ornsaaosi CTATTI

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2017. Bun. 22.

YIK 612.82: 616-001.26: 616.831: 616.892

K. JloranoBcokuii><, K. Ky

Lepucasna ycmanosa «Hayionanvnuii naykosuii uenmp paoiayiiinoi meouyunu HAMH Ykpainu», 8ya.
Menvnukosa, 53, m. Kuig, 04050, Yxpaina

BUK/INKAHA BIOEJIEKTPUYHA AKTUBHICTDb I'OJIOBHOTI'O
MO3KY ITICJIS BILTUBY IOHI3YIOYOI PATIALIII

CTatTs npucBsYeHa OmMsAAY Cy4yaCHMX MCUMXO0di3ioNoriyHMx AOKa3iB Ha MiIATPUMKY rinoTesn Woao AUCHhYHKLIT KopTu-
KanbHO-NIMOIYHOT CMCTEMM 33 PaxyHOK MOPYLWeEHHsA TiNOKaMnanbHOro HelporeHesy sk LepebpanbHoro 6aswucy
MiXMiBKYNbHOT acUMMeTpii roI0BHOTO MO3KY i HEMPOKOrHiITMBHOTO Aediumty nicna onpomiHeHHs. [igkpecntoeTbes
BAX/IMBiCTb BUKOPUCTAHHS [LOCNiAXEHb BUKIMKAHUX NOTEHLiaNiB i NoNiB fK HeiHBa3WBHOT METOAMKH, LLO MAE BUCOKY
YYTAUBICTb Ta iHPOPMATUBHICTb.

OcobnuBa yBara NpuAinseTbcs AUchyHKLUIT LepedpanbHUX CEHCOPHUX CUCTEM K XapaKTepHoMy edeKTy ioHi3yyo-
O BUNPOMiHIOBAHHA. 3MiHM (DYHKLiIOHYBAHHA LEHTPaNbHUX BiaLiNiB CEHCOPHMUX aHani3aTopis pi3HOi MOZaNbHOCTI Ta
MOPYLWEeHHSA THTErpaTMBHMX iHPOpPMaLiiHUX NPOLECiB FONOBHOrO MO3KY Mif BNIMBOM Manux A03 ioHi3yo4oi pagiauii
MOXYTb BUSBUTUCA KPUTUYHUMU NPU BU3HAYEHH] pafialiiHUX pU3NKiB KOCMiYHMUX NonboTiB. 0BroBOpOIOTHCA MOXK-
NIMBi NEPCNEKTUBM LOBIrOTPMBANUX NOLOTIB IOAUHM Y KOCMOC, 30KpeMa Ha Mapc, 3 ypaxyBaHHAM BUABNEHNX e(EKTIB.
MoTeHwinHi puaukm gnsa LHC nig yac KocMiyHOT NoJopoXi BKAOYAKTL NOPYLEHHA KOFHITUBHUX (YHKLiN, 30KpeMma
3HUKEHHS 06'€EMY KOPOTKOTPMBANOi Nam’aTi, NOripWeHH MOTOPHUX QYHKLiH, 3MiHM NOBEAIHKM, L0 MOKYTb BNAUHYTH
Ha Mpaue3naTHicTb i 34opoB’s noauHun. BignaneHumn pusmukamu ans LHC BBaXatoTbes Taki MOXIAMBI NCMXOHEBPO-
NOTiYHi po3iaau, sk NPUCKOPeHe CTapiHHA MO3Ky, XBopoba AnblireiiMepa Ta iHWi TMNKU femeHLiin. 06roBoprOETLCS HO-
BUI1 B0303aNEXHMII pagiouepebpanbHuit eheKT Npu 3aCTOCYBAaHHT METOLUKN CIIYXOBUX KOTHITUBHUX BUKIMKAHMX NO-
TeHuianie P300 3 moxnueum fo308KuM noporom 0,05 lp y BUrALi nopylieHHs npoleciB 06pobku iHpopmaLii y 30Hi
BepHike. [lns BUABNEHHSA HelipodisionoriyHux 6ionoriyHnx MapKepiB i0Hi3yl04Oro BUNPOMiHIOBaHHA HEOOXiAHi no-
JanblWi MiXXHAPOAHT JOCNIAXKEHHSA 3 afleKBAaTHUM AO3UMETPUYHUM CYMpPOBOAOM.

KniouoBi cnoBa: HellpoKorHiTBHUI gediumnT, LHC, ioHi3ytoue BUNPOMiHIOBAHHS, MPUCKOPEHE CTApiHHA, KOTHITUBHI
BMKNMKaHI noTeHLUianu, Mapc.
Mpo6nemu padiayiiiHoi MeduyuHu ma padiobionoeaii. 2017. Bun. 22. C. 38-68.
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Evoked bioelectrical brain activity following exposure to ionizing radiation

The article provides an overview of modern physiological evidence to support the hypothesis on cortico-limbic sys-
tem dysfunction due to the hippocampal neurogenesis impairment as a basis of the brain interhemispheric asym-
metry and neurocognitive deficit after radiation exposure. The importance of the research of both evoked poten-
tials and fields as a highly sensitive and informative method is emphasized.

Particular attention is paid to cerebral sensor systems dysfunction as a typical effect of ionizing radiation.
Changes in functioning of the central parts of sensory analyzers of different modalities as well as the violation of
brain integrative information processes under the influence of small doses of ionizing radiation can be critical
when determining the radiation risks of space flight. The possible long-term prospects for manned flights into
space, including to Mars, given the effects identified are discussed. Potential risks to the central nervous system
during space travel comprise cognitive functions impairment, including the volume of short-term memory short-
ening, impaired motor functions, behavioral changes that could affect human performance and health. The remote
risks for CNS are considered to be the following possible neuropsychiatric disorders: accelerated brain aging,
Alzheimer’s disease and other types of dementia. The new radiocerebral dose-dependent effect, when applied cog-
nitive auditory evoked potentials P300 technique with a possible threshold dose of 0.05 Gy, manifesting in a form
of disruption of information processing in the Wernicke’s area is under discussion. In order to identify neurophys-
iological biological markers of ionizing radiation further international researches with adequate dosimetry support
are necessary.

Key words: neurocognitive deficit, central nervous system, ionizing radiation, accelerated aging, cognitive evoked

potentials, Mars.
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BCTVYII

Hedinimii

ITpoBigHUM METOAOJOrYHMUM IMiAIPYHTIM Cy4acHOI MCU-
xoi3iosoril € AoCimKeHHs] BUKIMKAHOI 0i0eIeKTpUYHOI
AKTHUBHOCTI TOJIOBHOTO MO3KY. J1JIs1 aieKBaTHOIO BUPIlLIEH-
H$ KJTiHIYHUX i JOCTiAHULIBKKX 3aBAaHb aKTUBHO BUKOPU-
CTOBYETBCSI PEECTpALLisl IIOB’SI3aHUX 3 TIOII€I0 MOTEHIIIAIB.

IMorenuian, o noB’a3aHuii 3 momiero [aHri. — Event-
Related Potential, ERP] — 1ie BUMipsiHa peakilisi FOJIOB-
HOI'0 MO3KY, sIKa € MPSIMUM pe3yJIbTaToM crhelupiyHol
CEHCOPHOI, KOTHITUBHOI ab0 MoTopHOi noxii. ERP —
OyIb-sgKa CTEepeoTUITHA LiepeOpaibHa eneKTpodizio-
JIoriyHa peakxliisi Ha cTUMYyJ. JlaHU# Croci® BUBYEHHS
rOJIOBHOI'O MO3KY 3a0e3Mneuy€e HeiHBa3MBHY OLIiIHKY OTO
¢yukuionyBanHsg. ERP BuUMiproeTbcs 3a ITOTTOMOTOIO
enextpoeHuedanorpadii (EED) [1, 2].

ERPs BUKOpPHCTOBYIOTBCS MPOTSITOM Oaratbox Aecs-
TWIiTh JJIS1 BUBYEHHSI COPUMHATTS, IMi3HAHHS, €MOLIiif,
HEBPOJIOTIYHUX 1 ICUXIYHUX PO3J1a/liB, a TAKOX PO3BUTKY
TOJIOBHOTO MO3KY MPOTIroM XKUTTs. XBwii ERPs mMaroTh
TMEeBHY TUITOBY KOHDIrypallito i CKJIagaloThCs 3 NEKiTbKOX
MmiKiB (KOMITOHEHTIB), IO BigmoOpaxkawTh creuudiuyHi
HEWpOKOTHITUBHI mipotiecH [1, 2]. IloreHuianm, mo mo-

INTRODUCTION

Definitions

The leading methodological foundation of modern
psychophysiology is the study of evoked brain
activity. In order to solve the clinical and research
tasks in an appropriate way the event related
potentials registration is widely used.

The potential associated with the event [Event-
Related Potential, ERP] is the measured response
of the brain, which is the direct result of specific
sensory, motor or cognitive events. ERP is any
stereotyped cerebral electrophysiological reaction
to a stimulus. This method of the brain research
provides a non-invasive assessment of its function-
ing. ERP is measured by using electroencephalog-
raphy (EEG) [1, 2].

ERPs have been used for decades to study per-
ception, cognition, emotion, both neurological
and psychiatric disorders as well as brain develop-
ment throughout the lifespan. ERPs waves have a
typical structure and consist of several peaks (so
called components) reflecting the specific neu-
rocognitive processes [ 1, 2]. The potentials related
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B’sI3aHi 3 MoJi€lo (TOOTO, peakili€lo Ha TTIeBHUI CTUMY),
€ BUKIMKaHUMM noTeHuianamu (BIT) [anri. — Evoked
Potentials, EP]. ExsiBasenTHe 3actocyBaHHsS 1o ERP
marHitoeHuedanorpadii (MEI) € nosne, 110 mos’si3aHe 3
nogniero [aHria. — Event-Related Field, ERF]. ITomupena
Ha npakTuli Kiacudikauis EP HaBeneHa B Tabauii 1.

Ta6nuusa 1
Knacudikauis Buknukanumx novenuianie (EP).

Table 1
Evoked potentials (EP) classification.

to the event (i.e. the reaction to a stimulus) is
evoked potentials (EP) [Evoked Potentials, EP].
Equivalent application of the magnetoencepha-
lography (MEG) to the ERP is a field that is relat-
ed to an event [Event-Related Field, ERF]. A
widespread EP classification is given in Table 1.

CencopHi Bl / Sensory EP

Boposuii ananizarop/ Visual analyzer

3oposi / Visual EP [VEP]

CnyxoBuii ananizarop / Auditory analyzer

Cnyxosi / Auditory EP [AEP]
CroB6yposi aynuTopHi / Brainstem Auditory EP [BAEP]

ComaroceHcopHuii aHanizatop / Somatosensory analyzer

ComartoceHcopHi / Somato-sensory EP [SSEP]
JlasepHi comatoceHcopHi / Laser SSEP [LSSEP]

KornitueHi BI/ Cognitive EP

BI, wo noB’a3aHi 3 nogieto / Event-related potentials (ERP)

KornitueHi / Cognitive EP [CEP]

MortopHi / Motor EP [MEP]

BectubynspHi / Vestibular EP [VestEP]

LLkipHi cumnaTyni EP / Skin Sympathetic Response [SSR]

V cyuacHiii nitepatypi ERP po3risigaloTs 5K CHHOHIM
EP Ha ceHCOpHi, KOTHITUBHI i MOTOPHi CTUMYJIX, TOOTO
00’ennyiots EP mig tepminom «ERP» [1, 2]. BonHouac,
ERP i BBaxkaiote okpemum Buaom EP Ha eHmoreHHi
(KOTHITUBHI) MOAii, MOB’d3aHi 3 OYiKyBaHHSIM, PO3-
Mi3HaBaHHSM, MPUUHSATTIM pillIeHHs Ta iHilialie py-
XxoBoi Bignosini. TooTo, BimokpeMitooTh ceHcopHi EP Ta
korHituBHi EP a6o ERP [3—6].

XBuisg P300 (P3) € kommonentom ERP, Bukimka-
HUM B npoueci npuiHATTS pimeHHs. P300 BBaxaeTb-
cs1 eHAOTEHHMUM MOTeHIIiaJIOM, OCKIJIbKU MOTO BUHUK-
HEHHS{ TIOB’si3aHe He 3 (Pi3MYHUMU XapaKTepUCTUKA-
MU CTUMYJY, a 3 peakli€ JIoAuHU Ha Hboro. P300
Ma€e TUMOBY Tomnorpadilo po3noaijly mo NoBepXHi ro-
JIOBU 3 TepeBaXaHHSIM Yy TiM SHO-II€HTPaIbHUX
Bimainax.

P300 BigoOpaxkye mpoliecu, OB’ s13aHi 3 OLIiHKOIO CTH-
Myay abo Karteropusaliili Ta OHOBJIEHHSIM poOOYOi
nam’saTi. 3a3BUyail, 1efi KOMIIOHEHT BUKJIMKAETHCS 3a
JIOTIOMOTOI0 TTapagurMu BUIAAKOBO BMHUKAIOUOI TOMIil
[anr. — oddball paradigm], B sIKiii MaJIOMOBipHi LIiJTb-
OBi €JIeMEHTU 3MIllyIOTbCSI 3 BUCOKOWMOBIpHUMM
HeUiTboBUMHU (200 «CTaHIAPTHUMMW») eJIeMEHTaMM.
P300 mpu EETI'-3anmucy peecTpyeTbcsl K TO3UTUBHE
BiIXWUJIEHHS HAPYTH 3 JaTeHTHUM Tiepiogom (JIIT) (3at-
pUMKa MiX CTUMYJIOM i peakuiero) 250—500 mc [7, 8].

In modern literature ERP is considered as a syn-
onym for EP to sensory, cognitive and motor stimuli,
therefore, combining EP into the term «ERP» [1, 2].
At the same time, ERP is assumed to be a separate
type of EP to endogenous (cognitive) events relating
to expectations, recognition, decision making and
motor response initiating. That is, the sensory EP
and cognitive EP or ERP are distinguished [3—6].

P300 (P3) wave is a component of ERP caused
by the process of decision making. P300 is consid-
ered to be an endogenous potential because its
occurrence is associated not with the physical
characteristics of the stimulus, but with the human
response to it. P300 has a typical topographic dis-
tribution on the surface of the head with a pre-
dominance in the parietal-central parts.

P300 reflects the processes related to either the
assessment or the categorization of an incentive and
the working memory updating. Typically, this com-
ponent is caused using the accidentally occuring
event paradigm [oddball paradigm], in which un-
likely target elements are mixed with high probabili-
ty non-target (or «standard») elements. P300 is re-
corded during EEG registration as a positive voltage
deflection with the latent period (LP) (delay be-
tween stimulus and response) of 250—500 ms [7, 8].
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REVIEWS

IcTopis nuTanHs

VY 1935—1936 pokax Pauline Ta Hallowell Davis (CIIA)
3apeectpyBaiu nepiuri Bimomi ERPs (Ha akycTuuHi cTH-
MYJIN) i X pe3yabraTy Oyau oImy0JIiKoBaHi KiJibKa pOKiB
o Tomy, B 1939 poui [9]. ¥V 1964 poui nociaigKeHHIMU
Grey Walter i cmiBaBTOpiB Mouajacsl cydacHa emnoxa
BiIKpUTTiB KoMIoHeHTiB ERP, Koy BoHU MoBigoMuIn
Mpo TIepLIMii KOTHITMBHUII KomMmnoHeHT ERP, gxuit
BOHM Ha3BaJlM «yMOBHOIO HETaTMBHOIO Bapialli€io»
[anrn. — Contingent Negative Variation, CNV] [10]. S.
Sutton y 1965 poui Binkpus KomroHeHT ERP P300 (P3)
[11]. Hamani pocnimxenHss ERP craroTh Bce OinblI 1M0-
nyasspHuMu. Y 1980-Ti poku BOpOBaIKEHHS HEAOPOTUX
KOMIT'IOTepiB BiIKPUJIO HOBi LUISIXU JJIsI HOCHiAXEHDb Y
KOTHITUBHMX HelipoHayKax. IHTepec 1o BuBueHHs1 ERP
MOCTIHO 3pOCTaB MPOTSATOM OCTaHHIX POKiB. Pee-
crpauis ERP 3anuinaetrscs HallOiIbIn MepeaoBoO0 TeX-
HOJIOTi€I0 MCUXO0()i3i0JOTiYHUX AOCHiAXEeHb CEHCOp-
HMX, KOTHITUBHUX i MOTOpHUX Ttoaili. TexHosorisst ERP
3icTaBHA 3 (PYHKIIIOHAJTBHOIO MAarHiTHO-pPe30HAHCHOIO
toMorpadieto [aHri. — Functional Magnetic Resonance
Imaging, fMRI]. B manuit vac ERP € omHum 3 Haii-
O0ifbll IIMPOKO BUKOPUCTOBYBAHUX METOMAIB y KO-
THITUBHUX HeWpoHayKax ajJs BUBYEHHs Qi3iono-
TiYHUX KOpPEJISITIB CEHCOPHOI, MEepLEeNnTUBHOI i KOT-
HITUBHOI AisIBHOCTI, MOB’sI3aHO1 3 00p0o0OKOI0 iHGOP-
mamii [1, 2, 12].

BukiukaHi noTeHiaam roloBHOr0 MO3KY
Ta iOHi3yI0ua pagiamis
BcraHoBiieHO Haa3BMYaliHO BUCOKY YYTJIMBICTH Liepe0-
paJIbHOI €JIEKTPUYHOI aKTUBHOCTI J0 il i0Hi3yI0uOoi pafi-
auii [13, 14]. Tepiui ormy6ikoBaHi JOCTiIKEHHST BUKJTUKA-
HOI LiepeOpabHOiI aKTUBHOCTI T'OJOBHOIO MO3KY MHCIIS
BIUIMBY i0HI3yI0UOTO BUITPOMIHIOBaHHS (Ha KpOJISIX) OyiIn
3po0JieHi SMOHChbKUMM AocainHuKamu T. Minamizawa, T.
Tsuchiya ta H. Eto y 1967 pori. Bonn BuBumwIm eekT
BIUIMBY PEHITEHIBCHKOTO BUITPOMIHIOBAHHSI Ha TilTOKaM-
MaJbHy akTWBHICTH [15]. OmHak, y BimmameHWiA mepion
ITicJI OMPOMiHEHHST TOJIOBHOTO MO3KY KpoJtiB y mo3ax 100
P ta 300 P paniauiiinux eexrtis 3a normomoroto EP Ha ¢o-
TOCTUMYJIH SITIOHCHKI TOCIITHUKY He 3Hainum [16, 17].
Han3BnyaitHo mikaBuMM € pe3yabTaTi ITIcnxodiziosoriy-
HUX JOCTimkeHb 3 BukopuctaHHsIM VEP B I3painbcbkiit
KOTopTi 0Ci0, SIKi B AMTSIYOMY Billi OTPUMAJIM PaioTEPATTiIO
3 MpUBOaY tinea capitis (1031 Ha rOJOBHUI MO30K 10
1,4 Ip). Bxe Hanpukinii 70-X pokiB MUHYJIOTO cTOpiuys 1.
Yaar Ta ciiBaBTOpu 3a noromoro VEP BusiBuu Binctpo-
YeHe NopylIeHHS (byHKITIOHYBaHHS TOJIOBHOTO MO3KY, T1e-
peBaxKHO JiBOI reMicchepy BHACHIIAOK BIUTMBY MaJIMX A03
PEHTTeHiBCHKOTO BUTTpOMiHIOBaHHA [ 18, 19].

Background

As early as 1935—1936 Pauline and Hallowell
Davis (USA) registered the first known ERPs (to
acoustic stimuli) and their results were published a
few years later, in 1939 [9]. In 1964 the researches
of Grey Walter and his co-authors opened up the
modern era of ERP components discovery when
they reported the first cognitive component of
ERP which was called «contingent negative varia-
tion» (Contingent Negative Variation, CNV) [10].
In 1965 S. Sutton discovered P300 (P3) compo-
nent of ERP [11]. Further investigations of ERP
were growing more popular. In 1980s the promot-
ing of inexpensive computers opened up fresh
opportunities for researches in cognitive neuro-
science. The amount of studies of ERP has dra-
matically increased recent years. ERP registration
remains the most advanced technology for physio-
logical studies of sensory, cognitive and motor
events. ERP technology is comparable with func-
tional magnetic resonance imaging [Functional
Magnetic Resonance Imaging, fMRI]. Currently,
ERP is one of the most widely used techniques in
cognitive neuroscience for exploring of physiolog-
ical correlates of sensory, perceptual and cognitive
activities associated with the information process-
ing [1, 2, 12].

Brain evoked potential and ionizing

radiation

Cerebral electrical activity is extremely sensi-
tive to ionizing radiation [13, 14]. The first
published study of induced cerebral brain
activity after ionizing radiation exposure (in
rabbits) was performed in 1967 by Japanese
researchers T. Minamizawa, T. Tsuchiya and H.
Eto who explored the X-rays effects on hip-
pocampus activity [15]. However, in the remote
period after radiation exposure of rabbits’
brains at doses of 100 R and 300 R Japanese
researchers found no radiation effects using
fotostimuli EP [16, 17].

The results of physiological studies using VEP on
Israeli cohort of persons received radiotherapy on
tinea capitis (doses on brain up to 1.4 Gy) in their
childhood are extremely interesting. At the end of
the 70" I. Yaar et al. revealed a remote brain dys-
function using VEP, primarily in the left hemi-
sphere, due to the influence of low doses of X-rays
[18, 19].
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HayxkoBuii iHTepec mo pafmiattiitnux 3MiH EP npamMatinaHo
3pic miciist YopHOOUIbCHKOI KatacTpodu. BusiBiaeHo, 110
HaBiTb OJMHWYHI iMIYJIbCU PEHTTEHIBCHKOTO BUIIPOMi-
HIOBaHHS (ITOTYKHICTb J03H B iMITysibei — 1,7 - 10° Ip - ¢,
nomMHyTa A03a 3a 1 ekcnozuitito — 0,1 MIp) BUKIMKAIOTH
iCTOTHI 3MiHM 0i0€JIEKTPUYHOI aKTMBHOCTI TOJIOBHOTO
Mo3Ky [20, 21]. ®akTnuHO, OYJI0 BHEPIIE 3apPEECTPOBAHO
pamiauiiiHi EP ronosHoro mo3ky [22].

Ilepini gociigXeHHST CIMOHTAHHOI i BUKJIMKAHOI aK-
TMBHOCTI TOJIOBHOT'O MO3KY IiCJISl OIIPOMiHEHHS BHACITi-
mok apapii Ha YopHoOunbcekiit AEC (HAEC) Oynu
3pobsieHi y Bcecoio3dHoMy HayKoBOMY LIEHTpi pafia-
nirtHoi Menuiiau AMH CPCP (3apa3 — [lepkaBHa yc-
TaHoBa «HauioHanbHMIA HAyKOBUI LIEHTP padialliiiHOl
memuuan HAMH VYxkpainw») ta [HcTuTyTi Giodiznku
MO3 CPCP (3apa3 — J[ep:xaBHUII HAyKOBUH LIEHTP
Pociiicekoi @Denepatii PepepanbHa aepKaBHA OIOIKET-
Ha yctaHoBa «®enepajlbHUI MEINYHUI O0iopi3nmuHUI
neHTp imMeHi A. 1. bypHazsana»).

Onpa3y miciasi TrocTpoi IIpOMeHEeBOi XBOpoOu
(I'TTX) cmoctepiranu 3mMiHu ycix koMmmoHeHTiB AEP
i VEP y Burasgai 3HuXeHHs aMIUTITYIW i MOTOBXEH-
Hsa JIII. BupaxeHicts 3MiH AEP 3poctana mpo-
nopuinHo mo ctyrneHs TskkocTi ['TIX i cBimumnaa mpo
MNOPYLIEHHSI Ha TMpPOTI3i BChOro CTOBOYpa MO3KY.
ITpu TI'TIX nerkoro cTymneHsi OyaM O3HAKU ipUTallil
CTOBOYPOBUX CTPYKTYpP, a NPU MOMIpHIN i TSXKKIil
I'TTX — 3pocTraroue mpUTrHideHHS i1 GYHKIiIOHAABHOL
akKTUBHOCTI. 3HMXeHa ammiiTyna VEP He mana 4iT-
Koi 3ajexHocTi Big ctyneHs Tsxkkocti I'TTX. Yepes
1—1,5 poky micist onpomiHeHHs1 3MiHu EP 36eper-
JIMcs, aje OyJio MPOCTEXEHO TeHACHIIiI0 10 iX HOp-
Manizauii [23].

OgnHnak, y Binganenuit nepioa I'TIX Haii mocaimkeHHS
BUSIBUJIM CTiliKi Ta BUpaXKeHi 10303aJ1eXXHi TTOPYLLIEHHS
BUKJIMKAHOI liepeOpanlbHOi aKTUMBHOCTI 3a JaHUMU
SSEP, VEP, AEP i BAEP, ski xapakTepu3yBaaucs acu-
METPUYHICTIO, nedopMalliel0 KOMIIOHEHTIB Ta MOpY-
LIEHHSIM aMIUIiTygHO-4acoBux mapametpiB. Tak, JIIT
SSEP B mpoekiiliHiit i acouiaTUBHUX IiJITHKAX TOJIOB-
HOT'0 MO3KY OyJIM 30i/blleHi, a aMIUTITyAu — 3MEHILIEHi,
npuyomy JIIT xommoneHTa P300 306inblnyBaBcs, a
aMILIiTya — 3MeHIIyBajlacsl IpONOPLiliHO 10 03U OIl-
pomiHeHHs. Takoxk 3apeecTpoBaHe 30iJbIIEHHS aM-
maityan komroHeHTa N145. byau BusBieHi cre-
mM@piyHi MposiBU TOPYLIEeHb COMAaTO-CEHCOPHOI ade-
peHTaLii Iicass ONpOMiHEHHS: MaKCUMaJlbHI 3HAYEHHSI
aMIutiTyau i miniManbHi — JITT Oynu He B TpoeKuiiHii
JiISHL, a B acouiaTuBHUX. Y BigganeHuit nepion I'TIX
OyJIM 3apeecTpoBaHi MATOJIOTiYHI 3MiHU y MepemHiX
Bigginax JsiBoi, JOMiHAHTHOI, IiBKyJi, NPUYOMY akK-

The scientific interest in the EP radiation alter-
ations significantly increased after the Chornobyl
disaster. It was shown that even a single X-ray
pulses (pulse dose — 1,7 - 10° Gy - s, absorbed
dose per one exposure — 0.1 mGy) cause signifi-
cant changes in brain bioelectrical activity [20,
21]. In fact, it was the first recorded radiation EP
of brain [22].

The first researches of spontaneous and induced
brain activity after exposure due to the Chornobyl
Nuclear Power Plant (CNPP) accident were per-
formed at the All-Union Scientific Center for Radia-
tion Medicine of Academy of Medical Sciences (now
State Institution «National Research Center for Ra-
diation Medicine AMS of Ukraine») and the Institute
of Biophysics of the Ministry of Public Health (now
State scientific center of the Russian Federation
Federal State budget institution «Federal medical bio-
physical center named after Al Burnazyana»).

Immediately following the acute radiation syn-
drome (ARS) the changes of all AEP and VEP com-
ponents in the form of lower amplitude and LP
lengthening were observed. The severity of AEP
changes increased in proportion to the ARS severity
degree and indicated the disturbance throughout the
brain stem. There were signs of stem structures irri-
tation at the mild severity ARS whereas growing sup-
pression of their functional activity at the moderate
and severe ARS. There was no direct relationship
between the reduced VEP amplitude and the ARS
severity degree. After 1—1.5 years following radiation
exposure EP changes were still retained, but the ten-
dency to their normalization was traced [23].

However, in the remote period of ARS our studies
found persistent and pronounced dose-dependent
disruption of induced cerebral activity according to
the SSEP, VEP, AEP and BAEP data, which were
characterized by asymmetry, deformation of compo-
nents and violation of their amplitude-time parame-
ters. Thus, SSEP LPs in the brain projection and
associative areas were increased and the amplitudes
were reduced, with the LP of P300 component
increased and its amplitude reduced in proportion to
the exposure dose. An increase in the N145 compo-
nent amplitude was registered as well. Specific man-
ifestations of somato-sensory afferentiation viola-
tions after exposure were detected; maximum ampli-
tude and minimum LP values were not in the projec-
tion area, but in the associative ones. In the remote
period of ARS pathological changes in the anterior
parts of left, dominant hemisphere were discovered,
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TUBHICTh CHeUM@iYHOro BiIIiJly COMaTO-CEHCOPHOI
adepeHTHOI cUCTeMU (JIEMHICKOBA CUCTeMa) OyJia 3HMKe-
Ha, a Heclen(iyHoro (eKCTpaJeMHICKOBA CHCTeMa) —
MaToJOTiYHO MiABMILNEHA, W10 CBiZYUTH TIPO AUC-
(byHKIIiI0 KOPTUKO-JIMOUKO-PETUKYISIPHOTO KOMII-
JIEKCY 3 TOpPYUIEHHSIM LepeOpaJbHUX «CEHCOPHUX
BOpiT». BcTaHOBIEHO 301IbILIEHHS aMILIITYAU Ta CKOPO-
yeHHs JIIT kommonenTiB VEP Ha obepTaHHS 111aX0BOTO
natepHy P100 i N145 ta 36insmenns JIIT P300, nio
BigOMBae ipuTallilo acoUiaTUBHUX i CreUM@piYHUX Ta-
JIJaMiYyHUX sigep Ta OucPyHKUio cTpiapHux saep. Lle
CBiIYMTH PO MOPYIICHHS LIEHTPATbHUX MEXaHi3MiB 30-
poBOi aepeHTHOI CUCTEMM i KOPKOBO-IiIKOPKOBMX
npoleciB 00poOKu 30poBoi iH(popMallii, a TaKOX IIPo
MaToJIoTiio AieHIedaaTbHO-TIMOIYHUX CTPYKTYp. Bm3-
HayeHo 3HIMXKEHHS aMILTITY yciX KoMIoHeHTiB BAEP,
30inbiueHHsT JITT Ta momoBXKeHHSI MiXITiKOBUX iHTep-
BaniB I-III, I-V rta III-V. BcraHoBiaeHuit mnpsamuit
3B’SI30K MIXK aMILTITyI0I0 MMi3HiX KoMIToHeHTiB BAEP i
MOTJIMHYTOIO 103010 omnpoMiHeHHs mis VI (TamamiyHO-
ro) (r=0,47) ta VII (tanamo-koptukaiabHoro) (r =0,82)
KOMIIOHEHTIB [24—38].

VY BinpaneHuit nepion micisl ONIPOMiHEHHS y Jiara3oHi
MajIuX 103 Hamu OyJiI0 BUSIBJIEHO I0303aJlexKHE I10pY-
IIeHHsT iHQOpMaLifHUX IMPOIIECiB TOJOBHOITO MO3KY B
y4acHUKIB JjikBimauii HachigkiB aBapii (YJIHA) Ha
YAEC, Bximouaoun mnepcoHasnl YopHOOMILCHKOI 30HU
BimuyxeHHs1, Ha mincTtaBi aHanizy SSEP, VEP, BAEP i
AEP. SSEP BigpizHsuiucsa TomorpadiyHUMM aHO-
MaJlissMM y JIiBilf CKpPOHEBO-TiM’SIHilA AiISIHLII: 30iAbIIEeH-
HsIM KoHTpajarepaibHux JIIT i 3MeHIlIeHHSIM KOHTpaJia-
TepaJIbHUX aMILIITyl TaJaMOKOPTUKAJbHOIO KOMIIO-
HeHTa N20 i KopTrkaibHOoro P25 3anexxHo Bim 1031 OI1-
poMmiHeHHs. Tob6To, ui 3miHu SSEP BigoOpaxyloTb
pamiaifHO-iHAYKOBAaHY  OMCHYHKIIIO  KOPTUKO-
JIIMOIYHUX CTPYKTYP JiBOI, JOMiHAHTHOI, MiBKyi. Bera-
HoBJeHO cKopodyeHHs JIIT xommoneHtiB P100 i N145
VEP Tta 36inb1ueHHss — P200 npu 36ii1blIeHHI aMIUTiTy U
N145. Ueit natepa VEP B YJIHA na YAEC cBiguuB npo
ipuTalio JiMOIYHUX CTPYKTYp 3 MOPYIIEHHSIM LIEHT-
paJbHUX MeEXaHi3MiB 30pOBOI ahepeHTHOI CUCTEeMU i
KOPKOBO-TiIKOPKOBUX MpPOLECiB 0OPOOKM 30pOBOIL
iHpopmMmarii. B YJIHA BusBieHO 3HMKEHHST aMIUTITYIH,
30ibIIEHHST aCUMETpii Ta BiACYTHICTh a00 nedopmarlist
ocHOBHMX KoMnoHeHTiB BAEP, 36inbienns JIIT i mo-
TOBXEHHS MixnikoBux iHTepBadiB I-V Ta III-V, 1o
CBIIUMIJIO MPO MOPYLIEHHS IPOLECiB 00poOKM CeHCOp-
Hoi iHdopMallii Ha cTOBOYpoBOMY piBHi [24—29, 39—42,
31, 33-35, 38, 43—47]. Y nepconany YopHOOMILCHKOT
30HM BiguyxkeHHs1 i YJIHA na HAEC 0Oyi10 BUSIBJIEHO
3oinpirenns JIIT ta asmenmenHsa amrutityau SSR [48].

at that the activity in a specific part of somato-senso-
ry afferent system (lemniscus system) was reduced
and abnormally increased in a nonspecific part
(extralemniscus system) indicating a dysfunction of
the cortex-limbic-reticular complex along with the
disturbance of cerebral «sensory gates.» The ampli-
tude increase and the LP reduction of P100 and
N145 components as well as increased LP of P300
component of VEP on rotation chess pattern were
determined that are representative of associative and
specific thalamic nuclei irritation together with stria-
tum nuclei dysfunction. This fact testifies a disrup-
tion of the central mechanisms of afferent visual sys-
tem and cortico-subcortical processing of visual
information as well as the pathology of diencephalic-
limbic structures. Amplitude decrease of all BAEP
components, LP increase and the extending of the
intervals between peak I—III, I-V and III-V were
defined. A direct relationship between BAEP late
components amplitude and absorbed dose was estab-
lished in relation to VI (thalamic) (r = 0,47) and VII
(thalamo-cortical) (r = 0,82) components [24—38].
In the remote period after radiation exposure in a
low doses range we found a dose-dependent impair-
ment of the brain information processes in the
clean-up workers including the Chornobyl exclusion
zone staff based on the SSEP, VEP, BAEP and AEP
data analysis. SSEP were characterized by topo-
graphic abnormalities in the left temporo-parietal
area, increase of contralateral LP as well as reduced
amplitudes of the contralateral thalamo-cortical
N20 and cortical P25 components depending on the
exposure dose. By this means the SSEP changes
reflect radiation-induced dysfunction of the cortico-
limbic structures of the left dominant hemisphere.
Reduction of LP P100 and N145 VEP components
as well as P200 component with increasing ampli-
tude of N145 had been established. This VEP pat-
tern in the clean-up workers pointed to the limbic
structures irritation along with the impairment of the
afferent visual system central mechanisms as well as
cortico-subcortical visual information processing.
Amplitude reduction, asymmetry increasing,
absence or deformation of the major BAEP compo-
nents, LP increasing and the lengthening of
interpeak intervals I-V and III-V were revealed in
liquidators indicating disturbance of sensory infor-
mation processing on stem level [24—29, 31, 33—35,
39—42, 38, 43—47]. In the Chornobyl exclusion
zone staff and clean up workers LP increase and
amplitude decrease of SSR were found [48].
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BHacinok npeHaTaabHOTO OMIPOMIHEHHS B pe3yJIbTaTi
aBapii Ha YAEC BugBieHi cyrteBi nopyiueHHs VEP Ha
00epTaHHSI IIaXOBOTO ITaTepHY Ta BIIEPIIIE OIMMCAHO Ia-
TOJIOTIYHUI «BePTeKC-MOTEeHIlial» — BUCOKOAMILTITY/I-
Huii (mo 30,7 MxB) nBodaznuii noteHiian 3 JITT komrio-
HeHTiB P100 42—152 mc, N145 — 75-245 mc, P200 —
115—-302 Mc, gKuil peecTpyBaJv y ILEHTPAJTbHOMY
TiMm’siHOMY BigBeneHHi (Pz). KniniyHumu ekBiBajieHTa-
MU TIaTOJIOTIYHOTO «BePTEeKC-MOTEeHIliaTy» Oyau MapoK-
cU3MaJlbHi (emienTugOpMHi) CTaHU, TOMY OOIPYHTOBA-
HO BBaXKaTH LIeH MOTEeH1Iiajl 03HAKOM0 ipUTalLlii JiMOiYHO1
cuctemu. Jpyrow xapakTepHoio ocobnuBicTio VEP
BHYTPIIIIHHOYTPOOHO OMPOMiHEHUX MiTeil Oyja MixXITiB-
KyJIbHa iHBepcCisi MaKCUMyMy OOpOOKM 30poBOi iH(hOp-
Mallii 3 HeoMiHAHTHOI (TTpaBoi) MiBKYJIi, SIK B HOPMi, IO
JIoOMiHaHTHOI (J1iBoi) miBKyJi [49—51]. ¥ mpeHaTajbHO
OIPOMiHEHUX 0Ci0 B pe3y/bTaTi perIaMeHTHUX CKUIiB B
p. Teua BigxomiB siAepHOro BUPOOHMIITBA HA BUPOOHU-
qoMYy ImianpueMcTBi «Mask» y M. Yensaoincek-40 (3apa3
M. Ozepck) Ha IliBmennomy ¥Ypani (CPCP, Pocis) i
pagianiiiHux iHUMAeHTIB 3 1949 mo 1956 pik Tta
paniauiitHol «KuimTumcbKoi» aBapii 29 BepecHs 1957
POKY BUSIBJI€HI MOMipHiI MOpYILIEHHSI KOTHITUBHUX
(yHKIII, 3HMXEHHS BepOalbHOTO iHTENEKTY, HHUC-
(byHKIIIS MIAKOPKOBUX CTPYKTYP i 3MiHU aMILIITYAHO-
yacoBux xapakTepuctuk kommnoHeHTa P300 EP rojos-
HOTO MO3KY [52].

B YJIHA na YAEC takox Oyau BUSIBJIEHI TTOPYIIEH-
Hs EP y BUIIS1Ii 3MEHIIEHHST aMILTITYAM i 301IbLIeHHS
JIIT BAEP, SSEP, VEP ni3HiX KOPTUKAIbHUX KOMIIO-
HeHTtiB N200, P300, N400, 1o nmos’s3ajiu He JIMILE 3
OMpPOMiHEHHSIM, ajie 1 3 O0araTo(akKTOPHUM ypaxkeH-
HSIM TOJIJOBHOT'O MO3KY, MepeayciM, LiepedpoBacKyIsip-
HUM [53].

[Ticnsg ompominenHs y 50,4 % BUITagKiB 3a JaHUMU
AEP BusBneHa auc@yHKIlisI CEHCOPHO-iHTErpaTUBHUX
CHUCTEM CTOBOYpY roJioBHOro Mo3Ky. [IpeBaioroTs mopy-
ILIEHHS Ha TTOHTOMe3eHLedalbHOMY i Me3eHLehaTbHO-
MY pIiBHSX, O € MOP(POPYHKIIIOHATHEHOIO ITiICTaBOIO
JIJIsI TOPYLIeHb BereTaTUBHOI perysiii [54]. 3a normoMo-
roio VEP y 65 % omnpoMiHeHUX BHACIiZOK aBapii Ha
YAEC oci0 BUsIBIEHI NMATOJOrIYHI 3MiHU 3 MEPEeBaroro
MopyllieHb Ha piBHiI HepBOBOro anapaty oka (54,5 % Bu-
naakiB) [55]. 3anuimaroTbes 3MiHEHUMHU aMILTITYIHO-
yacoBi mapametrpu SSEP y BimmaneHuii mepiom Tmiciis
BIUIMBY MaJIMX J03 iOHi3ylOUOro BMITPOMiHIOBaHHS
BHacaigok aBapii Ha YAEC [56].

Cnig nminkpecautu, mo B YJIHA na HAEC Bus-
BUJIW 3MEHIINEHHS aMIUIiTyau i 36inbmeHHs JITT
OCHOBHHUX KOMIIOHEHTiB, iX acuMeTpilo Ta 30i1b-
mIeHHS MixImikoBux iHnTtepBaniB [—V i I[II-V BAEP

Due to the prenatal exposure resulting from the
Chornobyl accident serious violations of the VEP to
chess pattern rotation had been found and the
pathological «Vertex potential» was first described as
the high-amplitude (up to 30.7 mV) biphasic poten-
tial with P100 component LP of 42—152 ms, N145
of 75-245 ms, P200 of 115—302 ms which was
recorded over the central parietal lead (Pz).
Paroxysmal (epileptiform) states were the clinical
equivalents of the pathological»Vertex-potential»
therefore it is reasonably to assume this potential to
be the sign of the limbic system irritation. The sec-
ond characteristic property of the VEP in children
exposed in utero was interhemispheric inversion of
visual information processing from the subdomi-
nant (right) hemisphere, as normal, to the domi-
nant (left) hemisphere [49—51]. In the prenatally
exposed persons due to the routine emissions of
nuclear waste into Techa river at the manufacturing
plant «Mayak» in Chelyabinsk-40 (currently Ozersk
city) in the Southern Urals (Soviet Russia) and the
radiation incidents from 1949 to 1956 as well as
radiation «Kyshtym» accident on September 29,
1957 moderate impairment of cognitive functions,
reduced verbal intelligence, subcortical structures
dysfunction and amplitude-time changes of the EP
brain P300 component were found [52].

In the clean-up workers EP abnormalities in
terms of the amplitude decrease and LP increase
of the later cortical components N200, P300,
N400 of BAEP, SSEP, VEP were also found which
was associated not only with exposure, but also
with multifactorial brain damage, primarily cere-
brovascular, as well [53].

After exposure in 50.4 % of cases the dysfunction of
the brain stem sensory-integrative systems has been
detected on evidence derived from AEP. Distur-
bances at pontomesencephalic and mesencephalic
levels are prevailed which is the morphofunctional
basis for autonomic regulation disorders [54] In 65 %
of persons exposed due to the Chornobyl accident
abnormalities characterized by predominance
dirorders at the level of the nervous apparatus system
of the eye (54.5 % of cases) were revealed using VEP
[55]. SSEP amplitude-time parameters in the remote
period after exposure to low doses of ionizing radia-
tion due to the Chornobyl accident remain [56].

It should be emphasized that in the clean-up
workers the amplitude decrease as well as the LP
increase of the major components, their asymme-
try and increase of interpeak intervals I-V and
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[32, 57-58], mpuyomy Oyjaa BCTaHOBJieHa 3a-
JIeXHicTh cTyneHs nopyumeHb BAEP Big no3u on-
pominenHda [32]. Kpim Toro, micasg onpoMiHeHHS
BAEP 6ynu mopyuieHi Oinbiine, HiXX Micas BIJIUBY
mymy [59].

B YVJIHA na HAEC Bu3zHaueHo 36iibiueHHs JITT koM-
noHeHTiB P1, N2 i P2 VestEP [60—63] Ta mopyiieHHs
LIEHTpaJbHOI YaCTMHHU CJIyXOBOI'O aHaJli3aTopa 3a JaHU-
mu AEP y 3B’513Ky 3 11epeOpOBacKYJISIpPHUMU pO3agaMUu
[64—68].

B pesyabraTri KOMIJIEKCHOIO HEHPONCUXOJOTiYHOTO
JOCIIiIKeHHS i peecTpallii KorHiTUBHUX cliyxoBux ERP 3
BUKOPHUCTAHHSIM TPUCTUMYJIbHOI «oddball» mapagurmMu
B YJIHA Ha YAEC BugBI€HO NOPYIIEHHS BUIIKUX
MCUXiYHUX (PYHKIH (aCOHTaHHICTh, CTOMJIIOBAHICTD,
3HMKEHHST CJIyXOBO-BepOaJbHOI i Bi3yaJbHOI Tam’sTi,
BUIIMX pyxoBux ¢yHKILil) i 3Minu ERP. B YJIHA BcTa-
HOBJIEHO 3MEHIUEHHS aMILIITyIu BCiX KOMIIOHEHTiB
ERP (N1, N2 i P3); ckopouennus JII1 kommonenTiB N1 i
N2 ta nogoBxeHHs P3. Hai6inbui BigminHocTi JITT Oy-
JIU BUSIBIIEHI B JOOHMX minsgHKax misd N1 i P3 y miBiit
niBKyai Ta a1 N2 — y npasiit. JIIT komnoHenta N1 B
VJIIHA MawoTh MakcuMalibHi BiAMiHHOCTI B JIOOHil
JIJISTHII JTiBOi TMiBKyJi. BusiBlIeHO 3MeHIIIeHHST aMILTiTy-
nu P300 y Bcix missHKax rojloBHOro Mo3ky. HaiiGinbui
BinxuneHHs y JIIT kommonenta P300 B VJIHA 3a-
peeCTpoBaHi TexX B JJOOHIM OUISIHLI JIiBOI MiBKYyJi. BeTa-
HOBJIEHO YITOBiJIbHEHHSI CIIPUMHATTS, 00POOKM i aHai3y
iH(opMallii B moeAHaHHI 3 OCa0JIeHUM raJTbMyBaHHSIM i
«HEeKOHOMIYHMM» TUIIOM PEaKTUBHOCTI, sIKa Ipu3Besia
JI0 MOpYLIeHHSI BUINMX NcuxiuyHux (QyHKUiK B YIIHA,
XapaKTepHUX M1 OcCiO OiJblI IMOXUJOTO BiKYy, IO
MiATPUMYE TIMOTE3Y IIOJ0 MPUCKOPEHOTO CTapiHHS TO-
JIOBHOTO MO3KY BHACJiIOK Aii MaJlux 103 ioHi3yrouoi
pamianii [69—71]. BonHoyac, Li DOCTIIKEHHSI HE Mau
JIO3UMETPUYHOIO CYIIPOBOIY.

ToOTO, WLiAKOM CAYIIHOI € Hallla TifnoTe3a 010
panianiiHoO-iHAYKOBaHOI AUCGYHKIII KOPTHUKaJIbHO-
JIIMOIYHOT CUCTEMM 3a paXyHOK MOPYIIEHHS TilloKaM-
MajJbHOrO HelporeHesly sK liepeOpaibHOTO 0a3ucy
MIiXTTiBKYJIbHOI aCUMETpil TOJIOBHOTO MO3KY i Helpo-
KOTHITMBHOTO AeMillMTY ITic/asl onpoMiHeHHs [72].

AMepUKaHCHKi i (iHCBHKiI JOCTITHUKM TIICIs pagioTe-
pamii paky y AATSYOMY Ta TIiIJIiTKOBOMY Billi BUSIBUJIN
30ibpIIeHHsT jaTeHTHUX mnepioAiB (JIIT) komroHeHTa
P300 ERP Ha cyxoBi ctumynu [73, 74]. BomHouac, iHImi
aBTopu cyrreBux 3MiH ERP, 3o0kpema kommornenTa P300,
micas pamioTeparii y JOPOCIOMY Billi He criocTepiraiun
[75—77]. 3MiHM BMKIMKAHOI 0iO€JIEKTPUUYHOI aKTUB-
HOCTi FOJIOBHOTO MO3KY JIIOAWHU TTiJl BILIMBOM iOHi3yl0-
4oi papiamnii y3araJbHeHi — Tabnui 2.

III-V of BAEP were found [32, 57-58], during
which there was the relationship between the
BAEP abnormalities degree and the exposure dose
[32]. Furthermore, after exposure BAEP were
affected more than after noise effect [59].

In the Chornobyl clean-up workers latent period
(LP) increase of components P1, N2 and P2
VestEP [60—63] as well as the central auditory ana-
lyzer impairment were determined by AEP data
owing to cerebrovascular disorders [64—68].

Higher mental functions impairment (aspontane-
ity, fatigue, auditory-verbal and visual memory as
well as higher motor functions deterioration) and
ERP changes were shown in the Chornobyl clean-up
workers as the result of the integrated neuropsycho-
logical research and auditory ERP registration using
three-stimulus «oddball» paradigm. Amplitude decay
of all ERP components (N1, N2 and P3); LP com-
ponents N1 and N2 decrement and P3 prolongation
were ascertained in the liquidators. The most LP dif-
ferences were found in the frontal areas for N1 and
P3 in the left hemisphere and for N2 in the right one.
In the liquidators LP of N1 component has maxi-
mum deviations in frontal left hemisphere. Lowering
P300 amplitude was found in all areas of the brain. In
the clean up workers the maximum deviation of the
P300 component LP was also registered in the frontal
area of the left hemisphere. Retardation of percep-
tion, information processing and analysis combined
with poor inhibition and «uneconomical» type of
reactivity were established which led to a higher men-
tal functions impairment in the clean-up workers
specific to those more elderly supporting the hypoth-
esis on accelerated brain aging as a result of low doses
of ionizing radiation effect [69—71]. However, these
studies did not have dosimetry support.

That is, our hypothesis concerning radiation-
induced cortico-limbic system dysfunction due to
the hippocampal neurogenesis impairment as a
basis of interhemispheric asymmetry of the brain
and neurocognitive deficit after irradiation is most
likely reasonable [72].

American and Finnish researchers found lengthen-
ing of latent period (LP) of ERP P300 component to
auditory stimuli after radiotherapy by reason of can-
cer in childhood and adolescence |73, 74]. However,
other authors did not find any significant ERP
changes including P300 component after radiothera-
py in adulthood [75—77]. Changes of the evoked bio-
electrical brain activity under the impact of ionizing
radiation in human are summarized in Table 2.
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REVIEWS

B excnepuMeHTaaIbHUX AOCHTIIXKEHHSIX 3a JOIOMOTOI0
BUKJIMKAHUX TIOJIiB TOKa3aHi e(peKTH OJTHOPA30BOI0O OIl-
POMiHEHHSI Y MaJIX A03aX MPOTOHHOIO BUITPOMiHIOBAHHSI
Yy BUIJISIAL 30iIBbIIEHHS CUHATITUYHOI 30YUTMBOCTI i 3MEH-
ILIEHHS CXWJIBHOCTI 10 eMiIeNTr(hOPMHOI aKTUBHOCTI [78].

TakuM 4YMHOM, AOCHIAXEHHS paaiolepedpaTbHUX
eeKTiB 3a JOMMOMOT0I0 BUKJIIMKAHUX TTOTEHIIIaliB i 1T0-
JIiB € aKkTyaJlbHUM Yy CydYacHUX panioOioJiorii, pamia-
LiMHiA MeIULIMHI i HelipoHayKax.

CyuacHi 3100yTKH pagianiiinoi

ncuxodisioJiorii

AHaJli3 BUKJIWKaHOI IliepeOpaibHOI aKTUBHOCTI €
HapiXKHUM KaMeHEM CcydyacHUX NcuxodiziosoriyHux
JocnaigxeHb. BiH 3acTOCOBYETbCSI 1Sl BU3HAYEHHS
0COOJIMBOCTE 0OPOOKM CEHCOPHUX CTUMYIIIB Y LIEHT-
panbHiii HepBoOBilt cuctemi [79]. Metoauka P300 moxe
OyTM BUKOpPHCTAHAa B KIiHIYHIM MpakTHUli 3 METOI0
OL[IHKM BUPaXXEHOCTI JeMEHI1Iiii pi3HOro reHe3y i paH-
HBOTO JTOKJIIHIYHOTO BUSIBJIEHHSI KOTHITUBHUX TOPY-
meHsb [3]. Bimomo, mo mapamerpu P300 € Takumm K
YYTJIMBUMU, K i OiABLIICTh CTAHAAPTHUX OiOMEAUYHUX
KJIIHIYHUX TECTiB, MOXYTb CIYXUTU MipO0 KOTHITUB-
HUX 3iI0OHOCTEN IJIs1 TPyI 3A0POBUX Ta XBOPUX OCi0, a
METOIMKA 3alMuCy € JOCTYNMHOK 1 €KOHOMiYHO
purigHoto [80].

BnacHi gocnigxXeHHSI OCTaHHIX POKIiB IiATBEpPAXKY-
IOTh BUCOKY iH(DOPMATUBHICTh KOTHITUBHUX BUKJINKA-
HUMX TIOTeHLiadiB sSK Mapkepa lLiepeOpalbHOI OUC-
(¢ yHKIIiT BHACTiIIOK BIUIMBY i0Hi3yl0UOTO BUIIPOMiHIO-
BaHHS. BusBieHo HOBMIT pagioliepeOpaabHU ePeKT y
HepeopalbHii ningHui BepHike 3 MOXIJIMBUM MOPOTOM
0,05 I'p 3araabHOTO ONPOMiIHEHHS: 3i 3pOCTAHHSAM J0-
31 OIIPOMIHEHHSI 3MEHIIYEThCS aMILTTyIa i 3pocTae
JIIT xoruitTuBHOTO KOMMoHeHTa P300, ocobanBo, mmpu
nozax > 0,3—0,5 Ip. Ilpu nozax > 0,5 Ip BUsABIEHO
(dyHkuionanpHuit 38’30k (r = 0,9; p = 0,027) 3
panianiitHoo po3oto [81] (puc. 1, 2). SIK BUAHO 3 puUC.
3, 3i 3poCTaHHSAM JO3M OIPOMIHEHHS 30iMbIITYETHCS
KUJIbKICTh MOMUJIOK Y MiApaxXyHKY «3HAUYILIUX» CIyXO-
BUX CUTHAJIiB, 0co0auBO, npu go3ax > 0,5 Ip.

3oHa BepHike — 1e 3aaHiil Biaail BEpXHbOI CKpPOHE-
BOI 3BUBUHU AOMiHAHTHOI [JIiBOT y HOpaBOpPYyKUX]
reMmicepu, 110 BiAMOBiTa€E 3a MEpBUHHY palliOHAJbHY
iHTerpalito ayiuTUBHUX iMITYJIbCIiB i B Hill BiTOyBalOTh-
cs MpoLeCcu PO3yMiHHA TouyToi MoBu. IIpryomy BBa-
KawThb, 110 30HU BepHike i bpoka cymicHO Biamosina-
I0Th SIK 3a PO3yMiHHS iH(poOpMallii, TaK i 3a BiATBOPEH-
HS MOBH.

Binomo, 1110 momkoaXXeHHs1 30HM bpoka Bene 10 1mo-
PYIIEHHST CIIPUMHSTTS MOBH, a ITOIIKOIXEHHSI 30HU

The experimental studies using event-related
fields showed the effects of single exposure to low
doses of proton radiation in the form of increased
synaptic excitability and reducing the tendency to
epileptiform activity [78].

Thus, the radiocerebral effects study using
evoked potentials and fields are important in mod-
ern radiobiology, radiation medicine and neuro-
science.

The current achievements of radiation
psychophysiology

The analysis of evoked cerebral activity is a cor-
nerstone of modern physchophysiological
research. It is used for determining features of
central processing of sensory stimuli [79]. The
P300 method can be applied in clinical practice
in order to evaluate the severity of dementias of
different origin and early pre-clinical detection
of cognitive disorders [3]. It is well-known that
the P300 parameters are as sensitive as most
common biomedical clinical tests, can serve for
cognitive skills measurement for groups of
healthy and sick persons while the recording
procedure is affordable and economically prof-
itable [80].

Our own recent studies confirm the high
informative value of cognitive evoked potentials as
a marker of cerebral dysfunction due to the ioniz-
ing radiation exposure. A new radiocerebral effect
in the cerebral Wernicke’s area with a possible
threshold of 0.05 Gy of total irradiation has been
discovered; with the radiation dose growth the
P300 cognitive component amplitude decreases
and its LP increases, especially at doses > 0.3—0.5
Gy. At doses > 0.5 Gy the functional relationship
(r=0.9; p=0.027) with a radiation dose has been
revealed [81] (Fig. 1, 2). As shown in Fig. 3, with
the radiation dose growth the number of errors in
the calculation of «significant» auditory signals
increases, especially at doses > 0.5 Gy.

Wernicke’s area is a posterior superior temporal
gyrus of the dominant [left in right-handed] hemi-
sphere which is responsible for primary rational
integration of auditory impulses and the processes
of understanding language heard occur there. At
that it is believed that Wernicke’s and Broca’s areas
together are responsible for understanding infor-
mation as well as the reproduction of speech.

It is known that Broca’s area damage leads to dis-
ruption of speech perception and the Wernicke’s zone
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Amplitude laterality, T5-T6 = 10,446 - 29,32 * Dose_Gy
Correlation: r=-0,3; p=0,024
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PucyHOK 1. JliniitHa perpeciiiHa 3aeXHiCTb 3MeHWeHHA aMNIiTYyAU KOrHiTUBHOro KomnoHeHTa P300 y 30Hi
BepHike — npoekuii 3aaHboro BiaAiny BepxHboi CKPOHeBOT 3BUBUHU (KpuTepianbHa 3MiHHA) NnponopuinHo A0
papiauinHoi po3u (npeaukTop) Nnpu onpomiHeHHi y aosax > 0,05 Ip.

Figure 1. Linear regression relationship of the P300 cognitive component amplitude reduction in the
Wernicke's area, the projection of the posterior superior temporal gyrus (the criterion variable) proportion-
ally to the irradiation dose (predictor) when irradiated at doses > 0.05 Gy.

Latency laterality, T5—T6 = -2,8 + 2,7* Dose_Gy
Correlation: r = 0,9: p=0,027
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PucyHOK 2. JliniiiHa perpeciiiHa 3anexHicTb 36inbweHHa JIN korHiTuBHoro KomnoHeHta P300 y 30Hi BepHike —
npoekuii 3agHbOro BiAAiNy BepxHbOi CKpPoOHeBOi 3BUBMHM (KpuTepianbHa 3MiHHA) nponopuinHo Ao
papiauinHoi po3u (npeaukTop) npu onpomiHeHHiy posax > 0,5 Ip.

Figure 2. Linear regression relationship of the cognitive component P300 LP increase in the Wernicke's area,
the projection of the posterior superior temporal gyrus (the criterion variable) proportionally to the irradia-
tion dose (predictor) when irradiated at doses > 0.05 Gy.
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PucyHoK 3. MoMunku B nigpaxyHKy KiNbKOCTi «3HaYyLWMUX» CTUMYNIB 3aNeKHO Bif 4031 ONPOMiHEHHS.

Figure 3. Errors in calculating the number of «significant» stimuli depending on the irradiation dose.

BepHike cnpuuuHSI€ NOriplIeHHs CIIPUNAHSTTS Ta PO-
3yMiHHS MOBU [82]. IcToTHUM € TO# (hakT, 110 BTO-
PMHHI Binmiyim ckpoHeBoi Kopu (i mepl 3a Bce KOpU
JOMiHAHTHOI, JIiBOT IMiBKYJli) € amapaTaMu, clieliaJbHO
NPUCTOCOBAHUMM [IJIsl aHaJli3y i CHUHTE3yY MOBHUX
3BYKiB, iHaKIlle KaxydyM, arapaTaMyd MOBHOTO CIIyXY
[83]. LleHTpalbHUM MeXaHi3MOM, 11O JIEKUTh B OCHOBI
JlaHOTO NedEKTY, € MOPYIIEHHSI (POHEMATUIHOTO CITYXY
[84]. Tomy mipu JTOKaJbHUX ypasKeHHSIX BTOPUHHUX
BiIiJIiIB CKPOHEBOI YacTKM JIOAMHA BTpPaAvya€ MOX-
JIMBICTh YiTKO PO3Pi3HSATU 3ByKW MOBHU i y HEi Bil3Ha-
YaloThCs SIBMINA, 11O IO3HAYalOTh TEPMiHOM MOBHA
aKyCcTM4YHa arHosisi abo OuIbII HMIMPOKO BiIOMUM
TepMiHOM ceHcopHa ada3zis [83]. V kiiHiuHif KapTuHi
el nedekT MposBISETbCI B «(heHOMEHI BiTUy>KeHHS
CEHCY CJiB», a camMe B ITOPYIIEHHi PO3yMiHHS CIIiB,
IHCTPYKIii, 3BepHeHOI MoBU Touwlo. st xBOopux i3
ceHcopHolo adasziero xapakTepHa Je30praHizoBaHa
MOBa, 110 CKJIATA€THCS 3 HAOOPY HEIMOB’ I3aHUX Pi3HUX
eJIeMEeHTiB MOBHU abo iX YaCTWUH, 3 KOHTaMiHallii, JiiTe-
panpHUX i BepOambHUMX mapada3siii, TpUIOMYy MOBA
0e33MiCTOBHA TaKoX i 3a rpaMaTUYHUM OMOpPMIIEH-
HaM. [84]. TIpuOGaM3HO B MOJOBWHI BMITAAKiB CHOC-
TepPiraeTbCs JIOropes — HAAJIMIIOK MOBHOI MPOAYKIILii,
MOBHe HeTpuMaHHS [85]. ¥V cuHApoM ceHCOpHOI
adazii BXOOSITh MOpYLIeHHS: 1) yCHOI €KCIpeCcHBHOI
MOBH, BCiX il BUAiIB; 2) YMTaHHS; 3) nucbMa; 4) yCHOro
paxyHKy (3i ciyxy) yepe3 gedekTu aHali3dy 3BYKiB, a
TaKOX MOPYLIeHHSI OLIiHKM 1 BiATBOPEHHSI PUTMY

damage causes deterioration in the language percep-
tion and understanding [82]. The essential fact is that
the secondary parts of temporal cortex (and especial-
ly the cortex of dominant left hemisphere) are struc-
tures specially adapted for analysis and synthesis of
speech sounds, in other words, devices for verbal
hearing [83]. The central mechanism underlying this
defect is a disturbance of phonemic hearing [84].
Therefore, in case of the local lesions of secondary
parts of temporal lobe the patients lose an opportuni-
ty to distinguish speech sounds clearly and they are
observed phenomena designated by the term «linguis-
tic acoustic agnosia» or more commonly known term
«sensory aphasia» [83]. This defect is clinically mani-
fested in the «phenomenon of the words meaning
detachment», namely, in violation of understanding
of words, instructions, addressed language etc.
Patients with sensory aphasia are characterized by dis-
organized speech consisting of a set of unrelated dif-
ferent language elements or parts thereof, contamina-
tion, literal and verbal paraphasia, what is more the
language is also meaningless grammatically [84]. In
approximately half the cases logorrhoea manifesting
as an excess of speech production as well as verbal
incontinence is observed [85]. The sensory aphasia
syndrome includes disorders of the following func-
tions: 1) all kinds of oral expressive language; 2) read-
ing; 3) writing; 4) oral counting (aurally) due to the
defects of sounds analysis as well as disturbance of
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(pUTMIYHUX TIOCTYKYBaHb), IMOPYIIEHHS €MOIiiHOL
chepu — XBOpi TPUBOXHI, €MOLIMHI peaklil y HUX
HecTiikKi [84].

Takum ynMHOM, MOpPYILIEHHST (POHEMATUYHOIO CIYXY i
HE3MaTHICTh JIOAWMHU PO3YMITH IMOYYTYy MOBY (MOBHa
aKyCTHMYHa arHo3is) € OCHOBHUMMM O3HAKaMU ypaKeHHs
BTOPUHHUX BiAAiJIiB CKPOHEBOI YaCTKH JIiBO1 TOMiHAHT-
Hoi miBKyJi. Bci mcuxiuHi mpoiecu, He TOB’sI3aHi 3
aKyCTUUHMM THO3MCOM (BCi BUAM TIpaKCHUCY, 30pOBe
CIIPUIHSTTS Ta OPi€EHTYBAaHHSI Y IIPOCTOPi, IMMChbMOBUIA
paxXyHOK i paxyHKOBi omepallii), 3aJUAIIaloThCs 30epe-
KeHUMU [84].

OpToooKCaJIbHO KOHCEPBATUBHUM ITIOPOTOM paia-
LiAHO 1HAYKOBaHUX HEHpoaHAaTOMIUHUX IOPYLIEHb
BBaXXaloTh 2—4 3B 3arajJbHOTO ONPOMIHEHHS, TOIi K
nepBUHHOIO pamnianiiiHoro ypaxeHHs LIHC — 50—100
Ip [86, 87]. IIpoTe chLOromHi BCTAHOBJIEHO, IO LIEHT-
panbHa HepBoBa cuctema (IIHC) € pamiouyTiauBoio
CHCTEMOIO, a CTYIiHb 1i AUCPYHKIII MOXe OyTH KBaH-
TUdikoBaHa eJeKTpodi3zioNoriyHuMmu, OioXiMiYHUMU
Ta/a00 moBeniHKOBUMU TMapameTpamu [88]. KorHitus-
HUl aediuuT y BiggaaeHUid epion micisl pagialliiiHOTo
OIIPOMIHEHHS MOX€e OYTH BUSIBJICHU! IIPY HU3bKUX JI0-
3ax, SIKi He BUKJIMKAIOTh HEKPO3 01101 peYOBUHU I'OJIOB-
Horo Mo3Ky [89]. 3okpema, B YIIHA na YAEC, omn-
poMiHeHuX y po3ax oinbire 0,3 Ip, cnocrepiraeThes xa-
pakTepHUI TIOCTpamialliiHWiA KOTHITUBHUN He(illnT,
KOTPpUI B LiJIOMY BiAIOBiga€ 3araJlbHUM KpPUTEPisIM
Jierkoro KorHituBHoro mopymeHHs (F06.7) [90], mo
CYTTEBO BilPi3HIETHCS Bil KJIAaCUYHUX YSBJACHb ILIOAO
NOoporoBoi A03M paldioiHAYKOBAHUX liepedpalibHUX
eeKTiB.

bepyuu no yBaru npamMaTU4YHO 3pOCTal04y KiJIbKiCThb
MOKa3iB Ha MiATPUMKY TiMOTE3W ILIOA0 PadiouyTJIM-
Bocti LIHC [88], BUgBIeHHS HOBOTO pamioneped-
pajibHOrO €(heKTy 3 MOXJIMBUM ITOPOIOM A03U OII-
poMmiHeHHs 0,05 Ip, sgAKuil TPOSIBASIETHCSI B IOPY-
1HeHHi iHdgopMauiliHuX mnpoleciB y 30Hi BepHike
JIiBOi JOMiHaHTHOI MiBKymi [81], cTaHOBUTH 3HAYHUM
iHTepec 3 TOYKHU 30py padialliiHOI MEAMIIMHU, paaio-
OioJiorii, MpuUKIagHOI HEWMpodi3ioaorii Ta HEWpoICH-
xoJjorii. JlaHuil ¢akT oOyMOBIIOE MOTPedy Moaanb-
IOTO JTWHAMIYHOTO KIiHiYHOro i Helpodiziomoriu-
HOTO MOHITOPMHTY 0Ci0, SIKi 3a3HaJiM BIJIMBY iOHi3y-
I0YOr0 BUMNPOMIHIOBAHHS, 3 METOI BCTaHOBJIEHHS
HelpomncuxiaTpUYHUX HACJiIKiB Ta IPOTHO3y BKa3a-
HOTO pamioiHAyKOBaHOTO e(eKTy, a TAaKOX CBO€YAC-
HOTrO 3aCTOCYBaHHSI HEOOXiAHUX JIiKyBaJbHO-IPOQi-
JIJAKTUYHUX 3aXO/iB.

rhythm assessment and reproduction (rhythmical
taping), impaired emotional sphere. Patients are anx-
ious and their emotional responses are unstable [84].

Thus, the impairment of phonemic hearing and
patient failure to understand the heard language
(verbal acoustic agnosia) are the main signs of the
lesion of the secondary parts of the temporal lobe
of the left dominant hemisphere. All mental
processes not associated with acoustic gnosis (all
kinds of praxis, visual perception and space orien-
tation, writing counting and counting operations)
remain stable [84].

Orthodoxically, the conservative threshold for
radiation-induced neuroanatomical lesions was
assumed to be 2—4 Sv for a whole body irradia-
tion while that for the primary CNS radiation
damage was assumed to be 50—100 Gy [86, 87].
At present, however, it is found that CNS is
radiosensitive and the degree of its dysfunction
may be quantified by some electrophysiological,
biochemical and/or behavioral parameters [88].
Cognitive deficit in the remote period after the
radiation exposure can be detected at low doses
that do not cause necrosis of the brain white mat-
ter [89]. In particular, the Chornobyl NPP acci-
dent clean-up workers irradiated at doses over 0.3
Gy show the distinctive cognitive deficit basically
meeting the general criteria for mild cognitive
impairment (F06.7) [90] which is significantly
different from the classical ideas about the
threshold dose of radiation-induced cerebral
effects.

Taking into account the dramatically increasing
number of evidence to support the hypothesis on
the CNS radiosensitivity [88], the discovery of the
new radiocerebral effect with the possible thresh-
old dose of 0.05 Gy which manifests itself in vio-
lation of information processes in the Wernicke’s
area dominant left hemisphere [81] is of consider-
able interest in terms of radiation medicine,
radiobiology, applied neurophysiology and neu-
ropsychology. This fact determines the need for
further dynamic clinical and neurophysiological
monitoring of individuals exposed to ionizing
radiation in order to establish the possible neu-
ropsychiatric consequences and prognosis of
mentioned-above radiation-induced effect as well
as to apply appropriate preventive and therapeutic
measures.
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Kocmiuna panianis i roioBHMiA MO30K

JlionuHy 37aBHA BaOwia MOTEHLiiHA MOX/IUBICTb MiX-
MJIaHETHUX KOCMIUHMX Iogopoxei. BcecBiTHBO Bifo-
MU 6puTaHchbKuii acTpodi3zuk CriBeH XOKIiHT Y CBOEMY
BUCTYII Tepen ctyaeHTaMu OKchOopAChKOro yHiBepCU-
TeTy y 2016 polli CliporHo3yBaB HEMUHYYUIA KiHELb CBITY
Y HalOIMX4i TUCSIYY pokKiB. BueHuid BUCIOBUB TIpUITY-
IIEHHS, 1110 XHUTTS Ha 3eMJIi MOXe 3HUKHYTH BHACTiIOK
SIIEPHO1 BilfHM, MisUIBHOCTI IITYYHOTO iHTEJEKTY, reHe-
TUYHO CTBOPEHOTIO BipycCy TOILLIO0. XOKiHT BBaXae, 1110 M0-
IIIYK JIFOACTBOM HOBOIO CEepedOBHINA iCHYBaHHS y KOC-
Moci € HeMuHy4YuM (LIUT. «I think the human race has no
future if it doesn’t go to space»), Ta 3aKJIMKaB A0 CTBOPEH-
HsI HOBUX TE€XHOJIOTIM MiXITJJaHETHUX KOCMIYHMX IOJIb-
OTiB. 3p0O3yMiJiO, 110 BUKJIWKHN ChOTONECHHS OOYMOBITIO-
JOTh HEOOXiTHICTh OCBOEHHST KOCMOCY JIIoauHOI0. OnHaK
BiIOMO, 1110 caMme ioHi3yroua pajiallisi € OMHUM 3 HaOiJIb-
LIMX PU3UKIB IJIs JIIOAEH, Ki BUKOHYIOTh JOCTiMHULIbKI
Micii 3a MexaM1 HU3bKO1 HAaBKOJIO3€MHO1 OpOiTH [aHIJI. —
low Earth orbit, LEO] [91]. ITixg yac KocMiuHOI MOg0pOXKi
MOXJIMBICTb JOBIOTPUBAJIOTO KOHTAaKTy aCTPOHABTIB 3
JKepelaMi KOCMIYHOTO BHCOKOEHEPIeTUYHOTO i0Hi3Y-
F0YOI0o BUITPOMiIHIOBaHHSI, SIKE € BKpail HEOJIHOPiIIHUM 3a
CBOEIO TIPUPOJIOI0, HE MiIJaeThCsd CYMHIBY. ToMy II1aHy-
BaHHIO TporpaM MaiOyTHiX MiXITJJAaHETHUX KOCMiYHUX
MOJILOTIB Ma€ MepeayBaTy BceOiyHE Ta IPYHTOBHE BUB-
YeHHs pagiolepedpalibHUX e(EeKTiB.

Pusuku mng uentpanbHoi HepBoBoi cuctemu (LITHC)
MPU TPUBAJIMX KOCMIYHMX ITOIOPOKAX, & TAKOXK IMOKUTTEBI
PUBMKM Yepe3 BIUIMB BUCOKOCHEPIeTUIHOTO KOCMIYHOTO
BUIPOMIHIOBAHHSI MPEACTABISIOTh iHTepeC ISl JOBrOCT-
POKOBUX JOCHIZHUUBKUX eKcreauliii Ha Mapc abo B
iHmmx Hanpsmkax [92]. Cousuni cnasaxu [aHTa. — solar
particle events, SPE] Ta kocmiuni npomeni [aHra. — galactic
cosmic rays (GCR)] ssBisitoTh 00010 ABA OCHOBHUX JKepe-
Jla KOCMiYHOI pagmiarlii, 110 MOXYTb BIUIMHYTU Ha acTpo-
HAaBTiB 32 MexKaMU MarHiTHoro noJist 3emi [93].

PaniauiiiHe cepenoBuile y KOCMOCI € BKpaii CyBOpUM,
paniauiiiHi 103U, sIKi MOXYTb OyTH OTpUMaHi MaitOyTHIMU
acTpOHaBTaMM, BUIJISIIAIOTh MPpUroJoMiiiiBo. CyMapHa
piuHa 1032 MPU MiXIUTAaHETHOMY TTOJIBOTI Bil KOCMiYHMX
npomeHiB (GCR) ctaHoBuTh npu6au3Ho 0,73 3B mia yac
COHSTYHOTO MiHiMyMy i 0,28 3B i 9ac COHIYHOTO MaKCH-
MyMmy Toio. Ha mosepxHi Mapcy 6e3 HallesxkHOro Joaart-
KOBOTO €KpaHyBaHHS piuyHa J03a 3MeHIIyeThesd 10 0,33 i
0,08 3B mim yac COHSIYHOTO MiHIMyMY Ta MAaKCUMYMY Bill-
nosigHo. Taki BUCOKI 103U pajialil HECyMiCHi 3 JOBIOT-
pUBAJIMM MepeOyBaHHSIM Y KOCMOCI, 1110 BUMarae po3poo-
KM J0JAaTKOBMX 3aCO0iB 3aXMCTy KOCMIUHOIO eKimaxy
[94]. MoxumBi pusuku mig LHHC min vac KocMiuHOI o-
JTOPOXi BKITIOYAIOTh MOPYIIEHHSI KOTHITUBHUX (DYHKIIIM,

Cosmic radiation and brain

The human being has long been attracted by the
potential of the interplanetary space travel. The
world-famous British astrophysicist Stephen
Hawking in his speech to the students at Oxford
University in 2016 predicted the imminent end of
the world in the next thousand years. The scientist
suggested that life on Earth may disappear as a
result of nuclear war, artificial intelligence activity,
a genetically created virus and so on. Hawking
believes that the search for a new habitat for the
mankind in space is inevitable [loc. «I think the
human race has no future if it does not go to
space»| and called for the development of a new
technology for interplanetary space flights.
Clearly, the modern challenges are necessitating
human space exploration. However, it is known
that ionizing radiation is one of the biggest risks for
people who perform research missions beyond low
Earth orbit [Low Earth orbit, LEO] [91]. While
space travel the possibility of the long-term con-
tact for astronauts with the sources of cosmic high-
energy ionizing radiation, which is highly hetero-
geneous in nature, is not questioned. Therefore,
the future interplanetary space flight program
planning should be preceded by a comprehensive
and thorough study of radiocerebral effects.

Central nervous system (CNS) risks which
include during the long-term space missions
and lifetime risks due to the space radiation
exposure are of concern for the long-term
exploration missions to Mars or other space
destinations [92]. The two cosmic sources of
ionizing radiation that could impact a mission
outside the Earth’s magnetic field are solar
particle events (SPE) and galactic cosmic rays
(GCR) [93].

The radiation environment is space is
extremely harsh and the radiation doses that can
be received by future astronauts look shocking
.The annual dose in interplanetary space from
galactic cosmic radiation [GCR] is about 0.73
Sv during solar minimum and 0.28 Sv during
solar maximum. On the surface of Mars, without
significant added shielding, the annual dose is
reduced to about 0.33 Sv and 0.08 Sv during
solar minimum and maximum, respectively.
Such high radiation doses are unsustainable for
long-duration habitation and will require con-
siderable shielding [94]. Possible CNS risks dur-
ing a mission are altered cognitive function,
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30KpeMa 3HIKEHHsI 00’€My KOPOTKOTPMBAJIOI MaM’sTi,
MOTipLIIEHHS MOTOPHMX (DYHKIIil, 3MiHU TTOBEAIHKH, 1110
MOXYTb BIUIMHYTUA Ha Mpale3aaTHICTh i 3M0pOB’s TI0I1-
Hu. Binpanenumu pusukamu mig LIHC BBaxkaroThbes Taki
MOXKJIMBI TICUXOHEBPOJIOTIYHI PO3JIaaM, SIK TMPUCKOPEHE
CTapiHHSI MO3KY, XBopoOa AJjblUreiMepa [aHII. —
Alzheimer’s disease, AD] Ta iHmi T gementii [92].
Panianifinmii crangapt NASA oOMexKye OnmpoMiHEHHS acT-
POHABTIB 110 3 % PU3KKY CMEPTi, iHIYKOBaHOI OITPOMIHEHHSIM
[axTon. — risk of exposure induced death, REID] ripy BepxHBO-
My 95 % nosipuomy intepBai ([11) Bim owiHky pusuky. [1pu
BUKOPMCTaHHI Mojeieii pyu3UKiB i HeBU3HaYeHocTelr NASA
OyJ10 riepeadadeHo, 10 LEHTPaIbHi OLIHKY palioiHayKOBa-
HOI CMEPTHOCTI i 3aXBOPIOBAHOCTI MOXKYTb MEPEBULLIUTH S i
10 % 3 BepxHiM 95 % J11, sikuit HaGIMKAETHCS BIAOBIIHO 10
10120 % nns exkcrienuitii Ha Mapc. JIomaTkoBi pU3MKK IS
neHTpabHoi HepBoBoi crcteMu (ILIHC) i siKicHi BimMiHHOCTI
B Oiosoriynux edekrax kKocMiuHux mnpomeHiB (GCR) B
MOPIBHSIHHI 13 3¢MHOIO pajialli€l0 MOXYTh 3HAYHO 301TbIIN-
TH LIi OLIIHKH, 110 TIOTPeOyBaTHMe HOBMX JAHUX TSI aIcKBaT-
HOI OLIIHKY pafialliiiHUX PU3MKIB KOCMIUHKX TOJTLOTIB [95].
3 ceprnHs 2006 poKy BUKOHYIOThCS Oe3IpelieIcHTHI 3a
CBOIM 00CSITOM JIOCJIII’KEHHSI B paMKax eKCIIepUMEHTAIb-
Hoi nporpamu The Anomalous Long Term Effects of
Astronauts (ALTEA), po3po6aeHoi ITaniiicbkuM KocMiy-
HUM areHTCTBOM (ASI) 3 MeTOI0 BUBYEHHSI TOBrOTpUBa-
mmx edekTiB kocMiuHo1 pamianii Ha LIHC monnan. Ile-
pendavyaeTbCcsl BUMIpIOBaHHS MapaMeTpiB KOCMiYyHOIL
pamiailii, 1o MPOXOAUTh YEPe3 TOJIOBU WIEHIB EKilaxy, a
TaKOX BUBYEHHS OCOOJMBOCTE 0i0eIeKTPUYHOI aKTHUB-
HOCTi TOJIOBHOT'O MO3KY 1 30pOBOI0 CIIpUitHATTS [96]. 3a-
rajbHUM e¢GeKTOM iOHi3yrouoi pagiallii, Mpo SKui
MOBIAOMJISIA aCTPOHABTU, BBAXKAIOTh CHPULIHAMMA CNA-
aaxie ceimaa |anri. — light flashes, LF], mpoTe MexaHizM
BOTO SBUIIA Ioci He BctaHoBiaeHuiA. Y 2003 poui Oyio
MpoBeJeHe OIUTYBaHHS 59 acTpPOHAaBTIB 3 MPUBOLY
CIIPUIHSTTS CBITJIOBUX criaiaxiB ((poceHiB), sIKe BUSIBU -
710, 110 80 % onuTyBaHUX GAYMIIU CITajlaXy CBIT/IA B IE€B-
HUIT MOMEHT 4acy (IepeBaskHO Tepe CHOM ), mpuaomy 20
% ONMUTAaHUX BBaXKaJIM, 1110 iHKOJIU 11i SIBUIIIA TIOPYIIYIOTh
ix coH [97]. Cnanaxu cBiTJIa, ONMCaHi aCTpOHaBTaMu, Oy-
JIM OJIOro KOJbOpy, BUTOBXEHOI (POPMM i YACTO BUHMKA-
JIU 3 BiIUyTTSIM pyxy y mpocrtopi. Hanpsimok pyxy OyB
OIMCaHWI acTpoHaBTaMU SIK BOIK (sideways), mo miaro-
Hani (diagonal) abo «BcepeanHy-Ha30BHi» (in-out), ajne
HIKOJIM Y BepTUKAJIbHOMY HanpsMKy (vertical direction).
Pesynbratu Oifiblll paHHIX JOCHiAXEHb, MPOBEICHUX
Ha MixHapoaHiii KocMmiuHiit ctaHiii (MKC) «Mup»,
JIO3BOJISTIOTh IPUITYCTUTH, IO BaXKKi sipa Ta MPOTOHU
CpUYMHAIOTh aHoMasbHi peakuii [THC [98]. Ak 3raay-
BaJIoch Bullle, mouynHawouu 3 1o3u 300 M3B [90], ioHizy-

including detriments in short-term memory,
reduced motor function, and behavioral
changes, which may affect performance and
human health. The late CNS risks are possible
neurological disorders such as premature aging,
and Alzheimer’s disease (AD) or other types of
dementia [92].

NASA’s radiation standard limits the astronaut
exposures to a 3% risk of exposure induced death
(REID) at the upper 95% confidence interval
(CI) of the risk estimate. Using NASA’s models of
risks and uncertainties, it was predicted that cen-
tral estimates for radiation induced mortality and
morbidity could exceed 5% and 10% with upper
95% CI near 10% and 20%, respectively for a
Mars mission. Additional risks to the central nerv-
ous system (CNS) and qualitative differences in
the biological effects of GCR compared to terres-
trial radiation may significantly increase these
estimates, and will require new knowledge to eval-
uate [95].

Experimental program The Anomalous Long
Term Effects of Astronauts (ALTEA) developed
by the Italian Space Agency (ASI) in order to
examine the long-term effects of space radiation
on the human CNS involves measuring the
parameters of cosmic radiation that passes over
the heads of crew members and learning features
of brain bioelectric activity and visual percep-
tion[96]. The research has been carried out since
August 2006 and is unprecedented in scope. The
general effect of radiation reported by astronauts
is the perception of light flashes (LF), however, the
actual mechanism of this phenomenon is still
unknown. In 2003 the survey concerning the per-
ception of the light flashes (phosphene) was con-
ducted among 59 astronauts which found that
80% of them saw flashes of light (preferably at
bedtime) at some point. As many as 20 % of the
respondents thought that sometimes these phe-
nomena disturbed their sleep [97]. Flashes of light
described by astronauts were white, elongated and
often appeared with a perception of motion. The
direction of motion was described as sideways,
diagonal or in-out, but never up-down (or vertical
direction).

Results of earlier researches conducted at the
international space station «Mir» suggest that
both heavy nuclei and protons trigger abnormal
CNS reactions [98]. As indicated above, start-
ing with a dose of 300 mSv [90] radiation expo-
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[o4e BHUITPOMIHIOBAaHHSI MOXE CIPUYMHSATH MHOXKWHHI
panioliepedpanbHi epeKTH, TaKi IK MOAYJISLisI Heiipore-
He3y B rinokamili, 1110 3are30e4y€e KIITUHHUI BHECOK Y
rinmokaMnajabHi HelipoHaJbHI CXeMH, sIKi BiIOBiJalOTh
3a HaBYaHHS Ta Mam’STh. ICHYIOTh JOKa3U, 1110 BKa3ylOTh
Ha BaXJMBICThb BpaxyBaHHS 3MiH XEMOKiHOBOI CHI-
HaJi3alii Opy il MaJMX 103 pafialii, 110 MOTeHLIiAHO
MOK€e MaTU 3HaYeHHS JIJISI TUX 0cCi0, sIKi 3a3HAlOTh BILIM-
BY IOHIi3ylOUOTO BHUIIPOMIHIOBAaHHS B pi3HUX MpoO-
(eciitHnx Ta/a00 MEIUIHUX CLIeHAPIaX [99].

[1o3a 3ax1cTOM MarHiTHOTO I10JIsI 3eMJIi WICHHU eKima-
Ky MKC 3a3HaroTh BIUIMBY IiIBUIIEHOI pagiallii, po-
T€ HECTIPUSATAUBUN patialliiiHWii BIUIMB KOCMi4HOTO Ce-
peIoBHIlA CTaHE 3HAYHO CYTTEBIIIMM, KOJIU PO3BiIy-
BaJlbHi eKimnaxi MOKMHYTb MeXi I'€OMarHiTHOro I10Js
3eMJii 3 METOI0 MepesbOoTy Ha iHIi rmaHeTn. KocMmiuHa
pangianisi BU3HAETHCS CEPHO3HOIO MEPELIKOAO IS
KOCMiuHOI moaopoxi Ha Mapc 3 1BOX MpUYMH: 1) icTOT-
Ha HEBU3HAYEHICTh 3 NMPUBOIY PU3UKIB palioiHAyKOBA-
HOI 3aXBOPIOBAHOCTI; 2) 00MEXEeHICTb JOCTYITHUX MTPOC-
THUX KOHTP3aXOHdiB JUISI 3MEHIICHHS OIPOMiHEHHS
eximaxy [100].

Bcranosneno, o ciaaxu Ha Conui (SPE) cranoBisaTh
CYTTEBY pafialiiiHy 3arpo3y s ekinaxy. [IpoTsromM 6ib-
moi yactuau SPE y rpynni 2006 poky, nerekrop ALTEA
Oe3nepepBHO 30MpaB JaHi LIO0I0 TOTOKY YacTOK Bcepe-
JMHI aMepUKAHCbKOIO J1abOpaTOPHOIO MOIYJIS [aHII. —
U.S. Lab module] Ha MixHaponHiii KOCMiuHili CTaHIIil.
OtpumaHi pesdyapratu 3acBiguwiu, mo SPE ictoTHO
BILIMBAIOTh Ha PiBHi eHeprii BunpoMiHioBaHHI B MKC,
COPUYMHSIIOUM CYTTEBE 301JIbIIEHHSI PiBHIB BUIIPOMiHIO-
BaHHSI HU3bKOI €HEPril, sika JocsIra€ MaKCUMAaJTbHUX 3Ha-
YeHb B 10CUTh KOpoTKi TepMiHu [101]. ITorpeba B po3poo-
i 3ac00iB, CIPSIMOBAHMX Ha 3MEHILIEHHS PiBHIB i0Hi3yl0-
YOro BUIIPOMiIHIOBAHHSI, TAKOX IMiATBEPIKYETHCS JAaHUMU
BUMipIOBaHb pafmiauiiiHux nojiB y Haykoiit 1adopaTtopii
Mapcy [anrn. — Mars Science Laboratory] [100].

HeiipodizionaoriuHi epeKTy KOCMiyHOI padialiii B yMO-
BaxX JIOBTOTPUBAINX KOCMIYHMX II€PEIbOTIB 10 HeJaBHb-
Or0 Yacy CUCTeMHO JOCIIiIKeHi He Oy, ITPOTe iCHYE TT0-
3UTUBHA KOPEJSLis MiX BUAMMUMU crajaxamMu CBiTJa i
MOTOKOM BMIIpOMiHIOBaHHS [91]. BinblIicTe BUAMMMX
cnaJjiaxiB CBiTJIa B POCTOPi, 3 HAKOLIbIIOK iIMOBIPHICTIO,
BUMHUKAE IIJISIXOM MPSIMOI B3aEMOJIii iOHIB 3 CiTKiBKOIO,
MpoTe BUSBJIEHI HEMPSIMi O3HAKU TOTO, 1110 CBITJIOBI CIa-
JIaX1 MOXXYTh BUHUKHYTU TaKOX B pe3yJIbTaTi B3aEMOIil
MiX YaCTMHKAMM i CTPYKTypaMu MO3Ky [91].

HeoOxinHowo mnepenyMoBOIO IUIaHYBaHHS IMpOrpaMu
TPUBAJIMX KOCMIYHUX MOJBOTIB € KiJIbKiCHa OIliHKa
paniauiitHux pu3ukis LIHC Big KOCMiYHOTO ONpOMiHEH-
Hs. ToJIOBHMMHU HamnpsMKaMu JOCTIIXEHb IJIs JOCST-

sure may cause multiple radiocerebral effects
such as neurogenesis modulation providing cel-
lular contribution to hippocampus schemes
which are responsible for learning and memory.
There is evidence pointing to the importance of
taking into account chemokine signaling
changes at low radiation doses. It could poten-
tially matter for those exposed to ionizing radi-
ation in various professional and/or medical
scenarios [99].

Outside the protection of Earth’s magnetic field
the International Space Station (ISS) crew is
exposed to high levels of ionizing radiation, but the
adverse effects of the environment will apparently
become much stronger when exploring crews leave
beyond the bounds of the Earth’s geomagnetic
field for the purpose of interplanetary flights.
Space radiation is generally acknowledged as a
potential showstopper for the mission to Mars for
two reasons: a) high uncertainty on the risk of radi-
ation-induced morbidity, and b) lack of simple
countermeasures to reduce the exposure [100].

In particular, solar particle events (SPE) can
pose a significant radiation threat to the crew.
During most of the December 2006 SPE, the
ALTEA detector collected continuous data on
the flow of particles inside the U.S. Lab mod-
ule at the International Space Station. The
results showed that SPE significantly affects
radiation energy levels in the ISS causing a sub-
stantial increase of low energy radiation rate
which reaches the maximum value in quite
short periods [101]. The need for radiation
exposure mitigation tools in a mission to Mars
is supported by the recent measurements of the
radiation field on the Mars Science Laboratory
as well [100].

Neurophysiological effects of cosmic radiation
in terms of long-term space flights has not been
systematically investigated until recently, but there
is a positive correlation between the visible light
flashes and radiation flux [91]. The majority of vis-
ible flashes of light in space most likely produced
by a direct interaction of an ion with the retina,
although there is indirect indication that light
flashes can occur as a result of the interaction
between particles and structures of the brain [91].

The requirement for long-term space travels
program planning is the quantitative assessment
of risk for CNS from space radiation. In consid-
ering a long term research strategy for this pur-
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HeHH# naHoi MeTu E A. Cucinotta et al. [92] BBaxkaoTb
HACTYIHI:

1) BctanoBuTH HalOIIBIT BaxKJIWBI TTATOJIOTIYHI TIpOIIe-
CH Ta TTOBEAiHKOBI TECTH, 1110 MaIOTh BiTHOIIIEHHS 10 PU-
3UKiB JJ15 JTIOJEH 3 BUKOPUCTAaHHSIM TOCTPOTro pafialliii-
HOT'O OIPOMiIHEHHS IPU3YHIB y MaJIMX 103ax (B Aiara3oHi
Bim 0,01 mo 0,5 Ip) mexinbkoma Tunmosnmu Bugamu GCR
(**Fe, %81, '°O Ta npoToHN).

2) Po3mupuTty BUllleHaBeAEHi JOCTiIKEHHS IS iHILUX
eHepriii Ta myukiB yactuHOK (‘He, *Ne, “Ti Ta iH.), 1106
BCTAaHOBUTHU 3aJIeXKHICTh BKa3aHUX MPOLIECIB BiJ SIKOCTIi
BUIIPOMiHIOBaHHSI.

3) BUBYMTH BIUIMB XPOHIUHMX 200 3HAUYLIMX (DPaKIIiOHO-
BaHUX OMPOMiHEHb B ITOPiBHSHHI 3 MONJIMHAHHSIM OAUHWUY-
HOI 1031 OIIPOMiHEHHSI [U1s1 pi3HUX TUITiB YACTUHOK, Bpaxo-
BYIOUH 3MilllaHi pamialiiHux 1moss npotoHiB Ta HZE-gac-
TUHOK, JO30BO-YaCOBi XxapakTepucTuKu. biosoriyHi yacosi
KA1, BasKJIUBI 1151 (DYHKIIiM FOJJOBHOTO MO3KY, CJIilI Bpa-
XOBYBaTU IIpU MPOEKTYBAaHHI TPUBAJIOCTI MOXKJIMBOTO
XPOHIYHOTO BIUIMBY iOHi3yI0UYOTO BUTIPOMiHIOBAHHSI.

4) Ao micast BUKOHAHHS MYyHKTY 3 OTpYMMaHi CyTTEBI
eeKTH, BU3BHAYUTHU, YU JOCTOBiIpHi e(heKTH, BUSIBJICHI Y
TPUBYHIB, CIIOCTEPITraloThes i y IPUMaTiB.

5) Jug BusiBineHHs MoxBux pusukiB mist LIHC mig yac
KOCMIYHOI ITO0POXKi, CITif IPUIAHSTH 10 YBaru JaHi eKcrie-
PUMEHTIB, 1110 MOJEIIOIOTh CUHEPTICTUYHI €(DeKTU BIUIMBY
KOCMIYHOI pafiallii, 3MiHEHOro LUPKAIHOIO PUTMY Ta
iHIIMX (PAKTOPiB KOCMIYHOTO MOJILOTY, 1110 MOXKYTh BILIM-
HYTHU Ha IOPOTY HECOPUSITJIMBOTO BIUIMBY TaKUX €(heKTiB.
6) JocnimkeHHs 6i0IOTYHUX 3aX0IiB IPOTU I pU3UKAM
s LHTHC cim mpoBonnTH, SIKIO JaHi, OTPUMaHI ITiCs
BUKOHAHHS 1. 4 Ta/abo II. 5, € NEePEKOHIUBUMU 11100
PU3KKIB MPH BiAMTOBITHUX A03aX Y KOCMOCI.

Asuiie docdeniB (LF) HaouHO AEMOHCTpPYE, IO
10Hi3yl0U€ BUMIPOMIHIOBAHHSI MOXE 3MiHIOBATU CIIPUii-
HATTS JIIOAWHU: BUIHO CBIiTJIO TaM, JIe iioro HeMae. Llei
eeKT MOXe BUSIBUTUCH KPUTUUYHUM ITiJ YaC KOCMiUyHOI1
Micii B yMOBax, 1110 BUMaraloTh HaliiiHOI 0OpOOKM Bi3y-
aJIbHOI, 30KpeMa IIPOoCTOpoBoi, iHpopmaliii. OcKiTbKn
LF nmopy1iytoTs HOpMaabHMIA TIpoliec CHY [97], 1ie TaKoxX
MOXe CTaTH MepelIKoA0I0 1151 TPUBAJIOro repedyBaHHS B
Kocmoci. Itajtiiicbki BU€Hi MPMITYCKAlOTh, 110 MOAiOHI
SIBUIIIA MOXYTh BUHUKATH B iHIIINX CEHCOPHUX i, MOXJIH-
BO, MiJITHKAX MO3KY, IO BiAMNOBiZalOThb 3a KOTHITMBHI
(yHK11ii, CTBOPIOIOYM HOBI BUAM pu3uKiB [102].

Bzaemonii, siki npoaykytoTh LE, MOXyTb BKazyBaTu Ha
MOPYILIEHHS iHIMNX HeHpodi3ioJoriYHNX MPOIIECiB, 110
CTAaHOBUTH HeOE3MeKy IJIsI TPUBAJIUX KOCMIUHUX TMOI0-
poxxeil. BUsiBeHHS Ta ONUC TaKUX B3aEMOJIi Ma€ Tep-
IIOYEProBe 3HAYCHHS TP BU3HAUYCHHI OCHOBHUX I1apa-
MeTpiB pusnky [102]. BcranoBneHo, 10 KOPTUKO-

pose, Cucinotta et al. recommend the following
steps [92]:

1) Establish the most important pathological
processes and behavioral tests relevant to human
risk using the acute low dose radiation in rodents
(in a range from 0.01 to 0.5Gy) with a few repre-
sentative GCR species (**Fe, #Si, 'O and pro-
tons).

2) Extend the abovementioned studies to other
particle energies and beams (‘He, *Ne, *Ti, etc.)
to establish the radiation quality dependence of
these processes.

3) Test the impact of chronic or meaningful frac-
tionated exposures as compared to single dose
exposure for different particle types including
mixed radiation fields of protons and HZE parti-
cles, doses, and time points. Biological time scales
important in brain function should be considered
in designing the duration of chronic exposures to
be used.

4) If significant effects are observed after 3), deter-
mine whether robust effects demonstrated in
rodents are seen in the NHP.

5) For possible in-mission CNS risks, the exper-
iments simulating synergistic effects of space
radiation and altered circadian rhythm and
other spaceflight factors that might influence
exposure thresholds for such effects should be
considered.

6) Research on biological countermeasures to
the CNS risks should be pursued if 4) and/or 5)
are conclusive on a risk at the space relevant
doses.

LF phenomenon indicates that ionizing radia-
tion can alter perception: light is visible where
there is no light. This effect is considered as
potentially critical during space flights under con-
ditions that require reliable processing of visual
information. If LF disrupts the normal sleep
process [97], it can also be a problem for a long-
term stay in the outer space. Italian researchers
suggest that such interactions may also concern
other brain sensory regions and, possibly, those
responsible for cognitive functions, creating new
types of risks [102].

The interactions that produce LF may indicate
disruption of other neurophysiological processes
which poses a risk for long-term space travel.
Identification and description of such interactions
is paramount when trying to determine the param-
eters of risk [102]. It is known that cortico-limbic
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JiMOiYyHa cucTemMa € roJ0BHOIO MillleHHIO paaialliiiHOro
YpaxXeHHS TOJIOBHOTO MO3KY, MPUYOMY KITIOYOBUM
HacIiIKoOM € IUCYHKIIS HeHWporeHe3y y TilmoKaMITi
[88]. ¥V mocnimkeHHSIX ONTpOMiHEHHS MO3KY i3 3aJIy4eH-
HSIM SIK TBapWH, TaK i 110aeil, BUSBIEHO O3HAKU aloITO-
3y, Helipo3anaabHOi BillOBi/i, BTPAaTH KJIITUH-MOIEepe/-
HUKIB OJIITOJEHAPOLUTIB Ta Mi€JTIHOBUX OO0OJIOHOK, a Ta-
KO HE3BOPOTHOI'O ITOLIKOXKEHHS HEPBOBUX CTOBOYpO-
BUX KJIITUH 3 JOBrOCTPOKOBUM MOPYILIEHHSIM Heipore-
He3y y aopocioMmy Bili [103]. TakuMm 4MHOM, O4iKyBaH-
HSI HEMPOTICUXiaTPUIHUX i Helpodi3iomoTiyHNX eheKTiB
i BIUTMBOM KOCMIYHOI paiallii, MoB’a3aHUX He JIUIIIE 3
TUCOYHKIIIEIO 30pOBOi, a W IHIINX CEHCOPHUX CUCTEM,
MOXHa BBaXKaTH LLJIKOM 3aKOHOMipHUM SIBULLIEM.
3MiHM (QYHKIIOHYBAaHHS LEHTpaJIbHUX BiIdiliB CEH-
COPHHUX aHAaIi3aTOPiB Pi3HOI MOJAILHOCTI Ta MOPYILIEH-
HSI iHTeTpaTUBHUX iH(OPMaLifHUX ITPOLIECiB TOJTOBHOTO
MO3KY MiJ BIUIMBOM MaJluX A03 iOHi3ylouol pamialii, sKi
MOXYTb BHUSIBUTHUCS KPUTUYHUMHU IIpU BHU3HAUYCHHI
pagialliiHUX PU3UKIB KOCMIUHMX TIOJIbOTIB, JOCIiIXKY-
BaJIMCh MPOTITOM TpUBAJIOro vacy. Taki 3MiHU OyJd He-
OIHOPA30BO BUSIBJICHI Ta OMKMCAHi B JiTepaTypi.

BinoMo, 1110 KOXXHa CeHCOpHA CHUCTeMa BUKOHYE DS
OCHOBHUX (PYHKIIii1, a00 omepalliii 3 CCHCOPHUMU CHUT-
Hanamu. i dyHKIi1 BKIIOUaoTh B ce0e BUSIBICHHS CUT-
HaJliB, X pO3Mi3HaBaHHSs, Iepenaydy, IepeTBOPEHHS i KO-
IyBaHHS, a TAKOX JIETeKTyBaHHS 03HAK CEHCOPHOTO 00-
pasy i iioro BridHaHHs [104]. ITig BriMBoM iOHi3yl040TO
BUIIPOMiHIOBAaHHSI BCTAHOBJIEHO MOpPYIUEHHS Me-
XaHi3MiB adepeHTallii Ha Pi3HUX PiBHSIX Y OCHOBHMX
CEeHCOPHUX CHCTeMax JIOIMHU: COMAaTO-CEHCOPHIl
[24—25, 2728, 39, 42—43, 46, 56], 30poBiii [23, 37, 43,
49, 50, 55], cnyxosiit [23, 52, 56, 59, 65—66, 69—71],
BecTHOYIIsApHili [32, 57, 60, 62, 105]. KoMmIiekc BUsIBIie-
HUX 3MiH CBITYUTH PO CYTTEBY Ae3iHTErpalio nepuern-
TUBHUX (PYHKIIilA TOJTOBHOTO MO3KY JIOAWHMU TTiJ BILJIA-
BOM i0OHI3YyI0UOi pajiallii, Il10 CTAHOBUTH 3HAYHY ITepell-
KOOy IUISI aileKBATHOTO CIIPUIHSTTS OIlepaTUBHOIL 00CTa-
HOBKH i IJIaHYBaHHS [iii KOCMIYHOIO eKilaxy B yMOBax
TpUBaJOi MOA0POXi. MHOXMHHI HelipodizionoriyHi Ta
HeWporcuxiaTpuuHi e(heKTH i10Hi3yI0oUOro BUIMPOMiHIO-
BaHHS y3arajbHeHi y crieliaibHii gitepatypi [22, 40].

KornituBHuii Buknukanuii moreruian P300 e Baxiu-
BUM Helipodi3iojoriYyHMM MTOKA3HUKOM, SIKUI XapaKTe-
pu3ye mpolecu oOpoOKu iHbopmallii B LIEHTpalbHil
HEpBOBIiil cUCTeMi Ta Moxe OyTM BUKOPMCTAHUM IS
PaHHbOI 1iarHOCTUKU KOTHITMBHUX MOPYIIEHb Pi3HOIO
rexesy |1, 106]. BusiBjieHHs1 HOBOTO pamionepedopabHO-
T0 e(peKTy 3 MOXJUBUM 1030BUM TToporom 0,05 Tp y 30Hi
Bepnike, 110 BinmoBinae 3a COPUMHSATTS CYXOBOI BEP-
OanpHOI iH(opMallii, CTaHOBUTh 3HAYHUM iHTEpeC i I10-

system is the main target for brain radiation dam-
age whereby the key consequence is a dysfunction
in hippocampus neurogenesis [88]. It is well-
known that studies of brain irradiation in animals
and humans provide evidence of apoptosis, neuro-
inflammation, loss of oligo-dendrocytes precur-
sors and myelin sheaths, and irreversible damage
to the neural stem compartment with long-term
impairment of adult neurogenesis [103]. Thereby
the development of neurophysiological and neu-
ropsychiatric effects under the impact of cosmic
radiation associated not only with visual, but with
other sensory systems dysfunction can be consid-
ered as quite a natural phenomenon.

The changes in functioning of the central parts of
sensory analyzes of different modalities and disrup-
tions of brain integrative information processes
under the influence of low doses of ionizing radia-
tion, which can be critical in determining the radia-
tion risks of space flight, have been studied for a long
time. These changes have been repeatedly identified
and described in various literature sources.

It is well-known that each sensory system has a
number of basic functions or operations with sensory
signals. These functions include signals detection,
their distinction, transfer, conversion and encoding
as well as detecting signs of sensory image and its
identification [104]. It is precisely specified that ion-
izing radiation affects and impairs afferentation
mechanisms at different levels in the main human
sensory systems, specifically, somato-sensory
[24—25, 2728, 39, 42—43, 46, 56], visual [23, 37,
43, 49, 50, 55], auditory [23, 52, 56, 59, 65—66, 69—
71], vestibular [32, 57, 60, 62, 105]. The complex of
changes revealed indicates the significant disintegra-
tion of perceptual functions of the human brain
under the impact of ionizing radiation which can be
a significant barrier to adequate perception of situa-
tion and planning of space crew actions in terms of
an interplanetary space flight. Multiple neurophysio-
logical and neuropsychiatric effects of ionizing radia-
tion are summarized in the special literature [22, 40].

P300 is an important neurophysiological index
describing information processing in the central
nervous system and can be used for early diagnosis of
cognitive disorders of various origins [1, 106]. The
identifying of new radiocerebral effect with possible
threshold dose of 0.05 Gy manifesting as a disruption
of information processing in the Wernicke’s area
which responsible for perception of auditory verbal
information is of considerable interest and calls into
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JaTKOBO CTaBUTb ITiJi CYMHiB JOLJIbHICTh JOBrOoTpUBa-
JIMX TIOJIbOTIB JIIOAUHM Y KOCMOC (30Kpema, Ha Mapc) 1o
MOMEHTY pO3pOoOKM aaeKBaTHOTO pajialiiiHO-Tirie-
HIYHOIO HOPMYBaHHS JUISI KOCMiIYHUX eKiMaxiB Ta 3a-
c00iB MPOTHpaIialliiiHOTO 3aXUCTY KOCMIUHMX IMOJIbOTIB.

Ha croroaHi npotiiema pamiaiiiiiHoi 06e3reKy KOCMiuHNX
MIiCill 3aJIMIIAETHCST JajeKo Bil cBoro BupilieHHs. Haii-
MPOCTIIIIMM KOHTP3aX0I0M BBaXKa€THCS €KpaHyBaHHSI, ITPO-
T€ JOCTYIHI MaTtepiaau 3a0e3MeduyloTh JUIIe He3HaAuHe
3MEHIICHHS J03M, OTPMMAHOI Bill BUCOKOCHEPIeTUIHNX
KOCMiYHMX TIpoMeHiB. J{ocmimkeHHsI HOBUX MaTtepialiB, siKi
TPYHTYIOTBbCSI Ha MPUCKOPEHHi [aHMI. — accelerator-based
tests], MOXXyTb OyTU BUKOPMCTaHi /151 OLIIHKU MOXKJIMBOCTI
JIOJATKOBOIO 3aXMCTy KOCMiYHOro Kopaois. IlepcriekTuB-
HUM BBaXXa€TbCsl aKTMBHE €KpaHyBaHHSI [aHIJI. — active
shielding], sike Hapa3i He 3acTocoBYeThcs Ha rpakTuii [ 100].
HoBi TexHo10TiYHi TOCSATHEHHS B FaTy3s1X TCHOMiKU, TTpoTe-
OMiKM, META0O0JIOMIKM Ta iHILMX NOAIOHMX 00JacTeil HayK1
TaKOX TTOBUHHI OyTU pO3yMHO BMKOPUCTAHI 1 CITiBCTaB/ICHi
3 (PeHOTUTIOBMMM CITOCTepekeHHSIMU. Takuii MeToI0JIoriu-
HU HifXia 103BOAUTD 3 OLIbIIOI0 JOCTOBIPHICTIO BCTAHOBU -
TH BIUIMB KOCMiYHOTO BUTIPOMiHIOBaHHSI Ha (Pi3ioJI0rito J1to-
JUHU i JOMOMOXE B PO3pOOLI MepCOHATi30BaHMX 3aCO0iB
3aXMCTy aCTPOHABTIB Bif Aii KocMiuHO1 pamiarii [107].

BpaxoBytouu BuIliecKa3aHe, i JOBIOTPUBAIMM BITJIA-
BOM KOCMiYHOI1 pajiallii He BUKJIIOYEHE MOPYLIEHHS BU-
IIUX KOTHITUBHUX (PYHKIIN JIOOUHU, 110 OOYMOBITIOE
HEeOOXiTHICTb MOJAIBIIOr0 BUBYEHHS JaHOI ITPOOJIeMU.

TakM 4YMHOM, BCTAaHOBJIEHHS 3MiH iH(OpMaLiTHUX
MPOIIECIB TOJIOBHOTO MO3KY IIPW 033X OIPOMiHEHHS,
SIKi CYTTEBO BiJIPi3HSIIOTHCS BiJl KJIACUYHUX YSIBJIEHD 1110-
JI0 TIOPOTOBUX 103 pagioliepeOpaIbHUX e(PEeKTiB, 3yMOB-
JIFOE aKTYaJbHICTh ITOJAJBIIOTO BWBYEHHSI HEMpO-
¢yHkuionanpHux ocobauBocteit [IHC 3 MeTo0 BUSIB-
JICHHS TIOPOTiB pamioliepeOpabHIX e(PEeKTiB MaJINX 103 i
BUPOOJIEHHST afeKBaTHUX 3aXOJiB pafialliiiHOI Oe3reKu
Ta KpUTEPiiB pamialliiitHoro HopMyBaHHs. [J11 BUSIBIEH-
Hsl HelpodizionoriyHMX Oi0JOriYHMX MapKepiB i0Hi3y-
I0YOro BUITPOMiHIOBaHHSI HEOOXiIHI IMogaiblili MiXHa-
pPOIHI AOCHIIXEHHSI 3 aAeKBaTHUM JO3UMETPUYHUM
CYIpPOBOJIOM.

BucHOBKHU Ta nepCneKTHBH

AKTyallbHICTh TOJAJIBIIOTO JOCHIIKEHHS paaioliepeo-
pajibHUX e(PeKTiB, 30KpeMa 3 BUKOPUCTAHHSIM JelleBOi Ta
HEiHBa3MBHOI METOAMKU JOCHIIKEHHS  CIYXOBMX
KOTHITUBHUX BUKJIMKaHWX rToTeHiamiB P300, ooymoBite-
Ha OCOOJIMBOCTSIMM HayKOBO-TE€XHIUHOTO ITPOTpecy, 1110
nependayaloTb YaCTUM KOHTAKT JIOAWHU 3 JKepeaMu
iOHi3yI04OT0 BUITPOMiHIOBaHHS IITYYHOTO Ta MIPUPOIHO-
ro MOXOMXKEHHSI, a TAKOXK 3arpo3a sIepHOI BiliHU Ta siaep-

question the feasibility of long-term human flights in
outer space (including Mars) until the moment when
adequate radiation-hygienic regulations for space
crews are developed and invention of radiation pro-
tection space flight means is provided.

By the moment the problem of the radiation
protection during space flights has not been
solved. Shielding is the simplest physical coun-
termeasure, but the currently available materi-
als provide poor reduction of the dose deposit-
ed by the high-energy cosmic rays. Accelerator-
based tests of new materials can be used to
assess an additional protection in the space-
craft. Active shielding in its turn is very promis-
ing here, but as yet not applicable in practical
cases [100]. New techniques in the fields of
genomics, proteomics, metabolomics and other
«omics» areas should also be intelligently
employed and correlated with phenotypic
observations. This approach will more precisely
elucidate the effects of space radiation on
human physiology and aid in developing of per-
sonalized radiological countermeasures for
astronauts [107].

Given the above, under long-term impact of cos-
mic radiation the deterioration of human higher
cognitive functions is possible which postulates the
need for further study of the problem.

Thus, the changes of brain information process-
es at doses that are significantly different from the
classical ideas on threshold doses of radiocerebral
effects conditions the relevance of further study of
CNS neurofunctional features in order to detect
the genuine radiation thresholds of cerebral effects
due to low doses of ionizing radiation and the
development of adequate countermeasures for
radiation safety and criteria for radiation standard-
ization. To identify neurophysiological biological
markers of ionizing radiation further international
studies with adequate dosimetry support are
required.

Conclusions and future prospects

The relevance of the further radiocerebral
effects study applying the cheap methods of cog-
nitive auditory evoked potentials P300 in partic-
ular is determined by the features of scientific
and technological progress which include fre-
quent human contact with the sources of ioniz-
ing radiation of both artificial and natural origin
as well as the threat of nuclear war and nuclear
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HOTo TEepOpU3MY, IUIAHYBAHHS JOBIFOTPUBAIUX KOCMiu-
HUX MOAOPOXKEN Tollo. Pe3yabraty YucaeHHUX, 30KpemMa
BJIACHUX, HEMPOQi3ioNMOTiYHNX JOCIIIKEHb CBiT4aTh TIPO
OaraTromonajbHe MOPYIIeHHS (QYHKIIII CEHCOPHUX CHUC-
Te€M T'OJIOBHOT'O MO3KY JIIOAWHU TTil BIUIMBOM iOHi3yH040-
ro BUIpOMiHIOBaHHS. [1pu 3acTOoCyBaHHI METOAUKHU CIIy-
XOBUX KOTHITMBHUX BUKJIMKaHMX TToTeHIiaaiB P300 oynu
BUSIBJIEHI crietndiuHi 10303aexXHi 3MiHU iH(pOopMaIliii-
HUX MPOLECiB rOJIOBHOIO MO3KY JIIoAuHMU [81].

Bnepiie Oyna BusiBieHa JiHiliHa perpeciiiHa 3aexHiCTb
3MEHIIIEHHS aMIUTITy A1 KOTHITUBHOTO KoMItoHeHTy P300 y
30Hi BepHike — npoexilii 3aqHbOro BilAiTy BEpXHbOI CKPO-
HEBOI 3BUBUHHU (KpUTepiajbHa 3MiHHA) MPOMOPLIIHO 1O
paniaiiiiHoi 103U (IPeAMKTOp) MPU OMPOMiIHEHHi Yy 10-
3ax > 0,05 Ip, a Takox 3poctants JII1 KOrHITUBHOTO KOM-
noHeHty P300, ocobnuso, npu mo3zax > 0,3—0,5 Ip. Ta-
KMM YMHOM, MOXKJIMBHUM TMOPOroM paioliepedpasbHOro
edekTy y uepedpanbHiil ginssHLi BepHike € 0,05 Ip. Ipu
nmo3ax > 0,5 Ip Oyiro BusiBIeHO (PYHKILIOHATLHUI 3B 130K 3
pamianifiHoo mo3oro. OnpepxKaHi pe3ynbraTh J103BOJISIIOTH
3pOOMTU BUCHOBOK ITPO HASIBHICTh paliOiHIyKOBAHUX MO-
pYLLIEHb LiepeOpabHUX (DYHKIIIH, 1110 BUHUKAIOTh MPU il
Maymx 103. Jdanmit pakT oOyMOBITIOE HEOOXiTHICTH TO-
JAJBIINX JOCJIIKEHb 3 METOIO BCTAHOBJIEHHS I030BUX I10-
poriB paniolepedpaTbHUX e(eKTiB, a TAKOXK MOAAIbIIOr0
JUHAMIYHOIO KJIiHiYHOTO i Helipodi3ioaoriyHOro MOHITO-
PUHTY 0Ci0, SIKi 3a3HaJIM BIUIMBY i0Hi3yI0UOTO BUITPOMiHIO-
BaHHSI, 3 METOI BCTAaHOBJIEHHSI HEMpPOICUXiaTpUIHMX
HAC/IiIKiB Ta MPOTHO3y BKAa3aHOIO pPajioiHIyKOBaHOTO
eekTy, a TaKOXX CBOEYACHOIO 3aCTOCYBAHHS HEOOXiTHMUX
JIIKYBaJIbHO-TIPOMITAKTUIHNIX 3aXOIiB.

Bussneni HelipodiziosioriyHi 0COOJIMBOCTI LIJIKOM y3-
TOMXKYIOThCSI 3 TiloTe3aMU 110J0 PadioyyTAUBOCTI LICHT-
paJibHOI HEPBOBOI CUCTEMHU JIIOAMHU i MNPUCKOPEHOTO
CTapiHHS MO3KY ITiJi BIUIMBOM MaJlMX H03 iOHI3yruoi
papiallii, a TaKOX CTaBJIATH IiJl CYMHiB TOLIJIbHICTh JOB-
TOTpUBAIUX MOJbOTIB JIIOAUHU Y KOCMOC (30KpeMa, Ha
Mapc) 10 MOMEHTY PO3pOOKHM aAeKBaTHOTO paaialliiiHO-
ririeHiYHOro HOPMYBAHHS JJIsI KOCMIYHUX €KiMaxiB Ta
po3po0OKM 3aco0iB TMPOTUpadiallifHOrO 3aXUCTy KOC-
MiYHUX MOJBOTIB. BpaxoByloun, 1110 OCHOBHOIO MillleH-
HIO iOHi3YI04OTO BUITPOMiHIOBAHHS € KOPTUKO-J1iMOiuHa
cucTeMa nepeBaXkHO JIiBO1, JOMiHAHTHOI MiBKYJi, 30Kpe-
Ma, TilMOKaMIl, CYTTEBUI iHTepeC CTAHOBUTH IOJAJIbIIIE
BUBYEHHS pajionepedpaaibHUX €e(peKTiB KOCMiYHOI
papiauii, MoB’sI3aHUX He JULIe 3 TUCHYHKIIEID CEHCOP-
HOI CUCTEMM, a 1 3 MOPYIIEHHIMM (PYHKIII iHIINX CeH-
COPHUX CHUCTeM (30Kpema, CJIyXOBOi) Ta TillOKaMITy.
OcobiuBa yBara Mae OyTu 30cepeikeHa Ha BUBYEHHI
MOpYLIeHb TAKUX KOTHITUBHUX (DYHKII K HaBYAHHS,
yBara, Imam’gaTh (O0COONMMBO KOPOTKOTPWBAJa), BUKO-

terrorism, long-term space travel planning, etc.
Numerous neurophysiological studies, includ-
ing our own, suggest the multimodal dysfunc-
tion of the human brain sensory systems under
the impact of ionizing radiation. When applying
methods of cognitive auditory evoked potentials
P300 the specific dose-dependent changes of
the human brain information processes were
found [81].

The linear regression relationship for cognitive
component P300 amplitude decrease in the
Wernicke’s area, the projection of the posterior
superior temporal gyrus (by criteria variable) pro-
portianally to the radiation dose (predictor)
when irradiated at doses > 0.05 Gy as well as cog-
nitive component P300 LP increase, especially at
doses > 0.3—0.5 Gy, was first detected. Thus, a
possible radiocerebral effect threshold in
Wernicke’s area is 0.05 Gy. At doses > 0.5 Gy the
functional relationship with radiation dose was
found. The results obtained suggest the presence of
radiation-induced disorders of cerebral functions
arising from the low radiation doses exposure. This
fact necessitates the further researches in order to
establish dose thresholds for radiocerebral effects
as well as further dynamic clinical and neurophys-
iological monitoring of individuals exposed to ion-
izing radiation to determine the neuropsychiatric
consequences and prognosis of mentioned radia-
tion-induced effect and timely application of
appropriate health care measures.

The neurophysiological features revealed are
fully consistent with hypotheses on both human
CNS radiosensitivity and accelerated brain aging
due to the low doses of ionizing radiation impact.
The effects mentioned are calling into question the
feasibility of long-term human flights into space
(including Mars) until the development of ade-
quate radiation-hygienic regulation for space
crews and invention of means for radiation protec-
tion of space flights. Given that the main target of
ionizing radiation is the cortico-limbic system of
primarily left dominant hemisphere, particularly
the hippocampus, the further study of the radio-
cerebral effects of space radiation associated not
only with dysfunction of the visual sensory system,
but also with other sensory systems (including
auditory) impaired functions and hippocampus, is
of great interest. Special attention should be paid
to the study of disorders of such cognitive func-
tions as learning, attention, memory (especially
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HaBYi PYyHKIIii, MOBa (0OCOOJMBO iMITIPECUBHA) Ta iX HEM-
podizionoriuHux KopensdaTiB. s BUSBICHHS HeM-
podizioNoTiyHNX OioNOTiYHNX MapKepiB 10Hi3yI0UOTO
BUIIPOMIiHIOBAHHSI HEOOXiIHiI MOAANIbIIi MiXXHapOJHI
TOCTIIKeHHS 3 aleKBaTHUM JTO3UMETPUYHHUM CYIIPOBO-
JIOM.
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