporpaMMa 
MoHTe-Kapno. 3a HCXOAHYIO 6Lina B3HTa npo­
rpaMMa TOTEFF 161 , no KOTopoH paccqaTLIBaeTCH 34xl>eK­
THBHOCTb perHCTpanHH HeHTpOHOB B HHTepaane 3HeprHH 
OT 1 AO 100 M3B AnH cnHHTHnnHTOPOB nanHHApHqeCKOH 
H npaMoyronLHOii ~OPMLI. HcnonL3yeMaH nporpaMMa 6Lina 
MOAH~HnHPOBaHa C nenblO YAOBneTBOpeHHH KOHKpeTHLIM 
ycnOBHHM npHMeHeHHH AeTeKTOpa H yqeTa er_o oco6eHHo­
CTeH. JiLinH yqTeHLI B03MO)KHLie nepeXOALI HeHTpOHOB H 
BTOpHqHLIX npOTOHOB H3 OAHOro cqeTqHKa B APYrOH H 34xl>eKT 
OT norno~eHHH cBeTa cnHHTHnnHTOPOM. 3cW,eKTHBHOCTb 
AeTeKTopa paccqaTLIBanacb AnH 24 3HaqeHHH 3HeprHH HeHT­
poHoB OT 5 AO 100 M3B. IlonyqeHo, qTo B AHana3oHe 
3HeprHH HeHTPOHOB /57100/ M3B npH noporax perHCTpa­
nHH 2 H 9 M3B OHa paBHa B cpeAHeM 13,So/o H So/o COOTBeT­
CTBeHHO. 

3. KaAu6poeKa u KOHmpOAb cma6UAbHOcmu 
napaMempoe neiimponnozo oemeKmopa 

,lJ;nH ycTaHOBneHHH 3aBHCHMOCTH Me)KAY H3MepaeMbIMH 
aenaqaHaMH (T 1 ·, T2, 0 ) H COOTBeTCTBYIO~HMH KaHanaMH 
aHanH3aTopa Heo6XOAHMO npoaeCTH Kana6pOBKyAeTeKTOpa 
C noMO~blO qaCTHn C H3BeCTHOH H noCTOHHHOH CKOPOCTblO. 
HcnonL30BaH»e

1
a 3THx nenax raMMa-KBaHTOB oT pacnaAa 

1Te /11 6 --Me30HOB , 0 pa3ylO~HXCH npH B3aHMOAeHCTBHH nep-
BHqHoro nyqKa c ae~ecTBOM MHWeHH, Tpe6yeT pacnono­
)KeHHH nepeA .neTeKTOpoM CBHHnOBLIX KOHBepTOPOB •. 3To 
npHBOAHT K AOnOnHHTenbHOMy ~OHy. KpoMe Toro, TaKOH 
MeTOA npHMeHHM AnH peaKnHH C o6pa3oBaHHeM 6onbWOro 
qacna. raMMa- KBaHTOB. 

B HaweM cnyqae apeMeHHaH Kana6poaKa AeTeKTopa npo­
BOAHTCH C noMO~blO 3neKTPOHOB, COAep)Ka~HXCH B nyqKe 
1T-:Me30HOB.- ,D;ona HX B nyqKe TT- -Me30HOB C 3HeprHeH 
230 M3B COCTaBnHeT 3o/o 1121• T.e. npH HHTeHCHBHOCTH 
nyqKa, paBHOH 3xlO5 c •1 KonaqeCTBO 3neKTPOHOB COCTaBHT 
n'pHMepHO 9xlO 3 c -1• 

Kana6poaKa AeTeKTopa nepeA HaqanoM H3MepeHHH ocy­
~ecTanaeTca B cneAyro~eH nocneAo.BaTenLHOCTH. ,lJ;eTeK­
TOP HeHTPOHOB / ,D;H/ YCTaHaBnHBancH Ha nyTH nepBHqHoro 
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nyqKa 11- -Me3oHoB. AHanH3HpyroTca co6LITHH Jilxlil Ix,D;Hx 
/K1 HnHK 2 /. Tan qacTHn ( 11, µ , e) onpeAenaeTca c no­
MO~blO cneKTpOMeTpa /Ji I, Ji I I/ no BpeMCHH nponeTa 
HMH pacCTOHHHH MC)KAY cqeTqHKaMH Ji I H Ji I I. 

N•TOJ 

' 

3 

2 

:rr-

T 

Qr....--, ;-; I I I I ;:-.......... 

~ ~ ~ m m m m ~ ~ 
HoMep ,caHa11a 

Puc. 8. CneKmp no epeMeHu npoAema ttacmu11 nyttKa c UM­
nyAbCOM 340 M3B/c /E

11
_= 230 M3B/. 

HH~OpManHH O nyqKe C BblXOAa CXCMbl cnO)KCHHH / puc. 8/, 
a TaK)Ke CHrHanLI c KOHBepTopoB 1,2,3 H rOAOCKOna 034 
qepe3 CTOHKY MHoroMepHoro aHana3a /CMA/1131nocTynaroT 
Ha 3BM "XLroneTT-IlaKKapA 2116C". Ilocne o6pa6oTKH 
HH~OpManHH ARH Ka)KAOro cneKTpOMeTpa BbIBOAHTCH cneKT­
pbI no apeMeHH nponeTa 3neKTpOHaMH paccTOHHHH MC)KAY 
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6/ 

Puc. 9. a/ Cne1<mpb1 no epeMeHu npoAema 3AeKmpo11oe ny11Ka 
u 11eiimpo11oe om peaK!lliii 11-P -•·11°rr O n· , 11 -p -,11°y n , 
11- P -> 11° n. 6/ llpocmpa11cmee1111oe pa3pewe11ue oemeKmopa 
OAJI 3AeKmpo11oe ny11Ka' u - pacnpeoeAe11ue 11eiimpo11oe om 
peaKijUU /1/, /2/, /4/ ... 
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C1IeTqHKOM Ii I I H Heii:TpOHHblM ,n;eTeKTOpOM. no 3THM 

cneKTpaM onpe,n;eJI.HIOTC.H ueHa KaHana aHaJIH3a Topa, pa3 -
peweHHe no BpeMeHH nponeTa H OTHOCHTeJibHble 3a,n;ep)KKH 
CHrHaJIOB B cneKTpOMeTpax. 

CneKTPbI npocTpaHCTBeHHoro pa3peweHH.H cneKTpoMeT· 
poB, COOTBeTCTBYIOI.QHX ToqKaM pacnOJIO)KeHH.H cqeTqHKOB 
K I H K 2, cTpO.HTC.H ,n;n.H acex qacTHU nyqKa. 

,l],JI.H KOHTpOJI.H CTa6HJibHOCTH BpeMeHHOro H KOOp,!J;HHaT· 
Horo pa3peweHH.H, a TaK)Ke ueHbI KaHana aHaJIH3aTopa B 
npouecce JKcnepHMeHTa /,n;eTeKTop Haxo,n;HTC.H B pa6oqeM 
noJIO)KeHHH no,n; yrJIOM 14 no OTHOWeHHIO K HanpaBJieHHIO 
nepBHqHoro nyqKa/ BMeCTe C HeiiTpOHaMH, o6pa3yIOI.QH· 
MHC.H B peaKUH.HX /1/ H /2/. aHaJIH3HPYIOTC.H C06bITH.H 
Blxlillx,D,Hx /K1 HJIH K2 /. 

Ha puc. 9a noKa3aHbI cneKTpbl no apeMeHH nponeTa 
JJieKTPOHOB nyqKa H HeiiTpOHOB, o6pa3yIOI.QHXC.H B peaK· 
UH . .HX /1/, /2/, /4/. B 3TOM cnyqae ,!l;JI.H 3anycKa ,n;eTeKTOpa 
HCnOJib3OBaJIHCb CHrHaJibl O,D;Horo qepeHKOBCKoro cneKTpo­
MeTpa. ,l],n.H JTOro )Ke cneKTpoMeTpa Ha puc. 96 noKa3aHO 
KOOp,D;HHaTHoe pa3peweHHe ,!l;JI.H JJieKTPOHOB nyqKa H pac­
npe,n;eneHHe HeiiTpOHOB OT peaKUHH /1/, /2/, /4/ B,!J;OJib 
cneKTpOMeTpa. IlOJIO)KeHHe MaKCHMYMOB BpeMeHHbiX H KO· 
op,!l;HHaTHbIX pacnpe,n;eJieHHH, nonyqeHHbIX ,!l;JI.H JJieKTpOHOB 
nyqKa / puc. 9/, a TaK)Ke ueHa KaHana aHaJIH3a Topa coxpa­
H.HJIHCb HeH3MeHHbfMH B TeqeHHe 15 "HenpepbIBHOH pa60Tbl. 
,n;eTeKTOpa. 

TaKHM o6pa30M, COJ,D;aHHbIH ,n;eTeKTOP y,n;oaneTBOp.He-T 
BCeM OCHOBHbIM Tpe6oBaHH.HM ,!J;JI.H HCCJie,D;OBaHH.H HeiiTpo­
HOB, o6pa3yIOI.QHXC.H B WHpOKOM 3HepreTuqeCKOM H yrJIOBOM 
HHTepaanax. 

ABTOpbl Bblpa)KaIOT 6naro,n;apHOCTb B.r .3HHOBY, ro.r .By­
,!J;.HWOBY Ja o6ecneqeHue JJieKTPOHHOii annapaTypoii, B.IOBan­
,n;HHY, B.M.rpe6eH10Ky, 3.B.KpyMWTeii:Hy 3a· noneJHbie 06-
cy)K,n;eHH.H, H.A.lle6e,n;eBy ~ Ja nOMOI.Qb npH HJrOTOBJieHHH 
H HCCJie,n;oBaHHH ,n;eTeKTOpa. 
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