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· BBE.[(E~l1E 
).) . 

•. OrrhlT rrpHMeHeHHSI <I>3Y mi OCHOBe MHKpoKaHaJibHhlX IIJiaCTHH (M~Il) Bo 
BpeMeHHhlX CIIeKTpOMeTpax ]J;JISI pemCTpaiJ;HH MHHHMaJibHO HOHH3HpyiOID;HX 
qaCTHIJ; H e]J;HHH'lHbiX qmT03JieKrpoHOB IIOKa3aJI [1---:-3 1, l.JTO H3-3a HeBhlCOKOH 
KBaHTOBoii · s<l>¢eKTHBimcTH qmToKaTOAa, OTHOCHTeJibHO HH3Koii Bepo5rrHoCTH 
aaXBaTa <t>oTOSJieKTpoHoB KaHa.n:aMH MKII H HeOOJihmoii IIJiom;aAH <t>ciToKa'roAa 
He yAaeTCSI pea.n:H30BaTh ocHOBHoe rrpeHMym;ecTBo MKII- BbiCoKoe BpeMeHHOe 

· paapemeHHe Ha OAHH · aapemcrpHpoBaHHhiH. ¢oTosJieKTpoH~ .[(ocTHraeMoe Bpe
MeHHOe paapemeHHe crreKTpoMeTpoB c MKll yCTyrraeT pa3pemeHHIO, rroJiyqae-
MOMY c 6hiCTpbiMH<!>3Y OOhi'lHoro THrra. · . . 

01J;HaKO MHKpOKaHaJibHbie <!>3Y CIIOC06Hbi pa6oTaTh B CHJibHbiX rrpO]!;OJib
HbiX (no oTHomeHHIO K ocH MKll) H yMepeHHhlX rrorrepe'lHhiX Mam~THhlx rro
JISIX [ 4-6 1 H HMeiOT MaJible pa3Mepbl. 3TO ]J;eJiaeT HX IlpHBJieKaTeJibHbiMH 'AJISI 

~ • • < • ' 

HCIIOJib30BaHHSI B COl.JeTaHHH C opraHH'leCKHMH CIJ;HHTHJIJISITOpaMH B CHCTeMaX 
6hlCTpOro TpHrrepa H H3MepeHHSI BpeMeHH rrponeTa 'laCTH~ B CJiyqa5Jx, KOr]J;a 
CIJ;HHTHJIJISIIJ;HOHHble C'leT'lHKH IlpHXO]J;HTC.s}: paCIIOJiaraTb B MarHHTHOM IIOJie ]J;e-: 
TeKTopa. B [7 1 HCCJie]J;osa.n:ach TaK)Ke B03MO)KHOCTh rrpHMeHeHHSI MKll B Kaiie
CTBeaKTHBHoii MHmeHH ]J;JISI MHHHMaJibHO HOHH3HpyiO~HX tiaCTHIJ;. BbiJiH H3Me
peHbi s<t><l>eKTHBHocTb il BpeMeHHoepaapemeHHeMKll B rry'lKax.n-:.:MeaoHonc 
H~rry JihcoM 3 fsB I c H rrpoToHoB c HMrry JihCOM 7 rsB I c • .[(Jisr yBeJIH'leHHsr s<t>
<l>eKTHBHOCTH MKll ycTaHaBJIHBaJIHCh rroA yrJIOM 18. K HarrpaB,JieHHIO rry'lKa. 
B peayJihTaTe AJISI AByxcTyrreH'laToii "meBpoHHoii" CTPYKTYPhl 6hlJIH ~ocmrny-

• Thls¢<1>eKTHBHOCTh SO% H BpeMeHHoe paaperneuHe 180m:, aAJISI cTpyi<Typhi H3 
Tpex MHKpoKaHaJibHbiX IIJiaCTHH- s<fl<fleKTHBHOCTb 90% H BpeMeHHOe pa3pe-
meHHe 260 rrc. · . .. . . 

B HaCTosr~eMcoo6~eHim rrpe]!;cTaBJieHhi peayJihTaThi H3MepeHHH xapaKTe
pHCTHK CIJ;HHTHJIJISIIJ;HOHHOro. ClleTliHKa, OCHa~eHHOro. MHKpOKaHaJibHbiM 
<!>3Y -165-1, a ~aK)Ke xapaKTepHCTHK 3TOro <!>3Y ~aK CaMOCTOSITeJibHOro ]J;eTeK
TOpa MHHHMaJibHO HOHH3~pyiO~HX 'laCTHIJ;. 

. ., 

·@ 06beJtHHeHHbiH HHCTHT)'T llJtepHboC HCCJJel{OBaH~H . .lly6Ha, .1993. 
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1. XAPAKTEPI1CTI1Kl1 CIJ,l1HTl1JIJI511J,l10HHOfO cqETqlfKA 

'C Cl>3Y-165.:..t . . . . 

.· <I>3Y'7165-l HMeeT "meBpOHHyiO" CTPY~Typy; COCTOSIID;YIO H3_ABYX MK:l1 c· 
.zinaMeTpoM KaHa.n:oB 12 MKM. nonyrrpo3pa'lHblii sb.:..K..:Na-Cs-qroTo:KaToAAHa
:MeTpoM 25 M:M HaHeceH HaiiJiocKoe onTH'lecKoeoKHo <I>3Y; Ma.n:asr.ruionia:w, 
<floTOKaTO]J;a II03BOJIHJia yCTaHOBHTb <!>3Y. B. C'leT'lHKe B HerrocpeAcfBe~OM 
KOHTaKTe C TOpiJ;OM CIJ;HHTWSITOpa, HMesmero <flopMy rrapaJIJieJienJine]J;a, pa3- . 
MepoM 25x50x580 MM. l1crroJih3mia.n:csr AMHTeJih Ii~mpsr)KeHH.S!: .r:Hrra A~'peKo-
. MeHAoBaliHhlii '¢npMoii.:.n3ronlB:HTe..: 

m!~:· llopor cPopMHpoaaTensr cHnicmoB 
o.J. <I>3Y 6hin:.yCTaHo~~eH 20 M:B> · · . 

f f ++ft 
+ +, 

IlpH ~pOBe~eHHH H.3Mepe~Hii··HC;,; 
CJie~yeMbiH ... c~eTtiHK ·. ~·pacnoJiara.n:c.Sl 

- ' ... >- .' __ :- '; --~ ' • '.· ~ • ' '- ; j • . • . 

Me)K]J;y ABYMSI MOHHTOpHbiMH Cl.JeTl.JH-
KaMH H o6Jiy'laJICSIKOCf.niq~CKHr.i:H:'la
CTHIJ;aMH.'. n.rio~.i]J;b. o6~yqae~OH. o6~ 
JiaCTH cocr<1B.iiSIJia50x50 ·MM. l1cCJie:. 

• AOBMHCh .. aMruiHTYAhl·; cH~a.n:oiJ, 
' • s<t>¢eKTHBHOCT~ 'HBpe~elnioe pa3pe-' 

L--~-_._ _ _..,.-:----,"=--~--~ 
0 

~eHJie c~~'lHKa. BpeMe~iioe p'a3pe- · 
\·· ·- ..... "< , ••• 

, IITeHHe OIJ;<?llHB~OC,b ~0: ~HpHHe ~ac,-
rrpe]!;eJieHHSI BpeMeH npOJieTa KOCMH-: 

· , ... •:: ';';;.: :{.· . · ~;, ,: . ,· 'leCKHX l.JaCTHIJ; .Me2K):\)r u'cCne]J;yeMbl~· 
PHc. l. CqeTHall xapaKTepHCTJAKa cqenHKa c, · ., .. · •· · · · • ·· · · 
<I>3Y~l65~l ·· ·. '' ' .. . ' ' · 

- -~ .. ~ 

- ~ f ~ -

• ... 

PHc. · 2. 3aBHCHMOCTb cpe.z1Hei1 aMilJIK .·,. CJAr-
HltJIOB <J>3Y -1.65-l OT Hanpll>KeHHil . 

PHc. 3. 3aBHCHMOCTb speMeHHOro paapeuuiHHll 
cqenJAKa c <1>3Y"'l65-l OT uanpH>KeHJA!i . 

.,. hlota~nt_·~~11-emtJi -~ 
U~tfJWJ IICC'XJ8_.e 

f'MSII.tOTEKA --



ClleT'IHKOM H paCnOJIO)KeHHbiM B 
10 CM HH)Ke Hero MOHHTOpHbiM cqeT- '«70] 

~· tJHKOM. AnnapaTypa .H. MeTO~HKa. H3-
MepeHHH no.zwOOIIo <mHcaHbl B [8 ]. 

Ha pHc.l, 2, 3 npe~craBJieHbl C<r. .. 

't, JIJO 
c: 

. ~ 

oT~eTCTBeuuo, . CtJeTuaS! : xapaKTejm-. 
CTHKa. H ,. 3aBHCHMOCTH . OT . uanp51)Ke-

. HH51 ua . <1>3Y cpe~ueli aMnJIHTY~bi fOO 

cHmanoB :H BpeMeiiHoro pa3pemeHli51 - ·..; · 
ClleT'IHKa npH OOJiytJeHHH ll,ekTpaJib-
HOH ·· o6.iiacrH CU.ltHTHJIJisiTopa: BK.n:a,ti 
"CTonOBOro" ,Clle'fliHKa B npHBO~H- -. 

•••• • • 
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0 0 ° 0 0 0 0 0 0 

10 20 •JO .fO 50 
, [., CH 

. 60 

MOM BpeMeii~oM· pa3pemeHim;(mpe
~eiu!uublli B_ OT~MhHMX H3MepeHH51X, .· 
COcTaBJi51eT 95 nC.. . . 

P11c. 4. 3aBI1CHMOCTb_BpeMeHHoro pa3peiueHHII 
cqe'f'IHKa OT KOOPJ\HHaTbl _Mecra o6nyqeHHII: 
o- c <I>3Y X~2020, •- c <l>3Y-165-1 . 

B o6nacm MaTO Cli~~HOH xapalc.:.' 
TeplicrHicHaMrum:ry~~cHmana pac-, . . 
TeT JIHueliuo c yBenHtJeH:IieM uanp51)KeHH51. 3To o3uaqaeT, 'ITO B yCJIOBH51X oim
Cbl~aeM~x HaMepeuHii MeKTbl uachi~euU:51 npocipaucTBeuiioro 3ap5l,tia B 
MKll ue'Hrim.im 3aMeTimii'poJIH.:HatJaJIO nJiaTO ClleTHOH xapaKTepHCTHKH COB
na~aeT c IiatlanoM: o6micrlf ;iyqmero BpeMeHHoro··pa3pe'ineiiii.si; -KOTOpoe npH 
~aJibHeftmeM llOBhUlleHHH uanp51,Ke:Hu51 ua <1>3Y'BllJIOTb ~o2;4 KB npaKTH'IeCKH 
He MeH51eTC51. . . . ;- . . . . · : 

. •. H:a' pitcA noKa3aHa H3Mepeuuasi npH uanp51)KeHHH 2~3 KB_3aBHCHMOCTb 8pe

Meuuoro pa3pemeuH51 HCCJie~yeMoro ctJeTtJHKa oT ioop~HHaThi MeCTa o6nyq'(!
HH51. TaM )Ke ~JI51 cpaBueHH51 npHBe~e:Hbl pe3yJihTaTbl, nonyqeuuble 'pauee [8·] ·,. 
rrplf :Hcno.iih3oBaHHH B·noM )Ke ctJeTtJHKe <1>3Y·XP2020:BMuo; liTO BpeMeuuoe 
pa3pemeuHe c <1>3Y-165-l npHMH3HTeJibHO B 1,7 pa3a xy)Ke, lleM.C·<1>3Y 
XP2020. llpH STOM cooTBeTCTByroiD,ee o1-uomeuHe BeJIHtJHH cHmaJIOB ctJeTtJHKa 
6biJIO nOCT051HHO no BCeH ~JIHHe CU.HHTIDm51TOpa H COCTaBJIAAO npH6JIH3HTeJibHO · 
0,3. 0TMeTHM TaK)Ke, liTO KOPPM51U.H51 Me~y H3MepSieMbiM BpeMeHeM npoJieTa 
H aMiiJIHTy~oli perncrpHpyeMoro c:Hma.im, CB513auuasi c HcnoJih30BaHHeM.nopo:.. 
roBblx Q>opMHpoBaieneli, B cnyqae <l>3Y-165-1 Bblpa)Keua ropa3~o cna6ee, tJeM· 
~JI51 <1>3Y XP2020. TaK, BHOCHMa51 c ytJeTOM sToli KoppeJI51IJ.HH nonpaBKa yJiyq-

. maeT BpeMeuuoe pa3pemeuHe oieTtJHKa c <1>3Y-165-1 ue6onee tJeM ua.JS%; 
TOJ'Aa KaK M51. <1>3Y XP2020 yJiyqmelnte pa3pemeHHSI COCTaBJIAAO OKOJIO 50% .. 
3TO,- no~BMHMOMy, MO)KHO o6hSICHHTb; BO-nepBbiX, OOJiee KpyThiM cPPOHTOM. 
HMnyJihcoB c MHKpoKamt:nl,uoro <1>3Y H, B·o.:.BTophlx, ;Bo3Moi<ub1M uaJIHtJHeM 
nOCJieHMnyJihl:os B MKll [5 ], uapymaroiD,HM BpeM51-aMnnHTy~uyro Koppen51-
.U.HIO •. · 

:_•.·/ ,., .• -~·*. 

~:~~~~~~~~~~~~:\·~~;~~~~~:'/f. 
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'2.<1>3Y-165..;1 KAK 'JJ.ETEKTOP 
MI1H11MAJibHO 110HI1311PYIOill.11X qACTHJJ, 

B npoU,ecce HCnbiTaHHii B KatJeCTBe ~eTeKTopa tJaCTHU. <1>3Y -165-l ycrauaB':" 
JIHBaJICSI. MOHHTOpHbiMH CqeTlJHKaMH U OpHeHTJ!poBaJIC51 TaK, lJTOObl KOCMHlJe-

, · · CKHe tJaCTHll.bl nepeceKaJIH MKll no~ yrJiaMH, 6JIH3KHMH K 90" ·, .!To, _ecrecrBeu
uo, ~aeT ~biHrpblm ll'paooqeli nJiow,a~H .lieTeKTopa no cpaBueHHIO c'yc;:lo~H51MH 
HCITMTaHH51 MKll B.pa60Te [7 ]. Ha pHc.S npe~CTaBJieua 3aimcHMOCTb OT uanp51-
~euu51 3QlciJeKTHBHOCTH-<1>3Y-16S-l' KaK )l;eTeKTopa~·3cP<PeKTHBHOCTb onpe~e:.. 
JIMaCb nO ClTHOWeHHiO CKOpOcreii CtreTa KOCMHlieCKHX .lJaCTHI.( Te.iieCKOnOM 
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. CtJeTlJHKOB npH. ,HCnOJib30BaHHH 
·.• <1>3Y-165-16e3 cll,HHTHJIJI51TOpa H C 
· · nJiaCTHtJeCKHM CU.HHTHJIJI51TOpoM 

TOJIUiHHOH 10 MM H ~HaMeTpoM;: paB;.; 
·· HbiM · ~HaMeTPY -,, QJoToKaTo~a .' <l>3Y. 
B~uo, · tJTO 3qxpeKTHBHOCTb pacre-r c 
yBeni1feimeM uanp51:ienH51 H ~OCTH
raeT 80% npH 2;45 KB.· AMnJIHTy~a 
CHruaJia c MKll npH Bcex uanp51)Ke
HH51X JIHWb HeMHOI'O npeBblillaJia IIO

' por QJop.MHpoBaTeJI51. llO-BMHMOMy, 
MaJia51 BeJIHlJHHa CHrHaJia ooyc.iiOB:-

PHc.S. 311JI1JeKTHBHOCTb MKn <J>3Y-165-1 KaK. neua TeM,• tJTo' 8 paccMaTpHBaeMbiX 
]\eTeKTopa KocMwqecKwx qacrw~t o 3aswcwMoCTw YCJIOBH5IX npeHMyiD,ecrBeuuo'peanH-
OT HanplllKeHHSI 
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3YeTC51 . O~H03JieKTpoHHbiH .' ·· pe)KHM 
cpa6aTb1BauH51 MKll H, 6o~ee Toro, 

. nepBHlJHble 3JieKTpoHbl . n051BJI5110TC51 
. Ha p33HOH 'rny6Hue KaHaJIOB, 'ITO 
. T3K:>Ke CHH)KaeT, KO~HU.HeHT ·ycH-

JieHH51 MKll. . 

Ha · pHc.6 -npHBe~eua • 3aBHCH-
MOCTb BpeMeuuoro pa3peweuH51 

.:MKQ OT uanp51)KeHH51. TaM )Ke noKa
__ .3auo_BpeMeuuoe pa3peweuHe, H3M:e

peuuoe npH HCnOJib30B3HHH <1>3Y 
BMeCTe co CU.HHTHJIJI51TopoM. Bpe-: 
Meuuoe pa3peweuHe MKll KaK ~e
TeKTopa cyiD,eCTBeuuo · xy)Ke, · tJeM 
pa3peweHHe <1>3Y B COOpKe CO CU.HH-

Puc. ~· BpeMem!oe pa3pemeHwe MKH <1>3}'- • THJIJISITOpoM. Bo3MO)KHO STO TaK)Kf 
165-1 KaK ]\eTeKTOpa KOCMW•leCKHX qaCTHJ.t B 3a- - ' 
uwcwMocrn oT Hanp!nKeHwll: o- 6e3 c~tHHTHMll- .. SIBJISieTCSI . CJie~CTBHeM o6pa3oBauuSl 

· , TOpa,. e - CO CJ.tliHTHMSITOpOM TM~I1HOH 10 MM _,. nepBHlJHbiX 3JieKTPoHOB Ha pa3HOil 

5 



/ 

rJiy6HHe KaHanos MKIT, 'ITO npHBOL{HT K 3Hal.fHTeJihHOMY B03paCTaHHIOL{Hcnep-
CHH speMeHH cl>opMHpOBaHIHI BhixoliHoro HMDYJihca. · · · · .. 

- ~ ' ' .- > • ' , 

.3AKJIIO~EHI1E 

flpose,l:{eHHbre H3MepeHH~ xapaKTepHCTHK. CIJ;HHTHJIJI51IJ;HOHHOro C'IeTl.JHKac 
MHKpOKaH<UJbHhiM ~.~Y _;16S:f.no~a3aJIH·, .l.JTO 3TH ·<1>~~ ~oryT HCn~Jib30,BaThC51 

;,/ B CHCTeMax. CIJ.HHTHJIJI51IJ;HOHHhiX Cl.feTlJHKOB; npeJl:Ha3HatJeHHbiX ~Jl51 Bbii>a60TKH 
6hiCTporo Tpurrepa, a TaK)I(eB. CHCTeMax H3r.fepeHH51. speMeHH npo.JieTa l.faCTHU:, 

: rL{e ~OCTaTOl.fHO ilpeMeHHoe paJpeiueHHe nop51L{Ki 300 nc. · · · · · ·· · 
·. · ·: ;; Pe3yJI&;aThiHC~hiT~lHif51 ,(!)3Y:-l65-l s KatJecTBe caMOCT051TeJihHoro L{eTeK:-
. TOpa MHIIHIIHl.nhHO HOHH3HPYIO~HX tJaCTHU: noka3anH BOJMQ)KHOCTb o6ecnel.fl1Tb ' 
.MeKTHBHocT:& perncipiiu;mi oioJio 80%. 0L{HaKo s 3TOM.CJiytJae speMeHHOe 
pa3peweHiie oKaJhisaeTcsi: cyiiJ,ecrseHH'o xy)l(e, l.feM, npH Hcrio.TihJosaHmi MHK-
poKaHMhJIOro <1>3YBMeCTe C HJiaCTHtJeCKHM CIJ;HHTlfM51TOpOM. · . ·. : ... , . 

As.fophi 6.riaroL{apHb1 JLC.A~rHpero Ja nocTo51HHoe BHHMaHHe K pa6o·Te H. 
: noJieJHhie o6cy~eHH51·. · · ·· 

JIHTEPATYPA 

"' 

MrnaTeHKO M.A., CTOJieTOB r . .l(. 
McnoJih30BaHHe MHKpoKaHaJihHOro Cl>3Y 
,WI51 pemCTpaD;HH MHHHMaJibHO HOHH3Hp 

C D;eJibiO H3yl.feHH51 B03MO)I(HOCTH 
<1>3Y-165-1 B cnCTeMax H3MepeHH51 iJpe~ 
MepeHH51 xapaKTepHCTHK OCHaiiJ,eHHOro 3 
q}ua pa3MepoM 580x50x25 MM. llpose.ll 
Kal.feCTBe caMOCT051TeJibHOro ~eTeKTOpa 1\1 

.l(ocrumyToe speMeHHoe pa3pemeHne Cl.f 
nano pa3pemeHHIO, noJiyl.feHHOMY B Tex :ll 
3Y51 «1>3 Y -165-1 KaK caMOCT051TeJibHhiH ~~ 
HOCTH 80%, O~HaKO peaJIH3yeMOe npH 3TC 
s~soe xy)l(e pa3pemeHH51, noJiyl.feHHoro .ll 
Jl51TOpDM TOJIIIJ,HHOH 10 MM • 

Pa6oTa BhlnOJIHeHa s Jia6opaTopnH 1 

TH3a~uu OM.SIM. 

Coo6UJ,emte O!Y&e,~~s.meHHoro HHCTHTYTa 1 

.,. 

llepeso~ asTopos 

'· Ignatenko M.A., Stoletov G.D.
Micro-Channel Photomultiplier FEU-16; 
for Detection of Minimum Ionizing Parti< 

For the study the possibility 'of usin! 
.• ,·in time-of-flight systems the perfonnar 

scintillator of dimensions 580x50x25 m 
FEU-:165-1 as a detector itself have been 
counter was better than 300 ps, but worsf 
XP2020 was used. The efficiency of the 
reaches 80%, but the time resolution in t 
obtained using FEU-165-1 with a scintill 

The investigation has been perfom 
Techniques and Automation, JI.NR. 
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