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Section 2. Radiation Effects in Solids
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VlcTouHMKN HEWUTPOHOB T MEANIIMHCKIX IPUMEHEHNH 3BOJIIOIIMOHNPOBAIH OT IPOMO3IKUX SIEPHBIX PEAKTOPOB
K KOMITAaKTHBIM YCKOPHTEJIFHBIM CHCTEMaM, YTO CTaJI0 BO3MOXKHBIM OJaromaps pa3BUTHIO SAEPHON (DH3UKH U MHXKE-
Hepuu. McToprdeckn peakTopsl ObUTH MepBbIMH HcTOUHIKaMu HeTpoHoB aiust BH3T. Hampumep, peaktop FIR1 B
OUHISTHIUH UCTIONB30BANICS IS JICUSHHS CapKoM 10 ero 3akpbitus B 2023 roxy. B Smornn peaktopst JRR-4 1 KUR
JIECATHIICTUSMH CITYKWIIH TIaT(OPMOH UTd KITMHUYECKNX HccienoBannii. OHAKO WX 3KCIUTyaTanusl CBsI3aHa C BBI-
COKHMH 3aTpaTaMu, paJMalliOHHBIMH PUCKAaMH U HEOOXOAMMOCTBIO CTPOroro peryiupoBanus. CeromHs JUMIb eIu-
HUIIBI PeaKkTopoB, Takue kak MoaepHu3uposanHeli KURRI B Kuoro, ocratorcs B ctporo, komOunupys BH3T ¢ mpo-
TOHHOM Tepanueil 1715 MoBbIeHus (P PEKTUBHOCTH.

Bop-neiitponzaxsatHyto (BH3T), ranonunuii-ueiitponszaxsathyto (I'H3T) Tepanuto, HeHTpoHHAs TepaItus, BKIIO-
Yasi TepaIuio ObICTPHIMH HEHTPOHAMHM OCTAETCS OJJHAM M3 KIIFOUEBBIX METOJIOB JICUCHHSI arPECCUBHBIX U palUOpE3H-
CTEHTHBIX OIyXOJICH, TAKHX KaK INIH00JIacTOMa, MEJIaHOMA M CapKOMBI. 3a MOCIEAHUE ECATHIICTHS] TEXHOJIOTHH Te-
Hepanuy HeHTPOHOB, MOJICTTMPOBAHNE UX B3aNMOACHCTBHS C OMOJIOTHYECKIMHU MHUIIEHIMH B pa3paboTka HOBBIX (ap-
MaKOJIOTHYECKHUX areHTOB COBEPLIMIM 3HAYMTEIBHBIH IPOpbIB. OHAKO BHEAPEHUE ITUX METOJOB B KIMHUYCCKYIO
MIPAKTHKY CTAJKUBAETCS C TEXHUUECKUMH, SJKOHOMHYECKUMH U PETYIATOPHBIMHU BBI30BAMH.

Knrueevte cnosa. nukinmdeckuii yckoputenb P7-M; HeWTpoH-3axBaTHas Tepamus; MOTOK HEWTpoHOB, Be-
MHUIICHB.
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Neutron sources for medical applications have evolved from bulky nuclear reactors to compact accelerator sys-
tems, made possible by the development of nuclear physics and engineering. Historically, reactors were the first
sources of neutrons for BNRT. For example, the FIR1 reactor in Finland was used to treat sarcomas until its closure
in 2023. In Japan, the JRR-4 and KUR reactors have served as a platform for clinical research for decades. However,
their operation is associated with high costs, radiation risks and the need for strict regulation. Today, only a few
reactors, such as the upgraded KURRI in Kyoto, remain operational, combining BNRT with proton therapy to increase
efficiency. Boron neutron capture (BNRT), gadolinium neutron capture (GNRT) therapy, neutron therapy, including
fast neutron therapy, remains one of the key treatment methods for aggressive and radioresistant tumors such as glio-
blastoma, melanoma, and sarcomas. In recent decades, neutron generation technologies, modeling of their interaction
with biological targets and the development of new pharmacological agents have made significant breakthroughs.
However, the introduction of these methods into clinical practice faces technical, economic, and regulatory challenges.

Now, the R-7M cyclotron is operating and actively used at TPU. However, the problem of the lack of both a
universal model of the neutron source and a full-fledged model of experimental channels is particularly acute, because
the accelerator is used for neutron therapy purposes. The identification of patterns of neutron radiation beam formation
and the further construction of a source model based on these patterns would significantly simplify and speed up the
work related to the assessment of dose loads on the patient.

Keywords: cyclic accelerator P7-M; neutron capture therapy; neutron flux; Be-target.

16-s1 Meocoynapoonas konpepenyus « Bzaumooeticmeue uznyyenuii ¢ meepovim menomy, 22-25 cenmaops 2025 2., Munck, berapyco
16th International Conference “Interaction of Radiation with Solids”, September 22-25, 2025, Minsk, Belarus

166


mailto:aeo3@tpu.ru
mailto:mvg23@tpu.ru
mailto:amn@tpu.ru
mailto:iil@tpu.ru
mailto:agn@tpu.ru
mailto:agn@tpu.ru

Cexyus 2. Paouayuonnvle s¢pgpexmol 6 meepoom meie
Section 2. Radiation Effects in Solids

BBenenue

B nacrosimiee BpeMsi OHKOJIOIMYECKHE 3a-
0oJeBaHMs 3aHUMAIOT OJTHO U3 BEAYIIUX MECT
cpead MPUYMH MPEXKIACBPEMEHHON CMepTH
moaeil. Tak, B 2023 roly OHKOJIOTHYECKHE 3a-
0oseBaHMs CTAJIM NPUUYMHON KaKJOM 1IECTON
cmeptr B Poccun [1]. U B cBsA3M ¢ nanbHei-
MM yXYALIEHUEM 3KOJIOIMYecKod o0cTa-
HOBKHU YHCJIO OHKOJIOTHYECKHX 3a00JIeBaHUN
Oyzer Tonpko pactu. IlosTomy pa3zpaborka u
BHEJIPEHUE HOBBIX IEPCIEKTUBHBIX TEXHOJO-
TUYECKUX METOJIOB JICYEHUS 3JIOKAUYECTBEH-
HBIX HOBOOOpa30BaHUI MPOIOJIKACTCS.

OHUM U3 IEPCIIEKTUBHBIX METOIOB Jieue-
HUSl OHKOJIOTMYECKUX 3a00JIeBaHUN SBIISAETCS
Oop-Helitpono3axBaTHast Tepanus (BH3T).
BH3T siBnsiercs oAHUM U3 METOJIOB JTy4€BOM
Tepanuu i JICYCHHS 37I0KaY€CTBEHHBIX HO-
BOoOOpa3oBaHMii. MeTOl OCHOBaH Ha siIepHON
peakuuy 3axBaTa HEUTPOHHOIO H3Iy4YECHMUS
CHIBbHO moromamumu m3otomamu (B,
Gd™") [2].

Haubonee QyHKIMOHATBHBIM B KauecTBe
HMCTOYHHKA HEUTPOHOB SIBJISICTCSI MCIIOIH30Ba-
HUE YCKOpPHUTENS 3a CYET BO3MOXKHOCTHU pea-
JU3alluy  YCTAaHOBOK C 3a/JlaHHbIMH CBOM-
cTBaMHU Ha 0a3e SKCIepUMEHTAIbHBIX YCKO-
PUTETBHBIX YCTPOWCTB, a TaKXKE CHIDKCHHS
JI0O30BbIX HArpy30K Ha 3/I0pOBbIE TKAHU OT
ramMmma-u3JIy4eHHs TIPU Teparuu.

B TIIV B xauectBe ycranoBku st BH3T
MOXET MCIOJIb30BaThC LHUKIOTPOH P-7M.
OCHOBHBIMU MPEUMYLIECTBAMU IIUKIOTPOHA
P-7M sBIAIOTCS BO3MOXHOCTH YCKOpPEHUS
MOHOB B IIMPOKOM JUANa30HE Macc.

Martepuajibl 1 MeTOAbI HCCIeT0OBAHUSA

Jist onpenienieHus mapamMeTpoB UCTOUHUKA
HEUTPOHOB CPOPMUPOBAHA MOJIENH OEPUILITH-
eBoil mumeHn. dopMupoBaHre MOAETH MPO-
BeneHo B mporpamme PHITS, kotopas ocy-
HIECTBIIIET MOJEIHPOBAHUE MEepeHoca U3Iy-
yenus: metogoM MouTe-Kapio [3].

Moienb HUKINYECKOro YCKOPUTES B IPO-
rpamme PHITS npencrasnsier u3 ceds Habop
KOHCTPYKLIMOHHBIX ~MaTepUalIOB, KOTOpbIE
MOJTHOCTBIO HMJCHTUYHBI PEalbHOMY ITHKIIO-
TPOHY.

st hopMupoBaHUs TOTOKA SMTUTETIIIOBBIX

HEWTPOHOB B JSKCHEPUMEHTAIIBHOM KaHaJe
UKIMYecKoro yckopurens P7-M  HeoOxo-
JUMO HCIOJIb30BaTh CIEUUAIbHBIA (QUIBTD,
COCTOSILUMIA U3 MAaTEPHUAJIOB C BBICOKOM 3aMe/I-
JSoUel crocoOHOCThI0 M HU3KUM CEUYCHHE
MOTJIOIIEHUEM HEHTPOHOB, Takue Kak: Pb, W,
Bi, AlF3, D20, CaFs, MgF2 [4].

[Tpu MmogenupoBanuu GUIBTPA B IKCIIEPH-
MEHTAJIbHOM KaHaje LUUKINYECKOrO0 YCKOpPH-
tesa P7-M Hcnoib30BANIMCh KAk YUCThIE Ma-
Tepuaibl, Takue kak Pb, Bi, W, Tak u paznnu-
HbIe KOMOUMHaIMU Matepuanos: Pb-W-D20 u
Pb-Bi-D-0.

B xone pacueToB ObUT onpe/ieieHa Hanoo-
Jiee onTHUMallbHas KOMOMHALIMS TOJIINH pa3-
JUYHBIX MAaTEPUAIIOB, 11T POPMUPOBAHUS 110~
TOKa 3MUTEIUIOBBIX HelTponoB aast BH3T [5].
Tomnuubl cocTaBuiu: 17 cM 11 IepBOro Ma-
tepuana, 10 cm ansa Broporo u 16 mist TpeThb-
ero.

OunpTpyroias BCTaBKka Oblila pa3MelleHa
Ha paccrossHuu 7 MM oT Be-mumenu. I'pa-
buku pacnpeneneHus IIOTHOCTH MOTOKa
OBICTPBIX, SMUTEIUIOBBIX U TEIUIOBBIX HEHTPO-
HOB 10 JUIMHE 3KCIEPUMEHTAJILHOIO KaHalla
JUUIST MOHOMATEPHAJIBHBIX BCTABOK YKa3aH Ha
pucyHkax 1 u 2.
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Puc. 1. PacnipenencHue IIOTHOCTH IOTOKA HEHTPOHOB
Pa3IUYHON PHEPIUU MO JJIMHE HKCIEPUMEHTAILHOIO
KaHajia co BCTaBKo# u3 Pb

I'paduku pacnpeneneHus INIOTHOCTH TO-
TOKa 3MUTEIIOBBIX HEHTPOHOB IO JUIMHE JKC-
NEPUMEHTAJIBHOTO KaHaja JUIsi KOMOMHAIU
MaTepHaJioB BCTABOK YKa3aHbI HA pUCYHKE 3.
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Puc. 2. PactipenencHue mIOTHOCTH IOTOKA HEHTPOHOB
pa3IMYHOM SHEPTHM O JJIMHE 3KCIEPUMEHTAJIbHOTO
KaHajia co BCTaBKOM u3 Bi
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Puc. 3. PacnipesieneHue mioTHOCTH MOTOKA ITUTEILIO-
BbIX HeﬁTpOHOB Mo JJIWHE JSKCIICPUMEHTAJIbHOTO Ka-
HaJla [P JIByX BapHaHTaX KOMOWHaNNil BCTaBKH

Ha ocHoBaHuu pucyHka 3 MOXXHO 3ame-
TUTh, YTO B MaTepuanax (QuibTpa MPOUCXO-
AT YBEJIMYCHUE IUIOTHOCTH IIOTOKA OIIH-
TEIUIOBBIX HEUTpOHOB. [lonydeHHbIE JaHHbBIE
NPUOIMKEHbl K YCJIOBUSIM, HEOOXOJIUMBIM
g nposenenus BH3T. Haubonee nepcrek-
THBHOM BUIUTCS HCIIOJL30BaHHE KOMOMHa-
mun MarepuanoB Pb-Bi-D.0O, kak nHambosee
MTOJIXOJISATINE MaTEPHAIIBI IT0 PacUeTy.

3akiroueHue

Ha nannsiii MomenT nuknorpos P7-M re-
HEpUpYET MOTOKH OBICTPHIX HEHTpoHOB. Ha
OCHOBaHUU TMOCTPOCHHOW MOJIETU MPOU3BO-
JUJIMCH PAcUeThl C Pa3IMYHBIMU KOMOWHAIHU-
SIMH MaTEpHAaJIOB JIJIsl MOJy4eHUs TpeOyeMbIX
XapaKTEePUCTUK MIOTOKA SIUTEIIOBBIX
HEUTpOHOB. Ha naHHOM 3Tamne uccieqoBaHus
Haubosee MoaXosmiel KoMOUHaLeH SIBIIs-
eTcs coueranue marepuaios: Pb, Bi, D2O. B
JaNbHEWIEeM TulaHupyeTcs: ¢puznueckas pea-
nu3anus QUIbTPYIOIIEH BCTABKH, COCTOSIIICH
U3 ONpeJeNIeHHON KOMOMHAIIMY MaTEpUaIOB.
[Tocne peanu3aiuu nIaHUPyETCs MPOBEICHUE
psoa SKCHEPUMEHTOB JUIsl MOATBEPKICHUS
MOJIYYCHHBIX PACUETHBIX JIAHHBIX.
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