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1. Beegenune

OcHoBHOI 1€NBI0 NpoekTa «COBEPIIEHCTBOBAHUE METOI0B, TEXHOJOTUH, PEXKUMOB
NJAHUPOBAHUS U TIPOBEACHUS JIYYCBOW Tepamuuy sIBISIETCS MpoBeIeHUE Ha 0aze Meauko-
texuudyeckoro kommiekca (MTK) JIAII OUSAN Menuko-OMOJOTHUYECKUX M KIMHHUYSCKHUX
UCCIICAOBAHUN O U3y4YeHUIO d(PPEKTUBHOCTU aJIPOHHON Tepanuu pa3IudHBIX HOBOOOpPa3o-
BaHUM, COBEpIICHCTBOBaHUE OOOpYJOBaHUS U ammapaTypbl U pa3paboTka HOBBIX METOJOB
JTy4eBOM Tepanmuu OHKOJOTHUYECKHX OONBHBIX Ha MEIHMIIMHCKUX aJPOHHBIX Mydkax ¢azo-
tpona OUSAUN. IIpoekT sBaseTcs MpOaOLKEHUEM UccienoBanuid, HadaTeix B OUSAN eme B
1967 rony.

K nacrosimiemy Bpemenu B Jlabopatopuu simepHsix npoonem OUSAUN na 6aze yckopu-
TeNss IPOTOHOB Ha »Hepruto 660 M»sB (dazorpona) co3nan u QyHKIHOHUPYET Menuko-
texuudyeckuit komiaeke (MTK) [1, 2], Ha KOTOPOM BO3MOXKHO IPOBOJUTH TEPANIEBTUUECKOE
00JIydeHUE MAIMCHTOB C Pa3JUYHBIMA HOBOOOPA30BAHUSMHU C HCIIOJIb30BAHUEM METOIUKHU
TpeXMEpHOU KOH(DOPMHON MPOTOHHOW JydeBoi Tepamuu [3], mpu KOTOPOH MaKCUMyM
dbopMuUpyeMOro 03HOTO pacupeieieHuss Hanbojaee TOYHO COOTBETCTBYeT dopme obirydae-
Moi mumieHu. [Ipu 3ToM 11032 pe3ko cmajgaeT 3a rpaHUIlaMU HOBOOOpa3OBaHMs, YTO MO3BO-
JSET MPOBOJAUTH OOJyYEHHE paHee HE JOCTYNHBIX IS JIY4€BOW Tepanuu JOKaJlu3alui,
BIUIOTHYIO HPUMBIKAIOIUX K )KM3HEHHO Ba)XXHBIM PaJMOYyBCTBUTEIbHBIM OpraHaM HalUeH-
Ta.

OtkpeiTue B nexkabpe 1999 r. B r. JlyOHe cnenuanu3upoBaHHOTO PaJHOJIOTHYECKOTO
otnenenus npu MCU-9 obecrieunsio pacmmpeHrue KIMHUUYECKHUX HCCIENOBAHUMN MO aJapOH-
HOU Tepamuu OHKOJIOTHYECKUX OONBHBIX Ha MeaunuHCckux nyukax OUSU. Tak, B mepuon c
2000 mo ampenb 2019 roga nmpu HaydYHOM COTPOBOXKJICHUH BEAYIIUX CHEIHAIUCTOB Meau-
MUHCKOTO pajauoiiorndyeckoro HayuHoro neurpa PAMH (r. O6uunck) u Poccuiickoil aka-
JI€MUM HEMPEPHIBHOTO MpodecCuoHalIbHOTO 0O0pa3oBanus (r. MockBa) Kypc MpOTOHHOMU Jy-
YeBOU Tepamuu Ha mydkax ¢a3zoTpoHa mpouuiu 1287 malnueHTOB ¢ pa3IuyHBIMU HOBOOOpa-
30BaHMSIMU (B TOM YHCJIE€ U HE POCCUMCKUX Trpaxiad u3 crpan-ydactHun OUAN). Ob6nyue-
HUE, KaK MPaBUJIO, MPOBOAUIOCH (paKIMOHUPOBAHHO (B cpeaHeM okoyio 10-20 ceaHcoB y
KaXXJIOTO TaIMeHTa) U C HECKOJIbKUX HampaBieHui. TakuMm oOpa3zom, oOiiee KOJIUYECTBO
nojel (€AUHUYHBIX TepameBTUUECKHX OOJyUeHHUI) eKeroaHo cocTaBisyio mopsaka 6000-
7000. Yckopurens JISAIl O6b11 3ameiicTBoBaH Ajs 3THX ucciaegoBanuii okoyio 1000 gacoB B
roa.

[IpennaraeMsle B mpoeKkTe Ha Oimkailimue 3 roga paboThl ABISIOTCS JIOTHUECKUM IPO-
JTOKEHHEM MEIUKO-OMOIOTUUECKUX UCCIEOBAaHUM, MPOBOJUMBIX B T€UCHUE Psjia MOCIET -
HHUX JIET C COXpAaHEHUEM OCHOBHBIX II€JI€H MCCIEIOBAHUN W COCTaBa Y4aCTBYIOIIUX HHCTHU-
TYTOB.

Ha ceronHsmHuil 1eHs HAa MPOTOHHBIX MydKkax B Oojee uem 80 meHTpax BO BCEM MHpE
ob10 mposnedeHo okosio 200000 mamuenToB [4]. Pe3ynbTaThl 9THX KIMHUYECKUX HCCIEIO-
BaHWH CO BCEH OUEBHIHOCTHIO MOKA3aJM, YTO NMPOTOHHAS Tepamus SBJIAETCS O04eHb 2P deK-
TUBHBIM METOJIOM JICUCHUSI OHKOJOTHUYECKUX U HEKOTOPBIX APYrUX 3a00JIeBaHUM, a B HEKO-
TOPBIX CIydasX OKa3bIBaeTCs MPAaKTHUYECKU Oe3anbTepHATUBHBIM. biaromaps 3ToMy HaKom-
JIEHHOMY TOJIOKUTEJIILHOMY ONBITY K KOHIIY MPOLIJIOr0 BeKa MPU KPYHHBIX PaaUOJIOrHYe-
CKHX KJIMHUKAaX Hadalau CTPOUTHCS CIIENHATIU3UPOBAHHBIE LEHTPBI MPOTOHHON Tepanuu. Ha
CEeTOJHSIIHUN J€Hb B MUPE HACUUTHIBAETCS HECKOJBKO JIECATKOB MPOEKTOB CO3JaHUS IO-
TOOHBIX LIEHTPOB Ha pa3HOM CTaJuU peau3aluu.



B T0 e BpeMs MeTOIMYECKUE BONPOCHI NOJABEACHUS J03bl K IaTOJOTHYECKOMY OUary,
¢uKcauuu ¥ LEHTPOBKHU MalMEHTAa M HEKOTOpbIE IPyrHe 0 KOHIIAa HE PEeIIeHBl Ha Cero-
JHAIIHUI €Hb U MPEeJCTaBIAIOT cOO0H MoJie NeATEeNbHOCTH IS JalbHEHIINX HCClIea0Ba-
Huii. OCHOBHOM 1enbio mpoekra Ha nepuon 2020-2022 rr. Oyaer aBiasThCs pa3paboTka Me-
TOZ0B 00Jy4yeHUs NAalMEHTOB NMPOTOHHBIM IyYKOM, 0OecIeYnBalOIUX HanboJyiee BHICOKYIO
CTerneHb KOH(GOPMHOCTH CO3aBAa€MOr0 JT03HOTO o o0iaydaeMoi mMumieHu. KimHudecku
3TO BBIPA3UTCS B YMEHBIICHUHU [03bl, IPUXOIAILEICA HA 310POBbIE TKAHU U OPTaHbl, OKPY-
KAIOIIHe MUIIEHb, U K 00I1eMy NOBBIIICHUIO 3()(PEKTUBHOCTH MPOBOJAUMON TEpAITHH.

[Inanupyercs Takxe npoBeaeHUE padOT, HAlIpABJIEHHbBIX HAa pacIIUpEHUE Kpyra JoKa-
JAU3alui, TOCTYMHBIX JUJIS JICUCHHUS HA MEIUIMHCKUX aJJpOHHBIX MydYKax (a3oTpoHa.

CienyeT OTMETUTH BBICOKYIO CTENEHb 3aMHTEPECOBAHHOCTU Pa3IMYHBIX HAy4yHO-
HCCIIeIOBATEIbCKUX U 00pa30BaTeIbHBIX HHCTUTYTOB Kak U3 cTpaH-ydactHur OUSAU, tak u
U3 JIPyTUX POCCUMCKUX U MHOCTPAHHBIX OpraHu3anuil B npoBoAuMbix paborax. B MTK pe-
TYJIAPHO BBINOJHSIOT CBOM MCCIEJOBAaHUs CTYACHTHl M ACHUPAHTBI M3 3TUX CTPaH, y4dacrT-
BYIOT B IpakTuKyMax, opranuszyemeix ¥ HI[ OMU B pamkax exeroaHsix geTHux wkos. Ha
HOJJEPKKY 3TUX pabOT B TEUEHUM psAAa MOCIEIHUX JIET BBIAEISIOTCS I'PAHThl MOJHOMOY-
HbIX npencrasureneit lonsmu, Yexuu, Pymbiauu.

B pe3ynbTare BHINOJHEHUS HAMEUEHHOW MPOrpaMMBbl pabOT OyIyT MOJYy4YeHBl OLCHKH
3 PeKTUBHOCTH MPOTOHHON Tepamuu Ui psZla 3J0KaYeCTBEHHBIX 00Opa30BaHMil, BbIJAaHbI
NpPaKTUYECKUE PEKOMEHIAIUH MO BHIOOPY ONTUMAJIbHBIX BAPUAHTOB JIY4YEBOTO JICUCHUST OH-
KOJIOTMYECKUX OOJBHBIX U IO JAajlbHeilIeMy pa3BUTHUIO METOJOB Jy4eBOM Tepamuu C HUC-
M0Jb30BaHUEM MYYKOB aJPOHOB, pa3paboTaHbl U anmpoOMpPOBAHBl HOBBIE CPEACTBA U METO-
JUKU 00JIy4YEeHHSI OHKOJIOTHYECKUX OOJIBHBIX HA 3TUX My4yKax.

2. Meaguko-pu3nyeckoe 1 METOAUYECKOe 000CHOBaHME

2.1. llpeanochblIKN NPUMEHEHHUS aJPOHHBIX MYYKOB B JIy4eBO#l Tepa-
187971

JlyueBas Tepanus 3aHMMaeT OJHO M3 BEAYLIUX MECT B COBPEMEHHOM OHKOJIOTHHU. bo-
JIe€ 4eM BEKOBOW OIBIT PA3BUTHUS JIy4E€BOU TEPaAIUU MPOLEMOHCTPUPOBAI YCTOWYUBOE YBeE-
JAYEHHUE €€ POJIM B OHKOJOTMYECKOW MpakTHKe. B TOM MM MHOM BapHaHTE Jy4yeBOU Tepa-
WU B HacTosIiee BpeMs Hyxzaaercs okojo 70 % OOoJIbHBIX 3J0Ka4eCTBEHHBIMU HOBOOOpa-
30BaHUAMU [5]. YUuTBIBast 3TO, a TAaK)Ke BBICOKHE TEMITbl PA3BUTHSI COBPEMEHHOMN paauaiiu-
OHHOHM OHKOJOTHH, MOXHO CMEJIO yTBEpPXKJaTh, YTO POJIb Jy4eBOW Tepanuu B 0003pHUMOI
MEepCIeKTUBE OYyIET TOJHKO PACTH.

CoBepIIeHCTBOBAHUE TEXHUYECKUX CPEACTB, CO3JAaHHE HOBBIX METOJMK OOJyYEHHS
CTaJ0 OCHOBHBIM HAIIPaBJIECHUEM pa3BUTHS COBPEMEHHOM Jy4eBOW Tepanuu. Pagmannos-
HYIO OHKOJIOTHIO HalllUX JHEH HEBO3MOXHO MpPEJCTaBUTh 0e3 00bEeMHOTO MJIaHUPOBAHUS U
CUMYJISIUUU OOJy4YeHUs, UHAUBUIYAJIbHBIX YCTPOHUCTB (GOPMHUPOBAHUS My4YKa, CUCTEM IIpe-
[U3MOHHONH UMMOOUIIM3ALUK MAallUEeHTa U €€ Bepu(pUKALUH, TO3BOJSIOMINX TOOUBATHCS BbI-
COKOM CTeneHU KOH(POPMHOCTH JTy4eBOU TEpaIuu.

Pa3paboTka cucTeM TpeXMEpHOro IUIAaHUPOBAHUS JIyUYE€BOM Tepamuu cTaja Kpaeyroib-
HbIM KaMHEM, 3aJI0)KUBIIEM OCHOBY OypHOro Imporpecca T€XHUKHU, NMPEIHA3HAYEHHOH I
obnyyenus. B nemnom Onmarogapsi TpeXMEepHOMY IUIAHUPOBAHUIO yNAJIOCh CYIIECTBEHHO CO-
KpaTUTh 00beM 00JIydeHHUs] HOPMaJbHBIX TKaHEH U MOBBICUTh Ka4€CTBO JKU3HU OOJBHBIX, a



Opu HEOOXOAMMOCTH 3HAUUTEIbHO YBEJIUUYUTh CYMMAapHYH OYaroByK JJ03y, 4YTO cylle-
CTBEHHO MOBBICHJIO 3P (HEKTUBHOCTD JICUCHUS OHKOJIOTHUYECKHX 3a00JI€BaHUA.

Hapsiny ¢ coBepiieHCTBOBaHHEM COOCTBEHHO 00JIy4aTelbHOM TEXHUKHU, CONPOBOXKIA-
IOIMMCSI ONTUMU3ALMEd MPOCTPAHCTBEHHBIX MapaMETPOB paCHpeleseHus A03bl, B COBpe-
MEHHOM J1y4eBOW Tepanuu OOJBUIYIO POJIb UT'PAET MOUCK ONTUMAJIBHBIX PEXKUMOB (paKiu-
OHUPOBAHMS J03bl, TO €CTh ONTHUMHU3ALUs BPEMEHHBIX MapaMeTpoB oOgyudeHus. Pa3Butue
Jy4€eBOW TEpaNMU MPUBEIO K MOABJICHUIO CTABIIMX "TpagUuIMOHHBIMHU" JUIS pa3HbIX CTpaH
pexuMoB (ppakumoHupoBaHus 103bl. Hampumep, B cooTBeTcTBUM ¢ MaHUeCTEPCKOW LIKO-
J0#, KypC paJuKaibHOIO JIy4E€BOrO J€4eHHUsI COCTOUT U3 16 ¢pakuuit u npoBoautcs 6onee
3 Henens, B To BpeMs kak B CIIA 35-40 ¢paxuwmii mogBoasarcs B TeueHue 7-8 Henenb. B
Poccun B ciiyyasx pajiMKalbHOTO JIEUEHUS TPAJAUIMOHHBIM cuHUTaeTcs (GpakUOHUpPOBAHUE
no 1,8-2 I'p onun pa3 B AeHb, 5 pa3 B HEJEJIIO O CYMMapHBIX /103, KOTOPBIE OMPEICISIOTCS
MOP(OIOTHUECKONH CTPYKTYPOHl ONyXOJU M TOJIEPAHTHOCTHIO HOPMaJbHBIX TKaHEW, pacmo-
JI0)KEHHBIX B 30HE 00sydeHus (00b1yHO B mpenenax 60-70 I'p).

Bo3MoXHOCTH TpaJULIMOHHBIX BUIOB U3JIydyeHUs ((POTOHBI, IJIEKTPOHBI) XOPOLIO H3Y-
yeHbl. OlHAKO Yy 4acTH OHKoJioruueckux 0osbHbIX (0T 10 no 30 % mo pa3auyHBIM OLIEH-
KaM) HUX HMCIOJIb30BaHHE OKa3blBaeTcs He3Q(EeKTUBHbIM. [l JleueHUs TaKUX MalMEHTOB
11eJ1eco00pa3HO MPUMEHEHUE aIPOHHON Tepanuu.

B HacTosimee BpeMs B KJIMHHUYECKOM MpPaKTHKE HCIOJb3YIOT MPOTOHBI, HEUTPOHBI U
MoHbI yriepojaa. [IpoctpancTBeHHOE pacipeneneHue 103kl IpU IPOTOHHOM JTy4eBoil Tepa-
WU U JICUEHUU MOHAMM yriepoja 3HAYUTEJIbHO JIydlle IO CPaBHEHUIO C aHAJOTMYHBIMHU
MoKa3zaTeNsiIMU 11 GOTOHOB U 3JIEKTPOHOB. Jla’ke MCHOIb30BaHUE COBPEMEHHBIX YCKOPUTE-
Jel DJIEKTPOHOB C MHOIOJIENIECTKOBBIMM KOJUIMMATOPaMHM M MOAYJSLIHMEN HWHTEHCHUBHOCTHU
ny4yka He HUBEJIHUPYET JaHHOE NpeumyniecTBo. CBA3aHO 3TO C TE€M, YTO MyYKHU MPOTOHOB U
HMOHOB yriiepoja ciabo paccerMBarOTCs B TKaHAX, MMEET YeTKO ONpelesIeHHbIH npober, a ux
JUHENHbIE NepeJaud SHEPTUU JOCTUTal0T MaKCUMyMa Ha ONpeJleIeHHON riyouHe, oopasys
nuk bparra, 6imarogaps yeMy 703a B ONMYXOJIM MOXET MPEBOCXOAUThH /103y Ha MOBEPXHOCTH
B HECKOJIbKO pa3 Jake Mpu OOJIyUeHUU C OJHOTO HampaBieHus. [Ipu 3ToM moriouieHHas
J103a 3a NMKoM bparra pe3ko nmagaer NpakTUUECKH O HYJEBOIO 3HAUYCHUS.

Hcnonb30BaHuE 3TUX CBOMCTB MO3BOJISIET B 2-3 pa3a yMEHBUIUTh JYUEBYIO Harpysky
Ha OKpY’)Kalolllie OMyX0Jib HOpMaJIbHbl€ TKaHH, YTO OCOOCHHO aKTyaJlbHO IPH JICUEHUHU HO-
BOOOpa30oBaHMil, pacmoI0KEHHBIX BOJIM3U WM BHYTPU KPUTUUECKUX C TOUKH 3PEHUSA IMepe-
HOCHUMOCTH JIY4€BOTO JICUEHHUSI OPTaHOB, & TAKXkKe MPH MOBTOPHOM OOJYUEHUH PELUIAMBHBIX
OIMyXOJIeH.

[Tpy uCrOAb30BaHUM CTAHAAPTHBIX BapUAHTOB JIYUEBOW TEpanuu B psJie CIy4yaeB He-
BO3MOJKHO JOOUTHCS M3JEYEHHS OMyXoJu 0e3 pa3BUTHUS ocloxHeHuil. Mcnons3oBaHue aja-
POHOB YaCTO MO3BOJSET PEIIUTh 3Ty mpobsiemy. Tak, oTIHMUYHBIE FreOMETpUUECKHE MOKa3a-
TEJIU pacrpeieseHus A03bl, MO3BOJIAIONME JOOUBATHCS H3JICYEHUS OHKOJOTHUYECKUX 00ib-
HbIX, HE BBI3bIBAI0 Y HUX OCIOXHEHMH, caelanud MpOTOHBl OJHUM M3 Haubojiee aKTUBHO
M3y4aeMbIX UICTOYHUKOB aJIpOHHOTO U3JIy4YEHHUS.

ITpoTOHBI JOKa3aau CBOE OUYEBHAHOE NMPEBOCXOACTBO HaJ TPAAULIMOHHBIMUA BapuaHTa-
MU Jy4€BOI'O JIECUEHUS NPU UX UCIOJIB30BAHUM Y OOIBHBIX ONMYXOISIMH OpOUTHI, Tunodusa,
JpYTUMHU HEOOJBIIMMH BHYTPUUEPEITHBIMU 00pa3OBaHUIMHU, XOHIPOMAMH U XOHIPOCAPKO-
MaMHM, NPWIETAIOUMMHU K HIEHHOMY OTAENY CIMHHOI'O MO3ra, HeonepaOelbHbIMU U Pelu-
JUBHBIMH MEHUHTHOMAaMHU, apTEPUOBEHO3HBIMU Malb(OopMalusIMU TOJIOBHOTO MO3Ta, MECT-
HO-PaCIpOCTPAaHEHHBIM PAKOM IPEACTATENbHOM Keae3nl u ap. [5].



MOXHO TakXe€ OXHIAThb BBIMIPBHII OT HMCIOJb30BaHUSA NPOTOHOB IIPU PELUAUBHBIX
OTMyXOJsAX, YMEPEHHO pPaAMOYyBCTBUTEIbHBIX HOBOOOPA30BaHMIX, KOTJa BO3MOXKHOCTD
YBEJIUYEHUS IMOJBOAUMOM K OINYXOJU [03bl, COKpalleHUE [UJINTEIBHOCTU Kypca JIeUECHUsd
MO3BOJISIIOT CYIIECTBEHHO MOBHIIIATH TEPANEBTUUECKYIO 3P(HEKTUBHOCTD JIy4E€BOTO BO3JACH-
ctBud. [ToMuMoO 3TOro, NpUMEHEHUE TPOTOHOB MO3BOJAECT 3HAUYUTEIBHO YMEHBIIUTh YHCIIO
HETraTUBHBIX MOCIEACTBUN 00JIydeHHs y OOJbHBIX, TO €CTh MOBBICUTH KaY€CTBO XKU3HHU MO-
cje MpOBeJeHHUs Jy4eBOH Tepanuu. A 3Ta npobdiiemMa B HacCTOsIIEee BpeMs — OJlHa U3 Haubo-
Jee aKTyaJbHBIX B JIy4€BON OHKOJIOTHH.

[ToTpe6HOCTh B aKTUBHOM Pa3BUTHHU PA3JIUUYHBIX BUIOB aJPOHHON Tepanuu OYEBHIHA.
OnHako 0 HacTOSIIETO0 BPEMEHM BO BCEM MHUpPE C €€ MOMOIIBIO MPOJIEYEHO JHULIb OKOJIO
200 tbIic. 6onpHBIX [4]. LlupokOMY BHEIPEHHIO JaHHBIX TEXHOJOTHUN B KIMHUYECKYIO MPaK-
TUKY NPENATCTBYET BBICOKAsi CTOMMOCTb CO3JaHHUs CHEIUAJIU3UPOBAHHBIX MEIULMHCKUX
LEHTPOB aJpPOHHOW Tepamuu. AJIBTEPHATUBOM 31€Ch MOXET CTaTh ajanTauus IJs MeIu-
LIUHCKUX LIeJIeH YK€ CYHIECTBYIOIIUX UCCIE0BAaTEIbCKUX YCKOPUTENEH.

2.2 OnpIT HCNOJB30BAHUSA AAPOHHBIX MMYYKOB B paauorTepanuu

Wnes ucnonb30BaHUS TSDKENBIX 3aps)KEHHBIX YaCcTHUI[ B JIY4E€BOW Tepanmuu Oblia BbI-
ckazana P.Bunbconom eme B 1946 roay [6], oHaKko ee OCYLIECTBICHHE CTANIO BO3MOXKHBIM
TOJIBKO IOCJIE€ MOSIBJICHUSI YCKOPUTENEH TSDKEIbIX 3apsDKEHHBIX YacTHUll, paCCUMTAHHBIX Ha
3HEPruu B COTHU M»1B.

Tob6uam u Jloypenc [7] nepBbiMHu B 1952 roay ucnosib30Baiyu My4KH IPOTOHOB, JEH-
TPOHOB H aibda-dyacTuil OT cuHXpolukiorpona B bepkin (CHIA) gis menuko-
O6uonornueckux uccienoBanuid. [logobHeie paboTsl Ha mpoToHax c 3Hepruedt 187 M»sB
Hayanu npoBoauThes B IlIBenun (Yncana) ¢ 1956 rona Jlapconom [8]. Knunuueckue uc-
CJIEIOBaHMS MO NPUMEHEHUIO MPOTOHOB BBICOKUX DHEPrUi B JIy4eBOM Tepaluu BEJIUCHh
Kens6eprom ¢ 1959 rona B I'apBapackom yHuBepcutete (CIIIA) Ha CHHXPOLMKIOTPOHE C
sneprueit 160 M»sB [9]. Poccust 6su1a Tpetheit crpanoit, rae ¢ 1967 roga nmocie CIUIA u
[IBenuu HAYaIHCh MEIUKO-OMOIOTHYECKIE UCCAe0BaHUs B 3ToM obaactu [10, 11].

CTaTUCTHUYECKH JAOCTOBEPHbIE KIMHUYECKHUE J0Ka3aTeIbCTBA OTKPBIBIIUXCS BO3MOXK-
HOCTEeH OBbLIM HAaKOIUIEHbI B MUpe K cepeaune 8§0-x rogos mpouwaoro Beka. MccienoBanus B
nepuoa 1954-1990 rr. Benuce knuHUNKUCTaMu B 10 3KCIEpUMEHTANBHBIX LIEHTPAxX MPOTOH-
HOHM JIy4yeBO# Tepanmuu B HAyYHBIX (U3UUYECKUX MHCTUTYTaX Ha YCKOPHUTENAX, CO3JaHHBIX
IJ1s DKCIIepUMEHTalbHOM simepHoi puszuku. Tam ke co3znaBanuch U 0TpadbaThHIBAIUCh HOBbIE
MOKOJIEHUS] HEOOXOJUMBIX TEXHUYECKUX CPEJICTB, MEAULMHCKHE TEXHOJOTUU (METOIUKH,
MPOTOKOJIBI JIEUEHHUS), CPEACTBA JIO3UMETPUH, ClleUPUUEecKoe IporpaMMHoe oOecrieue Hue
u JIp.

HaxomneHHble B 3TUX LHEHTpax MO3UTHUBHBIE KIMHUYECKHE PE3YyJIbTaThl IPOTOHHOM Te-
panuu MOATBEPAUIN M3HAYAJIbHBIE 0XKHUJAHUS U SBUJINCH MOOYIUTENbHON MPUYMHON mepe-
HOca paboT M3 PKCHEPUMEHTAJIbHBIX IIEHTPOB B YCIOBUS KJIMHUK. [lepBblii crieruanu3zupo-
BaHHBIM LIEHTP NMPOTOHHOM Tepamuu ObLI mocTpoeH U B 1990 roay BBeIEH B IKCIIyaTalHIO
B MHOTONMpodHILHOM KpynmHOM rocnutaie B T. Jloma-Jluaga (CIILIA), mocne yero Havanoch
ObICTpOE BHEAPEHUE 3TOTO METOJa B MPAKTHYECKOE 3APaBOOXpaHEHUE PA3BUTHIX CTPaH MH-
pa.

C 5TOoro MOMEHTa aKTHBHO COOPYXKAalIOTCS MHOTOKAaOMHHBIE CIIeI[HaTu3UpPOBAHHBIC
FOCHUTAJIBHBIE LIEHTPBI, KaXbIil M3 KOTOPBIX OCHaIaeTcs 3-5 npoueaypHbIMU KaOMHAMU C
Jy4eBbIMU YCTAaHOBKAMHU JJII MHOTOIOJBHOTO OOJIYyYEHHS POTUPYEMBIM MYYKOM IIHPOKOTO

6



CIIEKTpa OMyXOJIeH, JIOKaJTU30BaHHBIX B Pa3IMYHBIX 00jacTsax Tesa nmauueHta (rautpu). Ha
CeroJHSAIIHUM EHb B MUpPE BBEICHO B dKCIUTyaTanuio yxxe 6osiee 80 [eHTpOB MPOTOHHOH M
HOHHOM TepanuH, emie npumMepHo 40 eHTPOB HaXOASATCS B Mpoliecce coopyxenus [12].

[TepBriii B CoBeTckoM Co103€ MPOTOHHBIA MYyYOK C HEOOXOAMMBIMU JJI JIY4E€BOU Te-
panuu mapaMmeTpamu ObuT co3aad B 1967 r. mo npemnoxenuto B.I1. JIxenenosa B JlaGopa-
topuu saepHbix npodnem OUSU na dazorpone 680 M»sB [10, 11]. Bece pabotsl Ha 3TOM
My4Ke MPOBOJUIHUCH COBMECTHO C COTpyAHUKaMu MHCTUTYyTa SKCHIEPUMEHTAIBHOW U KIH-
Hudyeckot onkonorun AMH CCCP (ubiHe OHKOJOrHYeCKUM HaydHbIM 1HeHTp Poccuiickoii
AMH). Knuanyeckue ucciaenoBanus ObIJIM HayaThl MOCIe CepUur (PU3UKO-T03UMETPUUECKUX
U paTuoOMOJIOTHYECKUX IKCTIEPUMEHTOB B 1968 r. u OblnM mpuoCTaHOBIECHH B 1974 1. u3-
32 PEKOHCTPYKLUHMH YCKOPUTENS U CTPOUTEIHbCTBA MHOTOKAOMHHOTO MennKO-TEeXHHUYECKOTO
KOMILJIEKca.

B Teuenue 3TOrO nepBOHAYAIBLHOTO MEpPHOAA KIMHUYECKUX HCIBITAHUN Jy4eBOE Jie-
yeHHe ObLJI0 MPOBEJEHO y 84 MalMeHTOB, B OCHOBHOM, I10 MOBOJY 3J0KAaYE€CTBEHHBIX OIY-
xozed numeBona u gerkoro [13]. IIpoToOHHBIN My4oK MPENOCTABISAICS JJIsI MEIUIIUHCKUX
nener 2 pasza B HENEINIO, NMPHU ITOM KaXJ0ro OO0JBbHOTO 00iydanu (GpakIuOHUPOBAHHOIO
(10—15 ceancoB B Teuenue 1—1,5 mec.). Takum o6pazom, obiIee YUCIO JEUCOHBIX JTYUEBBIX
CEaHCOB COCTaBHJIO OKOJIO THICAYH.

B pe3ynbTare 3TOro mOMCKOBOTO 3Tamna ObUIM MOJyYeHbl J0Ka3aTelbCTBA MPaBUIbHO-
CTU OCHOBHBIX MCXOAHBIX (U3UKO-TEXHUYECKUX, PAJTUOOMOJOTHUYECKUX U KIMHUYECKUX
MPEeINOChUIOK, pa3paboTaHbl METOAUKHU OOJIydeHUS psAjaa JOKaIu3aluid OnyXxoJiel U mokasa-
Ha 11eJ1€CO00pa3HOCTh MPOJOIKEHHUS U PACIIMPEHHS KIMHUYECKUX HCCIEJOBaHUI Mo mpo-
TOHHOM JIy4eBOM Tepanuu 3JI0Ka4eCTBEHHBIX 00pa30BaHUM.

[Tocne pekoncTpykuuu yckopurens JISAIl B cunbHOTOUHBIN (a30TpOH CEaHCHl MO Jie-
YEHUI0 OHKOJOTHYECKHUX OONBHBIX OblIM B0300HOBIeHBL. C 1987 mo 1996 rox Oblin
ycIremHo npojedeHsl 40 manueHToB, B OCHOBHOM I10 MOBOJY paka IIeHKd MaTKU. 3aTeM B
UCCIIeIOBAaHUAX HACTYIMJI JJIUTENbHBIN MepepbiB, 00yCIOBIEHHBIN psAOM MPUYUH, OCHOB-
HOW M3 KOTOPBIX SBIsIETCS 00lIee yXyalleHne SKOHOMUUecKkoi cutyauunu B Poccuu.

HoBblit BUTOK pa3BUTHs HacTosiumiasg pabora monyuwmna B aekabpe 1999 roapa, xoraa
ycunusimu Bce Toro ke B.II. JlxenenoBa B JlyOHe OBIIO OTKPHITO CHEIUATU3UPOBAHHOE
pannonorunueckoe oraenenue Ha 25 koek. C 2000 roga B MTK npoBoasitca peryispHbie
CEaHChl MO HCCIeN0BaHUI0 3P()EKTUBHOCTH MPOTOHHON Tepamuu Npu O0JTydeHUH MalueH-
TOB C HOBOOOpPa30BaHMUIMHU, PACIONOKEHHBIMH B 00JACTH T'OJIOBBI, €U U JIPYIHUX YaCTAX
tena. [lo ampens 2019 1. Kypc NMPOTOHHOM JIy4eBOHW Tepanmuu Ha Mydykax (ha30TpOHA MPOILIH
1287 manueHToB.

brina peanu3zoBaHa W B HacToslee BpeMs NMPUMEHSETCS B ceaHcaX TepaluM TEXHHUKa
TPEeXMEpHOro KOH(GOPMHOTO 00JydyeHHs TIIyOOKO 3aJeralpliux OonyXxojel MpOTOHHBIM Myd-
KOM, KOTJJa MaKCUMYM JJO3HOTO pacrlpeeseHus] Hauay4duM oopa3omM coBmnajgaet ¢ Gopmoit
MHUIIEHU. TeM caMbIM JOCTUIaeTcsi MaKCHUMaJbHOE LIa)KEHUE HOPMAJIBHBIX TKaHEW M opra-
HOB, OKPYXKaIOIIKUX 0nyXxois [3].



3. OcCHOBHBIE XAPAKTEPUCTHKH CO3JAHHOI0 JIKCIEPUMEHTAJIbHOIO
odbopynoBaHus

3.1. Meanko-TexHU4YeCKUH KoMmIuiekc JlabopaTtopuu siiepHBIX NPO-
oaem OUSAN

s BBIMOJTHEHUSI HaMEYEHHOW mporpaMMbl padboT B JlaGopaTopuu saepHBIX MpooOIeM
OUSIU na 6a3e MPOTOHHOTO YCKOpUTENs Ha 3Hepruro 660 MaB, ¢a3orpona, k koHIy 1985
I'. B OCHOBHOM OBIJIO 3aBEPILEHO CO3/laHUE MHOTIOKaOMHHOTO MeIMKO-TEXHHUYECKOT0 KOM-
mwiekca [1, 2], koTophIii BKJIOYaeT B ceOs miecTh npoueaypHbix kabun (puc. 1). Kadbuna Ne
1 sBnsercs Haubosiee YHUBEPCAIbHON M MO3BOJISIET NPOBOJUTH MIPOTOHHOE OOJyYeHUE MU-
HICHEH, paclOJIOKEHHBIX B 00JIaCTH T'OJIOBBI, €W U JPYTHX YacTel Tena manuenta. Kabuna
Ne 2 mpepgnasHadeHa Ui IPOTOHHOW TEpalnMU OHKOTMHEKOJIOTMYECKMX MAalUEHTOB. B Ka-
6une No 3 MOXHO 00JydaTh Majble BHYTPUUEPEIHBIE MUIICHH HPOTOHHBIM My4YKoM 660
M5B metonom "Hampousier". B kaOuny Ne 4 BbIBesieH Ny4OK OTPHUIATENbHBIX HMU-ME30HOB
sHeprueit 30-80 M»>B. B xabune Ne 5 MOXHO NpOBOAUTH KaK MPOTOHHYIO TEpaIMio, TaK U
TepaInuio BHICOKOIHEPTUTUYHBIM IYYKOB HEUTPOHOB OOJBIIUX PAJAMOPE3UCTEHTHBIX OMYXO-
neii. B xabune Ne 6 ycTaHOBIIEH CTaHAApPTHBIM ramMMa-TepaneBTuueckuil annapat Poxyc-M
¢ uctounnkoM KoOanbT-60 1711 mpoBeeHUs] cCOUeTaHHOI'o0 00JIydyeHHs, KOrja 4yacTb HeoO-
XOAMMOM 10361 HaOUpaeTcss OT raMMa-U3JIydeHHUs 110 TOJEPATHOTO JJIs 3J0POBBIX TKaHEH
3HA4YEHHUs, a SIAPO OMYXOJH AOMOJHUTEIBHO 001ydyaeTcs NPOTOHAMM.

.| | GAMMA-THERAPY
Al

CONTROL
ROOM

Puc. 1. Meoukxo-mexnuuecxuti komniexc Jlabopamopuu soepuvix npoorem OUAN
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OnHako B CUIy psi/la IPUYUH HA COBPEMEHHOM 3Tare paboT OCHOBHBIE YCHIJIUS OBLIH
CKOHLIEHTPHUPOBAHBI Ha Pa3BUTUU TEXHHUYECKUX BO3MOKHOCTEH MPOBEJEHUS NPOTOHHOH Te-
panuu B IepBO MpouenypHOl kabuHe, Kak Hauboyiee YHUBEPCAIbHON C TOYKHU 3pEeHUs 00-
Jy4eHUsl MUPOKOro Kpyra Jokanuszauuii (puc. 2). Dta kabuHa Obula MOJIEPHHU3UPOBAHA B
COOTBETCTBHUH C TPeOOBAHMUIMHU NPEHU3UOHHONW 00BEMHOW KOH(POPMHON HMPOTOHHOU Iyde-
BOH Tepamnuu.

Puc. 2. Ilpoyeoypnas xabuna Ne 1

Ridge filters with Wedge
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1400 Rid 12 7 N ‘
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Puc. 3. I'nybunno-oosnvle pacnpedenenus mepaneemuyeckoeo NpOmMoHHO20 NY4YKd C dHep-
eueti 170 M3B ¢ pasauynvimu moougukamopamu cnekmpa vacmuy
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B xabuHy BBIBOAWTCS MUPOKUK (8 cM Ha 8 CM) OJHOPOJHBIM B CEYCHHUU 3aMEIJICH-
HBIH MY4OK MPOTOHOB ¢ sHeprueit ot 170 MaB nnsa o6nydeHus BHyTpUUYEpEIHBIX MUIIECHEN
u g0 220 MaB nns 06nydeHus MUIICHEH, JIOKaTU30BaHHBIX B 00JaCTU Ta3a, HAIpUMeEp, pa-
ka npoctaThl. C MOMOILIBIO CHELHATbHO PACCUUTAHHBIX M M3TOTOBJIEHHBIX MOJIU(PUKATOPOB
PHEPreTUUECKOTr0 CHEKTpa MydyKa, TaK Ha3bIBAEMbIX, I'peOeHYATHIX (QHIBTPOB, Y3KHUH MUK
bparra ucxoaHoro myuka pacumupsiercsi, B pe3yjibTaTe 4ero B KoHIle npodera ¢popmupyercs
MaKCUMYM MOHM3aLUU C IJIOCKON BEPIIMHON NPOTSKEHHOCTHIO OT 8 10 60 MM B 3aBUCHUMO-
CTH OT KOHKpeTHOTO duiubTpa (puc. 3). s obnydeHus maiueHTta BeiOUpaercs QUIbTP, y
KOTOPOTO HMPOTSKEHHOCTh MaKCMMa Hanbojee TOYHO COOTBETCTBYET pazMepy o0ydaeMoro
HOBOOOpa30BaHMUS.

W3 3TOTO OAHOPOIHOrO MydYKa ¢ MOMOMIBI0O HHAUBHAYAIBHOTO KOJJIMMATOpa M3 CILIa-
Ba Byzna dopmupyercs GpurypHsiii ny4yok, B C€UEHUU MOBTOPSIOMUNA MPOESKLUHUIO MUILIEHH C
yria obaydeHus. Kpome Toro, my4ok Takxke MOAU(DHUIUPYETCS C MOMOIIBIO 3-X MEpPHOTO
durypHoro 3amemnuTens, 6oiroca, mo riuyouHe npobdera Takum oo6pazom, 4YTOOBI Bce Mpo-
TOHBI OCTAHOBMJIMCH HA 3aJHEH TpaHHUIIE MUIICHU, YeM JOCTUTACTCS MaKCHMaJIbHO INAJs-
M PeXUM JUI1 HOPMAJIbHBIX TKaHEH, pacloJIOKEHHBIX 3@ OMYXOJIbIO.

[TanmeHT BO BpeMs ceaHca pa3MeniaeTcs B MPOLEAYPHOU B CIEIHAIbHOM MO3UIIMOHE-
pe, BBIMOJHEHHOM B BHUJE Kpecja, KOTOPOe MUMEET YeThIpe CTEIEHU MEXaHUYECKOTo Iepe-
MEIIEHHs - JABAa OPTOTOHAIBHBIX TOPU30HTAIBHBIX, OJHO BEPTHKAJIBHOE M BpaIlaTelbHOE.
Bce nepemenieHust BO3MOXHO OCYLIECTBIISATh KaK BPYYHYIO, TaK U C MyJIbTa AMUCTAHIIMOHHO-
ro ympaBJjeHHs, a TakkKe M0 KOMaHaaM KommbioTepa. [lo3uImoHep JIETKO MOXKET OBITh
TpaHC(OPMHUPOBAH U3 Kpeclia B JIEKY JJIS JiexKadero MojoKeHUs nanuenTa i o0nydeHus,
HampuMep, paka npocrtatsl (puc. 4).

Puc.4 . I[losuyuonep 6 xabune Ne 1 6 pescume o6ayuenus nayueHmos 8 noJoAHCeHUU iexca
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Jns mmmoOwnn3anuu (pukcanuu) rojaoBbl NAallMEHTa BO BpeMs IpENIyd4eBOH TOIO-
MeTpuueckoi kommnbioTepHoil Tomorpadun (KT) m mocneayrommux mNpoTOHHBIX 00JyYeHHIH
OB pa3pabOTaH U U3rOTOBJIEH PEHTIEHONPO3paUYHbId (QYHKIHOHAIBHBIN (pUKCATOpP IOJOBBHI
C MHIMBUYaJbHOW MacKoil u3 nep(oprupoBaHHOTO TEPMOIUIACTHUKA.

Jlns neHTpauuyu nydka Ha MUIIEHb 110 Haubosiee HaJeKHBIM HENOJBHU)KHBIM BHYTPEH-
HUM KOCTHBIM CTPYKTypaM-OpHUEHTHpPAM Ha OCH My4Ka OblIa CMOHTHPOBAHa PEHTTEHOBCKAs
TpyOKa. [lns skcmpecc M3roTOBIEHUS PEHTIEHOBCKMX BEPU(UKALMOHHBIX CHUMKOB Iallu-
€HTa ¥ 0TOOpakeHUs UX Ha dKpaHe MOHUTOpaA ObUIO MPUOOPETEHO U 3a/JeCTBOBAHO LH-
poBoe obopynoBanue “Regius-170” ¢upmsr Konica-Minolta.

[Tpn HEOOXOAMMOCTH TepanuKu MUILIECHEH, PacloI0KeHHBIX B 00JaCTH TPYIHON KIeT-
KM NAlMeHTa B MOJIOKEHUHU CHUJisl BOZHUKAET MpoljeMa B MJIAaHUPOBAHUM HM3-3a 3HAUUTEIb-
HOI'0O HECOOTBETCTBUS IOJIOKEHUSI BHYTPEHHUX OPraHOB MallMEHTa IpPU JUAarHoCTHKE U 00-
aydyeHuu. [nsa ee pemenus Obu1 pazpaboTaH M M3rOTOBJIEH BapHaHT PEHTTE€HOBCKOI'O KOM-
OBIOTEPHOTO TOoMoTrpada s TOMOMETPUHU, COBMEHICHHBIH C TEPANEeBTUYECKUM KPECIOM
[14]. Ero 0coOOEHHOCTh COCTOUT B TOM, YTO PEHTICHOBCKUH M3JIy4aTelb U OJOK ACTCKTOPOB
HEMOJABU)KHO YCTAHOBJIEHBI HA CTEHAX MPOLEAYPHOI0 MOMEIEHHUs, a MallueHT, 3apuKCUpo-
BaHHBII MMEHHO B TOM I10JIO’)KEHUHU, B KOTOPOM OH OyJeT B JajbHeiileM o0iydaTbcs, Bpa-
nraeTcs B Kpecye co ckopocThio 1 00./mMuH. [Tocne 3aBepiieHus MOIHOTO 000pOTa, KPECIo C
NAallMEHTOM MEPEMENIAEeTCs 110 BEPTUKAIN HA 3aJaHHYIO BEIUYMHY U U3MEpPEHUs MOBTOPS-
foTcs. Jlanee MpOEKIMOHHBIE JaHHBIE MPOTPAMMHBIM 00pa3oM PEKOHCTPYHPYIOTCS U BBO-
JATCS B CUCTEMY INIAHUPOBAHHUS.

3.2. Metoauka TpexMmepHoii KOH(GOPMHOW NPOTOHHOM Jy4YeBOil Tepa-
10701

OCHOBHBIE METOAMYECKHE W TEXHOJIOTHYECKHE 3Talbl NPENyuyeBOW MOATOTOBKU H

npoBeAeHHs 00NydeHus nMpuBeaeHbl HuKe. K HUM oTHOCSTCS:

e lmMmmoOunu3amnus o0macTu, mojjexanie o0JydeHuo;

e [lpoBeneHne peHTr€HOBCKOTO MU MarHUTOPE30HAHCHOI'O TOMOrpadHM4ecKoro Hccieno-
BaHMs U BBeaeHue KT cpe3oB B mporpaMmy IIaHUPOBaHMS,

e TpexmepHOe KOMIBIOTEPHOE MIAHUPOBAHUE OOTYUECHHUS;

e l3roToBieHne WHINBUIYAIBHBIX YCTPOUCTB (HOPMUPOBAHUS MydKa — (PUTYPHBIX KOJI-
JUMaTOpPOB M KOMIIEHCHPYIOMIHUX OOIIOCOB;

e Peanuzanus u BepuduKanus miaHa 00JIydeHHS.

Kak yxke oTmeuanoch, My4KH TSDKEIBIX 3apsDKEHHBIX 4YacTUIl Onarofaps HalWMYHIO
YeTKO JIOKAJTM30BAaHHOTO Mpobera u MaaoMy OOKOBOMY pacCESHUIO MO3BOJAIOT (GOPMUPO-
BaTh JO3HBIEC MOJS C PE3KUMHU T'paJueHTAMH, YTO JaeT BO3MOXKHOCTH 00Ny4yaTh HOBOOOpa-
30BaHHS HEMOCPEJCTBEHHO MPUJIETAONINE K KPUTHICCKUM PAJTHMOTyBCTBHTEIBHBIM CTPYK-
TypaMm U opraHam Tena namuenTa. OgHaKo, 4TOOBI B MOJHON Mepe MCHOJIb30BaTh ITH Tpe-
UMYIIECTBA HEOOXOIUMO IMPEIBAPUTEIBHO MPOBECTH TIIATEIbHOE MJIAHHPOBaHUE 00Iyde-
Hus. {75 3TOTO, MpEXae BCEro, Hy)KHO MOJNYYUTh UHPOPMAIIUIO O TPEXMEPHOM pacmpese-
JIGHUU TJIOTHOCTU TKaHEW MalMeHTa B MECTE PacMOJIOKEHUSI MUIIEHU. DTO BO3MOXKHO CHe-
JaTh C MOMOMIBI0 PEHTTEHOBCKOTO KoMIbioTepHOTO ToMorpada (KT).

OcHOBHBIM TpeOOBaHUEM TAKXKE SIBJISIETCS MOJIHOE COOTBETCTBUE MOJIOKEHUS 00syya-
e€MOi 00JacTH MPU AMATHOCTUKE M B KAXKJIOM M3 MOCIECAYIOUIUX CEaHCOB (DpaKIIMOHHUPOBAH-
HOro 00JydeHHUs ManueHTa. B ciydae mumieHei, JIOKaqlU30BaHHBIX B 00JAaCTH TOJIOBBI MU
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ey, A UX HaJeXHOW (pUKCAalUu NpU TOMOTpaguu U B TEpaeBTUYECKOM Kpeciie npu 06-
Jy4eHUU I KaXKJO0ro MalMeHTa M3rOTABJIMBACTCS MHAMBUAYAIbHAS HMMOOWIN3UPYIOIIAs
Macka U3 neppopupoBaHHOro Tepmoniactuka. [Ipu oGnydeHun MulIeHeH, paciiaoKeHHbIX
B 00J1aCTH Ta3a B IMOJOKEHUU JIeKa (HampuMep, paka MpoCTaThl) MPUMEHSIIOTCSA CHELHAIIb-
Hbl€ BAaKyyMHBbI€ MaTpachl, JUIMTEIbHOE BpeMs coxpaHswoolmue (opMmMy Tejaa MalUeHTa, a
TaK)K€ U3TOTABIMBAETCS UHAUBUAYAJIbHBIN KOPCET U3 TEPMOILIACTHKA.

Tomorpaduueckue nccienoBaHus NPOBOASITCA HA CIUPAIbHOM PEHTI€HOBCKOM TOMO-
rpade B MOJIOKEHUM TAIMEHTa JieXa ¢ Qukcupyromeid mackoi. OOBIUHO U3MEpSETCs 0
JIBYXCOT cpe3oB ¢ maroM 1 mm. MHpopmanus B uuppoBOM BUJIE 3aTEM BBOAUTCS B TPEX-
MEpPHYI0 KOMIBIOTEPHYIO CUCTEMY IUIAaHUPOBAaHUA 00nydeHus. il yTOUHEHUs IpaHUl] pac-
IpPOCTpPaHEHHUs] HOBOOOPa30BaHUs JOMOJHUTEIbHO IPOBOAUTCS MarH UTOPE30HAHCHAs TOMO-
rpacdwus, anruorpadus u ap.

KondopmHas nydyeBas Tepamus HEBO3MOXHa 0€3 KOMIBIOTEPHOIO MOJIEIUPOBAHMS
obnyuyenusi. B pesymnbrare cOTpyaHHUYECTBA C TMEPBBIM B MHUPE TOCHUTAIBHBIM IIEHTPOM
npoToHHo#l Tepanuu B r. Jloma-JIunpa, CIIIA, pa3paboraHHas B 3TOM LIEHTPE TpexMepHas
KOMITBIOTEpHAsI CHCTEMa MIAHUPOBAHUS MPOTOHHOTrO o0nydeHus “TPN” Oblna agantupoBa-
Ha K 000pyAOBaHUIO M MPOTOHHBIM NyuykaMm (azorpona JIAII OUSU. [locne cepun go3u-
METPUYECKUX HKCIEPUMEHTOB, BEPUDUUIUPYIOUIUX aJITOPUTM pacyera J03bl, CUCTEMA HC-
II0JIb3YETCSl B KIMHUYECKON MPaKTUKE.

Onnako 3Ta mporpaMma He MOXKET OBITh KaKMM-Tu00 00pa3zomM MoauduupoBaHa ais
COOTBETCTBUSI HOBBIM METOAMKAM OOJIy4yeHHs, HampuMmep, JUHAMUYECKOMY OOJydeHUIO
OIyXOJIM C HMCHOJb30BAaHHEM MHOTOJIENECTKOBOIro Kojmumaropa. [loaTomy k Hacrosmemy
BPEMEHU 3aBEPILEHO CO3JaHHE OCHOBHBIX KOMIIOHEHTOB COOCTBEHHOH TPEXMEPHOI MporpaMmbl
KOMIIBIOTEPHOI'0 MOJEIUPOBaHUsSI KOH()OPMHOI MPOTOHHOM JyuyeBOil Tepanuu. PazpaboTaHHBIN
BapUaHT NMPOTpaMMbl YK€ Mpouiea J03UMETPUUECKYI0 BEPU(PUKALMUIO C HCHOIb30BAHUEM
reTeporeHHoro ¢panToMa AnjepcoHa U paJuOXPOMHBIX IIJIEHOK, U B HAacTOSIIEE BpeMsl Mpo-
BOJIUTCS €ro KJIMHHYecKas anpobarus (puc. 5).

120
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Puc. 5. Cpasnenue 0031020 pacnpedenenusi, paccuumaniHozo pa3pabomarHHol npocpammoll
NIAHUPOBAHUS (KpACHbIE U30IUHUU), C USMEPEHHbIM C NOMOWbIO PAOUOXPOMHOU NIEeHKU
pacnpeoenenuem (4eprovle uzoaunuu). Habnooaemes oocmamouno xopowee coenaoerue.
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Puc. 6. Ha kasicoom akcuanvHom cpese 8pau-paouoioz ouepuusaem cpaHuybl MuuleHu oo-
AYYeHUS U KPpUMUYecKux cCmpyKkmyp

TpexmepHBbIii MacCUB TONMOMETPUYECKOW HH(OpMAIUU, MOJYYECHHBIH NMPU KOMIIBIO-
TepHOH ToMorpaduu, B HUGPOBOM BHUAE BBOJAMUTCSA B CUCTEMY IUIAHUPOBAHUSA OOJIyYEHHS.
Ha kaxxaoM akcuanbHOM cpe3e Bpad-paJHoJior OUepUYMBaeT I'PaHUIbl MUIIEHU 00ydYeHUs U
KPUTHYECKHX CTPYKTYp - HalpUMep, CTBOJI MO3Ta, 3pUTEIbHBIN HEPB U Jp. (puc. 6). Kpome
TOT0, 33/1a€TCsl KOJUYECTBO MoJiell 00NyuyeHus: U ux HanpasiaeHus. [1o 3TUM JaHHBIM cucTe-
Ma IUIAHUPOBAHUS T€HEPUPYET TPEXMEPHBIE MOJEIU OUEPUYEHHBIX CTPYKTYP.

Puc. 7. Hugpposas pekoncmpyuposannas penmeeHocpamma yepena nayueHma ¢ npoexkyueu
MuuleHu, Kpumudeckux cmpykmyp (Cmeon mosed, 3pumeibHble Hepebvl, GUCOUHAs 00d) U

gopmotl pueyproco Korrumamopa 018 OAHHO20 HANPAGLeHUs 00yYeHUs
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C nmomomnipio UMeroIIelcs B mporpamMme GyHknuu “beam’s-eye-view” (BUI CO CTOPO-
HBI TyYKa) ¥ MU(DPOBBIX PEKOHCTPYUPOBAHHBIX PEHTIEHOTPAMM ISl KaXJO0T'0 HANpaBICHUS
00JydeHUs OmpeeNsaeTcss U OUepUrBaeTCs IPOTOHHBINA MyYOK omnpeaeneHHol Gopmel B mo-
MepeyHoM cedeHuu (puc. 7), KOTOPBIA MPU pealbHOM O0JNyd4eHUU (POpPMHUPYETCS C TOMO-
IIbI0 MHANBUAYAIBHOTO KOJJIMMaTOpa u3 cijasa Byga.

Puc. 8. Hcnonvzosanue 60110c08 nozgoniem c@opmuposams npomoHHbLI NYYOK KOHPOPM-
HbLU MUWEHU NO 21YOUuHe NPOHUKHOBEHUs

Jns npumanus KOHGOPMHOCTH JIO3HOT'O paCIHpeJeICHHs] MPOTOHHOTO IydYKa IO TJy-
OuHe ¢popMe MUIIECHH PACCUUTHIBAIOTCS U 3aT€M HU3TOTABIMBAIOTCS, TaK Ha3bIBaeMble, KOM-
MEHCUPYIOMIUE OOJIOCH - 3aMEJJIUTEIN CI0XHOW (DOPMBI, YUYHUTBHIBAIONIAE TETEPOTCHHYIO
CTPYKTYPY TKaHEW ¥ OpTaHOB MaIlMEHTAa, PACIOJI0KEHHBIX Ha MyTH myuka (puc. 8).

[Ipu clTo’)XeHUH BCEX OJMHOYHBIX IMMyYKOB, MPUXOJSIINX C pa3HbIX HAINpaBICHUH, pac-
CUUTBIBAETCA CyMMapHOE€ MPOCTPAaHCTBEHHOE H03HOoe pacmupeneneHue (puc. 9). CeueHus
TPEXMEPHBIX CTPYKTYp 00JIydaeMol 00JacTH U JO3HOTO pacipeiesICHUs] MOTYT OBITh BHU3Y-
aTM3UPOBAHBl B TPEX B3aMMOOPTOTOHAIBHBIX MPOCKIHAX: aKCHAJIbHOM, CarUTTaIbHOU, KO-
pOHapHOI.

DTan MOATOTOBKU K OOJyYEHUIO 3aKaHYMBAETCS M3TOTOBIEHHEM B MacTepckux MTK
PacCCYUTAHHBIX MPOTPAMMON TUIAHUPOBAHHS HHIWBUIYAJIBbHBIX (UTYPHBIX KOJTUMATOPOB H
6omtocoB (puc. 10), a5 yero 6bUTH pa3paboTaHbl U U3TOTOBJIEHBI BCE HEOOXOAMMBIE TEXHO-
JOTUYECKHE YCTPOUCTBA U IPUCTIOCOOICHHUS.

Camo mpoToHHOE 00JIydeHHE MPOBOAUTCS, KaK MpaBuio, GpakKIMOHUPOBAHHO — €XKe-
JTHEBHO, 32 MCKJIIOYCHHEM BBIXOJHBIX JHEHW, B TCUCHHE TPEX-CeMHU Heaelb (T.H., YCKOPH-
TenbHBINH muki). Kaxaplil AeHb mepe] HayaloM ceaHca OOJIydeHHsS B MPOUEIYPHYIO BBIBO-
JATCS TEPANeBTHYCCKUH MPOTOHHBIM MYy4YOK W MPOBOJUTCS THIATEIbHAs €r0 JIO3UMETPHS.
W3mepsroTest mpoduinb mydka, ero riyOMHHO-A03HOE paclpeielieHle, MOIHOCTh A03bl. 3a-
TEM 3TH ITapaMeTPbl KOHTPOJIHPYIOTCS HEMOCPEJACTBEHHO BO BpeMs 00JIy4YCHHUS MAI[MCHTOB.
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Puc. 9. Ilpu cnosicenuu 6cex 0OUHOUHBIX NYUKO8, 8 OAHHOM Clyyde Yemvlpex, paccyumsled-
emcs cymmapuoe 003Hoe noie

Puc. 10. Ilocnednuii sman npeonyuesot no020MOEKU — U320MOBIeHUe UHOUBUOYATLbHBIX 00-
n10c08 u koarumamopos 6 macmepckux MTK

Jlns xakJoro HampaBJIeHUs 00JIydeHUs, HEMOCPEACTBEHHO Nepesa 00IydyeHHeM, U3-
rOTaBJIMBAETCS PEHTT€HOBCKUN CHUMOK MalMeHTa ¢ MOMOINbI0 TPYOKH, YCTAaHOBJICHHOH 3a
NAallMEeHTOM Ha OCH IydkKa U HU(PPOBOro PEHTIEHOBCKOro aeTekropa. Kpome toro, omHo-
BPEMEHHO JETEKTOP JKCIIOHUPYETCS MPOTOHHBIM NYYKOM HHU3KOM HMHTEHCUBHOCTH. B pe-
3yJbTaTe Ha N300pakK€HUHU OTUETINBO BUIHO MOJIOKEHHUE NPOTOHHOTO My4YKa OTHOCUTEIBHO
aHAaTOMHYECKHX CTPYKTYp uepena (puc. 11). Eciu 3To mosiokeHHe HE COBMAZAET C TOYHO-
CThIO | MM C TeéM, KOTOpoe OblIO pacCUMTaHO NMPOrpaMMOMN MJIAHUPOBAHHUS, TPOU3BOAUTCS
KOppeKIus IOJO0XKEHUs Kpeclla ¢ MallMeHTOM OTHOCHTENbHO Iydka. Cpasy mociae 3TOro
HPOBOJUTCS TE€paANeBTUUECKOE 00ydeHUE NPOTOHHBIM ITyUYKOM.
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Puc. 11. Bepugurxayusa niana npomouno2o obayuenus. cieda - yupposas peHmeeHozpamma
yepena ¢ HAnpasieHus o0OIyYeHus ¢ Npoexkyuel Muluenl, KpUumudeckux cmpykmyp u anep-
Mypbl KOAIUMAMOpA, CNpPA8ad — PEeHMeHOBCKUL CHUMOK yepend, COelaHHblil Henocpeo-
CMBeHHO nepeod 001yueHueM ¢ 00HOBPEMEHHOU 3AC8eMKOU NPOMOHHBIM NYYKOM HU3KOU UH-
mencusnocmu. Ilonodcenue nyyka omHoCumensbHoO KOCHHbIX CMPYKMYP-0PUEHMUPOS U €20
@opma mouno coomeemcmeyiom niaAHy 00ayyeHus

3.3. Jo3umerpuueckoe conpoBo:xkaenue IJIT

AJZlekBaTHOE JAO3MMETPUYECKOE CONPOBOXKIECHUE NMPOTOHHOMN JIy4eBOW TEpanuu SIBJIS-
eTcsl HEOThEMJIEMOI 4acThl0 00ECIeUeHUsl €€ «rapaHTUM KadecTBa». B 3To moHsTue BXO-
JIUT, KaK ¥ COOCTBEHHO OIpeAesieHue NOTJIONIEHHONW B OMYXOJU U B 3/I0POBBIX TKaHIX J103bI
U3JIy4eHUs, TaK U MHOTHUE JPYyrue acleKkThl, CBSI3aHHbIE C (OPMUPOBAHHEM TepaleBTHYE-
CKOTO MPOTOHHOTO Iy4YKa, C PaCYeTOM JIO3HBIX pacHpelelIeHu, ¢ MUKPOJIO3UMETPUYECKU -
MU OCOOEHHOCTAMU B3aUMOJAEHUCTBUS U3JYUYEHHUS C TKAaHAMU U KJIETKAMH U T.J1.

Tak, o KOHTPOJIS IapaMeTpOB TEPANEBTHUYECKOr0 INPOTOHHOTO MyYKa B PEaIbHOM
MacmiTabe BpeMeHHM Oblla co3/laHa cHelnualbHas CHCTEMa, COCTosas M3 IJIocKomapan-
JEIbHBIX U MHOTONIPOBOJIOYHBIX MOHU3AIIMOHHBIX KaMep, MO3BOJISAIONIAs C BBICOKOW TOYHO-
CTHbIO KOHTPOJIMPOBATH TOPU3OHTAIBHBIM U BEPTUKAIBHBIN NMpoduiau mydka, a Takxe J103Y,
BBIZICIIEMYIO B 00JydaeMOl MHUIIEHH C aBTOMAaTUUYECKUM OTKJIIOUYEHUEM YCKOPHUTENs IMpHU
HaOope 3aJaHHOTO ee 3HaueHus. KpoMme Toro, Ha OCHOBE MOJYNPOBOJHUKOBBIX JETEKTOPOB
Obl1a pazpaboTaHa U pealnu30BaHa CUCTEMa KOHTPOJISA dHEPTHH (1pobera) MpOTOHHOTO MyY-
ka [15].

Jns 3Tux cucrtem Oblna pa3paboTaHa W U3rOTOBJIEHA OPUTHMHANbHAS HW3MEpUTENbHAS
3JIEKTPOHHMKA Ha OCHOBE MUKpocxeM [ERA, kaxaas U3 KOTOPBIX COIEPKUT 64 BHICOKOTOY-
HBIX IIpeoOpa3oBaTess ToK-4acToTa. Bce mporpammHoe o0ecrniedeHne Takxke Obu1o pazpabo-
tano B MTK.

Ha npots>kenuu psina mociaeHUX JET COBMECTHO ¢ coTpyaHukamu OTaena paguanu-
oHHOU no3umerpuu MucTutyTa saepuoit usukm (Ilpara, Yexus) mpoBoauinch paboThl 1O
no3uMeTpuyeckoit kanubpoBke umermerocs B MTK ramma-TepaneBTHUECKOTO ammapara
"Pokyc-M" B eauHHUIIaX MOTJIOUIEHHOW A03bl HAa OCHOBE pekoMmeHmanuii MAI'ATO. (s npo-
BeJICHUS KanuOpoBKH ObuT paspaboTaH u usrorosieH ¢upmoit MINIRAD, Ilpara, crneunu-
anbHbIN BoAsiHON ¢aHTOM. Ha ero ocHoBe co3JaH CTEHI AJIsl KaTUOPOBKH KIMHUYECKUX J10-
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sumeTpoB [16]. Mcnonb30BaHue CTEHIAa MO3BOJSAET MOAACPKUBATH TOYHOCTHh TO3UMETPUYE-
CKOH KaJluOpOBKM TEPaANEBTUYECKOr0 IPOTOHHOIO Myyka Ha ypoBHE 3%, 4TO COOTBETCTBY-
€T MUPOBOMY YPOBHIO.

bruin nmpoBenensl uzmepenus crekrpoB JIIID (nunHeliHON mepegaunm >HEpruu) Ha
npoToHHoM mydke ¢asorpona JISIT OUSN [17]. Ha ocHoBe m3MepeHHBIX crekTpoB JIITD
OBLIM TIPOBEACHBI OIIEHKHM OTHOCUTENHHON Ononorndeckoi 3¢P(HEeKTHUBHOCTH MPOTOHHOTO
Iy4yKa, KOTopas SBIAETCS BaXKHBIM I[apamMeTpoM s NPOBEAEHHS NPOTOHHOW Tepanuu U
pPagroOMOIOTHYECKUX HCCIICIOBAHUM.

Takxe ObLIM IPOBEEHBI PA0OTHI MO U3MepeHUusM crekTpoB JIIID TpekoBbIMU JEeTEK-
TOpaMu Ha yriepoAHbix nmydkax Hykmorpona B Jlyone u HIMAC, Uu6a, SAnonus [18]. dus
YIJIEepOAHBbIX My4KoB BenuuyuHbl JIIID 3HaunTenbHO BbIIIE, YEM JJISi IPOTOHOB, 3TO MPUBO-
JIUT K CYHIECTBEHHOMY YBEJIMYEHHUIO OTHOCHUTEIBbHOU Omonornueckoi 3¢pPpekTuBHOCTH (110
3-3,5 B obnactu nuka bparra), uTo HEOOXOAUMO YUYHUTHIBATH MPH MJIAHUPOBAHUH PaJUOTE-
panuu.

Ha mpotonusix myukax ¢azorpona JISAII OUAN u LlenTpa npoTOHHON Tepamnuu B
[Ipare ObuIM MpPOBEACHBI M3MEPEHUS NO3HBIX pacHpeAeeHUM 3a mpenenamMu o0iydaeMoun
MUIICHU TEPMOJIIOMHHECIEHTHBIMA M TPEKOBBbIMU jeTekTopamu [19]. M3mepeHHbIe 103bI
CPaBHUBAJIMCH C 03aMHU OOJydeHHS 3a MpeJesiaMi MPOTOHHBIX MYYKOB, CHOPMHPOBAHHBIX
MAacCUBHBIM CIOCOOOM C MPUMEHEHHEM KOJUIMMATOPOB, MOMOJHUTEIbHBIX 3aMeIJINTeNeH u
rpe0eHYaTHIX GUIBTPOB HA MPOTOHHOM Nydke ¢azorpona JISAIl OUAN. Dtu ucciegoBanus
ABJISIOTCS BAXXHBIMU JJI OIIEHKU PUCKA OOJMYYEHUS OKPYKAIOUIUX 3JOPOBBIX TKAHEH.

CoBmecTHO ¢ corpyaHukamu Pakynprera (Qusuku byxapecTckoro yHuBepcurera
(Marypens, Pymbiaus), OTaena paauanuoHHoi gozumerpun MHctuTyTa siaepHoil pusuku
(ITpara, Yexus) u ueHTpa npoToHHoM Tepanuu B [Ipare mpoBoaAMINCH U3MEPEHUS BIUSAHUSA
3yOHBIX MMILIAHTOB Ha MPOCTPAHCTBEHHBIE O3HBIE paclpeelieHUus B aHTPOMoMOp(hHOM
¢anToMe Ha NpoTOHHBIX Nyukax gazorpoHa JIAII OUAUN u PTC B Ilpare. Kpome Toro, no-
nOoOHBIE IKCIEPUMEHTHl ObIIM TpoBeAeHbl B lleHTpe mportoHHON Tepamuu B T. YUukaro
(CIIA) ¢ ucnonp3oBaHreM pa3pabOTaHHOW B 3TOM IIEHTPE METOJMKHU MPOTOHHON KOMITBIO-
TepHOI ToMorpaduu M MPOrpaMMHOrO oOecredeHus s MIaHUPOBAHUS MPOTOHHOU Tepa-
U Ha ocHOBe MeToaa Monte-Kapro.

bb1no mokaszaHo, 4TO NpU HAJIMYMU B HEMOCPEJCTBEHHOW OJM30CTH OT 00JydaeMoro
oyara MMIUIAHTOB Ha OCHOBE CIJIaBOB TUTaHa ¢opMa JO3HOTO paclpeesieHus najneka oT
(GopMBI pacyeTHOTO MOJIA KaK B CIydyae CTaTUUYECKOro 00JyuyeHHUs IHPOKUM OJHOPOJHBIM B
CEUEHUHU MPOTOHHBIM MYYKOM, TaK U B CIydyae CKaHUPYIOLIETO 00Iy4eHHUS] TOHKUM «KapaH-
JNAITHBIM MydkoM». OIHAKO, €CJIU ISl INIAHUPOBAHUS OOJyUdeHUS UCTIOJIB30BaTh HE JaHHBIE
C PEHTT€HOBCKOT0 KOMIIBIOTEPHOT'0 ToMorpada, a JaHHbIe, TOJIy4EeHHbIE HA TPOTOHHOM TO-
Morpade, CUTyalusi CTAHOBUTCS CYIIECTBEHHO Jy4Ille.

[To pe3ynpTaTam 3TUX UccaenoBaHuM Obina 3amumieHa PhD nuccepranus.

B konnmaGopanum ¢ coTpynHuKkamMu Benukomonbckoro mneHtpa onkosoruu (r. Ilo-
3HaHb, [lonpmia) Obl1a pazpaboTaHa METOAMKA BEepH(HUKAIMK BCEX TEXHOJOTHUYECKUX ITa-
OB MOJTOTOBKH M MPOBEJEHUS TEPaneBTUUYECKOTO OOJyuyeHHs MalMeHTOB C HCIO0JIb30Ba-
HHEM pPaJMOXPOMHBIX IJICHOK M TeTeporeHHoro «pantoma Anmepcona» [20, 21]. Paaguo-
XpPOMHBIC IJIEHKU — CIIEIMAJbHO pa3paboTaHHBIE AETEKTOPHl MOHU3UPYIOUIET0 M3IydeHUS,
KOTOpBhIE TEMHEIOT MOCJE€ BO3JACHCTBUS Ha HUX panuanuu. I[locie ckaHWUpOBaHUS TakKou
MJICHKH U 00pabOTKM MaHHBIX CHENHATbHBIM 00pa3oM MOXKHO BOCCTAaHOBHUTH JIBYMEpPHOE
pacnpeneneHne MOTJIOMEHHON 103bl B INIOCKOCTH IIEHKH. Y TaKOTO0 METOAA IMOJIy4aeTcCs
OYEHb XOPOIIEE TEOMETPUUECKOE pa3pelIeHNEe C TOUHOCTHIO ONPENEIEHUs 103bl 0K0JIO0 5 %,
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YTO JIeJIACT ero B cly4ae HeOOXOJUMOCTH M3MEPEHHS JTO3HBIX IMOJICH MPOTOHHOTO MydYKa C
PE3KUMH T'PpaJUCHTAMU MMPOCTO HE3aMEHUMBIM.

daHTOM AJJIepcOHA MPAKTUYECKH MOJHOCTHIO MOBTOPSET aHATOMHIO YEJIOBEKAa U BBI-
MOJHEH M3 TKaHE-dKBUBAJICHTHBIX MaTEpHATIOB, OJU3KUX IO COCTaBy K HarypaimbHbIM. OH
yA00EH TeM, YTO COCTOUT M3 OTIACIBHBIX CJIOCB TOJIIMHON 25 MM, MEXIy KOTOPBIMU MOXK-
HO 3aKJaJbIBaTh PAAUOXPOMHYIO IUICHKY M MPOBOJUTH IJIAHHUPOBAHUE M O0JydeHUE TOUHO
TaK XK€, Kak U B ciyd4ae ¢ mamueHToM. HeoOX0QUMMOCTh TaKMX M3MEPEHHH JOCTATOYHO Ya-
CTO BO3HUKAaET, HApUMEp, MPU Hadaje MCIOJb30BAHHS JJIs TOTOMETPUU HOBBIX PEHTTE-
HoBCKkUX KT, mpu Kakux-TO M3MCHECHHUSX B TEXHOJOTMYECKOM IPOIlECCe INIAaHUPOBAHHSA U
o0ydeHus, 1 uccieqoBaHus 3P HEKTUBHOCTH HOBBIX METOIUK OONy4eHUS U T.1.

beln Takke pa3paboTaH M M3rOTOBJICH MAaKET aBTOMAaTH3UPOBAHHOIO MHOTOJICIIECTKO-
BOT'0 KOJUIMMAaTOpa MPOTOHHOTO MydYKa Ha 4 mapsl miactuH. [lociie mpoBeaeHHsT €ro UCTbI-
TaHUH ¥ OTPaOOTKU BCEX TEXHOJIOTUHW MAaKET MOCIYXHUT MPooOpa3oM MOJTHOMACIITAOHOTO
BapHaHTa yCTPOWCTBAa HA 33 mapsl IUIACTHH, HEOOXOIMMOTO JUIS pealin3allii TaK Ha3bIBae-
MOTO JMHAMHYECKOTO METOJa OOJIydeHHS MPOTOHHBIM MYYKOM Pa3jIWYHBIX HOBOOOpa3oBa-
Huii (puc. 12). Ha panHyo koHcTpyknuito Obunl mosydeH [lateHT Ha m3oOpereHue No
2499621 ot 27.11.2013.

Puc. 12. Koncmpyxyuss MHO20I€N€CMK08020 KOIIUMAmMopa Ha 33 napvl niacmuH ¢ UHOUBUOYAlb-
HBIMU NPUBOOAMU U OAMYUKAMU NOTIOHCEHUS

N300peTenue pemaer 3amadyy MakCUMajdbHO OBICTPO M TOYHO CPOPMHUPOBATH JIFOOYIO
3aJJaHHYIO alepTypy TepaneBTUYECKOTO MPOTOHHOTO My4YKa U PeaTn30BaTh Pa3IUyHBIC Me-
TOJUKH OOJYYEHHUS C IEJIbIO MOJBEICHUS MAaKCHUMaJbHOMN MOTJIONMICHHOW JTO3bI K OMYXOJIU U
Ipyd 3TOM MHUHHUMHU3UPOBATH OOJydeHHE 3J0POBBIX TKaHEW, T.e. COONIOCTH MpeAeTbHYIO
cTeneHb KOHPOPMHOCTHU OOTydeHUS.

Kpome Toro, ucnoiap3oBaHue Mpeaiiara€Moro MHOTOJIEIECTKOBOT'O KOJUIMMAaTopa Mo3-
BOJIUT COKPAaTUTh BpeMsl ceaHca OOJIydeHHUs, YMEHbIIUTh JO30BYI0O HArpy3Ky Ha HepcoHai
OT oOJIyueHUs] HaBEJCHHOW paJMOaKTUBHOCTHIO KOJIIMMATOpa, CHU3UTH TPYAO03aTpaThl U
CTOUMOCTb IO CPAaBHEHUIO C IPUMEHEHUEM MHANBHUAYATbHBIX KOJJIUMATOPOB.
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3.4. Knunu4deckasi anpodanus

[lepBbie cucTeMaTH3UPOBAHHBIE JaHHBIE MO OOJYYEHHIO NAalHEHTOB B Meaunko-
texaudeckom komriuiekce JISAIT OUSUN coBmecTHO ¢ coTrpyanukamu BOHIl 6wvuim mpen-
CTaBJIEHBI elle B cepeanHe 90-X rosoB MPOULIOTO CTOJETHUS MO pe3yabTaTaM JICUEHHUs paka
ek Matku [22].

C nexabps 1987 r. na MegunuackoM nporoHHom nyuke JISIIT OUAN 6wut0 mpoBeaeHo
COYETaHHOE MPOTOHHO-TaMMa Jy4eBoe JeueHue 34 OOJIbHBIX IO MOBOJY paka IIeHKU MaT-
k. M3 HUX: 6 OOJNBHBIX MOJYYHJIHN MpegonepanuoHHoe o0ydenue, 25 — pagukaibHOe Mpo-
TOHHO-TaMMa OOJIydeHHE B CaAaMOCTOSITEIbHOM BapHaHTE W 3 — MaJIMATUBHOE JIy4eBOE Jie-
YeHHE.

Pesynprarsl KOMOMHMPOBAHHOTO MPOTOHHO-TAMMa JIY4€BOTO JICUYCHUS pakKa MIEHKHU
MaTKu npeactaBieHsl B Tabnuue 1 [62]. HenmocpencrBenno 6vuio uznedeno 100 % Oonb-
HbIX. V3 34 GonbHbIX 18 HaOmomanuck cBeime 3 u 5 yet. JKuBbl 0€3 peruauBa Wid MeTa-
cTa3oB 83% OOJILHBIX MPU TPEX- U MATHUIECTHEM HAONIOAEHUU. YMEpIu Tpu OOJIbHBIX yepe3
2 roja nocie o0JIydeHus 1O NPUYUHE: PelUAUBa PaAUOPE3UCTEHTHON ONYyXOJH, MeTacTa3a
B BEPXHIOIO TPETh Biarajuina (BHE 30HbI 00JydeHUs ), HHTEPKYPEHTHOTro 3aboyieBaHus (MH-
CYJIbTA).

JlydeBBIX peakuuil U OCIOXXKHEHUI CO CTOPOHBI MPUJIETAIIIUX K 001ydaeMOi MUIIEHH
(MaTKa) HOpMaJIBHBIX OPraHOB (MOYEBOW MY3BIPh M MpsMas KHUIIKA) U TKaHEeW He Halmona-
71 y BCceX OOJIbHBIX.

[lTonyueHHBIE HEMMOCPEACTBEHHBIE U OTJAJIEHHBIE PE3YyJIbTAThl MPOTOHHO-TAMMa Jyde-
BOTO JIEUEHHS MOKa3aJIu NPEUMYILIECTBA NMPUMEHEHUS MNPOTOHOB Mepea NPYrMMH BUIAAMH
Jy4eBOTO JICUEHHSI paka IMEeWKN MAaTKU — OTCYTCTBHE JIYUYEBBIX MOBPEKICHUN MPUIIEKAIIUX
K MaTK€ HOpMaJbHbIX OPTraHOB.

Ta6nuna 1. Pe3ynbraThl IpoTOHHO-TaMMa 00OJIydeHHUs paka MIeHKH MaTKu

Cragus | Yucno | Hemo | JKussl 6e3 peunauBa wiu YMepiau ot:
60I1b- cpen- MeTacTa3oB Oojiee
HBbIX CTBCH 3 ner 5 ner peuuauBa | METacra- | HUHTEPKY-
HO 30B PEHTHOTO
u3zne- 3aboseBa-
YCHBI HUS
1B 11 11 10 5 - 1 -
1A,B 4 4 3 — 1 - _
B 3 3 2 — — — 1™
Bcero 18 100% |15/18 (83%) | 5/6 (83%) 1 1" 1™

30HBI O0JTy4CHUS).

*
) Yepes 2 1. mocie o6ydeHHs — OT METAcTa3a B BEPXHIOK TPETh BIArajinima (BHe

**)
UYepes 2 1. mocie 00y4eHUs — OT HHCYJIbTA.
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K coxaneHnro, 3KOHOMUUYECKUIN Kpu3uc, nocturmnii PO B neBAHOCTBIE, NPUBEI K
MOJHOW OCTAHOBKE 3TUX HccienoBanuii. K Tomy ke co BpemMeHeM Oblin pa3paboTaHbl HO-
BbI€ 10CTAaTO4YHO 3()PEeKTUBHBIE IYTH OOPHOBI C 3TUM HEAYTOM, IO3TOMY B JaHHOM HallpaB-
JeHUH paboThl OBUIH MPEKPAIICHBI.

KoHeuHO He BBI3bIBACT COMHEHHUS TOT (DaKT, YTO NMPOTOHHAsl Tepamus OKa3blBAETCS
HanOojee BBIMTPBHIIIHBIM METOJAO0M IPU HEOOXOAMMOCTH 00JydeHHs HOBOOOpa3OBaHUM,
pacIojg0XeHHbIX B 00J1aCTH I'0JIOBBI U 1Ieu. Bo-nepBbiX, n3-3a Hanu4us B obgacTu obayde-
HUS OOJNBIIOTO YHUCIA KPUTHYECKHX PAaJAMOYYBCTBUTEIBHBIX CTPYKTYpP, MPEMSITCTBYIOUIUX
HOABECTH K OMYXOJU HEOOXOAMMYIO 103y B cllydae KOHBEHLMAJIbHON Tepanuu, BO-BTOPHIX,
Oiaroaps TOMy, 4TO 3TH OpPraHbl MOKHO XOpOIIO 3aUKCUPOBATH HA BPEeMsi TOIOMETPUH U
nocieayuero o0Jay4eHus, 4To JaeT BO3MOXKHOCTh NPELUU3UOHHO CILIAHUPOBATh U MpOBe-
CTHU Teparnuio.

Tem He MeHee, pealM30BaTh BCE NPEUMMYLIECTBA NPOTOHOB CTAJ0 BO3MOJKHBIM JIMIIb
1ocjie Co3JaHus aJeKBaTHOW quarHoctudyeckoi 6asel (peHtrenosckue u I19T KT, MPT u
T.J.), CHOCOOHOM JOCKOHAJIBHO ONpEeauTh 00JIACTh pacnpocTpaHEHUs HOBOOOpa30BaHMUH,
a Tak)ke OypHOMY Pa3BHUTHIO KOMIBIOTEPHON TEXHUKH, MO3BOJUBIICH MEAUIUHCKUM (U3HU-
KaM M NpOrpaMMHCTaM CO3JaBaTh OYE€Hb CJO0KHOE MpOorpaMMHoe obecredyeHue I TpeX-
MEpPHOTO IJIAHUPOBAHUS JIy4€BOU Tepanuu.

B MTK JIAIT OSSN B Havane npouIoro AecATUIETUS B OJHOM U3 NpOLEeAYPHBIX Ka-
OuH ObLTa peann3oBaHa METOAMKA TPEXMEPHON KOH()OPMHOW MIPOTOHHOH JTy4eBOW Tepamnuu,
OpU KOTOPOH MakCUMyM (OPMHUPYEMOIO JI03HOT'O pachpejeseHuss Haubojaee TOYHO COOT-
BeTCTBYeT (opme obnyyaemol mumeHu. bnarogaps 3ToMy mosBUIIaCh BO3MOKHOCTbH IMpPO-
BOJUTbH pauoTepanuio HOBOOOpPa30BaHUI rOJOBHOI'0 MO3Ta, JOKAIU30BaHHBIX BOJIU3HU KpH-
TU4eckux opraHos. CTpykTypa Ho3omoruueckux ¢popm, npojedeHusix B MTK ¢ 2000 r. o
anpens 2019 rona npexacrasieHa B Tabauue 2.

Ta6nuna 2. CTpyKTypa HO30JI0THYECKUX QopM

Hoszonoruyeckune copmbl MauveHTbl Hosonornyeckune gopmbl MauneHTbl
ABM 85 MerTacTasbl B CKelleT 3
AJnleHOKapIMHOMAa 2 Hespunoma, HelipoaemMMoma 27
Aneroma runodusa 29 Omyxomu, pak JIETKUX 9
AmenobnacToma yenocTn 1 Omnyxonu Mo3ra 15
AHTHOMBI KaBEpPHO3HbIE 9 [Mapauriroma 6
ActpormToma 59 Pak xoxn 83
T'mnoma, rimobaactToma 89 Pak MOJIOYHOM KeJIe3bl 54
JIumdpoma 1 Pak mpocTtaTbl 1
Menanoma 32 Capkoma 21
MeHuHTHOMA 230 Xopaoma u XoHIpocapKoMa ueperna 57
MertacTassl B IMMpOY3IIbI 1 XoproMa I03BOHOYHHKA 6
MeracTtasbl B MO3T 83 Onyxonu rofioBbl U LWen 344

Opyrve 36
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brnaromaps yxe J0CTaTOYHO COJIMAHOMY HAKOIJIEHHOMY KIMHHUYECKOMY OIBITY IO
OJHOM W3 MHOTOYHUCIEHHBIX MposiedeHHbIX B MTK Ho30moruii, a uMeHHO, apTepuo-
BCHO3HBIM MaibpopmanusiM (ABM) ronoBHOro Mo3ra, ObUT MPOBEAEH CTATHUCTHYCCKHUUI
aHanu3 pe3ynbratoB Jeuenus [23, 24]. C 2002 mo 2010 roasr 61 marueHT ¢ ’TUM HE OHKO-
JOTUYECKUM, HO TaK)Ke OYeHb OMAaCHBIM 3a00JIeBaHUMEM IpoIIe]l KypCc NPOTOHHOI Tepanuu
Ha myukax QazorpoHa. O6beM 00pa3oBaHUii BappupoBan B mpepenax or 1 cm® 1o 82 cm’.
Hcnonb3oBasicss MEXIYHApPOAHBIH MPOTOKON OONYyYeHHUs, B COOTBETCTBUHM C KOTOPBIM Jie-
yeOHas 103a moaBoAunach 3a 2 nas (paxumoxupyprus). CymmapHas MOTJIOMIEHHAs 103a CO-
craBysia ot 20 I'p 1o 25 I'p B 3aBUCHMOCTH OT pa3Mepa oOpa3oBaHus M OJM30CTH €ro pac-
MOJIOKEHHS K KPUTHIECKUM CTPYKTYypam.

OueHka pe3yiabTaTOB JICYEHHUSI OCHOBBIBAJach Ha MHPOPMALUHU, MOJIYy4aeMOU C MOMO-
IIHI0 MarHUTO-PE30HAHCHOW TOMOTpaduu, MPOBOAMMON udepe3 KaxAble 6 MecsIeB IMocie
Kypca paguoTepanuu. ITO CBA3aHO C TE€M, YTO MPOLECC 3apacTaHus MPOCBETa NaToJoruye-
CKHMX COCYJOB T'OJIOBHOTO MO3Ta KJIETKaMHU SHIOTENHs B pe3yibTaTe paauorepanuu (007au-
Tepalus) NpoTeKaeT MOCTEIEHHO, 00BIYHO OT 6 10 24 mecsueB (puc. 13).

Ha Bpemst mpoBeeHNsI CTATUCTUYECKOTO aHaJIn3a CPOK HAOIIOICHUS MPEBBICUI 2 T0/1a
y 55 mamuentoB. W3 3Toro yucna ¢ 6-10 manueHTamMu Obllia yTepsiHa CBA3b IO HEBBIICHEH-
HBIM TPUYMHAM, TBO€ YMEpJU OT APYrux 3a0oJeBaHUU, OOUH yMep OT KPOBOUBIHSIHUS B
nepuon oxunanus dgdexra. Takum o6pa3zoM, aHanmu3 NPOBOAMICA IO pe3yibTaTaM Jeye-
HUs 46 TAIlMEHTOB.

[Tonnas obOnurepanus NaToJIOrHUECKUX cocynoB Hactynuia y 19 Oonbubix (41,3 %),
gactuuHas — y 25 (54,4 %). V3 nocaennei rpymnmnsl moutu nosiHas odsutepanus (80-99 %)
Habmronanacek y 11-u nauuenTtos, y 7-u oHa cocraBuna 50-70 %, eme y 7-u — ot 10 % no 49
%. be3 3ameTHOTO d(dexTa ObUIO TOIBKO 2 MalMEeHTa, Y KOTOPHIX, 0 BCEH BUIUMOCTH,
UMENNCh OMOXUMHUYECKHE 0COOCHHOCTH 00pa3oBaHUs.

Puc. 13. IIpumep, xapaxmepusyrowuii 3¢hpghekmugHocms npo8OOUMOU paoUoOXupypauu: niax oouy-
yenus ABM y 13-mu nemueco manvuuxa (8 yenmpe), a maxyice MAeHUMHO-PE30HAHCHASL MOMO-
epagus 0o obnyuenus (cresa) u uepes 40 mecaya nocie (cnpasa) - HabarwOaemcs NOIHAsA 0OaUmMe-
payusi naAmoa02U4ecKux cocyoos

Hewn30exxHble IpU JTaHHOM METOJC JICUYCHHS JIyYeBbIC PEAaKIMU PACHPEICITHUINCH Clie-
OYIOIMUM 00pa3oM: 0ECCUMITOMHBIM OTEK ObIT OTMeYeH y 13-u manueHToB, OTEK C pPa3BH-
THEM HEBPOJIOTHYCCKON CUMIITOMATUKHU M €€ MOCICAYIOMHUM PErpeccoM — y 4-X MaIllMeHTOB,
JTy4eBOM HEKPO3 pa3BUIICSI y OJHOW OONBHOW C MOCIEAYIONIUM TOJTHBIM €ro perpeccom u
noJiHO¥M oOsmTepanueir ABM.

3a mocnennue 3 roaa OBUT TakKe MPOBENECH CTATUCTHYECKUN aHAIWU3 MO MPOTOHHOMH
TepanuH XOPJIOM U XOHJPOCAPKOM OCHOBAHHS Yeperna. DTO PeJKHe 3JIOKAaUYeCTBECHHBIC OITY-
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xoiu, cocrapistomue MeHee 0,5 % oT yucia nepBUYHBIX BHYTPUUEPEIHBIX HOBOOOpa3oBa-
Huil. XOpJAOMBI pa3BUBAIOTCS U3 OCTATKOB 3MOpPHOHAIBLHON XOpJbl. BHyTpuuepenHbie XOH-
IPOCApKOMBbl — U3 IMOPHUOHAIBHBIX OCTATKOB XPSIIEBOM MaTpHUIIBl Yepena HIM U3 MPUMU-
THUBHBIX ME3EHXUMAaJbHBIX KJIEeTOK. B mpoiecce pocra 3TH onyxoiau pa3pymarT KOCTH OC-
HOBaHUS yepena M, MPOHUKAs MHTPAKpaHHAJIbHO, BBI3BIBAIOT MOPAXKEHUE CTPYKTYp TOJIOB-
HOTO MO3ra, 4YepemHO-MO3TrOBbIX HEPBOB U cocyloB. [lpu Bcell cxokecTu JOKaJU3alluu,
KJIMHUYECKUX MPOSBICHUN, PEHTT€HOJIOTUYECKUX JAHHBIX U JIe4eOHOM TaKTHUKH — MPOTHO3
pu XOHApOocapkoMmax OoJiee OJIaronpusATHBIN, Y4€M IPU XOpJIOMax.

OCHOBHBIM METOJOM JIEUCHHUS XOPJIOM U XOHJAPOCAPKOM OCHOBAHMS Yepera OCTaeTcs
XUPYPrUYeCcKui, HO HHOWIHLTPATUBHBIN XapaKTep pocTa U OJM3KOE PACIONIOKEHUE K KPH-
THUYECKUM CTPYKTYypaM TOJIOBHOTO MO3ra 3aTPYAHSIOT BBINOJHEHHE PaJUKAIbHBIX OIlepa-
nuit. [loutn y 90 % mnamueHTOB Mmociie MPOBEACHHS ONEpaluu COXPAHSIETCS OCTATOYHBIN
00beM, a y psjlla NalMeHTOB B CUIIY Pa3JIUYHBIX IPUYUH XUPYPTUUECKOE BMEIIATEIHCTBO HE
npoBoauTcs. [Ipu oTCYTCTBUM Tepamuu, CPEeAHSISA MPOJAOJIKUTEIbHOCTD KU3HU MAIUEHTOB C
XOpJIOMaMHu OCHOBAHUA 4yepena cocTaBiseT oT 18 no 28 Mecsanes.

C 2002 mo 2016 rr. mpoTtoHHasi TpexMepHass KOHGOpPMHAs Tepamnus ObLIa MPOBEICHA
28 OOJIBHBIM C XOpAOMaMH U XOHApocapkoMamu ocHoBaHus depemna (puc. 14). Cpennuii
06weM omyxonu coctaBun 42 cm® (3,9 cm3-154 cm®). Cpenusas cymMmapHas ouaropas 103a
Ha u3oueHTp Obu1a paBHa 73 I'p (63-80 I'p). JJo30Bble HArpy3KU Ha KPUTUUYECKHE CTPYKTY-
pBl HE TIPEBBINMIATN TOJEPAHTHBIX 3HaueHu. CpemHss 103a Ha MOBEPXHOCTHU CTBOJIA T'OJOB-
HOro Mo3ra cocraBuia 62 I'p (56,6-64 I'p). Xua3zma 3pUTEIbHBIX HEPBOB B CPEIHEM MOIY-
yajna 46 I'p (9-56 I'p).

[lepuon HaOMOMEHUS 3a MAIMEHTAMU B cpelHeM cocTaBui 59 mecsaneB (2-160 mec.).
N3 28 manuenToB y 18 "yenmoBek coxpaHsieTcs KOHTPOIb onyxoju. CeMb OOJIBbHBIX MO pas-
JUYHBIM IPUUYMHAM BBINIANHU U3 HaOmoneHus. Y 3-X MalMeHTOB pa3BUIICS KPAaeBOU PEIUIUB.

Puc. 14. Ilpumep npomonnot mMeakoppakyuoHuposanHou mepanuu Xopoombl OCHOBAHUS YEPENna.:
MPT 0o neuenus (cneea), nian oonyuenus (8 cepeoune) u MPT uepe3 2 2o0a nocie — 3nayumens-
Has pespeccust OnyxoJu

JlyueBbple peakiuu U OCIOKHEHHS Pa3BUIUCH y 4-X yenoBek (16,6 %). Umenu mecto
OCTpHIE JIy4eBbIC PEAKIIMU, COOTBETCTBOBaBIIKE 2-M Oamnam no mkaie RTOG: co ctopoHsr
CIU3UCTBIX 000JIOUEK POTO- U HOCOTJOTKHU, KOHBIOHKTHBBI I'lla3a U KOXHBIX IMOKPOBOB B
obyactu moJieit obnyuenus. Hu co cTopoHBI cTBOJIa TOJTOBHOTO MO3ra, HU CO CTOPOHBI 3pH-
TEJIbHOI0 amnmapaTra NPU3HAKOB Jy4€BOM TOKCUYHOCTH M JIYyUYE€BBIX OCJIOXKHEHHUI HE OoTMeue-
HO.
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[Io npuBeAEHHOMY CTATUCTUYECKOMY aHaJIU3y MOXHO CHeJaTh CIEAYIOLINE BBIBOJBI:
OPOTOHHASA PAJUOXUPYPTUs U paguoTepanusi, IpoBoAUMas Ha mydkax ¢azorpona OUSU,
SBIISIETCS BBICOKOA(p(eKTUBHOM M Oe30macHOr MeToauKo# jedeHus ABM roigoBHoro mosra,
B ToM yucie 1 ABM Gonpmux pasMepoB, a TaKKe XOPJAOM M XOHAPOCAPKOM OCHOBAHUS 4e-
pemna, KOTopble BBUAY OJM3KOTO PACHONOXKEHHS K KPUTHUYECKHUM CTPYKTypaM TOJIOBHOTO
MO3ra, SBISIOTCS HauboJiee CIOKHBIMHU M3 BCEX BHYTpPUUYEpENHBIX MumieHeil. [lonydeHHbie
pe3yibTaThl COMOCTABUMBI C JaHHBIMU 3apyO€KHBIX LIEHTPOB MPOTOHHOM TepanuH.

3.5. UccaenoBaHusi B 00J1aCTH PaHOOUOJTOTHH

Ha coBpemMeHHOM 3Tamne pa3BUTHUs JIEUEHHE OHKOJOTMYECKUX 3a001eBaHUN MpaKTUye-
CKH BO BCEX CIIydasiX MPOBOJUTCS KOMOMHUPOBAHHO, T.€. COYETAIOTCS Cpa3y HECKOIbKO Me-
TOJUK JICUCHUS: XUPYPrUs ¢ XUMUOTEpanuei, 1ydeBoil Tepanuei, rurno- 1 runep-repMuei
u 1.1. Kpome TOTO, IpU NpOBEAECHUU paJUOTEPANIMU BCE 4Yallle NPUMEHSIOTCS JIOMOJHU-
TeJbHblE KaK MEUKOMEHTO3HbIE, TaK U allapaTHble CPEACTBa, TaK MJIM MHAYe MOAU(UIHU-
pytomne 3P eKThl BO3AEHCTBUS HOHU3ZUPYIOIIETO U3JIYyUYEHHUs HA KJIETKU U TKaHU.

[TogoOHble UccaeI0BaHUS, HAIIPAaBJICHHbIE HA BBISBICHUE BO3MOXKHOCTEH BO3/1EHCTBUSA
Ja3€pHOr0 M3JY4YEHHS Pa3HOro CIEKTPa COBMECTHO ¢ MOHU3UPYIOIIUM HU3Jy4YEHHEM Ha MO-
nudukanuo 3¢pdexkToB oT nmocieaHero, npopoawnrck B MTK B TeueHue psja mociaegHux
ner. Tak, panee Hamu OBUIO TTOKA3aHO, YTO KaK MPEIBAPUTEIBHOE U MOCIENYIONIee, TaK U
OJHOBPEMEHHOE C JIa3€pHBIM H3lydeHueM (C IIMHOW BOJNHBI 633 HM) oOnyuenue ¢Gub-
po6iacToB MbllIeld NPUBOAUT K YBEIMUYEHHUIO BBDKMBAEMOCTH KJIETOK, MOJBEPTIIMXCS BO3-
JNEHCTBUIO Y - U3JIyUYEeHUs WJIM IPOTOHOB.

MaxkcuManbHbI pagno3alIUTHBIA 3P dexkT HalOmoaaacs TpU NIOTHOCTH SHEPTHUH Ja-
3epHOro obnyuenns 1mJx/cm? (mateHT Ha m3obperenme RU 2 330 695 C2- « CIIOCOB
3AHIUTHI B SKCIIEPUMEHTE OoT [MHOBPEXJIAIOIIETO JIEVICTBUSA
NOHU3BUPYIOUIEI'O U3JIYUEHU S »). IlpuBenenHsle pe3yiabTaThl OBLIM HCIOJIb30BAHBI
IJISE CO3JaHus «Y CTpOUCTBA JJIs paJdallMOHHOMN 3alUThl OMOJOTHYECKUX OOBEKTOB B DKC-
nepuMeHTe» (mateHT Ha u3obperenue RU 2 428 228 C2). 3arem ObUIO CKOHCTPYHUPOBAHO
Hooe “YCTPOWMCTBO JIJII PAJUALIMOHHOM 3AIIMTHEl BUOJIOTUYECKUX
OBBEKTOB B 3KCIIEPUMEHTE” oauH 3amyck KOTOpPOTO, TakXe KakK M B Clydae
NpeIbIAyHIero n300peTeHnsl 3aHUMAET BCEro HECKOJbKO CEKYHJ, OJHAKO MO3BOJISIET 3alllH-
THTH TTomans Tena pasmepoM 300 cm? (maTeHT Ha m3o6perenne RU 2 515 405 C1).

Cnoco6 nazepHOi paauo3aumuThl OMOJIOTHYECKUX OOBEKTOB HMEET psJ MpeuMy-
LIECTB IO CPABHEHUIO C PA3JIMYHOrO poJa XUMHYECKUMH PAJUONPOTEKTOPAMH — €r0 MOXK-
HO HCTOJIb30BaTh 110, MOCJE, a TaKXKe OJJHOBPEMEHHO C BO3JE€HCTBUEM HMOHHU3UPYIOLUIUX H3-
JydeHUd Ha Ouosorudeckue oObeKTH; 3(HPEKTUBHOCTH 3AIUTHOTO BO3/EHCTBHUS HE 3aBH-
CUT OT penapalMoHHOTO T'eHOTHUIIA KJIETOK U OT JuHeNHHoU nepenauu suepruu (JIIID) nonu-
3UPYIOUIUX U3JIYYEHHMIl; He HaJ0 BBOJAHUTH B OPTaHU3M, MOXHO HCIIOJb30BaTh JOKAJIBHO;
HE TOKCHYEH; OKa3bIBaeT HE TOJBKO 3aIMTHOE, HO U TepaneBTHUuYeckoe Bo3aeicTaue. Kpo-
M€ TOr'0, U3TOTOBJICHHbIE HAMHU JIa3€pHBIE YCTPOUCTBA MO3BOJAIOT OBICTPO M 06€30MNO0YHO
00JIy4uTh OMOJTOTHYECKUIN 00BEKT HYKHOM 10301 J1a3epHOTO U3IyUeHUs .

BrimeykazaHHble yCTpOICTBa MO PEKOMEHIAIlMK Bpadya M C COTJacHs MalMeHTOB HC-
HOJIB3YIOTCA JJIS 3alIUTHl KOXKHU PaAUOYyBCTBUTENbHBIX MAllMEHTOB, MPOXOASLIIUX KypC Y-
yeBOU Tepanuu B MeIUKO-TeXHUUYECKOM KoMIliekce JlabopaTtopuu siAepHBIX MpoOIeM.

Wnes co3manus HOBOTO YCTPOUCTBA A PaIUAlMOHHON 3aIUTHl OMOJIOTHYECKUX 00b-
€KTOB C UCIIOJIb30BAHUEM JIA3€PHOTO MOJYJS C JIUHON BOJHBEI 532 HM 000CHOBAaHHO Ha MO-
Jy4EHHBIX paHee pe3ysbTaTax paguoOHOIOrHUecKuX uccienoBanuii [25]. beuio mokasano,
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YTO KakK MpeJBapUTENbHOE, TaK U MOCIEeNYIolIee la3epHoe o0iyueHue KIeTOK OakTepuil na-
3€pHBIM U3JIyYCHHEM C JJIUHOW BOJHBI 532 HM YMEHBIIAIOT MOBpPEXAaloliee AeUCTBUE O -
yacTtull. MccienoBanus 1o JeTaJlbHOMY U MYTareéHHOMY JE€MCTBUIO JIA3€PHOrO U3JIYUYEHHUS C
JUTMHOM BOJIHBI 532 HM Takke MOKa3aJik, YTO 3TO MU3JIyuYeHHE CIOCOOHO OKa3aTh HA KIETKH
o6aktepuit E.coli K-12 Takoe xe Omosornyeckoe BO3J€HCTBUE, KaK U M3JIy4CHHE C JJIUHOU
BOJHBI 633 HM. OTH (QaKThl CBUIETEIHCTBYIOT B IOJIb3Y MPEANOI0KEHUS O TOM, YTO KIe-
TOYHBIE LIUTOXPOMBI, BXOJSAIINE B JBIXaTEIbHYK CHCTEMY KJIETOK, MOTYT SIBIATHCS IEpP-
BUYHBIMH (POTOpEIENTOPAMHU MPU BO3JEUCTBUHM HA HUX ONTHYECKOTO M3JIYYEHUS BUIUMOTO
nuana3oHa. M3BecTHO, yTo nuTOoXpoMm C BBI3BIBAET ANoONTO3 (3alMpOrpaMMHUPOBAHHYIO Kile-
TOYHYIO THOENb) MPHU BBIXOJIE U3 MHUTOXOHJPUH B IUTOIUIA3MY, U CIYXHUT JJIs YCHIICHHS
CUTHAJIBHOTO MYTH afolTo3a, a TaKXke UMeeT psAJ HeanmontoTuyeckux ¢yHkuui. Llutoxpo-
Mbl UTpalOT TaKXXe BaXHYI pPOJIb B OOMEHE CTEpOHUJIOB, KEJIUHBIX KHCIOT, HEHAaCHIIlle-
HBIX XUPHBIX  KHCJIOT, (EHOJbHBIX  METaboJHTOB, a Takxke B  HeEWTpamusa-
[IUU KCCHOOMOTUKOB (JIE€KapCTB, AJ0B, HAPKOTHKOB).

AKTyalbHOCTb JAHHBIX MCCIIEJOBAaHUN CBSi3aHA C TEM, YTO MOUCK UJEaJbHBIX 3aILMUT-
HBIX CpeaCTB, dP(OEKTUBHBIX Ui NPUMEHEHHUS B paJHOTEpariu, a TakKe Pa3sHOOOpa3HBIX
cIy4aeB paJuallMOHHOTO MOpaXeHHS OMOJOTHYEeCKHX OOBEKTOB BCE €IEe SBISIETCS OJHOMN
U3 BAXHBIX MPOOJEM paguallMOHHONW W KOCMHUYECKO# OMOJIOTMH W MeAuIMHBI. Panunosnu-
JEPMUT, KOTOPBIA CONPOBOKIAETCS OLIYIIEHHUEM 3YyJa U HANPSKEHHOCTU KOXKH, HIUPOKO
pacIpoCTpaHeH U SABIAETCS CEPbE3HOM MpoOIeMol y JtoAeh, MPOXOASIIUX JYYEBYIO Tepa-
MUIO NIPU JICYEHUH PaKa.

C mo3unuil BEposSITHBIX ClIEHApHEB U30BITOYHOTI'O BO3JEHCTBUS MOHU3UPYIOIIEH paau-
allMM Ha 4YeJloBeKa HauboJiee aKTyaJdbHBIMU HPEACTABISIOTCS MOUCK CPEJCTB SKCTPEHHOTO
NPUMEHEHUs JJIs JIEYEHHUs OCTPBhIX paJMallMOHHBIX MOpPaX€HWH, a Tak)Ke CPEeACTB CHMXKa-
IOIUX HEeOJIAroNnpHUsTHBIE MOCIEICTBUS NPOJOHTHPOBAHHOTO PaJAHMallMOHHOTO BO3JEHCTBUS
C HU3KOHW MOITHOCTBIO JO3HI.

Kpome storo, ocoboe BHUMaHuE ciaeayeT yAeasaTh pa3paboTKe 3alMIIAI0MKUX OT pa-
IUallii areHTOB, KOTOPbI€ UMEIOT HU3KYI TOKCHYHOCTh, MPAKTUYHBIM pEeXUM ylpasie-
HUS, JIUTEIBHBIM CPOK XPAHEHHUS U IIMPOKOE OKHO 3aIIUTHI.

HccnenoBanus, NpOBEJEHHbIE HAMHM paHHEE Ha MbIIIAX, I[OKa3alHl, 4YTO CHUKEHHUE
paJuanMOHHOTO MOPa)XXE€HUS MBIIIEH C MOMOIIBIO JAa3€pHOr0 M3JIYy4YEHHS C JJINHOU BOJIHBI
650 aM B 1o3e 1 MJ[x/cM? BO3MOXHO B TedeHne 30 MHHYT MOCIe BO3JEHCTBHS OCTPOTO H
IPOJIOHTHPOBAHHOTO O0Jy4YeHUs HOHU3UPYIOMIUM H3JIyY€HHEM HE3aBUCHUMO OT J03bI 00Jy-
yeHus (B 7030BoM mHTepBaie no 7 I'p), a Takxke dyepe3 24 daca mociie BO3JAEHCTBUS HUOHU-
3UpYIOLIEro U3jyyeHus B 1o3e 5 ['p, mpuBoasiieil Kk KOCTHOMO3ToBoi#l opMe ocTpoii tyue-
Boii 6one3nu (OJIB). Ilpu neranpHOI n03e MOHU3UpYyHOUIEro usnyueHus 7 I'p, mpuBoas-
nieit k nepexonuoit popme OJIb, yBenuueHue nNpoaoIKUTETbHOCTH KU3HHU MBIIIeH HaOI0-
JIAI0TCSl MPU UMCIOJB30BAHUY JIAa3€pHOr0 M3JIYUYEHUs Kak dyepe3 2, Tak U 4yepe3 24 yaca Mo-
cie BO3/ACHCTBUS HMOHMU3UPYIOUIETO H3JIyUYEeHHUs, OJHAKO 3(p(EeKTHUBHOCTH Jiazepa IpHU HUC-
MOJb30BaHUM Yepe3 2 yaca Mocje MOPaKeHUS HOHU3UPYIOIHUM H3JIYYeHUEM CYIIECTBEHHO
Bhie [26-28]. Bece aTO cBHIETENBCTBYET O KOHKYPEHTOCIIOCOOHOCTH JIa3€PHBIX YCTPOUCTB
10 CPAaBHEHUIO C XMMHYECKMMHU PaJNO3alUTHBIMU CPEICTBAMHU.

B pesynbpraTe mpoBeneHus UCCIEIOBAHUN Ha KieTKax GuOpobOmacToB OyayT moiyue-
HBl KOJWYECTBEHHBIC COOTHOIIEHUs (opm rubenun pubpobnacTtoB mpu NEHCTBUU TOJBKO
MOHU3UPYIOLIET0 U3JIYyYEeHHS, NPU KOMOMHHUPOBAHHOM OOJYYEHHH Ja3€pOM U MOHU3ZUPYIO-
OIMM HM3JIy4E€HHEM, a TaKXe INPU JCHUCTBUU JIA3€pHOTO M3JIy4YEHHS B J103aX, NPUBOASAIIMNX K
JeTaNbHOMY JEMCTBHIO Ha KJIETKU (UOp0oOIACTOB MBIMIECH. DTU Pe3yNbTaThl MPEACTABISIOT
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OonblION MHTEpec g paguoOuosioruu U ¢oroduonoruu. J[aHHBIE HCCIEIOBAHUM TaKke
MOMOTYT B MIOHUMAaHUHM MEXaHU3Ma PAJMO03aIIUTHOIO JEHCTBUSA JTa3epHBIX U3JTYyUYCHUM.

D¢ dekTuBHOCTH pagu3alIUTHOTO BO3EHCTBUS YCTPOIICTBA HA OCHOBE JIa3€pPHOT0 MO-
IyJsl C JUIMHOW BOJIHBI 532 HM OyJeT ucclieJoBaHa Ha MBIIIAX, 3aTEM 3alNIAHUPOBAHO TPO-
BEJCHUE KIMHUYECKUX UCIBITAHUI YCTPONCTBA.

OKcHepuMEHTAIbHbIE TaHHbIE CBU/IETEIbCTBYIOT O BBICOKOM paguo4yBCTBUTEIbHOCTH
OIpeNEeIEHHBIX OTAEIOB IOJIOBHOIO MO3ra K BO3JIEHCTBUIO TSKENBIX 3apsKEHHBIX YaCTHUI]
BBICOKUX 3Hepruil. OJHAKO K HACTOSIEMY BPEMEHU MHOTHE ACHEKThI MPOSBICHUS HEUPO-
duznonornueckux 3HPeKToB BO3ACHCTBUS HOHU3UPYIOIUX U3IYUYEHUN C pa3IuyHbIMU (U-
3UYECKUMU XapaKTEPUCTUKAMU OCTAIOTCS HEBBISICHECHHBIMU.

B 2018-2019 rr. Oblnu BBHIMOJHEHBI PAOOTHI MO U3YYCHHUIO HEHPOXUMHYECKUX MOKa3a-
TeJIell TOJIOBHOTO MO3ra M MOBEJEHUYECKUX PEAKLUN y KPBIC ITOCJIE BO3JEHCTBUS UOHOB YI-
Jepoja, MPOTOHOB, HEHTPOHOB U y-KBaHTOB B j03¢ 1 I'p [29]. [Tonyuena o606ménHas Kap-
Ta CTPYKTYp MO3ra, B KOTOpPbIX Ha01I0/al0Tcsad Hauboliee CyleCTBEHHbIE U3MEHEHUS B Me-
tabonu3mMe HopaapeHannHa, AodaMUuHA U CEpOTOHHMHA mocie obOnyudenusa. [lokazano, 4To
HEUPOXUMHUUYECKUI OTBET CTPYKTYpP MO3Ta Ha BO3JEHCTBUE PA3HBIX MOHU3UPYIOUIUX H3ITY-
YEeHUI pa3nuyaeTcs M 3aBUCHT OT KadecTBa u3nydeHus. OOHapyKeHbl (aKkThl, CBUETEIb-
CTBYIOILME O TUIEPAKTUBALUN KOMIIEHCATOPHO-BOCCTAHOBUTEIBHBIX MEXAaHU3MOB, KOTOpbIE
OPUBOASAT K YACTUYHOMY BOCCTAaHOBJICHUIO (DYHKIUU OJHUX oOJlacTel mMo3ra M, BMECTE C
TE€M, Y4acTBYIOT B (DOPMUPOBAHUH OTHAICHHBIX d()PEKTOB OOIyYEHUS B APYTUX UYBCTBU-
TENbHBIX K paguanuu obnactsax. [lonydeHbl JaHHbIE O 3aKOHOMEPHOCTSIX HEHPOXUMHYECKUX
M3MEHEHUH TOCII€ BO3JECHUCTBUS U3YUYCHHUS C HU3KUMU U YMEPEHHBIMHU 3HAUYCHUSIMU JINHEH -
HOU nepenauu sHepruu. Ilokazano, yro yBenuuenue JIIID ¢ oTHOCUTENBHO HU3KUX A0 yMe-
PEHHBIX 3HAYEHUN MPUBOJUT K PA3TUYHBIM HEUPOXUMUYECKUM TOCIEICTBUSIM B 3aBHCHUMO-
CTH OT paccMaTpuBaeMou CTPyKTypbl Mo3ra. [Ipeanoxkena runoresa 0 TOM, YTO TUIIEPAKTHU-
BallMsl HEUPOXUMUYECKUX MEXAaHW3MOB MpPHU BO3JACUCTBUM H3JIydeHUU ¢ ymepenHou JIIID
CrJaXXWBaeT OTKJIOHEHHUs B MeTaboIM3Me MOHOAMUHOB Ha PACCMOTPEHHBIX MPOMEXKYTKax
BpemeHH (30 u 90 cyTok) nmocie o06aydeHus, HO B MOCIEJCTBUN MOXET NMPUBOJUTH K OT/a-
JIEHHBIM HapymeHusM GyHkiuid Mmo3ra. OCHOBBIBasiCh Ha MOJYUYEHHBIX pe3ylbTaTax, clena-
HbI 3aKJII0OYEHUS O BO3MOXKHOM BKJIaJe HAOII0JAaeMbIX U3MEHEHHUI B HapylIEHUE MOBEICH-
4eCcKUX PYHKIHI y T1abopaTOPHBIX KUBOTHBIX.

OnyOnuKOBaHBl HOBBIE CTAThU I[MKJIA pabOT MO CEPUU IKCIEPUMEHTOB MO HU3YUYECHUIO
oOMeHa MOHOAaMHHOB U HMX METa0OJUTOB B TOJOBHOM MO3T€ KpPBIC MOCJIE BO3JACHCTBUS
HOHOB yrieposa ¢ ’Heprueit 500 M»sB/nyknon ycranoBku «HykimoTpoH» u raMma-KBaHTOB
80Co ycraHoBku «POKYC-M» B no3ze 1 I'p.

B 2018-2019 romax peanu3ymTCs COBMECTHBIE pabOThl B pamMKax MPOTPaMMBbl CO-
tpyauudectBa ¢ FOAP (iThemba LABS) no tematuke «Heilpoxumudeckue ucciaeaoBaHUs
HEUPOTPAHCMUTTEPOB B TKAHSIX MO3Ta MOCJIE BO3JAEHCTBUS HEUTPOHOB, MPOTOHOB U raMMa-
KBaHTOB». PabOTHI Mo MaHHOW TeMaTHKE OPUEHTHUPOBAHBI HA UCCIEOBAHUE PaJIHAIMOHHBIX
3(hexToB B MEHTPAIbHOW HEPBHOUN CHCTEME — MPOOJIEMBI, KOTOpas SABISIETCS aKTyaJlbHOU
Ha MPOTSKEHUU MOCIEeTHUX NECATUIIETUH TITaBHBIM 00pa3oM BBHUAY HapacTaIOIIEro MpUMe-
HEHUEM HMOHU3UPYIOIIUX U3JIYYEHUU B TE€pANMUHU OMYyXOJel MO3ra U BOIPOCOB paJHallMOH-
HOM 3alIMTHl KOCMOHABTOB B JUIMTEIbHBIX KOCMUUYECKHUX IOJIETAX 3a MpeaeaMyd MarHuTo-
chepsr 3emnu. PaboThl BKIOYAET CEPHUI0 MOBEACHUYECKUX M HEUPOXUMHUYECKHX DKCIIEPU-
MEHTOB C UCIIOJIb30BaHUEM JTa0OPATOPHBIX KUBOTHBIX (KPBIC), 00TydaeMBbIX My4YKaMHu MPO-
TOHOB UM HEUTpOHOB Ha yctaHoBkax iThemba LABS. Ilpoext peanusyercs B TECHOM CO-

25



TpyauudectBe ¢ HOxHoadpukaHCKMM COBETOM IO MEIMIMHCKUM HCCIEJOBaHUIM
(SARMC) u B xor1e 2018 roga BcTynuin B akTUBHYIO (azy.

3a mociegHUe HECKOJIBKO JeCSATUIIETUI HaOMI0aeTcsl 3HaUUTENbHBIN Mporpecc B JIy-
YEeBOW Tepaluu 3JI0KaYECTBEHHBIX ONYXOJIEH TOJIOBBI U IIeU. B TO e BpeMs, BBICOKME TEM-
bl COBPEMEHHOM KM3HU, HE3aUHTEPECOBAHHOCTH MALIMEHTOB B MPOJIOHTUPOBAHHOM (M IKO-
HOMHYECKH 00Jiee 3aTpaTHOM) JIy4eBOM JICUCHHUU 3aCTABISIOT UCKATh alIbTCPHATUBHBIC ITY-
TH peuieHus NpoOJIeMbl, OJJUH U3 KOTOPBIX — FUMOPPAKIIUOHUPOBAHUE.

[IpoBeeHHBIE HAMH HCCJIEIOBAaHUS C HCIOJIb30BAaHUEM JKCTPEMaTbHOTO THHO(ppaK-
nuonupoBanus (10 I'p oaun pa3 B Hexento, MO MOHeAEIbHUKAM, CyMMapHas 103a o0ayude-
Hus 20 ['p) nis 00nydeHus TOJOBBI MBIIIEH MOKa3alu, YTO BRIOPAHHBIH HAMH BapHAHT JKC-
TpeMaJbHOTO TUNO(PAKIUOHUPOBAHHUS MOXKET YCIEUIHO 3aMEHUTh TPAAULHMOHHOE Qpak-
MOHUPOBAHUE, KOTOPOE B OCHOBHOM MPHUMEHSAETCS MPU NMPOBEICHUMN PAAUOTECpANUU s
JIeUYEeHUs OIMYXOJel roJoBHOTO Mo3ra. Mcmonap3oBaHue NaHHOTO BUIAa (PpaKIMOHHUPOBAHUSA
MOJKET MPUBECTU K COKPAIICHUIO CpOKa MPOBEACHUSA paJHOTEpaluu, a TaKkKe yBEIUUYUTH
MPOMYCKHYIO CIOCOOHOCTh MEUIIMHCKUX IEHTPOB, MPOBOAAIINX paguoTepanuio. B cBs3u c
9TUM IUIAHUPYETCS MPOJOJKUATH HCCIeIoBaHue (Ha KieTkax ¢GuOpoOIacToB MbIIICH U HA
MBIIIaX) BO3MOKHOCTH HCHOJIb30BaHUS PA3NIUYHBIX cXeM (PaKIMOHUPOBAHHUS TIPU MpOBe-
JICHUH J1Y4E€BOU TepaIuu.

[ToBpimienue 3P (HEeKTUBHOCTH JY4YeBOW Tepanmuu MUMEET BAXKHOE 3HAUCHUE B JICUCHUHU
OHKOJIOTHYECKUX 3a0oyieBaHU. DTOT (akT 00ycClIaBIMBAET HEOOXOAUMOCTh COBEPIICH-
CTBOBAHHUSI METOJOB JIy4€BOH Tepamnuu C LEeIbI0 YBEIUUECHUS MOTIOMEHHON J03bl 00nyue-
HUSI B OMYXOJIM U CHUIKEHHSI PUCKA TMOPAKEHUs 3J0POBBIX TKaHel. boubioil moTeHnam B
TOM HalpaBJI€HUE UMEET aJipoHHas Tepanusd. [I[poToHbl M03BONAIOT B 2-3 pa3a yMEHBIIUTh
JY4EeBYIO HArpy3Ky Ha OKpYXKalIIUE OMYXOJb HOPMajbHbIE TKAaHH MO CPAaBHEHUIO C Y-
nyyamu. Tsokenble MOHBI XapaKTEpPU3YIOTCS BBICOKMM 3HAau€HHMEM JIMHEHHON mepenauvei
SHEPTUH, KOTOPOE CIIOCOOCTBYIOT T'€HEpAllMU 3HAYUTEIbHBIX MOBPEKICHUHN B KJIETKaX. X0-
TsI COBpeMeHHass KOHGOpMHas JiyueBas Tepamnus U JaeT OTHOCHTEIbHO XOPOIIHe pe3yibTa-
THI, OJTHOM M3 OCHOBHBIX NMPUYUH HEYAAUHOTO JICYSHUS SBISETCSI CIOCOOHOCTH OMYXOJIEBBIX
KJIETOK BOCCTaHaBIMBATh MOBpPEXACHUS mocie obmydeHus. [losTomy s yBenuueHus Te-
paneBTHYeckoro 3(¢deKTa JOBOJHHO YaCTO MPUMEHSIOTCS KOMOMHUPOBAHHBIE TEXHOJIOTHH,
KaK MpUMep, JTydeBasi Tepanus B KOMOWHAIMK ¢ METANIMYECKUMHU HaHo4dacTuiamu [30].

VYBenn4yeHue JOKaJIbHOTO SHEPTOBBIJACICHHUS B OMYXOJH JIOCTUTAETCS MHKOPMOPHUPO-
BaHMEM B omyxoip yacTHi ¢ comsmuM Z (%31, 84Gd, "®Pt, "°Au u np.). TlopakeHue KIeTOK
onyxojin popMHUPyETCA Kak 3a CUET MEePBUYHOTrO, TaK M 32 CYET BTOPUUYHOTO KOPOTKOIPO-
0€XHOTO M3NYUYCeHU S, BO3ZHUKAIOIIETO B pe3yJIbTaTe B3aMMOJICHCTBUS HaJIETAIOIINX YaCTHII C
aTOMaMU TSDKEJBIX 2JIEMEHTOB, CKOHIIEHTPUPOBAHHBIX B OMYXOJEBBIX KIJIETKaX.

Takoe MHAYUUPOBAHHOE HU3JIyYEHHE MOXKHO HCIOJb30BAThCS JJs MOBBIIMICHUS II€Jie-
BOW /03Bl B XOJ€ Jy4eBOIl Tepanuu 3JI0KaueCTBEHHBIX OMyXoJieil 0e3 yBeluueHHus Helele-
BOU J103bl, BBIJIEISIEMOM B 3JO0POBBIX TKAHSX.

BTopuuHble yacTHIbI, TEHEPUPYEMBIE MPHU CTOJKHOBEHHUU NMPOTOHOB C HAHOYACTHUIIA-
MU, MOXHO BU3YallU3UPOBAThH U OMPENEIUTh, HAlpUMeEp, MPHU MOMOIIU AeTeKkTopa Timepix-
3. Pa3BuTHe 3TOTO0 HOBOTO HAMpaBJEHHUS B MPOEKTE MpPEIIoaraeTcss HauaTb COBMECTHO C
KOJUIEraMU Cpa3y U3 HECKOJbKUX LeHTpoB Poccu, Pymbinun u Uexuu.
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4. lInanupyemMble B MpPOeKTe MCCJHEeIOBAHUS M MeTOJAMYECKHEe pa3pa-
00TKH

Ha ceroansiminuii 1eHb Ha MPOTOHHBIX NMy4YKax B O6onee yeM 80 meHTpax BO BCEM MHUpPE
o610 posiedueHo okosio 200000 mamueHTOB. Pe3ynpTaThl 3TUX KIMHHUYECKUX HCCIIEI0BAHUN
CO BCEH OYEBHAHOCTBHIO MOKAa3alu, YTO MPOTOHHAS TEpanus SBISLETCA OYeHb 3P (PEKTUBHBIM
METOJIOM JIEUEHHUsI OHKOJIOTUYECKHUX M HEKOTOPBIX APYrux 3abojeBaHMil, a B HEKOTOPBIX
clydasX OKa3blBAaeTCs NPAaKTUUECKU Oe3abTepHATUBHBIM. biiarogaps 3ToMy HaKOIMJIEHHOMY
MOJIO)KUTEIBHOMY ONBITY K KOHIY IPOLIJIOTrO BEKa MPHU KPYIHBIX PAAUOJOTHYECKUX KJIMHHU-
KaxX HayaJll CTPOUTHCS CIELUAIU3UPOBAHHBIE LEHTPHl NPOTOHHON Tepanuu. Ha ceroansm-
HUM IeHb B MUPE HACUUTHIBAETCS HECKOJIBKO JIECATKOB MPOEKTOB CO3/JAaHUs MOJOOHBIX I[€H-
TPOB Ha pa3HOU CTaJuU peajnu3aluu.

B T0 ke Bpemsa MeTonYecKHe BOIPOCH MOJABEICHUS 103bl K NATOJIOTMYECKOMY OoYary,
¢uKcanuu M LEHTPOBKHU MAlUEHTAa U HEKOTOPhIE OpPyrue A0 KOHI|a HE pElIeHbl Ha CEero-
THSIIHUM JIeHb U MPEJCTaBISIOT cO00M MoJjie NesITeNbHOCTH I JalbHEHIINX HCCIeloBa-
Huii. OCHOBHOU 1enbio poekTa Ha nepuon 2020-2022 rr. Oyaer sBiagaThes pa3pabdoTka Me-
TOJOB 00Jy4eHHUS MAIMEHTOB MPOTOHHBIM MYyYKOM, 00eCleunBarOIuX Haubojaee BBICOKYIO
CTeNeHb KOHGOPMHOCTU CO3/1aBa€MOT0 JO3HOTO MoJsa oOiydaemod muiieHu. Kiuauuecku
3TO BBIPA3UTCS B YMEHBIIEHUU J03bI, IPUXOSAIICHCSA HA 3J0POBbIE TKAHU U OPTaHbl, OKPY-
KAIOIIHEe MUIIEHb, U K 00IIeMy HOBBIIIEHUIO 3G ()EeKTHBHOCTH TPOBOANMMOM Tepanuu. Ilna-
HUPYETCS TaK)Ke MpOBeJeHHEe padoT, HANPABICHHBIX HA PACHIMPEHHE Kpyra JOKaJlu3aluii,
JOCTYIHBIX JUIsl 00JIydeHUsI Ha MEIUIMHCKUX aJpOHHBIX IMydKax (a3oTpoHa.

B cooTBeTCTBUU C COBpEMEHHBIMU HOPMaMHM, CYLIECTBYIOUIUMHU B cdepe 3apaBooxpa-
HeHus P®, moboe o6opynoBaHue, UCIMOIb3yeMOE MPHU JICUEHUN MAIMEHTOB JTOJDKHO OBIThH
3aperucTpupoBaHo (CepTUDGUIMPOBAHO) COOTBETCTBYIOIIUM 00pa3oM, Ja)ke €CIu OHO HC-
NoJjb3yeTcss B HaydHO-HccliegoBaTelabCckux Iensax. Ilpomecc peructpaunu o6opynoBaHusd
s nporoHHon nydyeBoid Ttepanun MTK OMMAWN aBnasercs He NPOCTBIM A€JI0M, YYUTHIBAs
ero crnenu@uKy U MOXKET 3aHiATh 1 rog u gaxe Oosee. TeM He MeHee, OH y)Xe Hadajcs B
2019 rony u 6yner mpoaoykeH B 2020. B nro6om cinydae, mpoBefeHUE KIMHUYECKUX HC-
CJI€I0BaHUN MOXXHO OyJeT BO30OHOBHUTH TOJILKO IOCJIE€ MOJYYEHHUS BCEX pa3pelIuTeIbHBIX
JOKYMEHTOB.

Hameuena mupokas mporpamma ucciieoBaHUM B o0nacTu paguoOHOJIOTHH, OTBEYa-
folas Haubosiee BOCTpeOOBAaHHBIM 3allpocaM KakK KJIMHUYECKOH pajuoJIOTHH, TaK U TakHuM,
KaK ONpeJieJieHue CTENEeHU U MEXaHH3MOB BIUSHUS BO3AEHCTBUS Pa3IWYHBIX BUJOB MOHH-
3upyomero uznydenus Ha [{HC xuBOTHBIX.

B Teuenue Onmxalmux Tpex JET B paMKax IpOEKTa IpeJrnoJiaraercs MpoBECTU Clle-
JyIOI[Me OCHOBHBIE PAOOTHI:

Knunuueckue uccneooeanusi:

e IIponOKUTH KIMHUYECKHE MCCIENOBAaHUS MO MPOTOHHON Tepamuu pa3jnyHbIX HOBOOO-
pa3oBaHUM Ha myukax ¢asorpoHa OUAUN B npoueaypHoit kabune Ne 1 (mocie moinyye-
HHUS BCEX pa3pelIUTEIbHBIX JOKYMEHTOB OT MuH3apasa PD).

e [IpoBecTn CTaTHUCTHYECKUU aHAJINW3 PE3yJIbTATOB KIMHUYECKUX HMCCIEJOBAaHUM Ha IpO-
TOHHOM Iy4YKe M0 00Jy4eHUIO MAallMEeHTOB C Pa3JIUYHBIMHU JUATHO3aMU.

Pazeumue u cosepuiencmeosane Memooux NPOMOHHOU Mepanuu.

e byner nponomxkena pa3paboTka M CO3/JaHUE anmaparypsl s NMPOBEACHUS AMHAMUYE-
CKOro KOH(QOPMHOTO 00Jy4yeHHS NPOTOHHBIM IMYYKOM TJIYOOKO 3ajeralolux MUIIEHEH,
BKJIFOYAIOIIAsl CO3JaHUE YNPABISIEMBIX OT KOMIIBIOTEpA 3aMEIJIUTENs NEePEeMEHHON TOJ-
IIMHBI ¥ TOJHOMACIITAOHOTO BapHaHTa MHOTOJIENECTKOBOTO KOJIIUMATOPA.
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[Ipenmosiaraercs nmpoBecTu pa3pabOTKy U CO3/aHUS KOMIBIOTEPU3UPOBAHHONW CHUCTEMBI
OTIIYCKa /103bI P MPOBEACHUHU MPOTOHHON TEpaIuu.

[Tponomxarcs pabOTHl O pacIUpPeHU0 (yHKIIMOHATBHBIX BO3MOXKHOCTEH pa3pabaThiBa-
emoit B MTK TpexmepHO mporpaMMbl IJIaHUPOBAHUS KOH(POPMHON NMPOTOHHON paguo-
TEepaluu U M0 ee KIMHUYECKON anpobannu B ceaHcax o0JydeHus .

Jozumempus u MUKpoOO3UMempus mepanesmuieckux dOpoHHbIX NYUKO8.

Bynyt nponosxkensl paboTsl 10 u3MepeHUsM ciekTpoB JIIID kanHMYECKOro NpoOTOHHOTO
nyuka ¢azorpona JISAIIl ¢ ucnonp3oBanmeM KpeMHHEBBIX AeTekTopoB Liulin u Medipix.
[Tpu npoBeneHuu paguoTepanuu B ycTpoicTBax (OPMUPOBAHUSA IPOTOHHOIO MydKa 00-
pa3yroTcs BTOPUYHBIE YaCTHUIIBI, B YACTHOCTH HEUTPOHBI U (POTOHBI, KOTOPBIE 00JIy4aroT
OKpYKaIoIre 310pOBbIe TKaHU. J[03BI OT TaKUX MOJIEH JOJKHBI OBITh MUHUMH3UPOBAHBI,
T.K. OHU MOTYT NPHUBOJUTH K HEraTUBHBIM IOCIEICTBUSIM BIUIOTh JO 0Opa3oBaHUs BTO-
PUYHBIX paJMallMOHHO-UHAYLUHUPOBAHHBIX onyxoJjieil. Ha MeauuuHcKoM IpOTOHHOM Iyd-
Ke (a3oTpoHa IUIAHUPYETCA NMpoBeAeHUuE paboT MO U3MEPEHUI0 (OHOBBIX YCIOBHUH B Ka-
Oune nmpoToHHOU Tepanuu. [logoOHBIE U3MEpeHHs OyAyT MPOBOJUTHCS TAaK)KE M Ha CKa-
HUPYIOUIEM KJIMHUYECKOM IPOTOHHOM Iyuyke B lleHTpe mporonHoi Tepanuu B Ilpare
(PTC). Ilonyuennsie naHHBIE OYIyT CPAaBHUBATHCS C pe3yJibTaTaMH W3MEPEHHI Ha Mpo-
ToHHOM ntyuke JISIT OMAN.

Paouobuonocua:

[IponomkeHre MCCICTOBAHUN 1O ONpeaelicHu0 GopM rudenu KieTok ¢ubpobaacToB B
3aBUCUMOCTH OT JI03bl OOJIyYEHMS MOHU3UPYIOIUMH H3NydeHusMu. VccienoBanue Je-
TAJIBHOTO BO3JEUCTBUS J1A3€pPHOTO M3JIYYEHHs C AJIMHON BOJHBI 532 HM Ha BBIKHUBae-
MOCTb KJIETOK (puOpoOsactoB. C 1e1bI0 BBISICHEHUS] MEXaHH3Ma PaguO03allUTHOTO Jeil-
CTBHUS Ja3epHbIX u3nydeHuil (633uM u 532 HM) Ha OHOTOTHYECKHE 0OBEKTHI ONMPEAETUTH
COOTHOLIeHUEe GopM rudenu mocie BO3ACHCTBUS MOHU3UPYIOIIUM U3JIYYEHHEM, a TaK¥Ke
nocjie KOMOMHMPOBAHHOI'O BO3JEHCTBUS MOHM3MPYIOIIUM H3JIy4€eHUEM U JIa3epHBIM HU3-
JyYEHHUEM.

N3yuenne 3¢ (eKToB MOBBIIIEHUS IUTOTOKCUUECKOT0 AeHCTBUS Jy4eBOU Tepanuu B MpH-
CYTCTBUM METAJNIMYECKHUX HAHOYACTHUIl B KJIETKaX MJIEKONMUTAIOIINX. YCTaHOBJIEHHUE Xa-
PAKTEPUCTUK M3IYYECHUS, CO3JaBa€MOTO BO BpeMs JIy4eBOW Tepamuu (C HaHOYACTHI[AMU
U 0e3 HAaHOYACTHI[) BHYTPHU KJIETOK. DTH MapaMeTpbl MOT'YT ObITh PACCUUTAHBI C BBICOKOM
CTENEeHbI0O TOYHOCTH HAa OCHOBE M3MEpPEHMH mnpu momoun gerexkropa Timepix-3. Boiss-
JIEHHE HOBBIX MEXaHU3MOB KOMOMHHPOBAHHBIX METOJOB JIEUEHHUS] OMYXOJEBBIX KIETOK C
HCIIOJIb30BAHUEM METAJUIMUYEeCKHMX HAHOYACTHUI[ U BBISBICHUE HUX POJHU B YCHJICHUH d(D-
dbexTa BIUSHUS Y-Tyded U NIPOTOHOB HAa OMYXOJIEBbIE KIETKHU.

HccnenoBanue 3aKOHOMEPHOCTEH M MEXaHHW3MOB BO3HUKHOBEHUS (DYHKUIMOHAJIBHBIX WU
HEUPOXUMHUUYECKUX HApPYLICHUH B LIEHTPAIbHOW HEPBHOW CUCTEME IIPU AECUCTBUU H3IY-
YEHHUH C Pa3HbIMU BEIMYMHAMM JUHEHHOU nepenadend sHepruu. [lonyyeHne cpaBHUTENb-
HBIX JaHHBIX O 3aKOHOMEPHOCTSIX WHAYKIMH (QYyHKIMOHAIBHBIX HapylIeHUW B pabore
CTPYKTYp MO3ra IpHu JE€HCTBUU PEAKO U IUIOTHO MOHUZUPYIOMUX H3JIYyUYEHUU, UCIOIb3Y-
€MBIX B Tepanuu OHKOJOrM4Yeckux 3aboneBaHuii. [lowck M mcciaeqoBaHue Mpenaparos,
00aal0 X HEUPONPOTEKTOPHBIM JeMCTBUEM MPHU BO3AEUCTBUU MOHU3UPYIOLIUX U3IY-
YEHHUI pa3HOro KayecTsa.

B pesynbraTe BBINONHEHUS HAMEYEHHOW HPOTPaMMbl pabOT OyAyT MOJy4eHBI OIEHKHU

3¢ PexTHBHOCTH aJpOHHOW TEpamuu s psijia HOBOOOPa30BAaHMI, BBIJAHBI NMPAaKTHUYECKHE
PEKOMEHJAUKN 1O BHIOOPY ONTHMAJbHBIX BAPMAHTOB JIYYEBOTO JICYEHUS OHKOJIOTHYECKHUX
OONBHBIX M MO JATbHEHIIEMY Pa3BUTHIO METO/OB JIY4E€BOW TEPANMH C UCIIOJIb30BaHUEM ITyU-
KOB aJ[pOHOB, pa3paboTaHbl U alpOOMPOBAHBI HOBBIE CPEACTBA M METOJUKHU OOJYyUYECHHS OH-
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KOJIOTHYECKUX OOJIbHBIX HA 3TUX Iy4yKax. Takke OyAyT MOIydeHbl HOBBIE dKCIIEPUMEHTAIIb-
Hble U pyHIaMEHTaIbHbIE PE3yIbTaThl B 00JaCTH PaAMOOHOTOTHH.
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IIVTIAH-TPA®UK

pabot no mpoekTy «COoBepIICHCTBOBAaHHE METOI0B, TEXHOJIOTUH, PEXKUMOB IJIAHUPOBAHUS U TIPO-

10.

11.

12.

BEJICHUS JIy4CBOH Teparumy
2020 rox

[Tponomkenne KIMHUYECKUX MCCIEIOBAHUN MO MPOTOHHOM Tepanuu pa3iIMYHbIX HOBOOOpa-
30BaHMi Ha myukax ¢azorpona OUSN B npouenypnoii kabune Ne 1 (mpu ycinoBuu nosyue-
HUS BCEX pa3peUIuTEeNbHBIX JTOKYMEHTOB 0T MuH3apasa PD).

IIpoBeneHME CTATUCTUYECKOIO AHAIN3A PE3YJBTATOB KIMHUYECKUX HCCIENOBAHMM Ha IIPO-
TOHHOM ITy4YKe 10 OOJIy4€HUIO IAllUEHTOB C Pa3IMYHBIMU TUArHO3aMHU.

HcnpiTanus MpoTOTHIIA MHOTOJIEIIECTKOBOIO KOJUIMMATOPA HAa TOYHOCTh NO3ULIMOHUPOBAHUS
wiacTuH. IIpoBepka paboTOCIIOCOOHOCTH 3NIEKTPOHHBIX OJIOKOB YIPABIECHUS KOJUIUMATOPOM.
Coztanue TeCTOBOTO IPOrpaMMHOr0 00eCieueHus JIsl aBTOMAaTUYECKOT0 BBICTABIICHUS arep-
Typ. DKCIIEpUMEHTAJIbHAS [TPOBEPKA HA IIPOTOHHOM ITydKe. Y CTpaHEHUE BBISBICHHBIX HEIO-
Ja0K.

Pa3pa0oTka nmpoekTa KOMIbIOTEPU3UPOBAHHON CUCTEMbI KOHTPOJIS OTIYCKa /103bl. Pa3zpabort-
Ka TeCTOBOTO 0JIOKa CHCTEMBI aBTOMATUYECKOTO KOHTPOJIS OTIYCKa 71036l Ha 6aze MK Apny-
uHo. VcnbiTanus 010Ka, BBISIBICHUS HETIOJIAI0K B padoTe.

[Tpomomkenne paboT MO paCHIMPEHHUIO (PYHKIIMOHAITBHBIX BO3MOKHOCTEH pa3pabaTsiBaeMoii B
MTK TpexmepHO# porpamMMbl IUIaHUPOBaHMSI KOHPOPMHOI IPOTOHHON paguoTepanuu U Mo
ee KIMHMYECKOH anpolanuu B ceaHcax 00JIydeHusl.

Jlo3umerpudeckass kaiuOpoBKa MpoTOHHOrO myuka (azorpona JIAIl OUAU u ramma-
annapara POKYC-M cosmectno ¢ USA® YP, Ilpara.

W3mepenus 1036l 00IydeHHUs 3a MpesielaMi MPOTOHHBIX MYYKOB, CPOPMHUPOBAHHBIX MAaCCHB-
HBIM CIIOCOOOM C NMPUMEHEHHEM KOJUIMMATOPOB, JOMOJHUTENbHBIX 3aMEAIUTENENH U IrpedeH-
4aTelX (pUIBTPOB Ha MPOTOHHOM myuke (azorpona JIAII OUAN u ¢ moMouIp0 aKTUBHOTO
CKaHUPYIOLIEro Mydka, COPMUPOBAHHOTO C HCIIOJIb30BAHUEM TaHTPU B LEHTPE NMPOTOHHON
tepanuu B [Ipare.

N3mepenus criektpos JIIID nporonHsIX my4koB aerekropamu Liulin u MEDIPIX.
Bepudukanuus panmorepaneBTHUECKUX CHCTEM IUIAHUPOBAHMS OOMy4YeHHMsS Ha IMPOTOHHBIX
nydkax. M3MepeHus: MpoCTPaHCTBEHHBIX JO3HBIX PACIPEACICHUN C UCIOJIB30BAaHUEM PaJHO-
XPOMHBIX TUIEHOK U JIPYTHX JI€TEeKTOPOB B pa3iMyHbIX (paHTOMax, B TOM YHCJIE B €T€pPOIreH-
HOM (paHTOME AJepcoHa.

[Tponomxkenue uccnea0BaHuil o onpeseneHuio GopM rudenu kietok pudpodIacToB B 3aBU-
CHUMOCTH OT JI03bI 00JTy4eHHS HOHU3UPYIOIIUMHU U3ITY4EHUSIMH.

HccnenoBanne MexaHM3MOB BO3HHUKHOBEHHUS (PYHKIIMOHAIbHBIX U HEHPOXMMHUYECKUX Hapy-
LICHUH B LICHTPAJIBHON HEPBHOW CHUCTEME IIPU JEHCTBUM U3JIYYCHUHN C pa3HOU JIMHEWHOMU ITe-
penadeii sHeprun. M3yueHne HEHPOXUMHUUYECKUX W TOBEACHUYECKUX d(PPEKTOB MOCie BO3ICH-
CTBUS MOHU3HUPYIOIUX U3JIyYE€HUH, IIUPOKO MCIIOIb3YyEMBIX B JIy4€BOM TE€paluHu B HA3€MHBIX
HKCIIEPUMEHTaX MO MOJAETUPOBAHUIO OMOJIOTMYECKOTO NEHCTBUS KOCMUYECKOW paJHallvu.
N3yuenne BAUSHUS MU3NydeHUU ¢ paznuuHoi JIIID Ha (yHKIMM perentopoB riyramara u
'AMK.

OcBoeHHEe HOBBIX METOJOB OLIEHKU 3(P(EKTUBHOCTH IMTOTOKCHYECKOTO JIEHCTBHS HaHOYa-
CTHI] Ha OMYXOJIEBbIE KJIETKU. DPPEeKThl OyayT OIEHUBATHCS C UCIIOJIB30BAHUEM PA3IMYHBIX
METOI0B MUKPOCKOIIUY (ONTUYECKast MUKPOCKOIHS U (IIyOopecleHTHAsE MUKPOCKOTIHS).

2021 rox
[Tponomkenne KIMHUYECKUX HCCIEIOBAHHUI MO MPOTOHHOM Tepamuu pa3iMyHbIX HOBOOOpa-
30BaHMi Ha myukax ¢azorpona OUSU B npouenypHoii kadbune Ne 1 (mpu ycinoBuu mosyue-
HHS BCEX Pa3pelIUTEIbHBIX TOKYMEHTOB OT Mun3npaBa PD).
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11.
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IIpoBeneHNE CTATUCTUYECKOTO aHAIM3a PE3YJIbTaTOB KIMHUYECKHX HCCIECJOBAHMM Ha IIpO-
TOHHOM ITy4YKe TI0 OOJIy4E€HUIO alMEeHTOB C Pa3IMYHBIMHU TUArHO3aMH.

[TpoexTrpoBaHue U CO3/1aHHE JIyYEBOIO CTEH/IA Il OTPAOOTKU METOAMK AMHAMHUYECKONH KOH-
(GhOpPMHOI TPOTOHHOM JIy4eBOH TEpanuy ¢ KOMIIOHOBKOW MHOTOJIETIECTKOBOT'O KOJUTMMATOPa U
3aMeAIUTENs IepeMeHHOM TonuHbl. Pa3paboTka nmporpaMMHoro obecredeHus A yrnpasiie-
HUS CUCTEMOM KOJIJIMMATOP-3aMeIIUTENb.

Pa3pa0oTka 3JIeKTPOHHBIX YCTPOMCTB AJIS1 CUCTEMbI ABTOMAaTHUECKOr0 KOHTPOJIs OTITycKa J0-
3bl, U3TOTOBJICHUE, AalPOOAITHS.

Pa3zpaGoTka M peanu3zanus ajaropuTMOB pabOThl TPEXMEPHOM IPOrpaMMbl ILIAHUPOBAHMS
KOH(OPMHOH POTOHHOHN paguoTepanuyl Al METOJUKH JUHAMUYECKOTO O0IydeHUs TIIyO0KO
PacroI0KEHHBIX MUIIEHEN IIUPOKUM OAHOPOJHBIM ITyYKOM.

Jlosumerpudeckas KanuOpoBKa MpoToHHOro mydka ¢daszorpona JISAII OUMSAM m ramma-
anmnapata POKYC-M cosmectHo ¢ AP YP, Ilpara.

N3amepenus criektpos JIIID nporonHsix my4koB aerekropamu Liulin u MEDIPIX.

N3mepenue GpoHOBBIX yCIOBUM B KaOWHE JUIs IPOBEICHUS IPOTOHHOM Tepanuu.
Bepudukanus paguorepaneBTHUECKUX CHUCTEM IUIAHUPOBAHUS OOJy4YeHUS Ha INPOTOHHBIX
nydkax. M3amMepeHus MpoCcTpaHCTBEHHBIX JO3HBIX PACHPEIEIICHUN ¢ UCIOIb30BAHUEM PaIHO-
XPOMHBIX TUICHOK W JIPYTHX JIETEKTOPOB B Pa3iMyHBIX (DaHTOMax, B TOM YHCJIE B I€TEPOreH-
HOM (aHTOME AJIJIepPCOHA.

HccnenoBanue neTalbHOTO BO3ACHCTBUS JIA3€PHOI0 U3JIyYEHUS C JAJIMHOM BOJHBI 532 HM Ha
BBDKMBAEMOCTH KJIETOK (prOpoO1acToB.

[Tosryuenue unTerpanbHoil ouenku cocrosiHus LIHC npu Bo3nelcTBUM pa3HBIX BUIOB MOHU-
3UPYIOIIUX W3JIy4EHHH Ha OCHOBE KOMIUIEKCHOTO aHaJIW3a HEHPOXMMHYECKHUX IOKa3aTesed
TOJIOBHOT'O MO3Ta M MOBEJEHYECKUX XapaKTEPUCTUK JaOOpaTOPHBIX KUBOTHBIX. [lonck u uc-
clleZIOBaHUE MpEenapaToB, 00JIAAIONIUX HEHPOIPOTEKTOPHBIM JEHCTBUEM B OTHOLIEHHUHU pa-
JTUAIMOHHO-UHYIUPOBaHHBIX 3()()EeKTOB B LEHTpalbHOW HEpBHOW cucrteMe. VccinenoBaHnue
JI030BBIX 3aBUCUMOCTEH (PYHKIIMOHATBHOTO OTBETA TOJIOBHOI'O MO3Ta MPH Pa3INYHBIX KOMOU-
HalMX paguarmoHHoro ¢akTopa u GapMareBTHIECKUX npenapaTos. MccnenoBanue mosneky-
JSIPHBIX MEXaHU3MOB PAJAMALMOHHOTO BO3JIEHCTBUS Ha KyJIbTypax HEUPOIOOOHBIX KIIETOK.
KomOuHMpoBaHHOE 00yuyeHUE Y-iydaMyd U MPOTOHHBIM ITYYKOM OITyXOJIEBBIX KJIETOK C Me-
TAJIMYECKUMH HaHOYacTHIIaMU. BeisiBieHne 3ppekTUBHBIX KOMOMHAIMM M pa3Iuuuii B pa-
JTMOOMOJIOTUYECKOM JIEHCTBUH Y-Ty4ell, MPOTOHHBIX MMYYKOB U METAJNINYECKUX HAaHOYACTHII.

2022 ron

[TponomkeHne KIMHUYECKUX HMCCIEIOBAHUN MO MPOTOHHOM Tepamuu pa3indHbIX HOBOOOpa-
30BaHu# Ha nmyudkax (azorpona OMAU B npouenyproit kabune Ne 1 (pu ycioBuUM mosryde-
HUS BCEX pa3pelIuTeNbHBIX TOKYMEHTOB 0T MuH3apasa PD).

[IpoBeneHne CTaTUCTUYECKOTO aHAlM3a Pe3yJIbTaTOB KIMHUYECKUX HCCIEJOBaHUM Ha Ipo-
TOHHOM ITy4YKe 10 O0JIy4E€HUIO MallMeHTOB C Pa3IMYHBIMU TUArHO3aMH.

Arnpo0Oarusi MEXaHM4eCKHX U 3JIEKTPOHHBIX Y3JI0B CUCTEMBI KOJITUMATOp-3aMeiuTenb. [1po-
Bepka pabOTOCIIOCOOHOCTH MPOTpaMMHOr0 oOecrieueHHs. BBIABICHHS TEXHHUYECKUX, DJICK-
TPOHHBIX U NMPOTPAaMMHBIX HEMOJaJ0K M MX yCTpaHEHHE. DKCIIEPUMEHTAIbHOE OOIydYeHHe
(aHTOMa METOZIOM IMHAMHYECKOW MPOTOHHOM JIy4eBOW TepanuH.

Pa3pa0oTka npoekTa TpeXMEepHOI0 aHAJINU3aTopa JO3HOIO MoJid. BEIOOP 3/1EMEHTOB CUCTEMBI,
3aKyIKa He0OX0IUMOTro 000pyI0BaHUS.

3aBepieHre pa3paboTKU M pean3alii alrOPUTMOB paboThl TPEXMEPHOM MpPOrpamMMsbl IIa-
HUPOBaHUA KOH()OPMHOM MPOTOHHOHN paguoTepanuy Uil METOIUKN TUHAMUYECKOTO 00ITyde-
HUS [NIyOOKO PacrosioKEHHbIX MUIIEHEH MMPOKUM OJHOPOAHBIM IyuykoM. McnblTanus u no-
paboTKa mpOTrpamMMBl.
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11.

Jo3umerpuyeckas KaiuOpoBka mpoToHHOTO mydka (aszorpona JIAII OUSAN u ramma-
annapara POKYC-M cosmectno ¢ USA® YP, Ilpara.

N3zmepenus crektpos JIIID mpoToHHbIX myukoB aetekTopamu Liulin @ MEDIPIX.
Bepudukanusi paguorepaneBTHUECKUX CHUCTEM IUTAHUPOBAHHS OOMyYeHUS Ha MPOTOHHBIX
ny4ykax. M3MepeHus mpoCcTpaHCTBEHHBIX JO3HBIX PAaCHpPEesICHUN ¢ UCTIOIb30BAaHUEM PaHO-
XPOMHBIX TUICHOK M JPYTHX JACTEKTOPOB B PA3IMUHBIX ()aHTOMAaxX, B TOM YHCIIe B T€TEPOreH-
HOM (paHTOME AJIEpCcoHa.

C 1enbio BEISICHEHHS MEXaHU3Ma PaIMO3alIMTHOTO JISHCTBUS Ja3epHbIX u3nydeHui (633 HM u
532 uM) Ha Ouosornyeckrue OObEKTHl MPEANOIaraeTcsi UCCIIE0BAaTh COOTHOIIEHHE (HOpM TH-
0eny KJIETOK MOCJe BO3JACHCTBUS MOHM3MPYIOUIUIO M3ITYYEHUs, a TaKKe MOoCciIe KOMOMHUPO-
BaHHOTO BO3/ICWCTBUS HOHU3UPYIOUIUM U3IYYCHHUEM U JIa3ePHBIM U3JIyYCHUEM.
YcTraHoBIIeHHE 3aKOHOMEPHOCTEH MHIYKIINHN (DYHKIIMOHAIBHBIX HApYyIIEHUH B paboOTe CTPYK-
Typ TOJIOBHOTO MO3Ta MpH JACUCTBUU HOHU3ZUPYIOIIUX U3JIyUY€HUH, UCIIONIb3yEeMbIX B JIy4eBOH
tepanuu. [IpuMeHeHHEe METOJ0B KOMIIBIOTEPHOTO MOJEIHUPOBAHMS K aHAIM3y pPe3y/IbTaToOB
SKCIIEPUMEHTANIBHBIX HCCIICOBAHUM O BO3JCHCTBUU HOHMU3HPYIOIIMX H3Iy4YeHU Ha IIeH-
TPaJbHYIO HEPBHYIO CHUCTEMY. Y CTaHOBJICHHE 3aKOHOMEPHOCTEH BIHSHMS Pa3HBIX 103 dap-
MAaIEeBTUYECKUX MpenaparoB, 00JaJaroNX HEUpPOMPOTEKTOPHBIM ACWCTBUEM MpU OO0Iyde-
HUY; (HOPMYIUPOBAHHE KOHIICTIIUN WX MPAKTHYECKOTO MPUMEHEHUS C IEIbI0 MUHUMHU3HUPO-
BaTh HETAaTHUBHOE BJIMSIHHE PAaJUAIMHU NP JIYYeBOW Tepanmuu U Ui PaTUallMOHHOMN 3allUThI
KOCMOHABTOB B JIAJIbHUX KOCMUYECKUX TOJIETaX.

Omnpenenenne «(hakTopa U3MEHEHUS JT03bD», a TAKXKE MPEAETbHO JOMYCTUMBIX KOHIIEHTpAIUn
HAHOYACTHI] ISl TOCTHKECHHUSI IUTOTOKCUYECKOTO AP PeKTa B OMyXOJIEBBIX KIETKAX. AHAIN3
0COOCHHOCTEH MHAKTUBAIIMU HOPMAJIbHBIX U OMYXOJEBBIX KJIETOK MJICKOMUTAIOIIUX, UHTYIIH-
POBaHHBIX MOHH3UPYIONINM U3ITydEHUEM C PA3TUIHBIMU (DH3UYCCKHUMH XapaKTEPUCTUKAMH, a
Tak)ke B KOMOMHAIIUU C O0JIy4eHHEeM MPUCYTCTBUS METAJUTMUECKUX HAHOYACTHIL.

32



o

Boo~No®

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jluteparypa

B.II1.IxenenoB u ap. lllecTnkaOuHHBIN KIMHUKO-(DU3NYECKUA KOMIUIEKC. Meapaanonorus
8, ctp. 81 (1987).

B.M.A6Ga3oB u np. lllectukaOuHHBIN KIMHUKO-Pu3nUeckuii komruiekc Jlaboparopuu saep-
HbIX npobnemM OUSAN nns nydeBoil Tepanmuu My4YKamMH IMPOTOHOB, OTPUIATEIBHBIX IH-
Me30HOB U HelTpoHoB. Coobmenne OSSN, 18-90-496, [1yona, 1990.

A.B.AranoB u 1p. Meronuka TpexMepHOH KOH(POPMHOH MPOTOHHON JIy4eBOW Teparuu.
ITucema B DYAS, 2005, 1. 2, Ne 6 (129), c. 80-86.
http://www.ptcog.ch/index.php/ptcog-patient-statistics

TepaneBtuueckas pamguosnorus. [lox pemnakmueit A.®. [pi6a u 10.C. MapasiHckoro. Menu-
nuHcKas kaura, 2010 r.

R.R.Wilson, Radiology, 47, 487 (1946).

C.A.Tobias et al. Am. J. Roentgenol, 67, 1 (1952).

B.Larsson. The British J. of Radiology, 34, 143 (1961).

R.N.Kiellberg and W.H.Preston. Exerpta Med. Int. Cong. series No 36 (1961).

. B.IL.[I)xenenoB u np. Co3maHre BO3MOXKHOCTEH JUIsl MPOBEACHUS HAa CHHXPOIUKIOTPOHE

Jlaboparopuu anepusix npodiem OMAN uccrnenoBanuii no ay4eBoi Tepanuu U Apyrum me-
TUKO-OnonornyeckuM npobnemam. . @opmupoBanue mydka npoToHoB ¢ sHeprueit 100-200
Mb3B. Ipenpunt OUAU, 16-3491, [y6na, 1967.

B.I1.l>)xenenoB u ap. BeiBoa MpOTOHHOTO My4Ka CHHXPOIMKIOTpoHa ¢ sHeprueit 100-200
M>5B i MeauKo-0uoIoTHYecKuX uecienoBanuii. Menpamuonorus, 4, ctp. 54 (1968).
https://www.ptcog.ch/index.php/facilities-under-construction

[TpoToHHBIE MYYKH BBICOKMX YHEPIHM U JTydeBasi Tepanus 3J0KaueCTBEHHBIX omyxose. [Tox
penakuueii B.I1. Ixenenosa u A..Pynepmana. OUSN, 9035, Iyona (1975).

B.M.A6a30B u np. IIpocToii BapuaHT peHTT€HOBCKOTO KOMIBIOTEPHOTO ToMorpada Jiis mo-
JTydeHus Tonomerpudeckoit nHdopmaruu. Coobmenne OUAN, 13-87-702, JIy6na, 1987.
bynsioB FO.I'. n ap. Cucrema KOHTpOJIE MapaMeTPOB MPOTOHHOTO IydYKa MpU paguoTepa-
nuu. [Tucema B DUASL. 2006. T.3, Nel (130). C.101-110.

P. Baruep u np. Jlozumerpuueckasi kanuOpoBKa raMMa-TepaneBTuueckoro anmnapara Pokyc-
M u xknmuanueckux nosumetrpoB JIAIT OUSN. Coobmenue OUSAN, P16-2000-186, yoHa,
2000.

A.Ky6anuak, A.I''Monokanos. JIIID — cniekTpoMeTpusi paguoTepaneBTHUYECKOro MpoOTOHHO-
ro myuka ¢azorpona JIAII OUAN. VI Tpounkas xondepenmus MEIUIINMHCKASA
OU3UKA 1 THHOBAILIMU B MEJIUIIUHE (TKM®-6), Tpowurtk, 2014, ctp. 689-691.

O. Ploc et al. Dosimetry measurements using Timepix in mixed radiation fields induced by
heavy ions; comparison with standard dosimetry methods. Radiat. Res. 55 (2014) i141-142.
J. Kubancak et al. Measurement of out-of-field doses in the clinical proton beam at the
Czech Proton Therapy center. JINR Communication P16-2015-33, Dubna, 2015.

M. Mumot et al. Measurements of spatial dose distributions of proton beam with the use of
radiochromic films. JINR Communication, E18-2006-62, Dubna, 2005.

M. Mumot et al. A comparison of dose distributions measured with two types of radio-
chromic film dosimeter MD55 and EBT for proton beam of energy 175 MeV. Astracts of
PTCOG46, Zibo, Shandong, China. May 2007, p. P22

b.B.Actpaxan u np. Jleuenue paka meiku MaTKd Ha MEAUIIMHCKOM MIPOTOHHOM MyYke (a-
3otpona OUSUN. Coobmenne OUAN, E18-95-99, [ly6Ha, 1995.

Leiitiinaa M.A. u np. IlpoToHHas paauoXupyprusi apTepUOBEHO3HBIX Mallb(hopmanuii ro-
JIOBHOTO MO3Ta CpeIHMX M OoJbIIuX pa3mepoB. Marepuansl Bcepoccuiickoil Hay4qHO-
npaktndeckoit koH(pepeniun «[IOJIEHOBCKUE YTEHUSA», Cankrt-IletepOypr, 2012.
Crp. 212

30


http://www.ptcog.ch/index.php/ptcog-patient-statistics

24.

25.

26.

27.

28.

29.

30.

Leittnuaa M.A. u np. [IpoToHHas TpexMepHO-KOH(DOPMHAs paJHOXUPYPrUsi apTEPUOBEHO3-
HBIX MaJib(popMaiuii rosioBHOTO Mo3ra. // KypHan «Bompocsr Hefipoxupyprumn», 2013, No 4,
T. 77, c. 43-50.

K. II. Bockansan, I"'M. Ap3ymansiH - Paaro3anutHoe JEWCTBUE Ja3€pPHOr0 U3JY4YCHUsS C
JUTMHOH BONHBI 532HM // Pammanmonnas Ouosorusi, paamodKkosorus, .36, Bein.S, 1996, c.
731-733

Voskanyan K. et al. Laser device for the protection of biological objects from the damaging
action of ionizing radiation // J. of Phys. Science and Application. 2012. Ne 6. P. 152-157;
Voskanyan K. et al. Reduction of radiation damage in mice after acute and prolonged irra-
diation with gamma rays by means of laser device // J. of Phys. Science and Application.
2014. Ne 4. P. 501-506

Bockansu K. u ap. Db deKTHBHOCTD J1a3epHOTO MOJIABICHUS PaIuallMOHHBIX TTOPaXKEHUH
MBIIIEH B 3aBUCUMOCTH OT MHTEpBaja BpeMEHH MeXIy obmydenusmu // Menununckas Ou-
3uka, Ne 4, 2015, c1.81-84

Belov O.V. et al. Neurochemical insights into the radiation protection of astronauts: distinc-
tion between low- and moderate-LET radiation components // Physica Medica. 2019. V. 57.
P.7-16

Peukert et al. Metallic nanoparticle radiosensitization of iob radiotherapy: a review // Physi-
ca Medica. 2018. V 47. P. 121-128

31



®opma Ne 26

IIpennaraemplii njaH-rpaguk U HEOOXOAMMbIE Pecypchbl
JJIS1 OCYLLEeCTBJICHUS MIPOEKTAa
«CoBepuieHCTBOBAHUE METO/10B, TEXHOJIOTHii, Pe:KMMOB IJIAHMPOBAHNS U NPOBEIEHUS
JIy4eBOil Tepanum»
Ha 2020-2022 rr.

Croumocts y3n0B | [Ipeanoxenus no pacnpene-
(TBIC. TOJINL.); JIeHHI0 (PMHAHCUPOBAHUS U

MOTPEOHOCTH B pecypcoB
pecypcax

HaumeHnoBanue y3110B U cuCcTEM
YCTaHOBKH, PECYPCOB, ICTOUHUKOB
(buHaHCHPOBAHUS

Ir. IIr. IIr.

OcHOBHBIE Y3JbI U O6ODVIIOB8,HI/IC

1. Marepuaisl u 060pyI0BaHHE
JUISl IPOBEJICHUS IPOTOHHOM 21 7 7 7
Tepanuu

2. JlosumeTpuieckoe o0opymoBa-
HUE 12 4 4 4

3. Marepuansl u 000py10BaHNE
JUTSL paIiOOMOJIOTUYECKHUX HC- 12 4 4 4
CIEA0BaHUI

HCO6XOI[I/IMLIC PECYPCHI

(HOpMO/4ac)
®azotpon JIAII OUAN 2700 900 900 900

OmnerTHOE TTpon3BoAcTBO JIAIT 500 500

HWcrounnku dhuHaAaHCUPOBAHMS
brogxeTHBIC

3arpatsl U3 OrOKeTa B TOM YHC- 45 15 15 15
Jie THBATFOTHBIE CPEJICTBA

BrebromkeTHbIe
CpenctBa 1o 10roBopam u 0 0 0 0
rpaHTam

PykoBoauTenu nmpoexra I".B. Murisia

K.III. Bockansu
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Cmerta 3aTpaTt o npoexKTy

®opma Ne 29

«CoBepllIeHCTBOBAHUE METO10B, TEXHOJIOTHil, Pe’KUMOB IUVIAHUPOBAHUS U NPOBEACHNS
JIy4eBOM Tepanum»
Ha 2020-2022 rr.

NN HaumeHnoBanue crareil 3arpar [Tonnas lron | 2ron | 3roxg
- CTOUMOCTh
[Ipsambie pacxoasl Ha [TpoekT
1. VYckopurens Gpa3zoTpoH yac. 900 900 900
2. OmsrTHOE mpousBozacTBo JISIT Hopmo-vac | 500
3. Marepuans JIOJLIL. 5000 | 5000 | 5000
4. OOopynoBaHue JIOJLI. 10000 | 10000 | 10000
5. KomaHaupoBOYHBIE pacxojbl, B JIOJLI. 10000 | 10000 | 10000
T.4.
a) B CTpaHbl HEPYOIIEBO 30HBI
0) B ropojia cTpaH py0seBoii 30HbI
B) 110 MPOTOKOJIaM
HToro mo npsiMbIM pacxoam: 75000 25000 | 25000 | 25000

Hupexrop Jlaboparopuu
AJIEPHBIX TPOOIIEM

[ToMomHUK AUPEKTOpa 1abopaTopun
110 SKOHOMHMYECKHUM U (PMHAHCOBBIM BOIPOCAM

PykoBoauTenu npoekra
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B.A. bequsakos

I''A. YcoBa

I'.B. Muisig

K.III. Bockausa



