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ONTUMI3AIIIS TA AHAJI3 PO3IOJLTY HEMTPOHIB
Y IBOIIAPOBII CUCTEMI ®OPMYBAHHS ITYYKA HA IIUKJIOTPOHI 30 MEB

[MpoekTyBaHHS Ta ONTHMI3allisl MMy4Yka HEHTPOHIB 3a JOIMOMOrOI0 JBOIIAPOBOI cUCTEMH (OPMYBaHHS MydKa
(JUIC®DIT) mpooamnucs 3 Bukopuctanuam koqy MCNPX. dopmyBaHHs Mmydka 3/1iHCHIOETBCS 3 KOHCTPYKLIEO, KA
3a3BMYall BKJIOYAa€ MOJBIMHUI MonepaTop, peduiekTop, Komimarop 1 ¢inbrp. OnTumizamis pi3HEX KoMOiHamin
MarepiaiiB, 0 BXOAATH A0 Mojeparopa, peduiekropa i ¢inbTpa, 3ade3medye SIKICTh 1 IHTEHCHBHICTb ITy4KiB, IO
BIJINIOBiIaI0Th BUMOTaM OoOp-HeHTpoH3axBaTHOI Tepamii. s MonmepaTopa BUKOPHCTOBYIOTHCS amoMiHill i BiFs, mis
pedrekropa — cBuUHenb 1 TpadiT, AL KodiMaTopa — HIKENb 1 HONieTHIeHOOpart, i (QimpTpa — 3aii3o 1 Kammiil.
THNOBMMH TapaMeTpaMy ITyYKa, BUMIPSHUMM Ha BMXOJi 3 KOJIMaropa, € IOTIK emiTepManbHux Heltpownis 1,1-10°
H/CM?*C, BiTHOIIECHHS MTOTOKY eIiTepMaIbHAX HEUTPOHIB 10 IMOTOKY TEIUIOBUX 1 IMIBUIKUX HEHTPOHIB BiAMOBiAHO 344 i
85, a TakoX BIMHOUICHHS JO3W BiJ MBHUIKAX HEHTPOHIB i TaMMa-KBaHTIB NI0 IMOTOKY EMITepMalbHUX HEUTPOHIB
1,09-107*% ta 1,82-107'% I'p-cM?, BiAMOBiAHO. AHA3 OTOKY €IiTepMAaNbHUX HEHTPOHIB i CHEKTpa MydKa HeHTpOoHiB 3a
nonomoroto koxy PHITS moxasye, mo posmoxin enitepMansHuX HEHTpoHIB po3mmupioeTsest B JAILICDII. Haitbinpma
IHTCHCHUBHICTD CIIOCTEPITa€ThCS B MOJAEPATOPI 1 3HWKYETBCSA B KomiMaTopi i GpurbTpi. CHeKTp HEUTPOHHOTO MydYKa Mae
BY3bKHI BUKHUJ i3 mikoM mipu 10 xeB.

Kniouosi crosa: ontuMizaltisi IBOIIAPOBOTO MyYKa HEHTPOHIB, PO3MOIiT HEHTpoHiB, kog MCNPX, xox PHITS.
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OINTUMM3ALINA U AHAJIN3 PACIIPEIEJIEHAA HEHTPOHOB
B IBYXCJIOMHOU CUCTEME ®OPMHUPOBAHNS ITYYKA HA HUKJIOTPOHE 30 M>B

[IpoekTpoBaHue U ONTUMH3AIMS ITyYKa HEUTPOHOB C MOMOIIBIO ABYXCIOWHON CHCTEMBI POPMHUPOBAHMS ITy4Ka
(ACCII) nmpoBoamiucsk ¢ ucnonb3oBanneM koga MCNPX. ®dopmupoBanue mydka OCyIIECTBIISIETCS] ¢ KOHCTPYKIHEH,
KOTOpasi 0OBIYHO BKIIIOYAET ABOMHON MoJiepaTop, pediekrop, koummarop U Guiabtp. OnTUMHU3anus pa3inaHbIX
KOMOMHAIMH MaTepHajioB, BXOAALINX B MOJIEPATOP, pedekTop 1 GUIbTP, oOecrieunBaeT Ka4eCTBO K MHTEHCUBHOCTD
ITyYKOB, OTBEYAIOIINX TPeOOBaHUAM OOp-HEHTPOH3aXBaTHOM Tepamun. {1 MogepaTopa HCIONb3YIOTCS AMFOMUHUHN 1
BiFs, wis pediextopa — cBUHE M TpaduT, AT KOJUIMMATOPA — HUKENb ¥ TIOIHATHICHOOpAT, [Tt GUIIBTpa — 5KeIe30 U
KagMui. TUITMYHBIMY TTapaMeTpaMu Iy4JKka, H3MEPEHHBIMH Ha BBIXOZE M3 KOJUIUMATOpa, SIBJISETCS IIOTOK
SIMTEpMaNbHbIX Heifrponos 1,1-10° u/(cm?c),

OTHOIIICHHUE TIOTOKA SIUTEPMATBHBIX HEUTPOHOB K MOTOKY TETIOBBIX M OBICTPHIX HEUTPOHOB COOTBETCTBEHHO 344 1 85,
a TaKy)Ke OTHOILEHHUE J03bI OT OBICTPHIX HEHTPOHOB M rAMMa-KBAaHTOB K [IOTOKY 3IUTepMalbHbIX Heifrponos 1,09-10°%% u
1,82-10®I'p-cM? COOTBETCTBEHHO. AHAIIM3 HOTOKA SIMTEPMANILHBIX HEHTPOHOB 1 CIIEKTPA Iy4Ka HEHTPOHOB C
nomotsto koga PHITS mokasbIBaeT, 4To pacnpezelieHue SMUTepMATbHBIX HeHTpoHOB pacmupsiercs B JJCCOII.
HanGonbuias HHTEHCUBHOCTD HAOIIOJAaeTCs B MOEpATOPe U CHIDKAaeTcs B KoJummMarope 1 ¢puibrpe. CrexTp
HEHTPOHHOTO MyYKa UMeeT Y3Kui BEIOpoc ¢ mukoM mpH 10 k3B.

Kniouesvie cnosa: ontuMu3anys AByXCIOHHOIO IMy4YKa HEHTPOHOB, pacipeaesneHue Heiitponos, kogx MCNPX, kox
PHITS.
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OPTIMIZATION AND ANALYSIS OF NEUTRON DISTRIBUTION
ON 30 MeV CYCLOTRON-BASED DOUBLE LAYER BEAM SHAPING ASSEMBLY (DLBSA)

Design and optimization of double layer Beam Shaping Assembly (DLBSA) has been conducted using the MCNPX
code. The BSA is configured to comply with such a construction having typically a double moderator, a reflector, a
collimator, and a filter. The optimization of various combinations of materials that compose the moderator, reflector,
and filter yields such quality and intensity of radiation beams that conform to the requirements for Boron Neutron
Capture Therapy. The composing materials are aluminum and BiFs; for moderator, lead and graphite for the reflector,
nickel and polyethylene borate for the collimator, and iron and cadmium for the filter. Typical beam parameters
measured at the exit of the collimator are epithermal neutron flux of 1.1-10° n/(cm?s), the ratio of epithermal neutron
flux to thermal neutron and fast neutron flux 344 and 85, respectively, and the values of fast neutron and gamma dose to
epithermal neutron flux 1.09-10*® Gy-cm? and 1.82-10%3 Gy-cm?, respectively. Analysis of epithermal neutron flux and
neutron beam spectrum using the PHITS code reveals that the distribution of epithermal neutron spreads out in the
DLBSA. The highest intensity is found in the moderator and decline downstream of the collimator and filter. The
spectrum of neutron beams displays a narrow spike with that peaks at 10 keV.

Keywords: optimization of DLBSA, neutron particle distribution, MCNPX code, PHITS code.
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