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Ðîçâèòîê àòîìíî¿ ïðîìèñëîâîñò³ ïåð³î-
äè÷íî ñóïðîâîäæóºòüñÿ ð³çíèìè çà ìàñ-
øòàáàìè ðàä³àö³éíèìè ³íöèäåíòàìè, ùî
ïðèçâîäÿòü äî ðàä³àö³éíîãî çàáðóäíåííÿ
òåðèòîð³é ³ äî íåêîíòðîëüîâàíîãî íèçüêîïî-
òóæí³ñíîãî îïðîì³íþâàííÿ âåëèêî¿ ê³ëü-
êîñò³ íàñåëåííÿ, ÿêå íà íèõ ïðîæèâàº [1].
Çîêðåìà, âíàñë³äîê ×îðíîáèëüñüêî¿ êàòà-

ñòðîôè â Óêðà¿í³ ïîñòðàæäàëî á³ëüøå
3,5 ìëí. íàñåëåííÿ, îñíîâíà ÷àñòèíà ÿêî-
ãî ïðîäîâæóº ìåøêàòè íà çàáðóäíåíèõ
ðàä³îíóêë³äàìè òåðèòîð³ÿõ [2].
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Öåëü ðàáîòû: Èçó÷åíèå èíôîðìàòèâíîñòè àíàëèçà ìèêðî-
ÿäåð â ëèìôîöèòàõ ïåðèôåðè÷åñêîé êðîâè äëÿ áèîèíäèêàöèè
è áèîäîçèìåòðèè õðîíè÷åñêîãî âîçäåéñòâèÿ ìàëûõ äîç îáëó÷å-
íèÿ íà ëþäåé, ïðîæèâàþùèõ íà ðàäèàöèîííî çàãðÿçíåííûõ
òåððèòîðèÿõ.

Ìàòåðèàëû è ìåòîäû: Îáñëåäîâàíû 26 æèòåëåé 30-êèëî-
ìåòðîâîé çîíû îò÷óæäåíèÿ ×ÀÝÑ. Ãðóïïó ñðàâíåíèÿ ñîñòàâè-
ëè êëèíè÷åñêè çäîðîâûå æèòåëè Êèåâà ñîîòâåòñòâóþùåãî âîç-
ðàñòà, ïîëà è ïðèâû÷êè ê êóðåíèþ � 41 ÷åëîâåê. Èñïîëüçîâàí
ìåòîä àíàëèçà ìèêðîÿäåð â ëèìôîöèòàõ ïåðèôåðè÷åñêîé êðî-
âè ïðè áëîêèðîâàíèè öèòîêèíåçà. Èçó÷àëè ÷àñòîòó ìèêðîÿäåð
è ðàñïðåäåëåíèå êëåòîê ïî èõ êîëè÷åñòâó.

Ðåçóëüòàòû: Âûÿâëåíî äîñòîâåðíîå ïðåâûøåíèå ÷àñòîòû
ìèêðîÿäåð è ÷àñòîòû êëåòîê ñ íåñêîëüêèìè ìèêðîÿäðàìè â
ëèìôîöèòàõ êðîâè ñàìîñåëîâ 30-êèëîìåòðîâîé çîíû îò÷óæäå-
íèÿ ×ÀÝÑ ïî ñðàâíåíèþ ñ äàííûìè êèåâëÿí. Ïðè ñðàâíåíèè
ïîäãðóïï ñàìîñåëîâ, êîòîðûå ïðîæèâàþò â 5 ñåëàõ çîíû ñ ðàç-
íûì óðîâíåì ðàäèîíóêëèäíîãî çàãðÿçíåíèÿ ïî÷â, îáíàðóæåíà
êîððåëÿöèÿ ìåæäó ñðåäíåãðóïïîâîé íàäñïîíòàííîé ÷àñòîòîé
ìèêðîÿäåð â ëèìôîöèòàõ è çàãðÿçíåíèåì 90Sr òåððèòîðèé ñåë,
à òàêæå ñðåäíåãðóïïîâûìè äîçàìè íà êðàñíûé êîñòíûé ìîçã è
âíóòðåííèì îáëó÷åíèåì íà âñå òåëî. Èíäèâèäóàëüíàÿ íàäñïîí-
òàííàÿ ÷àñòîòà ìèêðîÿäåð â ëèìôîöèòàõ ñàìîñåëîâ íå êîððåëè-
ðóåò ñ äîçàìè îáëó÷åíèÿ íà âñå òåëî, âûÿâëåíà åå êîððåëÿöèÿ
ñ äîçîé îáëó÷åíèÿ íà êðàñíûé êîñòíûé ìîçã. Óñòàíîâëåíà îá-
ðàòíàÿ êîððåëÿöèÿ âåëè÷èíû èíäóöèðîâàííîé ÷àñòîòû ìèêðî-
ÿäåð íà åäèíèöó äîçû îáëó÷åíèÿ ñ âîçðàñòîì ñàìîñåëîâ, ÷òî ñâè-
äåòåëüñòâóåò î áîëüøåé ðàäèî÷óâñòâèòåëüíîñòè ëþäåé ìîëîäîãî
âîçðàñòà.

Âûâîäû: Òåñò ÷àñòîòû ìèêðîÿäåð â ëèìôîöèòàõ ïåðèôåðè-
÷åñêîé êðîâè ìîæíî èñïîëüçîâàòü äëÿ ãðóïïîâîé áèîèíäèêà-
öèè íàäôîíîâîãî íèçêîìîùíîñòíîãî îáëó÷åíèÿ ëþäåé, ïðîæè-
âàþùèõ íà òåððèòîðèÿõ, çàãðÿçíåííûõ ðàäèîíóêëèäàìè. Ìèê-
ðîÿäåðíûé òåñò íå ïðèãîäåí äëÿ áèîäîçèìåòðèè íèçêîìîùíî-
ñòíîãî îáëó÷åíèÿ âñåãî òåëà. Öåëåñîîáðàçíî ïðîâîäèòü äàëüíåé-
øåå èññëåäîâàíèå äëÿ îïðåäåëåíèÿ âîçìîæíîñòè åãî ïðèìåíå-
íèÿ äëÿ áèîäîçèìåòðèè îáëó÷åíèÿ êðàñíîãî êîñòíîãî ìîçãà.
Óâåëè÷åíèå ÷àñòîòû ìèêðîÿäåð ó îòäåëüíûõ èíäèâèäóóìîâ
ìîæíî ðàññìàòðèâàòü êàê ñèãíàë ïîòåíöèàëüíîãî ðèñêà äëÿ
çäîðîâüÿ.

Êëþ÷åâûå ñëîâà: 30-êèëîìåòðîâàÿ çîíà îò÷óæäåíèÿ ×ÀÝÑ,
íèçêîìîùíîñòíîå õðîíè÷åñêîå îáëó÷åíèå, ëèìôîöèòû ïåðèôå-
ðè÷åñêîé êðîâè ÷åëîâåêà, ìèêðîÿäðà.

Bioindication of supra-background irradiation
in residents of contaminated areas using
micronuclear test

Objective: To study the efficacy of micronuclear analysis of
peripheral blood lymphocytes for bioindication and biodosimetry
of chronic influence of low-dose irradiation on people residing on
contaminated territories.

Material and Methods: The study involved 26 residents of 30-
km zone of the Chornobyl Atomic Power Plant. The controls were
healthy residents of Kyiv of the respective age, sex and smoking
habit (41 persons). Micronuclear analysis of peripheral blood
lymphocytes at cytokinesis block was used. The incidence of
micronuclei and distribution of cells according to the amount of
micronuclei was studied.

Results: Significant increase of the incidence of micronuclei
and cells with several micronuclei in the lymphocytes of the blood
was revealed in the persons who had wilfully settled in the 30-km
alienation zone when compared with the residents of Kyiv.
Comparison of the subgroups from the 30-km zone which reside in
5 villages with different level of radionuclide contamination of the
soil demonstrated correlation between mean supra-spontaneous
insidence of micronuclei in the lymphocytes and Sr-90
contamination of the villages as well as mean group doses in the red
bone marrow and internàl whole-body irradiation. Individual
supra-spontaneous incidence of micronuclei per unit of irradiation
and the age of the wilful residents was observed which suggested
great radiosensitivity of young people.

Conclusion: Tests of micronuclei incidence in the peripheral
blood lymphocytes can be used for group bioindication of supra-
background low-dosage irradiation of persons residing in
contaminated districts. Micronuclear test cannot be used for
biodosimetry of low-dosage whole body irradiation. Further study
is advisable to determine the possibility of its application in
dosimetry of red-bone marrow irradiation. Increase of
micronucleus amount in individual patients can be considered a
signal of potential risk.

Key words: 30-km alienation zone of the Chornobyl Atomic
Power Plant, low-dosage chronic irradiation, peripheral blood
lymphocytes, micronuclei.
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îðãàí³çìó òà îö³íêè ðàä³àö³éíîãî ðèçèêó
ïðèéíÿòî çàñòîñîâóâàòè ãîëîâíèì ÷èíîì
îáë³ê àáåðàö³é õðîìîñîì ó ë³ìôîöèòàõ ïå-
ðèôåðè÷íî¿ êðîâ³ ïðè ðóòèííîìó ôàðáó-
âàíí³ ïðåïàðàò³â [3]. Äëÿ îö³íêè ä³¿ ïðî-
ëîíãîâàíîãî îïðîì³íþâàííÿ â ìàëèõ äî-
çàõ àäåêâàòí³øèì º àíàë³ç ñòàá³ëüíèõ àáå-
ðàö³é ³ ìóòàö³é, âò³ì, ìåòîäè ¿õ âèçíà÷åí-
íÿ òðóäîì³ñòê³, à àâòîìàòèçàö³ÿ ïîòðåáóº
îáëàäíàííÿ, ùî äóæå äîðîãî êîøòóº [4, 5].
Âñå öå ñïîíóêàëî â ï³ñëÿ÷îðíîáèëüñüêèé
ïåð³îä äî àêòèâ³çàö³¿ ïîøóêó ïðîñò³øèõ
òà âîäíî÷àñ ³íôîðìàòèâí³øèõ ìåòîä³â äëÿ
ïåðâèííèõ öèòîãåíåòè÷íèõ ïîïóëÿö³éíèõ
îáñòåæåíü.

Ç ö³ºþ ìåòîþ îñòàíí³ìè ðîêàìè àêòèâ-
íî àïðîáîâóºòüñÿ àíàë³ç ì³êðîÿäåð (Ìß) â
êë³òèíàõ ïåðèôåðè÷íî¿ êðîâ³ [6,7]. Ôîð-
ìóþòüñÿ Ìß ç àöåíòðè÷íèõ ôðàãìåíò³â
(õðîìîñîìíèõ òà õðîìàòèäíèõ) òà ÷àñòêî-
âî ç âòðà÷åíèõ ï³ä ÷àñ êë³òèííîãî ïîä³ëó
ö³ëèõ õðîìîñîì. Òîìó Ìß º ³íäèêàòîðîì
³ ïîøêîäæåííÿ õðîìîñîì, ³ ¿õíüîãî íåðîç-
õîäæåííÿ, ÿêå ñïðè÷èíÿº àíåóïëî¿ä³þ. Äî
òîãî æ, íàâåäåí³ ê³ëüêîìà äîñë³äíèêàìè
ðåçóëüòàòè àíàë³çó õðîìîñîìíèõ àáåðàö³é
â êë³òèíàõ íàñåëåííÿ, ÿêå ïîñòðàæäàëî
âíàñë³äîê ×îðíîáèëüñüêî¿ àâàð³¿, ñâ³ä-
÷àòü, ùî çà óìîâ íèçüêîïîòóæí³ñíîãî
îïðîì³íþâàííÿ â êë³òèíàõ ³íäóêóþòüñÿ
íå ò³ëüêè ìàðêåðè ðàä³àö³éíî¿ ä³¿, à ³ ñóò-
òºâî çá³ëüøóºòüñÿ ð³âåíü óøêîäæåíü õðî-
ìàòèäíîãî òèïó [8,9].

Çâàæàþ÷è íà âèêëàäåíå âèùå, ìè îáðà-
ëè ìåòîþ äîñë³äæåííÿ âèçíà÷åííÿ ³íôîð-
ìàòèâíîñò³ ì³êðîÿäåðíîãî òåñòó â ë³ìôî-
öèòàõ ïåðèôåðè÷íî¿ êðîâ³ äëÿ á³î³íäè-
êàö³¿ é á³îäîçèìåòð³¿ õðîí³÷íîãî âïëèâó
ìàëèõ äîç îïðîì³íåííÿ íà ëþäåé çà óìîâ
¿õ ïðîæèâàííÿ íà ðàä³àö³éíî çàáðóäíåíèõ
òåðèòîð³ÿõ. Ïîïåðåäí³ ðåçóëüòàòè áóëè
ïðåäñòàâëåí³ ó ðîáîò³ [10].

Ìåòîäèêà äîñë³äæåííÿ

Îáñòåæåíî ãðóïó ìåøêàíö³â ç 5 ñ³ë 30-ê³ëîìåòðîâî¿
çîíè â³ä÷óæåííÿ ×ÀÅÑ: Ãîðîäèùå, ²ëë³íö³, Ëóá�ÿíêà,
Îïà÷è÷³, Êóïîâàòå. Äî ãðóïè óâ³éøëè ëþäè, ÿê³ ï³ñëÿ
åâàêóàö³¿ 4 òðàâíÿ 1986 ð. ñàìîâ³ëüíî ïîâåðíóëèñü ó
çîíó â ïåð³îä ç ÷åðâíÿ 1986 ïî êâ³òåíü 1987 ðîêó. Æî-
äåí ³ç íèõ íå áðàâ ó÷àñò³ ó ë³êâ³äàö³¿ íàñë³äê³â àâàð³¿
áåçïîñåðåäíüî íà ×ÀÅÑ. Îáñòåæåíî 26 îñ³á: 13 ÷îëîâ³ê³â
(8 � êóðÿòü, 5 � íå êóðÿòü) ³ 13 æ³íîê (íå êóðÿòü). Ãðó-
ïîþ ïîð³âíÿííÿ áóëè ìåøêàíö³ ì. Êèºâà � êë³í³÷íî
çäîðîâ³ ëþäè � ïåðâèíí³ äîíîðè Ì³ñüêî¿ ñòàíö³¿ ïåðå-
ëèâàííÿ êðîâ³ òà äîáðîâîëüö³, ÿê³ íå ïðàöþâàëè íà
îá�ºêòàõ àòîìíî¿ òà õ³ì³÷íî¿ ïðîìèñëîâîñò³ ³ íå ìàëè
ñâ³äîìîãî êîíòàêòó ç ìóòàãåííèìè ÷èííèêàìè. Âñüîãî

îáñòåæåíà 41 îñîáà: 22 ÷îëîâ³êè, ç ÿêèõ 14 � êóðÿòü ³
8 � íå êóðÿòü, òà 19 æ³íîê, ÿê³ íå êóðÿòü. Ä³àïàçîí â³êó
îáñòåæåíèõ â îáîõ ãðóïàõ 21�60 ðîê³â ïðè ñåðåäíüîìó
â³ö³ 43 ðîêè.

Êóëüòèâóâàííÿ ë³ìôîöèò³â êðîâ³ òà îáë³ê Ìß â íèõ
ïðîâîäèëè ³ç çàñòîñóâàííÿì ìåòîäó áëîêóâàííÿ öèòî-
ê³íåçó, ÿê îïèñàíî â ðîáîò³ [11]. Ïðåïàðàòè àíàë³çóâà-
ëè ï³ä ì³êðîñêîïîì JENAVAL ïðè çá³ëüøåíí³ õ900. Â³ä
êîæíîãî îáñòåæåíîãî àíàë³çóâàëè â³ä 1000 äî 3000 äâî-
ÿäåðíèõ êë³òèí. ßê ïîêàçíèêè âèâ÷àëè ÷àñòîòó Ìß â
êë³òèíàõ òà ðîçïîä³ë êë³òèí çà ê³ëüê³ñòþ Ìß.

Îòðèìàí³ ðåçóëüòàòè îïðàöüîâóâàëè ç âèêîðèñòàííÿì
ïðîãðàìè ñòàòèñòè÷íî¿ îáðîáêè ðåçóëüòàò³â �Origin-
4.10�. Âèêîðèñòîâóâàëè òàê³ ìåòîäè ìàòåìàòè÷íî¿ ñòà-
òèñòèêè: íåïàðàìåòðè÷íèé êðèòåð³é Â³ëêîêñîíà-Ìàí-
íà-Ó¿òí³ (U-êðèòåð³é), êîðåëÿö³éíèé àíàë³ç ðàíã³â çà
Ñï³ðìåíîì ³ ïàðàìåòðè÷í³ ìåòîäè ðåãðåñ³éíîãî (t-êðè-
òåð³é) é êîðåëÿö³éíîãî àíàë³çó [12, 13].

Ðîçðàõóíêè äîç îïðîì³íåííÿ íà ñàìîñåë³â âèêîíóâà-
ëè çà ñòàíäàðòíèìè ïðîãðàìàìè, áàçóþ÷èñü íà äàíèõ
ñåðåäíüî¿ ù³ëüíîñò³ ðàä³îíóêë³äíîãî (90Sr, 137Cs, 239Pu)
çàáðóäíåííÿ òåðèòîð³é ïðîæèâàííÿ ñàìîñåë³â. Ðîçðà-
õîâóþ÷è äîçè çîâí³øíüîãî îïðîì³íåííÿ, çâàæàëè íà åê-
ðàíóâàííÿ áóä³âëÿìè é ñí³ãîì, à òàêîæ çàãëèáëåííÿ
ðàä³îíóêë³ä³â ó ãðóíò. Ðîçðàõóíîê åôåêòèâíèõ äîç
âíóòð³øíüîãî îïðîì³íåííÿ íà îðãàíè é òêàíèíè âèêî-
íóâàëè çà êàìåðíèìè ìîäåëÿìè, ÿê³ âðàõîâóþòü íàä-
õîäæåííÿ, âèâåäåííÿ ³ óòðèìàííÿ ðàä³îíóêë³ä³â [14].
Âèõîäèëè ç òîãî, ùî ñàìîñåëè âåñü ÷àñ âæèâàëè ïðîäóê-
òè ç³ ñâîãî îñîáèñòîãî ï³äñîáíîãî ãîñïîäàðñòâà (ìîëîêî,
ì�ÿñî, îâî÷³, ôðóêòè, ÿéöÿ òîùî), êð³ì õë³áîïðîäóêò³â
òà öóêðó. Ñåðåäí³ ³íäèâ³äóàë³çîâàí³ äîçè ðîçðàõîâóâà-
ëè íà ï³äñòàâ³ äàíèõ ùîäî êîíêðåòíîãî ÷àñó ïåðåáóâàí-
íÿ â çîí³ ó ïåðøèé ³ óñ³ íàñòóïí³ ðîêè ï³ñëÿ àâàð³¿ òà
ì³ñöÿ é ÷àñó ïåðåáóâàííÿ â åâàêóàö³¿.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ïðè îáñòåæåíí³ ãðóïè ñàìîñåë³â âèçíà-
÷åíî â³ðîã³äíå (çà U-êðèòåð³ºì ³ t-êðè-
òåð³ºì, ïðè ð<0,001) çá³ëüøåííÿ ÷àñòîòè
Ìß â ë³ìôîöèòàõ ¿õ êðîâ³ (14,6±0,8)� ó
ïîð³âíÿíí³ ç â³äïîâ³äíîþ ãðóïîþ êèÿí
(10,0±0,5)�. Ó 19% îáñòåæåíèõ ñàìî-
ñåë³â âèÿâëåí³ êë³òèíè ç 2 Ìß, ïðè÷îìó â
òðüîõ îñ³á ïî äåê³ëüêà ë³ìôîöèò³â ç 2 Ìß.
Â ãðóï³ êèÿí 11,5% îñ³á ìàëè ïî îäí³é
êë³òèí³ ç 2 Ìß.

Íà ðèñ. 1 ïîäàíî çàëåæí³ñòü ÷àñòîòè Ìß
â³ä â³êó â ãðóïàõ ñàìîñåë³â ³ êèÿí,  çàäî-
â³ëüíî îïèñóâàíó ë³í³éíèì ð³âíÿííÿì ó
íàï³âëîãàðèôì³÷íîìó ïðåäñòàâëåíí³:
ln×Ìß = a  +bÕ (äå: ×Ìß � ÷àñòîòà ì³êðî-
ÿäåð, Õ � â³ê ³íäèâ³äóóìà ) ç êîåô³ö³ºíòà-
ìè: a  = 2,32±0,21 ³ b = 0,008±0,005 � äëÿ
ãðóïè ñàìîñåë³â òà a=1,18±0,17 ³
b=0,025±0,004 � äëÿ ãðóïè êèÿí. Êî-
åô³ö³ºíò êîðåëÿö³¿ ÷àñòîòè Ìß ç â³êîì ó
ãðóï³ êèÿí äîð³âíþº 0,73 ç p < 0,0001, à ó
ãðóï³ ñàìîñåë³â � 0,32 ç ð=0,1. Â³äñóò-
í³ñòü â³êîâî¿ çàëåæíîñò³ ÷àñòîòè Ìß ó ñà-
ìîñåë³â, ³ìîâ³ðíî, ïîâ�ÿçàíà ç äîäàòêîâèì
ðàä³àö³éíèì íàâàíòàæåííÿì çà óìîâè
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çîíè â³ä÷óæåííÿ, à ñåðåäíüîãðóïîâå
çá³ëüøåííÿ ÷àñòîòè Ìß ó íèõ çóìîâëåíå
â îñíîâíîìó ï³äâèùåíîþ ÷àñòîòîþ Ìß â
ë³ìôîöèòàõ îñ³á ìîëîäîãî é ñåðåäíüîãî
â³êó. Ó â³ö³ ñòàðøå 50 ðîê³â ð³çíèö³ â ÷à-
ñòîò³ Ìß â êë³òèíàõ êðîâ³ ñàìîñåë³â é
êèÿí íå âèÿâëåíî (ðèñ. 1).

Ìè ïðîâåëè ç³ñòàâëåííÿ äàíèõ ïðî ðà-
ä³îíóêë³äíå çàáðóäíåííÿ òåðèòîð³é ñ³ë ³
ñåðåäí³ äîçîâ³ íàâàíòàæåííÿ íà ¿õ ìåø-
êàíö³â çà âåñü ï³ñëÿàâàð³éíèé ïåð³îä òà çà
îñòàíí³ 3 ðîêè ïåðåä îáñòåæåííÿì ³ç ñåðåä-
íüîãðóïîâîþ ÷àñòîòîþ íàäñïîíòàííèõ
(³íäóêîâàíèõ) Ìß â ë³ìôîöèòàõ ïåðèôå-
ðè÷íî¿ êðîâ³ (òàáë.1). Íàäñïîíòàííó ÷àñ-
òîòó âèçíà÷àëè ÿê ð³çíèöþ ì³æ ñåðåäíüî-

ãðóïîâîþ ÷àñòîòîþ Ìß â ë³ìôîöèòàõ ñà-
ìîñåë³â ç êîíêðåòíèõ ñ³ë ³ â³äïîâ³äíèõ
ï³äãðóï êèÿí. Ï³äãðóïè êèÿí ôîðìóâàëè
ç óðàõóâàííÿì â³êó, ñòàò³ òà çâè÷êè êóðè-
òè â ãðóïàõ ìåøêàíö³â îêðåìèõ ñ³ë. Çà-
çíà÷åí³ ÷èííèêè âðàõîâóâàëè íà ï³äñòàâ³
ðåçóëüòàò³â ïîïåðåäí³õ äîñë³äæåíü ùîäî
çàëåæíîñòåé âèõîäó Ìß â³ä â³êó ³ êóð³í-
íÿ ó êë³í³÷íî çäîðîâèõ êèÿí [15]. Õî÷à é
íå áóëî âèÿâëåíî çàëåæíîñò³ ñïîíòàííî¿
÷àñòîòè Ìß â³ä ñòàò³ îñ³á, ìè íå âèêëþ÷à-
ëè éìîâ³ðíîñò³ ð³çíî¿ ðàä³î÷óòëèâîñò³
ë³ìôîöèò³â ó æ³íîê ³ ÷îëîâ³ê³â, ³ òîìó ïðè
ôîðìóâàíí³ ãðóï ïîð³âíÿííÿ âðàõîâóâàëè
³ ñòàòü. Òàêîæ íà ï³äñòàâ³ òîãî, ùî ïåð³îä
ï³âæèòòÿ ë³ìôîöèò³â ïåðèôåðè÷íî¿ êðîâ³
ñòàíîâèòü ïðèáëèçíî 3 ðîêè [3, 16] ³ ê³íå-
òèêà ¿õíüî¿ åë³ì³íàö³¿ çä³éñíþºòüñÿ çà
åêñïîíåíö³àëüíèì çàêîíîì [16], ìè ïðîâî-
äèëè àíàë³ç íå ëèøå â³äíîñíî ³íòåãðàëü-
íèõ äîç îïðîì³íåííÿ, à ³ äîç çà îñòàíí³
3 ðîêè äî îáñòåæåííÿ. Àíàë³ç çà Ñï³ðìå-
íîì âèÿâèâ êîðåëÿö³þ íàäñïîíòàííî¿ ÷à-
ñòîòè Ìß ³ç çàáðóäíåííÿì 90Sr òåðèòîð³é
ñ³ë, ñåðåäíüîãðóïîâîþ äîçîþ íà ÷åðâîíèé
ê³ñòêîâèé ìîçîê ³ äîçîþ âíóòð³øíüîãî
îïðîì³íåííÿ íà âñå ò³ëî çà âåñü ïåð³îä ³
îñòàíí³ 3 ðîêè ïðîæèâàííÿ â çîí³ (ïðè
ð=0,05 r =0,9, ùî º ì³í³ìàëüíèì çíà÷åí-
íÿì êîåô³ö³ºíòà ðàíãîâî¿ êîðåëÿö³¿, ïðè
ÿêîìó çâ�ÿçîê ìîæíà ââàæàòè çíà÷óùèì).

Âèçíà÷åí³ ä³àïàçîíè ³íäèâ³äóàë³çîâà-
íèõ äîçîâèõ íàâàíòàæåíü ó îáñòåæåíèõ
ñàìîñåë³â çà âåñü ï³ñëÿàâàð³éíèé ïåð³îä
ñòàíîâèëè: íà ÷åðâîíèé ê³ñòêîâèé ìî-
çîê � 24�140 ìÇâ; íà âñå ò³ëî: çîâí³øíüî-

Ðèñ. 1 � Çàëåæí³ñòü ÷àñòîòè Ìß â ë³ìôîöèòàõ ïåðèôåðè÷íî¿
êðîâ³ â³ä â³êó:  êðèâà 1 � ñàìîñåëè (· ), êðèâà 2 � êèÿíè (°)

Fig. 1. � Correlation of MN incidence in peripheral blood lym-
phocytes and the age of the patients: curve 1 - wilful residents (· ),
curve 2 - Kyiv residents (°)
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Ïðèì³òêà: * r  = 0,90 ïðè ð< 0,05.

Òàáëèöÿ 1 � Äàí³ ðàä³îíóêë³äíîãî çàáðóäíåííÿ òåðèòîð³é ñ³ë çîíè â³ä÷óæåííÿ ×ÀÅÑ, äîç îïðîì³íåííÿ
³ âì³ñòó Ìß â ë³ìôîöèòàõ ïåðèôåðè÷íî¿ êðîâ³ ñàìîñåë³â (M±m)

Radionuclide contamination of the villages from the alienation zone, irradiation doses and MN amount
in peripheral blood lymphocytes (M±m)
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ãî � 12�97ìÇâ, âíóòð³øíîãî � 13�96 ìÇâ.
Ç³ñòàâëåííÿ ³íäèâ³äóàëüíî¿ ÷àñòîòè ³íäó-
êîâàíèõ Ìß â ë³ìôîöèòàõ ñàìîñåë³â òà ¿õ
³íäèâ³äóàë³çîâàíèõ äîç îïðîì³íåííÿ ç âè-
êîðèñòàííÿì  íåïàðàìåòðè÷íèõ ³ ïàðàìåò-
ðè÷íèõ ìåòîä³â àíàë³çó (òàáë. 2) íå âñòàíî-
âèëî çàëåæíîñò³ ì³æ íèìè, à ëèøå, ÿê ñâ³ä-
÷àòü íàâåäåí³ êîåô³ö³ºíòè êîðåëÿö³¿, âèÿ-
âèëî á³ëüøó òåíäåíö³þ äî çâ�ÿçêó ç äîçàìè
íà âñå ò³ëî çà îñòàíí³ òðè ðîêè ïåðåä îáñòå-
æåííÿì ³ äîçîþ íà ÷åðâîíèé ê³ñòêîâèé
ìîçîê.

Ùîá óíèêíóòè éìîâ³ðíîãî âïëèâó íà
ðåçóëüòàò â³êîâî¿ ðàä³î÷óòëèâîñò³, ìè ïðî-
àíàë³çóâàëè 9 ñàìîñåë³â áëèçüêîãî â³êó,
ÿê³ îòðèìàëè ð³çí³ äîçè îïðîì³íåííÿ
(òàáë.3).

Òàêèé ï³äõ³ä âèÿâèâ â³ðîã³äíó çàëåæ-
í³ñòü ÷àñòîòè Ìß â³ä äîçè íà ÷åðâîíèé
ê³ñòêîâèé ìîçîê ³ ïîêàçàâ òåíäåíö³þ äî
êîðåëÿö³¿ ç äîçàìè çà 3 îñòàíí³õ ðîêè
âíóòð³øíüîãî é ñóìàðíîãî îïðîì³íåííÿ
(ïðè ê³ëüêîñò³ îáñòåæåíèõ 9 ì³í³ìàëüíå
çíà÷åííÿ êîåô³ö³ºíòà ðàíãîâî¿ êîðåëÿö³¿,
ïðè ÿêîìó çâ�ÿçîê ìîæíà ââàæàòè çíà÷ó-
ùèì ç íàä³éí³ñòþ ð=0,05, äîð³âíþº 0,633
[13]). Îñòàíí³é âàð³àíò àíàë³çó, õî÷à ³ ìàº
ìàëó âèá³ðêó, íà íàø ïîãëÿä, º íàéá³ëüø

êîðåêòíèì. Â³äñóòí³ñòü êîðåëÿö³¿ ì³æ
ð³âíåì íåñòàá³ëüíîñò³ õðîìîñîìíîãî ìàòå-
ð³àëó òà ³íòåãðàëüíîþ äîçîþ îïðîì³íåííÿ
íà âñå ò³ëî, éìîâ³ðíî, ïîâ�ÿçàíà, â ïåðøó
÷åðãó, ç ³íäèâ³äóàëüíîþ ê³íåòèêîþ åë³ì³-
íàö³¿ ë³ìôîöèò³â ç ïåðèôåðè÷íî¿ êðîâ³.
Â³äîìî, ùî òðèâàë³ñòü æèòòÿ îñíîâíî¿
ìàñè Ò-ë³ìôîöèò³â ó ð³çíèõ îñ³á âàð³þº â³ä
530 äî 1600 ä³á çàëåæíî â³ä ³íäèâ³äóàëü-
íî¿ ÷óòëèâîñò³ äî ð³çíèõ ÷èííèê³â [16].
Íàïåâíî, íàäôîíîâà ðàä³àö³ÿ º îäíèì ³ç
òàêèõ ÷èííèê³â. ßêùî âèõîäèòè ç ìàêñè-
ìàëüíîãî òåðì³íó æèòòÿ ë³ìôîöèòà, òî íà
÷àñ ïðîâåäåííÿ íàøîãî îáñòåæåííÿ â
ïåðèôåðè÷í³é êðîâ³ íå ïîâèííî áóëî çàëè-
øèòèñÿ êë³òèí, íàÿâíèõ íà ÷àñ ïî÷àòêó
îïðîì³íþâàííÿ; âèíÿòêîì ìîæå áóòè íå-
çíà÷íèé â³äñîòîê äîâãîæèâó÷èõ ë³ìôî-
öèò³â «ïàì�ÿò³». Â ðîáîò³ [17] çàçíà÷åíî,
ùî ïðè òðèâàëîìó îïðîì³íþâàíí³, ÷àñ
ÿêîãî çíà÷íî ïåðåâèùóº ÷àñ æèòòÿ ë³ìôî-
öèò³â, ñë³ä î÷³êóâàòè âèõîäó íåñòàá³ëüíèõ
õðîìîñîìíèõ óøêîäæåíü íà ïëàòî, àëå â
çàëåæíîñò³ â³ä ³íäèâ³äóàëüíî¿ âàð³àáåëü-
íîñò³ â ê³íåòèö³ åë³ì³íàö³¿ àáåðàíòíèõ
ë³ìôîöèò³â âèõ³ä íà ïëàòî ³ éîãî ð³âåíü,
³ìîâ³ðíî, ³íäèâ³äóàëüí³. Ñàìå öå ìîæå é
çóìîâëþâàòè â³äñóòí³ñòü çàëåæíîñò³ â³ä

Ïðèì³òêà: * � â³ðîã³äíèé çâ�ÿçîê.

Òàáëèöÿ 3 � Êîåô³ö³ºíòè êîðåëÿö³¿ ÷àñòîòè Ìß â ë³ìôîöèòàõ êðîâ³ ç ³íäèâ³äóàë³çîâàíèìè äîçàìè
ðàä³àö³éíîãî íàâàíòàæåííÿ äëÿ ñàìîñåë³â ó â³ö³ 36�38 ðîê³â (çà Ñï³ðìåíîì; ð = 0,05)

Coefficient of correlation of MN incidence in the lymphocytes and individual doses of radiation load
in wilful residents aged 36-38 (according to Spirmen, p = 0.05)

Òàáëèöÿ 2 � Ïàðàìåòðè ë³í³éíî¿ çàëåæíîñò³ íàäñïîíòàííî¿ ÷àñòîòè Ìß â ë³ìôîöèòàõ ñàìîñåë³â
â³ä äîç îïðîì³íåííÿ (×Ìß = a  +b½äîçà)

Parameters of linear correlation of supra-spontaneous incidence of MN in the lymphocytes of wilful residents and
irradiation dose (incidence of MN = a  +b½dose)
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³íòåãðàëüíî¿ äîçè çà ïåð³îä îïðîì³íþâàí-
íÿ ó ñàìîñåë³â. ²äåÿ ïðî ï³äâèùåííÿ ðîë³
³íäèâ³äóàëüíî¿ ðàä³î÷óòëèâîñò³ â ôîðìó-
âàíí³ öèòîãåíåòè÷íèõ óøêîäæåíü çà óìî-
âè ïðîëîíãîâàíîãî îïðîì³íþâàííÿ â ìà-
ëèõ äîçàõ óæå âèñëîâëþâàëàñÿ â ðîáîò³
[18] íà ï³äñòàâ³ íåâèÿâëåííÿ äîçîâî¿ çà-
ëåæíîñò³ ïðè àíàë³ç³ ð³âíÿ õðîìîñîìíèõ
àáåðàö³é â ë³ìôîöèòàõ êðîâ³ ÷èñëåííèõ
÷îðíîáèëüñüêèõ êîíòèíãåíò³â: ³ ë³êâ³äà-
òîð³â àâàð³¿, ³ íàñåëåííÿ çàáðóäíåíèõ ðà-
ä³îíóêë³äàìè òåðèòîð³é.

Áåðó÷è äî óâàãè â³äîìîñò³ ïðî çàëåæ-
í³ñòü ÷àñòîòè öèòîãåíåòè÷íèõ óøêîäæåíü
ë³ìôîöèò³â êðîâ³ çà óìîâ ãîñòðîãî îïðîì³-
íþâàííÿ â³ä â³êó ëþäåé, ìè ââàæàëè çà
äîö³ëüíå ïðîâåñòè àíàëîã³÷íèé àíàë³ç ðà-
ä³î÷óòëèâîñò³ ë³ìôîöèò³â ó ñàìîñåë³â çîíè
çà óìîâ ïðîëîíãîâàíîãî âïëèâó ðàä³àö³¿.
Àíàë³ç âèÿâèâ îáåðíåíó êîðåëÿö³þ ì³æ
â³êîì îáñòåæåíèõ ³ ÷àñòîòîþ íàäñïîíòàí-
íèõ Ìß íà îäèíèöþ äîçè îïðîì³íåííÿ. ßê
ïðèêëàä íà ðèñ. 2 ïîäàíî çàëåæí³ñòü â³ä
â³êó âåëè÷èíè íàäñïîíòàííî¿ ÷àñòîòè Ìß
íà îäèíèöþ äîçè íà ÷åðâîíèé ê³ñòêîâèé
ìîçîê. Íàéá³ëüø âèðàçíèé îáåðíåíèé
çâ�ÿçîê âèçíà÷åíî äëÿ íàäñïîíòàííî¿
÷àñòîòè Ìß íà îäèíèöþ äîçè íà ÷åðâîíèé
ê³ñòêîâèé ìîçîê (R = - 0,75) ³ äîçè íà âñå
ò³ëî çà òðè îñòàíí³ ðîêè îïðîì³íþâàííÿ
(ñóìàðíîãî � R = - 0,73, âíóòð³øíüîãî �
R = - 0,77 òà çîâí³øíüîãî � R = - 0,67).

Íàïåâíî, íèçüêîïîòóæí³ñíå îïðîì³íåí-
íÿ ìîæå ïðèçâîäèòè ó ãåíîì³ ñòîâáóðîâèõ
êë³òèí ê³ñòêîâîãî ìîçêó äî òàêèõ çì³í íà
ìîëåêóëÿðíîìó ð³âí³, ÿê³ ïðè ïðîëîíãàö³¿
îïðîì³íþâàííÿ íà íàñòóïíèõ ñòàä³ÿõ âè-
çð³âàííÿ ë³ìôîöèòà ³ ïðîòÿãîì éîãî öèðêó-
ëÿö³¿ â ïåðèôåð³¿ ñïðèÿòèìóòü ï³äâèùåí-
íþ íåñòàá³ëüíîñò³ éîãî ãåíåòè÷íîãî àïàðà-
òó. Ãåíîì êë³òèí ê³ñòêîâîãî ìîçêó ä³òåé ³
ëþäåé ìîëîäîãî â³êó, êîëè ïðîöåñè êðîâî-
òâîðåííÿ éäóòü á³ëüø àêòèâíî, í³æ ó ñåðåä-
íüîìó é ë³òíüîìó â³ö³, éìîâ³ðíî, º á³ëüø
ðàä³î÷óòëèâèì. Òðüîì îñîáàì, ÿê³ çà ÷àñòî-
òîþ Ìß âèÿâèëè íàéá³ëüøó ðàä³î÷óòëè-
â³ñòü, íà ÷àñ ïðîâåäåííÿ îáñòåæåííÿ áóëî
21�23 ðîêè, à íà ÷àñ ïî÷àòêó ïðîëîíãîâà-
íîãî îïðîì³íþâàííÿ �11�13 ðîê³â. Çà äà-
íèìè ðîáîòè [19], ó ðàç³ ãîñòðîãî îïðîì³-
íåííÿ (1Ãð) íàéá³ëüø ðàä³îðåçèñòåíòíèìè
çà ÷àñòîòîþ õðîìîñîìíèõ àáåðàö³é º ë³ìôî-
öèòè 20�40-ð³÷íèõ îñ³á. Ðàä³î÷óòëèâ³ñòü
êë³òèí ä³òåé ³ 55�65-ð³÷íèõ îñ³á º âèùîþ.
Ïîä³áíó çàëåæí³ñòü ñïîñòåð³ãàëè ³ ùîäî
Ìß â ë³ìôîöèòàõ êðîâ³ [20]. Â³äîìî, ùî â
êë³òèíàõ ëþäåé àêòèâí³ñòü ïðîöåñ³â ðåïà-
ðàö³¿ óøêîäæåíü ãåíåòè÷íîãî ìàòåð³àëó ç
â³êîì óïîâ³ëüíþºòüñÿ [21]. Öèì ïîÿñíþ-
þòü çá³ëüøåííÿ ç â³êîì ³ ñïîíòàííèõ, ³
³íäóêîâàíèõ â óìîâàõ ãîñòðîãî îïðîì³íþ-
âàííÿ ãåíåòè÷íèõ óøêîäæåíü. Àëå ìè ïðè-
ïóñêàºìî, ùî îïðîì³íåííÿ â óìîâàõ çîíè
â³ä÷óæåííÿ ìîæå ãàëüìóâàòè â ëþäåé ë³ò-
íüîãî â³êó óïîâ³ëüíåííÿ ðåïàðàö³éíèõ ïðî-
öåñ³â. Âò³ì, öå ïðèïóùåííÿ ïîòðåáóº ðå-
òåëüíîãî âèâ÷åííÿ ³ç äîñòàòíüîþ ê³ëüê³ñòþ
ñïîñòåðåæåíü.

Âèñíîâêè

1 . Ó ñàìîñåë³â 30-ê³ëîìåòðîâî¿ çîíè â³ä-
÷óæåííÿ ×ÀÅÑ ñåðåäíüîãðóïîâà ÷àñòîòà
Ìß â ë³ìôîöèòàõ ïåðèôåðè÷íî¿ êðîâ³
â³ðîã³äíî (ð<0,001) á³ëüøà (14,6±0,8)%
ïîð³âíÿíî ç ãðóïîþ êèÿí (10,0±0,5)%, àëå
ó ñàìîñåë³â ³ êèÿí â³êîì ñòàðøå 50 ðîê³â
ð³çíèö³ â ÷àñòîò³ Ìß â êë³òèíàõ êðîâ³ íå
âèÿâëåíî.

2 . Ñåðåäíüîãðóïîâà ³íäóêîâàíà ÷àñòîòà
Ìß â ë³ìôîöèòàõ ïåðèôåðè÷íî¿ êðîâ³
ìåøêàíö³â ð³çíèõ ñ³ë çîíè çàëåæèòü â³ä
ð³âíÿ çàáðóäíåíîñò³ 90Sr òåðèòîð³é ïðîæè-
âàííÿ, äîç íà ÷åðâîíèé ê³ñòêîâèé ìîçîê,
âíóòð³øíüîãî îïðîì³íåííÿ íà âñå ò³ëî çà
âåñü ï³ñëÿàâàð³éíèé ïåð³îä ³ çà òðè îñòàíí³

Ðèñ. 2 � Çàëåæí³ñòü íàäñïîíòàííî¿ ÷àñòîòè Ìß â ë³ìôîöèòàõ
ïåðèôåðè÷íî¿ êðîâ³ íà îäèíèöþ äîçè íà ÷åðâîíèé ê³ñòêîâèé
ìîçîê â³ä â³êó ñàìîñåë³â

Fig. 2 � Dependence of supra-spontaneous inc³dence of MN in
peripheral blood lymphocytes per unit of dose in the red bone
marrow and age
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ðîêè ïðîæèâàííÿ â çîí³ (r =0,9 ïðè
p<0 ,05) .

3 . ²íäèâ³äóàëüíà ³íäóêîâàíà ÷àñòîòà
Ìß â ë³ìôîöèòàõ êðîâ³ ñàìîñåë³â çîíè
â³ä÷óæåííÿ ×ÀÅÑ íå êîðåëþº ç ¿õ ³íäèâ³-
äóàëüíèìè äîçàìè íà âñå ò³ëî (ñóìè çîâ-
í³øíüîãî ³ âíóòð³øíüîãî îïðîì³íåííÿ ó
ä³àïàçîí³ 25�193 ìÇâ) ³ êîðåëþº ç ³íäèâ³-
äóàëüíèìè äîçàìè íà ÷åðâîíèé ê³ñòêîâèé
ìîçîê (20�140 ìÇâ).

4 . Ó ñàìîñåë³â çîíè âåëè÷èíà íàäñïîí-
òàííî¿ ÷àñòîòè Ìß â ë³ìôîöèòàõ êðîâ³ íà
îäèíèöþ äîçè îïðîì³íåííÿ ìàº îáåðíåíó
çàëåæí³ñòü â³ä â³êó, ùî ñâ³ä÷èòü ïðî á³ëü-
øó ÷óòëèâ³ñòü äî ïðîëîíãîâàíîãî îïðîì³-
íåííÿ ëþäåé ìîëîäîãî â³êó.

5 . Òåñò ÷àñòîòè Ìß â ë³ìôîöèòàõ ïåðè-
ôåðè÷íî¿ êðîâ³ ìîæíà âèêîðèñòîâóâàòè
äëÿ ãðóïîâî¿ á³î³íäèêàö³¿ íàäôîíîâîãî
íèçüêîïîòóæí³ñíîãî îïðîì³íåííÿ ëþäåé,
ÿê³ ïðîæèâàþòü íà òåðèòîð³ÿõ, çàáðóäíå-
íèõ ðàä³îíóêë³äàìè. Ìß-òåñò íå ìîæíà
çàñòîñîâóâàòè äëÿ á³îäîçèìåòð³¿ íèçüêî-
ïîòóæí³ñíîãî îïðîì³íåííÿ âñüîãî ò³ëà.
Äîö³ëüíî ïðîâîäèòè ïîäàëüø³ äîñë³äæåí-
íÿ ç ìåòîþ âèçíà÷åííÿ éîãî ïðèäàòíîñò³
äëÿ á³îäîçèìåòð³¿ îïðîì³íåííÿ ÷åðâîíîãî
ê³ñòêîâîãî ìîçêó. Çá³ëüøåííÿ ÷àñòîòè Ìß
â îêðåìèõ îñ³á ìîæíà ðîçãëÿäàòè ÿê ñèã-
íàë ïîòåíö³éíîãî ðèçèêó äëÿ çäîðîâ�ÿ.
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