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B Uucruryre simeproit dusuxu um. . U. Bynkepa CO PAH npensioxeH, paspaGotaH u (hyHK-
LMOHUPYET YCKOPUTEJbHbIH HCTOUHUK HelTpoHOB VITA, Bkiouaomuil B cebsl 3J€KTPOCTaTHUECKHUH
TaHAEMHBIH YCKOPUTEJb 3apsiKeHHbIX YaCTHL OPUTHHAIBHON KOHCTPYKLMH (YCKOPHUTE/b-TaHIEM C Ba-
KyYMHOH H3oJsilyeil), TUTHEBYI0 HEHTPOHOTEHEPUPYIOLLYI0 MHIIEHb U PSA CHCTeM (OPMHPOBAHHUS
NyuyKa HeHTPOHOB. YCTaHOBKa obecrneyuBaeT MNOJNy4YeHHEe CTALMOHAPHOTO Iy4yKa MPOTOHOB MJIH Jei-
TPOHOB ¢ 3Heprueil 1o 2,3 MaB, ¢ Tokom 1o 10 MA, reHepalli0 MOIIHOTO NMOTOKA HEHTPOHOB U (hop-
MHpPOBaHHe MyYKa HEHTPOHOB PA3JMYHOTO SHEPreTHUECKOro AHana3oHa: OT XOJOAHBIX A0 ObICTPBIX.
YcTaHOBKA aKTHBHO HCIOJb3YeTCs [J1s1 Pa3BUTHsI GOp-HEHTPOHO3aXBAaTHOM Tepariy 3J10KaueCTBEHHbBIX
onyxoJsell (BH3T), panuaunoHHOro TeCTHPOBAHHUS MEPCIEKTHBHEIX MaTepHalloB, U3MepeHHsl CeUeHHUs
SIEPHBIX PeaKUUi U psia APYyTUX MPHIOKeHHH. Bropasi Bepcus yCKOPHUTENbHOrO HCTOYHHKA HEHTPO-
HoB VITA-II oTiiMyaeTcs HalUuMeM NpPeAYCKOPEHHs 1Jisl yBeJHUeHHs SHEPTHH POTOHOB, HCIOJb30-
BaHWeM 00bEMHOI0 UCTOUHHKA OTPHLIATENbHBIX HOHOB BOJOPOJA BMECTO MOBEPXHOCTHO-M/J1a3MEHHOTO
1J15 yBeJMYEHHsl TOKa MyuKa MPOTOHOB M yMEeHbLIEHHEM BbICOTbl YCTAHOBKH 3a CYeT MOJEpHHU3aLHU
BBICOKOBOJIbTHOT'O HCTOYHHKA MIUTAHHUS U €r0 MOAKJ/IOUEHHS K YCKOPUTEJ0. YCKOPUTEIbHbIH HCTOUHUK
neiitporoB VITA-Ila nocraBnen B kauunky BH3T B Csameinb (Kuraii) nss jiedeHust 60JbHBIX Me-
tonoM BH3T. Bropoii yckoputenbHblil HCTOYHUK HeldTpoHOB VITA-IIS M3roToBseH AJsi OCHALleHHs
uM HMULI onkosoruu um. H. H. Bioxuna B MockBe ¢ Le/iblo POBefeHUsT KIMHUUYECKHUX UCIBITAHUH
Mmeronvku BH3T B Poccuiickoit Pepnepanun ¢ 2025 r. Ha ocHOBaHMH NOJYUeHHOrO ONBITA BeleT-
csl pa3paboTKa TpPeTbell BEpPCHH YCKOpHUTeJbHOro ncToyHuka HedtpoHoB VITA-IIl u kommaktHOro
YCKOpHUTEJIbHOTO HcTOouYHMKA HelTpoHoB VITAmin. IpencraBisiioTes v 06CYyKAAOTCS KOHCTPYKLHH
MCTOYHHKOB HEHTPOHOB, HX OCOOEHHOCTH, MMapaMeTpbl, a TaKxkKe 00J1aCTH NPUMEHEHHUS.

The Budker Institute of Nuclear Physics has proposed, developed and is operating an accele-
rator-based neutron source VITA, which includes an electrostatic tandem accelerator of charged
particles of an original design (a tandem accelerator with vacuum insulation), a lithium neutron-
generating target and a number of neutron beam shaping assemblies. The facility ensures the
production of the continuous beam of protons or deuterons with an energy of up to 2.3 MeV,
with a current of up to 10 mA, the generation of a powerful neutron flux and the formation of a
beam of neutrons of various energy ranges, from cold to fast. The facility is actively used for the
development of boron neutron capture therapy (BNCT) of malignant tumors, radiation testing of
promising materials, measuring the cross section of nuclear reactions and a number of other appli-
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cations. The second version of the accelerator-based neutron source VITA-II is distinguished by
the presence of pre-acceleration to increase the proton energy, the use of a volumetric source of
negative hydrogen ions instead of a surface plasma source to increase the proton beam current,
and a decrease in the height of the installation due to the modernization of the high-voltage
power supply and its connection to the accelerator. The accelerator-based neutron source VITA-
[Iae was delivered to the BNCT clinic in Xiamen (China) for the treatment of patients with the
BNCT method. The second accelerator neutron source VITA-IIS was manufactured to equip the
Blokhin National Medical Research Center of Oncology in Moscow with the purpose of conducting
clinical trials of the BNCT technique in the Russian Federation starting in 2025. Based on the
experience gained, the third version of the accelerator-based neutron source VITA-III and the
compact accelerator-based neutron source VITAmin are being developed. The paper presents and
discusses the design of the neutron sources, their features, parameters and applicability.

PACS: 29.25.Dz
BBEJIEHUE

B kauecTBe mepcrneKTUBHOM MEeTONMKH JeUeHUs 3JI0KaueCTBEHHbIX OMyXoJel paccmar-
puBaetcst 6op-HelTpoHo3axsatHast Tepanus (BH3T) [1], obecneunBatoiiast usdupaTespbHoe
YHUUYTOXKEHHE KJIETOK ONYXOJH 32 CUeT HAKOIJIEeHHS B HUX HepaJUOaKTHBHBIX aTOMHBIX
anep 6opa-10 u nmocsenytomero o6ayyeHuss HeUTpoHAMU. B pesysbrate morJoluieHns Heli-
TpoHa snpoM Gopa mpoucxomut saepHas peakuust °B(n,a)Li ¢ GosmbluuM BbigeseHHeM
9HEpTUH B KJIeTKe, 4TO NPUBOAUT K ee rubesn. Jasg BH3T tpebyercss HHTEHCUBHBIH MyUYOK
STMUTEIVIOBBIX HEHTPOHOB, ONTHMAJbHO B objactd 3Hepruil ot 1 mo 10 k3B. Haunyumnm
pelieHHeM cuuTaeTcs peakuus ' Li(p,n)”"Be npu sHepruu npoToHoB B obaacTd 2,5 MsB —
BOJIM3M Mopora peakuWd. B aToM cayyae H3jaydyaeMble HEHTPOHB HMeIOT MUHHMMaJbHYIO
sHepruio (~ 100—400 k3B) u 3amennuTeseM MOXHO c(hOPMHUPOBATb TepaneBTHUECKUH
My40K HEHTPOHOB C MHUHHUMAJbHBIM BKJaIOM OBICTPBIX M MeNJIEHHBIX HEHTPOHOB. TakoH
UCTOYHHK HEHUTPOHOB, COAEprKalMUU Psill HOBBIX PellleHHH, pelJ/oxXKeH U peann3oBaH B Mu-
crutyTe sinepuoit pusuku um. I. M. Bynkepa (MD) CO PAH u sdpdexTrBHO HCMOMb3yeTCS
IJ151 TIPOBeJleHNs] HAayYHbIX MCCJEeNOBAaHHUH M KJIMHUYECKHX HCNBbITAHHH MeTOAMKH. B naH-
HOH paboTe MPHUBOJUTCS ONHMCAHHE U3TOTOBJIEHHBIX YCKOPUTENbHBIX HCTOYHUKOB HEHTPOHOB
VITA, a rakKe NpeaJsioKeHHsI 110 €r0 yCOBEPLIEHCTBOBAHHUIO.

1. YCKOPUTEJIbHBIH UICTOYHUK HEUTPOHOB VITA

YckoputesbHbd HeToOUHHK HelTpoHoB VITA [2, 3] BkatouaeT B cebst yCKOPHUTEb-TaHIEM
C BaKyyMHOH HM30JIsIHHMEH [Jis MOJyuYeHHs CTALUOHAPHOTO My4YKa MPOTOHOB WJIH A€HTPOHOB
¢ sHepruedl 1o 2,3 M3B u TokoM no 10 MA, JUTHEBYH MHUILEHb IJs TeHepalWud HeHTpo-
HOB W PSIL CUCTeM (DOPMUPOBAHUSA My4yKa AJs MOJY4YeHHS MydyKa HEHTPOHOB PA3JHUHOrO
9HepPreTUYeCcKOro AHAna3oHa: OT XOJOAHBIX A0 OblcTphix. CXeMa yCTaHOBKHM Ha IJIOLLALKE
AP CO PAH npexncraBieHa Ha puc. l. YcTaHOBKa OCHAllleHa COBPeMEHHBIM THArHOCTH-
YecKMM 000pyIOBaHHEM, BKJIOYas <y-, - © HEUTPOHHBIE CIIEKTPOMETPHl ¥ JO3UMETPHI, YTO
o0ecreunBaeT TpoBeleHHe HayUHBIX UCC/IENI0BAHUH B PA3JHUHBIX 00JIaCTAX 3HAHUS.

YcKopHUTeNb-TaHIEM C BaKyyMHOH HM30JLHEH — 3TO JHHEHHBIH 3JEeKTPOCTAaTHUYECKUH
YCKOPHTEJb 3aps’KEHHbIX YACTHUL[ TAHAEMHOTO THIA OPUTHHAJbHOH KOHCTpyKUHH. B xa-
pakTepH3alUH YCKOPUTENsl TEPMHUH «/JIHHEeHHbIH» 03Ha4YaeT, 4TO My4OK HOHOB OJHOKPATHO
TIPOXOAHT YCKOPSAIOIINE MPOMEXYTKU. TepMHH «3JEeKTPOCTAaTHUYECKHUH» 03HAYaeT, 4To Mo-
CTOSIHHOE 3JIeKTPHUUECKOe ToJie COoBepllaeT paboTy Hald YacTHLeH, T.e. yBeJIUUYMBAET ee
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Puc. 1. Cxema yckopuTesbHOro uctounnka HeiitponoB VITA: I — yckoputesb-TaHIeM C BaKyyMHOH
usossuued (/@ — WCTOYHHK OTPHULATENbHBIX HOHOB; /6 — BLICOKOBOJBTHBIH H TPOMEXKYTOUHBIE
3/1eKTPOAbl; /8 — ra3oBasi OGAUPOUHAs MHUILEHb; [& — MPOXOAHON U30JATOpP; /0 — BBICOKOBOJILTHBEIH
WUCTOUHHK NHTaHUs); 2 — TOBOPOTHBIE MarHuT; 3 — JMTHeBas HEHTPOHOTreHepUpYyIollasi MHULLIEHb;
4 — cucrema (OPMHPOBAHHUS NMyuyKa HEHTPOHOB. JIUTHEBYIO MHILEHb PAa3MellaloT B MOJOXKEHHAX A,
B, B, I' uau [1

3Hepruto. TepMHH «TaHAEMHBIH» O3HAUaeT, UTO MPHUJIOKEHHOE YCKOPSIIee HaMpsiKeHHe
TIOCTOSIHHOTO TOKa HCMOJb3YIOT NBa)KAbl. OTpULATeNbHbIE HOHBl YCKOPSIOT MOJOXKHTEJb-
HbIM MOTEHLHAJOM, IPUJIOKEHHBIM K LIEHTPaJbHOMY BbICOKOBOJIbTHOMY 3J1€KTpony. BHyTpu
Hero OTpULATEJbHBIE HOHbl KOHBEPTHPYIOT B IOJIOKHUTEJbHEIE, KOTOPble BHOBb YCKOPSIOT
TeM 2Ke IOTeHLHaJoM. KJIoueBbIM MPEHUMYLLECTBOM KOHLEMLUHWH TAaHIEMHOTO YCKOPEHUS
SIBJISIETCST CHH2KEHHe HeoOXOAHMOTO YCKOPSIIOILEro HaNpsiKeHHs HAMOJIOBHHY, YTO 3HAYM-
TEJIBHO YTPOLIAET 3JMEKTPOCTATUUECKYIO H30/SLHUI0 U YMEHbIIAET ero pa3Mep. YCKOPUTEb-
TaHAEM C BaKyyMHOH M30/gUMed HMeeT CHEeLH(PHUUECKYI0 KOHCTPYKLHIO, B KOTOPOH He
UCIOJIBb3YIOT YCKOPUTEJbHBIE TPYOKH, B OTJIMUHE OT OOBIUHBIX TAHIEMHBIX YCKOpPHTEJEeH.
BMecTo HHUX MCHOMB3YIOT BJIOXKEHHBIE TPOMEXKYTOUYHbIE SNEKTPOAbl LUIUHAPHIECKOH (op-
Mbl (16 Ha puc. 1), 3akperJieHHble Ha €THHCTBEHHOM MPOXOAHOM H3oJsiTope (/e Ha puc. 1).
[IperMyLIeCTBOM TAKOT'O PACIONOXKEHHUS SIBJSETCS YHaJeHHe KepaMHUeCKHX uacTed Tmpo-
XOIHOTO H30JIITOPa OT MOHHOTO My4yKa [AJisl yBeJUYEeHHUS] BBICOKOBOJILTHONH MPOYHOCTH YCKO-
PSIOILMX IPOMEXYTKOB U [J151 TIOJy4YeHHs GOJBIIOr0 TOKA HOHHOIO MydKa.

JlutueBasi muieHs (3 Ha puc. 1) mpeacTaBssieT co60H MeAHBIH NUCK, HA ONHY W3 CTO-
POH KOTOPOTO TEPMHUECKUM CIIOCOOOM B BaKyyMe HAMBLISIOT TOHKHUM CJI0eM YHCTBIH JUTHH
KPUCTaNJINYeCKOH MI0THOCTH. C 0OpaTHOU CTOPOHBI MEHOr0 JUCKA CAEeJaHBl CIHpaseBU-
Hble KaHaJsbl A5 oXJaxAeHHs Bopod. K oOpaTHOH cTOpOoHE MeJHOro AUCKAa MPUKHUMAIOT
TJIOCKHH aJIOMHUHHEBBIH IMCK C OTBEPCTUAMH AJS NOAAYM H OTBOAA OXJAXKAAIOLLEH BOABL.
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JluTreBas MulIeHb — YacTb MHUILEHHOTO y3J1a, BK/OUAIOLIero B cebs ajJlOMUHHEBYIO TpyOy,
wubep U NaTpyoKH ¢ OKHAMM AJIl JUarHOCTHYECKOro 000PYAOBAHUS HUJIH AJsl HAGJIOAEHHS
32 COCTOSIHHEM MOBEPXHOCTH JIUTHEBOTO CJIosl MULIeHU. JIMTHeBas MHUILEHb 06ecledyrBaeT
JUIMTEJbHYI0 CTaOUNBHYIO FeHepaluio HeUTPOHOB 0e3 Aerpafalliy BbIXOAA.

Jlais mosydeHus nyyka HEHTPOHOB Pa3JHYHOrO IHEPreTHYeCKOro AHana3oHa HUCMoJb3y-
IOT CHCTEMBl (POPMHUPOBAHHUS TIyUKa HEUTPOHOB (4 Ha puc. 1) ¢ 3aMelIUTENEM U3 TSKEJNOH
BOJIbl [IPY KPUOTE€HHOH TeMIlepaType, U3 OPreTeKaa UK KPUCTAJIOB pTopuna MarHus. Tak-
e NIl TIOJIyueHHst MyyKa HEHATPOHOB HUCKJIOUMUTEJBbHO SMUTEIJIOBOTO NUara3oHa SHEpPrui
UM MOHOSHEPreTHYECKOro MyyKa HeHTPOHOB HUCIOJMb3YIOT KUHEMATHUECKYIO KOJIJIHMALHIO.

Ha ycTaHOBKe moJsiydeHBl C/IeAyIOLIMEe HAyUYHble pe3y/bTaThl B 00/1aCTH Pa3BUTHS METO-
IMKH GOp-HEATPOHO3aXBaTHOH Tepamluu: a) MU3yueHOo BJIHsHHE HEATPOHHOrO H3Jy4eHHs Ha
BBI)KHBAeMOCTb KJETOYHBIX KYJbTYpP U JaGOPATOPHBIX XKHUBOTHEIX; 6) MPOBENEHO JeueHHe
IOMalIHUX KOlLIeK W coBaK CO CIHOHTaHHBIMH ONYyXOJsIMH; B) pa3paboTaH Masorabapur-
HBIH NETEKTOP C JIUTHEBBIM MOJUCTHPOJbHBIM CLUHTHIISTOPOM MJIsi U3MepeHUs OOpHOH
N03bl U JI03bl Y-U3JyUYeHHs] B BO3[yXe U B BOAHOM (DaHTOMe; T') MPENJIOKEH U peau30BaH
MEeTOJ HU3MepeHHs CyMMbl H03bl OBICTPbIX HEHTPOHOB M A30THOH [03bl, MOJYYMBIIMH Ha-
3BaHHe «KJETOYHBIH NO3UMETp»; 1) peasi30BaH METOL MIHOBEHHOMH y-CIEeKTPOMETPHH IJs
in situ uaMepeHus1 GOPHOH N03bl; €) pa3paboTaH AETEKTOP MOTOKA SMUTEIJIOBBIX HEHTPO-
HOB, MCMOJb3YyloIME peakuuio ''Ga(n,v)"Ga; ) BrepBble MOKa3aHO, UTO peasu3yema
JMUTHH-HEHTPOHO3aXBaTHast Tepamnus, obecrneuuaroiias 100%-e BbieseHHe IHEPruu siiep-
HOU peakKLHH B KJETKaX OMyXOJH.

Tak:ke Ha yCTaHOBKe MOJYYeHBI CJEAYIOLIHE BaKHble Hay4Hble Pe3y/abTaThl B IPYTHX
o6JacTsIX 3HAHHMSA: a) MU3ydeH mporecc 06pa3oBaHUs OJIHCTEPOB HA TOBEPXHOCTH METAJIOB
NpY UMIJIAHTALUK MPOTOHOB U €ro BJUSIHME Ha BBIXOA HEHTPOHOB U3 TOHKOTO JIUTHEBOTO
CJI0si, HAaHECEHHOr0 Ha MOBEPXHOCTb MeTajsa; §) MOTOKOM TeIIOBBIX HEHTPOHOB Ompene-
JleHa aKTHBaUus 00pasloB KepaMHKH Kap6una 6opa, U3TOTOBJEHHBIX YeTBIPbMS MPOU3BO-
IUTEJSIME [J1s1 MEXAYHapOIHOT0 SKCIEePUMEHTAIbHOTO TepMosiiepHoro peaktopa MTIP;
B) MOTOKOM OBICTPBIX HEHTPOHOB M3MEHEHBI TJIOTHOCTb U MPOYHOCTb 0OPa3LOB KEPaMHKH
Kap6unga 6opa U cTaju; I') U3ydeHa 3aBUCHUMOCTb MPO3PAYHOCTH ONTHYECKOTO BOJIOKHA OT
(/110eHca ObICTPBIX HEUTPOHOB /ISl UX HCIIOJNb30BAHHUS B IJIAHUPYeMOH padoTe Bosbiioro
anponHoro xosuadinepa LIEPH B pexiiMe BHICOKOH CBETHMOCTH; 1) NpelJsoKeHa U peaJiu-
30BaHa MeTOAMKAa HU3MepeHHsl TOJILIMHBI JIUTHS [0 PErHCTPALMM HHTEHCHBHOCTH H3Jyde-
HUS (POTOHOB, UCMYCKAEMBIX NPH HEYNPYTOM PacCestHUH MPOTOHA HA aTOMHOM SIIpE JIUTHS;
€) M3MepeHBl BBIXOJ YaCTHIL B ABYX SIEPHBIX peakuusix u ceueHue 20 sepHBIX peakLHH.
[TocsienHee mo3BoJisieT: a) OOCTOBEPHO OMpENeNHUTh 103y HOHHU3HUPYIOLLETrO H3JYyUeHHUs MpU
nposefennrt BH3T; 6) ompenenTb 3aBUCHMOCTb SHEPreTHUECKOTO CIIEKTpa HEATPOHOB OT
SHepruu AeHTPOHOB B caMoil MPOAYKTUBHOH peakuuu Li(d, n), uMeloLlell ceMb KaHaJOB Te-
HepaLWH OBICTPbIX HEHTPOHOB; B) OLIEHUTb MEPCNEKTHBHOCTb peasu3alud 6e3HeHATPOHHOH
TEpPMOsIIEPHOH SHePreTHKU B peakuuu 1B(p, a)aa.

2. YCKOPUTEJIbHBIY UICTOYHUK HEUTPOHOB VITA-II

[To 3axasy komnauuu Neuboron Medtech Ltd. (Kwurait) paspaborana u usroroBieHa
BTOpAsl BEPCHsI YCKOPUTEIbHOrO HCToYHKKA HeHTpoHoB VITA. OHa oTinyaeTcsi HaJlHuHeM
NpeIyCKOPeHHUsT /sl yBeJIHUEeHHs] SHEPrHH MydyKa MPOTOHOB, HCIOJb30BaHHEM HCTOYHHMKA
OTpHLIATeBHBIX HOHOB Bomopona komnaHuu D-Pace (Kanama) ¢ o6beMHOH reHepanueit
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Puc. 2. Ycxopurenpublit uctouHuk HelTpoHoB VITA-Ilov Ha nmomanke AP CO PAH mnepen ort-
npaskoit B Kurait

HOHOB BMECTO MOBEPXHOCTHO-MasMeHHoro ucrounnka MAP CO PAH nas crabusbHoi
reHepallid HOHOB B TeYeHHe AJUTEJNBHOTO BpeMeHM U GoJiee KOMIAKTHBIM pa3MelleHHeM
BBICOKOBOJIBTHOI'O UCTOYHMKA nuTaHus [4]. Dta ycraHoBka (puc. 2), mosyduBIias Ha3BaHHe
VITA-Ile, mocraBiena Bo BHOBb co3maHHbli 1eHTp BH3T mnpu kaunnke B Csmbine (Ku-
tail). [locne BEIBODA yCTAHOBKH Ha MPOEKTHble MapaMeTphl U MPOBeJeHHs UCCJeN0BaHHUI
C KJIETOUHBIMH KYJbTYpaMH W J1aGopaTOPHBIMH >KUBOTHbIMH B LeHTpe BH3T ¢ 9 okTsibps
2022 r. ocylIeCTBNEHO JieueHHe 28 MalMeHTOB ¢ GOJNBLUIMMH OMYXOJSMH IIEW W TOJIOBHI
U C TJH0ONAaCTOMOH B paMKaX KJIMHHUUECKHX HMCIBITAHWH, WHHLIUHMPOBAHHBIX pa3paboTyu-
KOM. 3aTeM I10CJie perucTpaludy pa3paboTaHHOIO MMM Ipenapara aapecHoH NOCTaBKH 60-
pa W moJydyeHus cepTH(HKaTa, MOATBEPXKAAIOLIEI0 COOTBETCTBHE YCTAHOBKM CTaHAApTaM
6e3onacHoCTH U 3(PQekTUBHOCTH, ¢ 22 masi 2024 r. NPUCTYNUJIU K JEeYeHHIO OOJbHBIX
B paMKax KJWHUYECKUX UCIBITAHUE (asbl I, MHUIMHPOBAaHHBIX rocyaapcTBoM. Kutaii cran
BTOPOH CTpaHOH B Mupe nocie fmoHuu, BHenpsifomed Meronuky BH3T B kinHMYeckyio
PaKTHUKY.

Bropasi momoGHast ycraHoBka, moJyuuBiuas HasBanue VITA-IIS, wusroroieHa /s
HMUL] oukosnoruu um.H.H. Bnoxuna MunsnpaBa Poccuu ¢ uesbio NpoBeneHHs KiH-
HUYECKUX UCIBITAHUE B Halllell cTpaHe W MOCJAeNYIOLIEero JeueHns 60abHbIX. Poccust umeer
[IAaHC CTaTh YETBEPTOH CTpaHoil B Mupe, BHenpuBlled Metonuky BH3T B k/auHHUecKyiO
MPaKTHKY.

3. YCKOPUTEJIbHbIA UCTOYHUK HEUTPOHOB VITA-III

B Hacrosiiiiee BpeMsi pa3pabaTbiBa€TCs TPEThsI BEPCHsI YCKOPUTEIbHOr0 HCTOYHHKA Hel-
tporoB VITA nns ocuauienus um @MDBILL um. A. Y. bypuassina ®MDBA Poccuu u gpyrux
OHKOJIOTUYeCKUX KAUHUK. OTBIT, TOJYYEHHBIH IPU KCITyaTalluy IPEAbIAYIIHX YCTaHOBOK,
IUKTyeT HeOOXOAMMOCTh BHECEHHs IBYX M3MeHeHWH. Bo-mepBhIX, cieqyeT 0TKa3aTbCsi OT
MPeLyCKOPEHHUSs], IPUBOISAIIETO HE TOJbKO K YCJIOXKHEHHIO YCTAHOBKHM M K YBEJHUEHHIO ee
pasMmepa, HO U K YXYILIEHHI0 SMHTTAHCA My4YKa HOHOB. BO-BTOPHIX, C/IEAyeT HCII0Ib30BAT
MCTOYHHK OTPULATENBHBIX HOHOB BOIOPOAA C OOBEMHOH reHepalHeil MOHOB: OH MpOILIE
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B 9KCIJIyaTalUu U AJIS1 MONy4deHHUs! TpebyeMoro Toka My4yka HOHOB JOCTaTOYHO YCTAaHOBUTh
HECKOJIbKO 11apaMeTpOoB B CTOHKe yrpasieHHs. Takoit uHxekrop VITA usrorosseH, U ero
TecTUpOBaHHe OyleT NpoBeleHO B OJiMrKalilllee BpeMs. Takxke B YCKODHTE/JbHOM HCTOY-
HHKe HeHTpoHOB VITA mpousBeseHa 3ameHa ra3oBod OOAHPOUHOH MHIIEHH Ha MOJOOHYIO
C OTBEpCTHEM MeHbILIero JuaMeTpa U MeHbluell AauHbl. Y eciu ee ucnosb3oBaHue OypeT
TpHeMJ/eMbIM, TO MOXKHO OyleT YMeHbLIHTb pa3Mep BBICOKOBOJBLTHOIO 3JeKTpoja U BCEero
yCKOpHTeIS.

4. YCKOPUTEJIbHbI UCTOYHUK HEUTPOHOB VITAmin

BricoTy yckopuTesnbHOro MCTOYHMKA HeHTPOHOB VITA MOXKHO CyLIeCTBEHHO CHHU3HTb,
€CJ/IM pa3MeCTHUTb BbICOKOBOJIbTHBIH UCTOYHHK NHUTAHMS BHYTPH BepXHeH BaKyyMHOH 4acTu
IPOXOIHOTO H30JITOPA U UCKJIOUMTb HHXKHIOK Ia30ByI0 4acTb IPOXOLHOTO U3ossiTopa [5].
Takoe pelleHue ¢ CUMMETPUYHBIM KacKaiHbIM reHepatopoM Koxkpodra-Yosatona B kaue-
CTBe BBICOKOBOJIETHOrO HCTOUHHKA MUTaHMs peajusyercs. [laxe eciau He GyfeT MmosydyeHO
Tpebyemoe 115 BH3T nanpsikeHue, Takyr yCTaHOBKY C MY4YKOM AeHTepHUst MOXKHO HCIIOJb-
30BaTh KaK MOLIHbI# HCTOUHHUK OBICTPHIX HEHTPOHOB 151 PA3JUUYHBIX TPUJIOKEHHH.

3AKJIIOYEHHE

B Nd®d CO PAH mnpennoxen u pa3paboTaH yCKOPHUTEJNbHBEIH HCTOUHMK HEHTPOHOB
VITA. IlepByto BepcHIO UCTOYHHKA HEATPOHOB B TeUYEHHe NECATHJETHS aKTHBHO HCIOJIb-
3yIOT I/ Pa3BUTHS MeTOIUKH GOp-HeHTPOHO3aXBaTHOH TepamMu 3/0KaueCTBEHHBIX OMYy-
XoJIel, A/ pajHallHOHHOTO TEeCTHPOBAHUS MepCHeKTHBHBIX MaTepHalioB, AJS H3MepeHHs
CeyeHUs SIEPHBIX PEaKIUH U psila APYTUX NPHJIOKEHHH. BTopylo BepcHI0 HCTOYHHKA Hell-
TPOHOB HCMOJB3YIOT B KuTae 1Jsi MpoBeleHUs] KAMHUUECKUX HcnbITaHHH MeTonuku BH3T
u ¢ 2025 r. mpeAnosaraioT UCI0JMb30BaTh AJ15 IPOBEAEHHUS KJIMHHUECKUX HCIBITaHUH B Poc-
cuiickoit Penepaunu. TpeTbl0 BepPCHI0 UCTOYHHKA HEHTPOHOB pa3pabaThiBalOT AJIS MOC/e-
LYIOLLEro OCHAIleHHsl UM OHKOJIOTMYECKHUX KJIHHHUK C LIeJbI0 LIHMPOKOr0 BHEAPEHHS METOLHU-
KH B KJIHHHUECKYIO NMPAaKTHKYy. Ellle ofHY BepCcHI0 MCTOYHHKA HEHTPOHOB pa3pabaThiBaIOT
B KayeCTBe MOIIHOTO KOMIAKTHOIO HCTOUHHKA OBICTPHIX HEHTPOHOB.

HccnenoBanue BRITIONHEHO 3a cueT rpaHta Poccuiickoro HayuHoro ¢oHpa (TIpoekT
Ne 19-72-30005).
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