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HENPO®I3I0JOITYHUM BA3UC KOMBIHOBAHUX E®EKTIB
T'OCTPOT'O CTPECY TA MAJINX 103 IOHI3YIOYOI'O
BUITPOMIHIOBAHHS HA TOJIOBHU MO3OK JIFOJUHA

MeTta pocnipkeHHA — pocnigut KniHiko-HelipodisionoriyHi ocobnusocti B Y/IHA Ha YAEC 3 BepudikoBaHoto
XPOHiYHOI0 HEAOCTATHICTIO MO3KOBOIO KpOBOOGiry/uepebpanbHoio xBopo6oto Manux cyanH (XHMK/LXMC), ski 3a3Ha-
NN BNAMBY Manux f03 ioHizyloyoro BunpomiHioBaHHs (IB), npauiBHukiB YopHOOUNLCbKOT aTOMHOT enekTpocTaHuii
(ACN YAEC), ski 3a3Hanu BNAMBY CTpecoBOro hakTopy NOBHOMAcCWTAbHOT BiliHM BHACNifOK nepebyBaHHA B MOMOHI
POCiCbKMX BiliCbKOBMX Ha CBOIX PO6OYMX MicLisiX, Ta B 0CiO HEONPOMiHEHOT rpynu NOPiBHAHHS.
Nu3aiH, 06’eKT i MeToAM fOCNIAKEHHA — nonepeyHe KNiHiYHe JOCNiAKEHHA 3 HAABHICTIO NapanefnbHuUX rpyn 308-
HiWWHbOTO KOHTPOJID. Hamu BUBYanuCh Ta GYB NPOBEAEHMI EKCNEPTHMIA CTATUCTUYHUI aHaNi3 KNiHiKo-Helpodisiono-
FYHUX XapaKTePUCTUK Yy 62 0Cib 4oN0BiYOT CTaTi, 3 AKMUX OyNO chopmMOBaHO TpU rpynu obCTeXxeHHs: 1) paHaomizoBa-
Ha BMGipka 3 KniHiko-enigemionoriynoro peectpy (KEP) [epxaBHoi ycTaHOBM «HauioHanbHWit HayKOBMIi LEeHTp pa-
AiauiitHo mepuumnHK HauioHanbHoT akagemii meguuHux Hayk Ykpaitu» (HHLUPM) 22 yyacHukis nikeigauii Hacnigkis
aBapii (YIHA) Ha YAEC 1986-1990 pp., o6cTexxeHnx npotsarom 2020—-2021 pp. y Billi HA MOMeHT 06cTeXeHHA 50-68
pokiB (M £ SD: (58,1 + 5,2) poKiB) i3 JOKyMEHTOBAHOI A030t0 30BHilWHbOrO onpomiHeHHa 0,03-2,30 38; 2) 24 npa-
uisHukmn OCMN YAEC, ski 3a3Hanu BnanBY CTpecoBOro akTopy NOBHOMAcWTabHOT BillHW BHACNi[OK NnepebyBaHHs B No-
NOHi pociiicbKnx BificbKOBUX Ha CBOiX pobounx micuax. CepenHiit Bik o6cTexxeHux ctaHoBus (54,5 + 5,8) pokis (aiana-
30H 46-71 pik). 3) rpyna nopiBHaAHHA — 16 HeonpoMiHeHWX 0Cib 40i0BiYOi cTaTi 3 BepUdiKOBAHOIO XPOHIYHOK He-
AOCTaTHiCTI0O MO3KOBOTO KpoBoobiry/uepebpansHoto xsopoboto manux cyamd (XHMK/LIXMC). CepenHiit Bik obcTexe-
Hux cTaHoBuB (57,8 + 5,6) pokis (aianasoH 50-70 pokiB).
Pesynbratu. Helipodizionoriui gocnimxeHHs nigreepaxyoTb HaaBHicTb B YJIHA Ha YAEC BupaxeHoi gucdyHkuii
KOPTMKO-NiM6i4HOT cucTeMun NiBOT OMIHAHTHOT MiBKYAi TONOBHOTO MO3KY 3 0COBIMBMUM 3aNyyYeHHsAM rinokamny. Y rpy-
ni CN YAEC Bneplue BUABNEHT NOPYIWEHH: LepebpanbHOT HeilpoguHaMiKu y BUMAAT dyHKLIOHANbHOT rinopoHTaNb-
HOCTI Ta rinepdyHKLiT KOPTUKO-NiMOGIYHOT cucTeMM 3 naTepanisaliclo 0 NPaBoi NiBKyAi.
BucHoBKuK. Ha cboropHi icHye 6aratopiyHuit 'pyHTOBHUIA METOAONONIYHMIA Ta AOKA30BUI1 6A3UC AN MOXIUBOT HEl-
pocizionoriyHoi giarHocTukn Ta AudepeHuiitHoi fiarHocTUKKM KoMGiHOBaHKX LepebpanbHux edekTis IB Ta ncuxoe-
MOLiiHOTO CTpecy, NOB'A3aHOr0 3 yMOBaMU BiNCbKOBUX KOH(NiKTIB. HellpodizionoriyHi TexHONOriT MOXYTb BUKOPUC-
TOBYBATUCb NpU 00’€KTUBHOMY NpodeciiiHomy i kBanidikauiinHomy Binbopi npaliBHMKiB pagy npodecii, Big sKkux Bu-
MaraeTbCs NPUIAHATTA WBUAKWX Ta BignoBifanbHux piweHb. MpauisHuku 4CMN YAEC noTpebyioTh NoaanbLworo MeguKo-
NCUXONOFiYHOTO CYyNpOBOAY V 3B'A3KY 3 NifiBUILEHUM PU3NKOM PO3BUTKY MOPYLLEHb MEHTANBHOTO 3[,0POB'S.
KniouoBi cnoBa: YopHobunbcbka Katactpoda, ioHi3ytoua pagiauis, kniHiyHa Heipodisionoris, kinbkicHa EET, uepe6-
panbHa xsopoba manux cyaut, NTCP, BicbkoBi KOHMATKTU.
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NEUROPHYSIOLOGICAL BASIS OF THE COMBINED EFFECTS
OF ACUTE STRESS AND LOW DOSES OF IONIZING RADIATION
ON HUMAN BRAIN

Objective: to study the clinical and neurophysiological features in the Chornobyl clean-up workers with a verified
chronic cerebrovascular disease/cerebral small vessels disease (SVD) exposed to low doses of ionizing radiation (IR),
employees of the Chornobyl Nuclear Power Plant (SSE ChNPP), who were exposed to the stress factor of a full-scale
war as a result of being held captive by the Russian military at their workplaces, and individuals of the non-irradi-
ated comparison group.
Design, object and methods. A cross-sectional clinical study with parallel external control groups. We studied and
carried out an expert statistical analysis of the clinical and neurophysiological characteristics of 62 male subjects,
from which three examination groups were formed: 1) a randomized sample from the Clinical Epidemiological
Register (CER) of the State Institution «National Research Center for Radiation Medicine of the National Academy
of Medical Sciences of Ukraine» (NRCRM) of 22 Chornobyl clean-up workers (‘Chornobyl liquidators’) in 1986-1990,
examined during 2020-2021, aged 50-68 years at the time of examination (M + SD: (58.1 + 5.2) years) with a doc-
umented external radiation dose of 0.03-2.30 Sv; 2) 24 SSE ChNPP employees exposed to the stress factor impact
of a full-scale war as a result of being held captive by the Russian military at their workplaces. The average age of
the examined was (54.5 + 5.8) years (range 46-71 years). 3) Comparison group — 16 non-exposed men with verified
chronic cerebrovascular disease/cerebral small vessels disease (SVD). The average age of the examined was (57.8 + 5.6)
years (range 50-70 years).
Results. Neurophysiological studies confirm the presence of the pronounced dysfunction of the cortico-limbic sys-
tem of the left dominant hemisphere of the brain with special involvement of the hippocampus in the Chornobyl
clean-up workers. In the SSE ChNPP group, for the first time, the disorders of cerebral neurodynamics were detect-
ed in the form of functional hypofrontality and hyperfunction of the cortico-limbic system with lateralization to the
right hemisphere.
Conclusions. Today there exists a long-term thorough methodological and evidence base for a possible neurophys-
iological diagnosis and differential diagnosis of the combined cerebral effects of IR and psycho-emotional stress
associated with the conditions of military conflicts. Neurophysiological technologies can be used in the objective
professional and qualification selection of employees in a number of professions that require quick and responsible
decision-making. Employees of SSE ChNPP need further medical and psychological support due to an increased risk
of developing mental health disorders.
Key words: Chornobyl disaster, ionizing radiation, clinical neurophysiology, quantitative EEG, cerebral small vessel
disease, PTSD, military conflicts.
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BCTYII INTRODUCTION

AediHiuir Definitions

Llughposa eaexkmpoenueghanoepaghis (yugpposa EEI, Digital  Digital electroencephalography (digital EEG) is a
electroencephalography) — 1ie TexHika 3anucy Ta iHTepn-  technique of recording and interpreting a routine
petauii pytuHHOI enekTpoeHuedanorpamu (EET) 3a no-  electroencephalogram (EEG) using computer
TIOMOTOI0 KOMIT'10TepHOI TexHiku [1]. Kirvkicna eaexkm-  technology [1]. Quantitative electroencephalogra-
poenyegpanoepagia (k EET, Quantitative electroencephalog-  phy (QEEG) is the processing of digital (computer-
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raphy, QEEG) — 1e 06pooka Lu@poBoi (KOMIT I0Tepu30-
BaHoi) EEI 3a qonoMoroio pizHUX MaTeMaTUYHUX aJlrO-
putMiB i Tpadiunnx 3acobiB [1]. Bukopucranas Kom-
m’1otepHoi TexHiku a1 aHanizy EET 0yno 3anmouarkoBaHe
B 1970-x pokax, a Marc Nuwer Briepllie AaB 3araJibHOBU3-
HaHy pediHiuito mudponoi EET Ta KEEIT y 1997 poui [2].
Ilepesaru EEI 3ymoBieHi TuM, 110 Lieii MeTOHA JOCUTH
MPOCTUI Y BUKOPUCTAaHHI Ta HE MOB’SI3aHUI i3 BILJIMBOM
Ha pochimkysaHoro. EET BinoOpaxye y3roakeHicTb po-
0OTH Pi3HUX CTPYKTYP FOJOBHOIO MO3KY, 1110 POOUTH HO-
ro yHiKaJIbHUM Ta 0€3yMOBHO LIiIHHUM METOAOM JiarHoC-
TUKU (PYHKIIOHAJTBHOTO CTaHy MO3KY. 3a JOIOMOTIOI0
EEI" MoxXHa OLIHUTHU CTYIiHb MOPYIIEHHS HOro poOOTH,
JOCHiAuT (PYHKLIOHAIBHUIA CTaH MO3KY Y TAalli€HTIB,
JJIST STKUX KITIHI9HO 1HepeOpalibHa TUCOYHKILIS € OUeBU/I -
HOI0, IIPOTe CTPYKTYPHiI METOIM JOCTIIKEHHS (HArpUK-
JlaJ, MarHiTHO-pe3oHaHCcHa ToMorpadisgd, MPT) mokazy-
IOTh BiICYTHICTb OPTraHiYHOIO YpaXkKeHHSI TOJIOBHOTO MO3-
Ky [3]. DizionoriyHe (yHKIIOHYBaHHS MO3KY JICKUThb B
OCHOBI €MOllIii1, TTi3HaHHS Ta MTOBEIiHKN; TAKUM UMHOM, Y
3a3HAUYEHOMY KOHTEKCTi O0’€KTHMBHA OILliHKa MO3KOBOIL
JuchyHKIII 0cobJMBO BaxKJIMBa JJisl HEBPOJIOTil Ta IICU-
xiaTpii [4, 5]. KEEI 36araTumna kiiHiuHy Helipodi3ionoriio
HOBMMM MeTOJaMM BUIiIeHHs o3HaK curHaiiB EET:
aHaJIi3 OKpPEeMMX YaCTOTHUX CMYT Ta CKJIAAHOCTI CUTHAJY,
KOHHEKTUBHUIA aHaJIi3 Ta MepeXXeBUii aHai3 [6—8].

MeToponoriyHi acnekTu

CrnoHTaHHa 6ioeleKTpUUHA aKTUBHICTh TOJIOBHOTO MO3-
KY SIBJISIE COOOIO HEPETYJISIPHY CKJIAHY KPUBY Y BUIJISIII
NOo€AHAHHS XBWJb pi3HMX 4acToT. Ha mouaTkoBOMYy
erani po3mmdpyBaHHsa EEIT HeoOximHO meperisiHyTu
BECh 3aMlC BiJ MOYATKY A0 KiHLIS, 1100 CKJIACTU PO Hb-
Oro 3arajbHe YsBJeHHS (YMOBM peecTpallii, HasBHiCTb
apredakTiB, peakllisi Ha HaBaHTaXKeHHs, HAsIBHIiCTb Ta-
POKCHU3MAaIbHOI Ta JIOKAJTBbHOI MaTOJI0TiYHOI aKTUBHOCTI )
[3]. ChoromHi gocTynmHO 0Oarato BHUIIB aHAJITUYHUX i
BigoopaxyBaibHUX MeTodiB ajs uudposoi EET i KEET
[9—11]. TomorpacdiuHi KapTu € CIIOcoO0OM BimoOpaXKeH-
Hs aeskux BiaactuBocteli EEILL Bonsraxx EEI abo i
0COOJIMBOCTI HAHOCSITHCSI HA YMOBHY KapTy IMOBEpPXHi ro-
JIOBU KOHTYPHUMU JIiHiISIMU 200 KOJIbOPOBUM KOAYBaH-
HSIM, 11100 BU3HAYUTU OUISITHKA MO3KY 3 OTHAKOBUM 3Ha-
YeHHSM MOKa3HWKa, 1o aHamidyerbcsa [1]. YacToTHuMit
aHaJti3 nependavyae odbuncieHHs KiabkocTi EET y Kox-
HOMY OCHOBHOMY Jlialla30Hi 4acToT (HarpuKJiai, aibda-
niama3oH). IHoOAiI BUKOPUCTOBYIOTHCSI HAaBiTh MEHII
Jiara3oHu, aX [0 YacTKU LUKy B ceKyHay. KinbKicTh
EET y KOXXHOMY YaCTOTHOMY [lialla30Hi B MTOAAIbIIOMY
BimoOpaxaloTbcsl B LIM(PPOBOMY BUIJISIAI y TabauLi abo
Ha TorrorpadiuHiil KapTi ckanbmy. JlaHi 4acTOTH MOXYTb
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ized) EEG using various mathematical algorithms
and graphic tools [1]. The use of computer tech-
nology for EEG analysis was initiated in the 1970s,
and Marc Nuwer first gave a generally accepted
definition of digital EEG and QEEG in 1997 [2].
The advantages of EEG are due to the fact that this
method is quite easy to use and does not affect the
subject. EEG reflects the coherence of the work of
various structures of the brain, which makes it a
unique and certainly valuable method of diagnos-
ing the functional state of the brain. With the help
of EEG, it is possible to assess the degree of its work
disruption, to investigate its functional state in
patients for whom clinical cerebral dysfunction is
obvious, but structural research methods (for
example, magnetic resonance imaging, MRI) show
the absence of organic damage to the brain [3]. The
physiological functioning of the brain underlies
emotions, cognition, and behavior; thus, in this
context, the objective assessment of brain dysfunc-
tion is particularly important for neurology and
psychiatry [4, 5]. QEEG has enriched clinical neu-
rophysiology with new methods of identifying fea-
tures of EEG signals: analysis of individual fre-
quency bands and signal complexity, connective
analysis, and network analysis [6—8].

Methodological aspects

The spontaneous bioelectric activity of the brain is
an irregular complex curve in the form of a com-
bination of waves of different frequencies. At the
initial stage of EEG decoding, it is necessary to
review the entire recording from beginning to end
in order to get a general idea of it (registration
conditions, artifacts presence, reaction to load,
presence of paroxysmal and local abnormal activ-
ity) [3]. Today, many types of analytical and imag-
ing methods are available for digital EEG and
QEEG [9—11]. Topographic maps are a way of
displaying some properties of the EEG. The EEG
voltage or other features are applied to the head
surface conditional map with contour lines or
color coding to determine brain areas with the
same value as the indicator being analyzed [1].
Frequency analysis involves calculating the
amount of EEG in each major frequency range
(for example, the alpha band). Sometimes even
smaller ranges are used, down to a fraction of a
cycle per second. The number of EEGs in each
frequency range is then displayed digitally on a
table or on a topographic map of the scalp.
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OyTU MpeacTaBleHi sIK aOCOI0THI a00 BiTHOCHI CyMU Ta
MacITaboBaHi MPOMOPILIAHO a00 Yepe3 3HAYeHHS BOJIb-
taxxy EET" (amrtityna), ado ii moTy:kHicTb. [ToTykHICTb —
11le KBaapaT aMILTiTyau, SIKMA 4aCTO Ha3MBalOTh CIIEKT-
pajbHOIO MOTYXHiCTIO. BimHOCHMIT BosTbTaxX ab60 BigHOC-
Ha CIEeKTpaJibHa MOTYXHICTh TAKOX IMUPOKO BUKOPUC-
TOBYETbCSI Ha mpakTulli. [Ipu BimHOCHOMY MaciTady-
BaHHi KinbKicTb EET" y KoXHilt cMy3i 4acTOT JiTUThCS Ha
3araJibHUi BOJIbTaX abo0 MOTYXHICTh y BCiX Aiara3zoHax
EET mns naHoro BinBeaeHHs. 3arajibHa KiJibKicTh EET y
BCIX YacCTOTHUX niama3oHax ckiagae 100 BigcoTKiB y
KoxXHoMYy BigBeneHHi [1, 3, 5]. Komm’otepuszosana EET
BiIKpMBA€ HOBi IMepPCIeKTUBU IJIs MpeauKallil BJIacTh-
BOCTEM MCUXOTPOMHUX JIIKAPChKUX 3aC00iB Ta e(heKTUB-
HOCTi phapMakoTepalrii, a TaKoX IJsg TONTUOJIeHOTO
aHaJji3y Helipodi3ioJoriYyHuxX 3aKOHOMipHOCTEH Yy po3-
BUTKY Ta peAyKlil MCUXiuyHUX TmopylreHsb [12]. Metoxa
Komir’totepu3oBaHoi EEI' 3 BUKOpHMCTaHHSIM MaTeMa-
TUYHUX METOMIB aHali3y IIMPOKO BHUKOPUCTOBYETHCS Y
0araTOLIEHTPOBUX KIIHIUHUX JOCTiIKEHHSIX i BABHAHUI
aJeKBaTHUM I BU3HaYeHHS MpodiniB dhapmako-EET
JIJIs1 Pi3HUX KJIAcCiB JiKapChbKUX IMperapaTiB B HEBPOJIOTil
ta ricuxiaTpii [13]. JlocTymHi i1 OiIbII CKITamHI aJITOPUT-
Mu. YacTo BUKOPHUCTOBYETLCS TOCUTH IPOCTa TEXHiKa,
siKa MOJISITa€ y BifHIMaHHI aKTUBHOCTI JIiBOi MiBKYJIi Bif
aKTMBHOCTI MpaBoi MiBKYJIi, 1110 MPU3BOIMUTH 0 Bidyalb-
HOTO BigoOpaxeHHs1 ab0o0 OOYUCIEHHSI 3HaYeHHS
MixXITiBKynbHO1 acuMeTpii [1]. Anani3 EEI, Bubpanoi 3
JMUCKOBOTO apXiBy IUIS Bi3yaJIbHOIO Ta MaTeMaTUYHOIO
ananizy EEI' Ta (opMyBaHHS 3aKJIIOYEHHSI MiCTUTb B
co0i Taxi etaru [3]:

1) penaryBaHHsI 3aMuCy, OB’ sI3aHe 3 BUIAJIEHHSIM apTe-
(hakrTis;

2) BUAiICHHS AUISIHOK, $IKi SIBJSIIOTH COO00 iHTEpeC s
MaTeMaTUYHOIro aHajildy, i BiAmoBigarOTb BiIHOCHO
cTallioOHapHUM ernoxaMm, IO BigoOpaxalTb TIeBHi
(byHKIIIOHAIBHI CTaHU TOJIOBHOTO MO3KY [14];

3) MaTeMaTUYHMIA aHaJIi3 3aMMCiB 3 OTPMMaHHSIM Ha €K-
paHi KOMIT'IoTepa HOro pe3yJbTaTiB y YMCIIOBOMY Ta
rpadiyHOMY BUTJISIII;

4) cnieliayibHi TIEpeTBOPEHHHS (30KpeMa, (hibTpallis), a
TaKOX iHIII AOMOMIiXHi onepaiii (HeoOXiTHO MPOBOAU-
™ 1 ineHTugikamii neBHux natepHiB EETD);

5) IOKyMEeHTyBaHHS JOCIiIKeHHs y (opMi Bumadi Ha
JIPYK OTO YUCIOBUX Ta rpadiuyHUX pe3ysIbTaTiB.

Moxxnusictb 3acTtocyBaHHA KEET y kniHiuHIN
npakTuli

Binomo, mo KEET uytnusiia, Hix pyruHHa EEI, ms
BUSIBJIEHHSI lLiepeOpaibHUX ITiBKYJbHUX aHOMaJil, IMo-
B’SI3aHUX 3 LIepeOpPOBACKYISIPHUMU 3aXBOPIOBAHHSIMMU.

Frequency data can be presented as absolute or
relative sums and scaled proportionally to either
the EEG voltage value (amplitude) or its power.
Power is the amplitude square, often called spec-
tral power. Relative voltage or relative spectral
power is also widely used in practice. In relative
scaling, the amount of EEG in each frequency
band is divided by the total voltage or power in all
EEG bands for a given EEG lead. The total num-
ber of EEGs in all frequency ranges is 100 percent
in each EEG lead [1, 3, 5]. Computerized EEG
opens up new vistas for predicting the properties
of psychotropic drugs and the effectiveness of
pharmacotherapy, as well as for in-depth analysis
of neurophysiological patterns in the development
and reduction of mental disorders [12]. The
method of computerized EEG using mathemati-
cal methods of analysis is widely used in multicen-
ter clinical studies and is recognized as adequate
for determining pharmaco-EEG profiles for vari-
ous classes of drugs in neurology and psychiat-
ry [13]. More complex algorithms are also avail-
able. A fairly simple technique is often used,
which consists in subtracting the activity of the
left hemisphere from the activity of the right
hemisphere, which leads to a visual display or cal-
culation of the interhemispheric asymmetry value
[1]. The analysis of the EEG selected from the
disk archive for visual and mathematical EEG
analysis and the formation of a conclusion
includes the following stages [3]:

1) editing of the record related to the removal of
artifacts.

2) selection of areas being of interest for mathe-
matical analysis and correspond to relatively sta-
tionary epochs that match the certain functional
states of the brain [14].

3) mathematical analysis of records with obtaining
its results in numerical and graphic form on the
computer screen.

4) special transformations (in particular, filtering),
as well as other auxiliary operations (required to
identify certain EEG patterns).

5) research documentation in the form of printing
its numerical and graphical results.

The possibility of using QEEG in clinical
practice

QEEG is known to be more sensitive than routine
EEG for detecting cerebral hemispheric abnor-
malities associated with cerebrovascular disease. It
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Lle Hemoporuii, HeiHBa3WBHUI, BiITBOPIOBAHUM 1 Uy TJIM-
BUIL MeETOH, SIKMII MOXHAa BUKOPMCTOBYBATH B Pi3HMX
yMOBax (HaTlpUKJIaI, BiIIiJieHHs iHTEeHCUBHOI Tepalrii abo
orepaililiHa), HaBiTb Ha OCHOBI ITOCTiIHHOTO MOHITOPUHTY.
Pytunni EEI" neMOHCTpPYIOTh MaTOJMOTIUHI 3MiHU TTPUO-
Jm3Ho y 40—70 BiICOTKIB MAaLiEHTIB 3 TOPYLICHHSIMU
MO3KO0BOro KpoBoo0iry [1]. [lobpe Binomo, 1110 3MiHU KE-
ET" moGpe cmiBBiZHOCATLCS 3 perioHapHUM liepeOpab-
HUM KPOBOOOIrOM, perioHapHOIO €KCTPAKILIEI0 KUCHIO Ta
MeTabosizMoM. i 3B’43KM 0COOIMBO MillHi ISl BidHOC-
HOI JenbTra- Ta aab(a-aKTUBHOCTI, a TAKOX JJISI CIIiBBiI-
HOIIIEHHS MOBUTBHMX i IIBUAKKUX puTMiB. Kinbka gocin-
HMIIBKUX IPYIT BUSIBWIN KoedillieHTr Kopessiii Bin 0,67
1o 0,76, moB’s13ytoun Taki xapaktepuctuku EEI 3 MeTa-
6osiyHnmu napamerpami [15, 16]. EEI’ tpanuuiiiHo no-
ToMara€ BiIpi3HUTHU JeMeHLlito Bim mempecii. HasgBHicTb
HaAMIpHOTO CIMOBiILHEHHSI JOMOMAarae npoaeMOHCTPyBa-
TU OpPraHiyHy NPUPOLY CUMIITOMIB Malli€eHTa, MiATPUMY-
04 iX BiIMIHHICTb Bil Aerpecii Yu HOPMaJIbHOTO CTa-
pinHg. Texnika KEEI' moxe momomMorTu, Kojaud Henpo-
(iziosioriuHa aHomasisl € MeXXOBOIO ab0 He3HauHolo [1].
3okpema, KEEI' gocnimkeHHs Mokazaid BHUCOKY KOpe-
JISIIIi0 MixX 3MiHaMu audysiitHo-TeH3opHoi MPT / mar-
HiTHO-pe3oHaHCcHOI criekrpockorii (DTI/MRS) ta aHo-
MaJlisiMM  1IepeOpaibHOI  €JIEKTPUYHOI aKTUBHOCTI, 11O
cBiguuTh npo KopucHictb KEEID aj1s1 oliHKM (PYHKIIiO-
HaJIbHUX 1IepeOpaIbHUX ITOPYIIEHD IIPU TPaBMaTUYHOMY
MOIIKOXKeHHi roioBHoro Mo3ky (TBI) [17].

CpOrofiHi JOCTyITHO 6araTo BUIiB aHATITUIHUX i BiTOO-
paxxyBasibHUX MeToiB 11 uudposoi EET'i KEET [9—11].
OcTaHHIMHM POKaMU CIIOCTEPIira€ThCs MOXKBABJICHHS iHTe-
pecy no meroniB KEEID y mocriimkeHHi Helipodiziono-
TiYHUX OioMapKepiB HEMPOOiOTOTIYHMX MATOIOTIYHUX Me-
XaHi3MiB MCUXiYHUX PO3JaiB, SIK MOTEHLIMHOrO AiarHOC-
TUYHOTO iHCTPYMEHTY Ta SIK IpeAuKTOopa TepareBTUYHOI
BiIMoBini Ha papMaKoJIOTiYHi Ta COMATUYHI (HAIIPUKJIIAI,
€JIEKTPOIIIOKOBA Teparlisl) METOIM JTiKyBaHHS [12].

META JOCIIJIZKEHHA

Hocniautu KiIiHiKO-Heipodi3iooriyHi 0coOJMBOCTI B
VJIHA na YAEC 3 Bepu(ikoBaHOIO XpOHIYHOIO HEOC-
TaTHICTIO MO3KOBOI'O KPOBOOOITy/1iepeOpaJbHOI0 XBO-
po6oro Mamux cynuH (XHMK/LIXMC), sxi 3a3Hanm
BIUIMBY MaJIMX 103 iOHi3yI0UOro BUIPOMiHIOBAHHS,
npauiBHukiB JCIT YAEC, sKi 3a3Haiu BILUIMBY CTPECO-
BOro (akTopy NOBHOMACIITAOHOI BiliHM BHACJiIOK I1€-
pedyBaHHSI B TIOJIOHI POCIMChKMX BiMCbKOBHX Ha CBOIX
poOOYMX MICIISIX, Ta B OCi0O HEONMPOMiHEHOI TPYMHU I0-
PIBHSIHHS, 3 BEpU(PIKOBAHOIO XPOHIYHOIO HEIOCTaTHIC-
TIO MO3KOBOI'O KpPOBOOOIry/1epeOpaabHOI0 XBOPOOOIO
Manux cyauH (XHMK/LIXMC).

is a low-cost, non-invasive, reproducible, and sen-
sitive method that can be used in different settings
(eg intensive care unit or operating room), even
based on continuous monitoring. Routine EEG
shows pathological changes in approximately
40—70 percent of patients with cerebrovascular
disorders [1]. It is well known that QEEG changes
correlate well with regional cerebral blood flow,
regional oxygen extraction, and metabolism.
These relationships are particularly strong for rela-
tive delta and alpha activity and for the ratio of slow
to fast rhythms. Several research groups found cor-
relation coefficients from 0.67 to 0.76, associating
such EEG characteristics with metabolic parame-
ters [15, 16]. EEG traditionally helps distinguish
dementia from depression. The presence of exces-
sive slowing helps demonstrate the organic nature
of the patient’s symptoms, maintaining their dis-
tinction from depression or normal aging. The
QEEG technique can help when a neurophysiolog-
ical abnormality is borderline or minor [1]. In par-
ticular, QEEG studies showed a high correlation
between changes in diffusion tensor MRI / mag-
netic resonance spectroscopy (DTI/MRS) and
abnormalities of cerebral electrical activity, which
indicates the usefulness of QEEG for the assess-
ment of functional cerebral disorders in traumatic
brain injury (TBI) [17].

Today, many types of analytical and imaging meth-
ods are available for digital EEG and QEEG [9—11].
In recent years, there has been a revival of interest
in QEEG methods in the study of neurophysiolog-
ical biomarkers of neurobiological pathological
mechanisms of mental disorders, as a potential
diagnostic tool and as a predictor of therapeutic
response to pharmacological and somatic (eg,
electroshock therapy) treatment methods [12].

OBJECTIVE

To study the clinical and neurophysiological fea-
tures in the Chornobyl clean-up workers with a
verified chronic cerebrovascular disease/cerebral
small vessels disease (SVD) exposed to low doses
of ionizing radiation, employees of the Chor-
nobyl nuclear power plant, who were exposed to
the stress factor of a full-scale war as a result of
being held captive by the Russian military at their
workplaces, and individuals of the non-irradiated
comparison group, with a verified chronic cere-
brovascular disease/cerebral small vessels disease
(SVD).
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MATEPIAJIM I METOIN

AuzaiiH JOCTiIKeHHsI — TOoNepeyHe KIiHiuHe I0-
CJIIJIDKEHHSI 3 HAsIBHICTIO MapaJieIbHUX TPyl 30BHill-
Hboro KoHTpoJito. [Ipotsrom 2022—2023 pokiB HaMMu
BUBYAJIUCH OCOOJIMBOCTI KITiHIKO- Heipodizionaoriu-
HUX XapaKTepUCTUK (DOHOBOI KOHBEHILIiHOI Ta KiJlb-
KicHOi enekTpoeHIedamorpadii y 22 ocib, aki Oymm
OIpPOMiHEHiI B AOpocioMy Billi BHachigok YopHo-
OMIbCHbKOI KaTacTpodu (BCi — YOI0BiKM), 58 ocid (3
HHUX 35 0cib YoJi0Bivoi cTaTi Ta 23 0cOOU XKiHOYOI CTaTi
y Billi HA MOMeHT obcTtexxeHHs 24—71 pik (M £ SD:
(48,6 + 9,3) pokiB), siki 3a3Hanu npodeciiitHoro Hea-
BapiliHOTO ONPOMIHEHHSI 3 HEIEePEBUIIECHUMU Tpa-
HUYHO gonyctumumu ao3zamu (I'JI) (mpauiBHUKIB
JCIT YAEC) Ta BIUIMBY CTpecy BHACiZOK TTOBHOMA-
citabHoi BiiiHu 3 Pociiicbkoro Peaepaliieto i nepe-
OyBaHH: B noyioHi Ha YopHoOunbebKiit AEC (HAEC)
B yMoBax okymnauii YopHOOUIbCbKOI 30HU BiguyKEH-
HS pocilickkmMHU BiticbkkoBuMu 3 24.02 o 31.03.2022
POKY BKJIIOYHO, a TakKoX 16 HeeKCIIOHOBaHMX OCi0
Tpynu MOPiBHSHHS (BCi 4yosioBiku). Jlo3u ompomi-
HeHH# npauiBHuKiB JICIT HAEC 3a nepion okymnartii
YAEC 324.02 1m0 31.03.2022 p. 3HAXOIMIMCh B Jiara-
30Hi 0,1-0,64 M3B 11pu cepenHiit apudMeTHUHIi 1031
M =+ SD: (0,25 + 0,15) M3B, cepenHiii reoMeTpUYHil
no3i — 0,22 m3B, MenianHii g1o3i 0,20 M3B. 3 MeTO10
JI0OKA30BOI0 3iCTaBJeHHsSI BUOIpOK 3a BiKOM, CTaTTIO,
OCBITHIM, TIpodecCiiiHUM piBHEM Ta HU3KOIO iHIIMX
coliaibHO-IeMoTrpadiyHNX XapaKTePUCTUK IS T10-
JAJIBIIOrO €KCIIEPTHOTO CTATUCTUYHOTO aHAaJIi3y 0yJI0
BimibpaHo 62 ocobu 4osioBiyoi cTaTi Ta chopMoOBaHO
TPpU TPyNu OOCTEXKEHHSI.

1. PannomizoBana Bubipka 3 KiiHiko-eminemiono-
riunoro peectpy (KEP) Hep:xaBHoi yctaHoBU «Hartio-
HaJbHUI HAyKOBMM LEHTp pamialiiiHOl MeAWLIMHU
HarmionanbHoi akagemii MeIWYHUX HayK YKpaiHu»
(HHIIPM) 22 yyacHMKIB JliKBimailii HaCIiaKiB aBapii
(VJIHA) na YAEC 1986—1990 pp., 006CcTexXeHUX MPO-
Tsirom 2020—2021 pp. (10 moyaTKy MTOBHOMACIITA0OHOT
BiitHM 3 Pociiicbkoio Denepalli€ro), y Billi HA MOMEHT
obcrexxeHHst 50—68 pokiB (M *+ SD: (58,1 + 5,2)
POKiB) i3 JOKYMEHTOBAHOIO 103010 30BHIILIHHOTO OM-
pominenns 0,03—2,30 3B mpu cepenHiit appudmeTny-
Hiit mo3i (0,48 £ 0,61) 3B, cepenHiii reoMeTpUUHI
no3i — 0,26 3B, memianHiit no3i — 0,23 3B. Pesizis 103
onpomiHeHHs B YJIHA Oyna 3ailicHeHa Ha OCHOBI Be-
pudikanii o3 B HHLIPM, ipoBeneHoi1 y morepeaHix
JOCTiIXKEHHSIX.

2. 24 npauiBHuku JICIT YAEC, sKi 3a3Haiu BILIU-
BY CTpecoBOro (pakTtopy MHOBHOMACIUTAOHOI BiliHMU
BHACJIiJOK nepeOyBaHHS B IOJIOHI pOCIMChbKUX BiliCh-

MATERIALS AND METHODS

The study design is a cross-sectional clinical study
with parallel external control groups. During 2022-
2023, we studied the features of clinical and neuro-
physiological characteristics of background conven-
tional and quantitative electroencephalography in 22
people who were irradiated in adulthood as a result of
the Chornobyl disaster in 1986 (Chornobyl clean-up
workers, all men), 58 people (of which 35 were male
and 23 were female aged 24—71 years at the time of
examination (M % SD: (48.6 &+ 9.3) years) who were
exposed to professional non-accidental radiation ex-
posure with unexceeded maximum permissible doses
(MPDs) (employees of the Chornobyl nuclear power
plant, SSE ChNPP) and to stress impact as a result of
a full-scale war with the Russian Federation and being
held captive at the Chornobyl nuclear power plant
(ChNPP) under the conditions of the occupation of
the Chornobyl exclusion zone by the Russian military
from 24.02.2022 to 31.03.2022 inclusive, as well as 16
unexposed individuals of the comparison group (all
men). The radiation doses of SSE ChNPP workers
during the period of the ChNPP occupation from
24.02.2022 to 31.03.2022 were in the range of
0.1—0.64 mSv with the arithmetic mean dose M * SD:
(0.25 £ 0.15) mSy, the geometric mean dose — 0.22 mSy,
the median dose — 0.20 mSv. For the purpose of evi-
dential comparison of samples by age, gender, educa-
tion, professional level, and a number of other socio-
demographic characteristics, 62 male persons were
selected for further expert statistical analysis, and
three examination groups were formed.

1. A randomized sample from the Clinical Epi-
demiological Register (CER) of the State Institution
«National Research Center for Radiation Medicine
of the National Academy of Medical Sciences of
Ukraine» (NRCRM) of 22 Chornobyl clean-up
workers (‘Chornobyl liquidators’) in 1986—1990,
examined during 2020—2021 (before the start of the
full-scale war with the Russian Federation), aged
50—68 years at the time of examination (M + SD:
(58.1 £ 5.2) years) with a documented external radia-
tion dose of 0.03—2.30 Sv with an arithmetic mean
dose (0.48 £ 0.61) Sv, geometric mean dose — 0.26 Sy,
median dose — 0.23 Sv. Revision of radiation doses of
the examined clean-up workers was carried out on the
basis of doses verification in NRCRM conducted in
previous studies;

2. 24 SSE ChNPP employees exposed to the stress
factor impact of a full-scale war as a result of being held
captive by the Russian military at their workplaces at
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KOBUMX Ha cBoix pobounx micusx Ha JCIT YAEC 3 24
Jotoro 2022 poKy NpoTIroM 5 TUXKHIB, B TOJAJIbIIOMY
3HAXOIWJUCh Ha peadiiTalii Ta JikyBaHHi y KuiHiwi
HHIIPM, Tta mpoiiunu noraubiieHe HelporcuxiaT-
pu4He, Helpo@iziojioTiuHe, a TaKOX HEeWpoBi3y-
ajizaliiiHe (KJIiHiKO-paaioJoriyHe) OOCTeXXEeHHsI Ha
0asi Bimaily pamialiiiHOT MCUXOHEBPOJIOTil THCTUTYTY
kiiniyHoi pagionorii (IKP) HHIPM Tta JlepxaBHoi
YCTaHOBU «IHCTUTYT sIIepHOI MEAUILIMHY Ta ITPOMEHE-
Boi aiarHoctuku HAMH Vkpainw» (IAMIITO). Ce-
penHill Bik obcTexXeHux craHoBUB (54,5 + 5,8) pokiB
(mianazoH 46—71 pik).

3. ¥ dKocTi rpynu MOpPiBHSHHS MPOCHEKTUBHO Bifd-
HOBJICHI aHi KJIiHIKO-HEeHPpodi3ioa0riyHOro 00CTeXKeH-
Hs Ha 16 ocib 4JosioBivyoi craTi 3 BeprdiKOBAaHOIO XpO-
HiYHOIO HEIOCTaTHICTIO MO3KOBOTO KPOBOOOIry/1epeod-
pasnbHOIO xBopoOowo Manux cyauH (XHMK/LIXMC),
dKi He 3a3HaJIM BIUIMBY KEpesa iOHi3yIO4uoro BUII-
pomintoBaHHd (IB) Ta mpoxommmm obcTexkeHHs Ha 6a3i
Binmminy pamiaiifinoi ncuxonespoJiorii IKP HHIIPM y
2019—2020 pokax 10 ToYaTKy MOBHOMACIITAOHOI BitHU
3 Pociiicbkoro @Pepepaniero. CepenHiil Bik 00CTEXEHUX
ctaHoBuB (57,8 £ 5,6) pokiB (ziarmaszon 50—70 poxiB).

Bci 3anydyeni go moramOGieHOro CTaTMCTUYHOIO
aHatizy oOCTeXeHi Maau BUILY OCBiTY. Kputepisimu
BUKJIIOUEHHS 3 aHai3y OyJIu: XKiHOYa CTaTh, BiK 00CTe-
JKyBaHOTO 110 45 pOKiB, HU3BKMI OCBITHIil Ta TIpO-
(decifinuit piBeHb, MPOXUBAHHSA B CiIbCHKINl Miclie-
BOCTI, HasIBHICTb HA MOMEHT AOCiAXKEHHS BUPaKEHOL
COMaTOHEBPOJIOTiYHOI Ta MCUXiYHOI MATOJIOTIl y cTail
JIeKOMIIeHcallil; HelpoiH(pEeKLUiHHNX Ta 1eMi€NliHI3y10-
YUX 3aXBOPIOBaHb; 3JIOBXUBaHHSI IICUXOAKTUBHUMMU
pEeYOBMHAMU, OKPIiM TIOTIOHY.

Peectpauito EEI" BUKOHYBaJIM 3a JOMOMOIOK KOM-
IMIOTEPHOTO 24-KaHaJIbHOTO eJleKTpoeHIedanorpada
«BRAINTEST» BupoOHUIITBA HAYKOBO-BUPOOHUYOTO
ninnpuemcrBa «DX-cucremu» (M. XapkiB, YkpaiHa).
3anuc koM otepHoi EET (KEET') BukoHyBaiu 3a 1o-
IMTOMOTOI0 24-KaHalbHOTO eJieKTpoeHIledamorpada
«BRAINTEST» BupoOHULITBAa HAYKOBO-BUPOOHUYOTO
ninnpuemctBa «DX-cucremu» (M. XapkiB, YkpaiHa).
Peectpanito 6ioeleKTpUYHOI aKTUBHOCTI TOJIOBHOTO
MO3KYy IIPOBOAMJIM 3a JOIOMOTOI0 YallleuKOBMX
cpibHO-xJIopcpiOHUX enekTponiB (Ag-AgCl), Hakmane-
HUX 3a JponoMorolo JitieBoro reato. EEIT 3anucysanu
MOHOMOJISIPHO BiIMOBiAHO 10 MiXXHapOAHOI CUCTEMU
«10—20», koHcTaHTy Yacy BcraHOBIIOBasM Ha 0,3,
¢insrpu — 75 Ii1. EET peectpyBanu: 1) y craHi macMBHO-
To HEeCITaHHS i3 3aIUTIOMIEHUMHU OYMMa IIPOTSTOM 1 XB;
2) cTaHi NAaCMBHOI'O HECHAHHS 3 PO3ILUTIOIIEHUMHU 04U~
Ma TIpotsiroMm 30 ¢; 3) TimepBeHTWIALIT TIPY 3aTUTIONIE-

the Chornobyl nuclear power plant from February 24,
2022, for 5 weeks, were subsequently rehabilitated and
treated at the NRCRM Clinic and underwent in-
depth neuropsychiatric, neurophysiological, and neu-
roimaging (clinical- radiological) examination on the
basis of the Department of Radiation Psychoneu-
rology of the Institute of Clinical Radiology (ICR) of
the NRCRM and the State Institution «Institute of
Nuclear Medicine and Diagnostic Radiology of the
National Academy of Medical Sciences of Ukraine»
(INMDR). The average age of the examined was
(54.5 £ 5.8) years (range 46—71 years).

3. As a comparison group, the data of clinical-neu-
rophysiological examination of 16 men with verified
chronic cerebrovascular disease/cerebral small ves-
sels disease (SVD) who were not exposed to sources
of ionizing radiation (IR) and were examined on the
basis the Department of Radiation Psychoneurology
of the ICR of the NRCRM in 2019—2020 before the
start of a full-scale war with the Russian Federation
were prospectively restored. The average age of the
examined was (57.8 * 5.6) years (range 50—70
years).

All subjects involved in the in-depth statistical
analysis had higher education. The criteria for
exclusion from the analysis were: female sex, the age
of the examinee up to 45 years, low educational and
professional level, living in a rural area, the presence
at the time of the study of pronounced somato-neu-
rological and mental pathology in the stage of
decompensation; neuroinfectious and demyelinat-
ing diseases; psychoactive substances abuse, except
tobacco.

EEG registration was performed using a comput-
er 24-channel EEG-amplifier «BRAINTEST»
manufactured by the research and production enter-
prise «DX-systems» (Kharkiv, Ukraine). Computer
EEG recording (QEEG) was performed using a
computer 24-channel EEG-amplifiers BRAIN-
TEST» manufactured by the research and produc-
tion enterprise «DX-systems» (Kharkiv, Ukraine).
The bioelectrical activity of the brain was recorded
using cupped silver-silver chloride (Ag-AgCl) elec-
trodes superimposed with lithium gel. The EEG was
recorded monopolar according to the International
System «10—20», the time constant was set to 0.3,
filters — 75 Hz. EEG was recorded: 1) in a state of
passive wakefulness with closed eyes for 1 min;
2) passive wakefulness with eyes open for 30 sec-
onds; 3) hyperventilation with closed eyes for 3 min-
utes; 4) passive wakefulness after hyperventilation
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HHUX oYax MPOTIroM 3 XB; 4) cTaHi MACUBHOIO HECHaHHS
Mic/s TiNepBEHTUJISLIIT 3 3aILTIOIEHUMU OYMMa MpOTsI-
rom 1 xB. OLiHKY Ta iHTepIIpeTallifo 6a3yBajM Ha Kia-
CUYHUX MiapyyHuKax i atinacax 3 EEI [12, 18, 19].
3nificHIOBaIM Bi3yaJlbHUI 1 CIIEKTpajJbHUI aHali3
EET. Emnoxa criekrpaibHOro aHaiizy craHosumia 60 c,
yacToTHMI Aianma3oH — 1—32 Ii1. I3 ycix EET-3ammciB mo
MpOBeICHHS aHalli3y BUAAISUIN apTe(akTHi (hparMeHTH.
BukopucraHi MeToau 1ecKpUIITUBHOI i BapialliifHOi cTa-
TUCTUKU, TTapaMeTPUUHi Ta HerapaMeTpU4Hi KpUTepii.

PE3VIJIBTATHU

ITpu anainizi poHoBoi KoHBeHLitHOI EEI" crokoro, 3a-
pPEECTPOBAHOI Yy CYO’€KTIB B CTaHi MAaCMBHOI'O HECITAHHS
i3 3aKpUTUM OUYMMa, HaMM OYyJI1 BiZOKpEeMJIeHi TakKi Ia-
TepHU B 00OCTeXeHUX OCHOBHOI rpynu YJIHA, rpymnu
npauiBHuKiB JJCIT YAEC, a TakoX y Tpymi MOpiBHSIHHS.

1. Opeanizosanuii asvgpa-namepH, OCHOBHUM KOMIIO-
HEHTOM S$IKOTO € O,-pUTM 3 yacTtororo 8—13 Ii1, perymsip-
HUI 32 YaCTOTOIO, YiTKO MOMYJbOBAaHUI 32 aMILTITY010
y BepeTeHa, 3 cepelHiM Ta BUCOKUM iHAECKCOM (ITPUM.
iHgekc — 4ac (y BiIcOTKax), BIIPOJOBX SIKOTO Ha Oyab-
sIKoMy Biapi3Ky KpuBoi EEI" BUpaxkeHa akTUBHICTb y Aa-
HOMY YaCTOTHOMY Jiana3oHi), Jo0pe BUPaKEHUMU 30-
HaJbHUMMU BimMiHHOCTIMU. OCTaHHS BIACTUBICTh O(-pUT-
MY XapaKTepU3YEThCSI TUM, 10 HAWBUILY aMILIITYLY
(50—80 MkB) BiH Ma€ y MMOTMINYHUX BiIBEeACHHSIX, a B
HampsIMKYy A0 MepeaHiX BiAIiliB KOpU HOro BUpaXKeHICTh
rpagyaibHo 3MeHIyeTbesa. Dopma XBUIb TafeHbKa. Y
CKPOHEBUX BiJdizax O-pUTM MPEACTaBICHUIA Y BULISAL
HU3bKOAMIUTITYIHUX (DparMeHTOBaHUX BepeTeH. [-ak-
TUBHICTb CepeaHbOi Ta/ab0 BUCOKOI YaCTOTH, HU3BKOIL
AMIUTITYIH, IIOMipHO BUpaxkeHa y PPOHTO-IEHTPATBHUX
Ta CKpOHEeBUX Bimmilax Kopu. IToBUIbHOXBWJIbOBA aK-
THUBHICTh BUpaxeHa cj1abKo. Moxe peecTpyBaTUCh O- i
0-aKTUBHICTb Y BUIJISIAI MTOOAMHOKUX NU(MPY3HUX XBUJIb,
10 He TMepPeBUINYIOTh aMILTITyAy OCHOBHOIO PUTMY,
IHKOJIM 3 IeSIKMM aKIICHTOM Y IIEPEIHIX BiIBEACHHSX KO-
pu. Jlaauit natepH ¢oHoBoi EEI" BBaxkaeThcst Kimacnda-
HUM BapiaHTOM HOPMM.

2. Jlezopeanizoeanuii namepH 3 iepeBakaHHIM HU3bKO-
Ta CepeIHbOAMILTITYTHOTO O,-PUTMY, CEpEIHbOTO iHICK-
Cy, c1abKO MOy IbOBAHOTO 32 aMILIITYI0I0 i YaCTOTOIO, 3
MOPYILICHHSM HOro HopMaJbHUX TomorpadiyHmux ocoo-
JIMBOCTEN (MTOTUIUYHO-TOOHOTO TPAMIEHTY), HASBHICTIO
IIJISTHOK CITOHTAaHHOTO TOAaBJICHHS O-PUTMY Y (DOHOBO-
MY 3aIlici TPUBATICTIO HE MEHIIIEe 3 C, 3 TMTapOKCU3MaJlb-
HOI1 aKTMBHOCTI Y BUIJISIII TeHepasli3oBaHUX MapOKCU3-
MaJIbHUX CTIaJIaXiB TOCTPUX XBUIIb, O/-XBUJIb 3aTOCTPEHOT
¢dopmu (4acTo y BULJISIAI MOLIMPEHUX IPYM Ta criajaxiB),
0- 1 O-XBUJIb CepeIHbOI Ta BUCOKOI aMILIITYU, a TAKOX

with closed eyes for 1 min. Evaluation and inter-
pretation were based on the classical EEG text-
books and atlases [12, 18, 19].

Visual and spectral analyses of EEG were car-
ried out. The epoch of spectral analysis was 60 s,
the frequency range was 1—32 Hz. Artifact frag-
ments were removed from all EEG recordings
before analysis. The methods of descriptive and
variational statistics, parametric and non-para-
metric criteria were used.

RESULTS

When analyzing the background resting-state
EEG, registered in subjects in a state of passive
wakefulness with eyes closed, we distinguished the
following patterns in the examined subjects of the
main group of the Chornobyl clean-up workers,
the group of SSE ChINPP employees, as well as in
the comparison group.

1. An organized alpha pattern, the main compo-
nent of which is an o-rhythm with a frequency of
8—13 Hz, regular in frequency, clearly modulated by
the amplitude into the spindles, with a medium and
high index (fn. the index is the time (in percent) dur-
ing which activity in a given frequency range is
expressed on any segment of the EEG curve), with
well-defined zonal differences. The last property of
the o-rhythm is characterized by the fact that it has
the highest amplitude (50—80 pV) in the occipital
leads, and its representation gradually decreases
towards the frontal parts of the cortex. The waveform
is smooth. In the temporal regions, the o.-rhythm is
presented in the form of low-amplitude fragmented
spindles. B-activity of medium and/or high frequen-
cy, low amplitude, moderately expressed in the fron-
tocentral and temporal regions of the cortex. Slow-
wave activity is weakly expressed. d- and ©-activity
can be registered in the form of single diffuse waves
that do not exceed the amplitude of the main
rhythm, sometimes with some emphasis in the ante-
rior leads of the cortex. This background EEG pat-
tern is considered a classic variant of the norm.

2. A disorganized pattern with a predominance of
low- and medium-amplitude c-rhythm, of an aver-
age index, weakly modulated in amplitude and fre-
quency, with a violation of its normal topographical
features (occipital-frontal gradient), the presence of
areas of the o-rhythm spontaneous suppression in
the background recording lasting at least 3 s, with
paroxysmal activity in the form of generalized parox-
ysmal bursts of sharp waves, ci-waves of an acute form
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3i 30iIbIIEHHSIM OilaTepaJbHOI MapoOKCU3MaIbHOI
aKTUBHOCTI MpU TinepBeHTUJsLi1. Taki 3MiHU Tpak-
TyBaJIUCh HAMU SIK TIOMipHi 200 BUpaxKeHi NOpyLIeH-
Hs LlepeOpaIbHOI 0i0eIeKTPUYHOI aKTUBHOCTI pery-
JIITOPHOTO XapakTepy 3 O3HaKaMu Ae3iHTerpalii
(GyHKIIiIOHYBaHHS CTOBOYpOBO-HieHIedaTbHUX
CTPYKTYP TOJIOBHOIO MO3KY 3aJ€XHO Bill iHAEKCY
(rmpencTaBieHOCTi) Ta MOP(OJIOTil MapoOKCU3MaIbHOL
aKTUBHOCTi, a TaKOX Bil BMPaXeHOCTi ae30p-
raHizatii i mopyueHb TOMIYHOTO PO3IMOILTY OCHOB-
HUX KipKOBUX PUTMIB.

3. [linepcunxponnuii mun 3 eK3aJbTalli€l0 CepeaHbO-
a00 BMCOKOAMILTITYIHOTO Ol-PUTMY, MOHOMOJIQJIbHOTO
332 YaCTOTOIO, CJTAOKO MOMYJILOBAHOTO 33 aMILTITYI0I0
(ax 1O TIOSIBU «MAIlIMHHOTO PUTMY» 3 TIOBHOIO BilICyT-
HICTIO aMILTITYIHOI MOIYJISILII O.-PUTMY Y BepeTeHa), 3
MOPYIIEHHSIM HOPMaJIBHOTO TOIIYHOTO PO3IMOJLTY OC-
HOBHMX KipKOBUX PUTMiB y BUIJISIAL AU(DY3HOTO MO -
PEHHS O-pUTMY B JIOOHO-LIEHTPaJIbHi BiIBEICHHS, 3
MPAKTUYHO MOBHOIO BiICYTHICTIO 30HAJTBLHUX PO30iXkK-
HocTeil. IHI uepedpaibHi pUTMHM Ha TaKUX 3arucax
npeacTasieHi ciadko. ITpu npoBeaeHHI (yHKIIIOHAb-
HUX MPO0 TaKUii MaTepH MPaKTUYHO HE MiIJAaEThCS BU-
JUMUM 3MiHaM a00 JeMOHCTPYE MapOKCU3MaIbHY aK-
TUBHICTh MOAIOHY 10 Takoi y marepHi Ne 2. [laHi 3MiHu
TPaKTyBaJIMCh HaMU $SIK MOMipHi a0 BUpaxkeHi Mopy-
IIEHHST PETYISITOPHOIO XapaKTepy 3 O3HaKaMU Tille-
pakTuBallil AieHlehaTbHUX CTPYKTYp Ta JTiMOiKO-pe-
TUKYJISIPHOTO KOMILIEKCY. Takuii maTepH JOCUThH YacTh
3YCTPIYAETHCS B OCI0 3 TPUBOXKHUM TUIIOM pearyBaHHsI,
30KpeMa TIpU MMaHIiYHUX posianax [14].

4. Hu3zvkoeoabmua («naockuii noaiMoprui. mun»)
EED' (ammutiTyma crioHTaHHOI OioeJIeKTpUYHOI aK-
TUBHOCTI He mepeBulnye 20—25 MkB) 3 ekcuecom
MOBiTLHOI (8) i mBUIKOI () aKTUBHOCTI Ta MPUTHi-
YEeHHSIM TeTa-aKTUBHOCTI (0-aKTMBHOCTI) 3 MapoK-
CU3MaJIbHOIO aKTUBHICTIO € XapaKTEPHOIO IS ITOCT-
paxnanux BHachigok aBapii Ha YAEC, mo 3a3Hayva-
JIOCh B HAIIMX TTonepeaHix podorax [20—25]. [Tpote
rutockuit monimopguuit Tun EEI cam o cob6i Mmoxe
OyTH MposiBOM Helpodi3iogoriyHo1 TaxiapuT™mii ipu
aTePOCKJICPOTUIHOMY ypaxkeHHi lLiepeOpaIbHUX CY-
JUH Ta OpPraHiYHOMY ypa*k€HHi TOJIOBHOIO MO3KY
iHIIIOrO TeHe3y, CTPecOoBOi peakxllii BHACTIIOK
HaJMipHOI aKTUBallii peTUKYISIPHOI (popmMallii CTOB-
Oypa roJJOBHOr0 MO3KY Ta TinoTaJsIMiYHUX CTPYKTYP,
a TaKOX HaBiTh OyTW TcMx0di3ioJIOTiYHMM BapiaH-
TOM HOpPMH, SIKUA MOXKeE 3yCTpidyaTHCh Yy HEBPO-
JIOTiYHO Ta McuxivyHo 3nopoBux ocid [1, 3, 12, 14, 18].
ITpu ekcneptHOMy omnuci (poHOBOI (KOHBEHLIiIAHOT)
EEI" BUAinuTu NeBHI XapaKTEPUCTUKU TaKOIO TUITY
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(often in the form of widespread groups and bursts),
8- and 0-waves of medium and high amplitude, as well as
with an increase in bilateral paroxysmal activity during
hyperventilation. Such changes were interpreted by us as
moderate or pronounced abnormalities of cerebral bio-
electrical activity of a regulatory nature with the signs of
disintegration of the functioning of the stem-diencephal-
ic structures of the brain, depending on the index (repre-
sentation) and morphology of paroxysmal activity, as well
as on the severity of disorganization and violations of the
topical distribution of the main cortical rhythms.

3. A hypersynchronous pattern with the exaltation of
a medium or high-amplitude a-rhythm, monomodal
in frequency, weakly modulated in amplitude (up to
the appearance of a «machine rhythm» with a com-
plete absence of the o-rhythm amplitude modulation
into the spindles), with a violation of the normal topi-
cal distribution of the main cortical rhythms in the
form of a diffuse spread of the c-rhythm to the fronto-
central leads, with an almost complete absence of
zonal differences. Other cerebral rhythms are weakly
represented on such recordings. When conducting
functional tests, such a pattern practically does not
undergo visible changes or demonstrates paroxysmal
activity similar to that in pattern Ne 2. These changes
were interpreted by us as moderate or pronounced vio-
lations of a regulatory nature with signs of hyperacti-
vation of diencephalic structures and the limbic-retic-
ular complex. Such a pattern is quite common in peo-
ple with an anxious type of response, in particular, in
panic disorders [14].

4) A low-voltage («flat polymorphic pattern») EEG
(amplitude of spontaneous bioelectric activity does
not exceed 20—25 uV) with an excess of slow (3-) and
fast (B-) activity and suppression of theta activity (6-ac-
tivity) with paroxysmal activity has been characteristic
for the victims as a result of the Chornobyl accident,
which was noted in our previous works [20—25].
However, the flat polymorphic EEG pattern itself can
be a manifestation of neurophysiological tach-
yarrhythmia in atherosclerotic lesions of cerebral ves-
sels and in organic lesions of the brain of another gen-
esis, or a stress reaction due to excessive activation of
the reticular formation of the brain stem and hypo-
thalamic structures, as well as even be a psychophysi-
ological normal variant, which can occur in neurolog-
ically and mentally healthy individuals [1, 3, 12, 14, 18].
In the expert description of the background (conven-
tional) EEG pattern, it is a difficult task to highlight
certain characteristics of this particular type of EEG,
since the amplitude of the main EEG components is
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EEI' cknagHoO, OCKiAbKM aMILIiTya OCHOBHUX KOMIIO-
HeHTiB EEI" € HM3bKOI0, i B Oi/ILIIOCTI BUIAAKIB HE TIe-
pesutrye 20 mxB. I1pote gani xinbkicHoi EEI" mo3Bonm-
JIM BCTAHOBUTH, 1110 JaHUI ITaTepH HE € OJHOPITHUM, a
Ma€ TMeBHi MiATUIIM BiAMOBIAHO OO0 YaCTOTHO-CITEKT-
paJIbHUX XapaKTepPUCTUK ejleKTpoeHledanorpagiuHol
KpPHMBOI, a caMe 3 nepeBaXkKaHHSIM IIBUIKOI a00 MOBijib-
HoI 1IepedpanbHOoi akTUBHOCTI. Lle mano 3Mory BUIiIuTH
TaKi MiATUIMU JaHOTO MaTepHY:

a) HU3bKOBOAbHA OUPUMMIsL «WEUOK020 MUNY» — XapaK-
TEPU3YETHCS KCIIECOM BUCOKOYACTOTHOI o- (11—13 Iix)
Ta/a00 HU3bKOYacTOTHOI (15—17 Ii1) HU3BKOAMILIITYI-
HOI B-aKTUBHOCTi, 3 AMGY3HUM Tomorpad®iyHUM po3-
MOIIJIOM IO KOHBEKCY, Ta ACSIKUM aKIIeHTOM Y (hpOHTO-
LEeHTpaIbHUX i CKPOHEBUX BiIBEAESHHSIX, CYOOOMiHYBaH-
HSIM Audy3HOi Herpyooi mojiMopdHOI HM3BKOAMILI-
iTyIHOI §-aKTUBHOCTI; TAKWIi MaTepH MM BBaXKaEMO Heli-
podi3i0JOriYHUM KOpPEJISITOM MNepeBakaHHSI aKTUBYIO-
41X BIUIMBIB CEpeIUMHHUX CTPYKTYP Ha KOPY T'OJIOBHOTO
MO3KY, 10 MOXe OYyTM iHIMBiIyaabHOIO TIcMxodi3io-
JIOTIYHOIO OCOOJIMBICTIO B OCOOMCTOCTEN «XYIOXKHBOTO
TUITy», @ TAaKOX CTaHY «CYIEepIMIbLHOCTI» Ta «i3io-
JIOTIYHOI rinep30ymJIMBOCTI» SIK IPOSIBIB LiepeOpalibHO1
peakuii Ha rocTpuii YM XpOHiuHMI cTpec [14]; Takum
YUHOM, 3JIEXHO BiJ KJiHIYHUX MPOSIBiB, HU3bKOBOJBT-
Ha JU3PUTMISI «IIBUOKOTO THITY» MOXE TPaKTyBaTHUCh
abo sIK BapiaHT HOpMU, a00 SIK JIerKi Y1 MOMipHi mopy-
IIEHHS PEeTYJISITOPHOTO XapaKTepy, 3aJIeXKHO BiJ KJIiHiu-
HOI KapTWMHU, MNPeACTaBICHOCTi MOBiIbHO-XBUJIbOBUX
KOMITOHEHTIB IIpM Bi3yaJbHOMY Ta YaCTOTHO-CIIEKT-
palbHOMY aHaJli3i, a TakKoX ITapOKCHU3MaIbHUX (POopM
AKTHUBHOCTI.

0) HU3bKOBOJIETHA IU3PUTMisl «ITOBIJIbHOIO TUITY»; Bi3y-
aJIbHO JAHWI ITaTepH MyxKe IMTOMIOHMIA 10 TIOIePeIHbOTO,
ajie 3a JaHMMM YaCTOTHO-CIEKTPaJIbHOIO aHali3y Xa-
paKTepU3y€eThCsl OU(Yy3HUM MpeBalOBaHHIM HU3bKO-
aAMIUTITYTHUX MTOJiMOP(MHUX MOBITBHO-XBUJIBOBUX (hDOPM
AKTUBHOCTI, MepeBaXKHO O-[ialla30Hy IIPU CYTTEBIM pe-
JYKLIii MapoKCU3MaJibHOI aKTMBHOCTI; TaKM TaTepH €
TUTIOBUM JJIsI AU(PY3HOTO MiKPOOPraHIiuYHOTO ypaXkKeHHS
KOpM TOJIOBHOTO MO3Ky Ta OyB onucaHuit B YIIHA Ha
YAEC y BinganeHuit nepioa micas BBy 1B [20, 21] i
TPAaKTYEThCS HAMU SK TTOMipHi 1udy3Hi 3MiHN 1Ieped-
paJibHOI OiOeIEeKTPUYHOI aKTUBHOCTI OPraHiuHOIO Xa-
pakrepy.

5) Hugpysne cnosinvrenns EEI (diffuse slowing) — nezopra-
HizoBaHUii noBiabHUE THI EEI 3 tTOMiHYBaHHSIM 0-aKTHB-
HOCTI, XapaKTepU3YETLCSI 1€30praHi30BaHOI0 aKTUBHICTIO
nomipHoi (40—55 mkB) a6o Bucokoi (70—80 MkB)
AMIUTITYOIX 3 TIepeBaXaHHSIM ITOJIMOP(MHOI O0-aKTHUB-
HOCTi (Ta/abo 0-) i HeperyJIsIpHOi (/-aKTUBHOCTI Ta Oija-

low, and in most cases does not exceed 20 uV.
However, quantitative EEG data made it possible
to establish that this pattern is not homogeneous
but has certain subtypes according to the frequen-
cy-spectral characteristics of the electroen-
cephalographic curve, namely, with a predomi-
nance of either fast or slow cerebral activity. This
made it possible to distinguish the following sub-
types of this pattern:

a) a low-voltage dysrhythmia of the «fast type» is
characterized by an excess of high-frequency o-
(11-13 Hz) and/or low-frequency (15—17 Hz)
low-amplitude B-activity, with a diffuse topo-
graphic distribution along the convexity, and some
accent in the fronto-central and temporal leads,
sub dominance of diffuse non-coarse polymorphic
low-amplitude &-activity; we consider this pattern
to be a neurophysiological correlate of the pre-
dominance of the activating effects of midline
structures on the cerebral cortex, which can be an
individual psychophysiological feature in «artistic
type» personalities, as well as the state of «hyper-
vigilance» and «physiological hyperexcitability» as
manifestations of the cerebral reaction to acute or
chronic stress [14]; thus, depending on the clinical
manifestations, low-voltage dysrhythmia of the
«fast type» can be interpreted either as a variant of
the norm, or as mild or moderate violations of a
regulatory nature, depending on the clinical pic-
ture, the presence of slow-wave components dur-
ing visual and frequency-spectral analysis, as well
as paroxysmal forms of activity;

b) a low-voltage dysrhythmia of the <«slow type»;
visually, this pattern is very similar to the previous
one, but according to frequency-spectral analysis,
it is characterized by a diffuse predominance of
low-amplitude polymorphic slow-wave forms of
activity, mainly in the d-range with a significant
reduction of paroxysmal activity; this pattern is
typical for diffuse micro-organic lesions of the
cerebral cortex and was described in the Chor-
nobyl clean-up workers in the remote period fol-
lowing exposure to IR [20, 21] and is interpreted
by us as moderate diffuse changes in the cerebral
bioelectric activity of organic nature.

5) A diffuse slowing of the EEG (diffuse slowing) is a
disorganized slow type of EEG with a dominance
of &-activity, characterized by the disorganized ac-
tivity of moderate (40—55 wV) or high (70—80 uV)
amplitude with a predominance of polymorphic -
activity (and/or 6-) and irregular o activity and
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TepaIbHUMHU MapOKCU3MAJIbHUMU PO3psiAaMU TIPU Ti-
MEPBEHTUISALIL, SIKi HEpilKO MaloTh eINiJIenTU(MOPMHY
Mopdoorito (TocTpi XBUIi, KOMIIEKCH <«TOCTpa-II0-
BiJIbHA XBWISI» Ta «CIalK-XBWIs»). Takuii maTepH € Kjia-
CUYHUM HeipodiziogoriyHuM HecreuudiyHUM MapKe-
poM eHIledaonariii pisHoi etiosorii [26—28] Ta BKazye
Ha OibII BHUpaXkeHEe CTPYKTypHe INPy3HE opraHiuHe
ypaxXeHHSI KOPY TOJIOBHOI'O MO3KY, HixX IIpU HasIBHOCTI
natepHy 4b. TakuM 4MHOM, JaHi 3MiHU TPAKTYIOTHCS
HaMU K BUpaXeHi audy3Hi 3MiHu LepedbpabHOI Oioe-
JIEKTPUYHOI aKTUBHOCTI OPraHiYHOIo XapakTepy.

6) Dokanvre mpusane cnosinvienns EEI (focal continu-
ous slowing) — HasIBHiCTb I'py0oi MoJiiMoOpdHOI cepel-
HbO- Ta BMCOKOAMILIITYIHOI MOBiIbHOXBUIIBOBOI 0-aK-
TUBHOCTI Ha TJi OyIb-sIKOro 3 MaTepHiB 1—35, 3 4iTKoIO
JlaTepaizalli€lo g0 IMeBHOI MiISHKM TOJOBHOTO MO3KY,
sika 3aiiMae oHaz 30 % 3amnucy, 3 HasIBHICTIO €ITiJIeTITH -
¢opMHOI aKTUBHOCTI y AaHiil aiisiHI abo 6e3. Eminen-
TU(POpPMHA aKTUBHICTh MOXe OyTH (pOKaJIbHOIO, ab0 3i
CXUJIbHICTIO 10 BTOPMHHOI reHepaJizallii. Takuii matepH
JTy>K€ 4acTO BKa3y€e Ha HasIBHICTb IpyOOro BOTHUILIEBOTO
CTPYKTYPHOIO YpaXXEHHSI TOJOBHOTO MO3KY (iHCYJIbT,
nyxianHa, (okKanmbHA KipKoBa IMCILIA3isg, KicTa, Ha-
crninku YMT, BorHuile aeMieniHizauii) Ta B OibLIOCTI
BUMNAAKIB MOTpedye momaTkoBoro MPT-o6cTexxeHHs
JUTSL 3’SICYBaHHS €TiOoNOril KX 3MiH [26-28]. JaHuii ma-
TepH TPAKTYETbCSI HAMU SIK TPyOi 3MiHM LiepeOpalibHO1
0ioeIeKTpUYHOI aKTUBHOCTI OPTaHiYHOTO XapakTepy 3
HasSIBHICTIO BOTHUIIIA TTATOJOTiYHOI aKTUBHOCTI (HE)eITi-
JIENTUMOPMHOIO XapakKTepy y MeBHill AUISHII TOJIOBHO-
TO MO3KY.

TakuM 4MHOM, MOXHaA 3pOOMTH BMCHOBOK, IO CTY-
MiHb MOpPYIIEHb LIepeOpaIbHOl 0i0eIeKTPUYHOI aKTUB-
HOCTI B rpynax o0CcTexKeHHSI 3pOCTa€ 3a KiacHuikalieto
natepny EEI Bim 1 go 6. JlaHa ekcrepTHa oOLiHKa, Ha
Halll TIOTJISI, MA€ CYTTEBE IPAKTUYHE 3HAUCHHS i MOXKe
3aCTOCOBYBATUCH SIK Y KJIiHIUHINA MpaKTHLli, TaK i MpU
eKCIIepTHOMY aHaJjli3i Heilpo- (rncuxo-) (izioaoriyHux
INCGYHKIIN y Pi3HUX KITIHIYHUX Ta TpodeciiHnX KO-
roprax Iali€eHTiB i 3MIOpOBUX OCi0O, 30KpeMa y TpalliB-
HUKiB aTOMHOI €HEepreTUKM Ta MPOMUCIOBOCTI - SIK MPU
npodeciiitHoMy Bigbopi, Tak i B mpoleci AMHAMiYHOTO
0iOMEIMYHOI0 MOHITOPUHTY.

ExcnieptHa knacudikallig matepHiB (OHOBOI KOH-
BeHuiitHoi EEI" HaBeneHa B Tabauui 1.

XapakTep 0i0eJeKTPUYHOI aKTUBHOCTI TOJOBHOIO
MO3KYy naiieHTiB y rpyti YJIHA cyTTeBo Bimpi3HSIBCS Bif
000X rpyn nopiBHIHHS. ZKoJeH onmpoMiHeHMI MallieHT
He MaB HopMaJibHOI (opraHizoBaHoi) EEI. HaitGinbim
XapaKTepHUM IJIsI BiITaJIeHOTO MePiomy OIIPOMIiHEHHS €
«mockuit» ojgiMopdHuit Tun EED noBinbHOro tuity, a

bilateral paroxysmal discharges during hyperventi-
lation, which often have an epileptiform morphol-
ogy (sharp waves, «sharp-slow wave» and «spike-
wave» complexes). This pattern is a classic neuro-
physiological non-specific marker of encephalo-
pathies of various etiology [26—28] and indicates a
more pronounced structural diffuse organic lesion
of the cerebral cortex than in the presence of pat-
tern 4B. Thus, these changes are interpreted by us
as severe diffuse changes in the cerebral bioelectri-
cal activity of an organic nature.

6) A focal continuous slowing of the EEG (focal
continuous slowing) — the presence of coarse poly-
morphic medium and high-amplitude slow-wave
d-activity against the background of any of the pat-
terns 1-5, with clear lateralization to a certain
area of the brain, which occupies more than 30 %
of the recording, with or without epileptiform
activity in this area. Epileptiform activity can be
focal, or with a tendency to secondary generaliza-
tion. Such a pattern very often indicates the pres-
ence of a gross focal structural brain lesion (stroke,
tumor, focal cortical dysplasia, cyst, TBI conse-
quences, focus of demyelination) and in most
cases requires an additional MRI examination to
clarify the etiology of these changes [26-28]. This
pattern is interpreted by us as gross changes in the
cerebral bioelectrical activity of organic nature
with the presence of a pathological activity focus
of a (non)epileptiform nature in a certain area of
the brain.

Thus, it can be concluded that the degree of
cerebral bioelectric activity violations in the study
groups increases according to the classification of
the EEG pattern from 1 to 6. This expert assess-
ment, in our opinion, has considerable practical
significance and can be used both in clinical prac-
tice and in expert analysis of neuro- (psycho-)
physiological dysfunctions in various clinical and
professional cohorts of patients and healthy indi-
viduals, in particular in nuclear power and indus-
try workers — both during professional selection
and in the process of dynamic biomedical moni-
toring. The expert classification of background
conventional EEG patterns is shown in Table 1.

The nature of the brain bioelectrical activity in
patients in the Chornobyl clean-up workers group
differed significantly from both comparison groups.
No irradiated patient had a normal (organized)
EEG. The most characteristic of the remote period
following radiation exposure is the «flat» polymor-
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Taoauuya 1

EkcnepTHa knacudikauis natepHiB hoHoBOi (KoHBeHUilHOT) EEl B rpynax o6cTexxeHHs

Table 1

Expert classification of background (conventional) EEG patterns in the study groups

Natepn ¢poHoBOT VJIHA AcCn YAEC pyna nopiBHsSHHS x> 369,78;!““'7'
(koHBeHuilHoi) EET a6c. (BigH.) abc. (BigH.) abc. (BigH.) kpurepin Diepa
L . Ang Tabnuup 2x3
Chornobyl liquidators SSE ChNPP employees  Comparison group 2 or Fisher’s exact
Background (conventional) abs. (rel.) abs. (rel.) abs. (rel.) est for 2x3 tables
EEG pattern n=22 n=24 n=16 p
OpraHizoBaHuit anba-narepH 0(0,0) 2(0,08) 5(0,31) p=10,009
Organized alpha pattern
[le30praHi3oBaHuii natepH 8 (0,36) 3(0,13) 6 (0,38) x2 =439,
Disorganized pattern p=0,11
[iNepCUHXPOHHMIA TUN 2(0,09) 0(0,0) 0(0,0) p=0,19
Hypersynchronous pattern
HW3bKOBOIbHA AUPUTMIS «LLIBMAKOMO TUMY» 2(0,09) 11 (0,46) 5(0,31) X2 =197,
Low-voltage dysrhythmia of the «fast type» p=10,02
Hu3bkoBoNbHA AM3puTMis «nosinbHOro Tvny» 4 (0,18) 6 (0,25) 0(0,0) p=0,08
Low-voltage dysrhythmia of the «slow type»
[Jndy3sHe CnoBinbHEHHS 4(0,18) 2(0,08) 0(0,0) p=0,18
Diffuse slowing
(MokanbHe CroBiNbHEHHS (3 natepanisallieio 2(0,09) 0(0,0) 0(0,0) p=0,19

[0 NiBOT CKPOHEBOI AiNSHKM)
Focal continuous slowing (lateralized
to the left temporal area)

TaKOX 3arajibHa TeHAeHLis1 40 crioBiibHeHHs EET -
naTepHy, TOOTO 3aMiHM HOpMaJbHOI BUCOKOYACTOT-
HOI aKTMBHOCTI MaTOJIOTIYHUMM HU3bKOYACTOTHM-
MU KoJuBaHHSAMU (putmamu). B cymi matepuu EET
3 MepeBaKaHHSAM MaTOJOTIYHUX TOBiJIbHOXBUILO-
BUX (POPM aKTUBHOCTI (TpX OCTaHHi IMaTepHU B Ta0-
JINIIi) JOCTOBipHO mepeBaxanu B rpyni YJIHA Ha
YAEC nopiBHSIHO 3 iHIIMMU IpynaMu JOCIiIKeHHSI
(x>=9,64, df =2, p=0,009). Lli BinMiHHOCTi BUSIBU-
JIMCh AelOo Oifbll BUPaKEHUMM BiZHOCHO TPYIHU
OCIT HAEC (p = 0,29 3a Tounum Kputepiem PDimre-
pa) Ta JOCTOBIpHMMM BiJHOCHO TPYIU TOPiBHSHHS
(p = 0,001 3a Tounum kputepiem Dimepa). [NarepH
koHBeHuiiiHo1 EEI" y rpyni YJIHA, Ha BiaMiHy Bia
TPYyN MOPIiBHIHHS, Ma€ Taki ocobmmBocTi: 1) mate-
paizaliifHuil eeKT — nepeBaxkHe 3aJlydeHHs JIiBOi
remicepu, oco0IMBO JTOOHO-CKPOHEBOI MiMSIHKU;
2) 30iibIICHHS 0-aKTUBHOCTI MpPU 3MEHILEHHI O i
0-aKTUBHOCTI; 3) <«IIJIOCKMIi» IMOJIMOP(HUI THII
EET. IpocTekeHa TeHIeHIIis 10 30iIbIIEHHS iHIEeK-
cy HusbkoaMILTiTynHoi (< 20 MkB) B-akTuBHOCTI Yy
BigganeHuii niepion micis aBapii [20—25].

OngHUM 3 TIOSICHEHB 3POCTaHHS 9YaCTOTH «ILUIOCKO-
ro» noaimMopgHoro nmarrepHy EEID y rpymi YJIHA
Moxe OyTH ix moctapinHs. Takuit matrepH EEI € Tu-
MOBUM U151 MPUTHIYEHHSI KOPTUKO-1iMOIYHOI CUCTE-
MU 1 Ma€ TaKi O3HAKM:

phic EEG pattern of the «slow type», as well as the gen-
eral tendency to slow down the EEG pattern, that is,
the replacement of normal high-frequency activity by
pathological low-frequency oscillations (rhythms). In
total, EEG patterns with a predominance of patholog-
ical slow-wave forms of activity (the last three patterns
in the table) significantly prevailed in the Chornobyl
liquidators compared to other study groups (2 = 9.64,
df=2, p=0.009). These differences were slightly more
pronounced relative to the SSE ChNPP employees
group (p = 0.29 by Fisher’s exact test) and significant
relative to the comparison group (p = 0.001 by Fisher’s
exact test). The pattern of the conventional EEG in the
Chornobyl clean-up workers group, in contrast to the
comparison groups, has the following features: 1) later-
alization effect — predominant involvement of the left
hemisphere, especially the frontotemporal area; 2) an
increase in d-activity with a decrease in o- and 0-activ-
ity; 3) «flat» polymorphic type of EEG. A trend
towards an increase in the index of low-amplitude (<
20 uV) B-activity in the remote period following the
Chornobyl accident was observed [20—25].

One of the explanations for the increase in the fre-
quency of the «flat» polymorphic EEG pattern in the
Chornobyl clean-up workers group may be their aging.
This EEG pattern is typical for inhibition of the corti-
co-limbic system and has the following features:
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a) 3Ha4yHe 30iIbIIEHHs O-aKTUBHOCTI, JIaTepali3oBaHOl
JI0 JIiBOI JIOOHO-CKPOHEBOI JAUISIHKM, 110 BigAOMUBae po3-
rajibMyBaHHSI TMIMOMHHUX KOPTUKAJIbHUX 1 TaJlaMiyHUX
HEMPOHIB BHACTIIOK MPUTHIYEHHST PETUKYJISIPHOI (Pop-
Mallii Ta 3aIHbOTO TilloTagaMycy;

0) 3HauHe nrdy3He 30LTbIIEHHS 3-aKTUBHOCTI, 1O CBill-
YUTh PO IUCHYHKIIiI0 KOPTUKOKOPTUKAJIBHUX Ta Tajla-
MOKOPTUKAJIBHUX B3a€MOIiii, a TaKOX PO MOCUJIECHHS
BIUIMBY Tajlamyca i XBOCTATOIO $siipa Ha KOPY BEJIMKMX
MiBKYJIb;

B) PeAYKIIisl 0(-aKTMBHOCTI, 1110 BKa3y€ Ha ypaxkeHHs KO-
pU TOJIOBHOTO MO3KYy Ta AUCHYHKIIIO CTOBOYPOBMX
CTPYKTYP;

r) 3HaYHa peaykKlisd 6-aKTUBHOCTI, IO CBiZYWUThb IIPO
KOPTUKO-JIIMOiUHY, OCOOJMBO TiloKaMIlaJbHY Tillo-
¢ynkuio [20—25].

Otxe, y BinpaneHuit nepioa micias aBapii Ha YAEC y
rpyni YJIHA HelipodizionoriyHi mopylueHHsT CBig4aThb
IIPO OpraHiuyHe ypaXkKeHHs TOJI0BHOTO MO3KY 3 II€peBaK-
HUM MPUTHIYEHHSIM KOPTUKO-JTiMOIUHOI CMCTeMHU JIiBOL
MIOMiHaHTHOI MiBKyJi. OTpuMaHUil Helipodizioaoriu-
HUI IaTepH Y3TOMKYETHCS 3 HAIIMMHU JAaHUMH ILIOH0 pa-
mianiitHo-iHAyKoBaHuX 3MiH EEID y mommuam [20, 21].
Takum unHOM, JaHi Helpodi3ioJOriYHOro 00CTEXEHHS
MiATBEPIKYIOTh JaHi HEHPOIICUXOJIOTIYHOTO OOCTEXKEH-
Hsl 1 BKa3yl0Th Ha JIOKaJi3allilo MaToJA0riYHOIo MpoLecy
y obcrexxyBaHux rpynu YJIHA B nepegHix Bimainax iaiBoi
HepebpanbHOi reMicdepu.

IHIi TeHaeHLil Oyau BUSIBJICHI Y TPYIli MpalliBHUKIB
HCIT YAEC. Yactora HOpMaJbHOIO OPraHi30BaHOIO
anbda-marepHy (p = 0,07 3a TounuM KpurepieM Dire-
pa), a Takox ae3opraHizoBaHoro natepHy (p = 0,10 3a
TOYHUM KputepieM Dimepa), B HUX Oyjia CyTTEBO HUX-
4Ol0, HiXK y IpyIli MOpiBHSAHHS. TakoxX MpocTexXyBajlach
TeHACHLIS OO0 3HMXKEHHSI 4acTOTH AE30PraHi30BaHOTO
natepHy i BigHocHo rpynu YJIHA y npauisauxis JICIIT
YAEC (p = 0,09 3a Tounnm kputepiem Dimrepa). [1Ipote
B JaHill Tpymi BUSBUJIACH HOCUTH IIPOMOBMCTA TEH-
NEeHLIisT 10 30UIbLIEHHSI YaCTOTM HU3bKOBOJBTHOI TMU3-
PUTMii «IIBUIKOTO TUIY», dKa OyJia JTOCTOBIpHOIO
BinHocHO rpynu YJIHA na YAEC (y2 = 7,64, p = 0,000),
a TakKoX MAell0 ITiJABUIIEHOIO MOPiBHSIHO 3 TPYIOI0
nopiBHsaHHS (Y2 = 0,85, p = 0,36). lanuit hheHOMEH 3ac-
JIYTOBYE OKPEMOTO OOrOBOPEHHSI.

Hani xomm’'totepusoBaHoi KEEI 3acBimunnau Hass-
HicTh y rpyni YJIHA BupaxeHMX MaTOJOTiYHMX 3MiH
CMOHTaHHOI 6i0eIeKTPUYHOI aKTUBHOCTI. Y rpymi YJIHA
Ha YAEC 10ocToBipHO MOPiBHSIHO 3 TpyNaMU MOPiBHSIH-
a1 Ta ipauiBHuKiB JCITYAEC (p < 0,05—0,001) mndys-
HO 306iibllleHa BimHOCHA (%) crnekTpajbHa MOTYXHICTh
nmensra (> 0—4,0 Iir) miamaszony KEEI, Busgsieno moc-

a) a significant increase in -activity, lateralized to
the left frontotemporal area, which reflects the dis-
inhibition of deep cortical and thalamic neurons
due to inhibition of the reticular formation and the
posterior hypothalamus;

b) a significant diffuse increase in -activity, which
indicates dysfunction of corticocortical and thala-
mocortical interactions, as well as increased influ-
ence of the thalamus and caudate nucleus on the
cortex of the large hemispheres;

¢) reduction of a-activity, which indicates damage
to the cerebral cortex and dysfunction of the stem
structures;

d) significant reduction of ©-activity, which indi-
cates cortico-limbic, especially hippocampal hy-
pofunction [20—25].

Thus, in the remote period following the accident
at ChNPP in the Chornobyl clean-up workers
group, neurophysiological disorders indicate organ-
ic brain damage with predominant suppression of
the cortico-limbic system of the left dominant hemi-
sphere. The obtained neurophysiological pattern is
consistent with our data on radiation-induced EEG
changes in humans [20, 21]. In this connection, the
data of the neurophysiological examination confirm
the data of the neuropsychological examination and
point to the localization of the pathological process
in the examined group of clean-up workers in the
anterior parts of the left cerebral hemisphere.

Other trends were found in the group of SSE
CHNPP employees. The frequency of a normal or-
ganized alpha pattern (p = 0.07 according to Fisher’s
exact test), as well as a disorganized pattern (p = 0.10
according to Fisher’s exact test), was lower in them
than in the comparison group. There was also a ten-
dency to decrease the frequency of the disorganized
pattern relative to the Chornobyl clean-up workers
group in SSE ChNPP employees (p = 0.09 according
to Fisher’s exact test). However, in this group, there
was a rather significant trend towards an increase in
the frequency of low-voltage dysrhythmias of the
«fast type», which turned out to be reliable relative to
the Chornobyl clean-up workers group (y2 = 7.64,
p = 0.006), and also slightly increased relative to the
comparison group (x2 = 0,85, p = 0.36). This phe-
nomenon deserves a separate discussion.

Computerized QEEG data confirmed the pres-
ence of pronounced pathological abnormalities in
spontaneous bioelectrical activity in the Chornobyl
clean-up workers group. In the Chornobyl clean-
up workers, the relative (%) spectral delta-power

(1) 360



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Iss. 28.

CLINICAL

RESEARCH

TOBipHe OinaTepajibHe 3HMXEHHSI BiJHOCHOI CIIEKT-
paJibHOI TeTa-noTykHoCTi (> 4,0—7,0 Ii1) y dpoHTaNIb-
Hux girstHkax (p < 0,05—0,01), nocToBipHO 30iJIbIIIEHA
abCoJII0THA CIIeKTpabHa MOTYXHICTh AebTa-aiarna3o-
HY y JiBill TOCTepo-TeMNOpaNIbHIill AUISHII TOPiBHSI-
HO 3 oboma rpymnamu nopiBHsHHS (p < 0,05—0,001)
(tab. 2,3). BizmoBigHO 10 HAIIMX MTOTIEPEIHIX JaHUX,
paHile crocTepirajocsi paiialiiiHo-acolifioBaHe
3HIMKeHHs TeTa-AianazoHy KEEI, mo iHTepnpeTyBa-
Jiocs §K iHri6iuig rimokamiy. Kpim toro, y rpyni YJI-
HA 1nipoeMOHCTpOBaHO 3HMXXKEHHSI BiTHOCHOI CIEKT-
panbHOi 6eTa-noTyxkocTi (p < 0,05), nndy3He 3HUKEH-
HsI aOCOIOTHOI i BiTHOCHOI CIEKTpajbHOI ajabga-mno-
Ty>XKHOCTi (8—13 Ii1) 3 aK1LIeHTOM Y JiBiii GPOHTO-TEM-
NopaibHil Ta TEMIIOPO-OKLUIITAAbHIN AUISIHLI, a Ta-
KOX JOCTOBipHE 3HMKEHHS BiJHOCHOI CIEKTpaJibHOL
0eTa-mOTYXKHOCTI y MOTWJIMYHUX BiIBEACHHSIX i CHU-
MeTpuuHe Audy3He 3HUKEHHST abCOMIOTHOI OeTa-To-
Ty>kHOCTI (> 13—30 Ii1) mpakTMIHO B YCiX BiIBeACHHIX
KEET (p < 0,05—0,001) BigHOCHO rpyn TOpiBHSIHHS
(Tabu. 2, 3). BusBieHi 3MiHM 3aCBiIUyIOTh BipOTiTHUIA
BILIMB ITPOLIECiB CTapiHHS HAa (DYHKLIIOHYBaHHSI TOJIOB-
HOro MO3KY IIic/s1 oInpoMiHeHHs. JloCTOBipHE 3HM-
JKEHHSI BiTHOCHOI CHEKTpaJIbHOI TeTa-TOTY>KHOCTi y
JIOOHMX BiIBEAEHHSIX MOXe OyTH HellpodiziosoriyHuM
KOPEJISITOM (PYHKUYIOHAAbHOI e2inogponmanrvHocmi —
3HMKEHHSIM (PYHKIIi1 TOOOBMX YaCTOK TOJIOBHOTO MO3-
KY, SIKa KJIiHIYHO BUSIBISETHCS Y TTOPYIIEHHSIX BUILIMX
TMICUXiYHUX (PYHKIIIN (KOPOTKOTPUBAJIOL TTaM’sTi, yBa-
', MUCJIEHHSI TOLLIO), HETPMMaHHi aeKTiB, HEIOTPU-
MaHHI colliaIbHUX HOPM i paBuJl, PpO3raJibMOBAaHOCTI,
a TaKOX Y MaTOINCUXOJIOTiUHO AediliuTapHiil mmu3op-
peHonoaioHil cumnToMaTuli [29—30]. 3araiom, Heli-
podisionoriynuii marepH, 3a nanumMu KEED B YJIHA
Ha YAEC, MoxHa oxapakTepu3yBaTH K TEHICHIIIIO
0 11¢y3HOro CMOBiILHEHHS 0i0€IeKTPUUHOI aKTUB-
HoCTi rojloBHOro Mo3ky (diffuse slowing), To6TO 3ami-
IIEHHSI HOPMaJIbHOI pUTMIKH TOJIOBHOTO MO3KY Y aJlb-
¢a- ta Oera-miarma3oHi HM3HLKOYACTOTHUMHU (TTOBiJIb-
HOXBUJIbOBUMHU) (opMaMu akTUBHOCTI. Taki 3MmiHU
CBimuaTh mpo audy3He 6araTopiBHEBE OpraHiuHe ypa-
>KeHHsI rojgoBHoro Mo3Ky B YJIHA na YAEC, ske xa-
pPaKTepU3y€EThCSl TIMOOKOIO AUCKHYHKIIIED CTOBOYpO-
BO-JieHIIeaTbHUX CTPYKTYpP, MPOTrPECylOUNM Xapak-
TepoM eHIlledasonarTii 3 MepeBaXXHUM 3aTyYeHHSIM
KOPTUKO-JIIMOIYHOI CUCTEMH JIiBOI (IOMiHAHTHOI1) TTiB-
KyJIi TOJJOBHOTO MO3KY, 110 MOXe OyTH O0yMOBJIEHUM
BIUTMBOM MPUCKOPEHOTO CTapiHHS TOJIOBHOI'O MO3KY Y
BigmaneHuii nepiof micias BruiuBy 1B.

VY rpyni ACIT YAEC cnocrepiraioch noaioHe a0
VIJIHA, xoua it MeHI1I BUpa3He, 3HUXKEHHS BiTHOCHOI

(> 0—4.0 Hz) of the QEEG range was diffusely
increased significantly relative to the comparison
group and SSE ChNPP employees (p < 0.05—0.001),
and a significant bilateral decrease in the relative
spectral theta-power (> 4.0—7.0 Hz) was detected in
the frontal areas (p < 0.05—0.01), absolute spectral
power of the delta range in the left posterior-tempo-
ral area significantly increased relative to both com-
parison groups (p < 0.05—0.001) (Tables 2, 3). Con-
sistent with our previous data [20—25], a radiation-
associated decrease in the QEEG theta range was
previously observed, interpreted as hippocampal inhi-
bition. In addition, the Chornobyl clean-up workers
group demonstrated a decrease in the relative spectral
beta-power (p < 0.05), a diffuse decrease in the
absolute and relative spectral alpha-power (8—13 Hz)
with an emphasis in the left frontotemporal and tem-
porooccipital areas, and also a significant decrease in
the relative spectral beta power in the occipital leads
and a symmetrical diffuse decrease in the absolute
beta power (> 13—30 Hz) in almost all QEEG leads
(p < 0.05-0.001) relative to the comparison groups
(Tables 2, 3). The detected changes testify to the
probable influence of aging processes on the brain
functioning after irradiation. A significant decrease
in the relative spectral theta power in the frontal leads
can be a neurophysiological correlate of functional
hypofrontality — a decrease in the function of the
frontal lobes of the brain, which is clinically mani-
fested in disorders of higher mental functions (short-
term memory, attention, thinking, etc.), inconti-
nence of affects, non-observance of social norms and
rules, disinhibition, as well as pathopsychological de-
ficient schizophrenic symptoms [29—30]. In general,
the neurophysiological pattern according to QEEG
data in the Chornobyl clean-up workers can be char-
acterized as a tendency towards diffuse slowing of
brain bioelectric activity, i.e. replacement of normal
brain rhythms in the alpha and beta range by low-fre-
quency (slow-wave) forms of activity. Such changes
indicate a diffuse multilevel organic brain lesion in
the Chornobyl clean-up workers, which is character-
ized by profound dysfunction of the stem-dien-
cephalic structures, the progressive nature of ence-
phalopathy with the predominant involvement of the
cortico-limbic system of the left (dominant) hemi-
sphere of the brain, which may be due to the effect of
accelerated brain aging brain in the remote period
following exposure to IR.

In the SSE ChNPP employees group, a decrease in
the relative spectral theta-power in the frontal
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Ta6nuuysa 2
Pe3ynuTatn Komn'toTepHoi enekTpoeHuedanorpadii (BigHOCHa cnekTpanbHa NOTYXKHICTb) Y rpynax o6cTexeHHA
Table 2
Results of computer electroencephalography (relative spectral power) in the study groups
. YJTHA ACNM YAEC Fpyna nopiBHAHHS
Moka3Huk, BinseaeHHs Chornobyl liquidators SSE ChNPP employees Comparison group
Index, EEG lead n=22 n=24 n=16
(M = SD) (M = SD) (M = SD)
BigHOCHa cneKTpanbHa fenbTa-noTyXHictb, % / Relative spectral delta-power, %
Fp1 64,2 + 20,125 41,4+ 20,7 426+ 18,0
Fp2 55,9 + 18,6'4 43,8 +19,2 42,4 +20,4
F7 52,0 + 15,935 38,8 +19,9 325+158
F3 51,0 + 18,4%5 41,1 £20,1! 30,5 £ 15,1
F4 52,1 + 21,125 35,0 £20,0 32,7+£18,7
F8 52,9 + 18,825 35,8 18,3 343+172
T3 47,8 + 22,024 35,8 +19,9 29,7 £ 16,3
C3 48,7 + 18,32 40,0 + 24,2 28,6 £17,7
C4 47,2 £ 21,114 32,3+18,8 29,0+ 18,8
T4 53,9 + 21,035 34,3+19,8 33,8 £20,4
5 45,1 + 19,435 33,0217 23,8 £ 13,1
P3 42,5 + 22 6! 34,0+ 17,2 249 + 16,7
P4 44,2 + 25 924 30,8 £ 18,0 243174
T6 43,6 £ 22,9'4 31,8 £ 18,6 27,4+ 16,5
01 43,8 +21,3%6 254+ 159 21,7+ 139
02 38,8 + 21,025 27,3+ 16,7 20,8 £ 14,8
BipHocHa cnekTpanbHa TeTa-noTyHicTb, %
Fp1 10,2 + 20,12% 19,6 +15,0 16,2+ 6,9
Fp2 11,8 = 18,6 13,854 154 +59
F7 11,6 = 15,9 13,8 £ 5,6* 18,0 £ 5,6
F3 12,8 + 18,42 14,5+ 5,8* 18,7+5,8
F4 12,7+ 211" 15,7+59 17,0+6,4
F8 12,1+ 18,8! 14,7+ 6,7 16,3+ 5,8
BigHocHa cneKTpanbHa anba-noTyxHicTb, %
Fp1 15,9 + 13,2 16,3 + 13,02 26,7+ 12,8
F7 20,4 = 14,3 19,5 + 13,3 32,9+ 141
F3 22,2+ 159! 20,4 + 13,32 34,8 £ 14,3
F8 21,0 £ 15,2 20,3 + 13,4 31,3+ 14,2
T3 234 +17,2! 225+ 14,92 37,0+ 15,0
C3 24,8 + 16,4 23,4 £ 17,4 38,8 + 16,0
T4 22,0+14,7' 25,3 +16,1! 33,5+ 14,1
T5 26,8 + 18,52 27,1 £17,12 445+ 154
P3 31,9+20,9' 28,5+ 18,72 458174
P4 30,4 £ 224! 28,9 + 18,92 46,5+ 17,8
01 30,9 + 20,62 36,6 + 18,82 52,4+ 18,0
02 35,0 = 21,0? 34,5+ 18,9 54,1 £19,0
BigHocHa cneKTpanbHa 6eTa-noTyKHicTb, %
Fp2 15,4 + 8,64 241 £ 14,1 16,1 7,2
F8 15,3 +5,7'6 29,2 + 16,7 20,8 9,7
T5 14,0 + 4,68 27,3+ 157 18,6 £ 6,0
P3 11,7 £ 3,728 25,7+ 14,11 16,6 = 6,4
P4 10,8 + 5,226 28,2 + 14,5° 16,9 £ 6,7
T6 12,5 + 6,4'8 28,2+ 147" 17,7+£7,7
01 12,0 + 4,7'6 26,4 + 14,82 16,2 £ 5,6
02 11,3+ 3,96 26,9 + 14,12 145+52

Mpumitku. 1> 23 — OCTOBIPHICTL PI3HNLL 3 PIBHEM CTATUCTYHOI 3HauywlocTi p < 0,05; p < 0,01 Ta p < 0,001 BIANOBIAHO MO BiQHOLIEHHIO O TPYNY MOPIBHAHHS 3a [-KPUTEPIEM
CrblofenTa; 4 5 6 — NOCTOBIPHICTL Pi3HML 3 PIBHEM CTATUCTUYHOI 3HauyLocTi p < 0,05; p < 0,01 Ta p < 0,001 BignosiaHo no BigHoweHHIO 10 rpyru ACM YAEC 3a t-kputepiem
CrblogeHTa.

Notes. '- 23 — the reliability of the difference with the level of statistical significance p < 0.05, p < 0.01 and p < 0.001, respectively, in relation to the comparison group according
to the Student’s t-test; 4 5. 6 — the reliability of the difference with the level of statistical significance p < 0.05, p < 0.01 and p < 0.001, respectively, in relation to the SSE ChNPP
employees group by Student’s t-test.
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Taoauuya 3
Pe3ynbrat KoMn'loTepHoi enekTpoeHuedanorpadii (abconoTHa cneKkTpanbHa NOTYXKHICTb) Y rpynax
o6cTexeHHs

Table 3
Results of computer electroencephalography (absolute spectral power) in the study groups

. YJIHA ACMN YAEC Fpyna nopiBHAHHSA
Moka3Huk, BigseaeHHs Chornobyl liquidators SSE ChNPP employees Comparison group

Index, EEG lead n=22 n=24 n=16

(M = SD) (M + SD) (M = SD)
A6conioTHa cneKTpanbHa fenbTa-noTyHictb, MKkB2/Ty // Absolute spectral delta-power, uV?/Hz

Fp1 123,8 + 95,44 73,5 + 60,6 68,8 + 52,6

T5 46,1 + 36,3* 47,3 +£40,5' 26,7 + 15,4

A6conioTHa cneKTpanbHa TeTa-noTyxHictb, MKB2/Ty // Absolute spectral theta-power, uV?/Hz

Fp2 12,6 £ 6,7 17,4279 23,3+ 16,4

F3 13,6 = 7,4 17,7 + 26,2 29,2+ 279

F4 15,2 £ 9,4 20,2 + 36,7 293 +239

F8 13,2+ 79! 175+20,7 24,0 + 18,6

T3 10,6 = 6,5 11,8+ 24,3 23,6 24,1

C3 12977 21,0 £ 20,0 226+17,8

C4 13,4 = 8,4 16,4 + 18,2 22,8 16,8

T4 12,2 + 8,0 15,6 £ 17,1 21,5+ 151
A6contoTHa cnekTpanbHa anba-noTyxHicte, MKB2/Ty // Absolute spectral alpha-power, uV?/Hz

Fp1 245 + 24 9'4 39,3 +22,3 453 + 35,4

Fp2 21,6 = 28,5 18,2 + 28,62 457+ 37,6

F7 22,3 + 239! 25,0 31,9 49,3 + 37,6

F3 27,0 £ 32,2 22,8 + 31,9 573+458

F4 28,8 + 35,7 28,8 + 35,72 56,5 + 43,7

T3 28,3 30,114 17,6 = 30,13 56,9 + 40,1

C3 35,4 + 37,6 26,4 + 36,22 63,9 + 454

T4 279 +26,5' 27,2 +26,5' 53,9 +37,9

P4 60,5+ 77,9 35,3+ 35,4 92,8 + 69,5

01 77,8 £ 73,4 472 7152 126,0 + 104,0
02 65,9 + 62,5 38,9 + 62,52 127,5+107,2
A6conioTHa cneKTpanbHa 6eta-noTyHictb, MKB?/Iy // Absolute spectral beta-power, uV?/Hz

F7 14,8 £ 9,44 49,8 + 47,3 26,8 + 20,7

F3 13,9+ 8,114 26,7 £ 21,1 26,6 £ 21,6

F8 149 +£ 8,7 27,7 £25,2 28,0 £ 22,6

F4 14,9 £ 9,9 38,3+31,6 245+173

T3 15,3+ 9,7 209+ 275 289+222

C3 14,5 + 8.4 26,1 = 30,7 27,6 £20,5

C4 14,8 + 8,9 27,9 +35,8 27,7+20,8

T4 14,0 + 8,8! 26,0 = 26,5 27,3+20,3

15 13,4 £ 8,52 226+ 245 29,1 £ 22,1

P3 13,4 £ 8,92 26,7 24,8 285+215

P4 13,7 £ 8,42 26,9 + 37,8 28,1+21,3

T6 14,0+ 9,22 24,5 +30,8 28,4+19,4

01 15,3 + 10,42 27,9 +33,9 26,9 + 18,4

02 12,8+9,9 241+255 26,7 19,5

Mpumitku. 123 — KOCTOBIPHICTb Pi3HNLY 3 PIBHEM CTATUCTMYHOI 3HauywocTi p < 0,05; p < 0,01 Ta p < 0,001 BiENOBIAHO NO BIAHOLIEHHIO O FPYNY NOPIBHSHHS 3a E-KpUTEpIEM
CrbloaeHTa; 4 5 6 — JOCTOBIPHICTL Pi3HML 3 PiBHEM CTATUCTUYHOI 3HauyLocTi p < 0,05; p < 0,01 Ta p < 0,001 BignosiaHo no siaHowweHHIO A0 rpyru [ACM YAEC 3a t-kputepiem
CrblofeHTa.

Notes. 1.2 3 — the reliability of the difference with the level of statistical significance p < 0.05, p < 0.01 and p < 0.001, respectively, in relation to the comparison group according
to the Student’s -test; 4 56 — the reliability of the difference with the level of statistical significance p < 0.05, p < 0.01 and p < 0.001, respectively, in relation to the SSE ChNPP
employees group by Student’s *test.

CTIEKTPAJIbHOI TeTa-TIOTY>KHOCTI y JJOOOBMX YacTKax  regions, similar to the one in the clean-up workers,
BiTHOCHO Tpyny MOpPIiBHSIHHS, sIKe Y JiBiii ¢poHTO-  although less pronounced, was observed compared to
TEMITOpaJbHIN AUISHIIN CSATHYJIO CTyTMEHsT nocToBip-  the comparison group, which reached the level of sig-
HocTi (p < 0,05). Takox 3BepTajno Ha cebe yBary xa-  nificance in the left frontotemporal region (p < 0.05).
paxktepHa qudy3Ha mernpecisa BimHocHoi Ta abcomor-  The characteristic diffuse depression of relative and
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HOI CHEKTpaJbHOI aabdha-MoTyXKHOCTI MPAaKTUYHO B
ycix BiaBeneHHsx KEEI, sgka BusiBUiaachb JOCTOBIp-
HOIO BiZHOCHO Tpynu nopiBHsIHHS (p < 0,05—0,01) Ta
Ha piBHIi JesIKuX TeHAeHUil BinHocHO rpynu YJIHA
(p > 0,05). LIi 3MiHM CYIIPOBOAXKYBAIUCH 3POCTAHHSIM
BiTHOCHOI OeTa-MOTY>XHOCTi, SIK€ BUSIBUJIOCH BUCO-
KOJOCTOBIpHUM Y JTOOHMX, MTOTWJIMYHUX (3 JESIKOI0
JlaTepasizalli€lo 40 MpaBoi MiBKYyjli TOJJOBHOIO MO3KY)
Ta JIiBiil CKpOHEBili AiNsHII BimHOCHO rpynu YJIHA
(p <0,001) i mocTOBipHMM Yy paBOMY JIOOHOMY, ITpa-
BOMY TiM’SHOMY Ta 000X TTOTWJIMYHUX BiIBeIeHHSIX
BimHOCHO Tpymnu nopiBHIHHS (p < 0,05—0,01). Taxi
TEHJEHIIil 3acBiIUyIOTh 3MiHM IepeOpabHOI PUT-
miku y npauiBHukiB JICIT HAEC, ¢ki € npoTtuiex-
HuMu A0 Takux B YJIHA, a came — Oiiblia rpeacras-
JIeHicTh y KinbKicHilt EET He «IToBiATbHUX» (HU3BKHUX)
YacToT, a «IIBUAKUX» (BUCOKMX) OETa-4yacToT Ta Jyac-
TOT anbda-2 miamazoHy (excessive fast activity), 1o
MU TPaKTYEMO SIK IIepeBary IeCUHXPOHHUX (aKTUBY-
J0YMX) BIUIMBIB CTPYKTYpP JiMOiKO-pPETUKYJISIPHOTO
KOMIUIEKCY (30Kpema, MUTIAJENOAiOHOro Tijla) Ha
Kopy roioBHoro Mo3ky. Hani kinbkicHoi EET minkom
30iratoTbcsl 3 pes3yabTaTaMy €KCHEePTHOIo aHasli3y
¢onoBoi (konseHuiitHoi) EET, ki 3acBigunim TeH-
JeHIIii 10 3pOCTaHHS YacTOTW caMe TUX MaTepHiB
EET B rpyni ACIT YAEC, ski Bi3yanbHO MiCTSITh Be-
JIMKUI BiICOTOK BUCOKOYAaCTOTHUX KOMIIOHEHTIB —
JIe30praHi30BaHOro MaTepHy Ta HU3bKOBOJBTHOT 13-
putMii mBUAKOro TUMy. Taki 3MiHM MOXYTb OyTH
ncuxodiziogoriyHUM KOPEeasITOM TPUBOXKHUX CTaHIB,
30kpeMa mmaHigHux posnafgis, [ITCP romo. Kpim To-
ro, Jernpecis BiTHOCHOI CIeKTpaJbHOI TETa-IOTYX-
Hocti y rpymi JACIT YAEC, momibHa mo Takoi B
VIJIHA, Moxe 0yTu MapKepoM @YHKYIOHAAbHOT 2inog-
POHMAAbHOCMI, TIOBEAIHKOBI KOPEJISTH SIKOI OonucaHi
puiie. Ilutoma Bara BHecKy TakuX (aKTOpiB, SIK
iMOBipHOTO BIUIMBY Mayux A03 IB BHachigok mpo-
deciitHrX 0cOBIMBOCTEN, a TAKOXK NCUXOEMOLIIAHOTO
CTpecy, OB ’SI3aHOTO0 3 TIepeOyBaHHSIM Y TTOJOHI po-
ciicbkux BiicbkoBuX Ha YAEC, y BUHUKHEHHI LIUX
3MiH 3aJIMIIAETHCS BEAbMU AUCKYCiiiHOO. HeoOXiaHi
JMOJATKOBI JOCHIIKEHHSI 3 METOIO 3’sICyBaHHS CTili-
KOCTi Ta TeHe3y JaHuX Heipodi3ioJoriaHnX 0co0m-
BOCTEM.

OBI'OBOPEHHA

3 camoro nouatky ctaHoBiieHHs EEI" g9k miarHocTny-
HOTO METOY Mepea HUM CTaBWJIOCh 3aBIaHHS TOIIY-
Ky KOPEJISITIB MixX MOPYIIEHHSIMU TICUXIYHOI Misib-
HOCTi Ta 0iOEJEKTPUUYHOIO KapTUHOI TOJOBHOIO
MO3Ky. [lpore 3HaiiTm crrenmdiuni o3Haku Ha EEIT,
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absolute spectral alpha-power in almost all QEEG
leads was also noteworthy and proved to be reliable rel-
ative to the comparison group (p < 0.05—0.01) and at
the level of some tendencies relative to the Chornobyl
clean-up workers group (p > 0.05). These changes
were accompanied by an increase in the relative beta-
power, which was found to be highly reliable in the
frontal, occipital (with some lateralization to the right
cerebral hemisphere), and left temporal regions relative
to the Chornobyl clean-up workers group (p < 0.001)
and reliable in the right frontal, right parietal, and both
occipital leads relative to the comparison group (p <
0.05—0.01). Such trends testify to changes in cerebral
rhythms in the SSE ChNPP employees, which are
opposite to those in the Chornobyl clean-up workers,
namely, a greater representation in the quantitative
EEG of not «slow» (low) frequencies, but «fast» (high)
beta frequencies and alpha-2 frequencies (excessive
fast activity), which we interpret as a preponderance of
asynchronous (activating) effects of the limbic-reticu-
lar complex structures (in particular, the amygdala) on
the cerebral cortex. Quantitative EEG data complete-
ly coincide with the results of expert analysis of back-
ground (conventional) EEG, which showed a trend
towards an increase in the frequency of those EEG
patterns visually containing a large percentage of high-
frequency components — a disorganized pattern and a
low-voltage dysrhythmia of the «fast type» in the SSE
ChNPP employees group. Such changes can be a psy-
chophysiological correlate of anxiety states, in partic-
ular panic disorders, post-traumatic stress disorder
(PTSD), etc. In addition, the depression of relative
spectral theta-power in the SSE ChNPP employees
group, similar to that in the Chornobyl clean-up
workers, may be a marker of functional hypofrontality,
the behavioral correlates of which are described above.
The specific weight of the contribution of such factors
as the probable impact of low doses of IR due to pro-
fessional characteristics, as well as psycho-emotional
stress associated with being in captivity of the Russian
military on ChNPP, remains highly debatable in the
occurrence of these changes. Additional research is
needed to clarify the stability and genesis of these neu-
rophysiological features.

DISCUSSION

From the very beginning of the development of EEG
as a diagnostic method, it was faced with the task of
finding correlations between disorders of mental activ-
ity and the bioelectric picture of the brain. However, it
has not yet been possible to find specific signs on EEG
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sIKi TIEPEKOHJIMBO O CBiMUMJIM MPO HASBHICTh TOTO YU
iHIIOTrO MCUXiYHOTO po3nany, Aoci He Baaidocs. OmHaK
LIi TOIIYKM SIK TPUBAJIM B MUHYJIOMY, TaK IIPOIOBXY-
I0Tbcs i JoHuHiI. [esKi aBTOpW BigMidanu, 1110, Har-
pUKJIa[, BUCOKMI MIO-PUTM ab0 MOBiIbHUII €KBiBa-
JICHT MIO-pUTMY B TeTa-Aiala3oHi, IK MPpaBUjIo, Cym-
POBOJIKYIOTb KJiHIYHY KapTUHY HEBPOTUUYHMX PO3-
JIaJiB, TIPOTE 3araJibHOTO BU3HAHHS 1Ii MAapKepu MOKU
1110 He oTpuMaiu [31—32].

3aranbHoBinoMo, 1o EET owiHIoe n1Ba (pyHKIIiOHAb-
HUX CTaHU: COH i cBimoMicTh. IIpoTe piBeHb OCTaHHBLOI
He € CTallioHapHUM, a TOCTIHO 3MIHIOEThCS. Takuii
JIpeiid piBHS CBiIOMOCTI MOXe OYTHU SIK (Di3i0J0TIYHUM,
TakK i aHOMaJIbHUM, TaTOJ0OTiYHUM siBUllleM. Kpim Toro,
piBeHb CBIiTOMOCTI HEPO3PUBHO ITIOB’SI3aHUI 3 OCHOB-
HOI0 (DYHKIIIOHAJILHOIO JiSITbHICTIO TOJTOBHOTO MO3KY —
MpOoLIeCOM MUCJIeHHS. Pe3ynbsraTi ncruxodizionoriyHux
JOCJiIXKeHb 3aCBiIUyIOTh MOXJIMBICTb BCTAHOBJIEHHS
JIOMiHYIOUOTO XapakKTepy pPO3yMOBOI HiSILHOCTI 3a
0co0MMBOCTIMU (hOPMYBaHHS 0iOETEKTPUYHOI aKTUB-
HOCTi TOJIOBHOTO MO3KY, 110 € Ay*Ke BaKJIMBUM i IIepc-
MEKTUBHUM B AiarHOCTULI MaHIYHUX PO3JIaiB Ta iHILIMX
pisHOMaHITHUX (popM HeBpo3iB [14]. CtapTOoBUM MO-
MEHTOM IIpoliecy TOIIYKY 3B’s13KiB ocobamBocTeit EEI
3 BapiaHTaMU HEBPOTUYHUX CTaHIB OYJO BiIKPUTTS
30iry TPMBOXXKHUX CKapr Ta (peHOMEHY MPOCTOPOBO MO-
IIMPEHOTO ajib(ha-puUTMy, IIPUIOMY TaKa 3aKOHOMIp-
HICTh TIPOAEMOHCTpPYBajia BUCOKY BiITBOPIOBAHICTh Yy
pisHux rpynax nauieHTiB [33]. HuU3bKOBOJBTHI AU3-
puTMii noBibHOrO TUMy, Koau Ha EEI' nepeBaxae He-
BHUCOKA HEBM3HAu€Ha PUTMiKa y BUIJISIAI MOETHAHHS
HU3bKMX TeTa-, aJib(ha- i HU3bKOUYACTOTHUX OeTa-KOJIM-
BaHb, CBiTUaTh PO 3HVKEHHSI PiBHS CBIIOMOCTI, a Bi3y-
aJlbHO CXOXKa KpHUBa, aje 3 MepeBaXaHHSIM AU@Yy3HOL
0eTa-aKTMBHOCTI € O3HAKOIO CTaHIB «CyNEePIUIbHOCTI»,
110 KJIiHIYHO BUSIBJISIETbCS MiABUIIEHOIO ApaTiBIMBIC-
TIO, €KCIIO3MBHICTIO, TMiABUILLIEHOIO KOJIHOPOBOIO TaM-
MOIO BiATBOPIOBAHHS YSIBHUX 30POBUX 00pa3iB, 110 Bif-
MOBiJJa€ TaK 3BAHOMY «XYIO0XXHbOMY TUITY» OCOOMCTOC-
Ti [14]. IToBigomasnu mipo audy3He 3pOCTAaHHS KOJIM-
BaHb P-mianazony y cnektpi EEI y mauienTis 3 6irmo-
JIIPHUM JeNpecuBHUM posnaaoM [34]. Bizomo, 110 Oe-
Ta-pUTMiUHI KOJIMBAHHSI MOXYTbh CIIPUSITU CUHXPOHi3a-
11i1 HEHPOHHUX EJIEMEHTIB Y Pi3HUX KipKOBUX CUCTEMaX,
MOB’SI3aHUX 3 PiI3HUMHM MOTOPHMMM Ta KOTHITUBHUMU
¢ynkuisgmu [12]. HU3bKOBOJIBTHI AU3PUTMIl LLIBUIKOTO
tuity Ha EEI’ B am0OyjiaTopHOro mnaui€eHTa y CTaHi mna-
CUBHOTO HECITaHHSI OOYMOBJIEHi BUpaXKeHUM TepeBa-
JKaHHSM BUCXiTHUX (aKTUBYIOUUX, JECUHXPOHI3YIOUNX)
BIMBiB Haj raabMiBHUMM Yy IIHC. binbliicTs moaeit 3
takum Tunom EEI" € HeBpoJioriyHo Ta ICUxiyHo 310P0-

that would convincingly indicate the presence of one
or another mental disorder. Nevertheless, these
searches both lasted in the past and continue to this
day. Some authors noted that, for example, a high
mu-rhythm or a slow mu-rhythm equivalent in the
theta range usually accompanies the clinical picture
of neurotic disorders, but these markers have not yet
received general recognition [31—32].

It is generally known that EEG evaluates two func-
tional states: sleep and consciousness. However, the
level of the latter is not stationary, but constantly
changes. Such a drift in the level of consciousness can
be both a physiological and an abnormal, pathologi-
cal phenomenon [14]. In addition, the level of con-
sciousness is inextricably linked with the main func-
tional activity of the brain - the thinking process. The
results of psychophysiological studies testify to the
possibility of establishing the dominant nature of
mental activity based on the features of the formation
of bioelectrical activity of the brain, which is very
important and promising in the diagnosis of panic
disorders and other various forms of neuroses [14].
The starting point of the process of finding associa-
tions between specific EEG features and variants of
neurotic states was the discovery of the coincidence
of anxiety complaints and the phenomenon of the
spatially widespread alpha rhythm, and this consis-
tent pattern demonstrated high reproducibility in dif-
ferent groups of patients [33]. Low-voltage dysrhyth-
mias of the slow type, when the EEG is dominated by
a low, uncertain rhythm in the form of a combination
of low theta, alpha, and low-frequency beta oscilla-
tions, indicate a decrease in the level of conscious-
ness, and a visually similar curve, but with a predom-
inance of diffuse beta activity, is a sign of states of
«hypervigilance «, which is clinically manifested by
increased irritability, explosiveness, increased color
gamut of reproduction of imaginary visual images,
which corresponds to the so-called «artistic type» of
the personality [14]. A diffuse increase in B-band
oscillations in the EEG spectrum was reported in
patients with bipolar depressive disorder [34]. It is
known that beta rhythmic oscillations can contribute
to the synchronization of neuronal elements in dif-
ferent cortical systems associated with various motor
and cognitive functions [12]. Low-voltage dysrhyth-
mias of the fast type on the EEG in an ambulatory
patient in a state of passive wakefulness are caused by
a pronounced predominance of ascending (activat-
ing, desynchronizing) influences over inhibitory ones
in the central nervous system. Most people with this
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BUMM, a BHIIe3a3HaueHa HelpodisiogoriuHa 0co0-
JIMBICTh € iHAMBiIyaJIbHUM BapiaHTOM MO3KOBOI [islib-
HOCTi, IIpOTe Taki JIIOJU MOXYTb BiI3HAuyaTW HasIBHICTb
CTaHiB BHYTPIIIHBOI HAMPYXXEHOCTi, iIHKOJIM HEMOTUBO-
BaHoOI ApatiBauBocTi [3, 14]. BapiaHTu HU3bKOBOJIBTHOI
JU3PUTMII IIBUAKOrO TUITY iHOAI 3yCTpiyaloTbCs MpHU
cuHapoMi nedinuTy yBaru 3 rinepaktuBHicTio (CABI) Ta
MOXYTb TPaKTyBaTHUCh SIK CTaH «CYIEepHUJIbHOCTI» [35].
Lli HefipodiziosoriyHi 0COOIMBOCTI € TOCUTH 11iIKABUMHU Y
MOTEHLiMHIMA MiarHOCTULII TPUBOXHUX Ta aCOLiOBAaHUX
3i cTpecoM posnanis, 3okpema [TTCP, o Bkpaii akTyasb-
HO B YMOBAaX TOTipIIIEHHS IICUXiYHOTO 3I0POB’S HaceIeH-
H# YKpaiHu yepe3 BIUIMB ITOBHOMACINTaOHOI BiitHu 3 PD.

IToctrpaBmatuuHuii crpecoBuii posnan (ITTCP) Binpiz-
HSIETHCS BiJl TPMBOXHUX PO3JIa/IiB 32 CBOEIO €TIOJIOTIEIO Ta
KJTIiHIYHOIO CMMITOMATHUKOIO i OYB MepekiiacuikoBaHUi
y po3Jiaau, MOB’s13aHi 3 TpaBMOIO Ta cTpecopoM, y DSM-5.
TpuBaloTh AOCTIIKEHHS, 110 MAlOTh HA METi 3HAUTU HEM-
podizionoriuni Kopensatn, gki BigpizHsioTe [ITCP Big
TPUBOXKHUX PO3JIAJIiB 32 TOIIOMOIOIO KiIbKiCHOI €1eKTpO-
eHuedanorpadii y crani cokoro (KEEI) [12, 36]. Byno
MoKa3aHo, 1110 MiIBUILEHI 3arajabHi aOCOJIOTHI AeJIbTa-M0-
TY>KHOCTI Ta BiIHOCHi raMMa-IOTY>KHOCTi € MOTEHLiHU-
MU MapKepamu, sIKi MoxXyTh nudepenuitoBatu [TTCP Bin
TPUBOXHUX posyadiB. Kpim Toro, 30iab1eHHS (hpOHTAIb-
HO1 a0COJIIOTHOI raMMa- i 3aAHbOI JeJbTa-MOTY>XKHOCTEH
Moxe oyt HoBuM MapkepoM ITTCP, mo moxe Bimoopa-
JKaTh MOro YiTKy cuMIrToMatuky [37]. ¥V Bumagkax mocTt-
TpaBMaTUyHOro crpecoBoro posnamy (ITTCP), nop’s3a-
HOro 3 (pakTUYHUM (Pi3UYHUM i CEKCyaJTbHUM HaCWJIb-
ctBoM, nopyuieHHs1 EEI” MoxXyTb OyTH OpUCYTHIMU Mepe-
BaXHO B JIOOHO-CKpOHeBUX niisiHKax [12]. Xoua norie-
pEeNHi TOCTiKeHHs] BCTAHOBWIN, 110 BipTyalbHY peasib-
Hictb (VR) MOXHA YCIIIIHO BUKOPUCTOBYBATHU IS JTiKY-
BaHHSI TPMBOXHUX PO3JadiB, BKIoYalound (oobii i mocT-
TpaBMaTUYHUI CTPECOBHUI PO3Jiajd, >KOAHE IOCIiIKEHHS
He BMBYAJIO 3MiHM B MaTepHax MO3KY, MOB’sI3aHi 3 BUKO-
puctaHHsIM VR w1 reHepaltizoBaHoi TpuBoru. bysio mo-
KazaHo, 110 BTpydyaHHs VR mpu3BoauTh A0 3MillleHHS
MPOTIOPLIHOI TIOTY>XKHOCTi 3 BHUIIMX 0OE€Ta-4acToT Ha
HIKYi 0eTa-4acTOTH i 3HAYHO 3HMXKYE IIMPOKOCMYTOBY
0OeTa-aKTUBHICTh Y MEPeNHiiA YaCTUHI TMOSICHOI KOPU Tro-
JToBHOTO MO3KY. Lli edpekTn y3romkyoThcs 3 (iziooriy-
HUM 3HMKEHHSIM TpuBoru. Lle minoTHe pocnimkeHHs Ha-
JTa€ TIOTIEPEIHI TOKa3u, 10 MiATBEPIKYIOTh TEpareBTUY-
HUM moteHUian VR 11s1 mporpam ynpasiaiHHS TPUBOTOIO
Ta 3HIDKEHHS cTpecy [38].

Hocnimxenns KEEI acumeTpii mpyu TpUBOXKHUX po3Jia-
Jlax BKa3yloTb Ha OUCGYHKIIIT MpaBoi, CyOAOMiHaHTHOI,
miBkym [39—42], Ha BimMiHYy Bim JIiBOIIIBKYJIBHUX IHC-
(YHKIIII TIpyU TTOCTpamialliifHUX 1epeOpaTbHUX ypaXkKeH-
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type of EEG are neurologically and mentally
healthy, and the above-mentioned neurophysiolog-
ical feature is an individual type of brain activity,
however, such people can note the presence of
states of internal tension, sometimes unmotivated
irritability [3, 14]. Variants of low-voltage dysrhyth-
mias of the fast type sometimes occur in attention
deficit hyperactivity disorder (ADHD) and can be
interpreted as a state of <«hypervigilance» [35].
These neurophysiological features are quite inter-
esting in the potential diagnosis of anxiety and
stress-related disorders, in particular PTSD, which
is extremely relevant in the conditions of the men-
tal health deterioration of the population of
Ukraine due to the impact of a full-scale war with
the Russian Federation.

Posttraumatic stress disorder (PTSD) differs
from anxiety disorders in its etiology and clinical
symptoms and was reclassified as a trauma- and
stress-related disorder in DSM-5. Studies are
ongoing that aim to find neurophysiological corre-
lates differentiating PTSD from anxiety disorders
using resting quantitative electroencephalography
(QEEG) [12, 36]. Elevated total absolute delta
powers and relative gamma powers have been
shown to be potential markers that can differenti-
ate PTSD from anxiety disorders. In addition, an
increase in frontal absolute gamma and posterior
delta powers can be a new marker of PTSD, which
can reflect its clear symptoms [37]. In cases of
post-traumatic stress disorder (PTSD) associated
with actual physical and sexual violence, EEG
abnormalities may be present mainly in the fron-
totemporal regions [12]. Although previous studies
have found that virtual reality (VR) can be success-
fully used to treat anxiety disorders, including
phobias and PTSD, no studies have examined the
changes in brain patterns associated with the use of
VR for generalized anxiety. VR intervention has
been shown to shift proportional power from high-
er beta frequencies to lower beta frequencies and
significantly reduce broadband beta activity in the
anterior cingulate cortex. These effects are consis-
tent with a physiological reduction in anxiety. This
pilot study provides preliminary evidence support-
ing the therapeutic potential of VR for anxiety
management and stress reduction programs [38].

Studies of QEEG asymmetry in anxiety disor-
ders indicate dysfunctions of the right, subdomi-
nant, hemisphere [39—42], in contrast to left
hemisphere dysfunctions in post-radiation cere-
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HsIx [20—25, 43—45]. Y niteii, sIKi 3a3HaIM IICUXOJIOTiYHO-
T0, (Pi3UYHOTO Ta CEKCYaAIbHOTO HACUJIBCTBA, KPiM EJIEKT-
podi3ioNoTiyHNX BigXWJIeHb, Oy BUSBJICHI aHOMAJTIl
TIPY HEBPOJIOTIYHUX OOCTEXKEHHSIX, HEHPOTICUXOIOTIYHIX
TecTax i BizyastizaliiHUX TocIimkeHHsIX [46]. [TaieHTu 3
MiIBUILEHUM PiBHEM TPUBOXHOCTI I€MOHCTPYIOTb OiJib-
LW piBEHb O(-aKTUBHOCTI Y MpaBiii JIOOOBIii YacTLi, HixK
y maiieHTiB 6e3 TpuBoru [47]. IlauieHTH 3 coliaabHOIO
(hobi€ero Ta MaHIYHMMM aTaKaMU TaKOX MaJIu OiUTbII BUCO-
Ky O-aKTUBHICTb y NpaBiii (ppoOHTaIbHIlA AUISHI, TPUYO-
MY aCUMeTpisi (DpOHTAIBHOIL O-aKTUBHOCTI 3HAYHO KOpe-
JIIO€ 3 03HaKaMM TpuBoru [48, 49]. Takox MoBinoMIIsLIO-
CsI TIPO TiM’STHO-CKPOHEBi aCUMETPii SIK Y MaLliEHTIB 3 TPU-
BOTOI0, TaK i B MaLieHTiB 3 Aenpecieto [47]. JocnimkeHHs
KEEI npu noctrpaBMaTUYHUX CTPECOBUX pO3Jiafax, Mo-
B’g3aHUX 3 OOMOBMMU JisIMU, TTOKa3aJIM MiABUILIEHHS Te-
Ta-aKTUBHOCTI B ILIEHTPAJIbHUX O0JIACTSIX ITOPiBHSHO 3
KOHTpoJibHOIO Tpynoto [50]. Bremner [51] aeTanbHO onu-
caB HelipoaHaTOMIYHI cyOCTpaTH po3JafdiB, OB’ I3aHUX 3i
CTpECOM, Ta aCOLiOBaHi HEMpPOHaIbHI MEPeXi B rirmoKaM-
i, MUTIAJIeNoAi0HOMY TiJli, MOSICHIM KOpi Ta MeaiaabHil
J1I000Bii Kopi. TTalieHTH i3 coLiaabHOI TPUBOTOIO IIPO-
JEMOHCTPYBAJIM BHpPaKeHY IIpaBy IEPEAHIO aKTUBAILilO
KEET B miama3oHi moTyxHOCTi anb(a-1 Ta BereTaTMBHI
peaxilii mix yac oviKyBaHHS MyOJIiYHOTO BUCTYITY IOPiB-
HSTHO 3 KOHTPOJIbHOIO Ipymolo [48]. JocmimkeHHs KiJlb-
kicHoi EEI Takox mpoBoauaucsi Ipyu 00CeCUMBHO-KOM-
MYJILCUBHOMY PO3JIaJli 3 BUSIBJICHHSIM ITiABUILIEHUX HEC-
neurdiYHUX aHOMAJIl y Miama3oHi BUCOKMX 4acToT [52].
HocnimxkeHHs Heuposizyanizauii (ITET) cBiguath npo
INCOYHKIIIIO JOOOBNX YaCTOK, 0a3aIbHUX TAHTIIB i IIpe-
(pOHTANTBHUX AiMSTHOK TTPU TPUBOXHUX cTaHax [53, 54].

BUCHOBKU

TakuMm 4yMHOM, Ha CHOTOAHI iCHY€E OaraTopiuyHUI IPYH-
TOBHUI METOMOJIOTIUHUM i TOKa30BUl 6a3UC 111 MOX-
JIMBO1 HeWpo@iziosoriyHoi miarHOCTMKM Ta aude-
PEHLIiAHOI MiarHOCTUKM KOMOIHOBaHMX LiepeOpalbHUX
edexTiB IB i mcuxoemoliiiitHOTO cTpecy, MoB’sI3aHOTO 3
YMOBaMM BiliCbKOBUX KOH(MIiKTiB. [laHuii (hakT Ma€ BU-
HSITKOBE HAyKOBE Ta MPaKTUYHEe 3HAUYEeHHS 1151 YKpaiHu,
HaceJICHHs SIKO1 IepedyBa€e B yMOBaX pi3HUX CLeHapiiB
CTpecy B yMOBaxX MOBHOMAacCIITA0OHOI BiliHU 3 poOcCi€lo, 3
MOTEHIIMHOI0 MOXJIUBICTIO pamialiiiHux aBapiit (YA-
EC, 3AEC Towo). HelipoiziosoriuyHi TeXHOJOTril MO-
KYThb BUKOPHMCTOBYBAaTUCH IIpU OO €KTUBHOMY IIpO-
deciftnoMy Ta KBamiikaiiifHoMy BigOOpi TpalliBHUKIB
paay mpodeciii, Big SKMX BUMAara€TbCs TPUNHSITTS
IIBUAKWX 1 BiAMOBiZaIbHUX pillleHb (BiICHBKOBOCITYX-
0OBIIi, aCTPOHABTHU, TMPAaLiBHUKM aTOMHOI €HEPreTUKU
Ta TPOMHUCIOBOCTI, ITiIIOTH, aBiagMCIIeTYepPH TOIIO).

bral lesions [20—25, 43—45]. Children who were
subjected to psychological, physical, and sexual
violence, in addition to electrophysiological
abnormalities, were found to have abnormalities
during neurological examinations, neuropsycho-
logical tests, and neuroimaging studies [46].
Patients with elevated levels of anxiety show
greater levels of ai-activity in the right frontal lobe
than non-anxious patients [47]. Patients with
social phobia and panic attacks also had higher o~
activity in the right frontal lobe, with frontal a-ac-
tivity asymmetry significantly correlated with anx-
iety symptoms [48, 49]. Parietotemporal asymme-
tries have also been reported in both anxious and
depressed patients [47]. QEEG studies in combat-
related PTSD have shown increased theta activity
in central regions compared to controls [50].
Bremner (2003) described in detail the neuro-
anatomical substrates of stress-related disorders
and associated neuronal networks in the hip-
pocampus, amygdala, cingulate cortex, and medi-
al frontal cortex [51]. Patients with social anxiety
disorder showed pronounced right frontal QEEG
activation in the alpha-1 power range and autonom-
ic responses during public speaking anticipation
compared to controls [48]. Quantitative EEG stud-
ies were also conducted in obsessive-compulsive
disorder with the detection of increased non-specif-
ic abnormalities in the high-frequency range [52].
Neuroimaging studies (PET) indicate dysfunction
of the frontal lobes, basal ganglia, and prefrontal
regions in anxiety states [53, 54].

CONCLUSIONS

Thus, today there exists a long-term thorough
methodological and evidence base for a possible
neurophysiological diagnosis and differential diag-
nosis of the combined cerebral effects of IR and
psycho-emotional stress associated with the con-
ditions of military conflicts. This fact is of excep-
tional scientific and practical importance for
Ukraine, a population of which is in conditions of
various stress scenarios in the conditions of a full-
scale war with the Russian Federation, with the
potential threat of radiation accidents (ChNPP,
ZNPP, etc.). Neurophysiological technologies can
be used in the objective professional and qualifica-
tion selection of employees in a number of profes-
sions that require quick and responsible decision-
making (military personnel, astronauts, nuclear
energy and industry workers, pilots, air traffic con-
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Bigomo, 1110 MOTeHLiHI KaHAUAATH MOXYTh ITPUXOBY-
BaTU (AUCUMYJIIOBATH) MPOOIEMU MICUXiYHOTO 310POB’S
K TIPA KJIiHIYHOMY iHTEpB’I0, TaK i MPU HENPOIICUX0-
JIOTIYHOMY TecTyBaHHi. Buille3azHaueHe 0OyMOBIIOE
BaXKJIMBICTh Ta TMOJAJbITy HEOOXiTHICTh PO3POOKU TEX-
HOJIOTil 00’ €KTUBHOI 1iarHOCTUKU MCUX0(i3i0J0TiYHUX
CTaHiB JIIOJUHM.

HertipodizionoriyHi gociiakeHHs MiaATBepIKYyIOTh Ha-
saBHicTb B YJIHA na YAEC BupaxeHoi AuC@yHKILii Kop-
TUKO-JIIMOIYHO1 CUCTEMM JIiBOI AOMiHAHTHOI IMiBKYJIi FO-
JIOBHOTO MO3KY 3 OCOOJMBUM 3aJ1yYE€HHSIM TillIOKaMITY,
K KJIIOUOBUI LiepeOpabHUI 0a3uc OpraHivHOIo ypa-
>KeHHSI MO3KY IIiC/IsI OMPOMiHEHHS 3 TeHACHUISIMU 10
IUQY3HOTO TMOLIMPEHHST lLiepedpaibHOrO0 OPraHiyHOro
YpaxKeHHsI i3 3aJy4eHHSIM MpaBoi CyOJOMiHAHTHOI ITiB-
kymi. Y rpyni ACIT YAEC Briepiiie BUsIBIIeHi OPYILIEH-
HS liepeOpasibHOI HEeWpOoAWHaMIKM y BMUIJISAI (yHK-
LiOHAJILHOI Tino(pPOHTAIBHOCTI Ta TinmepdyHKIil Kop-
TUKO-JIiIMOIUHOI CUCTEMM 3 JiaTepai3alli€lo 10 IpaBoi
MiBKyJli, III0 MOXYTb OYTHM KOPEISITOM HEBPOTUYHUX,
TPUBOXHUX, aCOLIOBAaHMUX 31 CTPECOM CTaHiB, i MOTpe-
OyI0Th MOAABIIMX AOCHIMXKEHb B AMHaMilli. ITpaniBHuU-
ku JICIT HAEC noTpe0yroTh MOIaIbIIOr0 METUKO-TICH-
XOJIOTIYHOTO CYIIPOBONY Y 3B’SI3KY 3 TPUBAJIUM Mepely-
BaHHSM B yMOBax OKYIIallii pOCiiChKMMM BilicbKamMu Ta
HiABUIIEHUM PU3UKOM PO3BUTKY MOPYIIEHb MEHTalb-
HOTO 370pOB’S.
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