OT4eT 1O MPOEKTY:
«CoBeplieHCTBOBAHME METO/10B, TEXHOJIOTHIi, PesKMMOB
IUVIAHMPOBAHNS U MPOBeJAeHU JIy4YeBOi Tepanum»
3a 2017-2019 roanl

Tema 04-2-1132
«IIpoBeneHue MeaMKO-0MOJIOTHYECKUX U PAAHAIIMOHHO-TEHETHYECKNX UCCIIeJ0OBAHNM €
HCNOJIb30BAHNEM PA3JINYHBIX THIIOB HOHU3UPYIOIIMX U3TydeHH i

OcHOBHOM 1enpl0 MpOEKTa SBJISETCA TNpoBeJeHHWEe Ha 0Oa3ze Meauko-
texuuueckoro kommiekca (MTK) JISIT OUAN Mmeauko-0MOJOTHYECKUX U KIMHUYECKUX
HCCJICIOBAHUN 1O M3Yy4YeHHIO0 3(P(HEKTUBHOCTH aJIPOHHOM TEpallMu Pa3IUYHBIX HOBOOO-
pa30BaHUli, COBEPIICHCTBOBaHUE OOOpPYAOBAaHUSA U ammapaTrypbl U pa3paboTka HOBBIX
METOJIOB JIy4€BOW Tepamuu OHKOJIOTHYECKUX OOJNBbHBIX HAa MEIULUMHCKUX aJpPOHHBIX
nyukax (azorpona OUSN. Taxxke B paMkax MpoeKTa OCYIIECTBISIOTCA PagnoOHOIOrHIe-
CKHE HMCCIICJIOBAaHUs, HAIlpaBJICHHbIC HA MOBBIIICHUE 3(P(HEKTUBHOCTH ITPOBOJIUMON paJHOTe-
panuy U CHUKEHUS CTETICHH €€ TOKCUYHOCTH.

B teuenne 2017-2019 rogoB B paMkax mpoeKTa ObLIN MOIY4YEHBI CIEAYIOIIEe OCHOBHbBIE
pe3yabTaThl.

Kimanyeckne HCCIeJ0BaAaHUA

CoBmecTtHO ¢ Poccuiickoit MeIMIIMHCKON akaeMHuell HelpepbIBHOIO NpodeccuoHalb-
HOro oOpaszoBanus MunznpaBa P® (r. MockBa) u paauonoruueckuM otaenenuem MCU-9
OMBA npoBOANINCH PETYISPHBIE CEAHCHI IPOTOHHON TEPANUU M0 KIMHUYECKOMY HCCIENO0-
BaHUIO €€ Y(PPEKTUBHOCTH MpPH JECUYECHUH PA3IUYHBIX HOBOOOpa3zoBaHMii. B Teuenue nocnen-
HUX 3-X JIeT npoBesieH 21, Tak Ha3bIBaeMbli, J1e4eOHbINH LUK CyMMapHOW MPOJOKUTEIBHO-
cthio Oonee 80 Hemenb. Yckoputens JISAIL Obin 3amelicTBOBaH Ha 3TH MCCIEAOBAaHUS OKOJIO
2700 gacos.

Ha mMeaumuHcKoM NpOTOHHOM Iydke Kypc (PpakIMOHHUPOBAHHOTO JIy4EBOT'O JICUYCHHS
IpoILIH okojio 150 marueHToB, Ipu 3TOM 00IIee KOJINYECTBO MIPOTOHHBIX TEPAEBTHYECKUX
oOmyuenuii (moneit) npessicriio 12000. Kpome Toro, Ha ramMmma-TepaneBTUYECKOM ammapare
«Poxyc-M» ObUIH TIPOJICUEHBI eI1e OKOJIO 75 MAIMeHTOB.

ITponomkanace cUCTEMaTHU3allMs HAKOIJIEHHBIX KIMHUYECKHUX JAHHBIX IO MHOTOYHC-
JeHHbIM nposiedeHHbIM B MTK Ho3omorusM. 3a nmocnennue 3 roga ObLI MPOBEJEH CTaTU-
CTUYECKUHU aHAJIU3 110 IPOTOHHOM Tepaluu XOpJIAOM U XOHAPOCAPKOM OCHOBAHMS uepe-
na. OTO peIKHE 3J0KAYECTBEHHBIE OIyXOJIM, cocTaBistomue meHee 0,5 % oT umcna
NEePBUYHBIX BHYTPUUEPENHBIX HOBOOOpa3oBaHMIl. XOpAOMBI pa3BUBAIOTCS M3 OCTATKOB
AMOpPHOHATBHON XOpHAbl. BHyTpuuepenHble XOHIPOCAPKOMBI — M3 SMOPHOHAJIBHBIX
OCTaTKOB XpAIIEBOW MaTPHUIbl YepeNa WIN U3 NIPUMUTHUBHBIX ME3€HXUMAJIbHBIX KJIETOK.
B nmpouecce pocra 3TH OIyXo0Jau pa3pylialoT KOCTHU OCHOBAHUS Yepelna U, IPOHUKas UH-
TpaKpaHUaJIbHO, BBI3BIBAIOT IOPAXKEHHE CTPYKTYp TOJIOBHOTO MO3ra, 4YEpemnHo-
MO3T'OBBIX HEPBOB M COCYIO0B. IIpu Bceil CXO0KECTH JIOKAIU3ALUN, KIMHUYECKUX IIPOSB-
J€HUM, PEHTTeHOJOTMYECKUX JAaHHBIX U JIeueOHONW TaKTUKU — MPOTHO3 MPHU XOHApPOCcap-
KoMax Oojee 6JIaronpusATHBIN, YeM NPU XOpAoMax.

OCHOBHBIM METOJIOM JIEUEHHUS XOPJAOM U XOHJIPOCApKOM OCHOBAHMS yeperna ocTa-
eTCA XUPYPru4ecKuii, HO HHQUIBTPATUBHBIA XapaKkTep pocTa U OJIU3KOE pacloiioKeHue
K KPUTUYECKUM CTPYKTYpaMm TOJIOBHOI'O MO3Ta 3aTPYIHSIOT BBHIIIOJHEHUE PaJIUKAIbHBIX
onepauuii. [Toutn y 90 % naunueHTOB nocie NpOBEAEHUS ONEpallMu COXpaHAEeTCa ocTa-
TOYHBIM 00bEM, a y psAla NAUEHTOB B CUJy Pa3IMYHBIX NPUYUH XUPYPTrUUECKOE BMe-
1aTeIbCTBO HE NpoBoauTcs. IIpu oTcyTcTBUM Tepanuu, CpelHss NPOAOJIKUTEIBHOCTD
JKW3HU NallMEHTOB C XOpJIOMaMU OCHOBAaHUs Yepena cocTaBisier oT 18 no 28 mecsies.
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C 2002 mo 2016 rr. npoToHHass TpexMepHass KOHGOpMHasi Tepamus Obljia MpOBe-
neHa 28 OOJNBHBIM C XOpJOMaMH U XOHJApOcapKoMaMu OCHOBaHHs uepena (puc. 1).
Cpenunii 06beM omyxomu coctaBui 42 cm® (3,9 cm®-154 cm®). Cpennsas cymmapHas
oyaroBas J103a Ha u3oneHTp Obia paBHa 73 I'p (63-80 I'p). Jlo30BBIe Harpy3ku Ha Kpu-
THUYECKHE CTPYKTYpbl HE MPEBBIIIATN TOJEPAHTHBIX 3HaueHuil. CpenHss no3a Ha MO-
BEPXHOCTH CTBOJIA TOJIOBHOTO Mo3ra cocraBuia 62 I'p (56,6-64 I'p). Xua3zma 3puTeib-
HBIX HEPBOB B cpeaHeM noiaydana 46 I'p (9-56 I'p).

[lepuon HabmromeHus 3a MalMeHTaMH B cpeaHeM cocTaBuia 59 mecsmer (2-160
Mec.). M3 28 marueHnToB y 18 4enmoBek coxpaHseTcs KOHTPOJIb onyXoyu. CeMb 00IbHBIX
[0 pa3jUYHBIM MPUYMHAM BbINANU U3 HaOmoAeHUs. Y 3-X MalMEHTOB pa3BHIICS Kpae-
BOM pelUJIUB.

Puc. 1. Ilpumep npomonuot MeaKoGpaAKYUOHUPOBAHHOU MEPANUU XOPOOMbL OCHOBAHUS Yepe-
na: MPT 0o neuenus (cnesa), nian oonyuenus (8 cepedune) u MPT uepe3 2 200a nocne — 3Ha-
YumenbHas pecpeccus Onyxoau

JlydeBble peakUM U OCJIOKHEHUsS pa3Buiuch y 4-x yenosek (16,6 %). Umenu me-
CTO OCTpBIE€ Jy4€BbIE€ peakIiM, COOTBETCTBOBaBIIMEe 2-M Oamiam no mkane RTOG: co
CTOPOHBI CIU3UCTBIX 000JIOYEK POTO- U HOCOTJIOTKH, KOHBIOHKTHUBHI TJla3a U KOXHBIX
MOKPOBOB B oOJyiacTu moJsied o0nydeHus. Hu co cTOpoHBI CTBOJIa TOJIOBHOI'O MO3ra, HU
CO CTOPOHBI 3PHUTEIBHOIO ammnapata MPU3HAKOB Jy4eBOW TOKCHYHOCTH M JIYYEBBIX
OCJIO)KHEHUI HE OTMEUYEHO.

[To mpuBeIeHHOMY CTaTUCTUUYECKOMY aHAJIM3Yy MOXHO CIeJaTh CJIEeAYyIOUIue BbIBO-
IIbI: TIPOTOHHAS PAAMOXHPYPTHS M paJHOTEparus, TpoBOAMMAs Ha Mydkax (a3oTpoHA
OUSIUN, aBnsercs BICOKOI(PEKTUBHOW M 0€30TaCHONW METOIMKOM JICYCHUS XOPIAOM H
XOHAPOCAPKOM OCHOBAaHUS Yepera, KOTOPbIe BBUY OJIM3KOTO PACIOIOKEHUS K KPUTH-
YECKUM CTPYKTYpaM TOJOBHOTO MO3Ta, SIBISIOTCS HAamOOJIee CIOKHBIMUA M3 BCEX BHYT-
puuepenHbx MumieHeid. [lomydeHHBIE pe3ynbTaThl COMOCTABUMBI C TAHHBIMH 3apy0ex-
HBIX IIEHTPOB MPOTOHHOW TEepAaITHH.

Pa3paboTka u coBepuieHCTBOBaHHE 000PY/10BAHUSI U HOBBIX METOIMK 00 IyYeHH s

beimu mpoposkeHsl paboThl O pa3pabOTaHHOMY M M3TOTOBJIEHHOMY MAaKeTy aB-
TOMaTHU3UPOBAHHOTO MHOT0JIEIECTKOBOTO KOJUJIMMATOpa MPOTOHHOTrO My4yka Ha 4 mapbl
mnactuH. [locne 3aBepmierus k koHmy 2019 r. ero ucnpiTaHui U OTPaOOTKU BCEX TEX-
HOJIOTUH MakKeT MOCIYXHUT MpooOpa3oM MOJIHOMACHITAOHOTO BapHaHTa YCTpOWCTBa Ha
33 mapbl MIacTHH, HEOOXOJUMOTO ISl peajlu3alld TaK Ha3blBAEMOTO JMHAMHUYECKOTO



MeTOoJ1a 00JIydeHHUs MPOTOHHBIM IMMyYKOM Pa3JUYHBIX HOBOOOpa3zoBaHuii (puc. 2).

Puc. 2. Koncmpykyus mHo2onenecmko8020 KOIIUMaAmopa Ha 33 napvl NIacmuH ¢ UHOUBUOY-
ALHBIMU NPUBOOAMU U OAMYUUKAMU NOTIOHCEHUSL

VY eTpoicTBO MO3BOIUT PELIUTH 3aJlayy MaKCUMAaJIbHO OBICTPO U TOYHO CPOPMHPO-
BaTh JIIOOYIO 3aJJaHHYIO allepTypy TeParneBTUYECKOr0 IPOTOHHOTO MyYKa U Peaqn30BaTh
pa3JIMuyHble METOJUKHU OOJYUYEHHUs C LEeNIbI0 MOABEJEHUS] MaKCHUMAaJIbHOM MOIJIOMEHHON
J03bI K TIYOOKO PAacIOJIOKEHHOW OIYXOJIM W TPH 3TOM MHHUMH3UPOBATH OOIydeHHE
3J10pOBBIX TKaHEH, T.e. COOJIIOCTHU Mpe/IeNIbHYIO0 CTEeNeHbh KOHPOPMHOCTH 00IyUdEHHUS .

Kpome Toro, mcrnonp3oBaHHe IpeaIaraéMoro MHOTOJEHNECTKOBOTO KOJIMMAaTopa
MO3BOJIUT COKPATUTh BpeMsl ceaHca 00JIyyeHHUs, yYMEHbIIUTh JI030BYIO Harpy3Ky Ha Imep-
COHAJ OT OOJy4YeHHs] HaBEACHHOW PaJMOAaKTHUBHOCTHIO OT WHIWBUAYAIBbHBIX (OPMHDY-
IOLUX KOJUIMMATOPOB, CHU3UTh TPYJ03aTpaThl U CTOMMOCTb [0 CPAaBHEHUIO C IPUMEHSI-
€MBIMHU B HACTOSIIEE BPEMs HHAUBHAYATbHBIMUA KOJUIMMATOPAMHU .

ITponomxkanucek pa3paboTka U TECTUPOBAHHWE KOMIIOHEHTOB TPEXMEPHOI MpOrpaMMmsl
KOMITBIOTEPHOT'O MOJIEIMPOBAHMS KOH(POPMHOM MPOTOHHOI JTydeBoit Tepanuu. J[o HeJaBHEro
Bpemenu B MTK 1151 tutanupoBanus 00 1ydeHHs UCIIONb30BalIach porpamma, pa3padoTaHHas
B IIGHTpE NMPOTOHHOM Tepanuu B T. Jloma-JIunga, CILIA, u agantupoBaHHast K my4kam ¢azo-
TpoHa. OIHAaKO ATa MporpaMma He MOKET ObITh MOJU(HUIIMPOBAHA Il COOTBETCTBHS HOBBIM
METOAMKaM OOJy4eHUs, HallpuMep, TUHAMUYECKOMY OOJIyYEHHIO OIYXOJIU C MCIIOJIb30BaHU-
€M MHOTOJIEECTKOBOT0 KoJuiuMaTropa. PazpaboTaHHBIN BapuaHT MpOrpamMMbl YCIEUIHO Hpo-
IIes JIO3UMETPHUECKYI0 BepH(PHUKAIINIO ¢ UCIOIb30BAHUEM Te€TepOreHHOro ¢aHroma Ajjep-
COHA M PaJMOXPOMHBIX IUIEHOK (pHC. 3), M B HaCTOAIIEe BpEMsI IIPOBOAMUTCS €r0 KIMHUYECKast
anpoOarus.

3aBepIleHO CO3/1aHuE MPOTrPaMMHO-AMNIMAPATHOTO KOMIUIEKCa HAa OCHOBE IU(POBOrO
PEHTI€HOBCKOT'O 3KpaHa JJIsi aBTOMAaTHYECKOTO0 KOHTPOJSI MPOCTPAHCTBEHHOTO MOJIOXKEHUS
NaIMEHTOB OTHOCHUTEIBHO NMPOTOHHOTO Iy4YKa BO BpeMs IMpoBeieHus oOiydeHus. Cucrema
MO3BOJIUT COKPATUTH BpEeMsi, HEOOXOIMMOE I POBEJICHUS CeaHCa TEePaIlluy, 1 OTHOBPEMEH-
HO TOBBICUTh TOYHOCTb HABEACHUS ITydKa Ha MHUIICHb. B HacTosIiee BpeMs MPOBOIUTCS ee
anpoOarys B ceaHcax MPOTOHHOM Teparuu.
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Puc. 3. Cpasnenue 003nH020 pacnpedenenus, pacCuumarHHo20 paspabomaHHou npo-
2PamMMmMoil NAAHUPOBAHUS (KPACHbIE UOIUHUU), C UBSMEPEHHBIM C NOMOWbIO PAOUOXPOM-
HOU NJeHKU pacnpedenenuem (uepHvie uzonunuu). Habnwooaemces xopowee npocmpa-
CmeeHHoe cO8nadenue coOoOmeemcmeyuwux U30aUHU.

I[03I/IMeTpI/Iﬂ A/IPOHHLIX ITYYKOB

CoBMmecTHO ¢ coTpyaHukamu OTnena paaualnuoHHOW nozuMerpuun WHctuTyTa snep-
Hoi pu3uku ([Ipara, Uexust) peryasipHO MpOBOIMIACH TO3UMETPHUYECKash KaTHOPOBKA HUCTOY-
Huka Co-60 ramma- oomydarenss POKYC-M Ha ocHoBe pexkomenmanuii MAT'ATD ¢ ucmoib-
30BaHHEM BOAsIHOTO (haHTOoMa. brarogaps 3ToMy TOYHOCTh U3MEPEHHUS U OTIIyCKa J103bl NPU
MPOBEJCHUH MPOTOHHOMN Tepanuu HaXOAUTCs Ha ypoBHE 3 %, YTO COOTBETCTBYET MHUPOBBIM
CTaH/apTaM.

CoBMmecTHO ¢ coTpyaHukamu OTnena panuanuoHHOW nozuMerpuun MHcTUTyTa sinep-
HoMl pu3suku (IIpara, Uexus) ObLIM POIOIKEHBI PaOOTHI IO U3MEPEHUIO (DOHOBBIX YCIOBUH B
kabuHe npotoHHOM Tepanuu JISAII OUSAN ¢ ucnonb3oBaHrEM TEPMOIIOMHUHECIIEHTHBIX Jie-
TEKTOPOB U PaiOXPOMHBIX MIIeHOK. CoBMecTHO ¢ coTpyaHukamu JIPb npoBoaunuce paboTsl
10 U3MEPEHUI0 HEUTPOHHOTOo (oHa B kabuHe nmpoToHHOU Tepanuun MTK. Oty msmepenus
BaXXHBI JUISI OLIEHKH pUCKa OOJIyueHUs 3/I0pPOBBIX TKaHEW BO BpeMs IPOBEIECHHUS IMPOTOHHOMN
paavoTEPANIUU U, KaK CIEACTBUE, BOBMOXHOCTH BOZHUKHOBEHHUS Yy NAIlMEHTOB UHIYLIMPOBAH-
HOTO pakxa.

CoBmMecTHO ¢ cotpyaHukamu Othena paanalmoOHHOW Ao3uMmeTpuu MHctutyra siaep-
Hoit ¢pusuku (Ilpara, Uexus) npoBeneHsl Takxke u3Mepenus cruektpos JII1D TepaneBTuuecko-
ro mMpoToHHOTO Tyuka ¢azorpona JISAII ¢ ucronpzoBannem KpeMHUEBHIX JaeTekTOpoB Liulin u
Medipix. Ha ocHoBe m3amepenHbix criektpoB JII[ID oneHnBanmach OTHOCUTENbHAST OHOIOTHYE-
ckasg 3Q¢GEeKTUBHOCTh MPOTOHHOTO My4yKa (a3zoTpoHa, KOTOpas sABJIsAETCS (yHIaMEHTaJIbHON
BEJIMYMHON NpHU MPUMEHEHUU WOHU3UPYIOUIMX H3IYYeHUH B pajMOTEpaliuid U paguoOHosIo-
run. CoBMecTHO ¢ coTpyaHukamu HMHctutyra menuko-Omonormyeckux mnpoodsiem u JIPb
OUAN npoBoaruch pabOTHI IO U3YYECHHUIO BO3JICUCTBUS MPOTOHOB C PA3IMYHBIMU 3HAYCHU-
amu JIIID Ha Ouonornyeckne oOBHEKTHI.

CoBmMmecTHO ¢ cotpynHukamu QakynbTeTa Gpusuku byxapectckoro ynusepcurera (Ma-
rypenb, Pymbraus), Otaena pagrannoHHol go3umerpun MHcTUTyTa sineprort ¢usuku ([Ipa-
ra, Yexust) u 1eHTpa NpOTOHHOM Tepanuu B IIpare mpoBOAUIUCH U3MEPEHUS BIUSHUS 3yO-
HBIX UMIUIAHTOB Ha MPOCTPAHCTBEHHBIE JI03HbIE paclpeaeseH!s] B aHTPONOMOp(pHOM (aHTO-
Me Ha MpoToHHBIX mydkax ¢azorpona JIAII OUAN u PTC B Ilpare. Kpome Toro, momo6HbIe
SKCTIIEPUMEHTHI ObUTH TpoBeeHbl B LlenTpe mportonHo#t Tepanuu B r. Yukaro (CIHIA) c uc-
MOJIb30BaHUEM Pa3pabOTaHHOW B 3TOM ILIEHTPE METOAMKHA MPOTOHHOW KOMITBIOTEPHOW TOMO-
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rpa¢uu 1 MpOrpaMMHOTO oOecrieueHus sl IUIAaHUPOBAHUS MPOTOHHOM TEparuy Ha OCHOBE
Metoqa Moure-Kapo.

Bei10 mokaszaHo, 4TO MPU HAJWYUU B HEMOCPEICTBEHHOW OJM30CTH OT 00JIy4aeMoro
oyara MMIUIAHTOB Ha OCHOBE CILJIaBOB THTaHa (opMa JO3HOTO pacCHpeiesICHHs JajeKa OT
(GbOopMBI PaCYETHOTO TOJIS KaK B CIIy4ae CTATHYECKOTO OOJy4YEHUsS IMIUPOKUM OJHOPOJHBIM B
CEYCHUH MPOTOHHBIM IYyYKOM, TaK U B Cllydae CKaHUPYIOIIETO OOJydeHUs TOHKUM «KapaH-
JANTHBIM TTydykoM». OTHAKO, €CIIH )1 TUTAHUPOBaHUsI 00TyYeHHUs UCIOIb30BaTh HE IAHHBIC C
PEHTICHOBCKOTO KOMITBIOTEPHOTO TOMOrpada, a JaHHbIE, MOTYYCHHbIE HA TPOTOHHOM TOMO-
rpade, CUTyalus CTaHOBUTCS CYIIECTBEHHO JIy4YIlie.

[To pe3ynapTaTaM ATUX HCcleaoBaHui OblIa 3amuiieHa PhD auccepranus.

Pagnoouossorus

[TpoBoamiioCh KIMHHUYECKOE HCHBITAHWE pPaJUO3allUTHOrO JEHCTBUA JIa3€pPHOrO
ycTpoiicTBa ¢ JUIMHOM BOJNHBI 532 HM (110 peKOMEHJALMU Bpaya U C COIVIacus MalUeHTa) Ha
KOXY JIMIIA, II€U, HOCOIJIOTKH U TOPTAHOIVIOTKH PaJiOYyBCTBUTENBHBIX MMALMEHTOB, MPOXO-
X Kype gydeBoit Tepanuu B MTK. JlazepHoe usnyueHue oka3biBaio 3¢ (eKTUBHOE paiu-
03alllUTHOE ACUCTBUE, KaK MpPU IMPEIBAPUTEIBHOM, TaK U MOCIEIYIOLIEM JIa3epPHOM 00Jyde-
HUHU.

B Hactosimee Bpems NpOBOAATCSA HCCIEAOBaHMs (OPM HMHAKTUBALUM KJIETOK (Hhub-
po06JIacCTOB MbILIEH MOCIE BO3JAEHCTBUS MOHU3UPYIOIIMX M3JIy4eHUH, a Takke KOMOWHUPO-
BAaHHO OOJIy4YEHHBIX HOHU3UPYIOUIUMHU U3TYyYEHUSMH U JTa3€pHBbIM U3ITyUEHHSM.

Panee Hamu ObUIO MMOKA3aHO, YTO KaK IPEIBApUTENILHOE U MOCIeLytolIee, TaK U OJHO-
BPEMEHHOE C JIa3epHbIM M3IydYeHUeM (C JUIMHOW BOJHBI 633 HM) obmaydyeHue ¢pudbpobiacToB
mbimied C3H10T1/2 npuBoaUT K YBEJIMYEHUIO BBDKMBAEMOCTH KJIETOK, MOJIBEPTIINXCS BO3-
JIEMCTBUIO raMMa-U3Iy4eHUs! WIM MPOTOHOB. /Iy BBIACHEHMS MEXaHM3Ma PaJHO03aIlUTHOTO
JIeMCTBUS Ja3epHOTO U3JIyYeHUs MPEACTaBISET OOIbIION UHTEPEC MPOBEPKA MPEIOI0KEHUS
0 TOM, YTO MpPH PaAMO3aIIUTHOM BO3JEHCTBHM JIA3€PHOTO M3IY4YEHUs MEPBUUYHBIM (poTOpe-
LENTOPOM SIBJISIETCA LIMTOXPOM-C-OKCH/A3a - KOMIIOHEHT AbIXaTEJIbHON LIETH, JOKAJIN30BaH-
HOM B KJIETOYHBIX MUTOXOHAPUAX. C 3TOMH 1e1bi0 HaMu ObLUIO CO3aHO YCTPOHCTBO HAa OCHOBE
Ja3€pHOr0 MOAYJIA C JJIMHOW BOJHBI 532 HM, IIOCKOJIBKY 3Ta JUIMHA BOJIHBI TAKXKE MONAJAET B
CIEKTP MOIJIOIIEHUS HUTOXPOM-C-OKCHIA3bI.

Omnpenenenne BebkuBaeMocTy kietok C3H10T1/2 ¢ moMoIibio aBTOMaTHYECKOTO CUeT-
yrka CT20 (Bio-Rad Laboratories, CIIIA) mocne BO3IeHCTBUS HOHU3UPYIOIIETO U KOMOWHU-
POBaHHBIX OOJYYEHUH IMOKa3ajiM, YTO PaJUO3ALIUTHOE JEHCTBUE JIA3€PHOTO H3IYYEHHUS C
JUIMHOM BOJIHBI 533 HM Takke, KaK ¥ U3JIy4eHHUs ¢ JJIMHOM BOJHBI 633 HM, niepefaercs 1o mMe-
xaHu3My “bystander” a¢pdexra. Kpome 3TOro0, BEIACHUIOCH, YTO pauO3alUTHEIN 3 dekT na-
3epHOr0 O0JIy4yeHHsI HAOIIOAAeTCs 10 KPUTEPUIO KOJIMYECTBA BBDKUBIINX OJMHOYHBIX KJIETOK,
110 CPaBHEHUIO C KJIETKaMHM, OJBEPTIIIUMHCS 00TydeHUI0 TaMMa—ITydaMH.

KpuBble BbDKMBaHMS KJIETOK (UOpOOIACTOB, OOJYYEHHBIX TIaMMa-TydaMH, a TaKkKe
KOMOHHHPOBAHHO OOJTYdeHHBIX raMMa-Tydamu u naszepoM (0,56 mJIx/cM?) moKasaiy, 9To 1a-
3epHOe OOJIyuyeHHE OKa3blBaeT 3(PPEKTHBHOE PAJAMO3AIIUTHOE ACHCTBUE MO KPUTEPHUIO BbI-
POCIIMX KJIETOUHBIX KoJMoHUHU. IIpu sTOM 3HaueHue daxropa mzmenenus no3sl (OUJI), pac-
cuntannoe mo JI/[50, paBuo 1,4.

[TosryueHHBIE pe3ysIbTaThl CBUAECTEILCTBYIOT B N1OJIb3Y MPEATIOIOKEHUS O TOM, UYTO IIPH
PaaNo3alIUTHOM JAEHCTBUU MaJIbIX 703 JA3€PHOTO U3IYYEHHS C JJIMHAMH BOJH 633 HM u 532
HM TEpPBUYHBIM (POTOPELENTOPOM SIBJISETCS LUTOXPOM-C-OKCHJa3a, MPUCYTCTBYIOIIAsS BO
BHYTPEHHEH MeMOpaHe MUTOXOHAPHUI BCEX IyKapHOT.

OKCHEpUMEHTAJIbHBIE JTAHHBIE CBUIETEIBCTBYIOT O BBICOKOW PajiO4yBCTBUTEIBHOCTH
ONpEAEIEHHBIX OTAEJIOB T'OJOBHOIO MO3ra K BO3JACHCTBHUIO TSKENBIX 3apsDKEHHBIX YacCTHI]
BBICOKMX 3Hepruil. OIHaKoO K HACTOSAIIEMY BPEMEHH MHOTHE acleKThl MPOsIBIEHUS Helpodu-



3MOJIOTUYECKUX IPPEKTOB BO3/IEHCTBUS MOHU3UPYIOIUX U3JIyUYEHUH ¢ pa3IuuHbIMU (U3nde-
CKHMH XapaKTEPUCTUKAMU OCTAIOTCSl HEBBISICHCHHBIMHU.

B 2018-2019 rr. 6puTH BBITIOJIHEHBI PAOOTHI MO W3YYCHUIO HEHPOXUMHYECKUX TOKa3a-
TEJIEW TOJIOBHOIO MO3ra M MOBEACHYECKUX PEAKLUHI y KPBIC II0CIIE BO3AEHCTBUS HOHOB yIJIe-
pojia, MPOTOHOB, HEUTPOHOB U Y-KBaHTOB B f03¢ 1 I'p. [lomyyena 0600mEHHAsA KapTa CTPyK-
Typ MO3ra, B KOTOPbIX HaOJIOJat0TCs Hanbosee CylIeCTBEHHbIE U3MEHEHHs B MeTaboiIu3Me
HOpaJpeHalIMnHa, 1o(aMuHa U CepoTOHMHA Iociie 00aydeHus. [lokazaHo, yTo HelipoxuMuye-
CKHH OTBET CTPYKTYP MO3Ta Ha BO3JIEHCTBUE Pa3HbIX HOHU3UPYIOIUX U3Iy4CHUN pa3andaeT-
Csl M 3aBUCHUT OT KauecTBa u3iaydeHus. OOHapyxeHbl (aKThl, CBUJIETEIbCTBYIOIINE O TMIIEPAK-
TUBAaLlMA KOMIIEHCATOPHO-BOCCTAHOBUTENIBHBIX MEXaHU3MOB, KOTOPBIE NPUBOAAT K YacCTH4-
HOMY BOCCTAHOBJICHUIO (DYHKLMH OJHUX 00jacTel Mo3ra u, BMeCTe ¢ TeM, y4acTBYIOT B op-
MHUPOBaHUU OTJAJIEHHBIX 3()(PeKTOB 00sIyueHHs B JPYriuX YyBCTBUTENIBHBIX K paguanuu o0ia-
cTax. IlomydyeHsl naHHBIE O 3aKOHOMEPHOCTIX HEMPOXUMHMUYECKUX U3MEHEHHUH IIOCIIE BO3JEH-
CTBUS U3JIyYEHUS C HU3KUMHU U YMEPEHHBIMU 3HAaYCHUAMU JIMHEHHON niepenaun sHepruu. Ilo-
Ka3aHo, 4To yBenuueHue JIIID ¢ 0THOCHTENbHO HU3KUX 10 YMEPEHHBIX 3HAYEHUHN PUBOAMT K
pa3IMYHbIM HEMPOXMMHUUYECKUM IOCIEICTBUAM B 3aBUCUMOCTH OT PacCMAaTPUBAEMOU CTPYK-
Typsl Mo3ra. [IpeanokeHa runoresa 0 TOM, YTO THIIEPAKTUBALUSA HEUPOXUMUYECKUX MEXaA-
HU3MOB IIpU BO3/AENUCTBUM U3JIydyeHUH ¢ ymepeHHoi JIIID criaxuBaeT oTKIIOHEHUs B MeTa0o-
J13Me MOHOAMHUHOB Ha pacCMOTPEHHBIX MpoMexyTkax Bpemenu (30 u 90 cyrtok) nocie o0iy-
YeHUs, HO B MOCJIEICTBUM MOXKET MPUBOJIUTH K OTJAJICHHBIM HapyIIEHUSAM (DYyHKIMH Mo3ra.
OcCHOBBIBasACH Ha IIOJIyYEHHBIX pE3yJbTaTaX, CIEIAaHbl 3aKIYEHHUS O BO3MOXKHOM BKJIAJE
Ha0JII01aeMbIX U3MEHEHHUH B HapylleHHE MOBeACHYECKUX (PyHKIMH y 7a00paTOPHBIX KUBOT-
HBIX.

Ony0auKoBaHbI HOBBIE CTaThU IMKJIA pabOT MO CEpUH AKCIEPUMEHTOB MO M3YUECHUIO
o0MEHa MOHOAMHHOB M UX METaOOJIUTOB B FOJOBHOM MO3T€ KPBIC IIOCIIE BO3IEHCTBHS HOHOB
yraepoga ¢ sHeprueit 500 MaB/HykiaoH ycraHoBKH «HyKIOTpoH» M ramma-KBaHToB °°CO
ycranoBku «POKYC-M» B noze 1 I'p.

B 2018-2019 rogax peanusyroTcsi COBMECTHbIE pabOThI B paMKax MPOrpaMMbl COTPY/-
HudectBa ¢ FOAP (iThemba LABS) no tematuke «HelpoxuMmuyeckue uccienoBaHus HEHpo-
TPAaHCMHUTTEPOB B TKaHAX MO3ra IIOCIE BO3JAEHCTBUS HEUTPOHOB, IPOTOHOB M TIaMMa-
KBaHTOB». PaboThl MO AaHHON TeMaTHKe OPUEHTHPOBAHbI Ha MCCIIEOBAHUE PAAMALMOHHBIX
3¢ GEeKTOB B LIEHTPAIILHOM HEPBHOI cucTeMe — MPOOJIEMBI, KOTOpast SIBJISETCS aKTyaJIbHOM Ha
HOPOTSDKEHUH TOCIIETHUX JECSITUIETUH ITIaBHBIM 00pa3oM BBHJLy HAapacTarOIIEro MpUMEHEeHH-
€M MOHM3UPYIOLIMX H3JIydEHUH B TEpallMU OIYXOJE€W MO3ra M BOIPOCOB pagUallMOHHON 3a-
IIUTHl KOCMOHABTOB B JUIMTEIbHBIX KOCMHUYECKHUX MOJETaX 3a MpejellaMH MarHUTOC(epsl
3emin. PaGoThl BKIIIOYAET CEPHUIO MOBEACHYECKMX M HEMPOXUMHUECKUX SKCIIEPUMEHTOB C
UCIIOJIb30BAHUEM J1A0OPATOPHBIX JKUBOTHBIX (KpBIC), OOJIydyaeMbIX ITydKaMd IPOTOHOB U
HelTpoHoB Ha yctaHoBkax iThemba LABS. [IpoekT peanusyercs B TECHOM COTPYIHUYECTBE C
FOxHOappUKaHCKUM COBETOM MO MeAUIMHCKUM HccnenoBanusM (SARMC) u B konne 2018
rojia BCTYIIWJI B aKTUBHYIO (a3y.

3a mocieiHUe HECKOJIBKO JIECSATUIICTUN Ha0Jt0JaeTcsl 3HAYUTEIbHBIN MTporpece B JIyue-
BOI Tepanuy 3J0KauYeCTBEHHBIX OIyXOJIEH I'OJIOBBI M IIEU. B TO k€ BpeMsl, BBICOKHE TEMIIbI
COBPEMEHHOW JKM3HM, HE3aWHTEPECOBAHHOCTH IMALIMEHTOB B IPOJIOHTMPOBAHHOM (M 3KOHO-
MHUYECKH 0oJjiee 3aTpaTHOM) JY4E€BOM JIEUEHUH 3aCTaBISIOT UCKaTh allbTepPHATHBHbIE MyTH
peleHus NpooaeMbl, OIUH U3 KOTOPBIX — MO PaKIIMOHUPOBAHUE.

[TpoBeneHHBIC HAMU UCCIIEOBAHMS C UCIOIB30BAHUEM 3KCTPEMATIbHOTO TUnodpaxiu-
onupoBanus (10 I'p onun pa3 B Henenmo, 1Mo MOHeAENbHUKAM, CyMMapHas 103a oomydenus 20
I'p) anist oGiydeHHst TOIOBBI MBIIIEH TOKa3ald, YTO BHIOPAHHBI HaMU BapHaHT SKCTPEMallb-
HOT'O TUIO(PPAKINOHUPOBAHUS MOXKET YCIEUIHO 3aMEHUTh TPAAULIMOHHOE (HPaKIIMOHUPOBA-
HUE, KOTOPOE B OCHOBHOM IPHUMEHSETCS MPU IPOBEACHUM paJuoTepanyy Ajs JEUeHus OIy-
XOJIel TOJOBHOro Mo3ra. Vcronb30BaHue JaHHOTO BHJA (PPaKIIMOHUPOBAHUS MOXKET IpPHUBE-



CTH K COKPAILEHUIO CPOKA MPOBEACHUS PAJUOTEPAINH, & TAKXKE YBEITUUUTh IIPOITYCKHYIO CIIO-
COOHOCTh MEUIIMHCKUX LIEHTPOB, IPOBOASIINX PAJUOTEPAIIHIO.

[ToBbimienue 3¢gp¢GeKTUBHOCTU Jy4€BOM Tepaluu UMEET BaKHOE 3HAUEHUE B Jede-
HUHM OHKOJIOTHUYECKHX 3aboneBaHuii. DTOT (akT 00yciIaBIMBaeT HEOOXOAMMOCTH CO-
BEpLICHCTBOBAHMS METOJOB Jy4Y€BOM Tepaluu ¢ LEJIbI0 YBEIUYEHHUs MOIIOMEHHON 10-
36l OOJTy4EHHS B OIIYXOJIU U CHUKEHHUS PUCKA MOpaKeHUs 310pPOBBIX TKaHeH. bombiioi
INOTEHLIMal B 3TOM HallpaBlIeHUE UMeeT aApoHHas Tepanusd. [IpoToHsl M03BOMAIOT B 2-3
pas3a yMEHbBIIUTD JIY4EBYIO Harpy3Ky Ha OKpYKaloIlME OMYXO0Jb HOPMaJbHbI€ TKAHU IO
CPaBHEHUIO C Yy-lydaMH. TsKelble MOHBI XapaKTepHU3YIOTCS BBICOKMM 3HAY€HUEM JIH-
HEWHOH mepemadell SHEPTUHU, KOTOPOE CIMOCOOCTBYIOT TeHEpAllMU 3HAYUTEIBHBIX TO-
BpEXJEHUM B KileTKax. XOTs COBpeMeHHas KOH(GOpMHas jJydeBas Tepamnus U JaeT OTHO-
CUTEJIIBHO XOPOILINUE Pe3yJIbTaThl, OAHON U3 OCHOBHBIX MPUYUH HEYAAYHOI'O JEUEHUS SIB-
JsieTcsl CIOCOOHOCTh OIYXOJIEBBIX KJIETOK BOCCTAHABIMBATh MOBPEXKIEHHUsS mociie 00iy-
yeHus. [loaTomy 115 yBenuueHus TepaneBTUUECKOro 3(ppeKkTa JOBOJIbHO YAaCTO MpHUMeE-
HAIOTCA KOMOMHUPOBAaHHbIE TEXHOJOI'MH, KaK HNpUMeEp, JydeBas Tepamus B KOMOUHa-
WU C METAJINYECKUMU HAHOYACTULIAMU.

VYBennueHue JIOKaJIbHOI'0 SHEPTOBBIICICHUS B OIYXOJIU AOCTUIaeTCsd UHKOPHIOPH-
poBaHHeM B omyxonb yactur ¢ 6omsmum Z (3, %4Gd, "®Pt, °Au u ap.). Ilopaxenne
KJIETOK OIyX0JI (POPMUPYETCS KakK 3a CUET MEPBUYHOrO, TaK U 3a CUET BTOPUYHOI'O KO-
POTKONPOOEKHOT0 M3JIYyYEHHS, BOSHUKAIOUIEr0 B pe3yJibTaT€ B3aUMOJEHCTBUS HajleTa-
IOLMX YAaCTHUI[ C aTOMAaMH TSDKENBIX 3JIEMEHTOB, CKOHIIEHTPUPOBAHHBIX B OINYXOJIEBBIX
KJIETKaX.

Takoe MHAYLIMPOBAHHOE M3Jy4EHUE MOKHO MCIIOJIB30BAaThCA ISl OBBIIIECHUS Lie-
JeBOH N103bl B XOJi€ Jy4eBOW Tepamuu 3J0KAYECTBEHHBIX OIyXoJyiell 0e3 yBeIuueHus
HEIIEJIEBOU J03bl, BBIACIAEMON B 310POBBIX TKAHAX.

BTopuuHnble yacTHIlbl, TeHEPUPYEMBbIE IPU CTOJKHOBEHUH MPOTOHOB C HAHOYACTHU-
[aMHM, MOKHO BHM3yaJH3UpPOBATh U ONPEACIHUTh, HAapUMEpP, NMPU MOMOLIU AETEKTOpa
Timepix-3. Pa3BuTue 3TOr0 HOBOTO HAIMpaBJEHHUs B MPOCKTE HAYAaTO COBMECTHO C KOJ-
JeraMu cpasy M3 HECKOJbKUX LeHTpoB Poccu, Pymbinuu u Yexuu.
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