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1 Ú ó

j>��{3��7áB�®"�¡äkÕ
A�`³ [1,2]. Ï~^�j>��{Ñ´Äkò7
áj�>4�>, ,��\óÀp>Ø, �>6Ï
L�>��ªl>4�\7áj¢y>� [3−5].
ù«�>ªj>��{¬��>4, >4á�N´
À/®"XÝ, ¿�7áj�>4�>�Ü©ØU

>�, /¤ “È5” í33>4þ, K��Y7á
j�^|?� [6]. Cc5, qÑy
�«ØI�ò
7áj�>4�>�j>��{, =íN�>ªj
>��{ [7]. §´ò7ájá\>4m�pØ>|
¥, �>6ÏLjàÜ�>4�m�íN�>�\
7áj¢y>�. ù«�{�±²w~�é>4
���, ¿�duØI�¯kò7áj�>4�>,
�|uó§þ�ëY¢�. w,, >6l>4�\
�7áj�L§é>4��k�K�.

�>ªj>��{3��B�®�, ®"¥o
�¹�
��?���â, ���â»©Ùþ!�
B�®, 7Lé®"?1©??n [8,9]. 3�� Al
Ú Al2O3 ®"�, =¦À^3�`�ó²ëê>
�, ��U¦��?��â�'~~�� 5 wt%—

7 wt.%[10], ¿ØU��;�. éuù
��?�
�â��), �Ü©ïÄÑ@�´37áj�>
4�>�Ü©/¤�, �¿vkÏL¢����
y [9,11,12]. �´lp���¼��ì¡¥wÑ, 7
áj�>4�>�Ü©¬ÄkÑy1, ��1â¬
*Ð���7ájþ [13,14]. (ÜÓÚÿþ�£´
�>>6Å/uy, �>Ü©Ñy1�Ó�, >6
Å/þ¬�A�Ñy¸� [15]. ù«y�3@Ïï
Ä¥Òkuy, �¡� “àÜ�A”[16]. d±þïÄ
��, �>6l>4�\�7áj�L§é “àÜ
�A” k�K�, ?K���?��â�/¤.

�©ÏL�>ÚíN�>ü«�ª�\>6
?1j>�Á�, ÓÚÿþj>�L§1ìÝÚ£
´�>>6Å/, ©Û>4�¡�¹9�¿�ÔA
�, XÚ@£j>�L§��>6l>4�\�7
áj�Ån.
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ã 1 �>�Á��{«¿ã. pØu)ì��
�;U>N C ¿>, >NÏLpØm' S �ü>4
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\7áju)>�. �©O¢yíN�>�ªÚ�
>�ª�\>6, 7ájàÜ�>4æ^ü«/ª
Ù�. �«/ª´7ájàÜ�>4Ø�>, Xã 1
¥ÛÜ��ã.¤«. ù«�¹e, >6ÏLíN
�>�ª�\7áj, =íN�>ªj>�. ,�
«/ª´7ájàÜ�>4���>, Xã 1 ¥Û
Ü��ã/¤«. d�, �>6ÏL�>�ª�\
7áj, =�>ªj>�. >�L§¥, æ^n@1
ÿþC�, ©Oæ8�C>4 �Ú¥m �1ì
ÝCz. |^Û¼��ÓÚÿþ>�£´�>>6.
�=&�²1��3å7áj 8 mm � �þ, �
�Â87áj��éA �/¤��Ô, ¿ÏL×
£>º (SEM) ?1w�©Û. *	>���>4�
�§ÝÚ “È5” �)�¹.

ã 1 j>�Á�C�ã

ã 2 1ìÝÿþC�ã

1ìÝÿþC��nXã 2 ¤«. é1¯�
4+�\��>Ø, �k1ì�, Ù��>{wÍ
~�, ��>6 (1>6) wÍO\. 1>6���
�1ìÝ¤�' [17], @oÏLæ�>{ÒU��
�X1ìÝCz�>&Ò. �JpÙ �©E
Ç, ò1¯�4+SC3��S»� 2 mm, �Ý

� 50 mm �ñ1+�à, ñ1+,�àå>�7á
j¶� 5 mm ��. ù�1¯�4+Ò�±uÿ�
ñ1+c��é��» 2.4 mm ��/��S�1.
1¯�4+.Ò� 2CU2 ., �A�m� 10−7 s. æ
�>{ R {�� 125 Ω.

Á�¥, ;U>N C � 8.88 µF, Ð©¿>>
Ø U � 8 kV, >4må D � 60 mm. æ^�7
áj��» 0.33 mm �Ôj, Ù�Ýkü«, �«
� 54 mm, jàÜ�>4�míYþ� 3 mm; ,�
«� 60 mm, jàÜ�>4���>.

3 Á�(J

3.1 111>>>666ÚÚÚ£££´́́���>>>>>>666

ã 3(a) �íN�>ªj>�L§¥n� �
�1>6CzÚ£´�>>6Å/. �±wÑ, 3
�C>4� �, uÿ��1>6A��£´�>
>6Ó��), ¿�¬×�O\����. 3¥
m �, uÿ��1>6²w¢�u£´�>>6,
m©�ã1>6�úO�, � 3 µs �â¬×�O
\, Ù¸��u�C>4 �1>6�¸�.

ã 3 >�L§¥1>6Ú£´�>>6

jàÜ�>4�m�3íY, 3�C>4 �,
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1´díN�>Ë�Ñ�. íN�>L§¥, �>
�:�íN¥�f�-E, ¦§��[��pU?,
¿��gu��[�Ä�½�$U?, �A�Ë�
Ñ1, áu “�9u1”[18]. ù«1A�3íN�>
u)�Ó�Ò¬Ë�Ñ5, uÿ��1>6¬×�
O\���. 3¥m �, 1´d7áj�¿Ë
�Ñ�. 7áj�¿�²L��\9!Lz!íz
Ú7á�íÂB�>�L§. 3m©�ã, 1´d
p§7á�f9$ÄUCÙUþG�Ë�Ñ�,
áu “9u1”, Ù1ìÝ���d§Ý��û½,
§Ý�p, 1ìÝ�� [19]. Ïduÿ��1>6�
²w¢�£´�>>6, ¿�m©�ã¬�úO�.
d±þ©Û��, íN�>L§Ë�Ñ1�A�´:
A��£´�>>6Ó��), ¿�1>6¬×�
O\���. 7áj�¿L§Ë�Ñ1�A�´:
²w¢�£´�>>6�), ¿�3m©�ã1>
6�úO\.

�>ªj>�n� ��1>6CzÚ£´
�>>6Å/Xã 3(b) ¤«. �±wÑ, 3�C>
4 �, 1>6EäkíN�>Ë�Ñ1�A�,
�±(½, 3�C>4 ���3íN�>y�.
�´3ù«�¹e, 1>6���¢�£´�>>
6� 0.5 µs, ù´du7áj�>4�>, �>6Ä
kÏL�>��ª�\, ��â3�>:NCÑy
íN�>y�. 3¥m �, 1>6²w¢�u£
´�>>6�), ¿�m©�ã1>6�úO�,
�7áj�¿Ë�Ñ1�A��Ó. ��, ù� 
��1E,´7áj�¿Ë�Ñ�. ÏL±þÁ�
��, �>ªj>�L§�íN�>ªj>�L§
�q, jàÜ��3íN�>y�, �´d��í
N�>u)�m���¢�u£´�>>6.

3.2 jjj>>>���LLL§§§���>>>444������ÚÚÚ “ÈÈÈ555”

�>ªj>�L§ÚíN�>ªj>�L§
é>4���§ÝÚ “È5” �)�¹²wØÓ.
ã 4(a) ��>ªj>���>4;.ì¡. �±w
Ñ, >4þk²w���)�l�, l��»��
� 2 mm, ¿�ok�ã�Ý� 0.5—2 mm �äj
ØU�¿í3e5, k�¬��LÅ3��l��
¥%?, /¤ “È5” í33>4þ.

ã 4(b) �íN�>ªj>��>4�;.ì
¡. ù«�¹e, >4þvkÑy²w��/¤
�l�, �vkuyØU>���äj/¤ “È5”
í3. ��, >6l>4�\�7áj��ªé>
4��§ÝÚ “È5” �)k�K�. íN�>ª

j>�L§é>4������õ, ¿��±;�
>4þ “È5” ��).

ã 4 j>�L§>4��A�

3.3 >>>������ÔÔÔwww���***			

ã 5 ��=&�Â8�>��Ô�×£>º
;.ì¡. 7ájàÜ��¿�Ô��%G��
â, º��V3 2 µm � 30 µm �m, Xã 5(a) ¤
«. ù«/m��Ô, ��´d7áL%��í�
�ÄNL¡, ×�ev�/¤ [20]. Ïd, 7ájà
ÜÌ�/¤
LKâf. ¥m�Ü©7áj/¤�
�Ô�jàÜ��Ô²wØÓ, Ì��Cq¥/�
��â (â» 100 nm �m) Ú�þ 1 µm �m��
�â|¤, Xã 5(b) ¤«. /¤ù«�Ô�L§�
>��®L§é�q, >�L§¥�7áí�âf
3)äL§¥ev¤���â, ,�áNæÈ3&
�L¡. Ïd, 7áj¥mÜ©Ì�/¤í�âf.
j>�L§¥, 7ájüàÜÌ�/¤LKâf,
¥mÜ©Ì�/¤í�âf�y�, 3�>ªj
>��{ÚíN�>ªj>��{¥ÑØÓ§Ý
��3.

>��Ô¤?�����È37ájþ�U
þ�Ýk'. Uþ�Ý��, 7ájíz�¿©, /
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¤�í�âf�õ, LK7áâf��, Uþ�
Ý��, �¿�Ô¥LK7áâfÒ�õ [21]. ¤±,
�È37ájàÜ�Uþ�Ý��u�È37á
j¥mÜ©�Uþ�Ý.

ã 5 jàÜÚ¥mÜ©/¤�Ô�;.ì¡

4 (J?Ø

nÜ±þ(J, ÏL�>ÚíN�>ùü«�
ª�\>6>��, 3jàÜÑ�3íN�>y�;
�È37ájàÜ�Uþ�Ý��u�È37á
j¥mÜ©�Uþ�Ý; ÏLíN�>�ª�\>
6>��, é>4���²w��, ¿��±;�
3>4þ�) “È5”. �â±þ¢�¯¢, ©Oé
íN�>�\>6Ú�>�\>6�Å�?1X
e©Û.

íN�>�\>6�Å�Xã 6(a) ¤«, 7á
jàÜ�>4�m�íYÄk�ÂB/¤�lf
N, �lfN÷X7ájL¡�,, �vÙàÜ. X
JjL¡�)�lfN, �Ü©>6Ò¬ÏL�l
fN6L [15,22,23]. 3ù«�¹e, ¬k�Ü©>6
Ø²LjàÜ, ´��ÏL�lfNl7ájL
¡�\. �lfNé>6�ù«�´�^¬{NU
þ�jàÜ�È, ¦7ájàÜ�Uþ�Ý�u7

áj¥mÜ©�Uþ�Ý. Ïd, ¥mÜ©/¤í
�âf, àÜ/¤LKâf.

ã 6 >6�\Ån«¿ã

7áj�>4�>�\>6�Å�Xã 6(b)
¤«. du7áj�>4��>:þ�3�>>
{, �>6ÏL�, �>:NC�jàÜÚ>4L
¡ÄkLz. Ó��>:þ�)ép�>Ø, ×�
ÂB±�íN/¤�lfN¿�o±*Ñ, ?ò
7ájàÜ�v. d�, �>6Ì�ÏL�lfN
6L, l7ájL¡�\. Ï7ájàÜ�Uþ
�Ý¬²w~�, �U/¤LKâfÚvkLz�
�äj. I�5¿�´, 7ájàÜ�>4�>, >
�L§¥¬�>4�9, ùq��´jàÜ/¤L
KâfÚ�äj�Ì��Ï��. âFp�½Æ,
Uì���9¯K�����L§¥�>4�\
�9þ. j>��m���A��¦, �>¡È=
� 0.085 mm2 �m (7ájî�¡È), 3ù«�¹
e, O����>4�\�9þ=�A�Î�. �
�, �9�^�©k�, jàÜ/¤LKâfÚ�
äjÌ��Ï´�È�Uþ�Ý��. 7áLKâ
fp�$Ä�&�L¡e%/¤��?��â, 
�vkLz��äjK¬3>4þ/¤ “È5”, ù
´�>ªj>��{�)��âÚ “È5” �Ì�
�Ï.

�>�\>6é>4���§Ý�'íN�
>�\�î�õ. 7áj�>4�>��¹e,
�>:NC�7ájÚ>4L¡¬ÄkLz, >�
L§¥, ÀÂÅ�^eLz�á�øl>4L¡,
Úå>4��. ÏLíN�>�\>6�, �l
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fN�3�m4á, >4L¡Ø¬ÑyLz�y�,
Ïd, >4���§Ý��.

5 ( Ø

ÏLíN�>Ú�>ü«�ª�\>6>�
�, 3jàÜuÿ��1>6ÑA��£´�>>
6Ó��), 3¥m �, 1>6²w¢�. ©Û

��, 3�>�\>6��¹e, jàÜ��3í
N�>y�, �>6Ì�ÏLíN�>�)��l
fN�\7áj. �lfNé>6��´�^, ¬
{NUþ�7ájàÜ�È, ¦jàÜ�Uþ�Ý
²w~�. ù´j>��{��B�®L§¥�)
��âÚ “È5” Ì��Ï. íN�>�ª�\>6
�, >4��²w~�, ¿�3>4þ�±;� “È
5” �).
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Mechanism of current injection in the process of wire
electrical explosion∗
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Abstract
In the process of nanopowder production by the wire electrical explosion, the ablation of electrodes and the formation of micron-

size particles are directly influenced by the way the current is injected into the metal wire from the electrodes. Through the channels
which are provided by the ”contact” between the electrodes and the wire ends, as well as the “breakdown” between them, a series of
experiments of electrical explosion is carried out. Results show that the photocurrent detected by photodiodes at the wire ends almost
occurs simultaneously with the circuit discharge current, however it at the central section lags behind the circuit discharge current
obviously. The initial explosion product of the wire ends is liquid, and that of the other parts of wire is gas. Those results indicate that
when the current folows into the “contact”, the phenomenon of gas discharge also occurs at the wire ends. Because the plasma provides
another current path, the energy density of the wire ends is decreased. Hence, the wire ends cannot explode and form remainder on the
electrodes. When the current flows into the “breakdown”, the electrodes ablated is slightly obvious, and there was no remainder on the
electrodes.

Keywords: wire electrical explosion (wee), gas discharge, illumination intensity, energy density
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