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INTRODUCTION
Ionising radiation influences central nervous system
(CNS) functions and behaviour as a result of both
direct effect on the nervous system and indirectly
through CNS reactivity on the radiation damage of
other systems (Kimeldorf D.J., Hunt E.L., 1965; Mick-
ley G.A., 1987).

Total irradiation at significantly smaller doses of
0.01 Gy can irritate CNS, confirmed by registration
of bioelectrical brain activity changes. These
changes in CNS were primary relative to vascular
and other disturbances provoked by exposure to
ionising radiation (Livanov M.N., 1962). The
changes of brain biopotentials were found direct-
ly at the time of irradiation with dose rate of
0.13 mGy�s�1 which formed the total absorbed
dose of 0.5 mGy only. The dose�effect relationship
is described by a �S-shaped� curve (Grigoriev Yu.G.,
1963). The direct activating effect of ionising ra-
diation on endogenous (pacemaker) generation of
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Abstract
The object of this study was psychophysiological characterisation of liquidators at the remote period of irradia-
tion with assessment of the influence of exposure to ionising radiation, psychoemotional stress, physical disease
and traditional risk factors. Seventy Chernobyl accident survivors, who had acute radiation sickness (ARS), 80
liquidators of 1986�1987 and the controls (15 healthy volunteers, 15 patients with cerebrovascular pathology,
and 20 veterans with PTSD) were examined with clinical neuropsychiatric and psychometric methods, Brain
Mapping of EEG and visual evoked potentials. Sensoric-algetic, autonomic, vestibular-ataxic and epileptic syn-
dromes, mild pyramidal and extrapyramidal insufficiency are the neurological signs of encephalopathy at the
remote period of irradiation. The apathetic-abulic endoformous brain organic syndrome prevails in liquidators
irradiated at the doses 0.3�0.5 Gy and more while cerebrasthenic syndrome or cerebrasthenic and dysthymic
variants of brain organic syndrome predominate at less 0.3 Gy. The EEG-patterns of irradiated patients distin-
guished significantly from the control groups. The EEG-patterns with interhemispheric asymmetry, particularly
with lateralisation of abnormal activity towards the left brain hemisphere predominated. The characteristic EEG-
pattern for the irradiated patients: a simultaneous increase of ∆-(1�4 Hz) and β-(>12�32 Hz)-power shifted to
the left fronto-temporal region, a decrease of θ-(>4�7 Hz) and α-(>7�12 Hz)-power. The force of influence of
the irradiation dose on the characteristic EEG-pattern is up 48%, the duration of work at the exclusion zone �
up 22%, the age � up 25%, psychological stress influenced in an opposite way (up 21%), cerebrovascular pathol-
ogy up 30%, comorbidity of physical diseases does not influence significantly. The characteristic psychophysio-
logical pattern of the ARS-patients and liquidators of 1986�1987 should be considered as the deterministic ef-
fect of ionising radiation.

Keywords: computerised EEG, ionising radiation, Chernobyl accident, acute radiation sickness, liquidators, psy-
chophysiology, neuropsychiatry, radiation deterministic effect.

ÂÂÅÄÅÍÈÅ
Èîíèçèðóþùèå èçëó÷åíèÿ âëèÿþò íà ôóíêöèîíàëü-
íîå ñîñòîÿíèå öåíòðàëüíîé íåðâíîé ñèñòåìû (ÖÍÑ)
è ïîâåäåíèå â ðåçóëüòàòå êàê ïðÿìîãî âîçäåéñòâèÿ íà
íåðâíóþ ñèñòåìó, òàê è êîñâåííîãî, çà ñ÷åò ðåàêöèè
ÖÍÑ íà ëó÷åâîå ïîâðåæäåíèå äðóãèõ ñèñòåì îðãàíèç-
ìà (Kimeldorf D.J., Hunt E.L., 1965; Mickley G.A., 1987).

Îáùåå îáëó÷åíèå â äîçàõ çíà÷èòåëüíî ìåíüøå 0,01 Ãð
ìîæåò äåéñòâîâàòü êàê ðàçäðàæèòåëü ÖÍÑ, ÷òî ïîäòâåð-
æäàëîñü ðåãèñòðàöèåé èçìåíåíèé áèîýëåêòðè÷åñêîé
àêòèâíîñòè ãîëîâíîãî ìîçãà. Ýòè èçìåíåíèÿ â ÖÍÑ ÿâ-
ëÿëèñü ïåðâè÷íûìè ïî îòíîøåíèþ ê ñîñóäèñòûì è äðó-
ãèì íàðóøåíèÿì, âûçûâàåìûì îáëó÷åíèåì (Ëèâà-
íîâ Ì.Í., 1962). Ñóììàðíàÿ äîçà, ïðè êîòîðîé îáíàðóæè-
âàëè èçìåíåíèÿ áèîïîòåíöèàëîâ ìîçãà íåïîñðåäñòâåííî
âî âðåìÿ îáëó÷åíèÿ ïðè ìîùíîñòè äîçû 0,13 ìÃð�ñ�1,
ñîñòàâëÿëà âñåãî 0,5 ìÃð. Çàâèñèìîñòü ýôôåêòà îò âåëè-
÷èíû äîçû îáëó÷åíèÿ îïèñûâàåòñÿ S-îáðàçíîé êðèâîé
(Ãðèãîðüåâ Þ.Ã., 1963). Óñòàíîâëåíî íåïîñðåäñòâåííîå
àêòèâèðóþùåå âëèÿíèå èîíèçèðóþùåãî èçëó÷åíèÿ â
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nervous impulses in the hippocampus was regis-
tered at doses of 6�8 mGy (Peymer S.I. et al., 1985;
Dudkin A.O., 1987).

Changes in electrical activity of the human brain
are related to the absorbed dose of irradiation.
They occur at thresholds of 0.3 to 1 Gy and can
persist for the remote period after acute radiation
sickness (ARS). Conventional and quantitative
electroencephalography (EEG) can be used as a
method for evaluation of the mean dose absorbed
at the remote period of total irradiation (Dufour R.,
Court L., 1975; Court L., 1979; Gourmelon P.,
Court L., 1985).

Radiosensitivity of electrical brain activity is similar
to radiosensitivity of experimental behavioural re-
actions. The hippocampus (paleocortex), as the
�heart of limbic system�, is given increasing consid-
eration for an explanation of the neurophysiologi-
cal effects of irradiation (Davydov B.I., Ushakov I.B.,
1987; Ushakov I.B. et al., 1998).

Behavioural disorders were observed following to-
tal irradiation at doses of 0.05�0.15 Gy (Miyachi Y.,
Yamada T., 1994) and 0.3 Gy (Kimeldorf D.J.,
Hunt E.L., 1965; Mickley G.A., 1987).

In spite of the fact that mature CNS is commonly
considered to be extremely radioresistant, evi-
dence is dramatically increasing in support of the
exceptional radiosensitivity of the brain. Experi-
mental studies of the monkey brains at the remote
period of total irradiation at doses of 0.7�1.5 Gy
revealed clear signs of brain organic damage ac-
cording to SPET, PET and EEG brain mapping data
(Zubovsky G.A. et al., 1991; Meshkov N.A. et al.,
1993). Neuronal dystrophic and degenerative
changes were observed at the cortex, especially in
frontal, parietal and temporal lobes, hippocampus,
nuclei caudatus and lentiformis (Kholodova N.B.
et al., 1996)

Our studies of the medical aftermath of the Cher-
nobyl accident also support the concept of CNS high
radiosensitivity, taking into account the polyetiolo-
gical character of neuropsychiatric disorders among
survivors (Nyagu A.I. et al., 1991�1999; Loganov-
sky K.N., Nyagu A.I., 1995; Loganovsky K.N., 1991,1999;
Napreyenko A.K., Loganovsky K.N., 1992,1995,
1997). Similar results were obtained by researchers
from the Institute of Neurophysiology and Highest
Nervous Activity of the Russian Academy of Scien-
ces (Zhavoronkova L.A. et al., 1994,1995). However,
up to now a number of authors have called into
question both CNS high radiosensitivity as a whole
and the significance of ionising radiation effects for
neuropsychiatric disorders and development of psy-
chophysiological disturbances in the Chernobyl ac-
cident survivors, even among liquidators and those
who had radiation sickness (Guskova A.K. et al.,
1995,1997; Alexandrovsky Yu.A., 1998).

äîçàõ 6�8 ìÃð íà ýíäîãåííûé (ïåéñìåêåðíûé) ìåõà-
íèçì ãåíåðàöèè íåðâíûõ èìïóëüñîâ â ãèïïîêàìïå
(Ïåéìåð Ñ.È. è ñîàâò., 1985; Äóäêèí À.Î., 1987).

Èçìåíåíèÿ ýëåêòðè÷åñêîé àêòèâíîñòè ãîëîâíîãî
ìîçãà ÷åëîâåêà çàâèñÿò îò âåëè÷èíû äîçû îáëó÷åíèÿ
ñ ïîðîãîì ýôôåêòà 0,3�1 Ãð è ñîõðàíÿþòñÿ â îòäàëåí-
íûé ïåðèîä ïîñëå ïåðåíåñåííîé îñòðîé ëó÷åâîé áî-
ëåçíè (ÎËÁ). Ïðè ýòîì áûëî ñäåëàíî çàêëþ÷åíèå î
âîçìîæíîñòè èñïîëüçîâàíèÿ ïàðàìåòðîâ êîëè÷å-
ñòâåííîé ýëåêòðîýíöåôàëîãðàôèè (ÝÝÃ) â êà÷åñòâå
áèîëîãè÷åñêîé äîçèìåòðèè â îòäàëåííûé ïåðèîä
ïîñëå îáëó÷åíèÿ (Dufour R., Court L., 1975; Court L.,
1979; Gourmelon P., Court L., 1985).

Ðàäèî÷óâñòâèòåëüíîñòü áèîýëåêòðè÷åñêîé àêòèâíîñ-
òè ãîëîâíîãî ìîçãà ñðàâíèìà ñ ðàäèî÷óâñòâèòåëüíîñ-
òüþ ïîâåäåí÷åñêèõ ðåàêöèé â ýêñïåðèìåíòå. Ãèïïî-
êàìïó (ïàëåîêîðòåêñó) � �ñåðäöó ëèìáè÷åñêîé ñèñòå-
ìû� � ïðèäàþò âñå áîëüøåå çíà÷åíèå â âîçíèêíîâåíèè
íåéðîôèçèîëîãè÷åñêèõ ÿâëåíèé ïîñëå îáëó÷åíèÿ (Äà-
âûäîâ Á.È., Óøàêîâ È.Á., 1987; Óøàêîâ Á.È. è ñîàâò., 1998).

Ïîâåäåí÷åñêèå íàðóøåíèÿ íàáëþäàëè ïîñëå îáëó÷å-
íèÿ â äîçàõ 0,05�0,15 Ãð (Miyachi Y., Yamada T., 1994)
è 0,3 Ãð (Kimeldorf D.J., Hunt E.L., 1965; Mickley G.A.,
1987).

Íåñìîòðÿ íà òî, ÷òî ÖÍÑ âçðîñëûõ îáû÷íî ðàññìàòðè-
âàåòñÿ êàê ðàäèîðåçèñòåíòíàÿ, âñå âîçðàñòàþùåå êîëè-
÷åñòâî äàííûõ ñâèäåòåëüñòâóåò î âûñîêîé ðàäèî÷óâñòâè-
òåëüíîñòè ãîëîâíîãî ìîçãà. Ïðè ýêñïåðèìåíòàëüíûõ èñ-
ñëåäîâàíèÿõ ìîçãà ïî äàííûì êàðòèðîâàíèÿ ìåòàáîëèç-
ìà, ðåãèîíàëüíîãî êðîâîòîêà è ýëåêòðîãåíåçà
îáëó÷åííûõ îáåçüÿí â äîçàõ 0,7�1,5 Ãð â îòäàëåííûé ïå-
ðèîä âûÿâèëè ÷åòêèå ïðèçíàêè îðãàíè÷åñêîãî ïîðàæå-
íèÿ ìîçãà (Çóáîâñêèé Ã.À. è ñîàâò., 1991; Ìåøêîâ Í.À. è
ñîàâò., 1993). Ïðè ãèñòîëîãè÷åñêèõ èññëåäîâàíèÿõ ìîç-
ãà ýòèõ îáåçüÿí îáíàðóæèëè äèñòðîôè÷åñêè-äåñòðóêòèâ-
íûå èçìåíåíèÿ â íåéðîíàõ êîðû, îñîáåííî ëîáíîé, òå-
ìåííîé è âèñî÷íîé äîëåé, ãèïïîêàìïà, õâîñòàòîãî è ÷å-
÷åâèöåîîáðàçíîãî ÿäåð (Õîëîäîâà Í.Á. è ñîàâò., 1996).

Íàøè èññëåäîâàíèÿ ìåäèöèíñêèõ ïîñëåäñòâèé ×åð-
íîáûëüñêîé êàòàñòðîôû òàêæå ïîäòâåðæäàþò êîí-
öåïöèþ âûñîêîé ðàäèî÷óâñòâèòåëüíîñòè ÖÍÑ ñ ó÷å-
òîì ïîëèýòèîëîãè÷íîñòè íåðâíî-ïñèõè÷åñêèõ ðàñ-
ñòðîéñòâ ó ïîñòðàäàâøèõ (Íÿãó À.È. è ñîàâò., 1991�
1999; Ëîãàíîâñêèé Ê.Í., Íÿãó À.È., 1995; Ëîãàíîâ-
ñêèé Ê.Í., 1991, 1999; Íàïðååíêî À.Ê., Ëîãàíîâñêé Ê.Í.,
1992, 1995, 1997). Àíàëîãè÷íûå ðåçóëüòàòû ïîëó÷å-
íû èññëåäîâàòåëÿìè Èíñòèòóòà íåéðîôèçèîëîãèè è
âûñøåé íåðâíîé äåÿòåëüíîñòè ÐÀÍ (Æàâîðîíêî-
âà Ë.À. è ñîàâò., 1994, 1995). Îäíàêî äî ñèõ ïîð ðÿä
àâòîðîâ ïîäâåðãàþò ñîìíåíèþ êàê âûñîêóþ ðàäèî-
÷óâñòâèòåëüíîñòü ÖÍÑ â öåëîì, òàê è çíà÷åíèå ýô-
ôåêòîâ èîíèçèðóþùèõ èçëó÷åíèé â ðàçâèòèè íå-
ðâíî-ïñèõè÷åñêèõ ðàññòðîéñòâ è ïñèõîôèçèîëîãè-
÷åñêèõ îòêëîíåíèé ó ïîñòðàäàâøèõ âñëåäñòâèå ×åð-
íîáûëüñêîé  àâàðèè, âêëþ÷àÿ ëèêâèäàòîðîâ è ëèö,
ïåðåíåñøèõ ÎËÁ (Ãóñüêîâà À.Ê. è ñîàâò., 1995, 1997;
Àëåêñàíäðîâñêèé Þ.À., 1998).
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The object of this study was psychophysiological
characterisation of liquidators (including persons
who had ARS) at the remote period of irradiation
with assessment of the influence of exposure to
ionising radiation, psychoemotional stress, physi-
cal disease and traditional risk factors.

SUBJECTS AND METHODS

Group I � 70 men diagnosed in 1986 with ARS.
Their age at the time of exposure was 24�62 years
(average age (M±m) 35.1±1.7 years). Retrospec-
tive clinical and karyological analysis allowed ve-
rification of the diagnosis. The typical bone mar-
row form of ARS has been revealed in 50 patients.
Accordingly this group was divided into three sub-
groups: ARS�0 � 20 patients with no confirmed
ARS (average absorbed dose of relatively even
γ- and β-irradiation 0.58±0.17 Gy; ARS�1 � 30 pa-
tients with ARS of the 1st severity degree (1.45±
0.3 Gy); ARS�2 �20 patients with ARS of the 2nd

and 3rd severity degree (3.4±0.4 Gy) (table 1). All
patients were treated in the Department of Radi-
ation Pathology at the Institute of Clinical Radio-
logy, Scientific Centre for Radiation Medicine
(SCRM) of the Academy of Medical Sciences
(AMS) of Ukraine.

Group II � 80 men � the liquidators of 1986�1987.
The onset of neuropsychiatric disorders among
them occured after the Chernobyl accident. Dosi-
metric maintenance of the study was based on offi-
cial data about individual doses reconstructed by the
Department of Dosimetry, SCRM of AMS of Ukraine,
dosimetric institutions of the Chernobyl Nuclear
Power Plant (ChNPP) and the Chernobyl exclusion
zone. The absorbed dose range was 0.05�1.65 Gy.
ARS has been diagnosed for none of these liquida-
tors. 35 patients were irradiated by doses below
0.5 Gy, 45 � more than 0.5 Gy.

The examined liquidators of 1986�1987 were divi-
ded into two subgroups according to the character
of exposure to ionising radiation: subgroup IIA � the
liquidators of 1986�1987 who had been working for
a short time period (less than 3 months) in the Cher-
nobyl exclusion zone (n=37) and subgroup IIÂ � the
liquidators of 1986�1987 who had been working for
a long time period (3�5 and more years) or still work-
ing at the exclusion zone (n=43) (table 1).

Control group À � 15 practically healthy men; con-
trol group Â �15 patients with dyscirculatory en-
cephalopathy (DEP) as a result of arterial hyperten-
sion or/and cerebral atherosclerosis; control group
Ñ � 20 veterans of the Afghanistan war with post-
traumatic stress disorders (PTSD). These persons
were not Chernobyl accident survivors. They had
been only exposed to natural background ionising
radiation. There were no significant differences in
either age or gender between the main and control
groups (table 1).

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ÿâèëàñü ïñèõîôèçèîëî-
ãè÷åñêàÿ õàðàêòåðèñòèêà ëèêâèäàòîðîâ (âêëþ÷àÿ ëèö, ïå-
ðåíåñøèõ ÎËÁ) â îòäàëåííûé ïåðèîä ïîñëå îáëó÷åíèÿ ñ
ó÷åòîì îöåíêè ðîëè ôàêòîðà âîçäåéñòâèÿ èîíèçèðóþùèõ
èçëó÷åíèé, ïñèõîýìîöèîíàëüíîãî ñòðåññà, ñîìàòè÷åñêèõ
çàáîëåâàíèé è òðàäèöèîííûõ ôàêòîðîâ ðèñêà.

ÎÁÚÅÊÒ È ÌÅÒÎÄÛ ÈÑÑËÅÄÎÂÀÍÈÉ

Ãðóïïà I  � 70 ïàöèåíòîâ (ìóæ÷èíû), ó êîòîðûõ â 1986 ã.
áûëà äèàãíîñòèðîâàíà ÎËÁ. Âîçðàñò îáñëåäîâàííûõ
íà ìîìåíò îáëó÷åíèÿ � îò 24 äî 62 ëåò, â ñðåäíåì
(M±m) � 35,1±1,7 ãîäà. Ðåòðîñïåêòèâíûå êëèíè÷å-
ñêèé è êàðèîëîãè÷åñêèé àíàëèçû ïîçâîëèëè óòî÷íèòü
ñòåïåíü òÿæåñòè ÎËÁ è ïîêàçàëè, ÷òî òèïè÷íàÿ êîñò-
íîìîçãîâàÿ ôîðìà ÎËÁ áûëà ó 50 îáñëåäîâàííûõ. Íà
ýòîì îñíîâàíèè â ñòðóêòóðå ãðóïïû I áûëè âûäåëåíû
òðè ïîäãðóïïû: ÎËÁ-0 � 20 ïàöèåíòîâ, ó êîòîðûõ äè-
àãíîç ÎËÁ íå ïîäòâåðäèëñÿ (ñðåäíÿÿ äîçà îáùåãî îò-
íîñèòåëüíî ðàâíîìåðíîãî γ- è β-îáëó÷åíèÿ 0,58±
0,17 Ãð); ÎËÁ-1 � 30 ïàöèåíòîâ, êîòîðûå ïåðåíåñëè
ÎËÁ I ñòåïåíè òÿæåñòè (1,45±0,3 Ãð); ÎËÁ-2 � 20 ïà-
öèåíòîâ, êîòîðûå ïåðåíåñëè ÎËÁ II è III ñòåïåíè òÿ-
æåñòè (3,4±0,4 Ãð) (òàáëèöà 1). Âñåõ îáñëåäîâàííûõ
ýòîé ãðóïïû ëå÷èëè â îòäåëåíèè ëó÷åâîé ïàòîëîãèè
Èíñòèòóòà êëèíè÷åñêîé ðàäèîëîãèè Íàó÷íîãî öåíò-
ðà ðàäèàöèîííîé ìåäèöèíû (ÍÖÐÌ) ÀÌÍ Óêðàèíû.

Ãðóïïà  II � 80 ïàöèåíòîâ (ìóæ÷èíû) � ëèêâèäàòî-
ðîâ 1986�1987 ãã., ó êîòîðûõ äåáþò íåðâíî-ïñèõè÷å-
ñêèõ ðàññòðîéñòâ îòìå÷åí ïîñëå ×åðíîáûëüñêîé êàòà-
ñòðîôû. Äîçèìåòðè÷åñêîå ñîïðîâîæäåíèå èññëåäîâà-
íèé îñíîâàíî íà îôèöèàëüíûõ äàííûõ îòíîñèòåëüíî
èíäèâèäóàëüíûõ äîçîâûõ íàãðóçîê, âîññòàíîâëåííûõ
â îòäåëå äîçèìåòðèè ÍÖÐÌ ÀÌÍ Óêðàèíû, äîçèìåò-
ðè÷åñêèìè ñëóæáàìè ×åðíîáûëüñêîé ÀÝÑ (×ÀÝÑ) è
çîíû îò÷óæäåíèÿ. Äîçû îáëó÷åíèÿ ñîñòàâèëè îò 0,05
äî 1,65 Ãð, ÎËÁ íå áûëà äèàãíîñòèðîâàíà íè ó îäíîãî
îáñëåäîâàííîãî. Âåëè÷èíû äîç îáëó÷åíèÿ ìåíåå
0,5 Ãð èìåëè 35 îáñëåäîâàííûõ, áîëåå 0,5 Ãð � 45.

Ëèêâèäàòîðû 1986�1987 ãã. áûëè ðàñïðåäåëåíû íà äâå
ïîäãðóïïû â çàâèñèìîñòè îò õàðàêòåðà âîçäåéñòâèÿ
èîíèçèðóþùèõ èçëó÷åíèé: ïîäãðóïïà IIA � ëèêâèäà-
òîðû 1986�1987 ãã., êîòîðûå êðàòêîâðåìåííî (äî
3 ìåñ) ðàáîòàëè â ×åðíîáûëüñêîé çîíå îò÷óæäåíèÿ
(n=37) è ïîäãðóïïà IIÂ� ëèêâèäàòîðû 1986�1987 ãã.,
êîòîðûå äîëãîâðåìåííî (3�5 ëåò è áîëåå ) ðàáîòàëè
èëè ïðîäîëæàþò ðàáîòàòü â çîíå îò÷óæäåíèÿ (n=43)
(ñì. òàáëèöó 1).

Êîíòðîëüíàÿ ãðóïïà À � 15 ïðàêòè÷åñêè çäîðîâûõ ëèö;
êîíòðîëüíàÿ ãðóïïà Â �15 áîëüíûõ ñ äèñöèðêóëÿòîðíîé
ýíöåôàëîïàòèåé (ÄÝÏ) íà ïî÷âå ãèïåðòîíè÷åñêîé áîëåç-
íè è (èëè) öåðåáðàëüíîãî àòåðîñêëåðîçà; êîíòðîëüíàÿ
ãðóïïà Ñ � 20 âåòåðàíîâ âîéíû â Àôãàíèñòàíå ñ ïîñëåä-
ñòâèÿìè ïîñòòðàâìàòè÷åñêèõ ñòðåññîâûõ ðàññòðîéñòâ
(PTSD). Ýòè îáñëåäîâàííûå íå áûëè ïîñòðàäàâøèìè
âñëåäñòâèå ×åðíîáûëüñêîé êàòàñòðîôû. Îíè îáëó÷àëèñü
íà óðîâíå åñòåñòâåííîãî ôîíà ðàäèîàêòèâíîñòè. Äîñòî-
âåðíûõ ðàçëè÷èé ïî âîçðàñòó è ïîëó ìåæäó îñíîâíûìè è
êîíòðîëüíûìè ãðóïïàìè íå áûëî (ñì. òàáëèöó 1).
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The elaborated unified methodology for neuropsy-
chiatric assessment was used for the patients� ex-
amination. The clinical neurological examination
was classically carried out. Psychiatric examination
was performed on the basis of typical psychiatric
interview and use of scales, pathopsychological and
psychometric tests as follows:

� Brief Psychiatric Rating Scale, BPRS (Overall J.E.,
Gorham D.R., 1962);

� Scale for the Assessment of Negative Symptoms,
SANS (WHO Coordinated multi-center study on the
course and outcome of schizophrenia, 2/93 ©An-
dreasen N.C., 1984);

� Screening Schedule, WHO 5368.1 MNH (11/78)
(WHO Collaborative study on determinants of out-
come of severe mental disorders, 1978);

� PTSD Scales: Impact of Events Scale (IES)
(©Horowitz M.J. et al., 1979) and Arousal Scale of
PTSD (IDA) (©Snaith et al., 1978);

� Unmasking Depression. Self-rating Depression
Scale (SDS) (©Zung W.W.K., 1974);

� General Health Questionnaire, GHQ-28;

� Adapted and validated MMPI version;

� Working capacity diagnostic method (test of
Å. Landolt);

� Wechsler Adults Intelligence Scale (WAIS)

Computerised EEG (cEEG) with brain mapping of
the main ranges of brain electrical activity spectral
power was carried out with the 19-channel bio-
potentials analyser �Brain Surveyor�, Saico (Italy)
and the 19-channel analyser DX-4000 (Kharkov,
Ukraine). Epochs used in the analysis were 60 se-
conds. Computer technologies are used for preci-
sion objective and quantitative appraisal of the
EEG-parameters, which cannot be performed by

Îáñëåäîâàíèå ïàöèåíòîâ ïðîâîäèëè ïðè ïîìîùè
ðàçðàáîòàííîé óíèôèöèðîâàííîé îöåíêè íåéðîïñè-
õèàòðè÷åñêîãî ñòàòóñà. Íåâðîëîãè÷åñêîå îáñëåäîâà-
íèå âûïîëíÿëè ïî êëàññè÷åñêèì ñõåìàì. Ïñèõèàòðè-
÷åñêîå � íà îñíîâå òèïè÷íîãî ïñèõèàòðè÷åñêîãî èí-
òåðâüþ ñ èñïîëüçîâàíèåì ñëåäóþùèõ øêàë, ïàòîïñè-
õîëîãè÷åñêèõ è ïñèõîìåòðè÷åñêèõ òåñòîâ:

� êðàòêàÿ ïñèõèàòðè÷åñêàÿ îöåíî÷íàÿ øêàëà, BPRS
(Overall J.E., Gorham D.R., 1962);

� øêàëà îöåíêè íåãàòèâíîé ñèìïòîìàòèêè, SANS
(Ìíîãîöåíòðîâîå èññëåäîâàíèå, êîîðäèíèðóåìîå
ÂÎÇ, ïî èçó÷åíèþ òå÷åíèÿ è èñõîäîâ øèçîôðåíèè,
2/93 ©Andreasen N.C., 1984);

� êàðòà ïñèõèàòðè÷åñêîãî ñêðèíèíãà WHO 5368.1 MNH
(11/78) (Ñîâìåñòíîå ñ ÂÎÇ èññëåäîâàíèå îïðåäåëÿþùèõ
ôàêòîðîâ èñõîäîâ òÿæåëûõ ïñèõè÷åñêèõ ðàññòðîéñòâ, 1978);

� øêàëû îöåíêè PTSD: øêàëà âîñïîìèíàíèé î ñîáû-
òèÿõ (IES) (©Horowitz M.J. et al., 1979) è øêàëà âîçáóæ-
äåíèÿ â ñâÿçè ñ PTSD (IDA) (©Snaith et al., 1978);

� íåìàñêèðîâàííàÿ äåïðåññèÿ � øêàëà ñàìîîöåíêè
äåïðåññèè, SDS (©Zung W.W.K., 1974);

� îïðîñíèê îáùåãî çäîðîâüÿ GHQ-28;

� àäàïòèðîâàííûé è ðåâàëèäèçèðîâàííûé âàðèàíò ÌMPI;

� ìåòîäèêà äèàãíîñòèêè ðàáîòîñïîñîáíîñòè (òåñò
Å. Ëàíäîëüòà);

� òåñò íà èíòåëëåêò Ä. Âåêñëåðà (WAIS).

Êîìïüþòåðíóþ ÝÝÃ (êÝÝÃ) ñ òîïîãðàôè÷åñêèì êàð-
òèðîâàíèåì ñïåêòðàëüíîé ìîùíîñòè îñíîâíûõ äèà-
ïàçîíîâ ýëåêòðè÷åñêîé àêòèâíîñòè ãîëîâíîãî ìîçãà
ïðîâîäèëè ïðè ïîìîùè 19-êàíàëüíîãî àíàëèçàòîðà
áèîïîòåíöèàëîâ ìîçãà �Brain Surveyor�, Saico (Èòàëèÿ),
è 19-êàíàëüíîãî àíàëèçàòîðà DX-4000 (Õàðüêîâ, Óê-
ðàèíà). Ýïîõà àíàëèçà ñîñòàâëÿëà 60 ñ. Êîìïüþòåðíóþ
òåõíèêó èñïîëüçóþò äëÿ òî÷íîé îáúåêòèâíîé êîëè÷å-
ñòâåííîé îöåíêè ïàðàìåòðîâ ÝÝÃ, êîòîðóþ íåâîçìîæ-

TABLE 1

CHARACTERISATION OF THE EXAMINED PERSONS

ÒÀÁËÈÖÀ 1

ÕÀÐÀÊÒÅÐÈÑÒÈÊÀ ÎÁÑËÅÄÎÂÀÍÍÛÕ ËÈÖ

Group n Age at the time of examination,
years M±m

Dose, Gy,
M±m

Group I (ARS) 70 47.2±1.2 1.78±0.2
ARS-0 20 45.4±2.5 0.58±0.17
ARS-1 30 47.0±2.2 1.45±0.3
ARS-2 20 55.2±7.5 3.4±0.4

Group II (liquidators of 1986�1987) 80 47.3±0.97 0.54±0.05
subgroup IIA (liquidators who had been working in the zone
in 1986�1987 for a short time period (less than 3 months)

37 46.0±1.13 0.57±0.06

subgroup IIÂ (liquidators who had been working in the zone
in 1986�1987 for a long time period (3�5 and more years)

43 50±1.77 0.47±0.05

Control group À (healthy) 15 44.1±3.86 �
Control group Â (patients with dyscirculatory encephalopathy) 15 53.1±2.98 �
Control group Ñ (veterans with PTSD) 20 43.4±1.83 �
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visual evaluation or can be performed approxi-
mately only.

Checkerboard reversible pattern visual evoked
potentials (VEP) with topographic mapping of
their main components were registered binocu-
larly on 50 chess-pattern reversals with frequen-
cy 1 Hz with the 19-channel biopotentials ana-
lyser �Brain Surveyor�, Saico (Italy) and the
19-channel analyser DX-4000 (Kharkov,
Ukraine). Amplitudes, latencies and their topo-
graphic distribution of the VEP main components
were estimated.

Psychophysiological investigations were carried out
at the Department of Neurology, Institute for Clini-
cal Radiology, SCRM AMS of Ukraine in the first half
of the day during the passive awake state of a pa-
tient. The patients were nonmedicated for 3 and
more days. Brain electric activity was monopolarly
registered with linked ears reference. Nineteen scalp
electrodes were placed according to the �10�20�
International System.

Electronic tables Excel (MS Windows) were used
as a database structure for accumulation, saving
and analysis of information. Statistic analysis was
performed with parametric and nonparametric
methods in the electronic tables Excel and statis-
tical programme package STATISTICA 4.3Â for
Windows.

The statistical analysis was carried out hierarchi-
cally according to the degree of complexity of the
task to be solved. Clinical and psychophysiologi-
cal data were analysed with descriptive statistics:
ranking and analysis of variance, relative frequen-
cies and histograms, means and standard devia-
tions from grouped data, standard error of the
mean.

The deflection factor was used for detection of the
degree and direction of the psychophysiological
parameter deviation from the norm. It was calcu-
lated according to the formula as follows:

Df = (À1 � Àê) � 100%÷  Àê ,      (1)

where Df � the deflection factor, À1 � the value of
the index to be studied, Àê � the mean normal value
of this index. The deflection factor is positive if the
parameter was increased in a patient comparatively
to the norm, and it is negative when the parameter
was decreased (Badalyan L.O., Skvortzov I.A., 1986).

The clinical and physiological differences between
the groups were estimated with parametric and
nonparametric methods: the Chi-square test (cri-
terion χ2), relative risk, standardised deviation z. The
neurophysiological correlates of clinical and patho-
psychological indices were studied with correlative
and regressive analyses. The degree of influence
upon the CNS of the Chernobyl accident aftermath

íî ïðîâåñòè ïðè âèçóàëüíîì àíàëèçå èëè îñóùåñòâ-
ëÿåòñÿ ëèøü ïðèáëèçèòåëüíî.

Ðåãèñòðàöèþ çðèòåëüíûõ âûçâàííûõ ïîòåíöèàëîâ íà
îáðàùåíèå øàõìàòíîãî ïàòòåðíà (ÇÂÏØÏ) ñ êàðòè-
ðîâàíèåì îñíîâíûõ êîìïîíåíòîâ ïðîâîäèëè áèíî-
êóëÿðíî íà 50 îáðàùåíèé øàõìàòíîãî ïàòòåðíà ñ ÷à-
ñòîòîé îáðàùåíèÿ 1 Ãö ïðè ïîìîùè 19-êàíàëüíîãî
àíàëèçàòîðà �Brain Surveyor�, Saico (Èòàëèÿ), è 19-êà-
íàëüíîãî àíàëèçàòîðà DX-4000 (Õàðüêîâ, Óêðàèíà).
Îöåíèâàëè âåëè÷èíû àìïëèòóäû è ëàòåíòíûõ ïåðèî-
äîâ (ËÏ) îñíîâíûõ êîìïîíåíòîâ ÇÂÏØÏ è èõ òîïî-
ãðàôè÷åñêîå ðàñïðåäåëåíèå.

Ïñèõîôèçèîëîãè÷åñêèå èññëåäîâàíèÿ ïðîâîäèëè â
îòäåëå íåâðîëîãèè Èíñòèòóòà êëèíè÷åñêîé ðàäèîëî-
ãèè ÍÖÐÌ ÀÌÍ Óêðàèíû â ïåðâîé ïîëîâèíå äíÿ â ñî-
ñòîÿíèè ïàññèâíîãî áîäðñòâîâàíèÿ ïàöèåíòà íà ôîíå
îòìåíû íåéðî- è ïñèõîòðîïíûõ ïðåïàðàòîâ íà ïðî-
òÿæåíèè íå ìåíåå 3 äíåé. Ýëåêòðè÷åñêàÿ àêòèâíîñòü
ãîëîâíîãî ìîçãà îòâîäèëàñü ìîíîïîëÿðíî ñ ðåôåðåíò-
íûìè ýëåêòðîäàìè íà ìî÷êàõ óøåé. Ñêàëüïîâûå ýëåê-
òðîäû ðàçìåùàëè ïî ìåæäóíàðîäíîé ñèñòåìå �10�20�.

Ýëåêòðîííûå òàáëèöû Excel (MS Windows) áûëè èñ-
ïîëüçîâàíû â êà÷åñòâå ñòðóêòóðû áàç äàííûõ äëÿ íà-
êîïëåíèÿ, õðàíåíèÿ è àíàëèçà èíôîðìàöèè. Ñòàòè-
ñòè÷åñêèé àíàëèç ïðîâåäåí íà îñíîâàíèè ïàðàìåò-
ðè÷åñêèõ è íåïàðàìåòðè÷åñêèõ êðèòåðèåâ â ýëåêò-
ðîííûõ òàáëèöàõ Excel è ñòàòèñòè÷åñêîì ïàêåòå
STATISTICA 4.3Â for Windows.

Ñòàòèñòè÷åñêèé àíàëèç ïðîâîäèëè â èåðàðõè÷åñêîé
ïîñëåäîâàòåëüíîñòè ïî ñòåïåíè ñëîæíîñòè ðåøàåìîé
çàäà÷è. Äëÿ êëèíèêî-ïñèõîôèçèîëîãè÷åñêîé õàðàêòå-
ðèñòèêè ãðóïï èñïîëüçîâàëè ìåòîäû äåñêðèïòèâíîé
ñòàòèñòèêè: ðàíæèðîâàíèå è àíàëèç âàðèàöèîííûõ ðÿ-
äîâ, îòíîñèòåëüíûå ÷àñòîòû è ãèñòîãðàììû, ñðåäíèå
àðèôìåòè÷åñêèå â ãðóïïàõ, ñðåäíèå êâàäðàòè÷åñêèå îò-
êëîíåíèÿ, ñðåäíèå îøèáêè ñðåäíèõ àðèôìåòè÷åñêèõ.

Äëÿ îïðåäåëåíèÿ ñòåïåíè è íàïðàâëåííîñòè îòêëî-
íåíèé ïñèõîôèçèîëîãè÷åñêèõ ïàðàìåòðîâ îò íîð-
ìû âû÷èñëÿëè êîýôôèöèåíòû îòêëîíåíèé ïî ôîð-
ìóëå:

Êîòêë = (À1 � Àê) � 100%÷  Àê ,      (1)

ãäå Êîòêë � êîýôôèöèåíò îòêëîíåíèÿ îò íîðìû, À1 �
âåëè÷èíà èññëåäóåìîãî ïîêàçàòåëÿ, Àê � ñðåäíÿÿ âå-
ëè÷èíà ýòîãî ïîêàçàòåëÿ â íîðìå. Êîýôôèöèåíò îò-
êëîíåíèÿ ïîëîæèòåëüíûé, åñëè  ïàðàìåòð ïîâûøåí
ïî ñðàâíåíèþ ñ íîðìîé, è îòðèöàòåëüíûé, � åñëè ïî-
êàçàòåëü ñíèæåí (Áàäàëÿí Ë.Î., Ñêâîðöîâ È.À., 1986).

Äëÿ âûÿâëåíèÿ êëèíèêî-ôèçèîëîãè÷åñêèõ ðàçëè÷èé
ìåæäó ãðóïïàìè èñïîëüçîâàëè ïàðàìåòðè÷åñêèå è íå-
ïàðàìåòðè÷åñêèå êðèòåðèè: êðèòåðèé χ2, îòíîñèòåëü-
íûå ðèñêè, íîðìèðîâàííîå îòêëîíåíèå z. Íåéðîôè-
çèîëîãè÷åñêèå ïàðàëëåëè êëèíè÷åñêèõ è ïàòî-
ïñèõîëîãè÷åñêèõ ïîêàçàòåëåé èçó÷àëè ìåòîäàìè êîð-
ðåëÿöèîííîãî è ðåãðåññèîííîãî àíàëèçà; âëèÿíèå
êîìïëåêñà ôàêòîðîâ ïîñëåäñòâèé ×åðíîáûëüñêîé êà-
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factors complex (dose of irradiation, duration of the
work at the zone, physical diseases comorbidity, age,
traditional risk factors etc.) was estimated with cor-
relative, regressive and dispersive (factorial) analy-
ses (Montgomery D.C., 1976; Kirk R.E., 1982; Kuz-
ma J.W., 1984; Kuzma J.W., 1984; Mintzer O.P. et al.,
1991; Daniel W.W., 1995).

RESULTS

Neurological Characterisation

The frequency of the main subjective symptoms in the
liquidators of groups I and II are shown in table 2.

Frequency and character of subjective symptoms in
the patients of both groups were similar. Almost all
patients complain of recurrent or persistent head-
aches, limb pain and odd skin sensations, fatigue,
vertigo, memory and working capacity deteriora-
tion, irritability.

The objective neurological symptoms are shown in
table 3.

According to the neurological examination severe
focal symptoms were absent. At the same time mi-
crofocal abnormalities such as convergence weak-

òàñòðîôû (äîçà îáëó÷åíèÿ, ïðîäîëæèòåëüíîñòü ðàáîò
â çîíå îò÷óæäåíèÿ, ñîïóòñòâóþùàÿ ñîìàòè÷åñêàÿ ïà-
òîëîãèÿ, âîçðàñò, òðàäèöèîííûå ôàêòîðû ðèñêà è äð.)
íà ÖÍÑ � êîððåëÿöèîííîãî, ðåãðåññèîííîãî è äèñ-
ïåðñèîííîãî (ôàêòîðíîãî) àíàëèçà (Montgomery D.C.,
1976; Kirk R.E., 1982; Kuzma J.W., 1984; Kuzma J.W., 1984;
Ìèíöåð Î.Ï. è ñîàâò., 1991; Daniel W.W., 1995).

ÐÅÇÓËÜÒÀÒÛ ÈÑÑËÅÄÎÂÀÍÈÉ

Íåâðîëîãè÷åñêàÿ õàðàêòåðèñòèêà

×àñòîòà îñíîâíûõ ñóáúåêòèâíûõ ñèìïòîìîâ ó ëèêâè-
äàòîðîâ ãðóïï I è II ïðåäñòàâëåíà â òàáëèöå 2.

Ñóáúåêòèâíûå ñèìïòîìû ó îáñëåäîâàííûõ îáåèõ
ãðóïï ñóùåñòâåííî íå îòëè÷àëèñü. Áîëüíûå æàëîâà-
ëèñü íà ïîñòîÿííóþ èëè ïåðèîäè÷åñêè âîçíèêàþùóþ
ãîëîâíóþ áîëü, áîëü è íåïðèÿòíûå îùóùåíèÿ â êîíå÷-
íîñòÿõ, óñòàëîñòü, ãîëîâîêðóæåíèå, ñíèæåíèå ïàìÿ-
òè è ðàáîòîñïîñîáíîñòè, ðàçäðàæèòåëüíîñòü.

Íåâðîëîãè÷åñêèå ñèìïòîìû ïðåäñòàâëåíû â òàáëè-
öå 3.

Â íåâðîëîãè÷åñêîì ñòàòóñå ïðè îòñóòñòâèè ãðóáîé î÷à-
ãîâîé ñèìïòîìàòèêè íàáëþäàëè ìèêðîî÷àãîâóþ ïàòî-
ëîãèþ � ñëàáîñòü êîíâåðãåíöèè, íåçíà÷èòåëüíî âû-

 TABLE 2

 SUBJECTIVE SYMPTOMS IN THE ARS-PATIENTS (GROUP I) AND THE LIQUIDATORS OF 1986�1987 (GROUP II)

 ÒÀÁËÈÖÀ 2

 ÑÓÁÚÅÊÒÈÂÍÛÅ ÑÈÌÏÒÎÌÛ Ó ËÈÖ, ÏÅÐÅÍÅÑØÈÕ ÎËÁ (ÃÐÓÏÏÀ I), È ËÈÊÂÈÄÀÒÎÐÎÂ 1986�1987 ãã. (ÃÐÓÏÏÀ II)

 Subjective symptom  Group I (n=70)  c2  P  Group II (n=80)

 Headache  58(83%)  -0.33  >0.05  69(86%)
 Memory deterioration  54(77%)  0.02  >0.05  61(76%)
 Limb pain  52(74%)  0.56  >0.05  55(69%)
 Fatigue  46(69%)  0.005  >0.05  53(66%)
 Limb sweating  41(58%)  -0.42  >0.05  51(64%)
 General weakness  40(57%)  0.07  >0.05  44(55%)
 Vertigo  37(53%)  0.04  >0.05  41(51%)
 Coordination disorders  35(50%)  0.21  >0.05  37(46%)
 Odd skin sensations  33(47%)  0.17  >0.05  35(44%)
 Irritability  29(41%)  -0.08  >0.05  35(44%)
 Depressive mood  22(31%)  -0.06  >0.05  26(32%)
 Sleepy  22(31%)  0.04  >0.05  24(30%)

 TABLE 3

 NEUROLOGICAL SYMPTOMS IN THE ARS-PATIENTS (GROUP I) AND THE LIQUIDATORS OF 1986�1987 (GROUP II)

 ÒÀÁËÈÖÀ 3

 ÍÅÂÐÎËÎÃÈ×ÅÑÊÀß ÑÈÌÏÒÎÌÀÒÈÊÀ Ó ËÈÖ, ÏÅÐÅÍÅÑØÈÕ ÎËÁ (ÃÐÓÏÏÀ I), È ËÈÊÂÈÄÀÒÎÐÎÂ 1986�1987 ãã. (ÃÐÓÏÏÀ II)

 Neurological symptom  Group I (n=70)  c2  P  Group II (n=80)

 Acuity of vision deterioration  29(41%)  1.28  >0.05  26(32%)
 Convergence weakness  34(49%)  2.84  >0.05  28(35%)
 Nystagmus  17(24%)  -0.20  >0.05  22(27%)
 Hearing deterioration  24(34%)  0.16  >0.05  25(31%)
 Vestibular disorders  44(63%)  1.64  >0.05  42(60%)
 Pyramidal signs  25(36%)  2.04  >0.05  20(25%)
 Extrapyramidal signs  22(31%)  0.49  >0.05  21(26%)
 Sensory disorders  42(60%)  1.16  >0.05  41(51%)
 Coordination disorders  35(50%)  0.21  >0.05  37(46%)
 Paroxysmal states  46(66%)  5.03  <0.025  38(47%)
 Sensoric-algetic disorders  65(93%)  2.29  >0.05  68(85%)
 Autonomic disorders  67(96%)  1.79  >0.05  72(90%)
 Diffusive microfocal neurological signs  45(64%)  6.33  <0.025  35(44%)
 Blood pressure increase  22(31%)  0.02  >0.05  26(32%)
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ness, mild face muscle asymmetry, vestibular dys-
function, delicate pyramidal and extrapyramidal in-
sufficiency, signs of oral automatism (subcortical
signs), mild asymmetry of the tendal and periostal
reflexes, and coordination disorders were revealed.
The frequency of diffusive microfocal neurological
signs was significantly higher in the ARS-patients.

Paroxysmal states were characteristic for the ma-
jority of the survivors, particularly for the ARS-pa-
tients (P<0.025). The overwhelming majority of
these paroxysmal states are autonomic-vascular
paroxysms or Penfield�s �diencephalic autonomic
epilepsy� with paroxysmal activity focus at the hy-
pothalamus. However, an increase of frequency of
epileptic syndromes with complex partial seizures
was also observed.

Sensoric-algetic and autonomic disorders were di-
agnosed in almost the all patients. There is a ten-
dency towards an increase of both frequency and
severity of these symptoms in the ARS-patients (ta-
ble 3).

The onset of neuropsychiatric disorders in the li-
quidators of 1986�1987 as well as in the majority of
the ARS-patients was as dysautonomia (autonom-
ic-vascular dysfunction), which quickly (within 2�
5 years) developed towards encephalopathy. Acute
radiation and radiation dyscirculatory encephalop-
athy were diagnosed in patients who had ARS of the
grave severity degree (more than 4 Gy) (Toruba-
rov F.S. et al., 1989).

Consequently, the sensoric-algetic, autonomic, ves-
tibular-ataxic and epileptic syndromes together
with mild pyramidal and extrapyramidal insuffi-
ciency are the neurological signs of organic brain
damage (encephalopathy) at the remote period of
irradiation. Frequency of these symptoms increased
following irradiation by 0.5 Gy and more. It should
be noted that there is a direct correlation between
the frequency and severity of encephalopathy and
the ARS severity degree. Moreover, in a number of
cases there was no correlation between the enceph-
alopathy severity and the degree of cardio-vascular
system damage, lipid metabolism, blood pressure.
It testifies to the peculiarities of the encephalopa-
thy in overirradiated persons when atherosclerosis
or arterial hypertension was absent.

Psychiatric and pathopsychological
characterisation

A predominance of spontaneous sensoric phe-
nomena such as pain of different localisation
and paresthesia was characteristic for the per-
ception disorders among almost the all ARS-pa-
tients and liquidators of 1986�1987. These sen-
sations were distressing and bizarre. It was diffi-
cult for patients to describe them. Quite often
abnormal sensations were accompanied by hy-
perbolical interpretation, affectation, fixed or

ðàæåííàÿ àñèììåòðèÿ ìûøö ëèöà, âåñòèáóëÿðíàÿ äèñ-
ôóíêöèÿ, �àæóðíàÿ� ïèðàìèäíàÿ è ýêñòðàïèðàìèäíàÿ
íåäîñòàòî÷íîñòü, ñèìïòîìû îðàëüíîãî àâòîìàòèçìà,
íåçíà÷èòåëüíî âûðàæåííàÿ àñèììåòðèÿ ñóõîæèëüíûõ
è ïåðèîñòàëüíûõ ðåôëåêñîâ, íàðóøåíèÿ êîîðäèíàöèè.
Äèôôóçíóþ ìèêðîî÷àãîâóþ ñèìïòîìàòèêó äîñòîâåð-
íî ÷àùå íàáëþäàëè ó ëèö, ïåðåíåñøèõ ÎËÁ.

Ïàðîêñèçìàëüíûå ñîñòîÿíèÿ áûëè õàðàêòåðíû äëÿ
áîëüøèíñòâà ïîñòðàäàâøèõ, îñîáåííî äëÿ òåõ, êòî ïå-
ðåíåñ ÎËÁ (p<0,025). Áîëüøèíñòâî ýòèõ ïàðîêñèç-
ìàëüíûõ ñîñòîÿíèé ÿâëÿåòñÿ âåãåòîñîñóäèñòûìè êðè-
çàìè èëè ïðîÿâëåíèÿìè �äèýíöåôàëüíîé àâòîíîìíîé
ýïèëåïñèè� ïî Penfield, êîãäà î÷àã ïàðîêñèçìàëüíîé
àêòèâíîñòè íàõîäèòñÿ â ãèïîòàëàìóñå. Îäíàêî òàêæå
îòìå÷åíî óâåëè÷åíèå ÷àñòîòû ýïèëåïòèôîðìíûõ
ñèíäðîìîâ ïî òèïó ñëîæíûõ ïàðöèàëüíûõ ïðèñòóïîâ.

Ïðàêòè÷åñêè ó âñåõ ïîñòðàäàâøèõ íàáëþäàëè ñåíñîð-
íî-àëãè÷åñêèå è âåãåòîòðîôîâàñêóëÿðíûå íàðóøå-
íèÿ, êîòîðûå èìåëè òåíäåíöèþ ê óâåëè÷åíèþ ÷àñòî-
òû âñòðå÷àåìîñòè è ñòåïåíè âûðàæåííîñòè ó ëèö, êî-
òîðûå ïåðåíåñëè ÎËÁ (ñì. òàáëèöó 3).

Äåáþò íåðâíî-ïñèõè÷åñêèõ ðàññòðîéñòâ ó ëèêâèäà-
òîðîâ 1986�1987 ãã. è ó áîëüøèíñòâà ëèö, êîòîðûå
ïåðåíåñëè ÎËÁ, ïðîèçîøåë â ôîðìå âåãåòîñîñóäèñ-
òîé äèñòîíèè, êîòîðàÿ áûñòðî, íà ïðîòÿæåíèè 2�
5 ëåò ðàçâèëàñü â ýíöåôàëîïàòèþ. Ó áîëüíûõ, ïåðå-
íåñøèõ ÎËÁ òÿæåëîé ñòåïåíè (áîëåå 4 Ãð), â 1986 ã.
äèàãíîñòèðîâàëè îñòðóþ ðàäèàöèîííóþ èëè ðàäèà-
öèîííî-òîêñè÷åñêóþ ýíöåôàëîïàòèþ (Òîðóáà-
ðîâ Ô.Ñ. è ñîàâò., 1989).

Ñëåäîâàòåëüíî, â îòäàëåííûé ïåðèîä ïîñëå îáëó÷åíèÿ
âûÿâëåíû íåâðîëîãè÷åñêèå ïðèçíàêè îðãàíè÷åñêîãî
ïîðàæåíèÿ ãîëîâíîãî ìîçãà (ýíöåôàëîïàòèè) â âèäå
ñåíñîðíî-àëãè÷åñêîãî, âåãåòîòðîôîâàñêóëÿðíîãî, âåñ-
òèáóëîàòàêòè÷åñêîãî, ýïèëåïòèôîðìíîãî ñèíäðîìîâ è
ìÿãêîé ïèðàìèäíî-ýêñòðàïèðàìèäíîé íåäîñòàòî÷íî-
ñòè. Ïðè îáëó÷åíèè â äîçàõ áîëåå 0,5 Ãð ÷àñòîòà ýòèõ
ñèíäðîìîâ âîçðàñòàåò. Íåîáõîäèìî îòìåòèòü íàëè÷èå
ïðÿìîé çàâèñèìîñòè ÷àñòîòû è ñòåïåíè âûðàæåííîñòè
ýíöåôàëîïàòèè îò ñòåïåíè òÿæåñòè ïåðåíåñåííîé ÎËÁ,
à òàêæå îòñóòñòâèå â ðÿäå ñëó÷àåâ çàâèñèìîñòè ñòåïåíè
âûðàæåííîñòè ýíöåôàëîïàòèè îò ñòåïåíè ïîðàæåíèÿ
ñåðäå÷íî-ñîñóäèñòîé ñèñòåìû, îáìåíà ëèïèäîâ, óðîâ-
íÿ àðòåðèàëüíîãî äàâëåíèÿ. Ýòî îòðàæàåò îñîáåííîñòè
ýíöåôàëîïàòèè ó ëèö, îáëó÷åííûõ â áîëüøèõ äîçàõ, íî
áåç àòåðîñêëåðîçà èëè àðòåðèàëüíîé ãèïåðòåíçèè.

Ïñèõèàòðè÷åñêàÿ è ïàòîïñèõîëîãè÷åñêàÿ
õàðàêòåðèñòèêà

Ïðàêòè÷åñêè ó âñåõ îáñëåäîâàííûõ ëèö, êîòîðûå ïåðå-
íåñëè ÎËÁ, è ëèêâèäàòîðîâ 1986�1987 ãã., ðàññòðîéñòâà
âîñïðèÿòèÿ õàðàêòåðèçîâàëèñü ïðåîáëàäàíèåì ñïîíòàí-
íûõ ñåíñîðíûõ ôåíîìåíîâ â âèäå áîëè ðàçëè÷íîé ëîêà-
ëèçàöèè è ïàðåñòåçèé. Ïðè÷åì ýòè îùóùåíèÿ áûëè òÿ-
ãîñòíûìè, ìó÷èòåëüíûìè è èçâðàùåííûìè; ïàöèåíòàì
áûëî òðóäíî èõ îïèñàòü. Ïàòîëîãè÷åñêèå îùóùåíèÿ íå-
ðåäêî ñîïðîâîæäàëèñü ãèïåðáîëè÷åñêîé òðàêòîâêîé,
âûðàæåííîé ýìîöèîíàëüíîé îõâà÷åííîñòüþ, âîçíèêíî-
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overvalue hypochondriac ideas. Paroxysmal psy-
chosensoric disorders were also frequently ob-
served. Elementary acoustic hallucinations were
observed in some patients.

A reduction of remembering, saving and reproduc-
tion of new information was characteristic for
memory deterioration. Sometimes fallout of long
ago obtained knowledge and everyday skills were
also observed. Acoustic-speech memory was parti-
cularly often disordered. A reduction of attention
stability, switching and concentration was revealed.
As a whole, mental capacity to work was reduced
according to the criteria of efficiency, endurance, ac-
curacy and reliability, moreover mainly to the ac-
count of weak quantitative and qualitative results
of work. Intelligence quotient (IQ) distinguished
with lower values of verbal IQ (81.2±3.4), than non-
verbal IQ (93.1±5.3).

The cognitive disorders included a worsening of
planning, long-term goal formation, ability to mo-
bilise a facility of the personality for these goals
achievement, possibility to foresee obvious con-
sequences in the future, ability to develop and re-
alise alternative problem-solving strategies, as
well as simultaneous execution of several tasks.
Besides, suspicious or paranoid thinking and/or
overweening worry about abstract problems
(Eastern religions, �recovery systems� and �correct
life-way�, �fairness and unfairness�), circumstan-
tiality and viscosity of thinking and speech were
observed.

The affective disorders included mainly affect flat-
tening, up to apathy sometimes, with a narrowing
of circle of interests and contacts with environ-
ment, social withdrawal and autism. Depressive
disorders were mainly observed in combination
with languor, adynamia, hypobulia, lack of initia-
tive. Anxiety-depressive disorders, feelings of de-
spair and an impossibility to influence or change
the future were also revealed. Obsessive-phobic
and dysphoric states were diagnosed comparative-
ly less often.

Mental state of the ARS-patients and liquidators
of 1986�1987 was greatly distinguished from
the control groups. Somatic concern, blunted or
inappropriate affect, emotional withdrawal, as
well as suspiciousness and unusual thought con-
tent dominated in the irradiated patients ac-
cording to the BPRS (table 4). Thereby, at the
remote period after irradiation the negative psy-
chopathological symptoms are of particular im-
portance.

Negative psychopathological symptoms were stu-
died with the SANS (table 5). The majority of the
negative symptoms included unchanging facial ex-
pressions, paucity of expressive gestures, poor eye
contact, affective nonresponsiveness, lack of vocal

âåíèåì íàâÿç÷èâûõ è ñâåðõöåííûõ èäåé èïîõîíäðè÷åñ-
êîãî ñîäåðæàíèÿ. Íåðåäêî íàáëþäàëè ïàðîêñèçìàëüíûå
ïñèõîñåíñîðíûå ðàññòðîéñòâà. Ó íåêîòîðûõ áîëüíûõ
âûÿâëÿëè ýëåìåíòàðíûå ñëóõîâûå ãàëëþöèíàöèè.

Äëÿ ðàññòðîéñòâ ïàìÿòè áûëî òèïè÷íûì ñíèæåíèå
çàïîìèíàíèÿ, ñîõðàíåíèÿ è âîñïðîèçâåäåíèÿ íîâîé
èíôîðìàöèè, õîòÿ èíîãäà ïðîñëåæèâàëè è âûïàäåíèÿ
äàâíî ïðèîáðåòåííûõ çíàíèé è ïîâñåäíåâíûõ íàâû-
êîâ. Îñîáåííî ÷àñòî ñòðàäàëà ñëóõî-ðå÷åâàÿ ïàìÿòü.
Íàáëþäàëè ñíèæåíèå ñòîéêîñòè, ïåðåêëþ÷àåìîñòè è
êîíöåíòðàöèè âíèìàíèÿ. Óìñòâåííàÿ ðàáîòîñïîñîá-
íîñòü áûëà ñíèæåíà ïî êðèòåðèÿì ïðîäóêòèâíîñòè,
âûíîñëèâîñòè, òî÷íîñòè è íàäåæíîñòè, ïðè÷åì ïðå-
èìóùåñòâåííî çà ñ÷åò ñëàáûõ êîëè÷åñòâåííûõ è êà-
÷åñòâåííûõ ðåçóëüòàòîâ ðàáîòû. Ïîêàçàòåëè èíòåë-
ëåêòóàëüíîãî êîýôôèöèåíòà (IQ) îòëè÷àëèñü áîëåå
íèçêèìè çíà÷åíèÿìè âåðáàëüíîãî èíòåëëåêòà
(81,2±3,4), ÷åì íåâåðáàëüíîãî (93,1±5,3).

Êîãíèòèâíûå íàðóøåíèÿ ïðîÿâëÿëèñü óõóäøåíèåì ïëà-
íèðîâàíèÿ, ôîðìèðîâàíèÿ äîëãîñðî÷íûõ öåëåé, ñïî-
ñîáíîñòè ìîáèëèçîâàòü ðåñóðñû ëè÷íîñòè äëÿ äîñòè-
æåíèÿ ýòèõ öåëåé, âîçìîæíîñòè ïðåäâèäåíèÿ î÷åâèä-
íûõ ïîñëåäñòâèé â áóäóùåì, ñïîñîáíîñòè ê ðàçðàáîòêå
è ðåàëèçàöèè àëüòåðíàòèâíûõ ïðîáëåìíî-ðåøàþùèõ
ñòðàòåãèé, à òàêæå îäíîâðåìåííîãî âûïîëíåíèÿ íå-
ñêîëüêèõ çàäà÷. Êðîìå òîãî, íàáëþäàëè ïîäîçðèòåëüíîå
èëè ïàðàíîèäíîå ìûøëåíèå è/èëè ÷ðåçìåðíóþ îçàáî-
÷åííîñòü àáñòðàêòíîé ïðîáëåìîé (âîñòî÷íûå ðåëèãèè,
ñèñòåìû îçäîðîâëåíèÿ è �ïðàâèëüíîãî ñïîñîáà æèçíè�,
�ñïðàâåäëèâîñòü è íåñïðàâåäëèâîñòü�). Âûÿâëÿëè
îáñòîÿòåëüíîñòü è âÿçêîñòü ìûøëåíèÿ è ðå÷è.

Àôôåêòèâíûå ðàññòðîéñòâà çàêëþ÷àëèñü ïðåèìó-
ùåñòâåííî â óïëîùåíèè àôôåêòà, èíîãäà âïëîòü äî
àïàòèè ñ ñóæåíèåì êðóãà èíòåðåñîâ è êîíòàêòîâ ñ
îêðóæàþùèìè, ñîöèàëüíîé îò÷óæäåííîñòüþ è àóòè-
çàöèåé. Îòìå÷àëè äåïðåññèâíûå ðàññòðîéñòâà, ïðå-
èìóùåñòâåííî â ñî÷åòàíèè ñ âÿëîñòüþ, àäèíàìèåé, ãè-
ïîáóëèåé, áåçûíèöèàòèâíîñòüþ; òðåâîæíî-äåïðåñ-
ñèâíûå ðàññòðîéñòâà, ÷óâñòâî áåçûñõîäíîñòè è
íåâîçìîæíîñòè ïîâëèÿòü èëè èçìåíèòü áóäóùåå. Îá-
ñåññèâíî-ôîáè÷åñêèå è äèñôîðè÷åñêèå ñîñòîÿíèÿ ó
îáñëåäîâàííûõ íàáëþäàëè îòíîñèòåëüíî ðåæå.

Ïñèõè÷åñêîå ñîñòîÿíèå ëèö, ïåðåíåñøèõ ÎËÁ, è ëèê-
âèäàòîðîâ 1986�1987 ãã. ñóùåñòâåííî îòëè÷àåòñÿ îò
êîíòðîëüíûõ ãðóïï. Ïî äàííûì BPRS ó îáëó÷åííûõ
ïðåîáëàäàþò òàêèå ñèìïòîìû êàê ñîìàòè÷åñêàÿ îçà-
áî÷åííîñòü, ïðèòóïëåííûé èëè íåàäåêâàòíûé àô-
ôåêò, ýìîöèîíàëüíîå îò÷óæäåíèå, à òàêæå ïîäîçðè-
òåëüíîñòü è íåîáû÷íîå ñîäåðæàíèå ìûøëåíèÿ (òàá-
ëèöà 4). Òàêèì îáðàçîì, â îòäàëåííûé ïåðèîä ïîñëå
îáëó÷åíèÿ îñîáîå çíà÷åíèå èìååò íåãàòèâíàÿ (�äåôè-
öèòàðíàÿ�) ïñèõîïàòîëîãè÷åñêàÿ ñèìïòîìàòèêà.

Íåãàòèâíàÿ ïñèõîïàòîëîãè÷åñêàÿ ñèìïòîìàòèêà áûëà
èçó÷åíà ïðè ïîìîùè SANS (òàáëèöà 5). Áîëüøèíñòâî íå-
ãàòèâíûõ ñèìïòîìîâ çàêëþ÷àëîñü â ãèïîìèìèè, ìàëî-
÷èñëåííîñòè âûðàçèòåëüíûõ æåñòîâ, áåäíîì êîíòàêòå
ãëàçàìè, àôôåêòèâíîé íåîòçûâ÷èâîñòè, íåäîñòàòî÷íî-
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inflection, poverty of content of speech, increased
latency of response, physical anergia, a reduction of
recreational interest and activities, a reduction of
sexual interest and activity, tendency to be alone, so-
cial withdrawal.

The majority (62%) of the examined irradiated pa-
tients had increased risk of development of severe
mental disorders according to the Screening Sched-
ule. The results of this schedule also confirmed a
prevalence (P<0.01) of the negative symptoms
compared with positive.

The PTSD study with related scales has shown that
all examined survivors were exposed to psychoe-
motional stress concerning the Chernobyl disaster:
average score on the Impact of Events Scale (IES)
in group I � 28.4±5.6 and in group II � 34.6±6.7.
Memory of the disaster and associated arousal take
the leading place in psychopathology of 8(11%)
ARS-patients and 22(27%) liquidators of 1986�
1987. It concerns predominantly those who had not
been prepared for emergency and took part in the
accident consequences cleaning up works involun-

ñòè ìîäóëÿöèé ãîëîñà, áåäíîñòè ñîäåðæàíèÿ ðå÷è, óâå-
ëè÷åíèÿ ëàòåíòíîñòè îòâåòîâ, ôèçè÷åñêîé àíåðãèè,
ñíèæåíèè ðàçâëåêàòåëüíûõ èíòåðåñîâ è àêòèâíîñòè,
óìåíüøåíèè ñåêñóàëüíîé àêòèâíîñòè, òåíäåíöèè ê íà-
õîæäåíèþ â îäèíî÷åñòâå, ñîöèàëüíîé îò÷óæäåííîñòè.

Ïðè ïîìîùè êàðòû ïñèõèàòðè÷åñêîãî ñêðèíèíãà  ó
áîëüøèíñòâà (62%) îáëó÷åííûõ îïðåäåëèëè ïîâû-
øåííûé ðèñê ðàçâèòèÿ òÿæåëûõ ïñèõè÷åñêèõ ðàñ-
ñòðîéñòâ. Ðåçóëüòàòû èññëåäîâàíèé ïðè ïîìîùè ýòîé
êàðòû òàêæå ïîäòâåðäèëè ïðåîáëàäàíèå (p<0,01) íå-
ãàòèâíîé ñèìïòîìàòèêè íàä ïðîäóêòèâíîé.

Èçó÷åíèå PTSD ïðè ïîìîùè ñîîòâåòñòâóþùèõ øêàë ïî-
êàçàëî, ÷òî îáñëåäîâàííûå ïîñòðàäàâøèå ïåðåæèëè
âûðàæåííûé ïñèõîýìîöèîíàëüíûé ñòðåññ â ñâÿçè ñ
×åðíîáûëüñêîé êàòàñòðîôîé: ñðåäíèé áàëë ïî øêàëå
âîñïîìèíàíèé î ñîáûòèè â ãðóïïå I � 28,4±5,6, â ãðóï-
ïå II � 34,6±6,7. Îäíàêî, ýòè âîñïîìèíàíèÿ è âîçáóæäå-
íèå â ñâÿçè ñ íèìè çàíèìàþò âåäóùåå ìåñòî â ïñèõîïà-
òîëîãèè ëèøü ó 8(11%) ëèö, ïåðåíåñøèõ ÎËÁ, è ó 22(27%)
ëèêâèäàòîðîâ 1986�1987 ãã., ïðåèìóùåñòâåííî ó íå ïîä-
ãîòîâëåííûõ ê ðàáîòå â ýêñòðåìàëüíûõ óñëîâèÿõ è ïðè-
íóäèòåëüíî ïðèíèìàâøèõ ó÷àñòèå â ëèêâèäàöèè ïî-

 TABLE 4

 INDICES OF THE BRIEF PSYCHIATRIC RATING SCALE (BPRS) IN THE MAIN AND CONTROL GROUPS

 ÒÀÁËÈÖÀ 4

 ÏÎÊÀÇÀÒÅËÈ ÊÐÀÒÊÎÉ ÏÑÈÕÈÀÒÐÈ×ÅÑÊÎÉ ÎÖÅÍÎ×ÍÎÉ ØÊÀËÛ (BPRS) Â ÎÑÍÎÂÍÛÕ È ÊÎÍÒÐÎËÜÍÛÕ ÃÐÓÏÏÀÕ

 Index  Group I (n=70)  Group II (n=80)  Group À (n=15)  Group Â (n=15)  Group Ñ (n=20)
 Somatic concern  4.2±0.2**  4.1±0.2**  1.8±0.1  3.8±0.4*  3.3±0.3*
 Anxiety  2.4±0.1*  3±0.2*  1.1±0.1  3.3±0.2*  4.1±0.3**
 Emotional withdrawal  3.5±0.2**  2.2±0.2**  0.5±0.1  1.3±0.1*  1.9±0.3*
 Conceptual disorganisation  0.7±0.1  0.6±0.2  0  0.5±0.2  0.5±0.1
 Guilt feelings  1.7±0.2*  1.3±0.2*  0  0.7±0.2  2.5±0.2**
 Tension  1.1±0.2  1.6±0.3*  0  1.7±0.1*  2.8±0.3**
 Mannerisms and posturing  0.5±0.1  0.4±0.1  0  0.5±0.2  0.8±0.1
 Grandiosity  0  0.2±0.1  0  0  0

 Depressive mood  2.5±0.2*  3.6±0.2**  1.2±0.2  3.1±0.3**  3.8±0.4**
 Hostility  0.4±0.1  0.5±0.2  0  0  1.8±0.2*
 Suspiciousness  3±0.2**  2.1±0.2*  0.3±0.1  1.9±0.2*  1.1±0.2
 Hallucinatory behaviour  0.3±0.1  0.2±0.1  0  0  0
 Motor retardation  2.1±0.1*  1.9±0.2*  0  1.9±0.2*  0
 Uncooperativeness  1.5±0.1*  2.4±0.2*  0  0  2.1±0.1*
 Unusual thought contents  2.9±0.2**  2.1±0.2*  0.5±0.1  1.3±0.2  1.5±0.2
 Blunted or inappropriate affect  3.6±0.2*  2.2±0.2*  0  1.1±0.2*  0.6±0.1
 Sum 1�16  30.4±0.4**  28.4±0.5**  5.4±0.2  21.1±0.4**  26.8±0.5**

 Note. * ¾ probability P<0.05 relatively to the control group A; ** ¾ probability P<0.01 relatively to the control group A.

 Ïðèìå÷àíèå. * ¾ âåðîÿòíîñòü ðàçëè÷èé ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé À (p<0,05); ** ¾ âåðîÿòíîñòü ðàçëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíîé ãðóïïîé À (p<0,01).
 

 TABLE 5

 INDICES OF THE SCALE FOR THE ASSESSMENT OF NEGATIVE SYMPTOMS (SANS) IN THE MAIN AND CONTROL GROUPS

 ÒÀÁËÈÖÀ 5

 ÏÎÊÀÇÀÒÅËÈ ØÊÀËÛ ÎÖÅÍÊÈ ÍÅÃÀÒÈÂÍÎÉ ÑÈÌÏÒÎÌÀÒÈÊÈ (SANS) Â ÎÑÍÎÂÍÛÕ È ÊÎÍÒÐÎËÜÍÛÕ ÃÐÓÏÏÀÕ

 Index  Group I (n=70)  Group II (n=80)  Group À (n=15)  Group Â (n=15)  Group Ñ (n=20)
 Affective flattening or blunting  2.4±0.1**  2.1±0.2**  0  0.4±0.1  0.7±0.1
 Alogia  2.2±0.1**  1.9±0.2*  0  1.3±0.3*  0.4±0.1
 Avolition¾apathy  2.6±0.1**  2.5±0.2**  0  0.9±0.1*  0.6±0.1*

 Anhedonia¾asociality  2.7±0.1**  2.6±0.2**  0  0.5±0.2  1.5±0.2*
 Attention  2.7±0.2**  2.3±0.2**  0  2.1±0.2**  0.5±0.2

 Note. * ¾ probability P<0.05 relatively to the control group A; ** ¾ probability P<0.01 relatively to the control group A.
 Ïðèìå÷àíèå. * ¾ âåðîÿòíîñòü ðàçëè÷èé ïî ñðàâíåíèþ ñ êîíòðîëüíîé ãðóïïîé À (p<0,05); ** ¾ âåðîÿòíîñòü ðàçëè÷èé ïî ñðàâíåíèþ ñ
êîíòðîëüíîé ãðóïïîé À (p<0,01).
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tarily. Among other patients PTSD had no dominant
clinical value.

According to the Unmasking Depression Self-rating
Depression Scale (SDS) minimal to mild and mo-
derate to marked depression were revealed in
41(58%) ARS-patients and in 45(56%) liquidators of
1986�1987, severe to extreme depression in 7(10%)
and 17(21%) patients correspondingly. Moreover,
according to the General Health Questionnaire
GHQ-28 all examined survivors self-estimated their
mental and physical health as significantly worse
than usual.

The characteristic �floating� abnormal averaged
MMPI-profile with simultaneous raising of both
�neurotic� and �psychotic� scales was revealed in the
patients of groups I and II. The MMPI-profiles of the
irradiated persons differ significantly from the pro-
files in the control groups (figures 1 and 2). The pa-
tients of groups I and II were distinguished by
strongly pronounced stress and personality dis-
adaptation associated with the signs of disintegra-
tion of the intellectual and emotional spheres. There
is the psychosomatic predisposition � hypochon-
driac and depressive symptoms were associated
with inert thought, dogmatism as well as caution
and even hostility in interpersonal contacts. Chronic
feelings of mental discomfort and diffidence, a re-
duction of general productivity, inferiority complex-
es were complicated with apathetic signs and so-
matic concern.

Thus, the MMPI-profile of the irradiated persons
testifies to the asthenic type of reactions together
with depressive experience complicated with hypo-
chondriac and paranoiac symptoms. Moreover, a

ñëåäñòâèé àâàðèè. Â îñòàëüíûõ ñëó÷àÿõ PTSD íå èìåëè
äîìèíèðóþùåãî êëèíè÷åñêîãî çíà÷åíèÿ.

Ïðîÿâëåíèÿ äåïðåññèè (ïî äàííûì øêàëû ñàìî-
îöåíêè äåïðåññèè Zung) ëåãêîé è óìåðåííîé ñòå-
ïåíè âûÿâëåíû ó 41(58%) ïàöèåíòà, ïåðåíåñøåãî
ÎËÁ, è ó 45(56%) ëèêâèäàòîðîâ 1986�1987 ãã., âû-
ðàæåííûå � ó 7(10%) è 17(21%) áîëüíûõ ñîîòâåò-
ñòâåííî. Íà îñíîâàíèè àíàëèçà ðåçóëüòàòîâ îïðîñ-
íèêà îáùåãî çäîðîâüÿ GHQ-28 óñòàíîâëåíî, ÷òî
âñå ïîñòðàäàâøèå îöåíèâàþò ñîñòîÿíèå ñâîåãî
ïñèõè÷åñêîãî è ñîìàòè÷åñêîãî çäîðîâüÿ çíà÷è-
òåëüíî õóæå îáû÷íîãî.

Ïàòîïñèõîëîãè÷åñêèå èññëåäîâàíèÿ ïî MMPI ó ïàöèåí-
òîâ ãðóïï I è II âûÿâèëè õàðàêòåðíûé �ïëàâàþùèé� ïàòî-
ëîãè÷åñêèé ïðîôèëü ëè÷íîñòè ñ ïîäúåìîì êàê ïî �íå-
âðîòè÷åñêèì�, òàê è ïî �ïñèõîòè÷åñêèì� øêàëàì. Ïðè-
÷åì ïðîôèëè MMPI ïàöèåíòîâ ýòèõ ãðóïï ñóùåñòâåííî
îòëè÷àëèñü îò òàêîâûõ êîíòðîëüíûõ ãðóïï (ðèñóíêè 1
è 2). Ó ïàöèåíòîâ ãðóïï  I è II íàáëþäàåòñÿ âûðàæåííûé
ñòðåññ è äåçàäàïòàöèÿ ëè÷íîñòè ñ ïðèçíàêàìè äåçèíòå-
ãðàöèè èíòåëëåêòóàëüíîé è ýìîöèîíàëüíîé ñôåð. Ïðè-
ñóòñòâóåò ïñèõîñîìàòè÷åñêàÿ ïðåäèñïîçèöèÿ: ñåíåñòî-
èïîõîíäðè÷åñêàÿ è äåïðåññèâíàÿ ñèìïòîìàòèêà ñî÷åòà-
åòñÿ ñ èíåðòíîñòüþ ìûøëåíèÿ, äîãìàòèçìîì, à òàêæå îñ-
òîðîæíîñòüþ è äàæå âðàæäåáíîñòüþ â ìåæëè÷íîñòíûõ
êîíòàêòàõ. Õðîíè÷åñêè ñóùåñòâóþùåå îùóùåíèå äóøåâ-
íîãî äèñêîìôîðòà è íåóâåðåííîñòè, ñíèæåíèå îáùåé
ïðîäóêòèâíîñòè, êîìïëåêñ íåïîëíîöåííîñòè îñëîæíÿ-
åòñÿ ïðîÿâëåíèÿìè àïàòèè è ñîñðåäîòî÷åííîñòüþ íà
ñâîåîáðàçíûõ ñîìàòè÷åñêèõ æàëîáàõ.

Ïðîôèëü ëè÷íîñòè ïî MMPI ó îáëó÷åííûõ õàðàêòå-
ðèçóåò àñòåíè÷åñêèé òèï ðåàãèðîâàíèÿ ñ äåïðåññèâ-
íûìè ïåðåæèâàíèÿìè, óñëîæíåííûé èïîõîíäðè÷å-
ñêèìè è ïàðàíîéÿëüíûìè âêëþ÷åíèÿìè. Êðîìå òîãî,

FIGURE 1. AVERAGED MMPI-PROFILES OF THE ARS-PATIENTS (GROUP I) AND LIQUIDATORS (GROUP II)
COMPARATIVELY WITH THE NORM (CONTROL GROUP A)

ÐÈÑÓÍÎÊ 1. ÓÑÐÅÄÍÅÍÍÛÅ ÏÐÎÔÈËÈ MMPI Ó ËÈÖ, ÏÅÐÅÍÅÑØÈÕ ÎËÁ (ÃÐÓÏÏÀ I), È ËÈÊÂÈÄÀÒÎÐÎÂ (ÃÐÓÏÏÀ II)
ÏÎ ÑÐÀÂÍÅÍÈÞ Ñ ÍÎÐÌÎÉ (ÊÎÍÒÐÎËÜÍÀß ÃÐÓÏÏÀ À)
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significant increase (P <0.01) in schizophrenia, hy-
pochondria, paranoia, epilepsy and odd sensoric
perception MMPI-scales together with a decrease
of the personality �nucleus� power and intelligence
quotient scales were revealed. These MMPI-scales
deviations correlated feebly with the value of irra-
diation dose (r=0.12�0.25, P<0.05) at the force of
factor (dose of irradiation) influence η2=0.19�0.34,
P<0.01.

The results of correlation analysis between age,
absorbed dose and mental health are shown in ta-
ble 6. The neurotic symptoms have no significant
correlation with dose and age. Some symptoms
(e.g. aggression), on the contrary, decreased pro-
portionally to an increase of the dose. At the same
time such symptoms as lack of interest and initia-
tive, alogia and, particularly, inattentiveness corre-
lated with both age and dose. Social and emotion-
al withdrawal, affective flattening, anhedonia�
asociality, suspiciousness, motor retardation,
unusual thought content, as well as the sum-
marised BPRS-score correlated with the absorbed
dose more strongly (r=0.3�0.5) than with age
(r=0.14�0.34).

The schizophrenia-like psychopathology (un-
changing facial expression, paucity of expressive
gestures, poor eye contact, affective nonresponsive-
ness, lack of vocal inflections, poverty of content of
speech, increased latency of response, physical
anergia, reduction of recreational interest and ac-
tivities, decrease of sexual interest and activity, ten-
dency to be alone, social withdrawal) dominate
(P<0.05) following irradiation at the dose 0.3�
0.5 Gy and more. At the same time affective and so-
matoform symptoms (anxiety, depression, irritabi-

âûÿâëåíû çíà÷èòåëüíûå (p<0,01) ïîâûøåíèÿ ïîêàçà-
òåëåé øêàë øèçîôðåíèè, èïîõîíäðèè, ïàðàíîéè, ýïè-
ëåïñèè è ïðè÷óäëèâîñòè ñåíñîðíîãî âîñïðèÿòèÿ ïðè
ñíèæåíèè çíà÷åíèé øêàë ñèëû �ÿäðà� ëè÷íîñòè è èí-
òåëëåêòóàëüíîãî êîýôôèöèåíòà. Îòêëîíåíèÿ ïî ýòèì
øêàëàì MMPI èìåëè ñëàáî âûðàæåííûå ñâÿçè ñ âåëè-
÷èíîé äîçû îáëó÷åíèÿ (r=0,12�0,25, p<0,05) ïðè ñèëå
âëèÿíèÿ ôàêòîðà (äîçû îáëó÷åíèÿ) η2=0,19�0,34,
p<0,01.

Ðåçóëüòàòû êîððåëÿöèîííîãî àíàëèçà ìåæäó âîçðàñòîì,
ïîãëîùåííîé äîçîé è ïîêàçàòåëÿìè ïñèõè÷åñêîãî çäî-
ðîâüÿ ïðèâåäåíû â òàáëèöå 6. Ñèìïòîìû íåâðîòè÷åñêî-
ãî ðåãèñòðà íå èìåëè äîñòîâåðíîé ñâÿçè ñ âåëè÷èíîé
äîçû îáëó÷åíèÿ è âîçðàñòîì. Íåêîòîðûå ñèìïòîìû (àã-
ðåññèâíîñòü) ïî ìåðå óâåëè÷åíèÿ äîçû îáëó÷åíèÿ, íàîáî-
ðîò, óìåíüøàëèñü. Òàêèå ñèìïòîìû, êàê íåäîñòàòîê èí-
òåðåñîâ è èíèöèàòèâû, àëîãèÿ è, îñîáåííî, ñíèæåíèå
âíèìàíèÿ çàâèñåëè êàê îò âîçðàñòà, òàê è îò äîçû îáëó÷å-
íèÿ. Ñîöèàëüíîå è ýìîöèîíàëüíîå îò÷óæäåíèå, àôôåê-
òèâíîå óïëîùåíèå, àíãåäîíèÿ�àñîöèàëüíîñòü, ïîäîçðè-
òåëüíîñòü, äâèãàòåëüíàÿ çàòîðìîæåííîñòü, íåîáû÷íîå
ñîäåðæàíèå ìûøëåíèÿ, à òàêæå îáùèé áàëë ïñèõèàòðè-
÷åñêèõ ñèìïòîìîâ èìåëè áîëåå òåñíóþ ñâÿçü ñ äîçîé îá-
ëó÷åíèÿ (r=0,3�0,5), ÷åì ñ âîçðàñòîì (r=0,14�0,34).

Ïîñëå îáëó÷åíèÿ â äîçàõ 0,3�0,5 Ãð è áîëåå ïðåîáëàäàåò
(p<0,05) øèçîôîðìíàÿ íåãàòèâíàÿ ïñèõîïàòîëîãè÷åñêàÿ
ñèìïòîìàòèêà (ãèïîìèìèÿ, ìàëî÷èñëåííîñòü âûðàçè-
òåëüíûõ æåñòîâ, áåäíûé êîíòàêò ãëàçàìè, àôôåêòèâíàÿ íå-
îòçûâ÷èâîñòü, íåäîñòàòî÷íîñòü ìîäóëÿöèé ãîëîñà, áåä-
íîñòü ñîäåðæàíèÿ ðå÷è, óâåëè÷åíèå ëàòåíòíîñòè îòâåòîâ,
ôèçè÷åñêàÿ àíåðãèÿ, ñíèæåíèå ðàçâëåêàòåëüíûõ èíòåðå-
ñîâ è àêòèâíîñòè, óìåíüøåíèå ñåêñóàëüíîé àêòèâíîñòè,
òåíäåíöèÿ ê íàõîæäåíèþ â îäèíî÷åñòâå, ñîöèàëüíàÿ îò-
÷óæäåííîñòü). Â òî æå âðåìÿ ó ëèêâèäàòîðîâ, îáëó÷åííûõ
â äîçàõ ìåíåå 0,3 Ãð, ïðåîáëàäàåò (p<0,05) àôôåêòèâíàÿ è

FIGURE 2. AVERAGED MMPI-PROFILES OF THE IRRADIATED PERSONS (GROUPS I AND II) COMPARATIVELY WITH THE NORM
(CONTROL GROUP A) AND THE PTSD CONSEQUENCES (CONTROL GROUP B)

ÐÈÑÓÍÎÊ 2. ÓÑÐÅÄÍÅÍÍÛÅ ÏÐÎÔÈËÈ MMPI ÎÁËÓ×ÅÍÍÛÕ ËÈÖ (ÃÐÓÏÏÛ I È II) ÏÎ ÑÐÀÂÍÅÍÈÞ Ñ ÍÎÐÌÎÉ (ÊÎÍÒÐÎËÜÍÀß ÃÐÓÏÏÀ À)
È ÏÎÑËÅÄÑÒÂÈßÌÈ PTSD (ÊÎÍÒÐÎËÜÍÀß ÃÐÓÏÏÀ Â)
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lity, somatic concern) prevail (P <0.05) in the liqui-
dators irradiated at the dose less than 0.3 Gy.

Thus, at the ARS remote period and in the liquida-
tors of 1986�1987 organic brain damage has been
forming. Apathetic-abulic endoformous brain or-
ganic syndrome prevails among the liquidators (in-
cluding the ARS-patients) irradiated at doses of 0.3�
0.5 Gy and more while cerebrasthenic syndrome or
cerebrasthenic and dysthymic variants of brain or-
ganic syndrome predominate among the liquida-
tors irradiated at doses less than 0.3 Gy.

Mental and behavioural disorders according to the
ICD-10 criteria in the examined survivors are pre-
sented in table 7.

Spontaneous and evoked brain electrical
activity

As a result of visual and computerised EEG analyses
we revealed the following patterns of brain electri-
cal activity (table 8). The EEG-patterns with inter-
hemispheric asymmetry and paroxysmal activity as
discharges of acute and slow waves and �spike�
wave� and �polyspike�wave� complexes were
characteristic fo the irradiated persons.

The EEG-patterns of irradiated patients differed sig-
nificantly from the control groups. Normal EEG-pat-
terns were absent in the ARS-patients. The EEG-pat-
terns with interhemispheric asymmetry, particularly
the lefthemispheric EEG-patterns with lateralisation
of abnormal activity towards the left brain hemisphere
predominated in the patients of groups I and II .

ñîìàòîôîðìíàÿ ñèìïòîìàòèêà (òðåâîãà, äåïðåññèÿ, ðàç-
äðàæèòåëüíîñòü, ñîìàòè÷åñêàÿ îçàáî÷åííîñòü).

Òàêèì îáðàçîì, ó ïàöèåíòîâ â îòäàëåííûé ïåðèîä
ÎËÁ è ó ëèêâèäàòîðîâ 1986�1987 ãã. ôîðìèðóåòñÿ
îðãàíè÷åñêîå ïîðàæåíèå ãîëîâíîãî ìîçãà. Ïðè÷åì, ó
ëèêâèäàòîðîâ, îáëó÷åííûõ â äîçàõ áîëåå 0,3�0,5 Ãð
(âêëþ÷àÿ ëèö, ïåðåíåñøèõ ÎËÁ), ïðåîáëàäàåò àïàòî-
àáóëè÷åñêèé ýíäîôîðìíûé ïñèõîîðãàíè÷åñêèé ñèí-
äðîì, â äîçàõ ìåíåå 0,3�0,5 Ãð � öåðåáðàñòåíè÷åñêèé
ñèíäðîì èëè äèñòèìè÷åñêèå èëè öåðåáðàñòåíè÷å-
ñêèå âàðèàíòû ïñèõîîðãàíè÷åñêîãî ñèíäðîìà.

Ñòðóêòóðà ïñèõè÷åñêèõ è ïîâåäåí÷åñêèõ ðàññòðîéñòâ
ó îáñëåäîâàííûõ ïîñòðàäàâøèõ ïî êðèòåðèÿì ÌÊÁ-10
ïðèâåäåíà â òàáëèöå 7.

Ñïîíòàííàÿ è âûçâàííàÿ ýëåêòðè÷åñêàÿ
àêòèâíîñòü ãîëîâíîãî ìîçãà

Â ðåçóëüòàòå âèçóàëüíîãî è êàðòîãðàôè÷åñêîãî àíà-
ëèçà ÝÝÃ áûëè âûÿâëåíû ñëåäóþùèå ïàòòåðíû áèî-
ýëåêòðè÷åñêîé àêòèâíîñòè ãîëîâíîãî ìîçãà (òàáëèöà 8).
Ó îáëó÷åííûõ ëèö ïðåîáëàäàþò ÝÝÃ ñ ìåæïîëóøàð-
íîé àñèììåòðèåé è ïàðîêñèçìàëüíîé àêòèâíîñòüþ â
âèäå ðàçðÿäîâ îñòðûõ è ìåäëåííûõ âîëí è êîìïëåê-
ñîâ �ïèê�âîëíà� èëè �ïîëèïèê�âîëíà�.

ÝÝÃ-ïàòòåðíû îáëó÷åííûõ ëèö çíà÷èìî îòëè÷àþòñÿ
îò êîíòðîëüíûõ ãðóïï. Ó ïàöèåíòîâ, ïåðåíåñøèõ ÎËÁ,
íîðìàëüíûå ÝÝÃ-ïàòòåðíû îòñóòñòâóþò. Ó ïàöèåíòîâ
I è II ãðóïï ïðåîáëàäàþò ÝÝÃ ñ ìåæïîëóøàðíîé àñèì-
ìåòðèåé, îñîáåííî � ëåâîïîëóøàðíûå ÝÝÃ-ïàòòåð-
íû ñ ëàòåðàëèçàöèåé ïàòîëîãè÷åñêîé àêòèâíîñòè â ëå-
âóþ ãåìèñôåðó ìîçãà.

 TABLE 6

 LINEAR CORRELATION COEFFICIENTS BETWEEN THE AGE, ABSORBED DOSE OF IRRADIATION AND PSYCHOPATHOLOGICAL SYMPTOMS

 ÒÀÁËÈÖÀ 6

 ÊÎÝÔÔÈÖÈÅÍÒÛ ËÈÍÅÉÍÎÉ ÊÎÐÐÅËßÖÈÈ ÌÅÆÄÓ ÂÎÇÐÀÑÒÎÌ, ÏÎÃËÎÙÅÍÍÎÉ ÄÎÇÎÉ ÎÁËÓ×ÅÍÈß
È ÏÑÈÕÎÏÀÒÎËÎÃÈ×ÅÑÊÈÌÈ ÑÈÌÏÒÎÌÀÌÈ

 Symptom  Age  P  Absorbed dose  P

 Lack of interest and initiative  0.22  <0.05  0.23  <0.05
 Social withdrawal  -0.12  >0.05  0.26  <0.05
 Aggression  0.09  >0.05  -0.26  <0.05
 Affective flattening  0.21  <0.05  0.36  <0.01
 Alogia  0.46  <0.01  0.51  <0.01
 Avolution�apathy  0.22  <0.05  0.12  >0.05
 Anhedonia�asociality  0.34  <0.01  0.46  <0.01
 Inattentiveness  0.56  <0.01  0.43  <0.01
 Somatic concern  -0.23  <0.05  -0.31  <0.01
 Anxiety  -0.20  <0.05  -0.29  <0.05
 Emotional withdrawal  0.21  <0.05  0.46  <0.01
 Tension  -0.06  >0.05  0.03  >0.05
 Suspiciousness  0.05  >0.05  0.26  <0.05
 Motor retardation  0.19  <0.05  0.32  <0.01
 Unusual thought content  0.08  >0.05  0.22  <0.05
 Blunted or inappropriate affect  0.16  <0.05  0.41  <0.01
 Excitement  -0.07  >0.05  -0.18  <0.05
 Summarised BPRS-score  0.14  <0.05  0.40  <0.01
 Depression (SDS)  0.17  <0.05  0.06  >0.05
 Impact of Events Scale (IES) (PTSD)  -0.10  >0.05  0.16  <0.05
 Arousal Scale of PTSD (IDA)  -0.08  >0.05  -0.21  <0.05
 GHQ-28  0.02  >0.05  0.05  >0.05
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Flat polymorphous EEG-pattern with diffusive
∆- and β-power predominantly in the fronto-tem-
poral areas lateralised to the left, dominating, hemi-
sphere together with paroxysmal activity against a
background of low-voltage (10�25 mV) EEG was
characteristic for the irradiated patients. In addition
to the flat EEG disorganised EEG-patterns were also
typical for the irradiated persons. The disorganised
EEG-pattern with α-activity distinguished with dis-
organised high-voltage α-activity dominating
throughout the brain increased amplitude of β-ac-
tivity, diffusive θ- and ∆-activity of quite high am-
plitude together with bilateral paroxysmal activity.
The disorganised EEG-pattern with θ- è ∆-activity
characterised by decreased α-activity against a back-
ground of high- or middle-amplitude dysrhythmic
EEG. These EEG-patterns testify to organic brain
changes and sometimes increased seizure readiness
of the brain.

Ó îáëó÷åííûõ ëèö äîìèíèðóåò ïëîñêèé ïîëèìîðôíûé
òèï ÝÝÃ ñ äèôôóçíûì ïðåîáëàäàíèåì ∆- è β-äèàïàçîíà,
îñîáåííî â ëîáíî-âèñî÷íûõ îáëàñòÿõ ñ ëàòåðàëèçàöè-
åé â ëåâîå, äîìèíèðóþùåå, ïîëóøàðèå â ñî÷åòàíèè ñ ïà-
ðîêñèçìàëüíîé àêòèâíîñòüþ íà ôîíå íèçêîàìïëèòóä-
íîé (10�25 ìêÂ) �ïëîñêîé� ÝÝÃ. Êðîìå ïëîñêîé ïîëè-
ìîðôíîé ÝÝÃ äëÿ îáëó÷åííûõ ëèö õàðàêòåðíû äåçîð-
ãàíèçîâàííûå ÝÝÃ: 1) ñ ïðåîáëàäàíèåì α-àêòèâíîñòè
îòëè÷àåòñÿ äåçîðãàíèçîâàííîé âûñîêîàìïëèòóäíîé
α-àêòèâíîñòüþ, äîìèíèðóþùåé âî âñåõ îòäåëàõ ìîçãà,
óñèëåííîé ïî àìïëèòóäå β-àêòèâíîñòüþ, äèôôóçíîé
θ- è ∆-àêòèâíîñòüþ, äîñòàòî÷íî âûñîêîé àìïëèòóäû â
ñî÷åòàíèè ñ áèëàòåðàëüíîé ïàðîêñèçìàëüíîé àêòèâíî-
ñòüþ; 2) ñ ïðåîáëàäàíèåì θ- è ∆-àêòèâíîñòè õàðàêòåðè-
çóåòñÿ ñëàáîé âûðàæåííîñòüþ α-àêòèâíîñòè íà ôîíå
äèçðèòìè÷íîé íåðåãóëÿðíîé ÝÝÃ âûñîêîé èëè ñðåäíåé
àìïëèòóäû. Ýòè ÝÝÃ-ïàòòåðíû îòðàæàþò îðãàíè÷åñêèå
èçìåíåíèÿ ãîëîâíîãî ìîçãà, à â ðÿäå ñëó÷àåâ � ïîâû-
øåíèå ñóäîðîæíîé ãîòîâíîñòè ìîçãà.

 TABLE 7

 MENTAL AND BEHAVIOURAL DISORDERS ACCORDING TO THE ICD-10 CRITERIA IN THE ARS-PATIENTS
AND THE LIQUIDATORS OF 1986�1987

 ÒÀÁËÈÖÀ 7

 CÒÐÓÊÒÓÐÀ ÏÑÈÕÈ×ÅÑÊÈÕ ÐÀÑÑÒÐÎÉÑÒÂ Ó ËÈÖ, ÏÅÐÅÍÅÑØÈÕ ÎËÁ, È Ó ËÈÊÂÈÄÀÒÎÐÎÂ 1986�1987 ãã.
ÏÎ ÊÐÈÒÅÐÈßÌ ÌÊÁ-10

 Mental and behavioural disorders  ICD-10 code  Group I (n=70)  Group II (n=80)
 ORGANIC, INCLUDING SYMPTOMATIC, MENTAL DISORDERS:
 
· With cerebrasthenia dominance
· With brain organic syndrome dominance:

Cerebrasthenic type
Dysthymic type
Apathetic-abulic type
Paranoid type
Explosive type
Dementia type

F00-F09

F06.6
F07;F06
F06.7
F06.3
F07.0
F06.2
F07.8
F02.8

62(88%)

8(11%)
54(77%)
11(16%)
9(13%)

21(30%)
6(9%)
2(3%)
5(7%)

59(74%)

27(34%)
32(40%)
8(10%)
5(6%)
6(7%)
6(7%)
4(5%)
3(5%)

SCHIZOTYPAL DISORDER F21 9(13%) 12(15%)

ENDURING PERSONALITY CHANGE AFTER CATASTROPHIC EXPERIENCE F62.0 8(11%) 22(27%)

SOMATOFORM DISORDERS

DYSTHYMIA

F45

F34.1

9(13%)

7(10%)

15(19%)

10(12%)

Note. Total rate of mental disorders is more 100% because of sometimes a patient was diagnosed with more one disorder (comorbidity).
Ïðèìå÷àíèå. Îáùàÿ ÷àñòîòà ïñèõè÷åñêèõ ðàññòðîéñòâ ïðåâûøàåò 100% (â íåêîòîðûõ ñëó÷àÿõ ó îäíîãî áîëüíîãî äèàãíîñòèðîâàëè áîëåå îäíîãî
ðàññòðîéñòâà).

TABLE 8

EEG-PATTERNS AMONG THE EXAMINED PERSONS

ÒÀÁËÈÖÀ 8

 ÝÝÃ-ÏÀÒÒÅÐÍÛ Ó ÎÁÑËÅÄÎÂÀÍÍÛÕ

EEG-pattern Group I (n=70) Group II (n=80) Group À (n=15) Group B (n=15) Group C (n=20)

Organised with a-activity dominance 0 22(27%)* 12(80%)* 6(40%)* 12(60)*
Hypersynchronic 7(10%) 7(9%) 3(20%) 2(13%) 4(20%)
Flat polymorphous 58(83%) 55(69%) 0* 5(33%)* 2(10%)*
Disorganised with a-activity dominance 2(3%) 10(12%) 0 1(7%) 2(10%)

Disorganised with d-activity dominance 3(4%) 8(10%) 0 1(7%) 0
Laterality of abnormal activity:
- bilateral
- lefthemispheric
- righthemispheric

14(20%)
40(57%)
16(23%)

6(7%)
25(31%)*
27(35%)

3(20%)
¾

¾

4(27%)
1(6%)*
4(27%)

3(15%)
2(10%)*
3(15%)

Note. * ¾ probability P<0.001 relatively to the group I according to the c2 criterion.

Ïðèìå÷àíèå. * ¾  âåðîÿòíîñòü p<0,001 â ñðàâíåíèè ñ ãðóïïîé I ïî êðèòåðèþ c2.
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The degree of brain bioelectrical activity disturban-
ces (the integral index of EEG-deviations of E.A. Zhir-
munskaja (1991)) is directly proportional to the
value of absorbed dose (r=0.41; P <0.05) and the age
of a patient at the time of examination (r=0.2;
P<0.05). Thus, brain electrical activity disturbances
in ARS-patients and liquidators of 1986�1987
caused sufficiently by the aftermath of radiation
exposure to the CNS.

Spectral analysis of brain electrical activity gave the
characteristic EEG-pattern for the irradiated pa-
tients: a simultaneous increase of ∆-(1�4 Hz) and
β-(>12�32 Hz)-power together with a decrease of
θ−(>4�7 Hz) and α-(>7�12 Hz)-power (figure 3).
This EEG-pattern was characteristic for both the
ARS-patients and the liquidators of 1986�1987 who
had not been diagnosed with ARS. However, the
EEG-patterns of the patients of group I differ from
those on group II with increased ∆-power, particu-
larly in the left fronto-temporal region, and more
depressed of θ-power. This EEG-pattern of the irra-
diated patients testifies to structural and functional
changes of the brain predominantly in the fronto-
temporal cortex (particularly in the left, dominating,
hemisphere) and the limbic-reticular-diencephalic
complex.

A dose�effect relationship for the EEG-parameters
was observed in the liquidators of 1986�1987 (fi-
gures 4 and 5). Irradiation at a dose of more than
0.3 Gy caused an increase (P<0.001) of ∆-power and
a decrease of α-power. The duration of irradiation
(work at the exclusion zone) did not influence these
EEG-parameters.

Ñòåïåíü íàðóøåíèé ýëåêòðè÷åñêîé àêòèâíîñòè ãîëîâíî-
ãî ìîçãà (èíòåãðàëüíûé ïîêàçàòåëü ÝÝÃ-îòêëîíåíèé
Å.À. Æèðìóíñêîé (1991)) ïðÿìî ïðîïîðöèîíàëåí âåëè÷è-
íå ïîãëîùåííîé äîçû îáëó÷åíèÿ (r=0,41; p<0,05) è âîçðàñ-
òó áîëüíîãî íà ìîìåíò îáñëåäîâàíèÿ (r=0,2; p<0,05). Òàêèì
îáðàçîì, íàðóøåíèÿ öåðåáðàëüíîé ýëåêòðè÷åñêîé àêòèâ-
íîñòè ãîëîâíîãî ìîçãà ó ëèö, ïåðåíåñøèõ ÎËÁ, è ó ëèêâè-
äàòîðîâ 1986-1987 ãã. â äîñòàòî÷íîé ñòåïåíè îáóñëîâëåíû
ïîñëåäñòâèÿìè ðàäèàöèîííîãî âîçäåéñòâèÿ íà ÖÍÑ.

Â ðåçóëüòàòå ñïåêòðàëüíîãî àíàëèçà áèîýëåêòðè÷åñêîé
àêòèâíîñòè ãîëîâíîãî ìîçãà âûÿâëåí õàðàêòåðíûé
ÝÝÃ-ïàòòåðí äëÿ îáëó÷åííûõ ëèö: îäíîâðåìåííîå óâåëè-
÷åíèå ñïåêòðàëüíîé ìîùíîñòè ∆- (1�4 Ãö) è β-äèàïàçî-
íîâ (>12�32 Ãö) ïðè ñíèæåíèè θ- (>4�7 Ãö) è α-äèàïàçî-
íîâ (>7�12 Ãö) (ðèñóíîê 3). Äàííûé ÝÝÃ-ïàòòåðí áûë õà-
ðàêòåðíûì êàê äëÿ ïàöèåíòîâ, ïåðåíåñøèõ ÎËÁ, òàê è äëÿ
ëèêâèäàòîðîâ 1986�1987 ãã., ó êîòîðûõ äèàãíîç ÎËÁ óñ-
òàíîâëåí íå áûë. Îäíàêî ÝÝÃ ó ïàöèåíòîâ ãðóïïû  I îò-
ëè÷àëèñü îò òàêîâûõ ãðóïïû II áîëüøåé ñïåêòðàëüíîé
ìîùíîñòüþ ∆-äèàïàçîíà, îñîáåííî â ëåâîé ëîáíî-âèñî÷-
íîé îáëàñòè, è áîëüøåé äåïðåññèåé θ-äèàïàçîíà. Âûÿâ-
ëåííûé õàðàêòåðíûé ÝÝÃ-ïàòòåðí ó îáëó÷åííûõ ëèö îò-
ðàæàåò ñòóêòóðíî-ôóíêöèîíàëüíûå èçìåíåíèÿ ãîëîâíî-
ãî ìîçãà ïðåèìóùåñòâåííî âî ôðîíòî-òåìïîðàëüíîé
êîðå (îñîáåííî â ëåâîì, äîìèíèðóþùåì, ïîëóøàðèè) è
â ëèìáèêî-ðåòèêóëÿðíî-äèýíöåôàëüíîì êîìïëåêñå.

Ïðîñëåæåíà çàâèñèìîñòü �äîçà�ýôôåêò� äëÿ ÝÝÃ-ïà-
ðàìåòðîâ ó ëèêâèäàòîðîâ 1986�1987 ãã. (ðèñóíêè 4 è
5). Òàê, ïðè âîçäåéñòâèè äîç îáëó÷åíèÿ áîëåå 0,3 Ãð
óâåëè÷èâàåòñÿ (p<0,001) ñïåêòðàëüíàÿ ìîùíîñòü
∆-äèàïàçîíà è óìåíüøàåòñÿ � α-äèàïàçîíà ÝÝÃ, ÷òî íå
çàâèñèò îò äëèòåëüíîñòè îáëó÷åíèÿ (ðàáîò â çîíå îò-
÷óæäåíèÿ).

FIGURE 3. RESULTS OF COMPUTERISED EEG � TOTAL SPECTRAL POWER OF EEG MAIN RANGES

ÐÈÑÓÍÎÊ 3. ÐÅÇÓËÜÒÀÒÛ ÊÎÌÏÜÞÒÅÐÍÎÉ ÝÝÃ � ÑÓÌÌÀÐÍÀß ÑÏÅÊÒÐÀËÜÍÀß ÌÎÙÍÎÑÒÜ ÎÑÍÎÂÍÛÕ ÄÈÀÏÀÇÎÍÎÂ ÝÝÃ
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Long term work (3�5 and more years) at the ex-
clusion zone at irradiation at doses less than
0.3 Gy increased (P<0.05) ∆-power (figure 6), and
at doses of more than 0.3 Gy increased (P<0.05)
β-power (figure 7).

A linear dose�effect relationship was estab-
lished for ∆-power in the left temporal region Ò3

(figure 8).

Äîëãîâðåìåííàÿ ðàáîòà â çîíå îò÷óæäåíèÿ (3�5 ëåò è
áîëåå) ïðè äîçàõ ìåíåå 0,3 Ãð âëèÿåò (p<0,05) íà óâåëè÷å-
íèå ñïåêòðàëüíîé ìîùíîñòè ∆-äèàïàçîíà ÝÝÃ (ðèñóíîê 6),
à ïðè äîçàõ áîëåå 0,3 Ãð âëèÿåò (p<0,05) íà óâåëè÷åíèå
ñïåêòðàëüíîé ìîùíîñòè β-äèàïàçîíà ÝÝÃ (ðèñóíîê 7).

Óñòàíîâëåíà ëèíåéíàÿ çàâèñèìîñòü �äîçà�ýôôåêò�
äëÿ ñïåêòðàëüíîé ìîùíîñòè ∆-äèàïàçîíà ÝÝÃ â ëåâîé
âèñî÷íîé îáëàñòè � Ò3 (ðèñóíîê 8).

FIGURE 4. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 1986�1987 WHO HAD BEEN WORKING
IN THE EXCLUSION ZONE FOR A SHORT TERM PERIOD DEPENDING ON THE DOSE

ÐÈÑÓÍÎÊ 4. ÑÓÌÌÀÐÍÀß ÑÏÅÊÒÐÀËÜÍÀß ÌÎÙÍÎÑÒÜ ÎÑÍÎÂÍÛÕ ÄÈÀÏÀÇÎÍÎÂ ÝÝÃ Ó ËÈÊÂÈÄÀÒÎÐÎÂ 1986�1987 ãã.,
ÐÀÁÎÒÀÂØÈÕ Â ÇÎÍÅ ÎÒ×ÓÆÄÅÍÈß ÊÐÀÒÊÎÂÐÅÌÅÍÍÎ, Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÄÎÇÛ ÎÁËÓ×ÅÍÈß

FIGURE 5. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 1986�1987 WHO HAD BEEN WORKING
IN THE EXCLUSION ZONE FOR A LONG TERM PERIOD DEPENDING ON THE DOSE

ÐÈÑÓÍÎÊ 5. ÑÓÌÌÀÐÍÀß ÑÏÅÊÒÐÀËÜÍÀß ÌÎÙÍÎÑÒÜ ÎÑÍÎÂÍÛÕ ÄÈÀÏÀÇÎÍÎÂ ÝÝÃ Ó ËÈÊÂÈÄÀÒÎÐÎÂ 1986�1987 ãã.,
ÐÀÁÎÒÀÂØÈÕ Â ÇÎÍÅ ÎÒ×ÓÆÄÅÍÈß ÄÎËÃÎÂÐÅÌÅÍÍÎ, Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÄÎÇÛ ÎÁËÓ×ÅÍÈß
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 FIGURE 6. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 1986�1987 IRRADIATED IN DOSES LESS THAN 0.30 Gy
DEPENDING ON THE WORK DURATION IN THE EXCLUSION ZONE

ÐÈÑÓÍÎÊ 6. ÑÓÌÌÀÐÍÀß ÑÏÅÊÒÐÀËÜÍÀß ÌÎÙÍÎÑÒÜ ÎÑÍÎÂÍÛÕ ÄÈÀÏÀÇÎÍÎÂ ÝÝÃ Ó ËÈÊÂÈÄÀÒÎÐÎÂ 1986�1987 ãã.
Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÄËÈÒÅËÜÍÎÑÒÈ ÐÀÁÎÒ Â ÇÎÍÅ ÎÒ×ÓÆÄÅÍÈß ÏÐÈ ÎÁËÓ×ÅÍÈÈ Â ÄÎÇÀÕ ÌÅÍÅÅ 0,3 Ãð

FIGURE 7. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 1986�1987 IRRADIATED IN DOSES MORE THAN 0.30 Gy
DEPENDING ON THE WORK DURATION IN THE EXCLUSION ZONE

ÐÈÑÓÍÎÊ 7. ÑÓÌÌÀÐÍÀß ÑÏÅÊÒÐÀËÜÍÀß ÌÎÙÍÎÑÒÜ ÎÑÍÎÂÍÛÕ ÄÈÀÏÀÇÎÍÎÂ ÝÝÃ Ó ËÈÊÂÈÄÀÒÎÐÎÂ 1986�1987 ãã.
Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÄËÈÒÅËÜÍÎÑÒÈ ÐÀÁÎÒ Â ÇÎÍÅ ÎÒ×ÓÆÄÅÍÈß ÏÐÈ ÎÁËÓ×ÅÍÈÈ Â ÄÎÇÀÕ ÁÎËÅÅ 0,3 Ãð

Analysis of brain bioelectrical activity with the help
of deflection factors clearly demonstrated signifi-
cant differences between irradiation aftermath and
well-known neuropsychiatric pathology (figure 9).
After irradiation ∆- and β-power dramatically in-
creased, significantly more than at chronic cere-
brovascular pathology (DEP) and PTSD conse-
quences. At the same time θ-power deflection from
the mean norm in irradiated persons was diametri-
cally opposite compared with both DEP and PTSD.
A development of cerebrovascular pathology and
PTSD is associated with an increase of θ-power
(which is generated in the  hippocampus), howev-
er irradiation provoked a depression of this

Àíàëèç ýëåêòðè÷åñêîé àêòèâíîñòè ãîëîâíîãî ìîçãà
ïðè ïîìîùè êîýôôèöèåíòîâ îòêëîíåíèé ïðîäåìîí-
ñòðèðîâàë çíà÷èòåëüíûå ðàçëè÷èÿ ìåæäó ïîñëåäñòâè-
ÿìè îáëó÷åíèÿ è èçâåñòíîé íåéðîïñèõèàòðè÷åñêîé
ïàòîëîãèåé (ðèñóíîê 9). Ïîñëå îáëó÷åíèÿ äîñòîâåðíî
óâåëè÷èâàåòñÿ ñïåêòðàëüíàÿ ìîùíîñòü ∆- è β-äèàïàçî-
íîâ � çíà÷èòåëüíî áîëüøå, ÷åì ïðè õðîíè÷åñêîé öå-
ðåáðîâàñêóëÿðíîé ïàòîëîãèè (ÄÝÏ) è ïîñëåäñòâèÿõ
ïñèõîëîãè÷åñêîãî ñòðåññà (PTSD). Â òî æå âðåìÿ îòêëî-
íåíèÿ ïîêàçàòåëåé θ-äèàïàçîíà ó îáëó÷åííûõ èìåëè
ïðîòèâîïîëîæíûé õàðàêòåð ïî ñðàâíåíèþ ñ ÄÝÏ è
PTSD. Åñëè ðàçâèòèå ÄÝÏ è PTSD ñîïðîâîæäàåòñÿ óâå-
ëè÷åíèåì θ-äèàïàçîíà (êîòîðûé ãåíåðèðóåòñÿ â ãèï-
ïîêàìïå), òî ïîñëå îáëó÷åíèÿ âîçíèêàåò äåïðåññèÿ
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FIGURE 8. LINEAR DOSE�EFFECT RELATIONSHIP FOR ∆-POWER IN THE LEFT TEMPORAL REGION (T3) DEPENDING ON THE ABSORBED DOSE VALUE

ÐÈÑÓÍÎÊ 8. ÇÀÂÈÑÈÌÎÑÒÜ ÑÏÅÊÒÐÀËÜÍÎÉ ÌÎÙÍÎÑÒÈ ∆-ÄÈÀÏÀÇÎÍÀ ÝÝÃ Â ËÅÂÎÉ ÂÈÑÎ×ÍÎÉ ÎÁËÀÑÒÈ (Ò
3
)

ÎÒ ÂÅËÈ×ÈÍÛ ÏÎÃËÎÙÅÍÍÎÉ ÄÎÇÛ ÎÁËÓ×ÅÍÈß

EEG-range that also confirms pathology of the lim-
bic system as a characteristic sign of postradiation
brain damage.

ýòîãî äèàïàçîíà, ÷òî òàêæå ïîäòâåðæäàåò ïàòîëîãèþ
ëèìáè÷åñêîé ñèñòåìû êàê õàðàêòåðíîãî ïðîÿâëåíèÿ
ïîñòðàäèàöèîííîãî ïîðàæåíèÿ ãîëîâíîãî ìîçãà.

FIGURE 9. DEFLECTION FACTORS VALUES (%) OF TOTAL SPECTRAL POWER OF EEG MAIN RANGES

ÐÈÑÓÍÎÊ 9. ÇÍÀ×ÅÍÈß ÊÎÝÔÔÈÖÈÅÍÒÎÂ ÎÒÊËÎÍÅÍÈß ÎÒ ÍÎÐÌÛ (%) ÑÓÌÌÀÐÍÎÉ ÑÏÅÊÒÐÀËÜÍÎÉ ÌÎÙÍÎÑÒÈ ÎÑÍÎÂÍÛÕ ÄÈÀÏÀÇÎÍÎÂ ÝÝÃ
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Checkerboard reversible pattern VEP and their pa-
rameters� topographic distribution in irradiated pa-
tients differed significantly from the norm. P100 am-
plitude increased and its latency decreased; N145

and P200 latencies were delayed mainly as a result
of deformation of the latest VEP components (ta-
ble 9).

Ïðè èññëåäîâàíèè ÇÂÏØÏ ó îáëó÷åííûõ ëèö îáíà-
ðóæåíû ñóùåñòâåííûå îòêëîíåíèÿ àìïëèòóäíî-âðå-
ìåííûõ ïàðàìåòðîâ. Óñòàíîâëåíî äîñòîâåðíîå óâåëè-
÷åíèå àìïëèòóä è ñîêðàùåíèå ËÏ îñíîâíîãî êîìïî-
íåíòà P100, à òàêæå çàìåäëåíèå êîìïîíåíòà N145 è
ïîçäíåãî êîìïîíåíòà P200, ïðåèìóùåñòâåííî çà ñ÷åò
äåôîðìàöèè ïîçäíèõ êîìïîíåíòîâ (òàáëèöà 9).

TABLE 9

AMPLITUDES AND LATENCIES OF VISUAL EVOKED POTENTIALS

ÒÀÁËÈÖÀ 9

ÀÌÏËÈÒÓÄÍÎ-ÂÐÅÌÅÍÍÛÅ ÏÀÐÀÌÅÒÐÛ ÇÐÈÒÅËÜÍÛÕ ÂÛÇÂÀÍÍÛÕ ÏÎÒÅÍÖÈÀËÎÂ

Index Group I (n=70) Group II (n=80) Group À (n=15) Group B (n=15) Group C (n=20)
VEP, latency, ms

P100 O2

N145 O2

P200 O2

82.0±1.1
128.1±1.5
237.3±1.7

89.2±1.1**
138.2±1.5**
221.4±1.7**

96.8±1**
147.0±1.6**
208.0±1.6**

102.6±1.2**
158.0±1.4**
221.0±1.4**

88.8±1.5*
140.0±1.3**
187.0±1.6**

VEP, amplitude, mV
P100 O2

N145 O2

P200 O2

4.2±0.1
7.6±0.1
5.9±0.2

3.2±0.2**
5.6±0.3*
4.9±0.3*

2.6±0.1**
4.2±0.1**

5.6±0.3

3.6±0.1*
5.2±0.2*
4.6±0.3*

3.6±0.2*
4.2±0.2*
5.5±0.4

Note. Probabilities comparatively with the group I: * ¾  P<0.05, ** ¾ P<0.01.
Ïðèìå÷àíèå. Âåðîÿòíîñòü ðàçëè÷èé ïî ñðàâíåíèþ ñ ãðóïïîé I: * ¾ p<0,05, ** ¾ p<0,01.

Äåôîðìàöèÿ îñíîâíûõ êîìïîíåíòîâ ÇÂÏØÏ îòðàæà-
åò îðãàíè÷åñêèå íàðóøåíèÿ ãîëîâíîãî ìîçãà. Óñêîðå-
íèå ÇÂÏØÏ è óâåëè÷åíèå àìïëèòóäû ñâèäåòåëüñòâó-
åò î ïîâûøåííîé ãîòîâíîñòè ìîçãà ê ïàðîêñèçìàëü-
íûì ñîñòîÿíèÿì. Ó÷èòûâàÿ îòñóòñòâèå ïîðàæåíèÿ
çðèòåëüíîãî íåðâà ó ýòèõ ïàöèåíòîâ, ìîæíî ïðåäïî-
ëîæèòü, ÷òî äàííûé ïàòòåðí ÇÂÏØÏ îòðàæàåò èððè-
òàöèþ äèýíöåôàëî-ëèìáèêî-ðåòèêóëÿðíûõ ñòðóêòóð
ñ íàðóøåíèÿìè ñëîæíûõ êîðêîâî-ïîäêîðêîâûõ ïðî-
öåññîâ îáðàáîòêè ñåíñîðíîé èíôîðìàöèè.

Èçó÷åíèå îòíîñèòåëüíûõ ðèñêîâ (RR) íåéðîôèçèî-
ëîãè÷åñêèõ íàðóøåíèé ïîêàçàëî, ÷òî ïåðåíåñåííàÿ
ÎËÁ ïîâûøàåò ðèñê ðàçâèòèÿ íàðóøåíèé ôóíêöèî-
íàëüíîé îðãàíèçàöèè ãîëîâíîãî ìîçãà â 5 ðàç, ðàáî-
òà â çîíå îò÷óæäåíèÿ â 1986�1987 ãã. � â 3,65 (à äîë-
ãîâðåìåííàÿ ðàáîòà � ïî÷òè â 4 ðàçà), òîãäà êàê õðî-
íè÷åñêàÿ öåðåáðîâàñêóëÿðíàÿ ïàòîëîãèÿ è PTSD � â
3 è 2 ðàçà ñîîòâåòñòâåííî (ðèñóíîê 10).

Ðàññ÷èòàí âêëàä îñíîâíûõ ôàêòîðîâ, âëèÿþùèõ íà
áèîýëåêòðè÷åñêóþ àêòèâíîñòü ãîëîâíîãî ìîçãà ïîñ-
ëå îáëó÷åíèÿ. Ñèëà âëèÿíèÿ äîçû îáëó÷åíèÿ íà ïîâû-
øåíèå ∆- è β-äèàïàçîíîâ ÝÝÃ ñîñòàâëÿåò 48% (F=25,2;
F05=4,0; p<0,05) è 22% (F=6,5; F05=4,0; p<0,05) ñîîòâåò-
ñòâåííî, íà ñíèæåíèå θ- è α-äèàïàçîíîâ � 44%
(F=21,3; F05=4,0; p<0,05) è 26% (F=9,5; F05=4,0; p<0,05)
ñîîòâåòñòâåííî. Ñèëà âëèÿíèÿ äëèòåëüíîñòè ðàáîò â
çîíå îò÷óæäåíèÿ íà ïîâûøåíèå β-äèàïàçîíà ÝÝÃ ñî-
ñòàâëÿåò 22% (F=10,1; F05=4,0; p<0,05).

Â òî æå âðåìÿ ñèëà âëèÿíèÿ ôàêòîðà âîçðàñòà íà ïî-
âûøåíèå ∆- è β-äèàïàçîíîâ ÝÝÃ ñîñòàâëÿåò 13% (F=5,5;
F05=4,0; p<0,05) è 25% (F=11,9; F05=4,0; p<0,05) ñîîòâåò-
ñòâåííî è íà ñíèæåíèå θ- è α-äèàïàçîíîâ � 22%
(F=10,1; F05=4,0; p<0,05) è 24% (F=11,5; F05=4,0; p<0,05)
ñîîòâåòñòâåííî. Ñëåäóåò îñîáî îòìåòèòü àòèïèþ âîç-
ðàñòíûõ èçìåíåíèé ÝÝÃ ó îáëó÷åííûõ, êîòîðàÿ â îò-
ëè÷èå îò ôèçèîëîãè÷åñêîãî ñòàðåíèÿ ñîïðîâîæäàåò-

VEP deformation could testify to organic changes
in the brain. VEP acceleration and an increase of
their amplitude testify to an increased readiness of
the brain for paroxysmal states. Taking into account
an absence of visual nerve damage it is possible to
suppose that this VEP-pattern is associated with ir-
ritation of the diencephalic-limbic-reticular struc-
tures together with disorders of sophisticated cor-
tical-subcortical processes of sensoric information
processing.

Relative risks (RR) of neurophysiological abnormal-
ities analysis has shown that ARS increases by 5 times
the risk of development of brain functional organi-
sation disorder, work in the exclusion zone in
1986�1987 � by 3.65 (the long term work � al-
most 4 times), whereas chronic cerebrovascular pa-
thology and PTSD � 3 and 2 times corresponding-
ly (figure 10).

Contribution analysis allows calculation of the contribu-
tion of the main factors influencing the brain�s electrical
activity after irradiation. The force of influence of the irra-
diation dose on an increase of ∆- and β-power of EEG is
48% (F=25.2; F05=4.0; P<0.05) and 22% (F=6.5; F05=4.0;
P<0.05) correspondingly, and upon an decrease of θ- and
α-power � 44% (F=21.3; F05=4.0; P<0.05) and 26% (F=9.5;
F05=4.0; P<0.05) correspondingly. The force of influence
of the duration of work at the exclusion zone on an in-
crease of β-power is 22% (F=10.1; F05=4.0; P<0.05).

At the same time the force of influence of the age on
an increase of ∆- and β-power is 13% (F=5.5; F05=4.0;
P<0.05) and 25% (F=11.9; F05=4.0; P<0.05) corre-
spondingly, and upon decrease of θ- and α-power �
22% (F=10.1; F05=4.0; P<0.05) and 24% (F=11.5;
F05=4.0; P<0.05) correspondingly. The atypical age-
related EEG changes in the irradiated patients should
be stressed. In contrast to physiological ageing ac-
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ñÿ íå �çàìåäëåíèåì� ðèòìîâ ÝÝÃ ñ óâåëè÷åíèåì θ-äèà-
ïàçîíà è óìåíüøåíèåì β-äèàïàçîíà (Gianitrapanni D.,
Murri L., 1988; Íîùåíêî À.Ã., Ëîãàíîâñêèé Ê.Í., 1994), à,
íàîáîðîò, � ñíèæåíèåì θ-äèàïàçîíà è ïîâûøåíèåì
β-äèàïàçîíà ÝÝÃ.

Ïñèõîëîãè÷åñêèé ñòðåññ (PTSD) íå âëèÿåò íà ∆- è θ-äèà-
ïàçîíû ÝÝÃ. Îäíàêî ñ óâåëè÷åíèåì âûðàæåííîñòè ñòðåñ-
ñà íàáëþäàåòñÿ ïîâûøåíèå ñïåêòðàëüíîé ìîùíîñòè
α-äèàïàçîíà (ñèëà âëèÿíèÿ � 20%; F=9,3; F05=4,0; p<0,05) è
ñíèæåíèå β-äèàïàçîíà (ñèëà âëèÿíèÿ � 21%; F=9,9; F05=4,0;
p<0,05). Òî åñòü ôàêòîð ïñèõîëîãè÷åñêîãî ñòðåññà ó îáëó-
÷åííûõ ëèö îêàçûâàåò ïðÿìî ïðîòèâîïîëîæíûå ýôôåê-
òû íà áèîýëåêòðè÷åñêóþ àêòèâíîñòü ãîëîâíîãî ìîçãà ïî
ñðàâíåíèþ ñ âîçäåéñòâèåì èîíèçèðóþùèõ èçëó÷åíèé.

Öåðåáðîâàñêóëÿðíàÿ ïàòîëîãèÿ (àðòåðèàëüíàÿ ãèïåð-
òåíçèÿ è öåðåáðàëüíûé àòåðîñêëåðîç) íå âëèÿåò íà
ñïåêòðàëüíóþ ìîùíîñòü ∆-äèàïàçîíà ÝÝÃ ó îáëó÷åí-
íûõ ëèö. Ñèëà âëèÿíèÿ àðòåðèàëüíîé ãèïåðòåíçèè íà
óâåëè÷åíèå θ- è β-äèàïàçîíîâ ñîñòàâëÿåò 24% (F=11,2;
F05=4,0; p<0,05) è 30% (F=15,4; F05=4,0; p<0,05) ñîîòâåò-
ñòâåííî. Ñèëà âëèÿíèÿ öåðåáðàëüíîãî àòåðîñêëåðîçà
íà óìåíüøåíèå θ- è β-äèàïàçîíîâ ñîñòàâëÿåò 23%
(F=10,6; F05=4,0; p<0,05) è 35% (F=19,3; F05=4,0; p<0,05)
ñîîòâåòñòâåííî, íà óâåëè÷åíèå α-äèàïàçîíà � 32%
(F=16,9; F05=4,0; p<0,05).

Ñîïóòñòâóþùàÿ ñîìàòè÷åñêàÿ ïàòîëîãèÿ ó îáëó÷åí-
íûõ íå îêàçûâàåò äîñòîâåðíîãî âëèÿíèÿ íà èçìåíå-
íèå ñïåêòðàëüíîãî ñîñòàâà ýëåêòðè÷åñêîé àêòèâíîñ-
òè ãîëîâíîãî ìîçãà.

 Òàêèì îáðàçîì, ïñèõîôèçèîëîãè÷åñêèå íàðóøåíèÿ ó
ëèö, ïåðåíåñøèõ ÎËÁ, è ëèêâèäàòîðîâ 1986�1987 ãã.
ÿâëÿþòñÿ ïîëèýòèîëîãè÷åñêèìè � â èõ ïðîèñõîæäå-
íèè èìåþò çíà÷åíèå âîçðàñò, ïñèõîëîãè÷åñêèé ñòðåññ,

companied by �slowing� of EEG as an increase of
θ-power and a decrease of β-power (Gianitrapanni D.,
Murri L., 1988; Noschenko A.G., Loganovsky K.N.,
1994), age-related EEG-changes are associated with
a decrease of θ-power and an increase of β-power.

Psychological stress (PTSD) influences neither ∆- or
θ-power. At the same time an increase of stress is
associated with an increase of α-power (the force
of influence � 20%; F=9.3; F05=4.0; P<0.05) and a
decrease of β-power (the force of influence � 21%;
F=9.9; F05=4.0; P<0.05). That is to say psychological
stress provoked diametrically opposite effects on
brain electrical activity in comparison with expo-
sure to ionising radiation.

Cerebrovascular pathology (arterial hypertension
and cerebral atherosclerosis) does not influence
spectral power of ∆-range of EEG in the irradiated
persons. The force of influence of arterial hyperten-
sion on increased θ- and β-power is 24% (F=11.2;
F05=4.0; P<0.05) and 30% (F=15.4; F05=4.0; P<0.05)
correspondingly. The force of influence of cerebral
atherosclerosis on decreased θ- and β-power is 23%
(F=10.6; F05=4.0; P<0.05) and 35% (F=19.3; F05=4.0;
P<0.05) correspondingly, and on increased α-pow-
er � 32% (F=16.9; F05=4.0; P<0.05).

Comorbidity of physical diseases in the irradiated
patients does not have a significant influence on the
changes of spectral parameters of brain electrical
activity.

Thus, psychophysiological disorders in the ARS-pa-
tients and liquidators of 1986�1987 are polyetio-
logical: the age of a patient, psychological stress,
cerebrovascular pathology, the duration of work in

FIGURE 10. RELATIVE RISKS (RR) OF NEUROPHYSIOLOGICAL ABNORMALITIES

ÐÈÑÓÍÎÊ 10. ÎÒÍÎÑÈÒÅËÜÍÛÅ ÐÈÑÊÈ (RR) ÍÅÉÐÎÔÈÇÈÎËÎÃÈ×ÅÑÊÈÕ ÍÀÐÓØÅÍÈÉ
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the exclusion zone have had and influence in their
genesis. However, the value of absorbed dose has
provided a major contribution in the revealed psy-
chophysiological disorders. Accordingly the char-
acteristic psychophysiological pattern of the
ARS-patients and liquidators of 1986�1987 should
be considered as the deterministic effect of ionising
radiation.

íàëè÷èå öåðåáðîâàñêóëÿðíîé ïàòîëîãèè, ïðîäîëæè-
òåëüíîñòè ðàáîò â çîíå îò÷óæäåíèÿ. Îäíàêî íàèáîëü-
øåå âëèÿíèå íà âûðàæåííîñòü ïñèõîôèçèîëîãè÷åñêèõ
íàðóøåíèé îêàçûâàåò âåëè÷èíà ïîãëîùåííîé äîçû îá-
ëó÷åíèÿ, ÷òî äàåò îñíîâàíèÿ ðàññìàòðèâàòü õàðàêòåð-
íûé ïñèõîôèçèîëîãè÷åñêèé ïàòòåðí ó ëèö, ïåðåíåñ-
øèõ ÎËÁ, è ëèêâèäàòîðîâ 1986�1987 ãã. êàê äåòåðìè-
íèñòñêèé ýôôåêò èîíèçèðóþùèõ èçëó÷åíèé.

REFERENCES
Àëåêñàíäðîâñêèé Þ.À. Ñîöèàëüíî-ñòðåññî-

âûå ðàññòðîéñòâà ó ïîñòðàäàâøèõ ïîñëå àâàðèè
íà ×åðíîáûëüñêîé ÀÝÑ. Â êí.: À.È. Íÿãó, Ã.Í. Ñóø-
êåâè÷ (Ðåä.) Îòäàëåííûå ìåäèöèíñêèå ïîñëåä-
ñòâèÿ ×åðíîáûëüñêîé êàòàñòðîôû. Ìàòåðèàëû
2-é Ìåæäóíàðîä. êîíô., Êèåâ, 1�6 èþíÿ 1998.
×åðíîáûëüèíòåðèíôîðì, Êèåâ, 1998, ñ. 434.
[Alexxandrovsky Yu.A. Sociostress disorders in Chernobyl
NPP accident victims. In: A.I. Nyagy, G.N. Souchkevitch (Eds.)
Long-term health consequences of the Chernobyl disaster,
Proceedings of the 2nd Int. Conf., Kyiv, June 1�6, 1998. Cher-
nobylinterinform, Kyiv, 1998, p. 435]

Áàäàëÿí Ë.Î., Ñêâîðöîâ È.À. Êëèíè÷åñêàÿ ýëåê-
òðîíåéðîìèîãðàôèÿ. Ìåäèöèíà, Ìîñêâà, 1986,
368 ñ.
[Badalyan L.O., Skvortzov I.A. Clinical electroneuromyogra-
phy. Meditzina, Moscow, 1986, 368 pp.]

Ãðèãîðüåâ Þ.Ã. Ëó÷åâûå ïîðàæåíèÿ è êîìïåí-
ñàöèÿ íàðóøåííûõ ôóíêöèé. Ãîñàòîìèçäàò,
Ìîñêâà, 1963, 204 ñ.
[Grigoriev Yu.G. Radiation damage and compensation
of disordered functions. Gosatomizdat, Moscow, 1963,
204 pp.]

Ãóñüêîâà À.Ê. Ðàäèàöèÿ è ìîçã ÷åëîâåêà. Â êí.:
À.È. Íÿãó (Ðåä.) Àêòóàëüíûå è ïðîãíîçèðóåìûå
íàðóøåíèÿ ïñèõè÷åñêîãî çäîðîâüÿ ïîñëå ÿäåð-
íîé êàòàñòðîôû â ×åðíîáûëå. Ìàòåðèàëû Ìåæ-
äóíàðîä. êîíô., Êèåâ, 24�28 ìàÿ 1995. Êðåùàòèê,
Êèåâ, 1995, ñ. 22.
[Guskova A.K. Radiation and human brain. In: A.I. Nyagu
(Ed.) Proceedings of the Int. Conf. on the Mental Health
Consequences of the Chernobyl Disaster: Current State
and Future Prospects, Kyiv, May 24�28, 1995. Chresh-
chatyk, Kyiv, 1995, p. 23]

Ãóñüêîâà À.Ê. Äåñÿòü ëåò ïîñëå àâàðèè íà ×ÀÝÑ
(ðåòðîñïåêòèâà êëèíè÷åñêèõ ñîáûòèé è ìåð ïî
ïðåîäîëåíèþ ïîñëåäñòâèé). Ìåä. ðàäèîëîãèÿ è
ðàäèàöèîííàÿ áåçîïàñíîñòü, 1997, 42(1):5�12.
[Guskova A.K. Ten years after the Chernobyl accident (ret-
rospective of clinical events and contrmeasures). Med.
Radiology and Radiat. Safety, 1997, 42(1):5�12]

Äàâûäîâ Á.È., Óøàêîâ È.Á. Èîíèçèðóþùèå èç-
ëó÷åíèÿ è ìîçã: ïîâåäåí÷åñêèå è ñòðóêòóðíî-
ôóíêöèîíàëüíûå ïàòòåðíû. Èòîãè íàóêè è òåõ-
íèêè. Ðàäèàöèîííàÿ áèîëîãèÿ. ÂÈÍÈÒÈ, Ìîñê-
âà, 1987, T.8, 336 ñ.
[Davydov B.I., Ushakov I.B. Ionizing radiation and brain:
behavioral and structural-functional patterns. VINITI,
Moscow, Results of Science and Technics, Radiation Biol-
ogy, 1987, Vol. 8, 336 pp. ]

Äóäêèí À.Î. Íåïîñðåäñòâåííîå äåéñòâèå ìà-
ëûõ äîç èîíèçèðóþùåé ðàäèàöèè íà íåéðîíû
ìëåêîïèòàþùèõ. Àâòîðåô. äèñ. ... êàíä. áèîë.
íàóê, Êèåâ, 1987, 22 ñ.

[Dudkin A.O. Direct effects of small doses of ionising radiation
upon mammalians neurones. Author�s abstract of Ph.D. Disser-
tation in Biology, Kyiv, 1987, 22 pp.]

Æàâîðîíêîâà Ë.À., Õîëîäîâà Í.Á. Îöåíêà ôóíêöèî-
íàëüíîãî ñîñòîÿíèÿ ìîçãà ïàðàìåòðàìè êîãåðåíòíî-
ñòè ÝÝÃ â îòäàëåííûå ñðîêè âîçäåéñòâèÿ èîíèçèðó-
þùåé ðàäèàöèè (ïîñëåäñòâèÿ àâàðèè íà ×ÀÝÑ). Æóðí.
âûñø. íåðâíîé äåÿòåëüíîñòè èì. È.Ï Ïàâëîâà, 1994,
44(1):159�162.
[Zhavoronkova L.A., Kholodova N.B. The assessment of brain func-
tional status by EEG coherence parameters in the late period of
exposure to ionizing radiation. Zh. Vyssh. Nerv. Deiat. Im. I. P. Pav-
lova, 1994, 44(1):159�162]

Æèðìóíñêàÿ Å.À. Êëèíè÷åñêàÿ ýëåêòðîýíöåôàëî-
ãðàôèÿ. ÌÝÉÁÈ, Ìîñêâà,1991, 80 ñ.
[Zhirmunskaya E.A. Clinical electroencephalography. Publishing
House MAYBE, Moscow, 1991, 80 pp.]

Çóáîâñêèé Ã.À., Õîëîäîâà Í.Á., Ôåäîðîâà Í.À. Êàðòè-
ðîâàíèå ìåòàáîëèçìà, ðåãèîíàðíîãî êðîâîòîêà è
ýëåêòðîãåíåçà ãîëîâíîãî ìîçãà îáåçüÿí, îáëó÷åííûõ
â äîçå 70 ðàä. Â êí.: Òåçèñû äîêëàäîâ 1-ãî Âñåñîþçíîãî
ñîâåùàíèÿ ïî êàðòèðîâàíèþ ìîçãà, Ìîñêâà, 1991,
ñ. 59�60.
[Zubovsky G.A., Kholodova N.B, Fedorova N.A. Mapping of metab-
olism, regional blood flow and electrogenesis of the brain of
monkies irradited at the dose of 70 rad. In: Abstracts of the 1st

All-Union Meeting on Brain Mapping, Moscow, 1991, pp. 59�
60]

Ëèâàíîâ Ì.Í. Íåêîòîðûå ïðîáëåìû äåéñòâèÿ èîíè-
çèðóþùåé ðàäèàöèè íà íåðâíóþ ñèñòåìó. Ìåäãèç,
Ìîñêâà, 1962, 196 ñ.
[Livanov M.N. Some problems of ionising radiation effects on the
nervous system. Medgiz, Moscow, 1962, 196 pp.]

Ëîãàíîâñêèé Ê.Í. Ïñèõîïàòîëîãè÷åñêèå îñîáåííî-
ñòè ñèíäðîìà âåãåòàòèâíîé äèñôóíêöèè ó ëèö, ïîä-
âåðãàâøèõñÿ âîçäåéñòâèþ èîíèçèðóþùåãî èçëó÷åíèÿ
â ìàëûõ äîçàõ. Âðà÷åá. äåëî, 1991, 6: 68�72.
[Loganovskii K.N. Psychopathological characteristics of autono-
mic dysfunction syndrome in patients exposed to small doses of
ionising radiation. Vrach. Delo, 1991, 6: 68�72]

Ëîãàíîâñêèé Ê.Í. Êëèíèêî-ýïèäåìèîëîãè÷åñêèå
àñïåêòû ïñèõèàòðè÷åñêèõ ïîñëåäñòâèé ×åðíîáûëü-
ñêîé êàòàñòðîôû. Ñîöèàëüíàÿ è êëèíè÷åñêàÿ ïñèõè-
àòðèÿ, 1999, 1:5�17.
[Loganovsky K.N. Clinical and epidemiological aspects of psychi-
atric aftermath of the Chernobyl disaster. Social and Clinical Psy-
chiatry, 1999, 1:5�17]

Ëîãàíîâñêèé Ê.Í., Íÿãó À.È. Õàðàêòåðèñòèêà ïñèõè-
÷åñêèõ ðàññòðîéñòâ ó ïîñòðàäàâøèõ âñëåäñòâèå ×åð-
íîáûëüñêîé êàòàñòðîôû â ñâåòå ÌÊÁ-10. Ñîöèàëüíàÿ
è êëèíè÷åñêàÿ ïñèõèàòðèÿ, 1995, 5(2):15�23.
[Loganovsky K.N., Nyagu A.I. Mental disorders in Chernobyl acci-
dent survivors according to ICD-10. Social and Clinical Psychia-
try, 1995, 5(2):15�23]

Ìåøêîâ Í.À., Ðûæîâ Í.È., Êóçíåöîâà Ã.Ä., Ôåäîðîâà Í.Ë.,
Øëûê Ã.Ã., Æàâîðîíêîâà Ë.À., Õîëîäîâà Í.Á. Îòäàëåííûå



Nyagu et al. / International Journal of Radiation Medicine 1999, 2 (2): 3�24

23

ïîñëåäñòâèÿ ðàäèàöèîííûõ âîçäåéñòâèé íà íå-
âðîëîãè÷åñêèé ñòàòóñ îðãàíèçìà. Âîåí.-ìåä.
æóðí., 1993, 4:70�73.
[Meshkov N.A., Ryzhov N.I., Kuznetzova G.D., Fedorova N.L.,
Shlyk G.G., Zhavoronkova L.A., Kholodova N.B. The late se-
quale of radiation exposures on the neurological status of
the body. Voen. Med. Zh., 1993, 4: 70�73]

Ìèíöåð Î.Ï., Óãàðîâ Á.Í., Âëàñîâ Â.Â. Ìåòîäû
îáðàáîòêè ìåäèöèíñêîé èíôîðìàöèè. Âèùà
øêîëà, Êèåâ, 1991, 271 ñ.
[Mintzer O.P., Ugarov B.N., Vlasov V.V. Methods of medical
information possessing. Vyzcha Shkola, Kiev, 1991,
271 pp.]

Íàïðååíêî À.Ê., Ëîãàíîâñêèé Ê.Í. Ïîãðàíè÷-
íûå íåðâíî-ïñèõè÷åñêèå ðàññòðîéñòâà ó ëèö,
ïîäâåðãøèõñÿ âîçäåéñòâèþ èîíèçèðóþùåãî èç-
ëó÷åíèÿ. Âðà÷åá. äåëî, 1992, 6: 48�52.
[Napreyenko A.K., Loganovskii K.N. Borderline neuropsy-
chic disorders in persons subjected to ionising radiation
exposure. Vrach. Delo, 1992, 6: 48�52]

Íàïðååíêî À.Ê., Ëîãàíîâñêèé Ê.Í. Ñèñòåìàòè-
êà ïñèõè÷åñêèõ ðàññòðîéñòâ, ñâÿçàííûõ ñ ïî-
ñëåäñòâèÿìè àâàðèè íà ×ÀÝÑ. Âðà÷åá. äåëî, 1995,
5�6: 25�29.
[Napreyenko A.K., Loganovskii K.N. The systematcs of men-
tal disorders related to the sequale of the accident at the
Chernobyl Atomic Electric Power Station. Vracheb. Delo,
1995, 5�6: 25�29]

Íàïðååíêî À.Ê.,  Ëîãàíîâñêèé Ê.Í. Ýêîëîãè÷åñ-
êàÿ ïñèõèàòðèÿ. Ïîëèãðàôêíèãà, Êèåâ, 1997, 96 ñ.
[Napreyenko A.K., Loganovsky K.N. Ecological psychiatry.
Polygraphkniga, Kyiv, 1997, 96 pp.]

Íîùåíêî À.Ã., Ëîãàíîâñêèé Ê.Í. Îñîáåííîñòè
ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ãîëîâíîãî ìîçãà ó
ëèö, ðàáîòàþùèõ â óñëîâèÿõ 30-êèëîìåòðîâîé
çîíû ×åðíîáûëüñêîé ÀÝÑ, ñ òî÷êè çðåíèÿ âîçðà-
ñòíûõ èçìåíåíèé. Âðà÷åá. äåëî, 1994, 2: 16�19.
[Noshchenko A.G., Loganovskii K.N.  The functional brain
characteristics of people working withing the 30-kilome-
ter area of the Chernobyl Atomic Electric Power Station
from the viewpoint of age-related changes. Vracheb. Delo,
1994, 2: 16�19]

Íÿãó À.È. Ïñèõîíåâðîëîãè÷åñêèå è ïñèõîëî-
ãè÷åñêèå àñïåêòû ïîñëåäñòâèé àâàðèè íà ×åð-
íîáûëüñêîé ÀÝÑ. Âåñòí. ÀÌÍ ÑÑÑÐ, 1991, 11:31�
32.
[Nyagu A.I. Psychoneurological and psychological aspects
of the Chernobyl accident consequences. Vestnik of Acad-
emy of Medical Sciences of the USSR, 1991, 11:31�32]

Íÿãó À.È. Âåãåòàòèâíàÿ äèñòîíèÿ. Â êí.: Â.Ã. Áà-
ðüÿõòàð (Ðåä.) ×åðíîáûëüñêàÿ êàòàñòðîôà. Íàó-
êîâà äóìêà, Êèåâ, 1995, ñ. 477�480.
[Nyagu A.I. Vegetative dystonia. In: V.G. Baryakhtar (Ed.).
Chornobyl catastrophe. Export of Ukraine, Kyiv, 1997,
477�480]

Íÿãó À.È. Íåðâíàÿ ñèñòåìà. Â êí.: Â.Ã. Áàðüÿõ-
òàð (Ðåä.) ×åðíîáûëüñêàÿ êàòàñòðîôà. Íàóêîâà
äóìêà, Êèåâ, 1995, ñ. 458�460.
[Nyagu A.I. Nervous system. In: V.G. Baryakhtar (Ed.). Chor-
nobyl catastrophe. Export of Ukraine, Kyiv, 1997, 458�
460]

Íÿãó À.È., Ëîãàíîâñêèé Ê.Í. Õðîíè÷åñêîå âîç-
äåéñòâèå èîíèçèðóþùåãî èçëó÷åíèÿ íà íåðâíóþ
ñèñòåìó: êëèíèêà, äèàãíîñòèêà, ëå÷åíèå (îáçîð).
Óêðàèíñêèé íàó÷íûé öåíòð ðàäèàöèîííîé ìå-
äèöèíû ÌÇ è ÀÍ Óêðàèíû, Êèåâ, 1992, 64 ñ.
[Nyagu A.I., Loganovsky K.N. Chronic exposure to ionising
radiation upon the nervous system: clinic, diagnostics,

treatment. Ukrainian Scientific Centre for Radiation Medicine,
Ministry of Public Health and Academy of Sciences of Ukraine,
Kyiv, 1992, 64 pp.]

Íÿãó À.È., Ëîãàíîâñêèé Ê.Í. Èçìåíåíèÿ â íåðâíîé
ñèñòåìå ïðè õðîíè÷åñêîì âîçäåéñòâèè èîíèçèðóþ-
ùåãî èçëó÷åíèÿ. Æóðí. íåâðîïàòîë. è ïñèõèàòð. èì.
Ñ.Ñ. Êîðñàêîâà, 1997, 97(2): 62�70.
[Nyagu A.I., Loganovskii K.N. Changes in the nervous system dur-
ing chronic exposure to ionizing radiation. Zh. Nevropatol.
Psykhiatr. Im. S.S. Korsakova, 1997, 97(2): 62�70]

Íÿãó À.È., Ëîãàíîâñêèé Ê.Í., ×óïðîâñêàÿ Í.Þ., Âàùåí-
êî Å.À., Êîñòþ÷åíêî Â.Ã., Çàçèìêî Ð.Í., Ïëà÷èíäà Þ.È.,
Þðüåâ Ê.Ë., Ëîãàíîâñêàÿ Ò.Ê., Çäîðåíêî Ë.Ë. Ïîñòðàäèà-
öèîííàÿ ýíöåôàëîïàòèÿ â îòäàëåííûé ïåðèîä îñòðîé
ëó÷åâîé áîëåçíè. Óêð. ìåä. ÷àñîïèñ, 1997, 2 (2): 33�44.
[Nyagu A.I., Loganovsky K.N., Chuprovskaja N.Yu., Vaschenko E.A.,
Kostiuchenko V.G., Zazimko R.N., Plachinda Yu.I., Yuriev K.L., Loga-
novskaja T.K., Zdorenko L.L. Postradiation encephalopathy in the
remote period of acute radiation sickness. Ukrain. Med. Cas., 1997,
2 (2): 33�44]

Íÿãó À.È., Ëîãàíîâñêèé Ê.Í. Íåéðîïñèõèàòðè÷åñêèå
ýôôåêòû èîíèçèðóþùèõ èçëó÷åíèé. ×åíîáûëüèíòåð-
èíôîðì, Êèåâ, 1998, 350 ñ.
[Nyagu A.I., Loganovsky K.N. Neuropsychiatric effects of ionising
radiation. Chernobylinterinform, Kyiv, 1998, 350 pp.]

Íÿãó À.È., Íîùåíêî À.Ã., Ëîãàíîâñêèé Ê.Í. Îòäàëåííûå
ïîñëåäñòâèÿ ïñèõîãåííîãî è ðàäèàöèîííîãî ôàêòî-
ðîâ àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ íà ôóíêöèîíàëü-
íîå ñîñòîÿíèå ãîëîâíîãî ìîçãà ÷åëîâåêà. Æóðí. íå-
âðîïàòîë. è ïñèõèàòð. èì. Ñ.Ñ. Êîðñàêîâà, 1992, 92
(4):72�77.
[Nyagu A.I., Noschenko A.G., Loganovskii K.N. Late effects of psy-
chogenic and radiation factors of the accident at the Chernobyl
nuclear power plant on the functional state of human brain. Zh.
Nevropatol. Psykhiatr. Im. S.S. Korsakova, 1992, 92 (4):72�77]

Íÿãó À.È., Õàëÿâêà È.Ã, Ëîãàíîâñêèé Ê.Í., Ïëà÷èí-
äà Þ.È., Þðüåâ Ê.Ë., Ëîãàíîâñêàÿ Ò.Ê. Ïñèõîíåâðîëîãè-
÷åñêàÿ õàðàêòåðèñòèêà ëèö, ïåðåíåñøèõ îñòðóþ ëó÷å-
âóþ áîëåçíü. Ïðîáëåìû ×åðíîáûëüñêîé çîíû îò÷óæ-
äåíèÿ, 1996, 3:175�190.
[Nyagu A.I., Khalyavka I.G., Loganovsky K.N., Plachinda Yu.I.,
Yuryev K.L., Loganovskaja T.K. Psychoneurological characterisa-
tion of persons who had acute radiation sickness. Problems of
Chernobyl exclusion zone, 1996, 3: 175�190]

Ïåéìåð Ñ.È., Äóäêèí À.Î., Ñâåðäëîâ À.Ã. Íåïîñðåä-
ñòâåííîå äåéñòâèå ìàëûõ äîç ðàäèàöèè íà íåéðîíû.
Äîêëàäû ÀÍ ÑÑÑÐ, 1985, 284 (6): 1481�1484.
[Peymer S.I., Dudkin A.O., Sverdlov A.G. Direct effects of small dos-
es of radiation upon neurones. Reports of Academy of Sciences
of the USSR, 1985, 284 (6):1481�1484]

Òîðóáàðîâ Ô.Ñ., Áëàãîâåùåíñêàÿ Â.Â., ×åñàëèí Ï.Â.,
Íèêîëàåâ Ì.Ê. Ñîñòîÿíèå íåðâíîé ñèñòåìû ó ïîñòðà-
äàâøèõ ïðè àâàðèè íà ×åðíîáûëüñêîé àòîìíîé ýëåê-
òðîñòàíöèè (×ÀÝÑ). Æóðí. íåâðîïàòîë. è ïñèõèàòð.
èì. Ñ.Ñ. Êîðñàêîâà, 1989, 89(2):48�52.
[Torubarov F.S., Blagoveshchenskaia V.V., Chesalin P.V., Nikolaev M.K.
Status of the nervous system in victims of the accident at the Cher-
nobyl atomic power plant. Zh. Nevropatol. Psykhiatr. Im. S.S. Kor-
sakova, 1989, 89(2):48�52]

Óøàêîâ È.Á., Àðëàøåíêî Í.È., Äîëæàíîâ À.ß., Ïî-
ïîâ Â.È. ×åðíîáûëü: ðàäèàöèîííàÿ ïñèõîôèçèîëîãèÿ
è ýêîëîãèÿ ÷åëîâåêà. Ìîñêâà, ÃÍÈÈÈ àâèàöèîííîé è
êîñìè÷åñêîé ìåäèöèíû, 1997, 247 ñ.
[Ushakov I.B., Arlashchenko N.I., Dolzhanov A.Y., Popov V.I. Cherno-
byl: radiation psychophysiology and human ecology. Moscow,
SSRTI aerospace medicine, 1997, 247 p.]

Õîëîäîâà Í.Á., Êóçíåöîâà Ã.Ä., Çóáîâñêèé Ã.À., Êàçàêî-
âà Ï.Á., Áóêëèíà Ñ.Á. Îòäàëåííûå ïîñëåäñòâèÿ ëó÷åâî-



Nyagu et al. / International Journal of Radiation Medicine 1999, 2 (2): 3�24

24

ãî âîçäåéñòâèÿ íà íåðâíóþ ñèñòåìó. Æóðí. íå-
âðîïàòîë. è ïñèõèàòð. èì. Ñ.Ñ. Êîðñàêîâà, 1996,
96 (5):29�33.
[Kholodova N.B., Kuznetsova G.D., Zubovskii G.A., Kazako-
va P.B., Buklina S.B. The late sequale of radiation exposure
on the nervous system. Zh. Nevropatol. Psykhiatr. Im.
S.S. Korsakova, 1996, 96 (5): 29�33

Andreasen N.C. Negative symptoms in schizo-
phrenia: definition and reliability. Arch. Gen. Pschi-
at., 1982, 3: 784�788.

Court L. Alterations electroencephalographiques
sous irradiation � relation dose�effet. BMS, NATO,
Bruxelles, 12�14 septembre 1979.

Daniel W.W. Biostatistics: a foundation for ana-
lysis in the health sciences. John Wiley & Sons, Inc.,
New York, 1995, 788 pp.

Dufour R., Court L. Le syndrome precoce de la
maladie de l�irradiation. Etude chez le lapin des
modifications fonctionnelles qui interviennent
apres une irradiation gamma totale aux doses sub-
letales. Bulletin d�Information Scientifique et Tech-
nique du CEA, 1975, 203:35�44.

Gourmelon P., Court L., Gueneau G. Radiosensi-
bilite du systeme nerveux central. Modele d�eva-
luation de l�efficacite biologique relative. Commu-
nication Groupe NATO, RSG5, octobre 1985.

Horowitz M.J., Wilner N., Alvarez W. Impact of
events scale. A measure of objective stress. Psycho-
som. Med., 1979, 41: 209�218.

Kirk R.E. Experimental design: procedures for the
behavioral sciences. Brooks/Cole Publishing Com-
pany, Monterey, 1982, 911 pp.

Kimeldorf D.J., Hunt E.L. Ionizing radiation: neu-
ral function and behavior. Academic Press, New
Yourk, 1965, 375 pp.

Kuzma J.W. Basic statistics for the health scien-
ces. Mayfield Publish., Palo Alto, 1984, 274 pp.

Loganovsky K.N., Loganovskaja T.K. Brain latera-
lity and psychopathology in the remote period of
acute radiation sickness. In: Abstracts of the 4th La-
terality and Psychopathology Conference, London,
1997, p. 34.

Loganovsky K.N., Loganovskaja T.K. Schizophre-
nia and left fronto-temporal EEG abnormalities in

the aftermath of the Chernobyl disaster. In: Abstracts of
the 9th World Congress of the International Organization
of Psychophysiology, Taormina, 1998. Int. J. Psychophysi-
ol., 1998, 30 (1�2): 170.

Mickley G.A. Psychological effects of nuclear warfare.
In: J.J. Conklin, R.I. Walker (Eds.) Military radiobiology. Ac-
ademic Press Inc., San Diego, 1987, pp. 303�319.

Miyachi Y., Yamada T. Low-dose X-ray induced depres-
sion of sexual behaviour in mice. Behav. Brain Res., 1994,
65 (1): 113�115.

Montgomery D.C. Design and analysis of experiments.
John Wiley and Sons, New York, 1976, 418 pp.

Nyagu A., Loganovsky K., Vashchenko E., Yuriev K. Psy-
chophysiological effects of chronical irradiation as a re-
sult of the Chernobyl disaster. In: International Conference
�One decade after Chernobyl�: Book of extended synop-
ses, Vienna, IAEA, 1996, pp. 347�348.

Nyagu A.I., Loganovsky K.N. Mental disorders in the
Chernobyl accident survivors. In: Abstracts of the X World
Congress of Psychiatry, Madrid, 1996, S�136-1, p.119.

Nyagu A.I., Loganovsky K.N. Mental health in Chernobyl
survivors: remote period medical and social risks. In:
B.-M. Drottz-Sjoberg (Ed.) Proceedings of Int. Meeting of
the Society for Risk Analysis-Europe �New Risk Frontiers�.
Center for Risk Research, Stockholm, 1997, pp.769�777.

Nyagu A.I., Loganovsky K.N. Neurophysiological appro-
priatness of ionizing radiation effects. In: Low Doses of
Ionizing Radiation: Biological Effects and Regulatory Con-
trol, IAEA-TECDOC-976, Contributed papers of Int.  Conf.,
Seville, Spain, 17�21 November 1997, IAEA, WHO,
UNSCEAR, pp. 261�264.

Nyagu A.I., Loganovsky K.N., Loganovskaja T.K. Psycho-
physiological aftereffects of prenatal irradiation. Int. J. Psy-
chophysiol., 1998, 30: 303�311.

Overall J.E., Gorham D.R. The brief psychiatric rating
scale. Psychol. Rep., 1962, 10: 799�812.

Zhavoronkova L.A., Kholodova N.B., Zubovsky G.A., Go-
gitidze N.V., Koptelov Y.M. EEG power mapping, dipole
source and coherence analysis in Chernobyl patients.
Brain Topography, 1995, 8(2): 161�168.

Zung W.W.K., Wonnacott T.H. Treatment prediction in
depression using a self-rating scale. Biol. Psych., 1970,
2: 321�329.


