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Abstract 

Ten years follow-up investigation of intellectual development of 250 persons from Belarus exposed in utero

following the Chernobyl accident and a control group of 250 persons from non- and slightly contaminat-

ed regions has been conducted. Neuropsychiatry and psychological examinations were performed among

persons of both groups at the age of 6-7,10-12,and 15-16 years. Mean antenatal internal dose to thyroid

arising from the intake of 131I among persons of exposed group is 390±550 mGy (maximal dose - 4100

mGy), in control group - 35±65 mGy. Mean antenatal external dose among persons of exposed group is

10±13 mGy,maximal dose - 91 mGy. At the age of 6-7 years the persons in the exposed group had a mean

Full Scale IQ lower than the control group (89.6±10.2 vs 92.1±10.5,p=0.007). At the age of 10-12 years

there was no statistically significant difference between the two groups (94.3±10.4 vs 95.8±10.9,p=0.117).

Positive dynamics of intellectual development in persons of both groups has been observed up to age of

15-16years (98.7±10.2 è 99.5±10.5,p=0.171). No statistically significant correlation was found in exposed

group between individual thyroid dose as well as individual antenatal external dose and IQ at the differ-

ent ages. In both groups we notice a positive moderate correlation between IQ of persons and the educa-

tional level of their parents. We conclude that probably a significant role in the genesis of borderline intel-

lectual functioning and emotional disorders in the exposed group of persons was played by unfavorable

social-psychological and social-cultural factors.

Keywords: Chernobyl accident, exposure in utero, intellectual development, borderline intellectual func-

tioning,emotional disorders

INTRODUCTION

Antenatal exposure of the thyroid gland to ioniz-

ing radiation is one of the factors that might unfa-

vorably influence on the intellectual development.

Radiation affecting of the thyroid gland leads to

involvement of other endocrine glands in the

pathological process through the thyroid-hypoph-

ysis-hypothalamus system (Lyaginskaya A.M. et

al.,1992).

Among the unfavorable psychosocial factors capa-

ble to affect the mental health of children there

are to be taken into account the effects of forced

relocation or adaptation to new conditions of liv-

ing in areas exposed after the contamination.

These factors lead to psycho-emotional stress in

parents,and affected family relations (Kolominsky

Ya.I.,Igumnov S.A.,1995).

Thus in estimating the influence of the Chernobyl

nuclear power plant accident on the psychological

development of persons,it is necessary to take into

account both ante- and postnatal irradiation,non-

radiation burdening exogenous and psychosocial

factors (Nyagu A.I. et al.,1996).

The present study was concerning the clinical-

ÂÂÅÄÅÍÈÅ

Àíòåíàòàëüíîå îáëó÷åíèå ùèòîâèäíîé æåëåçû

(ÙÆ) ÿâëÿåòñÿ ôàêòîðîì, ñïîñîáíûì îêàçàòü íå-

ãàòèâíîå âëèÿíèå íà èíòåëëåêòóàëüíîå ðàçâèòèå.

Âîçäåéñòâèå íà ÙÆ ðàäèîèçîòîïîâ éîäà ìîæåò

ÿâèòüñÿ íà÷àëüíûì çâåíîì âîâëå÷åíèÿ â ïàòîëîãè-

÷åñêèé ïðîöåññ è äðóãèõ ýíäîêðèííûõ æåëåç ÷åðåç

ñèñòåìó ÙÆ-ãèïîôèç-ãèïîòàëàìóñ (Ëÿãèíñêàÿ

À.Ì. è ñîàâò.,1992).

Ñðåäè íåáëàãîïðèÿòíûõ ïñèõîñîöèàëüíûõ ôàêòîðîâ,

ñïîñîáíûõ îêàçàòü âëèÿíèå íà ïñèõè÷åñêîå çäîðîâüå

äåòåé, íåëüçÿ íå ó÷èòûâàòü ýôôåêòû âûíóæäåííîé

ìèãðàöèè èëè ïðèñïîñîáëåíèÿ ê íîâûì óñëîâèÿì

æèçíè íà ïîñòðàäàâøèõ òåððèòîðèÿõ. Ýòè ôàêòîðû

ïðèâîäÿò ê ïñèõîýìîöèîíàëüíîìó ñòðåññó ó

ðîäèòåëåé è íàðóøåíèþ ñåìåéíûõ âçàèìîîòíîøåíèé

(Êîëîìèíñêèé ß.Ë.,Èãóìíîâ Ñ.À.,1995).

Ïðè îöåíêå âëèÿíèÿ ×åðíîáûëüñêîé àâàðèè íà

ïñèõîëîãè÷åñêîå ðàçâèòèå ëèö, ïîäâåðãøèõñÿ âîç-

äåéñòâèþ â àíòåíàòàëüíîì ïåðèîäå, íåîáõîäèìî

ó÷èòûâàòü íå òîëüêî àíòåíàòàëüíîå è ïîñòíàòàëü-

íîå îáëó÷åíèå è íåðàäèàöèîííûå îòÿãîùàþùèå

ôàêòîðû, íî è ïñèõîñîöèàëüíûå ôàêòîðû (Íÿãó

À.È. è ñîàâò.,1996).
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psychological estimation if intellectual progress

in children exposed to antenatal exposure to ion-

izing radiation after the Chernobyl NPPaccident.

Reconstruction of individual radiation doses of

antenatal exposure on thyroid and whole body

external irradiation was held under study conduc-

tion with application within further clinical-

dosimetry analysis.

OBJECTIVE OF THE STUDY

* prospective investigation of the intellectual

development at the age of 6-7 years till age 15-16

years among persons exposed in utero following

the Chernobyl accident;·

* comparative analysis of the data obtained as a

result of the clinical and psychological investiga-

tion and dosimetry data; 

* investigation of the role of unfavorable social-

psychological and social-cultural factors stipulat-

ed by the Chernobyl accident and its consequences

in the genesis of the disturbances of intellectual

development of exposed children.

MATERIALS AND METHODS

Participants

The exposed group was of 250 persons, born

between May 1986 and February 1987. During

the Chernobyl accident their pregnant mothers

lived in the highly contaminated settlements

where 137Cs soil deposition densities ranged from

555 to 18,500 kBq·m-2. The control group was

formed by random selection and consisted of 250

persons had been born between May 1986 and

February 1987. Their mothers had constantly

lived in settlements with low and mild contami-

nation (from 2 to 200 kBq·m-2 of 137Cs). The dis-

tribution of persons according to sex and the peri-

od of gestation at the time of the Chernobyl acci-

dent is given in table 1. Also there were no rel-

evant distinctions of social status of parents of

persons belonging to the exposed and control

group.

Íàñòîÿùåå èññëåäîâàíèå ïîñâÿùåíî êëèíèêî-ïñèõî-

ëîãè÷åñêîé îöåíêå èíòåëëåêòóàëüíîãî ðàçâèòèÿ äå-

òåé,ïîäâåðãøèõñÿ àíòåíàòàëüíîìó îáëó÷åíèþ âñëåä-

ñòâèå àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ. Â õîäå èññëå-

äîâàíèÿ îñóùåñòâëåíà ðåêîíñòðóêöèÿ èíäèâèäóàëü-

íûõ äîç àíòåíàòàëüíîãî îáëó÷åíèÿ ÙÆ è àíòåíà-

òàëüíîãî âíåøíåãî îáëó÷åíèÿ,êîòîðûå áûëè èñïîëü-

çîâàíû â õîäå êëèíèêî-äîçèìåòðè÷åñêîãî àíàëèçà.

ÇÀÄÀ×È ÈÑÑËÅÄÎÂÀÍÈß 

* ïðîñïåêòèâíîå èññëåäîâàíèå èíòåëëåêòóàëüíîãî

ðàçâèòèÿ ëèö, ïîäâåðãøèõñÿ àíòåíàòàëüíîìó îáëó-

÷åíèþ â ðåçóëüòàòå àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ,

â âîçðàñòå îò 6-7 äî 15-16 ëåò;

* ñðàâíèòåëüíûé àíàëèç äàííûõ, ïîëó÷åííûõ â

õîäå êëèíèêî-ïñèõîëîãè÷åñêîãî èññëåäîâàíèÿ, è

äîçèìåòðè÷åñêèõ äàííûõ;

* îöåíêà ðîëè íåáëàãîïðèÿòíûõ ïñèõîëîãè÷åñêèõ

è ñîöèàëüíî-äåìîãðàôè÷åñêèõ ôàêòîðîâ, îáóñëîâ-

ëåííûõ ×åðíîáûëüñêîé àâàðèåé è åå

ïîñëåäñòâèÿìè, â ïðîèñõîæäåíèè íàðóøåíèé

èíòåëëåêòóàëüíîãî ðàçâèòèÿ ó îáëó÷åííûõ äåòåé.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ

Ó÷àñòíèêè èññëåäîâàíèÿ

Îáëó÷åííàÿ ãðóïïà ñîñòîÿëà èç 250 ëèö,

ðîæäåííûõ â ïåðèîä ñ ìàÿ 1986 ïî ôåâðàëü 1987

ãîäà îò ìàòåðåé, êîòîðûå íà ìîìåíò àâàðèè íà

×åðíîáûëüñêîé ÀÝÑ ïðîæèâàëè íà

êîíòðîëèðóåìûõ òåððèòîðèÿõ ñ óðîâíåì

çàãðÿçíåíèÿ ïî÷â 137Cs 555-18500 êÁê·ì-2.

Êîíòðîëüíàÿ ãðóïïà áûëà ñôîðìèðîâàíà ìåòîäîì

ñëó÷àéíîé âûáîðêè è ñîñòîÿëà èç 250 äåòåé,

ðîæäåííûõ â ïåðèîä ñ ìàÿ 1986 ïî ôåâðàëü 1987

ãîäà. Èõ ìàòåðè ïîñòîÿííî ïðîæèâàëè â ðàéîíàõ

ñ íèçêèì óðîâíåì ðàäèîàêòèâíîãî çàãðÿçíåíèÿ (2-

200 êÁê·ì-2 ïî 137Cs). Ðàñïðåäåëåíèå äåòåé â

çàâèñèìîñòè îò ïîëà è ñðîêà ãåñòàöèè â ìîìåíò

àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ ïðåäñòàâëåíî â

òàáëèöå 1. Îòñóòñòâîâàëè òàêæå äîñòîâåðíûå

ðàçëè÷èÿ â ñîöèàëüíîì ñòàòóñå ðîäèòåëåé äåòåé

îáëó÷åííîé è êîíòðîëüíîé ãðóïï.

TTAABBLLEE  11

AGE AND SEX DISTRIBUTIONS OF PERSONS OF EXPOSED AND CONTROL GROUPS

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  11  

ÐÀÑÏÐÅÄÅËÅÍÈÅ ËÈÖ ÎÑÍÎÂÍÎÉ È ÊÎÍÒÐÎËÜÍÎÉ ÃÐÓÏÏ 

ÏÎ ÏÅÐÈÎÄÀÌ ÃÅÑÒÀÖÈÈ È ÏÎËÓ

Number of persons in 

exposed group control group 

Comparison between 

groups, p 

Gestation 

period, 

weeks male female total male female total in gender total 

0–7 35 24 59 38 32 70 0.57 0.26 

8–15 29 24 53 28 24 52 0.93 0.91 

16–25 29 27 56 30 28 58 0.99 0.83 

> 25 33 49 82 32 38 70 0.50 0.24 

Total 126 124 250 128 122 250 0.86 − 
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Estimation of the period of gestation at the time

of the Chernobyl accident was based upon the

inferred first day of the last menstrual period

and has been calculated with the modified for-

mula of Schull et al. (1988). The mean dura-

tion of gestation was assumed as 280 days

(assayed since the last menstrual cycle onset).

The day of birth was obtained by interview with

the mothers of the persons. To obtain the age

after fertilization, 14 days have been subtracted

from the term of gestation at the time of the

Chernobyl accident.

Dosimetry

Thyroid doses from iodine intake were reconstructed

on the basis of results of 131I activity direct measure-

ments in thyroid (if such data were available from

measurements held in mothers of children included

in the study),or from an 131I environmental transfer

model adapted to the local Belarusian conditions

(Drozdovitch V.V. et al.,1997). The regional-spe-

cific values were received for the following radio-eco-

logical parameters according to the respective local

conditions: (a) ratio between activities of 131I and
137Cs in ground deposition; (b) initial interception of
131I by vegetation; (c) elimination rate of 131I from

grass and milk due to airing and growth; and (d)

transfer factor for 131I from grass to cow's milk.

Model was validated with the received results valid-

ity estimation for 292 settlements where average thy-

roid radiation doses calculated according to the

model were compared to the values of direct 131I

activity measurements in thyroid gland (Gavrilin

Yu.I. et al.,1999). For 95% of these settlements the

results of the radio-ecological model and the meas-

urements agree within a factor of 2.5 (Drozdovitch

V.V.,1999).

Thyroid doses for persons exposed in utero were

estimated from results of individual thyroid radi-

ation dose estimates for the mother, and from a

transfer coefficient from maternal radiation dose

to the fetal one with taking into account the peri-

od of gestation at the time of exposure (Zvonova

I.A., Balonov M.I., 1993). To estimate the indi-

vidual thyroid doses the following information

about the life-style of the mother during the

iodine period was obtained by personal interview:

(a) consumption rates of fresh milk and diary

products; (b) origin of consumed foodstuffs; (c)

cessation of consumption of locally produced

foodstuffs; (d) place of residence at the time of

accident; (e) migration during April-May 1986;

(f) stable iodine prophylaxis, etc. Antenatal

external doses from radionuclides deposited onto

ground were reconstructed also for persons of the

exposed and control group. Reconstruction has

been performed based on the values of dose rate

in uterus per unit of radionuclide deposition den-

sity (Jacob P. et al., 1988), radionuclide compo-

sition in fallout measured in different 

Ñðîê ãåñòàöèè â ìîìåíò ×åðíîáûëüñêîé

êàòàñòðîôû âû÷èñëÿëè ïî ìîäèôèöèðîâàííîé

ôîðìóëå,ïðåäëîæåííîé W. Schull et al. (1989),

ïóòåì âû÷èòàíèÿ èç 280 ñóòîê (ñðåäíÿÿ

ïðîäîëæèòåëüíîñòü áåðåìåííîñòè, èçìåðåííàÿ ñî

äíÿ íàñòóïëåíèÿ ïîñëåäíåãî ìåíñòðóàëüíîãî

öèêëà) ïåðèîäà âðåìåíè ìåæäó ìîìåíòîì

êàòàñòðîôû è äàòîé ðîæäåíèÿ ðåáåíêà. Èç ñðîêà

áåðåìåííîñòè â ìîìåíò àâàðèè çàòåì âû÷èòàëè 14

äíåé äëÿ âíåñåíèÿ ïîïðàâêè íà âðåìÿ ìåæäó

íàñòóïëåíèåì ïîñëåäíåãî ìåíñòðóàëüíîãî öèêëà è

îâóëÿöèåé ñ îïëîäîòâîðåíèåì ÿéöåêëåòêè.

Äîçèìåòðèÿ

Äîçû îáëó÷åíèÿ ÙÆ îò ïîñòóïëåíèÿ éîäà áûëè

ðåêîíñòðóèðîâàíû íà îñíîâå ðåçóëüòàòîâ ïðÿìûõ

èçìåðåíèé åãî àêòèâíîñòè â ÙÆ (åñëè ýòè èçìåðåíèÿ

áûëè ïðîâåäåíû äëÿ ìàòåðåé ëèö, âêëþ÷åííûõ â

èññëåäîâàíèå) èëè èñïîëüçóÿ ìîäåëü ïåðåíîñà 131I â

îêðóæàþùåé ñðåäå, àäàïòèðîâàííóþ ê ìåñòíûì

óñëîâèÿì (Drozdovitch V.V. et al.,1997). Ðåãèîíàëü-

íî-ñïåöèôè÷åñêèå çíà÷åíèÿ áûëè ïîëó÷åíû äëÿ

ñëåäóþùèõ ðàäèîýêîëîãè÷åñêèõ ïàðàìåòðîâ ìîäåëè:

1) îòíîøåíèå àêòèâíîñòåé 131I ê 137Cs â âûïàäåíèÿõ; 2)

ôàêòîð íà÷àëüíîãî óäåðæàíèÿ 131I ðàñòèòåëüíîñòüþ;

3) ñêîðîñòü î÷èñòêè ðàñòèòåëüíîñòè îò 131I èç-çà ïðî-

öåññîâ âûâåòðèâàíèÿ è ðîñòà; 4) êîýôôèöèåíò

ïåðåõîäà 131I â ìîëîêî êîðîâû. Äëÿ âåðèôèêàöèè

ìîäåëè è îöåíêè äîñòîâåðíîñòè ïîëó÷àåìûõ ðå-

çóëüòàòîâ äëÿ 292 íàñåëåííûõ ïóíêòîâ ïðîâåäåíî

ñðàâíåíèå ñðåäíèõ äîç îáëó÷åíèÿ ÙÆ,ðàññ÷èòàííûõ

ïî ìîäåëè, è îöåíåííûõ ïî ðåçóëüòàòàì ïðÿìûõ

èçìåðåíèé àêòèâíîñòè 131I â ÙÆ. (Gavrilin Yu.I. et

al.,1999). Äëÿ 95% íàñåëåííûõ ïóíêòîâ ðåçóëüòàòû

ðàñ÷åòà ïî ìîäåëè è ïî ïðÿìûì èçìåðåíèÿì

ñîãëàñóþòñÿ â ïðåäåëàõ ôàêòîðà 2,5 (Drozdovitch,

V.V. 1998).

Äîçû îáëó÷åíèÿ ÙÆ äëÿ àíòåíàòàëüíî îáëó÷åí-

íûõ ëèö îöåíèâàëèñü íà îñíîâå ðåçóëüòàòîâ ðåêîí-

ñòðóêöèè èíäèâèäóàëüíûõ äîç îáëó÷åíèÿ äëÿ ìàòå-

ðåé è êîýôôèöèåíòîâ ïåðåõîäà îò äîçû îáëó÷åíèÿ

ÙÆ ìàòåðè ê äîçå îáëó÷åíèÿ ÙÆ ïëîäà ñ ó÷åòîì

ñðîêà áåðåìåííîñòè â ìîìåíò îáëó÷åíèÿ (Zvonova

I.A.,Balonov M.I.,1993). Îöåíêó èíäèâèäóàëüíûõ

äîç îáëó÷åíèÿ ÙÆ ïðîâîäèëè íà îñíîâàíèè äàí-

íûõ îáðàçà æèçíè ìàòåðè â òå÷åíèå éîäíîãî ïåðèî-

äà,ïîëó÷åííîé ïóòåì ïåðñîíàëüíûõ îïðîñîâ: 1) êî-

ëè÷åñòâî ïîòðåáëÿåìîãî ìîëîêà è ìîëî÷íûõ ïðî-

äóêòîâ 2) èñòî÷íèêè ïîòðåáëÿåìûõ ïðîäóêòîâ; 3)

äàòà ïðåêðàùåíèÿ óïîòðåáëåíèÿ ïðîäóêòîâ ïèòàíèÿ

ìåñòíîãî ïðîèçâîäñòâà; 4) ìåñòî æèòåëüñòâà â ìî-

ìåíò àâàðèè; 5) ïåðååçäû â òå÷åíèå àïðåëÿ-ìàÿ

1986ã.; 6) éîäíàÿ ïðîôèëàêòèêà è äð. Äëÿ ëèö îñ-

íîâíîé è êîíòðîëüíîé ãðóïï áûëè òàêæå ðåêîí-

ñòðóèðîâàíû àíòåíàòàëüíûå äîçû âíåøíåãî îáëó÷å-

íèÿ îò ðàäèîíóêëèäîâ, âûïàâøèõ íà ïîâåðõíîñòü

ïî÷âû,ñ èñïîëüçîâàíèåì çíà÷åíèé ìîùíîñòè äîçû,

ïîãëîùåííîé ìàòåðèíñêîé ìàòêîé,íà åäèíèöó ïëîò-

íîñòè çàãðÿçíåíèÿ (JacobP. et al.,1988),ñîîòíîøå-

íèé ðàäèîíóêëèäîâ â âûïàäåíèÿõ â ðàçíûõ ðåãèî-
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territories, and individual behavior of mothers

after the accident. The last one included: (a) res-

idence place at the time of accident; (b) migra-

tion within period since the accident till child-

birth; (c) type of dwelling; (d) time spent out-

doors.

Psychological examination

The intellectual development of these persons was

examined by means of psychological testing using

the modified Wechsler Intelligence Scale for

Children - WISC-III-UK (Wechsler D., 1992).

We also applied clinical-psychological and social-

psychological methods: studying of microsocial

surrounding of persons and comparative analysis

conduction of the education level of their parents

(i.e. incomplete secondary,secondary,special sec-

ondary and higher education).

RESULTS AND DISCUSSION

Dosimetry

For 64 persons from the exposed group and for 72

persons from the control group a zero thyroid dose

from 131I mother's intake was estimated. It is

mainly due to the fact that gestation age of the

fetus at the time of the accident was less than 10

weeks and there was no uptake of 131I by undevel-

oped thyroid. The mean internal thyroid doses

from 131I were estimated to be 390±550 and 35±65

mGy in exposed and control group respectively,

medians of distributions in both groups - 230 and

14 mGy respectively. In exposed group the max-

imal individual internal antenatal thyroid dose

was 4,100 mGy.

The mean doses from external exposure to fetus of

10±3 mGy and 0.2±0.4 mGy were estimated in

exposed and control group, accordingly. Medians

of external thyroid dose distribution in exposed

and control group were 6 and 0.1 mGy respective-

ly. Among persons of the exposed group the max-

imal individual external antenatal thyroid dose

was 91 mGy.

IQ test results

At the age 6-7 years persons of the exposed group

had a lower mean full-scale Intelligence Quotient

(IQ) compared to the control group (89.6±10.2 vs.

92.1±10.5,p=0.007). We found that persons of the

exposed group had a relatively more cases of a low

average range of full-scale IQ (IQ=80-89) as com-

pared to the control group (92 persons (36.8%) vs.

66 persons (26.4%) in control group, P=0.012).

Clinically the children having low average level of

intellectual norm were characterized by moderate

disorders of cognitive processes,poor motivation to

school education and lack of intellectual prerequi-

sites (active attention, short-term memory, con-

structional functions,etc.). There were no statisti-

cally significant differences between mean IQs 

íàõ è äàííûõ îá îáðàçå æèçíè ìàòåðè ïîñëå àâà-

ðèè: 1) ìåñòî æèòåëüñòâà â ìîìåíò àâàðèè; 2) ïå-

ðååçäû â òå÷åíèå ïîñëåàâàðèéíîãî ïåðèîäà äî

ðîæäåíèÿ ðåáåíêà; 3) òèï çäàíèÿ,â êîòîðîì ïðî-

æèâàëà áåðåìåííàÿ; 4) âðåìåíè, ïðîâåäåííîì íà

îòêðûòîì âîçäóõå.

Ïñèõîëîãè÷åñêîå èññëåäîâàíèå

Èíòåëëåêòóàëüíîå ðàçâèòèå îöåíèâàëè ïóòåì ïñèõî-

ëîãè÷åñêîãî òåñòèðîâàíèÿ ïî àäàïòèðîâàííîé âåðñèè

Øêàëû Âåêñëåðà äëÿ èçìåðåíèÿ èíòåëëåêòà äåòåé

(Wechsler Intelligence Scale for Children-WISC-III-

UK) (Wechsler D.,1992). Èñïîëüçîâàëè òàêæå êëè-

íèêî-ïñèõîëîãè÷åñêèå è ñîöèàëüíî-ïñèõîëîãè÷åñêèå

ìåòîäû: èçó÷åíèå ìèêðîñîöèàëüíîãî îêðóæåíèÿ è

ñðàâíèòåëüíûé àíàëèç îáðàçîâàòåëüíîãî óðîâíÿ ðîäè-

òåëåé (íåçàêîí÷åííîå ñðåäíåå, ñðåäíåå, ñðåäíåå ñïå-

öèàëüíîå,âûñøåå îáðàçîâàíèå).

ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Äîçèìåòðèÿ 

Äëÿ 64 äåòåé èç îñíîâíîé ãðóïïû è äëÿ 72 äåòåé

èç êîíòðîëüíîé ãðóïïû ðåêîíñòðóèðîâàíà íóëåâàÿ

äîçà âíóòðåííåãî îáëó÷åíèÿ ÙÆ 131I. Ýòî îáóñëî-

âëåíî,â îñíîâíîì,òåì ôàêòîì,÷òî ñðîê ãåñòàöèè íà

ìîìåíò àâàðèè íà ×ÀÝÑ ñîñòàâëÿë ìåíåå 10 íåäåëü

è íå áûëî ïîñòóïëåíèÿ ðàäèîàêòèâíîãî éîäà â íå-

ðàçâèòóþ ÙÆ ïëîäà. Ñðåäíèå äîçû îáëó÷åíèÿ

ÙÆ 131I â îñíîâíîé è êîíòðîëüíîé ãðóïïàõ ñîñòà-

âèëè,ñîîòâåòñòâåííî,390±550 ìÃð è 35±65 ìÃð,ìå-

äèàíû ðàñïðåäåëåíèÿ - 230 è 14 ìÃð. Ñðåäè ëèö

îñíîâíîé ãðóïïû ìàêñèìàëüíàÿ èíäèâèäóàëüíàÿ

ïðåíàòàëüíàÿ äîçà îáëó÷åíèÿ ÙÆ ñîñòàâèëà 4100

ìÃð.

Ñðåäíèå äîçû âíåøíåãî îáëó÷åíèÿ íà ïëîä 10±13

ìÃð è 0,2±0,4 ìÃð áûëè îöåíåíû äëÿ ëèö îñíîâíîé

è êîíòðîëüíîé ãðóïï. Ìåäèàíà ðàñïðåäåëåíèÿ äîç

âíåøíåãî îáëó÷åíèÿ ñîñòàâèëà 6 è 0,1 ìÃð äëÿ ëèö

îñíîâíîé è êîíòðîëüíîé ãðóïï. Ñðåäè ëèö

îñíîâíîé ãðóïïû ìàêñèìàëüíàÿ èíäèâèäóàëüíàÿ

àíòåíàòàëüíàÿ äîçà âíåøíåãî îáëó÷åíèÿ ñîñòàâèëà

91 ìÃð.

Òåñòû èíòåëëåêòóàëüíîãî ðàçâèòèÿ

Â 6-7-ëåòíåì âîçðàñòå ëèöà îáëó÷åííîé ãðóïïû èìå-

ëè áîëåå íèçêèé ñðåäíèé îáùèé êîýôôèöèåíò èíòåë-

ëåêòóàëüíîñòè (IQ) â ñðàâíåíèè ñ êîíòðîëåì

(89,6±10,2 è 92,1±10,5; ð=0,007). Âûÿâëåíî òàêæå

îòíîñèòåëüíîå ïðåîáëàäàíèå ñëó÷àåâ "íèæíåãî óðîâ-

íÿ èíòåëëåêòóàëüíîé íîðìû" (IQ=80-89) â îáëó÷åí-

íîé ãðóïïå,â ñðàâíåíèè ñ êîíòðîëüíîé (92 (36,8%) è

66äåòåé (26,4%),ñîîòâåòñòâåííî; ð=0,012). Êëèíè÷å-

ñêè äåòè ñ "íèæíèì óðîâíåì èíòåëëåêòóàëüíîé íîð-

ìû" õàðàêòåðèçîâàëèñü óìåðåííîé çàäåðæêîé ôîð-

ìèðîâàíèÿ ïîçíàâàòåëüíûõ ïðîöåññîâ, íèçêèì óðîâ-

íåì ìîòèâàöèè ê øêîëüíîìó îáó÷åíèþ è íåäîñòàòî÷-

íûì óðîâíåì ðàçâèòèÿ "ïðåäïîñûëîê èíòåëëåêòà"

(àêòèâíîãî âíèìàíèÿ, êðàòêîâðåìåííîé ïàìÿòè, êîí-

ñòðóêòèâíîãî ïðàêñèñà è ò.ä.). Íå âûÿâëåíî ñòàòè- 
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of the exposed and control groups at the age 10-12

years (94.3±10.4 vs. 95.8±10.9, p=0.117), and at

the age 15-16 years (98.2±10.7 vs. 99.5±10.5,

p=0.171). Dynamics of IQ in persons of exposed

and control group from the age of 6-7 years till the

age of 15-16 years are given in table 2.

ñòè÷åñêè äîñòîâåðíûõ ðàçëè÷èé ñðåäíèõ IQ îáëó÷åí-

íîé è êîíòðîëüíîé ãðóïï â âîçðàñòå 10-12 ëåò

(94,3±10,4 è 95,8±10,9; ð=0,117) è â âîçðàñòå 15-16

ëåò (98,2±10,7 è 99,5±10,5; ð=0,171). Äèíàìèêà IQ

ëèö îáëó÷åííîé è êîíòðîëüíîé ãðóïï â âîçðàñòå îò 6-

7 äî 15-16ëåò ïðèâåäåíà â òàáëèöå 2.

The distribution of IQ among persons of the

exposed group for the gestational age at the time

of the Chernobyl accident is given in table 3. No

statistically significant differences in average IQ

were found between subgroups.

Ðàñïðåäåëåíèå IQ ëèö îáëó÷åííîé ãðóïïû â

çàâèñèìîñòè îò ñðîêà ãåñòàöèè íà ìîìåíò àâàðèè

íà ×åðíîáûëüñêîé ÀÝÑ ïðèâåäåíî â òàáëèöå 3.

Ñòàòèñòè÷åñêè äîñòîâåðíûõ ðàçëè÷èé ñðåäíèõ IQ

ìåæäó ïîäãðóïïàìè íå íàáëþäàëîñü.

The distribution of average IQ among persons of the

exposed group in relation to the thyroid dose from 131I

ranges is given in table 4. Subgroup of persons with

thyroid doses over 1,000 mGy had relatively lower

mean full-scale IQ compared to the entire exposed

group at the age 6-7 years (86.5±7.4 vs. 89.6±10.2,

p=0.162), at the age 10-12 years (90.0±7.9 vs.

94.3±10.4, p=0.066), and at the age 15-16 years

(94.1±9.4 vs. 98.2±10.7, p=0.091). No significant

correlation was also found in exposed group between

individual thyroid dose from 131I and IQ at the age of

6-7 years (r = -0.11; ð>0.1),at the age of 10-12 years

(r = -0.21; ð>0.1),and at the age of 15-16years (r =

-0.29; ð>0.05) (figure 1).

Ðàñïðåäåëåíèå èíòåëëåêòóàëüíûõ ïîêàçàòåëåé ëèö

îáëó÷åííîé ãðóïïû â çàâèñèìîñòè îò óðîâíÿ äîçû

àíòåíàòàëüíîãî îáëó÷åíèÿ ÙÆ 131I ïðèâåäåíî â

òàáëèöå 4. IQ ëèö, äîçû àíòåíàòàëüíîãî îáëó÷åíèÿ

ÙÆ êîòîðûõ ïðåâûøàþò 1000 ìÃð, áûëè îòíî-

ñèòåëüíî íèæå,÷åì ïî îáëó÷åííîé ãðóïïå â öåëîì,â

âîçðàñòå 6-7 ëåò (86,5±7,4 è 89,6±10,2; ð=0,162), â

10-12 ëåò (90,0±7,9 è 94,3±10,4; ð=0,066) è â 15-16

ëåò (94,1±9,4 è 98,2±10,7; ð=0,091). Íå âûÿâëåíî

ñòàòèñòè÷åñêè äîñòîâåðíîé êîððåëÿöèîííîé çàâè-

ñèìîñòè ìåæäó èíäèâèäóàëüíîé äîçîé àíòå-

íàòàëüíîãî îáëó÷åíèÿ ÙÆ 131I è IQ â âîçðàñòå 6-7

ëåò (r=-0,11; ð>0,1),10-12 ëåò (r=-0,21; ð>0,1) è 15-

16ëåò (r=-0,29; ð>0,05) (ðèñóíîê 1).

TTAABBLLEE  22

DYNAMICS OF INTELLECTUAL DEVELOPMENT IN PERSONS OF EXPOSED AND CONTROL GROUP 

FROM THE AGE OF 6-7, 10-12 AND 15-16 YEARS

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  22

ÄÈÍÀÌÈÊÀ ÓÐÎÂÍß IQ ËÈÖ ÎÑÍÎÂÍÎÉ È ÊÎÍÒÐÎËÜÍÎÉ ÃÐÓÏÏ 

Â ÂÎÇÐÀÑÒÅ 6-7, 10-12 È 15-16 ËÅÒ

Persons of group at the age of 

6−−7 years 10−−12 years 15−−16 years* 
Full Scale Intelligence Quotient 

(IQ) 
N % N % N % 

Exposed group       

≥ 90 (average and high average range) 125 50.0 177 70.8 206 84.1 

80-89 (low average range) 92 36.8 56 22.4 28 11.4 

70-79 (borderline intellectual functioning) 27 10.8 11 4.4 6 2.5 

≤ 69 (exceptionally low range) 6 2.4 6 2.4 5 2.0 

Control group       

≥ 90 (average and high average range) 158 63.2 193 77.2 195 81.5 

80-89 (low average range) 66 26.4 42 16.8 37 15.5 

70-79 (borderline intellectual functioning) 22 8.8 10 4.0 3 1.3 

≤ 69 (exceptionally low range) 4 1.6 5 2.0 4 1.7 

Note. *Due to migration at the age 15-16 years 5 persons had left the exposed group and 11 persons had left the control group.

Ïðèìå÷àíèå. *Èç-çà ìèãðàöèè 5 ÷åëîâåê ïîêèíóëè îñíîâíóþ ãðóïïó è 11 ÷åëîâåê ïîêèíóëè êîíòðîëüíóþ ãðóïïó.

TTAABBLLEE  33

THE DISTRIBUTION OF IQ AMONG THE PERSONS OF THE EXPOSED GROUP 

IN RELATION TO THE GESTATIONAL AGE AT THE TIME OF THE CHERNOBYL ACCIDENT 

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  33  

ÐÀÑÏÐÅÄÅËÅÍÈÅ IQ ËÈÖ ÎÑÍÎÂÍÎÉ ÃÐÓÏÏÛ 

Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÑÐÎÊÀ ÃÅÑÒÀÖÈÈ ÍÀ ÌÎÌÅÍÒ ÀÂÀÐÈÈ ÍÀ ×ÀÝÑ

Full scale IQ (mean ± SD) Gestational age, weeks 
N 

6−−7 years 10−−12 years 15−−16 years 

0−7 59 87.1 ± 12.1 91.8 ± 13.0 95.8 ± 13.0 

8−15 53 89.6 ± 8.8 95.4 ± 8.7 99.7 ± 9.4 

16−25 56 89.4 ± 9.8 94.0 ± 9.9 98.1 ± 10.0 

> 25 82 91.5 ± 9.5 95.5 ± 9.6 99.1 ± 10.0 

Total 250 89.6 ± 10.2 94.3 ± 10.4 98.2 ± 10.7 
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TTAABBLLEE  44  

THE DISTRIBUTION OF IQ AMONG THE PERSONS OF THE EXPOSED GROUP 

IN RELATION TO THE  THYROID DOSE  RANGES

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  44  

ÐÀÑÏÐÅÄÅËÅÍÈÅ IQ ËÈÖ ÎÑÍÎÂÍÎÉ ÃÐÓÏÏÛ Â ÇÀÂÈÑÈÌÎÑÒÈ 

ÎÒ ÄÎÇÛ ÀÍÒÅÍÀÒÀËÜÍÎÃÎ ÎÁËÓ×ÅÍÈß ÙÆ

Full scale IQ (mean ± SD) Thyroid dose range, 

mGy 
N 

6−−7 years 10−−12 years 15−−16 years 

0 72 87.6±10.9 92.2±11.5 98.3±11.9 

10−299 63 91.7±8.3 96.7±7.2 100.7±8.9 

300−599 62 89.18±9.7 93.9±10.6 98.9±9.9 

600−999 32 90.8±10.8 95.3±10.5 98.4±9.7 

> 1000 21 86.5±7.4 90.0±7.9 94.1±9.4 

Total 250 89.6±10.2 94.3±10.4 98.2±10.7 

 

FFIIGGUURREE  11.. DEPENDENCE OF FULL-SCALE IQ FROM INDIVIDUAL THYROID DOSES 

FROM AT THE AGE OF 15-16 YEARS AMONG PERSONS OF EXPOSED GROUP

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  11. ÇÀÂÈÑÈÌÎÑÒÜ ÎÁÙÈÕ ÈÍÒÅËËÅÊÒÓÀËÜÍÛÕ ÏÎÊÀÇÀÒÅËÅÉ (IQ) Â ÂÎÇÐÀÑÒÅ 15-16 ËÅÒ È ÈÍÄÈÂÈÄÓÀËÜÍÎÉ ÄÎÇÛ

ÀÍÒÅÍÀÒÀËÜÍÎÃÎ ÎÁËÓ×ÅÍÈß ÙÆ ÄËß ËÈÖ ÎÑÍÎÂÍÎÉ ÃÐÓÏÏÛ

The distribution of average IQ among the per-

sons of the exposed group in relation to the

external dose ranges is given in table 5. Sub-

group of persons with the highest external ante-

natal doses (over than 30 mGy) has relatively

lower mean full-scale IQ compared to the whole

exposed group at the age 6-7 years (85.5±6.3 vs.

89.6±10.2; p=0.185), at the age 10-12 years

(90.2±6.3vs. 94.3±10.4; p=0.199),and at the age

15-16 years (92.4±9.4 vs. 98.2±10.7; p=0.057).

At the same time,no statistically significant cor-

relation was found in exposed group between in-

dividual external antenatal dose and IQ at the

age of 6-7 years (r=-0.14),at the age of 10-12 ye-

ars (r=-0.13), and at the age of 15-16 years (r=-

0.19). Figure 2 shows dependence of full-scale

IQ from individual external antenatal doses at

the age of 15-16 years among persons of exposed

group.

Ðàñïðåäåëåíèå IQ ëèö îáëó÷åííîé ãðóïïû â çà-

âèñèìîñòè îò óðîâíÿ äîçû àíòåíàòàëüíîãî âíå-

øíåãî îáëó÷åíèÿ ïîêàçàíî â òàáëèöå 5. Ïîäãðóï-

ïà èç 11 ëèö ñ íàèáîëåå âûñîêèìè äîçàìè àíòåíà-

òàëüíîãî âíåøíåãî îáëó÷åíèÿ (áîëåå 30 ìÃð) õà-

ðàêòåðèçîâàëàñü áîëåå íèçêèì IQ â ñðàâíåíèè ñ

îáëó÷åííîé ãðóïïîé â öåëîì â âîçðàñòå 6-7 ëåò

(85,5±6,3 è 89,6±10,2 ñîîòâåòñòâåííî; ð=0,185),â

âîçðàñòå 10-12 ëåò (90,2±6,3 è 94,3±10,4;

ð=0,199) è â âîçðàñòå 15-16 ëåò (92,4±9,4 è

98,2±10,7; ð=0,057). Â òî æå âðåìÿ, ñòàòèñòè÷å-

ñêè çíà÷èìîé êîððåëÿöèè ìåæäó äîçàìè âíåøíå-

ãî îáëó÷åíèÿ òåëà ïëîäà è ïîêàçàòåëÿìè èíòåë-

ëåêòóàëüíîãî ðàçâèòèÿ â âîçðàñòå 6-7 (r = -0,14),

10-12 (r = -0,13),è 15-16 ëåò (r = -0,20) âûÿâëåíî

íå áûëî. Ðèñóíîê 2 ïîêàçûâàåò çàâèñèìîñòü îá-

ùåãî IQ â âîçðàñòå 15-16 ëåò îò èíäèâèäóàëüíîé

äîçû àíòåíàòàëüíîãî âíåøíåãî îáëó÷åíèÿ äëÿ

ëèö îáëó÷åííîé ãðóïïû.
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TTAABBLLEE  55

THE DISTRIBUTION OF IQ AMONG THE PERSONS OF THE EXPOSED GROUP 

IN RELATION TO THE EXTERNAL ANTENATAL DOSE RANGES

ÒÒÀÀÁÁËËÈÈÖÖÀÀ  55

ÐÀÑÏÐÅÄÅËÅÍÈÅ IQ ËÈÖ ÎÑÍÎÂÍÎÉ ÃÐÓÏÏÛ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÄÎÇÛ ÀÍÒÅÍÀÒÀËÜÍÎÃÎ ÂÍÅØÍÅÃÎ ÎÁËÓ×ÅÍÈß

Full scale IQ (mean ± SD) External dose range, 

mGy 
N 

6−−7 years 10−−12 years 15−−16 years 

< 2.99 54 90.9±11.3 95.1±11.3 98.8±11.4 

3.0−5.99 70 91.2±9.9 96.0±10.8  100.0±10.9  

6.0−9.99 52 90.1±10.6 94.3±10.5 98.5±10.2 

10.0−29.99 63 87.0±9.4 92.2±9.5 96.7±9.9 

> 30.0 11 85.5±6.3 90.2±6.3 92.4±9.6 

Total 250 89.6±10.2 94.3±10.4 98.2±10.7 

FFIIGGUURREE  22.. DEPENDENCE OF FULL-SCALE IQ FROM INDIVIDUAL EXTERNAL ANTENATAL DOSES 

AT THE AGE OF 15-16 YEARS AMONG PERSONS OF EXPOSED GROUP

ÐÐÈÈÑÑÓÓÍÍÎÎÊÊ  22.. ÇÀÂÈÑÈÌÎÑÒÜ ÎÁÙÈÕ ÈÍÒÅËËÅÊÒÓÀËÜÍÛÕ ÏÎÊÀÇÀÒÅËÅÉ (IQ) Â ÂÎÇÐÀÑÒÅ 15-16 ËÅÒ 

È ÈÍÄÈÂÈÄÓÀËÜÍÎÉ ÄÎÇÛ ÀÍÒÅÍÀÒÀËÜÍÎÃÎ ÂÍÅØÍÅÃÎ ÎÁËÓ×ÅÍÈß ÄËß ËÈÖ ÎÑÍÎÂÍÎÉ ÃÐÓÏÏÛ

Family study

In the exposed group we found a positive moder-

ate correlation between the IQ of persons and the

educational level of their parents - mothers

(r=0.50; p<0.01) and fathers (r=0.52; p<0.01). A

weaker correlation was found between the intel-

lectual level of persons of the control group and

the educational level of their parents - mothers

(r=0.41; p<0.05) and fathers (r=0.42; p<0.05).

CONCLUSIONS

1. The positive dynamics of intellectual develop-

ment in persons of exposed group has been

observed at the age from 6-7 till 15-16.

2. No statistically significant correlation was

found in exposed group between individual thy-

roid dose as well as individual antenatal external

dose and IQ at the age of 6-7 years, 10-12 years,

and 15-16 years.

3. Disorders of intellectual development in the

exposed group of children were caused mainly by

unfavorable social-psychological and social-cultural

factors such as a low educational level of parents,

break of microsocial contacts and difficulties of

adaptation,which appeared in the wake of the evac-

uation and relocation from the contaminated areas.

Èññëåäîâàíèå ñåìåéíîãî îêðóæåíèÿ 

Â îáëó÷åííîé ãðóïïå âûÿâèëè ïîëîæèòåëüíóþ

êîððåëÿöèîííóþ âçàèìîñâÿçü IQ äåòåé îñíîâíîé

ãðóïïû è îáðàçîâàòåëüíîãî óðîâíÿ èõ ðîäèòåëåé -

ìàòåðåé (r = 0,50; p<0,01 ) è îòöîâ (r= 0,52; p<0,01).

Áîëåå íèçêàÿ êîððåëÿöèÿ áûëà âûÿâëåíà ìåæäó

èíòåëëåêòóàëüíûì óðîâíåì ëèö êîíòðîëüíîé ãðóïïû

è îáðàçîâàòåëüíûì óðîâíåì èõ ðîäèòåëåé (äëÿ

ìàòåðåé r = 0,41; p<0,01; äëÿ îòöîâ r = 0,42; p<0,01).

ÂÛÂÎÄÛ

1.Èíòåëëåêòóàëüíîå ðàçâèòèå ëèö îáëó÷åííîé ãðóïïû

â âîçðàñòå îò 6-7 äî 15-16 ëåò õàðàêòåðèçîâàëîñü

ïîëîæèòåëüíîé äèíàìèêîé.

2. Â îáëó÷åííîé ãðóïïå íå âûÿâëåíî êîððåëÿöèîííîé

çàâèñèìîñòè èíäèâèäóàëüíûõ äîç àíòåíàòàëüíîãî îáëó-

÷åíèÿ ÙÆ è àíòåíàòàëüíîãî âíåøíåãî îáëó÷åíèÿ è IQ

â âîçðàñòå 6-7 ëåò,10-12 ëåò è 15-16ëåò.

3. Îñíîâíóþ ðîëü â ïðîèñõîæäåíèè íàðóøåíèé

èíòåëëåêòóàëüíîãî ðàçâèòèÿ â îáëó÷åííîé ãðóïïå

äåòåé èãðàëè íåáëàãîïðèÿòíûå ïñèõîëîãè÷åñêèå è

ñîöèàëüíî-äåìîãðàôè÷åñêèå ôàêòîðû, òàêèå êàê

íèçêèé îáðàçîâàòåëüíûé óðîâåíü ðîäèòåëåé,

äåôèöèò èíôîðìàöèè, ðàçðûâ ìèêðîñîöèàëüíûõ

êîíòàêòîâ è òðóäíîñòè àäàïòàöèè, âîçíèêøèå â

ïðîöåññå ïåðåñåëåíèÿ èç ïîñòðàäàâøèõ ðàéîíîâ.



115

Igumnov, Drozdovitch / International Journal of Radiation Medicine 2004, 6(1-4): 108-115

ACKNOWLEDGEMENT

This study has been funded within the framework

of the contracts B01-179 from the Belarusian Fund

of Fundamental Research.

ÂÛÐÀÆÅÍÈÅ ÁËÀÃÎÄÀÐÍÎÑÒÈ 

Äàííîå èññëåäîâàíèå âûïîëíåíî ïðè ïîääåðæêå

Áåëîðóññêîãî ðåñïóáëèêàíñêîãî ôîíäà ôóíäàìåí-

òàëüíûõ èññëåäîâàíèé (ïðîåêò Á01-179).

REFERENCES

Äðîçäîâè÷ Â.Â. Ìîäåëèðîâàíèå ôîðìèðîâàíèÿ

äîç îáëó÷åíèÿ ùèòîâèäíîé æåëåçû 131I äëÿ îöåíêè

ðàäèîëîãè÷åñêèõ ïîñëåäñòâèé àâàðèè íà

×åðíîáûëüñêîé ÀÝÑ. Ìèíñê, Íàö. Àêàä. Íàóê

Áåëàðóñè. Èí-ò ïðîáëåì ýíåðãåòèêè; ÈÏÝ-37,

1998,41 ñ.

Drozdovitch V.V. Modeling of thyroid dose from
131I formation to evaluate radiological consequences

of the iodine accidental releases following the

Chernobyl accident. Institute of Power Engineering

Problems IPEP-37,Minsk,1998,41 p.

Êîëîìèíñêèé ß.Ë., Èãóìíîâ Ñ.À. Îñîáåííîñòè

âîñïðèÿòèÿ ðàäèàöèîííîé îïàñíîñòè äåòüìè

ðàçíûõ âîçðàñòîâ. Ôèçèîëîãèÿ ÷åëîâåêà. 1995;

21(2): 173-176.

Kolominsky Ya.I., Igumnov S.A. The peculiarities

of the perception of the nature of radiation danger

by the children of different ages. Human

Physiologyá 1995; 21(2): 173-176.

Ëÿãèíñêàÿ À.Ì., Òåðåùåíêî Í.ß.. Âàñèëåíêî

È.ß. Ðàäèîáèîëîãè÷åñêèå àñïåêòû ïîðàæåíèÿ

ùèòîâèäíîé æåëåçû ó äåòåé ïîñëå àâàðèè íà

×ÀÝÑ (ðåçóëüòàòû è ïåðñïåêòèâû èññëåäîâàíèé).

×åðíîáûëüñêàÿ êàòàñòðîôà è ìåäèêî-ïñèõî-

ëîãè÷åñêàÿ ðåàáèëèòàöèÿ ïîñòðàäàâøèõ: Ìà-

òåðèàëû êîíôåðåíöèè. Ìèíñê,1992,105-113.

Lyaginskaya A.M., Terestchenko N.Ya.,Vasilenko

I.Ya. Radiobiological aspects of damage of thyroid

gland in children after accident at the Chernobyl

atomic power station (the results and perspectives of

investigation). In: Chernobyl disaster and medical-

psychological rehabilitation of suffered people.

Minsk,1992,105-113.

Íÿãó À.È., Ëîãàíîâñêèé Ê.Í.,×åáàí À.Ê. è äð.

Ïñèõè÷åñêîå çäîðîâüå âíóòðèóòðîáíî îáëó÷åííûõ

äåòåé: ïñèõîôèçèîëîãè÷åñêîå èññëåäîâàíèå.

Ñîöèàëüíàÿ è êëèíè÷åñêàÿ ïñèõèàòðèÿ. 1996; 6,

âûï. 1: 23-36.

Nyagu A.I.,Loganovsky K.N.,Cheban A.K. et al.

Mental health of children exposed to radiation in

utero: psychophysiological study. Social and

Clinical Psychiatry 1996; 6,iss.1: 23-36.

Drozdovitch V.V.,Goulko G.M.,Minenko V.F. et

al. Thyroid dose reconstruction for the population of

Belarus after the Chernobyl accident. Radiat.

Environ. Biophys.,1997; 36: 17-23.

Gavrilin Yu.I., Khrouch V.T., Shinkarev S.M. et

al. Chernobyl accident: reconstruction of thyroid

dose for inhabitants of the Republic of Belarus.

Health Phys.,1999; 76(2): 105-119.

Jacob P.,Paretzke H.G.,Rosenbaum H.,Zankl M.

Organ dose from radionuclides on the ground.

Health Phys.,1988; 54: 617-633.

Schull W.,Otake M.,Yoshimaru H. Effect on intel-

ligence test score of prenatal exposure to ionizing

radiation in Hiroshima and Nagasaki: A comparison

of the T65DR and DS 86 dosimetry systems. In:

Technical report RERF TR 3-88,1988.

Wechsler D. Manual for the Wechsler Intelligence

Scale for Children. Third Edition. London: The

Psychological Corporation,Ltd.,1992.

Zvonova I.A.,Balonov M.I. Radioiodine dosimetry

and prediction of consequences of thyroid exposure

of the Russian population following the Chernobyl

accident. In: The Chernobyl papers. Vol.1. Doses

to the Soviet population and the early health effects

studies. Richland, WA: Research Enterprises, Inc,

1993,71-125.


