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YckopuTenu 3apsyKeHHbBIX YaCTHI] UTPAIOT BaKHYIO POJIb B COBPEMEHHON (pr3nKe, MEAMIIMHE U IPOMBIIIIIEHHO-
CTH, oOecreunBasi JOCTYI K BHICOKOIHEPIETUYECKUM IIydKaM pa3lIMuHbIX 3apsDKEHHBIX dacTHl. OZHUM U3 KIIode-
BBIX aCIEKTOB MCIIOJIb30BaHUS YCKOPUTENEH SIBIISIETCA MX IOTEHIMAN B KAYECTBE HCTOYHUKOB HEUTpOHOB. HelTpo-
HBI UMEIOT 0CO0YI0 3HAYMMOCTh B Pa3IMYHBIX 00JIACTSAX MCCIIENOBAHUH, TAKUX KaK sifepHas (GU3MKa, MEAUIMHCKAs
JUArHOCTHKA U TepaIys, IPOMBIIIIICHHbBIE IPUIOKEHUS U 6€30IIaCHOCTD SACPHOM SHEPTETHUKH.

Ha ceropnsimranii Mmoment B TITY pabGoraer u akTUBHO HCIOdb3yeTCsl HUKIOTpoH P-7M. OxnHako, mpobiema ot-
CYTCTBUs KaK YHMBEPCAJIbHON MOJEIU UCTOUYHUKA HEUTPOHOB, TaK U MOJTHOLEHHOM MOAEIM 3KCIEepPUMEHTAIbHBIX
KaHaJIOB CTOMT OCOOEHHO OCTPO, B CIIEICTBUH TOTO, YTO YCKOPHUTENb UCIIOJIB3YETCs B IEISIX HEHTPOHHOU Teparuu.
BrusiBneHne 3akoHOMEpHOCTEH (OPMHUPOBAHMS ITy4YKa HEHTPOHHOTO M3ITyYSHHUS W JAIbHEHIIas MOCTPOHKA MOJIEIH
HCTOYHHKA Ha OCHOBE IAHHBIX 3aKOHOMEPHOCTEH 1T03BONIMIIA OBl CYIIECTBEHHO YIPOCTHTh U YCKOPHUTH pabOTHI, CBA-
3aHHBIE C OLICHKOH JO30BBIX Harpy30K HA MAlUECHTA.

Knrwuesste cnosa: nuximieckuii yckoputens P7-M; Gop-HeHTpoHO3axBaTHas Teparusi; ObICTpble HEHTPOHEI,
HEHUTPOHHO-aKTHBALIMOHHBIE MUIIEHN; HEUTPOHHO-aKTUBALIMOHHBIN aHAJIN3.
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Currently, oncological diseases occupy one of the leading places among the causes of premature death of people.
For example, in 2019, oncological diseases caused every sixth death in Russia [1]. And due to the further deteriora-
tion of the environmental situation, the number of oncological diseases will only grow. Therefore, the development
and implementation of new promising technological methods for the treatment of malignant neoplasms is still ongo-
ing.
One of the promising methods of cancer treatment is boron-neutron capture therapy (BNRT) [2]. BNRT is a bi-
nary form of radiotherapy, in which a non-radioactive isotope B10 is delivered to tumor cells with special prepara-
tions and further irradiation of these cells with a stream of epithelial neutrons. As a result of the interaction of the
neutron flux with the boron isotope, an instantaneous nuclear reaction B°(n,a)Li’ occurs with the release of an en-
ergy of 2.79 MeV. The a-particle has an energy of 1.47 MeV and due to the large mass and low mileage of this par-
ticle, the death of a cancer cell occurs.

Both research nuclear reactors and accelerators of various types are used as a source of epithermal neutron flux
for BNZT. Despite the positive clinical results [3], conducting therapy on research reactors is a rather complex and
expensive process. Therefore, charged particle accelerators have the greatest prospects.

In world practice, two types of charged particle accelerators are mainly used for the purposes of BNZT: linear
and cyclic. Their work is based on the interaction of incoming particles with targets of various types and materials
and the further emission of a neutron flux of a certain energy and spectrum. Practically, all types of accelerators use
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two variants of targets for the formation of a neutron flux: a lithium target with incoming protons Li’(p,n)Be” and a

beryllium target with incoming deuterons Be®(d,n)Be?.

Keywords: cyclic accelerator P7-M; boron-neutron capture therapy; fast neutrons; neutron activation targets;

neutron activation analysis.

Beenenue

B Hacrosee BpeMsi OHKOJIOTMYECKUE 3a-
0oJeBaHMUs 3aHUMAIOT OJHO U3 JIMTUPYIOLINX
MECT CpeId IPUYUH [PEKIAECBPEMEHHOU
cmeptu monei. Tak, nampumep, B 2019 roxy
OHKOJIOTUYECKUE 3a00JIeBaHUs CTalu MpH-
YUHOM Kax o mectoit cmeptu B Poccun [1].
W u3-3a nanpHeiero yxyalleHUus 3KOJIOTH-
YeCcKO 00CTaHOBKH, KOJIMYECTBO OHKOJOIH-
yeckux 3aboneBaHuii OyAeT TOJIBKO PaCTH.
[TosTomy, pa3paboTka W BHEAPEHHE HOBBIX
MEPCHEKTUBHBIX TEXHOJIOTMYECKUX METOJIOB
JIeYEHHUsl 3JI0KaYeCTBEHHBIX HOBOOOpa3oBa-
HUW 10 CUX ITOP HPOJOJIKAETCS.

B TomckOM MNOJUTEXHHUYECKOM YHHUBEP-
CUTETE TAK)KE MUMEETCA CBOM YCKOPHUTENH 3a-
pSOKEHHBIX 4YacTul. JlaHHBIA yCKOpHUTEIb
LIUKJIMYECKOr0 TUIA U UMEET 7 KaHaJIOB s
o0JyuyeHus: MaTepuana pa3jiudyHbIMU BUIaMU
3apsHKEHHBIX YacTUL. YeTBepThIil ke KaHal
YCKOPHUTEIS MPEJHA3HAYEH IS TPOBEICHHUS
Jy4eBOM Tepamuu paka OBICTPHIMU HEHUTPO-
HaMu. Ha 1aHHOM KaHame OCyIIeCTBISAETCS
B3aUMOJIEIICTBUE NEUTPOHOB C OEpPHIUIMEBOI
MUIIEHBIO W JalIbHEHUIIeM OOJydYeHHEeM I1a-
IIUEHTOB B CIHEIUAILHO 000PYIOBAaHHOM ISt
3TOT0 NOMEIIECHHH.

B nanHoi paboTe mpesamnonaraercs mpoBe-
CTH Ppa3JINYHbIE TEOPETHUYECKHUE M IKCIEPH-
MEHTAJIbHBIE HCCIEeNOBaHUS Uil (hopMHpo-
BaHUSl TUIOTHOCTH TIOTOKA AIUTEIIOBBIX
HEUTPOHOB Ha LUKINYECKOM yckoputene P7-
M nnsa neneit 60p-HEUTPOHO3aXBATHOM Tepa-
1007078

Pe3yabTaTsl U MX 00CyKIEHUE

B kauecTBe NeTEKTOPOB MpH MPOBEACHUU
9KCHEPUMEHTOB B 4-M KaHaje IUKINYECKOTO
yckoputenst P7-M (puc. 1) ucnonb30BajIuCh
aTTECTOBAaHHBIE JETEKTOPHl C HM3BECTHOU
Maccoll M YHCIOM SIep MHILEHHU, KOTOpOe
YKa3bIBAaeTCSl B CBUJICTEIHCTBE O METPOJIOTH-
YecKOW aTTecTald Habopa KOMIUIEKTOB
HelTpoHHbIX AKH Ne4l5 i moporosbix

JIETCKTOPOB M CBHJETEIBCTBE O METPOJIOTH-
YEeCKOM aTTecTallMd Habopa aKTHBALMOHHBIX
KOMIUIEKTOB HEUTpOHHBIX TeruioBbix AKH-
T-10 Ne401.

Puc. 1. 4-i xaHan nukIuIeckoro yckopurens P7-M

B kauecTBe 1€TEKTOPOB ObUIM BBHIOpAHBI
o0pa3ipl U3 UHIUS U HUKENS, 3TO OOBSICHS-
€TCsl UX HAJMYMEM, JOCTYIMHOCTBIO, a TaKXKe
YAOOHBIMU IS TAHHOTO JKCIIEpUMEHTA 3Ha-
YeHUsIMH Tiepuoja noiypacnaaa. O0imydeHue
00pa31oB MPOBOJWIOCH HAa TOKE IMydYKa Jei-
TpOHOB 35 MKA B TeueHnH 60 MUHYT.

N3mepenne akTUBHOCTH OOJYYEHHBIX 00-
pasloB MPOBOAWIOCH Ha MHOTOKaHAJIbHOM
raMma-creKTpoMeTpe Al U3MEPEHUs: PeHT-
TEHOBCKOTO M raMMa-u3inydenus: «Canberra»
(YPC-06/07).

Janee ObUTM paccyuTaHbl aOCOIOTHBIC
3HaYEHUS TIUJIOTHOCTH TOTOKAa  OBICTPHIX
HEHUTPOHOB B JKCIEPUMEHTAJIbHOM KaHaje
yckopurens P-7M. Pe3ynbTaTel U3BMEpPEHUN U
pacyeToB JETEKTOPOB W3 HWHIUS W HUKEIA
npeAcTaBiIeHBI B Ta0buIe 1.

Hanee Obul TIPOBENEH MaTeMaTHUECKUH
pacdeT B mporpaMmmHoM komrutiekce PHITS.

B Ttabnmune 2 mpencTaBieHbl pacueTHHIE
3HaYEHUS TIUIOTHOCTH TMOTOKAa  OBICTPHIX
HEHUTPOHOB M3 MPOTPAMMHOIO KOMILIEKCA
PHITS.

Ha puc. 2 npuBeneHsl cpaBHEHUsI KCIe-
PUMEHTAIILHO MOJYYeHHBIX PE3yIbTaTOB
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Ta6n. 1. AGCONIOTHEIE 3HAYEHUS IUIOTHOCTH IOTOKA
OBICTPBIX HEWTPOHOB B JKCIIEPUMEHTAJIHHOM KaHalie
yckoputens P-7M
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Ta6n. 2. PacyeTHble IUIOTHOCTH MOTOKa OBICTPHIX
HEHUTPOHOB B mporpamMmmHoM komruiekce PHITS
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Puc. 2. Pe3ynpTaThl 3KCHEPUMEHTAIBHBIX M pacyeT-
HBIX 3HAYCHHUU IDIOTHOCTH TOTOKA OBICTPBIX HEUTPO-
HOB

IUIOTHOCTH TIOTOKA OBICTPBIX HEUTPOHOB C
pacyeTHBIMM M3 IPOrPaMMHOI0 KOMIUIEKCA
PHITS.

3akaoueHnne

B pesynbraTe mpoBeneHHs pacdeTHO-
IKCIEPUMCHTAIIBHOTO  OINpPEICIICHUsT  Iapa-
METPOB HEUTPOHHBIX MOJICH B 3KCIIEPHUMECH-
TaJIbHOM KaHajie ObLIM MOJIyYeHbI 3HAYCHHUS,
IUIOTHOCTH IIOTOKA HEHTPOHOB B JHAIa30HE
or 1.2 MdB pmo 13 M»sB cocrasmio
1.83-108 cm2-c’t, pacuetnoe 3Hauenue cocra-
B0 9.78-107 em?-c! myst mEAMEBBIX ¢oubr,
OTHOCHTENIbHAS ~ MOIPEIIHOCTh  COCTaBHJIA
87 %, 9TO TOBOPHT, YTO HHKEJIEBbIE (HOIBTU
0o0J1ee TOYHBIX B JAHHOM METO/IMKE.

Pe3ynbraThl 110 HUKEIEBBIM (OJIBIaM 3KC-
[CPUMEHTAIBHBIX W PACYCTHBIX 3HAYECHUI
IUIOTHOCTH MOTOKA OBICTPHIX HEHTPOHOB CO-
craBm 9.08:10" em?¢c?t u 8.43:107 cm>ct.
WX cTeneHu CXOAMMOCTH JOCTaTOYHEI, YTO-
OBl yTBEPKIaTh, YTO JAaHHBIC, MTOTy4aeMbIe B
aKTyaJIM3HUPOBAHHOW MOJICIU MPOrPAMMHOTO
obecneuenust PHITS, M0XHO HCIIOJB30BaTh
C IEJIBIO TIOCIICYIONIETO HCITOIb30BaHMS IS
NPOBEACHUS PATUOMETPUUYECKUX  HCITBITa-
HUMN.
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