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1 • BBE~EHJ.1E 

J.1geHT~¢~Ka~~R BTOp~4HhlX penRT~B~CTCK~X 3apRmeHHhlX 4aCT~~ 
80 B3a~MOAe~CTB~RX np~ BhlCOK~X 3Hepr~RX RBflReTCR cnomHO~ 3aAa-
4e~. BhlcoKaR MHomecTseHHOCTb 4acT~~. neTR~~x s y3KOM KOHyce, 
BeCbMa saTPYAHReT np~MeHeH~e Tpag~~~OHHhlX MeTOAOB ~geHT~¢~Ka
~~~ Ha ocHose 4epeHKOBCKoro ~n~ nepexogHoro ~sny4eH~~. speMeH~ 
nponeTa ~ T.n. 

B nocnegHee speMA s KpynHhlX ycTaHOBKax Ha scTpe4HhlX ny4Kax 
~ 8 3KCnep~MeHTaX C ¢~KC~posaHHO~ M~WeHb~ BCe 4a~e np~MeHReTCR 
~geHT~¢~Ka~~R 3apRmeHHhlX 4aCT~~ Ha OCHOBe ~3MepeH~R ~OH~3a~~~. 
J.10H~3a~~OHHhle noTep~ 3Hepr~~ 4aCT~~ H3MepR~TCR 8 MHOrOCflO~HhlX 
gpe~¢OBhlX KaMepax 11"41 , 8 TO speMR KaK nepB~4HaR ~OH~3a~~R -
B CTPHMepHbiX KaMepax '1,3·6.'. 

J.13MepeH~e nepB~4HO~ ~OH~3a~~~ OKa3hlBaeTCA npegn04T~TeflbHhlM, 
TaK KaK ee ¢nYKTya~~~ cnegy~T pacnpegeneH~~ nyaCCOHa, 6onee ys
KOMY ~ C~MMeTp~4HOMY, 4eM pacnpegeneH~e naHgay AflR ~OH~3a~~OH
HhlX noTepb 3Hepr~~. no 3TO~ np~4~He ~AeHT~¢~KaTOp peflRT~B~CT
CK~X 3apRmeHHhlX 4aCT~~. pa6oTa~~~~ Ha OCHOBe ~3MepeH~A nepB~4-
HO~ ~OH~3a~~~, MOmeT 6hlTb cy~eCTBeHHO KOP04e ~AeHT~¢~KaTOpa, 
~3MepA~~ero noTep~ 3Hepr~~. 3To o6cTORTenbCTBO o4eHb samHo, 
OC06eHHO 8 3KCnep~MeHTaX Ha BCTpe4HbiX ny4KaX / 3•5•6/. 

HegasHo A.BaneHTO~ 6hln npegnomeH HOBhl~ MeToA ~3MepeH~A 
neps~4HO~ ~OH~3a~~~ C nOMO~b~ KaMephl C MegneHHhlM gpe~¢0M 3fleKT
POHOB '?,S/. KaMepa 3Toro T~na, cxeMa KOTopo~ np~segeHa Ha 
p~c.1, ~MeeT gse ocHOBHhle 4acT~- gpe~¢OBhl~ o6beM /A/~ nponop
~~oHanbHY~ KaMepy /6/. 4aCT~4hl neTRT nepneHA~KYflRPHO nnocKOCT~ 
cHrHanbHhlX nposono4eK. B gpe~¢osoM o6beMe cosAaeTcR 3neKTp~-
4eCKOe none c HeBhlCOKO~ HanpRmeHHOCTb~ I -100 B/cM/, KOTopoe 
sacTasnReT 3neKTpOHhl gpe~¢osaTb sgonb TpeKa 4acT~~hl. OH~ nerKo 
npoxogRT 4epes ceTKY s o6beM /6/, rge cosgaHo 6onee c~nbHOe no
ne, ~ s6n~3H c~rHanbHhlX nposono4eK npoHcxog~T rasosoe ycHneH~e. 

np~ npoxomAeH~~ 3apRmeHHO~ 4aCT~~hl 4epe3 ra3 B KamgOM coyga
peH~~ c aTOMaMH, conposomga~~eMCR ~OHH3a~~e~, sosHHKa~T xopowo 
noKanHsosaHHble crycTKH 3neKTPOHOB I r:; 1 , MKM/, KOTOpble 4acTo 
Ha3hlBa~T KnacTepaMH. 4~cno KnacTepos Ha OAHOM caHT~MeTpe TpeKa -
N1 nponop~~OHaflbHO neps~4HO~ ~OHH3a~~~. J.1sseCTHO, 4TO OCHOBHY~ 
4aCTb KnacTepos I- 80% 191 I npeAcTasnR~T co6o~ og~H04Hble 3neKT
pOHhl, TOrga KaK 8 OCTaflbHhlX aKTaX. ~OH~3a~~~ B03H~KaeT HeCKOnb
KO 3neKTPOHOB. CosceM H3pegKa /< 1%/ noRBnR~TcR gn~HHOnpo6em
Hble genbTa-3neKTPOHbl /C r > 0,1 MM/. 
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Pnc, I . CxeMa p;e!l:c TBHH KaMe phi 
c Mep;rreHHbiM p;pell:cpoM 3Jiei<:Tpo-

' HOB p;rrH ct:Ie'!'a KrracTepos. A -
o6rraCTb p;pell:cpa 3JieKTpOHOB, 

-111'!_0K I .4peiiq> 3/ICirTpOttOO l : ---;-- -- -~---~~ ~:::~~-~--
B - rrporrop~HoHa~bHaH o6rracTb, 

BH - BbiCOKoe HarrpHJKeHHe, 

1 CHrt10/1blfi>IC _!; 
I !lp0~0/101/IrH~ 
I : • B aproHe np~ aTMOC$epHOM 

CCTKO --' • I ):\aBneH~~ M~H~ManhHO ~OH~3~

pyiD~aR ~acT~~a Ha nyT~ 1 eM 
o6pa3yeT B cpe):\HeM OKOnO 
30 KnacTepos, KOTop~e s KaMe

pe Me):\neHHO APe~$YIDT /co CKOPOCTbiD ):\pe~$a Vd- 1 CM/MKC/ K c~r
HanbHO~ nposono~Ke. nocne ra3osoro yc~neH~R Ha He~ B03H~KaeT 

cep~R ~MnyJibCOB, Kam):\~~ ~3 KOTOp~X OTBe~aeT 0):\HOMY KnacTepy. 
CpeAH~~ ~HTepsan 'speMeH~ Meli<AY ~MnynbcaMI-1 npr-1 v d =1 CM/MKC 
COCTaBnReT OKOJ10 30 HC ~ nocne yc~neHI-lrl 1-lX MOmHO COC~~TaTb 
6~cTp~M c~eT~~KOM, TaKI-lM o6pa3oM, paccMaTp~saeM~~ MeTOA no3so
nReT ~3Mep~Tb ~1-lCnO KnacTepoB Ha 3aAaHHOM y~aCTKe TpeKa, T.e. 
onpeAen~Tb neps~~HY~ ~oH~3a~~ID. 

2. 3KCnEP~MEHTAnbHA~ AnnAPATYPA 

2.1. KOHCTPYK~MR KaMep~ 

KaMepa noeACTasnReT co66~ ra3os~~ KOHTe~Hep pa3MepaM~ 
31x31x26 cM 3 c Ma~napos~M~ OKHaM~ /no ny~Ky/. 0Ha ~MeeT ~eH
TpanbHYID nposono~HYID ~aCTb ~ ABa APe~¢os~x o6beMa no o6e~M 
cTopoHaM /p~c.2/. B cpeAHe~ nnocKOCTM cMrHanbH~e nposono~K~ 
AMaMeTpOM 20 MKM ~epeAyiDTCR C none$OPMMPYID~MMM AMaMeTpOM 100 MKM, 
War- HaMOTK~ - 4 MM, TO~HOCTb +0,01 MM. BHeWH~e nnOCKOCT~ C03Aa
Hbl M3 npOBOJIO~eK A~aMeTpOM 50-MKM, HaMOTaHHbiX C warOM 1 MM 
nepneHA~KynRpHo K cMrHanbH~M nposono~KaM. B KaMepe ~MeeTcR 13 
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c~rHanbH~x nposono~eK, KamAaA 
~3 H~X C06~paeT 3neKTpOH~ ~3 

CJIOR W~PMHO~ 8 MM. 
B pemMMe c~eTa KnacTepos 

MCnOJib30BaJICR TOJ1bKO 0):\MH 
APe~$os~~ npoMemyToK. B HeM 
C nOMO~b~ none$OpMM~Y~~MX 
3JieKTPOAOB, Ha KOTOpbre noAaeTCR 
nMHe~Ho-naAan~M~ noTeHu~an, 

6~no C03AaHO OAHOPOAHOe 3JieKT-

PHC. 2. 06rn;ui:'r BH,D; KaMepb! ,lJ;JIH 
ct:IeTa KrracTepos. 

f. 

\ 

PM~ecKoe none. BbiCOKosonbTHbl~ 3neKTPOA B MecTe npoxomAeHMR 
~aCT~~ ny~Ka MMeeT OTBepCT~e ):\~aMeTpOM 100 MM, noKp~TOe MeTan
nM3~pOBaHHbiM Ma~n<;~pOM, ~e60nbWOe KOn~4eCTBO Be~eCTBa Ha nyTM 
~aCT~~ n03BOnReT npOBOA~Tb, TeCTOBble M3MepeHI-lrl ~ C nOMO~biD 
,8-~CT04H~Ka, 

~a~epeH~R 6~nM npoBeAeH~ Ha 18-M KaHane cepnyxoscKoro ycKo
p~TenR B MecTe pacnonomeHMA ycTaHOBKM l~nEPOH. 

2.2. 3neKTPOHMKa 

$yHK~MOHanbHaR CXeMa ~CnOnb30BaHHO~ HaM~ 3neKTpOHMK~ npMse
AeHa Ha p~c.3. C~MHTMnnR~~OHH~e C4eT~MK~ s~~e3aiDT y3KM~ ny40K 
1x50 MM2 BAOnb c~rHanbHO~ nposono4K~. CosnaAeH~e cMrHanos 
C4eT4~KOB AaeT speMeHHY~ np~Brl3Ky K MOMeHTy nponeTa 4aCT~~~, 
npM4eM B 6noKe ynpasneHMrl B~pa6aT~Ba~TCR BOpOTa, AJIMHY KOTOp~X 

MOli<HO B~6MpaTb OT 0,1 J:\0 7 MKC, Ha4ano BOpOT MOli<HO 3a):\epmaTb 
C 0;08 no 16 MKC. TaKMM o6pa30M, MOli<HO ~3MepRTb MOHM3a~~~ Ha 
niD60M y4aCTKe TpeKa 4aCT~~bl Ha paCCTORH~~ OT CMrHaJibHO~ nposo-
JI04K~ C 4 AO 100 MM. . 

~MnynbC~ C CMrHanbHO~ npOBOn04K~ nocTynaiDT ~epe3 6~CTp~~ 
npegyc~nMTenb, Ha aMnnMTYAHbl~ AMCKp~MMHaTOp ~ nocne $OpMMPOBaHMR 
nogC4~T~BaiDTCR BOCbM~pa3PRAH~M C4eT4MKOM, 3~¢eKT~BHOro C4eTa 
KnacTepOB MOli<HO J:\OCT~rHyTb npM MCnOJib30BaH~M 3neKTpOHMK~ C spe
MeHH~M paa~eWeH~eM T -10 HC M BXOAHO~ 4yBCTBMTeJibHOCTb~ -1 MKA. 

n~cKp~MMHaTOp ~ C4eT~MK B~nonHeH~ Ha CXeMaX 3Cn. nopor AMC
KP~M~HaU~M perynMpyeTCR OT 1 go 120 MB. BpeMeHHoe paapeweHMe 
AMCKpMMMHaTopa M C4eT~~Ka - 8 HC. 

nocne OKOH4aH~R np~eMa MH$OpMaUMM ~3 KaMep~ 6noK ynpasneHMR 
Bblpa6aTbiBaeT C~rHaJI "3anpOC 1 1

, M Ha4MHaeTCA C~MTbiBaHMe C4eT4MKOB 
4epea perMcTp K~015, BbrnonHeHHbl~ s cTa~gapTe KAMAK 101 ~H~OpMa
U~R o6pa6aTbrsaeTcR c noMO~b~ 3BM EC-1010. CKopocTb Ha6opa cTa
TMCTMKM -300 C06~TM~ B CeKyHAY· 

nnR B~6opa ~aCTMU~ OnpegeneHHOro TMna npegyCMOTpeHa 803MOli<
HOCTb MCnOnb30BaHMR 4aCT~ o6opygosaHMR cneKTPOMeTpa ~~nEPOH /no
poros~e 4epeHKOBCKMe M c~~HT~nnR~MOHH~e c~eT~MK~/, rAe nocne 
npOXOl!<):\eH~R 11 Tpe6yeMO~ 4aCTM~bl 11 Bblpa6aTbiBaeTCA C~rHan 11 BHeWH~~ 
aanycK 11

• Bo speMA pa6oT~ ~cKpos~x KaMep /~nK/ cneKTpoMeTpa 

r~nEPOH annapaTypa AJIA c4eTa KnacTepos 6noK~pyeTCR Ha speMR 30-
40 MKC AnR yCTpaHeHMA HaBOAOK. 

PHc.3. ¢yHK~HoHarrbHaH cxe

Ma arrnapa:rypbl ,lJ;JIH ct:IeTa 
KrracTepos. ¢ - ~opMHposa

Tenb. 
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3. PE3YnbTATbl H3MEPEHI1t1 

KaK HSBeCTHO, Ha 3$$eKTHBHOCTb C4eTa KnacTepoB BnH~eT 
HeCKOnbKO $aKTOpOB: 1/ ape~eHHOe paspeweHHe 3neKTpOHHKH; 
2/ BXOAHa~ 4YBCTBHTenbHOCTb perHCTPHPY~~ero KaHana; 3/ CKOpOCTb 
APe~¢a 3neKTPOHos; 4/ aenH4HHa AH$$ySHH 3neKTpoHos; 5/ aenH4H
Ha rasoaoro ycHneHHR; 6/ saxsaT 3neKTPOHOB npH MeAneHHOM APe~

$e a rase. 
HaMH 6~n1-1 nposeAeH~ HSMepeHH~, nosaon~~~He o~eHHTb snH~HHe 

HeKOTOp~X HS 3THX $aKTOpOB Ha C4eT KnacTepoB. 

3.1. CKopocTb APe~$a 1-1 AH$¢ys~~ 3neKTPOHOB 

npocTpaHCTBeHHOe paspeweHHe p X- npH C4eTe KnacTepOB onpeAe
neHO cKopocTb~ APe~$a 3.rieKTPOHOB - v d 1-1 apeMeHHbiM paspeweHHeM 
3neKTpOHHKH - r : 

Px=vdr. /1/ 

3¢¢eKTHBH~A C4eT KnacTepOB AOCTHraeTC~ npH He60nbWHX Vd. Ha 
PHC.4 npHBeAeHa CKOpOCTb APeA$a 3neKTPOHOB B cna60M 3neKTpH4ec
KOM none An~ HCnOnbSOBaHH~X HaMH CMece~. 

CHTya~H~ ycno*H~eT HanH4He AH¢¢ysHH 3neKTpoHOB a rase. Ae~
CTBHTenbHo, 11 T04e4Hbl~ Sap~A 11/KnacTep/ npH APeA$e Ha AnHHe X 
paSM~BaeTC~ sa C4eT AH$$YSHH H nnoTHOCtb sap~Aa pacnpeAeneHa 
CO cpeAHeKBaApaTH4eCKHM OTKnOHeHHeM: 

..;· 2Dx. v ., 
d 

/2/ ax 

rAe D - K03$$1-1~HeHT AH$$YSI-1H. KnacTepbl sa C4eT AH¢¢YSI-11-1 cni-1Ba~T

c~ 1-1n1-1 pacnaAa~Tc~ Ha OTAenbHble 3neKTpOHbl, An~ npasl-1nbHOro c4eTa 
KnacTepoB HymHo a~nonHI-1Tb Tpe6osaHI-1e: 
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/3/ 
B pa6oTe 191 noKasaHo, 4TO 
npl-1 X=1 CM, V d =1 CM/MKC H 
a X =0, 2 MM AOn*HO 6b1Tb 
r 2:.1 0 HC, TaK. KaK npH He-
6onbWOM r npOi-1CXOAHT 3$-

1 

$eKTHBHOe C41-1T~BaH!-1e 3neKTpo
HOB BHYTP~ Kn~cTepOB, 

PHc.4. CKopoCTb gpeH¢a srreKTpo
HOB B SaBHCHMOCTH OT HarrpH~eH
HOCTH 3ITeKTPH~eCKOro ITOITH B 

~ CMeCH! J/ 73% aproHa+25% H306y
TaHa+2% MeTHnarrH; 2/ 60% apro
Ha+40% rrporraHaw 
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PHc. 5. IIpogorrbHaH DL/ JL H no
nepe~HaH DT/ JL cocTaBrrmom;He gmlJ
¢ysHH 3ITeKTPOHOB B ~rreKTpH~ec
KOM none HanpH~eHHOCTbiD E/P 
B CMeCH 87,2% aproHa+IQ% MeTa
Ha H 2, 8% H300yTaHa giTH p = 
=4 aTM /l 2/ • 

1-1 B HTOre HSMep~~TC~ HOHHSa
~HOHH~e noTepH 3HeprHH, a He 
nepBH4Ha~ HOHHSa~H~. 

KonH4eCTBO KaHanoa 3neKTpo
HHKH HAeHTH$HKaTopa SaBHCHT OT 
Ton~HH~ cno~, HS KOToporo co-

6Hpa~Tc~ KnacTepbl (x). TaK KaK TOnU\HHY cno~ HYmHo no B03MOX{
HOCTH yaeni-141-1Tb, He06XOAHMO HCnOnbSOBaTb rasoay~ CMeCb C He-
60nbWHM D H onT~MHSHposaTb vd. 

11sBeCTHO, 4TO npH onpeAeneHHOA Hanp~meHHOCTH 3neKTpH4eCKOro 
non~ E npOAOJ1bHa~ cocTaan~~Uia~ AH¢ct>YSHH 3J1eKTpoHos - D L MeHbwe 
nonepe4HoA - DT 1111• Ha p1-1c. 5 npHBeAeHbl saBI-1CI-1MOCTH DL IJL 

1-1 DTIJL KaK ct>YHK~H~ E/P B cMecH aproH-MeTaH-Hso6yTaH, rAe JL -noA
BHmHOCTb 3neKTpoHos 1-1 P- AasneHHe rasa. TaK KaK npoAOJ1bHa~ 

COCTaBJ1~~Uia~ HMeeT MHHHMYM, ecTeCTBeHH~M Tpe6osaHHeM ~BJ1~eTC~ 
COSAaHHe B KaMepe non~ C Hanp~meHHOCTb~, OTBe4a~UieA 3TOMY MHHH
MYMY, T.e. - 200 B/cM aTM. 

BBI-1AY OTCYTCT8H~ AaHH~x o 8enH4HHe DLIJLAfl~ Mcnonbsosa8weAc~ 
HaMH CMeCH, M~ npeAnonaraeM, 4TO AJ1R Hee MMHHMYM bL/IL HaXOAMTCR 
npH E=1 00 + 200 B/cM, TaK me KaK H An~ cMec~ 8 pa6oTe:l12!1, oTnM-
4a~UieKCR J1HWb SaMeHO~ nponaHa MeTaHOM, 

3.2. AMnJ1MTYAH~e MSMepeHH~ 

B~COKY~ 3$$eKTMBHOCTb C4eTa KJ1aCTep08 MOMHO AOCTHrHyTb TOJ1bKO 
npH 6onbWOM rasosoM ycHneHHH /M > 1 0 6 I. Ha pMc. 6 npHBeAeHa 
SaBI-1CHMOCTb cpeAHeR aMnnMTYA~ CHrHana OT HanpRmeHHR Ha CHrHanb
HOK npo80J104Ke (UA). Bo apeM~ aMnnHTYAHbiX MSMepeHHR KaMepa 6blna 
nosepHyTa Ha 90°; H 4aCTM~~ nponeTaJ1H BAOJ1b nnOCKOCTH Cl-1rHaJ1bH~X 
npOBOJ104eK, KaK 8 1106bi4Hb1X11 APeH$0BbiX KaMe pax. 

XopowaR 3ctJ¢eKTMBHOCTb perHcTpa~HH 4aCTM~ KaMepoR Hnn~cTpHpyeT
CR 6Mc.], rAe OHa npMBOAMTCR KaK ¢YHK~HR nopora AMCKpHMHHaTopa• 
npH HanpRll{eHHOCTH nonR 8 APeA¢o80M npoMemyTKeUD=100 B/cM. Co 
3HaKoM MHHyc o6osHa4eHa TaKaR opHeHTa~H~ nonR, KOrAa 3neKTPOHbl 
/KJ1aCTep~/ APeR¢y~T B Hanpa8neHHH OT C~rH~JlbHOH npOBOJ104KH. 11s 
PI-1CYHKa BHAHO, 4TO H npM HaJ1114HH 1106paTHOrO APeA¢a 11 B KaMepe 
perHCTPHPY~TCH ¢oHOBble ·L!acTH~bl, ,;hH ¢oHOBble co6biTHR Aa~T sl<naA 
B cneKTp~ KnacTepoB npH H3MepeHH~ nep~HLIHOH MOHI13a~HH, 

3¢¢eKTMBHOCTb CL!eTa KnacTepOB CHJ1bHO SaBHCHT OT 411CTOT~ rasa, 
KOTOpy~ MOmHO onpeAeJ111Tb nyTeM MSMepeHHR SaBHCHMOCTH aMnJ1MTYA~ 
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PHc.6. 3aBHCHMOCTh cpeAHeA 
BMTIJIHTYAbl CHrHBJIB OT BHOAHOro 
HBf!pHlKeHHH. 
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PHc.7. 3wweKTHBHocTb perHcTpa
UHH qacTHU KaMepoA KBK WYHKUHH 
nopora; UA =2,0 KB, BopoTa 
I MKC, 38AeplKKB 2 MKC. 

PHc. 8. 3aBHCHMOCTb cpeAHei"l 
i1MTIJ1HTYAbl CHrHBJI<l OT AJIHI!hl 
ApeA¢a 3JieKTpOHOB B CMeCHX 
1/ H 2/ /HX COCTBB CM. B TeKc
Te K pHc,4/. 

cHrHa~oB OT gn~H~ gpeR$a 3neKTpoHOB /pHc.B/. H3 3THX H3MepeHHR 
cnegyeT, ~TO BpeMH 3aXBaTa 3fleKTpOHOB 8 CMeCH aproH-H306yTaH
MeTHflaflb 24 MKC H 8,7 MKC- B CMeCH aproH-nponaH,TaK ~TO nepBaH 

CMeCb npegno~THTeflbHee BTOpoR. 

3.3. C~eT KflaCTepOB 

npocTpaHCTBeHHOe pa3peweHHe KaMepbl Px /1/ onpegenHeT 3$$eK
THBHOCTb C~eTa KflaCTepOB, npH 3agaHHOM Px H3 ABYX KnacTepos, 
pacnOflOlKeHH~X Ha TpeKe ~aCTH~~ Ha paCCTOHHHH MeHbWe p • 6ygeT 
3aperHcTpHposaH,TOflbKO neps~R. TaK KaK pacnpegeneHHe ~epBH~HoR 
H0HH3a~HH HOCHT nyaCCOHOBCKHR xapaKTep, TO MOlKHO noKa3aTb, ~TO 

cpegHee ~HCflO 3aperHCTpHpOBaHH~X KnacTepos: 
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P11c. 10. CpeAHee qHcno KnacTepoB 
Nc /cM- 1/ KBK ¢YHKUHH HanpH
lKeHHfl HB CHrHBJibHblX npoBOJIOq
KBX 11QH 38AepJKKe 2 MKC, Vd = 
=I ,2 CM/MKC, UD =100, B/cM ~ 
I CTIJIOIIIHBH KPHBBH/ H UD = 
=-100 H/cM /nyHKTHpHan KpHBaH/. 

Nc = f N 1 e -N 1 Px· 

PHc. 2,. CpeAHee qHcno KnacTe- , 
poE N c /cM-1/ B 3aBHCHMOCTH 
OT nopora AllCKpHMHHBUHH Tipll 
V d =) ;2 CM/MKC, T "'23 HC 
/nyHKTllpHBH KpllBBH/ H T "' 15 7 

18 HC /CTIJIOlliHBH KpHBBH/, 

' l'j ' -4 

.I~ 

-----JI.---------~---- ... ---

1,6 1,8 2,0 

AHOJJHOE HAnPAIHHio1E I •B I 

/4/ 

rge N 1 - cpegHee ~HCJ10 HOHH3a~HOHH~X coygapeHHR Ha egHHH~e 

TpeKa /ygenbHaH nepBH~HaH HOHH3a~HH/ H f - 3$¢eKTHBHOCTb C~eTa 
KnacTepos npH r =0. CooTHoweHHe /4/ sepHo gnn HgeanH3HposaHHoro 
geTeKTopa 6e3 HanH~HH AH$$Y3HH. Ann Hnn~cTpa~HH OTMeTHM, ~To 

1 -
npHN1=30 CM-, Vd=1 CM/MKC H r =10 HC 3Ha~eHHe Nc COCTaBHT 
22 CM- 1 , HHa~e rosopn, 6ygeT 3aperHcTpHposaHo 74~ KnacTepos, 
B cny~ae r =20 HC - scero nHWb 55% KnacTepos. 

3$$eKTHBHOCTb perHCTpa~HH Kfla~TepOB - f 3aBHCHT OT BXOAHOR 
~yBCTBHTeflbHOCTH 3fleKTpOHHKH H OT BeJ1H~HHbl ra30BOrO yCHfleHHH -
M, 

CpegHee 4Hcno 3aperHcTpHpoBaHH~x KnacTepoe 3Ha~HTenbHO 3aBHCHT 
OT BXOAHOR ~yBCTBHTeflbHOCTH 3neKTpOHHKH /pHc.9/, ogHaKo ee yny~
weHHe npH 6~CTpOgeRCTBHH -10 HC HBJ1HeTCH BeCbMa CflOlKHOR 3aga
~eR, 3aBHCHMOCTH npHBegeH~ Ha pHC,9, H3MepeH~ npH pa3H~X K03$
$H~HeHTaX YCHfleHHR 3fleKTpOHHKH, • 

H3eecTHO, ~To $nyKTya~HH eenH~HH~ ra3oeoro ycHneHHH B cny~ae 
HeMHOrHx 3neKTPOHOB e KnacTepe o~eHb 6onbwHe, CTaTHCTH~ecKoe pac
npegeneHHe 3fleKTpOHOB B naBHHe B6J1H3H CHrHaflbHOR npOBOflO~KH B 
cny~ae OAH03neKTpOHHoro KnacTepa HaHny~WHM o6pa30M on~c~saeT 
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0,5 1,0 1,5 
CKOPOCTb L!PE>!oi>A (CM/MKC) 

PHc.ll. N /crJ-1 I KaK cPYHK-c . 
~HH CKOpOCTH gpeilcjJa 3neKT-
pOHOB. 

pacnpeAeDeH~e T~na no~a 191 . 
no3TOMY Nc pacTeT COBCeM 
MeAneHHo c ysen~4eH~eM M 
/p~c.10/. KpoMe ioro, no
n~TK~ ysen~4~Tb M np~ 6onb
woM UA BeAYT K HaKonneH~~ 
npocTpaHCTBeHHoro 3ap~Aa 
s6n~3~ c~rHanbHO~ nposono4-
K~, 4TO B ~TOre np~BOA~T 
K nocneAOBaTenbHOMY YMeHbwe
H~~ M. 

BpeMeHHoe pa3peweH~e pe
r~cTp~py~~e~ annapaTyp~ Mom
He 04eH~Tb ~3 3aB~C~MOCT~ 
Nc OT vd /p~c.11/: r =22-

24 He ~ f • 45%. B nocneAY~QeM 6~cTpoAe~cTs~e 3neKTpoH~K~ 6~no 
yny4WeHO AO 7=15-18 HC. np~ TaKOM BpeMeHHOM pagpeweH~~ T B CMec~ 
60% aproHa, 40% nponaHa nony4eH~ pacnpeAeneH~~ 4~cna KnacTepos, 
KOTOpble npeAcTasneHbl Ha p~c. 12. ' 

Ha p~c. 12a np~BeAeHo pacnpeAeneA~e 4~·cna KnacTepos, ~3MepeHHoe 
np~ ci<opoc T~ APe~(j)a v d = 1 , 2 cM/MKC INc= 7, 3 eM -l/. 3To pacnpeAe
neH~e BeCbMa 6n~3KO K nyaCCOHOBCKOMY, 4TO COOTBeTCTByeT ~3Mepe
H~~ nepB~4HO~ ~OH~3a4~~. TaKme He Ha6n~AaeTc~ ~cKameH~~ cneKTpa 
3a C4eT A~!lJ!lJY3~~, XOT~ 3neKTPOH~ APe~¢Y~T C paCCTORH~~ 24-34 MM 
OT c~rHanbHO~ nposono4K~. 

Bo3MOmHOCTb ~3MepeH~~ nepB~4HO~ ~OH~3a4~~ MCTOAOM C4eTa Knac
TepOB Ha y4aCTKaX TpeKa, 6onee An~HH~X, 4CM 1 CM, ACMOHCTp~pyeT

C~ Ha p~c. 126. B 3TOM cny4ae Nc ~3Mep~eTCR Ha y4aCTKe TpeKa 
4acT~4~ c 12 no 36 MM OT c~rHanbHO~ nposon04K~. H~mHRR 4aCTb 
cneKTpa W~pe, 4CM om~AaeTCR B nyaCCOHOBCKOM pacnpeAeneH~~, 
HO W~p~Ha Ha nonoB~He B~COT~ cneKTpa BCero n~Wb 58%. 3TO nOAT
BepmAaeT, 4TO ~ Ha An~He APC~(j)a AO 36 MM TaKme ~3MepReTC~ nep
B~4HaR ~OH~3a4~R. 

HymHO OTMeT~Tb, 4TO ~3MepeH~R 6~n~ npoBeAeH~ Ha Hecenap~posaH
HOM ny4Ke nonom~TenbHbiX 4aCTH4 C HMnynbCOM •12 f3B/c. ny40K 
COAepm~T 50% n~oHoB, 45% npoTOHos, 5% K+-Me30HOB V1 He6onbwy~ 
np~Mecb 3neKTPOHOB. CneKTP 4Hcna KnacTepos OT pa3H~x 4acT~4 

w~pe cneKTpa, nony4aeMoro An~ 4acT~4 onpeAeneHHoro THna ~ HM
nynbca. 

3(j)(j)eKT~BHOCTb C4eTa KnacTepoB MOmHO yaenH4~Tb nyTeM yMeHbWeHHR 
CKOPOCT~ APC~(j)a 3neKTp0HOB. npH V ~ =0, 7 CM//iKC CPCAHee 4~CJ10 
3aper~cTp~posaHH~X KnacTepos Bo3pacTaeT AO N0 =11,3 CM-~ HO cneKTp 
CTaHOB~TC~ HeMHOrO W~pe nyaCCOHOBCKOrO /pHC, 12B/. np~4HHO~ RB
nReTC~ ysen~4eHHe BpeMeHH c6opa 3neKTPOHOB, npH4eM 3a C4eT AH~
(j)y3~~ •KnacTep~ 4aCT~4HO pacnaAa~TCR Ha OTAenbHWe 3neKTpOH~, Ko-
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PHc.l2. PacrrpegeneHHe qHcna KnacTepoB: a/ H3 qa~TH TpeKa 
gnHHOH L =I eM, v d =I , 2 eM/ MKC, rropor gHcKpHMHHaU:HH 'IH = 5 MB; 
6/L=2,4 CM, Vct=l,2 CM/MKc,'IH=5 MB; B/ L=l CM, Vd = 
=0,7 CMfMKC, 'IH=5 MB; r/L=l CM, vd=0,7 CM/MKC, 'IH= 
=2,5 MB; CrrnomHaH KpHBaH - pacrrpegeneHHe llyaccoHa. 
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Top~~ 6~cTpaH 3neKTPOH~Ka aaper~crp~pyer. B MTore 4acT~4HO ~a
MepHeTCH nepB~4HaH ~OH~3a4MH ~ 4aCTM4HO - MOHM3a4MOHH~e noTepM 
3HeprM~. 

3$$eKT~BHOCTb C4eTa 3neKTPOHOB BHyTp~ KnacTepos e~e yny4WMT
CH npM ysenM4eHMM 4YBCTBMTenbHOCT~ 3neKTPOHMKM. Ha pMc. 12r 
np~BeAeH cneKTP 4~cna' KnacTepos np~ YPOBHe AMC~p~MMHa4MM 2,5 MB, 
KOTOp~~ 6onee OTB64B6I W~pOKOMY pacnpeAeneH~~- ~OHM3a4MOHH~X 

noTepb 3Hepr~~, XOTH· Nc B03PBCTaeT AO 16,1 CM-1 .. 

3AKJ1104EH~E 

1/ B nOCTpOeHHO~ HaM~ KaMepe MONHO 3$$6KTMBHO C4MT~BaTb Knac
Tep~ snnoTb AO OAMH04H~x 3neKTpoHoB. HsMepeHH~e cneKTp~ Knacre
pos orse4a~T pacnpeAeneH~~ nepB~4HO~ MOHM3a4M~. 

2/ ~3MepeHMH YAanocb s~nonH~Tb Ha y4aCTKe rpeKa An~Ho~ AO 
3,5 CM Is npeAbiAY~~x pa6orax.'7•81 ronbKO AO 1 CM/, 4TO nosson~T 
cy~eCTBeHHO yMeHbWMTb He06XOA~MOe KOnM4eCTBO KaHanos 3neKTpOHM~ 
K~ B 6YAY~~X ~AeHTM$~KaTopax penHTMBMCTCK~X aapHNeHHbiX 4aCTM4, 
pa6ora~~~x Ha ocHose C4eTa Knacrepos. 

3/ np~ HeBWCOKO~ CKOpOCT~ APe~$a KnacTep~ pacnaAa~TCH Ha 
OTA6flbH~e 3neKTpOHW, M B 3T~X ycnOB~HX Henb3H OnpeAen~Tb nep
B~4HY~ ~OH~3a4~~, a TOnbKO ~OH~3a4~0HH~e noTepH 3Hepr~~. 

npMMeHeH~e MeTOAa C4eTa KnacTepOB AnH ~AeHT~$~Ka4~~ penHT~

B~CTCK~X aapHmeHHbiX BAPOHOB Tpe6yer AanbHe~wero yny4weH~H 3$
$eKT~BHOCT~ ~X C4eTa, npemAe scero nyTeM ysen~4eH~H 6~CTPOAe~
CTB~H ~ 4y'BCTBI~TenbHOCTH 3neKTPOH~K~, 

Asiopw 6naroAapHw B.6.~nHr~HY aa nosceAHesHoe BH~MaH~e M 6onb
wy~ noMo~b s pa6ore, B.M.KyTbHHY - sa nocTOHHH~~ ~HTepec ~ no
MO~b np~ swnonHeH~~ ~aMepeH~~. M.CeMaHy, n.nos~H4Y, P.~H~Ky, 

A.~.Kan~H~Hy, r.~.Mep30HY - aa 4eHHWe o6cymAeH~R peaynbTBTOB 
~ noMo~b npH noArorosKe H3MepeH~~; B.r.CaaoHosy, c.n.~yH~Hy, 

H.H.KyaHe4osy M n.B.C~MOHOBY - aa ~arorosneHMe annaparypw; 
A.r.Am~H4apaAse ~ M.Kn~MaHoso~ - aa noMomb np~ o6pa6orKe 3Kcne
P~MeHranbHoro MaTep~ana. Asropw npH3HarenbHW 4.~.6pyKcy ai 4eH
Hwe AMCKYCCM~ np~ nOCTaHOBKe 3KCnepHM6HTB. 
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Eyp,aroB IO.A. H p,p. 13-82-717 
Crroco6 1rrsMepeHHH rrepBH~HOH rroHrrsaurrrr MeTO,!l,OM c~eTa KnacTepoB 

llpoBep,eHbl MeTO,!l,H~eCKHe HCCne,!l,OBaHHH C ~peH~OBOH KaMepOH 
,!l,nH C~eTa KnacTepOB C uenbiD COS,!l,aHHH H,!l,eHTH~HKaTopa penHTH
BHCTCKHX sapH~eHmiX ~aCTHU, HsMepeHa rrepBHqHaH HOHHSaUHH B ap
f'OHe ITpH ,!l,nHHe p,peil~a sneKTpOHOB ,!l,O 35 MM, 06cy~~aiDTCH BOSMO~

HOCTH yBenrr~eHHH S~~eKTHBHOCTH C~eTa KnacTepOB, 

Pa5oTa BbiiTOnHeHa B ITa6opaToprrrr Hp,epmix npo6neM OH5ll1. 

' 

npenpHHT 06beAf1HeHHOro HHCTHTyTa fiAePHbiX HCCileAOBBHHH. AY6Ha 1982 

Budagov Yu.A. et al. 13-82-717 
A Hethod of Primary Ionization Measurement by Cluster 
Counting 

A cluster counting method has been investigated with the 
aim to construct a relativistic particle identifier for a Big 
Hadron Spectrometer (BAS), which is prepared for experiments 
at TeV-accelerator (UNK) in Serpukhov, The primary ionisation 
in argon has been measured with electron drift lenght up to 
35 mms. A possibility to improve cluster counting efficiency 
is discussed. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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