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PA3PABOTKA HUO®POBOIO AMIUVIMTYAHOI'O AHAJIU3ATOPA,
BCTPAUBAEMOI'O B FPGA ARTIX7 IJIATbI SJIEKTPOHUKHN CYUTHIBAHUS ROESTI
CTPOY-TPEKEPA IMTPOEKTA COMET
Boponaii E.C.%, EBtyxosuu ILT.!, Kosanenko M.H.2, Magnoe A.JL!, lMouapsnoe B.B.2, Pyrkosckas JI.C.?

|Obveounennoiil uncmumym adepnvix uccredosanui
Hybna, Poccuiickas @edepayus
?Benopycckuii 20cydapcmeennstii yHusepcumem
Munck, Pecnybnuxa Benapyce

AnHoTauusi. Llenbio pabothi sBNseTcs pa3paboTka BCTPaWBaeMOro MOJHOCTBIO LM(PPOBOTO aMIUIMTY AHOTO
aHanuzaropa, BcTpauBaemoro B FPGA mnatsl anextpoHuku cuuthiBanuss ROESTI, 4To maeT BO3MOXHOCTH
NPOBOJMTH BbIPaBHUBaHHE KO3(QYHLHMEHTOB NepeNaiy Mo KaxJAoMy KaHaTy H TeM CaMbIM IPOBOANTH KaluGpOBKY
N0 amIUIMTyJle KaX[Oro KaHalla perWcTpauuy CHUIHAlOB CO CTPOY-TpyOoK. AMIUIMTYIHBIH aHanu3aTop
anpobuposan Ha ninate ROESTI ¢ Hcnosb30BaHHEM CHIHANOB CLMHTHUITLMOHHOTO AETEKTOPA U CTPOY-Tpekepa
OT TECTOBbLIX HCTOYHHKOB MOHU3HPYIOLIETO U3JTYYEHHS.

Kawouessie ciioBa: AL, amMnauTy aHbIi aHanu3aTop, CTpOy-TpeKep.

DEVELOPMENT OF A DIGITAL AMPLITUDE ANALYZER BUILT INTO
THE FPGA ARTIX7 ELECTRONICS BOARD FOR READING THE ROESTI STRAW
TRACKER OF THE COMET PROJECT
Voropay E.S.?, Evtukhovich P.G. ', Kovalenko M.N.2 Pavlov A.L.', Ponaryadov V.V.%, Rutkovskaya L.S. ?

!Joint Institute for Nuclear Research
Dubna, Russian Federation
’Belarusian State University
Minsk, Republic of Belarus

Abstract. The goal of the work is to develop a built-in fully digital amplitude analyzer built into the FPGA of the
ROESTI readout electronics board, which makes it possible to equalize the transmission coefficients for each
channel and thereby calibrate the amplitude of each channel for recording signals from straw tubes. The amplitude
analyzer was tested on the ROESTI board using signals from a scintillation detector and a straw tracker from
sonizing radiation sources.

Key words: ADC, amplitude analyzer, straw tracker.
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Sxcnepument COMET Hauenen Ha nouck kore-
PeHTHOro Oe3HEHTPUHHOrO Nepexoaa MIOHaA B ek~
TPOH B MIOOHHOM atoMe  (U—€ KOHBEpPCHs),
g+ N(A,Z) -> e— + N(A,Z), Ha NPOTOHHOM HcCJe-
Z0BaTENbCKOM YCKOPHTENILHOM KOMILIeKCe
(J-PARC) B Tokait, SAnoHUA. 1—€ KOHBEPCUA — 3TO
peaxuil NPoLECC, KOTOPhIH HapyLUaeT 3aKoH coxpa-
HEHHA ENTOHHOMO YKUCNA B 3apsXKEHHOM JIENTOHHOM
cextope. OnHOM M3 CHMCTEM NETEKTHPOBAHMS KCIie-
pumenta COMET saasiercs Tpekep — cbopka u3
DATH MOAYNeH, KakIbiil U3 KOTOPHIX MPCACTABIACT
c000# KONbLO C IBYMA NapaMu pAI0B CTPOY-TpyOoK

NCPNCHAKKYIAPHBIX APYT Apyry. CuMThIBaHHE MH-
dopMmauuy B KaK10M MOTYJIE OCY LECTBAETCA Yepes
16-xaHanbHbie nathl AnekTposrku ROESTI, pacno-
JIOKEHHbiE BAOJMbL KoJbUa.  Tpekep Haxoaurtcs
BHYTPU CBEPXMPOBOJSALIEr0 COJEHOMIA, CO3MaK0-
LIero MarduTHoe nose | tecna.

CurHan ¢ kaxno# cTpoy-TpyOku nocie npoxox-
NEHUs Yepe3 Hee 3apsyKeHHOW 4aCTHLbl, NPEACTaB-
nsieT coboit UMMy NbCHBIH cKayok Hanpsxenus. OH
IOJDKEH ObITb YCUIIEH, CHOPMUPOBAH MO JUIMTENbHO-
CTH C COXpaHeHHEM aMIUTHTYibi ¥, €CJIH OH Bblill€ Mo-
pora, nanee olMdpoBaH U 3anucaHd ANis JanbHehuen
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KOMIBIOTEPHOH 00pabotku. Cxema (yHKUHOHUPO-
Banusa riatei ROESTI, Ha KoTopylo mocTynaer WH-
dopmatius ¢ 16 cTpoy-Tpy6oK, nokaszaHa Ha pUCYHOK 1.
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Pucynok 1 — Cxema ¢pyHkunoHHpoBaHus miatei ROESTI

ASD — mukpocxema, cojepxailias NperyCcHiu-
Tesb, POPMHUPOBATENH U AUCKPUMHHATOP, 33 1A LIMH
nopor MpOTMyCKaHWs HMIYJbca Ha MOC/ELYHOLIY O
06paboTky, DRS4 — MukpocxeMa, Tak Ha3bIBaeMbIH
OWDKUTaM3ep, B KOTOPO# BCA BPEMEHHas LIKana, co-
Jepkaimas UMIyJisc, pa3durta Ha 1024 sveiiku, co-
Aepxkaiie MHGOPMALIMIO B BHIE 3apsia Ha KOHAEH-
caTopax, KaXIblii M3 KOTOpBLIX MOTOM TMOCJen0Ba-
TenbHo  oundposbiBaeTcs B ADC (AL
Mudopmaums o Bcex cpaboTaHHbIX KaHamax Tpekepa
nepenaetcs B FPGA (nporpammupyemas nonb3oBa-
TEJIEM BEHTWJIbHAs MaTpHla), KOTopas OCYIUeCTB-
JIIeT XpaHEHHE JaHHBIX, UX MpUEM-Tiepeady B KOM-
MBIOTEP, MOHUTOPUPOBAHHE M KOHTPOJBL MapaMeT-
poB, obecneynBaroinX Gy HKIIHOHUPOBAHHUE TUIATHI.

B cooTBeTCcTBHM ¢ JaHHOH NMPUHUMITHAILHOM CXe-
Mot 6binM u3rorosnens! matsi ROSTI (pucyHok 2)
1 npoussenena mnpownBka FPGA HeoOXoauMbIM
MPOTPaMMHBLIM 0becneyeHHeM.

PaspaboTanHblif Hamu BcTpauBaeMblii  LM(POBOIt
aHANM3aTop JaeT BO3MOXHOCTb MPOBOAMTE BbIPABHUBA-
HUe KOI(QOHULIMEHTOB Mepenayy Mo KakJIOMy KaHamy W
TEM CaMbIM MPOBOAMTH KATMOPOBKY [0 aMIUIMTY e KaXK-
IOT0 KaHasia perucTpaLmH CUTHaloB €O CTPOY-TPYOOK.

Bece mporpammubiit 670K, obecneunBaromunii
¢dyHkunonuposanue ruiatel ROESTI, 3anporpammu-
posan B ARTIX7, u npu 3TOM ocTaetcs cBOGOAHBIM
JOCTaTO4YHO GONBbLIO pecypc JIOTMKH M MaMATH, KO-
TOpbIA ¥ ObLT KCMONL30BAH NS BCTPaMBAaHWs Tyna
UMbPOBOro aHaTU3aTOpA.

CpaBHUTEIbHBIH aHAIN3 AMIUTUTY IHBIX CIICKTPOB
C KaXJ0ro KaHana MO3BOJUT MOTy4UTb koddduum-
€HTbl OTHOCHTENbHON YYBCTBUTEIBHOCTH BCErO
TPaKTa PEruCTpaLMM COOBITUIN OT CTPOY-TpeKepa 1o
ALl 1 TeM caMblM HOpPManu30BaTh YYBCTBHUTEJIb-
HOCTb KaHaJlIOB MHOTOKaHaJIbHOH CUCTEMBI.

Peanuzaums aMIuiMTy IHOro aHanusatopa ans 16
kaHalos Obina BbinonHeHa B CAIIP Vivado ¢ wuc-
N0JIb30BaHMEM THUMOBOro mpoueccopa Microblaze u
opuruHanbHoro IP 6noka, coaepxallero KOHeuHbie
aBTOMAThl NOMCKA MAKCUMYMa aMIUIMTY bl BXOLHBIX
UMMYJIbCOB Y HAKOMUTENSA AAHHbIX, BbIMOJHEHHOTO
Ha 6a3e BcTpoenHo#t B FPGA nByxnopTtoBoii namsty,
paboTaiouleil B pexuMe CUuTbiBaHUe-MoaubuKaLms-
3anuch. AMIUIMTY AHbIH aHaiu3aTop Obln no6aBneH K

16

OCHOBHOMY MpPOEKTY MUIaThl 3/IEKTPOHUKH CUUTHIBA-
HHS M WCTIONB30BaN JaHHbie 12 paspsaHoro 16 ka-

‘HanbHoro ALIIT koHBeiepHoro Ttuma, yto obecre-

YUJI0O MEPTBOE BpeMsA aHanusa amruiMtya B 10 Hc.
TaktoBas uactota pabothi ALl cocraensna
100 MTI'y, a yacrota pabotsi IP sapa aMmmauTyIHOro
aHanuszaropa — 200 MI'u.

Jins nepenavyy HaKOIUIEHHbIX AaHHBIX HCMOJB30-
BaJics BCTpoeHHbIH uHTepdetic SiTCP, paboratowuii
B pexxumax UDP u RBCP. Ipu otnaake nporpamm-
Horo obecrniedenus u IP sanep FPGA Ml ucnons3o-
BAM CTAHApTHBI MOC/IeN0BaTeNbHbIH HHTEpdEFic.

Pucynok 2 — Inata anextpoHuku cunthiBaHus ROESTI

TecTHpoBaHWe aMIUTMTYIHOrO aHajM3aTopa Ha
nnate ROESTI npoBoawioch Ha CHTHalaX c
DBV 136 co cumuTwnstopom Nal(Tl) u ¢ ucnons3o-
BaHWEM HMCTOYHHMKOB HOHM3MPYIOILEro H3Ty4eHHs
Cs137, v Na22, nocjie oTaaaKyi MporpaMmsl ObLT 3a-
perucTpupoBaH cnekTp xkenesza FeS5 ¢ momousto
CTpoy TpyOKH auameTpoM 5 MM, winHOK 500 MM ¢
UCTIONIb30BaHUEM UCTOYHHMKA HOHW3HUPYIOILETO U3ITy-
ueHns FeS5, pasmelieHHOM Ha paccTOSHUM 50 MM OT
CepeaHbl CTPOY-TPYOKH M OCHAIUEHHbIM CBWHLO-
BbIM KOJUTMMATOPOM JHAMETPOM 3 MM.

3aperucTpUpOBaHHbIE aMTUIMTYAHbIE CIEKTPbI
TNpUBEEHb! Ha PUCYHKaX 3 U 4.

PucyHOK 3 — AMNIUTYAHBIH CMIEKTP UMITYJILCOB H30TOMA
Csl37

Pucynok 4 — AMnautyauxsiit ciiextp Fe5S
3apErMCTPUPOBaHHbIH CTPOY-TpYOKO# 5 MM AMaMeTpoM
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MAHHUITYJIATOP «ONITUYECKAS Mblllb» — JATYUK INEPEMEILLEHUSA
B YYEBHBIX OIIBITAX MO ®U3UKE
Bopcun H.H.

Bpecmckuil cocydapcmeenHol i mexHUYeckuil yHugepcumem
bpecm, Pecnybauxa benapyce

AnnoTtauus. [IpuBesieHbl pe3ybTaThl HCTIOJIB30BAHUS KOMITBEOTEPHOTO MAHHITYJIATOPA «ONMTHYECKAas! MbIllbY B
S29eCTBE JaTYMKA NEepEMEILeHHs B yueOHbIX onbITax no ¢usnke [TokasaHo, 4To NpocTeimnii MaHHTySTOP NPH
Nopouie HacTpolike 0becreYrBaeT OTHOCHTENILHYIO MTOTPEIIHOCTh H3MEPEHHUH, He MpeBbluamuyo 1-15 %, uto
SN07HE YIOBIETBOPAET YCIOBUAM YYEOHBIX OTBITOB.

S 10ueBbie CJI0BA: MaHUITYJISTOP ONTHYECKAs MbILIb, Y4eOHbIM OIBIT, KOMITBIOTEPH3ALIHS.

MANIPULATOR "OPTICAL MOUSE'" — MOTION SENSOR IN PHYSICS TRAINING
EXPERIMENTS
Vorsin N.N.

Brest State Technical University
Brest, Republic of Belarus

Abstract. The results of using a computer manipulator "optical mouse" as a displacement sensor in educational
experiments in physics are presented. It is shown that the simplest manipulator, with good settings, provides a
selative measurement error not exceeding 1-15 %, which fully satisfies the conditions of educational experiments.

KomnbioTepusaLms y4eOHbIX nabopatopuii sBns-
£TCS OHEBHMIHBIM M HEeM30EXHBIM KOMIIOHEHTOM pas-
swrtws 00pasoBaHus. [Ipu 3TOM xenaTesbHO MUHMMMU-
WDOBaTh CTOMMOCTH Mpeodpa3oBaHuii 1abopaTopHOTo
wSopynosanus. OJHMM W3 METOLOB 3TOrO SBJIAETCH
MESCHMANBbHOE UCTNIONb30BaHKE CTaHJapTHOrO
WOMTBIOTEPHOTO  00OpYHOBAHMS NS MOCTAHOBKH

aS0paTOpHBIX JKCMepuMeHToB. Hibke npuBOAMTCS

Key words: optical mouse manipulator, learning experience, computerization.

HEKOTOpbIH  OMBIT MPHMEHEHHS KOMITBIOTEPHOTO
MaHUITYJIATOpa «OMTHYECKas MbIbY B Ka4eCTBE
JaT4uKa [IepeMEILEHHs B OMbITaX 10 MEXAHHKE.
KoHewyHo, MblllIb HE SBJISETCS M3MEPUTENBHBIM
WUHCTPYMEHTOM JUIS TOYHOTO M3MEPEHUs Nepemelie-
Hus. Ef npucyiuyn Takue 3pdexTsl kKax NpocKalib3bi-
BaHWe — MPOMyCK NMepeMeIleH!s UK HaobopoT — 06-
HapyXeHHe  HEeCyLIECTBYIOLIEr0  MepeMeLIECHHUS.

PucyHok | — Pacnonoxenue MaHunyastopa nepel BEPTUKILHO (@) U rOPU3OHTAILHO (6) MAYyLIEH HUTBIO
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