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OEI..QAfl. XAP AKTEPHCTMKA PAEOThl 

AKryarrhHOCTh Tem1 

Ilpe.uen BpeMeHHOfO p113pemelIIDI ,U.JUI COBpeMeHHblX 

BpeMj{H3MepmomMX CHCTeM, OCHOBaHHblX Ha BaK)'YMHhlX <l>oTO'.:lJieK'rpOHHhIX 

)'MHO'.lKHTeJUIX (<I>3Y), rn:6pH.UHhlX l}>OTOHHhlX ,QeTeKTOpax (r<I>m H 

HaHOCeKyH.UHOH :rnel<TpOHHKe (ycmmreJIH, .UHCKpHMHHaTOpbl, JIOrWieCKHe 

:meMeHThI H aHarroro-1u11pposb1e npeo6pasosaTemI speMeHH) cocTasJUieT 

nopj(JJ:Ka 100 rrc. 

HcnoJih30BaHHe BTOPWIHOH '.:lJiel<TpOHHOH '.:lMHCCHH BMecTe co 

caepXBblCOKoqacTOTHOH (CBlJ) pll3BepTKOM OTKpbIBaer HOBbie B03MO)l(HOCTH .u.rni 
speMamMepmomeii TeXHHKH. Enaro.uapa •1pe3shlq<illeo Ma.JIOM)' speMem1 

06pll30BaHHj1 BTOpWIHhIX '.:lJieKTpOHOB CTilHOBIITCjl B03MO)l(Hl>IM, nyTeM HX CBq 

pa:mepnm, rnMepl!Th .n..rmreJibHOCTM 6hIC1J'OnpoTeKaIOmmc npou.eccoB c 
cy6ITHKOCeKyHJJ:HhIM BpeMeHHhIM pa3pemeHHeM. )l;eTeKTOpbI, OCHOB8HHhle ea 

TaKOM npHHI.UIIIe, MOryT Haitrn npHMeHeIDle B KaqecTBe npeIUf3HOHlll>IX CHCTeM 

H3MepeIDUI .nmrn crycTKOB II)"IKOB 3apa)l(eHHbIX qacTHU, CHCTeM perHCTpar.urn 

npo.zzyKTOB .a:enemm. 

,D;aemrn pa6oTa nocsnmeHa pll3pa6oTKe H myqeemo caoiiCTB qeTu1pex 

.n:eTeKTopOB HOBOro THIIa, OCHOBaHHblX ea aHaJIH3e '.:lJiel<TpOHOB BTOpwrnoii 

'.:lMHCCHH C TIOMOIUhIO CBq pll3BepT1rn. 

J13yqeHHh1e .uereKTOpbI cnoco6m.1 perHCTIJHpOBaTh '.:lJieK1J'WiecKHe 

CHfHaJlhI, B036)')K,ll,aeMbJe O)lHHOqHblMH BTOpWIHblMH '.:lJieKTpOHaMH, c 

B03MOJKHOCTbIO ill{ nocne.n:yromei:f o6pa6oTirn: IlpH IlOMOJilH HaHoCeK)'H.UHOH 

:mercrpoHHKH. BpeMeHHIDI CTIJYKTYPa npon.eccos npH 3TOM MO)l{eT 6i>iTh 

BOCCTaHOBJl:eHa c n:mmceKyH,nHOH H cy6nHKOCeK)'H.llHOH ToqHoCTbJO. OIIHcaHHbie 

CHCTeMbl COBMemaIOT B ce6e, TaKHM o6pll30M, ace rrpeHM)'mecTBa BaKyyMHhIX 

<I>3Y H C'rpHK-KaMep. 

~HCCepTaIJ;HOHHOH pa60Tbl 

• Pa3pa6oTaTb nporpaMMm.1e KOJJ:hI, npeJUia:JHaqeeHbre .u.rrn cHMymnu1ii 

pa60TbI .nereKTOpOB. 

• Tiposecrn: MO.UeJIHpoBaHHe no MeTOJzy MoHTe-Kapno rrpe.!l)IO)KeHHhIX 

npOTOTHilOB HOBLIX JJ:eTeKTopoB c n.enhK> rro.a:6opa AJUI HHX 

OnTHMaJibHbIX reoMe'rpWieCKHX H JlPYrHX napaMeTIJOB, a TaIOKe ,U.JUI 

rronyqemrn TOqHoH: ou;eHKH HX speMeHHoro pa3pememrn. 
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Oposecm 3KCnepHMeHTaJ1hlThie Hccne.nosaHIDI pa6oTbl .!(eTeKTopa 

npO.!(OJlbHblX napaMerpOB crycTKOB c ToqeqHOH MHUieHbIO Ha IlJIOCKOM 

KaTo.!(e. 

HayqHu HOBH3Ha 
• Ope)J)lo)l(eHbI HOB1>1e ,neTeKTOphl J.l)IHIThI crycTKOB, cpoTOHH.hie 

.nereKTOpbI, CHCTeMbI perncrpaium TK:>KeJlbJX HOHOB. 

• Pa3pa60TaH1>1 MoHTe-Kapno KO,ll.hl .!(JUI ToqflhIX cHMyIDIUHH pa60Tu1 

OmICaHIThlX llpOTOTHilOB .u;eTeKTOpOB. 

• 0oKa3aHo, qro npe.n;1oiKeHHhie JJ,eTeKTOphI AJII1Hh! crycTKOB cnoco6HI>I 

o6ecneqHTu mmoceKYMHOe H cy6miKoceKyH,ll.Hoe pa3perneHHe no 

BpeMem1. 
Ilpe.!(JIO)l(eHHhle CHCTeMbI perncrpruum TH)l(eJlhIX HOHOB H cl>oTOHHble 

AeTeKTOpbI cnoco6ID>I o6ecneqHTh B.hICOKoe BpeMeHHoe pa3pemem1e -­

nop.nJJ:Ka 20 nc. 

• 

• 3KCilepHMeHTaJihHO ,!(OKa3aHa B03MO:>KHOCTb perncrpaUHH CHfHaJIOB c 

Il03HUHOHHO-qyBCTBHTeJihHOf0 µ:eTeKTopa O,!l;HHOqHhJX BTOpWIHbIX 

JneKTµoHoB, npome,ri:wHX CB"Ll pa3BepTKy, rrpH noMoIUH craH.uapTHOli 

HaHOCeKyH.UHOH 3JleKTµOHHKli. 

IlpaICTWieCKWI ueHHOCTb pa60T.hl 
Propa60TaHm.1e npH noMomH »:3b1Ka FORTRAN, naKeTa ROOT 11 

KOMMepqecKoro. nporpaMMHOro o6ecneqeHJUI SIMI ON 8 nporpaMMm.1e KO,D.bI 

MOfYT HCilOJib30Ban.c11 .!(JIH CHMyJI1IUHii lipOTOTHilOB pa3JIWIHbIX ,UeTeKTOpOB. 

I1ccJie,noBaHH.hie p;eTeTKop:&r MOfYT HCIIOJlb30BaThCH B ycKOpHTeJibHOH TeXHHKe, 

B KaqecTBe c0cTeM perncrpaum1 3ana3,Ub1BaIOIIJ,HX npo,!lyKTOB .neneHHJI c 

cy6HaHoceicyH,ll.HblMH BpeMeHaMI-1 )l(H3HH, a TaK)l(e B 3KCnepHMeHTax c nyqKaMH 

TJl:>KeJlblX HOHOB B KaqecTBe KOMilaKTHOfO H TOqHoro HHCrpyMeHTa l-13MepeHI-IH 

BpeMeHH nponera. 

HayqHhie nono)l(eHIDI, B.hIHOCHMbie Ha 3ammy 

• Pa3pa6oTICa nporpaMMHhIX KO.UOB, npe.nHa:3HaqeHHI>Ix )l.JIJI CHMYIDIUHH 

pa60Thl llpOTOTHilOB HOBhIX .nereKTOpOB. 

• tvfo.u;enh'JiOBamre no MeToey MoHTe-Kapno npeJlJiom:eHID>IX nporonmoa 

.n:ereKTOpOB c ueJib!O I!O,!l,6opa )l.JIJI HHX OilTHMaJlbHbIX reoMerpWieCKHX 

H .upyrHX napaMerpoB, a TaIOKe )l.JIJI nonyqeHIDI. TO'IHOii OU,CHKH KX 

BpeMe1rnoro pasperueHIDI. 

• PerncrpauHH O.LJ.HHoqHbJX BTOpWIIThIX 3neKrpottoB, npoIIIe.LJ.IIIHX CB"Ll 

pa3BepTKY, npn IlOMOIIJ,H CTaHJJ.apTHOii HaHOCeicyH,ll,HOit 3JieKTJlOHHKH. 

..; 
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Anpo6auHH pa60ThI 

OcHOBHhie pe3yJihTaThI .!l.RcceprauHOHHOii pa60Th1 .uoKJia)J.hIBaJIHCb Ha 

ceMHHapax B EpeBaHCKOM $H3H'IeCKOM HHCTHlyTe, Ha Mem:.uyHapo.uHoti 

KomjJepeHium Brilliant Light in Life and Material Sciences. 

fly6JIHKaUHH 

Ilo TeMe .!l,HCcepTaUHOHHOH pa60Tbl orry6JIHKOBaHO 4 HayqHhie pa60Tbl, CilHCOK 

npHBO.!l,HTCH B KOHUe aBTOpe<fiepaTa. 

Cwyropa .rrncceprauirn 

AffccepTaUH11 COCTOHT H3 BBe.!l,emrn:, rpex mas, 3aicmoqeHIDI H CIIHCKa 

JIHTeparyp1>1 H3 81 HaHMeHoBamrn. 06mHii o6'heM pa60Tu1 cocTarurneT I 00 
crpaHHU ne<IaTHOro TeKCTa, BKJIIOlJWI 71 pHCYHOK H IDITb Ta6JIHU. 

Co.l(ep~aHne pa6oTM 

B nepsoii rJlaBe H3JIO:>KeHbl OCHOBHhie IlpHHUlfilbi pa60Tbl .!l,eTeKTOpOB, 

OCHOBaHHbIX Ha aHaJ1H3e 3JieKTpOHOB BTOpH'IHOii 3MHCCHH, rrpOBO,[(HTCH KpaTKHH 

o63op cym,ecTByIOIIJ,HX ,UeTeKTopOB. Ilpe;:i:cTaBJieHbI cxeMbl HOBblX )J,eTeKTOpOB, 

HCilOJih3YJOIIJ,HX MH aHanma BTopAAHbIX JJieKrpOHOB CB"Ll pa3BepTKY, H 

llplolHUHllhl HX pa60TbI: 

PemeKmop npoooJlbHblX xapaKmepucmuK czycmKa OJlR Henpepbl6HOCO 
nytJKa. CxeMa .n:eTeKTopa rroKa3aHa Ha pHc. 1. Hccne.nyeMhIH rryqoK HaneTaeT Ha 

MHllleHb B BH,Ue TIJJOCKOfO 3MHCCHOHHOfO KaTOJ:(a HJIH TOHKOH npOBOJIOKH (1) H 

BbI6HBaeT HH3K03HepreTAAeCKHe 3JieKTµOHbI BTOpH1IHOH 3MHCCHH, KOTOpbie 

3aTeM ycKOpm-OTCH Ha 1nnepB<Uie z O'fPHil,aTeJihHblM HallpH)l(eHHeM, 

llplUIO/KeHHhIM K Karony. flpoil:M qepe3 KOJIJlHMaTOp (2), BTOpWIHbie 3JieK1pOHbI 

(B3) <PoeycnpyroTCJI 3JieKrpOCTaTH'leCKOH JIHH30H (3) Ha 3KpaH (7) B ,llaJibHeM 

KOHIJ,e ycTaHoBKH, r.ue pacnono)l(eH .n:eTeKTop B3. Ilo nyTH JJieKrpOHbI 

oTKJIOHJIJOTC$l CB"Ll J1.e¢ineKropoM Kpyrosoi.f pa3BepTKH, cocTo»mHM ITT 

3JieKrpO!lOB (4) H qernepTbBOJIHosoro KoaKc11arrbHOro CB"Ll pe3oHaTOpa (6). 
TaKHM o6pa30M, B3 -11306pa>Kem1e crycTKa perncrpHpyeTCK Ha 3KpaHe. 

BpeMeHHoe pa3perneHHe TaKOro .ueTeKTopa 06yc110Bneao, B 3HaqHTeJihHOH 

CTeneHH, pa36pocoM BO BpeMeHaX nponeTa 3JieICTpOHOB Ha HHTepsane OT 

nosepXHOCTI-1 3MHCCHOHHOfO KaTO,Ua .ll.0 KOJIJIHMaTopa. 3ToT 3cl>$eKT MO:>KeT 6h!Tb 

MHHHMH3HposaH nyTeM o6ecneqeHHJI ycKOpHIOIIJ,ero IlOIDI BblCOKOH 

ttarrpa>KeHHOCTH B o6nacTH y noaepxHoCTH KaToJia. TaKHMH CBOHCTBaMH 

06rra,Z1.aeT norre TOHKOii 3ap.n)KeHHoii HHTH (nposonoKH). KaK H3BeCTHO, 
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noTeHUMaJI 3JieK'fPOCTaTH'IeCKOfO no.JUI npoBOJIOKH pa.JUiYCOM ro OTHOCHTeJibHO 

ee nosepxttocni: 3aJJ,aeTC» BhipIDKeHHeM q> = -21dn(rlra), rJJ,e <p - nOTemvi:arr 

no.JUI, K - JIHHeHHasI IlJIOTHOCTb 3apH.na Ha npoBOJlOKe, r - paccTOJIHHe .[(0 

4 
Secondmy 
electtons 

s i 1 [ I ;~- ·~ ±~_:o~_J_: __ 
I c:J 

:z JL/> 
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Puc. 1. Cxe.Mamu1JeCKOe U306pa;)lce11ue oemeKmopa npOOOJlbHblX 
xapa«mepucmu« czycmKa. I - '3Muccuo1111aa MuiueHb, 2 - KDJlllUMamop, 3 -
3JteKmpocmamu1JeCK(J}I. 11u113a, 4 - om1ow1Ul10llJUe 3JteKmpoobl, 5 - u3D6pa;J1Ce11ue 
emopu1JHblX 3Jte«mpo11oe, 6 - CBC/ pe3011amop, 7 - oeme«mop B3. 

noBepxHOCTH npoBOJIOKH, a HfillPJI:>KeHHOCTh noJIJI onpe.neAAeTc» KaK E=2Klr. 
bhlC-rpOe H3MeHeHHe 3JICKTpH'IeCKOro ilOTeHUMaJia q> B6JIM3H nosepXHOCTH 

TOHKOH npoBOJIOKH BH.UHO H3 pHC. 2, Ha KOTOpOM IlOK!13aHa qJOpMa IIOTeHIJ,HaJia B 

ruIOCKOCTH, napanneJihHOH npOBOJIOKe {Och z HanpaBJieHa BAOJih npOBOJIOKH). 
'!' 

Puc.2. <PopMa 3JteKmpu'lecKOW nomeHZJUaJJa mouKoU npoeoJtDKu. Ocb Z 
11anpa6Jle11a BOO!lb npoeo110Ku. 

7 

TaKHM o6pa30M, HCIIOJih30BID!He B Ka'leCTBe 3MHCCHOHHOH MHfileHH 

TOHKOH npOBOJIOKH TI03BOJ1JleT cymecTBeHHO IIOBbICHTb BpeMCHHOe pa3pellleHHe 

)1.eTeKTOpa. 

f!emeKmOpbl pezucmpaZJUU mH:JICeJ/blX UOH06. Tipe)J)IOJKeHO 

HCilOJib30BaTh H30XpOHfiy10 CHCTeMy -rpaHCilOPTffPOBKH 3JieKTpOHOB B 

MarnHTHoM none c nocne,zzyromeii nx cBq pa3BepTKOH. PacnonoJKeHHe 

3MHCCHOHHOH cpOJihrH nepneHJ:uncymqmo HarrpaeneHHlO ABIDKeHH» 3apJ11KeHHOH 

'laCTHUbl HJJH crycTKa II03BOID!eT MHHMMH3HpOBaTh H3MeHeHIDI B HX 

mrna~nr..:ecKHX xapa1<rep.r.:cTHKax. CxeMaTH'iecKoe mo6pa)KeHJfe 

BpeMHIIponeTHOH CHCTeMhI, COCTOJIIII.eH H3 AByx }J,eTeKTopOB c OTKJIOHeHHeM 

BTopw1m.1x ::meicrpoHoB Ha 90°, noKa3aHo ua pHc. 3. PaccMo-rpeHa raIOKe 

auanorH'!HaSI cHcTeMa c OTKJIOHeHHeM 3JieKrpOHOB ua 180°. CKopocTh qaCTHUbl 

HJIH crycTKa B TaKHX CHCTeMax: onpe;:i;eJrneTCJI M3 pa3HOCTM <l>a3 B KpyroBhIX 

pa3BepTKaX 3JieK-rpOHOB, IlOJI)'"leHHbIX c .1lBYX ):leTeKTOpOB. 

1-

BTOpH'iHMe 
1 JieJC TP OH hJ 

j 
----' 

·•·:·-----2 

3 

l 

.Jo/' 

Puc. 3. BpeMRnpo;1em11aR cucmeMa c omKJwHeHueM 6mopu'inbi.X :JJieKmpot106 B 
.iwaznum.110M noJte Ha 90 °. I - ucCJ1euye.MaJt 'lacmuf.la, 2 - 3Muccuom1b1u Kamoo u 
YCKOpRIOllJUU 3JteKmpoo, 3 - cucme.Ma rjJOKJlCUp081CU, 4 - CBC/ oe<jJJleKmop, 5 -
cucme.Ma pezucmpatfUU u c6opa oa11HblX. 

<Pmo1111bze oemeKmopbz. TipHBe,n:eHa cxeMa 11 npHHIJ,Hn .n:eikTBIDI 

IlMKOceeyHJJ.HOfO <PoTOHHoro ):leTeKTopa, MCIIOJih3yIDIIJ,ero HMMepcHOHHyID 

-1 
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JUt:H3y, COCTOHIIzylO H3 .UByx KOHl(eH'I'pll'IeCKHX rmnycc}lep, BHeilIHHH M3 KOTOpblX 

llBJU!eTC» <\>OTOKaTOtJ:OM, a BH)''I'peHmrn - npo3paqHbIM Alli 3JieK'I'pOHOB 

JJieK'I'pO.ll.OM. TaKa» KomlmrypaUIDI HMeeT pn.n rrpeHMYrnecTB, TaKHX KaK 

B03MO)J{HOCTb oGecneqemm BhICOKOro ycrmpmomero rrom1 MeJK,ey $OTOKaTO.UOM 

H ycKopruoUJ.MM 3JieKTj)O,U:OM, B03MO)l(HOCTh $opMMpOBaHJU! MHf!HMa.JlbHOro 

nonepe•rnoro ceqeHH» JJieK'I'pOHHoro ny'IKa BHe 3Toro noJI.H 11 noJIHoe 

OTC)'TCTBHe BpeMeHHOfO pa36poca tl:Jlll 3JieKrpOHOB c O.ll,HHaKOBOll Haqa.JJbHOH 

:JHeprueiL OnHcaHa 11epeHKOBCKaH CHcTeMa apeMeHH rrponern, rrpe.ncrnsn»IOUJ.a» 

co6o0 3JieMeHT DIRC (Detection of Internally Reflected Cherenkov light), 
coe.a.HHeHHIDI c IlHKOCeK)'Htl:HhlM cjJOTOHHblM .neTeKTOpOM. I1cnoJih30Bam1e 

qcpeHKOBCKOro m.rryqeHIUI Il03BOJI»eT MHHMMH3HpOBaTb HeKOTOpbie 

cymecTBeHHbie HeJKenaTeJihHhie :JcPc\>eKThI, TaKHe, KaK KOHeqHoe speM» 

3aryxaHIDI <t>oTOHHOll 3MHCCHH H pa3JIH'IHhie BpeMeHa ..upeli<Pa c\>OTOHOB. 

Tipeti:cTaBJleH TaKJKe qepeHKOBCKHii .a:eTeKTOp c «JI060BOi%» reOMeTpHeH (pHC. 4). 

Che.renkov 
radiator 

~z[£ =~'~l[l_J 
./> 

IL I 

Incident particle 

7 

Photoelectrons 

- J--
9 -,.,....__ 

RF 

Puc. 4. Cxemamu:;ec1we U306pa:»ce11ue 'lepeHKOBCKOCO oemeKmopa c "J106oeou" 
zeoMempueu. 1 - rjJomoKamoo, 2 - np03pa'lHb1u O!IR 3JleKmponoe :weKmpoo, 
3 - mpancMuccuoHHblu ounoo, 4 - ycKopR10U{uii :JJtetanpoo, 
5 - 3JleKmpocmamuIJeCKOJl !IUH3a, 6 - omKJIOHR/OU{Ue 3neKmpoob1, 
7 - U3o6pa:»cenue </Jomo3J1eKmponoe, 8 - CBlf KoaKCUaJlb11blU pe30namop, 
9 - oemeKmop emopU'lHblX 3lleKmpOH08. 

Bo BTopoil rJJaee npHBe.neHhr pe3yJihTaTbl Mome-Kapno Mo.nem1poaamrn 

J.(eTeKTOpOB, om1caHHblX B rnaBe 1. Co3,UaHbl KOtl:bl Ha OCHOBe KOMMep11eCKOfO 

rrporpaMMHOro o6ecneqeHIDI SIMION 8, H3hIKa FORTRAN H naKeTa ROOT. 

Arr» rrpMMepa Ha pHC. 5 IIOKa3aH CMOJ.(eJIHpOBaHHblll JJ.eTeKTop TIDKeJibIX HOHOB c 

OTKJIOHeHHeM BTOpWHil>IX 3JieK'I'pOHOB B MarHHTHOM none Ha 180°. 

·) 

) 

) 

) 
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MarRBt 

\ 
On<.MHUO ... ltt' 

>n.eI<tp•;!l.!>I 

Puc. 5. CMooe.nupoeaHHblU oemeKmop mR:JICeJlblX UOH08 c omKJIOHeHUe.M 
emopU'IHblX '3J1eKmpo11oe e MaznumnoM noJle na I 80°. 

Pacqen,1 npoBeJ.(eHh1 M» pa3JIH1lHhIX Kottqrnrypal(Hif HanpHJKeuHif, 

npHJio'IR:eHHhIX Ha ycKopmomux HHTepaanax H K 3JieMeHTitM c\>OKyCHpyromnx 

cttcTeM. Tipime.a:eHbJ cpaattemrn c pe3yn1>TaTaMH, nonyqeHHhIMH ..upyrHMH 

aBTOpaMH. TioKaJaHo, B lfaCTHOCTH, qro: 

- BpeMeHHOe pa3pewem1e ..ueTeKTOpa c TOqelJHOH 3MHCCHOHHOH MHfileHblO Ha 

IlJIOCKOM KaTO)J.e MO'IR:eT COCTaBJIHeTb - 10-12 
c . 

- pa36poc BpeMeH nponem o6pa30BfilIHbIX BTOpmHDIX 3JieKTpOHOB .ll;Jill CHCTeMbl 

c 3MHCCHOHHOM MHWeHblO B BH.ne TOHKOH IIpOBOJIOKH cym:ecTBeHHO 3aBHCHT OT 

J.(HaMe'I'pa IIpOBOJIOKH H MO:lKeT 6blTh yMeHbWeH )J;O .necHTKOB-COTeH 

cpeMToceeyHJJ: (- 10-13 
- 10-14 

c). Ha pHc. 6 ITOKa3atta rrruiyqeHHa» 3aBHCHMOCTh 

.11.11cnepCHH apeMeH nponera :meICTpOHOB OT nosepXHOCTH npOBOJIOKH .ll.0 

KOJIJIHMaTOpa c .l(HaMe'I'pOM OTBepCTH» 1 MM B 3aBHCHMOCTH OT pa.neyca 

nposonoKH tJ:Jill pa3JIH'IHhIX ycKopmoillHX ttarrp»::lKemi:it PaccTO»HHe MeJK.ny 

nposonoKoli u KOJIJlHMaTOpoM rrpHHHTO paBHhIM 1 CM. TexHlflfecKoe pa3pemeHHe 

TaKoro ..ueTeKTopa TaK:lKe MO)J(eT 61>1Th ..uoeeti:eHo AO eenmHHDI nopsi,.a.Ka 

.uecJITKOB-COTeH cpeMTOCeK)'H.U 3a ClfeT )'BeJIFJIIemur qacTOThl nom1, 

06ecne11uaa10mero pa3BepTK)'. 

-1 
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Puc. 6. 3aBUCUMOCmb oucnepcuu BpeMeH npollema 3JleKmpOH08 MeJ/COY 
npoeolloKou-kamoooM u KOJlJIUMamopoM om paouyca npoeolloKu. Kpueb1e 1, 2 u 
3 coomeemcm8)J10m ycKopJT.rOUJUM HanpR:HCeHUR.M - 2.5 KB, - 5 KB u - JO KB, 
coomeemcmBeHHO. 

- ,n.m1 paccMorpeHHbIX CHCTeM per:HCTPan:1m TSDKeJihIX HOHOB H OCHOBaHHhlX Ha 

HHX BpeMHnpOJieTHhIX CHCTeM BpeMeHHOe pa3pewem1e COCTaBJIHeT OKOJIO 20 nc 

(2QX 10-12 C ). 
- npe,n.n:o)KeHHhle <l>oTOHHhle JJ.eTeKTOpbI TaK>Ke cnoco6Hb1 o6ecneqHTb 

BpeMeHHOe pa3perueHHe - 2QX 10-IZ C. 

B TpeTbtlH nlaBe ormcaHDI 3Kcnepmv1eHT(L1bHhIC HCC.Jle.n:oaamrn, 
KOTOpbie npOBO.UliJiHCh Ha TepM03.n:er..--rpoHax, yc1<0peam.1x .n:o 3Hepnm 2.5 I<3B, 

)J,IDI .neTeKTOpa c TO'le'IHOH MHIIICHbIO Ha IUIOCKOM KaTo;:i:e. 

,ll;.mr Kpyrosoii pa3BepTKH BTOpWIHhIX :melCTpOHOB 61>ma HCTIOJib30BaHa 

cnen:11anbHWI OTKJIOHIDOIUaSI CBIJ cHcTeMa c qacrnrniif= 500 Mfu, cocTosiman 

H3 'leTBepTbBOJIHOBOro KOaKCHaJibHOfO pe3oHaTopa H OTKJIOHH!Olll,HX 

11 

:me1CTpo.n:os. CHcTeMa CKOHCTPYJiIPOBaHa TaKHM o6pa30M, 'ITO oTKJIOIDIJOtnHe 

3J1eKTpOJJ.bl CJIY)KaT HaKomneJibHbIM 3JieMeHTOM, conep)Kalll,HM BttyTpH ce6H 

npHJIO)KeHH)IJO CB4 MOUJ,HOCTb, H o6pa3yroT 11acTh pe3oHaHcHoro Komypa co 

3Ha11em1eM Q-<l>aKTopa oKono 130. KpoMe Toro, cneUHaJibHaH IUiaHHpoBica 

3J1eK1'p0.1J:OB Il03BOJIHeT H36e)KaTL 34>cl>eKTOB, CBH3aHHbIX co BpeMeHeM npoJieTa. 

1IyscTBITTeJibHOCTb .n:e<{)JleKTopa cocTaBJUieT nopsJJ.Ka I MMIBOJibT rurn 0.1 
pa,w'(Barr)112, 'ITO Ha nopHJJ.OK Bb!IIIC 'lYBCTBHTCJibHOCTeH }J.eqmeKTopoB, 

HcnoJib30BaBWHXCH paHee. )];.rrsi }J.OCTIDKCHIDI pa}J.eyca R = 2 CM Kpyrosoti 

pa3BepTKH TepM03JieKrpOHOB c 3Hepmeii 2,5 K3B (pHC. 7) 6bIJia np1rno1KeHa 

Mom..qocTI> 1 Barr. 

Puc. 7. (/>omo2parfnm Kpyzoeoil pa3eepmKu nyttKa mepMo;ineKmpoHoB c 3Hepcueu 
2, 5 K3B HO JllOMUHec14e11mHOM 3KpaHe. 

,[(ITH perHCTPaUirn BTOpH'IHblX . 3JieKTPOHOB 6h1JI HCTIOJlb30BaH 

II03HIUfOHH0-11YBCTBHTeJibHbIM )J,eTeKTop, OCHOBaHHbIM Ha MHKpOKaHaJibHbIX 

TIJiaCTHHax (MKIT), cxeMarn:qecKoe H3o6pa:lKeHHe KOToporo npe.ncTaBJieHo Ha 

pMC. 8. 
bbJJia HCilOJih30BaHa CHCTeMa H3 JJ.BYX OJJ.HHaKOBblX MHKpOKaHaJibHbIX 

TIJiacTHH c C)'MMapmrM Ko::i$qnuJ,HeHTOM ycHJieHHH 4 x 10 7. Ilo3HIJ,HOHHO­

qyscTBHTeJibHbIH pe3HCTHBHhltt aHo}J. (pHc. 8), K KOTOPOMY npHJio>KeHo 

HanpH)KeHHe -300 BOJibT OTHOCITTeJihHO MKil, pacnOJIO)KCH Ha pacCTOHHHH 3 
MM OT BTOpOH MKil. ,n1rn o6ecne'leHIUI B03MO>KHOCTH HaCTPOHKH CHCTCMbl c 

IIOMOIUblO BH3yaJihHOro KOhlpOllii B u,eHTpe aHO}J.a npe;zycMOTPCHO ornepCTHe, H 

Ha paCCTOHHIHi 3 MM OT Hero pacnoJIOiKCH JTIOMHJiecn:eHTJThlH 3KpaH, rL"(e 

KHHern·qecKaH ::iHeprHH ycKopeHH1>1x non .n;eM:cTBHeM Hanps>KeHIDI - 2 KB 

3JICKTPOHOB npeo6pa3yeTCH B 3Hepnno BH}J.HMbIX <t>oTOHOB. l'ho6pa>KeHHe 

Bli3YaJibHO HaCTPOeHHOfO M306pa>KeHIDI 3JieK1'pOHOB c 3Heprneii 2.5 K3B, 

ycHJieHHbIX B MKil, TaK)J{e noKa3atto Ha pttc. 9. 

·1 
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Puc. 8. CxeMamuttecKoe u306pa:J1CeHue no3UtfUOH110-ttyBcmBumeJ1bHO?.O 
i'JemeKmopa, ocHoBaHHozo Ha MKII. 1 - CBlf i'Je<fJJ1eKmop, 2 - MUKpOKGHCJJlbHble 
1'/JIGCmUHbl, 3 - n03UtfUOHHO-tty8CmBumeJlbllblU auoi'J u ycKOpRIOUfUU 3/leKmpoo, 4 
- ycKOpRIOUfUU 3JleKmpoo, 5 - JllOMUHeCtfeHmHblU 3Kpau, 6 - KOGKCUCJJlbHblU 
pe3011amop, A u B - 3JleKmputteCKUe CU2Hallbl no11o:J1Ce11wr. c no3utfuo11110-
'lyBcmBumeJ1bH020 aHoi'Ja. 

• 
Puc. 9. CxeMa pe3ucmuBH020 a11oi'Ja (cnpa6a) u U306pa:J1Ce11ue BU3)la.JlbHO 
11acmpoe1111020 u306pa;J1Celll1Jl Kpy206oii pa3BepmKu ycKope1111blX oo 3Hepzuu 2.5 
K3B u ycW1e1111b1X a MKII 311eKmpo11oa (ClleBa). 

B pe3yJihTaTe 6bIDH IlOJI)'lleHbI OT'leTJUIBbie CHTHaJlbl OT yclfJieHHbIX B 

c0creMe MHKpOKaHaJihHbIX IIJiacnrn o.zumoqHb1x :meKTpOHOB (pHc. I 0). 
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Puc. I 0. 3KpaH OC'tfW1J102pa</Ja, noKa3btBa10utuii cu21-1C1Jl c no3UtfUOHHo-
'lyBcmaumeJlbHOco a11ooa oou11ott11020 Bmopu'luozo 311eKmpo11a. 

3aKJIIO'ICHHe 

OcHOBHhie pe3yJILTaTu1, nony•rnHHhre B )laHHoii: pa6oTe, cJie.ll)'IOIIJ,He: 

• Ilpe,Ll,JTO>KeHbl HOBbie )leTeKTOpbI J(JUIHbI crycTKOB - )leTeKTop c 

3MHCCHOHHOH MHIIIeHblO Ha IIJIOCKOM KaTO,n:e H ,n:eTeKTOp c MHllieHbIO B 

BH)le TOHKO« npOBOJlOKH, ct>oTOHHhie ,n:eTeKTOpbl, CHCTeMhl pernc-rpall,HH 

nI>KeJI'bIX HOHOB [1,2). 
• Pa3pa6oniHhl MoHTe-Kapno KO.lib! A.JUI TO<JHhJX cHMyn.si:n.Hii pa6oThI 

OilHCaHHblX npOTOTHilOB ,J:(eTeKTOpOB H HX OilTHMH3all,m1. IlOKa3aHO, 

'ITO npeJJ.Jio>KeHHhie neTeKTOpbI JJ.JIHHhr crycTKoB cnoco6HbI o6ecne'IHTh 

nHKoceKyH.llHOe H cy6nHKoceK)'H.llHOe pa3pemeHHe no speMeHH. TaK>Ke 

IlOKa3aHo, CJTO BpeMeHHOe pa3perneHHe CHCTeM pemc'rpal.UIB T.sl/KeJibIX 

HOHOB H <f>oTOHHbIX ):(eTeKTOpOB COCTaBJrneT nop.si:,n:Ka 20 IIC [3,4]. 
• JKCnepHMeHTaJihHO ,ll;OKa3aHa B03MO>KHOCTb pernc'rpall,HH CHrHaJIOB c 

Il03Hll,HOHHO-qyscTRHTeJihHOro )leTeKTopa O,ll;HHOC{HhlX BTOpH<JHb!X 

3JieKTJJOHOB, npoIIIeJIIIUIX CBq pa3BepTKy, npH IlOMOUl,H CTaH):(apTHOH 

HaHOCeKyH):(HOB 3JieKTPOHHKH [1,2]. 
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Ut.ft}mt}muI 

Unm2U1pqi.lwb hh 1:q1qpnp!lmJ}lh blpu].iui]p l:]_hquipnhhhpp' 
qhp.puiJ:1&.p. hutc'.lw]unLJ.itJUlb u1.u1mplli '4Jim hJ.itihi.lmb bnp m].iaji 
11b:uitiqumpbhp. iamba.pntl}p hplJ.mpnl.Jil"JUib :qhl.nhquinphhp' hmpJ<l 
h 1111pw.3}.lb 'ttl]l.uJ.mb FP.Pm]uhl:qm-4_, ~numbmJ}lh qhmhqmnp.bhp, 
buibp. }mbhhp}l C}llmbgumb :qhmhqumplihp: SIMION 8, FORTRAN 
h ROOT bp.wqp.hp}:t h}:ttimb '4.Pw umhJlbi.lht hu hmmmlJ. qnqhp, 
npnhg oqbntptJwtf p npn2t.lh1 hb. IJ:hm'hqumpb.hp.}:t . ouim]nfuit 
hJ.llwlUl111$wqwh h UtJl uitup.wtflnnp.hp]!, hw2\lwpl}tlht hh hp.mbg 
d'tutf111bmqutJJ.lh tnl.b1UJ.nd11.uqm.i.a-.JI11.'b.b.hp:g: &Jg t . mp.i.lhi.. 
uwubu11lnp.w111hu, np. oqmwqnpah1ntl npuil:;u b.ijiu}m.b. pppm]u 
puipwq 1mp, hhmpuu.f.np. -t huiuhht 10-13 - 10-14 tl du11.fuihwqlli1J:tb 
ll2UlllptJmh: Z.hmmqnm1.J.mb !J?numbmJ}:th :qhuihlJ.umpbhp}:t h aw.up 
}mbhhpp qJ:lWhgtfwh h111uwqwpqhpJi hwtfuip. du.iuuihuiqmjp.b. 
ll21Jllll.ptJnlhJ! 20>< l 0·12 tl lJ.wpqp 1:: 4:mmwptlht hb. 
t}mp&.wpwpwqwb hhmmqnt.nnl.JUJnLhhhp hmp)il" b.f]?.uJ.mh 
)il"}:tp.w]untl pwM.pntlJ..P. hpqwpnl.J.a'JUlh :qhmhqump.}l huniwp., 
np.uihJl gm.Jg t mptlht tf!iqpnJ.ulUJ.nt.f.mqm3pb ¥J.1.i.a-~b.hpnuf 
m.dhJlwgt.f.wb UJ:i.mJbmq hpqpnp:qmJJib ti_ hl}mpnbhhp.J.i . qpmhgtim.h 
hbwpw.tlnpnl.)il"]Ill.UJ! uml.npwlJ.wb hmbntlmJp.lJ.hhm]ph 
l:]_hqmpnb].iqwJJi oqbnLJ<lJU11.fp: 
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