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Apel P. Yu. et al. P18-2004-52

Factors Determining the Pore Shape

in Polycarbonate Track Membranes

The process of pore formation in ion-irradiated polycarbonate films on treatment

with alkali solutions in the presence of a surfactant is studied. It is found that the pore

shape depends on both the structure of the initial films and the peculiarities of the inter-

action of the surfactant with the polymer surface and the transport of the surfactant

into tracks. Due to heterogeneity of the films the cross-section of a track pore channel

changes along its length. The presence of the surfactant results in a further effect. Sur-

factant molecules adsorb on the polymer surface at the pore entries and reduce the etch

rate which leads to formation of cigar-like pore channels. The use of surfactant as

a component of chemical etchant enables one to control the pore shape in track mem-

branes thus optimizing their retention and permeation characteristics.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-

tions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004

Àïåëü Ï. Þ. è äð. Ð18-2004-52

Ôàêòîðû, îïðåäåëÿþùèå ôîðìó ïîð

â òðåêîâûõ ìåìáðàíàõ èç ïîëèêàðáîíàòà

Èññëåäîâàí ïðîöåññ ôîðìèðîâàíèÿ ïîð â îáëó÷åííûõ óñêîðåííûìè èîíàìè

ïîëèêàðáîíàòíûõ ïëåíêàõ ïðè èõ îáðàáîòêå â ðàñòâîðå ùåëî÷è ñ äîáàâëåíèåì

ïîâåðõíîñòíî-àêòèâíîãî âåùåñòâà (ÏÀÂ). Óñòàíîâëåíî, ÷òî ôîðìà êàíàëîâ ïîð

îïðåäåëÿåòñÿ êàê ñòðóêòóðîé èñõîäíîé ïëåíêè, òàê è îñîáåííîñòÿìè âçàèìîäåé-

ñòâèÿ ÏÀÂ ñ ïîâåðõíîñòüþ ïîëèìåðà è òðàíñïîðòà ÏÀÂ â òðåê. Âñëåäñòâèå íå-

îäíîðîäíîñòè èñõîäíîãî ìàòåðèàëà ñå÷åíèå «òðåêîâîé» ïîðû ìåíÿåòñÿ ïî äëèíå

êàíàëà. Ïðèñóòñòâèå ïîâåðõíîñòíî-àêòèâíîãî âåùåñòâà ïðèâîäèò ê äîïîëíè-

òåëüíîìó ýôôåêòó. Ìîëåêóëû ÏÀÂ, ñîðáèðóÿñü íà ïîâåðõíîñòè ïëåíêè

è â óñòüÿõ âûòðàâëèâàåìûõ òðåêîâ òÿæåëûõ èîíîâ, ñíèæàþò ñêîðîñòü òðàâëåíèÿ,

÷òî ïðèâîäèò ê ôîðìèðîâàíèþ «âåðåòåíîîáðàçíûõ» êàíàëîâ ïîð. Èñïîëüçîâà-

íèå ÏÀÂ â êà÷åñòâå êîìïîíåíòà õèìè÷åñêîãî òðàâèòåëÿ ïîçâîëÿåò íàïðàâëåí-

íûì îáðàçîì èçìåíÿòü ôîðìó ïîð â òðåêîâûõ ìåìáðàíàõ, îïòèìèçèðóÿ èõ ïðîèç-

âîäèòåëüíîñòü è ñåëåêòèâíûå ñâîéñòâà.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ðåàêöèé èì. Ã. Í. Ôëåðîâà

ÎÈßÈ.
Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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”µ·³  ¶µ· ¢ É·¥±µ¢ÒÌ ³¥³¡· ´ Ì ´¥µ¤´µ±· É´µ µ¡¸Ê¦¤ ² ¸Ó ¢ ¶Ê¡²¨± -
Í¨ÖÌ ¶µ¸²¥¤´¨Ì ²¥É ¢ ¸¢Ö§¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³ É¥·¨ ²µ¢ ÔÉµ£µ É¨¶  ¢ ± Î¥-
¸É¢¥ ¶µ·¨¸ÉÒÌ ³µ¤¥²Ó´ÒÌ ¸·¥¤. ’·¥±µ¢Ò¥ ³¥³¡· ´Ò (’Œ) Î ¸Éµ · ¸¸³ É·¨¢ -
ÕÉ¸Ö ± ± ®¨¤¥ ²Ó´Ò¥¯ µ¡Ñ¥±ÉÒ, ¸µ¤¥·¦ Ð¨¥ ³ ¸¸¨¢ ¶·Ö³ÒÌ Í¨²¨´¤·¨Î¥¸±¨Ì
¶µ·. ‚µ ³´µ£¨Ì · ¡µÉ Ì ¶·¥¤¶µÎÉ¥´¨¥ µÉ¤ ¥É¸Ö ¶·µ³ÒÏ²¥´´µ ¢Ò¶Ê¸± ¥³Ò³
É·¥±µ¢Ò³ ³¥³¡· ´ ³ ´  µ¸´µ¢¥ ¶µ²¨± ·¡µ´ É  (�Š), ¶µ¸±µ²Ó±Ê ¤ ´´Ò° ¶µ²¨-
³¥· Ì · ±É¥·¨§Ê¥É¸Ö ´ ¨¡µ²¥¥ ¢Ò¸µ±µ° ¨§¡¨· É¥²Ó´µ¸ÉÓÕ É· ¢²¥´¨Ö É·¥±µ¢
[1]. Š ± ¸²¥¤¸É¢¨¥, ¶µ·Ò ¶· ±É¨Î¥¸±¨ ´¥ ¸Ê¦ ÕÉ¸Ö ¢ £²Ê¡¨´¥ ¶²¥´±¨ Ä ¢
µÉ²¨Î¨¥, ´ ¶·¨³¥·, µÉ ’Œ ¨§ ¶µ²¨ÔÉ¨²¥´É¥·¥ËÉ ² É  [2]. �¤´ ±µ ¤¥É ²Ó´Ò¥
¨¸¸²¥¤µ¢ ´¨Ö ¶µ± §Ò¢ ÕÉ, ÎÉµ ¨ ¢ ¶µ²¨± ·¡µ´ É¥ Ëµ·³  É·¥±µ¢ÒÌ ¶µ· ´¥
¢¸¥£¤  Ö¢²Ö¥É¸Ö ±·Ê£µ¢Ò³ Í¨²¨´¤·µ³. ‚ ·Ö¤¥ · ¡µÉ ´ ¡²Õ¤ ²¨ ®¶ · ¤µ±¸ ²Ó-
´Ò°¯ ¸¨£ ·µµ¡· §´Ò° ¶·µË¨²Ó, ±µÉµ·Ò° ¶·µÉ¨¢µ·¥Î¨É µ¡Ð¥¶·¨´ÖÉµ° ³µ¤¥²¨
É· ¢²¥´¨Ö É·¥±  ÉÖ¦¥²µ° Î ¸É¨ÍÒ ¢ µ¤´µ·µ¤´µ³ ¨§µÉ·µ¶´µ³ ³ É¥·¨ ²¥ [3Ä
10]. �¥µ¤´µ±· É´µ ¤¥² ²¨¸Ó ¶µ¶ÒÉ±¨ µ¡ÑÖ¸´¨ÉÓ ¶·µ¨¸Ìµ¦¤¥´¨¥ ¶µ¤µ¡´µ°
Ëµ·³Ò ¶µ· [6, 8, 9]. ’¥³ ´¥ ³¥´¥¥ ³´µ£¨¥  ¸¶¥±ÉÒ ¤ ´´µ° ¶·µ¡²¥³Ò µ¸É ¢ -
²¨¸Ó ´¥Ö¸´Ò³¨.–¥²Ó ´ ¸ÉµÖÐ¥° · ¡µÉÒ ¸µ¸ÉµÖ²  ¢ ¶µ¤·µ¡´µ³ ¨¸¸²¥¤µ¢ ´¨¨
Ë ±Éµ·µ¢, µ¶·¥¤¥²ÖÕÐ¨Ì Ëµ·³Ê ± ´ ²µ¢ ¶µ· ¢ ¶µ²¨± ·¡µ´ É´ÒÌ É·¥±µ¢ÒÌ
³¥³¡· ´ Ì. �·¨ ÔÉµ³ µ¸´µ¢´µ¥ ¢´¨³ ´¨¥ ¡Ò²µ Ê¤¥²¥´µ ¶µ¢¥·Ì´µ¸É´Ò³ Ö¢²¥-
´¨Ö³, ±µÉµ·Ò¥ ³µ£ÊÉ µ± §Ò¢ ÉÓ ¢²¨Ö´¨¥ ´  Ëµ·³¨·µ¢ ´¨¥ É·¥±µ¢ÒÌ ± ´ ²µ¢
¸ · ¤¨Ê¸ ³¨ ¢ ³¨±·µ- ¨ ´ ´µ³¥É·µ¢µ³ ¤¨ ¶ §µ´ Ì.

1. �Š‘�…�ˆŒ…�’

‚ ± Î¥¸É¢¥ ¨¸Ìµ¤´ÒÌ ³ É¥·¨ ²µ¢ ¨¸¶µ²Ó§µ¢ ²¨ ¶µ²¨± ·¡µ´ É´Ò¥ ¶²¥´±¨
®Makrofol KG¯ ¨ ®Pokalon N38EM¯ ¶·µ¨§¢µ¤¸É¢  Ë¨·³ ®Bayer¯ ¨ LOFO
(ƒ¥·³ ´¨Ö) ¸µµÉ¢¥É¸É¢¥´´µ c ´µ³¨´ ²Ó´Ò³¨ Éµ²Ð¨´ ³¨ 10, 12 ¨ 20 ³±³.
�µ ¤ ´´Ò³ ¶·µ¨§¢µ¤¨É¥²Ö, ¶²¥´±¨ ¶µ²ÊÎ¥´Ò ³¥Éµ¤µ³ ¶µ²¨¢  ¨§ · ¸É¢µ·µ¢.
®Makrofol KG¯ (¢ µÉ²¨Î¨¥ µÉ ³ É¥·¨ ²  ®Pokalon N38EM¯ ) ¶µ¸²¥ ¶µ²¨¢ 
¨ ¸ÊÏ±¨ ¶µ¤¢¥·£ ¥É¸Ö ¢ÒÉÖ¦±¥ ¨ ±·¨¸É ²²¨§ Í¨¨. �²¥´±¨ µ¡²ÊÎ ²¨ Ê¸±µ·¥´-
´Ò³¨ ¨µ´ ³¨ ±·¨¶Éµ´  ¸ Ô´¥·£¨¥° 250 ŒÔ‚ ´  ¢Ò¢¥¤¥´´µ³ ¶ÊÎ±¥ Í¨±²µÉ·µ´ 
“-400 ‹Ÿ� ¨³. ƒ. �. ”²¥·µ¢  �ˆŸˆ. �·¨ Ê± § ´´µ° Ô´¥·£¨¨ ¨µ´Ò ¶·µÌµ¤¨²¨
¶²¥´±Ê ´ ¸±¢µ§Ó, µ¸É ¢²ÖÖ É·¥±¨, ¶·µ´¨§Ò¢ ÕÐ¨¥ µ¡· §¥Í µÉ µ¤´µ° ¶µ¢¥·Ì-
´µ¸É¨ ± ¤·Ê£µ°. “£²Ò ´ ±²µ´  É·¥±µ¢ ¸µ¸É ¢²Ö²¨ µÉ −30 ¤µ +30◦ ± ´µ·³ ²¨ ±
¶µ¢¥·Ì´µ¸É¨ ¶²¥´±¨. �²µÉ´µ¸ÉÓ É·¥±µ¢ ¸µ¸É ¢²Ö²  (2−5)·106 ¨²¨ 2·109 ¸³−2.
�µ¸²¥ µ¡²ÊÎ¥´¨Ö ¶²¥´±¨ ¢Ò¤¥·¦¨¢ ²¨ ´  ¢µ§¤ÊÌ¥ ¢ É¥Î¥´¨¥ ´¥¸±µ²Ó±¨Ì ³¥-
¸ÖÍ¥¢. Šµ´É ±É ¸ ±¨¸²µ·µ¤¸µ¤¥·¦ Ð¥°  É³µ¸Ë¥·µ° µ¡¥¸¶¥Î¨¢ ² µ±¨¸²¥´¨¥
¶·µ¤Ê±Éµ¢ · ¤¨µ²¨§ , ¡² £µ¤ ·Ö Î¥³Ê ¶·¨ ¶µ¸²¥¤ÊÕÐ¥° Ì¨³¨Î¥¸±µ° µ¡· -
¡µÉ±¥ ¤µ¸É¨£ ² ¸Ó ¢Ò¸µ± Ö ¨§¡¨· É¥²Ó´µ¸ÉÓ É· ¢²¥´¨Ö É·¥±µ¢.

’·¥±¨ ¢ µ¡²ÊÎ¥´´ÒÌ µ¡· §Í Ì ¶·µÖ¢²Ö²¨ ¶ÊÉ¥³ É· ¢²¥´¨Ö ¢ · ¸É¢µ·¥ £¨-
¤·µ±¸¨¤  ´ É·¨Ö (6M NaOH) ¶·¨ É¥³¶¥· ÉÊ·¥ 60 ◦‘ ¢ É¥Î¥´¨¥ Ë¨±¸¨·µ-
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¢ ´´µ£µ ¢·¥³¥´¨ (16 ³¨´). � · ²²¥²Ó´µ ¢  ´ ²µ£¨Î´ÒÌ Ê¸²µ¢¨ÖÌ ¶·µ¢µ¤¨²¨
µ¡· ¡µÉ±Ê · ¸É¢µ· ³¨ 6M NaOH ¸ ¤µ¡ ¢²¥´¨¥³ ¶µ¢¥·Ì´µ¸É´µ- ±É¨¢´µ£µ ¢¥-
Ð¥¸É¢ . ‚ ± Î¥¸É¢¥ ¶µ¸²¥¤´¥£µ ¨¸¶µ²Ó§µ¢ ²¨ ¤µ¤¥Í¨²¡¥´§µ²¸Ê²ÓËµ´ É ´ É·¨Ö
(®Chameleon OSAKA¯, Ÿ¶µ´¨Ö) ¢ ±µ´Í¥´É· Í¨¨ 0,01 % ¶µ ³ ¸¸¥.

— ¸ÉÓ µ¡· §Íµ¢ ¶µ²¨± ·¡µ´ É´ÒÌ ¶²¥´µ± ¡Ò²  ¶µ¤¢¥·£´ÊÉ  Ì¨³¨Î¥¸±µ³Ê
É· ¢²¥´¨Õ ¤µ µ¡²ÊÎ¥´¨Ö Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ (6M NaOH, 60 ◦C, 60 ¨²¨
120 ³¨´). �·¨ ÔÉµ° ¶·µÍ¥¤Ê·¥ ¸ µ¡¥¨Ì ¸Éµ·µ´ ¶²¥´±¨ Ê¤ ²Ö²¸Ö ¶·¨¶µ¢¥·Ì-
´µ¸É´Ò° ¸²µ° Éµ²Ð¨´µ° ∼ 1 ¨²¨ 2 ³±³ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢·¥³¥´¨ µ¡· ¡µÉ±¨.
„ ²¥¥ ³µ¤¨Ë¨Í¨·µ¢ ´´Ò¥ µ¡· §ÍÒ µ¡²ÊÎ ²¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ ¨ ¨¸¸²¥-
¤µ¢ ²¨ É· ¢²¥´¨¥ É·¥±µ¢ ¢ ´¨Ì ¶µ Éµ° ¦¥ ³¥Éµ¤¨±¥, ÎÉµ ¨ ¤²Ö ´¥³µ¤¨Ë¨Í¨-
·µ¢ ´´ÒÌ µ¡· §Íµ¢.

ƒ §µ¶·µ´¨Í ¥³µ¸ÉÓ ¶µ²ÊÎ¥´´ÒÌ µ¡· §Íµ¢ ’Œ ¨§³¥·Ö²¨ ¶·¨ ¶µ³µÐ¨ ± -
²¨¡·µ¢ ´´ÒÌ ¶µ¶² ¢±µ¢ÒÌ ·µÉ ³¥É·µ¢, ± ± µ¶¨¸ ´µ ¢ [2]. �²µÉ´µ¸ÉÓ ¶µ· ´ 
¶µ¢¥·Ì´µ¸É¨,   É ±¦¥ ¨Ì · §³¥·Ò ¨ Ëµ·³Ê µ¶·¥¤¥²Ö²¨ ¶·¨ ¶µ³µÐ¨ · ¸É·µ-
¢ÒÌ Ô²¥±É·µ´´ÒÌ ³¨±·µ¸±µ¶µ¢ JSM-840 (JEOL) ¨ LEO-1530 (LEO). ‘±µ²Ò
µ¡· §Íµ¢ £µÉµ¢¨²¨ ¶µ ¸¶¥Í¨ ²Ó´µ · §· ¡µÉ ´´µ° ³¥Éµ¤¨±¥, µ¶¨¸ ´´µ° ¢ [11].
�¸µ¡¥´´µ¸ÉÓÕ �Š-¶²¥´µ± Ö¢²Ö¥É¸Ö ´¥µ¤¨´ ±µ¢µ¸ÉÓ ¸Éµ·µ´: ¶µ¢¥·Ì´µ¸É¨ · §-
²¨Î ÕÉ¸Ö ¶µ ³¨±·µ·¥²Ó¥ËÊ. �É¢¥·¸É¨Ö ¶µ· ´  ¡µ²¥¥ Ï¥·µÌµ¢ Éµ° (³ Éµ¢µ°)
¸Éµ·µ´¥ ¶²¥´µ± µÉ²¨Î ²¨¸Ó ¡µ²ÓÏ¨³ · §¡·µ¸µ³ ¶µ ¤¨ ³¥É· ³, ÎÉµ § É·Ê¤-
´Ö²µ ÉµÎ´µ¥ µ¶·¥¤¥²¥´¨¥ ¸·¥¤´¥£µ · §³¥· . ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¨§³¥·¥´¨Ö ¤¨ -
³¥É·  ¢Ìµ¤´ÒÌ µÉ¢¥·¸É¨° É·¥±µ¢ÒÌ ± ´ ²µ¢ ³¥Éµ¤µ³ · ¸É·µ¢µ° Ô²¥±É·µ´´µ°
³¨±·µ¸±µ¶¨¨ (��Œ) ¶·µ¢µ¤¨²¨ Éµ²Ó±µ ´  £² ¤±µ° (£²Ö´Í¥¢µ°) ¸Éµ·µ´¥ µ¡· §-
Íµ¢.

“£²Ò ¸³ Î¨¢ ´¨Ö µ¶·¥¤¥²Ö²¨ ³¥Éµ¤µ³ ®¸¨¤ÖÐ¥°¯ ± ¶²¨ ¶·¨ ¶µ³µÐ¨ ³¨-
±·µ¸±µ¶  �ˆ�‹�Œ, ¸µ¥¤¨´¥´´µ£µ ¸ ¶·µ¥±Í¨µ´´µ° ¶·¨¸É ¢±µ°. �· ²¨ ¸·¥¤-
´¥¥ §´ Î¥´¨¥ ¨§ 10Ä15 ¨§³¥·¥´¨°, ¢Ò¶µ²´¥´´ÒÌ ´  · §´ÒÌ ÊÎ ¸É± Ì µ¡· §Í .

2. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚ ˆ ��‘“†„…�ˆ…

2.1. ’· ¢²¥´¨¥ ´¥³µ¤¨Ë¨Í¨·µ¢ ´´ÒÌ ¶µ²¨± ·¡µ´ É´ÒÌ ¶²¥´µ±. ‚ ¶¥·-
¢µ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¡Ò²¨ ¨¸¸²¥¤µ¢ ´Ò µ¡· §ÍÒ ¶µ²¨± ·¡µ´ É´ÒÌ ¶²¥-
´µ±, ´¥ ¶µ¤¢¥·£´ÊÉÒÌ ¶·¥¤¢ ·¨É¥²Ó´µ° ³µ¤¨Ë¨± Í¨¨. ‘· ¢´¥´¨¥ ¤¨ ³¥É·µ¢
¨ Ëµ·³Ò ¶·µÉ· ¢²¥´´ÒÌ ± ´ ²µ¢ ¶µ± § ²µ § ³¥É´Ò¥ · §²¨Î¨Ö ³¥¦¤Ê µ¡· §-
Í ³¨, µ¡· ¡µÉ ´´Ò³¨ Ð¥²µÎ´Ò³ · ¸É¢µ·µ³ ¸ ¤µ¡ ¢²¥´¨¥³ ��‚ ¨ ¡¥§ ´¥£µ.
� ¨¡µ²¥¥ É¨¶¨Î´Ò¥ ¨§µ¡· ¦¥´¨Ö ¶µ¢¥·Ì´µ¸É¨ ¨ ¸±µ²µ¢, ¢Ò¡· ´´Ò¥ ´  µ¸´µ¢¥
¶·µ¸³µÉ·  ¨  ´ ²¨§  ¡µ²ÓÏµ£µ Î¨¸²  µ¡· §Íµ¢, ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1 ¨
·¨¸. 2.

�·¨¸ÊÉ¸É¢¨¥ ¤µ¤¥Í¨²¡¥´§µ²¸Ê²ÓËµ´ É  ´ É·¨Ö („�‘�) ¸´¨¦ ¥É ¸±µ·µ¸ÉÓ
Ì¨³¨Î¥¸±µ° ·¥ ±Í¨¨ ´  £· ´¨Í¥ · §¤¥²  Ë § ¶µ²¨³¥·Ä· ¸É¢µ·. Šµ²¨Î¥-
¸É¢¥´´µ ÔÉµÉ ÔËË¥±É ³µ¦¥É ¡ÒÉÓ µÍ¥´¥´ ¨§ ¸µµÉ´µÏ¥´¨Ö ¤¨ ³¥É·µ¢ ¢Ìµ¤´ÒÌ
µÉ¢¥·¸É¨° ¶µ·. ‘·¥¤´¨° ¤¨ ³¥É· ¶µ· ¢ �Š ®Makrofol¯, µ¡· ¡µÉ ´´µ³ ¢ Î¨-
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a á

â ã

1410/2002 MAKROFOL No. 1 tilt-301410/2002 MAKROFOL No. 1 tilt-30

13 7000x13 7000x

1010/2002 Makrofol No. 31010/2002 Makrofol No. 3

1 ìêì

1 ìêì

1 ìêì

1 ìêì

1010/2002 Makrofol No. 31010/2002 Makrofol No. 3

6 10000x6 10000x

23 10000x23 10000x22 7000x22 7000x

1010/2002 Makrofol No. 11010/2002 Makrofol No. 1

�¨¸. 1. �¡· §¥Í ¶²¥´±¨ ®Makrofol¯, µ¡²ÊÎ¥´´µ° ¨µ´ ³¨ ±·¨¶Éµ´  ¨ µ¡· ¡µÉ ´´µ°
¢ 6Œ NaOH ( , ¡) ¨ ¢ 6M NaOH+0,01% „�‘� (¢, £) ¶·¨ 60 ◦‘ ¢ É¥Î¥´¨¥ 16 ³¨´.
�µ± § ´Ò Ë·µ´É ²Ó´ Ö (¡, £) ¨ ¡µ±µ¢ Ö ¶µ¢¥·Ì´µ¸É¨ ¸±µ²  ’Œ ( , ¢)

¸Éµ³ NaOH, ¸µ¸É ¢¨² 0,89 ³±³, ¢ Éµ ¢·¥³Ö ± ± ¶·¨¸ÊÉ¸É¢¨¥ „�‘� Ê³¥´ÓÏ¨²µ
ÔÉÊ ¢¥²¨Î¨´Ê ¤µ 0,54 ³±³. ‚ �Š ®Pokalon¯ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥²¨Î¨´Ò · ¢´Ò
0,70 ¨ 0,54 ³±³. ’ ±¨³ µ¡· §µ³, ÔËË¥±É § ³¥¤²¥´¨Ö ¶µ¢¥·Ì´µ¸É´µ- ±É¨¢´Ò³
¢¥Ð¥¸É¢µ³ ·¥ ±Í¨¨ É· ¢²¥´¨Ö ¶·¨ ¤ ´´ÒÌ Ê¸²µ¢¨ÖÌ ¢Ò· ¦ ¥É¸Ö Ë ±Éµ· ³¨
1,65 ¨ 1,30 ¤²Ö ¶²¥´µ± ®Makrofol¯¨ ®Pokalon¯ ¸µµÉ¢¥É¸É¢¥´´µ.

ˆ¸¸²¥¤µ¢ ´¨¥ ¸±µ²µ¢ ³¥³¡· ´ ¶µ± § ²µ, ÎÉµ ¶µ·Ò ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ ´¥
Ö¢²ÖÕÉ¸Ö Í¨²¨´¤· ³¨. �·¨ É· ¢²¥´¨¨ ¢ Î¨¸Éµ° Ð¥²µÎ¨ ´ ¡²Õ¤ ÕÉ¸Ö ´¥¡µ²Ó-
Ï¨¥ ¸Ê¦¥´¨Ö ± ´ ²µ¢ ± ¶µ¢¥·Ì´µ¸É¨ ¶²¥´µ± (¸³. ·¨¸. 1,   ¨ 2,  ). ‘É¥¶¥´Ó
¸Ê¦¥´¨Ö ¡µ²ÓÏ¥ Ê ³ Éµ¢µ° (´¨¦´¥° ´  ¨§µ¡· ¦¥´¨ÖÌ) ¸Éµ·µ´Ò ¶²¥´±¨. (� 
¢¸¥Ì ¨§µ¡· ¦¥´¨ÖÌ ¸±µ²µ¢ §¤¥¸Ó ¨ ¤ ²¥¥ µ¡· §ÍÒ µ·¨¥´É¨·µ¢ ´Ò £² ¤±µ° ¸Éµ-
·µ´µ° ¢¢¥·Ì.) �µ-¢¨¤¨³µ³Ê, ¶·¨¶µ¢¥·Ì´µ¸É´Ò¥ ¸²µ¨ ¶µ²¨³¥·  ¨³¥ÕÉ ¨´ÊÕ
¸É·Ê±ÉÊ·Ê, µÉ²¨Î ÕÐÊÕ¸Ö ¡µ²¥¥ ¢Ò¸µ±µ° Ì¨³¨Î¥¸±µ° Ê¸Éµ°Î¨¢µ¸ÉÓÕ. �Éµ
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a á2210/2002 PC Lonza exp.7.2 No. 12210/2002 PC Lonza exp.7.2 No. 1

11 10000x11 10000x 1 ìêì 30 10000x30 10000x

2210/2002 PC Lonza exp.7.2 No. 32210/2002 PC Lonza exp.7.2 No. 3

1 ìêì

�¨¸. 2. ‘±µ²Ò µ¡· §Í  ¶²¥´±¨ ®Pokalon¯, µ¡²ÊÎ¥´´µ° ¨µ´ ³¨ ±·¨¶Éµ´  ¨ µ¡· ¡µÉ ´-
´µ° ¢ 6Œ NaOH ( ) ¨ ¢ 6M NaOH+0,01% „�‘� (¡) ¶·¨ 60 ◦‘ ¢ É¥Î¥´¨¥ 16 ³¨´

³µ¦¥É ¡ÒÉÓ µ¡Ê¸²µ¢²¥´µ ³¥Éµ¤µ³ ¶µ²ÊÎ¥´¨Ö �Š-¶²¥´µ±. �Š-¶²¥´±¨ ¶µ²Ê-
Î ÕÉ ¶µ²¨¢µ³ ¨§ · ¸É¢µ·  ¶µ²¨³¥·  ¸ ¶µ¸²¥¤ÊÕÐ¨³ Ê¤ ²¥´¨¥³ · ¸É¢µ·¨É¥²Ö
¨ ¢ÒÉÖ¦±µ° ¶²¥´±¨ ¶·¨ ¶µ¢ÒÏ¥´´µ° É¥³¶¥· ÉÊ·¥. ‚µ§³µ¦´µ, ÎÉµ ³ ±·µ³µ-
²¥±Ê²Ò �Š ¢ ¶·¨¶µ¢¥·Ì´µ¸É´µ³ ¸²µ¥ ¨³¥ÕÉ ¡µ²¥¥ ¶²µÉ´ÊÕ Ê¶ ±µ¢±Ê ¨§-§ 
· §²¨Î¨Ö ¢ Ê¸²µ¢¨ÖÌ ±·¨¸É ²²¨§ Í¨¨ ¢ £²Ê¡¨´¥ ¶µ²¨³¥·  ¨ ¢¡²¨§¨ ¶µ¢¥·Ì´µ-
¸É¨. �Éµ Ö¢²¥´¨¥ ´ ¡²Õ¤ ¥É¸Ö ¢µ ³´µ£¨Ì ¶²¥´µÎ´ÒÌ ³ É¥·¨ ² Ì [12].

—¥É±µ ¢Ò· ¦¥´´ Ö ¢¥·¥É¥´µµ¡· §´ Ö Ëµ·³  ¶µ· ´  ·¨¸. 1, ¢ ¨ ·¨¸. 2, ¡
Ê± §Ò¢ ¥É ´  Éµ, ÎÉµ ¶·¨¸ÊÉ¸É¢¨¥ ��‚ ¢ É· ¢¨²Ó´µ³ · ¸É¢µ·¥ ¶·¨¢µ¤¨É ±
¤µ¶µ²´¨É¥²Ó´µ³Ê ¸´¨¦¥´¨Õ ¸±µ·µ¸É¨ Ì¨³¨Î¥¸±µ° ¤¥¸É·Ê±Í¨¨ ¢ Ê¸ÉÓÖÌ ¶µ·.
Š ± Ìµ·µÏµ ¢¨¤´µ ¨§ Ô²¥±É·µ´´ÒÌ ËµÉµ£· Ë¨°, ÔËË¥±É ��‚ ¢ µ¸´µ¢´µ³
¶·µÖ¢²Ö¥É¸Ö ¢¡²¨§¨ ± ¦¤µ° ¶µ¢¥·Ì´µ¸É¨, ¢ Éµ ¢·¥³Ö ± ± ¤¨ ³¥É· ± ´ ²  ¢
¸·¥¤´¥³ ¸¥Î¥´¨¨ ¶²¥´±¨ ¶µÎÉ¨ ´¥ Ê³¥´ÓÏ ¥É¸Ö.

�µ¤Î¥·±´¥³, ÎÉµ, ¢ µÉ²¨Î¨¥ µÉ ’Œ ¨§ ¤·Ê£¨Ì ¶µ²¨³¥·µ¢, ¢ ¶µ²ÊÎ¥´´ÒÌ
µ¡· §Í Ì ± ´ ²Ò ¶µ· ´¥ ¸Ê¦ ÕÉ¸Ö ± ¸¥·¥¤¨´¥ ¶²¥´±¨. �Éµ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ
¢ �Š, µ¡²ÊÎ¥´´µ³ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨, µÉ´µÏ¥´¨¥ ¸±µ·µ¸É¨ É· ¢²¥´¨Ö ¢¤µ²Ó
É·¥±  VT ± ¸±µ·µ¸É¨ É· ¢²¥´¨Ö ¶µ²¨³¥·  V µÎ¥´Ó ¢¥²¨±µ ¨ ¶·¨ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¥³ ¢Ò¡µ·¥ Ê¸²µ¢¨° É· ¢²¥´¨Ö ³µ¦¥É ¤µ¸É¨£ ÉÓ 104Ä105 [1]. ˆ§¢¥¸É´µ,
ÎÉµ ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö VT /VB ¤µ¸É¨£ ÕÉ¸Ö ¶·¨ ±µ´Í¥´É· Í¨¨ Ð¥²µÎ¨
6 ³µ²Ó/². ’· ¢¨É¥²Ó µÎ¥´Ó ¡Ò¸É·µ ¶·µ´¨± ¥É ¢¤µ²Ó Ê§±µ° (¤¨ ³¥É·µ³ ´¥-
¸±µ²Ó±µ ´³) ¸¥·¤Í¥¢¨´Ò É·¥± , ¶µ¸²¥ Î¥£µ ·µ¸É ¶µ·Ò ¶·µ¨¸Ìµ¤¨É ¢ · ¤¨-
 ²Ó´µ³ ´ ¶· ¢²¥´¨¨. ‚ ¡µ²ÓÏ¨´¸É¢¥ ¤·Ê£¨Ì ¶µ²¨³¥·µ¢ É· ¢¨É¥²Ó ¶·µ´¨± ¥É
¢¤µ²Ó É·¥±  ³¥¤²¥´´¥¥. Š ³µ³¥´ÉÊ µ¡· §µ¢ ´¨Ö ¸±¢µ§´µ° ¶µ·Ò ¢ ¶µ²¨ÔÉ¨²¥´-
É¥·¥ËÉ ² É´µ° (��’”) ¨²¨ ¶µ²¨¶·µ¶¨²¥´µ¢µ° (��) ¶²¥´±¥ ¢Ìµ¤´Ò¥ µÉ¢¥·-
¸É¨Ö Ê¸¶¥¢ ÕÉ ¢Ò· ¸É¨ ¤µ ¤¨ ³¥É·  ¢ ¤¥¸ÖÉ±¨ ¨ ¸µÉ´¨ ´³, ¨ Ëµ·³¨·ÊÕÐ¨°¸Ö
± ´ ² ´ ¶µ³¨´ ¥É ¶µ Ëµ·³¥ ¸¨²Ó´µ ¢ÒÉÖ´ÊÉÒ¥ ¶¥¸µÎ´Ò¥ Î ¸Ò [1, 2, 11].
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2.2. ’· ¢²¥´¨¥ ¶·¥¤¢ ·¨É¥²Ó´µ ³µ¤¨Ë¨Í¨·µ¢ ´´ÒÌ ¶µ²¨± ·¡µ´ É´ÒÌ
¶²¥´µ±. ‚ ¤ ´´µ° ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¨¸¸²¥¤µ¢ ²¨ �Š-¶²¥´±¨, ±µÉµ·Ò¥
¡Ò²¨ ¶·¥¤¢ ·¨É¥²Ó´µ µ¡· ¡µÉ ´Ò · ¸É¢µ·µ³ Ð¥²µÎ¨ ¤²Ö Ê¤ ²¥´¨Ö ¶·¨¶µ-
¢¥·Ì´µ¸É´ÒÌ ¸²µ¥¢. ŒÒ · ¸¸Î¨ÉÒ¢ ²¨, ÎÉµ Ô±¸¶¥·¨³¥´ÉÒ ¸ ³µ¤¨Ë¨Í¨·µ¢ ´-
´Ò³¨ É ±¨³ ¸¶µ¸µ¡µ³ µ¡· §Í ³¨ ¶µ§¢µ²ÖÉ Ê¸É· ´¨ÉÓ ÔËË¥±É, µ¡Ê¸²µ¢²¥´´Ò°
´¥µ¤´µ·µ¤´µ¸ÉÓÕ ¸É·Ê±ÉÊ·Ò, ¨ ¨§ÊÎ¨ÉÓ ¢ Î¨¸Éµ³ ¢¨¤¥ ¢²¨Ö´¨¥ ¶µ¢¥·Ì´µ¸É´µ-
 ±É¨¢´µ£µ ¢¥Ð¥¸É¢ . �  ·¨¸. 3 ¶·µ¨²²Õ¸É·¨·µ¢ ´ ·¥§Ê²ÓÉ É, ¶µ²ÊÎ¥´´Ò° ´ 

1 ìêì

2001/2004 exp.17/I/3 tilt = 30 I2001/2004 exp.17/I/3 tilt = 30 I

27 15000x27 15000x 33 10000x33 10000x

2001/2004 exp.17/I/3 tilt = 30 I2001/2004 exp.17/I/3 tilt = 30 I

1 ìêì

a á

�¨¸. 3. �µ¢¥·Ì´µ¸ÉÓ ( ) ¨ ¸±µ² (¡) µ¡· §Í  ¶²¥´±¨ ®Pokalon¯, µ¡²ÊÎ¥´´µ° ¨µ´ ³¨
±·¨¶Éµ´  ¨ µ¡· ¡µÉ ´´µ° ¢ 6M NaOH+0,01% „�‘� ¶·¨ 60 ◦‘ ¢ É¥Î¥´¨¥ 16 ³¨´.
�¥·¥¤ µ¡²ÊÎ¥´¨¥³ ¨µ´ ³¨ ¶²¥´±  ¡Ò²  ¶·µÉ· ¢²¥´  ¢ É¥Î¥´¨¥ 60 ³¨´

�Š ®Pokalon¯. Š ± ¶µ¸²¥ É· ¢²¥´¨Ö ¢ Î¨¸Éµ° Ð¥²µÎ¨, É ± ¨ ¶µ¸²¥ É· ¢²¥´¨Ö
Ð¥²µÎÓÕ ¸ ��‚ ¢¥·¥É¥´µµ¡· §´ Ö Ëµ·³  É·¥±µ¢ ¢ ¶·¥¤¢ ·¨É¥²Ó´µ ³µ¤¨Ë¨-
Í¨·µ¢ ´´µ° ¶²¥´±¥ §´ Î¨É¥²Ó´µ ³¥´¥¥ ¢Ò· ¦¥´ . • · ±É¥·´µ° ¤²Ö ¤ ´´µ£µ
¢¨¤  �Š-¶²¥´±¨ ¤¥É ²ÓÕ µ± § ²µ¸Ó ¶µÖ¢²¥´¨¥ ¢µ·µ´±µµ¡· §´ÒÌ · ¸Ï¨·¥´¨°
¢ Ê¸ÉÓÖÌ ¶µ· (¸³. ·¨¸. 3, ¡).

�·¨Î¨´µ° ¨Ì Ëµ·³¨·µ¢ ´¨Ö ³µ¦¥É ¡ÒÉÓ Î ¸É¨Î´ Ö ¤¥¸É·Ê±Í¨Ö ³ É¥·¨ ² 
¶·¨ ¶·¥¤¢ ·¨É¥²Ó´µ³ É· ¢²¥´¨¨. �¥¤ ¢´µ ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¶·¨ Ð¥²µÎ´µ³
É· ¢²¥´¨¨ ¶µ²¨ÔÉ¨²¥´É¥·¥ËÉ ² É  ¨ ¶µ²¨± ·¡µ´ É  §µ´  ·¥ ±Í¨¨ ´¥ µ£· ´¨-
Î¥´  Éµ²Ó±µ ³¥¦Ë §´µ° £· ´¨Í¥° ¶µ²¨³¥·Ä· ¸É¢µ·,   ¶·µ¸É¨· ¥É¸Ö ¢ ¶µ²¨³¥·
´  £²Ê¡¨´Ê ´¥¸±µ²Ó±µ ¸µÉ¥´ ´ ´µ³¥É·µ¢ [13].

‚ ¶²¥´±¥ ®Makrofol¯, ¶µ¤¢¥·£ ¢Ï¥°¸Ö ¶·¥¤¢ ·¨É¥²Ó´µ³Ê É· ¢²¥´¨Õ, Ëµ·-
³¨·µ¢ ´¨¥ ¢µ·µ´±µµ¡· §´ÒÌ Ê¸ÉÓ¥¢ ¶µ· ´¥ µÉ³¥Î¥´µ. “¤ ²¥´¨¥ ¶·¨¶µ¢¥·Ì-
´µ¸É´ÒÌ ¸²µ¥¢ ¶·¨¢µ¤¨É ± ³¥´¥¥ ¢Ò· ¦¥´´µ³Ê ¨§³¥´¥´¨Õ ¤¨ ³¥É·  ± ´ ² 
¶µ Éµ²Ð¨´¥ ¶²¥´±¨, Î¥³ ´ ¡²Õ¤ ²µ¸Ó ¤²Ö ¨¸Ìµ¤´µ£µ ³ É¥·¨ ²  (·¨¸. 4,  ).

�·¨¸ÊÉ¸É¢¨¥ ��‚ ¢ · ¸É¢µ·¥, ± ± ¢¨¤´µ ¨§ ¸· ¢´¥´¨Ö ·¨¸. 4,   ¨ 4, ¡,
¢²¨Ö¥É ´  Ëµ·³Ê ¶µ· ¨ ¢ ÔÉµ³ ¸²ÊÎ ¥. ‘Ê¦¥´¨¥ ± ´ ²µ¢ ± £² ¤±µ° (¢¥·Ì´¥°)
¶µ¢¥·Ì´µ¸É¨ Ìµ·µÏµ · §²¨Î¨³µ ´  ·¨¸. 4, ¡. ‘´¨¦¥´¨¥ ¸±µ·µ¸É¨ É· ¢²¥´¨Ö
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1 ìêì

2001/2004 17/V/1 tilt = 30 + 302001/2004 17/V/1 tilt = 30 + 30 2701/2004 17/V/3 tilt = 30 + 30 I2701/2004 17/V/3 tilt = 30 + 30 I

11 10000x11 10000x 50 10000x50 10000x

2201/2004 17/III/1 tilt = 30 I2201/2004 17/III/1 tilt = 30 I

33 10000x33 10000x

1 ìêì

1 ìêì

a á

â

�¨¸. 4. ‘±µ²Ò µ¡· §Í  ¶²¥´±¨ ®Makrofol¯, µ¡²ÊÎ¥´´µ° ¨µ´ ³¨ ±·¨¶Éµ´  ¨ µ¡· ¡µÉ ´-
´µ° ¢ 6Œ NaOH ( , ¢) ¨ ¢ 6M NaOH+0,01% „�‘� (¡) ¶·¨ 60 ◦‘ ¢ É¥Î¥´¨¥ 16 ³¨´.
�¥·¥¤ µ¡²ÊÎ¥´¨¥³ ¨µ´ ³¨ ¶²¥´±  ¶·µÉ· ¢²¥´  ¢ É¥Î¥´¨¥ 120 ( , ¡) ¨ 60 (¢) ³¨´

¶µ²¨³¥·  Ê ¶µ¢¥·Ì´µ¸É¨ §  ¸Î¥É ��‚ ¡Ò²µ · ¸¸Î¨É ´µ ¨§ ¸µµÉ´µÏ¥´¨Ö ¸·¥¤-
´¨Ì ¤¨ ³¥É·µ¢ ¶µ· ´  ¨§µ¡· ¦¥´¨ÖÌ, ¶µ²ÊÎ¥´´ÒÌ ¶·¨ ¶µ³µÐ¨ ��Œ. �Éµ ¸µ-
µÉ´µÏ¥´¨¥ ¸µ¸É ¢¨²µ 1,3, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ³¥´ÓÏ¥, Î¥³ ¤²Ö ÔÉµ° ¦¥ ¶²¥´±¨,
´¥ ¶µ¤¢¥·£´ÊÉµ° ¶·¥¤¢ ·¨É¥²Ó´µ³Ê É· ¢²¥´¨Õ.

�  ´¥±µÉµ·ÒÌ ¸±µ² Ì Ìµ·µÏµ ¢¨¤´Ò ¤¥Ë¥±ÉÒ ¸É·Ê±ÉÊ·Ò, ´ Ìµ¤ÖÐ¨¥¸Ö
¢ £²Ê¡¨´¥ ¶²¥´±¨ ¨ ¨³¥ÕÐ¨¥ ¢¨¤ ¶Ê§Ò·Ó±µ¢ ¸Ê¡³¨±·µ´´ÒÌ ¨ ³¨±·µ´´ÒÌ
· §³¥·µ¢ (¸³. ·¨¸. 4, ¢). �¥µ¤´µ·µ¤´µ¸É¨ É ±µ£µ ·µ¤  ¢ ¶µ²¨¢´ÒÌ ¶²¥´± Ì
¡Ò²¨ µ¶¨¸ ´Ò · ´¥¥ [14]. �¡² ¸ÉÓ ¶·¥¨³ÊÐ¥¸É¢¥´´µ° ²µ± ²¨§ Í¨¨ ¤¥Ë¥±Éµ¢,
¶µ-¢¨¤¨³µ³Ê, ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¡µ²¥¥ ·ÒÌ²ÊÕ ¸É·Ê±ÉÊ·Ê, ¸±µ·µ¸ÉÓ Ì¨³¨Î¥-
¸±µ£µ É· ¢²¥´¨Ö ±µÉµ·µ° ¢ÒÏ¥, Î¥³ ¸±µ·µ¸ÉÓ É· ¢²¥´¨Ö ¶µ²¨³¥·  ¸ ¶²µÉ´µ°
Ê¶ ±µ¢±µ° ³ ±·µ³µ²¥±Ê².
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2.3. ˆ´É¥·¶·¥É Í¨Ö ÔËË¥±É  ¶µ¢¥·Ì´µ¸É´µ- ±É¨¢´µ£µ ¢¥Ð¥¸É¢ . „²Ö
µ¡ÑÖ¸´¥´¨Ö ¢²¨Ö´¨Ö ��‚ ´  ¶·µÍ¥¸¸ Ì¨³¨Î¥¸±µ£µ É· ¢²¥´¨Ö É·¥±µ¢ ¸²¥-
¤Ê¥É µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  ¸²¥¤ÊÕÐ¨¥ µ¡¸ÉµÖÉ¥²Ó¸É¢ . ‚µ-¶¥·¢ÒÌ,  ¤¸µ·¡Í¨Ö
��‚ ´  ¶µ¢¥·Ì´µ¸ÉÓ ¶µ²¨³¥·  ¤µ²¦´  ¸´¨¦ ÉÓ ÊÖ§¢¨³µ¸ÉÓ ³ ±·µ³µ²¥±Ê²
±  É ±¥ Ì¨³¨Î¥¸±¨  ±É¨¢´Ò³ ±µ³¶µ´¥´Éµ³ · ¸É¢µ· . ‚µ-¢Éµ·ÒÌ, ³µ²¥±Ê²Ò
¶µ¢¥·Ì´µ¸É´µ- ±É¨¢´ÒÌ ¢¥Ð¥¸É¢ ¨³¥ÕÉ · §³¥· ¶µ·Ö¤±  ´¥¸±µ²Ó±¨Ì ´ ´µ³¥-
É·µ¢, ÎÉµ ¸· ¢´¨³µ ¸ · ¤¨Ê¸µ³ ¸¥·¤Í¥¢¨´Ò É·¥± . ‚-É·¥ÉÓ¨Ì, ±µÔËË¨Í¨¥´ÉÒ
¤¨ËËÊ§¨¨ ³µ²¥±Ê² ��‚, ¶µ ±· °´¥° ³¥·¥, ´  ¶µ·Ö¤µ± ³¥´ÓÏ¥, Î¥³ ±µÔË-
Ë¨Í¨¥´É ¤¨ËËÊ§¨¨ ¨µ´µ¢ É· ¢¨É¥²Ö, ¢ Î ¸É´µ¸É¨ £¨¤·µ±¸¨¤-¨µ´µ¢. ‘ ÊÎ¥Éµ³
ÔÉµ£µ ³¥Ì ´¨§³ ´ Î ²Ó´µ° ¸É ¤¨¨ ¶·µÖ¢²¥´¨Ö É·¥±  ÉÖ¦¥²µ£µ ¨µ´  ¢ ¶µ²¨³¥·¥
¤µ²¦¥´ ¢Ò£²Ö¤¥ÉÓ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³. �·¨ ±µ´É ±É¥ ¶µ²¨³¥·  ¸ · ¸É¢µ·µ³
³µ²¥±Ê²Ò ��‚ ¸µ·¡¨·ÊÕÉ¸Ö ´  ¥£µ ¶µ¢¥·Ì´µ¸É¨, µ·¨¥´É¨·ÊÖ¸Ó ¸¢µ¨³¨ £¨¤·µ-
Ëµ¡´Ò³¨ Î ¸ÉÖ³¨ ± ¶µ²¨³¥·Ê,   ¶µ²Ö·´Ò³¨ £·Ê¶¶ ³¨ Ä ± ¢µ¤´µ° Ë §¥ (¸³.
·¨¸. 5). �¡· §µ¢ ¢Ï¨°¸Ö ¸²µ°  ¤¸µ·¡¨·µ¢ ´´µ£µ ��‚ Éµ²Ð¨´µ° h = 1,5Ä

Ðàñòâîð

Àäñîðáèðîâàííûé
ñëîé ÏÀÂ

h

l
n

d
i

Ïîëèìåð

Îñü òðåêà

Çîíà
ïîâðåæäåíèÿ
(ñåðäöåâèíà

òðåêà)

d
n

�¨¸. 5. ‘Ì¥³ , ¨²²Õ¸É·¨·ÊÕÐ Ö ´ Î ²Ó´ÊÕ ¸É ¤¨Õ É· ¢²¥´¨Ö É·¥±  ÉÖ¦¥²µ£µ ¨µ´  ¢
¶µ²¨³¥·¥ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¶µ¢¥·Ì´µ¸É´µ- ±É¨¢´µ£µ ¢¥Ð¥¸É¢ 
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2 ´³ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¡ ·Ó¥·, ±µÉµ·Ò° ¤µ²¦¥´ ¡ÒÉÓ ¶·¥µ¤µ²¥´ £¨¤·µ±¸¨¤-
¨µ´ ³¨ ¶·¥¦¤¥, Î¥³ µ´¨ ¢¸ÉÊ¶ÖÉ ¢ ·¥ ±Í¨Õ ¸µ ¸²µ¦´µÔË¨·´Ò³¨ £·Ê¶¶ ³¨
´  ¶µ¢¥·Ì´µ¸É¨ ¶µ²¨³¥· . �·µ´¨± ÕÐ¨¥ ¸±¢µ§Ó  ¤¸µ·¡¨·µ¢ ´´Ò° ¸²µ° ¨µ´Ò
Ð¥²µÎ¨ ·¥ £¨·ÊÕÉ ¸ ¶µ¢¥·Ì´µ¸ÉÓÕ ¶µ²¨³¥·  ¨ ¸ ¶µ¢·¥¦¤¥´´Ò³¨ ÊÎ ¸É± ³¨
´  ´¥° (É·¥± ³¨). —¥·¥§ ±µ·µÉ±µ¥ ¢·¥³Ö ¸¥·¤Í¥¢¨´Ò É·¥±µ¢ ¢ÒÉ· ¢²¨¢ ÕÉ¸Ö
¨ ´  ¨Ì ³¥¸É¥ Ëµ·³¨·ÊÕÉ¸Ö ¶µ·Ò · ¤¨Ê¸µ³ ´¥¸±µ²Ó±µ ´ ´µ³¥É·µ¢. �¤¸µ·¡-
Í¨Ö ³µ²¥±Ê² ��‚ ¢ Ê¸ÉÓÖÌ ¶µ· ¶·¨¢µ¤¨É ± µ¡· §µ¢ ´¨Õ ®¶·µ¡µ±¯, ±µÉµ·Ò¥
¶·¥¶ÖÉ¸É¢ÊÕÉ ¤ ²Ó´¥°Ï¥° ¤¨ËËÊ§¨¨ ��‚ ¢´ÊÉ·Ó ¶µ·. ˆµ´Ò £¨¤·µ±¸¨¤ , É¥³
´¥ ³¥´¥¥, ¶·µ¤µ²¦ ÕÉ ¤¨ËËÊ´¤¨·µ¢ ÉÓ ¢´ÊÉ·Ó É·¥±  ¸±¢µ§Ó £¨¤·µË¨²Ó´Ò°
± ´ ² ¢¤µ²Ó µ¸¨ µ¡· §ÊÕÐ¥°¸Ö ¶µ·Ò. ‚ ·¥§Ê²ÓÉ É¥ ¢´ÊÉ·¥´´¨° µ¡Ñ¥³ ¶µ·Ò
µ± §Ò¢ ¥É¸Ö ¸¢µ¡µ¤´Ò³ µÉ ³µ²¥±Ê² ��‚. ‘É¥´±¨ ± ´ ²  ´¥ § Ð¨Ð¥´Ò  ¤¸µ·-
¡¨·µ¢ ´´Ò³ ¸²µ¥³, ¨ ¶µÔÉµ³Ê ¤¨ ³¥É· ± ´ ²  ¢ £²Ê¡¨´¥ ¶µ²¨³¥·  di · ¸É¥É
¡Ò¸É·¥¥, Î¥³ ¤¨ ³¥É· ¢Ìµ¤´µ£µ µÉ¢¥·¸É¨Ö dn. „²¨´  ¸Ê¦¥´¨Ö ´  ¢Ìµ¤¥ ¢ ¶µ·Ê
ln § ¢¨¸¨É, µÎ¥¢¨¤´µ, µÉ ¸±µ·µ¸É¨ ¶·µ´¨±´µ¢¥´¨Ö ��‚ ¢ ± ´ ². —¥³ ³¥¤-
²¥´´¥¥ ¤¨ËËÊ§¨Ö ��‚ ¢´ÊÉ·Ó ± ´ ² , É¥³ ·¥§Î¥ ¨§³¥´¥´¨¥ ¶·µË¨²Ö ¶µ·Ò
¶µ ¤²¨´¥. �µ ³¥·¥ Ê¢¥²¨Î¥´¨Ö ¢Ìµ¤´µ£µ µÉ¢¥·¸É¨Ö ¶µ¸É¥¶¥´´µ µÉ±·Ò¢ ¥É¸Ö
¤µ¸ÉÊ¶ ¢ ± ´ ² ¨ ¤²Ö ³µ²¥±Ê² ��‚. �´¨ ¶·µ´¨± ÕÉ ¢µ ¢´ÊÉ·¥´´¨° µ¡Ñ¥³
¨ ¸µ·¡¨·ÊÕÉ¸Ö ´  ¢¸¥° ¡µ±µ¢µ° ¶µ¢¥·Ì´µ¸É¨ ± ´ ² . „ ²Ó´¥°Ï¥¥ É· ¢²¥´¨¥
¶·µ¨¸Ìµ¤¨É ¸ µ¤¨´ ±µ¢µ° (¶µ´¨¦¥´´µ°) ¸±µ·µ¸ÉÓÕ ¢ ± ¦¤µ° ÉµÎ±¥ ¶µ¢¥·Ì-
´µ¸É¨ · §¤¥²  ¶µ²¨³¥·/· ¸É¢µ·.

�·¥¤² £ ¥³µ¥ ´ ³¨ ± Î¥¸É¢¥´´µ¥ µ¶¨¸ ´¨¥ ¶·µÍ¥¸¸  É· ¢²¥´¨Ö É·¥±  ¢
¶·¨¸ÊÉ¸É¢¨¨ ��‚, · §Ê³¥¥É¸Ö, ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Ê¶·µÐ¥´´ÊÕ ³µ¤¥²Ó. ‚
¨¸¶µ²Ó§Ê¥³ÒÌ · ¸É¢µ· Ì ��‚ ´ Ìµ¤¨É¸Ö ¢ µ¸´µ¢´µ³ ¢ ¢¨¤¥ ³¨Í¥²². � ¸É¢µ-
·¥´´Ò° £¨¤·µ±¸¨¤ ´ É·¨Ö, ± ± ¨§¢¥¸É´µ, ¸ÊÐ¥¸É¢¥´´µ ¶µ´¨¦ ¥É ±·¨É¨Î¥¸±ÊÕ
±µ´Í¥´É· Í¨Õ ³¨Í¥²²µµ¡· §µ¢ ´¨Ö §  ¸Î¥É ÔËË¥±É  ¢Ò¸ ²¨¢ ´¨Ö. Œ¨Í¥²²Ò
¨³¥ÕÉ ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¨° · §³¥·, Î¥³ µÉ¤¥²Ó´Ò¥ ³µ²¥±Ê²Ò. �µÔÉµ³Ê ¸É¥-
·¨Î¥¸±¨¥ § É·Ê¤´¥´¨Ö ¤²Ö ¶·µ´¨±´µ¢¥´¨Ö ��‚ ¢ É·¥± ¥Ð¥ ¡µ²¥¥ ¸¨²Ó´Ò, Î¥³
ÔÉµ ¸²¥¤Ê¥É ¨§ ¸Ì¥³Ò ´  ·¨¸. 5.

‘µ·¡Í¨Ö ��‚ ´  ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ´ ´µ¶µ· ¸Ìµ¤´  ¸ Ëµ·³¨·µ-
¢ ´¨¥³ ¢´ÊÉ·¥´´¥£µ ¸²µÖ ¢¥§¨±Ê²Ò. “¸²µ¢¨Ö Ê¶ ±µ¢±¨ ³µ²¥±Ê² ´  ¢µ£´ÊÉµ°
¶µ¢¥·Ì´µ¸É¨ µÉ²¨Î ÕÉ¸Ö µÉ É ±µ¢ÒÌ ± ± ¢ ¶²µ¸±µ³ ³µ´µ¸²µ¥, É ± ¨ ¢ ³¨-
Í¥²²¥ [15]. „²Ö Í¨²¨´¤·¨Î¥¸±µ° £¥µ³¥É·¨¨ ³µ´µ¸²µÖ, µ¡· Ð¥´´µ£µ ¶µ²Ö·-
´Ò³¨ £·Ê¶¶ ³¨ ¢´ÊÉ·Ó, ³µ¦´µ ¢Ò¢¥¸É¨ ¸²¥¤ÊÕÐ¥¥ ¸µµÉ´µÏ¥´¨¥:

a = υ/l (1 + l/ 2r), (1)

£¤¥ a Ä ¶²µÐ ¤Ó, ¶·¨Ìµ¤ÖÐ Ö¸Ö ´  µ¤´Ê ³µ²¥±Ê²Ê; v Ä µ¡Ñ¥³ Ê£²¥¢µ¤µ·µ¤-
´µ£µ · ¤¨± ² ; l Ä Éµ²Ð¨´  Ê£²¥¢µ¤µ·µ¤´µ£µ ¸²µÖ; r Ä ¢´ÊÉ·¥´´¨° · ¤¨Ê¸
Ê£²¥¢µ¤µ·µ¤´µ£µ ¸²µÖ. ‘ Ê³¥´ÓÏ¥´¨¥³ · ¤¨Ê¸  r ¶²µÐ ¤Ó, § ´¨³ ¥³ Ö µ¤´µ°
³µ²¥±Ê²µ°, ¤µ²¦´  Ê³¥´ÓÏ ÉÓ¸Ö. �·¨ ´ ¨¡µ²¥¥ ¶²µÉ´µ° Ê¶ ±µ¢±¥ Ê£²¥¢µ-
¤µ·µ¤´ÒÌ · ¤¨± ²µ¢ a = ã, £¤¥ ã = v/lc; lc Å ¤²¨´  ¢ÒÉÖ´ÊÉµ£µ · ¤¨± ² 
(§¤¥¸Ó ³Ò ¸µÌ· ´¨²¨ µ¡µ§´ Î¥´¨Ö, ¶·¨´ÖÉÒ¥ ¢ [15]). �Éµ Ê¸²µ¢¨¥ µ£· ´¨Î¨-
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¢ ¥É · §³¥· ¶µ²Ö·´ÒÌ £·Ê¶¶: ¥¸²¨ ¸µ¡¸É¢¥´´ Ö ¶µ¸ ¤µÎ´ Ö ¶²µÐ ¤Ó ¶µ²Ö·´µ°
£·Ê¶¶Ò a0 > a, Éµ É ±¨¥ ³µ²¥±Ê²Ò ´¥ ³µ£ÊÉ ¡ÒÉÓ Ê¶ ±µ¢ ´Ò ¢ Í¨²¨´¤·¨Î¥-
¸±¨° ³µ´µ¸²µ° ³ ²µ£µ · ¤¨Ê¸ . �Î¥¢¨¤´µ, ¨³¥¥É¸Ö ±·¨É¨Î¥¸±¨° · ¤¨Ê¸ rcr

¢µ£´ÊÉµ° ¶µ¢¥·Ì´µ¸É¨, ¶·¨ ±µÉµ·µ³ Ê¶µ·Ö¤µÎ¥´´Ò° ³µ´µ¸²µ° ´¥ µ¡· §Ê¥É¸Ö.
‚ ¸¨²Ê ¸± § ´´µ£µ ¶·¨ ³ ²ÒÌ · ¤¨Ê¸ Ì ¶µ· (¶µ-¢¨¤¨³µ³Ê, ¶µ·Ö¤±  ´¥¸±µ²Ó-
±¨Ì ´ ´µ³¥É·µ¢) § Ð¨É´Ò° ÔËË¥±É ¤µ²¦¥´ ¡ÒÉÓ ¸² ¡Ò³ ¨²¨ ¤ ¦¥ ¶µ²´µ¸ÉÓÕ
µÉ¸ÊÉ¸É¢µ¢ ÉÓ. ’ ±¨³ µ¡· §µ³, ³µ¦´µ ¢Ò¤¥²¨ÉÓ ´¥¸±µ²Ó±µ Ë § ¢§ ¨³µ¤¥°-
¸É¢¨Ö ¶µ¢¥·Ì´µ¸É¨ ¸ · ¸É¢µ·¥´´Ò³ ��‚ ¢ ¶·µÍ¥¸¸¥ É· ¢²¥´¨Ö ¶µ·Ò. �·¨
r < rcr ´  ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ¶µ·Ò ´¥É Ê¶µ·Ö¤µÎ¥´´µ£µ  ¤¸µ·¡¨·µ¢ ´-
´µ£µ ¸²µÖ, £¨¤·µ±¸¨¤-¨µ´Ò ¨³¥ÕÉ ¶·Ö³µ° ¤µ¸ÉÊ¶ ± ¶µ¢¥·Ì´µ¸É¨. �·¨ r ≈ rcr

´  ¶µ¢¥·Ì´µ¸É¨ ´ Î¨´ ¥É Ëµ·³¨·µ¢ ÉÓ¸Ö Ê¶µ·Ö¤µÎ¥´´Ò° ³µ´µ¸²µ°, ¸±µ·µ¸ÉÓ
É· ¢²¥´¨Ö ¶µ¢¥·Ì´µ¸É¨ ¸´¨¦ ¥É¸Ö. �  É·¥ÉÓ¥° ¸É ¤¨¨, r > rcr, ´ ¸ÉÊ¶ ¥É
¤¨´ ³¨Î¥¸±µ¥ · ¢´µ¢¥¸¨¥. �µ¢¥·Ì´µ¸ÉÓ ¶µ±·ÒÉ  ³µ´µ¸²µ¥³ ��‚, ¸±¢µ§Ó ±µ-
Éµ·Ò° ¶·µ¨¸Ìµ¤¨É ¤¨ËËÊ§¨Ö £¨¤·µ±¸¨¤-¨µ´µ¢ ¨§ · ¸É¢µ·  ± ¶µ¢¥·Ì´µ¸É¨ ¨
¶·µ¤Ê±Éµ¢ É· ¢²¥´¨Ö µÉ ¶µ¢¥·Ì´µ¸É¨ ¢ · ¸É¢µ·. � Ï¨ ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ¨¸-
¸²¥¤µ¢ ´¨Ö ¤¨´ ³¨±¨ ·µ¸É  ¢Ìµ¤´µ£µ µÉ¢¥·¸É¨Ö ¶µ·Ò, ¸¤¥² ´´Ò¥ ¶·¨ ¶µ³µÐ¨
Ô²¥±É·µ´´µ° ³¨±·µ¸±µ¶¨¨ ¢Ò¸µ±µ£µ · §·¥Ï¥´¨Ö, ¶µ± §Ò¢ ÕÉ, ÎÉµ Ê¦¥ ¶·¨
r > 10 ´³ ³Ò ¨³¥¥³ ¤¥²µ ¸ Ê¸É ´µ¢¨¢Ï¨³¸Ö ¶·µÍ¥¸¸µ³.

“£µ² ¸³ Î¨¢ ´¨Ö ¢µ¤µ° ¨¸Ìµ¤´ÒÌ ¨ ³µ¤¨Ë¨Í¨·µ¢ ´´ÒÌ Ì¨³¨Î¥¸±¨³ É· ¢²¥´¨¥³ ¶µ-
²¨± ·¡µ´ É´ÒÌ ¶²¥´µ±. ˆ§³¥·¥´¨Ö ¶·µ¢¥¤¥´Ò ´  £²Ö´Í¥¢µ° ( ) ¨ ³ Éµ¢µ° (¡) ¸Éµ·µ´ Ì

Œ É¥·¨ ², ‘Éµ·µ´  ˆ¸Ìµ¤´Ò° �µ¸²¥ É· ¢²¥´¨Ö �µ¸²¥ É· ¢²¥´¨Ö

Éµ²Ð¨´  Ê£µ² ¢ É¥Î¥´¨¥ 60 ³¨´ ¢ É¥Î¥´¨¥ 120 ³¨´

®Pokalon¯, 20 ³±³
  81,1 ± 2,0 72,5 ± 0,8 72,9 ± 0,8
¡ 94,8 ± 1,3 86,0 ± 2,1 86,2 ± 2,0

®Makrofol¯, 10 ³±³
  80,0 ± 1,1 77,6 ± 1,6 75,3 ± 1,7
¡ 82,2 ± 1,2 90,1 ± 1,8 80,0 ± 1,6

ˆ§¢¥¸É´µ, ÎÉµ ¤²Ö µ¡¥¸¶¥Î¥´¨Ö ¡µ²¥¥ µ¤´µ·µ¤´µ° µ¡· ¡µÉ±¨ ¶µ²µÉ´  ³¥³-
¡· ´Ò ¶·¨ ¶·µ³ÒÏ²¥´´µ³ ¶·µ¨§¢µ¤¸É¢¥ ’Œ ¢ É· ¢¨²Ó´Ò¥ · ¸É¢µ·Ò ¤µ¡ -
¢²ÖÕÉ ¸³ Î¨¢ É¥²¨. ‚ É¥Ì ¸²ÊÎ ÖÌ, ±µ£¤  ·¥ ²¨§ÊÕÉ¸Ö Ê¸²µ¢¨Ö ¤²Ö ¢ÒÏ¥µ¶¨-
¸ ´´µ£µ ¶·µÍ¥¸¸ , ¶·µ³ÒÏ²¥´´Ò¥ ’Œ ¨³¥ÕÉ ¢¥·¥É¥´µµ¡· §´Ò¥ ± ´ ²Ò ¶µ·.
�ËË¥±É µ¸µ¡¥´´µ ¢Ò· ¦¥´ ¢ ¸²ÊÎ ¥ ¶µ· ³ ²ÒÌ ¤¨ ³¥É·µ¢ (15Ä50 ´³) [3, 8, 9],
ÎÉµ ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ ¢ÒÉ¥± ¥É ¨§ ³¥Ì ´¨§³ , µÉ¢¥É¸É¢¥´´µ£µ §  Ëµ·³¨-
·µ¢ ´¨¥ ® ´µ³ ²Ó´µ£µ¯ ¶·µË¨²Ö ± ´ ² . �µ²¨± ·¡µ´ É´Ò¥ ³¥³¡· ´Ò ¸ É ±µ°
³µ·Ëµ²µ£¨¥° ¶µ· ¶·¨ ¨§³¥·¥´¨ÖÌ ¸±µ·µ¸É¨ É¥Î¥´¨Ö ¦¨¤±µ¸É¨ ¨²¨ £ §  ¶µ-
± §Ò¢ ÕÉ Ì · ±É¥·¨¸É¨±¨, ±µÉµ·Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ¡ó²ÓÏ¥³Ê ÔËË¥±É¨¢´µ³Ê
¤¨ ³¥É·Ê, Î¥³ ¤¨ ³¥É· ¶µ· ´  ¶µ¢¥·Ì´µ¸É¨, µ¶·¥¤¥²Ö¥³Ò° ¶·¨ ¶µ³µÐ¨ ��Œ.

Œµ¦´µ µ¦¨¤ ÉÓ, ÎÉµ Ëµ·³¨·µ¢ ´¨¥  ¤¸µ·¡¨·µ¢ ´´µ£µ ¸²µÖ ��‚ ¨ ¸É¥-
¶¥´Ó ¥£µ ¢²¨Ö´¨Ö ´  ¸±µ·µ¸ÉÓ Ì¨³¨Î¥¸±µ° ¤¥¸É·Ê±Í¨¨ ¶µ²¨³¥·  § ¢¨¸ÖÉ µÉ

9



¸µ¸ÉµÖ´¨Ö ¶µ¢¥·Ì´µ¸É¨ ¶µ²¨³¥· , ¢ Î ¸É´µ¸É¨ £¨¤·µË¨²Ó´µ-£¨¤·µËµ¡´µ£µ ¡ -
² ´¸ . � Ï¨ Ô±¸¶¥·¨³¥´ÉÒ ¸ ¨¸Ìµ¤´Ò³¨ ¨ Ì¨³¨Î¥¸±¨ ³µ¤¨Ë¨Í¨·µ¢ ´´Ò³¨
¶²¥´± ³¨ �Š ¶µ§¢µ²ÖÕÉ ¸· ¢´¨ÉÓ ÔËË¥±ÉÒ ¢µ§¤¥°¸É¢¨Ö ��‚ ´  ¶µ¢¥·Ì´µ-
¸ÉÖÌ ¸ · §´µ° ¸É¥¶¥´ÓÕ £¨¤·µË¨²Ó´µ¸É¨. ‚ É ¡². ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ µ ±· ¥¢ÒÌ
Ê£² Ì ¸³ Î¨¢ ´¨Ö ¨¸Ìµ¤´ÒÌ ¨ ³µ¤¨Ë¨Í¨·µ¢ ´´ÒÌ É· ¢²¥´¨¥³ ¶²¥´µ±. ‚ ¸²Ê-
Î ¥ ¶²¥´±¨ ®Pokalon¯ ¶·¥¤¢ ·¨É¥²Ó´µ¥ É· ¢²¥´¨¥ ¶·¨¢µ¤¨É ± § ±µ´µ³¥·´µ³Ê
Ê³¥´ÓÏ¥´¨Õ ±· ¥¢µ£µ Ê£²  ¸³ Î¨¢ ´¨Ö ¢µ¤µ° ´  µ¡¥¨Ì ¶µ¢¥·Ì´µ¸ÉÖÌ. …¸É¥-
¸É¢¥´´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ  ¤¸µ·¡Í¨Ö ¤¨Ë¨²Ó´ÒÌ ³µ²¥±Ê² ´  £¨¤·µË¨²¨§µ-
¢ ´´µ° ¶µ¢¥·Ì´µ¸É¨ ¶·µ¨¸Ìµ¤¨É ¸ ³¥´ÓÏ¥° ÔËË¥±É¨¢´µ¸ÉÓÕ, ÎÉµ ¶·¨¢µ¤¨É
± µ¸² ¡²¥´¨Õ § Ð¨É´µ£µ ÔËË¥±É  ��‚. �¤´µ¢·¥³¥´´µ µ¸² ¡²Ö¥É¸Ö ¢²¨Ö´¨¥
��‚ ´  Ëµ·³Ê ± ´ ²  ¶µ·Ò, ÎÉµ ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ ¨§³¥´¥´¨¥³ ¸¢µ°¸É¢
¶µ²¨³¥·  ´  ´¥±µÉµ·ÊÕ £²Ê¡¨´Ê. ‚ ¸²ÊÎ ¥ ¶²¥´µ± ®Makrofol¯ ¨§³¥´¥´¨¥
±· ¥¢µ£µ Ê£²  ¸³ Î¨¢ ´¨Ö ¶µ ³¥·¥ Ê¤ ²¥´¨Ö ¸²µ¥¢ ¶µ²¨³¥·  ¸ ¶µ¢¥·Ì´µ¸É¨
¶·µ¨¸Ìµ¤¨É ¸²µ¦´Ò³ µ¡· §µ³. ‘ ·µ¸Éµ³ Éµ²Ð¨´Ò Ê¤ ²¥´´µ£µ ¸²µÖ Ê£µ² ¸³ -
Î¨¢ ´¨Ö ´  Ï¥·µÌµ¢ Éµ° ¶µ¢¥·Ì´µ¸É¨ ¸´ Î ²  Ê¢¥²¨Î¨¢ ¥É¸Ö,   § É¥³ Ê³¥´Ó-
Ï ¥É¸Ö. ’ ±µ¥ ¶µ¢¥¤¥´¨¥ ³µ¦¥É ¡ÒÉÓ µ¡Ê¸²µ¢²¥´µ, ´ ¶·¨³¥·, Ô¢µ²ÕÍ¨¥°
³¨±·µ·¥²Ó¥Ë , µ± §Ò¢ ÕÐ¥£µ ¢²¨Ö´¨¥ ´  ³ ±·µ¸±µ¶¨Î¥¸±¨ ¨§³¥·Ö¥³Ò° ±µ´-
É ±É´Ò° Ê£µ² [16]. �µ-¢¨¤¨³µ³Ê, ±µ·µÉ±µ¥ É· ¢²¥´¨¥ Î ¸É¨Î´µ ¸£² ¦¨¢ ¥É
´¥·µ¢´µ¸É¨ ³¨±·µ·¥²Ó¥Ë . �¤´ ±µ ¢µ ¢¸¥Ì ¸²ÊÎ ÖÌ Ä ´¥§ ¢¨¸¨³µ µÉ ¶µ¢¥-
¤¥´¨Ö ±µ´É ±É´µ£µ Ê£²  ¸³ Î¨¢ ´¨Ö Å ¶·¥¤¢ ·¨É¥²Ó´µ¥ É· ¢²¥´¨¥ ¶µ²¨± ·-
¡µ´ É  ¸´¨¦ ¥É ÔËË¥±É µÉ ¶·¨¸ÊÉ¸É¢¨Ö ��‚ ¶·¨ ¶µ¸²¥¤ÊÕÐ¥³ ¶·µÖ¢²¥´¨¨
É·¥±µ¢. �É¸Õ¤  Ö¸´µ, ÎÉµ Ë ±Éµ·µ³, ¢µ ³´µ£µ³ µ¶·¥¤¥²ÖÕÐ¨³ ¶·µË¨²Ó ¶µ·Ò
¢ É·¥±µ¢µ° �Š-³¥³¡· ´¥, Ö¢²Ö¥É¸Ö ¸µ·¡Í¨Ö ��‚ ´  ¨¸Ìµ¤´µ° ¶µ¢¥·Ì´µ¸É¨ ¢
´ Î ²Ó´Ò° ³µ³¥´É É· ¢²¥´¨Ö.

�ËË¥±É ��‚ ¶·¨ É· ¢²¥´¨¨ É·¥±µ¢ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¶·¨³¥· ¸ ³µ-
µ·£ ´¨§ÊÕÐ¥°¸Ö ¸Ê¶· ³µ²¥±Ê²Ö·´µ° ¸¨¸É¥³Ò, ±µÉµ· Ö ³µ¦¥É ¨³¥ÉÓ ¢ ¦´Ò¥
¶· ±É¨Î¥¸±¨¥ ¶·¨²µ¦¥´¨Ö. ‚ ± Î¥¸É¢¥ µ¤´µ£µ ¨§ ´¨Ì ³µ¦´µ ´ §¢ ÉÓ ¶µ²ÊÎ¥-
´¨¥  ¸¨³³¥É·¨Î´ÒÌ É·¥±µ¢ÒÌ ³¥³¡· ´ ¸ ¢Ò¸µ±µ° Ê¤¥²Ó´µ° ¶·µ¨§¢µ¤¨É¥²Ó´µ-
¸ÉÓÕ. …¸²¨ § Ð¨É´µ¥ ¤¥°¸É¢¨¥ ��‚ ²µ± ²¨§µ¢ ÉÓ ´  µ¤´µ° ¸Éµ·µ´¥ ¶²¥´±¨,
Éµ ³µ¦´µ ¸Ëµ·³¨·µ¢ ÉÓ  ¸¨³³¥É·¨Î´ÊÕ ¸É·Ê±ÉÊ·Ê, ± ± ¶µ± § ´µ ´  ·¨¸. 6,  .
�·¨ ÔÉµ³ ¶µ¤¡µ·µ³ Ê¸²µ¢¨° (¢¨¤ ¨ ±µ´Í¥´É· Í¨Ö ��‚, É¥³¶¥· ÉÊ· , ±µ´-
Í¥´É· Í¨Ö Ð¥²µÎ¨) ³µ¦´µ ·¥£Ê²¨·µ¢ ÉÓ ¢¥²¨Î¨´Ê ln ¨ ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê
¢¥²¨Î¨´ ³¨ di ¨ dn[17, 18]. �µ²ÊÎ ¥³ Ö ³¥³¡· ´  ¸ Éµ´±¨³ ¸¥²¥±É¨¢´Ò³
¸²µ¥³ Ì · ±É¥·¨§Ê¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥ ´¨§±¨³ £¨¤· ¢²¨Î¥¸±¨³ ¸µ¶·µÉ¨-
¢²¥´¨¥³, Î¥³ µ¡ÒÎ´ Ö ’Œ. ‘É·Ê±ÉÊ·  ¸¥²¥±É¨¢´µ£µ ¸²µÖ É ±µ° ³¥³¡· ´Ò
¶·¥¤¸É ¢²¥´  Ô²¥±É·µ´´µ-³¨±·µ¸±µ¶¨Î¥¸±¨³ ¨§µ¡· ¦¥´¨¥³ ´  ·¨¸. 6, ¡. (‡ -
³¥É¨³, ÎÉµ ± ´ ²Ò ¶µ· ¢ ³¥³¡· ´¥ ´¥ ¶ · ²²¥²Ó´Ò, ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É¸Ö ¸¶¥-
Í¨ ²Ó´µ° £¥µ³¥É·¨¥° µ¡²ÊÎ¥´¨Ö ¸ Í¥²ÓÕ ¸µ±· Ð¥´¨Ö Î¨¸²  ®³Ê²ÓÉ¨¶²¥É´ÒÌ¯
¶µ·.) „¨ ³¥É· ¶µ· ´  ¸¥²¥±É¨¢´µ° ¶µ¢¥·Ì´µ¸É¨ ¸µ¸É ¢²Ö¥É 30 ´³,   Éµ²Ð¨´ 
¸¥²¥±É¨¢´µ£µ ¸²µÖ ´¥ ¶·¥¢ÒÏ ¥É 1 ³±³. �µ ³¥·¥ Ê¤ ²¥´¨Ö µÉ ¶µ¢¥·Ì´µ¸É¨
± ´ ²Ò ¶µ· · ¸Ï¨·ÖÕÉ¸Ö ¤µ · §³¥·  80Ä100 ´³. “¤¥²Ó´ Ö ¶·µ¨§¢µ¤¨É¥²Ó-
´µ¸ÉÓ ³¥³¡· ´Ò ¶µ ¢µ¤¥ ¨ ¢µ§¤ÊÌÊ ¶·¨ ¶¥·¥¶ ¤¥ ¤ ¢²¥´¨Ö 0,1 Œ�  ¸µ¸É ¢²Ö¥É

10



200 nm Mag = 50.00 KX LEO 1530-CBW PAN

a

á

�¨¸. 6. ‘É·Ê±ÉÊ·   ¸¨³³¥É·¨Î´µ° É·¥±µ¢µ° ³¥³¡· ´Ò ( ); Ô²¥±É·µ´´µ-³¨-
±·µ¸±µ¶¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ ¸¥²¥±É¨¢´µ£µ ¸²µÖ  ¸¨³³¥É·¨Î´µ° Ê²ÓÉ· Ë¨²ÓÉ· Í¨µ´-
´µ° É·¥±µ¢µ° ³¥³¡· ´Ò ¨§ ¶µ²¨± ·¡µ´ É  (¡). �µ²´ Ö Éµ²Ð¨´  ³¥³¡· ´Ò 10 ³±³,
¶²µÉ´µ¸ÉÓ ¶µ· 2 · 109 ¸³−2

0,5 ³² · ³¨´−1 · ¸³−2 ¨ 0, 8 ² · ³¨´−1 · ¸³−2 ¸µµÉ¢¥É¸É¢¥´´µ. �Éµ ¢ ´¥¸±µ²Ó±µ
· § ¢ÒÏ¥, Î¥³ ¶·µ¨§¢µ¤¨É¥²Ó´µ¸ÉÓ É·¥±µ¢µ° ³¥³¡· ´Ò ¸ Í¨²¨´¤·¨Î¥¸±¨³¨
¶µ· ³¨ É ±µ£µ ¦¥ ¤¨ ³¥É·  ¨ É ±µ° ¦¥ µ¡Ñ¥³´µ° ¶µ·¨¸Éµ¸É¨. „µ¸Éµ¨´¸É¢ 
É·¥±µ¢ÒÌ ³¥³¡· ´ ¸ Éµ´±¨³ ¸¥²¥±É¨¢´Ò³ ¸²µ¥³ ¡Ò²¨ ¶µ± § ´Ò ¢ [19], £¤¥
¨¸¸²¥¤µ¢ ²¨ ¸¥²¥±É¨¢´µ¸ÉÓ ’Œ ¶·¨ Ë¨²ÓÉ· Í¨¨ ¸Ê¸¶¥´§¨° ² É¥±¸´ÒÌ Î ¸É¨Í
¸ · §³¥· ³¨ 40Ä100 ´³. �¸¨³³¥É·¨Î´Ò¥ É·¥±µ¢Ò¥ ³¥³¡· ´Ò ¨§ ��’” ¨
�Š, ¶µ²ÊÎ¥´´Ò¥ ÔÉ¨³ ³¥Éµ¤µ³, µ¡´ ·Ê¦¨²¨ ¸ÊÐ¥¸É¢¥´´Ò¥ ¶·¥¨³ÊÐ¥¸É¢  ¢
¶·µÍ¥¸¸ Ì Ê²ÓÉ· Ë¨²ÓÉ· Í¨¨ ¡¥²±µ¢ [20].

‡�Š‹	—…�ˆ…

ŒÒ ¶µ± § ²¨, ÎÉµ ¶·µË¨²Ó ± ´ ²µ¢ ¶µ· ¢ ¶µ²¨± ·¡µ´ É´ÒÌ É·¥±µ¢ÒÌ
³¥³¡· ´ Ì µ¶·¥¤¥²Ö¥É¸Ö ¢ µ¸´µ¢´µ³ ¤¢Ê³Ö Ë ±Éµ· ³¨ Ä ´¥µ¤´µ·µ¤´µ¸ÉÓÕ
³ É¥·¨ ²  �Š-¶²¥´±¨ ¶µ Éµ²Ð¨´¥ ¨ § ³¥¤²¥´´µ° ¤¨ËËÊ§¨¥° ¶µ¢¥·Ì´µ¸É´µ-
 ±É¨¢´ÒÌ ¤µ¡ ¢µ± ¢´ÊÉ·Ó ¢ÒÉ· ¢²¨¢ ¥³µ£µ É·¥± . �µ²ÊÎ¥´´ Ö ¤¥É ²Ó´ Ö ¨´-
Ëµ·³ Í¨Ö µ Ëµ·³¥ ¶µ· ¢ ¦´  ¤²Ö ¶· ¢¨²Ó´µ° ¨´É¥·¶·¥É Í¨¨ ·¥§Ê²ÓÉ Éµ¢
¨¸¸²¥¤µ¢ ´¨° É· ´¸¶µ·É´ÒÌ, Ô²¥±É·µ±¨´¥É¨Î¥¸±¨Ì, ¸µ·¡Í¨µ´´ÒÌ ¨ ¤·Ê£¨Ì
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Ì · ±É¥·¨¸É¨± ’Œ ¨ ¨§£µÉ ¢²¨¢ ¥³ÒÌ ´  ¨Ì µ¸´µ¢¥ ¢Éµ·¨Î´ÒÌ ¸É·Ê±ÉÊ· [3Ä
10]. Œ¥Éµ¤ Ê¶· ¢²¥´¨Ö Ëµ·³µ° ¶µ·, µ¸´µ¢ ´´Ò° ´  ·¥£Ê²¨·Ê¥³µ³ ¸´¨¦¥´¨¨
¸±µ·µ¸É¨ É· ¢²¥´¨Ö ¢ ¶·¨¶µ¢¥·Ì´µ¸É´µ³ ¸²µ¥, ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³  ¶¥·-
¸¶¥±É¨¢´Ò³ ± ± ¤²Ö Ê²ÊÎÏ¥´¨Ö ¶ · ³¥É·µ¢ ³¨±·µ- ¨ Ê²ÓÉ· Ë¨²ÓÉ· Í¨µ´´ÒÌ
’Œ, É ± ¨ ¤²Ö ¸µ§¤ ´¨Ö ¤·Ê£¨Ì ¶µ·¨¸ÉÒÌ ´ ´µ¸É·Ê±ÉÊ·.

�¢Éµ·Ò ¡² £µ¤ ·ÖÉ �. Œ. ˆ¢ ´µ¢  §  µ¡²ÊÎ¥´¨¥ µ¡· §Íµ¢ �Š-¶²¥´µ± ´ 
Ê¸±µ·¨É¥²¥, �. �·¥Ï  §  ¶µ³µÐÓ ¶·¨ ¶·µ¸³µÉ· Ì µ¡· §Íµ¢ ³¥³¡· ´ ´  ³¨-
±·µ¸±µ¶¥ LEO-1530 ¨ �. ‚. �¥·¢µ¢  §  ¶·¥¤µ¸É ¢²¥´¨¥ ¶µ²¥§´µ° ¨´Ëµ·³ Í¨¨
¶·¨ µ¡¸Ê¦¤¥´¨¨ ·¥§Ê²ÓÉ Éµ¢ Ô±¸¶¥·¨³¥´Éµ¢.
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