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30�{	�>NX¥�)�1�>�±k��Jp�>NX�)pU>f�5U, ��lfNzÆ�AJ
ø�\´L�¹5âf. �©é� - �0�{	�>NXe��>�ª?1
ïÄ, ¢�uy�>�K�±ÏLy
ÑØÓ��>�ª, -y>Ø� 3 kV ��>�K�±Ï©O��65�>Ú>'�> (½ö Trichel óÀ�>), -
y>Ø� 6 kV ��>�K�±Ï©O��65�>Ú��1�>. ��1�>/mäk�;.�1�>�Ó�©
�g�>(�, ©Û
-y>Ø 6 kV ���>L§, @�v
r�Ò4>|rÝÚà³�G>4/¤�k���g
>fu�L§´/¤��1�>�Ì�Ï�, ý�0����3;�
��1�>�l1�>LÞ.

'�c: �1�>, 0�{	�>, �íØ, �65�>

PACS: 52.20.−j, 52.80.Hc, 52.80.Pi

1 Ú ó

0 � { 	 � > (dielectric barrier discharge,

DBD) ´�«ký�0��\>4�m��²ï�
�6íN�>. �>¤�)��²ï�lfN3
p�¹5�gdÄ��!á�L¡?n!Ï�Ü
¤!b	1
!põÇ CO2 -1ì!�lfNw
«!�lfNzÆ9�¸�o�+�¼�2�A
^, ¢y
DÚ�{J±���?n�J [1−4].

3�íØ DBD NX¥, Ì��)�65�
>�ª (streamer mode) Úþ!�>�ª (homoge-

neous mode). ���¹e, dupíN�Ý���
âf�m�p�-EªÇÚ>K5íN (�í!Y
�í) ���>fNX�^¦��>�N´LÞ�
�65�> [5], �65�>Æ·�k 10—100 ns,

¿�äk�p�>|rÝ (E/n, 500—800 Td), ´
ó�A^¥�~�!A^�2���>�ª. 1988

c Okazaki ��
�«3�íØ±í¥�þ!�
>�ª [6], ¿�ïÄuyþ!�>�)¹5âf
��Ç�'�65�>�p [7]. �íØeþ!�
>�ª�)))�> (townsend discharge) Ú�1
�> (glow discharge). ))�>�ªe�>mYS
��m>Ö��, �m>|A�vk��m>Ö
»�, �>��?3�4NC [8]. 
�'))�
>, �íØ�1�>�>�r, �>�)�õ��
m>Ö, à83Ò4NC, ¦��m>|Û­, Ò
4«�> ü��, /¤K�«, Ïd�>��?
Ñy3Ò4NC, �>/m�$íØ�1�>�
q, äk²w�©�g(�. ïÄö��k3ý5
íN¥ (±í, Cí) ¢y
þ!�>, @�ý5í
N�f¥�æ­�âf�)�$w�A (Penning

discharge) ´¼�þ!�>�­�Ï� [9−11]. ��
|^�í [12,13]!�í [14] ��x�íN�¼�

þ!�>, �íØ�í�¸eþ!�>��ÏL»
sý>l [15]!�G>4 [16] ��{¢y. ,
8
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c3 DBD NX¥, �õêïÄ(J¤���þ!
�>Øä�;.$íØ�1�>�/mA�, ¿Ø
U¡���íØ�1�>, Ïd�
ïÄö==ò
Ù¡��íØþ!�> (Townsend �>)[13]. AO
´��>mY��� (< 1 mm), ©z����íØ
�1�>¿vk�Ñ;.�1�>(��äN[
!. �©¥æ^
�k�å��ºÞ� CCD �Å
é�ºÝ (< 1 mm) e�>/mA�[!?1
æ
8, ��ß�©EÑ�>/m��Ü©A�[!.

��3� - � DBD C�¥�>d�þ��>
ü�|¤, �
ïÄz��>ü���>5�, é
õïÄöæ^
� - �0�{	�>(�?1ï
Ä. Radu � [17] 3� - � DBD >(�¥¼�
�
1�>, ��1�>¤äk�äN(�[!¿vk
�Ñ. Akishev � [18] 2003 cé� - � DBD ¥��
>�ª?1
ïÄ, @�3�>���±Ï�3ü
«�>�ª: �Ñ�ª (diffuse mode) Ú�65�
ª (streamer mode), 3�>�K�±Ï�k�Ñ�
ª. 
·��¢�¼���>/m%uy, 3�>
���±Ï¿ØU/¤�Ñ�ª, ==�3�65
�ª, 
K�±Ï��>�¹'�E,, �â-y
>Ø�p$LyÑØÓ��>A�.

¢Sþ, �>�K�±Ï (d��k>4�$
>³) u)�´34Øþ!>|¥�Ò4�>, ù
«�>�/�@d Trichel 3 1938 c�� [19], ´
�«K>'�>, �¡� Trichel óÀ�>, ù«�
>��>>6�kA��S. 
3ù«�>NX¥,

��>mYS�>|rÝ�O\��½��, �>
�d Trichel óÀ�>LÞ��1�>. ù«�1
�>�ºÝé�, �%äk�²;$íØ�1�>
�q��>«�(�A�. �,3� DBD NX¥,

�±¢yù«�1�>, �du�K7á>4à³
3�>í¨¥, �-y>|Or�, éN´LÞ�
l1�>. XJæ^ DBD NX¢yù«�1�>,

duý�0��¦��>>6Ø¬L¯O�, �
;��>�l1�>LÞ. �´du DBD 7Læ
^�6>
-y, Ïd3 DBD NX¥qØU¦�
�k>4���±$>³G�, �ª��
3� -

� DBD NX¥Ñy
ØÓ��>�ª. XJù«
�1�>�ª3 DBD NX¥/¤, B�±k��
Jp�>C�¥�>�)¹5âf��Ç.

� © Ì � ï Ä 
 3 � í Ø � í � ¸ e � -

� DBD �ºÝ (< 1 mm) NX¥, ¢y�65�ª
Ú�1�>�ª�OÑy, |^>Ø>6A�!¯
�ì�Ú1>&Òÿþ�{?Ø
ùü«�>�
ª�A5.

2 ¢�XÚ��{

X ã 1 ¤ «, ¢ � ¥ � G > 4 ! ² � > 4
ÚCX3²�>4L¡�>0���¤
� -

� DBD �>(�, �G>4æ^ 304 á�ØC
g (0Cr18Ni9) � ¤, � » 0.75 mm, k à ­ Ç �
»� 0.05 mm, ²�>4æ^ 15 mm þ¾�\ó
¤ 50 mm×50 mm ��¬, ÙL¡CX 0.47 mm

þ!XÝ� 99%� Al2O3 >0��, >0��>
��Ñ�/>4 5 mm, �>mY d �3 0—3 mm

��SN!. pØ>4ë��u�6pØ-y>

, ÑÑ>Ø U � 0—10 kV, ÑÑªÇ f � 10 kHz.

� - � DBD C��\µ4�¢��S. �S�í
NØåÚx�íN¤°düí"��, �¢�¥æ
^�í�x�íN, ó�íØ��íØ, ¢��ý
¡SCkü��=I�, �»� 100 mm.

� - � DBD K��æ8. �>K�|^ CCD

�ÅÏL¢��ýIû���. ¤æ^� CCD û
�XÚ�) CoolSNAP EZ . CCD �ÅÚ��O
�Å|¤, �Å1Ì�AÅ�� 300 —1000 nm, ¿
\C���ê� 2× � SE-16SM �åºÞ, �±é
�uÎ�ºÝ���>?1w���û�, dd�
ÌÝJp
¤û����>K��©EÇ, Bu¼
���>��üC�[!. 
|^ÊÏ�å�ªû
����>K�û��¢S´ �
���>K
�, ¢S©EÇé$, ØU¼�Î�ºÝ���>
���üC[!K�. ¢��, CCD �Å�Í1�
m� 1 µs, dd©Û DBD ��>�ª.

>6>Ø&Ò�ÿþ. >6&Òÿþ�{´
3�/4�/��mGé�� 51.1 Ω �ÃaÜ¤
�>{, ò>6&Ò=z¤>Ø&Ò�DÑ�«
Åìþw«. -y>Ø�ÿþ´|^pØ&Þ?
1©Ø�ë��«Åìþw«, æ^pØ&Þ.
Ò�F�ñÞ)�� HV-P60 pªpØ&Þ. ¢�
¥«Åì�{I Tektronix )�� TDS3032B êi
�;«Åì.

1>&Òÿþ. ÏL1>�O+ë�«Åìé
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���>�mS�1>&Ò?1æ8, ±d5�ä
�>�5�. ¤æ^1>�O+�¬d=I SENS-

TECH úi)�, .Ò� DM0047C, �° 20 MHz,

v±÷vÿþpª�>u1&Ò��¦.
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ã 1 �íØ0�{	�>¢�XÚ 1. DBD ¢��; 2. pØ>4; 3. ²�>4; 4. >0��; 5. � - � DBD �>
íY; 6. &Ò>{; 7. DBD -y>
; 8. �å CCD �Å; 9. O�Å; 10. p>Ø&Þ; 11. �;«Åì; 12. 1>�O+
�¬; 13. üí"

3 ¢�(J�?Ø

�íØe�65Ú�1�>�>6Å/´4
�ØÓ�, cö��Ly�4á�õóÀ/ª, Ù
>6óÀ°Ý��� 10—100 ns, �öKLy�3

�±ÏS��3���óÀ, ÙóÀ°Ý��3
�¦?±þ. ã 2 �� - � DBD 3-y>Ø©O
� 3 kV Ú 6 kV ��-y>ØÅ/, o>6Å/Ú
1&ÒÅ/. duæ^ 10 kHz �u�6>
, ¤ÿ
þ�£´o>6��u £>6Ú�>>6�Ú.

ã 2 �� DBD >6!>ØÚ1&ÒÅ/ (a) U = 3 kV >6>ØÅ/; (b) U = 6 kV >6>ØÅ/; (c) U = 3 kV

1&ÒÅ/; (d) U = 3 kV 1&ÒÅ/
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ã 3 Í1�m 1 µs ��>K� (I) 3 kV- �65�>; (II) 3 kV- >'½ Trichel óÀ�>; (III) 6 kV- �65�>;

(IV) 6 kV- ��1�>

ã 2(a) w«�´-y>Ø� 3 kV ��-y>
ØÚo>6Å/, �±wÑ>6Å/�K�±ÏÑ
´d�u £>6þU\
NõlÑ�á>6ó
À|¤, ù
>6óÀ�±YA��AzB¦, ´
;.��65�>>6Å/. 
ã 2(b) w«�´-
y>Ø� 6 kV ��-y>ØÚ>6Å/, �±w
Ñ3o>6Å/���±ÏE,��u £>Ø
U\
éõá>6óÀ, 
3o>6�K�±Ï%
´=k��±Y�, �lÑ�>6óÀ. ã 2(c)(d)

©O�ü«�>G�e�1&ÒÅ/, 3-y>
Ø� 3 kV �, 1>&Ò�lÑ�áóÀ, óÀ°Ý
� 10—100 ns, 
�-y>ØO\� 6 kV �, �,
éAo>6��±Ï�1&ÒE,�ÄóÀ, ,

éAo>6K�±Ï�1&ÒK��mþëY�
°óÀ, óÀ�p°Ý� 21.7 µs. �±�ä, 3-y
>Ø� 6 kV �, ���>±ÏS�3ü«ØÓ�
�>�ª.

�
��*�ä�>mYS�ØÓ�>�ª,

�©|^ CCD �Åû�, ¿C����ê� 2× �
�åºÞ, é�>mYS��>/m1?
û�.

ã 3 w«
©O3ã 2 ¥IÑ� I, II, III, IV o�
��û���>ã�, Ù¥z�ã¥��ÚJ�I
Ñ
pØ>4Ú>0��L¡� �, >0��L
¡±e�u1´duý�0���1¤�. ã 3I �
�Úã 3II ��´3-y>Ø� 3 kV ���>ã
�, ã 3I ¥, d��pØ>4��4, �>ã�´
;.��íØe�65�>ã�, 
ã 3II ��>
ã�K²w«Ouã 3I, �>ã�¿Ø´0B��
�>mY, pØ>4�Ò4, >l«��´Ñy3
Ò4L¡, ·��äÙ�>'�>½ö Trichel ó
À�>, 
Ä¾´Û«�>¿Ø´�©�ïÄ�Ì
�SN, ùpØ�Lõ�?Ø. ã 3III ��Úã 3IV

��´3-y>Ø� 6 kV ���>ã�, ã 3III

¥, �>4��4, d�>ã��±�ä, d��>
´�65�>, �´�ã 3I �k«O. ã 3III ¥d
u-y>Ø�p, �65�>Ï�¿Ø�ã 3I ¤
«, A�÷��?1, 
´Ñy�­½ö £�y
�, -y>Ø�p, ù«�­y��wÍ, 
�du
-y>Ø�O\, �65��>rÝÚ�>���
��O\. �Ù¦n��>ã�k²wØÓ�´
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ã 3IV ¥��>ã�, ¥yÑ©�g�(�A�,

�>(�A:�$íØe�1�>�q, ��)�
>4NC�K�«!{.1V«!�Î«!�4
�1«Ú�4V«��1�>Ä�A�. duù�
�>u)3��ºÝ (Î�þ?) e, ¿��>/m
q¤q$íØe�1�>, ùp6¡�� “��1
�>”. 3�Ó��>�¸e, 3-y>Ø� 6 kV

���>ã� (ã 3IV) �-y>Ø� 3 kV ���
>ã� (ã 3II) ²wØÓ, `²du-y>Ø�,
p, �>d>'½ö Trichel óÀ�> (ã 3II) =C
���1�> (ã 3IV), duý�0����3, �
,-y>Ø�p, ��>¿Ø¬LÞ�l1�>.

ã 4 ��1�>¶�1r©Ù

ã 4 w«
ã 3IV ¥�>ã��«�1r�
¶�©Ù. 3�>å©�ã, pØ�>4�Ò4, 3
ÙNC4Øþ!�r>|¦±�íN�)>l, Ù
¥>fÏ�Ù�þ�, Äk�\�lm�>4«�,

¿3>|�f?NX/¤Klf, 
�lfÏÙ�
þ����éÊ33�?, �Klf/¤>|�r
�Ò4 ü«, ¿3Ò4 ü«��/¤²��K
�«, d«���1�>¥u1�r�«�, §�
7�>4±�, ¦·�ØU*	�Ò4« (�)C
dÏV«!Ò4�«ÚÒ4V«). 3K�«¥>
|rÝéf, pU>f3K�«²L��5-E�
��Ü©Uþ�C¤ú>f. ú>f[£ÑK�«
�, duEÜ�^Ú»�*Ñ¦>f�Ýü$, Ø
U�)>l, /¤{.1V«, ã 3IV ¥{.1V
«�Ý� 0.046 mm. ²L{.1V«��, >fl
>|­#¼�Uþ, -u½>l�.íN, 2�í
N�f½©f?1��5-E��Uþ, ù�L§

Øä­E/¤�Î«, Ù�Ý� 0.797 mm, Ó�>
�m�Ý� 88.6%, ´Ì��>«�. du “��1
�>” ´3gd�m¥u), ¿Ø�$Ø�1�>
+É��>+��å, Ïd>f3DÂ�L§¥¬
î�*Ñ, ¦��Î«�î�ºÝÅìC�, u1
rÝ�k¤~f. 3�Î«�C�4«NCu1r
Ý¬�kOr, ��4�1«, �Ý� 0.036 mm. 3
�C0��L¡q¬/¤��>f\�«�, ��
4V«, �Ý� 0.021 mm.

¢�ÿ���>>6Å/Ú>ØÅ/²LO
���±��­���>ëê, ~XmY>Ø Ug,

�>>6 Ig,  £>6 Idisp ��. �>ü���
�>´ãXã 5 ¤«, Ù¥ý�0����>N
� Cd, �>mY��>N� Cg, �>���>{
� Rg, �>>6� Ig,  £>6� Idisp, o>6
� I , -y>Ø� U , ý�0��üà>Ø� Ud, �
>mY>Ø� Ug, >6&Ò>{� RI. Ïdk±e
'Xª:

U = Ug + Ud, (1)

Ù¥

Ud(t) =
1

Cd

∫ t

t0

I(t)dt + Ud(t0), (2)

�>>6�d±e'XªO���:

Ig(t) = I(t)
[
1 +

Cg

Cd

]
− Cg

dU(t)
dt

, (3)

Ù¥, Cd Ú Cg �d�>� Lissajous ã/O��
� [20,21].

Cd

Cg Rg

RI

U 

Ud

Ug

Idisp

Ig
I 

ã 5 DBD ��>´ã

ã 6 w«�´3-y>Ø� 6 kV �, «Åì
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w«�ü��>±Ï�>6&ÒÚ²L (3) ªO�
��� £>6!�>>6. dã 6 ��, �65
�>��>6óÀÌ�� 4.45 mA, ��1�>�
>6óÀÌ�� 6.68 mA.

ã 6 �>o>6! £>6Ú�>>6Å/

ã 7 w«
-y>Ø� 6 kV �, -y>Ø U!
ý�0��üà>Ø Ud!�>mY>Ø� Ug Ú
�>>6 Ig ��mCz�Å/. Xã 7 ¤«, �
ò���>±Ïy©�o��ã (AB, BC, CD,

DA). �>c�±Ïdu�þ>f�È3ý�0�
�L¡, �È>Ö�)�·>|�-y>| E0 U
\, ¦�>mYS�>|Øä��f
¦�þ�±
��>K«, Xã 8(a), Ù¥ Idisp � £>6, Iq �
�>>6 (>6��Xã¤«), Eq ��>mYS
>Ö�)�>|, d� Ud �4��. ²L A ��
�, E0 Åì~�, ¦��>mY�SU\|rØv
±�±�cmYS�G��, >flý�0��L
¡m©��G>4£Ä, Xã 8(b) ¤«. >f$Ä
L§¥�íNâf-E, >l, �)�f��>. >
f��à³��>4�, ��>4áÂ. ��� B

���, ¦��>�mS/¤�þ��m>Ö, -
y>|��UC, Ù>|rÝ�ØäO\, d��
m>Ö/¤�>|�-y>|U\, prÝ�>|
¦�±�íN>l, Úu>fÈ�, ¿u��þ1
f, Úå1�>l, /¤�65�>, Xã 8(c) ¤
«. ��65uÐ�>0��L¡, Øäk�>Ö
3>0��L¡�È, ù
>Ö/¤·>| Eq �
-y>| E0 ����, ¦�mYSo>|~f, �
�� C ��, �65�>K«, Xã 8(d) ¤«. d

�, �È>Öêþ�4���, Ud �4��. l C

��m©, E0 m©Åì~�, mYS�>|ØU�
±�c�G�, Ò¬Øäk>flkà>4�>0
��L¡£Ä, �þ�>Öl>0��L¡��>
4�ú£Ä, $ÄL§¥�«âf�mØä-EÚ
u�f��>, Xã 8(e) ¤«. ²L D ����,

kà>4>³=�, duU\>|�^, =3�>
4NC, du4Øþ!�r>|�^, ¦��K>
Ö©l, �m>|�)ÆC, >fdu�þ��

¯��lmr>|«�, ¿NX3f>|«�NX
/¤Klf, >flm�3e��lf�ú��
C�>4à8¤p�Ý��lfì, �lfìÚ
�>4�m�>|���Or, /¤
�p�Ò4
> ü, 3Ò4 ü«��/¤
²�K�1, /
¤
��1�>, ã 8(f) ¤«. 3��1�>�L
§¥Ñ$�>f3>0��L¡Øä�È, /¤�
��>|¦�U\>|~f, �ª¦��>ª�,

¿3>0��L¡�È�þ>Ö, d��>G�£
� A ��.

ã 7 -y>Ø!�>íY>Ø!0��>Ø��>>
6Å/ã

ÏL±þ©Ûuy, 3�p�-y>Øe, à
³Ò4�k��g>fu�L§Ú±9NC�4
Øþ!�r>|´/¤��1�>�ü�­�c
J. 3�íØ� - � DBD ¥, �p�-y>Ø!4
Øþ!��>4(�Ú�m>ÖÑkÏuÒ4 
ü«r>|�/¤, 3Ò4« üép��¹e,

lf�\�¿±ép��Ý-EÒ4, �)wÍ�
g>fu�, Ò4 ü«�>|rÝ�p, Úu�
g>fu�L§Ò�wÍ, �k|u��1�>�
�).
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Idisp Idisp Idisp

Idisp Idisp Idisp

E0

Eq

E0

Eq

Ig Ig

IgIgIg

E0

Eq

E0

Eq

E0

Eq

E0

Eq

(a) (b) 

hυ
hν

(c) 

(d) (e) (f) 

ã 8 �65���1�O�>L§«¿ã

�d, ·��On«ØÓ>4Ú0�����
(�5ïÄÙ5�, n«>4Ú0����(��:

²�>4L¡CX0�� ((� 1)!�>4CX0
�� ((� 2) ÚV0��(� ((� 3), Xã 9(a),

(b), (c) ¤«. ÙA:´: (� 1 äkà³�Ò4, ¿
�Ò4NC�±/¤4Øþ!�r>|; (� 2 ä
k²�ª�à³Ò4, �ÙNCvk4Øþ!>|
Jø�r>|; (� 3 �>4vkà³3�>mY
S. ¢�¥æ^�0��þÝ� 0.47 mm, mY©O
� 1.11 mm, 1.11 mm, 0.64 mm, -y>Ø 6 kV, ª
Ç� 10 kHz. |^1>�O+©Oé1>&Ò?1
ÿþ, Ù(Jdã 9(d), (e), (f) �Ñ. �±wÑ^(
� 1 ?1�>�*	���1�>�ëY�1Ë
�&Ò, 
æ^(� 2 Ú 3 ?1�>Kvk*	�
��1�1Ë�&Ò. æ^(� 1 ?1�>, �G
Ò4Jøv
r�>|Úà³�Ò4L¡, ¦Ù�
)k���g>fu�L§, /¤��1�>; (

� 2 ¥, �,²�>4�±��à³�Ò4u�>
f, �ÙNCvkr>|¦�lf\�, ¿�Ù-
E, ØU�)k���g>fu�L§, ÏdØ¬
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Atmospheric pressure streamer and glow-discharge
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Abstract

Performance of producing a high energy electron can be improved, if the glow discharge is generated in a system of dielectric

barrier discharge. In this paper, different discharge modes of pin-to-plane dielectric barrier discharge are investigated in atmospheric

pressure. Different discharge modes are observed in the positive half-period and negative half-period of the discharge. When and

applied voltage is 3 kV, a streamer mode appear in the positive half-period and a corona (or Trichel discharge) mode occurs in negative

half-period. When the applied voltage is 6 kV, a streamer emerges in the positive half-period and a micro glow discharge is present in the

negative half-period. The micro glow discharge has hierarchical structure like that typical low pressure glow discharge produces. The

generation of micro glow discharge is due to, enough strong cathode electric field strength and effective secondary electron emission

process around naked negative electrode. The glow discharge transforming to arc discharge is avoided due to dielectric layer.

Keywords: glow-discharge, dielectric barrier discharge, atmospheric pressure, streamer discharge
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