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Y cmammi supiuyemocs 3a60arnns 0ocaio-
HCEHHS MPOo2PpaAMHO-anHalimuunoi modei
demexmopy NpPuUxXo6anHux NOPOIHCHUH, PO3-
pobaenoi 0na modemosanns pizHux zeome-
mpiil nepewrxoo ma 3axaa0oK 3 Yo OuiHKU
MOJNCIUBOCIE BUKOPUCMAHHA 3APEECMPOBA-
HOT weuoxocmi paxyHxy 0 demexmyeanms
Haaenocmi 3aKnadox, ma ix idenmugixauii

Knouoei caosa: demexmop npuxosanux

NOPOJNCHUN, MOOCII06ANNHS, i0enmudiKauis
T u |

B cmamve pewaemcs 3adaua uccaedo-
6anus nPoPAMMHO-AHAIUMUMECKOU MOode-
AU Odemexmopa CKpvimulX nycmom, pas-
padomannoi 011 M0O0eAUPoBaAHUL PASHLIX
2eomempuil npeepad u 3axaadox ¢ uevlo
OUEHKU 8O3MONCHOCU UCNOTbI0BAHUS Pe2ll-
cmpupyemoil ckopocmu cuema 0 onpede-
JleHUs HAuMUsl 3aKAA00K U ux udenmuu-
Kauuu

Knioueevte cnosa: demexmop ckpoimoix

nycmom, modeauposanue, udenmuduxauus
= yu

In the article the study of software simula-
tion of hidden cavities’ detector is performed.
The model is designed to simulate the detector
response for different geometries of obstacles
and types of objects behind these obstacles,
with the goal of determining the possibility of
detection and identification of objects using
the registered count rate only

Keywords: hidden cavities’ detector, sim-
ulation, identification
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Brenenue CAaHKIIMOHMPOBAHHBIX BJIOKEHWI BHYTPHU eCTeCTBeH-
HBIX (TEXHOJIOTMYECKUX) M MCKYCCTBEHHBIX I10JIOCTEH
[Ipm npoBeseHUN ZOCMOTPOBOTO KOHTPOJIS TPAHC-  TPAHCIOPTHBIX CPEACTB, TOCYNapPCTBEHHBIMY CHJIOBBIMHU

IIOPTHBIX CPEACTB, A 6bICTpOFO O6Hapy}KeHI/IH HE- CTPYKTYypaMHu BC€ 4Yalle MPUMEHAIOTCA ITOPTAaTHUBHBIE



HOCHMBIE PajuOU30TONHbIe Ppubopsl. [IpuHIUI UX pa-
GOTHI OCHOBAH Ha PETUCTPAIIMU AHOMAJIBHOTO U3MEHEHU ST
[JIOTHOCTHU [TOTOKA TAMMa-M3J1y YeHUsI PACCESIHHOTO B 00-
pPaTHYIO CTOPOHY NPHU CKAHUPOBAHUU BJOJb ITOBEPXHO-
cTu KoHTposupyemoro obbekra [1, 2]. loctonncTBamMmu
npubOPOB TaKOTO KJACCa, SIBJASIOTCS: OJHOCTOPOHHMUI
OCTYT K 00BEKTY KOHTPOJS, MPOCTOTA B HCIOJb30-
BAHUU, BBICOKAsi BEPOSITHOCTH OOHApPYKEHUSI, BO3MOJK-
HOCTB pabOoThI ¢ IPerpajaMiu U3 Pa3IMYHbIX MATEPHATIOB.
OcCHOBHOII HEIOCTATOK — HAJMYMe UCTOUHUKA MOHU3U-
PYIOIIETO U3JIYUeHUS.

OTanYnTENBbHO 0CO6EHHOCTBIO MPUOOPOB MOAOOHO-
ro KJacca SIBJSIETCS TO, 4TO OHM PABOTAIOT B CYETHOM
pexxuMme. VIHHOBAIIMOHHON Wieell SABJsETCS TPUMEHEHNEe
B ajropuT™me paboThl IprHOPa KaK CYETHOTO, TAK U CIIEK-
TPOMETPUUYECKOTO PEKUMA, KOTOPbII TTO3BOJIUT HE TOJTHKO
Olpe/eINTh HAJUYME HECAHKIIMOHUPOBAHHON 3aKJIAKU
B OIPE/EJIEHHOM MecTe, HO U MACHTU(DUIINPOBATH €e 110
CIIEKTPaJIbHBIM Xapakrepuctukam. st aToro Heo6xou-
Ma I0JIHAsI MOJEPHU3AIMS UK Jlake pPa3paboTKa HOBOTO
MOKOJIEH WS TPUOOPOB MOL0OHOTO KIacca.

B nporiecce pazpaboTku, TECTUPOBAHUS 1 YCOBEPIIIEH-
CTBOBAHUSI TAKOTO JI0CMOTPOBOro mpubopa (aerekTopa
CKPBITBIX IYCTOT), HEOOXOAMMO HMETh 3HAUYMTEIHHBIN
00beM 9KCIIEPUMEHTAJNbHBIX JAAHHBIX, IIPEACTABIISIONNX
GOJIBIION AManasoH reomerpuil uamepenuii. OueBuIHO,
SKCIEPUMEHTAIBHOE MOJYyUYEeHUE TAKOrO 00beMa JaHHbIX
CBSI3aHO C OTPOMHBIMU BPEMEHHBIMU W MaTepHaJbHBIMU
3aTparamMu, NpuvyeM HEKOTOPblEe THIIOBbIe CUTYAI[UU MO-
JIYUUTD B PEAJIbHBIX YCJOBUSAX UHOT/IA HE TIPE/ICTABIISETCS
BO3MOXKHBIM. ENMWHCTBEHHOW ajbTepHATUBOW B TaHHOM
caydae SIBJSIETCSI UMUTAIIHOHHOE MOJEJTNPOBAHIUE, C TI0-
MOIIIBIO KOTOPOTO MOJKHO (C M3BECTHOI MOIPENTHOCTHIO)
[OJIyYUTh OTKJIMK CUCTEMBI B JII0GOI TeOMETpUM 3KCIIe-
pUMeEHTA.

[lesbio NaHHOI CTATHU SBJISIETCS BBISICHEHIE BO3MOXK-
HOCTH ONpeJleJIeHUs HaJU4Yus 3aKJajJ0K, U UX UJEHTH-
dbukanumy, 3a pa3IMIHBIMA TUTIAMU TIPErpajl, UCIOJIb3Ys
PETHCTPUPYEMYIO CKOPOCTH CUETA MMITYIHCOB.

Jls TOCTHKEHN S TOCTAaBICHHOH IeIn pemnraeTcs 3a-
Jlada MCCJeOBAHUS TPOrPAMMHO-aHATUTHIECKON MO-
JleJIM IETEKTOPAa CKPBITHIX IYCTOT, pa3paboTaHHOU s
MOJIEJINPOBAHUST PA3JIMYHBIX T€eOMETPUI TIperpajy U 3a-
KJaJ0K (/g pasjJMuyHbIX MaTepuaJioB), 3aKJiovyaiolia-
sicsl B UMHUTAIMU TIpollecca N3MepeHusl, TOCTPOEHNUH U
aHaau3e JOBEPUTENbHBIX HHTEPBAJIOB CKOPOCTEll cueTa,
MOJIYUEHHBIX B Pe3yJbTaTe MMUTAIIMOHHBIX 9KCIEPHU-
MEHTOB.

3KC1’[epI/IMeHTaJIbHaﬂ 4yacTb

Jluist npoBejieHUs] UMHUTAIIMOHHOTO MOJIEJTMPOBAHUS
ObLma paszpaboTaHa MPOTPAMMHO-aHATUTUYCCKAS MOJAED
JeTekTopa CKphITHIX mycToT B cpeie GEANT4A (unctutyT
CERN)[3]. Mogenupyemast reoMeTpusi BKiodaeT B ceOst
caenyionue oObeKThL: Mperpajga u3 HEKOTOPOTO MaTepua-
Jia (MOJIEJINPOBAJINCH AJIOMUHUI, TIOJUTIPOIIAJIEH, CUJIH-
KaTHBIM KUpnud, GETOH, CTalb W JIEPEBO), B KOTOPOW Ha
HEKOTOPOM rIyOHHe HaXOAMTCSA BO3AYITHAS MOJOCTH (TIPsi-
MOYTOJIBHBIH TapajIesenuies; pagMepaMu 75X75X75 Mm).

B moJsiocTr, B 3aBUCHMOCTH OT OTIBITA, MOKET MOME-
maThes 3akjaagka (TakKe MPSIMOYTOJIbHBII TTapaJijieiern-
e, pasmepamu 50x50x50MM, MOZENMPOBATICH KOKAWH,

cepebpo M TIaTHHA), MPUYEM OJHOI CBOEH TpaHbio 3a-
KJIa/[Ka CONPUKACAETCH C IPEerpajioi.

MopeupoBaJjics CHUHTUJISIIUOHHBIH 1IeTEKTOP (KpU-
crasn Nal, @40mm, h = 5Mm) B gropasesom kKopiyce (ToJ-
munua 1MM) co cBeTooTpakaioleil 3achikoil (TTOPOIIOK
MgO TtonmuHoil 1MM), B CBUHIIOBOI 3amuTe (TOJIIMHA
10mMM, kKpome TpaHW compuKacaloleiics ¢ Tperpajioii).
JleTekTop pacmnoJsiarajicss Ha OJJHOM OCH € 3aKJaJKOM.
Mexy 1eTeKTOPOM U IIPerpajioil HaXoAUTCs CJI0H U3 110-
JUNPOTUJIEHA TOJNIUHON 2 MM MMUTHPYIOUUI KOPIyC
npubopa.

Hcrounuk '33Ba maxoaurcs B 0CeBOM IUJIMHJPH-
yeckoM KaHaje (J4MM) CBUHIIOBOTO KOJIJIUMaTOpa
(D55MM), PacmosoKEHHOTO O YTIOM 45° K MJIOCKOCTH
Kopiryca mpubopa u jleTeKTopa u Ha paccTossHuu 80 MM OT
ocu miocsieiHero. Takoit yroJs BeIGpaH B pe3ysibrare mpef-
BApUTEJIBHOIO MOIEJIMPOBAHU S, TIOCKOJIDBKY JIJIsI IAaHHOTO
PaCIIOJIOKEHU S 3JIEMEHTOB FeOMeTPHUH 1aeT MaKCUMAJTIbHO
HOJTHBI ¢60P IETEKTOPOM PACCEHHOTO U3JAYUEHUS U MU-
HUMaJIbHBIN — IIPSIMOTO.

Cxema Moziesiu ipejictaBieHa Ha puc. 1.

«

Puc. 1. Cxema mopenvpyemMon cuctembl

IToMuMO yKazaHHBIX MaTepHaJOB 3aKJaIKH, MOje-
JIMPOBAJIMCH TAK)Ke CJAYIAU OTCYTCTBUS 3aKJIAJIKHU B BO3-
JIYIIHOH IMOJIOCTH, a TaKKe OTCYTCTBUSI CaMOW IIOJIOCTH
(crmomnas mperpaza). Tosmuma mperpaas 6baa 5, 10 u
15 MM,

MogenposaJicsi HCTOYHUK akTUBHOCTHIO 2.08%107BK.
I'umoTe3a HOPMAJBHOCTHU pACIIPeleSIeHUs CKOPOCTU CUeTa
JLTST OJIMHAKOBBIX T€OMETPHUIl He OblJIa OTBEPrHYTa, [JIs
[OCTPOEHUsI OBEPUTEIbHBIX UHTEPBAJIOB ObLIO IIPOBE-
neHo no 10 ombIToB B Kaxzaoil reomerpun. IlomydenHble
Pe3yJbTaThl CPAaBHEHWSI PACUYETHBIX MHTEPBAJOB MpeJ-
CTABJIEHBI HA PUC. 2-7, HA KOTOPBIX UCIOJIH3YIOTCS CIETY-
fotiie 0003HAYCH U

- JIUHUS — TIOJOCTh (C 3aKJIAAKOIT) pacrosoxkeHa Ha
raybune 5 MM;

- MyHKTUDP — IOJOCTb pacnojioxena Ha ruaybune 10
MM;

- IITPUX MMYHKTHUP — TIOJIOCTH PACTIOTIOKEHA Ha r1ybne
15 MM;

- WTPUX — mperpaja 6e3 3aKaagoK.
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Puc. 2. loBepuTesibHble MHTEpPBasbl B Nperpaje U3 ajtoMUHUS

W3 puc. 2 (a1i0OMUHWI) BUIHO, 4TO NIPH TAyOUHE 3a-
JIOJKEHUsST O MM JIJIsI TIJIATUHBL, cepebpa, KOKanHa MOYKHO
OTIPE/IeIUTh CAaMO HAJMYHUeE 3AKJIAMKH, a TAKKe MOXKHO
uaeHTUGUIUPOBATh KOKauH (HO He OTAENUTH cepebpo
or 1aatunbl). [Ipu raybune sanoxenus 10 mm u 15 MM
KOKAWH MO-TIPEKHEMY XOPOIIO PA3JIUYUM, OJHAKO He-
BO3MOKHO DPa3elluTh CepeOpPsiHyo, MJIATHHOBYIO 3a-
KJAIKWU JIPYT OT JAPYyTa U OT MYCTOH TOJIOCTH, OJHAKO
BCE OHM JIOCTATOYHO XOPOIIO PA3JUYUMBbI OT CIJIONIHOM
Hperpajsl.
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Puc. 3. loBepuTenbHble MHTEPBasbI B Nperpase 13
noavnponuieHa

W3 puc. 3 (MoAUNpONUAeH) BUAHO, 4TO HpH IayOuHe
3aKJAZI0K 5 MM XOPOIIO Pa3JuduMbl APYT OT Ipyra Bce
THUIIBI TIPEICTABICHHBIX 3aKTa0K. [Ipu riy6une 3akia ok
10 MM HEBO3MOXKHO Pa3[esuTh 3aKJIAAKU U3 TIATUHBI U
cepebpa ot nosiocTr 6e3 3aKaagKy. 3aKIajKa U3 KOKauHa
MJIOXO PA3JUYUMA OT CILJIONIHOI Mperpajbl, HO XOPOIIO
pasjimuyuMa OTHOCUTEJIBbHO OCTAJBHBIX 3aKJajoK. llpnm
ray6une 15 MM T1JI0X0 pa3inyuMbl 3aKIaJKKi 13 cepebpa
U TIJTATUHDI, 1 KOKAUH HEOTIHMYUM OT Hmperpaabl (0IHAKO
XOPOIIO OTJIIMYUM OT HOJOCTH).
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Puc. 4. [loBepuTenbHbie MHTepBasbl 3aKNaL0K B Nperpage 13
CHUJIMKATHOIO KMpnuya

W3 puc. 4 (kupnuy) BUAHO, YTO NPU IyOUHE 3aKJa-
JIOK 5 MM 3aKJaJKU Pa3JIUYUMBI IPYT OT Ipyra, Kpome
IIaTUHbBI 1 cepebpa.

ITpu ray6une 10 MM 3akjaanku U3 Bozayxa, cepebpa
M IJIATUHBL HE PA3JMYUMBI JPYT OT JAPYyra, a 3aKJaajKa
U3 KOKaWHa XOPOIIO pasjienuMa OT JAPYTUX THUIIOB 3a-
KJIJIOK.

Ilpu ray6une 15 MM 3aKJaKK U3 MJIATHHBI, cepe-
6pa 1 BO3IYIIHAS ¥ BO3AYIIHAS IOJOCTD OJIUSKY IPYT
K IPYTY, OJTHAKO 3aKJAa/Ka 13 KOKAUHA HO-TIPEKHEMY
XOpOIIO pa3jndyuMa OTHOCUTEJIBHO APYIUX 3akKJa-
JIOK.
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Puc. 5. loBepuTenbHbie MHTEPBa/bl 3aKIAA0K B Nperpage 13
6eToHa

W3 puc. 5 BUIHO, 4TO IpU TIyOMHE 3aKIAJ0K 5 MM
3aKJIAJIKN PA3JINYNUMBI IPYT OT JAApyTra, KPOME TIJIATUHBI N
cepebpa.

ITpu raybune 10 MM u 15 MM 3aKJIaJKu U3 BO3/yXa,
cepebpa M MJIATHHBI HE PAa3JUYUMBI IPYT OT Apyra. 3a-
KJIa7Ka U3 KOKAauHA XOPOIIO Pa3/ieuMa OT APYTUX TUTIOB
3aKJIaI0K.
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Puc. 6. [loBeputenbHble WHTEpPBasibl 3aK/1a40K B nNperpame 13
cTanu

13 puc. 6 BumHO, 9TO ipu reometpun 5 MM 1 10 MM 3a-
KJIaJ[KU U3 BO3[yXa, cepebpa U IJIaTUHBI HE PA3JIUYUMbI
IPYT OT JPYTa, a KOKAWUH OT Mperpajbl U JPYyTUX TUIIOB
3aKjagok npu ray6une 15 mm. IIpu reomerpun 15 MM Bee
TUTIBI 3AKJAOK He PA3JTUIUMBbI UJIU TLJTOXO PA3TUINMBI
APYT OT APYTa, & 0COOEHHO, 4TO BaKHO, OT MPErPajbl.
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Puc. 7. [loBeputenbHble MHTEpPBasbl 3aKNafOK B nperpage 13
nepesa

W3 puc. 7 BUAHO, 4TO Npu riyOuHe 3aKIaJ0K 5 MM XO-

POIIIO PA3JIMYUMBI ZIPYT OT JIPyTra BCE TUTIBI TIPEJICTABJIEH-

HBIX 3aKJaJ0K (y KOKauHa U Iperpajbl ecTb HeOOJbIIOE

npecevyeHue A0BEPUTEIbHBIX UHTEPBaIOB). [pu riybuHe
10 MM 3aKJIaJK1 U3 BO3/yXa, cepedpa 1 MJIaTUHbI He pas-
JIMYUMBL IPYT OT JPYyTa, OJHAKO 3aKJaJKa U3 KOKamHa
XOpOIIO pasjie/iuMa OT APYTUX THUINOB 3akjazok. [Ipm
rayOuHe 3aKJAa0K 15 MM 3aKJIAKKM PA3JUIUMBI APYT OT
ApyTa, KpOMe IJIaTHHBI 1 cepebpa.

BoiBobI

ITo mosy4yeHHBIM pe3yJbTaTaM MOJEIUPOBAHUS MOXK-
HO cJleJIaTh CJIe/yIOM[1ie BBIBOJIBI:

- IPUMEHEHWE MeTo/1a CKOPOCTeii cueTa /ISt ornpeere-
HUS HATWYUS 1 UJeHTUPUKAIN I KOKaWnHa B IAaHHON TPYyTI-
e UCCjelyeMblX MaTepHaJjioB U reOMeTPUl, ONpaBIaHHO
JUJIST BCEX PACCMATPUBAEMBIX MTPErpajl, KpoMe CTaJIbHOIM;

- IpUMeHeHue MeTOJla CKOPOCTeil cueTa JJisl olpejie-
JIeHn s Haandus cepebpa u NIATUHBI IIPUA TOJIUHAX TIpe-
Ipajibl 5 MM JIJIsI JAHHOTO Habopa MaTepruaioB BO3MOKHO,
OJIHAKO HEBO3MOKHO OTACAUTH CepedPO OT MAATUHDBI; IPU
tonmuuax 10 MM 1 15 MM MOKHO TOBOPUTB JIUIIH O HAJIU-
YUU TIOJIOCTH WJIU 3aKJIagKyu BooOIIe (TO ecTh IJaTUHA U
cepebpo HEOTAETMMbBI OT BO3/LY LIHOIT IIOJIOCTH);

- 3a CTAJIbHOI TIperpajioit 15 MM HEBO3MOXKHO Olpe/ie-
JINTH HU HAJIUYME CAaMO T0JIOCTHU, HU 3aKJIaJ KU B HEll.

[lanbHeiinme uccaefioBaHust MOIYT ObITh HallpaBJie-
HbI Ha paclIMpeHue HMCCAeAyeMoro Habopa MaTepuajioB
U TeOMETPHIl, a TaKkKe Ha UCCJIe0BAHUE BO3MOKHOCTHU
upeHTUUKAIIUY MaTepuaja 3aKJIaJKy 10 CIIEKTPY peru-
CTPUPYEMOTO PACCESTHHOTO 3Ty YCHUS.
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