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IMOCTPATIAIIIMHUM HEMPOKOTHITUBHUM JTEDIITUAT
B YYACHUKIB JIIKBIIAIIIT HACJIIJIKIB ABAPIT HA
YOPHOBWJIBCHKIN AEC: TEPIATPUYHI ACITEKTH (uacTtuna 2)

Meta: pocnigutn ncuxodisionoriyHi xapakTepuCTUKM KOFHITUBHWUX PO3NafiB BigfaneHoro nepiogy nicis BRAuUBY
10Hi3yl04Oro BUNPOMiHIOBAHHSA B y4acHUKIB NikBigauUii Hacnigkie aBapii Ha YopHoOuabcbkiit AEC noxunoro Biky.
Marepianu Ta metogu. MpocnekTMBHE KNiHIYHE AOCNIAXKEHHS i3 30BHilIHIM Ta BHYTPilWHIM KOHTponeM. O6cTexeHa
paHAoMi30BaHa BMbipKa yyacHuKiB nikBigalii Hacnigkis asapii (Y/IHA) Ha YopHo6unbcbkiit AEC (YAEC) 1986-1987
pp. noxunoro Biky (noHag 60 pokiB Ha momeHT omAgy) 3 KniHiko-enigemionoriyHoro peectpy HHLPMIO (ocHoBHa
rpyna, n = 52) 3 BepuikoBaHO XPOHiYHOIO LepebpoBacKynsapHO natosorieio. Mpyna nopiBHAHHA (n = 13) — Heekc-
NOHOBaHi ambynatopHi Ta cTauioHapHi nauieHTM / obcTexyBaHi BiaAiny pagiauiitHoi ncuxoHesponorii IHcTUTYTY
KniniyHoi pagionorii HHUPMIO. BHyTpiwHinn koHTponb — Y/THA, onpomiHeHi B go3ax < 0,05 38 (n = 12). BukopucraHi
ncuxodizionoriuHi Metoan (CnyxoBi KOTHITUBHI BUKAMKaHT noTeHuianu P300 3 TonorpadiyHnm KapTyBaHHAM), MeTO-
AV BecKpMNTUBHOT i BapiaLiliHOT CTaTUCTMKM, NapaMeTPUYHi Ta HenapaMeTpuYiHi KpuTepii, perpeciiiHo-KopensuinHuii
aHanis.
Pe3ynbratu. 3a gaHumu Bukaukanux noteHuianis P300 B Y/IHA va YAEC BussneHo audysHe nopylweHHs iHdop-
MaLiiHMX Ta KOTHITUBHUX NPOLLECiB FOJIOBHOTO MO3KY 3 aKLEHTOM Y NiBill CKPOHEBIi AiNsHUI Npu TeHAEHUisX A0 no-
WMPEHH: Ha NpaBy I0OOHO-LEHTPaNbHY AiNAHKY. BUsBNEHO AOCTOBIpHE [0303aNeXHe 3HUKEHHA aMNTiTyAN KOTHITUB-
Horo komnoHeHTa P300 y niBiit No6HO-cKpoHeBiit AinaHui (r=-0,65; p=0,02) B Y/THA noxunoro Biky npu onpoMiHeHHi
B fo3ax noHap 0,5 38. Bnepue BuABNeHo f0303anexHe 3p0CTaHHA NaTeHTHOro nepiofy komnoHeHTa P300 B OCHOBHilA
rpyni Y/THA y npasiii ckpoHeBiil Ta 3aAHbOCKPOHEBIN ginsHkax: T4 (r=0,31; p=0,01), T6 (r=10,28; p=0,03).
BuCHOBKMW. MeToaMKa CyxOBUX KOFHITUBHMX BUKAMKAHMX noTeHuianie P300 € iHpopMaTMBHOW ANA BUAB/EHHSA Ta
MOHITOPUHTY HEPOKOTHITUBHWX PO3NafiB y nocTpaxaanux YopHoObunbCcbKoT KaTacTpodu NiTHLOTO BikKy. Bukopucran-
HS CyYaCHMX LeleBUX, AOCTYMHNX Ta HETHBA3MBHUX NCMXOGi3i0N0MrYHUX METOAIB AiarHOCTUKM HEMPOKOTHITUBHMX NO-
pylWeHb € AOUINBHUM AK Y MeXax HayKOBMX LOCHiIKEHb, TaK i B PYTUHHIN KNiHiYHiIA npakTuui. Bnepwe BusaBneHi
00’eKTMBHI NcuxodizionoriyHi Mapkepy nocTpaaiallinHoOro HeMpoKOrHiTUBHOIO AediunTy B MoxXunomy Bili. Bnepue
BUABNEHT 10303a/€XHT 3MiHM YAacOBUX XapaKTepucTuk komnoHeHTa P300 y npasit (cybnomaHTHin) remicdepi B Y/THA
Ha YAEC noxunoro Biky. [laHi TeHAeHLiT NOTpebyioTb NOAANbWOr0 CNOCTEPEKEHHS Ta BUBYEHHS.
KnioyoBi cnoBa: YopHobunbcbka katacTpoda; ioHisytoua papiauis; noxunuit BiK; KOTHITUBHI pO3MaguW; CAyXoBi
KOTHITUBHI BUKIMKaHT noTeHuianu; P300.

[pobnemn pagiauiviHoi meguuwtm 1a pagiotdionorii. 2025. Bun. 30. C. 449—-467. doi: 10.33145/2304-8336-2025-30-449-467

bd Kyu Koctsintun Bononumuposud, e-mail: kvk0906@gmail.com

449 &



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

K. V. Kutst«, | K. M. Loganovsky

State Institution «National Research Center for Radiation Medicine, Hematology and Oncology of the
National Academy of Medical Sciences of Ukraine», 53 Yuriia lllienka St., Kyiv, 04050, Ukraine

POST-RADIATION NEUROCOGNITIVE DEFICIT IN THE
CHORNOBYL CLEAN-UP WORKERS: GERIATRIC ASPECTS (part 2)

Objective: to investigate the psychophysiological characteristics of cognitive disorders in the long term after expo-
sure to ionizing radiation in the elderly participants in the liquidation of the Chornobyl Nuclear Power Plant acci-
dent (Chornobyl clean-up workers).
Materials and methods. Prospective clinical study with external and internal control. A randomized sample of eld-
erly participants (attained age over 60 years) in the liquidation of the consequences of the accident at the
Chernobyl NPP (ChNPP) in 1986-1987 (Chornobyl clean-up workers) was examined from the Clinical and
Epidemiological Registry (CER) of the National Research Center for Radiation Medicine (NRCRM) (main group, n = 52)
with verified chronic cerebrovascular pathology. Comparison group (n = 13) — unexposed outpatients and inpa-
tients/examinees of the Department of Radiation Psychoneurology of the Institute for Clinical Radiology (ICR) of
the NRCRM. Internal control — clean-up workers, exposed at doses < 0.05 Sv (n = 12). Psychophysiological methods
(auditory event-related potentials (ERPs) P300 with topographic mapping), descriptive and variational statistics,
parametric and nonparametric criteria, regression-correlation analysis were used.
Results. According to P300, diffuse impairment of information and cognitive processes of the brain lateralized to
the left temporal region with a tendency to spread to the right frontal-central region was detected in the main
group. A significant dose-dependent decrease in the amplitude of the cognitive component P300 in the left frontal-
temporal region (r=- 0.65; p=0.02) was found in the elderly clean-up workers exposed at doses exceeding 0.5 Sv.
For the first time, a dose-dependent increase in the P300 was detected was detected in the main group of clean-up
workers in the right temporal and posterior temporal regions: T4 (r=0.31; p=0.01), T6 (r=0.28; p=0.03).
Conclusions. The auditory ERPs P300 technique is informative for detecting and monitoring neurocognitive disor-
ders in the elderly victims of the Chornobyl disaster. The use of modern, inexpensive, accessible, and non-invasive
psychophysiological methods for diagnosing neurocognitive disorders is advisable both in scientific research and in
routine clinical practice. Objective psychophysiological markers of post-radiation neurocognitive deficits in the eld-
erly have been identified for the first time. Initially, dose-dependent changes in the temporal characteristics of the
P300 component in the right (subdominant) hemisphere in the elderly Chornobyl accident survivors have been iden-
tified. These trends require further observation and study.
Key words: Chornobyl disaster; ionizing radiation; elderly age; cognitive disorders; auditory ERPs; P300.
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BCTYII

IIpoGiema cTapiHHSI KOrOpTU OCi0O, IMOCTpaxkKaaaux
BHacJIinoK YopHOOMILCHKOI KaTacTpodu, OCOOIMBO
YYaCHMKIB JlikBifgailii HachinkiB aBapii (YJIHA) na YA-
EC, croronni HabyBa€e 3HAYHOI aKTyaJIbHOCTI Ta 3yMOB-
JIIOE CYTTEBUM TSIrap MeAMKO-COLiaJIbHUX HACHiAKiB [1].
ITposiBamM TpUCKOpPEHOro pamialiifHOro cTapiHHS, 30K-
pema I BIJIMBOM MajuX J03 i0Hi3yl0UOro BUIIPOMi-
HioBaHHs (1B) Ta moB’s13aHNX 3 HUM HEHPOKOTHITUBHUX
po3nadiB, MpUCBIYeHa 3HAYHA KiJIbKICTh ITyOJTiKalrii
[2—5], mpoTe kiaiHiYHi, Mcuxodi3zioaoriyHi ocooau-
BOCTi, TaToreHe3 i MmaToMop@o3 HeHpOKOTHITUBHUX
po3J1a/iiB y OIPOMiHEHUX OCi0 B ITOXMUJIOMY Billi, 30Kpe-
ma B YJIHA na YAEC, npakTM4HO He BUBYAIHCD.

B«J Kostiantyn V. Kuts, e-mail: kvk0906@gmail.com

INTRODUCTION

The problem of aging in the cohort of people
affected by the Chornobyl disaster, especially those
who participated in the liquidation of the accident
at the Chornobyl NPP (ChNPP), is becoming in-
creasingly relevant today and causes a significant
burden of medical and social consequences [1].
A substantial number of publications [2—35] are
devoted to the manifestations of accelerated radia-
tion aging, particularly under the influence of low
doses of ionizing radiation (IR) and related neu-
rocognitive disorders. However, the clinical and
psychophysiological characteristics, pathogenesis,
and pathomorphosis of neurocognitive disorders in
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BcTaHoBieHO, 1110 IIeHTpajdbHa HepBOBa CUCTEMa
(IIHC) € pamioyyTaMBOI0O CUCTEMOIO, a CTYMiHb il AUC-
¢yHKIIiT MoXe OyTM KBaHTH(IKOBAHUM 3a JTOTIOMOTOIO
CydJacHMX METOIiB JOCHimKeHHs [6, 7]. ¥ 6Garatbox
KJIiHIKO-€KCITepUMEHTAIbHUX AOCiIXKEHHSIX BCTaHOB-
JIeHO, 1110 ekcrno3ullisg a1o 1B, HaBiTh y Aianma3oHi Majiux
J103, BeJie A0 30UIblIEHHS] PU3MKY BUHUKHEHHS paKy Ta
MOXJIMBMX HEOHKOJIOTIYHMX HACJIIKiB, BKJIIOYAalO4YU
aTepOCKJIEPOTUYHI, CEeplLIeBO-CYIUHHI, LiepedpoBacKy-
JISIpHi Ta HelipoaereHepaTuBHi edexTu [8, 9]. Ins ue-
pedpoBacKyIsSIpHOI IMAaTOJIOril BCTAaHOBJIEHI pamialliiHi
pusuku npu gosax > 0,1-0,15 Ip [10, 11]. Bimomo, 1110
HelporncuxiaTpuuHi poznaau Ticias YopHOOMIbCHKOI
KatacTpodHu € eTiOJIOTIYHO TeTepOreHHUMU Yepe3 KOM-
OiHoBaHMIi BIiMB IB B o€ gHaHHI 3 coLlialbHUMU Ta Tpa-
JULIHHUMU (paKTopaMU PU3UKY, IepeayciM BikoM [12].
BBaxkaeTbes, 110 i e(heKTH € pe3yJIbTaTOM IOE€THAHHS
aTePOCKIIEPOTUYHUX, CEPLIEBO-CYIMHHUX, XPOHIYHUX
epedpoBacKyJISIpHUX (XBOpoOa MainX CyanH), HEHpo-
JleTeHepaTUBHUX, JeMi€iHi3ylounx, Helpo3analbHUuX
Ta iHMX mpoueciB. Hecpustiusuii nepedir HEPBOBO-
MCUXIYHUX PO3JIAMiB y 3a3HAUYEHIl KOTOPTi MOSICHIOETHCS
iXHbOIO 0araTo(akTOpPHOIO EK30TeHHO-COMATOTeHHO-
OpraHiuHOIO TIPUPOAOIO, 1€ CIIOCTEPIraeThCs CIIONyUeH-
HS e€(PEeKTiB Pi3HUX HECHPUATAMBUX padialliiHUX i He-
pagialifHUX YMHHUKIB, $IKi MOXYTb MOCWJIIOBAaTU 1i€-
peOpanpHe cTapiHHS Ta HelpopereHepauio [13]. Pe-
3yJABTaTU OiJIbII HiXX TPUIALITUPIYHOTO CIIOCTEPEKEHHS
VJIHA na YAEC, nepekoHJMBO CBigyaThb MPO paHHii
MoYaTOK Ta arpecMBHUMI Tepebir aprepiajibHOI Tinep-
TeH3ii, mepedpanbHoro arepockieposy (LIA) i 1meped-
panbHoi xBopoou Manux cyauH (LIXMC) y naHoi kare-
ropii mauieHTiB [14]. BukopuctanHs audys3iiiHO-TeH-
30pHOi1 3T mMarHiTHO-pe3oHaHcHO1 Tomorpadii (MPT) y
paHHili AiarHOCTULI CTPYKTYpPHUX 3MiH 0iJI01 pe4OBUHU
roinoBHoro Mo3ky mnpu HXMC, acouiitoBaHiii 3 ap-
TepialibHOIO TinepTeH3ielo Ta IB, BUsSBUIO HeraTUBHUM
BB 1B Ha mepeOir acouiiloBaHOl 3 apTepiaibHOIO
rimeprensieio LIXMC, 1110 TIpoSIBISIETLCS OiNMBIIOI aK-
TUBHICTIO MPOIIECiB Ae30praHiszallii 0ij0i pe4OBUHU T'O-
JIOBHOTO MO3KY Y BUIJISIAI MOIIMPEHOCTI Ta CXUJbHOCTI
JI0 KOHCOJTigaLii ocepenkiB Jieiikoapeosy [15, 16]. IIpo-
T€ JaHi JOCJIIXEeHHS € JOPOroBapTiCHUMU, 1X MpPOBE-
JIeHHSI BUMara€ HasBHOCTI BMCOKOKBali(hiKOBAHOTO
MepcoHaly, O OOMeXye IXHE BUKOPHUCTAHHS y py-
TUHHIN KIiHIYHIi npakTuii. ¥ 6aratboX BUIIaaKax JJIst
BUBUYEHHSI Helipo@di3ionoriyHuX 0COOIMBOCTE MOCT-
panialiifHOTO HEHPOKOTHITUBHOTO Ae(ilIUTy PO3YMHOIO
aJIbTEPHATUBHOIO MOXYTh BUSIBUTUCH €JIEKTpodizioo-
riYHi METOAM AOCTIIKEHHS 0ioeeKTPUYHOI aKTUBHOCTI
roJI0BHOTO MO3KY. BoHU € nelieBuMU, HeiHBa3MBHUMMU,

elderly irradiated individuals, particularly in the
Chornobyl clean-up workers, have been virtually
unexplored.

It has been established that the central nervous
system (CNY) is a radiosensitive system, and the
degree of its dysfunction can be quantified using
modern research methods [6, 7]. Many clinical
and experimental studies have demonstrated
that exposure to IR, even in low doses, leads to
an increased risk of cancer and possible non-
oncological effects, including atherosclerotic,
cardiovascular, cerebrovascular, and neurode-
generative effects [8, 9]. For cerebrovascular
pathology, radiation risks have been identified at
doses > 0.1-0.15 Gy [10, 11]. It is known that
neuropsychiatric disorders after the Chornobyl
disaster are etiologically heterogeneous due to the
combined effects of IR in combination with social
and traditional risk factors, primarily age [12].
These effects are believed to be the result of a
combination of atherosclerotic, cardiovascular,
chronic cerebrovascular (small vessel disease —
SVD), neurodegenerative, demyelinating, neu-
roinflammatory, and other processes. The unfa-
vorable course of neuropsychiatric disorders in
this cohort is explained by their multifactorial
exogenous-somatogenic-organic nature, where
there is a combination of the effects of various
adverse radiation and non-radiation factors that
can exacerbate cerebral aging and neurodegener-
ation [13]. The results of more than thirty years of
observation of the Chornobyl clean-up workers
convincingly demonstrate the early onset and
aggressive course of arterial hypertension (AH),
cerebral atherosclerosis (CA), and cerebral small
vessel disease (CSVD) in this category of
patients [14]. The use of diffusion tensor 3T mag-
netic resonance imaging (DT-MRI) in the early
diagnosis of structural changes in the white matter
of the brain (WMB) in CVD associated with AH
and IR, revealed a negative effect of IR on the
course of AH-associated SVD, manifested by
greater activity of WMB disorganization process-
es in the form of higher prevalence and tendency
to consolidation of leukoaraiosis foci [15, 16].
However, these studies are expensive and require
highly qualified personnel, which limits its use in
routine clinical practice. In many cases, electro-
physiological methods of studying the bioelectri-
cal activity of the brain may be a reasonable alter-
native for studying the neurophysiological fea-
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Oe3neyHuMU ISl Malli€eHTa i J03BOJISIOTH OTPUMATU
00’eKTUBHY iH(MOpMallilo Ta JOKA30Bi JaHi MPo (PyHKIIiO-
HYBaHHSI lLiepeOpalbHUX CTPYKTYp 3 KpalllOl0 YacOBOIO
pPO3IiJIbHOIO 3JATHICTIO, HiX (pyHKIioHansHa MPT [17].

ITpoBiTHUM METOOOJOTIYHUM ITIAIPYHTIM CY4acHOI
ncuxodizioiorii € J0CTiIKEeHHSI BUKJIMKAHOI 0i0e/IeKT-
PUYHOI aKTUBHOCTI I'OJIOBHOTO MO3KY. JlJI1s1 aieKBaTHOIO
BUPIIIEHHS KIiHIYHUX i JOCTiAHUIBKUX 3aBIaHb aKTUB-
HO BHUKOPMUCTOBYETbCSI pPEECTpallisi BUKIUKAHUX,
MOB’sI3aHUX 3 TMOAi€l0, MOTeHLiadiB. BuKJIMKaHi TO-
terniaau (BIT) romoBHOrO MO3Ky — 1e elleKTpodizio-
JIOTiYHi BiIMOBIiIi TOJOBHOTO MO3KY Ha 30BHillIHi a0o0
BHYTPIIIHI TTOApa3HUKM, 3aPEECTPOBAHI 3a JOMOMOIOI0
eJIeKTpOiB Ha moBepxHi MiKipu rojoBu [18]. IToreH-
miaj, o MoB’sI3aHMWii 3 Tofiero — 1e pisHoBun BII,
eJIeKTpodi3i0JIOTiYHUI TTOKA3HUK, KU BigoOpaxkae
KOTHITUBHY aKTHMBHICTh TOJIOBHOI'O MO3KY y BilMOBiIb
Ha 3HAYyILIUi abo pigKicHUI cTUMYJ. BiH BUKOpUCTO-
BYETBbCS IJI OLIHKMA KOTHITMBHMX (PYHKIIi, 30Kpema
yBaru, rmam’sTi Ta IBUIKOCTI 00po0ku iHdopmariii [19].
IToTeHuianu, mMoB’s3aHi 3 MOMAiIEI0, BUKOPHUCTOBYIOTHCS
MPOTSITOM 0OaraThboX OECSTWIITH IJIsI BUBYCHHS CIIPUIAi-
HSITTS, Ti3HAHHS, €MOLIild, HEBPOJOTIYHUX 1 TICUXIYHUX
po3JajiiB, a TAKOX PO3BUTKY I'OJJOBHOI'O MO3KY IPOTSI-
roM XUTTs. BoHM cKagaloThesl 3 JEKiIbKOX KOMIIO-
HEeHTIB i BimoOpaxaloTh crnelugiuHi HEeHPOKOTHITUBHI
npouecu [20—22]. BimoMo, 1110 mapaMeTpy KOMITOHEHTA
P300 € TakuMu K YyTIMBUMM, SIK i OiIBILIICTb CTAHAAPT-
HUX OiOMEAWYHUX KJTIHIYHUX TECTIiB, MOXYTb CIY>KUTHU
MipOI0 KOTHITMBHUX 30i0HOCTE 1J1s1 TPyl 3A0POBUX i
XBOPHUX 0Ci0, a METOAMKA 3aIMUCy € JOCTYIHOIO Ta €KO-
HOMiUHO BUTiIHOIO [23, 24]. 3aBASIKYM 3aCTOCYBAHHIO CY-
YAaCHMUX JiarHOCTMYHMX TEXHOJOTIN OOCHTiIKEeHHS To-
JIOBHOTO MO3KY in vivo — MPT, KOMIT'I0TEpHOI €JIeKTPO-
enuedanorpadii (KEET) i BII 3 Tonmorpadiynnm KapTy-
BaHHSM OTPMMAaHUX Pe3yJbTaTiB, HEUPOIICUXOJIOTIYHUX
i HelipoBi3yastizalliiiHUX METO/iB CTAJI0 OYEBUIHUM, 1110
MCUXOMNATOJOriYHMM CUHAPOMaM MpUTaAaMaHHI Xapak-
TepHi maTepHU (PYHKIIIOHAIBHOTO i CTPYKTYPHOTO IIO-
pYILIEHHSI TOJOBHOTO MO3KY [25, 26]. KitiHiuHe po3-
Mi3HaBaHHS Ta 00’ €KTUBI3allisl MPOLIECiB LiepeOpaibHO-
ro cTapiHHsI Ha TPOAPOMasbHIil cTadii meMeHLii Mae
HaJA3BUYAHO BaxkJiMBe 3HAUE€HHSI, OCKIIbKU BilKpUBa€
MOXKJIMBOCTI JIJIsI pAaHHBOI'O TEPAIeBTUUHOIO BTPyYaHHS
3 METOI0 3anobiraHHs ad0 YIOBITbHEHHS MPOrPecyBaH-
Hs martoJioriyHoro mnpouecy [27]. TakuM 4MHOM, BU3-
HayeHHS TICUX0di3ioJOTIYHNX 0COOJMBOCTEH TTOCTpa-
JialliiHOTO HEeWpPOKOTHITUBHOIO Ae(illUTy € Haa3BU-
YailHO BaXXJIMBOIO MpoOOJEeMOI0 B rajay3i MpoOMeHEeBOi
MEeIULIMHU, paaiobiojiorii, HeilporncuxiaTpii, repoOHTO-
JIOTIi TOLIO.

tures of post-radiation neurocognitive deficits.
They are inexpensive, non-invasive, safe for the
patient, and provide objective information and
evidence about the cerebral structures functioning
with better temporal resolution than functional
MRI [17].

The leading methodological basis of modern
psychophysiology is the study of evoked bioelec-
trical activity of the brain. To adequately solve
clinical and research problems, the recording of
event-related potentials is actively used. Event-
related potentials (ERPs) of the brain are electro-
physiological responses of the brain to external or
internal stimuli recorded using electrodes on the
surface of the scalp [18]. Event-related potentials
(ERPs) are a type of EP, an electrophysiological
indicator that reflects the cognitive activity of the
brain in response to a significant or rare stimulus.
It is used to assess cognitive functions, including
attention, memory, and information processing
speed [19]. ERPs have been used for decades to
study perception, cognition, emotions, neurolog-
ical and mental disorders, and brain development
throughout lifespan. They consist of several com-
ponents and reflect specific neurocognitive
processes [20—22]. P300 parameters are known to
be as sensitive as most standard biomedical clini-
cal tests, can serve as a measure of cognitive abili-
ty for groups of healthy and diseased individuals,
and the recording technique is accessible and
cost-effective [23, 24]. Thanks to the use of mod-
ern imaging technologies for in vivo brain research —
magnetic resonance imaging (MRI), quantitative
electroencephalography (qEEG), and EP with
topographic mapping of the results obtained, neu-
ropsychological and neuroimaging methods, it
has become clear that psychopathological syn-
dromes are characterized by specific patterns of
functional and structural brain disorders |25, 26].
Clinical recognition and objectification of cere-
bral aging processes in the prodromal stage of
dementia is extremely important because it opens
up opportunities for early therapeutic intervention
to prevent or slow down the progression of the
pathological process [27]. Thus, the determina-
tion of psychophysiological characteristics of
post-radiation neurocognitive deficits is an
extremely important problem in the fields of radi-
ation medicine, radiobiology, neuropsychiatry,
gerontology, etc.
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META

Hocniguty ncuxodizionoriyHi XxapakKTepUCTUKU KOTHi-
TUBHUX PO3JaliB BifJaJeHOro Iepioay IIicas BILJIMBY
iOHI3yI0YOTr0 BMUIIPOMIHIOBAHHSI B YYaCHUKIB JIiKBigalii
HaciakiB aBapii Ha YopHoOwibewKilh AEC moxuioro

BIKY.

MATEPIAJIN 1 METOJIN

Ju3aitH pod0oTH — IIPOCIIEKTUBHE KJIiHIYHE JOCTiIKEHHS
i3 30BHIlIHIM Ta BHYTpillHiM KOHTpoJeM [1]. [TpoTsarom
2014—2018 pokiB Ha 0a3i Bimmiay pamiamiifHOi TICUXO-
HeBpoJiorii IHcTuTyTy KiiniuHoi pagionorii (IKP) Hep-
’KaBHOI ycTaHOBM «HallioHaJIbHUII HayKOBWM ILIEHTpP
pagiauiiHOl MEOMLIMHMU, TeMaToJOril Ta OHKOJOTil
HauioHanbHO1 akageMil MeIMUYHUX HayK YKpaiHW»
(HHLIPMTI'O) ob6GcTexxeHa paHaomizoBaHa BuOipka
YJIHA na YAEC noxuioro Biky (rmoHana 60 pokiB Ha MO-
MeHT orisaay) 3 KiliHiKo-emigeMiosoriyHOro peecTpy
HHIIPMI'O (ocrosna epyna, n = 52) 3 BepudikoBaHOIO
XPOHIYHOIO 1Iepe0pPOBaCKYJISIPHOIO MATOJIOTi€I0, TIPUYO-
MY BKa3aHWil KOHTUHIEHT 3HAXOAUTbLCS Mid TMpPOCIeK-
TUBHUM MEIWYHUM CIIOCTEPEKEHHSIM IIPOTSITOM YChOTO
XKUTTS y TicsiaBapifiHi poKu.

Kputepismu BkmoueHHss YJIHA no ocHOBHOI rpymu
Oynu: 1) HasiBHiCTh naHuX y KiTiHiKO-emigeMioaoridHOMY
peectpi HHIIPMTI'O; 2) yyacth B poboTax 3 JiKBimauii
HaciinkiB YopHoOuabcbKoi Katactpodu y 1986—1987
pokax; 3) HasgBHICTb 3aIlMCiB 1100 103 ONPOMiHEeHHS; 4)
4OJIOBiYa CTaTh; 5) MPaBOPYKiCTh. 3 METOIO0 MiHiMi3allii
BIUIMBY TpaguLiiHUX (DAKTOPiB PU3MKY Ha MOKA3ZHUKHU
TIICUXOMETPUIHHUX i TICMX0(i310JIOTIYHNUX TECTiB HAMU OY-
JIM po3po0JIeHi KpUTepil BUKITIOUeHHS 3 00cTexkKeHHs. Ta-
KUMHU KPUTEPisIMU B OCHOBHIl TPy Oy/Iu: MepeHeceHa
roctpa npomeHeBa xBopoba (I'TIX), HasBHiICTb HA MO-
MEHT JOCJiIXKEHHSI UM B aHaMHe31 BUpaXXE€HOI coMaTo-
HEBPOJIOTIYHOI Ta MCUXIYHOI MATOJIOril y cTafdil JeKOM-
TeHcallil; Y4epermHO-MO3KOBOI TpaBMU; HeMpoiHDeKIIili-
HUX Ta JIEeMI€iHI3yIOUMX 3aXBOPIOBAHb; 3JIOBXMBaHHS
MCUXOAKTUBHUMM PEYOBMHAMM, a TaKOX HEBiAIOBIlI-
HIiCTb KpUTEPisIM BKITIOYeHHSI. JloCTiIsKeHHST TPOBOANIN
BiIMOBIAHO 10 €TUYHMX CTaHAAPTIB [eIbCiHCHKOT JeKi1a-
pawii 1975 poky Ta ii neperisiHytoro Bapianty 2000 poky.

3ajrydeHi Mami€eHTH OCHOBHOI TPy Ha MOMEHT OC-
TaHHbLOTO 00CTEXKeHH Oyn y Billi 60,3—73,7 poky, B ce-
penuboMy (M + SD) — (64,1 £ 2,9) poky. ITigrpyna
VJIHA, onpominenux y mposax 0,0006—0,05 38 (n = 12),
BUKOPUCTAaHA SIK GHYMPIWHII KOHMPOAb BITHOCHO OC-
HoBHOiI rpynu YJIHA. J1031 30BHIIIHBOTO OMTPOMiHEHHS
oocrexeHnx YJIHA na YAEC 3Haxoaunucs B aianas3o-
Hi 0,002—1,10 3B npu cepeaHiii apucdMeTUUHIN 1031
(M £ SD) (0,31 = 0,29) 3B, cepenHiii reoMeTpUYHIl

OBJECTIVE

To investigate the psychophysiological characteristics
of cognitive disorders in the long term after exposure
to ionizing radiation in the elderly participants in the
liquidation of the Chornobyl Nuclear Power Plant
accident (Chornobyl clean-up workers).

MATERIALS AND METHODS

The study design is a prospective clinical study with
external and internal control. [1]. A randomized
sample of elderly participants (attained age over 60
years) in the liquidation of the consequences of the
accident at the Chernobyl NPP (ChNPP) in
1986—1987 (Chornobyl clean-up workers) from
the Clinical and Epidemiological Registry (CER)
of the National Research Center for Radiation
Medicine (NRCRM) was examined in 2013—2018
(main group, n = 52) with verified chronic cere-
brovascular pathology, in addition, this specified
contingent has been under prospective medical
observation throughout their lives in the post-acci-
dent years.

The inclusion criteria for in the main group were:
1) presence in the CER of NNCRM; 2) participa-
tion in the liquidation of the consequences of the
Chornobyl disaster in 1986—1987; 3) presence of
records of radiation doses; 4) male gender; 5) right-
handedness. In order to minimize the influence of
traditional risk factors on the results of psychomet-
ric and psychophysiological tests, we developed
exclusion criteria for the survey. These criteria in
the main group were: history of acute radiation
sickness (ARS), presence at the time of the study or
in the medical history of severe somatoneurological
and mental pathology in the stage of decompensa-
tion; traumatic brain injury; neuroinfectious and
demyelinating diseases; substance abuse, as well as
non-compliance with the inclusion criteria. The
studies were conducted in accordance with the eth-
ical standards of the 1975 Helsinki Declaration and
its revised version of 2000.

The patients in the main group were aged
60.3—73.7 years at the time of the last examination,
with a mean (M * SD) age of (64.1 * 2.9) years.
A subgroup of clean-up workers exposed at doses of
0.0006—0.05 Sv (n = 12) was used as an internal
control for the main group of clean-up workers.
The external radiation doses of the examined
ULNA at the Chornobyl NPP ranged from 0.002 Sv
to 1.1 Sv with a mean arithmetic dose (M £ SD) of
(0.31 £0.29) Sv, a mean geometric dose of 0.16 Sy,
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Taoauuysa 1

Po3nogin VJIHA Ha YAEC 3a g03aMu 30BHilUHbOrO ONPOMiHEHHSA

Table 1

Distribution of the Chornobyl clean-up workers by external radiation doses

HianasoH po3, 38

Cepeptsa apudpmeTyHa f03a Ta CTaHAapTHe BigxuneHHus (M = SD), 3B

Dose range, Sv 8 Mean dose and standard deviation (M = SD), Sv
< 0,05 (0,0006-0,05) 12 0,03 £ 0,02
0,05-0,10 6 0,08 = 0,01
>0,10-0,25 7 0,18 £ 0,04
>0,25-0,50 14 0,34 + 0,08
>0,50-1,0 1 0,67 0,11
>1,0(1,0-5,9) 2 1,01 £ 0,04

no3i 0,16 3B, memianniit 703i 0,25 38. Po3nomnin obcre-
xkeHnx YJIHA na YAEC 3a mo3amMuy 30BHIIIIHBOIO OII-
pOMiHEHHS HaBeIeHOo y Tabaui 1.

Heekcnonosana epyna nopienanus (n = 13) 0yna cgop-
MOBaHa 3 BUIMAJKOBUM YMHOM BifgiOpaHux amMOyJaTop-
HUX 1 CTalliOHApHUX ITalli€EHTIiB / OOCTEXyBaHUX OCiO
Bimgniny pagiamniiHoi ncuxonesposorii IKP HHIIPMTIO.
KpurepisiMu BKITIOUEHHS 10 KOHTPOJBHOI TPyNu OyJu:
1) BiICYTHiCTh 3aylydeHHS 00 padialliiHUX HaA3BUYaki-
HUX CUTYyalliii, BUIpOOyBaHb sSIAEPHOI 30p01 Ta Tepanes-
TUYHOTO OTNPOMiHEHHS; 2) BiICYTHICTh JOAATKOBOTO 10O
MPUPOIHOTO (POHY PagioaKTUBHOCTI OIMPOMIHEHHS 3a
BUHSTKOM MEIWYHUX HiaTHOCTUYHMX PamioJOTidHMUX
TpolieIyp Ta aBiarepeboTiB; 3) YoJIoBiUa cTaTh; 4) Bim-
MOBIIHICTB BiKY 10 OCHOBHOI Ipynu. KputepisiMu BUKITIO-
YEHHSI, KpiM TaKuX, IK Y OCHOBHIli Ipymi, Oyau: 1) HeBin-
MOBIAHICTh KPUTEPISIM BKIIIOUEHHS 10 KOHTPOJIbHOI TPy~
nu Ta 2) 3aJydeHHsI OO 0araToOLIEHTPOBUX KIIHIUHUX
BUIIpOOYBaHb. Bik 3ayyeHunx MalieHTiB HEEKCIIOHOBA-
HOI KOHTPOJIBHOI I'PYIT HA MOMEHT OCTaHHbOT'O 00CTe-
KeHHs1 O0yB y Mexax 60,2—70,2 poky, B cepeIHbOMY
(M £SD) — (63,3 £2,9) poKy. 3a OCHOBHUMH COLiO-1C-
MorpadiuHUMU TIOKa3HUKAMU TPyINu OOCTEXKEHUX
MpPaKTUYHO HE Bilpi3HsIUCH (Tab1. 2), MpoTe pUBepTaE
yBary Tou (pakT, 1110 CBili COLiaJIbHO-TTOOYTOBUI cTaTyC
OLIIHMJIN SIK «HU3BKUI» 15 (28,8 %) obcTexkenux YJIHA,
TOJI SIK Y KOHTPOJIbHiM rpymi — nuire 1 (7,7 %) obcrexe-
Huii (p < 0,001 3a ABOOGIYHUM TOYHUM KpuTepieM Diltre-
pa). Bci obcTexeHi 0yar MiCbKUMU XXUTEISIMU.

Peectpaliito ci1yxoBux KOTHITUBHUX BUKJIMKAHUX IO-
teruianiB (CKBII) BukoHyBaiu 3a JOMOMOIOI0 KOM-
m’1oTepHoro 24-kaHaJlbHOTO ejieKTpoeHledanorpagda
«BRAINTEST» BuUpoOHULITBA HAyKOBO-BUPOOHUUYOTO
nignpueMmctBa «DX-cuctemn» (M. XapkiB, YKpaiHa).
BuzHauanu sk aGCoJIOTHI MOKAa3HUKM aMILTITyIM Ta ja-
teHTHOTO Tiepiony (JIIT) kommonenTa P300 CKBIT y 16
BinBeneHHsx EEI 3a MmixkHapoaHoto cucteMoro «10—20»,
TaK i KoedillieHTN JaTepaTbHOCTI (MiXIIiBKYIbHOI ach-

and a median dose of 0.25 Sv. The distribution of
the examined Chornobyl clean-up workers by
external radiation doses is shown in Table 1.

The unexposed control group (n = 13) was formed
from randomly selected out patients and inpa-
tients/examinees of the Department of Radiation
Psychoneurology of ICR of NRCRM. The criteria
inclusion in the control group were as follows:
1) no involvement in radiation emergencies,
nuclear weapons testing, or therapeutic irradia-
tion; 2) no exposure to ionizing radiation beyond
natural background levels, except for medical
diagnostic radiological procedures and air travel;
3) male gender; 4) age matching the main group.
The exclusion criteria, in addition to those in the
main group, were: 1) failure to meet the criteria for
inclusion in the control group, and 2) involvement
in multicenter clinical trials. The patients in the
unexposed control group at the time of the last
examination were aged 60.2—70.2 years, with a
mean (M = SD) age of (63.3 £ 2.9) years. The
main socio-demographic indicators of the groups
examined did not differ significantly (Table 2).
However, it is noteworthy that 15 (28.8 %) of the
examined Chornobyl clean-up workers rated their
social and living status as «low», while in the con-
trol group, only 1 (7.7 %) of the examined patients
did so (p < 0.001 according to Fisher’s two-tailed
exact test). All respondents were urban residents.

The registration of auditory ERPs P300 was per-
formed using a 24-channel computerized elec-
troencephalograph «BRAINTEST» manufactured
by the scientific and production enterprise «DX-
systems» (Kharkiv, Ukraine). We determined both
the absolute values of the amplitude and latency
(LP) of the P300 component in 16 EEG leads
according to the international 10—20 system, and
the coefficients of laterality (interhemispheric
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Taoauuysa 2

CouianbHo-pemorpaciyHa xapaKTepuCTUKa 06CTEXKEeHOT BUBipKU

Table 2

Socio-demographic characteristics of the surveyed sample

OcHoBHa t-kputepiit CTbiopeHTa, HeekcnoHoBaHa rpyna

XapakTepucTuka rpyna  pABoOiYHMIA TOYHWIA KpuTepil Qiwepa p NOPIBHSAHHS
Characteristics Main group Student’s t-test, Unexposed control group

n=>52 Fisher’s two-tailed exact test n=13
Bik (M = SD), poku / Age (M = SD), years 64,08 + 2,92 0,93 0,36 63,32 + 2,87
KinbkicTb pokie ocit (M £ SD) R
Years of education (M = SD) 14,33 £3,32 .73 0,09 159£26
OcsiTHil piBeHb
Buwa ocaita / Higher education 26 (50,0 %) 0,03 0,03 11 (84,6 %)
CepepHs cnevjanbHa (CepeaHst TeXHIYHA OCBITa)
Secondary specialized (secondary technical education) 22 (42,3 %) 0,11 0,11 2 (15,4 %)
ba3oBa cepeaHs 0cBiTa 4(7,7%) 0,58 0,58 0(0,0 %)
Basic secondary education
CouianbHO-€KOHOMIYHMIA Ta NOOYTOBMIA CTaTyC
Bucokuit / High 3 (5,8 %) 0,09 0,09 3 (23,1 %)
Cepepiit / Medium 34 (65,4 %) 1,0 1,0 9 (69,2 %)
Hu3bkuii / Low 15 (28,8 %) < 0,001 < 0,001 1(7,7 %)

MeTpil) BiAmoBigHMX MNcUX0(i3ioa0riYHUX TMOKA3HUKIB
3a (popMyII0IO:

[(/lumz(L'R)/(L+R)]00, (1)

me Kqr — KoedimieHT marepambHOCTi; R — mapamerp
P300 cumeTpuyHOi OiITHKY MPaBoi IMiBKYJIi TOJOBHOTO
MO3KYy, L — JtiBoi.

3HakK «+» B OTpUMaHOMY 3HAYeHHI BKa3yBaB Ha JlaTepa-
Jli3allito 30iIbIIEHHS MOKA3HUKA A0 JIiBOI IMiBKYJIi, «-» —
JIO MpaBoi, BiIMIOBiIHO.

ITpu peectpanii CKBII BukopucToBYBald KIaCUYHY
IBOCTUMYJIBHY IIapaguIMy BHIIQAKOBO BUHUKAIOYOI
noxii (oddball paradigm), sika mepegdayvaia mpea’ IBIeH-
Hs Y BMITQIKOBIii TTOCHIiZOBHOCTI cepii ABOX CTUMYJIIB,
OJIUH 3 SIKUX OYB «HE3HAuyIIUM» (4acTUM), a iHIIWHA ?
«3HauyluMM» (pigkicHuMm). IlinpaxoByBajlu KiJbKiCTh
NOMWJIOK MpPHU IiApaxyHKYy 3HAUyLIUMX CTUMYJiB. Buko-
PUCTOBYBAJIM CJYXOBi CTUMYJIM Y BUIJISII KJ1allaHb 3 Yac-
TOTOIO TICEBIOBUIAAKOBOIO IIpEa’ sIBIEHHS (DOHOBOTO
ctumyary 1000 Iix Ta BiporigHictio 70 %, 3Ha4yIIOro CTU-
myary 2000 Iix Ta BiporinnicTio 30 %. Ilepen mocmimkeH-
HSM OOCTEKyBAaHOMY BUKOHYBaJIM JEMOHCTpALIil0 3Ha-
YyIIoro Ta ()OHOBOTO CTUMYJIIB i HagaBalu iHCTPYKILIiIO
MOTYMKHU paxyBaTU «3HAYyIli» CTUMYJIU i He pearyBaTh
Ha (oHOoBi. OOCTEKEHHST MPOBOIMIN Y TIEPIIiif MOIO0-
BUHiI A00M B CTaHi aKTMBHOIO HECIaHHS 3a YMOBU
BiICYTHOCTI TIprifoMy JliKapchKUX 3ac00iB. KoMmoHeHT
P300 CKBII Bu3Hayanu 3a MaKCMMaJIbHOIO aMILTITy1010
Bin i3omiHii B miama3zoHi JIIT 250—400 mc.

asymmetry) of the corresponding psychophysio-
logical indicators using formula (1):

K =(L-R) /(L +R)- 100, (1

where K. is the laterality coefficient; R is the P300
parameter of the symmetrical region of the right
hemisphere of the brain, L is that of the left hemi-
sphere.

The «+» sign in the obtained value indicated the
lateralization of the index increase to the left
hemisphere, «-» to the right hemisphere, respec-
tively.

When recording ERPs, we used the classical
oddball paradigm, which involved presenting a
series of two stimuli in random order, one of which
was «insignificant» (frequent) and the other «sig-
nificant» (rare). The number of errors in counting
significant stimuli was counted. Auditory stimuli
in the form of clicks were used with a pseudo-ran-
dom presentation frequency of the background
stimulus of 1000 Hz and a probability of 70 %, and
the significant stimulus of 2000 Hz and a probabil-
ity of 30 %. Before the examination, the subject
was shown the significant and background stimuli
and instructed to mentally count the «significant»
stimuli and not to react to the background stimuli.
The examination was conducted in the first half of
the day in a state of active wakefulness, provided
that no medication was taken. The P300 compo-
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3 METOI0 HaKOITMUyBaHHSI, 30epiraHHsI Ta IEPBUHHOTO
aHaJji3dy JaHWX BUKOPUCTOBYBAJIM E€JICKTPOHHI TaOJMLI
MS Excel. CraTucTUYHMIA aHaIi3 TTIPOBOIWIN Y TIpOrpa-
max Statistica 10.0 (StatSoft) Ta SPSS Statistics 17.0. Ile-
PEeBiIpPKY CTAaTUCTUYHOI TiMOTE3M IIOA0 BiIMOBIAHOCTI 1a-
HUX HOpMaJIbHOMY PO3MOAiNY 3IilICHIOBAIM 32 TOTIOMO-
roio kputepiiB Konmmoroposa—CMupHOBa 3 TTOMPaBKOIO
Lilliefors ta [llanmipo—Yinkca. /1151 BUBY€HHST MixKTPYIIO-
BUX BiAMiHHOCTE#l IJIsI YACTOTHUX ITOKA3HMKIB BUKO-
PUCTOBYBanM KpuTepiit x> 3 mompaskoio Meiitca Ta
nBooOiuHmii Tounuit kputepiii @imepa (Fisher’s exact
test). JIJag MHOXMHHOTO MiXTI'PYIIOBOTO TMOPiBHSTHHS
KiUJIbKiCHUX MOKAa3HUKIiB 3aCTOCOBYBaIM OJHO(AKTOP-
Hult nucnepciitHuii ananis (One-Way ANOVA) y Bunan-
Ky BiAINOBiZHOCTI JaHUX HOPMAaJIbLHOMY pO3MOIiLy 3
npeacTaBlIeHHIM gaHux y popMmati M £ SD Ta kputepiit
Kpackena-Yonnica (Kruskal-Wallis test) 3 npeacraBieH-
HIM naHux y ¢opmati Me (Q1—Q3) y nmpoTuiexHomy
BUINaaKy. JIas mnepeBipKu TinoTe3u 1oA0 TOMOTeHHOCTI
JUCIIePCiil y JOCTiIKYBaHUX I'pyIiaxX 3aCTOCOBYBAJIU TECT
Jlesena (Levene Test for Equality of Variances). JI1s1 amo-
CTEepPiOPHUX MIXIPYMOBUX MOPiBHSIHB (post-hoc aHai3)
BukopuctoByBanu tecT Llledde (Scheffe test) y Bumagky
BiIMOBIAHOCTI JAHMUX HOPMaJTLHOMY PO3IOIiTy. ¥ BUIIaI-
Ky HEeBiIMOBiAHOCTI JaHUX HOPMaJIbHOMY PO3IOILTY IS
aIrtoCTEePiOPHUX MIKTPYITOBUX ITOPIiBHSHB 3aCTOCOBYBAJIN
KpuTtepiii ManHa-YiTHi 3 morpaBkoio borgeppoHi.

PE3VIJIBTATU

IIpu mopiBHSIHHI MOKA3HWKIB BUKIMKAHOI OioeleKT-
PUYHOI aKTUBHOCTI TOJIOBHOI'O MO3KY B OCHOBHIli IpyIi
VJIHA Ta HeeKCITOHOBaHili TpyIli TOPiBHSIHHS BUSIBIEHO
noctoBipHe 3poctaHHs JITT komnonenta P300 CKBII B
ycix 16 BimBenennsax EEI (p < 0,05), natepainizoBaHe y
JIIBY CKpOHEBY HiIIHKY (f = 2,4—3,2; p = 0,02—0,002)
(tabn. 3). B VJIHA cnocrepira€erbcsi TeHIECHLIST OO
30iIbIIIEHHS KiJTbKOCTI MOMUJIOK MPU MiIpaxyHKy 3Ha-
YylIMX CTUMYJIB y npodax (f = 1,7; p = 0,09). ¥V rpymi
VJIHA BusiBjieHa BHCOKOIOCTOBipHa JIiHiliHa per-
peciiiHa 3aJ1eKHiCTh 3pOCTaHHS KiJIbKOCTi TTOMUJIOK P
MiApaxyHKy 3HAYYIIUX CTUMYJIB Y Mpo0ax Bifd J03U OIl-
pominenHs (r = 0,36; p = 0,003), sika TOCUIIOETHCS IIPU
orpoMiHeHHi B no3ax noHan 0,3 38 (r=0,57; p = 0,005),
10 MOXeE 3acBigyyBaTU H0303aJIEXKHUN Ae@illUT Tep-
LIENITUBHOI YBaru B €KCIIOHOBAHUX 00CTeXyBaHUX. Ta-
KOX Yy OOCTeXEHMX OCHOBHOI TPYINM Bil3HAYalOThCS
TeHACHLii 10 An@y3HOro 3MEHIIeHHS a0COTIOTHUX
3HaYeHb aMIIiTyau kommnoHeHTa P300, mepeBaxkHO y
npaBilt TOOHO-CKPOHEBIl AISHIL, TOPiBHSHO 3 HEEKC-
TMOHOBAHOIO TPYIIOI0 MOPiBHIHHS, 110 Y3TOMXKYETHCS
3 HalUMMMU ToriepeaHiMu pesyabratamu (f = 0,9—1,4;

nent of the auditory ERP obtained was determined
by the maximum amplitude from the isoline in the
latency (LP) range of 250—400 ms.

MS Excel spreadsheets were used for data col-
lection, storage, and initial analysis. Statistical
analysis was performed using Statistica 10.0
(StatSoft) and SPSS Statistics 17.0 software. The
statistical hypothesis regarding the normality of
data distribution was tested using the Kolmogo-
rov—Smirnov test with Lilliefors and Shapi-
ro—Wilks corrections. To study intergroup differ-
ences for frequency indicators, the 2 criterion
with Yates’ correction and Fisher’s exact test were
used. For multiple intergroup comparisons of
quantitative indicators, one-way ANOVA was used
in the case of data matching the normal distribu-
tion with data presented in M = SD format, and
the Kruskal-Wallis test with data presented in Me
(Q1-Q3) format. To test the hypothesis of homo-
geneity of variances in the study groups, we used
the Levene test for equality of variances. For post-
hoc intergroup comparisons (post-hoc analysis),
the Scheffe test was used if the data corresponded
to a normal distribution. If the data did not corre-
spond to a normal distribution, the Mann-
Whitney test with Bonferroni correction was used
for post-hoc intergroup comparisons.

RESULTS

When comparing the indicators of evoked bioelec-
trical activity of the brain in the main clean-up
workers’ group and the unexposed control group, a
significant LP increase of the cognitive component
P300 was found in all 16 EEG leads (p < 0.05), lat-
eralized to the left temporal region (f = 2.4—3.2;
p =0.02—0.002) (Table 3). In the Chornobyl clean-
up workers group, there was a tendency toward an
increase in the number of errors when counting sig-
nificant stimuli in the trials (r = 1.7; p = 0.09). In
addition, in the main group, a highly reliable positive
linear regression dependence was found between the
number of errors in counting significant stimuli and
the radiation dose (= 0.36; p = 0.003), intensifying
at doses above 0.3 Sv (r = 0.57; p = 0.005), which
may indicate a dose-dependent deficit of percep-
tual attention in the exposed subjects. The subjects
in the main group also showed a tendency toward
a diffuse decrease in the absolute values of the
amplitude of the P300 component, mainly in the
right frontal-temporal region, relative to the unex-
posed comparison group, which is consistent with
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p = 0,18—0,35), a TakoX 10 MOpyIIeHb (PYHKIIOHATb-
HOI MiXITiBKYJIbHOI acMMeTpil 3a paxyHOK BiIHOCHO
MEHIIMX 3HAa4YeHb aMIUNTYIM KOTHITUBHOTO KOMIIO-
HeHnTta P300 y xiBiii ckpoHeBiit minstHui (1 = 1,1—1,6;
p =0,11-0,27) (Tab6n. 3).

ITpu 3icTaBiaeHHi cMxodizioNOriYHMX MOKA3HUKIB Y
rpyni YJIHA, onpominennx B go3ax > 0,05 3B, Ta B
rpyni YJIHA, onpominenux B go3ax < 0,05 3B (rpymna
BHYTPIIIHBOT'O KOHTPOJIIO), TOCTOBIPHUX MixKTPYITOBUX
BiIMiHHOCTEH 32 aOCOJIIOTHUMU 3HAYEHHSIMU aMILTiTy-
I Ta JaTeHTHUX nepioniB kommoHeHTa P300 CKBII
BUSIBIIeHO He Oyio (p > 0,05) mpu HasIBHOCTI MEBHUX
TeHAeHLil no audgy3Horo 3poctadHs JIIT P300 B rpymi
VJIHA, onpomMiHeHux B go3ax > 0,05 3B, 3 aKILIEHTOM y
npasiii cCKpoHeBO-TiM gHii gingHui (= -1,1 — -1,6;
p = 0,12—-0,26) (tabn. 4). HaiiBuiii cepenHi Ta Me-
nmiaHHi 3HaueHHs JIIT P300 B ob6ox miarpymax YJIHA
MOXUJIOrO BiKy CIOCTepirajauch y NpoeKilii epeodpaib-
Hoi minmgHku BepHike (J1iBoi 3aIHBOCKPOHEBOI TiJISTH-
KHM), IO Y3TOMKYETHCS 3 HAILIMMMU TTONEePEeTHIMU TaHU-
mu [20—22, 28]. TakuM YMHOM, JJIS1 OCTATOYHOIO BCTa-
HOBJIEHHSI XapaKTEepHOTO NCUX0(}i3ioa0oriyHoro narep-
Hy noctpamianiitnux 3miH B YJIHA na YAEC noxuno-
ro BiKy HEOOXiJHi Momablli JOCTiIKEeHHS 3 000B’s13-
KOBUM JO3UMETPUYHUM CYIIPOBOJOM.

TonorpadiuHe kapTyBaHHSI KOe(dilliEHTIB JaTepaib-
HOCTI (MiIXITiBKy/TbHOT acumeTpii) 3a JIIT komrmoHeHTa
P300 CKBII B ocHoBHiit rpyni YJIHA (puc. 1) Bkasye
Ha TIOPYIIEHHS MiXIMiBKYJIbHOI aCUMETpii Yy BUIJISII
3poctaHHs 3HaueHb JITT P300 y niBiii 3aAHLOCKPOHEBI i
JinstHLi. Taki 3MiHM MOXKYTb 3aCBiq4yBaTH 30€peKeHHS
B YJIHA na YAEC 3 BikoM momnepeaHbo BUSIBIEHUX
HaM¥ NcUXodi3ioNoTiYyHUX TEHAEHIII 10 MOPYIIEeHHS
00po0Oku iHdopmalii y uepedpanbHiit ginsHui Bep-
Hike [20—22, 28]. Ha puc. 2 ipencTaBiieHi pe3ynbTaTh
Tororpa¢iyHOro KapTyBaHHS TICUXO(Di3i0NM0oriyHUX
PO30iXKHOCTEN MixK OCHOBHOIO TPYMOIO Ta HEEKCITOHO-
BaHOIO I'PYIIOI0 MOPiBHSIHHS, SIKi BKa3yl0Th Ha AU(Y3HE

min : EEAE:

our previous results (r = 0.9—1.4; p = 0.18—0.35), as
well as to disturbances in functional interhemispheric
asymmetry due to relatively lower values of the P300
amplitude in the left temporal region (r = 1.1—1.6;
p =0.11-0.27) (Table 3).

When comparing psychophysiological indicators
in the Chornobyl clean-up workers irradiated at
doses > 0.05 Sv and in those irradiated at doses <
0.05 Sv (internal control group), no significant in-
tergroup differences were found in the absolute val-
ues of the amplitude and LP of the P300 component
(p > 0.05), with certain trends toward a diffuse
increase in P300 LP in the clean-up workers irradiat-
ed at doses > 0.05 Sy, with an accent in the right tem-
poral-parietal region (r=-1.1 —-1.6; p = 0.12—0.26)
(Table 4). The highest mean and median values of
P300 LP in both subgroups of elderly Chornobyl
clean-up workers were observed in the projection of
the Wernicke's area (left posterior temporal region),
which is consistent with our previous data [20—22, 28].
Thus, further studies with mandatory dosimetric
monitoring are necessary to definitively establish
the characteristic psychophysiological pattern of
post-radiation changes in elderly Chornobyl clean-
up workers.

Topographic mapping of laterality coefficients
(interhemispheric asymmetry) based on the P300
component LP in the main group of Chornobyl
clean-up workers (Fig. 1) indicates a disturbance of
interhemispheric asymmetry in the form of an
increase in the P300 component LP values in the left
posterior temporal region. Such changes may indicate
the preservation of the psychophysiological tendencies
to disrupt information processing in the Wernicke’s
cerebral area previously identified by us in the
Chornobyl clean-up workers as they age [20—22, 28].
Fig. 2 shows the results of topographic mapping of
psychophysiological differences between the main

PuUcyHoK 1. TonorpadiuHe KapTyBaHHA KoedilieH-
TiB narepanbHocTi (MiXniBKynbHOi acumertpii) 3a
NIaTeHTHUM nepiogom KomnoHeHTa P300 B 0CHOBHii
rpyni

Figure 1. Topographic mapping of laterality coef-
ficients (interhemispheric asymmetry) based on
the component P300 LP in the main group
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Ta6nuusa 3
AMNNiTYAHO-4aCcOBi XapaKTePUCTUKMN Ta MiXNiBKY/NIbHA acumeTpia KomnoHeHTa P300 cnyxoBUX KOTHiITUBHMX
BUKJIMKAHMX noTeHLianiB B ocHoBHin rpyni YJIHA Ta HeeKcnoHoBaHi rpyni NopiBHAHHA

Table 3
Amplitude-time features and interhemispheric asymmetry of the P300 component of auditory event-related
potentials in the main group of Chornobyl clean-up workers and the unexposed control group

EET BinBepeHHS OcHoeHa rpyna, (M = SD) HeekcnoHoBaHa rpyna nopieHsHHs (M + SD)
Main group, (M = SD) t P Unexposed control group (M + SD)
EEG lead n= 52 n= 13
Amnnityaa, mkB / Amplitude, pV
Fp1 42+33 1,0 0,34 34£20
Fp2 43+31 0,8 0,45 3617
F3 4524 0,3 0,73 42+16
F4 43+23 0,3 0,76 41+£17
F7 41£22 -0,2 0,85 42+14
F8 43+23 0,9 0,35 3714
C3 41+£21 0,1 0,91 41+13
c4 41£21 0,0 0,98 41+£13
T3 41+19 0,2 0,80 40+1,1
T4 43+272 1,4 0,18 42+14
T5 41+19 -0,5 0,59 44+11
T6 44+28 0,9 0,38 37+14
P3 41+19 0,1 0,93 40+1,1
P4 4120 0,7 0,50 3714
01 40x21 0,2 0,49 3919
02 4120 0,7 0,54 37£16
JlatepanbHictb amnnityau, % / Amplitude laterality, %

Fp1 — Fp2 -4,2 + 38,5 0,3 0,80 6,8 +18,9
F3 — F4 1,7+20,8 0,0 0,97 1,9+135
F7 — F8 -0,4 + 26,5 -1,0 0,34 6,4+ 127
C3-C4 -1,1+£187 0,0 0,99 1,0+ 116
T3-T4 -0,2+213 -1,2 0,23 6,9 + 15,8
T5-T6 -1,7£21,2 -1,6 0,11 8,7+252
P3 - P4 -0,4+16,5 -1,1 0,27 55 + 26,4
01-02 -1,9+15.2 -0,6 0,54 0,6+83

Jin, mc /LP, ms
Fp1 3439+ 41,3 2,1 0,04 319,7+ 29,3
Fp2 344,3 +£ 40,5 2,5 0,02 316,9 + 29,8
F3 346,5 + 43,6 2,5 0,01 316,5+ 29,3
F4 343,6 42,3 2,8 0,01 311,5+295
F7 345,8 + 40,8 2,4 0,02 318,7 + 30,6
F8 3447 £ 42,3 2,5 0,01 3149+ 334
C3 348,5 + 35,8 3,0 0,004 3149+ 29,2
c4 347,6 43,8 29 0,005 311,9+ 30,2
T3 351,5 + 40,7 3,2 0,002 315,7+29,4
T4 3443 +415 2,3 0,02 317,3 £ 35,8
T5 353,0 + 39,6 2,4 0,02 326,7 + 30,9
T6 3484 41,4 1,6 0,08 329,4 32,2
P3 350,0 + 40,4 2,4 0,02 3233+ 31,7
P4 347,8 +423 2,3 0,02 321,2 + 30,7
01 351,0 £ 38,9 2,5 0,02 3244 + 32,6
02 3499419 2,3 0,02 323,0 + 30,8
Jatepanbhicts JIM, % / LP laterality, %

Fp1 — Fp2 -0,1+22 -0,9 0,39 04+23
F3 - F4 04+13 -1,0 0,32 08+1,6
F7 - F8 0,2+2,1 -0,7 0,46 06+25
C3-C4 02+1,7 -0,6 0,52 05+2,0
T3-T4 1,1+£32 1,3 0,19 -0,1+34
T5-T6 0,6 +3,0 1,0 0,31 04+1.1
P3 - P4 03+25 0,04 0,96 0,3+0,6
01-02 0,2+2,1 0,0 0,99 0,2+0,5

lMomunku npu nigpaxyHky
3HAYYLLWX CTUMYJIIB, KiNbKICTb 15494 17 0.09 04+11

Errors in calculating significant

stimuli, number
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Ta6nuusa 4
AMNNiTYAHO-4aCcOBi XapaKTePUCTUKMN Ta MiXNiBKY/NIbHA acumeTpia KomnoHeHTa P300 cnyxoBUX KOTHiITUBHMX
BMKNUKaHux noteHuyianis B YIHA, onpomiHeHux y go3sax < 0,05 3B (rpyna BHyTpiluHbOro KOHTpoi) Ta > 0,05 3B

Table 4
Amplitude-time features and interhemispheric asymmetry of the P300 component of auditory event-related
potentials in the Chornobyl clean-up workers, exposed at doses < 0.05 Sv (internal control group) and > 0.05 Sv

YJIHA, onpomiHeHi YJIHA, onpomiHeHi
EET BipBepeHHs B go3ax < 0,05 38 (M = SD) B go3ax > 0,05 3e (M = SD)
Chornobyl clean-up workers, exposed t P Chornobyl clean-up workers, exposed
EEG lead at doses < 0.05 Sv (M = SD) at doses > 0.05 Sv (M = SD)
n=12 n=40
Amnnitypa, mkB / Amplitude, pv
Fp1 45+3,1 0,4 0,70 41+34
Fp2 38+23 -0,7 0,49 44+34
F3 46+23 0,3 0,75 44+25
F4 42+22 -0,2 0,87 44+24
F7 41+21 0,1 0,90 41+22
F8 45+2,0 0,3 0,76 43+24
C3 44+19 0,5 0,60 40+2.1
c4 41+18 0,0 0,98 41+21
T3 4317 0,4 0,66 4020
T4 43+19 0,0 0,99 43+23
T5 42+19 0,2 0,86 4119
T6 4417 -0,04 0,97 44+31
P3 39+18 -0,3 0,74 41+19
P4 42+18 0,1 0,92 41+21
01 41+21 0,3 0,79 39+21
02 43+17 0,5 0,65 40+2.1
JatepanbHicTe amnnityau, % / Amplitude laterality, %

Fp1 — Fp2 76+250 1,4 0,16 -81+415
F3-F4 6,6 = 14,5 1,1 0,29 0,1£224
F7-F8 -4,4 + 23,6 0,7 0,48 1,0£274
C3-C4 3,1+£104 1,0 0,31 -24+20,7
T3-T4 16+256 0,4 0,70 -0,8+232
T5 - T6 -4,1+19,8 -0,5 0,62 -1,0+£228
P3 — P4 37+£11,.2 0,9 0,36 0,7+178
01-02 -4,8 £ 14,2 0,9 0,39 -1,0+155

Jin, mc /LP, ms
Fp1 3409 + 27,7 -0,4 0,70 345,1 £ 45,0
Fp2 3431 30,8 -0,1 0,89 3447 £435
F3 340,8 + 36,3 -0,6 0,55 348,3 £ 459
F4 336,9 + 40,5 -0,7 0,47 345,8 + 43,0
F7 344,0 + 36,0 -0,2 0,84 346,4 + 42,6
F8 3444 + 445 0,0 0,98 344,8 + 42,1
C3 340,0 + 37,4 -0,9 0,35 351,2+42,6
c4 336,5 + 40,3 -1.1 0,26 351,2 + 46,7
T3 347,9 + 36,0 -0,4 0,69 352,6 42,4
T4 330,3 + 28,2 -1,6 0,12 348,9 + 44,2
T5 351,8 + 36,2 -0,1 0,89 353,4 41,0
T6 3416 +228 -0,8 0,42 350,6 41,9
P3 3458 + 38,7 -0,5 0,64 351,3+41,3
P4 340,8 + 42,9 -0,8 0,45 350,1 £ 42,3
01 3494 + 36,4 -0,2 0,85 351,5+40,0
02 3449+ 41,0 -0,6 0,58 351,6 £ 42,4
Jatepanbricts JIM, % / LP laterality, %

Fp1 —Fp2 -0,4£26 -0,6 0,53 0,0+2,1
F3-F4 06+1,2 0,8 0,42 03+14
F7 -F8 0,1+29 0,3 0,80 02+18
C3-C4 06+14 1,0 0,30 0,117
T3-T4 25+38 2,2 0,03 0,628
T5 - T6 1,3+34 1.1 0,29 04+29
P3 — P4 0,8 +3,0 0,8 0,40 02+23
01-02 07+29 1.1 0,26 00£1,8

Mommnku nigpaxyHky
3HAYYLLMX CTUMYIIB, KiNbKICTb 09410 10 0.30 174926

Errors in calculating significant
stimuli, number
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NOpyLIeHHs iH(GOpMaLiAHUX i KOTHITUBHUX MpPO-
LIeCiB TOJIOBHOTO MO3KY 3 aKIEHTOM Y JIiBild CKpo-
HeBill DiASHII TpU TEHIEHIIiSIX O MOIIMPEHHS Ha
MpaBy JJOOHO-LIEHTPAJIbHY JiISTHKY.

PesynbraTi KOpessuiiiHOro aHajildy BKa3yloTh Ha
JIOCTOBIpHE [0303aJie’KHE 3HUXKEHHS aMILIiTyau
kommonenTa P300 CKBII y niBiit 100HO-CKpOHEBiit
ainsgHui (7= -0,65; p = 0,02) B YJIHA noxusoro Biky
npu onpoMiHeHHi B mo3zax moHazg 0,5 3B (puc. 3).
Bnepiie BusiBieHo mo3o3anexHe 3pocTaHHst JIIT
kommoHeHTa P300 B ocHoBHii rpyni YJIHA y nipasiit
CKPOHEBIli Ta 3aIHBOCKPOHEBIli TIITHKAX, 30KpeMa y
BinBenenui T4 (r=0,31; p = 0,01) Ta T6 (r = 0,28;
p =0,03) (puc. 4, 5).

Takum ynHOM, TIpU 30epekeHHi MornepeaHbO BUSIB-
JIEHUX MOCTpaiallifHUX MOpYIIeHb iH(hOopMaIliitHAX Ta
KOTHITUBHUX TMPOLIECIB roioBHOro Mo3Ky B YJIHA Ha
YAEC vy miBiit ckpoHeBiit minmgami [20—22, 28], B
VJIHA na YAEC noxuioro BiKy BUSIBIEGHO HOBi TeH-
JIeHLii 10 MOoAiOHMX 3MiH i y mpaBiii MiBKyJli TOJJOBHO-
TO MO3KY, a caMeé — Yy JIOOHO-IIEHTPaJIbHIill Ta CKPO-
HEBIil TUTSHIL, 110 TOTpeOYE MOJANBIITNX TTICuX0odizio-
JIOTIYHUX JTOCJIIKEHb B JMHAaMIilli KOHTUHIEHTIB OIl-

PucyHoK 2. TonorpacdiuHe KapTyBaHHA ncuxodpi-
3ionoriyHux po3s6ixHocTeit (3a t-kputepiem Crbio-
AEHTa) 3a naTeHTHMM nepiogom KomnoHeHta P300
MiX OCHOBHOIO rpynoio Ta HEeKCMOHOBAHOI FPynoto
NopiBHAHHA

Figure 2. Topographic mapping of psychophysio-
logical differences (according to Student’s t-test)
based on the component P300 LP between the main
group and the unexposed control group

group and the unexposed control group, which indi-
cate a diffuse impairment of information and cognitive
processes in the brain with an accent in the left tempo-
ral region and a tendency to spread to the right frontal-
central region.

The results of correlation analysis indicate a reliable
dose-dependent decrease in the P300 amplitude in the
left frontal-temporal region (r = -0.65; p = 0.02) in
elderly Chornobyl clean-up workers exposed at doses
exceeding 0.5 Sv (Fig. 3). For the first time, a dose-
dependent increase in the P300 component LP was
found in the main group of elderly clean-up workers in
the right temporal and posterior temporal regions, in par-
ticular in T4 lead (» = 0.31; p = 0.01) and T6 (» = 0.28;
p =0.03) (Figs. 4, 5).

Thus, while previously identified post-radiation dis-
orders of brain information and cognitive processes in
the Chornobyl clean-up workers in the left temporal
region still remain [20—22, 28], new trends toward
similar changes have been identified in the right hemi-
sphere of the brain in the elderly clean-up workers,
namely in the frontal-central and temporal regions,
which requires further psychophysiological studies in

J[o303anexHe 3HWKEHHSI aM NNiTyan KomnoHeHTa P300 criyxoBUX KOTHITMBHUX BUKITMKaHWUX
jianis (MkB) y Bi, i F7 npn onpomiHeHHi B fJo3ax noHag 0,5 38

KoediuieHT kopensauii: r = -0,65; p=0,016

P3 amp: F7

1.2

0,95 Conf.Int.

Dose_Sv

PucyHOK 3. [lo3o3anexkHe 3HUKEHHA aMnaiTyau
KomnoHeHTa P300 y niBiit N0GHO-CKpOHeBii Ai-
nauui (BinsepenHa F7 EET 3a cuctemoro «10-20»)
B YJIHA Bikom noHap 60 poKiB npu onpomiHeHHi B
no3ax noHag 0,5 3B

Figure 3. Dose-dependent decrease in the ampli-
tude of the P300 component in the left frontal-
temporal region (F7 EEG lead according to the
«10-20» system) in the Chornobyl clean-up workers
aged over 60 years irradiated at doses above 0.5 Sv
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P3 lat: T4 = 331,06 + 47,811 * Dose_Sv
Correlation: r = 0,31; p=0,013
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P3 lat: T6 = 337,37 + 39,661 * Dose_Sv
Correlation: r = 0,28; p=0,025
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POMiHEHMX 0Ci0 MOXUIIOTO BiKY i BilMOBiAHMX HEEKCIIOHO-
BaHUX KOHTPOJBHUX TPYIl IJISI OCTaTOUHOIO 3’SICYyBaHHS
CTIMKOCTI Ta KJIiIHIYHOTO 3HAUE€HHS BUSIBICHUX 3MiH.

IIpu noraubGiaeHOMY KopensiiitHO-perpeciiHoMy
aHai3i CTAaTMCTUYHHUX B3a€EMO3B’SI3KiB MiX IICHUXOMET-
PUYHUMU Ta NCUXO@i3iOJOriYHUMU TMOKA3HUKAMU B
o0cTexXeHiil BUOipli 0cid Y0JIOBiUOi CcTaTi BiKOM TOHAa
60 pokiB (n = 65) BUSABICHO IOCTOBipHi OOepHEHi
JIiHiMHI KopesiliiiHO-perpeciiiHi 3aJIeXKHOCTI MixK BeJln-
YHOIO MOKa3HMKaA aKTyaJlbHOro HeBepOanabHoro IQ Ta
JatreHTHUM TiepionoM P300 y BinseneHHsx T4 (r = -0,44;
p=10,002) Ta T6 (r=-0,45; p = 0,001), a TaKOK mpsImi JIi-
HilfHI KOpesiLiiiHO-perpeciliHi 3ajIeXKHOCTI MiXK BEeJIMYU-
Holo nediuuty HeBepOaabHOro IQ BiZHOCHO MpemMop-
OimHoro piBHS Ta aTeHTHUM nepiogom P300 y BigBeaeH-
Hax T4 (r=0,37; p=0,008) ta T6 (= 0,41; p = 0,003).

Otxe, BUIIEHABEIEHI 3aKOHOMIPHOCTI MiITBEpIXKYIOTh
JOLTBHICTh BUKOpUCTaHHS KoMmmoHeHTa P300 ciyxoBux
KOTHITUBHUX BUKJIMKAHUX MOTEHLIiaJliB IK 00’€KTUBHOIO
ncuxodiziosoriyHoro IokKa3Huka iHdopMaliiHuX i
KOTHITMBHMX TPOLIECIB TOJIOBHOIO MO3KY JIIOAWHU, a Ta-

PucyHoK 4. [lo3o3anexHe 3poCTaHHA NaTE@HTHOrO
nepiopy komnoHeHTa P300 B YJIHA Bikom noHap 60
pokiB y npaBin CKpoHeBii AinAHui (BinBepeHHA T4
EET 3a cucremoto «10-20»)

Figure 4. Dose-dependent P300 component LP
increase in the Chornobyl clean-up workers aged
over 60 years in the right temporal region (T4 EEG
lead according to the «10-20» system)

PUCYHOK 5. [lo303anexHe 3poCTaHHA NAaTEHTHOrO
nepioay komnoHeHnTta P300 B V/IHA Bikom noHap 60
POKiB y npaBii 3aHbOCKpPOHeBiN AinAHui (BipBe-
AeHHA T6 EET 3a cuctemoto «10-20%)

Figure 5. Dose-dependent P300 component LP
increase in the Chornobyl clean-up workers aged
over 60 years in the right posterior temporal regi-
on (T6 EEG lead according to the «10-20» system)

the dynamics of contingents of irradiated elderly
people and corresponding unexposed control
groups to finally determine the stability and clini-
cal significance of the detected alterations.

An in-depth correlation-regression analysis of sta-
tistical relationships between psychometric and psy-
chophysiological indicators in a sample of males
over 60 years of age (n = 65), reliable inverse linear
correlation-regression dependencies were found
between the value of the current nonverbal 1Q indi-
cator and the P300 LPs in leads T4 (r = -0.44; p =
0.002) and T6 (= -0.45; p =0.001), as well as direct
linear correlation-regression relationships between
the magnitude of nonverbal 1Q deficit relative to the
premorbid level and the P300 LP in leads T4 (r =
0.37; p = 0.008) and T6 (= 0.41; p = 0.003).

Thus, the above patterns confirm the feasibility
of using auditory ERPs P300 as an objective psy-
chophysiological indicator of information and
cognitive processes in the human brain, and also
might support the neolocalisational hypothesis
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KOX CBiT4aTh Ha KOPUCTb HEOJIOKATi3alliOHICTCHKOI Tillo-
Te3U 1100 NepeBaxkHOi 00POOKU HeBEpOATbHUX CTUMYJIiB
y JIIOAMHHU MPABOIO MiBKYJIEIO TOJI0BHOIO MO3KY [29, 30].

OBI'OBOPEHHA

Haii nonepenHi mocmimxkenns [1, 3, 4, 7, 20—22, 28]
BKa3yBaJIld Ha KJIIOYOBY 3aJ1y4€HICTh KOPTUKO-TiMOIYHO1
CUCTEMH caMe JiBOi (JOMiHAHTOI) MiBKYJi y MaToreHe3
MocTpamialliiHOro HEWpPOKOTHITUBHOro nedinury. Ta-
KUl 1eiuuT XapakKTepu3yBaBCs IMepeayciM MOpyIIeH-
HSIM BepOaJabHOI ITaM’sITi Ta HaBYaHHS, apU(PMETUIHNX
orepalliii, aHATITUYHUX 30i0HOCTEeH, eJleMeHTaMu aKyc-
TUKO-MHECTUYHOI arHoaii. OcTaHHi BJacHi JOCiIXeH-
HS MiATBEPIXYIOTh BUCOKY iHPOPMATUBHICTb KOTHITUB-
HUX BUKJIMKAHUX MNOTEHLIaliB SIK MapKepa lLiepedpallb-
HO1 nuc(YHKIII BHACIIIOK BIUIMBY iOHi3yIOUOTO BMII-
poMiHtoBaHHs [20—22, 28]. Hamu Bnepiue OyB mpone-
MOHCTPOBaHMIA paniolepedpalbHUiA e(eKT y MpoeKilil
JIiBOI 3aTHBOI CKpOHEBO1 3BMBMHU (30Ha BepHike), axmii
MoisITaB y 3MEHIIEHHI aMIUTTYIu Ta 30iJIbIIIeHHI Jla-
teHuii kommoHeHta P300 CKBII npu omnpoMiHeHHi B
npo3ax > 0,05 3B [20]. IIpoTe, 3 METOIO KOHTPOJIIO BILJIU-
BY BiKOBOTO (paKTOpY, Y BUIIIe3a3HAYCHUX JOCTIIKEHHIX
MOXWINI BiK OyB OMHUM 3 KPUTEPiiB BUKIIOYEHHS 3 IT0-
JAJIBIIOTO CTAaTUCTUYHOrO aHaji3y. JlaHi, oTpuMaHi Ha-
MU B HUHILIIHBOMY JOCIiIXKEHH1, BKa3yl0Th Ha KOMOiHO-
BaHE OpraHiyHe ypaXkeHHS SIK JIiBO1 (IOMiHaHTHOI), TaK i
npaBoi (cyomomiHaHTHOT) remicepu B YIIHA na HAEC
y BinpgajieHuii mepion Imichas BmuBy IB, mo Ha piBHi
KJIIHIYHO1 (hDeHOMEHOJIOTi1 BUSBISIETbCS HE JIULIE TTOPY-
IIeHHIM BepOajabHOI Tmam’daTi (HaBYaHHS), a ¥ TOpy-
IIEHHSIM HeBepOaJlbHUX, 30POBO-IPOCTOPOBUX (DYHK-
i, 3MiHa MaTepHy HEWPONCUXOJIOTIYHUX MOPYIIEHb
KOpeJIIo€e 3i 3MiHaMM TICUXO(Di3ioNoTiYHUX TapaMeTpiB
CJTYXOBMX KOTHITUBHUX BUKINKaHUX TToTeHianis P300,
dKi BKa3ylOTh Ha 3HUXEHHs CTyIeHs JaTepalizallii
panionepedpanbHUX eheKTiB J0 JIiBOI IMiBKYJi Ta 3ay-
YeHHSs1 y NaTOJOTiYHMIA Mpolec MpaBoi remichepu, Npu-
YoMy IUISI IMX €(PEKTiB IMPOCTEXYETHCS Bpa3Ha 10303a-
JIEXKHICTb HaBiTh yepe3 Oiabll HiX 30 poKiB ITicas oOrl-
poMiHeHHs. Taki 3MiHM MOXYTb OyTU TIOSICHEHi CH-
HepriyHuM MaTojiorivHuM BIMBoM IB Ta BiKOoBOro
CTapiHHSI Ha rOJOBHUI MO30K JitoauHu. KiliHiyHO 3a3-
HauyeHi IMpOLIECU Peali3yloThbCsl XPOHIYHUMM CYAUHHO-
JNleTeHepaTUBHUMU 3aXBOPIOBAHHSIMU. XapaKTePHOIO
0COOJIMBICTIO HEMpONCUXiaTpUYHOI MATOJIOTIl y Biaaase-
HU mepiod micjsi ONpoOMiHEHHSI € 1i BHUCOKa KO-
MOPOIiIHICTh, sIKa 3pOCTa€E 3 J03010 OMPOMiHEHHS, 110
TaKOX CBIIYMTH PO pajiallifHO-acollililoBaHUI XapaK-
Tep JaHoi martoJjorii. TUIMOBUMM € MOLIMPEHICTh Op-
raHiyHoro eMouiiHo-yadiibHoro posnany (F06.6) i op-

regarding the predominant processing of nonver-
bal stimuli in humans by the right hemisphere of
the brain [29, 30].

DISCUSSION

Our previous studies [1, 3, 4, 7, 20—22, 28] indi-
cated the key involvement of the cortico-limbic
system of the left (dominant) hemisphere in the
pathogenesis of post-radiation neurocognitive
deficit. This deficit was characterized primarily by
impaired verbal memory and learning, arithmetic
operations, analytical abilities, and elements of
acoustic-mnemonic agnosia. Our latest research
confirms the high informative value of auditory
ERPs as a marker of cerebral dysfunction due to
the effects of ionizing radiation [20—22, 28]. We
were the first to demonstrate a radio-cerebral
effect in the projection of the left posterior tempo-
ral gyrus (Wernicke’s area), which consisted of a
decrease in amplitude and an increase in the LP of
the P300 component when irradiated at doses
> 0.05 Sv [20]. However, to control for the influ-
ence of age factor, elderly age was one of the crite-
ria for exclusion from further statistical analysis in
the above-mentioned studies. The data obtained in
our current study indicate combined organic dam-
age to both the left (dominant) and right (subdom-
inant) hemispheres in the Chornobyl clean-up
workers in the long term period following exposure
to IR, which at the clinical phenomenology level
manifests itself not only as a violation of verbal
memory (learning), but also as impairment of
nonverbal, visual-spatial functions. The change in
the pattern of neuropsychological disorders corre-
lates with changes in the psychophysiological
parameters of auditory ERPs P300 indicating a
decrease in the degree of radio-cerebral effects lat-
eralization to the left hemisphere and the involve-
ment of the right hemisphere in the pathological
process, with these effects showing a marked dose
dependence even more than 30 years after irradia-
tion. Such abnormalities can be explained by the
synergistic pathological effects of IR and age-
related aging on human brain. Clinically, these
processes manifest as chronic neurovascular-neu-
rodegenerative diseases. A characteristic feature of
neuropsychiatric pathology in the long term fol-
lowing irradiation is its high comorbidity, which
increases with the radiation dose, indicating the
radiation-associated nature of this pathology. The
prevalence of organic emotionally labile disorder
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raHiyHOTro po3namy ocoductocTi Ta mosediHku (F07)
MIPY 3pOCTaHHI YaCTOTHU JIETKNX KOTHITUBHUX MOPYIIEHDb
(Mild Cognitive Impairment, MCI).

OTtpuMaHuii Heilpo- Ta Mcuxodi3ioJoriYHUNM maTepH
Y3TOIKYEThCSA 3 HAIIMMU ITONEPEIHIMU JaHUMU 1100
panialiifHO-iHAYKOBaHMX 3MiH CITOHTAHHOI Ta BUKJIMKA-
HOI 0i0eJIeKTpUYHOI aKTUBHOCTI y JIOJMHU 1 3aCBiguye
Indy3He OaraTopiBHEBe OpraHiuHe ypakKeHHs TOJIOBHO-
ro Mo3ky B YJIHA Ha YAEC, ske xapaKTepHu3yeTbCs
IIMOOKOI0 TUC(PYHKIIIEI CEPEAMHHUX CTPYKTYP, IIPOT-
pecyrouMM XapakKTepoM eHledasonarii 3 rnepeBaxxHUM
3aJy4eHHSIM KOPTUKO-JTiMOIUHOI CUCTEMU JIiBOI (IOMi-
HAHTHOI) MiBKYJIi TOJIOBHOTO MO3KY. BusiBieHi mo303a-
JIEXHI paaioliepeOpanbHi edpekTu y mpasiil (cyomoMi-
HaHTHIi) remicdepi B YIHA na YAEC moxuioro BiKy.
3MiHM MIiXIiBKYJbHOI acUMeTpii, sIKi 3’SIBJSIOTbCS B
MpolIeci K HOPMAJIbHOTO, TaK i MaTOJOTIYHOIO 1ieped-
paJIbHOTO CTapiHHSI, CTAHOBJISITh 3HAYHMII HAyKOBO-
npakTnaHuii iHTepec. CTUCaWii oMt TaKWX 3MiH 3a
pi3HOI HelponcuxiaTpUyHOI TaTOJOrii HaBeAeHUN Y
Halii monepeaHii myosikauii [1]. Buie3asHadeHi TeH-
JeH1Ii1 OyJM BUSIBJIEHI HAaMU BIIeplle, 110 OOrPYHTOBYE
HEOOXiAHICTb MOXUTTEBOIO CIOCTEPEKEHHS 3a 0coba-
MU, SIKi 3a3HaM BIUIMBY IB 3a pisHux pamiauiitHux ciie-
HapiiB. BapTo migkpeciauTu, 10 ocodu MOXUJIOTO BiKY,
SIKi 3a3HaJIM BILUIMBY HacJiakiB YopHOOMJIbCHKOI KaTacT-
podu, CTaHOBJISITh 0COOJIMBO Bpa3JIMBY KaTeropito Hace-
JIEHHS K 3 MEAWYHOI, TaK i 3 COLiaabHOI TOYKU 30pY. 3
BiKOM 3pOCTa€ 4acTOTa XPOHIYHMX 3aXBOPIOBAaHb, 3HU-
KYETbCS (PYHKIIOHAJIbHA PE3UCTEHTHICTh OpraHi3my,
MOPYILIYIOThCS KOTHITUBHI (PYHKIIii, IO ITiIBUIILYE PU-
3UK IHBaJIiIM3alii Ta 3HMKEHHS IKOCTi KuTTs. /1o TOoro
K L Mali€HTH 4acTO CTUKAIOThCS i3 COLiaJIbHOWO i30-
JISILI€10, EKOHOMIUHOIO HECTaOJIbHICTIO Ta OOMEXEHUM
JTOCTYIIOM 10 MEAWYHOI JOIIOMOTH. 3a3HaueHi mpooJre-
MU OCOOJMBO aKTyadbHi 4epe3 BiliCbKOBY arpecito
Pociiicbkoi @epaepariii (PP) npotu YkpaiHu B ymMoBax
JIOBFOTPUBAJIOi BiliHU Ta [Iil BOEHHOT'O CTaHYy, 1110 YCKJIa/-
HIOE BYaCHE BMSIBJIICHHSI Ta JIIKyBaHHSI IaTOJIOTIYHUX
CTaHiB. Y 3B’SI3KY 3 UM OCOOM TTOXUJIOTO BiKy MOTPEOy-
OTb MYJIBTUAMCLUILIIHAPHOTO IiAXOMy Ta CUCTEMHOTO
MEIMKO-COoLiaabHOro cyrnpoBony. ChOTomHi BHUBUYCHHS
MeXaHi3MiB TIo€aHaHoro BmauBYy IB Ta BiKoBOro
CcTapiHHS MOXe OyTH peayizoBaHe y MapaaurMi HOBOTO
HaIpsMKy Yy Helporicuxiatpii — pamialiiiHoi HeWpo-
repiatpii [1]. Ha Haly aymKy, icHye HarajabHa rmotpeda y
CTBOPEHHI LiTICHOI CUCTEMU OXOPOHM MCUXIYHOTO 3/10-
pOB’s 0ci0, TTocTpaXkaanux BHACAinoK YopHOOMIbCHKOL
Karactpodu, 3 peasizaliero KOMIUIEKCHOTO MEIUYHOTO,
JIO3MMETPUIHOTIO, TICUXOJIOTIYHOTO Ta COLiaJIbHOTO CYII-
poBoxy. OcobnmBe Miclie B JaHili cuCcTeMi HaJIeXKUTh BU-

(F06.6) and organic personality and behavioral
disorder (F07) with an increase in the frequency of
mild cognitive impairment (MCI) is typical.

The obtained neuro- and psychophysiological
pattern is consistent with our previous data on
radiation-induced changes in spontaneous and
evoked bioelectrical activity in humans and con-
firms diffuse multilevel organic brain damage in
Chornobyl clean-up workers, typified by profound
dysfunction of the midbrain structures, progressive
encephalopathy with predominant involvement of
the cortico-limbic system of the left (dominant)
brain hemisphere. Dose-dependent radio-cerebral
effects were detected in the right (subdominant)
hemisphere in elderly Chornobyl clean-up work-
ers. Interhemispheric asymmetry changes arising
in the course of both normal and pathological
cerebral aging are of considerable scientific and
practical interest. A brief overview of such changes
in various neuropsychiatric pathologies is provided
in our previous publication [1]. The aforesaid
trends were identified for the first time, which sub-
stantiates the need for lifelong monitoring of indi-
viduals who were exposed to IR under various
radiation scenarios. It should be emphasized that
elderly people exposed to the effects of the
Chornobyl disaster are a particularly vulnerable
population group from both a medical and social
perspective. With age, the frequency of chronic
diseases grows, the body’s functional resistance
decreases, and cognitive functions are impaired,
which increases the risk of disability and a reduced
quality of life. At the same time, these patients
often face social isolation, economic instability,
and limited access to medical care. These prob-
lems are particularly challenging in the context of
the Russian Federation’s (RF) military aggression
against Ukraine in the conditions of a protracted
war and martial law, which complicates the timely
detection and treatment of pathological condi-
tions. In this regard, elderly people need a multi-
disciplinary approach as well as systematic medical
and social support. Today, the study of the mecha-
nisms of the combined effects of IR and aging can
be implemented in the paradigm of a new field in
neuropsychiatry—radiation neurogeriatrics [1]. In
our opinion, there is an urgent need to create a
comprehensive system of mental health care for
people affected by the Chornobyl disaster, with the
implementation of integrated medical, dosimetric,
psychological, and social support. A special place in
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KOPMUCTAHHIO Cy4aCHUX HEiHBa3MBHUX MCUXO(}i3iono-
TriYHUX METOMiB MiarHOCTUKW Ta MOHITOPUHTY (DYHK-
iOHAJTBHOTO CTaHy TOJIOBHOTO MO3KY.

BUCHOBKHA

MeToauka CIyXOBUX KOTHITUBHMX BMKJIMKAHUX I0-
teHuianis P300 € indopmaTuBHOIO 1711 BUSIBIIEHHS Ta
MOHITOPUHTY HEMPOKOTHITUBHUX PO3MAaIiB Y MOCTpaXK-
Janux YopHOOMIIbCHKOT KaTacTpOMU JIITHBOTO BiKy. Bu-
KOPHCTaHHS CydyaCHUX JIEIIeBUX, JOCTYITHMUX i HEiHBa-
3WBHUX TTCUXO(Di3i00TITHNX METOMIB AiarHOCTUKI HEeli-
POKOTHITUBHUX IMOPYIIEHD € TOLILHUM K Y MeXKaX Ha-
YKOBMX JOCTIKEeHb, TaK i B pyTMHHIN KJIiHIYHIl Mpak-
TUL, 11O JO3BOJUTh CBOEYACHO MiarHOCTYBATU KOTHi-
TUBHI TIOpYIIEHHS Ta peajli3oByBaTH JIiKyBaJbHO-IIPO-
(inakTUUHI 3ax0Au, CIIpSIMOBaHi Ha 3aro0iraHHs iHBa-
Jligu3auii Ta coliaabHiil Ae3aganTallil JaHUX TMali€HTiB.
Bnepiiie BusiBiaeHi 06’€KTUMBHI NcUXx0(i3ioyoriuHi Map-
KepHU MOCTpamialliifHOro HeMPOKOTHITUBHOTO AeIiIIUTy
B IOXWJIOMY Billi, SIKi MOJISIraloTh y AMQYy3HOMY Opra-
HiYHOMY YpakeHHi SIK JIiBO1 (IOMiHaHTHOI), TaK i IpaBoi
(cybmoMiHaHTOI) remicep TOJIOBHOIO MO3KY, 1110 MOXKE
3aCBiIuyBaTW CUHEPriYHUI BIJIMB BiKOBUX 3MiH Ta
i0Hi3yI0UOro BUIPOMiHIOBaHHS Ha ¥ioro mnepedir. Briep-
11Ie BUSIBJICHi J0303aJIexKHi 3MiHM YaCOBUX XapaKTepUC-
TUK KoMrnoHeHTa P300 y mpaBiii (cyOmoMaHTHiii) remi-
cdepiy YJIHA na HAEC noxumoro BiKky. JdaHi TeHaeHIIii
MOTPeOYIOTh MOAAIBIIOrO CIIOCTEPEXKEHHSI Ta BUBYCHHSI.

Indopmauia npo piHaHCyBaHHA

HocnigxeHHss BUKOHYBaluch y cTpyktypi HJP
BiIminy pagialifiHoi mcuxoHeBpoJiorii IHCTUTyTy
kiiHiyHoi panionorii HHIPMI'O «Hefiponcu-
X00i0JIOTiYHI MeXaHi3MU a(peKTUBHUX i KOTHIiTHB-
HUX poO3JadiB y OINpOMiHeHUX BHacaigok YopHo-
OMIBbCHKOI KaTacTpodu 3 ypaxyBaHHSIM IIOJiMOp-
dizmy renis» (2016—2018 pp.; Ne mepxpeectpairii
0116U003572).

Bupa3s BAAYHOCTI

ABTOPHY BHUCJIOBIIOIOTh MOISIKY IMPOBIZTHOMY HAayKOBO-
MYy CHiBpOOITHUKY BiaAiay paaialiiHOi €HIOKPUHO-
sorii IKP HHIPMTI'O . €. AdanackeBy 3a JOITOMO-
Iy y OiArOTOBLI iTIOCTPaTUBHOTO MaTepialy A0 JaHOoi
nmyosTiKarii.

KoHniKT iHTEepeciB

ABTOpPHM HE PO3TOJIOLIYIOTh KOH(DiAeHIiiTHY iH(opMa-
11i10 Ta HE MalOTh XXOIHOI MPUHAJIEXHOCTI a00 hiHaAH-
COBOI 3alliKaBJIEHOCTI B Oyab-sIKili opranizallii, sika
MOTJIa 6 CTBOPUTH KOHQITIKT iHTepeCiB.
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this system belongs to the use of modern non-invasive
psychophysiological methods for diagnosing and
monitoring the functional state of the brain.

CONCLUSIONS

The P300 auditory event-related potentials tech-
nique is informative for detecting and monitoring
neurocognitive disorders in elderly victims of the
Chornobyl disaster. The use of modern, inexpensive,
accessible, and non-invasive psychophysiological
methods for diagnosing neurocognitive disorders is
feasible both in scientific research and in routine
clinical practice, allowing for the timely diagnosis of
cognitive disorders and the implementation of ther-
apeutic and preventive measures aimed at preventing
disability and social disadaptation in these patients.
For the first time, objective psychophysiological
markers of post-radiation neurocognitive deficit in
the elderly have been identified, consisting of diffuse
organic damage to both the left (dominant) and right
(subdominant) hemispheres of the brain, which may
indicate the synergistic effect of age-related changes
and ionizing radiation on its course. The dose-
dependent alterations in the temporal characteristics
of the P300 component in the right (subdominant)
hemisphere were first detected in elderly Chornobyl
clean-up workers. Such trends require further obser-
vation and study.
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