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BBEJAEHUE

Ha cerogusimauii 7eHs OaproHHAs MaTepHs KaXKETCsl XOPOIIO U3yYEeHHOH 1o
CPaBHEHHUIO C OCHOBHBIMU KOMIIOHEHTAMU BCEJIICHHOM - TEMHOM MaTe€puen 1 TEMHOU
sHepruedd. Hecmorps Ha Oosblliie ycrlexu, JAOCTUTHYTbIE B  OINKCAHUU
B3aMMOJICHCTBUSI KBAaPKOB M TIIIOOHOB B paMKax mneprypbaruBHoro noaxoga KX/,
BOIIPOC O TOM, IOYEMY HYKJIOHbI HMEHHO TAKHUE, KAKUMH Mbl UX BUJUM, OCTACTCS
OTKpBITHIM. [loHMMaHue CTPYKTypsl M (yHAaAMEHTAJIbHBIX CBOWCTB aJPOHOB
HEMOCPEACTBEHHO M3 JUHAMUKHU COCTABIISIIOIIMX €r0 KBAPKOB U MIFOOHOB - OJIHA U3
[JIaBHBIX HepeleHHbIX 3aaa4 KX/I.

Hyxnon numeer cniun h/2, 4To omnpenesnser ero MarHUTHBIM MOMEHT, a TaKkKe
Takue (PyHIaMeHTaIbHbIE CBOMCTBA MPUPO/IbI, KaK pa3iuyHble (a3bl BEIIECTBA MPU
HU3KUX TeMIIepaTypax U CTaOUIBLHOCTh M3BeCTHOU Bceenennoit. ImeHHo mosTomy
U3Yy4YCHHE CIMHOBOW CTPYKTYpPhl HYKJIIOHA HMMeeT ocoboe 3HaueHue. KBapkoBas
MOJI€JIb YCIICIIHO TMPEACKa3bIBa€T OOJIBIIMHCTBO OCHOBHBIX CBOWMCTB aJpPOHOB,
TaKMX Kak 3aps], YeTHOCTh W u30ocnuH. OIHAKO OHA HE TO3BOJISIET OOBSCHUTH
CIIMHOBBIE CBOMCTBA AIPOHOB B TEPMHUHAX UX COCTABHBIX YACTEM.

Hayunoii ycraHOBKOW, KOTOPYX IMPEAIOIAraercsi HWCHOJIb30BaTh  JJIs
W3YYEHUs CIUHOBOW CTPYKTYpPhl HYKJIIOHOB M JPYTMX SIBICHUH, CBSI3aHHBIX CO
criuHoM, siBiisieTcst SPD (Spin Physics Detector) [1]. E€ mnanupyercst pa3MecTuTh B
OJTHOM M3 ABYX TOYEK CTOJIKHOBEHHMs Iy4ykoB koiuanaepa NICA, cTposiuerocs B
MexnyHapoaHou MEXXIIPABUTEILCTBEHHOM HAy4YHOU OpraHu3auuu
“O0beqMHEHHBIN MHCTUTYT SAEpHBIX ccuenoBanuil” (yona, Poccus).

JIns NpOEKTUPOBAHUS YCTAHOBKHM, W3YYEHUS BO3MOXKHOCTH PEIICHUS
MOCTABJIICHHBIX (PU3NUECKUX 3aJad W pa3pabOTKU METOJOB PETUCTpaluud U
UJACHTU(GUKAIIMKA TPOIECCOB B OKCIEPUMEHTE HEOOXOAMMO MOICIUPOBAHUE
pPa3TUYHBIX JIETEKTOPHBIX cucTeM. PaboTa mocBsiieHa MOIEIMPOBAHUIO MIOOHHON
cuctembl SPD, ¢ wucnonp3oBaHuemM mnporpamMmmHoro rmakera SpdRoot, wu
nocenyromei pazpaboTke MporpaMMHOTO obecTieueHus sl 00padOTKH U aHAIHM3a

JaHHBIX SKCIICPUMCHTA.



IJKCIHHEPUMEHT SPD

2.1 O0u1ee onucanmue

B mnanax kommabopanuu SPD ycTaHOBHUTH JIE€TEKTOpP BO BTOPOMl TOUKe
B3aumoJiercTBus crposierocs komaiaepa NICA (OUSU, [1ybna) mist usydeHus
CIIMHOBOW CTPYKTYpPhl NIPOTOHA W JEUTPOHA M JPYTUX CIUHOBBIX SBJICHUU.
[Tnanupyetcst paboTaTh ¢ MOJSPU30BAHHBIMU MyYKaMU YaCTHUI[ C dHEpTrueu o 27
I'3B B cucTeMe LEHTpa Mace M CBETUMOCTEIO 10 1032 em 2 ¢!,

YcranoBka SPD, nokazanHas Ha puc. 1, npeacrapisieT coO0l YHUBEpPCaTbHbII
4m-1eTEeKTOp C PACIIMPEHHBIMHU BO3MOKHOCTSIMU OTCIICKUBAHUS U UACHTU(PUKALIUN

yacTuil [2].

Electromagnetic calorimeter Magnet  Range system Vertex detector end-cap

Time-of-flight system
Straw tracker
Vertex detector
Beam pipe

Zero degree calorimeter

Range system end-cap

Electromagnetic calorimeter end-cap

Time-of-flight system end-cap

Beam-beam counter
Aerogel

Straw tracker end-cap

Puc. 1 O0mas cxema yctanoBku SPD



[Tpubop BKIIIOYAET B ce0sl CIEAYIOUINE IETEKTOPHBIE CUCTEMBI:

- MAarHUTHAs1 CUCTEMA,

- BaKyyMHas Tpyoa,

- BpEMS-IIPOJIETHASA CUCTEMA,

- BEPIIMHHBIN IETEKTOD,

- TPEKOBBIN JIETEKTOP,

- JICKTPOMArHUTHBIN KAJIOPUMETD,

- CUETUUK CTOJIKHOBEHUH ITyYKOB,

- KaJJOPUMETP HYJIEBOTO YyIIIa,

- MIOOHHAsl CUCTEMa.

CBepxmpoBOASIIMI MarHuT SBJIAETCS OJHOM U3 BaXHEHIIUX YacTei
yctaHoBkn SPD. BMmecte ¢ TpekoBOW CHCTEMOW OH OOECIEUMBAET W3MEPEHHE
MOMEHTOB 3apsI>KEHHBIX YaCTHI] C TOYHOCTBIO OKOJIO 2 %.

BakyymHas TpyOa oTaenseTr cpely BEpUIMHHOTO J€TEKTOpa OT BaKyyma
YCKOPUTEJISI, BCIEACTBUE Yero o0jafgaeT OONBIION MEXaHWYECKOW MPOYHOCTHIO U
JIOCTaTOYHO MajoN TOJIMHOW JJIi MUHMMHU3ALMU MHOTOKPATHOTO pPACCesHUs U
paanaMoOHHbIX 3P PEKTOB.

Llens BpeMs-TIPOJIETHON CUCTEMBI — UACHTU(UKAIMS 3apPSKEHHBIX YACTHI]
pa3sHOM MacChl B JHANa3OHE HMITYJIBCOB A0 HeCKoJbkux [3B. Ilmanupyercs
UCIIOJIb30BaTh BPEMSI-TIPOJIETHYIO CUCTEMY B COOBITHSIX C HECKOJBbKUMU TPEKAMH,
YTOOBI KaK ONPEACIIUTh BPEMs CTOJIKHOBEHHUSI, TAK U UACHTHU(UIIUPOBATH OTIACIbHBIC
Tpeku. [loMuMo ormpeseneHuss TUMa YacTHUIl, CUCTEMa TaKXe COOOIIAaeT BpeMs
Hayajia paboThl TPEKOBOTO JETEKTOPA.

Bepumnneiii gerekrop SPD — 3T0 KpemMHHEBas 4acTh CIEKTPOMETPA,
OTBEYAIOILIAsA 3a TOYHOE OIPEICIICHUE IEPBUYHOM TOUYKH B3aUMOICUCTBUSA U
M3MEPEHUE BTOPUYHBIX BEPILIMH MO paclajaM KOPOTKOXKHUBYIIUX 4YaCTHUIl (MPEKIE

Bcero, D-me30HOB).



[lenpt0 TPEKOBOTO JAETEKTOpa SBJSETCS BOCCTAHOBJIEHHUE C BBICOKOM
3¢ (HEKTUBHOCTh TPEKOB TMEPBUYHBIX W BTOPUYHBIX YACTHIl IS WU3MEPEHUS WX
HMITYJIbCOB IO KPUBHU3HE TPACKTOPUH B MarHUTHOM mosie. OH TakXe y4acTBYET B
UACHTU(UKAIIMY YaCTULl TOCPEACTBOM M3MepeHus sHepropoiaeneHus (dE/dx).

DJIEeKTPOMATrHUTHBIM ~ KaJopuMeTp HEoOXOIUM Il  perucTpalud U
UJACHTUGUKAIIMK  YacTHIl, POXKIAIOMIMXCA TMPU CTOIKHOBEHHUU aJIpPOHOB U
BBUICTAIONINX B TEJECHBIM yroua 4m. B ero 3amaum BXOAUT Takke UACHTU(DUKALIUS
OJMHOYHBIX (DOTOHOB M HEUTPAJIbHBIX MHOHOB, OT/AENICHUS (POTOHHBIX JUBHEH,
HOPOKIEHHBIX TT'-ME30HAMM, UL HCKIIIOUEHUS (DOHOBBIX COOBITHIA.

OCHOBHBIMM 1LIEJISIMU CUETUMKA CTOJIKHOBEHUS MTyUKOB SIBJISIFOTCS JIOKQJIbHAs
MOJISIPUMETPUSL, MOHUTOPUHI CTOJKHOBEHHWWA IIYYKOB K YYacTUE B TOYHOM
OMPENICICHUH BPEMEHU CTOJIKHOBEHMS, KOIJla JyIsi 3TOr0 HE MOTYT OBbITh
UCIIOJIb30BAHBI JPYTHE JIETEKTOPHI (HapUMep, B CiIydae YIpyroro paccesiHus).

KanopumeTp HyneBoro yria OyJAeT YCTaHOBJICH B 30HAX pa3/IeiCHUs IMyYKOB
1o 00e CTOPOHBI OT TOUKU B3auMozeiicTBust SPD. Ero riaBHbIe 1€ — U3MepeHue
CBETHUMOCTH Iy4Ka, JIOKaJIbHAsl MOJSIPUMETPHUS U CO3/IaHHE BPEMEHHOM METKH IS
pasneneHust COObITHH.

OxcnepuMeHT  SPD  mepekpoeT  SHEpreTMYecKuii  3a30p  MEKIy

CYIIECTBYIOIIMMH SKCTIEPUMEHTAMH.



2.2 M1ooHHAad CHCTEMA

MioonHas (mpobexHas) cuctema SPD ciyxut juist uieHTuGUKaIii MIOOHOB
B TPUCYTCTBUU 3HAUYUTEIHLHOTO APOHHOTO (DOHA W OIIEHKHW JHEPTHUU aIPOHOB
(rpyOast aaponHas kajmopumerpus). OHa Takke SBISETCS €IUHCTBEHHBIM
Cy0/1IeTEKTOPOM OCHOBHOM 4acT ycTaHOBKH SPD, crnocoOHbIM MAEHTHUHUIIUPOBATD
HEUTPOHBI MyTEM OOBEAMHEHUS OTKIWKA C CHUTHAJIAMH OT JJICKTPOMArHUTHOTO
KaJlopUMeTpa W  BHYTPEHHUMH Tpekepamu. HWneHtuduxamus  MIOOHOB
OCYIIECTBIISICTCS TOCPEJACTBOM pAaCIO3HaBaHUSA (ParMEHTOB TpeKa 4YacTHIl U
JTATBHEHIIIMM WX COMOCTABICHHEM C TPEKaMW BHYTPH MarHUTOB. TOYHOE
OTIpeJIeTICHHEe HMMITYyJIbhCa MIOOHA OCYIIECTBIISICTCS BHYTPEHHHMH TpPEKepaMu B
MarHUTHOM ITOJIC.

OnHol U3 OCHOBHBIX I1€JI€i TPOOEKHOM CUCTEMBI SABIIACTCS UACHTHU(PUKALINS
MIOOHOB M3 pactaaoB J/y — p'i” B IpUCYTCTBHU (POHOBBIX ITHOHOB M IPOIYKTOB
UX pacmaja.

CxemMaTH4HBIN BUJI CUCTEMBI U €€ OCHOBHBIE pa3MepPhl B MM ITOKa3aHbI HA PUC.
2 (a). Cxema MIOOHHOW CUCTEMBI, COCTOSIIEH U3 CI0EB MOTIIOTUTENS U IETEKTOPOB,

nmokaszaHa Ha puc. 2 (0).

35 mm -~ gaps for detectors

k 19 x30 mm / Fe
;7

6828

60 mm / Fe

4048

Puc. 2 (a) CxemaTuuHbIil BUJ (IIOJIOBUHA pa3pe3a) MIOOHHON CUCTEMBI
BbapenbHas 4acTh Moka3aHa CepbIM IIBETOM, TOPIIEBBIE IUCKU — 3€JICHBIM;

(6) PazMephbl CI10€B CUCTEMBI.
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MiooHHas cucTemMa COCTOUT U3 BOCBMUMOIYIBHOTO Oapens (“‘004kn™) u IByX
TOPIIEBBIX JIUCKOB.

HapyxHnbie ciion xene3a TonmuHor 60 MM UCHIONB3YIOTCS I CKPEIJICHUS
Moaynel Mexay coboil. B MmexcrnoeBbie 3a3opsl nmomematorcs Mini Drift Tubes
(MDT) nerexktopsl W CYMTHIBAIOMIAs dJEKTPOHMKA. TOJIIMHA OCHOBHBIX
MOTIOTUTENbHBIX KeJIe3HbIX MIacTuH (30 MM) BEIOMpAeTCsl B CPABHEHHUH C JUTMHOM
npoOera MIOOHa B CTAJIU JJIS JIy4YIIEro pas3/ieJeHUs MIOOHOB U aJIpOHOB, a TAKXKe IS
aApOHHOW KaJIOPUMETPHH.

O6mee womuuectBo MDT nerektopoB — oxoino 8000 emunui. Onu
pa3MemaloTes  CAeAylIuM oOpa3oM: BIOJb OCH TIyuyka B Oapene H
MEPIEHIUKYIISIPHO B TOPLEBBIX JUCKAX.

OO6m1as ToNmMHa MOTIOTUTEN BEIOpaHa paBHOM YEThIPEM JUIMHAM SIIEPHOTO
B3aUMOJICHCTBUSIM A;. TakuMm 00pa3oM oOecrieurBaeTCsi paBHOMEpHasi (puiIbTpaIus
MIOOHOB BO BCEX HallpaBliCeHHsX. BmecTe € TOJNIMHON 3IIEKTPOMArHUTHOTO
kanmopumetpa (~ 0,5\1) o61as ronmuHa yecranoBku SPD nosiyuaercs okoso 4,54;.

Hetexrop MDT uzHavanbHo Obul pa3padotrad u npousBeneH B OUSAN s
Mroonnoit cuctemsl dxcriepuMerTa DO B FNAL [3]. Tlo3aHee Ha ero ocHoBe Obliia
co3laHa M MiooHHas cucteMa s skcnepumenta COMPASS B CERN [4].
Moaudukamnuss JBYXKOOPAMHATHOTO cuuThiBanus i MDT ¢ oTkpbrToi
reoOMeTpHUeil KaToja M BHEIIHUMHU ChEMHBIMU JJIEKTPOJaMH ObLla MpPEIioKeHa U
npuHaTta Kourabopammern PANDA  [5] 1 MIOOHHOM  CHCTEMBI  HMX
DKCIIEPUMEHTAJIbHOM YCTAaHOBKH. JTa ke HoBas Bepcusa MDT npenmaraercs n s
npoekta SPD, Tak kak UMeeT BCe HEOOXOUMBIE XapaKTEPUCTUKU — PaAUAIMOHHYIO
CTOMKOCTh, KOOPJIMHATHOE Pa3pelI€HUEe, BPEMEHHOE Pa3pellieHuEe, HAJEKHOCTh, a

TaKXe IMPOABUHYTHIM YypoBeHb yxke mnpoBeneHHbIXx HUOKP B pamkax mnpoekra

PANDA.



Ceuenne MDT nerekropa ¢ OTKPBITOMl IN€OMETpUEl Karoja MOKAa3aHO Ha

puc. 3.

Brewnuii cnoif co cTpunaMu, NEpHeHAUKYIAPHbIMU poBojoukaM MDT

Al mpoduip, 0.6 MM

S

IInacTukoBEIA “KoHBepT’, ~1.0 MM
b 9

0.6
Kpemnnenue aiist mpoBOIOYKH

12.3

Anonnas IIPOBOJIOYKA (no3on0quHbH7[ Bosbgpam, 0.05 MM)

8§34

Puc. 3 Ilonepeunoe ceuenne MDT nerekropa

JIeTeKTOp COCTOUT U3 METAJUIMYECKOTO Karo/1a (aTFOMUHHEBBIN FpeOeHYaThIN
npoduiib U3 8 AYeeK), aHOAHBIX MPOBOJIOYEK U MJIACTUKOBOM 000JIOUKHU (HOPHIT) J1s
razoHenpoHuaeMoctu. [pedenyarbiii mpoduiib Karona 00ecHeurBaeT KaKIou
AQHOJIHOU IIPOBOJIOKE OTAECJIbHBIM CUTHAJI Ul ITOJYYEHHs OJHOM M3 KOOpPAMHAT.
[lepnenaukynsipHasi CTpUNOBAs MJIOCKOCTh MCIOJIB3YETCS NSl MOTYUYEHUsI BTOPOU
KoOopAuHaThl. PopMa HABEIEHHOIO CHUTHaJa IOBTOPSET WCXOIHBIM, HMes
IIPOTUBOMOJIOKHYIO TOJSPHOCTh, HO AaMIUIMTYAAa COCTaBisieT okoio 15% ot
ucxonHoro. Takum oOpa3zoMm, TpeOyeTcsi YCWUJIEHHWE CHUTHajla M HaJylexallee
HKPAHUPOBAHKME BHEIIHETO 3JIEKTPOMArHUTHOTO IOJIS.

[IpuMeHeHre OTKPBITOM T€OMETPUHM KaTofa MO3BOJISIET IMOJy4YaThb BTOPYIO
KOOpAMHATY cyuThiBaHUA. OpHaKo 3TO MNPHUBOAUT K IOTEPE CHUMMETPUHU
AIIEKTPUYECKOTO MOJS B KaXJAOW M3 8 s4YEEeK JETEeKTopa W, CJEI0BaTeIbHO,
yYMEHbBIIaeT HE00X0UMOE MPUIIOKEHHOE HAMIPSKEHUS JJIsl TOTO e K03 dULMeHTa
ra3oBOI0 YCHJIEHUS IO CPABHEHHUIO CO CTaHAAPTHOM IeOMETpHENl (Karox 3aKphIT

KPBIIIKON U3 HEP KaBEIOLEH CTajn).



CO3JAHUE TEOMETPUYECKOM MOJIEJA ITPOTOTHUIIA
MIOOHHOM CUCTEMBI SPD U MOJEJIMPOBAHUE COBBITHM

[lepBsiii 3Tan paboOTHl — ONMUCaHUE TPOTOTUIIA MIOOHHON CHCTEMBI, KOTOPBIH

B HaACTOAIICC BPCMs HCIIOJIB3YCTCA I TCCTHPOBAHHUA OJJICKTPOHHKH, c6opa

KOCMHKH, U HHTErpupoBaHue ero B mnporpammHyro cpeny ROOT. IloyuyenHas

TCOMCTPHUYICCKasA MOJCIIb ITPOTOTUIIA TPEACTABIICHA HA PUC. 5.

R

|

v N
|

Puc. 5 I'eomeTpuueckas Mozielib IPOTOTUIIA MIOOHHOM cucTeMbl SPD

Cnepsa cmoxpenupoBad MDT netexktop M3 BOCBMH SIY€EK, 3alOJHEHHBIX
razoBoii cmecbio Ar + CO; (pabouee BelecTBO ra30BOM SUEHKHU JETEKTOpa). 3areM
6 MDT oObenuHeHbl B ONHY ACTCKTOPHYIO IJIOCKOCTh. B Xene3HoMm Kopmyce
pa3menieHo 16 JeTeKTOPHBIX MIIOCKOCTEN € KEIE3HBIMU MOMIOTUTEISIMU C IIIarOM B
35 MM 71 JIEKTPOHUKHU. B Hauase cucTeMbl paciosioyKeH Tak Ha3biBaeMblil Bilayer,
COCTOSIIIMI M3 ABYX JNETEKTOPHBIX IUIOCKOCTEH, Kaxaash U3 KOTOPBIX COAEPIKUT
yeTelpe MDT nerexkropa. 3a HUMH pacIONI0KEH JKEJIE3HbIA JIUCT TOMMHONW 60 MM.
CoznmanHas Mofenb MOPOTOTUIIA JIOJDKHA CTaTh YacThio pa3pabarbiBaeMOro

IPOrpaMMHOI0 oOecreueHus Jijisi 00paObOTKH M aHaIK3a JaHHBIX MPOCKTUPYEMOTO

skcniepumenTa SPD.
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Jlanee mpOTOTUIT UHTETPUPOBAH B Cpeay mporpammHoro makera SpdRoot ¢
WCITOJIb30BAHUEM METOZOB OOBEKTHO-OPHUEHTHPOBAHHOTO TMPOTPAMMHPOBAHUS.
Heo6xonyuMo OBLII0 MOIKIIOUUTH BCE HEOOXOAUMBIE OMOJIMOTEKH W3 PEIO3UTOPHS
SpdRoot software u ycTaHOBUTH 3aBUCMMOCTH JJIsl TIEPEMEHHBIX U MapaMeTpOB
Cpelbl.

CrnenyromumM 1aroM MpoU3BEACHO MOACIUPOBAHUE COOBITUN B MPOTOTHIIE,
paboTy KOTOPOTO KPAaTKO MOKHO OMUCATh TOCJIEIOBATEILHOCTHIO II1aroB:

e 3ajaroTCsl UMEHA BBIXOIHBIX (DailyIOB /TSl TAaHHBIX U MTapaMETPOB,

e Cosnaercs 00bekT SpdRunSim, KOTOpPBIN yNpaBisieT CUMYISLUEH,

e HacrpauBaercss  cumymsanus:  3aJalOTCS  UMS  CHMYJSTOpA,
UCIIOJIb3yeMbIe ~ MaTepuanbl, (aili  aasd  BeIBOAAa JAaHHBIX W
KOH(UTYpaIus pacrajia 4acTHil,

o HMHunmanusupyercs reoMeTpus,

o Cosmaércs u HacTpamBaercs reHeparop SpdlsotropicGenerator,
KOTOPBIM OTBEUYAET 32 M30TPOITHYIO TCHEPAINIO YACTHII,

e YcTaHaBIMBAIKOTCA MIOOAJIBHBIE TAPAMETPHI CUMYIISIIIUH,

o HHunmanu3upyeTcsi ¥ 3amyCcKaeTcsl CUMYISIIIUS C 3aIaHHBIM YHCIIOM
coObITHit nEvents u oTcieXuBaHNEM BPEMEHH BBITTOTHCHHUSI,

e [lapaMeTpsl U TaHHBIC CUMYJISIIUN COXPAHSIIOTCS B BBIXOIHBIC (Dailiibl
JUIS AanbHeneln 00paboTK U aHaIn3a.

[Tocne reHepanuu COOBITHI 3amyCKaeTCsl MX BU3yalIM3alus AJisi OOJIbIIEH
HATISAHOCTH MPOUCXOAUX mporieccoB. Ha puc. 6 u 7 npuBeneHbl BU3yaIn3aIiuu
MPOXOXKIEHUS NpOTOHAa W MrooHa ¢ 3Heprusimu 1 u 10 I'»B uyepe3 mpotortur.
CIUTONIHBIMY JTMHUSAMHU Ha PUCYHKE 0003HAYEHBI: (PHUOJIETOBAS — IMPOTOH, TOITyOast —
HEUTPOH, 3eJICHasT — JJICKTPOH, JKeaTas — IMO3UTPOH, OMpro30Bas - MIOOH. KpacHoi
NyHKTUPHOW JIMHUEHW O0O03HAUYeH TraMMa-KBaHT, KPACHBIMH TOYKAMH — XHTBI
(mpoucxosAe B Ta30BOM 00bEME JIeTeKTopa). B mpeacTaBiIeHHBIX MOIETBHBIX
COOBITHSIX HAJICTAIOIINE YACTHUIIBI «OBIOT» TOYHO B IEHTP JAETEKTOpA, TOTNA KaK B

9KCIICPUMCHTEC YaCTULBI-CHAPAAbI HAJICTAIOT IOA PAa3HBIMHA YITIAMU.
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Puc. 6 [Ipoxoxaenust mpoToHa U MIOOHa ¢ sHeprueit 1 ['9B uepes nportorur.
CBepxy — IPOTOH, CHU3Y — MIOOH.

Ha pucyHke BUJHO, 4TO B JaHHOM IPUMEPE B pe3yibTare B3aUMOJICUCTBUA
MIPOTOHA C BEIIECTBOM JIETEKTOPa POXKAAOTCS HEUTPOHBI U (POTOHBI, TOKHUIAIOIIINE
npeAebl MPOTOTUIIA, B TO BPEMS Kak MPH B3aUMOJICHCTBUUA MIOOHA C BEIIECTBOM
TAKOro HE MPOUCXOAUT — MOPOKIAEHHBIE JEKTPOH M raMMa-KBAaHT MOMIOIIAIOTCS

BHYTpPH MPOTOTHUIIA.
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Puc. 7 IIpoxoxxaenust mporoHa 1 MrooHa ¢ 3Hepruen 10 I'3B uepes npororui.
CBepxy — MPOTOH, CHU3Y — MIOOH.

CormnacHO TpeACTaBIEHHOMY PHCYHKY, poToH ¢ 3Hepruer 10 I'3B mopoxmaer
KacKaJ B JETEKTOPE, YEro HE MPOMCXOAUT HU JJIsl TPOTOHA ¢ 3Hepruent 1 ['3B, Hu
Ju1st MrooHa ¢ 3Heprueil 10 I'3B. BricokoaHepreTueckuii MIOOH, B CBOIO OYEPE.Ib,
POXAAET B JETEKTOPE HECKOJIBKO 3apsKEHHBIX JIEITOHOB U (DOTOHOB, KOTOpPbIE HE
MOKUJAIOT Tpeiebl TPoToTUIa. B nanbHeiemM noinydeHHble pe3yabTarbl OymayT
CpPaBHUBAThCS C JAHHBIMH, OJYYEHHBIMU MPU NPOXOKAECHUN KOCMHUYECKUX JTy4Yei

gepe3 IETEKTOopP.
13



AJITOPUTM KJIACTEPU3ALIMU DBSCAN

JIJisi peKOHCTPYKIMHM COOBITHI MO XUTaM B pabore OyIeT HCIOJIb30BaThCS
anroput™ knactepuzauu DBSCAN [6]. OH OTHOCHTCS K KJIacCy aJrOPUTMOB,
KOTOPBIE€ BBIJCJSIOT KJIACTEPhl HA OCHOBE IUIOTHOCTHM TOYEK B MPOCTPAHCTBE
nanHbIX. [Ipenmnonoxum, cymecTByeT HeKoTopas 6a3a JaHHbIX D Touek HEKOTOPOTro
k-mepHoro mpoctpancTBa S. OmnpenenuMm HeCKoibko KiroueBbiX s DBSCAN
ITOHSATHM:

® £-OKPECTHOCTh TOUKH p, 0003HauaeMas kKak Ng(p), onpenensiercs kKak Ng(p) =
{q € D | dist(p,q) < €}, rue dist(p,q) — paccTosiHUE MEXKAY TOUYKAMHU P H (.

e MinPts (MuHuUMaIbHOE KOJIMYECTBO TOUEK): MHUHUMAIbHOE YHCIIO TOYEK,
KOTOPO€ JIOJDKHO OBITh B €-OKPECTHOCTHM TOUYKH P, YTOOBI OHA CUMTAJIACh
"0CcHOBHOM ToOuKOi" (core point).

e OcHoBHasg Touka (Core Point): Touka, kKoTOpas UMeeT MO KpailHell mepe
MinPts coceneit B ipenenax cBoei €-OKpECTHOCTH.

o [lorpannuynas Touka (Border Point): Touka, koTopas cama mo cebe He
ABJISICTCSI OCHOBHOM TOYKOW, HO HAaxXOJUTCS B €-OKPECTHOCTHM OCHOBHOM
TOYKH.

o [llymonas Touka (Noise Point): Touka, koTOopasi He SIBIIsieTCS HU OCHOBHOM, HU
MOrPaHUYHOU TOYKOM.

PaGory  anroputma  BKparme = MOXHO ~ OMUCaTh  HECKOJbKUMH
nocaea0BaTeIbHBIMU ornepanusiMu. CriepBa HY»KHO 3a]1aTh BXOJHBIE TapaMeTPhI € U
minPts. B uneane cooTBeTCTByIOIIME MapaMeTphbl JTOJMKHBI OBITh ONTHUMAIBHO
1o1I00paHbI JTsI KaXKA0T0 KJIacTepa, HO HEeT MPOCTOTO COCcOo0a MOIYyYUTh UX 3apaHee
JUIsL BCeX KJacTepoB 0a3pl JaHHBIX Toyek. OAHAKO CyIIECTBYET MpocTas u
sbdexTuBHas 3BpucTHKA (TIpencTaBlieHHas B pasznene 4.2 cratbu [6]) mus
ompeJieNieHUs mapaMeTpoB € U minPts "camoro ToHkoro", T.e. HAaMMEHee TIOTHOTO,
kiactepa B 6a3ze maHHbixX. [loatomy DBSCAN ucnons3yeT riobanbHbie 3HAYCHUS

JUIs € M1 minPts, T.e. oMMHAKOBBIC 3HAYCHUS JUIS BCEX KIIACTEPOB.
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AJITOpUTM 3aIyCKaeTCs C MPOU3BOJILHOW TOYKH P U TIPOBEPSIET, ABJISIETCS JIU
OoHa OCHOBHOHW. Ecnu p sBisieTcs OCHOBHOM, TO BCE TOYKU B €€ €-OKPECTHOCTHU
N00aBIAIOTCS B TEKymMM Kiactep. Bce nmoOaBineHHble TOYKH (Kpome )
MIPOBEPSIIOTCS HA MPU3HAKK OCHOBHOU. ECim ouepeiHast Touka sIBIISIETCSI OCHOBHOM,
TO IO aHAJOTHHU BCE TOUKHU U3 €€ €-OKPECTHOCTU JOOABISIOTCS B TOT KE KiacTep.
3areM B KJacTep J00ABIAIOTCS BCe MOTpaHuyHbIe TOUKU. [Iponiece npomomkaercs,
MOKa BCE TOYKHU, IOCTHKUMBIC U3 HAYaIbHOW OCHOBHOM TOYKH, HE OyIyT T0OABICHBI
B KJIaCTEP.

Jlamee anroputM MEPEXOAUT K CIEAYIONIEH HEMOCEHMIEHHOW TOYKE U
MOBTOPSIET MPOIIECC JI0 TEX MOp, MOKa BCe TOUKU He OyayT oOpaboransl. [IlymoBbie
TOYKH HE TOOABIIAIOTCS HA B KAKOW U3 KJIACTEPOB M MOMEYAIOTCSI COOTBETCTBYIOLIUM
obpazoMm. Kak yxe rosopwiocsh, a1t DBSCAN HeoOxXoauMbl 1Ba mapameTpa, € U
minPts, olHaKO SKCIIEPUMEHTHI, ONTUCAHHBIE B CTaThe [6] yKa3bIBaIOT Ha TO, YTO
pe3yabTar paboThl aNTOpPUTMa OCTAETCS MPAKTUYECKH MOCTOSHHBIM JUISl Pa3HBIX
minPts > 4, moATOMy MOXXHO YMEHBIIUTH KOJMYECTBO BXOJHBIX MapamMeTPOB IO
OJTHOTO, 3a/1aB minPts paBHBIM 4.

Ha puc. 4 npuBenéH pe3ynbrar paOOThl aJropuT™Ma Ha TPeX pa3HbIX Oazax

JTAHHBIX TOYEK B CPABHEHUH C IPYyruM noxoxum anroputMom — CLARANS [7].

Puc. 4 Vnmoctpanus paboThl aJITOPUTMOB KIIACTEPHU3AIIUH.
Caepxy n3o0pakeH OpUruHanbHbIi HaOop Touek. CreBa CHU3Y — pe3ynbTar paboThl
anroputmMa CLARANS. CrpaBa causy — anroputma DBSCAN.

Kaxk BugHO u3 pucyHka, anroput™ DBSCAN TouHee rpynnupyeT TOUYKH B KJIaCTEPHI,

a Takxke, B ominure or CLARANS, onpenensieT nryMoBbI€ TOUKH.
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SAKJIIOYEHUE

B pabore mpousBeAeHO MOIETUPOBAHHUE MPOTOTUIIA MIOOHHOW CHUCTEMBI
skcriepumenta SPD ¢ wmcmonbs3oBanueM mporpamMmHoro makera SpdRoot. B
Ja’dbHEHIIeM IUIAHUPYETCS MCMOJIb30BaTh €ro g pa3pabOTKH aJIrOpUTMOB
UJCHTU(GUKAIIMKM YaCTHUIl M aHAJIM3a UX B3aUMOJICHCTBUS C BEIIECTBOM JIETEKTOPA.
Taxke NMPOU3BEACHO MOJCIMPOBAHME WM BU3yalu3allds COOBITUH B MPOTOTHIIE.
[Tonyyen Ha®oOp XWTOB M JajbHEHInel oOpabOTkU U (OPMUPOBAHUS TPEKOB
yactull. Pabora Oyzner pa3BuBaThCsA: HEOOXOAUMO C(HOPMHUPOBATH U3 MOTYYEHHBIX
XWATOB TPEKHM C HCHOJIb30BaHWMEM airoputMa kiactepuzauuu DBSCAN s
nanbHeie oO0pabOoTKM M aHaimu3a JaHHBIX MozenupoBaHusi. CaMm anropur,
nporecTupoBaHHblil B cpene Python, TpeOyercst peanuzoBaTh C HCMOIb30BaHUEM
s3bika CH++ nns maTerpanuu B SpdRoot. Crepyromum stanom OyaeT pa3paboTka
aNIrOpUTMa UIACHTU(GUKAIIMKI PA3IAYHBIX YACTHUI] M U3MEPEHUS UX XapaKTEPUCTHUK.
Taxske TpeOyeTcsl yCIOKHEHHE CYIECTBYIOMIEH MOJIENIM TPOOEKHON CUCTEMBI ISt
yudeTa OOJbILIEro KOJIMYECTBA COCTABISAIOUINX (3JIEKTPOHUKA, CKPEIUISIONINE JeTalN

U T.J1.) 1 MOJU(UKAIIIN T€OMETPHUH.
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