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INTRODUCTION
Risk values are fundamental in decision-making
in radiation safety. The estimations of irradia-
tion consequences are based not upon the dose
levels but risk values for remote consequences
(ICRP Publication 60). The �Radiation Risk� con-
cept came to life in 1976 when the radiation ex-
posure effects were divided between the deter-
ministic (threshold-dependent) and probability-
related (stochastic � non-threshold) ones (ICRP
Publication 26). The dose value (threshold) un-
der which the deterministic effect is not ex-
pressed was used for radiation protection pur-
poses. For the non-threshold radiation impact
value designation the term �risk� was introduced.
The �risk� term is used in the majority of publi-
cations as the quantitative estimation value of ra-
diation exposure cancer and genetic effects� ini-

ÂÂÅÄÅÍÈÅ
Îñíîâîé äëÿ ïðèíÿòèÿ ðåøåíèé ïî ðàäèàöèîííîé áåç-
îïàñíîñòè ÿâëÿþòñÿ âåëè÷èíû ðèñêà. Îöåíêè âîç-
ìîæíûõ ïîñëåäñòâèé îáëó÷åíèÿ áàçèðóþòñÿ íå íà
óðîâíÿõ äîç, à íà âåëè÷èíàõ ðèñêà ðàçâèòèÿ îòäàëåí-
íûõ ïîñëåäñòâèé (ICRP Publication 60). Ïîíÿòèå �ðàäè-
àöèîííûé ðèñê� ïîëó÷èëî ðàñïðîñòðàíåíèå ñ 1976 ã.,
êîãäà  ñòàëè ðàçëè÷àòü äåòåðìèíèñòñêèå (ïîðîãî-
âûå) è âåðîÿòíîñòíûå, ñòîõàñòè÷åñêèå (áåñïîðîãîâûå)
ýôôåêòû îáëó÷åíèÿ (ICRP Publication 26). Äëÿ çàäà÷ ðà-
äèàöèîííîé çàùèòû ñòàëè èñïîëüçîâàòü âåëè÷èíó
äîçû (ïîðîã, threshold), íèæå êîòîðîé äåòåðìèíèñò-
ñêèé ýôôåêò íå ïðîÿâëÿåòñÿ. Äëÿ îáîçíà÷åíèÿ êîëè-
÷åñòâåííîé âåëè÷èíû �âðåäà� áåñïîðîãîâîãî ðàäèà-
öèîííîãî âîçäåéñòâèÿ áûë ââåäåí òåðìèí �ðèñê�.
Â áîëüøèíñòâå ïóáëèêàöèé ýòîò òåðìèí èñïîëüçóþò
êàê êîëè÷åñòâåííóþ îöåíêó âåðîÿòíîñòè ïðîÿâëåíèÿ
êàíöåðîãåííûõ è ãåíåòè÷åñêèõ ýôôåêòîâ îáëó÷åíèÿ.
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Abstract
The population of the Southern Ural region resident close enough to the munitions industry complex of
Plutonium production (Industrial Association �Mayak�) was exposed to chronic radiation impact. The irradia-
tion of 7.5 thousand people took place following radioactive wastes released into the river Techa between
1950�1956. Internal irradiation from the incorporated long-living radionuclides is still present. The dose
reconstruction was carried out in the Biophysics Laboratory of Ural Scientific-Practical Centre for Radiation
Medicine (USPCRM). The Register on irradiated persons was founded in 1969 in USPCRM and is still under
identification and addition with the irradiated persons� descendants. The remote stochastic effects� analysis
results led to conclusions concerning leukaemia and some forms of solid cancers increased risk presence among
the Techa cohort irradiated persons. The lower risk value in the river Techa cohort compared to atomic bomb-
ing survivors is probably the result of chronic exposure in low dose levels. Absolute risk concerning solid
cancers for the river Techa cohort members is entirely comparable to analogous values for the atomic bombing
survivors. The studies of remote cancerogenesis effects in exposed persons from the river Techa cohorts are
continued now on the extended register background with more precise dose estimations. The studies are held
within collaborative programs with USA National Institute of Cancer.
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tiation probability. The value of cancer and ge-
netic effects is based itself only on the epidemio-
logical studies data received from the survey of
persons exposed to acute radiation impact after
A-bombing of Hiroshima and Nagasaki. The ex-
perimental studies results give basis to assume
that chronic radiation exposure leads to other
risk values different from those in acute irradia-
tion. In the ICRP Publication 60 the term of �dose
and dose rate effectiveness factor  (DDREF) was
applied to low radiation exposure levels to des-
ignate the parameter for effect value division in
case of chronic irradiation compared to the one
under acute radiation impact. Given risk values
uncertainties are related to the uncertainties (in-
accuracy) of dose estimations, approximateness
of applied models, inaccuracy of our data con-
cerning the terms of effects becoming apparent
and many other issues.

The uniqueness of situation around the Industrial
Association (IA) �Mayak� is characterised by
irradiation of the relatively wide population
groups in doses considered low and intermediate
level. The named population study could give new
data on risk values under the chronic impact of
ionising radiation. Moreover the real estimation
of radiation effects in the exposed population
based on results of the 40 year-long survey can be
useful for remote consequences� prognostication
in Chernobyl nuclear power plant (ChNPP) acci-
dent survivors.

IRRADIATION LEVELS
AND DOSE VALUES
The release of radioactive materials from the IA �May-
ak� was the source of population radiation exposure
in Southern Ural. The IA �Mayak� is the first and most
important munitions radiochemistry complex in Rus-
sia located 100 km from Chelyabinsk. The first nuclear
reactor was put into operation there in June and the
radiochemistry factory for Plutonium separation � in
December 1948 (Akleyev A.V., Lyubchansky E.R., 1994;
Cochran T.B. et al., 1994). During the first years after the
nuclear plant launch liquid radioactive wastes were re-
leased directly into the river Techa. From mid 1949 till
1956 nearly 76 mln m3 of radioactive water with total
activity of 1017 Bq (2.75 MCi) were released (Degte-
va M.O. et al., 1994). Approximately 95% of total activ-
ity entered the river Techa between March 1950 and
November 1951. Radioinuclide content of the released
water was the following: 89Sr � 8.8%, 90Sr � 11.6%, 137Cs �
12.2%, rare-earth metals � 26.8%, 95Zr and 95Nb � 13.6%,
ruthenium isotopes � 25.9%. No evidence for pluto-
nium and iodine presence in releases was revealed.

The 26 thousand residents from 39 villages located
along the river Techa banks received the highest ex-
posure levels. The river water was used for drink-
ing, cooking and other household needs. During the

Ñàìà âåëè÷èíà êàíöåðîãåííûõ è ãåíåòè÷åñêèõ ýôôåê-
òîâ îñíîâàíà íà äàííûõ ëèøü îäíîãî ýïèäåìèîëîãè-
÷åñêîãî èññëåäîâàíèÿ, à èìåííî, íàáëþäåíèÿ çà ëèöà-
ìè, ïîäâåðãøèìèñÿ îñòðîìó îáëó÷åíèþ âñëåäñòâèå
àòîìíîé áîìáàðäèðîâêè Õèðîñèìû è Íàãàñàêè. Ðå-
çóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé äàþò îñ-
íîâàíèå ïðåäïîëàãàòü, ÷òî ïðè õðîíè÷åñêîì è îñò-
ðîì îáëó÷åíèè âåëè÷èíû ðèñêà íå îäèíàêîâû. Â ICRP
Publication 60 èñïîëüçîâàí òåðìèí �êîýôôèöèåíò
âëèÿíèÿ ìîùíîñòè äîçû� (dose and dose rate effectiv-
ness factor, DDREF) â îòíîøåíèè íèçêèõ óðîâíåé îá-
ëó÷åíèÿ äëÿ îáîçíà÷åíèÿ âåëè÷èíû, íà êîòîðóþ ìî-
æåò áûòü óìåíüøåí ýôôåêò ïðè õðîíè÷åñêîì îáëó÷å-
íèè ïî ñðàâíåíèþ ñ ýôôåêòîì îñòðîãî îáëó÷åíèÿ.
Íåîïðåäåëåííîñòü ïðèâîäèìûõ âåëè÷èí ðèñêà ñâÿçà-
íà ñ íåîïðåäåëåííîñòüþ (íåòî÷íîñòüþ) îöåíîê äîç,
ïðèáëèçèòåëüíîñòüþ èñïîëüçóåìûõ ìîäåëåé äëÿ äî-
çîâûõ çàâèñèìîñòåé, íåòî÷íîñòüþ íàøèõ çíàíèé î
ñðîêàõ ïðîÿâëåíèÿ ýôôåêòîâ è äð.

Óíèêàëüíîñòü ñèòóàöèè, ñëîæèâøåéñÿ âáëèçè Ïðîèç-
âîäñòâåííîãî îáúåäèíåíèÿ (ÏÎ) �Ìàÿê�, â òîì, ÷òî
áûëè îáëó÷åíû ñðàâíèòåëüíî áîëüøèå ãðóïïû íàñå-
ëåíèÿ â äîçàõ, îòíåñåííûõ ê ìàëûì è ñðåäíèì óðîâ-
íÿì. Èçó÷åíèå ïîñëåäñòâèé òàêîãî âîçäåéñòâèÿ ñïî-
ñîáñòâîâàëî áû ðàñøèðåíèþ çíàíèé î  âåëè÷èíàõ ðèñ-
êà ïðè õðîíè÷åñêîì îáëó÷åíèè. Êðîìå òîãî, ðåàëüíàÿ
îöåíêà ðàäèàöèîííûõ ýôôåêòîâ íà îñíîâàíèè 40-ëåò-
íèõ íàáëþäåíèé çà îáëó÷åííûì íàñåëåíèåì ìîæåò
áûòü ïîëåçíîé äëÿ ïðîãíîçèðîâàíèÿ îòäàëåííûõ ïî-
ñëåäñòâèé ó ïîñòðàäàâøèõ âñëåäñòâèå ×åðíîáûëüñêîé
àâàðèè.

ÓÑËÎÂÈß ÎÁËÓ×ÅÍÈß
È ÓÐÎÂÍÈ ÄÎÇ
Èñòî÷íèêîì îáëó÷åíèÿ íàñåëåíèÿ Þæíîãî Óðàëà
ÿâèëèñü âûáðîñû ðàäèîàêòèâíûõ ìàòåðèàëîâ ÏÎ
�Ìàÿê� � ïåðâîãî è íàèáîëåå âàæíîãî âîåííîãî ðà-
äèîõèìè÷åñêîãî êîìïëåêñà â Ðîññèè. Îí ðàñïîëî-
æåí â 100 êì îò ×åëÿáèíñêà. Ïåðâûé àòîìíûé ðåàê-
òîð ïóùåí íà íåì â ñòðîé â èþëå, à ðàäèîõèìè÷åñ-
êèé çàâîä ïî ðàçäåëåíèþ ïëóòîíèÿ � â äåêàáðå
1948 ã. (Akleyev A.V., Lyubchansky E.R., 1994; Coch-
ran T.B. et al., 1994). Â ïåðâûå ãîäû ðàäèîàêòèâíûå
âîäû ñáðàñûâàëè íåïîñðåäñòâåííî â ð. Òå÷à � ñ ñå-
ðåäèíû 1949 äî 1956 ã. �îêîëî 76 ìëí ì3 ðàäèîàê-
òèâíûõ âîä îáùåé àêòèâíîñòüþ 1017 Áê (2,75 ÌÊè)
(Degteva M.O. et al., 1994). Îêîëî 95% îáùåé àêòèâ-
íîñòè ïîïàëî â ð. Òå÷ó ñ ìàðòà 1950  äî íîÿáðÿ 1951 ã.
Ðàäèîíóêëèäíûé ñîñòàâ ñáðàñûâàåìûõ âîä áûë
ñëåäóþùèì: 89Sr � 8,8%; 90Sr � 11,6%; 137Cs � 12,2%,
èçîòîïû ðåäêîçåìåëüíûõ ýëåìåíòîâ � 26,8%, 95Zr è
95Nb  � 13,6%, èçîòîïû ðóòåíèÿ � 25,9%. Óêàçàíèé î
íàëè÷èè â ñîñòàâå ñáðîñîâ ïëóòîíèÿ è éîäà íå îá-
íàðóæèëè.

Íàèáîëüøèå äîçû îáëó÷åíèÿ ïîëó÷èëè 26 òûñ. æèòå-
ëåé 39 äåðåâåíü, ðàñïîëîæåííûõ ïî áåðåãàì ð. Òå÷à.
Ðå÷íóþ âîäó îíè èñïîëüçîâàëè äëÿ ïèòüÿ, ïðèãîòîâ-
ëåíèÿ ïèùè è äðóãèõ õîçÿéñòâåííûõ íóæä. Â ïåðèîä
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period 1953-1960 residents of 20 villages (7.5 thou-
sand persons) were resettled.

The tasks of irradiation doses reconstruction are
being solved by the staff members of the Biophys-
ics laboratory of Ural Scientific-Practical Centre for
Radiation Medicine (USPCRM) (Head Laboratory
M.O. Degteva). The external irradiation doses in res-
idents from different villages located along the river
Techa banks are based upon the background γ-level
measurement in a) water-level; b) separate points
in villages territory; c) inside buildings. The aver-
age doses of external irradiation were reconstruct-
ed on that measurement basis (Degteva T.B. et al.,
1994). The main quota in internal dose formation
was radioactive 90Sr accumulated in bone. Besides
the 90Sr and 89Sr radionuclides with affinity to the
bone tissue, the evenly distributed 137Cs had an im-
portant role in dose formation. Internal irradia-
tion dose reconstruction is based upon live mea-
surement of 90Sr content in tooth tissue and the
whole body by means of human irradiation counter
(HIC) (Kozheurov V.P., 1994). On the basis of these
measurements among the 14 thousand irradiated
persons with a worked-out age-dependent model
of strontium metabolism the average doses of in-
ternal irradiation were calculated for separate age
groups in separate villages. The highest dose rates
were registered within the first years after the initi-
ation of radiation exposure and 80�90% of all the
internal absorbed dose was accumulated during the
first 10 years. The highest dose values were distrib-
uted among bones surfaces and the red bone mar-
row. The maximal value of individual absorbed
doses constituted 3�4 Gy.

EPIDEMIOLOGICAL  STUDIES
ORGANISATION
Information preparation within four main direc-
tions was necessary for the exposed persons� long-
term survey and epidemiological studies organisa-
tion:

� creation of register of the irradiated persons and
maintainance for many years;

� choice of control;

� gaining information concerning radiation expo-
sure consequences (about cancer cases and oncol-
ogy diagnosis verification in particular);

� choice of statistical analysis method.

Register of irradiated population

Neither the population of the villages along the
river banks, nor local authority and public health
protection bodies were informed about radioac-
tive waste release in the river Techa. The radiation
situation examination in river Techa was held for
the first time in 1951 i.e. nearly two years after the

1953�1960 ãã. æèòåëè 20 äåðåâåíü (7,5 òûñ. ÷åëîâåê)
áûëè îòñåëåíû.

Çàäà÷è ïî ðåêîíñòðóêöèè äîç îáëó÷åíèÿ ðåøàþò ñî-
òðóäíèêè áèîôèçè÷åñêîé ëàáîðàòîðèè Óðàëüñêîãî
íàó÷íî-ïðàêòè÷åñêîãî öåíòðà ðàäèàöèîííîé ìåäè-
öèíû (ÓÍÏÖÐÌ) (ðóêîâîäèòåëü ëàáîðàòîðèè Ì.Î. Äåã-
òåâà). Îöåíêà äîç âíåøíåãî îáëó÷åíèÿ æèòåëåé ðàç-
ëè÷íûõ äåðåâåíü âäîëü ð. Òå÷à áàçèðóåòñÿ íà èçìåðå-
íèè óðîâíÿ γ-ôîíà: à) â ìåñòå óðåçà âîäû; á) â
îòäåëüíûõ ó÷àñòêàõ íà òåððèòîðèè äåðåâåíü; â) âíóò-
ðè äîìîâ. Íà îñíîâàíèè ýòèõ èçìåðåíèé áûëè ðå-
êîíñòðóèðîâàíû ñðåäíèå äîçû âíåøíåãî îáëó÷åíèÿ
(Degteva T.B. et al., 1994). Îñíîâíîé âêëàä â ôîðìè-
ðîâàíèå äîçû âíóòðåííåãî îáëó÷åíèÿ âíåñ ðàäèîàê-
òèâíûé 90Sr, äåïîíèðîâàííûé â êîñòÿõ. Êðîìå îñòåî-
òðîïíûõ ðàäèîíóêëèäîâ 90Sr è 89Sr, ñóùåñòâåííîå
çíà÷åíèå â ôîðìèðîâàíèè äîçû èìåë ðàâíîìåðíî
ðàñïðåäåëÿþùèéñÿ 137Cs. Ðåêîíñòðóêöèÿ äîç âíóò-
ðåííåãî îáëó÷åíèÿ áàçèðóåòñÿ íà ïðèæèçíåííîì èç-
ìåðåíèè ñîäåðæàíèÿ 90Sr â çóáàõ è âî âñåì òåëå ñ ïî-
ìîùüþ ñ÷åò÷èêà èçëó÷åíèé ÷åëîâåêà (ÑÈ×) (Koz-
heurov V.P., 1994). Íà îñíîâàíèè ðåçóëüòàòîâ ýòèõ
èçìåðåíèé è ñ ïðèìåíåíèåì ðàçðàáîòàííîé âîçðàñò-
íîé ìîäåëè ìåòàáîëèçìà ñòðîíöèÿ ó 14 òûñ. îá-
ëó÷åííûõ ðàññ÷èòàíû ñðåäíèå äîçû âíóòðåííåãî îá-
ëó÷åíèÿ æèòåëåé îòäåëüíûõ âîçðàñòíûõ ãðóïï â îò-
äåëüíûõ äåðåâíÿõ. Íàèáîëüøèå ìîùíîñòè äîçû áûëè
â ïåðâûå ãîäû ïîñëå íà÷àëà îáëó÷åíèÿ, à 80�90%
ïîãëîùåííîé äîçû îò âíóòðåííåãî îáëó÷åíèÿ áûëî
àêêóìóëèðîâàíî â òå÷åíèå ïåðâûõ 10 ëåò. Ñàìûå áîëü-
øèå äîçû áûëè ñôîðìèðîâàíû íà êîñòíîé ïîâåðõ-
íîñòè è êëåòêàõ êðàñíîãî êîñòíîãî ìîçãà. Ìàêñè-
ìàëüíûé óðîâåíü èíäèâèäóàëüíûõ ïîãëîùåííûõ äîç
ñîñòàâèë 3�4 Ãð.

ÎÐÃÀÍÈÇÀÖÈß  ÝÏÈÄÅÌÈÎËÎÃÈ×ÅÑÊÈÕ
ÈÑÑËÅÄÎÂÀÍÈÉ
Äëÿ ïðîâåäåíèÿ äîëãîñðî÷íîãî íàáëþäåíèÿ çà îáëó-
÷åííûìè ëèöàìè è îðãàíèçàöèè ýïèäåìèîëîãè÷åñ-
êèõ èññëåäîâàíèé íåîáõîäèìà ïîäãîòîâêà èíôîðìà-
öèè ïî ÷åòûðåì îñíîâíûì íàïðàâëåíèÿì:

� ñîçäàíèå è ïîñòîÿííîå äîïîëíåíèå ðåãèñòðà îáëó-
÷åííûõ ëèö;

� âûáîð êîíòðîëÿ;

� ñáîð èíôîðìàöèè î ïîñëåäñòâèÿõ îáëó÷åíèÿ (â ÷àñò-
íîñòè, î ðàçâèòèè ðàêà è âåðèôèêàöèè îíêîëîãè÷åñ-
êèõ äèàãíîçîâ);

� âûáîð ìåòîäà ñòàòèñòè÷åñêîãî àíàëèçà.

Ðåãèñòð îáëó÷åííîãî íàñåëåíèÿ

Íè íàñåëåíèå ïðèáðåæíûõ ñåë, íè îðãàíû ìåñòíîé
âëàñòè è çäðàâîîõðàíåíèÿ íå áûëè èíôîðìèðîâàíû
î ñáðîñå ðàäèîàêòèâíûõ îòõîäîâ â ð. Òå÷à. Èññëåäî-
âàíèå ðàäèàöèîííîé îáñòàíîâêè íà ð. Òå÷à áûëî âïåð-
âûå ïðîâåäåíî ñïóñòÿ ïî÷òè äâà ãîäà îò íà÷àëà åå çà-
ãðÿçíåíèÿ � â 1951 ã. Òîãäà áûëè íà÷àòû è ïåðâûå ìå-
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contamination began. The first health studies of
the exposed population were started then too. Two
specialised health protection institutions (�dispen-
saries�) were initiated in the same period. They start-
ed to create the Register of irradiated population
still later � in 1967. There was no passport system
for rural population at that time and this is why
the following information sources were used for
Register formation: economy and taxation papers
in village councils, medical documentation in ex-
amined irradiated persons, data of population cen-
sus within homes serial visits. Register complete-
ness was verified with resettled irradiated residents�
personal records that were kept in archives of IA
�Mayak� and declassified in 1991.

At present the General Register of USPCRM con-
tains personalised data on 98 thousand of the popu-
lation. The number irradiated within the territory
of the Eastern-Ural radioactive fallout (Kyshtym
accident of 1957) is 31 thousand persons. The ma-
jor portion of Register is the population resident
along the river Techa banks: 26,000 (32%) � irradi-
ated persons, 3,000 people � exposed to ionising
radiation impact within prenatal period, 26,000 �
descendants of exposed parents. Persons who ar-
rived in villages along the river Techa banks when
the radiation situation there had improved sub-
stantially are also included in the Register. These
12,000 (12.4%) can be the group of internal control.
The population exposed to radiation after radio-
active contamination of the river Techa was resi-
dent in settlements along its banks which belonged
to the two administrative rural regions of Chelyab-
insk province and two regions of Kurgan province.
These persons are of all ages and two ethnic groups:
Russians, Tatars and Bashkirs. The Tatar and Bashkir
population constitutes 24% of all exposed persons.

The life status survey for decades since the irradiation
initiation moment among the persons included in
the Register was the most complicated task. The
forced migration (resettlement) and then the free one
extremely complicated the survey of population. A
special working group has been created in USPCRM
(headed by N.V. Stsrtsev) for the Register support. Reg-
ister replenishment and renovation is the purpose of
the Group activity through new data inclusion con-
cerning children newly born in the exposed parents,
maiden name changes in married women, new ad-
dresses after migration etc. Various information
sources are used for Register support: official registra-
tion notes of children�s births and cases of death in
civilian registrar�s office archives, responses to requests
to the Address Bureau concerning the irradiated per-
sons present residence places, rural population regis-
tration books, interviewing the persons admitted for
examination to the USPCRM about the life status of
their exposed relatives. Thus the renewed data after
verification are included in the computer Register.
The cohort of river Techa status for the 1994 period
was the following: 9,500 persons are alive and under

äèöèíñêèå îáñëåäîâàíèÿ îáëó÷åííîãî íàñåëåíèÿ. Äâà
ìåäèöèíñêèõ äèñïàíñåðà äëÿ îêàçàíèÿ ñïåöèàëèçè-
ðîâàííîé ïîìîùè îáëó÷åííûì íà÷àëè ôóíêöèîíè-
ðîâàòü â ïåðèîä 1954�1956 ãã. Ðåãèñòð îáëó÷åííîãî
íàñåëåíèÿ íà÷àëè ñîçäàâàòü åùå ïîçæå � â 1967 ã. Ñåëü-
ñêîå íàñåëåíèå â òå ãîäû íå áûëî ïàñïîðòèçèðîâàíî è
ïîýòîìó äëÿ ôîðìèðîâàíèÿ ðåãèñòðà èñïîëüçîâàëè
ñëåäóþùèå èñòî÷íèêè èíôîðìàöèè: ïîõîçÿéñòâåí-
íûå èëè íàëîãîâûå êíèãè ñåëüñêèõ ñîâåòîâ, ìåäèöèí-
ñêèå äîêóìåíòû îáñëåäîâàíèÿ îáëó÷åííûõ ëèö, äàí-
íûå ïåðåïèñè íàñåëåíèÿ ïðè ïîäâîðíûõ îáõîäàõ.
Ïîëíîòà ðåãèñòðà áûëà âûâåðåíà ïî ïåðñîíàëüíîìó
ñïèñêó ïåðåñåëåííûõ îáëó÷åííûõ æèòåëåé, êîòîðûé
õðàíèëñÿ â àðõèâàõ ÏÎ  �Ìàÿê� è áûë ðàññåêðå÷åí â
1991 ã.

Â íàñòîÿùåå âðåìÿ ãåíåðàëüíûé ðåãèñòð ÓÍÏÖÐÌ
ñîäåðæèò ïåðñîíàëèçèðîâàííûå äàííûå íà 98 òûñ.
÷åëîâåê. ×èñëî îáëó÷åííûõ íà òåððèòîðèè Âîñòî÷-
íî-Óðàëüñêîãî ðàäèîàêòèâíîãî ñëåäà (Êûøòûìñ-
êàÿ àâàðèÿ 1957 ã.) ñîñòàâèëî 31 òûñ. ÷åëîâåê. Íàè-
áîëüøàÿ ÷àñòü äàííûõ ðåãèñòðà êàñàåòñÿ ïðî-
æèâàâøèõ ïî áåðåãàì ð. Òå÷à: 26 òûñ.(32%) �
îáëó÷åííûå ëèöà; 3 òûñ. � ïîäâåðãøèåñÿ âîçäåé-
ñòâèþ èîíèçèðóþùèõ èçëó÷åíèé â ïåðèîä âíóò-
ðèóòðîáíîãî ðàçâèòèÿ, 26 òûñ. � ïîòîìñòâî îáëó-
÷åííûõ. Â ðåãèñòð âêëþ÷åíû òàêæå ëèöà, ïðèåõàâ-
øèå â ñåëà ïî ð. Òå÷à â ïåðèîä çíà÷èòåëüíîãî
óëó÷øåíèÿ ðàäèàöèîííîé îáñòàíîâêè. Ýòè 12 òûñ.
(12,4%) ÷åëîâåê ìîãóò ïðåäñòàâëÿòü ãðóïïó âíóò-
ðåííåãî êîíòðîëÿ. Íàñåëåíèå, îáëó÷åííîå âñëåä-
ñòâèå ðàäèàöèîííîãî çàãðÿçíåíèÿ ð. Òå÷à, ïðîæè-
âàëî â íàñåëåííûõ ïóíêòàõ ïî åå áåðåãàì äâóõ àä-
ìèíèñòðàòèâíûõ ñåëüñêèõ ðàéîíàõ ×åëÿáèíñêîé
è äâóõ ðàéîíàõ Êóðãàíñêîé îáëàñòè. Ýòî ëèöà âñåõ
âîçðàñòîâ è äâóõ ýòíè÷åñêèõ ãðóïï: ðóññêèå; òà-
òàðû è áàøêèðû; 24% îò ÷èñëà âñåõ îáëó÷åííûõ
ëèö � òàòàðû è áàøêèðû.

Íàèáîëåå ñëîæíî ïðîñëåäèòü äàëüíåéøóþ ñóäü-
áó ëèö, âêëþ÷åííûõ â ðåãèñòð, íà ïðîòÿæåíèè äå-
ñÿòêîâ ëåò ïîñëå íà÷àëà îáëó÷åíèÿ. Âûíóæäåííàÿ
(ïåðåñåëåíèå), à çàòåì è ñâîáîäíàÿ àêòèâíàÿ ìèã-
ðàöèÿ êðàéíå çàòðóäíèëè ðåøåíèå ýòîé çàäà÷è.
Â íàñòîÿùåå âðåìÿ â ÓÍÏÖÐÌ ñîçäàíà ñïåöèàëü-
íàÿ ãðóïïà (ïîä ðóêîâîäñòâîì Í.Â. Ñòàðöåâà) äëÿ
ïîääåðæàíèÿ ðåãèñòðà. Â åå ôóíêöèè âõîäÿò ïî-
ïîëíåíèå è îáíîâëåíèå ðåãèñòðà çà ñ÷åò äàííûõ
î âíîâü ðîäèâøèõñÿ ó îáëó÷åííûõ ðîäèòåëåé äå-
òÿõ, ïåðåìåíå ôàìèëèé æåíùèí ïîñëå çàìóæå-
ñòâà, àäðåñîâ ïðè ìèãðàöèè è äð. Äëÿ ïîääåðæà-
íèÿ ðåãèñòðà èñïîëüçóþò ðàçíûå èñòî÷íèêè èí-
ôîðìàöèè: àêòîâûå çàïèñè î ðîæäåíèè äåòåé è
ñìåðòè èç àðõèâîâ ÇÀÃÑîâ, îòâåòû íà çàïðîñû â
àäðåñíûå áþðî î íàñòîÿùåì ìåñòå ïðîæèâàíèÿ
îáëó÷åííûõ ëèö, êíèãè ðåãèñòðàöèè ñåëüñêèõ
æèòåëåé, îïðîñ ëèö, ïîñòóïèâøèõ íà îáñëåäîâà-
íèå â ÓÍÏÖÐÌ, î ñóäüáå èõ îáëó÷åííûõ ðîäñòâåí-
íèêîâ. Äàííûå ïîñëå ïðîâåðêè âíîñÿò â êîìïüþ-
òåðíûé ðåãèñòð. Ïî ñîñòîÿíèþ íà 1994 ã. èç êî-
ãîðòû ïðîæèâàâøèõ â ðàéîíå ð. Òå÷à æèâû è
íàõîäÿòñÿ ïîä íàáëþäåíèåì 9,5 òûñ. ÷åëîâåê;



Kossenko et al. / International Journal of Radiation Medicine 1999, 2 (2): 34�41

38

survey, 11,300 died during the 45-year period since
irradiation initiation, 5,100 (20%) have been with-
drawn from the Register in various terms between
1951�1994 and their life status is unknown.

Choice of control

Different control groups were used at various stag-
es of the research. For radiation effects analysis of
the 33 year period of survey results the population
groups not exposed to radiation but resident in the
same administrative regions with the population of
villages on the river Techa banks were taken up hav-
ing a similar age structure � the so-called Regional
control. Three of such control groups were formed
with each one close enough with non-radiation
parameters (in particular the ethnic one) to one or
another group of survivors. Later the calculation of
mortality values and cancer risk was held with the
so-called Register control application. It is repre-
sented by the group of persons who have arrived in
the villages located along the river Techa banks dur-
ing the period of radiation situation substantial im-
provement and respectively not exposed to radia-
tion. The Register control inclusion to the studied
cohort enabled us to increase its amount up to
33,000 persons.

Gaining information about cancer incidence

Because of the impossibility of revealing the life situa-
tion of exposed persons who have migrated within
all the territory of the former USSR, the territory part
was chosen to carry out the study task. Within that
territory for the whole period of survey residence of
exposed persons was monitored, all cases of death were
fixed as were cases of cancer. That territory was named
as the surveyed zone and consisted of the five admin-
istrative regions of Chelyabinsk province and two re-
gions � of the Kurgan province. The river Techa flows
through that territory with the villages where the ex-
posed population was resettled. The total amount of
population there is approximately 230,000 persons
(nearly 20% irradiated). The certificates of death of per-
sons resident in the surveyed territory for the 1950�
1994 period were copied from provincial archives of
the civilian registrar�s offices. The copies are now kept
in the archive of USPCRM. The file on cases of death
was formed in the computer base of medical and do-
simetry data of USPCRM, which contains 86,000
records on death in total. On the basis of key data (fam-
ily name, first name, date of birth) the information
from certificates of death is cross referenced with the
Register of irradiated persons and the documents con-
cerning deaths of persons from river Techa cohort are
chosen. Then the main cause of death is coded accord-
ing to the ICD IX. At present the certificates of death
are present for 9,183 irradiated persons from the river
Techa Register, 1,377 of them died from cancer.

An analogous work is being carried out for can-
cer incidence files formation. Two information
sources are mainly used: a) notification of the pri-

11,3 òûñ. � óìåðëè íà ïðîòÿæåíèè 45 ëåò ïîñëå
íà÷àëà îáëó÷åíèÿ; 5,1 òûñ. (20%) � âûáûëè èç-
ïîä íàáëþäåíèÿ ñ 1951 ïî 1994 ã., ñóäüáà èõ íå-
èçâåñòíà.

Âûáîð êîíòðîëüíûõ ãðóïï

Íà ðàçíûõ ýòàïàõ èññëåäîâàíèé èñïîëüçîâàëè ðàç-
ëè÷íûå êîíòðîëüíûå ãðóïïû. Ïðè àíàëèçå ðàäèà-
öèîííûõ ýôôåêòîâ çà 33 ãîäà íàáëþäåíèÿ â êà÷å-
ñòâå êîíòðîëüíûõ ðàññìàòðèâàëè ãðóïïû íàñåëå-
íèÿ, íå ïîäâåðãøåãîñÿ îáëó÷åíèþ, íî ïðîæèâàþ-
ùåãî â òåõ æå àäìèíèñòðàòèâíûõ ðàéîíàõ, ÷òî è
æèòåëè ïðèáðåæíûõ ñåë, òîãî æå âîçðàñòà, ÷òî è
îáëó÷åííûå � òàê íàçûâàåìûé ðåãèîíàëüíûé êîí-
òðîëü. Áûëî ñôîðìèðîâàíî òðè êîíòðîëüíûõ ãðóï-
ïû, ñîïîñòàâèìûõ ïî íåðàäèàöèîííûì ôàêòîðàì
(â ÷àñòíîñòè, ïî  ýòíè÷åñêèì) ñ òîé èëè èíîé ãðóï-
ïîé îáëó÷åííîãî íàñåëåíèÿ. Ïîçæå óðîâåíü ñìåðò-
íîñòè è âåëè÷èíó îíêîëîãè÷åñêîãî ðèñêà îïðå-
äåëÿëè ìåòîäîì òàê íàçûâàåìîãî ðåãèñòðîâîãî
êîíòðîëÿ. Èñïîëüçîâàëè äàííûå î ãðóïïå ëèö, êî-
òîðûå ïðèåõàëè â ñåëà ïî ð. Òå÷à â ïåðèîä çíà÷è-
òåëüíîãî óëó÷øåíèÿ ðàäèàöèîííîé îáñòàíîâêè, è
ïðàêòè÷åñêè íå ïîäâåðãëèñü îáëó÷åíèþ. Ïðè ýòîì
÷èñëåííîñòü èçó÷àåìîé êîãîðòû óâåëè÷èëàñü äî
33 òûñ. ÷åëîâåê.

Ñáîð èíôîðìàöèè î çàáîëåâàåìîñòè ðàêîì

Â ñâÿçè ñ òåì, ÷òî âûÿñíèòü ñóäüáó îáëó÷åííûõ ëèö,
ìèãðèðîâàâøèõ ïî âñåé òåððèòîðèè áûâøåãî ÑÑÑÐ,
íåðåàëüíî, áûëà âûáðàíà òåððèòîðèÿ, ãäå â òå÷åíèå
âñåãî ïåðèîäà íàáëþäåíèÿ ôèêñèðîâàëè ïðîæèâà-
íèå ïîäâåðãøèõñÿ âîçäåéñòâèþ èîíèçèðóþùèõ
èçëó÷åíèé ëèö, âñå ñëó÷àè ñìåðòè è âîçíèêíîâåíèÿ
ðàêà. Òàêàÿ òåððèòîðèÿ ïîëó÷èëà íàçâàíèå íàáëþ-
äàåìîé çîíû è ñîñòîèò èç ïÿòè àäìèíèñòðàòèâíûõ
ðàéîíîâ ×åëÿáèíñêîé è äâóõ � Êóðãàíñêîé îáëàñ-
òè. Ïî ýòîé òåððèòîðèè ïðîòåêàåò ð. Òå÷à, çäåñü íà-
õîäÿòñÿ ñåëà, êóäà êîìïàêòíî ïåðåñåëÿëè îáëó÷åí-
íîå íàñåëåíèå. Îáùàÿ ÷èñëåííîñòü íàñåëåíèÿ ñî-
ñòàâëÿåò îêîëî 230 òûñ. ÷åëîâåê, èç íèõ îáëó÷åí-
íûå � îêîëî 20%. Â îáëàñòíûõ àðõèâàõ ÇÀÃÑîâ âûêî-
ïèðîâàíû àêòû î ñìåðòè ëèö, ïðîæèâàâøèõ â ýòîì
ðåãèîíå â 1950�1994 ãã. Àêòû íà áóìàæíûõ íîñèòå-
ëÿõ õðàíÿòñÿ â àðõèâå ÓÍÏÖÐÌ. Â êîìïüþòåðíîé
áàçå ìåäèöèíñêèõ è äîçèìåòðè÷åñêèõ äàííûõ
ÓÍÏÖÐÌ ñôîðìèðîâàí ôàéë î ñëó÷àÿõ ñìåðòè, â
öåëîì ñîäåðæàùèé 86 òûñ. çàïèñåé. Íà îñíîâàíèè
êëþ÷åâûõ äàííûõ (ôàìèëèÿ, èìÿ, äàòà ðîæäåíèÿ)
èíôîðìàöèþ â àêòàõ ñîñïîñòàâëÿþò ñ ðåãèñòðîì
îáëó÷åííûõ è âûáèðàþò äîêóìåíòû î ñìåðòè ëèö
êîãîðòû ð. Òå÷à. Çàòåì îñíîâíóþ ïðè÷èíó ñìåðòè
êîäèðóþò ñîãëàñíî Ìåæóíàðîäíîé êëàññèôèêàöèè
áîëåçíåé è ïðè÷èí ñìåðòè 9-ãî ïåðåñìîòðà. Â íà-
ñòîÿùåå âðåìÿ èìåþòñÿ ñåðòèôèêàòû î ñìåðòè 9183
îáëó÷åííûõ èç ðåãèñòðà ð. Òå÷à, èç íèõ � 1377 óìåð-
ëè îò ðàêà.

Àíàëîãè÷íî ôîðìèðóþò ôàéëû ïî îíêîëîãè÷åñêîé
çàáîëåâàåìîñòè. Èñïîëüçóþò â îñíîâíîì äâà èñòî÷íè-
êà èíôîðìàöèè: à) èçâåùåíèÿ î âïåðâûå óñòàíîâëåí-
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marily diagnosed cancer disease that is registered
by statistical staff personnel of oncology dispen-
saries in Chelyabinsk and Kurgan; b) medical doc-
umentation from the USPCRM clinic that func-
tions as the hematological department. The can-
cer register includes 21,268 records with 1,922 of
them diagnosed leukemia and solid cancer cases
in people exposed to radiation in the river Techa
region.

Methods of statistical analysis

The cohort method was applied for cancerogene-
sis effects epidemiological analysis. The data pro-
cessing was carried out with the EPICURE pro-
gramme (Preston D.L. et al., 1993) with grouping in
the following categories: sex, ethnic group, dose
value, age at the exposure initiation, age at death,
date of death. Preference was given to this pro-
gramme because of availability to fix the regulari-
ties within Poisson distribution. Moreover just the
same program was applied for risk estimation in
atomic bombing survivors.

STUDY  RESULTS
The expected and excess number of leukaemia and
solid cancer cases for different ranges of exposure
doses were calculated using the AMFIT programme
from the EPICURE holding (Kossenko M. et al.,
1997). Excessive cases of leukaemia were correlat-
ed with dose values accumulated in red bone mar-
row and visceral cancer cases � with doses accu-
mulated in soft tissues (table 1).

íîì îíêîëîãè÷åñêîì çàáîëåâàíèè, êîòîðûå ðåãèñò-
ðèðóþò ñòàòèñòè÷åñêèå ãðóïïû îíêîëîãè÷åñêèõ äèñ-
ïàíñåðîâ â ãîðîäàõ ×åëÿáèíñêå è Êóðãàíå; á) ìåäè-
öèíñêèå äîêóìåíòû êëèíèêè ÓÍÏÖÐÌ, êîòîðàÿ ôóíê-
öèîíèðóåò êàê ãåìàòîëîãè÷åñêîå îòäåëåíèå. Ðåãèñòð
îíêîëîãè÷åñêèõ çàáîëåâàíèé âêëþ÷àåò 21 268 çàïè-
ñåé, 1922 èç íèõ � î äèàãíîñòèðîâàííûõ ñëó÷àÿõ ëåé-
êåìèè è ñîëèäíîãî ðàêà ó ëþäåé, îáëó÷åííûõ íà
ð. Òå÷à.

Ìåòîäû ñòàòèñòè÷åñêîãî àíàëèçà

Äëÿ ýïèäåìèîëîãè÷åñêîãî àíàëèçà êàíöåðîãåííûõ
ýôôåêòîâ èñïîëüçîâàí êîãîðòíûé ìåòîä. Äàííûå îá-
ðàáàòûâàëè ñ ïîìîùüþ ïàêåòà ïðîãðàìì EPICURE
(Preston D.L. et al., 1993) ñ ãðóïïèðîâêîé ïî ñëåäóþ-
ùèì êàòåãîðèÿì: ïîë, ýòíè÷åñêàÿ ãðóïïà, äîçà îáëó-
÷åíèÿ, âîçðàñò ê íà÷àëó îáëó÷åíèÿ è íà ìîìåíò ñìåð-
òè, äàòà ñìåðòè. Ýòà ïðîãðàììà, â îòëè÷èå îò äðóãèõ,
ïîçâîëÿåò óñòàíàâëèâàòü çàêîíîìåðíîñòè ïðè ðàñïðå-
äåëåíèè Ïóàññîíà. Êðîìå òîãî, èìåííî ýòó ïðîãðàì-
ìó èñïîëüçîâàëè äëÿ îöåíêè ðèñêà ó ïåðåæèâøèõ àòîì-
íóþ áîìáàðäèðîâêó.

ÐÅÇÓËÜÒÀÒÛ  ÈÑÑËÅÄÎÂÀÍÈÉ
Ñ ïîìîùüþ ïðîãðàììû AMFIT èç ïàêåòà EPICURE ðàñ-
ñ÷èòàíû îæèäàåìîå è èçáûòî÷íîå êîëè÷åñòâî ñëó÷àåâ
ëåéêåìèè è ñîëèäíîãî ðàêà â ðàçëè÷íûõ äèàïàçîíàõ
âîçäåéñòâóþùèõ äîç (Kossenko M. et al., 1997). Èçáû-
òî÷íîå ÷èñëî ñëó÷àåâ ëåéêåìèè ñîîòíåñåíû ñ äîçàìè,
àêêóìóëèðîâàííûìè â êðàñíîì êîñòíîì ìîçãå, ñîëèä-
íîãî ðàêà � ñ äîçàìè, íàêîïëåííûìè â ìÿãêèõ òêàíÿõ
(òàáëèöà 1).

TABLE 1

CASES OF DEATH FROM LEUKAEMIA AND SOLID CANCERS IN IRRADIATED PERSONS FROM THE RIVER TECHA COHORT

ÒÀÁËÈÖÀ 1

ÑÌÅÐÒÍÎÑÒÜ ÎÒ ËÅÉÊÅÌÈÈ È ÑÎËÈÄÍÎÃÎ ÐÀÊÀ Ó ÎÁËÓ×ÅÍÍÛÕ ÆÈÒÅËÅÉ Â ÐÀÉÎÍÅ ð. ÒÅ×À

Dose Gy Leukaemia Solid cancers

Person-years Registered
number

Excess Person-years Registered
number

Excess

0.005�0.1 103,031 3 -1 459,576 716 5
0.1�0.2 194,858 13 4 96,297 126 1
0.2�0.5 200,144 16 6 19,582 34 10
0.5�1.0 93,873 9 5 32,204 52 6
1+ 49,398 9 7 33,645 41 8
Total 641,304 50 21 641,304 969 30

The table 1 shows the excessive number of leu-
kaemia cases is more than 50% of those registered
in dose range over 0.5 Gy on red bone marrow.

The mortality indices from leukaemia and solid
cancers estimated per 33 year-long survey period
are shown in table 2.

Leukaemia and solid cancers mortality (total-
ly excluding osteosarcoma) dependence on
dose and radiation cancerogenesis risk values
are calculated using a linear and linear-qua-
dratic multiplicative model (Kossenko M.M.,
1996) (table 3).

Èçáûòî÷íîå ÷èñëî ñëó÷àåâ ëåéêåìèè ñîñòàâèëî áîëåå
50% îò íàáëþäàåìîãî ïðè äîçàõ íà êðàñíûé êîñòíûé
ìîçã áîëåå 0,5 Ãð (òàáëèöà 1).

Ñìåðòíîñòü îò ëåéêåìèè è ñîëèäíîãî ðàêà çà
33-ëåòíèé ïåðèîä íàáëþäåíèÿ ïðèâåäåíû â òàá-
ëèöå 2.

Äîçîâûå çàâèñèìîñòè ñìåðòíîñòè îò ëåéêåìèè è ñî-
ëèäíîãî ðàêà (ñóììàðíî, çà èñêëþ÷åíèåì ëåéêåìèè è
îñòåîñàðêîìû) è âåëè÷èíû ðàäèàöèîííîãî êàíöåðî-
ãåííîãî ðèñêà ðàññ÷èòàíû ïî ëèíåéíîé è ëèíåéíî-
êâàäðàòè÷íîé ìóëüòèïëèêàòèâíîé ìîäåëè (Kossen-
ko M.M., 1996) (òàáëèöà 3).
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TABLE 2

MORTALITY VALUES FOR LEUKAEMIA AND SOLID CANCERS

ÒÀÁËÈÖÀ 2

ÓÐÎÂÅÍÜ ÑÌÅÐÒÍÎÑÒÈ ÎÒ ËÅÉÊÅÌÈÈ È ÑÎËÈÄÍÎÃÎ ÐÀÊÀ

Group Absorbed dose Gy Cases of death Mortality value
(95% confidential interval)

in red bone in soft leukaemia solid leukaemia solid
marrow tissues cancers* cancers

1st 1.64 1.3 2 33 15.3 252.6
(1.85�55.23) (173.78�354.65)

2nd O.78 0.43 4 80 7.9 158.0**
(2.15�20.22) (125.31�196.55)

3rd 0.61 0.12 4 75 6.6 121.3
(1.76�16.64) (95.31�151.99)

4th 0.29 0.05 3 72 8.5 204.2
(1.75�24.82) (161.32�259.0)

5th 0.18 0.04 9 263 6.9 202.3
(3.17�13.11) (178.46�227.59)

6th 0.176 0.032 5 217 3.8 165.3
(1.23�8.85) (143.78�188.4)

I
(control to the 2nd

and 3rd groups)

6 412 1.6
(0.59�3.51)

110.7
(100.17�121.77)

II
(control to the

30 1416 3.6 171.0

1st, 4th and 5th groups) (2.44�5.15) (162.1�180.23)
III

(control to
34 1453 3.6 154.9

the 6th group) (2.51�5.03) (146.85�163.26)

Note. *� åxcluding osteosarcoma; **� differences are statistically reliable ( P<0.05) compared to the respective control.
Ïðèìå÷àíèå. *� çà èñêëþ÷åíèåì îñòåîñàðêîìû; **� ðàçëè÷èÿ ñòàòèñòè÷åñêè äîñòîâåðíû (ð<0,05) ïî ñðàâíåíèþ ñ ñîîòâåòñòâóþùèì
êîíòðîëåì.

TABLE 3

RADIATION CANCEROGENESIS RISK VALUES CALCULATION
FOR EXPOSED PERSONS FROM RIVER TECHA COHORT

ÒÀÁËÈÖÀ 3

ÐÀÑ×ÅÒ ÐÈÑÊÀ ÐÀÄÈÀÖÈÎÍÍÎÃÎ ÊÀÍÖÅÐÎÃÅÍÅÇÀ
ÄËß ÎÁËÓ×ÅÍÍÛÕ ÆÈÒÅËÅÉ Â ÐÀÉÎÍÅ ð. ÒÅ×À

Risk estimation Leukaemia All cancers excluding leukaemia
Excessive absolute risk per 10,000 person-years, Gy
� L-model 0.85 (0.24�1.45) 0.65 (0.27�1.03)
� LQ-model 1.04D�0.24D2 1.82D�1.1D2

Excessive relative risk per 1 Gy 3.19 (0.43�5.94)

The linear-quadratic model any preferences� ab-
sence to the linear one was revealed in description
of real consequences of radiation exposure on the
river Techa.

The absolute risk value of leukaemia genesis in ex-
posed persons from the river Techa cohort is lower
than in the atomic bombing survivors (2.94 per
10,000 person-years, Gy) that is probably the result
of chronic exposure in low dose levels. Absolute
risk concerning solid cancers for the river Techa
cohort members is entirely comparable to analo-
gous values for the atomic bombing survivors
(Shimizu Y. et al., 1989).

At present the studies of remote cancerogenesis ef-
fects in exposed persons from the river Techa co-
horts are continued on the extended register back-
ground together with more precise dose estima-
tions. The studies are held within collaborative
programs with USA National Institute of Cancer.

Óñòàíîâëåíî, ÷òî äëÿ îïèñàíèÿ ðåàëüíûõ äàííûõ ïî-
ñëåäñòâèé îáëó÷åíèÿ íà ð. Òå÷à èñïîëüçîâàíèå ëèíåé-
íî-êâàäðàòè÷íîé ìîäåëè íå èìååò êàêèõ-ëèáî ïðå-
èìóùåñòâ ïåðåä ëèíåéíîé.

Àáñîëþòíûé ðèñê ðàçâèòèÿ ëåéêåìèè ó îáëó÷åí-
íûõ æèòåëåé â ðàéîíå ð. Òå÷à íèæå òàêîâîãî ó
ïåðåæèâøèõ àòîìíóþ áîìáàðäèðîâêó (2,94 íà
10 000 ÷åëîâåêî-ëåò, Ãð), ÷òî, âîçìîæíî, ÿâëÿåò-
ñÿ ñëåäñòâèåì õðîíè÷åñêîãî îáëó÷åíèÿ â ìàëûõ
äîçàõ. Àáñîëþòíûé ðèñê ðàçâèòèÿ ñîëèäíûõ
îïóõîëåé � âïîëíå ñîïîñòàâèì ñ òàêîâûì ó ïå-
ðåæèâøèõ àòîìíóþ áîìáàðäèðîâêó (Shimizu Y.
et al., 1989).

Â íàñòîÿùåå âðåìÿ èçó÷åíèå îòäàëåííûõ êàíöåðîãåí-
íûõ ýôôåêòîâ ó îáëó÷åííûõ â ðàéîíå ð. Òå÷à ëèö ïðî-
äîëæàþò íà áàçå ðàñøèðåííîãî ðåãèñòðà è áîëåå òî÷-
íîé îöåíêè äîç. Ýòè èññëåäîâàíèÿ ïðîâîäÿò ïî ñî-
âìåñòíûì ïðîãðàììàì ñ Íàöèîíàëüíûì èíñòèòóòîì
ðàêà ÑØÀ.
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