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1 BBenenune

peiichoBbie TPYOKHU HUCIOIB3YIOTCS JIJIsi U3MEPEHUsT KOOP/IMHAT TPEKOB 3aPsi’KEHHBIX YACTHII.
B skcnepumvente Spin Physics Detector (SPD) wa komnaiinepe NICA B OUSU Tpekep Ha oc-
HOBe Straw-TpyOOK SIBJISIETCSI OCHOBHBIM MHCTPYMEHTOM M3MEPEHUsT MMITY/IbCA 3apsI?KEeHHBIX Ta-
crur [1].

Nmmynbe 9acTuiibl BOCCTaHABINBAETCS 110 PAJINyCy KPUBU3HBI TPEKA YaCTUIBI B MATHUTHOM
1oJie, Jijisi 4ero HeoOXOIMMO TOYHO U3MEPUTH KOODJUHATHI B HECKOJIBKUX JIECATKAX TOYEK Tpa-
ektopuu. Tpekep SPD cocrour u3z nopsiiika 20 Thicsda straw-TpyOok. [letanbHas cuMyJisiiust
OTKJINKA TPEeKepa Ha IMPOXO0K/IeHNE 3apsIKEHHON JaCTHUIbI, ¢ YIETOM IIPOIECCOB JTABUHHOTO YCHU-
JICHUS CUTHAJIA, ABJISIETCS YPE3BbIYAIHO pecypcoéMKoil 3aadeit. [losTomy jura peasmcTuaHon
CUMYJISIIUN HEOOXOJMMO CO3/IaTh MTapaMeTPHU3aInio, KOTOpas MO3BOJIUT IPEeJICKa3bIBATh CBOII-
CTBa CHTHAJIa TPEKePa B 3aBUCUMOCTU OT KOOD/MHATHI IIPOIIEIIe YACTUIIHI.

Hesibio mannoit paboThl siBJisieTcs pa3paboTKa peauCTUIHON TapaMeTpPU3allnd CUTHAJIA, OC-
HOBAHHOI Ha pe3ysbTaTax TOYHOI'O MOJIEUPOBAHMUS OTK/INKA Straw-TpyOKH Ha ITPOXOXKICHUE
zapsizkeHHON JacTuiibl. CUTHAJIBI, TOJIyIeHHbIe B Pe3y/abTaTe CUMYJIAINN (DU3TIECKUX MTPOTIEC-
coB B straw-TpyOke, nposesiénHoro MerogoM Monte-Kapio ¢ momornpio mporpaMMHOro Hake-
ta Garfield++ [2|, mocrynamor Ha BXOJ MOJEIN 3JIEKTPOHUKY, PEATU30BAHHON B IIPOTPaMME
LTSpice [3].

Tax Kak KOOp/InHATA TPOXOKICHUST 3aPIKEHHON IaCTUIIBI Yepe3 straw-TpyoOKy PeKOHCTPYH-
pyeTcst 10 M3MEePEHHOMY BpeMeHH Jpefida 971eKTPOHOB MEPBUYHON MOHU3AIINN, HEITOCPEICTBEH-
HBIM O0'bEKTOM HU3yYeHUs ABJISIETCA BPeMsI PErUCTPAIIN CUTHAJIA CINTHIBAIONIEN 97I€KTPOHUKOIA.

Takum obpaszom, 3a/1a4a peaJTucTUIHON NapaMeTpU3alii OTKJINKa straw-TpeKepa CBOJINTCS K
U3YYCHUIO PACIIPE/IEC/IEHUs] BDEMEH PEruCTPaIluu CUTHAJIA CO Straw-TpyOKH it PA3HBIX YCJIOBUIL:
TUIT 9aCTUIIBI, €€ UMIIYJIbC, YTOJl HAK/IOHA TPEeKa, BeJUYNHA ¥ HAIPABJICHHE MATHUTHOIO IOJI,
THIT U TIAPAMETPbI CAUTBHIBAIOINIEH 3JIeKTPOHUKN, YPOBEHD IIyMOB H JIp.

Hean

e lIzydenne npunIuna padboThl ra30BbIX JeTeKTOpoB Ha ocHoBe Straw Tube Trackers.

e MoesmpoBaHne CUIHAJIOB OTKJIMKA Straw TpyOoK ¢ ncrosab3oBanneM nporpamm Garfield+-+
u LT'Spice.

e AHaym3 3aBUCUMOCTH IHapaMe€TpOB CUT'HAJIOB OT PaCCTOAHUA JO TPEKA U BJIUAHUA MalHUT-
HOT'O IIOJIA.

e llcciieoBanne BayKHOCTH BPEMEHHbIX XapakTepucTuk curraja (drift time) u ux ucmosb-
30BaHWE B IIPOIECCE AHATN3A.



2 PdusnyecKue IIPoIecChl B razopa3psi/i-
HOM JIETEKTOpE

['azoBbIE JIETEKTOPBI TIPEJICTABIAIOT OO0 yCTPOCTBA, 3aI0/IHEHHBIC Ta30M, B paboduil 00bEM
KOTOPBIX BBEJIEHBI 9JIEKTPOJIbI. Kak mpaBmio, pabodnm ra3oM BBIOMPAIOT CMECh aproHa M MAJIOe
KOJIMIEeCTBO Jpyroro rasa, Hanpumep, COy mimm CHy. Yacruiisr, mpoxojs depe3 pabodee Bele-
CTBO JIETEKTOPA, HOHU3UPYIOT ra3. BeICBOOOXK IeHHBIE 3apsi/Ibl (3JIEKTPOHBI U MOHBI ) WH/LYIUPYIOT
CUTHAJI Ha 9JIEKTPOJIaX JIeTEKTOPa, KOTOPBIH M0/ IBepraeTcst mpeodpa3soBaHuio0, OMUMPOBKE U, B
KOHETIHOM CUeTe, COXpaHseTCs M JaJabHelInero anajansa. B 3aBUCUMOCTH OT THIIA JETEKTOpA,
KOJINYECTBO MEPBUYHBIX 3aPSIJIOB MOXKET OBITh YBEJINYIEHO B PE3Y/ILTATE Fa30BOI0 YCHUJIEHUS.

2.1 BzsaumogeiicTBue 3apsa>ke€HHbIX YaCTHIL C BEIIIeCTBOM Ta-
30BOI'0 AETEKTOPA

2.1.1 IllepBu4yHasi MOHU3AINS

B nporiecce B3anMoieiicTBuS 3apsyKEHHBIX YACTHIL C BEMECTBOM I'a30BOI0 JIETEKTOPA MOTYT IIPO-
UCXO/IUTDH JIBA BUJA JIEKTPOMATHUTHBIX ITPOIECCOB: MOHUBAINSA W BO30YKJEHUE aTOMOB ras3a.
[IpenosioxkuM, B cMecH €CTh aTOM Ta3a X, ¢ HUM B3aUMOJICHCTBYET 3apsizKeHHasd JacTHIA P.
Eciit sHeprust 4acTuIlpl BhIIe MOTEHIHATa HOHI3AImN aroMa X (Hampumep, y aroma Ar moreH-
[UaJI MOHU3AIMU cocTanisier 15.7 9B); To 3JIeKTPOH MOKKUIaeT aTOM, ATOM CTAHOBUTCS MOJIOKHU-
TeJILHBIM MOHOM U, TAKUM 00pa3oM, 00pa3yeTcs 9JIeKTPOH-UOHHAs Tapa.

Ceuenne peakIinyi MOHU3AIUN 3aBUCUT OT ra3a U SHEPIUU 3apsizKEeHHON JacTUIbl U Jiisd Ar
cocrapiser O(1071%) cm2. Vonbl 1 31eKTPOHBI, POXK/ICHHBIE B PE3y/IbTaTe IPSMOro B3aUMO/IeH-
CTBUSI YaCTHUIIBI C AaTOMOM WJIM MOJIEKYJIO#, Ha3bIBAIOTCS ITIEPBUYHBIMMU.

2.2 TpaHcHopT 3JeKTPOHOB I MOHOB B ra3ax

2.2.1 peiid 1 OABUXKHOCTh MOHOB

B npucyTcTBUM 37€KTPHYIECKOTO IO/ UOHBI M 3JIEKTPOHBI, OCBOOOXKICHHBIC U3JIyIYeHUEM, YCKO-
PAIOTCA BAOJb CHUJIOBBIX JIMHUN IOJIA — 3JIEKTPOHBI JIBUXKYTCH K HOJOXKUTEIBHO 3aPAZKCHHOMY
AHOJLY, & TIOJIOYKUTEIbHbIE HOHBI — K OTPHUIATEIbHO 3apsizKeHHOMY KaToy. Ha myTn 3/1eKTpoHoB
U MOHOB BCTPEYAIOTCS MOJIEKYJIbI pabodero rasza, KOTOPble OIPAHUYUBAIOT CPEIHIOI CKOPOCTD

Japeiida.



2.3 Brnibop pabodero rasa

Bri6op raz3oBoit cMmecH i1 MOHM3AIMOHHOTO JIETEKTOPA OIPeIedeTcd HECKOJIbKUMU (haKTopa-
MU:

1. Hebicokoe pabotuee HallpsizKeHHE,
2. BpIcokoe razoBoe ycuJieHue,
3. Xoportias MPOIOPIUOHAILHOCT U BBICOKOE OBICTPOJICHCTBHE,

4. CrabuabHOCTb pabOTHI U HU3Kas BEPOSITHOCTH BO3HUKHOBEHUSI CTPUMEDPOB U MCKPOBBIX
pPa3paa0B.

s mocTmykenns 3THUX 1esieil, Kak IPaBUJIO, UCIIOJIL3YIOTCS a30Bble CMECH, a HEe YUCTbIE
ra3pl. MuHUMAJIBHBIM PA0OYNM HAIPSKEHUEM, IIPH KOTOPOM 00pa3yeTcs JIaBUHA, 00/Ia/aioT
6Js1aropoJiHbie ra3bl. AproH, HAIPpUMeED, MIMPOKO PACIPOCTPAHEH U 00/1a/1aeT BBICOKOHN y/IeIbHOM
noHu3aImell (KoJaMIecTBO HOHU3anuil Ha ejauHuily mytu dacturpbl). OJHAKO aproH HeJb3s UC-
II0/JIb30BaTh B YMCTOM BHUJIE IPU BBICOKOM Ta3oBoM ycuseHun (mopsiaka 103 — 10%), Tak xax B
HEM JIEIKO BO3HUKAIOT MCKPOBBIE PA3PsJibl. ¥ aproHa JIOCTATOYHO OOJIbINAs SHEPIHsA BO30YK-
nenns (11.6 5B): Bo3OyK/IeHHBIE aTOMBI aproHa, 0Opa3yoInecs: B JIABUHE, MCIyCKAIOT POTOHBI
BBICOKOI SHEPIUH, CIIOCOOHBIE BBI3BIBATH SMUCCHUIO 9JIEKTPOHOB C KaTO/Ia, UTO IPUBOJIUT K 0Opa-
30BAHUIO TOCJIETYIONIEH JIABUHBI.

OTH CBOICTBa aproHa MOXKHO KOMIIEHCUPOBATH JI00ABJICHIEM MHOTOATOMHOTO T'a3a, HAIIPH-
Mep, MeTaHa WId MmapoB 3TaHosa, a Takxke COy mau CHy. DTu MHOrOaTOMHBIE MOJIEKYJIBI TIO-
[JIOIMAIOT (POTOHBI, & 3aTeM PACCEMBAIOT SHEPIHUIO B YIPYTUX CTOJIKHOBeHUAX. [larke nebosbimnas
IpUMech MHOTOATOMHOTO Ta3a MPOU3BOJNT 3HAYNTE/bHBbIE M3MEHEHUs — CaMOIPOU3BOJIHHBIE
paspsIbl He BOZHUKAIOT Jayke IpH Tra3oBoM ycuiaenun nopsika 10°. B o6bIMHBIX mponopIm-
OHAJIbHBIX CUETUYUKAX 9acTO HCIob3yercs: cmech u3 90% aproma u 10% merana (takwke sry
cMech HasbBaloT rasoMm P10), a B kadecrse nortorutreseil Boibupator uzobyran mwin COy [5].

2.4 Ilpunmun padotrbl straw-Tpybok

B dwusuke BbICOKHX dHEPTHIl TPUMEHSAIOTCs Straw-TpyOKu, ABJISIONINECs UJIMHIPUICCKUM Ta30-
Pa3pAIHBIM JIETEKTOPOM, PAbOTAIONINM B IIPOIOPIMOHAIBHON Mojie. BHYyTpeHHSISI TTIOBEPXHOCTH
ToHKOI nosmmyrusieHTepedrantarosoit (II9T) Tpybku BeicTiiana mpoBosiieii dosibroit (Au, Cu)
n sBjgeTcd KarojaoMm. Tomuaa cTeHOK TPYOKM OOBITHO COCTABJISIET HECKOJIBKO JECATKOB MUK-
pon. Ilo ocu TpyOKM pacrosiozKeHa ITPOBOJIOKA, SBJIAIONIasAcd aHoioM. Takue Tpybku obecrievn-
BalOT BBICOKOE OBICTpOjeiicTBHE Oyiaroapsd MajoMy JUAMETPY W UCHOJIL3YIOTC I CO3/IaHUs
TPEKOBBIX JIETEKTOPOB OOJIBINOM 110Ia/ . TOHKIE CTeHKN TPYOKN MUHUMU3UPYIOT MHOTOKPAT-
HOE paccestHue 3apsi?KeHHBIX JacTHIl, TePECEKAIOIINX TPeKep.

Onpeenerne KOOpARHATHL YACTUIIBI APeiidOBOil TPYOKOIl OCYIIECTBIISETCS IIyTeM H3Mepe-
HUs BpeMeHu Jipelicha 3JIEKTPOHOB, KOTOPbIE MOJIYYAIOTCAd B PE3y/IbTaTe MOHU3AIUNU PAbOIEro
rasa 3apsKeHHOH JacTurieil. 3apsizkeHHasi YaCTHIa, HOHU3UPYs Ta30BYI0 CMECh, 00pa3yeT TpeK
MOJIOYKUTEIbHBIX NOHOB U 3JIEKTPOHOB. DJIEKTPOHBI JIPEiYIOT K IIPOBOJIOKE U B 00JIACTU CHUJIb-
HOTO II0JIsI y €€ IMOBEPXHOCTU 00pa3yioT JIaBUHY, MOJIOXKHUTEIbHbIE HOHBI ApeiidyIOT K CTeHKAM



TPYOKHU, Ha 9JIEKTPOoJaX UHIyIupyeTcs curiaja. OObIYHO CUIHAJ CIUTHIBACTCA C aHOIHON IIPO-
BOJIOKU. YCUJIEHHBIH MIPE/IyCUINTEIeM, CUTHAJI CPABHUBAETCS C 33 JaHHBIM TTOpOTOM. Bpewms me-
pecedeHusi 1opora ornudpoBbiBaeTcst BpeMeHeM-1idpoBeiM peobpazosaresem (Time Digital
Converter — TDC) u nepenaercs B cucremy cbopa jnanubix [6]. Besmunna mopora BeiGupaet-
¢ MUHUMAJIbHO BO3MOXKHOI, ITOOBI OIPEIe/TUTh BpeMs Jipeiida 3JIeKTPOHOB, HAXOIAIINXCA Ha,
HAMMEHBIIIEM PACCTOSHUU OT aHO/a, T.e. APefdyomuX NpakKTHIECKN HePIEeHINKYISIPHO TPEKY.
DTO 103BOJIsIeT HanbOIee TOYHO OIEHUTh PACCTOSHUE MEXKJIy TPEKOM U aHOJOM, T.€. M3MEPUTh
OTHOCUTEJIbHYIO KOOP/IMHATY TPEKa.

K marepuaiam u reoMeTpun TPYOKH, a TaKyKe K CIUTHIBAIOIIEH 9JIEKTPOHIKE TTPe ThsIBJIAETCSI
MHOXKECTBO TPeOOBaHMit. DTO CBA3aHO KaK ¢ HEOOXOINMOCTBIO PaJIMAIMOHHON yCTOMINBOCTH, TaK
u ¢ ocobeHHOCTIMU cOopa curtaJia. Hampumep, oueHb BaxKHO COOJIIOIATH CAMMETPHIO B TPYOKe —
IIPOBOJIOKA JIOJI?KHA ObITH HATSHYTa CTPOrO BJIOJIb OCH, NHAYE HAPYIIACTCS 3aBUCUMOCTh BDEMEHH
Jpeiida 0T KOOpMHATHI TPEKa.



3 IlapameTpuszanus BpeMeHHbIX XapakK-
TEPUCTUK CUTHAJOB straw-Tpekepa

3.1 MoaemupoBanue B Garfield++

3.1.1 Garfield+-+: mHCTpyMEHT Jisi CUMYJSIAN TAa30Pa3PAJTHBIX e-
TEKTOPOB

Garfield++ — 00beKTHO-OpHEHTHPOBAHHAS IPOTPAMMA, JIJIsT CUMYJISIIINE JIBYX- B TPEXMEPHBIX
rasopaspsiIHbIX JeTeKTopoB. IlepBoHauainrHO TporpaMMa ObLIa Hanncana Ha si3bike FORTRAN
JUUISE IBYMEPHBIX KaMep U3 IIPOBOJIOKH U ILJIOCKOCTEl, TaKUX KakK JApeiihoBble KaMepbl, BpeMsi-
IPOJIETHBIE KAMEPhI ¥ MHOTOIIPOBOJIOYHBIE CUETIUKH. J[JIsT MHOTUX M3 9TUX KOH(MUTYpPAIUil MO-
I'YT OBITH BBIMHUCJIEHBI TOYHBIC 3HAYCHUS BEJIUYIUH O B J1I000i Touke. O IHAKO 9TO HE OTHO-
CUTCSI K TPEXMEPHBIM KOH(MUTYpAIsIM, Jake K TAKUM, KaK JIBa MePEeCeKaoNnXcsl IIPOBO/IA.

st paboThl ¢ TakuMu BeE OoJtee monyaapubiMu getekropavu Garfield++ B3anmoseiictByer
¢ mporpammoit neBEM. Garfield++ Tak:ke npuHIMaeT JBYX- U TPEXMEPHbIE KapThI [T0JIell, pac-
CIMTaHHbBIE IIPOTPAMMAMU KOHEUHBIX 9JIEMEHTOB, TakuMu Kak Ansys, Mazwell, Tosca, QuickField
u FEMLAB, B KadecTBe OCHOBBI JIJIsi CBOMX PACYETOB. DTU METO/IbI MTO3BOJISIIOT PADOTATD C IIPO-
U3BOJIBHBIMU (POPMAMU SJIEKTPOJIOB, & TAKZKE C JTUIJIEKTPUKAM.

B Garfield++ Bcrpoen maker Magboltz nis pacdéra CBONCTB IepeHOCa JIEKTPOHOB B pa3-
JIMIHBIX Ta30BbIX cMecdax. [Iporpamma Takzke mmeer mHTepdeiic B3aUMOJIEHCTBUS C MTAKETOM
Heed njist MojieTMpOBaHuUs HOHU3AIUN MOJIEKYJI Ta3a YaCTUIAMHE, [IEPECEKAIOIIUMUA KaMepy.

BosmoxkuaocTu Garfield+-+

Garfield++ mommepkuBaer pacyér CaEAyIONINX BEJIMIHH:
® KapThl MOJIEl B BUJIE KOHTYPHBIX I'PaUKOB U TPEXMEPHBIX ITPOEKITUI;
e [IPOBHUCAHME AHOIHON ITPOBOJIOKH, BBISBAHHOE 3JIEKTPOCTATUIECKUMU CHJIAMI;
® OINTHUMAaJILHbIE HACTPONUKM MTOTEHINAJIA JI/I PA3JINIHBIX KOH(MUTYPAITHil 3IEKTPOJIOB;
e rpadUKN 9JEKTPOHHBIX U MOHHBLIX TPEKOB;
e Tab/uILI BpeMeHn Jpeiida 1 pacipeseseHnst BpeMeH! Pa3BUTHUsI CUTHAJIA,

® CHUI'HaJIbl, MHAYIMPOBaHHBLIC 3aPAKEHHBIMU YaCTUIlaMU, IIEPpECEKalOIIMMU JEeTECKTOP, C y‘{é—
TOM KaK 3JIEKTPOHHOU, TaK U MOHHON COCTABJIAIONINX.



Garfield++ ob6saiaeT MOITHBIMU MUHCTPYMEHTaAMU BU3YaJIM3aIlUU, TAKUMU KaK [TOCTPOCHUE
JipeiipoBBIX JIMHUI U KapT CUJIOBBIX JIMHUN 1M0JIsA. Bee Kiraccehl BU3yaau3aliny HHTETPUPOBAHBI C

dpeitmBoprkamu ROOT or CERN.

3.2 DuexktpoHuka B LTSpice

MogenupoBanue saeKTpornKy B cpeje LT'Spice sBisiercs momy isipabiM 1 3G HEKTUBHBIM CIIOCO-
6OM IPOBEPKU U aHA 38 pabOThI 3JIeKTPOHHBIX cxeM. LT'Spice — 910 mporpammHuoe obecrietieHue
JIUTsT MOJIeJTMPOBaHUSI AHAJIOTOBBIX W CMEITaHHBIX CHTHAJIOB, paspaboTanHoe Kommnanwmeir Linear
Technology (B Hacrostiee Bpemst vacth Analog Devices).

3.3 IlapameTrpbl MojenpoBaHuda straw-TpyOOK B dKcHepu-
MEHTE

B skcriepumenTe ucnosib3yored straw-Tpyoku quamerpoM 10 MM ¢ pabodnm Hanpszkeruem 1750
B. Ina monemmpoBanns Taknx Tpyook B Garfield++ mcrnonp3oBanmch ciieryromue napamMeTpsl:

e /Iuamerp straw-Tpyokm: 10 Mmm

e /Inamerp anoma: 30 MKM

Paboyee nanpsizkenue: 1750 B
e TazoBas cmech: Ar+CO, (70:30 %)
e Temneparypa rasosoii cmecu: 20 °C

e JlaBiieHme ra3zoBoii cmecu: 1 atm

WNonnsupyromnias yacTuiia: Mioon ¢ 3ueprueit 1 1B

Maruuntaoe nnosite: 0 Tu 2 T

3.3.1 MoaenupoBanue curuajoB Tpyokm B Garfield+-+ u LT Spice

Boum IIOCTPOEHLI I/1306pa)KeHI/IH JABHU2KEHUA IJIEKTPOHOB C MarHUTHBIM ITIOJIEM M oe3 Hero, 49ro
IIO3BOJINJIO OLICHUTDH BJIMAHNEC MaIl'HMTHOI'O IIOJId Ha CUI'HAJIBI.



Puc. 3.1: Ilpumeps! jpeiichoBbIX JUHUI 3JIEKTPOHOB B 00beMe straw-TpyOKH MPH OTCYTCTBUH
(ceBa) m mammunu (crpasa) marautHoro noig B = 2 T. Mroon mepecekaer o0beM TPyOKH,
MOHU3UPYS pabounii ra3. DJIEKTPOHBI JIpeiiyioT K aHoy u (hopMUPYIOT JaBuHy. B MarauTHOM
10JIe TPACKTOPHUU JICKTPOHOB UCKPUBJIAIOTCS.

Taxkke ObLIM TOCTPOEHBI IpadUK, 0TOOPaKAIONINE PA3INIHbIC PACCTOTHUS TPeKa, UTO 103~
BOJIUJIO HAIVISTHO IIPOJEMOHCTPUPOBATDH MOBEJIEHNE YaCTHIl B YCJIOBUAX dKcIepuMenTa. ['padu-
KU CJIEBA TIOKA3bIBAIOT MHOXKECTBO CUTHAJIOB, MOJIYUYEHHBIX U3 3KcnepuMenTa. ['pacduku cripasa
[IOKA3BIBAIOT PACIIPEJIeIeHIe MOMEHTOB IepecevdeH s IOporoBoro yposust curaaja (10 MB). Dtu
rpauKn gBJIAI0OTCH BaXKHBIM HHCTPYMEHTOM JIJIsl aHAJIM3a U ONTUMU3AINY PAOOTHI JIETEKTOPOB,
a TakyKe JIJII TOYHOM MHTEPIpeTaIuu pPe3yIbTaToB, MOJYYEeHHBIX B IPOIECCe MOJCTUPOBAHUSI.
Paszimane paccrosiHuii moMoraeT BBIABUTH KJIIOUEBbIE OCOOEHHOCTU B3aWMOAEHCTBUN YACTHIL C
pabounMM ra3zaMu JIETEKTOPOB, YTO, B CBOIO OY€pe/Ib, CIIOCOOCTBYET YJIyUIIEeHUIO ITapaMeTpu3a-
YA OTKJIMKOB U TOBBIINEHUIO TOYHOCTH U3MEPEHUNl B JaTbHENIIeM.

Garfield+LTSpice signals Moment of 10 mV crossing

1200 Entries 2000
Mean 19.54
Std Dev 5.893
%2/ ndf 78.56/7
Prob 2.702e-14
Constant 480+ 13.3
Mean 19.36+0.13
Sigma 4.932 +£0.077

IS
&
3

1000

Amplitude [mV]
IS
&
3

®

3

S
@
&
3

@
S
3

@
3
3
PRO VR Y
o 3 O
S 3 &

N IS
8 8

ST T[T T T [ TT T [TTT[TTTI[TT1
g

@
&

3 I L L

1o

L 1 L L L L I 1 | L L L L L L L L
300 0 50 100 150 200
Time [nsec] Time [ns]

250

Puc. 3.2: Paccrognue Tpeka or ocu npoBoJsioku paBHO 0,1 MM.
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Puc. 3.4: Paccrosinne Tpeka oT ocu TPOBOJIOKH paBHO 4,8 MM.




SaKJII0OUeHIe

Hannas paboTa MOCBsIIEHA CO3/IaHUI0 PEATUCTUIHON TapaMeTPU3AIINI CUTHAJIOB TPYOOK straw-
TPEKEPOB € TIOMOIIBIO0 MOJIEJTUPOBAHUS OTK/INKa TPYOOK B nporpamme Garfield++.

B xome ucciemoBanmst ObLIO IPOU3BEIEHO MOJIEINPOBAHIE IIPOIECCOB (DOPMHUPOBAHUS 3apsijia
Ha aHoJe straw-TpyOKM IPH ITPOXOXKIEHNN Yepe3 Heé MiooHa. MoesimpoBaHe MpoBOINIIOCH JIJIs
HECKOJIbKIX CJIy9aeB: OTCYTCTBUE MArHUTHOIO IIOJId, MAarHuTHOE 1oJie ¢ Beanaunoii 2 T, paccro-
dHre Tpeka oT ocu npoBosiokn pasuo 0,1 mm, 2,0 MM, 4,8 MM . Pegynbrarsl MojieiupoBaHus
3apsjia, WHIYIUPOBAHHOIO Ha AHOJE Straw-TpyOKHU, MCHOJTb30BAIUCH JIJIS IMYJISINA OTKIUKA
CYUTBHIBAIOIIEH 9JIEKTPOHUKH, peajn3oBaHHON B iporpamme LT Spice.

[Tocse sramra mojenupoBanus B LT Spice ObLIN MOCTPOEHDBI PACIIPEIC/ICHUS BPEMEHH TIepece-
YeHUs CUTHAJAMU 33JJAHHOT'O TIOPOTa.

PesynbraThl paboThl MOMOTYT B IPOEKTUPOBAHUN U IIPOBEJIEHUU HOBLIX 9KCIIEPUMEHTOB, 00€eC-
nevynBast 0oJiee HaJeXKHbIE U TOYHBIE JIETEKTOPbI /s UCCIEIOBAHAN YACTHI] B OYILYIIEM.
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