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B pa6oTe oruJ.caHa CMCTeMa p;rr.H Bhip;erreHM.H pacrr :tp;oB perr.HTMBMCTCKMX rurre

p.Hp;ep, o6panyiOII1MXC.H B .Hp;po-.Hp;epHhiX B3aMMop;eilc TBM.HX. Panpa6oTaHa M co

np;aHa p;eTeKTOpHaJI CMCTeMa, rrpep;Ha3Ha'IeHHaJI ,JJ;JI.H Bb:p;erreHM.H 8TMX pacrrap;OB. 3a

rrycKaiOII1MH MMIIYJihC Bbipa6aTbiBaeTC.H ITO COOTHOIIIeH 11IO aMIIJIMTyp; (dE I dx "'-' Z 2
) 

B ,JJ;BYX rrapax KpeMHMeBbiX p;eTeKTOpOB TOJIII1MHOH 300 \1KM. IJepBOH rrapOH M3Mep.H
eTC.H nap.Hp; rurrepcpparMeHTa Ha Bxop;e B BaKyyMM3MpoBaHHhiH pacrrap;HhiH o6'beM, 

BTopoii - nap.Hp; rrpop;yKTOB ero pacrrap;a Ha Bb!xop;e M 3 aToro o6'beMa. 

PerMCTPMPYIOII1aJI arrrrapaTypa BhiiiOJIHeHa B cTaip;apTe KAMAK, naHMMaeT 
O,JJ;MH KpeHT, yrrpaBJieHMe OCYII1eCTBJI.HeTC.H C IIOMOII1 ~IO BKJIIO'IeHHOH B CMCTeMy 
8BM IBM PC AT 486DX- 33. 

Pa6oTa BhiiiOJIHeHa 6rrarop;ap.H rrop;p;ep)KKe Poccuilc wro <-PoHp;a cDyHp;aMeHTaJib

HhiX IIccrrep;oBaHMH ( rpaHT 93-02-15583). 



CepbenHhie MeTO)J;II"<IeCKIIe Tpyp;HoCTII o6bi"9:::IhiX crroco6oB rrorry"<IeHII5I II IIccrrep;o

BaHII5I r1Irrep5Ip;ep CB5InaHbl C TeM, "<ITO OHII, 5IBJI5I5I :b <J>parMeHTaMII IIOK05II.I..l;erOC5I 5Ip;pa

MIIIIIeHII, o6rrap;a10T 0"9:eHb MaJibiMII BHepr1I5IMII II rrpo6eraMH. 8To o6CT05ITeJibCTBO He 

rronBOJI5IJIO p;o CIIX rrop Herrocpep;cTBeHHO Ha6rrrop;a1'h II IIccrrep;oBaTb pacrrap;bi r1Irrep5Ip;ep 

c A > 14. ,Il;rr5I Bhixop;a lin BToro MeTO)J;II"<IecKoro T{IIIIKa B JIB8 OMRM 6bm rrpep;Jio)KeH 

[1, 2] II ycrreiiiHO ocyi.I..l;eCTBJieH [3] HOBbiH BKCIIepHMeHT, B KO~OpOM IIOJiy"<IaJIIICb peJI5I

TIIBIICTCKIIe riiiiep5Ip;pa, KOTOpbie o6panoBaJIIICb J:aK <J>parMeHTbl 5Ip;pa-CHap5Ip;a, YCKO

peHHOrO Ha CIIHxpo<J>anoTpoHe OMRM p;o BHeprii:i:: 4 ArBB. OcHOBHbie rrpeiiMYI.I..l;eCTBa 

BTOrO BKCIIepiiMeHTaJibHOrO IIO)J;XO)J;a CBO)J;5ITC5I K C.Iep;yiOI.I..l;eMy: 

- cpep;HIIe )J;JIIIHbl pacrrap;OB TaKIIX peJI5ITIIBIICTCKIIX riiiiep5Ip;ep )J;OCTaT0"9:HO BeJIIIKII 

(""" 25cM ), "9:T06bi IICIIOJihnoBaTb p;oBOJihHO TOJICThi ~ MIIIIIeHII, a TaK)Ke nap5Ip;Hbie dE I dx 
p;eTeKTOpbi, BKJII0"9:1IB IIX B Tp1Irrep; 

- CKOpOCTII BCeX o6panoBaBIIIIIXC5I riiiiep5Ip;ep 6JIIInKII K CKOpOCTII 5Ip;pa-CHap5Ip;a, 

"<ITO cyi.I..l;eCTBeHHO o6rrer"9:aeT IInMepeHIIe IIX BpeM~HII )KIInHII (rro IIpo6eraM) II aHaJIIIn 

IIX pacrrap;oB; 

- yrrrhl BbiJieTa o6panoBaBIIIIIXC5I r1Irrep5Ip;ep 1 rrpop;yKThi IIX pacrrap;a orpaHII"<IeHbi 

MaJibiMII BeJIII"9:1IHaMII, "<ITO p;aeT BOnMO)KHOCTb IICIIo)JibnOBaTb CIIeKTpOMeTpbi CO cpaBHII

TeJibHO ynKIIMII arrepTypaMII. 

K co)KaJieHIIIO, B rrepBoM p;y6HeHCKOM BKcrrep rrMeHTe IICIIOJihnoBaJic5I crreKTpoMeTp 

CO CTpiiMepHOH KaMepoii, KOTOpM o6rrap;aeT nHa"9:HTeJibHbiM MepTBbiM BpeMeHeM II Bpe

MeHeM IIaM5ITII, "<ITO CIIJibHO orpaHII"9:1IBaeT CKOpOCTb Ha6opa CTaTIICTIIKII II IIHTeHCII

BHOCTb IICIIOJihnyeMoro rry"<IKa. Borree Toro BnaiiMop;eiicTBII5I rry"<IKOBhiX 5Ip;ep Ha 5Ip;pax 

ran a, HarroJIH5IIOI.I..l;ero cTpiiMepHyro KaMepy, conga DT <J>oH, KOTOphiii p;erraeT rrpaKTII"<Ie

CKII HeBOnMO)KHOH periiCTpai.J;IIIO MHOr0"9:aCTII"9:HbiX MenOHHbiX II 6enMenOHHbiX pacrrap;oB, 

cocTaBJI5IIOI.I..l;IIX ocHOBHYIO p;orrro pacrrap;oB r1Irrep5I/\ep c A 2:: 10. 

IloBTOMY )J;JI5I p;aJibHeHIIIIIX IICCJiep;oBaHIIH r1Inep5Ip;ep, a TaK)Ke CTpaHHbiX KBapKO

BbiX COCT05IHIIH IIJiaH1IpyeTC5I [4] IICIIOJihnOBaTb CITeKTpo~eTp C IIpOIIOpi.J;IIOHaJibHbiMII 

KaMepaMII (" AHoMarroH") [5], KOTOpbiH rronBOJIIIT yBeJIII"<IIITh cKopocTb Ha6opa cTaTII

CTIIKII 6orree "<!eM B 10 pan II periicTp1IpoBaTb r1Irro~p5Ip;pa c A 2:: 10. 

,Il;rr5I narrycKa BToro crreKTpoMeTpa panpa6oraHa TpiirrepHM CIICTeMa, KOTopM 

6yp;eT Bbipa6aTbiBaTb narrycKaiOI.I..l;IIH IIMIIYJihC rrpii pacrrap;e r1Irrep5Ip;pa B BaKYYMIIniipo

BaHHOM pacrrap;HoM o6'beMe. OcHoBy BToii CIICTeiv hi cocTaBJI5IeT TerrecKorr lin 2-x nap 

rrorryrrpoBop;HIIKOBhiX p;eTeKTopoB nap5Ip;a (dE I dx """ Z 2
) TOJII.I..l;IIHoii 300 MKM II p;IIaMe

TpOM 25 MM. 

Op;Ha lin BTIIX nap periicTp1IpyeT riirrep<J>parJ.reHThi Ha Bxop;e B pacrrap;HbiH o6'beM, 

p;pyrM - Ha Bhixop;e lin BToro o6'beMa periicTpiiJ'YeT rrpop;yKThi pacrrap;a. Bbip;erreHIIe 

pacrrap;OB ocyi.I..l;eCTBJI5IeTC5I ITO COOTHOIIIeHIIIO aMIIIIIITY)J; CIIrHaJIOB, IIOJiy"<IeHHbiX C BXO-
v v 

)J;HOII II BbiXO)J;HOII nap p;eTeKTOpOB. 

,Il;rr5I MeTO)J;II"<IecKIIX IIccrrep;oBaHIIH BToii Tp1Ir 'epHoii CIICTeMbi 6bma conp;aHa ycTa

HOBKa, 6JIOK-CXeMa KOTOpOH IIpiiBep;eHa Ha p1IC.1. 
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CMrHaJibi c p;eTeKTopoB cHa"<IaJia ycMJIMBaiOTCH npep;ycMJIMTeJIHMM P A, pacrroJio:tKeH

HbiMM HeiiOCpep;CTBeHHO OKOJIO p;eTeKTOpOB, a 3aTe:t-.[ ITO )l;JIMHHbiM Ka6eJI5IM IIOCTyiiaiOT 

B ycMJIMTeJIM A, pa3Meru;eHHble B KpeiiTe c perMcTp:upyiOru;e:H BJieKTpoHMKo:H. ITocKOJihKY 

B GTOH cMcTeMe IIJiaHMpyeTCH MCIIOJib30BaTh crreu;Ma;m3MpoBaHHbiH rrpou;eccop c BpeMe

HeM perneHM5! HeCKOJibKO COTeH HaHOCeKyHp; )l;JI5! 6bi<:Tporo Bbi)l;eJieHM5! pacrrap;OB ITO CO-
v v 

OTHOllieHMIO aMIIJIMTY)l; IIepep;HeM M 3ap;HeM nap p;eT( KTOpOB, TO B MeTO)l;M"<IeCKMX IJ;eJIHX 

CMrHaJibi perMCTpMpOBaJIMCb He TOJibKO CO "CIIeKTpO \1:eTpM"<IeCKMX" BbiXO)l;OB ycMJIMTeJIH, 

HOM c Hec¢opMMpoBaHHbiX "6brcTphrx" BbiXO)l;OB. HpM BTOM cMrHaJibi co "crreKTpoMe

pM"<IeCKMx" Bhrxop;oB M3MepHIOTCH rrpeo6pa3oBaTem MM aMIIJIMTyp;a-u;M¢pa ADC 1 -T 4 

(SAIJJI-335), a CMrHaJibi C "6biCTpbrx" BbiXO)l;OB M3M( p5IIOTC5! rrpeo6pa30BaTeJieM 3ap5Ip;

u;M<Jlpa QDC1 -T 4 . Ha BpeMH, Heo6xop;MMOe )];JIH Ebrpa6oTKM TpMrrepHoro cMrHaJia M 

cTpo6MpyiOru;Mx cMrHaJioB )l;JIH ADC M QDC 1 -T 4. aHaJioroBbie cMrHaJibi 3ap;ep:tKMBa

IOTCH c IIOMOI.I.l;biO Ka6eJibHbiX JIMHMH 3ap;ep:tKKM. ITo ~KOH"<IaHMM perMcTpau;MM p;aHHbre 

C"<IMTbiBaiOTCH M3 ADC 1-T 4 M QDC 1 -T 4 B 8BM IBM PC AT 486DX- 33. 

CxeMa Bbrpa6oTKM TpMrrepHoro cMrHaJia M c'Ipo6MpyiOru;Mx cMrHaJioB AU:IT rrpM

Bep;eHa Ha pMc.2. "TpMrrep" Bbipa6aTbiBaeTC5! ITO COBIIap;eHMIO "6biCTpbiX" CMrHaJIOB 

co Bcex 4-x p;eTeKTopoB. C IIOMOI.I.l;biO cxeMhi coBrrap;eHMH CC1, Kyp;a MMIIYJibCbi rrop;a

IOTCH c Bhrxop;oB 1 MHTerpaJibHbiX p;McKpMMMHaTopoB D1-T D4. BeJIM"<IMHoii rropora GTMX 

)l;MCKpMMMHaTOpOB 3ap;aiOTC5! 3ap5I)l;bl perMCTpMpye:t-,:biX "<IaCTMIJ;. 

CxeMa rrocTpoeHa TaKMM o6pa3oM, "<ITO 3a BpeMH "c6poca" rry"<IKa Ha6MpaeTcH 

pa60"<Ia5I CTaTMCTMKa, a B IIpOMe:tKyTKaX Me:tKp;y IJ;MI:JiaMM YCKOpeHM5! M3Mep5IIOTC5! IIbe

p;ecTaJibi rrpeo6pa30BaTeJieH M KOG<Jl<JlMIJ;MeHTbi rrepe/\a"<IM M3MepMTeJibHbiX TpaKTOB. 

,I(JIH 13TOrO Ha Ka:tK)l;OM IIOJiyiipOBO)l;HMKOBOM p;e'I eKTOpe IIOMeru;eH MCTO"<IHMK CY - "<Ia

CTMIJ; (Z~gAm) c 8HeprMeii 5,5 MGB MHTeHCMBHOCTblO rv 30 pacrrap;oB/ ceK. ITo CMrHaJiy 

Ha"<IaJia rry"<IKa (START OF BEAM) TaiiMepoM T1 Bbrpa6aTbiBaeTCH MHTepBaJI, orrpe

p;eJIHIOI.I.l;MH BpeMH Ha6opa cTaTMCTMKM. CooTBeTCTBJIOI.I.l;MH GToMy cocTOHHMIO rrpM3HaK 

rrepep;aeTCH B 8BM. ITo cMrHaJiy, Bbrpa6oTaHHOMY •:xeMoii coBrrap;eHMH CC1 cpa6aTbi

BaiOT TaHMepbr T8 M T9, Bbipa6aTbiBaiOru;Me cMrHamr GAT E1 )];JIH ADC1 -T 4 M GAT E2 

)];JIH QDC1-T 4. KpoMe Toro B3BO)l;MTCH TpMrrep, BbmoJIHeHHbiH Ha ocHoBe TaiiMepa T7, 
6JIOKMPYIOI.I.l;MH cxeMy coBrrap;eHMH CCL 8Ta 6JioKr.poBKa CHMMaeTCH rrocJie Toro, KaK 

gaHHbre, 3aperMcTpMpoBaHHhie B ADC M QDC, 6yg:rT C"<IMTaHbi B 8BM M cMrHaJioM no 

Bxogy R TpMrrep T7 6ygeT c6porneH. 

ITo OKOH"<IaHMM c6poca rry"<IKa ycKopMTeJIH Ha B:,rxoge 1 TaiiMepa T3 Bbrpa6aTbiBa

eTCH cMrHaJI, pa3pernaiOru;Mii Ha6op "rrbep;ecTaJioB". Bo BpeMH GTOro cMrHaJia TaiiMep 

T6 rrporrycKaeT MMIIYJibchr, Bbrpa6aTbiBaeMbie reHe:mTopoM, co6paHHbiM Ha TaiiMepe 

T5 3a c"<IeT rrop;KJIIO"<IeHMH ero MHBepcHoro Bhrxop;a KO Bxop;y "cTapT". MMIIYJibcaMM Taii

Mepa T6, rrpornep;rnMMM -qepe3 JIOrM"<IeCKMH cMeCMTeJib (OR), TaK:tKe KaK M rrpM pa6o"<IeM 

pe:tKMMe 3arrycKaiOTCH TaiiMepbi T8 M T9. A rrocKOJib(Y Ha aHaJioroBhiX Bxop;ax rrpeo6pa-

3oBaTeJie:H ADC 1-7-4M QDC 1-7-4 B GTO BpeMH cMrHaJioB HeT (BepoHTHOCTb rroHBJieHMH 

a-cMrHaJioB MJIM <JloHOBbiX cMrHaJioB MaJia), TO B ADC M QDC perMcTpMpyiOTCH "rrbe

gecTaJibr" M3MepMTeJibHbiX TpaKTOB. 
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ITo OKOH"'aHHH cnrHaJia c TaHMepa T3 ITpo:o;ec•: perncTpar.:t;HH "ITbep;ecTaJioB" 3aKaH

~umaeTC5I H cnrHaJioM c Bhrxo;o;a DEL 3aiTycKaeTca: TaHMep T4, pa3peiiiaiOIIIHH Ha6op 

HHq>OpMar.:t;HH OT a-"'aCTHr.:t; ( H3MepeHHe KoB<f>qm:o;neHTOB ITpeo6pa3oBaHH5I TpaKTOB ). Cn

rHaJioM c Bhrxo;o;a 2 Tall:Mepa T4 pa3peiiiaeTc5I cpa,)aTbiBaHHe cxeMbi coBITap;eHHH CC2, 
a cnrHaJI c Bhrxo;o;a 1 coo6IIIaeT 8BM o TOM, "'"o n;o;eT Ha6op a-ITHKOB. IIpn BTOM 

TaHMepbi T8 H T9 3aiTycKaiOTC5I cnrHaJioM CC2 ITO ITpHxo;o;y a--qacTHr.:t;bi B nro6oM H3 ;o;e

TeKTopoB. ,Il;n5I BToro cnrHaJibi c ;o;ncKpHMHHaTopon D1 -T D4 o6'be;r:J;HH5IIOTC5I ITo IIJUI H 

ITocne BToro 3aiTycKaiOT cxeMy COBITa;o;eJIHH CC2. BnoKHpOBKa cxeMbi coBITap;eHHH CC2 
Ha BpeM5I C"'HTbiBaHH5I p;aHHbiX B 8BM KaK H B cnycae Ha6opa pa6o"!eH CTaTHCTHKH ocy

r.u;ecTBJI5IeTC5I ITO Bxo;o;y aHTHCOBITap;eHHH cHrHaJioM c Bhrxo;o;a 1 Tpnrrepa T7. IIocKOJibKY 

B 8TOM pe:tKHMe CHI'HaJI OT 0:-"'aCTHr.:t; HMeeTC5I JIHIHb B O;r:J;HOM KaHaJie H3 "'eTbipex, ITbe

p;eCTaJibi, pei'HCTpHpyeMbie B OCTaJibHbiX KaHaJiaX: B I'HCTOI'paMMbl He 3aiTHCbiBaiOTC5I. 

8Ta pe:tKeKr.:t;H5I ocyr.u;ecTBJI5IeTc5I ITporpaMMHbiM ITyTeM. 

IIporpaMMHoe o6eciTe"'eHHe ycTaHOBKH BbiiiOJIH5IeT 3ap;a"'H yiTpaBJieHH5I aiTITapa

TypoH: c6opa p;aHHbiX, ITpep;BapHTeJibHOH o6pa60TKH H coxpaHeHH5I ITOJiy"'eHHOH HH<f>op

Mar.:t;HH Ha MarHHTHOM ;o;ncKe. YITpaBJieHHe aiTITapaTy poll: B Kpell:Te KAMAK ocyr.u;ecTBJI5I

eTc5I c ITOMor.u;biO KOHTponnepa KK009 [6]. ,Il;JI5I aepe;o;a"'H cHrHaJioB CHHxpoHH3ar.:t;HH 

Me:tK;o;y 8BM H Kpell:ToM KAMAK HCITOJih3yeTc5I m:aTa HHTep<f>eH:ca IIII-001, BCTaBJieH

Hasi B IBM PC. IIpn C"'HTbiBaHHH ;o;aHHbiX H3 ADC H QDC aHaJIH3HpyeTc5I cocTo5IHHe 

CHI'HaJIOB, ITOCTyiTaiOr.u;HX B KOMITbiOTep Ha BXO;r:J;bl 1 H 2 (pnc.2). 8To IT03BOJI5IeT pa3JIH

"'HTb HH<f>opMa:o;nro, IToJiy"'eHHYIO ITpH pa3JIH"'HbiX pe:tKHMax H3MepeHH5I. C"'HTbiBaeMbie 

p;aHHbie BMeCTe C ITpH3HaKOM, OITpep;eJI5IIOliiHM pe:lf HM H3MepeHH5I, MO:IKHO 3aiTHCbiBaTb 

Ha MarHHTHbiH ;o;ncK ;r:J;JI5I ITocne;o;yroiiieH: o6pa6oTKH. IIony"'eHHbie ;o;aHHbie oiTepaTHBHO 

Bb!BO;r:J;5ITC5I Ha ;r:J;HCITJieH KOMITbiOTepa B BH;r:J;e I'HCTI)I'paMM, "'TO IT03BOJI5IeT Ha6JIIO;r:J;aTb 

pa6oTy cncTeMbi B peaJibHOM MacuJTa6e BpeMeHH. Ha BKpaH o;o;HoBpeMeHHo MO:tKeT Bbi

BO;r:J;HTbC5I ;r:J;O UieCTH pa3JIH"'HbiX I'HCTOI'paMM. 

B ITporpaMMe c6opa ;o;aHHbiX 3aJio:tKeHa B03H02KHOCTb oiTepaTHBHO MeH5ITb KOH

<f>nrypa:o;nro CHCTeMbi, H3MeH5ITb KOJIH"'eCTBO H Mac UITa6 BbiBO;r:J;HMbiX I'HCTorpaMM, Bbi

BO;r:J;HTb HH<f>opMar.:t;HIO B BHp;e rpa<f>HKOB. B ITporpa vrMe ITpe;o;ycMoTpeH pe:tKHM py"'Horo 

KOHTponnepa Kpell:Ta KAMAK, "'TO IT03BOJI5IeT Bbrr OJIH5!Tb nro6yro ITocne;o;oBaTeJibHOCTb 

KOMaH;o; KAMAK. C"'HTbiBaeMbie ;o;aHHbie H cocT05I:IHe cTaTyCHbiX cnrHaJioB oTo6pa:tKa

IOTC5I Ha 8KpaHe. llMeeTC5I B03M02KHOCTb ~ar.:t;HKJIHT => BbiiTOJIHeHHe KOMaHp;bi, "'TO yp;o6HO 

ITPH HacTpOHKe aiTITapaTypbr. 

IIporpaMMHoe o6eciTe"'eHHe HaiTHCaHo Ha 5!3br:ce CII++, HCITOJIH5IeMbiH Mo;o;ynh HMe

eT pa3Mep OKOJIO 120 K6all:T. IIporpaMMe Tpe6yeTc5I 200 K6all:T oiTepaTHBHOH ITaM5ITH ;r:J;JI5I 

pa6oTbl. IIpn BbiiiOJIHeHHH ITporpaMMbi Ha KOMITbKTepe IBM PC 486DX- 33 BpeM5I 

BbiiiOJIHeHH5I o;o;Holl: KOMaHp;br KAMAK cocTaBJI5IJio 2.5 MHKpoceKyH;o;. 

Ha pnc.3 ITpHBep;eHbi rncTorpaMMbi a-ITHKa H CHI'HaJia OT TecToBoro reHepaTopa, 

HJIJIIOCTpHpyror.u;He pa6oTy O;r:J;HOI'O H3 KaHaJIOB CHC'l eMbl. 

Ha6op pa6o-qell: cTaTHCTHKH ITJiaHnpyeTc5I ITpoBeCTH B <f>eBpaJibCKOM 1995r. ceaHce 

ycKopeHH5I 5Ip;ep yrnepo;o;a Ha cHHxpo<f>a3oTpoHe JIBS. 
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B naKJIIO'IeHJ-Ie aBTOphi C'IIITaiOT CBOIIM rrpv. 51THhiM ;o;onroM Bhipam-ITh 6naro;o;ap
HOCTh HIIKIITIIHY B.A. na rrpo51BJieHHhru IIHTepec K pa6oTe II rrone3Hhie naMe"<IaHII51, a 
TaK)I{e ABp;eH'IIIKOBY B.B., ronoBaHoBy JI.B. II TOJ~apCKOMY B.II. na IIOMOI.I.J;b B II3rOTO-

u 

BJieHIIII p;eTeKTOpHOII CIICTeMbi. 

Mbi 6naro;o;apiiM TaK)I{e PocciiHCKIIH cpoH;o; cpyHp;aMeHTaJihHhiX IIccne;o;oBaHIIH, rrpii 
rro;o;;o;ep)I{Ke KOToporo rrpoBep;eHa BTa pa6oTa (rpaHT 93-02-15583). 
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narne:ADC1 _AOC1 ___ 1:H_3 

Enters 1200 
1000. Mean 259.47 

Sigma 76.52 
Under 0 
Over 0 

500. -

500. 1000. 


