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MexnyHapoaHas HayuHast KoH(epeHIus «/IHHOBAIl[MOHHBIC TEXHOJIOTHH SIICPHOI Me-
JIIAHBI U JTy9eBOI JMArHOCTHKH W Tepamuny, MeXIyHapoaHas MOJIOJCKHAS IITKOJa
«/IHHOBAIIMOHHBIC SIJIEPHO-(PU3NUCCKHE METOIBI BBHICOKOTCXHOJIOTUYHOW MEIHIIUHEI.
IIporpamma. Coopruk Te3ucoB. Mocksa. DUAH, HUSIY MU®DU. 2024.— 136 c.

MexyHaponHas HaydHast KOH(epeHIms «/HHOBaIMOHHBIE TEXHOJOTUH SICPHOU Me-
JULIHBI U JIy9eBOU JHArHOCTUKU U Tepanum» U MexIyHapoaHas MOJIOJEKHAs IIKOJIa
«VIHHOBAIlMOHHBIE SAEPHO-(U3NUECKUE METOIBl BBICOKOTEXHOJIOTUYHON MEIUINHBD)
MPOBOJATCS C IENbI0 peanu3anuy Npoekra «Pa3paboTka HOBBIX TEXHOJIOTHH JHATHO-
CTHUKHU H JIy4eBOH TepalMu COIMAIBHO 3HAYMMBIX 3a00J€BaHMIl IyYKaMd HPOTOHOB U
HOHOB C VICHIOJIb30BaHHEM OWHApHBIX siepHO-(pu3nmueckux mMeronoB» B pamkax GHTII
«Pa3BuTHE CUHXPOTPOHHBIX U HEHTPOHHBIX MCCIICNOBAHUI U HCCIEOBATEIbCKON MH-
¢dpactpykrypst Ha 2019-2027 rr» npu nonuepxke Munoopuayku Poccun.

Te3ucel n31at0TCs B aBTOPCKOM pelakuuu
ISBN 978-5-7262-3105-1 © ®wuznueckmit mHCTHTYT WM. I1.H. JleGenera

PAH, HaunoHanbHbIH HCCIEN0BATENLCKUN SAEP-
HbIH yHUBepcuTeT «MU DNy, 2024



MexayHapoaHasi HAy4Hasi KOH(epeHIus
«/IHHOBalLlMOHHBIE TEXHOJIOTMHU SAePHON MeJUIIUHBI U JIy4YeBO
AHATHOCTHKHU U Tepamum»

B 2024 ronmy Il Mexnynaponuas Hay4Has KoH(pepeHIus «/HHOBaIlMOHHEIC
TEXHOJIOTHH SAAEPHON MEIMLUHBI U JIy4€BOW NUATHOCTUKU M TEPAIHU» IIPOXO-
qut B pamkax 11 MexnayHapoanoro ®opyMa Ipupoaonog00HbIX TEXHOJIOTHH,
opranuzyemoro HUII «Kyp4aToBcKuil HHCTUTYT.

KondepeHuus npoBoanTCs ¢ LeNbI0 peanu3anuy npoekra «Pa3paboTka HOBBIX
TEXHOJIOTHH TMarHOCTHKH W JIy4eBOIl Tepanuu COIMAIBHO 3HAYMMBIX 3a0o0Jie-
BaHUM Iy4KkamMHM NPOTOHOB U HMOHOB C MCIOJb30BAHHEM OMHAPHBIX AIEpHO-
¢usnueckux wmeromoB» B pamkax DHTII «Pa3BuTHe CHHXPOTPOHHBIX U
HEHTPOHHBIX MICCIICIOBAHUIN U HCCIE0BaTeNBCKON HHMpacTpyKkTypsl Ha 2019-
2027 rr» npu nonaep:xkke MunoOprayku Poccum.

TemaTuka KoHdepeHun nocssiieHa saepHo-(Gpu3n4ecKkuM MeTo1aM B sIIEpHOM
MEIUIMHE, JTYy9eBOW ANarHOCTHKE W Tepanuu, HAHOOMOMEIUINHCKUM TEXHO-
JOTUSAM JUArHOCTHKH, OWHApHBIM TEXHOJIOTHSIM CEHCHOWIM3AINH, COYCTaH-
HBIM TEXHOJIOTUSAM JIydeBOH Teparuy, MaTeMaTHYeCKHUM METOAaM MOJeIHpO-
BaHUS POCTA 3JI0KAUYECTBCHHBIX HOBOOOPa30BaHUIl, ONTHUMM3ALUHU DPEKUMOB
NPOTOHHON M WOHHOI Tepamnuu, MPOTOHHOW TOMOTpaduy, TEXHOJIOTHSIM MO-
JIEPHU3ALMY KOMIIJIEKCOB IIPOTOHHOW U MIOHHOM Te€panuu.

Opranusartopsl:

* HUII «KypyaTOBCKHI1 HHCTUTYT»

» Ousnveckuit maCTUTYT UM. [1.H. JlebeneBa PAH

* HaunonanbeHbIi vccnenoBaTenbekuil suepHblidi yausepeuter « MUDN

* HaunoHasbHbIM MEIUIMHCKUN UCCIIE0BATENbCKUN LEHTP paauoaoruu Mus-
3npaBa Poccun

Basknas undopmanus

Mecro npoBeaenus: HUL «KypuaTtoBckuit HHCTUTYT» 1 PU3NUECKUI HHCTH-
tyT M. [1.H. Jlebenesa PAH

Hartel nposeaenust: 21 — 23 oktsi6pst 2024 rona

dopmaT NpoBe/IEHNU OYHBIM C BO3MOXHOCTBIO OHJIAWH MOAKITIOUEHHUS
Pabouwnii s36IK pycCKUil U aHTTTHHCKUH

Caiit meponpustus: https://protonconf.lebedev.ru
KonTaktsl Oprkomuterta: protonconf@lebedev.ru




MexayHapoaHasi MOJIOAEKHAS LIKOJIA
«/HHOBaLMOHHBIE s1/1epHO-PU3NYECKHEe MEeTOAbl BbICOKOTEXHOJIOTMYHOM
MeIHLMHBI»

VI MexnynaponHas wMonoaé&xHas mKona «VIHHOBalMOHHBIE —SAEPHO-
(u3HUecKre METOMBI BBICOKOTEXHOJIOTHYHON MEIUIMHBI) MPOMOIDKACT UK
IIKOJI B paMKax peajn3aluu NpoekTa «Pa3paboTka HOBBIX TEXHOJIOTMH JHa-
THOCTUKH W JIy4eBOH Tepamuy COLMAIbHO 3HAYMMBIX 3a00JIEBAaHUH NMPOTOH-
HBIMM ¥ HOHHBIMM @y4KaMH C HCIHOJIBb30BaHHEM OWHApHBIX SIIEPHO-
¢usmyeckux MetonoB», peannzyemoro npu mojuepxke GHTII «Pa3urue
CHHXPOTPOHHBIX W HETPOHHBIX MCCIICIOBAHUI U HCCIIEI0BATENLCKON HHppa-
CTPYKTYpbI» MunoOpHayku Poccun.

Tema VI Ilxonsr: «CoBpeMeHHBIE sSOCpHO-GU3NICCKAE METOABI THATHOCTH-
KH».

Ha VI IlIxone akmeHT OymeT clesiaH Ha METOJaX AWArHOCTHKH 3a0oJeBaHUN
(OHKOJIOTHYECKUX, KapIHOJIOTHICCKUX, HEBPOJIIOTHYECKUX U IIp.), Oasmpyro-
MUXCS Ha SIIEPHO-(QPU3MIECKUX OCHOBAX BO3ACUCTBUS MOHU3UPYIOIINX H3ITY-
YCHUH, TIOTOKOB 3apsKCHHBIX YaCTHUIl Ha OOBEKThI )KUBOH MPUPOIBI: KOMITBIO-
TepHasi ToMorpadusi, MO3UTPOH-IMUCCUOHHAS TOMOTpa(us 32 CUCT MOJOKH-
TEJNLHOTO OeTa-pacmaga, SMUCCHOHHAs TOMOrpadus 3JCKTPOHOB OTPHUIATEIb-
Horo Oera-pacmajia, SMUCCHOHHAs TOMOTpadusi raMMa-pagloakTUBHBIMU Be-
IIeCTBAMH U JIp.

Jlextops! LlIkonbr — Bemymue poccuiickue U 3apyOeKHBIC YUCHEIE.

[IIkona paccuuTaHa Ha MOJOJBIX YUCHBIX, ACMUPAHTOB, CTYICHTOB MarucTpa-
TYpHI, CTICIIHATUTETa 1 OaKalaBpHaTa, MKOJIHHUKOB/

Opranusartopsl:

* HUII «KypyaTOBCKHI1 HHCTUTYT»

» ®usnueckuii uHCTUTYT UM. [1.H. Jle6enera PAH

* HanmonanbHbI Mccaen0BaTeNnbekuil auepublii yausepcuter « MUDI))
* HanmoHasbHbI MEIUIMHCKUN UCCIIEN0BATENbCKUN LIEHTP paauoaoruu Mus-
3apasa Poccun

Basknas undopmanus

Mecrto nposenenus: @usndeckuit uactutyT UM. I1.H. Jlebenea PAH
Hatel npoBenenust: 24 — 25 oktsi0ps 2024 rona

®dopmar NpoBeCHHS OUHBIN C BO3ZMOKHOCTBIO OHJIAIH MOJKIIOUEHUS
Pabouwnii s3bIK pycCKuil U aHTTTMHCKUH

Caiit meponpustusi: https://protonschool.lebedev.ru/
KonTaktsl Oprkomuteta: protonschool@lebedev.ru
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IMPOT'PAMMA
111 Me:xxagynapoanasi HayYHasi KOH(pepeHuus
«/HHOBAaNIMOHHBbIE TEXHOJIOTHH SIACPHOI MeTUIUHBI M Jy4eBOH J1HArHO-
CTHKM U Tepanum»
B paMKax
II MesxxaynapoaHoro (popymMa npupoaonoI00HbIX TEXHOJIOT Hil
HMUII «KypyaToBCKHMii HHCTHTYT)

21 oxkmsaops, llonedenvrnux
HHI] «Kypuamosckuii uncmumymy
Jom yuénuvix um. A.Il. Anexcanoposa, yn. Pozoea, 0.1
09.00 - 12.00 Perucrtpanyst y4acTHHKOB U roctel popyma
[TpuBeTcTBEeHHBII KOde-Opeiik
(dotiie Toma YuéHbIx)
10.00-11.30 IlmenapHuas ceccus «['eHeTHYEeCKHE TEXHOJIOTHH B GHOMEIH-
HHHe: HACTosIIIee U Oyaymiee»
Mooepamop: Boponyosea M.B.
(Tmomrams Ax. Kypuartosa, .1, Kpyrisrii 3aim)
12.00 - 14.00 Mnenapuas ceccusi «bMoOIKOHOMHUKA)
Mooepamop: Kosanvuyx M.B.
(AxToBbIi 321 JloMa YUEHBIX)

21 okTs0ps mpenycMOTpeHa 3KCKypCHOHHas TporpamMma B (opmare mnocere-
HUs BeIcTaBKH [lomurexnndeckoro myses B HULL «KypuaToBckuit HHCTUTYT»
(dom Ywuensix uM. akagemuka A.Il. Anexcanaposa, Ctymus 30X, Cryaus
3HaHuii, T.MockBa, yi. Porosa, 1.1). BeictaBka pabotaet ¢ 09.00.



9.00-10.00
10.00 - 10.30
10.30-11.00
11.00-11.30
11.30-12.00
12.00-12.30
12.30-13.00
13.00 - 13.30
13.30 - 15.00

22 okmaopsa, Bmopnuk
Kondgpepenuy-3an ®HAH
Mockea, Jlenunckuii npocnekm, 53
Pecucmpayus ywacmnuxos
Ceccusa 1. Pe3ynomamul peanuzayuu npoexmog 6 oonacmu
A0epHOU MeOUYUHbI
Ilpeoceoamenv — B.A. Patos
3asecmosckan Hpuna Hukonaeena
HUIL «Kyp4aToBCKHI1 HHCTUTYT»,

Ouznyeckuit uHCTUTYT UM. [1.H. JleGenea PAH
Anepnas meanuuna B HUIL «KypuyaToBcKHii HHCTUTYT»:
COBpPEMEHHOE COCTOSTHUE U MepCleKTHBA
Jeee Cepzeii Muxaiinoeuu
HUBX PAH, HUIT «KypuaTOBCKUI HHCTUTYT»
AnpecHbie MoJiekyJibl 11 P@OJIIL: coBpeMeHHbIe TPeHIbI H
nepcrneKTHBHbIE HANPABJICHHSA
Pymanuee Ilasen Onezosuu
I'pynna komnanuit «Moit Menununckuit Lientp»
KiuHnveckue npuopuTeTsl B pa3BUTHU S1CPHON MeAHIU-
HbI M TEPAHOCTHKH
Kode-0peiik
Konoboe Anopeit Bnaoumuposuu
Ommueckuit nHCTUTYT M. [1.H. Jlebenesa PAH
Pa3padoTka HOBBIX TEXHOJOIH AUATHOCTHKHU M JIy4eBO#
Tepanuy COUATBHO 3HAYMMBIX 3200/1eBaHNii MPOTOHHBIMH
M HOHHBIMM IYYKAMH € HCMO0JIb30BaHHeM OMHAPHBIX si/1ep-
HO-(U3NYEeCKUX MEeTO10B
Koneseza Anopeii Jleonuoosuy
[TeTepOyprekuiit MHCTUTYT siAEpHON PH3UKH
uM. B.I1. KoncrantinroBa HULL «Kyp4uaToBCKuil HHCTUTYT»
Pa3paborka pagnodgapmManeBTHYECKUX JIEKAPCTBEHHBIX
NpenaparosB HA OCHOBE M30TONOB TepOust
Damxyounoe Tumyp Xaiicamyounoeuy
HHWU monexynsapHoil u knerouHoit meaununsl PYJTH
Ilepconam3upoBaHHbIe CTPATErHH Je4eHUS] OHKOJIOTHYe-
CKHX 3200JIeBaHNi ¢ IOMOIIbI0 HEHTPOHHOI0 H3/Ty4YeHHil Ha
OCHOBE TPeXMEpPHBIX KJICTOYHBIX MOJIeJIeH OImyXoJiei
Oben



15.00 - 15.30
15.30 - 16.00
16.00 - 16.30
16.30-17.00
17.00-17.30
17.30-18.00
18.00 - 18.30

Ceccus 2. Pesynomamul peanuzayuu npoexmog 8 ooracmu
A0epHOU MeOUYUHbI
Ilpeoceoamenv — A.B. Kono6os

Knenoe I'ennaouii Heanosuu
HUII «KypuaToBCKMI HHCTUTYT»
Kyna BeayT 10poru npoToHHO# Tepanuu
Tackaee Cepezeii IOpvesuu
WnctutyT snepuoit ¢pusuku um. I.U. Byakepa CO PAH
Bop-HeiiTpoHo3axBaTHas Tepanus
Camoiinoe Anexcanop Cepzeeeuu (OHIANH)
®OenepanbHBI MEIUITTHCKANA OHO(PU3UIESCKUHN IEHTP

uM. A.W. bypnazssna ®MBA Poccuun

OnbIT U NepcHeKTUBbI Pa3BUTHS 00P-HEMTPOH3aXBaTHOM
Tepanuu
Kode-0peiik

Cmaniicesckuii Anopeii Anexceeeuy

Poccuiickuii Hay4HbIi HEHTP PAJUOJIOTUU U XUPYPIUYECKUX
TeXHOJIOTuil nMeHu akagemuka A.M. ['panoBa
Munsgpasa Poccun
TepanocTHKa OHKOJIOTHYECKHX 3200/1eBaAHNIi: BO3MOKHOCTH
M NePCleKTUBBI
Yepnos Bnaoumup Heanosuu

ToMcknii HalIMOHAIBHBIN UCCIIEA0BATEIbCKUI MEIUIIMHCKUN

ueHTp Poccuiickoii akaiemMun Hayk,

HUL «Kyp4aToBCKHl HHCTUTYT»
HNunoBanuoHHBIE pagnodapMnpenaparsl A1 THATHOCTHKHA
U JIeYeHHUsl 3J1I0Ka4YeCTBEeHHbIX HOBOOOPAa30BaHUI
Anwenec Anekceii Apkadvesuu
HauunonaneHblif MEJUIMHCKUHN HCCIEA0BATENLCKUN LIEHTP
Kapauosioruu uMeHu akajgemuka E.M. Yazosa
Munsgpasa Poccuu
Tekylee cocTosiHMe M MOTPEOHOCTH paguopapMaleBTUKH
JUIA siiepHO#i kapauosaoruu B P@



9.00-10.00
10.00 - 10.30
10.30-11.00
11.00-11.30
11.30-12.00
12.00 -12.30
12.30-13.00

23 oxkmaopsa, Cpeoa
Kondgpepeny-3an ®PHAH
Mockea, Jlenunckuii npocnexkm, 53
Pecucmpayus ynacmnukos. Pecucmpayusa nocmepos. Pazmwewe-
HUe NoCmepo8 Ha chieHoe.

Ceccus 3. Paszsumue a0epHoii mMeOuyunbvl. pecuoHAIbHblE KId-
cmepul 8 Poccutickoii @edepayuu u CHI'.
Ilpeoceoamensy — H.H. 3asecmosckasn
Ilaenoe Banenmun Hukonaesuu
Bamkupckuii rocy1apcTBEHHbBIN MEIULMHCKUN YHUBEPCUTET,
Ya
IlepcnekTHBBI cO31aHMS HAYYHO-TIPOM3BOJICTBEHHOI0 LIeH-
Tpa sigepHoii MenuuuHbl B ®I'BOY BO «bamkupckuii roc-
YAapCTBEHHBIH MeIMUMHCKUI YHUBepcuTeT» MuH3IpaBa
Poccun
Yoanoe IOpuii /Imumpueeuy (oHnaiiH)
®DenepalbHBII HAYYHO-KIMHUYECKUNA LEHTP MEIULIMHCKON pa-
nuosnoruu U oukonoru ®MBA Poccun, lumutposrpan
Snepunas meqununa B cucreme ®MBA Poccun:
TeKyllee COCTOsIHME U NePCIIeKTUBbI PA3BUTHSA
3vipanoe Cmenan Cepzeesuy
VYpansckuii (heaepanbHbI YHUBEpCUTET HMEHH mepBoro [Ipesu-
nenta Poccuun B.H. Enbiuna, MHHOBaIIMOHHO-BHE IPEHUECKUIA
ueHTp «LIuKI0TpOHHBINA UEHTP AAepHON MenuuuHb», Ekare-
puHOYpT
IUKIO0TPOHHBIH LHEHTP s1ACPHOH MeIMIHMHbI YPaJIbCKOI0
(enepabHOro yHMBEepCcHTETA
3asvanoe Eezenuit Jleonudosuu
Poccuiickuit HallMOHANBHBIN LIEHTP TEHETUYECKUX PECYPCOB
nabopaTopHBIX JKUBOTHBIX Ha 6a3ze SPF-suBapus ULul" CO
PAH, HoBocubupck
Mopesau naTon0ruii 17 in vivo uccjefoBaHui U JOKJIUHM-
YeCKHUX MCNbITAHMI paguogapManeBTHYECKUX PENapaToB
B Ulul’ CO PAH
Kode-Opeiix
Tuwenxko Buxmopua Koncmanmunosna
MPHI] um. A.®. [{p16a - puman PI'bY «HMULL pagnonorum»
Munzapasa Poccun, OGHHHCK
Pa3paborka Taprernsix paanopapmnpenaparos 8 HMHUIL
PaaAnoJIOTHHU: HACTOsIIEee U OyayLuee
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13.00 - 13.30

13.30-14.00
14.00 - 16.00
16.00 - 16.10
16.10 - 16.20
16.20 - 16.30
16.30 - 16.40
16.40 - 16.50

Ilonoe Anmon Jleonuoosuu
WUT3b PAH, [Tymmao, ®UUAH, Mocksa
Pa3paborka HOBOro KJjIacca HAHOPAAMOCEHCHONIM3ATOPOB
JIJTs1 aIPOHHOI Tepanuu: in vitro uccjieroBanus
Ycoé Braoumup FOpvesuu
HMMUI] um.ax. E.H.Memankuna Munsapasa Poccuu, HoBocu-
Ompck
Tanauii — 199 xJI0puA B BU3YAJIH3ALNHU 3J10KAYeCTBEHHBIX
HOB0OOOpa3oBaHMii Jérkoro: 6moduznyeckne U KINHUYE-
CKHe aCNeKThI
Ceccus 4. Ilocmepnas ceccus. Konkypc nayunvix Mono0eicHbix
pabom. Paboma oyenounoti komuccuu.
IIpeoceoamens — O.B. Poouonosa, A.A. @pona
Ob6en
Ceccus 5. Monooesicnas Hayunas cekyus no 10epHol MmeouyuHe
IIpeoceoamenv — M.IO. Azapkun, E.B. bapmuna
Kucenee Bacunuii Anexceesuu
®denepanbHbIi HAYYHO-KIMHUYECKUA HEHTP MEIULIMHCKON pa-
nuosnoruu ¥ oHkosnoruu ®MBA Poccun, lumMutpoBrpan
HccnenoBanue GusnyecKux napaMeTpoB My4Ka CHCTEMbI
NMPOTOHHO# Tepanuu
Hkoenee Hean Andpeesuu
WuctutyT sinepubix uccnenosanuit PAH, Mocksa
Pa3paboTka JiyueBoii yCTAHOBKHM KOMILIE€KCA MPOTOHHOM
Tepanuu MU PAH
Hempyus /Imumpuii Cepzeesuu
Omnueckuit nuctutyt uM. I1.H. JlebeneBa PAH, Mocksa
HMUII «KypuaToBckuii HHCTUTYT», MOCKBa
OnTuMHU3anMs peKNMOB 00J1y4eHHUs B TEXHOJIOTHAX MPo-
TOHHOI M HeHTPOH-3aXBATHOI Tepanyuu ¢ UCNOJIb30BaHHEM
3(ppeKTUBHBIX HAHO(OPMYIALMIA
Komenvnukoea Ionuna Anexcanoposna
NBX PAH, ®M1AH, MockBa
DYHKIMOHAIH3ANNA HAHOYACTHII JIsI ATPECHOH T0CTABKH K
ONMYXO0JIEBBIM KJIETKAM
T'uneeckuit Imumpuit Anexceeeuy
OMBI] um. A.U. bypnazsna ®PMBA Poccun, Mocksa
MartemaTnyeckoe MOJ1eJIMPOBAHNE NPOCTPAHCTBEHHO-
BPeMEHHOI0 pacnpeaeieHusl pagnoCceHCHOUIN3aTOPOB B
COJIMIHBIX OMYXOJISIX

10



16.50-17.10

17.10-17.20
17.20-17.30
17.30-17.40
17.40 - 17.50
17.50 - 18.00
18.00 — 18.30

Kode-Opeiik
bezymosa Enuzaeema Bumanveena
«HMMULI onkonorun uM. H.H. bioxuna» Munzapasa Poccun,
Mockaa
[porpammsl akkpeguranuu II3T-uentpos B mupe u Poc-
CHHU: CTAHJAPTHI, NPAKTHKHU U NepcreKTHBbI
Onuwgenko Cogpun Cepzeeena
®enepanbHas CeTh LEHTPOB SACPHON MEIUIIMHBI
«I1OT-Texnonomxu», MockBa
Crnenuduxanun 1.0 1is paspadoTku poccuiickoii nporpam-
MbI FAPMOHH3AIMH NOJIYKOJINYECTBEHHON OLIEHKH NpH
IIIT/KT ¢ P®JIII Ha ocnoBe 18F
byxapoea Kpucmuna Anopeesna
OMBII um. A.W1. bypHa3zsHa, Mocksa
OneHka YyBCTBUTEJBHOCTH H KIUMHUYECKHH ONBIT MCIOJIb-
3oBaHus PerFraction 1,11 He3aBHCMMOI0 KOHTPOJISI O/IBe-
JeHUsl esKeTHEBHOM TepaneBTUYeCKOH 103b1
Hlununoea Examepuna Anexcanoposna
OObenMHEHHBII HHCTHTYT AACPHBIX HccienoBanni, lyoHa
Ouenka ouosnornyeckoi 3ppeKTHBHOCTH PEHTITeHOBCKOI0
U3J1y4eHMs pa3Horo kauyecrsa ¢ nomombio mFISH-ananu3a
XPOMOCOMHBIX a0eppaumii, THAYUUPOBAHHBIX in vitro B
JUM(OLHUTAX YeJIOBeKa
Mapmuinosa Banepus Braoumupoena
Wucturyt saepubix uccnenosannit PAH, Mocksa
YposHu anonro3a u cunte3a JIHK y onyxoJieBbIX 1 HOp-
MAaJbHBIX KJIETOK YeJI0BeKa mocJe (ha3u-06,1ydyeHus: NpoTo-
HAMHM
3axpeiTue KoHpepeHuy. IloaBeneHre pe3ynbTaToB KOHKYpCa.
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IIPOTPAMMA
VI MeskayHapoaHasi MOJTOAEKHAS IIKOJIA

«/HHOBaLMOHHBIE s1/1ePHO-PU3NYECKHEe MEeTOAbl BLICOKOTEXHOJIOTMIHOM

10.00 - 12.00
13.00 - 14.00
14.00 - 14.15
14.15-15.00
15.00 - 15.45
15.45-16.00
16.00 - 16.45
16.45-17.30

MEJIUITMHBID)

24 oxmsaopsa, Yemeepz
Kongpepeny-3an ®UAH
Mockea, Jlenunckuii npocnexkm, 53
DKcKypcus Ha HayuHo-00pazosamensHyo naouadxy Huoice-
HepHo-usuueckozo uncmumyma ouomeouyunovt HUAY
MHU®HU (2. Mockea, Kawupckoe uiocce, 64)
Perucrpanus yyacTHUKOB.
IIpeoceoamenv — M.C. I'puzopvesa, A.A. @pons
IlepeMOHUS OTKPBITHUS
Kopakun Cepezeii Huxonaesuu
MPHI] um. A.®. 1Ip16a - punuan ®PI'BY «HMUL paguonsorum»
Munsgpasa Poccun
TexHOJ10rnU COYETAHHOM JTIy4yeBO Tepanuu.
JKcnepuMeHTaIbHbIE Pe3yabTaThl in Vitro u in vivo.
Ilocmnoe Anopeii Anexcandposuu
HMMUL weitpoxupypruu uM. ak. H.H. Bypnenko Munszapasa
Poccun
@DOTOHBI BLICOKUX HEPTrUil B COBPeMEHHOI MeIUIINHCKOI
auardoctuke: KT, II9T u O®PIKT
Kodge-6peiik
Yepnovix Anexceit Huxonaesuu
HMUII «Kyp4aToBCcKHii HHCTUTYT
IIporonnas syyeBasi repanus B Poccun
JIunenzonvy Anopeit Anexceesuu
HMMUL] onxonoruu um. H.H. broxuna Mun3npasa Poccun
Jo3nMerpnyeckue U pagno0uoaoruyeckne 0Co00eHHOCTH
HelTPOHO3aXBATHOM Tepanuu
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13.00 - 14.00
14.00 - 14.15
14.15-15.00
15.00 - 15.45
15.45-16.00
16.00 - 16.45
16.45-17.30
17.45-18.00

25 okmaopa, [Iamnuya
Kondgpepenuy-3an ®HAH
Mockea, Jlenunckuii npocnexm, 53
Perucrpanust y4acTHUKOB.
Ilpeoceoamensy — H.B. Kapnos, A.B. Pyoutii
BcerynurensHoe cioBo
Tumowenko Buxkmop Opvesuu
MoCKOBCKUH rOCYJapCTBEHHBIN YHUBEPCUTET
uM. M.B. JlomoHOCOBa
HaHOTexH0JI0THH B COBPeMEHHBIX 1epHO-(U3NYECKUX Me-
TOAAX OMOMeIUIMHBI
Paoyesa Mapusa Cepzeesna
Ouznyeckuit uHCTUTYT UM. [1.H. JleGenea PAH
KieTouHble KyJbTYpBI ISl aIPOOALMH METOI0B -
MaJieHbKHe MOMOIHUKH SIIePHO-(U3UYECKOI THATHOCTUKH
Kode-0peiik
Azapxun Makcum FOpvesuu
Ouznyeckuit uHCTUTYT UM. [1.H. JleGenea PAH
MexaHM3MBbl PAIMOCEHCHONIU3ALUM PAKOBBIX KJIETOK K
PagHoOTEpPaNUu ¢ MOMOIIBI0 HAHOYACTHIL
Heopanuuxoe Anopeii Banepvesuu
®epnepanbHbIi HEHTP Mo3ra U HeliporexHojoruii ®MBA
Poccun
IOIT/MPT: Texunyeckne 0cO0eHHOCTH THOPUIHOTO METOAA.
IlepBslii onbIT B Poccun
3axpeiTre mKkousl. IloaBeieHne HToros.

13



IIOCTEPHAA CECCHA
23 okmaopsa, cpeda
Ogepnaiin ceccun

Attvtororcel Kyoep Omaxosuu
Hucmumym obweir pusuxu um. A.M. IIpoxoposa PAH
Laser synthesis of boron nanoparticles for BNCT
Bunnux /lapva Anekceesna
Hucmumym meopemuyeckoil u skcnepumenmanvhot ouoguzuxu PAH
Paspabomxa u uccredosanue buorocuueckol aKMUGHOCMU HAHOYACTUY
@mopuoda nomeyus Kax nePcnekmu8HO20 HAHOPAOUOCEHCUOUNUZAMOPA
Bonxoeé Bnaoumup Buxmopoeuu
HUAY MUDU
Tubpuonvie HaHOMemMKU HA OCHOBE AHUZOMPONHO20 MASHUMHO20 Mame-
puana 0isi 6UOCEHCOPHBIX U AHATUMUYECKUX NPUTLOHCEHUL
Tamoypz Examepuna Bnaoucnagoena
HUAY MUDU, UEX PAH
Hafnium-based metal organic frameworks as targeting drug delivery sys-
tems
T'oeéopoeé Hukonaii /Imumpueeuy
MHUPIA - Poccutickuil mexHonro2uyecKull yHugepcumem
Kapboxcuramuvie npouzgoonvie npupooHuIX XA0PUHOS U ux buosocuie-
cKue ceolicmsd
T'onoeaxuna Anna Bnaoucnasoena
Qunuan « Onxonoeuveckuti yeump Ne 1 I'opodckoii Knunuueckou 00abHU-
yvt umenu C. C. FOouna /lenapmamenma 30pagooxpanenus 2opooa
Mockeviy
CT PERFUSION TECHNIQUE FOR EXAMINING THE HEAD AND
NECK
T'opooey Mapus I puzopvesna
UbXD PAH
T'ubpuonas cucmema Ha 0CHOBE MASHUMHBIX HAHOYACMUY OJisl 0OCMABKU
@omocenceburuzamopa memuienoso2o cunezo 6 kiemxku HCT116
TI'puzopvee Anopeit Anopeesuu
HUAY MUDU
MooenupogaHue menniogvix npoyeccos 6 Meou npu UMNYIbCHOU J1A3ePHOU
obpabomke
Jlemxoea Munena Bnaoumupoena
HUAY MUDU
Anzopummut oopabomku KT u npeobpazosanus popmama DICOM ons
pacuéma 003vl @ NPOMOHHOU Mepanuu
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Juanoe Cepzeii Bukmopoeuu

Braoumupckuii cocyoapcmesennuiii ynusepcumem umenu Anexcanopa
Tpucopwvesuua u Huxonas I pueopvesuua Cmonemoguix

Hcnonvzosanue hemmocekyHOHO20 1a3epHO20 UBLYUeHUs Olisl CUHme3d
HAHOCMPYKMYPUPOBAHHBIX YACMUY BONbPPaAMA

Heanuuyrkas Examepuna Cepzeesna

AO THL] P® — @251

Onmumusayus paouayuoHHOU 3auumsl cOpOYUOHHO20 2eHepamopa pe-
Husi-188 dns s10epHOll MeOUYUHBL MEMOOOM MAMEMAMUYECKO20 MOOETU-
posanus

Kupuuenxo Mapuna Hukonaesna

OUAH

Cropocmb HacvliweHus: 2eMo2n00UHA KUCIOPOOOM KAK MapKep QYHKYuo-
HANIbHO20 COCMOSIHUA IPUMPOYUMOE KPOBU

Knumenko Maxcum Anekcandposuu

Hucmumym buoxumuueckoui pusuxu umenu H. M. Omanysna PAH
Cunmes nonumepuwix Hanoyacmuy c 1,2-ouxapbonriudom kobarema 0s
00p-HeUmpoHO3aX6AMHOU MEPaAnuU 310KA4eCMEEeHHbIX HO800OPA308aHUIL
Koamanoeuu /lanun /lenucoguu

Hucmumym meopemuyeckoil u sxcnepumenmanvio ouogusuxu PAH
Cellular uptake of Ce0.8Gd0.202-X nanoparticles in 2D and 3D systems
based on mesenchymal stem cells in vitro

Koamanosuu /lanun /lenucosuu

Hucmumym meopemuueckoii u sxcnepumenmanvro ouogusuxku PAH
Radiosensitization effect of bismuth-based nanosheets under proton beam
irradiation

Komnapee Cepzeii Anopeesuu

Hayuonanenoiii uccnedosamenvcxuil Tomckuil noaumexHuyeckuil yHugep-
cumem

Paspabomxa nosozo memooda nonyuenus paouogapmnpenapama Ha oc-
Hoge Ra-223 ¢ meduyunckux yensx ¢ ucnoib308aHuem copoyuoOHHbIX CHO-
cobnocmeti oxcuoa anomunus (I111)

Kopomxkoea Haoescoa Anexceeena

HUBX PAH

Buomumempuueckue nanovacmuysi Ha OCHOGE KIeMOUHbIX MEMOPaH 014
00CMABKYU MepanesmuyeckKux a2eHmos

Koweean Examepuna /[Jmumpueena

QOI'BY I'HL] ®MFEIL] um. A.U. bypuazana ®MBA Poccuu

Brusnue nonudoghamunosozo nokpuimus na ezaumoodeticmaue HaHoua-
cmuy oKcuoa maumana ¢ arbOyMuHoOM

15



19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Kyzvmun /lenuc /Imumpuesuu

QI'VII L] IIPOAM ¢punuan “3aso0 Medpaduonpenapam”™

The impact of 177Lu on the growth of Dracocephalum Moldavica and
Ocimum Basilicum OF Lamiaceae

Ky3omuna Kcenua Cepzeesna

HAD CO PAH

Development of a liquid Fricke dosimeter for boron neutron capture ther-
apy

Kyzbmuueea Onvea Braoumupoena

Obrunckull uncmumym amomuou 3uepeemuxu HUAY MUOU

Ananusz paouosauumHulx ceoticms pymapama 3-2u0poKcunupuouHa npu
0671yueHUU NPOMOHAMU 8 ONLIMAX in VIVO

Kypoanosa Kamunna Pygham xwizn

HUAY MUDU

Bruanue nazepro-abauposannvix Hanouacmuy 3010ma Ha buopacnpede-
nenue 18F-DIT 6 opeanuszme morwett ¢ mearanomori B16F10
Jlakmuonoe Apmem Anexceesuu

HUAY MUDU

Laser synthesis Au@Fe nanoparticles of the core-satellite type for bio-
medical applications

Jlykvanenxo Amumpuit Braoumupoeuu

HUAY MU

Komnvromepnoe mooenuposanue s1emenmos 2emepocmpyKmypHOU dJieK-
MPOHUKU

Maepewxo Ezop Heopeeuu

QUAH

Hzyuenue nopozos abnsayuu nopucmoeo Kpemnus 8 600e

Manbypoe Cepzeit Hukonaesuu

QUAH

Hccneoosanue paduayuonnozo eopmesuca 3yKapuomos u pacmenusx 6
yenogusx aabopamopuu u noaéma na MKC

Ilempoe Bumanuii Banepveeuu

Canxm-IlemepoOypeckuii 20Cy0apcmeenHblil yHusepcumem

A Digital Tracking Calorimeter based on Silicon Pixel Detectors for Pro-
ton Computed Tomography

Ilemynun Hukuma Muxaitnoeuu

HUAY MUDU

Hccneoosanue memooa beckonmakmuoi mepmoadsyuy npomoxKoeo2o
UHGUALBMPUPYIOUE20 PAKA MOTOYHOU Jicene3bl
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29.

30.

31.

32.

33.

34.

35.

36.

37.

Ilueoeapose Hukuma Apmémosuu

Hucmumym meopemuueckoii u sKxcnepumeHmanbHol 6uopusuxu
Paouayuonno-unoyyuposannas peookc-akmusHOCMb HAHOYACMUY
GdCeTbF3

Ilonakoe Eezenuni Banepvesuu

HUAY MUDU

Paspabomxa eviuuciumenvrozo knacmepa 0Jis UCCAE008AHUS MEMOO08
2nyboK020 06YyYeHUsl 8 OHKO2eMAMOI02UU

Iloxopykoe /lanuna Anexceeeuu

UFX PAH

Domokamanumuueckas dezpaoayus Kpacumeneu mMemani-
Op2aHuyecKUMU KApKACHbIMU CIMPYKIMYPAMU

Pa3zopozosa Ana Braoumupoena

HUAY MUDU

Mooenuposanue 00308bix pacnpedeneHuti 8 B00HOM hanmome npu pabo-
me IUHellHo20 ycKopumens 31ekmporos 6 Gate

Conoevesa Onvea Heopeena

QU] Ullul” CO PAH

Dppexmusnocmv BH3T in vitro npu ucnoav3osanuu yckopumeisi-
manoem

Cmpensnukosa Hamanus Cepzeesna

OTI] ®PUAH

Jleticmeue uonog eenusi Ha UHOYKYUIo U poCcm OnyxoJieti npu 00Iy4eHuu
ACYUMHBIX KIeMOK KapyuHombsl Ipauxa ex vivo 0o u 6 nuke bpseea
Tapacoe Ilagen Anugpmunosuu

000 UTOK

Ipumenenue K8aHMOBLIX MEXHOIO2UT OIS MEPANUU U IeYEeHUS. PAKOBBIX
3a601e8aHUll

Tpowuna Mapuna Bauecnagosna

MPHI] um. A.®@. L]viba - uruan @I'FY "HMHUIL] paouonoeuu” Munzopa-
6a Poccuu

Hccnedosanue cxem hpakyuonupo8anHo2o HeUmpoHHO20 U COYEMAaHHO20
HeUMmpoH-nPOMOHHO20 00IYUeHUsL C OONOTHUMENLHBIM OPOOIeHUEM 003bl
HeUmpoHos

@omun Koncmanmun Onezosuu

HUAY MUDU

Hccneoosanue pacmeopos Hanouacmuy UCMyma u 2epManama eUCMymad,
CUHMEZUPOBAHHBIX MEMOOOM HAHOCEKYHOHOU 1A3ePHOU abaYul

17



38.

39.

Hlaiioyrun Apmém Tumyposuu

HHUY BLID/HO® PAH

Cunmes 800HbIX KOLIOUOHBIX PACMEOPO8 HA OCHOBE HAHOYACMUY MOHO-
KAUHHO20 ocama 1aHmana, aKmusupOoBaHHbIX UOHAMU NPA3e00UMd, U
UX YUMOMOKCUYHOCMb NOO Oelicmauem PeHmMeeH08CK020 U3NYYeHUs Ha
Kknemkax L929

Hluxaoa A6oynnax Moxammao

OHAN JIAIT

Onmumusayus UCMOYHUKA OLICIMPLIX HEUMPOHOS OJisL IYUesoll mepanuu

Onnaiin ceccus
Ab6ouxamumos /lacman Konwunoaesuu
HUAY MUDU
Iepcnexmusa UHHOBAYUOHHBIX NPOEKMO8 A0EPHOU MeOUYUHbL 8 NPO-
cmpancmee EADC
Axmemosa /[apva Pamuneena
Canxm-Ilemepbypeckuii nonumexnuueckuti yHusepcumem Ilempa Benu-
kozo/Ynueepcumem UTMO
Development of a new method of breast cancer brachytherapy using cal-
cium-containing nanocarriers
Bapabanoe /lenuc /Imumpueeuy
000 "leump I[12T-Texnonoorcu"
Yucnennvle Memoobl NEPCOHUPUYUPOBAHHOU OOZUMETNPUL GHYIMPEHHE2O0
001yYeHUst 8 PAOUOHYKIUOHOU OUACHOCMUKE
benaxoea Tamvana Anamonvesna
HUL] "Kypuamosckuii uncmumym", HOBI
Anti-tumor effect of nanoselenium and accelerated carbon ions on ehrlich
ascitic carcinoma cells ex vivo
Heecmapeea /luana Tuzpanosna
HATO HUAY MUDU
Paouocencubunuzupyrowue ceoticmsea Hanowacmuy 3010ma npu ooayye-
HUU NPOMOHAMU 6 ONbIMAX IN VIVO
Samamuna Enuzasema Anexcanoposna
Hucmumym meopemuueckou u sxcnepumenmanvrou ouogusuxu PAH
Synthesis and antioxidant activity of new CeO2@PQQ NPs, Selective
modulation of cell response to X-ray irradiation by redox-active
CeO2@PQQ NPs
Menvuenko Mapus Anopeesna
Hosocubupcrkuii zocyoapcmeennviil yrugepcumem
Hzyuenue paduonpomexmopruix sghgpexmoe npenapama "qumegocgon”

6 9KCnepumMenmax in vivo
18



Ilocmosanosa Anuca Cepzeesna

Canxm-Ilemepbypeckuii nonumexnuueckuti yHusepcumem Ilempa Benu-
kxozo, UBCub

Effectiveness of combine radionuclide and chemotherapy of breast cancer
using different types of nanocarriers with Radium-223
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Conepxanue

Ilpuznawennvie 0oxnaovt

BORON NEUTRON CAPTURE THERAPY

S. Taskaev

TARGETED RADIOPHARMACEUTICAL DEVELOPMENT
IN NATIONAL MEDICAL RESEARCH RADIOLOGICAL
CENTRE: PRESENT AND FUTURE

V. Tishchenko, O. Vlasova, T. Ryzhikova, S. Dorovatovskiy, A.
Pankratov, A. Ostroukhov, M. Viryasov,4, A. Lebedeva, A. Fedo-
rova, E. Stepchenkova, A. Khailov, A. Ivannikov, A. Shcherbako-
va, G. Magomedov, S. Orlenko, P. Shegai, S. Ivanov, A. Kaprin
THALLIUM — 199 CHLORIDE IN SPECT IMAGING OF
MALIGNANT NEOPLASMS OF THE LUNG: BIOPHYSICAL
AND CLINICAL ASPECTS

W.Y. Ussov, S.M. Minin, O.Y. Borodin, E.A. Nesterov, S.l. Sazo-
nova, Yu.B. Lishmanov, V.S. Skuridin, A.M. Chernyavsky
MOJIEJIU JIJIS1 IN VIVO UCCJIEJIOBAHUI U JOKJIMHU-
YECKUX UCIBITAHU HOBBIX PAIMUO®APMALIEBTHU-
UECKUX JIEKAPCTBEHHBIX ITPEITAPATOB (P®JIII)

E. 3asvsn06
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29

30

32

34



CopepaHune

Ycmunie 0oxnaont

PROTON THERAPY SYSTEM BEAM PHYSICAL PARAME-
TERS STUDY

V. Kiselev, A. Chernyaev, Yu. Udalov, M. Belikhin, A. Demidova,
S. Gritsenko

BIOLOGICAL EFFICIENCY OF DIFFERENT QUALITY X-
RAYS ESTIMATED BY mFISH ANALYSIS OF CHROMO-
SOME ABERRATIONS INDUCED IN VITRO IN HUMAN
LYMPHOCYTES

E.A. Shipilova, E.A. Nasonova, L.A. Melnikova, |.S. Gordeev,
P.N. Lobachevsky

MATEMATHUYECKOE MOJIEJIMPOBAHUE ITPOCTPAH-
CTBEHHO-BPEMEHHOI'O PACIIPEAEJIEHUS PAJIMO-
CEHCUBUJIM3ATOPOB B COHHI[HBIX OIIYXOJIAX

H.A. Tunesckuii, I1.B. Hicesckuii

YPOBHMU AIIOIITO3A U CUHTE3A JIHK Y OITYXOJIEBBIX
1 HOPMAJIbHBIX KJIETOK YHEJIOBEKA TTOCIJIE ®JIDII-
OBJIYUEHUS ITPOTOHAMU

B.B. Mapmuinosa, C.B. Axyviunuues, C.U. I'nyxos, E.A. Ky3ueuyo-
ea, M. A. Hxoenes

OIITUMU3ALINA PEXXMMOB OBJIVUEHHMS B TEXHOJIO-
T'UX IIPOTOHHOM U HEMTPOH-3AXBATHOM TEPAIUU
C UCIIOJIb3OBAHUEM DDODEKTUBHBIX HAHOD®OPMY-
TSI

Hempyusa J[.C., 3asecmoesckas U.H., Azapxun M.IO.
PA3PABOTKA JIYYEBOM VCTAHOBKU KOMIUJIEKCA
[IPOTOHHOM TEPAITMU SN PAH

U A. Hrosnes, C.B.Axyaunuues, FO.K 1 aspunos, I".B.Mep3iuxun,

B.B. Mapmuwinosa
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CopepaHune
Cmenoogvle 00K1a0bl

LASER SYNTHESIS OF BORON NANOPARTICLES FOR
BNCT

K.O. Aiyyzhy, E.V. Barmina, V.A. Agakhanova
DEVELOPMENT OF A NEW METHOD OF BREAST CAN-
CER BRACHYTHERAPY USING CALCIUM-CONTAINING
NANOCARRIERS

D.Akhmetova, V. Davydenko

ANTI-TUMOR EFFECT OF NANOSELENIUM AND ACCEL-
ERATED CARBON IONS ON EHRLICH ASCITIC CARCI-
NOMA CELLS EX VIVO

T. Belyakova, O. Rozanova, E. Smirnova, N. Strelnikova
DETERMINATION OF THE RELATIVE BIOLOGICAL EFFI-
CIENCY OF CARBON IONS DEPENDING ON LINEAR EN-
ERGY TRANSFER AT THE U-70 ACCELERATOR COM-
PLEX DURING TOTAL IRRADIATION OF MICE

T. Belyakova, O. Rozanova, E. Smirnova, N. Strelnikova
USING FEMTOSECOND LASER RADIATION FOR THE
SYNTHESIS OF NANOSTRUCTURED TUNGSTEN PARTI-
CLES

S. Dianov, Y. Ulyanov, D. Abramov

HAFNIUM-BASED METAL ORGANIC FRAMEWORKS AS
TARGETING DRUG DELIVERY SYSTEMS

E. Gamburg, O. Griaznova, A. Sogomonyan, A. Mirkasymov, S.
Deyev

CELLULAR UPTAKE OF Ce0.8Gd0.202-X NANOPARTI-
CLES IN 2D AND 3D SYSTEMS BASED ON MESENCHY -
MAL STEM CELLS IN VITRO

D. Kolmanovich, N. Chukavin, N. Pivovarov, S. Khaustov, V.
lvanov, A. Popov

RADIOSENSITIZATION EFFECT OF BISMUTH-BASED
NANOSHEETS UNDER PROTON BEAM IRRADIATION

D. Kolmanovich, A. Popov, I. Zelepukin, A. Shemyakov, |. Sav-
intseva, A. Kotelnikova, N. Chukavin, N. Pivovarov, S. Deyev, A.
Kabashin, |. Zavestovskaya
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57

59
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CopepaHune
THE IMPACT OF 177Lu ON THE GROWTH OF Dracocepha-
lum Moldavica AND Ocimum Basilicum OF Lamiaceae
D.D. Kuzmin, A.V. Sinolits
DEVELOPMENT OF A LIQUID FRICKE DOSIMETER FOR
BORON NEUTRON CAPTURE THERAPY
K.S. Kuzmina, Kasatova A.l., Kasatov D.A., Nazmov V.P., Mos-
kalensky A.E., Korobeinikov M.V., Petrichenkov M.V., Uvarov
M.N., Taskaev S.Yu.
LASER SYNTHESIS OF Au@Fe NANOPARTICLES OF THE
CORE-SATELLITE TYPE FOR BIOMEDICAL APPLICA-
TIONS
A.A. Laktionov, A.A. Popov
INVESTIGATION OF RADIOPROTECTIVE EFFECTS OF
“DIMEPHOSPHONE” ON CD-1 MICE
M.A. Melchenko, O.l. Yarovaya, D.A. Kiseleva, T.G. Tolstikova,
N.V. Basov, A.D. Rogachev, A.G. Pokrovsky, N.F. Salakhutdinov
A DIGITAL TRACKING CALORIMETER BASED ON SILI-
CON PIXEL DETECTORS FOR PROTON COMPUTED TO-
MOGRAPHY
V. Petrov, V. Zherebchevsky, V. Kondratiev, N. Maltsev, N. Pro-
kofiev, E. Zemlin
RADIATION-INDUCED REDOX ACTIVITY OF GdCeTbF3
NANOPARTICLES
N. Pivovarov, V. Ivanov, A. Popov
EFFECTIVENESS OF COMBINE RADIONUCLIDE AND
CHEMOTHERAPY OF BREAST CANCER USING DIFFER-
ENT TYPES OF NANOCARRIERS WITH RADIUM-223
A.S. Postovalova, D.R. Akhmetova, V.A. Rusakova
METAL-ORGANIC FRAMEWORKS FOR PHOTOCATALYT-
IC DEGRADATION OF DYES
Pokhorukov D.A., Griaznova O.Yu., Gorin D.A., Deyev S.M.
MODELING OF DOSE DISTRIBUTIONS IN A WATER
PHANTOM DURING THE OPERATION OF A LINEAR
ELECTRON ACCELERATOR IN GATE
Y. V. Razdrogova, D. S. Petrunya
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69

71

73

75
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79
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CopepaHune
INVESTIGATION OF THE BIOLOGICAL ACTIVITY OF LU-
TETIUM FLUORIDE NANOPARTICLES AS A PROMISING
NANORADIOSENSITIZER
D.A. Vinnik, V.K. Ivanov, A.L. Popov
SYNTHESIS AND ANTIOXIDANT ACTIVITY OF NEW
Ce02@PQQ NPs
E.A. Zamyatina, O.A. Goryacheva, E.E. Karmanova, N.R. Popova
SELECTIVE MODULATION OF CELL RESPONSE TO X-
RAY IRRADIATION BY REDOX-ACTIVE CeO2@PQQ NPs
E.A. Zamyatina, O.A. Goryacheva, A.L. Popov, N.R. Popova
PACYET ITOIJIOLIEHHBIN 103bI C IIOMOILBIO T'U-
BPUJTHOI'O AJITOPUTMA JJIS1 IPOTOHHOM TEPAIIUU C
HCITOJIb3OBAHUEM KAPAHJJAIIIHOI'O ITYUKA
Abopeimos.M.A., llemaxos. A.E., 3asecmosckas M .H., Benu-
xun.M.A.
YN CJIEHHBIE METO/1bI IIEPCOHU®UILIPOBAHHOM JI0O-
SUMETPUU BHYTPEHHEI'O OBJIYUEHUS B PAJJUO-
HYKJIMIHOU IUATHOCTUKE
M JI. Bapabanos
HUTBP 1 OTEYHECTBEHHBIE TEPMOSJJEPHBIE PEAKTO-
Pbl: BUOMEJIMIIMHCKUE PEIIEHM S J1J151 OBECIIEYE-
HUS PAJIUALIMOHHOM BE3OITACHOCTHU
M.B. byoaesa
I'MBPUJHAS CUCTEMA HA OCHOBE MATHUTHBIX HA-
HOYACTUL AJIA JOCTABK ®OTOCEHCEBUIIM3ATOPA
METHUJIEHOBOI'O CMHET'O B KJIETKH HCT116
M.I. Topobeu, A.A. Mapxosa, M.T. Heven, A.B. Toponuesa, M.,
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BORON NEUTRON CAPTURE THERAPY

S. Taskaev

Budker Institute of Nuclear Physics, Novosibirsk, Russia
Novosibirsk State University, Novosibirsk, Russia
Lebedev Physical Institute, Moscow, Russia
Presenting author e-mail address: taskaev@inp.nsk.su

Boron neutron capture therapy (BNCT) is currently one of the most
promising methods of malignant tumors treatment. BNCT destruct ma-
lignant tumors by selective accumulation of the stable isotope boron-10
in tumor cells and subsequent irradiation of the patient with the beam of
epithermal neutrons. As the result of neutron capture of boron, the nu-
clear reaction °B(n,a)’Li occurs with a large release of energy within a
single cell, leading to the cell death. Currently, accelerator based neu-
tron sources are appearing and the BNCT methodology is beginning to
take place in clinical practice.

The report presents the current state of development of BNCT. Fea-
tures of dosimetry, treatment planning system and patient positioning
system are noted. The goals and objectives for the earliest possible in-
troduction of the BNCT technique into widespread clinical practice are
particularly emphasized.
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A. Pankratov?, A. Ostroukhov!, M. Viryasov?4, A. Lebedeva?,
A. Fedoroval, E. Stepchenkova?, A. Khailov?, A. Ivannikov?,
A. Shcherbakova!, G. Magomedov?, S. Orlenko?, P. Shegai??, S. lvanov?s,
A. Kaprin?35

LA. Tsyb MRRC, Obninsk, Russia
2 NMRRC, Obninsk, Russia
3 P. Hertsen MORI, Moscow, Russia
4 A. Belozersky Institute MSU, Moscow, Russia
5 RUDN University, Moscow, Russia
e-mail: vikshir82@mail.ru

Cancer progression is often accompanied by overexpression of spe-
cific tumor receptors, which rarely occur in normal tissue. Therefore,
they can be promising targets for diagnosis and treatment of different
types of cancers with radiopharmaceuticals [1, 2].

Here we present the results of radiopharmaceutical development in
A. Tsyb Medical Radiological Research Centre — branch of the National
Medical Research Radiological Centre of the Ministry of Health of the
Russian Federation. To date, radiopharmaceuticals for diagnosis and
therapy of metastatic castrate-resistant prostate cancer has been devel-
oped. They are based on low-molecular-weight inhibitors of prostate-
specific membrane antigen (PSMA) and labelled with radionuclides
®mT¢c — for diagnosis by single photon emission computed tomography
(SPECT) imaging, and ""Lu or 22*Ac — for prostate cancer treatment.

Preclinical investigations of targeted PSMA-specific radiopharma-
ceuticals approved their safety and functional applicability. Moreover,
phase 2 of clinical trials of ¥’Lu-DOTA-PSMA («Lutaprost-MRRC»)
has already been completed. Clinical trials of **Ac-DOTA-PSMA
(«Prostaktin-MRRC») are underway.
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The next group consists of somatostatin receptor-targeted radio-
pharmaceuticals, which are based on synthetic analogs of somatostatin,
and proposed for the treatment of advanced or metastatic neuroendo-
crine tumors. Preclinical studies of *"Lu-DOTATOC have been com-
pleted. Radiopharmaceuticals with ®™Tc and ?*°Ac are in developmental
stage.

In 2021 a pharmacy with the right to manufacture radiopharmaceuti-
cals (Radiopharmacy) was organized in A. Tsyb MRRC. Manufacturing
of non-registered radiopharmaceuticals for clinical use is carried out in
radiopharmacy in accordance with the Orders of the Ministry of Health
of Russia No. 1218n 12.11.2020, No. 780n 31.07.2020 and No. 249n
22.05.2023. Quality control and radiation safety of the radiopharmacy
personnel must be considered.

[1] N. K. Taunk, F. E. Escorcia, J. S. Lewis, L. Bodei. Radiopharmaceuticals
for Cancer Diagnosis and Therapy: New Targets, New Therapies — Alpha-
Emitters, Novel Targets. Cancer J., vol. 30, pp. 218-223 (2024).

[2] V. Zoi, M. Giannakopoulou, G. A. Alexiou, P. Bouziotis, S. Thalasselis, A.
G. Tzakos, A. Fotopoulos, A. N. Papadopoulos, A. P. Kyritsis, C. Sioka. Nu-
clear Medicine and Cancer Theragnostics: Basic Concepts. Diagnostics (Basel),
vol. 13, pp. 3064 (2023).

The work was financially supported by the Ministry of Health of the Russian
Federation, Ne R&D 121051700162-0, 121051700200-9, 124030500022-1.
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MALIGNANT NEOPLASMS OF THE LUNG:
BIOPHYSICAL AND CLINICAL ASPECTS
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Yu.B. Lishmanov?, V.S. Skuridin®, A.M. Chernyavsky*
1 FSBI NMIC named after Academician E.N. Meshalkina of the Ministry of
Health of Russia, Novosibirsk, Russia
2 OGAUZ Regional Oncological Dispensary, Tomsk, Russia
3 NR Tomsk Polytechnic University, Tomsk, Russia
4Research Institute of Cardiology of the Tomsk Scientific Research Center of
the Russian Academy of Sciences, Tomsk, Russia
Email address: ussov1962@yandex.ru . Tel. +7-9039512676

Introduction The development and improvement of new tomograph-
ic technologies for highly sensitive imaging of lung cancer (LC) is criti-
cal for the early detection of this disease, accurate staging and control of
complex therapy

The purpose of the study. To study the possibility of using radio-
pharmaceutical (rfp) °TI-Cl for SPECT-CT imaging of LC.

Material and methods. **Tl-chloride in solution was obtained on a
U-120 cyclotron (Efremov Institute of Physics and Technology,
Rosatom, St. Petersburg) National Research Tomsk Polytechnic Univer-
sity on the irradiation reaction of a metallic gold target with alpha parti-
cles 197Ai(a,2n)'*°TI, at an alpha particle energy of 28 MeV, with a
1997] yield of more than 95%, in saline solution. The administered dose
of rfp was 180-185 MBq in all cases, scanning was performed 12-20
minutes after injection of **TI-CI. The chest SPECT was acquired as 64
planar scans for 360 ° rotation of the two-detector system, in a 64x64
matrix, with a field of view size of 40x40 cm, with a set of more than
50,000 counts per frame, with a high-energy high-resolution collimator
installed, when set to an energy peak of 70 keV and with the differential
discriminator window of 20%. The reconstruction of sections was car-
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ried out by the method of back-projections, taking into account the ab-
sorption constant of 0.12 1/cm. The contour of the patient's body was
imported from the CT for this purpose. CT of the chest was carried-out
immediately after the SPECT, in a 512x512 matrix, with a spatial reso-
lution of 1 mm. No X-ray contrast enhancement was performed. All
studies were performed using a combined Simbia T16 (Siemens Medi-
cal) SPECT-CT scanner.. 12 patients with an established diagnosis of
non-small cell RL were included, with a CT scan with **TI-Cl to stage
the disease. The control group comprised 7 patients who underwent a
study with *°TI-CI for non-oncological pathology, but the diagnosis was
subsequently rejected and they were regarded as somatically healthy.

Results. Visually, with SPECT-CT with **TI-CI in patients without
tumor pathology, accumulation in the lungs was background, and the
image of the mediastinum was due to the normal accumulation of rfp in
the myocardium. The ratio "lung / myocardium" was 0.23 + 0.05 in the
control group. For the primary node of RL, this index was 0.62 + 0.14
(p<0.02), and for metastatically affected lymph nodes 0.59 + 0.16
(p<0.05). According to the results of the individual picture of the
SPECT-CT with °TI-Cl in LC, 6 out of 12 patients had expanded radia-
tion areas with external gamma therapy.

Conclusion. *°TI-Cl has a high avidity to LC tumor tissue and
demonstrates high accumulation in primary and metastatic LC nodes. It
is advisable to use the SPECT-CT with *TI-Cl in LC, both in the pri-
mary diagnosis and for the staging of the disease. It is necessary to con-
tinue research on °TI-Cl as an rfp for LC imaging.

[1] A.S.Samoilov, G.E.Kodina, A.A.Larenkov. Development and implementa-
tion of new types of radiopharmaceuticals, Medicine: targeted projects, Ne 20,.
cc.19-22, (2015). EDN TVIFSX.

[2] N.V.Denisova, M.A.Gurko, |.P.Kolinko, A.A.Ansheles, V.B.Sergienko,

Virtual platform for computer simulation of radionuclide imaging in nuclear
cardiology: Comparison with clinical data, Digital Diagnostics, vol.4, Ne 4,
pp.492-508? (2023).

33



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»

MOJIEJIN JIJIS1 IN VIVO UCCJIEJOBAHUIA
U JOKJIMHNYECKUX UCHBITAHUIT HOBBIX
PAIMOPAPMALIEBTUYECKHUX JIEKAPCTBEHHbBIX
MPEMAPATOB (P®JIII)

E. 3appaiop’ >

Youl uljul” CO PAH, Hosocubupck, Poccus
2HTY, Hosocubupck, Poccus

IIporpecc B MoJEKyISIpHOW BU3yadU3allMl M TapreTHPOBAHUU Je-
KapCTBEHHBIX CPEICTB, CBSI3aHHBIM C IMOSBJICHHEM HOBBIX areHTOB Ha
OCHOBE MaJIbIX MOJICKYJ, IENTUAOB U aHTUTEN, MpHUBEI K pa3paboTke
HOBBIX pajguodapMIpenaparoB Uisi TEpallul U TEPaHOCTHKH. Tapreru-
pyeMble IPOLECCHl CTAaHOBSITCS Bce 00JIee CI0XKHBIMU, a PaTHOOHOIOr s
PasIMYHBIX YaCTHI M3JIy4YeHHs CTAaHOBUTCSA Oojee pa3sHooOpa3HOi. B
3TOW CBA3M TPeOYIOT KaueCTBEHHBIE MOJEIN OHKOMATOJIOTHH, KOTOPbhIE
XOpOIIIO BOCTIPOU3BOJAT Pa3BUTHE OITyXOJiel U X reoMeTpuro. XKuBot-
HBIE MOJIEJIM UTPAIOT Ba)KHYIO POJIb B BBISICHEHHH KIIOYEBBIX OMOXHMHU-
YeCKHUX M (PM3MOJOrMYECKHUX IPOLIECCOB BO3HUKHOBEHHS U PaclpocTpa-
HEHHs HOBOOOpa30BaHUI B )KHBOM OpraHHU3Me, SIBIISIOTCS YHUKaIbHBIM
MCTOYHUKOM HH(OpManMM in vivo M HE3aMEHUMBIM CBS3YIOIIUM 3Be-
HOM MEXIY HCCIEJOBaHUAMH in vitro v mauumeHtamu. Pemaromiee 3Ha-
YeHHEe B UCCIIEZIOBAHUAX Ha KUBOTHBIX UMEET WX TPAHCISALMOHHAS 1I€H-
HOCTh. OHU HCTIONB3YIOTCA MPHU OIEHKE HOBBIX TUArHOCTHYECKUX U Te-
paneBTUYECKUX IMPOTHBOOITYXOJEBBIX IPENapaToB, BKIIOYas pPaguo-
¢dapmanestudeckue. Cpeau MHOrooOpasusi 1ab0paTOpHBIX KUBOTHBIX,
UCIIOJIb3YEMBIX B COBPEMEHHOW OHMOJIOTUH, OECCIIOPHBIM JIUAEPOM SIB-
JSIIOTCA J1abOPaTOPHBIE MBI, Ha KOTOPBIX BhINONHsIETCs Oornee 70%
ucclieIoBaHui B 00macTh OMOMEAMLMHBI, (HapMaKoJIOTHH, TOKCHKOJIO-
run, HaHoOuoOe3onacHocTH. VX 3HaYMMOCTh, KaK OCHOBHBIX OOBEKTOB
TPaHCIALMOHHBIX MCCIICAOBAaHNUN, PEryJIIPHO 0OCYKIaeTcsi Ha CTPaHU-
[[aX BEIYLIUX HAYYHBIX )KYpHAJIOB.

OKCTIepUMEHTaJIbHBIE OITyXOJIH, BBIPAIICHHBIE Y T'PHI3YHOB, MPEJ-
CTaBIISIOT COOON OCHOBHOM JOKIMHHUYECKUH WHCTPYMEHT CKPHHHHTA
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HOBBIX areHTOB Iepe]l KIMHUYECKUMU HWCTbITaHUsIMU. Takue Mojenu
BKJIIOYAIOT CETOJHS COJIMJHBIE OMYXOJH, BBIPAILICHHBIE Yy CHHICHHBIX
MMMYHOKOMIIETEHTHBIX XO35€B, UYEJIOBEUECKHE KCEHOTPAHCILJIAHTATHI,
MOJTydYeHHbIE HA MMMYHOIS()UITUTHBIX MBIIIAX, a TAKXKE OITyXOJIH, CTIOH-
TaHHO 00pa3yINUeEcs Y TCHETHUSCKA MOTUDUITUPOBAHHBIX MBIIIEH.

[NomynspHOCTh TAOOPATOPHBIX MEIIIIEH, KaK OOBEKTOB OHOMEIN-
LUHCKUX HCCIEAOBAHUM, B 3HAYUTEIBHON MEpe ONpelessieTcsl ycnexa-
MU B IOJIYYCHHH TPAHCTE€HHBIX OPraHU3MOB, B YaCTHOCTH, HA OCHOBE
MeTojia TeHoMHOro penaktiupoBanus CRISPR/Cas9, a Takke pa3BuTieM
TEXHOJIOTHHA Pa3MHOXKEHHUS, OCBOOOXICHUSI OT MATOT€HOB, KPHOAPXH-
BUPOBaHUS W pAla APYTUX IOAXOMO0B, OOECIEYMBAIOIINX BBICOKYIO
CTaHJapTU3AINI0 OOBEKTOB HccieroBanus. lleHTpamu Takux Komiie-
TEHIIMH BO BCEM MHUPE CTAHOBSTCSA LEHTPbhl FTEHETUYECKUX PECYPCOB Jia-
0OpaTOPHBIX )KUBOTHBIX.

Takum 00pa3oM, pa3HOOOpa3He 3KCICPUMECHTAIBHBIX MOJCICH U
BBICOKAsl CTENEHb UX CTaHAAPTU3aLUM CO3AAI0T YCIOBUAX JJIS TOJIyde-
HUSl HAJEKHBIX BOCIPOU3BOJUMBIX PE3YyIbTaTOB B (yHIAMEHTAIBHBIX
HACCIIENOBAHNUIX W B CONMAJIBbHO-3HAUMMBIX HOKIHHHMYCCKHX HCITBITAHH-
SIX HOBBIX CPEJICTB JIMATHOCTHKH, MPOQUIAKTUKH U JICUSHUSI OHKOJIOTH-
YeCKHX 3a00J1E€BaHUM.

[omnepxano rpantom PH® Ne 24-62-00018
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PROTON THERAPY SYSTEM BEAM PHYSICAL
PARAMETERS STUDY
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Y FSBI «Federal Scientific Clinical Center for Medical Radiology and
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2 Lomonosov Moscow State University, Faculty of Physics, Department of Ac-
celerator Physics and Radiation Medicine, Moscow, Russian Federation
3 P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russian Federation
Presenting author e-mail address: kiselevwa@fvecmrfmba.ru

The paper presents the results of the PT system accuracy assessment
based on 11-month stability monitoring of its physical parameters. The
data on narrow beam positioning, coincidence of the central axes of the
proton and X-ray systems, and the stability of the energy selection sys-
tem were analyzed.

The results showed that narrow beam positioning remained within
+1 mm throughout all measurements period, and the average deviation
from the reference value did not exceed 0.4 mm. The data on the devia-
tion of the central axes of the proton and X-ray systems also showed
that the measurement results fit well into the range of maximum permis-
sible deviations, which is +£1 mm from the reference value. The parame-
ters characterizing the constancy of the beam energy switching system
operation also showed a low number of fluctuations, R80 deviation did
not exceed +0.5 mm.

Based on the results of the PT system accuracy assessment, the min-
imum irradiation margin size (CTV-PTV margin) required to ensure
99% CTV coverage by 95% of the prescribed dose was calculated [1].
The obtained values were 0.8 mm in the lateral directions relative to the
beam axis and 0.4 mm in the direction along the beam axis. [2]

To assess the sufficiency of the calculated margin for reliable tumor
coverage and to compare the calculated margin with the 3 mm margin
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traditionally used in head tumor radiation therapy, proton therapy plans
were calculated for 9 patients. Four plans were calculated for each pa-
tient using different plan optimization approaches. The PTV approach
assumes coverage of an additional isotropic area around the tumor with
the absorbed dose, in this case were used 1 mm and 3 mm margins. The
robust approach [3] assumes simultaneous optimization according to
several scenarios taking into account geometric uncertainties and the
uncertainty of Hounsfield units (HU) on the CT scan. With this ap-
proach, 8 optimization scenarios are created: 6 with linear shifts of the
isocenter along the orthogonal axes by a given distance and 2 with an
increased and decreased Hounsfield units relative to the tomogram val-
ues. The isocenter shift in one case was assumed 1 mm along all axes, in
the other case — 3 mm; the deviation of HU was assumed +/-3.5%. Af-
ter planning, the robust analysis of each of the plans was performed for
8 scenarios: the isocenter shift in each direction was 3 mm, the deviation
of HU was +/-3.5%. A total of 288 scenarios were analyzed. The analy-
sis showed that the tumor coverage with the absorbed dose in stable

scenarios exceeded that in the PTV approaches.

A quantitative analysis of the resistance of the irradiated tumor vol-
ume coverage to geometric errors was performed taking into account the
calculated margin. The CTV coverage by 95% of the prescribed dose
remained >99% in cases of robust optimization, while the reliable opti-
mization mode of 3.5%/1 mm remained the most preferable.

[1] P. Hoskin, T. Greener, M. Kirby et al., On Target: ensuring geometric accu-
racy in radiotherapy. A Joint RCR/IPEM/SCoR Report, Royal College of Radi-
ologists, (2008).

[2] V. Kiselev, A. Demidova, Yu. Udalov, Study of constancy of dosimetric
parameters of proton therapy system, Medical Physics, vol. 95, pp. 65-70,
(2022).

[3] K. Langen, M. Zhu, Concepts of PTV and Robustness in Passively Scat-
tered and Pencil Beam Scanning Proton Therapy, Seminars in Radiation On-
cology, vol. 28, pp. 248-255, (2008)
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BIOLOGICAL EFFICIENCY OF DIFFERENT QUALITY
X-RAYS ESTIMATED BY mFISH ANALYSIS OF
CHROMOSOME ABERRATIONS INDUCED IN VITRO
IN HUMAN LYMPHOCYTES

E.A. Shipilova, E.A. Nasonova, L.A. Melnikova, 1.S. Gordeev,
P.N. Lobachevsky

Joint Institute for Nuclear Research, Dubna, Russia
shipilova@jinr.ru; +79521769715

Structural rearrangements of chromosomes — chromosome aberra-
tions (CA) — are the most sensitive marker of radiation exposure. The
analysis of radiation induced CA in metaphase cells of peripheral blood
lymphocytes is the only valuable method of human biodosimetry. It al-
lows to estimate the dose to which an individual has been exposed oc-
cupationally, accidentally or therapeutically.

The advanced method of molecular cytogenetics multicolor FISH
(mFISH) based on the whole genome painting allows visualizing all
chromosome rearrangements with higher precision than routine meth-
ods. For the first time, we exploited multicolor FISH method to investi-
gate the biological efficiency of different quality X-rays delivered at two
LRB facilities that replaced recently deconstructed y-*°Co unit ROKUS-
M: CellRad (Precision, USA) and SARRP (Xstrahl, USA) and their
suitability as a reference radiation in radiobiological research. For this
study, lymphocytes obtained from the blood of one healthy donor were
irradiated in vitro with 130 kVp X-rays + 0.5 mm Al manufacturer-
supplied filtration or 0.1 mm Cu custom-made filtration (CellRad ) and
with 130 kVp X-rays with Imm Al or 220 kVp with 0.15 mm Cu filtra-
tion (SARRP) at doses 1-4 Gy. The cells were harvested after 48 h of
post-irradiation culturing and CA in metaphases of the first post-
irradiated cell cycle were assessed. The cytogenetic effects of X-ray ra-
diation were compared with the results obtained previously at the y-%°Co
unit (ROKUS-M, JINR) and with the results obtained earlier by one of
the authors at the 250 kVp X-ray unit (Seifert, GSI, Germany) [1].
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Experimental data on mean aberration number at different doses
were analysed by non-linear regression using linear-quadratic model,
and obtained best-fit parameters compared for different irradiation con-
ditions. Based on the analysis we demonstrated that all X-ray regimes
have the higher biological efficiency than y-%°Co. 220 kV regime of
SARRP perfectly matched 250 kV Seifert machine giving the same re-
sults as previously published [1]. We found no statistically significant
difference in biological efficiency of 250 kVp X-rays compared to 130
kVp + 0.1 mm Cu and (p = 0.137) and 220 kVp SARRP (p = 0.143).
130 kVp X-rays filtered with 0.5 mm Al (effective energy 25.6 keV)
have the higher biological efficiency than filtered with 0.1 mm Cu (ef-
fective energy 38.8 keV) with RBE = 1.11 + 0.04, p = 0.006). In sum-
mary, our data show that X-rays from both units , 220 kVp SARRP and
130 kVp + 0.1 mm Cu Cell Rad may be used as a reference radiation in
radiobiological research.

Noteworthy, the aberration spectra induced by all radiation types
used were shown to be similar (~20 % simple breaks, 60% simple ex-
changes and 20% complex aberrations).

[1] R. Lee, S. Sommer, C. Hartel, E. Nasonova., M. Durante., S. Ritter.
Complex exchanges are responsible for the increased effectiveness of C-ions
compared to X-rays at the first post-irradiation mitosis. Mutat. Res. Genet. Tox-
icol. Environ. Mutagenes. 2010, 701:52-59.
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MATEMATHYECKOE MOJAEJIMPOBAHUE
IMPOCTPAHCTBEHHO-BPEMEHHOTI'O PACIIPEAEJIEHUS
PAJJMOCEHCUBUIN3ATOPOB B COJINJIHBIX OITYXOJIAX

J.A. T'unesckuiil, I1.B. HoxeBckmiit

Y @edepanvroe 2ocyoapcmeennoe 6100cemnoe yupescoeHue
«'ocydapcmeennwiti nayunvii yeump Poccutickoii @edepayuu - @edepanbHulii
Mmeouyunckul ouoguzuveckull yenmp um. A.U. Bypnassnay (OI'BY I'HIL]
OMBL] um. A.1. Bypuazana ®MBA Poccuu), . Mockea, Poccus
dgin@oits.ru, +79262071338

PagnocencnOunmzaTopsl ycunuBaioT 3QQEeKT OT Jy4eBOi Tepamnuu B
OYCHb OTPAHWYEHHOH 00JacTh, 3Ta 00JacTh MOXKET HECKOJIBKO OTJIH-
4aTbCsl ANl Pa3HBIX TUIOB M3JIyYEHHs, OJHAKO OHA HE MpeBbImIaeT 5-7
MKM [1,2], 9TO comocTaBUMO € pa3MepoM KJIETOK MileKonuTatomux. [1o-
9TOMY OCHOBHOM 3ajiaueil mpu pa3pabOTKe W CO3JIaHUU PaIHOCEHCUOU-
JIM3aTOPOB SBJSIETCSl OPraHM3alMs MX H30MPaTes]IbHOrO MONAJaHHsA H
HAKOIUIEHUS MMEHHO B OITyX0JieBOM TkaHW. OCHOBHBIM BOIIPOCOM B
W3YYEHUH B3aMMOJEWCTBUS PaJAMOCEHCHUOMIN3ATOPOB C H3ITy4YeHHEM
ABIISIETCSL AeTalbHAs OLEHKAa WX NPOCTPAHCTBEHHOIO pacHpeiesICHHUs
KaK B OITyXOJIEBOM, Tak U B 3J0POBOH TKaHHU.

Lenbio pabOTHI sBIISIETCS pa3pabOTKa MaTeMaTHYECKOH MOJIENH Po-
CTPAaHCTBEHHO-BPEMEHHOIO PACIPEAEICHUSI PaJHOCCHCHONIN3aTOPOB B
OITyXOJIM /17151 TOBBILIEHUS 3(pPEeKTUBHOCTH JIy4eBOH Tepanuu, C y4eToM
CTOXaCTMYECKUX SBICHHUN, HAOMIOAEMBIX B KIETOUHOM CTPYKTYpe.
Mojens OCHOBaHAa Ha CHUCTEME CTOXAaCTHUYECKHX Iu]QepeHInaTbHbIX
ypaBHenu#t (CY), rae Bce mapaMmeTpbl 3alatoTcs MPU HOMOIIH CIYy-
yailHBIX (PYHKIWH BpeMeHU B KoopAauHat. s ornpeneneHns MrHOBEH-
HBIX 3Ha4eHui mapametpoB cuctemsl CIY B Kaxmoil Todke MpocTpaH-
cTBa (YHKUIMH IJIOTHOCTH BEPOSTHOCTH 3aIMCHIBAETCS B BUJE Hepap-
XUYHOM CHCTEMBI CiydaliHbIX TporeccoB. Kaxaplil mpoluecc onuchBa-
ercsl pacnpeneneHueMm ['aycca. MaTeMaTuueckoe OXKHJIaHME Ka)Joro
IapaMeTpa MOXHO OIPENENINTh 3KCIEPUMEHTANbHO. IlepBblii cirydaii-
HBIA MpOLIECC CBA3AaH C MOTIPEIIHOCTHIO MPOBEACHHS KCIIEPUMEHTA 110
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ONPENEICHUIO CpelHero 3HaueHusa. [IoMuMo 3TOro, yUYUTHIBAKOTCS CIIy-
YaifHbIC TIPOIECCHI, OOYCIOBJICHHBIE HEOJHOPOJHOCTBIO CTPYKTYPHI
OMOJIOTMYECKON TKaHH, XapaKTepoM KOHKPETHOTO MpoIlecca, a TaKkKe
Cy4yaliHble IPOLECCHI, OMPEAEIIEMbIE KUZHEIEATEIbHOCTBIO OpraHu3-

ma [3].

Pa3zpaboranHas MaTeMaTHyecKasi MOJIEIb MO3BOJISIET PACCUMTATh H3-
MEHSIEMOE BO BPEMEHU IPOCTPAHCTBEHHOE paCIpeNesiCHUE PagUOCEH-
CHOMITM3MPYIOMIETO areHTa KaK B Pa3jIMYHBIX YACTSIX OIyXOJH, Tak M B
IIPUMBIKAIOIMX K OIYXOJIM 3J0POBBIX TKaHAX, B TOM YHCIE, YUYUTHIBAA
pasHbie (hYHKITMOHAIBHBIE COCTOSHUS areHTa BHYTPH KJIETOK.

Pe3ynbraThl pacyeToB MO3BOJSAIOT OMPENEIUTh MAaKCUMyM KOHLEH-
Tpaluu paguoCeHCUOMIN3aTOpa B OMYXOJH, YTO B COYCTAHUH C COIIO-
CTaBJICHUEM KOHIIEHTpAUMi B OIMYXOJHU U 3J0POBOM TKAHU IMO3BOJISET
ONpENEIUTh ONTUMAIBHOE BPEMsI IPOBEICHUA JTYUYEBOIl Tepanuu mocie
BBEJICHUA [Ipernapara.

[1] Tackaes, C.FO. Bop-neitrpono3axsarnas tepanus // C.}O. Tackaes,
B.B. Kansirun. - HoBocubupck: UzparensctBo CO PAH, 2016. 216 c.
[2] Coulter J.A., Hyland W.B., Nicol J., Currell F.J., Radiosensitising
nanoparticles as novel cancer therapeutics-pipe dream or realistic pro-
spect // Clin Oncol (R Coll Radiol), 25 (2013) 593-603.

[3] I'uresckuit A.®., I'maeBckuit 1.A., Vbxesckuit [1.B. Moaenupona-
HUE MPOCTPAHCTBEHHO-BPEMEHHOI'O paCHpe/C/ICHUS] JIEKAPCTBEHHOTO
arelra B Owonormuyeckoil Tkanw// Marem. momenupoBanue. — 2021.—
T.33.— Nell.— C.3-17.
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YPOBHHU AIIOIITO3A U CUHTE3A JJHK Y OIIYXOJIEBBIX 1
HOPMAJIBHBIX KJIETOK YEJIOBEKA ITIOCJIE
OJIDUI-OBJIYYEHUA TIPOTOHAMUA

B.B. Maprbinopa', C.B. Akyaunnues?, C.H. Tayxos'?, E.A. Kysnenopa'?,
H.A. SIxorjen!

Y Unemumym si0epuwix uccnedosanuii PAH, Mocksa, Poccus
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C nosiBnenneM (dMI-Tepanuy, KOTopasi B MEPCIEKTUBE MOXKET CO-
XpaHsITh 30POBbIE TKaHU 0€3 cephE3HOro yuiepda KOHTPOJIS Hak OIy-
XO0JIbI0, aKTUBHO OOCYXIAIOTCS IUIAHBI 1O €€ BHEAPEHHIO B KIMHHYE-
CKYIO TNpakTUKy. AHaln3 MOJIYYEHHBIX PAIOM aBTOPOB JAHHBIX JAeT
BO3MOXHOCTH TIPEAINOJIOXKHTE, YTO (PI31I-BO3ACHCTBHE MO3BOJIUT CHU-
3UTh JIy4EBYIO HAarpy3Ky Ha 310poBble TKaHU mpumepHo Ha 20—40 % mo
CPaBHEHHUIO CO CTaHIApTHhIM pexkumoM [1]. Ha ¢one u3ydaembix uc-
TOYHHKOB MOHU3UPYIOLIETO U3IyYeHHs], IPOTOHHOE O00IydeHHE BBITO/I-
HO OTJIMYaeTcsi OT (POTOHOB, IEKTPOHOB U TSKEIIBIX HOHOB MPAaKTHYE-
CKU TIOJHBIM OTCYTCTBHEM BBIJICJICHHS SHEPIUU 3a AUCTAIBLHON TpaHu-
el o0y4yaeMoi 30HBI OITyXO0JId TIOCIe KA bparra. Y ckopuTenb mpo-
toHoB USINM PAH obecnieunBaeT pexxuM OOMydYeHHS OMOIOTHYECKHUX
00pa3LoB 3a OJMH UMITYJIEC, KOT/Ia CPEAHSS MOLIHOCTD JJ03bI COBIAJaeT
C UMITYJIbCHOM 1 npubmmkaercs k 1 MIp*c 2. [2].

B nmaHHOM WMCcieoBaHUM TIPEACTAaBIEHBI PE3YJILTAThl OOIyUCHHS
omnyxojeBbix (HT-29 — konopekTanbHas aJeHOKapIUHOMa YEIOBEKa)
u HopMasibHbIX (ADSC — Me3eHXuMMaJIbHbIe CTBOJIOBBIC KJICTKH KH-
pOBOI TKaHW 4YernoBeka (puOPOONACTHI) KIETOYHBIX KYJIBTYp B He-
CKOJIBKMX peXuMax B obiactu moauduuupoBaHHoro mnuka bpoarra
(SOBP). OcHoBHBIE pEKUMBI 00Jy4YEeHHs: KOHBEHIMOHAJIBHBIA PEKHM
(momnocTs 10361 D < 3 T'p/c), hmom-pexxum (D ~ 100 I'p/c) u ognonM-
mynbeHbIi Guam-peskum (D > 10% T'p/c). [JuHaMuka perukanum
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JHK mocne o0ny4eHns oTclieXuBajiach B TEYEHUE S5 CYTOK C HCIIOIBb30-
BanueM EdU-tecta. OrieHka J07HM amoNTOTHYECKHX/HEKPOTUICCKUX
KJICTOK TIPOU3BOJIMIIACH B TCUECHUE 2 CYTOK TIOCIIEC OOJyUeHHUS C UCIIOIb-
30BaHHEM (IIyOPECIIEHTHOTO MUKPOCKOIIA.

AHanu3 mokaszaji, 4To cmycTs 24 yaca B CTaHIApTHOM U OJHOUM-
MyJBCHOM (DIIdII-pexkuMe 00JTydeHus: 0OHAPYKUBAJIACh TEHACHIUS TI0-
BBIIICHUS AONH anontoTudeckux kietok HT-29 mo cpaBHeHHIO ¢ KOH-
BEHIIMOHAIBHBIM PSKHMOM. Bo Bcex pekmmax depe3 48 9acoB Imocie
0o0y4yeHHsT HaOJIIOJAJICS 3aMETHBIM YpPOBEHb HEKpPO3a 3THUX KIICTOK.
Takxe ObuH 0OHApYXKEHBI MapauIeIbHBIE TPEHIBI B YPOBHE pEILTHKA-
muu JJHK y kmerox HT-29 B teuenne 120 gacoB mocTpaanalimoOHHOTO
nepuoa.

[1] Rothwell B, Lowe M, Traneus E, et al. Treatment planning considerations
for the development of FLASH proton therapy. Radiother Oncol., 175, 222-230
(2022).

[2] Akulinichev, S.V., Gavrilov, Y.K., Glukhov, S.I. et al. Analysis of Cell Re-
sponse to Ultrahigh Dose-Rate Proton Irradiation. Bull. Russ. Acad. Sci. Phys.
87, 1221-1225 (2023). https://doi.org/10.3103/S1062873823702830
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OIITUMMUBALIUS PEXXUMOB OBJTYUEHHUS B
TEXHOJIOTUSAX IPOTOHHOM U HEMTPOH-3AXBATHOM
TEPAIIMU C UCITOJIB30BAHUEM D®OPEKTUBHBIX
HAHO®OPMYJIALIUIA

Herpyns JI.C.2, 3apecrockas U.H.'%, Azapkun M.IO.!

!Lebedev Physical Institute of the Russian Academy of Sciences
(119991 GSP-1 Moscow, LeninskyProspekt, 53)
2National Research Center «Kurchatov Institute», Moscow Russia (123182
Moscow, Academician Kurchatov square, 1)
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[IpumeHneHne afpecHBIX HAHOYACTHI (HAaHO(DOPMYJAIWiA) B TIPO-
torHoi (IIT) u neitrpon-3axsaraoit Tepanuu (H3T) apnsercs oganm u3
MEPCICKTUBHBIX HAIMpPaBICHUH IUIsi TOBBIIICHUS 3(deKkTUBHOCTH naH-
HBIX TEXHOJIOTHH JICUCHUS OHKOJIOTMUYSCKUX 3a0oneBanuii. [Ipumenenue
HaHo(opmyssiwii B IIT MoXeT MO3BONUTH MOBBICHTH KOH(OPMHOCTH
9 PEKTUBHOW 03Bl U YMEHBIIUTH MOOOYHBIE dPGEKTHI MyTeM CHUXKe-
Hust obmiedt 10361, B xonTexkcre H3T, manowacTuilsl odboramieHuse 00-
POM WJIM JIPYTUMH DJIE€MEHTaMH C BBICOKMM CEUCHHEM 3axBaTa TerJo-
BBIX HEWTPOHOB, NMPENOCTABIAIOT BO3MOXXHOCTh YCHJICHHS TEepareBTH-
YEeCKOTo JEHCTBHS 3a CUET AJIEPHBIX PEaKIMi, MPOUCXOIAIINX B Mpee-
JlaX pakoBOH KJIETKH.

Ontumuzauusa pexumos obmydyenuss B IIT u H3T sBnsercs xom-
TUIEKCHOM 3a/iaueil, pelieHne KOTOpOW MOXKeT ObITh HalJeHO ITyTeM
00BbEeIMHEHMS] KOMITCTEHIIMIA CIISIIMAIMCTOB B 00JIACTH (PU3UKH, XUMUH,
pannoO1oIIOruH, OHKOJIOTUH, HAHOTEXHOJIOTHH. B 1oknaze npencrasieH
AHAIMTHYECKUIA 0030p SKCIIEPHUMEHTANIBHBIX U TEOPETHUYECKUX HCCIIe-
nmoBaHui B obnactm OmHapHBIX MeTomoB IIT w H3T [1, 2, 3, 4]. [lon-
YepKHYyTa Ba)KHOCTH BBIICHEHHS MEXaHM3MOB ceHcuOmnumzanuu I1T, a
TaK)Xe OINpPEEIICHNs] KOJMHYECTBEHHBIX COOTHOUIEHHI MEX]y CBOMCTBa-
MU HaHoudacTHIl (Marepuai, (Gopma, TOKPBITHE), CIIOCO0aMU BBEICHHUS
HAHOYACTHII, peKUMaMK 00Ty4eHUs] U Ononornueckum 3¢dexrom, o0y-
CJIaBJIMBAIOIINM TEPANEBTUYECKYIO () (EKTUBHOCTb.
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IIpencraBneHbl HEKOTOPBIE PE3YIBTATHI 110 CO3JaHUIO MPOTPAMMHON
MOJIEJIM MUIIIEHHOTO y371a YCKOPUTEIBHOI0 UICTOUYHNKA HEUTpoHOB VITA
(UAD CO PAH) B cpene Geant4 11.2.1. UncnenHoe MoAETMpOBaHUE
MO3BOJISIET BU3YallM3UPOBaThb M aHAJIN3HPOBATh IIPOCTPAHCTBEHHOE H
SHEpPreTHUECKoe paclpeieieHne HEHTpOHOB B oOIydyaeMoM oObeMe,
OLICHUTD J03bI OOMYyYEeHHUSI KaK JUIsl OMYXONHU, TaK U JUIs 30POBBIX TKa-
HEH, M3y4uTh BIUSHHUE PA3INYHBIX MApaMEeTPOB OOIydeHHs (SHEpPIrus
MPOTOHOB, TONIUHA MUIIEHH, T€OMETpHUsl oOmydeHws) Ha IPQPeKTHB-
HOCTB TEparuy, ONTHMUA3ZAPOBATH TApaMETPhl OOTYUCHHUS IJIs1 AOCTIKE-
HUST MaKCUMAaJIbHOW 3((PEeKTHBHOCTH TpH MHUHUMAIBHOM ITOOOYHOM
BO3/ICHICTBUY HA 3[JOPOBBIE TKAHH.

[1] I. N. Zavestovskaya et al., Bismuth nanoparticles-enhanced proton therapy:
Concept and biological assessment, Materials Today Nano, 27:100508, (2024)
[2] 1. N. Zavestovskaya et al., Boron Nanoparticle-Enhanced Proton Therapy
for Cancer Treatment, Nanomaterials, 13(15):2167, (2023)

[3] Azarkin M., Kirakosyan M., Ryabov V., Study of Nuclear Reactions in
Therapy of Tumors with Proton Beams, Int. J. Mol. Sci., 24(17), 13400, (2023)
[4] Azarkin M., Kirakosyan M., Ryabov V., Microdosimetric Simulation of
Gold-Nanoparticle-Enhanced Radiotherapy, Int. J. Mol. Sci., 25(17), 9525,
(2024)
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PA3PABOTKA JTYYEBOM YCTAHOBKH KOMILIEKCA
MMPOTOHHOM TEPATIUM USIU PAH

H.A. SAxosaes!, C.B.Axynunudes’, FO. K.I'aspuios!, I'.B.Mep3aukun?,
B.B. MaprbinoBa'
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e-mail: iv.a.yakovlev@gmail.com

MeTom IpOTOHHOW (PIAII-Tepanuyl MPeACTaBIseT cOO0H WHHOBAIIU-
OHHOE HalpaBJeHUE B O0JIACTH JIy4EBOH Tepanuu, XapaKTepu3yroleecs
YIBTPAKOPOTKUMHU UMITYJIbCAMH BBICOKOMHTEHCHBHOTO 00myuenus. Oc-
HOBHOW LEJNBI0 METONA SBJIAETCS MHHUMH3ALUS IOBPEXKICHUS HOP-
MaJIBHBIX TKaHel npu 3¢ (HEeKTUBHOM BO3JEHCTBUH HA 3710KaYECTBCHHBIC
HOBOOOpasoBanus [1].

OddexTrBHAS peanu3aiysl 3TOT0 METoja TpeOyeT YCOBEPIICHCTBO-
BAaHHBIX XapaKTEPUCTUK pabOThl YCKOPHUTEIbHBIX CHCTEM, (OPMHPOBa-
HUS TIOJISL M3TYyYESHHsI ¥ IPOBEIEHUS JO3UMETPHUECKUX u3MepeHuit. JIu-
HelHbIN yckoputens MHcTUTyTa gaepHbix uccienoBannii PAH mpeno-
CTaBISIET BO3MOKHOCTH IPOBEACHUS AKCIEPHUMEHTOB B JHAaIla30HE
CPEHETO HMMITYJIbCHOTO TOKAa YacTuIll oT 1 A0 6.5 MA, C uMIynbcamu
npoomkuTesbHOCThI0 20-80 Mkc [2]. DTu mapamerpbl, B COYETAaHUH C
CHCTEMOH NMAaCCUBHOTO ()OPMUPOBAHMS TEPANIEBTHUECKOIO OIS, TI03BO-
JSIFOT HCCIIEA0BaTh BO3ACHUCTBUS IMYYKOB Ha OMOJOrMYECKHE OOBEKTEHI
MIPY MOITHOCTH JI03bI, 3HaYMTEIbHO npeBbimarorieli 100 ['p/c, Bkitouas
OJTHOUMITYJIbCHBIE PEKUMBI 00Ty4EHHsI, UTO PACIIUPSET MOJIE UCCIIEN0-
BaHUs GunI-3ddekra.

CucreMa maccMBHOTO (DOPMHUPOBAHUS TYYEBOI YCTAaHOBKH COYETAET
MOCJIEeIOBATENIFHOCTh KOHCTPYKIMN (UTYPHOTO paccerBareNs C KOM-
MIEHCATOPOM MOTEPh YHEPTUU AJIS 33JaHHUS IIMPOKOTO U PAaBHOMEPHOTO
NOJIST U3JIyYeHHs M TpedeHyaToro GuibTpa sl MOLYJSIIUN SHEPIreTH-
YEeCKOro CHeKTpa W oOpa3oBaHHs MOAU(PHUIMPOBAHHOW KpWBOW Bparra
(Puc.1). ®yHKIMOHAIBHOCTD 3TOH KOH(UTYpaLUH YCTPOWCTB HE 3aBH-
CHUT OT BPEMEHHOH CTPYKTYPBHI UMITYJILCOB, YTO OOECIIEUNBACT CTAOUIIb-
HOCTb MPOCTPAHCTBEHHOTO pacIpeesieHus 036l IPU U3MEHEHUAX JITH-

48



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
TEJIBHOCTU HMIIYJIbCa, HO YYBCTBUTECIBHA K KOPPEKTHPOBKE BBIBOJA
IIy4Ka U3 HOHOIIPOBOJA.

X X .

X

_']%'._ S By N ]
EREIPE e

Puc.1. Cxema paboThl CHCTEMBI TACCHBHOTO ()OPMUPOBAHUS Tabopa-
topHo# ycranoBku MU PAH

—

IIpencraBieHHBINH TOKIA MOCBSIIEH OCOOCHHOCTSM IMPOCKTHPOBA-
HUSI CUCTEMBI ()OPMHUPOBAHHUS TO3BI U HACTPOIKe €€ pabOTHI B YCIOBUSX
MYYKOB BBICOKOI MOIIIHOCTH JI03bI

Pabota Bemmonnena npu noanepxke rpanta PHO Ne 24-15-00040
«Pa3pabotka saepHO-QU3UYECKUX U PATUOOHOIOTHIECKUX METOJIOB
MPOTOHHOM (pIIAII-Tepanum.

[1] A.A.Friedl, K.M. Prise, K.T.Butterworth et.al., Radiobiology of the
FLASH effect, Med. Phys., vol. 49(3), pp. 1993-2013 (2022).

[2] S.V. Akulinichev, V.N. Vasiliev, Yu.K. Gavrilov et.al., Possibilities of Pro-
ton FLASH Therapy on the Accelerator at the Russian Academy of Sciences’
Institute for Nuclear Research, Bull. RAS: Phys., vol. 84(11), pp.1325-1329
(2020).
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LASER SYNTHESIS OF BORON NANOPARTICLES FOR BNCT

K.O. Aiyyzhy*!, E.V. Barminal, V.A. Agakhanova!

L Prokhorov General Physics Institute of the Russian Academy of Sciences,
Vavilova str. 38, 119991 Moscow, Russia
*aiyyzhy@phystech.edu

Recent studies show that the use of boron nanoparticles in neutron
capture therapy (BNCT) is a promising direction in radiotherapy [1, 2].
However, the creation of biocompatible nanoparticles with high boron
content and favorable physicochemical properties still represents a seri-
ous challenge. In this work, we study the synthesis of elemental boron
NPs using pulsed ns-laser fragmentation of various boron micropowders
(amorphous, crystalline and enriched °B isotope) in isopropanol in a
flow cell. A solid-state Nd:YAG laser with a wavelength of 1064 nm, a
pulse duration of 10 ns, a pulse repetition rate of 10 kHz and a pulse
energy of 1 mJ was used as a source of laser radiation in all our experi-
ments.

Analysis of X-ray diffraction patterns shows that laser fragmentation
results in allotropic modification of boron nanoparticles. Transmission
and scanning electron microscopy studies shows that the average size
amorphous, crystalline and enriched 1°B isotope B NPs is 30 nm, 50 nm
and 53 nm, respectively (Fig. 1). The isotopic composition measured on
a secondary ion mass spectrometer of obtained amorphous B NPs, crys-
talline B NPs and B NPs enriched with the isotope 1°B, shows a °B con-
tent of 19.07%, 17.5% and 74.97% respectively. The obtained B NPs
were functionalized with polyethylene glycol polymer to improve col-
loidal stability and biocompatibility in Shemyakin and Ovchinnikov In-
stitute of Bioorganic Chemistry. The use of the obtained amorphous B
NPs in BNCT resulted in a sharp increase in the level of cancer cell
death [3], obtained crystalline and enriched °B isotope B NPs will still
be studied.
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Fig.1. SEM-image of enriched 1°B isotope B NPs after laser fragmenta-
tion (a). Corresponding size distribution (b).

This work was supported by Russian Science Foundation, Grant Ne 24-
62-00018.

[1] R.F. Barth; A.H. Soloway; R.G. Fairchild, Boron neutron capture therapy
for cancer, Scientific American, 263, 100 (1990).

[2] V. Torresan, et al. Biocompatible iron—boron nanoparticles designed for
neutron capture therapy guided by magnetic resonance imaging, Advanced
Healthcare Materials, 10, 2001632 (2021).

[3] I.N. Zavestovskaya, et al., Laser-Synthesized Elemental Boron Nanoparti-
cles for Efficient Boron Neutron Capture Therapy, International Journal of Mo-
lecular Sciences, 24, 17088 (2023).
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Brachytherapy refers to an advanced type of radiation therapy used
for breast cancer. The basis of point radiological irradiation is not just
the use of radioactive elements, but their delivery directly to the lesion
site. In standard methodology, carriers made of non-degradable metals
are injected into the tumor as radiation sources, most often capsules
made of medical titanium [1]. Expert opinions on the toxicity of titani-
um during long-term exposure to the body differ. However, from an
economic point of view, the production of such capsules is expensive
(~$50 for 1 capsule weighing 2 grams) [2]. Therefore, the task of devel-
oping a new method of brachytherapy for breast cancer based on the use
of calcium-containing nano- and micro-carriers that will ensure effective
retention of the active dose of radiation in the tumor volume, while their
administration will be implemented with minimal invasiveness, and the
carriers themselves will have high biocompatibility and an economically
relevant production protocol [3].

In this study, nanosized carriers based on amorphous calcium car-
bonate were used, obtained by coprecipitation of Na,COs; and CaCl,
salts in the presence of polyacrylic acid (PAA) as a particle size stabi-
lizer. Isotope encapsulation was performed at the “post-synthesis” stage
in the presence of Ba*" and SO4> ions as catalysts for the Na*/Ra?" ion
exchange reaction and subsequent incorporation of the isotope into the
carrier structure.

As a result, we obtained stable system of nanoparticles with a narrow
average size (80-120 nm). Nanoparticles have high biocompatibility and
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aggregation stability, which was proven by several in vitro studies. The
results radiolabeling verification showed that the radiolabeling tech-
nique demonstrated high rates of isotope loading efficiency (=70%) and
radiochemical stability (>90% on day 7), which corresponds to general-

ly accepted criteria for quality control of radiopharmaceuticals.

Our investigations form a base for the new method of breast cancer
brachytherapy using calcium-containing nanocarriers and increase the
effectiveness of therapy everywhere with a reduction in concomitant
risks and side effects.

o

|

223Ra retention (%)

—-—adsorption + Ba?*/SO7 ——adsorption + Ba**/SO7?

start wash1 wash2 wash3 start 48h 144h

Fig.1. (A) SEM and (B) TEM images of CaCOsz nanocarriers. Graphs
demonstrating (C) radiolabeling efficiency of carriers with 22°Ra and (D)
isotope retention.

[1] Cozzi S, Augugliaro M, Ciammella P, Botti A, Trojani V, Najafi M, Blan-
dino G, Ruggieri MP, Giaccherini L, Ali E, lori F, Sardaro A, Finocchi Ghersi
S, Deantonio L, Gutierrez Miguelez C, lotti C, Bardoscia L. The Role of Inter-
stitial Brachytherapy for Breast Cancer Treatment: An Overview of Indications,
Applications, and Technical Notes, Cancers (Basel), 10, 2564, 2022.

[2] Diaz-Gavela AA, Cerro Pefialver ED, Sanchez-Garcia S, Pardo-Perez E,
Thuissard-Vasallo 1J, Andreu-Vazquez C, Molina Lopez MY, Pena Huertas M,
Guerrero-Gomez LL, Sanz-Rosa D, Lorenzo FC. Hypofractionated whole
breast IMRT with HDR brachytherapy boost in early-stage breast cancer:
Long-term results from a single-center, Brachytherapy, 3, 342-354, 2024.

[3] Westrem S, Malenge M, Jorstad IS, Napoli E, Bruland @S, Bensdorff TB,
Larsen RH. Ra-224 labeling of calcium carbonate microparticles for internal a-
therapy: Preparation, stability, and biodistribution in mice. J Labelled Comp
Radiopharm, 6, 472-486, 2018.

54



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»

ANTI-TUMOR EFFECT OF NANOSELENIUM AND
ACCELERATED CARBON IONS ON EHRLICH ASCITIC
CARCINOMA CELLS EX VIVO

T. Belyakoval?, O. Rozanova?, E. Smirnova?, N. Strelnikova®
L Institute of Theoretical and Experimental Biophysics, Russian Academy of
Sciences, Pushchino, Russia
2 Institute for High Energy Physics named by A.A. Logunov of National Re-
search Centre “Kurchatov Institute”’, Protvino, Russia
3 Branch “Physical-Technical Center” of P.N. Lebedev Physical Institute, Rus-
sian Academy of Sciences, Protvino, Russia
belyakovatanya@mail.ru

One of the main goals of experimental oncology is to find ways to
optimize radiotherapy (RT) of tumors, to overcome their radioresistance
and recurrence. Significant increase of RT efficiency due to high-
precision tumor irradiation can be achieved by using corpuscular radia-
tion: protons, neutrons, heavy ions. The most promising method of had-
ron therapy is the use of carbon ions (**C), which have all the ad-
vantages of densely ionizing radiation and high RBE values. To im-
prove ion therapy of tumors, methods are being developed to modify the
action of 2C to reduce side effects on healthy tissues and enhance RT
using nanoenhancers [1]. The aim of this work was to study the induc-
tion frequency and growth rate of the solid form of Ehrlich ascites car-
cinoma (EAC) upon inoculation of ascites cells irradiated ex vivo with a
12C jon beam in the presence of selenium nanoparticles (SeNPs).

Experiments were carried out on 2-month-old male SHK mice (30—
34 g). A total of 80 mice were used. The solid form of EAC was used as
a model of tumor growth. EAC cells were aseptically isolated on the 7th
day after intraperitoneal inoculation in mice and transferred to Eppen-
dorfs at a concentration of 20 x 10%/ml. In some variants, a solution of
SeNPs at final concentrations of 0.17 and 0.34 mg/mL was added to the
cell suspension and incubated at room temperature for at least 1 h.
SeNPs were obtained by laser ablation of massive selenium targets in
deionized water (Q=18 MOhm*cm) (Prokhorov General Physics Insti-
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tute RAS, Moscow). The average hydrodynamic diameter of selenium
nanoparticles was about 100 nm, the half-width was in the range of 70—
130 nm. A suspension of EAC cells was irradiated with carbon ions in a
Bragg peak with a width of 2.5 mm (LET ~ 150 keV/um) in doses of 10
Gy and 20 Gy at an average dose rate of 3 Gy/min on a monoenergetic
beam with energy of 400 MeV/nucleon of a U-70 accelerator complex
on the basis of the Logunov Institute of High Energy Physics, National
Research Center “Kurchatov Institute” (Protvino). After irradiation,
mice were implanted with 2 x 105 EAC cells in a volume of 0.1 mL in-
tramuscularly into the thigh of the left limb to obtain a solid form. The
frequency of tumor induction and their growth rate were recorded for 30
days.

It was shown that in groups of mice that were transplanted with non-
irradiated EAC cells or treated with SeNPs at a concentration of 0.17
mg/ml on the 5th day tumors appeared in 100%, and when treated with
SeNPs at a concentration of 0.34 mg/ml on the 10th day only in 20%
had tumors, and by 30 days — 90%. In the groups of mice injected with
10 Gy irradiated cells without SeNPs and treated with low concentration
of SeNPs, tumors were observed in 100% of mice at 12 days. In the
group after irradiation with 10 Gy in the presence of SeNPs (0.34
mg/ml) at 17 days 10% of mice had EACs, and after 30 days the propor-
tion of mice with EACs was 30%, which is close to the frequency of
tumor induction when cells were irradiated with *C ions at a dose of 20
Gy. The growth rate of induced solid EACs was the same in all groups.
The results obtained revealed the antitumor activity of SeNPs and a sig-
nificant enhancement by SeNPs of the antitumor effect of *2C radiation
upon irradiation of EAC cells ex vivo.

The study was carried out within the framework of basic research on
topics that correspond to State Assignment no. 075-00224-24-3 (Insti-
tute of Theoretical and Experimental Biophysics, Russian Academy of
Sciences)

[1] Y. Chuang, P. Wu, Y. Shen, et al. Recent advances in metal-based
nanoenhancers for particle therapy. Nanomaterials, vol. 13(6), (2023).
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At present, ion therapy is the most promising method of radiation
therapy for malignant neoplasms [1]. An important step in studying the
effects of charged particles is determining the relative biological effec-
tiveness (RBE), which depends on the radiation dose, dose rate, type of
observed effect, and linear energy transfer (LET) of charged particles
[2]. The aim of the work was to determine the RBE of accelerated car-
bon ions in different regions of the Bragg curve in mice in vivo using the
micronucleus test (MN-test) in the dose range of 0.1-1.5 Gy and the 30-
day survival test at a dose of 6.5 Gy.

The studies were performed on two-month-old male white outbred
mice of the SHK line weighing 26-34 g. Irradiation of animals with
carbon ions was conducted with a monoenergetic beam at an energy of
450 MeV/nucleon of the U-70 accelerating complex based of the
Logunov Institute of High Energy Physics, National Research Center
“Kurchatov Institute” (Protvino). The LET was determined by the com-
putational method: 15 keV/um before the Bragg peak, 5 keV/um after
the Bragg peak, 100 keV/um in the modified 10 mm wide Bragg peak,
and 39 keV/um in the 30 mm wide Bragg peak. The average dose rate
before the Bragg peak was 0.8 Gy/min; at the Bragg peak — 1.6 Gy/min;
after the Bragg peak — 0.3 Gy/min. Control groups of mice were irradi-
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ated using the X-ray device RUT-250-15-1 (200 kV, 20mA, LET of 2
keV/um) at an average dose rate of 1 Gy/min at the Research Equipment
Sharing Center “Radiation sources” (Institute of Cell Biophysics RAS,
Pushchino, Russia).

Table 1 presents the values of the RBE of carbon ions during irradia-
tion of mice in different regions of the Bragg curve according to differ-
ent criteria.

Table 1. Values of the RBE of carbon ions at irradiation of mice in different
regions of the Bragg curve

RBE
. LET, Average 0
Irrad!a_tlon keV/ | MN- lifespan | 30-day surviv- 50.4
conditions . survival
pum test of dead al of mice .
. of mice
animals
Before the Bragg 15 10 08 08 i
peak
inthe | 0MM | 100 | 14 2.1 16 26
wide
Bragg 30 mm
peak . 39 1.1 1.9 14 2.1
wide
After the Bragg 5 0.7 i 07 i
peak

The value of RBE when mice were exposed to carbon ions in the
Bragg peak at different calculated LETs did not differ within the single
test. However, the RBEs calculated, for example, from 50% survival of
mice were higher (>2.1) than the RBE values calculated from the MN-
test (1.1-1.4) and 30-day survival of mice (1.4-1.6). The value of RBE at
carbon ion irradiation before and after the Bragg peak was less than 1
with the mean values being 0.9 before the peak and 0.7 after the peak,
regardless of the study method.

[1] T. Malouff, A. Mahajan, S. Krishnan et al. Carbon ion therapy: a
modern review of an emerging technology. Front. Oncol, vol. 10:82,
(2020).

[2] W. Tinganelli, M. Durante Carbon lon Radiobiolo-
gy. Cancers, vol. 12(10), (2020).
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The aim of the study is to obtain nanoparticles of tungsten and its
compounds by laser evaporation of targets in a liquid medium. The sig-
nificance of this work lies in the creation of a method for synthesizing
nanoparticles that allows controlling the properties and dispersion of the
obtained nanoparticles in accordance with current requirements. The
main feature of laser evaporation using femtosecond laser pulses is the
combined interaction of processes such as laser radiation absorption,
nanoparticle emission and plasma interaction with the medium, which
ensures efficient synthesis of nanoparticles. In femtosecond laser evapo-
ration (ablation) in liquid, these processes can be differentiated by con-
trolling the pulse energy and environmental conditions. Fine tuning of
the laser evaporation process leads to predictable results. The main
technical solution was the TETA-10 femtosecond laser system [1]. The
synthesized nanoparticles were examined using a Quanta 200 3D scan-
ning electron microscope. Using femtosecond laser radiation from the
TETA-10 system, material was ablated from the surface of a 40x40x5
mm tungsten volume target. The system used a potassium-gadolinium
tungstate crystal doped with ytterbium. The laser operated at a wave-
length of 1029 nm, had a pulse duration of 300 fs, a repetition rate of 10
kHz, and a pulse energy of 150 pJ. Tungsten nanoparticles were synthe-
sized in liquid media: oxide in water, carbide in acetone, and nanoparti-
cles in ethanol. At a laser power of 1 W in ethanol, nanoparticles of 20
to 200 nm in size with an average size of about 75 nm were obtained.
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Reducing the power to 0.5 W resulted in the formation of nanospheres
of 40 to 150 nm. Laser fragmentation yielded smaller nanospheres (<20
nm) and a colloidal solution, while some larger nanospheres (30-60 nm)
remained intact. Laser ablation in acetone resulted in spherical nanopar-
ticles of 20 to 180 nm in size at a power of 1 W and of 20 to 150 nm at a
power of 0.5 W. Laser fragmentation reduced the particle size. A colloi-
dal solution was formed, which, upon drying, became a gel film with
nanoparticles of about 1 nm in size. At 1 W power in deionized water,
nanospheres of 60-100 nm in size were formed, with the possibility of
forming conglomerates up to 300 nm. At 0.5 W power, larger structures
up to 1 pm and conglomerates up to 10 pm were formed. Using spectro-
photometry, it was found that scattering is reduced by laser fragmenta-

tion of colloidal solutions (figure 1).

Tungsten abl in water
Tungsten frag in water
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Fig.1. Scattering coefficients for ablated and fragmented colloidal solutions in
deionized water

These findings may be useful in industrial processes, especially for

improving the mechanical properties of aluminum alloys by introducing
tungsten nanoparticles.
[1] Kochuev D. A. The influence of pressure and electric field on the dynamics
of synthesis of micro- and nanoparticles under the influence of femtosecond
laser pulses on the surface of a material in liquid and gaseous media. Extended
abstract of candidate’s thesis. Moscow, 2021, 20 p. (in Russian)
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Modern traditional medications are proved to have several disad-
vantages such as low solubility, broad distribution and high toxicity to
heathy tissues [1]. However, these problems can be solved by a class of
nano-sized particles which, in recent days, has been widely developed to
alleviate these problems by means of controlled drug release and target-
ed delivery [2].

Metal-organic frameworks (MOFs) are a new emerging class of po-
rous materials, assembled from high valence metals or metal clusters
connected by organic molecules. It is promising for biomedical applica-
tions as drug delivery systems due to their high porosity, specific sur-
face area and biodegradability [3]. As most MOFs are comprised from
organic acids in role of ligand, there are plenty of free carboxylic groups
on MOFs surface, which can be modified by proteins to create a drug
delivery system with active targeting. In this work hafnium-based UiO-
66 MOFs were synthesized and tested as targeted drug delivery systems.

Nanosized UiO-66 MOFs were synthesized by solvothermal method.
Obtained nanoparticles showed structural and colloidal stability in me-
dia needed for surface modifications, which was confirmed by hydrody-
namic size, {-potential and FTIR spectra. Drug loading and drug release
for several dyes were analyzed. Polymer coating decreased rate of drug
release from nanoparticles. Stability of MOFs allowed to test them as
targeted drug delivery system to tumor cells. Surface modification with
targeting molecules was proved by flow cytometry of specific cell lines.
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Overall, obtained MOFs showed low toxicity in vitro and were suc-
cessfully used as targeted delivery systems. However, before theranostic
applications of MOFs, in vivo toxicity should be studied.

The work was supported by the Ministry of Science and Higher Edu-
cation of the Russian Federation, agreement no. 075-15-2024-536.

[1] Nanoparticle-Based Medicines: A Review of FDA-Approved Materials and
Clinical Trials to Date / D. Bobo, K.J. Robinson, J. Islam [u ap.] // Pharmaceu-
tical research. — 2016. — T. 33, Nel0. — C.2373-2387.

[2] Xu, Xianhan. (2022). The applications and synthesis of metal-organic
frameworks in nano-drug delivery. Highlights in Science, Engineering and
Technology. 21. 42-49. 10.54097/hset.v21i.3136.

[3] Cai, Mengru & Chen, Gongsen & Qin, Liuying & Qu, Changhai & Dong,
Xiaoxv & Ni, Jian & Yin, Xingbin. (2020). Metal Organic Frameworks as Drug
Targeting Delivery Vehicles in the Treatment of Cancer. Pharmaceutics. 12.
232. 10.3390/pharmaceutics12030232.
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It has recently been established that cerium-based nanoparticles are
promising nanozymes for advanced biomedical applications [1]. Addi-
tional modification of cerium oxide nanoparticles (CeO2 NPs) provides
them with new functions, making them promising theranostic agents.

Mesenchymal stem cells (hMSc) are a promising resource for vari-
ous biomedical applications, including those related to tissue regenera-
tion and cancer treatment. They are able to act as an effective means of
delivering various functional compounds due to infection in the area of
injury and inflammation or in the tumor growth zone [2,3], providing a
pronounced therapeutic effect. The 3D cellular model of hMSc allows
the formation of a certain microenvironment that forms their tissue
niche in natural conditions.

In this work, additional functionalization of gadolinium-doped ceri-
um oxide nanoparticles was performed using the fluorescent label fluo-
rescein isocyanate (CeosGdo202-x-FITC) and the features of their inter-
nalization in 2D (monolayer) and 3D (cell spheroids) cellular systems
based on mesenchymal stem cells were investigated. The analysis of the
internalization of nanoparticles was carried out by adding Ceo.sGdo.20--
x-FITC nanoparticles to 2D and 3D cellular systems, followed by incu-
bation for more than 16 hours. The final concentration of nanoparticles
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was 10 pg/mL. The results of the analysis of the internalization of
Ce0.8Gdo202-x-FITC nanoparticles into a cellular monolayer (2D sys-
tem) demonstrated the predominant localization of nanoparticles in the
cytoplasm of cells and partially in lysosomes after 16 hours of incuba-
tion. The results of the analysis of the localization into multicellular
spheroids (3D system) with a diameter of more than 300 microns
showed that after 30 minutes the nanoparticles penetrate to a depth of
20-30 microns (corresponds to the zone of diffusion), after 5 hours the
penetration depth increased to 120-150 microns, and after 12 hours of
incubation led to the greatest penetration nanoparticles into cellular
spheroids. The obtained results show that the use of cerium-containing
cerium-based nanoparticles is a promising approach for safe and effec-
tive hMSc bioimaging.
The work was supported by the Russian Science Foundation project

no. 22-73-10231.

[1] Feng N., Liu Y., Dai X., Wang Y., Guo Q., Li Q. Advanced Applications of
Cerium Oxide Based Nanozymes in Cancer. RSC Adv., 2022, 12,
P.121486-1493.

[2] D’Atri D., Zerrillo L., Garcia J., Oieni J., Lupu-Haber Y., Schomann T.,
Chan A., Cruz L.J., Creemers L.B., Machluf M. Nanoghosts: Mesenchymal
Stem Cells Derived Nanoparticles as a Unique Approach for Cartilage Regen-
eration. J. Controlled Release, 2021, 337, P. 472-481.

[3] Li X., Wei Z., Zhang W., Lv H., Li J., Wu L., Zhang H., Yang B., Zhu M.,
Jiang J. Anti-Inflammatory Effects of Magnetically Targeted Mesenchy_mal
Stem Cells on Laser-Induced Skin Injuries in Rats. Int. J. Nanomedicine, 2020,
15, P. 5645-5659.
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Radiation therapy is used as the first line of therapy in more than 50%
of patients with malignant tumors [1]. However, this therapeutic ap-
proach still has difficulties in effectively delivering the dose directly to
the tumor growth zone. The transition to proton therapy of the tumor
makes it possible to increase the accuracy of dose unloading, since the
main proton energy is released in the biological tissue at the end of the
particle trajectory ("Bragg peak™) in accordance with the profile of the
deep dose [2]. Despite the numerous known benefits of proton beam
therapy, it has certain limitations of effectiveness due to the low thera-
peutic yield. One of the most promising methods of promoting proton
therapy is associated with the use of nanotechnology approaches, which
involve the use of nanoparticles as sensitizers for improved results
caused by radiotherapy. Nanoparticles containing elements with high
electron density (high Z element), such as bismuth, can act as such a
radio sensitizer.
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In this study, we propose the use of PVVP-stabilized bismuth nanosheets
as a radiosensitizer to enhance the effectiveness of proton therapy. Bi
nanosheets were synthesized through hydrolysis of bismuth chloride in
an alkaline environment. Our results show that Bi nanosheets have a
high degree of biocompatibility and strong radiosensitizing effects
against breast carcinoma cells, especially when exposed to proton beam
irradiation at the Bragg peak. After irradiation with proton beams, Bi
nanosheets generate reactive oxygen species, which in combination with
the proton irradiation significantly reduces the clonogenic activity of
cancer cells, their cell cycle disruption and apoptosis. The maximum
effect was observed at a dose of 3 Gy of irradiation and a concentration
of 50 pg/mL of Bi nanosheets. Given the high biocompatibility of this
nanomaterial and the proton-induced radiosensitizing properties, we
propose that the use of proton therapy in combination with Bi
nanosheets technology could significantly improve cancer treatment.

This research was funded by the Ministry of Science and Higher Edu-
cation of Russian Federation within the agreement no. 075-15-2021-
134.

[1] Miller, K. D., Siegel, R. L., Lin, C. C., Mariotto, A. B., Kramer, J. L., Row-
land, J. H., ... & Jemal, A. Cancer treatment and survivorship statistics,
2016. CA: a cancer journal for clinicians, 66(4), 271-289(2016).

[2] W.H. Bragg, R. Kleeman, XXXIX. On the o particles of radium, and their
loss of range in passing through various atoms and molecules, London, Edin-
burgh Dublin Phil. Mag. J. Sci. 10 (1905) 318-340.
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Radiotherapy — important part of medicine of tumor treatment. Plants
corresponding to Lamiaceae may be referred to as radioprotectors [1,2].
Introducing Lamiaceae extracts orally or intravenously may decrease
dose damage to patient during the radiotherapy [3]. lonizing radiation
may also cause the increase in antioxidants concentration in Lamiaceae
that may be useful for patients undergoing radiotherapy. Recently it was
noticed that some radionuclides help Lamiaceae growth by stimulating
germinating ability of seeds [4].

The aim of our work is to study the impact of *’’Lu on the growth
and development of Dracocephalum Moldavica and Ocimum Basilicum
of Lamiaceae. For that, we compared morphoanatomy and histology of
the leafs of these plants, elaborated the optimal activity of ’Lu for
growth and development of the plants and compared their germinating
ability. The seeds of Dracocephalum Moldavica and Ocimum Basilicum
were gathered on the field of N.V. Tsytsin laboratory, RAS. Initial ac-
tivity of Y’Lu (LuCl) was 2630,4 kBq.

We have formed 5 groups for each plant: one control (C) and four
experimental (I-1V). Experimental groups were subjected to the follow-
ing radioactivity of Y’Lu: | — 164,4 kBg/ml, Il — 82,2 kBg/ml, 11l —
54,72 kBg/ml, IV — 41,1 kBg/ml. So, each group was containing five
plates with ten seeds in each one. Seeds were seeded in plates with fil-
tering paper and have been being grown up for one week under the
lamps of 380-780 nm. The solution of *’’Lu was being added at the very
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beginning of the experiment and then after every 48 h. For the control

group the distilled water was used.

Germinating activity of the seeds in all groups was good. We ob-
served no morphoanatomy differences between control and experi-
mental groups. Optical microscopy of the leafs has shown that the cells
of control and experimental groups did not differ. The amount of Y’Lu
absorbed and its distribution were estimated with y-spectrometry. Opti-
mal radioactivity of Y’’Lu was found to be 164,4 kBg/ml, for the I group.
The best germination was observed at the fifth and the seventh days.
The best germination of Ocimum Basilicum — in opposite to Dracoceph-
alum Moldavica was observed for the IV group with the least radioac-
tivity containment. This may be due to higher density of the seeds coat
of Ocimum Basilicum.

[1] Kyzpmun .., PagvozamuTHble CBOWCTBA NpEACTaBUTENEH ceMelcTBa
Lamiaceae //Marepuaibl MEXIyHAPOAHOW HAYYHOU KOH()EPEHIIMH MOJIOJBIX
Y4€HBIX U CHEIHUATUCTOB, MOCBAMEHHON 135-netuio co aHs poxkaeHus A.H.
Koctsxosa, cOopHuK crateii - 2022, Tom 1. ctpanmms: 309-312

[2] Typaesa I'. H., Ukpamu M. b. AHTHOKCHAAHTHAs aKTHUBHOCTh HKCTPAKTOB
pacteHuii cemeiicTBa sicHOTKOBHIX (Lamiaceae) //BecTHHK Ieqarorn4eckoro
yuauBepcurera (EctectBennsix Hayk). — 2019. — Ne. 1-2 (1-2). — C. 203-207.

[3] Ky3pmun [.JI. PAAUOITIPOTEKTOPHASA 1 AHTUOKCUJAHTHAS
AKTHUBHOCTb HEKOTOPBIX BMJIOB CEMEWCTBA SCHOTKOBBIE
LAMIACEAE. OB30P //CoopHHK MaTepHalOB MEXKIYHAPOJHOTO HAYYHO-
MPaKTUYEeCKOTo (popyma MOJIOABIX YUEHBIX U crienuanucTtoB «MnbpuHCKHE uTe-
Hus 2024». — M.: ®I'bY I'HL[ ®MBIL] um. ®.1. bypnazsna ®PMBA Poccun,
2024. — 386 c., crparums: 109-111.

[4] Ky3pmun . 1., Koanes U. U., Yepeaunuenko M. 0. Bo3zaeiictBue ma-
JBIX aKTHBHOCTEW 223Ra Ha CTUMYIIALHIO POCTa 3MEETOJIOBHUKA MOJIIaBCKOTO
(Dracoceplalum moldavica) cemeiictea ScnotkoBele Lamiaceae /5134 C6op-
HUK Te3ucoB |l Beepoccuiickoro koHrpecca ¢ MEXIYHapOJHBIM YYacTHEM
IAEPHAS MEJIMITMHA-2023», 30 HOos10psi—2 nexabps 2023 roga, CaHKT. —
2023.
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! Novosibirsk State University, Novosibirsk, Russia
2Budker Institute of Nuclear Physics SB RAS, Novosibirsk, Russia
% Voevodsky Institute of Chemical Kinetics and Combustion SB RAS, Novosi-
birsk, Russia
Presenting author e-mail address: kuzminaksenya0102@mail.ru

Boron neutron capture therapy (BNCT) is a binary form of radiation
therapy based on the selective destruction of malignant tumor cells by
accumulating a stable isotope °B in them and subsequent irradiation
with epithermal neutrons. As a result of neutron absorption by boron, a
nuclear reaction °B(n,a)’Li occurs with a large release of energy in the
cell that contained the boron nucleus, which leads to its death. Clinical
trials of the technique were conducted at nuclear reactors and accelera-
tor-based neutron sources, positive results were obtained. However, for
the widespread introduction of the technique into clinical practice, com-
pact neutron sources, effective drugs for targeted boron delivery, as well
as a therapy planning system, including dosimetric control, are required.

Currently, there are no clinically applicable dosimetry methods that
would take into account all doses in BNCT. The VITA setup uses such
dosimetry methods as activation foils, prompt gamma spectroscopy, wa-
ter phantom and calculations on the NMC-based software package [1]
for the treatment of domestic animals with spontaneous tumors.

It is proposed to use a chemical dosimeter, namely a ferrosulfate sys-
tem or a Fricke dosimeter, to measure the total dose.

The aim of the work is to develop a ferrosulfate dosimetry system for
BNCT.

As a result of the work, a method for chemically measuring the dose
for BNCT was proposed, "conventional" and "neutron-sensitive" dosim-
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eters with a complexing agent were developed, the developed dosime-
ters were calibrated in the range from 0 to 8 Gy, and a test irradiation
was performed on the VITA neutron source, samples were analyzed on
a spectrophotometer and spectra were obtained for further determination
of the dose associated with neutrons. As an intermediate result, the total
equivalent dose was calculated, which was 35 Gy.

This research was funded by the Russian Science Foundation (grant
number 19-72-30005).

[1] M. Bikchurina, T. Bykov, I. Ibrahim, A. Kasatova, D. Kasatov, la. Kolesni-
kov, V. Konovalova, T. Kormushakov, A. Koshkarev, A. Kuznetsov, V. Po-
rosev, S. Savinov, I. Shchudlo, N. Singatulina, E. Sokolova, T. Sycheva, I.
Taskaeva, G. Verkhovod, S. Taskaev. Dosimetry for Boron Neutron Capture
Therapy Developed and Verified at the Accelerator based Neutron Source VI-
TA. Front. Nucl. Eng. 2 (2023) 1266562.
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LASER SYNTHESIS OF Au@Fe NANOPARTICLES OF THE
CORE-SATELLITE TYPE FOR BIOMEDICAL APPLICATIONS

A.A. Laktionov!, A.A. Popovl 2
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Increasing prevalence of oncological diseases requires constant mod-
ernization and expansion of methods of their diagnostics and therapy.
The urgent task in such conditions is the improvement of existing and
creation of new hybrid nanoparticles (NPs) capable of application in
several areas of biomedicine, for example, participating in imaging and
therapy simultaneously. In this work we investigated the production of
Au@Fe nanoparticles of the core-satellite type using pulsed laser abla-
tion in liquid. The study was based on the methodology described in
earlier works of the laboratory “Bionanophotonics” of the Institute of
Physics and Biophotonics of MEPhI [1,2]. The technique used in this
work is based on the laser ablation of Fe target in the presence of pre-
prepared Au NPs to synthesize nanostructures possessing ultrapure sur-
face.

In the ablation process, NPs with core-satellite type structure consist-
ing of iron oxide core with gold NPs embedded in it were obtained. The
presence of the Fe-based core determines the magnetic response, while
the Au-based shell makes the material promising for application in CT
studies. Optimization of the laser-ablation synthesis of Au@Fe NPs was
carried out, which allowed to increase the yield of these structures up to
80% of the total number of synthesized NPs, while maintaining high
synthesis productivity and dimensions acceptable for in vivo applica-
tions, as well as excellent optical properties.

Morphologically, Au@Fe NPs are relatively large spherical iron-
based nuclei with an average size of about 75 nm decorated with small
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spherical Au NPs with an average size of about 8 nm. A detailed analy-
sis of the dependence of the Au@Fe NPs share in the total number of
synthesized particles on the ablation time of the Fe target shows that at
relatively short synthesis durations (less than 13 min) the Au@Fe NPs
share remains high (more than 80%). At the same time, in the interval of
durations between 13 and 30 min, the share of these nanostructures de-
creases rapidly to 20%. The results obtained by spectrophotometry show
a shift of the Au@Fe NPs extinction peak to the long-wavelength region
relative to the Au NPs extinction peak, and its significant broadening
with increasing ablation time of the Fe target. The magnitude of the shift
is in the range of 40 to 90 nm. The extinction peak shifts from 515 nm
for Au NA to 605 nm for Au@Fe NA obtained by ablation of the Fe
target for 30 min. It should be noted that the electron microscopy imag-
es show single core-shell structures consisting of a gold core and an iron
oxide shell, which probably also contribute to the observed optical ex-
tinction spectrum. The combination of magnetic and plasmonic proper-
ties of Au@Fe NPs opens prospects for the development of new meth-
ods of cancer diagnosis and treatment and is a great advantage com-
pared to single-composite NPs. The achieved increase in the yield of
these NPs will enhance their use in computed tomography, photoacous-
tic imaging and photothermal therapy by increasing the gold content. In
addition, the iron content of these NPs makes them promising for use in
magnetic hyperthermia and targeted magnetic drug delivery to a given
region.

This work was supported by the Ministry of Science and Higher Ed-
ucation of the Russian Federation under Agreement No. 075-15-2021-
1347. The authors are grateful for the provision of scientific infrastruc-
ture for research (grant FSWU-2023-0070).

[1] A.A. Popov, Z. Swiatkowska-Warkocka, M. Marszalek, G. Tselikov, et al.
Laser-Ablative Synthesis of Ultrapure Magneto-Plasmonic Core-Satellite
Nanocomposites for Biomedical Applications. Nanomaterials (Basel, Switzer-
land), 12(4), 649, 2022.

[2] O.Y. Griaznova, 1.B. Belyaev, A.S. Sogomonyan, et al. Laser Synthesized
Core-Satellite Fe-Au Nanoparticles for Multimodal In Vivo Imaging and In
Vitro Photothermal Therapy. Pharmaceutics, 14, 994, 2022.

72



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»

INVESTIGATION OF RADIOPROTECTIVE EFFECTS OF
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“Dimephosphone” is a registered pharmaceutical drug, that is widely
used in medicine as a neuroprotective agent. It was synthesized in 1952
by A. N. Pudovick at the A.E. Arbuzov Institute of Organic and Physi-
cal Chemistry [1]. It was selected as a potential radioprotector due to its
anti-acidotic and antioxidant properties, the main mechanism of action
of which is to prevent lipid oxidation and increase the activity of antiox-
idant enzymes in brain tissue. Also, it has been shown in only one inves-
tigation on human with laryngeal cancer that “Dimephosphone” pos-
sesses a radioprotective effect [2].

We investigated the potential radioprotective properties of the drug
"Dimephosphone”. We formed 3 groups of CD-1 female mice (n=7)
(Group 1 - received the drug at a dose of 750 mg/kg, Group 2 - drug +
total irradiation of 5 Gy, Group 3 — total irradiation of 5 Gy). Blood was
collected from these mice over 14 days for complete blood count and
metabolomic screening, and on day 14, the small intestine and spleen
were harvested for histological examination.

According to the results, the viability of mice in both groups with to-
tal irradiation (groups 2 and 3) were insignificantly different. Thus, the
drug "Dimephosphone™ at a dose of 750 mg/kg did not affect animal
survival after exposure to ionizing radiation at a dose of 5 Gy. However,
according to histological data, it exerted a local radioprotective effect in
the small intestine, reducing the severity of radiation-induced damage to
the intestinal epithelium.

A metabolomic study identified 208 metabolites with negative dy-
namics and 22 metabolites with positive dynamics in the groups with
"Dimephosphone” and total irradiation at 5 Gy and the group with only
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total irradiation at 5 Gy. Among these, alpha-tocopherol, nicotinamide
riboside, N-carbamoyl-L-aspartate, and adenylsuccinate were signifi-
cantly different between these groups, and may explain the radioprotec-
tive effect on the intestinal epithelium and spleen.

[1] B.A.Ap6y3oB, A.O.Busens, K.M.UBanosckas u ap., Jokir. AH CCCP,
182(1), 101 — 104 (1968).

[2] Tunesa T.I'., Jlykua A.B., Hromkun A.A., Araues A.P., Ctynennosa 1. A.,
Busens A.O. Ouenka 3pQeKTHBHOCTH PagMONPOTEKTOPHBIX COSIUHEHHN MpPU

JydeBod Tepamuu paka ropranu // Kazanckuii MmemunuHckuid xypHan.T. 75. -
Neo5. - C. 374-375 (1994).
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V. Petrov?, V. Zherebchevsky?, V. Kondratiev?, N. Maltsev?, N. Prokofiev?,
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Proton computed tomography is an actively developing method [1,2]
for planning patient treatment in hadron therapy. An important part of
this method is to measure the energy of the protons passing through pa-
tient in order to determine the relative stopping power of his tissues. For
this purpose, a digital track calorimeter based on modern detector tech-
nologies using silicon pixel sensors [3] can be used. In this report the
results of experimental work (proton beams) on the creation of digital
track calorimeter will be presented, together with the results of silicon
pixel sensors properties and characteristics studies. The results of high
accuracy charged particle tracks reconstruction will be presented. This
reconstruction allows to imagine phantom by the deflection of protons
in the tissue (Figure 1).

MM

Fig.1. The images of phantom (bone with water and tin wire, up), collected
according to the deflections of protons in tissues.
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The reported study was supported by JINR “Program of targeted
funding of research work of scientific groups collaborating within the
framework of the megaproject "NICA Complex"”

[1] J.T. Taylor et al., Proton tracking for medical imaging and dosimetry, Jour-
nal of Instrumentation, 10 C02015 (2015).

[2] Johan Alme et al., A High-Granularity Digital Tracking Calorimeter Opti-
mized for Proton CT, Journal Name, Phys Sec Med Phys and Imag, 8, 20
(2020).

[3] V. I. Zherebchevsky et al., Silicon Detector Systems for Investigating Su-
perdense Nuclear Matter at the NICA Accelerator Complex, Bull. Russ. Acad.
Sci.: Phys., 88, 1235-1248 (2024).
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Nanomaterials based on Ce are currently widely used in various
fields of biomedicine due to their unique catalytic properties and high
biocompatibility. Thus, CeO, nanoparticles can mimic the properties of
enzymes of the body's antioxidant system, in particular catalase and su-
peroxide dismutase. This is possible due to the reversible Ce**/Ce*
transition, the balance of which is disrupted at low pH levels, which
leads to a change in the properties of nanoenzyme and promotes prooxi-
dant action [2]. This unique property allows Ce-based nanoparticles not
to have toxic effects under normal physiological pH conditions, at the
same time irreversibly disrupting the functioning of tumor cells.

Thus, cerium fluoride nanoparticles, in addition to their nanoenzyme
properties, have pronounced luminescent properties, and additional ion
doping of the crystal structure of the nanoparticles will contribute to
their improvement [3]. Radiosensitizers based on REE nanoparticles are
considered as a promising approach to improve the effect of radiation
therapy. The mechanisms of action of nanoparticle-based radiosensitiz-
ers can be physical, chemical, and biological. lonizing radiation leads to
the emission of secondary electrons, which can interact with water,
causing the formation of frequency response. In turn, ROS interact with
various cell components, including the cell membrane, mRNA, and
DNA, and therefore cause cell death [5].

Nanoparticles Gd:CeFs:Tb stabilized with citrate were obtained by
hydrothermal method. The hydrodynamic radius of nanoparticles was
characterized by the method of dynamic light scattering on the BeNano
device (BetterSize, Dandong, China) and amounted to 114.19 nm. The
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redox activity of nanoparticles was evaluated in Tris-HCI buffer systems
at various pH values. The radiosensitizing effect of nanoparticles at pH
6.5 and the antioxidant effect at pH 7.4 and 8 were demonstrated. The
level of reactive oxygen species in the buffer system after exposure to a
proton beam was also evaluated, which showed the highest radiosensi-
tizing effect at the same radiation doses compared with X-ray photons.
Thus, nanoparticless Gd:CeF3:Th can act as a promising radiosensitizer
for use in radiation therapy.
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Many malignant neoplasms (MNT) do not effectively respond to
conventional therapy and can lose their ability to respond due to the
formation of cancer cell resistance. Furthermore, the applied treatment
regimes for tumors have plenty of disadvantages, including toxicity and
the risk of second tumor development [1]. Side effects from radiation
and cytostatics affect healthy tissues of the organism. To solve these
problems, the use of nanoparticles (NPs) in the treatment of cancer and
the new treatment regimens are of particular interest. Nanoformulations
can suppress tumor growth and limit side effects via low dose usage and
targeted accumulation in the tumor side [2]. In addition, combination
therapy with NPs can increase the effectiveness of cancer treatment.

In this study we evaluated the effectiveness of combined chemother-
apy and radionuclide therapy with two types of NPs based on polylactic

acid and calcium carbonate, which were radiolabeled with

Radium-223 (**Ra) after their synthesis. We compared the results from
combined therapy including NPs (**Ra@PLA, ?*Ra@CaCOs3) with
intravenously injected doxorubicin (DOX i.v.) and monotherapy with
the same NPs against breast cancer (4T1) of Balb/c mice. Furthermore,
during the research two ways of radiopharmaceutical administration
22Ra@NPs during monotherapy were used: intravenous (i.v.) and intra-
tumoral (i.tu.).

The nano-precipitation method for the formation of PLA NPs and the
one-step co-precipitation technique for CaCO3z; NPs were used. The PLA
and CaCOsz NPs exhibited spherical structure with the average size -
100 nm. The average Dh PLA~ 146 nm, Dh CaCOs ~ 178 nm. The
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effectiveness of the therapy with 2Ra@NPs i.tu. in monotherapy and
combination therapy with DOX was assessed by measuring the volume
of tumor tissue 7 days after the first injection. The tumor volumes were
~ 0.65 cm® and ~ 0.72 cm?® for 2°Ra@PLA i.tu. and **Ra@CaCOs i.tu.
The combined therapy methods demonstrated a higher antitumor effi-
ciency: tumor volume was ~ 0.64 cm? for 2°Ra@PLA i.tu. + DOX i.v.,

and ~ 0.3 cm?® for ?*Ra@CaCOs i.tu. + DOX i.v. For the

chemotherapy (DOX i.v.) the average tumor volume was ~ 0.77 cm?,
The tumor volumes were ~ 0.82 cm? for ?°Ra@PLA i.v. and ~ 0.73 cm®
for 2°Ra@CaCOs i.v., respectively. The animal 8roups with i.v. inject-
ed monotherapy with 2°Ra@PLA and 22Ra@CaCOs revealed

less effective tumor therapy in comparison with i.tu. monotherapy. Fi-
nally, tumors of mice treated with (2.7 kBg/kg, 2 mg/ml DOX) were
removed, and histological analysis was carried out (n=4). No significant
changes in the main organs were observed. All obtained results demon-
strate the high biocompatibility and biosafety of the synthesized NPs
and developed therapeutic strategies.

The work was supported by the Russian Science Foundation, grant
Ne 24-25-00210.
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Metal-organic frameworks (MOFs) are a class of hybrid porous ma-
terials consisting of metal nodes and organic ligands structured into a
crystal lattice. MOFs are highly porous on a structural level, being able
to entrap molecules within their crystal lattice, which combined with
their ability to produce reactive oxygen species (ROS) through photo-
catalytic activity makes them a promising adsorbent and filtration agent
for various organic and inorganic pollutants, as well as a prospective
material for photodynamic therapy. 1

The mechanism of ROS generation by MOFs is quite typical for
semi-conductor materials — after absorbing photons of energy larger
than the bandgap formed by ligands and metallic nodes, an electron-hole
pair is created and the charge migrates to the highly developed surface
of the MOF. There, an electron reduction of oxygen to superoxide radi-
cal and hole oxidation of water to hydroxyl radicals occur. These reac-
tive oxygen species then proceed to attack organic molecules, cleaving
bonds and mineralizing them into CO2, water and simple ions, effec-
tively destroying original compound. [2°!

Despite there being a number of works on visible-light photocatalytic
activity of MOFs, most focus on solar light-driven catalysis and optimi-
zation of MOFs to such conditions. An alternative approach using lasers
to induce photocatalysis offers several advantages. These include clear
separation of effects of ROS on the dye from direct impact of the light,
ability to detect even subtle photocatalytic ability of nanoparticles, and
precise control over the laser's intensity and power, allowing for a com-
parison of catalytic effects across different photon wavelengths.
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The aim of this work was to compare MOF nanoparticles of the same
crystalline structure and different metal ions in their ability to degrade
organic dyes in a water solution. To this end, MIL-101 (Al), MIL-101
(Cr), MIL-101 (Fe), as well as UiO-66 (Zr), UiO-66 (Ce), and UiO-66
(Hf) have been synthesized and characterized using dynamic light scat-
tering, UV-vis spectroscopy, scanning-electron microscopy and X-ray
crystallography. To study MOF-induced photocatalytic degradation
Rhodamine B solution was subjected to laser irradiation of wavelengths
of 450 nm, 532 nm, 650 nm, 808 nm in presence of synthesized nano-
particles, and absorbance spectra were analyzed.

The work was supported by the Ministry of Science and Higher Edu-
cation of the Russian Federation, agreement no. 075-15-2024-536.
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[2] Wang, Y., Zhang, N., Wang, R., et al, Bimetallic UiO-66-NH2(Zr-Hf) syn-
ergistic photocatalytic and piezoelectric effects for the degradation of rhoda-
mine B, Dalton Transactions, 52(29), 10079-10088, (2023).
[3] Wang, Q., Gao, Q., Al-Enizi, A. M., et al, Recent advances in MOF-based
photocatalysis: environmental remediation under visible light, Inorganic Chem-
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The field of radiation therapy relies heavily on precise planning and
execution to ensure the efficacy and safety of treatment. At the heart of
this precision lies accurate dose distribution modeling, a critical step in
determining the optimal radiation delivery to the target area while
minimizing damage to surrounding healthy tissues. This meticulous
process involves simulating the interaction of radiation with the patient's
anatomy, predicting the distribution of energy deposited throughout the
body [1].

This research delves into this crucial aspect of radiation therapy by
investigating dose distribution modeling in a water phantom using the
Gate software, a powerful tool for simulating radiation transport. The
water phantom serves as a simplified representation of the human body;,
allowing us to study dose deposition patterns in a controlled
environment. This research is driven by the growing need for more
accurate and sophisticated dose distribution modeling techniques, which
contribute significantly to the effectiveness and safety of radiation
therapy.

The goal of this study is to simulate dose distributions within the
water phantom during the operation of a linear electron accelerator, a
common device employed in radiation therapy. The Gate software,
known for its flexibility and accuracy, allows us to model the complex
interactions of electron beams with matter. The simulated dose
distributions, representing the energy deposited at various points within
the phantom, will then be meticulously visualized and analyzed using
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MATLAB, a powerful mathematical software, and additional Python

libraries.

Fig.1. The appearance of the first and second stage models ( a) and b),
respectively, for a side view, ¢) and d) at the angle of 45°)

The insights gleaned from this simulation will provide valuable data
for understanding dose deposition patterns in a water phantom,
ultimately contributing to the development of more targeted and
effective radiation therapy protocols. This research has the potential to
advance the field of radiation therapy, leading to improved patient
outcomes and reducing the risk of side effects. By contributing to the
development of more sophisticated dose distribution modeling
techniques, we can help ensure that radiation therapy remains a safe and
effective treatment option for patients facing various medical conditions.

[1] A.P. Chernyaev, E.N. Lykova, P.U. Borshchagovskaya, Radiation medical
physics : textbook / - Moscow : Moscow University Press, 2023. - 559 p.
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nstitute of Theoretical and Experimental Biophysics of the Russian Academy
of Sciences, Russia, Pushchino
2N. S. Kurnakov Institute of General and Inorganic Chemistry of the Russian
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Radiation therapy (RT) is widely used in the clinic and is an effec-
tive method of combating oncology, based on the use of high doses of
radiation to destroy malignant cells and reduce the size of the tumor.
However, the shortcomings of RT, such as radiotoxicity to normal tis-
sues and radioresistance of tumor tissue, have contributed to the de-
velopment of new approaches, in particular the use of radiosensitizers:
substances capable of effectively absorbing and re-emitting ionizing
radiation energy. The most promising candidates for such purposes are
various nanoformulations, for example, oxides or fluorides of rare earth
metals [1-3].

Within the framework of this work, a synthesis and a comprehen-
sive analysis of the physicochemical characteristics and biological ac-
tivity of lutetium fluoride nanoparticles under the influence of ioniz-ing
radiation, which can be used as a radiosensitizer, were carried out. The
potential of lutetium fluoride nanoparticles was -16 = 1 mV, and the
hydrodynamic diameter was 193 nm. Ammonium citrate was used as a
biocompatible stabilizer, which provides the necessary colloidal stabil-
ity.

Quantitative analysis of apoptotic and necrotic cells 72 hours after
exposure to nanoparticles (NPs) showed that they did not cause necro-
sis in normal cell culture (fibroblasts of the NCTC L929 line). At the
same time, an increase in the concentration of NPs to 23.2 ug/ml. and a
dose of 4 Gy for tumor cells (melanoma of the B16/F10 line) led to a
significant increase in the number of cells in late apoptosis and necro-
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sis, which indicates that tumor cells are more susceptible to death with
preliminary exposure to NPs before irradiation.

The results of the assessment of the mitochondrial membrane po-
tential (MMP), as well as the results of the MTT test, show a decrease in
the metabolic activity of mouse fibroblast cells with an increase in the
concentration of NPs in the medium. On the contrary, in the cul-ture of
mouse melanoma cells, an increase in MMP is observed with an in-
crease in the radiation dose and the concentration of NPs, which is
probably due to a violation of the functioning of the respiratory chain.

The level of reactive oxygen species (ROS) after irradiation also in-
creased with an increase in the concentration of NPs, reaching a max-
imum at 23.2 pg/ml. and 2 Gy. This confirms the radiosensitizing ef-
fect of nanoparticles.

When assessing the clonogenic activity of B16/F10 cells, a signifi-
cant decrease in the number of colonies was recorded: at 2.32 pg/ml.
and 2 Gy — by 56%, at 4 Gy — by 85%; at 11.6 pg/ml. — by 70% and
90%, respectively; at 23.2 ug/ml. — by 83% and 96%. These results
confirm the radiosensitizing effect of the nanoparticles under study.

Thus, lutetium fluoride NPs have a radiosensitizing effect, which is
expressed in a violation of intracellular redox status and metabolic ac-
tivity, the initiation of apoptosis, and a significant decrease in their
clonogenic activity.Thus, lutetium fluoride NPS have a radiosensitiz-ing
effect, which is expressed in a violation of intracellular redox status and
metabolic activity, the initiation of apoptosis and a significant de-crease
in their clonogenic activity.

The work was supported by the Russian Science Foundation (Ne. 22-
73-10231)

[1] A.R. Harwood, Conventional fractionated radiotherapy for 51 patients with
lentigo maligna and lentigo maligna melanoma, Int. J. Radiat. Oncol. Biol.
Phys. 9 (1983) 1019-1021.

[2] Baskar R, Lee KA, Yeo R, Yeoh KW. Cancer and radiation therapy: current
advances and future directions. Int J Med Sci. 2012; 9(3):193-9.

[3] Castillo MH, Button TM, Doerr R, Homs MI, Pruett CW, Pearce JI. Effects
of radiotherapy on mandibular reconstruction plates. Am J Surg. 1988;
156(4):261-3.
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Oxidative stress and mitochondrial dysfunction play a crucial role in
the development of various pathological conditions and aging processes
[1]. The occurrence of oxidative stress is determined by the balance be-
tween reactive oxygen species (ROS) production and the body's ability
to neutralize them through endogenous antioxidant systems, including
enzymes like superoxide dismutase, catalase, and glutathione peroxidase
[2]. In the event of these systems being overwhelmed by excessive reac-
tive oxygen species (ROS), exogenous antioxidants are employed to
counteract oxidative stress. Nanozymes, in particular, nanoparticles that
have been functionalized with antioxidants or antioxidant enzymes, rep-
resent a promising avenue for enhancing antioxidant efficacy [3]. Nano-
particles that have been functionalized with antioxidants or antioxidant
enzymes have the ability to neutralize ROS in a more efficient manner
than traditional antioxidants.

In this study, we synthesized CeO.@PQQ NPs, characterized their
physicochemical properties, evaluated their radical-scavenging antioxi-
dant activity, assessed their cytotoxicity in L929 cells, and investigated
their protective potential against oxidative stress induced by 200 uM
H20..

We successfully synthesized and characterized new CeQO; nanoparti-
cles modified with pyrrologuinoline guinone (CeO.@PQQ). Transmis-
sion electron microscopy (TEM) revealed that the CeO,@PQQ nanopar-
ticles have an average diameter of around 4 nm, while dynamic light
scattering (DLS) indicated a hydrodynamic diameter of 62 nm. Addi-
tionally, the zeta potential was measured at -38 mV using electrophoret-
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ic light scattering (ELS), and Fourier-transform infrared (FTIR) spec-
troscopy confirmed the adsorption of PQQ onto the surface of the CeO;
nanoparticles.

The study demonstrates that CeO.@PQQ NPs effectively reduce hy-
drogen peroxide formation upon X-ray irradiation, showing catalase-like
properties across various pH levels. At concentrations of 1 uM and 2
uM, CeO.@PQQ NPs significantly decreased hydrogen peroxide levels,
with complete neutralization observed at higher concentrations, particu-
larly at pH 8.0. In contrast, PQQ alone displayed minimal antioxidant
activity, with its lowest performance at pH 5.5.

The results demonstrated that CeO.@PQQ NPs exhibited no cyto-
toxic effects on L929 cells within the concentration range of 0.1-10 uM
and did not adversely affect the mitochondrial function of the cells.

This research was funded by Russian Science Foundation (project Ne
22-63-00082).

[1] V. Bhatia, S. Sharma, Role of mitochondrial dysfunction, oxidative stress
and autophagy in progression of Alzheimer's disease, Journal of the Neurologi-
cal Sciences, 421, 117253, (2021).

[2] A. Tauffenberger, P.J. Magistretti, Reactive Oxygen Species: Beyond Their
Reactive Behavior, Neurochemical Research, 46, 77-87, (2021).

[3] R. Tian, J. Xu, Q. Luo, C. Hou, J. Liu, Rational design and biological appli-
cation of antioxidant nanozymes, Frontiers in chemistry, 8, 831, (2021).
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The application of ionizing radiation during radiation therapy inevi-
tably induces oxidative stress in both cancer and normal cells [1]. Reac-
tive oxygen species (ROS) exhibit a concentration-dependent duality in
these cell types; moderate levels are crucial for maintaining redox ho-
meostasis and facilitating processes such as proliferation and differentia-
tion, whereas elevated levels can trigger apoptosis and reduce resistance
to anticancer therapy [2]. The development of novel antioxidants and
radioprotectors with selective redox activity is of particular importance,
as it would allow for the mitigation of oxidative stress in healthy tissues
while increasing the toxicity effects on cancer cells. Whereas traditional
antioxidants are unable to achieve this selectivity, advanced nano-
materials present a promising solution for the attainment of these target-
ed effects.

The current study is focused on the analysis of the biological activity
of new CeO,@PQQ NPs, in order to investigate their impact on cyto-
toxicity, cell proliferation, mitochondrial membrane potential and geno-
protection upon X-ray irradiation in normal and cancer cells.

We studied the cytotoxicity of CeO,@PQQ NPs (0.1 uM to 100 uM)
in mouse fibroblast (NCTC L929) and adenocarcinoma (EMT6/P) cells.
The MTT assay demonstrated a reduction in NCTC L929 cell viability
at 10 uM, whereas a comparable impact on EMT6/P cells was observed
only at 50 uM. However, the LIVE/DEAD assay demonstrated a nota-
ble increase in the number of dead EMTG6/P cells at the lowest concen-
tration (0.1 uM), which was not observed in NCTC L929 cells.
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The micronucleus test, used to assess DNA damage, revealed no sta-
tistically significant differences in micronuclei numbers for NCTC L929
cells, with or without irradiation, except for a slight decrease in the 2
uM group. In irradiated EMT6/P cells, the number of micronuclei in-
creased from 16 to 37, and a dose-dependent rise was observed when
incubated with CeO,@PQQ NPs, reaching 49 at 1 uM and 76 at 2 uM.
Notably, incubation with PQQ or CeO, NPs also led to increased micro-
nuclei, with counts of 61 and 79, respectively, comparable to those with
CeO,@PQQ NPs.

Mitochondrial potential measurements in NCTC L929 cells without
irradiation showed no significant differences from the control, while a 5
Gy irradiation dose decreased potential to 82%; however, treatment with
CeO; NPs and CeO,@PQQ NPs at concentration of 2 uM restored po-
tential to levels similar to the non-irradiated control (97-102%). In
EMTG6/P cells, incubation with CeO, NPs and CeO,@PQQ NPs signifi-
cantly increased potential (up to 125%) without irradiation, suggesting
possible hyperpolarization, while irradiation caused membrane depolar-
ization, highlighting distinct mechanisms between nanoparticle expo-
sure and irradiation.

The findings suggest that CeO.@PQQ NPs induce increased DNA
damage in transformed EMT6/P cells, both directly and by activating
mitochondria-mediated apoptotic pathways, while showing no harmful
effects on normal NCTC L929 cells. These results highlight the poten-
tial of CeO,@PQQ NPs nanoparticles as a promising agent with selec-
tive redox activity for antitumor therapy.

This research was funded by Russian Science Foundation (project Ne
22-63-00082).

[1] R. Baskar, K.A. Lee, R. Yeo, K.-W. Yeoh, Cancer and Radiation Therapy:
Current Advances and Future Directions, International Journal of Medical Sci-
ences, 9(3), 193-199, (2012).

[2] V. Nogueira, N. Hay, Molecular Pathways: Reactive Oxygen Species Ho-
meostasis in Cancer Cells and Implications for Cancer Therapy, Clinical Can-
cer Research, 19(16), 4309-4314, (2013).
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[IpoToHHas Tepamus TpeACTaBIseT COOOH MPOTPECCHBHYIO (QopMy
Jy4eBOW Tepamuy, KOTopas HCIONb3yeT MPOTOHBI s MPULETHHOTO
YHUUTOKEHUsS omyxoyieil. ONHUM W3 TJIaBHBIX MPEUMYILECTB MPOTOH-
HOMU Tepamuu SIBJISETCS MUHUMH3ALUS [TOBPEXKICHUS 310POBbIX TKAaHEH,
6naronaps bparrosckoro nmuka. OgHaKo Ui JOCTHXKEHHUS MaKCHUMallb-
HOU 3(pPEeKTUBHOCTH HEOOXOJUMO TOYHO PACCUUTATH 03y OOIyUCHHS.
B ocHOBe COBpEeMEHHBIX PacueTOB AO3bl JEXKAT METOABI, UCIONb3YIO-
1€ BOKCEJIbHOE MOJICIMPOBaHNE U KapaHaamHbli my4dok (Pencil Beam
Scanning, PBS). Llenb uccnenoBanusi — MHTErpalys METOIOB pacyera
MOTJIOMEHHOM 103b1, TakuX Kak Pencil Beam Algorithm (PBA) u meton
Momnre-Kapmo (MCS) [1], nis MOBBIMIEHHUsS] TOYHOCTH PACYETOB IPHU
YMEHBIICHUH BPEMEHHU BBIYHCICHUH OBLIO HMCIIONB30BaHO KOja Ha Py-
thon. s onTrMU3aIMK PacyeToOB UCIIOIB30BANICS THOPHIHBINA MTOIXO/:
Pencil Beam Algorithm (PBA) — mist y4acTKOB C TOMOT€HHO# IIOTHO-
CTBIO TKaHEH, TaKMX KaK MATKHAE TKaHU. DTOT METOA OBICTPO BBIYUCIISET
JI03y Ha OCHOBE TayCCOBCKOTro pacmpernesieHusi myuka. dopmyna st
pacueTa 1035l B BOKCEIAX

D{x) = Dyexp (—%)

rae D(X) — no3a Ha pacctosHuu X, Do — MakcuMmanbHas a03a, 6 —
CTaH/JapTHOE OTKJIOHEHHE, ONHUCHIBAIOIee IIMPUHY My4ka. MeTox
MomnTte-Kapmo (MCS) — ucnons30Baics JUisl YYaCTKOB ¢ PE3KUMU W3-
MCEHCHHAMU ITINIOTHOCTHU TKaHeﬁ, TaKMX KaK I'paHHUIBI MEXIOY KOCTAMU U

MArkuMu TKaasmu. MCS mo3Boirser MOZACIIUPOBATH CJIOKHBIC B3aNUMO-
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JIEUCTBHS MPOTOHOB C TKAaHAMH, YTO 3HAYUTENBHO YBEJIUYUBAET TOY-
HOCTh pacueTa JI03bl, 0OCOOCHHO B T€TEPOreHHBIX 30Hax [2]. Jlns ycko-
peHus pacueTa Obl peann30BaH THOPUAHBIA aJrOPUTM, B KOTOPOM IS
MPOCTBIX YYACTKOB MCHONB30Basicss PBA, a uist ClOXHBIX 30H TprMe-
Hsicst Mmetoa Monte-Kapino. TouHOCTh pacueToB: ISl MATKUX TKaHeEH,
rae ucrnonbs3oBaics PBA, morpemnocts coctaBuna ot 2% po 5%. B
30HaX C IETEPOreHHBIMU CTPYKTYpaMH, TAKUMH KaK KOCTH, IOTpELI-
HocTh PBA nmocturama mo 15%. Ilpumenenne meroma Monrte-Kapio B

3TUX 00J1aCTAX MO3BOJIMIIO CHU3UTH MOTPEIIHOCTD 0 MeHee 3%.

I'uOpumHeIii MeTox pacyera 03I, WCIONB3YIOMUH KOMOMHAIINIO
PBA u MCS, npoaeMOHCTpHpPOBaIl BBHICOKYIO TOYHOCTH U 3P HEKTHB-
HocTh. [Ipumenenne PBA B romoreHHslx TKaHax U Monte-Kapno B
CJIOKHBIX aHATOMHUYECCKHUX O6HaCTHX IIO3BOJIMJIO ITOBBICUTH TOYHOCTH 0
MeHee 3% B CIIOKHBIX CTPYKTYpax M COKPAaTUTh BpeMs pacdeTa 1o 3-4
JyacoB, 4TO J€JIa€T Il.':lHHBIﬁ MCTOA MNPUEMIICMBIM JJIA KJIMHUYeCKOM
MIPAKTUKH.

Pa3paboTka THOPWAHBIX METONOB pacueTa J03bl OTKPHIBAET IIep-
CIICKTHUBBI Ul YIYYILICHHS MEPCOHAIU3UPOBAHHBIX MPOTOKOJIOB IPO-
TOHHOW TEpaniy U MOXKET CIIOCOOCTBOBATh YIYUIIEHHUIO TNIAHUPOBAHUSI
JICYEHUS] B PEATIbHBIX KIIMHUYECKUX YCIOBUSIX.

[1] Paganetti, H. (2012). "Range uncertainties in proton therapy and the role of
Monte Carlo simulations.” Physics in Medicine & Biology, 57(11), R99-R117.
https://doi.org/10.1088/0031-9155/57/11/R99
[2] Szymanowski, H., et al. (2019). "Efficiency of Proton Therapy Dose Calcu-
lation  Methods." Radiotherapy &  Oncology, 133(1), 120-130.
https://doi.org/10.1016/j.radonc.2019.01.023
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YU CJEHHBIE METO/bI IEPCOHU®UIIUPOBAHHOM
AO3UMETPUU BHYTPEHHEI'O OBJIYUEHMS B PA/THO-
HYK/INJIHOU JUATHOCTHUKE

JILJ. Bapa6anos!

Y000 «llenmp IDT-Texnonodcuy, 2. Examepunéype, Poccus
barabanovdd@yandex.ru

B HacTosiiiee Bpems akTyalibHa mpoOiieMa NepCcOHU(pUIIMPOBAHHON
JIO3UMETPUH TIPU TPOBEACHUU PAIUOHYKIUIHBIX JTUArHOCTHUYECKUX H
TEpaneBTUYECKUX HccnenoBaHuid. llpuMeHeHHe HOBBIX MOIXOIOB H
YHCJICHHBIX METOAOB MOKET IO3BOJIUTH 3HAYMTENBHO YBEIUYUTH TOY-
HOCTh pacu€Ta MOTJIOMIEHHBIX 103 OT WHKOPIIOPUPOBAHHBIX paanodap-
maneBTryeckux npenapatoB (P®II) [1]. Mcnonb30BaHne U COBEpIICH-
CTBOBAaHHE MEPCOHAIM3UPOBAHHON JO3UMETPUHM B PaJUOHYKIUIAHOU
JUArHOCTHKE ISl IUIAaHUPOBAHUS PATUOHYKIMIHON TEparuu TaKXKe SB-
JIieTCs BAKHBIM HAIIPABJICHUEM.

Llens nmaHHOM paboOTHI — CcO37aTh MPOrPaMMHOE O0ECIeUeHHE JUIS
pacuéra 103 BHYTPEHHEro OOJy4eHHUs NpH PajuOHYKIWAHOM IUAarHO-
CTHKE C YYETOM WHAWBUAYAITBHBIX OCOOCHHOCTEH Ka)IOTO MalueHTa u
Ha ocHOBaHnH KimHUYecknX AaHHBIX [IDT/KT w/mmm ODIKT, u npo-
BECTH JIO3MMETPUYECKYIO OLEHKY BHYTPEHHETO OOJIyueHHS pa3IUdHbI-
mu POII. CymecTByromye Ha TeKYIIMH MOMEHT METO/bI OIICHKH (op-
MaJIM30BaHbl Ui aHTPONOMOPGHBIX (paHTOMOB 0Oe3 y4yéra WHIUBHUIY-
anpHOM OMoKuHeTHKY pacnpeneneans POII [2].

B pamkax mpoBoaMMOTO Hcce0BaHUS pa3paboTaHa MmporpamMma Ha
s3pikax Python m C++, wucmonmbs3yer Oubnwmoreku pydicom, numpy,
CUDA, openCV, KOTOpbIE BBIIONHSAIOT KOHBEPTALHUIO H300pakKeHUH
DICOM wmopnansHocteit PT u CT B MaccuBbI LIMGPOBBIX TaHHBIX U Tpe-
o0pa3yeT UX B BOKCEJIbHYIO MOJEIb, BHIIIOJHAET apajliebHbIe BIYUC-
JIEHWs] BHYTPEHHEN TO3UMETPUHU BOKCEIBHON MOJIEIH MAallMEeHTa Ha rpa-
¢uueckoM mponeccope. ABTOMAaTHYECKH CETMEHTHPYIOTCS 3aJaHHBIC
OpraHbl, IPOUCXO/UT MPUBS3KA KOOPAWHATHI BOKCENS K OMOKHHETHYE-
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CKHM CBOMCTBaM KOHKPETHOTO opraHa. Takyke BBITIOTHACTCS OOpaTHBIH
PEHIEPUHT JJIs ONIEPATUBHOMN OLICHKU Ka4eCTBA CETMEHTAIIUU.

st yué€ra rereporeHHOCTH (MHOTOCIOHHOCTH M HEOJIHOPOHOCTH)
Cpelsl IpUMeHseTcs anmroput™M bpazenxoMa (TpacCUpOBKY Jydeil) - 1
KON Maphsl BOKCENEH OIMpeAeseTcs MPOMEeXyToUHasi reTeporeHHas
cpela B TPEXMEPHOM IPOCTPAHCTBE, & TAKXKE TPEXIKCIIOHEHLUHAIbHAS
reTeporeHHasl MOJeb 1030BOro ¢akTopa HakoruieHus Bd mo momenn
H.JI. Bponepa [3] ¢ ycpennenneM 1o ¢akTopaM HAKOTUICHHUS Ka)IOTO
CJI0S1 C BECOM PaBHBIM ONTHYECKOM TOJILIMHE CIOSI.

Pesynprarel pacuéra mOrimoméHHON 10361 ms chep pazIUIHOTO
IuaMeTpa W MaTepuaia, 3alloIHeHHBIX aKTHBHOCTHIO POII, Bepudumm-
poBaHsI ¢ mporpamMmmHubM nakerom IDAC 2.1[4].

[1] Zaid, Habib (Editor). Monte Carlo Calculations in Nuclear Medicine (Sec-
ond Edition): Therapeutic Applications. IOP Publishing Ltd, 2022;

[2] Bensiee B.H., Knumanos B.A. ®usuka sjepHoit meauimuel. Yacts 2.
VYuebnoe nocodue. M.: HUAY MU®DU, 2012;

[3] Mamkosuu B.II., Kynpssuesa A.B. 3amuTta OT HOHUIIHUPYIOIIKUX H3JIy4e-
Huit: CripaBoyHHK — 4-¢ u31. nepepad. u pom. — M.: DHeproaromuzaar, 1995;
[4] Andersson M., Johansson L., Eckerman K. and Mattsson S. IDAC-Dose
2.1, an internal dosimetry program for diagnostic nuclear medicine based on the
ICRP adult reference voxel phantoms. EJINMMI Research 2017.
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UTOP U OTEYECTBEHHBIE TEPMOSAJEPHBIE PEAKTOPBI:
BUOMEJUIIAHCKHUE PEHIEHUSA VIS OBECIIEYEHUSI
PAJJMAIMOHHOU BE3OITACHOCTHU

M.B. Byaaepa'?

L Yaemuoe yupeoswcoenue "UTOP-Llenmp", 123060, o. Mocksa, ya. Pacniemuna,
0.11, k. 2
2 Mockosckuii (puzuxo-mexnuueckuti uHcmumym (HayuOHAAbHbILL UCCTe006a-
menvckutl ynugsepcumem), 117303, Mockea, Kepuenckas ynuya, 14, kopn. 1
m.budaeva@iterrf.ru

CoBpeMeHHbIE OMOMEIMIIMHCKHE TEXHOJOTHU HTPAIOT KIFOUEBYIO
POJIb B YIIYUIIICHHHA CUCTEM KOHTPOJIS U 3alUTHI Ha SACPHBIX O0BEKTAX.
UTOP, xak MeXIyHApOAHBIA TEPMOSIEPHBIA PEAKTOpP, CTPOro Peryiiu-
pyercsi hpaniy3ckuM simepHbiM peryiasitopom ASN (Autorité de Sareté
Nucléaire). Kaxmas cTopoHa nmpoekTa 00si3aHa CIeIUTh, U OTYHTHIBATE-
cs mepen ASN, mo mepam 6e30macHOCTH IS 310POBbA YenoBeka. bomee
Toro, B Poccun BrepBhle HavaTa pa3paboTKa HOPMATHBHOM 0a3bl JUist
perynupoBaHus 6€30IIaCHOCTH TEPMOSIIEPHBIX 1 THOPHHBIX PEAKTOPOB
[1]. DTOoT mpornecc 00ycaoBiIeH HEOOXOAMMOCTBIO CO3/IaHUs MTPABOBOM
OCHOBBI JIJIs1 o0ecreyeHns1 0e30MacCHOCTH HOBBIX THUIOB OYAYIIHX Tep-
MOSIJIEpPHBIX YCTaHOBOK. BayKHOCTh pa3pabOTKH HOBBIX CTAHIAPTOB CBSI-
3aHa C PUCKAMHM, XapaKTEPHBIMH ISl TEPMOSJICPHBIX YCTAaHOBOK, TaKH-
MU KaKk 00pa30BaHHE HAHOMBUIA MYyTEM arIOMEpalud U yIepKaHue W
yTe4yKa TPUTHUS, a TAKIKE C COMYTCTBYIOIIUMH PAJUOIOTHUESCKUMH OTIac-
HOCTSIMH. B 1aHHOM JIOKJIajie paccMaTpHBaOTCSI BO3ZMOXXHOCTH MpUMe-
HEeHHs, OMO(QU3NIECKOT0 MOHHUTOPHUHTA, OMOCEHCOPOB U MHTATEIbHBIX
J00aBOK, U APYyrux OMOPU3NYECKUX W OMOMEIUIIMHCKUX METOJIOB JIJIS
TIOBBIIICHHS SIIEPHOM O€30MAaCHOCTH U HIMMYHUTETA 4eJIOBEYECKOTO Op-
raHu3Ma.

UTOP mnpencrasisier co0oil 0COOBI MCTOYHHK PATHOIOTHISCKOM
OTACHOCTH TIO CPaBHEHUIO C TPATUIIMOHHBIMU SACPHBIMU pEaKTOpaMHU
nenenns. OCHOBHBIE OCOOEHHOCTH BKIIIOYAIOT MMITYJIBCHBIE HArpy3KH
ramMma-usnydenuss MaBHoro pamarasoHa, HEHTpOHHOE W3Iy4YCHHE U
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Hagmane TpuThsA. CoBpeMeHHBIC OMOMETUITHHCKHE METOIBI SIBISTFOTCS
KIJIFOUE€BBIM MHCTPYMEHTOM JIJISl 3AIUTHI 310POBbsI COTPYTHUKOB TEPMO-
SJIEPHBIX 00BeKTOB, Takux kak MTOP. Ocoboe BHUMaHHE YICISCTCS
OMOMOHHUTOPUHTY U OHOCEHCOpaM, KOTOPHIE UCTIONB3YIOTCS ISl TOYHO-
TO OTCJICKUBaHUS 103 PAJAUAIMOHHOTO OOJydeHHs, OCOOCHHO B YCJIO-
BUSIX BO3JICHCTBUS TPUTHS U €ro OeTa-u3JIy4eHUs. DTH METOMBI O3B0~
JIAIOT OMEPATUBHO BBISBIATH PaMallMOHHbIE PUCKH, MUHUMHU3UPOBATH
BO3/ICHCTBHE Ha OpPraHW3M M CBOEBPEMEHHO MNPUHUMATb MEpPbl IS
MPEIOTBPAIICHUS PaUAIIMOHHBIX 3200JICBaHUM.

bera-m3mydeHne TpUTHS TIPEICTABIIET 0COOYIO OMAacCHOCTH MPH TIO-
MaJaHuu BHYTPb OpraHHu3Ma, Ie OHO BbI3bIBaeT moBpexacHue JJHK u
MOJKET MPHUBECTU K TaKUM 3a00JIEBaHUSAM, KaK aHEMHS, JICHKEMUS U OH-
KOJIorn4yeckue 00jie3Hr. AHTHOKCHIAHThI, Takue Kak BUTaMuHBI C 1 E,
JoKazanu cBOIO d(h()EKTHBHOCTH B 3aIIUTE KJIETOK OT PaAHAIMOHHOTO
cTpecca, MpeaoTBpaliasi OKUCIUTEIBHOE TTOBPEKICHUE TKaHEH W CHU-
JKasi pPUCK Pa3BUTHS ITHUX 3a00JieBaHMH. MeXyHapoIHasi KOMUCCHS 110
pamnonornyeckoit 3amute (ICRP) ycranaBnmBaer nomyctumbie ypoBHU
obOnmy4yeHus: Ay HaceleHus — | M3B B TOA, JIs MPodecCHOHATBHBIX
paboTHrkoB — 20 M3B B roj. [2] DTO moa4epKUBaeT BaXKHOCTh BHE/I-
peHusi OMOMEANIIMHCKAX TEXHOJIOTUH Ha Takux o0bektax, kak UTOP,
r7Ie KOHTPOJbh PaTUAIlOHHONW O€30TMaCHOCTH CTAHOBHUTCS KITFOUEBBIM
aCIIeKTOM 3aIlIUTHI 3JI0POBBS MEPCOHAA.

Pa3zpaboTku B o0OsacTu paauanMoHHON Oe3omacHocTd B Poccum,
BKIIFOYAsl CO3/IaHWEe HOPMATHUBHOM 0a3bl I TEPMOSAECPHBIX M THOPU-
HBIX PEaKTOPOB, MO3BOJAT NPUMEHUTHh onbiT UTOP B oTeuecTBEHHBIX
YCTaHOBKax, 00ecIeunBas JOMOJHUTEIbHYIO 3alUTy COTPYJHUKOB H
MUHUMHU3UPYS PAIAOTIOTHYECKUE PUCKH.

[1] A.M. Kupkun, A.B. Kypsianus, P.Bb. HlapadyrauHo, Bo3amoxHbIe KpuTe-
pyun ajid OTHECCHUA YCTAHOBOK YIIPABJIIACMOI'0 TEPMOSACPHOIO0 CUHTE3a K 00b-
€KTaM HCITOJb30BaHUs aTOMHOM OHEPIruu, HI[CpHaSI " paJidaliiOHHad Ge3omac-
HOCTb, Ne3 (109), cc. 5-15, (2023)

[2] C. Baudin, Occupational exposure to ionizing radiation in medical staff:
trends during the 2009-2019 period in a multicentric study, European Radiolo-
gy, vol. 33, no. 8, pp. 5675-5684, (2023).
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I'MBPUJJHASA CUCTEMA HA OCHOBE MAI'HUTHBIX
HAHOYACTHUL AJ151 JOCTABKHN ®OTOCEHCEBUJIN3ATO-
PA METHJIEHOBOI'O CUHET O B KJIETKHM HCT116

M.T. Topoden’, A.A. Mapkosa', M.T. Hryen', A.B. Toponuesa’,
M.U. Adonyanunal, B.B. Batuaesal, M.B. Morsakun'?, A.B. BplukoBa®

Y @eoepanvroe 2ocyoapcmeennoe 6100xcemnoe yupescoenue nayku Mucmu-
mym ouoxumuyeckou ¢usuku um. H.M. Omanysns Poccutickou akademuu HayK,
Mocksa, Poccus
2 DedepanvHulii UCCAEO008AMENbCKULL YeHMP Xumudeckol gusuku um. H.H.
Cemenosa Poccuiickoti akademuu Hayk, Mockea, Poccus
e-mail: maria.g.gorobrets@gmail.com

Hanocucremsl Ha ocHOBe MarHUTHBIX HaHouactul (MHY), B Tom
YHUCIIe HAHOYACTHII OKCHIIOB JKeJe3a, H/FITN CRIBOPOTOYHOTO albOyMUHA
(B wactHocTH, denoBeueckoro (UCA)) mmeroT OOdBIION IOTEHIIHAT
MPUMEHEHUS JUIsl JUATHOCTHKH U TEPaluu OHKOJIOTHYECKUX 3a00JeBa-
Hui. Takue cHCTeMBl BIHAIOT HAa KOHTPACTHOCTH NMPHU BHU3yaIU3AITUH
OITyXOJIEH, CITOCOOHBI aKKyMYyIHUPOBAaThCS B IIENIEBOW OOJIACTH M OCY-
IIECTBIIATH €€ JOKAIBbHBINH HarpeB mon nericteuem CBUY. B nHacrosiee
BpeMsl aKTUBHO Pa3BUBAOTCA McclefoBaHus, B KoTopeix MHY npume-
HSIOTCSL B KA4eCTBE areHTOB Ui 10CTaBKH oTtoceHceOmmsaropa (PC)
qutst poromuHammaeckoit Tepanuu (OT). Merunenossiit cuanii (MC) —
MIMPOKO u3ydeHHbIH DC, NPUBOSIINI K CEIEKTUBHON THOETH OMyXO-
JIEBBIX KJIETOK M HE BIIHMSIONINIA Ha 310poBbIe KiIeTKH [1]. TanHas pabo-
Ta HalleJIeHa Ha CUHTE3 cucteM, coaepxammx MC, Ha ocHoe MHY u
UCA wu omenky mpumeHuMoctu cucteM B @JIT omMyXoyeBBIX KJIETOK
KapIMHOMBI TOJICTON KUK denoBeka HCT116.

[TorydeHHbIe HAHOCHCTEMBI OBUTH OXapaKTEPU30BaHBI TI0 pa3Mepy H
cocTaBy MeTojgaMu crekrpodoromerpun Y D/Bumumon o0nactu, nuHa-
MHYECKOTO CBETOPACCESHUS W DJICKTPOHHOTO MAarHWTHOTO pPE30HAaHCA.
ITokazan poct pa3mepoB uactull npu BkiIoueHun MC B CUCTEMBI ¢
104+£18 am g1 MHUY-UCA no 179430 um mans (MHUY-UCA)-MC u ¢
93+21 um mis MHY o 167£36 am gt MHUY-MC, uTto MOXKET OBIThH
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o0ycioBieHo cesi3biBanneM MC ¢ oBepXHOCTBIO cucteM [1] u motepeit
CUCTEMAMM arperaTUBHOW YCTOMYMBOCTH BCIIEJCTBHE HCIOIb30BAHUS

JAMCO B xauectBe pactBopuTens ansi MC npu cunrese.

Metomom MTT-Tecta oneHena TeMHOBas W (HOTOWHAYIIPOBAHHAS
nurorokcnuHocts MC, MHY, MHY-UCA, (MHY-UCA)-MC, MHU-
MC Ha knetkax HCT116, onpenenenst nokasarenu IC50 (tabm. 1).

Ta6mura 1. [Tokasarenu 50% BeokuBaemoctr Kitetok HCT116 (1Cso)
B YCJIOBHSIX TEMHOBOTO M CBETOBOT'O 3KCIepuMeHToB, MKM (1o MC).

O6paze 1Csp, MKM
TemHOTa Ocsemenue 660 um, 8 Jlx/cm?
MC 1.4+0.3 1.2+0.2
MHY-MC >5 0.8+0.1
(MHY-UCA)-MC >5 0.4+0.1
MHY / MHY-UCA >5 >5

* B ciyuae yactuy 6e3 MC 1nokazareny JaHbl 110 KOJIMYECTBY YaCTHII, SKBHBa-
nerTHoMy yactuiiam ¢ MC (MHY-MC u (MHUY-UCA)-MC cooTBETCTBEHHO).

OdderxturHocTE DC HA MOBEPXHOCTH HAHOCUCTEM BTPOE BBIIIE, YEM
cBoboaHoro ®C, 4To CBUAETENBCTBYET O MPEHMYIIECTBAX MX HCIOJIb-
30BaHUsl HaHoHocuTened st goctaBku MC. Ilpu wucnonbs3oBaHUU
(MHY-UCA)-MC no cpasrennto ¢ MHU-MC yBenuuena rudens Kie-
TOK, YTO TOBOPHUT O BaKHOCTH HAJIMUUs OHOCOBMECTHMOI'O OCJIIKOBOTO
moKpeITHst st umMmoouu3anun O@C Ha moBepxuoctd MHUY.

Pazpaborka THOpHIHBIX HAaHOCHCTEM IIPOBENEHA 3a CYET TpaHTa
Poccutickoro Hayunoro Donna (PHD) Ne 22-75-
10150 https://rscf.ru/project/22-75-10150/. JlaHHbIE MOJy4YSHBI C HC-
nons3oBanueM obopynoBanus LIKII «HoBele mMaTepmanbl U TEXHOJO-
rum» UbX® PAH.

[1] J.P. Tardivo, A. Del Giglio, C.S. de Oliveira et al., Methylene blue in pho-
todynamic therapy: From basic mechanisms to clinical applications, Photodiag-
nosis Photodyn. Ther., 2, 175-191, (2005).

[2] Y.-J.Hu, W. Li, Y. Liu et al., Fluorometric investigation of the interaction
between methylene blue and human serum albumin, J. Pharm. Biomed. Anal.,
39, 740-745, (2005).
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MOJEJIMPOBAHHUE TEIJIOBBIX ITPOILIECOB B MEJIA I[P
UMITYJbCHOM JIABEPHOM OBPABOTKE

A.A. I'puropees’?, A.A. ®pons'?, E.U. Mappemko'?, C.B. Itunckas ?

Lousuueckuil uncmumym um. I1. H. Jlebeoesa PAH, 119991 Mocksa, Poccus
2Hayuonanvuwlii uccnedosamenvekutl soepuvtii yuusepcumen «MUDHy,
115409 Mockea, Poccus
grigoriew.andrej2013@yandex.ru

WmnynbecHast na3epHast 00paboTKa XapaKTepU3yeTcsi KOPOTKUM Bpe-
MEHEM JACHCTBHS, BBICOKOM TOYHOCTHIO OOPAOOTKH M IIUPOKUM CIIEK-
TpoM oOpabaThiBacMbIX MarepraioB. OHa IUPOKO HMCIIOJB3YETCS B Ta-
KHX OO0JIaCTSX KaK MHKpPOOOpaboTKa, METUINHA, a’pOKOCMUYecKas
MPOMBIIIEHHOCTH U T.A. HaHOocekyHIHOE a3epHOe U3IyUEeHUE IUPOKO
UCTIONIB3YeTCsl JAJIsl TeHepalud HaHOYacTHil. [Ipy 3TOM MpOUCXOauT
nporecc TepMUuecKor admsuuu. KpaliHe BaKHBIM SBJISIETCSI U3y4YEHHE
MIOPOTOBBIX YCIOBHH JIa3epHON a0isUM MaTepHajoB U MEXaHU3MOB,
NPUBOJISAIIAM K YIAIEHUIO MaTepuasa U (OPMUPOBAHHUIO HAHOCTPYKTYD
[1].

B nanHO# paboTe NpUBOISATCS Pe3yNbTaThl MOJESTUPOBAHUS IPOLIEC-
ca HarpeBa M aOJsiIMU MeO MPH BO3ACHCTBUU Ha €€ MOBEPXHOCTH Ce-
Py HAHOCCKYHIHBIX JIA3C€PHBIX HMMITYJIBCOB U IMEPEKPLITUH CO34aBac-
MBIX UMM TEIUIOBBIX HOJeH. Pe3ynbpraTel MomenupoBaHUs MOTYT OBITh
WCIIOJIb30BaHbl AJISl ONpPEAETICHUsI ONTUMAJIbHBIX PEXHMOB T'€HEepaluu
METAJNIMYCCKUX HAHOYACTHII.

[1] Yan Wang, Mingyue Zhang, Yang Huang, Xiaoyan Cao, Yinghuai Dong,
Jingnan Zhao, Yuehua Li, Youhui Wang, Ablation threshold modelling and
validation of metal Nanosecond laser processing, Optics Communications, vol.
523, pp. 128608, (2022).
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PAIMOCEHCUBWIN3UPYIOIIUE CBOMCTBA
HAHOYACTHUIL 30JIOTA ITPU OBJIYYEHUHU TPOTOHAMUA
B OIIBITAX IN VIVO

I.T. Nerrapesa’, /I.B. Yckanosa', B.O. Cadypos?,
0.B. Ky3pmnuesa', I1.B. Illaxos?, E.W. CapanyiabneBa®

— UATD HUAY MUDH, Obnunck, PO
— HUAY MUDU, Mocksa, P
— MPHI] um. L[vi6a, Obnunck, P®
petrosovad@yandex.ru

PagnocencnOMIM3aTopsl CIOCOOHBI TOBBIIIATE YYBCTBUTEILHOICTD
PaKOBBIX KJIETOK K oOmyueHHio. l[IpoBeneH aHaln3 MEXaHM3MOB COYe-
TAHHOTO JeWCTBUS HaHO4YacTHIl 30510Ta (AuHY) 1 obmydeHus mpoToHa-
MH Ha Mojenu Oecrio3BOHOYHBIX KMBOTHBIX Daphnia magna B ombitax
in vivo.

JKWBOTHBIX KYJIHTHBHPOBAIHN COTJIACHO MEXIyHAPOTHOMY ITPOTOKO-
ay [1]. B pactBop AuHY (C=10 mkr/mi, AuHY — cdepsl, pazmepom 50
HM, 0€3 MOKpPBITHA) MOMEIIAIN 3a CYTKH 10 oOmydeHus. OOnydeHue
npoBoauwin Ha yctaHoBke “IIpomereyc” B nose 30 I'p, sueprus 150
Mb5B. Konnentpanuro manoroBoro auaisaeruna (MJIA) omenuBanu B
HMOJIb/MJI OTHOCHUTEJIBHO IMOKa3aTeje KOHTPOJbHOW rpymibl (0e3 00-
Jy4eHUs] 1 HaHOo4YacTuL]). YpoBeHb cynepokcuaaucmyrassl COJl ananu-
supoBaiu o u3MmeHennro Ol B ycmoBHBIX equHHUIax [2, 3].

A .
RoWTpons AuHY 30 Tp ﬂ"‘L

30Mp

g
°

8
8

HMONb/MN

KoHueHTpaums MIA,

=

YpoBeHb tbepmeura con, %

AuFY 30Tp  AuHU+30Tp

Pucynok 1. U3smenenne mokasareneit MIIA (A) u CO/] (b) B xretkax D.
magna (p<0,05),
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W3 puc. 1A Bumno, yto AuHY B mcciemyeMoii KOHIIEHTpauu He
OKa3bIBa€T TOKCUUCKOTO JIEHCTBUS Ha TecT-opranusM. CoueTaHHOE Jeii-
CTBUSI HAHOYACTUI] ¢ OOJYYCHHEM MPUBOAMT K 3-X KPaTHOMY IOBBIIIIE-
HHIO ToKcHuHOCTH (p=10~"%). U3 pucynka 1b BumHo, uto ypoBas COJJ
3HAUYMMO CHIDKACTCS MPU Pa3ACIbHOM M COUCTAHHOM C HAHOUYACTUIAMU
neticrBun ooydermst (p = 0,012 u 0,04 cooTBeTcTBeHHO). PaboTa BEI-
noytHeHa 1pu noaaepkke PH®, mpoekt No23-24-10041.

[1] OECD, Guideline for the Testing of Chemicals Ne211. Daphnia magna Re-
production Test. Organization for Economic Cooperation and development,
Paris, pp. 202 (2012).

[2] C. Belaid, Assessing the effects of Thiram to oxidative stress responses in a
freshwater bioindicator cladoceran (Daphnia magna), Chemosphere, vol. 268.
pp. 128808 (2021).

[3] T.B Cupora, Vcnonb3oBaHHe HUTPOCHHETO TETPA30JUs B PEAKI[UH ABTO-
OKHCJICHUA alpCHAJIMHA JJI1 ONPCACICHUSA AaKTUBHOCTU CYIICPOKCUAANCMYTA3bI,
Bbuomenummackas xumus, T.59, Ne4. C. 399-410 (2013).
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AJITOPUTMbI OBPABOTKH KT U IPEOBPA30BAHUSI
®OPMATA DICOM JJISI PACYETA JJO3bI
B IPOTOHHO TEPAITUU

Jerkosa M.B.!3, Beanxun M.A.>2, 3asecroBekas U.H.12

Y @®UAH, Mockea, Poccust
2 HUI] «Kypuamosckuii uncmumympy, Mockea, Poccus
8 HUAY MUDHU, Mockea, Poccus
e-mail: milena.detkova@mail.ru

®opmar DICOM (Digital Imaging and Communications in
Medicine) cTtan cTaHIAapTOM IS XPaHEHUS U Mepeaadd MEIULIUHCKUX
n3o0pakeHnii. OH OXBaTHIBAaET KIIIOYEBBIE 00JACTH: yIPABICHUE CETe-
BEIMH H300paXEHISIMH, WX HHTEPIPETalned, MedaThio, MpOoIeIypaMu
BU3yanu3auuu u oduaitn-Hocutensimu [1]. OH ucnonb3yeTes s KO-
nupoBaHus naHHBIX, TakuxX kak KT, MPT u apyrux THIOB MEIUIIMH-
CKOH BH3yaJIM3allid, U COAEPKUT HE TOIBKO M300paKeHHsI, HO U CBs-
3aHHYI0 C HUMH MeTanH(OpMAIMIO, BKIIIOYAs INapaMeTpbl ChEMKHU U
nmanHble o naruente. DICOM of0ecrnieuuBaeT COBMECTUMOCTD MEXKIY
MEIWIIMHCKAM 00OpYy/IOBaHMEM DPAa3HBIX MPOU3BOAMTENEH U HCIOINB3Y-
eTCs JJIs XpaHEHUs W TepeJavyd MEIUIMHCKUX M300pakKeHUN B CHCTe-
max PACS (Picture Archiving and Communication System) [2].

B pamkax Texymero ucciemoBaHHS Pa3padaThIBAINCH alTOPUTMEL
qutst m3Bnedenus u nanHeix KT 3 DICOM u ux nanpHedeir oo6paboT-
ku. 3HaueHus1 XayHc(uiaa, KOTOPBIC UCIIOIB3YIOTCS JUIS OLEHKHU ILI0T-
HOCTH TKaHEH, SABIISIOTCS BaKHOU YacThio JaHHBIX KT, Tak kak UMEHHO
OT HUX 3aBUCHT TOYHOCTH pacué€Ta mpobdera MpOTOHOB U TIAHUPOBAHHS
110361 00yueHust. Oco00oe BHUMAaHUE YJICICHO MPeoOpPa30BaHUIO YUCEN
XayHchunga B IIIOTHOCTH TKaHEH IS MadbHEHIIETO UCIIOIL30BAHUS B
pacyeTe pacnpeeiaeHuil 1036l B IPOTOHHON TEPANUH.

Pa3paboTaHHbIil TpOrpaMMHBIH KO peaqu3yeT allfOPUTM, KOTOPBIH
MO3BOJIIET MpeoOpa3oBbiBaTh n300pakeHuss KT B ducieHHBIH HAOOD
JTAHHBIX, KOTOPBIA MOXET OBITh UCITOJIB30BAH IS TIPEICTABIICHUS B BH-
Jle BOKCEJILHOTO MPOCTPAHCTBA PaCIpe/leICHUs TNIOTHOCTU C Pa3MEpPOM
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KyOM4YeCKOTO BOKCENs BILIOTH A0 1 MM?. DTOT HaOOp JAaHHBIX MOXET
OBITH WCIIOJI30BAaH JUJISl MPOLCAYPHl CETMEHTAIIMM U MOJCITUPOBAHUS
B3aUMOJICUCTBUS IPOTOHHOTO TMy4YKa C TKAHSIMH TAIMEHTa B MPOIECCE
MJIAHUPOBAHUS JIEUEHUsS] B MPOTOHHOM Tepamnuu. IIporpaMMHBIA KOJ
TaKkKe MO3BOJISIET BU3YAIM3UPOBATh AKCHAIBHBIE CPE3Bl C BO3MOXKHO-
CTBIO MPOCMOTPA OTACIBHBIX CIIOEB U OTOOPaKCHMS 3HAYCHUU B KaXK-

JTO# TOUKe N300paKCHHUS.

TIpennoxeHHbIN aJIrOPUTM SIBISETCS OCHOBOW ISl CO3AaHUs IIPO-
rpaMMHOI0 MOAyJd CCrMCHTAallU B Z[HCT&HLII/IOHHOIZ JIy‘ICBOfI TCpamuu,
KOTOpasl SIBISIETCSI HEOThEMJIEMOU MPOLEAYPON KIMHUYECKOTO MpoLec-
ca.

[1] W. Dean Bidgood, Jr., Steven C. Horii, Fred W. Prior and Donald E.
Van Syckle, Understanding and Using DICOM, the Data Interchange Standard
for Biomedical Imaging Journal of the American Medical Informatics Associa-
tion Volume 4 Number 3, 1997.

[2] Mackenzie A, Lewis E, Loveland J. Successes and challenges in extract-
ing information from DICOM image databases for audit and research. Br J Ra-
diol (2023)
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OINTUMU3ALIUS PAIMALIMOHHOM 3ALIUTHI
COPBLIMOHHOI'O TEHEPATOPA PEHMSI-188
JUIS SITEPHOM MEJIMIIMHBI METOIOM
MATEMATHYECKOI'O MOJIEJINPOBAHUS
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OnHuM U3 HAIPaBICHUNA COBPEMEHHOU SIICPHON MEIUIIUHEI SBISICT-
Csl PaIMOHYKIHIHAS TEpanus ¢ MPHUMEHEHHEM IpernapaTtoB Ha OCHOBE
pamuonsorona %8Re, KoTOpBIM 0ONagaeT HEOOXOAMMBIMHU SIEPHO-
(Gu3MYecCKUMH CBOWCTBaMHM Kak JUIs Tepamud (Tepuoj Mojypacnajia
T12=17,0 4, sHeprust B-uzmydenus 2,12 MaB), Tak u IS TUArHOCTHKH
(oHeprus ramma-usnydenues 155 xoB). Pammodapmmpenaptsr ¢ #8Re
TOJTy4aKOT ¢ MCIOIL30BaHMEM COPOIIMOHHOrO reneparopa S8W/18Re
HEIMOCPEICTBEHHO B KiuHUKe [1].

DKCIUTyaTanusi paJior30TOITHBIX TeHEPATOPOB TPEOyeT COOTIONCHUS
BBICOKHX TpeOOBaHUH M0 paHAIIMOHHOMN 3alTUTE MPOU3BOIACTBEHHOTO U
MEIUIMHCKOrO nepcoHana. B poccuiickom reneparope B8W/¥Re B ka-
YeCTBE PaAMAIIMOHHON 3alIUTHI IPUMEHSETCS] CBUHEIL.

B nanHO# pabore mocTaBieHa 3aqaya ONTHMHU3AIWH 3alIUTHBIX U
Maccora0apuTHbIX XapaKTEPUCTUK TeHepaTopa: MpU COXPaHEHHH
OCJAOJSIONIMX CBOMCTB PaJMallMOHHON 3aIUTHI CYIIECTBYIOIIETO I'eHe-
paTopa WCCieoBaTh MMOBEICHHE APYTUX 3alIMTHBIX MaTtepuanoB. Mc-
ClIeZlyeMbIMH MaTepHallaMHd BBHIOpaHBI: BOJIb(PpaM U €ro CIUIABBI, ajlfo-
MuHHUH, ctans Mapku 12X18H10T, oprcrexio.

JU1st IpOBE/ICHUST YKCIICHHBIX PACcYeTOB HICIONB30BaH MPOrPAMMHBIA KOM-
wiekc Monte Carlo N-Particle Transport Code (MCNP) [2]. B xauecTBe
BBIXOJIHOT'O 3HAYCHHA B IpPOTrpaMMe IJIsd pacqéTa MOIITHOCTH OO03bI BbI-
OpaH MOTOK UCITyCKAaeMBIX YaCTHI] Yepe3 KPYroBOW JIETEKTOP.

PacuerHas reomerpuyeckas Mojeib reHeparopa OblIa CMOICIUPO-
BaHa B mporpamMMe MCNP, yuuTeIiBas ero MCTHHHBIE T€OMETPHUUYECKHE
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pasmepsl. Pacuérer mpoBommics ans 4 obnmacTeld TeHeparopa: BILIOT-
HYI0 K OOKOBOH MmoBepXxHOCTH, Ha paccTostHuu 100 cM oT GOKOBO# MO-

BEPXHOCTH, BIULIOTHYIO CBEPXY U CHU3Y.

IIo mony4eHHBIM PacuETHBIM JAHHBIM YCTAHOBJIEHO, YTO HAMITYy4YIIUE
PE3yNBTaThl IO MacCOTa0apUTHBIM U PaTUAIlMOHHO-3alIUTHBIM TI0Ka3a-
TEJISIM MMEET 3allluTa W3 BoJib(ppama TONIIMHON 3 CM: Macca 3alluThl
CHIDKAETCS B 2 pasa, a 0CJIa0JISIONINE CBOWCTBA COXPAHSIOTCSI.

[1] JIuene K., Jlumypuc I., KpruioB B.B., Kouerosa T.IO. Pagnonyknunnas
Tepanus npenapatamu ®8Re B onkonoruu // OHkonorudeckuit xypHan. — C.34-
42.(2018)

[2] Briesmeister J. F., et al. MCNP — A General Monte Carlo N-Particle
Transport Code. Los Alamos National Laboratory Tech. Rep. LA-13709-M.
Los Alamos, NM, USA. Code Version 4C. (2000)

[3] Kypauenko 0. A., ®omuna JI. H., Poguna O. I1. OntuMu3aims 3amuTsl
PaZMOU30TONHOTO TeHeparopa // MeToabl KOMIBIOTEPHONH THATHOCTHUKH B
6uonorun u menuimse. - 2014.  C. 16. (2014)
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CKOPOCTBb HACBILIEHUA TEMOTI'JIOBUHA
KUCJIO0OPOJOM KAK MAPKEP ®YHKIIMOHAJIBHOI'O
COCTOAHMUA QPUTPOLIUTOB

M. Kupuuenxo?, I'. Priéanbuenko’, C. Tappuikunl, A. 3apuuxnii’,
A. IIserkos?, B. IIponun?

L @IbVH ®usuueckuil uncmumym um. I1.H. Jlebeoesa PAH, e. Mockea, Poc-
cus
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MEOUYUHCKASL AKAOeMUsL HENPEPbIBHO20 NPOPDECCUOHATLHO20 00PA308AHUSL

Munucmepcmea 30pasooxpanenus Poccuiickou @edepayuu, e. Mockea, Poc-

cus
maslovamarina87@gmail.com

B HacTosmieit paboTe MpeaCcTaBIEHO HCCIEIOBAaHUE 3KCTPAKOPIIO-
PATBHOM OKCUTEHAITMH SPUTPOIUTOB KPOBH 4eioBeka B mpuoope KU-
HOKC nmns marmuentoB ¢ caxapabim auaderoMm (CJl). Llemsio pa®oTsr
SIBJISIIOCH OIPEETICHUE KOPPEIAUUA MEXIY KIMHUYSCKUME aHATHN3aMU
MAIMCHTOB U CKOPOCTBIO OKCUTCHAIMHM WX JPUTPOLUTOB B MPUOOpPE
KMHOKC. B uccnenoBanny nmpruHAMAIH ydacTue marpenTsl (20 geno-
Bek) ¢ CJ] mepBoro (2 uenoBexa) u Broporo (18 uemnosek) tuma. [{ns
MAIMeHTOB OBbUIM MPEJICTaBICHBI W TPOAHATU3UPOBAHBI PA3INYHBIC
KIIMHUYECKUE JTaHHBbIE W OOHapy’>KeHa BBICOKAsl OTpPHUIIATEIbHAsl KOppe-
nsmust (R=-0.71) Mexay KOHIEHTpalyel TIMKUPOBAaHHOTO TeMOTIIO0H-
Ha (HDA1c) 1 CKOPOCTBIO OKCUT€HAIIUH KPOBH.

[eiictBue paspaboranHoro Hamu npudopa KMHOKC ocHoBano Ha
MPUHIUIIAX oNTH4Yeckoi okcuMeTpuu [1]. [lo maHHBIM 00 WHTEHCHBHO-
CTSAX cBeTa ¢ anuHamMu BoiH 658 HM m 808 HM, paccessHHOTO MPOOOit
KpOBM Hazal, ompeaeiseTcs (PpakiMOHHBI COCTaB TeMOrjo0MHA B
SpUTpOIUTaX (COOTHOIICHHE €r0 OKCH- U JIe30KCH(opMbl). OCHOBHBIM
OTIIMYHMEM TMPUOOpa OT MOJYYUBIIMX [IUPOKOE PACIHPOCTpaHEHHUE
MyJIbC-OKCUMETPOB SIBIISICTCSI BO3MOXKHOCTH TTOTy4YaTh 3aBUCHMOCTH H3-
MEHEHUsI (PPaKIMOHHOTO COCTaBa TeMOriIo0MHA OT BPEMEHH B IPOILIEC-
CaxX OKCUTCHAIIUHU WU JIEOKCUTEHAIMH MPOOBI KPOBH. Pe3ynbTaThl dKC-
MIEPUMEHTA TTO3BOJISIOT KOJIMYECTBEHHO OIEHUBATH CKOPOCTH TaKHX H3-
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MEHEHHUH, KOTOpBIE, COIIaCHO Hallell FHUIOoTe3€, KOPPEIUPYT ¢ MOp-

(hOoPYHKIIMOHAILHBIM COCTOSIHUEM 3PUTPOIIUTOB.

0,09 4

= R=-0,71
0,08 4 n

0,07 4 ]

CKOpOCTb, OTH. €11,
[
[

0,06 4 L] [ ]

0,05 4

Puc.1. CooTBeTcTBHE MOKa3aHUI CKOPOCTEH HACKHIIEHUS MPOOBI KHCIIO-
poaom

B pa6ote Coletta [2] moka3zaHo, uTo Je30KCU-(hOpMa TIMKUPOBAHHO-
ro reMorioOrHa CYIIECTBEHHO OTJIMYAETCS MO CBOUM (DYHKIIMOHAIb-
HBIM CBO¥cTBaM OT HOpMaibHOTO Hb 1 mokassiBaeT Gosbliiee CpOACTBO
K kuciopoay. CiieZjoBaTeibHO, ITPH IKCTPAKOPIIOPATBHON OKCUTCHAIIUU
SPUTPOLIUTOB CKOPOCTh HACBIIICHMS JOJKHA YyBeIMuuBaThcs. OHAKO
MBI HaOJIO/[aeM CHIDKEHHE CKOPOCTH OKCHTEHAIUH C POCTOM KOHIICH-
tpari HbA1.. 310 MOXeT ObITh OOBSICHEHO BKJIIOYEHHEM KOMIICHCA-
TOPHOTO MEXaHW3Ma M3MEHEHHUsS IPOHUIIAEMOCTH MEMOpaHbI W/HIU
CHIDKCHHUEM CKOPOCTH HACHIIIEHUS OCTaBIICHCS YacTH HOPMAIIbHOTO
reMorioOnHa.

[1] A. Poratkun, ®u3nyeckue OCHOBBI ONTHYECKOW OKcuMeTpuu, Meau-
nmHCKas (usmka, Ne 2, ctp. 97-114, (2012).

[2] M. Coletta, G. Amiconi, A. Bellellil, et al. Alteration of T-state Binding
Properties of Naturally Glycated Hemoglobin, HbA.. J. Mol. Biol. (1988) 203,
233-23

107



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
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1,2-TUKAPBOJLINIOM KOBAJIBTA JJIS1
BOP-HEMTPOHO3AXBATHOM TEPAITUU

3JIOKAYECTBEHHBIX HOBOOBPA3OBAHUI
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Y Unemumym Buoxumuyeckoii @usuxu um. H.M. Imanysna PAH, Mocksa,
Poccusa
2 Hucmumym snemenmoopeanudeckux coedunenuti um. A.H. Hecmesnosa PAH,
Mockea, Poccus
Presenting author e-mail address: klimenko.makcim@yandex.ru

Bbop-neiirponozaxBaraas tepanus (BH3T) mepcnekTUBHBIA MeTOI
JIeYeHHUsI OHKOJOIMYECKHX 3a00JieBaHUN, OCHOBAaHHBIM Ha peakUuH IO-
TJIONIEHHs] HEHTPOHOB CTaOWIBLHBIM H30TONOM Gopa 1°B, 4To mpuBOAMT
K 00pa3oBaHuIo anb(a-gyacTHIl ¢ BHICOKOH DHEPrUei U KOPOTKUM Paju-
ycoMm neiictBusi. MeTtoa mo3BosisieT M30MpaTeNbHO BO3ACHCTBOBATH Ha
OITyXOJIEBbIE KJIETKH, MUHUMAJIBHO 3aTparuBas 3/0pOBbIE TKaHH, OJIHA-
KO JUISl YCTIEHIHOM Teparmuu HeoOXOAMMO J0CTHYb KOHIEHTpauu °B B
OIyXOJIeBBIX KJIeTKax Ha ypoBHe 20 MKI/T [1-2]. CuHTE3 moJmMepHBIX
HaHOYACTHIL, KOTOpPBIE OOECIIEUHBAIOT CEJIEKTHBHYIO JOCTaBKYy Ipemna-
paTa B OITyXOJlb, SIBJISIETCS aKTYaJIbHBIM HAIpPaBJICHUEM B PEIICHUU JaH-
HOU TIPOGJIEMBI.

Cononumep MosoyHOM W riukojieBod kuciotr (PLGA) Guaromaps
CBOeif OMOCOBMECTHMOCTUA M OHOJErpagupyeMOCTH MPEACTaBIACT CO-
00if TepCIIEKTUBHBIN MaTeprai JJIsl CO3IaHUs CHCTEM JIOCTAaBKH JIeKap-
CTBEHHBIX NpenapaTroB, a HAHOYACTHUIIBI HA €r0 OCHOBE MOTYT obecre-
YUTH aJJPECHYIO TOCTaBKY Ipenapara B OMyXOJIEBbIE KIETKH.

B nannoit pabote Obuta MmpoBeieHa pa3padOTKa TEXHOJIOTUH CHHTE3a
MOJMMEPHBIX HAHOYACTHUL[ METOJOM JBOWHBIX OMyilbcHH ¢ 1,2-
nukapoomnuaom kobdansra (COSAN) ([8,8'-1-3,3'-Co(1,2-C2BgoH10)2] B
BHJIe HaTpueBoi cosnd. [IpoBeneHHass ONTHMH3ALMSA CHHTE3a C IIOMO-
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nipl0 M1aHOB bokca-beHkeHa MoO3BojMiIa MOMy4YaTh HAHOYACTULBI C
CIEeYIOIIMMHU XapaKTepUCTUKaMU: cpelHuil auametrp 220+27 HM, A3e-
ta-noteHnwman -17.8+4.1 mB, obmiee conepxxanune COSAN 3,8 macc.%.

beuto u3ydeno BiusHue podapnenus nomuatwieHraukons (PEG) na
(bU3NKO-XUMHUYECKHE CBOMCTBA HaHOYacTHL. CHHTE3 HAHOYACTHUI] C CO-
otHomenueM nonumepoB PLGA-PEG k PLGA pasnoe 60:40 no3Bonuin
yBenmnunTh obmee coxepxkanne COSAN mo 11,7%.

CuHTE3MpOBaHbl HAHOYACTHIBI C (DIYyOPECIEHTHBIM KpacHUTEIeM
Cy5.5 nmas skcrmepuMEHTOB iN VItr0, KOTOpBIE MO3BOJMIN OLEHHUTH
HAKOIUIEHHWE B KIETKaX MelaHOMBI MbImK B16: Habmromamock mepu-
HYKJI€apHOE UUTOILNIa3MATUYECKOE PACIpPEACIICHUE, MaKCHUMaJIbHOE
HaKOIUICHHE JOCTHTallOCh MpHU 24 4 MHKYOAallMH, IPH 3TOM KOHLIEHTpa-
1us aToMoB Oopa Ha KieTky omnpenensnach MetogoM MCII-MC u co-
craswia 1.831:10%, npu HeoOXOAMMOM MMHHMYME ISl TPOBEICHHS
BH3T - 108-10°.

Bria n3ydeHa KWHETHWKa BBHICBOOOXKICHHS CYOCTaHIIMM W3 HaHOYa-
CTULL: B pe3yJbTaTe AKCIepUMeEHTa 3a 211 yacoB W3 MOIMMEPHON Mat-
punbl BeicBoOokaanocs okono 40% COSAN u 31% Cy5.5, uto Koc-
BEHHO JIOKa3bIBacT HAJIMYKE MPOJOHTUPOBaHHOTO 3ddekra y moammep-
HOW (hopMbL. bblTa onpeneneHa MaTemMaTHIecKass MOJIENTb BBICBOOOXK Te-
HUS, KOTOPYI0O MOXXHO HCIIOJIb30BaTh I MPOTHO3a CKOPOCTH BBICBO-
ooxnenuss COSAN 13 HaHOYACTHIIL, YTO JAa€T BO3MOXKHOCTh PACCUUTATh
onTUMabHOE BpeMs At nposenennst bH3T.

Takum 00pa3zom, OTYYEHHBIE PE3YIbTAaThl CBUIETEIBCTBYIOT O TIEP-
CMIEKTUBHOCTH TOJNYYEHHBIX HAHOYACTHI JUI 3()(PEeKTUBHOTO JIeUeHHS
3JI0Ka4e€CTBEHHBIX HOBOOOpa3oBaHMii ¢ mpumeHeHneM metoma BH3T.
Jist moaTBepKIIeHUsT TaHHOTO BBIBOJIa HEOOXOIMMO TIPOBECTH JKCIIe-
PHMEHTHI iN ViVO.

[1] Kanprrun B.B., Kuuurun A.U., ['yoanosa H.B., Tackaes C.}HO. Bo3amoxHO-
CTH 60p-HeI7[Tp0HO3aXBaTHOI71 Tepanuru B JICHCHUU 3JIOKAYECTBCHHBIX OHyXOHCﬁ
TOJIOBHOTO Mo3ra//BecTHHK peHTreHojornu u paguoioruu. — 2016 —Ne6. —
C. 36-42.

[2] Kansrua B.B., 3aBesmoB E.JI., Cumonosud A.E., Kimuurua A.U., Kacatosa
A.I/I\;, MyxamamusipoB P.A., Cubuprnies P.B., ®unun H.C., CerueBa T.B. BOP-
HEUTPOHO3AXBATHAS  TEPANMSI  TJIMAJIBHBIX  OITYXO-
JIEI//CoBpementbie poGneMsl HAYKH 1 06pazoBanus. — 2019 — Ne3. — C. 144
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BUOMUMETPUYECKHUE HAHOYACTUIbI HA OCHOBE
KJIIETOYHBIX MEMBPAH JJI1 JOCTABKHU
TEPAIIEBTUYECKUX A'EHTOB
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Y Uncmumym 6uoopzanuueckori xumuu um. M.M. Ilemaxuna u FO.A. Osuun-
nukoea PAH, yn. Muxiyxo-Maxnas, 16/10, Mockea, Poccus
korotkovaha@yandex.ru

buomumeTnueckue HaHOMAaTEpUANbl MPEICTABISAIOT COO00H (hYyHKIHU-
OHANTFHBIC MATEPHAIbl, COAEPIKAIUE HAHOpPa3MEPHbIE KOMIOHEHTH H
UMEIOIINE CTPYKTYPHOE U TEXHOJIIOTUYECKOE CXOJCTBO C MPUPOIHBIMHU
(6uorennpimMu) niporotunamu [1]. Hanodactuimr (HY), nokpeiThie Kite-
TOYHBIMH MEMOpaHaMH, JAAIOT BO3MOXKHOCTh OOBEJMHUTH CBOWCTBA
€CTeCTBEHHBIX KJIETOYHBIX MEMOpaH C CBOMCTBaMU CEpICBUHBI [2].
Llenbio paboTHI SIBISUIOCH CO3JaHHE OMOMUMETPHYECKHUX YaCTHII.

B pabote ucrnonb3oBanuch MeMOpaHbl pakoBbIX KIeToK 4T1 1 apuT-
pounToB. MeMOpaHbl PaKOBBIX KJIETOK IMO3BOJISIOT JOCTABIATh areHT
Oyarofapss MOJIEKYJIIPHOMY PACIIO3HABAHHUIO M aATe3WH Ha MOBEPXHO-
CTH PaKOBBIX KJIETOK, OOJaJaloMIUX MOJHBIM Ha0OpOM aHaTOTHYHBIX
0esKoB Ha cBoeil moBepxHOCTH [3]. BuoMumeTprueckre HaHOYACTHUIIBI,
CO3/IaHHbIE Ha OCHOBE MEMOpaH 3PUTPOIMTOB, M30ETalOT BBIBEICHUS
UMMYHHO# CHCTEMOi, 0071a/1at0T OOJIBIIMM BpeMeHEeM HUPKYJISuu [4].

MemOpaHamMu pakoBBIX KJI€TOK 4T 1 MOKphIBAJIM HAHOYACTHIIBI BUC-
MyTa, MOJIydeHHbIE METOJIOM Ja3epHoi abmsiuu. [loxydeHHbie yacTu-
16l MOJUGUIUPOBATK (OJUSBOM KUCIOTOW (IKCIPECCHUS PEIEITOPOB
(bonreBoil KUCIOTHI 3HAYUTENBHO TOBBIIIEHA Y MHOTHUX THUTIOB PaKOBBIX
KJIETOK). MeMOpaHaMu 3pHTPOLMTOB IOKPHIBAIM 30JI0ThIe HAHOYACTH-
upl. Beumn ompeneneHbl (U3MKO-XMMHUYECKHE CBOMCTBA MOJTYYEHHBIX
HAHOYACTHII.

B pesynbrate nmpoekta ObUIH MOJIyYeHBI HOBBIE 3HAHHUS O CO3JaHUHU
OMOMHMMETHUYECKMX HAaHOYacTUL. DTO MOXET CIIOCOOCTBOBATH paspa-
0O0TKE HOBBIX METO/IOB JICUCHHUS Pa3IMYHbBIX 3200/ ICBAaHHIA.
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[1] K.G. Gareev, D.S. Grouzdev, V.V. Koziaeva, N.O. Sitkov, H. Gao, T.M.
Zimina, M. Shevtsov, Biomimetic nanomaterials: diversity, technology, and
biomedical applications, Nanomaterials, 12(14), 2485, (2022).
[2] L. Chen, W. Hong, W. Ren, T. Xu, Z. Qian, Z. He, Recent progress in tar-
geted delivery vectors based on biomimetic nanoparticles, Signal transduction
and targeted therapy, 6(1), 225, (2021).
[3] J. C. Harris, M.A. Scully, E.S. Day, Cancer cell membrane-coated nanopar-
ticles for cancer management, Cancers, 11, 12, 1836, (2019).
[4] W. Gao, C. M. J. Hu, R. H. Fang, B. T. Luk, J. Su, L.Zhang, Surface func-
tionalization of gold nanoparticles with red blood cell membranes, Advanced
materials (Deerfield Beach, Fla.), 25(26), 3549, (2013).
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8 Unemumym 6uoxumuveckoii pusuxu um. H.M. Dmanysna PAH, Mockea, Poc-
cus
katiakosh@gmail.com

Oxcun TaHTajga SBISIETCS XMMUYECKH CTOWKNUM, HHEPTHBIM MaTepua-
JIOM, KOTOPBIIl HAaXOOWT IIMPOKOE NMPHMEHEHHE B MeauuuHe. B HaHo-
pa3MepHOil popMe OH MOXKET OBITh HCIOJIb30BaH I Pa3paOdOTKU CH-
CTEM JIOCTAaBKH JIEKAPCTB, OMOCEHCOPOB, PEHTTCHOKOHTPACTHBIX Mpemna-
paTtoB M NPOTHUBOOIYXOJEBBIX panunoceHcuOmimmzaTopos [1]. OmHaxo
0buTO TIOKa3aHo, uto HaHodacThisl (HY) Ta,Os TepsitorT arperarnBHyIO
YCTOWYMBOCTH B PACTBOPax ¢ BBHICOKON MOHHOM cwmutoii [2]. nst obecre-
YEeHHS! KOJUIOMAHOM YCTOMYMBOCTH MOTYT NPHUMEHSTHCS Pa3iIUIHbIC
OMOCOBMECTHMEBIE TTOKPHITH, Harmpumep, nomugodamud ([1JJA) u ObI-
ynii ceiBOpoTouHbId ans0ymuH (BCA). [ToTeHnanbHo, X UCIOIh30Ba-
HHE HE TOJIbKO mpenoTBpatutr arperaumio HY u3-3a crepuueckoro u
ANEKTPOCTAaTHYECKOTO OTTAIKUBAHUS, HO U MUHUMHU3UPYET Hecrenudu-
yeckoe B3auMojeiicTere HY ¢ GnonornueckuMu KOMIIOHEHTaMH.

B nannoit pabote ObUIO MCCIIEAOBAHO BIHUSHUE XUMHH TTOBEPXHOCTH
HY oxcupa Ttantama Ha ux B3aumoneidctsue ¢ BCA, kommouaHyio
YCTOWYUBOCTD U ITUTOTOKCHYHOCTD. JIJIsI TOCTHKEHUS 3TOH IeH ObLTH
cuntesupoBanbl HU Ta;Os u HU Ta,Os@I1/IA. IonydyenHbie MaTepua-
761 OBIITM 0XapaKTEPHU30BAHBI C MOMOIIBIO TPOCBEYNBAOLIECH 3JIEKTPOH-
HOW MHKPOCKONHH, WHPPAKPACHOW CIEKTPOCKONHUH, JWHAMHYECKOTO
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paccesiHAs CBETa | AJIEKTPOodOPETHISCKOTO paccessHus cBera. KoHcTaH-
ThI cBs3bIBaHus (Kp) HY Ta0s5 u TaOs@I1TJJA ¢ 6enxom Oblm onpene-
JICHBI TIPHU TIOMOIIU (ITyOPECIIEHTHON CreKTpockonuu. Ha ocHoBe maH-
HBIX 0 Kb, TONYy9EeHHBIX B Pa3iIHYHBIX TUCIEPCHOHHBIX CpeNax, OBLIH
noJ00paHkl yCIIOBUS s mocnenyomero cuate3a Ta Os@I1JIA-BCA.
Crabunsnocts HY Taz0s, TaxOs@IIJA n Ta,Os@IIJJA-BCA B doc-
¢aTtHO-coteBoM Oydepe u KyinprypanbHoii cpene (DMEM) onennBanach
C WCIOJIb30BAHUEM METOJIOB TMHAMHYECKOTO PACCEsTHHSI CBeTa U TypOu-
mumerpud. Pesynbrarel nokaseiBatoT, yTo BCA sddexruBHO cTabmim-
3UpyeT HAHOYACTHUIIBI OKCHAA TaHTaja, 00ecledyrnBas WX KOJUIOMIHYIO
YCTOMYMBOCTh B PACTBOPAX C BBICOKOM KOHLEHTPAaLUEH 3IEKTPOIUTOB.
Bnustaue xumuun nopepxHoctd HY Ha MUTOTOKCUYHOCTH OBLIO OILICHEHO

¢ ucnonbzoBanueM MTT-tecra.

Hccneoosanue evinonneno 3a cuem cpanma Poccutickozco HAY4YHOcO

ponoa (npoexm Ne 24-23-00510)

[1] E.D. Koshevaya, E.F. Krivoshapkina, P.V. Krivoshapkin, Tantalum oxide
nanoparticles as an advanced platform for cancer diagnostics: a review and per-
spective, J. Mater. Chem. B, 9(25), 5008-5024, (2021).

[2] E.D. Koshevaya, V.I. Mikhaylov, P.A. Sitnikov, E.F. Krivoshapkina, P.V.
Krivoshapkin, Electrosurface properties and acid-base equilibria of Ta,Os and
Tay0s:Eu nanoparticles in NaCl solutions, Surf. Interfaces, 29, 101713, (2022).

113



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»

AHAJIN3 PAJMO3AIIIMTHBIX CBOMCTB ®YMAPATA
3-T'MAPOKCUIIMPUIUHA ITPU OBJIYYEHUU TPOTOHAMHU
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L O6uuncruii uncmumym amommoii snepeemuxu — gunuan Hayuonanonozo
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2 Hayuonanwuuiii uccnedoeamenscxuti soepuoviii yuueepcumem «MUDHUy, 2.
Mocksa, Poccus

B paboTe npoBe/icH aHaIM3 aHTUOKCUIAHTHBIX CBOMCTB (pyMapara 3-
ruapokcunupuanta (Gymapar 3-I'Tl [3]) Ha npumepe mMoaenbHOrO Oec-
TO3BOHOYHOTO HBOTHOro Daphnia magna B omerrax in vivo.

HccnenoBanne mMpoBeACHO MO W3MEHEHUIO YPOBHS MAaJIOHOBOI'O
muansaeruga (MDA) kak KOHEYHOTO MPOIYKTa OKUCIICHHS JIHUIHUIOB,
WHAYIUPOBAHHOTO o0iydeHneM npotoHamu B mo3e 30 I'p (sHeprus —
150 m3B) nipu nobasnennn pymapara 3—[T1 B xonuentpanuu 0,05 r/n
nepen obmydenneM. O0TydeHre POBOAMIA Ha KOMILIEKCE TIPOTOHHOM
tepanuu «lIpomeTeyc» B miaacTUKOBBIX (h1akoHax ¢ 20 MII KyJIbTypajib-
HOW BoxbI (BbIcOTa BoaHOro crojba 3 cm). JKMBOTHBIX HOMemIain B
pactBop ¢dymapara 3-I'TI (0,05 r/x) 3a cyTku 10 oONydeHHUs. YPOBEHb
MDA oneHuBaii B IPOLEHTaX OTHOCHTEJBHO MOKa3aTeneld KOHTPOJIb-
HOH rpynmnsl [1]. BEDKMBaEMOCTh JKMUBOTHBIX OLEHEHA MO CTaHAApPTHOH
Mmetoauke [2]. CraTHcTHYecKyto 00paboTKy MPOBOIMIN IO KPUTEPHIM
Manna-Yutan u Xwu-kBagpar. Ha puc. 1 mnpeacrasien MDA-
MIOKAa3aTeb.
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Oymapat 3-I'TI He Bnusier Ha m3menenne MDA-mokazatens mocie
obnydyerns kuBOTHBIX (P = 0,064). OOnydeHne CHMXKaeT BBDKHBae-
MOCTh XMBOTHBIX Ha 29,3% (p = 0,008). dymapar ycunusaeT aelcTBue
ob0nyuyenus Ha 43,3% (p = 0,002). Takum obOpaszom, dpymapar 3-I'TI B
UCCIIEIyeMO KOHIIGHTPAIIMA HE OKAa3bIBACT PaJAMO3AIIUTHOTO P deKTa
mpu 00IyYeHNH MOIEIBHBIX KUBOTHBIX poToHamu B fo3e 30 ['p.

Pab6ota BeimonHena B pamkax npoekra PH® Ne 23-24-10041.

[1] C. Barata, C., Varo, I., Navarro, J. C., Arun, S., Porte, C., Antioxidant en-
zyme activities and lipid peroxidation in the freshwater cladoceran Daphnia
magna exposed to redox cycling compounds, Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, vol. 140, pp. 175-186, (2005)
[2] . Tetpocora, J. Yckanosa, O. Kyzsmuuesa, B. Cabypos, E. Capamynbiie-
Ba, VYcunenue HaHOYaCTHUIIAMH 30JI0Ta ITUTOTOKCHYECCKOI'O }IeﬁCTBHH o6nyqe-
HUS IPOTOHAMU B OIIbITax in ViVO, Me,I[I/H_[I/IHCKaﬂ paanoJioruda u pagualiuoHHas
0e30MacHOCTh, T. 69, ¢. 13-19, (2024)

[3] T. Ynanora, B. Ununna, E. CemenoBa, A. CemeHoB, Hcrnonp3oBanue Ho-
BbIX HPOU3BOJHBIX 3-FI/I,I[pOKCI/IHI/IpI/I,I[I/IHa C LCJIbKO KOPPEKIUH MeTabonye-
CKUX HapylieHuH mpu caxapHoMm nuabete, M3pectus CamapcKoro HAaydHOTO
uentpa Poccuiickoit akagemun Hayk, . 11, ¢. 1315-1317, (2009)
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BJIMSIHUE HAHOYACTHII 30J10TA HA PACIIPEIEJTIEHUE
¥E-®JI' BOPTAHU3ME MBILIEU C MEJIAHOMOM B16F10

K.P. Kypoanosal, JO.A. ®unorenopa’, B.A. Ckpuounxmii'?,
K.E. IlInakosa’?, A.B. Ckpuduukas’

DIrA0Y BO «Hayuonanouwiil ucciedosamenbeKuil s0epublii yHusepcumen
«MUDUY, Mockea, Poccus
2QI'RY «HMHL] onxonoeuu um. H.H. Brnoxuna» Munzopasa Poccuu,
Mockea, Poccus
Koumaxmer ooxknaouuxa: kama.kurbanova23@mail.ru

Beenenne. Hanouactumbr 3omota (3HY) obmamaroT yHHKaIbHBIMH
(bU3NKO-XUMHUYECKUMH CBOMCTBAMH, KOTOPBIE JETA0T UX II0JIE3HBIMH B
ouosoruu u Meaunuue. [lpu ucnons3zoBanuu 3HY B kayecTBe peHTre-
HOKoHTpacTHOrO cpeacta npu [IDT/KT-uccnenoBanusx na mabopa-
TOPHBIX KMBOTHBIX HAHOYACTUIBI MOT'YT MOAN(HULMPOBATH METa0OIH3M
KJIETOK MJTM U3MEHSTH IyTH paclpeesieHus paJlioakTUBHOTO U30TOIA B
opranm3me [1]. [TosToMy 1enbro JaHHOH PabOTHI OBLIO HCCICIOBAHHUE
MexIIeKapceTBennoro B3aumonencteus 3HU ¢ ®F-®JII B opranusme
J1a00PaTOPHOM MBIIITH ¢ MOJIEIbHON MestaHoMOo# B16F10.

Meronpl. Mcnonb3oBansl 2 rpymibl o 3 mbimy Juaun C57B16
C MHOKYJHMPOBAaHHOH IOJKOXXKHO B HPAaBYIO 3aHIOI0 JIally MEIaHOMOM
B16F10. IlepBoii rpymme oJHOKPaTHO BHYTPMBEHHO BBOIMIM BF-DJI[
¢ cpeaneit aktuBHOCTHIO 105414 MbBk. Jlanee BBITIONHAIOCH JHHAMIYE-
ckoe IIOT/KT-uccnenosanue ¢ nomoripo [13T/ODIKT/KT tomorpa-
¢a MiLabs VECTOR 6 B Teuenune 85 muH. MpliaMm BTOpO#i IPyIIBI 3a
CYTKH JIO0 uccliefioBaHusl BBoJAMIM pactBop 3HY onHOKpaTHO BHYTpH-
BEeHHO B J03upoBke 20 Mr 3o0y0Ta Ha kuBoTHOE, [IDT/KT BhIMONHSIN
ananornuno. J{ys oneHku BiusiHUA Ouopacnpenenenus BF-OI 6bu10
MIPOBEJIEHO OKOHTYPHUBAHHE OPraHOB U OIYXOJIEH MBIIEH B porpamme
PMOD c BeruncienneM ypoBus Hakormienus (SUV, standardized uptake
value). JlonmomHUTENbHO y MBIIIEH BTOPOM TPYIIIBI OLCHUBAIN PEHTTe-
HOIUIOTHOCTH OpraHoB u omyxoinel (HU) c nensio onenku Ouopacmpe-
JIeNIeHNsT HAaHOYACTHIT 30J10Ta.
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Pesynbrater. [lpu nccnenosannu Onopacnpenenenus 3HY y mbimeit
BTOPOM TPYIIBI BBICOKAsE PEHTICHOIUIOTHOCTH OTMEYaNach B KaMepe
cepila, Tak Kak depe3 24 4 moclie BHYTPUBEHHOM HMHBEKIIMU HAHOYA-
CTHIIBI elIe MUPKYIUPYIOT B KPOBOTOKE. Taxke aKTHMBHO 3aXBaTHIBAIH
HaHouactuibl medeHb (HU mo 236,8446,8) u cenesenka (HU o
292,2+19,5). OTMeuanoch HaKOIUJICHUE 30JI0Ta B MOJCIBLHON OIyXOJH
(HU mo 215,8+0,9). IIpu ouenke HakomieHus 8F-®OJI" 6b1I0 BEIABICHO
paznuuue B HakorieHnd POII B neyeHH U cene3eHKe y MBbIIEH NepBOi
u Bropoii rpynm (tabmuna 1). B cenesenke B orcyrecrBue 3HY omnpene-
ns10¢ch HU3Koe HakorieHue 18F-®/I (SUV or 0,6+0,1 mo 0,4+0,1). B
npucyrctBud 3HY HakoIUiIeHHE B CEJIE3€HKE XapaKTEepU30BalIOCh PO-
crom SUV B teuenue ckanupoBanus: ot 0,9+0,3 x 1,7+0,2. B neuenu B
orcyrctBue 3HU nakoruienue 18F-D/II" ObUIO CPaBHUTEIBHO HU3KUM
(SUV 0,4+0,1), a B npucyrcteuu 3HY — ymepennsm (SUV 0,7+0,1). B
oCTajbHBIX opraHax ouopacnpenenenue *F-®JII B mpUCyTCTBMH U B
orcyrctBue 3HY He pasnuyanock.

Bpewms, | Ileuenp | Ileuens |Cenesenka |Cenesenka| Omyxons |Onyxomb
muH | 6e3 AUNP | ¢ AUNP | 6e3 AUNP | c AuNP | 6e3 AuNP | c AuNP

6,5 1,2+0,2 | 1,2+0,2 | 0,6+0,1 0,9+0,3 0,8+0,1 1,4+0,5

205 | 0,6+0,1 | 0,8£0,1 | 0,4+0,1 | 12403 | 1,4+0,1 | 2,1+0,7

485 | 0,4+0,1 | 0,7+0,1 | 0,5+0,1 | 1,302 | 1,6+0,1 | 2,5+0,9

625 | 04+0,1 | 0,7£0,1 | 0,4+0,1 | 1,7+03 | 1,8+0,1 | 2,1+0,7

835 | 03+0,1 | 0,7£0,1 | 0,4+0,1 | 1,702 | 2,1x0,1 | 2,1+0,6

Tabmuua 1. 3nauenns SUV B opraHax M TKaHSAX J1abOpPaTOpPHBIX
MBIIIEH ¢ mpenBaputeabHbIM BBeaenneM 3HY u 6e3 Hero.

BoBogsl. B mpucyrcteun 3HY Oonee MHTEHCHBHOE HaKOIUIEHHUE
@/II" B opraHax, akTUBHO 3aXBaThIBAIOIIUX HAHOYACTHUIIBI: B MEUYEHU U
ceneseHke. IIpenmooXuTensHO, TO MOXKET OBITh CBS3aHO C TTOBBIIICH-
HBIM TIOTPEOJICHHEM TIIOKO3bl aKTHMBHPOBAHHBIMH Makpodaramul mpu
(harouTo3e HAaHOYACTHII.

[1] D.P. Clark, C.T. Badea. Advances in micro-CT imaging of small animals.
Phys Med.vol. 88, pp. 175-192. (2021)
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W3YYEHME IIOPOI'OB JIASEPHOM ABJIALIMU IIOPUCTOI'O
HAHOKPEMHMUS B BOJAE

Magpemko E.W.2, ®ponst A.A.'?, Tuxonosckuii I'.B. 1,
I'puropbesa M.C.'?, 3apecroBckas M. H.>?

!Lebedev Physical Institute of the Russian Academy of Sciences
(119991 GSP-1 Moscow, LeninskyProspekt, 53)
2National Research Nuclear University "MEPhI",
(115409, Moscow, Kashirskoe sh., 31)
e-mail: egorik. mav@gmail.ru

Pa3BuTHE HAHOTEXHOJOTUH OTKPHUIM HOBOE HANpaBlIeHHE B OHOMe-
nunHe. HanoMmarepuasbl MO3BOJISIOT JTOKAIN30BaTh U YCUIIUTH BO3/EH-
CTBHE, CHU3UTH BIMSHUE Ha 3J0POBBIC TKaHHU, NOCTUYb TEPAHOCTHYE-
ckux 3¢ ¢eKToB. 3a CYeT TaKUX CBOMCTB KaKk OMOCOBMECTHMOCTH U OHO-
pasiaraeMocTb HAHOKPUCTALUIMYECKUN KPEMHUN 3aHMMAET BAXKHYIO
MTO3UINIO B OMOMETUITMHCKIX MPUIoXKeHHIX [1].

Crout 3ajmada pa3padOTKH BBICOKONPOU3BOIUTEIBHBIX METOJ0B
CHHTE3a XUMHUYECKH YHCTHIX CTAHJapTU30BAHHBIX IO pa3MepaM u ¢Gop-
M€ HaHOCTPYKTYp, NPUMEHSEMBIX B OMOMEIUIIMHE, U HE TPeOYIOIINX
JIOTIOJTHUTENBHBIX METOJOB OYUCTKHU.

B mpexncraBienHoil paboTe NpHBENEHBI PE3yIbTAThl 3KCIIEPUMEH-
TAJIBHOTO M3Y4CHUs IOPOTOB JIa3epHON a0JSIMH MIOPUCTOTO HAHOKPEM-
HUSl TIPU BO3JIEHCTBUM JIA3€PHBIM H3IIy4eHUEM (PEeMTOCEKYHHOU -
TEIBHOCTH B JUCTHIUIMPOBAHHOW BOJE. DKCIIEPHUMEHT MPOBOJMWICS Ha
(heMTOCEeKYH/IHOM J1a3epHON YCTaHOBKE C JJIMTEILHOCTHIO HMITYJIbCa
270 dc, sneprueit 1-10 mxx, ckopocThio ckanupoBanus 10 mm/c. Ilo-
Jy4eHHbIE 00pa3ibl HCCIEAOBAINCH METOIOM CKaHUPYIOLIEH 3J1eKTPOH-
HOM MuKpockonuu. [1o pe3ynapTraram SKCIEPUMEHTOB MOCTPOEHA 3aBHU-
CHUMOCTh pa3Mepa cHOpMHUPOBAHHOTO clie[la BO3JCUCTBHUS OT JHEPTHH
JIa3epHOT0 U3IIyYeHHUs1, ONPEeAEIICHbI TOPOTrH absIIuu.

[1] CanhamL.T.//Silicon quantum wire array fabrication by electrochemical
and chemical dissolution of wafers / L.T. Canham // Appl. Phys. Lett. - 1990. -
V. 57, Nel0. - P. 1046-1048.
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Pamnanmonnas 3akanka (P3) umm ropMesnc— cTUMYISIIAS Pa3BUTHS
OpraHM3Ma U TOBBIIIEHHUE €T0 PE3UCTHUBHOCTH K BPEIHBIM BO3JIEHCTBH-
M TIOI JACHCTBHEM MaJlbIX J03 pajWaliy ObUI OTKPHIT OKojio 60 et
Ha3aJ ¥ B HACTOSIIIEE BpeMs IPUMEHSETCS B pa3UIHbIX obmacTsx [1]. B
YaCTHOCTH, MeToauKka P3 mcrone3yercd B MEOUIIMHCKON MPaKTUKE IS
CHIDKEHHUSI HETaTHBHBIX IOCIEACTBUH I OpPraHHM3Ma, BO3HMKAIOIIHX
nocse o6ay4eHus OONMBIIUMH J03aMHU U3ITYYEHHUS OHKOJIOTHUECKUX OITy-
xoJei [2].

Panee 0bu10 penmnosnioxeno [1-2], uro P3 BeI3bIBaeTCS BO30YKICHH-
€M JHEepPreTHYeCKUX ypOBHEH OMOCHMCTEMBI MPU MPOXOKIESHUH UOHU3H-
PYIOIIMX YacTHL, 3TH BO30Y)KICHHUS MOBBIIAIOT WHTEHCHUBHOCTH OHO-
XUMUYECKHMX PEaKL Ui B HEH, 4TO NPUBOJIUT K YCKOPEHUIO €€ Pa3BUTHS U
MOBBIMICHUIO Pe3ucTUBHOCTH [1]. [Ipu 3TOM YacTh BO30YXKIACHUI MOXKET
NOKHJATh OMOCHCTEMY B BUJE ONITHYECKOTO M yibTpaduonetoBoro (YD)
n3IydeHus. B skcnepuMeHTax ¢ ceMeHaMu OBOIIEH U 3J1aKOB OBLIO I10-
Ka3aHo, 4TO OOMy4€HHBIC A030U Tramma-uznydeHus 10 I'peir cemeHa,
pasMenIEHHBIE PIOM ¢ HeOOIyuYEHHBIMU CEMEHAMH B OTIEJIbHBIX KBap-
LEBBIX KIOBETaX, BBI3BIBAIOT B HUX CYIIECTBEHHOE YCKOPEHHE Pa3BUTHS
[1]. TlomobHOE MUCTAaHIIMOHHOE BIHUSHWE OOHAPYXKEHO W ISl IPYTHUX
O6mocrcTeM, B YaCTHOCTH, KyJIBTYp 3YKapHOTOB caxapomurietoB [1]. [Ipu
3TOM OBLIO YCTaHOBIIEHO, YTO MOAOOHOE, HO Oojiee cinaboe BIUSHHUE BbI-
3bIBACT JiaXKe MPHUPOAHBINA paguannonHblid ¢poH ([TPD). Omnako g0 mo-
CJIETHETO BPEMEHH BCJIEICTBUE HU3KONW MHTEHCHBHOCTH JAHHOTO H3IIY-
YEeHHUS UMEJIOCHh KpaifHe Majlo JaHHBIX O €r0 XapaKTePUCTHKAX AJISl KOH-
KPETHBIX OMOCUCTEM.
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Hamell rpynnoil npoBOIUIOCs U3MEPEHUE XAPAKTEPUCTUK H3ITyde-
Hus caxapomurietoB Streptomyces boulardii Be3piBaemMoro aefcTBuem
[TP® [3]. B pabote Obuta pa3paboTaHa M M3rOTOBJICHA YCTAHOBKA JUISI
PETHUCTpAllNK CHTHAIA B peKUMe cdeTa GOTOHOB B Auama3one ot 600 mo
250 M c ucnonbp3oBaHreM QoToymHOKuTenst Hamamatsu R8087. Us3-
MEPEHBI XapaKTePUCTUKU U3IYUYCHHS TIPU TEMIEpaTypax OHOKYIbTYPHI
ot 6 10 32 rpamycoB, MOKa3aHO, YTO KOJMYECTBO (DOTOHOB B JAHHOM
JIMANa30He COCTABISET OT 5 10 15 GpoToHOB/cM? /ceK B 3aBHCHMOCTH OT
Temreparypsl. Pe3ynsrarel paboThl TOKa3bIBalOT BO3MOKHOCTH BO3MOXK-
HOCTh PaIMAITMOHHON 3aKaJIKW OMOJOTHYECKHX CHCTEM MAllbIMH JO3aMHU
o0Oy4enuns Ha ypoBHe [[PO.

[1] A.M. Ky3un, Ponb mpupogHoro pagmoakTHBHOTO ()OHA W HOHH3HPYIOLIETO
W3Iy4eHUs B sIBIEHUHU ku3HU, Hayka, Mocksa, 2002 r.

[2] AM. Ky3uH u ap., O BO3MO)XHOM YYaCTHH BTOPHUYHBIX OMOTCHHBIX H3IIyde-
HUH B SIBICHUH afanTuBHOro oTBeta, JJAH, 358, 122-124, (1997).

[3] H.B. Hynun u np., [Ipubopsl U TexHUKa dKcIepuMeHTa, [IpernusnonHas
anmaparypa Uil U3MEPEHUsI CBEPXCIadoro ONTHYECKOTO H3Iy4YeHHs OT Ouo-
kynmeTyp. Ne 1, ¢. 132-139, (2023)
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UCCJEJOBAHUE METOJA BECKOHTAKTHO
TEPMOABJISILIUH IIPOTOKOBOI'O
WHOWILTPUPYIOIETO PAKA MOJIOYHOI JKEJIE3bI

H.M. Herynun!, M.C. Muxaiiiop?
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2HUY MDH, Mockea, Poccus
ktinatk@yandex.ru

Heo0X0auMOoCTh MUHUMHU3UPOBATh MOBPEIKIACHUS 370POBOM TKaHU
JUISL YIIyYIIeHUs TIPOTHO3a MAlMEeHTa U e€r0 YCIOBUM KU3HH JCNAl0T aK-
TyallbHOW pa3pabOoTKy METO/IOB MAaTIOMHBA3WBHOW TEPMOAOIALNHU, B
CBSI3H C Y€M B paboOTe paccMaTpHUBaeTCs MpodiieMa HEMHBAa3UBHOTO Tep-
MOAOJISIIMOHHOTO BO3JICHCTBUS HA OMYXOJIM MPOTOYHOTO paka MOJIOY-
HO xene3nl. [IpemmoskeH crnocod OECKOHTAKTHOIO BO3ICHCTBUS Ha HO-
BOOOpa3oBaHUs ¢ momoIipio paguonsnydeHus CBY pmamazona. [lan-
HBI METOJI OCHOBaH Ha TEIUIOBOM 3((eKTe BBICOKOYACTOTHOTO H3IIY-
YeHUs, TP KOTOPOM Tepeaada SHEPTHUH 3aBUCHUT, KaK OT 3JIEKTpOMar-
HUTHOW TIPOHUITAEMOCTH, TaK M OT TEIIOMPOBOJHOCTH paccMaTpuBae-
MOM KOMOWHAIIMU TKAHEI.

MeToauka MCCIACIOBAaHUS BKIIIOYAET B CE0s CIICAYIOIIME STarlbl:
oTpezieNieHNe YacTOThl B3aUMOJICHCTBHS, TP KOTOPOU MOTEPs] SHEPTUU
CUTHaJIa HEe COCPEIOTOYEHA B CIIO€ KOXH; CO3JJaHHE MOJEIH, COUETar0-
niel B cebe Koxy, )KHPOBYIO TKaHb M TKaHb MPOTOKOBOTO MHOUIBTPY-
IOIETO paKa; pacdyeT MmapaMeTpoB AJICKTPOMATHUTHOW MPOHUIIAEMOCTH
KOKIOW TKaHW Ha HCCIeAyeMoi yactoTe. JlJis BBIYMCIEHUS MCKOMBIX
MapaMeTpoB JICKTPOMArHUTHON NIPOHUIIAEMOCTH TKaHeH ObLjla UCIIOJIb-
30BaHa penakcaironHas mojeip Koyna-Koyna [1-2].

Ha pucynke 1 nzo0paxeH pa3pe3 MpeaioKeHHON DKCIEPUMEHTAIb-
HOW MOJIETTH Ha nepecedeHnr oceld Y U Z. B cOOTBETCTBUM ¢ PUCYHKOM,
CJIeBa HANPaBO: aHTCHHA, PACIIOIOXKEHHAS B HETIOCPEACTBEHHON O30~
CTU OT KO>KHOTO MOKPOBA; Y4aCTOK KOKH, TONIIUHON 3 MM; CION XKUPO-
BOM TKaHW TOMUIMHOU 20 MM; UMUTALUS OITyXOJIH, PACIIONATAIOIIAsACS B
TOJIIIIE YKUPOBOM TKAHU, TONIHHON 14 MM.
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Pucynok 1 — HopmupoBaHHast KapTa MOTJOMIEHUS SHEPTUU TKAHSIMU

HccnenoBanue mpoBouiioch B makere moxaenuposanus CST Studio,
JUISL Pa3NMYHOIO PACIONIOXKEHUS AHTEHHBl U PA3IUYHBIX [apaMETPOB
omyxond. JJi1 MOey MPOTOKOBOTO HH(MUIBTPYIOIIETO paka MOJOYHOM
JKele3bl ObLTH BEIOpaHbI TApaMETPhI, MOTYYSHHBIE MPU AJIEKTPOMAarHHT-
HOM aHaJIM3e 00pa3oB Mocie pe3eKiuu [2].

ITo pe3ynmpTaTam pabOTHI OBLIO YCTAHOBIIEHO, YTO TMPH PAacCMOTpe-
HUU 00pa30BaHW Ha TO3IHUX CTAIMIX, PACIIONIOKEHHBIX B HEMOCPE.-
CTBEHHOW OJM30CTH K KO)KHOMY MOKPOBY, MOTJIOIICHUE SHEPTHH TKa-
HSMHU OMYXOJH Ha riayOuHe 70 14 MM HpPOMCXOIUT MHTEHCHBHEE YeM
OKPYKarOIIMMHU TKAaHSMHU Ha aHAJOTHYHOW TITyOMHE OTHOCHTEIHHO II0-
BEPXHOCTH KOXH, YTO TO3BOJISIET NMPUMEHATH Pa3pabOTaHHBIA METO/ B
pale cinyyaes.

Bxrnag aBTOpOB: BCe aBTOPBI CAENAIN SKBUBAJCHTHBIA BKJIAJ B MOJ-
TOTOBKY IMyOJIMKalu. ABTOPBI 3asBISIFOT 00 OTCYTCTBHU KOH(IHKTA
UHTEPECOB.

[1] Sami Gabriel, Patrick Mason. (1995). The Dielectric Properties of Body
Tissues. Physics Department. King's College London. URL :
http://niremf.ifac.cnr.it/docs/DIELECTRIC/Report.html  (mata ob6paruenus:
18.09.2024).

[2] Lazebnik, Mariya & Popovic, Dijana & McCartney, Leah & Watkins,
Cynthia & Lindstrom, Mary & Harter, Josephine & Sewall, Sarah & Ogilvie,
Travis & Magliocco, Anthony & Breslin, Tara & Temple, Walley & Mew,
Daphne & Booske, John & Okoniewski, Michal & Hagness, Susan. (2007). A
large-scale study of the ultrawideband microwave dielectric properties of nor-
mal, benign and malignant breast tissues obtained from cancer surgeries. Phys-
ics in medicine and biology. 52. 6093-115. 10.1088/0031-9155/52/20/002.
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PA3BPABOTKA BBIYNCJ/INTEJBHOI'O KJIACTEPA
VIS UCCIIEJOBAHUMA METOJOB I''TYBOKOI'O
OBYYEHHUS B OHKOI'EMATOJIOT'TA
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!National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Kashirskoe shosse 31, 115409, Moscow, Russia.
Tonsaxos E.B. e-mail address: EVPolyakov@mephi.ru

3npaBooxpaHeHHe TpaHCHOPMUPYETCS MacHITa0OHBIM 00pa3oM OJa-
rojapsi AOCTIKEHHUSM B 00JacTh TITyOOKOro oOy4YeHHsI U MCKYCCTBEH-
HOTO MHTEJUIeKTa. B mocieqnue roapl riry0bokoe oOy4eHne MpoJeMOH-
CTPHUPOBAJIO 3HAYUTENHHBIA POCT TOYHOCTH aHAJIN3a M300pKEHUI s
3a7ay OOHapyKEHHs 3JI0Ka4eCTBEHHBIX HOBOOOpazoBaHMii. [IprmeHe-
HUE TEXHOJIOTUU TIIyOOKOTO OOydYeHUS I TUATHOCTUKH OHKOJIOTHYE-
CKHX W OHKOT€MAaTOJIOTHYECKUX 3a00JIEBaHWI HAa OCHOBE aHAIHM3a Me-
JUIIMHCKUX M300paKeHHI SIBISICTCS COBPEMEHHBIM HAIllpaBJICHHEM HC-
CJIeJIOBaHMi B 00JaCTH UCKYCCTBEHHOT'O MHTEIIEKTa U KOMITBIOTEPHOTO
3pEHHUS.

HecmoTps Ha 3HAYUTENBHBIA MPOPBIB B 00JIACTH MEIUIIMHCKON Jua-
THOCTHKH, B cepe 3/[paBOOXpPaHEHUs BCE €lIe OCTAeTCsl MHOTO OTKPHI-
TBHIX BOTIPOCOB M HEePa3paOOTaHHBIX MPUIOKEHUH.

Iocneaane MOCTHKEHUS MAaITMHHOTO 00y4YeHUs! B 00JIaCTH KOMITBIO-
TEPHOTO 3PEHHS TO3BOJMIIM HCCIENI0BATENsIM IPUMEHITh KOHBEHEpPbI
rIyOOKOTO HEWPOHHOTO BBIBOJA JJISI ABTOMATH3AllMM aHAIN3a MeIH-
IUHCKUX M300pakeHni. TeM He MeHee, CYNIECTBYIOT Cepbe3HbIe MPO-
0JIeMBbl, CBS3aHHBIE C IPUMEHEHHUEM dTHX KOHBEHEpOB B 00JIACTH aHAIHU-
32 MEJUITMHCKIX N300payKEeHHH.

s mpoBeneHHs HMCCIENIOBaHUN B JAaHHOH o0jacTu HEoOXOOUMO
pa3paboTaTh CHCTEMY, IMO3BOJIIONIYIO MPOBECTH aHAIW3 CYIIECTBYIO-
HIMX PEIeHUH C MOCIeYIONINM €€ MacIITa0POBAHUEM.

Lenp — pa3paboTka BBIYUCIUTEIBHOTO KJacTepa AJIsi UCCIIEOBaAHUS
METO/I0B IITyOOKOT0 00y4eHUs] B OHKOI'€MaTOJIOTHH.
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B pabote mpencTaBiieH BBIYMCIUTENBHBIA KIIacTEp IJIS FICCIEIOBa-
HHUSI METOAOB IIyOOKOro oOyueHus Ha Oase cepBepa Supermicro. Xa-
PaKTepUCTUKH cepBepa: MarepuHCKas ruata Supermicro X10DRI; aBa
mporeccopa XEON E5 2690V 3; oneparupnas namsats 64 I'b, 2 HDD 16
T0, kaxaeiii 00beaunennsie B RAID 0; 2 SSD 480 I'6, 00bequHEHHbBIE
B RAID 0 st paboTsl onepaioHHON CUCTEMBI; rpaduuecKuii ycKopu-
teab NVIDIA RTX 4060 16 I'b. BerunciauTensHbli KiacTep padoTacT
Ha omepanroHHoM cucteMe Debian 12 ¢ runepeuzopom gemu-KVM mis
YIPaBICHUS BUPTYAJbHBIMM MAIIMHAMU, HA KOTOPBIX BBIMOJHSIOTCA
BBIYMCIICHHS, & TAaK)Ke OCYIIECTBISECTCS MCCIETOBAaHNE METOJIOB TIIy0O0-
KOTO O0y4EeHHS.

[IpennoxkeHHass cUCTEMa TaKXKE IO3BOJISIET MPOBOAUTH aHAIU3 pe-
3yJIbTaTOB MOJICNIM TJIYOOKOTO OOyuYeHHUs Ha IpUMEPe H300paKeHHI
SIIPOCOJAEPKALUX KIETOK € IPENapaToB KOCTHOTO MO3ra.

IIpoBeneHo uccieaoBaHUE MO O0YUCHUIO apXUTEKTYPhl CBEPTOYHON
HeliponHoi cetn YOLOVS 11t 00HapyKeHHUs U KJIaCCH(PUKAIUK KIIETOK
KOCTHOTO MO3ra. B KadecTBe WMCXOIHBIX NAHHBIX JJISI OOyUEHUS B3SIT
BEepU(HUIMPOBAHHBIN HA0OP JAHHBIX SAPOCOAEPKAMMUX KIETOK KOCTHO-
ro mo3ra [1-2].

[lo pesynpTaTaM mpenBapUTEIbHBIX HCCIEIOBAHUN apXUTEKTypa
HelpoceTH Mmoka3ana CBO 3(P(EKTUBHOCTD B PEIISHUH 33/1a4 BBIABIIC-
HUS, BBIJICIICHUS U KJIACCU(PUKAIMY SIPOCOACPIKAIIMX KIETOK KOCTHOTO
Mo3ra. [lomydeHsl ciieayromme XapakTepUCTHKHI: TOYHOCTh (precision) -
93%, F1 - merpuka 91%, mAP@50-95 - 88%.

JanbHeliniee pa3BuTHe OyAeT HamlpaBIeHO Ha Pa3pabOTKy WHCTPY-
MeHTa (popMHUpOoBaHUs HAOOpa JaHHBIX HA OCHOBE UHTCPHET-PEIICHUM,
[1] CBupmerensCTBO O TOCYIapCTBEHHOM perucrpanuu 0a3pl JaHHBIX Ne
2023621283 Poccuiickas Deneparnms, ba3a JaHHBIX KJIETOK KOCTHOTO MO3Ta
0ONBHBIX OCTPBIM JTUMQoOIacTHEIM Jieliko3oM / E.B. Tlonskos, H.H. Tynuipiy,
N.H. Cepebpsixosa, [u mp.], 3asBka Ne2023620945 3assn. 06.04.2023; omy6a.
20.04.2023
[2] Tat. 2803277 Poccuiickas ®enepanusi, Crocod neTann3anuy CTpyKTypHBIX
JJIEMEHTOB MEANKO-OHONIOrHYecKuX 00bekToB uccnenoBanus / E.B. Tlonskos,
B.B. Jmurpuesa, HH. Tymuusmn, [u gp.], 3asBka Ne2023104132 3assm.
22.02.2023; omy6:. 12.09.2023, Bros. Ne 26
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IOPEKTUBHOCTbD BH3T IN VITRO ITPH
HUCIIOJBb30BAHUUN YCKOPUTEJIA-TAHIAEM

0. CosoBberal??, B. Kanbirun?, A. Kacarosa®, E. Ipoxoposal?,
C. Tackaes®, E. 3aBbsinopl?3

Youll uljul” CO PAH, Hosocubupck, Poccus
2HTY, Hosocubupck, Poccus
8 UAD um. I'U. Byoxepa CO PAH, Hoeocubupck, Poccus
solovieva@bionet.nsc.ru

Bop-neiirponozaxsataas tepanus (BH3T) — 310 onue u3 Hambonee
MIEPCIIEKTUBHBIX CIIOCOOO0B JICYCHHUS PAINOPE3UCTEHTHBIX U HHBA3UBHBIX
BUJIOB paka uenoBeka [1]. [Tpu 3ToM 10 cUX MOp OCTAITCs aKTyallbHbI-
MU BONpOchl ontumuzanmu napamerpoB BH3T, Bkmrodas oTpaboOTKy
HUCTOYHUKOB HEHTPOHOB M MOA00p OOpcoAep KaliuX areHToB.

B nanHoM mccnenoBanun ObLia mpoBefeHa OleHKa 3()(HEeKTUBHOCTH
BH3T in vitro Ha 3-X pa3HbIX OIMyX0JEBbIX KieTKax 4yenaoBeka U-87 MG
(rimmobnactoma), SK-Mel-28 (menanoma) u SW620 (kapuuHOMa Ku-
MICYHHKA).

Pabora ¢ kierounsiMu KyabTypamu Obuia BeinoiHeHa B LIKIT «SPF-
BuBapuii» Ulul" CO PAH. B kauyectBe areHTOB OOpa HMCHOIB30BANU
xomMmepueckre BSH u BPA npomssojctea Katchem (Yexwust) B KOHIIEH-
tpausax 40 ppm. OGny4eHre 3MUTEIUIOBBIMA HEHTPOHAMU Ha YCKOPHU-
tene-tanneM nposoamiock B USAD CO PAH. Knerku obmydanu B Buje
CYCHEH3UH B IOJUIPONMWIEHOBBIX NMpooOupkax npu 2 MAY. DddexTs
OIICHUBAJIM C TIOMOIIBIO KJIOHOTEHHOTO TecTa [2] yepe3 14 cyTok mocie
BO3/ICiCTBUs. BBIOpaHHBIM KJIOHOTEHHBIH TECT, OCHOBAaHHBIA Ha CIIO-
COOHOCTH OIHOHM KJIETKH BBIPACTAaTh B KOJIOHHIO C HEOTPAaHMYCHHBIM
JieJIeHHEM, TI03BOJISIET OLEHNUTh 3P PEeKTUBHOCTH BBIOPAHHOTO IIyTH IIPO-
THUBOOITYXOJIEBOW TEparuu W TOHATh TNPOoir(epaTUBHBIN MOTEHIHAT
WCCIIETyeMbIX OITyXOJIEBBIX KJIETOK. Pe3ynbrarhl sKclieprMeHTa Ipen-
CTaBJICHBI HA PUCYHKeE 1.
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Puc.1. PesynpraTs! kitoHOreHHOTO Tecta, m + SE, * # “ — p<0,01 mo cpas-
HeHuto ¢ kouTpoiem s SW620, U-87 MG, SK-Mel-28 cootBeTcTBEeHHO.

Takum o0Opazom ObLT0 mokazaHo, yto bH3T Ha yckopurene-tangem
HSd CO PAH c ucnonszoBanueM npenapatoB BSH u BPA npakrude-
CKU IIOJHOCTBIO IIOAABISIET CHOCOOHOCTh OOpPa30OBBIBATH KOJOHUM Y
BCEX MCCIECIOBAaHHBIX OIYXOJEBBIX KiIeTOK. Ilpu sToM oOiyueHue
HeHTpoHaMu 0e3 Kakux-mr0o OopcoiepKalux areHTOB TaKKe OKasbl-
BaJIO CYNPECCUBHOE BO3JCHCTBUE HA POCT KJIETOK U IIPUBOJIMWIO K CHU-
JKEHHIO KJIOHOTEHHOCTH JJIsI BCEX JIMHUN KJIETOK JIOCTOBEPHO IO CPaB-
HEHHIO C KOHTPOJILHBIMH TPYIIIaMHU.

Pabota BeimonHena npu nopaepxxkke PH® (Ne 24-62-00018) ¢ wuc-
nonb3oBanueM obopynoBanus LIKIT "SPF-puBapuii" OUIL[ Ulul" CO
PAH.

[1] M.A. [eimoBa, C.YO. Tackaes, B.A. Puxrtep, E.B. Kynuruna Tepanus
HeﬁTpOHHOFO 3axBaTa 60pa: COBpeMeHHOG COCTOSIHUE U NEPCICKTUBBI PA3BU-
tis. Cancer Commun. 2020, 40, 406-421. DOI:10.1002/cac2.12089.

[2] N. Franken, H. Rodermond, J. Stap et al. Clonogenic assay of cells in vitro.
Nat Protoc 2006, 1, 2315-2319. DOI:10.1038/nprot.2006.339.
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JEVMCTBUE HOHOB I'EJIVSI HA UHIYKIHIO U POCT
OIIYXOJIEA ITPY OBJIYUYEHUU ACHATHBIX KJIETOK
KAPIIMHOMBI DPJINXA EX VIVO 10 U B TUKE BPIOITA

H. Crpeabnukosal, O. Posanosa?, E. Cmupnosa?, T. Bensikopa?,
B. Banakun?, A. lllemsakos!, A. Cmupnos!

Y @unuan « Dusuxo-mexnuuecxkuii yenmpy O@I'EYH «Dusuueckuil uncmumym
um. ILH. Jlebeoesa» PAH, IIpomeuno, Poccutickas ®@edepayus
2 QI'BYH «HMncmumym meopemu4eckoii u 3KCnepumMenmanbHotl Guopusuxuy
PAH, Ilywuno, Poccutickas ®edepayus
strelnikova.ns@lebedev.ru

®u3nyecKkre CBOMCTBA THKENBIX 3apsKEHHBIX YacTUIl, TaKUX Kak
VOHBI TeNHs, YHUKAJIBHO MOAXOIAT Uil TOUHON JIOKaIHU3aluHl A03bI 00-
Jy4eHUs IpU JICUCHUH MHOTHX BUIOB OIyXoJieil 6iaronapst BO3MOXKHO-
CTH PETyJIHpOBaTh TIIyOWHY NPOHUKHOBEHHUSI M PACIPOCTPAHECHUS TTHKa
bpoarra, npu KOTOpoil paBHOMEpHas 032 MOXKET ObITh KOPPEKTHO I10-
CTaBJICHa K OIYXOJH, B TO BpeMs Kak OJHM3JIeXallue TKAaHU MOIy4aroT
HE3HAYUTEIbHYIO 703y [1-2]. DTO mpenMymIecTBO 3apsKEHHBIX YaCTHIL
MO3BOJISIET JOCTABJIATh K MHUILIEHN SKBUBAJICHTHbIE 03I, HAMHOTO Ipe-
BBIIIAIONIUE T€, KOTOPbIE MPUMEHSIOTCS NPH CTaHAAPTHOW PEHTICHOB-
CKOH TEpAIHH.

Lenbio paboOTHI SABISIOCH H3YYCHUE 3aKOHOMEPHOCTEH MHAYKIIUH U
POCTa COJIMAHBIX OIYXOJEeW y MBIMIEH NpU OJHOKPATHOM OOIy4eHUH
MYYKOM HMOHOB TelMs KIETOK acUTHOW KapuuHoMbl Opinuxa (AKD) B
YCIIOBHAX €X ViVO.

OO0ny4yeHue CyCleH3UH aCUUTHBIX KJIETOK HOHAMHM I'eJIUs IIPOBOANIN
Ha yckoputene nonoB ®TI[ ®UAH B BogHOM (paHTOME C 3HEprueit
myuka 305-320 M»aB B mo3ax 10 I'p u 20 I'p B 1ByX 00iacTsix KpuUBOit
Bbporra: no u B nuke bparra. 3ateM KJIeTKH UMILIAHTUPOBAIM B Oeapo
mbimm uaua SHK. [l peructpauy mpoTHBOOMYX0JIEBOTO ACUCTBHSA
M3JTy4eHHs] HaOIroAany 3a BpEMEHEM U YaCTOTON MHAYKLHM COJIMIHBIX
omyxoneir AKD n ux poctom.
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Bo Bcex o0iydeHHBIX TpyIax HaOMIOIANach 3aJiepyKKa Havajaa po-
CTa OITyXOJIeH, KOTopas 3aBHcea OT J103bl U JIMHEHHON Nepenadyu SHep-
run m3nydenus. Yepes 35 cyrok y 100% wplmeii ObuiM OmMyXxosid B
rpynmax nocie oomyderns B qo3e 10 I'p mo u B muke bparra u B mo3e 20
I'p no muxa bparra. [pu o6myuennn kinetok AKD B goze 20 ['p B nuke
OITYXOJIH MOSIBUIIUCH TONBKO y 40% MbIIei.

Ha pucynke mokazana aumHamuka pocrta conuaHoit AKD mocne uwm-
TUTAHTAIUN OOJTYYCHHBIX aCHUTHBIX KJIETOK MOHAMH Tenus B mo3ax 10
I'p (a) u 20 I'p (0) B uke u 1o nuka bparra.

@ ‘ ©
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Takum 00pa3oM, ObUIO TOKA3aHO, YTO MHIYKLIHS U POCT OIyXOJen
3aBUCEIU OT JI03bl 00JTy4eHHs] HOHAMH Tenusi. TopMOoKeHHe pocTa OIry-
xoneit 66110 60tee A3PGEKTUBHBIM ITPHU 00TyUYeHUH B TIHKe bparra oTHO-
CUTEJIBHO OOJTYUYEHUs J10 MHUKA.

[TonyueHHble HaHHBIE CIIy’KaT OCHOBOW JJI ONpPENEIEHUS OTHOCHU-
TEJNbHOW OHMONIOrn4ecKoi 3PPEKTHBHOCTH HOHOB TENHsl Ha MOJEIAX
OITyXOJIEBOT'O POCTA C UCIIOJIb30BAaHUEM >KUBOTHBIX.

[1] Mairani A, Mein S, Blakely E, et al. Roadmap: helium ion therapy. Phys
Med Biol. 67(15), (2022).

[2] JR Castro, DH Char, PL Petti, et al. 15 years experience with helium ion
radiotherapy for uveal melanoma. Int J Radiat Oncol Biol Phys. 39(5), 989-
996, (1997).
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NMPUMEHEHUE KBAHTOBBIX TEXHOJOT WM JIJISA
TEPAIIMM U JIEUEHUS PAKOBBIX 3ABOJIEBAHUI

Tapacos I1.A. !, A.A. T'puropnes’, E.A. Ucaes?
L 000 UTIK, Iywuno
2 @usuueckuii Mucmumym Axademuu nayx umenu IT.H. Jle6edesa PAH,
Mockea, Poccu
E-mail: tarasov.pavel.work@yandex.ru
Teneghon:+79035304937

B pamkax nokimama OymyT paccMOTpeHBI HOBEHIIME BO3MOXKHOCTH
KBAaHTOBBIX TEXHOJIOTHH JUIS TEPAIUH U JICYEHHS PAKOBBIX 3a00JIeBaHIMA
[1].

KBaHTOBOE MOJEKYISIPHOE MOJEIMPOBAHHE MO3BOJSAET C OOJIBIION
TOYHOCTBIO MPE/ICKA3bIBATh B3aUMO/ICHUCTBUSI JICKAPCTB U MHUILICHEH [2].

AnroputMm noncka ['poBepa MOTEHIIMATBHO MOXET HCIOIb30BATHCS
JUTst OBICTPOI MACHTU(HUKAIIMK TeHETHYSCKUX MyTaruid [3].

KBaHTOBBIE TOYKHM 00ECHEYMBAIOT BBICOKYIO UyBCTBHTEIBHOCTH H
CEJIEKTUBHOCTD IS HEMHBA3WMBHOTO W3MEpPEHHsI OMOJIOTUYECKUX TKa-
Heil. KBaHTOBBIE TOUKH MOTYT HalleIMBAThCS Ha OTPE/IeIIeHHbIE MaKpO-
MOJIEKYJIBI ¥ oOecrednBarh (OTOCTaOMIBHOE, HEIIMTOTOKCUYHOE 30H-
JMPOBaHUE B HAHOMACIITAa0e, COXpaHssi CBOW CBOWCTBA B TEUCHHE [UTHU-
TEJIEHOTO BPEMEHH in vivo. JTa YyBCTBHUTEIBLHOCTH MMO3BOJISIET OOHAPY-
KMBaTh MeJbYaiIlIe KIETOYHbIE M METa0OJIMYeCKUe W3MEHEHHs, OT-
CIIC)KUBATH Pa3BUTHE OITYXOJIH in Situ U MOTEHIUAIBHO in vivo [4].

KBaHTOBBIE TEXHOJOTMM MOTYT 3HAYHTEIHLHO YIYYIIUTh MEIAHMIIMH-
CKYI0 BHU3yaJHM3allMI0 3a CUET TeHEpUpalii MarHUTHO-PE30HAHCHBIX
n300pakeHnil ¢ Oosiee BBICOKOW YEeTKOCTBIO, TEM CaMbIM YJIY4IIHUB 00-
pabOTKy TaHHBIX C MIOMOIIIBIO TaKUX MeTO10B, Kak MPT, TIDT u KT [5].

[1] P. A. Tarasov, E. A. Isaev, A. A. Grigoriev, A. F. Morgunov. The utiliza-
tion of perspective quantum technologies in biomedicine Journal of Physics:
Conference Series. Vol. 1. No. 1439. pp. 1-10. (2020).
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[2] T. Ginex, J. Vazquez, C Estarellas., F. Luque. Quantum mechanical-based
strategies in drug discovery: Finding the pace to new challenges in drug design.
Current Opinion in Structural Biology, Vol. 87 (2024).
[3] D. Von Dollen, S. Yarkoni, D. Weimer, F. Neukart, T. Back. 2022. Quan-
tum-enhanced selection operators for evolutionary algorithms. In Proceedings
of the Genetic and Evolutionary Computation Conference Companion (GEC-
CO "22). Association for Computing Machinery, New York, NY, USA, 463—
466.
[4] P. Tarasov, A. Grigoriev, E. Isaev, G. Detkov. Innovative Methods of
Therapy Using Quantum Dots. Physics of Atomic Nuclei. 86. 2738-2742.
(2024).
[5] S. Ramesh, T. Tomesh, S. Riesenfeld, et al. Quantum computing for oncol-
ogy. Nat Cancer 5, 811-816 (2024).
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HUCCIEAOBAHUE CXEM ®PAKIIUOHUPOBAHHOI'O
HEATPOHHOI'O U COYUETAHHOI'O
HEHUTPOH-IPOTOHHOT'O OBJIYUYEHHUA C
JTONOJHUTEJLHBIM JIPOBJIEHUEM J103bI HEHTPOHOB

M.B. Tpommuna’?, A A. IInuxynosa’, E.B. Kopakuna!, E.B. JIuryn’,
B.H. Morernst, B.O. Cadypor?!, C.H. Kopsixun'®
Y Meouyunckuii paduonoauueckuii nayunviii yenmp um. A. Lloitba — punuan
Hayuonanvnozo meouyunckozo ucciedo8amenbckozo
paouonocuyeckozo yeumpa Munzopasa Poccuu, Obnunck, Poccust
2 @I'AOY BO Poccuiickuii ynusepcumen Opysicovl Hapooos,
Mockea, P®
8 Hayuonanvhwlil uccredosamenvckuii adepuwlil ynusepcumem « MHUDHy,
ObHuHCcKull uHcmumym amomuou suepeemuxu, O6nunck, Poccus
troshina-m-v@mail.ru

OpHUM W3 OrpaHMYMBAIOLIMX (DAKTOPOB NMPUMEHEHHST HEUTPOHOB B
KJIMHAYECKOM MPAKTHKE SBISETCS CIOXXHOCTh (DOPMHPOBAHUSI KOH-
(OPMHBIX JO3HBIX TOJNEH W, CIEelOBATENLHO, Jy4eBbIe MOBPEKJCHUS,
JUIS CHIKEHUS! KOTOPBIX IMPOBOAMIM COYETAHHYIO Y-HEHTPOHHYIO Tepa-
o [1]. Kpome Toro, CHUKEHHE MOIIHOCTH JI03bI TIOCIIE TPOXOKICHUSI
CHUCTEMBl KOJJTUMAIlMd HEHUTPOHHOTO My4yKa MPHUBOAUT K MPOJOIIKH-
TEJILHOMY BpPEMEHH ceaHca OOJyYeHHs, B TEYCHHH KOTOPOTO MaleHT
JOJDKEH OBITh HEMOABMKEH. 3aMellIeHHE Y-M3JIydyeHHUs NPOTOHaMH, 00-
Jaal0IIMMH JIyYIIUM HPOCTPAHCTBEHHBIM pacIpelesieHHeM, a TaKxKe
JIONIOJIHUTENIBHOE JPOOJICHUE J103bl HEUTPOHOB B LEJSAX COKpAILlEHUs
BPEMEHH OJHOKPATHOrO OOJIy4eHHs MOTYT yJIYUIIUTh NEPEHOCHMOCTbH
Kypca COYETaHHOU NMPOTOH-HEUTPOHHOU JTy4ueBOU TEPAIIUU.

Iens paboThI 3aKiFOYaNIach B UCCIIEIOBAaHUN BBIKMBAEMOCTH OITyXO-
JIEBBIX KJIETOK TOcie (paKIFOHUPOBAHHOTO HEUTPOHHOTO W COYETaH-
HOT'O MPOTOH-HEUTPOHHOTO OOJYUYEHHUS C JOMOIHUTEIBHBIM JpOOICHH-
€M HEHTPOHHOH COCTaBIISIOIIEH.

B kadecTBe TECT-CHCTEMBI HCIIOJIB30BANM KJIETKH KHTAHCKOTO XO-
mstuka B14-150 (pubpocapkoma). BerknBaeMOCTh OLIEHUBANIU IO TECTY
KJIOHOTEHHOW aKTUBHOCTH KieTok. O0nydenue neiirponamu (14,5 MaB)
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MIPOBOIMIN HAa HEUTpoHHOM TeHeparope HI-14 (OI'YII BHUHA um.
H.JI. JlyxoBa) B yCIOBHSX PaBHOBECHs BTOPHYHBIX 3apsDKCHHBIX 4a-
ctuw; npotoHamu (88,1-108,7 MaB) — Ha yckoputene «lIpomereycy
(OA «ITPOTOM»). Bo3zaeiicTBre TONBKO HEHTpOHAMHU MPOBOIUIHN OJI-
HOKpatHO B jo3ax 0,5 I'p u 2 I'p u ¢ geneHueM ykasaHHbBIX 7103 10 4
¢pakuuii. Cymmapable puzndecknue 1036l HEUTPOHOB U MPOTOHOB HPHU
coueTaHHOM BozzeiicTBun coctapisumm 0,5 I'p u 6 I'p, 9T0 COOTBETCTBY-
eT cooTHOmIeHHIO 103 ¢ ydetomM OBD m3nyuenuii 30% (n) + 70% (p).

WutepBansl Mexxay QppakusMu BO BCEX CXeMax COCTaBIsUHN | .

B pesynprare uccienoBanus OBLIO MMOKA3aHO TOBEIMIEHUE BBDKUBA-
€MOCTH KJIETOK MpH O0ydeHUHN HelTpoHamu 3a 2 U 4 ppakuuu B Cym-
MapHoi no3e 2 I'p, 4ro OOBICHAETCS YaCTHYHBIM BOCCTAHOBJICHHUEM
MOBPEXKACHUH B KIIETKaX MEXIy Bo3AercTBUsIMU. OnHAKO MpH PpaKiu-
OHHPOBAHHOM OOJIYY€HHH KIETOK HEWTpoHAMHU B cymmapHou moze 0,5
I'p, kak ¥ mpu codeTaHHOM Bo3jaelicTBuu Hewrponamu (0,5 I'p, 1-3
¢pakuun) u npotoHamu (6 I'p, 1 dpakuus), pasnuuusl CTaTUCTUIECKU
3HAYUMBIMU HE SBJBUTUCH, YTO MOXKET OBITh O0YCIOBJICHO HEIOCTATOU-
HBIM T TIposiBNeHMs d(dekra ypoBHeM 103 HelTpoHoB. Kpome Toro,
OTCYTCTBHE 3aBUCHMOCTH OT ()PaKIMOHWPOBAHUS MPH HU3KUX J103aX
MOJKET OBITH CIIEACTBHEM MposiBIieHUs d((deKra TUrepuIyBCTBUTEIHHO-
CTU U MHIYLUPOBAHHON PaUOPE3UCTEHTHOCTHU, MMOKA3aHHOIO AJISl Pa3-
HBIX KJIETOYHBIX JHHUNA U THUIIOB U3Iy4YeHHH B JquamazoHe m03 10 1 I'p
[2].

Takum obOpazom, Tpu (PpakIHOHUPOBAHUU JO3bI HEWTpOHOB 2 ['p
3¢ (EeKTUBHOCTD BO3JEHCTBHSI CHUXKACTCA C YBEIIMYCHWEM KOJIHUYECTBA
¢pakuuii. [Ipu Bo3melicTBUM HelTpoHaMu B HU3KHX n03ax (1m0 0,5 I'p)
mo1o0Hast 3aBUCUMOCTE HE TTPOSIBIISETCS.

Pabora BemonHeHa mpu noanep:kke MuHoOpHayku Poccum (corna-
mrerne ot 05.10.2021 r. Ne 075-15-2021-1347).

[1] 1O.C. Mapasiuckuit, U.A. T'ymunos, I'.I. Amunos, F0.A. Parymun, A.C.
CricoeB, CoueranHast ((pOoTOHHO-HEWTPOHHAS) TEpanusl B KOMIUIEKCHOM Jiede-
HUU MECTHOPACIPOCTPAHEHHOI'O PakKa MOJOYHOW Xkeje3bl, Bonpocsl OHKOJIIO-
rud, T. 60, Ne 4, C. 490-493, (2014)

[2] B. Marples, S.J. Collis, Low-dose hyper-radiosensitivity: past, present, and
future, International Journal of Radiation Oncology* Biology* Physics, V. 70,
Ne. 5, P. 1310-1318, (2008)
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BucmyT siBnsieTcss mepCeKTUBHBIM MaTEpPHAiIOM Ul IHarHOCTHYe-
CKHUX, TEpPareBTUUECKUX IPUMECHEHHH B OMOMETUIINHE, TaK KaK B MaJbIX
no03ax O0e3BpeneH I/ YeJIOBEYECKOro OPraHu3Ma U MOKET BBICTYHATh B
KadecTBe ceHcuOmnm3aTopa [1]. M3ydeHne CBOWCTB HaHOPAa3MEPHOTO
BHCMYTa M €r0 COCIUHCHUN SBJISETCS BaXKHOU 3amadeil. OQuH U3 UHTE-
PECHBIX MaTepUasoB i1 CHHTE3a MHOTOKOMIIOHEHTHBIX HaHOMaTepua-
JIOB HA OCHOBE BHCMYTa SIBJIIETCS FepMaHaT BUCMYTa. | epMaHuii Tak xe
SIBJISICTCS TIEPCIICKTUBHBIM MaTEPUaIOM JJIsl TEPAHOCTHKH [2].

Pabora mocsdiieHa nCCcie0BaHNI0 CBOIICTB pacTBOPOB HAHOYACTHIL
BUCMyTa U repManara Bucmyta (BisGesO12) B BOmHO#H M CIMpTOBOM
cpenax. YacTumpsl co31aBaIMCh METOAOM HAHOCEKYHIIHOHN Jla3epHOH ad-
JSIMU B KHUJIKOCTU. B kauecTBe MUIICHEH /1Sl aOJISIMU CITY>KUIIA TBEp-
Jple 00pa3ipl YUCTOIO BUCMYTa W repMaHara BUCMyTa. PacTBopuTels-
MH CIYXKWIH TUCTWIIMPOBAaHHAs BoJa M HM3ompomnaHos. V3mepenue
pa3MepoB HYacTHUI] MPOBOAMIOCH METOJOM JUHAMHYECKOTO PACCESTHUS
ceeta oz yriaamu 90 u 175 rpamycos.

[lo pe3ynbraTaM ONBITOB CAETAaH BBIBOA, YTO YAaCTHIBI BUCMYTa He-
YCTOHYMBHI B BOJHOH cpene. [lo mpomecTBUM KOPOTKOIO BPEMEHU OHU
00pa3yroT HepacCTBOPHMBIE XJIOMbEBUIHBIE KPYITHBIE YACTHIIBI, COOTBET-
CTBYIOIINE OKCUAY BHCMYTa, U oceparoune Ha aHe cocyaa. llogoOHeie
pe3ynbTaThl HaOIIOJaiCh B APYroil paboTe Mo JaHHOH Teme, Tae ObLI
OIMCaH cocTaB Tosiydaemoro ocaika [1]. B pactBope u3omporaHosa
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YUCTBI BUCMYT 0OJIee YCTOHYMBEIN, HO Yepe3 HEAETI0 B HEKOTOPBIX
o0pa3uax MOSBUINCH XJIOMbs, MOJOOHBIE MOTYYEHHBIM B BOIHOM pac-
TBOpE. lIpeAnonoXuTenbHO YacTHILBl AeCTaOMIN3UPOBATIUCH U3-3a TIO-
MaJaHAA BOJABI B paCTBOP B IIPOLIECCE CHHTE3A WIN XPaHECHHUS.

[To pesynbTaraM SKCHEpUMEHTa MO a0JSUHM TepMaHaTa BHCMYTa,
TakXke 0OHapy:KeHO 00pa30BaHNE XJIONbEBUIHBIX KPYIHBIX YACTHIL IPH
CHHTE3€ B BOJHOH CpeZie, KOTOPbIE Mbl CBA3BIBAEM C O0Pa30BAHUEM OK-
cuzna BucMyTa. Tarke ObUIO 3aMEUYEHO, YTO MPU JIUTEIBHOCTHU J1a3ep-
HOTO uMIyibca 120 HC YaCTHUIBI TOMYYAIOTCS KPYHIHBIMU M PAacTBOP
HEOTHOPOHBIA. DKCIIEPUMEHT C YMEHBIICEHHOW [ITUTEIHHOCTHIO 10 60
HC I10Ka3aJl, YTO B PacTBOPE BHU3YaJbHO HE HAOMIOJAUCH KPYIHBIC Ya-
CTHIIBL, IPY U3MEPEHUU Pa3MEPOB OOHAPYKUJIOCH, YTO YACTHUIIBI CTAJH
npuMepHo Ha 50 HM MeHbIIe.

OnHako CBOMCTBAa HAHOPA3MEPHOI'O BUCMYTa U €r0 COCAUHEHUN Ma-
nousydyeHsl. Tpedyer AeTanbHoi mpopaboTKH BOMPOCH TONTYyYEHHS Ha-
HO-YaCTHIl BHCMYTa, M3YYCHHS UX pPa3MEpOB U CBOWCTB, 000OIICHHS
MOJTyYEHHBIX JAHHBIX ISl BHEAPEHUS B IPAKTUYECKOE IPUMEHEHHE

JanpHelee u3y4yeHHe HAHOYACTHUL] BUCMYTOCOJEPKAIIUX MaTepH-
aJioB, B TOM YHMCIIE TepMaHaTa BUCMYTa, MOXKET OBITh MEPCIIEKTHBHBIM,
TaKk Kak MOTYT ObITb OOHAapyXEHbl CBOMCTBA, MPHUCYIIHE HECKOJIbKUM
BEIIECTBAM. DTO PACIIMPUT BO3MOXKHOCTH TEPAaHOCTHKH.

[1] Bulmahn J., Tikhonowski G., Popov A. et al., «Laser-Ablative
Synthesis of Stable Aqueous Solutions of Elemental Bismuth Nanopar-
ticles for Multimodal Theranostic Applications», Nanomaterials, 10 (8),
pp.1463, 2020

[2] Ming-Hsing Lin, Tzu-Sheng Hsu, Pei-Ming Yang et al., «Com-
parison of organic and inorganic germanium compounds in cellular ra-
diosensitivity and preparation of germanium nanoparticles as a radio-
sensitizer», Int J Radiat Biol, 85, pp.214-226, 2009
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