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Ïóõëèíí³ êë³òèíè êàðöèíîìè Åðë³õà, âèõ³äí³ òà ï³ääàí³ âïëèâó ïîñò³éíîãî ìàãí³ò-
íîãî ïîëÿ ³íäóêö³ºþ 160 ìÒë ïðîòÿãîì 15 õâ ³ 1 ãîä, äîñë³äæåíî ìåòîäîì ìàãí³ò-
íî-ñèëîâî¿ ì³êðîñêîï³¿ çàäëÿ äåòåêö³¿ ñòðóêòóðíî¿ îðãàí³çàö³¿ ìàãí³òíî¿ ôàçè
åíäîãåííîãî ïîõîäæåííÿ. Íà êîæí³é êë³òèí³, åêñïîíîâàí³é ó ìàãí³òíîìó ïîë³,
âèÿâëåíî óòâîðåííÿ ÷èñëåííèõ ìàãí³òî÷óòëèâèõ åëåìåíò³â, ç³áðàíèõ ó ëàíöþæêè
ð³çíî¿ äîâæèíè.

Âñòóï

Ìàãí³òî÷óòëèâ³ íàíîñòðóêòóðè åíäîãåííîãî ïîõîäæåííÿ º îá’ºê-
òîì ³íòåíñèâíèõ äîñë³äæåíü ïðîòÿãîì îñòàíí³õ òðüîõ äåñÿòèë³òü.
Â³äîìî, ùî äî ñêëàäó æèâèõ îðãàí³çì³â, çîêðåìà ì³êðîîðãàí³ç-
ì³â (áàêòåð³é, äð³æäæ³â, ãðèá³â òîùî), âõîäÿòü ñïîëóêè, ÿê³ íàëåæàòü
äî ð³çíèõ ìàãí³òíèõ êëàñ³â – ä³à-, ïàðà-, ôåðî-, àíòèôåðî- òà ôåðè-
ìàãíåòèê³â (ôåðèò³â). Äî òîãî æ ôåðî-, àíòèôåðî- é ôåðèìàãíåòèêè
º ìàãí³òîâïîðÿäêîâàíèìè ðå÷îâèíàìè. Â³äñîòêîâå ñï³ââ³äíîøåííÿ
ðå÷îâèí òà åëåìåíò³â ³ç ð³çíèìè ìàãí³òíèìè âëàñòèâîñòÿìè âèçíà-
÷àº ñòóï³íü â³äãóêó á³îëîã³÷íèõ îá’ºêò³â íà çîâí³øíº ìàãí³òíå ïîëå.

Íàéá³ëüøó ìàãí³òíó ñïðèéíÿòëèâ³ñòü ìàþòü á³îñèñòåìè, ùî íà-
êîïè÷óþòü ó ñâîºìó ñêëàä³ ìàãí³òîâïîðÿäêîâàí³ íàíîñòðóêòóðè, çîê-
ðåìà ìàãíåòèò Fe3O4 ó ôîðì³ íàíî÷àñòèíîê [1–8]. Òàê, ó 1975 ð. ó
ñêëàä³ ðÿäó ïðîêàð³îò [1, 2] áóëî âèÿâëåíî âíóòð³øíüîêë³òèííèé íà-
íîìàãíåòèò ó âèãëÿä³ êðèñòàë³÷íèõ ôîðìóâàíü, ùî íàçèâàþòüñÿ
ìàãí³òîñîìàìè òà óòâîðþþòü ëàíöþæêè ç äåñÿòê³â îêðåìèõ ãðà-
íóë, êîæíó ç ÿêèõ ïîêðèòî îáîëîíêîþ. Ìàãí³òîñîìà – öå âíóòð³øíÿ
îðãàíåëà êë³òèíè, ÿêà ìàº íàá³ð á³ëê³â, ïîòð³áíèé äëÿ ñèíòåçó ìàã-
í³òíèõ êðèñòàë³â ì³êðî- é íàíîðîçì³ðó. Ê³ëüê³ñòü ãðàíóë òà ðîçì³ð ¿õ
(â³ä 10 äî 40 íì; çà ³íøèìè äàíèìè, â³ä 35 äî 120 íì) çàëåæàòü â³ä
âèäó áàêòåð³é. Çà óòâîðåííÿ îðãàíåë-ìàãí³òîñîì â³äïîâ³äàþòü òàê
çâàí³ ìàãí³òîñîìí³ îñòð³âö³, ùî ì³ñòÿòü ñïåöèô³÷í³ ãåíè, çàâäàííÿì
ÿêèõ ³ º ôîðìóâàííÿ ìàãí³òîñîì. Òàê³ êðèñòàëè õàðàêòåðèçóþòüñÿ
ìîðôîëîã³÷íèì ³ ñêëàäîâèì ðîçìà¿òòÿì, ùî çàëåæèòü â³ä ñòóïåíÿ
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á³îëîã³÷íîãî êîíòðîëþ. Ìîëåêóëÿðí³ äîñë³äæåí-
íÿ ïîêàçàëè, ùî ó ïðîöåñ³ á³îì³íåðàë³çàö³¿ ìàã-
í³òîñîì ãîëîâíó ðîëü â³ä³ãðàþòü á³ëêè, ïîâ’ÿçàí³
³ç ñèíòåçîì ìàãí³òíèõ íàíî÷àñòèíîê. Âèÿâëåíî,
ùî ñèíòåç ìàãí³òîñîì ïåðåäáà÷àº ê³ëüêà ïðî-
öåñ³â – ôîðìóâàííÿ ïóõèðöÿ îðãàíåëè, íàêîïè-
÷åííÿ çàë³çà òà êðèñòàë³çàö³þ îêñèäó çàë³çà.
Ó ðîáîò³ [9] íàâåäåíî øèðîêèé ôóíêö³îíàëüíèé
àíàë³ç ãåí³â ìàãí³òîòàêñèñíî¿ áàêòåð³¿ magneto-
spirillum magneticum AMB-1, ÿê³ ì³ñòÿòüñÿ â
ìàãí³òîñîìíîìó îñòð³âö³. Ó ðîáîòàõ [4–8, 10–
12] âèñóíóòî ã³ïîòåçó ñòîñîâíî òîãî, ùî ìàãí³-
òîñîìè òà ìàãí³òî÷óòëèâ³ íàíîñòðóêòóðè
(Ì×ÍÑ) ìàþòü ð³çíå ïðèçíà÷åííÿ: âîíè íå ëèøå
âèçíà÷àþòü íàïðÿìîê ðóõó áàêòåð³é óçäîâæ ñè-
ëîâèõ ë³í³é ìàãí³òíîãî ïîëÿ (ìàãí³òîòàêñèñ), à é
äàþòü êë³òèí³ äîäàòêîâó åíåðã³þ.

Ï³çí³ø³ äîñë³äæåííÿ ïðîäåìîíñòðóâàëè, ùî
â áàãàòüîõ îðãàí³çìàõ â³äáóâàºòüñÿ á³îõ³ì³÷íèé
ñèíòåç íå ò³ëüêè á³îãåííîãî ìàãíåòèòó, àëå é
³íøèõ ôåðîìàãí³òíèõ ñïîëóê çàë³çà, òàêèõ ÿê
ìàãåì³ò Fe2O3 [10, 11, 13–17] òà ãðåéã³ò Fe2S4,
ÿêèé ìàº ìàãí³òíèé ìîìåíò óòðè÷³ ìåíøèé ïî-
ð³âíÿíî ç ìàãíåòèòîì [18, 19]. Á³îì³íåðàë³çîâà-
íèé ìàãíåòèò âèÿâëåíî ó âèêîïíèõ ðåøòêàõ
îðãàí³çì³â, â³ê ÿêèõ ìîæíà äàòóâàòè ïî÷èíàþ÷è
â³ä äîêåìáð³éñüêî¿ åðè [20], ó ìîëþñêàõ [15],
÷ëåíèñòîíîãèõ [16], ðèáàõ [18], òâàðèíàõ [15–

18, 20], ó òêàíèíàõ ìîçêó [22–25] òà â ³íøèõ îðãà-
íàõ ëþäèíè [28]. Çîêðåìà á³îãåííèé ìàãíåòèò
çíàéäåíî â òêàíèíàõ òà îðãàíàõ àêóë, äåëüô³í³â,
áàãàòüîõ ïåðåë³òíèõ ïòàõ³â, ðàâëèê³â, øåðøí³â,
áäæ³ë ³ ò. ³í. [8, 24, 25].

Òàê, ó ðîáîò³ [21] çàâäÿêè âèêîðèñòàííþ óëüò-
ðà÷óòëèâîãî íàäïðîâ³äíîãî ìàãí³òîìåòðà áóëî
ïîêàçàíî, ùî ôåðèòîâ³ íàíî÷àñòèíêè (ìàãíåòèò
³ ìàãåì³ò) íàÿâí³ â ñêëàä³ áàãàòüîõ òêàíèí ìîç-
êó ëþäèíè â ê³ëüêîñò³ â³ä 5 äî 100 ìëí íàíîðîç-
ì³ðíèõ êðèñòàë³â íà 1 ã ì’ÿêî¿ ÷è òâåðäî¿ ìîçêî-
âî¿ îáîëîíêè. Ðîçïîä³ë öèõ ÷àñòèíîê çà ðîçì³-
ðàìè ìàº äâà ìàêñèìóìè: â îêîë³ ìàëèõ
÷àñòèíîê ³ç ñåðåäí³ì ðîçì³ðîì 33,4±15,2 íì, ÿê³
çáèðàþòüñÿ ó ãðóïè ïî 50–100, à òàêîæ ó ä³àïà-
çîí³ ðîçì³ð³â â³ä 90 íì äî 200 íì. Ïåðåõ³ä â³ä
ñóïåðïàðàìàãí³òíîãî äî îäíîäîìåííîãî ñòàíó
äëÿ ìàãíåòèòó â³äáóâàºòüñÿ â ä³àïàçîí³ ðîçì³ð³â
íàíî÷àñòèíîê â³ä 25 äî 30 íì [26], òîìó â ìîçêó
ëþäèíè ïðèñóòí³ ÿê ñóïåðïàðàìàãí³òíà, òàê ³
îäíîäîìåííà êîìïîíåíòè.

Òàêîæ ó ðîáîòàõ [26–30] äîñë³äæåíî ðîëü
ôåðèìàãí³òíîãî åíäîãåííîãî ìàãíåòèòó ïðè íåâ-
ðîëîã³÷íèõ òà íåéðîäåãåíåðàòèâíèõ çàõâîðþ-
âàííÿõ, òàêèõ ÿê õâîðîáà Àëüöãåéìåðà é åï³ëåï-
ñ³ÿ. Ó ðîáîò³ [27] ïîêàçàíî, ùî â ïóõëèíí³é òêà-
íèí³ ìîçêó ëþäèíè ïðèáëèçíî â 10 ðàç³â á³ëüøå
íàíî÷àñòèíîê ìàãíåòèòó, àí³æ ó çäîðîâ³é.

Ðèñ. 1. ÀÑÌ-çîáðàæåííÿ êë³òèíè êàðöèíîìè Åðë³õà (êîíòðîëüíèé çðàçîê): 2D-ñòðóêòóðà (à), 3D-ñòðóêòóðà (á)

a á
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Íåçâàæàþ÷è íà ³íòåíñèâíå äîñë³äæåííÿ âëàñ-
òèâîñòåé åíäîãåííèõ ôåðèòîâèõ íàíî÷àñòèíîê,
ïèòàííÿ ùîäî ô³ç³îëîã³÷íîãî ïîõîäæåííÿ òà ôóíê-
ö³îíàëüíîãî ïðèçíà÷åííÿ ¿õ ó áàãàòîêë³òèííèõ
îðãàí³çìàõ äîíèí³ çàëèøàºòüñÿ â³äêðèòèì.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ó ö³é ðîáîò³ äîñë³äæåíî ïóõëèíí³ êë³òèíè êàð-
öèíîìè Åðë³õà, êóëüòèâîâàí³ áåç ìàãí³òíîãî ïî-

ëÿ (êîíòðîëüíèé çðàçîê), òà êë³òèíè, ÿê³ çàçíàëè
âïëèâó ïîñò³éíîãî ìàãí³òíîãî ïîëÿ ³íäóêö³ºþ 160 ìÒë
ïðîòÿãîì 15 õâ (çðàçîê 1) ³ 1 ãîä (çðàçîê 2) çà
äîïîìîãîþ ñêàíóâàëüíîãî çîíäîâîãî ì³êðîñêî-
ïà «Solver PRO-M». Çàçíà÷åíó êóëüòóðó êë³òèí
íàäàâ ²íñòèòóò åêñïåðèìåíòàëüíî¿ ïàòîëîã³¿,
îíêîëîã³¿ òà ðàä³îá³îëîã³¿ ³ì. Ð.ª. Êàâåöüêîãî.
Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ ìîæëèâîñò³ ³ñíó-
âàííÿ ìàãí³òî÷óòëèâèõ íàíîñòðóêòóð åíäîãåí-
íîãî ïîõîäæåííÿ òà äîñë³äæåííÿ âïëèâó ìàãí³ò-

Ðèñ. 2. ÌÑÌ-çîáðàæåííÿ êë³òèíè êàðöèíîìè Åðë³õà (êîíòðîëüíèé çðàçîê): 2D-ñòðóêòóðà (à), 3D-ñòðóêòóðà (á)
a á

a á

Ðèñ. 3. ÀÑÌ-çîáðàæåííÿ êë³òèíè êàðöèíîìè Åðë³õà, ï³ääàíî¿ âïëèâó ìàãí³òíîãî ïîëÿ (çðàçîê 1): 2D-ñòðóêòóðà (à),
3D-ñòðóêòóðà (á)
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íîãî ïîëÿ íà ñàìîîðãàí³çàö³þ ¿õ ó êë³òèíàõ êàð-
öèíîìè Åðë³õà.

Çðàçêè äîñë³äæåíî ìåòîäàìè àòîìíî-ñèëîâî¿
ì³êðîñêîï³¿ (ÀÑÌ) íàï³âêîíòàêòíèì ñïîñîáîì òà

ìàãí³òíî-ñèëîâî¿ ì³êðîñêîï³¿ (ÌÑÌ). Ðåæèì ñêà-
íóâàííÿ – íàï³âêîíòàêòíèé àáî ìàãí³òíèé, òèï
çîíäà – ìàãí³òíèé êîáàëüòîâèé (NSG01/Co),
â³äñòàíü â³ä çîíäà äî ïîâåðõí³ êë³òèíè – 80 íì.

a á

â

Ðèñ. 4. ÌÑÌ-çîáðàæåííÿ êë³òèíè êàðöèíîìè Åðë³õà, ï³ääàíî¿ âïëèâó ìàãí³òíîãî ïîëÿ (çðàçîê 1): 2D-ñòðóêòóðà (à),
3D-ñòðóêòóðà (á), ôðàãìåíò, ùî ì³ñòèòü åíäîãåííó ìàãí³òî÷óòëèâó íàíîñòðóêòóðó (â); ñòð³ëêîþ ïîêàçàíî
îêðåìèé ëîêàë³çîâàíèé åëåìåíò ìàãí³òî÷óòëèâî¿ íàíîñòðóêòóðè åíäîãåííîãî ïîõîäæåííÿ
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Íà ðèñ. 1 ³ 2 íàâåäåíî çîáðàæåííÿ òèïîâî¿
êë³òèíè êàðöèíîìè Åðë³õà, êóëüòèâîâàíî¿ áåç
âïëèâó ìàãí³òíîãî ïîëÿ.

Íà ðèñ. 3 é 4 íàâåäåíî çîáðàæåííÿ òèïîâî¿
êë³òèíè êàðöèíîìè Åðë³õà, ÿêà çàçíàëà âïëèâó
ìàãí³òíîãî ïîëÿ ³íäóêö³ºþ 160 ìÒë ïðîòÿãîì
15 õâ (çðàçîê 1).

Ïðîàíàë³çóâàâøè îòðèìàí³ ÌÑÌ-çîáðàæåí-
íÿ çðàçêà 1 (ðèñ. 4à òà 4â) òà çðàçêà 2 (ðèñ. 6à
òà 6â), ìîæíà çðîáèòè âèñíîâîê, ùî êë³òèíè, ÿê³
çàçíàëè âïëèâó ìàãí³òíîãî ïîëÿ, ì³ñòÿòü ìàãí³-
òî÷óòëèâó ôàçó, òîáòî ìàãí³òî÷óòëèâó íàíî-
ñòðóêòóðó åíäîãåííîãî ïîõîäæåííÿ. Îêðåìèé
ëîêàë³çîâàíèé åëåìåíò ìàãí³òî÷óòëèâî¿ íàíîñòðóê-
òóðè åíäîãåííîãî ïîõîäæåííÿ ÿâëÿº ñîáîþ êëà-
ñòåð åíäîãåííèõ ôåðèòîâèõ íàíî÷àñòèíîê.
Ó çðàçêó 1 îêðåì³ åëåìåíòè ðîçòàøîâàíî äîñèòü
õàîòè÷íî ïî ïåðèìåòðó êë³òèíè ó âèãëÿä³ êîðîò-
êèõ (2–5 ëàíîê) ³ äîâãèõ (10–20 ëàíîê) ëàí-
öþæê³â. Íàòîì³ñòü ó çðàçêó 2 åëåìåíòè ëîêàë³-
çîâàíî ïî êîíòóðó êë³òèíè ó âèãëÿä³ ëàíöþæê³â,
ÿê³ îõîïëþþòü ìàéæå âåñü ïåðèìåòð ÌÑÌ-çîá-
ðàæåííÿ êë³òèíè. Çà äîïîìîãîþ âáóäîâàíèõ
ôóíêö³¿ ïðîãðàìè «Nova», ÿêà º ñòàíäàðòíèì
êîìï’þòåðíèì çàáåçïå÷åííÿì ñêàíóâàëüíîãî
çîíäîâîãî ì³êðîñêîïà «Solver PRO-M», áóëî
îö³íåíî ïðèáëèçí³ õàðàêòåðí³ ðîçì³ðè îêðåìèõ
ëîêàë³çîâàíèõ åëåìåíò³â ìàãí³òî÷óòëèâî¿ íàíî-

ñòðóêòóðè (rmax) ³ç âèêîðèñòàííÿì ãåîìåòðè÷íèõ
âèì³ðþâàíü â³äñòàí³ ì³æ öåíòðàìè îêðåìèõ
ñóñ³äí³õ åëåìåíò³â ó ëàíöþæêó íà ÌÑÌ-çîáðà-
æåíí³ êë³òèíè. Çàçíà÷åíèé ðîçì³ð åëåìåíò³â
çðàçêà 1 ñòàíîâèòü áëèçüêî 100 íì, çðàçêà 2 –
500 íì.

Âèñíîâêè

Ó ðîáîò³ ïðîäåìîíñòðîâàíî, ùî ìàãí³òíà
ñèëîâà ì³êðîñêîï³ÿ º åôåêòèâíèì ìåòîäîì äå-
òåêö³¿ ìàãí³òîâïîðÿäêîâàíèõ íàíîñòðóêòóð ó
êë³òèíàõ. Óïåðøå âñòàíîâëåíî, ùî â êë³òèíàõ
êàðöèíîìè Åðë³õà ³ñíóþòü ìàãí³òî÷óòëèâ³ íàíî-
ñòðóêòóðè åíäîãåííîãî ïîõîäæåííÿ ó âèãëÿä³
ñóêóïíîñò³ îêðåìèõ ëîêàë³çîâàíèõ íàíîðîçì³ð-
íèõ åëåìåíò³â ³ç õàðàêòåðíèìè ðîçì³ðàìè â³ä 100
äî 500 íì. Ïîðÿäîê ðîçì³ðó îêðåìîãî íàíîðîç-
ì³ðíîãî åëåìåíòó ìàãí³òî÷óòëèâî¿ íàíîñòðóêòó-
ðè óçãîäæóºòüñÿ ç ë³òåðàòóðíèìè äàíèìè ùîäî
ðîçì³ð³â êëàñòåð³â åíäîãåííèõ ôåðèòîâèõ íàíî-
÷àñòèíîê [25]. Îäíàê óíàñë³äîê îáìåæåííÿ ðîç-
ä³ëüíî¿ çäàòíîñò³ ì³êðîñêîïà «Solver PRO-M» ó
ìàãí³òíî-ñèëîâîìó ðåæèì³ íå âñòàíîâëåíî íà-
ÿâíîñò³ ñóáñòðóêòóðíî¿ îðãàí³çàö³¿ îêðåìîãî íà-
íîðîçì³ðíîãî åëåìåíòó ìàãí³òî÷óòëèâî¿ íàíî-
ñòðóêòóðè, ÿêà õàðàêòåðèçóº ê³ëüê³ñòü ìàãí³òíèõ
íàíî÷àñòèíîê ó êëàñòåð³.

Ðèñ. 5. ÀÑÌ-çîáðàæåííÿ êë³òèíè êàðöèíîìè Åðë³õà, ï³ääàíî¿ âïëèâó ìàãí³òíîãî ïîëÿ (çðàçîê 2): 2D-ñòðóêòóðà (à),
3D-ñòðóêòóðà (á)

a á
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Ó êóëüòóð³ êë³òèí, êóëüòèâîâàíèõ áåç ìàãí³ò-
íîãî ïîëÿ, ñïîñòåð³ãàºòüñÿ íå á³ëüø â³ä îäíîãî-
äâîõ îêðåìèõ ìàãí³òî÷óòëèâèõ åëåìåíò³â ìàê-
ñèìàëüíî ó ïåðåðàõóíêó íà 1 êë³òèíó, òîä³ ÿê ïðè
åêñïîçèö³¿ êë³òèí ï³ä âïëèâîì ìàãí³òíîãî ïîëÿ

³íäóêö³ºþ 160 ìÒë ïðîòÿãîì 15 õâ òà 1 ãîä ñïî-
ñòåð³ãàºòüñÿ óòâîðåííÿ íà êîæí³é êë³òèí³ ñîòåíü
ëîêàë³çîâàíèõ ìàãí³òî÷óòëèâèõ åëåìåíò³â åíäî-
ãåííîãî ïîõîäæåííÿ, ç³áðàíèõ ó äîâã³ òà êîðîòê³
ëàíöþæêè.

a á

â

Ðèñ. 6. ÌÑÌ-çîáðàæåííÿ êë³òèíè êàðöèíîìè Åðë³õà, ï³ääàíî¿ âïëèâó ìàãí³òíîãî ïîëÿ (çðàçîê 2): 2D-ñòðóêòóðà (à),
3D-ñòðóêòóðà (á), ôðàãìåíò, ùî ì³ñòèòü åíäîãåííó ìàãí³òî÷óòëèâó íàíîñòðóêòóðó (â)



108

Íàíîñòðóêòóðíîå ìàòåðèàëîâåäåíèå, 2011, ¹ 2

ÁÈÎÍÀÍÎÌÀÒÅÐÈÀËÛ

Àíàë³çóþ÷è îòðèìàí³ ðåçóëüòàòè, ìîæíà çðî-
áèòè âèñíîâîê, ùî åêñïîçèö³ÿ ïóõëèííèõ êë³òèí
êàðöèíîìè Åðë³õà â ïîñò³éíîìó ìàãí³òíîìó ïîë³
ñóòòºâî âïëèâàº íà ïðîöåñ ôîðìóâàííÿ ìàãí³-
òî÷óòëèâèõ íàíîñòðóêòóð åíäîãåííîãî ïîõî-
äæåííÿ òà íà ðîçì³ðè, ê³ëüê³ñòü ³ ñòðóêòóðíó
îðãàí³çàö³þ îêðåìèõ íàíîðîçì³ðíèõ ìàãí³òî÷óò-
ëèâèõ åëåìåíò³â ó êë³òèí³. Íà ï³äñòàâ³ àíàë³çó
ë³òåðàòóðíèõ äàíèõ òà ÌÑÌ-çîáðàæåíü ìàãí³-
òî÷óòëèâèõ íàíîñòðóêòóð åíäîãåííîãî ïîõî-
äæåííÿ ó êë³òèíàõ êàðöèíîìè Åðë³õà âèñóíóòî
ã³ïîòåçó ñòîñîâíî òîãî, ùî îêðåì³ åëåìåíòè öèõ
ñòðóêòóð ìîæóòü ÿâëÿòè ñîáîþ êëàñòåðè ìàã-
í³òíèõ íàíî÷àñòèíîê.

Îïóõîëåâûå êëåòêè êàðöèíîìû Ýðëèõà, èñõîäíûå è ïîä-
âåðãíóòûå âëèÿíèþ ïîñòîÿííîãî ìàãíèòíîãî ïîëÿ èí-
äóêöèåé 160 ìÒë â òå÷åíèå 15 ìèí è 1 ÷, èññëåäîâàíû
ìåòîäîì ìàãíèòíî-ñèëîâîé ìèêðîñêîïèè äëÿ äåòåêöèè
ñòðóêòóðíîé îðãàíèçàöèè ìàãíèòíîé ôàçû ýíäîãåííîãî
ïðîèñõîæäåíèÿ. Íà êàæäîé êëåòêå, ýêñïîíèðîâàííîé â
ìàãíèòíîì ïîëå, âûÿâëåíî îáðàçîâàíèå ìíîãî÷èñëåííûõ
ìàãíèòî÷óâñòâèòåëüíûõ ýëåìåíòîâ, ñîáðàííûõ â öåïî÷-
êè ðàçíîé äëèíû.

Êëþ÷åâûå ñëîâà: êàðöèíîìà Ýðëèõà, ìàãíèòíàÿ ôàçà,
ñêàíèðóþùèé çîíäîâûé ìèêðîñêîï, íàíîñòðóêòóðà, êðèñ-
òàëë

In this work were investigated Ehrlich carcinoma, which were
cultivated without magnetic field, and the cells that were exposed
in magnetic field with magnetic induction near 160 mT during
15 min and 1 h by magnetic-force microscopy for the detection
of organizasion of magnetic phase of endogenous origin. During
the investigation were detected that every cell that were exposed
in magnetic field had many magnetosensitive elements of
endogenous origin. This elements were organized in long and
short chains.

Key words: Ehrlich carcinoma, magnetic phase, scanning probe
microscopy, nanostructures, crystal
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