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Tparrep no BpeMeHR npo~eTa n03BOnHeT B~nenHTb PenHTHBHCTCKae qac
T~ B nOCTaTO~O YSROM KHTepsa4e HJ CKopoCTei - ngana30H BpeMeH 
n~eTa Mo~eT 6~Tb nOBeneH no 2 + 3 HC I/. Pa3pemaomee BPaMH CXaM 
cOBnaneHHi CTaHOBHTCR npR aTOM C~~UM no B~~e C norpemHOCTLW 
YCTpolcTB BpeMeHHol npHBR3KH (YBm 2. KOTophle Bhljl8.m CRI'H~. OTMe
'i~mae MOMeHThI nonaAaHHR qaCT~ B CqeT'iHKH. YMeHbWeHRe paspewaDmero 

BpeMeRR Bhls~aeT yc~eHRe 3aBa
CHMOCTH a~RTHBHoCTH perucTpa

CD C1 Cz C, C. l.1,11:H 0'1' TO~OCTR YCTaHOBKR 3a,u.ep-
I I I I I EaK, nOOp8l1.CTBOM KOTOpHI 00ta tl t2 t, t. V 

BMemaDTCR BO BpeMeHZ CHrH~. 

aHaJIR3HpYeMhle Ha COBnaneHHH. B 

&C. I. eXeMa n~emm: peaJILHbIX YMOBlfJiX. nplll. l'l3Mepe

BpeMeHHHX OTMeTOK co CqeTqHKOB. KIll! JlMIIYJU>CHoro cneKTpa peNCT
papyeMHX qaCTRU. SanepEKH B Ra

HMax YCTaHaBJII4BBmCR jJ,IIJ! onpeAMeHHol cpeAHel CROPOCT14 - 1fo/"~ pTRJIQ

HeRRe CKopoc~rH I<OHKpe'1'HOI 
qacTRUQ OT cpeAHel 6yp;eT 

nelcTBoB8TlI aliaJIOrH'lHO '1XYl1.
maHHD TOqaOCT14 YCTaHOBKB 
~~anepaeK H nOJlltHO conpoBO'll
naTbCR nOHHaeaHeM a~KTRS
HOCTH perftCTpauKH. T~ 
06pa30M,8~I<Tl4BHOCTb perH
CTpauHH cOBnaneHHl 6yne'!' tl ta h t 

SaBRCeTb 0'1' CKOPOCTH qacTB
Lti>l H 0'1' norpeWHOCTH BpeMeli

.' 2_ 

HoI OTMeTKR. Pac. 2. 06_ BRn pacnpell,eJleHHl :aPelleB

B HecTomnel pa60Te npe-
HHX OTMeTOI< CHI'H8JIOB co CD;RHTJ/LlIJIJiI.I,l!O:a:BLiX 
C'IlaT"lllXOB: ti • tl • t,- r(eHTpa pacnpenMe

R3BOltilTCR K~eCTBeHl:lWl HRI. 2a - paspelll8.lllllee BpeM.il COBII8p,eHHit. 
0r(eHK8 8TRX saa.cUNocTel 
AU CJlY'I8.Il. KOr.It8 1I8CTHr(8 ITOCJI8JtOB8T6JJ.IoHO ITapaCeDeT a8CKOJ.IloltO C'IeT

qaROB (pac. I). rrorrajl8.HHR qaCTaIJ;li B CqeT'1HK OTMe"laeTC.F! YBlI C 
HeRoTopoil: llorpelllHocTbHl • a pacrrpep;eJIeHMe OTKJIOHeH.I!,Il xopowo corJIacyeT
CR C HOPMaJIbHWII /2/. Ha pHC. 2 rrpeP;CTaBJIeH odmHil: Bap; lIJIOTFOCTe~ 

pacrrpep;eJIeHaH BpeMeHHIiX OTMeTOK C OTneJIbHIiX C'leT'1HKOB - fiCf). 3aMe
THM, qTO CROPOCTb qaCTHIJ;li OAHOSHaqHO sap;aeT rrOJIollteHHR ueHTpOB f. rt) C 
COOTBeTCTBYDillMX C"leTqHKOB - t,(tf). BepO.F!THOCTb peracTpaUMH STHX CMr
HaJIOB MeTOaOM COBrrap;em'l.i1: dYAeT orrpeneMlTbCH Bepom'HOCTbHl rrorraJaHHR I1X 
BpeMeHHIiX OTMeTOlt (li.\1emCR B BXJJJ:J rrepe jl,I!l1e ~POHT~ Cli1rHaJIOB /1 ) B RIl
TepBaJI ~ a BORpyr HeROToporo t. Ec~ orrpeaemlTb ~YHKUHOHaJI 

(I)i (I)" 
-{+q

JfJ1: - ( ) J 7: , 

't -q 
xapaKTepa3Y~H BepO.F!THOCTb rrorrap;aHH.F! CHrHaJIU ~-ro C"leT"lHRa B MHTep-
BaJI t ~ a, TO, rrOCKO~bKY OTRJIOHeHHR Cli1rHa~OB C OTneJIbHIiX C~CT"laROB 
CTaTaCTH"leCKH He3aBHCaMU, BepO.F!THOCTb Op;HOBpeMeHHoro rrorranaHHR B 3TOT 
HHTepB8JI CarH8JIOB C HeCKOJIbRHX CqeT"lHROB 6yueT paDHa 

F(t) =nI. dJ. (2) 
< 

MaKCMMaJIbHOe SHa"leHli1e ~YHKUHOHaJIa F(l), COOTlleTcTBymmee orrTMMa~bHOMY 
rrOJIo~e~ aHTepBaJIa HHTerpli1pOBaHHf! 2a (pac. 2), dyaeT PaDHO BepORTHO
CTa norraaaHHR CarHaJIOB co CqeT~aKOB B STOT MHTepBa~, T.e. s~eKTaBHO
CTa peraCTpaUHli1 qaCTau C WMKCHpoBaHHoi1: CROPOCTbHl, saAaHHOH HadopOM i,. 
TaROH crroco6 BhI1:jMCJIeHRR 3~eKTaBHOCTa rrpMMeHHM AnR ~r061iX 1',(1). B TOM 
'iHCJIe H rrOJIyqeHHIiX 3KcrrepMMeHTaJIbHO. 

PaC"leTU 3~eR'I\1ffiHOcTei1: perHCTpaUMH rrpOBOAl1JIHCb Wlfl C,CTeMU Ci:(IDtTHJI
JIHr(<tOHHID:: C'lCT'·n1KOB OCHOBHoro lIJIe"la YCTaHom,H MACill1K 3/ • I'acc'i'o.F!·
HllR MelltlIY uYJIeBbIM M OCTaJIbHblMR C"leTQl'lKaM11 (CM. pMC. I) COCTaBJIJOO'r 
2,83, 8,30, 19,05 H ::n,90 M COOTBeTCTBeHHO. B Ra"leCTBe acxo/.\H1iX MC
W)JIb30BaJIHCb 1l0pMaJIbH~e pacrrpep;eJIeHl'lR IlOrp(~WHOCTeH BpeMeHHIiX OTMeTOR. 
IJ,eHTpu fi ct). COOTBCTCTBYIDmHe 3ap;aHHOMY OTR~OHeHl'110 CROPOCTH (BpeMeH'a 
rrpo.rteTa) "laCTHUU OT CpeAHeH, orrpeAeJIRJIHCb j,aR 

(. = (f.'/e" ) x 1'> -C, + t {)t , (3) 

rae t: - paCCTOHHHR OT O-ro no i-ro C"leT"l~Ra. f+ - paCCTORHHe Me~AY 
Kpat1JrnMH C"leTQHRa'Vll1, to, (i I, 2, 3) - Ha"laJIbHUe cMellleHIDi Uf;HTPOB 
pacrrpeaeJIeHHH cooTBeTcTBYHlmHX CQeTqHROB. KOTopue OTO~neCTBJIRIDTCH C 
Oum6KOH YCTaHoBRa saj:teplleK, lit It - OTRJIOHemle BpeMeHH npOJIeTa MelllIY 
C"leT'1RRa~m °+ 4 OT cpeAHero. AHarra30H acrro~b3yeMIiX B paCQeTaX M3Me
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HeHl'iii J,t~ COCTaBJ1HJI :t 1,5a, I'j.\e 2a - p83pemmOwee BpeMH COBrraj.\ermH (CM. 
pI~C. 2). 

PesY~bTaTH paCqeTOB npHBej.\eHH Ha pRC. 3 + 6. no OCR a6c~cc OT~O
lIteHa Be.ml'l.HHa T· JIt"- TIf cp ,I'p;e 11- CKOPOCTb 'IacTru~, T11 Cf' - BpeMH 
npo~eTa, COOTBeTCTBYDwee ~, a no OCR OPAHHaT - a~eKTKBHOCTb peI'RC-

FHe. 3. 3aBHC~OcTb 3~eK

TMBHOCTM perHcTpawm COBna
p;eHHH (npH paapewaomeM BpS
MeHH 3,2 HC) OT nQrpernHOCTR 
BpeMeHHOa OTMeTKH. CpeRHe
RBanpaTH'IHOe OTR~OHeHHe @ 
COCTa.BMeT 120 IIC, 160 nc, 
220 nc, 300 nc WIJi KPKBliX C 
I-I flO 4-10 COOTBe'j'CTBeHHO. 

1.0, 7>'> '" 
e 

0.7 

O.S 

0.3 

I 
,o. L...ro£..-. , ~ o. e-~.4 -I.~ -0.8 

t ,.., 

1.8 T, HC 

TpauHM. KpKBHe a~eRTKBHOCTH, IIpep;CTaB~eHHHe Ha pHC. 3, 4 H 5, CBH
j.\eTe~bCTBYIOT 0 aaBRCHMOCTH a~eKTHBHocTH OT Be~HHH flOrpernHOCTR Bpe
MeHHOR OTMeTKH (6) M TO'IHOCTH Haq~bHOI YCTaHoBKH aap;epliteR BXORHliX 
CHI'HMOB (t 0;). Ec~ pacnpej.\e~eHHH BXOjUlliX CHrHMOB WI.H HeKoTopol.l.
1k, COBMeWSHH TO'IHO (Bce to. = 0). HSMeHerme p8apelnaIOWero BpeMerm CO
BIIaj.\eHHl.l. B~eT T~bKO Ha 3~eRTKBHocTh H Be~HHY HHTepBa~a CKOpOC
TeA perHcTpRpyeMliX 'IaCTRn H He OTp8zaeTcR Ha ~PMe 60KOBliX C~OHOB 

(pRC. 4, 5). CHCTeMaTH'IeCKOe CMeWSHRe aToro HHTepB~a OTHOCHT~bHO 

I.OI-----+----~~~..~~~------~--I '::r:%= "\K, 
e 

0.7 

O.S 

0.3 

FHc. 4. 3aBHCHMOCTb 3~eKTKB
HOCTH perHcTpawm cOBnaj.\eHRl.l. 
OT p8spemalOwero BpeMeHR H qM
c~a C'IeTqHKOB, BKJIl(Jt{eHHliX B 
COBIIap;eHHH. CMOrnHaR ~R -

2 O'IeT'IHKa, nYHKTHpHaR - 5. 

o·~t .'/:;;!/,(~' , , , ':~'~t _PaapewalOlUll.e BpeMeHa (npi1 G 
-2.4 -1.6 -0.8 0 0.8 1.6 'L HC -220 no) WI.H KpKBliX I - 3,2 HC, 

2 - 2,4 HC H 3 - 1,6 HC. 

cpeRHel.l. CKOPOCTH (BpeMerm rrpo~eTa) OTOYTCTByeT. 11PH HeTOqHOM Ha'IMh
HOM COBMemeHHH neHTpoB paonpej.\e~eHKR BenK'IHHa paspewalOwero BpeMerm 
RnRReT Ha no~oxerme H ~PMY BceA KPKBOA a~eKTKBHOCTH (pHO. 5a, 6), 
npR'IeM YMeHbilleHHe paspernaIOmero BpeMeHH yc~aeT aTO B~.ffHHe. ilOHB
MeTCR CRCTeMSTH'IeCKOe CMemeHRe HHTepB~ cKopocTel.l. peI'MCTpHpyeMliX 
qaCT~. 

" 

1 

1 

I • 0 i A*" ;::> ;;;==:::;:.:::s;: ""'ZFHc. 5. 3aBHCHMOCTb a~eKTHB

HOCTH perHcTpawm cOBnaj.\eHHR OT 
p8apewaIQWero BpeMerm H norpew
HOCTH BpeMeHHol.l. OTMeTKH WI.H 5 
CqeT'IHKOl), BK~'IeHHliX B COBrra
j.\eHHH~ 

a) G =il 220 nc, CMo!lll1aR ~ 

tIJ, '" to1 = iOJ =0 HC, 
IIYRRTHPHaR - to. = t~= 0 HC, 

t 

-1.6 

I 0 ::;:::= --. <:::: ..,• i 

0.7 

-1.6 	

~ Ito~:::. 0,5 HC; 

6) 	(;.. 300 ITC, 
t~ = to,:::. t~:::. 0 ijC. 

PesY~bTaTH, npej.\cT~eHHHe Ha pHC. 6, ITOKaSUBaIOT, 'ITO ITPH OAHHaKO
BOM Ha'IMhHOM CMeWSHHH saj.\eplltKH WI.H pasH!iX - I, 2, 3 - C'IeT'IHKOB MaK
CHMYMH a~eKTKBHOCTR MorYT pasMewaTbcR ITO paSHHe CTOPOHH OT neHTp8. 

1.. 0, :;;a 

0.7 

O.S 

0.3 

O'~I ; .. ~?, , ,~,,- I 
-2.4 -1.6 -0.8 0 0,8 1.6 T, ao 

FHc. 6. 3aBRCHMOCTb a~eRTKBHocTH perHCTpawm cOBnaj.\erml.l. OT TOqHOOTR 
HaqMbHOA YCTaHOBRR aaj.\epxeK BXOIUlliX CHrHanOB npH paspewaIOWeM BpeMeHH 

3,2 HC H IlorpeIDHOCTIa BpeMeHHOa OTMeTKH G' == 220 no. KplitBaR I: 

to,= to%= toJ = 0 HC; 2: to,= I HC, tOt'" t~= 0 HC; 
3: to,::; toJ = 0 HC, tOz.= I HC; 4: OJ,:::. to! = 0 HC, to; = I HC; 

5: to, = t~== toj = I HC. 

::ITo MOlKHO 06MCHRTb c~ero'lOlIlHM 06pasoM. )J.nH OT~aJOIllHXCH APyr OT npy
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ra TOJIbKO nOJIOlKeHlleM ueHT~oB rid) MaKCHM.'{M 


BYOT CKOPOCT.Il, rrp}f J.(OTOPOll cpe l(HeRBallpaTH'lHOe OTKJIOHeH.l'le IleHTpOB pac


rrpegeJIeH.l'lli ((lJ) OTHOCMTeJIhHO 11:X cpelJ,Hero - (if,,) ~ ~ tt 

HO. lIPH llatraJIbHOii OWI'I6"p B YCTaHOEJ.(e KaKOH-JIllOO O'lJ,HOM J1[JIJ1[ HeCKOJlb


KVlX 3aneplKeJ.( t (), (ec.'l11 COOTBeTCTBy:Klll1.l'ie C, paCIIOJIOlKeHhl Mellt/1Y ceperomo1l. 


rrpOJleTlIOrO HHTepBaJIa H Ct, HanpHMep pHC. I) nOJIOlKeHHe MaKCHM.'{Ma 


MQilWT OR<l3aTbCH CMcmellHW4 }j E rrpoTllBono.'lolltHYIO OTHOG11:TeJIbHO 8THX 3a

1l0plKeK CTOPOllY, 


OqCBV!lJ,HO, 'ITO MaHCIIMaJIbH31I 1l0CTl1TaeTCH rrpli! TO'UlOM 

CODMelUeHVUl u;em,'pon pacnpelleJIOHHH BpeMOHHJ:.i.X OTMeTOK, B TO lite BpeMH 1l0

cTynH3H TO'HlOCTh YCTaHOBKH :38IleplKeK, KaE npam:!JIO,OrpaHWIeHa. 

Mall TOqHOCTI, MOlKeT dblTb OIT;:JClleJIOHa H3 aHaJIH3a 3iMJ~mTHBHOCTH C Y'IeTOM 

Beex peaJIbHblX napaMeTpOB YCTaHOB1'11: paellOJIOlKeHllR c:qeT'lHHOB, p~wnpe-

HeJleHH1l. fiX. BpeMeHHblX O,!'MeTOK H sagmmoro J.1HTepErura HM

rrYJlbCOB perncTpllpyeMblX LJUCTI!U. 

KOJlHl{eCTEelmble PC3YJIb'I'UTLl paCt[eTOn IIOSBOJIRlOT CneJI3Tb Blmog, 'ITO 

rrpn ,10CTurHYTOM 1m CII,)RTp'OMCTpe l/IACfJ}!K BpeMeHHOM pa3pememU1 OTileJIbHhIX 

C'!eT'!HHOB ((1 ~ 220 ITC /21 j YCTaHOBKti paspeUlaIOlliero BpeMeH'.d cxeM COBITa-

lleHufi MeHbUle 2,5 HC BejleT (~H 5-TH CqeTQllKon) K CHH~eHHIO 

CTll. EOJIbUlOe BJIJlLfIH.MO l1MeeT H TO'{HOCTb COrJIaCOBaHHH HaQaJIbHhIX sallep

lKeR C,irllaJIOB omEORa MOlK8T npunecTu 3gecb He TOJIblW K rrOTepe aiMJeK

Tl1BHOCTH, HO l1! R l1:~MeHeHHlO cpejIHen CEOPOCTll perl1CTpHpyeMhIX '!aCTI1U 1'1 R 

ll::lMeHeHl1lO ilIoPMbl 3aBHCliLMOCTU aq¢eRTHBHOCTU OT CROPOCTH (BpeMeHll rrpOJIe

Ta) 'mCTHI~. 

B SaKJIIOQ8H.le aBTopli C'UiT3lOT cnO;1;,1 l].iJil.f!TIlliM ,n;OJIrOM LlOOJiliI'OllClUli'j'b 

Jl. C. AlKrlipeH i:! r.,J,. C:TOJIeTOBa 3a llOJI8SIlliO OOCY)i\,IJ.8HllH. 
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3. 	jl.C.AlItmpeil, H.K.BsopOB, B.H.liiMlipGn VI IXp. B RH: TpY/lhl COB8II1aID!.H rro 

I'ICCJIe~BaHH~A n odJIacTVI peJIRTHBI'ICTCROH HilepHOn ~11311KI1. 

,iJ,2-82-568, AyoHa, 1002. C. 83. 

B 113,n;aTarrbc~ OT,n;arr 
19l:i8 ro~. 

6 

Ko~eBHHKoB JO.A., llilTKHH n.K. 13-88-627 
AHanHs ~~eKTHBHocTH perHCTpa~HH 9neMeHTapHb~ ~aCTH~ 
MeTOAOM cOBnaAeHHH npH Manwx paspewaro~x BpeMeHax 

OnHcbrnaeTcH BapHaHT pac~eTa 9~eKTHBHoCTH perHCTpaUHH 
9neMeHTapHbiX t{aCTH~ MeTOAoM cOBnaAeHHH npH pa3pewalOID;HX 
BpeMeHax, cpaBHHMblX no BenHt{HHe C norpeWHOCThlO BpeMeH
HblX OTMeTOK ct{eT'.J:HKoB, KOTOPblH npHMeH;HeTCH ,ll,J1H JIlO6blX THnO:\3 
pacnpeAe.f1eHHH 9TMX norpewHe>c'reH, B TOM ~Hcne H nOJIy~eHHbIX 
9KcnepMMeHTanhHO. IIpHBOAHTCH pe3ynb Ta Tbl pact{eTa, o~eHHBalO'" 

ID;He 9$$e~THBHOCTh perHcTpa~HH penHTHBHcTCKHX ~acTM~ CHcTe
MOH C~MHTHJIJlH~HOtlHbIX c~eTt{HKOB YCTaHOBKH MACITllK B 06naCTH 
/1,6f4 He/ pa3pewaroID;Hx BpeMetl. IToKas~aeTcH saBHCMMOCTb 
9~eKTMBHOCTH OT BpeMeHH npOJIeTa /HMnYJIhca/ ~aCTHuPl npH 
pasnH~tlblx norpeWHOCTHX BpeMetlHblX OTMeTOK H TO~HOCTHX cor
JlaCOBa/iHf! 3aAep~eK cHrHanoEJ ct{eTt{H1(OB. 

Pa60Ta BbII10nHeH<,:l. B na60paTopHH Bblt{HcnHTenhHOH TeXHHKH 
H aBTOMaTH3a~HH omm. 

npenpHHT 061tellHHeHHoro HHC1'HTyra JI,IlepH&lX HCCneP;OB8JIfIH. ,Uy6Ha 1988 

ITepeBoA O.C.BHHorpaAoBoH 

Kozhevnikov Yu.A., Lytkin L.K. 	 13-88-627 
The Elementary Particle Registration Efficiency 
Analysis by the Coincidence Method at Small 
Resolution Times 

The computation version of elementary particle regis
tration efficiency by coincidence method for comparable 
in 	value' to counter timing error resolution times is des
cribed. The version is applied to all the types of timing 
error distributions including those obtained experimental 
ly. The computation results estimating the relativistic 
particle registration efficiency by means of MASPIC de
tector scintillation counter system in the region of 
small (1.6f4 ns) 	resolution times are given. The time-of
flight /impulse/ 	dependence at various timing errors and 
fitting accuracy of counter signal delay is shown. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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