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OmnucaH HOBBIIA METOTI, OInpeacJICHNUA KOOPAMHATHI B TIO3UIITMOHHO-YYBCTBUTCIIbHBIX IETEKTOPaX C OpraHu-
YECKMM CB€TOBOIOM M KPEMHHCBLBIMU (I)OTOyMHO)KI/ITCJIHMI/I. DTOT METOII OTJIMYACTCS OT HCIIOIb30BaB-
IMXCAd paHEC CMEIIAIoIMX CIIEKTP BOJIOKOH MW MaTPULbl U3 CBETOYYBCTBUTCIIBHbIX 3JICMCHTOB. OH oc-
HOBAaH Ha INOINIOIICHN U (I)OTOHOB B 00BEME CBETOBOIA U YMCHBIICHHNU KOJIMYECTBA (I)OTOHOB. B 3aBucumo-
CTU OT IJIMHBI 1'[])066]"3 MCHSCTCA KOJIMYECTBO C])OTOHOB, najgaromunx Ha ITOBECPXHOCTb KPEMHHUEBOTO
(I)OTOYMHO}KI/ITGJIH. HpOBCI[eHO MOACIMUPOBAHUE OINTHUYECKUX IMapaMETPOB OAJHOMEPHOIO IO3UIITMOHHO-
YYBCTBUTC/IBHOTI'O ACTCKTOpPA M IMOKAa3aHO BJIIMAHUE IOKPBITUA CBECTOBOJAa Ha KOJIMYECCTBO CBETA. Taxke
IIPOBEACHO MOACINPOBAHUEC IBYMECPHOI'O MMO3UILIMOHHO-YYBCTBUTCJIBbHOTO JE€TCKTOPA IBYX BUIIOB, OIIPEAC-
JICHBI OIITUYCCKUC ITapaMETPbl U COOTHOLLICHU A WHTEHCUBHOCTEN MN3JIYYCHUA pa3JIMYHbBIX KOHIIOB CBETOBO-
ma. OmcaHa MeToarKa IIOJIYYEHUMA KapT COOTHOIICHUI MHTEHCUBHOCTEM M OCOOSHHOCTH MX UCITOIb30Ba-
HUuda ajga onpeaci€Hus KOOpAMWMHATHI. O6o3HaYeHbI OCHOBHBIE OCOOEHHOCTH M3TOTOBJICHUS JETCKTOPOB
JaHHOIO TUIla U1 UX BJIMAHUE Ha paspCIICHUE UTOTOBOIO J€TCKTOpPA.
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BBEAEHWE

B HacTog1IMIT MOMEHT BO BCEM MUPE BEIETCS aK-
TUBHAasI pa3paboTKa JeTEKTOPOB HETPOHOB Ha OCHO-
Be€ Pa3IMYHBIX CUMHTWLIATOPOB [1]. CBsI3aHO 3TO B
MEePBYIO O4Yepeab ¢ OTHOCUTENIHLHON JIeIIeBU3HOM MO-
JTOOHBIX JETEKTOPOB M HApAacCTalOIIUM Ac(HUINTOM
rasa reauii-3 [2], Ha 0CHOBe KOTOPOTO MOKHO CO3/1a-
BaTh caMble BBEICOKO3((eKTUBHbBIE TeTeKTOpHI. I1o-
MUMO CO3JAHUSI OMMHOYHBIX IETEKTOPOB HEUTPOHOB
BeleTcsl pa3paboTKa MO3ULIMOHHO-UYYBCTBUTEIBHBIX
CUMHTWUISIIMOHHBIX TETEKTOPOB [3—5].

INepBbie TTO3ULIMOHHO-YYBCTBUTEIbHBIE JETEKTOPbI
Ha OCHOBE CLIMHTULISITOPOB CO3IaBaIu IIsT (GDU3UKU
BBICOKMX dHepruii. Hampumep, B 1988 1. ObLI onican
6osbiIoit gerektop ycraHoBku CDF [6]. ITpuniumn
paboThl MOAOOHBIX JETEKTOPOB OCHOBAH Ha CO3Ia-
HUM JIBYX MAacCUBOB CMEIIAIOIINX CIEKTP BOJIOKOH
(WLS-BonokoH, WLS — Wave-Length Shifting), pac-
MOJIOXKEHHBIX TTePIEeHAUKYISIPHO APYT APYTY, MEXKIY
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KOTOPBIMU PACITOJIOKEH UYBCTBUTEIBHbBIN K HEUTPO-
HaM CUMHTWUIATOpP, Harpumep, ZnS(Ag):LiF. s
omnpeaeaeHUS KOOPAUHATEI HEOOXOAUMO HE3aBUCH-
MOe YCHJIEHME U perucTpauusi GOTOHOB B KaXXIOM
BOJIOKHE. Pa3peliieHre MOmOOHBIX JETEKTOPOB OMNpe-
JIeligeTcs B IepBylo odepeab pasmepoM WLS-Boio-
KOH, KOTOphle Ha JaHHBIII MOMEHT COCTaBJISIOT OT
0.2umo 2 [7].

Hdns peructpaiiiu (OTOHOB AOJTOE BPEMSI MC-
MOJIb30BAIN (DOTORIEKTPOHHBIM YMHOXUTE/b, KOTO-
pbIii XapaKTepu3yeTcsl KpaiiHe HU3KUM YPOBHEM 111y~
Ma U BBICOKMM Koadduuuenrtom ycwienus (107 u
ooiee) [8, 9]. B HacTosIIMiT MOMEHT IIPU CO3MaHUU
JIETEKTOPOB MOMOOHBIX TUIIOB BCE aKTUBHEM CTalu
MMPUMEHSITH BMECTO (POTOIIEKTPOHHOTO YMHOXUTE-
JISI KpeMHUEBBIN GOTOYMHOXUTEND [ 10], KOTOpHIiA HA
TaHHBIIA MOMEHT IT0 paboYMM ITapaMeTpam ITpruoI-
3UJIcst K (hOTOIJCKTPOHHBIM YMHOXUTEISIM, HO He
UMeeT HEeAOCTATKOB, MPUCYIIUX UM (BBICOKOE Ha-
MpsKeHUe TTMTaHus U TabapuThl) [9].
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Puc. 1. Tpaekropruu (pOTOHOB NP Pa3IMIHOM PACIIOO-
XKEHUU CLIUHTUJUISILIMOHHON BCIBILIKU: / — CMelleHa OT
LeHTpa; 2 — pacnojoXeHa no ueHtpy; la, 2a v 16, 26 —
PacCTOSTHUST OT BCHBIIIKHY A0 JIEBOTO M TTPaBOTO KPEMHMU -

eBbIX (DOTOYMHOXUTEJEN COOTBETCTBEHHO.

OnHa 13 ocobeHHOCTeH KpeMHUEBBIX (POTOYMHO-
KUTEJIe — JOCTaTOYHO HU3KOE MaKCUMalIbHOE Ha-
npskeHue nutanus (He 6osee 40—70 B) u BricoKas
KBaHTOBas1 dddekTuBHOCTb (10 45%) [11]. OcHOB-
HOIi MMHYC IIO CPaBHEHHUIO C (POTOIIEKTPOHHBIM
YMHOXHUTEIEM — 3TO BBICOKMI TEILIOBOI IITyM (OKO-
10 30 xI'u/mm?) [11], KOTOpBIA CBA3aH C TEIMJIOBOM
reHeparyeii 3JIeKTPOHOB B aKTUBHOM 0671aCTU KpeM-
HUS U cpabaThIBAHUEM OIMHOYHBIX STYEeK.

C nosBiieHHEM KPEeMHUEBBIX (DOTOYMHOXUTEIEH
TTOSTBIJICSI HOBBIA THUIT TTO3UIIMOHHO-YYBCTBUTETHHBIX
CHMHTUUIIIIMOHHBIX AETEKTOPOB Ha UX OCHOBeE [12],
KOTOPBI peruCTpUpyeT (POTOHBI, BOZHUKAIOIIIIE He-
MTOCPEICTBEHHO Ha MOBEPXHOCTU CIMHTWLISITOPA.
JanHbIe OEeTEKTOPHI JOCTATOYHO MOPOTH, TaK Kak
IUISI X CO3MaHMsT TpebGyeTcsl OOJBIIOe KOJIUYIECTBO
KPEMHHEBBIX (DOTOYMHOXUTEIEH ¢ HEe3aBUCUMBIMU
MIPEIYCYTNTENSIMIA, 1 UMEIOT OTpaHWYEeHHOE pa3pe-
IIIeH1e, CBSI3aHHOE ¢ pa3MepaMu caMoro ¢hOTOyMHO-
KUTEJIA.

B Hacrog1eit pabote crosiyia 3agaya UCciacaoBaTh
BO3MOXHOCTH CO3JaHUS MO3UIITUOHHO-YYBCTBUTEb-
HOTO JIeTeKTOpa MO0 MHOMY TMPUHLIMUITY. 3a OCHOBY
OBUTM B34THI pa3padboraHHBIe paHee [13, 14] comH-
TWUISIHUOHHBIE JEeTEKTOPhl Ha 6a3ze KPEeMHUEBOIO
$OTOYMHOXUTENISI I OPraHUYECKOro cBeToBoaa. B ne-
TekTope BMecTo WLS-BOJIOKHA UCITONIB3YETCSI IPO3pay-
HBIf OpraHUYECKUIA CBETOBO/, C TIOMOILLIO KOTOPOTO
HATPSIMYK0 HEBO3MOXHO OIpeesTh KOOPAUHATY
cobOniTusl. B otimume ot WLS-BooKHA, B KOTOpOM
OCHOBHBbIE TOTepU (OTOHOB CBS3aHBI C IEPBUYHBIM
3axBaToM ()OTOHOB CLIMHTUILIATOPA, B JAHHOM METO-
Ie, Tae nepegada (POTOHOB MPOUCXOIUT C TIOMOIIBIO
OpPraHMYECKOTO CTEKJIa, TOTePU BO3HUKAIOT B CAMOM
cBeToBoze. [1penioxkeHHbII MeTO OIIpeNeIEHUS OC-
HOBaH KakK pa3 Ha 3aTyXaHUM CBETa B CBETOBOJIE.

OcHOBHasl Waesd 3aK/II04aeTcsd B CJEOYIOIIeM:
¢$OTOHBI, UCITyCKaeMBbIe IIPU KOHBEPCUU HEUTPOHOB,
MIPOXOAAT pa3HOe paccTossHUE. TaK KaK CBETOBOJ,
HeuaeajdbHbIM, B HeM 3aTyXaeT NHepBOHayajabHas
BCIIBIIIKA, COOTBETCTBEHHO, IPU PETUCTPALIUU OyIeT
pasInyHast aMIUINTY1a, CBSI3aHHAS C Pa3IMYHBIM KO-
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JuyectBoM ¢poToHOB. Ha puc. 1 mokazaHa cxema Me-
toma. B Toukax /a u 16 6ynyT pa3nuaHbIC aMILIUTYIbI
13-3a pa3Hoi IJIMHBI Tipobdera ()0TOHOB B CBETOBO/IE,
a B ToyKax 2a u 26 OymyT OIM3KWUE aMIUIMTYObI, TaK
Kak MpoOery MpuoIM3UTENLHO paBHEL. B pabote mpo-
BEIEHO MOJeJIMPOBaHNWE KaK OIHOKOOPAWHATHOTO,
TaK 1 IBYXKOOPAMHATHOTO 1€TEKTOPOB, OCHOBAHHBIX
Ha TaHHOM METOJIE.

MOIAEJINPOBAHUE

JJ1st olleHKU TTapaMeTpoB TPOIyCKaHUSI CBeTa U
KoJryecTBa (DOTOHOB, MaJaloIIUX Ha KPEeMHUEBbIH
(GOTOYMHOXUTENb, ObUIO MPOBEACHO MOJIEJIUPOBa-
HUE C TToMoIIbi0 mporpaMmbl TracePro [15]. BDto
MporpaMma OTTUYECKOTO MOJEIUPOBAHUS paccesi-
HUS, OTPaXEeHUSI U TOIIOIIEeHUsI (POTOHOB pa3anu-
HBIMU cpegamMu MetonoM Monte-Kapio [16]. B ot-
Jinure ot 60Jiee YHUBEPCAIbHOTO MPOrpaMMHOTO Ma-
kera GEANT4 [17] oHa He TO3BOISIET MOJCIIMPOBATh
B3aMMOJENCTBUE YACTULI C BEILIECTBOM, HO JaeT BO3-
MOXHOCTb JOCTAaTOYHO JIETKO U OBICTPO CMOAEIUPO-
BaTh ONITUYECKUE MapaMeTPhbl IETEKTOPOB, YTO MOKa-
3aHO B pszae pabort [18, 19]. [Iporpamma nmo3BoJisieT
OILIEHUTH 3aTAHHYIO MOJIE]Ib U €€ ONTUYECKHUE Tapa-
METpHI.

MogaenupoBaHue 1o nporpamme TracePro pasne-
JIEHO Ha HeCcKOoJIbKO aTanoB. [lepBbiit aTan padboThl —
CHUHTE3 T€OMETPUYECKONH MOJEIU ONTUYECKON CU-
CTeMbI COOCTBEHHBIMU CPEACTBAMMU IIPOrpaMMbl WU
umnopt ¢aiinoB B popmarax SAT, IGES unu STEP.

Ha Bropom atamne TpebyeTcst onpeneiieHue MCTO4Y-
HUKOB CBETa Ha CeTKe JIyYei WY MPUIaHUE TTOBEPX-
HOCTSIM CBOMCTB UICTOUHHMKOB. J1JIsT BCEX CMOIEINPO-
BaHHBIX ICTEKTOPOB B KAUeCTBE UCTOUHUKA CBETA UC-
MOJB30BaIN KOHYC paguycoM  BeIcoToit 0.0001 MM,
PACITOJIOKEHHBI Ha TTOBEPXHOCTU CUUHTUJUISITOPA.
MonIHOCTh, 3aJaBacMyIoO JJIST TIOBEPXHOCTU cepHI,
OIpeACIsIN KaK:

oo E _ P
E, hc

I7e # — KOJIMYECTBO (POTOHOB, f — BpeMsI, 1 — TIOCTO-

sHHag [11aHka, ¢ — CKOpOCTh cBeTa, P — MOIITHOCTh

[BT], A — mIMHA BOIHEL.

IMonaranu ¢t = 1 ¢, A = 460 um. Kosnmuectso do-
TOHOB 1.6 X 10° [20], 4TO COOTBETCTBYET KOJIMYECTBY
¢oTOHOB MpuU 3axBaTe HEUTPOHA CLUHTUIISITO-
poMm ZnS(Ag):LiF. MomHoOCTh UICTOYHUKA COCTaBU-
ga 6.9 x 1072 Br, KkoauyecTBO JIydeil ISl pacueTa
npuHsau paBHbiM 10000.

Haiee ocylIecTBIISIIA BBOA, MapaMeTPOB OITUYEC-
CKUX CBOICTB MaTepualia AeTeKTopa. B kauecTBe Ma-
TepHajia COMHTUIIISTOpPA M3 0a3bl MpOrpaMMBbI OBIT
BBIOpaH ZnS, CBETOBOIA — MMOJNUMETAKPMIIOBAsT KHC-
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Puc. 2. BHewmnwuit Bua nerexropa: / — CHUHTWUISTOP; 2 —
JINH3a TUIIA “pbIOuii m1a3”; 3 — KpeMHUEBbIi (POTOYMHO-
SKUTEINb.

Jota. g yrponieHusT MOASIMPOBAHUS OBIJIO TTPH-
HSITO, YTO BCe (DOTOHBI, MTagaroIIe Ha KpeMHUEBBIM
(G OTOYMHOXKUTEID, TIOJTHOCTHIO TTOTJIOIIAIOTCS.

B nepByto ouepenp ObLIO TPOBEACHO MOJEIUPO-
BaHMe OJIMHOYHOTO JAeTeKTopa (puc. 2). Pazmepsl ne-
TekTopa: 5 MM — mmpuHa, 50 MM — oOmias JjIuHa,
40 MM oIMHA — CUMHTWUISITOPA U 5 MM — TOJIIIIMHA.
Ilenpto naHHO# Mozaeu ObLIO OLIEHUTb, BOZMOXHO JIU
orpeziesieHue KOOPAMHATHI TaHHBIM METOJIOM, U CpaB-
HUTD JIBa TMIOKPBITUSI IETEKTOPA — 3epKajbHOe TUa Al-
anod Miro [21] u mnddy3noHHBII OTpaKaTeb.

JJ1s1 OLIeHKY 3THUX TapaMeTPOB M3MEPSUIM MOTOK
¢oTOHOB, NagawIIUX Ha (POTOYMHOXUTEIU TIPU U3-
MEHEHWH TTOJIOXKEHUS NCTOYHNKA (DOTOHOB B THalIa-
3o0He oT 0 10 40 MM ¢ marom 5 MM. Ha puc. 3 mokasaH
MPOIIEHT 3apeTUCTPUPOBAHHBIX (DOTOHOB Ha (HOTO-
YMHOXMUTEJIE B 3aBUCUMOCTU OT paccTosHms. Kak
BUJIHO M3 PE3yJIbTATOB MOACIMPOBAHMS, 3epKaTbHOE
nokpeITHe ThMa Alanod Miro gaeT MeHbIIIee OTpaxKe-
HUeE, U, COOTBETCTBEHHO, 10 (h)OTOYMHOXHUTEIIEH 10~
XOOUT TpuMepHO 34% oTr obmiero KoinmdectBa ¢Go-
TOHOB. B oTiiMumMe OT Hero MOKpHITHE TUMA TUDDY-
3WOHHBIN OTpaxkaTellb KpaifHe cJ1abo MomIomacT, 1
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0 KpEeMHHEBOTO (hOTOYMHOXKUTEISI JOXOIUT TIPH-
MepHO 77% OT 0611IeTO KOJTMIecTBa (POTOHOB.

M3 3TuXx usMepeHuit MOXHO caejiaTh BBIBOM, UTO
B cJlydae OpraHMYecKoro CBETOBOJA MOA0OHO KOH-
durypanium ONTUMAJIbHO MCIMOJb30BaTh MMEHHO
Inddy3MOHHBIN OTpaxarteib, a He 3epKaJlbHBbIN.
B peanpHOM nmetekTope nUdHYy3UMOHHBIN OeNbIii OT-
paxaTeab MOXHO M3TOTOBUTh, MOKpPHIBasi ero 0eoit
¢dTOpOILIaCTOBOI IEHTOM MO0 OEI0it KpacKoii ¢ au-
OKCUI0M TUTaHa, Hanpumep, EJ-510 [22].

,ZI,BYXKOOPZ[I/IHATHbIPluHOBI/lLll/IOHHO—
YYBCTBUTEJBbHbBIM JETEKTOP

Ha BTOpOoM 3Tame ObUIM OIlEHEHBI OTITUYECKUE
mapaMeTphl TBYXKOOPAWHATHBIX ITO3UIIMOHHO-IYB-
CTBUTEILHBIX IETEKTOPOB, IS KOTOPHIX ONpenelie-
HUE KOOpIMHAT OCHOBAHO Ha 3aTyxaHWM CBeTa B
cBeTtoBome. s peanu3any ObLT BEIOPAaHEI IBE MO-
JIeJIY ¢ aKTUBHOI 06j1acThio 50 X 50 MM 1 pa3IMmIHOMN
reomerpueii (puc. 4). B merekTropax HCIIONb3yeTCs
OIIMH CJIOM CHMHTWLISTOpa. B ocHOBe miepBoii hop-
MBI IeTeKTOpa JIEKUT KBaIpaT, THe CIeTaHbl CKOCHI
IJIST KpeIUIeHUST KPEMHUEBOTO (DOTOYMHOXKUTEI.
Bropast popMa — 3T0 KBampar ¢ JOTOJTHUTETbHBIMHA
JIMH3aMU JUTS pa3neieHUsT (DOTOHOB, TTOCTYHAIOIINX C
KBajapaTa cOMHTUIUIATOpa. ChoeiaHo 3To I Gonee
BBICOKOTO pasmejieHus (OTOHOB M 06o0jiee TOYHOTO
orpenesieHs] KOOPIMHATHI.

MonenupoBaHue ONTUUECKUX MapaMeTpoB, Kak 1
paHee, 3aKJTI049aI0Ch B IBUKEHUY UICTOYHWKA CBETA U
MOJIyYEHUM KoJnmdyecTBa (DOTOHOB, MAJAOIIMX Ha
dotoymHoxutenu. Ha puc. 5 mokazaHo OTHOCUTENb-
HO€ KOJMYeCTBO (DOTOHOB Ha JBYX MPOTHUBOIOJOX-
HBIX KpeMHUEBbIX (poToyMHOXUTENsIX. Kak BUAHO,
B KpaliHUX MO3ULIUSIX 3(P(HEeKTUBHOCTb CUJIBHO BO3-
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Puc. 3. OTHOCUTEIBbHOE KOJMYECTBO 3apEerMCTPUPOBAHHBIX (DOTOHOB € MOMOILBIO JieBoro (/) 1 rpaBoro (2) ¢poToyMHOXHUTE-
JIel ¢ MOKPHITUSIMM TuMa: a — Alanod Miro; 6 — muddy3nOHHBINA OTpaXkaTeb.
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Puc. 4. TeoMeTpust MOIEIMPYEMBIX IETEKTOPOB: I — Me-
CTO PaCITOJIOKEHUSI KDEMHUEBOTO (POTOYMHOXKUTEINS; 2 —
CLIMHTUJUISITOP, 3 — CBETOBO/IL.

pacrtaeTt. CBsI3aHO 3TO C PaCCTOSIHUEM OT UCTOYHMKA
(GOTOHOB 1O KPEMHHUEBOTO (POTOYMHOXUTENS. DTO
MoKa3aHoO Ha puc. 6, rae MpeacTaBlIeHO OTHOIIE-
HHUE KOJIMYeCcTBa (POTOHOB Ha ITPOTUBOIIOIOXHBIX
KpeMHUEBBIX (OTOYMHOXUTEISIX. BuaHO, 4TO mpu
NpUOJIMXXEHUHN UCTOYHUKA (DOTOHOB K KDEMHUEBOMY
(G OTOYMHOXUTEIIO pacTeT COOTHOILIEHNE UHTEHCUB-
HOCTEI.

OITPEAEJIEHWE KOOPOANUHAT

OmnpeneneHre KOOPAWHATHI B IETEKTOpax Moao0-
HOTO THUIIa CBOIUTCS K aHAJIU3Yy aMIUTUTY JIMOO 3apsiia
rnmocje nonagaHust (bOTOHOB Ha KpeMHUEBbIe (POTO-
yMHoOXUTeu. s onpeneneHusi omHON KOopauHa-
Thl HY>)KHbI MUHUMYM JIBA KPEMHUEBbBIX (DOTOYMHO-
xutensi. KonmnyectBo (GOTOHOB, BBIIEISIEMBIX MPU
perucTpalMy HEeWTpoHa W MNOLIEALIMX OO0 oO0bema
CUMHTWUISITOPA, CBSI3aHO C HEOMHOPOAHOCTSIMU CO-
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cTaBa B 00beMe CHUHTUILISITOPA, PA3IMYHOM TJTMHOI
rnmpo6era BTOPUYHBIX YaCTULL, a TAKXKE CUJILHO 3aBU-
CUT OT TOJIIIMHBI CHUHTWILISITOpA. [To3TOMY HE0OXO-
JIUMO YYUTBIBATh, YTO MH(MOPMAIIUIO O KOOPAWHATE
MOXHO TIOJIY9UTh, TOJIbKO PETUCTPUPYS (DOTOHBI Ha
JIBYX KPEMHHUEBBIX (POTOYMHOXKUTENSIX, TaK KakK Ia-
paMeTphbl CBETOBOAA U 3aTyXaHUSI [IOCTOSIHHBIE.

g omnpeneaeHUsT KOOPAWHATBHI HeoOXomauma
MpeaBapuTeIbHas KaauOpoBKa AeTEKTOpa s MOIy-
YeHUsI KapThl OTHOILICHUI aMIUIMTY/ B 3aBUCHMOCTHU
OT PACITOJIOKEHUST TOYKHM PETrUCTPaLlii HEMTPOHOB.
Ha puc. 7 nokasaHa mmogo0OHasi KapTa, CMOIEINPO-
BaHHas /IS BTOPOTO BapuaHTa ASTEKTOpa U JJIs1 IBYyX
MPOTUBOMOJIOXHBIX (hOTOyMHOXKUTeNe. Heobxomu-
MO U3MepEeHUE aMILUIUTYI (P OTOYMHOXKUTENEH, ITOCe
CTAaHOBUTCSI BO3MOXHBIM TIOJIydeHUE KOOPIAUHATHI
U3 3aBUCUMOCTH aMIUIUTY ACTEKTOpA.

ITomo6HBIE KapThl MOXHO TIOJYYUTh MOIEIUPO-
BaHHWEM, HO TaKUM CITOCOOOM BpSII JIM MOXHO J0O-
OUTBHCS BhICOKOTO paspenieHusa (oosee 10 mm). CBsi-
3aHO 3TO B IEPBYIO OYEPEIH CO CITOCOOOM U3TOTOBJIE-
HUS, B KOTOPOM BO3MOXHbI HEOTHOPOMHOCTU MpPU
CKJIEMBAaHUM KPEMHUEBBIX (HOTOYyMHOXUTENEH U
CUMHTWUISITOPA, HAHECEHUEM KpPacKH, a TAaKXKe OT-
JIMYUSIMU B BJIEKTPOHHOM yacTu netektopa. [Toato-
MY KOHEYHOE pa3pellieHre M0 MHOTUM MapaMeTpam
3aBUCUT OT OIITMOKU U3MEPEHUS, ITyMOB 3JIEKTPOHU -
KU ¥ Ka4YeCTBEHHO MPOBEIEHHOW KaTUOPOBKU. YUu-
ThIBasl OMNBIT CO3JAHUS 3JEKTPOHUKU U ETEKTOPOB
nmogoOHBIX TUMOB [13, 14], MOXHO MPEANOIOXUTh,
YTO MPOCTPAHCTBEHHOE pa3pellleHhe TOTOBOIO Jie-
TekTopa OymeT He Xyxe 1—3 mMm. B mpomomxkeHue
3TOI pabOTHI TUIAHUPYETCSI CIIPOEKTUPOBATh U MPO-
BECTU TECTUPOBaHUE AETEKTOpA MOJOOHOTO TUIIA.
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Puc. 5. OTHOCUTETBHOE KOJIMYECTBO 3apEerUCTPUPOBAHHBIX (DOTOHOB C MOMOIIBIO MiepBoro (/) 1 BToporo (2) poToyMHOXHUTE-

JIeil: a — mepBasi MoJiesib; 6 — BTOpasi MOZE/Ib.
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Puc. 6. CooTHoIIIeHNe NTHTEHCUBHOCTEH M3Iy4eHUST Ha
oToymHox)uTensIX nepBoit (/) u BTopoii (2) hopMbl.

3.710
3.275
2.840
2.405
1.970
1.535
1.100
0.665
0.230

Puc. 7. Kapra cooTHOIIIEHUSI MTHTEHCUBHOCTEM, paccum-
TaHHas 1151 ABYyX TPOTHUBOIIOIOXHBIX KDEMHUEBBIX (DOTO-
YMHOXMUTEJIE B 3aBUCUMOCTH OT MECTa PEerucTpaluu
HEHUTpOHA.

0 10 20 30 40 50
X, MM

BBIBO/IbI

Ilo pe3ymbTaTaM MOAEITMPOBAHMS MOXKHO CIIEIATh
BBIBOJI, UTO OTMMCAHHBIN METOM OTpPEIaeICHUST KOOP-
JUHATHl MOXXHO peajiu30BaTh B IETEKTOPaxX HEUTPO-
HOB. B KauecTBe IMMOKPHITHS IETEKTOpA pEKOMEHIYeT-
csl UCTOJIb30BaTh AUGGY3UOHHbBIN OTpaXxaTeab, Tak
KaK OH TIO3BOJISIET 3HAYUTEJbHO YBEJIUYUTH COOpP
cBeta. [1py MpoeKTUPOBAaHUN JETEKTOPOB OMHUM M3
BaXKHbIX MapaMeTpPOB SIBJSIETCS] PACCTOSIHUE MEXIY
KPEeMHHUEBBIMU (DOTOYMHOXKHUTEISIMU: YeM OHO MEHb-
e, TeM OOJIbIle CBeTa, M OOJIbIlIee COOTHOIIIEHUE
WHTEHCUBHOCTEI TMO3BOJISIET MOJYYUTh Jydlliee pas3-
pelieHue.

HpI/I MCITOJIb3OBAHUM JAHHOIO METOJa OAMH U3
Ba’XHBIX MMapaMETpOB — 3TO KAaY€CTBO SJICKTPOHUKU
I YCHUIICHUA CUTHaJIa U perucrpanmnm (bOTOHOB.
OHO oOKa3bIBaeT CUJIbHOE BIUSIHHUE Ha IIpoCTpaH-
CTBCHHOC pa3spCIICcHUEC NCTCKTOpPA.
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Simulation of Optical Parameters of Scintillation Position-Sensitive Detectors
with Organic Light Guide

D. N. Trunov® % *, V. N. Marin’ 2, R. A. Sadykov?, E. V. Altynbaev!, T. 1. Glushkova!'
INRC “Kurchatov Institute” — PNPI, Gatchina, 188300 Russia
2 Institute for Nuclear Research RAS, Moscow, Troitsk, 1058840 Russia
*e-mail: dtrunov@inr.ru

A new method for determining the coordinates in position-sensitive detectors with an organic fiber and sili-
con photomultipliers is described. This method differs from previously used spectrum-shifting fibers or an
array of light-sensitive elements. It is based on the absorption of photons in the volume of the fiber and the
reduction in the number of photons. Depending on the path length, the number of photons incident on the
surface of the silicon photomultiplier varies. The optical parameters of a one-dimensional position-sensitive
detector are simulated and the effect of the fiber coating on the amount of light is shown. Simulation of a two-
dimensional position-sensitive detector of two types has been also carried out, optical parameters and inten-
sity ratios from different ends of the fiber have been determined. A technique for obtaining maps of intensity
ratios and features of their use for determining the coordinates are described. The main features of the man-
ufacture of this type detectors and their influence on the resolution of the final detector are outlined.

Keywords: neutrons, detectors, silicon photomultipliers, scintillator, Geiger avalanche photodiodes, scintil-
lation detector, organic light guide, spectral shifting fibers, light guide, position-sensitive detector, simula-
tion, optical parameters.
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