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Ââåäåíèå. Â 2011 ãîäó Ìåæäóíàðîäíîå
Àãåíòñòâî ïî Èçó÷åíèþ Ðàêà (IARC) êëàññè-
ôèöèðîâàëî ýëåêòðîìàãíèòíîå èçëó÷åíèå, âîç-
íèêàþùåå âî âðåìÿ èñïîëüçîâàíèÿ ìîáèëüíûõ
óñòðîéñòâ, êàê âîçìîæíûé êàíöåðîãåí [3, 5].

Â ÑØÀ, Êàíàäå, Àâñòðàëèè äåéñòâóåò ñòàí-
äàðò äëÿ ïðåäåëüíî äîïóñòèìîãî óðîâíÿ ýëåêò-
ðîìàãíèòíîãî ïîëÿ  íà ðàññòîÿíèå 5 ñì îò ìèê-
ðîâîëíîâîé ïå÷è – 5 ìÂò/ñì2  [1].

Çà ïîñëåäíèå 30 ëåò âî ìíîãèõ ñòðàíàõ ìèðà
(ÑØÀ, Êàíàäà, ñòðàíàõ Çàïàäíîé è Âîñòî÷íîé
Åâðîïû, à òàêæå Áëèæíåãî Âîñòîêà) ïðîâîäè-
ëîñü áîëüøîå êîëè÷åñòâî  èññëåäîâàíèé ïî âëè-
ÿíèþ ýëåêòðîìàãíèòíîãî ìèêðîâîëíîâîãî èç-
ëó÷åíèÿ íà îðãàíèçì æèâîòíûõ è ëþäåé. Ñî-
ãëàñíî ñèíòåçó äàííûõ ïî ìàòåðèàëàì âûøåóïî-
ìÿíóòûõ èññëåäîâàíèé, ìîæíî ñäåëàòü ñëåäóþ-
ùèå âûâîäû ïî âëèÿíèþ ýëåêòðîìàãíèòíîãî
èçëó÷åíèÿ ñ ïëîòíîñòüþ ïîòîêà ýíåðãèè îò 5
äî 100 ìÂò/ñì2 íà îðãàíèçì æèâîòíûõ è ÷åëî-
âåêà [2, 4]:

– óâåëè÷èâàåòñÿ ÷èñëî õðîìîñîìíûõ àáåð-
ðàöèé è ìèòîòè÷åñêèõ ïîâðåæäåíèé â
êëåòêå;

– çíà÷èòåëüíî ïîâûøàåòñÿ ðèñê ðàçâèòèÿ
îïóõîëåé ìîçãà (àñòðîöèòîìû, ìåíèí-
ãèîìû);

– â êðîâè óìåíüøàåòñÿ êîëè÷åñòâî ëèì-
ôîöèòîâ, â ÷àñòíîñòè CD8-ëèìôîöèòîâ,
òðîìáîöèòîâ, óâåëè÷èâàåòñÿ êîëè÷åñòâî
íåçðåëûõ ýðèòðîöèòîâ, íàáëþäàþòñÿ
ïðîÿâëåíèÿ ëèìôîïåíèè è íåéòðîôèë-
ëåçà;

– ïîâûøàåòñÿ ðèñê ðàçâèòèÿ ëåéêîçîâ;
– èçìåíÿåòñÿ êà÷åñòâî è êîëè÷åñòâî ñïåð-

ìû, ñíèæàåòñÿ ïîäâèæíîñòü ñïåðìàòî-
çîèäîâ;

– ïîâûøàåòñÿ ðèñê ðàçâèòèÿ ðàêà ÿè÷åê;
– ïîÿâëÿþòñÿ áåñïîêîéñòâî, áåññîííèöà,

ïðîÿâëåíèÿ ñîöèàëüíîé äèñôóíêöèè è
äåïðåññèè.

Ýòè  ïàòîëîãè÷åñêèå ïðîöåññû ñîïðîâîæ-
äàþòñÿ íàðóøåíèåì ãîìåîñòàçà ãîðìîíîâ, ôåð-
ìåíòîâ, ìèêðîýëåìåíòîâ â îðãàíèçìå ÷åëîâåêà.

Â  ñòàòüå ðàññìîòðåíû èçìåíåíèÿ óðîâíÿ
ìàðãàíöà, ìåäè è æåëåçà â îðãàíèçìå êðûñ ëè-
íèè Âèñòàð ïîä âëèÿíèåì ÑÂ×-îáëó÷åíèÿ (ñâåðõ-
âûñîêî÷àñòîòíîãî îáëó÷åíèÿ) ðàçëè÷íûõ ñðîêîâ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ. Ïðî-
âåäåíî èññëåäîâàíèå íà 30 ïîëîâîçðåëûõ êðû-
ñàõ-ñàìöàõ ëèíèè Âèñòàð, ñðåäíÿÿ ìàññà òåëà ñî-
ñòàâëÿëà 215,0 ãðàììîâ. Æèâîòíûå íàõîäèëèñü â
áåçýõîâîé êàìåðå, ãäå ïîäâåðãàëèñü äåéñòâèþ
ÑÂ×-èçëó÷åíèÿ 3 ñì äèàïàçîíà ñ ïëîòíîñòüþ
ïîòîêà ýíåðãèè 6–7 ìÂò/ñì2 â òå÷åíèå 8 ÷àñîâ â
ñóòêè íà ïðîòÿæåíèè 10 ñóòîê (I ñåðèÿ), 30 ñó-
òîê (II ñåðèÿ), 90 ñóòîê (III ñåðèÿ), à òàêæå
10 ñóòîê îáëó÷åíèÿ ñ âûâåäåíèåì èç îïûòà ÷å-
ðåç 5 (IV ñåðèÿ) è 10 (V ñåðèÿ) ñóòîê, ïîñëå
ïðåêðàùåíèÿ îáëó÷åíèÿ.

Êîíòðîëåì ñëóæèëè 5 æèâîòíûõ. Âñå æè-
âîòíûå íàõîäèëèñü â îäèíàêîâûõ óñëîâèÿõ è íà
îäèíàêîâîì ïèùåâîì è âîäíîì ðåæèìå. Åæå-
äíåâíî ïðîâîäèëàñü îöåíêà îáùåãî ñîñòîÿíèÿ
æèâîòíûõ. ×åðåç 10, 30, 90, à òàêæå ïîñëå 10 ñó-
òîê îáëó÷åíèÿ ñ âûâåäåíèåì èç îïûòà ÷åðåç 5 è
10 ñóòîê ñ íà÷àëà ýêñïåðèìåíòà æèâîòíûå ââî-
äèëèñü â ãåêñåíàëîâûé íàðêîç, âûïîëíÿëàñü äå-
êàïèòàöèÿ è ïðîèçâîäèëñÿ çàáîð îðãàíîâ (ïå-
÷åíü, ïî÷êà, öåëüíàÿ êðîâü) äëÿ îïðåäåëåíèÿ ñî-
äåðæàíèÿ â íèõ ìåòàëëîâ  Mn, Cu, Fe.

Ñîäåðæàíèå ìèêðîýëåìåíòîâ îïðåäåëÿëîñü
àòîìíî-àáñîðáöèîííûì ìåòîäîì. Ïîëó÷åííûå
ðåçóëüòàòû îáðàáîòàíû ñ ïîìîùüþ ìåòîäîâ ìà-
òåìàòè÷åñêîé ñòàòèñòèêè.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Ìàðãàíåö îò-
íîñèòñÿ ê âàæíåéøèì áèîýëåìåíòàì (ìèêðîýëå-
ìåíòàì) è ÿâëÿåòñÿ êîìïîíåíòîì ìíîæåñòâà
ôåðìåíòîâ. Ìàðãàíåö áûñòðî ïîêèäàåò êðîâÿíîå
ðóñëî è â òêàíÿõ ïðèñóòñòâóåò ãëàâíûì îáðàçîì
â ìèòîõîíäðèÿõ êëåòîê. Â ïîâûøåííûõ êîëè÷å-
ñòâàõ îí ïðèñóòñòâóåò â ïå÷åíè, òðóá÷àòûõ êîñ-
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òÿõ, ïîäæåëóäî÷íîé æåëåçå, ïî÷êàõ. Â ïå÷åíè ÷å-
ëîâåêà ñîäåðæèòñÿ îò 0,009 äî 0,036 ììîëü/êã
ñûðîãî âåñà, â êðîâè – äî 0,001 ììîëü/ë.  Âû-
âîäèòñÿ ïðåèìóùåñòâåííî ñ êàëîì, ïîòîì è ìî÷îé,
òàê, ñ ìî÷îé âûâîäèòñÿ 0,03 ìã â ñóòêè, ñ êàëîì –
3,6 ìã â ñóòêè [7]. Ìàðãàíåö âûïîëíÿåò â îðãà-
íèçìå ìíîãî÷èñëåííûå ôóíêöèè: ó÷àñòâóåò â
ñèíòåçå è îáìåíå íåéðîìåäèàòîðîâ â íåðâíîé
ñèñòåìå, ïðåïÿòñòâóåò ñâîáîäíî ðàäèêàëüíîìó
îêèñëåíèþ, îáåñïå÷èâàåò ñòàáèëüíîñòü ñòðóêòó-
ðû êëåòî÷íûõ ìåìáðàí, íîðìàëüíîå ôóíêöèî-
íèðîâàíèå ìûøå÷íîé òêàíè, ðàçâèòèå ñîåäèíè-
òåëüíîé òêàíè, õðÿùåé è êîñòåé, ó÷àñòâóåò â îá-
ìåíå ãîðìîíîâ ùèòîâèäíîé æåëåçû (òèðîêñèí),
óñèëèâàåò ãèïîãëèêåìè÷åñêèé ýôôåêò èíñóëè-
íà, ïîâûøàåò ãëèêîëèòè÷åñêóþ àêòèâíîñòü, èí-
òåíñèâíîñòü óòèëèçàöèè æèðîâ, ñíèæàåò óðîâåíü
ëèïèäîâ â îðãàíèçìå, ïðîòèâîäåéñòâóåò æèðî-
âîé äåãåíåðàöèè ïå÷åíè, ó÷àñòâóåò â ðåãóëÿöèè
îáìåíà âèòàìèíîâ Ñ, Å, ãðóïïû Â, õîëèíà, ìåäè,
ó÷àñòâóåò â îáåñïå÷åíèè ïîëíîöåííîé ðåïðîäóê-
òèâíîé ôóíêöèè, íåîáõîäèì äëÿ íîðìàëüíîãî
ðîñòà è ðàçâèòèÿ îðãàíèçìà [7].

Ïîä âëèÿíèåì ÑÂ×-èçëó÷åíèÿ ñîäåðæà-
íèå ìàðãàíöà â ïå÷åíè ýêñïåðèìåíòàëüíûõ æè-
âîòíûõ íà 10-å ñóòêè îáëó÷åíèÿ ñíèçèëîñü ñ
0,109 ììîëü/ë äî 0,03500 ììîëü/ë (t=22,2)
(òàáë. 1). Ê 30-ì ñóòêàì îáëó÷åíèÿ óðîâåíü ìàð-
ãàíöà ïðèáëèæàåòñÿ ê èñõîäíîìó, íî âñå æå îñ-
òàåòñÿ íèæå óðîâíÿ ó êîíòðîëüíûõ æèâîòíûõ –
0,0809 ììîëü/ë (t=1,9); îáëó÷åíèå â òå÷åíèå
90 ñóòîê âåäåò ê äàëüíåéøåìó óâåëè÷åíèþ ñî-
äåðæàíèÿ – 0,1416 ììîëü/ë (t=2,1). Ó êðûñ, âû-
âåäåííûõ èç îïûòà ÷åðåç 5 ñóòîê, (ïîñëå îáëó÷å-
íèÿ, â òå÷åíèå 10 ñóòîê), ïðîèñõîäèò óâåëè÷åíèå
ñîäåðæàíèÿ ìàðãàíöà â ïå÷åíè äî 0,2532 ììîëü/ë
(t=2,0). Ó êðûñ, âûâåäåííûõ èç îïûòà ÷åðåç
10 ñóòîê (ïîñëå îáëó÷åíèÿ â òå÷åíèå 10 ñóòîê),
ñîäåðæàíèå ìàðãàíöà â ïàðåíõèìå ïå÷åíè îñòà-
åòñÿ âûñîêèì è ñîñòàâëÿåò 0,2394 ììîëü/ë
(t=3,1).

Ñîäåðæàíèå ìàðãàíöà â ïàðåíõèìå ïî÷åê,
ïîä âëèÿíèåì ÑÂ×-îáëó÷åíèÿ ðàçëè÷íûõ ñðî-

êîâ, òàêæå èçìåíÿåòñÿ íåðàâíîìåðíî. Íà 10-å
ñóòêè îáëó÷åíèÿ ñîäåðæàíèå ñíèçèëîñü ñ
0,0538  ììîëü/ë äî 0,03880 ììîëü/ë (t=1,8). Ê
30-ì ñóòêàì îáëó÷åíèÿ ïðîèñõîäèò ïîâûøåíèå
ñîäåðæàíèÿ ìàðãàíöà â ïî÷êàõ è äîñòèãàåò
0,0603 ììîëü/ë (t=0,8). Ê 90-ì ñóòêàì îáëó÷å-
íèÿ óðîâåíü ìàðãàíöà ïðîäîëæàåò ïîâûøàòüñÿ
è äîñòèãàåò 0,1029 ììîëü/ë (t=4,3). Ñîäåðæàíèå
ìàðãàíöà â ïî÷êàõ ó æèâîòíûõ, âûâåäåííûõ èç
îïûòà ÷åðåç 5 ñóòîê, ïîñëå 10-ñóòî÷íîãî ÑÂ×-
îáëó÷åíèÿ òàêæå óâåëè÷èâàåòñÿ è ñîñòàâèëî
0,1481 ììîëü/ë (t=3,4). Âûñîêèì ñîäåðæàíèå
îñòàåòñÿ è ÷åðåç 10 ñóòîê, ïîñëå 10 ñóòîê ÑÂ×-
îáëó÷åíèÿ – 0,2075 ììîëü/ë (t=9,2).

Óðîâåíü ìàðãàíöà â êðîâè ê 10-ì ñóòêàì
ÑÂ×-îáëó÷åíèÿ ðåçêî ñíèçèëñÿ ïî ñðàâíåíèþ
ñ êîíòðîëåì – 0,0008 ììîëü/ë (t=8,9) (êîíò-
ðîëü – 0,0027 ììîëü/ë). Íà 30-å ñóòêè îáëó÷å-
íèÿ ñîäåðæàíèå ìàðãàíöà â êðîâè äîñòèãëî êîí-
òðîëüíîãî óðîâíÿ – 0,0021 ììîëü/ë (t=5,7). Ê
90-ì ñóòêàì îáëó÷åíèÿ óðîâåíü ìàðãàíöà ïðî-
äîëæàåò ðàñòè è ñîñòàâëÿåò 0,0038 ììîëü/ë
(t=0,5) (ðèñ. 1).

Ìåäü â òêàíÿõ îðãàíèçìà ÷åëîâåêà ðàñïðå-
äåëÿåòñÿ íåðàâíîìåðíî [6]. Ìàêñèìàëüíàÿ êîí-
öåíòðàöèÿ îòìå÷åíà â ïå÷åíè, ïî÷êàõ, ìîçãå è
êðîâè [7]. Òàê, ñîäåðæàíèå â ïî÷êàõ 0,02–
0,07 ììîëü/êã ñûðîãî âåñà, â ïå÷åíè – 0,05–
0,16 ììîëü/êã ñûðîãî âåñà, â öåëüíîé êðîâè ÷å-
ëîâåêà äî 0,02 ììîëü/ë. Ñ êàëîì çà ñóòêè âûâî-
äèòñÿ 3,37 ìã, à ñ ìî÷îé – 0,05 ìã [7]. Ìåäü
ÿâëÿåòñÿ æèçíåííî âàæíûì ýëåìåíòîì, êîòîðûé
âõîäèò â ñîñòàâ ìíîãèõ âèòàìèíîâ, ãîðìîíîâ, ôåð-
ìåíòîâ (òèðîçèíàçà, öåðóëîïëàçìèí, öèòîõðîìîê-
ñèäàçà), äûõàòåëüíûõ ïèãìåíòîâ, ó÷àñòâóåò â ïðî-
öåññàõ îáìåíà âåùåñòâ, â òêàíåâîì äûõàíèè. Ôåð-
ìåíòû òèïà öèòîõðîìîêñèäàçû ñïîñîáñòâóþò
îêèñëåíèþ âîññòàíîâëåííîãî öèòîõðîìà Ñ â òêà-
íè ïå÷åíè, ïî÷åê, ñåðäöà [6]. Ìåäü èìååò áîëü-
øîå çíà÷åíèå äëÿ ïîääåðæàíèÿ íîðìàëüíîé
ñòðóêòóðû êîñòåé, õðÿùåé, ñóõîæèëèé (êîëëàãåí),
ýëàñòè÷íîñòè ñòåíîê êðîâåíîñíûõ ñîñóäîâ,  ëå-
ãî÷íûõ àëüâåîë, êîæè; âõîäèò â ñîñòàâ ìèåëè-

Òàáëèöà 1
Ñîäåðæàíèå ìàðãàíöà â ïå÷åíè, ïî÷êàõ è êðîâè êðûñ

â çàâèñèìîñòè îò âëèÿíèÿ ÑÂ×-îáëó÷åíèÿ ðàçëè÷íûõ ñðîêîâ (â ììîëü/ë)

Âðåìÿ îáëó÷åíèÿ Ïå÷åíü t Ïî÷êè t Êðîâü t

Êîíòðîëü 0,1090 – 0,0538 – 0,0027 –
10 ñóòîê 0,0350 22,2 0,0388 1,8 0,0008 8,9

30 ñóòîê 0,0809 1,9 0,0603 0,8 0,0021 5,7

90 ñóòîê 0,1416 2,1 0,1029 4,3 0,0038 0,5

10/5 ñóòîê 0,2532 2,0 0,1481 3,4 – –
10/10 ñóòîê 0,2394 3,1 0,2075 9,2 – –
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íîâûõ îáîëî÷åê íåðâîâ; ïîâûøàåò óñòîé÷èâîñòü
îðãàíèçìà ê íåêîòîðûì  èíôåêöèÿì, ñâÿçûâàåò
ìèêðîáíûå òîêñèíû è óñèëèâàåò äåéñòâèå àí-
òèáèîòèêîâ; îáëàäàåò âûðàæåííûì ïðîòèâîâîñ-
ïàëèòåëüíûì ñâîéñòâîì, ñìÿã÷àåò ïðîÿâëåíèÿ
àóòîèììóííûõ çàáîëåâàíèé (ðåâìàòîèäíîãî àð-
òðèòà), ñïîñîáñòâóåò óñâîåíèþ æåëåçà. Äåéñòâèå
ìåäè íà óãëåâîäíûé îáìåí ïðîÿâëÿåòñÿ ïîñðåä-
ñòâîì óñêîðåíèÿ ïðîöåññîâ îêèñëåíèÿ ãëþêîçû,
òîðìîæåíèÿ ðàñïàäà ãëèêîãåíà â ïå÷åíè [7].

Íàìè èçó÷åíî ñîäåðæàíèå ìåäè â ïàðåí-
õèìå ïå÷åíè ïîä âëèÿíèåì ÑÂ×-îáëó÷åíèÿ. Ïðè
îáëó÷åíèè â òå÷åíèå 10 ñóòîê ñîäåðæàíèå ìåäè
ñíèçèëîñü ñ 0,342 ììîëü/ë äî 0,1168 ììîëü/ë
(t=16,4) (òàáë. 2). Ê 30-ì ñóòêàì ñîäåðæàíèå ìåäè
óâåëè÷èëîñü è ñîñòàâèëî 0,2583 ììîëü/ë (t=2,5).
Îáëó÷åíèå â òå÷åíèå 90 ñóòîê âåäåò ê äàëüíåé-
øåìó óâåëè÷åíèþ ñîäåðæàíèÿ ìåäè â ïå÷åíè
ïî ñðàâíåíèþ ñ êîíòðîëåì è ñîñòàâèëî
0,4153 ììîëü/ë (t=1,1). Ïðè âûâåäåíèè èç îïû-

òà ÷åðåç 5 ñóòîê, ïîñëå 10 ñóòîê îáëó÷åíèÿ, ñîäåð-
æàíèå ìåäè â ïå÷åíè âîçðîñëî ïî ñðàâíåíèþ ñ
êîíòðîëåì äî 0,3928 ììîëü/ë (t=0,6). Ó êðûñ, âû-
âåäåííûõ èç îïûòà ÷åðåç 10 ñóòîê, (ïîñëå îáëó÷å-
íèÿ â òå÷åíèå 10 äíåé) ñîäåðæàíèå ìåäè ñíèçè-
ëîñü è ñîñòàâèëî 0, 2448 ììîëü/ë (t=1,4).

Êîíöåíòðàöèÿ ìåäè â ïî÷êàõ íà 10-å ñóò-
êè ÑÂ×-îáëó÷åíèÿ íåçíà÷èòåëüíî óìåíüøèëàñü
ïî ñðàâíåíèþ ñ êîíòðîëåì – ñ 0,386 ììîëü/ë
äî 0,3297 ììîëü/ë (t=1,6). Ê 30-ì ñóòêàì îáëó-
÷åíèÿ ñîäåðæàíèå ìåäè â ïî÷êàõ ðåçêî âîçðîñëî
è äîñòèãëî 0,5233 ììîëü/ë (t=4,5). Íà 90-å ñóò-
êè îáëó÷åíèÿ ñîäåðæàíèå ìåäè ñíèæàåòñÿ è ñî-
ñòàâèëî 0,3952 ììîëü/ë (t=0,2). Ïðè âûâåäåíèè
èç îïûòà íà 5-å ñóòêè, ïîñëå 10-äíåâíîãî îáëó-
÷åíèÿ ñîäåðæàíèå ìåäè îñòàåòñÿ ïîíèæåííûì
ïî ñðàâíåíèþ ñ êîíòðîëåì – 0,3151 ììîëü/ë
(t=2,04). Âûâåäåíèå èç îïûòà íà 10-å ñóòêè, ïîñëå
10 äíåé ÑÂ×-îáëó÷åíèÿ ïðèâåëî ê ïîâûøåíèþ
óðîâíÿ ìåäè äî 0,3543 ììîëü/ë (t=0,8).

Ðèñ. 1. Ñîäåðæàíèå ìàðãàíöà (â ììîëü/ë) â ïå÷åíè, ïî÷êàõ è êðîâè
â çàâèñèìîñòè îò ðàçëè÷íûõ ñðîêîâ ÑÂ×-îáëó÷åíèÿ

Òàáëèöà 2
Ñîäåðæàíèå ìåäè â ïå÷åíè, ïî÷êàõ è êðîâè êðûñ

â çàâèñèìîñòè îò âëèÿíèÿ ÑÂ×-îáëó÷åíèÿ ðàçëè÷íûõ ñðîêîâ (â ììîëü/ë)

Âðåìÿ îáëó÷åíèÿ Ïå÷åíü t Ïî÷êè t Êðîâü t

Êîíòðîëü 0,3420 – 0,3860 – 0,0552 –
10 ñóòîê 0,1168 16,4 0,3297    1,6 0,0191 5,4

30 ñóòîê 0,2583 2,5 0,5233    4,5 0,0336 2,2

90 ñóòîê 0,4153 1,1 0,3952    0,2 0,0271 4,4

10/5 ñóòîê 0,3928 0,6 0,3151 2,04 – –
10/10 ñóòîê 0,2448 1,4 0,3543   0,8 – –
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ÑÂ×-îáëó÷åíèå â òå÷åíèå 10 ñóòîê âåäåò
ê ñíèæåíèþ óðîâíÿ ìåäè â êðîâè äî 0,01908
ììîëü/ë (t=5,4) (êîíòðîëü – 0,0552 ììîëü/ë).
Ê 30-ì ñóòêàì îáëó÷åíèÿ óðîâåíü ìåäè êðîâè
âîçðàñòàåò äî 0,0336 ììîëü/ë (t=2,2). Ïðè îáëó-
÷åíèè â òå÷åíèå 90 ñóòîê ñîäåðæàíèå ìåäè ñíè-
çèëîñü äî 0,0271 ììîëü/ë (t=11,5) (ðèñ. 2).

Æåëåçî, ñîäåðæàùååñÿ â îðãàíèçìå, íàõî-
äèòñÿ â ôîðìå ñëîæíûõ ìåòàëëî-áåëêîâûõ êîì-
ïëåêñîâ, êîòîðûå ïðèíÿòî äåëèòü íà ñîåäèíåíèÿ,
ñîäåðæàùèå ãåìîïîðôèðèí (ãåìîãëîáèí, ìèî-
ãëîáèí, ãåìîñîäåðæàùèå ôåðìåíòû – öèòîõðîì-
íûå ôåðìåíòû ìèòîõîíäðèé è ìèêðîñîì) è ñî-
åäèíåíèÿ, íå ñîäåðæàùèå ãåìà (ôåððèòèí, òðàíñ-
ôåððèí, ñóêöèíàòäåãèäðîãèíàçà, êñàíòèíîêñèäà-
çà, àêîíèòàçà), çíà÷åíèå ýòèõ ñîåäèíåíèé, ÿâëÿ-
þùèõñÿ ôåðìåíòàìè, î÷åíü âåëèêî äëÿ íîðìàëü-
íîãî òå÷åíèÿ îáìåííûõ ïðîöåññîâ [6]. Áîëüøàÿ
÷àñòü æåëåçà â îðãàíèçìå ñîäåðæèòñÿ â ýðèòðî-
öèòàõ; ìíîãî æåëåçà íàõîäèòñÿ â êëåòêàõ ìîçãà.
Ãëàâíîå äåïî æåëåçà – ýòî ïå÷åíü, êîòîðàÿ, íà-
÷èíàÿ ñ 3-ãî ìåñÿöà âíóòðèóòðîáíîé æèçíè, óñè-
ëåííî íàêàïëèâàåò æåëåçî [6]. Ó äåòåé ñòàðøåãî
âîçðàñòà è ó âçðîñëûõ âàæíûì äåïî ÿâëÿþòñÿ
òàêæå ñåëåçåíêà è êîñòíàÿ òêàíü. Òàê, ñîäåðæà-
íèå æåëåçà â ïå÷åíè ÷åëîâåêà ñîñòàâëÿåò 0,8 –
5,5 ììîëü/êã ñûðîãî âåñà, â ñûâîðîòêå êðîâè –
11,6–30,4 ìêìîëü/ë, â ìî÷å – 0,001 ììîëü/ë.
Âûâîäèòñÿ æåëåçî ñ ìî÷îé – 0,25 ìã â ñóòêè,
êàëîì – 15 ìã â ñóòêè è ïîòîì – 0,5 ìã â ñóòêè

[7]. Æåëåçî èãðàåò âàæíóþ ðîëü â ïðîöåññàõ âû-
äåëåíèÿ ýíåðãèè, â ôåðìåíòàòèâíûõ ðåàêöèÿõ, â
îáåñïå÷åíèè èììóííûõ ôóíêöèé, â ìåòàáîëèçìå
õîëåñòåðèíà [7].

Íàìè èçó÷åíî ñîäåðæàíèå æåëåçà â ïå÷åíè,
ïî÷êàõ è êðîâè êðûñ ïîä âëèÿíèåì ÑÂ×-èçëó÷å-
íèÿ. ÑÂ×-îáëó÷åíèå â òå÷åíèå 10 ñóòîê âåäåò ê
ðåçêîìó ñíèæåíèþ ñîäåðæàíèÿ æåëåçà â ïå÷åíè ñ
12,683 ììîëü/ë äî 7,02454 ììîëü/ë (t=4,4), â ïî÷-
êàõ ñ 4,28348 ììîëü/ë äî 2,88726 ììîëü/ë
(t=2,1) è êðîâè äî 4,21100 ììîëü/ë (t=8,1)
(êîíòðîëü – 9,184 ììîëü/ë) (òàáë. 3). Îáëó÷åíèå
â òå÷åíèå 30 ñóòîê âåäåò ê ïîâûøåíèþ ñîäåð-
æàíèÿ æåëåçà äî ïîêàçàòåëåé, áëèçêèõ ê êîíòðî-
ëþ: â ïå÷åíè óðîâåíü æåëåçà ñîñòàâèë
11,4374 ììîëü/ë (t=0,4), â ïî÷êàõ –
5,35384 ììîëü/ë (t=1,5), â êðîâè – 6,318 ììîëü/ë
(t=5,1). ÑÂ×-îáëó÷åíèå â òå÷åíèå 90 ñóòîê ïî-
âëèÿëî íà èçó÷àåìûå îðãàíû íåðàâíîìåðíî, òàê
â ïå÷åíè è ïî÷êàõ ñîäåðæàíèå æåëåçà ïîâûñè-
ëîñü äî 16,483 ììîëü/ë (t=1,2) â ïå÷åíè, â ïî÷-
êàõ äî 5,8352 ììîëü/ë (t=2,2), à â êðîâè ñîîò-
âåòñòâåííî ñíèçèëîñü äî 4, 582 ììîëü/ë (t=4,4).
Ó æèâîòíûõ, âûâåäåííûõ èç îïûòà ÷åðåç 5 ñó-
òîê, ïîñëå 10-äíåâíîãî ÑÂ×-îáëó÷åíèÿ, óðî-
âåíü æåëåçà â ïå÷åíè è ïî÷êàõ ðåçêî ïîâûñèëñÿ
ïî ñðàâíåíèþ ñ êîíòðîëåì: â ïå÷åíè äî
14,0282 ììîëü/ë (t=1,04), â ïî÷êàõ äî
10,298 ììîëü/ë (t=2,9). Ïðè âûâåäåíèè èç îïû-
òà ÷åðåç 10 ñóòîê, ïîñëå 10-äíåâíîãî îáëó÷å-

Ðèñ. 2. Ñîäåðæàíèå ìåäè (â ììîëü/ë) â ïå÷åíè, ïî÷êàõ è êðîâè
â çàâèñèìîñòè îò ðàçëè÷íûõ ñðîêîâ ÑÂ×-îáëó÷åíèÿ
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íèÿ, óðîâåíü ñîäåðæàíèÿ æåëåçà â ïå÷åíè è ïî÷-
êàõ ñíèçèëñÿ ïî ñðàâíåíèþ ñ ñîäåðæàíèåì ó
æèâîòíûõ, âûâåäåííûõ èç îïûòà ÷åðåç 5 ñóòîê.

Ðèñ. 3. Ñîäåðæàíèå æåëåçà (â ììîëü/ë) â ïå÷åíè, ïî÷êàõ è êðîâè
â çàâèñèìîñòè îò ðàçëè÷íûõ ñðîêîâ ÑÂ×-îáëó÷åíèÿ

Âûâîäû

Îáëó÷åíèå â òå÷åíèå 10 ñóòîê âåäåò ê ðåç-
êîìó ñíèæåíèþ ñîäåðæàíèÿ âñåõ ìèêðîýëåìåí-
òîâ â ïå÷åíè, ïî÷êàõ è êðîâè.

Ê 30 ñóòêàì îáëó÷åíèÿ ñîäåðæàíèå ìèê-
ðîýëåìåíòîâ íà÷èíàåò ïðèáëèæàòüñÿ ê èñõîä-
íîìó óðîâíþ.

Îáëó÷åíèå â òå÷åíèå 90 ñóòîê âåäåò ê ïî-
âûøåíèþ ñîäåðæàíèÿ ìàðãàíöà, ìåäè è æåëåçà
â ïå÷åíè è ïî÷êàõ. Â êðîâè óðîâåíü æåëåçà è

ìåäè ïîíèæàåòñÿ, à óðîâåíü ìàðãàíöà ïîâûøà-
åòñÿ ïî ñðàâíåíèþ ñ êîíòðîëåì.

Îáëó÷åíèå â òå÷åíèå 10 ñóòîê ñ ïîñëåäó-
þùèì 5–10-äíåâíûì ïåðåðûâîì âåäåò ê ðåçêî-
ìó óâåëè÷åíèþ ñîäåðæàíèÿ ìèêðîýëåìåíòîâ ïî
ñðàâíåíèþ ñ êîíòðîëåì, êðîìå ìåäè â ïå÷åíè.

Àíàëèçèðóÿ ïîëó÷åííûå ðåçóëüòàòû, ìîæíî
ñäåëàòü ñëåäóþùèå âûâîäû: â ïå÷åíè, ïî÷êàõ è
êðîâè íà 10-å ñóòêè  âëèÿíèÿ ÑÂ×-îáëó÷åíèÿ íà-
áëþäàåì ðåçêîå ñíèæåíèå óðîâíÿ èçó÷àåìûõ ìèê-

Òàê, ñîäåðæàíèå æåëåçà â ïå÷åíè ñîñòàâèëî
13,7742 ììîëü/ë (t=0,3), â ïî÷êàõ – 7,402 ììîëü/ë
(t=3,2) (ðèñ. 3).

Òàáëèöà 3
Ñîäåðæàíèå æåëåçà â ïå÷åíè, ïî÷êàõ è êðîâè êðûñ

â çàâèñèìîñòè îò âëèÿíèÿ ÑÂ×-îáëó÷åíèÿ ðàçëè÷íûõ ñðîêîâ (â ììîëü/ë)

Âðåìÿ îáëó÷åíèÿ Ïå÷åíü t Ïî÷êè t Êðîâü t

Êîíòðîëü 12,683 – 4,2835 – 9,184 –
10 ñóòîê 7,0245 4,4 2,8873 2,1 4,2110   8,1

30 ñóòîê 11,4374 0,4 5,35384 1,5 6,318   5,1

90 ñóòîê 16,4830 1,2 5,8352 2,2 4,582 11,5

10/5 ñóòîê 14,0282 1,04 10,298 2,9 – –
10/10 ñóòîê 13,7742 0,3 7,402 3,2 – –
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ðîýëåìåíòîâ, çàòåì ê 30-ì è 90-ì ñóòêàì îáëó÷å-
íèÿ âèäèì ïðèáëèæåíèå ñîäåðæàíèÿ ìèêðîýëå-
ìåíòîâ ê èñõîäíîìó óðîâíþ. Äàííûå èçìåíåíèÿ
ìîãóò ãîâîðèòü îá àäàïòàöèè îðãàíèçìà ê äåé-
ñòâèþ ÑÂ×-îáëó÷åíèÿ. Íî äàííàÿ àäàïòàöèÿ ÿâ-
ëÿåòñÿ íåñòîéêîé, î ÷åì ãîâîðÿò èçìåíåíèÿ óðîâ-

íåé ìèêðîýëåìåíòîâ ïðè îáëó÷åíèè â òå÷åíèå
10 ñóòîê, ñ ïîñëåäóþùèì âûâåäåíèåì èç îïûòà
÷åðåç 5 è 10 äíåé.

Ìîæíî ïðåäïîëîæèòü, ÷òî ïðîöåññû àäàïòà-
öèè áóäóò ïðîòåêàòü èíäèâèäóàëüíî  â îðãàíàõ, ïî-
ðàæåííûõ äðóãèìè ïàòîëîãè÷åñêèìè ïðîöåññàìè.
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Ì.Ì. Ìî³ñåºíêî

Ïðîòÿãîì îñòàíí³õ 30 ðîê³â áóëî ïðîâåäå-
íî âåëèêó ê³ëüê³ñòü äîñë³äæåíü ç âïëèâó ÍÂ×-
îïðîì³íåííÿ íà æèâèé îðãàí³çì. Çà ¿õí³ìè äà-
íèìè âèäíî, ùî âïëèâ åëåêòðîìàãí³òíîãî âè-
ïðîì³íþâàííÿ ç ù³ëüí³ñòþ ïîòîêó åíåðã³¿ â³ä 5
äî 100 ìÂò/ñì2 ïðèçâîäèòü äî çá³ëüøåííÿ
ê³ëüêîñò³ ì³òîòè÷íèõ óøêîäæåíü ó êë³òèí³, çíà÷-
íî ï³äâèùóºòüñÿ ðèçèê ðîçâèòêó çëîÿê³ñíèõ
ïóõëèí, çì³íþºòüñÿ ôîðìóëà êðîâ³, ç’ÿâëÿþòüñÿ
ïñèõî-åìîö³éí³ ðîçëàäè.

Íàìè äîñë³äæåíî âïëèâ ÍÂ×-îïðîì³íåííÿ
ð³çíèõ òåðì³í³â íà âì³ñò ìàðãàíöþ, çàë³çà òà ì³ä³ â
ïå÷³íö³, íèðêàõ ³ ö³ëüí³é êðîâ³ åêñïåðèìåíòàëüíèõ
òâàðèí. Îïðîì³íåííÿ ïðîâîäèëîñÿ ç ù³ëüí³ñòþ
ïîòîêó åíåðã³¿ 6–7 ìÂò/ñì2 ïðîòÿãîì 8 ãîäèí íà
äîáó âïðîäîâæ 10, 30, 90 ä³á, à òàêîæ 10 ä³á îïðî-
ì³íåííÿ ç âèâåäåííÿì ³ç äîñë³äó ÷åðåç 5 ³ 10 ä³á,
ï³ñëÿ ïðèïèíåííÿ îïðîì³íåííÿ.

Summary

CHANGING THE CONTENT OF
MANGANESE, COPPER AND IRON IN THE
LIVER, KIDNEYS AND BLOOD OF   THE   TEST
ANIMALS UNDER THE INFLUENCE OF
MICROWAVE IRRADIATION OF VARIOUS
TERMS

N.N.  Moiseenko

During the past 30 years, there have been
many studies on the effect of microwave radiation
on living organisms. According to them, the
influence of electromagnetic radiation with the
energy flux density from 5 to 100 mW/cm2 lead
in an increase in the number of mitotic cell
damage, risk of malignant tumors is greatly
increased, changes in blood formula, appear
psycho-emotional disorders.

We investigated the influence of microwave
radiation of various terms on the content manganese,
copper and iron in the liver, kidneys and blood of
the   test animals. Irradiation was carried out with
the energy flux density of 6–7 mW/cm2 for 8 hours
per day for 10 days, 30 days, 90 days and 10 days
of irradiation with deducing from experience after
5 and 10 days after the termination.
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Âèÿâëåíî, ùî íàéá³ëüø³ çì³íè âèíèêà-
þòü ïðè òåðì³í³ îïðîì³íåííÿ 10 ä³á. Ó öåé ïå-
ð³îä ñïîñòåð³ãàºòüñÿ ð³çêå çíèæåííÿ ð³âí³â âì³ñòó
âñ³õ ì³êðîåëåìåíò³â ó ïå÷³íö³, íèðêàõ, êðîâ³.
Íà òðèäöÿò³ ³ äåâ’ÿíîñò³ äí³ îïðîì³íåííÿ
ð³âí³ âì³ñòó ì³êðîåëåìåíò³â íàáëèæàþòüñÿ äî
âèõ³äíèõ.

Ïðè îïðîì³íåíí³ ïðîòÿãîì 10 ä³á, ³ç âèâå-
äåííÿì ³ç äîñë³äæåííÿ ÷åðåç 5 ä³á, ó ïå÷³íö³ ñïî-
ñòåð³ãàºòüñÿ ï³äâèùåííÿ âì³ñòó ì³ä³, ìàðãàíöþ ³
çàë³çà, à â íèðêàõ çíèæåííÿ âì³ñòó ì³ä³ ³ ð³çêå
ï³äâèùåííÿ âì³ñòó çàë³çà ³ ìàðãàíöþ.

Ïðè îïðîì³íåíí³ ïðîòÿãîì 10 ä³á, ³ç âèâå-
äåííÿì ³ç äîñë³äæåííÿ ÷åðåç 10 ä³á, ó ïå÷³íö³
â³äáóâàºòüñÿ ï³äâèùåííÿ ð³âíÿ ìàðãàíöþ ³ çà-
ë³çà, òà çíèæåííÿ âì³ñòó ì³ä³ â ïîð³âíÿíí³ ç êîí-
òðîëüíîþ ãðóïïîþ. Ó íèðêàõ ñïîñòåð³ãàºìî
ï³äâèùåííÿ ð³âíÿ ìàðãàíöþ ³ ì³ä³ òà çíèæåííÿ
ð³âíÿ çàë³çà (ð³âåíü, ÿê ³ ðàí³øå, çàëèøàºòüñÿ
âèùå çà êîíòðîëü).

Ö³ çì³íè ìîæóòü ï³äòâåðäèòè ìîæëèâîñò³
àäàïòàö³¿ îðãàí³çìó äî âïëèâó ÍÂ×-îïðîì³íþ-
âàííÿ ç ÷àñîì.

Êëþ÷îâ³ ñëîâà: ÍÂ×-îïðîì³íþâàííÿ, ìàð-
ãàíåöü, çàë³çî, ì³äü, ïå÷³íêà, íèðêè, êðîâ.

 It was discovered that the greatest changes
occur in terms of the influence of microwave
radiation in 10 days. There is an abrupt decrease
levels of all microelements in the liver, kidneys and
blood in these terms. Levels of microelements are
close to the initial by thirty and ninety days of
exposure.

 There is an increase content of copper,
manganese and iron in the liver, and there is a sharp
increase in the content of iron and manganese and
decrease in the content of copper in the kidneys,
when irradiated for 10 days with deducing from
experience after 5days.

There is an increase in the level of iron and
manganese, and decrease in the content of copper
in the liver when irradiated for 10 days with
deducing from experience after 10 days. There is an
increase in the level of copper and manganese and
reduction of iron (the level is still higher than in
the control) in kidneys.

These changes may indicate the possibility of
adapting of the organism to the influence of
microwave irradiation with time.

Keywords: microwave radiation, manganese,
iron, copper, liver, kidney, blood.
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