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MexnyHnapoaHas Hay4Has KoH(pepeHHs «/IHHOBAI[MOHHBIC TEXHOJIOTHHU SACPHOI Me-
JIIAHBL U JTy4eBOH JMArHOCTHKH W Tepamuny, MexXIyHapoaHas MOJIOJCKHAS KO
«VIHHOBAIMOHHBIC SIIEPHO-(PU3NUECKHE METOJBI BBHICOKOTECXHOJIOTUYHOW MEIHIIUHBI.
IIporpamma. C6opuuk Te3ucoB. Mocksa. DUAH, HUSTY MU®U. 2023.— 168 c.

MexyHaponHas HaydHas KoH(pepeHIHs «/IHHOBaIlMOHHbBIE TEXHOJOTHH SIEPHOH Me-
JUILIHBI U JIy4eBOW ITUATHOCTHKU U Tepanum» U MexIyHapomHas MOJIOEKHAs IIKOJIa
«/IHHOBAaIMOHHBIE SAAECPHO-(PHU3NUECKUE METOMIBl BBICOKOTEXHOJIOTUYHON MEIUINHBDY
MPOBOJATCS € IEIbI0 peann3anuy MpoekTa «Pa3paboTka HOBBIX TEXHOIOTHH THArHO-
CTHKH M JIy4EeBOW TEpalHy COIMAIBHO 3HAYMMBIX 3a00JIeBaHHI ITyYKaMH NPOTOHOB U
HOHOB C VMICHOJIB30BaHHEM OWHAPHBIX siiepHO-(u3nueckux meTonoB» B pamkax OHTII
«Pa3BuTHEe CHHXPOTPOHHBIX U HEHTPOHHBIX HCCIIEAOBAHUII U UCCIIENOBATEILCKOW HMH-
¢pactpykryps! Ha 2019-2027 rr» npu nonuepkke Munoopuaykn Poccun.

Te3ucel U3Ha0TCs B aBTOPCKOM pelakinu
ISBN 978-5-7262-3013-9 © ®wuznueckmit mHCTHTYT MM. [1.H. JleGenera

PAH, HaunoHansHbIl MCCNEN0BATENLCKUN SAEP-
HbIH yHUBepcuTeT «MU DNy, 2023



Me:xaynapoanas Hay4dHasi KongepeHust

«AHHOBAIIMOHHDbIE TEXHOJIOTHH ﬂ[lepl-lOfl MEJIUIIMHBbI U ﬂyqesoﬁ AUAar”Ho-
CTUKH U Tepanmum»

Il MexnyHaponnas Hay4yHas KoH(pepeHmus «/HHOBAIMOHHBIE TEXHOJOTHH
SJICPHON MEIUIMHBI U JTy4eBOIl TUarHOCTUKYU U TEPAIUI» IPOBOJUTCS C LIEIbIO
peanuzanuu npoekra «Pa3paboTka HOBBIX TEXHOJOTHMH AMAarHOCTHKH M JIyde-
BOM Tepanuu cOLMaNbHO 3HAUUMBIX 3a001€BaHUI MydKaMH IPOTOHOB U HOHOB
C MCIOJIb30BaHUEM OMHAPHBIX sIIEpHO-(PHU3NYEeCKUX MeTo10B» B pamkax GHTII
«Pa3BUTHE CHUHXPOTPOHHBIX U HEUTPOHHBIX UCCIECJOBAHUI U MCCIENOBATEIb-
ckoif mH(ppacTpykTypsl Ha 2019-2027 rr» npu nogaepxxkke MuHoOpHayku Poc-
CHH.

Tematnka KoHdepeHnum nocssieHa saepHo-(pU3nIecKIM METOIaM B SIICPHOM
MEIUIMHE, Jy9eBOW ANarHOCTHKE W TEpanud, HAHOOMOMEIUINHCKHM TEXHO-
JOTUSAM JUAarHOCTHKH, OWHApHBIM TEXHOJIOTHSIM CCHCHOWIM3AINH, COYETaH-
HbIM TEXHOJIOTMSIM JIy4€BOM Tepalnuy, MaTeMAaTHYECKUM METOJaM MOJEIHPO-
BaHUS POCTA 3JI0KAUYECTBCHHBIX HOBOOOPA30BAaHUM, ONTHMM3ALUU PEKUMOB
NPOTOHHON M WOHHOI Tepanuu, MPOTOHHOW TOMOrpaduu, TEXHOJOTHSIM MO-
JIEPHU3ALMY KOMIIJIEKCOB IIPOTOHHOM U MOHHOU Tepamnuu.

OpranusaTopsbI:
» Ousnveckuit mHCTUTYT UM. [1.H. Jle6eneBa PAH
* HaunoHanbHbIHM HccaenoBaTenbekuil suepHblid yaupepeuretr « MUDN»

* HaunoHnanpHbIM METUUIMHCKUN UCCIIEJOBATENbCKUN HEHTP paguosoruu M3
PO

Baxnas undopmanus

Mecto nposenenns Ouznueckuii nHCTUTYT M. I1.H. Jlebenea PAH
Jatel mpoBeaenwust 23 — 25 oxtsa6ps 2023 roma

dopmaT NpoBe/IEHNU OYHBIM C BO3MOXHOCTBIO OHJIAWH MOAKIIOUEHHUS
PaGounii 361K pycCKUi ¥ aHTITHHCKHN

Caiit meponpustusi: https://protonconf.lebedev.ru

KonTaktsl Oprkomuteta: protonconf@lebedev.ru



Me:xayHapoaHasi MOJIOAEKHAS LKOJIA
«/HHOBaLMOHHBIE s1/1epHO-PU3NYECKHEe METOAbI BLICOKOTEXHOJIOTMYHOM
MeIHLMHBI»

V MexnyHaponHass Monoaé&xHas Imkona «VIHHOBaIlMOHHBIE —SIAEPHO-
(u3HUecKre METOMBI BBICOKOTEXHOJIOTHYHON MEIUIUHBIY MPOJOIDKAECT UK
IIKOJI B paMKax peaiu3anuy npoekta «Pa3paboTka HOBBIX TEXHOJIOTHH JUa-
THOCTUKH W JIy4eBOH Tepamnuy COLMAIbHO 3HAYMMBIX 3a00JIEBAHUH MPOTOH-
HBIMM ¥ HOHHBIMM IIy4KaMH C HCHOJIBb30BaHHEM OWHApHBIX SAEPHO-
¢usnyeckux MeTonoB», peanuzyemoro npu mojuepxke GHTII «Pa3urue
CHHXPOTPOHHBIX W HETPOHHBIX MCCIIEAOBAHUI M HCCIIEN0BATENBLCKON HHDpa-
CTPYKTYpbI» MuHoOpHayku Poccun.

Tema V Ikomnsr: «CoBpeMeHHass yCKOpPHUTENbHAs TEXHHWKA JUIA pagxuoOHOIIo-
THH ¥ METUIHBD».

Axuenr Ha V Illkone OyzmeT chenaH Ha: Pa3iIMYHBIX THIAX YCKOPUTEIbHON
TE€XHUKH, IPUHIMIAX TeHEPAUK pPa3IMYHbIX BUAOB HOHU3HPYIOLIETO H3IIyde-
HHS, COBPEMEHHBIX aJPOHHBIX KOMIUIEKCaX, (M3MYECKUX OCHOBAaX YCKOpPH-
TEJbHOW TEXHUKHU, OMOMEIUITMTHCKUX TIPHIIOKECHHAX.

Jlextops! LlIkomnsl — Bexymue poccuiickue U 3apyOeKHbIEe YUCHBIE.
[IIkona paccunTaHa Ha IIKOJIHHHUKOB, CTY/JCHTOB OakalaBpHara, CIEIHaTUTe-
Ta, MaruCTPaTypsl, ACHIUPAHTOB U MOJIOJBIX YUEHBIX

Opranusartopsl:

» ®dusnveckuit maCTUTYT UM. [1.H. Jle6eneBa PAH

* HaunonanpHbI# HccnenoBaTenbekuil suepHblid yaupepcuteT « MO

* HaunoHasnbHbIM MEIUIMHCKUN UCCIIEJOBATENbCKUM HEHTP paguojoruu M3
PO

Baxnas undopmanus

Mecro nposenenns Ouznueckuii nHCTUTYT M. 11.H. Jlebenea PAH
Jatel mpoBeaenwust 26 — 27 okts6ps 2023 roma

dopmaT NpoBe/IEHNU OYHBIM C BO3MOXHOCTBIO OHJIAWH MOAKITIOUEHHUS
Pabouwnii s3bIK pycCKUil N aHTTTMHCKUH

Caiit meponpusitus: https://protonschool.lebedev.ru/

KonTaktsl Oprkomuteta: protonschool@lebedev.ru
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https://protonschool.lebedev.ru/

MMPOTPAMMHBIN KOMUTET

IIPE3H/JIEHT KOHO®EPEHITHHU U LIIKOJIbI
Kanpun Anpapeii ImutpueBuy
0.M.H., akademux PAH, cenepanvusiil oupexmop @I'BY « HMHUI] paouonozuuy
M3 P®, 2nasnwiii 6newsmammuulii cneyuanucm-onkoaoe Munzopasa Poccuu

COIIPE/ICEJATEJIH IIPOI'PAMMHOI'O KOMHTETA
3aBecTroBckas Mpuna Hukonaesna
0.¢h.-M.H., npogheccop, pykosooumeins 1a060pamopuu paouayuoHHol ouopusu-
Ku U buomeduyunckux mexvoao2uii ®UAH, npogheccop HUAY MUDU

HNBanos Cepreii AHaToIbeBUY

0.M.H., unen-koppecnonoenm PAH, oupexmop Meduyurckozo paduonocuue-
cko020 Hayunozo yenmpa um. A.@. [Jeiba — unuar @I'BY « HMUL] paduono-
euuy M3 P®, 2. Obnunck

I'apmaim AJsiekcanap AJieKCaHIPOBUY
K.M.H., Oupexmop Hnicenepno-ghusuueckoeo uHCmumyma 6uomeouyuisl
HUAY MUDU

Y/JIEHBI IIPOTPAMMHOI' O KOMHUTETA

Byraii Anexkcanap HuxosaeBuu
0.¢h.-m.H.
ObveouHeHHbIL UHCMUMY M S0EPHbIX UCCIe008aHUU

I'anonoBa TaTbsina BaagumupoBna

K.M.H.

Hayuonanvnuiii meduyunckuii ucciedosamenbckull yenmp eemamonocuu M3
Po

Tony6eB Anexcanap AleKkcaHAPOBUHY

0.¢.-m.H., npogheccop

Hucmumym meopemuueckou u dxcnepumenmanvrou gusuxu um. A.U. Anuxa-
nosa HUL] «Kypuamosckuii uncmumymy»

JeeB Cepreii MuxaiisioBua
0.6.H., npogpeccop, akademux PAH
Hucmumym 6uoopeanuueckoii xumuu um. akaoemurxos M.M. Illemaxuna u
10.4. Osuunnuxoea PAH
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Hoarymun bopuc UBanoBu4

0.M.H., npogheccop, akademux PAH

Hayuonansnuiii meduyunckuil ucciedogamensckuii yeHmp oukonozuu um. H.H.
Bnoxuna M3 PD

JApomnesa Uuna BukropoBHa

K.M.H.
MHUHOH um. I1. A. I'epyena - punuan @®I'BY « HMHUL] paouonocuuy M3 PO

KonaueBckuii Hukonait Hukonaesuu
0.¢h.-m.H., unen-koppecnonoenm PAH
Qusuueckuu uncmumym um. I1.H. Jlebedesa PAH

Kopsikun Cepreii HuxosaeBu4
K.0.H.
MPHI] um. A.®. viba — ¢punuan @I'BY « HMHUL] paouonocuuy M3 PD

Kos10608 Anapeii Baagumuposua
K.h-M.H.
Quzuueckutl uncmumym um. I1.H. Jlebeoeea PAH

Kotlyarov Eduard
Ph.D., Professor
International Radiology & Nuclear Medicine Consultants, USA

Krishnan Sunil
Ph.D., Professor
Anderson Cancer Center, University of Texas MD, USA

Kypamsuiau FOaust BopucoBna
0.M.H., npogheccop
AO «Pycamom Ogepcus» (I'K Pocamom)

Kyabunn ¥Opuii HukonaeBuu

0.¢h.-m.H., npogheccop, akademux PAH
Buye-npesuoenm Poccutickotl akademuu HayK,
Ipeocedamens [Janonesocmounozo omoenenus PAH



JIuneHnroJsbl Asexkceil AHIpeeBHY

K.Qh.-M.H.

Hayuonansnuiii meduyunckui ucciedosamensckuii yenmp onxkono2uu um. H.H.
Bnoxuna M3 PD

Jlopan Ouier BopucoBu4

0.M.H., npogeccop, akademux PAH

Poccuiickas meouyunckas akademusi HenpepvigHO20 NPOPecCuoHarbHO20 00-
pazosanus M3 PO

Topoockas bonvrnuya umenu C.I1. bomxuna /{3M

IlerpoB Biagumup AnekcaHapoBuy4
0.M.H., npogheccop
MPHI] um. A.®. Lviba — ¢unuar @I'FY « HMHUL] paduonocuuy M3 PD

Psa6os Baaaumup AjiekceeBu4
0.¢h.-m.H., npogheccop
Qusuueckuu uncmumym um. I1L.H. Jlebeoesa PAH

Roy Indrajit

Professor, Ph.D.
University of Delhi, India,
MEPhI

CamoiisioB Asnexcanap CepreeBu4

0.M.H., npogeccop, unen-koppecnonoenm PAH

Dedepanvrulii MeouyuHckutl ouogusuveckuil yeump um. A.1. Bypnassana
®MEA Poccuu

Cene3neBa Upuna BaHoBHA

K.Gh.-M.H.

Hucmumym meopemuueckou u sxcnepumenmanvrou ouogusuxu PAH
CmupnoB Bajientun ITanteneiimonoBuy

0.¢.-m.H., npogpeccop, akademux PAH

AO «Hayxa u unnosayuuy I'K «Pocamomy

Tackaes Cepreii IOpbeBnu
0.¢h.-M.H.
Hucmumym soepuou usuxu um. I'. U. Byoxepa CO PAH



Ynanos I0puii ImutpueBuny

0. M.H.

DedepanvHulii HAYYHO-KIUHUYECKUL YeHMP MeOUYUHCKOU paouoao2uu U OHKO-
noeuu PMBA Poccuu

YcaueB Imutpuii FOpbreBuu
0.M.H., npogeccop, unen-koppecnondenm PAH
HMUHUI] nevipoxupypeuu umenu axaoemuxa H.H. Bypoenxo M3 P®

PolTUK AHTOH

npogeccop
Yewckuti mexnuyeckuil ynueepcumem 8 Ilpaze

Yepusie Anexcanap Illerposuy
0.¢h.-m.H., npogheccop
MI'Y um. M.B. Jlomonocosa

Yysuaun Amutpuii FOpseBny
0.¢h.-m.H., npogheccop
HUI] « Kypuamogckuil uncmumym»

Ilapkor Bopuc FOpbeBnu
0.¢.-m.H., npogpeccop, akademux PAH
ObveouneHHbLL UHCMUMYM 0epPHbIX UCCIe008AHULL

OPTAHU3AIIMOHHBLIA KOMUTET
3asecmosckaa Hpuna Huxonaeena

IIpeoceoamens
OUAH, HUAY MUDU

@Dponsa Anacmacus Anopeesna
3amecmumens npedcedamens
HUAY MUDH, DUAH
I'pomywikuna Enena Bauecnaeosna
Koopounamop om HUAY MUDH

Jazopkuna FOnua Hukonaeena
Koopounamop om HMHUI] paouonocuu M3 PO



YJIEHbI OPITAHU3AITHOHHOI' O KOMUTETA

Benuxun Muxaun Anexcanoposuu, @usuueckuii uncmumym um. I1.H. Jlebedesa
PAH

bpesu Banenmuna Cepeeegna, @usuueckuii uncmumym um. I1LH. Jlebedesa
PAH

Tpucopves Anopeii Anopeesun, @usuueckuti uncmumym um. I1LH. Jlebeoesa
PAH

Tpueopvesa Mapus Cepeeesna, @uszuueckuti uncmumym um. I[1.H. Jlebeoesa
PAH, HUAY MUDU

Kapnos Huxuma Baoumosuu, @usuueckuii uncmumym um. I1.H. Jlebedesa
PAH

Kouepos Braoumup Banepvesuu, Qusuyeckuu uncmumym um. I[1.H. Jlebedesa
PAH

Kymnyoynamoe Bynam Amuposuy, @usuueckuii uncmumym um. I1.H. Jlebedesa
PAH

Kymnyoynamosa Hpuma Anexcanoposna, @usuuyeckuti uncmumym um. [1.H.
Jlebeoesa PAH, HUAY MUDU

Maepewrxo Eeop Heopesuu, Quzuueckutl uncmumym um. I[1.H. Jlebedoeea PAH,
HUAY MUDU

Hempyns [Imumpuii Cepeeesuy, @uzuueckuii uncmumym um. I1L.H. Jlebedesa
PAH

Ilonoeé Anmon Anexcanoposuu, HUAY MUDOU

Ionos Anmon Jleonuoosuy, UTOF PAH, @usuueckuu uncmumym um. I1LH.
Jlebeoesa PAH

Poouonosa Onecs Braoumuposna, @usuueckuii uncmumym um. I1.H. Jlebeoe-
6a PAH

Pyovuii Anexcandp Braoumuposuy, @uzuueckuti uncmumym um. I1.H. Jlebede-
6a PAH

Llecmyxuna Auna Anamonvesua, @usuuecxkui uncmumym um. I[1.H. Jlebedesa
PAH
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INPOI'PAMMA

Il MexxnyHapoaHasi HAy4YHasi KOH(epeHIus
«/IHHOBALIMOHHBbIE TEXHOJIOTUM AIePHOIi MeIMIIUHBI U JIy4eBOM AU-
ATHOCTUKH M TEPANUI»

23 okmaops, IlonedensHux

Kondgpepenuy-3an ®PHAH
Mockea, Jlenunckuii npocnexkm, 53

10.00-11.00 Pecucmpayus ywacmnuxos.
Koge
11.00-11.20 Llepemonus omkpvimus.

H.H. Konaueesckuit, oupexmop OHAH.
Ilpuznawennvie cocmu.
Cemunap 1. Ilnenapnan ceccus
— IIpeoceoamensv B.A. Pabos
11.20 - 12.00 Cepzynosa Kpucmuna Anamonveena
HUL «KypyaToBckuil HHCTUTYT», I'. MOCKBa

Pa3BuTue s1epHO-PU3NYECKUX METOI0B /I MeIUIIMHBI B

pamkax @enepanbHOIl HAYYHO-TEXHUYECKOI MPOrpaMMbl

Pa3BHTHS CHHXPOTPOHHBIX U HEHITPOHHBIX HCCJIE0BAHUN
U MCCJiIe10BaTeIbCcKON HHPpacTpYKTYphI HA 2019-2027 roabt

12.00 - 12.40 Cmupnoe Banenmun Ilanmeneiimonosuuy
AO «Hayka 1 uaHOBauMm», r. Mocksa

HUccaenoBanne gpum-3¢dexTa Npu MHTEHCUMBHOCTH 103bI
00.1yuenns cyOMerapoJibTHOro Auanasona xo 108-10° I'p/c

12.40 - 13.00 Koge-opeiik
13.00 - 13.40 Kynvuun IOpuit Huxonaeguu
JanpaeBocTounoe otaenenue PAH, r. Bnagusoctok

JABO PAH B o:xnganun cuHxporpona PU®
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13.40-14.10

14.10-15.00
15.00 - 15.30
15.30 - 16.00
16.00 - 16.20
16.20 -16.50
16.50-17.20
17.20-17.50
18.00

3asecmoeckaa Hpuna Hukonaeena
Ouznueckuit unctutyT UM. [1.H. JlebeneBa PAH, r. Mocksa

Pa3padorka HOBBIX TEXHOJIOTMH JUATHOCTHUKH M JIy4YeBOi
Tepanuy COHAIbLHO 3HAYHUMBbIX 3200/1eBaHMIi IPOTOHHBIMHU
U NOHHBIMHU MYYKAMHU € HCN0JIb30BaAHHEM OUHAPHBIX sep-
HO(pu3nYeckux MeToa0B. Peanu3anus npoekra B paMmkKax
®HTII CUH.

0oeo
Cemunap 2. Ilpuznauwiennvle 00K1a0bL.
— IIpeoceoamensv U.H. 3agecmosckasn
Hlupkoe I'puzopuii /Imumpuesuu
OObeIMHEHHBII HHCTUTYT SACPHBIX UCCIeNOBaHUH, T. [IlyOHa

Konuenuus pa3padoTku ¥ cO31aHMSA HEHTPA IPOTOHHOM
Tepanuu B r. JlyoHa

Jlowenoe Buxmop bopucosuu

WuctutyT 06meit ¢pusuku um. A.M. [Ipoxoposa PAH, r.
Mocksa

YepeHKOBCKUM H3J1y4YeHHeM MOKHO JeYUTh pak!?
Kogpe-opeitk
Axynunuuee Cepzeii Bcesonooosuu
Wucruryt sipeproit pusuku PAH, r.Tpowurk
HposiBaenune FLASH 3¢ ¢exTa npun mnpoToHHOM 00, Iy4eHIH
Omosnornueckux oopasuos
byzait Anexcanop Huxonaeguu
OOBbeIMHEHHBII HHCTUTYT SACPHBIX UCCIEIOBaHUH, T. [IyOHa

MartemaTH4eckoe MOeJIMPOBAHNE H ABTOMATU3HMPOBAHHASA
00paboTKa JaHHBIX B PAIMANIMOHHOW OUOJIOTHHU U sIIEPHOM
MeTuI[HHe

Kpuvinoea Tamvana Anexceesna
HauuonanbHbpIit METUIIMHCKUN UCCIIEI0BATENIbCKUN IEHTP OH-
kxosoruu M. H.H. Broxuna M3 PO, r. Mocksa
T'apanTHus KavyecTBa B JIy4eBO#i Tepanuu: YyBCTBUTEIbHO-
CTH 000PY/I0BAHMSA M METOAUK K 00HAPYKEHUIO OLIUOOK

Dypuwem
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9.30-10.00
10.00 - 10.25
10.25-10.50
10.50-11.15
11.15-11.30
11.30-11.55

24 okmaopa, Bmopnux

Konounnwii 3an OUAH
Mockea, Jlenunckuii npocnexkm, 53

Pezucmpayusa yuacmnukog.
Koge
Cemunap 3. Pezynomamut npoexma ®HTII CUH
OUAH-HMMUI] paouonozuu-HUAY MHDH
— IIpeoceoamensv A.B. Konooos
Lllemakoe Anexcandp Eezenveeuu
Ousuxo-Texauueckuit neHrp ®PUAH, r. IlporBuno

HayuyHo-npakTu4yeckue Hcciiel0BaHUS HA KOMILIEKce Mpo-
ToHHO# Tepanuu «IIpomereyc»

Ilonoe Anmon Anexcanopoeuy

HanuoHanpHbIN UCCIIEI0BATENIbCKUN SIIEPHBII YHUBEPCUTET
«MHUDN», T. Mockpa

JlazepHO-CHHTe3NPOBAHHBIE HAHOMATEPHAJIBI VISl PaIHALH-
OHHOM TePaHOCTUKH

Komenvnuukosa Ilonuna Anexcanoposna

HuctuTyT OMOOpraHmYecKOl XUMHUH UM. aKkaJeMHKOB M.M.
emsaxuna n FO.A. OBunnankoBa PAH, r. Mocksa

Moauduxanus HAHOYACTHIL JJIsI HANIPABJIEHHOI0 BO3/ei-
CTBHUSI HA PAKOBBI€ KIE€TKH

Kogpe-opeitk
IIonoe Anmon Jleonuooeuu

WHCTHTYT TEOPETUYECKON U IKCIIEPUMEHTATBHON Onodu3uKu
PAH, r. [lymuno

In vitro ncciaenoBaHus MePCHEKTHBHBIX HAHOPATHOCEHCH-
OMIM3aTOPOB /ISl OMHAPHOI MPOTOHHON Tepanuu
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11.55-12.20

12.20 — 12.45
12.45 — 14.00
14.00 — 14.25
14.25 - 14.50
14.50 — 15.15

Dunumonoea Mapuna Braoumupoena

MenunHCKUH paguonorndeckuif HaydHslil neHTp uM. A.@.
Lp16a — punman GI'BY «HMUL] panuonorun» M3 PO, r. O06-
HUHCK

IlepcneKTHBHbIE HAHOYACTHIIBI JIs1 TEXHOJIOTHIl OMHAPHOI
NPOTOHHOI Tepanuu. JKcIepUMeHTAJIbHbIE Pe3yJIbTa-
THI iN VIVO

Kopakun Cepzei Hukonaeeuu

MeaunuHCKui pagroIorHuecKuii HaydHbIid eHTp uM. A.D.
[p16a — prmunan ®I'BY «HMUL] paguonorum» MuHn3apasa
Poccun, r. OOHHHCK

TexXHOJIOTUM COYETAHHOM JIy4yeBOii Tepanuu
Oben

Cemunap 4. Pesynomamuot npoekma ®HTII CHH
DOUHAH-HMHI] paduonozuu-HUAY MHDH
— IlIpeoceoamensy C.H. Kopakun
Konoboe Anopeit Bnadoumuposuu
Omsnueckuit nactutyT uM. I1.H. Jle6eneBa PAH, r. Mocksa

MaremaTHueckoe MOJAeTHPOBAHNE JOCTABKH JIEKAPCTB K
OmyXo,Iu

Tozonun /lanuna Bavecnasosuu

MenuuuHCKUN paaruoaoTHuecKuil HayuHblid HeHTp uM. A.D.
p16a — punuan ®I'BY «tHMUL] paguonoruny M3 PO, r. O6-
HHUHCK

Bo03M0KHOCTH IPOTOHHOM Tepanyuu NPH NOBTOPHOM 00.J1y-
YeHHUH ONyXOJ1eil pa3INYHbIX JOKaJIH3alui

Kucenee Bacunuii Anekceeeuu
OI'BY ®HKI[PuO ®MFBA Poccun, r. JIluMuTpoBrpaj

Oco0eHHOCTH 103MMETPHYECKOr0 INIAHUPOBAHNSA IIPOTOH-
HOW Tepanuu
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15.15- 15.40

15.40 - 16.00
16.00 - 16.20
16.00 -18.00

@pona Anacmacus Andpeegna
Ouznueckuit unctutyT MM. [1.H. JIebenea PAH, r. Mocksa

IoaroroBka KaapoB B paMKax peaju3auuu npoekra «Pas-
PadoTKa HOBBIX TeXHOJIOTHii THATHOCTHKH U JIy4eBOil Tepa-
NMHH COUMATBHO 3HAYMMBIX 3200J1eBaHUIl IPOTOHHBLIMHU U
HOHHBIMH MYYKaMH € HCII0/1b30BAaHHEM OUHAPHBIX SI/IEPHO-
¢usunuecknx meronop» @PHTII CUH

Poouonosea Oneca Bnaoumupoena
Ouznueckuit unctutyt uM. [1.H. Jlebenera PAH, r. Mocksa

Cosnanne LlenTpa xpanenus, 00padoTKM M aHAJIM3A IKCIIe-
pPUMeHTaNbHbIX JaHHBIX OSADPA OUAH

Kogpe-opeitk

24 oxmaopa, Bmopnuk
Cemunap 5. Ilocmepnas ceccun
— IIpeoceoamenv M.A. Hezooaeg
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9.30-10.00

10.00 - 10.20

10.20 - 10.40

10.40 - 11.00

11.00-11.20
11.20-11.40

11.40-12.00

25 okmaopsa, Cpeoa

Kondgpepenuy-3an ®PHAH
Mockea, JIenunckuii npocnexm, 53
Pezucmpayusn yuacmuuros. Koghe.

Cemunap 6 — Ilpeocedoamensv A.A. @pona
boitko Haoeacoa Cepzeesna
HUILI «KypyaToBCcKuil HHCTUTYT», I'. MOCKBa

Hpororun 32-kananasHoro 19T Ha ocHOBe CHUHTHILIATOPA
GAGG(Ce), B coueranuu ¢ SiPM

Ycoeé Huxonaii Anexcanoposuu

WuctuTyT 3eMHOTO MaraeTn3Ma u nonocdepsr um. H.B. [Tym-
kxoBa PAH, r. Tpounk

I[epcnekTHBBI NPUMEHEHN MATHUTHBIX HAHOYACTHII B
ouoMenuIMHE

Kowesan Examepuna /[mumpueena

OI'bY I'HL ®MBILI um. A.U. bypnazsna ®MBA Poccun, r.
Mocksa

Pa3paGoTka pagnoceHCHONIN3ATOPOB 1151 Jy4eBOii Tepanuu
HA 0CHOBE HAHOYACTHIl OKCH/IA TAHTAJIA

Kodgpe-opeitk
Kacamoesa Auna Hemazunosna

WuctutyT siaepuoit duszuxu um. I.U. bBynkepa CO PAH, r. Ho-
BOCHOHUPCK
Bo03M0KHOCTH IPUMMEHEHUe JUTHSA /ISl HeHTPOHO3aXBATHOM
TepanuHu 3J10Ka4eCTBEHHbIX HOBOOOPa30BaHMIi

IHlonakoe Eezenuii Banepvesuu

HanumonanbHeIl nccieI0BaTENbCKUN SAEPHBIN YHUBEPCUTET
«MHUDN», r. Mockpa

HHTeNIeKTyalbHAS CHCTEMA aHAJIN3a OUOMETUIINH CKHX
n300paxeHuii npu GopMHPOBAHUM TUATHOCTHYECKOTO 3a-
KJII0YEHHSI B OHKOTeMAaTOJIOTHHI
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12.00 - 12.20

12.20 - 12.40

12.40 - 14.00

14.00 - 14.20

14.20 - 14.40

14.40 - 15.00

15.00 - 15.20
15.20 - 15.40

T'onbvyoe Anexceii Hukonaesuu

MUPDA - Poccuiickuif TEXHOJIOTMYECKUH YHUBEPCUTET, T.
Mocksa

Moaxoapl cUCTEeMHOI PaIHOOHOJIOTHHE K UCCIeT0BAHUIO (-
(¢exTUBHOCTH paguoTepanuu npu 6;10xknpoBke NRF2-
AHTHOKCH/IAHTHOI CHCTEMbI PAKOBBIX KJIETOK

Bapanoea Onvea /Imumpuegna

HauvonaneHbIi MEAUIIMHCKUI UCCIIEN0BATEIBCKUI IEHTP OH-
kosoruu M. H.H. bnoxuna M3 PO, r. Mocksa
IICMA-paauoJiMiraniHas Tepanusi: 0030p JUTePaTyphl U
onsiT HMHULI onkosnornu nm. H.H. bioxuna

0Obeo
Cemunap 7 — IlIpeoceoamensv A.U. Kacamosa
Jemuoosa Anna Muxaiinosna
OI'bY ®HKIIPuO ®MFA Poccuu, r. JumutpoBrpan

Hcnonb3oBanue pa3padoTaHHOTO MCCIIEI0OBATETIHCKOTO
(anTomMa anaToMuuecKoii popMbl IS M3yYeHHUs BIAUSAHUS
META/UTHYECKOr0 KJIaNaHa IKCNaHAepa MoJIOYHO¥ JKeJ1e3bl

Ha pacrnpe/ejieHne 1036l IPOTOHHON Tepanuu

Jlu Anekceit Anexcanopoeuy

HauunonaneHelil MEIUIIMHCKUH HCCEA0BATENbCKUHN LIEHTP OH-
koxorun uM. H.H. Bioxuna M3 P®, r. MockBa
Kannuyveckuii cinyyaii yenemnoro npumernenust 177Lu-
PSMA-617 npun mKPPITK

Caovikoga Onvza I'ennaodvesna
OO0beAMHEHHBII HHCTUTYT AACPHBIX UCCIIEAOBaHUH, I'. J[yOHa

MopeanpoBanne JHHAMHKH POCTA ONyX0JH: 3(pGeKThI omy-
X0JIeBOi reTeporeHHOCTH U BHEIIHUX BO3/1eiicTBUIl

Koge-opeiix
Roy Indrajit
University of Delhi, India. On-line. Invited.

Hybrid nanophotonic materials for anticancer and antimi-
crobial applications
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15.40 - 16.00 Ilapnac Anexcanop Baoumosuu
HanunonaneHelii MEJUIIMHCKUI HCCIEA0BATENBCKUI LICHTP OH-
xosnornu M. H.H. Broxuna M3 P®, r. MockBa
Kaacrep sinepnoii meauuunsl B HMHUILL onkosnorun um
H.H.Bjoxuna

16.00 — 16.20 Cmyoenukun @enuxc Puxkapoosuu
MI'Y um. M.B. JlomoHocoBa, . MockBa

CucreMa NOAroTOBKH BBICOKOKBATH(GHIHMPOBAHHBIX CeNU-
AJINCTOB B 00/1acTH MeAUIMHCKOI ¢u3nku B MI'Y um. M.B.
JlomoHocoBa

16.20 — 16.40 3akpoimue konghepenyuu. Iloosedenue umozoe.
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https://istina.msu.ru/workers/18556116/

ITPOI'PAMMA
V MeskaynapoaHas MOJI0AEKHAA HIKOJIa
«/IHHOBAaLMOHHBIE AIEPHO-(PU3NYECKHE METOAbI
BBICOKOTEXHOJIOTHYHOI MeANIMHbD)

26 okmaopa, Yemeepz

Kondgpepeny-3an ®©HAH
Mockea, JIenunckuii npocnexkm, 53

12.00 — 13.00 Axcexypeua. Jocmuncenuas PHAH
13.00 — 14.00 Pezucmpayus yuacmnukos. Koge.
14.00 — 14.15 Lepemonua omxpovimus

Cemunap 1 — IlIpeoceoamensv M.C. I'puzopvesa
14.15 — 15.00 Jpownesa Huna Bukmoposna

MOCKOBCKUI HAYyYHO-UCCIIEN0BATENBCKUNA OHKOJIOTUUECKHUI
uHCTUTYT M. I1.A. T'epriena — ¢umman ®I'BY «HMUL panno-
norum» M3 P®, r. MockBa

MeToab! JTy4ueBOii Tepanuu B JIeYeHUH 3J10KA4eCTBEHHbBIX
omyxoJei

15.00 — 15.45 Haoawes Invmap Oxmaesuy

Topoackas kmangeckas 6onpauna uM. C.I1. borkura [I3M, r.
MockBa

Huskono3nasi 6paxurepanust B Je4YeHHU PaKa NpeAcTATeb-
HOIi 5Kej1e3bl: MOKA3aHNUsI, METOAbI BHITIOJTHEHMS,
Pe3yJIbTAThI

15.45 — 16.30 Conoamoe Anekcanop Ilemposuy

WHerutyT dusukm Beicoknx sHepruid M. A.A. Jlorynosa HUL]
«KypuaToBckuii HHCTUTYT», . [IpoTBUHO

AnponHas Tepanus Ha 6aze UPBD HUIL KU B pamkax @e-
JAepajibHOM HAYYHO-TeXHHMYEeCKOH NMPOrpaMMbl pa3BUTHA
CHHXPOTPOHHBIX M HEHTPOHHBIX HCCJICAOBAHUI U HCCIET0-
BaTeJbCcKol HHPpacTpykTypbl Ha 2019-2027 roast

16.30 — 17.00 Kogpe-opeiix
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17.00 -17.45
17.45-18.30
12.00 - 13.00
13.00 - 14.00
14.00 - 14.15
14.15-15.00
15.00 — 15.45
15.45-16.15

Junenzonvy Anekceit Anopeesuu

HaunonanpHbII MEAUIMHCKUI HCCIIEI0BATEIbCKUI HEHTP OH-
kojorun uM. H.H. brnoxuna M3 P®, r. MockBa

Hpumenenne [IIT/OPIKT/KT/MPT B uccienoBaHusax Ha
JIaGOPATOPHBIX KMBOTHBIX NPH Pa3padoTKe U IOKIUHUYE-
CKHMX HCCJICOBAHUSX HOBBIX BHICOKOTEXHOJIOTHYHBIX
METO/0B JI€YEeHHS ¥ THATHOCTUKH

Benuxun Muxaun Anexcanoposuu
Ousuko-TexHuueckuit nenrp ®UAH, r. I[IporBuno

IIpoTonHas Tepanusi KApaHIAMHBIM CKAHUPYIOIHM MyY-
KOM € Y4€TOM MHTPaGpaKUMOHHOI0 ABUKEHHUS OIYyXO0JIH

27 okmsaopa, Ilamuuya

Kongepeny-zan ®DHAH
Mockea, Jlenunckuii npocnexkm, 53
Dkckypcusa 6 Jlabopamopuio paduayuonnoii ouoguzuku u
OUOMEOUYUHCKUX MEXHOI02UTL
Pezucmpayun yuacmuukos. Kogpe.

Cemunap 2 - Ilpeoceoamensv H.B. Kapnoe
Bcmynumenwnoe cnoso

Jebedenko Hpuna Mameeesna

HauuonanbHb1it MEIUIIMHCKUN UCCIIEA0BATEIbCKUN IEHTP OH-
kosoruu M. H.H. Broxuna M3 PO, r. Mocksa

CoBpeMeHHbIE TEXHOJIOTHH Jy4eBOii Tepannu
ITocmnoe Anopeit Anexcanopoeuu

HanuonanbHbIi MEUIIMHCKUIN UCCIE10BATEIbCKUN LIEHTP
Heiipoxupyprun um. ak. H.H. Bypneako M3 PO, r. Mocksa

SlnepHasi MeIMIIMHA KAK OCHOBA HEMHBA3UBHOM
JUATHOCTHKH

Kogpe-opeitk
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16.15 - 17.00
17.00 - 17.45
17.45-18.30
18.30 - 19.00

Cadypoeé Bauecnae Onezoeuu

MeaunuHCcKui paguonoruueckuii HayuHblil neHTp uM. A.D.
Lp16a — prmman ®I'BY «HMUL] pagnonorum» M3 PO, r. O6-
HHUHCK

IIpouenypel rapantuii kadecrsa Ha KIIT «IIpomerteyc»

Byzaii Anexcandp Hukonaesuu
OOBbeTMHEHHBIH HHCTUTYT SCPHBIX HCCIIENOBaHU, I. [lyOHa

Hepapxust MeTo/10B MAaTeMaTH4YE€CKOI'0 U KOMIIBIOTEPHOI0
MO/eJTUPOBAHUSA B PAAMALIMOHHOM OHOJIOTUM M AePHOI
MeHuIHe

Azapxun Makcum FOpvesuu
Omnueckuit nactutyT UM. [1.H. JIe6eneBa PAH, r. Mocksa

SlnepHo-puznyeckue npouecchbl B OMHAPHBIX METOAAX
NPOTOHHOI Tepanuu

3akpvimue wikonwl. Ilodsedenue umozoe.
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IIOCTEPHAA CECCHA

24 Oxmaopsa, emopHuk

Odhghnaiin ceccun
Abopeiimose Myxameoap Ad6oudex ynvt
HUAY MUDU
Josumempuueckoe nianupoganue 00Iyuenus NOOGUNICHLIX MULeHel CKa-
HUPYIOWUM NYUKOM HPOMOHOS C Y4emoM ObIXaHUS
Aeanecoe Mupocnaeé Andpeesuu
HUAY MUDU
Cnocob pacnosnasanus 1etikoyumos Ha u300pax;ceHusIx npenapamos
KOCMHO20 MO32d 8 YCII08USX MHO2OKPAMHO20 KOHMAKMA KIemoK
beszsepxnan [apoa Muxaiinoena
MI'TY um. H. 3. baymana
Jlasepnas naazma meou, KAk UCIMOYHUK MASKO20 PEHM2EeH08CKO20 U3yye-
HUsL OJisL UCCTIe008AHUSL DUON02UYECKUX 00BEKMO8
benuykaa Examepuna /[mumpueena
HUAY MU®U, HEX PAH
Research of the distribution of tricarbocyanine dyes in cells using scan-
ning fluorescence confocal microspectroscopy
benvix Enena Hzopesna
HUAY MUDU
Paspabomra cucmemvl npunamus pewienuil 05 8blAGNIEHUS ONYXOJIel
nouku Ha uzobpaicenuax KT
benaxoea Tamvana Anamonvesna
Quauan “Duzuxo-mexuuveckuil yeump’ DedepanrbHo20 20Cy0apCmeeH-
HO20 61000Icemno20 yupesicoenust Hayku Pusuveckozo uncmumyma um. I1.
H. Jlebeoesa PAH
Experience of application of hypofractionated and combined irradiations
of a solid tumor in mice to increase the effectiveness of proton therapy
Bunnux /lapva Anekceesna
Mockogckuii eocyoapcmeennviil yrugepcumem um. M.B. Jlomonocosa
buomexnonoeuyeckuil ghaxynomem, Mockea, Poccuiickas @edepayus,
HUTOb PAH
Konnouonas cmabunvnocme nanowacmuy LuF'3 ¢ paznuunvix yciogusx
MUKPOOKDYICEHUS
TI'puzopvee Anopeit Andpeesuu
QHUAH
Modeling of radiofrequency heating of nanoparticles in medicine
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Jemkoe I'eopzuii Buxmopoeuu

000 "UTOK"

Promising nuclear technologies for the treatment of cancer

Jemkoea Munena Braoumupoena

Hayuonansnutii uccnedosamenscxuil adeprulit ynugepcumem « MUDH»
Memoovl pecucmpayuu penmeeHo8CKUX momozpaguueckux uzoopadyce-
HU

Humumpesa Beponuka Anekceesna

HUAY MUDU

Complexation of cyclodextrin-decorated micelles with antitumor drugs: a
molecular dynamics study

Hopowun Cepzeit FOpvesuu

HUAY MUDU

AHnanus a0pocodepicauux Kiemox Ha npenapamax Kposu 8 MOHOCI0e
Ed¢pemuee Huxonait I'puzopvesuu

Hccneoosamenvckas epynna no npumeHeHuio HetipOHHbIX cemell
Hzmenenue mempux kiaccugurayuy paxa 1eekux ¢ ymeHblueHuem Kou-
yecmea KOMNbIOMEPHLIX MOMOZPAMM

Kypruna Anacmacus Onezogna

HUAY MUDU

Laparascopic gamma probe based on GAGG scintillation crystal coupled
to SiPM

3axapuyk Hean Anexcanoposuu

MI'TY um. H. 3. Baymanal ©DUAH

MgB407-based luminophors for storage screens

Kapnoe Hukuma Baoumoeuu

Qusuueckuu uncmumym um. I1. H. Jlebeoesa PAH

00630p Memo008 cuHmesa HaHOCMPYKmMyp 60pa ¢ NOMOWbIO 1A3EPHO20
usnyuenus 018 nocaiedyouje2o NPUMeHeHUs 8 A0ePHOU MeOUuyuHe
Kupuuenxko Mapuna Huxonaeena

Quizuueckutl uncmumym um. I1. H. Jlebeoesa PAH

Onpedenenue Ouaznocmuieckoll 3HaYUMOCMU CKOpOCHell OKCU2eHa-
yuu/0eoxcuceHayuy Kposu 0Jisl OYeHKU COCHOAHUSA ee KUCIOPOOHO-
MPancnopmuou yHKyuu

Ko3noe Anopeit Huxonaesuu

HUAY MUDU

Jlazeproli cunmes HAHOUACUY MAHMALA O/ MYJILIMUMOOAILHOU mepa-
HOCMUKU OHKOJLO2UYEeCKUX 3a001e6aHUl
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Konmanoeuu /lanun /lenucosuu

Hucmumym meopemuueckoii u sxcnepumenmanvrou ouoguzuxu PAH
Hcceneoosanue paouocencubunusupyrowux ceoticme DARPin-
DYHKYUOHAUSUP OBAHHBIX HAHOYACMUY 3010MA HA KIEeMKAX JUHUU
SCOV3 u BT 474 nocne obnyuenus nyukom npomonos in Vitro

Kouepoe Brnaoumup Banepvesuu

OUAH

Ceuenue sdeprou peaxyuu 11B + P npu suepeusix npomona 0.5 — 2.5
M>B

Kymanayéoynamoe Bynam Amupoeuu

OUAH

Peumeenosckas cucmema xomniexca npomounnot mepanuu "llpomemeyc”
Kymnyoynamoea Hpuna Anexcanoposna

QHUAH

Tubpuonas modenv abaayuu NOpUCmMo20 Kpemuus, 00beOUHAIOUAST Memo-
Obl MOJIEKYTIAPHOU OUHAMUKY U O8YXMEMNePAMYpPHOU MOOeu

JIynée Heopv Bauecnasosuu

HUAY MUDU

Dkcnepumenmanvhoe onpedeneHue Gomoaxycmuyeckozo u omomepmu-
YeCcK020 OMKAUKOB IK30- U IHOOSEHHBIX XPOMOPOPOE 8 MKAHEBbIX (haH-
momax

Maepewko Ezop Hzopesuu

HUAY MUDU

H3zyuenue nopucmocmu HAHOCMPYKMYPUPOBAHHBIX NIEHOK KDEMHUS
Menvnukosa Anscenuxa Anexcanopoena

HATO HUAY MUDU

Oyenka buonoeuueckoil sghgpexmusnocmu uoros 12C yckopumenvHoeo
xomnaexca Y-70 MHCTUTYTA ®U3UKHU BbICOKUX DHEPIUH
(U®DB3) O®I'BY I'HI] PO «KYPYATOBCKUH UHCTUTYT»
Mep3znuxun I'pucopuit Bacunvesuu

HAU PAH

Oyenka mouHocmu 003UMempuu NPOMOHO8 C NIEHOUYHBIMU OeMeKMopamu
Mopozoe Apmém Cepzeesuu

HUAY MUDU

Jlazepnvui cunmes nanowacmuy manmana (Ta) ons pomomepmuyeckoii
mepanuu u GoOMoaKycmuieckol GU3yaIu3ayuy OHKOJI02UYeCcKux 3a0oie-
6aHuUll

P3anuna Anna Bnaoumupoena

O6veduHeHHbI UHCMUMYM A0EPHBIX UCCIe008AHULL

Obnyuenue kiemok A 549 npomoHHbLM NYYKOM 60 PIUL U CIMAHOAPMHOM

pevrcumax
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Pyowtit Anexcandp Brnadumuposuu
HUAY MUDU, DUAH
Cunme3s nanouacmuy UCMYma MemoooM IA3epHOU abIAYUU 8 HCUOKOCHU
Cmpensnurxoea Hamanua Cepzeeena
Quzuko-mexuuueckuii yenmp CPUAH
Effect of high-dose proton irradiation of ehrlich ascitic carcinoma cells ex
vivo and in vivo on early and remote effects in tumor-bearing mice
Tackaeea FOnua Cepzeegna
Huemumym soeprou guzurxu umenu I'.1. Byokepa CO PAH
Lithium and boron cytotoxicity and accumulation in skin melanoma cells
in vitro: the comparative study
Ynvanoe Apocnae Braoumuposeuu
Hayuonanenuiii uccnedosamensckuil adeprulii ynugepcumem « MUDH
Dopmuposanue HaHouacmuy meodu 8 npoyecce AOIAYUU MUUIeHU
Xyuyucmosa Anana Omapueena
Mockosckuii 2ocyoapcmeennvii yrugepcumem umenu M. B. Jlomonocosa
Mooenuposarue 6030eticmsus paouayuOHHbIX MEXHOI02Ull HA KOCHIHbLe
uMnIaHmMAamol
Yyonosey Tamvana Anexcanoposna
HATO HUAY MUDU
Effect of fumarate on normal human cells under normobaric exogenous
hypoxia conditions
Hlaiioynun Apmém Tumyposuu
Hayuonansneiii uccnedosamenvckuil yrugepcumem « BLLD»/Hncmumym
obwetl ¢usuxu umenu A. M. Ilpoxopoea PAH
Optimization of hydrothermal synthesis with microwave heating of stable
aqueous colloidal solutions of UV-C monoclinic LaPO4:Pr3+ nanoscin-
tillators
IlInaxoeé Koncmanmun Buxkmopoeuu
QOHUAH
Hccnedosanue snepeemuyecko2o cnekmpa anbga-vacmuy 6 9Kcnepu-
MeHme Nno 061y ueHuIo OOPHOU MULeHU NPOMOHHBIM NYYKOM HA YCKOPU-
mene [Ipomemeyc
Hlyxknuna Auna Apmémosna
Hosocubupckuii cocydapcmeaennwlil yuugepcumen
Hccneoosanue nepcnekmuernou peaxyuu 11B(p,a)oo 0ns npomonnoul me-
panuu u Opyaux NPUiONCeHull
1Il]enobosa Anacmacus /Imumpuesna
I'BY3 MO IIT'H
OHKOHACMOPOICEHHOCMb, PAHHAS OUASHOCIMUKA U CKDUHUHZ OHKON02UYe-
cKux 3abonesanutl
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Omnaaiin ceccusn
Aoonves Cmenan Pomanosuy
Mockoeckuii 2ocyoapcmeennuiii ynueepcumem umenu M. B. Jlomonocosa
Hccnedosanue si0epHvix peakyuii npu npoeedeHuy npomoHHol mepanuu
Aneckeposa /lypoana Mypmysa
Cymeaumcxuil I'ocyoapcmeennviti Ynueepcumem
Hccneoosanus ACM u kombunayuonnoe paccesnue ceema 6 KOMNOIUMAx
IIDHII+X06% Bi0.5 Sh1.5 Te3
Banwuxosa Mapzapuma Anexcanoposna
Hayuonansneiii uccnedosamensvcxuii Tomckuli noaumexHuyecKull yHugep-
cumem
Application of basic image reconstruction methods for the ionizing radia-
tion beam profile obtaining by multi-angle wire scanning
Bbywimuna Enuzagema Anexceeena
Hayuonanvnoui uccnedogamenvcruti Tomcxuii nonumexnuieckuti yHugep-
cumem
The comparison results of the electron beam depth dose distribution
formed by standard and 3D-printed boluses
TI'puzopvesa Anna Anamonvesna
Tomckuti nonumexHu4ecKull YHusepcumem
Dosimetric test of a small laboratory animal phantom created by fused
filament fabrication
3onomoea Mapusa Onezoéna
HUAY MUDU, HO® PAH
Cunmes nanouacmuy macHemuma OJisl UX HEKOBANEHMHOU KOHBIO2AYUU C
anmumenamu K ()oauesol Kuciome no OaGHHbIM MAHUMOMEMpPUU
Konosanoea Buxmopusn /Imumpuesna
Hosocubupckuii eocyoapcmeenubiii yHugepcumem
Menosennas eamma-cnexmpomempus 01 60p-HelmpoOHO3aX8amMHOU me-
panuu
Mpuicuna Enena Anexcandposna
HUTOb
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The flash effect, which consists in better sparing of normal cells at
mean dose rates Dn > 100 Gy/s, has been experimentally established
quite confidently. However, its practical application requires further
study of the regularities and biological nature of this effect. To this end,
we studied the change in various manifestations of the flash effect with
an extreme increase in the mean proton dose rate Dy > 10* Gy/s. This
possibility is provided by the INR high-current linear proton accelerator,
which in single-pulse flash (splash) mode allows increasing Dm up to
10° Gy/s when biological targets are irradiated with a single pulse up to
100 ps long with an instantaneous proton current up to 10 mA. We stud-
ied the dependence of the response of cells and living organisms on Dp,
in the widest range: in the conventional mode with Dn < 1 Gy/s, in the
flash mode with Dy ~ 10? Gy/s and in the splash mode with Dy, > 10*
Gy/s. Dosimetry in high dose-rate modes was provided with EBT-XD
films and with an original detector using Cherenkov radiation [1]. In
continuation of previous work [2], we irradiated tumor cells HT29 and
HCT116 and normal cells - fibroblasts (ADSC) in all three irradiation
modes both at the SOBP and on the plateau. As living organisms for
study, we used live fertilized quail eggs. Cell response was studied us-
ing the following methods: flow cytometry, fluorescence microscopy,
PCR analysis of gene expression, clonogenic analysis of cell survival
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etc. To study the response of live embryos to irradiation in different
modes, their development and properties were studied before and after
hatching from eggs. The analysis of new data is still ongoing, but the
following results can be stated with sufficient statistical significance
(p<0.01). In the single-pulse mode with extreme dose rates (splash),
compared to the usual flash mode, the following effects are observed at
the same values of the absorbed dose: further reduced apoptosis of nor-
mal cells compared to tumor cells; increased in some cases expression
of some important genes (for example, BAX and PUMA); reduced em-
bryonic mortality. These results allow us to make a cautious conclusion
that the flash effect does not yet reach saturation upon irradiation by
protons with Dr, in the region of 102 Gy/s. Confirmation and biological
substantiation of these results may initiate a further development of new
accelerator techniques for application in oncology.

The work was supported by the Russian Science Foundation, grant
No. 22-25-00211.

[1] S. V. Akulinichev, Yu. K. Gavrilov, R. M. Djilkibaev, D. A. Ko-
kontsev, V. V. Martynova, G. V. Merzlikin, 1. A. Yakovlev. «The Do-
simetry of Proton Beams in Flash-Therapy». Bull. Russ. Acad. Sci.
Phys.Vol. 87, No. 8, pp.1233-1238 (2023), doi:
10.3103/S1062873823702878.

[2] S. V. Akulinichev, Yu. K. Gavrilov, S. I. Glukhov, A. V. Ivanov, D.
A.Kokontsev, T. M. Kulinich, E. A. Kuznetsova, V. V. Martynova, and
I. A. Yakovlev. «Analysis of Cell Response to Ultrahigh Dose-Rate Pro-
ton Irradiation». Bull. Russ. Acad. Sci. Phys.Vol. 87, No. §, pp. 1224—
1228 (2023) doi:10.3103/S1062873823702830.
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IN VITRO HCCIEJOBAHUS NEPCIIEKTUBHBIX
HAHOPAJIMOCEHCUBUJIN3ATPOB JIJIsA BUHAPHOMN
MPOTOHHOM TEPATIMA
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YUnemumym meopemuueckoii u sxcnepumenmansuoti buogusuxu PAH, ITywu-
1o, Poccus
2Mockosckuii 2ocyoapcmsennviii yueepcumen umernu M. B. Jlomonocosa
SUncmumym 6uoopeanuqeckoii xumuu um. axademuxos M.M. Ilemaxuna u
10.4. Osuunnuxoea PAH, Mockea, Poccusa
Adusuueckuii uncmumym um. I1. H. Jlebedesa PAH, Jlenunckuii npocnexm, 53,
119991 Mockea, Poccus;
LP3, Yuusepcumem Sxc-Mapcenn, CNRS, 13288 Mapcenv, @panyus
*e-mail: antonpopovleonid@gmail.com

OpauM U3 crmoco0oB MOBkIIEHUS 3(Hh(HEKTUBHOCTH IPOTOHHON Tepa-
MUY SBJISICTCS NPUMEHEHUE OMHAPHBIX TEXHOJOTWH, B 4aCTHOCTU WC-
MOJIL30BaHUSl OOP-TIPOTOHHOW peaKIuu JUIs TOBBIIeHUsT d()PeKTHBHO-
CTH THOENN OMyXOJEBBIX KIETOK. WIW KOMOWHHUPOBAHHBIMH. Takoi
MOIXO/ 3aKJII0YAeTCS B JIBOWHOM JIEHCTBUM Ha MATOJIOTHMYECKYI0 00-
JIACTh: BO-TIEPBBIX, C TTOMOIIBIO MIEPBUYHOTO OOJTyUEHHs, a BO-BTOPHIX,
3a CU€T BBIIEJICHUS DHEPrUM SIICPHBIX PEaKUUi 3axBaTa HEPBUYHBIX
YaCTHII.

Bop-nipoToHHast peaknus paccMaTpuUBaeTCS KakK IEPCIEKTHBHAS
ctparerust 1uist 3 PEKTHBHOTO, TPEIU3NOHHOTO U 0€30IIaCHOTO JICUSHUS
OMyXOJIeW CO CIOXKHOM JoKanu3auueu. [loTeHnnanbHpie MPUMEHEHUS
MPOTOH-OOPHON PEAKITNH B JICUCHUU OITyXOJIEH CTajio CIIOPHON TeMOou
MOCJIETHUX JIET, YTO CBA3AHO C MPOTHUBOPECUMBHIMU MHEHHUSIMHU U DKCIIE-
PUMEHTAIbHBIMU JaHHBIMH OTHOCHUTEIEHO MEXaHU3MOB TakKoi Oop-
MPOTOHHOW ceHcnOmnm3anuu. Panee Hamu BriepBble Oblla TOKa3aHA
MPUHITUITHAIBHAST BO3MOXHOCTh HMCIOJIB30BaHUS HAHOYACTHUI] TSI d(h-
(heKTUBHOU TOCTaBKHM OOpa B OIYyXOJIEBYIO KJIETKY C IENBI0 PaJHOCEH-
CHOMJIM3AIIMY TIPH MPOTOHHOM O0JIyUYEHHH, OJIHAKO MOJICKYJISIPHbIC Me-
XaHU3MBI IO CHUX TOP HE OBUIM M3YYEHBI M OCTAIOTCS MPOTHBOPEUHBHI-

mu. B paMKax ,I[aHHOfI pa6OTLI IIOKa3aHO, 4YTO COYCTAaHHOC JICUCTBHUE
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HaHOYaCTHLl 00pa ¥ NMPOTOHHOTO OOJIyYeHHS HHIYLUPYIOT IOBBIIICH-
HBII YPOBEHb T'€HEpALUU CYIEPOKCH]I aHUOH pajuKaja B KIETKAX, 4TO
NPUBOIUT K ACTIONAPU3ALUA MUTOXOHAPHHA, MaJCHUI0 UX MEMOPaHHOTO
MHUTOXOHJPUAIBHOTO MOTEHIMAda U PAa3BUTHUIO aloNTO3a. AHAIU3 MO-
JIEKYJISIPHBIX MEXaHU3MOB Ha YPOBHE DKCIIPECCHUU TI'€HOB, ACCOLIUUPO-
BAHHBIX C OKHUCIMTEIBHBIM CTPECCOM, IOATBEPAUI IIOBBIIIEHHYIO
OBepaKCITpecchio 52 TeHOB U3 §7 MCCIeN0BaHHBIX, 10 CPABHEHUIO C 00-
TydeHHeM KJIeTOK 0e3 HaHowyacThil Oopa (12 TeHOB B OBEPIKCIIPECHH H3
87). Bo3MOKHBIE MEXaHU3MBI PATHOCCHCUOMIM3UPYIOMIETO JCHCTBHS
HaHOYaCTHL O0pa, HE CBsI3aHHbIC C TeHepalued anbga-4acTull, 3aKIo-
4arwTCsd B NPOTOH-UHAYLHUPOBAHHOM 3aIlyCKE PENOKC-aKTUBHBIX IIPO-

LIECCOB B KJIETKE B IPUCYTCTBUHU OOP-COJIEPKAIMX KOMIOHEHTOB.

Pabora BeIONHEHA MpH MOANEpXKKE rpaHTa MHHHCTEPCTBA HAayKH M

BhIcIIero oOpa3oBanus Poccuiickoit @enepanuu B paMKax COTJIAIICHHS
Ne. 075-15-2021-1347.
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DETERMINATION OF RELATIVE DOSIMETRIC
PARAMETERS CONSTANCY OF THE PROTON
THERAPY SYSTEM

Kiselev V.A.L, Udalov Yu.D.t, Demidova A.M.%, Gritsenko S.E.!

Y FSBI «Federal Scientific Clinical Center for Medical Radiology and
Oncology» of FMBA of Russia, Dimitrovgrad, Russia
Presenting author e-mail address: kiselevwa@fvemrfmba.ru

The study of the maximum deviations of the parameters of the PT
system in the FSBI «Federal Scientific Clinical Center for Medical Ra-
diology and Oncology» of FMBA of Russia, which are responsible for
the constancy of the choice of energy by the PT system, showed the
high stability of these parameters. The position of the distal and proxi-
mal levels of 80% of the pseudo-depth maximum of the signal, the
width between them, as well as the width of the decay of the distal dose
from 80% to 20% of the pseudo-depth maximum of the signal fluctuated
within no more than 0.4 mm [1].

As a result, the maximum expected deviation of these parameters
was reduced from +1 mm recommended by TG-224 to +0.5 mm.
Thanks to this, the margin on the PTV in the direction of the axis of the
proton beam was reduced by 0.5 mm, which allows irradiation of a
smaller volume of normal tissue. It was decided to analyze the constan-
cy of other relative dosimetric parameters of the PT system, such as col-
linearity of the X-ray and proton systems, spot coordinate, and spot size.

The stability of the following parameters was studied: collinearity of
the X-ray and proton systems, spot position, spot size, as well as param-
eters related to the constancy of the choice of proton beam energy. As a
result, a comparison was made with the values of permissible deviations
proposed in TG-224 and a conclusion was made about the constancy of
the relative dosimetric parameters of the proton therapy system.

Over the course of 9 months, the total lateral error of the spot posi-
tion did not exceed 1 mm in 98.7% of cases. The calculated lateral and
longitudinal margins, taking into account the mechanical accuracy of the
proton therapy system, were 0.86 and 0.4 mm, respectively.
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Although most radiotherapy centers use the PTV concept, the even-
tual transition to robust planning is inevitable. This study allows our
center to take a step towards an informed choice of margins in case of
robust planning.

[1] Study of stability over time of dosimetric parameters of the proton therapy
system at the Federal Scientific Clinical Center of Radiology and Oncology of
the FMBA of Russia / V. A. Kiselev, A. M. Demidova, E. N. Ustimova [etc.] //
Medical Physics. — 2022. — No. 1(93). — pp. 37-38. —- EDN OEBPQC.

[2] Calculation of minimum margins during dosimetric planning of proton ther-
apy / V. A. Kiselev, A. M. Demidova, Yu. D. Udalov, S. E. Gritsenko // XII
Congress of Oncologists of Russia: COLLECTION OF MATERIALS ARTI-
CLES AND ABSTRACTS APPENDIX TO THE SCIENTIFIC AND PRAC-
TICAL JOURNAL “POVOLGA ONCOLOGICAL NEWSLETTER”, Samara,
May 18-20, 2023. — Samara: Medical Publishing House “Praktika”, 2023. — P.
104. - EDN UJVILG.
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MNOAI'OTOBKA KAJIPOB B PAMKAX PEAJIN3AIINN
IMPOEKTA «PABPABOTKA HOBBIX TEXHOJIOI' Ui
JAUATHOCTUKHA U JYUYEBOM TEPAIINU COIUAJIBHO
3HAYUMBIX 3ABOJIEBAHUM IPOTOHHBIMH "
NOHHBIMUA ITYUYKAMMU C UCITIOJIb3OBAHUEM BUHAP-
HBIX AAEPHO-OU3NYECKUX METO/JOB» ®HTII CUH
A.A.@®pons'? M.C. I'puropsena’?,

O.B. PoanonoBa’, 1.H. 3aBecroBckasn’?

Y @usuveckuii unemumym um. I1.H. Jlebeoesa PAH, Mockea, Poccus
2 Hayuonanenuiii uccnedosamensvckuti ynusepcumem « MUDPH», Mockea, Poc-
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fronyaaa@Iebedev.ru

B pamkax mpoekra «Pa3paboTka HOBBIX TEXHOJOTHI JUArHOCTUKU U
JIy4EBOM TEpanuy COIUAIBHO 3HAYMMBIX 3a00JICBaHUN MPOTOHHBIMH U
WOHHBIMH MTyYKaMH{ C UCTIOJIh30BaHHEM OWHAPHBIX SAePHO-(DU3HUECKUX
METOJIOB» MPEAYCMOTPEHO €XKETrOIHOE MPOBEACHUE HAyUHBIX U 00pa3o-
BaTEJIbHBIX MEPOIPUITHUI JIsl MOJIoAekH. [IpoeKT peanusyercs Ha CThI-
ke (hyHJTaMEHTAIbHBIX UCCIEeIOBaHUI B 00MacTH (GU3HMKH, XUMUH, OHO-
JIOTUM, HAHOTEXHOJIOTUI W TPAKTHUYECKUX OO0JIACTEH TpUMEHEHUs pe-
3yJIbTaTOB TaKUX HCCJICNOBaHUM B OuoMenuimuHe. Takas MEXIUCIIHU-
TUTHHAPHOCTH TpeOyeT 0co00ro BHUMaHUS U KOMOMHUPOBAHUS METOJIOB
npu paboTe ¢ MOTEHINATBLHBIMU KaIpaMHu.

CoBpeMEHHOE TMOJIOKEHUE JIe]T B KaIpOBOi chepe CBHIICTEILCTBYET
O TOM, YTO WCTOYHHKH IOTOJHECHUS KBAJTU(HUIIUPOBAHHBIX KaJpPOB B
CHEIU(PUIHBIX OTPACIAX HeMHOTo4YHCIeHHBl. CTOUT 3a7ada pa3BUTHS
ycTOWMUnBOTO M 3(H(PEKTUBHOTO B3aMMOJIEHCTBUS HAYKH, MTPOMBIIUICH-
HOCTH M 00pa30BaHUs, YKPEIUICHUE KaIpOBOT0 IMOTEHITHAIA OTPACIICBOM
HAyKH, 3aKperuieHue KaJpoB MO mpoduiro oOpa3oBaHus s JaTbHEH-
LIET0 Pa3BUTHSL.

Ilonyuas BeIcIIee oOpazoBaHWE, CTYIEHTHI JOJDKHBI OBIAJNETH CITe-
UGUKON TPOrpaMMbl, TTO3HAKOMUTHCS C COBPEMEHHBIMH HAITPaBJICHU-
saMu pa3BuTHs cepsl Oyaymieit npodeccuonanbHON nesrenbHOCTH. Ha
BBIXOJIE W3 YHHUBEPCUTETA BBITYCKHHUK JOJDKEH HE TOJBKO yMETh IIPHU-
HAMATh PEIICHUs, aHAJTU3UPOBATh CBOIO MPO(HECCHOHAIBHYIO JEATEIhb-
HOCTh, HO W MPOCKTHPOBATH ee, 001a1aTh CTPEMIICHHEM K CaMOCOBEp-
LICHCTBOBAHUIO U TBOPUECKON caMOpeaInu3aliii.
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Heobxomumo ¢opmupoBath 3HaHHS, YMEHHS M HaBBIKH, CIIOCOO-
CTBYIOIIME paHHEMY BOBJICUEHHIO CTYJEHTOB B pealbHbIE Hay4yHO-
HCCJIEIOBATENBCKUE U IPOU3BOICTBEHHBIE TIPOIIECCHI.

Cpemu 1ieneld COBpEeMEHHOTO OOpa30BaHHUS MOXKHO BBIIEIUTH HE
TOJIBKO TIOATOTOBKY CIEIMATNCTOB, HEOOXOIUMBIX I OOIIECTBa, HO U
BOCIIUTaHWE TBOPYECKU AKTUBHOW JIMYHOCTH, CIIOCOOHON K CamoCTOs-
TEJBHOU AESTENbHOCTH, CTPEMSIIICHCS K AalbHEUIIEMY CaMOCOBEPLICH-
CTBOBAHHIO, C BRLICOKUM YPOBHEM MOTHBAIUH K O0YUYCHHIO.

C 1enpl0 MOATOTOBKM CIELUANINCTOB MNpPHU peaM3alyu IPOeKTa
«Pa3paboTka HOBBIX TEXHOJIOTUH JTUATHOCTHKH U JIy9eBOH Teparuu co-
[IUATBHO 3HAYMMBIX 3a00JI€BaHUN MPOTOHHBIMU U HOHHBIMHU ITy9YKAMH C
UCTIOJIb30BaHUEM OMHAPHBIX SAEPHO-(PU3NIECKUX METOI0BY» HMPOBOAUT-
Cs KOMIIJIEKC B3aUMOJIOIOIHAIOIUX MEPOIPUATHNA: MPOBOJSATCS HAyd-
HBIE MOJIOIC)KHBIE IIIKOJIBI U HAyYHBIe KOH(EPEHIINH, pa3pabaThIBAIOTCS
U peanusyroTcs oOpa3oBaTelbHBIE MPOrpaMMEBI s OakanaBpoB, Maru-
CTpOB, aCIUPAHTOB, OPIUHATOPOB, Pa3padaTHIBAIOTCS M PEANTU3YIOTCS
MPOTPaMMBI JOMOIHUTEIFHOTO MPO(GECCHOHAIBHOTO 00pa30BaHUs.

B pamkax npoekTta MNpPOBOAWTCS aHAIU3 BOBJCYEHUS B HAy4YHO-
MCCIIEIOBATENbCKYI0, MHHOBALIMOHHYIO AESITEIHHOCTh CAMUX HIKOJIBHU-
KOB, CTYJICHTOB, aCIUPaHTOB, MOJIOABIX HCCIEHOBATENEH, a TAKKE CO-
CTOSIBIIUXCS YYEHBIX, MCCIIEIOBATENEH, pernojaBaTesnieii, padoTaromumx
¢ MoJjozexbro. Hanpumep, aHanu3 y4acTHUKOB MOJIOIEKHBIX HAYUYHBIX
HIKOJI MO3BOJIIET c(hOPMUPOBATH TMpPENCTaBICHHE 00 ypOBHE HHTepeca
MOJIOJIEKH K KOHKPETHOH TNPOPEeCcCCHOHAILHOW 007acTH, HaydYHOMY
HaTPaBIICHUIO, BBISIBUTH MTPOOEIBI B 3HAHUSIX, YMEHHSIX, HABBIKAX, KOTO-
pBIe HEOOXOAMMBI CTICIIUAIMCTY B ATON 00JIacTH.

DopMypoBaHHE NPEACTABICHUH O BaXKHOCTH KOHKPETHOH mpodec-
CHOHAJILHON AEATENLHOCTH U HEOOXOMMOCTH TPEOJONIECHUS MMEIOIINX-
csl Ipo0JieM MmyTeM OOy4YeHHs Ha pealibHBIX IpuMepax HOCHT MO3HTHB-
HBIH xapakrtep. Takas mepeiada OnbITa OT MPOPECCHOHAIOB MOJIOJIOMY
MOKOJIEHUIO CTUMYJIMPYET MOJOAEKDb K JEHCTBHIO, OCBOCHHIO HOBBIX
KOMIETEHIIUN U CaMOPa3BUTHIO.

Pabota BbInosHEHA TIpH (PUHAHCOBOH noaepxkke MunoopHayku Poccun B
pamkax Cormarrenust Ne 075-15-2021-1347.
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Here we present and characterize a prototype of positron emission
tomograph for small animals based on new inorganic scintillation crys-
tal GAGG(Ce) coupled to silicon photomultiplier (SiPM).

The prototype consists of a single ring of 110 mm inner diameter. 32
crystals GAGG(Ce) of 3x3x20 mm?® size regularly distributed over the
ring. Each scintillation crystal coupled to SiPM Onsemi FC30035-SMT
[1] with 3x3 mm? active area.

Signal from the scintillatiors coupled to SiPMs is big enough to send
it directly to back-end electronics without amplification. The back-end
electronics is based on 32-channel chip Petiroc2A designed to work
with SiPMs. Each channel includes a branch for precise time measure-
ments that begins with a fast amplifier and ends with 10-bit TDC, and a
branch for energy measurements that begins with charge sensitive am-
plifier-shaper and ends with 10-bit ADC.

The photo of the prototype is present at the picture 1. The prototype
was built to study the performance of the Petiroc2A chip as electronics
for a PET system.

Time resolution is measured with Ti-44 positron source positioned at
the center of the ring. Double coincidences only were used, the ampli-
tude threshold was set under 511 keV peak. Average time resolution of
a detector pair is measured to be 3 ns.

The energy spectra of Ti-44 source obtained from 32 channels are
present at the picture 2. Average energy resolution at 511 keV is 20%.
One can note significant inhomogeneity of over the channels that is at-
tributed to optical coupling of scintillators and SiPMs.
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The system allows to obtain synograms and produce rough 2-d
images, thus confirming that Petiroc2A-like chips can be used to
build a high granularity PET system based on single SiPMs or
SiPM matrix coupled to monolithic scintillation crystals [2].

32-channel chip Petiroc2A _! Ribbon cable for data

transmission to the analyzer P2

>

&
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Fig.2. The charge spectrum of the Ti-44 radioactive source.

[1] Sensors C.-S. S. Silicon Photomultipliers (SiPM), Low-Noise, Blue-
Sensitive, On Semiconductor. (2020).

[2] M.Jeong, M. Hammig, Development of hand-held coded-aperture gamma
ray imaging system based on GAGG(Ce) scintillator coupled with SiPM array,
Nuclear Engineering and Technology, vol. 52, no 11, pp. 2572-2580, (2020).
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NEPCIHHEKTUBBI IPUMEHEHUS MAT'HUTHBIX
HAHOYACTHUI B BUOMEJIUIINHE
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YUncmumym semuozo maznemusma, uoHocghepvl u pacnpocmpanens paouo-
6onn um. H.B. Ihwkosa PAH (M3MHUPAH), o. Mocksa, e. Tpouyk, Poccus
e-mail: usov@obninsk.ru

MaruautHas runeptepmusi [1] paccmarpuBaeTcs B HACTOSIIANA MO-
MEHT KaK OJHO M3 BeChbMa NEPCIEKTHUBHBIX HalpaBlICHUH B OHOMeIu-
uuHe. Unes Merosa COCTOUT B JIOKAJBHOM, JO3UPOBAHHOM TEILJIOBOM
BO3/ICHCTBHUU Ha 3JI0KAUECTBEHHOE HOBOOOpA30BaHUE, B pe3yibTaTe KO-
TOPOT0 MOKET MIPOUCXOANUTH OCTAHOBKA POCTa M pa3pyLIEHUE OIyXOJIH.
I'eHepanys Tera B OMyXOJIM IMPOUCXOIUT 3a CUET DHEPIrUM HHU3KOYa-
CTOTHOTO TEPEMEHHOI'0 MAarHUTHOTO IOJIs, KOTOpPOE€ JUCTaHLMOHHO
BO30yXJaeT aHcaMONb CyneprnapaMarHUTHBIX HAHOYACTHI, paclpere-
JICHHBIX B OITyXOJIA C HEOOXOAMMOHN KOHIeHTpanuen [2]. Psg ombiTos,
NPOBEJICHHBIX Ha JIA0OPAaTOPHBIX MBIIIAX, MOKAa3bIBAIOT [3], 4TO mpH
BBEJIEHMM MAarHUTHBIX HAHOYACTHI[ TOJBKO B OJHY W3 TOJCaKEHHBIX
JKUBOTHOMY OITyXOJIEH, B MPOLIECCE MAarHUTHOW TMIIEPTEPMUN ITPOUCXO-
JIUT paspylicHHe W BTOPOH OITyXOJH, YTO OOBSICHSETCS BKIIIOYCHHUEM
MMMYHHOTO OTB€Ta OpraHu3Ma B IPOLIECCE TEIIOBOTO BO3/EHCTBUS.
W3BecTHBI Takke yAadHble IPUMEpbl MPUMEHEHHs] MarHUTHOW THIep-
TEPMHH B KJIIMHUKE IIPH JICUEHHH paka MpOCTaThl M arpeCCUBHBIX OIy-
XOJIEW TOJIOBHOIO MO3ra. BaykHbIM IIPEUMyIIIECTBOM MarHWTHOM rUIep-
TEPMHH SBJISETCA BO3MOXKHOCTH BO3JEHCTBUS Ha OIyXOJIM, Paclojo-
JKEHHBIE TIIyOOKO B TeJIe OpraHu3Ma, NOCKOJIbKY TTyOMHa MPOHUKHOBE-
HUSl HU3KOYaCTOTHOTO MarHWTHOTO MO B OMOCpey 3HAUYUTENBHO Tpe-
BBIIIIAET COOTBETCTBYIOIIYIO BEJIMYNHY TIPH JIa3epHOH (GOTOTEPMHUH.

WzBecthblil kputepuii bpesosuua — ['eprra [1] HaknaabiBaeT cyre-
CTBEHHOE OTrpaHUYCHHE Ha MPOM3BEJCHUE YacTOThl mojs f Ha ero am-
wmryay Ho, fHo < 6x107 TuxD, npu KOTOPOM BO3/IEHCTBHE TIEPEMEH-
HOTO MAarHUTHOTO MoJisi Oe3omacHo Uil opranuzMa. OrpaHuyeHne Ha
amIuuTyay noist Ho mpuBoauT kK HE0OXOAMMOCTH UCIIOIL30BaTh B Mar-
HUTHOW THIIEPTEPMUU aHCaMOIM CyleprapaMarHUTHBIX HaHOYACTHII, B
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OCHOBHOM YaCTHUI] MarHUTHBIX OKUCIIOB XeJie3a. JTH 4acTULbl 0bana-
IOT HU3KOH TOKCHYHOCTBIO M CIIOCOOHBI TOJA ACWCTBHEM TEIUIOBBIX
¢GnyKTyaluii mepeMarHi4uBaThCS B MArHUTHBIX HOJSX C aMIUIMTYIOH
Ho ~ 100 — 200 3. Pacuetsl OKa3bIBatOT, 0HAKO [4-5], 9TO CyIecTBy-
€T IOCTATOYHO Y3KHH WHTEpBall ONTHUMAJbHBIX JAWAMETPOB YaCTHII, B
KOTOpOM yJienbHas noriomaemMas MomHocts (YIIM) ancam6ist Makcu-
manpHa. Tak, YIIM paspexxenHoro ancamOis cdepruecknx HaHOYA-
CTHI] MarHEeTUTa ¢ KyOmdeckoi annzoTponuei auamerpom D = 40 — 55
HM nipeBbimaet 250 Br/r B marauTHOM nosie ¢ yactoroi f = 300 k['u u
amrumatynoit Ho = 50 3, [4]. OnHako, pyu yBeNWYSHUH TUIOTHOCTH aH-
caMOJIsl 3Ta BEJIMYMHA CHIDKAeTcst B 5-6 pa3 [4-5] 3a cuer cuibHOrO
MarHUTO-IUIOIBHOTO B3aUMOJACHCTBHS YacCTHIl TUIOTHOT'O aHCaMOJIsL.
HexenatenbHoe ymenbiienue YIIM 1UI0THOro aHcamOiIsi MOXKHO
NPEIOTBPATUTh, MOKPHIBAas YaCTUIBI HEMAarHUTHBIMHU OOOJOYKAaMHU J0-
cTaTouHO# TonmmHeL TTokaszaHo Taxke [6], 4To onTUMAaILHOE CTAIHO-
HapHOE TEIJIOBOE T0JI€ B OMYXOJIHU CJI0KHOM reOMeTpUH MOKHO CO3JaTh
C TMOMOMIBIO JIMHEHHON KoMOMHaIuu chepruyecku CUMMETPHUYHBIX Tell-

JIOBBIX HCTOYHHUKOB ¢ yMepeHHbIM YIIM nopsiaka 100-150 B/r.

[1] E.A. Périgo, et al., Fundamentals and advances in magnetic hyperthermia.
Appl. Phys. Rev. 2, 041302 (2015).

[2] N.A. Usov, Low frequency hysteresis loops of superparamagnetic nanopar-
ticles with uniaxial anisotropy. J. Appl. Phys. 107, 123909 (2010).

[3] T. Kobayashi, Cancer hyperthermia using magnetic nanoparticles. Biotech-
nology J. 6, 1342-1347 (2011).

[4] N.A. Usov, et al., Heating ability of magnetic nanoparticles with cubic and
combined anisotropy. Beilstein J. Nanotechnol. 10, 305-314 (2019).

[5] N.A. Usov, O.N. Serebryakova, V.P. Tarasov, Interaction effects in assem-
bly of magnetic nanoparticles. Nanoscale Res. Lett. 12, 489 (2017).

[6] R.A. Rytov, V.A. Bautin, N.A. Usov, Towards optimal thermal distribution
in magnetic hyperthermia. Sci. Reports 12, 3023 (2022)
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The present work is aimed at investigating the potential of Ta,Os-
based nanoparticles (NPs) for multimodal theranostic applications.
Theranostics is a novel approach to create pharmaceuticals that combine
both therapeutic and diagnostic capabilities. Tantalum oxide NPs are a
perspective platform for developing multimodal theranostic agents be-
cause they inherently possess biocompatibility, radiosensitising proper-
ties (therapeutic capability), and X-ray contrast performance (diagnostic
capability) [1]. An additional advantage is the high chemical inertness
that makes Ta,Os NPs safe for human organisms while being non-
irradiated.

In this regard, the development of the synthesis procedure of Ta,Os
NPs was performed [2]. The structure, morphology, surface properties
and thermal behavior of the obtained material were studied by XRD,
EDX, TEM, FTIR, TG/DSC, and nitrogen gas adsorption-desorption.
The influence of different parameters (pH, electrolyte concentration,
ultrasonic treatment) on hydrosol stability was studied by dynamic light
scattering, laser Doppler electrophoresis, potentiometric titration, and
photometry. Based on the obtained results, a preparation protocol of
highly stable hydrosols was developed. In vitro Cytotoxicity (MTT-test)
and In vivo Acute Toxicity studies were performed for the obtained ma-
terials. The radiosensitizing effect of Ta,Os NPs was shown on a plas-
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mid DNA model as well as on human fibroblast cells. Radiopaque prop-
erties of sols were shown by an in vivo computed tomography.

[1] Koshevaya, E., Krivoshapkina, E. Krivoshapkin, P., Tantalum oxide nano-
particles as an advanced platform for cancer diagnostics: a review and perspec-
tive, Journal of Materials Chemistry B, 9(25), pp.5008-5024, (2021).

[2] Koshevaya, E., Nazarovskaia, D., Simakov, M., Belousov, A., Morozov, V.,
Gandalipov, E., Krivoshapkina, E. Krivoshapkin, P., Surfactant-free tantalum
oxide nanoparticles: synthesis, colloidal properties, and application as a con-
trast agent for computed tomography, Journal of Materials Chemistry B, 8(36),
pp.8337-8345, (2020).
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THE CURRENT STATE AND PERSPECTIVES
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Oncological diseases occupies a leading position in the structure of
mortality throughout the world and despite the development of diagnos-
tic and treatment technologies, the incidence of cancer continues to
grow [1]. Boron neutron capture therapy (BNCT) is a form of binary
radiotherapy based on the high ability of the non-radioactive °B isotope
to absorb thermal neutrons. The nuclear reaction °B(n,o)’Li occurs with
the release of 84% of the energy within one cell, which leads to its death
[2].

The usage lithium isotope instead of boron leads to the °Li(n,o)*H re-
action, which products o-particle and tritium have high linear energy
transfer characteristics, can provide 100% local energy release.

The aim of the study was to determine parameters of lithium biodis-
tribution and to evaluate structural changes in the kidney after admin-
istration of lithium carbonate for the implementation of lithium neutron
capture therapy (LINCT).

B16 mouse melanoma cell culture was subcutaneously injected to
C57BL/6 mice. When the tumors reached the target volume, the animals
were divided into 11 groups: control group, 5 groups that were adminis-
trated lithium carbonate at a dose of 300 mg/kg and 5 groups — at a dose
400 mg/kg per os. Biological samples (blood, skin, kidneys, brain and
tumor) was collected 15 minutes, 30 minutes, 90 minutes, 180 minutes
and 7 days after an administration of lithium carbonate. Lithium concen-
trations in blood and organs were assessed by ICP AES. Kidney mor-
phology was studied using light and transmission electron microscopy;
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immunohistochemical staining was used to analyze the expression levels

of the acute kidney injury marker proteins Kim1 and NGAL.

The maximal concentration of lithium in the tumor in mice with skin
melanoma B16 was detected 30 minutes after lithium carbonate admin-
istration at a dose of 400 mg/kg. The highest lithium concentrations are
determined in the kidneys. Lithium concentrations in all studied samples
(brain, kidneys, skin, tumor and blood) decreased to background values
in 7 days.

The results of light and transmission electron microscopy of the kid-
ney did not reveal statistically significant differences found between
control and experimental groups.

The expression of protein markers of acute kidney injury Kim1 and
NGAL increases 30 and 90 minutes after a single administration of lith-
ium carbonate at a dose of 400 mg/kg and gradually decreases to the
control values after 7 days.

Lithium uptake by tumor tissue was quite effective, and single ad-
ministration of high doses of lithium carbonate did not cause structural
changes in the kidney. The high expression of acute kidney injury mark-
ers in the kidney was reversible. Thus, the developed protocol of lithium
carbonate administration may be used in future experiments in lithium
neutron capture therapy.

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

[1] H. Sung, J. Ferlay, R. L. Siegel, M. Laversanne, |. Soerjomataram, A.
Jemal, F. Bray, Global Cancer Statistics 2020: GLOBOCAN Estimates of Inci-
dence and Mortality Worldwide for 36 Cancers in 185 Countries, Global CA
Cancer J Clin, Vol. 71 (3), pp. 209-249, (2021).

[2] W. A. G. Sauerwein, A. Wittig, R. Moss, Y. Nakagawa, Neutron Capture
Therapy: Principles and Applications, Berlin: Heidelberg Springer-Verlag, pp.
543, (2012).
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HUHTEJJIEKTYAJIBHASI CUCTEMA AHAJIN3A
BUOME/IMIMUHCKUX MN30BPAKEHU [TPU
O®OPMHUPOBAHUUN JUATHOCTHYECKOI'O 3AKJIFOYEHUA
B OHKOI'EMATOJIOI'YA
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Ha coBpemeHHOM 3Tare pa3BHTHS HAYKH W TEXHUKH OMOMEIUIIMHA
cuyhuTacTcsa OI[HOI71 N3 CTPATECTUYCCKUX U NMEPCIHCKTUBHBIX O6J'IaCTeI71 JJIsA
BHE/IPEHUSI IU(PPOBBIX CHCTEM aHajm3a U 00paboTKH AaHHBIX. OcobeH-
HOE 3HAYCHUE B MEIUKO-OMOJIOTUYECKUX HCCICAOBAHHUAX M OHKOTEMa-
TOJIOTUM OCTaeTCs 3a ONTHUYECKOW MHUKpOCKOomHenl. Mano kakoe uccie-
JIOBaHHE 00XOIUTCS O€3 IKCIICPUMEHTOB, CBSI3aHHBIX C MUKPOCKOIIHEH.
MHoro4ncieHHasi Tpymna MaToJNOruii MHUKPOCKOMHMYECKHX OOBEKTOB
OroMaTepHUaNOB OTHOCUTCS K TPyIIe Haubosee TPYAHO JUArHOCTUDPYE-
MbIX KaK Ui BH3YaJlbHOTO aHaJIM3a BpauoM, HANpHMeEp TpH aHaIH3e
pe3uayanbHbIX JTUMGO- ¥ MHEI00aCTOB, TaK U ISl aBTOMATHYESCKOTO
aHanmuzatopa. OOBEM M CIOKHOCTh TCHEPUPYEMBIX MPH 3TOM JIAHHBIX
JIeNaeT ux 00paboTKy B pydyHOM pexkume Majiod(hHEeKTUBHOM, a BO MHO-
THX ClIydasx HeBO3MOXKHOH. Kak ciencTBue, cymiecTByeT ocTpasi Heoo-
XOJMMOCTh Pa3pabOTKH aBTOMATH3MPOBAHHBIX METOJOB aHaIM3a MUK-
POCKOMHUYECKUX W300paxkeHuil. DTO OO0YCIOBIEHO, TPEXIE BCEro,
CIIOKHOCTBIO MOP(HOJIOTUH HCCIIEyEeMbIX OOBEKTOB, UX BBICOKOH H3-
MEHYHBOCTHIO, MHOTOYHCIICHHOCTBIO, CXOACTBOM IPHU3HAKOB, HATMYHUEM
penkux (Gopm, He TIOJHOCTBIO KOHTPOJIMPYEMBIM BIMSHHEM Ha Mopdo-
JIOTHIO TEXHOJIOTHI MTOATOTOBKH TPENapaToB U APYTUMHU (GaKkTopamHu.

21.]'[5[ pa3BUTUA CUCTEM KOMHBIOTepHOﬁ AUArHOCTUKU OHKOI'EMAaTOJIO-
THYECKUX 3a00JIEBaHUI aKTyaJlbHBIM SIBJISIETCS pa3paboTKa TEXHOJIOTHH
aHalm3a MEIUKO-OMONIOTHYeCKUX OOBEKTOB HHTEpeca; TOIydeHHe
Hanbonee MosHON MH(OpMauu 00 OMyXOJIeBbIX KieTKax mnpu Gopmu-
POBaHUM JUArHOCTUYECKOTO 3aKJIIOYEHUsI, YTO COOTBETCTBYET COBpE-
MEHHBIM MHUPOBBIM TEHJICHIIMSIM B Pa3BUTHHU JIA0OPATOPHOI TUArHOCTH-
KH B OHKOJIOTHIH.
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Henpb — co3nanne 00BACHUMON MHTEIUIEKTYaTbHOW CHCTEMBI aHAJIH-
32 U MHTEPIpEeTaluy OMOMEIUIIMHCKUX U300PKEHUH TS TTOBBIIICHHUS
JIOCTOBEPHOCTU M HAAEKHOCTH B3aUMOJCHCTBUS Bpadya U HUCKYCCTBEH-
HOTO WHTEJIEKTa MpH (POPMUPOBAHNUN AUATHOCTUIECKOTO 3aKITFOUCHHS
B OHKOT'€MaTOJIOTHH.

B pabote Oyzner moka3aHa MOJENb TEXHOJOTHYSCKOHM IIaT(opMbI
BU3yalu3alUy, aHalWu3a W WHTEPIPETAlHHM JAHHBIX Ui ITOBBIIICHHS
JIOCTOBEPHOCTH U HAAEKHOCTH B3aUMOJCHCTBHUS Bpaya U HCKYCCTBEH-
HOT'O MHTEJUICKTa, KaK CJIeACTBHE, d(PPEKTUBHOCTh TPUHATHUS Bpaueod-
HBIX pENICeHWH C NMpPUMEHEHHEeM METOJOB MAIIMHHOTO OOy4YeHUS IIpH
(hOpMUPOBAaHUY TUATHOCTUYECKOTO 3aKITFOUEHUS B OHKOTEMAaTOIOTHH.

[Ipennaraemas MOJ€ENb OCHOBBIBAETCS HAa MPOBEICHUU MUKPOCKOIIH-
YeCcKOro aHaJln3a IMpernapaToB KPOBU M KOCTHOTO MO3ra. AHaIW3 IMOITy-
YEHHBIX M300paKeHUN SAPOCOACPKANIUX KIETOK C MPErnapaTroB MPOBO-
JIUTCSI HA OCHOBE aHCaMOJICBBIX METOJIOB MAITMHHOTO OOYYCHUS U TIPH-
MeHeHHeM pedepeHCHON 0a3bl 3HAHWM, COACpXKAIUX O00pPa3IOBhIC
M300pakeHUS AAPOCOACPKAIIUX KIETOK.

PesynpTaTroM Oyner mnpeAocTaBIeHHWE Bpady aHaIM3a MEIUKO-
OHMOJIOTMYECKUX JIAHHBIX C MPEBAPUTEIBHBIM yKa3aHHEM THUIIOB OOHa-
PYKEHHBIX 00BEKTOB. JlaHHas TEXHOJIOTHUS, C IPUMEHEHHUEM IKCIIEPTHO-
TO OIBITA, TMO3BOJIUT MPUMEHATH €€ MpU aHAINW3€ MPenaparToB, cOope
MPEJICTABUTEILHON O0y4arolield BIOOPKH JUIsl CO3/IaHUSI aBTOHOMHOTO
aHanM3aTopa U (GOPMHUPOBAHMS JTUATHOCTHYCCKOIO 3aKIIIOUCHUS, a TaK-
JKe B O0OYUCHHUHU CTICIIHAIICTOB.

[1] Hat. 2803277 Poccuiickas Denepanus, Crocod AeTann3amuul CTPyK-
TYpHBIX JJICMCHTOB MEIUKO-OMONIOTHYCCKHX O0BEKTOB uccienoBanus / E.B.
Ionsaxos, B.B. AmurpueBa, H.H. TymumwsiH, [u ap.], 3asBka Ne2023104132
3asBi. 22.02.2023; omy6m. 12.09.2023, bron. Ne 26

[2] CBumerenscTBO 0 TOCYIApCTBEHHOM peructpamuu 6a3bl JaHHBIX Ne
2023621283 Poccuiickas Denepanus, ba3za maHHBIX KIETOK KOCTHOTO MO3Ta
0ONBHBIX OCTPHIM JTUMQoOIacTHEIM Jieliko3oM / E.B. TTonskos, H.H. TynwuibiH,
W.H. CepeOpsikoBa, [u ap.], 3asBka Ne2023620945 3assn. 06.04.2023; omy06a.
20.04.2023.
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AT BLOCKING NRF2 ANTIOXIDANT SYSTEM OF CANCER
CELLS
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The significant progress in radiotherapy (RT) in the past decades has
been made due to the implementation of the novel radiotherapy equip-
ment with high-quality ionizing beams, development of the precision
methods of dose delivery, and the use of personalized RT treatment
plans. However, there remains a problem of high variability in the re-
sponses of individual patients to RT. To gain further therapeutic benefit
of RT, the combination of RT with targeted therapy is considered as a
promising way to enhance tumour response in patients to RT. Combina-
tion of RT with targeted therapy can give a synergetic effect in the can-
cer treatment due to drug inhibition of the key metabolic and signaling
pathways activated in cancer cells bearing a different set of oncomuta-
tions.

In this work, we developed a computational method in systems radi-
obiology to investigate effectiveness of RT in combination with targeted
therapy which directs at the inhibition of NRF2 antioxidant system of
cancer cells [1]. NRF2 transcriptional factor is a key element of the de-
fense cellular system which is activated under oxidative stress in cells
induced in part by ionizing radiation (IR). Its activation triggered by the
increasing reactive oxygen species (ROS) in cells leads to the expres-
sion of a large number of antioxidant enzymes which neutralize ROS
and protect DNA from damage. We assumed that suppression of the
NRF2 antioxidant system in cancer cells enhances radiosensitivity of the
cells due to the increasing damage of cancer cell DNA by ROS generat-
ed by water radiolysis at IR.
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In the course of this project, a joint mathematical model of RT and
the NRF2 antioxidant system was developed and applied to investigate
molecular mechanisms of radioresistance and radiosensitivity of cancer
cells at the activation and inhibition of the NRF2 antioxidant system.
The model describes the following processes in cancer cells under IR
exposure: 1) tumor growth, 2) inhibition of cancer cell growth due to the
direct and indirect actions of IR, 3) generation of ROS, and 4) activation
and inhibition of the NRF2 antioxidant system.

The model was validated on the experimental data on the radiation
action (2x5 Gy) on growth inhibition of the cancer cells at normal and
inhibited function of the NRF2 antioxidant system. The results of the
modelling showed that suppressing the NRF2 antioxidant system of
cancer cells enhances damaging effect of IR. The developed model of
the molecular mechanism underlying enhancing radiosensitivity of can-
cer cells can be used in the development of a novel strategy to sensitize
tumour to RT in cancer patients by combined action of radiotherapy
with the drug targeting the NRF2 antioxidant defense system of cancer
cells.

[1] Khalil Hilal, Alexey Goltsov, Simon P. Langdon, David J. Harrison, James
Bown, Yusuf Deeni. Quantitative analysis of NRF2 pathway reveals key ele-
ments of the regulatory circuits underlying antioxidant response and prolifera-
tion of ovarian cancer cells. Journal of Biotechnology 202, 12-30, (2015)
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APPLICATION OF A DEVELOPED ANATOMIC-SHAPED
RESEARCH PHANTOM TO STUDY THE EFFECT OF A METALLIC
PORT EXPANDER OF BREAST ON DOSE DISTRIBUTION IN
PROTON THERAPY

Demidova A.M., Ivanov S.V., Udalov Yu.D., Gritsenko S.E., Kiselev V.A.

FSBI FSCCRO of FMBA of Russia, Dimitrovgrad
Presenting author e-mail: demidovaam@fvcmrfmba.ru

The rationale for the use of proton therapy in the treatment of breast
cancer is to reduce unintended radiation dose to the heart and lungs and
improve target coverage [1]. Delivery of therapeutic doses in proton
therapy requires accurate estimation of the water-equivalent thickness of
proton radiation materials [2].

The presence of a breast implant containing high atomic number (Z)
elements, such as a metal expander, may introduce uncertainty into the
determination of water equivalent thickness. Consequently, a certain
irradiation zone may receive less than the required dose, and critical or-
gans and tissues, by contrast, may receive redundant irradiation. Ensur-
ing safe and effective proton therapy treatment and maximizing its bene-
fits can be achieved by using phantom treatment (Figure 1).

Figure 1. View of a breast phantom on an axial CT slice

In order to optimize dose distribution, an anatomic-shaped breast phan-
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tom made of polymer material with 1.08 g/cm?density, which is close to
the density of water, was developed and patented. There is a slot in the
phantom volume into which the dosimetric film is placed in 2 slices at
90°. Figure 1 shows a view of the phantom on a CT slice.
A breast phantom for testing dose distributions can be used in both pro-
ton therapy centers and photon therapy fields to eliminate «dose dip»
effect [3].

Bibliography:

1. Modern aspects of proton therapy / Yu. D. Udalov, L. A. Danilova, E. V.
Mayakova [etc.]. — Dimitrovgrad: Ikar Publishing House, 2023. — 356 p. —
ISBN 978-5-7974-0772-0. — DOI 10.56582/9785797407720. — EDN ESIWRE;
2. Breast phantom for checking dose distributions in proton therapy / A. M.
Demidova, Yu. D. Udalov, V. A. Kiselev, S. E. Gritsenko // llyinsky readings
2023: Collection of materials of the international scientific and practical con-
ference of young scientists and specialists, Moscow, March 15-16, 2023. —
Moscow: State Scientific Center of the Russian Federation - Federal Medical
Biophysical Center named after A.l. Burnazyan, 2023. — pp. 77-78

3. Patent for utility model RU 220 293 U1. Dosimetric phantom with anatomic
shape of mammary gland: Date of application: 05/16/2023: Published:
09/06/2023 Bull. No. 25/ Demidova A.M., Ivanov S.V., Udalov Yu.D, Kiselev
V.A., Gritsenko S.E.
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TUMOR GROWTH DYNAMICS MODELING EFFECTS OF
TUMOR HETEROGENEITY AND EXTERNAL FACTORS
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Modern scientific and clinical research of the growth of a malignant
tumor and its response to therapeutic treatment require consideration of
its heterogeneity, namely the presence of a small subpopulation of
tumor stem cells (TSC) along with ordinary tumor cells (TC) [1]. In this
work, a mathematical model with key types of transitions between
tumor subpopulations taken into account is proposed. The model is
presented as the system of ordinary differential equations:

D _ (Kot — 2208 + K, (E)(1 - B ED)Y) (1 - (BXZ))

dr o
iy, . x+r+n P
= K, (F)P,(Fa)Y (l o ( VHZ:] )

b

d

az -, X +v+z\F i

== mgﬁr(l - (—vm ) )— K.Z
for main subpopulation of TC (volume X), the subpopulation of TSC
(volume Y) and the subpopulation of tumor cells which have lost the
ability to divide (LADC) (volume Z), correspondingly. Equations are
based on the following assumptions. TSC can undergo a symmetric di-
vision producing two TSC with the probability P,, or asymmetric divi-
sion producing one TSC and one TC with the probability (1-P,). A
mechanism of self-regulation in TSC subpopulation is included into the
model considering the growth rate of TSC - K, as a function of the
proportion of TSC F; [2]. TSC are responsible for regeneration of
subpopulation TC damaged as a result of cytotoxic treatment. This is
accomplished by decreasing P, with increasing the proportions of
LADC Fy The tumor growth saturates with increasing the tumor
volume, as reflected by maximal tumour volume parameter V.. The
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effect of external impact (for example radiation or chemical cytotoxic
agents) is included in the system using a parameter describing the
probability of loss of the cell's ability to successfully divide P-.
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Fig. 1. Fitting results of experimental data [2], presented by symbols with
model curves for tumor volume V(t) = X(t) + Y(t) + Z(t)

The model was used to interpret experimental data [2] on inhibition
of tumor growth after proton irradiation at a dose of 10 Gy only and the
combined treatment of irradiation and the inhibitor of DNA synthesis
AraC in laboratory mice with grafted melanoma B16. For this purpose,
we vary the value of P.. As a result, the dependence of tumor volume on
time calculated for cases without irradiation, after irradiation and after
irradiation with AraC serves as a good approximation of experimental
data.

[1] Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, and
cancer stem cells. Nature, 414(6859), 105-111 (2001)

[2] Zamulaeva, 1.A., Matchuk, O.N., Selivanova, E.I. et al. Radiobiological
Effects of the Combined Action of 1-f-D-Arabinofuranosylcytosine and Proton
Radiation on B16 Melanoma in vivo. Phys. Part. Nuclei Lett. 20, 6375 (2023).
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Radiation therapy is the most promising method of treating cancer,
which involves the effect of ionizing radiation on malignant cells; how-
ever, due to the complexity of the configuration of most tumors, it is
often impossible to form a beam of the appropriate shape, thus healthy
tissues are also exposed to irradiation. Therefore, an important stage in
treatment planning is to ensure control over the intensity distribution of
the ionizing radiation beam.

For this purpose, many detectors have been designed, but most of
them do not meet the basic requirements to medical detecting systems.
A medical detector must provide the best energy and spatial resolution,
as well as a short time for data processing. In this work, in order to im-
prove detection characteristics, it is proposed to use the multi-angle
scanning method with several detectors.

This method involves forward movement of the detector, followed
by rotation of the detecting device at a fixed angle and the use of math-
ematical operations to determine the beam profile. This method includes
the reconstruction of beams’ intensities image in the form of pixels of
different brightness in grayscale from the projection data.

Image reconstruction can be carried out using fundamentally differ-
ent mathematical approaches. There are two main methods: filtered back
projection (FBP) — based on the inverse Radon transform and iterative -
based on solving a system of linear equations.

The purpose of this work is to evaluate the applicability of the main
types of mathematical transformations for implementing the multi-angle
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scanning method with several detectors. To process the results Diada,
INKCT, Matlab were used [1].

The experimental profile of the 6 MeV electron beam generated by
the Elekta Synergy medical linear accelerator was obtaining using Gaf-
chromic EBT3 dosimetry film. The resulting image was presented in the
form of matrices of brightness values in each pixel. To evaluate the ap-
plicability of mathematical transformations for implementing the multi-
angle scanning method, two datasets were used with a full and a limited
amount of data imitate the several detectors application. A sinogram —
an image of the two-dimensional distribution of one-dimensional projec-
tions of the beam layer as a function of the projection angle — was ob-
tained. A mathematical reconstruction of the beam profile was then car-
ried out using two methods: FBP and iterative [2, 3].

The obtained results showed that the filtered back projection method
is less accurate when there is a large amount of data, but provides better
image quality when there is less data compared to the iterative method.

The work was carried out with financial support from the Ministry of
Science and Higher Education of the Russian Federation No. 075-15-
2022-620.

[1] A. Bulavskaya, Y. Cherepennikov, A. Grigorieva, I. Miloichikova, S. Stu-
chebrov, Multiangle scanning for measuring radiation beam profiles with a typ-
ical size of 10 millimetres, Journal of Instrumentation, vol. 7., — pp. 70-74,
(2022).

[2] R. Schofield, L. King, U. Tayal, I. Castellano, J. Stirrup, F. Pontana, J.
Earls, E. Nicol, Image reconstruction: Part 1 — understanding filtered back pro-
jection, noise and image acquisition, Journal of Cardiovascular Computed To-
mography, vol. 14., pp. 219-225, (2020).

[3] J. Greffier, J. Frandon, A. Larbi, J. Beregi, F. Pereira, CT iterative recon-
struction algorithms: a task-based image quality assessment, European Radiol-
ogy, vol. 30., pp. 487-500, (2020).
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Fluorescence microscopy is a valuable method for studying biologi-
cal objects due to the diverse fluorescence exhibited by various mole-
cules [1]. Tricarbocyanine dyes, which have an affinity for tumor cells
[2] and accumulate in their mitochondria, are suitable candidates for
delivering antitumor agents within the therapeutic window of the near-
infrared range [4]. To utilize tricarbocyanines as vectors, specific re-
quirements need to be met, including easy penetration of the cell mem-
brane, selective accumulation in tumor cells, in vivo retention within
tumors, compatibility for conjugation with therapeutic agents, and syn-
thetic availability.

We employed fluorescence microscopy to investigate the interaction
of tricarbocyanine dyes with cells, aiming to understand how dyes with
different substituents interact with the cell, both on the surface and in-
ternally. Our study focused on the interaction of two tricarbocyanine
dyes with the K-562 cell line (chronic myelogenous leukemia), resulting
in the selection of six substituents.

Fluorescence spectra for two series of daunorubicin-based dyes with
different radicals were measured using a Renishaw Raman inVia Qontor
microscope. The excitation wavelength was 633 nm for the first series
of dyes (1a-1f) and 785 nm for the second series of dyes (2a-2f). Map-
ping measurements were performed at 800 nm and 840 nm, resulting in
maps overlaid on the optical image with the focal plane centered on the
cell. The results revealed variations in dye penetration, with some fully
entering the cell and others likely being retained in the cell membrane
(Fig. 1). Additionally, certain dyes did not interact with the cells.
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Fig.1. (a), (b) Cell image in an optical microscope with an overlaid map con-

structed based on the intensity peak maximum of fluorescence; (c) Fluores-

cence spectra inside and outside the cell; (d) Spectra at the boundary, center,
and outside the cell

In this study, we established appropriate measurement conditions and
parameters to gather essential information without causing harm to the
research subject. Through confocal scanning of cells, we determined
which dyes had better penetration into the cell. Dyes 1b, 1e, 1f, 2b, 2e,
2f were found to be suitable for subsequent conjugation with medicinal
formulations
[1] Khaydukov E. V. Mironova K. E., Semchishen V. A., Generalova A. N.,
Nechaev A. V., Khochenkov D. A., Panchenko, V. Y. Riboflavin photoactiva-
tion by upconversion nanoparticles for cancer treatment //Scientific reports. —
2016.-Vol. 6. — Ne. 1. - P. 1-9.

[2] Veryutin D.A., Doroshenko I.A., Martynova E.A., Sapozhnikova K.A.,
Svirshchevskaya E.V., Shibaeva A.V., Markova A.A., Chistov A.A., Borisova
N.E., Shuvalov M.V., Korshun V.A., Alferova V.A., Podrugina T.A. Probing
tricarbocyanine dyes for targeted delivery of anthracyclines // Biochimie. —
2023 — Vol. 206. — P. 12-23.
[3] Li Y., Zhou Y., Yue X., Dai Z. Cyanine conjugates in cancer theranostics
//Bioactive materials. — 2021. — Vol. 6. — Ne. 3. — P. 794-809.
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New methods of cancer treatment using high-energy protons and ac-
celerated carbon ions have appeared in recent years, which aim to in-
crease the effectiveness of irradiation of tumors and reduce side effects
in healthy tissue. For more effective use of radiation therapy capabilities
and expansion of its application in the field of radiotherapy it is neces-
sary to develop fundamentally new irradiation schemes, such as
hypofractionation and combination of exposure to different types of ion-
izing radiation.

In our work, we studied fractionated irradiation of a solid form of
Ehrlich ascites carcinoma (EAC) in SHK mice with extremely high dos-
es of protons and their combined effect with neutrons.

The proton therapy complex ‘Prometheus’ (Physical Technical Cen-
ter of Lebedev Physical Institute, Protvino) was used as a source of pro-
tons. A continuous-running portable neutron generator NG-14 (Tsyb
Medical Radiology Research Center, Branch of the National Medical
Research Radiology Center of the Ministry of Health of the Russian
Federation, Obninsk) served as a source of neutrons. Proton irradiation
was carried out at a total dose of 60 and 80 Gy once or in two fractions
after 24 h. Some groups were irradiated with neutrons 3 h before the
first proton fraction, or 3 h after the second. After irradiation, the dy-
namics of tumor growth were monitored, the duration of remission, the
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number of tumor regrowth, the death of mice with regrowth, and the
lifespan of tumor-bearing mice were recorded.

It has been shown that both when using protons in extremely high
doses and in combined interaction, high antitumor efficacy is observed
during the first month after exposure. Irradiation of EAC with a 40+40
Gy regimen results in the lowest regrowth rate and longest lifespan in
mice [1]. In mice exposed to combined irradiation, all cases of tumor
regrowth were observed within 5-12 weeks after irradiation, by contrast
to mice irradiated only with protons in which the resumption of tumor
growth was observed at later terms, after 19-35 weeks. Throughout the
observation period, the percentage of mice with the resumed growth of
tumor of the same localization as the primary was 36% when exposed to
protons, 50% when exposed to neutrons before protons, and 43% when
exposed to neutrons after proton irradiation. The duration of regrowth
tumors in the co-interaction groups did not differ from the control group
[2].

Analysis of such remote effects of irradiation as remission time, fre-
guency and growth rate of secondary tumors, and lifespan of tumor-
bearing mice showed that additional exposure to neutrons both before
and after proton irradiation significantly worsens these indicators of the
effectiveness of therapy.

[1] V.E. Balakin, T.A. Belyakova, O.M. Rozanova, et al, Study of early
and remote effects of hypofractionated proton irradiation in a model of
solid Ehrlich ascites carcinoma in mice, Journal Biomed, vol. 17(3E),
pp.127-132, (2021).

[2] O.M. Rozanova, E.N. Smirnova, T.A. Belyakova, et al, The effect of
irradiation with a sequence of neutrons and protons on the tumor re-
sponse of solid Ehrlich carcinoma and skin reactions in mice in the early
and long terms. Biophysics, vol. 67, pp. 802-810, (2022).
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COPPER LASER PLASMA AS A SOURCE OF SOFT X-RAY
RADIATION FOR THE STUDY OF BIOLOGICAL OBJECTS
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Currently, research is being actively conducted to study biological
specimens using soft X-ray microscopy, which allows to register their
images with high spatial resolution (15 - 100 nm) [1-3]. The radiation
ranges of water 23 A - 44 A and carbon 45 A - 50 A windows are of
particular importance for studies [4-5]. Laser plasma is an intense and
compact source of soft X-ray radiation, the efficiency of which can be
controlled by changing the characteristics of the laser radiation or the
target, including its material and structure. The search for an effective
and accessible substance as a target is an urgent task for the creation of a
radiation source in the noted ranges.

The study was carried out on the "Kanal-2" facility using a neodymi-
um laser: the radiation wavelength was 1.06 um, the pulse half-height
duration was 2.7 ns, the power density in the focusing spot (@140 pum)
varied in the range 10%? — 10 W/cm?. An electron-optical camera was
used to study the spatial and temporal characteristics of the laser plasma
in the X-ray spectral range. Spectra were registered using a spectrograph
with a reflecting diffraction grating.

The experiments show the presence of an intense linear and continu-
ous spectrum in the soft X-ray radiation range (Fig.1). The spatial di-
mensions of the X-ray emitting region do not exceed 1 mm. Also the
images obtained in the line scan mode, show that during the laser pulse
action time there is expansion and contraction of the emitting region.
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Fig.1. Plasma spectrum of a copper target in the range of 30 - 60 A at laser
pulse energy 21.8 J

[1] A. Torrisi, P.W. Wachulak, A. Bartnik, L. et al., Biological applications of
short wavelength microscopy based on compact, laser-produced gas-puff plas-
ma source, Applied Sciences, vol. 10(23), p. 8338, (2020).

[2] V. Loconte, K. L. White, The use of soft X-ray tomography to explore mi-
tochondrial structure and function, Molecular metabolism, vol. 57, p. 101421,
(2022).

[3] B. Rosner, S. Finizio, F. Koch et al., Soft x-ray microscopy with 7 nm reso-
lution, Optica, vol. 7(11), pp. 1602-1608, (2020).

[4] T. Higashiguchi, T. Otsuka, W. Jiang et al., Efficient" water window" soft
x-ray high-Z plasma source, Journal of Physics: Conference Series, vol. 463(1),
p. 012024, (2013).

[5] I. A. Artyukov, R. M. Feschenko, A. V. Vinogradov et al., Soft X-ray imag-
ing of thick carbon-based materials using the normal incidence multilayer op-
tics, Micron, vol. 41(7), pp. 722-728, (2010).
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For the treatment of superficially located malignant neoplasms, elec-
tron beam therapy is effectively used [1]. Electron beam therapy is a
type of radiation therapy, the radiation source of which is high-energy
electron beams. To date, for effective treatment of oncological diseases
with a course of radiation therapy, it is necessary to ensure accurate
dose delivery during irradiation [2]. For these purposes, various irradia-
tion techniques are used in conjunction with shaping devices [3]. These
devices include boluses, compensators, applicators and collimators. Par-
ticular attention is paid to boluses for electron beam therapy.

Boluses are needed to create a complex depth dose distribution and
to increase surface dose [2-4]. They are located on the patient’s skin by
such way: they should repeat the body curves. In radiation therapy with
electron beam boluses play the important role. Most of the dose received
during irradiation with medical electron beams is absorbed on the sur-
face of the body due to the mechanism of their interaction with matter.
The use of boluses allows to achieve minimal exposure to the skin sur-
face to avoid side effects. Today boluses from standard materials (vis-
coelastic polymer, wax/paraffin) are used for forming electron beam
fields [3-5]. The main disadvantages of boluses from these materials
that they have fixed thickness, their manufacturing is difficult or these
materials are unique and expensive. For example, boluses “Action
Bolx” from polyurethane are widely used in medical practice. Boluses
made of this material are limited by the simplicity of their shapes. Paraf-
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fin (wax) is another material for creating boluses, but its main disad-
vantages are its fragility and manufacture difficulty [3-5].

In this work, it is proposed to use the 3D-printing method to manu-
facture bolus from plastic materials. This method is distinguished by the
speed of manufacturing products and their strength, as well as the high
accuracy of creating three-dimensional objects [6]. So, 3D-printing
method makes it possible to manufacture individual bolus with neces-
sary thickness depending on the medical task.

Numerical simulations and experimental studies of the therapeutic
electron beam depth dose distributions formed by 3D-printed plastic
bolus and boluses made of standard materials have been conducted dur-
ing the work. The obtained results are shown that the bolus created from
PLA-plastic (polylactic acid) by 3D-printing has the same effectiveness
as boluses made from standard materials.

This work was supported by a grant from the Russian Science Foun-
dation (project No. 19-79-10014-I1).

[1] A. Pashazadeh, et al, Radiation therapy techniques in the treatment of skin
cancer: an overview of the current status and outlook, Journal of Dermatologi-
cal Treatment, (2019).

[2] V. Vyas, et al, On bolus for megavoltage photon and electron radiation
therapy, Medical Dosimetry, vol. 38, no. 3, pp. 268-273, (2013).

[3] S. Islam, et al, Study on the radiation attenuation properties of locally avail-
able bees-wax as a tissue equivalent bolus material in radiotherapy, Radiation
Physics and Chemistry, vol. 172, p. 108559, (2020).

[4] J. A. Diaz-Merchan, et al, Characterization of a novel material to be used as
bolus in radiotherapy with electrons, Applied Radiation and Isotopes, vol. 183,
p. 110154 (2022).

[5] C.C.C. Carina, et al, Evaluation of Dosimetric Characterization of Home-
made Bolus for Radiation Therapy, Journal of Physics: Conference Series —
I0P Publishing, vol. 1505, no. 1, p. 012016, (2020).

[6] E. A. Bushmina, et al, The influence of the fill and extrusion factors in 3D
printing on the electron and X-Ray densities of plastic products, Biomedical
Engineering, vol. 56, no. 4, pp. 278-281, (2022).
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Modern oncology is one of the most evolving fields of medicine. Cancer is
one of the leading causes of death worldwide.

Radiotherapy is one of the most effective methods of for the treatment of
cancer. However, the radiosensitivity of cells can be reduced for various rea-
sons, such as hypoxia, which can lead to a decrease in oxygen in the cells and,
and therefore reduce the effectiveness of radiotherapy.

Combining hypoxia with already known radioprotective pharmacological
agents may allow for a reduction radiation and chemical burdens on nearby
healthy cells in the treatment of tumours.

Purpose of the work. To investigate the effect of normobaric exogenous
hypoxia on the properties of 3-oxypyridine fumarate when acting on normal
human cells.

Materials and Methods. The cell line HEK-293 — human embryonic kid-
ney cells —was chosen as an object of the study. HEK-293 cell line — human
embryonic kidney cells - was chosen as an object of study.

Cell cultivation was carried out according to the standard technique [1]. The
solution of 3-oxypyridine fumarate, possessing radio-protective potential, was
prepared at a concentration of 3-Oxypyridine potential, was prepared at a con-
centration of 0.05 mg/ml and added to the cells 12 hours before irradiation [2].

Hypoxia was induced 12 hours prior to cell irradiation in combination with
fumarate 3-hydroxypyridine. A physical method, a vacuum chamber, was used
to create normobaric exogenous hypoxia. Using special Eppendorf tubes, cells
were subjected to vacuum sealing and placed in the refrigerator to prevent cell
division before irradiation. Vacuum release occurred immediately after irradia-
tion, just before cell transfer for survival testing.

The irradiation was performed at the Prometheus proton therapy complex
(AO Prometeus) at the A.F. Tsyb Medical Radiological Research Centre in
Obninsk. The average energy of protons used at the moment of the experiment
was 100 MeV. Irradiation was carried out at doses of 2; 6; 8 and 12 Gy.
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Results and Discussion. Between hypoxic and normal combined effects of
proton therapy and the chemical agent, 3-oxypyridine fumarate, significant dif-
ferences were observed (Figure 1).

Effects of irradiation and hypoxia on HEK-293
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Figure 1 - Doubling time of HEK-293 under combined irradiation
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Conclusions. Within the framework of the experimental work it was found the
effect of acute toxicity of fumarate on normal human cells inconditions of nor-
mobaric exogenous hypoxia on normal human cells. human cells. It is reasona-
ble to continue research in this area and to evaluate the toxicity of each of the
components of fumarate under hypoxia conditions on normal and human tu-
mour cells.
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Recently, an area of nuclear medicine—targeted radionuclide thera-
py—has been actively developing. Her methods use radioactive isotopes
with highly specific targeted agents to precisely deliver radiation to tu-
mors that have high tumor uptake, sustained tumor retention, and high
contrast. In this case, isotopes limit the dose received at the level of
healthy tissue. The therapy has been proven to be effective in the treat-
ment and management of cancers such as: thyroid cancer, prostate can-
cer, neuroendocrine tumors, metastatic meningioma, pheochromocyto-
mas and paragangliomas, cancer-related bone pain. In the coming years,
targeted radionuclide therapy is expected to be approved for more types
of metastatic cancer [1].

The report will consider innovative targeted agents (antibodies, pep-
tides and small molecules), targets for different types of cancer, and
cases of the most appropriate use of targeted radionuclide therapy.

The report will also examine the potential of using artificial intelli-
gence for the needs of nuclear medicine.

[1] N. Lepareur, B. Ramée, M. Mougin-Degraef, M. Bourgeois. Clinical Ad-
vances and Perspectives in Targeted Radionuclide Therapy Pharmaceutics.
2023 Jun 14;15(6):1733.
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To date, there is a problem that classical chemotherapeutic drugs are
poorly soluble in water, which leads to their low effectiveness. There-
fore, the creation of systems that improve targeted delivery to tumors is
an important direction in the development of nanotechnology [1]. This
research is aimed at studying the interaction of nanoparticles consisting
of cyclodextrin-phospholipid conjugates with paclitaxel in search of in-
creasing the solubility of the drug and the stability of nanoparticles. The
work was carried out using the method of molecular dynamics, which
allows us to study the process of self-assembly of molecules and their
interaction with the drug at the molecular level.

Micelles consisting of synthetic glycolipids based on a-, B- and y-
cyclodextrins (a-, B- and y-CD-Ad-DOPE: Ad is -(CO)-(CH2)4-(CO)-,
DOPE is 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine) [2] are con-
sidered in the work. Cyclodextrins have a unique hydrophobic cavity
into which the drug can be embedded, and a hydrophilic outer surface
that ensures the solubility of such a complex in water. Paclitaxel, the
most common antitumor antibiotic, was chosen as the drug.

The gyration radius for micelles was the following results: for mi-
celles formed on the basis of a-, - and y-CD-Ad-DOPE it is 2.07 nm,
2.04 nm, 1.95 nm respectively. It is known that the nanoparticle core is
hydrophobic and during the simulation the antibiotic moves to this re-
gion of the nanoparticle. Analysis of the obtained micellar structures
showed that they contain from 3 to 4 molecules of paclitaxel. The mi-
celle, consisting of alpha-cyclodextrin-based conjugants, absorbed 3
antibiotic molecules. It happened about 17 ns. Over a period of 46 ns,
the micelle consisting of B-CD-Ad-DOPE was filled with 4 antibiotic
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molecules. And after 50 ns, 3 paclitaxel molecules were inside a micelle
consisting of y-CD-Ad-DOPE. It was found out that in all three struc-
tures, the drug in the nanoparticle is located in the region of the spacer
of molecules. But there are also antibiotic molecules that are partially
placed in the cyclodextrin ring. The antibiotic is localized in different
parts of the micelle. The drug after entering the nanoparticle practically
does not change its position inside the nanoparticle. It was also found
that a-, B- and y-CD-Ad-DOPE molecules rotate around their axis.
Analysis of the obtained structures showed that the glycolipid molecules
in the micelle are bent so that the cyclodextrin ring becomes closer to
the lipid part, while the lipid part itself does not interact with paclitaxel
molecules. The VMD program was used to visualize the results. All dy-

namics are produced using the GROMACS package.

The work was supported by the Russian Science Foundation (project
no. 23-24-10046).

[1] A. Zalygin et al., “Structure of Supramers Formed by the Amphiphile Bio-
tin-CMG-DOPE,” ChemistryOpen, (2020).

[2] D. A. Blake, N. V. Bovin, D. Bess, and S. M. Henry, “FSL constructs: A
simple method for modifying cell/virion surfaces with a range of biological
markers without affecting their viability,” Journal of Visualized Experiments,
no. 54, (2011)
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The number of diagnosed cancers increases every year [1]. In this
connection, scientific work is being carried out aimed at developing new
radiotherapeutic methods for the treatment of malignant neoplasms.
When developing new therapeutic approaches, it is necessary to conduct
preclinical studies based on the use of small laboratory animals - rats
and mice. When using animals for preclinical purposes, certain require-
ments are imposed on their maintenance, nutrition, further disposal, and
minimizing the number of individuals used [2].

To carry out routine procedures such as calibration, testing and opti-
mization of equipment and related irradiation protocols, as well as to
ensure the reproducibility of experimental results on different equip-
ment, artificial animal models — dosimetric phantoms — can be used.
Today, commercially available animal phantoms in most cases have a
simplified anatomy, are intended only for diagnostic installations [3],
and do not take into account the application of various dosimetric
equipment.

Previously, the authors proposed a method for manufacturing an-
thropomorphic dosimetric phantoms using three-dimensional printing
[4, 5], which showed its efficiency. In this connection, within the
framework of this research, a previously proposed method will be used
to produce a dosimetric phantom of a small laboratory animal. This ap-
proach will make it possible to create such devices in a short time with
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high accuracy, regardless of the size and complexity of three-
dimensional digital models.

In the work, digital three-dimensional animal models were created
based on tomographic data, taking into account the placement of various
dosimetric equipment. The prototype of laboratory animal phantom was
made using the fused filament fabrication method. The manufactured
phantom prototype underwent tomographic and dosimetric tests.

This work was supported by a grant from the Russian Science Foun-
dation (project No. 23-79-01232).
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[4] A. Bulavskaya et al, Applicability of poly (styrene—butadiene—styrene) for
three-dimensional printing of tissue-equivalent samples, 3D Printing and Ad-
ditive Manufacturing, vol. 9, pp. 399-404, (2022).

[5] S. Stuchebrov et al, Development of the patient-specific phantom of the
human arm part using 3D printing, Radiotherapy and Oncology, vol. 161, pp.
1309-1310, (2021).
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One of the promising methods for treating cancer is local hyperther-
mia in combination with the use of nanoparticles as sensitizers, which
makes it possible to selectively destroy cancer cells without damaging
healthy ones [1]. In this work, we study the conditions for obtaining hy-
perthermia in biological tissues through the interaction of radio frequen-
cy electromagnetic radiation with body tissues and nanoparticles intro-
duced into them. A mathematical model of heat release in irradiated tis-
sues due to the presence of nanoparticles in them, depending on the fre-
quency of the external field and the material of the nanoparticles, was
constructed.

The results obtained can be further applied to calculate the optimal
parameters of nanoparticles and radiofrequency electromagnetic radia-
tion for use in hyperthermia of malignant tumors.

[1] K. P. Tamarov, L. A. Osminkina, S. V. Zinovyev, K. A. Maximova, J. V.
Kargina, M. B. Gongalsky, Y. Ryabchikov, A. Al-Kattan, A. P. Sviridov, M.
Sentis, A.V. Ivanov, V. N. Nikiforov, A.V. Kabashin, V. Yu. Timoshenko, Ra-
dio frequency radiation-induced hyperthermia using Si nanoparticle-based sen-
sitizers for mild cancer therapy, Sci. Rep. 4, 7034, (2014).
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The paper investigates the production of medical radioisotopes 8Zr
and ’Lu in photonuclear reactions on electron accelerators. With tradi-
tional approaches, during the production of 8Zr on accelerators of heavy
charged particles (*Y target irradiating with protons or deuterons), the
penetration depth is micrometers, which makes it possible to irradiate
targets of milligram masses. With increasing energy, long-lived #Zr
(T12-83.4 d), ®Y (T12-106.7 d) are formed. The production of *’Lu in
reactors is also associated with a number of problems: with the direct
approach ®Lu(n, v)Y’Lu (c=2407 bn), ¥"MLu (T1,=106.4 d) is pro-
duced, indirect approach *®Yb(n, y)!"Yb—!""Lu (2.5 bn) requires a
complex process of separating micro quantities of the target nuclide
from macro quantities target material[1].

In photonuclear reactions with the release of charged particles, the
formation of a chemical element other than the initial target occurs. This
facilitates the procedure of radiochemical separation and increases the
specific activity of the target radionuclide.

A series of irradiations of targets of molybdenum, hafnium and tanta-
lum, both of natural isotopic composition and enriched in isotopes, were
carried out on electron accelerators with energies of 20, 40 and 55 MeV.
The irradiated targets were studied on gamma spectrometers with ul-
trapure germanium detectors.

As a result, the cross sections for the formation of target radionu-
clides, weighted by the bremsstrahlung flux, and the activity yields of
87Zr and "Lu were obtained. The experimental data were compared
with the results of theoretical calculations using the TALYS1.96 pro-
gram code. In addition, the composition of the resulting radioactive and
stable isotopes was analyzed. As a result, the following photonuclear
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reactions were identified as the most promising for industrial produc-

tion:
%Mo(y, on)®Zr, 22Mo(y, p2n)®™Nb + *Mo(y, 3n)¥*Mo— #Nb — &Zr;
178Hf(,Y, p)177|_u_

The bremsstrahlung field has a wide profile and high penetrating
power, which makes it possible to irradiate large targets weighing up to
tens or even hundreds of grams.

An important parameter that affects the production of radioisotopes
at electron accelerators is the beam current. To produce radionuclides in
quantities sufficient for the purposes of nuclear medicine, it is necessary
to use high-precision (up to 0.1-1 mA) electron accelerators.

[1] Patra S., Chakravarty R., Singh K. et al., Electrochemical separation and

purification of no-carrier-added "’Lu for radiopharmaceutical preparation:
Translation from bench to bed Chem. Eng. J. Adv. V. 14. P. 100444. 2023.
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Boron neutron capture therapy (BNCT) is a promising method for
the treatment of malignant tumors. In 94% of cases, as a result of the
nuclear reaction °B(n,a)’Li, a lithium nucleus in an excited state is
born, which instantly (in a time of about 0.1 psec) emits a gamma-
guantum with an energy of 478 keV. At the same time the lithium nu-
cleus with energy 0.84 MeV and the a-particle with energy 1.47 MeV
lose their energy in a volume of the order of the size of one cell. Gam-
ma-quantum has a path length of about 20 cm in water or human tissues.
So the energy released in the nuclear reaction is localized in the area of
high concentration of boron-10, it allows to destroy cells of malignant
tumor by selective way and minimize the impact of radiation on healthy
tissues. Currently, the issue of neutron generation for BNCT has been
successfully solved. In this work, neutrons were generated using the
compact accelerator-based neutron source VITA, which allows generat-
ing neutrons of a wide range of energies.

An important unresolved problem for realization of the BNCT meth-
od is the control of the dose received during irradiation by the patient's
tissues. This work is dedicated to finding a solution to this problem. A
promising solution to this problem is the method of prompt gamma
spectrometry. The method is based on the registration of prompt gam-
ma-quanta with energy 478 keV as a result of the reaction °B(n,a)’Li.
So far, the method of prompt gamma-ray spectrometry has not been in-
troduced into practice due to the complication of its realization.

In this paper we propose a scheme of realization of the prompt gam-
ma spectrometry method on the VITA accelerator-based neutron source.
Problems of realization of this method are discussed and the ways of
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their solution are proposed. The results of experiments on registration of
gamma quanta with energy 478 keV, passed through boron-containing
samples and different volumes of water, are presented and discussed.
The obtained spectra are discussed with a clearly distinguishable 478
keV line with the predicted Doppler broadening. A linear dependence of
the radiation intensity on the concentration of boron-10 isotopes and an
exponential dependence on the volume of water which the radiation
passed through are presented.

The possibility of using a semiconductor detector made of high puri-
ty germanium for boron dose measurement in boron neutron capture
therapy by prompt gamma spectrometry is demonstrated.

This research was funded by Russian Science Foundation, grant
number 19 72 30005, https://rscf.ru/project/19-72-30005.
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This work is devoted to the study of absorption and fluorescence
spectra, fluorescence lifetime, rate of photobleaching of methylene blue
(MB) and the efficiency of generation of reactive oxygen species in
aqueous solutions of salts, proteins and lipids, as well as during interac-
tion with cell cultures.

Interest to MB is associated with a number of its properties that can
be useful for improving the effectiveness of photodynamic therapy. De-
pending on the environment (solvent, ionic strength, pH value, etc.),
MB can form both singlet oxygen and other reactive oxygen species [1],
which may be more effective for therapy of tumors in hypoxia state [2].
The transition of MB into a colorless leucoform, which occurs as a re-
sult of a redox reaction, can affect redox reactions in the body. In par-
ticular, this property is now used for the treatment of methemoglo-
binemia: MB is capable to reduce ferrous iron in methemoglobin (an
oxidized form of hemoglobin that is unable to carry oxygen) to the ferric
state corresponding to normal hemoglobin. Also, possible interaction of
MB directly with the mitochondrial electronic circuit providing partial
restoration of the Krebs cycle has been reported. Large number of inter-
related factors affecting the photophysical and photochemical properties
of methylene blue make it difficult to study and implement in clinical
practice. The study the photophysical and photochemical properties of
MB under conditions closest to real biological ones and analysis of the
mutual influence of various factors is important task.

86



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

In this work, the photophysical and photochemical properties of MB
in biological media and during interaction with cell cultures were stud-
ied using modern spectroscopic methods.The ranges of MB concentra-
tions at which its aggregation is not observed have been determined. In
water, the most rapid increase in aggregation with increasing concentra-
tion is observed. In biological media containing proteins (serum and
RPMI) the dimer/monomer ratio was low in the studied concentration
range. The shape of the absorption spectrum changes at concentrations
above 3 mg/kg for water and NaCl and about 10 mg/kg for serum and
RPMI media, which appears as a dimer peak of MB in the spectral re-
gion of 600-630 nm. However, dimerization was observed in cell cul-
tures, which led to low efficiency of singlet oxygen generation. The
formation of other reactive oxygen species (ROS), different from singlet
oxygen was observed for MB in cell cultures. It has been established
that in media containing proteins and having an alkaline pH, photo-
bleaching occurs much faster than in neutral aqueous media. At the
same time, the absorption spectra recorded after photobleaching allow
us to conclude that photobleaching is not associated with the transition
of MB to leucoform, but is caused by the photodegradation of MB. As a
result of the spectroscopic study, MS concentration ranges were deter-
mined for subsequent in vitro and in vivo studies at which its aggrega-
tion and irradiation doses are not observed at which photodegradation is
not observed. The tendency of MB to provide the electron transfer with
the formation of radicals during interaction with cell cultures was
demonstrated.

The work was supported by the Russian Science Foundation, grant
No. 22-72-10117.

[1] H.C. Junqueira, D. Severino, L.G. Dias, M.S. Gugliotti, M.S. Baptista,
Modulation of methylene blue photochemical properties based on adsorption at
aqueous micelle interfaces, Physical Chemistry Chemical Physics, vol. 11 (4),
pp. 23202328, (2002).

[2] M.S. Baptista, G.L. Indig, Effect of BSA Binding on Photophysical and
Photochemical Properties of Triarylmethane Dyes, The Journal of Physical
Chemistry B, vol. 102(23), pp. 4678-4688, (1998).
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This work is devoted to the synthesis and study of nanostructures
based on upconversion nanoparticles (UCNPs) that convert exciting in-
frared (IR) radiation into the visible range corresponding to the absorp-
tion band of the photosensitizer (PS), which in turn generates cytotoxic
reactive oxygen species.

Today, high-tech methods of theragnostic, including laser spectral-
fluorescent diagnostics and therapy methods, are actively developing.
One of the main limitations of the applicability of these techniques in
clinical applications is the insufficient penetrating ability of the laser
radiation. There is a growing interest to development of techniques that
make it possible to use IR radiation for PS excitation. One approach is
to use the upconversion nanoparticles (UCNPs) which are capable to
convert IR radiation into visible range, where PS absorbs.

UCNPs NaGdF, co-doped with rare earth ions pair Yb:Er (Yb:Er =
20:2) coated with an inert NaYF,4 shell were synthesized by the anhy-
drous method in oleic acid; the synthesis procedure was described in
detail in [1]. The resulting UCNPs were then transferred into the aque-
ous phase using biocompatible surfactants (Tween, PEG, PVP) to form
stable colloids. The binding of cationic (Methylene blue) and anionic
(Photosens) photosensitizers to nanoparticles was studied. The efficien-
cy of singlet oxygen generation and the formation of other reactive oxy-
gen species were determined.
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The generation of singlet oxygen by anionic photosensitizers associ-
ated with nanoparticles under infrared excitation has been demonstrated.
For cationic photosensitizers, both the generation of singlet oxygen (at
low concentrations of photosensitizers) and the formation of other reac-
tive oxygen species (with increasing concentrations of the photosensi-
tizer) were observed, which is presumably associated with aggregation.

The study was supported by the grant of the President of the Russian
Federation for state support of young Russian scientists - candidates of
science (MK-3098.2022.1.2).

[1] D. Pominova, V. Proydakova, I. Romanishkin et al, Temperature sensing in
the short-wave infrared spectral region using core-shell NaGdF:Yb%, Ho®,
Er¥*@NaYF4 nanothermometers, Nanomaterials, vol. 10(10), pp. 1992, (2020).
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Different luminescent dielectric nanoparticles (NPs) activated by rare
earth ions (REISs) are widely used in various fields of science and practi-
cal applications. Depending on the atomic composition of such NPs,
their emission spectrum covers a wide range of wavelengths from deep
ultraviolet (UV) to infrared (IR) radiation. For medical use, it is neces-
sary to control the properties of synthesized NPs and colloidal solutions
based on them: high radio- and physicochemical stability, high crystal-
linity and degree of dispersity, the presence of stabilizing surface charge
that prevents the aggregation of NPs in a dispersed state in liquid media,
etc.

One application in medicine could be the use of scintillator NPs ca-
pable of converting high-energy quanta (for example, X-rays 10-100
keV) into many thousands of photons with lower energies (A = 0.7-6.5
eV) [1]. For example, NPs of lutetium phosphate (LuPQ,), activated by
Pr* ions, have already been proven as effective scintillators with strong
UV-C (200-280 nm) X-ray excited luminescence (XEOL) for the treat-
ment of hypoxic cancer tumors [2]. Another matrix suitable for UV-C
XEOL of Pr® is the monoclinic modification of LaPO, (m-LaPO4) [3].
The advantage of m-LaPO4 compared to LuPOs; is its lower cost price,
but the disadvantage is lower density and, as a consequence, less inter-
action with X-rays. Another problem identified in scientific works on
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the preparation of colloidal solutions of m-LaPO4 NPs is their rapid ani-
sotropic growth in one of the directions (several hundred nm), as well as
the absence of a stabilizing charge in a neutral or alkaline aqueous me-
dium, which leads to their uncontrolled aggregation [4].

In this work, the dependences of crystalline, spectral and colloidal
properties of m-LaPO4:Pr¥* NPs on the synthesis conditions of hydro-
thermal method with microwave heating (HTMW) are presented. A
simple compound of tartaric acid (TA) formed in a weak ammonium
hydroxide solution (pH > 7) was used as capping and stabilizing agent
during the syntheses. The study of crystalline properties was carried out
using powder X-ray diffraction analysis, transmission electron micro-
scope (TEM) and by observing the XEOL UV-C intensities. The mor-
phologies of nanocrystals were measured by the analysis of the TEM
micrographs. To determine the range of colloidal stability of the TA-
modified NPs in aqueous solutions different pH, their zeta potential was
measured. Visualization of colloidal NPs in highly dilute aqueous solu-
tions with different pH was carried out at the level of single NPs using a
highly sensitive laser ultramicroscope operating in the mode of record-
ing elastic light scattering signals in a “light sheet” scheme. The values
of the hydrodynamic radii of the analyzed single NPs were determined
by analyzing the trajectories of their Brownian motion. With optimiza-
tion of the HTMW synthesis conditions, colloidal m-LaPO.:Pr¥* UV-C
luminescent NPs with sizes of less than 100 nm were obtained.

The research was supported by the Russian Science Foundation,
grant No. 22-22-00998.

[1] C. Richard, B. Viana, Persistent X-ray-activated phosphors: mechanisms
and applications, Light Sci Appl., 11, 123, (2022).

[2] M. Miiller, S. Espinoza, T. Jistel, K. Held, R. Anderson, M. Purschke,
UVC-Emitting LuPO4:Pr®* Nanoparticles Decrease Radiation Resistance of
Hypoxic Cancer Cells, Radiat. Res. 193(1), 82-87 (2020).

[3] A. Srivastava, A. Setlur, H. Comanzo, W. Beers, U. Happek, P.
Schmidt, The influence of the Pr3* 4f'5d! configuration on the 'S, emission
efficiency and lifetime in LaPO,, Opt. Mater. 33(3), 292-298, (2011).

[4] E. Hilario, L. Rodrigues, J. Caiut, Spectroscopic study of the 4f5d transi-
tions of LaPO,4 doped with Pr3* or co-doped with Pr3* and Gd** in the vacuum
ultra violet region, Nanotechnology. 33(30), 305703, (2022).
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At the moment, one of the most common methods of treating super-
ficial tumors is electron beam therapy. The main advantages of electron
beam therapy are greater dose uniformity in the volume of the irradiated
target and significantly lower dose values for deep-lying tissues [1].

For the electron beam therapy, it is necessary to minimize the effect
of radiation on critical organs and healthy tissues lying near to the tumor
lesion. For this purpouse, special devices — boluses — are used. A bolus
is a certain volume of tissue-equivalent material placed directly on the
irradiated surface of the body. The bolus allows to modify the electron
beam depth dose distribution and thereby reduce the side effect of radia-
tion on healthy tissues and organs.

Nowadays, there are several materials that are used as boluses, such
as wet gauze or towel, paraffin, viscoelastic polymer [2]. The method of
three-dimensional printing is also a promising approach for the manu-
facture of boluses [3]. The main advantages of this approach are the
speed of manufacture, high accuracy of the product, as well as the rela-
tively low cost of the materials used [4].

In this research, it was proposed to use the method of three-
dimensional printing for the manufacture of boluses for electron beam
therapy. It was proposed to apply plastic modified with a metallic impu-
rity as a material. This approach will allow to create boluses of a smaller
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volume, which will speed up the time of its manufacture and simplify
the procedure of fixation on the patient's body.

In the current work, numerical simulation of the electron beam depth
dose distribution in the 3D-printed bolus samples made of modified
plastic was carried out in the Geant4 toolkit [5] by the Monte Carlo
method. The Novac 11[6] medical linear accelerator was chosen as the
radiation source. For the numerical model verification, the experimental
studies were conducted.

The obtained results of simulated and experimental data of 6 MeV
electron beam depth dose distribution in the 3D-printed bolus samples
made of modified plastic coincided within the margin of error. In ac-
cordance with this, the developed numerical model can be applied for
individual boluses creation by three-dimensional printing technologies.

The research was carried out at the expense of a grant from the Rus-
sian Science Foundation (project No. 19-79-10014-1T).

[1] F. M. Khan, J. P. Gibbons, Khan's the physics of radiation therapy, Lip-
pincott Williams & Wilkins, pp. 170, (2014).

[2] C. Edward Halperin, E Perez & Brady's Principles and Practice of Radiation
Oncology Seventh Edition. E Halperin, D Wazer. — Philadelphia: Wolters
Kluwer Health/Lippincott Williams & Wilkins, pp 2069, (2018). \

[3] Grigorieva A. A. et al. Applicability of 3D-Printed Polymer Compensators
for Modulated Electron Radiotherapy (MERT) // Biomedical Engineering. —
2021. —T. 54.— Ne. 5. —C. 337-341.

[4] RA. Canters, IM. Lips, M. Wendling, M. Kusters, M. van Zeeland, RM.
Gerritsen, P. Poortmans, CG. Verhoef. Clinical implementation of 3D printing
in the construction of patient specific bolus for electron beam radiotherapy for
non-melanoma skin cancer, pp148-153, (2016).

[5] Geant4 [Electronic resource]. - Access mode:
https://geant4.web.cern.ch/node/1.
[6] Novac 11 [Electronic resource]. - Access mode:

http://medphys.amphr.ru/_private/DB/65_19.pdf
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Despite the improvement of radiotherapy (RT) methods, the prob-
lems of recurrence, secondary tumors and radioresistance to treatment
still remain relevant and far from being resolved. In this regard, an ac-
tive search for new ways to solve these problems continues, including
the use of proton therapy (PT). One of the ways to successfully destroy
tumors is to use very high single doses of radiation. In conventional RT,
such doses are impossible or cause undesirable complications to sur-
rounding normal tissue. Modern high-precision irradiation technologies
in PT present new research possibilities for investigating novel cancer
RT strategies.

In our work, we studied the effect of high-dose proton radiation on
Ehrlich ascites carcinoma (EAC) cells ex vivo and in vivo on early and
remote effects in tumor-bearing mice of the SHK line. Proton irradiation
was carried out at the synchrotron complex PT ‘Prometheus’ (PTC of
LPI, Protvino) at doses of 30 Gy, 60 Gy, and 80 Gy with a pencil scan-
ning beam in the Bragg peak. After irradiation of the suspension of asci-
tes EAC cells ex vivo with different doses, on the same day they were
injected intramuscularly into the hip of the left hind leg in mice. [1].
Another group of animals was first injected with unirradiated EAC cells
intramuscularly into the thigh to induce solid EAC, and on the 5th day
after inoculation the tumor was irradiated with protons in vivo [2]. After
irradiation, the frequency of induction and growth rate of solid tumors in
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mice, the duration of remission, and the regrowth tumor in the long term
were recorded.

In groups of mice inoculated with ex vivo irradiated ascites cells, tu-
mor appearance was observed 21 days after irradiation, and the delayed
onset of growth was independent of the irradiation dose. In the group of
mice in which tumors were irradiated in vivo at a dose of 30 Gy, the first
tumors were palpated on the 14th day, with irradiation at 60 Gy - on the
21st day, and with a dose of 80 Gy - on the 35th day. After a month in
the groups, when cells were irradiated ex vivo at a dose of 30 Gy 60% of
mice had tumors, and after irradiation of solid tumors at a dose of 30 Gy
in vivo - 100%. The frequency of tumor induction did not differ between
in vivo and ex vivo irradiation at a dose of 60 Gy, and at a dose of 80 Gy
ex vivo tumors occurred in 25% of mice as opposed to in vivo where
tumors occurred in 10%. The growth rate of EAC irradiated ex vivo and
in vivo did not depend on either the dose or irradiation conditions, but in
all groups these indicators differed from those in the control. 5 months
after irradiation of ascites cells at a dose of 30 Gy, tumors were induced
in 80% of mice and after irradiation of solid tumors in 100%; 60 Gy ex
vivo - 50% and in vivo - 60%; and at a dose of 80 Gy ex vivo, the fre-
guency of tumor induction were in 45% of animals and 60% after in
vivo irradiation.

The data obtained are discussed from the point of view of the influ-
ence of ex vivo irradiation conditions, tumor microenvironment and the
immune status of animals on the radiosensitivity of tumor cells.

[1] V.E. Balakin, O.M. Rozanova, E.N. Smirnova, et al, Growth induc-
tion of solid Ehrlich ascitic carcinoma in mice after proton irradiation of
tumor cells ex vivo, Doklady rossiiskoi akademii nauk. Nauki o zhizni,
vol. 511, pp. 360-364, (2023).

[2] T.A. Belyakova, V.E. Balakin, O.M. Rozanova, et al, The impact of
target volumes of Ehrlich ascites carcinoma irradiated with a pencil
scanning beam of protons at a total dose of 60 Gy on the tumor growth
and remote effects in mice, RAD Conf. Proc., vol. 4, pp. 23-27, (2020).
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Boron neutron capture therapy is a perspective selective technology
for the destruction of cancer cells, while the use of lithium instead of
boron may represent a new and promising vector for the development of
neutron capture therapy (NCT), however, data on the possibilities of
lithium accumulation in tumor cells are limited to single studies [1, 2].

The aim of this work was to compare the cytotoxicity of boron-
containing drugs and various lithium salts, as well as the accumulation
of boron and lithium in tumor cells in vitro.

Cell cultures BJ-5ta (human fibroblasts), SK-Mel-28 (human skin
melanoma) and B16 (mouse skin melanoma) were used in the experi-
ment. Boronophenylalanine (BPA) and sodium borocaptate (BSH) are
boron delivery agents, which are certified and used in clinical studies,
were tested in subsequent investigation as well as lithium salts: lithium
carbonate, lithium citrate and lithium chloride. The cytotoxicity of the
drugs was determined using MTT-test. The colony-forming assay was
used to evaluate the effect of lithium salts on proliferation capacity of
cell cultures. The boron and lithium concentration was measured by in-
ductively coupled plasma atomic emission spectrometry (ICP AES).

Cytotoxic effect was observed when incubated with boron-
containing drugs in concentrations of boron higher than 160 pg/ml what
correlates with literature data. The cytotoxicity of lithium salts was ob-
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served in lithium concentrations of 160 pg/ml and more, thus lithium
salts can be safety used in lithium concentrations minimally required for
successful NCT.

The maximum boron concentration was 0.29 ug/10° cells when SK-
Mel-28 and B16 cells were incubated with boronophenylalanine. The
highest concentration of lithium was found when the B16 culture was
incubated with lithium carbonate and was 0.79 pg/10° cells, which is
more than 2 times higher than the boron concentration.

The investigation revealed that non-toxic doses of boron and lithium-
containing drugs lead to significantly higher uptake of lithium by tumor
cells compared to boron, what indicates the possibility to use the lithium
in neutron capture therapy.

Acknowledgments: The study was supported by the grant from the
Russian Science Foundation (project No. 19-72-30005).
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Today, solid-state lasers, along with other types of lasers, form the
basis of photonics - the modern field of generation and conversion of
electromagnetic radiation, the quanta of which are photons.

A promising area of using solid-state laser radiation is laser ablation
of materials in liquid, which is used to form nano-sized materials [1].
Nanomaterials based on certain metals (for example, silver, gold, etc.)
have a number of unique combinations of new physical and chemical
properties [2]. Copper nanoparticles are of particular interest today. In
particular, their use is relevant in medicine and biochemistry [3-4], in
the production of conductive films, the creation of bactericidal agents
and nonlinear devices. When using this method, chemically pure sub-
stances are formed in a short time, which can be ready for further use
[5]. In this regard, improving the process of forming copper nanoparti-
cles with various laser parameters, including smaller sizes, by laser abla-
tion of the material in a liquid is relevant.

The paper examines the process of laser ablation of a copper target in
a liquid by repetitively pulsed radiation from a Cr3*:BeAl,Os-laser. To
carry out this process, the laser generation wavelength was tuned to 740

nm. The radiation wavelength was adjusted using a dispersion prism
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used as part of a plane-parallel resonator. It has been shown that when a
target is exposed to a microsecond laser pulse consisting of a train of
short pulses, copper nanoparticles of various sizes are formed.

As a result of laser exposure, a one-component colloidal solution of
copper nanoparticles with an average size of about 129 nm was formed.
Particle size was determined using a laser particle size analyzer.

In this work, we experimentally demonstrated the possibility of
forming copper nanoparticles with an average size of 129 nm by abla-
tion of a copper target in a liquid by pulsed-periodic radiation from a
Cr¥:BeAl,Os-laser with a wavelength of 740 nm. The energy density of
the acting radiation train was about 47 J/cm2. To implement this mode
of radiation generation, a dispersive prism is included in the resonator of
the previously developed Cr**:BeAl,Os-laser. Thus, the work imple-
mented a laser ablation mode of a copper target in a liquid, in which
nanoparticles with an average size of 129 nm are formed. It has been
established that exposure of the target to radiation with a shorter wave-
length, commensurate with the energy density of the train and similar
spatial parameters leads to a decrease in the average size of synthesized
nanoparticles.

The research was carried out at the expense of the Russian Science
Foundation grant No. 22-22-20092 (https://rscf.ru/project/22-22-20092).
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Proton-beam therapy requires the knowledge of radiation dose
distribution in the region of Bragg's peak. Direct dose measurements is
possible with the image plates inserted into fantom. However,
commercially available ones are based on BaFBr:Eu [1] which is not
tissue-equivalent, so absorbed low-energy radiation produces larger
effect in this material than it does in human tissue. The radiation field in
the region of Bragg's peak contains components of different energies
and qualities, hence, a tissue-equivalent storage luminophor is required
for image plate. MgB.O+-based luminophors are good candidates for
tissue-equivalent image plates. However, the most popular dose readout
by heating the detector is not convenient for image plates, with optically
stimulated readout being much more adequate.

The results obtaned previously [2] concerned MgBsO7:Dy?*
which is not suitable for optical readout as the stimulating light releases
electrons instead of holes. Moreover, only those rare-earth dopants are
applicable which enter MgB4O- crystal lattice in the 3+ charge state.
Only Ce, Th, and Pr can be found in MgB4O- in the 3+ charge state.
Present study demonstrates the possibility to use MgB.O7:Tb** for
production of tissue-equivalent image plates. Indeed, the
photoluminescence spectrum (measured before exposure the sample to
ionizing radiation) obviously belongs to Th*" (fig. 1).
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Figure 1. Emission spectrum of MgB.O7:Tb* at 4., = 350 nm

The luminescence of Th* is observed also at cathode-ray
excitation and at thermally and optically stimulated readout.

The next step towards production of tissue-equivalent image
plates is to obtain a non-hygroscopic powder material with proper
distribution of microcrystal sizes.

[1] E. L. Pal’chikov et al., Experimental study of a BaFBr:Eu image plate de-

tector depending on dose, spectrum of pulse X-ray source, and scan number,
Journal of Surface Investigation. X-ray, Synchrotron and Neutron Techniques,
V. 4, P. 622-629, 2010.

[2] M. A. 3axapuyk u ap., O IpUMEHUMOCTH MaTepualioB Ha OCHOBE TeTpado-
paTa MarHus AJsl CAUTBIBAHUS JJO30BOHW MH(MOPMAIMH TPH ONTHYECKON CTHMY-
JSIIMY, Amnmaparypa ¥ HOBOCTH PaJMallMOHHBIX m3mepenuit, V. 3, P. 45-55,
2023.

101



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
LAPARASCOPIC GAMMA PROBE BASED ON GAGG
SCINTILLATION CRYSTAL COUPLED TO SIPM

A. Zhurkina!, D. Bondarenko?, F. Dubinin3, N. Boyko'?,
K. Vorobev!

! Moscow Engineering Physics Institute National Research Nuclear University,
Moscow, 115409 Russia
2 National Research Centre “Kurchatov Institute”, Moscow, Russia 12318
3 P.N. Lebedev Institute of Physics, 53, Leninskiy prospect, Moscow, Russia
anastasiia.zhurkina@cern.ch

In our previous report [1] we described an intraoperative gamma probe
as a powerful device for sentinel nodes search and diagnostics in breast
cancer. This paper presents a gamma probe based on a recently devel-
oped scintillator GAGG (Gds:Al,Gas012) coupled to silicon photomulti-
plier (SiPM). The detector is taken out of the devise with long flexible
cable allowing to use the probe in laparoscopy. The main advantages of
GAGG are high light yield and absence of self-radioactivity so GAGG
appears a good alternative to LYSO and LaBr;(Ce). In this work, we
present measurements of coordinate resolution and long cable signal
attenuation. Figure 1 presents laparascopic gamma probe used is this
work.

To measure the coordinate resolution, the Co-57 source (122 keV, 136
keV) was used. The source was placed in 30 mm from the detector. The
detector was placed inside the lead collimator with 3 mm window
(Fig. 2) Coordinate resolution of the detector was measured to be
12,2 £ 0,9 mm (Fig. 3). This value corresponds the ones measured with

other known gamma probes. Optimization of this value as well as probe
sensitivity will be done in future studies.

Measurements of signal attenuation with long cable was performed by
measuring of Am-241 source 59.5 keV peak position for different cable
lengths. Signal attenuation depending on cable length was measured
with Cs-137 source. The value was estimated to be 2%/m. The low sig-
nal attenuation combined with good energy resolution (< 30% @ 140
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keV) allows the device to be used with cables of different length up to 5
meters without threshold adjustment.

- n/

Collimator

Scintillator

—1 SiPM

Source

Fig. 1. Detector overview.

Fig. 2. Principal scheme of setup.
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Fig. 3. Rate versus source position.
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[IpoToHHOE 00dy4YeHHE paka JErKUX MOKET MHUHUMH3HPOBATDH
J103y, TIPUXOJIAIILYIOCS Ha 340poBbie TKaHM [1]. OnTtumansHOe o0myde-
HHUE NPEAMNOJaraeT yyeT HECKOJBKUX HMCTOYHHUKOB HEONPEAEICHHOCTH,
TaKuX Kak apTe(akThl BU3yalu3aluu (HampuMep, 3-3a METAUIMIeCKUX
UMIUTaHTATOB), JIBI)KEHHE OPraHOB, M aHATOMHYECKUE 0COOeHHOCTH [2].
OpHoii u3 mpobseM TOYHOro JieueHHs! OOJBHBIX PAKOM JIETKHX SIBISIETCS
JBIDKEHHE, KOTOPOE MOKET BBI3BATH 3HAYMTENbHBIC OLIMOKH MPU BHU3Y-
anu3alMi M pacripeiesicHHH J103bl npu oOnydeHuu [3]. DT omuOKu
MOTYT NPUBECTH K TakuM NpoOieMaM, KaKk HeJOCTaTO4YHOE O0JIydeHHe
OIyXOJI WJIM 4Ype3MepHoe oOiydeHue cepiua (WM APYIHX YyBCTBHU-
TEJILHBIX OPraHOB), YTO CEPbE3HO BIIMSACT HA KAYECTBO JICUCHHSI, OCIIOK-
HEHUSI TIOCJIC JICUCHUS] U Ha BBDKUBAEMOCTD TaieHToB [4]. s pere-
HUSI 3TUX Ipo0JIeM pa3pabaThIBarOTCs METOIbI KOHTPOJIS IBMXKEHUS TIPH
JIBIXaHUH, TIO3BOJISIIOIINE CO3JAaTh IUIaH JICYEHHS, MaKCUMAaJIbHO OINTH-
MH3HPOBAHHBIN ¢ yderoM aBwxkeHust [5]. OmHHM M3 BaXKHBIX IIAroB
craio ucnonb3oBanue mianupyromeit 4/IKT (deTpipexmepHas KOMITbIO-
TepHas ToMorpadus) Ul pacyeTa IUIaHa JICYCHHs, YCTOHYMBOTO K JIBU-
keunto. HeckoabpKo MccaemoBaHui MoKa3amy, 9To B gomoiaHenne Kk KT,
ucnonb3yemoit A miuanupoBanus, KJIIKT (koHycHO-Ty4eBass KOMIIbIO-
TepHasi ToMOrpadus) MOXKeT JaTh JONOJHUTEIbHBIC MPEUMYILECTBA 32
CYET 3HAYMTENBHOTO YMEHBIICHHs ONIMOOK W TOBBIIICHUS TOYHOCTH
JIy4€BOH TEpANUH.

B npexacraBnennoii pabote mccienoBaiach BO3MOKHOCTB ILIa-
HUPOBaHUS OOIy4EHUs OITyXOJel JIETKUX C aMIUIUTYIOW IBWKEHUs 00-

104


mailto:abdireymovm@gmail.ru

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

Jee 5 MM U OIIEHKa pacIpelesieHUs 035l B 3aBUCUMOCTH OT (a3bl IbI-
XaHUs MPU UCIIOJIb30BAHUU YETBHIPEXMEPHON KOMITBIOTEPHON TOMOIpa-
¢un (4DKT). CranpaptHas 3D-poOacTHasi OlleHKa HE YYUTHIBACT JBH-
keHue. J{TMHA yTH TPOTOHOB OYIET MEHSTHCS, KOTZa OITyXOJb JIBH-
JKETCSl YEPE3 JIETOYHYI0 TKaHb HU3KOM IJIOTHOCTH, a JJIMHA MYTH IIPO-
TOHOB TaKXe€ MOXET MEHATHCH, €CIHU OKPYXKAIOIINE aHAaTOMUYECKUE
CTPYKTYpBI IEpPEMELIAOTCS B Ipeaenax IMyTH Jyda IpU JbIXaHUW;
HampuMep, quadparma uitd IBmkeHne cepana. [loatomy menso paboTe
Obla OIlCHKA KavecTBa IUIAHUPOBAaHUSA OOJYYCHUS B 3aBHCHUMOCTH OT
[IUKJIA TBIXaHUS ¥ BO3MOXKHOCTH OOJY4EeHHUS Ha CBOOOHBIM JBIXaHUH.
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PaccmoTpena npobnema kinaccuukanuy JISHKOIIMTOB Ha H300paxe-
HUSIX Ma3KOB KOCTHOTO MO3ra Jjisl aBTOMAaTU3UPOBAHHOW JHArHOCTHUKU
3a00JIeBaHUi cUCTeMBbl KpoBeTBOpeHUs. [Ipeanoxen cnocod pemieHus
3a/1a4¥l KIACCU(PHUKAINN CMEXHBIX JIEMKOIUTOB HA M300PAKEHUAX Ma3-
KOB KOCTHOTO MO3ra. MeToJ OCHOBaH Ha KiacCH()HMKAINU JEHKOIIUTOB
MeTosoM K-cpemHuX mocie BBHINMONHEHHs aITOpUTMa BOJAOpaszena ¢
anropuTMOM TIpeoOpa3oBaHHs paccTosiHHA. lcciienoBaHue KOCTHOTO
MO3ra HEOOXOAMMO TPH IMOJO3PEHUN Ha OCTPBIN Jieiiko3. CyOheKTHB-
HOCTb U CJIO)KHOCTH HCCIJIEJIOBAHHS, a TaKKe BpeMs, 3aTpayMBaeMoe Ha
HETO CIEIHMAINCTOM, JIJIAI0T aKTyallbHOH pa3paboTKy METOJIOB aBTOMa-
TH3aIlUU TPOIIECCOB aHajK3a KPOBU M KOCTHOTO Mo3ra [1].

MeToauka 3KCIEpUMEHTAJIBHOTO HCCIEIOBaHUS BKJIIOYaeT B cels
CJIEYIOIINE dTamnbl: cOOp M MOATOTOBKA MCXOJHBIX JIAHHBIX, W3BIeUe-
HUE siiep JEWKOIMTOB u3 M300pakeHui, 00yUueHne KiaccupukaTopa u
ero NpuMeHeHue. B kauecTBe MCXOIHBIX JAHHBIX OBLJIO HMCIIOJIb30BaHO
945 MUKpPOCKOIMYECKMX H300pakeHUi KJIETOK KocTHOro mosra. OOy-
yaromiasi BEIOOpKa, cocrosimas u3 650 aumdobdiacto, 400 rpaHyIoNH-
T0B, 500 muMdoruToB U 150 MOHOIUTOB, ObLIa B3sTa N3 MIOHXEHCKOMH
naboparopuu nevikemuu (MLL).

[Ipennaraemast Mojenb 00pabOTKU M300paKEHHUH BKIIFOYAET B CeOs
CIIEIYIOIINE OCHOBHBIE STAIlbl: MPeIBAapUTENbHYI0 00pabOTKy, cerMeH-
TaIuoo, OOHApyKEeHHE TPU3HAKOB H Kiaccudukanuio sueek. Cermenra-
[UsI BKJIFOYAET B ce0si TIOMCK TOPOTrOBOTO 3HAYCHHS IO THCTOIpamMMe
APKOCTH M300pakeHHs, OWHapu3auuioo, QUILTPALUIO apTe]aKToB,
oTpeJie/ieHHe OJHOCBS3HBIX 00JacTei, pa3/eleHHe CMEXHBIX SUEeK.
IIpomecc cermeHTaMy HATIISITHO MIPEICTABICH Ha PUCYHKE 1.
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Puc.1. Mnmoctpanus npoiiecca CErMEHTaIlMU COMTPUKACAIOIINXCS JIEHKOLIK-
TOB.

Ilocne paszneneHus MOJCYMTHIBAIOTCS MPU3HAKU JUIS BCEX OOHApY-
JKEHHBIX JIEUKOIMTOB. MCHONB3YIOTCA CIENYIOUINE XAPAKTEPUCTUKU:
IJIOLIAb, IEPUMETP, SACPHO-LUTOILIA3MATUYECKOE COOTHOLIEHUE, KO-
s duruerT Gopmbl, KOIDOUIMESHT 3aNOTHEHUS KPyTa, SPKOCTh ITUTO-
TUTa3MBl, SIPKOCTh sapa. Kiaccudukanus BBIONHSETCS HA OCHOBE Me-
tona knacrepuszanuu K-cpenuux. [Ipemnaraercs cnenyromas Moaudu-
Kalys: BHaYajie KIACCU(UKATOP TPEABAPUTENLHO 00ydaeTcss IyTeM
BBIYUCIIEHUSI CPEIHET0 3HAUYECHUS MPU3HAKOB SYEHKH NS 06leaIOH1eI‘/'I
BBIOOPKH.

Bo Bpems paboter anroputma K-cpemHUX BBIYHCISIOTCS yTOYHEH-
HBIE [IEHTPHI KIIACTEPOB M KIACCH(PHUIUPYIOTCS JIEUKOIUTEHI.

CoryiacHO TIPEAJIOKEHHOMY CIIOCO0Y PaclO3HABAHUS CMEKHBIX JICH-

KOITUTOB Ha M300paKEHUSX Ma3Ka KOCTHOTO MO3Ta IPH JUArHOCTHKE
OCTpOTO JIeHiK03a TOYHOCTH PAaCHO3HAaBaHUS JTUMQOOIACTOB, TPAHYIIO-
IIUTOB, MOHOIIUTOB, JMM(OIUTOB-ICUKOIIUTOB cocTaBisieT 78-89% B
3aBHCUMOCTH OT THIAa. PaccCMOTpEHHBIN MOIX0] MOXET ObITh P Qek-
TUBHO TIPUMEHEH IMPH Pa3pa0d0TKe CHCTEM IMOAJICPKKH MPUHATHS MEIH-
OUHCKHX peIHeHI/Iﬁ B I'éMaTOJIOTHH.
[1] Textural characteristics of bone marrow blast nucleus images with different
variants of acute lymphoblastic leukemia / V.G. Nikitaev, A. N. Pronichev, E.
V. Polyakov, A. V. Mozhenkova, N. N. Tupitsin, M. A. Frenkel. — Text : elec-
tronic // Journal of Physics: Conference Series. —2018. —Vol. 945. —-Ne 1. —P.
012008. (date of the application: 10.10.2021)
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KiroueBble ciioBa — MUKpopenbe(d NOBEPXHOCTH, KOMOMHAIIMOHHOE paccesi-
Hue cBeta, Komnosutsl IIDHIT+X06% Bi0.5 Sb1.5 Te3

AHHOTaLUA

Kak m3BecTHO, coennnHeHus Bi2Te3 u TBepusle pacTBOpPHI HA HX OCHOBE
HAaIlUTH TIPAaKTUYECKOEe NMPHUMEHEHUE B KaUECTBE TEPMOIIEKTPUUECKIX MaTepHa-
n0B. [l Oonee MIMPOKOTO HMCHOJB30BAHUS HEOOXOAMMO IMOBBIIICHHE TEPMO-
3MeKTpUUecKoil 3(h(HEeKTHBHOCTH, YTO OOBIYHO [OCTHIAETCS JIETHPOBAHHEM
9THX COCIMHEHHH WM MOJO0POM OIPEIEIICHHBIX COCTaBOB TBEPIBIX PacTBO-
poB. TeopeTnyeckue pacueThl MMOKA3bIBAIOT, YTO 3HAYUTEIBHOTO YBEIHMYCHUS
TEPMOAIIEKTPHYECKOH A(PPEKTUBHOCTH MOXKHO JOCTHYb HCIIOJIb30BAHUEM HH3-
KOpa3MEpHBIX CTPYKTYp (TOHKWE IUICHKH, HAHOHWUTH, HAHOKPHCTAJUIBI U T. II.)
Ha OCHOBE 3THX coeluHEeHUH. M3 pe3ynpTaToB TeopeTHdeckux [1] u skcmepu-
MEHTaJIBHBIX [2,3] UccleAoBaHUN CIEAyeT, YTO 3HAYUTEIHLHOTO IMOBBIIIEHHUS
3TOro Mapamerpa MOXHO JOCTHYb B HHU3KOPAa3MEPHBIX CTPYKTypax, HOJy4YeH-
HBIX U3 3THX MaTepHaJIOB PA3IMYHBIMU CIIOCOOAMU: HAIpUMeEp, B CBEPXpeEIeT-
Kax TBepAbix pactBopoB Bi2Te3—Sh2Te3 [1,2], B yibTPaTOHKHX IUICHKAX
Bi2Te3 u Bi2Se3, BeipaiieHHbIX Ha MO10KKaX GAAS METOIOM MOJIEKYJIISIPHO-
Jy4eBoi snuTakcuu [5], B ruieHkax Bi2Se3 Ha KpeMHUEBBIX MOJIOKKAX, MOITY-
YEHHBIX METOJIOM TePMHUYECKOr0 OCAKICHHUS M3 XMMHUUYEeCKoro pactsopa (poly-
ol method) [6], a Takxe B yJIbTPATOHKHX CIOHCTHIX Yelryiikax Bi2Te3 momy-
YEeHHBIX M3 00BEMHOT0 MOHOKPHCTAJJIa MEXaHUYECKHUM OTCIIaMBaHHEM I10]100-
HO ToJy4deHuto rpadena u3 rpagputa. Kpome Toro, B mocieanee BpeMs HHTEpeC
K BBIIICYKa3aHHBIM MaTepHajaM YCHIIMICS B CBS3M C TEM, YTO COCIMHEHUS
rpymmsl AVBVI npuaucisior K TONONIOTHYECKHM H30JIATOpaM. JTO — CpaB-
HHUTEJIbHO HEJIAaBHO OTKPBITHIA HOBBIN KJACC MAaTEPUAIIOB, MPOSBISIONUX M-
JJIEKTPUYECKHIE CBOMCTBA B 00beMe, B KOTOPBIX, OJHAKO HOCUTEH 3apsijia MO-
TyT CBOOOZHO NepeMemarsesi y noBepXHOcTH. C y4eToM BBIIIEN3JI0KEHHOTO
Hallel [eJbI0 SBISIIOCH MOJyYeHHe KOMIIO3UIIMOHHBIX MaTepHaIoB Ha OCHOBE
[I5B/1, monuduuuposanHoro tTeepabpiM pactsopom Bi0.5Sb1.5Te3, uccieno-
BaHMsl KOMOMHAIIMOHHOTO paccestHust cBeTa B kommosutax Bi0.5Sh1.5Te3 |, rue,
x=15; 20.

Criextpsl komOnHanmoHHOTO paccessHusa (KP) cBera mpoBoamiuce Ha Tpex-
MEPHOM KOH(OKaJIbHOM poMaHOBCKOM Mukpocnekrpomerpe Nanofinder 30
(Tokyo Instr.), navba BosHBI BO30YxaeHust A = 532 uMm. Paguyc ceuenwus, ma-
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JTAIOIIET0 Ha HAHO KOMIIO3MT JIA3EPHOTO JydYa, ObuT paBeH 4 MkM. MccnenoBa-
HUS IPOBOJIWIIACH B TEOMETPUH 0OPATHOTO paCcCEsHUSI.

F |
1 |
R
| Wyf&'rmhw |

: .J». A A

Puc.1. UccrenoBanus mukpopenbeda mosepxuoctr [IDHII+X06% Bi0.5 Sb1.5 Te3
(rme x= 15 n 20) xomno3uros B 2D, 3D macmtabax u ux rucTorpaMmma

208, 58, Ta,

Counts

ARG

v o 5)

Raman shift, cm”

a)

Puc 2. CriekTpsl KOMOMHAIMOHHOTO paccessHus cBeTa B komnosurax [IOHII+1506%
Bi0.5 Sb1.5 Te3 (a) u [I9HII+2006% Bi0.5 Sb1.5 Te3 (6)
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KiroueBsle cioBa — TBEp/AbIE pacTBOPHI, IPUMECHAs 30HA, TPOBOIM-
MOCTb, MATHUTOCONPOTHBIICHHE.

DJIEKTPONPOBOIHOCTE MOHOKpHcTaioB CuGaS; paHee uccienoBa-
nack B obmactu temmeparyp 80-300K. bruio mokazano, 4To B UCCIeno-
BAaHHOH 00JacTH TemImeparyp HaOI0JaeTCsl aKTHBALMOHHAS, MPHUMeEC-
Has (IpIpOYHAs) MPOBOJUMOCTh C dSHEprHel MOHM3alMell aKIeNnTopoB,
Bo3pacTatomias ot 5 M3B 1o 70 M3B ¢ yBenuueHneM BeTMYUHBI HaYajlb-
HOTO conpoTHBiIeHUs 00pa3uoB. KoHneHTpamus AbIpoK (a BMECTE ¢ TeM
W HavyallbHas BEJIMYMHA MPOBOJAMMOCTH) BO3pacTajia C IOBBIIICHUEM
TEeMIIepaTypbl OTXKUTa KpUCTAIUIOB. HaMu ObLTH TIpOBEICHBI HCCIIeA0Ba-
HUS DJIEKTPOIIPOBOIHOCTH MOHOKprcTaiuoB CuGaS; B mmupokoii o6ia-
ctu temnepatryp 5-300K c¢ nenbio BRIICHEHHS] MEXaHU3Ma MEPEHoca 3a-
PSIOB MIPH HU3KUX Temreparypax. [lomydeHHbIe 0Opa3ibpl HAMU ObLIH
HCCIIeI0BaHbl Ha peHTreHoBckoM audpakromerpe Bruker D8 Advance.
Ha pucynke | mnpuBeneHbl pe3ynbTaTbl HCCIEIOBAHMHA TUPpPAKLIUH
PEHTTCHOBCKHX JIy4dei, TOJOXKEeHHE peQIeKCOB XapakTepHBI IS
CuGaS..

(312)

(112)

10 20 30 40 50 60 70

20. deg

Puc.1. ludpaxinus peHTreHOBCKUX Jiydeid B MOHOKpucTamiax CuGaS?2
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Ha pucynke 2 mpuBefeH CHeKTp KOMOWHAIMOHHOTO PacCesHUs Ha
MOJYYEeHHBIX HaMU MOHOKpHcTamax CuGaS; npu KOMHATHOM TeMmepa-
type T~300K.
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Puc. 2 Ciektpsl KOMOMHAIIMOHHOTO paccessHuS B MOHOKpucTamiax CuGasSs.
Ha Brilamke npuBeeHbl MEHee HHTCHCUBHEIC TMHIN KP-akTHBHBIX (DOHOHOB

DNEeKTPOnpOBOIHOCTh MOHOKpHcTaoB CuGaS; nccieqoBana HaMu
B MIMPOKOH o0iactu Temmeparyp 5-300K
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Puc.3. TemneparypHasi 3aBUCHMOCTb yIEJIbHOTO COMTPOTUBIICHHSI B MOHOKPH-
crammrax CuGaS; (a), To ke B koopauHaTax Motra (b).
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KOJJIOUJIHASI CTABUJIBHOCTb HAHOYACTHII LuF; B
PA3JIMYHBIX YCJIOBUSIX MUKPOOKPY X KEHUS
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1Hncmumym meopemuueckou u skcnepumenmanvrou buogusuxu PAH, I1y-
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JIlydyeBasd Tepanus — OIMH U3 KIIFOYEBBIX METOJOB JICUEHUS] OHKOJIOTHH.
Jnst moBbimeHus 3QQPEKTUBHOCTH JTYYEBOW TEparid MOTYT OBITH HC-
MOJIH30BaHbl PaAHMOCEHCUOMIN3ATOPEI, B TOM YHUCIE HA OCHOBE pa3iny-
HBIX HAHOYACTULl, B TOM YHCJIE 30JI0Ta, TaJOJIMHUsI, BUCMYTAa U OKCUIOB
TSDKENBIX METAJIOB. PalnoceHCHOMIN3aTOphl MOBBIIIAIOT IPHEKTHB-
HOCTb JCHCTBUSL U CHIDKAIOT JIYYEBYIO HArpy3Ky Ha 3J0pPOBBIE KJIETKU.
OnHMM M3 MOJAXOJOB B CO3JaHUU NEPCIEKTUBHBIX CEHCHOMIN3aTOPOB
SIBIISIETCS. MCIIOJIb30BAHNE BEIIECTB, OOIAIAIONINX PaTUOTIOMUHECIICH-
uil. XOpoIInM KaHIUJaTOM Ha TaKO€ COEIWHEHHE MOXKET OBITh (TO-
pUA JTIOTENHsI, KOTOphIe 001alaeT BHIPAKEHHON PaTuOIIOMUHECIICHIIU-
eii. Hamu Oblia pa3paboTaHa cxema CHHTE3a HOBOIO THIIA HAHOYACTHII,
KOTOpBIE MOTYT HCIIOJIL30BaThCS B KAYECTBE PaJIMOCEHCHOMIN3aTopa 1
HoATBepKIeHA ero s¢dexkruBHocTs [1-3].
Mexay TeM aisi pa3paboTKu HOBOTO Tpernapara HeoOXoJuMo obecrie-
YUTh €r0 KOJUIOUJIHYIO CTa0MILHOCTh, B TOM YHCJIE B YCIOBUSAX OMOJIO-
TUYECKOT0 MUKPOOKpYkeHHsl. Ha mpoTsskeHun Mecsna METoI0M JUHA-
MHMUYECKOTO CBETOPACCESHUS OIEHWBAIM THAPOJUHAMUYECKUNA AUAMETP
HanovacTull LUF3 B paznuunbIX cpenax, Takux kak (ocdarHo-coneBoit
Oydep, newoHu3oBaHHAs BONA, (PUIUOJIOTHYECKUH PACTBOP, KYJIBTY-
pamsHast cpena DMEM/F12 u DMEM/F12 ¢ 10% ¢ertanpHOM Teasubeit
CBIBOPOTKH.
ITo pesymbraTam mM3MepeHH BHIHO, YTO HaHO4YacTHIbl LUF3 Bo Bcex
cpenax, kpome DMEM/F12 ¢ 10% FBS arperupyrot, 3Ha4uTEIILHO YBe-
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JTUYUBas 3HAYEHUE THAPOAWMHAMHYECKOTO JUAaMETpa HAHOYACTHII. DTO
CBSI3aHO C Pa3iW4yUsIMHU B XMMHYECKOM COCTaBE U CBOMCTBAaX pacTBOPHU-
Tensl. BBlubs CHIBOPOTKA COACPKHUT MHOXKECTBO OENKOB (IIpeuMylie-
CTBEHHO alTbOYMHWH) M APYTUX OPTaHUYECKUX MOJEKYJ, KOTOPBIE MOTYT
00pa30BBIBaTh CTAOMIILHBIE KOMIUICKCHI C HAHOYACTHIIAMU M TPEAOT-
BpalllaTh WX arperamui, 00ecreunBas Mpolecc KOHTPOIUPYEMO OIICO-
Huzauuu. BonHas cpena, cogepskaniasi BRICOKYH0 KOHIIEHTPALU0 HOHOB,
HAIIPOTHUB, IPUBOIUT K IOBBIIICHUIO CTEIICHH arperalii HAaHOYACTHII.

Tabnuma 1. AHanu3 CeqUMEHTAIMOHHON YCTOWYMBOCTH HAHOYACTHII
¢dropuna morerus (LUF3)

Z-cpeaHee Z-cpeaHee = Z-cpenHee Z-cpeaHee Z-cpeaHee
(d.nm) (d.nm) (d.nm) (d.nm) (d.nm)
Ha3BaHHe/ LuFs+ LuFs+ LuFs+ LuFs+ LuFs+
CYTKH OUTPaT OUTPaT HUTpaT HUTpaT HUTpaT
B PBS B mQ B ¢u3. p-pe B B DMEM/F12
DMEM/F12 10% FBS
0 neHp 3477 452,52 437,04 850,4 310,52
7 neHb 491,11 416,21 550,74 1231,82 369,11
14 nenn 575,97 344,44 531,000 1107,26 392,4
21 nenn 628,34 322,04 623,88 1072,37 408,7

HanouacTuisl ¢ropraa JOTENHs UMEIOT BHICOKYI0 OMOCOBMECTUMOCTh
U TEPCHEKTHUBHBI B Ka4eCTBE DPaJMOCCHCUOMIM3AaTOpa 3a CUET CBOUX
(bU3NKO-XHMHUUECKUX CBOMCTB. Bhicokoe conepxanne OEIKOB B MUKPO-
OKpY>KEHHH HAHOYACTHI 00ecreuMBaeT UX CTAOMIM3AaLMI0 U MPEAOT-
BpallaeT Mx arperaiyio BO BpEMEHH.

Paboma ewinoanena npu noodepoicke epanma PH® Ne 22-73-10231
«Paspabomka Ho6020 Klacca mMepaHOCMUYECKUX A2eHmo8 HA OCHO8E
DYHKYUOHANBHBIX HAHOMAMEPUANO08 051 AOPOHHOU MEPAnUU».

[1] 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.
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e-mail: milena.detkova@mail.ru

B smoxy OBICTpOro pa3BUTHsI MEAUIMHCKUX TEXHOJOTHM, pEerucTpa-
sl PEHTTEHOBCKUX TOMOTpaUYecKux M300pakKeHUH WIpaeT Kioye-
BYIO POJIb B 00€CIIEYeHNH TOYHOCTH U 3 (EKTUBHOCTH JUCTAHIIMOHHOMN
JaydeBoi Tepanuu [1]. DTo MccienoBaHUe MOCBAIICHO H3YUYCHHIO U aHa-
U3y Pa3IMYHBIX METOAOB PETUCTPAIMU M300paKEHUH B KOHTEKCTE MX
MPUMEHEHUS B JUCTAHIIMOHHOH JIy4eBOU Tepanuu.

Perucrpanust (mim coBMEIIEHHE) PEHTICHOBCKUX H300paXeHUIl B
3ajjauax JIydeBOW TEpaniH TO3BOJISIET MOBBICHTH TOYHOCTh MO3HITUOHH-
pPOBaHMs MAalMEHTa OTHOCHUTEIBbHO ammapara, 4To B HUTOTe BEIET K
YMEHBIICHHUIO BO3JICHCTBUE N3TYYECHUS HA 310POBBIC TKaHH.

B AO «<HUUT®A» pa3pabaTbiBalOTCsl pa3iduHbIe KOMILICKCHI M-
CTaHIIMOHHOW JTy4eBOW Tepamuu, B KOTOPHIX pealn30BaHa PEHTI'CHOB-
cKas Bu3zyanuzauus [2].

B xozne paboTel ObUIM M3ydYeHBI W TMPOAHATU3IUPOBAHBI PA3INIHBIC
METO/IbI PETUCTPAIIMN PEHTIEHOBCKUX H300pakeHuid. CyiiecTByeT MHO-
ro pasHbIX BHJOB (YHKIHMH CXOACTBa M INpeoOpa3oBaHHsA, KOTOpPHIE
MMEIOT CBOM NPEUMYIIECTBA U HEJOCTATKU B 3aBUCHMOCTH OT 3a/1a4d U
JIAHHBIX.

Bribop moaxopsiiero MeToaa SBISETCS KIIOYEBBIM (DPAaKTOPOM JUIS
YCIIEHIHOM perucTpauuy n300pakeHUH.

B pamkax uccrenoBaTenbCKoi pabOThl OBUIM MPOaHATW3UPOBAHEI
(GYHKIMU CXOJCTBA M CIOCOOBI onTuMu3anuu. OmpeieneHbl MpeuMy-
IECTBA U HEJOCTATKU PAa3IMYHBIX METOIOB.

HanpHeiiimas paboTa HampaBjieHa HA MOMCK PELICHUH 1O ONTHMHU3a-
UK (PyHKIMU CXOJCTBA, MOBBIIICHUIO TOYHOCTH COBMEIEHUs U300pa-
JKEHUH ¥ COKpAILlCHUH BPEMEHH PacdETOB.
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INPEITAPATAX KPOBHU B MOHOCJIOE
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[IpuMeHeHrne METOMIOB W CpeacTB mudpoBoii 00pabOTKU M300-
paKEHUH ISl aHANM3a SAPOCOJEPKAIMUX KIIETOK MPEACTaBISET 3HAYH-
TEJIbHBI MHTEPEC U SIBISAETCA aKTyalbHOH 3a/1a4ueH.

Ha mpoTsbkeHnn Bcelk MCTOPUM MHUKPOCKOIUH J1a0OpaTOpHBIE
WCCIIEIOBAHUS MPOBOJAUINCH MPEUMYIIIECTBEHHO BPYYHYIO C BU3yallb-
HOW OIIEHKON Ka4eCTBEHHBIX W KOJMYECTBEHHBIX MapameTpoB. 11ogo0-
Has METOAMKA JUArHOCTUKH 00JalaeT BBICOKOW TPYIOEMKOCTHIO, a
Takke TpeOyeT KpailHe BBHICOKOW KBAIM(MKAIMK Bpada KIMHUYECKON
1abopaTopHOi auarHoCTUKU [1-3]. MHOTOYHCIICHHBIC HCCIIETOBAHHS
MOKA3bIBAIOT, YTO KJIETKH KPOBHM HMMEIOT BBICOKYIO BapHUaTHUBHOCTH U
BBICOKYIO €CTECTBEHHYIO U3MEHUUBOCTD [4].

Takass xmaccupuKkanus SBIAETCS HEOAHO3HAYHOH, T.K. JUIS
KJIaccu(UKaIMd HEOOXO0IUMO MPUHUMATh BO BHUMAaHHUE OJIHOBPEMEHHO
uBeT, GopMy, TEKCTYpy U pa3Mepbl Ki1eToK. CTOUT OTMETHTh BaXKHOCTD
mosIcY€Ta KOJMYECTBA U MPOIEHTHOE CONEP’KaHUE PAa3HBIX THIIOB KIle-
TOK B TIpernapare.

[IpuHMMaeTcs MHOXECTBO MOMBITOK aBTOMAaTH3MPOBATH Jes-
TEJIBHOCTh J1a0OpaHTa C LEJbI0 YINPOCTHTh U YCKOPUTH AWATHOCTUKY
neiiko30B. [ pemieHus mocTaBieHHOH 3aja4d ObUIM CO3AaHBI KOM-
TUIEKCHl aBTOMATH3UPOBAHHONW MHKPOCKONHH (KOMITBIOTEPHAS MHUKPO-
ckonusi). Co3maHue moI00HBIX KOMIUIEKCOB TPeOyeT peleHne 00JIbIIo-
ro 4Yuclia pasHOOOpPa3HBIX 3ajay. ajJrOPUTMUYECKUE, MaTeMaTHYECKHUE,
MIPOrpaMMHBIE, METOIUKO-TEXHUUECKHE.

Bomnpoch! pacriozHaBaHust U300pakeHUH SAPOCOEPIKAIINX KTe-
TOK OTpaXeHBI B Pa0dOTax KakK OTEUECTBEHHBIX, TaK M 3apyOEKHBIX HC-
cnenoBateneil. B psge uccnenoBaHMi OTMEUEHO, YTO PYTUHHOE HC-

IIOJIB30BaHUE almapaTHO-IIPOrpaMMHBLIX KOMIIIIEKCOB aBTOMATHU3HUPO-
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BAaHHOI MMKPOCKOIMH IPUBOIUT K IpoOieMaM KauecTBa 3aIlMChIBac-
MBIX W300paXCHUH W CHIDKEHHIO YyBCTBUTEIBHOCTH CKPHUHHUHTA IO
CpPaBHEHHMIO C OOBIYHBIM BH3yaJbHBIM aHAJIM30M; OTMEUYaeTCs 3Hauu-
TeJIbHAsI HEXBaTKa CPEACTB aHAJIN3a N300paKEHUH, IPUTOAHBIX AJIS UC-
NOJIb30BaHUs B PYTHHHOM npakTuke [2-4]. BBumy pazHooOpasust pabot
B 00JacTH aBTOMAaTH3allMd MHUKPOCKOIUYECKOTO aHaln3a SApOCOACp-
JKaIUX KJIETOK M PeIlacMoro MMHU Kpyra 3a1ad HpoOJIeMON SIBIISETCS
CJIO’KHOCTh MOP(OIOTHH OOBEKTOB AJIsI aBTOMATUYECKUX aHAIN3aTOPOB
IIPEnapaToB KPOBU U KOCTHOI'O MO3Tra.

Heab padoTbl — aHAIK3 SAPOCOAEPKALIUX KIIETOK C IMpernapa-
TOB KPOBU B MOHOCJIO€ JUIsl KOMIIBIOTEPHBIX AHAIU3ATOPOB.

B unccnenoBaHuy nokasaH 3Tall MOJIY4YEHUS] TECTOBBIX JAHHBIX C
npenapaToB kKposu. st chOpMHUPOBAHHON BBIOOPKH MPOBEJCH MpEBa-
PHUTENbHBINA aHATN3 U300paKEHUH SIPOCOACPIKAIINX KIETOK ¢ Ipemnapa-
TOB KPOBH B MOHOCIIO€. B X0/1e HauanbpHOTO HCCiIeJOBaHHS MOA00paHbI
apXUTEKTYpBl HEHPOHHBIX CeTel M MPOBECHO MX 0OyUeHHEe Ha MpeBa-
puTenbHO coOpaHHOM BbIOOpKe. [lodydeHsl npeaBapuTeIbHBIE Pe3ylib-
TaThl 00y4YeHHs HEHPOHHBIX ceTell C pa3HBIMU NapamMeTpaMu Ha Ballu-
JAIIMOHHBIX JIAHHBIX W CHIEJIaHbl BBIBOJIBI O Ka4eCTBE OOHAPYKEHHS Kile-
TOK U JaJbHEHIEM pa3BUTUH PaOOTEHI.

[1] Menogsiit B.C., Bonkos I'.J1., Ctpena H.M., Tlepymkun U.B. Ananrtu-
pYIOLIHiA JTa0OpaTOPHBIH 00JMaYHBI KOMOAH MHKpocKomwd // MenuimHcKas
texHuka. 2021. Ne 1. C. 24-27.

[2] Honsixor E. B. CocTosiHME M MEPCIIEKTUBBI PA3BUTHS CUCTEM aBTOMATH3a-
IIUM CBETOBOM MMKPOCKOIIMH TIPH JUATHOCTHKE OCTPHIX Jieiiko3os / E. B. Ilo-
nsikoB // CHCTEeMHBIM aHaIW3 W yNpaBlieHHE B OMOMEIUIIMHCKHX CHCTEMax. —
2018. - T. 17.— Ne 2. — C. 407-420.

[3] CamopomoB A. B. buorexHHYeCKHE CHCTEMBI ABTOMATU3MPOBAHHOM MUK-
POCKOINHU IUTOJIOTHYECKUX TpenapaToB // MeaunuHckast Texauka. 2018, Ne 6.
C.17-19.

[4] Chaleckis R, Murakami I, Takada J, Kondoh H, Yanagida M. Individual
variability in human blood metabolites identifies age-related differences. Proc
Natl Acad Sci U S A. 2016 Apr 19;113(16):4252-9.
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MN3MEHEHHUE METPUKHU ROC AUC KJIACCUDOUKAIINN
PAKA JIETKUX C YMEHBIIEHUEM KOJIMYECTBA
KOMIBIOTEPHBIX TOMOI'PAMM

B.I.Edpemues’, H.I E¢pemues?, ILE.Terepun?, E.IL. Tetepun®,
A.A.Bonnapenxo®, E.C.Bazapayk®, A.H.Mopo3uxun?, I.M.CxopoGoray®

1 Hezasucumwiii uccnedosamenn, Mockea, P®
2 HUAY MU®H, Mockea, P®
3 KI'TA um.B.A. [leemapesa, Kospos, P®
4000 «MHUTAK-EBPOIIA», Mockea, P®
5 Jluyeii «Bmopas wxona um.B.®@.Osuunnuxosay, Mockea, PD
6 Major Clinic, Mockea, PD
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[To mannubM Ha 2022 roj, pak JErkuX - 3T0 HaHOOJIee YacTo BCTpEUaro-
muiics BUJ paka W OCHOBHas NMpu4MHA cMmepTu oT paka B CHIA [1].
AHajoruyHasi CHUTyallus XapakTepHa Ul APYTHUX Pa3BUTBIX CTpaH, B
TOM unciie u a1 PO. 3HaunTenbHOe CHUXKEHHUE 3TOH CMEPTHOCTH BO3-
MOYKHO TIpM MacIiTabHOM TPUMEHEHHH KOMIIBIOTEPHOW TOMOrpaduu
[2], uTo cymiecTBEHHO MOBBILIAET HATPY3KY Ha Bpayeil pEHTTCHOIOrOB 1
NPUBOJIUT K OOJBIIMM OIIMOKAaM IPHU AMArHOCTUKE JAHHOTO 3a0oJieBa-
HUSI. YMEHBIIUTD OTH OMIMOKH TTO3BOJISICT aBTOMATH3AIINS JTHArHOCTHKH
Ha OCHOBE HEHPOHHBIX CETeH, JUIsl XOpoIleil paboThl KOTOPHIX HE00XO-
nuMbl HagesxHble gataceTsl ([C). Co3manne Takux JC sSBISETCS CIIOXK-
HOW M J1oporocTosimell paboTol MHOTMX BBICOKOKBAIN(UIIMPOBAHHBIX
CHEIMAIMCTOB M TIOATOMY 3a/1ada OI[EHKH JI0CTaATOYHOTO MUHUMAJIEHOTO
konnuecTBa pazMeueHHbIX KT, sBasercs akTyansHoi. OTHUM U3 CaMBbIX
HanexHblx JC, npumeHseMblid a1 00y4eHUs] HEHPOHHBIX CETe mpH
IuarHoctuke paka jerkux sisisgercs LUNA16 [3], koTopslit comepxuT
888 xommprotepHbIx TOMOrpamMm (KT), cozmanusiit n3 JIC «Lung Image
Database Consortium image collection» (LIDC-IDRI). Kauectso JIC
LIDC-IDRI obycnoBieHo ydacTueM B €ro co3laHud HarmoHambHOro
nHcTuTyTa paka CIIA (NCI), ®onna HalMOHANBHBIX HHCTUTYTOB 3/1pa-
BooxpaneHusi CIIIA (FNIH) u moareep:kieHo YTpaBiieHHEM IO CaHU-
TapHOMY HaJ[30py 3a Kaue€CTBOM IHIIEBBIX MPOAYKTOB U MEAUKAMEHTOB
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CIIA (FDA). [Hostomy mist uccnemoanuii 0611 Beiopan JJC LUNALG.
[Tpeasapurensnas odpadotka KT Brimtoyana BEIOOp Juana3zoHa Mo miKa-
ne XayHchwuiboa, HOpPMAaIH3AlMI0, MPUMEHEHHUE MOPQOJIOTHISCKUX
NTOPUTMOB JUIS BBIICTICHHS MPU3HAKOB, HU3KOYACTOTHYIO (DHIBTpa-
U0, U3MCHEHUE DPa3MEPOB H300pPaKECHUN W ayrMEHTALUIO JTaHHBIX.
Hcnonw3oBanack HeliponHas ceth DenseNet, Mmerpuka kimaccudukanuu
ROC AUC. Hnsa ouenku BrnusHus konmdectBa KT Ha Bemmuuny ROC
AUC, n3 IC LUNA16 6 chopmupoBansl [IC, conepxamme 75%
KT otnocurensHo ucxoaunoro JIC, 50% u 25% coorsercTBeHHO. BakHo
OTMETHUTh, 4TO M3MeHsuIics pasmep [IC, mo KoTopoMy mpoxoauso ooy-
yeHue, a tectoBelii [IC Bcernga octaBajicsi HEM3MEHHBIM. Pe3ynbTaThl
npuBeneHsl B Tabmnuie. 1.
Tabmuna 1. 3ragerne ROC AUC nist He ayrMEeHTHPOBAaHHBIX H ayTMEHTHPO-
BaHHbIX JIC, copeprkamux pasnnuHoe konuyectBa KT

O6vem IC | 100% | 75% (Aug 75% | 50% |Aug 50% | 25% | Aug 259
ROC AUC | 0.88 | 0.87 0.88 0.86 0.87 0,82 | 0,83

Pe3ynbrarhl pacdeToB MOKa3bIBAIOT, YTO 0€3 ayrMEHTAllH C YMEHb-
menueM konudectBa KT, snauenuss ROC AUC ymensbmatorcs ¢ 0.88
npu o0ydenun Ha noaHoM JC no 0.82 npu oOyuennn Ha JIC Train_ 25.
[lpumenenue anroputMoB ayrmeHTauuu mno3Boisier Ha JC Train 75
komneHcupoBath yMeHsblienue 3HaueHust ROC AUC no 0.88, To ecth
BOCCTaHOBHUTH JI0 YPOBHS COOTBETCTBYIOIIEH BennyuHbI nojiHoro J(C.
Hns [C, copepxatero nonosuHy KT, nmpuMeHeHne ayrMeHTaluu He
ctoiib 3¢ dextuBHO U cpeanee 3HaueHue ROC AUC ynaeTcst OBBICHTh
TonbKo A0 BennuuHbl 0.87. Menee 3 dexkTuBHON oKkazanach ayrMeHTa-
st 1 JIC Train 25, 3aaverne ROC AUC He npeBBICHIIO BETUYHUHEI
0.83. Ilpu cobnroneHnH ycIOBUH MPEACTABUTEIBHOCTH BHIOOPKH, OIH-
CaHHBIE ANTOPUTMBI TO3BOJISIOT OLIEHUTh M3MEHEHHE METPUK KIIACCH-
¢duKanMy paka JIETKHX IPU Pa3IUuHBIX pasMepax ucroiaszyemoro JC u
OTIpesIeNIUThCs ¢ Heo0XoauMbIM KoirdecTBoM KT.

[1] Wang. L. Cancers 2022, 14, 5569

[2] Anton Schreuder A. et al. Translational Lung Cancer Research 2021;
10(5):2378-2388

[3] https://lunal6.grand-challenge.org/Data/
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CHUHTE3 HAHOUYACTHUII MATHETUTA IJIs UX
HEKOBAJIEHTHOM KOHBIOT AIIMU C AHTUTEJIAMHA K
®OJIMEBOM KUCJIOTE 11O JAHHBIM MATHUTOMETPHUHA

3oa010Ba M.O.,' OpJioB A.B.2, Hukurun ILHA. 2, 3noiiko C.J1.2,
Cunouaun A.B.23

! Mocrosckuii unoicenepno-gusuueckuii uncmumym (MUDH), Huoicenepho-
Guszuueckuit uncmumym duomeouyunst, Mockea, Poccus
2 Uncmumym obweii pusuxu um. A.M. Ilpoxoposa PAH, Mockea, Poccus
3 @I'VIT Dedepanvuviil yenmp no NPOEKMUPOSAHUIO U PAZSUMUIO 00BEKMOE
adepnoii meouyunvt PMBA Poccuu
E-mail: zolotovamaria333@gmail.com

MarHuTHbIE HAaHOYACTHIIBI CTAIM OOBEKTOM HCCIICOBaHUN B pas-
JIMYHBIX 00JIACTSIX, BKIIIOYAs IIPOMBIIIICHHOE, YKOJOTHIYECKOS U OHoMe-
JULIUHCKOE MpuMeHeHue HaHoyacTul] [1]. OHM mpocTble B MPOU3BOA-
CTBE U OTHOCUTEIBHO Hemoporue. MeTom COOCaXICHUS SBISETCS HO-
CTYIHBIM CIIOCOOOM TOJYYEHUS] HAHOYACTHII MArHeTHTa, a BO3MOXK-
HOCTh HACTPaWBaHUS CBOWCTB CHHTE3MPOBAHHBIX MAarHUTHBIX HAaHOYA-
CTHII TIO3BOJISIET MCIIOIB30BaTh UX B PA3IMYHBIX OMOMENIUIINHCKUX TIPH-
noxenusnx [2]. HanowacTuIlel MarHeTuTa MIMPOKO MPUMEHSIFOTCS B Mar-
HUTHO-PE30HAHCHON TOMOTpaduH, T/ie UCIOIB3YIOTCS B Ka4eCTBE KOH-
TPACTUPYIOIIETO BEMIECTBA JUIS JUATHOCTUKU OITyXOJIEH, JUIs JICUEeHUS
paka Ha OCHOBE THUIIOTEPMHHM W BOCHIAIUTEIbHBIX 3a00JIeBaHUH, B J0-
CTaBKe JIEKAPCTBEHHBIX CPENICTB, a TAKXKE MPHU pa3pabOTKE TECT-CUCTEM
[3-5]. Konsroraiusi HaHOUACTUI] MATHETHUTA C AHTUTEIAMHU K (OJTHEBOM
KHCJIOTE MOJXKET CIIOCOOCTBOBAaTh pPa3pa00TKE YYBCTBUTEIBHBIX TECT-
CHCTEM Ha OCHOBE MarHUTOMETPHUIECKUX METOJIOB.

B nanno#i paboTe ObUT MPOBEJEH CHHTE3 HAHOYACTHI[ MarHETHTA C
nomotieio ruaponusa FeCly u FeCls. Cuntes npoBoauscs B atMochepe
aproHa, B OTJIMYHE OT IPYTUX padoT, B KOTOPHIX B OCHOBHOM HCITOJIB30-
BaJICS B KQ4e€CTBE MHEPTHOT'O ra3a a3oT, a TAKXKE B JACTa3MPOBAHHOMN BO-
Jie, 9TOOBI N30eXaTh OKHCICHHUS MarHeTuTa. [Ipomecc MpoBoAMIN B OT-
CYTCTBUM CHJIBHBIX BHEIIHMX MArHUTHBIX MOJieH. JlekaHTaluio moiy-
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YEHHBIX YACTHIL[ OCYLIECTBIISUIM C MCIOJb30BaHMEM MarHuTa. Hanouya-
CTHIIBI MAarHETUTA OBUIM CTAOMIU3UPOBAHBI IUTPATOM HATPUSI.

B xone paboThl ObUTH MOTYYEeHBI HAHOYACTHIIEI MAarHeTUTa 0€3 MpH-
Meceil Ipyrux coennHEHHH jkene3a, (pa3oBhIii COCTaB OBLI YCTAaHOBIEH
pH OMOIIM peHTreHogdazoBoro ananmmsa. [lo popmyne leppepa Obut
paccuuTad pa3Mep KpUCTauiuToB - 12 HM. CHHTE3UpOBAaHHBIE HAHOYA-
CTULBI UMEIOT MMapaMarHUTHBIE CBOMCTBA, KOTOPHIE ONPEAEIsUIN C HC-
MOJIb30BaHUEM MarHUTOMeTpa. be3 crabwnm3anuu moisydeHHbIE HaHO-
YaCTHUIbI UIMEIOT IIMPOKOE PACIPEIeICHHE IO pa3MepaM U o00JanaroT (-
MOTEHITNAIOM, ONM3KUM K HeWTpamsHoMy. [Ipu Mmomgudukamm nutpar-
WOHaMH HaOmonaeTcst Oollee y3Koe paclipelelieHne Mo pa3Mepam |
YMEHBIIIEHUE pa3Mepa YacTHUIl, YTO FOBOPHUT 00 UX JearioMepalud H
YBEJIMYCHUM CHJI OTTAJIKMBAHUS MEXKIY dacTuriamu. [{urparcrabunusu-
POBaHHBIE KOMIUTIEKCHI 00JIaal0T OTPHULIATENBHBIM (-TIOTSHIIHATIOM.

[1] Fleming C.L. et al. Systematic and Bibliometric Analysis of Magnetite Na-
noparticles and Their Applications in (Biomedical) Research // Glob. Challeng-
es. 2023. Vol. 7, Ne 1.

[2] El Ghandoor H., et al. Synthesis and Some Physical Properties of Magnetite
(Fes04) Nanoparticles // Int. J. Electrochem. Sci. 2012. Vol. 7, Ne 6. P. 5734—
5745.

[3] Shipunova V.O. et al. MPQ-cytometry: A magnetism-based method for
quantification of nanoparticle-cell interactions // Nanoscale. Royal Society of
Chemistry, 2016. Vol. 8, No 25. P, 12764-12772.

[4] Namdeo M. et al. Magnetic nanoparticles for drug delivery applications // J.
Nanosci. Nanotechnol. 2008. Vol. 8, Ne 7. P. 3247-3271.

[5] Ganapathe L.S. et al. Magnetite (FesO4) nanoparticles in biomedical appli-
cation: From synthesis to surface functionalisation // Magnetochemistry. 2020.
Vol. 6, Ne 4. P. 1-35.
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MOMOUIBIO JTASEPHOI'O U3JIYYEHUA AJIs1
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Y @usuueckuii uncmumym umenu I1. H. Jlebedeea Poccuiickoti akademuu Hayx,

Mocxaa, Poccuiickas @edepayus
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B 0030pe npencTaBieHbl pa3indyHbIC MOJXOABI K MOTYYCHUIO HaHO-
CTpYKTyp Oopa METOAOM Ja3epHON abnsaluu B Pa3IUYHBIX CpeAax,
MPUMEHEHHBIC 3a TOCIICIHHE HECKOJBKO JEeCSITKOB JieT. Pa3BuTme na-
3epHBIX TEXHOJOTHA, IOMYCKAIONNX WCIONh30BAHAE CBEPXKOPOTKHX
MOIIHBIX Ja3epHBIX UMITYJIBCOB, & TaK)KE MOBBIIICHHE YPOBHS JOCTYII-
HOCTH OOOpyAOBaHUS HJsl JTAOOpPATOPHiA, TMO3BOJSIOT OCYIIECTBISATH
MPENU3HOHHYI0 00pa0OTKY TYrOIUIaBKHX MAaTEPUANOB C ITOMOIIBIO Jia-
3epHOrO M3nMydeHus. [Ipu ompeneneHHbIX MapaMeTpax MPOIYyKTOM Ta-
KO# 00pabOoTKU SBISAIOTCS CYOMUKPOHHBIE M HAaHOPa3MEpPHBIE CTPYKTY-
PBI pa3TUIHON MOPGOIOTHH, KOTOPHIE MIPEJCTABISIOT HHTEPEC B IIUPO-
KOM CIIEKTpe MPaKTUYeCKUX MpuMeHeHui. Llenpro mpencTaBieHHOTO
0030pa KCIIEPUMEHTAIBHBIX UCCIIEOBAaHUN METO/IOB MOJTY4YEeHUS HAHO-
CTPYKTyp O0pa sBISETCS KpaTKOe 03HAKOMIIEHHE YUTATEeNs C yKe Mpo-
BEJICHHBIMU WCCIICJIOBAHUSIMU B IAaHHOW O0JIACTH, a TaKXKe MOUCK OITH-
MaJILHOTO, HO HE HMCYEPIBIBAIOIIETO, AITOPUTMA TIONyuYeHHs HaHOYa-
cTull 6opa JUIst X AajdbHEHIIEro NPUMEHEHHS B SIIEPHON METUIIMHE.

Jns 0630pa ObUTH BHIOpaHBI HECKONIBKO cratel [1-8], omyOmukoBaH-
HBIX B TeueHune mocieaanx 20 JieT, B KOTOPBIX PacCMaTpUBAIOTCS pas3-
JIMYHBIC MOAXO0/BI K 00paboTKe O0opa ja3epHbIM U3ydeHHeM. KopoTko
XapaKTepUCTUKU HKCIIEPUMEHTAIBHBIX YCTAHOBOK IPEICTaBIEHBI B Ta0-
jmne 1.

Pabota BeImoHEHA TIpU (prHAHCOBOW TojAep)Kke MuHoOpHayku Poc-
cun B pamkax Cornamenust Ne 075-15-2021-1347.
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Tabmmma 1. XapakTepuCTUKH SKCIIEPIMEHTAIBHBIX YCTAHOBOK 0 00paboTke
MHIIeHeH 0opa Jla3epHbIM H3Ty4YeHHEeM
[Tapamerps! u3zny-
Ne Cpena, ycnoBus MurieHb YCHHS
Nd:YAG, 1064 um,
1[1] | Boznyx, HY B203, BN 5 He, 40 mJx
Aprou-Bogopox (95-5 | IlpeccoBannsiii B
%%), 300 Topp c mpo- | (99.99%, nopomrox Oxcumep, KrF, 248
2[2] | xaukoii 50 sccm Sigma Aldrich) nm, 34 He, 350 m/Ix
Nd:YAG, 355 um,
3[3] | Apron, 25 I1a IpeccoBannbiii B 5-7 ue, 250 mJIx
T'enmii, A3oT B paznmy-
HBIX MapIHaTbHBIX Musepaisl, coaep- Dxcumep ArF, 193
4[4] | cooTHOIICHHUSIX xarue B uM, 200 MJDxK,
Nd:YAG, 1064 um,
5[5] | Bo3oyx, HY B203, BN 4 uc, 50-100 m/Dx
B + H3BO3 + Ni, Co
(B KauecTBe KaTaJu-
3aropoB) Temmepa-
TypHbIid pexxuM 1125 | Nd:YAG, 532 uwM,
6[6] | Apron, 400 Topp -1250C 3.5Br
800 1M, 100 - 150
e, 1 mIx ¢ pazou-
€HHeM Ha 2 UM-
7[7] | Bakyywm (10e-5 Pa) Yucreie: B, Al myJbca
Nd:YAG laser (355
[TpeccoBannslii B HM, JUIUTEIIBHOCTh
(99.5% nopomrok 5-
Japan Pure Chemical 7 uc, yactora 10
8[8] | Ar, 20-300 ITa Co., Ltd.) ')

(1]

cc. 42-50, ¢es. 2014, doi: 10.1016/j.5ab.2013.12.001.

(2]

A. Sarkar, X. Mao, R. E. Russo, Spectrochim Acta Part B At Spectrosc, T. 92,

X. M. Meng, J. Q. Hu, Y. Jiang, C. S. Lee, S. T. Lee, Chem Phys Lett, t. 370,

BbIIL. 56, cc. 825-828, map. 2003, doi: 10.1016/S0009-2614(03)00202-1.
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[3] Z. Wang, Y. Shimizu, T. Sasaki, K. Kawaguchi, K. Kimura, N. Koshizaki,
Chem Phys Lett, 1. 368, Bom. 5-6, cc. 663-667, sus. 2003, doi: 10.1016/S0009-
2614(02)01964-4.

[4] L. Lin et al, Chem Geol, 1. 386, cc. 22-30, okr. 2014, doi:
10.1016/j.chemgeo.2014.08.001.
[5] X. Mao, A. A. Bol’Shakov, D. L. Perry, O. Sorkhabi, R. E. Russo, Spectro-

chim Acta Part B At Spectrosc, 1. 66, Bem. 8, cc. 604-609, asr. 2011, doi:
10.1016/j.sab.2011.06.007.

[6] Y. Zhang et al., Chem Phys Lett, . 385, Bbit. 3-4, cc. 177-183, ¢es. 2004,
doi: 10.1016/j.cplett.2003.12.052.

[7]1 F. Bourquard et al., Applied Surface Science, Elsevier B.V., cen. 2012, cc.
9374-9378. doi: 10.1016/j.apsusc.2011.09.075.
[8] Z. Wang et al., J Solid State Chem, T. 177, Bem. 4-5, cc. 1639-1645, anp.

2004, doi: 10.1016/j.jssc.2003.12.018.
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JIASEPHBIN CUHTE3 HAHOYACTHUI TAHTAJIA IJIsL
MYJIBTHMOI[AJII)HOFI TEPAHOCTHKH
OHKOJIOTMYECKUX 3ABOJIEBAHUN

A.H. Koznos!, M.C. CaBunos', C.M. K1umenTtos!
'Hayuonanvuwiii uccnedosamenvexuii ssoepuvtii yuusepcumen «MUDHy,

Mocksa, Poccutickas @edepayus
+7(916) 975-79-04, kozavrOO@mail.ru

Meramnnueckuit Tantan (Ta) wuMeeT psia IEHHBIX  (QU3HKO-
XUMHAYECKHX CBOICTB, a HUMEHHO CBEPXTYTOIJIABKOCTh
(Tmn = 3017 °(C),omuH ©3 caMbIX OOJBIIMX MOPSAKOBBIX HOMEPOB

cpenu CTa0MJIIBHBIX 3JIEMEHTOB [Tepuoguueckoi CHUCTEMBI
(Z{Ta) = 73), mWIacTHYHOCTH, JOCTATOYHO XOpOIIas MPOBOAUMOCTD,

BBICOKasi XUMHUecKasi HHepTHOCTH [1]. Ocobo ciemyer OTMETUTH BBICO-
Kyl0 OMOCOBMECTHMOCTh U OMOMHEPTHOCTh M3/ICNTUI Ha OCHOBE BBHICO-
KOYUCTOro Ta. DTW [1Ba CBOICTBA yXe€ JaBHO NPHUMEHSIOTCS B MeIU-
UHCKHUX TPUIOKEHHSIX, HATIPUMEP, B XUPYPrHU, OPTONEIUH U CTOMa-
tostoruu [1]. TlepeBon TaHTada B HAHOGOPMY CYIIECTBEHHO PACIIUPSCT
cdepy ero npuMeHeHus! B OMoMeANLIMHE, Jesiasi BO3MOXXHON TepaHOCTH-
Ky OHKOJIOTUYECKHX 3a00JieBaHMH, MOCKOJBKY JOCTATOYHAs MaJble
pasMepsl 4acTull MO3BOJISIOT UM d()(EKTUBHO MPOHUKATh BHYTPbH Kile-
TOK 4yepe3 KPOBOTOK M CEHCHOWJIN3UPOBATH C MX MOMOIIBIO Pa3zHOO0-
pasHble (pu3nUYecKHe BO3JCHCTBUS HAa OCHOBE BBILICTIEPEUHCICHHBIX
CBOJCTB.

[Mockonbky miist BBenieHus: B opranu3m HaHowacTuibl (HY) gomkHb
OBITH YJIBTPAYUCTBIMU, MEPCHEKTUBHBIMU Ui OMONIPUMEHEHUU SIBIIS-
IOTCSI METOJIbI CHHTE3a, N3HAYAIBLHO CIIOCOOHBIE YIOBIECTBOPHUThH BBICO-
KAM CTaHJapTaM 4UcTOTHl. OJHUM W3 TAKOBBIX SIBISETCS MUMITYJILCHAS
nazepHast abmsnus B xuakoctu (UJIIAX), yHukanbHbie XapaKTepUCTHKH
KOTOPOH MOJpOOHO onucansl B padote [2].

Bcé BhimeckazaHHoe 00YCIOBIUBACT OOJIBINYIO aKTYaJIbHOCTh HC-
CIIEZIOBAaHMsI CBOWCTB J1a3epHO-cuHTe3upoBaHHBIX HY MeTaminueckoro
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TaHTaja, HEOOXOIUMBIX IS TePAITiy M JHATHOCTHUKHA OHKOJIOTHICCKUX
3a00JICBaHUM.

Takum 00pa3oM, IENbI0 JaHHOH pa0OThI SIBISETCS (PEMTOCEKYH THBIN
JIa3epHBIM CHHTE3 HAHOYACTHI] METANIMYECKOTO TaHTalla B Pa3IUYHBIX
PACTBOPUTENIAX IJIs1 OIICHKU UX MPUMEHHUMOCTH B Kau€CTBE MYJIHTHUMO-
JIAaJTBHOTO areHTa AJisi TEPaHOCTUKHM PaKOBBIX omyxoijiei. B kauectBe
pacTtBopuTeneit asa cuaTre3a HU B 3TOM mccnenoBaHuu OBUTH paccMOT-
PEHBI aIlleTOHUTPIIL, TUMETII(POpPMaMHI, alleTOH U BOJA.

s peanmuzaiiuy 3TOM Lienu ObUIM 3allJIAHUPOBAHBI SKCIICPUMEHTHI
M0 OMPEJENICHUIO Pa3MEPHBIX XapaKTEPUCTHK, (POTO-TEPMHUECKOTO OT-
KJIMKa, PEHTT€HOKOHTPACTHBIX CBOMCTB U HUTOTOKCM4YHOCTH HY TanTa-
na.

HecmoTpst Ha HE3aBEPILIEHHOCTh JAHHOI'O MCCIEAOBAaHUA, YKE UMeE-
IOTCSI BaXKHBIE IPOMEXYTOUHbIE pe3yibTaThl. [IpoBeaeHHbIE 3KCHEpU-
MEHTHI Moka3zanu, 4to HY TaHTana, CHHTE3UpOBaHHEBIC B allCTOHUTPIIIC
U aleToHe, 00JIaal0T MPUEMJIEMBIMU JJIs1 OMOIIPUMEHEHUIN pa3MepHbI-
MU  pacHpefeNieHHSIMH TIpU  JIOCTaTOYHO WHTEHCHBHOM  (OTO-
TEPMHUYECKOM OTKJIMKE, YTO SIBISETCS KIFOUEBHIM UIsS d(h(EeKTHBHOMN
TUIEPTEPMUHN OIIyXOJIEBBIX TKaHEH. IIpu 3TOM MO COBOKYIIHOCTH IOJE3-
HBIX JUIsi OMOMenuuuHBI apametpoB HY, cuHTe3upoBaHHBIE METOIOM
tdemrocexkynnaoit MJIAXK B aneroHuTpmiie, mpeBOCXOAAT TAaKOBBIC LIS
HY, nonydeHHBIX TEM K€ METOJIOM MPH TEX K€ MapaMeTpax JIa3epHOro
u3nydeHuss B aneroHe. HY, cHHTe3WpOBaHHBIE B PACTBOPUTEISIX C
OoNBIIIM coOJlepiKaHUEM KHUciopojaa (auMerwidopmMaMuzie ¥ BOJE) TI0-
Ka3alld 3HAYUTEBHO XYIINE XapaKTePUCTUKH, YTO OCOOCHHO 3aMETHO
MIPOSIBIJIOCH TSI KOJIJIOMIHBIX PACTBOPOB HAa OCHOBE BOJBI KaK JKHIIKO-
CTU C CaMbIM BBICOKHUM COJEP)KaHHEM KHCIOpOAa CPeAu pacCMOTpPEH-
HEBIX.

1. Maccauro G. et al. An overview about biomedical applications of
micron and nano size tantalum //Recent patents on biotechnology. —
2009. - T. 3. — Ne. 3. — C. 157-165.

2. I'.H. Makapos. [IpuMeHeHne Na3epoB B HAHOTEXHOJIOTHH. TIOJTyICHUE HAHO-

YaCTHIl U HAHOCTPYKTYP METOJaMH Ja3epHOH aOJIsiUK U JIa3epHOH HaHOIMTO-
rpaduun. YOH, - 2013, - tom 183, - Ne7,- C.673-718.
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HUCCIEAOBAHME PAJIMOCEHCUBWIN3UPYIOIIUX
CBOHCTB DARPin-@OYHKIIUOHAJN3UPOBAHHBIX
HAHOYACTHUIL 30J10TA HA KJIETKAX JIUHUM SCOV3 U
BT 474 TIOCJIE OBJYUYEHUSA TYYKOM ITPOTOHOB
IN VITRO

L. Koamanosuu®, A.JL Ionos!, U.B. 3enenykun?, II.A. Koteabnukosa?,
HU.H. 3aBectoBekasn®, B.O. Cadypos®, C.M. Jlees’
Y Uncmumym meopemuueckoti u sxcnepumenmanviotl buogusuxu PAH,
Ilywuno, Poccus
2 Uuemumym 6uoopeanuyeckoti xumuu M.M. Ilemaxuna u FO.A. Osuunnuxosa
PAH, Mockea, Poccus
3 Qusuueckuil uncmumym umenu I1.H. Jlebedesa PAH, Mockea, Poccus
4 Meouyunckuii paduonozuyeckuii nayunvii yenmp umenu A.D. Lloiba —
¢unuan « HMUL] paouonocuuy Munsdpasa Poccuu, Obnunck, Poccus
e-mail: kdd100996@mail.ru

[IpoToHHas Tepamnus ABISIETCS OJHUM M3 HanOOJee MepCIIeKTHBHBIX
METOJIOB JICYEHHSI OHKOJOTHMUYECKUX 3a00JIeBaHUi. YHUKAJIbHBIE XapaK-
TEPUCTUKH MPOTOHHON TEpaIruu MO3BOJSIOT 00ECIEUNUTH LIETIEBYIO BBI-
TPY3KY 03I OOJYYeHHS B 30HE OITyXOJIEBOTO POCTA C BHICOKOW TOYHO-
cThi0. D(P(GEKTUBHOCTh TPOTOHHOW TEparuu MOXKET OBITh yIydIleHa
Onmaromaps COBMECTHOMY OOJYYEHHIO OIyXOJieH Iy4YKOM MPOTOHOB B
MPUCYTCTBHH PAJHOCEHCUOMIIN3aTOPOB Ha OCHOBE Pa3IMYHBIX HaHO-
(dhopMyIsAui, HanprUMep, HAHOYACTHUI] HA OCHOBE METAJUIOB C BEICOKHM
aTOMHBIM HOMEpOM, Hampumep, 30j0Ta. PaHHHME pabOTHl TPOJIEMOH-
cTpupoBaii 3(pQEeKTUBHOCTh HAHOYACTHUI] 30JI0TA JJISI TIOBBIICHUS d(-
(bexTUBHOCTH OOJIyuyeHHs NPOTOHHOHM Tepamuu [1, 2], 4TO OTKpHIBaeT
BO3MOJKHOCTB JIJISI CO3/IaHUSI HOBOTO PaJIMOCEHCHOMIN3ATOpa IS Tesieit
MPOTOHHOW Tepanuu. B paMkax AaHHOW PaOOTHI HAMH HCCIIEIOBaHBI
CEeHCHOMIM3HpYIOLIee NeHCTBIE HAaHOYACTHUI] 30J10Ta, (PyHKIMOHAIH3H-
POBaHHBIX TapreTHOU Monekyoi - DARPIN.

bruto mpoBeseHO HccIenoBaHHE MUTOTOKCHYECKHX M PaJUOCEHCH-
ounusupyomux cBoicTB Hanouactul; AU-DARPIN B koHIeHTpanusax
10, 25 u 50 MKr/mMi Ha KJIETKaxX ajeHOKapIIMHOMBI SUYHUKOB YeJIOBEKa
muann SCOV3 u kjIeTKax KaplIUHOMBI IMPOTOKOB MOJOYHOM IKEIIE3BI

127



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
yenoBeka tuHUN BT 474 mocne 00irydeHus Iy9KoM ITPOTOHOB B 103aX 2
u 4 I'p. Bce kieTouHble TMHUU KYJIBTHBHPOBAIKCH B MUTATENBHOM Cpe-
ne DMEM/F12 ¢ 10%-Mm no6asnerne (eTanbHON ObIUbeil CHIBOPOTKU B
COz-unky6arope npu t=37°C, 95%-i1 BaxkHOCTH U 5%-M coliepKaHneM
CO,. Obnyuenue xnerouHsx KyibTyp SCOV3 u BT474 6buto npowus-
BeaeHo Ha 6aze MHPLI um. A.®. Llpi0a (r. O6uuHCcK). Kietku npeasa-
PUTENHFHO MHKYOMPOBAIKCH C HAHOYACTUIIAMH He MeHee 12 gacoB. bein
NpPOBEJICH aHAINW3 COOTHOIICHHs dYHcia JKUBbIX/MepTBbIX (Live/Dead
assay), amonTOTHYECKUX KICTOK M YHCIO 00pa30BaBIIUXCS KOJIOHHUH
nocie obyuenus. MccnenoBanue KU3HECTIOCOOHOCTH MIPOBEACHO Yepe3
72 vaca mocne OOJNy4eHHs, a KIOHOTEHHBIH aHamu3 OBLI MPOBENCH B

TEUYEHUH 7 CYyTOK Mociie 00TyqIeHUs.

Pesynbrarer Live/Dead ananu3a u aHaamM3a KOJMYECTBA allONTOTHYC-
CKHX KJIETOYHBIX KyNnsTyp nuHnu BT474 mocne 72 gacoB oOmydeHUs B
no3e 4 I'p ¢ HY Au-DARPIN B 103e 50 MKI/MIT He mmoKa3aiu J0CTOBEP-
HO 3HAYMMBIX Pa3IH4YMi C KOHTPOJBHBIM 00pa3noM (0e3 HaHOYaCTHUI| U
0e3 nmydeBoii Harpy3ku). PesynbraTel uccienoanus Live/Dead ananusa
U aHaJIM3a KOJIMYECTBA ANONTOTUYECKHX KIETOYHBIX KYJIbTYp JHHHUH
SCOV3 nocne 72 yacoB obayuenus B 103e 4 I'p ¢ H4 Au-DARPIN He
OBUTO BBISBJICHO JOCTOBEPHOTO YBEIWYEHHS JIOJM MEPTBBIX M alONTO-
THYECKHX KJIETOK.

PesynbTaTh mojcueTa KoanmdecTBa KOJOHUM KieTok TuHuu BT 474 u
SCOV3 mocne nnkybarmu ¢ Hanodactumamu Au-DARPIN u mocnemny-
IOIUM OOJyYeHHEeM ITy4KOM INPOTOHOB B no3e 4 I'p mokaszanm sipko-
BBIPQKEHHBIH 1030-3aBUCHMBIN PaIMOCEHCHOMIH3NPYIOIHN (D PEKT.

[To pesynbraTaM JaHHOTO HCCIeJOBaHUs Obla TMOKa3aHa IMepCIeK-
THUBa WCIOJIb30BAHUS HAHOYACTHI] 30JI0Ta, (PYHKIHOHATHU3IUPOBAHHBIX
tapreTHoit monekynoii DARPIn B kauectBe paamoceHcuOMIM3aTopa
HAI[eJIEHHOTO Ha OITyXOJIH, KOTOophIe aKcipeccupyioT HER2 penentopsr.

1. S. Li, S. Bouchy, S. Penninckx, R. Marega, O. Fichera, B. Gallez & S. Lu-
cas, Antibody-functionalized gold nanoparticles as tumor-targeting radiosensi-
tizers for proton therapy. Nanomedicine, 14(3), 317-333, 2019.

2. C. Cunningham, M. de Kock, M. Engelbrecht, X. Miles, J. Slabbert & C.
Vandevoorde Radiosensitization effect of gold nanoparticles in proton therapy.
Frontiers in Public Health, 9, 699822, 2021.

128



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
CEYEHME AJEPHOU PEAKIIMU !B + P IIPU DHEPTUAX

IMPOTOHA 0.5-2.5 M3B

B.B. Kouepog!, B.A. Kyruy6yaaros’, U.H. 3aBecroBckas®

Y @usuveckuii uncmumym um. ILH. Jlebeoesa PAH, Mockea, Poccus
v.kocherov@Ilebedev.ru

B uccnenoBanusx, CBA3aHHBIX C Pa3BUTHEM ITPOTOHHOM Teparuy OH-
KOJIOTUYECKUX 3a0oJieBaHMii, B HacTosllee BpeMs pa3pabaThiBacTcs
OIIMH U3 CaMbIX HEPCIEKTUBHBIX METOIOB OOPIPOTOH3aXBaTHOM Tepa-
nuu (BII3T), KoTOphIii MO3BOMSAET yBENUIUTh OUOMOTHYECKYIO 3(Pdek-
TUBHOCTH TPOTOHOB [1— 2]. B ocnoBe BII3T nexut saepHas peaxius
OOPIPOTOHHOTO CHHTE3A:

UB +p — 3a

B pesyJbTare 3Toi peakuuu oOpasyercs cocTaBHoe Aapo 2C*, KoTo-
poe HaxOAMTCS B BO30OYKJCHHOM COCTOSTHHMHM OYEHb KOPOTKOE BpeMs, a
3aTeM pacnajaeTcs Ha anb(pa-uacTuiy u sapo oepumis 8Be, koTopoe B
CBOIO OYepellb pacrajaercs Ha JBe anbga-dacTuubl. [lonHas sHeprus,
BBICBOOOKIAFOINASCSA TIPU SIACPHON peakiuu, coctariser 8.7 MaB, ko-
Topas mepenaercs TpéM ajib(a-yacTHLAM B BHJEC KUHETHUECKOW 3HEp-
rud. Anbga-dacTulpl, T€HEPUPYEMbIE B3aMMOJEHCTBUEM 3aMeUISIO-
IMXCS TPOTOHOB ¢ aToMaMu !B, MMEIOT BHICOKYIO paguoOHONIOrHye-
CKYI0 3()(EKTUBHOCTh HEMOCPEACTBEHHO B OIyXOJICBOH TKaHM, YTO
NpUBOIUT K Oosiee 3PPEeKTUBHOMY TepaneBTHYECKOMY BO3ACHCTBHIO Ha
MOpaKeHHbIE TKaHU TI0 CPaBHEHUIO C MPOTOHAMH ITyuKa. Peakmuio 6op-
MPOTOHHOTO CHHTE3a MOXHO PacCMaTpHUBaTh B KAYECTBE OCHOBHOTO, HO
HE €JMHCTBEHHOTO MEXaHU3Ma, IOCKOJBKY Apyrue OMOJIOTHYecKue pe-
AKLUH, BBI3bIBAEMBIC TAKMMHU YaCTHIIAMH, TAKKE MOTYT HIPaTh BasKHYIO
poiib [2].

U3yuenue ceueHus saepHoi peakuuu B + p — 3o npeacrapiser
0coOblii MHTEpec B oOmacTH pe3oHaHca Hpu 675 k3B: oH umeer
HanOomeinee ceuenue —1.4 6apu [3]. [lomydernasie nanusie [4-5] m03BO-
JSIFOT YTBEPKAATh, YTO HA JIAHHBIH MOMEHT CYIIECTBYET OOJBIION pa3-
Opoc MONTyYeHHBIX AaHHBIX B IWAIa30HE YHEPrHi HAIETAIOIIET0 MPOTO-

129



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
Ha 0.5 — 2.5 M»2B, 1 aGCcoMOTHO TOYHBIX 3HAUCHUH CEUCHUH sIepHOU
peaknuu He 0OHapYKEHO.

TpeOyroTcs nanbHEHIIe UCCIeN0Banus o B3auMoelcTeuo B ¢
MPOTOHAMH, KOTOpBIE TIOMOTYT OIPENEINTh OoJiee TOYHbIE 3HAYCHHS
CEUCHHUS SIAEPHOUN peakUry B 3aBUCUMOCTH OT SHEPTUH MPOTOHOB U yria
MOBOPOTa MHIICHH OTHOCHTENFHO HajeTaomero myuka. Hapabotka
CTATUCTUYECKUX JAHHBIX SIBJSIETCS OJHOM M3 CaMbIX BAXKHBIX 3a/ay B
pa3paboTKe W W3YYEeHWH TAHHOTO METoJNa Tepamuu. Takue mcciemoBa-
HUS TIPEICTABISIIOT OONBINON HAYYHBIH M MPAKTHYECKUH MHTEPEC IS
BbIsIBNIeHUsT MexaHu3MoB BII3T u onpezaeneHus JONOIHUTENBHONU AO3BI
00y4eHws B pe3ybTaTe peakiiuu OOPIPOTOH3aXBAaTHOTO CHHTE3A.

[1] G. A. P. Cirrone et al., First experimental proof of Proton Boron Capture
Therapy (PBCT) to enhance protontherapy effectiveness, Scientific Reports
8(1141), 1 (2018). DOI: 10.1038/s41598-018-19258.

[2] P. Bldha, Ch. Feoli, St. Agosteo, et al., The Proton-Boron Reaction In-
creases the Radiobiological Effectiveness of Clinical Low- and High-Energy
Proton Beams: Novel Experimental Evidence and Perspectives, Front. Oucol.
11, 682647 (2021). https://doi.org/10.3389/fonc.2021.682647.

[3] Indrajit Roy, Sunil Krishnan, Andrei V. Kabashin, et al., ACS Nano
16(4), 5036 (2022). DOI: 10.1021/acsnano.1¢10550.

[4] Jiarui Liu *, Xinming Lu, Xuemei Wang, Wei-Kan Chu., Nuclear In-
struments and Methods in Physics Research B 190 (2002) 107-111. PIl: S 0168
- 583X (01) 01272 -1

[5] Michael Munch, Oliver Sglund Kirsebom, Jacobus Andreas Swartz,
Hans Otto Uldall Fynbo., Resolving the B (p, 00) cross-section discrepancies
between 0.5 and 3.5 MeV, Eur. Phys. J. A, vol. 56:17, pp.1-7, (2020).
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PEHTTEHOBCKAS CUCTEMA KOMIIVIEKCA

MPOTOHHOW TEPAIIUU “ITPOMETEYC”
B.A. Kyray6yaatos!, B.B. Kouepos!, A.E. lllemsaxos?, M. A. Beiuxun'?,
N.H. 3aBecToBcKas®

1 @Qusuueckuil uncmumym um. I1.H. Jlebeoesa PAH, Mocksa, Poccus
2 @unuan “Dusuxo-mexnuveckuti yenmp’ DUIULECKO20 UHCIUMYMA
um. I1.H. Jlebeoesa PAH, I[Ipomeuno, Poccus
b.kutlubulatov@lebedev.ru

[Mo3umoHupoBaHre MaIMEHTa SBISCTCS OJHHM W3 BaKHEHIINX
ACIEeKTOB Jy4eBOH Tepamuy, OCOOCHHO KOTAa pedb HAET O Teparuu
CKaHUPYIOUIMM MYYKOM TMPOTOHOB. TOYHOE TO3MIMOHHUPOBAHUE B
COUETAaHMH C JKECTKOM HMMOOMIM3AlMEll IO3BOJIIET O0O0ECIeYnBaTh
BBICOKYIO KOH()OPMHOCTH OOJIyuYeHHS U B IIOJIHOW MEpe peain30BbIBAThH
NPEUMYILECTBA IPOTOHHOH TEPAIHH.

KIT “TIpometeyc” sBisieTcs cepTUOUIMPOBAHHON METUIIMHCKOM
YCTAaHOBKOM [UIi TIPOTOHHOW JIy4yeBOW TEpaluu W TPUMEHSETCS B
KJIMHAYECKOM MpPaKTUKE Ul JICYEHUs JIOKaJM3alui rOJOBBI U LICH, a
TaKKe JJIs  MPOBEIEHUS (PHU3MUESCKHX H  PaTUOOHOJIOTHUCCKHX
uccienoBanuit  [1-3]. B JgaHHBIE = KOMIUIGKC  MHTErpHpOBaHA
paspaborannass @DTL[ ®UAH pentreHoBckas cumcrema, KoTopas
MO3BOJISET BBITIOJTHSTh KOHYCHO-ITy4YEBYIO KOMITBIOTEPHYIO
tomorpaduto (KJIKT) oOnacteid rojioBel W 1M W OOECIEUUBAET
BepU(UKALNIO TIOJIOKEHUSI TALMeHTa HEMIOCPEACTBEHHO TEPe]l CEaHCOM
o0myueHws..

PazpaboranHas peHTreHOBCKasi cuctema, uHTerpupoBanHas B KIIT
“IIpomeTeyc”, B HacTosIliee BpeMs YCIEIIHO MPUMEHAETCS B
KJIMHAYECKON MPaKTHKE MPU MPOBEIEHHH KyPCOB IMPOTOHHOW Jy4eBOH
tepanuu. CucteMa 1mo3BoisieT IPOBECTH TOMOTpaduio 0bsacTel ToIoBEI
W IIeW B TOJOXKEHUH CHJS TPU MEPBUYHOM TpUeMe W B JallbHEHIIeM
BBHIMOJIHATh TNPOLEAYPY PEHTTEHOBCKOW BepH(UKAMH ITOJIOKEHHS
NalyueHTa HEeMOCPEeNCTBEHHO Tmepex obOmyuyenueM. JlanpHeiiee
pasBUTHE JAaHHOM CHUCTEMbl IIpeJroiaraeT pa3padoTKy peKuma
CHHXPOHM3ALUN C JBIXaHUEM IallUeHTa, YTO MO3BOJHUT YYHUTHIBATH
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JIBIJKCHUE BHYTPCHHHUX OPraHOB IPH JICUCHHH JIOKATU3ALHUNA CPYyIHOU
KJICTKA ¥ OPIOIIHOW TOJIOCTH, a TAaKKE PEATU3aIMI0 BO3MOXHOCTH

paboTHI C MAUEHTOM B TIOJIOXKCHHUH JIEKA.
Pabora BemmomHeHa mpu (uHAHCOBOW mOANIEep)kke MUHOOpHAYKH
Poccun B pamkax Cornamrenust Ne 075-15-2021-1347.

[1] A. Bolsi, A.J. Lomax, E. Pedroni, G. Goiten, E. Hug, Experiences at the
Paul Scherrer Institute With a Remote Patient Positioning Procedure for High-
Throughput Proton Radiation Therapy, Int. J. Radiation Oncology Biol. Phys.
71, 1581-1590 (2008).

[2] A. A. Pryanichnikov, V. V. Sokunov, A. E. Shemyakov, Some Results
of the Clinical Use of the Proton Therapy Complex “Prometheus, Phys. Part.
Nucl. Lett. 15, 981-985 (2018).

[31 M. A. Benuxun, M. C. DI'puropseBa, WM. H. 3aBecroBckas, A.A.
IIpsuuunukoB, A.Il. YepnseB, A.E. IllemskoB, OkcnepuMeHTaIbHOE
WCCIIEZIOBAaHNE BIMSHMS IBIDKCHUS MHIIEHH Ha JI030BOE pacIpeielicHHEe B

MPOTOHHOH Tepanuy CKaHUPYIOUIMM ITy4dkoM, KpaTkue coobmenus no $pusuxe
DOUAH 49(5), 22-29 (2022).
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I'MBPUIHAS MOJIEJb ABJIAIIUA IIOPUCTOI'O KPEMHMUA,
OBBEINHAIOIIASA METOABI MOJIEKYJISIPHOM
JUHAMUKHU U I[BYXTEMHEPATYPHOﬁ MOJAEJAN
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N.H. 3aBecToBckasn™?, JI.C. UBanos'?
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Mockea, Poccus
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AKTyaJIbHOCTh HCCIICIOBAHMS OIPEIEISCTCS POCTOM B IIOCIETHEE
JeCATHIIETHE TMPUMEHEHNS! HaHOCTPYKTYpP IMOPHCTOTO KPEMHUS B pas-
JUYHBIX OOJIACTSIX OMTOZJIEKTPOHUKH U OMOMETUIIMHBI, YTO CBS3aHO C
VHHUKaJbHBIMA CBOHCTBAMH HAHOCTPYKTYPHUPOBAHHOTO KPEMHHSI: €Tro
ONITHYECKUMH ¥ TETIOPH3MIECKUMH CBOHCTBAMHU, OOCOBMECTHMOCTHIO
1 OuoaerpaaupyemMocTsio [1-4].

Jiiss OMOMETMIIMHCKAX TIPUMEHEHNH HAHOYACTHUIIBI KPEMHUS JIOJIK-
HBI OBITH CBEPXYHCTHIMH M HETOKCHYHbIMU. Hanbomnee nepcrnekTHBHBIM
METOJIOM TOJTYyYeHHsI TAaKUX HAHOYACTHIL SIBIISIETCS METO/ JTa3epHOU ao-
JSIIMM, TIO3BOJISIIONIMK TMOJYYaTh y3KOE paclipe/iefieHHe Mo pa3Mepam
o0pa3yromuxcst HaHoYacTHIl [5].

[Tpon3BOACTBO HAHOYACTHUI] KPUCTATMYECKOTO M TIOPUCTOTO KpEeM-
HUSI 33J]aHHOTO pa3Mepa, MOP(GOJOTHH M CBOWCTB TPeOyeT ONTHMH3a-
UM PEXKHMOB JIA3epHON a0JISAIUK C LENBI0 BOCIPOM3BOJUMOCTH JIaH-
HBIX TEXHOJIOTHH W BO3MOXHOCTH OMOMEIUIMHCKOTO NPUMEHEHHUS I10-
JTYYSHHBIX HAHOYACTHII, COTIIACHO UX XapaKTEPHCTHKAM.

B nanHoli pabote pazpabotana ruOpuaHAS MOJIENb, 00BETUHSFOIIAs
ONMCaHWe KUHETUKM HEPABHOBECHBIX Ja3epHO-MHIYLUPOBAHHBIX (hazo-
BBIX MIPEBPAILEHUI C aTOMHBIM pa3pelieHueM U yuuThIBaromas 3pdext
CBOOOJHBIX HOCUTeNeH B KpeMHHH. MoJienb OObEAMHSET MPEeHMYIIe-
CTBa JIByX MPUHIMITHAIBEHO PA3IUYHBIX YUCICHHBIX METO/OB: MOJIEKY-
nspHyto auHamuky (M) u nByxtemneparyphyto moaens (ATM) mns
y4deTa IMOTJIOMIEHHSI KOPOTKOMMITYJIBCHOTO JIa3epHOT0 H3IydeHus (1o-
CPE/ICTBOM OIHO- WJIN IBYX()OTOHHOTO TOTJIOIICHUS WIN yXKE CTeHEPH-
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POBAaHHBIMH CBOOOJHBIMH HOCHUTEISIMH B BHJE 3JEKTPOH-IBIPOYHBIX
nap), OBICTpOH DIEKTPOHHOW TEMJIOMPOBOAHOCTH M AJNEKTPOH-

(OHOHHOTO B3aUMOJCHCTBHSL.

C noMo1po THOPUIHOW MOAETH OTpeAeieH MOPOT TUIABICHUS TO-
JIOXKH KpeMHHUsI mociie ee obmydenus 270 ¢ 1a3epHbIM UMITyJILCOM Ha
qnuHe BosHbl 800 HM. PaccunTaHHBIN B XO/J€ MOJEIHMPOBAaHUS HOPOT
IUIABJICHUSI KPEMHMEBBIX  IOJJIOKEK  COOTBETCTBYET  3HAYEHUIO
omaskomy K 0.32 JTx/cm?.

Hcnonp3oBanue pa3paboTaHHONH THOPHIHOW MOJCTH TIO3BOJUIIO
BEISIBUTh MEXAHU3MBI aONAIUN KPEMHHUS KOPOTKUMH JIa3ePHBIMHU
UMITyJIbCaMu T 3¢ (HEKTUBHOTO MTPOU3BOCTBA HAHOYACTHI] KPEMHUISL.

HccnenoBanue BBHIMONHEHO MpH (GUHAHCOBOW Tmoanepxkke PODU B
pamkax HayudHoro mpoekra Ne 20-02-00861.

[1] A. G. Cullis, L. T. Canham, and P. D. J. Calcott. The structural and lumi-
nescence properties of porous silicon. J. Appl. Phys., v. 82, pp. 909-965,
(1997).

[2] J. H. Park, L. Gu, G. Von Maltzahn, et al. Biodegradable luminescent
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9KCINEPUMEHTAJIBHOE OITPEAEJEHHUE
OOTOAKYCTUYECKOI'O 1 ®DOTOTEPMHUYECKOI'O
OTKJIMKOB 3K30- 1 DHIAOI'EHHBIX XPOMO®OPOB B
TKAHEBBIX ®PAHTOMAX

Jlynés LB.}, ITonos A.A}

Y Hayuonanvnoui Mccreoosamenvckuii Aoepuviii Yuueepcumem «MHUDH»,
Mocksa, Poccus
igorpadgig@gmail.com, +7(915)107-97-75

CyliecTByIomuye METOABI JICUSHHsT OHKOJOTHUECKHX 3a00JIeBaHUH,
TaKue KaKk XMUMHOTEpanus U paJualliOHHAs Teparusi UMEIOT XOPOIIYIO
3¢ $EeKTUBHOCTD U TO3BOJISIIOT 3HAUYUTEIBHO HPOUIUTh JKU3HB, a B HEKO-
TOPBIX CIy4asx IOOUTbCA HOIHOM pemuccuu. OmHaKo, MPUMEHEHHUE
3TUX MOJXOJOB 3a4acTyIO CBSI3aHO CO 3HAUUTENbHBIM yXyALICHHEM Ka-
YecTBa JKU3HU MALMEHTOB, YTO JAEJaeT aKTyaJbHOH 3a1ady pa3paboTKH
HOBBIX OoJiee MaAAIIMX METOAOB TE€PANUU U AMArHOCTUKHU, HE YCTyIa-
IOIIUX 10 CBOEH 3((hEKTUBHOCTH KJIACCHUECKUM TojxoaaM. OqHuMY 13
NEPCIEKTUBHBIX MPUMEPOB TAKUX METOJOB SBISIOTCS (POTOaKycThde-
ckas Tomorpadust (DAT) u dororepmuueckas teparms (OTT). Ilpu
OTT, xpomModopbl, HAXOAAIIMECS BHYTPU PAKOBBIX KJIETOK, HATPEBAIOT-
csl IpU OOJTYYECHUH HETPEPHIBHBIM JIA3€PHBIM U3TYYEHHUEM, YTO CO3/IAeT
TEeMIIEpaTypHbIC YCIOBUS, TyouTenpHble s kietok. [Jms AT moryT
OBITH MCIIOJIB30BAHBI KaK SHAOTE€HHbIE (TeMOIIIOONH), TaK M 3K30T'€HHBIE
(HaHouacTulpl, QyJUIEpeHBl H JIp.) XpOMO(OPHI, KOTOPbHIE, MOTIIONIAs
YIIBTPAaKOPOTKHE JIa3€pPHBIE UMITYJIbCHI, HCIBITHIBAIOT LUKIIBI CXKATUS U
pacTshKeHus], TeHepUpys yiabTpa3Byk. Hanouactunpl rekcabopuaa jaH-
tana (LaBs) u Hutpuaa turana (TiN)—mepcrneKkTHBHbIE HAHOCTPYKTY-
pBI, YbH CIIEKTpaJIbHBIE CBOWCTBA MO3BOJISIIOT MCIOJIBb30BATh UX B Kaue-
cTBe dK30reHHbIX XpoMohopos kak s PAT, tak u g OTT: makcu-
MYMBbI TIOTJIOIICHHUSI AJIEKTPOMArHUTHOW JSHEPTHH HAXOMIATCS B «OKHE
ouomornueckoit mpospaqroctiy (650-1050 um), Takum 006pazoM, U3Iy-
YeHHE, HUCIIONIb3yeMoe AJisi BO30Y)KICHHWE IaHHBIX CTPYKTYpP, MOXKET
NPOHUKATH B Oojiee IIyOOKHE CIOM TKaHeW, ycunuBas 3QQeKT rumep-

135



International Scientific Conference «Innovative Technologies of
Nuclear Medicine and Radiation Diagnostics and Therapy»
TEPMUHU U IOBBIIIAs 3HAYEHUE MOIYCTUMOMN IIIyOMHBI HCCIEJOBAHUS
pu TOMOTpaguu.

Llenpto gaHHOW PaOOTHI SBJISETCS HCCIIEAOBAaHHE BEIMYMHBI (HOTO-
aKyCTHUYECKOr0 OTKJIMKA HaHO4YacTHIl rekcabopupa jiantana (LaBg),
Hutpuaa turana (TIN) u remornoOuHa, a Takxke u3MepeHue (oTorep-
MHYECKOr0 OTKJIMKAa HaHOYacTHIl rekcadopuna nanrana (LaBes) u HuT-
puna turana (TiN).

Hanouactuner LaBs 1 TiN Obutd cuHTE3UpOBaHBI METOIOM (heMTO-
CEKYHIHOH NazepHON aOialuy B JeMOHM30BAaHHOHM Boje (fazep Avesta
TETA-10 (Poccus), 4= 1030 HM, Tympmee= 270 dc, Vgoer = 200 kI'm),

pasMepHoe pacrpenesieHue OblI0 MONTy4eHO METOIOM IWHAMUYECKOTO
paccesaust ceera (Malvern Panalytical Zetasizer Nano ZS (IlIseiima-
pusi)), B KOTOPOM HamOosee BeposITHBIE pa3Mepbl HaHovyacTull — 30 u 60
HM COOTBETCTBEHHO. CIIeKTpanbHbIe CBOMCTBA HAHOYACTUL] OBUIN H3Me-
pensl Ha cnekrpodortomerpe (SOL instruments M122 UV-VIS-NIR
(Benapych)), MaKCUMyMBbI TIOTJIONICHUS] ONTHYECKONH SHEPTUU COCTABH-
au 790 um st LaBs u 660 um mist TiN, Taxoke ObUTH H3MEPEHBI CIIEK-
TPBI ONTUYECKON SKCTUHKLIMHI FeMOTII00HNHA.

HccnenoBanne (HOTOTEPMHIECKOTO OTKIIMKA MPOBOIMIN MyTEM 00-
Jy4eHHUs] KOJUIOMTHOTO PpacTBOpa HEMPEPHIBHBIM JIA3EPHBIM U3Ty4YeHUEM
¢ nnuHOo# BoiHB 830 HM. MI3MeHeHue TeMIepaTypbl peruCTPUPOBAIIU C
MOMOIIBIO TepMOTrpapuUecKoi KaMepbl, U3MEHEHHE ONTHYECKON DHEp-
THU TIPU TIPOXOXKJICHHU Yepe3 Cpeay PEerMCTPUpPOBAIH C TIOMOIIBIO (o-
toauoHoro mamepurensi momrHoctu (ThorLabs (CIHA)). Kosddwumu-
eHThl (oToTepmuyeckoil konsepcuu ms LaBg cocrasun n(%:) = 70, a
nns TiN (%) = 60.

s nu3mepenust GOTOAKYCTHUECKOTO OTKJIMKA HUCIOJIb30BAIM HAHO-
cekyHaHOe (<10 HC) 7mazepHOE W3IIYUYCHHE PA3IUIHON IJIUHBI BOJIHBI
(650-940 um) ¢ yacToToii reneparnmu umItyiabcoB 10 ['i; sHEprust B MM-
nynbsce 1 M/Dx. 3aBucumMocTh aMIITUTYAa (POTOAKYCTHUECKOTO OTKIHKA
nanouactuil LaBs, TiN u remorno6uHa OT JIHHBI BOJHBI BO30YKIar0-
[IET0 W3JTyYeHHs MPAKTUYECKH COBMAAAET CO CHEKTPOM ONTHYECKOM
9KCTHHKLUH JaHHBIX XpOMO(OPOB.
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MN3YUYEHUE IOPUCTOCTU HAHOCTPYKTYPUPOBAHHBIX
IJIEHOK KPEMHUS

Maspemko E.W.2?, Tynunsin U.M.!, ®ponst A.A.>2, ['puropnesa M.C.1,
3aBectroBckas U.H.1?2

\®HUAH, Mockesa, Poccus
2HUAY MU®H, Mockesa, Poccust
e-mail: egorik.mav@gmail.ru

KpemHueBble HAaHOCTPYKTYpPBI MIPHUBJICKAIOT BHUMAHHUE YUEHBIX YKe
HECKOJIBKO JecsTwieTuil. B Hacrosimee Bpems BexyTCsl HCCIICAOBAHUS
M0 PUMEHEHUIO KPEMHHUEBBIX HAHOCTPYKTYP B CaMbIX pa3zHOOOpa3HBIX
HaIpaBIEHUSAX: MHUKPO- U HAHO3JIEKTPOHMKA, ONTOTEXHHMKA, CEHCOPBI,
OMOMEIUIIMHCKUE NPUMEHEHHS B KaueCTBE CEHCHOMIN3aTOPOB, BU3ya-
JU3UPYIOLIETO areHTa, CpeJICTBa JOCTAaBKH JIEKApCTBEHHBIX IPENapaToB
u ap. [1,2]. UHTEepec Kk KpeMHHEBBIM HAHOCTPYKTypaM OOYCJIOBJICH Ta-
KMMH CBOMCTBaMM Kak Oumopnerpajanus, OMOAOCTYIHOCTh, OMOCOBMeE-
ctumocTh [3]. KpemHHEBble HAHOCTPYKTYPBI OTJIMYAIOTCS OOJBIINM
paszHooOpa3ueM, OJTHUM U3 BaKHBIX MapaMETPOB KOTOPBIX SBISAETCS TO-
pucrocts. [lopucTeie MaTepraabl MOTYT BBICTYIIATh B KaU€CTBE KOHTEH-
HEpOB AJISl JIEKApPCTBEHHBIX IpenapaToB. CTeNeHb MOPUCTOCTH BIIUSET
Ha 3arpy3Ky JIEKapCTBEHHBIX IMpPEnapaTroB, CKOPOCTh JalibHElIIee pac-
TBOPEHUS KaIlCyJsibl B opranusme uenoseka [1]. [loatomy ompenenenue
CTETEeH! NOPHUCTOCTH UCXOAHOTO MaTepuania KpailHe BasKHasi IpaKkTH4e-
cKaf 3ajava.

B mpencraBnenHoil paboTe MccienoBacs MOPUCTHI KPEMHHM, TMO-
Jy4YEHHBIH METOJIOM XMMUYECKOI'O TPaBJIEHHS B IUIABUKOBOM KHCIIOTE.
IlopucTelii kpemMHMI — KpaiiHe Xpynkuid maTtepuan. CylecTBYOLIUe
rPaBUMETPHUYCCKUI ¥ aacOopOLMOHHBIN MeTombl [4,5] onpenenenus mo-
PHCTOCTH MPHUBOAAT K Pa3pyILICHUIO MCXOAHOrO 00pasua, M3MEHEHHIO
ero cBoMcTB. B maHHOW paboTe MPOBEAECHO HCCIIEAOBAHUE TTOPUCTOCTH
KPEMHHEBBIX 00pa3IOB aJlbTEPHATHBHBIM METOJOM, OCHOBAaHHOM Ha
PETHUCTPALIMK OTPAKEHHOTO HU3KOMHTEHCUBHOTO JIA3€PHOTO M3ITy4YeHUS
0T o0Opaslia 1 UCIOIB30BaHUH MOJieNel dPPEKTUBHOM cpelbl I onpe-
JIeNIeHNs] TIOKa3aTeNsl NPEeNOMIIEHHS MOpPUCTOro Marepuana. JlaHHBIN
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METOJ, IO3BOJIIET OMPEAENATh MOPUCTOCTE HAHOCTPYKTYPHUPOBAHHBIX
TUICHOK, M30eras pa3pylieHUs] U U3MECHEHUSI CBOWCTB UCXOIHOTO HaHO-
CTPYKTYypUPOBaHHOTO 00Opasiia.
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OINEHKA BUOJIOT'HMYECKOU D2O®EKTUBHOCTH NOHOB
2C YCKOPUTEJBHOI'O KOMILJIEKCA Y-70 MHCTUTYTA
®U3UKU BBICOKUX YHEPT U (M®BJ) ®I'GY I'HII PO
«KYPYATOBCKHUHN MHCTUTYT»

A.A. Meabnukona’, J.LH.Komaposa®
Y Obnuncruii uncmumym amommnoii snepeemuxu — unuan Hayuonanonozo
uccre008amenbekozo 10epHozo yHugepcumema « MUDPHy, e. Obnunck, Poccus
e-mail: angelik_melnikova@mail.ru

3HAYUTENBHBIH POCT TOMYJISIPHOCTU JTyYEBOW TEparuy TSDKEITBIMU
3apspxeHHBIME Yactuiiamu (T3Y) B KITMHIYECKOH TpakTHKe 00yCIaBIIH-
BACT aKTyaJbHOCTh NPOBEICHUS KCIIEPHUMEHTOB 110 OLICHKE UX OHOoIIo-
rHYecKON dQPEKTUBHOCTH Ha TAKUX DKCIEPUMEHTAIBHBIX MOJECIIX KaK
KJIETOUHBIE KyIbTYpbl. CBOHCTBO, MTO3BOJISIONICE TSKEIBIM HOHAM OBIThH
NPEUU3NOHHBIM WHCTPYMEHTOM JUIsl JIEYCHHUS! OMyXoJiei, — 310 ¢dopma
TIIyOWHHOTO paclpeseieHns MOTJIOMIEHHON 036l u3My4eHus. biarosna-
ps OONBIION Macce Iy4OK MOHOB MMeeT Oojiee ciaboe MHOTOKpaTHOE
paccesiHie U MEHbBIIEE YIIIOBOE PACXOKICHUE, UeM MPOTOHHI [ 1, 2].

OOBeKTaMM HCCIIENOBAaHUS ABISUIMCH Kierounble JmHuu: MCF-7
(ameHOKApIIMHOMA IMPOTOKOB MOJIOUHOM keye3bl uenoBeka), hTERT
(TenmameprzoBaHHbIe (UOPOOITACTH YeIIOBeKa). MUKPOOKPYKEHHE OITy-
XOIM BKITFOUAeT B ce0s cTpomy ¢ (ubpobractaMu U SHAOTEIHATLHBIMA
KJIETKaMHU COCYZOB. B CBsI3M ¢ 3TUM B paMKax HCCIeIOBaHMs AOMOIHU-
TEJIbHO ObLTa BhIOpaHa KJIeTOYHAs JTHMHUS (HUOPOOIACTOB YeIoBeKa.

O6nyuenne nonamu 2C npoBoanu Ha yckopurene Y-70 Uncturyra
¢u3uku Boicokux 3Hepruil (MPBI) OI'bY I'HL[ PO «Kypuarosckuii
uHCTUTYT» (T. IIpoTBUHO). OOIy4YeHHWE OCYIIECTBISIIOCH B BOJHOM
¢danrome co cpenneii sHeprueit 450 MaB/ayknon. Cpennsis JIIID nzmy-
YeHHs1 Ha HadaJbHOM ydacTke coctaBuia 11 xkaB/mxm, B muke 120-140
K3B/MKM.

Jlo3a 00y4eHus OImyXO0JIeBBIX KIETOYHBIX JIMHUN B ke bparra co-
craBuna 1, 2, 4 I'p. Ilpu uccrnenoBannv KOMOMHUPOBAHHOTO JIEHCTBUS
IIPOTHBOOIIYXOJIEBOTO Ipenapara B COYETaHUU C HOHU3UPYIOIIUM H3ITy-
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YeHHeM J103a Takxke cocraBmia 1, 2, 4 I'p B muke bparra. O6mydenue
hTERT mnpoucxonuno B xBocte muka bparra B goze 1 u 4 I'p. [Jns
oueHkn OBD kimerouyHylo cycrneH3uio OOdydanu TraMMa-H3ITydCHUEM.
McTOYHNKOM CTaHIAPTHOrO M3IIy4YEHHMsI CIyKHJIa TaMMa-yCTaHOBKa pa-
nmuaronHoro obirydenust «I'YP-120» (MCTOYHUK MOHU3UPYIOLIETO W3-
nyaenus °Co, Ecp = 1,25 MaB). MomnocTs 10361 — 0,9 I'p/Mun. J{0351
obmyuenwust: 1, 2, 4, 6 I'p. Ormeuaem, uto mo3a obmyuyeHus B 6 ['p Obina
BEIOpaHa MOTIOJTHUTEIHHO B BUIYy OCOOEHHOCTEH PEeIKOMOHU3UPYIOMIETO
U3ITYYEeHHUS.

JononHUTENbHO 1UIsl aHAM3a COYETAHHOrO NEUCTBUS HOHU3HPYIO-
LIEr0 M3IY4YEHHUS U XMMHUYECKOIO areHTa Ha UCCIEeAyeMbI€ KIIETOUHBIE
KYJITYPBl MBI UCTIOJIB30BAII MIPOTHBOOITYXOJICBBIH aHTHOMOTHK aHTpa-
IUKJIMHOBOTO psifia TOKCOpYyOUIMH. IJisl 3TOTO KIETKH UHKYOHPOBAJIH C
npemaparoM qokcopyounmH B qo3e 0,004 mr/mi B TeueHne 24 4, 3aTeM
00yyay.

B pamkax paboTbl ycTaHOBJIEHA OTHOCHUTENbHAST OHOOrHYecKast -
¢exTuBHOCTL HOHOB ?C NpH OHOKPATHOM OOIYYEHHH HA HOPMAIbHbIX
U ONMyXOJeBBIX KIeTKaX. /laHa olleHka KOMOWHUPOBAHHOTO JEHCTBHS
WOHU3UPYIOIIETO U3TYUYCHUS] H XUMHUOIIpenapaTa JOKCOPYOHIINH.

[1] D. Johnson, Dose and linear energy transfer distributions of primary and
secondary particles in carbon ion radiation therapy: A Monte Carlo simulation
study in water, Med Phys, vol. 40 (4), pp.214-219, (2015).

[2] E. Haettner, H. Iwase, D. Schardt, Experimental fragmentation studies
with 12C therapy beams, Radiat Prot Dosimetry, 122(1-4), pp. 485-487,
(2006).
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HNCCIEJOBAHMUME BJIIUAHUSA OBJIYYEHUS ITYYKOM
MNPOTOHOB U PEHTTEHOBCKHUMMU JIYUAMM HA 3D
COEPOUBI, COOPMUPOBAHHBIE U3 KJIETOYHBIX
KYJbTYP PAKOBBIX KJIETOK

E.A. Mbicuna®?, A.JL. Ilonos'?, A.E. lllemsixos'?, J1./I. KoamanoBu4®

L - @edepanvioe 2ocydapcmesentoe 6iodacemioe yupesicoenue nayku Uncmu-
mym meopemuieckou u IKCnepumenmanbHo duogusuxu Poccutickotl akade-
MUU HAYK
- @edepanvHoe cocyoapcmeerntoe 00JCemuoe yupexcoerue HayKu usuie-
ckutt uncmumym um. I1.H. Jlebedesa

2

Cdepounpl  (TyMOpPOHIBI) TPEACTABISAIOT COOOH 0€CCOCYAUCThIC
TpeXMEpPHBIE arperatsl KJIETOK, KOTOPhIe 00JIee TOUHO UMUTHPYIOT (u-
3MOJIOTHYECKOE MHUKPOOKpYKEHHE OIMyXOJel in vivo, 4eM JBYyMEpHEIC
KYJIBTYPBI, 00ecreunBas rpaJieHThl KUCIOPO/Ia, MUTATEIbHBIX BEIIECTB
U TIPOAYKTOB kU3HeAeATenbHOCTH. KitleTkn Haxoxstes B mpsimoMm (3D)
KOHTaKTe JIPYT C APYrOM, TEM CaMbIM CTUMYIUPYS AadbHEHIIYI0 MEX-
KJIETOUYHYI0O KOMMYHHUKAIMIO M oOecreunBas B3aMMOJICHCTBUE MEXTY
KIJIETKAMHU ¥ WX BHEKJIIETOUYHBIM MaTPUKCOM. Bce 3Tu (QakTopsl BIUSIOT
Ha OTBET OITyXOJIM Ha TYYEBYIO TEPAITHIO.

Cdepounnr popmupoBaiu pazmepom 400-450 MKM U3 OJHOH KyJb-
TYpBI KJIETOK B T€YEHHE 3-CyTOK METOJIOM BHCSUEH KAl Ha KPBIIIKax
yamrek netpu. s SKCIeprMeHTa HCIONB30BaANH 4 THIA KJIETOYHBIX
KYJIBTYp PaKOBBIX KIJIETOK: KJIETOK MeJTaHOMBI MbIm JuHUU B16F10,
aZicHOKapIMHOMBI MbIH 4T1, kapuuHoMbl yenoBeka NciAdr u kapiu-
HoMbl Mblin EMTP6./Ina ananusza 1030BOM 3aBHCUMOCTH OOJTyUEHHS
NPOTOHAMHU U PEHTI'€HOBCKHUMH JIydaMH CQEpPOUIOB MCIOIB30BaH «30-
JIOTOM CTaHAApT PaguoOHOIOTHI» - aHAJIN3 KJIOHOT€HHOW aKTHBHOCTH.
OO0ny4yeHne MyykoM HPOTOHOB MPOBOJMIM HA TEPANEBTUYECKOM KOM-
wiekce [Ipomereyc (AO IIpotom, IIpoTBuHO) B pexxume nuka bparra.
Jli1st 3TOro MCIOJIb30BAIM HOJUMEPHBINA (haHTOM, (HOPMHUPYIOLIHI pac-
MUPEeHHBIH UK bparra B 30He HaxoXIeHUS CHEpPOUIOB HA JTHE IMPO-
Ooupku Tuna snnesgopd. OOaydeHne peHTTeHOBCKHUMH JIy4aMH MPOBO-
JIWJIA B CTAaHAApTHOM peknMe Ha ycranoBke PYT-15 (MTOb PAH, Ily-
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muHO) ¢ MomHocThio 1 I'p/mMuH. Cpady mocne oOmydeHus: chepoumbl
nesarperupoBanuch pactBopom 0.25% tpuncuna-2{TA u kiIeTku BbI-
CEBAJIMCH IS MOCIIEAYIOIIEr0 aHAIN3a KIIOHOT€HHOM aKTUBHOCTH.

YBenuueHnue 10361 00mydeHus cheporuoB MPUBOAMIIO K JT0303aBH-
CUMOMY CHMKEHHIO KJIOHOT€HHON aKTUBHOCTH, YTO BBIpa)kajloch B JIH-
HEHHOM CHIDKEHHH YHCJa KOJIOHHUH, 00pa3oBaHUe KOTOPBIX MOTHOCTHIO
WHTHOMpOBaNoch Ha Ao3ax Beime 10 I'p. CormacHo momy4eHHBIM JaH-
HBIM Haunbollee YyBCTBUTEIHHBIMU K M3ITyUYEHUIO OBLTH KIIETKU JIMHUHU
NCI/Adr, koTOpble JEMOHCTPUPOBAIM 3HAYUTEIBHOE CHUKCHHUE KIIOHO-
TeHHOW aKTUBHOCTHU yke Ipu no3e 2 ['p obmydeHus B BUe yMEHBIIIE-
HUS KOTMYeCcTBa 00pa30BaBIIUXCA KOMOHUH (75% At peHTIeHOBCKOTO
nznydeHus 1 61% ans nporonnoro obmydenus). Hanbonee paanopesu-
CTEHTHbIE KyNbTyphl kietok nuHuit B16F10, 4T1, EMT6P npoxemon-
CTPHUPOBANM TMOAOOHOE YMEHBIICHWE KOIWYECTBa KOJIOHHHA TIPH J03€
obmyuenus 4 I'p. Kynbrypa knetok menanomsl Mbii B16F 10 nokazana
3HAUEHHUs KJIOHOT€HHOW akTUBHOCTHU mpu Ao3e 4 I'p 75% oT KoHTpost
JUTSE. PEHTTEHOBCKOTO M3NydeHus U 61% uis MpOTOHHOTO OO0ITydeHUs.
KommuecTBo kojoHWH ageHOKapuuHOMBI MbIu jduHUK 47T1 mocne 00-
nyuenus 4 I'p - 88% u1st peHTreHOBCKOTO u3aydeHus u 85% s mpo-
ToHHOTO 0Onyuenms. Kynprypa ximerok EMTP6 mokaszama 3HaueHUs
KJIIOHOT€HHOM aKTUBHOCTU Juisi 103kl 4 I'p 69% niis peHTreHOBCKOro
usnyueHus u 47% J11 IPOTOHHOTO 00YUYCHMSI.

Takum oOpasom, 3 /] kieTouHsle chepou bl MOTYT pacCMaTPUBATHCS
Kak yoOHasi ¥ pelleBaHTHAas IKCTIEpUMEHTAIIbHAS MOJIENb JIJISl UCCIIEN0-
BaHUS HOBBIX COEIMHEHHUH C IeNIbI0 Pa3padOTKH HOBOTO Kilacca pajuo-
CEHCHUOMITN3aTOPOB.

Pabota BeimonHena npu noagep:kke rpanta PH® No 22-73-10231.
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HNCCIEJOBAHME IIEPCIIEKTUBHBIX PA/ITMOHYKJIM/OB
JJIA TEPAHOCTUKHA

HypmneiicoB A. K.!

KazHY umenu Anv-@apabu, Anmamot, Kazaxcman

PagnoakTuBHOCTE TMOJNIE3HA B SAEpHON MEAWIIMHE KaK sl AHArHO-
CTHKH, TaK ¥ JJIs JTy4eBOW Tepanuu, Ipu yCIOBUU MPUMEHEHUS MOIX0-
JSIIUX PaguoHYKIUA0B. OCHOBHBIMH HMHCTPYMEHTaMU MEIUIIMHCKOM
JUAarHOCTHKH, KOTOPHIE €KEAHEBHO HCIONB3YIOTCS IS TIOTy4eHHUs
BOXHOU MH(OpMAIMK O CTaIWU U JOKaIU3alU 3a00IeBaHUM, SBISIOT-
cs kommbioTrepHas tomorpadus (KT), MarHUTHO-pe30HAaHCHAs TOMO-
rpadust (MPT), omHODOTOHHAS IMUCCHOHHAS KOMIBIOTEpHAs TOMOT'Pa-
¢us (OOOKT) m mosurponHo-smuccuonHas tomorpadus (I19T). B
HACTOsIIIIEe BpEMsSl HCIOJB30BAHWUE MABOMHBIX METOAOB, TaKHX Kak
[OT/KT u O®IKT/KT, mo3BoiseT yu4eHbIM U KIMHUAIUCTaM HICHTH-
GUIMpoBaTh PU3MOIOTUIECKYIO OCHOBY 3a00JIEBaHHSI U COOTHECTH €€ C
aHATOMHYECKUM H300pasKEHUEM.

3a mocieAHne TPU JECSATUIECTHS B HECKOJIBKUX JIA0OPATOPHSX Mpen-
NPUHUMAJINCh YCHJIUS 1O COYETAHUIO TUATHOCTHKH C BHYTPEHHEW pa-
JTUOHYKJIMIHOM Tepamueil. DTa cTpaTerus U3BECTHA CErOJHS KakK ‘“‘Tepa-
HOocTHYecKuil moaxon”. OJMHAKO OIHOW W3 OCHOBHBIX MPOOJIEM BHYT-
PEHHEH JTy4eBOH Tepanuu SBISETCS] KOJIMYECTBEHHAs! OLIEHKA WHANBU-
JyalbHOW O3Bl OOJMYYEeHHUs, HAHOCUMOHW pa3iIMYHBIM OpraHaM KOpITyc-
KYJIIPHBIM U3JIy4€HHEM, IJIaBHBIM 00pa3oM H3-3a HEONPECICHHOCTH B
ee M3MEpeHNH M3BHE Tejla NauueHTa. B TepaHocTHYecKOM MOAXoe 3Ta
TPYIHOCTH TMPEOA0JIEBACTCS 32 CUET COUETaHMs MOIXOMAAIIETO AMArHO-
CTHYECKOTO PAJHOHYKIHJA C TEpPareBTUYECKUM pamuoHykiuaoM. Oc-
HOBHBIM YCJIOBHEM NPUMEHEHHUSI TEPAHOCTHUKA SIBJISIETCS TO, YTO OJTHO H
TO K€ XMMHYECKOE COEJAMHEHHE MapKUpPyeTcs AMarHOCTUYECKUM H Te-
pareBTHYECKUM PAJIUOHYKINAOM. [IBa pajroHyKIHIa TPEAOYTHTEIb-
HO JOJDKHBI COCTOSITH M3 OJHOTO M TOTO )K€ XHMHYECKOI'O 3JIEMEHTa,
XOTSl MHOTJIa TaKKe HMCHOJIB3YIOTCS XMMHYECKH aHaJOIMYHbIE 3JIeMEH-
TBL. JIJIsI muarHocTryecko yactu ucciaenoBanus 13T maeansHO moj-
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xomuT, HO ucnonb3oBaHne ODOKT rtakke pacrer. CymiecTByeT He-
CKOJIBKO MOAXOISIIUX TEPAHOCTUYECKUX TP PASUOHYKIUIOB.

TepaHOCTHUYECKHE MAphI JlocTynHOCTD 1
JunarsocTHra Tepanus NpeaynpeKIeHU
ey (14,7 4) Y (2,7 cyr) O6a KOMMEPYECKH JOCTYIIHbI
1241 (4,2 cy) 1217 (8,0 cy1) 06a KOMMEPYECKH JTOCTYTIHBI
£F (109.8 mun) Y7L (6.73 cyT) 06a KOMMepYECKH TOCTYTTHBI
Y5 F (109.8 mun) 225 4c (10 cyT) 062 KOMMEPYECKH JIOCTYIIHBI
#MT e (6.06 u) 122 Re (17.14) 0O6a KOMMEPYECKH JOCTYIIHEI

Tabnuua 1. TepanocTudeckue mapbl

TepaHOCTUYECKUI TMOMXOJ] B SJACPHOM MEAMIIMHE MMEET OOJIbIIKe
MEPCHEKTUBBI, MOCKOJbKY OH pPaccMaTpHUBAETCS KaK IEPCOHAIH3UPO-
BaHHas MeAulMHA. TexXHOJIOrusT NPOU3BOJACTBA PAAUOHYKIUIOB B
HACTOMIIEe BPEMS JJOCTATOUYHO MPOABHUHYTA, HEKOTOPBIE U3 TEPANEBTHU-
YECKUX PAAUOHYKIUIOB TaKXKe JOCTYIHBI JJIs KIMHUYECKOrO0 IPUMEHE-
Hus. TeM He MeHee, CEeroAHs NPUJIaratoTcsi OTPOMHBIE YCHIIUA JUIsl HO-
JIy4eHHUS] Topa3fo OOJbIIEro KOJWYECTBA TEPAHOCTUYECKUX pPaHO-
HYKJIUOB, U pa3pabaThIBalOTCS HOBBIE TEXHOJIOTHH.

Jluteparypa:

1. Theranostic radionuclides: recent advances in production method
ologies. Journal of Radioanalytical and Nuclear Chemistry. — 2019. 322: P.
1257-1266.

2. Kelkar S.S, Reineke T.M. Theranostics: combining imaging and
therapy. Bioconjug Chem. — 2011. 22: P. 1879-1903.
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OOPMHUPOBAHUE JIETAJIBHBIX HOBPE)KI[EHHFI nPu
COYETAHHOM IMPOTOH-HEMTPOHHOM OBJIYYEHUHA

A. A. Inukynosal, E. B. Kopsikunal, M. B. Tpommuna?, B. U. Ioterns?,
B. O. Cadypos’, A. H. CoaoBbes2, A. A. JIprarun?, C. H. Kopsaxun'?

Y Meouyunckuii paduonoauueckuii nayunwiii yenmp um. A. Lfviba — ¢puauan
Hayuonanvnozo meouyunckozo ucciedo8amenbcko2o
paouonoeuveckoeo yewmpa Munzopasa Poccuu, Obuunck, Poccus
2 Hayuonanvhwlil uccrnedosamensckuii a0epuwlil ynusepcumem « MUDHy,
ObHnuHCcKull uncmumym amomuou suepeemuxu, ObHuuck, Poccus
e-mail: pidkunowa@yandex.ru

Hauano ximHHYECKOro NpuMeHEeHUs] HEUTPOHOB OBLIO CONPSDKEHO C
CepbEZHBIMU JYUYEBBIMU OCIIOKHEHHUSIMHU BCIIEJCTBUE TUIOXOH KOHDOPM-
HOCTH TOJsI OOJyueHHS M BO3JIEHCTBUS BTOPUYHOTO H3IIyYCHHS Ha
OKpy>Karolye TKaHu. Mcnojib30BaHUE COYETAaHHOW raMMa-HEUTPOHHOU
Tepanuy MO3BOJIMIIO CHU3UTD JIyUeBbIE PEAKIMU, HO COXPaHHUTH Y eK-
THBHOE BO3JICHCTBHE MJIOTHOMOHU3UPYIOIIETO M3IIyUYeHHUs Ha OIMyXOJb
[1]. PaccmaTpuBasi IpOTOHBI Kak 00Jiee COBEPIICHHYIO C TOUKH 3PEHHUS
JI030BOTO pacHpeneseHusl 3aMeHy (DOTOHHOTO H3Iy4eHHs, Lesecoo0-
pa3HbBIM MPECTABIAETCS NMEPEXO0]] K IPOTOH-HEUTPOHHOM Tepanuu. On-
HaKo Mpud pa3paboTke cxeM OOJy4YeHUs] TMOMHMO  (DHU3HKO-
JO3MMETPUYECKUX CBOHCTB NPOTOHHOIO M HEUTPOHHOTO HW3ITy4EHHUH
HEOOXOJMMO yYUTHIBATh MHAYIIMPYEMBIH UX COYETAaHHBIM BO3JIEHCTBH-
eM Ouosorndyeckuit 3 dexr.

Lenp pa®oThl cocTosyia B CpaBHEHHH YPOBHEH OHOIOrMYecKux 3¢-
(GeKTOB B KJIETKax IOCJE BO3JCWUCTBHS MPOTOHAMH W HEHTPOHAMH B
pasHBIX TOCIEIOBATEIBHOCTIX, BKIAJaXx B CYMMapHYIO 103y U C pas-
HBIMH MHTEPBAJIAMH MEXIY 00JIy4YeHHUSIMHU.

B askcnepumenTax ucronb3oBaiy JUHUIO KieTok B14-150 (kuraii-
CKUH XOMSTIOK, prOpocapkoMa) B CTAIIMOHAPHOH (aze pocTa KyJIbTYpHI.
CycCHeH3uIo KIETOK B MUKPOICHTPU]Y) HbIX mpodupkax (V=2 mui) 00-
JTy4yald HEWTpoHamu ¢ sHeprued 14,5 MsB B ycnoBusx paBHOBecCHUs
BTOPUYHBIX 3apsoKeHHBIX dactul (reHeparop HI-24MT, OI'VII
BHUUA um. H.JL JlyxoBa 'K «Pocatom») u IpOTOHAMH ¢ SHEPTUSIMH
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88-109 M5B B nenrpe pacmupensoro nuka bparra (AO «I[TPOTOM»)
B JBYX IOCJIEIOBATEIbHOCTSIX: «IPOTOHBI-HEUTPOHB U «HEHUTPOHHI-
npoToHb. MHTepBanbl Mexay o0myueHusmMu coctasisiu 0, 0,5, 1, 2, 3,
4, 6 u 8 4. Cymmapasie 10361 coctaBmm 9,1-9,4 I'p(OB)D) ¢ Bknamom
HelTponHoro uznyderus 40 u 30%. YpoBeHb JIeTaIbHBIX MOBPEXKIEHUH
B KJIETKaX OLEHHUBAIH IO TECTy KIOHOI'€HHOW aKTUBHOCTH (BBDKHBAe-
MOCTH).

B pesynbraTte uccienoBaHus ObUT YCTAHOBJIEH CHHEPTUYECKUH -
(GexT a7 BceX paccMaTpUBAaeMBIX BapHaHTOB oOmydeHus. OmHakKo
Hambonee 3((HEKTUBHBIM C TOYKH 3PEHUS MOBPEXKACHUS OIYXOJIEBBIX
KJIETOK SIBJSUIOCH OOJydeHHE B IOCJIEAOBATEIbHOCTH «HEUTPOHBI-
MIPOTOHBD) € BKJIaA0M HEWTpoHOB 40% B cyMMapHyO A03y, HO CTaTH-
CTUYECKU 3HAYMMBIX Pa3jIM4Mi MEXJy CXEMaMH BO3JECHCTBUU BBISBIIC-
HO He OBUIO.

IlomyuenHble naHHBIE yKa3bIBalOT Ha MEPCHEKTUBHOCTH MCIOJb3ye-
MOTO TMOAX0Aa M OYyAYT SIBISETCSI OCHOBOM AJISi MPOAOJIKCHUS UCCIIEIO0-
BaHUSA CXEM IPOTOH-HEHTPOHHON TEepamuM C pa3iMdHbIMU PEKUMaMU
COUYETaHHOT'O BO3/ICHCTBUS.

PaGoTa BbIMONHEHa TpW (QUHAHCOBOW MoOjep)Kke MUHHCTEPCTBA
HayKH H Bbiciiero oopazopanusi PO (mpoekt Ne 075-15-2021-1347).

[1] T'ymunoB U.A., Mapneiackuit }0.C., CmupnoBa U.A., Croicoe A.C., Amu-
HOB I'.I". CoueranHast OTOHHO-HEHTPOHHAS Tepanusi B KOMIUIEKCHOM JICYEHUHT
OONBHBIX pakoM MoJIouHOH sxene3bl |IMV cramum / Cubupckuii oHKOJIOTHYe-
ckuit xxypHai. 2004. Ne 2-3. C. 66-69
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OBJYUYEHME KIJIETOK A549 ITPOTOHHBIM ITYYKOM BO
@JIDII- U CTAHIAPTHOM PEXXUMAX

P3sinuna A.B., Aranos A.B., Munsin I'.B., ¥Yraosa C.C., llnnyaun K.H.

OUAU, /lybua, Poccus
rzjanina@mail.ru +79253804534

OcHOBHOH MpoOJIeMOH JTyueBOW Tepanuu SIBISIETCS TO, YTO OHA MO-
JKET HAaHOCUTH BPEZ OKPYKAIOLIUM OIyXOJIb 310pOBbIM TKaHsaM. [loaTo-
My IOIBOIMMAsl K OIYXOJM J03a OTPaHHWYEHA €€ TOKCHYHOCTBIO IS
OnMu3IeXaIMX 30POBBIX TKaHEH. JTO MOXKET MPHUBECTH K CHIKEHUIO
3¢ GEKTUBHOCTU JTy4eBOW Teparnuyd M HEMONHOMY YHHYTOXEHHIO OITy-
xoimu. Hapsimy ¢ ycoBeplieHCTBOBaHHEM METOAOB CHOCO0Aa JOCTABKH
JI03bI B OIYXOJIb M PEXKUMOB (PpaKIIMOHUPOBAHUS A0 HEJTaBHETO BpeMe-
HU HEJOCTaTOYHO BHUMAaHHUA YAENSAIOCh BO3MOKHOCTH PETYIUPOBAHUS
MOIIHOCTH 1103bl. Bee Gosiblie ucciuenoBanuii NpOBOAUTCS B HOBOW 00-
JacTy, TONy4YMBIICH Ha3BaHWE (ALI-Tepanusi, MNpeanoararomei
CBEPXOBICTPOE MOJIBEACHHE JI03bI MPU BBICOKOW MOIIHOCTHU (ITOYTH Ha 3
NOopsiZIKa BBIIIE, YeM IpU CTaHIapTHOM Tepanuu). ViccnenoBanus moxa-
3BIBAIOT, YTO MO CPAaBHEHMIO CO CTAHAAPTHOW paaMoTeparnue, Q-
Tepanus IMO3BOJIIET YMEHBIIATh CTENEHb MOBPEXJIEHUS HOPMAaJIbHBIX
TKaHEW, OKPYKaroIMX OIMyXOJib U MONAJAI0IINX MO/ JEUCTBUE U3TyUe-
HUSI, B TO )K€ BpeMs BO3/CHCTBHE Ha PAKOBBIE KIETKH COXPAHIETCS Ha
NPEXHEM YPOBHE, YTO YIIy4lIaeT NMEPCHEKTHBY JIOKAJIbHOTO KOHTPOJIS
OITyXOJIM TIPH MEHBIIEH YacTOTe BOZHUKHOBEHUsI MOOOYHBIX d((PEKTOB
[1]. Zenv: CpaBHeHHE BBDKMBAEMOCTH KJIeTOK AS49 mpu oOiyueHHn
NPOTOHHBIM IYYKOM BO (UISII- U CTaHIAPTHOM pexumax. Kinemounas
kyremypa: KineTku xapumHOMBI JieTkoro uenoBeka A 549. Ob6nyuenue
npomonamu: OONy4eHHE KIETOK MPOBOIMIOCH HAa MPOTOHHOM ITYYKe
660 MaB dazorpona OUAN meTronoM «Ha mposieT» B ABYX peXHUMax:
cTaHgapTHOM Tipu MomHocTH 11036l 0,1 I'p/c u Bo ¢umuI-pexnmMe npu
mortHocTH 70361 70 I'p/c. OcTanbHble MapaMeTphbl IMydKa ObUIM OJMHA-
KOBBI.
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CHUHTE3 HAHOYACTHUIL BUCMYTA METOJ1OM JIABEPHOM
ABJISIIAU B XKUJTKOCTHU

A.B. Pyuwiii 12", A.A. ®pons 2, U.H. 3aBecToBckas 12

Y @rA0Y BO «Hayuonanvhvlii uccie0o6amensckuii s0epublil yHUepcumen
«MHUDH», Mockea, Poccus

2 @I'BYH Dusuueckuti uncmumym um. I1LH. Jlebedesa PAH, Mockea, Poccus
*rudyialex1990@gmail.com

Hcnonp3oBaHNe HAHOTEXHOJOTHH B MEIMIIMHE OTKPHIBA€T HOBBIC
TOPHU30HTHI B 001aCTH TUArHOCTHKH U JieueHHs 3aboneBanuil. Hanoua-
CTHUIIBI OOJIAZaf0T BBICOKOH MPOHUKAIOMIEH CIMOCOOHOCTHIO, TaKk OHHU
CIOCOOHBI MPOHHUKATh Yepe3 Ouosnornveckue Oapbepbl, B TOM YHCIIC
MeMOpaHbI KJIETOK U SiICP KJIETKH. 3a4acTyl0 HAHOYACTHIBI 001agaroT
Cpa3y HECKOJBbKHMHU CBOICTBaMH, KOTOPBIE MOYKHO HCIOJIb30BaTh B JIU-
arHOCTHKE U Teparuu.

IIpocToii ¥ HPOKO PacIpPOCTPAaHEHHBIA METOJ MTOJYYEHUSI HAaHOYa-
CTHII - METOJ{ yJJAJICHHSI BELIECTBA C IIOBEPXHOCTU UMITYJICOM JIa3€PHO-
ro n3NmydeHus (Ja3epHas abmsius). MeTo nazepHol abmusaiun odbnamgaet
OBICTpOAEHCTBUEM U OTCYTCTBHEM CIOXXHBIX BHEIIHUX yciaoBuid. Co-
CTaB paclbUIsIeMOi/00Ty4aeMoll MHUIIIEHH OTpaXkKaeTcsi B COCTaBe HAHO-
yactull. HaHouacTHIbl OCTalOTCSA YUCTHIMU, HE MEHSS XUMHUYECKHHA CO-
CTaB.

OnvH Y3 TOTCHUIUANBHBIX KAaHAWAATOB JJIsi OMOMETUIIMHCKUX TPH-
ToKeHUH siBisieTcst BUCMYT (Bi). BeI3BaHO 3TO psiioM CBOMCTB: BBICOKAS
CTaOMIIBHOCTD, OONbLIAS TUIOIIAAb HMOBEPXHOCTH, CHIBHBIA AMaMarHe-
TH3M, BBICOKOE JJIEKTPHUECKOE ¥ MarHUTOCOTIPOTHUBIIEHNE B MATHUTHOM
noJje, JerkocTs (GYyHKUMOHAIM3ANH, XUMUYECKasi HHEPTHOCTh, HU3Kasl
TOKCHUYHOCTb, BBICOKMI K03(duuueHT ocnalieHus peHTreHOBCKOro
W3JTy4eHUs], CHIIFHOE TOTJIONeHHe B ONMKHEM HH(PaKpacHOM JHara-
30He, BBICOKOSI d((EKTUBHOCTH (POTOTEPMHUUECKOTO MPeoOpa3oBaHus,
OnmaronpusiTHas aHTHOAKTEepHUaIbHAsl aKTUBHOCTh. BUCMYT U ero coenu-
HEHUS TaBHO HCTIONB3YIOTCS B MEAMIIMHE, M B HACTOSIIUN MOMEHT CY-
HIECTBYET OOJIBIIIOE KOJIMYECTBO JICKAPCTBEHHBIX IpenapaToB, o0asa-
IOLIMX AHTUCENITUYECKUMHM, 3KHUBISIOIMMH, BSDKYLIIMMH, OOBOJIAKH-
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BAIOIIMMHU, aHTALUAHBIMHU, IPOTUBOCU()UIUTUYECKUMU CBOMCTBaMHU [1-

3].

Oxcun Bucmyta (Bi203) u cynbedug sucmyta (Bi2C3) HanouacTHIIBI
HIMPOKO M3y4yaJIuCh B 007acTH Buzyanu3auuu. CaenaHbl BBIBOABI, YTO
M3-3a pAJa CBOWCTB HAHOYACTHIBI BUCMYTa OCOOEHHO MPUBJIEKATEIbHBI
B KaueCTBE PEHTICH-KOHTpAcTHhIX arcHTOB [4]. Hanodactursr Bi203
MOJKHO HCHOJIb30BaTh B KaueCTBE HOCUTENS,, KOTOPBIA JOCTABISET Jie-
KapcTBa B HY’)KHOE MECTO B OPraHU3ME, a 3aTeM BBICBOOOKAAET €ro caM,
TaKXe MOMOrasl JISUUTh 3a00JieBaHue, TIOCKOJIbKY OH OMOCOBMECTHUMBIH
U nopuctelil. biaronapss 3TUM CBOHCTBaM U BBICOKOMY COJEP KaHHUIO
BUCMYTa HaHOYACTHUIIBI €r0 OKCHAA ObUIM MPOTECTHPOBAHBI B OTHOILE-
HHU JieueHus paka [5,6].

Pactymiee uncio ucciaenoBaHU TOBOPUT O MEPCHEKTHBAX JAHHOTO
Matepuana. CBolicTBa HaHOYacTUI[ Bi mo3BomsitoT UM OBITH paszpabdo-
TaHHBIMH MHOTHMH HCCIIEAOBATEISIMH B 00JIaCTH OMOMENIINHBI.

PaboTa BBIMONHEHA NpHM (QHUHAHCOBOW moanepkke MHHOOpHAyKH
Poccun B pamkax Cornamenuns Ne 075-15-2021-1347.

Cnucok UCIONB3yEMON JTUTEPATYPHI:

[1] Lusic, H.; Grinsta, M.W. X-ray-Computed Tomography Contrast
Agents. Chem. Rev., 113, 1641-1666. (2013)

[2] Lee, N.; Choi, S.H.; Hyeon, T. Nano-Sized CT Contrast Agents. Adv.
Mater., 25, 2641-2660. (2013)

[3] Shahbazi, M.A.; Faghfouri, L.; Ferreira, M.P.A.; Figueiredo, P.; Maleki,
H.; Sefat, F.; Hirvonen, J.; Santos, H.A. The versatile biomedical applications
of bismuth-based nanoparticles and composites: Therapeutic, diagnostic, bio-
sensing, and regenerativeproperties. Chem. Soc. Rev., 49, 1253-1321. (2020)

[4] Yang, X.; Yang, M.; Pang, B.; Vara, M.; Xia, Y.; States, U. Gold Na-
nomaterials at Work in Biomedicine. Chem. Rev. 2015, 115, 10410-10488.

[5] V. A. Ovsyannikov, M. V. Zamoryanskaya, A. V. Semencha, et al.,
Glass Phys. Chem., 41(5), 533 — 536. (2015)

[6] C. Stewart, K. Konstantinov, S. McKinnon, et al., Phys. Med., 32(11),
1444 — 1452. (2016)
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AHAJIN3 KT CHUMKOB HA OCHOBE PACIIPEJIEJIEHU ST
BEPOSITHOCTEM IOBETOB

M.A. Cosomatun?, 10.B. Kpusoga?, B.B. JImutpuesa’, E.B.Iloasikos!

! Hayuonanonwni uccnedoeamenvcxui soepuwiii ynusepcumem MUDH,
Mocksa, Poccuiickas @edepayus
2 Bemepunaphas kiunuxa «5uoxonmponsy
mis4455@yandex.ru

Amnanu3 pacnpenenenus 1BeToB Ha KT cHUMKax sBIsSeTCs Baxk-
HBIM MHCTPYMEHTOM B MeIUIIMHCKOW nuaraocTuke.[l] KommprorepHas
tomorpadus (KT) mo3Bonser momyduTh JeTampHBIE H300pasKeHUS
BHYTPEHHUX OPTaHOB U TKaHEH C MOMOIIbIO pEHTT€HOBCKHUX JIy4eH.

AHanu3 pacnpeiesicHus BEpOSTHOCTEM IBETOB HA OCHOBE LBE-
ToBBIX cxeM RGB n YUV B KT cHuUMKax SBIsIeTCS OMHUM U3 CIIOCOOOB
BU3yallM3allMd U aHaln3a [BETOBOM WH(OpMAaNMH sl MEIUIIMHCKON
JUArHOCTHKH.

IIgeroBas cxema RGB (Red-Green-Blue) ocHoBana Ha KOMOU-
HaI[MM TPEX OCHOBHBIX I[BETOB - KPACHOTO, 3€JIEHOTO U CHHEro. B pam-
Kax 3Toi cxembl Kax bl nukcens Ha KT cHUMKe npeicTaBieH TpoUKoi
4yucen, NPeACTABISIIOIINX HHTEHCUBHOCTh Ka)KOr0 U3 I[BETOBBIX KaHA-
JI0B. AHaNU3 pacnpeleeHus] BEPOSITHOCTEN LIBETOB B I[BETOBOM cXeMe
RGB no3BossieT onpeneanTb, Kakue 1BeTa MpeodiagaT Ha u3o0paxke-
HUU U KaK OHU PACIPEIEIICHBI.

LBeroras cxema YUV (Luma-Chroma) ucnonbs3yercs ais OT-
JIEJIEHUs APKOCTH OT LIBETHOCTH CUTHaJIa. B 3TOM cxeMe KoMroHeHTa Y
MIPEJICTABISIET SIPKOCTh WM MHTEHCHBHOCTH MHUKCENS, a KOMIOHEHTHI U
1 V TpeACTaBJIAIOT LBETHOCTh WIIM IIBETOBYIO MH(pOpMauuio. AHaIN3
pacrpesiefieHns] BEpOsITHOCTEN 1IBETOB B 1IBETOBOM cxeme YUV mo3Bo-
nseT 0ojee TOYHO OMPEAETUTh SPKOCTh W IBETHOCTh TKaHed Ha KT
CHHUMKE.

AHanu3 pacnpeneneHns BEpPOSITHOCTEN IIBETOB HA OCHOBE I[BE-
ToBEIX cxeM RGB 1 YUV MoXeT OBITh TOJIE3HBIM ISl pa3IMIHBIX 3a-
Jlay B MEAULIMHCKOMN TNarHOCTHKE:
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1. OG6napyxeHHe MaTOJOTHIA: paclpeneieHne BEPOSTHOCTEH I[BETOB
MOET IIOMOYb BBISIBUTh AaHOMAJIMM WU MATOJIOTUYECKHUE U3MEHCHUS B
TKaHaX. Hanpumep, HaJnuuWe OIMyXoJie WM KPOBOUBIHSHUN MOMKET
W3MEHUTH PACIPEICIICHUE [IBETA HA CHUMKE.

2. CermeHTanus TKaHEW: aHAJIU3 PACIIPENIeNeHNs] BEPOSITHOCTEN 1{BETOB
MO3BOJISIET MPOBECTH cerMeHTanuto Tkane Ha KT cHumke. 910 MoxeT
OBITH MOJIE3HBIM B ONPEACICHUU I'PAaHULl OPTaHOB WM OTCIICKHBAHUH
IIyTH PaclpOCTPaHEHUS ATOJIOT M.

3. KonM4yecTBEHHBII aHANIW3: aHaIU3 pacHpeleieHUs BEpPOSATHOCTEH
OBETOB MOXET OBITH HCIIOJIL30BaH JJIA HU3BJICUYCHUA KOJINYECTBEHHOM
WHQOpPMAIMK O TKaHSAX, HallpUMeEp, TUIOTHOCTH WM TPOLEHTa IOJH
OIIpeIeJIEHHOM TKaH! Ha H300pakeHHH.

Puc.1.

AHanu3 pacnpeneneHusi BepOsITHOCTEH 1IBETOB HA OCHOBE LIBETOBBIX
cxeM RGB n YUV B KT canmkax mpegoctaBisieT HHGOPMAIIHIO O I[BE-
TOBOM COCTaBe TKaHEH, IMoMoras BU3YyaJIU3WpPOBATh W AHAIN3HPOBATH
[BETOBYIO0 MH(OpMAINNIO sl OoJiee TOYHOW TUArHOCTUKH ¥ TUTAHHUPO-
BaHM JICUCHMUS.

[1] JIutBuH, A. A., bypkun, 1. A., Kpomunos, A. A., & Ilapam3un, ®. H.

(2021). Pammomuka u aHanmu3 TEKCTYp HUQPOBBIX M300pakeHHI B OHKOJIOTUH
(0630p). CoBpeMeHHBIE TEXHOJIOTHH B Meauiuue, 13(2), 97-106.
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IMPOI'PAMMA JIJISA BEPUOUKAIIUN JO30BBIX ITOJIEX HA

KOMILJIEKCE IPOTOHHOM TEPAITUA «ITPOMETEY C»
Y.A. CrenanoBa, B.O. Cadypos

Meouyunckuii paduonozuueckuii Hayynwili yeump um. A.D. L[oioa — punuan
geodepanvroco cocyoapcmeeHH020 6100xcemHo20 yupedcoenus « Hayuonano-
HbLI MEOUYUHCKULL UCCIe008aMeNbCKULL yenmp paouono2uuy Munucmepcmea

30pasooxpanenus Poccuiickoii @edepayuu
Stepuliana@yandex.ru

I'maBHEIM MPEUMYIIECTBOM NPOTOHHON Tepanmuu TOHKHUM CKaHHUPY-
IOIIMM IIyYKOM Iepe]| KJIACCUYECKOM Jy4eBOM Tepamnueu sBIsAETCs I0-
BBIIICHHAS! KOH()OPMHOCTH 0Oy4YEeHHUs OMyXOJIeH, B TOM YHCIe TITyOOKO
3aJIeraolluX ¥ UMEIOIINX CIOXHYI0 (OpMY, U, CIEI0BATEILHO, CHIKE-
HUE JIy4eBOM HAarpys3kd Ha 3[0pOBbIE TKaHU. J[aHHOE MPEBOCXOICTBO
UMEET U CBOIO LIeHY B BHUJIE MMOBBIIICHHBIX TPEOOBAHUI K 00ECIICUSHHIO
TapaHTUU KAa4yeCTBa, MOCKOJIBKY CHMKEHHE TOYHOCTH JOCTAaBKH 03Bl
CIOCOOHO TOJIHOCTBIO CBECTH HA HET NMPEHMYILECTBAa IPOTOHHOW Tepa-
nun. B aToM cBeTe 0co0yI0 3HAYMMOCTh MPEACTABISET COBEPIICHCTBO-
BaHME CYIIECTBYIOIINX M pa3pabOTKa HOBBIX METO/IOB MOBBIIICHHUS TOY-
HOCTH JOCTaBKH J03bI B IPOTOHHOM Tepanuu. OTHUM U3 TaKUX METOJI0B
SIBJISIETCSl TIPOBEPKa COOTBETCTBHUSI pEaNbHBIX JIO30BBIX MOJeH, Gopmu-
PYEMBIX IPOTOHHOW YCTaHOBKOM, PacYETHBIM IOJISIM, MOZEIMPYEMBIM
CUCTEMOM IJIAHUPOBAHMSI IPOTOHHOM Tepanuy.

C 1enplo OCyIIeCTBICHUS TaKO MpOBEpKH ObUIO pa3paboTaHo crie-
[UAbHOE TIpOrpaMMHOE obecriedeHne, MpeIHa3HaueHHoe i CpaBHe-
HUSl peaJIbHOTO J030BOr0 MoJisi ¢ pacu€THbIM. IIporpamma nmpuHuUMaeT
Ha BX0A (¢aiin, cOpMUPOBaHHBIA CHCTEMOI TIAHUPOBAHMS KOMILIEKCa
npoTtoHHOW Tepanmu «lIpomereycy, conmepskamuii nHGOpMAaIUo 0 10-
30BOM PACTIPECIICHUH B TPEXMEPHOM 00BEME, COOTBETCTBYIOIEM 00b-
€My 3arpyK€HHOU B CHCTEMY INITAHUPOBAaHUS TOMOrpaMMmsl. [Iporpamma
MO3BOJIAET OBICTPO IMONYYUTH ABYMEPHOE J030BOE paclpelesicHHe B
JII000M BBIOpaHHOM CJI0€ IO JIr00o# u3 oceit. Kpome Toro, mporpamma
COJICP)KUT HMHCTPYMEHT «BUPTYaJbHOM H3MEPUTENBHONW IUIACTUHBI»,
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KOTOpasi MpeJCTaBIIeT cO00H MPHOMM3UTENHHYI0 MOJIENh MAaTPUIHOTO
JISTEKTOpa, HAXOMASIIErocs B BOAHOM (panToMe. BupTyanbHyo usmepu-
TEIBHYIO TUTACTUHY MOXHO TIEPEMEIaTh BIOJIb MPOJOIBHONH OCH 00BE-
Ma ¥ IIOBOpa4YMBaTh Ha pa3HbBIE YIVIBI BOKPYT ABYX B3aWMHO IEpIICHIU-
KYJIAPHBIX OCEH, UMUTHUPYS pa3IUYHOE BO3MOKHOE PACTIOJIOKEHHUE MaT-
PUYHOTO JIETEKTOpa BHYTPH BomHOTO (panToMa. [layiee mporpamma BbI-
YUCISIET JBYMEPHOE J030BOE PACIIPENECICHUE B BUPTYATbHOH H3MEPU-
TenpHOM IiacTuHe. IlomydeHHbIe JO30BbIE paCIpEAEICHUS MOXKHO CO-
XpaHUTh B BUJC HM300paKCHHS, IMPEICTABISIONIEIO COOOW IBETOBYIO
KapTy, a TaK)Ke B BUE TEKCTOBOTO (aiiia crieruanbHoro hopmMara, Ko-
TOPBII YMTAeTCS J03MMeTpUdeckoil mporpammoir PTW VeriSoft. Ana-
JIOTUYHBIC (ailyibl TO30BBIX PACHIPE/ICIICHUHN 3arpy’KaloTCs B POTPaMMy
VeriSoft o pesynabprataMm (U3MYECKUX U3MEPECHUI MATPHUYHBIM JICTCK-
TOPOM B BOJHOM (haHTOME, TIOCTIEe YET0 MOSBISIETCS BO3MOXKHOCTh CPaB-
HUTh PACYETHBIC M U3MEPEHHBIC JT030BBIC PACTIPEACICHHUS MEXKIY COO0H
METOJIOM TaMMa-WHJAEKCA, YTO IO3BOJHUT IMOBBICUTh 3(PPEKTUBHOCTH
PYTHHHBIX IPOLEAYP TapaHTUHA KauyeCTBa.
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Hcnonp3oBaHne B OHOM CXeM€ AMCTAHIIMOHHOW JIyYE€BOW Tepanuu
HECKOJIbKMX THUIIOB U3Ty4YEHUH OMpaBAaHO Kak B IENIAX yJIydlIeHUs J10-
3UMETPUYECKOT0 paclpeiesieHusl oI 00IydYeHus], TaK U YCUIICHUs 10~
BPEXKICHUS OMYyXOJM 32 CYeT paguoOuonornueckux 3(dexToB mpu
OTIpe/IeIEHHBIX CXeMax Bo3aekcTeus. Panee in vitro [1] 6suto mokasano,
yTo Oosnee 3(EKTUBHBIM SBIAETCS OOIyUEeHHE B MOCIEI0BATENBLHOCTH
«HMOHBI YIiIepoa-npoToHb. OAHAKO MPH JY4EBOH TEepanmuy BaXKHBIM
SBJIIETCS] HE TOJBKO YBEIMYEHHE MOBPEXKICHHS OIMYXOJH, HO U COXpa-
HEHHE 30POBBIX TKaHEH, HAXOSMIMXCS MPU MOHHOW Tepanuu B MPOK-
CHUMaJbHOM yacTu KpuBoi bparra myuka.

Lenbro paboTHI ObLIA OLICHKA HHAYKIIUH abeppaiuii xpomocoM (AX)
B KJIETKax IOCJIE€ BO3ACWCTBUS HMOHAMH yTJepojaa M MPOTOHAMHU IPHU
YCIIOBHH Pa3HBIX BKJIQJIOB B CyMMapHYIO 103y ¥ BpEMEHHOI'O MHTEpBaia
MEX/Ty SKCIIO3UIUSIMHU.

HccnenoBanne mpoBOAMIIN HA KIIETKAX SUYHUKA KUTAWCKOTO XOMSY-
ka CHO-K1 B craunonapHoii ¢asze pocta KynbTypsl. DIaKoHBI ¢ MOHO-
clIoeM KJIETOK OOydand B NPOKCHMMAalbHOM 4YacTH (IJIaTo) KpPUBOH
Bbpoarra nonoB yriiepona (yckoputenbHblii komruieke ¥Y-70, HULL «Kyp-
4aTOBCKUHA WHCTUTYT» — UDPBI) 1 mpoToHOB (IIEHTp IPOTOHHOU Tepa-
mun «I[Ipomereyc», OO0 «IIPOTOM»). UnTepBansl Mexny BO3jAEH-
CTBUSAMH cOCTaBUIH 2 U 4 4. OOjIydyeHHe NPOBOIWIN B CYMMAapHBIX J0-
3ax 0,5, 1,5 u 2,5 I'p(OB9) ¢ Bknamom noHoB yriaepona 50 u 75%.
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KynpTHBHpOBaHHE KJIETOK IO W IOCIIE SKCIIEPUMEHTA W IPHUTOTOB-
JIeHHe TpenapaToB MeTa(a3HbIX XPOMOCOM MEPBOTO MUTO3a OCYIIECTB-
JANMM TO CTAaHAAPTHBIM MeToAukaMm. IIpu aHanmmze y4dUTHIBAIM BECh
criekTp AX, BUTUMBIX TIPH OKparmuBaHuu 1o ['mm3a.

B pesynbpraTe nccnenoBaHui yCTaHOBIEHO, YTO YacTOTa MHAYLUPO-
BaHHBIX AX BBIIIE AJIS1 CXEeMBI 00JyYeHHs ¢ BKJIaJOM HOHOB yTiepoja B
cyMMmapHyo 1103y75%. Ilpu sTom Oomnbmuii moBpexnaromuil 3¢ dext
NPOSIBIISUICA NIPH MHTEpBaIe MEXAy oOiydeHusMHU 2 4. OgHako Habmo-
JaeMblii ypoBeHb unciia AX ObUI COTTOCTaBUM C OXKHIIAEMBIM H3 TIpEe-
HOJIOXKEHHSI O HE3aBUCHMOM JICWCTBUH HCIOJIb3yEeMbIX H3IydeHuil [2],
HO C yYBEIMYECHHEM CyMMapHO# mo3bl obmyderus ot 0,5 I'p(OBD) no 2
I'p(OBD) cHmxancs 1y Bcex BapHaHTOB BKJIaJia HOHOB yTJepo/ja B J0-
3y U BPEMEHHBIX MHTEPBAJIOB, yKa3bIBas Ha MEpPeXoj K aHTarOHUCTHYe-
CKOMY JICHCTBHIO.

Takum 00pa3oM, cOUeTaHHOE BO3JCHCTBHE MOHOB YIIEpojaa U Mpo-
TOHOB B HCCJIEIOBAaHHBIX CYMMAapHBIX J03aX HE MPHUBOJUT K yBeIU4Ye-
HUIO TIOBPEXICHUH B KJIETKaX MPHU OOIyYEHUH B MPOKCUMAIBHON 4acTH
KpuBOM bparra, B omyiumMe OT LEHTpa pacmmpeHHoro nuka [1]. Yera-
HOBJIEHHBIE 3aKOHOMEPHOCTH ITOATBEP)KIAIOT MEPCIEKTUBHOCTD IpH-
MEHEHHUSI CXEM COYETaHHOI'O0 HMOHHO-TIPOTOHHOTO OOJIyuyeHHMS B LEIsIX
Jy4EeBOM TEpaIny.

PaGoTa BbIMONHEHa TIpH (UHAHCOBOW MOAACpKKe MUHHCTEPCTBA
HayKH U Bbiciiero oopaszosanus P® (mpoekt Ne 075-15-2021-1347).

[1] Tpommra M.B., Kopsikuna E.B., ITotetns B.M., ConosseB A.H., CaGypos
B.O., JIpruarun A.A., UsanoB C.A., Kampuna A.Jl., Kopskua C.H. buonorude-
ckuit oTBeT KieTok B14-150 Ha mocnemoBareibHOE KOMOMHUPOBAaHHOE BO3JICH-
CTBHE IIPOTOHOB U HOHOB *2C // BroJuleTeHb SKCHEPUMEHTAILHON OHOIOIMH
meaunuuel. 2023. T. 176, Ne 7. C. 49-52.

[2] Ob6arypos I'.M., ITorernss B.. KomOuHMpOBaHHOE AEHCTBHE M3Iy4EHHS
pasHoro kadectBa // AtomHas sHeprus. 1998. T. 84, Ne 1. C. 42-50.
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CoriacHO CTaTHCTHKE, MPUBEICHHON B pabote [1], MyxuuHbI 3a60-
JICBAIOT pakoM Jierkux B 7-10 pa3 yame >xeHmuH. CI0XKHOCTD 3aKIT0Ya-
eTCsl B TOM, YTO JIMIIb Y MAJIOTO MPOIEHTA MAI[MEHTOB AUArHOCTUPYIOT
pak Ha paHHe#l ctaguu. CMEpTHOCTh B MEPBBI IO/ MOCTAHOBKU JHa-
rHO3a BbICOKas — mopsika 54 % [1].

JloknmuHMYecKass BU3yau3alisl BaKHA JUIS WCCIICIOBAHWH, CBA3aH-
HBIX C Pa3pabOTKON M TECTUPOBAHMEM HOBBIX TUATHOCTHUYCCKUX M Te-
paneBTUUECKUX METOJIOB JIJIsl KITHHUISCKOTO MPUMEHEHUSI, a TaKXKe MO0~
MoraeT B (pyHIaMEHTAIBHBIX OMOJIOTMYECKUX HCCIeqoBaHusIX. Busya-
JM3alHsg MEJIKUX JKUBOTHBIX TPeOyeT JydIIero MpOCTPaHCTBEHHOTO
paspelieHus o CPAaBHEHUIO ¢ BU3yallu3allneii yenoBeka [2].

O®DOKT (ogHOGOTOHHAS 3MHUCCHOHHAS KOMIIBIOTEpHAsi TOMOTIpa-
¢ust) — pa3HOBUIHOCTD KIMHUYECKOW JMArHOCTHKHU, B KOTOPOM HCIOJIb-
3yl0TCs paarodapipenaparsl, MCUCHHbIC PAIMOAKTUBHBIMU W30TOMIAMHU
(manpumep, ¥MTc, 123, 13, 1251 1n), ODDKT siBasercs BaxKHBIM CIIO-
c000B (hYHKIIMOHATBHOW JMATHOCTUKA META0OIMYECKUX MPOIECCOB U
m3meHeHuit opranoB. CoBmemenne KT u ODSOKT Ha ocHOBE mOIyTIpo-
BOJJHUKOBBIX JICTEKTOPOB MO3BOJIMT CO3aBaTh YCTAHOBKHU, TPEOYIOLIHe
MEHBIIIET0 KOJIMYECTBA MOHU3UPYIOUIErO M3ITyYeHHUs, KOTOPOE J0CTaB-
JIsIeTCs TMAIMeHTy. BMecte ¢ TeM, UCIOIb30BaHUE TTOJIYTTPOBOHUKOBBIX
JICTEKTOPOB MOJKET MOBBICUTH OBICTPOJCHCTBUE CKaHepa, YIIyUIlUB TPH
ITOM DHEpPreTHYecKoe paspeieHue [2].

Benyrcst paboTsl 1o co3ganuio MynbruMonanbHo OM®OKT/KT-
YCTAHOBKH C TPOCTPAHCTBEHHBIM paspeineHueM He xyxe 500 mxm. B
Ka4eCTBE JIETEKTOPA BHICTYIAET MOTYIPOBOJHUKOBBIH IETEKTOP MPSIMO-
ro mnpeobOpazoBanus WidePIX, cocrosmmii w3 HaGopa mnmKcenei
(256 X256 mukceneit), matepuan cencopa — CdTe [3]. derekrop obia-
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JIAET BBICOKMM IPOCTPAHCTBEHHBIM pPa3pElICHUE, HO Ha pPa3pelIicHUE
CHCTEMBI BIMSAET KOJUIMMALIMOHHAS cucTeMa. B kauecTBe KoJmmuMaropa
OyJeT MCIOJIb30BAaHO OJIMHOYHOE OTBEPCTHE. BBIIM paccUMTaHBI aHa-
METPBI OTBEPCTHSI, @ TAK)KE YBEINUEHUS, TOCTIKAMBIE IIPH PA3PELICHU-
SIX TIPUBEICHHBIX Ha puc. 1. MakcuMaabHO JOCTHKUMOE YBEITUUCHHUE B
5 pas, moToMy 4TO POCT Ko3(duimeHTa NPUBOA K YMEHBIICHUIO TOJIS
3peHus U, KaK CIeICTBUE, K COKpAIEHUI0 Ha0I01aeMoro oobemMa.
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Puc. 2. JlnameTp oTBepCTHS B 3aBUCUMOCTH OT Pa3peLICHUsI CHCTEMBI U YBEIIHU-

YEeHHUS.
1. JnarHocTudeckasi EHHOCTh OAHO(OTOHHON SMHCCHOHHOM KOMITBIO-
TepHOH TOMOrpaduu — PEHTIEHOBCKOH KOMITBIOTEPHOH TOMoOrpadun

(ODIKT-KT) B oleHKE OITyXOJICBOTO MOPaXKEHUsI PETHOHAPHBIX JTHUM(OY3IIOB
y OOJIBHBIX HEMEIJIKOKJIETOUHBIM pakoMm jerkoro / C. B Kanaes, P. A. Haxmy-
muHoB, C. H. HoBukoB [u ap.] // Yenosek u ero 3mopoBse. — 2015, — Ne 2. —
C. 29-34.

2. SPECT imaging properties of the CdTe-Timepix3 detector used in a
new prototype FUllSPECT 3D multimodal preclinical imaging system: Com-
parison with scintillation gamma camera / A. Modry, J. Dammer, E. Trojanova
[n ap.] // Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment. — 2022. —
T. 1032. - C. 166531

3. WidePIX L 2(1)x15. — URL: https://advacam.com/camera/widepix-I-
21x15/ (nata obpamenns: 30.09.2023). — TekcT : 3EKTPOHHBIH.
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Mockoeckuii zocyoapcmeennviii ynueepcumem um. M.B. Jlomonocosa, ghusu-
yeckuti paxynomem, Mockea, Poccus;
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khutcistova.aol7@physics.msu.ru

Pactymas pacnpocTpaHEeHHOCTh OPTONEIUYECKHX 3a00JeBaHUNA M
PE3KHiA POCT YHCTA XUPYPTHUECKAX BMEIIATENBCTB BEAYT K POCTY MH-
POBOTO PHIHKA KOCTHBIX MMIUIAHTATOB. TEXHOJOTUYECKUE JOCTKEHUS
B 9TOM 00JIacTH eliie 0O0JIbIIEe YCKOPUIIM paciiupeHue oTpaciu [1].

3aKIFOYNTENEHBIM ATallOoM B M3TOTOBJICHHH KOCTHBIX WMILIAHTATOB
ABIsieTcsl cTepunm3anus. [lepcrnekTHBHBI MeTon 00paboTKH TaKux
01M000BEKTOB - MPUMEHEHNE HOHU3HUPYIONIETO H3IydeHus. Moaenupo-
BaHWE BO3JIEHCTBHS PaJMallMOHHBIX TEXHOJOTHI Ha KOCTHBIE MMILIAH-
TaThI SBJSIETCS BAXHBIM MHCTPYMEHTOM B COBpPEMEHHOW MenuiuHe [2].
C nomomreio nporpamMmmuoro komiiekca GEANT4 B03MOXKHO MPOBO-
JINTh BUPTYaIbHBIE DKCIIEPUMEHTHI ISl OIEHKHM BIUSHUS Pa3IMIHBIX
napaMeTpoB OOIyYeHHS Ha KOCTHBIE MMIUTAHTATHI, & TAKXKE ONTHMH3H-
pOBaTh MPOLIECC CTEPUIIM3ALNK M O€30MacHOCTh ITHX HMILIAHTATOB.
Takoil MOJENBHBIN MOJX0J MPUBOJUT K OMNPEEIEHUIO ONTUMAIBHBIX
MapaMeTpoB, OOECIICUNBAIONINX MAKCUMAIBHYIO CTEPIILHOCTH OOBEK-
TOB KOCTHOW TKaHHW NMpPU MUHHMAJbHBIX HETATUBHBIX 3((deKkTax Ha UxX
CTPYKTYpPY U CBOMCTBA.

B nanno#l paboTe OBUT TIPOBENEH MK MOJEIBHBIX PAcueTOB MPO-
CTPaHCTBEHHOT'O paCIpeneeHUs] MOTJIOUIEHHOW IO03bl B MPSIMOYIOJIb-
HOM 00pa3Iie, UMEIOIEM XapaKTePUCTUKNA KOPTHKATHHOW KOCTHOM TKa-
HU. PacdeThbl BBHIMONHAINCH C WCIOJIB30BAHUEM BBILIEYKAa3aHHOTO IPO-
rpammuoro nakera GEANT4. B paMkax ucciaenoBaHusi IpoaHaIU3HPO-
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BaHO BJIMSIHUE PA3IUYHBIX HUCTOYHHUKOB PaJUAllMOHHOIO BO3JECUCTBUS,

60
TaKUX KaK raMma-usjay4€Hue€ OT Co , ITIOTOKH 6LICTpBIX OJICKTPOHOB,

PEHTT€HOBCKOE M3Iy4YeHHE OT peHTreHOBCcKOH TpyOku BSV-23 u Brico-
KOYHEPreTHIeCKoe TOPMO3HOE M3IydeHue. B nporecce MonenupoBaHus
BapbHPOBAINCH YHEPTETHYECKUE U TEOMETPUIECKHE TTapaMeTpEbL.

I'myOGunHOE paciipeniefieHne A03bl B KOCTH MPH paJWallMOHHOW CTe-
pUIU3AIMK UMEET MPsIMOE OTHOUICHUE K Oe3omacHocTH u 3¢ dekTuBHO-
CTH 3TOT0 Tporecca. Paguanronnas o0paboTKa OKa3bIBaeT BIMSHUE Ha
¢u3nYecKue, XUMUYCCKIE U MEXaHHMYECKHUE CBOMCTBA KOCTHOW TKaHH,
YTO MOXKET OTPHULIATENIHFHO CKa3aThesl HA €€ MPOYHOCTH U (PYHKIIMOHATb-
HoctH [1]. Takum 00paszom, H3ydeHHne TITyOUHHOTO paclpeneieHus J10-
36l TIO3BOJIUT OIPEICIUTH ONTHUMAIBHBIE ITapaMeTphl paarualliOHHON
CTepUIIM3aIK, KOTOphle obecrieyar HEOoOXOIUMYIO CTENeHb CTEPHIIb-
HOCTH, MUHHMH3HPYS TIPH 3TOM HETaTHBHOE BO3JCHCTBHE HA KOCTHYIO
TKaHb.

HccnenoBanne KapTUHBI pacTipe/ieieHus] TTOTIOMIEHHOH 10361 MOYKET
MOMOYb B TTIOHUMAaHWU MEXAaHM3MOB B3aUMOJCHCTBHSI HOHH3HPYIOLIETO
M3JIy4YEHHUs] C KOCTHOM TKaHBIO M MX IOCIEACTBHS. JTO MOXET CTaTb
OCHOBOH Ut pa3pab0OTKH HOBBIX METOJIOB JIJIsl TIOBBIMICHUS d()(EKTHB-
HOCTH CTEPHIIN3AINH, CHIKEHHSI HeOIaronpusTHBIX TOOOYHBIX (P dek-
TOB, a TaKXKe YJIy4IIECHHs PE3yJIbTaTOB JICYCHUs ITAaIMEHTOB, HYKIAIO-
IIUXCS B KOCTHBIX MMIUTAHTATaX.

[1] B.B. Po3anos, 1.B. Marseiiuyk. CoBpeMEHHOE COCTOSHHE M MEPCIEKTUB-
Hble WHHOBAallMOHHBIC HANPABICHHUS Pa3BUTHA CHOCOOOB CTEpHIIM3AINN
OMOMMILIAHTATOB // AJlbMaHax KIMHWYeCKOM Meauimusl. 2019; 47 (7): p. 634—
646, 2019.

[2] B.B. Pozanos, 1.B. Martseituyk, 10.}YO. JInutBuuos u ap. // buopaaukans: u
antuokcuaanTel. 2016. 3. Ne 3. C. 229.
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AJITOPUTM TPEKHHTI A JIUISI KOHTPOJISI TAPAMETPOB
ITYYKOB BBICOKOOHEPTETHUYUECKUX 3APSKEHHBIX
YACTHIL C TIOMOIBIO MHOT' OCJIOMHBIX CBOPOK
STRAW-IETEKTOPOB

LK. Yymaxog?, P.P. Jlycaes’

! Hayuonanonoui uccnedoeamenvexuti TomMcKuii noaumexnuueckutl yHusepcu-
mem, 2. Tomck, Poccus

E-mail: dkc1@tpu.ru

TpekoBble NETEKTOpPHI Oiaronaps BO3MOXKHOCTH ONpEAETSTH U3Me-
HEHHE ITOJIOKECHHUS YaCTUI] TIPU UX JIBUKEHUH B MIPOCTPAHCTBE, MCIOIb-
3YIOTCS TS TIEPBUYHON HACTPOWKH M KOHTPOJIS paOOTHI YCKOPUTEINEH.
C uX MOMOILBIO MPOU3BOJUTCSA KOHTPOJIb MPOGMIIs MydKa, €ro MHTEH-
CHUBHOCTH, BPEMEHHBIX MapPaMETPOB.

Ceiiuac B paguallMOHHONW MEIUIMHE NPUMEHSIOTCS ITOJIyIPOBOIHH-
KOBbIe MaTpruHbIe AeTekTops! (Timepix/Medipix) u MUKPOIIOIOCKOBbIE
nerextopsl (Micromegas). [TomynpoBOAHUKOBBIC JAETEKTOPBI 00JIa1al0T
XOPOIIMM BPEMEHHBIM U MPOCTPAHCTBEHHBIM pa3pelleHreM, HO B IPo-
Hecce 3KCIUTyaTalu ACTpagupyloT 0€3 BO3MOXKHOCTH 3aMEHBI MOBpE-
KJICHHBIX y4acTKoB. JleTekropsl Tra Micromegas, obsaiatoT BpeMeH-
HBIM pa3zpemeHreM ~50 Mkc (yJaydinaeMbIM O COTE€H HC) U MPOCTpaH-
CTBEHHBIM — JI0 coTeH MKM [1]. OHHM jemieBie MOMyNPOBOAHHKOBBIX B
M3TOTOBJICHUH, HO TAK)KE€ HE SIBJISIOTCS] MOAYJIbHBIMH.

B kadecTBe anmbTepHATUBHI UM MOTYT OBITH HCITOJIH30BaHBI Straw-
JIETEKTOpHI, IpeAcTaBIsIomue coboil 3anonHeHnyo cMecsto Ar + CO;
TpyOKy Majoro auamerpa (6 MM) ¢ aHOJHOM MPOBOJIOYKON TUAMETPOM
20 mxM. B xauecTBe KaToja BBICTYIMAaeT TOHKOCTEHHAs (25 MKM) TpyOKa
u3 marepuana Kapton, nokpeiras usuytpu cioem Cu wiu Al [2]. Mex-
3JIEKTPOIHOE HANPSDKEHUE MOA0MPAETCSl B 3aBUCUMOCTH OT TPeOyeMOoro
ko durnenta ycunenus. B pabore [3] mis momaydenust kosdhdummenTa
ycunenust 2.5%10% 3anano manpsokenne 1530 B.

U3 TpyOuaThIX AETEKTOPOB cOOMpaeTCs MOACION HEOOXOIUMOM MIn-
pusbl. 3ameHa TpyOOK B MOACIOE HE MPENCTaBiseT TpyAHOCTH. [Ipu
IPOXOKACHUM 3apsHKEHHONW YacTUIBl U Pa3BUTUHU JIABUHBI BO3HUKAET
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YMHOXXEHHE YMCIIa DJIEKTPOHOB WOHM3auH. [0 AIUTensHOCTH BBIXO-
HOT'O CHTHaja BBIYMCIISIETCS! PACCTOSHHUE IMPOJIeTa YacTHIBI OT ICHTpa
TPYOKH, OMHCBIBAEMOE PagyCOM H30XPOHBI — MOBEPXHOCTH, COOTBET-
CTBYIOIIEH NIUTEIBLHOCTH CHTHANA. /I MCKIIOYEHNUs JIEBO-TIPAaBOi He-
OTIPEJICIEHHOCTH 03311 MEePEAHEro MOJCIOs pacloiaracTcs CMelleH-

HBIH OTHOCHUTENBHO HETO B IIAXMAaTHOM MOPSAKE MOCIOMN.

JIBa MOICIIOS MO3BOJISIIOT OMPEACIUTh OAHY KoopauHaty (X); st
ompezaeneHus (Y) Mo3aau BYX MEPETHUX MOCIOEB YCTAHABINBAIOT JIBA
aHAJIOTUYHBIX, MOBepHYThIX Ha 90°. Yerslpe mnoxacimos u3 Straw-
JIETEKTOPOB (POPMUPYIOT ITOTHOIICHHEIHN CIIOM, TT0 KOTOPOMY MOHO IS
OTJIEIPHON YaCTHIIBI OTPENENIUTh TOYKY M HamlpaBleHHe e€ MpoJieTa.
[MpocTpaHcTBeHHOE paspelieHue Straw-aeTekTopoB 0e3 MaTeMaThue-
ckoit 00paboTku cocrasisietr 30-50 MxMm; Bpemernoe — 10-40 He [2; 4].

ANTOpPUTM OIpeeIeHns] TpeKa YacTHUIBl BBIOMpaeT o0IacTh W3 8
CMEKHBIX JIETEKTOPOB M HIIeT cpaboTaBiime neTeKTophl. Ha koopmu-
HaTHO# 11ockocTu (XZ/YZ) BoccTaHaBIMBAKOTCS MPOCKIIMU U30XPOH,
HAXOAWTCS KacaTellbHas K HUM TpsiMasi. Touka mepecedeHus: KacaTelb-
HOM ¢ TUTOCKOCTBIO B IIEHTPE CJI0s 3a1aeT mapy koopaunat ({X,z}{y,z}).
B mpocTtpaHcTBe BOCCTaHABIMBAIOTCS KacaTelbHbIE K U30XPOHAM I1JIOC-
KOCTH JUISl TIapbl JeTeKTOpoB B mojciosx ({x,z}/{y,z}). Ilpsimas, obpa-
30BaHHAsl TIPH TEPECEUYESHUN KacaTeNbHBIX IUIOCKOCTEH, MPEJCTaBIISIET
c000¥1 BOCCTAaHOBJICHHBIH B 00JIACTH JIETEKTOpa TPEK. AJITOPUTM Tiapa-
METPHU3YET ATY MPSMYIO TOUKOH MepeceueHns C TIOCKOCThIO, PacIoo-
JKEHHOH B IIEHTPE CJIOS M HANpaBJsonmMM Bektopom {ai, bj, ck}. TIpo-
CTPaHCTBEHHOE Pa3pelIeHNe YIyUIIaeTCs 10 SIUHHII] MKM.

1. Hollebeek R., Newcomer M., Mayers G. A New Technology for Fast
Two-Dimensional Detection of Proton Therapy Beams//Physics Research In-
ternational, 2012, Vol. 2012, P. 1-11.

2. Peshekhonov V.D. Coordinate detectors based on thin-wall drift
tubes//Physics of Particles and Nuclei, 2015, Vol. 46, No. 1, P.94-122.

3. Konna6opauust ATLAS. The ATLAS TRT end-cap detectors//Journal of
Instrumentation, 2008, T. 3, N 10, C. P10003-P10003.

4. Roy S., Jaiswal S., Chatterjee S. Stability study and time resolution
measurement of straw tube detectors//Pramana, 2021, Vol. 95, No. 1, P.50.
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HNCCIEJOBAHUE SHEPTETUYECKOI'O CIIEKTPA AJIb®A-
YACTHUI B OKCIIEPUMEHTE 110 OBJIYYEHHUIO BOPHOM
MUINEHU TIPOTOHHBIM ITYYKOM HA YCKOPHUTEJIE
IMPOMETEYC

B.B. Kouepos, H.H. 3aBecroBckas, A.B. Orunos, A.C. Pyceuxwnii’,
B.A. Psi6oB, K.B. IllInako**, A.E. lllemsakon
Qusuueckuit Unemumym um. I1.H. Jlebedesa PAH, 119991Poccus, Mocksa,
Jlenunckuii np., 53
*ruseckijas@Ilebedev.ru
** shpakovkv@Iebedev.ru

[IpoBeneHO Hccle0BaHUE SHEPTETUIECKOrO CIIEKTpa alb(a-4acTull oT
aepHol peakiuu B+p—3a Ha myuke MHKEKTOpa MPOTOHHOTO CHHXPO-
TpOHA KOMILIEKca MpoToHHOU Tepanuu "[Ipomerteyc". IIponyKkThl peak-
mun (anbga-4acTUIlbl) PETHCTPUPOBAIMCH C MOMOIIBIO TPEKOBOTO Jie-
tektopa CR-39. KanubpoBka neTeKTopoB ObuIa MpoBeeHa C TTOMOUIBIO
paaMOaKTUBHOrO HcTouHMKa 2**Am. OnpeneneHo, YTo B OCHOBHOM
anb(a YaCTHILBI, BBUIETEBILNE U3 OOPHOW MHUILEHH, UMEIOT 3HEPTHHU OT 3
1o 5.5 MaB. Ilpu sToMm 3HauuTeNbHAS YacTh alib(a-uyacTHIl, BbLICTEB-
MIMX U3 TIyOMHBI MUILEHHW, UMEIOT 3HAYUTEIbHO MEHBLINE SHEPTUH IO
CPaBHEHMIO C PacUETHBIMHU HM3-3a MOHM3ALMOHHBIX MOTEph. V3MepeHue
9HEPreTHUECKOr0 CIIeKTpa anb(a-dacTHI] W3 MHIICHEH CoepiKalmx
0op mperncraBnsgeT OONBIION HAYYHBIM M MPAKTUYECKHH MHTEpEC I
BBISIBJICHUSI MEXaHU3MOB OOP-IIPOTOH-3aXBaTHOW TEpalyy W OIpenese-
HUH JIOTIOJTHUTEIBHOTO BKJIAJA B TEPANEBTHUECKHA dPPEKT K MPOTOH-
HOMY OOJIYYEHHIO.
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NCCIEJOBAHUE IMEPCIHEKTUBHOM PEAKIINU 1lB(p,(l)(m
JIIA MPOTOHHOW TEPAIINU U APYTUX MPUJIOKEHUN

A. A. lllyknuna'?, M. U. Bakaypuna®?, T. A. Beikos'?, JI. A. Kacatos'?,
E. O. CoxomnoBal?, C. FO. Tackaes'?

Y Huemumym sioepuoii usuxu, Hosocubupck, Poccus
2 Hoeocubupckuii 2ocyoapcmeennwiil ynusepcumem, Hosocubupck, Poccus
a.shuklina@g.nsu.ru

JIOCTOBEPHBIE 3HAHHS O CEYEHUH sIEPHON peakuuu B(p,o)aa akTy-
aNbHBl IJI1 HECKOJIbKUX HampasieHud. IlepBoe —3T0 ncnonb30BaHHE
0opa Kak paJMOCCHCUOWIIN3AaTOpa MPH MPOBEICHUM MPOTOHHOW Tepa-
nun. Hakoruienre 6opa-11 B pakoBbIX KIIETKaxX € MOCIEIYIOIIUM O0ITy-
YEHHEM NPOTOHAMH MPUBOAMT K SAOEPHON PEakLUH ¢ TeHepaluen BbICO-
KODHEPreTUYHBIX O-YaCTHLI, YTO MO3BOJISIET YBEIUYHUTH MOTIONICHHYIO
03y Ha TiyOMHe mnuka bparra mpu mpoBeneHWH MPOTOHHOM Tepa-
muu [1]. Bropoe —3T0 mepcriekTHBa WCHONB30BaHUS PEAKIUN  Oop-
NPOTOHHOTO CHHTE3a Ul TEPMOSIEPHOM 3HepreTuku. B cpaBHeHMH ¢
aNbTEPHATUBHBIMU PEAKIMAMH, PAaCCMaTPUBAEMBIMHU JIJIsI OCYIIECTBIIE-
HUS YIIPaBIsIEeMOro TEPMOSIEPHOTO CHHTE3a, IPU MPOU3BOACTBE dHEP-
THH C HCHOJIB30BaHUEM OOpa OTCYTCTBYET OCTaTOYHAs pagualus U yBe-
JMYUBACTCS KOJNMYECTBO AS(PQPEKTHBHON JHEPrHH, TaK KaK peaKIus
UB(p,a)aa mpoxoaut Ge3 renepanuu HeUTpoHOB [2]. TpeThe Hampasie-
HHE — UCCIICIOBaHNE MEXaHN3Ma NePBUYHOTO HYKICOCHHTE3a B paMKax
saepHoii actpodusuku [3]. HecMoTpst Ha akTyanbHOCTb, (H3HMKa peak-
UM JI0 CHX TOp SIBIISIETCS. OTKPBITHIM BOIPOCOM, a JaHHBIE O CEYCHUH,
npeicTaBieHHble B 0a3e maHHbIX saepHbix peakuuii IBANDL, cymie-
CTBEHHO Pa3HATCSL.

Lenb paboThl 3aKimtoyaetcsi B MOTYUYCHUN HOBBIX 3HAHHM, aKTyaiH-
3alMd M YTOYHEHUMH HMEIOIIMXCA JAHHBIX O CEYCHHWH peaKuH
UB(p,a)o0.

Tonctast Gopcoaeprxaias MUIIEHb O0TydeHa IPOTOHAMH C SHEPTHEH
0,3-2,15 M»B Ha yckopuTene-taHieMe ¢ BakyyMHOH u3ossiiueir VITA
B UnctutyTe sinepuoii pusznku CO PAH, no3sonsromnieM moayyars mpo-
TOHBI ¢ 3Hepruei ot 0,6 1o 2,3 MhB co crabunsHOCTRIO 0,1 % ¢ TOKOM
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or 0,3 MA 10 10 MA co crabuiasHOCTEIO 0,4 % [4]. CriekTphl 0-4acTHIl,
00pa3syromuxcs B pe3yibTare peakuuu B(p,0)oo, M3MEpEHbl MO yrI-
oM 135% oTHOCHTENPHO HANPaBICHHS MPOTOHHOTO ITyYKa CIIEKTPOMET-

POM 0-4aCTHUI] HA OCHOBE KPEMHHEBOTO MOIYIIPOBOIHUKOBOIO IETEKTO-
pa IIJITA-1K (MuCcTUTYT (u3uKo-TexHUueckux mpodiem, yona). C
moMoIsio porpammuoro odecreuerns SIMNRA version 7.03 (Mucrtu-
TyT pm3uku mna3Mel uM. Makca [lnanka, ['epmanus) nmpoBeieHO Moie-
JTMpOBaHUE B3aUMOACHCTBHS MPOTOHHOTO IMy4yKa € TOJCTOW Oopcoaep-
JKallel MUIIEHBIO, YTO MO3BOJIMIIO OMPECTUTh TOYHBIA cOCTaB 00JTyya-
emoil muuieHu. [lomydeHHbIe pe3yabTaThl HOATBEPIMIIN, YTO PEAKIMA
1B(p,0)a0 umeeT aBa kanana - 'B(p,01)®Be* u 'B(p,00)®Be ¢ pasanu-
HBIMH CCYCHUAMU, YTO COOTHOCHUTCA C COBPEMCHHBIMU MPCACTABICHUA-
MH.

B nanpHeiieM miaHupyeTcs UCCIENI0BaTh TOHKYIO OOPHYIO MUIIEHb
JUTS. U3MEPEHUS] CEUEHHUH peakIni Ka)KIIoro KaHajda M M3MEPHTh CIIEK-
Tpbl 00pa3yIoMUXCA (-4aCTHI O Pa3IUYHBIMH yIJIaMH K Harpaslie-
HUIO IPOTOHHOT'O MyYKa.

UccnenoBanne 610 mogaep:xkano Poccuiickum Hayaneim @oHOM,
rpant No. 19-72-30005.

[1] G. A. P Cirrone. et al., First experimental proof of Proton Boron Capture
Therapy (PBCT) to enhance protontherapy effectiveness, Scientific reports,
vol. 8(1), p. 1141, (2018).

[2] F. Belloni, On a fusion chain reaction via suprathermal ions in high-density
H-B plasma, Plasma Physics and Controlled Fusion, vol. 63(5), p. 055020,
(2021).

[3] L. Lamia et al., New measurement of the B(p,00)®Be bare-nucleus S (E)
factor via the Trojan horse method, Journal of Physics G: Nuclear and Particle
Physics, vol. 39(1), p. 015106, (2011).

[4] S. Taskaev et al., Neutron source based on vacuum insulated tandem accel-
erator and lithium target, Biology, vol. 10(5), p. 350, (2021).
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OHKOHACTOPOXEHHOCTD, PAHHSSI TUATHOCTUKA U
CKPUHUHI OHKOJIOT' MYECKHUX 3ABOJIEBAHUI

AJL Illeqo6oBal

L I'BY3 MO «IIpomsunckas 20podckas 60nbHuyay
Ilpomeuno, Poccus
e-mail: anastasia.shchelobova@mail.ru

B Poccuu cutyanms co 370KaueCTBEHHBIMH HOBOOOPa30BaHHUSIMU
BeChbMa HeOJIAaronpusTHa - 3a00J1€Ba€MOCTh ITOCTOSIHHO YBEIHYUBACTCS,
npumepHo Ha 1,5 % B rox [1].

I'maBHO# TPOOIEMOH OHKOJIOTHYECKOW CITYy>KOBI SIBISIETCS paHHSIS
JuarHoctuka. HemocTtaTouHass OHKOHAaCTOPOXKEHHOCTh B TEPBUYHOM
3BEHE 3/IpaBOOXPaHEHUsI 00YCIIOBIICHA IEPETPYKEHHOCTHIO Bpadel, He-
JOCTAaTOYHBIM KOJIIMYECTBOM BpPEMEHH Ha NMPHEM, KaJPOBBIM Je(HIIU-
TOM, OTCYTCTBHEM HEOOXOAWMOIro 00OpYyIOBaHUS JJsl 00CIlieIOoBaHus,
HEJOCTAaTOYHBIMH 3HAHUSIMH O PAaHHUX CHMIITOMAaX OHKOJOIMYECKHX
3a0osneBaHnii. Bpau MONMKIMHUKY SBIISETCS IEPBBIM 3BEHOM B JHArHO-
CTHKE 3JI0KaueCTBEHHBIX HOBOOOpa3oBaHHW. B mepByro odepenn maiu-
eHT oOparaercst K Bpady TepareBTHYECKOro NpoduiIs, IMEHHO OH MO-
JKET BBIJENUTH TPYIIBl PUCKA U MPOBECTH CKPHUHUHIOBOE 00CienoBa-
HHE, YTOOBI BBISIBUTH Pak HA paHHEH CTaIHu.

PanHee BbISIBJI€HHE OHKOIMATOJOTHH SIBISETCS OCHOBOW yCIIEUTHOTO
JICYCHHS U MOBBIMIAET BEDKUBAEMOCTD CPEIH OHKOJIOTMYECKUX OOJBHBIX
[2-3].

B nmoxnage wmsnoxena uHpopMmaims o ¢axTopax pHcKa 3J0Kade-
CTBEHHBIX HOBOOOpA30BaHWHU W MpeapakoBbIX 3a0oneBaHusx. Ocoboe
BHUMaHHUE YAEJICHO METOJaM CKPHHUHTA OHKOJIOTHYECKUX 3a00JIeBaHMA
TaKUX, KK PaK MOJIOYHOH KeJIe3bl, PAK IIEHKU MaTKU, KOJIOPEKTAIbHBIN
pak, pak MpeacTaTeIbHON JKEJe3bl, pak JETKUX, paK >KelyKa, MeJIaHo-
Ma, TenaToleIUTIONISIPHBIN pak [4-8].

1. OHKOHACTOPOXEHHOCTh B paboTe Bpaya IEPBHYHOTO 3BEHA: yd4eOHO-
METOIMYecKoe Tocobme i Bpadedl oOmed mNpakTHKH ¥ Bpadei-
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tepaneeToB//OPI'AOY BO PHUMY um. H.U. [Muporoa Munsapasa Poccun,

Mocksaa.

2. Knmmandeckast oHKoJIOTHS: yaeOHoe mocodue: B 2 4. Y. 2. — Kanuauarpan:
Uszn-Bo PI'Y um. U. Kanra, 2010. — 203 c.

3. CrrueBa, A u 1p., . [IpUHINATIEI OHKOJIOTHYECKONW HACTOPOKEHHOCTH Ha aM-
OymaTopHOM TEPaneBTHIECKOM JTare. [B Wntepnere]
https://cyberleninka.ru/article/n/printsipy-onkologicheskoy-nastorozhennosti-
na-ambulatornom-terapevticheskom-etape/viewer

4. Onxonorusi. Knmandeckne pexomenpanmu/moa pen. M.U. JlaBeimoBa M.:
Wznarensckag rpynna POHII, 2015 - 680 ctp.

5. Metonuueckre peKOMEHAALMH 110 CKPUHHMHTY paka Jierkoro / coct. B. A.
I'om6onesckmii, 1. A. brioxun, A.ILlL. Jlaiinan u np. / Cepust "Jly4imme npak-
TUKHU JYYEBOM W MHCTPYMEHTAIBHOW AMArHOCTHKHU'. - Bowim. 56. - M.: I'BY3
"HITKI Jut A3M", 2020. - 60 c.

6. 3axaposa H.A., Cemurnazos B.®., Duffy S\W. CkpunuHr paka Mon04HOMR
JKene3bl: mpobnemsl u penieHus. - M.: TDOTAP-Menwna, 2011. - 176 c.

7. bpenep B.B., Amuxanos P.b., Baraenko C.C., becconora E.H., Hcakos
B.A., Kynamkus H.E., Mensenesa .M., Mumenko A.B., HoBpy3oekos M.C.,
PynakoB B.C. CkpiHMHT M paHHASA JUAarHOCTHKA TeMaTONEUIIOISIPHOTO paKa, u
ONTHMU3AIIMS METOJIOB JUarHOCTHYECKOH BHU3yaH3alliu: 0030p JIUTEpaTyphl U
3aK/IIOYEHUE COBETa JKCIEPTOB. PoCCUICKUI >KypHan TIacTPOIHTEPOJIOrHH,
TenaToJOT 1Y, KOJIOTIPOKTOJIOTHH. 2022;32(5):16-23.
https://doi.org/10.22416/1382-4376-2022-32-5-16-23 [Ccrkal

8. CKpUHMHT ¥ paHHSs JAWarHOCTHKA IeNaTOLEUIIONISIPHOTO paka U ONTUMH3a-
IIUsT METOZOB AMAarHOCTHYECKOW BH3yalM3alllH: 0030p JIMTEPATyphl M 3aKIIIO-
YyeHue coBeTa 3kcrepToB | bpenep | Poccuiickuii *ypHasl TacTpO3HTEPOIIOTHH,
renaToyioruy, Kojonpokrosorun https://doi.org/10.22416/1382-4376-202232-
5-16-23 [Ccpuika]
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