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BBE,UEHI1E 

,UnH peracrpauaa HeHTpOHOB na YCKopHTenHX OI1HI1 B rexeaae parta 
ner urapoxo npHMeHHIOTCH 60pHhIe raaopaapanasre CtIeTtIHKH r-renrreaasrx 
HempOHOB B nonH3THneHOBhIX 3aMe,u,nHTeJIHX / 1. 4/ , onaaxo axcnrryara
~HH 3THX nereicropoa B COCTaBe KaHaJIOB peracrpanaa aBTOMaTH3HpOBaH
HOH CHCTeMhI panaanaomroro rconrporra Jlaõoparopaa anepasrx rtpoõnesr 
OI1HI1 nbxasana Heo6xo,u,HMOCTb H3ytIeHHH 3arpY30'lHhIX xapaKTepHCTHK 
xanarra c uensio BhI60pa OnTHMaJIbHoro pe)l(HMa H YTOtIHeHHH nnanaaoaa 
pa60ThI CtIeTtIHKa. 

CTPYKTYPA KAHAnA PErI1C,TPAUI1I1 HEI1TPOHOB 

B COCTaB xaaana peracrpauaa HeHTpoHoB BXO.o;HT ,u,eTeKTOp-CtIeTtIHK 
CHM-14/ 1 / B nOnH3THJIeHOBOM saraennarene, YCHnHTenb CHrHaJIOB, ,u,HCKpH
MHHaTop-<popMHpOBaTenb H CtIeTtIHK-HaKOnHTenb. KOHCTPYK~HH nerexropa 
HempOHOB H xopnyca YCHnHTenH onacansr B pa õore / 2/ . Cxesra BKJIlOtIeHHH 
CHM-14 H npanuanaansnaa cxer-ra YCHnHTenH npencraaneasr aa pHC, 1. 
Pa60tIHH anrepaan HanpH)I(éHHH nHTaHHH CtIeTtIHKa-700-3000 B. Pe)KHMpaõo-. 
ThI CHM-14 (TOK KOpOHHoro paspana I K H nanpaacenae aa caMOM CtIeTtIHKe 
U

C4 
) sanaerca npa nOMoIUH orpaaasaaarourero conpOTHBneHHH Rl H nanpa

. )I(eHHH I1H TaHHH ,~ 

I cz O,OfMIt 

22 MIC 

/.1 SOOMKrll
lU fS I< 

Puc. 1. Ilpuuuunuaasnas cxeua YCUJlUTeflR àaTlIuKa HeuTpoHoe. BJ(1-CHM-14, 
DAI,K574YJ(I , VTI-rT30S, . 

; ~b'M'ah l1 i;' ij Hhin IlliCi.1!'fYY 

w;J€~'sn:;'JZ SCCJJeI!ílBJUmQ 1 
6W5nz,.1 r1Tf=H A , 
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YCKJ1HTOlIb 060CnOQHBaeT .nBa.nUUTHKpaTHoe YCHJIeHHe CHrHaJIOB zterex
TOpa 11 HX nepe.naqy no xaõerno rana PI(·50 B BocbMHKaHaJIhHbIÜ ,llHCKpH
MHHaTop-<l>opMHpOBBT01IL ,lllIH aMWIHTy,llHOÜ CeJIeK~H. YCTaHOBJIeHHbIe 
aa axone ,llHCKpHMHHaTopa H aa asixone YCWIHTeJIH YCTpOHCTBa PU3BH3KH 121 

n03BOlI1IIOT HCnOlIb30BUTb O,llHH H TOT JKe I<a6eJIb ,llJIH nepenasa CHI'HaJIOB 
H nonaxa nHTaHHH+12 B (4MA) aa YCHJIHTeJIL. 

TIpHHUHnHaJIbHaFI cxer-ia O,llHOrO KaHaJIa ,llHC:KpHMHHauHH npencraane
aa aa pHC. 2. B ero COCTaB BXO,llHT: YCTPOMCTBO pa3BH3KH .- Ll , Cl , R5, 
,llHCKpHMHHaTop DA-1 na OCHOBe xor-maparopa K521CA2, YCTpoi1:cTBO 
YCTaHOBKH pezcaxra pa60TbI - DD1.3 , DD1.4, DD2, ePopMHpOBaTeJIL BbIXO,ll
aoro CHrHaJIa - VT1, VT2, o6eCneqHBaIOI.I.UfM aMllJIHTY,llY asrxonaoro CHrHa
JIa na aarpyaxe 50 OM paBHOM -0,8 B. Ilopor ,llHCKpHMHHaUHH onpenenaer
CR: pa3HocTLIO YPoBHeM HanpH:JKeHIDI na BXO,llaX xoranaparopa, npHqeM nanpa
:>KeHHe na HHBepTHpYIOI.I.J;eM nxozre ePHKCHpOBaHO, a na HeHHBepTHpyIOrn;eM' 
perynapyerca npn nOMOI..IJ;H neperaeansrx pesacropoa R3 H R8 B naanaaoaax 
5-500 H 100-3000 MB OTHOCHTeJILHO YPOBHH HanpH:JKeHHH HHBepTHpyrorn;e
ro axona, TIepBoMY naanasoay cooraercrayer peJKHM npoaepxa paõoro
cnoC06HOCTl:l ncero KaHaJIa H3MepeHIDI no rnYMaM :KOpOHHOro paspana 
CHM-14 11,31 ,BTOPOMY - pa60QHM peJKHM perHcTpRUHH HeÜTpOHOB. 

BbI60p pexcar-ra sanaerca apymryro npn nor-ronra nepeKJIlOtIaTeJIH TIl 
HJIH aBTOMaTHQeCKH no xoxrarme NA(O) F(17) c MarHCTpaJIH KAMAK. B pe
:JKHMe npoaeprca na axozte norasecxoro 3JIeMeHTa 001.3 YCTaHaBJIHBaeTCH 

+58 
r-i------,-".. ... 'nD1.1 

AfO)F{{)J& 
I. Ri3 =---

2. 

Wf 

PUC. :l., Ilpunuunuansnan cxeua àucxpuuunaropa-fiopuupoearenn. 
DAI-K521CA2, DDJ-KJ55JlA3, DD2-KI55TM7, VTI, VT2-KT315, VD1, 
VD2, VD3·).!3JO, Ll-.aM-O,I-400. 

HYJIeBOH YPOBeHL HanpH:>KeHIDI, H, CJIe,llOBaTeJIbHO, TaKOM JKe - 'aa asrxone 
DD1.4. B pe3YJIbTaTe xepea OTKpbITbIM ztaon VDl na ynpaBJIHIOI..IJ;HM BXO,D; 
xoxmaparopa nonaerca HanpHJKeHHe c R3-pe3HcTopa perYJlHpOBKH npoae
posaoro nopora. TIpH 3TOM R8-pe3HcTop YCTR;HOBK" paôoxero nopora OTKJIIO
QeH OT xowmaparopa, T.K. naon VD2 3aKpbIT. B paõouexr peJKHMe,BCJIe,llCTBHe 
nepeKJIlOqeHIDI 3JIeMeHTOB 001.3 H DD1.4 3aKpbIT naon VD1, H aa ynpaBJIHIO
!UHM BXO,ll rcor-rrtaparopa xepea ,llHO,ll VD2 nocrynaer CMeI..IJ;eHHe c pesacropa 
perYJIHpOBKH paõovero nopora. 

C ,llHCKpHMHHaTopa HHePOpMauÍ:lH nepeztaerca ,llJIH HaKOIlJIeHHH H nOCJIe
,llYlOI..IJ;eH o6pa6oTKH na CQeTQHKH KAMAK THna KCO 17 161 • 

CQETHhIE XAPAKTEPI1CTI1KI1
 
KAHAflA PErl1CTPAQI1I1 HEltrPOHOB
 

,[(JIH onpenenenaa OCHOBHbIX' xapaxrepacrmc KaHaJIa peracrpauaa 
HeÜTpOHOB H BbI60pa orrrasransaoro peJKHMa pa60TLI 6blJIH npoaeneasr 
H3MepeHHH 3aBHCHMOCTH CKOpOCTH CQeTa lllYMOB xopoaaoro paapazia H 
HMnYJIbCOB HeMTpOHOB OT BeJIHQHHbI nopora ,llHCKpHMHHauHH - v , ,llJIHHbI 
COe,llHHHTeJIbHorO Ka6eJIH - L, HaripHJKeH~H U nHTaHHH CHM-14 H YPOBHH 
Pa,n;HRUHOHHOH 3arpY3KH cxeruaxa. 113MepeHHH npOBO,llHJIHCb' B nOJIe HeMT
pOHOB PU.-Be HCTOQHHKa H nenocpencraenaoà HMnYJIbCHOM nOJIeH3JIYQeHHH 
ePa30TpOHa flHTI. 

Ha pHC. 3 npencraaneaa 3aBHCHMOCTb CKOpOCTH c~eTa KaHaJIa B nOJIe 
HeÜTpoHoB Pu - Be OT nopora ,llHCKpHMHHaIJ;HH rrpa HallpR:JKeHHH IIHTaH'IDI 
U =960 B H MHHe COe,llHHHTeJIbHOrO Ka6eJIR Me:>lC,D;Y YCHJIHTeJIeM H ,llHCKpH, 
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PuC. 3. Saeucuuocrs CKOpOCTU cueta xanana 8 none HeUTpOH08 PU-Be IUCTO'l

HUKa OT nopoea OUCKpUMUHa14Uu: L= 10 M, u=960 B. 
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MHHaTopOM OKOJIO 10 M. Ih pHCYHKa cnenyer, trro c YBeJIHqeHHeM nopora 
v OT 300 no 1500 MB qYBCTBHTeJIbHOCTb rcaaarra, nponOpU;HOHaJIbHaJI CKO
pOCTH csera, YMeHblllaeTcH ae õonee, qeM aa 40%. 

llaHHble o 3aBHCHMOCTH OTHOCHTeJIbHOH qYBcTBHTeJIbHOCTH OT BeJIH
trnH v, U H L rrpaneneasr B Ta6JIHu;e. 

Taõnuua 

u == 680 B ti =960 B U = 1360 B 

v, L - ,ll;JIHHa Ka6eJIH, M 

MB 
80 380 600 80 380 600 80 380 600 

250 1,11 1,10 1,06 1,14 1,11 1,10 1,12 1,11 1,08 

370 1,09 1,05 

590 1,00 0,97 

750 0,97 0,95 0,91 0,97 0~4 O~7 0~4 0~7 0,80 

940 0,93 0,89 

1500 0,82 0,72 0,64 ú,78 0,66 0,56 0,70 0,55 0,43 

Ouemça BeJIHqHHbI a6COJIIOTHOH qYBcTBHTeJIbHOCTH KaHaJIa, nOJIyqeHHaH 
npn U = 960 B, L == 80 M, V == 590 MB ,ll;JIH Pu-Be HCTOqHHKa, 6JIH3Ka K nan
HbIM, n,fHBe,ll;eHHbIM B paõore /1/, H COCTaBJIHeT .... 8 ·10 -5 M63p/HMn 
(8' 10- M3B/HMn). 

I1H<p0pMaU;HH o aarpysrce xaaana B none YCKopHTeJIH nonyseaa B pezca
Me asrsona npOTOHOB c saepraeã 670 M3B B JIOBYllIKY. ,llnH~eJIbHOCTb 

HMnYJIbCOB BbIBo,ll;HMoro rrysnca .... 4 .10-5 c, qaCTOTa CJIe,ll;OBaHHH HMnYJIb
COB - .... 233 I'u. HcnbITyeMbIH ztarxarc pacnonaranca B 3KcnepHMeHTaJIbHOM 
3aJIe epa3üTpoHa sa sersrpexsrerpoaoã JKeJIe306e'I'OHHOH 3~HTOH. 3arpY3
xa KaHaJIa perYJIHpOBaJIaCb nYTeM H3MeHeHHH IDITeHCHBHOCTH BbIBO,ll;HMO
ro nyxrca npOTOHOB H MOHHTOpHpOBaJIaCb no BeJIHqHHe HHTeHCHBHOCTH, 
a TaKJKe npn nosroura nonornrarensnoro HeHTpOHHoro naruaica, KOTOpbIH 
YCTaHaBJIHBaJICH TaK, qTQ6bI HCKJIIOqHTb npocnerst B KaHaJIe MOHHTopa. 

BpeMeHHaH CTpYKTypa OTKJIIIKa K3.HaJIa B ar-mynscaowr nOJIe neárpo
HOB epa30TpOHa COOTBeTCTBYeT 1I306pa)KeHHOH na pac. 4. H3MepeHlIH npoao
,ll;HJ1HCb npa U = 960 B, L == 80 M li ,ll;BYX noporax: paõosevr (peJKHM cxera 
HeHTpoHoB, pHC. 4a) H npOBepOqHOM (peJKHM cvera llIYMOB xopomroro 

l' 
II 

paspana H HeHTpOHOB, pac. 46). Pa60qaJI aarpyarca xanana B TeqeHHeU;HK
na YCKopeHHH npOTOHOB anrrpoxcaraapyerca BbIpIDKeHHeM: 

Pok 2 ai
 
no(t) ~ [- exp (- t / r i )] ,
 (1)r i==1 Ti 

rne a l' a2 , r 1 ' T 2 ...,...... rtapavrerpsr pacnpeneneaaa, f - qaCTOTa CJIe,ll;OBaHHH 
HMnynbcoB HeHTpoHoB, Po - cpennaa MOmHOCTb noasr, k - rpanyapo
BOqubIH K03<p<pHU;HeHT. 
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o 500 1000 1500 2000 2500 3000 3500 i,MltC 

Puc. 4. BpeMeHfUlJI CTpYKTypa OTKJlUKa «anana 8 UMnYJlbCHOM none 

HeUTpOH06 sa 3aU{uTOU YCKOpUTeJlJl npu L == 80 M, U = 960 B: a) 6 pa

õouei« peJICUMe npu v= 240 MB; 6) 8 npoeepouuou peJICUMe npu 

v::: 20 MB. TOIIKaMU oõosnauena CKOpOCTb cuera ZUYM08 KOpOHH020 

ptnpnàa npu nepaõoratotueu YCKopUTeJle, CnflOZUHOU JlUHUeU - ZUYMbl 

KOpOHH020 paspnàa npu paõoratoiueu YCKopUTeJle, nYHKTupHOU 

.JlUHUeU - CYMMa ZUYM08 KOpOHH020 paspnõa U UMnYJlbC08 ueü

TpOH06 npu paõoratotueu YCKopUTeJle. Mapxep 8 nauane xoopàuuat 
cooreetcreyet àJlUTeJlbHOCTU c6poca nYIIKa YCKoiJUTeJlfl. 
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Ilepasrã lUIeH Bhlpa)KeHIDI xapaxrepasyer rrpouecc perHCTpaI..J;HH 6hICT TOKaM rcoponaoro paspana 18 MKA, 8 MKA H 0,8 MKA cooTBeTcTBY
psrx HeHTpOHOB B 3aMe,lJ;JIHTeJIe c nOCTOHHHOH T 1:::=' 1,7'10-4 c, qTO XOpoIlIO IOT. rcpansre 1, 2 H 3 na pHC. 5. 
cornacyerca c ,lJ;aHHhIMH, ony6JIHKOBaHHhlMH B paõorax /6,7/. BTOpáH Mepraoe BpeMH KaHaJIa, nOJIyqeHHOe npa annpOKCHMaQHH axcnepasiea
lUIeH 06YCJIOBJIeH HaJIHqHeM B 3KcnepHMeHT8JIhHOM 3aJIe pacceanasrx HJIH T8JIhHhIX nanasrx <pOpMyJIOH 2, COCTaBJIHeT: npa TOKe 18 MKA - 0,6 ·10 -5 c; 
"6JIY)K,lJ;alOI.UHX" HeHTpOHOn, BpeMH peJIaKCaI..J;HH KOTOphlX B ,lJ;aHHOM axcrre npa TOKe 8 MKA -1,1'10-5 c; npa TOKe 0,8 MKA -1,4' 10 -5 C. 
pHMeHTe COCTaBJIHeT - 2,3'10-3 c. Pe3YJIhTaThl armpoxcaraanaa noxasaasr BepXHHH rpanana 3arpY3KH KaHaJIa B nOJIe H3JIyqeHIDI YCKopHTeJIH 
aa pHC. 4a nYHKTHpHOH JIHHHeH. C OnHCaHHhlMH asnue BpeMeHHblMH rrapar-rerpar-ta (pHC. 4a) COCTaBJIHeT 

CqeTHaH xaparcrepacraxa, nOJIyqeHHaH npa asnueyrcaaaaasrx YCJIOBHHX 2 '10 3 c -1 IDIH 2 MK3B/C ripa YCJIOBHH 10%-HbIX npocseroa. 
(CM. pHC. 4a) , npencraaneaa na pHC. 5. 3aBHcHMoCTh qYBcTBliTeJIhHOCTH Ka.HaJIa B nOJIe YCKopHTeJIH 01' BeJIH'1'
 

113MepeHHH npOBO,lJ;HJIHCb rtpa v=240 MB, L = 80 M H ,lJ;JIH'TpeX 3HaqeHHH qJiHhl paõosero HanpH)KeHHH (roxa xopoaaoro paspana) , 01' YPOBHH nopo
TORa xoponnoro paspana I I( cseruaxa. 3KcnepHMeHT8JIhHble 3aBHCHMOCTH ra ,lJ;HCKpHMHHaI..J;HH H 01' ,lJ;JIHHhl Ka6eJIH COBnMaeT c TOtIHOCThlO ,lJ;0 01llH60K 
CKOpOCTH cvera 01' BeJIHqHHhl 3arpY3KH KaHaJIa peracrpauaa Y,lJ;oBJIeTBO H3MepeHHH C ,lJ;aHHhIMH ,lJ;JIH Pu-Be HCTOtIHHKa (CM. Ta6JI. H pHC. 3) . n03TO
parem-ao onHCblBaIOTCH <POPMYJIOH npOCqeTOB ,lJ;JIH CHCTeM aroporo po MY B HHTepBaJIe pa60qHX HanpH)KeHHH 700-1400 B c YBeJIHqeHHeM nopora 
,lJ;a'l8!, KOTopaH, c yqeTOM HMnYJIbCHor:O xaparcrepa 3arpY3KH KaH8JIa (CM. ,lJ;HCKpHMHHaI..J;HH 01' 240 ,lJ;0 1000 MB ,qYBcTBHTeJIbHOCTh CHH~eTCH na 
l,P0PMYJIY 1) , npnoõperaer CJIe,lJ;YIOI.UHH BM: 1,5-3% na K~ble 100 MB. YBeJIHqeHHe ,lJ;JIHHbI Coe,lJ;HHHTeJIhHOrO Ka6eJIH 

3KBHB8JIeHTHO YBeJIHqeHillO nopora ,lJ;HCKpHMHHaQHH BCJIe,lJ;CTBHe 3aTYXaHIDl 
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MOI.UHOCTh nossr (OTH. en.) 
Puc.6. Saeucuwocts CKOpOCTU cuera WYMOB KOpOH1W20 paspn

PuC. 5. Cuetuan xapatcrepuctutca xauana B UMnYllbCIWM none õa OT nanpsscenun nuranus ClJeTIJUKa: 1 - V = 20 MB, 2 - V = 40 MB, 

cfla30Tp01la 1 - IK = 18 MKA, 2 - I K = 8 MKA, 3 - lI( = 0,8 MKA. 3 -- v= 60MB. 
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nepeziaaaesroro CHrHaJIa H TO)Ke npHBO,lJ,HT K CHH)KeHillO qYBCTBHTenb

HOCTH. B HHTepBaJIe 10-600 M 3TO ocnaõneaae 6nH3Ko K 2% na 100 M xaõe
narana PK 50-4-1l. 

Xapaxrep BJIHHHHH nopora ,lJ,HCKpHMHH3.UHH H ,lJ,nHHhl xaõerra na CKO

pOCTb csera IllYM013 KOpOHHOrO paspana connanaer C npHBe,lJ,eHHhIMH asnne 
pesynsrarar-ra ,lJ,nH HMnynbcoB HeHTpOHOB, HO ne nO,IJ.Il;aeTCH .KOnHqeCTBeH~ 

,HOH oueaxe BCne,lJ,CTBHe HH,lJ,HBH,lJ,YaJIbHOCTH aMTInHTY,lJ,HhIX CneKTpOB 3THX I 

rnYMOB ana OT,lJ,eJlbHhIX ,lJ,eTeKTOpOB. KpOMe TOrO, aMTInHTY,u,a uryr-roa KO r 
j 

poaaoro paspana CHJ1bHO 3aBHCHT OT HanpH)KeHHH nHTaHHH (TOKa) cxersa 'li 

1
K~ CHM-14 (CM. pHC. 6). Ilpa YBe.tmqeHHH pa,u,H3.UHOHHOH 3arpY3KH KOHT

ponsasrá cxer IllYMOB nanaer (pHC. 46), npauer-i creneas CHH)KeHHH CKOpO I 
CTH crorrs BeJlHKa, qrO ae MO)KeT 6hlTb peaynsraror-r npOCqeTOB, Bhl3BaHHhlX 

HaJIO)KeHHeM cepaá ar-myrrscoa IllYMOB na HMnynbchl HeHTpoHoB. nO-BH,lJ,H

MOMY, "3aMHpaHHe" rnYMOB xopoaaoro paspana CBH3aHO c q,H3HqeCKHMH 

nponeccar-ra, npOHCXO,lJ,HmHMH B zrerercrope npa perHCTp3.UHH HeHTpOHOB, 

H B nansaeãnrexr MO)KeT 6hlTb acnonssoaaao KaK nononaarensaaa HHq,opMa

UHH o CTeneHH pa,u,HauHOHHOH 3arpY3KH cxersaxa. 

3AKJII04EHI1E 

Ilonyseaa HHq,OpM3.UHH o BpeMeHHoH CTpYKType OTKnHKa xaaana pe

racrpanaa HeHTpoHoB B HMnynbcHoM none H3nyqeHHH q,a30TpoHa npa O,lJ,HOM 

H3 peJIÇHMOB era pa60ThI. 

Ha OCHOBe axcnepasrearansasrx peayrrsraroa onpeneneasr nOCTOHHHaH 

BpeMeHH peracrpanaa õsrcrpsrx HeHTpoHoB nrra naaaoro THna aasrenrra
TenH (r 1 ~ 1,7' 10 -4. C) H B per-ra penaxcanaa pacceaansrx aeârpoaoa 
( r 2 ::=. 2,3' 10 -3 c) . . 

C yxerovr peaJIbHOH BpeMeHHoH CTPYKTyphl panaanaoaaoã 3arpY3KH 

narxaxa oneaeao aaaseaae MepTBoro BpeMeHH xaaana H YCTaHOBneHO, 

qrO OHO 3aBHCHT OT pe)KHMa paõorsr cxersaxa, npHqeM npa YBenHqeHHH 

TOKa KopOHHorO paspana MepTBOe, BpeMH YMeHbrna~TCH. Onpenerrea aepx

HHH rrpezien 3arpY3KH KaHaJIa nrra O,lJ,HOro H3 pe)KHMOB paõorsr q,a30TpOHa. 

YCTaHOBneHO, qrO npa nOHH)KeHHOM HanpH)KeHHH rnrraana cuerxaxa 

(U = 700 B) aapany C nescoropsrr-r YBeJlHqeHHeM MepTBoro BpeMeHH xaaa I 

na ero qYBCTBHTeJlbHOCTb nparcrasecrca nOCTOHHHa B naanasoae noporon ; f 
,lJ,HCKpHMHHaUHH 300-700 MB H nnansr xaõerra ,lJ,0 600 xrerpoa, T.e. npa 

nOHH)KeH~OM HanpH)KeHHH nHTaHHH CHM-14 ornanaer He06xo,lJ,HMOCTb f~ 
BO BHeceHHH nonpaaox B rpa,lJ,YHpOBOtIHhIH K03q,q,HUHeHT nanaoro xaaana 

npa H3MeHeHHH ycnOBI1H axcnnyaranaa B YKa3aHHhlX asnue par-ncax. r 
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Pynorracs nocrynarra B H3,lJ,aTenbCKHH ornerr 

7 anpena 1987 rona. 
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