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1 06m;CUI xapaKTepHCTHKa··pafiOTbl 
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AxTyanhHOCTh npo6neMhl •. Pa3BHTHe tlJH3HKII -3neMeHTapHhlx l,racTnu, a 
TaK)KC • AAepHOH tlJH3HKll BO .. MHO rOM · onpenemleTCH cymeCTBy~mnMH · 3xcnepH~ 
MeHTanhHhlMH·· MCTO.D:aMH · perJICTpaUJIII. ll B03MO)I{HOCTHMH fihiCTporo npHeMa 

uutlJopMauun. c- neTeKTopon. Ceii:<Iac mnpoxoe pacnpocTpaueHne iroJiy<IaiOT ne~ 
TeKTOphl.Ha )KH.IJ:Knx'nuepTHhlX-Ta3?JC, 6Jiaronapx nx xopomeii: pannaunoHHoii: 
CTOHKOCTH.ll XOpOIIIHM 3HepreTH'leC_KOMY ll npOCTpaHCTBCHHOMY pa3pCIIICHIHO. 

llJIH pemeHH.ll 3ana'IH HneHTlltlJHKaUHll 'laCTHU B O.IJ:HOM 3a30pe )l{ll.D:KOCTHOH llO

HU3aUHOHHOll KaMephi (HanpHMep B nepBOM CJIOe KanOpHMeTpa)_6hiJIO npoBeneHO 

uccJienonaHne1 pe3yJihTa.Thl KoToporo:cocTaBJIHJOT ocHony nnccepTaunn~ · 

Pa3pa6oTaHHhie' 3JieKTpoHHhie 6noKn n nporp~MMHoe o6ecne<Ieuue nirx 

HIIX cnoco6cTBYJOT rroBhliiiCHUJO 3.4JcpeKTllBHOCTH npneMa HHtlJOpMauun: c 4Jn-
3ll'ICCKIIX ycTaHOBOK H, B 'laCTHOCTll,•.D:aJOT B03MO)KH0CTh HCITOJih30BaTh CTaH
napTHhlecMarHHTiihle neHThi c KOMIThRJTepaMir Tnna·IBM'PC.·~<--

.. UenL pa6oThl. a) Pa3pa6oTKa n 3KcnepnMeHTa.JihHax nj:JO:Bepka uonoro Me

Ton a- dE I dx . pa3neneHHH 'laCTllll; no • Macce i nyTeM auann3a' <t>opM:hl' cnrHana c 

onuoro 3a3opa')l{iili:KocTH(Jii: onH:oponHoii:;noiiii3aunoHiroii: Ka-Mephi ()I}:OJIK). 
6) Co3na.Hne 3JieKTpoHHoii: annapaTYiihl 6hlcTporo nnyMepHoro oT6opa ·co6bl'l'nll:, 

nocJienYJOlllero C'lllThiBaHHH-HHtlJOpMaunn· c anrrapaTyphl n' CTaHnapTe KAMAK 
ll 3aiTUCll ee Ha MarHHTHYJO. JICHTy; -} · ( ~~ • · 1 - i ',; 

Hay<Iuax Homi3ira.: IT penno)l{eH' uonblii·Me'i'on pa3neneunx <IacTnu·:B; onuoM 

3a30pe )KQJIK rryTeM aHan~3a ~OpMhl:curHana. 8TOTMeTOn'n03BOJIHeT norry~ 
'lHTh HCCKOJihKO 3Ha'leHllll. BCJill'lUHhl.llOHH3aUUOHHhiX' rionipL: B. O.D:HOM .. ciroe~ 

llp~nnar~eTC.ll M~Ton aHann~a HeCKOJihKHX 3Ha'leunll: dE I dx( i)l7l~/nai0~ 
lllllH JIY'liiiHe pe3yJILTaThl 'n~ cpa~HCHIIJO c U3BCCTHhiM _MeTO.D:Ot( yce.j:eHHOro 

cpenHero. 1 , • , ,, ·:: 

. , ()~~nepHMeHTa.JI~H<? -H~y'leH HO~hlii, MCTO.IJ: pa3.D;CJICHHH 3apH)K.CHHhiX _'la-

CTHII B nirana3oHe,(0.5+0. 7)r3Bic. • · ·- . ; 
IT penno)l{eH n peann3oBaH MeTon HOpMnpoBKH 3Ha'leHHH dE I dx( i)me• c 

ITOMOlllLJO KYMYJI~TllBHhl~'tlJyHKllll~: 3T,llX paciip'eneJie'miii:. , • -- ' '· . " 

Pa3pa6oTaH nporpa.MM:npyeM:hlii: 6Jiox n:ByM:epiioro aHanH3i:((ITEllA) na 

OCHOBe 6hlc'.rponei~:cTBYJOlllero:Aun. OH naeTBOJMO)KHOCTh 6hiCTporo (~100 He) 
oT6opanone3HhiX co6hiTHii npn aHann3e 2~x napaMeTpo:B (Q'min npe:Mx) •• 

Pa3pa6oTaH, onnH u3 nepBhiX B cTpaue, HHTeptlJeii:c IBM,.PC K _KOHTpon
nepy_KAMAK pa6oTaJOuririi: KaK no,~aiiany npxMoro nocTy~a K ~aMHTH (nnn), 
Ta.K ll no np~rpaMMHOMY KaHany.• . . . '•' _ .. · , 

llpaKTH'lecxax ueHHOCTL: llpenno)l{eH, -npo:Monennpo:Bau 'Ii. 3KcnepnMeH

Tan~Ho nponepeH MeTon pa3neneunx 'laCTHU no Macce (npn ll3.»ecTHOM HMnyJih
ce j B )KOHK' ny~~~ aHa.JIH3a tlJ~p:M:hl c~r:ua;r~. Oli naeT B03MO)I{!l~C;h n~noJIJ>30-
Ba.TL OllllH '( TOIIIIlnHOH 'H:ecKOJihKO caHTHMeTpoB) _ CJIOH HOHH33.UHOHHOH. Ka.Mephl 
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( B KaJIOpiiMeTpe) rra :am.n:Kux cpe.n:ax .n:mr pa:menenmr 'JacTuu. 3ap:a'Ia u3y'Ianach 
B nnarre ncnoJih30BaHnH rra ycTaHOBKe KEllP (r. Hosocn6npcK). 

Pa3pa6oTaHHI.Jil:·ITE1IA naeT B03MOJKHOCTh 6hlcTporo {~100 rrc) oT6opa 
noJie3HhlX C06hiTHH npn O.llHOBpe:MeHHOM aHaJIU3e 2-X napaMeTpOB. 3TO MoryT 
6hlTh 3apH.ll1 a:MniiTy.lla UJIII Bpe:MH1 'ITO'II03BOJIHeT ero IICnOJih30BaTb BO MHO

rUX 3a.Ua'!ax. Pa3pa6oTarrrroe nporpaMMHoe o6ecn;e'!errue naeT B03MOJKHOCTb6hl

cTpoil: IIHarJIH.llHOH npoue.n:yphl C03,llaHUH HYJKHOH 11 MaCK1111 
. .llJ1H OT6opa co6biTUll 

rra .llByMeprroil: rncTorpaMMe: llo:MuMo onucarrrrhix npnMepoB npuMerrerruH: 6rroK 
ucnOJih30BaJICH-B .upyrnx rpynnax OH5IIL '. 

Pa3pa6oTarrrrhlil: nrrTepcpeil:c IBM P'C K KOHTpbrrrrepy KAMAK no3sorrHeT 

pa6oTaTh no Karrany llllll B peJKnMe npephlBarrnil:, 'ITO cymecTBerrrro IIOBhiiiia

eT cKopocTh npneMa n o6pa6oTKII .n:aHHhiX. ErroKn.ucnoJih30BaJIUCh B pa3HhiX 

rpynnax OH5IH. , , 
Pa3pa6oTarr KOHTporrrrep MarrrnTocpoiia Tnna. EC. 5012, KOTOphiH MoJKeT 

6biTh no,llXJIIO'IEm K 3BM Tima "CM-4", "3rieKTpoHnKa-60", IBM PC. KoHTporr

rrep BhiiiOJIHeH· rra onrroil: nrraTe. Orr ncnoJih30BaJICH B pa3HhlX rpynnax OH5IIL 

. P~pa6oTaH o.unrr II3 IIIHpoKo pacnpocTparreHHhiX n:Tepcpeil:con rraKorrun~
JIH rra MarHHTHoil: rrerrTe (HMJI) CM 5309(06,08).n:rrH IBM PC. HrrTepcpeil:c Bhi

norrrrerr Ha O.llHOH nJiaTe KOHCTpyKTUBa ll3BM.:3ano~eHa B03MOJKHOCh noJIHoro 

· a~TOHOMHoro ( 6e3 MarmiTocporra) ca:MoKoH;pmrH ·~ .uuarrrocT~Koil: rrencrrpanrroro 

Y3Jia. HrrTepcpeil:cbi ucrroJih3YIOTCH B OH5IH u pa3JIH'IHhiX nrrcTnTyTax .• : 

Pa3pa6oTarro nporpaMMHoe o6ecne'Ierrne rra IBM PC .UJIH ncex ynoMHHY

ThlX 6JIO~OB ( UMeiOTCH IIporpaMMHbie · cpe,llCTBa .llJIH. paGOThl ITO rrpephiBaHUIO), 
a TaKJKe TeCTOBhle.nporpaMMhl; .llJIH MarrruTocporroB rraiTucaHhl ITporpaMMhi ap-

xunaunn cpail:rron c .n:ncKoB. •. . . . . . . .. 

, Han6orree cymecTBeHrrhle pe3yJihTaThi, :ripencTanrreHHhie anTopoM: 

1. llpe.UJIOJKeH HOBhlH MeTO.ll pa3,lleJieHU.li :qacTUU ITO :Macce B )KQJIK nyTeM 

aHaJIU3a c!JopMbiCHrHaJia C O.llHOro 3a30pa .llJIH M;HOroKpaTHOrOH3MepeHUH 
dEidx. . . 

2. HaiTucarra ITporp(l,MMa Mo.n:errHpyiOmaH paciTpe.n:errerrue IIOHH3aUHH n 3a30-

. pe KaMepi.I II ITocrre.n:yiOIIlHH. ITpouecc, c'be:Ma cHrrrarra u ero o6pa6oTKU .UJIH 

MHOroKpaTHOro II3MepeHHH dEidx C y'IeTOM IIIYMOn 3aP,AAO'IyncTniiTeJib-
rroro npenycnrrnTeJIH. , 

~ ;. 

3. · H3y<leHO n;IIfHHHH KpaenhlX 3qlc!JeKTOn Ha cpcipMy TOKa B Ka:Mepe: 

4. fipe,llJIOJKeH HOBhlH aJiropHTM o6pa60TKH ITOJiy'IeHHhlX.HeCKOJihKHX 3Ha'Ie

HHH dE/ dx( i)me• .llJIH yrry'IIIIeHUH unerrTucpnKauuH 'IaCTIIU: ' 

5:: llpe:zirroJKeH :MeTo.ll rropMnpoBI(n 3Ha'Ieli:uil: 'dE ldx( i)m.'. B p.;;·Jh'& KB~n
crroHx,. Heo6xonuMOH ITPII He6~JibllOM BpeMeHH i )Ku3H~ '·cBo6ohii~ix' aneK

TpOHOB. 
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6. llpone.uerro Mo.n:errnpoBarrne 3KCITepm.teHTaJihHOil: ycTaHOBKII .umr ITponepKu 
MeTo.n:a arranu3a cpopMhi currrana. 

7. Co3.n:arra ITporpaMMa o6pa6oTKII 3KCITepnMeHTaJihHhlX .n:aHHhlX II ITponenerr 
IIX aHaJIH3. 

· 8. Pa3pa6oTaHhl H II3roTonmirrhl amiKTpoHHhle 6JIOKH: .UJIJI 6hlcTporo 6T6opa 

co6hlTIIH ITo pe3yJihTaTaM arrarrH3a .unyMeprroro ·cneKTpa, IIHTep~eil:c IBM 

PC .UJIH KOHTporrrrepa KAMAK, .una IIHTepcpeil:ca MarHHTocpo:Hon, a TaKJK:e 

ITporpaMMHoe o6eciTe'IeHHe K HHM. 

AITpo6aUHH pa6oThl H ITy6JIHKaUHH. llnccepTaUHH' rranncarra rra ocrrone 

rray'!HhlX pa6o't, nhliiOJIHeHHhiX c y'IaCTHeM anTopa n JI5Ill OH5IH; n H«PB3 

(llpoTnurro), n Mum\H:e (HTaJIHH) ,H UEPHe 3a ITepHo.n: ~ 1987 ITO Hl94rr. , 

OcrronHhie pe3yJihTaThi .n:IiccepTauHu .n:oKmi.n:Mnanuch rra 6-oM conemarrmi no rro

nhlM ,lleTeKTOpaM n llH3e (liTaJIIIH), CeMHHapax'JiaGopaTOpHH AAepHhlX ITpo6JieM 

OH5IH, a TaKJKe oiTy6JIHKOBaHhl n BH.lle 2 coo6merrnil: OH5IH [1,2], 2 ITpeiTpiiHTon 

OH5IH [6,7], 3 JKYPHaJihHhlX cTaTeil: [3;4,5]. . , . 
CTpyKTypa· H o6oeM.n:nccepTaUHH. llHccep'iauHH cocionT II3 · nne.D;eirHH·, 

UHTII man, 3aKJIIO'IeHUH II CO,llepJKHT 72 CTpaHHUhl TeKCTa, nKJliO'IaJl 4 Ta6JIHUhl,' 

38 pncyHKOn H 'CUIICOK llHTUpy~MOH JIHTepa;yp:bJ:' H3 40 HaHMeJionaHHH. 
:t 

2 Co.n;ep}l{aHue pa6oTbl 
; < : ~ ' ' :·' '• ' ': .'; ' • ,; ' •• : ; ' .< .~ • ·.:, ; • • ~ ~ i ' :' 1: 
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Bo nne.n:eHHH. o6ocrronarra. aKTYcUrbHOCT~ Te:Mhl uccrrenonaiiiu,; cqiopMyrru-
ponaHhl uemi pa60Thl H OUHChlBaeii:li: cipyK~ypa ',rim:cepiau:Hil:. :! '' :. < ' <. ' \ ; ; : ' 

B. nep:Boii 'rn<i:Be :npunenerro ,ci6mee onucaHHe npenrro~eHHOro MeTo.ua 'a:Ha~ 
JIU3a cpopMhl cnrrrana c O.llHClro 3Mopa Ka:Mephl.llJlH · nony'ICHHJI HeCKOITbKHX 3H:a

'leHHii dE I dx' u iipe,llJIOJKCH :MeTOJl rH6:Koro OT6opa .ll~H yrry~IIIeHHK pM,lleJI~~l{j{ 
'IaCTIIU ITO Macce. llpnno.n::SITCK pe3ynhTaThl Mo.zierrHponaHHJI c6opa n'o6pa60TKH 

currrana c y'JeToM: my:Ma ripeilyclirrHTeni; · '' . ' ' ''. ''· '~. . . . 
· · 06hl'I~o )f{u.u:KocTime .n:eTeKTop:bi cocTon n3 nrrocKo-napa1men:b~bJ:xi'no·

rr:ii3auliorrrrhlx Ka:Mep, .'ITO ll03nOJrHeT HCITOJib30naTI:a:MITJIHTYllHY~ nrrcp~pMaUH~ 
c nocrrenoBaTeJII.HhlX CJIOeB,llJI~ dE I dx arran~3a. TaKaH' .riorion~iiTeJII.HaH' B03-

MO:JKHOCTb.pa3,lleJieHHH''IaCTUU no M:'acce (n}:m ~3nec~H~M,UMITJJibce) Ir03norr~eT 
cyme~Tn!mrro.yirj'IIIIHTI. ·JiapaMeTpl>i ycTarronoK. Ho :B crry..Jae luupo:KHx. 3a3opo'n 

Me)K.lly nhlC~KO~OJibTHhlM u 'currraJihHhlMU 3JieKTpo.n:aMU llOJIHaX TOmuHHa neme

CTBa' cTa:HonnicJI .uo'norri>H:o 6oJII.IIIoil:; '<'iTo npoxnrrHeTcJI n nonMuielirroM nnnHrrHu 
AAepHhlX n3aUMO,lleHCTnUil: •. , ·. . ''< .: ·,: , ' . , . . ; • , .• ; ; 

'.: 06hl'IHO .'. 6:hl~TpaX i 3neKTpOHHcUr KOMITOHeida currrana c' ~oin3a:uuorr:Hoil: 
KaMep:hl' imierpHpyeTcJI Marrmny:MJIIIIHM • 3apJi.uo..Jync'fniii-eni.rri.i:M ir:i>e.uycurru

Terr~M, a 3aTeM currran c ero nhlXo.n:a no.n:aeTc~ rra arriu:roro:B:r,;il: ycurruTeni.~ 
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dE/dxsa (a.u.) 

Puc., 1:, a) Bhi'lHCJieHHhle aMIIJIHTYJIHhle crreKTpbi ua BhiXOJie rrpeJiyCHJIHTemi Jinx 71'- H 

k-Me30HOB (P=0.8 r3B/c) B 4 CM 3a30pe :lKHJIKOKpniiToHOBOH KaMepbl. b} dE/dx •• , crreK

Tpbl cpeJIHHX 3Ha'leHHH HOHH3aUHH IIOCJie _HCKJIIO'leHHX y'laCTKOB TpeKa C 3HeprH'lHbiMH 

b-3JieKTpoHaMH. 

fl>opMllpOBaTeJib. AMnJiliTY.Ua BhiXO.llHOro CIITHalla C UHTerpupyromero. npe.uycu: 

JlliTeJIJ[ (HIT) nponopuliOHaJibHa HOJIHOMY coopaHHOMy, 3apx.uy CBOOO.llHhlX :meK

TpOHOB ( B03HUKIIIliX np~ uo~u3aunn u He peKoMouHnpoBaBIIIHX m>~.uHee). Ho oHa 

nniiib npu6nu3nTeJibHo np~nopunoHaJibHa nonHoMy 3apAAy csooo.uHhlX ::meKTpo-

HoB, B03HliKIIIUX B 3a30pe KaMephi. ,. . . . 

. II po6neMa .H.lleHTllfl>UKaunn. 'lacTlru, no Macce, npu ucnoJib30BaHnn dE/ dx 
UHfl>OpMaunu, CBK3aHa C 3aMeTHbiM BKJia.UOM 6,-:meKTpOHOB B liOHll3aUUOHHbie no-

- . . - ' '- . ' ~ 

Tepu 'lacTnu. llononHnTeJibHax uoHu~aunx. Bhl3BaHHax. ~Hepr:u'1Hh1Mll 6e- .uaeT 

3aMeTHhl:ii BKJia.U B CllrHaJI KaMeph1, xapaKTepli~YIOIUHHCK npoHBJI~Hli~M 3aMeT

HO~ Heo.uHopo.UHOCTU B nnoTHoc-:rn UOHli33:U:llll B.llOJib TpeKa. Hann'lne .UJiliHH,on> 

, npasoro XBOCTa(KaK B.pacnpe.ueJ.IeHnll Jiau.uay) n crmK;rpe HOHll3auuoHHh1X no~ 
Tepb (Puc._la):~IBJIHeTcx,cne.ucTBlle~. pe.uKoro nox~neHHK 3Heprli'1Hh1X lie-. llmr 

llOJiy'leHliK, HeCMemeHHO:ii oueHKH HaUOOJiee BepOKTHhiX UOHH3aU:HOHHhiX noTepb 

Henocpe.u~TBeiiHo. ca~~H, ~acT'au~ii, H~Oo~O.llHMO. Ka'K~.T~ HCKJIIO~UTb BKJia.U nix 
' • < ' -- ,- ' ' ' • ~ t' ' '.,. . '. ' ' . 

cnoes BHYTPH 3a3opa KaMephl, Ko-;rophle uMeroT. 3Ha'luTeJibHyro .uonoJIHHTeJibHYIO 

uoHu3auuro oT 6~-. Cp~.uHee 3Ha'leHHe dEfdx~~~ B ocT3:BIIIruccx 'lacTxx !Ja30pa 

6y.ueT. UMeTb oonee y3KHii u cnMMeTpH'IHhl:i'i: cneKTp (Puc. i b) u, cne.uoBaTeni.-
~ ' ' ~ ' -' ' ', . . _, ~: . . . . .. · . . . 

Ho pa3.UeneHHe 'laCTHu c 6JIH3KHMH. no .. BeJIH'IHHe HOHll3auHOHHhlMll. noTepxMH 
·.;, -. 0 '- • • • .._ - • 

ynpOCTUTCK .. •: 
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0 I I I I I I I I I I I I I I I I I I I I I 

0.5 1.5 2 ' 2.5 
P (GeV/c) 

0 t I I I v I ' 1· ,.·I I I I I' I I I I I I I 

0.5 2.,; 2.5 
P(qeV/c) 

Puc. 2: a) llonHb!e (Emax ~ Tmax) H orpaHn'IeHHhle (Emax= 0.1, 2.0 M3B) 3Hepre

TH'leCKHe IIOTepH IIHOHOB H KaOHOB B lKHJlKOM KpHIITOHe. b) 0TH<)CHTeJlbHaX pa3HOCTb 
orp_aHH'IeHHhiX 3uepreTH'IeCKHx.noiepb JIJJli·HHouos n Kaouos RDE, 

,c 
~.:··~ 

llnx KOJill'leCTBeHHOH; OueHKII pa3HIIUbl B . :mepreTH'IeCI('Jrx ,. ITOTepHX~ .llBYX 

TUnOB 'laCTIIu, :np11 fl>liKCIIpOBaHiiOM UMnyrihCe MO)KHO ucnoirh30BaTb' C>THOCH-' 

TeJibHyro pa3HocT:b'3TIIX·BElJIII'IliH: ·RDE == ABS(El- E2)/M IN(El, E2):Ha' 

Puc.· 2a IIOKa3aHhl noJIHbie 11 orpaHII'IeHHbie 3HepreTu'leci(Ji:e · rioTepH; KOTopbre 

He Y'IHTh1BaiOT BKna.u li-3JieKTpOHOB c :mepr11eii Bbiiiie HeKoToporo rropora E.i.~x;. 
CooTBeTCTBYIOmHe rpafl>IIKU .JlJIK. RD Etot u OTHOCIITeJibHOH pa3HUUh1' orpaHII

'IeHHhiX iioTepo ,RD Er.i.llJIH .UBJ.X 3Ha'leHIIii rroporosoii '3Hepr1111 6~3JieKTpoHos 
(Emax=O.l, 2.0·MeV) IIOKa3aHh1 Ha P11c. 2b. ' : ,·, 

.lfcKJIIO'IeHIIe BKJia.ua 6-3JieKTponoB c 3Heprlleii · ooJihiiie coTeH K3B no3Bo

nxeT YJIY'IIIIIITb pa3.ue.ri:eHIIe 'laCTHI.r rrpH. HII3KliX. HMIIYJihCax. ( neBee MHHIIMyMa 

RDEr,t), Ho rrpH oonee BhicoKu~ 3Ha'leHIIHX uMrrynbca pa3.ueneHue·cTaHoBuTcx 

xy:lKe;· llpn: Hli3KHX: 3Ha'leimx E~ax rpafl>IIK · RD Er,i IIplloJIII)KaeTcx K ·, RD E1 ~~; 
'ITO II03BOJIKeT yny'IIIIUTb ceneKTIIpoBaHile'· 'laCTHU ·IIPH' 6oJibiiiirX·IIMnyirhcax; 

no .UJIH · 3Toro Ha.uo HMeTb arrrrapaTHbie B03MO:lKHOCTII mix Bbi.lleJieHnx BKna:Ua 
HU3K03Heprii'1Hh1X 6-3JieKTpOHOB. · · ' 

· qTOObl HarJIAAHee OIIIICaTb'IIpe.unaraeMb!H MeTO.ll, paCCMOTpiiM CJie.uyro-., 
mHe rrpnMepbl IIJIJIIOCTpauuu paoOTbl KaMepb! II MIT ( B cn'y'lae oeCKOHe'IHOro ,, 
BpeMeHH :lKli3HU. CBOOO.llHbiX :meKTpOHOB Te ).: ·. < , · , . '': 

IIpn noKanbHoii IIOHII3aUHII {KaK B ,cny'lae HH3KO~Heprn'IHoro ./~KBaHTa):• 
(Puc. 3a,~ ), BbiXO.UHoii TOK c KaMepbi 11 curHan c Bh1Xo.ua· Mn'~rroKa3alibi na 
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Ta6niina 1: 3nepreTII'IeCKIIe rroTepn 1f- II k- Me3oHoB, a TaKJKe 3Ha'IeHII.II ::~nep

riiH, IIJIOTHOCTH II rrpo6era B03HIIKaiOUlUX fie-. 

p dE/dXtot Tmar T6e- dN/dx .RP 
f3B/c M::~B/cM M3B M3B 1/CM MM 

>10 6.8E-4 >22. 
1f 0.5 3.44 12.77 >4 1.5E-2. .>8.3 

.>1 13.E-2 >1.7 
k 0.5 4.85 1.04" . >1 9.3E-3 >1.7 

•, >10 5.6E-3 >22. 
1f 0.8 3.59 32.21 >4 2.6E-2 >8.3 

>1 15.E-2 >1.7 
>2 l.IE-2 >3.9 

k 0.8 3.76 2.67 >1 8.E-2 >1.7 

fl 

Pile. 3c,d.·. 

IIpii paBHOMepii_oM pacrrpe.ueneHIIIIIIOHII3aniiu B 3a3ope KaMephl (P:Hc; 4a;b) 

COOTBeTCTBYIOUliie CIIrHanbi IIMeiOT BII.ll KaK Ha Puc. 4c,d. 

. Ilpu cyneprro3IIUIIII pannoMepnoro pacrrpe.n.eneHII.II IIOHII3aUIIII II, narrpii

Mep, .li.BYX JIOKanbHbiX KJiaCTepOB (Pile. 5a,b) COOTBeTCTBYIOUliie 3aBUCUMOCTU 

T<?!<a II BbiXO.li.HOro. CIIrHana HII IIOKa3aHbl ':Ha Pile. 5c,d. OcH:oBHOH xapaKTep

HOHOC06eHHOCThiO 3TOrO. cnyqag .IIBJI.IIeTC.II Hanii'!IIe :-' cTyrreHeK". B rpa<l>IIKe TOKa 
~ ~. . - ' ' ' . 

KaMephi. 

3Ta IIJIJIIOC~paUII.II IT03BOJI.IIeT . HaRTH: O'IeBH.li.HbiH- MeTO.ll paCIT03HaBaHHX 

CJiy'laeB C 60JihiiiOH JIOKanhHOH HOHH3aUHeft Ha <t>oire paBHOMepHOH. l[n.ll 3TO

ro .n.ocTaTO'IHo .n.naJK.D.hi "rrpo.n.II<P<PeperruupoBa~h" Bhlxo.n.rro:ii currran c HII, .B· 

pe3yiihTaTe 'lero MOIKHO ,rrony'IHTh npil6nU3UTeJihHYIO KapTUHY .pacnpe,ueneHHX 

UOHil3aUHH dE/dx.B:3a3ope (c y'leTOM BJIH.IIHHX myMoB HII). • 

B .Ta6nuue l:rrpune.n.eHhi 3Ha'leHHX Bhl'IHcneHHhlX cpe.n.nux· 3HepreTir<ie~ 
CK_ux, noTeph, , MaKcuManhHaH 3Hepru&. · u · nnoTHOCTh · li-3JieKTpoHOB ( dN f dx) a 

Ta~JKe ux npaKTut!ecKuii .n.uarr3.3on ( Rp) B JKH.D.KOM KpurrToHe .n.nx .n.nyx TUIIOB 
HaneTaiOlllHX 'laCTUU. - , :, ' 

DhiJia HaUHCaHa rrporpaMMa KOTOpaH MO.D.eJIHpyeT UOHU3aUHOHHhle UOTe

pii COOTBeTCTBYIOUlHe orpaHH'IeHHbiM 3HepreTU'IeCKUM UOTep.IIM 3ap&)i(eHHhiX 

'laCTUU (nOCTO.IIHHaJi 'lltCTh) II B03HHKaiOUlHX ~HeprU'IHhiX 0-3JieKTpOHOB (nepe

MeHHaH 'laCTh). Ilpu Bhi'IHCJieHHII BhiXO.li.HOro CIIrHana HIT HCUOJlh30BanCH cue-' 

UUanhHO no.n.o6paHHhlH nporpaMHhiH "renepaTop. 3JieKTpOHHOro myMa". · 

"·' 'll:Ux ero C03.llaHII.II 6hiJI IICITOJlh30BaH cne.uyiOUlHH UO.li.XO.ll. IllyMOBhle CBOH-
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(a) I j 

X 
'0 
'-.. 
w 
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0 

(b) 

[IJ ··1o· 4-bMJ·._-- . . ' . " 3 . : -;' .. · 

' ~ ~ ' ~ , .. ' 

:· , ... ·.' ' .. 2 ... • Y . . ·.·,_ 

.. , .. ·., , . '· .L ... ,: ... : :.•: 
0 ' ' 0' . ' '. 

0 time 1 0 time 1 · · 0 time 1 
'· 

\ •":: 

c 
Q) 
'-
'-
:J 

0 

0 

(c) 

[}]

' . 1 [5;]' . '1· [5;3 . ' 

; . ~ •. ·: "' ! .. : . ;· .-. . • . . . • • • '. i r.. . .:. ' 

'. . '·· .. ' ' .. , .. \ ., .. · .. 
_. · o. ,,.,. "· .· '. ., o'' ,· ·:· .. · --._ · 

·o ··time ····1 -····· •· o ··'time" 1 ·· • -··o tir;,e· •.1· •. 

.,. ·"'-" 

[23 1 [23" •,.' 1 [{]' , 
a. . 
E . ~ 

·' 
~ ' '~ t ),. • • .. 

'-. ' g . ' ) ~ ·~t ' 1 ' 

0 0 ' '0' 
(d). 0 time ·1 0 time 1 :· ·, 0,. time 1. 

rig. 3. Fig. 4. Fig. s: 
.· 

• I' ~,' ' 

Puc •. 3: cl>opMhl TOKOBoro, cHrHani'L. (c) H~ Bxo.n.e HH-rerpupy~~ero npe.n.ycmm-rem1 H 

BhlXo.n.rroro cHrn~a c fi~~ (d) B ~~yqae ~oKai{hrroii: m:mH3anHH 8 3~ope'nnocio:H :ucmn7 
' ' . ' ' . ' ' '\ -· ,. ', . ' ,' '.· ... 

3aUHOHHOH KaMepbi (a, b). . , . . . _ . " . : 
• •· I - • ' ' '' ' < • ' .1. ;·' <, ,: '. 

· Pnc. 4: TaK~e'kedH~~anl.t (c,.d) 'n <0yqae paBHoMe!moro. p~crrpe.ilerr~HH.II HOH~3aim~ B 
3a3ope (a,,b). . : c ; ;:. , , '_ ". . ' , · · · ... · · ·, _· ,' :_ , ·_ ' · .' ·· 

Puc. 5: TaKHe-~e cHrnanhl (c;d) B cny.ia~ cynepno3HUHH paBHOMepHoro paciipe.n.eneHHll 

ll.llBYX 1xOKanbHiix Kna~TCpOB HOHH3aUHH (a; b);\ • • I • 
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cTBa peaJihHoro npe.nycnmnemr ( oTnorncmw rnnpunhl ADC cneKTpa KaJIH6po
BO'IHoro CHfHaJia K ero CJle,llHCMY 3Ha~eHJUO) 6IJJIU H3MepeHbl ~ HCCKOJihKHX 

. '<JacTOTHhlX ,llHaiTa30Hax; .Bhl6paHHhlX B COOTBCTCTBIIH C O:)f\H,llaCMbiM BJICMCHCM 

.npeii<t>a :meKTponoB B 2 eM 3a3ope. B Ka'leCTBe nonoconoro <!>IIJihTpa ucrronh30-

BaJICK aHaJIOfOBhlH· <t>opMIIJlOBaTCJih C KBa3II-rayccOBOH xapaKTepiiCTIIKOH C ne

peKniO'IaeMhlMII BpeMeHHhlMII napaMeTpaMII. 3aTeM rrporpaMMHhlH renepaTop 

InyMa IIO,ll6IIpaJICJl TaKIIM o6pa30M, 'IT06hl ITOJIY'IIITb TaKIIC )Ke OTHOillCHIIJl Iny

Ma K CIIfHaJIY Ha BhlXO,lle rrporpaMMHOH MO,llCJIII aHaJIOroBoro <!>OJlMIIJlOBaTeJnl B 

TCX )I(C 'laCTOTHbiX ,lliiaiTMOHax (~ ;aKII~~-~e BpeMeHaMII <t>opMIIpOBKII KaK II Y 

peaJihHoro <t>opMIIpona Ten·sr). ..J 

ITpii. MO,llCJIIIpOBaHIIH. 6IJJIII rrpiiHSIThl ene.nyiOIUIIC rrpi16JIII)I(CHIISI: 
, ... : ' . - ' ' 

- TJICKII HaJICTaiOIUJIX 'laCTIIll rreprreH,lliiKYJISIJlHhl ITJIOCKOCTH KaMepbi, II ITJlOXO-

,llSIT ,llaJICKO OT KpaeB CIIfHaJibHhlX 3JICKTJlO,llOB; 

- IIHTCHCIIBHOCTb ITJIOUCCCOB peKOM6HHal[HH BC3,lle O,llHHaKOBa; 

- BJICMSI )I(II3HH CB060.llHhlX 3JICKTpOHOB ( 7 0 ) .6eCKOHC'IHO 60JibinOe; 

- .nniiTCJihHOCTh rrepexonnoil: xapaKTepiiCTIIKH HIT Mana, 
(II 

ITporpaMMa MouenHpoBaHIISI pa3hlrphiBaJia 11'- H k- "ME;30HIJ" c O.lliiHaKonoil: 

"IInTeHCIIBHOCThiO". Bhl'IIIcneHIISI rrpoBO.lliiJIHCh .nnsr 'leThlp~x 3Ha'IeHIIH IIMrrynh

ca 'laCTHU: 0.5, 0.6, o·.7 II 0.8 r3Bic. BeJIII'IIIHa CIIrHana na'BhlXO,lle HIT Bhl'IH

cnsrnacb .nnsr rrocne.nonaTenhHhlX MOMeHTOB.BpeMeHH oTCTOSJ:IUIIX ira 'dt=20 He. 

3aTeM "curnan" ouH<t>poBi.Inaiicsr c rroMouibiO Mo.nenii peru:ihnoro F ADC. 
. Ha6op (N. = Tdrldt) 3Ha'ICHIIH OUII<t>poBaHHoro CIIfHaJia BO BpeMSI .npeil:

<t>a pa3,lleJISIJICJ[ Ha HCCKOJibKO rrocnenoniLTeJib~O pacrroJIO)I(CHHIJ)C rpyrrrr (Ngr = 

5 710), B Ka)l(,llOft rpyrrm) ITO,llC'IIIThlB;wacb cyMMa 3HCL'ICHIIH BCCX "II3MepeHIIH". 

3TnBeJIII'IIIHhl Ilcrronh3onaniiCh nnsr .nanhneil:rnero ananH3a- UII<t>ponoro .llii<l>

<t>epe:HuuponaHIISJ:. B pe3ynhTaTe rrepnoro Bhi'IIITaHIIH Me)I(.Jly coce.nHIIMH rpyrr

rraMII rrony'lancsr na6op · (!fur - 1) 3Ha'leHIIH ".ToKa". ITocne BToporo Bhl'IHTaHHK 

rrony'laJIOCh ( N 9r-2) 3Ha.f.eHIIH dE I dx( i)mm cooTBeTCTBYIOIUHX 3<l><l>eKTHBHOMY 

KOJIIIqecTBY KBa3II-cnoeB Nqg = (N9r- 2) BHYTJIIIO.llHOro·3il.3opa. 3TH 3Ha'IeHHJl 

dE I dx( i)me& ,llJIJ[. onH:oro co6IJTHJl pa3JIIItfHhl MC)I(.llY co6oil: KaK H3-3a BJIIIJlHHJl 

0-3JICKTJIOHOB, TaK II 3a C'ICT BJIIIJlHIIJl InYMOB rrpe.nycHJIHTCJISI. 
B Ka'leCTBe xapaKTepiiCTHKH pa3.neneHHK crreKTpon IICITOJih30Banocb 3Ha

~CHJI.C POO%; pannoe'npouenTnoMy oinorne:H:x;lo 'qficna' "rrHoii6n'; (nenb!ii 

CITCKTp) co 3Jia'!eHHCM BCJIJl'qHHhl. rrporropUHOHMhHOH ycpe.nHeHhlM. IIOHH3aUU" 

OHHIJM· ITOTepKM Bhlille HCKOTOporo rropora Eus1 K ITOJIHOMY 'IHCJIY C06IJTHH B 

· 3TOM crreKTpe. 3na'leHHe rropora Eu5 Bhl6I1panoch TaK 'IT06hl nenee nero ne)l(a: 
HO l5.S3% co6~THH _,;Ka~irnoro" crreKTp~ (P~~. 1a,b).. . . ·•. ~- ': . ., • 

llnK II3BJie'leHIIK IIH<t>opMaUHH o Macce 'laCTIIllhl c H3BeCTHhlM irMriynhcoM, 

llpH HaJIH'IHH HCCKOJibKIIX II3MepeHHH dE jdx( i)mm o6IJ'IHO HCITOJib3JIOT MCTO.ll 

"yce'leHnoro cpe.nnero" (YC). Ka'leCTBO·pa3.neneHHJl ~acTHU rrpn ncrronh30Ba-

8 

~ 

'f' 

• 

'f'' 

HIIII 3Toro MeTo.na 3aBHCHT oT KOJIH'IeCTBa H3MepeHIIH Nq9 , H rrpn ManoM Nqg 
yxy.nrnaeTCJl. 8Ta 3aBIICHMOCTb 6biJia llJIOaHaJIH3HJIOBaHa B HaineM cny'lae rry

TCM ycpe.nneHIIJl 2 H 3 HaHMCHhilliiX 3Ha'Iennil: dE I dx( i)me•· 
Enm ncrrhiTan .npyroil: MeTo.nrn6Koro oT6opa (rO), Korna B ycpennennn 

HCITOJih30BanO~h pa3JIH'IHOe 'IHCno HaHMe~billHX 3Ha'lennil: dE/ d~( i)me•· Cneny

IOIUaJl <t>opMyna rroKa3hiBaeT KaK naxo.nlinoch 3TO 'IIICJIO Nmn .ivi:K'Bhi'IHcneHIIJl 
cpennero dEidx,.1: . . •· . 

Nmn = Nqg- I Fl X {k, · (Nqg- 1) · (dEidxmax- dEidxmin)ldEidxmin} 

rne dE I dxmax II dE I dxmin COOTBCTCTBCHHO MaKCHMaJihHOe H MUHHMaJibHOe 3Ha-

'ICHHSI dE/ dx( i)me• ( rrpn .3TOM N mn 2: 1). , 
llecJlTh 3Ha'ICHHH K03<!><!>HUHCILTa k, . HCITOJih30BaJIHCh Ka)l(,llbiH pa3 npu 

aHaJIH3e. OnTHMani.noe 3Ha'Ienne K03<l><l>HUHCHTa k, onpene1umoch rr'yTeM ana

JIH3a pe3ynhTaToB npH ncex 4 paccMaTpnilaeMIJX HMrrynhcax .nnll Ka)l(noro pac

cMaTpHnaeMoro cny'lall pa36HeHHll na 'lncno N9 r KBa3u-cnoen. lln.ll pa3JIU'IHhiX 

BapHaHTOB pa36HCHHll Ha KBa3II-CJIOH OITTHMaJihHhlC 3Ha'leHU.ll. ~03<!><!>UUUCHTa k, 
pa3JIU'IaiOTC.ll MC)I(.llY C06oil:. . . ; : : , . : : • 

' ·Ha -Puc. 6a,b rro:Ka3aHIJ •pacnpe.neneHHH Nmn: . .llJI.ll ITUOHOB 11 KaoHon' rrpH 

orrTnManhlioM 3H~'ienuu k.:. B.Jinana3oue:nMnynhcoB (0.570:8)r3Bic·:noT Me

Ton ru6Koro oT6opa naeT nyqrnee pa3.nenenue 11'- n k- Me30HOB '!eM MeTO.ll yce

'leHnoro. cpennero. 

Pac'leThl npononnnHch, B ocnonnoM, .llJill nnyx napHaHTOB reoMeTplln Ho

HH3aUHOHHOil: ITJIOCKOH KaMepbl Ha )I(H,llKOM KpHITTOHe: nepBbl.H - C 2 CM 3a30pOM 

H Bp_eMeHeM npeil:<t>a Tdr=6.6.MKc; BTOpoil:- c 4 CM 3a3opoM H Tdr=13.2 MKC. 

Enm 'nneilen Kin<t><t>lluH.enT .. kw paBHhiH oTiii:nnenmo 'In en a 3JieKTpoiion B03HHK

InHX npw~oHn3aunn K •mcdy ne ·pei<oM6HnHponanrnHx 3neKTpono:B. B~'lncne
HH.ll npOBO,llllJIHCh llJlll .llByX. ero 3na~eH~H:'~w=:1.25 (80% co6npaHH~ 3ap.ll,lla) 

n .nnll kw=3.0 (33%·co6Hpanne 3ap.llna). Iloene'nnnil: cny'lail: paccMaTpiiBanc.ll 

KaK. COOTBCTCTBJIOIURH HCITOJih30BaHHIO HCO'IHIUCHHOfO KpHITTOHa: EoJibillHH

CTBO IIpHBC,llCHHhlX pe3JJibTaTOB IIOJiy'leHIJ·npH ~CITOJib30BaHHH MO.llCJIH peaJib

HOro ·10-6H'~Hor~ F ADC ~ HHTerpanhHOH H nn<t><t>epeHUHaJibHOH HCJIHHCHHOCThiO 
±114 MP·(Mml.:Urnero pil.3p.llna). · · , . ' ·. 

IT pH HCITOJib30BaHHH 'MeTo,lla ro c rrepeMeHHhlM. 'llicnoM. Nmn: Ka'IeCTBO 

pa3.nenenml'c·rreK'ipon qacTH~ nnniOcTpHpyeicll :Ha PH c. 7a: Pe3ynn'TaTIJ pacqe

Ta ,llJI~ CJiy'laliHC~OJib30BaHH~ HCO'IHIUCHH~ro KpHITTOHa (kw=3) ll0Ka3aHIJ Ha 

Pnc. 7b. BH.llHO, 'ITO B03MO)I(HOCTh pa3.neneHH.ll 'lacTHU cnnhHO yxynrnaeTCll. 
. Y JIY'IillCHHC Jla3,llCJICHHSI 'IaCTHU. MO)I(CT 6IJTb ITOJiy'leHO JIH60 llpll. CHH

)I(CHHH ypoBHK rnyMoB,·JIH6onpn yMeHhineHHH BJIHliHHK peKoM6HHaUHH. (nyTeM 

O'IHCTKH ), JIH60 ·llpll ynenn>leHHH TOJIIUHHhl HOHH3al[HOHHOft K,aMepbl; :C. TO eCTh 

npn ynenH'ICHHH 'IRena KBa3H~cnoen Nmn 6e3 H3MeneHH.ll .HX TOJIIUHHhl. 
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2 4, 6- 8 - 10 
Ns 

• 

4.109 
0.9790 

(b) 

' ' '~ ' 

- ,10 
Ns 

Pnc. 6: CrreKTP qncna HanMeHbiiiHX 3Ha'leHnfi 'dEfdx(i)me• ncrronh30BaHHbiX rrpn Bbl
. qncneHHH cpe.nHero 3Ha'leHHll - dE/ dx,., Me:r:o.noMrn6Koro oT6opa rrpn OIITHManhHOM 
·3Ha'leHHH Kci3<tJqmuneHTa k, .a)- .!11lll IIHOHOBj b)- .!111~ KaOHOB. P=0.7 f3B/c, .L=4,cM, 
N 9'r=7i kw=1.2. 
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-: 

Pni:.: 7: Pac'leTHoe pa3.neneHne ( 1r- k) crreKTpoa (POO%) .nnll orrTHManbHhlX 3Ha'leHm1: 
Ko3<tJqinuneHTa k, ·rrpn' H.crionb30BaHHH MeTO.na rn6Koro oT6opa: L'=2 eM, Tdr=6.6'MKC, 
10-6HTHbiH F ADC c HeimHefiHoCTbiO ±1/4 MP, a) kw=1.2; b) kw=3.0 {80% H 30% 
c6op 3apll.na). 
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Pnc. 8: Pac'I~THoe pa3.neneHne ( ~- k) 'crreKTpoa {P.OO,%) .zinll 'orrTHMMhHhlX 3H~~eHnii. 
Ko3<tJ<PnuneHTa k, rrpn ncrronb30BaHHH MeTO.na m6:Koro oT6opa. L;::,4 cM:;·Td~=l3.2 MKc, 
k'w=L2, a) 10~6nTH~Ifi,FADCcHenliH~ftHocil,.0-±1/4 MP, b~'8-6nT:Hhlii.EAD6 ~ 
Hen-~Heftii~cTi;IO ±1/4MP. . ''- . . ::,:; 

:• 0'.; , ' {; l '·: '· ~ ! ,· :: 

._ B cny.'lae "peanhHor~'~ ypo~~x IIIyMon, npn ynenn'lemm To~I1UlHhi3a3opa 
KaMepbi JJ.o _t;;,4 .eM p~nen~H:ne_ ~a·c-;nu ~TaHonn~cx nyq~e · (Pnc. 8a ), , ·· '· '·. : 

_ · .llmr 8:6~Timii ~~ne~~ -P~~~~~I'? F ibc_·c iiennliE!iiioci~ro·:·±1/.4.1f.P. p'e-
3YJibTaThlHa Pnc. 8b JIHIIIb cnerKa oTJIH'IaiOTCJ£ aT aHaJIOrii'IHhlX pe3yJibTaTOB 
JJ.JIX 1076n:THoro_FADC. ,:_ .... , , , .. : .. ' ' ' ., . ·" ,

1
, '. '"\_, 

. Ilpn MOJJ.ennpoBa1IHH 3H,a'leHne npeMeHn JJ.peiicpa 3JIElKTpoir~:m. (npJ[. ?Elc
KoHe'IHO. 60JibiiiOM 1'e) MeHXJIOCb B ]J.Halla30He. ±30% .~ 3aMeTHhlX ll3MeHeHHH' B 
BeJIH'IHH~ ~00% ,llpll 3TO~ He 6hlJIO o6Hapy~eHO ... ·. . -. : . : ' . "· 

. . . . '- .. ' . .,, ... ,,. . . .. - . . -' 
. nBhlKJIIO'IeHne ... _ · paJJ.noaKTHBHOro {3-Plj.CllaJJ.a ~5Kr .JJ.aJIO; He3Ha'IHTeni.Hoe 

. yny'IIIIeHnen·POO%.(n~pJlJJ.~-a 5%). .. . . . _· •. . ... ·- -- .. , 

,·: MoJJ.ennponaHne 6hlno. npqneneHo :raK :a<e :Unx cny'I<;!Jl_Hcn:onb~onaHn:J£ ~nr
Hana C OJJ.HOro 3JieKTpOJJ.a C JJ.BOH1IhlM .npeiicpOBb1M npo~m:a<yTK()M, KOrJJ.a CJ[rHaJihl 
C JJ.BYX 3a30pOB KaMephl HaKJia,llhlBaiOTCX JJ.pyr Ha .npyra. IJpn 3TOM npoHCX:OJl.llT 
yneJIH'IeHne BeJIH'IHHhl cnrHana, HO nH<tJop:Maunx o ero '!,cTpJ.KType'~ cp_aKTH:<Ie
cKn TepxeTCJ£. Ha Pnc. 9 npnneneHhl pe3yJibT~Thl pac'leTa JJ.JIX 3Toro cny'lax. 

OriiicaHHhlii MeTo.u aHann3a cpopMhl cnrHana c ueJibiO HCKJIIO'IeHnx BJIH
JIHHJ£ 3Heprn'IHhlX 6-3JieKTpOHOB no3BomreT yny'IUJHTb pa3JJ.eJieHne 'lacTHU no 
Macce npn.oTHocnreJibHo He6oJibiiiiiX 3Ha'leHn.KX HMnynbca; HpencKa3aHHoe pa3-
JJ.eJieH~e 7r~ H 'k_;Me30HOB CHMITYJibCOM o:s r~B/c''s 4 c':i.r':Ka.Mepe c'xmJJ.KHM~Kp'n-

'.. < • •• ~' ., < • ' ": ., \ '. • > • 
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-Pn:c. 9: PacqeTHoe pa.3.lleJieHn:e (1r
k) cneKTpOB (PQQ%) .llJISI: OIITIIMaJib
HbiX·~HaqeHn:ii K03!p!pHU:HeHTa k, IIpll 
liCIIOJib30BaHHll MeTO.lla rH6Koro OT6o
pa. L=(2x2)cM, Tdr=6.6 MKc, kw=l.2, 
10-6n:THblii F ADC c HeJIHHeiiHOCTbiO 
±<lj4·MP (.llBOHHOH 3a.3op). 

0.5- 0.6 0.7 0.8 
P (Gev) 

ITTOHOM COCTaBJIJieT OKOJIO 2a. llpn: 6oJiee BhlCOKOM HMIIYJibCe 3THX :lKe '!aCTHU 
1!1 oTHOllleHn:e cn:rnarra K lliYMY npenycn:rrn:Temr ne no3nonxeT JJ:OCTH'lb 3Toro ypoB-

Hll H3~3a Marroro 3Ha'leHHJI RDEr•t· ' , ' 
Bo BTopoft rrrane on~c~IBaeTCJI nporpaMMn:pye'MbiH 6rroK JJ:ByMepnoro aua

JIH3a na ocnone 6DicTpo~eii:cTnyromero FADC' n: npn:Mep ero n:cnorrb30B<tmi.ll. 
ConpeMeHHhle 4>H3H'leCKHe ycTaHOBKH xapaKTepHhl :ma'!HT~JibHO no3poc

lliHM 06'beMOM HH4JOpMaUHH, KOTOpall JI:OJI:lKHa fihlTb nepeJJ:aHa B 3BM.llm1 CHH
)I(eHHH :o6-i.eMa 3anncDIBaew)H: 'ua · MarnniH:yro rreuTy · n:Ii4JopM:aun:n: m~o6xoJJ:n:Mo 
npon:3BOJJ:H;h o'r6op c66:hlTHii::no 3apaH:ee 3'3..n:a:Hu-hl:M :Kpliiepn:xM .zi.o n:x 3ann:cn:. 

- oxinc:biBaeMhlH 6rroK npeJJ:Iici3:Ha'!~H JJ:JIJI rrpeo6p<i3(maun:a B KOJJ: JJ:BYX BXOJJ:HbiX 
napaMeTpOB. ( Q ""' HriH':BpeMeHH) H. Bhlpa6oTK'n rror'n:l!ecKoro CHrH<lJia, HaJIH'!He 
KoToporo onpeJJ:errxeTcx coJJ:ep:lKHMhlM na~JITH. ErroK cocTon:i H3 JJ:ByJ(~amiJion, 

· pa66i-aronl:Hx n JJ:iiano3one .U.o ,_;100 nKrr.' Erro.K coJJ:ep)l{nT Mn.KpocxeMy 0 3 Y 
K500PY 415 H JJ:Ba 6:biCTpbDC 6-THpa3p.lUi:HhlX F ADC K1107TI,B3E npliMOro npe
o6pa30BaHHJI c BbiXOJJ:OM 3.C.JI. Oun:4Jp'onKa BXOii:HhlX napaMe~pOB~ ~. TeM CaMhlM, 

. 3aJJ:aune aJJ:peca 0 3 Y ocymecTBJilleicx c no~ofu:r,Ki F ADf!. Mll:_KpocxeMa 03 Y 
3anorrnxeTcJI H MO:lKeT 6:biTb npo'In:Taua 3BM '!epe3 KAMAK. qn:crro ypo:Bueft 
:Kniu!Tonaun:x Ka)l(noro n:3 JJ:Byx napaMeipo:S 25: llrrx Karrn:6ponKli ll:' :KorrTporrx 
6JioKa HMeeTCJI B03MO:lKHOCTh C'IHThlBaTb B 3BM COJJ:ep:lKHMOe o6oll:x perHcTpOB 
FADC:· 

Ka)KJJ:DIH- :Kauaii nerraeT ·npeo6pa3onann:e 3apJilla B KOJJ: ( Q --->KoJJ:), 

!
Cmon 

Q = .· ioxdt 
Cmapm · 

EcnH. rra nxo~' IN rrio6or~ Kauarra BKrrro'lnTi .BCTJ;oeuuDift -~eu~paTop ToKa~ To 
OH6yneT pa6oTaTb K-aK npeo6pa3oBaTeJib Bp~Mli~KOJJ:. - . . 
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_ EnoK xapaKTepiByeTca MaJihlMBpeMeHeM peweun:g .-vlOO, He, a TaK:lKe'ue: 
6oJI:blliHM. npeMeueM, noccTauoBrreun:~ .-v350 He ( Bo npeMSI: KoTop~r~ B~Ina~i-ca 
cn:ruarr .But?y ). Erro~ BbiiiOJIHeH n cTaHJJ:ap~e- K:'AMAK, p~~ep: Monyrrg. f M. 

, E~oK B:biiiOJIHSI:eT,~JieJJ:yiollllle KOM~'n:n:r,I·KAMAK; · '.-' - - ' ' "' 
NA(O)F(O) - - '!TeHH~ na~.i.SI:TUC nocn~nyroilln:M ~HKpeMeHTOM anp_eca;' 
NA(1)F(O) . - '!TeHn:epern.cTpoB nBy~ FADCi · . . .... , . . / .. ·' . 

NA(O)F:(24) - c6poc FAD_C ~ c'!eT~n:~a-aJJ:pecan ".o•:, 6~oK~poB~a cTapTo:·. 
' - , ,. I • 

NA(O)F(26) 
NA(O)F{16) 

B:biX CHrHaJIOBj :; " , .. - . 
-. pa~(jrroKn:poBKa ciapTOBhi~ · cHI::11arroB; 

• - 3ann:ch B na~ISI:Tb C noc~enyromHM 1 
HHKpeMeHTOM aJJ:peca. 

f : '1. • : 1 " • ' • < '• ' ' , , ~ ~ ,, , ~ c I "1. > ' , • f •' 

Onn:c~~~eTc~opr~~~·3a~~SI: ~;n:;rep~ ua: 6~e ~BYX ITE.II;{hrr.ll;BbiJJ:eJieHHSI: 
npoue~-~a o6pa30BaHHSI: KYMYJISI:;HBHbi~n])OTdHOB Ha yci~konKe cl-irMA-'A51KC~ 
CemiKTn:poBauH:'e KYMYJISI:·TH~H:bi~, ll'ponni6s'n: 'hnouoa ~o ·M"acc~.npoH'3Bo.lillrro~b· 

, . "; . , .. , . - , . ' ; . . . ~ - .' ~ - - '. . - . . ; , I ~ ; ; { .. ; .. ! . ? - . , , . ~ , - ·: ; . ' : ., . , . ; : 

Ha OCUOBe aHaJIH3a. BpeMeHH npoJieTa H. KHHeTH'leCKOH :meprHH. '!aCTHU;. flrrg 
noJJ:aBJie~n:a 4Joua chyqaft}£:r,Ix 3ariycKoB icn~rr:r,3oik'c~·Iiiopoft 6rrbK,·aHa~H'3ir~ 
py~~HH BpeMeHa riporr~ia ~aCTHUhl qepe3 ~Bll: CUHHTHJIJISI:UlioukhiX cqefquKa, 
pacnorrmKeum,Ix ua pa3H~Ix paccToxuir'gx or MHm~un:: H~~~Ji:r,3~mt~~e ITI>.IIA ~a 
ocuoBe 6DicTponeiicTByromn:x _F ADC no3Borrn:rro ·ocyme~~imT~··q;y~KriH~ ·-rj)n:~-

• '_ ':" • ,' ' :.' '·' ip - •• -,i<l•· -,~ ·.- 1' • ''~ -~ ~' \,_ ~-,~,·- •• ',\ .... ' .'' .. , -~ 

repa BTOpOro ypoBHSI: 3a BpeMSI: nopS!:nKa 100 HC H yMeHblliHTb KOJIW-IeCTBO 3a~ 
nyCKOB ycTaHOBKH B 5-7-10 p:i3 .. , .-·. ·. _ . __ _· '· '., .. : ,• .. '\• : 
: · :B rpei:r,~ft- rrr'~Be -orrilc:r,maercll HH~ep4Jeli:~ IBM p(;_ 'JJ:il~ 'J(~~fporrrrepa 

KAMAK. B JI51II Oli51If 6:r,IJIH _pil.3pa6oT.auDI n:HT~P~~ftc:r,I ~- pa~ii~~iiMit · 3mvi 
( c~p~~ DEC)~-COCTOKiu~e' H~ Ji~yx 6H()KOB: co,6c:rJ\eH'1Io iuin'p4Jeli:~a,: 3BM 
(~3·9.~1 n~J~,-"CM-4'~, 'K.3Q02 JJ:mr,,~n~K~poii1IK--~:60".n~o,KaHarr~ II.IIII; K3003·,~ 
no rrporpaMHOMY Kauarry }:H K'?IITpOJIJiepa KAMAK- KK007. IIocJieJJ:HHH ,SI:BJISI:-

.'. ",· i •; ': -_, ·,; '' -~· · , , ·:."' __ : \ · _,:,'-< '<">I 0 :''1/ ~; .-:-~ > ~: ·.-· -, ; 

eTCH MaJIIHH~O-He3aBHCHM:biM;H HMeeT TpH pe)KHMa, JJ:Ba H3 KOT9p:biX 6JIO'IH:ble. 
En~i< nuTep4Jeft~a' 'iBM_ PC i-aK:lK~' p:i3pa6bTaH .Urrg:wBM~cTiwii' pa6o'T'bi c Ko~~
Tpoiu1~poM KKOo7: IIpil 3ToM oli 'Mo:lKeT- pa6oiain Ka~- n pe~n:~e;npor~a-M~uo
ro o6Meua nauu:biMH. TaK uno Kauarry II.IIH ( B nocrreJJ:HeM, crry'!ae ncnorr:r,3yeTCSI: 
KOHTP~JI~~p rinn 8237' HMe~m~ri~~iB ITK)·. 'll~~TeRhHOCT~ UHKJI~ o5M~Ha: COOT-' 
neTc-rneuuo 24Mkcit5.S.MKcmicnbBo: 16 '6ui' (n:~Mepeii~.K .zi~x''IBM PC/XT)! 
En~K·~?~eT pa6oTa Tb no npepninaHHID. . . • ' ; . ' . ' ·. ' : ; . ; r d' . -; ;'. ' 

lluTep;peftc cohon:~ H3 'JJ:nyx nnaT H II K~( n: H II K~2;· '-K.orophie; seTa-' 
nrr.llroTcx cooTBeTcTneuuo B cBo6oJJ:H:bili: pa3'beM p~cillnpeu~.K ' TIK ~- 'B; Kpe'fi.y' 
KAMAK. TimiThl ~~en~iui:roTCJI :Ka6erreM u3 · cKpyti:eHHLIX 'nap.' Erro-K11 if II K -2 
co~.zi~u~eT~SI: ~ai6i<e·~· KOHTp~i'mepOM KK007 c noMotiii;ro JJ:OITOJIHHTeJl:bHOH Ma~· 
rncTi>.'arrn::K o.zi~oily'6rro:Ky HD K~1 MoryT 6hlTb noni<rr'rotieHhl nocrre.zioBaTeJI:bllO
JJ:~a6~6K~;H1IJ(~2:~· •-:' :r .· ... ' _: '' .:: · - · '_. ·.' 

·_ Ha'rr:HcaJio n'porpaMMm)e o6ecneqeHae ·Ha AcceM:6rrepe IBM' PC niili pa6o: 
Tb/c 6iroKoM n~ Bcex ·yrro~g-uyTiix pe)KnM'ax H, s .Jai:TuocTn:·, iio- lipepimaHHrol 

· '1 , •"\ • 7! 'I ~-· ·" . ' ' , • , > ; • ' ·: •• ~- • • • • •- • ' -,. -i" -~ ' • • ;· 'j 
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Tionnporpa!.IMhi Bhi3hiBaroTcx 113 nporpaMM na H3hiKax FORTRAN-77 n Cu. 
· B '!eTBepToii rnaBe onncbiBaiOTCX MnKponporpaMMnpyeMbiii KOHTponnep 

HMJI EC 5012-03 (c BhlcoKoii ci<opocThro o6t.tena nanHhiMn :S96 KEaiiT/c) nnx 
nonKnro'IeHnx K 3BM cepnn DEC II IBM PC nnniepcpeiic HMJI Tnna CM 5309 
(aTaK :lKe CM 5306 HIIll CM 5308)K IBM PC~ llpenenhHaH·CKOpOCTh nepena'In 
nncpopt.taunn nnx naKonnTenx CM 5309; nt.teromero CKopocTh npoTX:lKKn neHThi 
1.14 Mjc, npn JlBYX cnoc66ax 3anlrcil paBHa 36 KoaiiTfc n 72 K6aiiT/c (y Mo.iieim 
CM 5306 cKopocTh neHThi: =2M/ c, y CM 5308 =0.63 t.t/c ). Ooa 6noKa no3BonxroT 
BhlnonnxTh na6op cTannainiihlx onepaunii c MarnnT<)cponaMn. . 

KonTpon~ep BKnio'!aeTCK COBMecind c nn-i-epcpeiicaMn mm (ynoMXHY
ThiMll B 3-ii rnaae): K3001, K3002 nnn nnTepcpeiicoM IITIK nnx IBM PC. 
Konipomiep t.tai'imTOcpona HanHeTcH t.tnkponpoq1at.tt.tnpyeMhiM ycipoiicTaoM. 
Iihmo.imenn:biM na :met.tenTax ·cepnn· AM 2900. (180.4), K589, · K155, K573 no 

.. , ' . : , ·. ' '• , , .. I'" ' . . . . 
ipannunoHHOH. cpyHKUliOHanhHOR cxeMe. MnKpOKOMaH.il:hi' nnnnoii nonH 48 OHT 
3aimcanhi B 6 MriKpocxeM:ax II iJ 3 Y K573P<i>2 (nnn KP565PT7). Bhl6opKa MH" 
KI>OKm.rairn ~n .ii ll3 Y ?cymecTJ~nHeTcx.'non yripai:meim~MJcTpoiicTBa. MHKpo
nporpaMMHoro ynpaanennx. MnKponporpaMMa oTnaJKliBanach c noMOiuhiO cne~ 
~nanhHO pa3pa6oTaHH~rb' 6noKa.' 03 Y, cilx3annoro c 3BM H non:imio'!aeM:oro 

' ' • • < • • ' ' ' ' ' ' '·' ' I i . · ' · ~ · • • , . · -· ·'. _ · · · • ;·-'\ ': • • .;) 
BM.ecTo MHKpocxeM Jill 3 Y. 0Tna:lKennaH MUKponporpaMMa 3aTeM 6hma 3ann-
cana~ fill 3 Y KOHTpo~n~pa.: . " . 

)InTepcpeiic. HM:IT .Tnna CM 5309 ( CM 5306 n~n CM 53 0S) K• IBM PC, 
11onioiro'!aeTcx K HMJI tiepe3 cpopMaTep 1130T 5004-C, rroc.TaBnHeilhlii BMeCTe 

~ •.·· . ; _:. -. ·' • ~ . ' > ,, '' . ';, ·.' . • \ '. .• ' ,, : - ' . i . . . ~ .. · ' ' . ' 
C HaKOIIHTeneM,·H II03BOnHeT paOOTaTh C IInOTHOCThiO 3anncnj'l'TeHHx_'JlaHHhl)\: 
800 H 1600 Bpi. HnTepq)eiic BhiTIOnH~H. na OJlHOR rrnaTe KOHCTpy'Kiima IBM 
PC ·xT .• Ha o~noae nayx EIIC u'porpat.tt.tnpyet.tor~ ~·~panheJiiJioro ~HTep~eiid 
KP580BB5S .n.~nKpocxeM: ~epnii TTJI cpenlieft ·u' Ma,;;oiiun-:ferp~unn. Ilepena'ia 

• -.- .• _,, 1 \. '.- ·: • -~ • : " _.;. :-·,- : -- ... • • !.~ , .. ; . .. _ r / . , . _, : · . . , 
liHcpopMaUHH npoH3BOJlliTCX no Kanany nnn. IIMeeTCH B03MOJKHOCh nonnoro 
~BTOHOM~O~' ( 6e3 MarH~T~cpo~a) caM~K~HTponK c nn~rnri~~HKOR nencnpaalioro 
y3na ....... ·, ···· · . . . .'.·· .. ',:: ·, ·. · .· · , . · .. ' · .· . :- .. 

llnH'o6onx ycTpoiic'Ta·pa3pa6orano nporpaMMHoe ooecrretieHne (a·'!acT
HOCTH .zlnx p'a:o~~hl II~ npephi:BaH

1

HIO r :lr BHne rraK~TOB IIOJliiiJOrpaMM Hll~He-
.. c ? " • ' • ' ' '- -, • ! • • I ' ' • '. < , J 0 t " ~ ,• • •' U .; " -', : • , • , 

0 
•, ' , o , 

ro ypOBHH, TeCTOBhlX nporpaMM '1I )lHanOroBOll CHCTeMbl apXHBaUHH HHcpOpMa-
UHH. Bhl30B nonnporpaMM npon3BOJlnTc~ ;n3 nporpa~M nax3hiKax (FORTRAN}, 
FORTRAN-77: n Cn nriH. IBM PC. . . . . ·, . ··.· , , .. · ... • . 

.. ·, B II~Toii rnaae ~pUBOJlH;CH p~3yn~Ta~hl 3~cnep~~~~TanhHOro H3y'!eHH.ll 
HOBOro MeTOJla pa3Jl~neHHH .'!aCTUU (7r~fc). n JlH~IIMOii~ (0.5-;-0))r3Bjc 'nyieM 
anann;~ cpop~hl cnrnana c. JKHJlKo'Kp~IITOHOBOft ~~Hu3;t:UH~H~OH Ka~ephi>llnx 
nony'I~HHH. liOHH3aUHOHH'ux ll~Teph COOTBeTCTBYIOrrWX k-Me3onaM ():hlrin H~
IIOnh30BaHhl IIpOTOHhl C TaKOH :lKe CKOpOCThiO /3. lleTeKTOp '3KciloHHpOIJMCH Ha 
11n~nnoM ·n npoi-,~nno~ 'ny'!Kax :K~~ana Tll. yciopui~nH .:cERN Ps:~ He3aan
cnt.tax ·n:n~~THcp~Ka~HK IIY'IKO~hiX '!aCTliU ocymecTBnxna~h r~OBhlM ~ep~HKOB-

14 

CKHM C'!eT'!HKOM H JlBYMH CUHHTHJinXUliOHHhlMll C'!eT'!HKaMH, U3MepXIOin.HMH 
BpeM.ll nponeTa (TOF). Mnoro'!aCTli'!Hhie B3aHMOJleiicTBHX IIOJlaBJIHnHch c IIO
MOiuhiO CUUHTHnJIXUliOHHOrO C'!eT'!HKa aHTliCOBIIa)leHliH ll llyTeM aHanH3a cnr
HanOB BO BTopoM TO F-c'IeT'IHKe no aMnJinTyne. lln.K noro 6hiJI ncrronh3~man 
OJlHH Kanan. ll E 11 A. BTopoii KaHan ll Ell A HCIIOnh30Bancx Jln.ll li3MepeHn.ll Bpe-
MeHn nponeTa n.oT6opa '!a~i-nu no.3TOMY 11apaM:eTpy. · ··:· 

qeTi.rpe cnrnana cBhlX()JlOH «l>3Y TOF-c'!eT'!liKOB nonaaannch na nnc
KpnMnHaTophi co cnenxmnM noporoM· a 3aTeM na npeo6pa3oBaTemr BpeMH-KOJl 
(Le-Croy 2228A) nnx nocnenyromero anann3a~ . 

C uenhiO OUeHKH npnMeCH pacna)lHhlx MIOOHOB B IIHOHHOM IIY'!Ke C HM
nynhCOM (0.5+0.8)r3B/c6blno npoaeneno ~onennpoaanne c y'!eT(>M llapaMeTpoB 
ncnonh30Bannoii ycTanoaKn. Pe3ynl>TaT MonennpoaannH ·naeT ouenr(y' npnMecH 
MIOOHOB B COOhiTliXX )laBIIIHX CllrHan '£p1.122ep Ha ypOBHe 2%, IIpH 3TOM xapaK
TepHCTliKH liOHH3aUHOHHhlX CIIeKTpOB MIOOHOB ll IIY'IKOBhlX IIHOHOB cymecTBeHHO 
He OTnU'!aiOTCX. 

flpOTOTHU JKUJlKOKpliiiTOHOBClrO KanopnMeTpa COCTOXn ll3 IIOCJle)lOBaTeJih~ 
noro 'pgna 11apannenhHhiX nonn3au~ounmc 'I<at.tep pa3Mepo~ 8 x 12 ~M2• c 3a3opoi.i 
·Me)IQly. BhiCOKOJlOnhTHbiMU H cnrna'n'hHhlMH 3JieKTPOJlaMn paBHhiM 2 'eM. Ok no-' 
Memancx B :KpucicTaT c BnyTp(!n~nM,o6~e1i 6. 7 miTpa. Ka~e}rhi: 6Mnn pacrr~~o~ 
JKeHhl rrepnenmiKynHpH~ .OCH ny'!~a: 3n~KTpo~~·6~nn', cneirauhl H3' Jl~yx~-i-opOH:. 
nero «P?nhriipoBanm)ro cTeK~oieKcTorin~a FR4 ( T~~~noii 0~5 MM), TonmnH:a 
Mennoii cponhru' 18 MKM. Bcero OhiJIO HCIIOnh30BaH~ 9 3JieKTpOJJ:OB ITOIIepeMeHHO 
nonKnro'!eHHhiX ~· ,;3et.tne" .(5. cnrinwhHhlX IIJI?CKOCTeii) H K BhlCOKOBon~Tnotiy · 
IIHT~HH~ ( 4 3rieKTpOJla f_. HepBhlH H nocneiuinJi. cnrna:iJhHhle .3JieKTpOJlhl. ~Mem{, 
cnrHaJihHhle nnomaJlKHp~MepoM 8x'8 CM2 ' a ua'oc~aJi~HhlX TpeX6hiJI1I 'cnenanhl 
cnr~anhn~e nonoc:Kn :- cTpnhi.r :ui~pHnoii n~ 1 cM .. llBa 3neKTpo.rla nM~rinmi.pa'.ll~ 
nenhHhle CTp·H~hl C nayx CTOpOH n'a3aHMHO lleplleHllliKJnHp~hle npy~ Jtpyry: Ha 
OJlHOM cnrHanhHOM 3n~K~pone OpToroiian~~hle ~;pH~hl ( B H~llpaBJI~:nliHX X ·~ iJ). 
6hlnH c.liim~Hhl c JlBYX ~Topon.· Ehln HCIIOnh3~BaH llpoilhliiiiTe~HO IIOCT~BmleMhiH. 

' ! ~ • : • • < l i • J < ' ' • , ; • , ; • , • , ' • ' ' ; ' ' ~: , ; ' , -<- r ' 

KpHIITOH. ·. . .. , · . . 
' K IIXTll ue~Tp;whHhlM CTp'nnail na Ka)IQlOM CTp:u'rioBOM3;;eKTpone H ~ cnf

Han~HhiM nnomanKaM na. Kpaiimix 3JieKTpona:X. oblnn rr~nKniO'I~nJ:r. ~anoiJl:yMx~ 
miie ~apXJlO'IYBCTBH;e~hHhle npenycHJIHT~nH~ ·0~TaBIIIHeCH 'lctC~H ~HfHanhHhlX 
3neKTPOJl~B 6hlnn. 3a3e~nenhl . .fnopliJlll~e 11penycn11nTenH · { na oc}~OBe. ~pan3~
cTopoB PET. SNJ-903L) pa.cno~arannch na.nnaTe B, ~KpannpyiOmeM .Ko)Kyxe. 
mmocpencTBenno na Bepx~eii KphliiiKe ,Kpno~TaTa. <, ·. . . · .. , .. : .. . 

. CnrHMhl .c napacpa3HhlX BhlXOJlOB liHTerpilpyiOmnx npeny.cimnTeneii c 110-
MOiuhiO Ka6en~ ll3 CKpy'!eHHhlX nap,IIOJlaBan:H~h Ha ~OpMHpyroume ycnnHT~Jln' 
( ;,h=500 lie). Gnrna.Jihl cB:hlxonoB 3T:n'x y'cnnnT~neft ~uncppo~hlaanich c IIOMo: 
iuhiO aM~mnTyJlHhlX 11peo6pa3oBaTeneii (ADC.SILENA Mod.J418/Y). 

.lln.K onn~h!BaeMoro HHJK,e aH3Jill3a cpopM~ cnrnana ncllonh3onanc.ll TonhKO 
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· Digitizer cell 

Puc .. 10: TnnH'IHali !popM:a cnrHana, 
3aperHCTpHpomi.HHaJI OUH¢poBIIUiKOM 

· c Bhlxo.na lUI (H3 co6biTHii ripoiiie.n
IIIHX Bee KpHTepHH oT6opa). 

. .J 

O.UHH Kanan:, llO.UKlliO'IeHHhlH K nocne.uHeMy (:O:o ny'IKY) cnrHaHhHOMY :meKTpo
,riypa3MepoM .8Xl2 'cM2 C 2-CM 3a3opoM'.CnrHan c'ni6p:.UHOrO npenycHnHTeJHI 
3TOrD KaHan:~ nonaBMCX1 llOMHMO cpopMHpyromero JCHnHTena, Ha lliHpOKOllOnoc~ 
HI>Iii ycnnHT~no a 3aTeM;Ha Ouncpp~BIIUIK qlopMoi'cnrHana (Le~C~oy Mod: 2262) 
c :'.I'acio..roii md.6opKn 40 :M:ru: :::hoi :Monyno :B cTaH.uapTe KAMA:k · no3BonaeT 
c.rienaTb. J16' n3Mepe.Hnft :BeJin~HHbl bnrHana c '10~6HTHhlM p3.3penniHHeM. Bxo.u~ 
HOH' cnrmUI :HeripephlBHri OUHqlpOBhlBaElTCH .uo; npnx~.u~ CHrHan:a c m 0 ii: . . " . ' 

. HHcpopMiuina c perHcTpnpyiomeii anrrapaTyphl 6i.IJ!a 3annca:Hanipli Tpe)( 

3Ha..jeHHXX.HMnynoCOB llHC>HOB (580, 680 1{780 M3Bic) H np:ll Tpex COOTBeTCTBy~' 
IOllwX HM 3HaqeHHKx HMrrynoca npoTOHOB (noo;1270 1!'1440 M3B/ c). HMny!n.'
Cbl<'IaCTHU 6bl:rrn pac'IHTaH:i.l'c.uerr~>ro hoiJy:qnTl. nnoHoi n "Kaoilhl" c ui.iriyni
caMn500; 600 H 700 M3Bic HaBxone' n'nocne.ziHioiO uo!m3auuoiiH:yro'KaMepy: 
' •' H3. 3aperirc1:'pupoBaHHhlX 6oiJIH OT06paHhl 'o:UHo'!aCTH'!Hbie co6oiTUH c Tpe~ 

KaMu B cepe.u:K:HeKaMephiH 6e3 3aMeTii:oroBnUHH1IH BHelliHHX HaBO.UOK HacpopM}r 
CHrHan:a C BhlXO.Ua OUUcppOBIIUIKa (Puc. 10). 0HU· 6hlnU iicnono30BaHhl :Una: no~ 
cne.rlyromero: aHanu3a. · · ' : ' · · 

<l>opMa cHrHan:OB 6hlmt npoaiian:u3upoBaHa c ueni.ro nony-.ieHHH 3Ha'!eHHH. 
BpeM:eHli ilpeii(pa (Tdr=l:::7 .2±0.04 · MKc ). llyTeM ~.uByxKpaTHoio' ".uncpcpepelluup(P 
BaHnx". cpop:M:hl clirmuia rrony'Ianuc:b :HecKOJlbKO '3H;a'IeHHH dE I dx( i)m.; B O.UHOM 
2-c'M' 3a3ope; llmr 3KcriepuMeHTan:bHoi1 oueHKH BE!nH'lUHhl r. 6hln U:cnonb3oBaii 
cpaKT CHCTeMaTH'IeCKOro CHU)I(eHHX BenHtJUHbl , cpe.unero 3Ha'leHUH B. CITeKTpaX' 
dEidx(i)me• c y.BenH'lEmueM :HoMepa (i) :KBa3n-cnoa. B' cny'Iae Nq9~4'6Mnu 
llOC'IHTaiihl OTHorneH.ira dE I dx( n ):.n •• l dE I dx( 4 )me• npii n' = 2; 3, 4; i«1K .unx 
3KcnepnMeHT.an:bHhix .uaHHhlx, Ta:K n .umi. cMo.uennpo'BaHHhlx: co6hlTHi1 c • TaKHM 
)Ke 3Ha'Ieln're:M' Tdr n · aHan:orn'IHhlM. p<i.36neHkeM Ha q)ynn:hl.· CrreKTp 3Ha'Iemii1 
dE I dx(l),.;;,; oTBet{aromirii nejJBoM:y KBa3Ii~6io!o, 6Din n'cKnro.JeH n3paccMoTp_e-
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Puc. 11: .3asucuMoCTh HopMnpoBaH
HhiX cpe.nHux 3HaqeHuii dE/ dx oT Ho- . 
Mepa · KBa3n-cnoll, .nnll 3KcnepHMeH
TaJibHhlX H MO,L(enHpOBaHHhlX ,L(aHHhlX. 

\ .. 
HopMnpoBKa c.nenaHa Ha cpe;.mee 3Ha-
'IeHHe dE/ dx B nocn~.nH'eM 4-oM K~a3H
cnoe. 

HUH, BBU.UY TOro, 'ITO OHU nau6onee IIO.UBep)KeHbl CUCTeMaTH'leCKUM OUIH6KaM. 
Ha Puc 11 rroKa3aHoi pe3ynoTaTDI o6pa6oTKn 3KcnepuMeHTanoHbiX u Mo.uenn~ 
poBaHHbiX co6biTUii. H3 noro cpaBneHUll 6om~ Haii.u~Ha oueH~a BpeMeHH )KU3HH 
CB060.UH~IX 3neKTpO~OB ~e ':::!.27 MKC. , . . . . . ·. . . . . 

OcHOBhlBaacb Ha~ pe3ynoTaTax ~an:u6poBO'!HbiX ·H;MepeHuii 6hln . c.uenaH 
'· ': • 1 '. ~, \. ' • ". . . ,. ' . < 

BbiBO.U, .'ITO, B naiUeM · cnytiae 3apa.u co6paHHDiii npe.uycumiTeneM oKa3an:Cll B 
2.84 pa3a MeH~IIIe '!eM. cne~on~o O)KU.UaTb ucxo.ua u3 Bb~'!ucn~Huii c y~eT~~ 
crie.uyromn~ 3Ha'leHn~ W=20.5 3BI~~PY u r.=27 MKc. ITo~Bii.llu~oMy noTepll ~a
px.ua npou3~IIIna B pe3ynoTaTe npouecca peKoM6~mauun. ITo.uoGHhlii pe3yno~~T . ' . ,. . 
npHBO.UUTCH B nHTepaType, r.ue YKa3biBaeTCH1 'ITO npu UCIIOnb30BaHUU llpOMhliU-
neHHOro Kpunioii:a BhlCOKoil: cTeneHu oqiicTin' ( npiiM'ecn' 02 <:0.1· ppm;'riY'lnie 
'!eM· B. miiUeM cny'!ae) cur Han:· i: 'KaMephl, TeM He MeHee; 6hlri B .uiJa pa3a Meiroine' 
'!eM nocne .uorionHHTerii.H:oil: O'IUCTKU KpliiiTOHa." . . . ' •• ' . . . c 

B cnytiaeoTHOCHTenbHO Man:oro r.; (Pile} 11 ); Kor.ua no' npHBo.riuT K 3a~ 
MeT:HoM:y H3:M:eHenim 'cpciuii:iix 3H:aqeHuii crieKTpoB dE I dx( i)m•• B pi3Hhlx KBa3u
cnoxx, Heo6x~nUMO npoBeCTH HeKoiopyro npoueilypy HOpMHpOBKU. Tor.Ua'MQ)KHO 
6y.ueT cpaBH'nBaTb 3Ha'lemia dE I dx( i)me• B pa3Hhix' 1<B3.:Ju:cnoax. EcieciBeHHO 

. ' . ' . ' .. • . . • ', . , . , . '" . . I ,·;.... ,., 
npe.unonO)KHTb, 'ITO 3TH· CIIeKTphl B IIpUHUUIIe )lOJI)KHhl 6hlTb O.UHllaKOBhlMH,' 
Tor.ua .una ii:oln.IupoBKH MoryT 6h1io ncriono3oBaiihl :KyMyn.iri-iiimoi:e cpyHKUHH 
cneKTpOB dE I dx( i)~ •• B paJHhlX KBMU-cnoax. TaKcU HOpMHpOBKa ncnonb3YIO-' 
max KyMyii.II~HBHhle cpyii:Kuuu i:neKTpoB dE I dx( i)m~• B Ka)K.lloM: KB<i.3n-ciio'e 6oma 
ycneiUHO npoBepeHanpH'MO.UeriupoBaHUU H HCIIOnb30Banacb B aHaJIH3e'.uaHHhlX; 

llpH ncnonb30BaHHH MeTona rn6Koro (n6opa pa3.UeneHHe. CKOppeKTUpO; 
BaHHhlX crreKTpoir y.uenoHhlX noTepo .una 3KcnepuMeHTan:bHo · nony'leHHbiX .uaH
HhlX.yny'!iunnocb no cpaBHeiiuio c MeTO.UOM YC, oRo noKa3aHo Ha Pltc.12 a . .Una 
cpalmeHni H.iL Pnc: 12 b 'na'Ka3alioi pe3ynoTaT~ pa3.zieneHu~ 'l~~;~u ~'ony'leHHhle 

-~, •• • •,1' ' '· ·P , ; :·,'' •.r,': ,·., ':- · ,·· .--:~ -~ "": .. : J."';~~<'-• 
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Pile:· 12: a) XapaKTepncTHKa 3Kcnepm.i:eHTaJibHo nonyqeHHoro pa3.lleneHmr (1r~k) 'la

CTHU (POO%)" npn' HCITClJlb30BaHHH MeToJ(a rn6Koro OT6opa;' b) AHaJIOrH'lHbie xapaK

TepHCTHKH npH MOJ(eJIHpOBaHHH c napimeTpaMH nonyqeHHbiMH B 3KcnepHMeHTe· (no" 
itnMo uenn<inHbi myMa).Pa3JIH'lHbre KpnubHi cooTaeTcTBYIOT pa3HoMlp~ne~e~mo Ha 
KBa3H-CJIOH; Ollin6KH npHBeJ(eHbl TOlrbKO J(nll ADC. crreKTpou H J(Jlli cnfqall Nq'g=4; 
II pH .llpyroM 'lHCJie. KBa3H-CJIOeB orun6KH 6JIH3KH K _.cooTBeTCTBYIOIUHM 3Ha'leHHliM. npH 
N

99
:!:::.4. · ·' ·' \ . ' 

·•. ·l; .'.1' 

•' • ""i ,, 

npn MO.UennpoBaHHH 2-eM.)KH,llKOKpHllTOHOBOH KaMepbi._B.Ka'leeTBe napaMeTpOB 

kw,. Tdr .· n, 1-. 6omn B3.S£Tbl eo~TBe;~~BYIOIII~e p~3ynoTaTbi 1!3 ~H'an:n3a Harnnx 

3KCnepHMCHTaJibH~X ,llaHH~~.-'~aMn~HTY.ll~" myMa 'n~nOJih3~B~HHa.S£ B 3T.HX ~bi
'!HeJieHH.SlX nonaranaeh paBHoii L(B ye~o~Ho~x ennHnuax, nenono3o~aHHhl~ npn 

Mone~HP()BaH~n). HanoMHHM 'IT? no eooTBe~eTBOBano H3MepeHHhlM rnyMaM 

npenyennlnen.sr e norronHnTenbHoii eMKOeTbiO Ha Bxone paBHOii: C;n=82 n<l>. B 

HaiiieM eny'lae .llOllOJIH~TeJibHa.S£ CMKOeTh H~ BXO~~ npenye~JIHTCJI.Sl, OhlJia OKO~O 
. 30 ~<I> •. TaK~M o6pa3oM pMnn'lne '3Kenep1meHTanbHhlX H pae'leTHhlX naHHhlx 

• ' ' • • ~ ' • ' • > ' • • , • • • • ' 

He~noxo o6'h.sreH.sreTe.sr npyroii: ,Benn'lnHoii: rny~m, 3ano)KeHHoii _ npn ~onennpoBa~ 

HHH. ,, ._,. 

. IIoeKOJibKY !paKTH'IC<:Kn;ii: 3ap.srn e KaMephl6hln B 2.84_pa3a MeHhiiie o)Knna~ 

CMOro- 3KeiiepnMeHTaJibHOe pa3.llCJieHHe 'laeTHU OKa3aJIOeh Xy)Ke 'ICM pae'!CTHOC 

.llJI.S£. 'IHeTOro KpHllTOHa (Pne. 7a)., ,, : 

B 3aKniO'IeHnn. e!popMynnpoBaHhl ocHoBHhle. pe3ynoTaThl pa60Thl: 

1. IIpb~oneniipoBaHhl nbHn3aun6HHbie' no~epli: 3apa*eHIIOH 'l~c~'Huhl H B03: 
HHKaloiiiHX cS-3JI,eKTporioB B ~H.ll~OM Kpnniom! H 'noenenywmnii: ~6op 3'a-
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I 2. 

p.ana UIITCrpupyiOIIIUM npenyeuriuTeJieM. flono6pan' "nporpaMHhiH reHe
paTop" rnyMa · peanbHOro npenycun·uTen.ll. llpennaraeTc.ll MeTon aliann

·3a 'HecKOJibKUX 3Ha'leiinii: dE f dx( i):r, • ., ·no3Bonxromnii: ( c y'leToM rnyMa) 

yny'IIIIUTb ceneKTnpoBaHne qaeTnu no cpauHeHUIO c MeToitciM yce'leHHO~ 

ro CJlC,llHero. IIOKa3aHa B03MO)KHOeTb CCJICKTllpOBaHll.ll 7r-. II kcMC30HOB Ha 

ypoBHe 2cr npu UMITYJihCC ~O.S f3Bje B 4-'eM 3a3ope JKU~KO~pimT~HOBOll. 
IIOHU3aUUOHHOll KaMephi. 

flO.UTBep)K.UCHa B03MO)KHOCTh yny'IIIICHJI.II pa3.llCJICHU.II 7r~ U :k~MC30_HOB B 

O.llHOM 2-CM 3a3ope )KU,llKOKpllllTOHOBOll KaMepbi, 'IT~ 1103BOJIIIJI~ ~O.llH.IITh 

rpaHUUY pa3.UCJICHU.II Ha ypoBHe 2cr e 0.6 no 0.685 r3Bjc. 

.Uenaeie.11 epaBHenn~ 3KerrepnMeHTanhnblx pe3yn:i;TinoB e rip~nc~~3aun.II
Mn MonenupoB~HH.II n yKa;biB~IOTCX' rryT~ yny'I~CHH.II OTHOillCHII.II enruana 

K IIIyMy. 

OrrneaHHbiH MeT~.ll-MOJKeT 6b1Th ncrronb30BaH nn.11 uneiini!pUKaunu 'laenm 

B OTHOCUTCJibHO TOHKUX .llCTCKTOpax, B 'laCTHOeTU · .llJI.II perncTpaUUU 'la

CTUU e Z > 1, a TaK )KC .llJI.II orrpe.Ue[leHJill HCKOTOpbiX napaMeTpOB KaMepbi 
(uarrpnMep Td; n r.).' · · · -... 

3. · Pa3pa6oTaHHhin rrporpaM~mpyeMhiii 6noK nuyM~imoro alia:n·1I;a ~a ocnoBe 

6orciponeiieTuyrouiero FADC .riae-T B03MO)KHocTh,6hicTporo (::dOO 'ire) n 

ru6Koro OT6opa COOhiTUH II pH O.llHOBpeMeHHOM. aHanU3e .llBYX rrapaMeTpOB. 
flporpaMMnpyeMOCTb n,.KaK enenCT.BUe,_rn6KOeTh ;a~l!XOJI~KOB 1103BOJI.II

IOT uerronh30BaTb nx B npyrux 3KenepnMeHTax. 

4. Onncaunhrif unTepcpeiic IBM PC· .ll1l.ll KAMAK, II03B01l.lleT; npmBBO.lliiTh 

o6MeH nucpopMauneif KaK 110 KaHany 111111; TaK II no nporpaMMHOMY KaHa

ny. Hann'lne arrrrapaTHhiX epeneTB u cooTBeTeTiiyromero M:aTeMaTntiecKo~ 
ro o6ecrre'leHn.ll naeT B03MO)KHOeTb rrpunnMaTh nucpopMaunro rro Kanany 
llllll'B pe)KHM~ rrpepbiBaHnn; -.~-TO YBCJill'IUBaeT eKopoein' npiieM'a' ripu ria

pannenhHOH o6pa6oTKe. Oii no3:BonxeT iaK)KeJ>a6oTaTh c HoBbiMii 6onee 
6hleTpbi~~ Koi-mhiOTepaMu IBM PC/ AT-386. ' ·· '· . 

' ~, ,' ~ 

5. p'3:3pa6oi~HHhle M:nKporrporpaMMJipye:Moiif KOHTponnep M:arlniTo!p~H<i EC 

5012-03 (nn.11 3BM Tuna "CM-4", "3neKTponnKa-60", IBM PC) u nnTep

!peifc HMJI Turra CM 5309 (CM 5306, CM 5308) K IBM PC no3BonxroT 

peann3oBaTh Ha6op eTaHnapTHbiX onepauuii: Ha HMJI. llepena'la nH!pop

Maunn rrpou3uonnTex no KaHany rrp.11Moro nocTyrra K rraM.IITll npoueceopa; 

UMeeTC.II B03MO)KHOeTb pa6oThi nonpepbiBal!liiO- qTO JJ.aCT BhiCOKYIO eKO
pOCTb rrpneMa nu!popMaun~ ·n 3cpcpeinnunoeTh pa6oTbi rrpoueccopa. 
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Tax: 

Pa3pa6oTaHHOe rrporpaMMHoe o6ecrreqeHHe B Bn.ne naKeTa.rro.urrporpaMM 
; . !' ' ,, . .. ' . ·.' . .. : 

HH)KHero ypOBH.II, TeCTOBhiX IIporpaMM H .llHaJIOroBOll CliCTe~hl apXIIBaUHll 
UHit>opMaUHH .uaeT B03MO)KHOCTh pa6oThi c MarmiTHofi neHTofi Ha IBM PC 

.u ucrroJih3ClBaHII.II rrp9rpaMM Ha .ll3hiKax FORTRAN-77 u CH .. 
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