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Oli!!!A51 XAPAKTEPIICTIIKA PAliOTbl 

TTpe,nCTaBJieHHal! ,n11cceprnum1 0CH0BaHa .Ha MaTep11anax .pa3pa60TOK, BbIII0JIHeHHblX 

aBT0p0M B Jia6opaTOpllll Bb!C0KIIX 3Heprni1 O61,e,n11HeHHOfO llHCTllTyra ll,nepHblX llCCJie,no

BaHllH Ii J1HCTIIT)'Te ll,nepHblX llCCJie,noBaH!lH Ii ll,nepHOH 3HepreTllKll EonrapCKOH aKa.1{eM!lll 

ttayK B 11ep110.n c 1992 110 1999 ro.n. 

lJ,eJihIO Hacrnmueif pa60TbI llBJIHeTCll pa3pa6oTKa n BHe,npeH11e JJieKTpOHHOH a1111apa

Typb1 ,nnll JKcrrepnMeHTOB, 11poao,nnMb!X Ha c11eKTpoMerpe C<I>EPA (JIB3 OIUII1). A1111apa

Typa 11pe,nHITTHaqeHa .nnll: 

c6opa .naHHb!X c .npettqJOBb!X K<L\f~P ueHTpanbH0f0 . ,neTeKT0pa ClleKTp0MeTpa 

C<I>EPA; 

- 6b1cTporo oT6opa <mone3HbIX» co6b1Tni1 110 apeMeHn nponern qacTnu; 

C03,1{aH!lll CllCTeMbl Bb!C0K0B0JJbTH0ro rnITaH!lll .1{Jlll CUHHTHJIJlllUH0HH0ro ro.no

CK0lla cneKTpoMeTpa C<I>EPA. 

AKryaJihllOCTh pa60Thl o6ycJIOBJieHa ee Ha11paBJieHH0CTb!O Ha pa3pa60TKY C0Bpe

MeHH<;JH JJieKTpOHHOH a1111apaTypbl, HCIIOJ!b3YeMOH B 3KC11epnMeHTax, np0B0.1l;HMb!X 11a YHH

BepcanbH0M 4n-c11eKTpoMeTpe C<I>EPA: 

I. ,[(Jill perncTpau1111 11po,nyKTOB qiparMeHTau1m MmneHn cneKTpoMerpa C<I>EPA H3-

rornBmrnaeTcll unmrn.npnqecKal! .npeifqioBal! Ka.\fepa. Ilpn npoBe,neHHH nnaHnpyeMbIX JKc

nepnMeHT0B Heo6xq,nnMO o6ecne'!HTJ:i perncrpaun10 MH0roTpeK0Bb!X co6bITHH C Bb!C0KHM 

11pocTpaHcTBeHHbIM pa3peIIIettneM. 

,[(Jill C03,1{aHHll CHCTeMbl c6opa ,naHHb!X C .npettqJOBb!X KaMep 6b!JI pa3pa6ornH M0.1l;YJib 

Ml 102 Multihit TDC. 

2. Ha cneKTpoMerpe C<I>EPA ocymecTBJillIOTCll JKcrrepnMeHTbI no myqeHn10 peaK-

unii qJparMeHTaUHH ll,nep ,nettTepnll B r H pa3Bana ,nettrpOHa. B 3THX HCCJie,n0BaHHllX BpeMll 

nponeTa qaCTHUbI, BbIJieTaIOmeii H3 TQqKn B3aIIMO,nenCTBHll, nporropUH0HMbH0 ,nJIHHe npo-

6era n o6paTHO nponopunoHMbH0 ee CK0p0CTH. IloJTOMY qaCTHUbI c o,nnHaK0BbIM HMnyJib

C0M, HO C pa3JIHqHb!MH MaCCaMH HMeIOT pa3JIHqHoe BpeMll npoJieTa. TaK KaK JTa MeT0.1{HKa 

n,neHTnqinKaunn qacTHU npnMeHllJiacb 11pn c03,nattnn rpnrrepa no BpeMettn nponern, TO c 
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uenbIO ynyqrnemrn pa6oTbl CIICTCMbl c6opa .naHHb!X Heo6XO.!lllMO 11c'110JJb30BaTb 6hJCTpblH 

rp11rrep C cymeCTBCHH0 MCHbllIIIM «MepTBbJM)) BpeMeHeM. 

PerneH11e :noH 3a.naq11 11p11aeno K pa3pa6oTKe II c03.naH1110 11peo6pa3oaarem1 apeMll

K0.!l C or6opoM IIHTepBan0B BpeMeHII 110 ,!lnllTCJ!bH0CTII II 6bJCTporo «BpeMeHH0fO .!lllCKpll

MIIHaTopa». 

3. O6naCTb cpparMeHTaUIIII ll.!lpa-cHapll,!la xapaKTep113yeTCll 3Haq11TeJJbHOH MHQ)l(CCT

BCHH0CTb!O BT0p11qHb!X qaCTIIU, nernm11x B MaJJ0M TeJJeCH0M yrne. 8 :JTIIX IICCJIC.!l0BaHllllX 

11.!lCIITllqJIIKaUllll 3apl!)l(C!I!Ib!X qaCTIIU ocymeCTBJJlleTCll 11yTeM 113MepeHllll IIMIIYJJbCa 110 OT

KJJ0HCHIIIO B II0CT0ll!IH0M MafHIITH0M none II 011pe.nene1Illll CK0p0CTII qaCTIIU C II0M0lliblO 

BpeMllllponeTH0H MeT0.!lllKII. ,[(Jlll perneHllll )TOH 3a.naq11 K00p.!lllHaTHble 113MepeHllll ua cneK

rpoMerpe C<l>EPA Bb!II0J!Hll!OTCll c II0M0lliblO Ha6opa CUIIHTIIJJJ!llUII0H!IblX fO.!l0CK0II0B. 

L(Jlll o6ecneqeHllll pa60Tbl H0B0fO CUIIHTIIJIJJllUH0HH0ro fO.!l0CK0lla 6bma c03.naua 

11porpaMMHO-ynpaBJJl!CMall CIICTeMa BblC0K0B0J!bTH0ro IIIITaHHll ,!lJ!ll q>OTO:JJJeKTpOHHblX YM

!IO)l(IITCJJeH. 

HarrnaH HOBH3Ha II DOJI0'1CeHHH, BblH0CHMble ua 3amnry: 

1. Ha 0CH0Be auan113a IICTQqHIIK0B norpenrnocTeH cqerHO-IIMIIYJ!bCH0ro MCT0,!la 

npe,!ln0)l(CH H3MepHTCJ!b!Ib!H anropllTM .!lJ!ll npeo6pa3oBaHHll BpeMll-K0.!l, pa60Ta!OllIIIH 110 

MH0f0q>a3HOMY MeT0.!lY- Ha 6a3e :noro anropllTMa pa3pa60TaHa op11rnuanbHall cxeMa qeTbl

pexcpa3HOf0 llHTepll0J!llT0pa ,!lnll 113MepeHllll «0CTaroqHbJX)) llHTepBan0B B KOM611H11poBaH

HblX 11peo6pa30BaTeJJl!X BpeMll-K0,!l. 

Ilpe,!lJJO)l(CHHall cxeMa MHOrOq>a3HOf0 IIHTepnonllT0pa .no HaCT0llllICfO BpeMeHll ue 

HMeer aHanoroB B n11reparype • 

2: BnepBbie, Ha 6a3e 11porpaMM11pyeMb!X llHTerpanbHbIX cxeM IIOBb!llICHHOH CTe11eH11 

11Hrerpaun11 cpnpMbI XILINX, pa3pa6oraub1: 

- apxHTeKTYPa ll C03,!laH 16-KaHaJJbHb!H 11peo6pa30BaTeJJb BpeMl!-K0.!l B Bll,!le IIHTe-

rpanbHOH CXCMbI; 

- Mo.nynh Ml 102 Multihit TDC, pa6ora10m11H 110 KOM611H11poBaHH0MY Mern.ny. Ycr

poiicrBo orneqaeT BCeM Tpe6oBa!IllllM MH0fOCTOII0B0ro BpeMeHH0f0 ananll3a. Ilpll :JT0M OHO 

He ycry11aeT 110 CB0IIM ll3Mep11TCJ!bHb!M xapaKTepllCTIIKaM 3apy6e)l(Hb!M pa3pa60TKaM II0-

.no6uoro Ha3Haqen11ll. 
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3. ITpe.nno)l(eH II peamnoBan ua 11paKrnKe np1rnuun «apeMeHHoro .n11cKpHMHHaropa» 

;.mll pea.nu1am111 yCTpoi1crn. npnMettl!eMbIX np11 co1nam111 rp11rrepos no BpeMeHH nponera. 

CxeMa «BpeMeHH0ro .!lHCKpHMHHaTopa» He HMeeT a11anoroB B JJJJTeparype. 

4. C03.na11a CHCTeMa BblC0K0B0,1bTHOfO mnaHHll q>OTOJJJeKTPOHHblX yMHO)l(l!Teneii. 

BXO.!llllUIIX B COCTaB CUIIHTHJJJJllUIIOIIH0fO ronocKona cneKTp0MeTpa C<l>EPA. 

IlpaKTll'leCKaH ueHHOCTb pa60Tbl COCT0IIT B TOM, qTo pa1pa60TaHHall annapaTypa 

11a11rna np11MeHeH11e B :JKcnepHMeHTaX. npoBO,'.IIIMblX Ha ycrnH0BKe C<l>EPA B Jla6opaTOp1111 

BblC0KIIX 3Heprni1 0115111. 

A11po6au1rn pa60TL1 11 ny6m11..:auu11. 

OcHOBHble pe3yJJbTaTbl p<160T. Bowen11111x B n11cceprau1110 II ony6n11KoBaHHblX B BIi.UC 

)KypnanbHblX CTaTeH. npenpllHTOB II coo6meHIIH 0115111 [1.2.6-9]. o6cy)l(,UaJJIICb Ha narrno

MeT0,UH'!eCKIIX ceMIIHapax Jla6opaTopm1 Bb!C0KHX :meprni1. ,U0KJJa,UblBaJJHCb Ha MC)l(,UyHa

po,uHblX coaemanHllX «Penl!THBIICTCKall l!,uepnall cpH3iIKa OT coTeH M:JB no TJB». Co3ononh 

( 1996) 11 Baptta ( 1998). Eonrapnll [3-5]. 

CTpyi..:rypa 11 061>eM m1ccepTau1111. 

,[(11ccepTaUHll COCTOIIT 113 BBC,UCHllll, qeTblpex rnaB H 3aKJJIO'ICHllll. Pa6ora conep)l(HT 

98 CTpanuu MaWHHOIIIICH0ro TCKCTa. 7 Ta6JJHU. 36 pHCYHKOB. Otta conep)KIIT TaK)l(e 6116m10-

rpac~11qecKHH CJJIIC0K JJIITepaTypbl H3 99 11a11Me!IOBaIIIIH II np11JJO)l(eHHe. BKJJIOl(aJO[Uee B ce-

6ll JJOJ!Hble xapaKTep!ICTIIKII pa3pa60TaHHblX ycrpol1crn. 

COJ!EP)KAHME PAliOTbl 

B BBE)],EHIIII ccpopMyn11poBan1,1 uenb pa6oTbI. ee aKTYaJJbH0CTb u 11ar111al! 11oa11J-

1rn. ITpHBe,UeH KpaTKIIH ofoop .!lllCCeprnu1111. 

r JIABA I. ITepBM rnaaa nocBl!IUeHa pa3pa6orKe M110rocpa3ttoro mnepno.rrnTopa ,uJJll 

H3MepeHHll «ocrnroqn1,1x» mnepaanoB apeMe1111. 

nocne KOpOTKoro BBe,!lellllll, 11a OCHOBe ofoopa JJIITCpaTyp1,1 (pa'J)lCJI I.I). lr!JIO)l(Cllbl 

1ia116onee qaCTO IICJJOJ!b3YCMl,IC MCTO,Ubl npco6pa30B,lllllll BpeMll-K0/1 II 11p11111Ulllbl II0CTpoc

HHll CIICTeM BpeMeHHOro aHaJJH'Ja. Cpe.u11 HIIX. 
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- O)lHOCTOTIOBhIH H MHOfOCTOTIOBbJH peJKHMhl pa60Thl aHaJJH3aTopOB, rrpHMem1eMhIX 

B JKCrrepttMeHTaJlhHOH <pH3HKe; 

- C'!eTHO-HMTIYflhCHhlH MeTon; 

- MeTO)lhl )lflJI H3MepeHHJI MaJlb!X HHTepBaJJOB BpeMeHH: xpOHOTpOH, HOHHYC H Bpe-

MJl-aMrrnHTYJlHhIH MeTon; 

- KOM6HHHpOBaHHb!e MeTO)lbl. 

B pa1)leJ1e 1.2 paCCMOTpeHhl BOrrpOChl, CBJl3aHHbJe C rrpttMeHeHHeM MHKpocxeM 06-

mero HaJHa'!eHHJI )lflJI H3MepeHHJI HHTepBaJJOB BpeMeHH: IlaMJITII, C)lBHfOBblX perHCTpOB H 

aHanoro-utt<ppoBhIX rrpeo6paJoBaTeneii. 

B KOHUe paJnena naHO KpaTKOe OTIHCaHHe Hatt6onee umpOKO npttMettJleMh!X MO)lyneii 

)lflJI CbeMa HH<pOpMau1m C npeii<pOBhIX KaMep. IlpH3HaKOM_, o6'he)lHHJIIOIIIHM paccMOTpeHHbJe 

ycTpoiicrna B OilHY rpynny, J1BnJ1eTcJ1 crroco6 npeo6paJoBaHHJI mnepBanoB BpeMeHH B UH<p

poBoii KO)l - KOM6HHI!poBaHHbJH MeTO)l c HHTepno,'!JITOpOM Ha OCHOBe <paJOBOro KO/lllpOBa

HHJI. 

B pal)leJJax 1.3 - 1.4 Ha 6aJe o6o6meHHOro aHaJJH3a HCTO'IHHKOB H3~epttTenhHOH 

oum6KH, neiiCTBJ!OIIIHX BO BpeMJI rrpeo6pa30BaHHJI, rrpennoJKeH anropHTM H3MepHTenhHOro 

rrpouecca [1]. ,[(aHHb!H anropIITM pa3pa6oTaH Ha OCHOBe MHOro<paJHOro MeTO)la )tflJI Il3Mepe-. 

HIIJI · HHTepBanOB BpeMeHII. B rrpouecce rrpeo6paJoBaHHJI qiopMI1pyeTCJ1 MHoJKecrno Utt<ppo

a~ix KO)lOB, COOTBeTCTBYIOIIIHX )lflIITenI,HOCTH H3MeplleMOro IIHTepBana. TaK KaK C'!eTHO

HMTIYflhCHh!H Mernn rrpeo6paJyeT '1rnJKn1,1i1 BpeMeirnoii · IIHTepBan !lBY3Ha'IHO H oueHKH 

BpeMeHHoro IIHTepBana I1Me10T paJnil'IHYIO qacToTy «npoJ1Bne11ttJ1» B naHHOM MHoJKecrne, TO 

rrpH TIOMOIIIII anropHTMOB «ycpenHeHIIJI)) pe3yni.TaTOB Il3MepeHIIJI qiopMttpyeTCJI 

OTITIIMaJlhHaJI OUeHKa )lflJI Il3~eplleMOfO irnn:pmuia •. · : 

Pa1nen 1.5. B Ha'!ane paJnena, rrocne KopoTKoro BBe.zteHHJI, rrpIIBe,neH attantt3 pa6o

ThI cxeMhl CIIHXpOHH3aUHH B C'!eTHO-IIMrryn1,cHh!X npeo6paJOBaTenJ1x: AHaJJH3 pa60Tl,I cxe

Mhl <pa3I1pOBaHIIJI TIOKaJh!BaeT, '!TO norI1'1eCKI1e JneMeHThl, ocymecTBflJIIOIIIIle <pyHKUHIO qia-

3I1pcma11I1J1, cpa6a'i1,rna10T rro ynpaBnJ1IomeMy qiponry rrepBoro TaKTOBoro I1Mrryn1,ca JTa

noHHOH cepHH 3a CTapTOBhIM II CTOilOBh!M CHrHaJlaMII. EcnII ~ rrpeo6pa30BaTene IICTI0flh3y

IOTCJI .ztBe rrponrno<paJHhie nocnenoBaTen1,HOCTH I1Mrryn1,c0B orropHoii qacTOThI, TO no oqe

penttoCTH cpa6aTh!BaHHJI cxeMhl <pa3HpOBaHIIJI MOJKHO orrpenenHTh MOMeHThl npttxona crnp-
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PIie. i. cl>yHKUHOHaJlhHaJI CXel\rn )lByx<paJHOro rrpeo6paJOBaTenJI BpCMJI-KO)l 

TOBOro n CTOTIOBOro CilfllaJJOB OTHOCHTCflhHO <pa3hl orropttoii cepttH. Ha 6aJe JTOH HH<popMa

UHH TIOBhIIIIaeTCJI B)lBOe BpeMeHHOe pa3peIIIeHHe tt TO'IHOCT!, Il3MepeHIIJI. 

B pa3)leJJe 1.5.1 paccMOTpeH rrpttHUHTI pa60T!,! )lByx<paJHOii CXCMl,I CHHXpOHil3auIIII C 

o6paTHOH CBJ131,IO (CM. pttc.1) [2]. B ,naunoM npeo6pa3oBaTene TIO COCTOJIHHIO Bh!XO)lOB cxe

Mhl CIIHXpOHH3aUHH orrpenenlleTCJI BpeMJI rrpHXO)la crnpTOBoro II CTOTIOBOro CHrHaJJOB OTHO

CIITenhHO IIMTIYflhCOB JTaJJOHHOH cepHH C TO'IHOCT!,IO )lO rronOBHHhI JTaJlOHHoro rreptto,na. 

PaJ)len 1.5.2. Ha pI1c.2 rrp1rnene11a cxeMa 4--qiaJttoro nHTeprrciJIJ1Topa [2]. Peanma

UHJI IIHTeprrOJIJIUHOHHOro anropIITMa «OCTaTO'llll,lX)) IIHTepBMOB ocymecTBnJleTCJI na 6aJe 

paCCMOTpeHHOro JlByx<paJHOro HHTeprrOJIJITOpa. B )laHHOM cnytJae HMrryn1,c111,ie rrocnenoBa

TeJihHOCTH CLKJ-CLK4 HMeIOT O)lHHaKOBh!H JTaJJOHHblll rrepHO)l II KOJ<p<pIIUileHT 3arronHe

HIIJI - 50 %. Outt C)lBHraIOTCJI oiuocttTen1,uo «ocnoBHOro» TaKToBoro caruana CLKJ rro 

rrpaBIIJIY 

<p -(i-1).:E._ 
'·1 - 2M' 

(I) 

rne i - HOMep IIMTIYflbCHh!X cepilii (i = I, 2, 3, 4). 
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· Pnc.2. <l>yHKUHOHa.JibHM cxeMa 4-<pa:moro HHTepIIOJll!TOpa 

I..ltt<ppOBOH KOLi, coorneTCTB)'IOIUHH «OCTaTO'lHOMy» HHTepBa.rry, orrpe,!leJilleTCll cne

LIYIOIUHM o6pa30M: 

CTapmnil pa3pH/J. h2: ero 3Ha'leHHe orrpe,!leJil!eTCll OTHOCHTeJibHO OCHOBHOH TaKTO-

Boil 11acTOThI CLKJ: 

h2 =QM6• (2) 

Pa3pH/J. h 1: ero 3Ha'leHHe orrpe.nenl!eTCll OTHOCHTeJibHO HMIIYJihCHhIX rrocne,1lOBaTeJib

HOCTeil CLKJ H CLK3: 

bl =QM6EBQMJO. (3) 
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H11mepno.1J111um111b11i h'OO 

Pttc.3. PacrrpeL1eneHtte cyMMapttoro mneprronHUHOHHoro KO.Ila 

MJia/J,IUIIH pa3pH/J. ho: ero 3Ha'leHHe 3aBHCHT OT COCTOllHHH Bcex cxeM <pa3HpOBaHHll: 

h0 = ((QM6 EB QM10 EB (QM8 EB QM12 )). (4) 

TTpeLIJIOJKeHHhlll HHTeprrOJillUHOHHhlll a.rrropHTM pea.rrll3oBaH B MOL1yne [6]. flttHeil

HOCTh HHTepIIOJlllTOpa 3KCIIepHMeHTa.JlhHO 6brna onpe,1lenetta no TaK Ha3bJBaeMOMY «6enoMy 

cneKTpy». Ha pttc.3 npHBe,1leHO no.r.y11eHHOe pacnpe,1leJieHtte cyMMapHoro HHTepnOJillUHOH

HOro KO,lla. ,ll;tt<p<pepeHUIIa.JibHM HeJIHHeilHOCTh COCTaBJilleT I %. TTpoBe,1leHHhie TeCThl noKa-

3a.JIH, 'lTO BCJie,1lCTBHe HeH,1lea.JihHOCTH npttMeHlieMbIX 3JieMeHTOB (HettyneBoe BpeMll no,1lro

TOBKH no D-BXOLIY TpHrrepoB If HettyneBoe BpeMll cpa6aTbJBaHHll JIOfH'-leCKHX 3JieMeHTOB) 

noJIHOCThlO ycTpaHHTh HeJIHHeHHOCTH mnepnOJillTOpOB He yL1aeTCll. TTo3TOMY, LIJlll 3aJlaHHOil 

3Ta.JIOHHOil qaCTOThl, K H,!lea.JihHOMY pe3yJihTaTY MOJKHO nptt6JIHJKaTbCll. eCJIH MHHHMa.JihHhlH 

nepHOLI HMnynhCOB reHepaTopa onpe,neJil!eTCll no npaBHJIY 

0,57;. 2: Tn- + T& + T,'<' • (5) 

r.ne Tl·F - speMll cpa6aThlBaHHll TpHrrepoB, Tn. - MHHHMa.JlhHOe BpeMll nOLlfOTOBKH no EC

BXO.llY rpttrrepoB, Tcr. - BpeMll 3a,nep)l(KH JneMeHTa «H». 
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BbIITOJIHeHI1e ycnOBHll (5) o6ecne•nrnaeT npaBHJlhHOCTh pa60Thl cxeMhl ¢a111poBaHHll 

C o6paTHOH CBll3hlO. KpoMe 3TOfO, np11 3aJJ.aHHOH TOqHOCTII npeo6pa30BaHHll BpeMll-KOll !JT. 

llJlll llOCTIIJKeHllll MIIHIIMaJihHOH HeJI11Heil:HOCTII Heo6xon11MO BhIITOJIHeHHe ycnOBllll 

l':.T~T0 , (6) 

rne !JT - ueHa KaHana npeo6pa30BaTeJill BpeMll-KOll, T,, - MIIHIIMaJihHOe BpeMll nonroTOBKII 

no D-Bxony Tp11rrep0B IIHTepnonllrnpa. 

r JIABA II. Brnpall rnaBa nocBll!UeHa pa1pa60TKe MHorocrnnoBoro MnoroKaHanhHO

ro npeo6pa30BaTeJill BpeMll-KOll Ml 102 [3-6]. BnepBbie, Ha OCHOBe MHOroKpaTHO nporpaM

MllpyeMhIX IIHTerpanhHhIX cxeM ¢11pMhI XILINX, pa1pa6ornH 111Mep11TeJih IIHTepBMOB Bpe

MeH11 KOM611H11pOBaHHOro nma. TTpe}lJIOJKeHHhlH cnoco6 C03}laHllll Monyneil: }lJlll BpeMeHHO

ro aHaJill3a no1Bom1eT OTKa3aTbCll OT TPY/l0eMKIIX cXeMHhIX perneHIIH Ha 6a1e CTaH}lapTHhIX 

IIHTerpaJibHhIX cxeM. 

B pa3,llCJie 2.1 npllBe}leHa 6JIOK-CXeMa MO/lYJill (CM. p11c.4). MO/lYJih np,encrnBJilleT 

co6oil: cneu11an11311poBaHHOe ycTpOHCTBO }lJlll CbeMa BpeMeHHOH IIH!pOpMau1111 C }lpeil:<pOBhIX 

KaMep. l1cnoJih30BaHlle B MO}lyne nporpaMMllpyeMbIX cxeM C 6oJiblllOH CTeneHblO IIHTerpa

UIIII n03BOJIIIJIO 06ecneq11Tb Heo6XO}l11Mble 113Mep11TeJihHbie xapaKTepllCTIIKII: 

ueHa KaHana cocrnBJilleT 2 He; 

nporpaMMllpyeMbIH 113MepnTeJihHhIH }lllana30H (16 HC - 8 MKC / mar 64 He); 

, - nporpaMMHpyeMoe KOJI11qecTBO perHCTPHpyeMblX _CllrHaJIOB «CTOn» B KaJK}lOM H3-

Mep11TeJibHOM KaHaJie ( 1 - 16 CTOnOBhIX HMnyJihCOB ); 

- 113MepeH11e BpeMeHH0fO HHTepBana ocymecTBJilleTCll no noJIOJKIITeJI~HOMY HJIH no 

OTp11uaTeJibHOMY !ppOHTY ynpaBJilllOIUHX CHrHaJIOB; 

- }lBa peJK11Ma pa6oThI: «06m11il: crnpT» 11 «o6mnil: crnn»; 

- HCKJIIOqeHHe HyJieBOH IIH!pOpMaUHII H nepenaqa TOJihKO 3Haqameil:. 

Pa1,lleJI 2.2. OcHoBy MO/lYJill cocrnBnlleT 16-KaHaJihHhIH npeo6pa10BaTeJih BpeMl!

KO/l, pa1pa6ornHHhIH Ha ocHoBe 11HTerpanhHOil: cxeMhI ¢11pMhI XILINX - XC4010PQJ60-4. 

no JIOrw1eCKHM ypoBHllM BXO}lHhIX H BhlXO/lHbIX CHrHaJIOB, HaIIpl!JKeHHIO n11TaHllll II 

1111ana10Hy pa6oq11x TeMnepaTyp oH cornacyeTCll c TTL-nornKoil: cepnu 74FXX. 
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Pnc. 4. oJioK-cxeMa Monynll Ml I 02 Multihit TDC: 1, 2 - TpaHCJillTOpbI ypoBHeil: Bxo;:i;

HbIX CHrHaJIOB; 3 - 16-KaHaJibHblH npeo6pa30BaTeJib BpeMl!-KO}l; 4 - NAF ;:i;eKO

nep; 5 - apu<jJMeTHKO--nornqecKoe ycTpoiicrno; 6_ - 6yqiep rnna FIFO 

Pa1}leJI 2.2.1. B npeo6pa10BaTene peaJIH3YIOTCll TPH peJKHMa pa6oTbl: npeo6pa10Ba

Hne 113MeplleMbIX llHTepBaJIOB B UH!ppOBOH KO)];, cq11TbIBaHue ll xpaHeHue HH!pOpMauuu. 

PelKIIM «06m11il: CTapT» (pa3,lleJI 2.2.1.1). ITpu nOllBJieHHll CllrHaJia «o6muil: crnpT», 

Hecymero IIH!pOpMaumo O Haqane BpeMeHHbIX llHTepBaJIOB, ll3MeplleTCll BpeMe1moe noJIO

JKeHue ero ·nepeJIHero qipoHTa OTHOCHTeJihHO noJIO)!rnTeJibHOro qipmna, cJienYIOIUero 3a 

HIIM, HMnynhca TaKTOBoil: cep11n WCLKJ. TTocJie cpa6aTbIBaHHll crnprnBoro HHTepnom1rnpa, 

CIIHXpOHll311pyll CTapTOBblll HMnyJihC OTHOCHTeJibHO IIMnyJibCOB TaKTOBOro curHaJia WCLKJ, 

llHHUllaJI113HpyeTCll Ha'laJIO cqern «rpy6o». «fpy6oe» npeo6pa30BaHue ll3MepllCMbIX llHTep

BaJIOB B u11«ppOBOH ~OJI BbIIIOJIHlleTCll np11 noMOIUH 9-pa3pl!llHOro CIIHXpOHHOro cqeT'IHKa. 

C MOMCHTa npuxo)la cnrHaJia ((CTOn» TaKJKe npOHCXO)IHT llHTepnOJill[(Hll ero BpeMeH

HOro noJioJKeHllll ll CIIHXpOHH3aUHll OTHOCIITeJibHO IIMnyJibCOB TaKTOBOro curHaJia WCLKJ. 

B KaJK)IOM ll3MepnTeJibHOM KaHaJie ucnOJib3yeTCll llH)IIIBIIJIYaJibHbIH llHTepnOJlllTOp, aHaJIO

r11qHhIH CTapTOBOMY llHTepnOJillTOpy. 3an11cb B KaHaJibHblll HaKonnTeJib Tuna LIFO TeKyme-
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ro C0CT0JIHHJI BbIX0X(0B C'leT'IIIKa, C00TBeTCTBYIOIIIero BpeMeHII «rpy6o». ocymecTBJIJ!eTCJI 

CIIHXp0HH0, no Il0JIO)f(HTeJihH0MY ¢poHTY TPeTbero 3a CT0il0BbIM CIIrHaJI0M TaKT0B0ro HM

nyJibCa. I1o '!eTBepTOMy TaKT0B0MY IIMilYJibCY 0II0pH0H cepIIII Ilp0II3B0X(IITCJI CMei-ia anpeC0B 

KaHaJibH0ro HaK0ilIITeJIJI TIIna LIFO II_'c6poc BX0X(H0ro ceneKTOpa cpa6oTaBIIIero KaHana. 

ITocne 3T0ro rrpeo6pa30BaTeJih roT0B K H3MepeHIIIO BpeMeHHbIX K00pX\IIHaT cnenyIOmero 

CT0il0B0ro IIMilYJibCa. 

MaKCIIMaJibHOe «Meprnoe» BpeMJI no CT0l10B0MY KaHany 011penenJ1eTCJI II3 Bb!pa)Ke-

HIIJI 

TD =4T,, (7) 

rne Te - 3TaJIOHHhiii nepII0Xl TaKTOBoro cIIrnana WCLKJ. B Monyne Ml 102 Multihit TDC 

rrpII TaKTOBOH '!aCT0Te 3TaJIOHH0ii cepIIII/= 64 Mf11 «Meprnoe» BpeMJI 110 CT0l10B0MY KaHa

ny C0CTaBJIJ!eT 62,5 HC. 

ITocne 3aBepIIIeHIIJI Ka)KX(0ro II3MepIITeJibH0ro l\IIKJia M0XlYJib rrepeKJIIO'!aeTCJI B pe

)KIIM C'leTa naHHbIX. 

O11eHKa II3Mepl!eM0ro BpeMeHH0ro IIHTepBana 011penenJ1eTCJI II3 C00TH0IIIeHIIJI 

N=Nu +N, -N2, (8) 

rne NG- 'IIICJI0 0TC'leT0B «rpy6o», N, II N2- K0X(bl IIHTep110JIJ!l\IIII CTapT0B0ro II CT0l10B0ro 

CIIrHaJI0B. 

Pe)KIIM «o6mIIii CT0IT>> (pa1nen 2.2.1.2). B 3TOM pe)KIIMe Kp0Me CIIrHaJia «o6mIIii 

CT0il» Heo6XOX(IIM TaK)Ke II CIIrHaJI <<Ha'laJI0 II3MepeHIIJI», 110 K0T0poMy HHIIl\IIaJIII3IIpyeTcJI 

II3MepeHHe BpeMeHHbIX IIHTepBaJI0B. «fpy6oe» npeo6pa30BaHIIe IIHTepBaJI0B B 11II¢poBoii 

K0X( BbIII0JIHJ!eTCJI 11pII Il0M0IIIII 10-pa3pl!X(HOro K0Jlhl\eBoro C'leT'IIIKa. CTapumii pa3pl!X( 

C'leT'IIIKa «rpy6o» IICl10Jlb3YeTCJI Ml! Toro, 'IT06bI npII '!TeHIIII He Il0JIBJJJiaCb He0X(H03Ha'I

H0CTb B 3Ha'!eHJJJIX BpeMeHII, npIIHaX(Jie)Kam11x pa3HbIM 11ep11onaM CKaHIIpoBaHIIJI (nep11on 

CKaHIIp0BaHJJJI paBeH 8 MKC). I1p11 nepexone K H0B0MY 11epIIony CKaHIIp0BaHIIJI CTapIIIIIii 

pa3pl!X( C'leT'IIIKa «rpy6o» ycrnHaBJIJJBaeTCJI B npoTJJB0110JI0)KH0e C0CT0JIHIIe. ,[{JIJ! coxpaHe

HIIJI 3TOH IIH¢opMa111111 X(0l10JIHJJTeJihH0 6hIJI IICl10Jlb30BaH 0X(IIH pa3pll~ 6b1crporo HaK0ilJJ

TeJIJI T1111a LIFO Ka)KX(oro II3Mep11TeJihHoro KaHana. 
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B JTmt pC)KIIMC 1am1Cb ocyu1ccTBJ1JICTCJI ,JO 110JIBJICHI-III cttrnana «o6umii CT0l1». TTpn 

11epe110JIHCHJJII 6b!CTpblll IIaK0l111TeJib rn11a LIFO !IC 6JIOK11pyeTCJI. 

TTocne 110J1BJie11nJ1 cHrnana «o6mHii CT011» n1Mepe11ne 11peKpamaeTCJ1. TeKymee co

CTOJ1111-1e C'ICT'-IHKa «rpy6o» coxpaHJICTCJI. TTpu HaJIII'IIIJJ IICHYJICBb!X na1111bIX M02\YJ1b ycrn-

11aBJI1IBaeTCJ1 B pe)KJJMC C'ICTa na1111bIX. l1cn11111oe 3Ha'ICHHC H3MCpl!CM0ro HHTCpBa'la 011pe

,1CJll!CTCll cncny1011um 06pa10~1: 

- CCJIII C0CT0JIHIIC crnpIIIero pa3pl!,la C'ICT'll!Ka «rpy6o» n C0CT0JIHIIC Toro )KC car.to

rn pa3pl!Jla 11pn pcrncTpamm c11rnaTJa «CT011» o.:urnaK0BhI, TO 

T = !:iT(N, - NJ. (9) 

HHatJe 

T = !:iT(N,+(4095- N1 )). (I 0) 

rne N, - KOX( BpCMCHHOH KoopmrnaTbl cnrnana «0611111ii CT0l1». N, - KO)_\ BpCMCHHOH K0Op

X(JJHaTbl CT0110BOro CHrHaJia, .dT = 2 HC - ue11a Kamrna. 

3a110M11Ha10m1-1e ycTpoiicrna C0BpeMeHHblX BpCMCHllblX aHaJI113aTOp0B CTpOl!TCJI 110 

MHOfOCTy11eH'!aTOH CXCMC. B naHHOM Monyne 11epBaJ1 CTYl1CHb 6ycpepHOH naMJITII HaXO)_\HTCJI 

B npeo6pa30BaTeJie BpCMJI-K0X(. peaJIH30Ba!IIIOM B Bll)lC IIHTerpanbHOII CXCMbl. ,[{JIJI IJaKOil

JICHIIJI lf3MCpHTCJlbHOH IIHqJOpMaunn HC110Jlb3YIOT 6bICTponel'icrnyIOIIIYIO 6ycpepH)'IO 11aMJ!Tb. 

paCCMOTPCHHYIO B [7] (pa1nen 2.2.2). no cnoco6y o6pameHHJI Olla JIBJIJICTCJI 11aMJ!TblO c 11a

panneJibH0-I10CJICX(0BaTeJib!IOH BbI0OpKoii. B 11aMl!TH HCI10Jlb3YIOTCJI 16 0,'ll!HaK0BbIX HaKo-

11JJTCJICH Tlllla LIFO. Bo BpCMll 3al1HCH 0HII pa6ornIOT 11apaJIJICJiblI0. a BO BpCMJI C'IIITbIBaHI!ll 

o6pa3yIOT o6myIO 6ycpepHy10 11aMJ1Tb co CTpmm'lnol'i opram13auneii. KpoMe :noro. 1a11Hcb 1-1 

C'IHThIBaHHe ocymecTBJIJ!IOTCJI 0TX(CJlbllblMH TaKT0BblMII IIM11YJihCar,.m, C00TBCTCTBCHH0 

WCLKJ H RCLK. TaKaH opraHHJaUHJI 11aMllTH HapJ1,1_1y c B03M0)KII0CThIO BhIC0KocKopoCTHol'i 

3al1HCII IlflqJOpMat(IIH 1103B0JlllCT 06ec11e'11ITb nepe3al1HCb T0JlbK0 IICHYJICBbIX ,'(alIIIbIX. 

Pa1)leJ1 2.3. BTopall CTYTICHb pa3pa6ornHa na 0CH0BC lllrrerpaJibHOII naMllTII nma 

FIFO. I10)106irnJ1 oprmIH33Ullll BT0poii CTynen11 6ycpepnofi IIUMl!TII IllHB0Jll!CT ocy111ccrnnl!Tb 

11po11ecCbl 11epe3al1HCII pe3yJihTaT0B 11peo6pa30Ba!IIIJI II !IX Bbl)13'1Y B MantcTpaJ11, Kpeiirn 0}l

HOBpCMCHII0. I1o3TOMY BO BpCMll uepena'IH JlaIIHblX B K0MnI,IOTCp M0){)Jlh M0)KCT Bblll0JlllllTb 
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CBOH OCHOBHhle <pyHKUHH - npeo6pa30BaH!ie B UH<ppOBOH KO.!1. BpeMeHHhlX HHTepBaJIOB HJIH 

nepe3anHCh .!1.aHHhlX npeo6pa30BaHHll BO BTOPYIO CTyneHb 6y<pepa. TaK 3aMeTHO yMeHhUJaeT

Cll «MepTBOe» BpeMll MelK.ll.y COCe.!1.HIIMH H3Me;rnTeJibHblMH UHKJiaMH. 

,[{eUJtt<pparnp KOMaH.ll KAMAK 06ecne1mBaeT ynpaBneHtte MO.llyneM co crnpoHhI Ma

rncTpaJIH KpettTa. K0.!1.hl, COOTBeTCTBYIOIUHe 3aperncTpttpoBaHHhlM B UHKJie H3MepeHHll co-

6hITHllM, cquTbrnaIOTCll B MarncTpaJih KpettTa no KOMaH.!1.e F(0)A(0). ITptt JTOM cquTbrnaeTCll 

TOJ!bKO 3HaqaIUal! HH<pOpMaUHll, T.e. TOJ!hKO KO.!1.hl, COOTBeTCTBYIOIUHe 3aperncTpttpoBaHHhlM 

3a BpeMll H3MepeHHll co6bJTHl!M. B ycTpOHCTBe npe.llyCMOTpeHbl .!I.Ba pelKHMa qTeHHll. 

B nepBoM cnyqae nocne c6poca cttrnaJia «nycTal! naMl!Th», Bb1pa6aThrnaeMoro B 6y

<pepe Tttna FIFO, B .llenm<pparnpe ycTaHaBJIHBaeTcl! cttrnaJI «Q». Ko.!1.hI, coorneTcrny10mue 

3a<pHKCHpOBaHHhlM co6hITHllM, nocne.ll.OBaTeJibHO cqHTbJBaIOTCll B MarttcTpa.rib KpeHTa. TaK 

KaK B )TOM pelKHMe c6poc tt Bbl.ll.aqa CHfHaJia «Q» ocymeCTBJil!eTCll aBTOMaTuqecKH, TO cqu

ThJBaHHe .llaHHb!X no KOMaH.!1.e F(0)A(0) H 3anHCh B 6y<pepe MoryT npOH3BO.ll.HTbCll Henpe

pbIBHO. 

Bo BTOpOM cnyqae .!1.aHHbie cqHTbJBa!OTCll B MarncTpaJib nocne BhJ.llaqu CHrHaJia «L». 

Cttrnan (<3anpoc» <popMttpyeTCll no OKOHqaHHH oqepe.!1.HOH .3anHCH H3MepttTeJihHOH HH<pop

MaUHH B 6y<pep rnna FIFO. B 6y<pepe .llaHHhie srnnllIOTCll ynaKoBaHHhIMH B BH.lle MaccttBa. 

Bo BpeMll cqHTbJBaHHll OKOHqaHHe MaCCHBa perncTpttpyeTCll no CHl!THIO curnana «Q». ITocne 

cqHTbJBaHHll B MarncTpanb KpeHTa pe3yJihTaTOB rrpeo6pa30BaHllll MO.ll.YJih ycTaHaBJIHBaeTCll B 

11aqanbHOe COCTOl!HHe HMnyJihCOM c6poca, Bb!pa6aTbJBaeMb!M B cxeMe o6mero c6poca no 

KOMaH.!1.aM C*S2 HJIH F(9)A(0). 

Ha pttc.5 npttBe.lleHbl rpa.llyttpOBOqHh!H cneKTP npeo6pa30BaTeJil! BpeMl!-KO.!1. H 

CTPYKTypa O.llHOro H3 ero nHKOB. 

B 3aKJIIOqeHHe pa3nena npttBe,UeHbl Ta6JIHUhI, nO3BOJ!ll!OIUHe cpaBHHTh xapaKTepH

CTHKH pa3pa6oTaHHhIX Monynll Ml 102 Multihit TDC H HHTerpanhHOro npeo6pa3oBaTeJil! c 

napaMeTPaMH pa3pa60TOK, H3BeCTHh!MH H3 JIHTeparyphl. 
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r JIABA III. B JTOH rnaBe rrpe.11nara10Tcl! ::ineKTpOHHhJe ycTpoHcTBa, KoTOphie ocy

mecTBJillJOT OT6op H3Mepl!eMh!X HHTepBaJIOB BpeMeHH C IIOMOlllhlO «BpeMeHHOro .llHCKpttMH

Harnpa» [8]. 3ra <pyHKI.\HOHaJihHal! oco6eHHOCTh pa60Thl rrpennolKeHHhJX ycTpOHCTB naeT 

B03MOlKHOCTh rrpttMeHl!Th HX rrptt perneHHH 3anaq no 6bICTpOH H.lleHTH<pHKal.lHH JJieMeHTap

Hh!X 'IaCTHI.\ no BpeMeHH rrponeTa. Tiptt )TOM o6ecrre'IeHO MHHHMaJihHOe co6cTBeHHOe 

«MepTBOe» BpeMl! «BpeMemmro .llHCKpHMHHaTopa». 

B paJ,i:eJie 3.1 naeTCll KpaTKHH o63op ycTpOHCTB " MeT0.110B, rrpttMeHl!eMhlX .llJill OT-

6opa <mone3HhJX» co6hJTHH no BpeMeHH rrponera qacTttl.\. 

Pa3.llCJI 3.2. AHaJIH3 pa60Thl rrpeo6pa30B,lTeJieH BpeMl!-KO.ll IIOKa3bIBaeT, 'ITO .110 Ha

qana rrpo1.1ecc0B rrpeo6pa30BaHHll rrpoHCXO.llHT perncTpal.\Hll BXO.llHh!X CHrHaJIOB. <!>opMttpy

lOTCl! BpeMeHHble MeTKH, Hecymtte HH<pOpMal.lHIO O uaqane H KOHi.ie H3Mepl!eMoro BpeMeHHO

ro HHTepBana. TIOTOM no JTHM ClffHaJiaM ocy111ecTBJil!eTCll rrpo1.1ecc rrpeo6pa30BaHHll. Ecntt B 

rrpeo6pa30BaTeJie HCIIOJib3YIOT .llOIIOJIHHTeJihHhle JJieMeHThl, rrptt IIOMOlllH KOTOpblX <pOpMH

PYIOTCll BpeMeHHhie perrepb! OTHOCHTeJihHO CTapTOBOro Cttrnana " orrpenenl!eTCll BpeMl! rrptt

xona CTOIIOBOro CHfHaJia OTHOCHTeJihHO 3a.11aHHh!X perrepoB, TO Ha 6a3e )TOH HH<pOpMal.\HH 

MOlKHO H3Mepl!Th HHTepBaJIOB BpeMeHH C 3a.11aHHOH .lllIHTeJihHOCThlO - OT6op rrone3Hh!X co-

6b!THH no BpeMeHH nponera qacTHJ.I. 

3TOT IIO.llXO.ll (npttMeHeHHe «BpeMeHHOro .llHCKpHMHHarnpa») 6un l!CnOJih30BaH .llJlll 

C03.llaHl!ll naHHOro npeo6pa30BaTeJil! BpeMl!-KO.ll, H3Mepll!Olllero HHTepBaJihl BpeMeHH C TO'I

HOCThlO 100 ITC B .llHana3oHe 0-100 HC. Pa3pll.llHOCTh Bh!XO.llHOro KO.Ila - 10. BpeMl!'OT6opa 

COCTaBJIJ:IeT 50 HC. 

Ha pttc.6 rrpencraBJieHa ero 6noK-cxeMa. 8 cocraB ycTpoHcTBa BXO.lll!T cne.11y10mHe 

<pyHKJ.IHOHaJihllb!e Y3JibJ: BXO.llllhJe 6y<pephl, npeo6pa30BaTeJih BpeMl!-ar.rnJIHTY.lla, aHanoro-

1.IH<ppOBOH npeo6pa30BaTeJih, 6noK oT6opa HHTepBaJIOB BpeMeHH no .llJll!TeJibHOCTH, 6JIOK 06-

lllero c6poca H nerntt<pparnp KOMaH.llhl KAMAK. 

Monynh pa6oraeT no MeTO.llY npeo6pa3oBaHHll BpeMl!-aMnJIHTY.lla-KO.ll c aBTOHOM

Hh!MH KaHaJiaMH npeo6pa30BaHHll BpeMll-aMnJIHTY.lla " aMnJIHTY.lla-KO.ll. 3anycK ocy111ecTB

Jil!eTCll no cttrHany STROB. EnoK 0T60pa H3Mepl!eMhIX HHTepBaJIOB Bh!pa6aThJBaeT ttMnynhc 

GATE], ITO KOTOpOMY CHttMaeTCll 6JIOKHpOBKa co CTapTOBOro KaHaJia. TI pH )TOM .llJIHTeJih

HOCTh '.)TOro HMIIYJibCa 3a.11aeT BpeMl! «OlKH.llaHHll CTapTOBOro CHrHaJia». 
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Pttc.6. EnoK-cxer.m Mo.11ynJ1: 1, 2. 3 - BXO.llHhie 6y<peph1; 4 - 6noK oT6opa HHTepBanos 

BpeMCHH no .llJIHTeJihllOCTH; 5 - 6JIOK o6mero c6po_ca; 6 - npeo6pa30BaTeJih Bpe

Mll-aMnJIHTY.lla; 7 -AI.III; 8 - neurn<ppaTop KoMaH.11 KAMAK 

Tiocne npttxona crapTosoro cttrnana BKJIJO'IaeTCll reHepaTop JIHHeHHoro Hanpl!lKeHHll 

H npottcxo.llHT <pOpMttposaHtte HMnynhca GATE2. TaK KaK <ppoHT H cpe3 ::irnro HMnynhca 

onpenenl!JOT HHTCpBan BpeMeHH, B KOTopoM OlKH.llaeTCll CTOIIOBhlH CllfHaJI, TO npn ero no

MOlllH ocymecTBJil!eTCll OT6op HHTepBaJIOB BpeMeHH no .lllIHTeJibHOCTH. no CTOIIOBOMY cnr

HaJIY npOHCXO.llllT <pHKCal.\Hll MrHOBeHHOrO 3Ha'IeHHll JIHHeHHOfO Hanpl!lKeHHll. Tiptt )TOM ec

JIH CTOIIOBh!H CHrHaJI IIOllBHJICll BO BpCMll nettCTBHll HMIIYJihC~ GATE2, TO ocy111ecTBJIJ1eTCll 

3anycK AI.III H <popMttpyeTCll l.lH<ppOBOH KO.II. COOTBeTCTBYIOlllHH .llJIHTCJihHOCTH H3Mepl!eMo

ro HHTepnana BpeMem1. 8 npoTHBHOM cnyqae npoHCXO.llllT 6blCTph!II c6poc II ycTaHOBKa MO

.llYJill B Ha'IaJihHOe COCTOl!HHe. 

,[lerntt<ppaTop KOMaH.ll KAMAK 06ecm:1IttBaeT ynpaBneHne 6noKoM co crnpOHhl Marn

cTpantt KpeHra H 'ITeHHe .11a11HhJX npeo6pa3oBaHHll, a TaKlKe yqacrnyeT B Bhipa6oTKe cnrnana 

«L». 

B MO.llyJie H3Mepl!eMhIH .llHaIIa30H, BpeMl! «OlKH.llaHHll crapTOBOro CHrHaJia». speMeH

Hh!e nonolKeHHll <ppoHTa H cpe3a HMIIYJihca GATE2 3ana10TCll nporpaMMHO . 

B paJ,i:eJiaX 3.2.2 n 3.2.3 nano onncaHHe <pyHKI.\HOHaJ!hHhlX Y3JIOB MO.llYJill. 

PaJ,i:eJI 3.3. PaccMoTpeHHhIH npeo6pa3oBaTeJih BpeMll-KO.ll HMeeT co6crnemwe 

«Meprnoe» BpeMl!. 8 cnyqae OTpHl.laTeJihHOro perneHHll MO.llYJih l!BJil!eTCll He'IyBCTBHTCJih

Hh!M K BXO.llHhJM CHrHaJiaM 3a BpCMll ycrnHOBKH npeo6pa30BaTCJill BpeMl!-aMIIJIHTY.lla B Ha-
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-
'laJlbHOe COCTO.!IHHe - I MKC. 'ITO CHHlKaeT Jcji<jieKTHBHOCTb np11e~rn nOJJe3HbIX co6bITHH. 

1
ho6b! ycTpaHHTb JTOT He)lOCTaTOK MO!lYJJ.!1. 6bIJJ C03,laH «BpeMCHHOH )lHCKpHMHHaTop» 11a 

6a1e 6JJOKa OT6opa HHTepBaJIOB BpeMeHH no )lJIHTeJJbHOCTH. 

Ha p11c. 7 rrpHBe)leHbl BpeM.HnpoJJeTHbie cneKTpbl. !leMOHCTp11py10llllfe pa6oTy «Bpe

MeHHOro )lHCKpHMHHarnpa» . .[(aHHbie cneKTpbl 6bIJJH noJJy'leHbl B peaKI.UIH <jiparMeHTaUIIII 

TeH30pH0-IIOJJ.!ipH30BaHHblX nei1TpOHOB B KYMYJJ.!ITHBHbie anpoHbl (c = p, 7f, d) C HMIIYJJbCOM 

2,5 fJB/c Ha 6epHJJJJHeBoi1 MHilleHH. Ha6op 6oJ!bll!OfO 'IHCJJa «IIOJJe3HbIX» C06bITHH IIOJJ)''leH 

3a C'!eT yMeHbll!eHH.!1 «MepTBOfO» BpeMeHH CIICTeMbJ c6opa )laHHbIX. MOlKHO OT'leTJJHB0 B11-

)leTb 'IIICTOTY BbI)leJJeHH.!1 Tpe6yeMoro BpeMeHH0ro n11arra10Ha, '!TO IIOKa3brnaeT Ka'lecrno 

pa60Tbl «BpeMeHHoro )lllCKpHMIIHarnpa» B YCJJOBll.!IX 60JJbllll!X 3arpy30K. 

B 3aKJJIO'leHHII pa1nena rrp1rneneua Ta6n11ua, II03BOJJ.!IIOIIW.!1 cpaBHIITb xapaKTepHCTII

KII pa1pa6ornHHbIX Monynei1 c rrapaMeTpaM11 pa3pa6ornK JIB3 OH5U1. 
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P11c. 7. 3aperncrp11posaHHh1e crreKrphl, LteMoHcrpttpyIOI.UHe pa6ory «epeMe1111020 ouc~ 
Kpuwu,wmopa»: a....:.._ BpeM.HIIpOJJeTHb!H crreKTp rrpoTOH<)B If IIHOHOB; ~d - C rro

CJJe)loBaTeJJbHb!M II0)laBJJeHHeM rrpOT0H0B 
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r JIABA IV . .[(n.H ::HpcpeKTHBHoi1 11 rrpaBHJJhHOi1 perncrpau1111 cttrnanos c qiorn:meK

TpoHnoro YMHOlKHTCJJ.!I Heo6XO)lHMO o6ecrre'IHTb Bb!COKY!O cra6HJibHOCTh HarrpmKeHHH IIH

TaHH.!I KaTO)la II LlHHO)l0B <1>3Y. O6bI'IHO s cxeMax IIHTaHH.!I rrpHMCH.!l!OTC.!I )leJIHTeJJH Hape-

3HCT0pax HJJH HeJIHHeHHbJX :meMeHTax (cra6HJIHTPOHOB HJIH rpaH3HCTOpoB). B rrepB0M cny

'lae cpe)lH.!l.!I '!aCTOTa IIOBT0peHH.!I Bb!XO)lHbJX HMIIYJibC0B orpaHH'IHBaeTC.!I BeJIH'IHH0H cpen

Hero T0Ka aHO)la Ha ypoBHe 30-40 % OT T0Ka )leJIHTeJI.!I. 

ITp11MeHeHHe B nen11Tene crn6ttn11Tp0HOB II03BOJI.!leT II0LlH.!ITh 3arpy3KY LIO BeJIH'IHHhI 

cpenHero T0Ka aHona - 80 % OT T0Ka )leJIHTCJI.!I. HenocTaTKaMH IlOL{06HOll cxeMhl mnaHH.!I 

.!IBJJ.HeTC.!I Heo6xO)lHMOCTh IIO)l6opa crn6HnHrpOHOB, a TaKlKe HenponopIIHOHaJlbHOCTb H3Me

HCHH.!I MelK)lHHO)lHblX IIOTCHIIHaJI0B rrpH perynttp0BKe Hanp.Hl!CCIIH.!I IlHTaHH.!I. KpoMe JTOfO, 

CCJIH He06XOL{HMO IIOL{IIHTaTb HCCK0JihKO C'ICT'IHKOB, rrpHXOL{HTC.!I JIH6o IlOL{611paTb <1>3Y C 

O)lHHaKOBb!MH pelKHMaMH, JIH6o CTaBHTb HX B HCOilTHMaJlhHb!e pelKHMbl pa60Thl. 

B pal)lCJie 4.1 naHo KpaTKOe OilHCaHHe MHOfOJJICMCHTH0ro CIIHHTHJIJI.!IIIH0HHOfO ro

)lOCKOHa. OH C0CT0HT H3 32 He3aBHCHMblX C'ICT'IHK0B, npeLtcTaBml!OI.UHX co6oii CIIHHTHJIJI.!1-

T0pbl )lJJHHOH I M H CC'ICHHCM 2x3,5 cM2. B Ka'!eCTBe CBeTOrrpneMHHKa B C'ICT'IHKaX HCil0JJb-

30BaJIC.!I <pOTOJJJeKrpO~HhIH yMIIOlKHTCJJh <1>3Y-87. 

CttcTeMa IlHTaHH.!I <1>3Y COCTOHT H3 HHL{HBH!lYaJibHhIX HCTO'IHHKOB BbICOKOBOJJbTHOfO 

uaupmKeHH.!I, CHCTeMHOfO MOLlYJI.!I (Spliter) n rrepCOHaJlhHOro KOMilbIOTepa [9]. B JToii CHC

TeMe HHL{HBHLlYaJibHble HCTO'IHHKH 061,ennneHbl B rpynIIhl. B rpynne KalK)lhlll .HCTO'IHHK 

HMeeT co6CTBeHHblll 5-pa3p.!1LlHblll aapec. Mnaanme TPH aapeca 3a)la!OTC.!I no JJHHHH ynpas

JICHH.!I, a crapUIHe npH IlOMOI.UH rrepeMbl'ICK Ha nnare KalK_noro Bb!COKOBOJJbTHOfO HCTO'IIIH

Ka. A,npeca If ypoBellb BblXOL{HOfO nanp.!ilKCHH.!I nepe)la!OTC.!I no JJHHHH ynpaBJICHH.!I B BH)le 

IlOCJJCL{OBaTCJibHOro KO)la . .[(ocrynHbIMH OHH .!IBJI.!l!OTC.!I BO BpeM.!I L{CllCTBH.!I c·rpo6oBoro HM

nynbca. 

CttcTeMa Bb!COKOBOJJbTHOfO IlHTaHH.!1 Il03B0JJ.HeT: 

- IIO)l6HpaTh uanp.Hl!CCHHe IlHTaHH.!I LlJI.!I KalKL{OfO .<l>3Y coo6pa3HO ero HIIL{HBHJlY

aJlhHhIM xapaKTCPI;ICTHKaM; 

- OTCJJCJICHBaTb pa6oq11e uanp.sil!CCIIH.!I KalKL{OfO <1>3Y If H3MCH.!1Tb HX B COOTBeTCTBHH 

c rpe6oBaHH.!IMH rrpOBOL{HMOro JKcrrepHMCHTa; 
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Address 

Code in 2 

HVOut 

Feedback~ 
Out 3 

Pnc.8. bJIOK-CXeMa HCTO'IHHKa Bh!COKOBOJibTHOro HanplDKeHHll: 1 - ,!(eKO.!(ep; 2 - '--IH<ppo

aHaJIOroBb!H npeo6pa30BaTeJib; 3 - aHaJIOfOBb!H KJIIO'I; 4 - .!\H<p<pepeHI..1HaJibHb!H 

ycnJIHTeJib; 5 - 6y<j,ep; 6 - MO.!\YJillTOp TaKTOBb!X CHfHaJIOB; 7 - peryJillTOP Hanpl!

)l(eHnH; 8 - YMHO)l(HTeJib Hanpl!)l(eHHH; 9 - retteparnp 

- coxpaHHTb nponop1..1noHaJibHOCTb Me)l(.!(y .!(HHO.!(Hb!MII Hanpl!)l(eHHl!MH, 'ITO He 

npHBO.!(HT K pac<poKycnpoBKe <!>3Y; 

- He HCTIOJlb30BaTb .!(OpOroCTOllll..lHe Bb!COKOBOJibTHb!e Ka6enn Me)l(.!(y HCTO'IHHKaMn 

Bb!COKOro HaTipl!)l(eHnll n <!>3Y. 

PaJ.!(CJI 4.2. B 3TOM pa3.!(eJie .!(aHO onncattne MHHHaT!OpHoro HCTO'IHHKa BblCOKO

BOJibTHOro Hanpl!)l(ettnll. bJIOK-CXeMa HCTO'IHHKa npnBe,!(eHa Ha pnc. 8. Peann3al..1Hll CXeMbl 

TIHTaHHll <!>3Y OCHOBaHa Ha npnMeHeHHH rettepaTopa TaKTOBOro CHrHaJia c ynpaBJilleMblM 

K03<p<pn1..1neHTOM 3anbJIHeHHll H YMHO)l(HTeJieM HaTipl!)l(eHHH. ITpn 3TOM BbICOKOBOJibTHbIH 

HCTO'IHHK H ,!(eJIHTeJib COBMell..leHhl Ha 0611..1eH TIJiaTe - YMHO)l(HTeJib HCTIOJIHlleT pOJib, .!(eJIH

TeJIJI. <!>opMnpoaattne n pacnpe.!(eJiettne n0Tett1..1nanoa Ha .!\HHO.!(ax ocy11..1ecTBJIJ110TCJ1 npn no

MOII..IH YMHO)l(HTeJil! Hanpll)Kettnll. Ott peanH3oBaH Ha 6a3e cxeMbI «Greinachern. Oco6ett

HOCTb .!(aHHOH cxeMb! COCTOHT B TOM, 'ITO OHa COCTaBJieHa H3 OT.!(eJibHbIX l!'IeeK. 51'IeHKH CBll-

3aHbl TIOCJie.!(OBaTeJibHO B cxeMe YMHO)l(HTeJIJI Hanpll)l(eHHH. Do3TOMY HX 'IHCJIO onpe.!(eJil!eT 

MaKCHMaJibHOe 3Ha'Iettne Bb!XO.!(HOro Bb!COKOBOJibTHoro Hanpl!)l(eHHll. ITo.!(06HbIH TIO.!(XO.!( 

o6ecneqnaaeT IIOCTOl!HHOe COOTHOll!ettne Me)l(.!(y .!(HHO.!(Hb!MH Hanpl!)l(eHHl!MH n HX Bb!COKOH 

CTa6nJibHOCTblO. 

B Ta6JI. 1 IlOKa3aHO pacnpe.!(eJiettne .!(HHO.!(Hb!X HaTipl!)l(eHHH npn KaTO.!(HOM Hanpl!

)l(eHHH UK =2400 B. TaK KaK 0611..1ee KOJIH'IeCTBO l!'IeeK COCTaBJil!eT 43, a u,max = 55.8 B, TO 

nonyqe1rnoe pacnpe.!(eJiettne .!(HHO.!(Hb!X HaTipll)l(eHHH He OTJIH'IaeTCl! cy11..1eCTBeHHO OT OTITH

MaJibHOro. 
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nopHllKOBblH 

HOMep .QHHOllOB 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

Karn.I( 

ri 
'.5600 

~ 

400 

200 

Ta6n. l. Pacnpe.!(eJiettne Me)l(.!\HHO.!\HhIX ttanpl!)l(ettntt - <P3Y-87 

Heo6xO)lHMblH 1 JJ;eiiCTBHTeJibHblH 

war annpoKcH- war an11poKCHMa-

M3UIHI 

6 

I 
1.4 

I 
I 
I 

1.5 

I 
1.5 

I 
2.2 

4 

FWHM =0.29 

UHi! 

5.5 

I 
1.5 

I 
I 
I 

1.5 

I 
1.5 

I 
2 

3.5 

~ :s = 
~00 

400 

200 

4HCJIO Pacnpe.!(eJiettne Me)!(-

H4eeK .!(HHO.!(Hb!X Hanpl!)l(e-

HHH 

[BJ/ (U,._.=2400 B) 

II 614 

2 112 

3 167 

2 I 12 

2 112 

.2 112 

3 167 

2 I 12 

3 167 

2 112 

4 223 

7 390 

o I , --rrl'•'• .·.·.·.,.-.-'-"·&a , I 
-1000 0 1000 2 

Al. 

3 
Charge Time Dispersion (psec) 

El. 

Pnc.9. AMTIJIHTY.!\Hh!H (a) H BpeMeHHOH (6) cneKTpbi, HJIJIJOCTp1-1py10m1-1e pa6oTy CI..IIIH

TIIJIJIJl'--IIIOHHOro ro.!(OCKOTia 
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Ha p11c.9 npIIBe,neHbl BpeMeHH0ll II aMnJJIITY.!IHblll cneKTpbl, .neM0HCTp11py10IIlHe pa-

6oTy ro.nocKona. CneKTpb1 6bm11 nonyqeHbI B ceaHce Ha ycKopmene «HYKJIOTPOH» Jla-

6oparnp1111 BbIC0KIIX ~Heprntt Ol15H1. CUIIHTHJ!JlllUIIOHHblll ro.nocKon npIIMeHllflCll npII pe

rttCTpaum1 npoT0H0B, 06pa1yJ01Ill!XCll B peaKUIIH - d+C. TTpn '.HOM 6h1Jlll nonyqeHbJ: 

- BpeMeHH0e pa1perneH11e a1=140 nc; 

- K00p,nnHaTH0e pa3perneHHe ax =2,2 CM. 

8 3aKJJJOqeHne pa1.nena np11Be.neHa rn6nnua, noJB0JJllJOJllal! cpaBHHTh xapaKTepncTn

KII pa1pa60TaHJ!OrO IICTQqHJJKa BbIC0K0B0JlbTH0ro Hanpl!lKeHJJll C napaMeTpaMJJ C03.[laHH0ro 

B JI83 O115Il1 (,Uy6Ha) BbIC0K0B0JlbTH0ro JJCTQqHJJKa. 

OCHOBHhIE PE3YJihTAThl 1IHCCEPTAUIUI 

OcHOBHbJe pe3yJJhTaTbl npe,nCTaBJJeHHOll pa60Tbl C0CT0llT B C03,nanm, :rneKTPOHHOll 

annapaTyph1, npe.nua1uaqeHH0H .nnll o6ecneqem!ll JKcnep11Meurn CCl>EPA. TTpn JTOM 6bm11 

perneHbI cne,nyJOJllIIe 3a,naq11: 

1. 8 HaCT0llJllee BpeMll npIIHUIInIIaJJbHO H0BbIM uanpaBJJeHJJeM B MeTO,!\JJKe pa3pa-

60TKil npH6opoB ,!\Jill qJil3IlqecKHX 3KCnep11MeHT0B llBJJlleTCll rrpHMeHeHHe neperrporpaMMil

pyeMblX Jl0filqecKHX MaTpHU. TTpn '.HOM 3a,naqa, CBll3aHHal! C npnMeHeHHeM rrepenporpaM

MHpyeMbJX nornqeCKilX MaTµHU, C0CTOHT B TOM, qT06bJ MeTo,naMH IIHTerpanbHOU nporpaM

MilpyeMOll Jl0rHKII pa3pa6oTaTb .nerneBble II rn6KHe rrpI16opb1, npII JI0M0IIlII K0T0pbIX MOlKHO 

pernIITh cneuI1qiI1qecKI1e 3a,naq11 JJJ06oro JKcnep11Meurn. 

Ha OCHOBeno.no6Horo no.nxo.na II npIIMeHeHilll IIHTerpanbHbIX cxeM qJilpMbl XILINX 

pa3pa60TaHbJ: 

- MHOroKaHaJJhHhIH I13MepI1TeJ1b apeMeHHhIX HHTepaanoa Ml 102 Multihit TDC, 06-

na,naJOJllIIH Bb!COKIIMII Il3MepI1TeJ1bHblMII II 3KcnnyaTaUHOHHblMil xapaKrepHCTilKaMil. Mo

.!IYJlb npe,nHaJHaqeu ,nnll c1,eMa IIHqJOpMaUIIII c .npeuqioaoro .neTeKrnpa ycrnHOBKH CC!>EPA; 

- 16-KaHaJJbHblll npeo6pa30BaTeJJb BpeMl!-K0,!\ B Bil.[le IlHTerparrbHOU CXeMbl. OH 

npe,!\HaJHaqen .[IJlll C03,!\aHilll ua6opa ll3MepHTeJJbHblX 6JJOKOB, Ha 6aJe K0T0pbIX 6y,neT C03-

.naBaTbCll CilCTeMa perncTpaUIIII .[IJlll .npeuqioBoro ,neTeKTopa ycTaH0BKII CC!>EP A. 
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2. C ueJJbJO yaeJJI1qeHI1ll TQqHQCTII npeo6pa30BaHilll cqerno-HMnyJJhCH0ro MeTo,na 

pa3pa6oTaH HHTepn0JJl!T0p «0CTaToqHbJX)) IlHTepBaJJ0B. l1HTepnOJJllTOp pa6oTaeT no MH0ro

qJa3HOMY MeTo,!\y. 8 ,naHH0M IIHTepn0JJllT0pe, 6naro.napll npoueccy «ycpe,nueHilll», MIIHilMil-

3HpyeTCll IIHTepBan norpelllHOCTell. 

l1HTepnOJJllTOp op11eHTIIpoBaH Ha rrpIIMeHeHJJe B KOM6IlHHpOBaHHbIX npeo6pa30BaTe

JlllX BpeMll-K0.!l, 06ecneq11aaJ01IlilX TQqHQCTb Il3MepeHI!ll 1-2 HC. 

3.' Pa1pa60TaH M0.!IYJlb ,!\Jill OT6opa noJJe3Hb!X co6bITilll no BpeMeHII nponcra qacTHU. 

B '.HOM M0,nyne ocymecTBJJeH npHHUiln OT6opa npH noM0Jllil <<BpeMeHHb!X ,!\IICKpHMHHaT0-

poB», o6ecneqHBaJOJllilll 6hICTµblll OT6op qaCTilU - 50 HC .. 

4. Pa1pa60TaH MilHilaT!OpHblil IlCToqHilJ<: BbIC0K0B0JlbTH0ro HanplllKeHllll .[IJill nHTa

Hilll qJOT03JieKTpOHHbIX YMH0lKIITeJJell. Ha 6a3e 3T0ro nporpaMMHo-ynpaBJJlleMoro M0.I\YJlll 

C03.[laHa CilCTeMa .[IJlll nIITaHIIH qJOT03JleKTµOHHbIX YMHOlKIITeJJell, npIIMeHl!eMb!X B CUilHTilJl

Jlll[(II0HH0M ro,!\0CK0ne. 

PAliOThl, OIIYliJIHKOBAHHhIE TIO TEME 1IHCCEPTAUHH: 

1. Pycauos H.P., ArnHacoB 11.X. MuoroqiaJHhIH anropHTM ,nnll npHMoro rrpeo6pa30BaJIHH 
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