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Cytogenetic research is a necessary component in
the medical control system for persons irradiated
as a result of nuclear accidents.

Such investigations have been carried out since the
end of the 60-s in practically all cases of accidental
irradiation of separate individuals as well as groups
of people, and directed to revealing specifity and
stage of chromosome abberation in peripheral
blood lymphocytes as a result of radiation expo-
sure. These data are used for biological indication
and orientational biological dosimetry of human
irradiation on the basis of cytogenetic criteria as
well as for prediction of possible delayed harmful
stochastic effects of radiation exposure.

The frequency of two categories of chromosome
type aberrations has been used in the cytogenetic
examination as a specific biomarker of human ra-
diation mutagen exposure:

� unstable (acentrics, dicentrics and centric rings)
scored as a rule on conventionally stained slides of
metaphase chromosomes;

Íåîòúåìëåìîé ÷àñòüþ ñèñòåìû ìåäèöèíñêîãî êîíò-
ðîëÿ çà ëèöàìè, îáëó÷åííûìè â ðåçóëüòàòå ÿäåðíûõ
àâàðèé, ÿâëÿþòñÿ öèòîãåíåòè÷åñêèå èññëåäîâàíèÿ.

Òàêèå èññëåäîâàíèÿ âûïîëíÿþò ñ êîíöà 60-õ ãîäîâ
ïðàêòè÷åñêè ïðè âñåõ ñëó÷àÿõ àâàðèéíîãî îáëó÷åíèÿ
îòäåëüíûõ ëèö èëè ãðóïï ëþäåé, è íàïðàâëåíû íà âû-
ÿâëåíèå ñïåöèôèêè è ñòåïåíè ïîâðåæäåíèé õðîìî-
ñîì â ëèìôîöèòàõ ïåðèôåðè÷åñêîé êðîâè â ðåçóëü-
òàòå ðàäèàöèîííîãî âîçäåéñòâèÿ. Ýòè äàííûå ñëóæàò
îñíîâàíèåì êàê äëÿ áèîëîãè÷åñêîé èíäèêàöèè è îðè-
åíòèðîâî÷íîé áèîëîãè÷åñêîé äîçèìåòðèè îáëó÷åíèÿ
÷åëîâåêà ïî öèòîãåíåòè÷åñêèì êðèòåðèÿì, òàê è äëÿ
ïðîãíîçèðîâàíèÿ îòäàëåííûõ íåáëàãîïðèÿòíûõ ñòî-
õàñòè÷åñêèõ ýôôåêòîâ îáëó÷åíèÿ.

Ïðè ïðîâåäåíèè öèòîãåíåòè÷åñêèõ èññëåäîâàíèé â
êà÷åñòâå ñïåöèôè÷åñêîãî áèîìàðêåðà ðàäèàöèîííî-
ãî âîçäåéñòâèÿ íà ÷åëîâåêà èñïîëüçóþò ÷àñòîòó äâóõ
êàòåãîðèé àáåððàöèé õðîìîñîìíîãî òèïà:

� íåñòàáèëüíûõ (àöåíòðèêîâ, äèöåíòðèêîâ, öåíòðè-
÷åñêèõ êîëåö), îïðåäåëÿåìûõ , êàê ïðàâèëî, íà ðóòèí-
íî îêðàøåííûõ ïðåïàðàòàõ ìåòàôàçíûõ õðîìîñîì;
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Abstract
This article discusses the results of cytogenetic examination of Chernobyl accident survivors. The author re-
searched the frequency of unstable aberrations which were eliminated in time, stable ones accumulated after
acute and chronic exposure in peripheral blood lymphocytes scored on conventional slides and with the help
of G-banding and FISH techniques. It revealed the high sensitivity of G-banding analysis for establishing  a
whole spectrum of stable radioinduced cytogenetic markers. It was confirmed that in the case of occupational
contact with the sources of ionising radiation the frequency of chromosomal aberrations can serve as one of the
expositional tests for the evaluation of the harmful action of radiation exposure on human health. The ob-
tained data permit us to suppose the level of ionising radiation under which individual cytogenetic effects can
not be induced or may be induced but then be repaired.
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� stable (complete and incomplete chromosome
translocations, inversions, insertions, deletions),
partly scored as abnormal monocentrics on con-
ventional slides and utterly determined under dif-
ferentially G-stained slides of metaphase chromo-
somes.

Due to the newest achievements in the field of mo-
lecular cytogenetics, starting from the beginning of
90-s, new technology for the finding of stable mark-
ers of human radiation exposure has been introdu-
ced � fluorescence in situ hybridisation with DNA
probes (FISH) � whole chromosome painting.

Cytogenetic analysis has been used for the evalua-
tion of different levels of human radiation expo-
sure including the action of so called �low doses�
which considered doses in the range of up to
500 mGy received as the result of acute, subacute or
chronic radiation exposure.

The value of cytogenetic analysis in case of chronic
radiation exposure of low intensity confirmed by
the results of numerous cytogenetical observations
of persons occupationally coming into contact with
radiation as well as groups of populations living in
the regions with an increased background level of
naturally occurring radiation.

One of the problems for an estimation of a mu-
tagenic action of low radiation doses is the rela-
tively low level of induced cytogenetic effects, in
comparison with the control, for the revealing of
which a huge amount of scored cells are needed to
analyse. This is really hard in case of examination of
selected individuals (even with the help of mod-
ern automatic chromosome analysis systems), but
possible in case of observation of human groups
with identical radiation exposure.

Since 1986 new groups of irradiated people for
whom cytogenetic control is quite essential have
appeared � Chernobyl nuclear power plant
(ChNPP) accident victims, the majority of whom
have been exposing to low radiation doses.

During the 12 years following the Chernobyl disas-
ter a lot of papers devoted to the results of cytoge-
netic examinations of Chernobyl accident victims
(especially, liquidators and population of contami-
nated by radionuclides regions) have been pub-
lished in different countries (Ukraine, Russia, Be-
lorussia, Estonia, Latvia, Germany, Italy, Great Brit-
ain, Netherlands, Austria, USA, Israel).

Since January 1987 we have been carried out cyto-
genetic monitoring of the highest priority Cher-
nobnyl accident survivor�s groups. Among them are
as follows:

1. Patients with verified acute radiation sickness
(ARS) (about 60 persons per year).

� ñòàáèëüíûõ (ñèììåòðè÷íûõ õðîìîñîìíûõ òðàíñ-
ëîêàöèé, èíâåðñèé, äåëåòèðîâàííûõ õðîìîñîì), ÷àñ-
òè÷íî âûÿâëÿåìûõ (â âèäå àíîìàëüíûõ ìîíîöåíòðè-
êîâ) ïðè òðàäèöèîííîì àíàëèçå è â ïîëíîì îáúåìå
îïðåäåëÿåìûõ íà äèôôåðåíöèàëüíî G-îêðàøåííûõ
ïðåïàðàòàõ ìåòàôàçíûõ õðîìîñîì.

Ñ íà÷àëà 90-õ ãîäîâ, áëàãîäàðÿ ïîñëåäíèì äîñòèæå-
íèÿì â îáëàñòè ìîëåêóëÿðíîé öèòîãåíåòèêè, äëÿ îá-
íàðóæåíèÿ ñòàáèëüíûõ ìàðêåðîâ îáëó÷åíèÿ èñïîëü-
çóþò íîâåéøóþ òåõíîëîãèþ � ôëþîðåñöåíòíóþ
ãèáðèäèçàöèþ ìåòàôàçíûõ õðîìîñîì ÷åëîâåêà ñ
ÄÍÊ-çîíäàìè (FISH, whole chromosome painting).

Öèòîãåíåòè÷åñêîå èññëåäîâàíèå èñïîëüçóþò äëÿ îöåí-
êè ñòåïåíè îáëó÷åíèÿ ðàçíîé èíòåíñèâíîñòè, â òîì
÷èñëå ïðè äåéñòâèè èîíèçèðóþùèõ èçëó÷åíèé â òàê
íàçûâàåìûõ ìàëûõ äîçàõ, êàêîâûìè äëÿ ÷åëîâåêà ñ÷è-
òàþò äîçû äî 500 ìÃð, ïîëó÷åííûå âñëåäñòâèå îñòðî-
ãî, ïîäîñòðîãî ëèáî õðîíè÷åñêîãî îáëó÷åíèÿ.

Ýôôåêòèâíîñòü öèòîãåíåòè÷åñêîãî èññëåäîâàíèÿ ïðè
õðîíè÷åñêîì ðàäèàöèîííîì âîçäåéñòâèè ìàëîé èí-
òåíñèâíîñòè äîêàçàíà ìíîãî÷èñëåííûìè îáñëåäîâà-
íèÿìè ïðîôåññèîíàëüíûõ êîíòèíãåíòîâ, êîíòàêòè-
ðóþùèõ ñ ðàäèàöèîííûì ôàêòîðîì, è íàñåëåíèÿ, ïðî-
æèâàþùåãî â ðàéîíàõ ñ ïîâûøåííûì åñòåñòâåííûì
ðàäèàöèîííûì ôîíîì.

Îäíîé èç ïðîáëåì, âîçíèêàþùèõ ïðè îöåíêå ìóòàãåí-
íîãî äåéñòâèÿ èçëó÷åíèé â ìàëûõ äîçàõ, ÿâëÿåòñÿ îòíî-
ñèòåëüíî íåâûñîêèå, ïî ñðàâíåíèþ ñ êîíòðîëåì, óðîâ-
íè èíäóöèðîâàííîãî öèòîãåíåòè÷åñêîãî ýôôåêòà, äëÿ
âûÿâëåíèÿ êîòîðîãî íåîáõîäèìî àíàëèçèðîâàòü îãðîì-
íûå âûáîðêè êëåòîê, ÷òî òðóäíî âûïîëíèìî ïðè îáñëå-
äîâàíèè îòäåëüíûõ èíäèâèäóóìîâ (äàæå ñ èñïîëüçîâà-
íèåì ñîâðåìåííûõ ñèñòåì àâòîìàòè÷åñêîãî àíàëèçà
õðîìîñîì), îäíàêî âîçìîæíî ïðè îáñëåäîâàíèè ãðóïï
ëèö ñ èäåíòè÷íûì ðàäèàöèîííûì âîçäåéñòâèåì.

Ñ 1986 ã. ïîÿâèëèñü íîâûå ãðóïïû îáëó÷åííûõ ëþäåé,
ïîäëåæàùèå öèòîãåíåòè÷åñêîìó êîíòðîëþ � ïîñò-
ðàäàâøèå âñëåäñòâèå àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ
(×ÀÝÑ), çíà÷èòåëüíàÿ ÷àñòü êîòîðûõ èñïûòûâàåò ïî-
ñòîÿííîå äåéñòâèå èçëó÷åíèé â ìàëûõ äîçàõ.

Â òå÷åíèå 12 ëåò, ïðîøåäøèõ ïîñëå ×åðíîáûëüñêîé
êàòàñòðîôû,  â ñòðàíàõ áëèæíåãî (Óêðàèíà, Ðîññèÿ, Áå-
ëàðóñü, Ýñòîíèÿ, Ëàòâèÿ) è äàëüíåãî (Ãåðìàíèÿ, Èòà-
ëèÿ, Âåëèêîáðèòàíèÿ, Íèäåðëàíäû, ÑØÀ, Èçðàèëü) çà-
ðóáåæüÿ îïóáëèêîâàíû ðåçóëüòàòû öèòîãåíåòè÷åñêî-
ãî èññëåäîâàíèÿ â îñíîâíîì ëèêâèäàòîðîâ, à òàêæå
íàñåëåíèÿ, ïðîæèâàþùåãî íà çàãðÿçíåííûõ òåððèòî-
ðèÿõ.

Ñ ÿíâàðÿ 1987 ã. ìû ïðîâîäèì öèòîãåíåòè÷åñêèå èñ-
ñëåäîâàíèÿ ó ïðèîðèòåòíûõ êîíòèíãåíòîâ ïîñòðàäàâ-
øèõ âñëåäñòâèå ×åðíîáûëüñêîé àâàðèè. Ê íèì îòíî-
ñÿòñÿ:

1. Ïàöèåíòû, ó êîòîðûõ áûëà âåðèôèöèðîâàíà îñòðàÿ
ëó÷åâàÿ áîëåçíü (ÎËÁ) (îêîëî 60 ÷åëîâåê åæåãîäíî).
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2. Liquidators mainly from 1986 (about 400 per-
sons during the whole period of observation).

3. Workers of the third and fourth blocks of ChNPP
including people working inside the �Shelter�
(around 250 individuals during 1991, 1994�1997).

4. Some occupational groups (foresters and trac-
tor-drivers) not only living but working in areas
highly polluted with radinuclides (Polesskoe,
30 persons, 1991).

5. Over 400 children from:

� villages Bolshaya Chernigovka and Malaya
Chernigovka Zhitomir region (1989) located in a
zone of strict radiation control;

� village Pershotravneve (1990) and town Narodi-
chi (1991, 1995) Zhitomir region, village Vilcha
(1992) Kyiv region located in a zone of voluntary
resettlement;

� villages Vistupovichi (1990, 1991) Zhitomir re-
gion, town Polesskoe (1991, 1992) Kyiv region lo-
cated in a zone of obligatory resettlement;

�  city Kyiv (1990), town Trostyanets (1991), city
Yagotin (1996) � conditionally control groups for
comparison.

6. Children (30 persons) evacuated in April, 1986
from Pripyat town and living in Kyiv (1995).

7. Group of residents from 5 villages situated to the
north-west (Iliency, Lubyanka) and south-east
(Opachichi, Kupovatoe, Gorodicshe) of the ChNPP
in 30-km exclusion zone (12 persons, 1995).

In almost all these groups (excep ARS�patients) ra-
diation exposure of low intensity was assumed (be-
low 250 mGy).

In all groups the frequency of unstable chromo-
some aberrations which eliminated with time and
stable ones which accumulated in case of chronic
exposure in human peripheral blood lymphocytes
have been researched mainly revealed on conven-
tional slides and partly with the help of G-banding
and FISH techniques.

In some liquidators, who according to official do-
cuments, were exposed to external γ-irradiation in
doses up to 500 mGy, over several days or several
months in 1986, radioinduced cytogenetic effects
have remained even 10�12 years after the accident �
due to stabilisation of residual frequency of di-
centrics and centric rings (at a level of 0.5�1 per
100 cells in 30% people examined under 0.2 in cont-
rol), due to the elevated rate of the stable cytoge-
netic markers (in range 0.5�4.5 per 100 cells in 45%
individuals observed under 0.1 in control). In the
group of liquidators with stable lymphopenia the
frequency of abnormal monocentrics was in the

2. Ëèêâèäàòîðû â îñíîâíîì 1986 ã. (îêîëî 400 ÷åëîâåê
â òå÷åíèå âñåãî ïåðèîäà íàáëþäåíèÿ).

3. Ñîòðóäíèêè òðåòüåãî è ÷åòâåðòîãî áëîêîâ ×ÀÝÑ, â
òîì ÷èñëå ðàáîòíèêè îáúåêòà �Óêðûòèå� (îêîëî 250 ÷å-
ëîâåê â òå÷åíèå 1991, 1994�1997 ãã.).

4. Íåêîòîðûå ïðîôåññèîíàëüíûå ãðóïïû (ëåñíèêè,
ìåõàíèçàòîðû ñåëüñêîãî õîçÿéñòâà), ïðîæèâàþùèå è
ðàáîòàþùèå â çîíàõ èíòåíñèâíîãî çàãðÿçíåíèÿ ðàäèî-
íóêëèäàìè (ïãò Ïîëåññêîå, 30 ÷åëîâåê, 1991 ã.).

5. Áîëåå 400 äåòåé èç ñëåäóþùèõ íàñåëåííûõ ïóíêòîâ:

� ñ. Áîëüøàÿ è Ìàëàÿ ×åðíèãîâêà Æèòîìèðñêîé îáë.
(1989 ã.) � ðàñïîëîæåíû â çîíàõ æåñòêîãî ðàäèàöèîí-
íîãî êîíòðîëÿ;

� ñ. Ïåðøîòðàâíåâîå (1990 ã.) è ïãò Íàðîäè÷è (1988�
1991, 1995 ãã.) Æèòîìèðñêîé îáë., ñ. Âèëü÷à (1992) Êè-
åâñêîé îáë. � ðàñïîëîæåíû â çîíàõ äîáðîâîëüíîãî
îòñåëåíèÿ;

� ñ. Âûñòóïîâè÷è Æèòîìèðñêîé îáë. (1990, 1991 ãã.),
ïãò  Ïîëåññêîå Êèåâñêîé îáë. (1991, 1992 ãã.) � ðàñïî-
ëîæåíû â çîíàõ îáÿçàòåëüíîãî îòñåëåíèÿ;

� ã. Êèåâ (1990 ã.), ïãò Òðîñòÿíåö (1991 ã.), ã. ßãîòèí
(1996 ã.) � óñëîâíî êîíòðîëüíûå ãðóïïû ñðàâíå-
íèÿ.

6. Äåòè, ýâàêóèðîâàííûå èç ã. Ïðèïÿòü â àïðåëå 1986 ã. è
ïðîæèâàþùèå â Êèåâå (30 ÷åëîâåê, 1995, 1996 ãã.).

7. Ãðóïïà �ñàìîñåëîâ� èç 5 ñåë, ðàñïîëîæåííûõ â ñåâåðî-
çàïàäíîì (ñ. Èëüèíöû, Ëóáÿíêà) è þãî-âîñòî÷íîì (ñ. Îïà-
÷è÷è, Êóïîâàòîå, Ãîðîäèùå) íàïðàâëåíèÿõ îò ×ÀÝÑ â
30-êèëîìåòðîâîé çîíå îò÷óæäåíèÿ (12 ÷åëîâåê, 1995 ã.).

Ó áîëüøèíñòâà îáñëåäîâàííûõ (çà èñêëþ÷åíèåì ëèö,
ïåðåíåñøèõ ÎËÁ) ïðåäïîëàãàëè ðàäèàöèîííîå âîç-
äåéñòâèå ìàëîé èíòåíñèâíîñòè � â äîçå äî 250 ìÃð.

Ó âñåõ îáñëåäîâàííûõ îïðåäåëÿëè ÷àñòîòó êàê íåñòà-
áèëüíûõ õðîìîñîìíûõ àááåðàöèé, ýëèìèíèðóþùèõñÿ
ñî âðåìåíåì, òàê è àêêóìóëèðóþùèõñÿ ïðè õðîíè÷åñ-
êîì îáëó÷åíèè ñòàáèëüíûõ ïîâðåæäåíèé õðîìîñîì,
â îñíîâíîì âûÿâëÿåìûõ òðàäèöèîííûì ìåòîäîì è âû-
áîðî÷íî � ñ ïîìîùüþ äèôôåðåíöèàëüíîé G-îêðàñ-
êè è FISH-òåõíèêè.

Ó ÷àñòè ëèêâèäàòîðîâ, êîòîðûå ñîãëàñíî äîêóìåíòàì
1986 ã. â òå÷åíèå íåñêîëüêèõ äíåé èëè ìåñÿöåâ ïîëó÷è-
ëè äîçû âíåøíåãî γ-îáëó÷åíèÿ äî 500 ìÃð, äàæå ÷åðåç
10�12 ëåò ïîñëå àâàðèè ñîõðàíÿåòñÿ ðàäèîèíäóöèðî-
âàííûé öèòîãåíåòè÷åñêèé ýôôåêò êàê çà ñ÷åò ñòàáè-
ëèçàöèè îñòàòî÷íîé ÷àñòîòû äèöåíòðè÷åñêèõ è êîëü-
öåâûõ õðîìîñîì (íà óðîâíå 0,5�1 íà 100 êëåòîê ó 30%
îáñëåäîâàííûõ, â êîíòðîëå � 0,2), òàê è â ðåçóëüòàòå
ñîõðàíåíèÿ ïîâûøåííîé ÷àñòîòû ñòàáèëüíûõ öèòî-
ãåíåòè÷åñêèõ ìàðêåðîâ (ñ èíäèâèäóàëüíûì ðàçáðîñîì
0,5�4,5 íà 100 êëåòîê ïðèìåðíî ó 45% îáñëåäîâàííûõ,
â êîíòðîëå � 0,1). Â ãðóïïå ëèêâèäàòîðîâ ñî ñòîéêîé
ëèìôîïåíèåé àíîìàëüíûå ìîíîöåíòðèêè âûÿâëÿëè ñ
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range 0.1�4.0 per 100 cells in 95% of persons. These
cytogenetic effects were revealed in delayed terms
after radiation exposure and did not show the posi-
tive correlation with official doses of irradiation.
This last can be connected with the individual pe-
culiarities of the elimination of unstable and possi-
bly stable chromosomal aberrations.

The comparison of the sensitivity of micronucleus
and chromosome aberration assays (following the
results of the examination of ChNPP third block
personnel) confirmed that in conditions of human
chronic irradiation by low doses the micronucleus
test reflected only the whole mutagenic burden and
couldn�t serve as a specific test for the evaluation of
radiation exposure. At the same time this test is
quite acceptable as it is less laborious for the revela-
tion of the latent genetic instability with the help
of the �challenge� mutagenic exposure in vitro.

In all examined children living in contaminated
territories not only was a significant increase in
comparison with a period before accident in the
mean frequency of aberrant metaphases, chromo-
some and chromatid type aberrations (including
more than 10-fold growth in the mean group level
of specific cytogenetic markers with essential in-
terindividual fluctuations) revealed, but the trend
to some elevation of the cytogenetic effects in time
(mainly due to the accumulation of stable chro-
mosome injuries under the preservation of the rela-
tively constant level of unstable ones).

Received data testified to the continuation of mu-
tagenic pressing on observed contingents and pos-
sibly to the predomination of induction over elimi-
nation of radioinduced chromosomal aberrations
under prolonged irradiation with a low dose rate.

10 children living in Polesskoye and Narodichi ex-
pressed 18 multiaberrant cells (having from 3 to 11
radiodependent chromosome markers), including
3 so called �rogue� cells. The appearance of such
cells can reflect not only the intensity of human
radiation exposure, but bear testament to internal
local irradiation of stem cells by deposed osteotro-
pic radionuclides. The appearance of such multiab-
errant cells (especially the specific �rogue� cells) in
spite of the reason for their formation an unfavour-
able prognostic sign can be considered because of
its possible ethiological role in cancerogenesis in-
duction via protooncogenes activation.

In the exposed children�s groups the trend to posi-
tive correlation between the severity of induced
cytogenetic effects (especially in terms of summary
rate both unstable and stable markers of radiation
exposure) was revealed and the level of environ-
mental contamination with Cs isotopes.

In the group of children evacuated from Pripyat
town cytogenetic effect was also established even

÷àñòîòîé 0,1�4 íà 100 ìåòàôàç ïðèìåðíî ó 95% îáñëå-
äîâàííûõ. Îáíàðóæåííûé â îòäàëåííûå ñðîêè öèòî-
ãåíåòè÷åñêèé ýôôåêò íå êîððåëèðîâàë ñ äîêóìåíòè-
ðîâàííûìè äîçàìè îáëó÷åíèÿ, ÷òî, î÷åâèäíî, ñâÿçàíî
ñ èíäèâèäóàëüíûìè îñîáåííîñòÿìè ýëèìèíàöèè íå-
ñòàáèëüíûõ è, âîçìîæíî, ñòàáèëüíûõ õðîìîñîìíûõ
àáåððàöèé.

Ïðè ñðàâíåíèè ÷óâñòâèòåëüíîñòè ìèêðîÿäåðíîãî òå-
ñòà è òåñòà õðîìîñîìíûõ àáåððàöèé (íà îñíîâàíèè
äàííûõ îáñëåäîâàíèÿ ñîòðóäíèêîâ òðåòüåãî áëîêà
×ÀÝÑ) ïîäòâåðæäåíî, ÷òî â óñëîâèÿõ õðîíè÷åñêîãî
îáëó÷åíèÿ ÷åëîâåêà â ìàëûõ äîçàõ ìèêðîÿäåðíûé òåñò
îòðàæàåò îáùóþ ìóòàãåííóþ íàãðóçêó è íå ÿâëÿåòñÿ
ñïåöèôè÷åñêèì äëÿ îöåíêè âîçäåéñòâèÿ èîíèçèðóþ-
ùèõ èçëó÷åíèé. Ïîêàçàíà ïðèåìëåìîñòü èñïîëüçîâà-
íèÿ ìèêðîÿäåðíîãî òåñòà êàê ìåíåå òðóäîåìêîãî äëÿ
îïðåäåëåíèÿ ñêðûòîé íåñòàáèëüíîñòè ãåíîìà ñ ïîìî-
ùüþ òåñòèðóþùåãî ìóòàãåííîãî âîçäåéñòâèÿ in vitro.

Ó âñåõ îáñëåäîâàííûõ äåòåé, ïðîæèâàþùèõ íà çàãðÿç-
íåííûõ òåððèòîðèÿõ, îáíàðóæèëè íå òîëüêî äîñòîâåð-
íîå, ïî ñðàâíåíèþ ñ äîàâàðèéíûìè ïîêàçàòåëÿìè, ïî-
âûøåíèå ñðåäíåãðóïïîâîé ÷àñòîòû õðîìîñîìíûõ àáåð-
ðàöèé ðàçíîãî òèïà (âêëþ÷àÿ áîëåå ÷åì â 10 ðàç ïîâû-
øåíèå óðîâíÿ ñïåöèôè÷åñêèõ ìàðêåðîâ îáëó÷åíèÿ ïî
ãðóïïàì â ñðåäíåì ñ ñóùåñòâåííûìè ìåæèíäèâèäóàëü-
íûìè êîëåáàíèÿìè), íî è òåíäåíöèþ ê íåêîòîðîìó óñè-
ëåíèþ öèòîãåíåòè÷åñêîãî ýôôåêòà ñ òå÷åíèåì âðåìåíè
(â îñíîâíîì çà ñ÷åò íàêîïëåíèÿ ñòàáèëüíûõ ïîâðåæäå-
íèé õðîìîñîì ïðè ñîõðàíåíèè îòíîñèòåëüíî ïîñòî-
ÿííîãî ïîâûøåííîãî óðîâíÿ íåñòàáèëüíûõ àáåððàöèé).

Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î ïðîäîëæåíèè ìó-
òàãåííîãî ïðåññèíãà íà îáñëåäîâàííûå êîíòèíãåíòû è,
âîçìîæíî, î ïðåîáëàäàíèè èíäóêöèè íàä ýëèìèíàöè-
åé ðàäèîèíäóöèðîâàííûõ õðîìîñîìíûõ àáåððàöèé ïðè
ïîñòîÿííîì îáëó÷åíèè ñ íèçêîé ìîùíîñòüþ äîçû.

Ó 10 äåòåé, ïðîæèâàþùèõ â ïãò Ïîëåññêîå è Íàðîäè-
÷è, âûÿâëåíî 18 ìóëüòèàáåððàíòíûõ êëåòîê (ñîäåðæà-
ùèõ îò 3 äî 11 ðàçëè÷íûõ ðàäèîçàâèñèìûõ ìàðêåðîâ),
÷òî îòðàæàåò íå òîëüêî èíòåíñèâíîñòü, íî è õàðàêòåð
ìóòàãåííîãî âîçäåéñòâèÿ è ìîæåò áûòü ïîêàçàòåëåì
ëîêàëüíîãî îáëó÷åíèÿ ñòâîëîâûõ ãåìîïîýòè÷åñêèõ
êëåòîê çà ñ÷åò âíóòðåííåãî ïîñòóïëåíèÿ îñòåîòðîï-
íûõ ðàäèîíóêëèäîâ. Ïîÿâëåíèå òàê íàçûâàåìûõ íàãðó-
æåííûõ êëåòîê (âêëþ÷àÿ ñïåöèôè÷åñêèå rogue êëåò-
êè), íåçàâèñèìî îò ïðè÷èíû, ñ÷èòàþò íåáëàãîïðèÿò-
íûì ïðîãíîñòè÷åñêèì ïðèçíàêîì èç-çà èõ âîçìîæ-
íîé ýòèîëîãè÷åñêîé ðîëè â èíäóêöèè êàíöåðîãåíåçà
÷åðåç àêòèâàöèþ ïðîòîîíêîãåíîâ.

Ïðè îáñëåäîâàíèè ïîñòðàäàâøèõ äåòåé îáíàðóæèëè
òåíäåíöèþ ê ïîëîæèòåëüíîé êîððåëÿöèè ñòåïåíè âû-
ðàæåííîñòè öèòîãåíåòè÷åñêîãî ýôôåêòà (îñîáåííî
ïî ñðåäíåãðóïïîâîé ñóììàðíîé ÷àñòîòå íåñòàáèëüíûõ
è ñòàáèëüíûõ ìàðêåðîâ îáëó÷åíèÿ) è ïëîòíîñòè çà-
ãðÿçíåíèÿ ïî÷âû èçîòîïàìè öåçèÿ.

Ó äåòåé, ýâàêóèðîâàííûõ èç Ïðèïÿòè, äàæå ÷åðåç 9�
10 ëåò ïîñëå àâàðèè íàáëþäàëè öèòîãåíåòè÷åñêèé ýô-
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9�10 years after the Chernobyl accident which con-
firmed the high sensitivity of children to the mu-
tagenic action of low radiation doses.

In so called �control� children�s groups (from Trosty-
anets and Kyiv) cytogenetic effects times increased
by three times the background level estimated for
spontaneous chromosome mutagenesis in periph-
eral human lymphocytes 20�30 years ago (2.7 and
1.19 aberrant cells correspondingly), but mainly due
to the chromatid type aberrations. Such a tendency,
mainly characterised by influence of chemical and
biologycal mutagenes has been revealed by many sci-
entists over the world to be connected with the in-
creased pollution of the environment.

The results of cytogenetic investigation of occupa-
tional groups chronically exposing to ionising ra-
diation (tractor-drivers, foresters living and work-
ing on contaminated areas; personnel of the
ChNPP, including �Shelter�), showed the addition-
al input of occupational mutagenic exposure to the
radioinduced cytogenetic effects. In foresters and
tractor-drivers the individual frequency of radio-
induced cytogenetic markers did not correlate posi-
tively with the activity of Cs isotopes in the human
body, but the mean group cytogenetic effects de-
pended on density of soil contamination by
Cs isotopes in the of places of residence.

From the example of the workers� groups from
ChNPP the high sensitivity of the G-banding anal-
ysis for revealing the whole spectrum of stable ra-
dioinduced cytogenetic markers was established.

It has been confirmed that in the conditions of occupa-
tional contact with the sources of ionising irradiation
the frequency of chromosomal aberrations can serve as
one of the expositional tests for the evaluation of the
harmful action of radiation exposure on human health.

The staff of the �Shelter� was a nonuniform group
in terms of the induced cytogenetic effects � in
terms of integral cytogenetic criteria (1�9.5% aber-
rant cells) as well as the level of specific cytogenetic
markers of irradiation (0�5.5 dicentrics and cen-
tric rings sum and 0�3.0 abnormal monocentrics
per 100 cells). In two persons from this group the
frequency of stable chromosome aberrations accu-
mulated over 10 years (established with the help of
FISH technique) more than 20 times exceeded the
age standard and was 29.2; 36.8 and 1.4 symmetric
translocations per 100 cells accordingly which cor-
responded to 7�8 Gy of chronic radiation γ-expo-
sure.

In residents of the Chernobyl 30-km exclusion zone
the mean level of unstable chromosome aberrations
(0.25�0.38 per 100 cells) significantly increased their
control value and was the same in inhabitants from
different villages. The mean group (0.17�0.58 per
100 cells) and individual (0.5�1.5 per 100 cells) fre-
quencies of stable chromosome aberrations under

ôåêò, ÷òî ïîäòâåðæäàåò âûñîêóþ ÷óâñòâèòåëüíîñòü äåò-
ñêîãî îðãàíèçìà ê ìóòàãåííîìó äåéñòâèþ èîíèçèðó-
þùèõ èçëó÷åíèé â ìàëûõ äîçàõ.

Â òàê íàçûâàåìûõ êîíòðîëüíûõ ãðóïïàõ äåòåé (èç
ïãò Òðîñòÿíåö è ã. Êèåâà) öèòîãåíåòè÷åñêèé ýôôåêò â
3 ðàçà âûøå ñïîíòàííîãî óðîâíÿ, óñòàíîâëåííîãî äëÿ
õðîìîñîìíîãî ìóòàãåíåçà â ëèìôîöèòàõ ïåðèôåðè-
÷åñêîé êðîâè ÷åëîâåêà 20�30 ëåò òîìó íàçàä (2,7 è
1,19% àáåððàíòíûõ êëåòîê ñîîòâåòñòâåííî), íî ïðå-
èìóùåñòâåííî çà ñ÷åò àáåððàöèé õðîìàòèäíîãî òèïà,
õàðàêòåðíûõ äëÿ äåéñòâèÿ õèìè÷åñêèõ è áèîëîãè÷åñ-
êèõ ìóòàãåíîâ. Ïîäîáíóþ òåíäåíöèþ îòìå÷àþò ìíî-
ãèå öèòîãåíåòèêè, ñâÿçûâàÿ åå ñ óõóäøåíèåì îáùåé
ýêîëîãè÷åñêîé îáñòàíîâêè.

Ïðè öèòîãåíåòè÷åñêîì èññëåäîâàíèè ïðîôåññèîíàëü-
íûõ ãðóïï, ïîäâåðãàþùèõñÿ õðîíè÷åñêîìó îáëó÷åíèþ
(ìåõàíèçàòîðû è ðàáîòíèêè ëåñíè÷åñòâ, ïðîæèâàþùèå
è ðàáîòàþùèå íà çàãðÿçíåííûõ òåððèòîðèÿõ; ñîòðóä-
íèêè ×ÀÝÑ è îáúåêòà �Óêðûòèå�), îáíàðóæèëè äîïîë-
íèòåëüíûé âêëàä ïðîôåññèîíàëüíîé êîìïîíåíòû â ðà-
äèîèíäóöèðîâàííûé öèòîãåíåòè÷åñêèé ýôôåêò. Ó ìå-
õàíèçàòîðîâ è ðàáîòíèêîâ ëåñíè÷åñòâ íå íàáëþäàëè
ïîëîæèòåëüíîé êîððåëÿöèè èíäèâèäóàëüíîé ÷àñòîòû
öèòîãåíåòè÷åñêèõ ìàðêåðîâ îáëó÷åíèÿ è àêòèâíîñòè
èçîòîïîâ öåçèÿ â îðãàíèçìå, õîòÿ ñðåäíåãðóïïîâîé ýô-
ôåêò çàâèñåë îò ïëîòíîñòè çàãðÿçíåíèÿ ïî÷âû ðàäèî-
íóêëèäàìè öåçèÿ â ìåñòàõ ïðîæèâàíèÿ.

Ïðè îáñëåäîâàíèè ãðóïïû ðàáîòíèêîâ ×ÀÝÑ îòìå÷åíà
âûñîêàÿ ÷óâñòâèòåëüíîñòü ìåòîäà àíàëèçà äèôôåðåí-
öèàëüíî îêðàøåííûõ õðîìîñîì äëÿ âûÿâëåíèÿ ïîëíî-
ãî ñïåêòðà ñòàáèëüíûõ ðàäèîçàâèñèìûõ ïîêàçàòåëåé.

Ïîäòâåðæäåíî, ÷òî â óñëîâèÿõ ïðîôåññèîíàëüíîãî
êîíòàêòà ñ èñòî÷íèêàìè èîíèçèðóþùèõ èçëó÷åíèé
÷àñòîòà õðîìîñîìíûõ àáåððàöèé ìîæåò áûòü îäíèì
èç ýêñïîçèöèîííûõ òåñòîâ äëÿ îöåíêè ïîâðåæäàþùå-
ãî äåéñòâèÿ èîíèçèðóþùèõ èçëó÷åíèé íà ÷åëîâåêà.

Ñîòðóäíèêè îáúåêòà �Óêðûòèå� îêàçàëèñü âåñüìà ðàçíî-
ðîäíîé ãðóïïîé ïî ñòåïåíè âûðàæåííîñòè èíäóöèðî-
âàííîãî öèòîãåíåòè÷åñêîãî ýôôåêòà � êàê ïî èíòå-
ãðàëüíûì öèòîãåíåòè÷åñêèì ïîêàçàòåëÿì (1�9,5% àáåð-
ðàíòíûõ êëåòîê), òàê è ïî ÷àñòîòå ðàäèîèíäóöèðîâàí-
íûõ öèòîãåíåòè÷åñêèõ ìàðêåðîâ (0�5,5 äèöåíòðè÷åñêèõ
è êîëüöåâûõ õðîìîñîì è 0�3 àíîìàëüíûõ ìîíîöåíòðè-
êîâ íà 100 êëåòîê). Ó 2 îáñëåäîâàííûõ èç ýòîé ãðóïïû
÷àñòîòà àêêóìóëèðîâàííûõ çà 10 ëåò ñòàáèëüíûõ õðîìî-
ñîìíûõ àáåððàöèé, óñòàíîâëåííàÿ ñ ïîìîùüþ ìåòîäà
FISH, áîëåå ÷åì â 20 ðàç ïðåâûøàëà âîçðàñòíóþ íîðìó,
ñîñòàâëÿÿ 29,2; 36,8 è 1,4 ñèììåòðè÷íûõ òðàíñëîêàöèé
íà 100 êëåòîê ñîîòâåòñòâåííî, ÷òî ñîîòâåòñòâóåò äîçå
õðîíè÷åñêîãî γ-îáëó÷åíèÿ ïîðÿäêà 7�8 Ãð.

Ó �ñàìîñåëîâ� èç 30-êèëîìåòðîâîé çîíû îò÷óæäåíèÿ
ñðåäíåãðóïïîâîé óðîâåíü íåñòàáèëüíûõ àáåððàöèé
õðîìîñîì (0,25�0,38 íà 100 êëåòîê) ïðåâûøàë èõ ñïîí-
òàííóþ ÷àñòîòó è äîñòîâåðíî íå îòëè÷àëñÿ ó æèòåëåé
ðàçíûõ íàñåëåííûõ ïóíêòîâ. Ïðè àíàëèçå ðàâíîìåð-
íî îêðàøåííûõ ïðåïàðàòîâ õðîìîñîì òàêæå îòìå÷å-
íà òåíäåíöèÿ ê âîçðàñòàíèþ, ïî ñðàâíåíèþ ñî ñïîí-



Pilinskaya / International Journal of Radiation Medicine 1999, 2 (2): 60�66

65

the conventional analysis also had trends to the
elevation over the spontaneous level, but exceeded
it by almost 7 times under the FISH analysis. These
data testify as to the accumulation of cytogenetic
effects in time under constant external and inter-
nal irradiation as to the high sensitivity of the FISH
method for the discovery of such an effect. In terms
of cytogenetic criteria mutagenic burden in this
group was comparable with the same in popula-
tions of the other contaminated areas of Ukraine
outside the exclusion zone (equal to zone of the
voluntary resettlement).

In all the exposed groups the trend to the eleva-
tion of chromatid type aberrations frequency both
individual (0.5�5.5 per 100 cells) and mean-group
(1.2�2.6 per 100 cells) over their spontaneous level
estimated two decades ago was established. It could
be as a result of the radioinduced genomic instabil-
ity and hence � the increased sensitivity to the ac-
tion of the other environmental mutagenes.

A special investigation of possible hidden chromo-
somal instability in the peripheral lymphocytes of
irradiated persons, with the help of �challenge� or
�testing� mutagenic exposure in vitro (both radia-
tion and chemical), has established the trend to
the appearance of the �adaptive response� in chil-
dren�s groups from contaminated areas and the ten-
dency to decrease of the chromosome resistance in
the groups of clean-up workers and ChNPP per-
sonnel with essential interindividual fluctuations.
Increased sensitivity of human chromosomes to
additional mutagenic exposure in vitro as a predis-
position to existing oncopathology is considered
nowadays.

The data obtained was in good concordance with
analogous data received by other scientists (Sevan-
kaev A.V., Shevchenko V.A., Bochkov N.P., Maz-
nik N.A. et al.) concerning the cytogenetic effects in
somatic human cells on the model of chronic ex-
posure to Chernobyl accident factors.

All these results confirmed the fact that cytogenet-
ic analysis both in classic version (conventional
staining) and especially with G-banding and FISH
techniques can serve as sufficiently correct for the
evaluation of hereditary structures state of somatic
human cells in case of chronic radiation exposure
of low intensity which permit us to use it for
biomonitoring at the group�s level.

It has been established that even so called �low dos-
es� of ionising radiation (250 mGy) under long-
term exposure can be �double� owing to induction
of specific injuries of chromosome structure in the
human peripheral blood lymphocytes. Such inju-
ries are not only the biomarkers of human radia-
tion exposure but can lead to damage of the target
cells� functions and hence can induce stochastic and
possibly some nonstochastic postirradiation ef-
fects.

òàííûì óðîâíåì, ñðåäíåãðóïïîâûõ (0,17�0,58 íà 100
êëåòîê) è èíäèâèäóàëüíûõ (0,5�1,5 íà 100 êëåòîê) ÷àñ-
òîò ñòàáèëüíûõ ìàðêåðîâ îáëó÷åíèÿ, ïðè èñïîëüçî-
âàíèè ìåòîäà FISH � ïî÷òè â 7 ðàç. Ýòî ñâèäåòåëüñòâó-
åò êàê î íàêîïëåíèè öèòîãåíåòè÷åñêîãî ýôôåêòà ñî
âðåìåíåì ïðè ïîñòîÿííîì âíåøíåì è âíóòðåííåì
îáëó÷åíèè, òàê è î âûñîêîé ÷óâñòâèòåëüíîñòè ìåòîäà
FISH äëÿ âûÿâëåíèÿ òàêîãî ýôôåêòà. Ïî öèòîãåíåòè-
÷åñêèì êðèòåðèÿì ìóòàãåííàÿ íàãðóçêà ó ñàìîñåëîâ
ñîïîñòàâèìà ñ òàêîâîé ó æèòåëåé çàãðÿçíåííûõ îáëà-
ñòåé Óêðàèíû çà ïðåäåëàìè çîíû îò÷óæäåíèÿ (çîíà
äîáðîâîëüíîãî îòñåëåíèÿ).

Ïðàêòè÷åñêè âî âñåõ ãðóïïàõ ïîñòðàäàâøèõ íàáëþäà-
ëè òåíäåíöèþ ê âîçðàñòàíèþ èíäèâèäóàëüíîé (0,5�
5,5 íà 100 êëåòîê) è ñðåäíåãðóïïîâîé (1,2�2,6 íà 100
êëåòîê) ÷àñòîòû àáåððàöèé õðîìàòèäíîãî òèïà, ÷òî
ìîæåò áûòü ðåçóëüòàòîì ðàäèîèíäóöèðîâàííîé íåñòà-
áèëüíîñòè ãåíîìà è, ñëåäîâàòåëüíî, ïîâûøåíèÿ ÷óâ-
ñòâèòåëüíîñòè êëåòîê ê äåéñòâèþ äðóãèõ ìóòàãåííûõ
ôàêòîðîâ.

Ïðè ñïåöèàëüíîì èññëåäîâàíèè âîçìîæíîé ñêðûòîé
íåñòàáèëüíîñòè õðîìîñîì ëèìôîöèòîâ ïåðèôåðè-
÷åñêîé êðîâè ó îáëó÷åííûõ ëèö ñ ïîìîùüþ òåñòèðó-
þùåãî ìóòàãåííîãî âîçäåéñòâèÿ (ðàäèàöèîííîãî è
õèìè÷åñêîãî) in vitro íà ãðóïïîâîì óðîâíå îáíàðó-
æèëè òåíäåíöèþ ê âîçíèêíîâåíèþ òàê íàçûâàåìîãî
àäàïòèâíîãî îòâåòà ó äåòåé, ïðîæèâàþùèõ íà çàãðÿç-
íåííûõ òåððèòîðèÿõ, è ê ñíèæåíèþ ðåçèñòåíòíîñòè
õðîìîñîì ó ëèêâèäàòîðîâ è ðàáîòíèêîâ ×ÀÝÑ ñ ñó-
ùåñòâåííûìè èíäèâèäóàëüíûìè îòëè÷èÿìè. Ïîâûøå-
íèå ÷óâñòâèòåëüíîñòè õðîìîñîì ëèìôîöèòîâ ê äî-
ïîëíèòåëüíîé ìóòàãåííîé íàãðóçêå in vitro ðàñöåíè-
âàþò â íàñòîÿùåå âðåìÿ êàê ïðåäðàñïîëîæåííîñòü ê
ðàçâèòèþ îíêîïàòîëîãèè.

Ïîëó÷åííûå íàìè ðåçóëüòàòû â öåëîì ñîïîñòàâèìû ñ
äàííûìè äðóãèõ àâòîðîâ (Ñåâàíüêàåâ À.Â., Øåâ÷åí-
êî Â.À., Áî÷êîâ Í.Ï., Ìàçíèê Í.À. è äð.), èçó÷àâøèõ öè-
òîãåíåòè÷åñêèå ýôôåêòû â ñîìàòè÷åñêèõ êëåòêàõ ÷å-
ëîâåêà íà ìîäåëè õðîíè÷åñêîãî äåéñòâèÿ ôàêòîðîâ
×åðíîáûëüñêîé àâàðèè.

Òàêèì îáðàçîì, ïðîâåäåíèå öèòîãåíåòè÷åñêîãî èññëå-
äîâàíèÿ êàê â êëàññè÷åñêîì âàðèàíòå, òàê è, îñîáåííî,
ìåòîäàìè äèôôåðåíöèàëüíîé è ôëþîðåñöåíòíîé
îêðàñêè ìåòàôàçíûõ õðîìîñîì ÿâëÿåòñÿ äîñòàòî÷íî
êîððåêòíûì ñïîñîáîì îöåíêè ñîñòîÿíèÿ íàñëåäñòâåí-
íûõ ñòðóêòóð êëåòîê ïðè õðîíè÷åñêîì îáëó÷åíèè ÷å-
ëîâåêà â ìàëûõ äîçàõ, ÷òî ïîçâîëÿåò èñïîëüçîâàòü åãî
äëÿ áèîìîíèòîðèíãà íà ãðóïïîâîì óðîâíå.

Ïîêàçàíî, ÷òî äàæå ìàëûå äîçû èîíèçèðóþùèõ èçëó-
÷åíèé (250 ìÃð) ïðè äëèòåëüíîì äåéñòâèè ìîãóò áûòü
�óäâàèâàþùèìè� ïî öèòîãåíåòè÷åñêèì êðèòåðèÿì, èí-
äóöèðóÿ ñïåöèôè÷åñêèå ïîâðåæäåíèÿ õðîìîñîì, êî-
òîðûå ÿâëÿþòñÿ íå òîëüêî áèîìàðêåðàìè ìóòàãåííî-
ãî äåéñòâèÿ èîíèçèðóþùèõ èçëó÷åíèé íà ÷åëîâåêà,
íî, ïðèâîäÿ ê íàðóøåíèþ ôóíêöèîíèðîâàíèÿ êëåòîê-
ìèøåíåé, ìîãóò ëåæàòü â îñíîâå ñòîõàñòè÷åñêèõ è, âîç-
ìîæíî, íåêîòîðûõ íåñòîõàñòè÷åñêèõ ïîñòðàäèàöèîí-
íûõ ýôôåêòîâ.
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Interindividual variability in the frequency of chro-
mosomal aberrations under identical conditions
of radiation exposure can serve as an indicator of
individual reactions to mutagenic action which
must be taken into consideration under the occu-
pational selection of persons for further work with
the radiation factor even under correct hygienic
standards.

At the same time the received data permit us to
suppose the existence of such levels of radiation
under which individual cytogenetic effects can not
be induced at all or can be induced but then can be
repaired or can be induced but cannot be revealed
even with the help of modern cytogenetic tech-
niques. So it is the main limitation for the individ-
ual evaluation of low doses radiation exposure.

The future direction the futher investigations
seems to be cytogenetical monitoring using not
only traditional, but the newest genetical meth-
ods which permit us to reveal specific injuries of
separate chromosomes (for example, in the sites
of oncogenes location) for the comparison of ini-
tial structures� genomic damages with the direct
(oncopatology, teratology) and probably indi-
rect (non-specific somatic diseases) radiation ef-
fects.

Such investigations give us the opportunity to de-
termine the significance of human somatic cells
chromosomes� injuries for the realisation of the de-
layed medical consequences of radiation exposure
and thus to elaborate the quantitative cytogenetic
criteria for the establishment of the risk groups.

Ìåæèíäèâèäóàëüíàÿ âàðèàáåëüíîñòü ÷àñòîòû õðîìî-
ñîìíûõ àáåððàöèé, íàáëþäàåìàÿ ïðè èäåíòè÷íûõ
óñëîâèÿõ îáëó÷åíèÿ, ìîæåò ñëóæèòü ïîêàçàòåëåì èí-
äèâèäóàëüíîé ðåàêòèâíîñòè îðãàíèçìà íà äåéñòâèå
ìóòàãåííûõ ôàêòîðîâ, ÷òî ñëåäóåò ó÷èòûâàòü ïðè ïðî-
ôåññèîíàëüíîì îòáîðå ëèö äëÿ ðàáîòû â óñëîâèÿõ
õðîíè÷åñêîãî îáëó÷åíèÿ äàæå ïðè ñîáëþäåíèè ãèãèå-
íè÷åñêèõ ðåãëàìåíòîâ.

Âìåñòå ñ òåì, ïîëó÷åííûå äàííûå ïîçâîëÿþò ïðåäïîëî-
æèòü ñóùåñòâîâàíèå óðîâíåé îáëó÷åíèÿ, íèæå êîòîðûõ
öèòîãåíåòè÷åñêèå ýôôåêòû ó îòäåëüíûõ èíäèâèäîâ ëèáî
íå èíäóöèðóþòñÿ, ëèáî èíäóöèðóþòñÿ, íî ìîãóò áûòü
ðåïàðèðîâàíû, èëè æå íå âûÿâëÿþòñÿ èñïîëüçóåìûìè â
íàñòîÿùåå âðåìÿ ìåòîäàìè, ÷òî è ÿâëÿåòñÿ ëèìèòèðóþ-
ùèì äëÿ èíäèâèäóàëüíîé îöåíêè ñòåïåíè äåéñòâèÿ
èîíèçèðóþùèõ èçëó÷åíèé â ìàëûõ äîçàõ .

Ïåðñïåêòèâíûì íàïðàâëåíèåì äàëüíåéøèõ èññëåäîâà-
íèé ïðåäñòàâëÿåòñÿ öèòîãåíåòè÷åñêèé ìîíèòîðèíã ñ
èñïîëüçîâàíèåì íå òîëüêî òðàäèöèîííûõ, íî è íîâûõ
ãåíåòè÷åñêèõ ìåòîäîâ, ïîçâîëÿþùèõ, â ÷àñòíîñòè, âû-
ÿâëÿòü ñïåöèôè÷åñêèå ïîâðåæäåíèÿ îòäåëüíûõ õðîìî-
ñîì (íàïðèìåð, â ìåñòàõ ëîêàëèçàöèè îíêîãåíîâ) äëÿ
ñîïîñòàâëåíèÿ îáíàðóæåííûõ ïåðâè÷íûõ ñòðóêòóðíûõ
ïîâðåæäåíèé ãåíîìà ñ ïðÿìûìè (îíêîïàòîëîãèÿ, òå-
ðàòîãåíåç) è íåïðÿìûìè (íåñïåöèôè÷åñêèå íàðóøåíèÿ
ñîñòîÿíèÿ çäîðîâüÿ) ðàäèàöèîííûìè ýôôåêòàìè.

Òàêèå èññëåäîâàíèÿ ïîçâîëÿò îïðåäåëèòü çíà÷åíèå  ïî-
âðåæäåíèÿ õðîìîñîìíîãî àïïàðàòà ñîìàòè÷åñêèõ êëå-
òîê ÷åëîâåêà â ðàçâèòèè îòäàëåííûõ ìåäèöèíñêèõ ïî-
ñëåäñòâèé îáëó÷åíèÿ è, â èòîãå, ðàçðàáîòàòü êîëè÷å-
ñòâåííûå öèòîãåíåòè÷åñêèå êðèòåðèè äëÿ âûäåëåíèÿ
ãðóïï ðèñêà.


