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OnucaHa KOHCTPYKIIMS MPOTOTUIA KapThl U3MepUTENbHOM aekTpoHUKkU (KM D) dhotoHHOTrO CrieKkTpo-
metpa (POC) skcnepumenTa ALICE/CERN. Pa3zpabotka HoBoit KM D cBsi3aHa ¢ MOBBIIIIEHUEM CBETH -
MOCTH ITy4YKOB BoJIBIIIOrO anpoOHHOTO KoJulaiinepa 1 HEOOXOAMMOCTbIO TOBBICUTh TOYHOCTh U3MEPEHUS
BPEeMEeHU IMpoJieTa JUIs Jydileid uneHTuhuKalmm peructpupyeMbix yactuil. CymectByotias KD ®OC
HE OTBEYaeT HOBBIM TPEeOOBAaHMSIM U JTOJKHA OBITH 3aMeHeHa 110 1utaHy MoaepHu3anuu @OC. Yiydiie-
HUE U3MepuUTeNbHBIX XapakTepucTuk KNMD ®OC nocturaercs 3a cUeT anmapaTHOTO U3BMEePEHUST BpeEMEHU
npoJieta BMecTo odiaitH-00paboTKu KonoB ouudpoBku Gopmbl curHaia ¢poronerekropa. [Ipororun
KW copepxut BoceMb U3MEPUTEIbHBIX KaHAJIOB U BCe (DYHKIIMOHATbHBIE OJIOKU, HEOOXOOUMBIE IS
pabotel B @OC. IIpuBeneHo onmcanne ¢GyHKIIMOHATBHBIX 0JIOKOB. IIpencTaBieHbI pe3yabTaThl U3Me-
peHuil xapaktepuctuk nporotuna KMND B m1abopaTopuu U Ha 37€KTPOHHON KOMIOHEHTE BTOPUYHBIX
IyYKOB YacTuIl TpoToHHOTO cuHXxpoTpoHa PS B IIEPHe B nnanazone ummnynbcos ot 1 1o 10 I3B/c. Tlo
TOJTyYEHHBIM pe3yJibTaTaM ceJIaH BbIBOM, YTO MPOTOTUIT KM D MOoTHOCTBIO COOTBETCTBYET TPEOOBAHUSIM
K K13 monepumsnposanHoro ®OC. Ha ocHoBe TaHHOM KOHCTPYKILIMY HavaTa pa3padboTKa MOJTHOMAC-
mrabHoit KMD ®OC Ha 32 n3MepuTeIbHBIX KaHaA.
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1. BBEAEHUE

®otonnwii cnekrpomerp (POC) — amekTpo-
MAarHUTHBIN KaJJOPUMETP C BEICOKHM pa3pellecHueM
skcrrepuMenTa ALICE [1]. @OC cocTONT U3 YeThI-
pex OIMHAKOBBIX MOAYJICH, PaCIIOJIOKEHHBIX BHY-
Tpu MarHuTa L3 B maxrte sKclepuMeHTaJlIbHOM
30HBI Ha youHe 60 M. JIeTeKTUPYIOLIUM MaTeph-
ajoM (pammaTopoM) SIBJISIETCS BOIb(paMaT CBUHIIA
PbWO, ¢ pannanmonHoit mmHoii 0.89 ¢cM u Benu-
yuHOIt paguyca Mounbepa 2.19 cm. TTockonbky cBe-
TOBBIXOJ KpHUCTaJlJla UMeeT TeMIlepaTypHYyIO 3aBU-
cumocth 1.9% / °C npu KOMHATHOI TeMIiepaTtype
U pacTeT ¢ MOHIXKEHUEM TeMIIepaTyphbl, IS YBEIM -
YeHUsI CBETOBBIXOAA KPHCTAJLIBI OXJIaXKIat0T A0 TEM-
neparypbl —25 °C, 1Ipy 3TOM HECTaOUJIbHOCTb TEM-
neparypbl He JoKHbI mpeBbimarh 0.1 °C.

B ®OC ucnoab3yoTcss KpucTaJbl C pa3Me-
pamu 22%22x 180 MM, opreHTHpPOBaHHbIE TOPLIAMU
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22%22 MM’ K TTIOTOKY PETMCTPUPYEMOTO M3TyIeHHUSI.
K mIpoTUBOIIOIIOKHOMY TOPILY KpUCTajlia ¢ IIOMO-
1IbI0 CTIEIMATbHOTO ONITUYECKOTO KJiesl MPUKJeeH
naBuHHBbIH doronuon (JIM) S8664-55 (HAMA-
MATSU) ¢ pazmepom okHa 5x5 Mm>. JID/I npunasix
K mJjare, Ha 00paTHOI CTOPOHE KOTOPOIi HAXOAUTCS
3apsSa0uyBCTBUTENbHBIN mpenycunnutens (3YIT).
Henpo3payHble CTEHKH SYEUCTHIX CTPYKTYp, B
KOTOPBIX pacnojiaralorcst (poToaeTeKTOphl, UCKITIO-
YaloT NiepepacceMBaHKe CBeTa MEXIY KpUCTaIaMu.

CurHanbl ¢ Bbeixoga 3YII mocTtymaloT Ha BXof,
KapThl uU3MepuTenbHoll anekrpoHuku (KD, B
AHIJIOS3BIYHOM HAyYHOU JIMTEpaType MCHOIb3Y-
ercst cokpamenue FEC, Front End Card). KD
MPOU3BOAUT OLUPPOBKY (GOpMbl UMMYAbCOB. I1pu
odaitH-00paboTKe MOJyYEeHHbIX KOAOB OIpeae-
JISIIOTCS DHEPIrUsl 3aperucTPUPOBAHHBIX YaCTUIL
M BpeMsl UX MpoJjieTa, KOTOPOEe MCIOJb3YeTCs s
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nIeHTUGUKALIMY IPSIMBIX (OTOHOB 13 MACCHI 3ape-
ructpupoBaHHbIX @OC yacTuil.

IIpoexTuposanue npotorurioB KMUD ®OC Haya-
Joch B 2002 1., 1 Ha TOT MOMEHT HEOOXOOUMO OBbLIO
obecrneuuts udMepeHue saHepruu 10 100 I5B ¢ oTHO-
CUTENIbHOM omKnoKoil o/FE nns sHepruii 1—-2 2B
He xyxe 4% W BpeMsI IpoJieTa ¢ OIIMOKOi 2 HC.

Hns u3MepeHusl XxapakTepUCTUK Ha TECTOBOM
nyuke SPS (CERN) 6b110 pa3zpaboTaHo aBa IMpo-
totnnta KWUD: nipororun TDC [2] 1 mpoToTUll
ALTRO [3]. OHu paznuyaauch METOAOM U3MEPEHUS
SHEPIUY U BpeMEHU IIpOoJIeTa.

ITporotun TDC conepxan nBa KaHajia U3Me-
pEeHMIT — BHEpPrud M BPEeMEHU IIpoJieTa. DHeprus
M3MepsUIach 3allOMUHAHMEM aMIUIMTYAbl CUTHaJja,
c(OpMUPOBAHHOTO (PUILETPOM TIEPBOTO TOPSAKA
C ITOCTOSTHHOM BpeMeH! | MKC 1 ITOC/IeyroIeit oud-
poBkoii 12-6utoBsiM ALITI. BpeMs nposeta uamepsi-
Jochk crocodbom Cmapm—Cmon. KaHan comepxan
KoMMapaTop ISl BBIpaOOTKHA BPEMEHHOI OTMETKU
Cmapm ot curHana ¢ Beixoga 3YI1 u Bpems-1ucd-
posoro npeodpasoBatens (BLIIT). Curnanom Cmon
sapisiics TpurrepHblii curHan ot CTP (Central Trigger
Processor), kotopslii B akcniepumente ALICE npu-
XOomUT ¢ 3aaepxkkoii 1200 HC OTHOCUTEIBHO COOBITHSI.
Takum oOpa3om Kaxkaoe COObITHE XapaKTeprU30BaIoCh
JIBYMsI KOIaMM — 3HEPIrUeil 1 BpeMeHeM IIpoJieTa.

IIpororun ALTRO pa3paboTtaH ¢ HMCHOJb-
30BaHMEM CHEUMaIUu3UPOBAHHON MMKPOCXEMBI
ALTRO [4], koTopas conepxuT 16 ALIIT u urdpoBbie
cxeMbl (popMHUpoBaHUs KoaoB. [TpuHUIMNI pabOThHI
MPOTOTUIIA OCHOBAH Ha HEIPEepPbIBHON OLM(pOBKe
curHaios ot 3YII, npomeniux yepes crieKTpome-
TPUYECKUI (PUIBTP BTOPOro NOPSIAKA C TOCTOSIHHOM
BpeMeHHU | MKc, c yacToToil guckpetuszanuu 10 MIg
U TOYHOCTBIO KBaHTOoBaHus 10 6urtos. Ilocne npu-
xofa Tpurrepa ¢ 3aaepxkoil 1200 Hc oT Hayasa
COOBITUS B MaMSITh 3aluchiBalOTCs nociaenHue 40
orcueToB. [1pu odnaitH-06padboTKe HAKOIIEHHBIX
MAHHBIX, KOTOpasl 3aK/II09aeTCsSI B BOCCTAHOBJICHUN
¢dopmbl curHana putupoBaHueM (pyHkiumeit I'aycca
MOJIYYEHHBIX OTCUETOB, OIpENeIsIeTCs aMILINTyIa
CHMTHaJa, TIPOITOpIMOHAIbHAS SHEPTUM YaCTULIBI.
Bpewms niposieta onpenessieTcs o MoJoKEHUI0 MaK-
CMMyMa BOCCTAHOBJIEHHOTO CHUI'Hajla Ha BPEMEH-
HoIt mKaje. Pe3ynbTaThl U3MepeHU IPOTOTUIIOB
Ha nyuke jaJjist sHepruu 1 I5B:

— OTHOCHUTEIbHOE YHEPTreTUUECKOE pa3pelieHue
NPpUOIU3UTENLHO onrHaKoBoe, (410.2) %,

— BpeMeHHoe pa3peueHue ajs npororuna TDC
cocrasiger 0.6 He, nag nporotuna ALTRO pasHo
2—3 HC.
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[TpuHMMast BO BHUMaHWE U3MEpEHHBIE XapaKTe-
PUCTUKU MPOTOTUIIOB, BpeMsI Ha TIPOEKTUPOBaHUSI
nosHoMaciiTabHoit KM ning ®OC u cTOMMOCTb
M3TOTOBJICHUS KapT, ObLIO IIPUHSITO PEIIeHUE B3SITh
3a ocHoBy nporotun ALTRO. Pa3zpaborka KND
®dOC 6pura 3akoHyeHa B 2005 T. 3, 5].

DOC cocrour u3 12 544 hoTomeTeKTOPOB, pac-
MOJIOKEHHBIX B YeThipex Moayjsix. OnuH MoOmy/b
comepxut 112 KM3D. Kaxmaa kapra monkiaodyeHa
K 32 ¢oromerekTopaMm. ITOCKONBKY mMHaAMHU4e-
CKMIi Iamna30H U3MepsieMbIX SHEPIUil COCTaBIISIET
80000 MaB /5 MaB =16 000, a ALITT nMeeT TOJIBKO
1000 ypoBHeli KBAaHTOBaHUS, UCMOJbL3YIOTCS JBa
KaHaJjla C OTHOLIIEHUEM YCUJICHUI, paBHBIM 16.

KD ®OC comepXuUT 64 CrIEKTpPOMETPUIECKUX
YCUJIMTENS ¢ BBICOKMM U HU3KUM YCHJICHUSIMH, 32
perysiTopa HallpsoKeHUST CMEIeHUST IJIsI TABUHHBIX
dorongnonos, 4 MHOTOPYHKIIMOHATBHBIE MUKPO-
cxeMmbl ALTRO, 8 cymmupytonux ycunureneit, pop-
MUPYIOLIMX CUTHAJIBI [UIs TpUrrepa L, 6J10K yrpas-
JIeHud, BbinoJiIHeHHBIN Ha [TJIMC, u uctouHuku
ctabunmsnpoBanHoro nutanus. KO npencrasinsger
co00ii meyaTHylo 1aty ¢ pasmepom 210x359 mm?,
Kotopasi cogepxut 10 cioeB. MHoOrocaoiiHast KOH-
CTPYKLIMS TIATHl OOBSICHSETCSI HEOOXOIMMOCTBIO
MUHUMU3UPOBATh HABOIKU OT LM(POBBIX CXEM
Ha aHayioroBbie. JIJIs1 9TOM XK€ 1LieJIU UCIIOJIb3YITCS
OTHEJIbHbIE UCTOUHMKU MUTAHUS IJI aHAJOTOBBIX
¥ mudpoBhIX cxeM. PaccemBaemast MOIITHOCTD BCeX
MHUKPOCXEM, pacIlOJIOXKEHHBIX Ha IjiaTe, paBHa
5.6 Brt. ITocKOJBKY TIaThl HAXOASTCSI B 3aKPHITOM
o0beMe KopIryca MOMAYJISI, UCIIOJb3YeTCs BOISIHOE
oxyaxneHue. Boma mpoxoauT yepes MenHbIe TpyOKH,
NpuUnassHHbIE K METHBIM 3KpaHaM, KOTOPbIE Kpe-
MISITCSI TI0 00€ CTOPOHBI TIATHL.

B ormucanHoit Beiie KoHpurypamuu ®OC npu-
HUMaET yYacTHE yKe B TPEX U3MEPUTEIbHBIX ITIEPUO-
ngax (Run 1, 2, 3) Ha Boabiiom anpoHHOM KoJuialiaepe
(LHC), nauunas ¢ 2009 r. B mpoliecce HakoIUIeHUS
1 00paboTKM HAHHBIX CPOPMYIMPOBAHBI HOBEIC
TpeOOBAaHUS K U3MEPUTCIbHBIM XapaKTCPUCTHU-
kKaM ®OC KMD: nmoBbIIeHNEe TOYHOCTU U3MeEpeE-
HUs HEPTUM M BpeMeHM mposieTa [6], KoTopbie
HEBO3MOXHO BBIMOJHUTH C cymecTByooueii KMD
¢ paspemenueM 10 OUTOB IO aMIUIUTYIE U YacTO-
toit nuckpetnszanuu 10 M. JlomomHUTETbHO 3TO
MPUBOAUT K TOMY, YTO HEJIb3sI OCYIIECTBUTH IIPH-
BSI3KY 3aperiucTpUpOBaHHONM YaCTUIIBI K KOHKPET-
HOMY II€pPECEUeHMIO ITyYKOB, KOTOPOE MPOUCXOIUT
¢ yactoTtoit 40 MI1r.

YT0 KacaeTcsi BpeMEHHOIo pa3pelieHus, TO 110
MOJIyYeHHBIM JAaHHBIM OHO 3HAYUTEJIbHO XYyKE, UeM
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nsMepeHHoe ¢ nporotrunoM ALTRO. BpemMeHnHoe
pa3pelieHre YMEHbIIIAETCsI C POCTOM SHEPTUU KJjia-
cTepa, OHO MMeET CTYINeHbKY Ipu £ = 6 [3B, korna
KaHaJIbl ¢ BBICOKMM YCHJICHHMEM TOCTUTAIOT HACHI-
LIEeHMST U BpeMs U3MepsIeTCs 10 CUTHAJaM B KaHa-
nax ¢ Hu3kuM ycuireHneM. KD ®OC mo3BoisgeT
JOCTUYb BPEMEHHOTI'O pa3pelleHus OKOJIO 2 HC MpU
F =5 13B, HO 0HO OBICTPO yXyalIaeTcs Mpu OoJjiee
HU3KOI 9HEPruu, YTO IejaeT HEBO3MOXKHBIM UIEH-
TUuduKaluw GOTOHOB MO BpeMEHU IIpoJieTa MpU
OIHOBPEMEHHOM peTHCTpallii HEUTPOHOB M ITHO-
HOB [6]. Hanpumep, nias suepruu 1 5B BpemeH-
HOE pa3pellleHre COCTaBIISIeT yXe 8 HC, IIJISI CpaB-
HeHus npu usMmepeHuun nporoturna ALTRO 6b110
MOJIYYEeHO pa3pellieHre MpUMepPHO 2 HC. YXyIle-
HUE BPEMEHHOI'O pa3pelIeHUs MOXHO OOBSICHUTH
IIyMaMH1 1 HaBOAKaMU MpU (pOPMHUPOBAHUM TaKTO-
Boii yactoThl 10 MI'1 13 4acTOThl CUHXPOHU3ALUN
LHC 40 MI11, yTo npuBOAuUT K (Pa30BbIM CIBUTAM
TaKTOBBIX UMITYJIbCOB U PA3MBITUIO UX TTOJOXEHMS
110 BpeMeHU (IKUTTEP).

[TprumHbBl MogepHU3anK cymiecTBytomeit KD
®OC u tpeboBanust K HoBoit KD dopmynupy-
IOTCS CIeMYIOIIUM 00pa3oM:

— yBeJIMYEHHE MaKcuUMaJbHOI H3MepseMoit
sHepruu ¢ 100 mo 200 [3B;

— noBbIIeHNe cBeTuMOCcTH ITyukoB LHC u, kak
CJICICTBUE, YBEIMYCHNE CKOPOCTU CUYeTa B U3MEPHU-
TeJbHbIX KaHasax ¢ 8 mo 50 kI1i;

— YMEHbIIIEHNE MEPTBOTO BpeMEHU IIPU YTCHUU
JaHHbIX ¢ 200 Mkc 10 50 MKc;

— HEO0OXOAUMOCTb MOBBICUTH TOUHOCTb U3Mepe-
HUS BpeMeHU TposeTta ¢ 8 go 0.5 He a1 sHeprum
1 I5B;

— cTapeHMe 3JEMEHTHOM 0a3bl CyIIeCTBYIOIIEH
KHD.

VBenuueHre CKOPOCTU cueTa M paclIupeHue
JUHAMUYECKOTO AMAMa30Ha MO3BOJIST MOJTHOCTHIO
BOCIIOJIb30BAThCS BBHICOKOM IPaHYJIUPOBAHHOCTHIO
DOC u BBHIITOJHUTH PO U3MEPEHUI, TAKNX KakK
M3MEpEHME CIIEKTPOB MACHTU(PUIIMPOBAHHBIX HEll-
TpaJbHBIX MTMOHOB, 3Ta- 1 OMEra-Me30HOB U MpSsi-
MBbIX (DOTOHOB C ITOMEePEYHBIMU UMITYJIbCAMU, OOJIb-
mmnu 50—100 I'5B, a Takke M3y4nTh KOPpEISIIInn
9TUX YACTULI.

2. OITMCAHMUE BJIOK-CXEMBbI
[TPOTOTUIIA ®OC KU

Hs1 yMEeHBIIIEHUSI PacXodoB Ha IIPOSKTUPOBa-
Hue u usroropjieHue nporortuna KM pazpadoraHa
KWND, conep:kaliiast 8§ BXOTHBIX KAHAJIOB JUIST U3Mepe-
HUSI 9HEPTUM U BpEMEHU IPOoJieTa, HO IIPY 3TOM KapTa
COIEPKUT BCe HEOOXOOMMBIE OJIOKU O pabOThI
B ®OC. Takoit BapnaHT ITO3BOJISIET OTPAOOTATH CXEMBI
pellIeHNIi ¥ IIPOBEPUTh UX HA TECTOBOM ITyUKeE.

dynkumoHanbHas 0ok-cxeMa KM mokaszaHa
Ha puc. 1. PazbeM P1 ciryxxut miist coenmaenuss KO
¢ 8-kaHallbHOII cOopKoii ¢oToaeTeKTopoB. s
M3MEPEHUSI SHEPIUM YaCTUIl UCIIOJIb3YIOTCSI OJIOK
criektpoMeTpuueckux ycunuteneit (CY) u ALIIL.
MN3mepeHrne BpeMEHU MpPOJIETa OCYIIECTBISIETCS
dopmupoBaTensgMu BpeMeHHOU MeTKu (DPBM)
u BpeMs-1ubpoBbIM TpeodpaszoBarteneM (BIIIT).
bnox nanpsixkenunii ememenust (bHC) ¢dopmupyer
WHAWBUAYaIbHbIe HanpskeHWs misg JID] u3 Hatps-
xkeHus 400 B, koropoe nocrymaeT Ha P6. Kontpoii-
Jep kapthbl (KK) nprHrMMaeT KoMaHIbl OT CUCTEMbI

P2

SPI L
E l Boixon BLIIT 0
P; dBM 3 _ 32 JTAG
3YI1 BbIX. 8 P 40 MIit P3
Tpurrep —»| BLIIT Tpurrep
8 bCY Copoc B JTAG
Iuranue 3
3411 TIJInC
+12B, -6B P4
CLK
CwmelieHne BHC Brixon ALITT USB
Jo,
! s AL | s
L 40 MTix
P5
+1.1B, +1.8B, +2.5B, +3.3B, +5B, —6B, GND +4Bd, +2.5Ba, +6Ba, —6Ba, +13Ba, GND
BIT
Puc. 1. ®ynknuonanbHas 6;10k-cxema nmpototunia @OC KUD.
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cbopa maHHBIX U yMpaBisgeT padOToil Bcex 0J0-
koB. YUepes P2 nepenaioTcs TpUrrepHble CUTHAJIBL.
Yepes P3 nepenatorcs curnansl B crangapre JTAG
s konpurypupoBanust KK. bmox USB gaBnsteTcsa
uHTepdeiicoM mist cBsazu KM ¢ ymnpapnsiomum
koMmIblotepoM yepes3 P4. biok nuranus (BIT) Beipa-
OaThIBaeT HEOOXOMMMbIE HU3KOBOJIETHBIC HAIIPsIKe-
Hus nutanust pist KWUO u 34YI1.

[anee mpuBOOsITCS TEXHUYECKHE TpeOOBaHUS
K (OYHKIIMOHAJIbHBIM OJIOKaM 1 OIMCAHUsI MX IIPUH-
LIUITHMATIBHBIX CXEM.

2.1. brok cnekmpomempuyeckux ycuiumeneil
u AL

DHeprus 4yacTUlbl MPOMOPLMOHAIbHA aMILJIU-
Tyne curHana Ha Beixoge 3UII [7]. [Tapamerpnl cur-
Haua Ha Bbixone 3UIT mwis JIDJ 5x5 mm? S8664-55
(HAMAMATSU) mipu —25 °C TakOBHI:

— ammuiaryaa: 35 mB o sHepruu 1 I5B,

— ¢opMa curHana: BpeMst HapactaHust 30—40 Hc
(3aBMCHUT OT MecTa IOIafaHUs YacTUILbl B KpU-
CTaJl1), MoCcTosiHHas BpemeHu crnaga 100 Mxc.

JuHaMU4YeCKU TUana3oH U3MepPsSieMbIX dHEp-
TUi1 MOXHO OLICHUTbH, YIUTHIBAsI, YTO B KPUCTAJLIE
octaetcs 80% sHEPruu perucTpUPyeMOil YaCTULIBI.
Torga npu makcumanbHoit aHepruun 200 I'5B B kpu-
crajie ocraercsa 160 I'sB, a guHamuyeckuii nua-
ma3oH coctaBut 160 I3B / 4 MasB = 40000, yto
noTpedyeT ucroyib3oBaHus 16-paspgaHoro ALLIT.
Heo06xonmmo Takke yuecTh, UTO Haubosiee BeposiTHA
peructpaums yactuu 1o 10 I5B. s yMeHblLIeHUs
paspsaHoctu ALLTT nuana3oH u3amepeHuii pa3ouna-
eTCsl Ha JBa Moaauarna3oHa, KOTopble pa3indaroTcs
YCUJIEHMEM — BBICOKMM M HU3KUM. [lpemiaraercs
HCITONIB30BaTh 12-pa3psanubiii ALLTT, Torna nnamaszon
SHEPIUii, U3MEPSIEMBbIIA B KaHaJIe C BBICOKMM YCHIIE-
HUEeM, cocTaBisieT oT 2 MaB o 8 3B, a B kaHase
¢ Hu3kuM ycwienneM — ot 40 MaB g0 160 5B [6].

Takum obOpa3oM, Ha KaprTe pacriojiaraetcst 16
KaHaJIOB U3MEPEHMSI SHEePTruu — 8§ KaHaJoB C HU3-
KMM YCUJIEHMEM U 8 KaHaJOB C BHICOKHUM YCUJIE-
HueMm. Kaxnplili KaHaa comep:KuT puiabTp 1 0ydep-
HBIA yewiauTellb ¢ AuddepeHInaaIbHBIM BbIXOIOM
JUIST coenHeHus ¢ quddepeHIInaIbHbIM BXOA0OM
AULTI. BoeixongHoit curnan 3YII npoxoaut udepe3s
(uABTP, KOTOPHIA IOBBIIIAET OTHOIIEHUE CHUT-
Hain/myM U dopMmupyer (ompenensieT) ¢dhopmy
uMIynbca. Beroop nopsimka uiabTpa, T. €. KOJIrude-
CTBa KacKallOB MHTEIPUPOBAHMSI, KOTOPBIE OH OyIeT
cojiepxaTb, OCHOBAH Ha aHaJIWU3€ CTENECHU BAMUSIHUS
pa3IMYHBIX UCKaXaloUX (PaKTOPOB HA SHEPreTH -
YecKoe pa3pellleHue CIIeKTpoMeTpa.
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OTHOCHTENIbHOE BHEpPreTuYecKoe paspelieHue
3JIEKTPOMATHUTHOTO KaJIOPYMETPa MOXKHO OIMCATh
dopmymnoii [8]

c | a 2 N b Y L
E \\E JE) T
rme ¢ — omubKka usmepeHus: sHepruu, E [[BB] —
SHEPrus YacTUlIbl, 3apeTUCTPUPOBAHHOM B KaJIOpU-
METpe, a — BKJIaJ 3JeKTPOHHBIX IIIYMOB, b — CTO-
XacTUYEeCKUil 4ujieH, ¢ — KoHcTtaHTa. KoHcTaHTa
¢ TIOKa3hIBaeT, YTO DHEPreTUIECKOE pa3pellecHue
CIIEKTpOMeTpa He MOXET OBITh MEHBIIIE €€ BeIu-
YWHBI TIPUA CKOJIb YTOTHO OOJIBIIION SHEPTUH.
®nykTyanusi CBETOBbIXOAAa KpUCTajia BHOCHUT
CBOM BKJIaj B BeIUUUHY KoadduieHrta b. Temre-
paTypHas 3aBUCUMOCTb CBETOBBIXO/Ia BHOCUT CBOI1
BKJIaJl B BEJIMYMHY C.

Ecnu B KauecTBe (pOTOmMETEKTOPA MCIIOIB3YETCS
JI®]1, To ero mapaMeTpbl BHOCAT BKJIaJ1 BO BCE UJICHBI
noa KopHeM B popmyinie (1). B BenuuuHy a BXoasT
LIYMbI, BbI3BaHHBIE MTapa3suTHON eMKocThio JIDI,
TEeMHOBBIM TOKOM U ITOCJIEN0BATEIbHBIM PE3UCTO-
poM cmemenus JI®M. BermunHa b onpenensgercs
IUIOIIANBIO M KBAHTOBOM 3 dekTuBHOCTHIO JID/I, a
Takke Gaykryanueit KoadduiimeHTa yMHOXEHMS,
KOTOpast YYUTHIBAETCS C TTIOMOIIbIO KO3 hUIIMeHTa
n3owiTouHoro myma (Excess Noise Factor). B koH-
cranTy ¢ JI®J BHOCUT BKJIaL U3-3a YYBCTBUTEJb-
HOCTU KOo3(dUIIMeHTa YCUICHUSI K U3MEHEHUSIM
TeMIIepaTyphl, HAIIPSZKCHUS CMEIIEHUS Y pamgyaliy-
OHHBIX TTOBPEXICHUIA.

Torna popmyna (1) a1t OTHOCUTENBHOTO SHEPre-
TUYECKOTO pa3pelleHre ISl OAHOro KaHaja (poTo-
JeTeKTopa IMIpUHUMaeT BUJ [9]

ey

2 2

Or _ | Sese | 4| O +—+i+c2---,(2)

E MN, MN, N,
[JI€ G gp — NEKTPOHHBIE HIyMbI cucTtembl JIDI —
3YII, BbIpaxXeHHbIE B 3KBUBAJEHTHBIX LIYMOBBIX
3apsnax; M — xoadduunent yeunenus JIOI; N, —
KOJIMYECTBO MEPBUYHBIX 3JIEKTPOHOB, 00pa3oBaH-
HbIX B JIP]] npu perncrpalimy YacTULbl ¢ IHEPrUeii
E; 6, — BeanMuMHA paiuoYacTOTHBIX 1LIIyMOB U HaBO-
IOK, BBIDAXEHHAs B 3KBUBAJECHTHBIX IIYMOBBIX
3apsgax; F — KoapuneHT n30bLITOYHOrO IIyMa
JA®O; X, = 0.036 — cTOoXaCTMYECKUIl WieH s
PWO; ¢ = 0.011.

3HaueHus X,,; U ¢ B34Tbl U3 padotsl [7]. KoH-
CTaHTa ¢ NojlydeHa GUTUPOBAHUEM KPUBOI1 SHeEp-
TeTUYECKOrO pa3pelleHns], U3MEPEHHOTIO Ha ITy4Ke
3apSKEHHBIX YaCTHIL.
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B pesynbrare pacuetoB no dopmyie (2) 1 usMe-
peHui1 BeIOpaHbl oNnTUMMajbHble napaMeTphl JID]I
u CY:

— xkoapdunment ycunenans JIDOI M = 100; sto
YBEJIMYMBAeT OTHOIIIEHNE CUTHAJIA K HABOIKE, KOTO-
past mpucyTcTBYeT Ha JTuHuUSX cBs3u JIOA—3YII,
U, C IPYroii CTOpoHbI, yMeHblaeT ycuinenue CVY,
HEeoO0X0oauMoe JIJIsl COTIaCOBaHUS aMIUJIUTYAbI CUT-
HaJia co BxogoM ALIII, yTo yMeHbIlIaeT LIyMbl Mbe-
NIeCTaJIOB;

— MOKAa3aHO, YTO 3JICKTPOHHBIC IIYMBI UMEIOT
HavMeHblllee BIUSHUE HAa DHEPreTUUecKoe paspe-
IIEHUE, ¥ TIO3TOMY B KauecTBe (OUILTPa JOCTAaTOUYHO
HMCMOJB30BaTh (pUIILTP TepBoro nopsaka (1 kackan
nnddepeHInpoBaHus 1 1 Kackag MHTETPUPOBAHMSA )
1151 (QOPMUPOBAHUSI TTOJIOCHI IIPOITYCKAHUS, TPeOy-
MO IIJIsI IMomaBJIeHUWs] IIYMOB M HAaBOIOK; TaKOIi
(UIBTp yIIpoIIaeT CXeMOTEXHUKY, UTO YMEHbIIIAeT
3aTpaThl Ha KOMITOHEHTHI 110 CpaBHEHMIO, HAIIPH -
Mep, ¢ GUIBTPOM BTOPOTO MOPSIAKA CYIIECTBYIOIIEH
DOC KHNI; nocrosgHHas popmupoBaHust GUIbTPa
1 MKC ITO3BOJISIET CHU3UTD BEPOSITHOCTD HAJIOXKCHMIA.

I'papukm pacuyeTHBIX 3HAUCHMI, OTpaxKaro-
IIMe BKJIaI IIYMOB 3JIEKTPOHUKHU, M30BITOYHBIX
mymoB JIDJI, cToxacTUUEeCKOro IymMa KpHcTajlia

o(E)/E, %

U TIOCTOSTHHOTO YJieHa B DHEPreTUYEeCKOM paspe-
IIEHUU CIIEKTpOMeTpa MpH MepeurcIeHHbIX BbIIIE
napamerpax JIDI u 3UII npu 7 = —25 °C, noxka-
3aHbl Ha puc. 2. Huxe sHepruu BeanuuHoii 6 5B
npeo0JIafalouM SIBJISIETCS CTOXaCTUYSCKUM IITyM
Kpucrtaaia. Bellie 3Toil BeaWyMHBI Mpeobiana-
IOIIMM CTAHOBUTCS BKJIaJ OT KOHCTAHTHI. Takxke
Ha rpauK HaHeCeHbl BEJUUYUMHBI SGHEPTETUUECKOTO
paspelieHus, U3MepeHHbIe Ha IIydyKaX 2JIEKTPOHOB
npu ucnbiTaHusax ogHoro monyias ®@OC B IIEPHe.
BunHo xopolee corinacue pacueTHBIX M 9KCIIEPH-
MEHTAJIbHBIX JTaHHbIX.

Ha puc. 3 nokazaHa nmpuHUMNOMAJILHAS CXeMa
ogHoro u3MeputeabHoro KaHana CY, KoTopblii
COCTOMT M3 KaHajla BBICOKOIO M KaHaja HM3KOTIO
ycrnennii. Cxema CY BeITIOTHEHA Ha OMHOM MUKPO-
cxeme MAX4454, conepxaieil 4 orepalMOHHBIX
yeunutenas (OY). Bxon CVY coenrHeH co BXxogamMu
nByX punsrpoB VI n Y2 na OY. HuddepeHuupo-
BaHUE BXOJHOIO CUTHaJIa BbINTOJIHEHO HA C,R; 1 Ha
C5R,. Pesucropsl R, R, UCNIOJIb3YIOTCS U151 KOMITEH-
canuu noiroca HyneM. OTCyTCTBUE KOMIIEHCAIIMU
MPUBOIUT K UCKaXXeHNIO (POPMBI UMITyJIbCa B 00J1a-
CTU MaKCMMYMa M K Ha craje Mpu nepeceyeHuu
UMITYJIbCOM 0a30BOM JTUHUU, YTO MOXET CMECTUTh

~4— [IlyMBI 2IEKTPOHUKH

0.1
=8~ 13061TOuHBIE 1IyMbI JID]],

—+— CTOXacTuyeckue HIYMbI KpucCTajljia

- KoHcTanTa

0.01

=¥~ DHEPTEeTUUECKOE pa3perieHne
CIIeKTpOMeTpa

~@- DKCTIepUMEHTAIbHbIE TaHHbIE

0.001 . —_—

0.1 1

10 100
OHeprus, [5B

Puc. 2. I'paduku, oTpaxaroiine BKJIa IIyMOB 3JeKTPOHUKH, U30BITOYHBIX IITyMOB JID/I, cToXacTMUECKOro IyMa KprcTai-
J1a U TIOCTOSTHHOTO WIEHa B 9HEPreTUUECKOe paspelieHne cnekrpomerpa npu yeusiaenun JIDI M = 100, ¢punsrpe nepBoro
MopsiiKa ¢ MOCTOSIHHOM BpeMeHu 1 Mmkc u 7= =25 °C.
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Cl V1...Y4 MAX4454ESD
|
1001
FL5>
it 3300
255
R, 255 — R, 34x
c, R, 215x 8.25K
470n - R
Ré 10x V2 -1—1- R
17 100
R 3.4k va
C, c
100x 12 330n
;I; Ris 100
12
— }—|> Cis
10k 100

Puc. 3. [IpuHuunuanbHas cxemMa oqHoro usMeputeabHoro kanaiga CY. HY — nuddepeHiimanbHblil BbIX0J KaHala ¢ HU3KUM
ycuwieHueM. BY — nuddepeHunanbHblil BBIXOA KaHalla ¢ BHICOKUM YCUJIEHUEM.

0a30BbBIil YPOBEHb U3 IMara3oHa Mpeodpa3oBaHUs
ALTI. MHTEerprpoBaHue OCYLIECTBISETCI C TTOMO-
mpio C,R; u CgR. YewieHue 3a1aeTcs pe3sucTopamu
Ry, R; u Rs, Rg. MakcuMajibHad aMILIMTy[a CUT-
Hajia Ha Bbixogax ¢puiasrpoB 1 B. BennuuHa nbene-
cTaJla 3aaeTCsl OMOPHBIM UCTOUYHUKOM HaIlpsiKe-
Hug +1.5 B.

B xauectBe ALIIT ncnonb3yercs nmapaienabHbli
(6pIcTpHINl) mpeobpasoBartenb AD9637 (Analog
Devices), KOTOpbIiA OCYILIECTBIISIET HEMIPEPBIBHYIO
BBIOOPKY BXOIHBIX CUTHaJIOB ¢ yacTtoToil 40 MI
U peoOpa3oBaHue B 12-pa3psaHbIii KO/,

CuHda3Hblil BBIXOA (PUIbTpa MOJXKEH OBITh
comtacoBaH ¢ nuddepeHunanbHeIM Bxomom AL,
MpUYEeM Ha OMHOM BBIXOAE JOJKEH OBITh ITOCTOSTH-
HbIi ypoBeHb +0.5 B, U curHai noJikeH U3MEHSIThCS
B TIOJIOXUTENbHYIO cTOpoHY. Ha BTOpoMm BbIXOIE
JTIOJKEeH OBITh IMTOCTOSIHHBIN ypoBeHb +1.5 B, u cur-
HaJl TOJDKEH M3MEHSIThCS B OTPUIIATENIbHYIO CTO-
poHy. IIpOMBIIIIEHHOCTh BBITYCKAET CIIelIMabHbIE
OY ¢ nuddepeHINaTLHEIMHA BBIXOJAMHU, HATIPUMED
ADS8132, onHaKO OHM HE MOTYT ObITb UCIOJIb30BaAHbI
B U3MepuTeabHOM 31ekTpoHrKe POC u3-3a 601b-
1ot paccenBaeMoii MoltHOCTHU (Topsiaka 50 MBT
Ha onuH KaHai) u ueHbl $1.84. ITosToMy uccieno-

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

BaJIMCh NIpyrue pelieHusi. B pazpaboTaHHoll cxeme
nuddepeHInaNbHBIA CUTHAI MoJydaeTcs n100aB-
JICHHEM I10 OMHOMY MHBEPTUPYIOIIEMY YCUIUTEIIO
B Kaxnblit KaHat: Y3 u V4. Ha nuddepeHumnanbHbIX
BBIXOJAX KaHalla C HU3KUM U C BEICOKUM YCUJICHUEM
HUCMHOJIb3YIOTCSI (DUIBTPBI A1 0OecTeyeHUus Mpo-
XOXKJIEHMSI CUTHAJIOB HABOAOK C “3€MJISIHOI ™ IITMHBI
yepes KoHaeHcatophl Cy...Cj; Ha nuddepeHunanb-
Hoeie Bxoabl ALITT, rne onm BerynTaroTcs. Beenenue
¢dunbrpoB ymMeHbimsio RMS nwenecranos ¢ 2.3
10 0.6 orcuetoB ALIIL. Insg ognoro OV, BXoagiiero
B MuUKpocxeMy MAX4454, paccenBaemast MOIITHOCTb
cocrasister 3MBrT, a mena — $0.3.

ITocTossHHBIE YpOBHU Ha AuddepeHInaTbHBIX
Bxogax ALIIT ¢popmMupytoTcst rmogadyeilt moCTOSTHHbBIX
HanpstxkeHuid +1.5 u +0.5 B Ha HeMHBepTUPYIO-
e Bxoasl OY. Hacrpoilika nbeaecTaaoB, KOTOPhIE
JOJKHBI UMeTh BenuuuHy 50+10 oTcuetoB ALLII,
MPOUCXOIUT MyTeM U3MEHEHUs BeIMYUHBI +1.5 B.

2.2. baoku ©BM u BIITT

BpeMs mposieta omnpenensieTcsl pacrooXXeHueM
DOC oTHOCUTEIBHO TOYKM B3aMMOICUCTBUS, IS
pa3IMYHBIX YACTHUL] OHO cocTaBisieT oT 15 mo 17 He.
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Omubka u3MepeHus (Curma) ajs 4acTUIl ¢ dHep-
rueit 1—2 3B He noikHa npesbimath 0.5 He.

BpeMs1 perucrpanuu 4acTUILIBI OIIPENeIsIeTCs
10 CUTHaJIy Ha BbIxone (OpMUPOBATEsIsI BpEMEHHOM
MeTKHU (puc. 4), KOTOPBIiA COCTOUT 13 (DUIBTPa X KOM-
rnaparopa ¢ peryimpyembiM moporom. [lopor mis
KaKJIOro KaHajla yCTaHABIMBACTCS MHIUBUAYaJIbHO.

Curnan c¢ Beixoma 3YII moctymaetr Ha BXon
cxeMbl (D)OPMUPOBAHMSI BXOIHOI'O CUT'Haja, KOTO-
pag cocrout u3 guddepeHunposanusd Ha C R,
n uHterpupoBaHusl Ha R,C;, onHoBpeMeHHO C,
On0KUpYyeT cpabaTbiBaHUSI KOMITapaTopa OT KOPOT-
KMX UMIYJIBCHBIX TTOMEX, KOTOPHIE IMPUCYTCTBYIOT
Ha nuHugx cea3u 3UIT-KND. [Moporosoe Hampsi-
>KeHUe T10aeTCsl Ha MHBEPTUPYIOLINIA BXOI KOMIIa-
patopa ADCMP604BKSZ (Analog Devices) yepe3
nenurensb R,R,. CUTHaJIbHBIA BXOI KOMIIaparopa
3allUIIeH OT IepeHamnpsKeHUs TMOIHOM COOPKOI
BAV99. Komnaparop obecrnieunBaeT 3aaepKKy pac-
npocTtpaHeHus 1.5 HC co cpemHeKBaapaTUUYHBIM
clydaiiHbIM JkuTTepoM 1 mc. Bpems HapacTaHus
BBIXOIHBIX UMITYJbCOB cocTapisieT 600 1c, pa3dpoc
BpEMEHU ITePEKIIIOUCHHUSI B 3aBUCUMOCTH OT aMILIM -
TYIBl 1 CKOPOCTU HapacTaHUsI BXOTHOTO MMITyJIbca
He npeBbilaeT 50 nc. BeixogHble curHaibl nudge-
peHuMaabHbIe B cTaHgapte LVDS.

IToporn popmupyrores LAIT MAX5308, koTo-
porit conepxut 8 LIAIT ¢ mpeodbpa3oBanmuem 10-pas-
PSITHOTO KOJa B MaKCUMaJIbHOE HarmpsikeHue 5 B.
Konpl xpansites B peructpax KK u nepernmchiBaroTcst
B HAII o miuHe SPI npu BKIIIOUEHU Y TTUTAaHUS.

Hnsa mpeobpa3oBaHUS BPEMEHHOIO HHTEP-
Bajia B IM(ppOBOI KOA MCIOJb3YETCS MUKpOCXeMa
HPTDC, xoTtopas 6bl1a cIieliMajbHO pa3paboTaHa
IJISI BpEeMSIIIPOJIETHBIX JE€TEKTOPOB, YIaCTBYIOIINX
B skcrniepuMmenTax Ha LHC [10, 11].

Ha TakrtoBbit Bxon BIIII mocTymaet cwur-
Han cuaxpoHuszauun LHC ¢ yacrtoroit 40 M.
Bctpoennniii PLL (da3zoBass aBTOmOmCTpoOiiKa
YacTOThI) T€HEPUPYET BHYTPEHHUE OIOPHEIE CUT-
Hajnbl ¢ yactoramu 320, 160, 80 u 40 MIt. BLIII
MOXET paboTaTh B PEXUME BbICOKOTO pa3pelleHus
¢ IMPUHON KaHaya (olmoOKoit uamepenus) 98 mc,
CpeIHero paspellleHus ¢ IUMpUHOM KaHana 195 mc
M HU3KOTO paspelleHns ¢ IpuHoii KaHana 781 mc.
Bo Bcex atnx pexumax BLIIT moxeT paboTath ¢ 32
BXODHBIMM KaHajlaMH. TakXke eCTh peXUM OYeHb
BBICOKOT'O pa3pelleHus] ¢ LUPUHOMN KaHama 24 1ic, B
KOTOPOM MOXHO padoTaTh TOJBKO C 8§ BXOAHBIMU
KaHaJlaMH.

CunresupoBanHbuiii PLL curHan momaetcs
Ha Bxombl DLL (cucrtema aBTOMaTMYECKOM TTOM-
CTPOVMKHU 3aAepKKU) U “rpyboro” 15-pazpsaHoOro
cyeTtyrka. “IpyOblii” CYETYMK HETPEepbIBHO MHKpPE-
MEHTHPYETCS 10 CUTHaJIaM ornopHoii cepum. Korma
CUTHaJl BPEMEHHOU METKM MPUXOAUT Ha OAUH
13 u3mMepurTeabHbIX BxonoB BLITT, dopmupyetcs kon
BPEMEHU PErucTpalliy, CTapIIre pa3psiabl B KOTO-
POM ONpenessaoTcs 3HaYeHUeM “rpyooro” cyeTymka
B MOMEHT peTUCTpallMy CUTHAJA, a MITaIINE S5 pa3psi-
TOB onpenenstorcs no curHaiam DLL. Takum obpa-
30M, HPTDC He saBasiercs crapt-cronosiM BLIIT, 1
BCE €ro U3MepUTEIbHbIE KaHAJIbl 9KBUBAJICHTHI.

HPTDC moxeT paboTaTh B TPUTTEPHOM 1 OeCT-
puUITepHOM pexnMax. B OecTpurrepHoM pexxmMme
BILIT ¢popmupyet 1 BblAaeT Ha BHIXOJ KOAbI HA KaX-
JIbIA 3aperucTPUPOBAHHBIA CUTHAI Ha U3MEpPHU-
TeJbHOM BXofe. B TpurrepHoM pexume Ha Kax-
OB TPUTTEPHBI CHUTHaaA (CUTHAJN, TONAHHBIN
Ha CIIeUMabHBIN TPUTTEPHBIN BX0OA) (OPMHUPYETCS
MOCHUIKA, COCTOSIIIAsI U3 CIIy>KeOHOI MHMOopMaLun
M BCEX KOAOB BXOIHBIX CUTHAJIOB, 3apEeruCTPUPO-

+5
c —— C,0.1 mMx®
180 n® R, 56
1 1 J _|H I
[ Bx ] — I “
C,120 n® -
p— ADCMP604BK
R, 16k
|H0por 1 /
BAV99
: I
1.2k %z 160

Puc. 4. [TpuHnunmansHas cxema ¢hbOpMUPOBATENst CUTHAIA BDEMEHHON METKU.
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BaHHBIX B 33JJaHHOM BPEMEHHOM MHTEpBaJje Mepen
TpurrepHsiM curHasiom. BIIIT mo3BossieT 3amaBath
BPEMEHHOI MHTEpBaJl, B KOTOPOM COOBITHS CUMTA-
1oTcs noje3HbiMu (Matching window) 1 momangaroTt
B COOBITHE U BpeMsl, Ha KOTOpoe OyneT 3aaepXaH
tpurrep (Trigger latency).

PeanpHast @OC KM D nmMeet 32 BXOTHBIX U3MEPH-
TeJIbHBIX KaHaja, Mo3ToOMY Ha pa3pabotaHHoii KD
HPTDC paborana B pexxrMe BbICOKOTO pa3pelie-
HUs — 32 BXOIHBIX KaHaja ¢ IIMPUHOMN KaHasa 98 1ic.

B skcmepuMeHTe Ha TECTOBBIX ITy4KaX TPUT-
TEPHBIM cUrHaI (OpMUPYETCS CTAPTOBBIM CUET-
YUKOM M MOCTYITaeT Ha 00pabOTKy MPUMEPHO B TO
K€ BpeMs, UTO WM CUTHaJIbl C U3BMEPUTEIbHBIX KaHa-
JoB. IToaTtomy nis mpaBusibHOM padoTtet HPTDC
B TPUTTEPHOM pEXMME 3TOT CUTHAJ MOAAeTCs
Ha uaMmeputenabHbiit Bxon BUIT u B TIJIWC. TIJINC
(dopmupyet Tpurrepuslit curHan mist HPTDC,
CUHXPOHHBII C BXOAHBIM CUTHAJIOM M 3alep>XaH-
HBIIA Ha HEOOXOMMMOE BpeMsl, a TaKKe 3amycKaeT
JIOTUKY (popMUpOBaHUS COOBITUS. B peabHOM BKC-
TMEPUMEHTE TPUTTEPHBIM CUTHAJIOM OyIeT CUTHaJ
oT netektopa Ha B3auMosneiicrsue ALICE/TO.

CuutbeiBanue gaHHbIXx ¢ HPTDC ocyiecTtBisieTcs
10 MapayiieIbHOMY 32-pa3psimHOMY UHTepdericy.

33

2.3. Brok hopmuposarus HAnpadceHUus CMeu,eHUs

dopMupoBaHUEe TpPUITEpa HA CYMMapHYIO
BBIIEJIEHHYIO DHEPruio (CyMMHUpOBaHHE CUTHa-
JIOB MaTpUIIbl JETEKTOPOB pa3zMepoM 5X5) TpedyeT
annapaTypHoro comiacoBaHusi Ko3GhdULMEHTOB
peoOpa3oBaHMs U3MEPUTEIIHLHBIX KAHAIOB HE XyXKe
4%. Kpucraisl BolibhpamaTa CBUHIIA UMEIOT pa3-
Opoc cBeToBbIXOna 0KOJIO 30%, KO3 HULIMEHT ycu-
JIeHns1 M TIpd OMHOM M TOM K€ HaIlpsKEHUH CMe-
meHus g pasHbix JIOI umeer pazdbpoc 0KoOJIO
20%. Heobxonrmo TakKe YYUTHIBATh TPO3PAaYHOCTh
OITUYECKOTO CJI0S MexXay KpuctayyioM u JID/I, yro
BIMSIET Ha BEIWYMHY CBETOBOIO IIOTOKA, MOITama-
omero Ha JIDJ. CormacoBanue Ko3hULIMEH-
TOB MpeoOpa3oBaHUs KaHAJIOB BO3MOXHO TOJBKO
Ha IMy4YKe, KOTAa BCe 3JEMEHTHI AETEKTUPYIOLIETO
KaHaJla IpMHUMAIOT yJyacTue B 00pa30BaHUU CUT-
Hana. ComtacoBaHue TOCTUTACTCS ITyTeM U3MEHEHUS
kosdPprunmenTa ycunenus JIO pu n3sMeHeHUN
HaIpsDKeHUsT cMelleHus. HanpsokeHne cMelnneHus
Ha JID]J] n3mMeHsIeTcs 10 TeX Mop, IMoKa ITMK aMIIIM -
TYIHOTO pacrnpeneieHus He CMECTUTCS B 3aJaHHbBII
kaHai. [IpeunmyiiecTBoM 3TOro crocoda siBiaseTcs
OTCYTCTBHME 3Tala IIpeaBapUTeIbHOIO 0TOOpa Kpu-
crajuioB u JID/I 1ipu ycTaHOBKE UX B MOIYJIb.
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muHa SPI 14 0.1 R2 250k 3 )
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Puc. 5. llpuHuunuanbHas cxeMa 610ka GoOpMUPOBaTESIst HATIPSKEHUST CMELLIEHUS.
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ITapameTtpsl (popMupoBaTeNsl HANIPSIKEHUST CMe-
weHust 1s JI®JL 1oJKHBI yIOBJIETBOPSTD CIIEIYIO-
IIMM TpeOOBaHUSIM:

— peryJMpoBKa HaIIPSDKEHUSI CMEIIICHUS B Aua-
na3oHe 200—400 B,

— MUHUMaJbHBIN 1ar peryauposku 0.2 B,

— IIyMBI U IMyJIbCallMM Ha BhIXone GopMUpOBa-
TeJist He 6osee 25 MB,

— BBIXOAHOI TOK He 0oJiee 0.1 MA,

— TeMIepaTypHas HeCTaOMIbHOCTh BBHIXOTHOTO
HanpspkeHust He 6ogee 0.1% / °C,

— BO3MOXXHOCTb BBIITOJJHEHUST KOMaH, yrpaBJe-
Hus ot KK,

— COIIPOTUBIIEHUE M3OJSILIUU MEXIY BBICOKO-
BOJITHBIMU 1 HU3KOBOJIBTHBIMM LIETISIMU HE MEHEee
10 MO,

— peanm3alnus CXeMbl Ha KOMIIOHEHTax IJIs
MOBEPXHOCTHOIO MOHTAaXa.

ITpuHIMnIUaabHasI cxema pa3paboTaHHOTO OJI0Ka
nokazaHa Ha puc. 5. 3agaHue MHAWBUIYaJbHBIX
HamnpsDKeHUM CMeIlleHMsT OCYIIECTBJISIeTCS 4yepe3
8-kaHanpHbI 10-paspanusiii HATT MAXS5308,
koTopsiit ynpasisiercs:t KK yepes mmny SPI. ®op-
MUPOBaTeIIb BEIXOMHOTO HATIPSIKEHUST IIPENACTABIISIET
co00ii peryasTop HamnpsKeHUsI, U30JUPOBAHHbBIN
OT BBIXOJIa C MOMOIIbIO OINTOBRJIEKTPOHHON Mapbl
KPC452. Takum 006pa3oM OCYILIECTBISIETCS N30SI~
nus HanpsokeHns 400 B oT HU3KOBOJIBTHEIX LIeTICH
perynupoBanusa. Ha pesucropax R,, R; mpoucxo-
IUT CYMMUpPOBAHME HaMpsKeHU oT pedepeHc-
HOTO MCTOYHMKA +5 B 1 BBIXOMHOI'0O HampsKeHUs
HAII. Ecau na HAII nogan HyjneBoi#t Koo, TO Ha
Beixone LIAIT ¢popmupyercss HyleBoe HaIpsiKe-
HUe, B pe3yJbrare Ha HeMHBepTUpylomuii Bxon OY
nomaeTcs HanpsskeHue +2.5 B, a Ha BeIXome ¢dop-
MUpoBaTeas mnosgpiseTrcd HamnpsikeHue +200 B.
Ecan na HAIT nomaetcst MakCUMaibHBIN KO, TO HA
BbIXone 0Ji0ka hopmupyetcs HanpsizkeHue +400 B.

PazpaboranHasg cxema ¢popMUpOBATENS MOTHO-
CTBIO YIOBJIETBOPSET IIEPESUNCICHHBIM BBIIIIE TPEOO-
BaHUSM U MMEET BBICOKYIO HaIeXKHOCTh, HAIIpUMeEp,
OTKJIIOUCHME HamNpspKeHusT +5 B mipu BKIIFOYeHHOM
nutanuu 400 B He BEIBOIUT €€ 13 CTPOsI.

2.4. baok unmepdgheiica

bnox uHTepdeiica mpenHasHaueH I CBSI3U
KHMD ¢ cuctemoii MmeaaeHHOTO KOHTPOJS 1 cbopa
naHHbIX. B HacTtosmee BpeMst POC ucnoab3yeT
crangapt P2P [6]. s oTnagky BCTPOEHHOTO MIPO-
TpaMMHOI'0 00ecIieueH!sI U TECTOBBIX MCITbITAHUM
Ha Tyuyke NpenycMOTpeH MHTepdeiic craHmapra

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

USB, BeimoaHeHHBIN Ha Mukpocxeme FT245RL, —
JIByHarpaBlieHHbII ipeoodpaszoBaTens USB/FIFO.

2.5. Koumpoannep kapmot

KoHTposiep KapThl BBIIIOJHSIET CAEAYIOIINE
GyHKINMI:

— ynpapieHue AIT ycTaHOBKM MOPOroB AUC-
KPUMUHALIMKA ¥ HaIIPSDKEHUST CMEIEHUST JTABUHHBIX
(oTOAETEKTOPOB;

— coop panHbix ¢ ALITT u BLIIT;

— (hopMupoBaHUe U Mepenada TaHHBIX B IIPO-
rpaMmy cOOpa TaHHBIX I10 IIPUXOMY CUTHAJa TPUT-
repa L.

Kontponnep xaptbl BbimoaHeH Ha I[IJIMC
SCEBA7F23C8 cepuu Cyclone V ¢upmbl Intel
(Altera). TIJIMC »Toit cepum OBLIM BHIOPAHHI,
MOCKOJIbKY, C OMHOI CTOPOHBI, 3T MUKPOCXEMBI, B
OTJIMYME OT MUKPOCXEeM MJAIIINX CEpHid, comep-
JKaT BCTPOCHHEBIE JieCepraan3aTophl, C IPYroil cTo-
poHbl, 17151 pa6oThl ¢ ITJINC aT0ii cepun, B OTJIMULE
OT MUKPOCXEM CTaplLIMX CepUii, MOKXHO UCIOJb30-
Barb Quartus Prime Lite, He TpeOylomuii rmiaTHOM
ImueH3nn. AMIIUTyIHbI KaHan KMD noctpoen
Ha OCHOBE KOHBEHEPHBIX 12-pa3psiAHBIX 8-KaHab-
HbIx MukpocxeM ALIIT ¢ mocnenoBaTebHbBIM BbIXO-
JIOM U 4acToToii nmpeodbpazoBanus no 40 MIu. Dto
3HauuT, 4yTo Ha BXoabl [IJIMC naHHbIe OyayT MOCTY-
naTh Ha yactore 480 MI1. Ha Takux yacrtorax mpu-
MEHEHNE BCTPOEHHBIX JeCcepualn3aTopoB 3HAUM-
TEJIBHO YIIPOIIAeT MPOILIeCcC Pa3padOTKU.

Crpyktypa mnpowmusku IIJIMC npusBeneHa
Ha puc. 6. Koasl ¢ BeixogoB ALLIl moctymaior
Ha 8-KaHaJbHBIKM BCTPOEHHBIN Jecepuanu3aTop
¢ koa(pdunmentom 6 (8xDESER). Ha Beixone nece-
puanuzatopa dopmupyorcs 48-0MTOBBIE CI0OBa
c yactoToit 80 MI1 (nmepBbie 6 OUT — HYJIEBOI KaHaJ,
caenyoinye 6 6GUTOB — MEPBBIA KaHal U T.1.). DTU
JaHHBIE TIOCTYNAOT Ha Moay.b D.S,, KoTopblil (pop-
MUpPYET BOCeMb 12-pa3psiiHBIX CIOB JJIS1 KaXXI0TO
kaHaja. [1o mojioxureabHOMY Iepernaay UMITyIbca
takToBOI yacToThl 40 MI1 (FCO) 3anuceiBarorcs
6 crapumux GUTOB, MO OTPULIATEBHOMY — 6 MJIaj-
mmx. Takum o6pa3oM, Ha Beixoze 610ka DS, hopmu-
PYIOTCS KOABI aMILIMTY IJ1s1 KaXKIOTO U3MEPUTETb-
HOTo KaHaua ¢ yactotoii 40 MI11. Jlanee 9T naHHbIE
MOCTYTIAIOT Ha cABUTOBLIN peructp ShRegData.

[TocKonbKy IIUTENBLHOCTh CUTHANA (IIPUMEPHO
8 MKc 1o ypoBHI0 1%) Ha Bxome ALIIT npeBbliiaeT
3alepXKKy curHana L, 1.2 Mxc, curHaz 3anucu aaH-
HBIX B BBIXOJHBIE PErMCTPbl HEOOXOAMMO 3aaep-
>KaTh Ha pa3HULY MEXIY JIUTEIbHOCTHIO UMITYJIbCa
Ha Bxone ALIII u 3anepxkoii curnana L. [1is sToro
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Puc. 6. brok-cxema nnporpammsl ITJINC.

CUrHai L, mocTymaeT Ha CABUTOBBI DPEruCTp
ShReglL0, xoTopslit (popMHupyeT HEOOXOIUMYIO
nudpoBylo 3aaepxKy. BeixonHoii curHan ShRegl0
MepenuchiBacT JaHHbIE U3 CABUTOBOIO PETrHUCTpa
ShRegData B peructp cooniTuit Ch# REG. Takxke
BeixogHOM curHana ShRegl0 ycranaBnuBaeT Tpur-
rep LAM, coo01ias ynpasiagiolmeMy KOMITbIOTEPY
0 TOTOBHOCTH JIAHHBIX JIJIS1 CYUTHIBAHUSI.

Monyns TDC READ nipenmnasHadeH T CYUTHI-
BaHUS MHMOpMaLMU C BpeMEHHOIO KOIWPOBIIMKA
HPTDC. On nepenaer curnan L8 HPTDC u xner
curHana data_ready ot Hero. Ilo mpuxony curHaia
data ready monynp TDC READ HaumHaeT cum-
TeIBaHWE HaHHBIX U3 0ydpepa HPTDC n 3anmucoi-
BaeT B PETMCTPHI COOBITUSI HAUMEHBIIINE 3HAUEHUS
JUTST KasKIOro U3MEPUTETLHOTO KaHana (8 BXOITHBIX
KaHayioB + 1 OMOpHBIIA).

Hns mpenoTBpallleHUs epeMelIMBaHus JaHHBIX
OT pa3HbIX cOObITUI curHajgl LAM OiaokupyeT npo-
xoxaeHus curHana L. Tpurrep LAM moxeT ObITh
cOpoIlIeH KOMaHIOI CUCTEeMEBI YIIpaBICHUsI, 3aIly-
ILIEHHO Ha KOMIIBIOTEPE.

Monyns TDC_JTAG mipenHasHayeH IS 3aTTUCH
B peructpbl HPTDC xon0B KoHpuUrypauum.

Monynu SPI_HV u SPI_TH ymnpasasior MUKpO-
cxemamu IHAII, yctaHaBaIMBaOIKUMU HaTPSIKEHU S
cmemenust Ha JIDO v moporu AMCKPpUMMHALIUU
BO BPEMEHHOM KaHaJle.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

Monyns USB FSM nipenHaszHaveH njist oOMeHa
JaHHBIMU ¢ MuKkpocxemoit FT245 (FTDI), nemmd-
paluy IIOCTYMHAIOMIUX OT CHUCTEeMBbI YIIpaBICHUS
KOMAaH]I ¥ X BBITTOJTHCHHUSI.

M3HavanbHo (aiinbl koHpurypauuu HPTDC
u HAII xpaHsTcs Ha ynpasisiolleM KOMIIbIoTepe
M 3aIlMChIBAIOTCS B COOTBETCTBYIOIINE PETUCTPHI
KK B Hauane uamepeHuii.

2.6. BroKk HU3K0B0AbMHBIX UCOYHUKO8 NUMAHUSA

[TpumeHsitoTcst OTAEIbHbIE UCTOYHUKU TTUTAHUS
JUTSI aHAJIOTOBBIX M IIM(POBBIX CXEM, UTO YMEHBIIIAET
BIMSTHE TTMU(GPOBBIX TTOMEX Ha aHAJIOTOBBIE CUT-
HaJsibl. B KauecTBe MCTOUHMKOB MTUTAHUS UCTIONb3Y-
10TCSl IMHEWHBIE PEeTYIITOPbl C HU3KUM TaJeHUueM
HanpsokeHust (LDO). [Mockoabky KUD ®OC pado-
TaeT B MArHUTHOM T10Ji€, 3alPelleHO UCIO0Ib30BaTh
WMITYJTbCHBIE UCTOUHUKYW TTUTAHUS C APOCCEIISIMMU.
[To Toii ke MpWYMHE 3ampelieHo MCIoJIb30BaTh
JpOCCeNN B (pUIIBTpax MUTAIOIIETO HAIPSIKEHUS.

2.7. Komnonosxa nanamet npomomuna KH5

Pa3meps! miats 180%210 MM2, 4TO cOCTaBIISIET UeT-
BEPTYIO YacThb cymecTBytomeil Kaptel ®OC mipm pac-
MOJIOKEHNH KOMITOHEHT Ha 00X CTOPOHAX IIJIaThI.

HMcnonb3yercst onuH nmojauroH 3azemieHuss GND.
ITnara genuTcst Ha aHAJIOTOBYIO U LIM(POBYIO YACTU
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JUIST UCKJTIOUEHMSI B3AMMHOTO BIIMSTHUASI BO3BPATHBIX
TOKOB 3TUX YacTeil Ipyr Ha apyra. OTo Hakjalbl-
BaeT OrpaHMYEHMS] Ha pa3MellleHe KOMIIOHEHTOB
U TPAacCUPOBKY MPOBOTHMKOB: aHAJOIOBBIE KOM-
IMOHEHTHI ¥ IPOBOJHUKHU PAaCIIOJaraloTcsl TOJIbKO
Ha aHaAJIOrOBOM YacTH IJIaThl 1 HA0OOPOT.

Bce KoMMmoOHEHTHI aHaIOrOBOI YacTU pacrioa-
raloTcsl Ha OJHOM CTOpOHE I1aThl. Takoe pacriofo-
JKeHHEe OOBSICHSIETCS TeM, YTO JAaHHBIA IMPOTOTHUII
SIBJISIETCS 8-KaHAJIbHBIM, B TO BpeMs KakK peajbHas
KapTa JOJKHA comepxXaTh 32 KaHama. DTo TpedyeT
PAaCIoOIOXUTh 16 KaHAJIOB Ha OAHOM CTOPOHE IJIAThI
1 16 KaHaJOB Ha IPYroil BO3Jie COOTBETCTBYIOIINX
BXOIHBIX pa3beMoB. OaHa U3 Leeil mporoTuna —
MOJIYYUTh Pa3BOAKY KaK MOXHO OJIMKe K IOJHO-
macitabHoit kapte. [loaToMy BapuaHT pacmnoJio-
JKEHUSI CIIEKTPOMETPUUECKIX YCHIIMTEIIe Ha OTHOMK
CTOPOHE IJIaThl, a KOMIApaTOpOB Ha APYroii, XoTs
M MIMEET SIBHbIEC TTPENMYILIECTBA 32 CUET COKpAICHUS
JIUIMHBI COEIMHUTENBHBIX TIPOBOAHUKOB ¢ KOHTaK-
TaMU BXOZHOTO pa3beMa, He MOXET ObITh peaan30-
BaH, TaK Kak ITOJTyYeHHasl pa3BoAKa HEe MOXET OBbITh
IepeHeceHa Ha peaibHYIO ILIaTy.

HasnadeHus HanpsiKeHWId TTMTaHUsI, KOTOPHIS
MOCTYIIAIOT Ha IIJIaTy uepe3 pa3beM XP2, TaKOBBI:

+2.5VA — nnutanue ALIIT,

+13VA, —6VA — niutanue 34I1,

+6VA — nuTaHue CIIeKTPOMETPUYCCKUX YCUIH -
Teseil 1 KOMITapaToOpOB,

+4VD — nutanue I[TJIMC u HPTDC.

IMonuroHsl HANIPSDKEHUM MUTAHUS W 3eMIJIH, a
TakXe pa3BoJKa KOHTAaKTOB Ha XP2 moka3aHbl
Ha puc. 7. [IpoBoagiiye ciou pacnoJjararTcs cie-
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Puc. 7. Cxema pacrojioxXeHusi MOJUTOHOB Ha ruiaTe.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

aytoimumM oopaszom: Curnan — 3emnst — I[lutanue —
Curnan.

TpeboBanusg K pasBoake AuddepeHIaaIbHbIX
coemMHeHU: BotHOBoe compoTusieHue 100 Owm,
JIOPOXKKM BEIPABHUBAIOTCS I10 JAJIMHE.

Ha puc. 8 moka3zaH B CMOHTUPOBAHHOI TLJIAThI
B IIpoliecce ee HACTPOIKU B J1aOOpaTOpUH.

FEE_BCH_U1.0

1T

Puc. 8. Bung cMoHTUpOBaHHOI IUIATHI IMPOTOTHIIA
KHND ®OC.

3. UBMEPEHUE XAPAKTEPUCTHUK
[MPOTOTHUIIA ®OC KNS

3.1. JlabopamopHsie uccaedosanus xapaKkmepucmuk
npomomuna KHUD

g HaCTPOMKM M M3MEPEHUST XapaKTePUCTUK
KND paszpaboraHa cuctema ¢ HUCHOJb30BaHUEM
CHCTEeMBbI cOOpa JaHHBIX OOIIero Ha3HaYeHUs IS
MaJbIX U CpeoHux 3KcrepuMmeHToB MIDAS (Max-
imum Integrated Data Acquisition System) [12],
cTaHgapTHo#t 6ubauoreku Linux libusb-1.0 u mpo-
rpaMMBbI IpencTaBieHus: faHHbIX Root [13].

IMTapamerpsr KU, namepenHsle B 1abopaTopuu,
TaKOBBI:

— paccenBaemast MOITHOCTE 4 B X 0.87 A+ 2.5 B X
x0.64A+6Bx0.17A=6.1 Br,

— CpemHUe 3HAueHUSI NbeAecTalioB M CUTMa
mymoB B otcuetax ALIIT B kananax HY paBubl 50.5
n 0.46 cooTBeTCTBEHHO, B KaHaylax BY 63.6 u 0.48
COOTBETCTBEHHO (Ha puc. 9 mpencTapieHa TMCTO-
rpaMma our(ppOBaHHOTO CUTHAJIA, Ha KOTOPOI IIep-
BbIe 24 BBIOOPKM SIBJISIIOTCS MbEIECTAaIOM B JAaHHOM
M3MEpUTEIbHOM KaHaljie),

— nHTerpanbHas HenuHeitHocTh — 0.8 LSB, nud-
(dbepenumanbHas HemHeiHoCcTh — 0.6 LSB.

Ne 2 2025



MOJEPHU3ALIUA USMEPUTEJIBHON BJIEKTPOHUKU ®OTOHHOI'O CITEKTPOMETPA

Ko ALLIT
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Homep BBIGOpKM

Puc. 9. Bun oundpoBaHHOro curHania.

ITpoBepka paboThl OJIOKOB YCTAHOBKM MOPOroOB
u cmemeHus JIDJ ocyliecTBaAsIIach CIEAYIOIIAM
o0Opa3om:

— 3HAYEHUS TTOPOrOB M BBHICOKOI'O HAIPSIKEHUS
YCTaHABJIUBAJINUChH COMNIACHO 3HAYCHUSIM B COOTBET-
cTByIoIIUX (paiinax hv.dat u thres.dat,

— KanumOpoOBKa ISl Mopora KomrnapaTopa Bo Bpe-
MeHHoM KaHaje 2.44 mB/oTcuer,

— HarnpskeHue cMmenieHust JID BeIYMCISIOCh
o popmyiie

HV(out) = 0.2 B x CODE(decimal) + 204 B

(Hammpumep, aad 3HayeHud koma 500 B aiine
hv.dat mommygaem 0.2 B X 500 + 204 B = 304 B),

— HW3MepeHHe B3aMMHBIX HaBOIOK KaHaua
Ha KaHaJl (KpOCCTOK).

37

Ha omnH 13 BXoI0OB IoIaBajicst CUTHAJI OT TeHepa-
TOpa U U3MEPSUTUCH Mapa3uTHbIE UMITYJIbCHI B APY-
rux kaHanax. Ha Bxon kaHaia 8 momaBaJicsl CUTHAI
aMmIuiuTyaoi 7 B ot reHeparopa, 4YTo 3KBUBaJIEHTHO
peructpanuu yactuisl ¢ 3Heprueii 200 [3B, ocTans-
HBIEe BXOIBI OBLJIM COeNUHEHHI ¢ 3eMueii. [lomexu
HM3MepsIach Ha BHIXOJE KAHAJIOB C BBICOKMM yCHJIE-
Huem. Ha puc. 10 moka3zaHa (popMa HaBOAKHU B Tep-
BOM KaHajle, aMIUIMTyJa KoTopoii cocraBuaa 0.3
OoTcUeTa, YTO paBHO KOAMDPUIIMECHTY ITPOXOKICHUS
0.3/3900 = 7.7-107>. Ha puc. 11 nokaszaHa dbopma
HaBOIKM B CEIbMOM KaHajie, aMIJIUTyda KOTOPOii

Kon ALITT
71.5+
nolTT
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70.5L l';:/lmries 158%5;850
' - Meany 7022
RMS 23.09
RMSy 7.951
70.0} _ Integral 5617
69.5+
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| | | | | | | |
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Howmep BeIOOpKU

Puc. 11. HaBonka B KkaHaje ¢ BBICOKUM YCUJICHUEM
(Bxon 7) ot curHana 7 B (200 I'sB) Ha Bxone kaHana 8.
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olasl T # bt
¢ +
+ 4t ++
61.80 |- * oy
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Homep BbIOOpKU

Puc. 10. HaBozka B KaHaje ¢ BEICOKUM ycwieHueM (Bxox 1) ot curnana 7 B (200 [B) Ha Bxome kaHaia §.

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2
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coctaBwiIa 1.8 oTcyeTra, 4To paBHO KOG DUIIUEHTY
npoxoxaeHus 1.8/3900 = 4.6-107*.
KamibpoBka BpeMeHHOro KaHaa — 99.4 1ic/oTcuer.

3.2. HU3mepenus xapakmepucmuk npomomuna KHU5
Ha nyuke PS (I[EPH)

M3MepeHus mpoBeneHbl Ha 3JeKTPOHHOI KOM-
TMOHEHTE BTOPUYHBIX MTyYKOB YACTUI] IPOTOHHOTO
cunxpotpoHa PS B [IIEPHe B nuanazoHe uMmyiabLcoB
or 1 I5B/c mo 10 I=3B/c.

3.2.1. Cornacosanne ko3¢ ¢unuenTos npeodpa-
3oBanud. IIpouenypa cormacoBaHus IIPOBOIMIACH
Ha Iy4yKe 2JIeKTpOoHOB ¢ aHeprueil 1 3B (puc. 12).
Jsg KaXxaoro KaHaja U3Mepsjlach 3aBUCUMOCTh
MOJIOXKEHMUS THKa OT HaMNpsXKEHUsS CMEILIeHUs
Ha JI®]I paBHoro 320, 340, 360, 380, 395 B. ITony-
YeHHbIe JaHHbIE 00padaThIBAINUCh, ONPENEISIIOCh
HamnpsKeHWe CMEIIEHUS, OIS KOTOPOrOo aMILIM-

Yucio oTcueToB hGains
Next =56
S5t . Mean = 236.4
(a) RMS = 81.19

4 -
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Kon ALITT

Puc. 12. PacnipeneneHue Ko3OOUIIMEHTOB TTpeodpa-
30BaHUS B M3MEPUTEIbHBIX KaHaIax 10 (a) u mocie (0)
MPOLEAYPHI COITIACOBAHMSL.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

TyJa CUTHaJa TIpU peructpauuu yactuusl 1 3B
nomnagana B 200-it kanan. g ciydasi, IpeacTaB-
JICHHOTO Ha puc. 12a, Korga Ha Bce KaHaJIbl OJaHO
OIIHO M TOXE HAIIpSIKEHUE CMEIICHMSI, OTHOIIIEHUE
RMS /Mean coctasnsiio 34%, mocne BhIpaBHUBA-
Hus (puc. 126) — 2.6%.

3.2.2. OTHOCHTEIBbHOE DHEPreTHYECKoe pa3pele-
Hue. OTHOCUTEILHOE SHEPIeTUYECKOE pa3pelleHne
BBIUMCIISIETCS KaK OTHOIIIeHUE AF K BeTUUMHE U3ME-
peHHoI1 sHepruM E. DHeprus onpeaesiach Mo CUT-
HajaM OT (POTOIETEeKTOPOB B MaTpuue 3X3 mnpu
MomnajaHruM YacTull B LIEHTPaJIbHbIN (pOTOAETEKTOP
maTtpuubl. [Iponenypa onpeneseHnss OTHOCUTEb-
HOTO BHEPreTUYECKOro pa3pelleHus IIpU SHEPTUU
F onucana B pab6ore [14]. B taba. 1 mpuBegeHbl
JaHHBIE II0 OTHOCHUTEIbHOMY YHEPreTUYeCcKOMY
paspemeHuio npororuna KMD. [lnst cpaBHeHUS
B TpeThell cTpoKe Tabsa. 1 mpuBeneHa 3aBUCUMOCTh
OTHOCHUTEIBHOTO YHEPreTUYECKOro pa3pelreHust
oT 3Hepruu s cymectpyonieit KUD ®OC. I1po-
totutt KD nmeer nydiiiee pa3pelieHne 1o cpaBHe -
Huto ¢ KUY ®OC, ocobeHHO B TMana3oHe SHepTUi
MeHblie 5 I3B.

Taomuna 1. OTHOCUTEILHOE SHEPTEeTUYECKOE paspelle-
HuUe npu Temrepatype — 25°C

E, I>B 1 21314571910

ITporoTun

KUD*, % 3312211917 (16| 15]13]|13
KD

DOCH, % 39128 23|21 2 |L7]16]16

* [Tapametpsl mpototuia KMUD: ycunenne IO M = 100, CY
¢ GUIBTPOM TIEPBOTO TOPSIIKA ¢ TIOCTOSTHHOW BpeMeHH 1 MKC,
12-6uToBsiit ALLIT ¢ yactotoit 40 MIt1.
** Tlapametpel KUD ®OC: ycunenue JIOI M = 50, CY
¢ GUIBTPOM BTOPOTO TOPsIIKa C TTIOCTOSTHHOW BpeMeHU | MKC,
10-6uroBsiii ALLIT ¢ vactoroii 10 M.

3.2.3. W3mepenHue BpeMEeHHOTr0 pa3penieHwHsl.
3a Bpewms npojieta 7 Opanach pa3HOCTb MEXAY Bpe-
MEHEM IpuxoJa TPUITEPHOIrO CUrHaua L, Bpeme-
HEM [ TIPeBBIIIEHUSI CUTHAJIOM MOopora IUCKpUMU-
HaTopa. BpeMeHHOi1 IXKUTTep TPUITEPHOTO CUTHAIA
cocTaBsgeT 125 1ic. 3aBUCUMOCTb BPpEMEHHOTO pa3-
pelIeHnsI OT SHepTUM IToKa3aHa Ha puc. 13. Ha rpa-
(puke mokazaHbI JaHHBIC TTOCJIE KOPPEKIIUU KOIOB
BpEeMEHU Ha aMIUIMTYIy CUTHajia. Takass Koppek-
1I1sI BO3MOXHA, TaK KaK OJHOBPEMEHHO C BpeMe-
HEM IIpoJieTa U3MEPSIOTCS aMIUIMTYIbl CUTHAJIOB.
IIpouenypa koppekiLuu onrcaHa B padote [15]. st
sHepruu 1 I'>B BpeMeHHOe pa3pelieHue cocTaBsieT
0.37 He.
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BpemenHoe pasperieHue, HC

20F
x2/ndf 42.43/11
L8F ASq 0.1867 + 0.0627
161 Al 0.0002638 + 0.9237840
A2 0.05865 + 0.00550
L4r A0 0.3084 + 0.0348
1.2+
1.0
0.8
0.6
N _|_
0.4F - + e
——
0.2F -
0 02 04 06 08 10 12 14 16 18

OHeprust, [5B

Puc. 13. 3aBUCUMOCTh BPEMEHHOTO pa3pelneHus
OT SHEPTUU YACTUIIBI.

4. BAKJIIOYEHUE

ITapameTtpsl pa3zpadboranHoro mpororuna KM
®OC ynoBIeTBOPSIOT BCeM TpeOOBAHUAM, TIpEIb-
SIBJISIEMBIM K BJIEKTPOHUKE 3JIEKTPOMATHUTHOIO
KajqopuMeTpa, obecrneuyrBasi IMHAMUYECKUIA Tua-
na3oH uaMepeHuii aHepruit ot 5 MaB go 200 3B
C BBICOKMMU 3HAYEHUSIMU SHEPIeTUYECKOro U Bpe-
MEHHOTO paspenreHuii. Pesynsrarer mpoBepku KND
B J1a00OpaTopuy 1 TECTOBOM ITyUKe 3JIEKTpOHOB PS
(IEPH) mokazanu paboTocnocoOOHOCTh BBIOpaH-
Hoit cxembl KM, 4To Mo3BOJsIeT MPUCTYMNUTh
K pa3paboTKe CXeMbl MU M3TOTOBJIEHUIO oOpa3la
miaaThl HA 32 KaHaja. BTo OyAeT BBINTOJHEHO Mac-
mTabupoBaHUEM WUCIBITAHHON TIJIaThl HA 8 KaHa-
JIOB U mo0aBieHeM nHTepdeiica B3auMOIeCTBHUS
¢ ALICE DAQ 3a cuet no6aBieHUsI COOTBETCTBYIO-
mero MoayJs B mporpammy ITJINC.
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(OUSMN, Jly6Ha) 3a TTOMOIIBL B U3TOTOBJICHUH TTPO-
toturta KD, M.C. Unmonntosy (HUL[ “Kyp-
YyaTOBCKUM MHCTUTYT’, MockBa) 3a opraHu3sa-
LU0 U3MEPEHUI XapakTepucTuk npototurna KN
Ha nryuke PS (HEPH) u U1.A. Pydanosy (OUAN,

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

Hy6Ha) 3a 00pabOTKy 3KCIeprUMEHTaIbHbBIX JaHHbBIX
JUISI TIOJIyYeHUSI SHEePTreTUYeCKOro U BPeMEeHHOTo
paspelecHui.
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