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MHdpacTpykTypa u nepcnekTuBHbIE TEXHONOMUMU
agpoHHou Tepanuu B HUL «KypuyaTOBCKMIA MHCTUTYT»

N.H. 3aBecToBckas

HauuoHanbHbil uccrnedosamernbckull ueHmp «Kypyamosckul uHcmumymy»
@u3suyeckul uHcmumym um. [1.H. Jlebedesa PAH
email address: zavestovskayain@lebedev.ru

[MpencraBneHbl OCHOBHbIE HanpaBreHus pas3sutua agpoHHon Tepanuu B HALL «KypyaTosckun
WHCTUTYT» Ha 0Gase co3fgaHus YHUKanbHOW WHAPACTPYKTYpbl POCCUMCKOrO MPOM3BOACTBA —
KOMIMMEKCOB MPOTOHHOM M MOHHOM Tepanuu n BMoNorMyeckoro UcCcrenoBaTenbCcKoro creHaa
TexHonormm 6op-HENTPOHO3axXBaTOM Tepannn Ha UccrnegoBaTenbckoM peaktope VP-8.

TexHonorn npoOTOHHOMW Tepanuu OHKOOMTarbMOJSIOrMYecknx 3aboneBaHun, HeobxoouMbln
CMNeKTp MeauumHcKkoro obopyaosaHnd, cuctem nnaHnposaHus B HAL «KypyaToBCKUA MIHCTUTYT»
- MNAD (MatymnHa), TexHoNnorMm MOHHOM Tepanuu Ha 6ase yckopuTerns MoHoB yrnepoga B HAL|
«KypyatoBcknun uHCTUTYT» - UDOBO ([MpoTBMHO), pacwmpeHne BO3MOXHOCTEM MPOTOHHOM
Tepanum N COBPEMEHHbIX TEXHOMOMMN Ha 6Gase CTPOSLLErocs NPOTOHHOMO cUHXpoTpoHa B HULL
«KypyaTtoBckui MHCTUTYT» B MockBe, a Takke BOMNPOCHI MEpCneKkTUBbl pa3BUTUA BUMHapHbIX
TEXHOMOIrM adpoOHHON Tepanuu, BKNoYaa OOp-HEUTPOHO3axXBaTHbIE METOAbl JIeYEHUS U
Heobxoaumoe ns aToro obopygoBaHue N maTepuansl.

3Tn 1 apyrve Bonpockbl COBPEMEHHOW aApPOHHON Tepanuu, BKNoYas NOAroTOBKY Kagpos, OyayT
npeasioXeHbl BHUMaHUIO criyliatenen.
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TapreTupoBaHue npenapaToB AnNsA AA4epHON MeAULMHbI

C.M. [leeB

HauuoHanbHbil uccrnedosamernbckull ueHmp «Kypyamosckul uHcmumymy»
THU Hemumym 6uoopaaHudeckol xumuu um. M.M. emskuHa u FO.A. Os4uHHukosa PAH, Mockea, Poccus
HUL| «OnkomepaHocmukay, Tomck, Poccusi
email address: biomem@mail.ru

CenekTMBHOCTb AOCTaBKN TepaneBTUYECKOro areHTa K LuerneBbiM KrneTkam BaXkHa 51 CHUXEHNS
obLlen TOKCUYECKOM Harpysku Ha opraHnam. Mbl npeanoxunu psag nogxoaoB, OCHOBaHHbLIX Ha
MHOIrOYHKLMOHANbHbIX CTPYKTYpaXx, KOTOpble CoYeTaloT agpecHble MOAYNY NS pacrno3HaBaHus
OMyXoneBblX KNETOK N areHTbl AN TOYHOW ANarHoCTUKM N 3pdeKkTuBHOM Tepanuu paka [1-7].
Ona ynyJvweHns hapMakoKMHETUKN, YBENMYEeHUs BpeMeHU NpebbiBaHNA B KPOBU U CHUKEHUS
HakKonfeHUst B MoYkax MarsbiX LeneBblX areHTOB HaMu WUCMOfb30BaHO CrUAHWE agpecHOro
nonunenTuaa ¢ AOMEHOM, CBA3bIBAOLWNM anbbyMunH. OTO npegoTBpallaeT ObICTPY0 NOYEYHYHO
3KCKpeLMI0 M BbICOKYIO MOYEYHY peabcopbumio, 4TO NPUBOAUT K NydLleMy HaueNuMBaHUIO Ha
ONyXoflb.

Ha ocHoBe cOGCTBEHHbIX pe3ynbTaToB M aHanusa MUPOBOW nuTepaTypbl B goknage 6yayt
AHOHCMPOBaHbl KMYEBble HanpaBfeHus pasBuUTUS paguodapmMaleBTUYECcKOW oTpacnn, K
KOTOpbIM B MepBYy ouvepenb crnenyeT OTHECTU: TapreTupoBaHue paanodapmMmnpenapaTos,
TapreTMpoBaHue MUKPOOKPY>KEHUSA OMyxofien, codeTaHHOe MPUMEHEHME TEXHONOrMm sSaepHomn
MeanUMHbI C ApYrMMU Noaxo4aMun NpoTMBOPAKOBOW Tepanuu.

Cnucok nutepaTypbl

1. Zelepukin IV, Shevchenko KG, Deyev SM. Rediscovery of mononuclear phagocyte system blockade for
nanoparticle drug delivery. Nat Commun. 2024;15(1):4366. doi:10.1038/s41467-024-48838-5

2. Streltsova MA, Boyko AA, Alekseeva NA, et al. Genetically modified NK cells equipped with a switchable CAR
for the treatment of HER2-positive cancers. Biochimie. 2025;238(Pt B):30-42. doi:10.1016/j.biochi.2025.07.021

3. Tolmachev V, Vorobyeva A, Rosly AHB, et al. Targeting of epithelial cell adhesion molecule-expressing
malignant tumors using an albumin-binding domain-fused designed ankyrin repeat protein: Effect of the
molecular architecture. Int J Mol Sci. 2025;26(11):5236. doi:10.3390/ijms26115236

4. Belyaev IB, Griaznova OY, Yaremenko AV, et al. Beyond the EPR effect: Intravital microscopy analysis of
nanoparticle drug delivery to tumors. Adv Drug Deliv Rev. 2025;219:115550. doi:10.1016/j.addr.2025.115550

5. Larkina M, Yanovich G, Hasnowo LA, et al. Comparative preclinical evaluation of the tumor-targeting properties
of radioiodine and technetium-labeled designed ankyrin repeat proteins for imaging of epidermal growth factor
receptor expression in malignant tumors. Int J Mol Sci. 2025, 26 (21) 10609. doi:10.3390/ijms262110609

6. Bragina OD, Nesynov AA, Sitnikova EY, et al. Targeted radionuclide detection of malignant tumors using
affibody. Acta Naturae. 2025, 17 (4) 4-16. doi:10.32607/actanaturae.27677

7. Deyev S, Fominykh A, Varvashenya R, et al. The use of glycine-containing peptide-based chelators for labeling
with 99mTc improves the imaging properties of EpCAM-targeting designed ankyrin repeat Ec1l. Mol Pharm.
2026;23(4):2469-2480. doi: 10.1021/acs.molpharmaceut.5¢c01498



Bop-HelMTpoOHO3axBaTHasA Tepanus B MUpe

C.1O. Tackaes

UHemumym sid0epHol ¢busuku CO PAH, Hosocubupck, Poccusi
Hosocubupckut eocydapcmeeHHbili yHugepcumem, Hosocubupck, Poccus
E-mail: taskaev@inp.nsk.su

B HacTosillee BpemMsi B MUpe peannsyeTcsl HEeCKOSIbKO OEeCATKOB MPOEKTOB YCKOPUTESbHbIX
WUCTOYHNKOB HEWTPOHOB ANnA OG0Op-HENMTPOHO3axBaTHOM Teparnuu 3r0Ka4YeCTBEHHbIX OMyXOoren.
HekoTopble 13 yCTaHOBOK YXe WUCNOMb3ylTCA ANS NeYeHus, HekoTopble — ANS KIMHUYECKNX
NCNbITAHWUIA, HEKOTOPbIE — AN HAYYHbIX UCCIeJoBaHUN, a OCTanbHble HaxXoaATCA B CTaAnn BBOAA
B akcnnyataumio. Cnncok 24 yctaHoBok npusegeH B kHure MAIATO [1], cnvcok 29 ycTaHOBOK
npeacraBneH Ha cante MexgyHapogHoro coobulectBa HEWTPOH-3axBaTHOM Tepanuu [2],
HEeKoTOpble YCTaHOBKM MOAPOOGHO npeacTaBneHbl B He4aBHO BbilleAWen KHUre O HEemTPOH-
3axBaTHon Tepanuu [3], HeKOTopble HOBbIE NPoeKkThbl B KuTae npeacrasneHsbl B ctaTbe [4].

B noknage faetcs 0630p ycKopuTerbHbIX MCTOMHMKOB HEMTPOHOB B MUpE M OTMeYarTcs MX
0COBEHHOCTM U MonyyYeHHble pesynbTaTtbl. OTAenbHoe BHMMaHWe yaensieTcs 060CHOBaHWMIO
TpeboBaHU, NpeabsBNSEMbIX K TepaneBTUYECKOMY MyyKy HEWTPOHOB, U OBOCHOBaHMIO
BO3MOXHOCTEN MHOIOLIEHTPOBbIX MCCMeQ0BaHUIA.

Cnmcok nutepatypbl:

1. Advances in Boron Neutron Capture Therapy. International Atomic Energy Agency: Vienna, Austria, 2023.

2. https:/lisnct.net/bnct-boron-neutron-capture-therapy/accelerator-based-bnct-projects-2021/

3. Neutron Capture Therapy: Principles and Applications, 2" ed. Editors: W. Sauerwein, A. Wittig, R. Moss, Y.
Nakagawa, K. Ono. Springer, 2025

4. Z.Zhang, Y. Chong, Y.-H. Liu, et al. A Review of Planned, Ongoing Clinical Studies and Recent Development
of BNCT in Mainland of China. Cancers 15 (2023) 4060.
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Cuctema AO3MMETPUYECKOro NaHMPOBAHUA YCKOPUTENBHOIO MCTOYHUKA
HenTpoHoB VITA ana 6op-HENTPOHO3aXBaTHOWN Tepanuu

E.A. bepennees?, I'.E. Nopnaués?, A.M. Kowkapés?, C.1O. Tackaes?, T.B. leiH!

YHecmumym adepHol ¢usuku um. I.U. Bydkepa CO PAH, Hosocubupck, Poccusi
2000 «Cubmep», Hosocubupck, Poccusi
E-mail: beren@inp.nsk.su

B paboTte npeactaBneHa cuctema gosumeTpuyeckoro  nnaduvposaHua  (CAOMN)  gnsa
YCKOPUTENBHOrO UCTOYHUKA HeUTpoHOB VITA, paspabatbiBaemoro ans 3agady bH3T. Cucrema
obecne4vnBaeT NOMHbIM LUKIT NOArOTOBKK MiaHa obnyyeHuns: 3arpy3ky n o6paboTky MeanunuHCKUX
n3obpaxeHnn naumeHta B dopmate DICOM, cermeHTauuMio aHaTOMUYECKUX CTPYKTYp,
NOCTPOEHNE TPEXMEPHON FEOMETPMUYECKO MOAENN, 3a4aHNe NapaMeTpoB 06ny4YeHNa n pacyeT
A030BbIX pacnpegenexHnin. Apxutektypa CAIN BkroyaeT cepBep XpaHeHUst 1 06paboTkm AaHHbIX
nayneHToB, nonb3oBaTenbCckui uHTEepdenc ana pabotbl ¢ KT/MPT-nsobpaxeHnsmun wn
pacyéTHoe AOpo, peanusylollee MOoAeNUpoBaHWE TpaHCNopTa HEWTPOHOB W Y-U3NyYeHus
meToaomMm MoHTte-Kapno. B otnuumne ot ctangaptHeix CAIN ans ¢OTOHHOM Tepanuu, cuctema
YYMTbIBAET MHOIOKOMMOHEHTHbIM XxapakTep pnfo3bl BH3T, Bkno4as 60pHY0, asoTHYH,
HENTPOHHYIO W (POTOHHYIO KOMMOHEHTbl, a Takke BO3MOXHOCTb pacdéta 6uonornyecku
9KBMBaneHTHOW [03bl C wuUcnonb3oBaHMeM KoadduumeHtoB RBE/CBE. PeanusoBaHbl
NnocTpoeHne [030BbIX pacnpegeneHni, DVH-ructorpamMmm M oueHka BpeMeHn obnydeHus
naumeHTa. Bepudukauma pacdéTHoOM mMoaenn nposBoaunacb C MCNOSb30BaHMEM BOLHOrO
haHTOMa, a TaKke CpaBHEHWEM pe3yrbTaToOB PacyYETOB C He3aBucuMbIMM Monte Carlo-kogamu.
[Mony4yeHHble pe3ynbTaTbl AEMOHCTPUPYHOT COrflacue PacyYETHbIX U AKCNEPUMEHTaNbHbIX JaHHbIX
B npegenax HeonpeaenéHHocTen, xapakTepHbix ans BH3T-gosnmeTtpun. PaspabatbiBaemas
COMN VITA aBnsieTcss nepBOM 0T€YECTBEHHOW CUCTEMOW MIaHUPOBAHWUSA, OPUEHTUPOBAHHOM Ha
BH3T c yckopuTernbHbIM WCTOYHMKOM HEUTPOHOB, U CO30AETCA C YYETOM COBPEMEHHbIX
MeXOYyHapOoOHbIX TeHAEHUMN pa3BuTus knnHndecknx BH3T - CAOM [1,2].

Cnmcok nutepatypbl:

1. H. Kumada, K. Takada. Treatment planning system and patient positioning for boron neutron capture therapy.
Therapeutic Radiology and Oncology 2 (2018) 50.

2. N.Hu, H. Tanaka, R. Kakino et al. Evaluation of a treatment planning system developed for clinical boron neutron
capture therapy and validation against an independent Monte Carlo dose calculation system. Radiation
Oncology 16 (2021) 243.



Cuctema chopmmpoBaHusi ny4ka HEMTPOHOB ANA 60p-HEUTPOHO3aXBaTHOMN Tepanum
T.B. lenn'?, C.1O. Tackaes!?, C.C. CaBuHos'?, B.C. Oertapes?!

YYHecmumym sidepHol ¢usuku um. I.U. Bydkepa CO PAH, Hoeocubupck, Poccusi
2Hoesocubupckuti 2ocydapcmeeHHbIl yHusepcumem, Hosocubupck, Poccust
E-mail: sychevatatyanav@gmail.com

[Onsa npoBedeHUs KNMHUYECKUX UCnbiTaHun meTtoamkn BH3T u nocnepyowero neyeHus
oHkornormnyecknx 6onbHbIx B HMAL, oHkonorum nm. H.H. BnoxuHa MuHsgpasa Poccun noctaBneH
YyCKOPUTENbHbIM UCTOYHUK HeuTpoHoB VITA, Bknovawowmi B cebs yckopuTenb-TaHOeEM C
BaKyyMHOW M3o0nauMen Ans nonyvyeHus nydka npoOTOHOB, NIMTUEBYD MULLIEHb ONs reHepauuu
HENTPOHOB B peakuuu ‘Li(p,n)’Be 1 cuctemy bopmMmnpoBaHus nyyka HeMTPOHOB.

B poknage npencraeBneHa paspabotaHHaa cuctema (GOpMUMPOBAHUSA MydKa YCKOPUTENbHOro
ncToyHuka HenTpoHoB VITA, yoosnetBopsawowaa TpedbosaHnam MATATO, npegbsasnsemMbiM K
TepaneBTUYEeCKOMY My4yKy HEWTPOHOB, NPUBEOEHO CpaBHeHWe C aHanoramu. [lokasaHo, 4To
pa3paboTaHHyl cucTeMy OOPMMPOBAHUS NMyYKa MOXHO MCMOMNb30BaTh AN NeYeHns 60MbHbIX.



anIMeHEHVIe MrHOBEHHOM raMmmMma-cneKkTpomMmeTpuun npu nposegeHnun 6op-
HeﬁTpOHO3aXBaTHOVI Tepanmn AOMallHNUM XXUBOTHbIM

B.O. Manbueal, T.A. Beikos!?, KO.J1. YecHokosa?, P. In6', M.A. Oertapesad, E.C AmuTtpunesas,
A.N. KacatoBa®?, [.LA. KacaTtos!?, HO.C. Tackaesal23, C.A. YcneHckuin®, C.1O. TackaeB!?

L lhcmumym sadepHol ¢pusuku um. Y. Bydkepa CO PAH, Hosocubupck, Poccusi
2 Hosocubupckuti 2ocydapcmeeHHbil yHugepcumem, Hosocubupck, Poccusi
8 HUW knuHuYeckol u akcnepumeHmarnbHoul numgonoauu — ¢punuan MU CO PAH, Hoeocubupck, Poccusi
4 BemepuHapHasi KruHuka «Jokmop Bemy», Hosocubupck
5> UHcmumym cuHmemu4ecKkux rnosiumMepHsix mamepuasnos um. H. C. EHukononosa PAH, Mocksa, Poccusi

E-mail: jullis74@mail.ru

Bop-HenTpoHo3axBaTHas Tepanus (BH3T) nepcnekTuBHbIN OGUHAPHBLIN MeTod rydeBOwn
Tepanum oHKonornyeckux sabonesanum [1]. B ocHoBe meToaa NeXxuT cnocobHOCTb CTabuibHOro
nsotona 6opa-10 (1°B) cenekTMBHO HakannMBaTbCsA B KNeTKax Onyxonu 1 nornowiaTe TENoBbIe
HEeNTPOHbI. MNornolieHne HeNTpoHa AapoM °B MHMUMMPYET MIHOBEHHYIO SAEPHYIO peakumio ¢
BbiaeneHnem 2,79 MaB sHeprun. MNpoaykTel peakuum — aapo ‘Li M a-4acTuua nokanbHo
aenoHupyoT 84% Bcen aHeprum B obbeme ogHon kneTku. MNpu atom B 93,9% cnyyvaes aapo
NNTNA UCNyCcKaeTcsa B BO3DY)XAEHHOM COCTOSIHUN, reHepupy4 y-kBaHT C aHepruen 478 kaB. Llenbio
paboTbl ABnANack 4EMOHCTpPaUUA NPUMEHNUMOCTM MIHOBEHHOW y-CNeKTpOMeTpun Ans npsiMoro
HenpepbIBHOrO MOHUTOPUHra KOHLEeHTpauum BGopa HenocpeacTBeHHO B npouecce BH3T Ha
XUBOTHbIX. QKCNEPUMEHTbLI NPOBOAUMNCH HA YCKOPUTENbHOM UCTOYHMKE HEUTPOHOB VITA B UAD
CO PAH. BTopun4yHoe nsnyyeHne perucTpmpoBanoch y-CNeKTPOMETPOM C MOMynpOBOAHUKOBbBIM
AETEKTOPOM 13 0coB0 Ynctoro repmaHus. CnektpomeTp 6bin NO3ULMOHNPOBAH OTHOCUTENBbHO
MULLEHM AN CENEeKTUBHOW permcrpauum MrHOBEHHbIX (POTOHOB C 3Heprnen 478 kaB [2].
WccneposaHue npoBefeHo B rpynne n3 10 goMallHMX XMBOTHbBIX CO CMOHTAHHBbIMU OMyXONsaMu
rofioBbl U Wewn. NonyyeHHble AaHHbIE BbISBUNM BapnabenbHOCTb nokasaTenen: UHTEHCUBHOCTb
SAEPHbIX peakumn nornoweHnst HeMTPoOHOB BOpoM oTnmnyanach y pasHbix ocoben B 10 pas, a
obLee Bpems BbiBeaeHUA 6opa — B 6 pa3. KoppensunoHHble CBSA3N MeXay WHTEHCUBHOCTLIO
peakuumin 3axBaTa B peaslbHOM BpeMeHu C O6beMOM Onyxonu M C KOHLUeHTpauuen Gopa B
nepudepnyeckon KpoBu He HabnoganMcb, OTMeYanacb 3Ha4YMmasi pasHuua Mexay BpeMeHeM
BbiBegeHus 6opa u3 onyxoneson TkaHu (0T 3 o 17 YacoB) u 13 nepudepnyeckon Kkposu (oT 1
Ao 3 4yacos). Taknm obpasom, NosiydYeHHble JaHHbIE 4EMOHCTPUPYIOT TOT haKT, YTO U3MEPEHUE
A03bl TONbKO Mo Npobam Kposu npu npoeaeHnn BH3T He rapaHTUpyeT KOPPEKTHOCTb NTy4EeBON
Tepanun. [Ons npakTM4eckon peanumsauunm MeToda nNpenriokeHo paclmputb GYHKLMOHAn
CYLLECTBYIOLLMX CUCTEM AO3UMETPUYECKOrO MIaHNPOBaHUS.

Cnuncok nutepaTypsbl:
1. W. Sauerwein et al. (Eds.). Neutron Capture Therapy: Principles and Applications. Second Edition. Springer,

2025, pp. 205-251.

2. M. Bikchurina M. et al. Dosimetry for boron neutron capture therapy developed and verified at the accelerator
based neutron source VITA. Front. Nucl. Eng. 2 (2023) 1266562.
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ABTOMaTU3aLUA YCKOPUTENTbLHOIO UCTOYHUKA HenTpoHoB VITA-IIB

A.M. Kowukapes

UHecmumym si0epHou ¢busuku um. I'.U. bBydkepa CO PAH, Hosocubupck, Poccusi
Hosocubupckut eocydapcmeeHHbili yHugepcumem, Hosocubupck, Poccus
E-mail: kent_brockman4@mail.ru

YCKOpUTESbHbBIN UCTOYHUK HEWTPOHOB VITA-IIB narotosneH u nocrtasneH 8 HMUL oHkonoruu
um. H.H. BrnoxnHa MwuHsgpaBa Poccum (Mockea, Poccusi) ons npoBedeHuUst KIMHUYECKUX
UCNbITaHUA  MeToAMKM  BOp-HEMTPOHO3axBaTHOM Tepanuu U MNOCreaywero  nevYeHus
OHKONornyeckmx 6onbHbIX. KoMnnekc nporpaMMHO-TEXHUYECKUX CPEeACTB CUCTEMbI KOHTPOSIA U
yrpaBsrieHusi ycTaHOBKOW paspaboTaH M BHegpeH HayyHo-uccnepoBaTernbCKUM MHCTUTYTOM
nameputernbHbix cuctem nm. HO.E. Cepakosa (HwxHuin Hosropoga, Poccus) [1].

[na nepBMYHOro 3anycka yCTaHOBKM Ha nrowagke B HoBocubupcke cunamm COTPYAHMKOB
NHctutyTta saepHon gusmkm CO PAH paspabotaHa cuctema ynpaBneHUs YCKOPUTENbHOro
ncToyHmka HentpoHoB VITA [2, 3], koTopast obecneymna nonyyYeHne npoeKTHbIX NapaMeTpoB.
Mcnonb3oBaHne 3TOM CUCTEMbI MO3BOMUIIO HayaTb NYCKO-HanagoyHble paboTbl Ha noLwlagke
OHKonorunyeckoro LeHTpa B Mockse. B HacToswee Bpems npoforkaetcsa pa3paboTka cuctembl
ynpaBneHnst yCKOPUTENbHOro MCTOYHMKA HeMTpoHOoB VITA (nponssoacTteo NAD), koTtopasd MoxeT
3aMeHUTb pa3paboTaHHbIN KOMMNIEKC NPOrpaMMHO-TEXHUYECKMUX CPEaCTB CUCTEMbI KOHTPONSA U
ynpaBneHus yctaHoskon (npomnssoacteso HAMKC).

B poknage npvBedeHbl AeTanu paspaboTaHHbIX CUCTEM YMpaBlieHUsi U OTMevarTcsl MX
npenmyLLecTBa U HegoCTaTKu.

Cnmcok nutepatypbl:

1. A.M. KowkapeB, B.A. Hacrawenko, C.[1. Xapuenko, W.M. Llyano, C.KO. TackaeB. ABTOMartu3sauus
YCKOPUTENBbHOrO UCTOYHUKA HeNTpoHOB VITA. Ycnexu coBpeMeHHON pagnoanekTpoHUKK (B neyaTn).

2. AM. Kowkapes, C.FO. TackaeB. PaspaboTka M BHeOpeHME CUCTEMbI aBTOMATM3aUUWN YCKOPUTESBHOMO
NCTOYHMKA HEMTPOHOB Ansi 6op-HeNTpoHO3axBaTHONM Tepanuu. MNMucbma B AHAA 20(4) (2023) 869-875.

3. AM. Kowkapes, .M. Wyano, C.HO. TackaeB. Pa3paboTka 1 BHeApEHNE CUCTEMbI aBTOMaTtu3aumMm MOHHOTO
nctoyHuka D-Pace gns yckoputens VITA. Cubnpckun dusndecknii xxypHan 19(1) (2024) 54-60.



Coulomb scattering of the VITA ion beam

Yaroslav Kolesnikov, Tymofey Bykov, Sergey Savinov, Sergey Taskaev

Budker Institute of Nuclear Physics, Novosibirsk, Russia
Novosibirsk State University, Novosibirsk, Russia
E-mail: katyono@mail.ru

Accelerator based neutron source VITA proposed, developed and actively used in Budker
Institute of Nuclear Physics for investigations in the field of BNCT, cross-sections measurement
and others. Nowadays, a third-generation accelerator neutron source VITA-III is being developed
for implementation in clinics [1]. In this work attention is focused on the ion beam transportation
in argon stripping target. It is shown, that, besides influence of the spatial charge and focusing
set for the beam, density of the argon in the stripping target have also influence on the ion beam

propagation. Since dependence of the ion beam angular divergence is proportional to \/E/E,

where p — argon density and E — beam energy, and dependence of the recharge H- — p*
efficiency from the p in the 85-99% is weaker, there is a region of argon density, where beam
transportation is better, but total current is still relatively high.

This phenomenon will be presented and discussed.

Acknowledgments:
This work was supported by the Russian Science Foundation (grant no. 26-12-00020).

References:
1. T. Bykov, Ya. Kolesnikov, A. Koshkarev et al. Comparison of vacuum insulated tandem accelerators and
suggestions for its improvement. Nuclear instruments and Methods in Physics Research A 1077 (2025) 170587.
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OpgHon 13 Hambonee akTyarnbHbIX 3adad HEMTPOH-3axBaTHOM Tepanun siBNsieTcsl paspaboTka
HoBbix 1°B- u SLi-comepalux agpecHbiX npenapaToB, KOTOPble MO3BOMAT 3HaYUTENbHO
NOBbLICUTb 3MPEKTUBHOCTb JlEYEHUS 3a CYET CENEKTUBHOIO HaKOMMeHUs WU ANUTENbHOro
yaoepxaHna HeobxoauMbIX KOHUEHTpauuin LeneBoro usortona B onyxonun. B Poccuiickon
depgepaumm  cywlecTByeT OCTpasi HexBaTka 9KCNepuMeHTanbHbIX CTaHumin Ha 6ase
nccnenoBaTenbCkMX UCTOYHUKOB HU3KO3HEPreTUYHbIX HEWTPOHOB NSt TECTUPOBAHUS HOBbIX
HENTPOH-3axBaTHbIX NpenapaToB 1 0TPaboTKN METOAOB A03UMETPUYECKOTO N METPOSIOrMYECKOTO
conpoBoxaeHus nedvenus. B HUL «KypyaToBCKU MIHCTUTYT» peannayeTcsa NPOEKT Mo CO34aHUIo
Buonornyeckoro cteHga Ans uccnegoBaHui B obnactv HEMTPOH-3axBaTHOM Tepanuu Ha Gase
ropu3oHTanbHoro kacatenbHoro kaHana (F9K) Ne7b nccnenoBaTtenbCKoro 94epHoOro peakropa
NP-8.

Llenbto AaHHOro wmccnegoBaHus SIBNANOCb U3ydYeHWe napamMeTpoB HEWTPOHHOrO U ramma-
nanydyeHnss Ha Bbixoge [IK Ne7b. BkcnepumeHTanbHble UCCeAoBaHUA MNPOBOAMMNCL C
NPUMEHEHNEM  HENWTPOH-aKTUBALUMOHHOrO  aHanus3a, 6OopHoro cuyetunka CHM-13 B
NoNnaTMNEHOBOM 3aMeanuTene n nsMepmuTenbHoro Komnrnekca Ha 6ase gosnmetpudeckoro 3D-
daHTOMa M KOMMAKTHbIX CUMHTUNMISILNOHHBbIX CYETYMKOB HENTPOHOB W ramma-uanyyvyeHus.
PacuyeTHble nccnenoBaHns BbINOMHEHbI C UCMONb30BaHNEM nporpamMmMHbix cpeacts MCU-PTR un
Geant4, npegHasHayYeHHbIX A4S MOAENUPOBaHUS MPOLLECCOB MepeHoca U3ryYyeHnss MeTOoAOoM
MoHTe-Kapro.

YCTaHOBMEHO, 4YTO 3HEPreTMYecKUi ChekTp HeuWTpoHoB Ha Bbixoge [OK Ne7b umeet
BblPaXXEHHbIN MakCUMyM B TEMNS0BOM 06n1acTn. IHTEHCUMBHOCTb NOTOKA TEMMOBbIX HEUTPOHOB (En
< 0,5 aB) coctaBnset 1,12:108 cm?:c1-MaB-1, anutennosbix (0,5 aB < En < 10 kaB) — 1,34:107
cm2-c1-MaB?, BbicTpbIX (En > 10 kaB) — 3,16-10°% cm2-c1-MaB™. MNokasaHa Bbicokas pagnanbHas
OLHOPOAHOCTb MOSfIEN HEMTPOHHOrO U ramMma-usnyyeHus, nNpu 3TOM COOTHOLLUEHME 3HAYEeHWUN
WHTEHCUBHOCTEWN NOTOKa HEUTPOHOB M ramMma-usnydeHnss nexut B guanasoHe ot 10 go 12. Ha
OCHOBE MOMYyYEeHHbIX AaHHbIX COPMYNMPOBaHbl WUCXOAHbIE TeXHU4eckne TpeboBaHUA Ha
cosgaHue bruonornyeckoro cteHaa Ha 6ase N'OK Ne7b peaktopa VP-8.

®uHaHcrpoBaHue:
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B paboTe npefcraBneHsbl pesynbTaTbl U3MEPEHUSA MPOCTPAHCTBEHHOIO pacnpeneneHns NnoToKoB
NPOTOHOB N BTOPUYHbIX YacTuL, Ha KoMnnekce npoToHHoun Tepanuu «[MPOMETEYC» oTL, ®UAH
N UX cpaBHeHWe pacyeTamun, cModenmpoBaHHbiMK B nakete GEANT4. smepeHus npoBoannmnch
C nomouwbo ManorabapuTHoOro [[eTektopa HEeWTPOHOB [1] Ha OCHOBE CUMHTMANATOPA,
oboralieHHoro 60pom, 3aKpenneHHOro Ha NOABMXXHON KapeTke fo3nmeTpuyeckoro 3D-chaHToma.
lMpeacTaBneHHble 3KCNepUMEHTarnbHble [aHHble COOTBETCTBYKT pacyeTHOM MoZenu Mu
nokasblBalT, 4TO McCronb3oBaHve 6opcogepxawux npenapaTtoB B MNPOTOHHOW Tepanuu
NPUBOOUT K HE3HAYUTENLHOMY YCUMNEHUI Buonorndyeckon aPEKTUBHOCTU, YTO CTaBUT MNOA
COMHeHVe pag uccnegoBaHuM No gaHHou Tematuke [2,3]. Takum obpasom, Heobxoammo
AanbHenwee WU3y4yeHMe [aHHOrO BoMpoca W MOUCK  anbTepHATUBHBLIX MEXaHW3MOB,
o0bACHALWNX HabntgaembIn 3 eKT yeuneHuns bruonornyeckon acpekTMBHOCTN Tepanuu.
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Reaction p+B*—3ain proton therapy
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Inspired by boron neutron capture therapy (BNCT), PBCT is a binary technique: a tumour-
seeking boron-11 carrier is administered, and when the tumour is irradiated with protons, the
nuclear reaction p + "B — 3a is triggered exclusively at the Bragg peak, releasing densely ionising
a-particles. The underlying reaction is a resonant capture of a low-energy proton (~675 keV) by a
"B nucleus, forming an excited '>C* state that immediately decays into three a-particles with a
total kinetic energy of about 8.7 MeV [1,2]. Because the cross-section peaks at proton energies
corresponding to the last ~20 um of the proton track, the a-particles are generated entirely within
the tumour volume. Their high linear energy transfer (LET) induces complex, clustered DNA
damage double-strand breaks and chromosomal aberrations that are extremely difficult for the
cell to repair. Consequently, PBCT preserves the spatial selectivity of proton therapy while
enhancing the local RBE.

Since the cross-sectional value of this reaction directly affects the prospects of PBCT, we
present here a brief retrospective review of the studies in which the cross section of the 3a
reaction was measured. In the 1965 paper [3] a cross section of 800 mb was given, 12 years later
in the article [4] a "pessimistic” (600 mb) and "optimistic" (800 mb) cross section value was given.
In a major revision in 1988 [5], published during a period of increased enthusiasm in the search
for alternative thermonuclear fusion, values of 650-800 mb were given. Newins in the 2000 article
[6] conducted values of 1200 mb. Following the 2011 on the revision of the reaction mechanism,
there has been a renewed interest in this reaction. In the articles [7] and [8], the cross section
value is now 1400 mb. The cross section was measured by our group in 2024 [9] was 700 mb.
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Measurement of the cross-section of nuclear reactions of lithium-6 interaction with
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The electrostatic vacuum insulated tandem accelerator VITA generates a stable monoenergetic
proton/deuteron beam with an energy from 0.1 to 2.3 MeV with an accuracy of 0.1%. A target
made of pure crystalline lithium is used to generate neutrons. Lithium is thermally evaporated on
a special stand, and its composition can be natural or enriched with the isotope °Li or ’Li. Under
the bombardment of a deuteron beam, a lithium target is a powerful source of fast neutrons, which
are necessary for many applications, including materials science, fast neutron therapy, and
radiation testing.

The interaction of a deuteron beam with lithium atomic nuclei is characterized by a high neutron
yield, high neutron energy, and a wide variety of reactions. As a result of these reactions, protons,
neutrons, tritium, a-particles and atomic nuclei 3He, °He, °Li, “Li, ‘Be and ®Be. Neutrons are
emitted in six reactions — four on lithium-7 and two on lithium-6. Previously, we measured the
cross sections of all four neutron generation reactions on lithium-7 using a target made of natural
lithium [1, 2]. In this study, lithium enriched with the isotope lithium-6 was used. The presence of
such a target made it possible to more accurately measure the reaction cross-sections °Li(d,a)*He,
6Li(d,p)’Li and Li(d,p)’Li* [3]. In addition, the SLi(d,n)’Be reaction produces the radioactive
isotope beryllium-7 with a half-life of 53.22 days. The measurement of the activation of the lithium
target allowed us to determine the complete reaction cross-section °Li(d,n)’Be.
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Biodegradable Nanoparticles For Application In Neutron Capture Therapy Of Cancer

Potseleev Vladislav?, Uspenskii Sergey!

1 Enikolopov Institute of Synthetic Polymeric Materials, Russian Academy of Sciences, Moscow, Russia,
E-mail: v.poceleevu@ispm.ru

Neutron capture therapy (NCT) is a promising method for combating malignant tumors. Currently,
the main drugs for NCT are compounds containing the isotope boron-10 (*°B), such as
borophenylalanine and sodium borocaptate. However, their production requires significant
financial costs, and the boron content in these agents is typically limited (less than 10%). This
implies the necessity of high doses to achieve the desired therapeutic effect.

Boron nanoparticles represent an attractive alternative approach to NCT. They are simpler to
synthesize and consist of nearly 100% boron atoms, allowing their use in considerably lower
doses. Recently, it was found that the isotope lithium-6 (6Li) possesses a higher neutron capture
cross-section compared to 19B. This opens new possibilities for the development of bLi -based
drugs for NCT. Nevertheless, a key challenge remains the creation of a delivery system that
ensures °Li transport directly to tumor tissues.

For efficient uptake of boron- and lithium-containing particles by tumor cells, their size should be
below 100 nm. It is also essential to provide controlled release of boron and lithium compounds
after administration and to achieve targeted cellular uptake. The development of novel
nanoparticles based on these elements, offering controlled release and targeted delivery, is a
promising direction in neutron capture therapy of cancer.

Biocompatible and biodegradable polymers derived from lactic and glycolic acids, such as
polylactide (PLA) and poly(lactide-co-glycolide) (PLGA), are preferred as an optimal platform for
encapsulating lithium and boron compounds into nanopatrticles.

The aim of this work was to develop a method for fabricating biodegradable PLA- and
PLGA-based nanoparticles containing encapsulated compounds of elements that represent
promising therapeutic agents for neutron capture therapy of cancer.

Acknowledgments:
This research was funded by the Ministry of Education and Science of Russia, grant No. FFSM-2025-0003.

References:
1. Potseleev V.V., Uspenskii S.A., Trofimchuk E.S. et al. Int.J.Mol.Sci. 2023, 24(22), 16492.
2. Potseleev V.V., Trofimchuk E.S., Nikonorova N.l. Mendeleev Commun. 2021, 31, 515-516.



From Boron to Lithium: First in Vivo Demonstration of Accelerator-Based LIiNCT
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Boron neutron capture therapy (BNCT) is a promising cancer treatment, but its clinical adoption
is limited by boron delivery issues. Lithium-6 (6Li) offers an alternative: the 6Li(n,a)3H reaction
releases twice the energy of the 1°B reaction, with 100% of energy deposited inside the cell,
despite a four-times smaller cross-section. Our previous study showed effective accumulation of
lithium in melanoma cells following the administration of various lithium salts containing the
natural lithium, moreover, the study also demonstrated the absence of toxicity after a single
administration of high-dose lithium for the LINCT [1]. Here we present the first in vivo evaluation
of accelerator-based lithium neutron capture therapy (LINCT) using a B16 mouse melanoma
model.

Lithium chloride (6Li, 450 mg/kg) was administered either perorally (p.0.) or intraperitoneally (i.p.).
Biodistribution was measured by ICP-AES at 1-4 h. Neutron irradiation (2.1 MeV protons, 1.6 mA,
~1.5 h) was performed using the VITA accelerator-based neutron source [2]. Tumor growth and
survival were monitored.

l.p. injection achieved higher peak tumor lithium concentration (54.1 ug/g at 1h) than p.o.
(30.2 ug/g at 4 h), with favourable tumor/skin and tumor/blood ratios (4.7 and 1.4, respectively).
In the i.p. LINCT group, median survival increased to 34 days versus 15 days in controls (p < 0.001,
log-rank), and tumor growth was significantly suppressed (2—4-fold, p <0.05 at multiple time
points, GLMM). Oral administration showed only a trend towards improved outcomes, not
statistically significant.

These results provide the first evidence of in vivo anticancer efficacy of accelerator-based LiNCT.
The higher lithium uptake and stronger therapeutic effect after intraperitoneal delivery establish a
foundation for further optimization, including selective lithium-carrier development and potential
lithium-boron combinations.
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To improve the effectiveness of boron neutron capture therapy (BNCT) new selective boron
delivery drugs is under investigation, in particular nanosystems [1, 2]. In this work elemental boron
nanoparticles obtained by laser fragmentation (LF NPs) or laser ablation (LA NPs) 85% enriched
with the boron-10 isotope and and functionalized with polyethylene glycol were used. The
cytotoxicity, cell accumulation and retention were evaluated for tumor cell lines BT-474 and U87
and fibroblasts BJ-5ta.

Nanoparticles of both types (LF and LA NPs) did not show any toxic effect used in boron-10
concentrations up to 80 ug/ml, therapeutically relevant and approtriate concentrations for further
studies on BNCT.

It was revealed that all three cell lines accumulate boron in the highest quantity 24 hours after
incubation with NPs. Boron retention by cells also remained quite high for 120 minutes after
removal of the nanopatrticle-containing medium. The obtained concentration values are an order
of magnitude higher than the values obtained by other researchers using borophenylalanine.
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For the successful implementation of boron neutron capture therapy (BNCT), targeted boron
delivery systems are required. The main requirements for a boron delivery agent include:
accumulation of boron-10 in tumor tissues at a concentration of 20 ug/g or higher, low compound
toxicity, retention of boron in the tumor throughout the entire irradiation period, as well as rapid
clearance from organs and blood. Conducting studies on the accumulation of the boron-
containing agent is an important step in BNCT treatment planning.

The aim of this study is to investigate the potential of using new boron-containing agents, namely
elemental boron nanoparticles obtained by laser synthesis, laser ablation, and laser
fragmentation (LA NPs and LF NPs), as potential delivery systems for BNCT.

To study the biodistribution of boron in vivo after intratumoral administration of elemental boron
nanoparticles to mice bearing BT474 and U87 xenograft tumors, inductively coupled plasma
atomic emission spectrometry (ICP AES) was used. The studies were performed at different
dosages of LA and LF NPs.

The highest concentration of boron-10 after intratumoral administration to mice bearing BT474
xenograft tumors was achieved 30 minutes after administration and amounted to 138 ug/g. The
boron-10 content in the blood was 2 ug/mL regardless of the time point and nanoparticle dosage.
The maximum boron-10 content in normal tissue was 13 pg/g. The biodistribution study in mice
with U87 xenograft tumors showed that the concentration of boron-10 in the tumor was about 50
Mg/g and in the liver was 1.5 pg/g. No boron accumulation was detected in other examined organs.
The obtained data indicate the potential of these nanoparticles as boron delivery agents for BNCT
when administered intratumorally.
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Accelerator based neutron source VITA has been proposed and developed for boron neutron
capture therapy, but it also finds applications in measuring cross-sections and yields of nuclear
reactions, radiation testing of advanced materials and devices for CERN and ITER, the Stern—
Gerlach experiment, and testing of the dark matter detectors.

Most scientific tasks require precise thickness measurement of the experimental target. For
example, the accuracy of thickness determination is the main source of error in reaction cross-
section measurements. To measure the thickness of targets, both non-destructive (in situ) and
destructive methods are implemented. Some of them have been specially developed taking into
account the characteristics of the target being studied. For example, the thickness of the lithium
target was measured with six independent methods, which were in good agreement and provided
an accuracy of 3%.

The report describes the methods for thickness measurement of different experimental targets,
their accuracy, and application features.



Pa3spaboTka n uccnegoBaHue HOBbIX HEUTPOHOrEeHEPUPYHOLLUX MULLEHEN
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YckoputernbHbIn CTOYHUK HeUTpoHOB VITA B NAD CO PAH paspabaTtbiBancs cneumansHO A5s
bop-HenTpoHo3axsaTHon Tepanuu (BH3T), roe reHepauusi HEMTPOHOB npoucxoanT Ha 6ase
peakumm ’Li(p,n)’Be. OgHako, noTeHUMan 3ToW YCTAaHOBKM BbIXOAWUT 3a pPaMKU MeOULMHCKUX
3agad BH3T, VITA nossonsieT ucnonb3oBaTb MOLHbLIA CTALMOHAPHbBIA NMYYOK MPOTOHOB WU
OEeNTPOHOB C 3Heprnen B AnanasoHe 0,1-2,3 MaB wn Tokom ot 0,5 go 5 MA. M3meHeHue
MaTepuarna MuULIEHN NO3BONSAET reHepnpoBaTb HENTPOHHBLIE MYYKU C MPUHUUNNANIBHO HOBbLIMM
crnekTpanbHbiIMU  XapakTepucTMkaMu W napannenbHO BecTu HapaboTKy BOCTpeboBaHHbIX
pagnoun3oTonos.

B pabote obcyxnaetca paspaboTka W 3KCMEPUMEHTANbHOE TECTUPOBAHWE  HOBbIX
TBEPOOTESNIbHLIX MULIEHEN W3 MapraHua W u3otona xenesa-57 gnsg  nonyyvyeHusa
MOHOXPOMAaTUYECKUX HEWUTPOHOB W HapabOTKM MNEepPCneKTUBHbIX PagUOHYKNNAOB. YCNeLwHo
peann3oBaHbl HOBblE KOHUrypauun MULLEHEN, NPOLEMOHCTPUPOBAHA CTabUNbLHOCTL MULLIEHEN
npu anutensHoMm ob6nyyeHun. BepuduumpoBaHa BO3MOXHOCTb 3(EKTUBHON HapaboTKu
NM30TOMNOB ANA NPUKNagHbIX 3agayv 0epHON OU3NKN.

MogepHusauma MULLEHHOro ysna pacwuvpseT @yHkunoHan yckoputenen VITA. YcTaHoBKa
MOXeT 3(P(eKTMBHO MCNOMb30BaTbCs KaK YHWMBEPCasnbHbIA CTeHA4 Ans (yHAaMeHTanbHbIX
nccnegoBaHnn U pagmon3oTONMHON MHAYCTPUN.



UccnepoBaHue xapakTepucTyk pacnpenesneHnm NoTOKOB HEUTPOHOB U FraMMa-KBaHTOB
Ansa 6op-HeMTPOHO3axBaTHOM Tepanuu Ha yctaHoBke VITA

N. U6parum!2?, T.A. Beikos!?, I'.[1. Bepxosoa'?, C.lO. Tackaes'?

1 lnemumym sidepHol ¢usuku um. I. N. Bydkepa CO PAH, Hosocubupck, Poccusi
2 Hoeocubupckuti 2ocydapcmeeHHbill yHusepcumem, Hoesocubupck, Poccusi
E-mail: ibrahim93za@gmail.com

Bop-HenTpoHo3axBaTHas Tepanusa (BH3T) — GuHapHbI MeToA NyYyeBon Tepannmn, OCHOBAHHbI
Ha CeneKTUBHOM HaKoMneHun cTabunbHoro n3otona °B B onyxoneBbIX KneTkax v NocneayoLem
00ny4YeHnn anMTennoBbiMn HENTPOHaMK [1]. BbICOKOMOHU3UpYOLLME YacTulbl, 06pasyolimnecs B
pesynbTate peakuun 1°B(n,a)’Li, BbicBOOOXOAT 3HEPruio B nNpedenax HEeCcKONbKUX
MUKPOMETPOB, BbI3blBas NOKanbHy rmbenb pakoBbiX KIMNETOK C MUHMMarbHbIM NOBPEXOEHNEM
340poBbIX TKaHen [2]. KnuHudeckun ycnex BH3T kputnyeckn saBUCUT OT AOCTaBKM afeKkBaTHOMO
NoToKa HEMTPOHOB Ha rNyBUHY ONyxonn Npy MUHUMKU3aLMKU CONYTCTBYIOLEro raMma-usnyyeHuns,
obnyvatowero 3gopoBble TkaHu [3, 4]. CnepoBaTenbHO, TOYHOE 3HAHME TMNYOUHHbIX
pacnpefeneHui MOTOKOB HEWTPOHOB W raMMa-kBaHTOB B TKaHE3KBMBANEHTHbIX cpefax
Heob6xo4MMO AN NNaHNPOBAHWS NEYEHUS N ONTUMMU3ALNN MYYKOB.

Llenb pabomsi: B gaHHOM uccrenoBaHUM M3MepeHOo pacrnpegerieHMe NnoTOKOB HEWTPOHOB W
raMma-KkBaHTOB B BO34yxe M BogHOM chaHTome (akBapuym pasmepom 330 x 330 x 315 mm3,
3anosiHEHHbIN ANCTUNNIMPOBAHHOW BOOOW, MMUTUPYIOLLIEN TKaHENOAOOHbIN MaTepuan; nuuesas
CTeHKa cocyga, npunerawowas K 3amMegnuTento, BbIMNOMHEHA W3  TOHKOW MeMbpaHbl
nonuatuneHtepedranata TonwmHon 0,5 MM; oOCTanbHble CTEHKA WU3rOTOBIEHbI U3
nonmkapboHaTa n MMeroT TOSNWKUHY 8 MM, AHO — 16 MM) ANsi pas3fMYHbIX KOHpUrypaumimn cuctemsl
POpPMUPOBAHUSA MyYKa Ha YCKOPUTESNTbHOM UCTOYHUKE HeUTpoHoB VITA [5] (aHeprnsa npoToHOB
2,0-2,2 MaB, Tok 0,5-1 MA, nutneBass MULLEHb ANS reHepauuyM HEUTPOHOB C BbIXOAOM A0
2x10%2 c¢™"). Wcnonb3oBanucb 3amMeanuTenb M3 MNONuMatTUNeHa ¢ O6bLEMHbIM BKpanmneHuem
BucmyTa (nonubus) gnameTtpom 155 mm, TonwmHon 72 mm ¢ 3azopom 0,5 cm OTHOCUTENBHO
daHTOMa; 3amMennuTenb M3 nonmbusa, OKPYXEHHbIN rpadUTOBbLIM OTpaXkaTenem TOSLMHOWN
20 cm c 3a3opoM 1 cM; 3ameanuTenb U3 TKENOW BOAbl TONWMHOM 8 CM C 3a30poM 1 CM; U
3amennuTesnb U3 TSXKENOW BoAbl TonwmHon 16 cm ¢ 3asopom 1,5 cm. PacnpeneneHne noToKoB
HENTPOHOB N raMma-KBaHTOB W3MEPEHO ManorabapuUTHbIM OETEKTOPOM C MapoOWn NUTbEBLIX
NOSIMCTUPOSIbHBIX CUMHTUANATOPOB AnaMeTpoM 1 MM M BbiICOTOW 1 MM, OAWH U3 KOTOPbIX
oborawiéH 6opom. [atumk 6e3 Bopa 4yBCTBUTENEH K ramMMa-usnyydeHuro, a gatymk ¢ 6opom
AOMNOJSTHUTENBHO YYBCTBUTENEH K HEUTPOHHOMY U3NyYeHuto [6].

OcHosHble pe3ynbmambi. [1poBeAéH BCECTOPOHHWMMA aHanu3 pacnpegeneHnin MnoToKoB
HENTPOHOB N raMMa-KBaHTOB 4151 YETbIPEX KOHGUrypaummn 3amennurenen B BO3ayxe U BOOHOM
draHToMe. [TokaszaHo, YTO BOAHas cpefa CyLeCTBEHHO N3BMEHAET XapaKTEPUCTUKM NyyKa 3a CYET
paccesiHus 1 nornoweHunsa. 3ameanuTtens 13 nonubunsa obecneymBaeT Hauny4dllee covyeTaHme
WHTEHCUBHOCTN, KavecTBa W rnybuHbl NPOHMKHOBEHUS Mny4ka. [MpyM 3TOM KayecTBO Myyka Ha
NMOBEPXHOCTN BOAHOrO dhaHTOoMa cocTaBnsaeTt 37,7 OTH. ef., a cpefgHee KayecTBo no rnybvHe —
18 oTH. en. Mo cpaBHeHWIO C NONMOM30BLIM 3aMeanIMTENEM MNPUMEHEHNE TpaduToBOro
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oTpaxaTens yBennumBaeT MHTEHCMBHOCTb HEMTPOHHOIO My4Ka Ha NOBEPXHOCTU, NOBbILIAsA NOTOK
HENTPOHOB Ha 28,6%; ogHaKO OAHOBPEMEHHO BO3pacTaeT U NOTOK ramma-kBaHToB (Ha 32,6%),
YTO CHUXXaeT Ka4yecCTBO Myyka: Ha NOBEPXHOCTWN BOAHOro haHToMa OHo nagaeTt o 6%, a cpeaHee
KayecTBo no rnybunHe ymeHbliaetcsa Ao 4%. Tskénaa Boga obecneunBaet 6onee rnybokoe
NPOHNKHOBEHNE HENTPOHOB, HO LIEHOW PE3KOr0 CHUKEHUSA MHTEHCMBHOCTU. Tak, 3amennurens n3
TSHKENOW BOAbI TOSMLWMHON 8 CM yMEHbLUAET NOTOK HEUTPOHOB Ha NOBEPXHOCTN Ha 49%, a NOTOK
ramma-kBaHtoB — Ha 40%, 4TO NpMBOOMT K CHWXEHMO KadecTtBa nyvka Ao 17,7% Ha
NMOBEPXHOCTN BOAHOrO haHTOMa u cpeaHero kadyectsa no rnybuHe oo 58%. Mpwu yBenuyeHun
TOMWMHbI 3amMennurens u3 TsHKEénon Boabl A0 16 CM NOTOK HEMTPOHOB Ha MOBEPXHOCTU
CHmxaeTcs Ha 74,8%, a NOTOK raMmMa-KkBaHTOB — Ha 65%, 4TO B UTOre ymMeHblUaeT Ka4yecTBO
nyyka Ha noBepxHOCTM BoaHoro ¢aHToMa Ha 38,5%. lMonubus octaé€rcs onTMMarnbHbIM Y
Hanbonee cbanaHcMpoBaHHbIM BapnaHTOM Ans 60SbLINHCTBA KITMHUYECKNX CrydYaeB, 0COBEHHO
npu NeYeHnn NOBEPXHOCTHbIX onyxonen. NosaToMy OH cuMTaeTcs noaxogsawum BblGopoM Ans
o6ny4YyeHns AOMaLLHMX XMBOTHbIX (Hanpumep, Kowek), a Takke Ana obnydyeHuss Mblen B
nabopaTopHbIX 3KCNepuMeHTax Npu nposeaeHnn 6op-HENTPOHO3axBaTHOM Tepanuu.
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B atom poknage 6yayT npenctaBneHbl U 06CYyXKOEHbl XapaKTEPUCTUKM HEWTPOHHOrO Myudka,
NOJSTY4EHHOrO C UCMOSIb30BAHNEM Pa3fIMYHbIX KOHGUIypauum cuctem hopMmnMpoBaHns nydka onsi
6op-HenTpoHo3axBaTHon Tepanun (BH3T)

duHaHcupoBaHue: NccnegoBaHme BbINOMHEHO 3a cveT rpaHTa Poccuinckoro HaydHoro cdoHaa (npoekt Ne 26-12-
00020).
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ABTOMaTU3aumsa hpU3NYECKMX IKCNEPUMEHTOB Ha ycTtaHoBKe VITA

T.A. bbikoB, A.M. Kowkapes

UHecmumym si0epHol ¢busuku um. I.U. Bydkepa CO PAH, Hosocubupck, Poccus
Hosocubupckuli eocydapcmeeHHbili yHugepcumem, Hosocubupck, Poccus

B WHctutyte apepHon dwmankm CO PAH ocyuwecTtBngetca paspaboTka YCKOPUTENbHOMo
NUCTOYHMKA HEWTpPOHOB (ycTaHoBka VITA), npegHasHayeHHOro pAnsa nposedeHna 6op-
HenTpoHo3axBaTHon Tepanun (BH3T) a3nokayecTBeHHbIX onyxonen. [NoCKONbKy yCTaHOBKa Takke
PYHKUMOHUPYET KaK LIEHTP KOMMEKTMBHOIO NOSb30BaHUSA ANSA LUMPOKOro cnektpa pmsmnyecknx
aKcrnepumMmeHToB [1-3], perynapHO BO3HWKaeT 3afada onepaTMBHOW MHTErpauun yHuUKasribHOro
obopyaoBaHMs CTOPOHHUX UCcneoBaTeNbCKUX rpynn B 06LLYH0 MHPACTPYKTYpPY.

B [Ooknage npeactaBneHa apxuTektypa  MHMOpMaUMOHHOM cpeabl  ycTtaHoBkuM  VITA.
PaccmatpmBaloTcs  NpuHUMNBI  OpraHM3aumMmM  JfoKarbHOW  CeTW, MeXaHW3Mbl CeTEeBOro
B3aMmogencTena obopyaoBaHMs WM LieHTpanuM3oBaHHad cucTema NormpoBaHuMs napameTpoB
ycKopuTens.

Cnmcok nutepatypbl:

1. A. Badrutdinov, T. Bykov, S. Gromilov et al. In Situ Observations of Blistering of a Metal Irradiated with 2-MeV
Protons. Metals 17 (2017) 558.

2. Ya. Kolesnikov, M. Bikchurina, T. Bykov et al. Using of vacuum insulated tandem accelerator for perspective
materials irradiation by a fast neutron flux. Nuclear Instruments and Methods in Physics Research B 571 (2026)
165968.

3. M. Bikchurina, T. Bykov, G. Verkhovod et al. Accelerator based Neutron Source VITA for Boron Neutron Capture
Therapy and other Applications. Bulletin of the Russian Academy of Sciences: Physics 90 (2026) 917-922.



PeweHunsa ana yckoputens VITA-II

C.C. CaBuHoB, T.A.BbikoB, A.A. KonecHukos, C.HO. Tackaes

UHecmumym si0epHol ¢busuku um. I.U. Bydkepa CO PAH, Hosocubupck, Poccus
Hosocubupckuli eocydapcmeeHHbili yHugepcumem, Hoeocubupck, Poccusi

Yckoputernb-TaHgeM ¢ BaKyyMHOW Usonauuen npeanoxeH, co3faH u SBrsieTca OCHOBHOM YacTbio
YCKOPUTENBHOro NCTOYHMKA HenTpoHoB VITA B MAD CO PAH, nsHavanbHO HanpaBrieHHOro Asis
pelweHns 3adayn Co3JaHWsA YCKOPUTENbHOIO WCTOMHMKA HEWTPOHOB AN  KIWUHUYECKOro
npumMmeHeHna metoga 6op-HenTpoHosaxBaTHon Tepanum (BH3T). Ha Bbixoge mn3 yckoputens
nony4arT MOLUHbIA CTaLMOHAPHbBIA NYYOK MPOTOHOB UK OENTPOHOB C 3HEPrnen B auanasoHe
0,1-2,3 M3aB u Tokom ot 0,5 go 10 MA.

B HacTosilwee Bpemsi paspabaTbiBaeTcsl KOHUEMUUA YCKOPUTENbHOMO MCTOYHWKA HEWTPOHOB
Tpetbero nokonenus VITA-IIl ana BHegpeHus B OHKonorndeckme ueHTpbl. OHa cocTouT B
YKOPOYEHUN ra3oBon 064MPOYHOM MULLIEHN, AOOABNEHMM CEAbMOro YCKOPSHOLWLEro aneKkTpoaa,
oxnaxgeHnn guadparmbl  BbICOKOBOSIbTHOrO  3fekTpoga W MoAepHusaumm  BXOAHOW
ANarHoCTUYECKOM KamMepbl C BO3MOXHOCTbIO nepemelleHns anadparmbl U M3MEHEHUST ee
noTeHUnana ansa sameaneHns NHXeKTUPYEeMOoro nyyka MOHOB.

YKopoyeHHas rasoBas o0aMpoYHas  MUWEHb  YMEHbLUAeT MUHUMAarnbHbIA - guameTp
BbICOKOBOJSIbTHOIO 3f1eKTpoAa, YTO MOTEHUuanbHO AenaeTt yckopuTenb 6oree KOMNakTHbIM U
AaeT BO3MOXHOCTb A06aBUTb OOMH BbICOKOBOSbTHBIA 3a30p AN YBenM4YeHUst CTabunbHOCTU
paboTbl He yBenuyuBas rabaputbl BakyyMHoro 6aka. Npn aTom gnameTtp rasoBon o6aAnpoYHOM
MULLEHN TaKKe YMEHbLUEH AN COXPaHEHUS NNOTHOCTU aproHOBOW MuLLeHW. NMpuHyanTensHoe
oxnaxgeHuwe gmadgparmMm BbICOKOBOSIbTHOIO 31EKTPOAA U CaMoro anekTpoga no3sBonseT CHU3UTb
ero Temnepartypy, 4YTO yMEHbLUaeT BeNUYMHY HexXenaTeslbHbIX TEMHOBbIX TOKOB, CHWXaeT
BEPOSITHOCTb 3aXWUraHUs LYyrM U BbICOKOBOSbTHbIX NPOGOEB W NO3BONSAET YBENUYUTb TOK
nosiy4aemoro nyyka npoTOHOB. [1peaATOPMOXEHUE WHXEKTUPYEMOro My4yka WMOHOB CHMXaeT
YyBCTBUTESNBHOCTb YCKOPUTENS K TOYHOCTU MOHHO-OMTMYECKOro TpakTa U AaeT BO3MOXHOCTb
POKYCUPOBKM MyyKka MPOTOHOB, B TOM 4ucne v npu 6osiee HU3KOM, 4eM ONTUMaribHOM,
noTeHumane BbICOKOBONbTHOIO anekTpoaa.

B poknage npeactaBneHbl U obcyxaaloTca pesynbTatbl NPeasioKEeHHbIX U B BonbLUEn YacTu
NPOBEPEHHbIX MOAVdUKALUUIMA OTAESNbHbIX Y3N0B yCKOpUTENa-TaH4eMa ¢ BakyyMHOW U30NAUMnN U
aenaetcsa BbiBo4 00 MX MPUMEHUMOCTM AN ycTaHoBKM VITA, ucnonb3yemMonm ASis1 HayYHbIX
nccneposaHui, n yctaHoBknm VITA-Ill, paspabaTbiBaemMon AN OCHALLEHUSA OHKOMOrMYeCKMX
KITUHUK.

duHaHcupoBaHue: MccnegoBaHme BbINOMHEHO 3a cveT rpaHTa Poccunckoro HaydHoro cdoHaa (npoekt Ne 26-12-
00020)



Cemu-3asopHbin yckoputenb VITA-II

N.H. CopokuH, C.HO. Tackaes
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Hosocubupckut eocydapcmeeHHbili yHugepcumem, Hosocubupck, Poccus
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B WHctutyte sapepHon dusmkn CO PAH npegnoxeH, paspabotaH M (YHKUMOHUPYET
YCKOPUTENbHbIM  UCTOMHUK HenTpoHoB VITA, Bkmwovawwmn B cebs anekTpocTaTUyecKun
TaHAEMHbINA YCKOPUTEND 3apsiKEHHbIX YacTUL, OPUrMHaNbHON KOHCTPYKLUNN (yCKOpUTENb-TaHAEM
C BaKyyMHOW wu3onaumen), NUTUEBYD HEWTPOHOTEHEPUPYIOLLYIO MULIEHb W psad CUCTEM
dopmMMpoBaHNSA Nyvyka HENTPOHOB. YcTaHoBky VITA Ha nnowagke MWHCTUTYTa akTMBHO
NCnonb3yT Ans pasBuUTUS MeToaukum Oop-HenTpoHo3axBaTHon Tepanuu (BH3T) mn gpyrux
npunoxenun, ycraHosky VITA-lla B BH3T ueHTpe rocnutans r. CambeiHb (Kutan) ¢ 2022 .
NCNONb3YyT ANs KIMHUYECKUX ucnbiTaHui metoauknm BH3T, ycraHoeky VITA-IIB B HMUL
oHkonormm mm. H.H. brnoxuHa MuHsgpaBa Poccum B MockBe nnaHupytoT ¢ anpens 2027 r.
NCNonb30BaTh 4115 KIMHUYECKNX UCNbITaHU B Poccuu.

B noknage aHanusnpyoTcs peLleHns, peann3oBaHHble B yCTaHOBKaxX ANg nonydeHus Tpebyemon
3HEeprum ny4yka npoToHOB B parnoHe 2,3 MaB, obcyxpatoTca pesynbTaTbl MNPOBEAEHHbLIX
nccrnegoBaHnn U NpeasiaraeTca B cnefyowen Bepcun yCKopuTenst BMECTO LLIECTU YCKOPSHOLMX
3a30pOB UCMNOSb30BaTb CeMb 6e3 yBenuyeHns rabapuToB yCTaHOBKMW.



OueHKa TOKCMYHOCTU U HaKOMJeHUA NINTUA Xnopuaa B 3IKCNepuMeHTe in vitro ana nutumn-
HEeUTPOHO3axBaTHOM Tepanuun

AW. KacaTtosal?, 10.C. Tackaea'?, P. An6%3, K.C. KyabmuHa?3, C.}O. Tackaes?, H.I. BraTosa'

1 Hay4Ho-uccnedosamenbcKull UuHCmumym KuHUYecKoU U aKkcrnepumeHmarsHoul fumgponoauu — ¢punuan OUL|
ULjul” CO PAH, Hoeocubupck, Poccusi
2 UHcmumym sidepHol ¢pusuku um. I". Y. Bydkepa CO PAH, Hosocubupck, Poccus
8 Hoeocubupckuti 2ocydapcmeeHHbill yHusepcumem, Hoesocubupck, Poccusi
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Bop-HenTpoHo3axBaTHas Tepanus (BH3T) npeacrtaensetr cobon WMHHOBAUMOHHBLIA OUHAPHBIN
MeTO[ JleYeHUs 3MnoKa4yeCTBEHHbIX HOBOOOpa3oBaHWM, OCHOBaAHHbIM Ha u3bupaTeribHOM
HakonneHun ctabunbHoro n3otona 6op-10 B onyxoneBbIX KNeTkax ¢ nocneaywmum odnyyeHmem
Ny4KOM TenmnoBbIX HEUTPOHOB. HecMoTps Ha knuHuyeckne ycnexn, BH3T umeeT orpaHnyeHns,
BKMOYas MWCMyCKaHWEe raMMa-kBaHTOB, YHOCALWMX YacTb 3Heprun, u HeobxoamMmocTb
BbICOKOCENEKTUBHbBIX HOocuTenen Gopa. CTtabunbHbIi M30TON NUTUK-6 paccmaTpuBaeTcs Kak
nepcrnekTMBHas anbTepHatMBa 6opy-10, nockonbky sagepHas  peakums  SLi(n,a)*H
XapakrepuayeTcs BABOe OOMbLUMM 3HEProBblAeNeHNEM U OTCYTCTBMEM COMYTCTBYIOLLEro ramma-
M3NyYeHUsa, YTO TeopeTMyeckn MoBblaeT IPPEKTUBHOCTbL Tepanum WU CHUXaeT
Hecrneunguyeckoe BO3ZeNCTBME Ha 340poBble TkaHu [1,2]. Llenbio paboTbl siBAsinacbk oueHka
UMTOTOKCUYHOCTU M HaKOMMeHus nutna xnopuga, oboraweHHoro nerkmm msotonom (°Li), B
3KCNepuMeEHTE in Vitro Ha pasnNUYHbIX KNETOYHbIX NMHUAX (aepManbHble grnbpobnacTbl YenoBeka
DF-1, kneTtknm wMblwuUbl KOHEYHOCTM pJomoBon wMbiwm C2C12, kneTkn 3MOpUMOHanbHOM
pabaomunocapkombl Yenoseka RD u kneTku rmmobnactomel Yenoseka T98-G) npm nomowm MTT-
TectTa M aTOMHO-3MUCCUOHHOW CMNEKTPOMETPOMETPUM C MHOYKTUBHO-CBSI3AHHOW MNfia3mMoMn.
lMoka3aHo, YTO KOHUEeHTpauna 6 MM xnopuaa nutns-6 asnaetca 6e3onacHom B TedeHne 24 yacos
NMHKyOaumn, npu npoaneHnn nHkybauum oo 48 yacos BbbkMBaeMocTb krnetok DF-1, RD n T98-G
cHmxaeTca npumepHo o 80% (p<0,05). HakonneHue nutusa sapbuposasno ot 0,04 mkr/10° kneTok
(C2C12) po 0,09 mkr/10¢ knetok (DF-1), coctaBus okono 0,07-0,08 B T98-G mn 0,06 mkr/10°®
knetok B RD. Bpems uHkybauumn (o1 2 oo 24 yacoB) He oKasblBano CTaTUCTUYECKU 3HAYMMOTO
BNIUSIHWS HA YPOBEHb HAKOMMEHNSA NINTUS HU HA OAHOWN N3 KNETOYHbIX NIMHUIA. 3adKCMpoBaHHbIE
B HaweM uccnegoBaHUMM nokasaTenu akkyMyrnsaunmm nUTUS HaxoAATCA Ha CXOXeM YPOBHe C
COOTBETCTBYHOLUNMM 3HAYEHMAMM Ans Bopa npu npuMmeHeHun Bopkantarta, NPUMEHSBLLETOCS B
page KMMHUYEeCKNX nccriegoBaHun.

®uHaHcupoBaHue: PaboTa BbINONHEHa B paMkax rocygapcteeHHoro 3agaHms HUMKAI — cdunuwan UUulr CO PAH
(Ne FWNR-2025-0016).

Cnmcok nutepatypbl:
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ISBN 978-5-9221-1979-5.
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B HacToswen paboTte B nporpammHon cpege Geant4 cosgaHa pacyéTHasi 4o3nMeETpuyeckast
MoAesib NS MiaHUPOBaHUA U ONTUMMU3AUUM NPOTOKOSIOB AOKIMHUYECKUX in Vitro u in vivo
nccnepgosaHnn BH3T Ha yckopuTenbHOM UCTOYHUKE HenTpoHoB VITA (MA® CO PAH, .
HoBocubupck). B  pamkax paboTbl co3gaHa UM BepuuuupoBaHa  reoMeTpus
HenTpoHoreHepupylwen cuctembl ycrtaHoBkr VITA n  paspabotaHa 6ubnuoTteka
AeTanu3npoBaHHbIX MPOrpamMMHbIX (PaHTOMOB BMOSTOrMYyecknx OB6BLEKTOB PasfMYyHOrO YpPOBHS
OopraHuM3aumn: KrneToYHbIX KyrbTyp, MeNKux nabopaToOpHbIX rPbI3yHOB (MbIWEN U KpbIC) W
AOMALLHMX >XMBOTHbIX CO CMOHTaHHbIMU OnyxonsiMu (napameTpu3oBaHHbIN (PaHTOM rOMOBbI
Kowkn). [Ons kaxgoro daHToma npoBedeH pacyeT [A030BblX Harpy3oK Mpu KOHTPOSbHbIX
cueHapuax 06nyyYyeHuns, aHanorMyHbIX NPOBOAMMbIM Ha UCTOYHMKE HenTpoHoB VITA.
OKcnepMMeHTanbHO U TEOPETUYECKN NOATBEPXKAEHO, YTO 3ameanutens Poly-Biz TonwmHon 72
MM obecneynmBaeT CHUXEHUE UHTEHCUBHOCTW NMOTOKa Y-U3ny4eHus B 2,5 pasa no cpaBHEHUIO C
PMMA, yto genaet ero ontumarnbHbiM Ans nposegeHns bBH3T Ha Buonornyecknx odbbekrax. [ns
in Vivo nccrnegoBaHui Ha Mbllax paccymTaHa KoHdurypaums ¢ gobasneHmemM nonmaTUeHoBbIX
paccemBaTenen, MO3BOMSAKOLWAA MOBLICUTL TepaneBTUYEeCKUn KoaddpuumnmeHT Ha 27% no
CPaBHEHWIO C KOHTPOJSbHbLIM CLIEHapUeM.

[Onsa napameTpuM3oBaHHOrO (paHTOMa TrOSfIOBbl KOLWKW C OMNyXOSibld MO3ra pacCMOTpeH
peanucTUYHbIN cueHapuit Oobny4YeHuss C rpagMeHTOM KoHueHTpauuu °B, umMutupylolwmm
HakonneHue [o3006pa3syroLLero areHTa B Criydae rimoMbl BbICOKOM CTEMNEHN 31T0Ka4eCTBEHHOCTMU.
PaccumMTaHHbIn TepaneBTUYECKU KOIUUMEHT cocTaBun kgyer = 7,21 £ 0,16, 4TO Takum
obpa3om noaTBepXaaeT BbICOKY0 cenekTnBHoCTb BH3T B pacCMOTPEHHbIX YCIOBUSIX.
PaspabotaHHaa fosumeTpudeckas Moenb obecneymBaeT MNOBbILWEHWE [OCTOBEPHOCTUM U
BOCNPOM3BOANMOCTN [OKMMHUYECKUX WCCeoBaHUW, pauuoHanbHbIn nogbop napameTpos
obnyyeHuns, CokpalleHne BPEMEHHbIX UM BblYUCAUTENbHbLIX PECYPCOB, a Takke cnocobcTByeT
YCKOp€eHUIo BHeApeHus TexHonormn BH3T B KNMHMYECKYIO NPaKTUKY.
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