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MOJAEJIOBAHHSA EJIEKTPOMATHITHUX ITPOIECIB HU3bKUX
EHEPI'1I B3AEMO/IIi BUITPOMIHIOBAHHS 3 PEHUOBUHOIO
IIPU PO3POBII AETEKTOPIB

Po3risiHyTO /1Ba C1ocoOu KOMIT FOTEPHOTO MOJICITIOBAHHS IETEKTOPHOrO OJIOKY MPUCTPOIO, IIO MPU3HA-
YeHH ISt JIOKAIIil TOYKOBOTO JKEpesia raMMa-BUIIPOMIHIOBaHHS, 3 BUKOPUCTaHHIM 0i0J1i0TeKH KiaciB
Geant4, Moziens HU3bKUX eHepriid. BusnaueHo, mo B oOnacti eHepriii 1o 1 MeB o6unsa crocobu
JIAl0Th KOPEKTHI pe3yJbTaTH, IO MiATBEPUKYEThCS €KCIICPUMEHTAIbHIUMHU TaHUMH. Bu3HaveHi Jeski
0COOJIMBOCTI BHUKOPHCTaHHS MOJENIel, 10 pPO3MIISAAIThCA, Ta HaJaHI peKoMeHJalii po3poOHUKaM
JIETEKTOPIB BUITPOMIHFOBAHHSL.

PaccmoTpeHs! J1Ba criocoba KOMITBIOTEPHOTO MOJIEIMPOBAHMUS JI€TEKTOPHOTO GJI0Ka Mmprbopa, IpeHa-
3HAYEHHOTO JUIS JIOKAMH TOYEYHOr0 MCTOYHHMKA TaMMa-H3JIydeHUs, ¢ UCIIONb30BaHHEM OHOIMOTEKH
xinaccoB Geant4. IToka3aHo, uTo B obsacte sHepruii 1o | MaB o6a crocoba 1aroT KOppeKTHEIE Pe3yib-
TaThl, YTO MOATBEPKAACTCS IKCIEPHMEHTAIBHBIMU JaHHBIMH. OIpeeneHbl HEKOTOpble 0COOSHHOCTH
HCIOJIb30BaHHsI PACCMATPUBAEMBIX MOJIENEeH, TaHbl PEeKOMEHIANH Pa3padoTINKaM TEeTEeKTOPOB H3ITy-
YEHHUSL.

Two methods of computer simulation of the detector unit designed for location a point source of gamma
radiation, using the Geant4 class library are presented. It is shown that at energies up to 1 MeV both
models give the correct results, as confirmed by experimental data. Some features of these models are
identified, and recommendations for developers of devices for locating sources of radiation are given.

IMocTanoBka mpodaemu. [lomyk mKepen MPOHUKAIOYOTO BUIIPOMiHIOBAHHS
OyB 1 3aJIMIITAE€THCS AKTYaJLHUM 3aBJIaHHSIM, OCOOJIMBO HEOOXITHUM TICIS TEXHO-
TeHHHX KatacTpod, Takux sik aBapis Ha YAEC, aBapis Ha aTOMHIH eJeKTpOCTaHIT
®dykycima. [Ipu po3poOIri NprTaiB U BUSBICHHS HKEPET BUIIPOMIHIOBAHHS BCE
YacTillle BUKOPUCTOBYETHCS KOMITIOTEPHE MOJCITIOBAHHS 3 METOK) ONTHMAJLHOTO
BHOOpPY PI3HHX MapaMeTpiB JNETEKTOPHOrO OJOKY, IO PO3POOITIOETHCS, TAKUX SK
MaTepiau JIETeKTOPiB, TCOMETPUYHI XapaKTEPUCTHKH, B3a€MHE pPO3TAITyBaHHS
KOMITOHEHT JIETEKTOPHOT'O OJIOKY TOIIO.

Amnani3 jgiteparypu. B pobGorax [1, 2] Oynm 3pobieHi cnpoOH CTBOPEHHS
MakeTiB HeJOpOruX MpWIaiB Ul JIOKAIil JpKepena BHUIpoMiHioBaHHS. OjHaK,
JlaHi, OTpUMaHi B pe3yJbTaTi EKCIEPUMEHTIB 3 MaKeTaMH MPUIIaiB, II0 po3po0-
JIIOBAJIUCh, HE JO3BOJSUIM 3POOWUTH BHCHOBKHM IIPO OJHO3HAYHICTH BHU3HAUCHHS
HaNpsIMKY Ha JDKeperno BUIpOMiHIoBaHHS. B poborti [3] HaBeqeHO MaKeT yCcTaHOB-
KU JJIs1 BU3HAYEHHSI HAIIPSIMKY Ha TOYKOBI JDKepena raMMa-BunpoMiHioBaHHs. s
BUSIBJIIEHHS. MOXKJIMBOCTI BU3HAYEHHS HANPSMKY Ha JDKEPEIO BHITPOMiHIOBAHHS
OyJIO IPOBENICHO CEPi0 EKCIICPUMEHTIB, B SKil Y SAKOCTI JKepena BUMPOMIHIOBaH-
HSl BUKOpHCTOBYBaBcs i3oron Cs-137 (ramMma-kBaHTH 3 eHepriero 661 keB), pos-
TaloBaHuii Ha BifctaHi 0,8 M BiJl T€OMETPUYHOrO IEHTPY MOTIUHAYa. Bumipro-

BaHHsI IIPOBOJIWIIKCH TIPU KPOKOBOMY MOBOpPOTI morimHada Ha 20° y TpboX IUIo-
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muHax. HampsMok Ha [pKepenno raMMa-BHIIPOMIHIOBaHHS 3alpOIOHOBAHO BH3Ha-
YaTH 3 BiJHOUIEHHS iHTEHCHBHOCTEW NMPOHHMKAIOYOro BUIIPOMIHIOBAHHS, 110 BUMi-
PSIHI NIEpIIUM Ta JPYTUM JieTeKTopamu [3].

B pobori [4] nmpoBeneHO KOMI'IOTEpHE MOJIETIOBAHHS BIATYKY IETEKTOpiB
YCTaHOBKH, ONMHUCAHOI B [3], Ta BUSBJIEHO Jiana3oH KYTiB, Y SIKOMY MOXJIMBO OJHO-
3HAYHE BUSBJICHHS HANPSIMKY MPUXOIY raMMa-KBaHTiB. MOJETIOBaHHS IPOBOJIM-
JIOCh 3a JOIOMOTOI0 Iporpamu, po3podieHoi Moo C++, ska BHKOPHCTOBYE
6i0moTeky Geant4 [5, 6], Ta Oyna cTBOpeHa CIIEI[iaIbHO JUTS BUPINICHHS ITi€l 3a1a-
i.

MeTta pobGoTm — mnpoaHai3yBaTH pe3yJabTaTH JBOX crocobiB Geantd-
MOJICITIOBAHHS BiJITYKY JIETEKTOPIB MPUIaLy IS JOKAIil TOYKOBOTO JKepesa raM-
Ma-BUIIPOMiHIOBaHHS. AKTYalbHICTh POOOTH B TOMY, 1[0 ITPH MOJICIIOBaHHI B3ae-
MOJIii BUIIPOMIHIOBAHHS 3 PCUYOBHHOI HEOOXITHO MpPaBHJIBHO 00paTh MOTPiOHY
MOJIeNTh (hi3HYHHX TPOIIECiB, 00IACTh 3aCTOCYBAHHS TOIIIO.

Geant 4-mo/e/110BaAHHSI 1€TEKTOPHOr0 0JI0KY. [[J1s1 KOMIT'IOTEPHOTrO MoJjie-
JIIOBAHHS TPOIIECIB B3aEMO]IiT BUITPOMIHIOBAHHS 3 PEUYOBHHOIO iICHYIOTh Pi3HI 3aC0-
0w, 1110 BUKOPUCTOBYIOTH MeTox MoHnTe-Kapio. bibmioreka knacis Geant4 nporno-
Hy€ IOCTaTHIM HaOip iHCTpyMEeHTIB [5], M0 HEOOXiaHI IS BUPIIIEHHS ITOCTaBIIe-
HOI 3a7a4i, i ToMy ii OyJI0 BUKOPHCTaHO MPU PO3POOII TBOX MPOrpam — I TBOX
Croco0iB MOJIENIOBAHHS NMPOXO/KEHHSI TaMMa-KBaHTIB 4Yepe3 JETEKTOpHHH OOk
npwiany. ['eoMeTpuyHi TapaMeTpu MOJeNi BiJIIOBIIaJIM TapaMeTpaMm JIETeKTOpHO-
ro Osoky npororuny npuiagy. Cxemy JeTeKTOPHOro OJIOKY YCTaHOBKU HaBEIEHO
Ha puc. 1. JlerekTopHuil OJOK sBIsE COOOK aOMiHiEBY Kymo SO miamerpom
50 MM, B skii po3ramoBano aBa CdTe nerexropu D1 i D2, koxHU# 3 SIKHX — KyO
i3 pebpoM 5 MM, ipuuoMy aeTekrop D2 posramoBano y cepuuHii nopoxkHuHi S1
paaiycom 15 mm.
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Pucynok 1 — Cxema JIeTEeKTOPHOTO OJIOKY YCTaHOBKH.
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Ha puc. 1 Takox HaBeneno Touku PO — P17 — miciis po3ranryBaHHS JpKepena
raMMa-BUIIPOMIHIOBAHHS TIiJT 9aC KOXKHOI cepil MOJICTIOBAHHS.

JloknmaaHinie mapaMeTpu IETEKTOPHOro OJI0Ka HaBeeHI B [4].

3amady BU3HAUYEHHS HANPSMKY IPUXOAY 'aMMa-KBaHTIB MOXke OyTH BUpile-
HO METOJIOM ITiJpaxyHKy Pi3HMII MOTOKIB raMMa-KBaHTIB B JeTekropax D1 i1 D2,
[0 € Pe3yJILTATOM TOr'O, III0 TaMMa-KBaHTH JI0 IOTJIMHAHHA B AeTekTopax D1 i D2
MPOXOAATh Pi3HMH HUIIX y pedoBuHi SO (muB. puc. 1). B pobori [3] omumcanmii
EKCIIEPUMEHT 3 MaKeTOM IpHJIay, A€ Y SKOCTI JUKepena raMMa-BUITPOMiHIOBAaHHS
BuKopucToByBaBcsi i3oron Cs-137, ToOTO ramma-kBaHTH 3 eHepriero 661 keB.
Tomy amnst mizpaxyHKiB i3 BUKOpHCTaHHAM 0i0miorekn kiaciB Geant4 npu po3poo-
IIi Iporpam JUTs MOJICITFOBAHHS BIITYKY JNETEKTOPIiB OYII0 00paHO MOETi elNeKTpo-
MAarHiTHUX HPOIECIB HU3bKUX €HEpriil.

B Geant4 Bepcii 9.4 (rpynens 2010) € MOXKIJIMBICTE BUKOPHCTOBYBATH JIBi pi-
3HI MOZIENI IIPU ONMCYBaHHI €JEKTPOMArHITHHX IPOLECIiB HU3BbKUX EHEpriil Juis
MOJICTIOBaHHSI  NMPOXO/DKEHHS raMMa-KBAaHTIB  4epe3 pEYOBHHY:  MOJENb
“Livermore” Ta Mozenb “Penelope” [6]. Ha3zBa moxeni “Livermore” mOXOMUTH BiJ
Ha3pu Micta JliBepmop, CIIA, i 111 MojieTh BUKOPUCTOBYE TaOnuuHi naHi JliBep-
MopchKoi HamioHanmbHOi Jtaboparopii imeni E. Jloypenca[7], a Ha3Ba Monemni
“Penelope” — axpoHiM, IOXOAWTH BijJ Ha3BW 3aco0y monemtoBaHHsA Penelope —
(PENetration and Energy LOss of Positrons and Electrons in matter) [8].

Binomo, mo ramma-kBaHTH 3 eHepriero 661 keB mpu npoxo/pkeHHi yepes pe-
YOBHMHY 3a3HatoTh KommroH-edekt, poroedexr [9]. [Ipu po3pobiii KoM roTepHUX
mporpam Ui MOJIETIOBAHHS ITPOXOPKEHHS TaMMa-KBaHTIB 4epe3 AEeTEKTOPHHI
OJIOK TIPUCTPOI0 BUKOPUCTOBYBAIHUCH Kiacu OiOmioreku Geant4, HeoOXimHi uis
MojieroBaHHsT KOMNTOHIBCEKOrO po3citoBaHHA Ta (oroedexTy, BiIIMOBiTHO:
G4LivermoreComptonModel ta G4LivermorePhotoElectricModel (mporpama, mo
O6azyetbcs  Ha  Mmozeni  “Livermore”),  G4PenelopeComptonModel Ta
G4PenelopePhotoElectricModel (mporpama, mo 6a3yetscs Ha Mogneni “Penelope™).
B tabnuui 1 HaBeneno mepednik kiaciB GiOmiorexkn Geant4, Mo BUKOPHCTaHI JUIs
TIEpILIOrO Ta JAPYTOro Croco0iB MO/ICITIOBAHHSI.

Tabmums 1
Knacu Geant4, 1o BUKOPHCTaHi JUIs OITHCY eeKTPOMArHITHUX IPOLECiB
Mopens “Livermore” | Mozens “Penelope”
KoMnToHiBChKe po3CitoBaHHS
G4LivermoreComptonModel | G4PenelopeComptonModel
dotoepexT
G4LivermorePhotoElectricModel | G4PenelopePhotoElectricModel

B nporpamax, mo po3pobieHi, Takox OyiI0 BUKOpUCTaHO Kiacu 0ibioTekn
Geant4, HeoOXiHi IS ONHCY B3a€EMOJIT 3 PEYOBHHAMM JIETEKTOPHOTO OJIOKY BTO-
PUHHHX YaCTHHOK, HE3BAXKAIOUM HAa Te, IO iX BHECOK B Jiama3oHi €Heprii, mo
PO3TIIAIAETHCS, € HE3HAYHUM [9].
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Onuc eNeKTPOMarHiTHUX MpoueciB B3aeMoJil raMMa-KBaHTIB 3 pe4oBH-
HOI0 Y MOJIEJISIX, III0 BUKOPHUCTOBYIOTHCSI.

1. KommroniBebke po3citoBanHs. [1pu BukopucranHi Moaeni “Livermore” po-
3paxyHKH nepepizy KoMOToHIBCHKOTO pO3CitOBaHHS 3IHCHIOETHCS 32 EMITIPHIHOI0

¢dhopmyoro [6]:

log(1+2X)  B(2)+A(Z2)- X +P(2)-X
X 1+aX +bX? +eX?

Ae Z — atoMHuii HOMep pedounu, E, — enepris ramma-ksanta, X =E, /m.c

o(Z,E,)=R(Z) (1)

2

m, —Maca enektpoHa, P,(Z) =Z(d; +¢;Z+ f»Zz).

IMin6ip emmipuuHMX HapaMmerpiB a,b,c,d;, 3IIHCHIOETBCS 33 EKCIIEepH-

1’ 1
MEHTAJILbHIUMH TOYKaMH Ha iHTepBani 1< Z <100 [6].
TounicTs BU3HAUEHHS Tepepizy KOMOTOHIBCHKOrO pPO3CIIOBAaHHS 3aJICKUTh

BiJI €Heprii raMMa-KBaHTa, 1[0 HaJliTae [6]:
Ao ~10% 10 xeB < Ev <20 xeB

o <5% Ev > 20 keB

)

Hosxuna npobiry A(E,) ramma-ksanta 3 enepriero E, no KomnroHiBebkoi

B3a€MO/Ii1 BU3HAYAETHCS 32 (HOPMYIIOH0

ME) = (Xng -0i(E,) (3)

Jie N,; — KiJIBKiCTh aTOMIB Y OMHUII 00’ €My i-TO €lIEMEHTY MaTepiay.

ITpn Bukopucranui moneni “Penelope” moBHuiA mnepepi3 KoMnToHiBChKOT0
PO3CiIOBaHHSI BU3HAYAETHCS 3 aHAJTITUYHOI rmapamerpuzanii. [Ipu eneprisx ramMmma-
KBaHTIB BHuIe HiX 5 MeB BukopucroByetbest popmyna (1), a mpu eHeprii HIKYe
Hix 5 MeB BanOByIOTLCH e(eKTH 3B’ 3Ky aTOMIB 1 JIOIICPiBChKE YIIUPEHHS [6]:
I‘ EC .2 max

( — —sin®0)x Y fiO(E - U))n;(py™)d(cos 0) (4)
EC shells

o(E) =2n j

Je T, — KIACHYHUI paJiiyc elneKTpoHa, O — KyT po3citoBaHHs, E. — KOMITOHIBCh-
Ka eHepris, BU3HAUaeThCs 32 (POPMYIIOL0:

E
E. = 5
1 (EAme?))-(1-cosh) ©)

f, — 4ucio enexTpoHiB Ha i-i aTOMHIH 00onmoHLI, m

. — Maca enextpona, U; —

eHepris ioHizauii i-i atoMHOi 060nmOHKH, ® — (QyHKIis XeBicaiina, p, . — Haii-
OL7blI MOXUIUBE 3HAYeHHA P, (IPOEKIis MOYaTKOBOIO IMILYJIBCY €JIEKTPOHIB Y
HANPSIMKY KyTa PO3CIFOBaHH!):
P E(E-U;)(1—cosB)- meczUi
z
2
¢-2E(E = U,)(1 - cos 0) + U’
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[nrerpyBanns piBHsHHS (4) mpoBoANTHCS MeTonoM ['ayca 3a 20 Toukamu [6].
2. ®oroedexT. [Ipu MomenoBaHHI €IEKTPOMATrHITHUX HPOIECIB HU3BKUX €HEpTii 3
BHUKOPHCTaHHIM Oy/Ib-51KO1 3 MOJIENeH, 1110 pO3rIIsAaoThes, (K “Livermore”, Tak i
“Penelope”) BuxopuctroBytoThcs Tadbmuyni aaHi LLNL (JliBepmopcrkoi HarioHa-
JBHOT J1aboparopii), 1 HoBHMI nepepi3 GoroedekTa a1t TaMMa-KBaHTa 3 €HEPrielo
E Bu3HauaeThCs MUIIXOM iHTEpHossiii [6]

log(o(E)) = log(o;)log(E,/E) + 10g(62)log(E/E1)

log(E, /E;)

ne E, 1 E, — BianoBigHo, HANOIMKYl MEHIIE 1 OUIbIIE 3HAYEHHST €HePriil raMMma-
1 2 )

()

KBaHTIB, JUIsl AKUX JOCTYIHI TabIMYHI aHi nepepisiB 6, U G, QoroedekTa.

Pe3yabraT MoaenioBaHHsl. 3 BUKOPHCTaHHIM JBOX MOJEJEH eJIeKTpoMar-
HITHUX TIPOLECIB HU3BKUX €Hepriii 0yIlo MpoBeJeHO MOIEITIOBAHHS MTPOXOIKEHHS
raMMa-KBaHTIB 4epe3 JCTEKTOpHUU OJIoK mpuiaay. Ha puc. 2 HaBeneHO CHEKTpU
MOrNIMHEHOI B AerekTopi D2 eHeprii, mo Oyau po3paxoBaHi JBOMa CIiocoOamu.
UYucno nepBUHHUX raMMa-KBaHTIB 3 eHeprieio 661 keB omqHakoBo Ju1st ABOX CrIoco-

6iB MozemoBanus i gopisaioe 10° . Jixepeno raMMa-KBaHTIB PO3TAIIOBAHE B TOULL
3 koopaunatamu 0 =90°, ¢ =180° (nuB. puc. 1), BUNPOMIHIOBAHHS MOJIEIHOETH-

cs piBHOMIpHO B 47 . aHi, oo BiaNoOBigar0Th GoToedekTy (€Heprii, Mo J0piBHIO-
10Th 661 keB), Ha puc. 2 He HaBeJEHI 3 METOIO0 Kpamloro MpeACTaBICHHS JaHUX
KoMITOHIBCEKOTO pO3CiIOBaHHS, TOMY IO MpHU OOpOOI JaHMX MOJIENIOBAHHS
Oys0 BUSIBIIGHO, IO YMCIIO IOJiH, SIKI BiANOBIiNaroTh (oTOedEeKTy, NOPiBHIOIOTH
utst Mofienelt “Livermore” ta “Penelope”, Binmosinuno 4139 ta 4248, mo ckiana-
IOTh HE3HAYHY KUTBKICTh MOPIBHAHO 3 KOMNTOHIBCEKMM pO3CIIOBaHHSM, Ji¢ 3ara-
JFHA CyMa 3apeecTpOBaHUX MOMIN y CHEKTpi, BiMNOBiTHO, 74662 mms Mojemi
“Livermore” t1a 75338 mnsa momeni “Penelope”. SIk MOXXHa TIOMITHTH 3 pHC. 2,
CHEKTpH, OTPUMaHi 3 BUKOPUCTAHHSAM JIBOX PI3HUX MoOJeJel, MPaKTHYHO 11eHTHY-
Hi.

OO0uzBi po3pobiIeHi MporpaMy MaroTh IHTEPAKTUBHUM Ta MAKETHUH PEXUMHU.
[HTepakTHBHMIA pexxuM BUKOpHUCTOBYE Oibmioteky OpenGL i1 npusnaueHwuii, B oc-
HOBHOMY, JJIsl Bi3yaltizailii MOJIeNi JETEKTOPHOTO OJIOKY 3 METOK HAOYHOI'O YSB-
JICHHSI B3a€MHOTO PO3TAIlyBaHHS €IIEMEHTIB Ta CIIOCTEPEKEHHSI TPAEKTOPIH mep-
BUHHUX I'aMa-KBaHTIB Ta BTOPUHHUX YaCTHHOK Tomlo. [lakeTHuil pexxuM npusHa-
YEeHUH JJIs1 MOZEJIOBaHHS BENMKOI KIJIBKOCTI MOJIH, NPU IIOMY BCi pe3ynbTaTu
30epiratoThCsl B TEKCTOBHX (paiiliax 3 METOIO MOJAJIBLIO] CTATUCTHIHOI 00POOKH.

Po3paxyHKH IO HaBeJleHi Buile, 0yio TPOBEJICHO y MAKETHOMY pexxumi Ha
KOMIT'I0Tepi 3 orepaiiitor cucremoro Windows7, skuii Mae TaKy JOCHTh Cy4ac-
Hy (Ha MOMEHT po3paxyHKiB — uepBeHb 2011 poky) KoHpirypauito: nponecop Intel
Core 17 2600K 3 uacrororo 3,7 I'Ti, omepatuBHa mam’sate 1333 DDR3 00’emom
8 I'b Tomo, npu npoMy mporpama, 1o 06a3yeTbcsi Ha Mojieni “Livermore” BUKOHY-
BaJlach NMPUOTU3HO 35 XBWIMH, a Mporpama, mo 0a3yeTscs Ha Mojeni “Penelope”
BHKOHYBanach 50 XBHJIMH, TOOTO BUMaraia OiIbIIe Yacy 3a paxyHOK OiTBII rpoMi-
3JIKUX OOYHCIICHb.
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KisbKicTh 3apeecTpoBaHHX y-KBAHTIB
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Pucynok 2 — 3MozenboBaHi CIIEKTpH TOTJIMHEHO]I B ieTekTopi D2 eneprii.

Jami Oyno mpoBeaeHo JBi cepii MOJCTIOBAHHS JUTsI OJJHAKOBOI KIJTBKOCTI Tep-

BUHHUX raMMa-KBaHTIB ( N

nporeciB (“Livermore™), Tak i mis apyroi monenm (“Penelope’). MonemoBaHHS
MPOBOJIMIIOCH TIPH PO3TAlllyBaHHI JpKEpelia raMMa-BHIIPOMIHIOBAHHS BiJHOCHO

JIETEKTOPHOrO GJIOKY, K BKAa3aHO Ha puc. 1, IpH oMY moisipauil Kyt 6 =90°,
asUMyTalIbHUM KyT ¢ 3MmiHoBaBcs Big —40° mo 320°. Enepris ramMMa-KBaHTIB
nopisHioe 661 keB. Ha puc. 3 HaBemeHO pe3ynbTaTH MOJICTIOBAHHS Ta iX CIIBCTa-

events

= 108) SIK JJIS1 IEPIOi MOJIEINI eJIeKTPOMAarHiTHIX

BJIEHHS 3 €KCIIEPUMEHTAIbLHUMU JaHUMHU [3].

KoediuieHT BiTHOLICHHS CUTHAIIB Y JETEKTOpax
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Pucynok 3 — 3HaueHHs KoeQili€HTIB BiJHOIIEHHS CUTHATIB y I€TEKTOpax.
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3MoebOBaHi pi3HUMH CIOco0aMH KOeili€HTH BiJHOLIEHHS CUTHAIB Yy Jie-

TEKTOpax CHiBIAJal0Th, T y Jiana3oHi a3suMyTajibHuX KyTiB Bijg —40° mo 180°

(muB. puc. 3) criBCTaBHi 3 pe3yJabTaTaMy eKcriepuMeHTy [3].

BucHoBKkH. Pe3ynbraT MOJIENIOBaHHS MOKa3yTh, IO MPH MOJCTIOBAHHI B
JaHii o0nacTi eHepriii € BiAMIHHOCTI JIUIIEC B MEXaX CTATUCTHYHOI MTOXUOKH, OJI-
Hak mporpama, mo 0a3yeTbcsi Ha MOJIENl HU3BKHUX eHeprii “Penelope” BuMarana
Oiypllie yacy Ui MOJEJIOBAHHS 332 PaxyHOK OiJbII TPOMI3ZKHX PO3paxyHKiB. B
pe3ynbTaTi MOXKHa 3pOOHUTH BHCHOBOK IPO 3aCTOCOBHICTH 000X MOJIENEH elneKTpo-
MarHitHuxX npoueciB y Geant4 s MOJCNIOBAHHS BIATYKY JETEKTOPIB MpUIIay,

ajie IepeBakHiIIe BCE )X BUKOPUCTOBYBATH MOJIENTb HU3BKUX €Heprii “Livermore”.
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